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IMPLEMENTATION AND RESEARCH OF THE RANDOM FOREST ALGORITHM TO
SOLVE CLASSIFICATION PROBLEMS

Summary. Introduction. Solution trees are one of the most commonly used ways to build
recognition algorithms in modern information processing systems due to their many advantages, in
particular, the possibility of their application in expert systems. One of the problems solved by expert
systems is the classification problem, which is to determine the class of an object from a set of classes
known to the expert system. This article is devoted to the possibility of using one type of decision tree
ensemble - a random forest - to solve the classification problem.

The purpose of this paper is to implement and study the Random Forest algorithm and its
application to solving classification problems.

Results. The problem of classification by means of a random forest is considered in the work.
This is a formalized task that specifies a set of objects that are divided into classes in some way. A
finite set of objects is specified for which classes they are known. The Random Forest algorithm is
implemented in the Octave environment. The decision tree is implemented according to the CART
algorithm. Implemented programs allow us to solve both the problem of binary (two-class
classification) and multi-class classification.

To study the Random Forest algorithm, the following data sets were considered: passenger
classification, seed classification, mobile operator customer outflow classification, credit issuance
classification, iris classification, wine classification. The quality of the algorithm was evaluated by the
share of correct answers in the deferred sample: 89.04% received correct answers for the Titanic data
set, 94.11% for Seeds, 91.66% for Telecom churn, 90.47% for CreditScoring, 95.94% for Iris, and
93.65% for Wine Quality.

Conclusion. As a result of this work, the effectiveness of the application of ensemble methods
based on decision trees, which are built using the CART algorithm, was confirmed. Testing showed the
accuracy of the results, more than 90%, which indicates the high quality of the algorithm. It is clear
that this quality is obtained through the use of several different decision trees, the results of which are
summarized in the derivation of the final assessment.

Keywords: machine learning, classification problem, decision tree, Random Forest.
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Y cmammi poszenanymo cneyudixy opeanizayii USUEHHS MAMEMAMUYHOZ0 AHATIZY CIYOESHMAMU —
MauOymuivu - axieysmu 3 a3y O0aHUX 3 YPAXYBAHHAM OCOOIUBOCMEl OCEIMHLO2O KOHMEHMY
cneyianvrocmi 126 «Ingpopmayitini cucmemu ma mexHONOSIY, 3A3HAUEHO 3A20bHI KOMNEMEHMHOCME 3
O0aHOi HABYATLHOI OUCYUNTIHU 0TI 3A3HAYEHOT CReYiabHOCMI MA 6KA3AHO ULTAXU IX OOCSACHEHHSs, 30KpeMd
CXAPAKMEPU30BAHO  OCOOMUBOCMT  3ACMOCYBAHHSL  CXeMAMU3Aayii Ni0 4ac GUSYeHHs ma 3aKpPInIeHHs.
meopemuuHo20 mamepiany 6 Kypci MAamemMamuyHo20 auanizy cmyoeHmamu ecneyianbiocmi 126
«Iughopmayiiini cucmemu ma mexuonoeiiy, HasedeHo KOHKpemHi NpUKIAou 3a60aHb i3 3ACTOCYBAHHIM
DI3HOMAHIMHUX CXEM.

Knrouosi cnoea: mamemamuunutl ananiz, auaniz OaHux, cxemamusayis, cxemu, CmyOeHmu-
npozpamicmu.

Beryn

Kypc marematuyHoro ananizy € 6a30BUM KypcoM LUKy MaTeMaTUYHUX AUCLMILIIH, SIK1
BHBYAIOTh CTYICHTH OUTBIIIOCTI HEMAaTEMaTHYHHUX CIICIIAIbHOCTEH KIIACHYHUX, TIEAArOruyHuUX,
texHiunux 3BO. Hampuxman, y KIacMYHMX YHIBEpCHTETax — 1€ CHEelIaIbHOCTI
«lnpopmaniiini cucremu Ta TexHosoriy, «[lpuximagna wmatematukay, «lIporpamua
imkeHepis», «CuctemHuil ananizy, «®Pi3uka Ta actpoHoMmis», «llpuknanHa ¢izuka Ta
HaHoMarepiayin» Towo. JlaHui Kypc CIpsSMOBAaHUN HE JIMIE HAa 3aCBOEHHS CTYAECHTaMU
OCHOBHUX MaTE€MaTHYHUX MOHATH 1 (PaKTIB Iu(pepeHIaIbHOTO Ta IHTErpPajJbHOTO0 YHCIEHHS
GyHKII oAHIE] YM KUIBKOX 3MIHHUX Ta iX 3aCTOCYBAaHHS JO JOCHIPKEHHS (QYHKIIIH,
00UYMCIIEHHS TOBKUH KPUBUX, TUIOI] MOBEPXOHb, MOMEHTIB 1HEPIlIi Ta CTATUYHUX MOMECHTIB,
3HAXO/DKEHHS KpaTHUX 1 KOHTYpHUX IHTerpajiiB TOowmOo, a W Ha (opMyBaHHS B HHX
CIIPOMOKHOCTI JTOKa30BO 1 HECYNEepewIMBO MIPKYBaTH, aHalI3yBaTH, IOPIBHIOBATH,
y3arajibHIOBaTH TOLIO, 3arajioM, YMIHHS pPOOUTH MNpaBUIbHI BUCHOBKM Ta OyayBaTu
peaIiCTUYH1 MPOTHO3U, 3aCTOCOBYBATH OTpPUMAaHl 3HAHHS, HABUYKM W YMIHHA J0
PO3B’A3yBaHHS PI3HOMAHITHUX MPAaKTHYHMUX 3a7ad. [leski acrieKTH BUBYEHHS JAAHOTO KypCy
BUCBITIEHO Yy mpausx [1; 2; 3]. Ilpore cnenudika oprasizaiii BUBYEHHS MaTeMaTUYHOI'O
aHami3y 3 ypaxyBaHHSIM OCOOJMBOCTEH OCBITHBOTO KOHTEHTY CHeElialbHOCTI 126
«IHpopmaiiiHi cUCTEMH Ta TEXHOJIOT1» 11 He OyJjia IPeaIMETOM PO3IJISAY 1 3aJIMIIAEThCS Y
(oxyci HalIMX HAyKOBUX PO3BIIOK.

