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CONSTRUCTION OF DECISION TREES FOR DETERMINING THE PASSAGE
TO THE FINAL OF A BASKETBALL TEAM USING MACHINE LEARNING

Construction of decision trees for determining the passage to the final of a basketball team
using machine learning. The paper considers the construction of a decision tree to predict the
progress of a basketball team in the standings. The study examines the advantages and
disadvantages of a decision tree, as well as the problems of training and testing decision trees. This
article describes a completely new approach to solving the problem of data classification based on
decision trees. The use of new methods will allow to get rid of the lack of heuristic algorithms that
are directly related to the wrong choice of the classification separation criterion when creating a
decision tree. This new approach of the decision tree construction algorithm demonstrated in the
process of research a more accurate classification of data, as well as the quality of forecasting
results. In the article, a forecast was made of the possibilities of using decision trees for applied
purposes for predicting economic and financial crisis situations. To prevent a recession in the
economy of the state or a separate company or enterprise. However, before using the data, you must
adhere to the requirements for the form of the data provided. It is also important to keep the data in
a hierarchical manner. During the research, the authors use multidimensional methods that are
useful for describing the normative profiles of statistics and their relationship to situational
changes. The statistical approach of multivariate methods with unpaired data is most suitable for
determining statistics related to basketball tournaments. An algorithm for CART classification using
decision trees, a mathematical model for calculating the main nodes of a decision tree are
presented. Using the Python programming language, an example of a decision tree for the task at
hand has been created and presented.
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CUCTEMA INIATPUMKMU PIIUEHHS ITPU YITIPABJIIHHI 3AITACAMUA
JTPIBHOONITOBUX TOBAPIB METOJAMU HEUYITKOI JIOT'TKH

Hana cmammsa npuceéauena amanizy npoonrem YnpagiiHHa 3anacamu  OpiGHOONMOBUX
moeapie. Cucmemu HeYimKO20 B6UB00Y WUPOKO BUKOPUCHOBYIOMbCA Ol BUPIUEHHS 3A80aHb
VAPAGNiHHA pisHumMu 00'ekmamu i npoyecamu. Ilpu yvomy cmeopenHs Heyimkoi Mmooeni
BUBHAYAEMbCSL HA OCHOBL (QOpMaNbHUX napamempie O00CNIONCYBAHOI cucmemu 6 MmepMIHax
niHegicmuunux sminHux. QOOwiclo 3 npobiem YNpaseniHHMA 3anacamu moseapie € ICHyloua
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HeBU3HAYeHICMb BUXIOHUX OaHux I ompumanux pesyromamis. Toseapu, AKUMU 3anacaromvcs, 8
Oinvwocmi  8unaodkie GIOpizHAMbCA 6apmicmio, 8aeorww ma ob0'emom. Ilpu yvomy 6onu ¢
HEOOHOPIOHUMU 34 CBOEI0 POJLIIO 8 MOP208OMY NpoYeci: Heseluka dyacmuua moeapie 3abesneuye
HaubIIbuly Yacmuny 00X00i8 Ma2a3uHy i, Ha6NAaKu, WUPOKA ACOPMUMEHMHA NIHIUKA 0a€ He3HAUHY
yacmky supyuxu. Tomy akmyaibHoo 3a0auero € NiOMmpuUMants HeoOXiOH020 | 0OCMAMHbL020 00cAcy
3anacié 01a 3abe3neyeHHs NAAHY NPOOAXCi6 | HEOOXIOHO 3pobumu maxe pe2ynr08aHHs.
asmomamudnum, 3abe3neuyrouu onmumanvHi 3anacu. Ilposedeno cucmemamusayiro HAYKO80-
mexHiuHoi inpopmayii 3 memu 0ocniodiceHHs. AHANI3 NOKA3A8, WO AKMYATbHUMU CIAIOMb NUMAHHSL
B00CKOHAIEHHS YNPAGIIHHA 3anacamu OpiOHOONMOBUX MOBAPI6 NIONPUEMCMBA HA OCHOBI N00YO08U
E€KOHOMIKO-MAMeMamudHux mooenet, sKi He nompedyoms iMOBIPHICHO20 ni0xX00y. /s eupiuienHs
yux npobrem YCniwHO BUKOPUCMOBYEMbCA anapam meopii Heuimkoi J102iKu. 3acmocysanHs.
HeYimKUX GelUYUH 8 YNPAGIIHHI 3anacamu unpagoano mum, wjo 0azamo napamempie 6 maxux
3a80aHHAX NPUHYUNOBO HE € BUNAOKOBUMU, XOUA I 8IOHOCAMbCA 00 HeBIOOMUX, He8UHaA4YeHUuM. B
cmammi po32/IsIHYmMo MeXarizM HeuimKo20 102i4H020 8UCHOBKY ma toco emanu. Cghopmosani 6xioni
3MIHHI OlA Ccucmemu HeYimKo20 BUCHOBKY VHAPAGIiHHA 3anacamu OpiOHOONMOBUX MO8aApis:
«KIIbKICMb M0Bapie NPOOAHO CbO200HLY, «KILIbKICMb M06aApié NPOOAHO 840pay, «KiIbKICMb moeapis
NPOOAHO MICAYb MOMY», «KIIbKICMb MOBAPI6 HA CKIAOI», A MAKOMC BUXIOHA — «PO3MID 3aKA3VY.
s 3anpononosanux NiHeGICMUYHUX 3MIHHUX 0OpAHO mepmu ma @OYHKYI NPUHALEHCHOCHI.
IIposedeno moodeniosanus cucmemu He4imKo20 8UBeOeHH s 0 NIAHYBAHHS 3aNacié OpiOHOONMOBUX
mosapie y cepedosuwi Matlab. Pe3ynomamamu excnepumenmie niomeeportceHo adeK8amHicmy
po3pobnenoi moodeni, wo 00360JA€ NOOANbULE BNPOBAOINCEHHSA 3ANPONOHOBAHOI MoOeni ma
HeYimKo2o Memoody 6 cucmemy NIOMPUMKU DIUEHHs Npu YNPAGLIHHI 3anacamu OpiOHOONMOBUX
moeapie.

