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3ACTOCYBAHHS KEMC-METOAY Y BUBYEHHI KYPCY «METO/IA
MATEMATHUYHOI ®I3UKN»

Po3senanymo suxopucmannsa memooy Keticig (case-study) npu eusuenni memu «Pienanna 3 wacmunuumu

noxionumu 2inepooaiunoco muny» 3 Kypcy «Memoou mamemamuunoi ¢izuxuy. Okpecieno eumocu 00
HasuanbHo20 npoyecy y 3axiaoax suwoi oceimu (3BO) 8i0nogiono 0o kouyenyii mamemamuunoi oceimu 8
Yrpaini. Akyenmosano ysazy na HeoOXiOHOCMI 3aCMOCY8AHHS MemoOy NPOOAEMHO20 HAGYAHHS MA OOHIET 3 1020
Gopm — memooy keticie. [Ipoananizogano nowsmms «keucy. Onucano nepesacu memody case-study ma
cucmemy 6umo2 00 Hbo2o. Poskpumo eadcnugicme eubopy memu «PigHsanHs 3 4ACMUHHUMU ROXIOHUMU
2inepboniuno20 munyy, noe’s3anoi 3 il npuxkiadHum xapaxkmepom. IIpodemoncmposano ocHosHi emanu
oocnionuyvkoi  pobomu cmyoenmie  isuko-mamemamuunozo gaxyiememy THIIY npu ecmanosnenni
MIHIMATOHUX YMO8 PO38 SI3HOCMI 3MIWAHOi 3a0a4i 05l JAIHIIHO20 O0OHOPIOHO20 2iNepOOaiUHO20 PIGHAHHA.
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Buokpemneno ma oxapaxmepuzo8ano OCHOSHI cpynu pe3yibmamis, wjo Nioasean onpayiosantio. 3asHaueno
Kpumepii 8i000py, AKi 00NOMA2aioms 6CMAHOBUMU MIHIMATbHI YMOBU ICHYBAHHSL PO38 43Ky 3MIUAHOT 3a0ayi 05
JUHIUHO20 00HOPIOHO20 2inepOoniunozo pisHanHA. Hasedeno 0CHOBHI MBEPOMCEeHHA, WO BUSHAHI HAUKPAUWUMU
yMo8amu, AKi 8i0N08i0aroms NOCMAsieHill Memi 00CAi0NHCeHHA. 3a3Hauena opuinaibHicmes cnocoby 008e0eHH s
meepodcenb ma émine NOEOHAHHS 080X BANCIUBUX mem Kypcy «Memoou mamemamuunoi Qizuxuy: « Pienanns 3
YACMUHHUMU NOXIOHUMU 2inepboniunoco munyy ma «lumeepanvni pisuaumuay. Bxasano, wo 3acmocyeanns
Memooy case-Study 0ae MOMNCIUSICMb aKMUGI3Y8amu npoyec HAGUAnHs, copmysamu no3UmMueHy Momueayio
ma oHOSUMuU MEOPYULL NOMEHYIAN BUKNAOAYIE.
Knrouosi cnosa: keiic, memoo Kelicis, 2inepOoiuti pieHAHHS, 3MIUAHA 3A0aYad, MIHIMATbHI YMOGU.
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APPLICATION OF THE CASE METHOD IN THE PROCESS OF STUDYING THE
COURSE “METHODS OF MATHEMATICAL PHYSICS”

The article considers the use of case-study method while studying of the topic “Equations with partial
derivatives of the hyperbolic type” from the course “Methods of mathematical physics”. The requirements for
the educational institutions are outlined in accordance with the concept of mathematical education in Ukraine.
The emphasis is placed on the system-activity approach to the learning process. Attention is focused on the
necessity to use the method of problem-based learning and one of its forms — the case method. There has been
analyzed the concept of a case. There have been described the advantages of the case-study method and the
system of requirements for it. There has been revealed the importance of choosing the topic “Equations with
partial derivatives of the hyperbolic type” related to its applied nature. The article demonstrates the main stages
of the research work of students of the Faculty of Physics and Mathematics in establishing the minimum
conditions for the solvability of a mixed problem for a linear homogeneous hyperbolic equation. The paper also
identifies and characterizes the main groups of results to be processed. The investigation indicates the selection
criteria that help to establish the minimum conditions for the existence of a solution of a mixed problem for a
linear homogeneous hyperbolic equation. The results of the research are presented in the form of a table. The
research presents the main statements recognized as the best conditions corresponding to the set goal of the
study. The originality of the method of proving statements and the skillful combination of two important topics of
the course “Methods of mathematical physics” — “Equations with partial derivatives of the hyperbolic type” and
“Integral equations” are noted. Application of the case-study method makes it possible to activate the learning
process, to form positive motivation and to renew the creative potential of teachers. Proven research work
within the course “Methods of mathematical physics” provides a solid basis for using the case method in the
further professional activities of teachers. Along with this, the theoretical and methodical preparation of case
technologies in institutions of higher education requires further improvement.

Keywords: case, method of cases, hyperbolic equations, mixed problem, minimum conditions.