V¥ Cranpapti Bumoi OcBitu Ykpainu s ranysi 3HaHb 12 «lHopmariiiiHi TeXHOJIOT1»
cnerianbHocTl 126 «IH(bopmaliiiHI CUCTEMH Ta TEXHOJIOTID» HEPIIUM Cepel] MPOorpaMHUX
pe3ynbTaTiB HaBYaHHS 3a3HaueHo HacTymHuil: «[IP 1. 3naru miHiliHYy Ta BEKTOpHY anreopy,
ougepenyianvie ma inmezspanibHe YUCIEHHSA, MeOPilo QYHKYIU 6a2amboX 3MIHHUX, Meopito
pAaoie, oughepenyianvui piHAHHA 0151 QYHKYIT 00Hiel ma O6aeamboX 3MIHHUX, OTEpalliiiHe
YHCJIEHHS, TEOPI0 MMOBIPHOCTEN Ta MaTeMaTHYHY CTaTHUCTUKY B 00Cs31, HEOOXIIHOMY AJIst
pO3pOOKM Ta BHUKOPUCTaHHS IHQOpPMALIHUX CHCTEM, TEXHOJOIIM Ta I1H(POKOMYHIKAILIM,
cepBiciB Ta IH(pacTpyKTypu opraHizauii» [4, c. 8].

Ile#i mporpamHMii pe3ynbTaT HaBYaHHS cCHpUs€ (DOPMYBAHHIO y CTYAEHTIB TaKHUX
3arajibHUX-KOMIIETEHTHOCTEM:

K3 1. 3natHicTh 10 abCTpakTHOTO MUCJICHHS, aHaJi3y Ta CUHTE3Y;

K3 2. 3natHicTh 3aCTOCOBYBAaTH 3HAHHS Y MPAKTUYHUX CUTYaLlIfX;

K3 3. 3patHicTh 10 po3yMiHHS peAMETHOI 001acTi Ta mpoeciitHOT qISIbHOCTI;

K3 6. 3patnicts 10 mnouiyky, oOpoOjeHHS Ta y3arajbHeHHS iH(opmarlii 3 pi3HHX
okepen [4].

Ilig yac BUBYEHHS MATEMaTUYHOI'O aHAIIZY SIKpa3 1 CTBOPIOIOTHCA KOM(OPTHI YMOBU
i e(eKTUBHOTrO (JOPMYBaHHS Yy CTYJI€HTA 3a3HAYEHUX KOMIIETEHTHOCTEeW. BuBUEHHS Kypcy
MaTeMaTU4YHOIO AaHAI3Y CHpUA€ HE JIMIIE OBOJOJIHHIO CTYAGHTaMH OCHOBHMMHU
TEOPETUYHUMH 3HAHHSMHU, [PAKTUYHMMU HaBUYKaMM W yMIHHSIMH, a U 3abe3neuye
JOCATHEHHSI TaKOTO pIBHS 3aCBOEHHSA Marepiaily, sSikuid OyB OM JOCTaTHIM Uil iXHbOI
podeciiHOT iITBHOCTI.
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3a0e3neueHHs] HaJIe)KHOTO PIBHSA MaTeMaTUYHOI OCBITM HaOyBae Ha Cy4yacHOMY eTaml
PO3BUTKY CYCHUIHCTBA OCOOIHMBOTO 3HAa4eHHs. MaTreMaTrnyHa KOMIIETEHTHICTh s (haxiBIliB
PI3HUX HamNpsMiB, 30KpeMa I1HXKEHEpPIB-NPOTrpaMiCTIB — OCHOBHE HIATPYHTS AJIsl 3aCBOEHHS
¢axoBUX JAUCUMIUIIH 1MaiOyTHbOi mpodeciiHOi AIIBHOCTL. Y  XOAl BUBYEHHS
MaTeMaTUYHOTO aHalli3y 3aKJIaJaioTh HE TUIBKM METOJOJIOTTYHMM, a ¥ rncuxodizionoriyHuit
(GyHIaMEHT CUCTEMHOTO, JIOTTYHOTO Ta KPUTUYHOTO MUCIIEHHS, 1110 € KUTTEBO HEOOX1THUM.

Mera cTaTTi — PO3rJIsSHYTH 0COOJMBOCTI OpraHi3ailii BUBUEHHSI KypCy MaTeMaTHYHOIO
aHaJI3y CTyJIeHTaMu crneriaibHocTi 126 «IHpopMaliiiHi CUCTEMH Ta TEXHOJIOTID» 3 OMOPOIO
Ha CXE€MaTHU3alilo AK creuu(iuHy 3HAKOBO-CUMBOJIIYHY JISIIbHICTD.