Knrouoei cnoea: ynpasninmna sanacamu, OpibHOONmMOGI mosapu, MexaHizm J102i4H020
BUCHOBKY.

ITocTanoBka npodJjemMu. B naHuil yac akTUBHO MPOBOJSATHCS JOCIIIKEHHS, MPUCBAYEHI
NUTAHHSAM BJIOCKOHAJCHHS 1 MPAKTUYHOTO BUKOPHUCTAHHS CHUCTEM MIATPUMKH MPHUHATTS PillIeHb
JUIsL BUPILIEHHS 3aBlaHb yhpaBiiHHSA 3amacamu [1-7]. Tpagumiiino pgifioBumu ocobamMu €
BUPOOHUKHU, ONTOBI 1 po3ApiOHI opraHizauii Toprieii. Bonu npuiimMaioTe Ha ce0e pu3HKH, OB'sI3aH1
31 CTaTycoM THMYacOBUX BJIACHUKIB TOBapy, 1 BCTYNAlOThb B JIOTOBIpHI BITHOCMHHM 3 IHIIMMHU
yJaCHHKaMH PHHKY - KOHKPETHUMH CIIOKHBAYaAMH.

Ha cporomuimuiii 1eHb OJHI€I0 3 TpoOJeM YIpaBIiHHS 3amacaMyd TOBAapiB € ICHyKOYa
HEBU3HAYEHICTh BHUXIIHUX JaHMX 1 OTPUMAHUX pe3yibTarTiB. JleTepMiHOBaHI OMHUCY CHUCTEM
yIpaBJiHHS 3amacaMu pigko OyBalOTh aJE€KBATHUMH peajbHUM IIpollecaM, Tak SK OCTaHHI €
HECTaOlTbHUMH 1 HEBU3HAYEHUMH, IO OCOOJIMBO XapaKTEpHO AJI CY4acHOI €KOHOMIKH. SIKiCTb
yIOpaBliHHA B IMX BHIAJKaX MOKHA MiJBMIIUTH Ha OCHOBI BHMKOPHUCTaHHsS MOJeENeH, 1o
BpPaxoBYIOTh HasiBHI HeBU3HAaYeHOCTI. ChOroAH1 001K HEBU3HAYEHOCTEH MPOBOIUTHCS B OCHOBHOMY
3a JIONMOMOTOI0 IMOBIpHICHUX MeToiB. OJHaK IX 3aCTOCYBAaHHS YCKJIAJHEHO HEOOXITHICTIO MaTH
YacTOTHI PO3MOAUTYy HEBU3HAYEHHX MapaMeTpiB, SKI HEMOXIMBO OTPUMATH YEpe3 BHUCOKY
TPYAOMICTKICTh 300py iHQOpMawii mo OaraToTUCAYHOI HOMEHKJIATypi 3acTOCOBYBaHHMX Ha
MIANPUEMCTBI  MarepianiB  abo, HaWyacTiime, depe3 BIJACYTHICTh Takoi iH(opMmamii B
penpe3eHTaTUBHOMY 00cs3i. B ymoBax, 1o Ckimajgucs akTyaJlbHUMH CTalOTh IHTaHHA
BJIOCKOHAJICHHS YIIPaBJIiHHSA 3aracaMu JpiOHOONTOBUX TOBAPIB IMAMPHUEMCTBA HA OCHOBI TOOYIOBH
€KOHOMIKO-MaTeMaTUYHUX MOJIENeH, sIKi He MOTpeOyIoTh iMOBIpHICHOro migxoay. s 1poro
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BUKOPUCTOBYEThCSl amapaTr Teopii HewiTkoi Jioriku [8]. BiH no3Bonsie omepyBaTtu sIK 3 TOYHO
3aJJaHMHU TTapaMeTpaMH, TakK 1 3 XapaKTepUCTHKaMH, iH(pOopMallis Mpo SKUX 3aCHOBAHA HA HEYITKHUX,
Cy0'€eKTUBHHUX OIIHKAX EKCIIEPTIB.

CepeTHPOCTATHCTUYHA TOPTOBO-3aKYINiBEIbHA CUCTeMa BKIOYae B cebe Oumpme 500 Twc.
pi3HMX HalMEHyBaHb BHpOOIB, HANPUKIAJA, CTAHJAAPTHUNA MarasuH - 10 50 THC. BHUIIB TOBapiB.
ToBapu, SIKUMU 3amacarlOThCs, B OUIBIIOCTI BUIMAKIB BiPI3HAIOTHCS BApTICTIO, Barolo Ta 00'eéeMOM.
[Tpr 11bOMY BOHM € HEOJHOPIAHHMMH 32 CBOEIO POJUI0 B TOPrOBOMY IpOIECI: HEBEJIMKAa YacTHHA
TOBapiB 3a0e3edye HAHOUIbIy YacTUHY JTOXOAIB Mara3uHy i, HaBIAaK{, HNIMPOKA aCOPTUMEHTHA
JiHIMKa J1a€ HE3HAUHY YacTKy BUPYUYKHU. Y 3B'A3KYy 3 LIUM TOBApHI 3alacl MOKHA Kiacu(]iKyBaTH SK
HEOJTHOPIHI MarepiayibHi 3amacu. [Ipomec dopMyBaHHS HX 3amaciB € MPOIECOM BHUBEACHHS 3
000poTy yacTHMHHM (HIHAHCOBHUX KOINTIB, IO MPU3BOJIUTH 1O HEOOXITHOCTI CTBOPEHHS [i€BUX
Croco0iB €PEKTUBHOTO YIPABIiHHS BUKOPUCTAHHSM 3aIlaciB, 10 JIO3BOJISIIOTh 3HU3UTH TPUBATICTH
OTepaIifHOro UKy, 3MEHIIUTH TIOTOYHI BUTPATH Ha 30epiraHHs, CKOPOTUTH BTPATH Bill AehiluTy
TOBapiB HA CKJIAAl 1 T.J. 3aBOaHHS TOJSATAE B TOMY, OO 3pOOHUTH PETYIIOBAHHS BXiJHOTO ITOTOKY
aBTOMAaTHYHUM, 320€31eUytoul ONTHUMaJbHI 3aracH.

