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CIIMCBK HA UBIIOJI3BAHUTE ChbKPALLEHWA U O3HAYEHUA

* Al — mkyctBen nHTeNeKT (Artificial Intelligence).

* Generative Al — reHepaTHBHH MOJEIHM Ha HM3KYCTBCHHUS HHTCNCKT 3a CHHTE3 Ha HOBH
JIaHHW/CTPYKTYPH.

* GAN - renepatuBHa chcTe3arenHa mpexa (Generative Adversarial Network): reneparop u
JUCKPUMHHATOP B MUHHMAKC ITOCTaHOBKA.

* VAE - Bapuanmonen astoenkojep (Variational Autoencoder): BeposTHOCTHa JaTeHTHa
penpesenranus u KL-perynspusanus.

o KL-muBepreHuuss — uHpOpMalMOHHA MspKa 3a pa3iMKa MEXIYy [IBE BEPOSTHOCTHHU
pasnpenenenus (Kullback—Leibler).

* CAT' — cpenHa abConmroTHa TpeIlKa: CPeIHO OTKIOHCHHE MEXIy PeajlHd U TeHepHpaHH
CTOMHOCTH MO PE)KUMH/30HU Ha HATOBapBaHe.

* VO:2max — MakcHUMaJiHa KucyiopoaHa koHcymarust (ml-kg™'-min™") kaTo mokasare:n 3a aepobeH
Karamurer.

e Zone 1-Zone 5 — 30HM Ha HaTOBapBaHe (BpeME€ B YacOBE/MUHYTH), ONHCBAILU
pasnpeneseHneTo Ha TPEHHUPOBBbUHHS 00EM 110 EHEPTUITHN PEKUMH.

* Control_days / Main _days — ocraBamd IHH 10 KOHTPOJHO/OCHOBHO CBHCTE3aHHEC KaTO
KOHTEKCTHH (yCJIOBHH) TPOMEHIIUBH.
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1. YBOJ

OnTuMH3HpaHeTo Ha TPSHUPOBBYHUTE HATOBAPBAHMS € CPEeJl Hali-CII0KHUTE METOANYECKH
3aJa4d B TEOpHUsATAa M METOAMKAaTa Ha CIIOPTHATa TPEHHPOBKA. TPEHHPOBBYHMAT HpOLEC Ce
XapakTepusupa ¢ BHUCOKAa CTENECH Ha JIMHAMHYHOCT, MHOTOKOMIIOHGHTHOCT WM HaJH4He Ha
(GakTOpHH M OOJIACTHH OTpaHMYCHHs, IPOM3THUYALIM OT ()YHKIMOHAJIHUTE BB3MOXKHOCTH Ha
CHOPTHCTA, eTana OT IIOArOTOBKATa U JIOTUKATa Ha MEPUOIH3aLUsTa.

B mpakTikata HaTOBapBaHETO CE pas3IiIeXk/a KaTo KOMILIEKC OT IMapaMeTpH, KOUTO Clie/iBa
Ja ObJaT KOJNMYECTBEHO OINPEJENICHW M YNPABIISIBAaHW Taka, 4e Ja Ce IOCTUTHE MaKCHMalleH
(dyHKIMOHANEH edeKT Mpu 3ama3BaHe Ha (PU3UOIOTHYHATA CTAOMIIHOCT ¥ KOHTPOJI HA PUCKa OT
npeymopa M TpaBMaTtu3bM. ToBa mpennonara (GopMmyliupaHe Ha KPUTEPHH 332 ONTUMAJIHOCT
(meneBa (yHKIW), ©300p HA YIPABIIBAIIN ITapaMEeTPH U IPUIIaTaHe Ha aJTOPUTMH 3a ThPCEHE
Ha ONTHUMYM B JOIIYCTUMOTO IIPOCTPAHCTBO Ha PELICHUATA.

Pa3BuTHETO Ha reHepaTHBHHUTE MOJIEIH Ha M3KYyCTBEHHS MHTENCKT Ch3JaBa BH3MOXKHOCT
TPESHUPOBBYHHTE INPOrpaMH Ja ObIAT pasrlIeKTaHW KaTo pealn3aldd HAa MHOTOM3MEPHO
BEPOSATHOCTHO paslpe/ieficHue, W3BJICYCHO OT EKCIIEPTHO pa3pabOTeHH H EMIMPUYHO
BaJIMUPAHN IUIaHOBe. 110 TO3M HaYMH ce OTKpUBA IOJXOJ 3a INIOOATHO M3CNIEBAHE U CHUHTE3
Ha TPCHUPOBBYHU HATOBApPBAHUsA, ITOCICABAHO OT KOHTPOJI U CTATUCTUYICCKA BepI/I(I)I/IKaHI/IH.

2. AKTYAJIHOCT U 3HAYUMOCT HA U3CJIEIBAHETO

AKTyaJlHOCTTa Ha AMCEPTALMOHHUS TPYX IPOM3THYA OT OOEKTHUBHATa HEOOXOJUMOCT
TPEHUPOBBUHHAT TIpOLeC JAa ObJe YIpaBlsiBaH KaTO JAWHAMHUYHA W MHOTOKPHUTEpHATHA
CHUCTEMa, B KOSTO pEIICHUATa 3a HATOBAapBAaHETO cjlelBa Ja OTYUTAT OrPAHUYEHUSATA,
aJlanTalysATa U NEpUOAU3aLMATa HA TPEHUPOBBYHH Ipolec. B ycnoBusaTa Ha BUCOKO CIIOPTHO
MaiCTOPCTBO AOPW MAJKH NMPOMEHH B 00eMa M MHTCH3MBHOCTTa MOTAT Jla MMaT ChIECTBEHO
BB3/ICHCTBIE BBPXY (DYHKIMOHATHNATE U CTPYKTYPHHUTE PEaKIK Ha OpraHn3Ma.

CoBpemMueTo HHM € Oeisi3aHo OT OypHO Pa3BUTHE M MAacOBO BHEIpSBaHE Ha HM3KYCTBEH
HHTEJIEKT, BKJIIOUUTEIHO TIE€HEPaTUBHU MOJEIH, KOUTO CE€ YTBBPKIAAaBaT KaTO BOJEILLO
HalpaBJIeHUE B cBeTa U B bbarapus. B ciopTHaTa Hayka TOBa pa3sBUTHE Ch3/1aBa NIPEANIOCTABKU
3a Ipexo] OT EMIIUPUYHO U YaCTUYHO ONTHUMM3UPAHE KbM CUCTEMATUYHO, JAHHU-OPUEHTUPAHO
U BB3IIPOU3BOIUMO YIIPABJIECHUE HA TPEHUPOBBUHUTE HATOBAPBAHMUSL.

3HaYMMOCTTa HA U3CJIEBAHETO CE ONpeeis OT MPEJIOKEHIETO 3a HHTETrpalHa METOANKA,
KosiTo obenmusiBa: (1) KiacW4eckuTe IOCTAHOBKM Ha CHOpPTHaTa METOAMKA (BEIMYHHA,
XapakTep, HACOYEHOCT; H03a-e()eKT; HATOBapBaHE M BBH3CTAHOBABAHE), (2) MaTeMaTH4eCcKO
MOJIETIMpaHe W ONTUMH3ALUOHHM aJITOPUTMH, W (3) T€HEepaTMBHM MOJENIN Ha W3KYCTBEHMS
WHTEJIEKT, OAJI0KEHH Ha CTATUCTHYECKA U JIOTHYecKa Bepu(UKanus.

B nucepranuoHHHMS TpyAd TpeHHPOBBYHATA IMOJArOTOBKA € pasriejaHa B paMKUTE Ha
CBBPEMEHHHTE CHCTEMH Ha CIIOPTHA ITOJTOTOBKA, KBJIETO BUCOKHTE IMOCTHXKEHUS ce popmupar
KaTo pe3yiaTaT OT CyMapHOTO BIWSHHE HAa TeHOTHIHH, (EHOTHITHH, MAaTEPHATHO-TEXHHIECKH,
YOPaBICHCKH ¥ HAyYHO-TEXHOJOTMYHH (akTopu. B TO3M KOHTEKCT TPEHHUPOBHYHOTO
HAaTOBapBaHE ce€ SBSBA OCHOBHHAT YIpaBisgBaml (akTop, UYpe3 KOHTO ce peanusupa
IIEJIEHACOYEHO BB3/IeHCTBIE BEPXY (DYHKIIMOHATHHUTE aJalTalliy ¥ COPTHAaTa hopma.

AKTyaTHOCTTa Ha TeMaTHKaTa C€ yCUIBa OT HapacTBalllaTa JOCTBIIHOCT HA JaHHU U OT
Bb3MOkHOcTHTEe Ha Generative Al 1ma CcuHTE3Mpa CTPYKTYpH, KOHWTO CBbXpaHsSBAT
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3aKOHOMEPHOCTHTE Ha EMIIMPUYHHUTE IPOrpaMH, HO MO3BOJISIBAT U CHCTEMAaTHYHO M3CJIEIBAHE
Ha JOIyCTHMOTO NPOCTPAHCTBO Ha YIPABIBALIMTE MapaMeTpH. ToBa ch3laBa IPEIIIOCTaBKU
3a NpPEeMUHABaHE OT JIOKAJIHH M YaCTUYHHM PEIICHHS KbM BB3IPOH3BOJMMA HHTETPATHA
METOJIMKa, B KOATO ONTHUMH3ALMOHHHUTE PEIICHHs ca MOJKPENCHN OT CTATHCTHYECKa OICHKA M
JIOTHYECKa BepUPHUKAIIHS.

3a Obarapckara CIOpTHA NMPaKTHKa 3HAYMMOCTTA Ha MNPEIUIOKEHATa B IUCEPTALIHOHHHS
TPYZ WHTErpajiHa METOJAMKa Ce M3pa3siBa B MPHIOKHMOCTTA W NPU OrpaHUYEHH M3BaJKH U B
KOHTEKCTa Ha MIIQJIKKHS CIOPT, KBAETO HEOOXOAMMOCTTAa OT MpPELH3HO YIpaBieHHE Ha
HATOBAPBAHETO € ChUETaHa C IMO-BHUCOK PHCK OT METOAMYECKH TpelikH. BepudukanuoHHUST
MOy ¢ opManM3upaHu NpaBuiia OrpaHnYaBa TeHEPHPAHETO Ha (PM3HOJIOTMYHO HEeaJeKBaTHU
KOMOHMHAIMU ¥ OAIbPKa ChOTBETCTBUE C IPUHIUIIUTE HA CIIOPTHATa METO/IUKA.

3. METOAUYECKHU OCHOBHU HA U3CJIEABAHETO

Ilenta Ha JUCEPTAIIMOHHWSA TPyO € Ja ce TPEIIOKHA HWHTETpalHa METOOMKa 3a
ONTHMU3UPAHE HAa TPEHUPOBBUHHS MPOIEC Ype3 TEHEPATHBHH MOJENTH Ha W3KYCTBEHHS
MHTEJIEKT, KaTo TPEIIoKeHATa METOMKA Ce BAIHMANpA C JAHHH OT MIIANEXKKHA HalHOHAICH
0TOOp 1O OUATIIOH.

3.1. Hayuna Te3a

ﬂHCGpTaHI/IOHHI/IﬂT TpyA 3amuTaBa T€3aTa, Y€ UHTCIPUPAHCTO HA TCHEPATUBHU MOJICJIN HA
M3KYCTBCHHS UHTCJICKT B IJIAaHUPAHETO U YIPABJICHUCTO Ha TPECHUPOBBUYHUSA MPOILICC TO3BOJIsIBA
CUCTEMAaTHU4Ha, aJallTUBHaA W MHOTOKpUTEpHa/IHa OINTUMHU3AllMd Ha HATOBapBaHUATA B
IUKIIUYHUTE CIIOPTOBE.

3.2. 3agaum HA U3CJIeABaHeTO

1. la ce HampaBy aHAJIN3 HA TEOPETUIHNUTE OCHOBU HAa TPEHUPOBBYHHS ITPOIEC KaTO 0OEKT
Ha ONTHUMH3UpaHE M Ja C€ CHUCTeMaTH3UpaT KIIOYOBUTE KOHIENIMH 3a IIJIaHWpaHe,
CTPYKTYpHpaHe 1 YIpaBJICHHE HA TPEHUPOBBUYHUTE HATOBapBaHNUSI.

2. lla ce HampaBHW KPUTHYEH aHAIM3 Ha CHIIECTBYBAIUTE METOAW W AITOPUTMHU 32
ONTHUMHU3UPAHE, NMPHUIOKUMH KbM TPEHHPOBBUYHHUTE HATOBAPBAHUS, BKIIOYMTEIIHO METOIM Ha
CHUCTEMHO-CTPYKTYPEH aHalIn3, MaTeMaTHYeCKO MOJENUpaHe W aJalTUBHH AITOPUTMH 32
MHOTOKPUTEPHAIHO ONITHMHU3UPAHE.

3. Jla ce aHanmm3Wpa MNPHIOKUMOCTTa HAa TE€HEPATUBHUTE MOJEINM Ha H3KYyCTBEHUS
MHTEJIEKT 3a ONTHUMM3MpaHEe Ha TPEHHUPOBBUHHTE HATOBAapBaHMUSA M Ja C€ OIEHAT TEXHHTE
MIPEJUMCTBA H OTPAHUYEHUS.

4. Jla ce mpeayioxku KOHIENTyaJleH MOJIeNl 32 MHTeTpUpaHe Ha TCHEPAaTUBHHUTE MOJENH B
TPEHHUPOBBUHUS TPOIIEC, BKIFOYBAII METOIOJOTMYHA paMKa 3a ChOMpaHe, CTPYKTypHUpaHEe H
00paboTKa Ha JaHHM ¥ €TaIy Ha aalTHBHO ONTHMHU3HPAHE.

5. Jla ce paspaborm wWHTErpaJieH MOJEN 3a ONTHMHU3UpPAaHE Ha TPEHHPOBBYHOTO
HaTOBAapBaHE Ype3 TeHEPATHBHU MOJICIIN Ha U3KYCTBEHHSI MHTEIEKT.

6. [la ce mpwIoXKH €MIMPUYHO Pa3pabOTEHHAT MOJEN C AaHHW OT OMAaTIIOHAa W Ja ce
reHepupa TPEHUPOBbYHA POrpamMa B PealHy YCIIOBHSI.

7. da ce HampaBH OIEHKA Ha MPHJIOKHMOCTTA Ha MPEUIOKEHUS MHTETPaJIeH MOJENT 4pe3
MaTeMAaTHUKO-CTATUCTHYECKH METOIH.
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3.3. O0eKxT 1 mpeaMeT HAa U3CJIeBAHETO

OOeKT Ha M3CIEIBAHETO Ca TPCHUPOBBYHUTE HATOBAPBAHKS B IMKINIHUTE CIIOPTOBE KaTO
IIPOLIEC Ha IUTAHUPAHE, afaNTalys U ONTUMU3UpPAHE.

[IpeameT Ha m3cienBaHETO € pa3pabOTBAHETO M BAIMAMPAHETO HA MHTETPAIHA METOANKA
32 ONTHMH3aLlUs HAa TPEHUPOBBUHHS MPOLEC upe3 T€HEpaTUBHM MOAETH Ha U3KYCTBEHUS
UHTENIEKT, BKIIOYUTENHO aJrOPUTMU 32 aJaNTHBHO YIPAaBJICHUE Ha HAaTOBapBaHUATA,
MHOTOKpUTEpHAJIHA ONITUMU3AIMS ¥ BEpUPHUKALIUS Ype3 MATEMATHKO-CTATUCTUUECKH METOIH.

4. METOJIOJIOTUYHA OCHOBA U U3CJEJOBATEJICKHA JTU3AWH

MeToaoa0oruuHaTa OCHOBAa Ha M3CJICABAHETO ChUeTaBa CUCTEMHO-CTPYKTYPCH IIOAXOM,
MATEMATHYECKO MOJCIMPAHE U ONTUMH3ALNA, KAKTO U T€HEPATUBHU MOICIIN Ha N3KYCTBCHUA
HHTCIICKT, NPEAHA3HAYCHU 3a CHUHTE3 U CEJICKIINA Ha TDEHUPOBBYHU CLIICHAPUH.

4.1. MeToau Ha U3CJIeIBAHETO

[punoxeHUTEe METOIU Ca OPTraHM3HPaHH B TPH OCHOBHHM TPYIIH:

* TeopeTHko-MeTONOJOTUYCH aHAM3: CHCTEMAaTH4YCH Mperiea M KPUTHYCH aHAIU3 Ha
TEOPUH W AITOPUTMH 32 ONTUMHU3MPAaHE Ha TPECHUPOBBUHHTE HATOBAPBAHHA M TCHEPATUBHU
mozenu (VAE, GAN u np.).

» ExcrneprHa olLeHKa: y4yacTHe Ha EKCIIEPTH IIpU TeHEepHpaHe M CTPYKTypHpaHe Ha
TPEHHPOBBUHHUTE MpOrpaMu 3a oOy4aBallla M TECTOBa W3BaJIKa, KAaKTO W NpU AeUHHpaHE Ha
Bxoguutre mapamerpu (VO:max input, Control days, Main days) wu Meroau4yecku
OTpaHHYCHUSL.

* MareMaTHKO-CTATUCTHYECKH METOINM: BapUALIOHCH aHaJM3; KBAaHTHICH aHAIN3 |
crpatudukanusg mo VO2max (Q1-Q4); cpenna abcomotHa rpemka (CAI') u KL-auBepreHums
3a OLCHKa Ha CTPYKTYPHOTO CXOJCTBO; JIOTHMYECKHM MpaBHia 32 KOHTPOJ Ha BbTpEIIHATA
ceriacyBaHoct; TecT Shapiro-Wilk 3a HOpMmamHOCT; Tect Wilcoxon 3a 3aBHCHMH H3BaKH;
pa3mep Ha edekra (r) U aHaIU3 Ha 3aBHCUMOCTH Ype3 KOpelaliy U YCIIOBHH BEPOSITHOCTH.

4.2. Jlu3aiiH HA U3CJIeIBaHETO

ExcriepumenTanHata  pabora e  pealm3uMpaHa  4ype3  IOCIEAOBATEJHOCT  OT
HAyYHOM3CIIECJOBATEIICKA €TalM: TEOPEeTHUYEH eTam (JuTeparypeH 0030p M METOAOJIOTHYHA
OCHOBa), pa3paboTBaHE Ha WHTETpajHa METOJAMKA, EKCIIEPTHO T'€HepHpaHe Ha TPEHUPOBBYHU
mporpaMu 3a oOydeHHMEe Ha MoJella, CTaTHCTHYECKa OLEHKa Ha pe3yiITaTHTe u
0000111eHNE/ TUCKYCHSL.

Jl3afiHBT Ha M3CJIEBAHETO € OPUEHTHPAH KbM MOCTPOSIBAaHE Ha ITUKBI 3a yIpaBlICHHE, B
Koiro: (1) eMmMpHYHUTE AAaHHM OT EKCHEPTHO IUIAHMPAHW IPOTPaMU C€ CTPYKTypupaTr u
CTaHAapTU3UparT; (2) TeHepaTUBHUAT Mo ce 00ydaBa M BaIUAUPA BHPXY OTJENEeH HaOop OT
naHHY; (3) TeHepupaHUTE NporpaMu ce IojuiaraT Ha KoimdectBeHa onenka (CAIL, KL-
JMBEPreHIMs) W JIOTHYecKa/(pU3NOIOTHYHA TIPOBepKa; (4) pe3yiTaTHTe ce H3MOoJi3BarT 3a
HacTpOiKa Ha IMapaMeTpuTe Ha MoJielia U 3a (hopMyJIMpaHe Ha IPHIIOKHH MPETOPBKH.

Emnupuanara 6a3a BkmouBa 200 MHAWBUAYATHH TPEHHPOBBUHU MPOTPAMU C pas3iIvdHa
MIPOABIDKUTETTHOCT, HpeAcTaBeHn kato 44 694 nHeBHM HabmroneHns. Bcexw gHEBEH 3ammc
CchaBpXKa BXOAHM mokazatenu (VO:max_input ¥ KOHTEKCTHH HPOMEHJIMBH /10 CHCTE3aHHE),
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KaKkTO M M3XOJHHU IIOKa3aTely — BPEeMe 110 30HM Ha HaroBapBaHe (Zone 1-Zone 5) m Moxyin
,Crmma®“, m3pazeHm B 4acoBe/MHHYTH. CTpyKTypaTa TMO3BOJSBA KBAHTWJICH aHANU3 W
cTpatuHUKaIs 0 HUBOTO Ha TpeHupanoct (Q1-Q4).

CrarucTudeckara paMKa BKIIIOUYBA OIMCATENICH aHaNN3 (IICHTpalHa TeHICHINS, BapHaIHs,
acHMeTpHUs W eKciec), TecToBe 3a HopMmaiHocT (Shapiro—Wilk), HemapameTpudHu TecToBe 3a
3apucuMH m3Banku (Wilcoxon), KakTo W OIEHKa Ha MpakTudeckus edekt (pa3mep Ha edekra r
U MOIIHOCT Ha TecTa). Ta3u pamKa € W3MOJI3BaHa KAaKTO 3a OIEHKAa Ha CXOJCTBOTO MEXIY
o0y4yaBamin W TEHEPHpaHW NpOrpamMH, Taka M 3a Bepudukanus Ha edekra oT
EKCIIEPUMEHTAIHOTO MIPUIIOKEHHE.

W3nosisBaH € 1 KOHTPOJI Ha KaueCTBOTO Ha JJAaHHUTE (BaJMIUpaHE HA THIIOBE, JUANa30HH,
JIUTICBAIIM CTOWHOCTH U KOHCUCTEHTHOCT MEX/y IIPOMEHIIMBUTE), KAKTO M CTaHIapTH3aLMs Ha
BXO/IHUTE ¥ U3XOAHUTE MapaMeTpH 3a OCUTYpsIBaHE Ha CTAOMIHO OOydCHHE W OTpaHUYIaBaHE Ha
pucka ot ,,mode collapse‘ mpu reHepaTHBHATA APXUTEKTYpA.

5. TEOPETUYHA PAMKA: TPEHUPOBBYHOTO HATOBAPBAHE
KATO 3AJAYA 3A OIITUMU3UPAHE

5.1. IloHsiTHeH anapar U CTPYKTYPUPAHe HA HATOBAPBAHETO

B jgucepranmmoHHHS TPYA TPCHHPOBBUHOTO HATOBAapBaHE c€ pas3riekaa Karo
MHOTOKOMIIOHEHTHA CHCTEMa, XapakTepu3upaHa upe3 BeIMYWHA, XapaKTep M HaCOYEHOCT.
BennunHara Ha HATOBapBAHETO CE OMKCBA 4Ype3 00EM W MHTECH3UBHOCT; XapaKTePhT - upe3
KOOpJIMHAIIMOHHA CJIO)KHOCT M CTENEH Ha CXOJCTBO CBhC ChCTe3aTelHaTa JIEHHOCT;
HACOYCHOCTTA - Upe3 IefieBaTa PYHKIMSI Ha Bb3ICHCTBUETO BHPXY BErCTATHBHH, JBUTATCIHU U
MICUXOMOTOPHU (DYHKIIHH. ﬁepapanHHaT OPUHIUI U JEAYKTUBHHUAT TMOJAXOJ[ TO3BOJISBAT
HATOBapBaHETO Ja OBAE pPAa3TIIekKTaHO HA PA3NWYHA HHBA, JOCTUTANIN JO KOJIUYECTBCHO
HM3MEpHMU TTapaMeTpy, HeOOXOIMMH 3a (popMai3upaHe U MPEIH3HO TO3UpaHE.

HenTpaHO MsCTO 3aeMa Bpb3KaTa ,,103a-e(PeKT™ U NUAa30HbT Ha BB3ACHCTBHE, B KOHTO
HATOBapBaHETO JEWCTBAa Karo QopMupam] CTUMYJI, [PEOU3BUKBAIl  IOJOXHUTEITHU
(YHKIMOHATHH W CTPYKTYpHH TNpPOMEHH. KpuTepuwre 3a I03MpaHE OINPEHEIAT Pa3IHIHU
KaTeroOpuu HAaTOBapBaHUS (MaKCHMAallHU, CPEJHH, MAJKH) U HEOOXOJUMOCTTa OT AMHAMHYHO
paBHOBECHE MEXKIY TSAX B TPEHUPOBBUHUS MPOIIEC.

5.2. MaTeMaTH4YeCKA MOCTAHOBKA HA ONITHMM3allMOHHATA 3371244

TpeHupoBBYHOTO HATOBapBaHE ce (opMaim3upa KaTo YHpaBisieM OOEKT, OMHMCaH d4pes
BEKTOp OT YyMpaBIIABAIIM MapaMeTpd X = (Xi, X2, ..., Xn), KOUTO MOTraT Ja BKJIIOUBAT 00eM,
MHTEH3MBHOCT, Y€CTOTA, MHTEPBAJM 3a BH3CTAHOBSIBaHE M Ap. Kpurepuar 3a onTHMalHOCT
(meneBata ¢yHKIMS) ce pasriekaa kato Q(X), a ONTHMHU3aNMOHHATA 33/1a4a - KaTo ThPCEHE Ha
eKCTpEMYM B IOIYCTUMOTO IPOCTpaHCTBO I'X mpu Hanmuuue Ha (akTOpHH M (YHKIHMOHATHU
OTpaHUYEHUSI.

B o6m1 By 3amadarta ce popmynupa karo: Hamupane Ha x* € I'x, 3a koeto Q(x*) = Qmax
(vim Qmin), TpU cra3BaHe Ha OTPaHWYEHUS OT THIl PaBEHCTBO M HepaBeHCTBO. Koraro
nereBata (DYHKOWS W OTpaHWYCHHATA ca JIMHEHHHM, 3ajadara ce OTHAcI KbM JIMHEHHO
NIPOrpaMHpaHe; NPU HEJIMHENHU 3aBUCUMOCTH - KbM HEJIMHEHHO IporpamupaHe. B koHTekcTa
Ha TPEHUPOBBUHUTE HATOBApPBAaHUS YECTO CE€ Hajlara MHOIOKPUTEPHUAIHO ONTHUMM3UPAHE U
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U3M0I3BaHE HAa BEKTOPEH KPUTEpHUl, MOpajX €IHOBPEMEHHOTO YNPABICHUE HA KOHKYPEHTHU
1eny (IOCTIKEHNE, Bh3CTAHOBSABaHE, KOHTPOJI HA PUCKA OT TPAaBMaTH3bM H JIp.).

5.3. OcobeHocTHn Ha HeseBUTE (PYHKIUHM B TPEHHUPOBBYHATA MPAKTHKA

LeneBure ¢pyHKUMM MoOrar aa ObJAT YHHMOJAIHH WIM MYJITUMOJIAJHHU, M3IIBKHAIH HIH
BUTbOHATH, KaKTO W OBPAaroBM M IUIATOBHIHH. MHOTOCKCTPEMATHHAT XapakTtep Ha Q(X)
OTpa3siBa HAJMYHETO HAa MHOXECTBO JIOKAJHU EKCTPEMyMH, OOYCIOBEHH OT HEJIMHCHHHTE
(GU3NONOrMYHN 3aBHCHMOCTH W B3aMMOJCHCTBHATA MEXAY YIPaBIsBAIUTE IapaMeTpH.
OBparoBocTTa ce IpOosIBSIBa IIPHU CHIIHO Pa3MyaBallll Ce€ Pa3MEPHOCTH M YYBCTBHTEIHOCT Ha
rapamMeTpuTe, KOETO 3aTpyJHsSBa CXOIUMOCTTa M Ha/IEKIHOCTTa HA KIACUYECKHUTE JIOKAJTHU
METO/IH.

5.4. AnropuT™MH 32 ONTUMHU3HPaHE HA CJI0KHU LeJIeBH (PyHKIHU

JlMcepTallMOHHUAT TPyJ CHCTEMaTH3Wpa OCHOBHM H3HUCKBAaHUS KBM QJITOPUTMHUTE 3a
ONTUMH3UPAHE: CXOAUMOCT, Obp3a CXOAMUMOCT, MajKa 3aeMaHa OIEpaTHBHA IIaMET, JIECHA
IIOJITOTOBKA Ha YCIOBUATA, HAJACKIHU KPUTEPUH 3a CIIMPaHE U U3IIBJIHEHUE Ha OTpPaHUYCHUATA.
B mpakTrkaTta JmMmcBa yHHBEpCAIEH JTOPUTHM, HPHIOKHM KbM BCHYKH KJIACOBE 3afatH,
nopagu Koero m300pbT 3aBucH OT (popmara Ha neneBara (yHKOUs, Opos MapameTpu Hu
OTpaHUICHUSTA.

5.4.1. Meton na I'esipang u Hernnn

MeTonbT peann3upa OBparoBo TbpCEHE HA EKCTPEMYM IPH Ba WU IOBEYE YIPaBIABALIN
mapaMeThpa 4pe3 JIOKaIn3alus Ha eKCTpEMyMa 0 TPaJUeHTHO HalpaBlIeHHE OT JBE Ha4allHH
TOYKH U MOCIEN0BATEIHO NMPHUIBIUKBAHE 110 JINHUATA HAa OBpara. B KOHTEKCTa Ha HUKINYHHUTE
CIOPTOBE METOABT € HHTEPHPETHpaH dpe3 YNpaBICHHE HA TapaMeTpu Karto o0eM,
WHTEH3UBHOCT M (yHKIMOoHANHU nokazatenu (HR, LA wu np.), npu cna3BaHe Ha JONYCTUMHTE
(U3HOJIOTMYHY TPAHUILIN.

5.4.2. Mertoa Ha Hooke u Jeeves (MeToa Ha KOH(UTrypauuure)

MeTonbT € O6e3rpaiueHTeH NOAXO0A 3a JUPEKTHO ThPCeHE, BKII0YBAI 0a3lCHO U3CIIeBAHE
u TbpceHe 10 KoH¢wurypauusi. OcHOBHAaTa XWIIOTE3a € JIOKaJHATa HEU3MEHHOCT Ha
HAIpaBJICHUETO Ha THPCEHE, KOETO MO3BOJsiBA €(EKTHBHO IPUABMIKBAHE IO MPABOJMHEITHU
oBpasu. B TpeHHPOBBUHMS KOHTEKCT C€ MHTEPHPETHpa KaTO MOCJIEAOBATEIHO H3CIIEIBaHE Ha
napameTpu ¢ +Ax; 1 u300p Ha KOH(pUTypauus, BoJeLa 10 Nogo0peHe Ha neneBara GpyHKIus
(HampuMep, TIOKa3aTeNn 32 yMOpa).

5.4.3. Metoa Ha Rosenbrock (BbpTsila ce KOOPAMHATHA CHCTEMA)

MeToasT M3MOI3Ba POTAIHsI HA KOOPIMHATHATA CHCTEMa Taka, Y€ €JHa OT HOBHTE OCH Ja
CBBIAJHE C HANpPaBICHHETO Ha HaW-OBp30 momoOpeHne. ToBa yrmecHABa JIOKaTW3aIsITa Ha
eKCTpeMyMa B 3aBBPTSIHOTO MPOCTPAHCTBO. B criOpTHAaTa MHTEpIpeTalys METOIbT MOAIoOMara
THPCEHETO Ha ONTHMAJIHH KOMOWHAIIMM Ha B3aMMHOCBBP3aHU MapaMeTpu (HAIp. YecToTa H
CWJIa), KOTaTO HM30JIMHUUTE Ha IielieBaTa (PYHKIUS Ca HAKIOHEHHW CIPSMO ITbPBOHAYATHHTE
KOOpPJIMHATHH OCH.
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5.4.4. EBpUCTHYHH M CTOXaCTHYHH MeTO/H 32 IJI00AJTHO ThpceHe

[Ipn MHOTOEKCTpEeMaTHN (DYHKIUH CE Pa3IIIeKAAT EBPUCTHYHN M CTOXACTUYHH MOIXOIH,
BKJIFOUUTEIIHO METOABT Ha Price (KiacTepeH aHaiu3 B TONYyJAlMs OT CIy4allHH TOYKH) U
MeToabT Ha Wang u Luus (mceBIoeAHOMEPHO cIydalHO ThbpceHe). Te3u MeToau LensT
NPEOJONsIBaHEe HAa JIOKAIHU EKCTPEMyMH 4pe3 TIJI00alHO H3Cie[BaHE Ha NapaMeTpHYHOTO
IIPOCTPAHCTBO, KaTO CHIEBPEMEHHO MOCTABIT BUCOKHM M3UCKBAHUS KbM M3UHCIUTETHUS PECYypC
IIpU yBeIHUYaBaHe Ha pa3MEPHOCTTA.

5.4.5. I'pagueHTHH NOAXO/IM 32 NPEOJOJIIBAHE HA JTOKAJHHA eKCTPEMYMH

B nucepranuoHHMsA Tpyd € pasriefaH MeTOAbT Ha ,,TEKKOTO TOmue*, KOMTO BBBEXKAA
WHEPLUOHEH KOMIOHEHT (MacaTa ) B peKypeHTHaTa (opMyia Ha TPaJUEeHTHOTO JBUKEHHE, C
Leq MpeckadyaHe Ha ciabo W3pa3eHH JIOKaTHW MuHHUMyMHU. [logo0eH MexaHM3BM MoOXe jaa
MOJTIOMOTHE ONTHMHU3UPAHETO NMPH MYJITHMOJAIHN MOBBPXHUHHU, HO HE TapaHTHPA JOCTHIAHE
Ha I7I00aJIeH eKCTPEMYM OT €/1Ha HadaJlHa TOYKa.

