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MNPAKTUYHI ACNEKTH BUBUEHHSI TIOJIITOHAJIBHOT'O 3D MOJAEJIOBAHHS

CmeopeHHus ma 3acmocy8antsa Cy4acHuUx mpusUMIPHUX MOOeell 8 0CEIMi € 8aANCTUBUM MPEHOOM Cbo2o0erHs. Ocobueo 6iH
NPOSIGIAIOMBCA Y 6CE HACMIUWOMY BNPOBAOICEHHT MEXHONO02T GIPMYANbHOI Ma OONOBHEHOT PealbHOCMI 3 HABUAILHOI Memoio. Ak
HACIOOK, HeOOXIOHOI YMOB0I0 NIO20MOGKU MAUGYMHIX 8UUMeNié ma SUKIAOAYIE IHGHOPMAmMUKY ¢ Habymms KoMnemeHyil ma
KoMnemenmnocmetl, 8adicaugux 01 cmeopents ocgimubozo 3D xonmenmy. Came momy 6 cmammi pO3KpUBAEMbCA BANHCIUBI
MEMOOUYHI acneKmu NONI2OHANbHOZO MPUSUMIPHO2O MOOeN08aNHs. 30Kpema, aKyeHmy€emvcs Ha 3a60aAHHAX, SKI 003805I0Mb
cmyoeHmam 3000ymu HeoOXiOHi 3HAMHA, VMIHHA Ma HABUYKU O CMEOPEHHA MPUBUMIDHUX NONICOHATbHUX Molenell i3
KOPEeKmHOI0 CimKol noaicoHis. Baxcnusi momenmu 00no6H0I0MbCA inocmpayiamu. Y niocymMKy 3ay8aicyemucs Ha 8adCIUBOCHT
Nno0ANbUO20 YOOCKOHALEHHA MEMOOUUHUX NIOX00i6 00 BUGUEHHS MPUSUMIDHOI epaghiKu 3a2aniom ma 8KA3VIOMbCA NePCneKmusy
Nno0ANLUUX HAYKOBUX NOULYKIE.

Knrouosi crosa: 3D zpagika, noniconanvhe mooentosants, npasuia Nom2oHaIbHo2o mooenioganns, Blender, kopexmua
cimKa nojicoHie.
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PRACTICAL ASPECTS OF LEARNING POLYGONAL 3D MODELING

An article describes the practical aspects of studying polygonal modeling. To substantiate the topic's relevance, the author
points out the importance of modernization in the education sphere. In particular, the using three-dimensional graphics and
virtual and augmented reality technologies are one of the significant trends of today. That is why the studying of approaches to
the creation and use of digital three-dimensional educational content is necessary for the training of future teachers and
lecturers. The author considers the works of both Ukrainian and English-speaking researchers. His analysis of scientific research
shows that scientists mainly describe the general issues of implementing 3D graphics, as well as VR and AR, in the educational
process. However, they don't sufficiently reveal the topics that are related to the vital problematic moments of studying the
process of creating 3D content. Usually, students master them very hard. These include polygonal three-dimensional modeling,
animation, and rendering. That is why the author focuses his attention on one of such problematic points - the studying of
polygonal modeling. In particular, he aimed to reveal practical aspects of learning based on the analysis of polygon modeling
rules, which are directed at helping students to improve their skills in creating surfaces of virtual digital objects. In the main part
of the article, the author notes the importance of observing the rules of high-quality construction of the polygon mesh on the
object, which is modeled in the three-dimensional editor. Based on the analysis of the presented rules, he gives examples of
educational tasks. They allow students to improve their skills in polygonal 3D modeling. The presented tasks can also be used by
other teachers to create their system of practical tasks for studying 3D modeling. The article contains the necessary images of
three-dimensional models that complement the text material. The models presented in the images are made in the freely
distributed 3D graphics editor Blender. This choice is due to the fact that this program is used for teaching three-dimensional
graphics both in the study of informatics in schools and institutions of higher and professional education. The conclusions
summarize the presented material and point to further prospects for scientific research.

Keywords. 3D graphics, polygonal modeling, rules of polygonal modeling, Blender, correct polygon mesh.