VY 3BI3KYy 3 MM po3poOKa CHCTEMH MIATPUMKH DIMICHHS HpPW YIPaBIiHHI 3amacaMu Ha
OCHOBI 1HTEJEKTYaJIbHUX TEXHOJIOTIH € aKkTyaJbHUM HanpsMkoM. OCHOBHa 3ajjaya MpU L[bOMY —
HiATPUMaHHS HEOOX1THOTO 1 JOCTATHROTO OOCATY 3amaciB JJisl 3a0€3MeYCHHSI IIaHy TIPOIAKIB.

AHaJi3 0CTaHHIX JOCTII’KeHb Ta My0JIiKaLii.

CucrteMr HEUITKOTO BHBOJy IIHPOKO BHKOPHCTOBYIOTHCS [UIS BUDILNICHHS 3aBIaHb
yIpaBliHHA pI3HUMHU o0'ekTamMu 1 mnporecamu. [Ipy 1bOMy CTBOpPEHHsS HEUITKOI Mojeni
BU3HAUAETHCSI HA OCHOBI (OpMalbHUX TapaMeTpiB JOCHIKYBaHOI CHCTEMH B TepMiHaX
JIHTBICTUYHUX 3MIHHHX.

B poGoti [1] po3poOneHuii anropuTM BH3HAUYEHHS HEYITKOTO TPUKYTHOTO YHCHA, IO
JI03BOJIsIE 0CO01, IO MpUIMae pPIlICHHS OO0 3aKyIMiBelb, BU3HAYMTH HAHOUIBII ONTHUMAJbHY 1
OPUMHATHY AJIs MIJIPUEMCTBA B JJAaHUM MOMEHT 4yacy MOro pO3BUTKY CTpaTerito. 3acTOCYBaHHS
HEYITKO-MHOKUHHOTO MiXOAY J03BOJIsSI€ BPaXOBYBaTH BIUIMB PI3HUX BapiaHTIB BUXIAHUX JaHUX Ha
HEBU3HAYEHICTh IUIAHOBAHUX PE3Y/IbTATIB 1 KUIBKICHO OLIHWUTU TOB'A3aHI 3 LIMM YIPaBIIHCHKI
pU3UKH. Arpoballis 3apoNOHOBAaHOT €eKOHOMIKO-MaTeMaTHYHOI MOJENI JUIsl YIPaBIiHHA 3aracamu
CUPOBHMHHU 1 MaTepiajiB Ha OCHOBI BpaxyBaHHS HEBHU3HAYEHOCT! 30BHILIIHBOTO CEPENOBUINA IS
MeOJIeBOro MiANPHEMCTBA TOKa3aja, 10 MOJENb € €KOHOMIYHO e(pEeKTHBHOIO 1 ii BUKOPUCTAHHS
J03BOJIUTH MIHIMI3yBaTu BUTpatu [1].

ABTopamu po6oTH [2] Uit aBTOMAaTH3alil MPOLECY YHPaBIiHHS CKJIAJACBKMMHU 3amacaMu
OTMMCAHUH MIJIX1/] IO CTBOPEHHIO IHTEIEKTYAIBbHOI CUCTEMH, 110 0a3y€eThCs Ha 3aCTOCYBAaHHI METOTY
HEUiTKO1 JIoTikh. B ocHOBHI (yHKIII cucTeMi BXOAATH: 30epiraHHs JaHUX MO BCIM IOMNEpPEIHIM
nepioiB Ta iHGopMaIlii TPo MoCTavYaIbHUKIB, "Tiepe0aueHHs " MOKIMBUX 3aTPUMOK Y ITOCTaYaHH,
NOCTIHUIA KOHTPOJIb B peajJbHOMY MaciTall 4acy KiTbKOCTI TOBAapiB HA CKIaIl.