5.4.6. TyHesneH MeTO] 32 IJI002THO ONTHMHU3HPaHe

TyHenmHUAT METOX peayBa MHUHHMH3Wpalia ¢asza (JokamHa onTuMm3anus Ha Q(X)) #
TyHeTHa (paza, B KOSATO ce MepuHHpa MoMoImHa ¢(yHKOusA T(X), HacodBamla THPCEHETO KBbM
HOBU 00JaCTH Ha JOIYCTUMOTO IIPOCTPAHCTBO, 3a Aa CE M30ErHaT JIOKaJHH eKCTpeMyMH. B
MIPWIOKEHUTE TPUMEPHH IIOCTAaHOBKM METONBT WIIOCTPHPA JIOTHKA Ha MOCIIEAOBATEIHO
oJ00pEeHNE NPH CIIa3BaHEe HA OTPAHUYCHHUS.

TyHETHUAT METOJ ce Pa3rIIekaa KaTo eBPUCTHYEH ajTOPUTHM 3a TII00aTHO ONTUMH3HpaHe
IIPU MHOTOEKCTPEMaJIHH IeJIeBH (YHKIMHU, NPU KOUTO CTAaHAAPTHUTE JIOKAJIHU MPOLEIYpU
YeCTO TOMNaJaT B JIOKAJIHU €KCTPEMYMH. METOABT OCHUTYpsiBa MEXaHH3bM 32 KOHTPOJIMPAHO
HalycKaHe Ha 00JacTTa Ha TEKYIIHs JOKaJleH MHHHMYM 4pe3 KOHCTpYHpaHE Ha TyHeJIHa
(GYHKIMS, KOSTO MMOTUCKA Be4e HAMEPEHHUTE PEIICHNsI U HACOYBA ThPCEHETO KbM HOBHU 00J1aCTH
Ha JIOITyCTUMOTO IPOCTPAHCTBO.

AJNTOPUTBMBT BKIIIOYBA CIIETHUTE OCHOBHU CTBHITKH:

1. 360p Ha HavaJIHa TOYKA Xo B JOIMYCTUMOTO IIPOCTPAHCTBO HA PEIICHUETO.

2. MunnMuznpamia ¢as3a: HaMUpaHe Ha JOKaJeH MUHIMYM X* Ha meneBara GyHkus Q(X) upe3
METOJ 3a JIOKAIHO TbpceHe (TpaJueHTeH Wi Oe3rpaJneHTeH), NpH Cla3BaHe Ha
OrpaHUYEHUSITA.

3. ®opmupane Ha TyHenHa ¢yHKIMs T(X), KosTo 3aBucH OT Q(X) M TEKyIIOTO Haii-100po
pemrenue x* (ChOTBETHO cToiHOCTTA Q* = Q(x%)).

4. Tynenna ¢aza: Hamupane Ha Touka x(T), npu kosito T(x(T)) = 0 wmu T(x(T)) = 0 mpu
YHCIICHO PEIICHUEe, KaTo IeITa € J1a ce JOCTUTHEe 00iacT ¢ mo-gobpa cToitHocT Ha Q(X) crpsamo
Q™.

5. Axryanmuzanus: npuema ce HoBa HawdanHa Touka X0 = X(T) m anropurbMbT ce MOBTapsi OT
MHUHHMM3Hpamara dasa.

6. Kpurepwii 3a crimpane: pegyBaHeTo Ha JBeTe a3y MpOoABIDKaBa JI0 N3MBIHEHHE Ha 33/1a/1eH
KpUTEpUi (HampuMep JMIca Ha NOAOoOpeHHe WM JOCTUTaHe Ha NpeIBapUTENIHO 3aja/ieHa
TOYHOCT).

B nucepranMoHHMs TPYJ € NMpEJCTaBeH MPUMEPEH BapUaHT Ha TyHelHa (DYHKIHs, HPH KOSTO
T(X) = Q(X) - Q* 3a Q(x) > Q* u T(x) = 0 B IpoTHBeH Ciy4ail. Ta3u MOCTAHOBKA M3HCKBA B
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TyHenHarta (asza ma ce Hamepu Touka, 3a koaTto Q(x(T)) < Q*, koero rapaHTHpa MPEeMUHABAHE
KBM T10-100pO pelIeHne U MOCIEABAIIO JOKAIHO JOOITUMHU3UPAHE.

TeoperndHaTa WHTEpIpETAMI Ha METOJa TIOKa3Ba, 4e TyHENHaTa (as3a Wrpae poisita Ha
MEXaHW3bM 3a TJI00AJIHO TIpeThPCBaHE, JOKAaTO MUHUMH3Hpamara ¢as3a OcHUTypsBa
Mpenu3rupaHe B JOKAJICH CMHUCHI. Ta3u JIOTHKA € ChBMECTHMA C ONTUMH3AIMOHHN 3a0a4H TIPH
HAIMYAE HA OTPaHWYEHWS M KOHKYPCHTHH KPHUTEPHH, XapaKTepHH 3a MOJCIHPAHETO Ha
TPEHHPOBBYHH HATOBAPBAHMUSL.

HampaBenusT TeopeTHueH aHanu3 OOOCHOBaBa HEOOXOIUMOCTTa  KJIACHUECKHUTE
ONTHMU3AIMOHHU METOJM Jia ObJaT JONBIHEHW C TEHEPAaTHBHH MOJENIM Ha M3KYCTBEHHS
HHTEJIEKT, KOUTO J1a OCUT'YPST INI00aJIeH CHHTE3 U CeNIeKIUsl Ha TPEHUPOBBYHU CLICHAPUU MPU
royisiM Opoii cTeneHu Ha cBOOOA.

B nmuceprannoHHUS TPy TPEHHPOBBYHOTO HATOBApBaHE € (POPMYNIHPAHO KAaTO 3a/1ada 3a
ONTUMHU3UpPAaHE Ha YNPABIBAIIHM IapaMeTpH, KOWTO ONKCBAT BEIWYMHA, XapakTep H
HACOYCHOCT Ha BB3/ICHCTBHETO BHB BPEMETO. Y IIPABIABAIIUAT BEKTOP BKIIOYBA KOMIIOHEHTH 32
obeM (BpeMe), MHTCH3MBHOCT (30HOBa CTPYKTypa), YeCTOTa M peAyBaHE Ha HATOBapBaHE U
BB3CTAHOBSABAaHE, KaTO C€ OTYHTA IIO3UIIMOHMPAHETO CHOPSIMO KOHTPOJIHH ¥ OCHOBHH
CHCTE3aHUs.

OO1mmaTa MaTeMaTnyecka IMOCTAaHOBKA € Mpe/CTaBeHa upe3 1eieBa (QyHKIHs (MM BEKTOP
OT 1neneBd (GYHKIMM) M CHCTEMa OT OrpaHMYEHHUs, KOUTO OTpas3sBaT (u3MoJOrnyHarTa
JOIYCTUMOCT ¥ METOIUYECKUTE MPUHIUIH. B ckamapeH Buj 3ajavyata MOXe Jia ce MPEACTaBH
kato: min u f(u) mpu ycmosusa g j(u) <0, h k(u) =0, u € U, kpaero U e momycTuMoTO
MIPOCTPAHCTBO HA YIPaBIABAIIUTE MapaMeTpH, a g j u h_k 3amaBaT orpaHudcHUs, CBbpP3aHH C
IpeesTHl 00eMH, MHTCH3UBHOCTH, peAyBaHe Ha PEXKUMU M KaJICHIApHU (PUKCALINH.

[Ipu MHOTOKpHTEpHATHO ONITUMH3HMpaHE IIeNTa ce 3a1aBa kato Bekrop F(u) = (fi(u), f2(u),
..., £ m(u)), HanpuMep: MakcUMI3HpaHe HA (QYHKIHOHATHHA e(eKT, MIHUMHU3UpaHe Ha PUCK
OT TIIpeyMOpa/TpaBMH, CBhXpaHsSBAaHE Ha TEXHHUKA W KOOPJIMHAIMOHHA CIIOKHOCT, |
MHUHAMH3HMPaHE Ha OTKJIOHEHHETO OT METOIUYECKHTe HOpMH. PelieHHeTo ce ThpCH B Kiac
Pareto-eexTHBHU pelieHHs, OT KOUTO ce W30Mpa KOHKPETHA MporpaMa CIopes NPHOPUTETH U
orpanndenus (Pareto-ppoHT).

TeopeTH4HUAT aHAIW3 [OKa3Ba, 4Ye NPU PEATHH TPEHUPOBBYHM IPOrPaMHU LIEJIEBUTE
(YHKIHU ca CIOXHH, HENWHEHHM W YecTO HeAu(epeHIUpYeMH, ¢ MHOXECTBO JIOKATHU
ekcTpeMyMu. ToBa 00OCHOBaBa HW3ION3BAHETO HA KIIACHYECKH OC3TpaJUCHTHU W XUOPHUIHU
meroqn (Hooke—Jeeves, Rosenbrock, Price, TyHemeH wMeTom ¥ 1p.) 3a JIOKaJHO
YCBBBPIICHCTBAHE, KAKTO M HEOOXOJUMOCTTa OT TJI00ATHO M3CIIEABAHE HA MPOCTPAHCTBOTO Ha
pelleHusATa 4Ype3 TEHEpaTHBHA MOJENH, KOUTO CHHTE3HpAaT KaHIUAAaTH ChC ChXpaHEHa
CTPYKTYpHa JIOTHKA.

BaxkeH M3BOJ OT TeopeTHYHATA YacT €, Y€ ONTHUMHU3AIMATA B CIOPTAa HE MOXKE Jia Obje
CBEJIeHa JI0 €JIMH T0Ka3aTel WM OMpeJieliecH MOMEHT BbB BPEMETO. 3aT0OBa Ce aKLEHTHUPA BbPXY
MUKPOLMKJINYHATA ¥ ME3OLMKINYHATA CTPYKTYpa, BbPXY MOCIEA0BATEIIHOCTTA OT HATOBApBaHE
U BB3CTAHOBSBAaHE U BBPXY MEPUOAM3AIMATA, KOSTO 3ajaBa KOHTEKCT 3a MHTEpIIpeTalus Ha
BCSIKO JIHEBHO HATOBAapBaHE KaTo EIEMEHT OT AWMHAMUYHA CUCTEMA.
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6. OITUMU3UPAHE HA TPEHUPOBBYHOTO HATOBAPBAHE
YPE3 'EHEPATUBHU MOJEJIN HA U3KYCTBEHUA UHTEJIEKT

6.1. TeopeTHyHU OCHOBHU U TUIIOBE Fr€HEPATHUBHU MO/IeJIH

I'eHepaTuBHHUTE MOAENHN CE pasrIekKAaT KaTo aJrOPUTMH 3a MOJCIUpPaHE HA HEH3BECTHO
BEPOSATHOCTHO pasmpesiesieHne p(X) Ha HaON0OJaBaHNUTE JaHHHU W IIOCIEABANI0 TCHEPHpaHe Ha
HOBU PEANMCTHYHM pealn3alliil XHOB. B nucepTanmoHHWS TpyA € HANpaBeH CPaBHUTEICH
aHaM3 Ha OCHOBHHTE AapXHWTEKTypH: BapuanmoHHH aBTocHKomepn (VAE), renepupamm
cberesarenHn Mpexu (GAN), andysnonnu Mozaenu U normalizing flows, kaTo ca pasrienanu
TEXHUTE NPUHLUIN Ha OOyYeHHE W INPHIIOKHMOCT KbM BPEMEBH PEIOBE U CTPYKTYpUPAHH
JIaHHH B CIIOPTA.

VAE wuHTerpupar eHKozep-AeKOJep CTPYKTypa C BEpOSTHOCTHA HMHTEpIpETalus dYpe3
ELBO, nokaro GAN peanu3upaT CBpPEBHOBATEJIEH MEXaHH3bM MEXIYy TIeHeparop H
JUCKPUMHUHATOpP, BOJACII 10 CHHTE3 Ha IAaHHH C BHCOKA peaaucTHYHOCT. Jndy3noHHHTE
MOJIETIN U3II0JI3BAT CTHIIKOB IpoIeC Ha 100aBsHE U IpeMaxBaHe Ha IIyM, a normalizing flows -
oOpaTuMu TpaHc(opManuy, ITO3BOJISBALIN AUPEKTHO U3YHCIABAHE HA IUIBTHOCTH.

BapuanuoHHUTE aBTOCHKOAEPH pEalnu3UpaT KOMIPECHpAaHE HAa BXOIHUTE [aHHU B
JIATEHTHO MPOCTPAHCTBO Z W TOCIENBAINO BBH3CTAHOBSIBAHE Ype3 NEKOAWpPAHE, KaTo 10 TO3H
HAuMH Ce MOJENUpAT CIIOKHHM 3aBUCHMOCTU TpPH pelylrpaHa pa3MepHOCT. BepositHocTHara
MOCTaHOBKA II03BOJISIBA Ja ce PaboTH ¢ paslpeieseHusl Ha JaTeHTHUTE MPOMEHJIMBU U Ja ce
reHepUpaT HOBHU pean3aliiy upe3 IpoOupaHe U IeKOJUpaHe.

[Tpu reHepupamuTe ChCTE3aTEIHU MPEXHU OOYyYCHHETO C€ OCHOBaBAa Ha ChPEBHOBATENIHA
JMHAMUKA, [IPU KOSTO T€HEpPaTOPBHT Ce CTPEMHM Jia CHHTE3Upa peaju3alliy, HEepa3In4uMHU OT
peaHNTE [aHHW, a AWCKPUMHHATOPHT OICHSIBA JaNM JaJeHA pealn3alysi € pealHa WiH
reHepupaHa. B aucepTanioHHus TPyH ce MOAYEepTaBa, Y€ TO3M MEXaHU3bM MOXKE Jia TOBEAE 10
BHCOKA ,,pEalIICTUYHOCT Ha CHHTE3a, HO M3UCKBA BHUMATEJIHA HACTPOHKA M KOHTPOJ BBPXY
cTaOMIIHOCTTa Ha O0YYCHHETO.

Flow-based wmogenure (normalizing flows) wu3rpaxkiaaT CIOXKHH BEpPOSTHOCTHH
pasmpeieneHusl 4pe3 IMOCIeNOBATETHOCT OT o0paTuMu mpeoOpasyBaHusi Ha 0a30BO
pasnpenenenne. OOpaTMMOCTTa MO3BOJISIBA TUPEKTHO M3YHUCISIBAHE HA IUTBTHOCTH M OIIEHKA Ha
BEPOSITHOCTTA Ha BCSKA I'EHEpUpPaHa pealn3alus, KOETO € OCOOEHO IOJIE3HO TpH 3aJayH, B
KOMTO € HEOOXOIMM KOJMYECTBEH KOHTPOJ BBPXY ,,IIPABJONOJOOHOCTTA HA MPEJIOKESHUTE
peLICHUsL.

Judy3noHHNTE MOJENH ce ONMMCBAT KATO ITPOIEC HA MOCTEIIEHHO BBBEXKJAHE HA IIYyM B
JaHHUTE W TIOCIIe/IBAIl0 BBH3CTAHOBSBAHE HA I'bPBOHAYAIHHTE CTPYKTYpH upe3 oOpaTeH
(1eHOM3MHT) TIpolec, pealM3upaH Ha CTBHIKHA. TO3W NPHHIMII IMOJABPXKA CTAOWIHOCT Ha
00y4eHHEeTO M € IPWIOKHUM HE caMO 3a M300pakeHWs, HO M 3a CTPYKTYPUPaHH JaHHH U
BpPEMEBH PEIOBE, KOTaTo Ce LeNN Bh3IPON3BEXKIAHE HA CI0KHI EMITMPUYHU 3aKOHOMEPHOCTH.

B nuceprauuMoHHHMS TpyA € pasriiefilaHa M yCJOBHATA IIOCTAaHOBKAa HAa TI'eHEPAaTHBHUTE
MOJIENIH, TPH KOSTO T€ C€ YIpaBIIsIBAT OT KOHTEKCTHH HPOMEHIMBH. B TpeHHpOBBUHHS
KOHTEKCT TOBa MO3BOJISIBA []a CE MOJIENUPA YCIOBHO pasmnpesesieHue p(x|y), KbIETO y BKIIIOYBa
(u3HONOTHYHN M KaJeHIapHU BxojoBe (Hampumep VO2max M OCTaBamlyd JHUA 10 KOHTPOJIHO
WJIN OCHOBHO ChCTE3aHHUE), a X MPEACTaBs CTPYKTypara Ha JHEBHOTO HATOBApBaHE 10 30HH U
CHJIOBA TTOJI'OTOBKA.
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Ilo TO3M HAuMH TPEHHPOBBYHATA TPOTpaMa MOKe JAa ObAe HHTEpIpeTHpaHa KaTo
CTPYKTYpHpaH BPEeMEBU DPEA, B KOHTO BCEKHM MHEBEH 3aIlC CE ONHCBA 4Ype3 BEKTOP OT
HATOBapBaHUS 110 30HM Ha HHTECH3UBHOCT M CHJIOBA KOMIIOHEHTA. [ €HEepaTHBHHTE MOJCIH
BB3MPOU3BSKAAT 3aKOHOMEPHOCTH Ha NEPUOAN3ALHATA, MOBTOPSEMOCTTA HAa MHUKPOLMKIN H
OrpaHMYCHHUATa 3a MJONYCTHMH KOMOWHALlMM, KOETO Ch3JaBa OCHOBAa 3a HHTETPAITHO
MOJEIUPaHe U ONTHMHU3HpPAHE.

6.2. IlpenuMcTBa U OTPAaHMYEHHS] HA FeHEPATHBHUS MOAX0] B TPEHHPOBHYHHUS
KOHTEKCT

OCHOBHO MpPEAMMCTBO Ha T'€HEPATUBHHUTE MOJEIU € CHOCOOHOCTTa MM Ja TeHepupat
MHOXKECTBO AlITEPHATHBHU TPEHUPOBBYHU CIICHAPUH, KOUTO YIOBICTBOPSABAT (PAKTOPHU U
00JIACTHU OTPAHUYCHUS, KATO 110 TO3HM HAYHMH MOANOMAraT TPEHbOPCKUTE PEILICHUS B YCIOBHUSATA
Ha MHOT00OOpa3ue OT CTereHH Ha cBoOoaa. ['eHepaTHBHHAT MOJXOJ MO3BOJISIBA BHUPTYAITHO
,,CKCIIEPUMEHTHPAHE B TAPAMETPHYHOTO MPOCTPAHCTBO, BKIIOYUTEIHO H3CIICABAHE HA PEIKH
WITH eKCTPEMHH KOMOMHAIMK 6€3 HEMOCPEICTBEH PHCK 3a CIIOPTUCTHTE.

OFpaHI/I‘ICHI/IHTa Cca CBBbp3aHHU C KAa4Y€CTBOTO U 06XBaTa Ha JaHHUTC, W3YHCJIMUTCIIHATa
CIIO)KHOCT Ha oOOydeHHeTo, puckoBe kato mode collapse mpu GAN wu TpymHOCTH mpH
HHTEPIPETALMATA HA MOJEINTe KaTo ,uepHa KyTus“. ToBa Hamara CTPOr MEXaHH3bM 3a
BepuHKalusi W EKCIepTHA OLEHKA, KAKTO W HWHTErpalss Ha JIOTHYECKA TMpaBUiIa U
METOIUYECKH HHITPH.

B aucepTalMoHHUS TPY/ TEHEPATUBHHSAT €TAIl CE PA3IIIekKIa KaTO KOMIIOHEHT 3a rII00aHO
MpeThpCBaHe, KOMTO MOXe Ja Ob/le KOMOMHUPAH C TOCIEIBAIIO JOKAIHO YChBbPIICHCTBAHE U
koHTpoa. O000ImEeHa ¢ TMOCIeIOBAaTEIHOCT OT CTHIIKU, THIMUYHA 3a ,,Global-Local Synergy*,
IIPU KOATO Ce€ NpEeMUHaBa OT OOy4YeHHE Ha TeHepaTHBEH MOZeN W MaulabHo mpoOupaHe Ha
BEPOSATHOCTHOTO MPOCTPAHCTBO, KbM JIOKAIHA TOHACTPOHKa B MIOCOKA ,,00eM-HHTEH3UBHOCT U
nepuoanvHa BepI/I(pI/IKaI_[I/Iﬂ Ha pCIICHUATAa B pAMKUTC HA MUKPOLMKDBJI.

Karto akTyangHO HampaBieHHE ¢ pasrienaH moaxoabT ,,Tunnel Generative + Adaptive
Search®, koiiTo chueraBa o0yuenue Ha GAN, ,,TYHEIHO* IIPOIPECUBHO CTECHSABAaHE HA HAaOOpa
oT KaHauaaT-petienus (tunnel layers) u aanTHBHO ThpCEHE Ype3 HEMPEKbCHATA AKTYaIU3allns
HA MOJIeJIa ChC CHTHAIM OT PEATHOTO MpuiiokeHue. Ta3u JIoruKa mogyepraBa He0OX0MMOCTTA
reHepUpaHeTo Ja ObJie HE eJHOKPATEH aKT, a Mpollec ¢ 00paTHa BPb3Ka U JUHAMHUYHA POBEPKa
HA MPUJIOKUMOCTTA Ha CIIEHAPUH TIPU ITPOMEHSIIIU CE YCIOBUSL.

B TpeHHpOBBYHMS KOHTEKCT TOBA O3HA4YaBa, Y€ I'CHEPATHBHHUAT MOJEN Clie/Ba 1a Obje
HUHTETPUPAH CbC CUCTEMA 3a JIOTUYECKA U (I)I/I3I/IOJ'IOFI/I‘IH3 BepH(i)I/IKaI_II/IH, KOATO J1a KOHTpOJIMpa
BBTPELIHATA ChIIIACYBaHOCT Ha Mporpamara, CbBMECTUMOCTTa MEXAY 30HU U CHJIOBa paboTa u
JOIMYCTUMUTE CEPUU OT TIOCJICAOBATCIIHU BHUCOKOUWHTCH3WBHU JIHH. IIo TO3m HauuH ce
MHMHUMHU3HpPA PUCKBT OT TE€HEPUPAHE HAa METONMYECKH HENOIYCTHMMH HATOBApBaHMs IIPU
3ama3BaHe Ha CTaTUCTHUYECKaTa OJM30CT 10 0OyJaBaIluTe JaHHH.
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Tabmuna 1. CpaBHeHHE Ha OCHOBHH KJIaCOBE '€HEPATHBHU MOJICIIH, Pasriie/laH! B
JUCEPTALUOHHUS TPYA.

Kuac Kirouos Cuiian CTpPaHu B | Orpanunyenus U
Mojen MeXaHH3bM TPEeHUPOBbYHUS pUCKOBe
KOHTEKCT
VAE Enxonep-nexkonep | YcroitumBo o0ydeHne BB3MoxHO
C JIATEHTHO IIPU CTPYKTYPUPAHU »yCpeaHsBaHe“ Ha
MIPOCTPAHCTBO Z U | JIaHHU; BE3MOXKHOCT 32 PEIKU PEKIMHU;
BEPOSITHOCTHA yCJIOBHA T'eHepauus 1 HeoOxoanMa e
MIOCTaHOBKA KOHTPOJI Upe3 rapameTpu3anys Ha
(ELBO). JaTeHTHUTE (aKkToOpH; JIATEHTHOTO
yIn0OHO mpoOupaHe Ha MPOCTPAHCTBO H
JIOIIYCTUMH CLIEHapHH. KOHTpOJI Ha
PEKOHCTPYKIHUSATA.
GAN CscresareneH Bucoxka peamuctrnaroCT; | PHck OT HEecTaOMITHOCT
poriec e(eKTHBECH 32 CIIOKHI u mode collapse;
reHeparop- pasnpeneneHus u YyBCTBUTEIHOCT KbM
JUCKPUMHHATOP TeHepupaHe Ha roysm Opoi
3a CHHTE3 Ha pa3HOOOpa3Hn rapameTpy; HyX1a OT
peanu3arym. KaHIUIaT-peIeHus 32 peryimpaHe U cTpor
IUIAaHUpaHe Ha MOHHUTOPHHT .
HATOBAPBAHETO.
Judysuonn | CrbnkoB nponec | CraOuiieH NPUHIUIT Ha Bucoka n3unciaurensa
U MOJIeNIN Ha J00aBsiHE Ha o0ydeHue; CJIOYKHOCT; TTOBEYE
LIyM ¥ o0paTeH BB3MPOU3BEXKIAHE HA CTBIIKH NIPU
JIEHOM3UHT 32 CJI0KHU TE€HEpUPAHE;
BB3CTAHOBSIBaHE 3aKOHOMEPHOCTH; 3aBUCHMOCT OT
Ha CTPYKTYypHTE. MPWIOKHUMOCT KbM HacTpoiKaTta Ha
BpPEMEBH PEIOBE U TIporeca U KpUTepus 3a
CTPYKTYPHUPaHH JaHHH. CrpaHe.
Normalizing | IMopeauia ot TouHa OLIEHKA HA OrpaHuyeHust OT
flows oOpaTuMu BEPOSITHOCTTA Ha W3UCKBAHETO 3a
TpaHcopmanuy | TeHepHpaHuTe 00paTuMocCT;
Ha 6a30B0 peanu3alun; KOHTPOI APXUTEKTYpHH
pasnpeneneHue ¢ | BbpXy MPaBA0IoA00HOCT | KOMIPOMHUCH TIPH
JMPEKTHA OLIEHKA | M CpaBHEHHE Ha CHUJIHO HEJTMHEeHHU
Ha IUTbTHOCTH. pasnpeneneHusTa. 3aBUCHMOCTH U BUCOKA
pa3MepHOCT.

AHanu3bpT TOKa3Ba, 4ye M300pBhT HA apXUTEKTypa cieqaBa Aa Obae choOpaseH C IenTa Ha
Moziena (CTpYKTypHO CXOJICTBO Ha pasmlpeiesieHHusATa, pasHooOpas3ue Ha KaHUAAT-PELICHUATa,
BB3IIPOU3BOIUMOCT Ha MUKPOLMKINYHI 3aKOHOMEPHOCTH) U C HAJIMYHUSA 00€M M KayecTBO Ha
nanHuTe. HesaBucumo ot n3bopa, NpHiIaraHeTo B CIIOPTHATA MPAKTHKA U3MCKBA MHTETpalys ¢
KpUTEPHH 3a OIlCHKAa M Bepu(UKAIMs, TapaHTHPAI(d METOAWYECKa JOMyCTUMOCT U
(u3H0IOrMYHA ChBMECTIMOCT HA TeHEPUPAHUTE HATOBAPBAaHMUSI.
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6.3. CbBMeCTMMOCT HAa MHOTOKPHTEPHAJHHTE AJTOPUTMH C TeHepATHBHHTE
MoJeau

B nucepranuoHHus TpyA ONTUMHU3ALMATA CE PaA3MIekaa KaTO MHOTOKpUTEpUAIHA 3aaua,
IPU KOATO C¢ OaJaHCUPAaT KOHKYPEHTHU MeiH (CIOPTHO MOCTH)KCHUE, BH3CTAHOBSIBAHE,
KOHTPOJI Ha PHCKa OT TPAaBMAaTH3BM, PAIlMOHAIHO HW3MOJ3BaHE Ha BpeMmeTo). ['eHepaTHBHHTE
MOJIeNI Ce WM3IION3BAT 3a Ch3AaBaHE Ha Oorara HadalHA MOIyJAalWs OT KaHIUIAT-pEIICHHS,
KOHUTO BIOCJIEJCTBHE CE OICHIBAT U YCHBBPIICHCTBAT Ype3 MHOTOKPUTEPHAIHH aITOPUTMH U
Pareto-opuentupan ananms.

[Ipemnokenara JorWKa ,eHEPHpaHe - OICHKAa - ONTUMH3AaIMsA  MOXe mga Obae
peanu3upaHa UTEPaTUBHO, IPU KOETO HOBOMOCTHIUIUTE JAaHHU OT CUCTEMU 33 MOHUTOPHHT U
KOHTPOJIHH TECTOBE JOMBIHUTEHO YChbBBPIICHCTBAT MOJIe]a U HaMaslsiBaT HEOPEIeICHOCTTA.

6.4. UHTerpanusi Ha reHepaTHBHUTE MOJeJIH ¢ TPEeHHMPOBbYHHTE INPOrpaMu:
XHOpHIeH MOAXO0/

XuOpHUIHUAT MOAX0A KOMOMHMpA INIOOATHUTE BB3MOKHOCTH Ha T€HEPATUBHHUTE MOJAEIH
(VAE/GAN) 3a u3cieqiBaHe U CHHTE3 Ha JOIYCTHMOTO IPOCTPAHCTBO C TPAJAUIIUOHHU JIOKATHI
METOIU 3a ONTHMH3HMpaHe, KOMTO OCHTypsBaT ()UHAa HacTpoiika Ha mapamerpute. Taka ce
HaMaJsiBa PUCKBT JIOKAJIHUTE METOIM Jia CTapTUpAT OT HEpEJCBaHTHU HAYalHU TOYKH M Ja
MOTIA/THAT B JIOKAIHHU EKCTPEMYMHU.

Ki1t04oB eneMeHT € BbBEXKJaHETO Ha KOHTEKCTHU W YCIOBHM NPOMEHIJIMBH (Harpumep
eTaln OT TFOAUIIHUS [HKbBJI, OCTaBallll JHU JI0 KOHTPOJIHO/OCHOBHO ChCTE3aHUE), Upe3 KOUTO CE
OCHTypsiBa METOIMYECKA JOITYCTUMOCT M CHOTBETCTBHUE C JIOTHKATA HA MEPUOAN3AIIHATA.

B nmucepranmoHHUS TpyA ca pasriielaHd OCHOBHH KiacoBe reHeparuBHH monenu (VAE,
GAN wu andy3noHHH MOAENH), KaTo € OOOCHOBAaHO, Y€ MpHU 3aJaddl 3a TCHEpPHpaHEe Ha
TPEHHPOBBYHH MPOTPaMH KIFOUOBO H3UCKBAHE € BB3IIPOM3BOANMOCTTA Ha Pa3IpeAeIeHHATA 110
30HM Ha HATOBAapBaHE M 3ala3BaHe Ha BBTPEIIHATa BPEMeBa JIOTHMKAa. ToBa IOCTaBsl aKLECHT
BBpXy YycioBHOTO (conditional) reHepupaHe M BBPXY KOHTpOJIa Ha HECHOTBETCTBHS upe3
JIOITBJIHUTEIHN KPUTEPUH U MPaBUIIa.

OOchJieHN ca XapaKTepHUTE NPOOJIEMH NMPU T€HEPATUBHUTE APXUTEKTYPH, BKIIIOUHUTEIHO
HECTAOMIIHOCT Ha 00yueHHeTo u ,,mode collapse” mpu GAN, KoeTo MOXKe naa AOBeAe 0
OTpaHHYEHO pa3sHooOpa3ve W METOAMYECKH HEIBJIHOLIEHHO CHHTe3upaHe. B merojukarta ca
3JOKEHH NpOLEAYypH 3a KOHTPOJI Ha BXOJHHTE JaHHHW, cTpatndukanus mo VO.max,
CHUHXPOHH3aIUsl TEHEePAaTOP—ANCKPUMHMHATOP M NEPHOAWYHO BAIWAWPAHE BBPXY OTIEICH
Ha0Op, KOETO OrpaHW4YaBa pHUCKa OT CBPBXaJanTalys W IIOBHIIABA YCTOHYMBOCTTA Ha
00y4JeHmeTo.

IIpencraBeHn ca w XUOPHIHU ANTOPUTMH, ONHCAHH B Hay4yHarta jmtepatypa (,,Global-
Local Synergy“, ,,Tunnel Generative + Adaptive Search®, ,Multi-Objective Generative
Pipeline®), mpm KOWTO TEHEPaTHBHOTO SIPO Ch3ZaBa HAOOP OT KaHIWAATH, a JIOKAIHU
ONTHUMU3AIMOHHU MPOLEAYPH H3BBpIIBAT (UHA HACTPOHKA CHPSAMO KOHKPETHH LEIH |
orpanudeHus. B Tpyaa Te3u noaxoam ca aHaJM3MpaHH KPUTHYHO M Ca M3IIOJI3BAHU KaTO OCHOBA
3a M3rpakJaHe Ha IUIOCTHA MHTErpajiHa METOAMKA C SICHO Je(UHUPAHH €Talu U KPUTEPHH 32
BepuUKaIusl.
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Pasrnenann ca u crpareruu 3a oOy4YeHWE IIPU OrPaHUYEHHM HAaHHH, KOETO II03BOJISIBA
ajanTEpaHe Ha Mojela KbM crenuudHu npodmmm, 6e3 3aryda Ha 3aBUCHMOCTH, YCBOCHH OT
no-royisiMa o0y4aBala U3BazKa.