IMocTanoBKa Ta OOIPYHTYBAaHHS aKTYaJbHOCTI SKi 3/aTHI CTBOPIOBATH HEOOXiJHMH KOHTEHT 3a
npodaemn. TexHomorii BipTyambHOI 1 JOMOBHEHOL JIOTIOMOTOI0  PEIAaKTOpiB TPUBHUMIpHOI Tpadikd i
peajbHOCTI BCe  OUIbIIE  BHKOPUCTOBYIOTHCS Y iHTerpyBaru Horo y Bianosiani VR a6o AR nporpamu.
pisHOMaHITHHX  cdepaX  CyCHUIBHOTO  JKHTTS. Came TOMYy, Ba@XIUBHM € HaOyTTSd MaiOyTHIMH
Oco011BO BOHM € aKTyaJbHUMH JUISl OCBITHBOI Talry3i, nearoramMu (BumrensaMu Ta BUKJIaZIa4aMH
OCKITBKH ~ JTO3BOJIIFOTH ~ MPOJIEMOHCTPYBATH  TaKi iHpopMaTHKH) HEOOX1THIX KOMITETEHITi i i
MPOIIeCH, SIKIi HEMOXIIMBO BIATBOPUTH B yMOBax KOMITETEHTHOCTEH Uil SIKICHOTO  CTBOPEHHS Ta
HaBYAJIbHUX Jlaboparopii d4epe3 IX NOTEHIIHHY BHUKOPHCTaHHS OCBITHBOTro 3D KOHTEHTY.

HeOe3neky abo  iHmI Baromi npuunHH. [Ipsmum VY mpoueci HaBYaHHS CTY/AEHTH MAlOTh 3aCBOITH
HACJIIJIKOM IOTO € 3POCTaHHs IMONMUTY Ha (axiBIiB, NPUHLIMIM ~ TeHepauii TPUBHUMIPHUX OO €KTiB 3a
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JTIOTIOMOTOK0  TBEPJOTIIBHOTO, IOJIIFOHAJIBHOTO Ta
npoueaypHoro miaxonis. KoxeH 3 HUX € HaI3BHYaHHO
Ba)KJIMBUM IS pO3yMiHHsI CyTi cydacHoi 3D rpadiku i
KOHIICTIIIIA CTBOPEHHsA NHU(GPOBUX MOZAETeH Ui
BipTyaJIbHOI Ta JOTIOBHEHOI PEaJIbHOCTI.

3yNMUHUMOCS JeTaNbHINE Ha TMOJIrOHAIBHOMY.
Lleli wHanpsiM mepexdadae CTBOPEHHS KapKacHOI
MMOBEPXHI 00’€KTa, M0 MOJICIIOEThCS, HA OCHOBI
3B’SI3aHAX MK COOOI0 MPOCTOPOBHUX OaraTOKYTHHKIB.
YumM Oisblra KiTbKICTh TAKKX CKJIaJIOBHX Oye 3aisHa
Yy CTBOPECHHI TOBEPXHI THM Kpalle IeTalli30BaHOI0
Oyne © wMaiiOytHs wMomenb. | came Ha IBOMY
B&XJIMBOMY MOMEHTI Yy CTyIEHTIB HaWd4acrimie
BHHHKAIOTh MPOOJIEMHI CHTYyallii B HaBYaHHI. 30KpeMa
HaKOIIBII NOMIMPEHUM NOMHJIKaMU € BTpata (opmu
CTBOPIOBAHOI (irypH, a TaKoX IMOXHOKH y PO3IOILT
CBiTJIa Ta TiHEl Ha MOBEpXHi, HeOakaHi CHOTBOPEHHS
camoi ToOBepxHi Tomo. Bce 1me BumpaBIsAETHCS, Yy
NepeBaXKHIi  OUIBIIOCTI, (OPMYBAaHHSIM NPaBHIBHOL
pIBHOMIpHOI TOJIrOHaNBHOI CiTkH. ToMy IBOMY
MUTAHHIO BapTO MPHUIUIATH OUTBIIIE YBarH IIPH BHBYCHI
KJIACUYHHX PENIaKTOPiB TPUBUMIpHOT Tpadiky.