Buxknan ocHoBHOro marepiany

AHani3 JaHUX — PO3JUT MAaTEMAaTHUKH, IO 3alMaEeThCsl PO3pOOKOI0 METOIIB O0OpOOKH
TAaHUX HE3aJIKHO B 1X NpUpPOAW. AHANI3 JaHUX BKIIOYA€ BUKOHAHHS IMOCIITOBHHUX,
JIOTIYHUX M1 3 1HTeprpeTauii 310paHuX AaHuX (HapHUKIaJ, BIIMOBIAEH PECIIOHJEHTIB) Ta iX
NEPETBOPEHHS] HAa CTAaTUCTUYHI (OpPMH, NOTPIOHI A yXBaJI€HHS MApKETUHIOBUX Ta
KEpIBHULbKHUX PILIEHb.

MoxHa BUIUINTH TaKi €Talmy aHalli3y JaHWX: OTPUMAaHHS JaHuX, oOpoOka, aHali3 Ta
IHTepIIpeTallis pe3yJbTaTiB 00pOOKH.

OcTaHHIM YacoM 3HAYHOIO MOIIUPEHHS HAOyBarOTh HOBI TEXHOJIOTII 1 METOAM aHAJIZY
JaHUX, 30KpeMa METOAM IHTeleKTyajabHoro asanmidy pganux (Data Mining), sxi
BUKOPHUCTOBYIOTh JUIsl BUSIBJICHHS IIPUXOBaHUX 3aKOHOMIPHOCTEN Y BEJIMKUX MacHUBaX JaHUX,
Ta HeHpoiHQOpMATHKH, a TAKOK METOAM I 3acO0M CTaTUCTHYHOTO KOHTPOJIIO 32 SIKICTIO Ha
BUPOOHULTBI Ta B YyHpaBiiHHI opraHizaniiMu. OCHOBHI MpOLEAYypH aHali3y JaHHUX
HalyacTille peanti3yioTh 3a J0MOMOI0I0 Cy4aCHUX KOMIT FOTEPHUX TEXHOJIOTH [5].

AHani3 JaHWUX MO CYyTI € MPUKIATHAM PO3IUIOM MAaTeMAaTHYHOI CTAaTUCTUKHU, a 5K
BIIOMO, TO OUIBIIICTH (akTiB, GOpMys, TEOpEM MaTEeMaTHYHOI CTaTUCTHUKU 0a3zyloThCs Ha
TEOPETUYHHUX 3HAHHSIX Ta MPAKTUUYHHUX HABUYKax 3 MaTeMaTU4HOro aHanizy. Tomy mix ydac
MIATOTOBKM  MalOYTHIX IHXEHEpIB-NporpamicTiB — CTYIAEHTIB crewiagpHoCcTi 126
«lHpopmaniiiHi cUCTEMH Ta TEXHOJIOTI(», — BaXIUBO, [M00 BOHUM OTPUMAIH MILHY
TEOpEeTUYHY 0a3y Ta HaOyJIM MPAKTUUYHUX HABUYOK 3 THX YU TUX TEM MAaTEMaTHUYHOTO aHAJI3y,
K1 OynyThb HEOOXiJTHI IM Yy HojanbiioMy npodeciiHoMy CTaHOBJIEHHI, 30Kpema: «Huciosi
psaamw», «CreneneBi psaan», «lHTerpaibHe YnciaeHHs QyHKUID ofHiel 3MIHHOT», «[HTerpaibHe
YuCclIeHHs QYHKI[IM KUIbKOX 3MIHHMX)» TOIIO.

Ha >xanp, 3a ocTaHHI pOKM KUIBKICTh TOJIMH, IO BiIBOJWUTHCS HAa BHUBUYEHHS IaHOTO
KypCy 3HAuHO 3MEHIUWIOCS, IMPOTE€ BUMOIM JO 3MICTOBOIO HAllOBHEHHS CYTTEBO HE
3MIHWIHCS. ToMy JONUTBHO 3MIHUTH MIAXII O CTPYKTYPYBaHHS 3MICTY Kypcy Ta
BIIIPAlLIOBaHHS! HAaBUYOK M yMIHb CTYAEHTIB y HOBHUX «CKIAJHIIKUX» yMmoBax. Hapasi
CTPYKTYpa HaBUYaJbHOI TUCHUILIIIHU «MaTeMaTUdHUA aHaTi3» I CTYIEHTIB CHEIiaJbHOCTI
126 «IndopmalriitHi cucTeMHU Ta TEXHOJIOTI» € TaKOl0, SIK M0Ka3aHo y Tabmuii 1.