B poGorti [3] 3ampomonoBaHO MeToa Qopmamizarmii CHUCTEM YIpaBIiHHSA 3amacamu, IIo
BIJIpI3Hs€ThCS (QopMaii3alielo mapamerpiB, sKi MaioTh BepOanbHe omuc 1 (HOpMIII3yIOThCs 13
3aCTOCYBAHHSM HEYITKUX IHTEPBAJIBHHUX OLIHOK a00 y BUIJISAL JIIHIBICTUYHOI 3MIHHOI. ABTOpPOM
pPO3pO0JIEHO METOJ ONTUMI3allli YHpaBIiHHA CHUCTEMH YIPaBIiHHSA 3amacaMu, IO BiAPi3HAETbCA
KOHIIETITYATbHUM ITIJIX0JIOM, BKJIIOYa€ (OPMYJIIOBaHHs 3aBJaHHs HEYITKOI omTHMIi3allii, BHOIp
MOMEHTY 3aMOBJICHHS B MOJEJi 3 MPOMDKXHUM KOHTPOJIEM 1 po3poOKy CHUTyaliifHOI MoJei, sKa Ha
OCHOB1 00poOKH 1 3HaHb (DaxiBIiB B Bi0Opakae BIAMOBIIHICTh MK HAOOpaM 1 HEUITKUX 3MIHHUX,
110 XapaKTepHU3yIOTh CUCTEM Y YIPABJIIHHS 3aracami, i mapaMmerpam 1 yrpaBIiHHS.
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Y po6oTi [4] mpencTaBlIeHO aJrOpUTM MOOYIOBH MOJIE YIPABIIHHS 3amacaMu 3a YMOBH,
KOJIM HEBIJJOMUI TIOMUT HA PECypC MOJACIIOETHCS 32 JOMIOMOTOI0 HEUITKOT JIOTIKH. AJITOPUTM MOXKE
OyTH 3aCTOCOBaHUWM, 30KpeMa, 1 JJI1 IHHOBAILIMHOTO TOBapy ab0 MOCIyrd, KOJIHM ICTOPUYHI JIaHI TIPO
MOMUT BiJCYTHI. TakuM YMHOM, HAa OCHOBI CIIOCTEpPEKEHb 3a MOMHUTOM Ha MOJIOHI TOBApH Ta Ha
OCHOBI CY/DKEHb €KCIIEPTIB IPOTHO3HE 3HAUEHHs IOMUTY MOKe OyTH INpeJCTaBlIeHE SIK TPUKYTHE
HEUITKE YHCI0. Y pe3ynbTaTi 3Ha4eHHs (DYHKI1 BUTPAT, BIAMOBIAHO, TAKOXK € HEUITKUMH YUCIIAMH.
Hns nedasudikamii miei ¢yHkmii B poOOTI BHKOPUCTAaHO METOJ MEJiaHW, y PE3yJbTaTi 4oro
OTpUMAHO JiliCHO3HA4YHY (YHKIII0O BUTpar. s 3HAXOMKEHHS ONTHUMAIBHUX CTpaTerii
(GyHKIIIOHYBaHHSI CUCTEMU YIPaBIiHHS 3amacaMu Oylio BUKOPUCTAHO KpUTEPii MiHiMizamil GyHKIii
BUTpPAT, OTPHUMAHOI 3a HABEICHHM QJITOPHUTMOM, IO JO3BOJMJIO B SIBHOMY BHIJISIII 3alHCaTH
ONTUMAJIbHI PO3B’SI3KU 3a/1adi. 3HANHACHUHN aJrOPUTM IMOLIYKY ONTHUMAJIbHUX CTpaTerii Moxke OyTu
BUKOPUCTAaHUH TMpH TOOYAOBI MpOrpaMHOro 3a0e3ledyeHHs IS ONTHMi3alii 3aKymiBenb Ha
BUPOOHUIITBI 32 BIJICYTHBOI 1CTOPIi MONepeHiX MpoJaxis [4].

ABTopu [5] 3poOMIM BHUCHOBOK, IO HPHUHIUIHM HEYITKOI JIOTIKA JO3BOJISIOTH 3BECTH
KUTbKICTh HEOOXITHMX JaHMX MO BaHTaXaxX [0 MIHIMYMYy, a TaKOoX BpaxyBaTh pi3Hi 3001 B
MOCTaYaHHAX, SIK 3a TEPMIHAMH, TaK 1 3a KUIBKICTIO. Y 3B'SI3KYy 3 UM TPOUEAYPY NPUHHSITTS
pIIIEHHS PO PO3MIIIEHHS TOBapy B TOMY UM 1HIIOMY MICI[i MOXKHA MEPEKIacTH Ha iHGopMaliiHy
CHCTEMY, a HE Ha EKCHEepTHHH MO CHiBpOOITHHKA ckiaay. JlaHWi migxix BiIKpHBae BEIHKi
MOJKJIMBOCTI JJIi ONTUMI3allii pi3HUX JIOTICTUYHHMX 3aBIaHb, MOXE OyTH BUKOPUCTAHUU IS
H1JBUIIEHHS €()EeKTUBHOCTI Pi13HUX c(ep MISIBbHOCTI MIIPUEMCTBA.

B poGoti [6] 3anmpomoHOBaHa HEYiTKa EKOHOMIKO-MaTeMaTH4HAa MOJEIb YIPaBIiHHS
0araTOHOMEHKJIATYpHUMH TOBapHUMH 3alacaMy TOPrOBO-3aKYIIBEILHOTO MiANPUEMCTBA, 1JIHOBOIO
(YHKILIEIO AKOI € PI3HUI MK CyMapHOIO PiYHOI0 BUPYUYKOIO 1 CYMapHUMH PIYHUMH JIOTICTUYHUMU
Butparamu (Illo BximrouaroTh BUTpaTHM Ha NpUAOAHHS TOBapiB, iX 30epiraHHs Ha CKJajil,
o(opMIIeHHS 3aMOBJIEHHS 1 BTpaTH BiJ 1e(iUTy TOBapiB Ha CKiafi). B SKOCTI 3MIHHUX onTHMI3anii
BUKOPHCTOBYIOTHCS IIOMICSYHI 00CSTY mapTii MOCTaBOK TOTO YU 1HIIOTO TOBApY.

ABTopu poboTu [7] 3amikaBieHi y BUPOOJIEHHI XOPOIIMX HAOIMKEHUX PIIIEHb HEUYITKUX
3aj1a4 YIpaBJIiHHA 3aracaMi, 110 CKJIAJIaloThCs 3 OJHOrO eneMeHTa, 3 mepiogom N. Ile mpobiema
HEUITKOTO YIpPaBJiHHS 3allacaMy, OCKUIbKHM JesKi mapameTpHu (BapTiCTb 3aMOBJIEHHS, BapTiCTh
30epiranHs, mrpadHi BUTpATH) MOXYTh OyTH HEUITKUMHU uuciaamMu. B poOoTi po3risHyTO TpH
Bumnajku: (1) momut BiJoMHUN KOKEH mepio; (2) MOMUT HEBIMOMHMIA 1 HEUITKUN KokeH mepiof; 1 (3)
MOTIHUT HEYITKUH 1 TOMYCKA€ETHCS BIACTPOUECHUN 3aMOBIICHHS.

3acTocyBaHHsA HEUITKMX BEIMYMH B YIPAaBIiHHI 3alacaMH BUIIPAaBIAaHO THM, IO OaraTto
napameTpiB B TaKMX 3aBIAHHSAX MIPUHITUIIOBO HE € BUMAAKOBUMH, X0Ua 1 BITHOCATHCS 10 HEBIIOMUX,
HEBU3HAUEHUM. YIPaBIiHHSA 3amacaMd B yMOBaX HEBM3HAYEHOCTI BHUXIJHMX JaHUX 13
3aCTOCYBAHHSM TEOPil HEUITKUX MHOXKHH € aKTyaJIbHOO 3a1a4cto [1-7].