AHaJi3 ocTaHHIX HoCTiMKeHb Ta myO.iKamiii.
[Muranns, noB’s3aHi i3 BuBueHHsAM 3D rpadikwy,
MOJICJIFOBAHHS Ta Bi3yami3allil HU(PPOBUX BIpTyaIbHUX
00’exTiB y Mexax OakajlaBpCHKHX OCBITHIX Hporpam
creuiaibHOCTeH, TMOB’si3aHMX 3 iH(opMauidiHuMK
TEXHOJIOTIIMH, € B@KIMUBOIO YAaCTHHOIO CY4acHOI
JMUCKYCIi TeqaroriB-HayKOBI[iB. 3arajbHi acCHCeKTH
BUBUCHHS KOMII'FOTEpPHOI Tpadiku IOCTiKyBaIH
BbproxanoBa I. B. [1], Teexol., Komecall. [2],
Topo6ens C. M. [3], Kapmenko O., Octpora M. [4],
Kopuescpkuii [I. O. [6]. OxpeMi MUTaHHS METOAUKH
HaByanHs 3D MojenOBaHHIO Yy 3aKiamax BHIIOL
OCBITH Ta 3arajJbHOOCBITHIX IIKOJAaX PO3KPHBAIOThH
Kupuuenko O. [5], Hocauenko [, Vaosuuenko O.,
lepmrens O., FOpuenko A. [7, 9].

AHIIIOMOBHI  JpKepena — OUTBIIOID — MIpOIO
pO3KpuBalOTh TeMH, MOB’s3aHi i3 3D TexHomOTisIMHU.
Tak Cyceno T., Bynmeb. i Jlakcron-Peiini A.
OIHUCIOTh BAXIMBI TEXHOJIOTI] Ta 3acO0M HIATPUMKH
HABYAHHS 3arajioM KOMII'roTepHOi Tpadiku [15], a

TAKOX BKa3ylOTh Ha IIpoOJeMu 13 3aCBOEHHS
CTyICHTAMH  TMPOCTOPOBUX  TepeTBopeHs  [16].
Bbpynwman JI.  Onmcye  pmocBin  Bukiaganus 3D

MOJICITIOBAHHS Ta CUMYJIAIIT 11st acmipanTis [12].

HanzBuuaiiHo akTyaabHUMH € pOOOTH, Yy SIKHX
JIOCITIHKYETHCS BUKOPHCTaHHS TPUBUMIPHHUX
pEeIaKkToOpiB y CTYJACHTCHKUX 1 yuHiBcbkux STEM /
STEAM mpoexrax [10, 13, 17]. BonuB TexHomorii
MIPOCTOPOBOTO KOMII'FOTEPHOr0 MopeiroBaHHA Ta 3D
JpyKy TIpy iHHOBauUifHOMY HaB4aHHI  Oioyorii
nocimpkyBand bonopaen M., [Tanen6pok Jx. [11].

Sk BuAHO i3 mpencTaBlICHHUX JDKepell OUIbIIICTh
JIOCNIIZIHUKIB HE JOCTaTHBHOIO MIpOI0 PO3KPHBAIOTH
caMe METOJIMYHI ITUTaHHs HABYAHHS CTY/ACHTIB pOOOTH
i3 3D pemakropami, a MEPEBaAXKHO 30CEPEIKYIOTHCS Ha
y3araJbHEHUX NeIaroridyHuX TEXHOJIOTIAX BHBYCHHS
KOMIT'ToTepHOi Tpadikn Ta BIPOBa/KEHHIO HOBITHIX
3aco0iB y OCBITHI{ Tpo1Iec.
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VY TOit ke wac okpeMi IpoOieMHi cuTyarii y
BUBUCHHI  TPHBHMIPHOTO  MOJETIOBaHHI,  SIKi
BUKJIMKAIOTh y CTY/EHTIB TPYAHOLIl, OMHHAIOTHCS Ta
HE BHUCBITIIOIOTECS MEBHOIO Miporo. Cepex Takux
BapTO BHUOKPEMUTH TEMH, MOB’sI3aHi i3 HaBYaHHIM
MOJIITOHAJILBHOTO  MOZENIOBaHHs, aHiMmamii abo XK
mporecy Bizyamizanii 3D 00’ exTiB.

Po3risHemMo Oinbll AOKJIA/AHIIIE BUBYCHHS caMe
MOJITOHAIIFHOTO MOJENIOBAaHHSA, Yepe3 IO MeTOI0
CTATTi € PO3KPUTTSA BAXIIMBUX NPAKTHYHUX aCIIEKTiB
HaBYaHHA HA OCHOBI aHaNi3y 3aBIaHb, BUKOHAHHSI
SIKMX JIO3BOJIUTH CTYJIEHTaM IIOBHOIO MIpOIO 3aCBOITH
HEOOXiqHI  3HAHHS, YMIHHS Ta  HaBUYKH 3
TPUBUMIPHOTO MOJIrOHAJIBHOTO MOJIEITIOBAHHS.