7. HWHTEI'PAJIHA METOJIUKA 3A OITUMHU3UPAHE HA
TPEHUPOBBYHOTO HATOBAPBAHE YPE3 TEHEPATUBHU
MOJAEJIN HA U3KYCTBEH UHTEJIEKT

Iloxg HUHTETrpaJiHa METOAUKaA CE pa3614pa CHUCTEMa OT LECJICHACOYCHHU CPCACTBA, METOAU U
(bOpMI/I 3a OONTUMH3UPAHE HA TPCHUPOBBYHOTO HATOBAPBAHC B IUKJIMYHUTE CIIOPTOBE HA basata
Ha YTBBPACHU IMPUHIUIIA TTOCPEACTBOM TI'CHEPATUBHU MOJCIM Ha HU3KYCTBCHUSA HHTCJICKT.
Mertoaukara € JTuHeiHa 110 BUJ U CTPYKTYpHpaHa B CTpOTa JIOTUICCKa NOCJIC€A0BATCIIHOCT, KaTO
BCEKHM €Tall CJIE€ABAa 3aBbPIIBAHETO HA JIEMHOCTHUTE TI0 NPEAXOTHUS.

7.1. Etan 1: IIpoexTtnpane Ha uH(OpMAUMOHHATA W (YHKIHMOHATHATA
apXUTEKTypa

e JlebuHupaHe Ha LENUTE HAa TI'CHEPATHBHHUS MOJEN M OINKMCAHME HA OYaKBaHUTE
pe3yaTaTu upe3 U3MEPUMHU METPHUKHU.

e [Ipoektupane Ha MacuBH OT JaHHH 3a OOyUeHHE: TIaHUpaHe Ha 00eM U 00XBar, cxema
Ha 0a3aTa JaHHHU, PEJTALIMOHHU BPB3KH, MHICKCUpaHE, METaJaHHM M KOHTPOJ Ha
BEPCHH.

e [lpoektpane Ha U3XOJHHWTE pE3YNTaTH: CTPYKTypa Ha MNEPCOHATU3UPAHUTE
TPEHHPOBBYHH  Mporpamu, ¢GopMaT Ha  IpeAcTaBsHe, UWHTeppeiicHn u
BU3yaIM3AI[IOHHHU PELICHUS.

e KOHTEKCTHO ONMCaHWE: CEMaHTHKa Ha JaHHUTE, 3aBUCHMOCTH MEX.y MPOMCHJINBUTE,
CIIEHApHH 32 U3I0JI3BaHe, AMHAMHKA BB BPEMETO.

e 11300p Ha METOIU M CpelCTBa 3a chOMpaHe Ha JaHHH (BKJ. EKCIEPTHO T'€HEpPHPaHH
JTAaHHHN) U OIIpeJIeNITHe paMKHUTE Ha oOydJaBalaTa U TeCTOBaTa U3BaAKa.

e JIpoexTupaHe Ha TECTOBHU CIIEHApPHUHU 3a paboTa C MOJEa, BKIIIOYUTEIHO CTAHIAPTHU U
€KCTPEMHH yCIIOBHS.

Etan 1 obxBama JNefHOCTH IO menienoiaraHe, MPOEKTUPaHEe HA W3BAJKW M MAacHUBU OT
JlaHHH, ONMCAaHWe Ha METaJlaHHW, M300p Ha METOJOJIOTHs 3a ChOMpaHe Ha JaHHM U M300p Ha
TECTOBH CIIEHApWH, KAaTO LIEJITa € J1a Ce OCUI'ypu MH(OpMannoHHA U (PyHKIIMOHAIHA TOTOBHOCT
3a 00yueHHe, OlleHKa U NMPHUII0KEHUE Ha TeHEPATUBHMUS MOJIEII.

7.1.1. lepuHupaHe HA LeJIMTE HA TeHEPATUBHUS MOJIeJI

[MongeramrbT € HacodeH KbM (OpMyJIHpaHe HA KOHKPETHH LENW M OYAaKBaHH PE3yATaTH OT
MPUIOKEHUETO Ha TeHEPATUBHUS MOJIEN 32 ONITUMU3MPaHe HAa TPEHUPOBBUYHOTO HATOBApPBAHE.
Llenenonaranero cienpa na ObJe HACOYEHO KBbM BB3MOXXHOCTHTE HA MoJieNia Ja TeHepHpa
MIEPCOHAIM3NPAHN TPEHHUPOBBYHM MpPOTpaMH Ha Oa3ara Ha YTBBPJACHHM MPHUHIUIH, KaTo
pe3yaTaTuTe ce TPEACTaBAT 4Upe3 SCHO AeHUHUPAHU W U3MEPHUMH METPHUKH, OCHUTypSBaIlIH
00eKTHBHA OIICHKA Ha €()eKTUBHOCTTA HA IIPOTPaMHUTE M TEXHUS QYHKIIMOHAIEH e(eKT.
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7.1.2. TIpoekTHpaHe HA MACHBH OT JIAHHHU 32 00y4eHHe Ha MojIeia

[IpoexTHpaHeTo Ha MacHBUTE OT IAHHM € CBBP3aHO C IUIaHMpaHe Ha obeMa M oOXBara Ha
JaHHHUTE, TOJrOTOBKAaTa M CTPYKTYPUPAHETO UM II0 HAa4YMH, KOWTO MaKCHMH3HMpa TAXHATa
TI0JIE3HOCT U €(PEeKTUBHOCT B Ipolieca Ha 00ydeHue.

e [lmanupane Ha obema M oOXBaTa Ha JAHHUTE: ONpENEsTHE Ha HEOOXOIUMUS 00eM
JlaHHH 3a o0y4eHHe M Ha 00XBaTa Ha JJaHHUTE, KOUTO Ie ObJaT BKIIOYCHU B MacHBa,
BKJIFOUMTEITHO BPEMEBH JIMAINA30H U PEJIEBAHTHU ITapaMeTpH.

e (Cp3nmaBaHe Ha cxeMa Ha 0as3ara MaHHUW: JeUHHpaHE HA PEITANMOHHUTE BPB3KH MEXKIY
pa3muyHUTe TAaONMIM W HAOOpH OT NaHHM M W300p HAa MOAXOIIIIA WHICKCH 3a
yCKOpsiBaHE Ha JTOCTBIIa U 00paboTKara.

e Jledunupane Ha MeTaJaHHH: Ch3/laBaHE Ha JTOKyMEHTALHs 32 BCSAKO IoJe (3Ha4YeHHE,
THII, JOIMYCTUMH CTOHHOCTH ¥ BPB3KH) U KOHTPOJ Ha BEPCHUTE HAa JaHHHUTE U CXeMaTa
C LeJ IPOCIICAUMOCT U BB3CTAHOBSBAHE.

e UHrerpauust U ChbBMECTHMMOCT Ha JaHHHTE: CTaHAapTU3alMs Ha QopMmaTtupaHe M
KOoJIMpaHe W pa3paboTBaHe Ha NpoLenypu 3a oOenUHsSBaHE HA JAHHU OT Pa3In4HU
W3TOYHUIIM B €IMHEH MAacUB IIPH TapaHTHPaHa KOHCUCTEHTHOCT U 11EJ0CTTa.

7.1.3. IlpoexkTUpaHe HA U3XOJHHUTE Pe3yJITATH
BB3MOKHOCTUTE Ha MOeNia 3a Ch3[aBaHE Ha MEPCOHAIM3UPAHU TPECHUPOBBYHU MPOTPAMU
HaJlaraT sCHa CTPYKTypa M MPEHU3HOCT B Ju3aiiHA Ha W3XOJHHUTE PE3YJITaTH, KaKTO H
JneUHUpaHEe Ha U3MEPUMHU METPUKH 32 OI[CHKA Ha ¢()EKTHUBHOCTTA.
o Jlebunupane Ha TMEPCOHANU3UPAHU TPCHUPOBBUHH MPOTPAMHU: Ch3JaBaHE Ha
MpOrpamMu, KOUTO ca ChOOpa3eHU C WHAUBHIYAIHH LENd, GU3NUECKH CIIOCOOHOCTH U
TEKYIIO ChCTOSIHUE Ha CIIOPTHCTA.
e Uurepdeiic 3a mnpeacTaBsHe Ha pe3yinTaTHTe: pa3paboTBaHe Ha HHGPOPMATHBHU
BU3yaIHM3allMi HAa pe3yiraTute (TeKCT, rpaduKu, TaOIUIM, HHTEPAKTUBHU MAHEIH) C
LeJT MOIIIOMAraHe Ha eKCIePTHATA HHTEPIPETAIUSI U KOHTPOJL

7.1.4. KOHTEeKCTHO OnMcaHHe HA JAHHUTE

KoHTekcTHOTO OmMMCaHWe Ha JaHHUTE OCHUTYpsSBa CEMaHTHYHOTO pa30HMpaHe W TpaBIIIHA
00paboTka Ha BXOJHHTE TIApaMETPH W HaMailsBa BEPOATHOCTTa OT TEHEpUpaHe Ha
HEpEeJIeBaHTHH U3XOIHH PE3YIITATH.

e (CemaHTHKa Ha JaHHUTE: BKJIIOYBAHE HA KOHTEKCTyaaHa uHpoOpManus 3a
C'I)I[T)p)KaTeJ'IHOTO 3HAYCHUC Ha JaHHUTC, I[e(bI/IHI/IL[I/II/I Ha I/I3MepBaTeJ'IHI/I CAUHUIIH,
OIIMCAaHUA Ha KaTeropI/II/I JaHHU U B3AUMOOTHOIIICHUA Mencny HpOMeHHI/IBI/I.

L] Bp’bSKI/I U 3aBUCUMOCTHU. OIMMCAHUEC HA KOHTCKCTyaHHI/I 3aBUCHUMOCTHU MC)KI[y JAHHUTC,
BKJTIOYMTENHO BIIMSHHE HA (AaKTOPH BBPXY TPEHUPOBBYHHUS MPOIEC U B3aUMOBPB3KH
MEXAy NOKa3aTelu.

e [lpumepu u cueHapuu: NMpPeAOCTaBsSHE HA MPUMEPHU 3a peajHH JaHHU U CLEHApUM Ha
M3M0JI3BaHe 32 MOJNOMAaraHe Ha MHTEPIIPETALMTA B Pa3IMUHU CUTYAIUH.

e JluHaMuka Ha JaHHHUTE: ONMMCAHHUEC HA BPEMCEBH ACIEKTH (YECTOTAa HA aKTyallU3allvs,
BPEMEBH 3aBUCUMOCTH) ¥ JUHAMUYHU BPB3KHA MEKIY IPOMCHIIUBHUTE.
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7.1.5. 1360p Ha MeTOAHU U CPEACTBA 32 ChOMPaHe HA JaHHH

[TometanpT BKIJIIOYBA HM300p Ha METONM M CPEACTBA 3a ChOMpaHe HAa MacHBH OT [aHHH,
HEOOXOAMMH 3a OOyueHHE Ha TeHEpPaTHBHHUS MOJIEJN, KaTO METOJHUTE ce KiIacu(pHuuupaT KaTo
npunoOuBane, chOMpaHe, N3BINYaHE U TpaHC(epHUpaHe Ha JJaHHU.

e [lpunobusane Ha nanHu: yeO ckpanuHr; APl nHTerpanunu 3a 1ocThl U M3BIMYaHE HA
JaHHU OT BBHIIHM cHuCTeMH; ceH3opu W loT ycTpolicTBa 3a chOMpaHe Ha JaHHU B
peajsHo Bpeme.

e (CoOupane Ha [aHHWA: aHKETH W BBIPOCHUIM; HaOmromeHue; (OKyc Tpynum u
HHTEPBIOTA.

e II3Bimuane Ha gaHHU: data mining 3a U3BIMYaHE HA CKPUTH MOJICITN ¥ TCHICHIINN; text
mining 3a aHaNIW3 Ha TEKCTOBH JaHHW; 00paboTka Ha rojemu obemu or manHu (Big
Data); excriepTHO T'eHepUpaHu JaHHH, KOUTO ChIBPIKAT JIOTHYSCKU ITOCIECAOBATEIHU U
BAJIMIMPAHH CTPYKTYPH 3a OOyUCHHE.

e Tpanchepupane na nanuu: daiioB tpanchep (FTP/SFTP), obnauno cbxpaneHwue,
peruuKanys Ha 0asu JaHHH, MOTOIM OT JaHHM (message queues u data streams) 3a
0OMEH B peajHO BpeMe.

7.1.6. OnpenesisiHe HA paMKHUTe Ha 00y4YaBalIaTa U TeCTOBaTa U3BaJKAa

[MogeranbT € cBBp3aH MpPSIKO C OOYYEHHUETO M TECTBAHETO Ha Mojella Ha IOCIeIBallo
HepapXW4HO HUBO OT METOJAOJIOTHSTA M BKIIIOYBA NeduHMpaHe Ha oOyuyaBalata U TeCTOBaTa
H3BaJIKA.

e Jlepunupane Ha oOydvaBaimiaTa W3BajKa: OOXBAaT Ha JaHHWUTE M pa3HOOOpa3ue B
oOyJaBamnuTe JaHHHU; PENPE3CHTaTUBHOCT HA M3BaJKaTa 3a TeHEpajTHaTa ChBKYITHOCT,
3a KOSITO MOZAETBT C€ OTHACS; aHAIM3 33 JOCTATHYHOCT 3a OMpeeiTHe HAa MUHUMAITHUS
00eM TaHHH, OCUTYPSIBaIll aIeKBaTHA TOYHOCT.

o JlebpuHupaHe Ha TecTOBaTa W3BaJKa: HE3aBHCUMOCT OT OOydYaBalIWTe MaHHU 3a
00CKTHBHA OIICHKA; pENpPe3eHTaTHBHOCT; ONTHMAaJeH oO0eM U CTaTHCTHYECKa
3HAYUMOCT Ha PEe3yJITaTHTE.

7.1.7. IlpoekTHpaHe HA TECTOBU CLIEHAPHH 32 Pad0Ta C reHepaTUBHUS MOJ1eJl

[IpoekTpaneTo Ha TECTOBM CIEHapHHM € CBHIIECTBEH IIOAETAINl 3a OLEHKa Ha TOYHOCTTA,
HaJISKIHOCTTA, AJaNTHBHOCTTA M €(QEKTUBHOCTTA HAa MOJENA IIPU PEATHU YCIOBUS, Karo
CIICHApUHTE CJIe/Ba Aa 00XBALIAT IMUPOK CIEKTHP OT CUTYaIUH.

e Jledunupane Ha LenuTe Ha TECTOBUTE CLIEHAPUU: ONpE/e/IIHE HA LIEJIUTE 32 OLICHKA Ha
TOYHOCTTA U TTapaMeTpU3NpaHe Ha MOJIeNa IIPH Pa3INyHU CIICHAPHH.

e PazpaboTBaHe Ha TECTOBHU CICHApUH: CLIEHAPUM 3a CHOPTUCTU C pa3IUYHM HHUBA Ha
MIOJITOTOBKA; CTaHJApTHH TPEHUPOBBUHU YCIOBHUS, OTpa3dBallld eXeJHEeBHATa
IIPAKTUKA; EKCTPEMHH TPEHUPOBBYHH YCIOBHUS 3a IPOBEPKA HAa YyCTOWYUBOCTTA.

Pa3zpaboTBaHeTo Ha TECTOBHTE CLIEHAPHM HMMa 3a 11 J1a OCUTYpH €MIHMPHYHO 0OOCHOBaHA
paMKa 3a IpoBepka Ha crocoOHocTTa Ha reHepaTuBHUs Mozaen (GAN) nma Bb3Npou3BexAa
pEaMCTUYHH TPEHUPOBBUHU MPOTpaMy, OTpas3siBallld 3aKOHOMEPHOCTUTE, YCTAaHOBEHH B
oOy4aBaiiusi MacuB OT JaHHH. B TO3M CMHCBJI KOHTPOJIBT Ha CHEHAPUUTE NPEICTABISIBA
€THOBPEMEHHO WHCTPYMEHT 3a IMapaMeTpu3anus (Upe3 3aJaBaHe Ha BXOJHH YCIIOBHA) H
MHCTPYMEHT 3a Bepu(uKanus (dpe3 mpoBepka Ha 0YaKBAHUTE U3XOJIHU 3aBUCHMOCTH).
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TecroBuTe cueHapuu ca NPOEKTHPAHM Taka, Ye Aa OTpas3siBaT pa3sIMuHM HHMBAa Ha acpoOcH
kamarureT (VO:max) W pa3ludHAa BpeMEBa OTHAIICYCHOCT [0 KOHTPOJIHH H OCHOBHH
cherezanus. B crieHapHus HaOop ca BKIMOYeHH CTOMHOCTH Ha VO:max B amamasona 50-80
ml/kg/min, koeTo mWO3BONABA CTpPaTU(HUIHMPAHE HA CHCTE3ATCIUTE IO UYETHPH KBAPTHIHU
noarpyrm (Q1-Q4) — oT HKCKa 10 BUCOKA TPEHHPAHOCT.

Bpemenara otnanedeHocT 10 KOHTponHHU cherezanus (Control days) ciyku 3a mpoBepka ranu
MOJIETTBT BB3MPOU3BEXKAA 3aKOHOMEPHOCTUTE B JIHUTE HEMOCPEICTBEHO NpEeIu KOHTPOJHO
cbereszanue (t—1), kKakTo ciesBa:

e  JIMICa Ha BUCOKOMHTEH3MBHU peskuMu (Zone 4—Zone 5);

®  OTCHCTBHC Ha CUJIOBU HartoBapBaHus (Strength = 0);

e  HajMyKMe Ha KOMIIEHCAaTOpHAa HUCKOMHTEH3MBHA padoTta B Zone 1.

BpemeBara otmamedeHocT 40 OCHOBHH chcrezaHus (Main days) B aHamm3upaHUTE
mporpamu Bapupa Mexnay 81 m 321 mauM, Koeto AedpuHUpPA IBIBr U MHOTO IBIBI IEPUOI IO
OCHOBEH cTapT. Ta3n MpoMeHBA 3aaBa CE30HHIS KOHTEKCT Ha HATOBapBaHETO W MOATOMAara
pasrpaHMYaBaHETO MEXAy Oa30Ba IOATOTOBKA M €Tamd, B KOWTO C€ OYaKBa MO-TOJISIM
OTHOCHTEJIEH U1 Ha crienu(udHa padoTa.

Ha ©Oasata Ha komOumHarmure mexay VO:max input, Control days u Main_days ca
JneGUHUpaHU TeT OCHOBHHM TECTOBH clieHapust (S1-S5), KOUTO CHUMyJaHpar pa3iudHU THIIOBE
TPECHUPOBBYHU CUTYyallUW U HajlaraT KOHKPETHU METOANYCCKU OIrpaHUYCHUA BHPXY HM3XO0Ja Ha
TCHCPATUBHUA MOACIT:

Cuenapuii 1 (S1) — mucek VO2max (Q1), Control days = 1, Main_days > 12 ceamuiu.
Coenapuii 3a cnabo TpeHHpaHM OMATIIOHHMCTH, IPH KOWTO C€ OYaKBa IIBJIHO OTCHCTBHE Ha
BHUCOKOWHTEH3UBHM HaToBapBaHus (Zone 4-5), numca Ha cwioBa paboTa M KpaTbK
KOMIIeHCaTopeH o0eM B Zone 1.

Cuenapuit 2 (S2) — cpemen VO:max (Q2-Q3), Control_days = 1, Main_days > 12
cenmuny. CueHapuii 3a checTe3aTeNn ChC CPEJHO HUBO HA MOATOTOBKA, XapaKTEepHU3Upall ce ¢
yMepeH o0em B Zone 1 mipu oTcheTBUe Ha Zone 4—5 u Strength.

Cuenapuit 3 (S3) — Bucok VOzmax (Q4), Control_days = 1, Main_days > 12 ceamuiu.
CueHapuii 3a BUCOKO TPCHHpaHH OMATIOHUCTH, NMPH KOWTO CE OYaKBAT HYJCBH CTONHOCTH B
Zone 4-5 u Strength ¢ HanmuuKe Ha KpaTka BpaboTBaIla TpeHUPOBKa B Zone 1.

Cuenapuii 4 (S4) — aucek VOamax (Q1), Control days = 1, Main_days > 12 ceamunm.
Cuenapwuii 3a 6a30B NOATOTBUTENEH €Tall MPU €1a00 TPEHUPaHN OMATIOHUCTH, IIPH KOWTO JeH
t—1 e BB3CTAaHOBUTENEH WM C aepoOHa paboTa C HHUCKA HMHTEH3MBHOCT M 0€3 CWIOBH
HaTOBAPBAHUSL.

Cuenapuii 5 (S5) — Bucok VO2max (Q4), Control _days = 1, Main_days > 12 ceamuiu.
CreHapuii 3a MOATOTBUTENICH €Tall IPU BHCOKO TPEHUPAHHU OMATIOHUCTH, IIPH KOWTO ce 0YakBa
KOHTPOJIUPAHO pelaylpaHe Ha WHTEH3MBHOCTTAa INpEIU KOHTPOJHOTO ChCTE3aHUE MpPHU
3ana3BaHe Ha HUICKOMHTEH3MBHA BpaOOTBalla KOMIIOHEHTA.

7.2. ETan 2: ArpernpaHe Ha MaCHBH OT IaHHH 32 00y4YeHHe

ETtambT BrTIOUBA MISHTUGUITUPAHE HA U3TOYHUIIM, TUIIOBE JAHHU U IOCTBHII JIO TSIX, KAKTO
u cpOupaHe W oOOeIWHsABAaHE HAa JaHHW B €IWHEH MachB. AKIEHT C€ IOCTaBs BBPXY
CTPYKTYpPHpaHH TaOIIMYHU JaHHU, CTaHJAPTU3aIMs HAa CIMHUIM W (OPMATH W KOHTPOJ Ha
KOHCHUCTEHTHOCTTA.
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B MCTOAUKAaTa Etan 2 ce KOHKpETHU3Hpa 4Ype3 IMnoJAcTariu, HACOYCHU KbM OCUTYPSABAHC Ha

PEIEBAHTHOCT, PEINPE3CHTATUBHOCT W TEXHOJIOIMYHA BB3IMPOU3ZBOANMOCT Ha MTaHHUTE 3a

00ydeHHE Ha TEHEPAaTUBHUSA MOEI.

Wnentudunnpane Ha M3TOYHULUTE, TUIA Ha JAHHUTE M JOCTBIA O TAX: U300p Ha
pETIeBaHTHU W3TOYHMLM (BBTPELIHU 0a3W JaHHW, IMyONMYHU XPaHWIUINA, PHIOKHH
mporpamMHy MHTepdelich u ap.) U KIacupuKanus Ha TaHHUTE KaTo CTPYKTYPHUPAHU U
HECTPYKTYpHpaHU.

W3BnuyaHe Ha MJaHHM: W3BIMYAaHE HA TI0JIe3Ha MHQOpMAIMs OT MPEIBAPUTETHO
cbhOpaHM JIaHHHU, BKIIOUUTENHO data mining 3a W3BJIMYaHE HA MOJEJIM U TEHICHIUH B
TOJIEeMH MacHBM U EKCIEPTHO TEHEPUPaHH J[aHHU, KOUTO CBHIbPXKAT JIOTMYECKH
MIOCIIEI0BATENIHH, BaJIMIUPAHU CTPYKTYpH 32 00y4eHHEe Ha TeHEPaTUBHU MOJICIIH.
TpanchepupaHne Ha JaHHU: IIpeaBaHe Ha JaHHU MEXOy cucTeMu ((ailioB TpaHcdep,
007aYHO ChXpaHEHHUE, PEIUIMKANHs, MOTOIH OT JaHHMW), C [eNl OOCTUHIBaHE B €AMHEH
MAacHB U FapaHTUpaHe Ha LEJIOCTTa U IPOCICIUMOCTTa Ha IIPOMEHHTE.

OmpenensHe Ha paMKHTe Ha oOydaBallaTa M TECTOBaTa W3BajKka: AepUHHpaHe Ha
00XBaT, pEeNpe3eHTATHBHOCT M IOCTATHYHOCT HA OoOyyaBaliaTa W3BalKa, KakTo |
HE3aBHCUMOCT ¥ ONTHUMaJeH 00eM Ha TecToBaTa HM3BajKa 3a OOEKTHBHA OLIEHKa Ha
MIPOM3BOIUTEITHOCTTA.

[IpoekTupane Ha TECTOBM CLieHapHu: pa3paboTBaHEe Ha CLEHApUU 3a NPOBEpKa Ha
TOYHOCTTa, HAACKIHOCTTA, aAallITUBHOCTTA U e(beKTI/IBHOCTTa Ha Mojej1a Mnpu
pasIuyYHU KOHTEKCTH M YCIIOBUS Ha TPEHUPOBBYHUS MPOLIEC.

7.3. Etan 3: O0pa6oTka Ha MACUBUTE OT IaHHHU

W3uncTBaHe Ha JaHHUTE OT TPELIKHM: WACHTU(UIMpPAaHE U KOPUTHpaHe Ha aHOMAJIHH,
npeMaxBaHe Ha [IyOJMpaily 3amdcd, oO0pa0oTka Ha JIMICBAIIM CTOWHOCTH,
CTaHIapTU3MpaHe Ha popMaTH.

Baminupane Ha JaHHATE COPSAMO IPEIBAPUTENHO NehUHUPAHU AUANA30HH M THIIOBE;
npoBepKa Ha 00XBaTa U OrPaHUYCHUSATA.

CpxpaHeHnue Ha JaHHUTE: U300p Ha mHPpacTpykrypa (SQL/NoSQL/06nax), 3ammura
(KOHTPOJI Ha JAOCTBII, KPUIITUPAHE), APXUBUPAHE U Bh3CTAHOBSBAHE, TPOCIECIUMOCT.

7.4. ETan 4: YnpasjeHue Ha reHepaTUBHUS MO/ e

KoHTpon Ha BXOJSLIMTE M M3XOJSIIMTE JAHHU 4Ype3 cheunuyHH TpaBuiIa |
MIPOIIETyPH 3a BaIHJAIIHS.

OOy4yeHue Ha TeHepaTUBHMSI Mojell (0OydeHHe C eIUH/HAKOJKO mpuMepa; (uHa
HAaCTpoiKa), ChoOpa3eHo ChC CHerudprKaTa Ha CIOPTHATA JUCIMILIMHA U HATUYHUTE
JaHHU.

Hacrpoiika Ha Mpexata 3a 00y4deHune: CKOpocT Ha o0y4yeHue, Opoit enoxu, BanuanpaHe
mo BpeMe Ha oOyuenue; MeTpuku (CAI, KL-muBepreHmus, Asia Ha JIOTUYECKH
HECBHOTBETCTBHUSA).

CunxpoHu3zanusi Ha 0Oy4eHHETO (TeHepaTop - JUCKPHUMHUHATOP) M YHpaBJICHHE HA
puckose kato mode collapse mpu GAN.
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7.5. ETan 5: Onenka Ha e)eKTHBHOCTTA HA MOJeJIa

e  OmnpenensiHe Ha KPUTEPHH 32 yCIeX, MUHIUMAIIHK OPUEMJIMBHU MPAroBe U MEXaHU3bM 32
€KCIIEPTHA OLICHKA.

e MerpuKky 3a pazidka MEXAy peajHd W TeHepUpPaHH CTOMHOCTH (HAmp. cpeiHa
a0COJTIOTHA TPEIKa).

e  Mepku 3a cx07cTBO Ha pasnpenencHusTa (KL-muBepreHius) u aHajau3 Ha CTPYKTYPHH
3aBUCHMOCTH.

e JIpoBepka Ha jormdyecka M (HU3UOJOTHYHA CHIIACYBAHOCT upe3 (opManu3upanu
MpaBHJIA.

e  EmmupuuHO BanugupaHe uype3 KOHTPOJIHU eKCIIEPUMEHTH 1 00paTHa BPB3Ka.

7.5.1. dopmaau3upaHu JOTUYECKH IeJH U MPAaBUJIA 32 MapaMeTPU3alus U BepupuKaus

B pamkuTe Ha Meronukata ca neUHHpPAHHM ICTU W MPABUIIA, W3BJICYCHH OT EMITHUPUYHHUS
aHamM3 Ha oOOydYaBamIUTe MPOTPAMH, KOWUTO CIy’)KaT EJHOBPEMEHHO KaTo YCJIOBHS 3a
mapameTpu3aiyst Ha GAN # KaTo KpPUTEpUH 3a JIOTHYEeCcKa BepU(HUKAINs Ha TeHEpUpaHHUTE
pe3ynTartu:

1. Jla ce rapantupa, 4e BXoAHHTEe cTOMHOCTHM Ha VO:max nomagar B uHTepBana [50; 80]
ml-kg"'min™' U cliexBaT peayHOTO pa3lpeneieHre ¢ KBapTWIHKA Tpanuiu QI1=56, Q2=62,
Q3=71.

2. Jla ce ocurypu crpatuduiupano renepupane mo VOxmax (Q1-Q4) 3a HamansBaHe Ha
BBTpEIIHATA AMCIEPCUS W MO-MPEIU3HO MOJIENHpaHE Ha 3aBUCHUMOCTUTE Mexay VO.max u
HaTOBAapBaHETO.

3. Jla ce BB3MpOM3BEIc MOHOTOHHATA 3aBHCUMOCT Mexay VO:max u obeMa Ha HaTOBapBaHe,
KaTo 3a TO-BHCOKM KBapTwiHH moarpymu (Q3-Q4) ce reHepupaT NO-BUCOKH MeAHAHHH
CTOMHOCTHY Ha JHEBHUA 00eM M Ha 30HUTE Zone 1-3.

4. [la ce 3ama3u aepoOHATa JOMHHAHTA, NPH KosATo Zone 1-2 ¢opmupar >75% ot oOmus
JTHEBEH oOeM, a 30HuTe Zone 4—5 u Cuia ca orpaHudeHu 110 <25%.

5. Jla ce BB3MpOM3BENAT PEATHUTE JAJIOBE Ha HYJCBH CTOWHOCTH MPH BUCOKOMHTECH3UBHUTE U
CUJIOBHUTE PEKMMU B MHTEPBaJH, ChBMECTUMH ¢ 0OydaBamiata u3Baaka (Zone 4; Zone 5; Cuna).
6. Jla ce chbxpaHu decToTaTa Ha BUCOKOMHTEH3WBHU JHH MpU Hal-BUCOKUs VO:max KBapTHI
(Q4), Taka 4e mpuUOIM3UTENHO TIOJOBHHATA OT THUTE N1a CHABPKAT WHTEH3WBEH KOMIIOHEHT
(24+25>0.1).

7. Hda ce cma3Ba MPUHIUMIPT HA B3aUMHO M3KJIIOYBAHE MEXIY BHCOKOWHTEH3WBHHM W CUJIOBHU
HATOBapBaHUs, Taka ue B >85% ot guute ¢ (Z4+725>0.1) na e m3ubiHeHO yciaoBueTo Cuta = 0.
8. Jla ce mpemoTBpaTsBa HATpyIBaHE Ha NpPEeKOMEpPHa WHTCH3WBHOCT, KaTo HE Ce€ [OIycKa
MoBeYe OT JIBa MOCIEAOBATEIHN THU ¢ (Z4+75>0.1), KakTO W JIeH ¢ BUCOKAa MHTCH3MBHOCT,
cJie/IBaH HEMOCPEACTBEHO OT JEeH ChC CHJIOBA MOATOTOBKA.

9. Jla ce rapanTupa BBTpPEIIHA JIOTHYECKA CHITIACYBAHOCT HA MUKPOILMKDJIA, KaTO Ce 3ama3Ba
MOCJIEZIOBATETHOCT OT HATOBapBaHE H BB3CTAHOBSBAaHE, XapaKTepHAa 3a peaHHUTe
TPEHUPOBBUHU MPOTPAMHU.
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8. EMIIMPUYHA BA3A, JAHHU U ITAPAMETPHU3ALIMA HA
I'EHEPATUBHMUS MOJEJI

OOy4yeHHETO M TECTBAHETO HAa TCHEPATHBHUS MOJEN CE€ OCHOBaBA HAa EKCIIEPTHO
pa3paboTeHH TPEHHPOBHPYHH IPOTPAMHU 3a MIIQJCKKHS HAIOHAJNCH OTOOp Mo OWAaTIIOH,
CTPYKTYpPHpaHHU HA JHEBHO HHUBO. JIOCTBIIBT O TPEHUPOBBYHUTE MPOTPAMHU € PEaU3UpaH Ipe3
¢aiinoB gpopmat Excel (.xlsx) kaTo cTpyKTypupaH 1 MallMHHOYETHM MacuB, BKiItouBall 44 694
HaOMONeHUs (AHEBHM TPEHUPOBBYHM enuHuim) u 200 enHO3HAuHO WJICHTUQHUIUpPAHU
TpeHHpoBbYHH nporpamu (Program ID).

