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Y cmammi posensamuymo moocnueocmi 6UKOPUCMAHH NPOSPAMYBAHHS K eqhekmuero2o 3acody eizyanizayii 6 npoyeci
Hagyanms cmepeomempii. O6IPYHMOBAHO OOYLTLHICMb NOEOHAHHSA MATNEMAMUYHUX 3HAHb 13 HABUUKAMU ANIROPUMMILHO20 MUCTEHHSL
0151 (POPMYBAHHSL YINICHO20 PO3YMIHHSL NPOCMOPO8UX 00 ekmie ma ix eracmusocmeil. Onucano nioxoou 00 opeaHizayii HaguaIbHO!
OistibHOCMI yuHie o nepedbauams NOEMante UKOHAKHS 3a60aHb. 60 AHANIZY eeoMempuyHol 3a0aui ma nodyoosu mooenetl 0o
ix peanizayii 6 epaghiunux cepedosuwax i npozpamysanni. OOIPYHMOBAHO, WO BUKOPUCMAHHA NPOSPAMHUX 3AC00i8 CNpusic
NIOBUWYEHHIO HAOYHOCMI HAGUAHHS, PO36UMKY NPOCHOPOBO20 MUCTEHHS, OOCTIOHUYbKUX YMIHb ma md)op/uaumno yugpposoi
KOMRemenmH1ocmi yumie. Busnaueno, wjo migcnpeomemua inmezpayis ingpopmamukuy ma cmepeomempii niosuwye nizHasaibHy
aKMUBHICMb | MOMUBAYHIO WKONAPI6 MA WKOMAPOK 00 BUBYEHHS 000X OUCYUNIIH. 3POOAEHO BUCHOBOK NPO OOYiIbHICMb
VIPOBAOIHCEHHS KOMNEMEHMHICHO OPIEHMOBAHUX 3A60AHb i YUDPOBUX IHCIMPYMEHMIB Y Npoyec HABYAHHS CIepeoMempii.

Knwuoei cnosa: cmepeomempis, npocpamy8anHs, 6i3yanizayia, NPOCMOpPO8e MUCIEHHS, al20pUMMiuHe MUCTeHHS,
Midcnpeomemua iHmezpayis, inghopmayitiHo-yugposa Komnemenmuicms, epagpiuni cepedosunya.

IocraHoBka mnpodjemMu. Y cydacHUX yMOBax HU(POBI3AIl CYyCHOUIBCTBA 3arajioM, Ta AKTHBHOI'O
BIPOBAKEHHS IU(PPOBUX TEXHOJOTIH B OCBITHIM Mpolec 30KpeMa, 0coOIMBOI yBarn HaOyBae mpodiiemMa SKiCHOTO
BIPOBA/PKCHHS. IM(POBUX TEXHOJOTIH YNpoIlec HAaBYAaHHA MAaTeMaTHKH, 30KpeMa cTepeomerpii. BuBuenHs
cTepeoMeTpii B yUHIB Ta y4YEHHLb 3aBKIH BUKIMKAE NEBHI TPYJHOII Yepe3 Opak MPOCTOPOBOI yABU, HEIOCHUTDH
PO3BHHEHE IPOCTOPOBE MMCICHHS, OCOOJIMBO KOJIHM L€ CTOCYEThCS POOOTH 31 CKIQAHMMH IIPOCTOPOBUMHU
reoMeTpUYHUMH (BirypaMu 4u ix KoMOiHaLissMu, noOynoBamu mepepisiB Too. HegocratHiill piBeHb chOopMOBaHOCTI
ySIBIIEHb PO IIPOCTOPOBI I'€OMETPUYHI 00 €KTH, TX BIACTMBOCTI Ta B3a€EMHE PO3TAIlyBaHHS 3YMOBJIIOE MOTPEOY B
MONIYKY Ta 3Iy4eHHI HOBUX IUIAKTHYHO BUBAXCHUX Cy4aCHHMX 3ac00iB HaBUaHHA. Bizyamizawis mix yac HaBYaHHS
CTEpeOMETpii € KIIOYOBHM €JIEMEHTOM Y SIKICHOMY ii 3aCBOEHHI YYHSAMH Ta YUYCHHISIMHA. BUKOpHCTaHHS
nporpamMyBaHHsI SIK IHCTPYMEHTY Bi3yalli3alii BiJKpUBA€E MIMPOKi MOXKIIMBOCTI AJIsl CTBOPEHHSI TMHAMIYHUX MOZENEH,
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IHTEpPaKTUBHUX NEMOHCTpAllii Ta MPOBADKEHHS MOCTITHUIBKOrO HABUAHHS, IO CHPHSE TIUOLMIOMY PO3YyMiHHIO
HaBYAJIbHOTO Martepiamy. OTxe, aHaIi3 MOXKIUBOCTEH 3aCTOCYBaHHS IpOTpaMyBaHHS B HAaBYAHHI CTEPEOMETpil €
aKTyaJIbHUM 1 IEPCIEKTUBHUM HANPSIMOM CYYacHOT METOIMKH HABYaHHS MaTEMaTHKH.