Metoan npocaimkenns. Ilpu  jpociimkeHHi
IIOCTABIICHOTO MUTaHHA BUKOPHCTOBYBAJINCS
3araJbHOHAYKOBI Ta TEOPETHYHI MeToau. 30Kpema
aHami3yBanacs, cHcTeMaTH3yBaacs Ta
KJacugikyBauacs iHpopMauii, TIOPiBHIOBAJIUCS
pe3ysnpTaTH  Ta  y3arajabHIOBAaBCS — JOCBIX  SK
BITUM3HSHHUX, TaK 1 3aKOpAOHHHX (axiBIOiB 3
TPUBUMIPHOTO MOJICTIOBAHHSI, TIEJaror'iB, HAYKOBIIIB.

BukJjag 0CHOBHOro Marepiajy I0CJTigKeHHS.
[lepmr HiXK PO3KPUTH OCHOBHI NMPUKIAAN 3aBIaHb JUIS
HaIpaIfoBaHHs CTyJEHTAaMH HEOOXiTHUX HaBHUYOK
BapTO OKpECIUTH caMi mpasuia (abo K, OULIBIIOO
MIpOI0, peKOMeH allil), SIKUX CIiJ| IOTPUMYBATUCS TIPH
MOJIIrOHAIFHOMY ~ MOAemoBaHHI. Haiikpame BoHH
oxapakTtepu3oBani y crarti «How to understand
topology in 3D modeling?» [14]. Hamememo ix
KOPOTKHI omuc.

1. CrBopenHs Oyap-sikoro 00’€kTa HEOOXiTHO
posmounHaTH 13 HaWmpocrimoro wmema (abo ix
KOMITO3HIIiT), SIKMHi MakCHMaJIbHO HAOJIM)KEHO OIHUCYE
oro gopmy.

2. Posnonin 0araToKyTHHKIB Ha IOBEpPXHI
CTBOPIOBAHOTO 00’€KkTa Mae OyTH YHOPSIKOBAaHHM Ta
pIBHOMIpHMM (Ha CKIJIBKHM II€ JJO3BOJISIE CKIIAJHICTh
MozenbroBaHoro 00’ ekra y 3D penakTopi).

3. Jlns sKicHOrO BimOOpaXKeHHST HEOOXiITHUX
JIeTajell  CTBOPIOBAHOrO 00’€KTa CIiJ JI0JaBaTH
MiATPUMYIOUi TpyrH pebep.

4. KouTpoip YMOBHOI'O «TIOTOKY»
MATPUMYIOUHX TPYIl pedep T03BOJIsE BUACHO BUSBUTH
poOIeMHI MOMEHTH Y TIOOYIOBI CITKM Ta BUIIPaBHTH
iX.

Kepyrounch numM#u mnpaBuiIaMH HPEACTABUMO
NPUKJIAgd 3aBJaHb, AKi JO3BOJIIOTH CHOPMYBaTH y
CTYACHTIB HEOOXiHE VSABICHHSA TMPO TPABIIBHY
NOJIFOHAJIBHY CITKY Ta 3aKpIMHUTH BiIOBIIHI HABUYKA
MOJICTIFOBAHHS.

Tyt BapTo 3po0uTH 3ayBakeHHs. Bci 3aBmaHHsS
0a3yroThCsl Ha PO3POOIi TEXHOJOTIYHHX 00’ €KTIB,
OCKIJIbKH CTBOPEHHS OpTraHiKH, TIPUPOTHHUX
naHqmadriB, BOJAHUX TIOBEPXOHb  KapAWHAILHO
BiJIPi3HAETHCS MIAXOJAaMH 1 BUMOTaMHU IO OpraHizamii
CaMoro IporLecy.

Jns  BiampamgoBaHHS — MEpIIOr0  IIpaBWIIa
CTyJIEeHTaM BapTO HAaBYMTHUCS aHaJi3yBaTh Qopmy
MaiOyTHFOI MOJENTI Ha OCHOBI KpecieHb abo Xk
pedepeHciB Ta BHOKpemsIOBaTM B ysBi  0a30Bi
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reoMeTpu4Hi (GopMH (IO HUX BIJHOCATHCS 3BHYHI
MpOCTOpOBi (irypu: OararorpanHa mpu3Ma, Iipamina,
KyO, muiIiHAp, KoHyc, cdepa Tomo). Take po3OUTTS
Z03BOJIsIE chopMyBaTH IUIAH CAMOTO MOJIEIIOBAHHS,
CTBOPUTH HEOOXIHY KOMIIO3HUIII0, HAaJIaTyBaTH
pakypc BipTyajbHOI Kamepu Ta BU3HAYMTU MO3MUIIT
UL Kepen ocBitineHHsa. Cepen 3aBHaHb, SKi BapTo
3aMpoIOHYBATH CTYACHTAM CJIi/l Ha3BaTH TaKi.