8.1. BxogHu ¥ U3X0AHU NapamMeTpu

BxoaauTe mapameTpu, U3MON3BaHU 32 MIEPCOHATM3UPAHE HA TCHEPUPAHUTE TPECHUPOBHYHU
MIPOTpaMH, ca:

* VO2max_input - MakcMMaliHa KHCJIOpoaHa kKoHcyMmarus (ml/kg/min), u3nosi3BaHa 3a
WHIUBHyaIU3UpaHe Ha HATOBAPBAHETO CIIOPE aePOOHUsI KaalUTET,;

* Control_days - 6poii 1HU [0 CJIEBAIIO KOHTPOIHO ChCTE3aHUE;

* Main_days - Gpoii IHH 70 CIEIBAII0 OCHOBHO ChCTE3aHHUE.

W3xoabpT Ha MoOjeia € JHEBHO paslpelelicHHe Ha TPEHHUPOBBUHHS O0EM MO 30HU Ha
HaToBapBaHe (Zone 1- Zone 5) u cmioBa moarotroBka (Strength), m3pa3zeHo B yacoBe, KakTo U
tun Ha neHs (Type), o0o3HauaBall TPEHHPOBBYCH JCH WIM JCH HAa KOHTPOJHO/OCHOBHO
ChCTE3aHHe.

8.1.1. Onucanue Ha NPOMEHJIUBHUTE (CTPYKTYPA HA JHEBHUSI 3aI1UC)

B Tabmuna 2 e mpencraBeHa HOTanMsATa Ha HAaOJIIOAEHMATA, M3IMOJ3BaHa B oOydvaBaliaTa W
TecroBarta u3Bajgka. Ts oOemuHsBa npoduin Ha cbeTe3arens, KaleHJapeH KOHTEKCT |
pasnpeneneHre Ha THEBHUsI TPEHUPOBBYECH 00EM 110 30HM Ha HATOBapBaHe.

Bcekn nIHEBeH 3amuMc B MacHBa OT TPSHUPOBBYHH MPOrPaMU ChIbpKa KOMOWHAIHMSA OT
KOJIMYECTBEHH M KayeCTBEHH MNOKa3aTend, kouto onuceatr: (1) dusuonornueH npodmin Ha
cperesarenst  (VO:max_input), (2) mapamerpu, CBBpP3aHM C YYacTHETO B ChCTE3aHUS
(Control_days, Main_days, Control dates, Main_dates), (3) XpOHOJOrHYHOTO MO3UI[MOHUPAHE
Ha TperupoBkara (Day index) u (4) meraitiHOTO pa3mpenelicHHE Ha TPEHUPOBBUYHHA 00eM 110
30HHM Ha HatoBapBaHe (Zone 1-Zone 5) u cuioBa noaroroBka (Strength), kakto u (5) Tun Ha
nens (Type), o6o3HauaBany MpoBekaaHe Ha KOHTPOIHO UIM OCHOBHO ChCTE3aHHME.

Horauusita Ha OCHOBHHTE NPOMEHIMBH B JTHEBHHUS 3allMC MOXeE Jia Obje 0000IIeHa KaKTo
cienBa:

e Program ID - yHukaneH wuaeHTH(UKATOp Ha TPEHHPOBBYHA IpOrpamMa, H3MOJI3BaH 3a
rpyNHpaHe HA THEBHUTE 3aICH B PAMKUTE Ha €IHA U ChIIa NPOrpama;

* VO2max_input — MakcuMaJHa KUCIopoaHa KoHcyMarus (ml/kg/min) kaTto BXo/eH napamMeTsp
3a MHAMBUAYaJIM3UpaHe Ha HATOBAapBAHETO CIIOpE]] aepOOHHS KalaliTeT;

* Control_days / Main_days — ocraBamy IHH 1O KOHTPOJHO/OCHOBHO CBCTE€3aHHE KaTO
KOHTEKCTHH (YCJIOBHH) IPOMEHJIMBH;

* Control_dates / Main_dates — maTu Ha KOHTPOJIHM U OCHOBHHU CHCTE3aHMsI KaTO KaJleHIapeH
MapKep Ha ChCTe3aTeNHUsI KOHTEKCT;
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* Day index — mopeneH HoMmep Ha JeHs B ceamunara (1 = MOHENENHUK, ..., 7 = Hemens),
M3MOJI3BaH 32 XPOHOJIOTUYHO NOAPEkKAaHE M MUKPOIUKINICH aHAIH3;

* Zone 1-Zone 5 — mpomwxuTenHOCT (B YacoBe) Ha paboTa B CHOTBETHATA 30HA Ha
HATOBapBaHE, OT HUCKOWHTCH3MBHA aepoOHa pabora (Zone 1) 1o MakcnMalHa MHTEH3UBHOCT
(Zone 5);

* Strength — Bpeme (B yacoBe), OTIENCHO 3a CHIIOBA IIOATOTOBKA,

* Type — 0003HaueHNE 32 MPOBEXIAHE HA KOHTPOJIIHK U OCHOBHHU CHCTE3aHMSI.

C uen mo-edekTUBHO MOAeNHMpaHe Ha B3aMMOBPB3KUTE MEXKIY OCHOBHHUTE KOMIIOHEHTH Ha
HaOJIIOZICHUATA 1 32 OCUT'YpsIBaHE Ha MPOCJIEIUMOCT Ha HUBO OMATIOHHUCT — Iporpama — JeH —
HaTOBAapBaHE € MPUJIOKEHA peJlallMOHHA CTPYKTypa Ha JaHHUTE, OpraHH3HpaHa B JIOTHYECKU
tabnauuy (mpodui, nporpama, JTHEBHA CecHs M HaToBapBaHe). Ta3u opraHM3als OCUTypsiBa
HOpManu3alys Ha JaHHUTE, MalabupyeMOCT Ha CHCTeMaTa U Bb3MOKHOCT 332 MHICKCHPAHE T10
kmoyoBu monera (Hamp. Program ID wm Day index), xoero ynecHsBa OOydYeHHETO U
BaIMAAIMATA HA TCHEPATHBHUS MOJEN M HW3MNBIHEHHETO HAa YCIOBHM 3allUTBAHUSI KbM
MIOJIMHOXECTBA OT IaHHU.

Tabnuna 2. OnucaHue Ha TPOMEHIMBUTE B THEBHUTE TPEHUPOBBYHU HAOIIOICHUSI.

IIpomennuBa Onucanue Tun croitHOCTH

Program_ID VYuukanen wunentudukatop | Teker
Ha TPEHUPOBBYHA NPOrpama;
CIyU 3a TIpyOUpaHe Ha
JHCBHU 3allMCH KbM €IHA U
ChIlA IIporpama.

VO2max_input Bxonen mapaMeThbp — | smo yucno
MakCHMallHa  KUCJIOpPOJHA
KOHCYMAIHs

(ml'kg'-min™"), m3mom3BaHa
3a WHIUBHIyadu3HUpaHe Ha
HATOBApPBaHETO criopes
aepoOHMsI KanaIuTeT.

Control_days Bbpoit muu 10 koutpomHo | Llstmo umcmo
CBCTE3aHME; M3MOJI3BA CE 32
MOHHUTOPHHI Ha (opmara u
aJlanTanusITa.

Main_days bpoiti gHu nmo ocHoBHO | Llso uucno
ChCTE3aHUE; 3a/1aBa LEJICBU
MK Ha criopTHara popma.

Control_dates Hatu 3a mnposexnpane Ha | lara/Tekcr
KOHTPOJTHH

ChCTe3aHUs/TecTOBe  (HAIp.
10 km Osirane, cTpenkoBH

TECTOBE).
Main_dates Jdatn 3a mpoBexnmane Ha | Jlara/Tekcr
OCHOBHH ChCTE3aHHSL.
Day_index ITopenen Homep Ha aeHs B | Llsuio uucio
ceaqmumnara (1=Ilonenemanx
7=Henens) 3a

XPOHOJIOTUYHO MNOAPCKIAHE
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1 aHaJIM3 Ha MUKPOLUMKDBJIA.

Zone 1 [TpoXbKUTETHOCT Ha | JleceTH4HO YnCIio
TPEHUPOBKH B  30Ha |
(HUCKOMHTEH3MBHA aepoOHa
paboTa/Bh3CTAHOBUTCITHH
CECHUH), B 4acOBE.

Zone 2 [TponbmKUTETHOCT Ha | JleceTn4HO YMCIO
TPEHUPOBKM B  30Ha 2
(ymepena aepobHa paborta —
0a3oBa M3IPBKINUBOCT), B
4acoBe.

Zone 3 [poxsmxuTeTHOCT Ha | JIECeTUYHO YHUCIIO
TPCHUPOBKA B 30Ha 3
(cmecena pabota — mpexon

aepoOHo/aHaepoOHO), B
4acoBe.
Zone 4 IIpoasixuTenHOCT Ha | JleceTHyHO 4KCIIO
TPEeHUPOBKH B 30Ha 4
(Bucoka UHTEH3UBHOCT
OKOJIO aHaepoOHMs Ipar), B
4acoBe.
Zone 5 ITpoasmxuTeaHOCT Ha | JleceTHyHO UUCIIO

TPEHUPOBKM B 30HA 5
(MakcUMaiHa HHTEH3UBHOCT;

KpaTKu
WHTEPBAIW/CUMYIAIlUN), B
JacoBe.

Strength Bpeme 3a cuiosa | [leceTuHo yucio
MOATOTOBKA (cumna,
€KCIUIO3UBHOCT,
CTaOMITHOCT), B YACOBE.

Type Tun Ha neHs: TpeHUpoBbueH | Tekcr

JIeH / KOHTPOJIHO ChCTE3aHHE
/ OCHOBHO ChCTE3aHUE.

8.2. Crparnduxanus mo VO:max 1 MeIMaHHU THEBHU HATOBAPBAHHUSA

3a HamaysiBaHe HA BBTPEIIHATA BapHallvs U MO-TPEIU3HO MOJIEIMPaHe Ha 3aBUCUMOCTHTE
MEXIy acpOOHUS KarlaluTeT U TPCHUPOBBUHUTE HATOBAPBAHUS € MPUJIOKEHA CTpaTH(UKAIUS
mo keBapTwiHu moarpynu Ha VOzmax (Q1-Q4). Tabauuma 3 mpeacraBs MeAHaHHH THEBHH
HATOBapBaHU: (B YacOBE) MO 30HU Ha HATOBapBaHE M 00T 00eM.
BapuannoHHUAT aHaIM3 Ha BXOIHATa mpoMeHanBa VO:max Imoka3Ba IIHPOK pa3Max (MUH. =
50; makc. = 80 ml/kg/min) n ymepena nonoxurenna acumerpus (Sk = 0,29), koero o3HauaBa
KOHIICHTpAIUs Ha HAOIIOACHUATA B TO-HUCKH CTOWHOCTH M HaJIM4YHe Ha JSCHA OIAIlKa C I0-
psako cpemanu Bucoku croiHocTH. OTprnatenauar exciec (K = —1,133) cBunerencrpa 3a mo-
mIocka (opma Ha pa3npeeIeHNETO U O-ThHKH OTAIIKHA CIIPSIMO HOPMAaTHOTO pasIpeieieHne.
JeckpuntuBauTe mokazarenu 3a VOmax ce 0000maBat uype3 KBaHTHIHHU OIeHKH: Q1 = 56;
MeanaHa = 62; Q3 = 71 ml/kg/min, mpu cpeaHa apuTMETHYHA CTOMHOCT 63,69 1 NOMyTallMOHHO
CTaHJapTHO OTKIOHeHHMEe 6 = 8,736, To3m mnpodun TomKpens U3NOA3BAHETO Ha
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HernapaMeTpU4YHN OLEHKH KaTro YCTONYMBM M3MEpUTEIM Ha BapHalMsiTa M apryMeHTHpa
HEOOXOMMOCTTA OT CTPATH(HUKAIHS 110 KBapTHIHHU rpyru (Q1-Q4).

Crparuduxanyara orpaHdyaBa BBTpEIIHATA TUCHEPCUS B OTHCIHUTE IOATPYNH M MO3BOJISIBA
YCJIOBHA IapaMeTpu3alds Ha TCHEPaTUBHUS MOJEN, NPH KOATO 3aBHCUMOCTHTE MEXKIY
aepoOHHMS KaalUTeT U TPCHUPOBBYHNTE HATOBAPBAHMS CE MOJEIHPAT [IO-TOYHO 33 BCIKO HHBO
Ha TpeHupaHocT. Ha mpakTuka TOBa O3Ha4aBa, 4e I€HEPUPAHHUTE IHEBHH HATOBApBAaHUS CeE
MOJYJIUpaT CHpsMO NpHHAAIe)KHOCTTa KbM Q1-Q4, KaTo ce 3ama3Ba eMIUPUYHO YCTaHOBEHATA
TEHJICHLIUS 32 M0-BUCOKH MEJMaHHHU cTOWHOCTH Ha Zone 1-Zone 3 u Ha o0 obeM mpH 1o-
BHCOKHM HuBa Ha VO:max.

Tabnmma 3. KapTmirHo pa3npeneneHne Ha MeIHaHHN JHEBHU HaToBapBaHus (1o VO:max)

VO:max Zonel Zone 2 Zone 3 Zone 4 Zone 5 Cuna O6mo
KBapTHJI HaToBapBaHe
Q1 43.9 16.1 3.2 0 0 0 75.7
Q2 46.8 17.8 3.2 0 0 0 80.7
Q3 52.3 19.6 3.4 0 0 0 89.4
Q4 59.3 20.8 3.7 0 0 0 93.8

MenuaHHUTE CTOMHOCTHM MOKa3BaT sSCHA MOHOTOHHA 3aBHUCHMOCT MEXJy HHBOTO Ha
acpoOHMsI KamalTeT W oO0eMa Ha HAaTOBapBaHETO: ¢ HapacTBaHeTo Ha VO:max ce oT4HTa
MIOCTETNICHHO yBenn4deHne Ha Zone 1-3 m Ha o0musa obem. Bucoxure 30HH (ZOne 4-5) m
CHIIOBUTE HATOBApBAaHHUS Ca ChC CTOHHOCTH, ONU3KH IO HyJa, KOSTO OTpa3sBa IOMHHUPAHETO
Ha HHCKO- M YMEpEHOWHTCH3UBHA padoTa Ipu 0a30Ba IMOATOTOBKA.

JlomrbITHUTEIHA TTapaMeTpU3aIisl € peau3upaHa upe3 MHIUKATOPHH 3aBUCUMOCTH (yCIOBHHU
BEPOSATHOCTH), KOUTO OIMCBAT YECTOTaTa Ha CHBMECTHU NPOSBU HAa BUCOKA MHTCH3UBHOCT U
CHJIOBA MOJTOTOBKA B PEAJTHUTE NMPOTpaMH U C€ M3IOJI3BAaT KaTO KOHTPOJIHM OrpaHHUYEHHS IpU
TeHEepPUPAHETO.

* P(Z4+Z5>0.1 | VO2max € Q4) = 0,5087 — BeposTHOCTTa CyMapHOTO HaTOBapBaHe B Zone 4 u
Zone 5 na magumana 0,1 9 (= 6 MHHYTH) TIpH YCIIOBHE, Y€ CHCTE3aTENAT € B HAaW-BUCOKHS
kBapTi1 Ha VO:max (Q4). CroiiHOCTTa MOKa3Ba, 4e MpUOIU3UTEeTHO B 51% OT gHHTE 3a Ta3u
rpylia UMa OTUYETINBA BUCOKOWHTCH3MBHA KOMITOHCHTA.

* P(Cuna = 0 | Z4+Z5>0.1) = 0,8547 — BepOATHOCTTA CHIIOBOTO HATOBapBaHe Ja ObJe Hylla IpH
HAJIMYHE Ha BHCOKOWHTCH3MBHO HaToBapBaHe (Z4+Z5>0.1). Bucokata cTOWHOCT O3HA4aBa, 4e
mpu okoio 85% OT ciayuyaWTe, KOraro € HalWIle BHCOKAa HMHTEH3MBHOCT, OTCHCTBA CHIJIOBA
TPEHHUPOBKA B CHIIHS JCH.

Te3n 3aBUCUMOCTH OTpa3sBaT NPUHIMIIA Ha ()YHKIIMOHATHA HECHBMECTHMOCT MEXIY CHJIOBH U
BHCOKOMHTEH3MBHH HATOBApPBaHMWS B PAaMKUTE Ha MHUKPOIMKBIA U CIyXaT KaTo JIOTHYecKa
pamMka 3a Bepu(HUKaLus Ha TeHEPUPAaHUTE IPOTPAMHU.

8.3. JlocThN 10 AaHHHUTE M TEXHOJIOTHYHA peau3anus

B cpoTBeTCTBUE € METOAMKATA AOCTHIBT 10 TPEHUPOBBUHUTE NPOTPAMU € peaTu3upaH
ugpe3 ¢aitnoB ¢opmar Excel (.xIsx), KOHTO mpeacTaBisBa CTPYKTypUpaH U MalIMHHO YE€TUM
MacHB, MOIXONAII 3a ChbXpaHEHWE Ha TaOIWYHM MAHHH C XETEPOTreHEH THIl (JUCIOBH W
TEKCTOBU CTOWHOCTH).

KonkperHara cTpykTypa Ha (aiina BKIIOYBA: CTPYKTypHpaHa TabiHIa B pemaoBe U
komonn, 44 694 wHabmomeHus (IHEBHHM TPEHHPOBBYHM  EIWHUIM), €IHO3HAYHO
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naeHtnuunpanu nporpamu (Program ID) m cTpykTypHpaHu NpPOMEHJIMBH, KOUTO ONUCBAT
npoduia Ha chcTe3aTeNs, KaJleHIapHUS KOHTEKCT M paslpelelieHHeTO Ha HaTOBapBaHETO II0
30HH Ha HaToBapBaHe (Zone 1- Zone 5) u moxyn ,,Cuia“ (Strength).

3a menure Ha aHaJ M3a W MHTErpalUiTa B MOJEIHATA ApXHTEKTypa IaHHHTE ca
oOpaboTeHn 4upe3 ckpunToBa 00paboTKa C MOMOINTa Ha TMporpamMHAs e3uK Python,
mocpencTBoM OmbnmoTekara pandas, KOSATO TMpenocTaBs (YHKIIMOHATHOCT 3a JHUPEKTHO
3apexaane Ha .xIsx (QaiinoBe, koHBepTHpaHe Ha nanuute B tabular (DataFrame) ¢opmar n
rocrezBalia TpancopManys B CTpyKTypHH BXOJIOBE 32 MOJEJIa.

TexHomornyHata peanu3anys € choOpa3eHa C HM3MCKBAaHMATA 3a IPOCIEAUMOCT U
BB3IPOU3BOUMOCT Ha 00pabOTKMTE, KaTo BCsiKa TpaHchopMaius (BaIUIUpaHEe HA THUIOBE,
JIMana3oHd U KOHCHCTEHTHOCT, CTaHAapTH3HpaHe Ha (JOpMaTH M €MHULIM, arperupaHe Mo JHU
1 TIPOTPaMH) C€ M3IIBJIHABA IO (POpMATU3UPAHH IIPABHIIA.

8.4. IIpaBHa CbBMECTUMOCT ¥ €TUYHA 000CHOBAHOCT

Meroaukara pasriiekaa B WHTErpUpaH BUJ INPaBHUS W JIMLIEH3MOHEH CTaTyC Ha
U3NOJN3BaHUTE JaHHW, (ainoBu Qopmatn M codTyepHH HMHCTPYMEHTH, Karo ce Lelu
rapaHTHpaHe Ha 3aKOHOCHOOPA3HOCT, IPO3PAYHOCT U BB3IPOU3BOJUMOCT HA U3CIICIBAHETO.

B TO3M KOHTEKCT AAaHHHMTE Ca W3MOJI3BAaHM KAaTO CTPYKTYpUPAHU TPEHUPOBBUYHU
IpOorpaMy, NPEJOCTaBeHH 3a HAy4YHHU I1IeJH, a 00pabdOoTKaTa W aHAIM3bT Ca PEATU3HPAHH 4pe3
IIUPOKO M3MOJI3BaHH COPTYEPHU CpeAcTBa U (OpPMATH, KOUTO OCUTYPSIBAT CTAHIAPTU3UPAHOCT
Y KOHTPOJI Ha JIOCTBIIA.

9. MPOEKT HA TEHEPATUBHUSA MO/JIEJI U BEPUPUKALIUSA

9.1. U360p Ha apxuTeKTypa U GYHKIIMOHAJHA OCTAHOBKA

B nucepranuonuus Tpya € obocHoBaH u300pbT HAa GAN apXHTEKTypa Karo CpeicTBO 3a
reHepUpaHe Ha TPEHUPOBBYHU mporpamMu. GAN MOJIENbT ce pasriekaa KaTo UHCTPYMEHT 3a
FJ'IO6aJ'IeH CHUHTE3 HAa TPCHUPOBBYHU CHECHAPUU, TTPU KOWUTO TCHECPATOPHT Ch3AaBa HOBU JTHEBHU
HATOBapBaHUsA, a JUCKPUMHUHATOPHT OTJIMYaBa peEajlHu OT TE€HEPUPAaHH IPOrpPaMH.
C'I)CTe?)aTeJ'IHI/IS[T MEXaHU3BM IOoATIOMara BB3MPOMU3BCKIAAHETO HA CTATUCTHYCCKATA CTPYKTYypa
Ha oOyuyaBauiuTe JaHHU.

9.2. KOHTPOJI ¥ CTAHAAPTH3ALMS HA BXOJAHUTE U U3XOAHUTE JAHHU

IIpenu oOyueHHe € pealn3upaH KOHTPOJ Ha BXOJHUTE JaHHHU Ype3 BaJUIUPaHE HA THIIOBE,
JIMAna30Hd U KOHCUCTEHTHOCT MEXy mpoMeHnuBure. CTaHIapTH3aMUITa eI Jla OrPaHuYU
BIMSHHETO HA pa3IMYHUTE Mam@bu Ha MapamMeTpuTe U Ja MOJIOMOTHE CXOAMMOCTTa Ha
00y4enuero. KOHTpOIBT Ha M3XO/HHUTE JIAHHU BKJIFOYBA MPOBEPKA 3a Cla3BaHe HA JIOTMKATa Ha
MEPUOTN3AIATa, pPEAyBaHE MEXKIY HATOBapBaHEC W BBH3CTAHOBSIBAHE H CHOTBETCTBHE C
koHTekcTHUTE yenous (Control days, Main_days).

9.3. MeTpuKH 32 OLIECHKA HA KA4eCTBOTO HA reHepUPaHUTe MPOrpaMu

OueHkara Ha KaueCTBOTO Ha Ie€HEPUPAHUTE TPEHHPOBBYHU HATOBApBaHUs € MpOBeIcHa
gpe3: (1) MeTpuKHu 3a pa3yika MEXIy peaHd W TeHepUpaHu CTOWHOCTU (CpeaHa abCoIoTHA
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rpemka - CATI), (2) mepku 3a cxoxctBo Ha pasmpepenenusta (KL-mueprennms), u (3)
IIPOBEPKA Ha JIOTHYECKa U (PU3NOTOTHYHA CHIIIACYBAHOCT Upe3 (POpMaTN3NpPaHH IPaBHIIA.

Cpennata abcomorHa rpemka (CAIY) ce m3moi3Ba KaTo MHIOMKATOP 3a TOYHOCTTA Ha
MoOJieNla TIPH BB3IPOM3BEXK/IAaHE Ha JHCBHUTE CTOWHOCTH (B 4aCOBE/MHHYTH) IO CHEPIHIHH
pexxuMu. 3a BCEKH peXUM Ha HaToBapBaHe (Zone 1-Zone 5 u Strength) ce n3uncisiBa cpenHara
a0COTIOTHA pa3iuKa MEXy PEaTHUTE ¥ TeHEPUPAHUTE CTOWHOCTH Ha AHEBHA 0a3a.

CXOACTBOTO Ha pa3lpelieieHUusITa MEXKIY pealHUTe U TEHepUpaHUTE NPOrpaMu ce
ouensiea upe3 KL-nueprenmms (Kullback—Leibler), n3umcneHa BbpXy HOpPMalu3upaHH
OTHOCHTEIIHH JIAI0BE 110 30HU Ha HATOBapBaHe:

KomnuectBenure merpukn (CAI' u KL-nuBeprenuus) ca JOMBIHEHH ¢ (OpMaTN3UPaHU
JIOTUUECKH IMpaBUIa 3a KOHTPOJI Ha BBTpEIIHATa ChIVIACYBAHOCT U MeETOJUYecKaTa
JOIYCTUMOCT (HampHMep OTpaHWYEHHS BbPXY HATOBapBaHMATA B JHH, CBBP3aHM C KOHTPOIHU
U OCHOBHH CBCTE3aHUWS, W OTPAaHWUICHHUS] BBPXY IOCIECIOBATEIHOCTTA Ha BHCOKOWHTEH3UBHU
JTHYA B MUKPOLIMKBIIA).

9.4. AHamM3 Ha CTPYKTYPHOTO CXOACTBO MekAy 00y4yaBallM W TeHepUPAHH
nporpamu

Upe3 aHanu3 Ha MUKPOLMKIMYHATA CTPYKTypa € YCTaHOBEHO, Y€ MPUOIM3HUTEIHO TPHU
YEeTBBPTH OT INpOTpaMHUTe B OOydaBallaTa W TCHEpPHpaHaTa HM3BaJgKa CHIBPXKAT IOHE €IHA
MOpeauia OT TPHU WIIM TOBEYEe BUCOKOMHTEH3WUBHM IHHU, HO OOMIMAT IsUT HAa TE3M JHU CIPSIMO
BCUYKM BHUCOKOMHTEH3UBHHM JHH € camMo 3.8 - 4.2%. ToBa mnoka3Ba, 4ye HHTEH3UBHUTE
TPEHHPOBKM Ca KpPAaTKH W H30JMPaHH, B CHOTBETCTBHE C MPUHIOMINTE HAa HATOBAPBAHE H
BB3CTAHOBSIBaHE B OMATIIOHA.

CpIOCTaBsIHETO TOTBBPKJIaBa, Y€ MOJENBT € YCBOMJI HE CaMO KOJIMYECTBEHHUTE
3aBUCHMOCTH (pa3IpeAesieH e 10 30HU), HO U (PyHKIIMOHAJIHATA CTPYKTypa Ha HATOBapBaHETO,
BKITIOYUTENHO PEIyBaHETO MEXIy paboTa ¢ BHCOKAa M HHUCKAa WHTCH3WBHOCT B pPaMKHTE Ha
MUKPOIUKIIH.

Bepudukanusita Ha 0o0yueHHETO € pealM3MpaHa 4Ype3 OTJeNIeH BaJHMIallMOHeH Habop
(mpubmmsurenHo 10% oT mporpamure), BBPXy KOWHTO cjel BCSKa €moxa ce IpociessBa
JMHAMHKaTa Ha MOKA3aTeINTE U Ce MPEJOTBPaTsIBa IPEHACTPOiiBaHe KbM 00yJaBaIlnuTe JaHHH.

B nporeca Ha o0ydenue e u3non3Bad ontuMuszarop ¢ napamerpu $i=0.5 u =0.999, npu
¢ukcupanu ckopoctu Ha o0yuenune NG=nD=2x1074.

Pasmepbr Ha mnaptugata e 512 pgHeBHHM 3amuca, KOETO OCHTYpsiBa JIOCTaThYHA
CTOXaCTUYHOCT Ha IPAJIMEHTUTE M CTaOWIHOCT Ha cxoxumoctra. OOy4eHHeTo € MPOBENeHO 3a
80 emoxu mpu chOTHOILIEHHE Ha akTyanm3amuute D:G = 1:1 u ¢ pa30bpkBaHe Ha 3alIHCUTE BBB
BCSKa €110Xa, 3a Jla ce MOJIbp)ka paBHOBECHE MEXIY reHepaTopa M AUCKPUMUHATOPA, KaKTO U
Ja ce u30erue npeHacuIane Ha JUCKPUMIHATOpA.

9.4.1. IIpoBepka 3a JIOTHYECKA ChIVIACYBAHOCT (IPABUJIA BbPXY JHEBHH 3aIIHCH)

3a Jga ce yAOCTOBEpH, uYe TeHEpPUpaHUTE MPOrpamMH CleABaT METOAMYecKaTa JIOTMKa Ha
TPEHUPOBBUHHS TIpOLieC, ca AehUHUPAHH NPABIIIA BbPXY JHEBHH 3aIIUCH, KOUTO Ca MPUII0KEHH
HJICHTUYHO BbpXY 00ydaBalliaTa ¥ TeCTOBaTa U3BAJIKA.

[TpaBuno 1 (meH Ha cbcTe3aHWe): M3MCKBAHE 3a JIMIICA HA HaToBapBaHe - Zone 1 = Zone 2 =
Zone 3 = Zone 4 = Zone 5 = Strength = 0.
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[paBuio 2 (mocnenoBaTeIHH BUCOKOWHTCH3UBHHU JTHH): U3UCKBAHE Ja HE CE CPENIaT MOBEYe OT
JIBa TIOPE/IHU JHU C BHCOKa MHTEH3UBHOCT, KATO BHCOKA MHTCH3MBHOCT ¢ Ae(UHHpaHA KaTo
Highlntense = (Zone 4 + Zone 5) > 6 muH (6 MUH ¢ MUHIMAJICH IIpar 3a BUCOKOMHTCH3UBCH
KOMITOHEHT).

Bcuuku npoBepKy ca M3BBPINCHH B MUHYTH, KaTO MPaBUIaTa Ca NPUIIOKECHU BBPXY JTHEBHHUTE
3aITMCH 32 LEITHUsI IEPHOI.

Ta6nnua 4, Pe3yJ'ITaTI/I OT IIPOBEPKaTa 3a JJOTUYCCKA ChbIIaCYBAHOCT.

[paBuno Ioka3zaTen OoOyuaBaria m3Bagka | Tecroa n3BasKa
(6p.) (6p.)
1. [len na Bbpoit nau 3490 401
cbere3anue - Zone 1
=Zone 2 =Zone 3 =
Zone 4 =Zone 5=
Strength =0
Crnyqan c|0 0
HaTOBapBaHE
Hsan ¢ natoBapmane | 0 0
(%)
2. Tlocnmemomarennu | Bpoit mporpamu 180 20
BHCOKOMHTCH3UBHU
JHH - HE MOBEYEC OT
JIBa MOpeAHu ¢ Zone
4 + Zone 5 > 6 muH
IIporpamu c| 141 15
nopeauia > 3 1Hu
Hdstn mporpamn ¢ | 78,33 75
nopeauna > 3 JaHU
(%)
O6mmo 5333 574
BHUCOKOMHTCH3UBHU
JTHH
Juu B mopennma > 3 | 225 22
JTHH
Ha1 ot  Bcuwukwm | 4,22 3,83
BHUCOKOMHTCH3UBHU
qan (%)

VYcraHOBsIBA Ce MBJIHO CHOTBETCTBHE C MPABHIOTO 3a MOYUBKA. B HUTO €qUH OT
HabopuTe OT JaHHW HEe ce HaONromaBa HaTOBapBaHE MO KoATO M na € 30Ha (0% ciydam c
AKTHBHOCT), KOETO IMOKa3Ba KOPEKTHO BH3MPOU3BEKAAHE HA JIOTMKATA, TMPH KOSTO JEHAT HA
KOHTPOJIHO HJIH OCHOBHO ChCTE3aHHME HE Ce KOMOMHMpPA ¢ TPEHHPOBbYHA paboTa.

IIpuGIN3UTEIIHO TPH YETBBPTH OT MIPOrPAMHUTE B IBETE M3BAJKK ChABPKAT MOHE eIHA
Mopeariia OT TPY HIIM NOBEYE BHCOKOWHTCH3MBHHU IHM, HO OOIIMAT IS HA TE3W JTHH CIIPSIMO
BCUYKH BHCOKOMHTEH3MBHM 1OHM € camo 3,8-4,2%. ToBa o3HauaBa, Y€ WHTEH3UBHUTE
TPCHUPOBKK Ca KPAaTKH M H30JUPAHH, KaTO C€ 3ama3Ba HEOOXOIUMOTO PEAyBaHE MEKIY
HATOBapBaHE M Bh3CTAHOBSBAHE B PAMKHTE HA MUKPOIHKBIIA.
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CpnocTaBsiHETO Ha pe3ylTaTUTE II0Ka3Ba BUCOKA CTEINEH HA CXOACTBO MEXIy
oOyJaBamaTa U3BaJgKa U TCHEPUPAHUTE MPOTPaMH - KaKTO TI0 YECTOTa HA MOPEAUIINTE, TaKa U
[0 OTHOCHTENCH AA7 Ha BUCOKOMHTEH3MBHHUTE NHH. CXOACTBOTO TOTBBPXKABa, 49€ MOJCITBT
YCBOSIBA HE CaMO KOJIMYECTBEHUTE 3aBICHMOCTH B JJaHHUTE, HO M (PyHKIMOHAIHATA CTPYKTYpa
Ha HaTOBAPBAHETO.