Bigmosigno mo Konmenmii marematwyHOi OCBiTH B YKpaiHi HaB4anmpHHM mporec y 3BO
MOBUHEH CIPUATH (POPMYBAHHIO COIiaJIbHOT, KOMYHIKATHBHOI, KPEaTUBHOI, KOMIT IOTEPHOI Ta 1HIINX
KoMmreTeHTHocTe# crynmeHTiB [1, ¢.189]. 3 miero Meroro y HaBYaHHI BapTO BHUKOPHCTOBYBATH
CUCTEMHO-[TISUThHICHHUHN MiX1]], TOJIOBHIM METOJ/IOM SIKOTO € METOJI ITPOOJIEMHOTO HaBUAHHS, a OJHIEI0
3 fioro (hopMm — MeTo[ KeiiciB (case-study). Came 3aBasKu METOIY KEHCIB CTYIEHTH MOXYTh TOOAUNTH,
SIK OJICprKaHi 3HAHHS 3 KypCy J0IIOMaratoTh BUPIIIlyBaTH MMOCTABJICHI MPAKTUYHI 3aBaaHHs [6, c. 20].

VYrepe Keiich mo4aiy BHKOPUCTOBYBAaTH Ha Moyatky XX CT. B €KOHOMIiuHiH, MpaBoOBiil Ta
MeauuHid ranyssax. Y 1921 p. Tapeapaceka 1kosa 0isnecy (CIIA) Brepiie 3acTocyBajia MeTo[| Case-
study B HaB4aJ BHOMY TIPOILIECi; B Hili OyJIM pO3pOOJIEeHi KeHCOBI CUTYyaIlii T BUBUEHHS TUCIIUILTIH,
OB’ sI3aHUX 3 Oi3HECOM.
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Croromui (yHKIIOHYIOTH ABi mkoau case-study: y I'apsapzi (amepukaHchbKa) Ta y MaHdecTepi
(eBpomeiicbka). Ileprma Hamimoe Ha MOIIYK €IWHOTO TMPAaBHJIBHOTO PILLIEHHS, a Jpyra CXBallO€
JIeKiNbKa BapiaHTiB BUPILLICHHS MPOOJIEMH.

Hapuannus 3a momomororo kewciB Qopmye MaiOyTHROTO (axiBIs, SKHH BOJOIE€ YMIHHIM
MPABIJIFHO aHANI3yBaTH CUTYAIlI0, BUSIBIIATH MIPOOJIEMH, 3HAXOIUTH BapiaHTH BUPIMIECHHS, BUOUpATH
HaonTuMaipHinm 3 HUX [3]. OcHOBHA (YHKILisS KeHC-METOy — HAaBUMTH MPALIOBATH 3 iHPOPMAIII€IO.

Ketic (case) y mepeknazi 3 aHIJIiHChKOT — BUMAIOK, Case-study — noByansHuii Bunanok [4, c¢. 110].
Bukopucranns kefic-MeToy mependadac OCMECIEHHS CTyJeHTaMH peajbHOi >KATTEBOI CUTYarlil, IO €
BiIOOpayKEHHAM JIeIKOi MPaKTUYHOI MpOOJEeMH K OAHOYACHO AaKTyalli3alil0 TEOPETUYHHMX 3HaHb, SIKi
HEOOXi THI JIJIsl BUPIIIIEHHS IIEBHOT MPoOIeMH. 3ayBasKUMO, 1110 CUTYaIliiHI 3aBJaHHI HEOOXiTHO ITiI0MpaTH
3 ypaxyBaHHSM CHEIiaIbHOCTI, Ha SIKiii HABYAIOThCS 37100yBadi BUIIIO OCBITH.

OcHOBHE 3aBIaHHS BHKJIAgada, SKAH BOJOMIE KEWC-TEXHOIOTI€I0, — HABYWTH CTY/ACHTIB
aHamizyBatu (akTd 1 mpoOieMHu, 3HAXOMUTH MOKIMBI pIlIEHHS 1 MPOTHO3yBaTH iX HACHIIKH.
Tpamutiitai Kypcu y BUTIISAI JIEKIIM HE 3aBKIU € MIKaBUMH IS CTYACHTIB. bk mpuBabIuBUM €
aHaJTi3 KOHKPETHHUX CUTYAIlii.

Y HaBYaTFHOMY HPOLECi MPONOHYIOTHCS I 3aCTOCYBAaHHS HACTYIHI BN KEHCIB:

e pakTHYHi (€ BiZoOpakeHHSIM pealbHUX KUTTEBUX CUTYyalii);

e HapyaibHI (€ BiZOOpa)KCHHSM TUIOBUX CHTYallid, SIKi Hal4acTille TPaIUIAIOTHCS B TpoIeci
npodeciiHol TisSUTBHOCTI);

® HAYKOBO-IOCIiIHI (30pi€HTOBaHI HAa IOCIITHUIIBKY JiSUTBHICTB).

[[lobu keiic OyB mpuBaOIMBIMIKAM, TOTPiIOHO OymyBaTH HOTO Tak, MO0 MOTHBYBATH Ha IOIIYK
J01aTKoBoi iHpopMallii. TakuM YMHOM aKTyalbHICTh Kelca 30epiraTuMeThesl TPUBAJIMA vac.