1. Tlpoamamizyiite pedi HaBKojo Bac. Ha3sits
6azoBi reomeTpuuHi ¢irypu, sKi HEOOXigHI JUIs
(opMyBaHHS 30BHIIIHBOTO BUTIISAAY KOXKHOTO 3
npeaMeTa.

IIpocre, Ha neplmi NOMIIAN, 3aBJAHHS 1O3BOJILE
CTPYKTYpyBaTu Ta PO3BUBATH aOCTPaKTHE Bi3yaJbHE

MHUCIIEHHS, HaBYUTH CTY/ICHTIB onepyBaTu
TpeaIMeTaMu B iX ysBi, aHATI3yBaTH GopMy.
Binmemr  ckimamHOIO  BEpCi€r0  MOMEPEAHBOTO

3aBIaHHS € 0o MePeOCMHUCICHHS Y TaKHH CIOCiO.

2. Bubepits neumii mpeamer. [Ipoananizyiite
fioro ¢dopmy. Kopucryrouncs mporpamoro Blender ta
0a3oBUMH  MemamMH  CQOpMyiHTEe  KOMITO3HIIIFO
reoMeTpu4HuX (Qiryp, sKi MakCHUMalbHO MHPOCTO 1
BOAHOYAC HAHOUTBII TIOBHO TOBTOPIOIOTH (QOpMY
MO/JIETTLOBAHOTO 00’ €KTa.

Po3yMmiHHS gpyroro ImpaBWia € HE MEHII
BOXJIMBAM JI HAaOYTTS CTyJEHTaMH HEOOXiTHUX
KOMITETEHIIIi Ta  KOMIIETEHTHOCTEH y 3D
MOJICNIOBaHHI. binmbiie Toro, Ie mpaBHIIO HEOOXiTHO
pO3MIIAAATH Yy KOMIUIEKCI i3 HACTYIMHOIO — TPEThOIO
PEeKOMEHIALIIETO.

I[Ipn 1npoMy 3ayBaKMMO Ha psi BaKJIMBHX
MOMEHTIB, TIEPEeII HiXK MIEPEUTH 10 PO3TIALY IPUKIaLy
3aBaaHHs. [lo-mepmre, mast GopMyBaHHS KOPEKTHOI
CITKM TIOJITOHIB HEOOXiJHO BUKOPHUCTOBYBATH SIK
OCHOBY IPOCTOPOBHUIl 3aMKHYTHI 4OTHUPUKYTHHK. Lle

Puc. 1. Bnaue niompumyrouux epyn pebep ma ¢pacox na 36epesicenns 3a2anvnoi popmu 06 ’exma npu

[OB’A3aHO 13 THM, 1[0 30IIbIIECHHS KIJILKOCTI
MOJITOHIB Ha Mopeni BinOyBaroTbes (y TMepeBaXKHil
OinbiocTi) 3a gomoMororo Moaudikaropa Subdivision
Surface (came Taka (yHKIIis peamizoBaHa K Tporpami
Blender) a6o ananoriyHux y IHIMX MpPOrpamax.
JomyckaeTbess BUKOPUCTAHHS TPUKYTHUKIB, aje JUIIe
B TOMY BHIIQJIKY, SKIIO CTBOPIOBaHA MOJIEIb TOTYETHCS
JI0 TPUBUMIpHOTO 1yKy Ha 3D mpunTepi.

[To-npyre BHKIaJad Mae IPONEMOHCTPYBATH
CTYIECHTaM pi3Hi BapiaHTH PO3MilLIeHHS
0araToOKyTHHUKIB Ha TOBEPXHI UIsI TOTO, 00 BOHHU
BMITH CTBOPIOBATH HEOOXIJHY JeTai3aliio 1 mpu
L[OMY HE TIOPYILIYBaTH CTPYKTYPY CITKH HOJITOHIB.

