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HeuiTko-j10riuHa ekcnepTHa cucTemMa 1JIsl IHTErpajibHOI OLIHKY PiBHA crieniaJbHOI (Pi3HYHOL

MiZATOTOBJIEHOCTI 0acKeTOO0JIICTIB HA eTali monepeaHbLOI 0a30B0I MiATOTOBKH
IBuenko O.M.%, MiroBa O.0.%, M’stunn B.I'.!
YUleporcasnuii suwuii naguanvruii 3axnad Juinponemposcbuil
0epoICcasHUll XIMIKO-MeXHON02IYHULL YHIgepcumem
2[Tpudninposcvka deporcasna akademis Gizuunoi Kyrimypu i cnopmy

Anomauin. Mema Oanoco 00cniOdcenHs noisgeae y noOyoosi HeuimKoi excnepmtoi
cucmemu 0151 OYIHKU PIi6HS cneyianvHoi izuunoi niocomosnenocmi backemboaicmie Ha emani
nonepeonboi 6a3060i Ni020MOBKU3A OONOMO20H0 HEYIMKO-T102IUH020 Ni0X00Y.

Memooonoziuny 0cHO8Y 00CNIONHCEHHs CKAANU HAYKOBI Npayi GIMYUZHAHUX | 3AKOPOOHHUX
sueHux i nposionux ¢axieyie. /s nodyoosu iHmezspaivbHo2o HOUKAMOPA 6800UMbCS HEUIMKULL
BUCHOB0K. B saxocmi 6xionux sminnux obpano o0ea noxazuuxu. Illepwuii nokaswux XI — ye
pesyiomamu  mecmy «Hosnukosuti 6Oic 3X10 m 3 o6b6iecannam Habuenux m’auiey. Jlpyeum
nokasuukom X2 € pesynomamu mecmy «bie 00 npomymeposamux HAOUSHUX M AYie». Buxioua
3MIHHA 6usHauaemvcs nokasHukom Y, wo senie  “iHmeepanvHy OYIHKY cheyianvHoi hizuunoi
nioecomosnenocmi 6ackembonicmie Ha emani nonepeoHvoi 06azo060i niocomosxu . MooenosarHs
IHmezpanbHOl OYiHKU ma pisHs cneyianvhoi Qizuunoi niocomosnenocmi backemoboaicmie Ha emani
nonepeoHvoi 6a3080i nid2omoeku Oy10 BUKOHAHO 8 npozpamuomy 3abesneuwenHi Fuzzy Logic
Toolbox cepedosuwa Matlab (sepcis R2021a) ¢ipmu MathWorks, wo éniunyio Ha HACMPOUKY i
npeocmasieHHs 0360HYy8amoi  yHKyii Hanedchocmi. Ak 6XiOHI 3MiHHI, mMaKk i GUXIOHI
nepemeoprIOmMbCs 8 HeUimKICmb 3a 00NOMO2010 n00Y008uU yHKyil Harexchocmi. OOIPYHMOBAHO
mun i napamempu yHKYii HanedcHocmi ma 0Opano 0360HY8aMY PYHKYII0 HANEHCHOCMI OJisL ONUCY
HEeBU3HAYEeHOCMI 3HAYEeHb, WO NOMPAniAlms Ni0 HOPMANbHUL po3nodin. Kinvkicme Hneuimkux
MHOJCUH HA KONCHOMY 6X00I pO3210A€EMbCA AK z=3, KiLIbKICMb GXIOHUX 3MIHHUX AK w=2. /[na
OocsicHeHHs. NOSHOMU MOOeNi KinbKicmb 102iunux npasui eusnavanacs ax r=3° =9. Cnio
BIO3HAUUMU, WO HEYiMKO-I02IYHA MOOelb, AKa 0yna po3pobieHa OJisi GUHAYEHHS THMeSPAlbHOT
oyinKu cneyianbHoi Qizuynoi niocomoenenocmi backembonicmie Ha emani nonepeonboi 6a3060i
ni020MOBKU, BUKOHYEMbCS 3a HACMYNHUM ANI2OPUMMOM, d came: 3aly4eHHs 080X NOKAZHUKIB, 0OUH
3 aKux onucye pesyabmamu mecmy « Hoenurosuii 6ic 3X10 m 3 060icanHsaM HAOUBHUX M AYIEY», A
iHwui — pesynomamu mecmy «bie 00 nponymepoeanux HabOUSHUX M A4iey; ubip napamempis i
muny QYHKYIi HanexcHocmi OJisi 080X 6XIOHUX 3MIHHUX [ OOHIE] BUXIOHOI 3MIHHOI, pO3POOKA
cucmemu 3 CMBOpPeHHAM 9-mu JI02IYHUX NPasuU; PO3PAXYHOK IHMeSPANbHOI OYIHKU CHeyianbHOi
@izuunoi niocomoeneHocmi 6Oackemobonicmie Ha emani nonepeoHvoi 06a3080i NIO20MOBKU 3
BUKOPUCAHHAM HeuimKo20 6UcHosky Mamoani;, ma 3asepuwianvHa ckiadoea, - uye nepesipxa
a0eKkeamHocmi Mooeli.

Knrouoei cnosa: 6Oackembonicmu, eman nonepeonvoi 0a3080i ni020mosKu, Heyimka
eKCnepmHa cucmema, Hedimra J102ika, yHKyis HanexrcHocmi, oegasugikayis.