Keiicu OyBatots y Burisii [5, c. 25]:

e UIIOCTpAaTHMBHUX HaBUAIBHUX cuTyaliil. OcHOBHa MeTa iX — 3a JOIOMOIOK IMPAKTHUYHOTO
NpUKJIaLy IPOAEMOHCTPYBATH CTYACHTaM aITOPUTM NPUUHATTS NPABHIIBHOTO PillIEeHHS,

® HABYANBHUX CHUTyallili 3 QOpMyIIOBaHHSAM mpoOnemMu (3IIHCHIOETHCA ONMUC CHTYyamii ¥y
¢dikcoBaHWil mepiog Yacy, JaeThcsA diTKe (opMmymoBaHHS mpoOiemu). MeTa Takux KeHCIB —
JiarHOCTYBaTH CUTYaIlil0 Ta HABYUTHCS CAMOCTIHHO MPUHMATH PillICHHS;

® HABYANBHUX CHTyamiid 0e3 QopMyIrOBaHHSAM MpoOieMu (3MIHCHIOETBCS OMUC CKIIAIHIIION
cUTyarii, HDK y TIONEepeAHhOMY BHITAIKy, HEMae YiTKOro (OPMYIIOBaHHS MpoOIeMHu, € Halip
CTAaTHCTUYHHUX JAHWX, OIIHKK TPOMAJCBKOCTiI TOIIO). MeTa IHUX KeWCiB — HaBYUTHCS CaMOCTIHHO
BUSIBJIATH MPOOJIEMY, ITYKATH IUISXH i1 BUPIIICHHS;

® TPUKIAJHHUX BIpaB (€ OMMC KOHKPETHOI CHTYyallii, 3alpONOHOBAHO 3HAUTH NUISIXH BUXOIY 3
HeT). CTaBnsATh 32 METy — HABYHTH 3HAXOJMTH IUISIXHM BUPILICHHS TPOOJIEMH.

SkicTh Keiica MOXKHA OIIHUTH 33 TAKUMH KPUTEPISIMU: BiJIMTOBIIHICTh MTOCTABIICHIN METi; piBEHb
CKJIaTHOCTI; 1IFOCTPATHBHICTD JKUTTEBUX CUTYAIIil; «IOBIJIbHE CTApiHH:I»; HalliOHAJbHE 3a0apBIICHHS;
aKTYalbHICTh, 1JTIOCTpAIlisi TUMOBUX CHUTYalil; PO3BUTOK AHAJITUYHOTO MUCIICHHS; POBOKYBaHHS
JUCKYCii; HaJaHHS] MOXKITUBOCTI y3arajibHEHHS BUCHOBKIB; ONITUMAIBHUN 0OCST iH(opMaIiii.

Ilpu cTBOpeHHI KeWCiB BUALIAIOTH HACTYITHI €TAIlM: BM3HAYEHHS METH; iAeHTU(]IKaIlis KOHKPETHOI
peaibHOI CHTYaIlil, TMOIIyK JpKepen iH(opMalli; MakeTyBaHHS, KOMIIOHYBaHHsS MaTepiayly, BU3HAYCHHS
(hopMu Tpe3eHTallil; arpoOartist Kerica; ImaroToBka METOANYHIX PEKOMEH/IAIliH 3 BUKOPHCTAHHS Keiica.

JisubHICTh BHKJIa/1aua MpY HAITUCAHHI Keiica MiCTHTH ABa eranu. Ha meprioMy erari 3iHCHIOETBCS
TBOpYa poOOTa 3 HANMCAaHHSA Kelca (HayKOBO-IOCHTiZHA, MeToauyHa). Ha HacTymHOMy ertami BHKITazadu
TPAIEOE B ayAWTOPIi; HOT0 3aBJaHHs — OpraHi3yBaTH MaJjli TPYIH Ta MPOBECTH JIUCKYCItO, 3IHCHATH OLIHKY
BHECKY CTY/IEHTIB B aHami3 curyamii. [Ipu cTBOpeHHi kefica moTpiOHO ciifkyBaTH, MI00 He OyNO 3aiBOl
indopmarti, npidbHnx aeraneid. O0’eMHI KeHcH Kpallle BUKOPHUCTOBYBATH JUIsl ITJICYMKOBHMX 3aHATH. Ha
TIOTOYHUX 3aHSTTSIX BAPTO KOPHCTYBATUCS HEBEIIMKUMHE 33 00CSTOM KeHCaMH.

CTpyKTypa THIIOBOT'O OCBITHBOTO KEHCy Iependayae HasiBHICTh TAKUX KOMIIOHEHT:

e cuTyalis — 11e MOXe OyTH BUIIaJIOK, Tpo0sIeMa, iCTOpis 3 KUTTH,
® 3MiCT cUTYyauii — BKIIIOYA€E XPOHOJIOTIIO MicIlb OCOOJIMBOCTI Iii UM Y4aCHHUKIB CUTYyaii,
® KOoMeHTap (ITOA€THCS AaBTOPOM) —THTAHHS (3aBJIaHHs) ISl pOOOTH 3 KEHCOM.

Kopucryrounce  keiic-meromamu, HEOOXiZHO  BpaxoOBYBaTH  CKJaJl  ayAMTopii, IIO
BiZIOOpakaTUMEThCSI HA CIIPUAHSTTI iHPOpMAIlii, BU3HAYATHME PiBEHb Ta SIKICTh TPUHHATTS PillICHHS.
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AKTHUBHICTE pOOOTH CTYIEHTIB 3QJICKUTh BiJl SKICHOTO CKJAaAy, CTPYKTYPH TPYIIH, OpraHizamii
poboTtu 3 KeiicoM, OOTOBOpPEHHsI pe3yibTaTiB Ta MiIBeAEHHS MiACyMKiB. BaxmmBo, mo0 Ha ertarmi
00roBOpeHHs IUISXiB BUPIIEHHs MpoOIeMHU BUKJIagad He BTpydaBcs. [loBepraTucs 10 cBo€l 3BUUHOL
pOJIi BiH MOBWHEH TIJIBKH TICIIS 3aralIbHOTO OOTOBOPEHHS /IS TiABEICHHSI MMiICYMKIB.