OCKUIbKM KypC MaTeMaTHUYHOro aHali3y 3a3BMYail HACMUEHUN BEJIMKOIO KUIBKICTIO
JOCUTh CKJIAJHUX MaTeMaThuyHuX (QaxkTiB (TeopeM, QOpMyn TOLIO), SIKI CTYIEHTH
cnemianbHOCTI 126 «IHpopMaIiiiHl CUCTEMH Ta TEXHOJIOTID» Hacammepea MOBHUHHI BMITH
3aCTOCOBYBATH y CBOii Oe3mocepeaniil mpodeciiHiil aisIbHOCTI, TO MA MaEMO 3a METy HE
aumie iXx «Oe3nymMHe» 3amam’SITOBYBaHHS, a/pKe TPEHYBATH MaM'ATh MOXHA M IHIIMMH
crocobaMu, a camMe BMIHHA iX 3aCTOCOBYBaTH B TIM YW Ti NpaKTH4YHIA cUTyalil Ta IS
PO3B’SI3aHHA PI3HUX NPHUKIAAHUX 3a7a4. 3T1IHO 3 HATUMHU CTIOCTEPEKEHHSIMH, 3aCBOECHHS Ta,
HAWTOJIOBHIIIE, 3aCTOCYBAHHA THUX YM THX (akTiB y Mpoleci po3B’s3yBaHHS 3aJad 4acTo
3YMOBJIIOIOTH MOSIBY TPYAHOILIB Y CTYACHTIB-IporpamicTiB. ToMy MeTOMKa iX BUBUEHHS Ma€e
OymyBaTucs K crenudivyHa s TaKO1 KaTeropii CTyACHTIB.
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Tabnuys 1
CTpyKkTypa HaBYAJIbHOT AUCITUTUTIHI
Cemect . 3ara- AynuTopHa podoTa CamocriliHa poboTa d)gpMa
o Kinb- mACcy
opMa Py . JIbHA .
KiCTh . . MATOTO M-
HaBYaH | MeXax KiJIb- Mpax- PO3PaxyHKOBI
Kpen . JIEKIIii . BKa 0 = KOBOTO
HS JTACIIHIT . KiCTh TUYH] poboTH
. UTIB 3aHATH | KOHTD
JIHA TOUH
0-JII0
JICHHA | TIepIINH 5 150 rox 50 rox /33 % 100 rox /67 % iCIuT
26 rox 24 rox 30 rox 70 rorx,
JICHHA Ipyrui 5 150 rox 50 rox /33 % 100 rox /67 % iCIHT
26 rox 24 rox 30 rox 70 rorx,

VYpaxoByroun OCTaHHI TEHJAEHLII OCBITHbOI TMOJITHKM Ta CHEUU(PIKY HIATOTOBKU
¢axiBuiB 31 crienianbHOCTI 126 «IH(opMariiiHi cucTeMu Ta TEXHOJIOTID», a caMe — CXUJIbHICTb
JI0 aNTOpUTMI3aIli Yy pO3B’sA3aHHI THX UM TUX MPAKTUYHUX 3aBAaHb, TO AOLULUILHUM, Ha HAIIy
OyMKy, Oyae BUKOPUCTaHHSI CXeMaTu3alii MiJf 4ac BHBYEHHS MaTE€MaTHYHOIO aHali3y
BUI[E3a3HAUYEHUMHU CTYJEHTaMM — 1 I1JI Yyac OMaHyBaHHS TEOPETUYHOrO Marepiaiy, 1 B X0.i
pPO3B’s3yBaHHS 3a/a4.

Cxemaru3zailisi Ik 3HaKOBO-CUMBOJIIYHA JISUTBHICTh Y HABYaHHI MAaTEMaTUIHOTO aHAIIIZY
CTYJIEHTIB-TIPOTPAMICTIB TMocinae 3HauHe Mmicie. Sk 3a3navae H. A. TapacenkoBa, ii CyTHICTb
MOJISITa€ B TOMY, 1110 HaBYajlbHE MI3HAHHS 3JIICHIOETHCS 3 OMOPOIO0 HA IMEBHY CXEMY, IO
Bi10OpaXkae CTPYKTYpy pealbHOCTI MOBHUMH Y HEMOBHUMH 3acobami [6].

VY Xo/1 03HAaHOMJIEHHS CTY/IEHTIB 3 HOBUM MaTepiajioM Ta IiJ Yac 3aCTOCYBaHHS 3HaHb
MOXXHAa BHUJIUIMTH KUIbKa PI3HOBHU/IB HAaBYAJbHUX CHUTYallid, B SKUX BOHM CTUKAIOTHCS 3
MISUIBHICTIO cxeMaru3anii. Po3risiHeMo IX JeTajlIbHINIE.

[lepumnii BUNasok oprasizanii cxemaTu3anii MU OB A3yEMO 3 BUKOPUCTaHHSAM BIJOMHX
CXEM JISJIbHOCT1 ISl OTPUMAHHS Cy0’€KTMBHO HOBMX 3HAaHb 3arajlbHOTO Xapakrepy. Taki
CUTYyalli BAHUKAIOTh, HAIIPUKIIAJ, 1] Yac 3aCTOCYBAaHHS [IEBHOTO METO/Y J0BEJIEHHS TEOPEM
3 KypCcy MaTeéMaTUyHOro aHali3y 4 OKPEMOIo MPUHOMY BCTAHOBJIEHHS MaTeMaTUYHOIO
¢akty Tompo. Ilpum 1pboMy BaxJIMBO, MO0 CTYAEHTH HE IMPOCTO CIIAYBalld 3a BHUKIAJIOM
JIEKTOpa, a MPOCYBAIMUCS MO 3apaHi po3CcTaBieHHX opieHTHUpax [7]. CyKymHICTh TakuX
OPIEHTUPIB 1 BUCTYNIATUME CXEMOIO JISIIbHOCTI CTYJICHTIB.