Beryn. OcrtanHiMH poKamMHM Tpa B B3a€MO3B'SI3KY 3 TEXHIKOIO Ta TAaKTUKOIO TPH.
OackeTOo0J CcTaja 3HAYHO 1HTEHCHBHIIIE, IO, Amnauni3 HAyKOBO-EKCIEPUMEHTAIbHUX
3pEIITO0, YCKIAIHUIO TMPOIEC CIemiaIbHOL IOCHTIIKEHD HE aroTh micTaB
¢i3MyHOT  MIATOTOBKM  Ta  BI3HAYMIIO CTBEpJKyBaTH, IO  ICHye  eQeKTHUBHA
HEOOX1HICTh peati3alii Takoi MIATOTOBKH yHIBepcajabHa nporpama PO3BUTKY
OackerOomicTiB Ha  erami  IMOMNepenHboi creuiagbHOi  (PI3MUHOI  MiJrOTOBJIEHOCTI
0a30BOi MIATOTOBKH, SKa  JIO3BOJISITHME OackerOomictiB. TomMy  TOmIyK  HOBHX,
CIOPTCMEHY MaTH 1 3a0e3neuyBaTu 31aTHICTh e(EeKTUBHHUX, bopm HiATOTOBKU
METOJMYHOI JITepaTypH Ta A0 ii peamizamii y Oacker6omictiB 12—13 pokiB, sKi T03BOJATH

3aIIOBHUTHU MPOTAIMHY, 110 CIIOCTEPIraeThes y
© IBuenko O.M., MitoBa O.O., M’suun B.I'". MUTAaHHSAX BUSBJICHHS 3HAYYIIUX MapaMeTpiB
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JUISL  PO3BUTKY  cHemiasbHOi  (i3udHOL
MMATOTOBJIEHOCTI OackeTOOMICTIB HA eTari
norepeHboi 0a30BOi MiATOTOBKH BBaXKAEMO
aktyanbauM (MitoBa, & IBuenko, 2017,
MiroBa, 2020; NBCA, 2017). 3BicHo,
OCTaHHIMM POKaMH MU MOKEMO CIIOCTEpiraTu
CYyTT€BI  3MIHM  CHUCTEMH  OaraTopidHOi
HiATOTOBKHM, SIK B 3arajbHid Teopii cHopry,
npeacraBieaumu B. M. IlnatonoBum (2015)
y IBOX CTaJisiX: MepIa CTalis «CTAHOBICHHS
Ta PO3BUTKY MOJIMBOCTECH CHOPTCMEHIBY», a
Ipyra CcTajais «MaKCUMalbHOI peamizamii
CIIOPTUBHOI ~ MAaWCTEpHOCTI» Ta  eTalH
iJITOTOBKH, SIKi MPOXOJATh HAa KOXKHIN cTaii,
B OackerOomi 3okpema (Illuukapyk, &
MiTtosa, 2017; Koryahin, et al, 2020; Kozina,

et al, 2016; Mondoni, 2020; Giorgio
Gandolfi, 2014). Taki crTpiMKi 3MiHH
BUMararoTb Big (¢axiBiiB 3 OackerOomy

HayKOBOT'O OOTPYHTYBaHHS PI3HUX CKJIaJIOBUX
CUCTEMH  IHIATOTOBKM  CIOPTCMEHIB  —
VIPaBIiHHSA, KOHTPOJIO, MOJCIIOBAaHHS Ta
inmux (IBuenko, 2019; MiroBa, & IBueHko,
2017).

3B's30k  poldoTH 3 BANKJIMBHMH
HAYKOBUMH nporpaMamMu abo
NPAKTHYHUMHU 3aBAAHHAMHU. J[OCIiTKEHHS
BUKOHYBAJIUCS  BIJAMOBITHO TEMaTUYHOMY
IUIaHy ~ HaykoBUX  jociipkens  JIBH3
VYkpaiHCbKUI JepKaBHUI XIMIKO-
TEXHOJIOTTYHUI YHIBEPCUTET Ha
2021-2023 p.p. 3a Temoro: «JlocmimKkeHHS
1010 3aCTOCYBaHHs IHTEPaKTUBHHUX
MpOrpaMHUX KOMIUIEKCIB JJisi  peai3artii

TUCTAHIIMHOTO PEeXUMY Ha 3aHATTAX 3
¢13U4HO  KyIbTYpH» (HOMEp Jep>KaBHOI
peectparii 0121U111876)

Mera JoCHiIKeHHsI TOJsTaE  y
moOy/IOBI HEYITKOT eKCHEPTHOI CHUCTEMHU IS
OLIIHKK  pIBHSA  cHOeuiajpHOi  (PI3UYHOI
MiTOTOBIEHOCTI 0acKeTOOMNICTIB Ha eTarli
MOIEePETHbOL 0a30BO0I  MIATOTOBKH 3a
JIOTIOMOTOF0 HEUITKO-JIOT1YHOTO MiIXOTy.

Marepiajl Ta MeTOAU AOCJIIIZKEHHS.
Jlis mocsiTHEHHST BU3HAUEHOI METH JIaHOTO
eTamy JIOCHIDKCHHS OyJl0 BHKOPHUCTAHO
HACTYIHI METOAW JAOCHIDKEHHS: METOAH
TEOPETHUYHOTO PIiBHS JIOCHIKEHHS: aHami3 1
y3araapbHEHHS  CHeUialbHOI  JIiTepaTypH,
JOKYMEHTaJIbHUX MaTepiaiiB, 1H(opmailii,
po3mimeHoi B Mepexi IHrepHer, sKki
JO3BOJIWJIM  BH3HAYHATH TIPOOJIEMHE  TIOJIE

16

JOCIIJIKCHHSI, OTPUMATH 3arajbHe YSBICHHS
PO CTYMiHb PO3POOIEHOCTI JOCTIIKYBAHOL

npoOJeMHu; METOAU EMIIPUYHOrO  PIBHSA
JOCTIIKEHHS, METOT! MaTeMaTHIHOT
CTaTUCTHKH. Amnauri3 JTOKYMEHTaJIbHHX

MaTepialiB MPOBOAMBCS 3 METOK OIIHKH
CUCTEMH KOHTPOJIIO Y HAaBYAJIBHUX Iporpamax
3 6ackeroony mns JIOCIL, CAKOCHIOP Ta
[IBCM, siki BUKOPHUCTOBYIOTHCS B YKpaiHi
nporsarom 2019 poky, ta 3 2019 poky no
tenepimuboro yacy (IBuenko, 2019; 2020;
Ivchenko, & Mitova, 2020; Mitova, et al,
2022).