IIpu poGoti 3 keiicaMu TOTPiOHO HAAWXHYTH CTYACHTIB, HaBITh SKIIO BOHH 3allPOMOHYBAIN
HeeeKTUBHI crmocoOu pOo3B’sS3aHHSl MOCTABICHOTO 3aBlaHHsA. B ix pimeHHsX 00OB’sI3KOBO BapTo
BiJI3HAYUTHU CJIA0Ki Ta CUJIbHI CTOPOHH.

’Konen meron He € nockoHamuM. Lle MoXHa cka3aTH i Ipo PO3MIIATyBaHUNA METOl. AJie BiH Ma€e
no3uTuBHI MoMmeHTH. [lepeBaramm Meromy Case-Study e: MO3UTUBHUI 3BOPOTHHH 3B’SI30K BiX
OIHOTPYMHUKIB Ta BHKIaAadya; NMaHyBaHHS MOTHBYIOUOi armocdepu, ska I03BOJsiE (HopMyBaTH
KpeaTHBHE MUCIICHHS; MPaKTWUYHA CIIPSIMOBaHICTh; ()OPMYBaHHS y CTYJEHTIB BIEBHEHOCTI y co0i i
BipH B Te, 1110 MOYKHA BUKOHATH CXO’Ki 3aBJIaHHS B peaibHUX yMoBax [8, c. 216].

Keiic-meTox — 11e onTUMaibHE MOETHAHHS TEOpil Ta MPAKTUKH, SIKE CIPHUSIE PO3BUTKY HABUYOK
poboTH 3 Pi3HUMHU JDKepelaMu iHpopMarlii. Bupimenas npodiieMu, OKpeciaeHoi B KEHci, € TBOpIUM
mporiecoM (OpMyBaHHA KOJIEKTHBHOI Mi3HABANBbHOI MisTbHOCTI. CTYAEHTH BYATHCA AOTPUMYBATHCS
MPaBUJI CIUIKYBaHHS: NPAIIOIOTH B IPyIax, CIIyXaloTh CIiBPO3MOBHHUKA, apPTyMEHTYIOTh BIIACHY TOUKY
30py, OyayloTh JIOTiuHI cXeMH Aisi po3B’si3aHHS mpoOnemu. OmHOYACHO AYyMarOTh, aHAI3YIOTH,
PO3BUBAIOTH HABMYKH BeIeHHs aucKycii [10, c. 12].

Huni € nocuTh HeBeNMMKa KUTBKICTh KEHCIB, sSIKi MOKHA 3aCTOCOBYBATH MpPU BHUBUEHHI OKPEMHX
MaTeMaTHYHUX JUCHMILIIH. [1]00 3amoBHUTH IO NpPOTaIMHY, PEKOMEHAYEMO PO3pOOKY Keica Jyis
CTYJeHTIB i3uKOo-MaTeMaTHYHUX crnerniansHocTei 3BO.

Mera crarTi — O3HaHOMIICHHS 3 JIOCBIZIOM peanmi3ailii meromy Case-Study mpu BHBYCHHI TeMH
«PiBHSHHS 3 YaCTHHHUMH TIOXiAHMUMH TIMEPOOIIIYHOTO TUITY» 3 Kypcy «MeToiu MaTeMaTHIHOl (pi3HKm».

Sk Bimomo, TirepOoiyHi piBHAHHS BIAITPAIOTh BAXKIIUBY pOJb y (i3uIli Ta iIlKEHEPHIH MpaKTuIl. 3a
iX JOIOMOTOI0 ONWCYIOTH Pi3HI BUAM KOJNWBAHb: KOJWBAHHS CTPYHH a0 MEeMOpaHH, PO3IIOBCIOKEHHS
3BYKOBHUX XBWJIbL B pi3HI/IX cepeaoBulIax TOLIO. OHaHyBaHHH OCHOBHHMMH IIOHATTAMMU, iILeHMI/I, METOAaMU
JIAHOT TEMH JIOTIOMOKE MaOyTHIM (paxiBIsSIM BMIJIO TTOEAHYBATH 3HAHHS Ta BMIHHS 3 Pi3HUX HABUAJIBHUX
JCIUIDTiH, BUBYATH BiIMOBIIHI TEMH KOMILIEKCHO Ta Y B3a€MO3B’SI3KY 3 MPAKTHYHUMH MOTpeOaMH.