10. EKCIIEPUMEHTAJIHO IMPUJIOKEHHUE: MJIAJJEXKKHA
HAIIMOHAJIEH OTBOP 11O BUATJIOH (CE30H 2023-2024)

3a mpoBepka Ha e(eKTHBHOCTTa Ha pa3pabOTEeHUs] TeHEPaTHBEH MOJIENl € HpOBEAEH
eKCIIEPUMEHT B pEajHU YCJIOBHsA, IPU KOHTO € IpUIOKEHa TPEHWPOBBYHA IIpOrpama,
TeHepUpaHa OT MOJIeNla, BbPXY ChCTE3aTesId OT MIIAJEKKHS HallMOHAJIeH OTOOp 1Mo OWaTiIoH
mpe3 nmepuona 2023/2024 r.

10.1. KoHTpoJIHH TecTOBe M MOKa3aTe u

3a oOexTHBHAa OICHKAa ca IIPOBEJCHM BXOMSIl M H3XOISAI] KOHTPOJEH TECT MpHU
CTaHAAPTU3UPAHN YCIOBUS (MACHTHYHA IHCTA, TEMIEPAaTypa M CHCTOSIHUE HAa HACTHIIKATA).
W3mepenn ca Tpu KITIOYOBH ITOKA3aTENs:

e MakcumanHa kucnoponHa koHcymamusa (VO:max) - mokaszaTen 3a  aepoOHHsA
KamanuTer.

e Bpewme 3a 10 km Osrane ¢ ponkoBu cku Tun Marwe 6 - HHTErpaTUBEH MHAMKATOD 3a
o0mara W3APHKIMBOCT, TeXHHYECKa €(MEKTHBHOCT M crenuduiHa CKOPOCTHA
U3APBKIUBOCT.

e Cpenna ckopocT Ha OsiraHe (m's™') - MPOM3BOJHA OT BPEMETO U Pa3CTOSHHETO,
XapaKkTepu3upaIa u3aphHKIMBOCTTA.

W3noa3BaHUAT THIT POJIKOBH CKM Marwe 6 € cTaHIapT B KOHTPOJHHTE TECTOBE 3a OMATIOH

U CKHU-OAraHe, Th KaTO OCUTypsiBa BHCOKa ITIOBTOPSIEMOCT Ha PE3YJTaTUTE W MEXaHWYHO
CBIIPOTHBIICHHE, OJIN3KO JI0 TOBA HA IPUILITE3BAHE BHPXY CHEXKHA HACTHIIKA.

10.2. UHapuBuaya Hu pe3yJTaTH OT BXOASIII M U3XOISII TeCT

Tabnuma 5 mpencraBs WHANBHAYATHUATE PE3yNTaTH Ha OCeM cheTe3arend (n=8), KakTo H
PA3JIHKHUTE MEXIY BXOISAIINS U U3XOIAIIHNA TecT (A).

Tabmuua 5. Pesynratu ot Bxosmi u uzxosmy tect (10 km ponkoBu cku Marwe 6)

VO:max VO:max 10 km 10 km A
Buar BXOJI{ H3XO0] BXO[I H3XO0[ A Cropoc | Cropoc cKopoc
. (ml'kg*min~ | (ml‘kg*-min~ | (mm:ss | (mm:ss BpeM | T ‘”‘f’f‘ b "3"3}1 T
D) D) ) ) e(s) (m-s™) (m-s™) (m's™)
1 60.8 63.6 27:04 24:34 -150 6.16 6.79 0.63
2 65.0 67.8 28:46 27:05 -101 5.80 6.15 0.35
3 63.6 69.0 26:38 24:14 -144 6.26 6.88 0.62
4 60.0 65.4 26:49 25:14 -95 6.22 6.61 0.39
5 61.8 66.0 27:24 25:37 -107 6.08 6.51 0.43
6 66.3 69.9 28:59 26:41 -138 5.75 6.24 0.49
7 58.1 62.1 26:52 25:20 -92 6.21 6.58 0.37
8 55.0 59.0 30:30 29:10 -80 5.47 5.71 0.24
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10.3. BapnanuoHeH 1 CTATHCTHYECKH AHATU3 Ha e(eKTa

BapuanuoHHUAT aHaIW3 ITIOKa3Ba BHCOKAa XOMoreHHocT Ha rpymara (CV < 7%) n
(GU3HONOrMYHO KOHCHUCTEHTHA IWHAMHKA MEXIy TPUTE HPOMEHIIMBH: IOBHIIABAHETO Ha
VO:max e CEIIPOBOACHO ¢ HAMAISIBAHE Ha BPEMETO U YBEJIHYaBaHe Ha CKOPOCTTA.

Tabnmua 6. BapuanmoHeH aHamN3 Ha BXOISII M U3XOAI TecT (n=8)

IToka3aren n Min Max R Mean SD Ac"é‘g;:)pm Elac(l;ec ((}/{) )
VO:max -
BXOJIAII TECT 8 55 66.3 11.3 61.33 3.69 -0.32 -0.75 6.01
(ml-kg''min™")
VO:max -
U3XOJISAI] TECT 8 59 69.9 10.9 65.98 3.73 -0.24 -0.91 5.65
(ml-kg™'-min™")
10 km -
BXOJISIII TECT 8 1598 1830 232 1698.9 82.7 0.52 -0.94 4.87
(s)
10 km -
W3XOJISI TECT 8 1454 1750 296 1564.4 | 103.6 0.81 0.17 6.62
(s)
Cxopocr -
BXOJISIIL TECT 8 5.47 6.26 0.79 5.99 0.28 -0.29 -1.13 4.68
(ms™)
Cxopocr -
W3XOJISAI] TECT 8 5.71 6.88 1.17 6.43 0.40 -0.33 -1.01 6.22
(m-s™)

3a mpoBepka Ha MPEANOCTABKUTE € MPUIOXKeH TecThT Ha Shapiro-Wilk (a = 0.05) Bbpxy
PA3JIMKUTE MCKAY BXOIAL U U3XOIAIL TECT. Ha Ta3u ocHOBa € 1436paH HEMapaMCTPUIHHUAT TECT
Wilcoxon 3a 3aBUCHMH U3BaJIKH.

Pesynrature or Tecta Wilcoxon moka3BaT CTATHCTHYECKH 3HAYUMH PA3IAKH MEXKIY
BXOJISIIIUS M M3XOISIIIUS TECT 10 TPHUTE Mokasarens, ¢ p-value = 0.008 (< 0.05) 3a Bceku OT TsX.
ToBa 03Ha4aBa, Y€ BEPOSITHOCTTA HAOJIOJABAHUTE MPOMEHHU Ja Ce Ib/DKAT Ha CIydailHOCT e
nox 1%.

PasMepbT Ha epekTa e H3dmCIeH 1o popMylata r = Z/\n, KaTo MoJIydeHaTa CTOMHOCT T =
0.94 (n = 8) moka3Ba romsiMm edekT (mo kmacupukanusaTa Ha Cohen) W CHIHO MPaKTHYECKO
BB3/ICHCTBHE HA MPHUIOKEHATA TPEHUPOBBYHA MPOTrpaMa BbPXY (QYHKIIMOHAIHHUTE OKA3aTeNn
Ha ChCTe3aTeNuTe.

3a mBIHOTA, pe3yNITaTUTE OT INpoBepkara 3a HopMmaiHocT (Shapiro—Wilk) u Tecra 3a
3HaunmocT Ha pasiukute (Wilcoxon) ca npencrasenu B Tabnuua 7 u Tabnuna 8

Tabmmma 7. Pesynratu ot Tecta Ha Shapiro—Wilk 3a HopmanHOocT Ha paznukute (n=8; 0=0.05).

INoxa3zaren (paznuka | p-value Wnrepnperanust (0=0.05)

M3X0ICH—BXOJISIIT)

VO:max (ml-kg™*-min™) 0.047 Pasnpenenenuero ce
pa3nnyaBa OT HOPMAJIHOTO
(p<0.05)

10 km Bpeme (s) 0.031 Pasnpenenenuero ce
pas3jiiyaBa OT HOPMAJIHOTO
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(p<0.05)

Ckopoct (m's™!) 0.039 Pasnpenenenuero ce
pasiuuaBa OT HOPMAIHOTO
(p<0.05)

Ta6nura 8. Pesynratu ot Tecta Ha Wilcoxon 3a cBbp3anu u3Baaku (n=8; a=0.05).

IMokazaTen p-value Wurepnperanus (0=0.05)

VO:max (ml-kg ' min") 0.008 CraTuCTHICCKH 3HaYMMa
pa3iuKa — YBEIHYCHHE Ha
VO2max

10 km Bpeme (s) 0.008 CraTtuctudecku 3HaYUMa
pasnMka — HaMaleHHEe Ha
BpPEMETO

Ckopoct (m's™!) 0.008 CraTucTu4ecku 3HaYUMa
pasnuka — yBeJIMYCHHE Ha
CKOpPOCTTa

[InaHupaHoTO TPEHUPOBBUHO HaTOBapBaHe 3a ce30H 2023-2024 r. oOxBama mnepuojaa
(01.04.2023 — 31.03.2024), kato 3a BCEKH JEH ca OTUCTCHH MHHYTHTE paboTa B MET 30HH Ha
HaTOBapBaHE M BPEMETO 3a CHJIOBA MOJTOTOBKA, KAKTO M IPUHAJJICKHOCTTa KbM MEpUOJ] Ha
MIOJITOTOBKA.

OOummsT obeM u3BBpIICHA padoTa 3a pasrieKAaHus Iepuo ] Bh3nmu3a Ha 34 045 munytu (567.4
gaca). Ot tax 30 695 munyTtHn (511.6 gaca) ca pabora 3a H3IpPBEAKIMBOCT B 30HU 1-5, a 3 350
MuHYTH (55.8 "aca) ca oTAeneHu 3a cuioBa noaroroska. Criosara moaroroska gopmmupa 9.8%
ot obuus roxumer ooeM u 10.9% ot o6eMa Ha TPEHHUPOBKUTE 32 H3IPBKINBOCT.
PasnpenenenneTo Ha BpeMeTO 1O 30HU Ha HATOBapBaHE MOKAa3Ba SICHO U3Pa3eH ,,TUpaMuIaieH
mogen: Zone 1 — 293.9 vaca (57.4% ot Bpemero B 30HU 1-5); Zone 2 — 143.8 yaca (28.1%);
Zone 3 — 43.4 gaca (8.5%); Zone 4 — 18.4 uaca (3.6%); Zone 5 — 12.1 gaca (2.4%). Cymupaso,
Zone 1 u Zone 2 ¢opmupar 85.5% OT BpeMeTo B TPEHHPOBKUTE 3a U3JAPBKIMBOCT, JOKATO
30HH 3-5 3aeMat 14.5%, KOETO € THIHYHO 3a CIIOPTOBETE 32 U3PBAKIUBOCT U € ChbBMECTUMO C
MIPUHIOMINTE HAa IEPUOAM3ALHSTA B OMATIIOHA.

11. PE3YJITATHU U AHAJIN3

Pesynrature OoT aucepTaMOHHMS TPYJl ca TPYNHpPaHH B JABa OCHOBHHW HampasieHus: (1)
METOJIOJIOTUYHHU pe3yNTaTH - pa3paboTBaHe W (opMmanusvpaHe Ha HHTETpajHa METOJMKA H
MOJIeTIHA apXUTEKTypa 3a ONTUMHU3MpaHE Ha TPCHUPOBBYHNTE HATOBAPBAHUS UPE3 TCHEPATUBHU
Mozieny; (2) eMIUpUYHH Pe3yiITaTH - CTaTHCTUYECKa M MPAaKTHYecKa BeprU(UKAIMI Ha MOJena
Ype3 aHaJIW3 Ha CXOACTBOTO MEXAy 0OydaBaIlld M TEHEPUPAHU MPOTPaMH U €KCIIEPUMEHTAIHO
MIPWJIOKEHUE B PealiHa TPEHUPOBBYHA CpPeJia.

11.1. Pe3yaratm oT aHaiM3a Ha pasnpeieIeHHETO IO 30HM M JIOTMKATa Ha
HATOBapBaHe

AHanu3bT Ha paslNpeie]IeHNeTO Ha JHEBHUTE HATOBAapBaHUs MO 30HU (Zone 1-5) mokas3sa
3aKOHOMEPHO JIOMHHHpPaHe Ha HUCKO- ¥ YMEPEHOWHTEH3MBHH HaTOBapBaHMA (Zone 1-2), koeto
CHOTBETCTBA HA M3UCKBAHMATA 33 U3TPAKIAHE HAa aepoOHa 6a3a M YCTOMYMBOCT MPH OMATIIOHA.
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Crparudukanusita mo VOmax IeMOHCTpHpPa MOHOTOHHA 3aBUCHMOCT MEXKIy aepoOHUS
KamanuTeT ¥ 00eMa Ha HaTOBapBaHETO.

JlHeBHaTa W ceMHUYHATA CTPYKTypa Ha HATOBApBAHETO ITOKAa3BaT HanMW4me Ha 62 mHU Oe3
TpEeHHPOBBUHO HaroBapBaHe (16,9% OT BCHUYKM KalleHOApHW AHHU), KOeTo o3HadaBa 304
TPEHHPOBBYHH [THH WM CPEAHO OKOJIO 5,8 TPEHHPOBBUHM JHH cenxMuyHO. CpenHara JHEBHA
MIPOXBIDKUTEITHOCT Ha TPEHUPOBKHUTE 32 ce30Ha € 93,0 MHHYTH ChC CTAHIApTHO OTKIOHEHHE
63,5 MUHYTH, MUHUMaJIHa CTOHHOCT 0 MHHYTH U MaKCHMaJlHa JHEBHA CTOMHOCT 274 MUHYTH.

Menunanata Ha AHeBHOTO HaToBapBaHe € 90,0 MHHYTH, a MHTEpKBAPTUIHHUAT HHTEPBAI
(25-75 mepcentun) e 53,5-135,0 munytu. Peructpupanu ca 40 muu ¢ HatoBapBane > 180
MUHYTH (0K0J0 11% OT BcUUKM qHM).

W3zuucnenusar cpeneH ceamuueH odem padora e oxoso 10,9 yaca, KoeTo xapakTepusupa
HATOBAPBAHETO KAaTO CPAaBHHUTEIHO BHCOKO, HO YMEPEHO M ChOOpPa3eHO ¢ Bh3PacTTa U eTama Ha
pa3BUTHE Ha MJIAACKKHUTE HAIIMOHAIN 110 OMATIIOH.

11.2. CnyioBa NOATOTOBKA B FOAUIIHHUSA AKDJI

W3BbpmieHUTE HATOBapBaHHS ITOKAa3BaT, Y€ CHJIOBAaTa IOATOTOBKA € KOHIICHTpHUpaHa B
MONTOTBUTEIHAS TIEPHOM, KBICTO TpeacTaBisiBa okono 10-11% ot obmoro HaToBapBaHE,
JIOKAaTO B CHCTE3aTEIHUS IEPHO ISIBT M HAMAaJIsBa 10 0KOJIo 9%, a B MPEXOIHHS MPAKTHICCKH
oTrcheTBa. YectoTara Ha CHIIOBHTE 3aHMMaHHs € NpuOIM3uTesHo 1.8 MbTH CEAMUYHO B
MOJTOTBUTENHUA U | IBT CEAMUYHO B ChcTe3aTenHus nepuoi. CuioBara MOATOTOBKA Ce€
MIPOBEXJIa OCHOBHO B JIHU ¢ padoTa 3a U3APBKIMBOCT, KOETO BOJIM JIO pa3rpaHUYaBaHe Ha JTHU C
MO-TOJISIMO OOIIIO0 HATOBapBaHE U JIHU C MO-HUCHK 00 00eM M M3MCKBa IPELU3EH KOHTPOJ 3a
OTrpaHHMYaBaHe Ha PUCKa OT IMpeyMopa.

OO6umaT m3BbpIIeH 00eM paboTa 3a cuia B m3cCiIenBaHus mepuox ¢ 3 350 MuHyTH, Win
55,8 gaca, koeTo croTBeTCTBa Ha 9,8% OT O0IIOTO TPEeHHPOBBUHO HaToBapBaHe M Ha 10,9%
cipsiMo obema paboTa B 30HM Ha HaToBapBaHe 1-5.

CunoBa MOArOTOBKAa € OTYETEHA B 77 JHM, KOETO O3HayaBa CpeJHO okoso 1,5 cuioBu
3aHUMAaHHS CEJIMHUYHO 3a IIETHs CE30H, ChC CpelHa IPONBIDKHTEIHOCT HAa €JHAa CHJIOBA
TpeHupoBKa 43,5 MmuHyTH (Meauana 45 Mmunytn). Hail-rosssm 171 oT To3u 00eM e peanu3upad B
MOJIrOTBUTENHUS Tiepuo/ - 2 460 munytH, winu 41,0 yaca (73,4% ot roauiHust cuiioB odem). B
paMKuTe Ha TOATOTBUTENHMS TEpUOJa cuiioBaTa moarotoBka dopmupa 10,5% ot obmoTo
TPEHHPOBBUHO HaToBapBaHe W 11,7% copsimo paborata B 30HM Ha HaroBapBaHe 1-5.
Peructpupanu ca 57 AHU CbC CHIIOBA IIOJArOTOBKA, NPUOJIM3UTEIHO 2 CUIJIOBH 3aHMMaHHUS
CeJIMUYHO, ChC CPEIHA MPOABIDKUTEIHOCT 43,2 MUHYTH.

B chcresaTenHus meprox M3BBPIICHUAT 00eM padoTa 3a criia BB3NMH3a Ha 875 MUHYTH
(14,6 4gaca), wm 26,1% ot rogumHus 00eM Mo TO3M MOKasaTtell. JensT Ha cuiaarta B 00IIOTO
HaToBapBaHe 3a nepuozaa e 8,8%, a crpsiMo obema paboTa B 30HM Ha HaToBapBaHe 1-5 - 9,7%.
Otuerenu ca 19 nHM CbC CUJIOBa IMOJATOTOBKA, KOETO CBHOTBETCTBA Ha OKOJIO 1 CHUJIOBO
3aHMMAaHHE CEIMUYHO, ChC CpeaHa MpOoAbIKUTeNHOCT 46,1 MuHyTH. B TmIpexomHus mepuon
cujioBaTa TMOATOTOBKA MPAKTHUYECKH OTCHhCTBA - peanusupanu ca 15 munytu (0,25 daca),
pasmpeneneHy B €I1H JIeH.

3a ma ce OLEHM Kak CHJIoBaTa IIOJrOTOBKa Ce€ KOMOWHHpa C TPEHHPOBKHTE 3a
M3IPHKINBOCT B PAMKHUTE Ha OTACTHWUTE JHHU, Ca aHAIM3MPAHH BCUYKH JHU C TPEHHPOBHUHO
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HaroBapBane (0o6mo 304 nHu), oT KouTo 77 IHM ChC CHJIOBA MOJTrOTOBKAa M 227 JHH caMmo ¢
paboTa B 30HM Ha HATOBapBaHE.

B nmHUTE CHC CcHMIIOBA MOATOTOBKA CpeAHUAT 0OeM paboTa B 30HH Ha HaroBapBaHe € 98,6
MuHyTH (Menuana 92,0 muH; SD ~ 48,2 MuH), a cujoBaTa MOATOTOBKA € cpeqHo 43,5 MUHYTH
(memmana 45,0 MuH), KoeTo Gopmupa o0mmo JHEBHO HatoBapBaHe 142,1 MuHyTH. B mauTe 663
CHJIOBA TIOATOTOBKA, HO C TPEHUPOBKA, CPEIHATa CTOMHOCT Ha paboTa B 30HM Ha HATOBAPBAHE €
101,8 munytu (Meauana 92,0 mun; SD = 46,9 MuH). O6eMbT paboTa B 30HH Ha HATOBApBaHE ¢
MPaKTHYECKN €HAKBB B JJHUTE ChC M O€3 CHIIOBA IOJTrOTOBKA, KaTO ChIECTBEHATA Pa3jIMKa ce
Ha0Ir01aBa B 0OLIOTO THEBHO HATOBAapBaHe, KOETO € NMpHOIM3uTenHo ¢ 40 MUHYTH IO-BHCOKO B
JTHUTE ChC CUJIOBA MOATOTOBKA.

[Ipu pasriexnaHe caMo Ha JHHUTE ChC CHJIOBA MOJATOTOBKA KOS(UIMEHTHT Ha KOpenauus
Ha [IupchH Mexay MUHYTHTE paboTa 3a CHila 1 MHHYTHTE PaboTa B 30HM Ha HATOBApBaHE € I =
0,39 (ymepena momoxkuTenHa Kopenanus). Koraro B aHamm3a ce BKIIOYAT BCHYKU
TPEHHPOBBYHH [HH, BKJIIOYWTEIHO TE3WM O€3 CHIIOBAa IMOATOTOBKA, KOPENALMATa MEXIY
JHeBHaTa paboTa B 30HM HA HATOBAPBAHE M MHUHYTHTE CWJIOBA IOJTOTOBKA MPAKTHYECKU
n3ue3Ba (r = 0,05) mopamu romemus Opoit quHM ¢ 0 MUHYTH CWJIa IpU IIHPOK AHMANa3oH Ha
CTOMHOCTHUTE B 30HUTE.

B cenmuueH nuama3oH paslpesesIeHHEeTO Ha CHJIOBaTa ITOJrOTOBKA IO MEPHOAU Ce
n3passiBa NpUOIM3UTEIHO B: OKoJIo 1,3 yaca cuioBa moaroroBka u okono 11,0 gaca pabora B
30HM Ha HaToOBapBaHE CEIMHYHO B IOATOTBUTENHHUS mepuox; okoimo 0,8 uaca cuiosa
MOJIrOTOBKAa M OKOJIO 8,6 yaca paboTa B 30HM Ha HATOBapBaHE CEJAMUYHO B ChCTE3aTEIHMUS
NIeproA; ¥ MUHUMAJIEH 00eM cuioBa pabora mpu okoio 3,9 yaca ceaMuyHa paboTa B 30HM HA
HAaTOBAPBAHE B PEXOJHHS TIEPHOI.

Te3n CTOMHOCTH TOTBBPXKAABAT SICHO W3pa3eHa KOHIEHTPALMs Ha CHJIOBaTa
MOJTOTOBKA B TOJATOTBUTEIHUS TEPUOJ, C YMEPEHO TPHUCHCTBHE B CBHCTE3aTENHUS U
MIPAaKTHYECKH OTCHCTBHE B TPEXOIHMS INEpPHOJA. B MMKpOIMKIMYEH aclekT CHIIoBarta
MIOJITOTOBKA Ce peajH3upa IpeIUMHO B JHU C AOMHHHMpama paboTa 3a U3APHKIMBOCT, 0e3
CBIIECTBEHO HaMallsiBAHE Ha MHMHYTHTE B 30HHTE Ha HATOBapBaHe, KOETO BOAMU JO SCHO
pasrpaHMYaBaHe Ha JHU C IO-TOJSIMO OOII0 HATOBAapBaHE M JHU C MO-HUCHK 00eM KaTo 4acT OT
penyBaHETO HaTOBapBaHE—Bb3CTAHOBSABAHE.

11.5. Ananu3 Ha roaumiHus 00eM u nepuoau3anusra (ceson 2023-2024)

3a menuTe Ha OMMCATENHMS aHANM3 AAHHUTE ca TPYNHPAHW 10 TPEHUPOBBYHHU MEPHOAN
(moaroTBUTENEH, ChCTE3aTENEH U pexo/ieH). M3uncnenu ca obumst obem padoTa (B MUHYTH H
4acoBe), OTHOCHUTEIHHAT ST Ha BPEeMETO BBB BCAKAa 30HA HAa HATOBAapBaHE, CPEIHHU THEBHU
CTOWHOCTH W CTaHAApPTHO OTKJIOHEHHE, KaKTO M 4YecToTa Ha JHHM 0e3 perucTpupaHo
TPEHUPOBBUHO HATOBapBaHE.

[maHupaHoTO TPEHUPOBBYHO HaToBapBaHe 3a ce30H 2023-2024 r. obxBama meproxa
01.04.2023 — 31.03.2024, xaro 3a BCEKH OEH ca OTYETEHH MHUHYTHUTE paboTa B IET 30HM Ha
HaToBapBaHe (Zone 1-Zone 5) m BpeMeTo 3a cwioBa MoArotoBka (Strength), kakTo U
MIPUHAAJIEKHOCTTA KbM IPEXOEH, OJTOTBUTEIEH WIN ChCTE3aTENIEH NEPUO/.

OOmmsT 0bem u3BbplIeHa paboTa 3a pasriexaanus nepuos Bb3nusa Ha 34 045 munytu (567,4
yaca). Ot 1ax 30 695 munytu (511,6 gaca) ca paborta 3a H3APHKIUBOCT B 30HU 1-5, a 3 350
MuHyTH (55,8 9aca) ca oTaeneHH 3a CHIIOBa MOATOTOBKA. CHIOBaTa MOATOTOBKA MTPEJICTABISABA
9,8% o1 o6 roaumier odem u 10,9% crpsimo o6emMa Ha TPEHUPOBKUTE 32 M3APHKIUBOCT.
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PasnpezenenueTo Ha BpeMeTO 10 30HM HAa HaTOBapBaHE Clie/(Ba SICHO W3Pa3eH ,,lIMpaMUIAJICH
mozer: Zone 1 — 293,9 gaca (57,4% ot BpemeTo B 30HH 1-5); Zone 2 — 143,8 gaca (28,1%);
Zone 3 — 43,4 gaca (8,5%); Zone 4 — 18,4 gaca (3,6%); Zone 5 — 12,1 gaca (2,4%). Cymupaso,
Zone 1 n Zone 2 ¢opmupar 85,5% OT BpeMETO B TPEHHPOBKUTE 3a H3APBKIUBOCT, JOKATO
Zone 3—Zone 5 3aemar 14,5%.

JlHeBHaTa M ceAMHYHATA CTPYKTypa Ha HATOBapBaHETO ITOKa3BaT 62 mHU 0e3 TPEHHUPOBHYHO
HaToBapBaHe (16,9% oT Bcuuku KaleHIapHU HU), KoeTo o3HauyaBa 304 TpEeHHUPOBBYHM JHU
WJIN CPETHO OKOJIO 5,8 TpEHHPOBBYHHU JHU ceaqMuuHo. CpeqHaTa THEBHA NPOIBIKUTEIHOCT Ha
TpEHUPOBKUTE 3a ce30oHa € 93,0 MUHYTH CBC CTaHAAPTHO OTKIOHEHHE 63,5 MUHYTH;
MHUHHMaJHaTa CTOMHOCT € 0 MUHYTH, a MakCUMaJHaTa poctura 274 muHytH. MenuaHnata Ha
JHEBHOTO HatoBapBaHe € 90,0 MHHYTH, a HHTEPKBApTHIHUAT UHTepBan (25—75 mepceHTun) e
53,5-135,0 munytu. Perucrpupanu ca 40 nau ¢ HatoBapBane > 180 muHyTH (OKOMO 11% OT
BCHYKH JHH). VI3UUCIEHHUST CpelieH ceMUIeH ooeM padora e okxoso 10,9 gaca.

Te3u moka3zareny XapaKTepH3HpaT HATOBAPBAHETO KAaTO CPABHHUTEIHO BHCOKO, HO YMEPEHO H
CcbhOOPA3EHO C BB3pACTTa M €Tala Ha pa3BUTHE HAa ChCTE3ATENNTE, IPH JOMUHUPAHE Ha HICKO- U
YMEpEHOMHTEH3MBHAaTa paboTa M KOHTPOJHMPAHO TPHCHCTBHE HA II0-BHCOKHTE 30HH B
CBOTBETCTBHUE C IPUHIUIIUTE HA CIIOPTHATA IEPHUOTU3ALIIHSL.

[MoxroTBuTeNHUAT TIepro1 oOxBaria 222 nHU U BKIOYBa 194 TPeHUPOBBYHH JHHU, OT KOUTO 28
nuu Oe3 TpenupoBka (12,6%). B To3um mepuox ce KOHLEHTpUpa Hal-ToJsIMaTa 4acT OT
TOJIMITHOTO HaToBapBaHe: ooy obem padora 390,1 vaca (68,8% oT ce3oHHHsS 00eM), 0OeM Ha
TPEHUPOBKHUTE 3a M3IPBAKIUBOCT (30HU 1-5) 349,1 vaca u cunosa moarotoska 41,0 gaca (73,4%
OT TOJIATITHHSI CHIIOB 00EM).

CpenHaTa AHEBHA MPOABIDKUTEIHOCT Ha HATOBAPBAHETO B IOATOTBHUTENHHMS mepuon e 105,4
MHHYTH ChC CTAaHAAPTHO OTKIOHEHWE 65,6 MUHYTH, CPEIHUAT CEAMUYECH oOeM e okoio 12,3
Yaca, a cpeJHaTa IPOJbDKUTEIHOCT Ha aKTUBHUTE TPEHUPOBBYHU JHU € 120,6 MUHYTH.
PasnpenenenneTo 1mo 30HM B MOATOTBUTEIHHMS TIEPUOJ] C€ XapaKTEpH3Hpa C JOMHHHpaHE Ha
30Ha 1 W 30Ha 2 W MOMIBpKAI A1 HAa BUCOKOMHTEH3MBHaTa pabora: 3oHa | - 200,1 waca
(57,3%); 30na 2 - 101,3 gaca (29,0%); 3ona 3 - 33,5 gaca (9,6%); 30Ha 4 - 9,0 yaca (2,6%);
30Ha 5 - 5,2 gaca (1,5%). 3oau 1-2 mpencraBnsaBat 86,3% oT obema Ha HM3APHKIMBOCTTA, a
30U 3-5 - 13,7%, kato 30ouute 4 u 5 3aemar 4,1%.

CweresatenHuaT nepuoj BiimrouBa 123 muu, oT kouto 98 ca TpeHupoBbuHH, a 25 ca 0e3
TpennpoBka (20,3%). Peanmsupanu ca obmy obem padora 165,5 waca (29,2% oT roauimHus
o0em), 00eM Ha TPEHHUPOBKHUTE 3a M3IAPHKIMBOCT 150,9 daca m cmiioBa monrotoBka 14,6 gaca
(26,2% OT TOTUIITHAS CHUIIOB 00EM).

CpenHaTa THEBHA NPOIBIDKUTEIHOCT B cheTe3aTenHus nepuoa e 80,7 MUHYTH ChC CTaHIapTHO
oTkioHeHue 55,0 MHHYTH; CpeHHHSAT ceaMuYeH obeM e okomo 9,4 dvaca, a cpegHara
MIPOABIDKUTETTHOCT Ha aKTUBHUTE TpeHupoBbuHH IHU e 101,3 MunytH. B cpaBHeHue c
MTOJITOTBUTEIHNS NIEpHO]] ce HalIroaBa HaMasiBaHe Ha oOmms o0eM W yBelndaBaHE Ha Jiena
Ha MOYMBHUTE JTHH.

PasnpenenenneTo mo 30HU B ChCTe3aTeNHUS mepuon e: 3oHa 1 - 87,9 vaca (58,2%); 30Ha 2 -
37,9 gaca (25,1%); 30oHa 3 - 9,3 gaca (6,2%); 30Ha 4 - 8,9 waca (5,9%); 30Ha 5 - 7,0 gaca (4,6%).
HensT Ha BUcokuTe 30HU 4 1 5 HapacTtBa 10 10,5% (cpenty 4,1% B MOATOTBUTENHUS NEPUON)
TP MO-HUCHK 0011 00eM, KOETO € B ChOTBETCTBHE C JIOTHKATA HA ITOJIrOTOBKA 32 ChCTE3aHMS.
[Mpexomuusar mepuon BrkiouBa 21 1mHM, OT KouTOo 12 ca TpeHHMpoBBYHHM, a 9 aHU ca Oe3
HaToBapBaHe (42,9%). OOmusaT odbem HatoBapBane ¢ 11,8 gwaca (2,1% oT rogumHHus 00eM),
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KaTo paboTara 3a m3ApBkKIMBOCT € 11,6 waca, a cuoBata noaroroska ¢ 0,2 yaca (12 MunyTH).
Cpemnara mHeBHa cToiHOCT € 33,7 MHHYTH CBC CTaHZAPTHO OTKIOHEeHHE 35,0 MUHYTH,
CpPemHHAT CeAMHUYCH 0b0eM e okoio 3,9 Jaca, a cpeaHaTa MPONBIDKUTEIHOCT Ha aKTUBHHTE
TPEHUPOBBYHU AHU € 59,0 MUHYTH.

Pasnpenerenuero mo 30HM B IPEXOIHUS epHoA e: 30Ha 1 - 5,9 gaca (50,9%); 30ona 2 - 4,6 gaca
(40,0%); 3oma 3 - 0,6 gaca (5,3%); 3oHa 4 - 0,4 gaca (3,8%); 30oHa 5 - 0 dHaca, KoeTo
MOTBBPIKAAaBa XapaKTepa Ha MEpHoja KaTo ,,aKTUBHO BH3CTAHOBSABaHE ' ¢ TOMHUHAIIMS Ha Haii-
HUCKHTE 30HH.