PesyabTaTn gociigkeHHsi Ta  IX
ooropopenHsi. Ockinbku  Oackerbon  —
CIIOPTUBHA TIpa, IO XapaKTePU3YEThCS
BHUCOKOIO PYXOBOIO aKTHUBHICTIO, BEIUKOIO
IHTEHCHUBHICTIO ITPOBHUX I, 110 BUMArae BiJl
IPaBliB  MaKCUMAJIbHOTO  BUKOPHCTAHHS
(yHKIIOHAJIBHUX MOJKJIMBOCTEN, IIBUJKICHO-
CWJIOBUX SIKOCTEH, creriagpbHa  ¢i3udHa
IIIArOTOBJIEHICTE 0ackeTOOJIICTIB ITOBHUHHA
OyTH Ha BUCOKOMY PiBHI.

Jns  peamizamii  HEYITKO-JIOTIYHOTO
OiAXOAY JI0 BH3HAYEHHS IHTErpajibHOIO
MOKA3HHUKA [HMe2panvbHoi OYiHKU CneyianbHoi
@izuunoi nioecomosnenocmi backemoéonicmis
Ha emani nonepeonboi 06a3060i Ni020MOBKU
(Y) MM BHIITHIHM OCHOBHI TPYNMH BXIiTHHX
MOKAa3HUKIB, IO BIUIMBAIOTL Ha IIJLOBHI
MOKa3HUK, a caMe: pe3yibmamu mecmy
«Yoenurxosuu 6ic 3X10 m 3 ob6bieanHsm
Habusnux m’suie» (X1) i pesyromamu mecmy
«bie 00 npomymeposanux nabusHux m’suiey
(X2).

Ha puc. 1 npencraBneHo 3araibHy
CXeMy HEUITKOi eKCIepTHOI CHUCTEMHU SK
MEPETBOPCHHSI  JIAHUX  BCEPEIWHI  camoi
CUCTEMH.

Hactynuuii eran moOyaoBH HEWITKOL
€KCIIePTHOI CHCTEMHU 3aCHOBAaHUU Ha BHOOpI
¢byHkuii npuHanexxHocTi. HewiTka Moaensb
JOCUTh YCKJIAQJHIOE MOJENb, SKIIO BOHA
3aCHOBaHA Ha 3HAYHIM KIABKOCTI BXIIHHX
3MIHHUX, IO BiJMOBIJHO, MPOLUTIOCTPOBAHO
nami. Y 3B'SI3Ky 3 THM, IO KUTBKICTh BX1THUX
3MIHHHX BHUMarae OOTPYHTOBAHOTO
ONTHUMAJILHOTO  CcKopoueHHs. Kpim Toro,
(GyHKIIIS TPUHATIEKHOCTI 3alIUTY€E BiMOBIIHY
KOPEKI[if0 3 ypaXyBaHHSM BHIIE3a3HAYCHOTO
CKOpPOYEHHS;, B  OyIb-IKOMY  BHUMAJKY
niana3oH 3HAYeHb IMOBHHEH 3alIUIIATHCS
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HE3MIHHUM Il JIIHTBICTUYHOTO  OMHCY
3MIHHHX IS KOXKHOTO BXIJHOTO 3HAYCHHS
(Sivanandam, & Sumathi, 2006).

J3BoHyBaTa  (QYHKIiS  HAJIEKHOCTI
Bi3yaJIbHO Ma€ BHIJISIJI CHMETPUYHOI KPHBOI,
sika Haraaye Gopmy I3BOHY.

O3HaueHa byHKIIISA
dbopmyIoro, napameTpu
THTEPIPETYIOTHCS HACTYITHUM YHHOM:

3a7Ja€ThCA
SIKO1

2023 Ne2(28)

— )

1+|?

u(x) =

ne a — KoedilieHT KoHmeHTpauii (QyHKil
HAICKHOCTI; b — Koe(dilieHT KpPUBUHH
¢bynkuii  HamexHoCTi; C KOOpJUHaTa
MaKCUMyMY (DYHKITiT HaJI€KHOCTI.
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y=f(x)
Puc. 1. 3aranpHa cxema HEUITKOT €KCIIEPTHOT CHCTEMU
Hacrynmaum €Tarom no0y10BH r=z% (2)
HewiTKoi Mmozeni e imeHTudiKaIis HeYITKO- V Tabn. | TPENCTABACHO KOPESIIIO
JOTIYHUX  mOpaBwil.  BpaxoBywouw, 110

KUIBKICTh BXIJIHMX JIaHUX MOJeNl (BXIJIHHX
3MIHHHX) JOPIBHIOE @, a KOXXEH BXiJ Mae Z
HEYITKUX MHOXUH ((QyHKLINH HaJEXHOCTI), TO
KUIBKICTh TPaBWJI HEYITKOi JIOTIKM MOKHA
BU3HAYUTH HACTYITHOIO (POPMYIIOIO:

MDK KUIBKICTIO HEUITKUX MPaBHJ MOJEN, 110
3a0e3MeuyloTh MOBHOTY MOJIENi, 1 BXIJHUMH
JAHUMH Mojeli (BXiIHUMH 3MIHHUMH) @, a
TaKO’X KUJIBKICTIO HEYITKUX MHOXHH Z Ha
KOKHOMY BXO/Ii.

Tabnuys 1.

Kopensinis Mi’ KUIBKICTIO HEUITKHX NPAaBUJI MOJeJIi, 10 320e311e4yI0Th IOBHOTY MOAeII, i
BXiTHUMH JTaHUMH MojieJi (BXiTHUMH 3MiHHUMH) @,
2 TAKOK KUUIBKICTIO HEYITKMX MHOKMH ZHA KOKHOMY BXOAi

KiapKiCTh HEUITKUX MHOKHH .. . . .. . .
. KinpKicTh BXITHUX JaHUX MOJAENI @ (KUTbKICTh BXIJHUX 3MIHHHX )
Z Ha KO)KHOMY BXO[Ii

w=1 w=2 w=3 w=4 w=5

=1 1 1 1 1 1

=2 2 4 8 16 32
7=3 3 9 27 81 243
7=4 4 16 64 256 1024
7=5 5 25 125 625 3125

Taoi.