Anaji3 nociimxkenb i myoOaikamiid. Huska muceprariii cydacHMX YKpaiHCHKHMX HAyKOBIIIB IPHUCBSYCHA
pi3HMM MeTOAMYHMM acmekTam HaBuyanHsI ctepeomeTpii B 33CO, BHKOpHCTaHHS KOMII IOTEpHOI rpadikd mijg dac
HaBYaHHA, 30Kpema: [ [opmieko (Merom aHamorii y BHBYCHHI INKUTBHOTO Kypcy crepeomerpii) [1],
1O. CmoprkeBcrkuii  (nudepeHuiioBaHe (GopMyBaHHS NPUAOMIB EBPUCTHYHOI MAiSNIBHOCTI CTAapIIOKIACHHUKIB Ha
ypokax crepeometpii) [2], A.Ilpyc (mpukiagHa CIpsSIMOBaHICTh MIKUTEHOTO Kypcy crepeomertpii) [3], O. Bittok
(po3BUTOK 0O0pa3HOrO MUCIICHHS YYHIB IMiJ] Yac BUBYCHHS CTEPEOMETpii 3 BUKOPUCTAHHSAM KoMITIoTepa) [4],
0. demyk  (MeTomuMka PpO3BUTKY IPOCTOPOBOTO MHMCJICHHS MaWOYTHIX YYHTENIB TEXHOJOTIH 3acobaMu
koM’ totepHoi rpadikm) [5], S YepHeHko (dopMyBaHHS TECOMETPUYHHX YMiHb YYHIB NPOQeECcCiiHO-TEXHIYHUX
HaBdampHUX 3akianiB) [6], C.IlomskoB (Merommka dopmyBaHHS rpadigHOi KOMIETEHTHOCTI YYHIB Ha YpOKax
texHounorii) [7] ta iH. [IpoTe MeTomuka 3acTOoCyBaHHS 3acO0iB MPOTpaMyBaHHS camMe y BHBYECHHI CTEpeoMeTpil
JIETATLHO JOCTIDKEHa 1I1e He OyIia, TOMy TeMa CTaTTi Hapa3i € aKTyallbHO¥O.

Mera cTraTTi — pO3MISIHYTH MOJIMBOCTI BHKOPHCTaHHS iHCTPYMEHTIB MpPOTpaMyBaHHS SIK €(EKTHBHOTO
3aco0y Bi3yajizarlii ImiJ 9ac BUBYCHHS CTEPEOMETPIi, a TAKOX HOTo BIUIMB HAa ()OPMYBAHHS MPOCTOPOBOTO MHUCIICHHS
YUHIB Ta y4EeHHIIb, TOKPALICHHS PiBHS 3aCBOECHHS! HUMH T€OMETPHYHUX TTOHATH, BIACTUBOCTEH TOIIO.