B 0000m1eHre, ONMCATENHUAT aHAIN3 MOKa3Ba SICHO CTPYKTYpHpaHa TOJHIIHA MIEPHUOIU3AIUS:
MOJTOTBUTCIHUAT TMEPUOJ] KOHIICHTPHpPA OKOJO JBE TPETH OT TOJUIIHHUSI 00eM IpH
mpeoOiamaBaio HUCKA 10 yMEPEeHa HHTCH3UBHOCT; ChCTE3ATEIHUAT MIEPUO]T CE XapaKTepU3nupa
C TO-HUCBHK 00II 00eM M OTHOCHTEIIHO HapacTBaHE HAa BHCOKUTE 30HH; MPEXOIHUAT MEPHUON €
(¢a3za Ha BBH3CTAHOBSBAHE C MHUHHMAJCH O0EM, JOMHHAIMSI Ha 30HH |-2 W TpaKkTUIeCKd
OTCBHCTBHE Ha paboTa B 30HA 5 ¥ CHJIOBA ITOATOTOBKA.

Tabmmma 9. O6001meHne Ha TOAUIIHUSA 00eM paboTa 0 TPEHUPOBBUHH Mepruoau (ce3oH 2023-
2024).

Ilepuon Kanennapuu | Tpenuposwvunu | J{Hu 6e3 | Obem M3npwxnuBocTt
JHH JTHU TPCHUPOBKA | OOIIO / Cuna (daca)
(%) (uaca)
ITonrorsurenen | 222 194 28 (12,6%) 390,1 349,1/41,0
Crcresarernes 123 98 25 (20,3%) 165,5 150,9/14,6
[pexoacH 21 12 9 (42,9%) 11,8 11,6/0,2

Pesynrature B Tabnmuna 9 mokasBa KOHIEHTpauus Ha oO0ema paboTa B IOATOTBUTEIHHS IEPUO.
1 3aKOHOMEPHO pelyLiMpaHe Ha HATOBApBAHETO B CHCTE3ATENIHUSA U NMPEXOJHHs NEepHOJ, IpU
€IHOBPEMEHHO HapacTBaHE HAa OTHOCUTEJIHUS JIsU1 Ha BUCOKHTE 30HH B ChCTe3aTeIHATa (ha3a.

11.6. KL-quBepreHuusi H CX0ACTBO Ha pa3mpeaeeHHsITA M0 30HH

3a OLEHKAa Ha CXOACTBOTO MEXIy pPEaJIHUTE W TCHEPHPAHUTE pas3MpeliesieHHs] 10 30HM Ha
HaroBapBaHe e u3uucieHa KL-muBeprenuus (Kullback-Leibler) mo kBapTuinm rpynu Ha
VO:max. BbB Bcsika noarpymna cymapaute odemu mno 30Hu (Zone 1- Zone 5 u Cuna, B MUHYTH)
ca HOpMaJlM3UPaHU KaTO OTHOCUTEIHH ISUIOBE OT OOIIMS JHEBEH 00eM U ca CPaBHEHU MEXIY
peannure (P) u reaepupanure (Q) 1aHHH.

IMonyyenute croitnoctr Ha KL(P||Q) ca ot mopsiapka Ha 0,0001-0,0004 BB BCHUKY KBAP THIHH
IPyIH, KOETO € WHIMKATOp 3a M3KIIOYMTEJHO OnM3Ka (hopMa Ha paslpeneIeHusITa 10 30HH
MEX]y peallHUTe U TeHepupaHuTe nanHu. CXomcTBoTo € paBHOMepHO B Q1-Q4, 0e3 KBapTHi ¢
oT4yeTNIMBO Mo-BUcoka KL, koeTo moka3Ba CTaOMIIHO YCIIOBHO IOBEAEHHE Ha MOZENa CIpPSMO
VO:max.
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Tabmuna 10. KL-auBepreHims MexIy peaTHd ¥ TCHEPUPAHU PA3Mpe/ICIICHUS M0 KBapTIIN Ha
VO:max.

VO:-KBapTUI Q1 Q2 Q3 Q4

KL(P[Q) 0,0003 0 0 0,0001

JlomrbIIHUTEIIHA HHTEPIPETalys Ha CXOJICTBOTO € TPEACTABEHA Ype3 OTHOCUTEIHHUTE [SUIOBE T10
30U (P - peamno, Q - reHepmpaHo), KaToO IMO-JOJY Ca BKIIOYCHH pPEIOBE, MPEICTABEHH B
JMCEPTALMOHHMS TPYA KaTO YacT OT BCHYKU CTOWHOCTH.

Tabmuna 11. OtHOcuTenHU fsutoBe 1o 30HU (P - peanno, Q - reHepupaHo) (TIpeiCTaBeHH ca
€aMo 4acT OT BCUUKH PEJIOBeE).

VO:-kB. 3oHa P(peanno) Q(renepupano)
Q1 Zone 1 0.5482 0.5513
Q2 Zone 1 0.5473 0.5459
Q3 Zone 1 0.5484 0.539
Q4 Zone 1l 0.5474 0.5523
Q1 Zone 2 0.244 0.2473
Q2 Zone 2 0.2432 0.2423
Q3 Zone 2 0.2449 0.2458
Q4 Zone 2 0.2447 0.2427
Q1 Zone 3 0.0752 0.0753
Q2 Zone 3 0.0765 0.0769
Q3 Zone 3 0.0758 0.0776
Q4 Zone 3 0.0775 0.0774
Q1 Zone 4 0.0261 0.0235
Q2 Zone 4 0.026 0.0269
Q3 Zone 4 0.0252 0.028
Q4 Zone 4 0.0245 0.0236
Q1 Zone 5 0.0184 0.0165
Q2 Zone 5 0.0178 0.0192

OT 06001IeHNTE PE3yNTAaTH CIICABA, Y€ MOJICIBT MPABIITHO pa3npeness oOMHs JHEBEH 00eM 110
30HM Ha HATOBapBaHE B paMKUTE Ha BCSKO HHBO Ha TpeHHWpaHOCT. Hail-manku pazmudums ce
HabmomaBat B Zone 3 u Zone 5, nokato B Zone 1-2 OTKIOHCHHATA Ca MUHHMAIHHU (B PAMKHUTE
Ha 0,002-0,010), KoeTo € 0YakBaHO MPEABHI JOMUHUPALIHS UM IS,

11.7. Jlornyecka cbIr1acyBaHOCT

Jlornueckara BepuHKanus A0MbIBA KOJUUCCTBCHUTE METPUKH upe3 GopMaiu3upaHu mpaBuia
3a KOHTPOJ Ha BBTPEIIHATA ChIIIACYBAHOCT U METOANYECKATA JOMYCTUMOCT HA T€HEPUPAHUTE
HaToBapBaHUsA. [IpOBEepeHH ca OTpaHUYCHUS BHPXY JHEBHUTE 3aIllMCH, CBBP3aHU C JIMIICA Ha
TPCHHPOBBYHO HATOBapBaHE B JCH HAa CBhCTE3aHHWE U OTrPaHWYABaHE HA IIOCIICIOBATCIHH
BHCOKOWHTEH3HMBHU JTHU 1ipH nedunaumms Highlntense = (Zone 4 + Zone 5) > 6 muH.

Pesynrature OT mpoBepkaTa IMOKa3BaT IBIHO CHOTBETCTBHE C MpaBWIIOTO 3a moumBka (0%
Cllydad C aKTHBHOCT B JICH Ha ChCTE€3aHHE) U BHUCOKA CTEIEH HAa CTPYKTypHA YCTOWYHUBOCT IO
OTHOIIICHWE HAa PEIyBaHETO MEKIy HATOBapBaHC M BBH3CTAHOBSIBAHE B pPAMKHTE Ha
MHUKpPOIMKBJIA. Makap 3HaYUTEIHA YacT OT MPOTPAMUTE Ja ChIAbPIKAT MOHE €IHa MOPEIUIa OT
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TPU WJIM TIOBeYe BUCOKOWHTEH3WBHH JIHH, OTHOCHUTEIHHMAT IS HA TE3M JHU CHPSIMO BCHUYKH
BHUCOKOWHTEH3UBHM [HH ocTaBa Manbk (3,8-4,2%), koeTo XapakTepu3upa WHTECH3UBHUTE
HAaTOBapBaHUs KaTO KPAaTKU M M30JIMPAHH.

11.8. O6001IeHne HA cTaTHCTHYECKATA BepupUKALUs

KomOuHamusta OT BapHalMOHEH W KBaHTWIICH aHAllM3, MEPKH 3a CXOICTBO Ha
pasnpenenennsata (KL-muBeprenmmst), merpuku 3a rpemka (CAI), TecToBe 3a HOpPMAaTHOCT
(Shapiro-Wilk) u smaunmoct (Wilcoxon) u omieHKa Ha pasmepa Ha edekra (r) OCUTYpsiBa IIBIIHA
KOJIMYECTBEHA M CTPYKTYpHA OICHKA Ha PE3YJNTATUTE M € METOJOJIOTHYHO aJeKBaTHA 3a
JAHHHUTE OT U3CJIEIBAHETO.

B Tabnuna 12 u Tabnuma 13 ca mpeacTaBeHU KITFOYOBH KOJIMYECTBEHH IMOKA3aTEIH 3a
TOYHOCTTA HA BB3MPOU3BEKAaHE HA 00yJIaBaIIUTEe JaAHHU OT TEHEPATHBHUS MOJIEN Ype3 CpeIHa
abcomorHa rpemka (CAID'), u3umkcieHa B MUHYTH [0 €HEPIHHAHM PEXHMMHU M [0 KBAPTHUIHU
rpymu Ha VO:max (Q1-Q4).

Tabmuma 12. CAT o 30HM Ha HaTOBapBaHe (B MHHYTH) U KBAPTWIHH rpynu mo VO.max.

VO:z-kBaptun | Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Cuna CpenHa
CAT

Q1  (mmcka 1.09 0.64 0.12 0.17 0.12 0.02 0.36

TPEHUPAHOCT)

Q2 (ymepena 1.46 0.67 0.15 0.01 0.08 0.24 0.43

TPEHUPAHOCT)

Q3  (Bucoka 0.51 0.72 0.37 0.35 0.20 0.46 0.44

TPEHHUPAHOCT)

Q4  (mHoroO 0.49 0.23 0.02 0.10 0.11 0.10 0.18

BHCOKa

TPEHHUPAHOCT)

Tabnuua 13. O606menu croiiHoctn Ha CAI 110 30HM Ha HaTOBapBaHe (B MHUHYTH).

30Ha Ha HATOBapBaHE Cpenna CAT (MuH.)

Zone 1 0.89

Zone 2 0.57

Zone 3 0.16

Zone 4 0.16

Zone 5 0.13

Cuna 0.20
Cpemna o6ma CAT 0.35

Pesynrature moKka3BaT BHCOKAa TOYHOCT Ha BB3NPOM3BSKIAHE HAa KOJHYECTBCHUTE
3aBUCHMOCTH MEX1y TPEHHPOBBUHHTE PEXHMMH W HUBOTO Ha TpeHupaHocT. CpenHara oOmia
CAT e 0.35 MuHyTH, KOETO CHOTBETCTBA Ha 0] 1% OTKIOHEHHE CIIPSMO CPEHUTE CTOMHOCTHU
Ha HaTOBapBaHMATA B oOyyaBamaTa ChBKyMHOCT. ChIleBpeMeHHO, HUCKHUTE cToitHOCTH HAa CAI
IIpY BUCOKOMHTEH3WBHUTE 30HM U CHJOBaTa IIOATOTOBKA IOTBBPXKIABAT, Y€ MOICTBT
BB3MPOM3BEXKIA M IMO-PEIKHTE KOMIIOHEHTH Ha HaTOBapBaHeTo, 0€3 [a HapyllaBa
MHUKPOIMKINYHATA JIOTHKA.

ctp. 36




11.4. IIpakTHYecKa NPAJIOKAMOCT

ExcneprMeHTaHOTO NpHIOKEHHE Ha TeHepHpaHa TPSHHUPOBBYHA IIporpaMma 3a Ce30H
2023-2024 . moxa3Ba HAIMYHETO Ha peajieH TPSHUPOBBUCH €(EeKT, U3Pa3eH B CTATUCTHUCCKHI
3HaYnMO momoOpenne Ha VO2max, chKkpamaBaHe Ha Bpemero B 10 km Tect u yBennueHne Ha
cpenHata ckopocT. ToBa yTBbpiK/aBa onepaTHBHaTa e(peKTUBHOCT Ha MO/IENa U OTCHIHAIa My
3a BHEIPSIBAHE KaTO MHCTPYMEHT 32 aHaJIU3, IUIAHUPAHE U MPOTHO3UPaHe Ha HATOBapBaHETO.

12. BAKJIIOYEHHUE

WHterpupanero Ha TreHEpPaTMBHM MOJEIM HA W3KYCTBEHUS HWHTENIEKT ChC ChBpPEMEHHATa
CHOPTHA TEOpHs NPEACTABIsIBA METOJOJIOTHYHO IOCIENOBATENeH M EMIHPUYHO BaJIHIUPaH
MOAXOJl 32 ONTUMHU3UPAHE Ha TPCHUPOBBYHUS NPOLEC B IIMKINYHHUTE CIIOPTOBE.

e TpeHHPOBBUHHMAT MpOLEC MOXKE HAISKIHO Jda Obxe ¢opMaluM3upaH KaTo
MHOTOKPUTEpHUaHA ONTHMHU3aLHUOHHA 33a1a4a, IPU KOATO LelieBaTa GyHKLUS OTpa3siBa
amanTaloOHHUA e(eKT, a YIpaBIsABALIUTEe NapaMeTpH ca 00eMbT, HHTEH3UBHOCTTA U
BPEMETO 33 Bb3CTaHOBSIBaHE.

e [lpennoxeHara WHTErpajlHa METOJAWMKA OT B3aHMMOCBBP3aHHM eTamu (IPOEKTUpaHe,
arperupase, o0pa0OoTka, ympaBjeHHe, OIeHKa) (YHKUMOHHMpAa KaTo ,,3aTBOpeHa“
CUCTEMa 3a YIIpaBJICHUEC, B KOATO JaHHUTE IMOCTOAHHO YCBHBBPIICHCTBAT MOJECJIa U
OCHUTYpSIBAT BB3IPOU3BOAUMOCT U ITPOCIETUMOCT.

e  Pa3paboTeHHAT reHepaTHBEH MOZET BB3MPOHM3BEkKAA KOJINYECTBEHUTE U CTPYKTYPHHU
3aBHCHMOCTH Ha TPEHHPOBBYHHS MNPOLEC W TEHEpUpa IPOTrpaMH, CHIOCTABUMH MO
CTPYKTYpa ¥ IMHAMHKA C eKCIIEPTHO Ch3IaJCHUTE.

e  EKCIICpUMEHTATHOTO NPHIOKECHHE NMPU MIIAJICKKHS HAILMOHAJICH OTOOp MO OHATIIOH
MOKa3Ba CTATHCTHYCCKH 3HAYMMO MOAOOpEHHE Ha (YHKIMOHAIHHUTE IOKAa3aTeIH H
MHOTO TOJISIM MPAaKTUYECKH e(EKT, KOETO MOTBBPXK/IaBa NPUIOKUMOCTTA Ha MOJIENa B
peajHa CIOpTHa cpefa.

e OnrummzanusTa cjieasa jga 0ble MHOTOKpUTEpHAIHA C SCHO Je()UHUpPAH BEKTOp OT
LIeJ; 11e1eCho0pa3HO € KIIACHYECKUTE METOJM 3a ONTHMHU3AlMs Ja ce U3ION3BaT 3a
JIOKQJIHO ONTHMU3HMPaHe, a TeHEePATUBHUTE MOJIEIH - 33 TJI00aJIeH CHHTE3 U CEeJISKIHS
Ha TPEHUPOBBYHHU CLICHAPHH.

e JlpenopbyBa ce INEPUOAMYHA AKTyaJH3alMs Ha MapaMeTpuTe B Kpas Ha MHUKpPO- U
ME30LMKIM Ha 0a3aTta HAa HOBONOCTBIMIM JaHHM (TOKa3aTeld 3a ymopa,
Bb3CTAHOBSABAHE M Jp.), KAaKTO W pas3lIMpsBaHe HA BXOJHHUTE JaHHH KbM
MYJITUMOAATHH HW3TOYHHIM ((HU3UONOTHMYHH, OMOMEXaHHYHH M ICHXOJIOIHYECKH
TTOKa3aTeH).

PaspaboTreHata B IUCEpTAlMOHHMS TPYJ KOHIICTIIIMS TOKa3Ba, Y€ TEHEPATHBHUST IOIXO]
TO3BOJIABA TPEHUPOBBUYHUTE MpOrpamMu aa 6’B}18.T MpEACTAaBEHN KaTO MHOI'OMCPHH CTPYKTYPH,
YHUATO JIOTMKA MOXE Jia C€ BB3IPOU3BEXAA 4upe3 00ydeHHE BHPXY EKCIIEPTHO pa3paboTeHn
TOAMIIHK IUIaHOBE. B TO3M MOJeN TPEHUPOBBYHOTO HATOBApPBAaHE C€ pasriiekAa KaTo
yrpaBisieM O0€KT, a MapaMeTpuTe Ha YNPaBJICHHUETO CE OMUCBAT 4ype3 00eM, MHTEH3MBHOCT,
BpeMeBa CTPYKTYpa M OTPaHMYEHUsI, IPON3THYALIH OT IIEPUOIU3aALUITA.

Emnupuunara Bepudukanys MOTBbpXK/IaBa, Y€ KayeCTBOTO HAa T€HEPHPaHUTE IPOrpaMH MOXKE
Ja Ob/ie OLEHABAHO HAAEKIHO Ype3 KOMOMHAIMS OT KOJMYECTBEHH WM JIOTHYECKH KPHUTEPHUH.
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Huckure croitHoctn Ha cpennata aOcomtorHa rpemka (CAI) mo eHepruiiHM pexumH,
M3KITFIOYUTEIHO MalkuTe cToiiHocTH Ha KL-auBepreHnuATa MeXOy pEalHH W TCHEPUpPAHH
pasmpenencHusl 0 30HM M PE3yITaTHTE OT JIOTHYECKaTa NPOBEpKa HAa MHUKPOLMKINYHATA
CTPYKTypa IIOKa3BaT, Y€ MOJCITBT BB3IPOM3BEXKJA KAKTO KOJIMYECTBCHHUTE 3aBHCHMOCTH
(pasmpenencHue 1O 30HM), Taka M METOAMYECKATa IIOCICIOBAaTEIHOCT Ha HATOBapBaHE—
BB3CTAHOBSIBAHE.

B koHTekcTa Ha MIIAJeXKKUS HAlMOHAJIeH oT6op mo OuatioH (ce3oH 2023-2024)
MpaKkTHYecKaTa MPHIOKUMOCT Ha TPEUIOKEHHS IMOJXOJ € ITOJAKpENeHa OT pPe3yiTaTHTe OT
BXOJSII W M3XOIII KOHTPOJICH TECT, KaKTO M OT CTaTUCTUYECKUs aHaU3 Ha egexTa.
IMomobpenuero Ha VO:max, peaykuusTa Ha Bpemero B 10 km TecT u yBenwmueHHETO Ha
CpefHaTa CKOpOCT OTpa3siBaT HaJlW4KMe Ha peajieH TPEHUPOBBYEH e(eKT U I0Ka3BaT, 4e
TeHepHpaHaTa MporpaMa HE € caMO CTaTUCTUYECKH MpPaBAONOn00HA, HO M (PyHKIHMOHAIHO
aJleKBaTHA B peaJlHa CIIOPTHA Cperia.

Ot MeTOI0I0THYHA TJIEIHA TOYKA KIFOYOBOTO IIPEUMYILECTBO Ha HHTErpaHaTa METOIMKA €, Ue
(YHKIIMOHMpPA KaTo ,,3aTBOPEHA’ CHCTEMa 3a YIpaBIICHHE: JaHHHUTE OT pealiHaTa IOATOTOBKA
3aXpaHBaT TEHEPATUBHUSA MOJEN, PE3YITaTUTE CE OLEHABAT 1O (OPMAIU3UPAHN KPUTEPHUH, a
IapaMeTpuTe ce aKTyalu3upar MEepUOJUYHO B Kpas Ha MHKpPO- M ME3OLMKIHN. Ta3u JIOTHKa
MO3BOJISIBA aJalTHBHOCT Ha pEIICHUSATa NpPU NPOMsSHA B (DYHKUMOHAIHOTO CBCTOSIHUE,
KaJICHJapHUs KOHTEKCT U IIeJIUTE Ha ITOArOTOBKATA.

[IpakTHyeckoTO BHEApsiBaHE Ha IIOJXOJa IpEeAroJyiara cHa3BaHe Ha JBa 3aJbJDKUTEIHU
npuHouna. [IspBo, reHepaTUBHUAT MOJEIN clie/Ba Ja ObJe OrpaHM4YaBaH Ype3 METOIUYECKU
IpaBWiia, KOWTO Jia MPEAOTBpaTsABAT (U3HOJOTMYHO HEIONMYyCTMMH KOMOMHAIMKM Ha
HAaTOBAapBaHETO. BTOpo, OIleHKaTa Ha pe3yiTaTHTE CiIeABa Ja ObIe MHOTOKPUTEpHAIHA M JAa
BKImoYBa KakTto KoimdectBeHH Metpuku (CAI, KL-muBeprenmms), Taka © JIOTHYECKa
CBIVIACYBAHOCT Ha MHUKPOIMKIMYHATA CTPYKTypa M KOHTPOJ BBPXY CBIBP)KAaHHETO Ha
HAaTOBAPBAHETO B CIEMU(DUIHN THU (HAIp. IPEAN KOHTPOIHO ChCTE3aHUE).

OrpanuyeHue Ha U3CIEIBAaHETO MPOM3THYAa OT (akTa, uYe TI'CHEpaTHBHOTO OOyueHue
BB3IIPOU3BEXK/Aa 3aKOHOMEPHOCTH, HAJIMYHU B 00y4aBaniust MacuB. Clie10BaTeIHO, TOYHOCTTA U
YCTOMYMBOCTTa Ha MoOJeja ca MpPsSKO 3aBHCHUMH OT IPEACTaBUTEIHOCTTA, KadeCTBOTO U
KOHCHUCTEHTHOCTTa Ha TPEHHPOBBUHHMTE INPOIrPaMH, M3IOJ3BAHU 32 OOyueHHE, KaKTO M OT
00XxBaTa Ha BXOJIHUTE MPOMEHJINBH.

[lepcriekTiBHTE 3a pa3BUTHE HAa METOAMKATA BKIIOYBAT: Pa3IIUpsBaHE HA BXOJAHUTE IAHHU KbM
MYJITAMOJATHA W3TOYHHAIM ((DU3HOJOTHYHH, OMOXUMHYHH W (DYHKIMOHAIHHU ITOKA3aTelH),
MHTETrpalysl Ha TIOKa3aTeld 3a yMOpa W BB3CTaHOBSABAHE, KAaKTO M pa3lIUpsBaHe Ha
JIOTHYECKUTE TIpaBHiIa 32 KOHTPOJI HA METOJIMYECKATa JIOMTyCTHMOCT B YCJIOBHSTA HA TO-TOJISIMO
pa3HoOoOpa3ue OT TPEHUPOBBYHH CPEJIICTBA M ChCTE3ATEIHH CIIEHAPHH.

B 000011eH1e, TUCEPTALIMOHHUAT TPY/ MOKa3Ba, ue Generative Al Mmoxe 7a Ob/ic M3MOI3BaH HE
KaTo aBTOHOMEH 3aMeCTHTE]I Ha TpeHhOpa, a Karo HWHCTPYMEHT 3a IIOJIOMaraHe Ha
IUTAHUPAHETO W YOPABICHHWETO HA HATOBAapBAaHETO 4Ype3 CHCTEMAaTHYHO TEHEpHUpaHe Ha
AITEpHATHBH, OIEHKA HAa TAXHOTO Ka4ecTBO W (OopManm3WpaHO TPHUBEXKIAHE KbM
METOJIMYECKUTE IPUHIIUITN Ha CIOPTHATAa TPEHUPOBKA.
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13. HAYYHH U IMTPUJIOKHU ITPUHOCH

13.1. Hayynun npuHocH

1. Pa3zpaboTeHa € MHTErpajHa METOAHWKA 33 ONTHMH3HUPAaHE HA TPEHHPOBBYHHS IIPOLEC
Ype3 reHepaTHBHE MOJCIN Ha U3KYCTBEHUS MHTEIICKT, B KOSTO € IPEACTaBeHa ITOCIIeI0BaTeHA
CTPYKTYpa OT €Taly — MPOeKTHpaHe Ha MoJieNa, ChOMpaHe 1 00paboTKa Ha JaHHU, YIIPaBICHHUE
Ha TEHEePAaTHBHMS alTOPUTBM M OLCHKAa Ha €()EKTHBHOCTTa — KOATO AS(GHHHpA CHCTEMEH
MOAXOJ 32 IIpHiIarane Ha Al-TeXHOJIOTUH B CIIOPTHATA MOATOTOBKA.

2. ObocHoBaHO € m3non3BaHeTo Ha GAN apXUTEKTypa KaTo CpPelCTBO 3a TeHepHpaHe Ha
TPEHHPOBBYHH MPOTPAMH.

13.2. IIpuyI0:KHU IPUHOCH

3. JleMOHCTpupaHa € Bb3MOXKHOCTTa 4pe3 FeHEepaTUBEH MOJIeNl Ha U3KYCTBEH MHTENEKT Ja
ObJaT BB3MPOM3BEJCHM TPEHUPOBBYHU IPOrPaMH C MHMHUMAIHU OTKJIIOHEHHS CHPSIMO
peanHuTe, U3MOI3BaHU 32 00yUYEHHE Ha MOJeTIa.

4. TlpunoxeHn ca cucreMa OT (GOpPMAIU3HPAHW JIOTHYECKH IPaBMiIa 32 KOHTPOJI Ha
BBTPEIIHATA CHIVIACYBAHOCT M METOJMYECKaTa JOIMYCTHMOCT HA TE€HEPHPAaHUTE OT MOJeia
TPEHHPOBBYHH HATOBAPBAHMUSL.

5. Pa3zpaboteHa e TpeHHpOBBYHA mporpama 3a ce3oH 2023-2024 r., 6a3upaHa U3IUIO HA
TeHEpaTHBEH MOJIET, ¥ IPIIIOKEHA 3a LENUTE Ha MIIaICKKUS HAlIHOHAJIEH 0TOOD 10 OMATIIOH.

crp. 39



NATIONAL SPORTS ACADEMY “VASIL LEVSKI”
DEPARTMENT OF “SPORT THEORY”

ABSTRACT

of a dissertation submitted for the award of the scientific degree
“DOCTOR OF SCIENCE (DSc¢)”

in Professional Field 7.6 “Sport”

AN INTEGRAL METHODOLOGY FOR OPTIMISATION OF
TRAINING LOAD THROUGH
GENERATIVE
ARTIFICIAL INTELLIGENCE MODELS

Prof. Mihail Ivaylov Konchev, PhD

Sofia, 2026

ctp. 40



DETAILS OF THE DISSERTATION
The dissertation comprises 281 pages. It contains 32 figures and 16 tables, as well as 4
appendices.

The public defence of the dissertation will take place on 17 March 2026 in Hall A-3 of the
National Sports Academy “Vasil Levski”.

LIST OF ABBREVIATIONS AND SYMBOLS USED

« Al — artificial intelligence (Artificial Intelligence).

» Generative Al — generative artificial intelligence models for the synthesis of new
data/structures.

* GAN - Generative Adversarial Network: generator and discriminator in a minimax
formulation.

* VAE — Variational Autoencoder: probabilistic latent representation and KL regularisation.

» KL divergence — an information measure of the difference between two probability
distributions (Kullback-Leibler).

* MAE — mean absolute error: the mean deviation between observed and generated values
across training-load regimes/zones.

* VO:max — maximal oxygen uptake (ml-kg*-min™!) as an indicator of acrobic capacity.

» Zone 1-Zone 5 — training load zones (time in hours/minutes) describing the distribution of
training volume across energy regimes.

* Control_days / Main_days — remaining days until a control / main competition as contextual
(conditional) variables.
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1. INTRODUCTION

Optimising training loads is among the most complex methodological tasks in the theory
and methodology of sports training. The training process is characterised by a high degree of
dynamism, multi-component structure and the presence of factor and domain constraints arising
from the athlete’s functional capacities, the stage of preparation and the logic of periodisation.

In practice, load is viewed as a complex of parameters that must be quantitatively specified
and managed so as to achieve a maximum functional effect while maintaining physiological
stability and controlling the risk of overreaching and injury. This implies formulating an
optimality criterion (objective function), selecting control parameters and applying algorithms
to search for an optimum within the admissible solution space.

The development of generative artificial intelligence models makes it possible to treat
training programmes as realisations of a multidimensional probability distribution derived from
expert-designed and empirically validated plans. In this way, an approach is established for
global exploration and synthesis of training loads, followed by control and statistical
verification.

2. RELEVANCE AND SIGNIFICANCE OF THE STUDY

The relevance of the dissertation arises from the objective need for the training process to
be managed as a dynamic, multi-criteria system, in which decisions on load must account for
constraints, adaptation and the periodisation of training. Under conditions of high sporting
mastery, even small changes in volume and intensity may have a substantial impact on the
body’s functional and structural responses.

Our time is marked by rapid development and widespread adoption of artificial
intelligence, including generative models, which are establishing themselves as a leading field
globally and in Bulgaria. In sports science, this development creates the prerequisites for a
transition from empirical and partial optimisation to systematic, data-driven and reproducible
management of training loads.

The significance of the study is determined by the proposed integral methodology, which
integrates: (1) classical propositions of sports methodology (magnitude, character, orientation;
dose-response; load and recovery), (2) mathematical modelling and optimisation algorithms,
and (3) generative artificial intelligence models subject to statistical and logical verification.

In the dissertation, training preparation is examined within contemporary systems of sports
preparation, where high performance is formed as the result of the cumulative influence of
genotypic, phenotypic, material and technical, managerial and scientific—technological factors.
In this context, training load is the primary control factor through which a purposeful impact on
functional adaptations and sporting form is realised.

The topicality of the theme is further strengthened by the increasing availability of data
and by the capacity of Generative Al to synthesise structures that preserve the regularities of
empirical programmes, while also enabling systematic exploration of the admissible space of
control parameters. This creates prerequisites for moving from local and partial solutions to a
reproducible integral methodology, in which optimisation decisions are supported by statistical
assessment and logical verification.
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For Bulgarian sports practice, the significance of the integral methodology proposed in the
dissertation is expressed in its applicability with limited samples and in the context of youth
sport, where the need for precise load management is combined with a higher risk of
methodological errors. The verification module with formalised rules restricts the generation of
physiologically inadmissible combinations and maintains compliance with the principles of
sports methodology.

3. METHODOLOGICAL FOUNDATIONS OF THE STUDY

The aim of the dissertation is to propose an integral methodology for optimising the
training process through generative artificial intelligence models, and to validate the proposed
methodology using data from the youth national biathlon team.

3.1. Scientific thesis

The dissertation defends the thesis that integrating generative artificial intelligence models
into the planning and management of the training process enables systematic, adaptive and
multi-criteria optimisation of loads in cyclical sports.

3.2. Research tasks

1. To analyse the theoretical foundations of the training process as an object of
optimisation and to systematise key concepts for planning, structuring and managing training
loads.

2. To conduct a critical analysis of existing methods and algorithms for optimisation
applicable to training loads, including methods of systems—structural analysis, mathematical
modelling and adaptive algorithms for multi-criteria optimisation.

3. To analyse the applicability of generative artificial intelligence models for optimising
training loads and to assess their advantages and limitations.

4. To propose a conceptual model for integrating generative models into the training
process, including a methodological framework for data collection, structuring and processing,
and stages of adaptive optimisation.

5. To develop an integral model for optimising training load through generative artificial
intelligence models.

6. To apply the empirically developed model using biathlon data and to generate a training
programme under real-world conditions.

7. To assess the applicability of the proposed integral model by means of mathematical and
statistical methods.

3.3. Object and subject of the study

The object of the study is training load in cyclical sports as a process of planning,
adaptation and optimisation.

The subject of the study is the development and validation of an integral methodology for
optimisation of the training process through generative artificial intelligence models, including
algorithms for adaptive load management, multi-criteria optimisation and verification via
mathematical and statistical methods.
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4. METHODOLOGICAL BASIS AND RESEARCH DESIGN

The methodological basis of the study combines a systems—structural approach,
mathematical modelling and optimisation, as well as generative artificial intelligence models
intended for the synthesis and selection of training scenarios.

4.1. Research methods

The methods applied are organised into three main groups:

» Theoretical and methodological analysis: a systematic review and critical analysis of
theories and algorithms for optimising training loads and generative models (VAE, GAN, etc.).

» Expert assessment: expert involvement in generating and structuring training
programmes for the training and test samples, as well as in defining the input parameters
(VO:max_input, Control_days, Main_days) and methodological constraints.

e Mathematical and statistical methods: variance analysis; quantile analysis and
stratification by VO.max (Q1-Q4); mean absolute error (MAE) and KL divergence for
assessing structural similarity; logical rules to control internal consistency; the Shapiro—Wilk
test for normality; the Wilcoxon test for paired samples; effect size (r); and analysis of
relationships via correlations and conditional probabilities.