HEYITKHUX

1 mnoka3sye,

MHOXHWH z

o 30UIbIICHHS
KUTBKOCTI BXIIHMX JaHUX MOAeNl (BXiTHUX
3MIHHHUX) @ TOPSJ 31 30UTBIIEHHAM KITbKOCTI

IMPpU3BOAUTH

J0
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301IBIIEHHS. HEYITKUX MpPaBWI, IO POOHUTH
nmoOyoBy  Mojeni

(TTerar, 2009).
Kinexict

b HEYITKHUX

JOCHUTDb

MHOXHWH

YCKIIAAHCHORO

Ha

KOYKHOMY BXOJIl TPUIMAEMO SIK Z=3, KUTbKICTh
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BXIJTHUX 3MIHHUX NpuiMaeMo sk w=2. Tomi
KUTBKICTh TPaBHJI HEYITKOI JIOTIKM MOBHMHHA
Ooytu r=32=9 juis 3a0e3NeueHHS TOBHOTH
MOJIEJI.

MopentoBaHHsS 1HTETPAIBHOI OIIIHKU

Ta piBHS crenianbHOT ¢bizngnoi
MIArOTOBIEHOCTI OackeTOOINIICTIB Ha eTarll
nonepeaHboi  0a30BOi  MIATOTOBKM — OyIo

BUKOHAHO B MPOrpaMHOMY 3a0e3MedyeHHi
Fuzzy Logic Toolbox cepemopuma Matlab
(Bepcist R2021a) ¢ipmu MathWorks, 1o
BIUIMHYJIO Ha HACTPOWKY 1 TNpEICTaBICHHS
JI3BOHYBATO1 byHKIii HaJISKHOCTI.
HanamrryBanus ¢byHKmii BUIJISJIA€
HactynmauM yrHOM: u(x) = gbellmf (x, [abc]),

FIS Variables T T

Jie X — BXijHa 3MiHHa, @, b i C — BumIe3ramani
napametpu (hopmyina (1).

Ha nacrynuux puc. 2-4 npeacTtaBieHO
aTpuOytu Ta (QyHKIIT HATEKHOCTI NI JTBOX
BXIJTHAX 3MIHHUX 1 OxHI€l BUXIAHOI 3MIHHOI.
Ha puc. 2 mpexacraBneHo BxiaHy 3miHHa X1,
sgKa SBJISE COOOI  pesyrbmamu  mecmy
«Yosuurxosuu 60ic 3X10 m 3 ob6bicanHam
HAOUBHUX M’A4igy 1 Mae€ TpU aTpudOyTH
(pynkuii wHanmexxnocti): LOw — HH3BKHI
piern, Medium — cepenniii piBenb, High —
BUCOKHI piBeHb. Ll QyHKIIIS € 13BOHYBATOIO
i mpuiiMae 3HadeHHs B jiamasoni (MiToBa,

2020; MirtoBa, & Ilunkapyk, 2022;
[TornaBcekuit, & OkinHsK, 1999).

Membership function plots
T T

High
/>O<\ |

¥

—
xX

T T T
Medium Low

input variable "X1"

Puc. 2.OyHKIIis HATEKHOCTI 711 BXiHOT JTIHTBICTUYHOI 3MiHHOT X1 (pesyromamu mecmy
«YHosnukosuil 6ic 3X10 m 3 060icannsImM HAOUSHUX M AUI6»)

Ha puc. 3 mnpencraBieHo BXiAHY
3smiHHy X2 (pesyromamu mecmy «bie 00
NPOHYMEPOBAHUX HAOUBHUX M 'AUI), IO MAE
TpH atpudyTH (QyHKIIT HanexxkHOCT1): Low —

Hu3bkuii piBerb HHI, Medium — cepenniii
piBenb HHI, High — Bucokwuii pisers HHI. 15
¢GyHKLIg 13BOHYBaTal NpuiiMae 3HA4YEHHS B
miammazoni (Mirtosa, 2020; IlorumaBcekuii, &
Okinasik, 1999).

plot points: 181
Membership function plots
T T

FIS Variables T T

High

Y

A
XX

T T T T
Mexdium Low

input varable "X2"

Puc. 3. ®yHKIIiS HATEKHOCTI [T BXiAHOT TIHrBICTHUHOT 3MiHHOT X2 (pesynomamu mecmy «bie 0o
NPOHYMEPOBAHUX HAOUBHUX M 'AUI6))
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Ha puc. 4 mnpencraBieHo BHXiIHY
smiany Y (“immeepanvna oyinka cneyianbHoi
Gizuunoi niocomoenenocmi 6ackemoonicmia
Ha emani nonepeonvoi 6a3060i niocomoexu")
1 Mae Tpu aTpuOyTH (PYHKIII HATEKHOCTI):

FIS Variables T T

Low — Hu3bkuit cTyminb, Medium — cepenniit
crymiab, High — Bucokumit crymine. Ils
¢GbyHKLiZ € A3BOHYBaTold 3a  (opMoroi
npuiiMae 3HaueHHs B aiana3oHi Big 0 qo 10.

plot points: 181
Membership function plots
T T T

Low

2

Medium High

output varable *Y™

Puc.4. OyHKIis HaJIEKHOCTI AJI BUX1AHOI JTIHTBICTUYHOI 3MIHHOI Y (“inmezpanvha oyinka
cneyianvhoi Qizuynoi niocomosienocmi backemboaicmie Ha emani nonepeonvboi 6a30601
nio2omoexu’*)

Ha migcraBi ommcy IBOX BXITHHX 1
OJHi€] BUXiAHOI 3MIHHMX BHM3HAUMMO 32=9
HEYITKUX TPaBWJI JJIs BHCHOBKY BHXIiJTHOT
3MIHHOI.

[TpaBuiia HEYITKO1
MPEICTAaBUMO HACTYITHUM YHHOM:

IIpasuno 1: 1f (X1 is Low) and (X2 is
Low) then (Y is Low);

IIpasuno 2: 1f (X1 is Low) and (X2 is
Medium) then (Y is Low);

IIpasuno 3: 1f (X1 is Low) and (X2 is
High) then (Y is Medium);

Ilpasuno 4: 1f (X1 is Medium) and (X2
is Low) then (Y is Low);

IIpasuno 5: If (X1 is Medium) and (X2
is Medium) then (Y is Medium);

IIpasuno 6: If (X1 is Medium) and (X2
is High) then (Y is High);

IIpasuno 7: 1f (X1 is High) and (X2 is
Low) then (Y is Medium);

IIpasuno 8: If (X1is High) and (X2 is
Medium) then (Y is High);

IIpasuno 9: If (X1 is High) and (X2 is
High) then (Y is High).

