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IN MEMORY OF ALEXANDER ANDREEVICH
PANKOV

(17.01.1949-12.03.2021)

Onexcanap AnnpiioBud [lankoB Haponuscs 17
ciuast 1949 poky B M. Crapuit Ockon biaroponacbkoi
obnacti (CPCP).

VY 1971 p. 3akinuuB BopoHe3bkuii Aep:KaBHUIA
YHIBEpCUTET, 1 Bxke B 1973 p., B 24 pokH, 3aXUCTHB
KaHAUAATChKY  JUCEPTAIlil0 il  KEPIBHUIITBOM
ydeHoro 31 cBitoBuM iM’siMm — Cenima ['puropoBuua
Kpeiina (BopoHe3bkuil Jep>kaBHHM YHIBEPCUTET, M.
Bopounex, CPCP), a B 1988 p., y 39-piunomy BiIii,
3aXUCTUB JOKTOPChKY aucepTaiito B [HcTtuTyti matematuku AH YPCP (M. Kuis,
CPCP).

3 1973 p. mpamoBaB acucteHToM, a 3 1976 p. nmouenrom binroponacskoro
TE€XHOJIOT14HOTO 1HCTUTYTY (M. binropoa, CPCP).

Y 1979 p., Ha 3anpomieHHs akagemika SpociaBa CrenanoBuua IligcTpuraua,
nepeiznuTh 10 JIbBOBA, /e MOYMHAE MpAIIOBATH Ha IMOcajl ao1eHTa, a 3 1988 p. Ha
nocaai npodecopa, B [HCTUTYTI MpUKIAAHUX MPOOJEM MEXaHIKM Ta MaTeMaTHUKU
(Ykpainceka axagemis Hayk, M. JIbBiB, CPCP) Ta JIbBiBCBKOMY J€p:KaBHOMY
yHiBepcuteTi (M. JIbBiB, CPCP). Ynpoaosxk 1985-1990 pp. Onexkcanap AuapiiioBuu
OYOJIIOBAaB BIIAUT (YHKUIOHATBHOTO aHalizy I[HCTUTYTYy NPUKIAJHUX MpodIeM
MexaHiKu Ta mMateMatuku. Y 1990 p. iomy npucBo€eHO BUYeHE 3BaHHs mpodecopa. Y
Tomy k poii Onekcanap AnapiioBuu nepeixmkae a0 Binnumi. Yopomosx 1990—
1995 pp. mpamroBaB mpodecopoM Ta 3aBigyBaueM Kadenpu BHUIOT MaTeMAaTHKH
BiHHUIIPKOTO TOJNITEXHIYHOrO 1HCTUTYTY (M. Binuuus, Ykpaina). ¥ 1994 poui BiH
OTPHMAaB 3BaHHS Ta CTUIEH/1I0 COPOCIBCHKOTO mpodecopa.

3 1995 poky mnpaitoe mnpodecopom Kadenpu MaTeMaTUKH BiHHUIIBKOTO
JEp>KaBHOTO TMeAaroriyHoro 1HCTUTYTY (M. Binaung, VYkpaina). Tyt Onexcanap
AHJpPIOBUY TPOJOBXKYE AKTUBHO 3alMaTHCA HAyKOIO, BIIBIAYE Ha 3alpOIICHHS
3aKOpJIOHH1 yHIBepcuTeTH. Bin O6arato pasiB OyB 3ampolleHuM npodecopoM
Vuisepcutery I'ymGonbara (M. bepnin, Himewunna, 1993, 1995, 1996, 1998),
Pumcobkoro yuiBepcutery (Itamis, 1996, 1997, 1998, 1999, 2001) Ta I'iccenchkoro
yHiBepcuteTy (M. ['iccen, Himeuumna, 1999-2000). Ha xadenpi maTeMaTuxu
Onexcanap AHAPIHOBUY OpPraHi3oBye poOOTY CTYJEHTCHKOIO HAYKOBOTO T'ypTKa 3
mudepeHianbHuX piBHAHBb. Y 2002 pomi Omnekcanap AHApIMOBUY MEpei3auUTh
npamtoBatd B CIIA, ne cnouatky mpaitoe Ha nocaai npodecopa B Texacbkomy
yHiBepcuTeTi. Ympomaorx 2003-2007 pp. mnpamroBaB mnpodecopom y Komemxi
Binbsama 1 Mepi (M. BunbsimcOypr, mtat Bipmkunis, CIIA). ¥V 2007 poui Onexcanap
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AnpnpiiioBuu niepei3auth a0 bantumopa (mrar Meputena, CHIA), ne mpairtoe
npodecopom kadeapu MaTeMaTUKu B YHiBepcUTeTI iMeH1 Moprasna.

HaykoBi inTepecu Oumnekcanapa AwuapifioBuua Oynu AyXe IMIHPOKI:
(GyHKUIOHATBHUN aHaNi3, TEOpis HEMIHIAHUX PIBHSHb B YACTMHHHUX MOXIIHUX Ta
3BUYAHUX AudepeHIialbHIUX PIBHAHb, MaTeMaTH4Ha (pi3uKa, HEJMHIMHUM aHali3 Ta
BapialiiiHe YHUCIEHHS, Teopis Maixke MeploANYHUX JUudepeHIIaTbHUX Ta PIZHULIEBUX
pIBHSIHb, XBHWJ Yy TMEpIOAMYHUX CEpPEAOBHINAX, TOMOIEHI3allisd, MaTeMaTU4YHa
61omoris. Hum 30kpema:

- Po3pobnena teopis (G-301KHOCTI Ta YCEpeAHEHHsS [JI HETIHIMHHX
SMNTUYHUX 1 NapaboIIYHUX PIBHSAHb B YACTMHHHMX MOXIJHUX, Ta YHUCEIbHI METOJU
JOCHIIPKeHHsI HeJIIHIMHKUX 3a]1a4 ycepeIHeHHs. Pe3ynbTaTu 3HaX0IATh 3aCTOCYBaHHS
B TEOpii KOMIIO3UTHUX MaTepiaiiB, TEOpii MOPUCTUX CEPEIOBUIL, HENIHIMHIN ONTHUI
Ta IHIIUX 00JIACTIX.

- Po3pobOnenuit BapiallifHUNA METOJM JOCHIDKEHHS HEIHIMHUX JTUCKPETHUX
Mojiesield MaTeMaTuyHo1 (13uKu. Pe3ynpTaTu 3HaXoASTh 3aCTOCYBAaHHS B HEJIHIWHIN
OMTHULIl, TEOPii XBUIBOBUX MPOILECIB, (PI3UIll KOHICHCOBAHOIO CTaHY, MaTeMaTUYHIN
OioJorii Ta 1H.

- Orpumani pe3yJabTaTd MNOpO ICHYBaHHS JIOKAJII30BaHUX PO3B’S3KIB
CTal[loHapHOTO HeniHidHOro piBHsAHHA [Ipeninrepa. Pe3ynbrati 3HAX0IAThH
3aCTOCYBaHHS B HENIHIMHIA onTuii 1 Teopii (OTOHHHUX KpHUCTaliB, (i3uli
KOHJIEHCOBAHOT'O CTaHy MaTeplii.

- IlpoBeneHo AOCHIDKEHHsS Maibke MNEpIOJAMYHUX 1 Malxke aBTOMOPGHUX
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PO3B’SI3KIB IIMPOKUX KJIACIB HEIIHIMHUX AudepeHuialbHuX 1 JudepeHIiagibHo-
OTEPATOPHUX PIBHSAHD.

Onekcanap AnapiioBud omnyOsikyBaB 5 mMoHorpadiii Ta monan 160 crartei.
Bin OyB uneHoM AMEpPHKAaHCHKOIO MAaTE€MaTUYHOTO TOBAapUCTBA, YKPaiHCHKOIO
MaTeMaTUYHOTO TOBAapUCTBA Ta M'STH  peJaKIIHHUX  KOJIETIM  MIPOBIAHUX
MaTeMaTUYHUX JKYpPHaJiB, K1 BXOASATh B HAYKOMETpUYHY 0a3y Scopus. B onHomy 3
HUX BiH OyB roysioBHuM peaakropom (Complex Variables and Elliptic Equations).

Onekcanap AHIpiioBUY OYB HAYKOBUM KEPIBHUKOM 1 KOHCYJIBTAaHTOM
O0araTbOX MOJOAMX HayKoBIB. Ilig #0oro HaykoBUM KOHCYJIBTYBaHHSIM 1
KEpIBHUILITBOM 3axXUIIEHI OJHA JOKTOPChKa Ta 6 KaHAWIATChbKUX aucepTamid. [lo
yyclia MX MOJOJMX MAaTEeMAaTHUKIB MOUIACTWIO MOTpanuTH W MeHi. Onexkcanap
AHJIpiiioBHY OyB KEPIBHUKOM 1 KOHCYJIBTAHTOM 000X MOiX AucepTarliid. 3a mo nomy
BEJIMYE3HE JIFOJChKE ASKYIO 1 HU3bKUM YKITiH!

Bin OyB nyxe 4yiHOI0O 1 JTOOPO3UWIMBOIO JIFOAWHOIO, YYJOBUM YUMTEIIEM 1
3pa3KoM JIJIsl HacJiIyBaHHs I CBOIX YUHIB.

He crano Onekcanapa AuapiiioBuya [lankosa 12 6epe3ns 2021 poky y Biti 72
poKiB. BiH Ha3aBxI1 3aTUIIUTLCS B CEPISIX CBOIX PIHUX, IPY31B, YUHIB 1 KOJIET.

Sergiy Bak
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IN MEMORY OF VALENTYN STEPANOVYCH
TROKHYMENKO

(15.02.1941 — 21.11.2020)

15 mrotoro 2021 poky HamoMy Kosiesi, mpodecopy
kageapu wmartemaTMKd Ta 1HGOpMATUKU TpoXUMEHKY
Banentuny CrenanoBuuy BunoBHuiiocs 6 80 pokis.

Haponuscs Banentun CrenanoBudy 15 mroToro
1941 poky y ceni HlnukiB LlnukiBcbkoro paiiony (HUHI
TynbunHChkMii paiioH) Binaunbkoi o6macti. baTeko
MpalioBaB y paillOHHIA ras3eri, a MaTH BYUTEIIOBAJA.
Bona Buknagana matematuky. Konu movanach BiliHa, 0aTbko mimioB Ha GpoHT. VY
1948 poui cim’s nepeixana xxutu y Binauino, 1 Banentun CtenaHoBUY MPOJOBKUB
HaBYaHHS y Kol Ne 4.

Banentun CrenanoBud y 1963 p. 3akiHUMB (pi3uKO-MaTeMaTUYHUN (PaKyIbTET
BiHHUIIBKOTO ~ JepKABHOT'O  MEAAroriyHOrO  IHCTUTYTY 32  CHEHIaJIbHICTIO
«Marematuka 1 ¢i3MKa» 3 BI3HAKOIO 1 OyB 3aJUIICHUN Ha poOOOTY ACHCTEHTOM
Kadeapu MaTeMaTUKH.

Y 1967-1970 pp. HaBuaBcs B acmipantypi CapaTOBCBKOTO YHIBEPCHUTETY. Y
KIHIIl )KOBTHSI TOTO  POKY YCIIIIHO 3aXWCTUB KaHIUAATCHKY TUCEPTALII0 HA TEMY
«Anrebpu OaraTomicHUX (QYHKIM» Ta oOfep’kaB HAyKOBUM CTYIIHb KaHAMJATa
¢bi3uKo-maremMaTHuHUX Hayk. IIpo cBoe HaBuaHHa B acmipaHTypi Basentun
CrenanoBuy 3rajyBaB Tak: «HaykoBUM KepiBHUKOM MEHI OyB MPU3HAUYEHUN JOLIEHT
b.M. lllaifn, sKkuil 3ampomoHyBaB JOCHIKYBaTH CYNEPHO3HIlli OaraTOMICHUX
¢bynkuiid. g temaruka Ha TOM yac Oyna JOCHTHh aKTyallbHOIO, MPO IO CBIAYUTH
CTaTTs aMepuKaHchkoro anredpaicta K. Menrepa, sika Oymna omyOGiikoBaHa y 1961
poui. Ilinuif pik g cuaiB 1 BUBYAB JMCEPTAIl0 KEepIBHUKA Ta MOHOTrpadii 3 Temu
nocnimpkeHHs. [lapanensHo HamaraBcs po3B’A3yBaTH JEsKi MPOOJEMH, a TaKOX
BIJIBIlyBaB ceMiHapu 3 Teopli miBrpyn (kepiBHuk noi. Ilaitn b.M.) Ta 3 Teopii
OlHapHHUX 4YacTKOBUX omnepaTuBiB (kepiBHHK npod. Baruep B.B.). Onnak meHi Bce
HISK HE BJABaJOCh Yy3araJlbHUTH 3a7ady IMpO 3HAXOJDKEHHS XapaKTEePUCTHUKU
YIOPSAKOBAaHUX MIBrpyn Ha Bumaaok anredp Menrepa. Jlume nanpukinui 1968
POKY, YATAIOUU OJIHY MOHOTrpadiio, MEHI NMpUHILIAa TyMKa, IK MOKHa BUKOPHUCTATH
Tak 3BaH1 TpaHcHsMii 3 KHuru ['pernepa «YHiBepcaipbHa anredbpa» B Teopii anredp
Menrepa. Bce Buiinio 1 gami jAeski pe3yjibTaTd 3 Teopii MIBIPYIN CTadd JETKO
MepeHoCUTUCh Ha anreOpu Menrepa. Tak mo npotsarom 3-4 MicCsIIB OCHOBHI
pe3ysibTaTH, SKI MOTIM YBIMIIIM 110 KaHAMAATCHKOI JucepTaiii, Oyiu IIBHIKO
oTpuMaHi. TepMmiH HaBYaHHS B acHipaHTypl 3aKiHUYyBaBcs y >KOBTHI 1970 poky, 1 5
YCIIIIHO 3aXUCTUB KaHAMJATChKY nucepTalito y CapaToBCbKOMY YHIBEPCUTETI».

3 1973 poky Banentun CrenaHoBMY MoYaB IMpaioBaTH y BiHHUIBKOMY
JEp>)KaBHOMY  TI€IaroriYyHOMY YHIBEPCUTETI CIOYAaTKy Ha T0cajal CTapiioro
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BUKJIada4a, MOoTiM jnoueHta (3 1975 poky), 3aBinmyBaua kadeapu (1988-1998 pp.),
npodecopa yHiBepcutety (3 1996 poky mo 2012 pik). ¥ 1991 poui HaropokeHui
3HaKoM «BinminHuK HapoiHOT ocBiTH Y PCPy.

Ha pomoepadpii 300padiceni unenu aneebpaiunoeco ceminapy, sikum kepyeas ooy. Ononiues I1.M..
Cmosmy: Tpoxumenxo B.C., I'apsayvkuii B.C., Kynux B.T., Poxiyoxuuii 1.0..
Y yenmpi cuoumo Ononiues I1.M., a kpatiniu npasopyu miv ManuOymuil HAyKo8uli KepPiGHUK 8
acnipanmypi ooy. Lllaiin b.M.

BuknanaB marematuuHi Kypcu: «AHaliTU4Ha reometpis», «KoHCTpykTHBHa
reoMmeTpisny, «OcHOBU reomerTpiin, «JludepeHmianbHa TeOMETpis 1 TOMOJIOTIS,
«MareMaTnyHa JIOTIKa 1 Teopis anroputMmiBy, «EnemenTtn cywacHoi anreOpu». Ilin
KepiBHUITBOM Banentnna CrenmaHoBHYa NPOTATOM 0OararboX pOKIB YCHIIIHO
mpairoBaja CTyJICHTChKa MpoOjeMHa rpymna «Anredpu OaratoMicHUX GYHKITIHY,
KaeapanbHUll HAYKOBO-METOAOJOTIYHUN CeMiHap, MIAroToBieHo Ouibine 50
CTYICHTCHKHUX TUIJIOMHUX POOIT, SIKI 3aXUIINCH] TUTUIOMHUKAMH Ha «BIIMIHHOY.

HaykoBi iHTEpecH CTOCYIOThCS Teopii MIBrpyn Ta MHIBIPYI MEPETBOPEHbB, 7-
apHUX aireOpaiyHux cucrteM, anredp (QyHKLIA AEKUIbKOX apryMeHTtiB. BuBuas
BJIACTUBOCTI OMEepalliil Ta BIIHOLIEHb HA MHOXUHAX (YHKLIA OaraTh0X apryMeHTIB,
Kl MalTh Ti UM IHIII BIACTUBOCTI. Mae Ouibine 150 HaykoBUX mpailh, 3HAYHA
KUIBKICTh 3 HHUX ONyOJIKOBaHA B IEHTPAJbHUX Ta MDKHAPOJHUX >KypHalax
«domoBimi AH Vkpainum», «VYkpaiHChbkuii MareMm. XypHai», «KiGepHeTukay,
«3BecTtust By30B, Matem.», «Cubupckuii Matem. xypHai», «Algebra Universalisy,
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«Quasigroups and Related Systems», «Communications in Algebra», «Studia
Scientiarum Hungarica», «Czechoslovak Mathematical Journal », «Semigroup
Forumy». B 2006 p. ony6iikyBaB MoHorpadito «Anredpsl MeHrepa MHOIOMECTHBIX
¢bynkauit, - Ch.: S.n., 2006 (Centrul Ed. USM). - 237 p.», a B 2012 pomui
omyOnikoBaHa MoHorpadist y Himeuuuni “Algebras of multiplace functions, Walter
de Gruyter, Berlin/Boston, 2012” y cmisasTopcTsi 3 mpod. B.A. lynekom (Iombma).

-~ e .

[Ipo nayxoBi 3100yTku Banentuna CrtenaHoBMYa BUHILIA CTATTS Yy >KypHai
Quasigroups and related systems, 28 (2020), Ne2.
https://drive.google.cony.../1 LdxSvzQtPuSTbKVMICL.../view...

Kadenpa marematuku Ta iHQopMaTvku IiHye 1 THOOKO IIaHye BaneHTuHa
CrenanoBuya, MOro BHECOK y PO3BUTOK Kadeapu, HOro miiHy Hpaiio 1 HayKOBI
IIOCSITHEHH !

Mariana Kovtonyuk
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PLENARY SESSION

Tetiana Barbolina, Dr. Sc.
Poltava V. G. Korolenko National Pedagogical University, Poltava, Ukraine
e-mail: tm-b@gsuite.pnpu.edu.ua

SOLVING OF OPTIMIZATION PROBLEMS ON ARRANGEMENTS: THE
REVIEW OF THE LATEST RESULTS

Abstract. We review some results of studying of combinatorial optimization problems on
arrangements. The main attention is paid to the linear and linear fractional optimization problems
on arrangements. The optimization problems on arrangements under probabilistic uncertainty are
also considered.

Key words and phrases: combinatorial optimization, FEuclidean combinatorial
optimization, optimization problems on arrangements

Cepen onTuMmizamiiHux 3a7ad 3 OOMEKEHHSIMHU KOMOIHATOPHOTO XapakTepy
BXJIMBUH KJIaC 3a/1a4 CTAHOBJIATH 3a/layl Ha €BKIIIIOBUX KOMOIHATOPHUX MHOXHUHAX,
30KpeMa, Ha 3arajibHiii MHOXHUH1 pO3MillleHb. Y JOMOBIi/I MPEACTABICHO OIS PAILY
QITOPUTMIB PO3B’SI3yBaHHS ONTUMIZAIIMHUX 3a7a4 Ha PO3MIIICHHAX, SKI Oyiu
3aMpONOHOBAHI i OOTPYHTOBaHI B OCTAHHI POKH.

PosrnsiHemo crouaTky po3B’si3yBaHHS O€3yMOBHOI JpoOOBO-JTIHIMHOT 3amadi
KOMOIHATOPHOI ONTUMI3al1lll Ha PO3MIILEHHSX Y TaKiil MOCTAHOBIII: 3HAWTHU NApy

k k
Z C;X; 6 Z C;X; 6
1 1

CD(x*)z max - ; X =arg max ":—, (1)

k k e FF
e Zdjxj +d, i Zdjxj +d,

J=1 J=1

ko ok .
Je X = (x1 ,...,xk) €ER, E (G) — 3arajbHa MHOKMHA PO3MIIIEHb 3 MYJbTUMHOXXUHU

k
Gz{gl,gz,...,gn} , IPUIOMY Zdjxj +d, >0 ‘v’erﬁ(G).

J=
Jns po3p’si3yBanHs 3agadi Burisany (1) y poGortax [1, 2] 3ampomnoHOBaHO

MOJIIHOMIABHUN METOJ, SIKUM 17edHO OJM3BKUM 10 MapaMeTpUYHOrO METOIY
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pPO3B’sI3yBaHHsS 3ajlady JpOOOBO-JIHIMHOIO MPOrpaMyBaHHA 1 TIPYHTYEThCA Ha
pPO3B’sI3yBaHHI CKIHUYEHHOI TOCHIZIOBHOCTI 3ajad OMNTHUMI3allii Ha PO3MIMICHHIX
TiHIHHOT  QYHKINIT qo(x,h):Z(cj —hdj)xj MpU PpI3HUX 3HAYEHHAX h. Y
j=1

PO3B’sI3yBaHHI TaKOK BUKOPUCTOBYETHCS PO3OUTTS YMCIOBOI MPAMOi HA MPOMIKKH
BUTIIALY ](t):{h‘a(it,jt)<hSa(im,jm )} Takl, WO AJIA BCIX he](t) HOPAZIOK
Koe(ilieHTiB QyHKIIT (p(x,h) IpH iX PO3TalllyBaHHI 32 HE3POCTAHHSIM € OJHAKOBUM.
Ha ocHOBI1 1ocTaTHROT YMOBU MiHIMaIl JiHIKHOT IIUILOBOI (DPYHKIIIT HA PO3MIIIEHHSX
[3] BHU3HAYalOThCAd MIHIMAIl Ha MHOXHUHI ET';(G) byHKIIi (p(x,h) IpU  PI3HUX
3HAYEHHAX h e[ (t) SIKIO cepesi OTPUMAHUX PO3MIllEHb 3HAMIEThCA TOUKA X , KA
€ MIHIMaUIIO (QYHKIIT (o(x,CD(x*)) HAa MHOXHHI ET';(G), TO <CD(x*),x*> —
po3B’si30k 3amaui (1). YacoBa olliHKa CKJIAJHOCTI 3alpPONOHOBAHOIO aJITOPUTMY
O(k*), a 3a ymoBu k=n — O(k'). EdextusHicTh anroputMy Moxe OyTH
MiJBUIIEHA 32 PaXyHOK BUKOPUCTAHHS OI[IHOK HLIbOBOI (PYHKITII.

HasBHicTh m0gaTKOBUX (HEKOMOIHATOPHMX) OOMEXEHb B ONTUMIZaIlli Ha
PO3MIIIEHHSAX CYTTEBO YCKIAIHIOE pO3B’sI3yBaHHSA 3anayl. s po3B’si3yBaHHSA
ONTUMI3alIMHUX 3a7a4 Ha PO3MINIEHHSAX 3 JIHIHHOI Ta APOOOBO-TIHIHHOIO
MITLOBUMH  (DYHKIISIMH 1 JIIHIAHUMH ~ JTOJaTKOBUMH  OOMEKEHHSIMH  MOJXKeE
BUKOPUCTOBYBATUCS METOJ MOOYIOBU JIEKCUKOTpa(pIdyHOI E€KBIBAJIEHTHOCTI (METO.
[ToJIE), sikuii 1u1st MOBHICTIO KOMOTHATOPHUX JIHIMHUX 3a/1a4 OyB 3alpONOHOBAHUH B
[4, 5]4 nns apoGoBo-niHIMHUX 3amad anroputMu Mmetony [loJIE Gymno posrisnHyto,
30kpema, B [6]. ¥V poborax [7] 1 [8] metron IIoJIE oOrpyHTOBaHO Il YMOBHHUX
YaCTKOBO KOMOIHATOpPHHMX 3ajJad ONTHUMI3allli Ha PO3MIIICHHSAX 3 JIHIMHOI Ta
IpoOOBO-JIIHIHHOW 1UIBOBOK (¢yHKIE BianosiaHo. Merton I[loJIE momsrae y

p036I/ITTi MHOFOFpaHHOT MHOKMHM Ha KJacu €KBIBaJEHTHOCTI Ta HAaCTYITHOMY

HarnpsiMiIeHoMYy niepebopi nux kiaciB. Y pamkax Mmeroay IIoJIE o6rpyHTOBaHO KiIbKa
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QIrOpPUTMIB, TPU 1BOMY Y BHUIAJAKY pO3B’sI3yBaHHA JpOOOBO-NIHIMHOI 3a/1ayi
3aCTOCOBY€ETbCS ~ MEPETBOpPeHHs g il miHeapuzamii. Ilepmmit  anroputm
BUKOPUCTOBYETHCS y BUNAJAKY, KOJIM BIJIOMa JMCKPETHA MHOXHWHA, SIKI HalexarTb
3Ha4YeHHS 1UIboBOI (yHkuii. Toai ekcTpemanb 3HAXOAUTHCS HaA OAHIN 13
TINEPIUIONIMH PIBHS, IO BIAMOBIIAIOTH 3HAYCHHSAM 13 M€l JTUCKPETHOT MHOXXHUHHU.
Hpyruii  anroput™m  mnependavyae  HampsMiIeHMH — mepebip y  TOPAIKY
JEKCUKOTpaiyHOTO  3pOCTaHHSA 1  JIeKCHUKOrpadiyHOTO  CHaJaHHA  KJaciB
€KBIBAJIEHTHOCT1, ISl SKUX IMepiil k KOOpIHWHAT OyAb-IKOTO TMpeICTaBHUKA €
pO3MIIIEHHSAM. Y TIpolieci Meperyisiay 3 po3Misily BUKIIOYAIOTHCS Ti1 KIAcH, YCI
MPEACTaBHUKU SAKUX HAJAIOTh LUIBOBIN (YHKIIIT 3HAYEHHS Tiplle, HIXK OTPUMaHe Ha
nonepenHix irepaniax. TpeTid ajroputM € HaOJMKEHUM 1 JO3BOJISIE OTPUMYBATH
3HAUEHHS LUIbOBOI (YHKIIII, 110 BIAPI3HIETHCS BIJ ONTUMYMY He OUIbIIE, HLK Ha
3aJlaHy BETUYMHY. 3T1AHO 3 LIUM JITOPUTMOM MOMIYK KJIaciB 31HCHIOETCSA 32 YMOBU
HAJIEKHOCTI 3HAUYEHHS 1IUIbOBO1 (DYHKIIIT IEBHOMY IIPOMIKKY, IPUYOMY BiJICTAHb MIX
KIHISIMU IPOMIDXKKY 3MEHIIYEThHCA.

Huzka poOiT TakoX TpHCBIYEHA TMOCTAHOBKAM Ta  PO3B’SI3yBaHHIO
ONTUMI3alIMHUX 3a/lady HAa PO3MILIEHHSAX 3 ypaxyBaHHSIM HEBH3HAYEHOCTI BXITHHX
nanux. [locranoBka 3a7a4 3/11MCHIOETBCS HA OCHOB1 BBEJICHHSI BIIHOILIEHHS MOPSJKY
HAa MHOXHWHI BHMAJKOBUX BEJIMYMH. 3alpOIOHOBAHO METOAM PO3B’SI3yBaHHS
JHIAHUX 3a7a4 CTOXACTHMYHOI KOMOIHATOPHOI ONTHUMI3Alll Ha PO3MIIIEHHAX VY
3a3HAYEHUX I[MOCTAHOBKAX: PEAYKI[IMHUN MEeTOA HJisi PO3B’s3yBaHHS O€3yMOBHHUX

3ajJay, BapiaHT MCTOAY TUIOK 1 MEX JJId 3aJa4 3 104aTKOBUMHU OOMEKEHHSIMU.
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ON SOLUTIONS OF ANISOTROPIC PARABOLIC
EQUATIONS WITH VARIABLE EXPONENTS OF
NONLINEARITY

Abstract. Well-posedness of the Fourier problems for anisotropic parabolic equations with
variable exponents of nonlinearity are proved. An estimate of the generalized solution of this
problem are received. Conditions of existence of periodic and almost periodic solutions are
obtained. Also some properties of weak solutions of the Fourier problems are considered.

Key words and phrases: parabolic equation, Fourier problem, periodic solution, almost
periodic solution.

Hexait QO — oOmexxeHna obnacts B mpoctopi R” (n eN ) [Tpunyckaemo, 110
Mexa O0Q obmacti Q € kyckoBo-riaakoro mosepxuero i1 0Q=I UL, re T, —
3aMHKaHHS BIAKpUTOI MHOXMHU Ha O€)2 (30kpema, ', Moxe OyTH HOPOXXHBOIO
MHOXXHHOI0 abo 36iratucs 3 0Q), I',:=0Q\I'. Yepes v :(vl, ...,vn) [M03HAYa€EMO
OJMHUYHUM BeKTOp 30BHIMIHBOI 10 OQ Hopmami. Hexait Q=QxR, X, = xR,

2, =IxR.
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Posrnsimaemo 3amauy: 3Haiitm ¢dyHkmiro u:Q — R, sgka 3amoBoibHsAE (B

MIEBHOMY CEHC1) PIBHSHHSI

u, P u, ) +a, (x, t)

i

n

u, —Z(al.(x, t)

i=1

Po(x)_zu:f(x) t)’ ()C, t)EQ, (1)

Ta KpailoBl yMOBHU

ou
=0, — =0. 2
L @)

Tyr p,:Q—>R, j:(),_n, — BUMIpHI PYHKIIT 1 essinfpo(x)>2, essinfpl.(x)22,
xeQ xeQ
=1,_n, essinfpj(x)<+oo, j:O,—n; aj:Q—>R, j=0,_n, — BHUMIpPHI, JIOKaJbHO
xeQ

oOMexxeHl Ta pgonatHi (yskuii; f:Q—>R — 5nokalbHO IHTErpOBHA (YHKIIS;

ou(x,t) 3 2l)2 u,v,(x), (x,1)€Z,, - noxinua no “mopmani” 1o %,.

i=1

PosrnsimaeMo muTaHHS ICHYBaHHS, €IMHOCTI Ta HENEPEPBHOI 3aJIEKHOCTI Bij
BXITHUX JaHuX po3B’s3kiB 3amaui (1), (2) 13 y3arampHeHux mpoctopiB JlebOera i
CobOoneBa. Takox JOCHIDKYEMO YMOBH ICHYBaHHS TMEpPIOJUYHUX Ta Maibke
nepiouyHuX po3B’s3kiB 1i€ei 3anavi. llle ogniero nmpobieMoro, Ky MU BUBYAEMO, €
3HAXO/PKEHHS YMOB Ha BXIJHI JaHl, $KI TapaHTyIOTh Ty YM I1HIIY MOBEIIHKY
po3B’s3KiB 3a7a4l (1), (2) Ha HeckiHueHHOCTI. OTpUMaH1 pe3yNbTaTH € YTOYHEHHSM 1
NEepPeHeCeHHsIM Ha BUNAJAOK AaHI30TPOINHUX PIBHSAHB 31 3MIHHUMHU IOKa3HUKaMU

HEIHIAHOCTI, 30KpeMa, pe3yiabTaTiB MoHorpadii [1].
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ADAPTIVE METHOD FOR IDENTIFYING MODELS OF NONLINEAR
DYNAMICAL SYSTEMS IN THE FORM OF THE VOLTERRA INTEGRAL
OPERATOR

Abstract. The problem of identifying models of nonlinear dynamical systems in the form of
the Volterra integral operator is considered. An adaptive method for reducing the number of
experiments required for identification is proposed. It consists in replacing the data of a series of
measurement results with interpolation data, provided that the required level of model adequacy is
maintained.

Key words and phrases: Volterra operator, polynomial integral operators, identification of
dynamical systems.

Onuc criBBIAHOIIEHHS MK BXIIHUM Ta BUXIJTHUM CUTHAJIaMH y PO3MOAUICHUX
HETIHIMHUX JMHAMIYHUX OO0’€KTax B IHTErpajbHId GopMi MOXKe 3I1HCHIOBATUCS
HEeJTIHIMHUMU THTErpajJbHUMU onepaTopamu Tuny ['ammepiureiina abo YpucoHa, aie
13-32 TPYJHOILIB MOOY/IOBU TaKUX MOJENEH JOLUTbHUM € BUKOPUCTAHHS CIIPOILIEHUX

Mojieliel y BUTJIS/I1 TOJIIHOMIAJbHUX ornepaTopiB Bonbreppu [1, 2]:

P(Et) =Y [ K(E8 sy ) [ [H(Et =5 s <[0.T], (1)

=10
—
m

e K, (é,g“,sl,...,sm) — OaraToBUMIpHI s7pa, x(g’,t), y(ﬁ,t) — BIAIOBITHO BXITHHIA 1
BUXIIHUN CUTHAIM MPUKIAEH] Y Toukax { 1 & pO3MOAiICHOTo 00’ €KTa, n — Jesike

HATypaJbHE YUCIIO, I — Yac mepexiaHoro mpolecy.
5
[Ipencrapinenns (1) 1gocuTh JTaBHO  BHUKOPUCTOBYIOTBCS B 3ajladax

MaTeMaTUYHOTO MOJCIIOBaHHS HEMIHIMHUX JMHAMIYHUX CHUCTeM 1 0a3yeThCs Ha
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amapati 1HTerpanbHux psaAiB Bounbreppu [4, 5]. Take mnomaHHs HeTIHIMHOT
IUHAMIYHOI CHUCTEMHU € 3arajbHUM Ta JIONYyCKae ACHY (Pi3UyHy IHTEpHpeTaliio i

J03BOJISIE TIPEACTAaBUTU BUXIAHUN CUTHAN )(f) CHCTEMH, sIKa TpPAKTYETbCS SIK
“qopHUM SIIMK’, Ha 30BHINIHI BIUIMBU X(f) Yy BUIVIAAI YaCTUHHOI CyMH IHTETPO-

CTENeHEBOro psaay [J].

Opniero 13 KIIOYOBUX TMpoOJieM BUKOPUCTaHHS MOJeNel y BUIUISAI
noJiiHoMianbHOrO omneparopa Bonbreppu (1) € mpobnema igeHTH}IKAIii saEp.
BianoBigHo no TpaauimiiHux migxonaiB [2, 4] monenb (1) OyayeTbest 3a peakiisiMu
CUCTEMM Ha JEeTepMiHOBaHI TeCcTOB1 BIUIMBHU. J[Jia moOymoBHM ajeKBaTHOI MOJEI
HEOOX1THO MPOBOJUTU TOHA] k! EKCTIIEPUMEHTIB I 3HAXOJKCHHS m-To siapa
pany, Ae k — KUTbKiCTh TOYOK AMCKperw3amii 3a wacom: k=T /h+1 (h — kpok
JTUCKpEeTU3aIlii).

Jnis  BupimieHHS 1l€l  MpoOJieMH TPOMOHYETHhCS — AJAaTUBHUM  METOA
11eHTHdIKALI] HEMHIMHUX TUHAMIYHUX MOJeNel y BUTIIALL psaaiB Bonbreppu, axuit
MOJIATAE B aJamnTalii Npouecy NpOBEIEeHHS Cepii aKTUBHUX €KCHEPUMEHTIB HUISIXOM
3aMIHU JUIS PSAY €KCIIEPUMEHTIB JIaHUX BUMIPIOBAHb 1HTEPIOAIIIMHUMU TaHUMU 13
30epeKeHHSIM HEOoOX1aHO1 ajmekBaTHOCTI moxeni [3]. Takuil miaxig Mae 3HAYHUM
€KOHOMIYHMM e(eKT, OCKUIBKU JI03BOJISIE CKOPOTUTH (PIHAHCOBI Ta YaCOB1 3aTpaTH Ha
MNIATOTOBKY Ta TMPOBEJACHHS HATypHUX eKkcnepuMeHTiB. OIliHKa MeToay
3M1MCHIOBAIACh JJIA BUITQJKY OUIIHIMHOTO I1HTErpajlbHOro omepatopa Bombreppu.
Edekr ckopodyeHHS KUIBKOCTI €KCIIEPUMEHTIB CIIOCTEPIraeTbcsi NpHU MOOYI0BI
Mojiesield JIMHAMIYHUX CHUCTEM, fK 13 30CEpPEIKEHMMH, TaK 1 3 PO3MOAUICHUMHU
napameTpaMu, sIKi MiJl 4ac MEePeXiTHOTO MPOIeCy BUXOASATh HA YCTAJICHHM pPEKUM
poboTH.
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THE USE OF MACHINE LEARNING TECHNOLOGIES IN THE
STUDY OF EDUCATIONAL/PEDAGOGICAL SYSTEMS

Abstract. The study considers the actual problem of using machine learning technologies in
the study of educational/pedagogical systems: empirical comparison of clustering methods of
machine learning in the study of Internet addiction of students of computer specialties; application
of machine learning technologies to assess students' academic achievements in the process of
implementing the method of flipped learning using a virtual learning environment. Prospects for
further research into the application of machine learning technologies in research of educational /
pedagogical systems are outlined.

Key words and phrases: machine learning, educational, pedagogical, systems.

B cywacHomy paMHaMidyHOMY «IU(GPOBOMY» CBITI CTPYKTYpH JaHUX
PO3IIIAIAIOTHCS K BaXKJIMBE JKEPENIO 3HaHb, SIK 00’€KTU MOOYAOBH MOJENEH, SK
CUCTEMHU, SIK CKJIIAJOBl €JIE€MEHTH B CTPYKTYp1 IHIIUX CUCTEM. 3HAHHS MpPO 00’ €KTH,
SBUILA, MPOIECH T'€HEPYIOTbCS Ha OCHOBI HAayKOBOI MapajurMu, c(OKycOBaHOi Ha
BUBYCHHI iX SK CHCTEeMH. TOMYy Tay3b OCBITH/NEJAroriku MOTpeOye Ppo3pOoOKH
METO/IIB, IO HA/IaI0Th MOKJIMBICTh JOCHI)KYBATH CUCTEMH, 30KpeMa, mnepeadadyaru
TEHJICHIIIT PO3BUTKY OCBITHIX/TIeIarorivHux cuctem [1; 2; 3; 5].

Opnniero 13 3aJad CHCTEMHOIO aHali3y € KJIacTepHUW aHami3, IO Hajaae
MOXJIMBICTh KJIacHU(iKyBaTh OaraToOBUMIpHI CHOCTEpPEXKEHHS, 30Kpema, B Tally3i

ocBitu/menaroriku [5] (puc. 1). Ha naHmii 4yac BUKOPHUCTOBYEThCS OLIbIIE CTa
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anroput™MmiB kjactepuszauii. OCHOBHMM KpUTEpieM BHOOpPY TOrO UM 1HIIOTO
AITOPUTMY € MPaKTUYHA KOPHUCHICTH pe3ynbTaTy. [Iponeaypy KiacTepHOro aHamizy
peanizoBaHO B CHCTeMax KOMII'IOTEPHOI MaTEeMaTHKH, CTaTUCTUYHUX CHUCTEMaX,
MOJYJIAX Ta Makerax mnporpam (po3podsienux Ha moBax R, Java, C, C ++, Python i
1H.), cMCTeMaxX MalllMHHOTO HaB4aHHs, 30Kpema, TensorFlow, WEKA, MATLAB i
iH. B maHux JOCHIDKEHHSX BUKOPHUCTAHO BUIbHE MpOTpaMHE 3a0€3MEUCHHS IS
mamuaHoro HaByanHa WEKA (Waikato Environment for Knowledge Analysis) [4].
Hamu Oyno 3xificHeHO emIipuyHe NOPIBHAHHS METOMIB KiacTepusallii Ha
OCHOBI JIaHUX, OTPUMAHHX B TMPOIEC] OMUTYBAaHHS CTYACHTIB KOMII IOTEPHHUX
CHEeIlabHOCTe IIOJ0 HAsABHOCTI Yy HHUX O3HaK IHTEPHET-3aJIeKHOCTI 13
BUKOPHUCTaHHSAM cucTeMu MamuHHOoro HaByaHHi WEKA [1, 4]. 3actocoBasi
AITOPUTMHU  KJIacTepu3alllii — WMOBIPHICHOI OIIIHKM MaKCHUMaJIbHOI CXOXOCTI
(Expectation Maximisation) ta uentpoopientoBaHl (k-Means, Farthest First). B
pe3yabTaTi iX 3aCTOCYBaHHS 3IMCHEHO pO30UTTS HaOOpy JAaHUX Ha 3 KiacTepu. 3a
pe3ysibTaTaMH KJIacTepu3allii XapakTepHOIO0 O3HAKOIO JUIsl ONMTAHUX PECIIOHACHTIB €
HasBHICTh LEHTpalii IHTepHeTy B TCHUXIYHIA pPEaTbHOCTI OCOOMCTOCTI, TaKOX
BUJIUICHO KJIacTep, MPEACTAaBHUKU SKOTO TMOMNAaJal0Th B TPYIy PU3UKY, TOB’S3aHy

iHTepHeT-irpamu [1] (puc. 2).

* [lepesipka
pocTosipHoCTi
pezyneTaTie
KNACTEPHOMD
ananisy

L3 k
* BuaHaueHHA Buauaseinn

3minHIX (03HaK), B g » [pynyBaHHA
33 AKMMM ByayTs (meTpuku) ob'exria
OUIHIOBATHED M

ob'extn Bubipkn ofb'exTamm

AAHWK o

¢ lenepyBanHA
BubipHM ana
wnacrepizauii

Puc. 1. Cxema anropuTmy KJIacTEpHOTO aHaTi3y.
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T
o. Initialization: Get an initial es

variables). In my
| 1. Expectation S
compute the expect
expected values of the latent variables).
2. Maximization Step: Given tl

known valoes for the latent var

Input: n data points with a distance metric «
varinnt of the [tkelihood functi

Yick a poi ol label it
3 Exil Condition: [ Hielthood| | 'k  Poiut and label it

Redquire: ¢ — mumber of clusters

that will be chu:
repeat

Assign each observation from the to the cluster

| with the nearest centroid. Recale: ster centronds
e taking into consderation the current cbservation distnbution.

until Until the struchare stabslizes or the condition for

the algontha is falfilled{e.g. maximal munber of iterations)

Puc. 2. 3acTocyBaHHs TE€XHOJIOT1 MAIIMHHOTO HABYAHHSI B JOCIIIPKEHH] IHTEPHET-
3aJIEKHOCT1 CTYICHTIB KOMIT I0TEpHUX crieliaiibHocTeH [1].

[Ile omHWUM TPHUKIAIOM € 3aCTOCYBaHHS TEXHOJOT1H MaIIMHHOIO HaBYaHHS
(urarpopma WEKA, anroputmu MammHHOro HaBuaHHs Canopy, Expectation
Maximisation, Farthest First) nns ominku HaBuanbHuX gocsirHeHb yuHIB 33CO B
MpoIieci BIPOBAKEHHS METOJY OOEpPHEHOr0 HaBYaHHS 13 BHUKOPHUCTaAHHSIM
BIpTYyaJbHOI'O HaBUAJBHOTO cepenoBuina [2; 4]. 3a pe3ynbTaTaMu JOCHIIKCHHS,
MOHa 3pOOUTH BUCHOBOK, I1I0 OCHOBHOIO NMPUYUHOIO MIOMIJIOK YUHIB € HEMTPaBUIIbHE
3aCTOCYBaHHSI HHUMHM KJITIOUYOBUX TOHSATH TeMH «['eoMeTpudHi NEpPEeTBOPEHHS» 0
TCOMETPUYHMX 3a7a4 OUIbII 3arajJbHOTO THUITY, 3aCTOCYBaHHsS OOCPHEHOI'0 HaBYAHHSI
Ha OCHOBI BIpTyaJbHHX HABYAJIBHUX CEPEIOBHIN IMOTPEOye METaTbHOrO BIAOOPY
3MICTY MpEIMETY, a TaKoXX MOro ajanTallli 10 KOHKpETHUX Ipyn y4HiB [2]. Moaenb
KJIacTepu3allii, mpeAcTaBieHa B JOCIIKEHHI, TaKOXX MOXe OYyTH BUKOPHCTaHA IS

BUOOpY HaBYAIBHUX 3aBAaHb 32 “TpaAuIliiiHOT” OopraHizalli HaBYaJIbHOTO MPOLECY.

Clusters Clustered Instances

Clusters Clustered Instances

o 25 (12%)

1 66 (319) 0 106 (49%%)
2 47 22%) 1 30 (14%)
3 77 (3e%a) . 2 25 (12%)

3 34Q25%)

—
“ Clusters  Clustered Insta

—_—
0 52024%)

1 7 (3%)
2 138 (64%)
) 18 (8%)
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Puc. 2. 3acTocyBaHHs TEXHOJIOT1 MAIIMHHOTO HABUYAHHS B JOCIIPKCHHS IHTEPHET-
3aJIEKHOCT1 CTYICHTIB KOMIT I0TEpHUX clieliaibHOCTeH [2].

JleTanpHuil aHami3 3MICTY 3aCTOCYBaHHS TEXHOJIOTIM MalIMHHOTO HaBYaHHS,
PO3p00JIEHNX Ha OCHOB1 METO/11B MaTEMaTUYHOTO MOJICTIOBaHHS, B OCBITI/TI€1aroriii,
30KpeMa, KJIACTEpPHOr0 aHalli3y € 3HAaYMMHUM, OCKUIBKH MPOJAYKTHUBHE IO€THAHHS
MaHUX IIIAXOMIB B OCBITHIX/IEIArOriYHUX JOCHIDKEHHSIX HAZacTb MOXKIUBICTH
po3poOuTH e(EeKTUBHI OCBITHI/MEAAroriyHi CUCTEMH, €(EKTUBHO ONPAIILOBYIOUH
naHi, 3a0e3nedyyroud MOOUIBHICTH PHUHKY OCBITHIX mocayr. llepcrnekruBamu
MOAANBIINX PO3BIIOK 3 JaHOI TEMAaTUKU € BUKOPUCTAHHS aHCAMOJICBUX METO/IIB
MAaIlIMHHOI'0 HaBYaHHA B JOCIIIKECHH] OCBITHIX/IIEArOrTYHUX CUCTEM.
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CONTINUOUS FUNCTIONS WITH LOCALLY COMPLEX STRUCTURES
AND FRACTAL PROPERTIES RELATED TO THEM

binburicte (y TomosiorivHoMy ceHci) ¢yHKIiH MeTpudHoro npocropy C|[0; 1]

MaloTh CKJIaJIHY JIOKaJIbHY CTPYKTYpY. Jlo 1€l kaTeropii M1 BIIHOCUMO:
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1) nioe ne monomonni ¢hynxyii (1€ Taki, MO HE MAIOTh KOJIHOTO SIK 3aBI'OJIHO
MaJIoro MPOMIXKKa MHHOTOHHOCTI), 30KpeMa HeougepenyitiosHi GyHKIII;

2) @yHkyii, wo He MawOmMb NPOMINCKIE MOHOMOHHOCMI, KpPIM 8IOpI3Ki6
cmanocmi,

3) cuneynapui yuxkyii (HemepepBHI QYHKIIi, BIAMIHHI Bl CTaJMUX, MOXIJHA
SKUX JOPIBHIOE HYIIIO Maike CKpi3b y po3yMiHHI Mipu Jlebera) Ta iH.

3aranpHa Teopis Takux (QyHKUIA OinHa, ane OKpeMUM ii MpelCTaBHUKAM Y
JOOCHIDKEHHSIX TMpHUJIIJIEeHAa CyTTeBa yBara. Jlo Takux BIJHOCSTBHCSA: CHHIYISPHI
¢yukuii  Kanropa, Canema, MiHKOBCbKOro, HeAu(pEpeHLIHoBHI  PyHKIIT
Beiiepmtpacca, Cepnincbkoro, Takari, byma-Bynaepinixa, OkamoTo Tomio.

VY CBOIX [JOCHIDKEHHSX MU BHUBYAIM CTPYKTYpHI, TOIOJOIrO-METPHUYHI,
dpakranbHi, iHTerpo-gudepeHIiadbHl, BapialliifHi BJIACTUBOCTI HEMEPEPBHUX
byHKUIHA KUTbKOX KiaciB. Cepea HUX:

1) ¢yukuii, mo MarTh camonoaiOHi, camoadiHH1, aBTOMOENbHI BIACTUBOCTI;

2) ¢yHkuli, BU3HAYEHH] MPOEKTOpaMU LU(P OJHOTO 300paKEHHS 4YHCENl B
1HIIIE;

3) ¢yHKIIi, BU3HAUYEHI JAHIIOTOBOIO 3aJEXKHICTIO IU(GP JIBOCHMBOJIBHOTO
300pakeHHs 3Ha4eHHs QYHKIIT BiJ HUdp aprymMeHTa;

4) ¢yHKUIi, M0 € y3arajJbHEHHSIMH Ta aHAJOTaMH BUIIE 3TaJIaHUX KIACUYHHUX
npUKiIaaAiB G yHKIIIH, TOIIO.

Oco0nuBe Miclie Taki GyHKIIT MOCITAI0Th Y KOHCTPYKTUBHIN Teopii PyHKIIIH, y
TEOPii CUHTYJISIPHUX PO3MOAUTIB BUNAAKOBUX BEJIUYUH, Y TEOPil AUHAMIYHUX CUCTEM,
y Teopii (pakrTaniB, OCKUIbKM KOXXHa 3 BKa3zaHUX QYHKIIA Mae (QpakranbHi
BrnacTuBocTi. Haramaemo, mo ¢yHKIIS Ha3UBaeThbesl (PpakTanbHOIO (BOJOJIE
(dbpakTadbHUMU BJIACTUBOCTSAMHU), SIKIIO JUIsi HEl BUKOHYETHCS IMPUHAWMHI OJHA 3
YMOB:

1) yHukiis mae ¢ppakTaabHy MHOKUHY 3HaY€Hb a00 MHOKUHY PIBHIB;
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2) camomnopiOHMi, camoaiHHUN, aBTOMOAENbHUN a0 ¢pakTanbHUM rpadik
(5K MHOXHHY R?);
3) dpakrarbHy MHOXKHHY TOYOK HECTAJIOCT1 (30KpeMa pocCTy, CajaHHs);

4) dbpakTtaibHy MHOXHWHY oco0iuBocTer (audepeHiianpbHOro adbo 1HIIOTO

XapakTepy);

5) po3nonin 3HaueHb (YHKIII NOpU PIBHOMIPHOMY  PO3MOJAUIL apryMEHTa,
30cepe/KEHU Ha paKTali;

6) yukuis TpaHchopmye ¢pakTadbHy PO3MIPHICTh, NMPUHAWMHI OJIHIET 3
OOpeNBCHKUX MIIMHOXKHH OJUHUYHOTO Biapizka [0; 1].

Jlist 3aiaHHg  Ta JAOCHUIKEHHS (YHKIIM 3 JOKaJIbHO CKJIAJHOIO CTPYKTYPOIO
TUTIITHOKO € i0esl BUKOPUCTNAHHS PI3HUX cucmeM KOOY8aHHs (300paxcenns) yucen. Mu
BUKOPUCTOBYBAJIM OJIM3bKO TIBTOpa JAECSATKAa PI3HUX JIBOCUMBOJBHUX  CHUCTEM
KonyBaHHA (Q,-, Q5-, G,-300pakeHHs, MeliaHTHe, (iOOHaudieBe 1 MapKOBCHKE
300pakeHHs, 300pakKeHHs 4YMCeNl JaHIIOroBUMHU A,-Apobamu, apodamu JlaHxkya
TOINO) i HE MEHIIE HECKIHUYEHHO CHMMBOJBHUX 300paxeHb (2%-, g -300paXkeHHs,
300paxkeHHa uucen psaamu Jliopora, Enrens, Octporpaacwekoro, CinbBecTepa,
Octporpancekoro-Ceprincekoro-Ilipca To1no).

Kooysaunam  (306pasicennsim)  uucen  [0;1]  3acobamu  andaBiTy

A=1{0,..,s —1}, 2 = s € N Ha3UBA€EThCA CIOp €KTUBHE B1IOOpPaKEHHS g MPOCTOPY

L=AXAX.. TOCIJIOBHOCTEH  €JIeMEHTIB andaBiTy A y [0;1]:

g g .
L3 (a,)—»xe€[0;1]. Ile sanmcyerbes X =Ay o o 1 HAa3HBAETHCA G-
300padicenHsam 4Ucaa X, a @, — HMoro n-ow uudporo. HalnpocTimum npukiagoMm g
—KOJIyBaHHS 3 S-KOBUM alIpaBITOM € KiIacu4yHEe S-KoBe 300paxeHHsa. KirogoBum

MOHSATTSIM TeOpii G-KOAYBaHHS YUCEN € HACTYIHE: g-YUriHOpOM panzy M 3 OCHOBOIO

g : :
€1 ..Cp  HA3HBAETBCA  MHOXHMHA Ap . .~ BCIX X € [0;1] Takux, 11O

x = A (am+r) € L. OueBuHO, 110

€102 LTy a1 Tz -
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g — A9 g .
A .cm = B¢,.c oV UA ¢1ocms—1]" 300pa’keHHS Ha3UBAEThCS: HenepepeHUM, SKILO
: o _ g — min A
KOXXEH LWIIHAP € BIAPI3KOM; MOHOMOHHUM, SKIO Max &cl...cmi min A ¢y mli+1]"

TyT Mu po3rasigaemo came Taki 300paKeHHS.

:|Ag

Cl---le = P Ha3HUBACTBCA OCHOBHUM MempUYHUM

BigHomeHnus Ag
1

wCyp b
BIOHOWEHHAM. 3PO3yMUIO, IO BOHO MOXE 3aJI€KATH BIA M, I, €y, ..., Cyy- 300pAKEHHS
Ha3HMBAEThCH Q -300pakeHHAM, Ko p = p(i).

KaxyTb, 1mo 300paxxeHHs] Ma€ HYJIbOBY HaJIMIIKOBICTH, SKIIO KOXXHE YHCIIO

Mae He Oulblle JBOX 300paxkeHb. IIpum 1mpoMy Ti uucna, MO MawTh iX [IBa,

HA3UBAIOThCA @-OiHaApHUMU, a pelitTa — g-yHapHumu. JI1s MOHOTOHHHX 300pa’Ke€Hb

BUKOHYETHCA PIBHICTH: A = A .
y p €yl (0) €1elmot[Em—1](s—1)

JlonoBiap mnpucBsiYeHa (YHKIISAM TpbOX KiIaciB (3 PI3HUMH Ccroco0aMu
3a7aHH:):

1) MoHOTOHHMM CUHTYJIApHUM GyHKIISAM (TUy Casiema abo 1HBEpcopa);

2) "HenudepeHiioBHUM GyHKIIAM TUly TpuOiH-QyHKIIIT;

3) Hile HE MOHOTOHHUM (YHKIIISIM, SIKI Ha KOXXHOMY UWJIIHApPI 00JacTi
BHU3HAYCHHs HAO0yBalOTh MAaKCUMAJILHOTO 1 MIHIMAJIBHOT'O 3HAYEHHSI Ha MO0 KIHIIAX, a

caMe
— A9 — A9z — A9 — A9
1. a) (P(x - Arrll...a,,...) - Aal...a“...; b) I(x - Anl...a,,...) - Anl...an...a
a, =s—1—ay,;

0mpua; = a;

g1 — AY2 —
2. f(Aal...a,,...) - Abl...bn...’ bl o {]_ npu a, # a;

bn IPpH Ay yq = Ay

buer = |
el 1 — by IPU @psy # Ay

1€ g,-300payKeHHS 3 TBOCUMBOJBLHUM ajdaBiToM, a Il g, -300paxeHns -- 3 |A| = 3;

3.f(Bi+qix) =6; + gif(x),q; > 0,q0+ "+ qs—1 = 1,0 =qo +  + i1,
lgil < 1,90+ +9gs-1=1,6; = go + -+ gi-1.
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4. y(A?ﬁl “"m) = l_[ A, ne l_[)lg" — abCcoJIIOTHO 36DKHUN JOOYTOK, A, > 0.

n=1 n=1
AKTyanpHOIO 3aJauero sl (PpaKkTaJIbHOIO aHali3y € JOCHIKEHHS Kiacy
HenepepBHUX (YHKIHM, mo 30epiraloTh (¢GpakTaibHl XapaKTEPUCTUKH OO0’ €KTIB,
30kpemMa pakTtaibHy po3MipHicTh ["aycmopda-besukoBuua, yactotu mudp ado
XBOCTH 300pa’keHHS YHCEI TOIIO.

Teopema. @yuxyia [ € Hi0e He MOHOMOHHOMN, MA€E HeoOMedceHy sapiayiro,
KOHMUHYANbHI MHOMCUHU pisHI8. Axwo g, i g, — pi3Hi, mo QyHKYis @ 00HY 3
MHOJICUH no8Hoi Mmipu Jlebeca nepegooumsv y MHOMNCUHY HYIb080I mipu Jlebeza, a

MHOIUCUHY HYTb080I Mipu Jlebeza y MHodiCUHY no8HOT mipu Jlebeza.
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SECTION 1. MODERN PROBLEMS OF MATHEMATICS

Igor Abramchuk*
Taisiya Abramchuk**
Maxim Yurchenko***, student
*Vinnytsia National Technical University, Vinnytsia, Ukraine
e-mail: abramchuk@vntu.edu.ua
**Humanitarian Gymnasium 1, Vinnytsia, Ukraine
***Municipal institution "Tivrivsky Scientific Lyceum" of Vinnytsia Regional Council,

Vinnytsia, Ukraine

ON USING RECURRENCE RELATIONS FOR SOLVING THE FUNCTIONAL
EQUATIONS WITH PERIODIC FUNCTION

Abstract. The method of applying recurrence relations to the solution of functional equations is
considered on the example of an equation containing a periodic function. A solution method based on
the properties of periodic functions and recursion are proposed. One of the properties of the sum of two
periodic functions was proved.

Key words and phrases: functional equation, recurrence relations, periodic function, method
of applying recurrence relations, sum of two periodic functions.

Beryn. B mitepatypi [1-4] ommMcaHo MOCTaTHBRO BENUKY KUIBKICTH METOMIB 1
MPUIOMIB, III0 BUKOPHUCTOBYIOTHCS TPH PO3B’sI3yBaHHI (PYHKIIOHATBHUX PIBHSIHB. Y
JaHiii poOOTI PO3IJISHYTO MEBHE y3araJbHeHEe (YHKIIOHAJIbHE PIBHAHHSI, 110 MICTUTH
nepioauyHi (QyHKIIT 1 METOJ WOro po3B’s3aHHs, MO 0a3yeThCsd Ha 3aCTOCYBaHHI
PEKYPEHTHUX CITIBBIAHOIICHB [ 1-4].

OcHoBHa 4yacTuHA. BignpaBHoro Toukow crtana 3amada [3, c. 70]. Lo 3amauy
y3arajbHEHO B [ 7] HACTYITHUM YHHOM.

3aoaua 1. 3naiiaiTe yci Taki HenepepBHi nepioanuHi PyHkii f: R — R, ki npu

x € R, g # 1, 3a10BOJILHSIOTH PIBHSIHHS

F@=q-(x—3)+ato)
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AKIo «(x) -- mepioguyHa QyHKIIS 3 OCHOBHUM TiepiogoM T 1 Taka, mo

)

alx)

a (x - g) = —a(x). (Bionosiow: f(x) =

1+q
PosrasiueMo nonanbiie y3araabHEeHHs 3a1a4i 1.
3aoaua 2. 3naiiaiTh yci Taki HenepepBHi nepioanyHi yHkii f: R — R, ki npu
x ER,q # 1, r € Q, 3aA0BOIBHAIOTH PIBHSIHHA
f)=q f(x—7-T)+alx), (1)
ko @ (x)— nepioguuHa GyHKIIiS 3 OCHOBHUM TiepiogoMm T i Taka, o
a(x—1r-T)=k(r)- a(x), ne k(r) -- nesxa 3anana QyHKIIis.
Po3B’s13annd. PiBHssHH: (1) MOXHa 3anMcaTH B HACTYITHOMY BUIJIS L
a(x) =f(x)—q-f(x—r-T). )
B cuny Ttoro, mo ¢yHKmigs a(x) € HEmepepBHOIO MEPIOJUYHOI0 3 HAWMEHIIUM
nepionoM T, TO 1 TpaBa YacTHHA PIBHOCTI (2) Ma€ Taki BIACTUBOCTI.
Hogedemo, mo y BUMaAKy q # 1, r € Q naiimeHnmmi nepioxn f (x) takox T. Hexaii
icaye nepion T; ¢yHkmii f(x), Takwit, mo 0 << T; < T. Toxi
fx+T)—q fx—r-T+T)=f(x)—q - f(x—1r-T),
¢ (f—7-T+T) — flx—7-T)) = fx + Ty) — f(X). 3)

Hexait ¢ (x) = f(x + Ty) — f(x), Toai (3) MaTiMe BUIJISA
1
ex—1r-T)=9px)=ex—-1r-T)= a@(:r),

aomke 1T mpu q # 1, r € Q He € epiooM HemnepepBHOi GyHKIIT @ (x), ane y HpoMy
Bunaaky [5,6] i pT, p € Q He € nepiogoMm f(x) i Tomi T He MOXe OyTH MiHIMATbHUM
nepiogoM npasoi yacTuHu (2). Orxe npunyieHHs npo te, mo 0 < T} << T € nepioom

¢bynkuii f(x) HeBipHe.

25



III International Scientific and Practical Internet Conference «Mathematics and Informatics in Higher Education:
Challenges of Modernity», May 20-21, 2021, Vinnytsia, Ukraine

sm

Jqxkmo r € Q, To v = %‘, m € Z,n € N. Iloznauumo k. = k( ), seN, ky=1.

n

PexypenTtHo, n — 1 pa3, BUKOPUCTOBYEMO BUX1THE PiBHSHHS (1)

f(x)=q-f(x—%T)+a(x)=

q Q'f((x—%'r)—??‘)+a(x—%?‘) + a(x) =

1

2m

a*f (-’f ——T) +q -k a(x) + a(x) = -

n

n—1 n—

1
Q" (x === T)+ @) ) a°ke = q"F () + () ) ks
s=0 5=0

OcTaTo4yHO OTPUMAEMO

a(x) X355 a°ks
l_qﬂ

fx)= 4

3ayBaXuMo, 0 y BUNAAKY ¢ = 1, 1 € Q, pyHkuia f(x) € nepioAMIHOIO 1 TAKOK
Mae HaimeHnmi mepiox T [5], mpoTe pPO3TIAHYTUH METON TMOIIYKY pPO3B’S3KY -
HE3aCTOCOBHHMI; a y BUMAAKY ¢ = 1, 1 € @ po3Bsi3KaMHu, B TOMY YHCIi, MOXYTb OyTH
¢byHK1i1 3 mepiogamu OibiuMu 3a T, ane cuiBmipaumu 3 T [5,6].

BucnoBku. B po0GoTi po3misiHyTO (YHKIIOHATBHE PIBHSHHS, IIO0 MOXKE
OMMCYBATH MPOIEC A€ HA BXO1 - PI3HUIIA JEAKOI HEBIAOMOI HENepepBHOI NEPI0AUIHOT
¢byHKIIl Ta ii MacmTaboBaHOTO 3MIIIEHHS, a HA BUXOJl — JesKa BioMa MepioauyHa
GbyHKIIIs, 10 33J0BOJIbHSIE TOAATKOBIM YMOBI.

B xoa1 po3B’s13aHHS JOBEACHO OJHY 3 BIACTUBOCTEH ISl CyMH ABOX MEPIOAMIHHUX
(GyHKII1 TEBHOTO BUY.

OTpumaHO 3araJIbHUM PO3B’SI30K PO3TIIAHYTOI 3a/1a4i.
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ON WELL-POSEDNESS OF THE CAUCHY PROBLEM FOR SYSTEM OF

OSCILLATORS IN WEIGHTED SEQUENCE SPACES

Abstract. We consider an infinite system of ordinary differential equations that describes the

dynamics of an infinite system of linearly coupled nonlinear oscillators on a two dimensional integer-
valued lattice. We obtain the results on existence of a unique global solutions of the Cauchy problem
in a wide class of weighted sequence spaces.

Key words and phrases: nonlinear oscillators, 2D-lattice, Cauchy problem, well-posedness,

weighted sequence spaces.

We study equations that describe the dynamics of an infinite system of linearly

coupled nonlinear oscillators on a two dimensional lattice. Let g¢,, =qn’m(z‘) be a

generalized coordinate of the (n,m)-th oscillator at time ¢. It is assumed that each
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oscillator interacts linearly with its four nearest neighbors. The equations of motion of

the system are of the form

qn, m = an—l, mqn—l, m + an, mqn+l, m + bn, m—lqn, m—1 + b qn m+1 (1)
+ cn, mqn, m I/n', m(qn, m)’ (l’l, m) € Zz'
where a, . b, ..d,,€R, V, €C'(R;R). We consider solutions of system (1) such

that

lim ¢, ():O, (2)

n, m—to

1.e., the oscillators are at the rest at infinity.

We study the Cauchy problem for system (1) with initial conditions
90 n© =4, 4, ,(0)=q,",, (n,m)eZ’. 3)
System (1) naturally can be considered as an operator-differential equation, namelly
q=A4q9-B(q), 4)

where (Aq) a,- -1, mDn- 1, m + an,mqn+1,m +bn,m—lqn, m—1 +bn, mqn,m_'_] + Cn, mqn’m, and the

nonlinear operator B is defined by (B(q)) =V, (qn, i ), in the Hilbert, or even

n, m
Banach, space of sequences.

We impose the following assumptions

(i) {an’m}, {bn’m} and {dn’m} are bounded;
(i) v, ,eC(R;R), V,,(0)=V (0)=0, (n,m)eZ?, and V, , is locally Lipschitz
continuous uniformly with respect to (n, m) eZ’,ie., forany R>0 there exists a

constant C = C(R) >0 such that for all (n,m)e AR

Sometimes we use the following stronger than (i) assumption

v

1|7

1 (1) =V, (n) <Clr—n

,|<R.

b
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(it") assumption (ii) is satisfied with the constant C independent of R>0, i.e., V, . is
globally Lipschitz continuous uniformly with respect to (n, m) eZ’.

Let ©® = {6?” } be a sequence of positive numbers (weight). We denote by [ the

,m

space of all two-sided sequences g = {qn,m} of real numbers such that the norm

1
2
uqu@—[( s e,,,qu,mj.

,m)eZz

is finite. This is a Hilbert space with the scalar product

(M, v)@ :( Z en,mun,mvn,m‘

n,m)eZz
We suppose that the weight © = {Qn’m} satisfies the following assumption
(iii ) the weight ® be a regular, i.e., the sequence {Qn’m} is bounded below by a positive

constant and there exists a constant c, >0 such that

for all (n,m)e 7.

Note that [7 =/ as 6, =1.

n,m

We obtain the following results.

Teopema 1. Assume (z) (ii') and (iii). Then for every ¢ €l? and q'" €l problem
(1), (3) has a unique global solution q € CZ(R; Ié).

Teopema 2. Assume (i ) —(z'ii ) Suppose that the operator A is non-positive, i.e.,
(Aq, q) <0 for all g €1*. Suppose also that one of the following two conditions holds:

a) V. (r)=0 forall (n,m eZ? and r e R;
(@) Vi m
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(b) there exists a nondecreasing function h($), &2>0,such that élim h(&) =+
—>+00

andV, . (r)2 h(‘r‘) for all (n,m)eZ* and r eR.
Then for every q'¥ €l and q" €l problem (1), (3) has a unique global solution
geC? (R; 12 )

_ En,m

Teopema 3. Assume (z) and (iii). Suppose that V, , (r)= r?, where {gnm} is a
P

bounded sequence, and the operator A is negative definite in [°. Then there exists

5 >0, such that for any ¢ €l and ¢ €I’ with Hq(O)H <0 and Hq(l)H <9 problem (1),

(3) has a unique global solution q € C* (R; Ié).
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QUASILINEAR ELLIPTIC AND PARABOLIC EQUATIONS WITH
NONSTANDARD GROWTH CONDITIONS

Abstract. We derive the pointwise estimates of Harnack’s inequality type for the weak
solutions to inhomogeneous quasilinear two-phase elliptic equations of the divergence type (with the
help of nonlinear Wolff potentials) and homogeneous double-phase parabolic equations.

Key words and phrases: Harnack inequality, Wolff potentials, double-phase elliptic and
parabolic equations, weak solutions, nonstandard growth conditions.

We are concerned here with pointwise estimates (of Harnack’s type) for
inhomogeneous quasilinear two-phase elliptic equations of the divergence type and
correspondent homogeneous double-phase parabolic equations:

—div((|VulP~? + a(x)|Vu|772)Vu) = f(x), (D)

uy — div((|Vu P2 + alx, t) |[Vu|9"2)Vu) = 0. (2)

All conditions on coefficients, powers of nonlinearity (p,q) and right-hand side
Ax) 1s presented in [1], [2].

In elliptic case of Eq. (1) our result generalizes the classical one by T. Kilpelainen
and J. Maly, who proved the pointwise estimates of solutions to a quasilinear elliptic
equation with the p-Laplace operator and with measure on the right-hand side with the
help of a nonlinear Wolff potential. Further, those estimates were generalized to

strongly nonlinear equations and to strongly nonlinear subelliptic quasilinear equations.
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Then the constructed estimates were applied as an efficient tool to the study of the
questions of solvability and regularity of solutions to difference linear, quasilinear, and
nonlinear equations (see the works by M. Biroli, F. Duzaar, J. Kristensen, and G.
Mingione, J.Maly and W. Ziemer, N. Phuc and 1. Verbitsky, and I.I. Skrypnik). Due to
the application of some quasilinear equations with nonstandard conditions of growth to
the modeling of a behavior of electrorheological fluids the qualitative theory of such
equations is permamently developed, by attracting more and more the interest of
researchers.

The main goal of investigations of parabolic case Eq. (2) is to establish such local
properties of bounded solutions to equation (2) as local continuity and Harnack's type
inequality. These properties are basically characterized by the different types of
degenerate behavior, according to the size of a coefficient a(x,t) that determines the
"phase". Indeed, on the set a(x, t) = 0 equation (2) has growth of order p with respect to
the gradient (this is so called "p-phase"), and at the same time this growth is of order q,
when a(x, t) > 0 (this corresponds to (p,q) or double phase).

In the standard case p=q the class of equations (2) has numerous applications and
has been attaching attention for several researchers. Starting from the seminal paper by
P. Marcellini, V.V. Zhikov and G. Lieberman there has been growing interest and
substantial development in the qualitative theory of second-order quasilinear elliptic and
parabolic equations with nonstandard growth conditions. The interest grows not only
from the calculus of variations but also from a number of recent applications in
modeling electrorheological fluids, image processing, theory of elasticity.

Acknowledgments. This work is supported by grants of Ministry of Educations
and Sciences of Ukraine (grants numbers are 0121U109525, 0119U100421) and

Ukrainian-Germany project «From Modeling and Analysis to Approximation".
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STRUCTURE OF THE SPECTRA OF ALGEBRAS OF SYMMETRIC
ANALYTIC FUNCTIONS ON BANACH SPACES

Abstract. We continue the study of the spectra of algebras of symmetric analytic functions on
Banach spaces. In this talk we consider structure of the spectra of such algebras.
Key words and phrases: symmetric analytic functions on Banach spaces, spectra of algebras.

The function f on the space ¢, is called symmetric if for each permutation o on

the set of positive integers and each x =) xe e/, where {e} is a standard basis in /,,

i=l
we have that
Flon=(Zre, |- 100
i=1
We denote by H, (/,) the algebra of entire symmetric analytic functions from /7,
into C which are bounded on bounded sets. By M, (¢,) we will denote the spectrum of
the algebra H, (¢,), that is, the set of all nonzero continuous complex-valued

homomorphisms. The spectrum of M, (¢,) was studied n [1, 2,3 ,4].

In the talk we continue the study of the algebra of symmetric analytic functions

H,.(¢,) and of the spectrum M, (/,).
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METRIC, STATISTICAL AND FRACTAL THEORY OF G,-
REPRESENTATION OF NUMBERS

Hexait A = {0;1} — andasit, L = A X ... X A X ... — IPOCTIp MOCTITOBHOCTEH

eneMeHTiB andaBity (MPOCTIp MOCHIIOBHOCTEH HYJIIB Ta OauHHIB), § = (go; g1) —
. . : 1
¢dikcoBaHuil HAOIp YKCET, TPUIOMY > <90 < 1,91 =090—1; 6y =0,6; = go.

Jlns 6yap-sikoro x € [0; go] icHye nmocigoBHicTh (@,,) € L (nmpudomy He Oiiblie

JIBOX) TaKa, II0

1

x =64+ ) | 4,

Ia; | = cfla_j..‘ak...' (1)
k=2 j=1

o0 k
]
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Pan (1) HasuBaerbcs G,—npedcmasnienHam 4YWCAA X, CUMBOJIYHUM 3amuc

AC2

s Ol ... 0 Ha3nMBA€THCA G2-306pa.?iC€HHﬂM qucjia X, a @, HAa3UBA€TLCA N — HOHRO
1 02 oo g

nrdporo 1aHoTo 300paKeHHS.
Mempuuna meopia G,-300padxcenns 4YUCeNl 3aiMA€TbCS BUBYCHHSIM MHOXKHH

qKceJl, BU3HAYCHNX YMOBAaMHU Ha 300pakKeHHS, 3 BUKOPUCTAHHSIM METPUYHUX TOHATH Ta
BIJIHOIIICHb, B TIEPIIY Yepry, 3aco0iB Teopii mipu Jlebera. BoHna BkiIt0Yae BUBYCHHS
HOpMaJIbHUX BiacTuBOCTed ymucen. OnHuM 3 (GakTIB METPUYHOI TEOpil € TBEPHKCHHS
npo mipy Jlebera muoxkunu C[G,; (V)] = {x: a,,(x) € V, € A}

Teopema. Mipa Jlebeeca mnoocunu C|[G,; (V,)] oouucnroemovca 3a popmynoro

En+ ACEZ\En+
A(C) = A(E,) - ]_[ e ;)—A(EI) ]_[( (,1(\5)1))'

Oe E, — 00’eonanns yuninopié n-20 pauey, cepeo SHYMPIWHIX MOYOK SAKUX € MOYKU

MHoorcuru C.

Hacniokom 3 11i€1 TeopeMu € KpuTepiit HyJIb-MipHOCTI MHOXHUHHU E €:

(En\Ens+1)
AE) =0 o Fy, St =
n

Hexaii Ny (x, k) = @y + -+ ay, No(x, k) = k — N;(x, k).

Yucio

N k) _ g,
S

y BUMNAJKy HOro iICHYBaHHsI, HA3UBAETHCS YACTOTOIO UGpH | y G,—300paxkeHH] yncia x.
Teopema (Ananor teopemu bopenst ans nBIMKOBOTO 300paskeHHs). Muoowxcuna
= {x:vy2(x) = go} uucen x giopiska [0; gol, wacmoma yugpu 0y G,-306pasicenni

AKUX OOPIBHIOE G, Mae mipy Jlebeza pigHy g.
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Yucno x € [0; go] Ha3zuBaeTbcst HopmanvHum BITHOCHO Go-300pa)K€HHS YHUCIA,
AKIIO Y IIbOMY 300pa)KeHH1 ICHYIOTh 4acTOTH Horo nudp, npudomy yactora mudppu 0
piBHa g, a mudpu 1 — (—g,).

Hmosipricna  meopis G,-300padccenus uucen. 3aWMaeThCA PO3B’SA3aHHAM
TEOPETUKO-UYUCTIOBUX MPOOJIEM 3 BUKOPUCTAaHHSIM WMOBIPHICHHX 3ac00iB, a IMOBIpHICHA
TEOpist §-300pa)K€HHA 4YHCEI BHBYAE BJIACTHBOCTI PO3MOAUTIB HU}P BUNAIKOBOI
BeIMYMHM (B.B.) 3a 3aJaHUM 1 PO3MOAUIOM 1 PO3MOALT BHIAIKOBOI BEIWYMHU,
MTOPOKCHHUH po3moAiiaMu il mudp, a TakokK BUBYAE PO3IOIUIA Ha YACITIOBUX MHOKHHAX
31 CKJIIHOIO TOMOJIOTO-METPUYHOIO CTPYKTYPOIO.