Merta pgoc/iKeHHsI: JOCHIIUTH MOXJIMBICTh BHKOPHCTAHHS HEYITKOTO YIPaBIiHHS
3amacamu JpiOHOONTOBHX TOBAPIB.

OcHoBHUIl MaTepiaja gociailkeHHsl. 3amacu Ha CKJIaal (OpPMYIOTbCS TpPHU JIEIKOMY
JUHAMIYHOMY BXITHOMY 1 BUXiTHOMY MOTOKaX. OCKUTbKM BUXITHUH MOTIK 3MIHIOETHCS MPOTATOM
yacy 1 y BEJUKIM Mipi 3aJI€KUTh BiJ] 30BHIIIHIX YMOB (HAalpuUKJIaJ, MOMUTY), TO BCE 1€ MPU3BOAUTD
710 HEOOX1JTHOCT1 pEryai0BaHHS BXiTHOTO OTOKY.

[Iporec 3MiHM MOTOYHMX 3aI1aciB BOJOJIE ACSIKOIO 1HEPIIIHHICTIO, a caMme: IMICIIs BKIFOYCHHS
PEeKUMY «30UIBLICHHS 3a1acy» BiIOYBAEThCS MOCTYIOBE 1X HAKOMMUYCHHS. Y MOMEHT BiJKJIIOYCHHS
bOTO PEXHUMY 3alacu MPOAOBXKYIOTh HApOCTaTH MPOTIArOM I€ HEBEJIMKOro, aje KIHIIEBOIO
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MPOMIDKKY 4Yacy. AHaJIOT14Ha KapTHHA CIOCTEPITA€EThCS MPH BKIIOYCHHI a00 BIIKIIOUYCHHI PEKUMY
«3MeHIIeHHs 3amacy». Ll[o0 BpaxyBaTu Bci I1i OCOOMMBOCTI TpOIECY YIPaBIIHHS 3amacaMu
JIpiOHOONITOBUX TOBAPIB MPOMOHYETHCS METOJ] HA OCHOB1 HEUITKOTO BUCHOBKY.

B sikocTi BXigHMX MapaMeTpiB 0OpaHi HACTYIIHI BXiJHI Ta BUXi/JIHI JaHHI:

- sold today — BxigHa 3MiHHA «KiIJIBKICTh TOBApiB MIPOJIAHO CHOTOIHI»;

- sold_yestaday — BxigHa 3MiHHA «KiJIbKICTh TOBApiB MMPOJAHO BUOPA;

- sold_month_ago — BxijgHa 3MiHHA «KiJIbKICTh TOBApPiB MPOAAHO MiCSIlb TOMY»;

- in_stock — BxifHa 3MiHHA «KIJBKICTh TOBAPIB Ha CKJIAJIi»;

- order — BuXiJHa 3MiHHA «PO3MIp 3aKa3y».

ABTOMaTH3aIlis MMPOLECY YNPABIiHHS 3allacaMd BHUKOHYETHCS 3 BHKOPHCTAHHSIM IOCBIAY i
eBpUCTUK ekcrepTiB (0aza 3HaHb) [8]. B mpomeci ¢yHKIIOHyBaHHS Takoi CHUCTEMH Ha BXij
HAJIXOJATh HOBI JaHi, SIKi TICPETBOPIOIOTHCS B Kepyrounii BIUIMB. CyTh MPOSKTYBAHHS TaKOT CHCTEMU
noJisirae B HacTymHoMy. Ha mepriomy erarii Ha MiJCTaBi 3HaHb 1 JOCBIAY €KCIEpTa BU3HAYAIOTHCA
¢dopma i KiTBbKICTh JITHTBICTUYHUX TEPMIB, 110 OIMCYIOTh BX1JHI 1 BUXi/HI 3MiHHI cucTeMu. B mpomy
BUIAJKy eMIIIPUYHI 3HAHHS MPO AAaHOI MPOoOIEeMHOT 00JacTi MOXKYTh OyTH HpeICTaBieHi B (opMi
espuctnuHux npaBwi mpaBuin «AKIIO - TO» [8], ski 3acTOCOBYIOTBCS B pa3i pPydHOTrO
perymoBaHHs. Ll iHopmaiiss B HOJanblIOMy BHUKOPHCTOBYETbCA MpH MOOYyI0BiI 0a3u 3HaHb
CUCTEMH HEUITKOTO BUBEACHHS, KA JIO3BOJISIE PEATi3yBaTH JIaHy MOJIEIb HEITKOTO YIIPaBIIiHHS.

J171st HeITKOro yInpaBIliHHA 3armacaMu ApiOHOONTOBHUX TOBAPiB BU3HAUEH] IS JTIHTBICTUYHHX
3MIHHUX T€pPMHU Ta (PYHKIIIT IPUHAIEKHOCTI, K MOKa3aHOo B Ta0iuii 1 Ta Ha pucyHKax 1-5.
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(=]
|

=)

- | | T 1 1 1 1 1 1

0.1 0.2 0.3 0.4 0.5

[=]

input wariable "sold todav™

Pucynox 1 — @yHKIIISI MPUHATIEKHOCT] BX1THUX 3MIHHUX
st 3MiHHOT «sold_today»

T T T T T T T T T
rrano cepegHBE0 GaraTp

[=]
th
T

o
g

I | T 1 1 1 1 1 1

0.2

[=
[=]

input wariable “sdmg‘;estad-ay"
Pucynok 2 — @yHKIisS IPUHAIEKHOCTI BX1AHUX 3MIHHUX
11t 3MiHHOT «sold  yestaday»
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Ao

T T T T T T T T T
cepegHbLo

GaraTo

=
1 1 1 1 1 1 1 1 1

T = == 0.2 = 6 7 0

[=]
W

0.2 0.3 0.4 0.5 .6 0. .8

input wariable "sold___mo nthv_agu
Pucynok 3 — @yHKIIis IPUHATIEKHOCTI BX1THUX 3MIHHUX
st 3MiHHOT «sold_month_ago»