Io-Tpere, (hopmyBaHHs OUTTHAPUIHUX
MOBEPXOHb a00 K OTBOPIB Mae BimOyBaTHCS 3a
JIOTIOMOTOI0 OaraTorpaHHHUX MPH3M — 3a3BHYail 1e 8-
KyTHi, 16-KyTHI 200 32-KyTHi NpsIMi TPU3MH.

IMo-yetBepre, Momudikarop Subdivision Surface
HE TiJBbKH 301IbIIY€E KUIBKICTD MOJITOHIB, a i 3HAYHOIO
Mipoio gedopmye (GopMy CTBOPIOBAHOTO 00 €KTa.
Yepe3 mo HEOOXITHO MONABAaTH MiATPUMYIOUi TPYIH
pebdep abo x Gacku, siKi 3a0e3MeUyIOTh 30epeIKCHHS
dopMu 00’€KTa HaBITH TPH 3aCTOCYBaHHI YXKe
3ragyBaHoro  Mmoau¢pikaropa. Ha  pucynky 1
MPEACTABACHO MPHKJIAA IWIHAPY (B HOro OCHOBI
MICTUTBCS 32-KyTHUK) i3 3aCTOCOBaHUM
moaudikatopom  Subdivision  Surface, ame 6e3
BUKOPHCTaHHS yTPUMYIOUHX Tpyn pedep (puc. 1, a); 3
BUKOPHCTAHHSM YTPUMYIOUHX Tpym pebep (puc. 1, 0)
Ta 3aCTOCYBaHHSM CIeIianbHUX (acok (puc. 1, B). Bei
mojeri Bukonani y Blender [8]. Ile mos’s3aHo i3 TuMm,
IO Lel PefaKTop € OJHUM i3 OCHOBHUX I BUBUCHHS
TPUBUMIpHOT Tpadiku sSK Yy MIKUIBHOMY Kypci
iHpOpPMATHKU TaK 1 y 3aKjajax BHINOi OCBITH, SIKi
TOTYIOTh ITEAAroriB-iHQOpMaTHKIB.

sacmocysanni mooughixamopa Subdivision Surface

Jus  BimnparfoBaHHS ~ HEOOXiTHMX  HAaBHYOK
CTBOPCHHS PIBHOMIPHOi KOPEKTHOI CITKH CTyJCHTaM
BapTO  3alpOINOHYBaTH 3aBAAaHHSA MOXIOHE [0
HACTYITHOTO.

3. 3a J0HOMOrol  IHCTpyMEHTapilo s
MONIITOHAIGHOTO ~ MOJCNIOBAaHHA B rpadigHOMy
penaktopi Blender Bukonaiite mobymoBy, HaPUKIAL,
HacTynHuX ¢iryp (pmc.2). Bci momem wmaroTh
BIJIIOBIATH TaAKUM BUMOTaM.

e OCHOBOIO /ISl TIOJIIFOHANBHOI MOBEPXHI Ma€e
OyTH JIHIIIC IPOCTOPOBUIN YOTHPUKYTHHK.

e Bci penbedni ereMeHTH Ha 00’€KTi MarOTh
OyTH ITOBHICTIO peai3oBaHi.
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e Ilpu 3aCTOCYBaHHI MoaudikaTopa
Subdivision Surface 06’ext He Mae BTpauatu hopmy i
MPOSIBIISITA AeEKTH

OcraHHe, 4eTBepTe MpaBUIIO, € [EBHUM
KOHTPOJIEM SIKOCTI CTBOPIOBAHOTO MOJIrOHATBHOTO
00’€KTa, KEpYIOYHCh SKHUM CTYACHT MOXKE BHUSBUTH
meBHI MpoONeMHi CHTyamii y CTBOpIOBaHIM ciTmi Ta
3aB4YaCHO BUIIPABUTH iX. J[yis BiAnpalroBaHHs HAaBUYOK
HOro 3acTOCYBaHHS CTYAEHTaM BapTO MPEACTABUTH
PST IPHUKIIAIB «CITKH» BXKE 3MOJEITLOBAHUX 00’ €KTIB
Ta 3aMpOIOHYBAaTH IM BiIHAWTH Ha HHUX MPOOJIEMHI
CUTyallil 1 WOSCHUTH MOXJIMBI HACTIAKA TaKUX
nomuitok. Lle no3Bonute M, XTO BUBYae 3D rpadiky,
HABYHTHUCS 1X BHOKPEMITIOBATH 1 TIepe0avyary.
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Puc. 2. Bapianmu 3a60anb 015 8i0npayr08anHs HAGU4oK noriconanvuoeo 3D moodenroganms