G : L :
Teopema. fxwo eunaokosa eenuuuna & = A 53 g,.. Mae pignomipnuii PO3n00iN Ha
b

giopizky [0; gol, mo yugpu (&,) ii G, —300pasicenns € He3aneHcHUMU I MAIOMb

posnodinu P{&, = 0} = go, P{, = 1} = —g;.
Teopema. Axwo (T,) — nocuioo8Hicmb HE3ANEHCHUX OOHAKOBO PO3NOOINEHUX

8UNAOKOBUX BeUYUH, AKI HaOysaromb 3Hadens 0 i 1 3 imogipHocmamu py i py, mobmo

- . . . G-
P{t,=1i}=p;, 0<p; <1,i=0,1, mo po3nodin eunaokosoi eeiuyurnu T = A7, €

PIBHOMIpHUM RPpU Py = (o | CUHRYTIAPHO HENepepsHUM NpuU Py # Jo.

@paxmanvha meopis Go-306padicents yuce..

CyTh ¢pakTanbHOi TeOpii yucen y 3aJaHId CHUCTEMI iX KOIyBaHHS TIOJATAE Y
BUBUCHHI (paKTaJIbHUX BJIACTUBOCTEH MHOXHUH 4YHCEN, BH3HAYCHUX YMOBaMHU
(oOMexeHHAMH) Ha iX 300pakeHHs (BukopuctanHs 1udp). i ymoBu MOXyTh OyTH
chopMynIbOBaHI y TepMmiHax 3a00pOHU BUKOPUCTaHHSA HUPp Ta iX KOMOIHAIIN, Y
TepMiHax 4acToT 1udp ado komOiHaIii udp y 300paxeHH1 yucia Ta iH.

@pakTanbHl BIACTUBOCTI UYHUCIOBUX MHOXHUH MOXYTh MaTH PI3HI MPOSBH

(BUpaKEeHHS):

36



III International Scientific and Practical Internet Conference «Mathematics and Informatics in Higher Education:
Challenges of Modernity», May 20-21, 2021, Vinnytsia, Ukraine

1) aBTOMOACNBHICTh MHOKHHH, 30KpeMa ii caMOmoi0HICTB;

2) npo0oBicTh METPUYHOT po3MipHOCTI TUIy ["aycnopda-besnkoBuya;

3) anomanbHa (pakTaIbHICTh UM CynepdpakTaabHICTh;

4) HecmiBNAAIHHA METPUYHOT 1 TOMOJIOTIYHOT PO3MIPHOCTEHH;

5) 3MiHa pO3MIPHOCTI MHOKMHH 1] JIi€10 omeparopa, PpyHKIiii abo mepeTBOpeHHS
TOIIIO.

Opmni 1 T1 X (32 MOCTAaHOBKOIO) 3ajadl JJIsl PI3HUX CHCTEM KOJYBAaHHS YHCEI
MaloTh PI3HUNA CTYMIHb CKJIAAHOCTI. ICHye psia HEpo3B's3aHUX 3aJad CTOCOBHO
(bpakTaabHOiI PO3MIPHOCTI MHOXHUH JUISI CHCTEM KOIyBaHHS 4YHCENl 3 HECKIHYCHHUM
andaBiToM, 30KpemMa 300pakeHb umcen psagamua  Jloopora (mogaTHUMH - Ta
3Hako3MiHHuMU), Enrens, CimbBectepa, Octporpaacekoro, OcTporpaiacbKkoro-
Cepmiacekoro-Ilipca ta iH. [ToMHIIKOBO BBaXKaTH, 10 TaKUX HEMAE JUISI JBOCHMBOJIBHUX
CUCTEM, XOo4ya OM TO Ti NPUYMHI, IO MEePEeKOIyBaHHSA IBOCHUMBOJBHHUX 300pakKeHb
MPUBOANTH J0 HECKIHYEHHO-CUMBOJBHUX. J[0 1OrO CHHMCKY BIIHOCSATHCS 3a1adl Mpo
KpuTepili aHOMaJIbHOI (PpaKkTaIbHOCTI Ta cynepdpakTadbHOCTI MHOXHWH. CKIaJIHUMU
BOHHU € i1 300paXe€Hb YHCEJ JAHIFOTOBUMU Ap0oOaMu (31 CKIHYUEHHUM Ta HECKIHYCHHUM
andapiTamMu) Ta iH.

Teopema. [Ilpu eusznaueni poszmipnocmi [Iaycoopgha-bezuxkosuua MoHCHA

00itiMmucs NOKpUMMAMU MHONCUHU Go-YUTIHOPAMU.
Teopema. Muoowcuna uucen E[Go;po, P1), Go-300padicenns axux mae wacmomu
yugp 0 i 1 6ionosiono pisHi py i p; mae posmipuicms [ aycoopga-bezuxosuua, wo

00UUCTIOEMBCSL 3a hOPMYN0I0

In pg"pfl

In g¥°(—gy )P+

ao(E) =
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Hacainok. Axwo py = go, mo mipa Jlebeca muoocunu E € dooammuoro. HAxuo

Po € {0,1}, mo muoocuna E € anomanvro hpakmanvroro.
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ON THE INVERSE MONOID OF LOCAL AUTOMORPHISMS OF THE
QUATERNION GROUP

Abstract. A local automorphism of the semigroup S is defined as an isomorphism between its
two subsemigroups. The set of all local automorphisms of the semigroup S relative to the operation of
composition forms an inverse monoid of local automorphisms. In the current theses we present some
properties of the inverse monoid of local automorphisms of the quaternion group.

Key words and phrases: quaternion group, inverse monoid of local automor-phisms,
factorizable semigroup, variants of semigroup.

A semigroup S is called inverse if, for any element x €S, there exists a unique

element x' €S such that xx 'x=x and x 'xx' =x"'. It is known (see , for exa-mple,
[1]) that a semigroup is inverse if and only if it is regular and any two of its idempotents
are commuting. A semigroup containing the identity is called a monoid. Consider an
arbitrary mathematical structure C. A local automorphism of the structure C is defined
as an isomorphism between its substructures. The set of all local automorphisms with
respect to an operation of composition forms an inverse monoid, which is denoted by
LAut(C).
In the proposed note, we consider a miniature construction, namely, the inverse

monoid LAut(Q;)of local automorphisms of the quaternion group Q. In particular, we

calculate the number of elements of the semigroup LAut((Q;), prove that the inverse
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monoid LAut((Qy) is factorizable. A number of other properties of the monoid LAut(Q,)
follow from more general results (see [2], [3]).

1. Terminology and notation

The group O, ={1, -1, i, —i, j, — j, k, — k} in which multiplication is defined
by the rule i*=j>=k*>=-1,ij=k,ji=—k, jk=i,kj=—i,ki=j, ik=—j is called a
quaternion group. It is well known (see, for example, [4]) that the quaternion group is
the smallest (in terms of the number of elements) non-commutative group in which each
subgroup is normal.

A semigroup S is called structurally uniform if any two its subsemigroups of

the same height in the lattice Sub(S) are isomorphic. It is known (see [2], Theorem

1) that a finite semigroup is structurally uniform if and only if the set of ideals of
the inverse monoid LAut((;) is linearly ordered by inclusion.

An inverse monoid S 1is called factorizable if S=G-E, where G and E are,
respectively, a group of invertible elements and a semilattice of idempotents of the
monoid S. It is known that an inverse monoid is factorizable if and only if, for any

element x there exists an element g € G such that x<g.

Let (S,:) be an arbitrary semigroup. We fix an element a € § and define a new
operation *, on S by the rule x*, y=x-a-y. It is easy to see that the operation *, is
associative. The semigroup (S,* ) is called a variant of semigroup (S,-).

2. Some propositions

Proposition 1. | LAut(Q;)| = 44.
Proposition 2. The inverse monoid LAut((Q;)is factorizable.
Proposition 3. (see [2], Theorem 1). The ideals of LAut((Q;)form a chain with res-pect

to containment.
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Proposition 4. ( see [3], Theoreml). Let «,f € LAut(Q;). The variants (S,*,) and
(S,*,) are isomorphic if and only if rank(c) = rank(p).
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SEARCH FOR PRIME NUMBERS IN THE HISTORY OF MATHEMATICS

Abstract. The paper considers the history of research and discoveries in the field of prime
numbers. Namely, the creation of the first tables of prime numbers.
Key words and phrases: prime numbers, tables of least divisors, unproven hypothesis.

Jlesiki BBaXkKaroTh, IIO MPOCTI YMclia HE BapTi TNIMOOKOTO BHUBUCHHS, aji€ BOHH
MaloTh (yHAAMEHTANIbHE 3HA4YeHHs I MaTeMaTuku. IIpocti uyuciaa — ue “aromu
MHOXEHHS’, MaJIeHbK1 YaCTUHKH, 3 IKMX MOXe OyTH moOymoBaHe 1MOCh Benuke. [2, c.1].
IcTopis MmaTeMaTHKH 3HAa€ iIMEHA BUCHHX, sIKI CAMOBIAAHO MPAIIOBAIA HAJl CKIAJaHHAM
TaOJIUIIH MPOCTUX YKCEI 1 HaJl JOBEJACHHSIM IIPOCTOTH YHCEI IEBHOTO BUTY.

VY 1603 p. iramiicbkuii matematuk Kartanpai omyOnikyBaB y bBononsi mepury

BiIoOMY TaOJUIIO MpocTUX uncel, MeHmux 3a 750. Bxke B 1770 p. JlamOepT HagpyKyBaB
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TaOJMII0 HAMMEHIIMX AUTBHUKIB yCiX yucen, MeHmmx 3a 102000, axi He AUIIThCS Ha 2,
3 1 5. lle Oyna HeliMOBIpHO Benuka poOora. HemapemHO X, 3aKIMKalO4YM BUYEHHUX
MPOJIOBXKUTH CKIaAaHHs Tabmuie, JlamOepT rapanTyBaB 06e€3cMepTs TOMY, XTO JIOBEJE
tabmmito autbHUKIB A0 1000000.

Jo cepenunu XIX ct. Oynu ckiianeHi TaOauIll HAWMEHIIUX JUTbHUKIB HE TUTBKH
MEepIoro MigbioHA, AK Mpo 1e MpiaB JlamGepT, a ¥ apyroro, TPETHOTO 1 ax M0
JIeB’SITOT0 BKJIIOYHO. BomHouac y mpeci 3’SBUIUCS TOBIJOMIICHHA, SIKI 37aBajuCh
abCoMOTHO HeHUMOBIpHUMH: Yy BigeHChKy — akajemilo HayK HaJIidIIOB PYKOIHC
nmpa3bkoro marematuka Kymuka, mo MicTUTh TaOJIUII0 AUIBHUKIB YUCEN, HE KPaTHUX 2,
315, sxky Kynuk nosiB no 100 minsiioHiB. PemakTop HOBUX TaOIUIlb AUTBHUKIB YMCEI
Jlemep BimBimaB BizeHb 1 mepecBiauMBCs, MO B O10i0TEINl akaaeMii 30epiraeTbCs CiM
BEJIMKUX TOMIB pyKonucHux Tabnuup Skyda dinina Kynuka [1, c. 39].

VY ramy3i Teopii MPOCTUX YMCEN TMpaloBajio Oararo Jrojei, sSki He Oynu
MaTeMaTuKaMu 3a (axom, ajie 0e3KOPHCIMBO BiJgaBajy Haylll BeCh CBiM BUIbHMI 4ac,
€HEpriro 1 mpucTpacTb. Takum OyB pocisHuH IBan MixeeBuu [lepBymmua. [lonaBmu B
HEMWIICTh BiacTed, Mo30aBIEHUN MOXJIMBOCTI OJEpKYBAaTH MOTPiOHY jiTepaTypy i
3yCTpiyaTHCs 3 y4YeHUMH-MaTeMaTukamu, [lepByIIMH TPOJOBKYBAB M0 KIHISA KUTTA

MpaIloBaTH HaJ PI3HUMU MUTAHHAMH 3 TEOpii MpocTux uucena. BiH MOBIB mpocToTy

. . 6 12 23
gucia 2°' —1 i cknagenicts uncen 2% +1,2° +1,2° +1.
I[T’ep depma BHCIOBUB NPUIYLIEHHS, WO 4yuciaa Buay F, =2* +1 mpocti npu

Oymp-sikomy n. B 1732 p. Eiinep mokazaB, 10 YHCIIO F;:225+1:4294967297

aimThes Ha 641, ToOTO € ckmanmenum [1, c. 40]. ¥V 1877 p. IlepBymnH moBiIOMUB

[TerepOyp3pky AKkajemiro Hayk 1po Te, mo [, = 2" +1 ninutbes Ha 114689, a B 1878

p. 10BiB, 110 4uCIO £, =27 41 takox CKJIaJicHe 1 mumnThcs Ha 167772161, Y 1883 p.

Hepsymmu Hagicnas 3amitky «Uucno 2°' —1=2305843009213693951 € mpocte». B
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icTOpii MaTeMaTHKH 1€ YMCII0 Ha3uBaroTh [lepBymmHCchkuM. Han cknaganHsM TaOauIh
npoctux uncen [lepBymmn mpairoBaB noHag 40 pokis [1, c.41].

Takox 1 XIX cromitti Benukuii mpopuB OyB 3pobOsenuit 3aBasku K. Taycy,
I1. Yebumesy 1 b. Pimany, ocobauBo 1moa0 po3noauty npoctux uucen. KynpMiHali€ero
BCHOIO IIOT'O0 CTaja JOCl HeBWpilmieHa rimoTre3a Pimana, sAKy Ha3uWBalOTh
HaWBAXXJIUBIIIOI HEBUPINICHOIO 3ajadeio B maremaTuili. ['imore3a Pimana mo3Boise
Iy’K€ TOYHO Mepeq0aYuTH TMOABY MPOCTUX YHCEN, a TaKOXX YAaCTKOBO TMOSCHIOE YOMY
BOHM TaK BaXKKO JAIOThCS MaTeMaTUKaM |2, ¢.2].
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ON INITTAL-BOUNDARY VALUE PROBLEM FOR NONLINER
INTEGRO-DIFFERENTIAL STOKES SYSTEM

Abstract. Some nonlinear integro-differential Stokes system is considered. The initial-boundary
value problem for the system is investigated and the existence and uniqueness of the weak solution for
the problem is proved.

Key words and phrases: evolution Stokes system, integro-differential equation, initial-
boundary value problem, weak solution.
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Let neN and T>0 be fixed numbers, Q < R"be a bounded domain with the

boundary 0Q, Q,,=Qx(0,T), %,,:=0Qx(0,T). We seek a weak solution {u,7} of

the following problem

u, —i(Ag(x,t)uxi )M+ G(x,t)|u|q72u +I 3(x,t,y)u(y,t)a’y +Vr r,F(x,t),(x,t) €0, , (1)

i,j=1

divu=0, (x,t)eQ,;, (2)
J m(x,t)dx=0,1e(0,T), (3)
u 20 T - 0’ (4)
uLO =u, (x), x e Q. ®))

1
Here u=(u,...,u,):Q,; > R"is the velocity field, [ul=(|y, [ +...+|u,[")?,

ou (8%1 or,

ox, ox

. 0 .
divu=20 4+ P, n:Q,; — R is the pressure, V n=
ox, Ox ’

], and g > 1.

n n

Let (-,-),. be a scalar product in the space R",

(u,v)Q :=J (u(x),v(x))R,, dx,u=(u1,...,un),v=(V1,...,Vn):Q—>R“ )

Q
Let, se N, C, —{ue[C(Q)]" |divu=0},
H isaclosure of C, in [L*(Q)]", Z, isa closure of C,, in [H’(Q)]"
By definition, put Vi=Z, A[LY(Q)]", U(Q, )= L*(0.T:Z,) A L*(Qy ) | -

Assume that the following conditions are fulfilled.

(A) 4,are n-order square matrix with the elements from L~ (QO,T) ;

A=A, (i,jzl,n); fora.e. (x,t)e Q,,forevery &',....,6" € R" we get

)
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aOZ|§|<Z( (x.0)&5€7)., <a°i|§i|2 (05a <a’<+w);

i,j=0

(G) G is n-order square matrix, G = diag(g,,....g, ).g €L”(Q, ), and

0<g,<g/(x,t)<g’ <+ forae. (x,t)e Q,,, where [=1,n;

(E) 3is n-order square matrix with the elements from L* (Q,, x Q);

(F) Fe I’(0,T;H);

(U) u, € H.

Definition. The pair of the functions {u,7} is called a weak solution of problem
-5 if uel(0,,)nC([0.7):2)). u,e[U(Q,)]+ el (Qyr). u satisfies (5) in
the space Z,, for veV and £ €(0,T) we have

u, (), +A(0)u(t),v,+(E(t)u(t).v),

7 satisfies (1) in D*(QO’T), and 7 satisfies (3) in D" (0,7).

(F():7),»

We will prove the next Theorem.

Theorem 1 (existence). Let conditions (A)-(U) hold. Then problem (1)-(5) has a
weak solution {u,7} . Moreover, u € L”(0,T;H Jand Vel (O,T;[W“’S(Q)T).

Theorem 2 (uniqueness). Let conditions (A)-(E) hold. Then, problem (1)-(5) can’t
have more the one weak solution.

Problem (1)-(5) was considered in our previous paper [1].
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THE BEST APPROXIMATION OF THE SUMS OF MULTIPLE
TRIGONOMETRIC SERIES THAT SATISFY THE CONDITIONS OF
INTEGRABILITY

Abstract. We consider the estimations of the best approximations by trigonometric polynomials
of functions of the space L(Q™), m = 2,3, ..., in terms of Fourier coefficients.

The upper bound for the best approximation by trigonometric polynomials of functions of the
space L(Q?), representable by double trigonometric series with coefficients that satisfy a two-
dimensional analog of the Boas-Telyakovskii conditions, is given. The upper bound for the best
approximation by trigonometric polynomials of functions of the space L(Q™), representable by
multiple trigonometric series with a certain symmetry of coefficients, satisfying a multiple analog of
the Sidon-Telyakovskii conditions, is obtained.

Key words and phrases: the trigonometric series, the Fourier series, integrability conditions,
the best approximation, estimation.

Posrnsgatumemo ¢yHKIii, 3aAaHi TPUTOHOMETPUYHUMH pSAaMU 3 TIEBHUMH
yMOBaMU Ha KOE(QIII€EHTH, TIPU SKUX psAll 30iraeTbcs maibke Ckpizb 1 € psaom Dyp'e
cBoei cymu. Taki yMOBM HA3UBAIOTh YMOBAMU  [HME2POBHOCMI, OCKUIbKU
chopMyIbOBaHE MUTAHHS €KBIBAJIEHTHE MUTaHHIO IHTETPOBHOCTI 3a Jleberom (yHKIII,
70 sKoi 30iraeTbcst BIAMOBIAHUN psaa. TodHe 3HAYEHHS BEJIMYMHUA HAWKpPAIIOro

HaOJIMDKEHHSI TPUTOHOMETPUYHUMU TOJTHOMAMHU 2TT-TIEPIOAUYHUX CYMOBHUX (PYHKITIN

JIOCTh BY3bKOTO Kiacy, 3adaHux psanamu @Dyp'e 3 aBiul 1 TpUdi MOHOTOHHUMU
koedimientamu, 6yno BctanosieHo b. Hagem [6]. [TocabuBiim oOMekeHHs Ha TIOPS I0K
MOHOTOHHOCTI KoedimienTiB Dyp'e, B. E.T'eiit [2], B. O. backakoB [1] omepxanu nmus
BEJICUMHU HAWKpPALIOro HAONMKEHHS oyinku 36epxy. Posrasparoun ¢yHKUIi, 3aaaHi
TPUTOHOMETPUYHUMU PSaMH, KOSPIIIEHTH AKUX 3aI0BOJIbHSIIOTh YMOBH 1HTETPOBHOCTI
Bboaca-TenskoBCbKOTO, HaMH OJIEpKaHO OI[IHKA 3BEpXy BEJIWYMHHU iX HaWKpaIIoro

HAOJIMDKEHHSI TPUTOHOMETPUYHUMH TIOJIIHOMaMH, BUpaxeH1 yepe3 koedimientu Dyp'e
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[3]. Ilpu unpoMy MHOXHMHA (YHKIIH, A7 SIKAX BUKOHYIOTHCS 3TajlaHi BHINE YMOBH
B. O. backakoBa, BKIIIOYA€ETbCSl y MHOXKUHY (PYHKIIIH, 1110 33710BOJIbHAIOTE YMOBU boaca-
TensaKoBCHKOTO, 1 Ha ACAKIM ITIIMHOXKHHI BCTAHOBJICHI HAMHU OI[IHKH 30IralOThCS 3
pesynbratamu B. O. backakoBa 3 TouHicTIO 10 cTanoi. YMoBu boaca-TenskoBChbKOTO €
Ha ChOTOJH1 OJTHUMH 3 Hal3arajabHIMINX.

OTpumaHi HaMU pe3yabTaTH TMOIIUPEHO Ha JIBOBUMIPDHUM BHIIAJO0K, TOOTO
ONlep)KaHO  aHAJOTH  BCTAHOBJIEHUX  OLIHOK JUIS  HaMKpamoro HaOIMKEHHS
TPUTOHOMETPUYHUMU MOJTTHOMAMU 27T-NIEPIOAUYHUX CYMOBHUX (DYHKIIIH TBOX 3MIHHUX,
Kl 3aJaHl TOABIMHUMHM TPUTOHOMETPHUYHHMH  pPsJaMHU, IO  3aJ0BOJIbHSIOTH
JIBOBUMIpHUI aHanor ymMmoB boaca-TemnsikoBchkoro [4].

Hexait L(Q™),m = 2,3,..., — mpoCTip 27T-MEPiOAUYHUX 3a KOKHOK 3MIHHOIO

m _

CYMOBHHX Ha [—m; m]™ dbyHKIIH M 3MIHHUX 13 HOPMOKO

I @llem = | If®ldx,
e x = (xq,...,%X,,),dx = dxy...dx,,. Posrmsmatumemo ¢yHkuii npoctopy L(Q™),
3a/iaHl KpaTHUMU psiamu Dyp’e 3 TEBHOIO CUMETPIEI0 KOSDIIIIEHTIB PsIIY.
Orxe, Hexah Z™,m = 2,3,...— TOYKH M-BUMIPHOTO MJIHCHOTO €BKIIiJJOBOTO
npoctopy R™ 3 miuMu KoopauHaTamMu, W — MHOXHWHA TOJieApiB V' 3 pamioHaTbHUMH
BEpIIMHAMH, 31pYACTUX BIAHOCHO MOYATKY KOOPIMHAT — TOUKH O, SIKa € BHYTPIIIHbHOIO

TOYKOIO TIOJIie/Ipa, 1 TaKUX, IO MPOJOBKEHHS JKOIHOI 3 TpaHeld He MPOXOJHUTh uepes
touky O. Jnga Oynap-ikoro n € N BH3HAUUMO MHOXHHY nV = {x € R™ :rl—lx € V}.
Hexaii mns n = 0 mHOXkMHAa OV 30iraerbcs 3 MOYaTKOM KOOpJWHAT, a JJId n = —1
nokjagemo (—1)V =0@.

[lognaunmo wuepes T,,n = 0,1,..., MHOXKMHY TPUTOHOMETPUYHUX TMOJTHOMIB

BUISIAY
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tn(x):iak Z e™

k= 1k \(k=1)V
le @— JOBiNbHI xificEi umcma, i =—1,1€Z™, a uepes E,(f) — Benuuuny

m

Halikpaioro HaonwmxkeHHs QyHkuii f € L(Q™) noninomamu t,, € T);:

En (f) = f?'lf “f(x) - tn(x)”L(Qm]'

th€Ty
Posrmsimatumemo  ¢yHkiii mpoctopy L(Q™), mo 300paxaroTbCsi TaKUMHU
TPUTOHOMETPUYHHUMH PSITAMH:
0
ilx
f(x)=2 a pe™, (1)
k=0 1ekV\(k-1)V
1€ a;,— AIACHI YKcha.
Teopema. Hexait momienp V € W. Sxkmo a; — 0 mpu k — oo Ta icHye Taka
YHCII0Ba MOCIIAOBHICTD {Ay}, 10

A, L O0npu k — oo, |Aa,| = Ay ansa Bcix k € Ny, ZAk <00,

k=0

T0 anst GyHKIii (1) crpaBmKy€eThCs OLIHKA

E(f)=<C i max ‘Aam

k=[n/2W1 m2k

, n=201,...

3ayBaXUMO, 110 TIPU BUKOHAHHI U1 KoedimieHTiB psagy (1) chopmynboBaHoro B
Teopemi kpatHoro anaynora ymoB CimoHa-TensIkoBCbKOTO, BiH 30iracThCsi Mailke CKpPi3b
Ha KyO1 mepioiB 1 € psagom Dyp'e cBoei cymu [5]. Takum 4ynHOM, OIIHKA HAWKPAIIOTO
HaOmwkeHHs ¢yHkuii (1) Bupakena uepes koediiieHtu Oyp'e.

Hamu oTpuMaHO TakoX HACIHiJIKM TEOPEMHU — OLIHKH HAWKpaIoro HaOIMKEeHHS

¢byskii Burisaay (1) 3 onykior Ta KBa3iomyKJI0K HOCIIAOBHICTIO KOE(IIEHTIB.
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3ayBaXUMO, IO 3aBASKA cUMETpPii koedimieHTiB paay Dyp'e, sxkum 3amaHo
GyHKIII0, olepXKaHl Pe3yibTaTH HE 3alieKaTh BiJ PO3MIPHOCTI m TMPOCTOPY, TOOTO
MalOTh OJJHAKOBHUM BUTIISLA sl QYHKIIIHM TOBUTBHOTO YKCIa 3MIHHHX.
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ON THE ALGEBRA OF POLYNOMIAL @-ULTRADISTRIBUTIONS

Abstract. We consider the multiplicative algebra P(E,) of continuous scalar polynomials on
the space E, of o -ultradistributions of Beurling and Roumieu type [1] as well as its strong dual
P'(E)). The algebra P(E,) is densely embedded into P'(E;) and the operation of multiplication

posseses a unique extension to P'(E}), that is, P'(E,) is also an algebra. The generalized operation of

differentiation on these algebras is investigated.
Key words and phrases: ultradistributions on infinite-dimensional spaces, polynomial -
ultradistributions, spaces of polynomials.
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Algebras of distributions and ultradistributions with tensor operation of
multiplication were effectively used in physics. Such algebras have to be defined on
spaces of differentiable functions of infinitely many variables. These algebras have often

an equivalent structure of scalar polynomials with pointwise multiplication [2, 3].

A new approach to investigation of the dual pair <P' (E;),P(E;)> is developed.
Note that the dulity (P(E.),P(E,)) is a nonlinear extension of the dual pair (E,E,),

consisting of linear locally convex nuclear (F') or (DF) spaces. A polynomial analogue

of w-ultradistributions is constructed. The generalized operation of differentiation as
well as a convolution in the space of polynomial -ultradistributions are considered.
Properties of convolution algebra of polynomial @ -ultradistributions are described.
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PROPERTIES OF SEPARATING POLYNOMIALS ON REAL BANACH
SPACES

Abstract. We consider a similar properties of separating polynomials on real Banach space and
real normed spaces (old known and new properties)

Key words and phrases: Banach space, normed space, continuous function, analytic
functions, uniformly approximated, separating polynomial.
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BinokpemitoBasibHI  MOJIIHOMHU  BIAIrPalOTh  BaXJIUBY pOJb Yy IHUTaHHI
anmpokcuMailii HemepepBHUX (YHKIIH aHATITUYHUMH Ha cemnapabenbHUX OaHaHOBHX
MPOCTOpax, Ta HABITh HOPMOBAHMX, 3 IMEPIIOTO IPYHTOBHOTO pe3ynbTaTy 1954 poky
orpumanoro S. Kypugseinem y npaii [3]. ToMy npupoaHiM € TUTaHHS MPO T€, SKI SAKI
BJIACTUBOCTI MAalOTh PO3AUIAIOYl MOJIHOMH, Ta SKI caM€ TPOCTOPHU JOIMYCKalOTh
PO3IUIAIOY1 TTOJITHOMH.

CyTtreBi pesynabTatd oTpumaHo y 1989 pomi M. ®abianom, M. Ilpeiccom, JIx.
Baiirdiennom ta B. 3i3nepom y crarri [1] Ta mano rpyHToBHuUM orisa y 1997 pori P.
lonzano, X. Xapamino y crarti [2]. YacTuHa HaAWOUIBII BaXKIMBHX MOMEPEIHIX
pe3ynbTaTiB Ta HOBI AOCHIIHKEHHS 3 Il€i TeMaTuku BukmaaeHi y 2015 pori B
IpyHTOBHOMY orsial y mpami [4].Y 2020 pori y mparii [S5], oTpuMaHo 1Ie AesiKi HOBI
pe3ynbTaTi. Y J0MOBiAl OyayTh OTJISIHYTI OCHOBHI PE3yJbTaTH 3 TEOPIi PO3AUIAIOYUX
MTOJIIHOMIB Ha JIMCHUX 0aHaXOBHX MPOCTOPAXx.
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ABSTRACT SHIFTS SIMILAR OPERATORS

Abstract. We investigate topological transitivity of operators on nonseparable Hilbert spaces
which are similar to backward weighed shifts.

Key words and phrases: topologically transitive operator, hypercyclic operators, function
space.

Hypercyclicity is related to the concept of transitivity from topological dynamics.
While the existence of an element with a dense orbit implies that topological space X
must be separable, the transitivity of 7: X — X does not require that the space X is
separable. On the other hand, since Baire category theorem is essential in most of the
fundamental results concerning hypercyclicity, the space X on which the operators are
defined is usually assumed to be a Frechet space. However, several recent important
results considered the existence of hypercyclic operators on locally convex spaces which

are not metrizable and not Baire, see [1] and [2].
Let (H,),_, be a sequence of Hilbert spaces. We assume that H, are nontrivial,

that is, 4, # {0} and not necessary separable. Let us suppose that for every n and m,
H, is isomorphic to H, . We denote by (,(H, )=/(,((H,),, the Hilbert space

consisting of elements x=(x,,x,...,x,,...), x,€H, endowed with norm

1
Hx“:(guxiuzjz. Let {a)n} be a sequence of positive numbers (weights). Let us fix a

sequence of isomorphisms J :H, —>H, |, HJmH =1, meN. An operator
T:0,(H,)—>(,(H,) will be called a backward weighted shift (with respect to family

J,, with weight sequence {w,} if it is of the form
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T'(x)=(0J,(x), 0,J,(x,),....,0,J (x),...).

m-m

Theorem. Let H, be a sequence of Hilbert spaces and T':¢,(H,)— (,(H,) be a

backward weighed shift with respect to family J, and with positive weight sequence

{®,}. Let us suppose that sup lﬂ[HJ”‘1 H < o0,

meZ, p—(

Then the following are equivalent:

a) T is topologically transitive;

b) there exists a non-trivial 7T -invariant (separable) closed subspace Y < /,(H,)
on which the restrictionof 7' to Y, T:Y — Y is hypercyclic.

c) the restriction 7:Y —Y to any T-invariant (separable) closed subspace
Y c (,(H,) which contains non-zero vectors of the form (0,...,0,x,,0,...), x, € H, for
every n € Z, is hypercyclic.

d) limsupn%ﬁwk = 00,

k=1

An operator B:/,(H,)— (,(H,) is a backward weighted shift similar operator if

there exists an isomorphism A4:/,(H,)— ¢,(H,) for some sequence of Hilbert spaces

E, and a backward weighted shift T:¢,(H,)—> ¢,(H,) such that B= ATA™". It is clear

that B is topologically transitive if and only if 7' is so.
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FINDING THE BOUNDARIES OF SEQUENCES OF CHAIN FRACTIONS

Abstract. The paper considers finding the boundaries of chain fraction sequences.
Key words and phrases: chain fraction, compression mapping, fixed point, convergence.

JlaHiroroBi  ApoOM MOCUTH IIMPOKO BUKOPHUCTOBYIOTHCS B MaremaTuill. Y
HAIIOMY BUIMAJKY PO3TJISTHEMO 3HAXOJKEHHS TPAHHUIb TMOCHITOBHOCTEH JIAHIFOTOBHX
npo6iB. Ilepm 3a Bce chopmyntoemo Teopemy banaxa ( HPUHIMI CTHCKAIOYHX

B1/100pa’keHb) Ta JACSIK1 TOMOMDKHI TBEPKCHHS.

Hexait R- wmetpuunuii mpoctip. BimoOpaxenns A mnpoctopy R B cebe
HA3WBAETHCSA CTUCKYIOUHUM BIOOPKECHHSM, SIKIIO ICHYE Take 4Hucio « <1, mo mans

OyZb- IKMX JIBOX TOUOK X,) € R BUKOHYETbCSI HEPIBHICTb

p(Ax, Ay) < ap(x,y) ()
Koxne cruckyroue BinoOpaxkeHHs HemepepBHe. Cnpapnl, AKIIO X, —> X TO
BHacmIOK (1) 1 Ax, - Ax. Touka x Ha3MBAETHCSA HEPYXOMOIO TOYKOIO BiOOpaKEHHS

A sxuo Ax = x . ToOTO HEPYXOM1 TOUKH — 11€ PO3B’SI3KU PIBHAHHA Ax = X.

Teopema: Ycsike cTUCKaloue BiAOOpaXKeHHs, BU3HAYEHE B TIOBHOMY METPUYHOMY

mpoctopi R, Mae ofHe 1 TUTbKU OAHY HEpyXoMmy Touky [ 1,64].

[IpuHIMTT CTUCKAIOYMX Bi1IOOpakKeHb MOXKHA 3aCTOCOBYBAaTH 1O JIOBEICHHS

TEOPEeM ICHYBaHHSI Ta €IMHOCTI PO3B’SA3KIB [JIs PIBHIHB PI3HUX THMIB. KpiM 10BeneHHS
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ICHYBaHHS 1 €TMHOCT1 PO3B’SI3KY PIBHSHHA AX = X, IPUHIUII CTUCKAIOYUX BIJOOpaXKEHb
nae 1 paKTUYHUN METO HAOIMKEHOT'0 3HaXOIKEHHS LIbOTO PO3B'SA3KY.
Hexaii f - GyHkuis, ska Bu3HaueHa Ha cermenti [a,b] Bcebe. Tomi [ €

CTUCKaroue B1I00pa’KEeHHSA 1, 3T1THO 3 TEOPEMOIO, MOCJIIIOBHICTh

Xy, %, = f(x,),%, = f(x,)...30Ira€TbCSA 10 €AMHOrO KOPEHs pIBHAHHA X = f(x). YMoBa
CTUCJIIOCTI BUKOHYETBCS, SKIIO (DYHKIIS HA CErMEHTI [a,b] Mmae moximHy f'(x),

npuuomy |f(x)| <K <1 [1,65-66].

Hexaii Ternep JAHO PIBHSHHS BUTY F(x)=0, pUYOMY
F(a)<0,F(b)>0i0<K,<F(x)<K, na [a,b]. Beenemo gyHkiito f(x)=x—AF(x)
1 IIyKaTUMEMO pO3B’SI30K pIBHAHHA X = f(X), PIBHOCWJIBHOTO piBHSAHHIO F(x)=0.
Ockimpku f'=1-AF'(x), 10 1-AK, < f'(x)<1-AK, , TO 4uCiI0 A MOXkHa MiaI0paTu
Tak, 100 MOXXHa OyJI0 BHKOPHCTaTH METOJ TMOCIIAOBHUX HaOmmwkeHb [1,65].

BukopucTaemMo naHWi IPUHIMI A8 JOBEJECHHS TOro, MO IOCIIZOBHICTE (X, )

JIAHIIOTOBUX JAPO0OiB

€ 30DKHOI, 1 3Haigemo ii rTpanumio. IlpoaHani3yBaBuM JaHy HOCIAOBHICTb

. 1 . . :
JAHLIOrOBUX ApOOIB  MaTHUMEMO: X, =5,X, :55,.... SIBHUM € 1 Te, IO BC1 HACTYIIHI

- : : 26
YJIEHH IL1i€i IOCHIIIOBHOCTI X, € {5;?} Vnz3.
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OdeBuHO, IO JaHA TOCIJOBHICTH JAHI[IOTOBUX JAPOOIB 3a/laHa PEKYypEeHTHUM

1 . .
crocobom: x, =5,x, =5+——, n>2,10 3 BiTHOWIEHHA X, =5+ (n=>3) 1omiHOK

xn—l 5 + L
‘xn—2
x < %,xz < ? BUIUIMBAE, IO X, < ?(Vn >1). Kpim Toro, x, >5(n>1).
Posrasinemo BimoOpakeHHs
1 2
f(x)=5+—, Vxe{S;?] (2)
X

[Tokaxkemo, 110 3a/1aHe TAKUM YMHOM BifoOpaxeHHs (2) € BiIoOpa)KeHHIM CTHUCKY.

p(f ). f () =]/ ()= f(»)|= (5+1J_(5+l] Y x| =]
X y) olxoyl | Xy 25

1 1 . .
= by X— y‘ = 35 p(x,¥). 3 1pOro CHiBBIAHOLIEHHS 0a4UMO, 10 BigoOpakeHHs f (x) 3a1aHe

3a JOMOMOT 010 (2) € B1I0OpaKEHHSM CTUCKY.

. 1 . .
3Biacu a:2—5 - koedimieHT cTHCKy. 3rimHO TeopemMu baHaxa 1e CTHUCKyrOYe
B110OpaKEeHHs MaTHUMe €AVHY HEPYXOMY

. 1
TOuKy:x =limx , nex, = f(x,_)=5+—— (n2=2).

n—1

. 1 .
OTxe pIiBHAHHA X =5+— MaTUMe €IMHUH po3B’s30k. KopeHeM maHOTO

X
« 5+\/5
2

PIBHSHHS € X = ~5,2. lle 1 Oyzae rpaHuIiero AaHO1 MOCTIAOBHOCTI JIAHIIFOTOBUX

npo0iB.
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[lincymoByroun JaHy TeMy MOXHa 3pOOMTH BHCHOBOK, IO MPHHIUI
CTUCKYIOUUX BIJOOpaX€Hb € 3pYYHUM ISl 3HAXO/HKEHHS TPAaHUIlb MOCTIAOBHOCTEH

JIAHIFOTOBUX APOOIB.
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SOLVING GEOMETRIC PROBLEMS WITH A COMPASS AND A RULER

Abstract. In ancient times, "great" Greek mathematicians claimed that the constructions
performed by a compass and a ruler were truly geometric. In the Middle Ages, structural geometry
was poorly developed. In modern times, namely the 17th-20th centuries, development has gained new
momentum and today the theory of geometric constructions is a widely developed part of
mathematics.

This theory uses constructive techniques, including solving geometric problems with a
compass and a ruler, which are reduced to a huge number of elementary constructions, which in tum
are based on general knowledge of the axioms of constructive geometry. [2]

Key words and phrases: compass and a ruler, constructive geometry, analysis, construction,
proof, constructive techniques.

MeToro ociiKeHHs Oy1e po3TIITHYTH OCOOIMBOCTI PO3B’I3aHHS T€OMETPUIHHUX
3a/1a4 3a JOTIOMOT'OF0 IUPKYJIS 1 JIHIMKH.

[Ipouiec po3B’s13yBaHHs 33a/1a4i Ha MOOYOBY MOJIATAE B 3HAXOHKEHH1 KOHKPETHOT
MOCJTIIOBHOCTI OCHOBHUX MOOY/IOB, & CaM€ 13 YOTUPHOX €TalliB:

1) anami3 (mouryky crnoco0y po3B’si3yBaHHS 3a/1a4i);

2) mnoOynoBa (MOCTiJOBHE BHMKOHAHHS OCHOBHHMX TMOOYIOB UM paHille

PO3B’sI3aHUX 3a/1a4, 1110 JaI0Th MOXJIUBICTb OEpKATH IIyKaHy Qirypy);

56



III International Scientific and Practical Internet Conference «Mathematics and Informatics in Higher Education:
Challenges of Modernity», May 20-21, 2021, Vinnytsia, Ukraine

3)noBeneHHs (BCTAaHOBJICHHS, YU MOOymoBaHa (irypa AiHCHO 3a/10BOJIBHAE YCi
YMOBH 3aja4i); 4) TOCHiKEHHs (CKUTBKH PO3B’sA3KIB Ma€ 3ajia4a Mpu KOKHOMY BHOOPI
3aJlaHUX EJIEMEHTIB).

OCHOBHMMHU METOJIaMU PO3B’SI3yBaHHS 3a7ad Ha NMOOYJOBY 3 BUKOPHUCTAHHAM

THIAKY Ta IUPKYJIS €:

J MeTon mepeTuHy IreéOMEeTPUYHOrO0 MicIlsl TOYOK (T€OMETPUYHHM MiCLEM
TOYOK HA3UBAETHCS MHOXKHHA BCIX TOYOK, SIKI MalOTh OJHY a00 JEeKUIbKa CHUIBHHUX

BIIACTUBOCTEN);

o MeToa reoMEeTpUYHUX TEPETBOPEHb (MpU PO3B’SA3yBaHHI 3aJad  Ha

noOy/0BY, KpiM JJaHUX €JIEMEHTIB, 110 BU3HAUYAIOTh LIyKaHy (Pirypy, po3risgaloTh Lie
JONMOMDKHI €JIeMEHTH, $KI € oOpa3aMd JaHUX B SKOMYCh TI'€OMETPUYHOMY
MePETBOPCHHI; BUAUISIOTH OKPEeMI METOJIN: METOJ MapajeabHOTO MEPEHECCHHI, METO I
OChOBOI CUMETPIi, METO] IICHTPAJIbHOI CUMETPii, METO MOII0HOCT1, METOI IHBEPCii);

o AnreOpaiuynuii meton (po3B’si3aHHS 3a1adl 3BOJAATHCS 10 TOOYI0BH

JeSIKOTO BiApi3Ka ( 9 AEKUIBKOX BIAPI3KiB ), 3a7aHOTO (opMyIoro). [1]
3amada. [IpoBecTn JOTUYHY 0 KOJIa, IKA MPOXOIUTH YePEe3 JaHy TOUKY A.
Y BochMoMy Kkiaci micns BuBYeHHA Temu ‘‘Teopema Ilidaropa” moxHa

PO3B’S3aTH 110 33/1auy aJIreOpaidHUM METOIOM.

Ananiz. Y AAOB: 2 B=90"; OA=a, OB=r — BinoMi; IIyKaHU#W BiZpi30K — AB=x.

Toxi x’+r°=d’, 3Bimku x=+/a> - »* . [o6yq0Ba BUKOHAHA HA PUCYHKY 3.

— w B
b d { -
N A
T
! = B
Puc.3
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Bunnkae nuTaHHs, YM KOKEH BIAPI30K, 3aaHUi anreOpaiyHoo GyHKIIEI0 MOXKE
OyTH MoOy10BaHUI LIUPKYJIEM Ta JIHIHKOIO.

Teopema [2] (kpuTepiit po3B’sI3HOCTI 3a/1a4 HA TOOYIOBY):

s Toro, mo0O BiApi30K MOKHA Oyno MOOYyAyBaTH HUPKYJIEM Ta JIHIWNKOIO
HEOOXITHO 1 JOCTaTHHO, 100 HWOr0o JOBXKHMHA BHpakajacs 4epe3 JOBKWHH 3aJaHHX
BIIPI3KIB 3a JOMOMOTOK anreOpaiunmx omepamid (+,-,%,:) Hag KBaJpaTHYHUMU
paavKaiaMu.

BucnoBok. OTe, reoMeTpUyHI 3a/1adl Ha TOOY0BY B yci 4acu OyJIu BasKJIMBUM
KOMIIOHEHTOM IIKUIbHOT MAaTeMaTH4HOi OCBITH. Y TIpolieci BHBYEHHS TeOMETpii
MOTPiOHO TPHUIUISATH BEJIMKY yBary BHUBUYCHHIO 3aJad Ha MOOYIOBY 3a JOMOMOIOIO

LHUPKYJIS 1 JTIHIAKY.
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THE TWO-POINT PROBLEM FOR EULER TYPE PARTIAL DIFFERENTIAL
EQUATION

Abstract. A two-point problem for partial differential equations of the second order with
coefficients dependent only on time variable (Euler type equation) is considered. This problem is
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ill-posed, and its solvability is related to the problem of small denominators. Existence and uniqueness
of the solution are established, based on lower bounds estimations for the small denominators.

Key words and phrases: partial differential equations, two-point problem, small denominators,
ill-posed problems.

B o6nacTi [t7,"1x Q) , ne 0<t <t',a Q) — p-BUMIpHUI TOp, PO3IIIAAAETHC

3agada JjIst piBHfIHHH 3 YaCTUHHHUMHU HOXiI[HI/IMI/I APYyroro nopsaaKy

[tzﬁf +1ta(0,)0, +b(8x)}u(t,x): 0, (t,x)e (t_,f)x Q7 , (1)
e a(@x):Zasai, b(@x):ZbSGi, npuuoMy a,, b — KOMIUIEKCHI 4YHCIIA,
s|<1 |s|<2
s=(8,....8,), |s|=s+---+s,, 0,=0/0¢, ai:a;---aj;, 0, =0/0x,. Po3p’130K

piBHﬂHH;{ (1) 3aJaHAM y 1Ba MOMEHTH ty, 1, A€ t <t, <t < th , YMOBaMHu

u(to,x):goo(x), u(tl,x):gol(x), xeQf . (2)

Po3e’si30k 3anadi (1),(2) wykaersest 3a JOMOMOIOM0 BiIOKPEMIICHHS 3MIiHHOT 3

BUKOpHCTaHHAM panis Dyp’e ¢, (x)= > ¢,e™, ¢(x)=D p,e™, Tomy poss’szox

keZ? keZ?
PIBHSHHS (1) 300paXKy€ETHCS PSAIOM u(t,x) = Z”k (t)e”“ Jae kx=kx +-+kx .
keZ”

2
H

Jns geR Bepemo mpocropu @ . i U, ; 3 HOpMamu ng”j’g: zlgzqué‘gok

keZ?

t’aju(t,-)H2

q-r.G

2
2
Jul, o = 2 max
£k el ]

" ne g >0 1 G —HeBix eMHa QyHKIIS.
t

Po3i6’eMmo MHOXMHY 7Z” Ha OBl MHOXMHM Z" =Z UZ,, npuuoMmy A, A, €
NPOCTHMHM KOPEHSAMH XapaKTePUCTUUHOTO PiBHAHHS A° + (a — l)ﬂ, +b=0,n0¢ a= a(ik)

i b=>b(ik), mame st BexkTopiB k € Z, i ReA, <Rel,.

3uaiineni QpyHkuii u, (1) wis k € Z 306paxarots GopMyn
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1 -1 i
uk(t):t/hm( fil 11”0)( /11§00k)’ keZ,

Inz 27

ae Int >0, a 114 k € Z,— popmynu

t;tl tlztll—ﬂz A -4
uk(t)z( - 11;2 )(1 T j(t0/11§00kj’t1<1’

T -1 1 Lo,
(% ) a1 (e
1) 0 0 Tk <1<t 3
e x PEARIN LA DR RC)
ttlz -4 tﬂz 1 -1 -2
uk(t)=( _ ) - to_ Por 21,
I_Tl 2 - =) 1 tlﬂz '

JI€ €JIEMEHTH r’l‘_ﬂﬁ,t(;lz_’l‘,tf‘_ﬂ2 BI/IMOBIIHUX KBAJPAaTHUX MATPUIlb MAIOTh MEHIIMH 3a

OJMHULII0 MOAYJIb Ul BCIX k € Z, 3 yMoBOIO Red, > ReA,.

b

Hexaii KOMIIOHEHTH BeKTOpa b = (b(l),...,b(p)) = (b S(p)) y piBmstaHi (1)

Ly
HalmexaTh Kpyry (O  pagiyca b, a came Q*:{ze(C:‘z‘Sb*}, nie

s(7)=(0,...,0,2,0,...,0). Toxmi 3anexxHi BiI k BEIUYUHU /L(k),lz(k),D(k),A(k)
J

*

. . . *p sk
3aJIe’KaTh TAKOXK 1 BiJ I[bOTO BeKTOpa HAa MHOXHUHI O ' =0 x---x (0 .
—_——

p

Ockimbxn |a(ik)|<Lk i |b(ik)|< Lk, 1o |D(K)|<LK® i |4,(k) <Lk, ne
nojxatHi wucna L, L,, L, —He 3anexars Bil k Ta b, a sanexats Big b’

[Toznaunmo (), — MHOXKHMHY BEKTOpIB (ao,bo), AK1 JIeKaTh Ha KOMILIEKCHHX

2 2
napaGounax b, :(%2_1} +(ImrJ st uimax m; roai A(0)#0, sxwo (a,,b,) & 0, -
nt
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VY  npunymieHH1 (ao,bo)ng I JIOBUIBHUX JIOCTaTHBO Manux &£>0 1

. . . * . 7
HOCIIIOBHOCTI &, =0, I AKHX zkiog,f =¢/2, Ha MHOXHHI Q7 \ QO BekTopiB b

3HAMEHHUKH Yy hopMmyiax (3) 3a/I0BOJILHSIOTH HEPIBHICTD

> min(\A(o)

‘1 _ R

3
'8’

-lklw

Lk"e j > Lk'"e,, ke,

ne measQ<¢ 1L, =

>0, L;>0.
pr \/mo

Hexail kopeni A,, A, xapakrepuctudsoro pisHsHHs A’ +(a—-1)A+b=0, ne
= a(ik) , b= b(ik) , HA MHOXHUHI Q — 07 \_Q 3a110BOTBHAIOTH YMOBH

—Agk <Re(A —A,)< Ak, A k <ReA,<2A'k, j=1,2,

toni —LS—A <-A; SATSAT<L, i —2L,<-A <A <0, 106i

co . * . _
BUKOHYIOThCS Ha yCill MHOKuHI Q7 myist wucen A" =A; =L, i A, =2L,, A, =0.

i YMOBH
Ipuiimemo &, :%M)?q, ne & (q):zkezp\{o}lg_q, TOAI y TPHOX BHIIAJKaX

t<1it,<1<¢1t,21 a0 10AaTHOrO YKucna L, BIAMOBIJHO MAa€EMO

¢lq .
W <2 ol ol ) 72123 @

_i+
A€ g0 =8n ="t -8p=

— /11 ] G t}{: tél,
0 :gn LY 18,=853= Ta ()

4 >,
th, t<t, tht t<1,
N BVESY Iy A
G (t)=1 74", <t<l, G(t)="t,",  1<t<q4,
£tk t>1, 17, 121,
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Teopema. Skuio gooe(I)( Lae <l j=1,t, <1<t mna j=2,

¢3)2.0,> P E q)(q+3)/2,gl_,
. . . =~ * .
ty21 g j=3, To ansd goBunbHOro & >0 icHye Taka MHOXuHa Q < Q7 3 Mipoto

measQ < ¢ , mo st gosinbHoro b € 07 \ O icHye emuHmil po3s’s30k u 3amaui (1), (2)
3 npoctopy U, 1CHPaBIKYIOTECS OLIHKH (4).
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MEAN VALUE THEOREMS FOR POLYHARMONIC POLYNOMIALS

Abstract. The problem of characterization of polyharmonic functions by mean value
expressions is analyzed. Particular attention is paid to biharmonic functions. A sufficient condition for
the biharmonic function is formulated and proved in the work.

Key words and phrases: mean value theorem; harmonic function; polyharmonic function;
biharmonic function.

Teopemu mpo cepeaHe 3HAYEHHS ISl PO3B’SA3KIB JIHIMHUX udepeHiianTbHIX
PIBHAHDb B YACTUHHUX MOXITHUX HAJIEKATh 10 Cy4aCHOTO HAIPSAMKY aHaIi3y, BIIOMOTO
AK PpIBHSHHS B 3rOpTKax, IO YTBOPUBCS Ha TEPETHHI Teopii TaKWX PIBHSHb,
KOMITJIEKCHOTO aHaji3y, TapMOHIYHOTO aHalidy, Teopli chmemianbHuX (QYHKIIH Ta
IHTETpaJIbHOI T€OMETPIi.

Hexait G — MHOXkuHa y KoMmIulekcHiM miomuHi C. Sxmo u(z) - 6irapmMoHiyHa
¢byukuis B G, Toai Bigomo (auB. [1]), mo mist koxkHoro z € G ta 1 € (0,dist (z,0G))

BUKOHY€ETbCS HACTYIHA PIBHICTh

2

M,u(z) — %M,.(Au)(z) = u(z), (D)

pi(
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M,u(x) = infozn u(z +ret®)ds.

Posrisinemo 3BopoTHe TBepKeHHs. CripaBeyiiBa HACTYITHA TeOpeMa.
Teopema. Hexait u(z) — QyHnkuis kiacy C 2(G), mo 3amoBineHse ymoBi (1) mwis
Bcix z € GTar € (0,dist (z,0G)). Toal u(z) — GirapmoHiuHa QYyHKIIS B G.
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SECTION 2. MODERN PROBLEMS OF COMPUTER
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FEATURES OF MODELING VORTEX DEVICES

Abstract. An urgent area of research is the development and application of new, more efficient
dust collection units that will help reduce air emissions and save some very valuable resources for
production. In the work, models were investigated for calculating cyclones as vortex devices and the
study of the operation of a cyclone for cleaning air from dust. On the basis of the basic theoretical
principles of heat and mass transfer and thermodynamics used during analytical research, a
mathematical model was proposed. Calculations were given that are used in modeling new designs of
modern cyclones to obtain their geometric dimensions, resistance and efficiency of dust collection.

Key words and phrases: cyclone, dust collection, mathematical modeling.

IcHye pekinbka TEXHOJNOrIH OYUCTKM MOBITPS Big numiy. OcobnuBy yBary
OPUAUIAIOTh IUKJIOHHOMY O4YMINeHHIO. HalOumbIn MOCTOBIpHI pe3ynbTaTH 3 PI3HHUX
EKCIIEpUMEHTIB MOKHAa OTPUMATH 3aBASAKU JOCTIAM, K1 MPOBOIATHCS Ha (PI3MYHHX
Mozaenax. JIis KOXKHOI KOHKPETHOT KOHCTPYKIli MOTPIOHO MPOBOAUTH OKpPEeMUU
EKCIIEpUMEHT. BUTbIII CIIUIBHI PE3yIbTaTH OTPUMYIOTh MPU BUKOPUCTAaHHI MaTEeMaTUYHOI
MOJIeJ1 T1ApPOMEXaHIYHUX MPOIECIB IUKIOHIB. CTBOPEHHS MaTEeMaTUYHOI MOJIENI PyXy
YACTUHOK TIIIIY B 3aKPYyUYE€HOMY MOTOIll JO3BOJUTH OL[IHUTH BIUIMB Pi3HUX (aKTOPIB Ha

e(EeKTUBHICTh YIPaBIIHHS NWIY B HUKIOHAX.
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Jlisi BU3HAUEHHS XapakTepy pyXy YacTHUHOK, IO TPAaHCIOPTYIOTHCS MOTOKOM Y
3aKpy4YEHUX MUJIOMOBITPIHUX MOTOKAX, Ta OCAPKEHHS 1X Ha TBEPAii MOBEpXHI MOTPiOeH
PO3paxyHOK JAWHAMIYHUX PIBHSAHb I TypOYJEHTHOTO MOTOKY 1 YaCTUHOK, TOMY
BUKOPHUCTAHO METOJ PO3PaXyHKY I'a30/IMHAMIYHUX MMOTOKIB, IKU KOMOIHY€ BIACTUBOCT1
eilyiepeBoro Ta JarpaH eBoro Mmigxo/iB, 1 Ja€ 3MOT'y MEBHOIO MIPOIO YCYHYTH HEJOJIKH
KOXXHOTO - II€é METOJ ,,4aCTUHOK y KoMmipii” [1]. Bymo cTBopeHO ampokcHUMaliiHy
MOJieNb PyXy YAacTHMHOK NIy B amapari, 3a JONOMOTOI SKOi JUIsi KOXXHOTO THITY
aepo3oito OyAylOTh TpaeKTOpli HOTro pyxy B amapaTi TEOPETUYHO, Mar4H pi3Hi
KOHCTPYKTHBHI MapaMeTpH MUJIOBJIOBIOBaYa. | MM caMUM B MOJANbIIOMY M110MPaIOTh
HAaWOUThII ~ €(EKTUBHUN  MUJIOBJIOBIIOBAY JUIsI  KOXKHOTO  KOHKPETHOTO  BHUIY
TEXHOJIOTTYHOr0 BUpOOHMITBa. Ha xapakTep pyXy 4YacTHMHOK 3HAYHUIl BIJIUB MAarOTh
YMOBH iX KOHTaKTy IpH yAapl 3 TOBEPXHEI Kopllyca MUIOBIOBIIOBaYa, a IpHU
JOCTaTHHO BEJIUKHUX IIBUAKOCTAX PYyXY MOKIIMBE SIBUIIE BIJOUTTSI YACTHHKH [2].

[Ile onHa HOBa LMKIOHHA YCTAaHOBKAa Ma€ pelibe(HY MOBEPXHIO 3 BIIPUBHUMHU
30HaMHd 1 3BEPHEHHM Bropy YyCIYEHHMM KOHYCOM, IO BOJIOJIE MEHIIMM, B 2 pasH,
aepoJMHAMIYHUM OMOPOM B TIOPIBHSAHHI 3 TJIAAKOCTIHHMMH. MoentoBaHHs
TypOyJIEeHTHOI Tedii ra3y B MUJIOBJIOBIIOBAaYl HOBOTO THIY TMOKAa3ye, IO PO3PAXYHKH
KapTUHU  Tlepebiry B IUKIOHI  SKICHO  3aJOBUIBHO  Y3TOKYIOThCS 3
EKCIIEpUMEHTAIbHUMU JaHUM [ 3].

MarteMaTuyHe MOJENIOBAHHS TIPOIIECY cemapailii BigoOpakae B3a€MO3B’A30K
MpoLlecy pyXy TBEpAMX YAaCTHHOK B amapaTi 3 Horo e(eKTHUBHICTIO, 1€ Ja€ 3MOTY
OTpUMATU TPAEKTOPII0 PYyXy UYACTUHOK Ha PI3HUX [JUISHKAX amnaparta, 3a SKOI0
PO3paxoBYeEThCS HOro €(QEeKTUBHICTh U1 KOKHOIO THUIY MHIY, a L€ Ja€ 3MOTY IJs
KOXXHOTO THIy aepo30JII0 TEOPETUYHO, MAIYM pPIi3HI KOHCTPYKTUBHI MapaMeTpu
NWIOBJIOBIIIOBaYIB, MiAiOpaTH HaOUIbII €(QEeKTUBHY KOHCTPYKLIIO S KOXKHOTO

KOHKPETHOT'O THUITY TEXHOJOTTYHOTO BUPOOHUIITBA.
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MopentoBaHHsI ITUKIOHIB 3BOJIUTHCS O OTPUMAHHS iX T€OMETPUYHUX PO3MIpIB,
ormopy Ta €(QEeKTUBHOCTI YIJOBIIOBAaHHA MWIy. MeToa pO3paxyHKIB IMKIOHIB 3

BUKOPUCTAHHAM JOCHIHUX JAaHWX 3aCHOBAaHUN Ha BU3HAUCHHI JlaMeTpa IUKIOHY 3a

dbopmyoro
(D
me O, - ob'eMHAa BHTpaTa rasy uepes LHKIOH, M /IO W,y - yMOBHa BHMJaTKOBa
HIBUJKICTB Fa3y B IUKIIOHI, M/C.
HIBuakicTh ra3y y BXiIHOMY NaTpyOKy HMKIJIOHA BU3HAYAETHCA 32 (POPMYIIOL0
2-Ap
o = : (2)
Sor " P

HaiiG11p111 MpOoCTUM MUJIOBIIOBIIOBAYEM JUISl OYUIIICHHS MOBITPSI, 110 BUAAJSETHCS,
€ MAJI00CAKyBaIbHI KaMepH, po0oTa SIKMX 3aCHOBaHA Ha OCAPKCHHI MUJIMHOK MOBITPS
IpH MaJIiil MBHIKOCTI Horo pyxy (o = 0,1.m/c).

B poGoti [4] oTpumaHa aHANMITHYHA 3aJEKHICTh, IO XapaKTEPU3Y€E IOBXKHHY

BUXPOBHI KaMepHu, HEOOX1THO1 JJIA YIOBIIOBAHHS MIHIMAJIbHUX YaCTOK MUY dmin.

R 1
mp .
L D YA (R] cosp ’ )
g2 P, 7T-R,-R, -cos B R, W, | R, R, 3 R, 4 P
+7+ B + B : min
Y Y Ru

AHaITHYHI  3aJIC)KHOCTI  JAIOTh ~ MOJKJIMBICT  MPOBECTH  MOJCITIOBAHHS
MUJIOBIIOBIIIOBaYa 1 MOOYIyBaTH CTPYHKY METOJWKY PO3paxyHKY MHJIOBIIOBIIIOBAYiB
HOBO1 KOHCTPYKIIii, 110 J03BOJUTh KOHCTPYIOBATH IMUJIOBJIOBIIOBAYl 3 MaKCUMAIbHUM
KK/ 1751 KOHKpETHHX YMOB POOOTH.
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COMPARATIVE ANALYSIS OF THE STRESS-STRAIN STATE OF THE FREE
SURFACE OF CYLINDRICAL SAMPLES DURING ROLLING USING SCM
MAPLE

Abstract. The analytical expressions for accumulate strain’s and stress state parameter
definition on the basis approximation of dependence between axial and round strains is received. A
comparative analysis of deformation trajectories of simulation modeling using SCM Maple is given.

Keywords and phrases: stress-strain state, free surface, stress state parameter, accumulated
strain, accumulated damage, rolling, Maple, differential equation.

[Ipu po3poOii mpoleciB BalbLIOBAaHHS BaXKIUBUMH 33JladaMU € OIlIHKa
dbopmosminu, HanpyxeHo-nedopmoanoro crany (HJC) ta nedopmiBHOCTI MaTepiary
3aroTroBoK. (OcOOMMBO aKTyalbHOIO Taka OLIHKA € JJs [POLECiB  XOJOJHOTO
dbopMyBaHHS BaJbIIOBAHHAM TMPU HEOOXIAHOCTI OCSITHEHHS 3HAYHUX CTYMCHIB

nedopmarii [1 - 12].
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[lig yac BaybIIOBaHHS, Y 3B’SI3KY 13 HEPIBHOMIPHICTIO Aedopmalliii, BinOyBaeThCA
BUKpUBJIICHHS (OpMH BUIbHOI TOBEpPXHI, B SKOrO 3aJCKUTh HAMPYKEHO-
nedopMoBaHUl CTaH Ta rpaHn4H1 Aedopmariii Matepiany [1 - 17].

MerToro nanoi poO0OTH € MOPIBHSUIBHUM aHaJ3 HaMpPyKeHO-1e(POPMOBAHOTO CTaHY
HWTHAPUYHUX 3pa3KiB MiJ Yac BaibIloBaHHsA 13 BukopuctanusimM CKM Maple Ha ocHOBI
MaTEMaTUYHOTO aHaTi3y.

3aexHICTh MK OChOBOK Ta KONIOBOK Jedopmaniamu &, = f(£,) MoxHa
anmpoOKCUMYBaTH y  BUIVISIAL  PO3B’SI3KYy  JUQEPEHIIAIbHOTO  PIBHSHHA 3
BIIOKpeMITIOBaHUMHU 3MiHHUMH [1, 2, 3, 4, 11, 16]

de __f-pz-&‘;-l-k

V4

= , >0, 1
de p2-8;+k P M

4
ne p, &, k — KOHCTaHTH, sIKI BU3BHAYAETHCS €KCIIEPUMEHTAIIBHO.

OueBuano, 1o BenuuuHU &, k, p OyAyTh BU3HAYaTHCS YMOBAMH TEPTSd MIDK
3arOoTOBKOI0 Ta I1HCTPYMEHTOM, MaTepiajioM JOCHiIKyBaHOI 3aroTOBKHM Ta il
TUTIOPO3MipaMHu.

Po3B’s3x0M nudepenuianbHoro piBHsIHHA (1), 13 ypaxyBaHHSIM IOYAaTKOBOT YMOBHU

82‘8 _, =0, oTpumaemo [1,2,9,10,15, 16]

82:—5-8(/)—%-(k—é)-arctg(p-g(p). (2)

BuxopucTtoByroun Bupasu aiisi OOUMCIEHHSA IMOKa3HUKA HAMpPYXKEHOTO CTaHy Ta
HakomuyeHoi nedopmailii Ha BIIBHIA Ol4HIM mMOBepXxHI mpu AedOpMyBaHHI Ta
CHIBBIAHOIIEHHSA (2) OTPUMAaHO y3araJibHEHHI CITIBBITHOIICHHS ISl OI[IHKH HAIPY>KEHO-
nedOpMOBAHOTO CTaHy OIYHOI MOBEPXHI1 MIIIHAPUYHOTO 3pa3Ka IijJ Yac BaJbI[IOBAaHHS

[1,2,3,4,10,11, 12, 15, 16]:
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_ \/5-(1—5—( -&)- cos()) 3

755 4) JIm(1=8) -6~ [1-2:& ~(k—&)-cos’ () |- (k— &) -cos’ (1) 8
243 (261 (k=8) -1
3-p j (k=¢) cos’(7) cos’(7) d

Takox OyJi0 MPOBEACHO AOCTIIKEHHS MPOIIECY BaJbI[IOBAaHHS 13 BUKOPUCTAHHSIM

(4)

&,(t,p. &, k)=

iMiTaniHOr0 MojenoBaHHs B mporpamHomy komruiekci DEFORM 3D. Otpumani
3Ha4Y€HHSA OCHOBOI Ta KOJOBOI Aedopmarliii ma yac iMITAlIHHOTO MOJETIOBaHHS, Oyi0
anpPOKCMMOBAHO CIHIBBIJHOMIEHHSIM (2) 13 BUKOPHUCTAHHSIM PO3POOJICHOI MpOoleaypH B

CKM Maple i3 BUKOpUCTaHHSAM IMakeTy optimization Ta MoOyIOBAaHO BIAMOBITHUN

rpadik (puc. 1).

>restart:

with (Optimization):

with (plots) :

>data A := [[-1, 0], [-.913307374, .87e-2], [-.895268744, .17682e-1], [-.909067791, .6029le-1], [-
.860639114, .125253], [-.84980456, .133413], [-.838489892, .14158], [-.826753866, .14975], [-.81429968,
.157915], [-.800769023, .166065], [-.786719424, .174192], [-.772371834, .182293], [-.758064751,
.190367], [-.743884661, .198416], [-.730360835, .206437], [-.715806186, .214422], [-.701096834,
.222366], [-.685630682, .230264], [-.669800058, .23811], [-.653321754, .245902], [-.636263146,
.253639], [-.618528361, .261318], [-.600587402, .26894], [-.581781281, .276502], [-.562672325,
.284004], [-.542896959, .291447], [-.522633872, .298828], [-.502016749, .306148], [-.480410536,
.313405], [-.458133535, .320599], [-.435430755, .32773], [-.412002595, .334797], [-.388016354,
.341797], [-.363541436, .348733], [-.338642094, .355605], [-.313319426, .362413], [-.287648235,
.369158], [-.261739689, .375841], [-.235525873, .382461], [-.209111602, .389021], [-.18215416,
.395521], [-.155569004, .401963], [-.12860172, .408348], [-.101455889, .414676], [-.73617837e-1,
.420947], [-.46008918e-1, .427165], [-.18071445e-1, .43333], [.10161435e-1, .439445], [.38172249e-1,
.445511], [.66268011e-1, .451531], [.942286le-1, .457506], [.121475014, .463437], [.148290309,
.469326], [.174529208, .475175], [.200636576, .480986], [.226274226, .486763], [.246904439, .492519],
[.267520008, .498261], [.331456225, .50069], [.362345501, .506011], [.362935174, .511228], [.373046093,
.516529], [.428674643, .521851], [.448581047, .527136], [.468378663, .532414], [.484104453, .537693],
[.494841052, .542995], [.515339334, .548347], [.534275614, .553719], [.542328905, .559144],
[.557364819, .564696], [.572384834, .570301], [.578645724, .575991], [.612924842, .580877],
[.617078879, .586731], [.636370713, .598386], [.64726274, .604197], [.662687837, .609961], [.671119316,
.615773], [.678155501, .62165], [.686711116, .63401], [.689871121, .640378], [.740448845, .663176],
[.745571531, .684143], [.74892529, .691393]];
[0,0.004834,0.009909,0.014908,0.019699,0.024366,0.028967,0.033544,0.038085,0.042546,0.04699,0.051446,0.
055939,0.060473,0.06505,0.069673,0.074344,0.079062,0.083824,0.088629,0.093475,0.098359,0.103279,0.10823
3,0.11322,0.118236,0.123278,0.128344,0.133432,0.138539,0.143666,0.148812,0.153975,0.159157,0.164357,0.1
69575,0.17481,0.180061,0.185332,0.190621,0.195927,0.201252,0.206595,0.211956,0.217335,0.222732,0.228147
,0.233579,0.239028,0.244495,0.249978,0.255479,0.260997,0.266532,0.272082,0.277649,0.283233,0.288836,0.2
94459,0.300101,0.305764,0.311447,0.317148,0.322865,0.328599,0.334352,0.340125,0.345921,0.351742,0.35760
2,0.363193,0.368885,0.37468,0.380438,0.386247,0.392083,0.397982,0.403961,0.409993,0.416105,0.422368,0.4
28704,0.435142,0.439915,0.446745,0.453326,0.459974,0.466574,0.47315,0.4798,0.486533,0.493457,0.500605,0
.50786,0.5143,0.525447,0.533585,0.541631,0.549897,0.55822,0.5592] :
[0,-0.008682,-0.017633,-0.026468,-0.035066,-0.043479,-0.051829,-0.060125,-0.068354,-0.076475,-0.08452, -
0.092517,-0.100577,-0.108676,-0.116789,-0.124911,-0.133038,-0.141169,-0.149298,-0.157419,-0.165521, -
0.173594,-0.181636,-0.189645,-0.197623,-0.205569,-0.213471,-0.221327,-0.229128,-0.236871,-0.244553, -
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.252171,-0.259723,-0.267207,-0.274622,-0.281968,-0.289242,-0.296444,-0.303573,-0.310627,-0.317604, -
.324504,-0.331325,-0.338065,-0.344724,-0.351302,-0.3578,-0.364216,-0.370551,-0.376806,-0.382979, -
.389072,-0.395087,-0.401023,-0.406879,-0.412657,-0.418356,-0.423979,-0.429526,-0.434998,-0.440397, -
.445725,-0.450981,-0.456167,-0.461285,-0.466337,-0.471325,-0.476264,-0.48116,-0.486744,-0.491012, -
.495323,-0.499589,-0.503822,-0.508005,-0.512159,-0.516295,-0.520437,-0.524557,-0.528686,-0.532886, -
.537094,-0.541337,-0.546293,-0.550393,-0.554612,-0.558817,-0.562993,-0.567095,-0.571193,-0.575307, -
.579556,-0.583923,-0.588317,-0.593227,-0.598781,-0.603227,-0.607872,-0.612539,-0.617339,-0.617908] :
data_ B:=zip((x,y)->[x,y],%%,%);

data B[101,1];

Ez_E_phi:=(x,m,a,q)->-a*x- (gq-a)*m*arctan(x/m) :

E[z]=Ez E_phi (E[phi],m,a,q);

res Sm B:= map((zz) -> Ez_E phi(zz[l],m,a,q)-2zz[2], data B):

O OO0 o0oooo

E¢7
EZ:—a E‘b—(q—a)marctan e

O06uHCITI0EMO TApaMETPH APOKCHUMALliT 10 METOly HalMEHIIMX KBaJpaTiB i3 BUKOpUCTaHHAM KoMaH i Optimization[LSSolve] ta Gyxyemo BifnoBiaHy
anpokcuMario\
sol_Sm := LSSolve(res_Sm B, {m>=0.0001});
eval (Ez_E_phi(x,m,a,q),sol_Sm[2]);
sol_Sm :=[0.0000181330286534944033 ,

[a=0.181181723022019098 , m = 0.285132630482256788 , ¢ = 1.82498389230558145 ]]
—0.181181723022019098 — 0.4687016365arctan( 3.507139812x)

Lf:=[eval (Ez_E phi(x,m,a,q),sol_Sm[2]) ,data_B]:

G2:=plot(Lf,x=0..data B[101,1] ,style=[line$ (nops (Lf) -

1) ,point] ,symbol=CIRCLE, symbolsize=8,color=[RED,black], thickness=[2,1],labels=[ ", "],linestyle=[1,1]):
g40:=PLOT (

TEXT([-0.08,-1.1],'e"',FONT (SYMBOL,14)) ,COLOR(RGB, 0.1, 0, 0),

TEXT ([-0.06,-1.12],"z" ,FONT (TIMES,ROMAN,12)),

TEXT ([0.8,-0.05], 'e', FONT (SYMBOL,14)),

TEXT ([0.82,-0.07],"j", FONT (SYMBOL,12)),

AXESSTYLE (NORMAL) ) :

display({G2,g40},view=[-0.08..0.56,0..-0.62]) ;

BuxopucroBytoun cmiBBigHomieHHss (3) Ta (4) Ta pe3ynbTaTH ampoKCHUMaIlii,
noOy10BaHO TpaekTopii AedopmMyBaHHS A1 HEOE3MEUHOI, 3 TOUKH 30py HAKOMWYCHHS
MOIIIKOJIKeHb, TOUKH 3pa3ka SIK 3a pe3ysbTaTaMu anpoKcumallii criBBiaHOmEHHAM (1)
EKCIIEPUMEHTAIIbHUX JIaHUX, TaK 1 CAMHUX EKCIEPUMEHTAIbHUX 3HAY€Hb HAKOMWYEHOT
nedopmarlii Ta MOKa3HUKA HAMPYKEHOTO CTaHy, OTPUMAaHUX IMiJ Yac IMITAI[IiHOTO

MOJICTIIOBAHHSI TPOIIECY BaJIbIIOBaHHS. BianmoBigHi pe3ynbTatul Oyid OMpaibOBaHi

po3pobienoro npouenyporo B CKM Maple Ta npencraBienHi Ha puc. 2.
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.61

Puc. 1 — Anpokcumariist 3aJIeKHOCTI MiX KOMIIOHEHTaMu Jiehopmaltii HeOe3neuHo , 3 TOUKU 30py
HAaKOIUYCHHS TOIIKOKSHHSI, TOUKHU 3aroToBKH i3 Bukopuctanusm CKM Maple [1, 2,9, 11, 16]

>subs (sol_Sm[2] ,m) *tan (t)=data_B[101,1];
TT:=fsolve (%, t);
Eu:=(t,m,a,q) ->2/3*m*34 (1/2) *Int (((1+(-a- (g-a) *cos (t) *2) *2-a-(g-a) *cos (t) *2) /cos (t)*2)*(1/2) ,tau=0. .t);
ET:=(t,a,q) ->6* (-a- (gq-a) *cos (t) *2+1) / (9+3* (-2*a-2* (g-a) *cos (t) *2+1) *2) "~ (1/2);
hO0:=plot(data_A,6 thickness=2,color=red):
h2:=plot([[ET (t,subs(sol_Sm[2],a),subs(sol_Sm[2],q)) ,Eu(t,op(subs(sol_Sm[2],[m,a,q]))),t=0..TT]],linest
yle=[1,3],thickness=[2,1],color=[blue,black]) :
h40:=PLOT (
TEXT([-0.12,0.63],'e"' ,FONT (SYMBOL,14)) ,COLOR(RGB, 0.1, 0, 0),
TEXT ([-0.10,0.62] ,"u" ,FONT (TIMES,ROMAN,12)),
TEXT ([0.9,-0.04], 'h',FONT (SYMBOL,14)),
AXESSTYLE (NORMAL) ) :
display({h0,h2,h40});

0.28513263048225678&an(¢) = 0.5592

TT :=1.099265017

!