Buxiag ocHoBHOro marepianay. BinnoBigHo 10 YMHHOI HABYAIBHOI MPOrpaMH 3 MaTeMaTHKU NPOQLILHOIO
piBHS [8] M0 KIOYOBHUX KOMIIETEHTHOCTEH, sIKi (DOPMYIOTHCS B YUHIB Ta YUYCHHUIIb CTApIMX KIJIACIB ITiJ] YaC HABYAHHS
MaTeMaTUKH, HAJIEKaTh: MAMEMAMUyHa Komnemenmuicmy (BOJIOAIHHS TEOMETPHIHUMHU 00’ €KTaMH Ha TUIOIIMHI T B
MPOCTOPI; BCTAHOBJICHHS MPOCTOPOBUX BIIHOIIEHh MK pealbHUMHU 00’ €KTaMH HaBKOJIHMIIHBOT JIMCHOCTI; moOyI0Ba i
JOCTIDKEHHsI HaUMPOCTIIMX MaTeMaTHYHUX MOJENeH peaJbHUX 00’ €KTiB, MPOLECIB 1 SIBUIL TOIIO); iH@opmayiiio-
yugpposa xomnemenmuicms (Mis 3a aJTOPUTMOM Ta CKIAJIAHHS AJTOPUTMIB, BU3HAYCHHS JOCTATHICTH JAaHUX IS
PO3B’sI3aHHS 33/1adi TOIO); KOMHEMEHMHOCME ) NPUPOOHUYUX HAYKAX i mexHonozisix (MoOymoBa Ta ITOCHIIKCHHS
MaTeMaTUYHUX MOJENeH NPUPOIHMX SBMIN 1 IpOIECiB Toiro). Y mporpami 3 iHdopmaruku mis 10-11 xmacis
npo¢inbHOTO piBHA [9] 40 MPAKTHYHUX HABUYOK, SKMMH MOBHHHI OBOJIOAITH CTapILIOKIACHUKH, BIAHOCITBCS: po0OOTa 3
anapaTHUM Ta npoepamMHum 3abe3neyentsim (MPUCTPOSMH BBEICHHSI-BUBEICHHS 1H(OpMAIIiT, TPUKIAIHAM IPOrPaMHUAM
3a0€e3MeUeHHIM 3aralIbHOTO IPH3HAYECHHS: ONEPALiiHOI0 CUCTEMOIO, PEJaKTOpaMU TEKCTIB, rpadidyHIMHU peqakTopamy,
pemakTopaMu i PoOOTH 3 BiICO300pPKEHHSIMH, CJICKTPOHHUMH TaOJMUISIMA TOINO); aHANI3 BIIOMHUX METOIIB
noOyJOBH aJrOPUTMIB Ta BU3HAYCHHS HAHONITUMABHIIINX 3 HAX JUISl PO3B’I3yBaHH: KOHKPETHOI 33/1a4i TOLLIO.