JliBuif CTOBMYMK Ha pHUC. S5 SBISE
co00r0 Bci 9 BHM3HAYEHUX HEYITKHX IPaBUII,
HACTYITHI  JBa  CTOBIYHMKH  ITOKAa3yIOTh
sHayends X1=8,58 ta X2=7,28 mus 3HaueHb
BXIJTHUX 3MIHHUX. 3HaueHHA Y TIOKa3aHO Yy
MIPABOMY CTOBITYHKY JIJIsI KO)KHOTO HEUITKOTO

JIOTIKH
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npaBWiIa K pIiBeHb IHTETPAJIbHOI OIIHKH
cremniaapbHoi  (I3UYHOI  MIATOTOBJICHOCTI
OackerOomicTiB Ha  erami  MONepeaHbOl
0a30B0] M ATOTOBKHU.

Hanpukman, mnpu O3HAYCHUX BHIIE
BXIJIHMX 3HAQYEHHSAX BHXIJHE 3HAUYCHHS
nopiBHoe Y=7,71. Pe3ynbTaTu Bizyanmizauii y
cepenoBumii  Matlab  mpeacraBieHo  3a
JONIOMOTOK0  Bi3yamizatopa  RuleViewer
(puc. 5).

[To6ynoBana MOJIEIh HEYITKOT'O
BHUCHOBKY JIO3BOJISIE OIIHUTU 1HTETPaIbHY
OI[IHKY creniajabHol b13u4HOi
IIICOTOBJICHOCTI 0acKeTOOJICTIB HaA eTalll
nonepeaHpoi  06a3oBOi  MIATOTOBKM Y B
3aJ1€KHOCTI Bijg 3MiHHOI X1, 110 ABIsS€ COOO0IO
pesyiomamu  mecmy « Hoenuxosoco  bOiey
3x10 m 3 obbicannam nHabusHux m’a4ie”, Ta
X2, mo sBisie co00I0 pezyrvmamu mecmy
«bie 0o nmponymeposanux HabueHux m’suiey.
3aneHICTh BHXIZHOI 3MIiHHOI Y, sSKa €
IHTETpaIbHOIO OIIIHKOO CHeIialbHOT
(131M4HOT MiATOTOBJIEHOCT] OackeTOOMICTIB Ha
eTani momepeaHboi 6a30BOi MiTOTOBKH, BiJ
BXITHUX 3MIHHHX SIBJISIC co0or10
HECKIHUEHHICTh 3Ha4€Hb Y, MPEACTaBICHUX Y
BUIJISI/II TOBEPXHI BIATYKY, MOOYIOBaHOI 3a
JONIOMOTOI0  Bizyanizaropa Surface Viewer
(puc.6).
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Puc.5. Peanizaiis HeuiTkoro BucHOBKY Mamoani B nmakeri FuzzyLogic Toolbox y cepenoBurii
Matlab ¢ipmu MathWorks mist BusHadeHHs piBHsI iHTETPaIbHOI OLIHKH CIEiaabHOT (i3udHOT
MirOTOBIICEHOCTI 0ACKETOOICTIB HA eTali MoNepeIHb01 0a30BOi MiATOTOBKU

Puc. 6. 3ayexHicTh BUXITHOI 3MiHHOI Y, III0 BU3HAYA€E PIBCHb [HME2PANbHOI OYIHKU CReYiaTbHOT
@izuunoi niocomosnenocmi backembonicmie Ha emani nonepeoHvoi 6a3z080i Ni020Mo6KU, Bil
BXimHOI 3MiHHOT X1 (pezyrbmamu mecmy «Yoenukosuti Oie 3X10 m 3 ob6icanusm HAOUSHUX
M ’suig») Ta BXiIHOT 3MiHHOT X2 (pesyrvmamu mecmy «bie 00 nponymeposanux HabusHux m’sauiey).
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Bizyamizaitis moBepXHI «BXiA-BHUX1I»
JIO3BOJISIE BU3HAYUTH, 1 (0) BUXIIHUNI

iHnukatop Y, SIKUi € CTYIIEHEM iHme2panbHol
Gizuunoi

OYIHKU cneyianbHol
niocomosnenocmi backembonicmie Ha emani
nonepedHvoi 0a3080i Ni020MOBKU, IOCATAE
CBOIO MAaKCHMyMY IIpH MaKCHMaJbHOMY
3HayeHHi  iHpumkatopa X1,  saxuit €
pezyromamom mecmy « Hosnuxosuii oie 310
M 3 000i2aHHAM HAOUBHUX M S4ie», TIOPAN 3
BEIMKUM  3HAUYeHHIM X2,  SKuid €
pe3yivmamom mecmy «bie 00
NPOHYMEPOBAHUX HAOUBHUX M SIUIBH.
BucnoBku. [lin0uBarounm miIcyMOK
BUIICBHUKIIAJICHOMY, CJIiJi KOHCTAaTyBaTH, IO

JUIl  BU3HAUEHHS CTYIEHS  [HMe2paibHOL
Gizuunoi

OYIHKU cneyianbHol
niocomosnenocmi b6ackemoonicmie Ha emani
nonepeonvoi  6a3060i nNi020MOGKU METOJ
HEYITKMX MHOXHH BB@)XA€ThCS HANHOLIBII
e¢(eKTUBHUMH B TIOPIBHSHHI 3 JIHIHHUMUH
MoOJeNIsIMU. MoOJelb TEOPETUYHO JI03BOJISIE
3alydUTH 3HAUHY KUIBKICTh TOKAa3HUKIB.
[Ipote, mpakTuyHuii BUOIp MOBUHEH OYTH
OOIpYHTOBAaHHI Baror MOKAa3HUKIB, 3 OJJHOTO
00Ky, 1 IHTEHCHBHICTIO 300py JaHUX,
HEOOXIAHMX Ui  BH3HAYEHHS  CTYIEHA

iHmeepanvHoi OYiHKU cneyianvHoi ¢hizuuHoi

nidecomosnenocmi backembonicmie Ha emani
nonepeonvoi 6a3060i Ni02o0mMo6Ku, 3 1HIIOTO
OOoKy.