Eu:(z‘,m,a,q)—)im«/?J' L+ (ca—(g-a)cos1)’) —a—(g-a)cos)® -

co(1)?

6(—a—(q—a)cos(t)’+1)
9+3(72a72(q7a)cos(t)2+1)2

ET=(t,a,q) >
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Puc. 2 — IlopiBHsNBHE rpadiuHe npeAcTaBICHHs HAIPYKEHO-1e(OpMOBAHOIO CTaHy, OTPUMAHOTO
3a IOMOMOTOI0 IMITaI[IfHOTO MOJICJIOBAHHS BAJIbLIIOBAHHS Ta 3a JOTIOMOTOIO CITIBBIAHOIIEHB (3)
Ta (4) B pe3yabpTaTi allpoKcUMalii 3aJIeKHOCTI MK KOMIIOHeHTaMu Aedopmaniii [1, 2, 10, 11, 16]

YactuHa MaTeMaTUYHOTO amapaty Ta po3poOseni ¢parmentu komy B CKM
Maple, saxi mpencraBlieHO B JdaHii poOOTi, MOKJIAJIEHO B OCHOBY pPO3pOOJICHHX
iHQOpMAIIHHUX  TEXHOJOTIM  €KCICPUMEHTAIbHO-aHATITUIHOTO  MOJICTIOBAHHS
nedOpMOBAHOTO CTaHy MaTepialy Ha BUIbHIN MOBEPXHI MUIIHAPUYHUX 3pa3KiB Mif dac

BICECUMETPHUYHUX TIPOIIECiB AeOpMYBaHHS 13 BUIbHOIO TTOBEPXHEIO.
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APPLICATIONS OF SOME SPECIAL FUNCTIONS IN MATHEMATICAL
MODELING

Abstract. The possibility of application of methods of mathematical modeling on the basis of
system of orthogonal functions, and also Lambert's functions, perspective of a direction in the decision
of problems of increase of level of designing of corresponding technological processes of manufacture
is substantiated.

Key words and phrases: orthogonal finite functions, mathematical modeling, Lambert's

function.

CyuacHuit (haxiBelb He MOKE YCIIIIHO BUPINIyBaTU MpodeciiiHi 3a1a4i, M0 CTOSITh
nepea HUM, He BOJIOAIF0YM HEOOX1THUMH 3HAHHSAMU MPO MPEAMET CBOET TISIILHOCTI, PO
cocoOu 1 3aco0u, Ta MpUAMATH TBOpYE BHUPIIMIEHHS IUX 3a7ad. MaTemaTuka €
TEOPETUYHOI0 0a3010 ¥ IHCTPYMEHTOM IMi3HaHHS OUIBIIOCTI HABYAJIBHUX JAUCIMILIIH.
Bnanuii momryk 1 po3po0ka peaqbHOTO MPOEKTY HEMOXKIINBI 0€3 BUKOPHUCTAHHS amaparta
1 METO/IIB Cy4yacHOI MaTeMaTHUKHU. Bijbll TOro, MaTeMaTUYHE MOJICTIOBAHHS 1 HACTyITHA
MaTeMaTU4YHa aJITOPUTMI3allisl YMOXJIMBIIOIOTH 3amydeHHs cydacHux IKT 3 meroro
e(eKTHBHINIOro pPo3B’sA3aHHA MpobneM. IX po3B'A3yBaHHS 3yMOBIIOE IIOIIYK HOBHX

MIIXO/IB 10 3aCTOCYBAHHS Cy4aCHHUX MPOTPAMHHUX 3acO0IB MIATPUMKH MaT€MaTHYHOI
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nisibHOCTI.  [IpakThka TOKa3ye, IO caMe KOMIUIEKCHE 3aCTOCYBaHHS CHCTEM
koM 'oTepHoi  matematukun (CKM) nmae cTyaeHTaM  MOKJIMBICTH — MOTJIMOWUTH
MaTeMaTu4Hi 1 mpodeciiiHi 3HaHHS, 3aKPIMUTH HABUYKH BUKOPUCTAHHS KOMITIOTEPHUX
IporpaM, MABUIIUTH POJIb CAMOCTIMHOT poOOTH M 1HTEpEC A0 BUBUCHHS MaTeMaTHKH 1
1HPOPMATHKH.

ExcnepuMmeHTanbHi  JOCHIIKEHHS B  yMOBaX BHUpPOOHHLTBA, 3  METOIO
YAOCKOHAJICHHSI PO3POOKM 1 HAJIAaro[KyBaHHS TEXHOJIOT1 BUTOTOBJICHHS MPOIYKIIii,
MOB’SI3aHO € TPYAOMICTKMMHM, 3aTPaTHUMHU y dYaci W mOTpeOyroTh BUKOPUCTAHHS
BapTiCHOTO OOnamHaHHsA. BupimeHHs i€l mpoOiieMu IPYHTYETbCS Ha BUKOPUCTaHHS
HOBHUX METO/IIB MATEMATUIHOTO MOJICTIOBaHHS.

OaHUM 13 MIXO/IB 10 MIABULIEHHS 00YUCIIIOBAIbHOI MPOJAYKTUBHOCTI 1 TOYHOCTI
OTPMMAHUX pIIICHb TOJIATa€ Yy BUKOPUCTAHHI OPTOTOHANBHUX (IHITHUX (QYHKIIN
(OD®D), Bu3HaUeHUX Ta BBEAECHUX Yy MpakTUKy Ha moyarky XXI cromitrrs [1]. Huxue
HABEJCHO AHAIITUYHHI BHpa3 KOMIIAKTHOTO CKiHYEHHOro Hocis @;(x) OdD, iioro
rpadik (pucyHok 1) PosrismaeThcsi piBHOMIpHA CiTKa @ = X; < Xp < =+ << Xy = b 3
KPOKOM A, 1 KOXHOMY BY3J1y CITKM CTaBUTbCS Y BIANOBIIHICTH CITKOBa (DyHKIIis
Burisiay (pucynok 1). Jns toro, mo6 mi (yHKIT MOXHa Oyln0 BUKOPHUCTOBYBATH 3
METO0 alpoKCHMAaIlil MOBUHHI BUKOPUCTOBYBATUCS YMOBU @ = [ — 1 Ta iHTerpajgbHa
ymoBa 4af —a — [f = 0 oproroHambHOCTI. BUKOpHCTaBIIM YMOBHU OpPTOTOHAJIBHOCTI
byukmii @;(x) 1 @i (x): dxf+a—-F =0 1 «=f —1, MOKHA COPOCTHTH
Bupasu. Ha pucynky 2 HaBegeHo rpadik oaHiei QyHKIIT 13 CUCTEM OpPTOrOHAIBHHX

GyHKITIH.

75



III International Scientific and Practical Internet Conference «Mathematics and Informatics in Higher Education:
Challenges of Modernity», May 20-21, 2021, Vinnytsia, Ukraine

®(0,0,%):= |0 if x> 1
— 1)

GoDol e gexsel
e

—(1+20)x-0.5
1-20

X 1] ifos<x<o
e

+05 if @<x<1-0

Pucynox 1. Pucynox 2. Pucynox 3.

[epemik 3amay, 1S SKUX MOKHA OTPUMATH aHANITUYHUN PO3B’SI30K, HE TaK yKe
it 6araro. binpiicTe mpobaeM He MOXKHA BUPIIIUTH 32 IOMOMOTOIO JIUIIE eJIeMEHTapHUX
¢ynkuii. ToMy mMaTeMaTUYHUN amapaT IPOTATOM Bciel icTOpli HayKH TOMOBHIOBABCS
HoBuMu ¢yHKuisMu. Hanpuknan, ¢yukimii beccens, rama-pyHkiis Ta 06araro iHIIMX.
Jlo wuux BigHOocuThcs ¢yHKuis JlamOGepra a6o W-dyukuis Jlambepra — W(x)
BU3HAYAETHCS K PO3B 30K (yHKLioHanbsHoro piBHsHEs W (x)eW ™) = x (1).

Xoua ¢yHKIisS Oyna BimoMa 3a yaciB Einepa, J0CHTH yCHIIIHO BUKOpPHCTaHA 1
HaOyna BianoBigHOT Ha3BM jguiie y 1980 pokax. Im's JlamGepta Oyno o6paHo, TOMY 11O
Eitnepa 3ranye 1i y cBoiii po6oTi 3 npaii JlamGepTa.

W(x) — 6araro3Hauna ¢yHKIIisI, OCKUIbKH piBHSAHHSA (1) Mae 6e3mid po3B’sA3KiB,
OutblIicTh 3 SKUX KoMmiuiekcHl. DyHkuis JlamOepTa He € HI mapHOIO, HI HEMapHOIO,
BU3HAYeHa B iHTepBali (-1/e; o0), Ae mpuiiMae 3HaYEHHS BiJ - 0 O +00, IPUUOMY IJIs
BII’€EMHUX 3HA4YeHb X (YHKIS [BO3Ha4HA. 3a3Buyail W(x) 3acTOCOBYIOTh, KOJIHU
PO3B’SI30K € MIMCHUM YuciIoM. ToOTO, SKIIO X — AIMCHE YHUCIO, TO Cepell MHOKUHH
po3B’s13KiB piBHAHHS (1) MOXYTh 3HAXOAUTHUCS JBa AIMCHUX po3B’si3ku Wy(x) it W-;(x)
(abo nuie onuH, ab6o Hi oxHOTO). Ha pucynky 3 HaBemeHo rpadik ABOX AIMCHUX BITOK
W-byukii Jlambepra.

BnactuBocti wiei ¢GyHKIIi MOXYyTh OyTH KOPUCHHUMH IIiJl 4Yac pO3B’s3aHHS
mudepeHiianbHuX piBHAHb. HaBenemo mpuximan 3actocyBanHs ¢yHkuii Jlambeprta nms

pO3B’si3aHHS JESKMX BUIIB nudepeHianbHUX piBHSIHL. Hampuknan, mjisa piBHIHHA
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-

) .
-+ (C, y IBHOMY BUIJISL:
ye

Burnsy [3, Ne 1.284]: @y + x°)y' = xy, po3s’szox  In|y| = .

y = exp(%W(% exp(—2C)) + C). 3 HaBemeHOr0 MPHUKIALY CIIAYE, 10 OOUNCICHHS

3HaueHb ¢yHKiii Jlambepra Moxe OyTH CaMOCTIMHUM HAyKOBHUM JIOCHIIKEHHSIM, IO
Mae€ TPUKIaJHE 3HAYCHHS.

W-¢dyukmis  JlamOGepra  3aCcTOCOBYEThCS  MiJ 4Yac  pO3B’sA3aHHA  3a4ad
MaTEMaTUYHOTO MOJCIIOBaHHA (I3MKH, XiMii, EKOHOMIKM Ta IHIIUX Taly3sX.
Hampuknan, aHaniz guHaMigHOT MOJEN PO3BUTKY (ipMU B 3aJICKHOCTI BiJ] PO3MOALITY
YUCTOr0 MPUOYTKY MIK BJIACHUM KaIliTaJloM, IPUPOCTOM 3HAHb 1 JUBIACHAAMH, IO €
IIOB’SI3aHMMH B Yacl 3MIHHMMH ~3HaHHSA 1  “KamiTan’, 3BOAUTHCSA 10 CHCTEMU

nudepeHIiaibHuX PiBHAHD [2]. 3 ypaxXyBaHHSIM IMMOYATKOBUX YMOB CHCTE€Ma 3BOJUTHCS

. dy(t
JI0 IBOX PiBHSHbB, OJHE 3 SAKHUX MAa€ BUIJIS: lf;:_ ) — — (1) (ky +7) + 1(7). Po3B’a30K

piBHAHHS (B CWJly WOTO JIIHIMHOCTI) MEPETBOPIOETHCA JO BUIISAIY, 3PYYHOTO IS

BUKOpHUCTaHHA BiacTuBOCTI W-¢yHkiii JlambGepra.
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DEVELOPMENT OF APPLICATIONS FOR USE IN INCLUSIVE EDUCATION

Abstract. The use of computers and modern technology is becoming an integral part of the
learning process. Development and implementation of modern applications is necessary for the
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introduction of inclusive education. It is the use of the latest technologies that allows students with
special needs to become full participants in the educational process and receive a quality education.

Key words and phrases: education, information and communication technologies, inclusive
education, education of children with special educational needs.

Ha cyyacHoMy ertami po3BUTKY CYCHLIbCTBA B YChOMY CBIT1 MIJBUIIYETHCS yBara

70 IHKJIO3UBHOI OCBITH. 3pOCTa€ aKTyalIbHICTh PO3POOKH Ta BIPOBAIKCHHS
1HpOpMaIlIiHI TEXHOJIOT11 A1 HaBYaHHS AiTeH 3 0COOIMBUMHU OCBITHIMHU TIOTpeOaMH.
Y HamionanpHiii cTpaterii po3BUTKY OCBITH B YKpaiHi Ha mepioa g0 2021 poky
nependavdaeTbess  iHGOpPMATH3AIlid  OCBITH, BIOCKOHAJICHHS  Oi0mioTe4HOro  Ta
1HpOpMaIIHHO-peCYpCHOTO 3a0€3MedYeHHs] OCBITH 1 HayKd; 3a0e3MEeYeHHs] CTBOPEHHS
YMOB JUIsl PO3BUTKY IHAYCTpli CydacHMX 3aco0iB HaBYaHHs (HaBYAIHHO-METOIUYHUX,
EJIEKTPOHHMX, TEXHIYHUX, IHPOPMAIITHO-KOMYHIKAI[IHHUX To1o) [1].

Buxopucranns iHdopmaiiino-koMmyHikariiaux texnomnorii (IKT), 6azyetsca Ha
BUKOPUCTAaHHI KOMIT FOTEPiB, 3aC00IB TEICKOMYHIKaIlli, MyIbTUMEIIMHUX TEXHOJOTIH,
BIIKpUBA€E TEpe]] YUUTEIEM HOBI MOXKIHUBOCTI, IPOTE ¥ CTaBUTH IMEpe] HOBI 3ajaadi,
1010 PO3POOKHM CyYaCHHUX MEJAaroriyHuX MPOrpaMHUX 3ac00iB.

Buxnamaui xadenpum wmatematnuHoro a"amizy Ta iHGopmatuku [lomraBchkoro
HaIllOHAJIBHOTO TefaroriyHoro yHiBepcuteTy imeHi B.I'. Koponenka mnpuiimarotsh
aKTUBHY y4YacThb y MDKHapoaHuUX mpoekTax. [lounnarounm 3 2020 poky BHUKIagayi
kadenpn € ywacHukamu npoekty «Writing for inclusion (WIN)» («IHkiro3uBHe
nucbMo»), 2020-1-ES01-KA201-081827. AmnikaHToM mnpoekTy BucTynae DyHpamis
VYuiBepcutery banbmec, Icmanis (Fundacid Universitaria Balmes). [lo xkoHcopiiymy
BXOJSITh 3arajJJbHOOCBITHI Ta BWIII HaBYajbHI 3akianau 3 Icmanii, ITamii, Yropmuau Tta
Ykpainu.

OCHOBHUM 3aBIaHHSM MPOEKTHOI TPYMH cTajla Po3poOKa MOAATKY, SIKUM JOTIOMOMKE
ITSM 3 OCOOJMBUMMHU MOTpeOaMu BHBYATH aHIVIHCBKY MOBY. VY $KOCTI MOBH

nporpamyBaHHs Oyno oOpano JavaScript.
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Puc.1. OcHoBHa cTOpiHKa BeOAOIATKY

OcHoBHE BIKHO B€OIOAATKY po3jAiieHe Ha Tpu yacTuHu (puc.l). JliBa BepxHs yacTHHA
MpU3HayeHa g BiATBOpeHHs aHiMaiii. [lin HE 3HAXOAWTBCS CIHCOK EJIEMEHTIB,
JIOCTYIHUX JUisi BUOOpY Ha mgaHomy eTami. Ha mowaTtky — me HaOlp 3MEHIIEHHX
300pakeHb TepoiB mepiioi crafii ictopii. Cicok 300pakeHb MOKHA MPOTJSAaTH 3a
JOTIOMOTOI0 CMYyTH TpokpydyBaHHsA. [lpu kmamanHi Ha 00’€kTi ¥Horo 30iIbIleHE
300paKEeHHS 3 ABISATUMETHCS y MpaBiid YaCTHHI BiKHA. 3a TOTpeOU MOKHA MEPETIIHYTH
1HIII1 300paXKEHHS.

[IpaBa uvacTMHAa BiKHa TpHU3HAa4YeHa /JIs1 KEpyBaHHA BHOOpPOM ejeMeHTiB. TyT
po3TarioBaHa TabJIuLd, Y K1l BIIOOpaKaTUMYThCS €IEMEHTH, sIKi 00paH1 JyIsl KOXKHOT 13
cramii icropii. KokHiil cranii BiamoBimae croBmenb Tabmuimi. J[le mocnimoBHO
3’BIATUMYThCS BIAMOBIAHMI Tepoit, PpoH Ta o0’extu. I[lim Tabmuiero 3HAXOAUTHCA
301bIIeHe 300pakeHHsT 00°€KTa, AKUi 00panwmii 31 cnucky. [licis ocraroyHoro BuOOPY,
00’exT Oyae mepeMillleHO Y BIAMOBIAHY KIITHHKY Tabnuii. [licis BubGopy repos
3MIACHIOETBCSA TIEPEXiJ [0 HACTYMHOTO €Taly: y CIHCKY OO0’€KTIB 3 SIBISIOTHCS

300pakeHHs QoHIB mepiioro erany. Bubip ¢hony 3A1HCHIOETECS aHAIOTIYHO 10 BUOOPY
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reposi. Ha HactynmHomy eTari 31iiCHIOETHCA BUOIP 00’ €KTIB, 3 IKUMH MOXE MPaIIOBaTU
repoi Ha mepmoMy ertami. JlomyckaeTbcs BUOIp 70 S5 00’€KTIB, AKI y MOJATIBIIOMY

OyIyTh B3a€EMOJISTH 3 T€POEM (pHC.2).
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Puc.2. Bizyanizariis ictopii

OTxe JaHuii MPOEKT CTABUTH 32 METY BHECTH MO3UTHBHI 3MiHU y HaBUAHHS JiTEH
3 ocoOmmBuUMH oTpedbamu. Came BIPOBADKEHHS Y HABYAIBHHH TMporiec iHPopMaliiHo-
KOMYHIKAI[IHHUX TEXHOJOT1H BIJKPHUBA€ HOB1 MOXJIMBOCTI, TIOKpAIIy€ SKICTh OCBITH Ta
poOUTH {1 JOCTYMHIIIOI, @ TAaKOX PO3MIUPIOE MOXKIUBOCTI BUHMTENS MpU poOOTI 3
TITHMHU.

MoskeMo Bi3HAUUTH, 110 CY4acH1 pealii CTaBIsATh HOBI BUMOTH TMEpes CUCTEMOIO
ocBiTH. Bukopucranus iH}opMaliifiHO-KOMYHIKAI[IHHAX TEXHOJOT1A cTa€ HEBI EMHOIO
CKJIAJIOBOI0 HABYAJLHOTO TIPOLIECY Ta € HEOOXIMHUMH TIpU  3alpOBaKEYHI

iHKII03uBHOro HaByaHHs. Came BukopucTanHs IKT no3Bossie yuHsM 3 0cOOIMBHUMU

80



III International Scientific and Practical Internet Conference «Mathematics and Informatics in Higher Education:
Challenges of Modernity», May 20-21, 2021, Vinnytsia, Ukraine

noTpebdaMu CTaTH MOBHOL[IHHUM YYaCHUKAMH OCBITHBOI'O MPOLIECY Ta OTPUMATHU SAKICHY
OCBITY.
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SIMULATION OF THE INFLUENCE OF COMPUTER (GADGET)
DEPENDENCE ON THE ACTIVATION OF COGNITIVE ACTIVITY OF
STUDENTS

Abstract. Today, the Internet is a source of a wide variety of information and is actively used
for educational purposes: literature, videos, programs, platforms for distance learning, online
olympiads and competitions, social networks, etc. allow making the educational process accessible and
interesting. However, most teachers today face a problem when students learn less and less using the
Internet, and are more distracted by computer games, online communication on personal topics,
watching short videos that are not related to the educational process. At the same time, the quality of
teaching decreases, and in some students a state close to Internet addiction is observed.

Key words and phrases: internet addiction, online communication, distance learning.

Today it is impossible to imagine a modern lesson without the use of computer
technology and the Internet. Computer technology makes it possible to create interesting
classes and use a wide variety of services for teaching lessons. At the same time, the
modern teacher encounters the problem of computer addiction in children, most often
affects the achievement of learning goals. Lack of parental control, students' willpower,
an adequate attitude to computer games and the educational process, the presence of
certain psychological, everyday or social problems that students cannot or do not want to

cope with, create conditions for the emergence of computer addiction, or it is also called
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the Internet. dependence, in this context, has the same nature of the impact on the still
unformed psyche of schoolchildren. Therefore, it is important to analyze the reasons for
this dependence in modern students and develop clear recommendations for enhancing
the cognitive activity of students in the classroom and preventing the development of
such a disease.

The aim of the work is to study the impact of non-academic use of computer
(gadget) technology and the Internet on the quality of student learning and the proposed
methods for preventing computer addiction.

According to the goal, the following tasks are set:

1) Carry out a review of the works of modern literature on the topic under study;

2) Investigate the impact of non-academic use of computer (gadget) technology
and the Internet on the quality of education of students at the KU "Khizhinets Lyceum";

3) Based on the results of the study, consider methods of preventing computer
addiction.

The term "computer addiction", "gadget addiction" and "Internet addiction" in the
explanatory dictionary of the modern Ukrainian language is collectively characterized as
a mental disorder, an obsessive desire to use a computer, gadget, Internet and a painful
inability to disconnect from them in time [1]. In the history of technology development,
these concepts are distinguished as separate types of dependencies. However, most
researchers indicate that today this development unites the influence of all three
concepts, since it is already inconceivable to have a computer or gadget without the
Internet and vice versa.

A great contribution to the study of Internet addiction and gadget addiction was
made by such foreign scientists as K. Young, R. Davis, A. Voiskunskiy, D. Greenfield,
A. Egorova, N. Kumart and others. Among Ukrainian specialists, in various aspects,

they study the phenomenon of Internet-dependent behavior, distinguished I. Kuzhel, N.
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Bugaeva, G. Pilyagina, A. Chaban, L. Yurieva, Ya. Shugailo, M. Romanenko and others
[1-3].

Internet addiction researcher A. Goldberg noted in his works that this addiction is
manifested in the fact that a person can spend up to 18 hours a day and at least 100 hours
a week in the virtual world of the Internet. A. Goldberg also points out that this is a
psychological disease in which a person is not able to adequately perceive the virtual
world and is characterized as an irresistible craving for the use of computer games or the
Internet and a disorder that has a detrimental effect on household, educational, social,
family, work, financial or the psychological sphere of human life. And this is a problem
for all ages of people. However, most often it is children who are at risk, whose psyche
is in a state of development and is finally formed before the age of 16. According to
research data, about 70 percent of schoolchildren 13-16 years old, namely adolescents,
are Internet addicts today.

According to K. Young, 25% of addicts acquired addiction within six months
after starting to work on the Internet, 58% - during the second half of the year, and 17%
- with a year of age.

But it is worth distinguishing between computer addiction and love for games,
Internet technologies and technology. After all, the era of digital technologies dictates to
us its own rules and the ability to own technology at a certain level. Knowledge of
computer technology is already a necessity and many processes are really easier and
more convenient to implement virtually. If the child's behavior has not changed, school
performance has not deteriorated, mood and well-being are good - most likely there are
no reasons for anxiety [2].

In the literature, IV stages of the emergence of dependence are distinguished
based on the time spent on the Internet or using a computer:

And - a short time spent in the network;
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IT - showing interest in using the Internet for work and play;

III - stay in social networks with a loss of time count;

IV - the presence of dependence, the destruction of interaction with the outside
world.

N. Levitskaya in her research notes that it is at the fourth stage that the main
function of the psyche is violated - the personality begins to reproduce not the influence
of the objective world, but virtual reality. At this stage, a person has spent too much time
on the Internet alone. It is the need to be in the network that is on the same level with the
basic physiological needs. However, some users stop at the third stage. The scientist
names those who spend an average of 36 hours a week on the Internet (for non-academic
purposes), which leads to a decrease in academic performance among students, a
deterioration in relationships with loved ones. Internet independent people who use the
Internet for an average of 8 years a day, and its use does not lead to negative
consequences.

In the process of social and pedagogical prevention of computer and Internet
addictions for teachers, behavioral, psychological and physiological symptoms are
distinguished [3]. Behavioral includes the obsessive desire to check e-mail, the constant
expectation of the next access to the Internet or the opportunity to play computer games;
complaints for a long time are on the computer or on the Internet. Psychological
symptoms include feeling good or euphoric while working at the computer, not being
able to stop work, neglecting family and friends, feeling empty, anxious, irritated while
offline, deceiving family and friends about their activities, academic and professional
problems. Physiological manifestations of addiction include lesions of the nerve trunks
of the hand, associated with prolonged muscle strain, dry eyes, headaches, back pain,

irregular eating, skipping meals, neglect of personal hygiene, sleep disturbance.
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In the work of A. Bartkiv [1] it is indicated that for the preventive work of
computer addiction, it is necessary to form in the individual the awareness of himself as
an individual, to reveal his abilities, to promote the formation of self-awareness, self-
improvement, self-realization and self-affirmation. The importance of in-depth
familiarization with the methods that are widely used in preventive work is noted:
lectures  (lectures-conversations, lectures-disputes, lectures-quizzes, lectures-
consultations, lectures-press conferences), round sheets, the caseyvtosho method. The
main forms in prevention should be trainings, individual lessons and consultations aimed
at identifying the causes and understanding the problem through recognizing the signs of
addictive behavior, personal development.

So, we can conclude that computer addiction is a common psychological disease,
especially among schoolchildren. It is necessary to carry out a number of activities,

methods of work at school for teachers to prevent this disease.
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MATHEMATICAL MODELING OF THE DYNAMICS OF POPULATIONS
BASED ON SYSTEMS OF NONLINEAR DIFFERENTIAL EQUATIONS

Abstract. Assessment of the ecological state of a water body and forecasting its changes as a
result of anthropogenic impact using improved mathematical models of the dynamics of phytoplankton
populations in aquatic ecosystems based on a system of nonlinear differential equations. When
modeling the dynamics of populations in aquatic ecosystems, systems of nonlinear differential
equations are used, and the ecological state of water bodies is described by the phase portrait of
oscillations. The solution of a system of nonlinear differential equations in modeling the dynamics of
phytoplankton populations in an aquatic environment was carried out using approximate numerical
methods using a system of recurrent equations. The integral ecological state of water bodies is
estimated by calculating the Simpson and Shannon indices for the relative abundance of phytoplankton
particles of each species.

Key words and phrases: phytoplankton, aquatic ecosystems, recurrent equations, population
dynamics, phase portrait.

When assessing the complex impact of pollutants on the ecological state of a
water body using a synergistic approach, it is necessary to take into account the impact
on biological indicators, in particular, indicators of biomass and species composition of
phytoplankton. It is impossible to assess the state of an ecosystem only by
physicochemical parameters, since its main characteristic, the state of hydrobiota, is not
taken into account. Analytical control is complicated by the synergistic effect of most
chemical compounds. One of the important components of monitoring and control of
water quality is a comprehensive assessment of the ecological status of surface water

bodies subject to anthropogenic pollution. The reaction of hydrobiota depends not only
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on individual physicochemical factors, but also on their interaction. Integral assessment
of the biological usefulness of water as a habitat of biota, taking into account various
manifestations of chemical interaction - additivity, synergism, antagonism, can be
obtained using the biotesting method, which was used in environmental practices in
many countries, when society realized the danger to human health toxic water pollution.

In a number of modern studies [1-6], the synergetic theory of managing complex
natural-man-made systems is being developed, which can be used to assess the
ecological state of water bodies. At the same time, the properties of the ecosystem, its
synergistic characteristics are manifested in the interaction with environmental factors.
Ecosystems meet the requirements for systems that are self-organizing: non-closure,
instability, non-linearity, dynamic hierarchy. Therefore, ecosystem approaches should be
considered from the point of view of a synergistic concept using a systematic approach
to conduct a study of changes in their state [6]. The formalization of bifurcation
processes in the biosphere is inextricably linked with an understanding of the synergistic
patterns of the evolutionary development of biota. The reaction to the seemingly
insignificant changes in the environment (appearance of polutants, introductions,
invasions, etc.) is characteristic primarily of the “living substance” of the biosphere:
individuals, species, biocenoses. If the changes relate to certain boundary conditions that
ensure the maintenance of the equilibrium of an ecosystem, then with time a significant
restructuring of its structure and functioning is possible, up to the destruction of the
ecosystem itself [6].

In [1] developed methodological approaches to assessing the ecological safety of
ecosystems, based on the establishment of a comprehensive indicator of the degradation
of environmental components, which allows the assessment of non-additive properties
of multi-scale aquatic ecosystems. The analysis of the causes and limits of sustainability

of complex ecosystems is carried out, which allows predicting their response to direct or
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indirect human influence, as well as solving environmental management problems using
a synergistic approach.

To assess the ecological status of water bodies using a synergistic approach, it is
necessary to monitor the dynamics of populations of aquatic organisms, which will
determine the phase portrait of oscillations of the dynamics of populations of aquatic
organisms.

An improved mathematical model of the dynamics of phytoplankton populations
in aquatic ecosystems based on the solution of a system of nonlinear differential
equations by approximate numerical methods using a system of recurrent equations,

which allows to take into account the synergistic interaction of pollutants.
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DYNAMIC SCHEMES OF VORONOI

Abstract. We consider Voronoi's classical schemes, which describe the dynamics of the
division of the territory of influence not only in the environment of financial distribution, but also the
distribution of electricity for the backup supply of the city or the corporation on autonomous supply.
We obtain results on the existence of various distributions not only of metrized spaces, but also an
attempt to generalize in the model of non-Euclidean geometry.

Key words and phrases: Voronoi's cells, Voronoi's dynamic systems, sphere of influence in a
cooperative game.
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INTERCOMPARISON THE MODELS DAMAGE SUMMATION HEREDITARY
TYPE

Abstract. Models of summation of damages of the hereditary type are considered. Various
versions of tensor models of long-term strength and equivalent plastic strain to fracture are compared,
as well as the conditions for their degeneration into scalar ones. The formal identity of the constitutive
relations is noted accurate to the physical essence of the described processes.

Key words and phrases: damage summation theory, models of the hereditary type, long-term
strength, equivalent plastic strain to fracture, superplasticity.

O. InpromuH po3poOUB MaTeMaTUYHI OCHOBH TE€H30PHOI T€OPii TPUBAIOl MIITHOCTI

Ta 3alpONOHYBAB BH3HAYAIbHI CIBBIIHOIICHHS /Ui J€BIATOPHOI F; Ta KyaboBOi P

YaCTUH T€30pa MOIIKOIKEHB [ 1]

F(1)=]e(t=7)-s,(7)-dr (1

P(t)=[o,(t-7)-0(r)-dr (2)

ij?

ne t,T - uac; §, =0, —0 -0, - JIEBIATOP TEH30pa HANPYKEHb O, GZE-GI,I, - cepenHe

HaMpYyKeHHsI; @,, @, - Apa CIaJKOBOCTI, 1110 € MaTeplaJIbHUMU (PYHKLISIMH.

Mipy MNOWIKOMKEHb 3alpONOHOBAHO Yy BHIJISAI 3arajibHOi KBaJpaTUYHOI
3aJIEXKHOCTI

M(P)=c-P+c,-P+c,-P', 0<M<I, 3)

ne P’ = P, - P, - npyruil iHBapiaHT JeBiaTopa MOIKOKCHb.
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B [4] 3anpomoHOBaHO BapiaHT Teopii TPUBAjIOi MIIHOCTI, IIO 3BOJUTHCS [0
MPEACTABICHHS TOMIKOPKEHHS MapO4YaCTHHKM Marepialy y BHIJISIl JeBiaTopa
TOIIKO/KEHb Y/, Ta 0a3yeThCs HAa BU3HAYAIBHOMY CIIIBBIIOLICHHI

:

V/z‘/(t):J.go(t_f)'ai(f)'yy(f)'df 4)

0

. . S .
- IHTEHCUBHICTb HAIPYKEHb, ¥, = Ei - HanpsiMHUM TEH30p
' o,

HanpyXeHb; ¢ - AJpO CHAJKOBOCTI, IO BU3HAYAETHCS HA OCHOBI MOBEPXHI TPUBAIOL

MIITHOCTI MaTepiajia Mpy CTalllOHapHOMY HaBaHTaXEHHI
ty=t.(c.n.v), ()
Jie ¢, - vac 0 pyHHYBaHHs; 7] - IHBAPIAHTHUH OE3pO3MIPHUI TOKa3HUK HANPYIKEHOTO

CTaHy
o.
n=—, (6)

V - NeSKUW 1HBapiaHTHUN O€3pO3MIpHUN MOKA3HUK HAMPY)KEHOTO CTaHy, IO BPAaXxOBYE

TPETil IHBapiaHT TEH30pa 7, .
B nipoMy BHmanky KBagpaTHUHA Mipa MOUIKOKEHb HAOyBa€ BUTIISALY
M(l//i/)ZI//ij-l//y, 0<M<1. (7

B [5] 3ampomoHoBaHO Ta JAOCHIIKEHO BapiaHT Teopii MiACYMOBYBaHHS

MOILIKOKEHb, 10 0a3yeThCsl HA BU3HAYAIbHOMY CITiBB1THOIIECHH1
t

v, ()=o) .(2)-B,(¢)-dr. ®

0 L
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- IHTCHCHBHICTh IIBUAKOCTI Aeopmalii; &, - TEH30p-AeBIaToOp

MIBUJIKOCTEH JIeopmartiii; 1317 = E -—~ - HAaMPSAMHUHN TEH30p MIBUIKOCTEH nedopmaliiii;
' &,
1

@ - AIpO CHAJAKOBOCTI, III0 BU3HAYAETHCSI HA OCHOBI MMOBEPXHI I'PaHUYHUX JedopMariii

MaTepiajia Mpu CTalioHaApHOMY HaBaHTaKEHHI
€ :‘gﬁ(gi’n’v)’ )

Jie £, - TPAaHUYHA HAKONMYEHA IIaCTHYHA JAedopMallis 10 pyHHyBaHHS
£ :E(t.ffv)’ (10)
g(t)=1¢(r)-dr. (11)
CTOCOBHO 710 TPOILIECiB MPOCTOro HaBaHTaxeHHs 7, ()= y,=const, aGo mpocToro

nedopMyBaHHS ,Bf(t)z,B;:const, TEH30pHI BHW3HAyYalbHI CHIBBIIHOIICHHS (4),

BUPO/KYIOTHCS B OJTHOTHITHI CKJISIPHI MPEACTaBICHHS, 0 MOXYTh OyTH 3alMCaHi y

BUTJISIL

t

[o(t-7)-0,(r)-dr, 0<y(r)<l, te[O,tf), (12)

0

<

—~~
~

~
I

t

v(t)=lo(t-7)-£(r)-dz. 0<y(t)<l, te[0,1,). (13)

0

3a ogHOro ¥ TOro camMoro 3aKOHY 3MIHM IHTEHCHUBHOCTI HampyXeHb abo
IHTEHCUBHOCTI MIBUAKOCTI aedopmaniii 3 moaeneit (12), (13) BUMIMBaIOTH TOTOXHI
KpuTepianbHl criBBiAHOIICHHS. [IpoTe i CHIBBIAHOMIEHHS OMHUCYIOTh CYTTEBO Pi3HI
npouecu. Moaens (13) y mopiBHsiHHI 3 (12) BUABMIACS 3HAYHO IIKABIIIOIO, B 3B SI3KY 3
r€OMETPUYHUM 3MICTOM IHTETpasia Mo 4Yacy BiJ IHTEHCHBHOCTI MIBUAKOCTI Aedopmarii

(11). Came 3aBasKu 1bOMY 3’SBHJIACH MOXJIMBICTh MOOYAYyBaTH MOJENb BUTPAvYaHHS
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pecypcy CHOpTCMEHa, IO J0Jia€ TUCTAHIII0 Ta CHOPMYIIIOBATH 1 TOCIIAWTH HHU3KY
OpUTIHAJIPHUX ONTUMI3ALIMHUX 3aJ]1a4, 30KpeMa [3].

3acTocyBaHHs TeOpii IHTETpaIbHUX PIBHSAHD HAJIAJI0 MOKIIMBICTh BUHAUTH 3aKOHU
3MIHM IHTEHCHUBHOCTI MIBUAKOCTI Aedopmariii, 110 BiAMOBIIAIOTH MEPEXOy MaTepiaia B
CTaH HAAIUIACTUYHOCTI [2].
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DIANOSIS OF CORROSION FATIGUE IN UNDEGROUND METAL
CONSTRUCTIONS USING GENETIC ALGORITHMS

Abstract. A cyber-physical system of searching corrosion in undeground metal constructions
that realizes the collection and analysis of information using genetic algorithms are considered. There
are investigate possible solution to diagnos of corrosion fatigue integrated with this system.

Key words and phrases: modeling, genetic algorithm, underground metal constructions,
corrosion fatigue, quality criterion, cyber-physical system.
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Over the years, under the influence of external and internal factors such as soil
moisture and constant mechanical stress in the cracks are formed, which adversely affect
the operation of the system as a whole. Today an important task is to monitor the
technical condition of underground metal constructions.

A system for collecting and searching for defect information was modeled. In
addition, such a system should take into account the genetic algorithm to model
informative electrophysical parameters for underground metal constructions. The
analysis of such complex systems requires considering many factors for further
modeling of such systems. It is important to take into account the set of energy and
kinetic parameters. It should also be borne in mind that the relevance of this type of
research is also due to the fact that during the development of a diagnostic algorithm for
underground metal constructions need to select test informative parameters for the
relevant cyber physical system.

The quality criterion for the rate of propagation of the corrosion crack (CC) can be

given in the form of a formula [6]:

9
Z, =Pk, 'kz'k3+ ﬁ2Hki > ZI(VC):> opt, (1)
i=4

where £ is the coefficient of the level of reliability of the rate of propagation V¢ of the
corrosion defect in the metal; k, is coefficient of level of reliability and accuracy of the
sensor for measurement: polarization potential U,; k3 1s the coefficient of the level of
reliability of electric currents /, determined using a non-contact current meter (NCM);
ka, ks, ke, k7, ks, k9 — coefficients that characterize the method of information processing
using the mechanics of fracture; f, 5, — weighting factors (approximately f,=£,=0,5).
More details about the parameters that appear in formula (1) are given in the articles [2,
4].

Consider the function 7 (D, nz, N, Oy, kc) — 1 a resource, in other words a term
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T trouble-free operation of a metalwork taking into account number of cycles N¢

(corrosion fatigue of the metal). In the described function, Dy is the defect characteristic
of surface layers of metal (k4~D;); nz — is metal hardening parameter (ks~nyz); c,(Nc¢) 1s a
limit of corrosion fatigue of metal (ks~0,.(N¢)); kc 1s a complex coefficient of
aggressiveness of the environment in which the metal construction is located (k7~kc);
(ks~N¢); oy is tensile strength of steel (ky~o;). Function 7 introduced in the same way as
in the work [6].

For T formulate an optimization problem:

T (0Dy, dnz, ON¢, 0Gy,, Okc, 665) = min (2)
in case of fulfillment of the set restrictions for normalized (dimensionless) deviations of
parameters:
ODE0Dy; onz<Onzm; ONc<ONcm, 0Gve<OCyem, Okc<Okcm, OGS OC e, (3)

where 6Dy, Onzm; ONcm, OCyem, Okcm, OCg, — are given normalized deviations of the
corresponding parameters.

To control the physico-chemical processes in underground metal constructions,
taking into account the corrosion fatigue of the metal, it is necessary to supplement
criterion (1) with tasks (2) and (3). To solve the problem (1) — (3) use the approach of
genetic algorithms

After collecting the initial data by measuring devices from different parts of the
metal constructions, the data is stored in a database. The number of investigated areas
can be several and it is important to quickly search for corrosion in metals. The next step
is to apply a genetic algorithm to calculate the parameters of a particular system for
further analysis of damage. A genetic algorithm is often used to solve optimization
problems. This approach is becoming more popular for solving applied problems. In this

case, in comparison with neural networks, such an approach has a number of advantages
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for the task, such as efficiency and speed. The search strategy in such algorithms is
based on calculating and comparing the values of some objective functions.

From the statistical data [3] we can conclude that the most acceptable for most
tasks for the selection of parameters and assessment of the technical condition of
underground metal constructions is a genetic algorithm. To solve unconditional
optimizations, it is suggested to use an integer genetic algorithm [1]. The following
stages of the genetic algorithm should be considered for specified task: creation of the
initial population, evaluation of population members, repetition of operations to fulfill
the criterion of stopping the algorithm, selection of individuals from the current
population (selection), crossing and/or mutation, calculation of the matching function for
all persons and formation of a new generation [5]. As a result of the proposed approach,
the possibility of applying a genetic algorithm for corrosion fatigue in metal

constructions was investigated.
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USING THE EM ALGORITHM FOR FITTING BAYESIAN NETWORKS

WITH HIDDEN VARIABLES

Abstract. In this paper we review the main results of statistical modeling using Bayesian
networks.

Key words and phrases: probabilistic graphical models, Bayesian network, EM algorithm,
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baifeciBcbki Mepexi, SK PI3HOBHA MHMOBIPHICHUX TrpadoBUX MOJEIEH, €
MNOTY>KHUM IHCTPYMEHTOM [yl MOJIEIIOBAHHS CKIAAHUX MpoiieciB. OcoOIMBICTh TAKOTO
MOJICTIIOBAHHSI TOJSATAaE y TO€AHAHHI CyO’€KTHMBHOI €KCIEPTHOI JIyMKH IIOJ0
JOCTIKYBAaHOTO TIPOLIECY 13 HASBHUMH CIIOCTEPEKYBAaHUMHU JTAHWMH,a TAKOXK BHUSIBJICHHI
MPUYUHHO-HACTIIKOBUX 3B’S3KIB MK TOMIAMH, SKI TOB’A3aHI 13 JOCTIKYBaHUM
npouecoM. TeopeTuunuii anapat 0alieciBCbKUX Mepex OyB po3pobienuit y 80-x pokax
XX cromittsa Jxynoro [epmom[1].

baifeciBcbka Mepexka (iHIIA Ha3Ba — WMOBIPHICHA OpIEHTOBAaHA allMKIIIYHA
rpadoBa MOJENb) MPEACTABISIE COO0I0 HAaOIp BUMAJAKOBUX BEJIMYMH Ta IXHIX YMOBHHX
WMOBIPHOCTEH, AKI MPEJCTABIAIOTHCA y BHUIJISAI OPIEHTOBAHOTO AlMKIITYHOTO rpady.
Bepmmau 1iporo rpady € mpeacTaBieHHSIM BUMAAKOBUX BEJIMYWH, a pedpa BUpaXaloTh
3aJIeKHOCTI MK HUMU. BepimmHamu rpady MoXyTh OyTH SK pe3yabTaTh CHOCTEPEKEHD
abo BUMIpIOBaHb, TaK 1 MpuxoBaHi 3MiHHI. KOo)kKHa BepiuHa MOB’A3y€ThCS 13 HAOOpOM
PO3MOLIIB IMOBIPHOCTEH, a CaMeé YMOBHOIO MMOBIPHICTIO 3HAYEHBb BIAMOBIAHOI IILOMY

By3Jly BMIIAQJKOBOI BEJIMYMHM 3al€KHO Bix ii «OarbkiB». SxkmoX =(X,X,,..X,) —

MHOXMHA BEPIIUH 0ail€eCiBCbKOT MEpeXkKi, TO CHiUIbHA IMOBIPHICTH (AKTOPU3YETHCS B

I00yTOK YMOBHHX IMOBipHOCTEH: P(X) = H: P(X,| Parents(X,)).

97



III International Scientific and Practical Internet Conference «Mathematics and Informatics in Higher Education:
Challenges of Modernity», May 20-21, 2021, Vinnytsia, Ukraine

3a HaAsSBHOCTI JaHMX, SIKI BUpa)XaloTh peaiizaiiio 0aileciBcbKOi Mepexki (To0To
Ha0Opy 3HAYEHb, SIKUX OJHOMOMEHTHO HaOylH pPO3TJsAayBaHi BUITAJKOBI BEJIMYHMHM),
MO>KHACKOPHUTYBAaTUPO3MOJAUTM YMOBHHUX HWMOBIPDHOCTEM y Takui cmocid, 1106
noOyoBaHa MOJEJIb MaKCHUMaJbHO BIAMOBiJalia BKa3aHUM CIIOCTEPEKECHHIM (1
MpolLIeC MPUUHATO HA3UBATH «HABYAHHSIMY MOJEIII).

VY BUManKy, KOJU 3HAYCHHS yCiX BUMAIKOBUX BEJIUYUH € BIJIOMHUMU, IEPEPaXyHOK
napamMeTpiB MOJENI MOXHa 3AIACHUTH 3a METOJIOM MaKCHMAaJbHOI MPaBIOMOAIOHOCTI.
IIpu wbOMy P(X . :k|Parents(X ;): j) BUpAXa€ EMIIIPUYHY YacTOTy HaOyTTs
BUIIAJIKOBOIO BEJIMYMHOIO 3HAYEHHSA k 3a yMOBH, IO «OaTbkW» X, HaOynu 3HAYEHHA j
(mmB., HAanpukiIamg, [2]).

Pa3om 3 TUM THUNIOBOIO € CUTYallif, KOJIU BIACYTHI J€sAKl 3HAYCHHS BHUIIAJIKOBHX
BEJIMUYMH a0o X OalleciBChbKa Mepexa MICTUTh MPUXOBaH1 3MiHHI, SIKI HE MOXYTb OyTH
BUMIPSHI €eMIIIPUYHO, a, HABMAKHU, BUBOJSATHCS 13 BUMIPIOBAHb.

MeTton MakcuManbHOI TPABAOMOMAIOHOCTI y TaKOMy BHUIAAKy 3HA4YHO
YCKIAHIOETHCS, OCKITBKM 3HAUYCHHS (PYHKIIIT MpaBAOMOAIOHOCTI CKOpilIe 3a Bce Oyne
HEMOXJIMBO 00uncnuTu. [lpumyctumo, mo X — 1€ BEKTOp TUX JaHUX, AKI MOXKEMO
BUMIPATH (3HAYCHHS SKUX € BIJOMHMH), a Y — BEKTOp MPOMyIIeHUX aaHux (ado

MPUXOBAHUX 3MIHHUX). MM HE MOX€MO BUYYHMTH HOBI 3HaUEHHS MapamMeTpiB Mojeni ©
IUIAXOM MakcuMizamii (GyHKIIl mpaBAaonoaioHOCTI P(X Y ;G)) BiHOCHO ® . Jloriyno
OPUIYCTUTH, 10  CJIiA  MakCUMIi3yBaTh  (yHKIi0O  MpaBAOMOAIOHOCTI  1Jist
CIIOCTEPEKYBAHUX JAHUX P(X ;G)). Ane 1 oOuucneHHs P(X ;G)) TaKoX MOXKeE
BUABHTHCH TEXHIYHO HeMOXnuBuM. Cripapai, ockinmbku P(X;0)= ZyP(X ,Y;0), 1o

KUIBKICTh JOJIaHKIB B MpaBiii YaCTUHI OCTAHHBOI PIBHOCTI MOXE OYyTH JyXKe BEIHKOIO

(BoHa € mOOYTKOM KUIBKOCTEM YCIX MOXJIMBUX CTaHIB JJIs KOXKHOI BHIAJAKOBOT
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BeMUWHM 3 Y ). TakuM 94MHOM, CKIIaIHICTh O0YHCIICHb POCTE €KCIIOHEHIIIMHO IIBUIKO 13
30UIbIIEHHAM KUIBKOCTEH KOMIIOHEHTIB Y IPUXOBaHUX JaHUX Y .

Peanizanii Merony MakcHMajbHOI MPaBIOMOAIOHOCTI Y BUIAAKY MHPOMYILIEHUX
naHuX Moxe aomoMortu EM-anroputM. Lle iTepaTuBHUN anroOpuTM, KU MICTUThH JBa
KpOKHU. Y BHUIAJKYy HOT0 3aCTOCYBaHHA 10 0ail€eCiBCHKUX Mepexk Ha E-Kporli s KoKHOT

BEPIIMHK X, OOYMCIIIOIOTBCS YMOBHI CIIIIbHI HMOBIPHOCTI BEpPHIIMHM Ta ii OaTBKIB 3a

YMOBH BIIOMHX 3HAQY€Hb IHIIUX BHUIAJKOBUX BeMWMYMH Mepexi. lle obuucneHHs
0a3yeThCcsi HaA aJIrOpUTMi TOMIMPEHHs OOrpyHTOBaHOCTI (propagation of evidence)
CIIOCTEPEKYBAHUX JAaHUX Ha JepeBl 3’e€qHaHb (junction tree) OalleCiBCBKOT MeEpexi.
3acTocyBaHHS I[OTO AITOPUTMY 10 Oal€CIBCHKUX MEPEX 13 MPOIMYIICHUMU AaHUMU
Oyno ommcaHo 1 oOrpyHTOBaHO B po0OO0Ti [4]. Lle mo3Bomsie 3MOAENIOBAaTH OUYIKYBaHI
3HAYCHHA HEBIJIOMUX BUIAJKOBUX BETUYUH. TOI1I MOXJIUBUM CcTa€ M-Kpok, Ha
AKOMYBIZIOyBa€ThbCsl TEPEPaXyHOK TMapaMeTpiB MOJENl 3a METOJAOM MaKCUMAaJIbHOI
MPaBIOMO1I0HOCTI, SIK JIJIsl BUTIAJIKY MOBHUX JaHUX. J{asi anropuT™M 3HOBY MOBEPTAETHCS
1o E-kpoky 1 T.7.

3a3HaunMMoO, 10 po3poOIIAIOTECS 010J110TEKH MOBOIO mporpamyBaHHs Python, B
AKUX peai3oBaHO €(PEKTHUBHI aJITOPUTMH I MEpEepaxyHKy MapaMmeTpiB 0Oaile€ciBChKOI
Mepeki y BUIMAJKy HAsSBHOCTI MOBHHUX peajibHUX AaHUX (Hampukiaa, pomegranate|3]).
[Tpu bOMy pOJIB anPIOPHUX CYIKEHBb MPO MOYATKOBI YMOBHI PO3MOAUINA IMOBIpHOCTEH
MOXKHa BHM3HA4yaTH alTOPUTMaMH CEMIUTIOBAaHHSA (T€HEPYBaHHA) JAaHUX, JOMOBHIOIOYU
TUM CaMUM CTIOCTEPEKYyBaH1 JIaHI.

[TincymoByrO4H, 3a3HAYMMO, 1110 UMOBIPHICHI rpad)oBl MOEII € BITHOCHO HOBUM 1
Cy4yaCHUM IHCTPYMEHTOM [UIS PO3B’SI3yBaHHS 3aJady MaTeMaTUYHOTO MOICTIOBAHHS.
Takoro Buay MOAENIOBaHHS MOXKE MPOBATUTHUCH, 30Kpema, y (iHaHCOBIN cdepi npu
OI[IHII OMEpaIiiHUX PU3MKIB, CTPAXOBOMY OI13HECI ISl OI[IHKM WMOBIPHOCTI HaCTaHHS

CTPaxOBOTO BHUMAJIKYy TOIIO. Y Oale€ciBChbKi Mepexi, SK MaTeMaTH4HI MOJedl,
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3aKJIaIal0ThCS €KCIIEPTHI anpiopHi BIJOMOCTI MPO MPUPOIY AOCIITKYBAHOTO MPOIIECY.
AJle  HasBHICTP HaBITh HEMOBHUX JAaHWX JIO3BOJIIE 1X  BJIOCKOHAJIOBATH,
BUKOPUCTOBYIOUM CyYacHl aJirOpUTMH Ta IHCTPYMEHTapiii MaIlMHHOTO HaBYaHHS 1
CHCTEM IITYYHOTO 1HTEIEKTY.
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OVERVIEW OF PROBLEMS AND PROBLEM STATEMENT OF CREATING
INFORMATION SECURITIES IN ACCESS CONTROL SYSTEMS, USING THE
UNIQUE CHARACTERISTICS OF OBJECTS

Abstract. The talk reviews the types of object identification, points out their advantages and
disadvantages. The task is to create means of information protection in the logical-temporary
environment of access control using the unique characteristics of objects.

Key words and phrases: identification, biometrics, A-interval, logic-time function, password.

With the advent and development of information technologies, the problem of
information security, related to the preservation of the information confidentiality that is

processed and stored in computer systems, became urgent [1]. Managing and delimiting
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of access to information resources is one of the important aspects of information
security. Methods and systems of information security based on access control perform
such functions as: user authentication; identification and authentication of the user
according to the account data; admission to certain conditions of work in accordance
with the regulations.

There are three most common types of subject identification [2].

1) Password identification. The main advantage of the password identification is
the simplicity of implementation with the use of a password-login twain. The main
disadvantage of such identification is the dependence of its reliability on users, i.e. on
their chosen passwords (so-called human factor).

2) Hardware identification, using keys, tokens or cards, which are in the exclusive
use of identification subjects. The main advantage of such identification is its rather high
reliability. However, the high cost of such devices, the likelihood of their theft in
registered users, as well as the possibility of duplication reduces the curiosity to
hardware identification.

3) Biometric identification [3], using the unique properties and features of a
person, which are of two classes:

- static, which are based on the physiological unique characteristics of objects
(fingerprint, face thermogram, palm, retinal, DNA, location of veins on the front side of
the palm, etc.) that are practically unchanged with the lapse of time;

- dynamic, which are based on the behavioural characteristics of subjects, that is
built on features characteristic of subconscious movements in the process of
reproduction of any action (by handwriting, by keyboard, by voice, etc.). The main
advantage of biometric technologies is the highest reliability, and the main disadvantage

is the cost of the equipment.
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In the context of modern information technologies of information security,
biometrics is an applied branch of knowledge that uses unique human features to create
automated access systems.

All of these approaches to protecting access to information are fairly easy to
implement in the logical-time environment, turning all the necessary parameters into
logic-time functions (LTF) [4,5], which are of three functionally complete classes,
closed with respect to Boolean operations, a special operation of unequal subtraction and
differentiation. For example, an elementary LTF of the first class, this takes a constant

value between two zeros:

t—t, if t,<t<t+T,

t,t.,T)=
Jen.1) {O, if t+T<t<t (1)

where ¢ — the current value of the time parameter, #, — the time coordinate, 7, — the

length of the interval of existence.
LTFs are considered on a time interval [tka tk+l] sampled by means of A-interval
(A-sampling) of time (minimum time interval, length ®;), & =%u ~ (& + 1)) between two

time coordinates of the LTF. The operation of the unequal subtraction (|k|), which is

based on A-sampling, is defined as follows:

fl(t’tllJTllﬁal)‘k‘fz(t’tﬂ’TZl’aZ):{(t_(tl +iAi))"ail —dp

.1, = min(z,, 9t21)} ,(2)

where ¢;; t,; — time coordinates of variables,
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T}, and T,, — the duration of the existence segments of the first and second functions, ¢,

and 4, — the corresponding amplitudes,

i — number of A -intervals in the selected interval of time,
A,— duration of A-interval,

a;,a; - the corresponding amplitudes on — i-th A-interval.
The result of this operation will be the LTF, which can be called unequal
difference.
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USE OF MODERN COMPUTER TECHNOLOGIES IN THE STUDY OF

COMPLEX PROCESSES

Abstract. We consider the problem of using modern computer technology in the study of
complex physical processes, which by means of mathematical physics are modeled into an optimization
mathematical model. By linearization methods, the problem is reduced to the problem of linear
programming of large dimension, which leads to the use of the internal point method. Given the
sparseness of the data, there is a problem of conducting matrix-vector operations with them.

Keywords and phrases: modeling of complex systems, internal point method, sparse data.

CporomHi po3BUTOK (DI3UYHOTO TMi3HAHHSA OXOIUIIOE BCE HOBI 1 HOBI cdepu
TiACHOCTI. 3p0O3yM1iNIo, 1IeH Mpoliec He 030aBIeHNUN YUCICHHUX MPOOJIEMHUX aCIEKTIB,
MOB’SI3aHUX, 30KpeMa, 3 MOXIMBICTIO BHUKOPUCTAaHHSA CYYaCHUX KOMII FOTEPHHX
TEXHOJIOT1M y JochimxkeHHl (i3uyHUX TmporeciB. UucenbHl MEpemKoAr Ha MUIAXY
EKCIIEPUMEHTAIILHUX JOCTIIKEHb (DI3UYHUX TMPOIECIB 3yMOBWJIM 3arOBOPUTH TIPO iX
CKJIAIHICTh. Y 3B'I3KYy 3 IIMM BCE YacTillle OOTOBOPIOETHCS CIelialibHa TeMa — (i3uKa
CKJIaIHUX CHCTEM.

He3Bakaroun Ha IHTYITUBHY 3pO3yMUIICTh Ta BEIUKY BAXKJIUBICTH I[LOTO TEPMIHY
JUI HayKOBHMX JOCJIJKEHb, JOHHUHI HE ICHYE 3araJbHONPUUHATOTO WOr0 BU3HAYCHHS.
BynemMo po3pi3HaTH MpOCTI, CKIIAIHI Ta AY>KE CKIIaJIHI CUCTEMH, BUXOISIYHN 3 TEXHOJIOTIN
X JTOCIIIIHKEHHS.

O3HaKOK CKJIAIHOCTI TPH BUKOPUCTAHHI KOMIT'IOTEPHUX TEXHOJOTIl Y

JIOCTIDKEHH] CKIagHUX (I3UYHUX JUHAMIYHMX TPOIECIB JOLLIBHO BBaXXaTh 00 €M
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3aTpaT Ha MPOBEACHHS OOYMCIIOBAIBHOI POOOTH, TaK OM MOBUTHU aJTOPUTMIUHA
CKJIAIHICTh. [HOM1 anropuT™M MPOBEJACHHS PO3pPaxyHKIB € HE CKJIAJAHHUM, ajie KUTbKICTh
HEeB1IOMUX (TapaMeTpiB) y MaTeMaTHYHIM MOJEII MOXKE CSITaTH JECSITKIB TUCAY a0o U
ounpmie. Toal A MIBUAKOTO PO3B’SI3KY 3a/adi JOIIBHO BUOMpATH OLIBII MPUCKOPEH]
JITOPUTMU.

JlocuTh 4acTo WpH JOCIIHKEHHI MPUKIATHUX (DI3UYHUX 3a/1a4 KOMIT IOTEPHUMHU
METOJIaMHU [MOCEePETHUKOM BHCTynae MaTemMaTnuHa Qizuka. He cekpeT, 1mo cama Ha3Ba
BOTO PO3AULY HAyKH TCHUXOJIOTIYHO HACTOPOXKYE CTYJEHTIB SIK MaTeMaTHKiB, TaK 1
¢G13UKiB, HE TOBOPSYM YK€ MPO CTYAEHTIB CIELIATbHOCTI KOMII'IOTEPHI HAyKH, SIKi, y
OaraThbOX BUNAJKaX, ‘HEJAONIOONIOIOTH” SIK MaTeMaThKy, Tak 1 QIi3uKy, TOOTO
MaTeMaTHuHa (Qi3uKa, SK 3 €JIHyBajbHA JaHKa MDK (I3UKOI0 1 MaTeMaTHUKolo,
TICUXOJIOTTYHO Ba)KKO CIPUHAMAETHCA CTYJEHTAMHU SIK MaTeMaTHKaMH, TakK 1 (I3MKaMH.

[ls Hampyra CIpUYUHSAETHCS PI3HUMHU MIAXOAAMH J0 BUBYCHHS OJHHUX 1 TUX XK€ peueil.
. . ds . .
Hampuknan, aHamizyrouu pIBHSHHA U = 0 ¢iBukn 0Oadath y HBOMY pIBHIHHSIM

MUTTEBOI MIBUIKOCTI, @ MATEMAaTUKH —TU(epeHIliaibHEe PIBHIHHS.

OmgauM 13 BaXJIMBUX MPUKIAIIB MPAKTUYHOTO 3aCTOCYBaHHS MaTeMaTHYHHUX
Mozene nudy3iiHuX MpoLEciB MOXKE CIYKUTH 3ajaya MPOTHO3YBaHHS €KOJOT1YHOTrO
3a0pyIHEHHS PIYKH MIKIJJIMBUMH BUKHUIAMH, 110 MOTPAIUISIOTH B HEi 3 HABKOJMIIHIX
niANpUeEMCTB. 3a i JOMOMOTrol0 CIyKOM €KOJIOTTYHOTO 3aXUCTYy MOKYTh BHSIBIISTH
JDKepena BUKHIB, 110 MEPEBHUIIYIOTh JOMYyCTUMI TPAaHWYHI HOPMH, Ta CIPOTHO3yBaTH
ONTUMANIbHI i1 Ha TOKpaIIeHHS EeKOJOT1yHOi 00cTaHOBKU. JleTanbHy mNpoueaypy
o0y 10BU poO0U0i MOeN BioOpakeHo, Hanmpukia, B [1].

OaHUM CIIOBOM, Ma€EMO JIESKY TOCUTh MTPOCTY MATEMAaTUYHY MOJIEIb THHAMIYHOTO
mpouecy. OCKITBKM TOYHHMM PO3B’S30K Takoi 3ajadl 3HAWTH HEMOXXIHUBO, TO
BUKOPUCTOBYIOTh TPAAMIIIAHUN HAOMKEHUN METOJOM CKIHYEHUX PI3HUIlb, SKUAN

MEPETBOPIOE MATEMATUYHY MOJIEb y CUCTEMY JIHIMHUX anreOpaiyHuX piBHSAHb, METOIIB
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pO3B’sI3aHHA AKOi € yuMano. Moke BUHMKHYTH JyMKa, II0 KOMIT IOTEPHI TEXHOJOTT
pO3B’si3aHHS TaKol 3aJadl He € CKIaaHuMH. Pa3om 3 TuM, AK 3a3HaueHo y [2],
BU3HAYEHHS KOHULEHTpalii jume y 15 Toukax BUMarae po3B’si3aHHs cucteMu 13 466
TMHIAHUX piBHAHB, a Y 30 Toukax — 844 piBHsAHB. [Ipoliec 3HAXOMKEHHS PO3B’SI3KY
TPaAUI[ITHUMU METOJaMU MOXKE 3aTATHYTHUCS Ha ACKUIbKA TOAMH.

OckisIbKkH TIOTPIOHO BIAUIYKATH ONTHMAIbHY TPAEKTOPiIO, TO 3ajada 3BOIUTHCS
70 3a;adi JIHIHHOTO MpOTpPaMyBaHHs, 3HOBY K TaKH, YK€ BEJIMKOI PO3MIPHOCTI,
HaWKpallliM aJIfOPUTMOM 3HAXO/KEHHS PO3B’S3Ky TOJM1 MOCTA€, TaK 3BAHHUM, METO]
BHYTPILIHHOT TOUKH.

He Bmarounch B onuc #oro oco0IMBOCTEN, 3a3HAYMMO, IO ITePALlIiHUA aJITOPUTM
3BOJIUTHCS JI0 PSIIYy MATPUYHO-BEKTOPHHX ONEparliii, y TOMY YHCIi 1 PO3B’sA3aHHS
CUCTEMHU JIHIMHMX PIBHSHB, ane il maTpuid Oyne cumerpuuHoro. OTke, MOIUIbHIIIE
CKOPHUCTATHUCS METOJIOM KBaJPaTHOTO KOPEHS.

A TOJIOBHE, Ha IO XOTUIOCSA O 3BEpHYTH yBary Ie Te, IO OJepKaHa cucTema 13
NECATKIB THUCSY JIHIMHUX PIBHAHb MICTUTH JIMIIE ACKUIbKA 3MIHHHX, K1 OJJHOYaCHO
OJTHOYaCHO BHKOPHCTOBYIOTHCS B OOMEXKEHHsIX, TOOTO HE OUIbIIE JBOX — TPHOX
BIICOTKIB HEHyJeBUX KoedimieHTiB. Opepxamu cHCTEMY 13, TaK 3BaHHUMH,
PO3PIKEHNMH JaHUMH. [i pO3B’s3aHHA MOTpPedye BUKOPUCTAHHS OCOOJIMBUX METOMIB
00pOOKH TaHMX.

BpaxoByroun cnenudiky MaTpuyHO-BEKTOPHHUX Omepallid y MEeTOoAl BHYTPIIIHbOT
TOYKH, JOLUUIBHO TMPH POOOTI 3 PO3PIHKEHUMHU JaHUMH BHKOPHCTOBYBATH I1HICKCHE
KOJyBaHHS MOYaTKOBUX JTaHUX.
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IMPLEMENTATION OF CYCLE-GAN MODEL FOR IMAGE
TRANSFORMATION INTO IMAGE WITH ANIME STYLE

Abstract. We review the principle of CycleGAN modeling and describe the application of
CycleGAN for the problem of images transformation into images with anime style.

Keywords and phrases: GAN, CNN, image-to-image translation, generator, discriminator,
CycleGAN, PatchGAN.

I'enepatuBHO-3Maranbai Mepexi (Generative Adversarial Networks, GANs) €
OTHUM 13 MIAXOJIB 1O TEHEPATUBHOIO MOJICIIOBAHHS 3 BUKOPUCTAHHSIM METOJIB
rMOMHHOTO HaB4aHHS [2]. OmHi€lo 13 MIKaBUX 3aJad, AKI MOXKHa PO3B’S3yBaTH 3a
normomoroto GANs, € 3amada TIEPEBEJICHHS OIHOTO 300pakeHHsA B iHIIE. ToOTO Ha
OCHOB1 OJIHOTO 300pakKeHHS MOJKHA 3MIHMTH 30BHIIIHIN BUTJISAI 1HIIOTO, TMEPEHHSIBIIN
JesiKi O3HaKW MEepIIOTO: NEePEeTBOPUTU [E€Hb Yy HIY, 3MIHUTH TEKCTypy abo HaBiTb
NEPETBOPUTHU Pi3HI 00’ €KTH O7HE B 0 HOr0. OCcOOIMBY yBary BUKIMKAIOTh 3a/a4l, 16 MU
Ma€eMO CIIpaBy 3 HEMapHUMHU JaHUMH, TOOTO TaKUMH, A€ 300pa)KeHHS, sIKI MU OJIHE B
OJIHOTO TIEPETBOPIOEMO 30BCIM HE MalOTh MDK COOOI0 HISKOTO MPSMOTO 3B’S3KY.
PosrnsHemMo 110 3amady B KOHTEKCTI 3aJadl MEPETBOPEHHSA 300pa)KeHHS >KIHOYOTO

00MY4s Ha 00IMYYs aHIMe-TepOiHi (HaaHHs 300paXeHHIO aHiMe-CTIIIo) (puc. 1).
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'

Puc. 1 Ilpuxnan o4ikyBaHOTO pe3yabTaTy MICHs 31HCHEHHS IepEeTBOPEHHS (3711Ba
— BX1JHE 300paKeHHsI, CTIpaBa — Pe3yyibTaT)

Jlis  po3B’sA3aHHS  IIOCTABJIEHOrO  3aBJaHHS  OyJAeMO  BUKOPHCTOBYBAaTH
reHepaTUBHO-3MarajibHi Mepexki 3 yMoBOIO. A came OyaemMo peai3oByBaTH MOJEIb
CycleGAN [5]. Ana namoi 3agaui apxitekrypa CycleGAN Burisaae HaCTyITHUM YHHOM
(puc. 3). Mu maemo aBi Bubipku [1]:

o Bubipka 1: 300pakeHHs )KIHOUUX 00TIUY.
o Bubipka 2: 300pakeHHS aHIME-T€POiHb.
Mu Oynyemo 1Bi Te€HEpaTHBHO-3MarajibHI MEpeKi, KOKHA 3 SKUX MaTHUMeE CBIid
TeHEPATOp Ta TUCKPUMIHATOP:
o GAN 1: Hagae 300paxe€HHIO KIHOYOTO OOJIUYUS aHIME-CTHIIIO.
e I'enepartop 1 (G>y):
— Bxiaui gani: 306paxenns 3 Bubipku 1.
— Buxigni nani: 3renepoBani 300pakeHHsT BUOIPKH 2.
e JIuckpuminarop 1 (D,):
— Bxigni nmami: 300pakeHHs 3 BHOIpKM 2 1 BHXIIHI JaHl
I'enepatopa 1.
— Buxigni gami: WMOBIpHICTP TOro, IO 3TEHEPOBaHE
300paKeHHS HAJICKUTD 10 BUOIpKHU 2.
o GAN 2: mneperBoproe 300pak€HHsS aHIME-TepOiHb Y pealiCTUYHI
300paXeHHS JIFOJICH.

e I'enepartop 2 (G,1):
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— Bxiaui gani: 300pakenns 3 Bubipku 2.
— Buxigni nani: 3renepoani 300paxeHHs1 BUOIpKH 1.
o Jluckpuminarop 2 (D,):
— Bxigni nmami: 300paxenHs 3 BuOipku | 1 BuXigHI [aHi
I'enepatopa 2.
— Buxigni gami: WMOBIpHICTP TOro, IO 3TEHEPOBaHE

300paKeHHS HAJICKUTD 10 BUOIpKH 1.

Bubipka 1 Buﬁlpxa 2

cyceaan Citak] BI§

AKoMora npasfonogibHiwe

-m HanexuTs Ao BUBIpKK _“ ‘E““ HanexwmTb Ao BUGIpKy
[ ﬂv) \®

J‘- i \
(o .d.'i;‘,l-;d
g
Puc. 3 Apxirekrypa CycleGAN nnst 3amadi, MO pO3TIAIAETHCA

AKOMOTa npaanononlﬁmme I

Koxxen GAN cknajgaetbcsi 3 JBOX MOJENEH 3rOPTKOBUX HEUPOHHUX MEPEXK:
muckpuMinaropa (PatchGAN) 1 reHepatopa (€HKOAEp-ACKOAEp) Ta TPEHYEThCA 33 TUM
e 3MarajbHUM MPUHIIUIIOM, 5K 1 3BUYaiiHuii GAN, onTuMIi3youu Ti caMi PyHKIIIT BTpat
(adversarial loss). Y Takuii cnocid MoOJenl 34aTHI 3TeHepyBaTH MPaBIOINOII0HI
300paK€HHS IIIbOBOT BUOIPKU, OJHAK MPU LIBOMY MU HE OTPUMAEMO TEPEBEICHHS
OTHOTO 300paX€HHA B IHIIE B TpsIMOMY ceHCi. ToMy [0AaTKOBO Baru Mojelen
OHOBJIIOIOTHCSA 3a JIOTIOMOT OO TaK 3BaHOTo cycle consistency loss.

Takum uumHOM, yXke micis TpeHyBaHHS Ha 80 emoxax (Tif Yac KOXKHOI 3 SKUX

Bi0yBajach OJHa MOBHOIIIHHA 1TE€pallis B3J0OBX JaTaceTiB 3 BUOiIpKow 1 1 BHOIpKOIO 2;
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OJTHOYACHO MiJ Yac OJHOTO MPOXOKEHHS TPEHYBAJIOCh 4 3pas3Kuy; peanizailis MoJaeli

Oyna 3ailicHeHa MOBOIO Python) Mojaenb TMOKa3zye IIJIKOM MpaBAOMOAiOHI pe3yibTaTu

(puc. 4).

Puc. 4. Tlpuknany oTpuMaHuX pe3yabTaTiB

3arajaoM MpPOCTIIKOBYETbCS TEHJIEHIIS TOro, IO 3 KOXKHOIO HOBOIO €IO0XOIO,
PE3YNbTAT CTAE OLIBII TPUHHITHUM.
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APPLICATION OF DATA MINING IN THE FIELD OF BUSINESS
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Abstract. The publication considers the methods of application of data mining technologies in
the study of enterprise competitiveness in the market.

Key words and phrases: data mining, data mining, analysis, information, forecasting the
competitiveness of the enterprise

B ocHoBy cywacHoi texnousorii [AJl moknageHa KoHUenmis MAGJIOHIB, IO
BiIOMBaOTh (PparMeHTH OaraToacmeKTHUX B3aeMuH Yy JgaHuxX. LI mabnonu €
3aKOHOMIPHOCTSIMHU, BJIACTMBMMHM MiJABUOIPKAM JAaHMX, SIKI MOXYTh OYTH KOMIAKTHO
BUpaxeHl y 3po3yminiid ¢gopmi. [lomyk mabmoHIB 3M1MCHIOETECS METOJaMH, IO HE
OOMEXeH1 paMKaMH alplOpHUX NPUMNYIIEHb MNP0 CTPYKTYpy BHOIpKM Ta BHUIU
PO3IOIIIIB 3HAUYCHb aHAI30BaHUX MOKa3HMKIB [ 1, ¢. 393].

BinbiIicTh cTaTUCTUYHUX MAKETIB BKIIOYAIOTh eeMeHTd [AJl, ane ocHOBHY yBary
B HUX 3BEpPTalOTh HAa KJIACHYHI METOJMKH — KOPEINALIMHUM, perpeciiiuuii, ¢hakTopHun
aHami3 Ttomo. HemomikoM Takux CHCTEM € Te, IO KOpPUCTyBady Tpeda BOIOIITH
CHeliaJIbHUMU KOTETEHTHOCTAMU. METOau, K1 BXOIATh 10 CKJIaJy TaKUX MAaKeTIB €
CTATUCTUYHI METOAM, TOJIOBHHUMH OO0 €KTaMH, SKUX € YCEPEeIHEH1 XapaKTePUCTHKU
BUOIPKH, SIK1 IPU JOCHIIKEHH] pealbHUX BUPOOHMYMX CUTYallll 4acTo € (PIKTUBHUMU
BenuunHAMm» [2, c. 463]. Ane, 3acTOoCyBaHHS METOJIB CTATUCTUKHU JAlOTh MOXJIUBICTDH
3aCTOCOBYBATH TEXHOJIOTI1 cucTeMHOro aHamizy. o mo3BossitoTh BifiOpaTH ajeKBaTHI
JaH1 s aHATITUYHOTO JociipkeHHd. /s monanpiioi oOpoOKH TaHUX 3aCTOCOBYIOTHCS
metoau [AJ] Ta HecTaHmapTHI MIAXOAM AJIA BUSBIEHHS 3aKOHOMIPHOCTEH y 3B’sA3Kax
MDK JaHuUMH. besmocepemHb0 S TPOTHO3YBAaHHA  KOHKYPEHTOCIPOMOKHOCTI
MIAIPUEMCTBA HA PUHKY BUKOPHUCTOBYIOTHCS MOJIENI aBTOperpecii Ta 6aiiecoBi Mepexi.
Takox s NPOTHO3YBaHHS EKOHOMIYHUX TIOKA3HHKIB BUKOPUCTOBYIOTHCS MO
aBroperpecii, a came AR, ARIMA*ARIMAS, ARCH, GARCH. Astoperpeciiina
¢byHKIi 00’€IHYeTbCS 3 IHIIMMH METOJAaMU  aHalli3y JAMHAMIKH: KOB3HOIO

(EKCIIOHEHIIIHHOI0) CePeAHBOI0, TPEHIOM, CE30HHOIO XBHIICHO.
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baitecoBi Mepexi (BM) BHKOPHCTOBYIOThCS HJisi BU3HAYEHHS MPUYUHHO-
HACTIAKOBUX 3B’SA3KIB TMPH MOJCITIOBAaHHI TPOIECIB, IO OMUCYIOTHCS BEIMKOIO
KUTBbKICTIO (pakTopiB [3]. ¥V 3B’A3KY 13 UM iX BUKOPUCTAHHS y MPOIIECI MPOTHO3yBaHHS
KOHKYPEHTOCIIPOMOXXHOCTI € BaXKJIMBUM 1 pAIlOHAIBHUM 3 TOYKHA 30py MOOYI0BU
aJICKBaTHUX MOJEJICH, [0 MAaOTh XOPOIIl MPOTHO3YIYl XapaKTEPUCTUKHU. Y BUMAIKY
BUKOPUCTAHHA 0all€eCOBUX MEpEX OI[IHKAa MPOTHO3Y BHU3HAYAETHCS BIJIMOBIIHO 0
WMOBIpHOCTI 11 MOmajaHHsA y JCAKUM IHTEpBaJ, SIKUA BHU3HAYAETHCS TMPOIETYPOIO
AUCKpeTHu3alii BHUXIJHUX JaHUX. ICHye MOXIIMBICTb OKPEMOIO IPOrHO3YBaHHS
HaIMpsIMKy PO3BUTKY JOCIIIKYBaHOTO MPOIIECY 3a JOTIOMOTO HENIHIMHUX MOJAENeH y
dbopwmi GaitecoBOi perpecii Ta MHOKMHHM 1HIUKATOPIB PO3BUTKY (PIHAHCOBUX MPOIIECIB.
[{ro yHKIIFO MOKHA BHUKOPHUCTOBYBATHU IIiJl YaC BU3HAYCHHS TMOMHUTY Ta MPOMO3MIIII,
KymiBii abo mpoaaxy ToBapiB. Came ix 3acToCyBaHHS CIPSMOBAaHE Ha PO3B’S3aHHS
ONMTUMI3aLIHOT 3a/1a4i, JIe K KPUTEPi ONTUMAIbHOCTI PO3MISAAIOTECA MaKCHUMI3aIlis
abo ONTUMI3aIlis KIIFOYOBUX napamMeTpiB, K1 BU3HAYAIOTh PIBEHb
KOHKYPEHTOCIIPOMOXHOCTI MiANpHeEMCTBA Ha pUHKY. L{U1hoBa (yHKIIIS, 110 BiAMOBIIA€E
3aJlaHOMy KPHUTEPit0, MPEACTABIAETHCS Yy BUTIIAAI OKpEeMOoi 3a7a4l i Ha OCHOBI aHami3y
BEJIMKUX MAacHUBIB JIaHUX OIMHCYE AOCTATHBO TOYHY (PYHKIIOHAIBHY I1HTEpPHOJIALIIO
OCHOBHMX  IHIMKATOpiB, SIKI BH3HA4YalOTh PIBEHb KOHKYPEHTOCIPOMOXHOCTI
MIAIPUEMCTBA, TOAAI0YN (PYHKIIIF0 KOHKYPEHTOCTIPOMOYKHOCT1 Y HESIBHOMY BUTJISII, 11O
BIIKPMBAaE HOBI MOXJIMBOCTI Yy pO3B’A3yBaHHI 3ajJadyl BHU3HAYE€HHA pIBHA ii
ONTUMAJIBHOCTI.