KMamo

T T T T T T T T
cepenHLo

GargTo

I I T 1 1 1 1 1

1 0.2 0.3 0.4 0.5 0.8 0.7 0.8 0.9

input wvariable "in___stock™

1

Pucynox 4 — @yHKIis NPUHAIEKHOCTI BXIIHUX 3MIHHUX U1 3MIHHOT «in_stock»

Tabmuus 1 — [TapameTpu JTIHIBICTUHYHHUX 3MIHHHUX

IM’st miHTBiICTUYHOT Tepm-MHOXHMHA Bun ¢pysxuii
3MIHHOI MPUHAIEKHOCTI
sold_today TST= {«maio», «cepeHbO», «0araTo»} TpaneneBuHa
sold_yestaday TSY= {«mano», «cepennboy», «baraTo»} TpaneuuBuHa
sold_month_ago TSM= {«maio», «cepeaHbO», «OaraTo»} TpanenuBuHa

in_stock TIS= {«mano», «cepenHbo», «barato»} Tpeyronbaa

order To= {«maino», «cepenHbpoy, «darato»} Tpeyronbaa

CEpEQHED GargTo

] | | T 1 1 1 1 1
o 0.4 0.5 0.5 0.7 2 0.9 1

o 0.1 0z 0.3 0.4 0.5 0.6 0.7 0.8 0.

output wariable "order”

Pucynok 5 — ®yHkuii npuHane:)KHOCTI BUXiAHOT 3MiHHOI Order
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Jlns mepeBipkd MOJEN Ta METOJYy YIPaBJIiHHS 3amacaMd Ha OCHOBI HEYITKOTO BHUCHOBKY
OyJ0 mpoBeeHO MojIeoBaHHs y cepenoBuiii Matlab [9]. 3nans ekcriepTiB B mpeaMeTHil 001acTi y
BurisiAl 81 mpaBuiny Oynu 3akiazeHi y 6a3a mpaBuii, pparMeHT K01 HaBEJCHO Ha PUCYHKY O.

u Rule Editor: order2

File Edit View Options

ol e S

If {zold__today is mano) and (sold__yestaday is mano) and (sold__month__ago is mano) and (in__stock is mana) then (order is manao) (1) -
If (sald__today is mano) and (sold__yestaday is mano) and (sold__month__ago is cepegHbo) and (in__stock is mana) then {order is mano) (1)

If (=ald__today is mana) and (=old__yestaday is mano) and (sold__month__ago is GaraTto) and (in__stock is mano] then (order is mana) (1)

If (sold__today is mano) and (sold__yestaday is cepegHbo) and (sold__month__ago is mano) and (in__stock is mano) then {order is mano) (1)

If (=old__today is mano) and (sold__yestaday is cepegHeo) and (sold__month__ago is cepegrsa) and (in__stock is mano) then (order is cepegHea) (1)

If {zold__today is mano) and (sold__yestaday is cepegheo) and (sold_month__ago is Garato) and (in__stock is mana) then (order is cepegtbo) (1)

If (sold__today is mano) and (sold__yestaday is Garato) and (sold__month__ago is mana) and (in__stock is mano) then (order is mana) (1)

If (=ald__today is mana) and (=old__yestaday is Garato) and (sold__morth__ago is cepegHba) and (in__stock is mano) then (order is cepephea) (1)

_If {sold__today is mano) and (sold__yestaday is Garato) and (sold__month__ago is Garatao) and (in__stock is mana) then (order is GaraTa) (1)

If (=old__today is cepegHeo) and (sold__yestaday is manao) and (sold__month__ago is mano) and (in__stock is mano) then (order is manao) (1)

11 If (zold__today iz cepegHbo) and (sold__yestaday is mano) and (sold__month__ago is cepegHbo) and (in__stock is mano) then (order is cepeprea) (1)

12. If (sold__today is cepegHbo) and (sold__yestaday is mano) and (sold__month__ago is GaraTo) and (in__stock is mano) then (arder is cepegHbo) (1)

13, If (zold__today iz cepepHbo) and (saold__yestaday iz cepegHbo) and (sald__month__ago is mana) and (in__stock iz mano) then (order is cepephea) (1)

14, If (sold__today is cepegHbo) and (sold__yestaday is cepegHbo) and (sold__month__ago is cepegHbo) and (in__stock is mano) then (order is cepegHbo) (1)
15. If (sold__today is cepegHeo) and (sold__yestaday is cepegreo) and (sold__month__ago is Garato) and (in__stock is mana) then (order is Garato) (1)

16. If (zold__today is cepegHbo) and (sold__yestaday is Garato) and (sold__month__ago is mano) and (in__stock is mano) then (order is cepegHeo) (1)

17_If fzald_tadaw i ol and (sald tal

m

[ R e

=
[=]

i Aararnl and (zald __month __ano is cenennnnt and (in__stack is raannd then (nrder i 010

If anc ancl anc Then

=old__today iz zold__yestaday is

=0old__month__ago iz order iz

in__stock iz

CcepeiHbo cepefHbo cepeiHbo cepefHbo
Garato DaraTo Garato GaraTo
none none none none
[ not [ not [ not [ net | ot
Connection Wizighit:
(") ar
felas 1 Delete rule Add rule Change rule ‘ << ==

Read
v Help ‘

Pucynok 6 — @parmeHT 0azu npaBui

Ha ocHoBi nmux naHux OyB 3aCTOCOBaHMI MeEXaHI3M JIOTIYHOTO BUCHOBKY, CXE€Ma SIKOT'O
IIPEJICTaBJIEHa HA PUCYHKY 7.