JUta Bizyamizarii crepeoMeTprdHMX (GIryp Ta iX KoMmOiHamiii € 0arato Cy4acHHMX 3acTOCYHKIB, 30KpeMa
Geometria RA, Tinkercad, GeoGebra To110, SIKNMH 3py4HO KOPHCTYBATHCS, BOHH MalOTh 0araTo pisHUX MOKJIMBOCTEH.
IIpote y4Hi Ta y4eHHWIN, 3aCTOCOBYIOUM iX, MifOTh SK 3BHYANHI KOPHCTYBadi, HE 3aIyMYIOUHCh HAJ THM, SK CaMe
OyIyIOTBCSI Ti UM iHIII IIPOCTOPOBI 00’ €KTH, AKi iX BIACTHBOCTI BUKOPUCTOBYIOTHCS, TOOTO BOHH OTPUMYIOTH TOTOBHUI
BisyalmbHHMI 00pa3. [Ipore mist y4yHIB KiIaciB (Pi3MKO-MaTeMAaTHIHOTO TPOQUII0 BAKIUBO 3°SCYBaTH, SIK caMe
noOyJOBaHU TOW UM HIINI 00’ €KT, 3p0OUTH TIOKPOKOBUH aHaIIi3 HOro MoOyJ0BH i3 3a3HAYEHHSIM THX BIACTHBOCTEH Ta
O3HaK TeoOMeTpHYHUX (Iryp, MaTeMaTHIHUX (GOPMYJI Ta MPaBUIL, SIKi IIPH IbOMY BUKOPHUCTOBYIOTHCA. CaMe TOMy BapToO
NPOINIOHYBATH CTAPIIOKIACHUKaM KOMIUIEKCHE AOCTIAHHUIBKE 3aBAAHHS, K€ O OXOIUIIOBAJIO 3HAHHS Ta HABUYKH SIK 3
MaTeMaTUKH (CTepeoMeTpii), Tak i 3 iHpOpMATHKU. YUHI Ta YUSHHUIN KJaciB (i3MKO-MAaTEMaTUYHOIO MPOQLIH0 MarTh
JOCTaTHIO MiATOTOBKY Ta piBEHb HABUAJIBHUX JOCSTHEHD ISl BUKOHAHHS JOCIITHULBKUX 3aBIaHb. [1if 4ac BUKOHAHHS
3aBMaHb Y9HI CIIEPITy aHAJi3yIOTh YMOBY 3a/adi Ta 3MIHCHIOIOTH IMOOYIOBY Ha Tarepi, po3poOIISIOTh aTOPUTM i,
NEPEBIPSIOTH 1 OLIHIOIOTh OTPHMaHi pe3yJbTaTh Ta 300pa’KeHHsI, CTBOPEHI B rpaiuHHX pemakTopax, a BXKe IOTIM
MEPEXOAATh 10 CAMOCTIHHOIO IporpaMyBaHHSA. TakuM YHHOM, (POPMYETBCSA TaKOXK ixHs iH(popMaliiHo-IudpoBa
KOMIICTEHTHICTh. Y IJIOMY TaKi 3aBJAHHS MiJBHUIIYIOTh MOTHBAIlIO IIKOJISPIB O BUBUYCHHS 000X JMCITUILTIH.
JIOITEHO TaKOX BUKOPHUCTOBYBATH KOMIUTIEKCHI JTOCIITHHUITEKI KOMITETCHTHICHI 3a/1a4i.

Hamnpuknan, po3risiHeMo MaTeMaTHYHy 3a1a4y.

3aoaua. TlobymyBaTu miepepi3 MpaBIBHOT YOTHPHUKYTHOI MipaMigy IUIONIMHOIO, IO IMPOXOIUTEH Yepe3 TPH
Pi3HI TOUKH, IO JIeKaTh Ha PI3HUX pedpax wiei mipaMiau.

Po3B’s3anHs 1€l 3amaui B Kypci reomerpii 10 kiacy mependavyae 3HaHHS, Halpukiam, mMeromy ciimie [10,
c. 84]. YuHi Ta yueHHUII BUKOHYIOTh CIIOYATKY aHANi3 CHTYallii, a Jaji BU3HAYal0Th IOKPOKOBUI alropuT™ o0y 10BH,
TICISI SIKOTO BXKe OyIyrOTh ITyKaHWH Iepepis. Pe3ynpTar moOyaoBH 3aIe)KUTh BiJl 0ararb0X yMOB, HAIPHKIAI, JE
caMe po3MillieHi TOUKU Ha peOpax, ki pedpa IpH oMY 3aisHi TOLIO.

[NapasenbHO 10 PO3B’sI3aHHS €T 3a1a4i BApTO 3alPOIIOHYBATH IIKOJISIpaM 3aBIaHHs 3 iH)OpMaTHKH.