CyuacHi BUMOT'H 10 BUKOPHUCTAHHS IAQ hi() IIPOTHO3YBaHHS
KOHKYPEHTOCIIPOMOXHOCTI TMIANPUEMCTBA Ta 3 JIOMOMOTOIO CHEIIaTbHUX METOIB
JO3BOJISIIOTH  3[IACHUTH OOpOOKY BEIMKHX, PI3HOPIAHUX 1HQOpMaLIMHUN MacHUBIB
JaHUX, OTPMMAaH1 Pe3yibTaTH AHAIITHYHOTO OI[IHIOBAaHHS MAalOTh OyTH KOHKPETHI Ta

3po3yMiil A KOpUCTyBada. ToMy BHUKOpucCTaHHS TexHojorii A/ B exoHOMIYHIN
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rajiysi, a camMme KOHKYPEHTOCIPOMOXHOCTI Ta ii MPOTHO3yBaHHI € HeoOximHicTio0. Ilo-
nepie, CIocTepiraeTbcs HETPUBANICTh MOIIYKY IIA0JO0HIB 3aKOHOMIPHOCTEH PO3BUTKY
B3a€EMOBITHOCHH cepel BUOIPKM Ta CTPYKTYpH JaHuUX (HAIpHUKIad, BHUSBICHHS
0COOJMMBOCTEN  PO3BUTKY KOHKYPEHTHHMX T[epeBar MiJNPUEMCTBA Ha  PHUHKY,
NPIOPUTETHICTh Y BUOOP1 MEBHUX I'PYI MOKYIIIB OJHUX 1 TUX CAMUX MPOJIYKTIB PI3HUX
¢bipM, peakiiii MOKYIIsl HA CHeIialbHI aKIiIiHI MPOIMO3UIlli, PIB€Hb BIUIUBY 30BHIIIHIX
30ypeHb Ha MOKa3HWKU COIIAIbHO-€KOHOMIYHOTO PO3BUTKY MIiANPUEMCTBA TOIIO); TO-
TpPEeTE, 3aCTOCOBYETHCS TEXHIYHA OOpoOKa maHWX. 3a3HaueHE CIpHUSE€ OTPUMAHHIO
00’€KTUBHUX MPOTHO3HUX PE3yNbTaTiB. AJie, TEXHOJIOT1SI IHTENEKTYaJIbHOTO aHali3y, SK
1 Oynp-KMii METOJ Mi3HaHHS, Ma€ HU3KY HENONIKIB, cepej] SKUX MOoTpeda BEIUKOro
HaOOpy BXIJHUX JAHMX JJIs YCHINITHOTO HaBYaHHSA, (OPMYBAHHS MOJEINI Y MPUXOBaHIN
dopmi («4opHA CKpHUHBKA»); 3HAYHUN BIJACOTOK MOMMJIKOBUX pE3YyJbTaTiB, BHUCOKI
BUMOTH 0 KBamidikallii Ta J0CBiAy KOpUCTyBayiB Tomlo. [4, ¢.57-58].

Hagith BpaxoByrouu icHytoui mepeBaru IAJl Hanm iX Hemomnikamu YKpaiHCBKI
MIAOPUEMCTBA  Maike HE  BUKOPUCTOBYIOTH Y  CBOIM  JISJIBHOCTI  METOIU
IHTEJNEKTYaIbHOTO aHANI3y JMAaHUX y MPOTHO3YBaHHI PiBHSA KOHKYPEHTOCIPOMOKHOCTI,
JMILE YAaCTKOBO BHUKOPUCTOBYIOTH NPOTPaMHI MakKeTH Uil MPOTHO3YBAaHHS OKPEMHX
COIIAJIbHO-€KOHOMIYHUX TIOKa3HHWKIB, 10 BHU3HAYAIOTh 1€l piBeHb. 3a3BUUal
HIANPUEMCTBA HAJAIOTh MEpeBary cCreniaJbHUM CTAaTUCTUYHUM I[aKeTaM JaHUX Ta
aHAMITHYHUX cucTeM, HaOynu mnommpeHHs SWOT-anami3, Meron aepeBa pillleHb,
CHUCTEMHU KOMIUIEKCHOT aBTOMAaTH3allii MpoleciB Ha MIAMPUEMCTBI TOmIO. Ane, y
cydacHux ymoBax [AJ[ mpencrasisie BEMUKY IIHHICTh JJIsl KEPIBHUKIB 1 aHAIITUKIB Y X
MOBCSIKJICHHIN JIsUIBHOCTI, TOMY IIO JO3BOJSIOTH OTPUMATH BIAYYTHI INEpeBaru B
KOHKYpPEHTH1i 60pOThHOI.
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QUALITY CONTROL OF UNDERGROUND PIPELINES TAKING
INTO ACCOUNT THE DEVELOPMENT OF CORROSION CRACKS
UNDER LOAD

Abstract. We consider a section of steel underground pipeline (UP) with surface corrosion
defects in the soil electrolyte. UP is under cathodic protection. A stream of natural gas passes inside the
pipe under pressure. The quality criterion and the structure of the optimization problem are formulated,
which allow to predict the development of corrosion fracture cracks under load on the outer
cathodically protected surface of the deformed underground pipeline.

Key words and phrases: underground metal pipeline, technical conditions, optimization
algorithm, quality criterion, neural network, decision-marking system.

Underground metal pipelines (UMP) operate under cathodic protection and are
exposed to soil electrolytes and tensile stresses. As a result, corrosion defects appear at
the interface between the metal and the aggressive soil environment. It is necessary to
analyze the interfacial layers around the surface of UMP and control the level of
corrosion attenuation and electrolytic flooding of the pipeline wall at different modes of

cathodic protection. However, systematic studies on the influence of cathodic protection
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regimes on the procedure of corrosion cracking under load have not been conducted so
far.

Conceptual formulation of the task. Consider a section of structural steel pipe.
There is soil outside the pipe. The pipe and the soil electrolyte are modeled with
continuous media. UMP is in terms of cathodic protection. A stream of natural gas
passes inside the pipe. Contact of metal with the soil electrolyte leads to the appearance
of surface corrosion defects (cracks, ulcers, pitting). The approaches of fracture
mechanics are used and it is established that the process of interaction between the pipe
and the soil is characterized by a certain phasing (periodicity), which is characterized by
the emergence of surface corrosion-fatigue crack (pitting + crack) [1]. The crack
develops and grows into a macrocrack with a threshold size ¢, .due to electrochemical
corrosion, activating mechanical pressure, the level of which at the top of the corrosion
crack in the first stage reaches the threshold value of the load intensity factor Ky [1].
The main parameter characterizing the process of of plastic-viscous fracture of the
pipeline is the ultimate (destructive) pressure Pr, which is determined on the basis of
either full-scale tests of pipes made of corrosion-mechanical defects, or by calculation
based on analytical dependences of various types [1].

We apply the approaches of fracture mechanics of structural materials,
electrochemistry, and qualimetry to the problem of selecting information about the
phenomenon of corrosive wear of metal.

Quality criterion. Similarly to the article [2], we form a quality criterion for the

current density of cathodic protection jcp, wWhich is represented by the relation:

9
Z, =Bk -k, ke + ﬁ2Hki , Zi1(jcp)= opt, (1)

i=4
where k; is the coefficient that characterizes the change in the current density of the

cathodic protection jcp; k; is the coefficient of the level of reliability of the sensor for

115



III International Scientific and Practical Internet Conference «Mathematics and Informatics in Higher Education:
Challenges of Modernity», May 20-21, 2021, Vinnytsia, Ukraine

determining the limiting current density for oxygen jius; k3 is the coefficient of the level
of reliability and accuracy of the sensor for measuring: polarization potential U, using
the polarizing potential meter (PPM); k4, k5, k6, k7, k8, k9 — coefficients that
characterize the method of information processing using fracture mechanics and
electrochemistry, in particular: k4 = kc = AKc/AKg — values of the amplitude of stress
intensity coefficients, which correspond to the crack growth rate in the medium (AK()
and in the air (AKy); ks — limit pressure Pp; k¢ — yield strength or; k7 — strength limits o;
ks — overvoltage of the metal dissolution reaction 7; k9 — criterion ratio &=jxz/jru (xz —
cathodic protection current density; j., — limiting current density for oxygen); B, B, —
weighting factors. Information on the parameters that appear in formula (1) is given in
articles [1-3]. In the first approximation we accept =, =0,5 according to the results of
the expert approach.

Consider the functional T¢(Dy, nz, N¢, Oy, &, 1, W) — resource, 1. e. period T of
trouble-free operation of the metal construction, taking into account the number of
cycles of N¢ (1. e. corrosion fatigue of the metal). Here D, — is the defectiveness of
surface layers of metal; n; — metal hardening parameter; o,.(/N¢) — the limit of corrosion
fatigue of the metal; v = (K,.—K.a1)/(grXjkz) — efficiency factor of cathodic protection
current; K,, — maximum corrosion rate of steel without cathodic protection; K., —
residual corrosion rate at a given cathodic protection mode; gr is the electrochemical
equivalent of iron.

The T functional is introduced in the same way as in [2]. For T we formulate an
optimization problem:

T6(0Dy, dnz, ON¢, OCy,, 05, 6N, Oy) = min, (2)
if the specified restrictions for normalized (dimensionless) deviations of parameters are

fulfilled:
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ODE 6D fn; Onz<0nzm; ONc<ONcm, 0Gvw<0GCyem, 050y, ON<OMm, OY<OYm. (3)
Here 6Dgn; Onzm; ONcm, OOvems O&m, ONm, OWh — given normalized limit deviations of
parameters.

Problem (2), (3) is supplemented by criterion (1) and used to control
physicochemical processes in underground metal constructions, taking into account the
level of corrosion wear. To solve the problem (1)—(3) we use the neural network
similarly [2, 4].

Conclusions. Information on the selection of informative parameters and the
formation of quality criteria is presented. This information can be used to evaluation the
level of corrosion wear and predict the occurrence of SCC (stress corrosion cracking)
damages on the outer cathodically protected surface of deformed underground steel
pipelines.

The quality criterion introduces additional limitations and allows to predict the
appearance of SCC cracks on the outer cathodically protected surface of deformed

underground steel pipelines.
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IMPROVEMENT OF THE CONTENT OF MATHEMATICAL DISCIPLINES IN
HIGHER EDUCATION INSTITUTIONS FOR TRAINING OF FUTURE
SPECIALISTS IN THE FIELD OF INFORMATION TECHNOLOGY

Abstract. The article is devoted to highlighting the importance of mathematics education and
ways to optimize the content of mathematics disciplines in higher education institutions needed to train
future professionals in the field of information technology. One of the factors of successful training in
the field of IT technologies is thorough mathematical training, which contributes to the formation of
clear, logical and sound decisions in further professional activities, gives a high level of
competitiveness, opens a wide range of interesting and complex projects and provides professional
growth.

Key words: mathematical disciplines, fundamental knowledge, specialists in information
technologies, programming, algorithm, subject branch, coding, logic.

HuHi B ychoMy CBITI 3pocTae monut Ha (axiBUiB 13 1HHOPMAIIHHUX TEXHOIOT 1M

(IT). BimoOpaxxeHHAM T1HOTO € 30UIBIICHHS 4YHCIAa HAaBYAJBbHUX 3aKJIaliB, IO
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3MIACHIOIOTH MIATOTOBKY TakuxX (paxiBifiB. CBIT HABKOJIO HAC OE3MepepBHO 3MIHIOEThCA, 1
TaKOX, KOKEH JICHb 3MIHIOIOTHCS TEXHOJIOTIl, MPUYOMY 1HOJI HACTUIBKH IIBHAKO, IO
HaOyTe 1 3aCBOEHE HAChOTOJHI Yepe3 piK BKe MOXke OyTH He aKTyaJbHUM. AJie SKILO
MpoaHalizyBaTH JAETAIbHO, TO MOXKHA M00aunTH, 1o 6a30Bi, PyHIaMEHTaIbHI 3HAHHS,
Kl BUKOPHUCTOBYIOTHCS B OUIBIIOCTI CYYaCHHUX TEXHOJIOTIM, 3'IBMIMCS JaBHO 1
MPAKTUYHO HE 3MIHUIUCS. BaXIMBOIO YMOBOIO JJI TOCSATHEHHS MOCTABICHUX 3a/Ja4d Y
ranysi IT € sskicHa MaTeMaTU4Ha OCBITA.

AHanizyoud MiAroOTOBKY MPOrpaMICTIB Y HaBUaJbHUX 3aKianax Kpain €Bpomw,
Azii, Kanamu 1 CIIIA BapToO 3BepHYTHM yBary Ha Te, 10 0a30Ba MIArOTOBKA TaKHX
(haxiBI[IB BKJIIOYA€E B ceOC JIOCTATHIO KUIBKICTh MaTeMaTHUYHUX AWCIUILIIH. BuBuaroum
Be0-CaliTH HaBUANBHMX 3aKJaJiB PI3HUX KpaiH, MPUCBSIYEHI MIATOTOBIIl MPOTrPaMicTiB
pi3HOTO MO0, a TAKOK HaBYAJbHI TUIAHU Ta OCBITHI IPOrpaMu MOKHA BiJ3HAUYUTH
MPUCYTHICTh B iX 3MICTI K TEOPETUYHOI, TaK 1 MPAKTHUYHOI CKJIAJ0BOI MPHU BUBYCHHI
MaTE€MaTUYHUX JUCIUTLTIH.

Cepen MaTeMaTHYHHMX AUCIMIUIIH, K1 HEOOXIJHO 3HATH MpOrpamicTy, ¢axisiii
BUJIUISIOTH TaKl.

1) Mamemamuunuti auaniz — OCHOBAa BCIX MaTeMaTUYHUX MoOjeNen
1HpOPMAIIHHUX CUCTEM.

2) Aneebpa (8uwa) 3aCTOCOBYETHCS Yy BUIISAI TEOpil TPyH, SIKIO MOTPIOHO
MIPOBECTH [Iii 3 rpynamMu o0epTaHb ab0 PyxXiB MPOCTOPY, a00 Y BUMIIAII KIHIIEBUX TPYIIL,
TIOJIIB, /e BOHA CTUKAETHCS 3 TEOPIEIO YHCEIL.

3) Ananimuuna 2eomempis TIOB'S3aHa 3  KOMI'IOTEPHOIO  Tpadikoro,
KOMIT'FOTEPHOIO T€OMETPiEI0, MOJENIOBaHHIM Yy 3D.

4) Jlinitina aneebpa i ceomempisi BUKOPUCTOBYETHCS B TMpoieci poOOTH 3

MaTPUIIMU Ta B 0araTboX 3ajauax, 1o CTOCYIThCS 00poOKu iH(opMaIrii.
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5) Huckpemna mamemamuka. 3aBASKA IbOMY PO3JAUTY peani3ylOThCs aaTOPUTMHU
MOIIYKY PpIlIeHb. 3HAHHA 3 JHUCKPETHOI MaTeMAaTHUKW BUKOPUCTOBYIOTHCS IS
HaJaro/DKeHHS MapIIpyTH3alii B Mepekax, po3TallyBaHHS TOPDKOK Ha MIKPOCXEMi,
MOIIYKY  IrPOBOi CTparTerii, CTBOPEHHS INTYYHUX HEHPOHHUX MEPEXK, PO3POOKHU
HITYYHOT'O IHTEJIEKTY.

6) Mamemamuuna n102ika BUKOPUCTOBYETHCS 711 PO3YMIHHS JIOTTUHUX OTEparliil 1
KBaHTOPIB, JIUIS TIOBEICHHS MTPaBWIBHOCTI IIPOTPaM.

7)  Hugpepenyianvni pieHAHHA BUKOPUCTOBYIOThCS JJs aHaNI3y JaHHX,
ONTUMI3alITHUX aNTOPUTMIB, BeO-Tpadiku.

8) [lugepenyianvna ceomempis BUKOPUCTOBYEThCA TIpu poOOTI 3 Oararo
MapaMeTpPUYHOI0  MOJIEJUII0 a TaKOoX 3 MporpaMaMi, LI0 TOB’A3aHI 3 MPOCTOPOM
JloGaueBchbKOrO.

9) Tononocis BUKOPUCTOBYETHCS HJisi TpacyBaHHS IUIaT, y KOMI'IOTEpHIN
reoMeTpii, HampuKiIad, Ipyu MoOyI0B1 MOBEPXHI 32 OJHOI0 200 AEKUTbKOMa MHOXXHHAMU
TOYOK, TIPU PO3PaXyHKAX B3a€MOJIi TUI, JJIsS MOIIYKY IUIAXY B MPOCTOP1 JOMYCTUMHX
napameTpiB poOoTa.

10) Teopia ¢pynxyii komniexcroi 3minnoi. JIiHINAHI Ta panioHaNbH1 QYHKITT TyxKe
KOpPHUCHI i1 poOOTH 3 pyXamMH IUIOMMHU Ta chepu (3 KOMIUIEKCHUMHU YHCIAMU
MpAaIlOBaTH MPOCTIIIe, HIX 3 OPTOTOHAIHLHUMHU MATPUISIMHU). Y KOMIUICKCHOMY MOJIi
3py4HO PO3B'A3yBaTH CUCTEMU MOJTTHOMIATBHUX PIBHIHb.

11) Pisnanua 6 yacmunnux noxioHux BUKOPUCTOBYETHCS IS BapiaHTIB TIagKOi
IHTEPIONAIIT TaHUX.

12) Teopis timosipnocmetl, mamemamuyna CMAmMuCmuKa, meopis GUNAOKOB8UX
npoyecié BUKOPUCTOBYETHCS B PI3HOMY CTYIMEH1 B aHali3l AaHux. s po3poOku irop

noTpiOH1 3HAHHS 3 Teopii HMOBIPHOCTEH.
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13) Bapiayitine uucienusa ma memoou onmumizayii BUKOPUCTOBYIOTHCS B irpax i
pOOOTOTEXHIITI.

14) Memoou obuucnens i wucenvri memoou BUKOPUCTOBYETHCS B pasi poboTu 3
MIHACHUMH YHCIaMU.

15) Teopis uucen 3ycTpivyaeThcs B CydacHiid kpunrorpadii.

Jljig GUIBIIOCTI MPOTrPaMICTIB MaTEMATHKA € CKOPIll IHCTPYMEHTOM, HDK HayKoOlo,
1 BUKJIagaTy 1i moTpiOHO came Tak, 0COOJIMBO Ha MEPIINX Kypcax, 3aBXKIU MOSCHIOIOYN
CTyJIeHTaM, HaBilmo iM 11e MOTPiOHO. SIKIIO BUBYATH TUIBKKM OKpPEMI HAIpPSIMH, OCBITa
nporpamicrta He Oyjae moBHOI0. UnM mpodeciiiniiie cTae po3poOHHK, TUM «TJIHOIIE)» BiH
3aHYPIOETHCS B MPEMETHY Taly3b, a B Hild, 0€3yMOBHO, ICHY€ psJl iIH)KEHEPHHUX PIIICHb,
3aCHOBAaHMX Ha 3aCTOCYBaHHI MaTEMaTUYHOTO amapary.
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THEORETICAL ASPECTS OF STUDENTS 'CREATIVE THINKING
DEVELOPMENT

Abstract. The formation of the theory of development of creative thinking of students is
connected with a number of questions, including theoretical and methodological character. One of the
main problems in developing such a theory is the construction of its basis, the starting point for the
development of which is to define the concept of creative thinking. Despite the large number of works
devoted to the study of various aspects of creative thinking, it should be noted that in the
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methodological literature has not formed an established, full-fledged definition of this concept. The aim
of the article is to review and organize the directions and approaches to the definition of creative
thinking formed according to certain criteria, highlighting their heterogeneous and common nature to
develop a holistic view of the development of creative thinking of students. The challenge of today is
the formation of a generation of teachers of the new generation, capable of teaching creative children,
so in the study of theoretical aspects of the development of creative thinking of students did not miss
the attention of teachers.

Key words and phrases: the concept of creative thinking, the development of creative
thinking; the concept of creativity; the essence of creativity; STEM; creative personality.

VYnepie TepMiH «KpeaTUBHICTHY Oyio BxuTO nicuxojorom [I. Cimnconom y 1922
poii. Lle#t ydyeHuit BBaXxaB, 110 «KPEATUBHICTHY — II€ 3/IaTHICTH JIOJUHU BIAMOBHUTHUCSA
Bil  CTEPEOTUIIHUX  CMOCOOIB  MHCIEHHS,  «3JaTHICTb 10  pyHHYBaHHA
3araJbHONPUIHATOT0, 3BUUAHOTO MOPSIKY MOXOHKEHHS 17Iel y MPOIeci MUCTIEHHS» |35,
c. 632]

JIx. I'ndopa Takok BBaXKaB, M0 KPEaTUBHICTh — 1€ 3JaTHICTh BIAMOBJISTHCS BiJI
CTepEOTUNHUX coco0iB MucieHHa. Came micns myOuikanii Woro poOit, y SKuUX BiH
BHU3HAYA€ PIZHUII0O MDK JIBOMa TUIIAMH MHCJICHHEBHX OIEpalidi — KOHBEPIeHINEIO 1
JTMBEPTEHINI€I0, KOHICMINST KPEeaTHBHOCTI HalOyna IMPOKOI MOMYJISIPHOCTI Ta ModYasia
aKTHUBHO omnpanpoByBaTucs [1].

E. Toppenc BU3Ha4aB KPEaTUBHICTDH SIK MPOIIEC: MOSBU YYTIMBOCTI O MPOOIIEM,
neiuuTy 3HaHb, iX HEBAMOBIAHOCTI, AUCTapMOHII Ta 1H., Qikcamii nmux mpooIem;
MOIIYKY pillleHb JaHUX MPOOJieM, BUCYHEHHS TiNMOTE3; MEPEBIPOK, 3MIH 1 TMTOBTOPHHX
MepeBIpoK rinoTes3; GopMyatoBaHHs pe3yabTaty [8, c. 88-92].Bin mae mocuth oOpasHe
BU3HaueHHS: «KpeaTWBHICTh — II€¢ 3HAYUTH KOMATH TAUOIIE, AUBUTUCSA Kpalle,
BUIIPABIIATA TTOMUJIKHM, PO3MOBIISITH 3 KIIIKOI, MIPHATH B TVIMOMHY, TPOXOJUTH KPi3b
CTIHM, 3aMaJIFOBATH COHIIE, Oy1yBaTH 3aMOK Ha ITiICKY, BITaTU MallOyTHeN[6].

He 3Bakaroum Ha Te, IO AOCTIIKEHHS KpPEAaTUBHOCTI aKTUBHO BEIYTHCS BKE
JCKiTbKa JAeCSITHIiTh, HakomwueHl naHi, Ha Aymky C.C. CtenmaHoBa, HE CTUIbKHU

MPOSICHIOIOTh, CKUIBKK 3aIUlyTYIOTh PO3YMIHHS sSBHILIA KpeaTuBHOCTI. Tak, Ie copok
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POKIB TOMY OyJO 3ampornmoHOBaHO Oinbiie 60 BU3HAYEHb KPEATHBHOCTI, CHOTOJIHI XK iX
HEMOXJIMBO mopaxyBatu. [Ipu mpomy Aesiki IOCHIITHUKHA IPOHIYHO 3a3HA4alOTh, IO
"Ipoliiec po3yMiHHA TOTO, [0 TaKe KPEaTUBHICTh, caM BUMarae kpeaTuBHoi Aii" [3].

OTxe, HE 3Ba)XalOYM HA PI3SHOMAHITHICTh BU3HAYEHb KPEATUBHOCTI (SIK 3/1aTHOCTI
MOPOKYBATH OPUTTHANBHI 171€1; BIAMOBIATHUCS BiJl CTEPEOTUIIHUX CIIOCOOIB MHUCIICHHS;
3M10HOCTI O TOCTAHOBKHM TiNOTE3; 10 TOPOJDKEHHS HOBUX KOMOIHAIii Tomo) ii
CyMapHa XapaKTepUCTUKA TOJSITa€ B TOMY, IO KPEAaTUBHICTh — II€ 3AaTHICTh
CTBOPIOBATH IIOCh HOBE, OpUTIHAIBHE [9].

3HauyHEe TPHUCKOPEHHS HAYKOBO-TEXHIYHOTO TMIPOTPECY 3YMOBIIOE PO3BUTOK
TBOPYOCTI Ta KPEATUBHOCTI OCOOMCTOCTI: HHUHI JIIOJACTBY MOTpiOHA KOMIIETEHTHA
OCOOUCTICTD, KA BMI€ KPUTUYHO MHCIWTH, ONPAIbOBYBATH PI3HOMAHITHY iH(OpMaIlifo,
BUKOPUCTOBYBATH 3100yTI 3HAHHSA Ta HAOyTi BMIHHA JUIsl KPEaTUBHOI'O PO3B’S3aHHSA
pobiem [4].

PO3BUTOK KpeaTMBHOCTI KOXXHOTO BYHUTENS MPU3BOAUTH JO BIIYYTHOTO
MIJBUIIEHHA SKOCTI HAaBYaHHA W BHUXOBaHHS, TOOTO OO 3pOCTaHHS MpodeciiHol
MaicTtepHocTl [2]. UuM BHIIOIO € KPEaTUBHICTh YYUTENS, TUM OUIbIIE IIAHCIB IS
PO3BUTKY TBOPYOrO MOTEHIIIAly HWOTO Y4YHIB: TUTBKM KPEATHBHUW YUHUTENb, 3JaTHHUU
nojoiaTy mabsoH 1 GOpMalbHICTh Y HaBYaHHI, CIPOMOKHHUI TBOPYO MIAXOIAUTH IO
HAaBYaHHS CyYacHHMX JITEH Ta po3BMBATH iXH1 kpeaTtuBHI 3110HOCTI [7]. HectanmapThi
YpOKH OibIle MoJ00al0ThCsl YUHAM, HK OyJeHHI HaBUaJIbHI 3aHATTS. 3ampOBaKEHHS
HECTaHJApPTHUX EJIEMEHTIB, BIpaB Ta 3aBJaHb 3a0e3leuye IiJBUIICHHS aKTUBHOCTI
HaBYAJIbHO-MTI3HABAJIbHOI MISJILHOCTI Y4HiB, ()OpMYBaHHS CaMOCTIMHOCTI MHCJIEHHS,
CTUMYJIIOE PO3BUTOK TBOPYOCTI Ta KPEAaTUBHOCTI. Alle MEpeTBOPIOBATH HECTaHIAPTHI
YPOKH B TOJIOBHY opMy poOoTH HeaouiasHo [11].

BaxxnmuBo yMOBOIO YCIIIIHOTO 3aCBOEHHS KPEaTMBHOTO MHCJICHHS, B paMKax

MO3HAYEHOT CTpaTET1l PO3BUTKY, € BIPOBAIKEHHSI KOHCTPYKTOPCHKO-TEXHIYHOT OCBITH B
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CHUCTEMY BHUXOBAaHHS WIKOJIAPIB, K B paMKaxX 3arajlbHOi, TaK 1 JOJATKOBOI CHUCTEMHU
ocBitn. Came Ttakoro € STEM-ocBita. AOpeBiatypa STEM po3mmdpoByeThes sk
Science (Hayka), Technology (Texnonorii), Engineering (Imkenepis) Ta Mathematics
(Marematuka). [Ipu iboMy aHi JUCIUIUTIHKM BUBYAIOTHCS HE OKPEMO, K MU 3BUKIIH, a
y komiiekci. B Ykpaini Haj BIOpOBa/pKEHHSIM JaHOT METOJMKHA B OCBITHIX 3aKjajax
npairoe [HCTUTYT MoaepHizaiii 3micty ocBitu [ 10].

JlocniguBIIA  TOHATTA Ta PO3YMIHHS KPEAaTUBHOT'O  MHCJICHHS, MOXKHA
CTBEP/KYBATH, 1110 0cO0a sSIKa HUM BOJIOAIE Ma€ OUIbIIE MOKIUBOCTEN ISl TpodeciitHoi
peanizailii, BOHa 37aTHAa HABYATHUCh BIPOJOBXK KHUTTS, BMIE€ 3HAXOJWTHU HECTAHAAPTHI

pIIICHHS U PO3B’A3aHHS MOCTABICHUX 3a/1a4.
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IT COMPETENCE OF EDUCATION APPLICANT AT HIGHER
EDUCATIONAL ESTABLISHMENTS IN PHYSICAL CULTURE AND SPORT

Summary. There is an increase in the role of ICT-competence of specialists and the tasks of the
HEI in physical culture and sports is training higher education applicants for the implementation of
professional duties in the conditions of the developed information society. The study showed that more
than 50% of this contingent of students demonstrates a high and sufficient level of formation of the
components of ICT competence. However, it is necessary to improve the teaching process of
informatics, as well as the applied orientation of the teaching content.

Key words and word combinations: informatics, formation, competence, ICT competence,
level.

VY cyuacHomy cBiTi BuMoru a0 piBHS IKT-koMmereHTHOCTI (paxiBI[iB HEBIMHHO
3pOCTal0Th. 3BaXKytoun Ha JopoOku ¢axisuib [2], mix IKT-koMneTeHTHICTIO 3100yBayiB
BULIOI OCBITU 3 (I3MYHOI KYJIBTYPH 1 CIHOPTY MH PO3YMUIM BIANOBIAHUNA pIBEHb
OBOJIOAIHHS IU(POBUMHU TEXHOJOTISIMH, SIKAM JO3BOJISIE TM TAPMOHINHO CIIBICHYBaTH B
pO3BUHEHOMY i1H(OpPMalLIHOMY CYCHUIbCTBI, 3A1MCHIOIOYM HAaBYaJbHY IISJIBHICTH Ta
po3B’sizyroun mpodeciiiHo-opieHTOBaH1 3aBAaHHSA. IKT-KOMIETEHTHICTh CTYIEHTIB 3
(GI3UYHOT KyJIBTYPH 1 CIIOPTY CKJIaAaeTbes 3 Habopy BianoBigHux IKT-kommerenmii, a ii
PO3BUTOK BiIOYBA€ThCSA TiA BIUTMBOM IM(pOBI3AIll CYCHUIbCTBA M OCBITH. YTIM Yy
BUPIIIEHH] JAHOTO MUTAHHS MPOBIAHY POJIb BiABEICHO 1HOOPMATHUYHUM TUCHHUILITIHAM,
gk oT «IHpopmaTrka Ta iHOpMaIliiiHI TEXHOJOTIT B Pi3UYHIA KyIbTYp1 1 CHOPTI».

3 MEeTOI0 BCTaHOBJICHHs piBHS chopMoBaHOCTI ckianoBux [KT-koMmeTeHTHOCTI

3100yBadiB BUIIOT OCBITH 3 (PI3UYHOI KYJIBTYPH 1 CIIOPTY MPOBEACHO JOCTIDKCHHS, 0
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axoro pomyduiocs 251 cryaentiB 3-4 kypciB HarionanbHOro yHiBepcuTeTy (i3MUHOTO

BUXOBAHHS 1 CIIOPTY YKpaiHH.

Posmonin cryaentiB 3a piBHsAMU IKT-kommereHiiii 3acBimuuB, MO OUIBIIICTH

YYaCHHUKIB JOCHIDKCHHSI OLIHIOITh piBeHb ckiaafgoBux I[KT-kommeTeHTHOCTI sK

BHCOKHUH 1 ToCTaTHI# (Tad. 1).

Tabnuys 1

Po3noaisn crynenris 3a piBasimu copmoBanocti IKT-komnerenuiid, n = 251

KinbkicTh pecioHIeHTIB

IKT-xoMmmeTeHIIi1 BHUCOKHI | IOCTaTHIH | 3aJOBUIBHHI | IOYATKOBUH
n % n % n % n %
1 2 3 4 5 6 7 8 9
3HaHHs 1po MoxauBocTi IKT 52 120,72 | 86 | 3426 | 88 | 35,06 | 25 | 9,96
TOTOBHICTb 710 BUKOpucTanusa IKT 69 |127,49 | 87 |3466| 78 | 31,08 | 17 | 6,77
yminHs BukopuctoByBaTH IKT B ocBiTi 6012390109 4343 | 61 | 24,30 | 21 8,37
3aIlikaBJIeHICTh y 3acTocyBaHH1 IKT 6312510 92 |36,65| 76 | 30,28 | 20 | 7,97
yMiHHA BUKkopucTtoByBaTH IKT B noOyTi 67 126,69 | 93 |37,05| 74 | 2948 | 17 | 6,77
YMIHHS BI/I.K.OpI/ICTO.ByBaTI/I IKT y pizuunomy 5102032 | 99 3044 | 82 | 3267 | 19 | 7.57
BUXOBaHHI 1 CIIOPTIi

YTiM MOXHa TOMITUTH, IIO 3a yciMa 3a3HAYCHUMHU KOMIIETCHI[ISIMA BiJACOTOK

CTYJEHTIB 3 BUCOKUM PiBHEM 3HIKEHO. Taka cutyailisi 00yMOBII€Ha THM, 1110 HA BIAMIHY
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Bix ctyaeHTiB 3BO iHImMX HanmpsiMKiB HaB4YaHHsA, cTyJaeHTH 3BO 3 (i3nuHoi KyabTypH 1
CIOPTY B WIJIOMY B MEHIIIM Mipl CXWIbHI MPOBOAUTH IO3BULISA 3a KOMII IOTEPOM,
BIIJAIOYM TI€peBary 3aHATTAM O3J0POBUOI0 PYXOBOK AKTHBHICTIO a00 CIIOPTOM.
HaiiGinpie cTyneHTiB 13 BUCOKUM piBHEM copmoBanocTi IKT-koMiieTeHIIil BUSBICHO
3a piBHeM roToBHOCTI na0 Bukopuctanus IKT - 2749% ta 3a ymiHHIMU
BukopuctoByBatu IKT mpu BupimenHi modyroBux nmuTanb — 26,69%, 110 miaTBepIKye
3aly4EeHICTh JAHOTO KOHTHHTEHTY CTYAEHTIB A0 1H(GOpMAIIHHUX TMPOIECiB, SKi
BiIOyBaloThCcsl B CycniibCTBl. KpiM TOro, 1e miaTBEpUKye W TepeBakaHHS cepel
YYaCHHKIB AOCTIHKCHHS YaCTKU YMOTUBOBaHMX 10 3acTocyBaHHs KT, axux 13 BUCOKUM
1 JocTaTHIM piBHEM BHSABHIOCH 61,75%. Bomnodac 43,43% omuTaHuX 3acBIaUuMIiIO, IO
MaloTh JOCTaTHIM piBeHb yMiHHA BHKOpucToByBaTH IKT B OCBITI, 10 00YyMOBIEHO
MEePEHECEHHSIM OCBITHHOTO TIpoIiecy B iH(opMaliitHo-ocBITHE cepeaonuiine 3BO [1].

3 iHmoro OOKy, MaKCHMaJlbHUIl BIJICOTOK CTYJEHTIB 13 3aJ0BUIbHUM Ta
mo4aTkoBUM piBHIMEU chopmoBaHOCTI IKT-KOMIETEHTHOCT1 BUSBICHO 32 3HAHHIMH PO
moxxiuBocTi IKT Ta yMiHHS BUKOPUCTOBYBATH MpUKIIAIHE HpOorpaMHe 3a0e3NedeHHs
JUIs BUpIIICHHS 3aBAaHb (I3MYHOTO BUXOBAaHHA 1 criopTy. Binmrak icHye motpeba B
YAOCKOHAJICHH] BUKIJIaJaHHA 1H(OpMaTUKH s 3700yBadiB BUIIOI OCBITH 3 (i3UYHOT

KyJbTYpH 1 CIIOPTY B HAMPSAMKY TOTITHUOJICHHS MPUKIAJAHOI CIIPSIMOBAHOCTI ii 3MICTY.

References

1. Denysova L, Byshevets Na, Shynkaruk O, Imas Ye, Suschenko L, Bazylchuk O, Oleshko T,
Syvash I, Tretiak O. Theoretical aspects of design and development of information and
educational environment in the system of training of masters in physical culture and sport.
Journal of Physical FEducation and Sport. 2020. Ed. 20(145). P. 324-330.
DOI:10.7752/jpes.2020.s1045.

2. Danysko O., Svertnyv O. Informational-communicative competence formation of future

physical culture teachers as preconditions of education quality refinement. The resources of
pedagogical skills. 2017. Ed. 19. P. 108-115.

127



III International Scientific and Practical Internet Conference «Mathematics and Informatics in Higher Education:
Challenges of Modernity», May 20-21, 2021, Vinnytsia, Ukraine

Sergiy Galetskyi*, Ph. D.
Tetiana Galetska**, Ph. D.
*The National University of Ostroh Academy, Ostroh, Ukraine
e-mail: sergii.galetskyi@oa.edu.ua
**The National University of Ostroh Academy, Ostroh, Ukraine
e-mail: tanya.galetska@oa.edu.ua

PECULIARITIES OF USING SOFTWARE FORMS OF FORMATION OF
COMMUNICATIVE COMPETENCE OF FUTURE TEACHERS OF FOREIGN
LANGUAGES

Abstract. We consider the main tasks in the formation of communicative competence of future
teachers of foreign languages, the solution of which is possible with the use of information and
communication technologies.
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OCHOBHM BUKOPHUCTAaHHS Cy4yacHUX 1H(OpMaLiiHO-KOMYHIKAIIHHUX TEXHOJOT1H B
OCBIT1 PO3pOOJISAIOTHCS HUHI y BITYM3HSAHIM MeAaroriyHid Hayul JAOCUTh akTUBHO. Tak
konektuB aBTopiB (I'. llIBauny, B. Toncroit, JI. [letpeuyk, 1O. Iamenko, O. ['ynsera,
O. CoboneHko) neTanbHO aHaI3ye TMOHATTS, mepeBaru Ta Hemomiku cydacHux IKT 1
MOJKJIUBOCTI iX BUKOPUCTAHHS B HaBUaJIbHOMY Mporieci [11]; iHII HayKoOBIl JOCTIAUIN
KOMYHIKalliH1 TeXHOJIOorli y 6araTonpouecopHux cucremax (B. IBamenko, €. bamikos,
I'. [Baynu, M. Tkau) [2]. M. Ky3pMmina, T. [1liBoBapoBa Ta M. UymnpakoB 10CI1IKYIOTh
XMapHi TEXHOJIOT1i y CydYacHii MeaiaocBiTi [5]; KOJEKTHB MHIMPOMETPOBCHKHUX
HAYKOBI[IB aKTUBHO BHBYA€ a/IallTUBHE OHJIAHOBE HAaBYaHHS 3a JOMOMOTOK Cy4aCHUX
IKT (H. JIucosenko, 1. bemosa, B. Biktopos) [6].

Buxopucranas iHdopMaliiHO-KOMYHIKAIIMHUX TEXHOJOTiH y (opMyBaHHI
KOMYHIKATUBHOT KOMIIETEHTHOCT1 MaiOyTHIX BHUKJIaJadiB 1HO3EMHHUX MOB JI03BOJISIE
peanizyBaTu HU3KY 3aB/IaHb, CEpe/l AKX HAMBAXKIMBIIIMMHU BBAXKA€EMO TaKi:

1. 3abe3meueHHss OCOOMCTICHO-IISIIBHICHOTO MIiAXOAY B mporieci (GopMyBaHHSA

KOMYHIKQTUBHOT KOMIIETEHTHOCTI MaHOYTHIX BHUKJIaJayiB I1HO3EMHHX MOB

(moynHarOUM 3 BXIAHOTO KOMII'IOTEPHOIO TECTYBaHHS 1 3aBEpILYIOYH
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IHIUBIIyaIbHUMH TBOPYMMH KOMIT FOTEPHUMH 3aBJAHHSIMH PI13HOTO PIBHS MiA
qac IepKaBHUX ICIIUTIB);

2. 3pOCTaHHS MOTHBALli CTYIEHTIB y (OpMyBaHHI BJIACHOT KOMYHIKaTHBHOL
KOMIIETEHTHOCTI 3@ paxyHOK BHMKOPUCTaHHS B HaBuYaJbHOMY MHpoOIeci
PI3HOMaHITHOI MPOrpaMHOi Ta [HTepHeT MPOAyKIIii;

3. 3nilCHEHHS TMOCTIHOrO KOHTPOJIO PIBHS KOMYHIKATUBHUX 3HaHb, YMiHb 1
HaBUYOK CTYJEHTIB Ta MOHITOPUHTY IXHIX HAaBUaJbHUX JOCATHEHb
PI3HOMaHITHUMU 1H()OpMAIIHHUMH CTIOCO0aMHU.

Cepen pi3HOBHUIIB CydyacHHUX 1H(OpMAIIHHO-KOMYHIKAI[IHHUX TEXHOJIOTIA 4YM HE
HAalOUIBIIO MOMYJISPHICTIO HUHI KOPUCTYIOTHCS MYJIbTUMEIINHI TEXHOJOTi Ta
mporpamMHi 3aco0M HaBuaHHSI. MynbTHMEiHI TEXHOIOT1l HalyacTille BH3HAYAIOTHCA
(I''I'. IIBauny, B.B. Toncroit, JIL.M. Ilerpeuyk, IO.C. IBamenko, O.A. I'ynsena,
0O.B. CoGonenko, 2017) [11] sax 3acid KOMIIEKCHOI B3a€EMOJIi ayaio- Ta Bi3yallbHHX
edekTiB 3 BUkopucTaHHaM cydacHux IKT, 1110 MoxXyTh 1HTErpyBaTu B NpoLieci HaBYaHHS
TEKCT, 3BYK, rpadiky, 3MOMKy, BIATBOpeHHS Tomlo. J[o mporpaMHux 3aco0iB HaBYaAHHS
TPAAUMLIAHO BIJHOCSTH: CUCTEMH KOMII'IOTEPHOI'O TECTYBaHHS CTYJAEHTIB;, CUCTEMH
HaBYAJIBHOTO JIAJIOTy; KOMIT IOTEpHI TPEHAXEPH, 10 IMITYIOTh MpodeciiHy AISTbHICTD
¢daxiBiiB; 0a3u NaHUX PI3HOTO THUIY 1 PIBHSA; €IEKTPOHHI MIAPYYHUKU; BIPTyalabHI
nabopatopii Ta iHmi. [lepeBaru 1 HeIOMIKK POrPaMHUX 3aC00IB HABYAHHS Y KOHTEKCTI
MpoOJIEMH HAIIIOTO JOCTIIHKEHHS BUALJICHO HaMH B Ta0uIIi 1.

Tabnuys 1
IlepeBaru i Heg0JIIKM IPOrpaMHUX 3ac00iB GOpMYyBaHHS KOMYHIKATHBHOI

KOMIIETEHTHOCTi MAHOYTHIX BUKJ/Ia/Ja4iB iHO3eMHHUX MOB

IIporpamuuii 3acio6 IlepeBaru nporpamMHoro HepnoJjiiku nporpamMuoro
HABYAHHSA 3ac00y HABYAHHS 3ac00y HABYAHHA
Cucremu J103BOISAIOTH POBOJUTH @PaKTUYHO BUKIIOYAIOTH
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KOMIT FOTEPHOIO
TECTyBaHHSA
MailOyTHIX
BUKJIa1a41B

IHO3EMHHUX MOB

OJTHOMOMEHTHUH 1
CTaHAAPTU30BAHUN KOHTPOJIb
HaBYAJIbHUX JI0CATHEHb
MalOyTHIX BUKJIa/J1a4yiB
1HO3eMHHX MOB Ta (popmyBaTH
iX KOMYHIKaTUBHY
KOMIIETEHTHICTb 3a JI0IOMOI010
BYACHOI KOpEKIii 3MICTY Ta

METO/IIB HAaBYAHHS.

€JIEMEHT TBOPUOCTI Ta
HECTaHJAPTHOCTI y MiJIX0aaxX
710 BUPIIICHHS] HABYAJIbHUX
3aBAaHb; y npodeciiHii
MiArOTOBII MalOyTHIX
BUKJIa/Ia4uiB IHO3EMHUX MOB
3HUXKYIOTh CTYIIHb
KOMYHIKaTUBHOI pedekcii
OTpMMaHMX 3HAaHb, YMIHb Ta

HaBHUYOK.

Cucremu
BIPTYaJIbHOTO

mianory

YMOXKIHUBIIOIOTh KOMYHIKAIIIIO
MaiOyTHIX BUKJIAa4iB
1HO3€MHUX MOB 3 BIpTyaJIbHUM
CITIBPO3MOBHHMKOM; HaJal0Th
HEOOX1THUN CIIOBHUKOBUM
Marepiaj g OTpUMaHHs
HOBUX 3HaHb 3 1HO3EMHUX MOB;
Tal0Th MOKJIMBICTh
3aCTOCOBYBAaTH HaMOUIBIII
e(heKTUBHI B KOXKHIM OKpemiit
J1aJOT19HINA CUTyaIli MeTOIUKA

BHUKJIaJaHHA 1HO3EMHHX MOB.

CrpourytoTh 1 CTAaHAAPTU3YIOTh
npoiiec GopMyBaHHS
KOMYHIKaTUBHOT
KOMITIETEHTHOCTI 32
J0MOMOI'010 3aBYaCHO
CTBOPEHHUX J1aJOTTIYHUX
MOJ1yJiB; 3HUKYIOTh PIBEHb
KOMYHIKaTUBHO1 TBOPUYOCTI
MalOyTHIX BUKJIa/1a4yiB
1HO3€MHHX MOB; 3HAXOJSITHCA B
IUIOUIMHI 0OMEXKEHOr0 TEMOIO 1

3aBIAHHSAMU J1AJIOTy

TE3aypycy.

Kowmm’roTepHi

TpEeHaXKepH

BuxopuctoByroThCS 3 METOXO
(bopMyBaHHS IPAKTUUHUX

BMIHb 1 HABUYOK 1HILIOMOBHOI'O

dakTUYHO HE pO3p0OIIEHI B
MPOrpaMHOMY BiJHOIIIEHH1; B

CydacHii cuctemi mpodeciitnoi
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TOBOPIHHS Ta CIIyXaHHS;
ONTUMI3YIOTh peajizaliio
BIIITOBIIHHUX METOIUK
HaBYaHHS MallOyTHIX

BUKJIAJ1a41B 1HO3EMHHX MOB.

MATOTOBKH (haxiBI[iB
HAWOUILII BITOMHUMH €
MaTeMaTU4H1, apXITeKTypHI Ta
TU3aiHEPChKI, TEXHOJIOTTYHI,
€KOHOMIYH1 KOMIT IOTEepHI
TpEHAXePH;, B TYMaHITapHIN
cepi iX cTBOpeHHS
YCKJIaJHEHE MHOKUHHICTIO
PO3B’SA3KIB KOKHOTO OKPEMOT0

HaB4YaJbHOI'O 3aBAaHHA.

EnexTponni

MAPYYHUKH

JlocTymHICTh 1 O€3MIaTHICTD
(3a BUHSTKOM YaCTHHH ITHX
HaBYaJbHUX BUJAHb,
MePEBAXKHO 3apyODKHUX);
JOBTOTPHUBAJIICTh MIPOLIECY
BUKOPHMCTAHHS; MOXKIIUBICTh
MOCTIHOTO OHOBJICHHS 3MICTY
3aBASKA BHECEHHIO 10
CJICKTPOHHUX 010J110TEeK
HOBITHIX BEpCiii TOTO CaMOTO
€JIEKTPOHHOTO MiJIpyYHUKA Ha
3MIHY 3aCTapijioMy;
MO>KJIMBICTh BCTAHOBJICHHS Ha
OyIb-SKHI HOCIH, IKUM

AUCIIOHYE€ CTYCHT.

EnexTponHuii miapy4IHUK TICHO
OB SI3aHUH 3 CUCTEMOIO
InTepHer, Tomy 3a ii
BIJICYTHOCTI CTYJICHTH
1030aBIISIFOTHCS. MOKIMBOCTI
BUKOPHUCTOBYBATH 1ieH 3acib
HaBYaHHSI; IOYACTH
€JIEKTPOHHUH MAPYyYHUK
CHPOIILYE CTYJEHTOBI
BUKOHAHHS HaBYaJIbHHUX
3aB/laHb, aJe He Ja€
MO>KJIMBOCT1 pPO3BUBATH
CaMOCTIHE MUCIICHHS Y
TUIOUIUHI MOLIYKY
HETPUBIAJIILHUX PIIICHbD,

HaIlpUKJIana, KOMYHiKaTI/IBHI/IX
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J1aJI0T1B YU PO3B’sS3aHHS CIIpaB

3 KypCy rpaMaTyuKH 1HO3€MHO1

MOBH (CITYKUTh (PAKTUIHO

HINaPrajiKolo).

MynbsTUMeA1iH1

CJIOBHUKHU U

SIK 1 eneKTpOHH1 MIAPYYHUKH,

MOJIETIIYIOTh CTY/IEHTOBI

Sk mpaBuII0, MyJIbTUMEI1HH]

CJIOBHUKY 1 JIOBIJHUKHA

JOB1AHUKHA JOCTYII IO HAMHOBIIIOTO 3BY>KYIOTh KOJIO HAyKOBOTO
TJIyMa4yeHHsI CJIIB Ta TBEPKEHb | OLIYKY CTYAEHTIB, 3HHKYIOTh
1HO3EMHOIO MOBOIO; JIETK1 Y piBE€Hb HABYAJIbHOI 1 HAYKOBO1
(GyHKIIIOHYBaHHI, pednekcii, piBeHb 31aTHOCTI J0
BCTAHOBIIOIOTHCA Ha Oy Ib- CaMOOCBITH Ta CAaMOCTIITHOTO
KU HOC1i; TO3BOJIAIOTh HAyKOBOI'0 MOIIYKY Yy chepi
BUKOHYBAaTH Oyab-Ki aHaJli3y NOHATH 1 NediHiLii
iH(dOopMmarliiiHi onepariii 1HO3EeMHHMH MOBaMH.
(Hakomu4YeHHs, OOMIHY,
nepeaadi, 3SMiHU TEKCTY).

Bipryanbhi YMOXKIHMBIIOIOTh HABYAJIBHY 1 | BipTyanbHi HaBUanbHi opMu

niHradoHH1 HAyKOBY JISUIBHICTh MaOyTHIX | pOOOTH MOXYTb CTaTH

KaOlHeTH, BUKJIQJIa4iB 1HO3€MHUX MOB Y | YUHHUKOM 3HIKEHHS PiBHS

naboparopii BIpTyaJIbHUX YMOBaX; HAJal0Th | MOTHBAIIil CTYJIEHTIB JI0

(haKTHYHO HEOOMEKEH1
MO>KJIMBOCTI /10 BUKOPUCTAHHS
HaWOLIBII €PEKTUBHUX Ta
IHHOBAIIMHKUX 1HIWBIAYaTbHUX
Ta rpynoBux (HopM 1 METOIIB

dbopmyBaHHS KOMYHIKATHBHOT

(dbopmyBaHHS BIaCHOT
KOMYHIKaTUBHOT
KOMITETEHTHOCTI, OCKLIBKHU
MPOTOHYIOTH TUAKTHYHHMA
MPOJYKT B TOTOBOMY BHTJISII,

IO HE CIIOHYKA€ 10
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KOMIIETEHTHOCT1 MalOyTHIX

BUKJIa1a41B

CaMOCTIIHOT 1 CaMOOCBITHBOT
TiSTBHOCTI; (DAKTHYHO HE
3a0€31e4yI0Th 3BOPOTHOTO
3B’SI3KY; MOKYTh BIUIUBATH Ha

3HIDKEHHS PIBHS

1HO3€MHHX MOB; IT1IBUIYIOTh
e(eKTUBHICTH MMo1a4i

HaBYaJLHOTO MaTepiay.

MOTHBAIIIi 10 CAMOCTIHOTO
OBOJIOJIIHHS 1HO3EMHOIO MOBOIO
BHACIIIJIOK JOCTYITHOCTI
MIeBHUX CEPBICIB (HAMpUKIa,

€JICKTPOHHUX TepeKIIaaadiB).

XMapoopieHTOBA-
HE HaBYaJIbHE

CEPEIOBHIIIEC

J103BOJISAIOTH BIJIAJICHO
BUKOPHUCTOBYBATH 3aC00U
HaKOTIMYCHHSI, 00pOOKH,
30epiradHs, HaJJaHHS
HaBYaJIbHOI 1H(OpMAaIii;
3a0e3MeuyroTh MaKCUMaIbHY
MOOUIBHICTh CTYJEHTIB y
JOCTYII1 Ta TIepepoOIri
HaBUaJIbHOI 1HOpMaIii 3
PI3HOMAHITHUX HaBYAJIbHHUX
KypcCiB y Tiporieci popMyBaHHS
KOMYHIKaTUBHO1
KOMIICTEHTHOCTI; HAaJal0Th
MOJKJIUBICTb TPYIOBOi
CITIBIIpAIll BUKJIaJa4ya Ta

CTYJEHTIB.

XMapoopi€EHTOBAaH1 TEXHOJIOTII,
MOTIPH 1X MOMYJISPHICTD,
MOBHICTIO 3aJI€XKHI1 BiJ pIBHS
3a0e31eyeHOoCTi HaBYaIbHOI'O
3aKiaay BUCOKOTO PiBHS
Mepexero [HTepHeT Ta
BIJIMOBITHOTO CYITPOBIAHOTO
oOnagHaHHS (CEpBEPHOTO,
MYJIBbTUMEIINHOTO); TOYaCTH
3HWKYIOTh MOTHBAILIIO

CTYJCHTIB.
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Jlxxepeiio: po3po0JIeHo aBTOpaMu

[lomani Bume iHpOpMaIIfHO-KOMYHIKAIIHHI 3aco0M HaBYaHHA HavacTile
BUCTYMAIOTh SK OKPEMi KOMIIOHEHTH MYJIbTUMEIIMHOTO 3a0€3MEeUeHHS HaBYaIbHOTO
mpouecy. MynbTuMeniitHe 3a0e3nedeHHs Tmpoiecy (opMyBaHHS KOMYHIKATHUBHOI
KOMIIETEHTHOCTI MaiOyTHIX BuKkiIagadiB iHozemMHuXx MoB (B. Kopx, 2008 [3];
I. Ky3emina, 2008 [4]; JI. Mopceka, 2008 [7]; H. Haconosa, 2008 [8]; O. [lomeTtyH,
2004 [9]; E. Cy6otina, 2009 [10] Ta iH.) moOyaoBaHe, SIK MPaBUIIO, HA 3aCTOCYBaHHI
KUIBKOX €JIEMEHTIB MYJIbTUMEIIHHOTO KOMILIEKCY:

1. iHTepaKTUBHUU AUCIUIECH, PO3MIPU SKOTO BU3HAYAIOTHCS KUIBKICTIO CTYICHTIB

B ayJIUTOPII;
2. IHTepaKTUBHA JIOIIKA 3 BIAMOBIIHUM 00JIaTHAHHSM;
3. HEOOXimHI CyNpoOBiAHI TPHUCTPOi (KOMIT'IOTEpP BHKIaJaua, pPI3HOMAHITHI
raJKeTH CTYACHTIB, [HTepHET-MIIKIIOUeHHS, BeO-KaMepH, afanTepu TOIIIO).

Yci i KOMIOOHEHTH MYJIbTUMEIIMHOTO 3a0e3MedeHHs mpolecy (GpopMyBaHHS
KOMYHIKaTUBHOT KOMIIETEHTHOCTI MallOyTHIX BHUKJIaJa4iB 1HO3EMHUX MOB MOXYTb OyTH
MOEHaHI 3 XMapHUM CEpPEJOBHIIEM I[OTO HAmpsAMY IMIATOTOBKK  (paxiBIIiB,
pO3pO0JIEHUM 1 BIPOBAHKEHUM B TOMY UM IHIIOMY 3aKJajl BUINOI OCBITH. Ha xainb,
¢dakynpTeTd (IHCTUTYTH) 1HO3€MHHMX MOB Hal4acTilie BHUKOPUCTOBYIOTh OKpeMi
KOMIIOHEHTH 1HdOpMaIIHHO-KOMYHIKAI[IHHUX TEXHOJIOT 1 dbopmyBaHHS
KOMYHIKaTUBHOI KOMIIETEHTHOCT1 CTYJIEHTIB, YacTO HE TMOB’SI3YyIOYH IX Yy CHUCTEMY
B3a€EMO3YMOBJICHMX e€JeMeHTiB. Tak HaWlyacTilmie eNeKTPOHHUW MIAPYYHUK He
BUKOPUCTOBYETHCS y TIpolieci O€3MocepeHhOr0 BHUKIANAHHA 1HO3EMHUX MOB, a
IHTepaKTUBHI JOIIKHU Ta JUCILIE HEe MIIKIIYAI0THCS JO XMAPHOTO CEPEI0BHIIIA.

VY 3B’s3Ky 3 IIUM TIOCTA€ HaraJdbHUM 3aBJIaHHIM PO3pOOKa 1 BIPOBAHKEHHS TaKOl

cuctemu 3aco6iB IKT Ta MeTonuku iX BHUKOPUCTaHHs, $Ka O YMOXJIHMBUIIA
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MakCHUMI3yBaTH TMepeBaru 1 MIHIMI3yBaTU HENOJIKM LHMX TEXHOJIOT1H Yy Tmpoleci
(dbopMyBaHHS KOMYHIKaTUBHOT KOMIIETEHTHOCT1 MaiiOyTHIX BUKJIaJlauiB 1HO3€MHUX MOB.

TakumM uyMHOM, HaMu 3’SCOBAaHO 3MICT Ta OCHOBHI XapaKTePUCTUKU
1HpOPMAIIHHO-KOMYHIKAIIHHUX TEXHOJOT1M y mporeci GopMyBaHHS KOMYHIKATHBHOI
KOMIIETEHTHOCTI MailOyTHIX BUKJIaJa4iB iHO3eMHUX MOB. [H(hopMmaIiiHO-KOMYyHIKaIiiTHI
TEXHOJIOT1l TIOJAHO Y CYKYIHOCTI TPhOX OCHOBHUX CKJIAQJHUKIB — TEOPETUUYHHX 3aCa]
IKT, meTonaiB Ta 3aco0iB BUpIIlIEHHSI HABYAJbHUX 3aBJaHb. BU3HAUEHO HU3KY OCHOBHUX
3aBJaHb, IO MaloTh OyTu peanizoBani y mpoueci Bukopuctanhs IKT sk 3acoOy
(dhopMyBaHHS KOMYHIKATUBHOI KOMIIETEHTHOCTI MaOyTHIX BUKJAJa4iB 1HO3EMHUX MOB
(3abe3nedeHHs OCOOMCTICHO-AISUIBHICHOTO TMiAxoay B (OpMyBaHHI KOMYHIKaTHMBHOL
KOMIIETEHTHOCTI, peaiizallisi IHTepakTUBHUX (OpM 1 METOJIB HaBUaHHS, 3POCTaHHS
MOTHBAIlli CTYJIEHTIB y (OpMyBaHHI BIACHOI KOMYHIKATUBHOI KOMIIETEHTHOCTI,
3MIACHEHHS  TOCTIMHOTO  KOHTPOJIO  piBHSA  CPOPMOBAHOCTI  KOMYHIKATHUBHOI
KOMIIETEHTHOCTi). 3’SCOBaHO TepeBard 1 HEAOJIKM OCHOBHHUX MPOTpaMHUX 3ac00iB
(bopMyBaHHSI KOMYHIKaTUBHOI KOMIIETEHTHOCTI — CUCTEM KOMII’ IOTEPHOTO TECTYBAaHHS,
CUCTEM BIPTYaJbHOTO 1aJIOTy, KOMIT IOTEPHUX TPEHAXKEPIB, EJICKTPOHHUX MIAPYIHUKIB,
MYJIBTUMEAIMHUX CIOBHUKIB Ta JOBITHHUKIB, BIpTyalbHHUX JiabopaTopidi Ta KaOiHETIB
TOILIO.
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DEVELOPMENT OF STUDENTS" SOFT SKILLS IN HIGHER EDUCATION:
PROBLEMS AND PERSPECTIVES

Abstract. Today's labor market due to various factors becomes more complex, uncertain and
competitive, this puts forward new requirements for future professionals in terms of development of
soft skills. The research shows that employers and academic community have an effective approach to
this problem through necessary skills implementation in the contents of educational programs.

Key words and phrases: soft skills, formation soft skills, educational process, employers.

Opranizaiii po3riasaaTh JIOACHKI pecypcu K KIIOUOBUM aKTUB, SIKUM BiIIrpae
KPUTUYHO BAXKIWBY pPOJb B ABUIBHOCTI Ta YCHIIIHOCTI miampuemctBa. [Ipamenasii
BUMAaralTh HaJIIMHUX, TBOPYWX, MO3UTHUBHUX, MPAI[IBHUKIB 3JaTHUX IMpaIlOBaTH Ta
BUUTHUCS, SIKI TIOEHYIOTH Y €001 mpodeciiiHi KOMIeTeHIii Ta OakaHWW aJeKBaTHUU
piBEHb HAaBMYOK MDKOcoOuCTiCHOro cmiikyBaHHSA. OcoOnamBo 1 mpobiema
3arocTpwiacid Ha T TaHJAeMii, KOJM HaBYaJIbHUN MpPOIEC MEPEMICTUBCS B OHJIAWH

IJIOIIMHY [2].
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Po3BUTOK y CTYyAEHTIB NMEBHOI CYKYMHOCTI COLIIaJIbHUX HAaBHYOK, SKI 3MOXKYTb
3a0e3MeynuT IM BUCOKUN pPIBEHb KOHKYPEHTOCIPOMOKHOCTI Ha CY4YaCHOMY pPHHKY
mpaili, 3yMOBIIO€ TOTpeOy aHamizy iX K y TEOPETHYHOMY, TaK 1 B MPAKTUYHOMY
acnektax [3]. Jlume mnpodeciitHi Ta TEXHIYHI HABUYKH HE 3MOXYTh J0OCATATH
OpraHi3aliifHUX IIUJIeH 1 3a7a4. AkaJeMidHa OCBITa € OCHOBOIO HaBYAaHHS, B TOM YacC SIK
HayKOBa CIUJIBHOTA Ta pOOOTOAABIIl BU3HAIOTh BAXKJIUBICTh 1HIINX, TaK 3BAHUX M SIKHX
HaBU4OK (soft skills), Takux sk KOMyHiKallisg, CAMOAUCIUIUTIHA, BMIHHS TMpaIlOBaTH B
KOMaH/I1, BUPIIIEHHS KOHQIIIKTIB TOIIO.

CrporofiHi mparieiaBili BiI4yBalOTh HEJAOCTATHICTH HABUYOK MDKOCOOMCTICHOTO
crniuikyBaHHa. Okpemi JOCHIDKCHHS BKa3ylOThb Ha Te€, IO MPAI[iBHUKHU, SIKI MarOTh
chopMoOBaH1 M’sIKi HABUYKH JIEMOHCTPYIOTh BUIILY IPOIYKTUBHICTh Ipalli, HIX TI , 110 1X
He MaroTh [ 1].

Soft skills — me 11 6akaHi SIKOCTI, fIKI MOXXYThb OyTH BHUKOPHCTAaHI Ha PI3HHUX
nocajzax Ta y PI3HUX JKUTTEBUX cuTyauisax. CHOulbHI 3ycWiuisd MpaueAaBliB Ta
aKaJIeMIuyHO1 CIIUTBHOTHA MOKYTh 3alIOBHUTH HEAOCTATHICTh Y TAKMX HAaBUYKaX. 3aKiaau
OCBITH MaroTh 3a0e3MeuyBaTh CBOiX BUITYCKHUKIB 3HAHHIMU 3 IPEeIMETHOI 001acTi, aie
CTpIMKMU TMOTIK 1HHOBAI[IMHUX TEXHOJOTIH Ta OI3HEC-MOJENeH PUHKY 3MYIIYIOTh
Cy4yacHOTO BHUITYCKHHMKA OpIEHTYBaTHCS Ha BCl Il 3MIHM 3 PI3HOMAHITHUM HaOOpOM
HaBn4ok. lle o3nHauae, mo Taki soft skills, sk TpUCTOCOBaHICT, Ta CKIAIHICTH
BUPIIIECHHS MTPOOIEM BaKIIUBIIIE, HIK OYy1b-KOJIH.

VY CB1IOMITIOIOUN BaXJIMBICTh TAKUX HABUYOK JIJIT MalOyTHROTO (paxiBIls, 3 METOIO
Horo amamTariii 10 MOTpPed COIIaTbHO-€KOHOMIYHOTO CEpPEeIOBHUINA, MOMIIBHUM € iX
IMITJIEMEHTAIlisl B OCBITHIN ITPOIIEC.

AxkanemiuHa CHOUIBHOTAa [IyKa€e INUIAXMA BHPIMICHHA Ii€l mpoOiemMu uepes
OHOBJICHHSI OCBITHIX IIpOrpaM Ta OCBITHIX KOMIIOHEHT, a TaKO)X METOJIIB HaBUYaHHS,

3aMpoBa/KEHHST PI3HUX BHJAIB MPAKTUK Ha MIANPUEMCTBAX, MPOBEACHHS CHUIBHUX
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3axXO0/IB 3 MpaleaaBIsiMUA 00 PO3BUTKY M’ SIKUX HaBUYOK. KpiM TOro, 10 meperisimy,
PO3pPOOKH Ta OHOBJIEHHS OCBITHIX MpOTpaM 3alydeHi BCl 3allikaBlieHI CTOPOHH, B TOMY
YHCJI1 MpaleaBIll Ta BUTYCKHUKH.

Soft skills moB’s3aH1 3 MOBEIIHKOI, MHUCICHHSM Ta OCOOMCTHMHU SKOCTAMHU. Y
HIMPOKOMY CEHC1 MepesliK M’ IKMX HaBUYOK MOXKE€ MICTUTH: alallTUBHICTh, KOMYHIKAIIiO,
BUPIIIECHHS KOH(PIIIKTY, HAAIMHICTh, YECHICTh, BUPIIICHHS MPOOIeMH, KOMaHIHY poOoTa,
TPYIIOBY €THUKY.

Hocuth edexkTuBHUM crocoboM (GopmMyBaHHS M’SKUX HaBHYOK € iX
MOJIETIOBAaHHS, 1[0 HAa/la€ MOXKJIMBICTD HE TUIBKM PO3YMITH LIHHICTh LIMX HABUYOK, aje 1
PO3YMIHHS TOTO, SIK X 3aCTOCOBYBAaTH Ha MPAKTHIII.

Posrasinemo mosxiuBi msixu popmyBanHs soft skills:

- PO3BUTOK JOOPOCOBICHOCTI 32 paxyHOK TpyIoBOi poOOTH mMiJ Yac 3aHATh, NI€
KOXXEH YYaCHHK TPy Mae CBii 00OB’S30K. 3a pe3yibTaTaMH BUKOHAHHS T'PYMOBOL
po0OTH KOPUCHO, 1100 BiH BHM3HAYMB CBI1M BHECOK Y 3arajlbHUM pe3ynbTaT 1 YacTKy
3arajbHO1 OLIHKHU SIKY 3aCJIyTOBY€E OCOOHCTO;

- PO3BUTOK KOMYHIKATUBHUX HAaBHYOK 3/100yBadiB 4epe3 IpyMnoBi OOTOBOPEHHS Ud
BUCTYIIM, JI¢ BOHU MAalOTh MPOJEMOHCTPYBATH 3HAHHS MPEIMETHOI 00yiacTi mij dac
00rOBOpEHHS,;

- popMyBaHHSI TOBa)XHOTO Ta BBIUJIMBOIO CTABJCHHS OJWH JO OJHOTO SIK B
ayIMTopii, TaK 1 Mij Yac CIUIKYBaHHS OHJIAIH;

- 3aMIPOBA/KCHHS TIONITUKH 3000B’s3aHb, fKa Tependadyac HE TOKapaHHS 3a
HEBUKOHAHI 3aBJaHHs, a BiANOBiAaIbHICTh. CTYACHTH, SIKI HE 37al0Th pOOOTY BYACHO,
MaloTh HAJaTH MOSICHEHHS, YOMY BOHa He OyJia 3aBeplIeHa, 1 10 BOHU OyAyTb POOUTH

111 BUIIPABJIEHHS CUTYallil B MallOyTHBOMY;
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- PO3BUTOK THYYKOCTI 32 PaxXyHOK JIOBIOCTPOKOBHMX MPOOJIEMHHX MPOEKTIB, fAKI
MaroTh OyTH BUKOHAHI 3 MPOMDKHUMH TepMmiHaMu. Taki 1ii OyayTh CIpUATH OpraHizarii
Ta KOHIIEHTpaIlli, CAMOKOHTPOJIIO Ta BUPIIICHHIO TPOOIEMHU;

- popMyBaHHS HaBUYOK KOMaHAHOI poOoTH 3acobamMu TpyrnoBoi poOOTH Ta
[UIIXOM TPU3HAYEHHS PI3HUX 0Ci0 A0 CHUIBHUX MPOEKTIB Ha YMOBax JOBIpH,
MOPSITHOCTI, BIAMOBIAAIBHOCTI, CITIBITpAIIi.

Soft skills BimirparoTh BaxXJIMBY poJib B YCHIIIHIN Kap’epi MaOyTHIX (axiBIliB, a
TaKOX MiJ Yac iX coIlaJbHOI B3aeMOAIl y CycniabCTBI. LI HaBUUKHM TakoX 3aTpeOyBaHi
npareaaBisgMu. ToMy BIOCKOHAJCHHS M SKMX HABUYOK 300yBadiB OCBITH 3MOXYTb
MOKPAIIUTH MEPCIIEKTUBYU X MpareBIalITyBaHHS.

[IpoBigHa pons y popmyBanHi soft skills Hanexxuth akamgemiuHii CHOUTHHOTI, SKa
CIUIBHO 3 yCiMa yYaCHUKaMU OCBITHHOT'O TIPOLIECY MA€ BIPOBAKYBATH HEOOXITHI M K1
HAaBUYKM Yy 3MICT OCBITHIX TmiporpaM. KOMMOHEHTH OCBITHBOI MpOTpaMu CJia
CIpsIMOBYBaTH Ha (OPMYBaHHS M’ AKHUX HABUYOK, MPUTAMAHHUX KOHKPETHIN OCBITHI
nporpami. OKpiM IIbOTO, BAXKJIMBO 3a3HAYATH 5K 3 HUX CIIPUAIOTh HAOYTTIO Ta PO3BUTKY
okpemux soft skills.
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METHODOLOGICAL TASKS AS A MEANS OF FORMING PROFESSIONAL
COMPETENCE OF FUTURE MATHEMATICS TEACHERS

Abstract. We consider the use of methodological tasks for the formation of professional
competence of future mathematics teachers in higher education institutions; formulate the definition of
a methodological task, determine the purpose of their use in the process of teaching Mathematics
Methods.

Key words and phrases: MeToquuHa 3aja4a, METOJJMKAa HaBYaHHA MaTeMaTUKHU, IpodeciiiHa
KOMIIETEHTHICTh MalOyTHIX yUYUTEIIB MATEMAaTUKU.

Huni neBHuUit 00cAT MaTeMaTUYHUX 3HAHB, BOJIOJIIHHA MAaTeMAaTHIHIUMH METOaMH
CTalii OOOB’SI3KOBUM €JIEMEHTOM 3arajibHoi KyJlbTypu. BojaHouac mpocrexyerbces
TEHJICHIlIA 70 3HIDKCHHS IHTEpecy WIKOJISPIB 10 HaBYAHHS, 30KpeMa J0 HaBYaHHS
MaTeMaTuku. Tomy 0COOIMBOI aKkTyalbHOCTI HaOyBa€ MUTAHHS SIKOCTI MpoQeciiHOl
MIATOTOBKH MailOyTHHOT'O BUMTEIIS MAaTEMATHKHU.

[IpobGnema ¢dopmyBaHHs TpodeciiiHOi KOMIETEHTHOCTI OaraTtoacreKkTHa, BOHAa €
IpeIMETOM OOrOBOpPEHHS Ta aKTUBHUX AUCKyciil. [IpodeciiiHy KOMIETEeHTHICTh MOXKHA
TIIYMa4YUTH SIK 3JaTHICTh IO BUKOHAHHS CIEL[IaiCTOM CBO€I AISIIBHOCTI, 110 epeadayae
rIMOOKI 3HAHHA SBHI Ta MPEIMETIB, sIKl BIH MEPETBOPIOE, BUIbHE BOJIOIIHHS 3MICTOM
BJIACHOT Tpalli, a TaKOX BIAMOBIAHICTh MPOGECIHHO BAXJIMBUX SKOCTEH 0OCOOMCTOCTI
BUMOT'aM MIEBHOTO BUAY AisnbHOCTI [2]. Lle cknanue interpatuBHe yrBopeHHs. OTHUM 13
OCHOBHMX TIOKa3HHMKIB TPO(]ECciiiHOT KOMIIETEHTHOCTI BYMTEN BBaXKAIOTh SAKICHY
METOAMYHY MIArOoTOBKY. ['MnOOKi 1 BCceOIUH1 3HAHHS 3 METOJMKH HAaBYaHHS CBOTO
npeaMeTa, 3 TEeJarorikk, a TaKoXX PO3YMIHHS TCHXOJOTIYHUX SIBUIL CIPUATUMYTb
ycIixXaMm Ta JOCATHEHHSIM MalOyTHIX yYUTENIB y MOAAIbIUIIN OCBITHIM MPaKTUIIL.

BaxnuBoro wyacTuHOIO (axoBoi MNIArOTOBKM MaHOYTHIX Y4YMTEIiB MaTeMAaTHKU B

VHIBEPCUTETI € Kypc ,,MeToauka HaBUaHHS MaTeMaTUKuU , 1€ TPEICTaBIICHI SK
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TEOPETUYHI OCHOBHM TMOOYJOBH MPOIECY HABUaHHA, TaK 1 HUISIXH I1X MPaKTHIHOT
peamizarii.