He meHm BaxiuBy poJib CXeMaTH3aIlisl MOXKE BIJIrpaBaTH y PO3BHUTKY BI3yaJIbHOTO
MUCJIEHHS CTYAEHTIB. [ 11boro notpidbHo, mo06 cxema AisuIbHOCTI (hikcyBajacs rpadiuHuMu
3aco0aMu, ICTOTHI 3B’SI3KM MOMDK €JIEMEHTaMHU CXeMH OyJIM BUBEIEHI Ha30BHI W Tak, 1100
YTBOPIOBAJINCS MOKIIMBOCTI JEKOAYBaTH 1HPOpMaIlio 1mo3a ii BepOanizarii.

Jlo HacTymHOTO BMJly CXE€MaTu3alii MU BIJHOCHMO BHUKOPUCTaHHS IUJIaHY BUKJIAAY
3MICTy MEBHOI HaBYaIbHOI TeMU. [Ipu 1IbOMY cXeMU AISIBHOCTI MOXKYTh MOJIaBaTUCS YUHSIM
SK y pO3TOpPHYTIN CIOBECHIA (QopMi, Tak 1 3a JOIMOMOTO0 HEMOBHUX 3HAKOBO-CHMBOJIIYHHUX
3aco0iB [6].

Hamnpuknan, mnan Bukiamy Moxke OyTd mpen siBICHUM CTyIeHTaM y (opMi OTIOPHOTO
KOHCIeKTy. Tak, mig Yac BBEJEHHS O3HAUEHHS BHU3HAUYEHOIO IHTErpana JOLUIbHO
CKOPHCTATUCS HACTYITHUM MOKPOKOBUM IJIAHOM-KOHCIIEKTOM.

Ilhan-koncnexm
Hexait pynkuis y = f(x) BU3HaueHa Ha Binpi3ky [a;b],a <b (puc. 1).
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C1 C2 Ci Cn x
} +——tt————
O a=3=xo 1 o Ti—1 I; b::I:n
Puc. 1

Bukonaemo HacTymHi fii.

1. 3a IOTIOMOTOIO TOUOK X, = @, X, X,,...,X, = b(x, <x, <...< x,) po3i6'emo Binpizox
[a,b] Ha N 4ACMUHHUX BIIPI3KIB [xo;xl],[xl;xz],...,[xn_l;xn].

2. YV KOXHOMY YaCTHHHOMY BIIPI3KYy [xl,_l;xl, ],i =12,...,n eubepemo 006i1bHY
MOUKy ¢, € [xl._];xl.] 1 00uyKrcauMO 3HaYeHHs (QyHKIII B Hiif, TOOTO 3HaiaeMo f(c,).

3. IHomnoxcumo 3HalineHe 3HauyeHHA (QyHKUII f(c,) Ha JOBXHHY BIIIIOBIIHOTO
YaCTHHHOIO BiApi3Ka Ax, = x, —Xx, ,, T00TO f(c,)-Ax,.

4.  Cknaodemo cymy S, yCciX MOKIMBHX JOOYTKIB:

S, = F(AY + (A, b £, )%, =3 f (€AY, m

Cyma S, Buny (1) HasuBaeTbCs inmezpansnoro cymoro GyHkuii y = f(x) Ha Bigpi3ky
[a;b].
5. 3naiioemo epanuyro inmecpanvnoi cymu S, (1) 3a yMOBH, IO 7 —> O TaK, 1100

A0, ae A - JIOBJKMHA HaAWOUIBIIIOTO YJaCTHHHOTO BiIpi3Ka, TOOTO
A=maxAx, (i=12,...,n).

6. JSIkmo npu npOMy IHTErpajibHa cyma S, Mae€ TPaHHULO, KA He 3aJIe)KUTh Hi BiJ
croco0y po30uTTs Bimpi3ka [a;b] Ha yacTUHHI Bipi3KH, Hi BiJ BHOOPY TOYOK B HHX, TO BOHA
HA3UBAETBCS 6U3HaueHum inmezpanom Bin oGyaxuii y = f(x) mHa Bigpisky [a;b] i
[M03HAYAETHCS

[ = tim 3 f () 2)

(A—0) =1

SIK110 onopHUN KOHCNIEKT (JOPMYBATH Pa3OM 31 CTYJI€HTaMU [IPOTATOM BUBUYEHHS HOBOL
TE€MH, 30KpeMa BU3HAUYEHOI'0 IHTEerpasa, i BIIHOBUTHU Y IPOLECI aKTyalli3allii 3HaHb, TOA1 LIeH
OTIOPHUM KOHCHEKT IIUJIKOM MO’K€ BUKOPUCTOBYBATHUCS B SIKOCTI IJIaHYy BUBYEHHS MaTepiaiy 1
B IMOJAJIBIIOMY, a CaM€ — IIiJ] Yac BBEJEHHS W 3aCBOEHHS TOHSATH IHIIUX BHJIB IHTETPAJIiB:
MO/ABIMHOIO, MOTPIHHOTO, KPUBOIIHIHHOTO 1 POy, KpUBOJIHIMHOIO 2 poay, MOBEpXHEBOIO |
pony touo. IIoHATTS KpaTHUX, KPUBOJIIHIHHUX Ta NOBEPXHEBUX IHTErPAJIIB BBOSTHCS BXKE B
JIpYroMy ceMecTpl BUBYEHHS KypCy MAaT€MaTH4YHOIO aHali3y, KOJIM CTYACHTH € OUIbLI
MIATOTOBJIEHUMH 1 MOXYTh OpaTu aKTUBHY y4acTh Yy CKJIaJlaHHI IUIaHY-KOHCIIEKTY BBEJICHHS
03HAYEHb JJAHUX MOHATH, a JEsIKI 3 HUX MOXKYTh pOOUTH 1€ ¥ camocTiiiHO. [{ouiapHO B IU1aHi-
KOHCTIEKTI BHAUIUTU closa (gpaszu)-inoukamopu, 1moO CTyaeHTaM Oyso Jermie 3acBOiTH
BHINI€3a3HAYCH] MAaTEMATUYHI MOHATTS. Y HAaBEJACHOMY HAMH IIaHI1-KOHCIIEKTI 111 1HIUKATOPH
BUJIUICH] KUPHUM KypcUBOM. J[Jisl IHIIKX MOHATH 3a3HAa4Y€H1 IHAUKATOPU OYAYTh TAaKUMU XK 1
JIOTIOMOKYTh CTYJIEHTaM y KpalloMy 3aCBO€HHI JAHUX O3HAYEHb.