3asoanus 1. CkiacTH alropuTM Ta HamUCaTH MpOrpaMy MOOYAOBH Iepepidy MPaBWIBHOI YOTUPUKYTHOI
Tpamiii, 3aIaH0i KOOPAWHATAMH i1 BEPIIHH, IDIONTMHOO, 110 MTPOXOIUTh Yepe3 TPH TOYKH Ha Pi3HHX pedpax daHol
mipaMin, o TaKoX 33/1adi KOOPAMHATAMHU.

TakvM YHMHOM, MU TIOEJJHYEMO BHBYCHHSI cTepeoMeTpii Ta iHpopMaTuku. J{Jist TOoro, m00 CKIIACTH allTOPUTM
Ta HaNKCaTW MPOTpPaMy, BOHH MAarOTh JETAIbHO NPOAHAi3yBaTW YMOBY 3a/adi, CTBOPUTH MaTeMaTHYHY MOJEINb,
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3HAWTH MaTeMaTHYHE PO3B’SI3aHHS JAHOI 3a/1avi; BiJMOBIHO JO MaTEMAaTUYHOTO PO3B’S3KY CKIACTH OJIOK-CXEMY Ta
HamicaTty nporpamy. Take 3aBAaHHS € KOMIUIEKCHHM, TIOoeqHy€e (GopMyBaHHS 0a30BHX KOMIIETCHTHOCTEH YYHIB Ta
YUYEHHIIb 3 000X HABUAIEHUX JUCIHILTIH.

Haenemo mpukiam po3B’si3aHHS TAaKOTO 3aBHaHHS: OJIOK-cxema (puc. 1), mami 3amporoHOBaHO YaCTUHY
MPOTpamy, 1110 HalMcaHa MOBOKO Python i3 BUKOpUCTaHHAM MOIYJIS NUMPY, OTIM MTPOMIXKHI Pe3yJIbTaTH BUKOHAHHS
IPOrpaMu, TOOTO LTIOCTPALliFO MPOMIKHHUX €TaIliB po3B’sa3aHHs 3a1a4i 1 (puc. 2, puc. 3, puc. 4), i HapeIITi — IyKaHHH

riepepi3 (puc. 5).
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Puc. 1. biiok-cxema 10 BUKOHAHHS 3aBaaHHg 1
dparMeHT IporpaMu J10 3aBAaHHA 1, BUKOHAHOK MOBOO Python i3 BUKOPHCTaHHIM MOIY/IS NUMPY:

def find_pyramid_section(vertices, section_points):

"onoBHa dyHKuis.

vertices: dict 3 kntowamu 'S', 'A’, 'B', 'C', 'D' — koopamMHaTK BepLUNH nipamigw.
section_points: cnncok 3 3 To4ok (np.array), Wo nexaTtb Ha pebpax.
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MoBepTae BNOPsSiAKOBAHMI CMIUCOK BEPLUMH NEPEpI3Yy.
S = np.array(vertices["S"], dtype=float)
A = np.array(vertices["A"], dtype=float)
B = np.array(vertices["B"], dtype=float)
C = np.array(vertices["C"], dtype=float)
D = np.array(vertices["'D"], dtype=float)

p1, p2, p3 = [np.array(p, dtype=float) for p in section_points]

# PiBHAHHS NnOWWHN Nnepepisy
normal, d = plane_from_3 points(p1, p2, p3)

# Yci pebpa YotmpukyTHOI nipamign SABCD

edges = {
"SA": (S, A),
"SB": (S, B),
"SC": (S, C),
"SD": (S, D),
"AB": (A, B),
"BC": (B, C),
"CD": (C, D),
"DA": (D, A),

}

print(
f\nPiBHAHHA nnowmHu: ({normal[0]:.4f})x + ({normal[1]:.4f})y + ({normal[2]:.4f})z = {d:.4f}"

print("\nMowyk nepeTuHiB 3 pebpamu nipamign:")
print("-" * 50)

intersection_points =[]

for edge_name, (v1, v2) in edges.items():
result = line_plane_intersection(v1, v2, normal, d)
if result is not None:
point, t = result
intersection_points.append(point)
print(
f' Pebpo {edge name}: Touka ({point[0]:.4f}, {point[1]:.4f}, {point[2]:.4f}) [t = {t:.4f}]"

else:
print(f" Pebpo {edge_name}: nepetuHy Hemae")

if len(intersection_points) < 3:
print("\nlMomurnka: 3HangeHo meHwe 3 ToYoK nepeTuHy. MNepepis Hemoxnmnemn.")
return []