Baxnupumu Ta 1ikaBUMU B TeMi “PiBHSHHS 3 YaCTUHHMMHU MOXITHUMH TiepOOIiYHOro TUITY” €
MUTaHHS JOCTIDKEHHSI YMOB PO3B’S3HOCTI 3MIlIaHOT 3ajadi Juis JIHIHHOTO  OJHOPIIHOTO
rinepOOoIIYHOTO PIBHAHHS BUAY:

U, -a° u +o(x, Hu=0, @)
u(0,t)=u(mt)=0, tef0,T] 2)
u(x, 0)=¢(x), u,(x,0) =y (x), x€[0,1]. ©)

V piensaHI (1) BBaXXaTUMEMO, 1110

c(ot)e C(ID), (4)
ne [1={(x.0) ER?:0=x=m, 0<t<T}
SIKII0 KOHKPETU3YBATH, TO 33/1a4a MOJISIraE B TOMY, 11100 3HAWTH (PYHKIIiFO

u(x, t) € ¢ (1D, (5)

1[0 3a/10BOJIBHSE Yy 3BHUAiHOMY po3yMinHi piBsHus (1) y Bigxpuromy mpsmokytauky L1, a
TaKOX KpaioB.i (2) Ta mouatkosi (3) yMOBH.
Xoua 15 3ajada JaBHO MPHBEPTAE YBAro BUYCHWX, MHUTAHHS MPO MiHIMAJIBHI BUMOTH JIO (YHKILi

€(X,T) i nouarkoBux (ymKrtiit ¢ (x), U (X), npu BUKOHAHHI SKUX iCHYe il KITACHUHMIT PO3B’SI30K, BiIKpHTE
J0 cborofHi. BupimeHHI0 1poro nuTaHHS Oyna NPHCBSYEHA JOCIIOHMIBKA POOOTa CTYHEHTIB (i3HKO-
MaTeMaTHYHOro (GaKyJIbTeTy, sIKi OMAHOBYBAIM Kypc «MeTou MaTeMaTuaHO1 (Di3HKu2.

3araibHOBIZIOMO, ITI0 TEXHOJIOTISt pOOOTH 3 KEHCOM B HABYAITLHOMY TIPOIIEC] BKITIOYAE TTEBHI eTar [9]:

InuBinyanbHe caMoCTiiHE ONpAalfOBAaHHS CTyJEHTaMH MatepiaiB Keica (CTaBUTbCA mpoliiema,
(OPMYITFOIOTECS ATBTEPHATUBY, TOAAIOTHCS MPOMO3UIIT sl BUpiteHHs). OCHOBHE 3aBJIaHHS, SIKE CTOITh
riepell BUKJIa[adeM Ha [[bOMY €Talli — pO3/aTH TeKCT Kekca CTyJIeHTaM JI0 IPOBEICHHS! IUCKYCIl, pO3BHHYTH
CTUMYJI JIO CHiBIpALli, CIPUATH BUSIBJICHHIO iHILIaTHBU IPH OOTOBOPEHHI.

PoGora B Manux rpymnax (yCBiIOMJIEHHS OCHOBHOI MpoOJeMHM Ta HUISAXIB 11 pO3B’s3aHHs).
Buknanau opraHizoBye poOOTy 3 METOK BHPIIIEHHS [TOCTABJICHOI MpOOaeMH. YUYaCHHKIB IiISATh Ha
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TPy, KOKHa 3 SKUX KOJEKTUBHO TOTY€ BIANOBIAI HAa TIOCTABICHI 3alHWTAHHS MPOTITOM
BCTaHOBJICHOT'O MPOMDKKY 4acy. Y Tpynax BH3HA4alOTh CIIKEpa, SIKUM 03By4ye€ NPUHHATI pilICHHS
miclsl Y3rO[PKEHHsI BapiaHTIB BiANOBiJeH. Y BHUCTYMI CHiKepa BPaxOBYETHCS HE TUIbKM 3MiCTOBHUI
acCIleKT, a i TeXHiKa mpe3eHTaiii, ePeKTHBHICTh BUKOPHUCTAHHS PI3HUX TEXHIYHUX 3aCO0IB.

Excrneptu3za pe3ynpTaTiB MalMx TPyl B MeKax HaB4albHOI rpynu. Buknamau asamisye
e(eKTHBHICTh MPOBEICHOTO 3aHATTS, BUABISLE MpoOJeMU MpU OpraHizamii KOJEKTHBHOI CHiBIpali,
3IiHCHIOE TIOCTAHOBKY HOBHX 3aBaaHb [2, . 85].

Ha nepmomy erami cTyqeHTH 3HAaHOMIIITBCS 3 IOCTAHOBKOIO NPOOJIEMHM, SIKA Y HAILLIOMY BUIIAJIKY
(opMyITFOEThCS TaK: «3HANUTH MiHIMATIbHI YMOBH ICHYBaHHSI Ta €IMHOCTI po3B’si3Ky 3aaui (1) — (3)».

DopMyTIOBaHHs ANbTEpHATUB mependadae GOpMyTIOBaHHS TPHOX IPYIN BIAOMHX pe3yibTaTiB
[7, c. 320 —325], mo crocyroThess po3B’s3HOCTI 3Mimranoi 3amadi (1) — (3). Hdo mepmioi rpymnu
BIJIHOCATBCSL Pe3yJIbTATH, SKi OJEprKaHi IUIIXOM PO3B’s3aHHs 3Mimanoi 3agadi (1) — (3) meromom
®yp’e 31 cTaHIApTHOIO CXeMOKW OOIpyHTyBaHHs. Jlpyra rpyma MIiCTUTBH pe3yJbTaTH, OTPHMaHi 3
BUKOpHCTaHHSAM Meroay Pimana. B 000X BkasaHHMX rpymax mpH JOBEAEHHI iCHyBaHHA KJIACUYHOTO

pose’s3ky U (X,I) icCTOTHBO BHKOPHUCTOBYETBCS OIEpALlis MOUICHHOTO JU(EepPeHIiFOBAHHS
(hopManbHUX PAIIB, 10 300paXKAIOTH LIEH PO3B’A30K.