Meta kypcy: chopmyBatu NpodeciiiHO KOMIIETEHTHOTO BYHUTENSI MaTeMaTHKH,
CIIPOMOYKHOTO TMPAIIOBATH Ha KOHKYPCHIM OCHOBI B IIKOJIaX PI3HOTO THUITY, IKOMY OyJlu
0 mpuTamMaHHI JAyXOBHICTh, BHCOKa MOpallb, KyJIbTypa, IHTEIIT€HTHICTh, TBOpPYE
MearorivHe MUCJICHHS, TYMaHICTHYHA CIIPSIMOBAHICTh MEAAroriqyHoil MisIbHOCTI.
EdextuBHUM 3ac000M HaBYaHHS MalOYyTHIX y4UTENIIB € METOAUYHI 3aa4l. Memoouuna
3a0aua — 1e 3ajaya, NPSIMUM HOPOIYKTOM pO3B’I3yBaHHS AKOI Oyne OTpUMaHHS
MeTOAMYHUX (aKTiB: MiAOIp HABYAIBHOTO MaTepiany; BHOKPEMIJICHHS OCHOBHOTO 1
JIPYTOPSITHOTO HABUYAJbHOTO MaTepiany, HaBYAJIbHMM MaTepiall, yHoOpsIKOBaHUI B
NEBHY CHCTEMY BIAMOBITHO [0 MOCTaBJIE€HOI MeTH; BiNiOpaHi npuiiomu U 3acobu
HaBYaHHS I JOCSITHCHHS BH3HAUCHOI METH, JUIS Oprafizamii caMOCTIHHOI poOOTH
y4HiB To1mIO [1].

MeTor0 3acTOCyBaHHS Takux 3aja4 € (OpMyBaHHSI METOJAMYHMUX 3HAHb Ta BMiHb,
10 BU3HAYEHO HABYAIBHOIO IIpOorpamoro «MeToinka HaBYaHHS MaTeMaTHUKW», PO3BUTOK
TBOPUMX 3AIOHOCTEHW CTydeHTiB. MeToauuHi 3agadi HaWgacTime OyIyloTbCcs Ha
KOHKPETHOMY MaTeMaTMYHOMY Marepialii, a I[I€ HaB4Yae MaWOyTHIX Y4YUTENiB
BIJIIYKYBAaTH YMOBH, 3@ SIKHX HallOUIbII pe3ylbTaTUBHO 3/A1MCHIOETHCS HaBYaJIbHO-
Mi3HaBaJIbHUMN MPOIIEC 1 TOCATAETHCSA MAKCUMAIbHUN PE3yNbTaT.

[li 3amadi BiApi3HSAE€ HEOAHO3HAYHICTh Yy CIMOCO0Ax PO3B’S3aHHS, IO 3yMOBIIIOE
HEOOXITHICTh OOTPYHTYBATH MepeBard neBHOi mo3uilii. CucteMaTuyHe PoO3B’s3yBaHHS
METOJMYHMX 3aJad PO3BUBAE B CTYAEHTIB YMIHHS aHajl3yBaTW MEJaroriufi (QaxTw,
CHIBCTABIATH iX, Kiacu(ikyBaTh, poOUTH Ha iX OCHOBI BIAMOBIAHI BHCHOBKH 1
TEOPETUYHI y3araJbHEHHS, a 0TKe, PopMyBaTu MpodeciiHy KOMIETCHTHICTb.

g mpuknany, JeKUTbKa METOIMYHUX 3aj]ad 13 MarepiaiiB Moayis «Metoguka

HaBYaHHS alreOpu B OCHOBHIM IIKOJID».

141



III International Scientific and Practical Internet Conference «Mathematics and Informatics in Higher Education:
Challenges of Modernity», May 20-21, 2021, Vinnytsia, Ukraine

1. Cepen BHpPa3iB:

naya, 5ab, 3a*d, a*b?, aziﬁ% naya, 5ab, 3a*d, a®b?, a?b3> 00epiTh
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NOMUJIKM Y4HS. SIKi1 BiIOMOCTI MOTPIOHO aKTyasli3yBaTH BUMTENIO, 00 3a1100IrTH TaKUX
MTOMMJIOK?
3. YuuTenp 3anponoHyBaB y4YHSIM 3HATH YCHO KOPEH1 KBaJpaTHOTO PIBHSHHS

X 4+ 5x—6 =0x% + 5x— 6 = 0, Bignosine O6yna takor: «3a Teopemoro Biera kopeHi

BOTO PIBHSAHHA: X; = 2 Ta X, = 3». Chopmymnioiite Teopemy Biera. Un mpaBuibHOIO
Oyna BiAMOBib yUHS?

4. Po3B’s3yBaHHS MaTeMaTHYHHUX CO(]I3MIB — OJMH 3 METOJWYHUX MPUHOMIB
MoTHBaIlii HaBuaHHA. HaBenite mpukian codizMmy, KUl MOKHA BUKOPUCTATH TiJ 4Yac
BUBYECHHS TeMU ,,HepiBHOCTI”.

BukopuctanHs METOOUYHMX 3a/1ad 3 METOAMKM MaTeMaTHKU € BUIIPABAAHUM,
OCKITPKM CaMe€ METOJWYHI 3a7adl IHTETPYIOTh TEOPETUYHHUIN 1 MPaKTUYHUN aCIeKTH
($axoBoi MiArOTOBKU, B HUX MOJIETIOIOTHCS TUIMOB1 CUTYallil, sIKI MOXKYTh BUHUKHYTH Ha
MPaKTHIl, a CACTEMATHYHE X 3aCTOCYBaHHS aKTUBI3Y€ PO3YMOBY JisNIbHICTh CTYACHTIB,
CIIOHYKa€ J0 TBOPYOCTi, 3aKjIa/Jae OCHOBM IEJAroriyHoi MalCTEpHOCTI, a OTXe, Ha
OCHOBI aHali3y CTYIEHs OBOJIOAIHHS CTYJEHTaMH CIIOCOOaMHM PO3B’S3YyBaHHSA TaKUX
3a/lady MOKHa pOOUTH BUCHOBKH MPO (HOpMYBaHHS B MaOyTHIX y4UTENiB MpodeciiHol

KOMIIETEHTHOCTI.
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ANALYSIS OF EDUCATIONAL PROGRAMS ON THE AVAILABILITY OF
THE EDUCATIONAL COMPONENT "INFORMATION TECHNOLOGY IN
PROFESSIONAL ACTIVITIES"

Abstract. The analysis of educational programs of different branches of knowledge and
different specialties is carried out. The educational programs of the field of knowledge 08 "Law" of
specialty 081 "Law" are analyzed in detail for the presence of an educational component related to
information technologies of professional orientation. A list of topics that should be considered in the
educational component "Information technology in professional activities", which is part of the
educational program in the specialty 081 "Law".

Key words and phrases: educational program, information technology, professional activity.

[ndopmariitHi TEeXHOJOT1T PO3BUBAIOTHCS HAI3BUYAWHO IIBUIAKO, HHHI BOHH
3aCTOCOBYIOTHCS Y TIEPEBaXKHIM OUIBIIOCTI cep NIOACHKOI AISIbHOCTI. Baxkko yaBuTH
¢daxiBug, AKUM B TIM 4M 1HOIM Mipi HE BUKOPHUCTOBYE MOKJIMBOCTI Cy4YacCHUX
iHGOpPMAIIHHUX TEXHOJIOTiN y cBOii mpodeciitHiid misubHOCTI. [Ipo HOBEe mporpamue
3a0e3nedeHHs, 1HGOpMaIliHI CepBiCH TOIIO, fAKI OyayTh KOPUCHUMH ab0O HaBiTh

HEOOXITHUMH y POOOTI CHEIIaNiCTH pi3HUX cep AI3HAIOTHCA Ha Kypcax MiABUIICHHS
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KBaidikaiii, Tpy CHIIKYBaHHI 3 KoJieraMu, Meperyisaai GopyMiB Ta 3 IHIIMX JHKEpPeI
iHpopmalii. Bunmyckaukun 3BO maoTh Oyt 0013HaHMMH 3 yciMa 1H(QOpMaLIMHUMHU
TEXHOJIOTSIMH, SIK1 CTOCYIOTbCS X MalOyTHBOT IpOQeciitHOT NiIBHOCTI.

AHanii3 OCBITHIX mporpaM [2] piBHsS BHUIIOi OCBITH «0OakallaBp» pPI3HUX Taly3en
3HaHb Ta PI3HUX CIEIIATBPHOCTEH MOKa3aBs, 10 3 OCHOBAMHU 1H()OpMALIHHUX TEXHOJOTIN
(B 3aJIe’KHO BiJ OCBITHBOI MpOrpamMH) CTYIEHTU 3HAHOMIATHCA MiJ Yac ONaHyBaHHS
TaKMX OCBITHIX KOMMNOHEHTIB: «lH(popmaTuka Ta MeTOaMKa HaBYaHHS 1HPOPMATHUKHY,
«OcHoBH 1H(GOPMATHKKA Ta OOYHMCIIOBANIbHOI TexXHIKW», «IHPopmMaTHka Ta OCHOBHU
KOMIT'FOTEPHOTO TPOEKTyBaHHM», «IHPopMaTka Ta cydacHi iH(OpMalliifHI CUCTEMU 1
TexHOJOT11», «lHhopMaTHKa Ta KOMIT' IOTepHA TexHikay, «lHdopmarlliiini TeXHOJIOT1l y
npodeciiiniii mismbHOCTI», Towio. [lTonan 50% mpoaHani3oBaHUX OCBITHIX MpoOrpaM y
CBOEMY TEpENIKYy OCBITHIX KOMIIOHEHTIB (MOBa ii/ie 1 PO 00OB’SI3KOBI 1 PO BHOIPKOBI
OCBITHI KOMITOHEHTH) HE MICTATh THX, 5Kl TIOB’sI3aH1 3 1H(OPMAIITHUMU TEXHOJIOT1SIMU
npodecitHoro CrpsiMyBaHHS.

[IpoBeneHo nmeTanpbHUN aHalli3 OCBITHIX mporpam ramy3i 3Hanb 08 «IIpaBo»
cnemianbHOCTI 081 «IIpaBoy, sika He € TeXHIYHOIO crienianbHicTIo. Cepen HUX OCBITHIN
KOMITOHEHT TMOB'sI3aHUi 3 1HOPMAIIHHUMH TEXHOJOTIAMH 3yCTpidaeThes y 63 %, 3 HUX
27% — 1e OCBITHI KOMIIOHEHTH 3a BUOOpoM 3100yBauiB. Haifyacrime 3ycTpivaroTbces
Taki Ha3BU JJAHOTO OCBITHHOTO KOMIOHEHTY: «lH(dopmaliiiiHi TeXHOJIOT1l B IOPUANYHIN
npaktuii», «ladopmaliiiini TeXHONOrii B IOPUAMYHIN IIAILHOCTI», «lHbOpMaIliitHO-
KOMYHIKaTHBH1 TEXHOJIOT1i B TIpaBi», «OcHOBHU 1HPOpMATUKNY, «HPOpMaIliifH1 cuCTEeMU
1 TEXHOJIOT1l B IOPUAMYHIN HisbHOCT, «IHpOpMaIliliHi 1 KOMYHIKAIIHHI TEXHOJIOTI»,
«IHpopmarliiHi TexXHOJOTIi», TOmoO. Ha3uBaTmMeMO Takuii OCBITHIH KOMITOHCHT
«Iadopmartiiini TexHoNOrii y mpodeciiiHiil iIBHOCTI.

Y Cranaapti BUIIOi OCBITH YKpaiHu mepmioro (6akaaaBpChKOro) piBHS BHUIIOL

ocBiTH, ramy3i 3HaHb 08 «IIpaBo», cmemianbHOcTi 081 «IIpaBo» [3] 3a3HaUeHO
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HEOOXigHICTh (OpMyBaHHS Takoi 3arajnbHOi KommeTeHTHocTi: 3K6. Hapuuku
BUKOPUCTAaHHA 1H()OpMAIIMHUX 1 KOMYHIKAI[IHHUX TEXHOJOT1d Ta TaKUX MPOTPAMHHX
pe3ynbTaTiB HaBuaHHA: 3. [IpoBoauTu 3061p 1 IHTErPOBAHUI aHAII3 MaTEpialiB 3 PI3HUX
mkepen; 8. BukopucTtoByBaTH pi3HOMaHITHI iH(OpMaIliiiHI JKepena Ui MOBHOTO Ta
BCEOIYHOTO BCTAHOBJICHHS TMEBHUX o00OcTaBuH; 15. BiTbHO BUKOPUCTOBYBAaTH st
npodeciiiHol MiAIBHOCTI AOCTYNHI iH(MOpMaIiHI TexHoJorii 1 6a3u manux; 16.
JleMOHCTpyBaTH BMIHHSA KOPUCTYBATUCS KOMIT IOTEPHUMU MPOTPaMaMu, HEOOX1THUMU Y
npodeciiiHiii  gisuibHOCTI. {0 noBOaMTH rocTpy moTpedy B OCBITHIX KOMIIOHEHTaX
MOB’SI3aHUX 3 BUBYCHHAM 1H(MOPMAIIHHUX TEXHOJOT1M, IO BUKOPUCTOBYIOTHCS Y
npodeciiinii  mismbHOCTI  1O0pUCTIB.  «lHdopmariiiini  TexHomnorii y mnpodeciitHii
TISTBHOCTI» Ma€ BXOIUTH JI0 TEPeNiKy OOOB’SI3KOBHUX OCBITHIX KOMIIOHEHTIB a/Ke
(dbopMye 3HaUHY YACTHHY MPOTPAMHUX PE3YJIbTaTIiB HABUAHHS.

[Tpu po3pobui nporpamu «lHbopMaIiiiHi TeXHOIOTIT Yy podeciitHiil AISTBHOCTI
HeoOXiHa TICHA CIIBMpAIls 3 TAPAHTOM OCBITHBOI Mporpamu, (paxiBIsIMU-TIPAKTUKAMU
Ta BUKIAJa4aMH CHEIialbHUX AUCIUIUIIH. [IporpamMa Mae OXOIUTIOBATH IMEPEBAKHY
OUTBIIICTD 1H(OPMALIIHUX TEXHOJIOTIN 3 SKUMH MOKE 31TKHYTHCS y CBOIl mpodeciiiniii
TiSUTBHOCT1 BUITYCKHHUK JIaHOi OCBITHBOI mporpamu. Temu, 0 BXOIATH A0 MPOrpaMu
MaroTh OyTH NpaKTUYHO-OpieHTOBaHMMHU. Cepes TeM, AKI HHHI JOPEYHO PO3TIIAAaTH B
paMKax OCBITHBOTO KOMIOHEHTY «lHdopmariitHi TexHonorii y mpodeciiHii
TISTTBHOCTI» B KOHTEKCTI criemianbHocTi 081 «IIpaBo» MokHa BuainuTu Taki: OCHOBU
pobotn B XMmapHUX cepenoBumax; OpraHizaiis amapaTHOTO Ta MPOTPAMHOIO
3a0e3nedeHHs poooTu opucta; yHaaMeHTanbHI OCHOBH 1 MPUHIMIHN (PYHKI[IOHYBaHHS
InTepuet; Pobota 3 6a3zamu maHux mpodeciiiHoro crnpsiMyBaHHA; TeKCTOB1 mpoiecopu
Ta X BUKOPUCTAHHS B IOPUIMYHIA MpakTuili; TaOmuuHi mporecopu B mpodeciiHin

nisTbHOCTI ropucTa; KBanmidikoBaHuil e1eKTpOHHUMN MiINC.
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[Ipn 3MiCTOBHOMY HAIlOBHEHI T€M BapTO BPaXxOBYBaTH €BPONEHCHKUU JOCBiX
BUKJIaIaHHSI TIOA10HUX TUCIUILIIH. 3Ba)KaTH Ha BUMOTH YKPATHCHKUX Ta 3apyOiKHUX [1]
poOoTonaBiiB 10 iHQopMamiifHoi miarotoBku ¢axismiB. He Bapto 3a0yBatu mpo
ki0epOe3neKy, SKy MOKHa JI0JJaTH 0 KOKHOI TEMH, 110 BKJIIOYEHA 10 mporpamMu. TooTo
BapTO HAroJIONIyBaTH Ha HeOe3meKkax, fKi MPHUCYTHI MPU BUKOPUCTAHHI XMapHHX
CEpBICIB, TIPW CTBOPEHHI Ta BHUKOPHUCTAHHI E€JEKTPOHHOI TMOINTH, MPU HAKIaJAaHHI
KBaTI(hiKOBAHOT'O €JIEKTPOHHOTO MiJIMUCY, TOIIIO.

HamzBruuaitHO BakJiMBe 3HAYCHHS Ma€ M00ip MpaKTUYHUX 3aBAaHb J0 KOXKHOI 3
TE€M OCBITHBOT'O KOMMOHEHTY. [licsi BUKOHaHHS MPAKTUYHUX 3aBJaHb y CTYJEHTIB Mae
chopMyBaTHCS YITKE YABJICHHS MPO T€, SIK BOHU MOXYTh CKOPUCTATUCS OTPUMAHUMHU
3HAHHAMU y CBOIHM MoJanbIIiil mpodeciiiHii qiSTbHOCTI.
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FORESIGHT MODELING OF SYNERGISTIC EDUCATIONAL SPACE OF
BACHELORS OF MATHEMATICS

Abstract. The importance of foresight technology and the possibility of its use in designing an
effective model of bachelor of mathematics training is investigated. Short- and medium-term forecasts
of the development of such training are offered. The accumulated experience of foresight research at
the Department of Mathematics and Informatics of Vinnytsia Mykhailo Kotsiubynskyi State
Pedagogical University is analyzed.

Key words and phrases: foresight, modeling, synergistic educational space, bachelor of
mathematics.

146



III International Scientific and Practical Internet Conference «Mathematics and Informatics in Higher Education:
Challenges of Modernity», May 20-21, 2021, Vinnytsia, Ukraine

Bucoki Temnu po3BUTKY CYCHIIbCTBA BUMAararoTh BiJi OCOOMCTOCT1 34aTHOCTEH
aJanTyBaTHCS 1 BOJHOYAC 3MIHIOBATHCS, MPHUBYATHCS >KUTH 1 MpALOBaTH B YMOBax
HEBU3HAYEHOCTI. 3BMYalHO, 151 mpoliieMa Oe3MocepeiHbO CTOCYETHCA 1 OCBITHHOTO
MPOCTOPY CYCIIIBCTBA, 30KpeMa MiATOTOBKK OaKalaBpa MAaTEMAaTHUKH Y 3aKJaIax BHIIOi
OCBITH.

[Ipodeciitna miaroroBka OakagaBpa MaTeMAaTHKW 3A1MCHIOETHCS Yy TEJaroridHin
CUCTEMI1 «yHIBEPCUTET», SKa BKIIOUA€ MIJACUCTEMH HIDKYOTO PAHTY: «(PaKymbTeT»,
«CTCIIANBHICTE», «Kadeapa», «HaBUYaJbHA IUCHMIUIIHA». PO3BUTOK IemaroriaHoi
CUCTEMHU MO’KE UTH allaiTUBHUM 1 OlpypKamiiHuM msxaMu. Y BUMAAKY A0anmueHo20
TUIy PO3BUTKY BiIOyBae€Thbcs ajanTtaiis (IPUCTOCYBaHHS) NEAArOT1YHOI CUCTEMHU [0
3MIH 30BHIIIHBOTO 1 BHYTPIIIHBOTO CEpPEAOBHINA 31 30€peKEHHSIM XapakTepy
(GyHKIII0HATBHOT CUCTEMU (BITHOCHO CTiiikmii ctan) (puc.1) [2].

3MiHa 30BHIIIHBOTO 1 BHYTPIIIHHOI'O CEPEAOBUIIA [ENAroriyHOi CUCTEMU
(3MIHIOIOTBCSI CTYICHTH, BUKIIaJadi, MAPYyYHUKH, (GOPMU, METOAU 1 3acO0U HaBYAHHS,
opraHizaifiiiHi KOMITOHEHTH TOIIO) MPHU3BOIUTH MO TMOSBH I1i HOBUX BIACTHUBOCTEH:
CHUCTEMA TMEPEeXOJUTh y HOBUHU SIKICHMM CTaH, SKUW Ha3UBaIOTh Oigyprayitinum. Jns
HBOTO XapaKTepHAa HECTIMKICTh 1 3HaUYHA MHOXMHA MOXJIMBUX TPAEKTOPIA PO3BUTKY
OCBITHBO1 CUCTEMHU (aTpakTopiB). 3 TOUKH OiypKallii pO3BUTOK MEAATOTTIYHOT CUCTEMU
MOK€ WTH B3JOBXK OJIHI€T 3 MOMIIMBUX TpackTopii (a00 cucTeMa JUIIAETHCS HA TOMY
caMoMy pIBHI PO3BUTKY, a00 mporpecye, abo perpecye), 1 BUOpaHUN HUISIX €BOJIOIT
CUCTEMH, MOXJIMBO, i HE Kpalllui, HDK Ti, M0 OyJId BIAKUHYTI BUIAJKOBUM YMHOM. 3
MOTJISAy CHHEPTeTHUYHOI METOoMoJorli OidypKariiiHi peXxuMH OUTbIN TPUHHATHI s

PO3BUTKY OCBITHIX CUCTEM.
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Puc.1. CHHB})FGTH‘IHB MOJICIb HPOCIJ{:‘CiﬁHOIII HJITOTOBKH Maﬁ,ﬂy’f HBOI'O BUHTC/ISI MaTEMAaTHEH

OTxe, MOXHA KOHCTaTyBaTH, ILIO 3 I[OSBOK MAacCIUTAOHHUX MEPETBOPEHb Yy
MIATOTOBII OakajnaBpa MaTeMaTHKa IOCTAlOTh MPUHIIMIIOBO CYNEPEUMBI TPOEKTHI
3aBJIaHHs, K1 HEMOXJIMBO PO3B’SA3aTHU 3 MO3MIIH JKIle eBOJoLiiHOro miaxony. TyT
yke Mae OyTH cripoba 3arisiHyTH y MalOyTHE, TOOTO BUKOpHUCTATH (HOPCANT-TEXHOIOT1T
JUIS MOXJTMBOCTI MOJICTIIOBaHHSI OCBITHBOT'O CEpEAOBHINA OakaliaBpa MAaTeMaTHKH BXKE
cborosiHi. DopcaldT € BITHOCHO HOBUM IMOHATTSAM Y HayKOBii snitepatypi [1, 3, 4], Tomy
€IMHOTO KOHCOJIIIOBAHOTO MOTO BH3HAYEHHS Hapasl y MeNaroriyHii JiTepaTypi Hemae,
omHak y crtarti C.A.KBiTku mpoaHandizoBaHO HaWOLIBII XapaKTepHI MOTIAAM PIZHHUX
BUCHUX Ta HAYKOBUX IHCTHUTYIIN HA II0 MPOEKTHO-MPOTrHOCTUYHY TeXHoJorio [1, ¢.8].
VY Hamomy nocnipkeHHi mix PopcaiitoM OyaeMo po3yMITH «CUCTEMATUYHUN CHUTbHUM
npouec moOyaoBH OayeHHS MalOyTHbOro, HAlUIEHUH Ha MiABUILEHHS SIKOCTI
OPUUHATUX y 1€ MOMEHT PIlIeHb 1 MPUCKOPEHHS CIUIBHUX [iid», IO T03BOJISE
3aCTOCOBYBATH «CICIIaIbHY TEXHOJOTI0 (OPMYBaHHS MPIOPUTETIB PO3BUTKY PIZHUX
chep KHUTTS CYCHUIbCTBA 3 METOI MOOUTI3amii MaKCUMajJbHO BEIMKOi KUTBKOCTI
YYaCHHKIB JUIsl JOCSITHEHHS SKICHO HOBHMX PE3yJbTaTiB y PO3BUTKY KpaiHH, PETrioHY,
rpomann» [ 1, c.9].

Mu mnpomoHyeMO CXeMy 3acTOCyBaHHS (DOpCAMT-TEXHOJOTHi B OCBITHHOMY

mpocTopi (puc.2).
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dopcant [learoriyna cuctema: [IporHo3yBaHHsl, IJIaHYBAaHHS,
OCBITH Hapuanpna pucrnumuiina, kadenpa, | | MOAEIIOBaHHS, CTCHKXOIACPH
CHelialbHICTh, (bakynbTeT,
YHIBEpCUTET
dyHaMeHTa3aIis miaAroTOBKU CTaHAapTU3aIlis
OakaraBpa

Puc.2. 3actocyBanHsa GopcalT-TEXHOJIOT1] y MIArOTOBII OaKalaBpa MaTeMaTHKHU.
Taka cxema peanizoBaHa kadeapor mMarematuku Ta iHGopmatuku BJIITY imeni
Muxaiina KoiroOMHCBKOTO TiJ Yac MPOBEICHHS PEriOHAJIbHOTO 3axoay «dDopcait
PO3BUTKY MaTeMaTUyHOI Ta iH(QOpMaTW4yHOI OCBITM Ha BiHHMuYMHI Ta B YKpaidi»
(https:// www.vspu.edu.ua/index.php?event=831  (2018),  https://vspu.edu.ua/index.
php?event=1099 (2019), https://www.facebook.com/275951289683204/posts/

715144855763843/ (2020). Cepen 3ampolleHUX TOCTEH-y4yaCHUKIB BHKJIaaadi

¢dakynprery MOKH BIAIIY imeni Muxaiina KomtoOuncekoro, BAHO, Bukmamaui
MaTeMaTUKU BIiHHHMIIBKOTO IIEHTPY OCBITHIX TEXHOJOTiH, mepemoxels I (obGmacHoro)
etany BceykpaiHChbKOTO KOHKYpPCY «YUHTEIb POKY», BuuTelnl BHUINOI kaTeropii OMI
Nel7, Tloainschkoro HaykoBO-TexHIUHOTO Jineto, K3 31 Nel16, No20 BMP— nepemosxiti
y HoMiHanii «Bubip ykpainmiB» npemii Global Teacher Prize Ukraine 2019, meToauctu
KOMyHaJIbHO1 ycTaHoBH «Micbkuit meroauunuii kabinet» 1O BMP, kepiBuuku [T-
KoMIiaHii. barato 3 rocteit € BUMyCKHUKaMU HaIoro GaxkyabTeTy.

InTeHcuBHI B3aeMHI 0OroBopeHHs YydacHUKIB Dopcailty 3 0OaraTthox cdep
TISTBHOCTI TOKA3yIOTh MPSAMY 3alliKaBJICHICTh y BUPIMICHHI MNPOOJEM MiATOTOBKU
OakanaBpa matemaTuku Ta iHpopmatuku. [JopoxHi kaptu Dopcaility 3adikcoBaHi y
BIJIMOBITHUX TOKYMEHTax Kadeapu, CiIbHUX 3aCiIaHHIX CTEHKXOJIEPIB 1 BUKIIAIaviB,

MIPUIHSATI BIATIOBIIHI PIIIICHHS.
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Texnomnorii ®opcaldTUHTY, sIKI MU BHKOPHCTOBYBAJIM: aHAI3 B3aEMHHUX BIUIMBIB,

€KCIIepTHI MaHe1, OTJIsi JXKepes, TeXHOJIOTIYHI JOPOKHI KapTH [4].

BuninuMo aexinbka KOPOTKO- 1 CEpeIHbOCTPOKOBUX JOPOKHHUX KapT, K1 MOKHA
3a]Ty4aTH 10 aKTUBHUX 11 y MIATOTOBIlI OaKalaBpa MaTEeMaTHUKHU:

1. B YMOBax CHHEPreTUYHOTO OCBITHBOT'O MPOCTOPY HAA3BUYAWHO BaXIUBUM €
MOCTIMHUN MOHITOPUHT MAaTeMAaTHYHOI OCBITH y PI3HUX KpaiHax, IOCIIIKEHHS
IHTErpaliifHUX MPOIIECiB i MOJEIIOBAHHA Ha X OCHOBI MIATOTOBKHU OaKaIaBpa;

2. dbyngamenTanizamis mpodeciiiHoi MIArOTOBKM OakalaBpa MaTeMaTHKH, SKa
nepeabavae  perenbHUM  A00lp  (QyHIAMEHTATbHOTO  SiApa  3MICTOBOTO,
MPOLIECYaTbHOTO, YIPABIIHCHKOTO OJIOKIB, OJIOKY TPAKTUYHOT MIATOTOBKH;

3. TBOpYa CIIBIpals BUKJIagaya 1 CTyJIeHTa, peaiizalii cy0’eKT-cy0’ €eKTHUX
B3a€EMUH BUKJIaJlaya 1 CTy/ICHTAa 32 aKTUBHOI POJI1 CTYICHTA;

4. 3a0e3neyeHHss 1HGopMaTu3allii HaBYAJIBHOIO TMpolecy Ta JOCTyHn J0
MDKHapoaHuX iH(opMmaliitaux cuctem y 3BO;

5. peryispHa MOJEpHi3allisi OCBITHIX Mporpam, HaBYaIbHUX TIAHIB,;

6. PO3BUTOK 3MIIIAHOTO HABYaHHS, 30KpEMa MOJKJIHMBICTH CIIBIpami 3 IHIIUMU
yHIBEpCUTETaMU YKpaiHU Ta 3apyOiXoKsa, aKTHBHE BUKOPUCTAHHS TUCTAHIIMHOTO
HAaBYaHHS: CTBOPEHHSA BIAKPUTHX OCBITHIX pecypciB: caiiTiB, YouTube-kanamnis
TOILIO;

7. NOMYJISIpU3allisi MaTEMAaTUKH SIK HEOOX1THOI YMOBH PO3BUHEHOI'O CYCILIbCTBA.

TakuMm YMHOM, MIArOTOBKA OakajaBpa MaTeMAaTHKHA BHMAara€ IOIIYKY HOBUX

MOXKJIUBOCTEM 1 HOBHX MIAXOMIB, a (POpCalT-TEXHOJOTIl JO3BOJISIIOTH YXBAJIIOBATH

cTpaTeriufi pimenHs. OgHak ~ MaTeMaTHYHA OCBiTa B CyCHUIbCTBI CTaHe

3aTpeOdyBaHOI0, KOJIU CaMe CYCILILCTBO B IIJIOMY 1 KOKHA JIFOJIMHA 30KpEMa YCB1IOMHUTH

BKJIMBICTh TAKO1 MIATOTOBKH JJISI €EKOHOMIYHOTO IIPOIIBITAHHS KPaiHU.
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INTERNAL PROJECTION METHOD AND CUBE METRIC

Abstract. Constructive (constructive) stereometry often uses the method of internal projection
in solving various proposals, which allows to reduce each of them to a simpler or previously solved
problem. We have demonstrated in the text just such a technique for establishing the essence of
important metric characteristics of the cube.

Key words and phrases. Constructive stereometry, internal projection, cube metric, common
perpendicular.

VYeci yaBnsioTh Ky0 1 100pe 3Hal0Th HOro o4eBUAHI MeTpUUHI BIacTUBOCTI. CyTh
BOXJIMBUM Mempuyrum HaKTOM € TaKOXK Te, 10 KOXKHA J1aroHallb KyOa Mae JBi i Jiuiie
1Bl TIEPIICHIMKYJISPHI TUIOIIMHM, SIK1 AUIATH ii Ha TPU PiBHI YACTHHH, IO JIETKO TIOBECTHU
OTIEpALli€I0 GHYMPIUIHB020 NPOoeKyitoeanta. BapTo po3yMiTH, IO KOJU HA PUCYHKY
JiaroHadb BHU3HAYAETHCA JIBOMA MPOTUJICKHUMHU BEpIIMHAMU Ky0a, TO KOXKHA 13
TUIOLIWH, TEPHEHIUKYISIPHUX IId JlaroHali, — TPhOMa IHIIMMHU BEpPIIMHAMH, IO €
KIHISIMU pebep Ky0a, skl BUXOIATh 13 00paHO1 KIHIIEBOT TOYKH J1arOHAII.

3agaua. [lobyoyiime cninoHull NepneHOUKYIApP MidC 080MA MUMOOINCHUMU

0la2OHANIAMU CYMINCHUX epaHeli Kyoda.
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1-i1 cnocio po3é’azanna. Hexait A1B 1 B;C — niaroHalii CyMiXKHMX TpaHeil KyoOa,
3amaHi B yMOBI (puc. 1). I3 KOHCTPYKTHBHOTO O3HAYEHHSI CHUILHOTO MEPICHAUKYIISIpPA
JIBOX MHUMOODKHUX MPSIMHX O€3MOocepeHhO BUILIMBAE alrOpUTM MoOymoBu: 1) uepes
npsamy A;B mpoBenemo mionmHy X(A;BD), napanensny npsmiit B;C (4D || B,C);
2) yepe3 Touky C mpsamoi B;C mpoBeaeMo mpsmy 7, TEPHICHANKYISIPHY A0 MJIOMUHA X
(nl 4,C, ne A,C L 2(A,BD)); 3) 3naiineMo TOuKy P mepeTuHy npsaMoi # 1 TUIOUHH X;
4) y uionuHi X 4epe3 TOUKy P mpoBeeMo MpsMy p, mapajienbHy npsamid 4D (1, oTxke,
p I B,C); 5) 3naiinemo Touky M mnepetuny mnpsmux p 1 A;By; 6) yepe3 Touky M
MPOBEAEMO IPSIMY ¢, TapajienbHy IpsaMii #; 7) 3adikcyeMo TOUKy N MepeTUHY MPSIMHX
g 1 BiC. MN — mykaHuil CHOUTbHUNA TEPHNEHAMKYISP. [ pagiyno Ha MPOCKUIHHOMY
KpecleHH1 Ky0a BiITBOPEHO KIACHYHY MOJIENb B 1i pO3B’sI3aHHI.

2-1t cnocié po3eé’azanna. 1HKONMM X, K BIJIOMO, JOPEYHO OOpaTH MPIOPUTETHUM

HIIMI moOyAoBHUM MeToa (pHcC. 2).

Puc. 1 Puc. 2

Orxe, mmommHy A, mepneHauKyIspHy miaronani CB; y rpani ky6a CC,BB,
moOyIOBHO 3py4YHO 3a/JaTu (TBOPYHMM MOMEHT) Horo giaroHajibHuUM mepepizom ABCiD,

(BDy c A(ABC,\Dy), CB, L CB, CBy L D,(}), amxe A Bmimnye mie il Touky C aiaronainti
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C1D, sxa mumoODKHa 3 CB; 1 Hanexxuth rpani DD, C,C, mo cymixHa 13 rpanHio CCBB.
CB, y BHYTpPIilIHbOMY OPTOIrOHAJBHOMY MpoeKuiloBaHHI 3a Hanpsmom C — B
BUPOJUKYEThCS Ha miominHy A B Touky E, a C;D BinouBaetbes y BiApizok C)F, SKUM
BU3HAYAETHCS MpsMa TMepeTuHy IuiomuHd A 13 miomuHoo X(DA,Cy), 1o
MEPHEHANKYISIPHO po3MillieHa 10 aiaroHam BD;. Tenep OmyCTUTH MEPIEHIUKYIAP 13
touku E Ha mpsamy CF HeBaxko. BiH, mo-nepiue, napanensuuii 10 BD; 1, mo-apyre,
MaTHMe CBO€I0 OCHOBOIO TouKy G y nepetuti 3 CiF. O0epHeHHMM NPOEeKUilOBAHHAM 32
HampsMoM B; — C 7erko 300pakaeMo CIUIBHUN TepneHAuKymsip PO 3amaHux
MuMoODKkHUX nipsimMux CB; 1 CD.

3-it cnocio pozeé’azanna. Hexail y posli MUMOODKHHMX MPSAMHUX JBOX CYMIKHHUX
rpaneit ky6a A4,BB 1 BB,C,C, mo 3aiani yMOBOI 3a1a4i, OyayTh iX miaroHami AB; i
BC) BignosigHo (puc. 3). Hiaronans CA; kyba € IOXUIIOKO 10 000X yKa3aHUX T'paHEH.
IIpoexuiroemo CA4; opTOroHaJILHO Ha JIIBY I'paHb Ky0a 3a HanpsiMoM C — B B iHIIY
JiaroHanb i€l )k rpaHi BA;, sika NmepneHIuKysipHa AB;, a Ha MEpeaHI0 TpaHb — 3a
HampsiMoM A; — B y miaronans CB,, ska nepnenaukyispHa BC,. Toni, 3rigHo 3
y3araJbHEHOI0 TeopemMor mpo Tpu mnepneHaukyisipu, CA; L ABy 1 CA; L BC,. Takum

yrHOM, CA| IeprieHauKyasipHa 000M 3a/IaHUM Jliar OHAJISIM.

A D
|
|
CA. o C
% P, |
|
{__RRe M Y
A1 N
QO Q \\
N
B, G
Puc. 4
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Jlani, B3SIBIIM O yBard BCTAHOBIJIGHUW (PaKT, BUKOHAEMO I OJIHC BHYTPIillIHE
KOCOKYTHe npoekuioBanus npsimux AB; 1 BC) 3a vanpamom C — A, Tenep yxe Ha
IJIOMMHY OCHOBH Ky0a A1B;C;D;. 13 mum, uepe3 Touku 4 Ta B mpoBenemMo
MPOCKIIIOBANBHI TIpOoMeHI, mapanenbHi CAj, 1 BIAKIAAEMO Ha HUX BIAPi3ku AAg 1 BBy,
piBHi CA;. Ay # By — TOYKM TEPETHHY MPOMEHIB BHYMPIUUHLOCO NPOEKYIOBAHHS 3
OCHOBHOIO IUIONIMHOIO, a AgB 1 ByCy, 10 MepeTUHAIOTHCS B TOUIll M, € BUPOIKESHUMHI
(crmia-) MPOEKUIsIMU ABOX MPOEKIIIOBAIbHUX TionH X(4A49 N ABy) 1 A(BBy N BC)).
[lepmra 3 HUX mpoekuitoe AB;, a npyra — BC). Bigomo, mo 1aB1 IpOeKIif0BaIbHI
TUIOLIMHN MAalTh Y CBOEMY MEPETHHI MpOEKIitoBalbHY mpsimy. lllnsxom oGepHeHOT0
BHYTPIIIHHOT0 NMPOEKI[IIOBAHHA TPOBEIEMO uYepe3 TOUKy M mpsMmy n, TapajielbHy
Haripsimy A; — C, a omxke, napanensny Aod Ta BoB; 3adikcyemo Touku P, O mepeTuny
OCTaHHbOI 3 AlaroHamsiMu AB;, BCi: P=nN AB,,Q =nnN BC,. OCKUIbKH n — CIUIbHA
npsMa miommH X 1 A, a AB,c X, BC, < A, 10 Toukn P 1 QO 000B’4A3KOBO peabHO
icHy1oTb. Y cBoto uepry, n || C14, a CA, L AB, 1 CA, L BC,. Tomy Bigpizox PQ —
IIyKaHUW CIUTBHUN TIepneHauKyisip 1o AB; 1 BC.

4-it cnocio po3e’azanna NPOJEMOHCTPOBAHO HAa pUCYHKY 4. TyT, 3HOBY X Taku,
COUIbHUN TepHneHAuKyysip niaroHane A8 1 B;C 3M0Jenb0BaHO BHYTPIillIHIM
npoexkuiroBaHHAM Binpizka PQ Ha mnepennto BB;C,C ta niBy AABB tpaHi Kyo0a.

3agauy po3B’A3aHO B YOTUPH €TANK: AHAJI3Y, I00YA0BH, 10BEeAeHHS, TOCTiIKEeHHSA.

BucHnosok: BHYTpIIIHE TMPOEKIIIOBAaHHS — METOJI KOHCTPYKTUBHOI CTEPEOMETPIi.
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USING YOUTUBE VIDEO SOURCES AT DISTANCE LEARNING

Abstract. The article analyzes the effectiveness of the use of social networks and YouTube
video hosting during distance learning among 4™ year students of FMFCS of Vinnytsia Mykhailo
Kotsiubynskyi State Pedagogical University.

Key words and phrases: YouTube, social networks, distance learning.

Peanii chorojgeHHs 3MyCWJIM BHKIJIQJadiB Ta CTYACHTIB B TOBHIA MIpi OCBOITH
IUCTaHIIiHEe HaBYaHHs. Ha momomory ocBiTSHaM MPUMIIIM Pi3HI MpPOTrpaMHi 3acodw,
Mepexa [HTepHeT Ta corianbHi Mepexi. Sk BiZoMo, HUH1 3100yBayi Kpalie CpuiiMaroTh
HOBHI MaTepial Bi3yaJibHO Ta ayAiajibHO. TOMy /j1s1 YCIIIITHOTO 3aCBOEHHS HABUAJILHOTO
MaTepially CTYy/JE€HTH YacTO 3BEPTAIOTHCS J10 «IIaBYTHHM», 30KpeMa B HaroJli CTaloTh He
numie iHpopMaIliiiHl CTOPIHKHK, a ¥ comianbHl Mepexi (st oOMiHy 1H(OpMalli€) Ta
BCIM Bizoma BigeoxoctuHronsa miaTdopma YouTube. Bee ne cmpusie po3BUTKY Yy
CTYJICHTIB BMIHHS IIyKaTH Ta aHaJI3yBaTH OTPMMaHy iH(OpMaIlio, BUKOPUCTAHHS il Y
HAaBYaJIBLHOMY TPOIECI Ta, 3arajoM, CaMOpPO3BUTKY HABUUYOK MNpodeciiHuX
KoMIeTeHTHOCTe. OKpiM NOIIYKY Ta BUKOPUCTAHHA OTPUMAHUX JaHUX, CTYIEHTH
MOXXYTh CaMOCTIHHO CTBOpIOBaTHM HaBYaJIbHI Martepiaiu, 1HGOPMATHBHI CTOPIHKH Y
COLIMEpe)kax Ta HaByalbHI KaHaimu YouTube, sKi MOXYTb CTaTH KOPUCHUMH Y
NOJIaJIbIIOMY PO3BUTKY iX MEIAroriyHoi Kap’epu.

OxpiM OCHOBHOI, PO3BaKaJIbHOI Ui, COIIAJIbHI MEpPEeXi CTaau HEBiJl EMHOIO
YaCTUHOIO CaMOPO3BUTKY Ta CaMOOCBITH CyCHUIbCTBA. TyT MOXHa 3HAWTH IIUPOKHIM
CIEKTp HaBYAIbHUX MaTtepiamiB, iH}orpadiku, 300pakeHb Ta BiICOPOJIUKIB, SIKI MOXKHA

BUKOPUCTOBYBATU B OCBITHROMY IPOIIECi 00 /ISl CAMOPO3BUTKY Ta caMopeaizailii.
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BapTo Takox BHOKpeMHTH TiepeBaru BUKOpUcTaHHs YouTube mig yac OCBITHBOTO

nponecy Ta ajid CaMOHaBUYaHHA:

ocBiTaHM Ha YouTube MOXyTh CTBOPUTH BJIACHHM SKICHHM KOHTEHT,
KOMEHTYBATH 1HIIMX KOPUCTYBauiB TOILO;
- JOCTYNHICTb JO MaTepialiB Ta BII€O-YpPOKIB JUIsl CTYAEHTIB Ta IHIIMX
3aIliKaBJICHUX KOPUCTYBAaYiB y OyIb-sIKUM Yac Ta 3 pi3HUX MPUCTPOIB;
- Kpallle po3yMiHHs Ta 3aCBOEHHS CKIAAHUX KOHIIEMI[IN, Bi3yai3allis JaHUX TOIIIO;
- HaBYaHHS HE 3aJIC€KHUTh BiJl MPUCYTHOCTI BUKJIAAa4a;
- MOXHa CTBOPIOBATH BIACHI IUICHIUCTH 3 T0OIpKOIO HEOOXITHUX BieoMaTepialiB

JUIsl HABYaHHS Ta CAMOPO3BUTKY.

3 Metoro 3’scyBaHHSA €(QEKTMBHOCTI BHKOPHCTAHHS COIlIaIbHUX MEpEexX Ta,
30Kpema, BigeoxocTuHry YouTube, cepex cryaeHTiB ueTBepToro kypcy BIITY
imeHi M. Korrobuncrkoro cnemianpHocti 111 Matematuka (3aranmom 11 ocib) Oyio
NpOBEJIEHO OH-NaiiH onuTyBaHHSA. CTyneHTam OylIM MOCTaBJIEHI TECTOBI MHUTAaHHS
BIIKpUTOi Ta 3akpuToi (OpMH MIOJO0 BUKOPUCTAHHA coiMepex Ta YouTube y
HaBYAJIbHUX IUIAX Ta SIK L€ CIpHUs€ 3aCBOEHHIO HABUAJIBHOIO Mareplany IMpH
caMOCTIHHOMY BUBUYEHHI. AHaJIi3 BIANOB1Iel IPOBEAEHO Jai.

Cepen BinmoBizel Ha muTaHHA «SIk MokHa BUKOpucToBYBaTH YouTube mim yac
HaBYaHHA ?» MOKHA BUJLJIUTH HACTYIIHI:

- MePETIsAl BiIeO AJIs KPaIloro po3yMiHHS MaTepiany,
- CTBOPEHHS BJIACHHUX KaHaJiB 3 HABYAJIbHUM KOHTEHTOM;

- ydacTh y BeOiHapax.
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CHiTbKOMA CONMEpPERAMHE BH KOPHCTYETECH? (B
Tomy aneai YouTube)

He mepuctyocs, Gaka
0% 0%

I\ KOPACTYETECh BH COMATBHHMHA
Mepexamn’?
H
0%

AK 9ACTO BH BHKOPHCTOBY(Te ConiaIbHi Mepexiy
HABTATBHAX Hitax? (B ToMy umcti SK uacTo BH 3HAXOIHTe Heodxinni Hapua bR
He wopreTyRcs sigeopomkn Ba YouTube?

He BHHOPACTOBYHY

Puc.1. Jleaxi 3 muTaHb ONUTYBAJIbHUKA
Ha nutanns «fkumu YouTube kaHanmamu 3 MaTeMaTUKH BU KOPHUCTYBAIHUCH?»
CTYJIEHTH BKa3alii TaKl BIMOBIII:

- EdEra (6e3komToBHI1 Bimeo-ypoku 3 miaroroBku go 3HO, B Tomy umcai # 3
MaTeMaTHKH ),

- Marematuka 3HO — PO3YMCKYVYIJI (kaHan 3 BiI€OpOJMKaMHU MiATOTOBKH 0
3HO 3 maTeMaTHKH);

- Kanan Cepris Tkauenka (OJHOIMEHHHMI MPOEKT BUKJIAJaya MAaTeMAaTHKH, SKUMA
OpHUTIHAJBHO Ta 3PO3YMIJIO BUKIIAIa€ MaTepia)

- Maremaruka — IIpocTo (IpOEKT 3 TMOSCHEHHS 3aJad 3 BHUIOT MAaTEMAaTUKU Ta

[IKaBUMHU (paKTaMu PO HAYKy 1 HAYKOBI[IB) Ta 1HIIII.
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Takox OUIBIIICT, ONMTYBAaHHUX 3ayBa)KWJIO, 10 BOHM BHKOPUCTOBYBAIU
BIJICOPOJUKH SIK MPHU MIATOTOBII 0 ayJWTOPHHUX 3aHSTh, TaK 1 MiJ Yac MPOXOHKCHHS
negaroriynoi npaktuku y 33CO.

[IpoananizyBaBmid yci BIAMOBIAI MOKHA 3pOOMTH BHUCHOBOK, IO IIiJI Yac
JTUCTAHI[IMHOTO HABYaHHS CTYJACHTH IIYKAlOTh 1 TMEPEryiaaloTh BIJCOPOIUKA Ha
YouTube, 106 kpaiie 3po3yMiTH HaBYaJIbHUN MaTepiaj, Ta BAKOPUCTOBYIOTh B OCBITHIX
LUISX M1 9ac MATOTOBKU JI0 3aHSTh, ajie y OUTBIIOCT] BUMAJKIB BCE K KOPHUCTYIOThCS

JaHOT0 TUIATHOPMOIO 3a il OCHOBHOIO METOIO — PO3BAKAIBHOIO.
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USING CHAT-BOTS AS AN INTERACTIVE TECHNOLOGY IN THE
EDUCATIONAL PROCESS

Abstract. The article considers the use of chatbots in the educational process in order to better
remember the material of the disciplines being studied. Based on Ebbinghaus's research on the
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workings of memory, various leaming strategies have been developed, which are based on the
periodic repetition of information at certain intervals, which helps to increase the efficiency of
memorizing material.

Keywords: educational process, repetition of information, memory, chatbots.

3MIHM COLIaJTbHO-€KOHOMIUYHUX Ta OCBITHIX OPIEHTHUPIB CYCHUIbCTBA 3yMOBHJIA
MOIIYK HOBHUX MIAXOAIB O KOHCTPYIOBaHHA OCBITHROrO mporecy y 3BO. ¥V Husui
3aBAaHb pedOpMyBaHHs BITUYU3HSIHOI OCBITH OJHE 3 MPIOPUTETHUX, KIIOUYOBUX MICIb
3aliMa’a 13aiimae npoOiema KOMIUIEKCHOI epeOynoBu ocBITHROTO Mpouecy y 3BO.

[lepeOGymoBa cHCTEMHU OCBITH TMOPOKYE HEOOXITHICTh MIABUILEHHS SKOCTI
npodeciiinoi miarotoBku (axiBiiB. Bukiagau Mae BYaCHO KOpPUTYBAaTH METONU
HAaBYaHHS B 3aJ€KHOCTI BiJl CTYIEHsS 3aCBOEHHS MaTepially: BYaCHO YCKIJIaJHIOBATH
PENpPOIYKTHUBHI 3aBJaHHS YM, HABMAKH, MOBTOPUTH, 3aKPINUTHU 1€ pa3, pO3’SICHUTH,
npoaHanizyBaTu nMoMuiki. Ha choronHi negarorivyHol0 HayKolo HarpalbOBAHO BEJIHUKY
KUIBKICTh 1HHOBAI[IMHUX TEXHOJIOT1H, K1 aKTUBHO BIPOBA/KYIOTHCS B OCBITHIN MpoOIIeC
3BO [1-4]. IlutanHsSM KOHTPOJIIO 3HaHb, MPOOJEM yIAOCKOHAIEHHS (OPM KOHTPOIIO,
JOCTIHKEHHSI TECTOBUX METOJUK KOHTPOJIIO 3aiiMaluCh TaKli BUEHI Ta METOJIUCTH, SK:
10.K.babancekuit, JI.M.[u6koBa, M.b.€BTyx, M.[. - Kangak, E.B.Jly3ik, H.B.Mop3ze,
O.J.ITorpibna, FO.C.Pamchkuii Ta iH.

B cyuyacHoMy CBITi i7ie BenuMKa KOHKYPEHIlSl 3a yBary JIOJIel, MapKeTOJOTu
PO3pOOIISIIOTh KOKEH J€Hb HOB1 TEXHOJOTII, MO0 3alliKaBUTH, 3aTPUMATH 1 CTIOHYKAaTH
10 sKoick mii kmieHTa. OgHA 3 TaKWX TEXHOJIOTIM — II¢ BUKOPUCTaHHSA 4YaT OOTIB IS
IHTEPBAJIBHOTO HAraJyBaHHS MPO CBiM mpoaykT. [{t0 TexHomorito MoxHa 00EpHYTH Ha
CBOIO KOPUCTH 1 BUKOPUCTOBYBATH 11 JJI1 BUBUCHHS (yHIAMEHTAIbHUX 3aKOHIB TOTO YU
IHIIOTO TIPeAMETY CIUpalouuch Ha JAochipkeHHs EOOiHray3a mpo po0OoTy Hamioi
mmaMm’sTi.

[laM’ATh MATOPSIAKOBYETHCS MEBHUM 3aKOHAM 1 MaTepHam, sKi me B KiHml 19

cToiiTTs BuBiB EOOIHray3. A sIKIIO 3HATH BCl MEXaHI3MH, 3T1HO SIKUX IpAallO€ HaIlla
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nam'sTb, TO 1€ MOXHA BUKOPHUCTOBYBAaTHU €001 Ha KOPHUCTh, IO 1 CHpOOyeEMO

peanizyBaTu B aHiid poOOTI.

Kpuea salysasm EGGinrayss
. :
e
. T
e e~ g uL
em

Pucynok 1. 3ajie:kHiCTh MiK 4acoM i BiICOTKOM BiATBOpPeHOI iH(popmaii

3 rpadiky BHAHO, IO BHOPOAOBXK mepmux 20 XBWIMH Yy Hamid mam’sTi
3aJIUIIAETHCS OlIbIe MOJIOBMHM Tiel iHMopmarltii, saky 3uutanu. Yepe3d 60 XBUIMH —
MEHIIIE TOJOBUHHU, a 4epe3 24 roaunu — Ommu3bko 34 % Tiel iHdopmarii, mo Oyna
3aBuYeHa. Maibke depe3 THXKIEeHb MU IaMm sTaeMo Onm3bko 23%. I mume 15% wmiHo
30epiraerbcsi, TOro 1O Oyiao BHUBYEHO. KpuBa OCMHCIEHOro Marepialy Jeuio
BIJIPI3HSETHCS, MU TIaM ATa€EMO 1H(POPMAIIIIO JOBIIE, ajie JJIs HAIIOTO EKCIIEPUMEHTY
OyJe A0CTaTHbO 1 1iel iHpopMmarii.

Buxoasun 3 AOCHiKEHHS MPO Mam’sITh MOXHA PO3pOOMTH Pi3HI CTpaTterii
HaBYaHHS, SIKIIO MOTPIOHO 3amam’sITaTd BEJIMKI MacHBH 1H(GOpPMaIlii Ha KOPOTKUMA Yac —
TO BaplaHT «3a3yOpIOBaHHM» MiAlie Halikpaie. AJe, Ha JKajb, 4Yepe3 JSAKUN 4ac 1
iHpopMaLis, Ky OyJi0 HMOIMIMHYTO 3a0yJeThCsl 1 KOPHUCTI HISIKOi HE Oyne, KpiM TOro
BUTPAYCHO Yac HA HaBYaHHS 1 HE OTPMMaHO OaxaHOro pe3ynbTaTy. EOOiHTray3 He
TUTBKH BHBIB 3aKOHOMIPHOCTI, 3T1AHO SIKMM ITPAIlO€ Hallla MaM'siTh, BIH TAKOK BU3HAYUB
METO/I, IK MOKHa 3amaM’siTatu 10 95% indopmarrii.

Bes cmpaBa B parioHanbHOMY HaraayBaHHI 1 moBTOpeHHI. [lepioguune

MOBTOpEHHs 1H(OpMaIlli 4Yepe3 MesKi NPOMDKKH Yacy JJONOMaraloTh 30UIbIIATH
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e(eKTUBHICTh 3amaM SITOBYBaHHS Ha MOPSAIOK. B 3BUUaliHOMYy BUMAJIKY MH J113HAIKCH,
mo 3anumaetbess 10-15% 3umTanoi iHdopmallii. Ane SKIIO MOBTOPUTH MPOBECTH 5
iTepalliii TOBTOPEHHS, MU 301IBIIMMO BiICOTOK 70 95.

l'onoBHa 3amada mimiOpaTd yac MOBTOPEHHS 1 3aBASKH HAIIOMY TeJerpaMm 4Yar
6otoBl «@ EasylLearner bot» BiH Oyne BUKOHyBaTH L0 (yHKIIO 3a Hac. Bce mio
noTpiOHO 3poOUTH 1€ moAaTH NOTpiOHY iHQopmaiiro 10 060Ta 1 HE MPOMyCKATH
MOBIJOMJICHHSI B HBOTO. TakoX MOXKHA PO3MMUPUTH (PYHKIIOHAT, MIAKIIOYATH
MITYYHUU IHTENEKT, SKUi OyJe BECTH OCMHUCIICHY PO3MOBY 31 CTYJEHTOM 1 MEpeBIpsATH
Horo piBeHb 3HaHb, TOM MaTepian sIKUW B)K€ BUBYMB, BUWIYYUTH 1 TOMY NoJ110He. AGOo K
BapiaHT MIJKIIOUYUTUA (PYHKIIIIO MOXKEPTBYBAHHA JEAKUX KOINTIB Ha OnmaromiiHuii GpoH.
3a KOKHY HENpaBWUJIbHY BIANOBiAb. BigHOCHO 5erke HamamryBaHHS OOTa JTOIOMOXKE
peanizyBaTu Oyab-IKy CUCTEMY 3a0X0YCHHSI.

[Tobymyemo mepioiu MOBTOPEHb BUXOASYM 3 MIEPIIOro pucyHKa: () TOBTOPEHHS —
nepiie O3HaMOMJIEHHA 3 MartepiasioM, | TMOBTOpPEHHS — 3pa3y IMiC/d BHUBYECHHS, 2
noBTopeHHs — uepe3 10-20 xB, 3 moBTOpeHHA — uepe3 8-12 roauH, 4 MOBTOPEHHS —
yepes 24-32 ronauHU, 5 MOBTOPEHHS — Yepe3 3-5 IHIB.

ko mpomoBXKUTH Tpadik, TO IIOCTE MOBTOPEHHS MOXHA 3pOOUTH Uepes
MiCsIb, a ChbOME 4epe3 4JoTupu Micsami. Lle Ha Bumamok, komu iH(opmalio Tpeda

nam’siTaTH BCE KUTTS.
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PucyHok 2. JlicTHHT KOAYy mporpamMu 4ar-0ora
Ax Oaunmmo, naHa peajnizallis MOporpaMd 3aiiMae BChOTO 25 pSAKIB, BapToO
BIAMITUTH MAacHUB 4YacOBHUX IHTEpBajiB time arr, B HbOMY MOXHa MiIi0OpaTtu pi3Hi

MPOMIKKH Yacy 1 UM 30UIbIIYBAaTH €(PEeKTUBHICTh HABYAHHS.

Bavylearree Bumi
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Pucynok 3. Ilpukiaa pod6oTu 1aHoro yar 6ora
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Sk 6aunmo Ha puc.3 Apyre MOBTOPEHHS MPHUIILIO Yyepe3 2 XBHJIMHH, a HE Yepes

10 xBummH, 1€ 3pOOJICHO HAaBMHUCHO, 100 MPOJEMOHCTPYBAaTH  IIBU/IIIE

POOOTOCTIPOMOKHICTh TTPOTPaMHU.

OTxe, BUKOPUCTaHHSA OyAb-AKMX IHHOBALIMHUX TEXHOJIOT1M BHUMAarae BiJ

BUKJIaJladya TPOQECciftHOCTI Ta MANCTEPHOCTI afanTyBaHHS BIAMOBIAHOI TEXHOJOTIT 10

KOHKPETHOI JUCIHMILTIHY, 110 BUBYAETHCHI.
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MOBILE LEARNING MANAGEMENT SYSTEM

Abstract. We consider the main purpose of mobile learning and identify several areas of its
implementation, reveals the features of the use of mobile information and communication technologies

in the educational process.
Key words and phrases: mobile learning, mobile applications, information resources.

CroroaHi MOXJIMBICTb HaBYaTUCSA Oy[b-€ 1 OyIb-KOJIM € 3arajbHO BHU3HAHUMU

0COOJIMBOCTSIMU JKUTTS JIIOAUHU B 1HPOPMALIHHOMY CYCHUIbCTBI.
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Taka MOXIMBICTH 3a0€3MEUyEThCSA, 30KpeMa, ¥ 3a JIOMOMOTOK TEXHOJOTIH
MOOLILHOTO HaBYAHHS — HOBUX TEXHOJIOT'1 HaBYaHHS, 1110 0a3yIOThCSA HAa IHTEHCUBHOMY
3aCTOCYBaHHI Cy4acHUX MOOUIPHUX 3ac00iB 3B’S3Ky Ta 1H(GOpPMAIIHHUX TEXHOJOTIH.
BuxopucranHs cydacHUX MOOUTRHUX 3ac001B (cMapT(OHH, MEPCOHATbHI KOMYHIKATOPH,
IUIAHIIeTH Ta 1H.) 3a0e3neuye (QyHKIIOHAIbHI MOXJIMBOCTI, III0 HE TMOCTYMAEThCS B
0aratbOX BHIMAJKaX 32 BUKOPHCTAHHS KOMII'IOTEPIB CEPEAHBHOI MOTYKHOCTI. MOO1IbHI
TEXHOJIOT1l HaBYaHHS TICHO IOB’s3aH1 3 HABYAJbHOK MOOUIBHICTIO B TOMY PO3yMiHHI,
IO CTYACHTH MalOTh MOXJIMBICTh OpaTH y4yacTh B OCBITHIX 3axojiax 0e3 0OMEXEHb y
gaci Ta MpoCTopi.

Mo06inbHe HaBYaHHS, 3 OJTHOTO OOKY, € PI3HOBUIOM AUCTAHI[IMHOTO HABYAHHS, a 3
IHIIIOTO — HABYaHHS 3 BUKOPUCTAHHSAM MOOUTBHUX CKJIQJ0BHX Cy4acHUX 1H(QOpMaIliifHO-
koMyHikariiaux texHonorii (IKT). Ane y mopiBHsAHHI 3 IIMMU BUJaMU HaBYaHHS Yepe3
MOOUTIbHE HAaBUYAaHHS HAJAEThC CYO’€KTOBl, SKUH HABYAEThCS, OUIbIIA KUIBKICTh
«CTYNEHIB BUIbHOCTI» — BHILA IHTEPAKTUBHICTh, OUIbIIA CBOOO/AA MEepeMilIeHb, Olblla
KUIBKICTh TEXHIYHMX 3aCO001B i1 HaBYaHHS, OCHOBHUMH 3 SAKUX € HETOYKH, MJIAHIIETHI
nepconanbui komm’totepu (Tablet PC), mepconanbui mmudposi nomiuauku (Personal
Digital Assistants — PDA), aynionporpaBaui [jis 3alUCy Ta MPOCTyXOBYBaHHS JIEKI1H,
€JIEKTPOHHI MiApyYHUKH, MOOLIbHI Tenedonn, cmaptdonu, kumeHbkoBi [1K (KIIK) Ta
iHIIe[ 1].

MosxkHa BUOKPEMUTH ACSKI 0COOIMBOCTI MOOLTLHOTO HABUYAHHS:

1. CTyneHTH MOXYTh BUKOPHCTOBYBAaTH MOOUIbHI MPUCTPOT AJI1 HABUAHHS B THX
BUIIAJIKaX, KOJW BOHU HE MOXXYTh CKOPUCTATUCS KHUTOIO YM KOMIT I0TEPOM;

2. 3a 1OmoMOrorw MOOUIPHOTO HaBYAHHS CTYJAEHTH MOXXYTh BUKOPHUCTOBYBATH
BUIbHI IPOMDKKH Yacy;

3. BukopucrtaHHs MOOUTHPHOTO HaBYaHHS HAJa€ MOXIIHMBICTh 3IHMCHIOBATH 3

BUKOPUCTAHHAM BEO-OpPIEHTOBAHUX CHCTEM CIUIbHY pPOOOTY HaJ TMPOEKTOM B
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aUCTaHIiiHOMY (on-line) pexxumi, MOOUTEHUN OnOTTIHT (crioci® myOumikaiii MaTepianiB
Ha caiiTi abo B 61031 3 MOOUILHOTO IPUCTPOIO), 1HANBIAYyaI130BaHe HABYaHHS, pOOOTY y
rpynax, CyMiCHI IOCIIKEHHS B peKUMi on-line, piBHUI AOCTYN A0 HABYAHHS;

4. MoOuIbHI JONATKU € KOMIIAKTHUMHM Ta 3a0€3MeuyIOThCS MOKIUBICTIO
MPOAOBKEHHS POOOTH 3 TOTO MICIIS, Ha IKOMY BOHU OyIa repepBaHi;

5. Uepe3 MOOUIBHI TOAATKU NOCTYMHI 1H(GOpMAaIIiitHI pecypcu Mepexi [HTepHeT, a
TaK0’X BOHU CHHXPOHI30BaH1 3 MOOLTLHUMH 3aco0amu HaBuaHHA [ 1, ¢.65-73].

VHIKaJIbHUMHA BJIaCTUBOCTAMH MOOUIBHOIO HAaBYAHHS €. MOXKJIMBICTH OJHOYACHOIT
B3a€MOJII1 BUKJIaJaya sIK 3 OJHUM CTYAEHTOM, TaK 1 3 IPYHOI0 CTYJIEHTIB; MOXIIUBICTbH
IMHAMIYHOTO TEHEPYBaHHS HABYAIBHOTO MaTepialy B 3aJeKHOCTI Big Micus
3HAaXO/DKEHHSI CTYJEHTIB, 3MICTY HaBUaHHA Ta CHOCO0y BHUKOPUCTaHHS MOOLUIBHUX
INPUCTPOIB; MOKJIMBICTh BUKOHAHHSI OKPEMUX HABYAIBHHUX J1H CTYAEHTIB Y OyIb-KHii
gac 1 B OyIp-IKOMY MICII1; MOKJIMBICTh peaizailii 3MIIaHoro HaB4aHHs.

OcHoBHE TIpU3HAYEHHA MOOLILHOTO HaBYAHHSA MOJISITA€ B TOMY, 1100 MOKPAIIUTH
3HaHHA JIIOJUHHU B T ramysi 3HaHb, SKy BOHa oOpaya, 1 B TOM MOMEHT, KOJHU il Iie
MoTpiOHO.

Ha BigMiHy BiJ IMCTaHIIMHOTO HAaBYAaHHS, MOOLIbHE HABYAHHS € JOCTYITHIIIUM
Uis  OUIBIIOCTI CTYACHTIB, a 3a BHUKOPUCTAaHHSAM MOOUIBHMX iH(OpMaIliifHO-
KOMYHIKAI[IHHUX TEXHOJOT1d HaBYaHHS PO3KPUBAETHCS TOCTATHINA MOTEHIlIAd CTOCOBHO
THYYKOCT1 HaBUYaHHS B pa3l BUKOPHUCTAHHS Ta MIATPUMKHU TPAJAUIIITHOTO HAaBYAHHS.

Jna peamizanii MOOUIPHOTO HaBYaHHS B 3aKiajax BHUINOI OCBITH MOTPIOHO
CTBOPUTH  BIAMOBIAHI  CEepeIOBHINA MOOUIPHOTO  HAaBYaHHS, BHU3HAYAJIbLHUMH
OCOOJIMBOCTSIMH SIKUX € MOYKJIMBICTh 3aBAHTAXEHHS 1 BCTAHOBJIEHHS BIAMOBIIHOTO
MIPOTPaMHOTO 3a0€3ICUYCHHS Ta MACUBIB JaHUX 1 ITOBIIOMJICHb Ta HasIBHICTh PO3BHHEHUX
3aco00iB OTpUMaHHS JOCTynmy 10 IHGOPMAIIHHUX pecypciB cepeaoBuIia Ta iX

OTIpaIfOBaHHSI.
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Cuctemu MOOLUIBHOTO HABYAHHS € HOBUMHU TEXHOJOTIIMHU, HAa OCHOBI SKUX Y
3aKja/iax BHINOI OCBITH MOBUHHI CTBOPIOBATHCS HOBI HaBYAJIbHI CEPEIOBHUIIA, HA OCHOBI
AKUX CTYACHTU MOXYTb OTPUMYBATU JOCTYI J10 1H(QOPMaLiiHUX peCypciB HABUAIbHOTO
Mpu3HaYeHHs (HaBYAIBHUX MarepialiB) B OyAb-AKUW Yac Ta B OyIb-IKOMY MICIIi, 11O
pPOOUTH IpoIeC HaBYaHHS OUIbII THYYKHM, 3ACTOCOBHUM 32 P13HUX OOCTaBUH 1 CUTYaIlli
Ta HaJa€ MOXJIUBICTh CTYACHTaM pO3IIMPIOBATA CBOI 3HAHHS CaMOCTIHHO B pasi
MOTpeOH.

Ha ocHoB1 TexHOsOriii MOOUIPHOrO HaBYaHHS CHOTOJHI MOXKHA 3a0e3nedyBaTu
JOCTYII JI0 MIMPOKOTO KoJja iH(opmaIiiHuX pecypciB — Bil MaTepiajiB Ha JOTIOMOTY Y
BUKOHAHHI KOHKPETHOi poOOTH Ta ONaHyBaHHS aBTOHOMHHUX HaBYaJbHUX KYpCIB, ILIO
3aBaHTAXYIOThCS Ha MOOUTBHHUM NPUCTPIA CTYyJEHTa, 1O TOBHICTIO MEPEKHHUX
HaBYAJIBHUX KypCiB 3 MPOOJIEMHO OpIEHTOBAHWM MPOTPAaMHUM 3a0€3MedYeHHSIM, IO
(byHKI[IOHYE Ha cepBepi.

BinkputicTh, pO3LMIUPIOBAHICTh, IIBUAKUA PO3BUTOK CHUCTEM  YIPaBIIHHA
MOOUIBHMM HABYaHHAM CIpHUs€ IX 3aCTOCYBAaHHIO Y PI3HUX BUAAX HaBUAIbHOI
JISUTBHOCTI SIK BUKJIAJIaviB, TaK 1 CTYAEHTIB, 3a0€3MeUyIOUd THYUKICTh 1 33JJ0OBUIbHEHHS

HIMPOKOTO KOJIa OCBITHIX MOTPEO.
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MUTUAL LOCATION OF TWO STRAIGHT LINES ON THE LOBACHEVSKY
PLANE IN SUPPORTING ABSTRACTS

Abstract. The report presents reference notes that can be used as one of the tools for learning
the mutual placement of two lines on the hyperbolic plane.

Key words and phrases: reference abstract, teaching, straight line, hyperbolic plane, theorem,
geometry, basics of geometry, distance learning.

Mema monsrae y CTBOPEHHI OINOPHUX KOHCIEKTIB MpPH HaBYaHHI Te€OMETpil
JloGaueBChKOTO CTYACHTIB HaBYAIbHUX 3aKJaJiB BHUINOI OCBITH TPH JOCIHIIKEHHI
B3aEMHOTO PO3MIILIEHHS ABOX MPAMHUX Ha TinepOOIiyHINA TIONINHI IS BIPOBAIKEHHS B

HaBYAJIBHUHN MPOIIEC Y 3aKJIaIaX BUINOI OCBITH B yMOBaX JMCTAHIIITHOTO HABYaHHS.

Bzaemmue posmimennsa 0e6ox npamux na naowuni Jlooaueeckozo.

I'eometpis JloGauerchkoro (abo rimepOosiuHa reomeTpiss ) TPYHTYEThCS Ha
akciomax [—IV rpymn akciom abconmoTHOT reomeTpii + Akcioma JIo6ayeBChKOTO.

Yepes TOUKy, KA HE HAJIEKUTH J0 TaHOT TPSAMO1, B TUTOIIUHI,

sKa BU3HAYAETHCA HUMH, MOXXHA IMMPOBCCTH HC MCHIIIC ABOX

npsAMUX (MPUHAWMHI AB1 OPsIMi), SIK1 JaHOT IPSIMOT HE MEPETHHAIOTH.

T;. SIxmo AB||CD, T0 icHy€E BICh CUMETPIi IIUX MPSMHUX.
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T». Sxkmo AB||CD, to CD|| AB.
4 3 Toro, Mo AB||CD

J Bick cuMeTpii |1 P € AB

N (MN) Q € CD:
BHyTp. npoMmins £ OPB...
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CynepeuHicThb, 0o .4AB||CD
T;. SIlxkmo AB||CD, CD||MN= AB||MN

O3nauenns. JIpi npsami Ha miomuH1 Jlo6adeBckoro,
SIK1 HE TIapaJIelIbHI 1 He MePeTUHAOTHCS, Ha3UBAIOThCS
Ppo30idchumu a00 HaonapaielbHUMU.
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Ty, JIB1 ipsimi, sIK1 MatOTh CIIUTBHUNA TIEPIICHIUKYJIISP, OyAyTh pO301XKHI.
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[TapanenbHi mpsmi Ha TinepOOTIUHIN MIIONIMHI HE MAIOTh CITUIBHOTO MEPIICHIUKYIIApa

Ts. JIBi po30iXKHI IPsAMI MarOTh €AMHUIN CIUTBHUN IEPIICHIUKYIIP.
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TOYKH OJIHI€T 3 X NpsAMUX (AB) 10 1HIIO0T 30UTBIIYETHCS, SKIIIO 115 TOUKa
BIITAJISIETHCS B1Jl OCHOBU NepreHANKYIsipa ( T. M) B 0OMIB1 CTOPOHHU.
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T,. Binctanb Bix Oyab-aK01 TOUKH OJHIET 3 MapaielbHUX MPSAMHUX 10 1HIIOT
3MEHIIIYETHCS B HAMPAMKY MapaieabHOCTI.
A

T AB || CD, p(P,CD)=PQ, PQL1CD =
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ABOUT THE NECESSITY AND POSSIBILITIES OF DEVELOPING THE
DESIGN SKILLS TO COMPUTER SCIENCE STUDENTS

Abstract. The author substantiates the necessity of developing the design skills to computer
science students, which will be needed for the successful creation of modern, high-quality and
interesting electronic information resources. The work tells about, by studying which topics, it is
possible to ensure the formation of useful theoretical knowledge. In addition, what tasks will be useful
for students during practical and laboratory classes in order to develop the necessary competencies.

Key words and phrases: design, design skills, electronic information resources, electronic

content, digital content, digital materials, computer science students.

B cyuacHoMy iH(popMaliifHOMY CBITI cepe/l BEIMUe3HOI KUTbKOCT1 PI3HOMaHITHUX
JaHUX BUMOTJIMBOTO KOMII IOTEPHOTO KOPUCTyBaya MOXYTh MPUBAOUTH Ta 3aXOMUTHU
JuIIe SKICHO OpraHi3oBaHi Ta IikaBo odopmieHi iHopmaiiitHi pecypeu. s Toro,
mo0 Taki CTBOPIOBATH, iX pO3poOHWMKAM MOTPIOHO poO3BHBaTH B cebe 0COOIMBI
IM3aiiHepChK1 HABUYKH, PUCTOCOBAH1 10 IU(PPOBOTO0 KOHTEHTY Ta 0 BUMOT 4acy.

B HaBuanpHUX TUTaHaX MIATOTOBKU (haxiBIIB 3 KOMIT FOTEPHHUX HAYK, HAIIPUKIIAM]
cepen BHOIPKOBUX KOMITOHEHTIB, OOOB’SI3KOBO MOTPIOHO mependayaTHd BUKIAJTaHHS

TUCIUIUIIH, MiJ 4Yac SKUX 3700yBaui BUIOI OCBITMU BHUBYATUMYTh OCHOBH IU3ANHY
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Cy4acHUX BEOCTOpIHOK, IpadigHOro, THnorpadcbKoro, MyibTUMEIIa AU3alHY, a TAKOXK
PO3BUBATUMYTh HABUYKHU CTBOPEHHS BEOCANTIB Ta 1HIIMX NU(PPOBUX MaTepiaib.

3-MOMDK 1HIIUX BAXJIMBUX TEM, IO CTOCYIOTHCA BEOpPO3POOKH, MPHUHIIUIIIB
caiiToOyayBaHHs, ocoOiMBOCcTe (opMyBaHHA BEOKOHTEHTY, HEOOXIAHO NPUALUIUTH
yBary posrisagy ocHOBHMX BuMor 1m0 skicHoro UX/Ul-muzaitny [9], kputepiiB
Be0’103a0L11Ti, BUBYEHHIO OCOOIMBOCTEH KOHCTPYIOBAaHHS Ta HANOBHEHHS LLIbOBUX
CTOpIHOK (200 JICHAIHTIB), KIIFOYOBUX ACIMEKTIB YCHIIITHOTO CTBOPEHHS CTOPIHOK-BITPUH
[10], a Takoxx mmdpoBux ictopiit [7] 1 mourpiaiB (oBrouutis) [3].