# Bugansemo gybnikati Ta BNopsgKoBYEMO
intersection_points = remove_duplicate_points(intersection_points)
ordered = order_polygon_points(intersection_points, normal)

return ordered

Pesynbrati BUKOHAHHS 3aBIaHHS MOXKHA OOTOBOPHUTH Ha OIHAPHOMY YpOIIl 3 MAaTEMATHKH Ta iHGOPMATHKH.
Hanpukian, 3amponoHyBaTH YYHSM Ta YYCHHUIIM TOJAUIMTHCS HAa KOMAaHAW Ta TMPE3CHTYBAaTH CBOI MpOTpaMu i
pesynpTaTi TI00yoB. OOTOBOPUTH TIEpeBard Ta HEMONIKM BUKOHAHHSA 3a7adi Ha TOOYIOBY 3a IOTIOMOTOIO
NporpaMyBaHHs, MOPIBHATH OTPHMAaHUU pe3ynbTar 3 MOOYZOBOIO 32 JONOMOTOH OJHOIO 3 BiJOMHX CEpBICIB,
Hanpukian, GeoGebra. Takok BapTo OOTOBOPHTH MOXKIIMBICTH BMKOHAHHS JOCIIIHMIIBKOI CKIJIAZIOBOI 3amadi: sK
3MIHHUTBCS TIEPEPi3, Horo popma Ta po3MipH, SKIIO 3MIHIOBATH KOOPAMHATH TOYOK, LIO JIeKaTh HA pedpax TOLIO.
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Puc. 2. [Ipomixaui eTar po3B’ss3aHHA 3a1a4i 1 Puc. 3. [Ipomixkauii eTan po3B’a3aHHA 3a1a4i 1

Puc. 4 IlpoMikHuit eTan po3B’si3aHHS 3a1a4i 1 Puc. 5. Ilepepi3 mipaminw, OTpUMaHIH BiAMOBIIHO 0 YMOB 3a1adi
1 (pe3ynbTaT BUKOHAHHS 3aIIPOTIOHOBAHOI BUIIE IPOTPAMH).

JlominBHO 3anpoIoHyBaTH YUHSM Ha OiHApPHUX YpOKax 3 MaTeMaTHKY Ta iH()OPMATHKH # 1HII 3aBIaHHSL.

Ha ypoxkax iHQopMaTHK MOKHA 3aIIPOITOHYBATH TaKi 3aBJIaHHS:

3asoanus 2. Cxnactu aaropuTM NoOyOOBH Iepepi3y NpaBHIbHOI YOTMPUKYTHOI MPU3MH IUIOLIMHOIO, SIKa
MPOXOJUTH Yepe3 TpH (IKCOBaHI TOUKH, IO JICKATh HA PI3HUX IPaHsIX i€l TPH3MH.

3aeoanns 3. IlobynyBaru nepepis TPaBUIILHOI YOTHPUKYTHOI MPH3MHU 13 3aJaHUMH KOOpAWHATAMH BEPIIVH,
IUTOIIMHOIO, SIKa IPOXOJUTH Yepe3 TPH JOBLIBHI TOUKH, IO JIeKaTh HA PI3HUX pedpax mi€l MpU3MH, KOPHCTYIOUHCh
BiZJOMHM rpagiqHIM KOHCTPYKTOPOM. PO3TIsiHyTH pi3Hi BUIIaKH.