OueBuHO, IO BiIMOBA Bif MOWICHHOTO Iu(epeHIioBaHHS (HOpMaTbHUX PAIIB MMOBHHHA
IPU3BECTH IO TOCIA0IEeHHS YMOB pPO3B’S3HOCTI, IPENCTABICHHX Yy JBOX BKa3aHHX TpyIax.
JlocnipkeHHS B IBOMY HAIpsSMY JTO3BOJIMUTH C(HOPMYJITIOBATH TPETIO TPYILY PE3yNIbTATiB.

[TpoBiBIIM AeTaNbHUIA aHAT3 TBEPAKEHD (JIEM, TeOpeM) 3 KOKHOI TPYITH, CTYIACHTH 3000B’s13aH1

Oy/IM BCTAaHOBUTH Halkpaili (MiHIMaJIbHI) YMOBH, sKi TpeOa HakJIacTH Ha (DyHKIT C(‘-'E, U, q.a(x ,},

yr (X, mo6 ICHyBaB €JMHUI KITaCHYHUI po3B’s130K 3aaadi (1) — (3).

Ha nmpyromy erami po30MBaEMo rpyIy CTYJACHTIB Ha TPH IIATPYIH, MEpe]] KOMKHOK 3 SKHX CTOITh
3aBJaHHSl PETENIbHO BIPOJIOBXK [BOX TIDKHIB OINpAIIOBATH BiIOMI pe3yJbTaTH, MPUCBSYEHI Hpoliemi
PO3B’SI3HOCTI TIOCTaBJIeHOI 3a/1a4i. Bubupaemo crikepa, KU Mpe3eHTYBaTHME JIOCITITHAIIBKY POOOTY CBOET
rpynu. 3a3Ha4aeMO, 110 BPaXOBYBAaTUMETHCS TEXHIYHA MPUBAOIHBICTh TIPE3EHTAITII.

Tperiii eran mependadae eKCIepPTH3y pe3yNbTaTiB. [Ipy IbOMY BCTaHOBIIOEMO €(PEKTHBHICTH
MPOBEJICHOTO 3aHSTTSA, BHUABISIEMO NPOOJIEMH, IOB’S3aHI 3 OpraHi3alli€l0 KOJIEKTHBHOI poO0OTH,
i A0UBAaEMO TIICYMKH.

BukopucranHs KeHc-MeTOAy NpWM BHBYCHHI TeMH «PiBHAHHS 3 YaCTMHHUMH ITOXiJHUMH
rimepOONiYHOrO THITY» TMEPEKOHAN0, IO HAWHKpalluMH yMOBaMH, SKi BiANOBIJAIOTh MOCTAHOBII
npoOJIeMH, BBKAIOTHCS YMOBH 3 TPETHOI TPYIIH PE3YIIbTaTiB.

[lpu ompamoBaHHI  BIIMOBITHUX TEOPETUYHUX IMOJIOKEHb CTYACHTH KOPUCTYBAIUCS
HACTYITHUMH KPUTEPISIMHU:

® JIOCTYIHICTh BUKJIAZLY;
YiTKICTh Y ()OpPMYITIOBaHHI pe3yJIbTATIB;
JIOTIYHICTh, TIOCIIOBHICTh OOTPYHTYBaHHS Pe3y/IbTaTiB;
HAasIBHICTh HOBHUX MIAXOIB, METO/IB JIOBEAEHHS;
HepeBary MOPIBHIHO 3 IHIIMMH pe3yJIbTaTaMHu.
[Ipu 1ipbOMy KOXEH ITyHKT OIIIHFOBABCS B I SITHOANBHIN cUCTeMi. 5 OajiB — HalBHIA OIIHKA 32
KOKHHM KPHUTEPIEM.

PesynbraTu npoBeeHuX JOCHIKEHb MPEICTABIICHI B TaOJIHII:

No Kpurepii Bindopy [lepma Hpyra Tpers
rpyna rpyna rpyna

1 JlocTymHiCTh BUKIIALY. 5 5 5

2 UiTKicTh Yy GOpMYIIOBAaHHI PE3YJIBTATIB. 4 4 5

3 JloriuHicTs, MOCITiTOBHICTb 0OTpyHTYBaHHS 4 4 5

pe3ysIbTaTiB.
4 HasBHICTH HOBUX IIAXOAIB, METOAIB JOBEICHH. 5 5 5
5 [epeBaru B MOpiBHSHHI 3 IHITUME PE3yJIbTATAMHU. 3 3 5

[lpu nperampHOMY aHami3i yMOB pPO3B’SI3HOCTI, MpPEJCTaBICHUX B TPETill Tpymi, Bramocs
BUOKPEMHTH JIBI BaXKJIMBI TEOPEMHU.
Ilepen tum, sk iX chopMyIIIOBaTH, BBEAEMO MTO3HAYCHHS:
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Cl [El'_.i"-[] — npocTip (YHKIIH onxHIEl 3MIHHOI, HemepepBHO NU(EPEHIINOBAaHMX Ha BIAPI3KY
[0.];

2 . . .. . . .. .y
C- ['D_.?I] — mpocTip (yHKIIA oxmHiEl 3MIHHOI, NBiYl HeENepepBHO AwQepeHIliiioBaHNX Ha