B HEYITKKX

npasun
OQasiikarop [edasidikaTop
——>{ (NpuBEAEHHA A0 v (npuBeeHHAa g0
X HEYITKOCTI) YiTKOCTI) y
YiTKi HEeYITKUiA NOiYHMiA yiTKa
BEMUYUHM BUCHOBOK BENMUYMUHA

Pucynok 7 — MexaH13M HEYITKOTO JIOTIYHOTO BUCHOBKY
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Llei#t mporiec BKIIFOYA€E YOTUPHU CKIIAI0BI [8]:

—  BBEJIEHHA HeuiTKOCTI ((ha3udikarris);

—  HEYITKUH BUCHOBOK;

—  KOMIIO3HIIIS 1 MPpUBEACHHS 10 YITKOCTI (nedasudikarii);

— 0a3a 1aHUX HEYITKHUX MPaBUJI 32 SIKUMH aHAJTI3yIOThCS BXIJHI J1aHi 1 IEPETBOPIOIOTHCS Y
BHCHOBKY.

Ha erami ¢asudikaiii BCTaHOBIIOETHCS BIAMOBIIHICTh MK 3HAYEHHSM BXIJHOI 3MIHHOT
(uncnoBe 3HaYCHHS) 1 QYHKIIIEIO TPUHAICKHOCTI IS KOXKHOTO JIHTBICTHYHOTO TEPMA, 1110 BXOAUTH
B ITi[yMOBU 0a3u MpaBUJI CUCTEMHU HEUITKOro BuBeaeHHs. Jledasudikaris (MpuUBEACHHS 0 YITKOCTI)
SIBIISIE COOOI0 TIPOLIEAYPY 3HAXOPKCHHS YITKOTO 3HAYEHHS JUIS KOXHOI JIIHTBICTUYHOI 3MiHHOI. B
CBOIO Yepry HEUITKUW JIOTIYHMN BHUCHOBOK BKJIFOYA€ arperyBaHHs, aKTHUBI3allil0, aKyMYJISILis.
ArperyBaHHs sBJiiE CO0OI0 TPOIEAYPY BHU3HAUCHHS CTYIEHS ICTUHHOCTI yYMOB IS KOXKHOTO
npaBuiia. AKTHUBI3allisl BU3HAYa€ MPOILENYpY CTYMHEHsl ICTUHHOCTI Ui KOKHOTO 3 IiJJBUCHOBKIB
NPaBUJI HEYITKUX MPOMYKIIIH. AKyMYJALisA € IpoLeaypy 3HaXOMKEHHs (PYHKIIIT TPUHAIEKHOCTI JUIs
KOKHOI BUXIJIHOI JIHTBICTUYHOI 3MiHHOI. Ilpu mpoMy HeoOXimHO 00'eqHaTH (aKyMyJIIOBaTH) BCi
CTYICHI iICTUHHOCTI BHCHOBKIB, III0 HaJEXaTh PI3HUM IPaBHJIAM CHCTEMH HEYITKOTO BHBEICHHS.
Jyiss MeToAy yIpaBIliHHS 3allacaMyd Ha OCHOBI HEYITKOIO BHCHOBKY OYB 3aCTOCOBaHHIA ajlrOpUTMHU
Mawmpnani (Mamdani).

Ha pucynky 8 npuBeneHo mpoliec NepeBipKH aeKBaTHOCTI MO

Rule"u'ie‘.uer:orda‘Z = | E ||
File Edit View Options

sold__today = 0.5 sold__yestaday =05 sold__month__ago =05 in__stock=05 order = 0387

LT

(nrande Plot poirts: Move: —
2 [05050505] p 101 left | right ‘ down

up ‘

Help

Opened system order2, &1 rules
Close

Pucynox 8 — I[lepeBipka pe3yapTaTiB HEUITKOTO BUCHOBKY

Ha ocHoBi pesynbrariB, mo oTpuMmani B cepemosuini Matlab, Bukonane mopiBHSHHS 3
JTYMKOIO eKCIepTiB. Pe3ynbraT npuBeneHo Ha PUCYHKY 9.
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[NopiBHAHHA pe3y/bTaTiB CUCTEMM Ta eKcnepTa

1,000
0,800
0,600
0,400

0,200

0,000
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

N2 eHcnepumeHTy

CTYNiHb BNeBHEHOCTI PO3Mipy 3aKasy

==@==(0LlliHKa eKCMepTa === OLiHKa CUCTEMM

Pucynok 9 — ®@parmMeHT eKCIepuMEHTY

[TopiBHSHHS MOKa3alio, IO 3alpPOIOHOBAaHI BXIMHI JaHi, OOpaHi I HUX IMapaMmeTpu Ta
chopMoBaHi MpaBuiia BiJoOpa)katoTh 3HAHHS €KCHEPTIB B Wil ramysi. Takum 4MHOM, po3pobieHa
MoJielIb MOKe Oyze BIpPOBA)KEHAa B CUCTEMY MIATPUMKHU pIIIEHHS NpU YOPaBIiHHI 3amacamu
IpiOHOONTOBUX TOBApIB.

BUCHOBKHA

CucTtema HEUITKOTrO JIOTIYHOTO0 BUCHOBKY Ma€ IepeBaru nepej 4iTkoi JOTiKok:

—  CHCTEMY, MOXXJIMBO, BUKOPHCTOBYBATH B TEXHIYHHX CHCTEMaX, TaK SK CHCTEMa Mae
peanbH1 BXIJTHI 1 BUX1HI 3HAUYEHHS,

— € MOXJIMBICTb EPEXOAY Bijl BUCHOBKIB /10 HewiTKUM mpaBuiaM «IKIIO - TO».

— Ui BHPINICHHS KOHKPETHOTO 3aBJaHHSA, MOXKHA MiAiOpatu HAWOUIBII MMiIXOSILY
CHCTEMY HEUiTKOI JIOTiKH, 3 IEBHUMH TPABUIIAMHU.

— PpI3HI QITOPUTMH HACTPOMKM CHCTEM HEYITKOI JIOTIKH, JIO03BOJISIIOTH €()EeKTHUBHO
MOETHYBATH YHCEIBHY 1 JIHIBICTUYHY 1H(OpMaIliio.