3asoanus 4. [loOymayBaTi niepepi3 NpaBHIbHOT YOTUPUKYTHOT TIPU3MH 13 33/IaHIMHU KOOPJIMHATAMH BEPIIVH,
IUIOIMHOIO, SIKa TPOXOIUTD Yepe3 TPU NOBUIBbHI TOYKH, IO JISKATh Ha PI3HUX IPaHAX L€l MPU3MHU, KOPHCTYIOUHCH
BiJIOMHM rpad)iyHEM KOHCTPYKTOPOM. PO3IIISTHYTH pi3Hi BUIIAIKH.

3asoanus 5. Hanmcatu mporpamy moOyJOBH Tepepidy NMPaBUIBHOI YOTHPHKYTHOI NPU3MHU 13 3aZaHUMU
KOOpIMHATAM{ BEPIIHH, IUIONIMHOIO, SKa IMPOXOANUTH Yepe3 TPH 3aaHi TOUKH, IO JISKATh Ha Pi3HUX pedpax 1€l
MIPU3MH.

3asoanna 6. Hammcatn mporpamy THOOYZOBH Iepepily MPaBHIBHOI YOTHPHUKYTHOI MPH3MHU 13 3aJaHUMH
KOOpAMHATaMH BEPILUMH, IUIOLUIMHOIO, SIKa MPOXOIUTh Yepe3 TPH 3aJaHi TOUKH, IO JIe)KaTh Ha Pi3HUX IpaHsAxX wLi€l
HPH3MHL

Jlani 3aBgaHHs BApTO YCKIIAIHUTH, 3aIIPOIOHYBATH TaKi:

3asoanus 7. CxinacTu anroputM MOOYAOBH Tepepi3y MOBUIBHOI MPsAMOT (TIOXWIIO) YOTHPHKYTHOI TPH3MU
IUTOLLMHOIO, sIKa TIPOXOAUTD Yepe3 TpH (PIKCOBaHI TOUKH, IO JISKATh Ha PI3HUX IPAHSX L€l IPU3MU.

3asoanus 8. TloOynyBatu mepepi3 JOBUIBHOI TPsAMOI (MOXHIIOT) YOTHPUKYTHOI TPU3MH 13 3aJaHIMH
KOOpIMHATAMH{ BEPIIHH, IUIOMINHOIO, KA MPOXOIUTh Yepe3 TPH JOBLIBHI TOUKH, IIO JISKAaTh Ha Pi3HUX pedpax Iiel
MIPU3MH, KOPUCTYIOUUCH BiIOMUM TpadiyHUM KOHCTPYKTOPOM. PO3IIsiHYTH pi3HI BUIIAAKH.

3asoanus 9. TloOynyBatu mepepi3 OBUIBHOI TPsAMOI (MOXHIIOT) YOTHPUKYTHOI TPU3MH 13 3aJaHHMH
KOOpIMHATaMH BEPILIWH, IUIOMIMHOIO, SIKa MPOXOAUTH Yepe3 TPU NOBLIBbHI TOUKH, IO JISKaTh HA PI3HUX TPaHIX Li€l
TPU3MH, KOPUCTYIOUHCH BiIOMUM TpadivHAM KOHCTPYKTOPOM. PO3TIISIHYTH Pi3HI BUNAIKH.

3asoanus 10. Hanmcatn nporpaMmy noOyIoBH Hepepisy MOBUIBHOI MPAMOi (MTOXMIOT) YOTHPUKYTHOI IPH3MHU
13 3alaHUMHU KOOPIMHATAMH BEPIIUH, IUIONIMHOIO, SKa MPOXOAUTH Yepe3 TPU 3aJaHi TOUKH, IO JIeKaTh Ha Pi3HUX

Issue 61, 2026 209




BicHMK [NyxiBCbKOro HaLiOHANbHOrO NeAarorivHoro yHisepcuteTy imeHi OnekcaHapa JoBrKeHKa ISSN 2410-0897 (Print)
MNEJATOTYHI HAYKU ISSN 3041-1289 (Online)

peOpax 1i€i mpuzmu.