BiZpi3Ky [G:H];

Clﬁ(ﬁ:] — mpocTip QyHKUIiH ABOX 3MiHHUX, HEMEPEPBHUX Pa3oM 3 MEPIIOK MOXiTHOK MO
MepIIiii 3MiHHIN B IPSIMOKYTHUKY ﬁ

CDJ(HN:] — mpocTip QyHKUiH ABOX 3MIHHUX, HETEPEPBHUX Pa3oM 3 MEPUIOK MOXiTHOK MO

JIPYTii 3MiHHINA B TPSIMOKYTHHUKY -
Teopema 1. Hexait BAKOHYIOTHCSI YMOBH

o (x)eC? 0,7, (6)
wx)ec[0,m] (7)
@ (0)=0(m)=0, w (0)=v (@)=0, ©)
p"(0)=p"(T)=0, 9)
c(x,t) ectO (D). (10)

Toxi icHye eanHMiT KacHYHMI PO3B’A30K 3MimmaHoi 3axaui (1)-(5) B mpsivoxyTHHKY L1,
Teopema 2. Hexaii BUkoHyIOTECS YMOBH (6)-(9) Ta ymoBa

c(x,eC (D). (11)

Toxi icHye eMHMiT KITaCHUHKI PO3B’ 130K 3Mirmanoi 3axaui (1) — (5) B mpsvoxyTauky 11,
[Ipm noBeneHHI IUX TEOpEM CTYACHTH O3HAHOMMIINCS 3 OPHUTiHAJIBHUM METOIOM JIOBEICHHS,
1o mossirae 'y 3amidi 3agadi (1)-(3), (5) exBiBaneHTHOIO Tif 3MilIaHOO 33Ja4elo:

duy fu ujy -+

~ a ”_ =-c(x, Du, I =—c(x,Du, E == (12
uy (0, r]-l—u:}(ﬂ 1)=0, HI(TI)I-I-u«..(Tr] 0, t€10,T], (13)
1 (1 0) =y () *ap ()=, (0, y, (,0) = ()-a9 () =9, ),

u(x,0)=9), x€[0.x]. (14)

MozoauM JocTiTHUKaM BlIaJIocs OOIPYHTYBATH iCHYBaHHS KIIACHYHOT'O pO3B’sI3Ky 3amayi (12) —
(14) Ha OCHOBI TMIAIKOTO PO3B’S3KY HACTYITHUX CUCTEM iHTErpallbHUX PiBHSAHBL BonbTeppu:

uy (x,0)=p, (x+at) —IEC(L;TJI)M(;:;,T)&I,

Suy

T u,(xt) =@, (x —at) — (Lj,’.:)u f;:,’.r)d?:, (15)
u(0)=p 0+ [ (uy (c.6)+u, (x, 9)ds,  (xf) €A
% uy (x, r)h=¢.: (x+an)- [ e( &, D)u(S,)dr,
1y (x, 1) =-, (ar 1:]+f c(-&5. D)u(-&.1)de- (16)

(e e
u(xD) an?(xj+lf (ul () +uy (. 0))d6,  (x1) EIIJ
[ u, (D)=, (27- t—ar]+_,f c(2n-&. Du(27-&1)dr-
B C(“pf)”(*—rf)‘ﬁ 17)
u, (x,0) qu(t —art)- _,f e(E.Du(&.1)dr
u(xr) =q9(xj+5 fﬁ (ul (. &)+ (x, H})dﬁt (x,1) €A,
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ne TpuKyTHUK A\ o6Mexennit xapakrepuctukamu X=al, X=1-al, siccio Ox (t=0);
tpukytHuk AA{ obmexennii xapakrepuctukor X=aI, mpaMoo t=m/2a, siccio Ot(x=0);

tpukyTHHK 87 06Mexenuit xapakrepuctukoro X =T-a%, npsvumu X=1, = m2a.

Taku#i miaxig 1o BiAmIykaHHs yMOB po3B’si3HOCTI 3amadi (1) — (3), (5) 3abe3nednB qOCTaTHHO
MPOCTUH BUTIISA PO3B’A3KY 3a]adi i MiHIMi3yBaB YMOBH, OTPHMaHi MONEepeTHIUKAMH.

Ilim 9ac HayKOBOTO OCTIKEHHS CTOCOBHO TPETHOI TPYIH pPE3YyJbTATIB CTYACHTH Malld
MOJJIMBICTh TPOCTIAKYBAaTH B3a€MO3B’SI30K MDK JBOMa BXKJIMBHAMH po3figamu «MeTomiB
MaTeMaTH4yHOi (i3uku», a came: «PIBHSHHS 3 YaCTUHHMMHU IOXiIHUMU TIiNEpOOIIYHOTO THITY» Ta
«IHTErpaNTBbHI PiBHIHHS.

BimsHaunmo, 1m0 TpaaWiiiHO IHTErpajbHI pIBHAHHSA TIIOB’SI3yBalid 31 3BUYAHUMU
JuQepeHLiabHUMH PIBHSHHSAMH. Y BHIIAAKY JOBEICHHS BUIIE3TaJaHUX TEOPEM BIANOCS 3IIHCHUTH
NIEPEeTBOPEHHS, SKi JEMOHCTPYIOTb B3a€MO3B’SI30K DIBHAHb 3 YACTHHHUMHU TMOXIAHUMH Ta
IHTeTpalbHUX piBHAHB. lle OoAMH 3 HOBATOPCHKUX MiAXOJIB MaTeMaTHKIB 3axXiIHOYKpaiHCHKOL
HAYKOBOI IIKOJIM Y BUBUEHHI PIBHSAHb MaTeMaTU4HOI (Di3UKH.