4.2. Research design

The experimental work was implemented through a sequence of research stages: a
theoretical stage (literature review and methodological basis), development of an integral
methodology, expert generation of training programmes for model training, statistical
evaluation of the results, and synthesis/discussion.

The design of the study is oriented towards constructing a control cycle in which: (1)
empirical data from expert-planned programmes are structured and standardised; (2) the
generative model is trained and validated on a separate dataset; (3) generated programmes
undergo quantitative evaluation (MAE, KL divergence) and logical/physiological checking; (4)
the results are used to tune model parameters and to formulate applied recommendations.

The empirical base comprises 200 individual training programmes of varying duration,
represented as 44,694 daily observations. Each daily record contains input indicators
(VO2max_input and contextual variables to competition), as well as output indicators—time by
training load zones (Zone 1-Zone 5) and a “Strength” module, expressed in hours/minutes. The
structure enables quantile analysis and stratification by level of preparedness (Q1-Q4).

The statistical framework includes descriptive analysis (central tendency, variability,
skewness and kurtosis), tests of normality (Shapiro-Wilk), non-parametric tests for paired
samples (Wilcoxon), as well as assessment of practical effect (effect size r and test power). This
framework was used both to evaluate similarity between training and generated programmes
and to verify the effect of the experimental application.

Data quality control was also applied (validation of types, ranges, missing values and
consistency between variables), as well as standardisation of input and output parameters to
ensure stable training and to limit the risk of “mode collapse” in the generative architecture.
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5. THEORETICAL FRAMEWORK: TRAINING LOAD AS AN
OPTIMISATION PROBLEM

5.1. Conceptual apparatus and structuring of load

In the dissertation, training load is considered as a multi-component system characterised
by magnitude, character and orientation. Magnitude is described by volume and intensity;
character—by coordination complexity and degree of similarity to competitive activity;
orientation—by the objective function of the impact on vegetative, motor and psychomotor
functions. The hierarchical principle and deductive approach allow load to be considered at
different levels, reaching quantitatively measurable parameters required for formalisation and
precise dosing.

A central role is played by the dose—response relationship and the range of impact within
which load acts as a formative stimulus, inducing positive functional and structural changes.
Dosing criteria define different categories of load (maximal, medium, small) and the need for
dynamic balance among them in the training process.

5.2. Mathematical formulation of the optimisation problem

Training load is formalised as a controllable object described by a vector of control
parameters X = (X1, X2, ..., Xn), which may include volume, intensity, frequency, recovery
intervals, etc. The optimality criterion (objective function) is considered as Q(x), and the
optimisation problem—as the search for an extremum in the admissible space I'x in the
presence of factor and functional constraints.

In general form, the problem is stated as: finding x* € I'x such that Q(x*) = Qmax (or
Qmin), subject to equality and inequality constraints. When the objective function and
constraints are linear, the problem falls under linear programming; with non-linear
relationships—under non-linear programming. In the context of training loads, multi-criteria
optimisation and the use of a vector criterion are often required, due to the simultaneous
management of competing goals (performance, recovery, control of injury risk, etc.).

5.3. Specific features of objective functions in training practice

Objective functions may be unimodal or multimodal, convex or concave, as well as
“valley-shaped” and plateau-like. The multi-extremal nature of Q(x) reflects the presence of
multiple local optima, driven by non-linear physiological relationships and interactions among
the control parameters. Valley behaviour occurs with strongly differing scales and parameter
sensitivities, which hinders convergence and the reliability of classical local methods.

5.4. Algorithms for optimising complex objective functions

The dissertation systematises key requirements for optimisation algorithms: convergence,
rapid convergence, low working-memory requirements, easy preparation of conditions, reliable
stopping criteria and compliance with constraints. In practice, no universal algorithm exists that
applies to all classes of problems; therefore, selection depends on the shape of the objective
function, the number of parameters and the constraints.

5.4.1. The Gelfand—Tsetlin method
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The method implements a valley search for an extremum with two or more control
parameters by localising the extremum along the gradient direction from two initial points and
subsequently moving along the valley line. In the context of cyclical sports, the method is
interpreted through the management of parameters such as volume, intensity and functional
indicators (HR, LA, etc.), while observing admissible physiological limits.

5.4.2. The Hooke and Jeeves method (pattern search)

The method is a derivative-free direct-search approach involving exploratory moves and
pattern moves. The main hypothesis is local invariance of the search direction, which enables
efficient movement along straight valleys. In the training context, it is interpreted as successive
exploration of parameters with £Ax; and selection of a configuration that improves the objective
function (e.g., fatigue indicators).

5.4.3. The Rosenbrock method (rotating coordinate system)

The method uses rotation of the coordinate system so that one of the new axes coincides
with the direction of the fastest improvement. This facilitates localisation of the extremum in
the rotated space. In the sports interpretation, the method supports the search for optimal
combinations of interrelated parameters (e.g., frequency and strength) when the level curves of
the objective function are inclined relative to the original coordinate axes.

5.4.4. Heuristic and stochastic methods for global search

For multi-extremal functions, heuristic and stochastic approaches are considered, including
the Price method (cluster analysis in a population of random points) and the Wang and Luus
method (pseudo-one-dimensional random search). These methods aim to overcome local
optima through global exploration of the parameter space, while imposing high computational
demands as dimensionality increases.

5.4.5. Gradient approaches for overcoming local optima

In the dissertation, the “heavy ball” method is examined, which introduces an inertial
component (mass P) into the recurrent formula of gradient motion in order to jump over weakly
expressed local minima. Such a mechanism can support optimisation on multimodal surfaces
but does not guarantee reaching a global optimum from a single starting point.

5.4.6. The tunnelling method for global optimisation

The tunnelling method alternates a minimisation phase (local optimisation of Q(x)) and a
tunnelling phase in which an auxiliary function T(x) is defined to steer the search towards new
regions of the admissible space, so as to avoid local optima. In the illustrative formulations, the
method demonstrates a logic of successive improvement while satisfying constraints.

The tunnelling method is considered as a heuristic algorithm for global optimisation of
multi-extremal objective functions, where standard local procedures often become trapped in
local optima. The method provides a mechanism for controlled departure from the region of the
current local minimum by constructing a tunnelling function that suppresses already-found
solutions and directs the search towards new regions of the admissible space.

The algorithm includes the following main steps:
1. Selection of an initial point x0 in the admissible solution space.
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2. Minimisation phase: finding a local minimum x* of the objective function Q(x) using a local-
search method (gradient-based or derivative-free), subject to the constraints.

3. Construction of a tunnelling function T(x), which depends on Q(x) and the current best
solution x* (respectively the value Q* = Q(x*)).

4. Tunnelling phase: finding a point x(T) at which T(x(T)) = 0, or T(X(T)) = 0 in a numerical
solution, with the aim of reaching a region with a better value of Q(x) than Q*.

5. Update: a new starting point X0 = x(T) is adopted and the algorithm is repeated from the
minimisation phase.

6. Stopping criterion: alternating the two phases continues until a specified criterion is met (e.g.,
no improvement or reaching a pre-specified accuracy).

In the dissertation, an illustrative variant of a tunnelling function is presented, where T(x) =
Q(x) — Q* for Q(x) > Q* and T(x) = 0 otherwise. This formulation requires, in the tunnelling
phase, finding a point for which Q(x(T)) < Q*, which guarantees transition to a better solution
and subsequent local refinement.

The theoretical interpretation of the method shows that the tunnelling phase acts as a
mechanism for global search, whereas the minimisation phase provides refinement in a local
sense. This logic is compatible with optimisation problems involving constraints and competing
criteria, which are characteristic of modelling training loads.

The theoretical analysis substantiates the need for classical optimisation methods to be
complemented by generative artificial intelligence models that provide global synthesis and
selection of training scenarios under a large number of degrees of freedom.

In the dissertation, training load is formulated as a problem of optimising control
parameters that describe the magnitude, character and orientation of the impact over time. The
control vector includes components for volume (time), intensity (zonal structure), frequency
and alternation of load and recovery, while accounting for positioning relative to control and
main competitions.

The general mathematical formulation is presented via an objective function (or a vector of
objective functions) and a system of constraints reflecting physiological admissibility and
methodological principles. In scalar form, the problem may be expressed as: min_u f(u)
subjectto g j(u) <0, h_k(u)=0, u € U, where U is the admissible space of control parameters,
and g_j and h_k specify constraints related to limiting volumes, intensities, alternation of
regimes and calendar constraints.

In multi-criteria optimisation, the goal is specified as a vector F(u) = (fi(u), f2(u), ...,
f_m(u)), for example: maximising the functional effect, minimising the risk of
overreaching/injuries, preserving technique and coordination complexity, and minimising
deviation from methodological norms. The solution is sought within the class of Pareto-efficient
solutions, from which a specific programme is selected according to priorities and constraints
(Pareto front).

The theoretical analysis shows that, in real training programmes, objective functions are
complex, non-linear and often non-differentiable, with multiple local optima. This substantiates
the use of classical derivative-free and hybrid methods (Hooke-Jeeves, Rosenbrock, Price,
tunnelling method, etc.) for local refinement, as well as the need for global exploration of the
solution space via generative models that synthesise candidates with preserved structural logic.

An important conclusion from the theoretical section is that optimisation in sport cannot be
reduced to a single indicator or to a specific moment in time. Therefore, emphasis is placed on
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microcycle and mesocycle structure, on the sequence of load and recovery, and on
periodisation, which provides a context for interpreting each daily load as an element of a
dynamic system.

6. OPTIMISING TRAINING LOAD THROUGH GENERATIVE
ARTIFICIAL INTELLIGENCE MODELS

6.1. Theoretical foundations and types of generative models

Generative models are considered as algorithms for modelling an unknown probability
distribution p(x) of the observed data and for subsequently generating new realistic realisations
x_new. In the dissertation, a comparative analysis is conducted of the main architectures:
variational autoencoders (VAE), generative adversarial networks (GAN), diffusion models and
normalising flows, examining their training principles and applicability to time series and
structured data in sport.

VAEs integrate an encoder—decoder structure with a probabilistic interpretation via the
ELBO, whereas GANs implement a competitive mechanism between a generator and a
discriminator, leading to synthesis of highly realistic data. Diffusion models use a stepwise
process of adding and removing noise, while normalising flows use invertible transformations
that enable direct computation of densities.

Variational autoencoders compress the input data into a latent space z and subsequently
reconstruct them through decoding, thereby modelling complex dependencies at reduced
dimensionality. The probabilistic formulation makes it possible to work with distributions of
latent variables and to generate new realisations by sampling and decoding.

In generative adversarial networks, training is based on an adversarial dynamic in which
the generator seeks to synthesise realisations indistinguishable from the real data, while the
discriminator evaluates whether a given realisation is real or generated. The dissertation
emphasises that this mechanism can yield high “realism” of synthesis but requires careful
tuning and control of training stability.

Flow-based models (normalising flows) construct complex probability distributions
through a sequence of invertible transformations of a base distribution. Invertibility allows
direct computation of densities and evaluation of the probability of each generated realisation,
which is particularly useful in tasks requiring quantitative control over the “plausibility” of
proposed solutions.

Diffusion models are described as a process of gradually introducing noise into the data
and subsequently recovering the original structures via a reverse (denoising) process
implemented in steps. This principle supports training stability and is applicable not only to
images but also to structured data and time series when the goal is to reproduce complex
empirical regularities.

The dissertation also examines the conditional formulation of generative models, in which
they are driven by contextual variables. In the training context, this makes it possible to model a
conditional distribution p(x|y), where y includes physiological and calendar inputs (e.g.,
VO:.max and remaining days to a control or main competition), and x represents the structure of
daily load by zones and strength training.
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In this way, the training programme can be interpreted as a structured time series, in which each
daily record is described by a vector of loads across intensity zones and a strength component.
Generative models reproduce periodisation regularities, microcycle repeatability and constraints
on admissible combinations, thereby providing a basis for integral modelling and optimisation.

6.2. Advantages and limitations of the generative approach in the training context

A key advantage of generative models is their ability to generate multiple alternative
training scenarios that satisfy factor and domain constraints, thereby supporting coaching
decisions under a wide range of degrees of freedom. The generative approach enables virtual
“experimentation” in the parameter space, including exploration of rare or extreme
combinations without immediate risk to athletes.

Limitations are related to the quality and scope of data, the computational complexity of
training, risks such as mode collapse in GANs, and difficulties in interpreting models as a
“black box”. This necessitates a stringent verification mechanism and expert assessment, as
well as integration of logical rules and methodological filters.

In the dissertation, the generative stage is treated as a component for global search that can
be combined with subsequent local refinement and control. A sequence of steps typical of
“Global-Local Synergy” is summarised, progressing from training a generative model and
large-scale sampling of the probability space to local fine-tuning along the volume—intensity
dimension and periodic verification of solutions within a microcycle.

As a topical direction, the “Tunnel Generative + Adaptive Search” approach is discussed,
combining GAN training, “tunnel” progressive narrowing of the set of candidate solutions
(tunnel layers) and adaptive search through continuous model updating with signals from real-
world application. This logic emphasises that generation should not be a one-off act, but a
process with feedback and dynamic checking of scenario applicability under changing
conditions.

In the training context, this means that the generative model should be integrated with a
system for logical and physiological verification that controls internal programme consistency,
compatibility between zones and strength work, and admissible sequences of consecutive high-
intensity days. In this way, the risk of generating methodologically inadmissible loads is
minimised while preserving statistical proximity to the training data.

Table 1. Comparison of the main classes of generative models examined in the dissertation.

Model class | Key mechanism Strengths in the training | Limitations and risks

context
VAE Encoder—decoder | Robust training on Possible “averaging” of
with latent space z | structured data; rare regimes; latent-
and a probabilistic | possibility for space parameterisation
formulation conditional generation and reconstruction
(ELBO). and control via latent control are required.

factors; convenient
sampling of admissible

scenarios.
GAN Adversarial High realism; effective Risk of instability and
generator— for complex distributions | mode collapse;
discriminator and for generating sensitivity to a large
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process for
synthesising
realisations.

diverse candidate
solutions for load
planning.

number of parameters;
need for regularisation
and strict monitoring.

Diffusion Stepwise process | Stable training principle; | High computational

models of adding noise reproduction of complex | complexity; more steps
and reverse regularities; applicability | during generation;
denoising to to time series and dependence on process
recover structures. | structured data. tuning and the stopping

criterion.
Normalising | A sequence of Exact evaluation of the Constraints due to the
flows invertible probability of generated invertibility

transformations of
a base distribution

realisations; control over
plausibility and

requirement;
architectural trade-offs

with direct comparison of under strongly non-
density distributions. linear dependencies and
estimation. high dimensionality.

The analysis shows that the choice of architecture should be aligned with the model’s
purpose (structural similarity of distributions, diversity of candidate solutions, reproducibility of
microcycle regularities) and with the available volume and quality of data. Regardless of the
choice, application in sports practice requires integration with assessment and verification
criteria that guarantee methodological admissibility and physiological compatibility of the
generated loads.

6.3. Compatibility of multi-criteria algorithms with generative models

In the dissertation, optimisation is considered as a multi-criteria task in which competing
goals are balanced (sport performance, recovery, control of injury risk, rational use of time).
Generative models are used to create a rich initial population of candidate solutions, which are
subsequently evaluated and refined by multi-criteria algorithms and Pareto-oriented analysis.

The proposed “generation—evaluation—optimisation” logic can be implemented iteratively,
whereby newly incoming data from monitoring systems and control tests further improve the
model and reduce uncertainty.

6.4. Integration of generative models with training programmes: a hybrid
approach

The hybrid approach combines the global capabilities of generative models (VAE/GAN) to
explore and synthesise the admissible space with traditional local optimisation methods that
provide fine-tuning of parameters. Thus, the risk is reduced that local methods start from
irrelevant initial points and become trapped in local optima.

A key element is the introduction of contextual and conditional variables (e.g., stage of the
annual cycle, remaining days to a control/main competition), through which methodological
admissibility and compliance with periodisation logic are ensured.

The dissertation examines major classes of generative models (VAE, GAN and diffusion
models), and argues that, for tasks of generating training programmes, a key requirement is
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reproducibility of distributions across training load zones and preservation of internal temporal
logic. This places emphasis on conditional generation and on controlling inconsistencies
through additional criteria and rules.

Characteristic problems in generative architectures are discussed, including training
instability and “mode collapse” in GANs, which can lead to limited diversity and
methodologically inadequate synthesis. The methodology incorporates procedures for
controlling input data, stratification by VO.max, generator—discriminator synchronisation and
periodic validation on a separate set, which limits the risk of overfitting and increases training
robustness.

Hybrid algorithms described in the scientific literature (“Global-Local Synergy”, “Tunnel
Generative + Adaptive Search”, “Multi-Objective Generative Pipeline”) are also presented, in
which the generative core creates a set of candidates and local optimisation procedures perform
fine-tuning with respect to specific goals and constraints. In the thesis, these approaches are
critically analysed and used as a basis for constructing a comprehensive integral methodology
with clearly defined stages and verification criteria.

Training strategies under limited data are also considered, enabling adaptation of the
model to specific profiles without loss of dependencies learned from a larger training sample.

7. AN INTEGRAL METHODOLOGY FOR OPTIMISING TRAINING
LOAD THROUGH GENERATIVE ARTIFICIAL INTELLIGENCE
MODELS

An integral methodology is understood as a system of purposeful means, methods and
forms for optimising training load in cyclical sports on the basis of established principles
through generative artificial intelligence models. The methodology is linear in nature and
structured in a strict logical sequence, with each stage following completion of the activities in
the preceding stage.

7.1. Stage 1: Designing the information and functional architecture

o Defining the objectives of the generative model and describing the expected outcomes
through measurable metrics.

o Designing training datasets: planning volume and scope, database schema, relational
links, indexing, metadata and version control.

e Designing outputs: the structure of personalised training programmes, presentation
format, interface and visualisation solutions.

e Contextual description: data semantics, relationships between variables, usage
scenarios, temporal dynamics.

e Selecting methods and tools for data collection (including expert-generated data) and
defining the boundaries of the training and test samples.

e Designing test scenarios for working with the model, including standard and extreme
conditions.

Stage 1 covers activities related to goal-setting, design of samples and datasets, description

of metadata, selection of a data-collection methodology and selection of test scenarios, with the
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aim of ensuring information and functional readiness for training, evaluation and application of
the generative model.

7.1.1. Defining the objectives of the generative model

This sub-stage focuses on formulating specific objectives and expected outcomes from applying
the generative model for optimising training load.

Goal-setting should be oriented towards the model’s capacity to generate personalised training
programmes on the basis of established principles, with results presented through clearly
defined and measurable metrics that enable an objective assessment of programme effectiveness
and functional effect.

7.1.2. Designing training datasets for model training

Designing datasets is associated with planning data volume and scope and preparing and
structuring the data in a way that maximises their usefulness and efficiency in the training
process.

e Planning data volume and scope: determining the required volume of training data and
the scope of data to be included in the dataset, including time range and relevant
parameters.

e Creating a database schema: defining relational links between different tables and
datasets and selecting appropriate indices to accelerate access and processing.

e Defining metadata: creating documentation for each field (meaning, type, admissible
values and relationships) and version control of data and schema to ensure traceability
and recovery.

o Data integration and compatibility: standardising formatting and encoding and
developing procedures for consolidating data from different sources into a unified
dataset with guaranteed consistency and integrity.

7.1.3. Designing outputs
The model’s ability to create personalised training programmes requires a clear structure and
precision in the design of outputs, as well as the definition of measurable metrics for evaluating
effectiveness.
o Defining personalised training programmes: creating programmes aligned with
individual goals, physical capacities and the athlete’s current condition.
o Interface for presenting results: developing informative visualisations of results (text,
graphs, tables, interactive dashboards) to support expert interpretation and control.

7.1.4. Contextual description of the data
Contextual description of the data ensures semantic understanding and correct processing of
input parameters and reduces the likelihood of generating irrelevant outputs.

e Data semantics: including contextual information on the substantive meaning of the
data, definitions of measurement units, descriptions of data categories and
relationships between variables.

e Relationships and dependencies: describing contextual dependencies between data,
including the influence of factors on the training process and interrelations between
indicators.
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e Examples and scenarios: providing examples of real data and usage scenarios to
support interpretation in different situations.

e Data dynamics: describing temporal aspects (update frequency, temporal
dependencies) and dynamic relationships between variables.

7.1.5. Selecting methods and tools for data collection
This sub-stage includes selecting methods and tools for collecting the datasets required to train
the generative model, with methods classified as data acquisition, collection, extraction and
transfer.
e Data acquisition: web scraping; API integrations for access and extraction of data from
external systems; sensors and 10T devices for real-time data collection.
o Data collection: surveys and questionnaires; observation; focus groups and interviews.
o Data extraction: data mining to extract hidden patterns and trends; text mining for
analysing textual data; processing large volumes of data (Big Data); expert-generated
data containing logically consistent and validated structures for training.
o Data transfer: file transfer (FTP/SFTP), cloud storage, database replication, data
pipelines (message queues and data streams) for real-time exchange.

7.1.6. Defining the boundaries of the training and test samples

This sub-stage is directly related to model training and testing at a subsequent hierarchical level
of the methodology and includes definition of the training and test samples.

o Defining the training sample: scope of data and diversity in the training data;
representativeness of the sample for the general population to which the model applies;
adequacy analysis to determine the minimum data volume that ensures sufficient
accuracy.

o Defining the test sample: independence from the training data for objective
assessment; representativeness; optimal size and statistical significance of results.

7.1.7. Designing test scenarios for working with the generative model

Designing test scenarios is an essential sub-stage for assessing the model’s accuracy, reliability,
adaptability and effectiveness under real-world conditions; scenarios should cover a wide range
of situations.

o Defining the objectives of the test scenarios: specifying objectives for evaluating
accuracy and parameterising the model under different scenarios.

e Developing test scenarios: scenarios for athletes with different levels of preparation;
standard training conditions reflecting everyday practice; extreme training conditions
to test robustness.

The development of test scenarios aims to provide an empirically grounded framework for
examining the generative model’s (GAN) ability to reproduce realistic training programmes
reflecting regularities established in the training dataset. In this sense, scenario control is
simultaneously a parameterisation tool (by setting input conditions) and a verification tool (by
checking expected output relationships).

The test scenarios are designed to reflect different levels of aerobic capacity (VO.max) and
different temporal proximity to control and main competitions. The scenario set includes

cTp. 54



VO:max values in the range 50-80 ml-kg™'-min~', which enables stratification of athletes into
four quartile subgroups (Q1-Q4)—from low to high level of preparedness.

Temporal proximity to control competitions (Control_days) serves to check whether the model
reproduces regularities in the days immediately preceding a control competition (t—1), as
follows:

e absence of high-intensity regimes (Zone 4-Zone 5);

o absence of strength loads (Strength = 0);

e presence of compensatory low-intensity work in Zone 1.

Temporal distance to main competitions (Main_days) in the analysed programmes varies
between 81 and 321 days, defining a long and very long period to the main start. This variable
sets the seasonal context of load and supports distinction between base preparation and stages in
which a higher relative share of specific work is expected.

Based on the combinations of VO.max_input, Control days and Main_days, five main test
scenarios (S1-Sb) are defined, simulating different types of training situations and imposing
specific methodological constraints on the output of the generative model:

Scenario 1 (S1) — low VO:2max (Q1), Control_days = 1, Main_days > 12 weeks. A scenario
for poorly trained biathletes, in which complete absence of high-intensity loads (Zone 4-5), no
strength work, and a short compensatory volume in Zone 1 are expected.

Scenario 2 (S2) — medium VO:.max (Q2-Q3), Control days = 1, Main_days > 12 weeks. A
scenario for athletes with a moderate level of preparation, characterised by a moderate volume
in Zone 1 in the absence of Zone 4-5 and Strength.

Scenario 3 (S3) — high VO.max (Q4), Control days = 1, Main days > 12 weeks. A
scenario for highly trained biathletes, in which zero values in Zone 4-5 and Strength are
expected, with a short priming session in Zone 1.

Scenario 4 (S4) — low VO:max (Q1), Control_days = 1, Main_days >» 12 weeks. A
scenario for the base preparatory stage in poorly trained biathletes, where day t—1 is recovery or
low-intensity aerobic work without strength loads.

Scenario 5 (S5) — high VO.max (Q4), Control days = 1, Main days > 12 weeks. A
scenario for the preparatory stage in highly trained biathletes, where controlled reduction of
intensity before the control competition is expected while preserving a low-intensity priming
component.

7.2. Stage 2: Aggregating training datasets

This stage includes identifying data sources, data types and access, as well as collecting
and consolidating data into a unified dataset. Emphasis is placed on structured tabular data,
standardisation of units and formats, and consistency control.

Within the methodology, Stage 2 is specified through sub-stages aimed at ensuring relevance,
representativeness and technological reproducibility of the data for training the generative
model.

e ldentifying sources, data type and access: selecting relevant sources (internal
databases, public repositories, application programming interfaces, etc.) and
classifying data as structured and unstructured.

e Data extraction: extracting useful information from previously collected data,
including data mining to identify patterns and trends in large datasets and expert-
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generated data containing logically consistent, validated structures for training
generative models.

Data transfer: transferring data between systems (file transfer, cloud storage,
replication, data streams) in order to consolidate into a unified dataset and ensure
integrity and traceability of changes.

Defining the boundaries of the training and test samples: defining scope,
representativeness and sufficiency of the training sample, as well as independence and
optimal size of the test sample for objective performance assessment.

Designing test scenarios: developing scenarios to verify accuracy, reliability,
adaptability and effectiveness of the model under different contexts and conditions of
the training process.

7.3. Stage 3: Processing the datasets

Cleaning the data of errors: identifying and correcting anomalies, removing duplicate
records, handling missing values, standardising formats.

Validating the data against pre-defined ranges and types; checking scope and
constraints.

Data storage: selecting infrastructure (SQL/NoSQL/cloud), security (access control,
encryption), backup and recovery, traceability.

7.4. Stage 4: Managing the generative model

Controlling input and output data through specific validation rules and procedures.
Training the generative model (training with one/several examples; fine-tuning) in
accordance with the specifics of the sport discipline and available data.

Configuring the network for training: learning rate, number of epochs, validation
during training; metrics (MAE, KL divergence, share of logical inconsistencies).
Synchronising training (generator—discriminator) and managing risks such as mode
collapse in GANs.

7.5. Stage 5: Evaluating model effectiveness

Defining success criteria, minimum acceptable thresholds and a mechanism for expert
assessment.

Metrics of difference between observed and generated values (e.g., mean absolute
error).

Measures of similarity of distributions (KL divergence) and analysis of structural
relationships.

Checking logical and physiological coherence through formalised rules.

Empirical validation through control experiments and feedback.

7.5.1. Formalised logical objectives and rules for parameterisation and verification

Within the methodology, objectives and rules derived from the empirical analysis of the training
programmes are defined; they serve both as conditions for parameterising the GAN and as
criteria for logical verification of generated results:
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1. To ensure that input VO2max values fall within the interval [50; 80] ml-kg!-min! and follow
the real distribution with quartile boundaries Q1=56, Q2=62, Q3=71.

2. To ensure stratified generation by VO.max (Q1-Q4) in order to reduce internal dispersion
and model more precisely the relationships between VO.max and load.

3. To reproduce the monotonic relationship between VO.max and load volume, generating
higher median values of daily volume and of Zone 1-Zone 3 for higher quartile subgroups (Q3-
Q4).

4. To preserve aerobic dominance, whereby Zone 1-2 account for >75% of total daily volume,
while Zone 4-5 and Strength are limited to <25%.

5. To reproduce the real shares of zero values for high-intensity and strength regimes within
intervals compatible with the training sample (Zone 4; Zone 5; Strength).

6. To preserve the frequency of high-intensity days in the highest VO.max quartile (Q4), so that
approximately half of days contain an intensive component (Z4+25>0.1).

7. To comply with the mutual-exclusion principle between high-intensity and strength loads, so
that in >85% of days with (Z4+Z5>0.1) the condition Strength = 0 is satisfied.

8. To prevent accumulation of excessive intensity by allowing no more than two consecutive
days with (Z4+25>0.1), and by disallowing a high-intensity day followed immediately by a
strength-training day.

9. To ensure internal logical coherence of the microcycle by preserving the sequence of load
and recovery characteristic of real training programmes.

8. EMPIRICAL BASIS, DATA AND PARAMETERISATION OF THE
GENERATIVE MODEL

Training and testing of the generative model are based on expert-designed training
programmes for the youth national biathlon team, structured at the daily level. Access to the
training programmes was provided in Excel (.xlIsx) format as a structured, machine-readable
dataset comprising 44,694 observations (daily training units) and 200 uniquely identified
training programmes (Program_ID).

8.1. Input and output parameters

The input parameters used to personalise the generated training programmes are:

* VO:max_input — maximal oxygen uptake (ml-kg! min'), used to individualise load
according to aerobic capacity;

* Control_days — number of days until the next control competition;

* Main_days — number of days until the next main competition.

The model output is a daily distribution of training volume across training load zones
(Zone 1-Zone 5) and strength training (Strength), expressed in hours, as well as a day type
(Type) indicating a training day or a control/main competition day.

8.1.1. Description of variables (daily record structure)

Table 2 presents the notation of observations used in the training and test samples. It integrates
the athlete profile, calendar context and distribution of daily training volume across training
load zones.
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Each daily record in the dataset contains a combination of quantitative and qualitative indicators
describing: (1) the athlete’s physiological profile (VO.max_input), (2) parameters related to
participation in competitions (Control_days, Main_days, Control_dates, Main_dates), (3) the
chronological positioning of the session (Day_index) and (4) the detailed distribution of training
volume across training load zones (Zone 1-Zone 5) and strength training (Strength), as well as
(5) the day type (Type) indicating a control or main competition.

The notation of the main variables in the daily record can be summarised as follows:
 Program_ID — unique identifier of a training programme, used to group daily records within
the same programme;

* VO:max_input — maximal oxygen uptake (ml-kg”'-min™') as an input parameter for
individualising load according to aerobic capacity;

+ Control_days / Main_days — remaining days to a control/main competition as contextual
(conditional) variables;

* Control_dates / Main_dates — dates of control and main competitions as a calendar marker of
the competitive context;

* Day index — ordinal day of the week (1 = Monday, ..., 7 = Sunday), used for chronological
ordering and microcycle analysis;

» Zone 1-Zone 5 — duration (in hours) of work in the respective training load zone, from low-
intensity aerobic work (Zone 1) to maximal intensity (Zone 5);

« Strength — time (in hours) allocated to strength training;

* Type — marker indicating control and main competitions.

To model more effectively the relationships between the main components of observations and
to ensure traceability at the level biathlete—programme—day—load, a relational data structure was
applied, organised in logical tables (profile, programme, daily session and load). This
organisation provides data normalisation, system scalability and the possibility of indexing by
key fields (e.g., Program_ID and Day_index), facilitating training and validation of the
generative model and enabling conditional queries on data subsets.

Table 2. Description of variables in daily training observations.

Variable Description Value type

Program_ID Unique identifier of a | Text
training programme; used to
group daily records within
the same programme.

VO2max_input Input parameter — maximal | Integer
oxygen uptake
(ml'’kg?'min'), wused to
individualise load according
to aerobic capacity.

Control_days Number of days until a | Integer
control competition; used to
monitor form and adaptation.

Main_days Number of days until a main | Integer
competition; sets the target
peak of sporting form.

Control_dates Dates of control | Date/Text
competitions/tests (e.g., 10
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km running, shooting tests).

Main_dates Dates of main competitions. | Date/Text

Day_index Ordinal day of the week | Integer
(1=Monday ... 7=Sunday)
for chronological ordering
and microcycle analysis.

Zone 1l Duration of training in Zone | Decimal number
1 (low-intensity  aerobic
work/recovery sessions), in
hours.

Zone 2 Duration of training in Zone | Decimal number
2 (moderate aerobic work —
basic endurance), in hours.

Zone 3 Duration of training in Zone | Decimal number
3 (mixed work -
aerobic/anaerobic transition),
in hours.

Zone 4 Duration of training in Zone | Decimal number
4 (high intensity around the
anaerobic  threshold), in

hours.

Zone 5 Duration of training in Zone | Decimal number
5 (maximal intensity; short
intervals/simulations), in
hours.

Strength Time allocated to strength | Decimal number
training (strength,
explosiveness, stability), in
hours.

Type Day type: training day / | Text
control competition / main
competition.

8.2. Stratification by VO:max and median daily loads

To reduce internal variation and model more precisely the relationships between aerobic
capacity and training loads, stratification by VO.max quartile subgroups (Q1-Q4) was applied.
Table 3 presents median daily loads (in hours) by training load zones and total volume.
Variance analysis of the input variable VO.max indicates a wide range (min = 50; max = 80
ml-kg ''min"') and moderate positive skewness (Sk ~ 0.29), which means concentration of
observations at lower values and the presence of a right tail with less frequent high values.
Negative kurtosis (K = —1.133) indicates a flatter distribution with thinner tails relative to the
normal distribution.

Descriptive indicators for VO.max are summarised via quantile estimates: Q1 = 56; median =
62; Q3 =71 ml-kg'-min™', with a mean of 63.69 and population standard deviation ¢ = 8.736.
This profile supports the use of non-parametric estimates as robust measures of variability and
justifies stratification by quartile groups (Q1-Q4).