binpmi Toro, pe3ynbraTu HallUX CIOCTEPEXKEHb MOKa3alu, 10 Taka (opma BBEIEHHS
HOBUX MOHATH CTyJeHTaMm creuiaabHocTi 126 «lHdopmariiiHi cucTteMu Ta TEXHOJIOTID» Y
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BHTJISII TUIAHY-KOHCIIEKTY BHSIBUIJIACS HAHOUTBII €()eKTUBHOO, TOOTO BIATBOPUTH O3HAYCHHS
JTAHOTO TIOHSTTS CTYJICHTaM CaMe y 3alipONIOHOBAHOMY BUTJISA/I HaMIere.

Kpim 1u1aHiB-KOHCIIEKTIB ITiJ] 9ac BUBYEHHS HOBOT'O MaTepiany JAOULUILHO MPOIOHYBATH
CTY/ICHTaM TaKOXX KOPOTKI CXeMH, Y SKUX 3a3Ha4YCHO OCHOBHI ()OPMYJIH UM BUIAJIKH TOTO YH
TOTO MaTEMAaTUIHOTO (aKTy.

Hampukman, nig gac mosicHeHHS TeMH «YacTHHHI TOXigHI BUIIUX MOPSAKIB (YHKIIT
KUTbKOX 3MIHHUX» BapTO 3alPOIOHYBATH CTYJACHTAM HACTYITHY cXeMy (puc. 2).

[ |
az
dy

1 |

1
—-— a Zz
Bxay — Bvax ay®

Puc. 2

SIk moKaszanu Haml CIIOCTEPEKEHHS, 3a JOIMOMOTOK caMe TaKOl CXeMH CTYACHTaM
Ha0araTo JeTmie 3amaM’sTaTh TOCTIIOBHICTh (QJITOPUTM) BIAIIYKAHHS TOXITHUX BUIIHX
MOPSIIKIB Ha TpHUKIani (QyHKIII ABOX 3MIHHHX, a TaKOX, IO € OCOOIMBO BAKKUM JUIS
3armaM’sITOByBaHHS — (opMa 3alMcy YacTHHHUX IOXITHUX Ta Crocid iX BiAMIyKaHHS
BIJIIOBITHO JI0 Bi3yaJIbHOTO 00pa3y.

Hampukman, s 3akpiluleHHS TaHOTO MaTepially JAOMUIHPHO 3alpOTIOHYBATH CTYICHTaM
HACTYITHE 3aBIaHHSI.

0’z B 0’z
oxdy  Oyox’
Po3B’s3aHHs OyeMO MPOBOMTH 32 HACTYITHOKO CXEMOIO:

3asoanns 1. JloBectw, mo

SKIIO z=e¢" coSy+e’ cosx.

Z .
1. 3HaxomumMo — =e"cosy —e’sin x.
X
2
zZ

2. 3HaxoImmo =—¢'siny—e’sinx.

ox0Oy
Oz v y
3. 3HaxoguMo — = —e" sin y+ e’ coSsX.

2
4. 3HaxoImMo

=—¢'siny—e’sinx.
0y0x
0’z 622 .
5. 3Bimcu Maemo, Mo —— , 0 ¥ Tpeba OyIo JOBECTH.
ox0Oy 6y6x
Haememo mie oauWH mpuKian BHKOpPHCTaHHS cxeM. [linq yac BHUBYEHHS METOIB
IHTETpyBaHHS, a cCaMe METOJIY IHTeIpyBaHHS YaCTUHAMU, Y CTYACHTIB OCOOJUBI YTPYTHCHHS
BUHUKAIOTH /I Yac 3aCTOCYBaHHS I[bOTO METOYy B PO3B’SI3yBaHHI 3aBJIaHb, HATPUKIIAJ], KON
MOTPIOHO MPaBWIIBHO BHUOpaTH (YHKIIIIO I 3aMiHM 4depe3 3MiHHY u. CTyIeHTH 3a3BUYail
POOIATH TIe HECBIZIOMO, 200 K METOJIOM ITI00PY, IO He € MpaBWIbHUM. | yepe3 neBHui Jac,
a0o0 K Imij] yac 3aCTOCYBAaHHS B IHIINX 3aBJaHHSX, CTYICHTH HE MOXKYTh IPUTAIATH, Ky caMme
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3aMiHy Tpeba 3poOuTH, TOOTO HE MOXYTh BIATBOPUTH OTPHUMAaHI 3HAHHS B IHIIIA CHUTYAITii.
Tomy 1t Kpamoro 3acBOEHHS MPOTIOHYEMO HACTYIHY cxeMy (puc. 3).