OcTaHHIM YacoM 3HAayHOI MOMYJISIPHOCTI B KypHalicTHll Ta OnorepcTBi HaOyB
KaHp BI3yaJbHOTO CTOPITENIHTY (BCUIAKI TEXHIKM JOHECeHHs 1Hdopmallii B
npuBaOnuBid Bi3yanbHi ¢dopmi) [2, 5, 8]. B cywacHux 1mdpoBux icTOpisx
MOETHYIOThCSl OaraTOMaHITHI MyJIbTUMEIHI €JIEeMEHTH, sIKI TOBUHHI TapMOHIIOBATH Ta
y BC1i CYKYITHOCT1 IPUTaMaHHUX iM BIACTUBOCTEN KepyBaTH yBaroro untaya/risgaya.

3 MOSIBOIO IHTEPAKTUBHUX €JIEKTPOHHUX BHJAaHb 1 HOBUX (OpM KOMYHIKaIlii 3a
nornoMorow Iurepuery 3’sBunack moTpeba dopmyBatu y ManOyTHiX [T-¢axiBiiB
Mefiaan3aifHepcbke 6aueHHs MpU po3poOill Ta 3MICTOBOMY HAaNlOBHEHHI CTBOPIOBAHUX
HUMU OUGPOBUX MaTepianiB. BuBuaroum A0CBI 3HAHMX OU3aWHEPIB, MOCIIKYIOUU
HOBITHI TEHJACHLII MeAlaau3aiiHy Ta TNPAKTUKYIOUUCh Y TMPOEKTYBAHHI PI3HUX
€JIEKTPOHHUX 1H(GOPMALIHHUX PECYPCIB, € MOXIMUBICTh JOCATTH YCHIXIB Y PO3BUTKY
MOTPiIOHUX KOMIIETEHTHOCTEH.

TeopeTnuHa MIATOTOBKA CTYAEHTIB-KOMII IOTEPHUKIB IOBHHHA TO€JHYBAaTU
BHUBUYCHHS SIK Cy4YaCHMX TEHJICHIII BeOPO3pOOKHU il TpeHAIB Au3aliHy [HTepHET-pecypciB,
TaK 1 MUTaHb, MOB’A3aHUX 3 JOCIIIKEHHSM OCHOBHUX MOJIOKEHBb TPa(IuHOro IU3aiiHy,
0COONMBOCTEW MyIbTHUMEAINHOTO W aHiMamiiHoro (a0o MOyIIH) [u3aifHy, IO

CTBOPIOETHCS 13 3aCTOCYBAHHSAM KOMIT IOTEPHUX TEXHOJOTINA, JOPEYHUX MOpaja II0J0
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BUKOpUCTaHHA BeOTumnorpadixku [4] Ta # 3aragom cnenudiku auU3aifHy BCHOTO
ICHYI0YOT0 P13HOMaHITTS 00’ €KTiB [HTEpHET-IpOCTODY.

Jlyxe BaxJiuBUM € 100ip 3aBJaHb, L0 MPOIMOHYBATUMYTHCS [JIsi BUKOHAHHS
CTyJIEHTaM 3 METOIO0 MiJABUIICHHS PIBHs iXHBOI MaiicTepHOCTI. KoMIuiekcHI TeMaTU4H1
3aBAAaHHS KpIM PO3POOKH MPOEKTIB €IEKTPOHHUX MyOsiKaIliii pi3HOTO MpU3HAYEHHS,
JEHAIHTIB, TU(POBUX MYIbTUMEIIMHUX ICTOpPiM, MOBroYMTIB, 1H(MOTrpadiuyHUX
MaTepiaiaiB, TPOTOTHUIIB BEOCAUTIB 3 eleMeHTaMHu 1HTepdeicy ToImo, MOBUHHI
JIOTIOBHIOBATHCh 3aBAAHHSMU IO JOCJI/DKEHHIO HOBITHIX TEXHOJOTIH, ¢dopmaTiB
MOJAaHHS EJIEKTPOHHOTO KOHTEHTY Ta TMEpPCIEeKTUBHUX METOMIB/IPUHOMIB HOTO
Bi3yanizaiii [1, 6], a Takok (YyHKIIIOHATLHUX MOXJIMBOCTEH MOMYISIPHUX MPOTPaAMHUX 1
Be03aCTOCYHKIB, 3a JIOMOMOTOI0 SKHX MOXHa KOHCTPYIOBaTH CcydacHl IM(poBi
MaTepiam.

Jyxe HenpocTo BeOpo3poOHHMKAM B YacH JTWHAMIYHOTO PO3BUTKY 1HGOpMAIliitHO-
KOMYHIKAI[IHHUX ~ TEXHOJOTIA 1 I[IBUAKO3MIHHMX  yHOJ00aHb  KOMII FOTEPHUX
KOPHUCTYBa4iB 3aBXIM OyTH B Kypcl BCIX CyYacHHX TEHJIEHIN 1H(opmaIiiHoro
IU3aiiHy 3arajoMm 1 BeOau3aiiHy 30kpema. Ane mo0 OyTu 3aTpeOyBaHUM Ha PUHKY
mpaili, TOTpiOHO HaMaraTuch BCTUTATH OMAHOBYBATH BC1 HEOOX1IHI 3HAHHS T4 HABUYKH,
1 mepeayciM Mooux (axiBiiB HUMU MalOTh 3a0€3MMEUNTH 3aKIaql BUIOT OCBITH.
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PECULIARITIES OF USING SMART-TECHNOLOGIES IN TEACHING
MATHEMATICS IN STEM-EDUCATION

Abstract. We consider software in teaching mathematics in terms of STEM education. We
analyze the areas of application of mathematical and general purpose programs in teaching
mathematics.

Key words and phrases: STEM-education, software, teaching mathematics.

Ha cydacHomy erarmi rio6anbHUX 3MiH B 1H(GOpPMAIIHHOMY CYCHUTBCTBI HaOupae
o0epTiB Tpern STEM-ocBiTu. BoHa oxommtoe mpupoaaudi Hayku (Science), TeXHOJIOT
(Technology), Texuiuny TBopuicTh (Engineering) Ta matematuky (Mathematics).

AHai3 HayKOBHX JOCIIKEHb CBIIUUTH, 0 B YKpaiHi € HEOOXiqHI MepeayMOBU
mis  ¢dopmyBaHHS HOBoro iHQopmaiiiiHoro cycminberBa. lle HaykoBl 3100yTKH
BITUM3HSAHUX HaykoBliB B. bukoBa, €. Binnmuenka, O.I'pu6’roka, P. I'ypeBuua,
A. T'ypxis, M. XKannaka, M. Kanemii, M. Kossipa, H. Mopse, O. Cmipina, 1O. Tpuyca ta
IHIIKX. Pe3ynbratu J0ciKeHb HayKOBLIB CB1IYaTh, 1110 TEXHOJIOT 1, sIKi Oa3yBayivcs Ha
iHpopmaIrii, TpaHCPOPMYIOTBCA Yy TEXHOJOTII, sKi OyAyTh O6a3yBaTuCsA Ha B3a€MOJII Ta

3HaHHAX.
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KitouoBumu acnexkramu STEM-minxoay B ocBiri € [3]:

— 1HTeTpalisi B €IMHY MapaJurMy 3MICTy Ta METOIOJOTIl MPUPOAHUYMX HAYK,
CydyaCHHUX TEXHOJIOTiM, 30Kkpema i1H(OpMaIiIMHUX, 1HXEHEPHOTO [u3aiHy Ta
MaTEMaTUYHOTO IHCTPYMEHTAPIIO;

— KOHCTPYIOBaHHS HaBUaJbHUX IUIAHIB 1 TPOrpaM Ha MDKIUCHUILITIHAPHUX
3acajax;

— IHTerpOBaHE HaBYaHHS BIMOBIIHO 10 MIEBHUX TEM, a HE OKPEMUX JTUCIIUILIIH,

— 3aCTOCYBAaHHS KOTHITUBHHMX 1 COIllaJIbHUX TEXHOJIOTiM, a TakoX TpaHchepy
3HaHb;

— HaBYAHHS HA peaIbHUX TEXHIKO-TEXHOJIOTIYHUX, EKOHOMIYHHUX 1 COIIaJIbHO
3HAYyHIUX MpobieMax;

— aKUEHT Ha KOMIJIEKCHOMY (POpMYBaHH1 HAYKOBOT'O Ta 1H)KEHEPHOI'O MUCJICHHS.

Jns nmoBHO1 peanizauii STEM-niaxoay cCTBOpIOIOTH cCrHelliajli3oBaHl HaBYalbHI
kabivetn 1 STEM-mabGopartopii. 3 HaWOUIBIT TOMIMPEHUX 3ac00iB HaBYaHHS IS
sniicHenHss STEM-HaBuaHHA €  KOHCTPYKTOpHU, POOOTO-TEXHIYHI  CHUCTEMH,
BUMIPIOBaJIbHI KOMIUIEKCH Ta JaTYUKH, JTaOOpaTOPHI MPWIAAH, €IeKTPOHHI MPHUCTPOI
(3DmpunTepu, kKoMm'roTepH, MUGPOBI MPOEKTOPH, MPOCSKIIIHHI €KpaHH PIZHOMAHITHHX
MOJIeJIel, KOMi-OIIKH, IHTEPAKTHUBHI TOIIKH TOIIO), Smart-TeXHOJOTi.

OcoOmuBoro  ¢opmoro  HackpizHoro STEM-HaByaHHS €  IHTErpOBaHi
YPOKH/3aHATTS, $KI CHOPSMOBaHI Ha BCTAHOBJICHHS MUDKIPEIMETHHX 3B ’A3KIB, IO
COpUsOTh (HOPMYBaHHIO B YUYHIB/CTYACHTIB IIUIICHOTO, CHCTEMHOIO CBITOTJISNY,
aKTyai3aiii 0COOMCTICHOTO CTaBIEHHS JI0 MUTaHb, 110 PO3TISJAI0THCS HA 3aHATTI.

[HTerpoBaHi ypOKH/3aHIATTS MOKYTh MIPOBOJAUTHCH IBOMA IUISXAMHU:

o yepes 00’ €THaHHS CX0KO01 TEMATHKH KUTbKOX HaBYAIbHUX JUCIIHUILTIH;
. yepe3 (GopMyBaHHS IHTEIPOBAHMX KypCiB NUIAXOM OO’€qHAHHS HaBYaJbHUX

mporpam TaKux JUCITUTUTIH.
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Opgaum 13 HanpsimiB STEM-ocBiTH € HaB4YaHHS MaTEeMaTUKH Y TICHOMY
B3a€EMO3B 53Ky 3 1H(POpMATHKOIO. BHKOpHCTaHHS CHENiaJbHOTO MPOTPaMHOTO

3a0e3MeveHHs y HaBUaHH1 MAaTEMATUKH € OJHUM 13 IIUISIX1B PO3B’SI3aHHS TaKoi 3a/1a4i.

Ilpoepamne 3abe3neuenns
V HAGUAHHI MAMEMAMUKU

Iipocpamu,
cepsicu 0
CMBOpEHHS

iHoepaghixu

|

Cucmemu Hpoepamu Smart Odicni
Komn 'tomepHoi OUHAMIYHOT Learning npocpamu 3
Mamemamuxy Mamemamuxy Suite 06’ exmamu
Smart-art
4 G

Maxima, f Geogebra, N Smart MS Word, Google Docs,
Maple, Cabri 3D, Notebook, MS Excel, Ease.ly,

Mathcad, Gran, Smart Lab, MS Power Infogr.am,
Matlab, Advanced Smart Point Piktochart.co
Smath Grapher, Respons, m, BlueGlass

studio ma Cinderella SLS online ma iHwii

IHwWL ma inwi
— AN J J /

Puc. 1. Komn’totepHi 3acobu Bizyaiizallii MaTeMaTH4HUX 3HaHb B cucteMi STEM-
OCBITH
VY pamkxax STEM-naB4yanHs mporpamul A MIATPUMKHA HABUYAHHS MaTeMaTHKU

PO3AUIAIOTh Ha J1Ba KJIACTEPU: MPOrpaMud MaTEeMAaTHYHOIO 1 3arajbHOr0 MPU3HAYECHHS
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(puc. 1). Jlo mnporpaM MaTeMaTHYHOTO TPU3HAYCHHS BIAHOCATHCS: CHUCTEMHU
KOMIT FOTEpHOI MaTeMaTHKH 1 TPOrpaMu AUHAMIYHOT MAaTEMATHUKH.

Y nmocnimkenHi [4] OUIbII AETaTbHO PO3TJISHYTO 3aCTOCYBaHHSA 3a3HAYCHUX
MporpaMm y HaB4aHH1 MaTEMaTUKH.

Jlo mporpam 3aranbHOTO Npu3HadYeHHs MU BimHocuMo: 1) SMART Learning Suite;
2) odicui mporpammu 3 o0’ektamu SMART-ART; 3) mporpamu st CTBOpPEHHS
iHporpadiky.

Ho cxnany SMART Learning Suite (cmemianizoBaHe mporpamHe 3a0e3redyeHHs
JUTSI IHTePAaKTUBHOI TOIIKH ) BXO/HTh:

. SMART Notebook (enexTpoHHHI 3aMMCHUK)— MporpamMHe 3abe3nedeHHs
JUIS CTBOPEHHS IHTEPAaKTUBHUX 3aHsTh, omnopHuX koHcmekTiB. SMART Notebook
IHTETPYETHCS 3 IEPCOHATLHUMU MTPUCTPOSIMH.

. SMART LAB — KOHCTpYKTOp 3aHSITh /Jis CTBOPEHHS IHTEPAKTHUBHHUX
3aBJIaHb 3 €JIEMEHTAMH TPH, Y TOMY YHCII 1 3 BUKOPUCTAHHIM MEPCOHAILHUX TTPUCTPOIB.

. SMART Respons 2 — xmapHe pilieHHS AJ CTBOPEHHSA 1 MPOBEICHHS
TECTYBaHHA 3 BUKOPUCTAHHAM MEPCOHATBLHUX MPUCTPOIB.

. SLS online — xmMapHa ocBiTHS miatopMa A CHIbHOT pOOOTH yYaCHUKIB
HaBYaJIHHOTO MPOILIECY.

Odicui mporpamu 3 00’ektamu SMART-ART — me texcroBuit 1 TaOIuYHMIA
MPOLIECOPH, MMPOTrpama Jijisi CTBOPSHHS ITPE3CHTAIIli.

[ndorpadika — 1e TexHOJIOTIS Bi3yaJIbHOTO MOJaHHA 1HGOpPMAIlli PO MPEeAMETH,
BKJIFOYAIOYM B3a€MO3B’SI3KM MK HUMH, 00pa3HO0 MOBOIO rpadiku. s i cTBopeHHS
ICHYIOTh cepBicu, cepen skux: Vizualize, Google Developers, Easel.ly, Piktochart,
Infogr.am, Venngage Ta iH1i.

OTxe, BUKOPUCTAHHS Smart-TeXHOJIOT1 y HaBYaHHI MaTeMaTHKH BBa)Ka€MO

CYyTT€BUM KpoKOoM Yy cTBOpeHHI STEM-0opieHTOBaHOTO OCBITHBOTO CEpPEIOBUIIA,
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OCKUIBKM 1X (PYHKIIOHATbHA MIATPUMKA CHPHUATHME: 3a0€3MEYCHHI0 KOMYHIKAIl MIXK
cy0’€KTaMM OCBITHBOTO TIPOIIECY, IX JOCTYNy [JO PI3HUX JDKEpel JaHuX,
MDKIACIUIUIIHADHAM 3B s3KaM, JOLIIBHOMY  BHUKOPUCTAHHIO KOMIT FOTEPHO

OpIEHTOBaHUX 3aC001B HABUYAHHS.
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SOME ASPECTS OF DISTANCE LEARNING OF STUDENT IN A CONDITION
PANDEMIC

Abstract. The article is devoted to the analysis of some aspects of distance learning. The
pandemic has led to the active use of distance learning technologies. The experience of their
implementation in the future should be the basis for the development of innovative teaching methods,
increase the efficiency of the educational process and improve information and resource provision.

Key words and phrases: pandemic, distance learning, internet technology, information
resource provision.

11 Gepesns 2020 BcecBiTHS opranizaiiss OXOpOHH 3I0pPOB’S OTOJOCHJIA IIPO
cnanax kopoHaBipycHoi iHpekiii COVID-19, tak six BoHa oxomuia OUIBIIICTh KpaiH 1
BC1 KOHTUHEHTH [2].

[langemMis HEraTMBHO BIUIMHYJA Ha BCi c)epU CYCHUILHOTO JKUTTSA, HE OMHUHYJA

BOHA TAaKOX ICHYIOYl CHCTEMH OCBITU B ycboMy CBiTi. B Ykpaini MiHicTepcTBO OCBITH 1
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HAayKd PEKOMEHJIYBajlO YKpPaiHChKMM HaBUAJbLHUM 3aKjaJlaM, 30KpeMa, 1 3akKiagaM
Bumoi ocBitd (3BO) opranidyBatv mepexiJg Ha 3MilllaH1 Ta JUCTAHIIWHI (PopMu
HaBuaHHsA. 3BO Oyno mopydeHo 3a0e3MeuuTH peanizallilo HaBYAIbHUX MpPOTpaM Y
MOBHOMY 00’€Mi.

B nocnimkeHHsX, NPUCBAYEHUX aHANI3y AUCTAHIIMHUX TEXHOJOTIH HaBYaHHS,
3a3HAYAETHCS, IO Il TEXHOJIOTIi MOBWHHI PO3IIAAATUCS 1 BUKOPUCTOBYBATHUCS SK
edeKTUBHE JOMOBHEHHS 0 TPAJUILIMHUX METOAIB, MPH IIbOMY HE 3aMIHIOIOYHU BCI IHIII
MeToau 1 popmu HaBuaHHA [1, 3, 4].

ExcrpeManpHuii mepexii BHUINOI OCBITM B JUCTAHIIMHUM PEXUM B yMOBax
MaHeMii CTBOPUB YHIKaJIbHY CHUTYaIlil0, KOJIU caMe JUCTAHIIHHI TEXHOJOT 1l BUSBUIUCS
€IUHOMOXJIMBUMU JO BHUKOPUCTAHHSI. TOMYy pO3IJIIHEMO ¥ OIIIHUMO OCHOBHI
MO>KJIUBOCTI, IEPCIIEKTUBH Ta MPOOIEMHU AUCTAHI[IHHOTO HABUYAHHS.

OCHOBHMMHU TI€peBaraMu IMCTAHIIMHOTO HABYaHHS €:

- TEXHOJIOTIYHICTh — JAHWCTAHI[IHHE HABYaHHS 3 BUKOPUCTAHHIM CYYaCHHX
MpPOrpaMHUX 1 TEXHIYHUX 3aCO0IB CHpHsE MiJBUIIECHHIO €()DEKTUBHOCTI €IEKTPOHHOTO
HaBYaHHS,

- IOCTYIHICTh 1 BIAKPHUTICTh HAaBYAHHSA — MOXJIHMBICTh OpTaHi3yBaTH HaBUaJbHUN
MPOoLIEC, 3HAXOATYNCH Yy OYyIb-IKOMY MICII1 3¢MHO1 KYJIi, Ie € KOMIT t0Tep Ta [HTepHeT;

- IHAWBiIyaJbHUN XapakTep HaBYAaHHSI — JUCTaHIIMHE HABYaHHA € OUIBII
rHydkuM. CTyJIEeHT Ma€ MOXJIMBICTh BU3HAYATH TEMIT HABYAHHS, MOXKE MMOBEPTATHUCS TIO
KUTbKa pa3iB 0 OKPEMHUX TEM 1 PO3IAUIIB i1 OUIBII IOTJIMOJICHOTO BHBUYCHHS,
IHTEHCUBHICTb 1 TPUBAIICTh 3aHATTS,

- XapakTep HaBYaJIbHOTO MaTtepiany. HaBuanbHi MaTepianu MOBHMHHI BpaxOBYBaTH
3HaYHYy YacTUHY CTYACHTIB, SKI MarlOTh HEBENIUKUU AOCBiA (abo B3arajai HE MalOTh)
JTUCTAHI[IMHOTO HAaBYAHHS.

OCHOBHMMH HEIOJIKaMU ITUCTAHIIHHOT (OpMH HAaBUAHHS €:
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- BIICYTHICTb 3BOPOTHOTO 3B’SI3KY, IPSIMOIO CIUJIKYBaHHS 3 BUKJIa/layeM;

- TeXHIYHI HeTapas3[Iy IMiJ 4Yac IUCTAHLIMHOI poOOTH Yy 3B’SI3KYy 3 TEXHIYHOIO
HErOTOBHICTIO [HTepHET-pecypciB 10 BETUKOTO HABAaHTAKEHHS B MEPi0 MaHAeMii;

- HEOOXIHICTh TMEePCOHAIBHOTO KOMIT'IOTEpa 1 JOCTYMy 10 Mepexi [HTepHer.
JluctaHiiiiHe HaBUYaHHs Tiependayae 3a0e3MEYeHICTh MOCTIMHOTO JAOCTYNY 0 JDKEepel
iHpopmaIrii, 1oOpoi TeXHIYHOT ocHameHocTi. OHaK HE BC1 CTYJEHTH MalOTh KOMIT IOTEP
1 noctyn ao [HTepHeTY;

- mpoOrema MIATBEPIKEHHS OCOOMCTOCTI KOpHCTyBadya IIPpM HAaBYAHHI Ta
MepeBipIIi 3HaHb;

- HEOOX1THICTh HASBHOCTI L1JIOT HU3KH 1HAUBIYaTbHO-TICUXOJIOTTYHIX yMOB. Jliis
JAUCTAHLIMHOTO HAaBYaHHS HEOOXIJHOIO YMOBOIO € OPCTKAa CaMOAMCLHMILIIHA, a HOro
PE3YNbTAT MOBHICTIO 3QJICKUTH BiJ] CAMOCTIHHOCTI Ta CBIIOMOCTI CTY/ICHTA,

- BUCOKa TPYJOMICTKICTh PO3pOOKH KypCiB AUCTaHIlITHOTO HaBuaHHsA. [Ipobiema
PO3pOOKH SKICHOTO HaBYAIbHO-MATEPIaIbHOTO 3a0e3MeUCHHS TUCTAHIIIMHOTO HaBYaHHS
nepeadayae KOMIUIEKCHUM MIIX1] MpoTrpaMicTa-MeToaucTa, ¢axiBisd B ramdy3l IHTEpHET-
TEXHOJIOT1, KOMIT'IOTEpHUX KOMYHIKalliii, a TakoXX BUKIagaya, (axiBisgd B Taiysi
Cy4aCHHUX TICUXOJIOTO-TIEAArOr YHUX TEOPiil 1 TEXHOJIOT1H;

- HeIOCTaTHS KOMIT'IOTEPHa TPAMOTHICTb CTYIEHTIB, BIICYTHICTb JOCBIAY
JTUCTAHI[IHHOTO HABYAHHS,

- HeJIOCTaTHS PO3BUHEHICTh 1H(OPMAIlIITHO-KOMYHIKAIIMHOT IHQPACTPYKTYpH;

- mpoOJiemMa MiAroTOBKH KaapiB. ExcTpeHuii mepexia 10 AUCTaHIIMHOTO HaBYaHHS
MPOJIEMOHCTPYBAaB HETOTOBHICTh 0araThOX YYaCHHMKIB HABYAJIBHOTO TMPOIECY O
BIIPOBA/DKCHHS 1 CHOPUUHATTA HETPAAMIIIMHUX LHUPPOBUX MeToaiB HaBuaHHs. Lle
MOSICHIOETHCSI SIK BIJICYTHICTIO HEOOXITHUX «IM(PPOBHUX» KOMIIETEHIIIH, TaK 1 CIaOKUM
TeXHIYHHM 3a0€3MeUCHHSIM HOBHUX «poOoumx Micup» [3]. BBeaeHHS AMCTaHIIHOTO

HaBYaHHA Mepeadadae JOJATKOBI BUMOTH 10 MIATOTOBKH KapiB, B TOMY YHCIi, IO
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mudepenmianii HaByaHHSA. JlaHMW MIAXiT Mae€ CBOEK0 OCHOBOIO BpaxyBaHHS
NICUXOJIOTIYHOTO HACTPOIO 1 IICHMXOJIOTIYHUX OCOOJMBOCTEH CTYIEHTIB, a TaKOX
(dbopMyBaHHS KyJIbTYPH MEPEKEBOI KOMYHIKAIIi.

Boanouac, pa3zom 13 o4eBHAHMMHU TpoOieMaMu 1 HEJOJIKaMH, HOBHM (opmar
HAaBYaHHS Ma€ IIUPOKUN CHEKTP MOXKIMUBOCTEM 1 TMEPCNeKTUB JUIS 3MIHHA 1
BJIOCKOHAJICHHS OCBITHIX cucTeM [1].

B mneparoriyHiii miTepaTypi AMCTaHUIMHE HAaBYAHHS BU3HAYAE€THCS SAK IE€BHA
opraHizaiisi HaBYQJIbHOI MISTIBHOCTI 3 BUKOPUCTAHHSAM JTUCTAHLIMHUX OCBITHIX
TEXHOJIOT1M, 10  Tepeadadae  BUKOPUCTAHHSA  1HGOPMAIIITHO-KOMYHIKAIHHOT
iHGpacTpyKTypu nns mepenadl iHdopmalii W OmocepeaKoBaHOi CHUHXPOHHOI abo
ACUHXPOHHOT B3a€MO/IIi CTYJICHTIB 1 ME€IarOT1YHUX MpaIliBHUKIB [3].

Jlis BUKIaJaya CWJIbHA CTOPOHA OHJIAWH-KYpPCIB TMOJIATA€ Yy MOXJIMBOCTI
CaMOBHMpaXXCHHsI, B Iepe/ladl CBOrO AOCBiY CTYJIEHTaM; Ui CTYACHTIB — Y JOCTYITHOCTI
HAaBYaHHS, y MOXJIMBOCTI MIABUIMUTH KBamidikaimito, HaOyTH HOBI KOHTaKTH JIs
CHiBIIpalli y MaiiOyTHbOMY.

Jlns  3miiiCHEHHS JOWCTAHI[IMHOTO HAaBYaHHS BHKJIAJad IIOBUHEH BOJIOHITH
AKTUBHUMHU METOJIaMHU HABYaHHS 1 JOTIOMaratv CTyAeHTaMm (opMmMyBaTH BIIACHI CTHII
HAaBYaHHSA B OHJAWH-PEXHUMI, OBOJOIIBATU MOXKIUBOCTAMH IUTATHOPMH OHJIAMH-
HaBYaHHS 1 HEOOXITHUM MPOTpaMHUM 3a0€3MeUYeHHSM, O0JIaTH TPYAHOIIl 1 Oap’epu
€JIEKTPOHHOT'O CHUIKYBaHHS. [ e(heKTUBHOTrO ynpaBiIiHHS OHJIAWH-KYpCOM BHKJIaIadi
MOBUHHI BUKOPUCTOBYBAaTH I1HCTPYMEHTH CTHUMYJIOBAaHHS CTYACHTIB [0 BHUBYCHHS
KypCy, BUXOBYBaTH Y HHUX IUCIUIUIIHY W HAaBUYKH JOTPUMAHHS CTPOKIB BUKOHAHHS
3aBllaHb, 3/1ICHIOBAaTH CBOE€YACHE OIIIHIOBAaHHS CTYJIEHTCHKUX poOIT 1 HajJaBaTH
OTIEpaTUBHUI 3BOPOTHIH 3B S30K.

OTxe, MOXHa 3pOOWTH BUCHOBOK MpO Te, IO OTPUMaHHS 3HAaHb B YMOBax

JTUCTAHI[IMHOTO HaBYaHHS MOCUThH CKiaaHuil mpouec. Ilig wac amanranii BukiIamadi
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MOBUHHI 3aCBOITH OCHOBH JUIsl MOKJIMBOCTI HAaBYATH, a CTYJAEHTH — JJIS MOKJIMBOCTI
HaBuatucsa [4]. llle ogHuM HampsMKOM y BUPIIIEHHI aHOi MPOOJIEMH € MIArOTOBKA
HaBYAJIBHUX 3aKJIJIB JJIs1 BIPOBAKEHHS 1H()OPMAIIfHO-KOMYHIKAI[IHHUX TEXHOJIOTIH,
a TaKOXX PO3BUTOK OCBITHIX iaTdopm. B 11bOMy pasi AOLIIBHUM € CTBOPEHHS €IUHOTO
JTUCTAHI[IMHOTO  OCBITHBOTO  CTAHAAPTY: €JEKTPOHHI mIat@opMu, METOAWYHI
pEeKOMeH/Iallii, HaBYaJIbHI MOCIOHUKH, a TAKOXK Pi3H1 KOMIUIEKCH 1 nmporpamu. CyTTeBUM
BKJIJl Y PO3B’s3aHHs JaHUX MpoOJjeM MAaTHUMYTh HOBOBBEJEHHS M 1HHOBAlii B raimysi
TUCTAHIIHHOTO HaBuYaHHA. JIJIsi bOrO HEOOXIMHO MPOBOJUTH HOBI JOCTIDKCHHS B
rajiy3l BUKOPUCTAaHHS 1H(QOpPMALIMHUX TEXHOJOT1M y TMeaaroriii, BHBYAaTH BIUIMBU
iHpOpMaLIHHUX TEXHOJOrl Ha MeJaroriky B LUIOMY, a TaKoX Ha BHKIagadiB i
CTYJCHTIB.
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SCRUM-METHODOLOGY AS A MEANS OF CREATING AN EDUCATIONAL
ENVIRONMENT

Abstract. We considered the problem of organizing an appropriate educational environment for
future professionals in the field of information technology. In order to ensure the compliance of the
educational environment with the requirements of today, the introduction of the scrum methodology
into the educational process was considered. As a result, we have formed tasks that solve this approach
to the organization of the educational environment..

Key words and phrases: Agile, Scrum, project learning technology, soft skills, Scrum board,
Burndown chart.

OCHOBHOI0O BUMOTOI0 CHOTOJCHHS J0 CHCTEMH BHILOI OCBITHM € THYYKICTh Ta
HMIBUIKICTh peakilii Ha MOCTIHHO 3MiHHI BUMOTU A0 MaiiOyTHix (axiBiiB. JJo daxiBiiiB
rany3i [T nuTanHs mBHAKOI aganTalii 40 HOBUX BUMOT MOTEHIIHHUX pPOOOTONABIIB €
HAJ3BUYAHO aKTyaJIbHUM, OCKUIBKM 3MIHHUMH € caMi iHdopmalliiiHi TexHomnorii. Jis
BUPIIIEHHS TaHOI MPOOJIEeMU MOIUILHO CKOPUCTATHUCS TOCBIIOM IMPOBIAHUX TPaBIliB Ha
pUHKY TOBapiB 1 mocayr — Amazon, Google, Intel, Facebook, Microsoft, Toyota, Uber ta
IHIIKX, AKl Yy CBOiX ycmixax 0arato B 4oMy 3aBasuyioThb Agile-nigxony, ciMeilcTBY
METOJIONIOT1M, sIKI JAONOMAaraloTh He JIMILE CTBOPIOBATH, ajie ¥ BYACHO pearyBaTh Ha
3MIHU y HecTaOlIbHOMY cepenoBuii [3].

3nilicHuBIIM AedIHITUBHUN aHali3 JABOX HAWOUIBII MOMYJISIPHUX METOMOJOTIN
THYYKOi po3poOku mpoaykTy Scrum i Kanban, Hamu Oyio 3p06ieHO BUCHOBOK, 1110 CaMe
M dYac 3acTOCYyBaHHSA Scrum-MeTOJOJOrii B OpraHizaimii HaBYAJIBHOTO IMPOIECY
MaiioyTHixX ¢axiBui ranysi [T OynyTs Halikpaiie ¢popmyBaTucs BianoBigi hard ta soft
skills, sxi € HeoOXimHUMHM came choromHi. CiiJ 3a3HAYMTH, IO JAHUH IIAX1A HE €
HOBUM. BK/IIOYEHHIO B OCBITHIO CHUCTEMY LbOrO MIJXOJYy OCBITSHHM 3aBAS4yIOTh Bimmi
Biitnanacy — Buurtemo ximii Ta ¢iduku 3 Himepnanais. Bin € iHimiatopom i
3acHOBHUKOM EduScrum, i cmiB3acHoBHUKOM BcecBiTHbOI iHIIaTUBU «[ Hyukuil B

ocBiti» [1]. EduScrum — 1ie MeTomonorisi, B paMkax sIKOi CTYJI€HTH BUPILIYIOTh CKJIa/Hi
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IMHAMIYHI TTpoOIeMHU, B TOM >K€ 4Yac IUIIIHO 1 TBOPYO JOCSATAlOYM LUJICH HaBYaHHS 1
PO3BUBAIOYMCH OCOOUCTICHO [2].

He3Bakatoun Ha Te, 1m0 Tema BHpoBajkeHHs Agile-mMeTononoriii B OCBITHIN
MPOLIEC € aKTyaldbHOI0 Cepell 1HO3eMHHX 1 BITYM3HAHMX HAYKOBI[IB HE OIUH pIK, B
iHbOpMaIIHHUX JpKepenaxX BIACYTHA 1H(pOpMaIlis caMe IPaKTUIHOTO Xapaktepy. Tomy,
B MeXaxX JaHUX Te3 JOIMOBiAl, HAMW HaBeJAEHO Mpukian 3actocyBaHHsS EduScrum-
METOJIOJIOTII ITi[ Yac BUBYCHHS TAKUX IUCIHUILIIH K «basu manmx», « Web-nu3aiin Ta
web-niporpamyBanHsi» 1 «TexHomnorii po3poOKu Ta TECTyBaHHS MPOTPAMHOIO
3a0e3nedeHHs». BiamoBimHO A0 OCBITHROI mporpamu «IHXeHepis MpOrpaMHOIO
3abesneueHHs» OC «OakanmaBp» AaHl OUCHUIUIIHM BHUBYAIOTHCS MPOTITOM OJHOTO
cemectpy. lle mae MOXIHMBICTH CTyJEHTaM Il 4Yac MPAKTUYHUX 3aHITH PO3POOUTH
MOBHOI[IHHUN TMPOEKT, MPAIlOI0YU B MaJIUX CaMOPO3BUBAIOUUX TpymHax, A€ BHKIAAady
BIIBOIUTHCA poib abo ScrumMaster, abo Product Owner. Lleii BuOGip 3amexuTh BiX
PIBHSA CaMOCTIHHOCTI KOKHOI CTBOpeHOi koMaH 1. OpraHizyBaBIlIi HaBUYaJIbHUN TIPOLIEC
came TaKMM YMHOM, OyJI0 BUPIILIEHO TaKi 3aBJaHHS:

e BIIPOBA/DKCHHS IPOCKTHOI TEXHOJIOT1i HAaBYAaHHS, IO BIAMOBITA€ BUMOTaM

poOOTOIABIIIB Ta € TOYATKOM (POPMYBaHHS MOPTQPOIIO CTYICHTIB,;

e 3AIMCHEHHS TICHUX MDKIPEAMETHUX 3aB’sI3KiB. 3ayBaKMMO, IO 11 3B’SI3KH

BUXOJSTH 32 MEX1 BKa3aHUX JUCHUIUIIH. BpaxoByroun BUMOTry poOOTO/IaBIIIB
IT ramy3i momo piBHS BOJIOAIHHSA AaHTJIMCHKOI0O MOBOIO — BCS MPOEKTHA
JOKYMEHTAIlIsl BEIEThCS caMe HEIO;

o po3BUTOK Takmx soft skills: pobGora B KOMaHmi, BIAMOBIAANBHICT,

KOMYHIKaTUBHI HaBUYKH, HABUYKU TallM-MEHEHKMEHTY, JIIIEPChKI HAaBUYKH,
BOJIOJIIHHS TEXHIYHOIO 1HO3€MHOIO MOBOIO TOIIIO;

o (QopMyBaHHA BIAMOBITHUX 3araJIbHUX Ta (PaXOBUX KOMIIETEHTHOCTEH;
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e OTpPUMaHHS HaBHKIB pPOOOTH 3 TMPOTpaMHUM 3a0€3MEUEHHAM 32 YMOB
BifyiajieHoi poOOTH Haa CIUTBHUM TPOeKTOM. JlocuTh Benmmka KiuTbKicTh IT
¢daxiBUiB TpalioBajia BiAJaJeHO 1 J0 TMaHAeMil, ajie paHille MNUTaHHS
oprasizairii KOMaHJHOT poOoTH y pexkumi online B 3akiafax BUIIOT OCBITH HE
BUHUKaI0. Hapasi e ctamo HeOOX1AHICTIO, IO AAJIO MOMITOBX J0 OTPUMAHHS
HaBHUKIB poOOTHM 3 TakuMmu cepBicamu sk Microsoft Office 365, 3okpema
Microsoft Teams a6o Google, 30kpema Google Meet ta Classroom ToIIIO.
Hamu Oyno oGpano Microsoft Teams ta momatok Trello a6o Miro, sxuii
BUKOPHUCTOBYBaBCs y siIkocTi ScrumBoard;

o BuKopucTaHHsS Scrum Board, sk wmotuamiiinoro ¢aktopy. OcoOIuBICTIO
Scrum-MeTomoJ10Tii € po6oTa mo Sprint, 16 OCHOBHHMH apTedakTaMu € Scrum
Board 1 Burndown chart. Scrum Board — me iHCTpyMeHT BIOKpUTOI
JEMOHCTpAllii CTaHy MOTOYHOI poOOTH Scrum-KOMaHIH, sIKa CKJIAJA€ThCS 3
TPHOX KOJIOHOK: «3pOOHTH», «B Mporec», «3pobdaeHo». Burndown Chart — 1ie
Jiarpama, 1o JeMOHCTPYE KUTbKICTh 3p00aeH01 poOOTH 1 Ti€l, M0 3aJuIIuIacs
BIIHOCHO 4Yacy Ha po3poOKy MpoeKkTy. Taka IoJeHHa Bi3yaii3allis mpouecy
PO3po0OKH 3a0e3reuye MOTUBALIIIHY CKIIAJOBY.

e 3aHYPCHHs CTYJICHTIB Yy CEpEIOBHINE, SKE HAOMMKCHE 10 peajbHUX yMOB
iXHBOT MallOyTHBOT MPODECitHOT ISITHHOCTI.

[Tin gac 3actocyBanHs EduScrum B HaB4anbHOMY MpOLECi MOXKYTh BUHUKHYTH
HACTYMHI PU3UKH: 3aKJIaJl BUIOI OCBITH B IIJIOMY Ta BUKJIAJAlbKUN CKJIa] 30KpeMa He
TOTOBI JI0 €KCIIEPUMEHTIB Ta BIPOBAKEHHS HOBHX METOJIB HAaBYaHHS; poOOUMii yac
BUKJIaJ]a4a BHUXOAWTHh 3a MEXI HABYAJIBHOTO PO3KJIANy; CTYISHTH HE TOTOBI [0
BUKOHAHHS TIPOCKTY 3a PI3HUMHU NPUYMHAMH: HEJOCTATHICTh TCOPCTHUYHUX 3HAHb Ta

MPAKTUYHUX YMiHb, CKJIAIHICTh MPOEKTY TOIIO; CKIAAHICTb OL[IHIOBAHHS.
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He3Baxaroun Ha HU3KY NEPEIIKOMA, SKI MOXYTh BUHUKHYTH, BIPOBAIKECHHS
EduScrum B ocCBITHIM Tpoliec € MEepPCINEeKTUBHMM Ta BHUIpPaBAaHUM HampsmMoMm. B
pe3yNbTaTi SAKICTh BUIIOI OCBITH OyJie BUILOIO, 110, B CBOIO Yepry, 3a0€3MeUnTh PUHOK
mpari KOHKypeHTOoCcHpoMOXHUMHU (axiBismu, a IT ¢ipmu He OynyTh BUMYIICHI

OpraHi30BYBaTH HaBYAJIbHI KYPCH IS MOJIOJUX (PaxXiBIliB.
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SECTION 4. MODERN COMPUTER TECHNOLOGIES IN
TEACHING MATHEMATICS AND COMPUTER SCIENCE.
METHODS OF TEACHING MATHEMATICS AND
COMPUTER SCIENCE IN SECONDARY EDUCATION

Vira Ben’, teacher
Litin Secondary School of I-I1I degrees Nel of the Litin settlement of the Vinnytsia
region
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METHODICAI BASES OF TEACHING STUDENTS CREATIVE
PROGRAMMING IN COMPUTER SCIENCE LESSONS IN A SPECIALIZED
SCHOOL

Abstract. The article presents the methodological foundations for the development of creative
programming at computer science lessons in a profile school. The process of development of interest in
in-depth study of computer science, the formation of competencies of students from creative
programming, in particular, the use of modern digital technologies is investigated. The practical
significance of the study is to introduce a methodology for studying students with creative
programming in computer science lessons in a profile school, approbation of developed methodological
recommendations and training tools for students of creative programming at computer science lessons
in a profile school.

Key words and phrases: creativity, programming, scratch, algorithm, program, computer
didactic games, multimedia, educational projections.

CporomHi Hayka 1 TEXHIKa pPO3BUBAIOTHCS IMIBUIKUMHU Temnamu. CTpiMke
OHOBJICHHS OCBITHM TaKOX MNOTpeOye BIAMOBIAHWUX 3MiH, HANpHKIad, O TOTO, 1100
YCHIITHO BUCTYNATH Ha ojiMIliaznax 3 iHpopmaTuku, Tpeba 3aiiMarucsa. 3akiaau BUIIOT
OCBITH, MIAMPUEMCTBA, IO MPAIIOIOTh B 00JacTi MUGPOBUX TEXHOJOTIH, 3ay4aroTh
VUHIB JI0 HaYKOBOi MISIIBHOCTI. 3 II€F0 METOI0 MPOBOJATHCS PI3HOMAHITHI KOHKYPCH,

BIKTOPUHH, OJIMITIaIH.
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MonepHizalis Cy4acHOi HalllOHAJIbHOI OCBITHM IMOB’si3aHa 3 OpIEHTALI€I0 Ha
TISUTBHICHUW MIOX17, WOro peani3amiero Ta (QOpMyBaHHSAM B YYHIBCHKOI MOJOI
JKUTTEBUX KOMIIETEHIIIM. HisnpHicHUN BuMip mnpeametHoi IKT-kommeTeHTHOCTI
MOB’SI3YIOTh 3  TEXHOJOTTYHMMH, TEJIEKOMYHIKAI[IWHUMHU, aJITOPUTMIYHHUMH  Ta
JOTIYHMMH BMIHHSAMHM YyuHIB. ToMy HaWOUIBII TOCTPO CTOITh MpoOiemMa BUBYECHHS
MOJKJIUBHX MIAXOAIB O OpraHi3aiii IpOeKTHOI OCBITHHO1 AISIILHOCTI 3 1HPOPMATUKHU B
mkoi. Taka MIANBHICTH JO3BOJISIE, 3 OJHOTO OOKY, OpPraHi3yBaTH CEPEIOBUILE IS
camopeasizalii Ta CaMOCTBEp/JKE€HHS Y4HIB, 1, 3 IHIIOrO OOKy, copMyBaTH y HHUX
Oa’kaHHsSI TIpaIOBaTH HaJl CTBOPEHHSAM BIIACHUX TMPOEKTIB, PO3BUBATH MaM'ATh 1
HABYUTHUCA MPAIIOBATH HAJ CKJIAQJHUMH 33a/1auaMi B MallOyTHbOMY.

JlocmimxeHHs, MPOBEJEHI HAYKOBIIMU 1 TeJaroramMu, rOBOPSTh MPO Te, IO
KpEaTUBHICTh € HAWBaXJIMBIIIOK HABUYKOIO B MIArOTOBI Y4YHIB O TPYIHOIIIB Ta
BUKJIMKIB y cyyacHOoMY cBiTi. [Ipumipom, KitakcToH BU3HaUa€e «KpeaTHUBHICTb, SIK CIIOCIO
3aJI0BOJIbHUTH BHUKJIUKA Ta HE3aJ0BOJICHHS, CIOAM BXOJWTH: BIAKPHUTICTH Ta TyMOD;
MPaKTUYHUN  1HTENEeKT, o0 TMmepeTBOpUTH 11ei B  peajbHICTh, EHEpriro Ta
30cepemKeHIcThY [2]. 3a qannMu BcecBITHROTO €KOHOMIYHOTO (OpyMy, «KpEeaTUBHICTD
Oyze OJHIEI0 3 TPHOX HAMBaXKJIMBIILIMX HABUYOK, K1 pOOOTOIaBIIl LIHYBaTUMYTh Y CBOIX
MpariBHUKaX, TOPAA 13 KPUTHYHUM MHCICHHAM Ta KOMIUIEKCHUM BUPIIICHHSIM
npobiem» [2] . CydacHuit cBIT moTpedye MI0AeH, IKi 34aTHI TOEIHYBATH 3HAHHS, TYMKH
1 MOXJIMBOCTI, a TaKOX BHUpINIyBaTH CKJIAJHI COLaJbHI 1 €KOJOTriYHI MpOoOIeMH.
«KpeaTtuBHiCTh 3apa3 BaKJIMBa B OCBITI, K 1 TPAMOTHICTh. MU MOBUHHI CTABUTHCS 0
Hel 3 TakuM ke ctatycom» , Bu3Hae Cep Ken PobGincon [2].

MeTtoanuHa cucTeMa HABUaHHA YYHIB KPEAaTUBHOMY MPOrPaMyBaHHIO SIBIISE
c00010 CYKYIHICTh OCHOBHUX KOMIIOHEHTIB: I[iJi, 3MICT, METO/H, 3aCO0M, OpraHizaIliiiti

dbopMu HaBYaHHS, IPOTPAMHI PE3yJIbTATH HABYAHHS.
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[{in1 HaBYaHHS: PO3BUTOK IHTEpPECY 0 MOTJIMOJICHOr0 BUBYECHHS 1H(POPMATUKH,
(dbopMyBaHHS KOMIIETEHTHOCTEHW Y4YHIB 3 KPEaTHBHOI'O MPOrpaMyBaHHS; BUKOPUCTAHHS
CydacHUX IM(POBUX TEXHOJOTIH Ha ypoKax 1HQOPMATHUKH; BIPOBAHKCHHS METOIUKU
HAaBYaHHS Y4YHIB KpEAaTUBHOMY MPOTPAMyBaHHIO Ha ypoKax 1H(GOpPMATHUKH; ampoOdarris
PO3pOOJIEHUX METOJWYHUX PEKOMEHJAIlll Ta 3ac00iB HAaBUAHHA YYHIB KPEaTHBHOMY
MporpamMyBaHHIO Ha ypokax 1H(OPMATHKHU B MPOQIIbHINA IIKOMI.

3MICT HaBUYaHHsS: MOBa NpOrpamMyBaHHsA, Kiacu@ikalilis Ta CKIaJ0BI MOB
mporpamMyBaHHsI, OCOOJMBOCTI CEpPEIOBHUINA PO3POOKH, CTPYKTypa MPOTrpaMHOIO
MPOEKTY, aITOPUTMU 1 MPOTPamMH, MPOrpaMHi OO0 €KTU Ta MPOTPAMHE OINpaIOBAHHA
nmoaii B Scratch 2, BKiajeH! UMKIH, BKJIAACHI PO3TANYXEHHS, BEIMYMHH, KOMaHJa
MIPUCBOIOBAHHS, CTBOPEHHS IPOEKTIB 3 BUKOPUCTAHHAM BKJIAJACHUX IOBTOPEHb Ta
pO3Tay KeHb.

Metoau HaBYaHHS: METOJ TMPOEKTIB, TMONIYKOBUM, caMOCTidHAa poOoTa,
nmpakTiyHa poboTa. 3acoOu HaBYaHHSA: KOMIT'IOTEp, MYJIbTUMEIINHUNA TMPOEKTOD,
IHTEpaKTUBHA JOIIKA, MIAPYYHHKHU, CydacHE MPHUKIATHE MporpaMHe 3a0e3leueHHs,
cepBicu HaBuaHHA B [HTepHeTI. DOpMU HABUAHHS: YPOKU-TIEKIIi1, CAMOCTIIHI, TPaKTUYHI
3aHATTS PI3HOTO THUITY, IHAUBIAYalbH1, p0OOTa B TpyIax, MPOEKTHA MisIIbHICTD.

OudikyBaHl pe3yJbTaTH HABUAHHA: PO3BUHEHI HABHUYKH aJTOPUTMIYHOTO 1
KPUTUYHOTO MHUCJIEHHS 3aBISKH OJIOYHOMY MPOrpaMyBaHHIO; PO3KPUTHN TBOPUHMA
MOTEHINAT 1 KPEaTUBHICTh Yepe3 CTBOPEHHS BIACHUX KOMII' IOTEPHHX Irop, aHIMaIlii,
BI3yaJIbHUX MPOTpaM; BIOCKOHAJICH! KOMYHIKATHBHI HaBUYKMU 1 BMIHHS TpaIloBaTH B
KOMaH/I1 3aBJIIKM MTPOEKTHOMY HaBYaHHIO y TPYIi; MJIaHyBaHHSA MPOIECY PO3B’A3yBaHHS
3alad 3 BUKOPHUCTAHHSM MPOTpaMyBaHHs, TOTOBE MIATPYHTSA [UII BUBYCHHS OUIBII
CKJIAHUX TEKCTOBUX MOB MporpamyBaHHs. [IporpamyBaHHsA nomomoke MaiOyTHIM
mporpamicTaM HaBYUTHUCS MPALIOBATH HaJ CTBOPEHHSIM BJIACHUX MPOEKTIB, PO3BUHYTU

nam’siTh.
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B ko CTBOPIOETHCA BIIKPUTUN OCBITHIA MPOCTIP, 1€ KOXKEH YU€Hb, SIKUH €
YYaCHUKOM [MPOEKTY MPE3EHTYE CBOi 3HAHHA 1 HOBI 17ei. YuuTeni, HAaBYalOYM YYHIB
MporpamMyBaHHIO, CTBOPIOIOTH JJII HUX CEPEIOBHUIIE ISl TBOPYOCTI, KPEATUBHOCTI 1
Mi3HaBaJIbHOI MISTBHOCTI, @ YYHI PO3IIMPIOIOTH CBOi 3HAHHA, SIKI HEOOX1THI KOXKHIN
JIOJIMHI JUTsI YCIIIIHOTO KUTTA Ta MaOyTHBROT mpodecii.
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QUESTION IS ONE OF THE KNOWLEDGE CONTROL FACTORS IN
MATHEMATICS OF EDUCATION APPLICANTS

Abstract. In order to be professionals, good teachers, applicants for education have to study
well, master the material of the disciplines that they study in an educational institution. To check their
knowledge is simple — to give an assignment to make a crossword or a test with questions.

Key words and phrases: applicants for education, question, answer, knowledge, crossword.
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TenepimHi OCBITHI 3aKkyiaay, K1 3A1MCHIOIOTh MIATOTOBKY MallOyTHIX Menaroris,
0arato yBaru NpUAUIAIOTH (HOPMYBaHHIO B HUX NPOQeciiiHOT KOMIIETEHTHOCTI. AJKe
Cy4yacHI pUHOK TIpaIlli Ta CyCHiIbCTBO MOTPEOYIOTH (paxiBIiB-TpodecioHaliB, ki Oy1yTh
KOMIIETEHTHUMH, BUCOKOKBaII(PIKOBAHUMHU Ta KOHKYPEHTOCTIPOMOKHUMH.

Ha nymxy OGarathox Buenux ta nocaignukiB (JI. C. Bamenka, P. C. I'ypeBuua,
M. I. Xannaka, I.O.3s3rona, JI. M. Mitinoi, H.I. Huukano, T. B. Orpomiko,
I'. ®©. ITonomapreoBOi, O. I. TTomeTyH, A. A. XapKiBCBKOI, A. B. XyTopcbkoro,
C. O. CucoeBoi, K. B. [llamoumraukoBa) mpodeciiiHy KOMIETEHTHICTh Iejarora
ChOTOJICHHSI BU3HAYalOTh HAsiBHI B HHOTO JOCBiA po0OOTH, 3HAHHS, CPOPMOBAaHI BMIHHS
Ta HABUYKH, @ TAKOXX BAKIMBI JJIS KOXKHOI JIIOJUHU — ii OCOOMCTI SIKOCT1 (TBOPYICTS,
TOBAPHUCHKICTh, JIOSUTBHICTh, TEPIUMICTh, YYWHICTh, MPUA3HICTh, YMIHHS CIUIKYBAaTHChH
Ta 1HIII).

SIkmo mpoaHasi3yBaTH Mpalll BHILE 3rajyBaHUX HAayKOBLIB, TO 0arato 3 HUX,
30kpeMa [. O. 35310H, pO3rIAaa0Th MOHATTS MpodeciiiHoi (haxoBoi) KOMIETEHTHOCTI
BUKJIaJ]aua y CTPYKTYpl MEJaroriyHoi MailCTepHOCTI Ta BU3HAYalOTh Takl ii CKJIA/J0BI:
npodeciiiHi 3HaHHS; MeAaroriyHa CIpsIMOBaHICTh OCOOMCTOCTI BUKJIa/ladya Ha CUCTEMY
IIHHOCTEH, HAOyTHX Yy MPOIEC] >KUTTEIIAILHOCTI JIOJWHUA, XHUCT JO TMEAaroriyHoi
TiSTBHOCTI; TIearoriyHa TexHika, HeoOXiaHa A7 BUKOHAHHS mpodeciitHux QyHKIIiH, a
camMe: YMIHHS BOJIOJNITU CO0OI0, KepyBaTH CBOIM €MOLIMHMM CTaHOM, YMIHHS
CIIBMPAIIOBATH, BOJOJAIHHS TeXHIKOIO MoBJeHHs Tomo [1, C. 119].

[IpoGnemMor0 cydacHMX BMIYCKHMKIB IIKUI, CTYyJEHTIB € HE BMIHHS NPaBUIbHO
CIUIKYBaTUCh, CTABUTU 3allUTaHHS, SKi O JaBalidi MOXJIMBICTH JaBaTH HAa HHUX YITKY
BIAIIOBI/Ib.

Hampuknan, mig yac HamucaHHS KPOCBOPAY 13 MaTeMAaTHKH, CTYJICHTKa ITHIIE
3anuTaHHsA: «BueHuil, gakuil moO0MB mpuiiMaTH BaHHY...», ab0 iHIE «Y TPUKYTHUKA

3 cTopoHHU, 2 CTOPOHH, a TaKoX ...?». [lepeBipsaroun Taki pobotu, aymaemnr: «Illo BoHa
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Maja Ha yBasi?», MEepPeKOHYENICS Yy TOMY, IO Halll 3100yBadi OCBITH MOTaHO 3HAIOTh
TEOPETUYHUN MaTepiall 13 MaTeMaTUKH, HE BMIIOTh YITKO Ta 3PO3YyMUIO ISl 1HIIMX
(dbopMytoBaTH 3alHUTaHHS, IMYTalOTh 1H(OPMAIliIO 1HIIOI TUCHUIUIIHA 3 MAaTEMATUKOIO
tomo. Jyug Toro, mo6 MbOro HE TPAIISAIOCh, MOTPIOHO OaraTto 3yCWwib Ta Mparli
JOKJIACTH MejaroraM IIKUT Ta 3aKjaaiB BULIOI OCBITH, H[00 Y4H1 Ta CTYJEHTH MalH
no0pe copMoBaHI y HHUX 3HAaHHA TEOPETUYHOTO MaTepianxy, PO3BHUHYTI BMIHHSA
3HaXOJWTH Ta OMEPYBaTH PI3HOMAHITHOIO 1HPOPMALIIEIO ISl BIACHOTO CAMOPO3BUTKY
camMOBJIOCKOHaJIeHHs1. OcOOJIMBO 11€ CTOCY€ThCS BUITYCKHUKIB MEJAaroriyHUX «BULIIBY,
aJpKe TICH 3aKiHYeHHS 3aKiaay iX MpU3HAUEHHS — «CISTU BidHE, 100pe Ta pO3yMHE» B
HAIIOMY CYCHUIbCTBI.

ABTOp BBa)ka€e ChOTOJIHI y 0aratbox 3400yBadiB OCBITH € TIpoOiIeMa, sKa Mojsarae
B TOMY, III0 BOHM HE BMIIOTh NPAaBUJIBHO BUPAXaTH CBOIO AYMKY, CTABUTH 3alUTaHHS.
[lemaroriyHuM mpainiBHUKaM He ciif 3a0yBaTd, 10 MUTAHHS OUTHIN BaXIMBIII, HIXK
BIZIMOBIII. AJIKE caMe 3alUTaHHS «CIPAMOBY€E» NISUIBHICTh CTYICHTIB Ha TOIIYK HUISIX1B
HOro BHPpIINICHHS, «3acTaBisiey» 3100yBada OCBITH 4YITKO (OPMYIIOBATH MpoOiemy,
nepeadayaTy NUIAXHU i1 BUPIMICHHS.

BignmoBigl Ha NOCTaBJIEHI 3allMTaHHA € THUMYacOBHMH, IiX  TOYHICTH
1 MPaBWIBHICTh MOCTIHHO 3MIHIOETHCS Y 3B'SI3KYy 3 TIOSIBOIO HOBOI iH(opmailii, pakTiB Ta
MPOLECIB, SIK1 BiI0YyBaIOTHCA HABKOJIO HAC.

3BHYAfHO, THUTAHHS, SKI CTOCYIOThCS HABYAJIBHOI AUCIUIUIIHH, TaKOX
noTpeOyIOTh OHOBJICHHS. ABTOp 3BEpTa€ yBary Ha Te, II0 YaCOM, YATAIOYM MUTAHHA
B MIApPYYHHKAX, IUBYELICS, HACKUIBKM BOHM 3acTapild 1 He BIANOBIAAIOTH JHIO
HUHIIIHEOMY. Ha >kanp, manexko He 3aBXKIM 1 caM BUKJIAJa4 MOXE CTAaBUTHU MPaBUIIbHI
MUTaHHS.

Tomy came po3B’si3aHHIO Ii€l MPOOIEMH CHOTOJIHI MOTPIOHO MPUALIATHA OLIbIIE

yBaruy.
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COMPUTER TECHNOLOGIES IN TEACHING LINEAR ALGEBRA

Abstract. Examples of the use of software products for the study of the topic "Jordan form of
the matrix" for the educational component "Linear Algebra".

Key words and phrases: linear algebra, Jordan matrix form, characteristic equation, inverse
matrix, software products.

[Iporpama BUBYEHHS OCBITHHOT KOMIIOHEHTH «JIiHINHA anreOpa» I MiArOTOBKH
3m00yBauiB mepmioro (6akazaBpChKOro) piBHSA BHUIIOI OCBITH B KUTOMHUPCHKOMY
Jep>KaBHOMY yHiBepcuTeTi iMeHi I[Bana ®dpaHka BiAMOBiAa€ OCBITHBO-TIPOdECiitHIN
nporpami Cepennsi ocBita (MaTeMaTnka) Ta CKJIAIa€ThCA 3 TPhOX MOJYJIB, OCTaHHIN 3
SIKUX TIPUCBSYCHO JIIHIHHUM orepaTopam [2].

JliaroHanpHa Gopma MATpHIll € HAHOLIBII MPOCTOI0 (OPMOIO Ta TO3BOJISIE JIETKO
BUKOHYBATH [1i 3 MaTPUISIMHU, 30KpeMa, MIAHOCUTU JO CTENEHS YM IIyKATH 3HAYCHHS
¢bynkuii Big MaTpuils [ 1]. BaxxnuBuM MOMEHTOM y pO3yMIHHI MaTepiaixy 3MiCTOBOT TEMU
€ TIpaBUJILHUM 3amucC >KOpAaHoBOi (Gopmu marpuii. Ha nexmifHUX 3aHATTIX AETaTIbHO
PO3TIIAIA€THCA TPUKIAAN 3BEACHHS MATPHIll 10 KOPJAAHOBOI (OpMHU BiA APYroro o
YETBEPTOTO MOPSIKY

Haramaemo anroputm 3BeAeHHS MaTpuill A 10 kopAaaHoBoi Gopmu: 1) ckimagemo

Ta PO3B’SHKEMO XapaKTepUCTUYHE PIBHSIHHS det(A—/l-E):O (*); B 3arampHOMY, MU
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BXK€ MOXKEMO 3aIMCaTH KOPJIAHOBY QopMy J,, 32 pO3B’sI3KaMu anreOpaiyHOro piBHSIHHS
(*) [1]; 2) 3a oxepkaHMMHM BJIACHUMH 3HAYC€HHSIMH 3HAWJIEMO BIIACHI BEKTOPH
(MOXTMBO, TOTPIOHO Oyae 3HANTH MpUETHAHI BEKTOPH) Ta 3amUIIEMO MaTpHIo T

nepexoay A0 >KOpAaHoBoro Oasucy; 3) mo matpuill I 3Haiinemo obepHeHy 71 L 4)

BrKoHaeMmo repesipky J, =T AT
Jucranuiina ¢popmMa poOOTH 31 cTyAeHTaMH (13UKO-MAaTeMaTUYHOrO (PaKyJIbTEeTy
cnemianbHocTi 014.04 Cepemnst ocBita (Marematuka) 03BOJHIIA YPI3SHOMAHITHITU
NPAaKTUYH1 3aHATTA 3 HaBYAJIbHOI MUCHUIUTIHU «JIiHiliHA anreOpay, yBIBIIM €JIEMEHTH
nabopaTOpHUX 3aHATh. bymu po3poOsieHl IHCTPYKLil IS MPOBEACHHS 3aHATH 13
3MIIIaHOI0 (OPMOIO0 pOOOTH Ta BUKOPUCTAHHIM MPOTPAMHUX MPOAYKTIB.
3ynMHUMOCH Ha IEBHUX MOMEHTAX y 3BEJCHHI 3aJ1aHOT MaTpulli A A0 KOPAAHOBOI
dbopmu, 16 MU MOKEMO 3aCTOCYBATH npozpamue cepedosuuje GeoGebra.
11 -6 12
A= 4 0 4
Hexan 3amana wmarpuusd -7 5 -8 XapakTepucTuuHe sl Hel
11-4 -6 12
4 -1 4 |=0
DiBHSIHHS MaTUMe BHJSL | — / 5 —-8-A] | copocruBmH sKe PHXOZMMO 0
KyOiuHOTO piBHAHHSA A’ —31° +4=0.
1) Sxmro MU nepeunemMo Ha BKJIAJKY GeoGebra KJIAaCUYHa

(https://www.geogebra.org/classic), To mpu BBeJAeHI B MPOTOKOJI MOOYIOBU (YHKINT

3 2 . . ome . .
y=x —3x"+4 ma rpadpiuHoMy monoTHI MaTMMeMo i rpadik; dami 3a TOYKAMH

MEepPEeTUHY 3HANEMO PO3B’SI3KH IILOTO KyOI14YHOTO pIBHSHHS (IUB. puC. 1a).
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k[l > ele £]3)=2e =] = ||| 3|00y = x=) 7| [ | N
O eqle -3 + 4=y =a" 1 -3L44=0 ~Ix:
z o e,
® A = [Mepeceuenune(eql, OceAbcyuce, 2) © s ~3x2+4...[]
S =@ 2 8
: — 2 -
. B = [lepeceuenus(eql, OckABeyuce, 2) © = Factor (x—2)" (x+1)=0
@
— {2. C} 3
-+ A B
Puc. 1a. Po3s’sa3anns pisuanus na noiomui 2D Puc. 16. Bxnaoxa CKA

2) Sxmo wmum  mepeiimemo Ha Briaaaky CKA (cuctema Kowmim'roTepHOi anreOpu
https://www.geogebra.org/classic#cas), TO mpu BBEACHI B MPOTOKOJl MOOYJAOBH
x'=3x"+4=0 Ta CKOPHCTABIIHUCh IHCTPEMEHTOM «PO3KJIaJ, Ha MHOXHUKW», TEX
OJIEP>KMMO 3HAYEHHS BJIACHUX YKcesl MaTpullli 4 (auB. puc. 10).

Jlist 3HAXOMKEHHS obepHeHoi Matpuui I Ta sxopaaHoBoi hopmMu J, mepeiiaeMo B
tabmmunuii pemnaktop MS Excel ta ckopucraemocs dopmymnamu s 3HAXOIKEHHS

o0epHEHOT MaTPHIll Ta MHOKEHHSI MaTpHIlb (IUB. puc. 2a T1a 20).

12 . Jr | {=MOBP(E2:G4)
| A B C | D | E | F G | H | ) K i
1 maTprus A marprus T obepHera matprus T
2| 11 -6 12 0 2 -1 3 | 2 | 3
3 4 0 4 2 3 0 A
4 -7 5 -8 1 0 1 3 -2 4
'3

Puc.2a. 3naxoooicenns obepnenoi mampuyi
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F7 - fr | (=MYMHOM(A7:CO;E2:G4)}
| A | B L L . Db | E F G H | | } | Ko
1 | maTpuua A matpuua T obepHena matpuua T
2 | 11 -6 12 0 2 -1 -3 2 -3
3 | 4 o 4 2 3 0 2 -1 2
4 | =7 5 -8 1 0 1 3 -2 4
5 4 '
6 npomixHI 064McneHHA I -4 HoppaHoea dopma matpuui A
7 -4 3 -4 z [ 0
8 4 -2 a 1] 2 1]
g -3 2 -4 o 1] -1
10 |
11 J =T AT

Bl

Puc. 26. Obuucnenns srcopoanosoi hopmu mampuyi A

BuxopuctanHs TporpaMHUX CEepeloBHIN Ta 1HGOPMAIIHHUX TEXHOJOTIH MpHU
BUKJIAJIaHH] JUCHUIUIIH MAaTEeMaTUYHOTO IIMKIY JIOMOMAararTh OCYYaCHUTH TMPOIIEC

HaBYaHHS Ta MEPEBIpIIl IKOCTI 3aCBOEHHS TEOPETUIHOTO MaTepialy.
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PSYCHOLOGICAL PREREQUISITES FOR THE ORGANIZATION OF
TEACHING MATHEMATICS IN SECONDARY SCHOOL

Abstract. The successful teaching of mathematics to secondary school students largely depends
on how much the mental and psychological characteristics of students of this age group are taken into
consideration. The transformation pace of the adolescents' thinking, memory, and imagination
development is discussed in the context of their effective use in the educational process.

Key words and phrases: secondary school students, teaching mathematics, mental functions of
adolescents.

BiamoBiaHo 10 3arainbHOT CXEMU MepioAun3allii MCUXIYHOT0 PO3BUTKY JIIOJIMHU Yac
HAaBYaHHS B OCHOBHIN IIKOJI TMpHUMaga€ Ha TEpioJ MiAJITKOBOrO BIKY. YUIHHSA IJiA
MIJJIITKA € TPOBITHUM BHUJOM IisiIbHOCTI [1]. I Bim TOro, SIK HABYAETHCS ITIITOK,
3aJIeKUTh WOTO TICUXIYHMM CTaH, HOro CTaHOBIEHHA sK ocobuctocti. Ilpote
3a0€3Me4YeHHs] YCHIINTHOCTI OCBITHBOTO TIPOIIECY, 30KpeMa HaBYAHHS MAaTEMaTHKH,
MOJKJIMBE JIUIIIE 32 YMOBHU ypaxXyBaHHs OCOOJMBOCTEN Ta MOEAHAHb MCUXIYHUX (PYHKITIN
MUTITKIB: MUCJICHHS, TIaM’SIT1, ysIBU, TOYYTTIiB, BOJI1 TOIIIO.

3pocTatoua poJib MHUCIEHHA Yy ICUXIUHIA AISUIBHOCTI MIJUIITKIB OOyMOBJIEHA
3MIHAMHU y CaMOMY MHUCIIEHHI, ioro ¢opmax, onepaniiax. [[uHaMika po3BUTKY MUCICHHS

MIJUTITKAa 3aleKUTh Bil 3MICTy, CKIAIHOCTI OO ’€KTIB Mi3HABAIBHOI MiSJIBHOCTI,
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XapakTepy MHUCIUTEIbHUX 3aBJaHb, K1 YUHI PO3B’SA3YyIOTh y mpolieci misHanHA. [lepii
AKICHI 3MIHU BUSIBIISIIOTHCSA Y TpaHChopMallli MHUCICHHS 3 MPEIMETHOTO, HA0YHOTO B
abctpakTHe, opManbHe, IO MO3UTUBHO BIUIMBAE HAa 3aCBOEHHSA YYHSIMU I[i€i BIKOBOT
TpyIny MOHATIMHOTO anapaTy MateMaTuku. OcoONMMBICTIO PO3BUTKY MHUCJICHHS IMIJTITKIB
€ (hopMyBaHHSI B HUX CHCTEMHOCTI, MIAMOPSAKOBAHOCTI MOHATH, BCTAHOBJICHHS 3B’ SI3K1B
MDK TOHSTTSMH Ha OCHOBI POJO-BHAOBHX 3alexHocTed. Ha HOBui sikicHUN piBEHb
BUXOJSTh yMIHHS YYHIB OCHOBHOI IIKOJM TMPOBOJMWTH JIOTIYHI MIPKYBaHHS, POOUTHU
MpaBWIbHI OOTPYHTOBAaHI YMOBHBOJM, BCTAHOBIIOBATH NMPUYMHHO-HACIIIKOB1 3B S3KH.
Mucnenns ctae pepaekCMBHUM, CAMOCTIMHUM, KpUTUYHUM. baskaHHS 1 31aTHICTh y4HS
PO3B’sI3yBaTH 3aBJlaHHS 0€3 CTOPOHHBOI JOMOMOTH, OJEP)KYBaTHU IMEBHI Pe3ysbTaTu y
BJIACHUX JOCIIIDKEHHAX, 3700yBaTh HOBI 3HAHHSA, OCMHCICHO CTaBUTUCA 1O
HAaBYAJIBHOTO MaTepially IOLIILHO SAKOMOTa e(eKTHBHIIIEe BUKOPHUCTOBYBATH TiJ Yac
oprasizaiii HaB4aJbHOTO mpouecy. Tak, Ha eTami (OpMyBaHHS HOBHUX 3HaHb 1 BMiHb
PO3IIIAl OKPEMHX HECKJIAJHMX 32 3MICTOM MPOrPaMOBHX T€M MOXKHA JOPYYATH YUHSIM
3IACHIOBATH caMOCTIHHO. Ponb yuuTens nmpu bOMy 3BOJUTHCS 10 MOTHBYBaHHS TaKoi
TISTBHOCTI  IIKOJSPIB, BU3HAYCHHS METH, KOHKPETHHUX 3aBllaHb, a TaKOX O
OTEpPAaTUBHOTO KOPEKTYBAHHS 3HAHb YYHIB TICJS MOYATKOBOTO OIpPAIIOBAaHHS HUMHU
HAaBYAJIBHOTO MaTepialy 3 METOI0 BHSIBICHHS Ta YCYHEHHS MOMYIIEHUX TOMHJIOK, a
TaKOX MPOBEJCHHS NMPOPUIAKTUYHOT poOOTH 3 1X 3amobiranHs. Y mpoliieci 3aCTOCyBaHHS
3HaHb 1 BMIHb YYHIB iM JIOIIUUIbHO TPOMOHYBATH BIPaBU AU(DEPEHIIIIOBAHOTO XapaKTepy
3 THUM, OO KOXEH Y4YeHb OOMpaB 3aBAaHHSA BIAMNOBIIHO 10 HOro 3A10HOCTEH,
MOXXJIUBOCTEH, Oa)kaHb, pIBHA MaTeMaTW4yHOI miAroTtoBku. Ilim wac mpoBeaeHHA
KOHTPOJIIOBAJIBHUX 3aXO0JlIB KOXKHOMY YYHEB1 HAJa€ThCS MOXKJIUBICTH MPOSBUTH CBOIO
CaMOCTINHICTh, BUSBHUTH BIIaCH1 3HAHHS, HaBMYKM 1 BMIHHSA. Ha ertami mepeBipku Ta
MICISKOHTPOJIBHOT KOPEKI[li TOIIbHO HANOUIBII BAXKIWBY pPOJIb BIIBOAUTH CaMUM

YVUHSIM: 3[1HCHEHHSI CAMOKOHTPOJIIO Ta B3aEMOKOHTPOJIIO, MMPOBEACHHS CAMOKOPEKIIii Ta
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B3a€MOKOPEKIIIi 103BOJIUTh YYHSAM BIOUYTH ce0e BUMTENIEM, akKe iX MISIBHICTh Yy LiH
CUTYyaIlil oJISITaTUME B aHaJli31 BIACHOT pOOOTH Y pOOOTH OHOKIACHUKIB, BIAIIYKaHH1
JOMYIIEHUX MOMMJIOK, IJIaHYBaHH1 KOPEKTYBaJbHUX JiM 3 1X yCYHEHHs, OL[IHIOBAaHHI
SKOCTI BHUKOHAHHS 3aBJaHh Ta TMPOBEACHHI B3a€EMOKOPEKINI YW CaMOKOPEKITii.
JIOUUTBHICT Ta TO3WTHUBHUM BIUIMB aKTUBHOTO 3ally4€HHs Y4YHIB JI0 OpraHizaii
Mpoliecy HaBYaHHS BIATIOBIA€ TICUXOJIOTTYHUM OCOOIUBOCTSIM PO3BUTKY MiJTITKIB.

[li3HaBanpHA, eMoIIiifHA, BOJLOBa CcdepH OCOOMCTOCTI IMMUTITKA 3a3HAIOThH
ICTOTHOTO BIUIMBY HOro ysBH: pO3BHHEHa ysABa y MO€AHAHHI 3 TBOPYUM MHCIEHHSIM
cnpusie GopMyBaHHIO HOTO TBOPUOi OCOOMCTOCTI.

VY mpoueci HaBYaHHS MIUIITKIB BiAOYBalOThCS 3MIHM B YCIX Mpolecax Mam’sTi
(3amam’sITOBYBaHHI,  3aydyyBaHHI, BIJTBOPEHHI, [pHUragyBaHHI,  YIi3HaBaHHI).
BusznauanbHOI0, JOMIHYIOUOK Yy IIJIECIIPSIMOBAHOMY 3alaM’STOBYBaHHI 1 BiATBOPEHHI
CTa€ PO3yMOBa JiSUIbHICTb, 3/1iICHIOBaHA MOBHUMH 3aco0amu. [locuintoeTbest 3HAaUCHHS
BUKOPUCTAHHSA 3HAKOBO-CMMBOJILHMX TO3HaueHb (dopmyn, cxem, rpadikiB), 0 Mae
ICTOTHUH BIUIMB Ha YCBIJOMJIEHE BUKOHAHHS WLIKOJIApaMU [iii KOAYBaHHS Ta
nekoayBaHHS 1H(popMalii B OMaHyBaHHI HUMHU 3MICTy HAaBYaJbHOTO MAaTEMAaTHYHOTO
MaTepiany. 3aydyBaHHsS MaTepialy MporpaMoBOi TEMHU CIHUPAETHLCS Ha WOTO PO3yMIHHS
(aHami3, OCMHUCJEHHS, BUJUICHHS JIOTIYHOI CTPYKTYpH, CKJIaJaHHS IUIaHy), Mam siTb
PO3BUBAETHCS y HANIPSIMKY 1HTEJIEKTYya i3allii.

VY 3B’A3Ky 3 MOJAIbIIMM PO3BUTKOM BOJII MiAJTITKA BiI0OyBae€Tbcs HAOYTTS HUM
HOBHX SIKOCTEH, a caMe CaMOCTIMHOCTI y IJIaHyBaHHI BJIACHOI IISJIbHOCTI, il
MOTHBAIli{, TOCTAHOBIII CKJIAJHUX IIiJIeH, BUPOOJIEHHI TJIaHy Al 3 iX mocsrHeHHs. [Ipu
bOMY 3/1HCHIOETHCS PO3BUTOK TaKUX BOJBOBHUX SIKOCTEH, SK PIIIy4iCTh, BUTPHUMKA,
HIIIaTUBHICTh, KPUTUYHICTh, CAMOKOHTPOJIb, CaMOOI[IHKA. Y CTapmiuX MiTITKIB

HasBHOIO € C(pOpPMOBaAHICTh HAWBAXKJIMBIIIIOI SKOCTI BOJII — OPTraHi30BaHOCTI.
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VYpaxyBaHHS TICUXIYHMX Ta TICHXOJOTIYHMX OCOONMBOCTEH MIMIITKIB €
HEOOXITHOI0 YMOBOIO paIllOHAIBHOTO TUTAHYBaHHS Ta €()EeKTHUBHOI OopraHizailii mpoiecy
HAaBYaHHS MaTEMaTUKd B OCHOBHIA MmIKOJi. JIMTHHOLEHTPU3M, OCOOHUCTICHA
30pIEHTOBAHICTH OCBITHHOTO MPOIECY MAIOTh CTATH CHUCTEMOYTBOPIOBAIBHOKO 1JICEI0
Cy4acHOI IIKOJIM 3aJjIs1 CTBOPEHHS HAJEKHUX YMOB aKTUBHOI BceOIUHOI camopeanizallii

KO>XHOTI'O Y4HA.
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SOCIAL NETWORKS AS A TOOL OF DISTANCE LEARNING IN
MATHEMATICS IN HIGHER EDUCATION INSTITUTIONS

Abstract. The article is aimed at highlighting the peculiarities of the use of social networks
during distance learning of mathematical disciplines in higher education institutions.