3ayBaKMMO, IO MICHS TPOBEACHOTO 3aHATTSA 3 3aCTOCYBaHHSM METOAY KEWCiB HE BapTo
BHCTABIISTH OIIHKH 32 OAJbHOI0 CUCTEMOI0. JIOCTaTHBO Bi3HAYHUTH PiBEHH YUaCTi CTy/IEHTa B POOOTI.
Jlo1aTKOBO MPOTOHYETHCSI BUKOPUCTATH TECTYBAHHS MICIIsI BUBUCHHS TeMH «PiBHSHHS 3 YaCTHHHUMHU
MOX1THUMH TiepOOTIYHOTO THITY» 3 METOIO BUSIBIICHHSI PiBHSI MIATOTOBKH MaiiOyTHIX (axiBIiB.

Sk mokasye nOCBill, BUKOPUCTAHHS Kec-MEeTOAy ISl HAaBYaHHS MalOyTHIX (haXiBIliB aKTHUBI3YE
cryneHtiB. llpu nmpomy QopMyeThcsl TO3UTHBHA MOTHBAIlS A0 HaBYaHHS, 3MEHINYETHCS KiTBKICThH
MAaCUBHUX CTYJACHTIB, (POPMYIOTHCS TEBHI OCOOMCTICHI SKOCTI Ta KOMIIETeHIi. 3 iHIIOro OOKY,
BUKJIaJ[a4u [MOYNHAE TIO-1HIIIOMY MHUCIIMTHU Ta JiATH, OHOBIIIOETLCS HOro TBOpUMi moteHIian. Ha manuit
4ac iCHy€ BENHUKHH Ae]iluT KekCiB, IKi MOKYTh BUKOpHCTOBYBaTH BHKIanadyi 3BO. Tomy menarorw,
SIKi BAKOPUCTOBYIOTh MeToz Case-Study, 3MyIieHi caMOCTiHHO pO3pOOIIATH i MUCATH KEHCH.

be3yMoBHO, MexaHIUHE 3alpOBa/KECHHS TaKOl iHHOBAIll He 3a0€3MEeUUTh CYTTEBUX 3MIiH 1 HE
MOKPANTUTh SIKICTh OCBITH. YCIIIIHE BUKOPHUCTaHHS METOAY KEHCiB B HaBYAIbHOMY IIpOIleci
MOETHYETHCS 3 CUCTEMHUM ITiJTXOZ[0M, IMPAKTHYHOK CIPSIMOBAHICTh HABYAILHUX POTPaM, CBOOOIO0
CTBOpPEHHS KOMaH]I, CITiBITPAIICIO BUKJIaa4ua i CTY/ICHTIB.

Sk 1 KO)KeH MeToX, METOJ| KeWciB He mo30aBieHHUN HeAoMdiKiB. Lle cToCyeTbcs MOMKIMBOCTI
eMi30IMYHO 3aCTOCOBYBATH MOTO B HABYAJLHOMY IMPOIIECi, BETUKOTO OOCATY IiIrOTOBKH (Ha BiIMiHY
BiJl TPAAMIIMHUAX METO/IB BUKJIAIaHHs), CKJIQJHOCTI y CTBOPEHHI KPEaTUBHUX TPYII, 1110 MOB’SI3aHO 3
MICUXOJIOTTYHUMH OCOOJIMBOCTSIMHM Ta PIBHEM MIATOTOBKU CTYACHTIB. OTKe, MOJAJIBIIOI0 BUBYCHHS
BUMarae TeOpeTudHa Ta METOJUYHA MIATPUMKa Keic-TexHomorii y 3BO.
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GAMIFICATION TECHNOLOGIES IN THE EDUCATIONAL PROCESS OF
SMART-TNPU IN THE COMPUTER SCIENCE TEACHING

The article describes the features of the gamification technologies used in the educational process of
SMART-TNPU, based on the work experience of researchers of Ternopil Volodymyr Hnatiuk National
Pedagogical University (TNPU). An analysis of the game technologies implementation in the process of learning
computer science at the university and general secondary education institutions was conducted. In the
conditions of martial law, the situation with gamification of education is considered, the role of gamification in
the educational process is determined. Significant achievements of the teachers of the Department of Computer
Science in the study of problems related to the game technologies used in classes with different age groups of
pupils and students are described. The conducted research helped to identify the main playgrounds and
platforms that contribute to the development of digital competences of the participants of the educational
process, help them create their own game projects. Approaches to the stages of implementing gamification in the
SMART-TNPU system have been analyzed. The specifics of each stage of gamification are defined, the analysis
of game project creation services and their use is presented. The main types of gamification in the educational
process are outlined. The examples of student game projects and tasks are provided. The spheres of positive
influence of gamification technologies using a Likert scale are substantiated, and caveats regarding their mass
use are indicated. Gamification is an example of the use of innovative technologies, which contributes to
increasing the efficiency of the organization of the educational process and achieving high results in the training
of a modern computer science teacher.
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