Heuitka cuctema ae MOXKIUBICTH (hOpMalli3yBaTH BETMUMHU, HAasABHI Y BIJJIIJI1 IOCTauyaHHS,
AK1 MalOTh OOIPYHTOBaHI BapiaHTH, BUSIBIISITH HMPUYMHHO-HACHIJIKOBI 3B'I3KH MK pPEryjIbOBaHUMHU
napamMeTpamMM B BIIIUI 1 TapaMeTpamu, 3ajIe)KHUMH BiJl KOHTPAreHTiB, a Tak caMo (OpMYIIOBaTH
YITKUA TPOrHO3 B yMOBaxX HeBHU3HaueHOCTI. JlaHMH MiaXid BIJIKpUBA€ BEJIHMKI MOKJIMBOCTI IS
ONTHUMI3aIli] Pi3HUX MOCTAYATLHUIILKUX 3aBJaHb.
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Jlenukas T. A., Kopoas H. /1.

CUCTEMA NNOJJAEPKKHN PEHIEHUA ITPH YIIPABJTEHUU 3AITIACAMHA
MEJIKOOIITOBBIX TOBAPOB METOAOM HEYETKOMHA JIOI'NKH

ﬂaHHaﬂ CTaThsl ITIOCBAILICHA aHaszy np06neM ynpaBJ'IeHI/ISI 3armacaMmm  MEJIKOOIITOBBIX
ToBapoB. [IpoBeneHa cuctemMarusaiys HaydHO-TEXHUYECKOW WH(POPMAIIUHU 110 TEME HCCIIECTOBaHUS.
AHaJ'II/IS InoKasaja, 4YTO aKTyaHBHBIMH CTAHOBSTCS BOHpOCLI COBepHIeHCTBOBaHI/IS[ ynpaBneHI/m
3amacaMu  MEJKOOINTOBBIX TOBApOB MPEANPHUATHS HA OCHOBE IOCTPOEHUS SKOHOMHKO-
MaTEeMaTUYECKNX MOJIENIEH, KOTOpPhIe HE TPEOYIOT BEPOATHOCTHOTO Toaxonaa. st pemieHus 3Tux
npo0JieM YCIENTHO HCIIONb3yeTCsl ammapaT TEOPUU HEUeTKOH JOruku. PaccMOTpeHbl MexaHU3M
HCYCTKOI'o JIOTHYECCKOI'O BBIBOAA MW €ro JTallbl. C(i)OpMI/IpOBaHHBIe BXOJIHBIC nepeMeHHme JJISL
CHUCTEMBbI HEYETKOTO BBIBOJA: «KOJIMYECTBO TOBAPOB IMPOJAHO CETOJHS», «KOJIMYECTBO TOBAPOB
MIPOJIaHO BUEPa», «KOJUIECTBO TOBAPOB MPOJTAHO MECSI] HA3a/1», «KOJIUYECTBO TOBAPOB Ha CKIIAJIEy,
a TaKKe BBIXOAHOE - «pa3Mep 3akaza». Jlig NpensioKeHHBIX JIMHTBUCTHYECKUX MEPEMEHHBIX
n30paHbl TepMbI M (PYHKIIMU TPUHALISKHOCTH. [IpoBEIcHO MOJEIMPOBAHUE CHCTEMBI HEYETKOTO
BBIBOZIA JJISl IJITAHMPOBAHUS 3alacoB MEJKOONTOBBIX TOBapoB B cpene Matlab. Pesynmbraramu
SKCTIEPUMEHTOB MOATBEPIK/ICHA aJIEKBATHOCTh Pa3pabOTaHHOW MOJIEITH, MTO3BOJISIONICH TalbHEHIIee
BHG,Z[peHI/IG HpGI[JIO)KGHHOﬁ MOJICJIN U HCUCTKOI'O METOoda B CI/ICTeMy Hon;[epmcu peLHeHI/ISI HpI/I
YIpaBJICHUH 3allacaMyi MEJIKOOMITOBBIX TOBAPOB.
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8616004.

Levitskaya T. O., Korol N. D.

SOLUTION SUPPORT SYSTEM FOR FUZZY LOGIC STOCK MANAGEMENT
OF SMALL-WHOLESALE GOODS

This article is devoted to the analysis of the problems of inventory management of small
wholesale goods. Fuzzy inference systems are widely used to solve problems of management of
various objects and processes. The creation of a fuzzy model is determined on the basis of formal
parameters of the studied system in terms of linguistic variables. One of the problems of inventory
management is the uncertainty of the initial data and the results obtained. The goods that are stocked
in most cases differ in value, weight and volume. At the same time, they are heterogeneous in their
role in the trade process: a small part of the goods provides the largest part of the store's income and,
conversely, a wide assortment line gives a small share of the proceeds. Therefore, the urgent task is
to maintain the necessary and sufficient stocks to meet the sales plan and it is necessary to make
such regulation automatic, ensuring optimal stocks. The systematization of scientific and technical
information on the research topic has been carried out. The analysis showed that the issues of
improving the management of stocks of small-scale wholesale goods of an enterprise on the basis of
constructing economic and mathematical models that do not require a probabilistic approach are
becoming relevant. To solve these problems, the apparatus of the theory of fuzzy logic is
successfully used. The use of fuzzy quantities in inventory management is justified by the fact that
many parameters in such problems are fundamentally not random, although they refer to unknown,
uncertain. The article describes the mechanism of fuzzy inference and its stages. Formed input
variables for the fuzzy inference system for inventory management of small wholesale goods
"quantity of goods sold today", "quantity of goods sold yesterday", "quantity of goods sold a month
ago", "quantity of goods in stock”, as well as output - "order size". For the proposed linguistic
variables, terms and membership functions are selected. The modeling of a fuzzy inference system
for planning stocks of small wholesale goods in the Matlab environment has been carried out. The
results of the experiments confirmed the adequacy of the developed model, which allows further
implementation of the proposed model and the fuzzy method in the decision support system for
managing stocks of small wholesale goods.

Keywords: inventory management, small wholesale goods, inference mechanism
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