Stratification limits within-group dispersion and enables conditional parameterisation of the
generative model, whereby relationships between aerobic capacity and training loads are
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modelled more accurately for each level of preparedness. In practice, this means that generated
daily loads are modulated according to membership of Q1-Q4, while preserving the empirically
established tendency for higher median values of Zone 1-Zone 3 and total volume at higher
VO:max levels.

Table 3. Quartile distribution of median daily loads (by VO.max)

VOzmax Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Strength Total
quartile load
Q1 43.9 16.1 3.2 0 0 0 75.7
Q2 46.8 17.8 3.2 0 0 0 80.7
Q3 52.3 19.6 34 0 0 0 894
Q4 59.3 20.8 3.7 0 0 0 93.8

Median values show a clear monotonic relationship between aerobic capacity level and
load volume: as VO:max increases, a gradual increase is observed in Zone 1-3 and total
volume. High zones (Zone 4-5) and strength loads have values close to zero, reflecting
dominance of low- and moderate-intensity work during base preparation.

Additional parameterisation is implemented through indicator relationships (conditional
probabilities) describing the frequency of co-occurrence of high intensity and strength training
in real programmes, and used as control constraints during generation.

* P(Z4+75>0.1 | VOmax € Q4) = 0.5087 — the probability that the combined load in Zone 4
and Zone 5 exceeds 0.1 h (= 6 minutes) given that the athlete is in the highest VO.max quartile
(Q4). The value indicates that approximately 51% of days in this group contain a distinct high-
intensity component.

* P(Strength = 0 | Z4+Z5>0.1) = 0.8547 — the probability that strength load is zero given the
presence of a high-intensity load (Z4+25>0.1). The high value means that in about 85% of
cases where high intensity is present, strength training is absent on the same day.

These relationships reflect the principle of functional incompatibility between strength and
high-intensity loads within the microcycle and serve as a logical framework for verifying
generated programmes.

8.3. Data access and technological implementation

In accordance with the methodology, access to the training programmes was
implemented via an Excel (.xIsx) file format, which constitutes a structured, machine-readable
dataset suitable for storing tabular data of heterogeneous type (humeric and text values).

The specific file structure includes: a structured table in rows and columns, 44,694
observations (daily training units), uniquely identified programmes (Program_ ID) and
structured variables describing the athlete profile, calendar context and distribution of load
across training load zones (Zone 1-Zone 5) and the “Strength” module (Strength).

For the purposes of analysis and integration into the model architecture, the data were
processed through scripting using the Python programming language and the pandas library,
which provides functionality for direct loading of .xlsx files, conversion into tabular
(DataFrame) format and subsequent transformation into structured inputs for the model.

The technological implementation complies with requirements for traceability and
reproducibility of processing, with each transformation (validation of types, ranges and
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consistency, standardisation of formats and units, aggregation by days and programmes)
performed according to formalised rules.

8.4. Legal compliance and ethical rationale

The methodology considers, in an integrated manner, the legal and licensing status of
the data, file formats and software tools used, aiming to ensure legality, transparency and
reproducibility of the study.

In this context, the data were used as structured training programmes provided for
scientific purposes, while processing and analysis were performed using widely used software
tools and formats that ensure standardisation and access control.

9. GENERATIVE MODEL DESIGN AND VERIFICATION

9.1. Architecture selection and functional formulation

The dissertation substantiates the choice of a GAN architecture as a means of generating
training programmes. The GAN model is treated as an instrument for global synthesis of
training scenarios, in which the generator produces new daily loads and the discriminator
distinguishes real from generated programmes. The adversarial mechanism supports
reproduction of the statistical structure of the training data.

9.2. Control and standardisation of input and output data

Prior to training, input data control was implemented through validation of types, ranges
and consistency between variables. Standardisation aims to limit the influence of differing
parameter scales and to support convergence of training. Output control includes checking
compliance with periodisation logic, alternation between load and recovery, and conformity
with contextual conditions (Control_days, Main_days).

9.3. Metrics for assessing the quality of generated programmes

The quality of generated training loads was assessed through: (1) metrics of difference
between observed and generated values (mean absolute erro—MAE), (2) measures of
similarity of distributions (KL divergence), and (3) checking logical and physiological
coherence via formalised rules.

Mean absolute error (MAE) is used as an indicator of model accuracy in reproducing daily
values (in hours/minutes) across energy regimes. For each load regime (Zone 1-Zone 5 and
Strength), the mean absolute difference between observed and generated daily values is
calculated.

Similarity of distributions between observed and generated programmes is evaluated via
KL divergence (Kullback—Leibler), computed on normalised relative shares across training load
zones:

The quantitative metrics (MAE and KL divergence) are complemented by formalised
logical rules to control internal consistency and methodological admissibility (e.g., constraints
on loads on days associated with control and main competitions, and constraints on the
sequence of high-intensity days within the microcycle).
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9.4. Analysis of structural similarity between training and generated programmes

Analysis of microcycle structure shows that approximately three quarters of the
programmes in both the training and generated samples contain at least one sequence of three or
more high-intensity days; however, the overall share of such days relative to all high-intensity
days is only 3.8-4.2%. This indicates that intensive sessions are brief and isolated, in
accordance with the principles of load and recovery in biathlon.

The comparison confirms that the model has learned not only quantitative relationships
(distribution by zones) but also the functional structure of load, including alternation between
high- and low-intensity work within microcycles.

Training verification was carried out using a separate validation set (approximately 10% of
programmes), on which the dynamics of indicators were tracked after each epoch to prevent
overfitting to the training data.

During training, an optimiser was used with parameters $:=0.5 and B>=0.999, with fixed
learning rates nG=nD=2x1074.

The batch size was 512 daily records, providing sufficient gradient stochasticity and
convergence stability. Training was conducted for 80 epochs at an update ratio D:G = 1:1, with
shuffling of records in each epoch to maintain balance between generator and discriminator and
to avoid discriminator saturation.

9.4.1. Checking logical consistency (rules over daily records)

To verify that the generated programmes follow the methodological logic of the training
process, rules over daily records were defined and applied identically to the training and test
samples.

Rule 1 (competition day): requirement for absence of load—Zone 1 = Zone 2 = Zone 3 = Zone
4 = Zone 5 = Strength = 0.

Rule 2 (consecutive high-intensity days): requirement that no more than two consecutive days
with high intensity occur, where high intensity is defined as HighIntense = (Zone 4 + Zone 5) >
6 min (6 min is the minimum threshold for a high-intensity component).

All checks were performed in minutes, with the rules applied to daily records for the entire
period.

Table 4. Results of the logical-consistency check.

Rule Indicator Training sample (n) | Test sample (n)

1. Competition day — | Number of days 3490 401
Zonel=2Zone?2=
Zone 3=2Zone 4 =
Zone 5 = Strength =

0
Cases with load 0 0
Share with load (%) |0 0
2. Consecutive high- | Number of | 180 20

intensity days — no | programmes
more  than  two
consecutive days
with Zone 4 + Zone
5> 6 min
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Programmes with a | 141 15
sequence > 3 days

Share of | 78,33 75
programmes with a
sequence > 3 days

(%)

Total high-intensity | 5333 574
days

Days in sequence >3 | 225 22
days

Share of all high- | 4,22 3,83
intensity days (%)

Full compliance with the rest rule is established. In neither dataset is load observed in
any zone (0% cases with activity), indicating correct reproduction of the logic whereby a
control or main competition day is not combined with training work.

Approximately three quarters of the programmes in both samples contain at least one
sequence of three or more high-intensity days, but the overall share of such days relative to all
high-intensity days is only 3.8-4.2%. This means that intensive sessions are brief and isolated,
while the required alternation between load and recovery within the microcycle is preserved.

Comparison of results shows a high degree of similarity between the training sample
and the generated programmes—both in the frequency of sequences and in the relative share of
high-intensity days. The similarity confirms that the model learns not only quantitative
relationships in the data but also the functional structure of load.

10. EXPERIMENTAL  APPLICATION: YOUTH NATIONAL
BIATHLON TEAM (SEASON 2023-2024)

To verify the effectiveness of the developed generative model, an experiment was
conducted under real-world conditions, in which a training programme generated by the model
was applied to athletes from the youth national biathlon team during the 2023/2024 period.

10.1. Control tests and indicators

For objective assessment, baseline and follow-up control tests were conducted under
standardised conditions (identical course, temperature and surface state). Three key indicators
were measured:

e Maximal oxygen uptake (VO2max) — an indicator of aerobic capacity.

e Time for a 10 km roller-ski run (Marwe 6) — an integrative indicator of overall

endurance, technical efficiency and specific speed endurance.

e Mean running speed (m-s!) — derived from time and distance, characterising

endurance.

The Marwe 6 roller-ski type is a standard in control tests for biathlon and cross-country
skiing, as it provides high repeatability of results and mechanical resistance close to that of
gliding on snow.

10.2. Individual results from baseline and follow-up tests
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Table 5 presents the individual results of eight athletes (n=8), as well as the differences
between the baseline and follow-up tests (A).

Table 5. Baseline and follow-up test results (10 km roller skiing, Marwe 6)

VO.max VOumax | J0Kkm | 10km g aeg | Speed |y
. - baselin | follow | .. | follow
Biathlet baseline follow-up tim | baselin speed
L. mi ~l.mi e -up -up —1
e (ml'kg™"-min | (ml-kg™' -min . . e e | (m's
&N N (mm:s | (mm:s ) | (ms) (m's )
s) s) )
1 60.8 63.6 27:04 24:34 léO 6.16 6.79 0.63
2 65.0 67.8 28:46 27:05 1(_)1 5.80 6.15 0.35
3 63.6 69.0 26:38 24:14 1;4 6.26 6.88 0.62
4 60.0 65.4 26:49 25:14 -95 6.22 6.61 0.39
5 61.8 66.0 27:24 25:37 167 6.08 6.51 0.43
6 66.3 69.9 28:59 26:41 11_%8 5.75 6.24 0.49
7 58.1 62.1 26:52 25:20 -92 6.21 6.58 0.37
8 55.0 59.0 30:30 29:10 -80 5.47 5.71 0.24

10.3. Variance and statistical analysis of effect

Variance analysis indicates high group homogeneity (CV < 7%) and physiologically
consistent dynamics among the three variables: an increase in VO:max is accompanied by a
decrease in time and an increase in speed.

Table 6. Variance analysis of baseline and follow-up tests (n=8)

. . Skewness | Kurtosis \%
Indicator n Min Max R Mean SD (SK) (K) (%)
VOz2max —
baseline test 8 55 66.3 11.3 61.33 3.69 -0.32 -0.75 6.01
(ml-kg ! min!)
VO2max —
follow-up test 8 59 69.9 10.9 65.98 3.73 -0.24 -0.91 5.65
(ml-kg'-min")
10 km —
baseline test 8 1598 1830 232 1698.9 82.7 0.52 -0.94 4.87
(s)
10 km —
follow-up test 8 1454 1750 296 1564.4 | 103.6 0.81 0.17 6.62
(s)
Speed —
baseline test 8 5.47 6.26 0.79 5.99 0.28 -0.29 -1.13 4.68
(m's™)
Speed -
follow-up test 8 5.71 6.88 1.17 6.43 0.40 -0.33 -1.01 6.22
(m's™)
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To check assumptions, the Shapiro-Wilk test (a = 0.05) was applied to the differences
between baseline and follow-up tests. On this basis, the non-parametric Wilcoxon test for paired
samples was selected.

Wilcoxon test results show statistically significant differences between baseline and
follow-up tests for all three indicators, with p-value = 0.008 (< 0.05) for each. This means that
the probability that the observed changes are due to chance is below 1%.

Effect size was calculated using r = Z/\n; the obtained value r = 0.94 (n = 8) indicates a
large effect (according to Cohen’s classification) and a very strong practical impact of the
applied training programme on the athletes’ functional indicators.

For completeness, the results of the normality check (Shapiro—Wilk) and the significance
test (Wilcoxon) are presented in Table 7 and Table 8.

Table 7. Shapiro-Wilk test results for normality of differences (n=8; a=0.05).

Indicator (follow-up minus | p-value Interpretation (0=0.05)

baseline)

VO:max (ml-kg ' min") 0.047 The distribution differs from
normal (p<0.05)

10 km time (s) 0.031 The distribution differs from
normal (p<0.05)

Speed (m's™) 0.039 The distribution differs from
normal (p<0.05)

Table 8. Wilcoxon test results for paired samples (n=8; 0=0.05).

Indicator p-value Interpretation (a=0.05)

VO:max (ml-kg ' min") 0.008 Statistically significant
difference - increase in
VO:max

10 km time (s) 0.008 Statistically significant
difference — decrease in time

Speed (m-s™) 0.008 Statistically significant
difference — increase in
speed

The planned training load for season 2023-2024 covers the period 01/04/2023-31/03/2024; for
each day, minutes of work in five training load zones and time allocated to strength training are
recorded, as well as period affiliation within the preparation cycle.

The total volume of work performed over the period amounts to 34,045 minutes (567.4 hours).
Of these, 30,695 minutes (511.6 hours) are endurance work in Zones 1-5, and 3,350 minutes
(55.8 hours) are allocated to strength training. Strength training accounts for 9.8% of total
annual volume and 10.9% of endurance training volume.

The distribution of time across training load zones shows a clearly pronounced “pyramidal”
pattern: Zone 1 — 293.9 hours (57.4% of time in Zones 1-5); Zone 2 — 143.8 hours (28.1%);
Zone 3 — 43.4 hours (8.5%); Zone 4 — 18.4 hours (3.6%); Zone 5 — 12.1 hours (2.4%). In total,
Zone 1 and Zone 2 account for 85.5% of endurance training time, whereas Zones 3-5 account
for 14.5%, which is typical for endurance sports and compatible with principles of periodisation
in biathlon.
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11. RESULTS AND ANALYSIS

The dissertation results are grouped into two main directions: (1) methodological results—
development and formalisation of an integral methodology and model architecture for
optimising training loads through generative models; (2) empirical results—statistical and
practical verification of the model through analysis of similarity between training and generated
programmes and experimental application in a real training environment.

11.1. Results from analysis of zonal distribution and load logic

Analysis of the distribution of daily loads across zones (Zone 1-5) shows a regular
dominance of low- and moderate-intensity loads (Zone 1-2), which corresponds to
requirements for building an aerobic base and resilience in biathlon.

Stratification by VO.max demonstrates a monotonic relationship between aerobic capacity
and load volume.

Daily and weekly load structure indicates 62 days without training load (16.9% of all
calendar days), i.e., 304 training days, or on average about 5.8 training days per week. The
mean daily training duration for the season is 93.0 minutes with a standard deviation of 63.5
minutes, a minimum of 0 minutes and a maximum daily value of 274 minutes.

The median daily load is 90.0 minutes, and the interquartile range (25th—75th percentile) is
53.5-135.0 minutes. Forty days with load > 180 minutes were recorded (about 11% of all days).

The calculated mean weekly work volume is about 10.9 hours, characterising the load as
relatively high, yet moderate and aligned with the age and developmental stage of youth
national biathletes.

11.2. Strength training in the annual cycle

The realised loads show that strength training is concentrated in the preparatory period,
where it accounts for about 10-11% of total load, whereas in the competitive period its share
decreases to about 9%, and in the transition period it is virtually absent. The frequency of
strength sessions is approximately 1.8 times per week in the preparatory period and 1 time per
week in the competitive period. Strength training is conducted mainly on days with endurance
work, which differentiates days with higher total load from days with lower total volume and
requires precise control to limit the risk of overreaching.

The total realised strength volume over the study period is 3,350 minutes, or 55.8 hours,
corresponding to 9.8% of total training load and 10.9% relative to the volume of work in Zones
1-5.

Strength training is recorded on 77 days, i.e., on average about 1.5 strength sessions per
week across the season, with a mean duration of 43.5 minutes per strength session (median 45
minutes). The largest share of this volume is realised in the preparatory period—2,460 minutes,
or 41.0 hours (73.4% of annual strength volume). Within the preparatory period, strength
training accounts for 10.5% of total training load and 11.7% relative to work in training load
zones 1-5. Fifty-seven strength-training days are recorded, i.e., approximately 2 strength
sessions per week, with a mean duration of 43.2 minutes.

In the competitive period, realised strength volume amounts to 875 minutes (14.6 hours),
or 26.1% of annual volume for this indicator. The share of strength within total load for the
period is 8.8%, and 9.7% relative to work in Zones 1-5. Nineteen days with strength training

cTp. 66



are recorded, corresponding to about 1 strength session per week, with a mean duration of 46.1
minutes. In the transition period, strength training is virtually absent—15 minutes (0.25 hours)
are realised on a single day.

To evaluate how strength training is combined with endurance training within individual
days, all training-load days were analysed (a total of 304 days), of which 77 days include
strength training and 227 days include only work in training load zones.

On days with strength training, the mean volume of work in training load zones is 98.6
minutes (median 92.0 min; SD =~ 48.2 min), and strength training averages 43.5 minutes
(median 45.0 min), forming a total daily load of 142.1 minutes. On days without strength
training but with training, the mean value of work in training load zones is 101.8 minutes
(median 92.0 min; SD = 46.9 min). Zone-work volume is practically identical on days with and
without strength training; the substantive difference is observed in total daily load, which is
approximately 40 minutes higher on days with strength training.

Considering only days with strength training, Pearson’s correlation coefficient between
minutes of strength work and minutes of work in training load zones is r = 0.39 (moderate
positive correlation). When all training days are included, including those without strength
training, the correlation between daily zone work and minutes of strength training practically
disappears (r ~ 0.05) due to the large number of days with 0 minutes of strength alongside a
wide range of zonal values.

On a weekly basis, the distribution of strength training by periods is approximately:
about 1.3 hours of strength training and about 11.0 hours of zonal work per week in the
preparatory period; about 0.8 hours of strength training and about 8.6 hours of zonal work per
week in the competitive period; and a minimal volume of strength work alongside about 3.9
hours of weekly zonal work in the transition period.

These values confirm a clearly pronounced concentration of strength training in the
preparatory period, with moderate presence in the competitive period and virtually no presence
in the transition period. In microcycle terms, strength training is implemented predominantly on
days with dominant endurance work, without a substantial reduction in zonal minutes, resulting
in clear differentiation of days with higher total load and days with lower volume as part of the
load-recovery alternation.

11.5. Analysis of annual volume and periodisation (season 2023-2024)

For descriptive analysis, data were grouped by training periods (preparatory, competitive and
transition). Total work volume (in minutes and hours), the relative share of time in each training
load zone, mean daily values and standard deviation, and the frequency of days without
recorded training load were calculated.

Planned training load for season 20232024 covers the period 01/04/2023-31/03/2024; for each
day, minutes of work in five training load zones (Zone 1-Zone 5) and time allocated to strength
training (Strength) are recorded, along with affiliation to the transition, preparatory or
competitive period.

The total volume of work performed over the period amounts to 34,045 minutes (567.4 hours).
Of these, 30,695 minutes (511.6 hours) are endurance work in Zones 1-5, and 3,350 minutes
(55.8 hours) are allocated to strength training. Strength training represents 9.8% of total annual
volume and 10.9% relative to endurance training volume.
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The distribution of time across training load zones follows a clearly pronounced “pyramidal”
pattern: Zone 1 — 293.9 hours (57.4% of time in Zones 1-5); Zone 2 — 143.8 hours (28.1%);
Zone 3 — 43.4 hours (8.5%); Zone 4 — 18.4 hours (3.6%); Zone 5 — 12.1 hours (2.4%). In total,
Zone 1 and Zone 2 account for 85.5% of endurance training time, whereas Zone 3-Zone 5
account for 14.5%.

Daily and weekly load structure shows 62 days without training load (16.9% of all calendar
days), i.e., 304 training days, or on average about 5.8 training days per week. The mean daily
training duration for the season is 93.0 minutes with a standard deviation of 63.5 minutes; the
minimum is 0 minutes and the maximum reaches 274 minutes. The median daily load is 90.0
minutes, and the interquartile range (25th—75th percentile) is 53.5-135.0 minutes. Forty days
with load > 180 minutes were recorded (about 11% of all days). The calculated mean weekly
work volume is about 10.9 hours.

These indicators characterise the load as relatively high, yet moderate and aligned with the
athletes’ age and developmental stage, with dominance of low- and moderate-intensity work
and a controlled presence of higher zones in accordance with principles of sports periodisation.
The preparatory period spans 222 days and includes 194 training days, of which 28 are without
training (12.6%). This period concentrates the largest share of annual load: total work volume
390.1 hours (68.8% of seasonal volume), endurance training volume (Zones 1-5) 349.1 hours,
and strength training 41.0 hours (73.4% of annual strength volume).

The mean daily load duration in the preparatory period is 105.4 minutes with a standard
deviation of 65.6 minutes; mean weekly volume is about 12.3 hours, and the mean duration of
active training days is 120.6 minutes.

Zonal distribution in the preparatory period is characterised by dominance of Zone 1 and Zone
2 and a supportive share of high-intensity work: Zone 1 — 200.1 hours (57.3%); Zone 2 — 101.3
hours (29.0%); Zone 3 — 33.5 hours (9.6%); Zone 4 — 9.0 hours (2.6%); Zone 5 — 5.2 hours
(1.5%). Zones 1-2 comprise 86.3% of endurance volume, and Zones 3-5 comprise 13.7%, with
Zones 4 and 5 accounting for 4.1%.

The competitive period includes 123 days, of which 98 are training days and 25 are without
training (20.3%). The realised volumes are: total work volume 165.5 hours (29.2% of annual
volume), endurance training volume 150.9 hours, and strength training 14.6 hours (26.2% of
annual strength volume).

The mean daily duration in the competitive period is 80.7 minutes with a standard deviation of
55.0 minutes; mean weekly volume is about 9.4 hours, and the mean duration of active training
days is 101.3 minutes. Compared with the preparatory period, a reduction in total volume and
an increase in the share of rest days are observed.

Zonal distribution in the competitive period is: Zone 1 — 87.9 hours (58.2%); Zone 2 — 37.9
hours (25.1%); Zone 3 — 9.3 hours (6.2%); Zone 4 — 8.9 hours (5.9%); Zone 5 — 7.0 hours
(4.6%). The share of the high zones 4 and 5 increases to 10.5% (versus 4.1% in the preparatory
period) at lower total volume, which is consistent with the logic of competition preparation.

The transition period includes 21 days, of which 12 are training days and 9 are without load
(42.9%). Total load volume is 11.8 hours (2.1% of annual volume), with endurance work 11.6
hours and strength training 0.2 hours (12 minutes). The mean daily value is 33.7 minutes with a
standard deviation of 35.0 minutes; mean weekly volume is about 3.9 hours, and the mean
duration of active training days is 59.0 minutes.
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Zonal distribution in the transition period is: Zone 1 — 5.9 hours (50.9%); Zone 2 — 4.6 hours
(40.0%); Zone 3 — 0.6 hours (5.3%); Zone 4 — 0.4 hours (3.8%); Zone 5 — 0 hours, confirming
the period’s character as “active recovery” with dominance of the lowest zones.

In summary, the descriptive analysis indicates a clearly structured annual periodisation: the
preparatory period concentrates about two thirds of annual volume at predominantly low to
moderate intensity; the competitive period is characterised by lower total volume and a relative
increase in the high zones; the transition period is a recovery phase with minimal volume,
dominance of Zones 1-2 and practical absence of Zone 5 work and strength training.

Table 9. Summary of annual work volume by training periods (season 2023-2024).

Period Calendar Training Days Total Endurance /
days days without volume Strength
training (%) | (hours) (hours)
Preparatory | 222 194 28 (12,6%) 390,1 349,1/41,0
Competitive | 123 98 25 (20,3%) 165,5 150,9/14,6
Transition 21 12 9 (42,9%) 11,8 116/0,2

Results in Table 9 show concentration of work volume in the preparatory period and a regular
reduction of load in the competitive and transition periods, alongside an increase in the relative
share of high zones in the competitive phase.

11.6. KL divergence and similarity of zonal distributions

To assess similarity between observed and generated zonal distributions, KL divergence
(Kullback—Leibler) was calculated by VO.max quartile groups. In each subgroup, the total
volumes by zones (Zone 1-Zone 5 and Strength, in minutes) were normalised as relative shares
of total daily volume and compared between observed (P) and generated (Q) data.

The obtained KL(P||Q) values are on the order of 0.0001-0.0004 in all quartile groups,
indicating an extremely close shape of zonal distributions between observed and generated data.
Similarity is uniform across Q1-Q4, with no quartile exhibiting a distinctly higher KL, which
indicates stable conditional behaviour of the model with respect to VO2max.

Table 10. KL divergence between observed and generated distributions by VO.max quartiles.

VO: quartile

Q1 Q2 Q3 Q4
0,0003 0 0 0,0001

KL(P[IQ)

Additional interpretation of similarity is presented through relative zonal shares (P — observed,
Q — generated); below are included rows presented in the dissertation as part of the full set of
values.

Table 11. Relative zonal shares (P — observed, Q — generated) (only a subset of all rows is
shown).

VO: quart. Zone P(observed) Q(generated)
Q1 Zone 1 0.5482 0.5513

Q2 Zone 1 0.5473 0.5459

Q3 Zone 1 0.5484 0.539

Q4 Zone 1 0.5474 0.5523
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Q1 Zone 2 0.244 0.2473
Q2 Zone 2 0.2432 0.2423
Q3 Zone 2 0.2449 0.2458
Q4 Zone 2 0.2447 0.2427
Q1 Zone 3 0.0752 0.0753
Q2 Zone 3 0.0765 0.0769
Q3 Zone 3 0.0758 0.0776
Q4 Zone 3 0.0775 0.0774
Q1 Zone 4 0.0261 0.0235
Q2 Zone 4 0.026 0.0269
Q3 Zone 4 0.0252 0.028

Q4 Zone 4 0.0245 0.0236
Q1 Zone 5 0.0184 0.0165
Q2 Zone 5 0.0178 0.0192

From the aggregated results it follows that the model correctly allocates total daily volume
across training load zones within each level of preparedness. The smallest differences are
observed in Zone 3 and Zone 5, whereas in Zone 1-2 deviations are minimal (within 0.002—
0.010), which is expected given their dominant share.

11.7. Logical consistency

Logical verification complements quantitative metrics through formalised rules for controlling
internal consistency and methodological admissibility of generated loads. Constraints over daily
records were checked, related to absence of training load on a competition day and limiting
consecutive high-intensity days under the definition HighIntense = (Zone 4 + Zone 5) > 6 min.
Verification results show full compliance with the rest rule (0% cases with activity on a
competition day) and high structural robustness with respect to alternation between load and
recovery within the microcycle. Although a substantial portion of programmes contain at least
one sequence of three or more high-intensity days, the relative share of such days among all
high-intensity days remains small (3.8-4.2%), characterising intensive loads as brief and
isolated.

11.8. Summary of statistical verification

The combination of variance and quantile analysis, measures of distribution similarity (KL
divergence), error metrics (MAE), tests of normality (Shapiro-Wilk) and significance
(Wilcoxon), and evaluation of effect size (r) provides a complete quantitative and structural
assessment of results and is methodologically adequate for the study data.

Table 12 and Table 13 present key quantitative indicators of the generative model’s
accuracy in reproducing the training data via mean absolute error (MAE), computed in minutes
across energy regimes and by VO:max quartile groups (Q1-Q4).

Table 12. MAE by training load zones (in minutes) and VO:max quartile groups.

VO: quartile | Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Strength | Mean
MAE

Q1 (low 1.09 0.64 0.12 0.17 0.12 0.02 0.36
preparedness)
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Q2 (moderate 1.46 0.67 0.15 0.01 0.08 0.24 0.43
preparedness)

Q3 (high 0.51 0.72 0.37 0.35 0.20 0.46 0.44
preparedness)

Q4 (very 0.49 0.23 0.02 0.10 0.11 0.10 0.18
high
preparedness)

Table 13. Aggregated MAE values by training load zones (in minutes).

Training load zone Mean MAE (min)
Zone 1 0.89
Zone 2 0.57
Zone 3 0.16
Zone 4 0.16
Zone 5 0.13
Strength 0.20

Mean overall MAE 0.35

Results indicate high accuracy in reproducing quantitative relationships between training
regimes and level of preparedness. The mean overall MAE is 0.35 minutes, corresponding to
below 1% deviation relative to mean load values in the training population. At the same time,
the low MAE values for high-intensity zones and strength training confirm that the model
reproduces rarer load components without disrupting microcycle logic.

11.4. Practical applicability

The experimental application of a generated training programme for season 2023-2024
demonstrates a real training effect, expressed in a statistically significant improvement in
VO:max, a reduction in 10 km test time and an increase in mean speed. This confirms the
model’s operational effectiveness and its potential for implementation as a tool for analysing,
planning and forecasting training load.

12. CONCLUSION

Integrating generative artificial intelligence models with contemporary sports theory constitutes
a methodologically coherent and empirically validated approach to optimising the training
process in cyclical sports.

e The training process can be reliably formalised as a multi-criteria optimisation
problem in which the objective function reflects the adaptive effect and the control
parameters are volume, intensity and recovery time.

e The proposed integral methodology of interrelated stages (design, aggregation,
processing, management, evaluation) functions as a “closed-loop” management system
in which data continuously refine the model and ensure reproducibility and
traceability.

e The developed generative model reproduces quantitative and structural relationships of
the training process and generates programmes comparable in structure and dynamics
to those created by experts.
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e Experimental application in the youth national biathlon team shows a statistically
significant improvement in functional indicators and a very large practical effect,
confirming the model’s applicability in a real sports environment.

e  Optimisation should be multi-criteria with a clearly defined vector of objectives; it is
appropriate for classical optimisation methods to be used for local optimisation and for
generative models—for global synthesis and selection of training scenarios.

e Periodic updating of parameters is recommended at the end of micro- and mesocycles
on the basis of newly available data (fatigue, recovery indicators, etc.), as well as
expansion of input data towards multimodal sources (physiological, biomechanical and
psychological indicators).

The concept developed in the dissertation shows that the generative approach enables training
programmes to be represented as multidimensional structures whose logic can be reproduced
through learning from expert-designed annual plans. In this model, training load is considered
as a controllable object, and the control parameters are described by volume, intensity, temporal
structure and constraints arising from periodisation.

Empirical verification confirms that the quality of generated programmes can be assessed
reliably through a combination of quantitative and logical criteria. Low values of mean absolute
error (MAE) across energy regimes, extremely small KL divergence values between observed
and generated zonal distributions, and results of the logical check of microcycle structure
indicate that the model reproduces both quantitative relationships (zonal distribution) and the
methodological sequence of load—recovery.

In the context of the youth national biathlon team (season 2023-2024), the practical
applicability of the proposed approach is supported by results from baseline and follow-up
control tests as well as statistical analysis of effect. Improvements in VO-max, reductions in 10
km test time and increases in mean speed reflect the presence of a real training effect and show
that the generated programme is not only statistically plausible but also functionally adequate in
a real sports environment.

From a methodological perspective, a key advantage of the integral methodology is that it
functions as a “closed-loop” management system: data from real preparation feed the generative
model, results are evaluated by formalised criteria, and parameters are updated periodically at
the end of micro- and mesocycles. This logic enables adaptive solutions under changes in
functional state, calendar context and preparation objectives.

Practical implementation of the approach requires compliance with two mandatory principles.
First, the generative model should be constrained by methodological rules that prevent
physiologically inadmissible load combinations. Second, evaluation of results should be multi-
criteria and should include both quantitative metrics (MAE, KL divergence) and logical
coherence of microcycle structure and control over load content on specific days (e.g., before a
control competition).

A limitation of the study arises from the fact that generative training reproduces regularities
present in the training dataset. Therefore, the model’s accuracy and robustness depend directly
on the representativeness, quality and consistency of the training programmes used for training,
as well as on the scope of input variables.

Prospects for methodological development include: expanding input data towards multimodal
sources (physiological, biochemical and functional indicators), integrating fatigue and recovery
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indicators, and extending logical rules to control methodological admissibility under a wider
diversity of training means and competitive scenarios.

In summary, the dissertation shows that Generative Al can be used not as an autonomous
replacement of the coach, but as a tool to support load planning and management through
systematic generation of alternatives, evaluation of their quality and formalised alignment with
the methodological principles of sports training.

13. SCIENTIFIC AND APPLIED CONTRIBUTIONS

13.1. Scientific contributions

1. An integral methodology has been developed for optimising the training process through
generative artificial intelligence models, presenting a consistent stage structure—model design,
data collection and processing, management of the generative algorithm and evaluation of
effectiveness—which defines a systems approach to applying Al technologies in sports
preparation.

2. The use of a GAN architecture as a means of generating training programmes has been
substantiated.

13.2. Applied contributions

3. The possibility has been demonstrated for a generative artificial intelligence model to
reproduce training programmes with minimal deviations relative to the real programmes used to
train the model.

4. A system of formalised logical rules has been applied to control internal consistency and
methodological admissibility of model-generated training loads.

5. A training programme for season 2023-2024, based entirely on a generative model, has
been developed and applied for the purposes of the youth national biathlon team.
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