Key words: social networks, distance learning, information technologies, mathematics,
institutions of higher education.

VY mpami [2] roBOpHUTHCS, 1O «I3 PO3BUTKOM IH(POPMAIIMHUX TEXHOJOTIM TEepe
CYCIIUIBCTBOM TOCTajia BaXJIMBa MpoOieMa, sika MOoJIra€ y CTBOPEHHI MEPCHEKTHUBHOT
HOBO1 CHCTEMH OCBITH, SIKa Ma€ MIATOTYBaTH CYCIUIBCTBO JO KUTTS B HOBUX YMOBax
nuBiTizamii. [luM mosSCHIOETHCS BUHUKHEHHS HOBOI (DOPMH HaBYaHHS — JUCTAHIIAHOIL,
mopsaa 13 QgopmaMu BKE BIIOMUMU 1 TPAIUIIMHUMHU — CTaI[lOHAPHOK, 3a0YHOIO,

CKCTCPHATOM TOIIIO.
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TepMmin «iH(popmMaLiliHe CycniIbCTBOY» BIiepie OyB ykuTul y npausx @. Maxmyn
(1962) 1 T. Ymecao (1963), ki mpakTUYHO OJHOYACHO Oynu omyOiikoBaH1 B SmoHil 1
CIIA, i1 o3HauaB «HOBY icTOpHYHY a3y PO3BUTKY IMBLII3aIlii, B SKii TOJIOBHUMH
MPOyKTaMH BUPOOHUIITBA € iHQopMalis 1 3HaHHD [4].

3Bakarouu Ha Te, 10 CydyacHa MOJIOAb (OPMYEThCA B YMOBax iH(OpMaIidHOTO
CYCIUIbCTBA, BCl MOro MO3UTHBHI I HETaTUBHI aCIIEKTH HEMUHYYE BIUIMBAIOTh Ha IXHIO
MOBEIHKY 1 )KUTTEBUM YKJIaJ, 30KpeMa, i Ha CTaBJIeHHs 10 HaB4aHHs. CydacHi MOIOI
JIOAM, TaK 3BaH1 NPEJICTABHUKU MOKOJIIHHS Z, 3aBJIIKH JETKOMY AOCTYIY 10 MPaKTHYHO
HEBUUYEPIHUX JHKepel iHpopmallii, MaroTh THyYKe, PO3BUHEHE, BIIKPUTE MUCICHHS, 0€3
npobJieM CHIBICHYIOTh Y peallbHOMY 1 BIPTYaJbHOMY CBITaX, BUKOPUCTOBYIOUM iX IS
CBOIX mOTpeO, BOJIOAIIOTh HETUIIOBUMH JUISI iXHBOI'O IICHXOJIOTIYHOTO  BIKY
NPAKTUYHICTIO, CAMOCTIMHICTIO 1 4acTO HEOOIPYHTOBAHOIO BIEBHEHICTIO Y BIIACHUX
cuiax [3]. Bei i ocobauBoCcTI HEOOX1HO BPAaxOBYBATH Cy4yaCHOMY IEAarory Imija dac
poOOTH 31 CTYACHTAMH.

YopoBamkeHHs B yci cdepu IKUTTENIIBHOCTI JIOJWHHU  1HGOPMAIITHUX
TEXHOJIOT1M, BHUKJIMKaHE MaHJEMIEI0, CHOPUSSIO BUHUKHEHHIO B paMKax MEpexeBOi
B32€MO/II1 HOBUX BHJIIB KOMYHIKAIIil, Ikl YMOBHO MO>KHA TMOAUTUTH HA YOTUPHU KAaTETOPii:

® ACUHXPOHHA KOMYHIKAI[isl «OJUH Ha OJUHY;

® ACHHXPOHHA KOMYHIKaIisl «0araTbox 3 6ararbMay;

® CHUHXPOHHAa KOMYHIKallii «OAWH HA OJWH», «OJWH 1 KUIbKa», «OJUH 13
KIJIBKOMa;

® ACMHXpPOHHA KOMYHIKaIlisl «06arato 1 OJuH», «OJUH Ha OJIMHY», OIUH 1 6araTto.

HaiiGinpin epexTHBHOIO B HaBYaHHI MaTEMaTUYHUX JUCIMIUIIH € CHHXPOHHA
KOMYHIKaIl[isl, KOJU TOW, XTO HABYAETHCA, BeAe Oe3MocepenHii Aiajior 3 BHUKJIAJAueM,
MOXKE€ 3aJaTH HOMY 3alWTaHHS Bigpa3y, Y MOMEHT HOro BHHHMKHEHHS, a TaKOX

BHUCJIOBUTH CBOIO AOYMKY IIOAO BHWKOHAHHA 3aBJaHHA, 4K I BiI[6YBa€TBC$I npu
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TpaJAMI[IHHOMY, OYHOMY HaBYaHHI. Y KOHUEMIII AWCTAHIIMHOTO HaBYaHHS TaKy
MOJKJIUBICTh MOKE€ 3a0€3MEeUNTH BUKOPUCTAHHS B HABYAHHI COIIaJIbHUX MEPEIXK.

BuxopucranHs comiaibHUX MEpPEX B OCBITI, KPIM JOCSATHEHHS OCHOBHOI METH —
HaBYaHHS, JIOJATKOBO HAJa€ IIeJaroraM TaKi MOXJIMBOCTI, SK OOMIH JOCBiAOM 13
KOJIeTaMH, 3HAHOMCTBO 3 HOBUMH METOJMKAMH, IEMOHCTpAIlis Ta 0OrOBOPEHHS BIACHUX
HaIpaIoBadb, MO cupuse npodeciftHoMy 3pOCTaHHIO, a TaKOX KOHTAKT 13 OaTbKaMu
CTYJICHTIB 13 METOIO0 CBOEYACHOTO iX OMOBIIIEHHS PO YCHIIIHICTh TOIIIO.

3 ychOro pi3HOMAHITTS cpepr BUKOPUCTAHHS COIIATLHUX MEPEX JAJIs OCBITHHOTO
MpoLIeCy MOKHA BUOKPEMUTHU Takl QyHKIIIT:

e coliallbHA Mepexa f[K MeceHoxwcep (BUKOPUCTOBYEThCA JUIsl OHJIAMH-
KOHCYJbTAI[I/ 3 MATEMAaTHKH 1 OpraHi3allii MOTOYHO1 B3aEMOIi1 CTYJICHTIB 1 BUKJIaJa4a);

e colliayibHa MepexXa SIK 00wKa 020/10ueHb (BUKOPUCTOBYETHCS ISl BaXKITUBUX
MOBIJJOMJICHb Ta aHOHCIB MallOyTHIX MOIN);

e colllaTbHA MEpeXa K kamanoe OioniomeyHux pecypcie (IHTEpHET-010T10TEKH,
10 JO03BOJISIOTH TMOCWJIATUCS Ha JpKepena iH(opmalii 3 HOTpUMaHHSAM BCiX MPaBHII
HayKOBOT'O LIUTYBAHH!);

e colliaTbHa MepekKa K 3AMIHHUK Naneposux nepiooudHux eU0atb.

Takum YMHOM BUKOPUCTAHHS COLIATbHUX MEPEX IMiJ Yac HaBUYaHHS MAaTeMaTHUKH
CIpusie OpraHizallii CHCTeMH MOCTIHHOT KOHCYJIbTaTUBHOI Ta 1H(OOPMAIIMHOT MIATPUMKH
BCIX YyYaCHUKIB HABUYaJbHOTO TIPOIIECY, a TaKOXX TIJBUIICHHIO KOMII'IOTEPHOI
IrpPaMOTHOCTI Ta (POPMYBAHHIO HOBOI KYJIbTYPH MHCIEHHS BCIX YYaCHHMKIB OCBITHHOTO
IpOLECY.

3BakaroyM Ha TMICHXOJIOTIYHI OCOOJMBOCTI MOJOAMX JIOJEH KOMII'IOTEPHOTO
MOKOJIIHHS, CyYacHUH TMenaror MoOK€ BHUKOPHUCTOBYBATH COIIAJIbHI MeEpexi SK
neJaroriyHui 3aci0 HaB4aHHsA MaTeMaTukd. OJHAK MPU 1LOMY BapTO MaM’sTaTH, IO

BIpTyaJibHE HABUYAHHSA KOJHUM YMHOM HE MOBHHHO 3aMIHUTH TPAIULIMHUX ayTUTOPHHUX
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3aHATh. BoHO MoOke OyTH iX JTOMOBHEHHSAM ISl BUPIIICHHS TaKUX 3aBAaHb, K POEKTHA
HISUTbHICTh, OHJIAMH-KOHCYJNBTYBAaHHA 1 JUCTaHIIMHe HaB4YaHHS. Bukopucranss
COILIIAIbBHUX MEPEX y HABUaHHI MATEMAaTHKH CIPHUAE PO3BUTKY IHTEICKTYaJIbHOTO 1
TBOPYOT'O0 TOTEHIIAY CTYJEHTIB, BUPIIMICHHIO PAAy OWJAKTHUYHUX 3aBlIaHb, SKi
oOMeIKeH1 MiJ yac TPAJAULIMHOTO HaBYaHHS.
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INFORMATION TECHNOLOGIES FOR THE CONTROL AND ASSESSMENT
OF KNOWLEDGE IN THE SYSTEM OF MOODLE

Abstract. Suggests approaches to solving the problems to develop information technologies
create test tasks and tests for mathematical education discipline on an example of discipline
«Probability theory and mathematical statistics» an electronic distance-learning system Moodle.

Key words and phrases: distance learning, automated control of knowledge, information
technology test generation, Moodle, mathematical formulas.

HoBi ocBiTHI mnporpamu OakamaBpiB 3a cnemiaasHocTaMu BTEI KHTEY
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nepeadayaloTh AKICHY MaTeMaTU4HY IMIATOTOBKY Ui 1X mpodeciiiHol MisNIBHOCTI,
3a0e3Mne4eHHs K01 HEMOKIIMBE 0€3 BUKOPUCTAHHS KOMIT I0OTEPHUX 3ac001B HaBYaHHS Ha
OCHOBI1 cyyacHUX 1H(popMaliiHuX TeXHOoJOoTi. OcOOIMBY POJbL MPH IILOMY BIIITPAIOTh
iHpOpMaIlIiHI TEXHOJOT1l aBTOMAaTH30BAHOTO KOHTPOJIO 1 OLIHKKA OTPUMAHUX 3HaHb.
Tomy mocnimxeHHss B 00iacTi po3poOku 1H(GOPMAIIHHUX TEXHOJOTIH €JIEeKTPOHHOTO
TECTYBAaHHA 3 BHUKOPUCTAHHSAM IHCTPYMEHTAJIBHUX CEPEIOBUII € aKTyaJlbHUM, TaK SK
€JIEKTPOHHI TECTU € OJHIEIO 31 CKJIaJOBUX YAaCTHUH CYyYacHOI'0 HAaBYaJIbHO-METOJIUYHOTO
3a0e3neyeHHs .

VYci hopmu TECTOBUX 3aBlIaHb MIATPUMYIOTHCS CEPEIOBUIIIEM PO3POOKH - CHUCTEMa
Moodle. Po3risiHeMO TEXHOJIOTiI0 CTBOPEHHS TECTOBHX 3aBIaHb (muTaHb) B Moodle
OUTBII MOKJIAAHO, MPUYOMY MHUTAHHS 1 BIAMOBIAI TECTOBUX 3aBJaHb MOXYTh MICTHUTH
MateMatuuHi ¢opmynu. [ns miei metn mporpamue 3abesnedeHHss Moodle mae Oytu
IomoBHEHE TeKCTOBUM peaakTopoM LATEX, o Bonoie BeTnue3HUMHA MOKJITUBOCTSIMHU
MIPU CTBOPEHHI TEKCTOBUX JIOKYMEHTIB.

VY H0KyMeHTI, MAroTOBICHOMY 3a aonomoroio pegakropa LATEX, po3pi3HstoTh
MaTeMaTH4Hi (OpMyJu BCEpearHl TEeKCTy 1 BUIUIEHI B OKpemuil psaaok. Dopmynu y
TEKCTi OTOUYIOTh 3HaKaMu $ (3 000X cropiH). BukiatodeHi GopMyau OTOUYIOTh MapamMu
3HakiB jgomapa $$ 3 00ox cropin. Y pemakropi LATEX npoOimu B MareMaTHYHHX
dbopmynax poO3CTaBIAIOTHCS aBTOMATU4HO. Ko moTpibeH mpodin Ao abo micis
BHYTPIIIHHO TEKCTOBOI (popMyinu, Tpeba 3aJuIIMTH HOTO M03a 3HaKaMu nonapiB. Te x
came BIIHOCUTHCS 1 0 3HAKIB MyHKTyallli, Kl pO3MILIEH] 3a BHYTPIIIHBO TEKCTOBOIO
dopmynoro: ix Takox Tpeba CTaBUTH MICJS 3HAKY J0japa, AKUW 3akpuBae (Gopmyiy.
Koxna OykBa B (popMyini po3risigaeTbes SK IM’S 3MIHHOI 1 HaOMpaeThes mpudToM
«Marematnunuii KypcuBy». Hactuna ¢aiiny, mo MICTUTh TEKCT MUTAaHHS (a00 BiAMOBII1)
MpeacTaBisie CO00I0 MaTeMaTUdHy (GOpMyITy.

Po3rnsiHeMO TEXHOJOTiI0 CTBOPEHHS MUTAHHSI Ha TPHUKJIAAl MUTaHHS 3aKPUTOT
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dbopmu (MHOXUHHUK BUOIp). s nporo meperigeMo B po3nin «Bompockn 1 B MyHKTI
«Co3math HOBBIM  BOmpoc» BuOepemMo Tunm mnuTaHHsd «B  3akpeiToit  popme
(MHOXECTBeHHBIM BbIOOp). Jns mpukiaxy obepemo kypc «Teopis HWMOBIpHOCTEH 1
MaTeMaTU4yHa CTaTUCTHKa». CTBOpEeHE MUTaHHsS Oynae MoMilleHe B OaHK MUTaHb IS
JAHOTO Kypcy 1 0y/ie JOCTYIHUM IS IEPETIIANY, pelaryBaHHs Ta JOJaBaHHs B TECTH.

Y mynkt «Ha3Banme Bompoca» BBOJMMO HOMEp HAIIOTO NHUTaHHA. Y MO
«Coneprkanre» MUTAHHS BBOJWMO TEKCT NMUTAHHS, HAIPUKIIA, «SIKe 3 JaHUX PEUCHb €
O3HAYCHHSIM BHITAJKOBOT BeIMUYMHW». KOXHOMY NHUTaHHIO HEOOXITHO TMOCTaBUTHU
MaKCHMaJIbHO MOXIIMBY KUIbKICTh OaiB.

Tenep HeoOX1HO BBECTH BapiaHTH BiANOBiACH. B mose BiAMoBi» BBOAUMO TEKCT
BINMOBii. B cuctemMi momyckaeThbCs 4YaCTKOBMM 3aliK 3a BIAMOBIAb HA MUTaHHS. Y
MOJENIl KOXHOTO TIUTaHHSA, BIAMOBINAIOTh TaKl albTEPHATUBHI BIAMOBIAL: OIHY
MpaBWIbHY BIAMOBiAb HA BUIIMKA Oan OIIHIOBAHHSA, KUIbKa TMOBHICTIO HEMPaBUIBHHUX
BIAMOBIACH 1 KiJbKa albTEPHATUBHUX BIAMOBINCH, 32 BHUOIp SIKUX MOXXHA IMpHU3HAYATH
mTpad, TOOTO OIIHIOBATH BIAMOBIAL TICBHOK KUIBKICTIO OaiiB, MEHIIUM, HIXK
HaWBUIIUK Oaj, HAPHUKJIIAJ, B I’ ATHOAIBHOIO MKaIor. OcobnuBicTh omiHOK B Moodle
MoJIsiTa€ B 3aBJaHHI OIIHOK B mponeHTHIM mkami Big -100% mo 100%. KimbkicTh
BapiaHTIB BIJMOBiJId MOBUHHO OyTH HE MeEHIIE 4YOTUpPhOX. llicist BBeAeHHS BCiX
BapiaHTIB BIAMNOBiAEH HaTUCKaemMo Ha KHOMKY «CoxpaHuth». [luTanHs ctBopeHo. s
Meperyisily CTBOPEHOTO NHUTAaHHS HABNPOTH OOpPaHOTO NHTAaHHS B CHUCKY IUTaHb
MOTPiOHO HATUCHYTH HA 1KOHKY JYIIH.

Tenep po3rissHEMO TEXHOJIOTiI0 CTBOPEHHS TECTIB Ha OCHOBI OaHKY TECTOBHX
3aBaanb (nmutanb) B Moodle. [1lo6 nomatv HOBUM TeCT HEOOXIMHO BUKOHATHU TIEBHY
MOCJIIIOBHICTh JiH: Y CIIUCKY PECYPCIB €IIEKTPOHHOTO Kypcy BuOpatu «TecT»; y BiKHI
BBECTH Ha3BY TECTy 1 HANMCATH TEKCT BCTYMHOI YaCTHUHU TEpea MOYaTKOM TECTy -

«BcTymienney; y cnucky BUOpaTH MUTaHHSA, K1 Tpeba AOJaTH B TECT 1 HATUCHYTH Ha
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KHOTIKY «JloGaButh B TecT». Ilicma mux Aiii CTBOpEHHsS TECTy 3aBeplieHo. BukoHatu
TECT MOXHa Yy Bkiaaui «IIpocMotpy.

KopoTko omuiiemMo TEXHOJIOTiI0 BHUBAHTAXKEHHsS (€KCMOPTY) MHUTaHb y daim i
3aBaHTaXeHHs (IMIopTy) 3 daitny. s ekcriopTy nuTaHb 3 Qaiiry He0OX1IHO TIEPEHTH B
pO3all «IKCHOPT» y BEpxHIMW dYacTHHI BikHAa «Bompock». Y po3nuii «DKcmopT»
HeoOx11HO BUOpaTu opmar ¢aiiny, B sskoMy OyayTh 30epexeHl MUTaHHS (B HAIIOMY
Bunajaky ¢opmar GIFT), 1 BBecTn Ha3By ¢aiiny, B skuil OyayTb €KCHOPTYBAaTHUCH
nutaHHs. [loTiM cuctemoro Oye moKa3aHWi CIUCOK MUTaHb, SIK1 OyIyTh €KCIIOPTOBaHI,
3aMponoHOBaHO 30epertd (aim 1 BKa3zaTU LUSIX Ha MNPUCTPIN (AMCK) A HOro
30epeskeHHs. [licist uporo nutaHHs Oy yTh YCHIIIHO €KCIOPTOBaHI B (haiii.

Jlyig iMmiopTy nuTaHb 3 Ganay HeoOX1aHO meperT B po3ain «mMmopt» y BepxHii
yacTuHi BikHa «Bompock». ¥ posain «Mmnopt» HeoOXxinHo BuOpatu ¢popmar ¢ainy, B
AKOoMYy 30epekeH1 muTaHHd, 1 BuOpaTtu (aiin, 3 axoro Oyjae mpoBoauTucs imMmopt. [lotim
CHUCTeMa IOKa)kKe€ CIHUCOK IMUTaHb, Kl Oynu immopToBani. Ilicis 1bporo, HaTUCHYBIIU
KHONKY «IIpo1oJKuTh», MUTaHHS A0JaAyThCs B KypC.

Takum uuHOM, 1HPOPMAIIIIHI TEXHOJOTI] JO3BOJISIIOTH CTBOPIOBATH E€JIEKTPOHHI
TECTH BIAMOBITHO O BUMOT 1 MOXYTh OyTH BHKOPHCTaHI1 MPU pO3pOoOIIl eIEeKTPOHHUX
TECTIB 3 JUCIMIUIIH, IO BKJIIOYA€ HABYAIBHUN MaTepian, SKUHA MICTUTh MaTeéMaTH4HI

dbopmynu.
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INTEGRATION OF DATA RENDERING IN TEX FORMAT
INTO THE GOOGLE FORMS ENVIRONMENT

Abstract. The problem of implementing the support for data rendering in TeX format into the
Google Forms environment is considered. It was developed an extension for Google Chrome browser
that integrates such support by injecting into the form's code the connection directives of Javascript
library MathJax or KaTeX.

Key words and phrases: Google Forms, TeX rendering, Google Chrome, extension.

Ha panmii yac, BHAcCHiIOK JOBOJ1 TPHUBAJIOTO BHUMYIIEHOTO JUCTAHILIIMHOIO
HaBuaHHs, cepenosuiie Google Forms [1] cTano 6ararbom yxe 100pe BIZOMHUM OHJIAMH-
IHCTPYMEHTOM, IO JO03BOJIIE CTBOPIOBATH (opMHU Hjisi 300py MaHHUX, OPraHi30BYBaTU
OHJIAWH-TECTYBaHHSA, ONTUTYBAHHS YU TOJIOCYBaHHSI.

OyHKIIOHATBHO IIEH CEepBIC MOBOJII MOTY)KHMM Ta OaraTOrpaHHUM, OJIHAK HE
1n030aBJICHUH 1 AESIKUX HEAOMIKIB. 30KpeMa, y HbOMY MOBHICTIO BIACYTHI 3aCO0M K IS
CTBOPEHHSI, TaK 1 U1 3BUYHOTO HAM BIJIOOpaKCHHS MaTEMaTHIYHUX, (PI3UIHUX, XIMITHHAX
dbopmy, TomIO.

3 iHmoro OOKy, HAYKOBIIIM 3 Tally3l MPUPOJHUYMX HAyK AoOpe BigomMa MOBa
PO3MITKM JaHUX CHEIlalbHOTO TMpu3HaueHHs TeX [2], ska € sSApoM CUCTEeMHU
KOMIT'FOTEPHOI BEPCTKH 1 JOCUTh 3py4yHa s HaOopy W monaneiioi Bizyamizarii
MaTeMaTUYHUX Ta IHIINX TEXHIYHUX TCKCTIB.

TakuMm 4YMHOM, IIKABOIO Ta aKTYyaJbHOIO 3aJadyel0 € peajizaiis MiATPUMKH B

cepenoBuiili Google Forms moBHOIIHHOTO BUKOpUCTaHHS AaHuX B ¢popmati TeX.
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Ha nmanmii wac mis Opaysepa Google Chrome Bke ICHYIOTH A€sKi CTOPOHHI
pillICHHS Yy BUIUIANlI JOJATKIB, sKi MokHa migkmiountu A0 Google Forms, 1o
J03BOJISITAMYTh OTPUMATH BIAMOBIAHI TpadiuHi 300pakeHHs s OyIb-SKUX AHUX B
dopmati TeX, omHak came OTpuUMaH1 300paKeHHs HaJajll i MOBUHHI OyTH IMIIOPTOBaHI
B Qopmy 1ii aBtopoMm. OUYEBHIHUM HEIOJIKOM TaKOro MIAXOAY € SK TMOTpeda
MOTIEPEeIHBOTO0 TEeHEepYBaHHA Ta 30epiraHHs 300pakeHb, TaK 1 YHUCENbHI PYTHUHHI
oreparii Mmoo iX MOAaIbIIOTO IMIIOPTY B POpMY.

Mu X OpomoHYyeEMO MPHUHIMIIOBO 1HIIWH, MPOCTIMIMKA Ta 3PYYHINIAM MIAXIT —
i’ exnit0 B HTML-kox ¢popmu nUpeKkTHB MiAKIIOYEHHS OJHIET 3 ICHYIOUUX Javascript-
616mioTex (MathJax [3] ab6o KaTeX [4]), uio aBToMaTU4YHO 31HCHIOBATUME TOIIYK Ta
Oe3rmocepeiHiil peHIepUHT BCiX MPUCYTHIX HA Web-cTopiHili (To6To y GopMi) JaHUX Y
¢dopmati TeX. Mexani3Mm iH’ekiil y BUXiIHUN Ko Oyab-ikoi Web-cTopinku Moxe OyTH
peani3oBaHUM 3a JOMOMOror0 TexHoJorii Extensions (po3mmpens) mis 6paysepa Google
Chrome [5] 3 BUKOpPHCTAaHHSM BIAMOBIIHUM YHHOM HAaNMCAaHUX KOHTCHT-CKPHUIITIB
(Content scripts) [6].

3anponoHoBaHUM MiAxXix OyB YCHIIIHO peali30BaHUM y BUINIAII PO3MIMPEHHS
“TeX Injector” [7]. Ilpu mpoMy B HalalITyBaHHAX PO3MIMPEHHS (Ha pOPUpP-CTOPIHIII)
MO’KHa BKa3aTu MOTpiOHy 610mioTeky penaepunry — MathJax 3, MathJax 2.7 yu KaTeX.
3a 3aMOBYYBaHHSM, PEHACPUHT 31MCHIOEThCS 3acobamu MathJax 3.

Posmmpennss BctaHoBitoeTbes B Opayszep Google Chrome ckadyBaHHSAM
BIJIMOBITHOTO apXiBy, HOTro pO3MAaKOBYBAHHSM, NEpexoJoM B Opay3epi B pPO3Ail
posumpenb (chrome://extensions/), BBIMKHEHHSIM TaM pPEXKHUMY pPO3POOHUKA Ta
MOJANBIIMM HATUCKAaHHSAM KHOMKHU "3arpy3uTh pacmakoBaHHoe pacimpenue’. Ilicms
BCTAHOBJICHHSI PO3IIUPEHHS, MPU 3aBaHTaKEHH1 Oyab-sakoi Web-cTopiHku (30Kpema,
(dbopMH) aBTOMATUYHO 3A1MCHIOBATUMETHCA TOIIYK Ta PEHSPUHT BCIX MPUCYTHIX HA HIA

nanux y ¢popmati TeX.
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Ha pucynky 1 mpoaemoHcTpoBaHO cTBOpeHHs ¢GopMH ii aBTOPOM 3 JaHUMHU Y
dopmati TeX, a Ha pucyHkax 2 1 3 — ii BimoOpakeHHsI ISl KIHIIEBOI'O KOPUCTyBaya y

BHUIIAJKaX HECBCTAHOBJICHOT'O Ta BCTAHOBJICHOT'O HUM PO3IIMPCHHA Bi,I[HOBi,HHO.

BH3HaUMTK, AKUIA 3 BKa3aHWK paais < [a @ 3 BapiaHTamu BignoBigi >
$$isum _{n=1"{Ninftyfrac{ni2~{n} }. g
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Puc. 2. Bino6paxxenns GpopMu 115 KOpHCTyBaya y BUMIAAKY BIACYTHOCTI PO3IIMPEHHS
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Puc. 3. BinobpaxenHus popmu Jis KOpUCTyBaya y BUMIAJKY HAIBHOCT1 PO3IIMPEHHS
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METHODS OF PROTECTION OF THE PUPILS FROM THREATS OF SOCIAL
ENGINEERING IN THE CONDITIONS OF DISTANCE LEARNING

Abstract. The paper presents an analysis of social engineering methods through which
cybercriminals can influence the pupils in terms of active distance learning. Special attention needs to

211



III International Scientific and Practical Internet Conference «Mathematics and Informatics in Higher Education:
Challenges of Modernity», May 20-21, 2021, Vinnytsia, Ukraine

be paid to protecting pupils from the harmful actions of cybercriminals. Simple tips will help prevent
negative effects on the pupils from the malware.

Keywords: distance learning, methods of social engineering, phishing emails, spam messages,
cyber attackers, personal data protection.

ComianpHa 1HXEHEpPisS y TMeploJ AUCTAHIIMHOTO HABYAaHHS CTajla HEBiI €MHOIO
YaCTHHOI 1H(GOPMAIIIITHOTO MPOCTOPY Ta KidepiraxpaiicTBa. MoBa e npo creniaabHy
METOJAMKY MaHIMyJAIlil, SKa AOMOMarae 3MyCUTH HIKOJIAPIB HaIiCIaTH 3T0OBMHUCHHKAM
cBOi mepcoHasbH1 AaHi. Kibep3moBMHUCHHKM BUKOPUCTOBYIOTH JIOJICHKI CIAOKOCTI —
TOOTO eMOIIli Ta TPUPOIHY MOBEIIHKY KEPTBH.

HaiimonynsapHimuii cepell YUCICHHUX CyYaCHHX I1HCTPYMEHTIB COIlalbHOT
iHKeHepil — € ¢imuAar. MeToto Moke OyTH 3aBOJIOMAIHHS 1H(POPMAIIEI0 TPUBATHOTO
XapakTepy oOMaHHUM muUIsiXoM. [lompu Te, MO MPO HHOrO MIMPOKO BITOMO, YCHIX
GIMMHTY MPOAOBKYE 3pOCTATH YEpE3 HEIOCTATHIO IU(PPOBY OCBIYEHICTH MIKOJSAPIB.

[TormupeHuM  pI3HOBHJOM  COLIAJIBHOT  1HXKEHEpii TaKOXK € HaJICHUIaHHS
€JIEKTPOHHMX JIUCTIB, y SIKHUX Y4YHIB MOBIAOMJISIOTH NPO TPOILIOBI BUTpAIll Y JOTEpEi.
3a3BrUYail JTUCT 3BEPTAETHCS 0 aJpecaTa 3a MPI3BUIIEM 1 MICTUTH I€TANIbHY ICTOPIIO IS
MIPUBEPHEHHS WOro yBaru. Taki JUCTU MICTITH JOBII ICTOPii 3 6ararbma JAeTaasiMu, IO
MaloTh JIOAATH CUTYaIlli mpaBaonoaioHocTl. Ko y4eHb mepexoauTh 3a MOKIUKAHHSIM,
ABTOMATUYHO 3aBAaHTAXYETHhCS MIKIJIMBE MporpamMHe 3a0e3NedeHHs] Ha MepCOHATbHUN
KOMIT'IOTep a0o Ha cMmapTdoH IS BIACTEKYBaHHS MEPCOHAIBHMX JaHHUX. Takum
YUHOM K1O€p3JIOBMHCHUKHM MOXYTh 3aBJATH SK MaTepiajabHOI Tak 1 MOpajIbHOI IIKOIU
Y4YHEBI1 Ta HOro poJaMHI.

[Ile omHUM MPUKIAAOM COIIATBHOT 1HXeHepil € OymiHr. bymiHr — 11e arpecuBHa 1
BKpail HETIPUEMHA MTOBEAIHKA OJHOTO y4uHs a00 TPyNH yYHIB MO BiJHOIIEHHIO J0 1HIIIOTO
VUHS, WO CYHIPOBO/KYETHCSA TMOCTIMHUM (I3BUYHUM 1 TICUXOJOTTYHUM BIUIMBOM.
SckpaBuMH TIpuKIagaMu OyJIHTY € pi3H1 1u@poBi Gopmu 00pa3, sSK y COMIAIbHUX

Mepexkax (Instagrsm, TikTok), Tak 1 3acobamu MeceHmKepiB y rpymnax kiacy (Viber,
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Telegram), abo HajacuIaHHA 00pa3/IMBUX JIMCTIB HA €JIEKTPOHY CKPUHBKY y4Hs. MeTta
TaKMX MOBIJIOMJICHb — HABMUCHE HETPUUHSATTS Y4YHS 10 KOJICKTUBY, IIAaHTaX Ta HABITh
nobutta. Yactimie 3a Bce yuHi, IO HAJICWIAIOTH TakKi OOpa3iMBiI TMOBIIOMIICHHS,
BBA)KAIOTh, IO 1€ CMIIIHO 1 B I[bOMY HEMAa€ BEJIMKOI MPOOIEMU UM Tparefli, a TaKoK,
10 Jopocii He OyAyTh 3BepTaTH Ha II€ yBary.

[Ipomonyemo y4HsM Ta OaTbkaM IJIs 3aXMCTy TEPCOHAIBHUX [aHUX BiX
Ki0E€p3TOBMUCHHKIB TOTPUMYUTECH MPOCTUX TOPA.

1. BukopucToByiiTe YHiKAJIbHI MapoJi AJs1 KOKHOr0 00JIiKOBOr0O 3ammMcy B
Mepexi. [lopagu 1moa0 mpaBwIbHOTO BHOOPY Maposisi: HE BUKOPHUCTOBYHTE cioBa 31
CJIOBHHMKA a00 iMeHa Oy/b-sSKOI0 MOBOIO; HE BUKOPUCTOBYITE molmMpeHi opdorpadidHi
MOMUJIKM B CJIOBax 31 CIIOBHUKA; HE BUKOPHCTOBYHTE iMeHa KOMI'IOTEpiB ab0 iMeHa
00JI1KOBHX 3amuciB [2].

2. Binnasaiite nepeBary napoJibHiii ¢pasi, a He 3BUYAHHOMY NIAPOJIIO;

[lopanu mis BuOOpy HamiHOT MapoibHOi (pa3u: BUOUpalTe 3HAUyIIE IJs Bac
pCUCHHS; J0JaiTe creniaabHi CHMBOJIH, Taki K | @ # $ % ~ & * (); unMm ¢pasza ngosia,
TUM Kpallle; YHUKalTe 3arajJbHOBIIOMHUX a00 MOMYyJISApHUX BUCIOBIIOBaHb, HAIPUKIIA],
TEKCTIB 13 Biomoi micHi [1].

3. PobiTh pe3epBHi Komii BalmiMx JaHMX. YYHI BUIMAJKOBO MOXYTh BUIATHIN
OpHUTIHAJBHY BEPCII0 BAXJIMBOTO JOKYMEHTa — KOHTPOJBHOI poboTu, pedepaTy Ta iH.
HasiBHICTh pe3epBHUX KOIIM 3MOKe 3amoOIrTH BTpaTi yHIKaJbHUX NAHUX, HAPUKIIA,
HaBYAJIbHUX TPOEKTIB 1 CIMEHHUX (oTorpadiii.

4. YBiMKHITH ABo¢akTOpHy ayreHTH(ikamiio. [lonmynspHi oHmaiiH-cepBicH,
taki sk Google, Facebook, Twitter, LinkedIn, Apple Tta Microsoft, BUKOPUCTOBYIOTb
nBoGaKkTOpHY ayTeHTU(IKaIio I 3a0e3MeUeHHs] TOJAATKOBOTO PIBEHS 3aXUCTy MpHU
BXO/J11 10 OOJIIKOBHX 3aIHCIB.

5. He BiakpuBaT cnaMoBi MOBIIOMJIEHHS i JIUCTH Bi/l HEBiIOMHUX ajpecaTiB.
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6. He momuproiite 3aHaaro 6arato ingopmauii B comiaibHux mepexax. He
BapTO NUIUTUCA Yy Tpodial ocoOucToro iH(popMaIli€ro, HAMPUKIIAA, JaTa HapOKEHHS,
eJIEKTpOHHA agpeca abo Homep Tenedony. He 3amoBHIONTE CBOT Mpodisi B cOliadbHUX
Mepekax MOBHICTIO, HaJlalTe JIMIe MiHIMaabHO HeoOXimHy iHopMaiio. Yum Oinbiie
ocobucTtoi iHpopmallii B momupoere B [HTEpHETI, TUM Jierme Kibep3JI0BMHUCHUKAM
310paTy B1IOMOCTI MPO BacC 1 BAKOPHUCTATH iX MMPOTH BAC y peaTbHOMY JKUTTI.

7. BuxopucrtoByiiTe 0e31poToBi Mepexki Oe3meuyno. Yepe3 myOmiuni Wi-Fi-
Mepeki Xakepd MOXKYTh MPOHUKHYTH Ha Ball MOOUIbHUN TeneoH 1 meperisgaTv
MepPCOHANbHI 1aHi: ¢oTorpadii, JOKyMEHTH, IEPCOHATIbHI BIIOMOCTI.

8. lloBinomuTH npo maxpaiicbki aii y BinnmosiaHi opranizamii. [loBimommstoun
Mpo IMIAXPaliCTBO BHU JOMOMAraeTe 1HIIUM HE CTAaTW >KepTBaMmM ImaxpaiB. Hamumrite
€JIEKTPOHHE  3BEpHEHHS MpO  BUNAJOK  (QilIMHY, choaMmy, KioepOyniHry y

Kibepmomimieto Ykpainu 3a mokiaukaHHsIM https://ticket.cyberpolice.gov.ua/.

OTxe, y nepioJ] akTUBHOTO JUCTAHIIIMHOIO HAaBYaHHS Y4YHI MOXKYTh, HallpUKJIa,
oTpuMaTH (IIIMHTOB1 JUCTH, HEOAKaH1 CaM-ITOBIIOMJIEHHS Ha €JE€KTPOHHY CKPUHBKY,
3a3HaTH HETraTUBHOI'O BIUIMBY Bija KiOepOymiHry. Jlns 3HMKEHHS WMOBIPHHMX PHU3UKIB,
PEKOMEHIyEMO JOTPUMYBATUCA TMPOCTHX MpaBWi 1HGOpPMAIIWHOI Tiri€HU 1 HAaBYATH

YUHIB €TUKETY CIUIKYBaHHS Y BIpTyaJlbHOMY CBITI.
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VIRTUAL INTERACTIVE BOARD AS A MEANS OF VISUALIZATION OF
STUDY MATERIAL IN THE CONDITIONS OF DISTANCE LEARNING AT
GENERAL SECONDARY EDUCATION INSTITUTIONS

Abstract. The article considers the concept of a virtual interactive whiteboard as a means of
visualization of educational material in the conditions of distance learning in general secondary
education institutions; The peculiarities of using some virtual interactive whiteboards during the
organization of distance learning in general secondary education institutions are given.

Key words and phrases: virtual interactive board, web service, distance learning, general
secondary education institution.

B yMoBax chorojeHHs, KOJu BiIOyBAa€ThCA BIPOBAKEHHS TUCTAHIIMHOI (GopMH
HaBYaHHSI B OCBITHIM TIpormec 3akiajiB 3araibHOi cepeanpoi ocBithm (33CO), crae
OYEBMJIHUM, IO KOXKHOMY BUMTEIO HEOOX1MHO OyTH TOTOBUM 0 MPOBEACHHS OHJIAWH-
ypokiB. [0MOBHMM 3aBAaHHSAM TMeAarora IiJ dYac oOpraHizaiii TakuX YpOKIB €
3a0e3MeyeHHs] MaKCHMajbHOI B3a€MOJIi BCIX YYAaCHUKIB OCBITHBOro mporecy. s
BOr0 MOTPIOHO BpaxyBaTW TaKi Ba)KJIMB1 acCMEKTHU: BUOIp JOCTYMHOI Ta 3pYy4HOi y
BUKOPUCTAaHHI OCBITHBOI Mmiatopmu; BUOIp e€DEKTUBHHX 3ac00iB, AKI JOMOMOXYTh
aKTHBI3yBaTH poOOTYy YUHIB Ha YpOIIL.

Cepen 3aco0iB MOKHa BHOKPEMHUTH PI3HOMAHITHI BeO-CEpBICH Jii CTBOPEHHS
€JIEKTPOHHOT0 auaakTuuHoro martepiamy: Kahoot!, Online Test Pad, Plickers, Quiziz,
Google ®opmu Tomio (BIKTOpUHH, onmuTyBaHHs); LearningApps, Flashcard Machine,
WordLearner tomio (kaptku-3aBmanHs); Mindomo, Diagramly, Cacco, SpiderScribe
tomo (iHTenekT-kapTu, Aiarpamu); Glogster, Thinglink Tomo (iHTepakTHBHI MJIaKaTH).

[Mpuknagu Buxopuctanus BeO-cepBiciB (Calameo, Google Caittun, Google ®opwmu,
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Mindomo, Online Test Pad Ta iH.) mix yac BUBYEHHSI MaTeMaTHUKH, 30KpeMa B yMOBax
TUCTAHIIHHOTO HABYaHHSA MOJIaHOo B myOmikarisax [1; 2; 3].

BaxnuBum 3aco0om TpaaMiifHOro ypokKy € KkiacHa gomka. [lig dac
JUCTAHI[IMHOTO HABYaHHA il aHAJIOTOM € BIpTyajbHA IHTEpaKTHBHA JOIIKA (OHJIAMH-
JIOIIKA, €JeKTPOHHA [IOIIKa, cTiHa, Wwhiteboard-mpoekT), $Ky BH3HAYAIOTh SK:
«MEpEeXKEBHUM COIIaTbHUN pecypc, MPU3HAYCHUM IS OpraHizailii criapbHOT poOoTH 3i
CTBOPEHHS I pefjaryBaHHsi 300pa’ke€Hb 1 JOKYMEHTIB, CIUIKYBaHHS B peajbHOMY 4Yach»
[4].

BipTyanbHa iHTepaKkTHUBHA JIOIIKa JO3BOJISE Bi3yasli3yBaTH HaBUaJIbHUN MaTepiad,
0 B CBOIO UEpry 3aIlIKaBJIIOE YYHIB Ta MOTHUBYE iX O BHUBYEHHS TOTO YH 1HIIIOTO
HIKITBHOTO TPEAMETY. 3aBASKWA CHUIBHOMY IOCTYIY JI0 JIOIIKM MOKHAa €(EeKTHBHO
HaJaroJuTH 3BOPOTHIN 3B’S30K Ta 3a0€3MEUUTH aKTUBHY JISIBHICTH KOXKHOTO IIKOJISApPa
Ha ypoIl.

BiamoBigHo 10 ocobmuBOCTEN BHUKOPHUCTaHHS B OCBITHhOMY TMporieci, H. Xwminib,
I. MopkBsiH BUAUISIIOTE 4 TPyNU BIPTYyaJbHUX JOMIOK: 1) JOWIKA AJIS CTBOPEHHS
IHTEpaKTUBHUX TUTakaTiB, MmKUTbHUX TazeT (Wikiwall; Glogster); 2) momku s
mamroBanHs (Drawonte; FlockDraw; Scribblar; CoSketch); 3) momku qis 36epirans
HOTaTOK (Scrumblr; Conceptboard); 4) momku ans oprasizaiii cymicHOI poboTH 13
PI3HOMaHITHUM KOHTEHTOM 13 MOXJIMBICTIO CIILTLHOTO oro penaryBanus (Educreations;
LIno it; Padlet; Rizzoma; Popplet; Twiddla; Realtimeboard) [4].

PosrnsHemMo neranpHilIe OCOOJIMBOCTI BUKOPUCTAaHHS JESKUX BIPTyaIbHUX
IHTEPaKTUBHUX JOIIOK ITi yac opraHizaiii guctaniiinoro Hapuanusg B 33CO (tadm. 1).

Taomuns 1.

Bunu BipTyanbHUX IHTEPAKTUBHHUX JIOIIOK Ta X OCHOBHI XapaKTEPUCTUKU

BipryasbHa iHTepakTHBHA J01IKA OCHOBHI XapaKTepHUCTUKH

Educreations BipryanbHa gomika ajst cniibHOI poOOTH, siKa
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https://www.educreations.com/ no3BoJisie: 1) 3aBaHTaKyBaTH 300paskeHHS 1
BiJleo pi3HHMX (OpMaTIB i 3 Pi3HUX PECypcCis;
A 2) nogaBaTH MY3UYHUH CYNPOBIiI, TUTPHU, OITUC
1 3acTaBKy; 3) JoJaBaTH TeMaTH4HI Ma0I0HH,
nepexond Ta edektd; 4) nepeMiniate

YFOAHO W rae iy MaTepialu B JOBIIbHOMY MOPSIKY TOLIO.
YroAHO. & '

YuuTe koro

BeskonrroBuuil nonarox g manmeris iPad.

350 WA CTYRENTS

€ MOXKJIMBICT, ~ 30epertd  JOIIKY IS
MOJAJILLIOTO i1 BAKOPUCTAHHS

Moga iHTepdeiicy: aHrmiichbKa (€ MOYKIIMBICTh
ABTOMATHYHOT'O MEPEKIIaLy OHIAlH).

[ToTpiOHa peectpariis.

[Iponosxenns Tabmuii 1.

BipryasibHa iHTepakTHBHA 101IKA OcHOBHI XapaKTepucTUKH
Padlet MepexeBuit cepic JUIs CTBOPEHHS
€JIeKTPOHHOI  CTIHM,  SKHH  JI03BOJIAE:

https://padlet.com/ 1) npukpimoBaTH 300pakeHHs, ayaio, Biaeo,

e MOCUJIAHHS HAa CTOpPIHKM I[HTepHeT, 3aMiTKH;
P 2) oprani3zyBaru CHUTbHUAN JOCTYII

TBOpUECTBO + KOMAHAA KOpUCTYBa4iB 1O BHUKOHAHHS  II€BHOTO
+ mopsizox = Padlet 3aBJaHHsA; 3)  JIeTKO  penaryBatd — Ta

nepeMillyBaTH OBIIOMJICHHS Ha CTiHI TOLIO.

] .
- CTBOpeHy  JIOIIKYy  MOXHAa  PO3MICTUTH

B COIIAJIbHUX MEpexax, Ha caiiTi abo B 0J1031.

Moga iHTEpdeicy: pociiichKa.

Jliist poGoTH peecTpallis He 000B’3KOBA.

Popplet CepBic, TpHU3HAYCHHWI IS CTBOPCHHS Ta

HAIlOBHEHHS KOHTEHTOM <(JIMIKOI» IOIIKH 3

https:// -popplet.com/ MOJKJIUBICTIO CHIJIBHOTO penaryBaHHs. BiH
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ganize, collaborate

‘ The Simplest Way to Visualize Ideas.

N03BoJIsiE: 1) CTBOpIOBAaTH OINOPHI KapTKH,
SCKpaBl CXEMH, BIJIEO Ha IEBHY TEMAaTHKY;
2) po3po0siTH  MYJIbTUMEAINHI  3aMiTKH,
SIKUMU MOYKHA JUTUTUCS 3 1HIIUMU; 3) CHLIBHO
[IpaLtoBaTH HaJ| IEBHUM 3aBJaHHSM TOILO.

€ MOXJIMBICTh pPO3MILLyBaTH poOOTH Ha
CTOpIHKax CalTiB, OJOriB, Yy COLIAJBHUX
Mmepesxax Facebook ta Twitter.

Moga iHTepdeiicy: aHrmicbKa.

[ToTpiOHa peectparris.

Twiddla

https://www.twiddla.com/

ﬁmr’
=

Twiddla - aTo UHTEPaKTMBHAR
A0CcKa ANs COBPEMEHHOTO
obyyeHus

OnnaifH fgomika, TpHU3HA4YE€HA ISl CHUIBHOL
po0oTH, sKa 103BoJIs€: 1) po3MILIyBaTH TEKCT,
uTrocTparii, MaTeMaTUYH1 bopmynu;
2) reomeTpuyHi napameTpu; 3) BOyIOByBaTu
JIOKYMEHTH, BIIDKETH 1 html-xox;
4) criiyikyBaTucs 3a JI0MOMOTOI0 Yary.

CtBOpeHy JOUIKY MOKHA PO3MICTUTH Ha CalTi
abo B 011031

Mosa iHTepdeiicy: aHrmuiiiceka (€ crieniaiabHa
KHOTIKA JJIs1 TTOSICHEHHS €JIEMEHTIB iHTepdeicy
POCIHCBKOIO MOBOIO)

be3 peecrparii 3 AOMIKOIO MOXKHA MPALIOBATH
e 30 gHiB.

ClassroomScreen

https://classroomscreen.com/

=, Clossroomscreen

Knaccnoe
PYKOBOICTBO

BipryanbHa [omIKa 3 BEJIMKOI KUIBKICTIO
PI3HOMAaHITHUX IHCTpyMeHTiB. [lpamroBatu B
J0aTKy MOKHa depe3 Opayszep. Bin mae
KinpKka ¢yHKmii: 1) MoxHa BuOpat GoH; 2) B
TEKCTOBE TMOJIe MOXKHA BBOJUTH IHCTPYKIUIi 110
3aB/laHb; 3) MOXKHa BUOpaTH MOBY; 4) MOXHa
BCTAHOBUTH N€BHUI 4Yac Uil pO3B’sA3aHHSA
KOHKPETHOT'O 3aBJaHHs TOLLO.

Moga inTepdeiicy: aHrmiiicbka (€ MOKIUBICTD
aBTOMATUYHOI'O IepeKyIaay OHIANH).
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Jns pobotu peecTpartisi He 000B’s13K0BA.

[Iponosxenns Tabmuili 1.

BipryasbHa iHTepakTHBHA J01IKA OCHOBHI XapaKTepUCTUKH
Google Jamboard BipryanpHa iHTepakTHBHA Jomka Big Google.
o . .
T, e o | | GO08lE Jar.nboar.d NpHU3HaueHa Ul IIBHIKOI i
XL e Hao4HOI (ikcailii BCbOTO, IO MOXE CTaTH B

Haroji, Ml 4yac HaBYaHHsA Yyu4HIB. barato B
YoMy BOHA CXO’Ka Ha 3BUYAMHY OUIy IONIKY.
Opnnak, pomka Google Jamboard He wMae
0OMEXEeHb 3a pPO3MIPOM BUIBHOTO MiCIs 1

s 2o a@s

KUIBKICTIO YYaCHUKIB, sIKI MOXYTbh Ha Hil 110-

HeOyZb MaJllOBaTH OAHOYAcHO. biibiue TOTO,

BCce 1m0 HamajiboBaHO Ha (Google Jamboard,
MokHa 30epertu Ha Google Drive i motim
3HAWTU Ta KOPUCTYBATUCS Jali.

Takum ynHOM, MpOaHaTI3yBaBIIM OCHOBHI XapaKTEPUCTUKHU JACSIKUX BIPTyaIbHUX
IHTEPaKTUBHUX JIOIIOK, Ta, BPaxyBaBIIM OCOOJIMBOCTI iX BHMKOPHCTAHHS IIiJi Yac
oprasizauii guctaniiiinoro HaByaHHs B 33CO, MOkeMO CTBEpAKyBaTH, 1110 BIpTyaJibHa
IHTEpaKTUBHA JIOIIKa € €()EeKTUBHUM 3aCOO0M HaBUYaHHS, OCKUIbKM ii 3aCTOCYBaHHS B
OCBITHROMY TIpolieci 3a0e3neuye: GopMyBaHHS IHTEpECY Ta 3aIliKaBJICHOCTI YYHIB N0
BUBUCHHS IIKUIBHUX TMPEIMETIB; MiABUIICHHS MOTHBAIlli YYHIB JO HaBYaHHS;
Bi3yasli3allil0 HaBYaJIbHOIO Marepianly; akTUBHY ALSUIbHICTh YYHIB Ha ypoKax; SIKICHUM

3BOPOTHIH 3B’SI30K MK YUUTEJIEM Ta YYHSIMHU TOIIO.
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ADAPTATION MAPLE SYSTEM FOR STEP-BY-STEP CONSTRUCTION OF
SCHEDULE-FUNCTION FUNCTIONS

Abstract. The article shows the relevance of using the Maple system in the study of
mathematics. On the example of a practical lesson "Application of differential calculus to the
construction of tangents". A method of adapting the Maple system to the construction of tangents is
proposed.

Key words and phrases: educational Maple-simulator, typical problems of higher math,
distance technology education.

[IBuakuit po3BUTOK 1H(GOPMAIIHHUX TEXHOJOTINA Ta KOMIT IOTepH3allis ycix cdep
TiSUTBHOCT1 — HAYKOBO1, OCBITHHOI, BUPOOHUYO-EKOHOMIYHOT, 3HAYHO T1JBUIIYE BUMOTH
70 BIPOBAKEHHS Ta CHCTEMATHYHOTO 3aCTOCYBaHHS HOBITHIX 1H(OpMaIiIHUX
TEXHOJIOT1M y mpoueci HaBuaHHS W (opMyBaHHS NPOGECciiHUX KOMIIETEHTHOCTEH
MailOyTHIX (axiBLiB.

AHani3 HayKOBUX JIOCHIJKEHb 1 NyOJikalii Moka3aB, WII0 MHUTaHHAM
BrpoBa/pkeHHs 1 Bukopuctands [KT y Bumii mkomi 3aiiMaeTbcsi 6arato HayKOBIIIB,

3okpema: buxos C. A., Tpuyc lO. B., Irnareaxo B. M., Hepenuenko B. @., SIkosieB A.
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I. ta in. IlpoTe OUTBLIICTH aBTOPIB CKOHIIEHTPYBAJIM yBary Ha mnpoOjemMax HaBYaHHS

YKpaiHCBKUX CTYJIEHTIB 1 HIIK HE BPaxoBYIOTh crenudiky poOOTH 3 1HO3EMHUMU
CTYJICHTAMHU.

KpiMm Toro TeHmeHIliE OCBITH

XapaKTEePU3YEThCS  30UIHIIICHHSIM  YaCTKHU
camocTiitHo1 po6otu. Tomy OoAHUM 13 aKTyaldbHUX 3aBJaHb HAaBYAHHA € (POPMYBaHHS

BMiHb 1 HABUYOK CAMOCTIHHOT pOOOTH, aKTUBI3allis 11 pI3HUMHU JOCTYITHUMH CTIOCOO0aMHU.
SIkuo gatm IHCTPYMEHT, 3a JOMOMOTOI0 SKOTO MOHAa TMEpPEeBIPUTH  CBOIT
pe3ynbTaTH, caMocTiitHa poOoTa Oyne Outbin edexktuBHOIO. Agantyemo CKM Maple no

MPOBEJICHHST MPAKTUYHOTO 3aHATTS 3 MaTeMaTWKH Ha Temy «lloOymoBa JOTHYHHX [0
rpadika QyHKIIH».

JIyig 3HAXO/KEHHSI Ta MOOYIOBU JAOTUYHOI CKOPHCTAEMOCH HaB4YaJIbHMM Maple-

TPEHAXKEPOM, CTYACHTaM JIOCTaTHbO JIUII BKa3aTH MOYATKOBY (DYHKIIIIO Ta TOUKY B SKIH
MOTPiOHO 3HAUTH TOTHYHY.

Pesynprar po0OOTH TIOKPOKOBOTO TpEHa)Kepa

300paxkeHo Ha puc. 1-2.
3acToCcyBaHHS TpeHaKepa HAJAE MOXIIMBICTH 3BIPUTH CBOI OTpPUMaHI 3HAYEHHS 3
BIpPHOIO BIATOBIIIIO.
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el 2 [Tveasio moxlduy dnesndl];
M= normal(diffig x)) - 7 =5

(B endseres

[ Expresson
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Wemary: - Tine:

Pucynok 1 — Jlotuuna o rpadika GyHKI.

Math Mo
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Pucynok 2 — Jlotnuna o rpadika GyHKIi.

3a HagBHOCTI TPEHAXepa CaMOCTIHA PoOOTa CTyJeHTa cTae€ OUIbII €(heKTUBHOIO.
A poJib BUKJIaJa4a MOJSATAE B HAJaHHI KOHCYJIBTATUBHOI T0TOMOTH. TakoX CTyACHT Ma€e
3MOT'y CaMOCTIHHO pO3B’SI3yBaTU MPUKIAIN, & TPEHAXKEp BUKOPUCTOBYBATHU B SIKOCTI
MEePEBIPKH CBOIX KPOKIB 1 B pa3i MOMUJIKH, O€3 TOMOMOTH BHUKJIagaua, JIOKaIi3yBaTH ix.

[linBoasuyM MiACYMOK, MOXHA CTBEP/KYBaTH, II0 BUKOPUCTAHHS CHCTEMHU
KOMIT IOTEpHOIX MaTeMaTHKd Maple miaxoauTs IJs opradizaiii caMocCTiiHOI poOoTH
CTyJIeHTa 3 3aKpIIJICHHS HABYAJILHOTO MaTepialy BUBUCHOT'O Ha 3aHATTSIX Ta MiITOTOBKU
70 ayAMTOPHUX 3aHATh, a TakKoX BUkopuctaHHs 3aco6iB IKT € omuum 13 cmoco6iB
onTUMIi3alii  HABYAIBHOTO TIPOLECY 3a  pPaxXyHOK CTBOPEHHS yMOB A

IHAMBIIyaJI130BaHOTO MiIX01y IPH HABYaHHI CTY/ICHTIB.
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FUNCTIONAL MODELING OF THE PROCESS OF INFORMATICS
LEARNING IN A PROFILE SCHOOL

Abstract. In the Diploma project the requirements to the educational environment are analyzed,
the problems of pedagogical modeling are revealed, the concepts "model", "modeling" are considered.
The requirements for the model are described. Theoretical information on the construction of IDEF0
models is given, namely: a contextual diagram of the learning process in a specialized school, a
decomposition diagram that gives a clearer idea of learning processes, which in turn is also
decomposed into even smaller processes.
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The purpose of the diploma project is to build a model of education in a specialized school
according to the methodology IDEFO0. The generalized concept of "modeling" is given, the
requirements to construction of models are analyzed.

Keywords and phrases: computer science, teacher, model, functional block, context diagram,
decomposition diagram.

[To6ynoBa moneneit IDEFO mounnaeThcsi 3 moOynoBu (PYHKI[IOHAIBHOTO OJIOKY.
OyHKIIOHATBHUN OJIOK rpadiuHO 300paKyETHCS y BUTIIANI MPSIMOKYTHHKA 1 YOCOOIIOE
co0010 eSIKy KOHKPETHY (YHKIIIO B paMKax JaHOI CUCTEMHU. 3a BUMOTaMu CTaHAAPTY
Ha3Ba KOXXKHOTO (PYHKI[IOHATHHOTO OJOKY Mae OyTu c(POpMyIbOBaHO B IECTIOBHOMY
croco0i  (Hampukiag, «BUPOOJSITH TIOCIHYTH», a HE «BHPOOHHUIITBO TMOCIYI»).
OyHKI[IOHATFHUM OJIOKOM Yy TIpOIleCi HABUAaHHA € caMme HaBuyaHHA. DYyHKIIOHATBLHUN
OJIOK TaKOK HA3UBAIOTh KOHTEKCTHHUM.

Jlpyrum etanoM € noOynoBa (QpyHKIIOHaIbHOT Mojeni. DyHKIIOHATIbHA MOJIENb,
J03BOJISi€ BUSBUTH HENOJIIKM MIPOLECIB 1 MOOYIyBaTH il€ajbHy MOJENb AiSJIbHOCTI,
TOOTO ONTUMAJIBHY TOCIIIOBHICTh M1, JOKYMEHTOOOIT Ta BUKOPUCTAHHS PECYpPCiB MpH
3MIACHEHH] MPOEKTIB (HAPHUKIIaJ, MPOEKTIB 3 peopraHizailii HaBYaJIbLHOTO TIPOIIECY).

Tperiif eTan XapakTepU3yeThCS JIE€TANI3AIE€I0 TOJOBHOI (PYHKII CHUCTEMH, IO
3IACHIOETBCS 3@ JOMOMOIOIO JliarpaM JEeKOMIIO3ULIi, siKi OyAyIoTbcs 3a THM CaMHM
MPUHITUIIOM, 10 1 KOHTEKCTHA, ajie BKJIIoYae OUIbITy KUTbKICTh poOiT. KoxHa poboTta, y
CBOIO uepry, Moxe OyTH JexoMmmno3oBaHa. POOOTHM YTBOPIOIOTH i€papXito, /i€ KOXKHA
po0OoTa MOXKe MaTH OJHY OaThKIBChKY M KUIbKa JOUIPHIX POOIT, YTBOPIOIOUU JEPEBO.
Take nepeBo Ha3MBaAIOTH AEPEBOM BY3JI1B, a BUIICONMUCAHY HYMEPAIlilo - HyMEPAIIEIO 110
By3Jax.
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CONDITIONS FOR EFFECTIVE USING OF MOBILE TECHNOLOGIES IN
GENERAL SECONDARY EDUCATION INSTITUTIONS

Abstract. An approach to the definition of mobile learning is proposed. The advantages of
introducing M-learing elements during training are described. Based on the analysis of the goals,
benefits and features of mobile education, the main conditions for the effective use of mobile
technologies in general secondary education are identified.

Key words and phrases: mobile learning, mobile education, conditions for effective use of
mobile technologies.

CydacHuil eTam MOJEpHI3allii CHUCTEMU OCBITU XapaKTEPU3YETHCSI CTPIMKUM
PO3BUTKOM  MOOUIPHUX TMPHUCTPOIB, TMEAATOTIUHMM TMOTEHIIAl SKUX JO3BOJISIE
MOBHOI[IHHO PO3BMBATH HOBY TEXHOJOTII0 B OCBITI, @ CaMe, TEXHOJIOT10 MOOLITLHOTO
HaBYaHHS.

Brniepiie texHonoris MoOUTBHOTO HaBYaHHS 3’sBWiIacsd B AmMepuili, kKoiu B 1968
poui Anan Keii, amepukaHChbKuil BUEHMI y Trajly3i Teopii OOUHCIIOBAIBHUX CHCTEM, 1
foro koseru ctBopuwin Dynabook — koHueniito moOyA0BH MPUCTPOIO ISl HABUYAHHS Ha
OCHOBI sIKOT TOOYI0BaH1 Cy4acH1 HOYTOYKH Ta TUTAHIIIETHI ePCOHATbHI KOMIT IOTEPH.

Came, oHATTA «MOOUTbHE HaB4YaHHs» (M-learning), 3’sSBuIOCS B aHTJIOMOBHIN
MeJaroriyHii JiTepatypi O1u3bKo 15 pokiB TOMY, a CBOTO MOIIMPEHHS B CUCTEMI OCBITH

VYkpainu HaOyJ0 HEIOAaBHO.
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B. O. KykneB [1] posrisgae MoOinbHE HaBYaHHS SIK HaBUYAaHHS 3a JIOMOMOTOIO
MOOLIBHUX 3ac001B, HE3aJE€KHO Bl Yacy Ta Micls, 3 BUKOPUCTAHHSIM CIEL1aJIbHOTO
MpPOrpaMHOTO 3a0E3MEUeHHs] Ha TMeJaroriyHidi OCHOBI MUKAMCIHUIUTIHAPHOTO Ta
moayisHOrOo miaxodiB. C. O. CemepikoB BH3Hauae MOOLUIbHE HaBYaHHS SK MIAX1A 0
HaBYaHHS, 3a SKOTO HA OCHOBI MOOLIBHHMX €JICKTPOHHHX TIPHUCTPOIB CTBOPIOETHCS
MOOLIbHE OCBITHE CEPENIOBHILE, J€ CTYACHTH MOXYTh BHUKOPUCTOBYBATH iX Yy SKOCTI
3aco0y JOCTYIy 10 HaBYaJbHUX MaTepiajiB, IO MICTAThCA B IHTEepHETI, Oynb-me Ta
Oyap-komiu [2].

Hamu 3anmpormoHoBaHO HACTYNMHMM MiAXiJ A0 BU3HAYCHHS MOHSTTS MOOLUIbHE
HaBuaHHsA. MoOinpbHe HaBuaHHsA (M-learning) — e ¢opma opraHizailii HaBYaIBLHOTO
MpOoLIECY, sIKa MOXE 1HTErpyBaTUCA AK 3 TPAAMIIINHOIO, TaK 1 AUCTAHI[IHHOIO OCBITOIO, 1
0a3yeTbcsi HA BUKOPUCTAHHI MOOUIBHHMX TMPHUCTPOIB, CHEIIATbHUX MOOUIBHHX
3aCTOCYHKIB 1 aJaliTOBAaHOrO0 JO0 MOOUIBHHUX TEXHOJIOT1 HaBYaJbHO-METOAUYHOTO
KOHTEHTY.

3arnpoBaKeHHs eneMeHTiB M-learning miji yac HaBYaHHS AacTh TaKi MepeBaru:

— Y4HI OTPUMYIOTb 3MOT'Y B3a€MOJISTH MK COOOI0 Ta CHUIKYBATHCS 3 BUUTEIEM
y 3py4HUH Ul HUX 4ac;

— Habarato 3pyd4Hille 3acTOCOBYBAaTH OJHI ¥ TI caMml HPUHOMH HaBYajIbHOI
JISUTBHOCTI B KJIacCl Ta 103a KJIaCOM;

— CTBOPIOETHCS MOXKJIIUBICTH O€3MepepBHOI0 OOMIHY HaBYAILHUMHU MaTepialaMH:
Y4HI 1 BUMTENl MOXYTh TMEpEeCHSaTd MaTepiaid 3a JIOMOMOTOI0 XMapHHX CEpBICIB,
MECEH/I)KEPIB, TUCTAHIIMHO ONMpallbOBYBATH MaTepian BCEpEAWHI TPYIH, NPAIIOBaTH B
napax 4yu Majux rpymnax;

— MOOUIbHI MPUCTPOi MOXKYTh OyTH BUKOPHUCTaHI B OyIb-SIKOMY MiClli, B TOMY
YHUCIIl Y HaBYAIbHUX MPUMIIIEHHAX, TPAHCIOPTI, BAOMA, IO T03BOJSE HABYATUCS B

OyIb-sIKUM 3py4HUI 1715 yYHIB Yac;
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— HOBI T€XHIYHI MPUCTPOI (MOOUTBHI TenePOHH, TaIXKETH, I'POBI MPUCTPOI TOIIIO)
Ta HOBI MOXIJIMBOCTI 3 iX BHUKOPHCTaHHSM TNPUBAOIIOIOTH YYHIB, MIIBUINYIOTH
MOTHBAIIIIO Ta IHTEPEC 10 HAaBYaHHSI.

OCHOBHUMH LUJIAMH BIPOBAIKEHHSI MOOITHOTO HABUAHHS €:

— MIJBHUILEHHS IKOCTI OCBITH;

— BIIPOBAPKECHHS Ta MiATPpUMKA Kpamux npaktuk iHTerpanii IKT y naBuanHs;

MOJIMIIEHHS] OCBOEHHS YYHSIMU HaBYAJIBbHOTO MaTepiaiy;

— aKTUBHE BIIPOBA/DKCHHS B HABYAIbHUM TPOILEC CYYaCHUX I€JaroT14HHUX
OCBITHIX T€XHOJIOTIH;

— 30UTBIIEHHS TOKA3HUKIB 10 37]a41 CTAH/IapTU30BAHUX TECTIB;

— MOTHBAIliS YYHIB 10 O€3MEepEepBHOTO HABYAHHS MPOTITOM KUTTS;

— MIArOTOBKA YYHIB A0 POOOTH B Cy4aCHOMY CBITI.

OgauMu 13 TEepIIMX MOJeNTh MOOITPHOTO HaBYaHHS B CEPEIHIM  IIKOJI
sanpononyBanin  Termnpkuii I. O., CemepikoB C. O., ITlomimyk O.II. VY wmonemni
MOOLILHOTO HABYAHHS YYE€Hb B3a€MO/II€ 3 YUUTEIEM MOCTIHHO 3a JoroMoroto [HTepHeTy
— Ha BIAMIHY BiJl TPAJULIMHOTO HABYAHHS, J€ TaKa B3a€MOJIsl MOXJIMBA JIUIIIE B MEXKaX
HAaBYAJIBHOTO 3aKJaly. YUWTeNb BIAITPAE POJIb KOHCYIBTYIOUOTO KEpiBHUKA, KOTPUU
CHPSMOBYE JISUIbHICTh YUHS HA OTpUMaHHs HE0O0X11HO1 iH(hopMaIlii.

AHanizyroun BUIIIE3a3HAYCHI 11111, TepeBaru 1 0COOIUBOCTI MOOIIBHOI OCBITH MH
BUJUIMIM OCHOBHI yMOBHM €(EKTUBHOIO 3aCTOCYBaHHS MOOIIBHUX TEXHOJIOTIH Yy
3aKja/iax 3arajJbHOi CePEeIHbOI OCBITH :

1. HagBHiCTh  IOCTAaTHBOTO pIiBHA TEXHIYHOTO 3abe3medeHHs (CyO’exkTu
HABYAJIBHOTO MPOIECY MOBUHHI MaTH MOKJIUBICTH MPAIIOBATH 13 CYy4aCHUM MOOLTbHUM

MIPUCTPOEM 13 IOCTIMHUM JOCTYIIOM JI0 MepexXi [HTepHeT);
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2. HasgBHICTp BIAMOBIAHOTO TMpoTrpaMHOro 3abe3medeHHs (KOKEH CyO €KT
OCBITHBOTO TMPOIIECY TOBHMHEH MaTH JOCTYH [0 IIMPOKOro HAO00py MOOUTBHHUX
3aCTOCYHKIB HAaBYAJILHOTO MPU3HAYCHHS);

3. HagBHICTh BIAMOBIAHOTO HABYAJIBHO-METOAUYHOTO 3a0e3meueHHs (KOXKeH
Cy0’€KT HaBUYaJbHOTO TIPOlLlECY TOBMHEH OyTH 3a0e3nedeHuid aaanToBaHUM O
MOOUTBHUX TEXHOJIOT1i HaBYAIbHO-METOJUYHUM KOHTEHTOM).

[IpoanainizyBaBIId KOXHY 13 3alPOMOHOBAHUX YMOB B PO3pi3l Cy4aCHOTO CTaHY
OCBITH B YKpaiHi, MOXEMO 3pOOMTH BHCHOBOK, 1[0 OCOOJMBO aKTyaJbHUM € MUTAHHS
PO3pPOOKH HABYAIBHO-METOJMYHOTO 3a0€3MeUeHHs] aJanTOBAHOTO 10 BUKOPUCTAHHSA

MOOUIBHUX 3aCTOCYHKIB IIPH BUBUEHHI IIKITHbHUX JTACHHUTLIIH.
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STUDY OF MULTIMEDIA TECHNOLOGIES BY STUDENTS OF
PHILOLOGY IN THE COURSE «(INFORMATION TECHNOLOGIES»
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Abstract. The experience of studying and using the means of multimedia technologies in the
training of future specialists in philology at the Lesya Ukrainka Volyn National University is presented.
Features of the Microsoft Publisher program, HTML hypertext markup language, multimedia
presentations, cloud technologies are shown.

Key words and phrases: information technologies, multimedia technologies, Microsoft
Publisher tools, multimedia presentation, cloud technologies, philology students.

HasiBHICT, B OCBITHIX mporpamMax KypciB, TMOB’si3aHUX 3 1H(OpMAIIHHUMH
TEXHOJIOT1SIMU, HaJa€ CTYACHTaM MOXIIMUBOCTI OTpUMaHHA 1HMopMaIi 1070
KOMIT IOTEpPHOi IPAMOTHOCTI HE TUIbKM y CBOiM mpodeciiiHii AIsIBHOCTI, aje 1 y BCIX
chepax KUTTA CYCHUIBCTBA, IO JAOMOMAara€ MOMIHOMeHHIO NpodeciiHuX 3HaHb,
HAyKOBOI'O Ta KyJbTYPHOI'O CBITOTIISA Y [2].

Ha dakynpreTi «@inomnorii Ta >XypHamIiCTUKW» BOIMHCHKOTO HAIIOHAIBHOTO
yHiBepcuTeTy imMeHi Jleci YkpaiHku y HUKI 3arajbHOl MiATOTOBKH HaBYAIBHOTO TUIAHY
OakanaBpa Apyroro poky HaByaHHs (cmemianbHICTE 035 «®dimonoris») BKIOYEHO
HaBYaIbHY TUCHUILIIHY «lH(MOpMaIliiiHI TeXHOJOT1l B Taly3l 3HaHbY», a U CTYJCHTIB
ocBiTsH (CremianbHicTh 014 «Cepennst ocBiTay) — «IHdopmarliiiini TEXHOJIOTIT B OCBITI.

Cunabycu HaByYaJbHMX JAMCLUMIUIIH CKJIANAIOTHCS 3 JIBOX 3MICTOBHX MOJYJIIB,
MEPIINN 3 AKUX BKIIOYA€ POOOTY 3 TEKCTOBUM PEIAKTOPOM, €ICKTPOHHUMU TAOIHUISIMH,
0azaMu JaHUX, APYTHH — pO3poOKYy Ta BUKOPUCTAHHA MYJIbTUMEAINHUX TEXHOJIOTIN y
raiy3i Qiromnorii.

MeTor I0CTiIKeHHSI € TPEJICTABICHHS OCBIY BHUBYCHHS Ta BUKOPUCTAHHS
3ac001B MYyJbTUMEIIMHUX TEXHOJOTIM y HaBYabHOMY MpOILIeC] MATOTOBKHU OaKaiaBpiB
¢dimonoriB BUKIIaJgadamMu Kadeapu 3arajabHOI MAaTEMaTHKH Ta METOAUKH HaBYaHHS
iHpopMaTuK1 BoauHChKOTO HalllOHAIBLHOTO YHIBepcuTeTy iMeH1 Jleci YkpaiHku.

AHaniz HayKOBUX JOCIIDKEHb 1 TMyOmikaiid 3acBimuye, 10 mpodiiema
BUKOPHUCTaHHA 1H(OPMAIIHHUX TEXHOJOT1M B OCBITHHOMY MPOIIECI BHIIMX HABYAIBHHUX

3aKJaiB 3arajoM pO3TISAacTbes 1 ycmimHo Bupimyetbes [1], [5]. 3ymuauMOCS 1
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OXapaKTepU3yeMO BUBYEHHS OCHOBHHUX TEM 3aCTOCYBAaHHS 3aC00IB MYJbTUMEIINHUX
TEXHOJIOT1H CTyJAeHTaMH-(P110JI0OTaMH.

[Ipu ompairoBanni Temu «Po3pobka matepianiB 3acobamu Microsoft Publisher»
CTyIeHTU (IJOJIOTH, BUKOPUCTOBYIOUM IIAOJOHM MPOTPaMU, CTBOPIOIOTH OYKIETH, SKI
MICTATH 1H()OPMAIIHHO-XPOHOJIOTIYHI JJaHi MPO KUTTA Ta TBOPUMM NUIAX MPO3AiKiB Ta
MOETIB, aHali3 XYJI0KHbOTO TBOPY Ta XapaKTEPUCTUKY HOTO TepoiB, MPOMO-OyKIeTH
JUIA TeMaTUYHUX 3axoniB (puc. 1.), Bizyamizaiil0o HaBYaJIbHO-HAYKOBOI'O MaTepiamy, a

TaKOX JIMCTIBKH, KaJIeHAap1, FPAMOTH TOIIO.

l) /l“@ﬂ‘]ﬁal_ad
“ AEHB °
YKPAIHCBKOI
MOBU
(Eo i

2T arere

HeHs yl-:paim:bltm! S
nyueeMHoCTI

ma m

Puc. 1. ®parmenT 300pakeHHs OykieTy, cTBopeHoro 3acobamu Microsoft Publisher
[Tpu BuBueHHi Temu «CTBOpeHHs Beb-caiiTy» MailOyTHI (i10JIOTH 03HAHOMITIOIOTHCS 3
OCHOBHMMH TpPHUMOMaMH, K1 HEOOXimH1 NJisi cTBOpeHHs BeO-caiiTiB Ta Beb-cTopiHOK,
3aCBOIOIOTH METOJOJIOTII0 Ta TEXHOJOriI0 odopmiieHHs 1HTepdericy Beb-cTopiHOK.
CrBopeHHs cTyneHTamu BiacHOi Beb-ctopinku 3acobamu HTML (HyperText Markup
Language) (puc.2) n03BOJSE 3aKPIATA TOHSTTS MPO MOBY PO3MITKH TIMEPTEKCTY
HTML Ta cmocoOu BUKOHAHHS il 3 KOMaHIaMHU-TEraMHU I CTBOpEHHsS BeO-CcTopiHOK,

3 IKUMU JOKYMEHT BU3HAYECHUN Ta CTPYKTYPOBAaHUM.
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ol ykunonanesncrn] - Microseft Wed (CBod acwezunm npogyeral BB

lo

YD CADRE, | W3 yemankmmi |

PHC 2 (DparMeHT 306pa$I<eHH;1 Beb6-cTopinkw, CTBOpeHOI 3aco6aMH HTML

[Ipu BuBYeHHI TeMu «XMapHI TE€XHOJOTII Ta MOXKJIMBOCTI X BUKOPUCTAHHS» [4]
CTYJIEHTU O3HAHOMIIIOIOTHCS 1 MPalIOTh 3 XMapHUMH cepBicamu (Google, Microsoft
Office 365, Wolframalpha.