Jns  peamizanii  HEYITKO-JIOTTYHOTO
MiOXOAy /O BHU3HAYEHHS 1HTETPaIbHOTO

TOKA3HUKA [HMEeZpanbHOi OYIHKU CneyianbHol

@izuunoi niocomoenrenocmi 6ackemobonicmie
Ha emani nonepeonvoi 06a3080i Ni020MOBKU
(Y) MM BHIUTHIH OCHOBHI TPYIMH BXIiTHHX
MMOKAa3HUKIB, IO BIUIMBAIOTL Ha IIILOBUHI
MOKa3HUK, a caMe: pe3yibmamu mecmy
«Yosnuxosuu 6ic 3x10 m 3 o006icanHAM
HabusHux m’suie» (X1) 1 pezyromamu mecmy

«biz 00 npoHymeposaHux HAOUSBHUX M AUIBY
(X2).

HeuiTko-noriyaa mojenb, po3podiieHa
JUISL BU3HAUYCHHAIHMESPAIbHOT OYIHKU
cneyianohoi  izuunoi  nideomoenenocmi
backembonicmie Ha emani NnonepeoHboOi
6azoeoi  nidcomoséku, BUKOHYETbCS  3a
HAaCTYIHUMHU eTamamu: 1) 3amydeHHs ABOX
NOKa3HUKIB, OJMH 3  AKHUX  OIUCYE
pe3yiomamu mecmy «Hosnukoguti oie 3 %10
M 3 000icanHAM HAOUBHUX M S4i6», A THIINH —
pe3yremamu mecmy «bie 0o nponymeposanux
HabueHuUx M’auiey;, 2) BUOIp mHapameTpiB 1
Uy (DyHKII{ HAJTEKHOCTI IS IBOX BXIiTHUX
3MIHHUX 1 oOpHi€el BHUXITHOT 3MiHHOI;, 3)
po3poOKa cHCTEeMH 3 CTBOpECHHsSM 9-Tu
JIOTTYHUX MIpaBuUJI; 4) PO3paxyHOK
iHmezpanbHOi OoyinKu cneyianbhoi ¢izuunoi
nioecomosnenocmi backembonicmie Ha emani
nonepeonvoi  06a3060i  ni02omosKu 3
BUKOPHCTAHHAM HEYITKOTO BHUCHOBKY
Mamoani; 5) nepeBipka aJeKBaTHOCTI MOJIENI.

IlepcnexkTuBH NOJAJIBIINX
AOCHIIZKEHb Yy  JIaHOMY  HANPSMKY
MOJISATAIOTh B IOAATBIIOMY BHUKOPHCTAaHHI
Cy4aCHMX METOJIiB OOpOOKM ITaHWX, METOIIB
MaTeMaTUYHOTO MO/IETTIOBaHHS TUIS
3HAXOJKEHHSI a00 BIAKPUTTS TMPUXOBAHUX
3AJIE)KHOCTEN MIK BXIIHAUMHM Ta BUXIIHUMHUA
3MIHHUMH, 10 CHPUATAME YIOCKOJICHHIO
Cy4acCHHX METOTUK TpYHYBaHb
OackeTOoJICTIB HAa  €Taml  MOMNEepPeAHbOI
0a30B0] MM ATOTOBKHU.

Konduikr iHTepeciB.
Bi[3HA4YalOTh, IO HE ICHYE
KOH(JIIKTY 1HTEpECIB.

xepena ¢inancyBanns. Llg crarTs
HE oOTpuMana (iHAHCOBOI MIATPUMKH Bij
JiepKaBHOI, T'POMAaJChKOi abo KoMepIiiHO1
oprasizariii.
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Abstract. Ivchenko Oksana, Mitova Elena, Myachin Valentyn Fuzzy-logic expert system
for integral assessment of basketball players' special physical fitness level at the stage of
preliminary basic training. The purpose of this research is to build a fuzzy expert system for
assessing the level of special physical fitness of basketball players at the stage of preliminary basic
training using a fuzzy-logical approach. The methodological basis of the study was formed by
scientific works of domestic and foreign scientists and leading experts. To build an integral
indicator, fuzzy inference is introduced. Two indicators are selected as input variables. The first
indicator X1 is the results of the test "Shuttle run 3X10 m with running around stuffed balls™. The
second indicator X2 is the results of the test "Running to numbered stuffed balls". The output
variable is determined by the indicator Y, which represents "an integral assessment of basketball
players' special physical fitness at the stage of preliminary basic training”. The modeling of the
integral assessment and the level of special physical fitness of basketball players at the stage of the
previous basic preparation was carried out in the software Fuzzy Logic Toolbox of the Matlab
environment (version R2021a) of the firm MathWorks that influenced the setting and representation
of the bell-shaped function of membership. Both input variables and output variables are converted
into fuzziness by constructing membership functions. The type and parameters of the membership
function are substantiated and the bell-shaped membership function is chosen to describe the
uncertainty of values falling under the normal distribution. The number of fuzzy sets at each input is
considered as z=3, the number of input variables as w=2. To achieve the completeness of the
model, the number of logical rules was defined as r=3%=9. It should be noted that the fuzzy-logical
model, which was developed to determine the integral assessment of special physical fitness of
basketball players at the stage of preliminary basic training, is carried out according to the
following algorithm, namely involvement of two indicators, one of which describes the results of the
test "Shuttle run 3X10 m with running around stuffed balls™, and the other - the results of the test
"Running to numbered stuffed balls™; selection of parameters and type of membership function for
two input variables and one output variable; development of the system with the creation of 9
logical rules; calculation of the integral assessment of basketball players' special physical fitness at
the stage of preliminary basic training using Mamdani's fuzzy inference; and the final component is
the verification of the model's adequacy.

Keywords: basketball players; stage of preliminary basic training; fuzzy expert system;
fuzzy logic; membership function; defuzzification

23



CHHOPTUBHI ITPH  SPORTYVNI IHRY SPORT GAMES 2023Ne2(28)

References

Ivchenko, O.M. (2019). Kompleksnyj kontrol' pidgotovlenosti basketbolistiv na etapi poperedn'oi’
bazovoi' pidgotovky [Comprehensive control of basketball players' fitness at the stage of
preliminary basic training] dysertacija. Dnipro. [in Ukrainian].