BuCHOBKM Ta mNepCNeKTHBH NOAAJIBIIUX
po3Binok Hampsimy. BuBueHHs TpuBUMIipHOI rpadikn
€ BaXIMBOI YAaCTHHOKIO CTAHOBJICHHS IIearora-
iHpopmaTuka. lle mor’s3aHo i3 THM, 110 Bce Oiiblie
texHojorii 3D rpagiki NPOHUKAIOTh Y HaBYAIBHHX
TpoIIeC Pi3HUX MPEAMETIB.

AHani3yloun cydacHi HayKOBO-METOJMYHI Mpalli,
MOB’S3aHI 13 TEMAaTHKOI TPHBHMIPHOI Tpadiku
3ayBaXXMMO, 1110 Y JIITEPaTypl BHOKPEMIIIOIOTHCS PsA
BKJIMBUX HANPSMIB: 3araJbHUN OIMKC MOKJIMBOCTEH
BUKOpHCTaHHS LU(POBUX 00’€MHHX 300paXeHb INpH

BUBUCHHI  pI3HHUX  AWCUUIUIIH; 3HaueHHs 3D
MOJICTIIOBAHHSI OPU  CTBOPEHHI  YYHIBCBKHX  Ta
crynmeutcekux  STEM /  STEAM  mpoekris;
MEPCIEKTHBH BUKOPUCTAHHSI IHCTPYMEHTAPII0

BIpTyaJIbHOI Ta JOIOBHEHOI PEAIILHOCTI 3 HABYAIBHOIO
MeTor0. Pa3oM i3 THM BigMITHMO, IO 3HAYHOIO MipOIO
OMHHAIOTBCSI ~ NUTaHHS, TIOB’S3aHI  METOAMKOIO
HaBYaHHS OCBITHIX  KOMIIOHCHT, Ha  SKHX
PO3KpUBa€eThca CYTHICTH cydacHOi 3D rpadiku. Y
KOHTEKCTI 4Oro, 3alpONOHOBaHI y CTATTI MPUKIAIH
3aBJaHb, JO3BOJIIIOTH IIeAaroraM-lpakTHKaM Ha
OCHOBI TIPEJICTABICHUX MaTepialiB HAINPaIfoBaTH CBIi
MiIXi 0 BUKJIAJAHHS TPUBHMIPHOT'O MOJICITIOBAHHS
K y IIKOJI Tak 1 3aknagax npodeciiHoi i BHIIOT
OCBITH.

Cepen mopmamplIMX  MEPCIEKTHB  HAYKOBHX
MOUIYKIB BapToO Ha3BaTH TaKi HapsMU:
YIOCKOHAICHHS METOIMYHOI CHCTEMH BHBYCHHS

TPUBHMIPHOTO MOJCIIOBAHHS SK Y 3aKjiagaXx BHIIO]
ocBiTH Tak 1 mnd  Kypcy iHpOpMaTuka y
3araJlbHOOCBITHIH LIKOJIi; HANPALIOBAHHS METOANYHHX
peKOMeHmaIii i3  1mi€l TEeMaTHKH, CTBOPEHHS
KOMIUIEKCY 3aBJIaHb JUIS SKICHOTO OCBOEHHS IIPEIAMETY
TOLIO.
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BIZOMOCTI ITPO ABTOPA

MOCIIOK Onexkcanap OsexkcaHIpoBHY — KaHIUIAT
HeJaroriyHux Hayk, JOLEHT Kadeapu KOMIT IOTepHHUX HayK
Ta iH(pOpMaIi THIX TEXHOJIOTiN YKutomupcekoro
JIep )KaBHOTO yHiBepcuTeTy iMeHi [Bana ®panka.
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®OPMYBAHHS TPUAOMIB KOMILIEKCHOT'O BUKOPUCTAHHSA 3ACOBIB HAOYHOCTI B
HIANOTOBII BYUUTEJIB BIOJIOI'Ti TA OCHOB 3JIOPOB’SI