MynbTUMeAiiHI Mpe3eHTaIlli CTyAeHTH (1I0JI0TH CTBOPIOIOTH, BUKOPUCTOBYIOUH
3aco0M BHIIE 3a3HAYCHUX XMApHUX CepBICIB [3].

BucHoBku. Sk mokasye A0CBiJ, BUBUEHHS MYJbTUMEIIMHUX TEXHOJOTIH Ha
3aHATTAX 3 KypciB «lHopmarliitHi TexHoJsorii B ramy3i 3HaHb» Ta «lHopmarriitHi
TEXHOJIOrli B OCBITI» Ja€ MOXUIMBICTH TOKPAIIUTU SKICTh MIATOTOBKH CTYACHTIB
¢ditomorie, a came: MIABUIIMTH MOTHBAII0 Ta I1HTEpPEC 1O BUBUCHHA HABUYaJIbHOI
TUCIUIUTIHY; 30UTBIIMTA E€CTETUYHUM Ta eMOLIWHWN pIBEHb 3aHATTS 3a PaXyHOK
BUKOPUCTAHHA MY3MKH, aHIMaIlil; 30UTbIINTH 00CIT HABYAJIBHOTO MaTepiany s Horo
3aCBOECHHS Ta BHMKOPHMCTAHHS; MOKPAIMTH peaii3aiiio 1HIUBidyati3aiii HaBYaHHS;
BIJIMIpAIIOBAaTH pI3HI acmekTh MOBU ((HOHETUUHHM, TpaMaTUYHHUM, JEKCHYHHM Ta

KOMYHIKaTUBHU).
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USE OF THE REFERENCE SUMMARY OF LECTURES IN HIGHER
MATHEMATICS AT THE TECHNICAL UNIVERSITY DURING THE
PANDEMIC

Abstract. We consider the problem of online teaching of higher mathematicians of the
Technical University using the electronic system of Vinnytsia National Technical University JetlQ
based on the use of a key lecture, which allows to systematize, highlight, provide students with
complete theoretical material for mastering topics and sections.

Key words: electronic system JetlQ, reference syllabus, higher mathematics, online learning.
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Sk mokaszye AOCBiA, Tepea BHUKIaJadyaMH, OCOOIMBO TMOYATKIBISIMH, TOCTPO
noctayia mpobiema BUOOpY eheKTUBHUX (HOpM, METOIB Ta 3ac001B, K1 MPUBOAWIN O
70 JOCSATHEHHS TIO3UTUBHOTO pe3ylbTary (CHiBBIAHOIICHHS TPYAOBUX BHUTpAT
BUKJIaJ]aua 3 NIMOMHOI0 3aCBOEHHS HABUYAJILHOTO MaTepiany CTy/IEHTaMu).

Cepen pi3HUX NMPUUOMIB IMABUIIEHHS SKOCTI HABYAIBHO-METOAUYIHOI JISITLHOCTI
nejarora B CydacHUX yMOBaxX BUMarae po3poOka 1 BUKOPUCTAHHS OMOPHOI'O KOHCIIEKTY,
SKHUH ToroMarae CUCTeMaTU3yBaTy HaBYAJIbHUNA MaTepiajl, BUAUTUTH TOJOBHE.

OnopHi KOHCTIEKTA aKTUBHO BUKOPHUCTOBYIOTHCS B CUCTEMI CY4acHOTO HaBYAHHS
K BapiaHT BUKOHAHHS IHTEJEKT-KapTH 1 K caMOCTiiiHa ¢opma BUKIAAy matepiany. 3
OIJIsIIy Ha YCHILIHUI AOCB1J 3aCTOCYBAHHS TAKMX KOHCIIEKTIB y BUKJIAaHHI HaBYAIbHOI
mucuIuling «Buma matematuka» B TexHiuHoMy 3BO B yMoBax OHIaiiH HaBYaHHS €
MIJCTaBU CTBEPKYBATH, IO OMOPHUI KOHCIEKT A€ JOCITHYTH PIBHS ayIUTOPHOTO
HaBYaHHA. AJle MaeMO 3a3HAYUTH L0 METOAMKA 3aCTOCYBAaHHS ONOPHUX KOHCIEKTIB
nependadyae JOTpPUMaHHS OOOB'SI3BKOBOCTI CTPYKTYpH MaTepially, sika BU3HAYa€ThCS
MEePETIKOM MUTaHb, 10 BXOJATH 0 IJaHy, METH Ta 3aBAaHb 13 3aCBO€HHS TeMHu. Kpim
TOrO MOBHUM BUKJIAJ TeMU Ma€ OyTH JOCTYNHUH ISl CTYACHTIB Y BUIJIAI MIAPYyYHUKA
a00 mociOHMKa y HAaBIraTopax JUCIUILIIHY.

HaBenemo mpukiman CTPpyKTYpH YAaCTHHU OMOPHOTO KOHCIEKTY MEpIoi JEeKIii 3
po3ainy «OrmepaliiiiHe YUCICHHS» MICIA BCTYIy, A€ 3a3HayeHa BAXJIMBICTh MaTepiaity
TS BAKOPUCTAHHS Y 3araIbHOTEXHIYHUX Ta (paXOBHUX TUCHHUILIIHAX 32 CIEHIalbHICTIO:

§1. Opurigan ta 300paKEeHHS.

Pozrnsinemo komIuieKCHy (pyHKLIIO 11HCHOT 3MIHHOT £, f(2).

Ozuavenns 1.®ynkuis [f{(t) = ut) + () HA3UBAETHCSA OPHUTIHAIOM abo

MOYaTKOBOIO (DYHKIIIETO, SKIIO BOHA 3a/I0BOJIbHSIE YMOBAM:
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1. f(t) — Bu3HaUeHa Ta HEMepepBHA Ha IHTEpBall (-00; +00), 32 BUKIIOYCHHSIM
JeSKOr0 KIHIIEBOTO YHCIAa TOYOK PO3PUBY IMEPIIOr0 POJAy HAa KOXKHOMY I1HTEpBali
KIHIIEBO1 JIOBXKHHH,

2. f(t) =0, kot <0;

3. IcayroTs Taki aBa uncaa M >0, S 2 0, mo ms 6yap sxoro >0, ‘ f(¢ )‘ < Me*

3ayBaKCHHS

1) S — HasuBarOTh MOKa3HUKOM pocTy QyHKIIT f(¢). Lle o3Hauae, mo f{%) 3a aGCONOTHOIO
BEJTMYMHOIO 3pOCTAE HE CKOPIIIE JEAKOI Hamepe I 3a/1aH01 MOKa3HUKOBOI (DYHKIIIT;
2) oomesxxenHs 1-3 (o3HaueHHs 1) CKOPOUYIOTh KJIaC OPUTIHATIB, a TAKOXK 1 MOKIIUBOCTI
XapaKTEePUCTUKU (PIBUIHUX MPOIIECIB.

HaiimMeni »opcTokoro € ymoBa 2 (03HadeHHsS 1)Tak sSK MOKHA BKa3aTH MOYATOK

BIUTIKY ¢ = () Ta OCIIIUTH MpOLEC, Koiau ¢ > ().

2t :
puknan. Tokaxite, mo Gpynkmis | £ (¢) = {g (S)m 6t>0) (GyHKIIisT opHUriHAL.
4

Po3B’s13yBaHHS.

Tliiicro: 1) f(t) BusHauena V¢ € (—oo3+o0).
2) <0, f(t) = 0.

2t . 2t
3) ‘e -sin 34 < e” 3a M MoxHa B34TU M > 1, So =7.

Buknan Ha expaH AucIuiess TCOPETUYHOTO MaTrepiajdy B TaKOMY BUIUISAI Mif Yac
JeKIii 3 BUKOpPHUCTaHHSIM Meet Jae OCHOBHI TOJIOKEHHS ISl TOHSTTS TOJIOBHOTO
O3Ha4YeHHS po3auTy. KpiM TOro, okpemMo KOXHY OMNOpPHY JICKIiI0 BHCTAaBICHO B
HaBIraTopi, BPaxoBYIOUH, IO 1]l Yac OHJIAMH JIEKI[1i BAHUKAIOTh MPOOJIEMH Y CTYICHTIB
13 3B’A3KOM. TakMM YMHOM CTYJEHTH 3a0e3IedyeHi BCIM HEOOXITHUM MaTepiaioM Jis

BUBUYCHHS TEMHU.
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ﬂ }3 Beeaitk NOWYKOBMIA 33MAT TYT

baunmo, mo 3 moToky (56 0ci®) HEOTHOPA30BO CTYACHTH 3BEPTAIOTHCA MO
MaTepiaiiB HaBiraropa. J[OUITEHUM € HaJaHHS CTYJIEHTaM «ITyTIBHHUKa», 110 Haraaye
KapTKy 3 ¢GopMmynamu, A 3py4HOro BHUKOPHCTaHHS (K y 1IIKodal Oyino 3
Tpuronometpii). Ilicmsa 3akiHYeHHS BHUKIAMy Matepiaay 3 pPO3AUTY MU IPOMOHYEMO
NEePEeBIPKY 3aCBOEHUX 3HAHb OHJIAMH TECTYBAHHSIM.

Takum yuHOM pe3ynbTaTH TUIBKM OHJAMH HAaBYaHHS MiJl yac MaHJEeMIi JaloTh
pe3ynbTaTH HE TIpIIl HDK ayauTOpHe. AJie Npu I[bOMY Baromy poJib Bifirpae
T0OpPOYECHICTh CTYACHTIB IIOJ0 HE TUIBKHM MPUCYTHOCTI HA JICKIii, a i HAMOJIETIUBOCTI
B 3acBoeHHI Matepiany. 11lo0 nocsrtu mpboro MM IUIAaHYEMO HPONOHYBAaTH B KIHII
KOXKHOI JIEKI[1i MIHI TE€CTYBaHHS 3 TEMH KOXHOI'O yYaCHHKa, LI0 MOXJIMBO B CHCTEMI

JetlQ y BinHuubkoMy HalllOHAILHOMY TEXHIYHOMY YHIBEPCHUTETI.

235



III International Scientific and Practical Internet Conference «Mathematics and Informatics in Higher Education:
Challenges of Modernity», May 20-21, 2021, Vinnytsia, Ukraine

Dmytro Pokryshen, Ph. D.
Chernihiv Regional Institute of Postgraduate Pedagogical Education named after K. D.
Ushinsky, Chernihiv, Ukraine
e-mail: pokryshen@ukr.net

PROBLEMS OF NATURAL EDUCATION IN UKRAINE

Abstract. The relevance of STEM-education in the educational process, training and retraining
of educators is considered. Possible ways to solve the outlined problems are identified. The place of
mathematical knowledge in the context of STEM-education and their importance for future engineers
and mathematicians is given.

Key words and phrases: STEM, mathematics, advanced training, education, university.

3MiHH, K1 B11OYBaIOThCA Y Cy4aCHOMY CBITI HE MOXYTh HE BIUIMBATH Ha HaIly
Kpainy. Bce Ounpmoi mnomynspHocti HaOyBatoTh IT-kommanii Ta komnaHii, sKi
pPO3BUBAIOTh TEXHOJOTIYHUN Hampsamok: Apple, Amazon (Blue Origin), Boeing
(Starliner), Tesla, Space X, Virgin Galactic Ta iHmii.

O4eBuHO, IO MOMATBIINN PO3BUTOK MOXKIMBUM 32 PaXyHOK SKICHOT MIATOTOBKHU
KaJpiB, sIKI 3MOXKYTh CTBOPIOBATH 1HHOBALIWHI IPOIYKTH Ta MOTIM 00CIYroByBaTH iX IO
BCbOMY CBITy. TakuM YMHOM BHHHMKAa€ HarajlbHa moTpeda y MIATOTOBII
KOHKYPEHTOCIIPOMOXXHUX 1HKEHEPHUX KaJIpiB y Hamiiid kpaini. Lle MoKIuBO 3a paxyHOK
MOMyJIApU3allii MPUPOJIHNYO-MATEMATHYHUX 3HaHb (MoyiTexHiuHe HaB4yaHHSA, STEM-
OCBITa), 1 MATEMAaTHKH 30KpeMa, Ta aKTUBHE BIPOBAHKEHHS B OCBITHIM IPOIIEC 3aKJIa 1B
OCBITH BCIX piBHIB. JlOmIKiIbHA, MMOYATKOBA, CEPEIHS, CTApIla, BHINA Ta IMO3AIIKUIbHA
OCBITa MOBHMHHI AKTUBHO JOJYYUTUCH O BCECBITHBOTO PYXY PO3BUTKY I1H)KEHEPHOTO
CIpsIMyBaHHS B OCBITI Ta mpodopieHTAIII].

Takum ynHOM mepen 3akinagamu Buioi (3BO) Ta micasaunioMHOI menaroriyHoi
(3TIITIO) ocBiTH mocTae mpoOjeMa SKICHOI IMATOTOBKM Ta TMEPEHMiArOTOBKH KaJpiB

rOTOBUX IIpallOBAaTH Y HOBUX YMOBAX Ta 3 HOBUMU BHUKIINKaMU.
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Sk moka3zye OaraTOpiyHUU JOCBIJ Ta CHOTOJHIIIHS HOpPMAaTHBHA 0a3a KIIACHYHI
3BO nyxe iHepTHI 1 HE TOTOBI IIBUJAKO aJaNTyBaTHCs (HAaBYaIbHI MPOTPAMU HA I1’SITh
POKIB, «CiIMEHHI MIAPSAN», MOPAIBHO 3acTapill TUAAKTUYHI MaTepiaiau Ta KaJapH) Mia
€BOJIIOIIMHI 3MIHM Yy cycnuibeTBi. KpiM Toro € mpobiiema mepemiaroToBKU Ta
MiBUIIEHHS KBaTi(iKkaIlii OCBITSH, K1 3aKIHUUIM HaBYaHHA 0araTo pokKiB TOMY.

EdextuBnicte BmpoBamkeHHs STEM-ocBiTH 3alleXuTh Bl BCIX CyO’ €KTIB
OCBITHBOTO TMporecy Ta OeHedimiapiB, a came aepkaBu (HOPMAaTHBHO-TIPABOBE Ta
MaTepiadbHO-TEXHIYHE 3a0e3MeueHHs), OCBITSH (FOTOBHOCTI 1O BIPOBADKCHHS) Ta
VUHIB, SK 37100yBa4iB OCBITH. He MeHIII Ba)KJIMBUM y I[bOMY IPOIIEC] € SIKICTh OCBITHIX
mporpam, METOJIMYHOTO Ta AUAAKTUIHOTO 3a0€3MEUCHHS.

I oueBnmHuM, € TOM (akT, mo O6e3 6a30BOi MaTeMaTHUYHOI MIATOTOBKU YYHIB Ta
dbyHAaMEHTANBHOT MAaTEeMAaTHYHOI MIATOTOBKM BUYMUTENIB TOBOPUTU TPO YCHIIIHICTH
BrpoBapkeHHsT STEM-ocBiTH MOCHTH Bakko. AJDKE JIOTIYHE MHUCIEHHS, MO0yI0Ba
MoJieield, TPOBEACHHS 00UMCIIEHb Ta PO3PaXyHKIB HE MOXKJIUB1 0€3 MaTeMaTUKH.

OTxe, MiArOTOBKAa BUMTENIB Yy MEJAroriyHMxX 3akjiajax BUIIOI OCBITHU MOBHUHHA
BpaxoByBaTH ocoOnuBocTi STEM-ocBiTH Ta rotyBaTH iX 10 poOOTH y TaKUX YMOBax. 3
IHIIOTO OOKY MU MaeMo MpoOiemy, 1o AITH, uboropiyi Bunyckuuku 33CO, He MaloTh
OakaHHsS BCTyNaTH Ha TPUPOAHUYO-MATEMATHUHI Ta IHXKEHEpHI mpodiai HaBYAHHS.
Boaxouac, momynsipHUMU CTalOTh KOMIT FOTEPHI CHEIaIbHOCTI. AJie JJIs YCIHIIIHOTO
HaBuyaHHg y 3BO, ski rotyiors IT crnemianicTiB TakoX akTyaJlbHUM € BUCOKHH pIBEHb
MaTE€MaTUYHO1 MiArOTOBKH CTY/ICHTA.

o x pobutu Bxke 3apa3?! OKpiM OHOBJICHHS 3MICTYy Ta SIKOCTI HOPMAaTHUBHHUX
JUCIUIUTIH Ta AWCIUIUIIH BUIbHOTO BHOOPY cTyneHTiB y 3BO, sxi 3aliMaioThCs
MiATOTOBKOIO MalOyTHIX OCBITSH BapTO 3BEPHYTH yBary Ha BUWTENS, KUl 6arato pokis

MPAITIOE y MIKOJI.
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VY ChOrOJHINIHBOMY CBIT1 OCBITSSHUHY JOCHTb Ba)XKO 3HANTH MOTPIOHUMN AKICHUUN
MaTepian HeoOxiaHui Ha ypok. [lomyk koHTeHTY B Internet, no6ip Ta cuctemaTu3aiis
3aiimae nyxe Oarato dacy. BupimenHs 1ie€i mpoOieMu 3HaXOOUTHCS Y TOTOBHX
MYJIbTUMETIMHIX TUIAKTHIHUX KOMILJIEKCaX (TUTaH-KOHCTIEKTH YPOKIB,
MyJIBTUMEAINHUHN Ta IHIINN MaTepia).

I npyruii nuisix, 1€ HABYUTHU BUUTENS CAMOCTIMHO PO3POOJISTH Ta BIPOBAKYBATH
enemeHTd STEM-ocBitu. ¥ UYepHiriBcbkoMy OOJIaCHOMY IHCTUTYTI MICISAUILIOMHOL
negarorignoi ocBiTy iMeH1 K.J[. YnHchKoro po3po0iaeHo BiAMOBIAHI TEMAaTUYHI KypCH
MIABUINICHHS KBaji(iKallli BUMTEIIB.

[lincymoByr04M BCE BHIIE CKa3aHE MOXKHA CTBEPKYBATH, IO BIPOBAIKCHHS
STEM-ocBiTH € pOMNEIeBTUKOIO Ta OPIEHTAIIEI0 MalOYTHIX a0ITypi€HTIB HA 1HXKEHEPHI
Ta MPUPOJAHUYO-MATEMATUYHI CHEIIATFHOCTI, MiATOTOBKOIO YUYHIB J0 PI3HUX >KUTTEBUX
CUTyalllii, BU3HAYECHHS MICII MaTeMaTH4YHOI OCBITH y pi3HHX cdepax IIACHKOI
TISJIBHOCTI.
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THE PROBLEM AS A MEANS OF DEVELOPING INTEREST IN
MATHEMATICS AND FORMATION OF SCIENTIFIC CULTURE IN
STUDENTS

MatemMaTruyHa 3a/1aua — I1e BUMOTa: IIPH 3aJJaHUX yMOBaX (JaHUX MPO KUIbKICHI Ta
MPOCTOPOBI BiTHOIICHHS MaTeMAaTUYHUX a00 peaqbHUX 00’ €KTIB) OOYUCIUTH, BUPA3UTH,
CIIPOCTUTH, 3HAUTH, IOBECTHU, TOOYTyBaTH, JOCTIIUTH TOIIO. MaTemMaTU4YHA TEOpisi — 11e
KOMIIJIEKC pO3B’A3aHb 3a/7ad y 3arajJibHUX IMOCTAaHOBKAaX. MaTeMaTuka sk HaBudajbHa
TUCIUIUIIHA — [I€ CHCTeMa MaTeMaTHYHOI Teopii 1 3aJadyHoro Marepiaidy 31 CBOIM
MOTEHIIAJIOM (HaBYAJIbHUX, N1aTHOCTYIOYMX, KOHTPOJIIOIOUUX (YHKIIIH).

Micue, poib 1 3HaYeHHS 3a4ad (CyTo MaTeMaTHYHUX 1 MPUKIATHUX) Yy Mpoleci
BHUBUYCHHSI MaTEMaTUKH 3arajbHOBIOMI, X04a 1 TYyT MOXKHA 3HANTH 0arato J0JaTKOBHUX
(MOXJIMBO HOBHMX) apryMEHTIB 1 JOMOBHHMTH BHUCHOBKM eMoIlisiMu (00iiaeMocs 6e3
uporo). Koxna 3asaua y HaBuaapHOMY MPOILIECi Ma€ MaTH YITKO BUSHAYCHY NUIAKTHIHY
MeTy (HaBYallbHY, 1arHOCTHUYHY, KOHTPOJIIOIOYY TOIO). Bim skocTi dopmystoBaHHS
3a/mayl, BIJ YMICHOCTI 1i BUKOPUCTaHHS, Big 11 MPEAMETHOI, MDKIPEIMETHOI Ta
MPUKIATHOT CIPSIMOBAHOCTI 3aJ€XKHUTh YCIHIX (pe3yslbTaT) HABUYAJbHOTO IPOIIECY.
3po3yMijio, 110 3aJlauHUi MaTtepiai MiAPpYYHHKa Mae OyTH BIAJIO CTPYKTYPOBaHUM Ta
30a7aHCOBAaHUM, a OKpPEMO B3fTa 3aJada — MIANOPSIAKOBaHA KOHKPETHHM MLULISAM
HaBYaHHS.

HesikicHo cdopmynboBaHi 3agaui BOMBAKOTH iHTepec Yy MIKOJApPa 10

MaTEeMaTUKH, HAYKH, HABYaHHH.
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Hesixkicts Mae pi3Hi mposBHu: 1) HEOJHO3HAUHICTh TIAyMau€HHs 3MICTY 3ajadi
(ymoBM a0o0 BHMMOTH); 2) HasBHICTh Yy 3aJaul CyNepewIMBUX JaHUX; 3) HASABHICTb Yy
dbopmytoBaHHI 3a7a4dl 3aliBUX HE3MICTOBHUX CJiB; 4) HEKOPEKTHICTh BUMOTH 3aj/adi
toio. HaBenemo npukiaay Takux 3a/1a4 3 ICHYIOUMX MOCIOHUKIB!

1.1.a. I3 yugpp {1,2,3,4,5,6} crkradimo 0OyOb-axi uvomupuyu@posi uucia, wo

micmamo yughpu 1 i 2. CKinbKu maxux 4uces MONCHA CKAACMu?

1.1.b. 3Buaiimu: 1) naiibinbwe 3HaueHHs eupazy @) x; 2) o0ooamuuii KopiHb
pieHanHs, sKwo 3 - 2°% + 232 =5.6%,

1.2. 'V npamoxymnomy mpuxkymnuxy ABC 3 npavum kymom C, wo AC = 8 M,
BC = 6 cM. Yepe3z AB nposedeno niowuuy T, sika ymeopioe 3 kamemom AC
xym 60°. Sxuii kym ymeopioe 3 nnowunoio T kamem BC?

1.3. Manenvkuii xnonuux Bacunvko xonexyionysas iepauilkosi ¢icypku 6iKiH2i8.
Oonozo pasy 6in nomimus, wjo 8Cix 1020 iKiH2I8 MOJCHA PO3CMABUMU HA CMOJI
padamu no 8, no 12 i no 14 gieypok y xooscnomy psady i npu ybomy KOHCHO20

pasy He 0Oyde JHCOOHO20 HEeNno8Ho20 pAdy. 3HaAUudimb HAUMeHUly KilbKicmb

Qicypok, sika modxce 6ymu 6 xonexyii Bacunvka.

1.4.a. Bidomo, wo mmodxcuna 3nauenv Gynxyii y = f(x): E(y) = [-3;8].

3nauioimo Hatimenwe 3nauenns ynkyii' y = 5f(x + 12).

1.4.b. 3a 3a0anum ecxizom epaghixa nenepepsroi yukyii 3Hatimu 6ci mouku, 8

AKUX il NOXiOHa 00pieHIOE HYMI0 (3 2paghika 6UOHO, WO ICHYIOMb MOYKU NePecUHy

ma ekCcmpemymu,).

«Sx cnactu 3amauy 1.4.b?» Lle mpocto 3pobuTu: abo mpudpaty 3 BUMOTH 3a4a4i

KJIF0UOBE CJIOBO BCi 200 BUKOJIOTH Ha €CKi3l rpadika TOUKH NEPETUHY.
HenpaBuibHa BiInoOBiAb A0 3a4a4vi y HMKIJIbHOMY MiIPYYHUKY — K€

kaTacTpoga (po3ryOsIeHICTh BUUTENS, HEJOBIpA YUHS, COPOM 32 CUCTEMY OCBITH).
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Buma wmipa iHTepecy 10 MaTeMaTHKH NPOSIBJSETbCS Yy CPOPMOBAHOCTI
0askaHHS YYHA AKICHO 0pOpMJISITH PO3B’ sI3aHHA 3a1a4 (HaXkalb, HA YPOIIl Ha 1€ Yacy
He BHcTayae). Lle mposB HanexHOI MaTeMaTHUYHOI KYJIbTypH 1 cOPMOBAHOCTI CMaKiB
yuHs (HasBHICTh MATEMATUYHOIT €CTETUKH).

Po3B’s13aHHs 32124 Pi3HUMH CNIOCO0AMH — IIVIAX PO3BUTKY MCHXOJIOTIYHHUX Ta
AOCTITHMIBKUX SKOCTEl 0COOMCTOCTI (AIbTEPHATUBHICTD, paIliOHATI3M, TTparMaTu3M
TOILIO).

YcBiIOMIIEHHS MaTEeMAaTHKU SIK IHCTPYMEHTY CTPYKTYPH CHUCTEMH 3HaHb 1 cepu

TBOPUYOCTI MO>Ke OyTH YCHIIIHO peajli3oBaHa yepe3 CUCTEMY 3aJau.

Zoia Serdiuk, Ph. D.*
Liudmyla Kulyk, Ph. D.**
*Cherkasy Bohdan Khmelnytsky National University
e-mail: serdyuk z@ukr.net
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FEATURES OF BINARY LESSONS IN MATHEMATICS AND PHYSICS

Abstract. The implementation of the competence approach in the study of mathematics and
physics through binary lessons is considered.

Key words and phrases: binary lessons in mathematics and physics, basic school, competence
approach.

B ocHoBy moOymoBu 3MiCTy Ta opraHizailli mpoiecy HaBYaHHS MaTEeMaTHUKH B
0a30Biil MIKOJII ITOKJIAJeHO KOMIICTEHTHICHUH MIJIX1J, BIAIOBIJIHO 0 SKOTO KIHIIEBHM
pE3yNbTaTOM HAaBYAHHS TMpeaMeTa € copMOBaHi MEBHI KOMIETEHTHOCTI K 3/JaTHOCTI
Y4YHSI 3aCTOCOBYBATU CBOi 3HAHHS B HABYAJIBHHUX 1 pealbHUX KUTTEBUX CUTYyaIlisiX. Sk

3a3HA4YEHO Yy MporpamMi 3 MaTeMaTUKH st 5-9 knaciB [1], «HaBYaHHS MaTEMaTUKH Mae
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3poOUTH TIEBHUM BHECOK Yy (POpMyBaHHs KIIOUOBUX KOMIIETEHTHOCTE». 30KpeMa cepes
KIIFOUOBUX KOMIIETEHTHOCTEH BHJUIEHO OCHOBHI KOMIIETEHTHOCTI y MPUPOJTHHYHMX
HayKax 1 TeXHOJOTiAX, IO NepeadavyaroTh (OpMyBaHHS B yYHIB YMIHHS PO3Mi3HABATH
mpo0semMu, 1[0 BUHUKAIOTh Y TOBKLUUI M SIKI MOKHA PO3B’s3aTH 3aC00aMU MaTEMAaTUKH;
OyayBaTH Ta JOCTIHKYBATH MaTeMaTHYH1 MOJEN MPUPOTHUX SBHII 1 MPOIECIB TOIIO.
[IpenMeTHy MaTeMaTH4HY KOMIIETEHTHICTh MM PO3YMIEMO SIK CIHPOMOXKHICTh YYHIB
JISITH HAa OCHOB1 OTpUMaHUX 3HAHb, MPUYOMY HE JIUIIE B CYTO MAaTEeMaTHYHHUX, a U y
peanbHUX cUTyalisx. ¥ mporpami 3 ¢izuku ana 7-9 knaciB [2] 3a3HadyeHO, 110 MPOILEC
HaBYaHHA (i3MKKM B 0a30Bil IKOJI CHPSIMOBYETHCS HAa PO3BUTOK OCOOMCTOCTI YYHS,
CTAaHOBJIEHHS HOro HAayKOBOIO CBITOIJISY ¥ BIAMOBIZHOTO CTHJIIO MUCJCHHS,
dbopMyBaHHS MPEAMETHOI, HAYKOBO-PUPOJHUYOI (MK Taly3eBOi) Ta KIIOUOBHX
KOMIIETEHTHOCTEH. 30Kpema cepel  KIOYOBMX KOMIIETEHTHOCTEH  BH3HAYEHO
MaTeMaTHuHy, 10 nepeadayae BiJ YUHIB YMIiHHA: 3aCTOCOBYBATH MaTEMaTHU4HI METOAU
JUIS OTIUCY, AOCTIHKEHHS (DI3UYHUX SIBUII 1 TPOLIECIB, pO3B’sI3yBaHH (HI3UYHHUX 3a7ad,
ONpAallOBaHHA Ta  OIL[IHIOBaHHS  pe3ylbTAaTIB  E€KCIEPUMEHTY; pO3yMITH i
BUKOPHUCTOBYBAaTH MaTEeMaTW4YHI METOIM /s aHam3y Ta omucy (QI3MUHUX MoJeen
pea’bHUX SBUI 1 MPOIECIB; YCBIAOMIIEHHS Ba)KJIMBOCTI MAaTeMATHYHOIO amapaty A
OMmHuCy Ta PoO3B’si3aHHS (GI3MYHMX Tpodiem 1 3amad. Jlo HaBUAIBHUX peCypciB, sKi
MOBUHHI OMAHyBAaTH IIKOJISIPi, BIAHOCSTH: 3aBJaHHA Ha BHUKOHAHHS pPO3PaxyHKIB,
anreOpaiuHuX MEePeTBOPEHb, MOOYAOBY rpadikiB, MalIOHKIB, aHATI3 1 MPeACTaBICHHS
pe3yNbTaTIiB EKCIEPUMEHTIB Ta JabopaTopHuX poOiT, 00poOKka CTaTUCTUYHOI
iHpopmarrii, iHhopMmallii HaBeaeHOT B rpadiuHiii, TAOMMYHIN i aHATITUYHIA PopMax.
JlocuTh SICKpaBUM 1 JIi€EBUM 3aco00M (opMyBaHHS B Y4HIB 0a30BOi ILIKOJIU
MaTE€MaTUYHO! KOMIIETEHTHOCT1 € MPOBEJACHHS OlHApHUX YPOKIB 3 MaTeMaTHKH Ta
¢i3uku abo X, MO OUTHII peanbHO, BUKOPUCTAHHS HA YpOKax MaTeMaTHUKH (Pi3MUHUX

3a/1a4, 0 BIAMOBIAAIOTH TiK UM Tik HaBYaNbHINA TeMi. Di3UKy y4HI TOYMHAIOTh BUBYATH
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3 7 Kmacy, Tak camo fK 3 7 KJacy Y4HI NMOYMHAIOTh BHUBYAaTH OKpEeMO airedpy Tta
reoMetpito. Tox, HanpukiIaa, y 9 kiaci yuHi BKe€ MalOTh JOCTaTHIO 0a3y 3HaHb 3 YCIX
nux npeameTiB. ToMmy BuUKOpuCTaHHS (I3UYHHUX 3a7ay 4 3a7ad (HI3UYHOTO 3MICTY Ha
ypoKax ainrebpu 4 TO TEOMETPIi € TOCUTh aKTyaIbHUM Ta €(heKTHBHUM.

Buutento HE0OXiTHO AMIAKTUYHO BUBAXXEHO MOEAHATH (POPMYBAHHS KITFOUOBHX
MaTEeMaTUYHUX KOMIETEHTHOCTEH SIK PE3yJbTAaT BiANpallOBaHHS 0a30BHX BMIHb Ta
HAaBUYOK Ta BMIHHS 3acTOCOBYBaTHM iX [JO PO3B’SI3yBaHHS 3aJay MPUKIATHOTO
cupsimyBaHHs. [I[poBoanTH Taky poO0OTy HEOOX1THO SIK HA ypOKaxX MaTeMaTHKH, 30KpemMa
Ha OIHApHUX YpOKax MaTeMaTHKH 1 (I3MKH, TaK 1 B MO3aypouHiil poOOTi, HAMpHUKIA,
3aTy4ar4y 3MICT KypciB 3a BUOOpOM, (DaKyIbTaTHBIB, MATEMaTHUYHUX TYPTKIB.

3rifHo 3 HaBYAJIBHOIW mporpamoro [1], QyHKIlOHaNbHA JIHIA — € OJHIEI 3
OCHOBHHX B Kypci anreopu 7-9 kiaciB, 10 TOTO K BOHA PO3BUBAETHCSA B TICHOMY 3B SI3KY
3 TOTO’KHUMH TIEPETBOPECHHSIMU, PIBHSAHHAMHE 1 HEPIBHOCTAMHU. BiactuBoCTI QyHKIIIH, SK
MPaBUJIO, BCTAHOBIIOIOTHCS 32 iX rpadikaMu, TOOTO HA OCHOBI HAOYHUX YSIBJICHb, 1 JIUIIIE
JIesIK1 BIIaCTUBOCT1 OOTPYHTOBYIOThCS aHATITUYHO. [1i/1 yac BUBUEHHS (YHKIIIN TPOBiIHE
MICIE BiIBOOUTHCS (POPMYBaHHIO yMiHb OyayBaTH M aHamizyBaTu rpadiku (QyHKIIH,
XapakTepu3yBaTu 3a rpadikaMu GyHKIIM TPOILECH, Ki BOHU OMHUCYIOTh, CITIPOMOKHOCTI
po3yMiTH (YHKIIII0O SK TEBHY MaTEeMaTUYHY MOJENb pealbHOro mpouecy. s
3aKpIMUICHHS OTPUMAaHUX YYHAMH 3HaHb, HABUUOK Ta BMiHb JOIIUIbHO BUKOPHUCTOBYBATH
¢bi3uuHi 3ama4i, B AKUX OMHUCYIOThCSA peanbHi (i3uuHi npouecu. ['padiunmii meton y
¢i3umi nependadae BUKOPUCTaHHSA TpadikiB A OMUCY 1 MOSCHEHHS MPUPOJIHHUX
MPOLIECIB Ta 3aKOHOMIPHOCTEH, 1 € MOTYTHIM 3acOo00M [jIsi PO3B’sA3yBaHHS (PI3MUHHUX
3ama4y. BiH TicHO MOB’s3aHuil 3 BUBYEHHAM TpadikiB (YHKIIH B Kypcl MaTeMaTHKHU.
BuBueHHs1 0HOTrO 1 TOro * MaTepiajly B pI3HMX Kypcax B3aeMHO 30aradye HaBYallbHi
MpEeAMETH 1 HANOBHIOE KOHKPETHUM 3MICTOM MaTeMaTH4Hi mnpukiagu. Lleit merton

JOLUIBHO BHKOPHCTOBYBAaTH 3 TMepmiux 3aHATh «OCHOBH KiHEMaTWKW». ['padidne
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300paK€HHS 3aKOHIB MPSAMOJIHIKHOTO PyXy 1 aHami3 rpadikiB J03BOJAIOTh HAaBYUTHU
CTYJIEHTIB BH3HAYaTHU XapaKkTep PyXy Ta YUCJIOBl 3HAYEHHSA LUIAXY, MEPEMIIICHHS,
MIBUIKOCTI W TPUCKOpPEHHs 3a rpadikom; HAOYHO 300pakaTH (QYHKIIOHATBHI
3aJIeKHOCT! KIHEMAaTUYHUX BETWYHMH; MOPIBHIOBATH rpadiku pyXiB, 3a SKUMHU MOXKYTb
OyTH BH3HAuYCH1 KIHEMATHYHI BEJIWYWHU; HABUMTH PO3B’SA3yBaTH 3a/Jadl Ha 3yCTpIUHI
pyxu Tul (BM3HA4aTW Yac 3yCTpiyl, MICHE 3YyCTpiui, WIBUAKICTb Y MOMEHT 3yCTpidi
TOIIIO).

3aranoM, BaXJIWBUM TMIAIPYHTSIM [Uisi (GOPMYBaHHS B YYHIB TIPEIMETHHX
KOMIIETEHTHOCTEH (MaTeMaTHYHUX Ha ypokax (BUKM 4u TO (IBUYHUX HA YypOKax
MaTE€MAaTUKH) € CTBOPEHHS JUAAKTUYHO-BUBAKEHOI CHCTEMHU KOMIIETEHTHICHUX 3aB/IaHb
3 MaTeMaTHK{ IS Y4YHIB OCHOBHOI, a Jaji 1 cTtapmoi npodiabHOI MIKOIH, IO
BpaxOBYBaTMME OCHOBHI1 3aBJIaHHS BUBUCHHS MaTeMaTHKA 1 (i3WKH B IIKOJI Ta

CIpUATHME BCEOIYHOMY PO3BUTKY LIKOJISAPIB.
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THE TEACHING OF IRRATIONAL EQUATIONS
WITH ACTUALIZATION OF THE PROBLEM APPROACH

Abstract. The article is devoted to the application of a problem approach in the teaching of
irrational ~ equations. This is one of the topics in high school mathematics
that requires the ability to conduct research on various situations and good knowledge of theoretical
material.

Key words and phrases: irrational equation, problem approach, problem situation.

Tema «IppaiioHansHi pPIBHAHHS» B Kypcl MaTE€MaTUKH CTapHIoi IIKOIH €
TPagUIIHOO 1 11 He MOYKHA BIAHECTH JO JICTKO 3aCBOIOBaHOI. PiBeHb BMiHb Ta HABUYOK
VUHIB TMiJ Yac pO3B’SI3yBaHHs IPpalllOHAIBHUX PIBHSAHB, IO BHUXOIATH 32 MEXI
QIrOpUTMy, TOTPeOYIOTh JOJATKOBUX MIPKYBaHb 1 € JIOBOJII HU3BKUMH. Tomy
HAJ3BUYAHO BAXKIWBHUM IS CY4YaCHOTO BYHUTEIS MAaTEMaTHKH € TOIIYK IIJISXiB
BJIOCKOHAJICHHSI METOJIMKM BUBYCHHS TaKUX PIBHAHB 3 aKTyaji3alli€l0 Ha MPOOIeMHUN

miaxin (auB. [2, 3]).

[IpobGnemMuuii migxig mnepeadadae TOTOBHICTh YYHS JO BHUKOPHUCTAHHSA BXKE
3aCBOEHMX €JIEMEHTIB 3HaHb JIA PO3B’s3aHHS MpoOIEeMHOT 3adadi. 3BiJCH TOCTaE
3aBJAaHHS  MIATOTOBKM  YYHIB /10 KOMIIETEHTHOTO  PO3B’S3aHHS  MPOOJIEMH.
Ocki7bKY BUPILIEHHSI MPOOJieM BHMAara€ MipKyBaHb, y4HI O€pyTb aKTHBHY Yy4yacThb Y
30upanHi ¢GakTiB; y HUX (POpPMYyIOTbCA PI3HOMAHITHI BMiHHS, BUPOOJISETHCA CUCTEMA
OIIIHOK 1 3JaTHICT, BUOOPY HaWOLIbII WMOBIPHOTO pO3B’si3aHHS. T0OOTO Takuil MmiAXix
CTUMYJIIOE YUYHIB JI0 TOJAJBIIOTO JOCIIIKEHHS, PO3BUBAE HABYAIbHI BMIHHA 1 3BUUKY

710 TBOPYOT'O CTHIIIO POOOTH.
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Hampuknan, Ha movarky BUBUYEHHs TeMHu «IpparioHanbHl piBHAHHS» (IuB. [1])
MOXKHa PO3TISHYTH Taky 3amady: Y ¢epmepa € 1BI OUISHKK KBaApaTHOI GopMu s
BUPOIICHHS 3€pHOBUX KynbTyp. [lnoma onxiei 3 HuUX Ha 2,25 reKTapu MEHIIE APYTOi.
3HAWAITh TJIONLY KOXXHOI TIJSHKH, SKIIO BiIOMO, IO 3arajbHa JOBXKHHA OTOPOXKI

nopiBHIOE 1800 M.

Hexaii x M> — mwioma nepmioi aurtHKH, Tomi (x — 22500) M® — IUIoma Ipyroi

OUISHKY. Y4HI, 3acTOCYBaBIIM (QOpMYyIW i1 OOUYMCIEHHS IUIONI Ta TIepuMeTpa

KBajpara, OTPUMYIOTh PIBHSHHS 4Jx +44/x-22500 =1800, ske HA3UBAKOTH
ippalioHaIbHUM.

Buknag HOBOro wmarepiasly MOB’S3aHUN 3 IppalliOHaJTbHUMU  PIBHIHHAMH
MIPEAICTABICHO Y BUTJISAI MOLITYKY PO3B'SI3aHHS MPOOIeMHOT CUTyallli. AHami3yl04u SKY,
Y4HI BUCYBAIOTh T1MOTE3U AJIS 11 MOSICHEHHS, 3aCTOCOBYIOTh CBOi 3HAaHHS, JTOCIIIKYIOTh
MO>KJIUBOCTI Ta CIIOCOOH 11 pO3B’I3aHHS.

[lincymoByrOUYHM, 3a3HAYMMO, IO IppallioHajdbHI PIBHSHHS BHMAaraloTh yMIHHS
MPOBOJIUTHU JOCTIDKEHHS PI3HUX PEeaIbHUX CUTYalllil Ta 10OpOro 3HaHHS TEOPETUYHOTO
Matepiany. Ha Hamy aymky, came mpoOJeMHHM MiaXiJ € aKTyadbHUM NPU BUBYCHHI
JAHOT TEMU.
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ORGANIZATION OF INDEPENDENT COGNITIVE ACTIVITY OF PUPILS IN
MATHEMATICS BY THE METHOD OF PRACTICAL WORKS

Abstract. The article substantiates the importance and relevance of the organization
independent cognitive activity of pupils in mathematics by the method of practical work in the context
of setting appropriate educational tasks. Varieties of practical works are presented, requirements and
stages of their carrying out are described. The role of the teacher in the preparation, organization and
implementation of practical work in mathematics is considered.

Key words and phrases: independent cognitive activity, mathematics, practical work, pupils,
mathematics teacher.

Analysis of training programs in mathematics, algebra and geometry [1], taking
into account their own and studying advanced pedagogical experience [2] leads to the
conclusion that the organization of practical work is relevant and necessary in the
context of educational tasks: to identify essential properties of mathematical concepts
and establish links between this concept and others; to establish regularities and
dependencies between mathematical quantities; generalize and theoretically substantiate
various applied problems; to create a model of a geometric figure, to model a certain
process of the surrounding reality, phenomenon or situation; to compose new problems
arising from the solution of the given ones; apply theoretical knowledge to solve
practical problems, applied problems, etc.

In preparation for practical work with pupils, the teacher must select such tasks
that will provide pupils with the formation of competencies in independent cognitive
activity. Therefore, the question in the problem should be such that the results of the

study the pupil could find the answer; the condition of the problem must ensure the use
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of different methods and ways to solve it; in the conditions of problems there should be
no direct instructions on the use of known theorems and formulas and ways to solve the
problem. The teacher can use practical work before explaining new material (to update
basic knowledge and skills), in the process of storytelling (to illustrate theoretical
positions) or after studying the material (for the purpose of generalization and
systematization of complex application of knowledge).

Types of practical work [3].

1. Introductory practical work, involving the formation of skills and abilities to
use devices, devices necessary to perform tasks.

2. Confirmatory practical work, the implementation of which aims to confirm the
correctness of the obtained theoretical knowledge.

3. Partially exploratory practical works that stimulate pupils’ independence and
creative thinking. The instructions for such work indicate the topic, purpose, objectives,
general research plan and a tentative list of questions to be answered. Pupils
independently detail the research plan and choose the educational trajectory to achieve
the goal of the study.

4. Research practical works have only the purpose of research, all other stages of
work are planned by pupils independently. This type of work requires a lot of time, high
intellectual effort and involves appropriate evaluation.

Practical work can be organized in the classroom, outside the classroom (for
example in the school yard) or at home. Depending on the volume and content of the
material, it can last part or all of the lesson, done as homework.

We see the following stages of practical work: informing pupils about the topic
and purpose of the work; repetition of theoretical material necessary for practical work;
acquainting them with the content and description of the work to be performed;

implementation of the necessary instruction on the stages of work, sequence of
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measurements and calculations, requirements for the design of work; independent
performance by each pupil or group of pupils of practical work, recording the results of
measurements and calculations in the table; teacher observation of pupils’ work,
checking the correctness of measurements and calculations; summarizing the results of
practical work.

Requirements for practical tasks vary according to the age of pupils and the
development of their mathematical abilities and the formation of competencies. If, for
example, in the fifth grade it is enough to make measurements and appropriate
calculations, then in the seventh and eighth grades, in addition to performing
measurements and calculations, pupils must provide some justification for choosing
methods of implementation of the tasks.

The first practical work in the fifth grade should be done only in the classroom.
They should be short. Tasks should be performed together with pupils, using a variety of
visualization tools. Pupils must be notified in advance about the practical work. The
teacher must conduct the necessary instruction, in particular, emphasize how much time
is given to the practical work, what are the requirements for its design.

When assessing the quality of work, we take into account the correctness of
constructions and calculations, their rationality; ability to perform approximate
calculations and use different methods of solving problems; tidiness of work, etc.

The program of the school course of mathematics does not provide for practical
work. But this kind of work should not be underestimated. It is not necessary to conduct
them in each lesson, but the use of practical work helps pupils develop the need to
experiment in solving various mathematical problems, reveals the practical orientation
of the study of mathematics, forms mathematical and research competencies, and so on.
They allow pupils to fully understand the mathematical relationships between quantities,

to get acquainted with measuring mathematical instruments and their application in
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practice, learn to measure and calculate with a certain accuracy, determine calculation
errors, use modern digital technologies and visualization of educational material.
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USE OF ONLINE SERVICES IN THE STUDY OF MATHEMATICAL
ANALYSIS DURING DISTANCE LEARNING

Abstract. The application of the main online services in the distance learning of mathematical
analysis is considered. The main attention is paid to training exercises to consolidate the knowledge
and skills of students

Key words and phrases: online services, distance learning, training exercises, mathematical
analysis

BaxnuBumu 3aBIaHHAMH Ha ChOTOAHINIHBOMY €Talli PO3BUTKY 1 MOAEpHI3allii
OCBITH € 3a0e3MeYeHHs SKOCTI MIArOTOBKM CHEI[ialicTiB. AKTyalbHOIO € 3MiHa
MEeJaroriYHuX METOJUK Ta BIPOBAIKEHHS IHHOBALIMHUX TEXHOJIOT1M HaBYaHHS B
OCBITHIN mporec. JlaHe MOCTIIKEHHS MPHUCBAYEHO BUKOPUCTAHHIO OHJIAWH CEPBICIB,
IHTEpPaKTUBHUX BIIPaB IiJ Yac BUBUEHHS Ta 3aKpIIUICHHS MaTepially 3 MaTEMaTUYHOTO

aHai3y CTYJECHTaMHU.
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CTBOpEHO 1 BIIPOBAKEHO B HABYAJIBHUI MIPOLIEC IHTEPAKTUBHI MaTepiaiu 3 Teopii
byHKI1M, AudepeHIiaIbHOTO Ta IHTErPATbHOTO0 YHCICHHS, Teopil psaaiB. IHTepakTUBHI
BIIPaBH, CTBOPEH1 3a gomomoror LearningApps Ta IHIIUX CEPBICIB, Malud 3MOTY
CTyJIEeHTaM IABUIIUTH CBil pPIBE€Hb BOJIOJIIHHS HaBYaILHUM MatepiajoMm. [locunannus Ha
BIJIMOBIIHI MaTepiaiu Uil CTYACHTIB HAJaHO Ha CTOPIHKAX Kypcy MaTeMaTHUYHOTO
ananizy B CE3H Moodle. CtynenTy MaroTh 3MOTY MIPOXOAUTH BIIPABU BEJIMKY KUTbKICTh
pasis.

Pi3HOMaHITHICTh BUKOPHCTAaHUX OHJAWH pECypcCiB, BIOpPaB, METOMIB HaBYaHHS

CIpHsiE€ TOMY, 110 TTPOLIEC HABYAHHS CTA€ OUIBII I[IKABIIINM Ta PE3yJIbTATUBHUM.
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LEARNING AND TEACHING ANALYTICAL AND CONSTRUCTIVE
GEOMETRY IN HIGHER EDUCATION WITH GEOGEBRA

Abstract. This article discusses some of the possibilities of using the GeoGebra software
environment when studying analytical and constructive geometry. The main advantages of this
program are analyzed and the expediency of its application during the solution of problems on
construction by the method of inversion and research of its properties is shown. An example of such a
problem is given. GeoGebra was used to build the image and study the properties.

Key words and phrases: computer technology, GeoGebra, geometry, inversion, geometric
problems.

HuHi cyyacHi KOMIT'IOT€pHI T€XHOJIOT1i TPUBOAATH 10 KapAUHAIBHUX 3MIH Y BCIX
chepax IIOACHKOT MiSIIBHOCTI, HEMae XOAHOI mpodecii UM chemiabHOCTI, Yy AKIA
e(peKTUBHO HE BUKOPUCTOBYBAJIUCh OW 3aco0M KOMIT IOTEpHUX TexHoiorik. Lle

noTpe0ye BUXOBAaHHA BHCOKOOCBIUEHOI, aKTUBHO1, TBOpUYOi ocobuctocTi. ChOTOaHIIIHI
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YVYHI Ta CTYJIEHTH TMOBHUHHI BOJIOJITH TMOIIYKOBHUM, AOCTITHUIIBKUM, TBOPYUM CTHIIEM
MUCJICHHSI, YMITH CTBOPIOBAaTM W BUBYATH HOBE, CaMOCTIMHO 37400yBaTH ISl LBOTO
3HAaHHS, aHAI3yBaTH W MPUHUMATU MPABWIBHI PIlIEHHA. AJKE came M y HEeJaleKOMY
MaiOyTHLOMY JOBEJETHCA OpaTH y4acTh Y (hopMyBaHHI 1 BUKOPUCTAHHI 1HQOpMAIIHHUX
pEeCypCiB HE JIUIIE SK CIIOKUBayl, aje i K O0e3mocepeiHi TBOPIll, HE3aJIekKHO Bij TOTO,
Ky mnpodecito BoHM 00epyTh. ToMy HaI3BHUYAHO BaXXJIWBOIO y BHUPINICHHI JaHOL
Mpo0JIeMHu € POoJIb BUBYEHHS Ta BUKJIAJaHHS MAaTEMAaTUYHUX JUCIUIUIIH Y TMEAaroriyHuX
3aKjajax BUIIOI OCBITH. AJ’Ke PO3BUTOK 1HPOPMALIITHIX TEXHOJIOTIN TICHO MOB’A3aHUN
3 MaTeMaTHYHUMH 3HAHHAMH.

Jlis  po3B’s3yBaHHSA PI3HOMAHITHUX MATEMAaTHYHHMX 3ajJad PI3HUX pPIBHIB
CKIAHOCTI BHKIAJadl KOPHUCTYIOThCS MPHUKIAJHUMHU TMporpamMamu. Haiuacrime
BUKOPUCTOBYIOTHCSI BUIBHI MPOTPaMHi MPOAYKTH. J[OoCUTh MOMynsipHUM cepel HUX €
nuHaMigHe reoMmeTpuyHe cepenouine GeoGebra.

3actocyBanHs nporpamMu GeoGebra y HaB4aJIbHOMY MPOILIECT HAA€ MOXKIIUBICTB:
CTBOPUTH IMHAMIYHI MOJENI AJs UTIOCTpallli, Bidyami3aimii Ta JeMOHCTpalii pi3HHUX
MaTE€MaTUYHUX MOHAThH, 03HAUEHb, TEOPEM TOIIO; BIPOBAAUTH KOHCTPYKTUBHUHN HAMPAM
y HaBYaHHI; OpPraHi3yBaTH €BPUCTUYHY 1 JOCHIAHHUIBKY MAiSJIBHICTH; MIJrOTYyBaTH
HaBYaJIbHI MaTeplaiy IUIIXOM CIIBIIPAIL.

3HauYHUN [TOCBi BUKOPHUCTAHHS JAHOTO MPOTPAMHOTO CEpPEeIOBHINA Yy MPOIECi
BUKJIAJaHHSI MaTeMaTUYHUX JHUCIUILIIIH, 30KpeMa «aHAJITUYHOI TreoMeTpid» 1
«KOHCTPYKTHBHO1 T€OMETPii», M03BOJISE CTBEP/KYBATH, IIO 3aCTOCYBaHHS MPOrpamMu
GeoGebra cnpusie po3BUTKY MPOCTOPOBOTO, JIOTIYHOTO Ta TOCIIAHUIIBKOTO MHUCJICHHS,
MPOCTOPOBOI YSABHU, TPOCTOPOBOTO OAUCHHSI CTYACHTIB, CIOHYKA€E iX O MIPKyBaHb I110J0
BJIACTUBOCTEN 3aJaHUX 1 IIyKaHUX (Iryp, Kl BOHU MOTIM YCIHIIIHO BUKOPUCTOBYIOThH

M Yac pO3B’A3yBaHHS IHIINX reoMeTpuyHUX 3amad. Came TOMy, MPOrpaMHHNA 3aci0
2
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GeoGebra nominbHO, HA MO0 AYMKY, BUKOPHUCTOBYBATH JJisi BUBYCHHS AHAIITHYHOIL 1
KOHCTPYKTHUBHOI T€OMETPiil.

Opni€elo 3 BaXJIUBUX TEpeBar IWHAMIYHOTO PUCYHKA, BUKOHAHOTO B IMpOrpami
GeoGebra, € me Te, U0 BiH HaJa€ MOXJIMBICTH MPOJAEMOHCTPYBATH HE JIUIIE KPOKHU
noOyI0BH SIK aHIMaIlil0, a i 0Jpa3y MPOBECTH AOCTIDKCHHS 010 ICHYBaHHS PO3B’SI3KiB
Ta IX KUIBKOCTI. AJI’K€ 3MIHIOIOYHM Ha PUCYHKY MOYATKOBE MOJOXKEHHS OKPEMO KOKHOT,
HAOpUKJIaJ TOYKH, KOJAa YU NPAMOi, 0auyuMO K 3MIHIOBATUMETHCS PO3TallyBaHHS
JOMOMDKHHUX, a, OTKe, 1 IIyKaHuX Qiryp. Taki JUHAMIYHI PUCYHKHU CIIPUSIOTH PO3BUTKY
IPOCTOPOBOi  ySIBM, MPOCTOPOBOrO, JIOTIYHOIO Ta JOCHIAHULIBKOTO MHUCIICHHS,
IPOCTOPOBOrO  OadeHHs CTYJAEHTa, CIOHYKalOThb HOro 10 MIpKyBaHb LI0JIO
KOHCTPYKTUBHUX BJIACTHUBOCTEH 3aJaHUX 1 IIyKaHUX (Iryp, siKi BiH JOCUTh YCIIIIIHO
BUKOPHUCTOBYE I1iJ1 Yac pO3B’A3yBaHHS HACTYITHHUX 3a]a4.

Hampuknan, nopeunum 1 epexkTHBHUM € BUKOpUCTaHHS cepepoBuiia GeoGebra
MiJ] Yac BUBUEHHA 1HBEPCIi B Kypci KOHCTPYKTHBHOI TeoMeTpii. Sk mokasye A0CBia, 1€
J03BOJISIE CTYJEHTaM Kpalle 3pO3yMITH 1 3’SICYyBaTH HM3KY LIKaBUX OCOOIMBOCTEM
NEepeTBOPEeHHsI 1HBepcli. 3aBAsSKM CBOIM IlepeBaraM Iporpama JoloMarae TaKoX
JOCTIIUTH XapaKTepH1 BIAaCTUBOCTI 1HBEPCIi.

HaBenemo npukinan moOyaoBu o6pasiB npoctux ¢iryp npu iHBepcii (puc. 1). s
BOTO PO3IJISIHEMO KOJIO 1HBepcii @ 3 HeHTpoM y Toulli O, B SIKOMY pPO3MIIIEHO
JIOBUTHbHUM T SITUKYTHUK ABCDE (300pakeHHI Ha PUCYHKY MyHKTHPHOIO JiHi€0). [lix
yac 1HBepcii Touka A, sKa jexana Ha KoJli, 32 BIaCTUBOCTSAMHM 1HBEpCii IeperIiria cama B
cebe, ToOTO BOHA € iHBapiaHTHOW (TOABIHHOIO, Hepyxomorw). Touku B,C1E, saki
JeXaTh BCEPEAMHI KOJIa W, MEePEeXOoaaTh BIAMOBIAHO Yy Touku I,],Q, K1 po3TalioBaHi
330BHI KoJia iHBepcii. Touka D JeXHUTh 1M03a KOJIOM, TOMY ii oOpa3oM € Touka N, sika
JIeXUTh BcepeauHi kona. [1[o06 mepeBipuTH mNpaBUIBHICTH MOOYIOBH, HAa PUCYHKY

300paxkeni mpomeni OA, OB, OC, OD 1 OE, sxi CHoly4arOTh TOYKU I1’SITUKYTHHUKA,
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T00TO Mpoobpasu 1 00pa3u mux TouoK. PosrissHemMo cTtoponu m’atukyTHUKa. CTopoHa
AB, BC, AE BignoigHo npexoaiats y ayru Al, I] 1 QA. Biapizok CD mepeTHHA€E KOJO
iHBepcii w y Toui P, sika mepexoauTh cama B cebe. Binpizok EP mepeiimoB y ayry QP,
PD —y nyry PN, DM —y nyry NM, MC—y nyry M]. Otxe, iHBepcCis I’ ITUKYyTHHUKA
noOyioBaHa MPaBUIBLHO, OCKUIBKA BUKOHYIOTHCS BIIACTUBOCTI 1HBEpCii. 30Kkpema, TOUKH,
AKl JIe)KaTh BCEpPEAMHI Kojia iHBepCii MepexoasTh y TOYKH, Kl JeXaTh 30BHI KoJia
iHBepcii, 1 HaBmaku. Ko)kHa TodYka KoJjia, IHBEpCHa cama co0i, TOOTO € IHBapiaHTHOIO, a

BIJIPI3KH NIEPEXOATh Y AYTH, TOLIO.

Qﬂmﬁehre =i
Cain Mpaoka Bua HacTpodkk MucTpymenTol ‘Okno Cripaska Bobma. ..

- ] Y s T F LA RN = ([
NERENcERNEER
v MaHenk 06LeKToE |- Nonotxo (=]
Ellkel= L HEAaC~

4 D=(1.32,1.28) i
§=(-0.66, 3.8)
w(x-1.32)2+[y-
A=(-1.18, 2.24)
B={2.9, 2.98)
C={3.7,1.1)

D= (3.02, -2.9)
E=(-0.45, -0.44)
2=3.85 =
d=4.25

c=4.06

b=2.02

a=4.1
MHOTOYFONLHUKT =

PR EFEREOEVEVEC

MHOroyronshukl’

.

f. -2.08x - 2.5y = -5.
g -1.68x + 1.58y =

h: 0.18x+2.38y =3
11.72% - 1.78y =-0
o Mepecedednelh, b

LU S S

' K He onpegenexo
2 J=(5.61,0.96)

Beoa: (1]

Puc. 1. IloGynoBa 006pa3iB mpocTux ¢iryp mia yac iHBepcii

TakuM YHMHOM, BHUKOPUCTAaHHS JUHAMIYHOTO TE€OMETPHYHOTO CEpEeAOBHINA
GeoGebra B mporeci po3B’A3yBaHHA TEOMETPUYHUX 3a/ay, HAJAa€ MOXKIUBICTh

MIBUIIMTH SKICTh 3aCBOEHHS HABYAJIbHOT'O MaTepialy CTYJIEHTAaMU MUIAXOM HOTo
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YHAOYHEHHsI, MBUIIY€E PIBEHb MOTHBAIIIl O HABYAHHS, 3aIy4ae ixX 0 JAOCTITHUIBKOL
JISUTBHOCTI Ta CaMOOCBITH, CHpPHsIE PO3BUTKY MPOCTOPOBOI YSIBH, CIIOHYKA€ CTY/ACHTIB
OMAHOBYBATH HOB1 3HAHHA W OTPUMYBATH HABUYKH CaMOCTIMHOI poOOTH Ta TBOPUYOTO
MUCJICHHS. Y Tpolleci BUBYEHHS aHAJIITUYHOI 1 KOHCTPYKTHBHOI reoMeTpii, BKa3zaHa
mporpama JornomMarae 3’sCyBaTH BIACTHBOCTI JOCTIKyBaHUX 00’€KTIB, IO JOTIOMAarae

CTyJIeHTaM 3Ha4HO Kpallle 3aCBOITH TCOPETUIHUIN MaTepial.

Mykola Yevtuch*, Dr. Sc.
Oksana Klochko**, Dr. Sc.
Vasyl Fedorets***, Ph. D.
*Institute of Pedagogics, National Academy of Educational Sciences of Ukraine, Kyiv,
Ukraine
e-mail: yevtuchmb@ukr.net
**Vinnytsia Mykhailo Kotsiubynskyi State Pedagogical University, Vinnytsia, Ukraine
e-mail: klochko.ov@vspu.edu.ua
**#*Communal Higher Education Institute “Vinnytsia Academy of Continuous
Education”, Vinnytsia, Ukraine
e-mail: bruney333@yahoo.com

USING VIRTUAL AND AUGMENTED REALITY TO DEVELOPMENT OF
THE HEALTH-PRESERVING COMPETENCE OF A PHYSICAL EDUCATION
TEACHER: METHODOLOGICAL ASPECT

Abstract. The article represented a methodological reflection ways to improve the health-

preserving competence of a Physical Education teacher based on the augmented and virtual reality
technologies.

Key words and phrases: Physical Education teacher, health-preserving competence, virtual
and augmented reality, methodological.

3acTocyBaHHs Cy4yacHUX ITU(POBUX TEXHOJOTIH [ 1; 2] € mpuOpITETHUM HAIIPSIMOM

PO3BUTKY OCBITH, SIKUU CTIpUA€ i1 ryMaHi3allli, iIHTeJeKTyami3allii, IHTepHaIlioHa3aii, a
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TaKOXX PO3MIMPEHHIO MOKJIMBOCTEH JIS BJACHOTO CaMOBJIOCKOHAJICHHS 1 caMopeaizalii
AK Tefarora Tak i1 y4dHiB. JIOTIOBHEHa peanbHICTh SK 1HHOBAI[IHA TEXHOJOTiA MICTUTh
3HAYHUNA THOCEOJIOTTYHMM 1 NPAKTUKO-TEXHOJOTIYHMM TOTEHIllaJl, 10 BHU3HAYa€
MOXKJIUBOCT1 ii 3aCTOCYBaHHA B TPOIECI YTOCKOHAJICHHS 30pOB’sA30€peKyBalbHOI
KOMIIETEHTHOCTI BUMTENS (PI3MYHOT KYJIbTYPH B YMOBAX IMICISUIUIOMHOT OCBITH.

[Ipodeciitna misIbHICTS BUUTENS (PI3UYHOT KYJIBTYpHU 3B’si3aHa 3 MPOCTOPOBUMH
o0’exktamu, 10 TOTpeOye e(PEeKTUBHMX MEHTAJIbHUX 1 CEHCOPHUX HABUYOK 1
CTEPEOTHIIIB, 30KpEMa CTEPEOMETPUYHOTO CIPUHHATTA, YABH 1 YABJICHb Ta
MIPOCTOPOBOr0 Ta MPAKTHYHOTO MHUCICHHs. BKazaHi MEHTaJIbHI 1 CEHCOPHO-MEHTAJIbHI
HAaBUYKM Ta JOCBIOAM JIeKaTb SK B OCHOBI #oro mpodeciiHoi Tak 1
3I0pOB’SI3€PEXKYBATBHOI  KOMIIETEHTHOCTEH. [lepeBakHO 3a3HA4YeHI HABUYKU 1
cTrepeoTunin  (GOpPMYIOTBCSI B TPOIEC] 1AMBIAYadbHOTO PO3BUTKY (OHTOTEHE3Y)
BIIMOBITHO 10 CHAIKOBUX 3amatkiB. [IpocTopoBe MuCHEHHS SK 1 HaBUYKHU
CTPEOMETPUYHOIO CHPUMHATTA MOXYTb OYTH JOCUTH €(QEKTHUBHO PO3BUHYTI 3a
JIOTIOMOTO0  CKJIaIHO-KOOPJMHOBAHUX BHIIB PYXOBOi aKTMBHOCTI BKIIIOUAIOYH CIOPT,
TaHIIl, TPYJOBY JISIBHICTE. BaXXIUBY posib B IbOMY BIATrpae nepeOyBaHHS B «CKIATHO-
CTPYKTYpOBaHUX» MPOCTOpax, JiC, JepeBa, IopH, Mope. BonHodac BUKOpHCTaHHS
M(OpPOBUX TEXHIIOTIM, 30KpemMa JOMOBHEHOI 1 BIPTyalibHOI pealbHOCTEH s
YAOCKOHAJIGHHSI ~ 3/I0pOB'sI30epeKyBaIbHOI ~ KOMIIETEHTHOCTI ~ BUMTeNss  (Qi3UYHOT
KyJbTypH, PO3BUTKY HOTO MMPOCTOPOBOTO MHUCIICHHS Ta aHAI3y 1 BUCBITIACHHS CKJIaJHUX
TEOpii BUKOPUCTOBYETHCSA HEAOCTTaTHRO. Bkazana mpobieMa He BioOpakeHa B MOBHIM
Mipl B HayKOBId memaroriudiii miteparypi. Lle pasom 13 3HAYMMICTIO MOJANIBIIO]
pPO3pOOKM BKa3aHOrO IHHOBALIIHOTO HANpsIMy BHM3HAYa€  Hallle AOCTIKEHHS S5y
aKTyaJbHe.

3 MOsBOIO BIPTyabHOI 1 JOMOBHEHOI pEaJbHOCTI BIJKPUIIOCS TI0JIE HOBHX

MOKJIMBOCTEH JJI1 PO3IIMPEHHS 1 YIOCKOHAJIEHHSA (I3KYJIbTYpPHO-03/10pPOBUYUX
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TexHoJoT1 [3; 4], a TakoX JJIsI PO3BUTKY MPOCTOPOBOTO MHCIJICHHS, Opi€HTAIlli B
MPOCTOpPi, aHATITUYHOTO MHCJICHHS MPU 3aCTOCYBaHHI HOro M0 CTEPEOMETPHUYHHUX
o0'extiB. Bka3zani mu¢poBi TexHOJOTii MO CyTI MOXYTh c(OpMyBaTH B peaJbHOMY
MPOCTOPi HOB1 BIPTyasibHI OO0'€KTH, PO3IIMPIOIOYHM PO3YMIHHS PEaTbHOCTI, a TaKOX
CTBOPUTH TMPOCTOPU CMHUCIIB — TOOTO 3pOOHTH MPOCTip MpodecitHOl TIATBHOCTI
BUUTENS «IH(POpPMAIlIHO HACHYCHUM», PO3YMHHM, OPIEHTOBAHMM Ha TIEBHHM BH]
TiSUTBHOCT1, epPTOHOMIYHMM JIJISL peaizallii BA3HAYEHUX I[1JIeH.

310poB'sI30epeKyBAIbHUIN aCMEKT JOTMOBHEHOI [2] 1 BIpTyalibHOI pealbHOCTEN
MoJIsirae TOMy, IIO: PO3BHHYTE NPOCTOPOBE MHCIEHHS € CKIIaJI0oBOIO MpodeciiHoro,
dbopMyBaHHS  «3MICTOBHO-CMHUJIOBUX» TMPOCTOPIB Ta BIAMOBIAHE CHOPAMYBaHHS
ICHYIOYOTO CEpeJIOBHIIIA MOXE TMPOBOJAUTHCS Ha OCHOBI IHTEHIH 1 I[IHHOCTEH
30epesxkeHHs1 310poB'st 1 xkutTd. lle BignoBimae «HarionaneHiil ctparterii po30ynoBu
0€3MeYHOro 1 3J0pOBOr0 OCBITHHOI'O CEpelOBHUIIA y HOBIM YKpaiHChKiM mmkon» (Yka3
[Ipe3unenta Ykpainu Big 25.05.2020 p.).

AKTyanbHUM € BHUKOPHCTaHHS BIpTyaJbHOI pEaNbHOCTI [UIsl TPaKTUKO-
TEXHOJIOTTYHOTO OCMHUCJICHHSI BUMTENIEM CKIQJHUX TEOpii, SKI 3aCTOCOBYIOTHCS B
Gi3UYHIN KynbTypl. 30KpeMa MU B yMOBaxX MICISIUIZIOMHOT OCBITH 3aCTOCOBYEMO
TEXHOJIOT1l BIPTyaJIbHOI ~ PEaJbHOCTI I PO3KPHUTTS 3I0POB’SI30€peKyBaTbHOTO,
THOCEOJIOT1Yeoro 1 TepMEHEBTHMYHOIO IMOTEHLIiajiB Teopii MOOYAOBH  pyXiB
M. bepumiteitHa Ta 17 NPAKTUYHOTO CHPSAMYBaHHA BKa3aHWX 3HaHb. Po3pobieHo
(O. Knouko 1 B. ®enopens) nporpamuunii nonatok “Virtual Model Illustrating Nikolai
Bernstein’s Theory of Movement Construction” 3aBAsku SKOMY TeOpis €TarHOoi
noOyoBu pyxiB M. bepHiTeiiHa po3KpUBA€ETHCS 3 BUKOPUCTAHHSIM aHTPOITHUX 00pasiB

Ta B 3MOJIeTLbOBAHOMY BipTyasibHOMY mpoctopi (Puc. 1).
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the illustration
“Mikalai
Bernstein's theory

of construction of
movements”

Puc. 1. Ilporpamumnii nogatox “Virtual Model Illustrating Nikolai Bernstein’s Theory of

Movement Construction” (O. Kiouko 1 B. ®enoperp)

3acTocyBaHHS TEXHOJIOTIA JOMOBHEHOI 1 BIPTyaJdbHOI peambHOCTI JIA
YAOCKOHAJICHHS 3JI0POB’130€peKyBaIbHOI KOMIIETEHTHOCTI BUMTENS (PI3UUHOT KYJIBTYPH
B YMOBax MICISAUIUIOMHOI OCBITH € €(eKTUBHUM IHHOBAI[IMHUM 3aCO00M SIKUU Jla€
MOJKJIUBICTh Ha HOBOMY SKICHOMY piBHI BHpIIIyBaTH MpoQeciiiHi mpobdieMu Ta Crpuse

IHTEJNEeKTyai3allii BKa3aHOT KOMIETEHTHOCTI 1 OCBITHBOTO TIPOIIECY.
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SEIDEL'S METHOD FOR SOLVING SYSTEMS OF LINEAR ALGEBRAIC

EQUATIONS

Abstract. The paper describes the iterative Seidel method and its use for solving systems of

linear algebraic equations.
Key words and phrases: iterative method, system of linear equations, condition of

convergence, error estimation.

ITepartiitHi METOAM XapaKTEPHU3YIOTHCS THM, IO PO3B’A3aHHS CUCTEM JIHIHHUX
anreOpaiuHuX PIBHSAHB 3HAXOIATHCS Y BUIJISI TPAHMIN JIEAKOI TOCIIIIOBHOCTI BEKTOPIB,
Kl OyAyIOThCS 3a JOMOMOTOI0 OJIHAKOBOTO ITEpaliiHoro mpoiecy. EQekTHBHICTH

ITepalifHuX METOIB BU3HAYAETHCSA IMIBHAKICTIO 301KHOCTI IMOCTIJOBHUX HAOIMIKCHB

x(k) no posp’sasky [1, cT. 60].
Sx mpuknax irepaniiiHoro (HaOmkeHoro) merony po3s’szanHs CJIAP
BapTO PO3IVIAHYTH METOX 3eWnens, SKUW € NESKUM Y3arajJbHEHHAM METOJy IpPOCTOi
iTepairii. 3anuiieMo 3BeJIeHy CUCTeMY PIBHSIHb Y BUTJISIL:
n
X, = Zay.xy. (i=1...,n)
= (1)

o —(0) . —(k-1)
Hexaii 3a1aH0 moyaTtkoBe HAOMMKEHHS x 1 BKE OOYHMCIEHO HAOIMKEHHS X

(k-1) _.(k-1) x(k—l)
n

TOOTO BIIOMI KOMIIOHEHTH X; X, 5--e . [lobynyemo k-Te HAOMMXKEHHS IS

ycix xomnonent X; (i =1,...,n). Maemo
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n
* _ * , p.
X =3 0 2+ B
j=1

n
(k) _ (k) (k=1) .
X, =ayx  + Zaz_l.xj + B,;
j=2

n n
(k) _ (k) (k1) :
X = E Q,x; " + E ax; " +p;
=1 =1

njj nn-n

n
xik) = za ._X,'(.k) +a X(k_l) + ﬁi (k = 1:---9”)'
j=1

)

Posrnsinemo Merton 3eiifens SK CTalllOHAPHHUM ITEparliiHUuN MpoIec, B SKOMY 3a
OIMH KPOK MOXHAa BBaXAaTH pe3yibTaT 3aCTOCYBaHHA IIOBHOTO IHUKIYy, TOOTO

—(k-1

. . . ) —(k
3AIMCHIOBATH IICPCX1A Bl BCKTOpa Xx A0 BCKTOpa x( )

[Ipu wpomy cucremy

PIBHSIHB X = QX + 8 3aNUIIEMO Y BUIIISI

;:(al+a2);+,§ (3)
_all alZ aln_
0 0 0 0 | 0 a, a,,
o, 0 0 Oy =| e,
o, =
................................ 0 0 a,,
e L a, &, e O, 0 1, L i

3a paxyHOK BUpa3y (3), MOkeMO o0y IyBaTH 1TEpaI[iiHUN TTPOLIEC Y BUTIISIIL:

—(k) —(k) —G-) =
X =a,x +a,x +p;

X (k=1,2,..). )

Jlictanemo:
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;(k) =(E - al)_1a2;(k_]) +(E - a])_]ﬁ,
—(0)
x  (k=1..) (5)

Takum YMHOM, OIMH ITOBHUM LUK/ HUKJIIYHOTO MIPOLECY I CUCTEMH X = & X + B

PIBHOCWJIBHUN OJJHOMY KPOKY ITE€paIlifHOTO MPOIIECy MO BITHOMICHHIO IO CUCTEMH

x=a'x+ 8, (6)

* -1 * )
Je & =(E—Otl) a,, IB =(E—061) IB
JlocTaTHBOIO yMOBOIO 30DKHOCTI JJsl  ITepaliiiHOro Tmpouecy 3euaens €
HepiBHiCTLHaH <1, ne Ha” - HOpMa MaTpPHIII ¢ JJIs 3BEICHOT CHCTEMHU PIBHSHb.

Jns  Toro, 1mo0 OLWIHUTH NOXUOKY MeToay 3eiijenis BUKOPHUCTOBYETHCS

HEPIBHICTH:
¥ —x< 1 K H}”‘) ~x I, e y=max(q, / (1- P));
—H
i—1 n
P= ‘% q, ZZ‘%‘ (i=1,...,n).

1 J=i

7

J
VY miacyMKy MOXHA 3a3HAUUTH, 110 METOA 3eiifens Mae Kpairy 30DKHICTh, HIXK
METOJI MPOCTO] iTepallii, MpoTe MoTpeOye OiIbIIe OOUHCICHb.
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