Ivchenko, O.M. (2020). Obg'runtuvannja kontrolju zmagal'noi' dijal'nosti basketbolistiv na etapi
poperedn'oi’ bazovoi' pidgotovky [Substantiation of control of basketball players'
competitive activity at the stage of preliminary basic training]. Materialy XI Mizhnarodna
naukovo-praktychna konferencija «Suchasni problemy ta perspektyvy rozvytku fizychnogo
vyhovannja zdorov’ja i profesijnoi' pidgotovky majbutnih fahivciv z fizychnogo vyhovannja
ta sportuy [Modern problems and prospects for the development of physical education of
health and professional training of future specialists in physical education and sports], 19-20
bereznja 2020 roku m. Kyi'v, 182-185. [in Ukrainian].

Mitova, 0.0., & lvchenko, O.M. (2017). Vdoskonalennja systemy testiv dlja kontrolju tehnichnoi'
ta special'noi’ fizychnoi' pidgotovlenosti basketbolistiv na etapi poperedn'oi’ bazovoi'
pidgotovky na osnovi faktornogo analizu [Improving the system of tests for controlling the
technical and special physical fitness of basketball players at the stage of preliminary basic
training based on factor analysis]. Naukovyj chasopys NPU imeni M.P.Dragomanova
[Scientific Journal of the National Pedagogical Dragomanov University], Serija 15, 12(94),
58-62. [in Ukrainian].

Mitova, O.0., & Ivchenko, O.M. (2020). Integral'na ocinka ta normatyvni shkaly ocinjuvannja
pokaznykiv special'noi’ fizychnoi' pidgotovlenosti basketbolistiv na etapi poperedn‘oi’
bazovoi' pidgotovky [Integral assessment and normative scales of assessment of indicators
of special physical fitness of basketball players at the stage of preliminary basic training].
Naukovyj chasopys nacional'nogo pedagogichnogo universytetu im. M.P. Dragomanova
[Scientific Journal of the National Pedagogical Dragomanov University], no 8(128), 120-
124 DOI 10.31392/NPU- nc.series 15.2020.8(128).26. 2020. S. 121-124. [in Ukrainian].

Mitova, O. (2020). Formuvannja systemy testiv dlja kontrolju pidgotovlenosti gravciv u
komandnyh sportyvnyh igrah [Formation of a test system for monitoring the preparedness of
players in team sports games]. Sportyvna nauka ta zdorov’ja ljudyny [Sports science and
human health], no 2, 88-101. [in Ukrainian].

Mitova, O., & Shynkaruk, O. (2022). Obg'runtuvannja pidhodu do formuvannja systemy kontrolju v
komandnyh sportyvnyh igrah [Substantiation of the approach to the formation of a control
system in team sports games]. Sportyvnyj visnyk Prydniprov’ja [Sports Bulletin of
Prydniprovia], no 1, 191-200. DOI: 10.32540/2071-1476-2022-1-191. [in Ukrainian].

Mitova, O. (2022). Dynamika rozvytku komandnyh sportyvnyh igor jak pidg'runtja formuvannja
suchasnoi' systemy kontrolju u komandnyh sportyvnyh igrah [The dynamics of team sports
games development as a basis for the formation of a modern control system in team sports
games]. Fizychna kul'tura, sport ta zdorov’ja nacii' [Physical culture, sports and national
health], no 13(32), 198-211. [in Ukrainian].

Mitova, O., Ivchenko, O., Onyshhenko, V., Poljakova, A., & Gancheva, V. (2022). Analiz dumky
treneriv shhodo problem pedagogichnogo kontrolju u suchasnomu basketboli [Analysis of
coaches' opinions on the problems of pedagogical control in modern basketball]. Sportyvni
igry [Sports games], no 3(25), 86-96. doi: 10.15391/si.2022-3.08. [in Ukrainian].

Mitova, O., Ivchenko, O., Onyshhenko V., Poljakova A., & Hanjukova, O. (2022). Vyznachennja
znachushhosti storin pidgotovlenosti ta pokaznykiv zmagal'noi' dijal'nosti jak pidgruntja
rozrobky kompleksnoi' systemy kontrolju gravciv u basketboli [Determination of the
significance of preparedness aspects and indicators of competitive activity as a basis for the
development of a comprehensive system of player control in basketball]. Sportyvni igry
[Sports games], no 4(26), 86—96. doi: 10.15391/si.2022-4.02 . [in Ukrainian].

24



CHHOPTUBHI ITPH  SPORTYVNI IHRY SPORT GAMES 2023Ne2(28)

Platonov, V.N. (2015). Systema podgotovky sportsmenov v olympyjskom sporte. Obshhaja teoryja y
ee praktycheskye prylozhenyja: uchebnyk [The system of athlete training in Olympic sport.
General theory and its practical applications] [dlja trenerov]: v 2 kn. K.: Olimpijskaja
literatura/. [in Ukrainian].

Poplavs'kyj, L.Ju.,, & Okipnjak, V.G. (1999). Basketbol. Navchal'na programa dlja
dytjachojunac'kyh sportyvnyh shkil, specializovanyh dytjacho-junac'kyh shkil olimpijs‘’kogo
rezervu ta shkil vyshhoi' sportyvnoi' majsternosti (navchal'no-trenuval’ni grupy ta grupy
sportyvnogo udoskonalennja) [Basketball. Curriculum for children's and youth sports
schools, specialized children's and youth schools of the Olympic reserve and schools of
higher sports skills (training groups and sports improvement groups)]. K. [in Ukrainian].