u = e®* afo

U = cosax, U = sinex

sinkxdx J e® singxdx

coskxdx

Puc. 3

Po3B’s3yBaHHs 3a7ad  aJIrOPUTMIYHOTO YH EBPUCTHYHOTO XapakTepy € JApYruMm
BHITAJIKOM HABYAJIBHUX CHUTYallid, KOJH JisSUTbHICTH CTYACHTIB € cXxeMmarusamiero. Tyr,
BHKOPUCTOBYIOYM BiJJOMi CXEMH, CTYICHTH 37cOUIBIION0 OTPHUMYIOTH MaTeMaTHYHI
pE3yJIbTaTH OKPEMOTO XapakKTepy.

[Tin gac BuBuYeHHs TemHu «HeBmacHiI iHTerpanw», HANPUKIAA, HEBIACHI IHTErpau
MIEPIIOTO POy PO3B’SI3YIOTHCS HA OCHOBI 3aCBOEHUX paHIlIe OIepalliii iHTerpyBaHHS Ta
IPaHUYHOTO TIepexo,y. BiamoBigHi mpaBuiIa s CTYICHTIB € 00’ekTamMu 3acBoeHHs. OTXKe,
PO3B’SI3YIOUHM TaKi 3aBJaHHS 3 OIOPOI Ha BIANOBIIHI TMpaBWia, CTYACHTH BHKOHYIOTh
JISUTBHICTH cxemaru3arlii. Po3risiHeMo ertanu po3B’si3yBaHHs, HACTYITHOTO 3aBIaHHS.

+00

. . . . dx
3aeodanns 2. OOUUCINTY HEBIACHUN IHTETpaJl 800 BCTAHOBUTH HOTO PO3ODKHICTD: I—z

L X

[Tix yac BBeIEHHs MOHATTS HEBJIACHOTO IHTETpajia MEpIIOr0 POIy MH 3alpOTIOHYBAIH
CTYJCHTAM HACTYIHY cXeMy (pHc. 4) 1Jis TOro, 00 BOHW MOTJIH Kpalle po3i0paTucs, sk came
3aCTOCYBATH JaHe O3HAYCHHS JI0 PO3B’SI3yBaHHS KOHKPETHUX 3aBJIaHb.

Po3B’s13yBaHHS 3aBIaHHS 2 JTOIUILHO CYIPOBODKYBATH TAKUMH P03’ ICHCHHSIMHU:

1) mepenuiemMo TaHWI HEBIIACHUH IHTETPaJl y BUTJISII TPAHUILI, 3T1THO 3 O3HAYCHHSIM:

- = lim
X t—>+0 1

‘Cdx j' dx
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2) 00YMCIMMO BHW3HAYEHUW IHTETpaj, KOPHUCTYIOUHUCh METOJOM O€3M0CEePEIHbOrO
. .. .. rdx ¢, 1y 1 1
IHTErpyBaHH4 (3a JOTIOMOTOI0 TaOIMIIl IHTErpaliB): I — = I X dx=—— = (-1 =—+1;
X X t t

1 1

3) HaCTYIHUM KPOKOM OOYHMCIMMO TpaHUII0 OTPUMAHOTO BHpa3y, BPaXOBYIOUM, IO

t—0o0 t

4) Ha OCHOBI OTPUMAHOI0 3HauY€HHA I'paHuli (y Hac e 1) poOMMO BUCHOBOK PO T€, IO
JAHWM HEBJIACHUH IHTErpaj € 30KHUM 1 T0piBHIOE 1.

t—>: lim(—l+1]:0+1:1;

v HesnacHi ry
j f(x)dx - IHTerpany > j flx)dx
p 1-ro pony oo
de def
v Y
t a jf(x)dx + j flx)dx
,E’:LJ fx)ax f f(x)dx - :
@ -0
def
a
lim f f(x)dx
[==00
(4
Puc. 4

VY HaBeIeHOMY IpHKIaJl HaBYAJIbHOI CUTYyallli BiIOMa CTyJIEHTaM CXeMa AISUIbHOCTI
IIpeJICTaBJIeHa Y CIIOBECHIM opMi — yepe3 MOSICHEHHs! 1 00TpyHTYBaHHS.

[lin yac BUBYEHHS KypCcy MaTeMaTUYHOIO AaHali3y JOIUIbHO AaKIEHTYBaTH YyBary
CTYICHTIB Ha 3aCTOCYBaHHI OTPUMAaHHUX HUMH TEOPETUYHUX OCHOB JMUCLHUIUIIHH, a caMe —
po3B’si3yBaHHSA 3ajad. JloCTaTHBO MOCYTHIO YacTKY BCIX PO3IVISIYBaHHMX 3aJlad CKIaJaloTh
3a7a4i 3 reoMEeTPUYHUM Ta (i3UYHMM (4 TO MEXaHIYHMM) 3MICTOM. IX pO3B’A3yBaHHS
BUKIIUKA€ Yy CTYJEHTIB 3HAYHI yTPYIHEHHS, OCKUIbKU TYT MEpPETHHAIOThCS ABI CKJIaJ0B1 —
SKICHA Ta KUIbKICHa (MpaBUJIbHUN BUOIp 1 BMIHHS 3aCTOCOBYBaTH Ti YM Ti MaTeMaTHuHI
dbopmynu). Tomy cmouaTky AOUUIRHO MA0Ope BIAMpALOBATA CaM€ BMIHHS CTY/EHTIB
[paloBaTH 3 MaTeMaTUYHUMU POpPMYIaMH.