Y emammi poskpusacmucsa npoyec gopmysanns nputiomie o06Ipynmysanus ma 0060py 3acobie HAOUHOCMI MAUOYMHIMU
suumenamu 0ion02ii ma OCHO8 300P08’si HA 3aHAMMAX 3 HauanvbHoi Jucyuniinu «CyyacHi OuOaKmuyHi 3acoOu HABUAHHAN.
Ananizyemucs 6uou HAOUHOCMI I pob 3a4c06i8 HAOYHOCMI 8 OCBIMHLOMY NPOYECT CYUACHO20 3AKNA0Y 3a2AIbHOI cepedHboi 0cgimu.
Haemvca xapakxmepucmura 3acobam HAOYHOCHI, WO 3ACMOCOBYIOMbCA 6 HAGYAHHI DioN02ii ma 0cHo8 300pos’s. 3eepmacmuvcs
y8aza Ma 8paxy8anHs Cneyu@iuHux 03HAK YYHIE MAK 36AHO20 «NOKOMIHHA 3emy» ma 0coOaugocmel OUCMAHYIIHO20 HABYAHHSI.
Hasooumvca 3micm  3a60anb 00 NpAKMUYHUX 3aHAMb, WO CHPAMOSAHI HA  (POPMYBAHHA  NPEOMEMHO-MeMmOOUUHOT
Komnemenmuocmi i nepedbavae OiANbHICMb CmMyOeHmie 3 ubopy ma po3nodiny 3acodié HAOYHOCMI 3a emanamu YpoKy,
nepeobayents NoOAILULO20 PO3GUMKY YPOKY I3 3ACMOCYBAHHAM NESHUX 3ac00i6.

Knruoei cnosa: komnnexche 3acmocysants 3aco6ie HA0YHOCMI, MaubymHill yuumens 6ion02ii ma 0CHO8 300p08 .
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FORMATION OF THE METHODS OF COMPLEX USE OF VISUAL TOOLS IN THE TRAINING OF
TEACHERS OF BIOLOGY AND FUNDAMENTALS OF HEALTH.

The article reveals the process of formation of methods of justification and selection of visual aids by future teachers of
biology and the basics of health in classes on the educational discipline "Modern didactic teaching aids". The future teacher's
ability to rationally select them based on the purpose and content of the lesson, the peculiarities of the organization of
educational and cognitive activities of students of a certain age is one of the components of his professional development. Types
of visibility and the role of visibility means in the educational process of a modern institution of general secondary education are
analyzed. The principle of visibility demonstrates its effectiveness throughout its existence. Its implementation should take place in
accordance with changes in the tasks of education, interaction between subjects of the educational process, informatization of
society, expanded capabilities of technical means of education, etc. The article describes the visualization tools used in teaching
biology and the basics of health. Means of natural visualization are of primary importance in biology lessons. Means of pictorial
or visual visibility have gained the greatest use in teaching biology and the basics of health, they include: three-dimensional
(waxwork and models) and planar (educational tables, posters, pictures, photographs, etc.). Means of graphic visualization differ
in their variety from the teacher's schematic drawings on the blackboard to mind maps. A special place in the teaching
methodology is occupied by multimedia tools: presentations, video films, 3D drawings and models, animations, interactive
models. Attention is drawn to taking into account the specific characteristics of schoolboys of the so-called "generation Z" and the
features of distance learning. The content of tasks for practical classes, aimed at the formation of subject-methodical competence
and involves the activity of students in the selection and distribution of visual aids according to the stages of the lesson, is given.
Students need to justify the choice of a certain tool or its combination with others at a specific stage of the lesson, propose tasks
or questions for its effective use. Other tasks require predicting the further development of the lesson using certain means. The
future teacher of biology and the basics of health must possess the techniques of justification, selection and application of an
arsenal of visualization tools, which are improved and become more and more convenient and effective.

Keywords: comprehensive use of visual aids, future teacher of biology and health basics.

IHocTanoBKa Ta 0GIPYHTYBAaHHS AKTYAJIbHOCTI YMiHHS 7OOMpaTh NOLiTBHI (OPMH, METOAM 1 3acodn
npodaemu. @daxoBa MiAroTOBKa BUUTENS 3aKianry HaBYaHHS BIAMOBIHO 10 METH 1 3aBJaHb HABYAJILHOTO
3aralbHOI  CepelHBOi  OCBITH  OpPIEHTYETbCA Ha 3aHATTS, BIKOBUX Ta IHIOUX  IHAWBIXyalbHUX
npodeciiiHuil  cTaHAapT. Y HBOMY BH3HAYEHO, IO 0COONHMBOCTEW  y4YHIB € CcHocoOOM  peamizarii
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