Poplavs'kyj, L.Ju., Maslova, O.V., Bezmylov, M.M., Mitova, O.0., Murzin, Je.V., & Chetvertak,
O.A. (2019). Basketbol. Navchal'na programa dlja dytjacho-junac'kyh sportyvnyh shkil,
specializovanyh dytjacho-junac’'kyh sportyvnyh shkil olimpijs'’kogo rezervu, shkil vyshhoi'
sportyvnoi' majsternosti ta specializovanyh navchal'nyh zakladiv sportyvnogo profilju
[Fackembon. Haeuanvna npoepama 0 OUMAYO-IOHAYLKUX — CHOPMUSBHUX — WKL,
cneyianizo8anHux OUMAYO-IOHAYbKUX CHOPMUBHUX WIKIN OJIMRIUCLKO20 pe3epsy, WKLl euoi
CNOPMUBHOI  MAUCMEPHOCMI MA  CReyiani308aHUx HABYALbHUX 3AKAA0I8 CHOPMUBHO2O
npoghino]. Kyi'v: Respublikans'kyj naukovo-metodychnyj kabinet Ministerstva molodi ta
sportu Ukrai'ny. [in Ukrainian].

Pegat, A. (2013). Nechjotkoe modelirovanie i upravlenie [Fuzzy modelling and control]. 2-e izd.
M.: BINOM. Laboratorija znanij. [in Russian].

Sivanandam, S.N., & Sumathi, S.D.S. (2006). Introduction to Fuzzy Logic using MATLAB.
Springer-VerlagBerlinHeidelberg.

Ivchenko, O., & Mitova, O. (2020). Component of psychological training of basketball players at
the stage of preliminary basic training in the preparatory period. Slobozhanskyi herald of
science and sport: [scientificand the oretical journal, no 8 (4), 69-80.

Solovey, O.M., Mitova, O.0., Solovey, D.O., Boguslavskyi, V.V., & lvchenko, O.M. (2020).
Analys is and generalization of competitive activity result sof hand ball club sin the game
development aspect. Pedagogics, psychology, medical-biological problems of physical
training and sports, no 01, 36-43. doi:10.15561/18189172.2020.0106

Koryahin, V., Blavt. O., Doroshenko, E., Prystynskyi, V., & Stadnyk, V. (2020). Training effect of
special basketball exercises. Teorid Ta Metodika Fizicnogo Vihovannd, no 20(3), 137-141.

Kozina, Zh.L., Sobko, I.N., Yermakova, T., Cielicka, M., Zukow, W., Chia, M, Goncharenko, V,
Goncharenko, O, & Korobeinik, V. (2016). Psycho-physiological characteristics of female
basketball players with hearing problems as the basis for the technical tactic. Journal of
Physical Educationand Sport, no 16(4), 261348-1359. DOI:10.7752/jpes.2016.04213

Mitova, O., Griban, G., Oleniev, D., Yakovenko, A., Onyshchenko, V., Mozolev, O., Semeniv, B.,
Lytvynenko, A., Khurtenko, O., Zamrozevuch-Shadrina, S., Kozibroda, L., & Hres, M.
(2022). The impact of mini-basketball training sessions on the 6-7-year-old boys’ physical
fitness and physical development. International Journal of Human Movementand Sports
Sciences, no 10 (4), 754-767. doi: 10.13189/saj.2022.100416.

Mondoni, M. (2020). General guidelines of mini basketball. Italy, Roma.

National Basketball Coaches Association (NBCA) (2017). NBA coaches play book: techniques,
tactics, andteachingpoints. South Californian University in LA.

Sushko, R. & Doroshenko, E. (2017). Professionali zationissues of concernas a factor of sports
games globalization (basingonbasketball). Fundamental and Applied Studiesin EU and CIS
Countries : proceedings of the VII International Academic Congress, 26—28 February 2017.
United Kingdom, Cambridge, England, Vol. VII, 128-132.

Giorgio, Gandolfi (2014). NBA Coaches Playbook. Techniques, tactics, andteachingpoints.
Gandolfi Giorgio. HumanKinetics.

25



CHHOPTUBHI ITPH  SPORTYVNI IHRY SPORT GAMES 2023Ne2(28)

BizomocTi nmpo aBTopis / Information about the Authors

IBuenko Okcana MukomnaiBHa: x. @i3. eux, doyenm, doyenm Kagheopu Qizuunoi Kyromypu,
cnopmy ma 300po8’s, JlepocasHull uyull HABYAIbHUL 3aK1A0 YKPAIHCbKUL 0epiuCcasHUll XIMIKO-
mexHonociunull ynisepcumem: Ilp. I'acapina 8. m. /[ninpo, 49094, Vrpaina

Ivchenko Oksana Mykolayivna: Candidate of Physical Sciences, Associate Professor of the
Department of Physical Culture, Sports and Health Ukrainian State University of Chemical
Technology: Pr. Gagarina 8. Dnipro, 49094, Ukraine

https://orcid.org/: 0000-0003-0806-0860

E-mail: basket.ivchenko@gmail.com

MirtoBa Onena OnekcanapiBHA: 0.¢hi3.6ux, doyenm, 3a8idy8au Kageopu cnOpMuGHUX i2op
IIpuoninposcvra Oepoicasna axademisi (izuunoi Kyaomypu i cnopmy: eya. Habepesicna nepemocu
10, Juinpo, 49094, Vkpaina

Mitova Elena: D., Associate Professor, Head of the Department of Sports Games
Prydniprovska State Academy of Physical Culture and Sports; str. Naberezhna peremohy 10,
Dnipro, 49094, Ukraine

https://orcid.org/: 0000-0002-4309-9261

E-mail: elenamitova@ukr.net

M’sunn Bantentun ['eopriiioBud: 0. e. 1., npoghecop, npogecop xaghedpu nionpucmuuymaea,
opeanizayii  6upoOHUYMEa ma meopemuyHoi i NPUKIAOHOI eKOHOMIKU, [lepoicasnull euwuil
HABUANbHUL 3aKNA0 YKpAiHCbKULL 0epiHcasHuli XiMiko-mexnonociunui ynieepcumem: Ilp. I'acapina
8, m. /[ninpo, 49094, Vkpaina.

Myachin Valentyn Georgiyovych: Doctor of Economics, Professor, Professor of the
Department of Entrepreneurship, Production Organization and Theoretical and Applied
Economics, Ukrainian State University of Chemical Technology: Pr. Gagarina 8, Dnipro, 49094,
Ukraine.

http://orcid.org/:0000-0002-1491-5100

E-mail: myachin2020fuzzy@gmail.com

26


mailto:basket.ivchenko@gmail.com
mailto:elenamitova@ukr.net
http://orcid.org/:0000-0002-1491-5100