BucnoBku. Ilomaneiii MOoCHUDKEHHS MU BOa4aeMo Yy po3poOIl KOMIIETEHTHICHO
OpIEHTOBAHOI NOTEMHOI CHUCTEMHU 3aBJaHb 3 MAaTEMaTUYHOIO aHali3y 3 YypaxXyBaHHSIM
crenuQiky NiAroTOBKM MailOyTHIX (axiBIiB 3 aHANI3y JaHUX.
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PECULIARITIES OF TEACHING THE COURSE OF MATHEMATICAL ANALYSIS FOR
SPECIALISTS IN DATA MINING

Summary. Introduction. The course is aimed not only at mastering basic mathematical
concepts and facts of differential and integral calculus of functions of one or more variables and their
application to the study of functions, calculation of curve lengths, surface areas, moments of inertia
and static moments, finding multiple and contour integrals, etc., but also to form in them the ability to
reasonably and consistently reason, analyze, compare, summarize, etc., in general, the ability to draw
correct conclusions and make realistic predictions, apply the acquired knowledge, skills and abilities
to solve various practical problems. However, the specifics of the organization of the study of
mathematical analysis, taking into account the peculiarities of the educational content of the specialty
126 «Information Systems and Technologies» has not yet been considered and remains the focus of
our scientific research.

Purpose — to consider features of the organization of studying of a course of the mathematical
analysis by students of a specialty 126 «Information systems and technologies» by means of
schematization.

Originality. In this paper, given the latest trends in educational policy and the specifics of
training specialists in the specialty 126 «Information Systems and Technologiesy, namely — the
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tendency to algorithmization in solving certain practical problems, it is advisable to use
schematization when studying mathematical analysis by the above students — and during mastering the
theoretical material, and in solving problems. Schematization as a sign-symbolic activity in the
teaching of mathematical analysis to students-programmers occupies a significant place. During the
acquaintance of students with the new material and during the application of knowledge, several types
of learning situations are identified in which they encounter the activities of schematization.

Conclusion. We see further research in the development of a competency-based dark system of
tasks in mathematical analysis, taking into account the specifics of training future professionals in
data analysis.

Keywords: mathematical analysis, data mining, schematization, schemes, students-
programmers.
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BUKOPUCTAHHA KNTACUYHUX METOAIB MAIINMHHOI'O HABYAHHA
JIJIS1 KJIACU®IKAILI TEKCTIB Y ITPOI'PAMAX TEHEPALIII
ABTOMATHUYHMUX BIANTIOBIAEN

Y cmammi nodano onuc memoois MAUUHHO20 HABYAHHA 01 PO36 A3aHHA 3a0ay Kiacugikayii
MEKCMI8 3 Memo0 iX nOOAIbLULO20 GUKOPUCIAHHS VY NPOSPAMAX ASMOMAMUYHOT 2eHepayii 8i0nogioell
Ha OCHOGI aHANIZY KOHMEKCMY RUMAHb Kopucmyeaya. Poszasinymo kpoku nioeomosxu ma nposeoeHHs.
Kaacugixayii mexcmis pazom 3 pasmenmamu npoepamHozo Kooy mogow Python 3 suxopucmanusm
bioriomexu 06podKu nPupooHoi mosu. Ilpoeedeno nonepeonil 02s10 ABMOMAMUYHUX 2eHEPAMOopie
gi0nogioell ma 6ubpano memoo asmomamuunoi eenepayii eionosioeu. Pospobneno cmpyxmypy
npoepamu asmomMamudHoi eenepayii 6i0nosioell ma GUHAYEHO HANPAMKY NOOANbULOT pOOOMU.

Knwuoei cnosa: mawunne Haguanus, Kiacugixayis mexcmis, uam-60mu, NpoSpaAMyBaHHS,

Python.

Beryn

MeTo1u MallIMHHOTO HaBYaHHS Hapasl HMPOKO BUKOPUCTOBYIOTHCS JUISl 3a7a4 00OpoOKU
npupoaAHOi, uM Jrojckbkoi, MoBu (Natural Language Processing) 3 mMeToro ii po3mi3HaBaHHS,
PO3yMIHHS, IHTEpHpeTalli Ta reHepanii KOMII IOTEPHUMH aIropuTMaMu. Y Cy4aCHOMY CBITI
iHOpMaLIHHUX TEXHOJOT TMOCTIHHO 30UIBLIYEThCS CHEKTp 3aJady, L0 MOXYTh
BUKOPUCTOBYBAaTH pe3yJIbTaTU IHTEpHpETalii JIFOACHKOT MOBH, 30KpeMa II€ aBTOMaTH4HA
kjacudikaiis TEKCTIB A Kilacu@ikaTopiB €JeKTPOHHUX O01010TeK, pyOpHKalis HOBHH,
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