3aedanna 11. Harmmucatu miporpamy NoOyIOBH TIepepi3y MOBUILHOI MPSIMOI (TTOXMIIO01) YOTHPHUKYTHOI TTPH3MHU
13 3aJ]aHIMU KOOPJIUHATAMH BEPIIUH, IUIOIIMHO, SKa MPOXOIUTh Yepe3 TPU 3ajaHi TOYKH, IO JICKATh HA Pi3HUX
TPaHAX Ii€l IPU3MH.

Bapro mizkpecnuTH, o MibKIpeAMETHA iHTerpamis iHQOPMAaTHKH Ta CTEPEOMETpii CIPHSE 3POCTAHHIO
Mi3HABAJILHOI aKTMBHOCTI YYHIB, PO3BUTKY HAaBMYOK CAMOCTIMHOTrO MOIIYKY iH(OpMAIlii, IUIaHyBaHHS 1 MPOBEICHHS
JIOCITIJ[KEHB, & TAKOXK (DOPMYBAHHIO KITFOYOBHX 1 MPEIMETHUX KOMITETCHTHOCTEH y MEKaX MPOQiIbHOTO HABYAHHSI.

BucHoBku. BukopricTadHs mporpaMmyBaHHS sSIK 3ac00y Bi3yamizallii B HaBYaHHI CTepeoMETpii € eheKTUBHUM
migxomoM, 1Mo 3a0e3nedye TAMOIIE PO3YMiHHS TNPOCTOPOBMX OO0’€KTIB Ta iX BiactuBocTed. lloeqHaHHS
MaTeMaTHYHHUX 3HAHb 3 AITOPUTMIYHHUM MHCJICHHSM CIPHSE€ PO3BUTKY JIOTIYHOTO, aHAJIITHYHOTO Ta IMPOCTOPOBOTO
MHCJICHHSI Y4HIB. 3alpollOHOBaHAa IIOETAallHA OpraHi3allisi HaBYAJBHOI IisUIBHOCTI — BiJ aHawi3y 3agadi no il
MPOrpaMHOi peaizailii — MiABMINYE PIBEHb YCBIJOMJICHOCTI HaBYaHHSA Ta (OPMYE MOCTIAHUIBKI BMIiHHS.
3acTocyBaHHs TpagiuHUX CEpPelOBHLI 1 MPOTrPaMHUX 3ac00iB MiJACHIIIOE HAOYHICTb, AKTUBI3YE Mi3HABaJbHY
ISUTBHICTD 1 copuse  (GopMyBaHHIO 1H(OPMALIHHO-IIU(GPOBOI KOMIETEHTHOCTI. MDKIOpEAMETHAa IHTErparis
iHpOpMaTUKK Ta CTepeoMEeTpii MiABWIILYE MOTHBALIIO YYHIB 1 CTBOPIOE YMOBH JJsI KOMIUIEKCHOTO DPO3BHTKY
KJIIOYOBHX 1 IIPEAMETHUX KOMIIeTeHTHOCTeH. OTKe, TOLIIBHIM € IOJaJIbIle BIPOBaHKEHHS U(POBUX IHCTPYMEHTIB
1 KOMITETCHTHICHO OPIEHTOBAHUX 3aB/IaHb Y MPOIEC HABYAHHS CTEPEOMETPIi.
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PROGRAMMING AS A MEANS OF VISUALIZATION IN THE TEACHING OF STEREOMETRY
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Introduction. In the context of the ongoing digitalization of society in general and the active implementation of
digital technologies in the educational process in particular, special attention is being paid to the issue of the effective
integration of digital technologies into the teaching of mathematics, especially stereometry. The study of stereometry
often poses certain difficulties for students due to a lack of spatial imagination and insufficiently developed spatial
thinking, particularly when dealing with complex three-dimensional geometric figures, their combinations, or
constructing cross-sections. An insufficient level of understanding of spatial geometric objects, their properties, and their
relative positions creates a need to search for and apply new, didactically sound modern teaching tools. Visualization in
the teaching of stereometry is a key element for its effective comprehension by students. The use of programming as a
visualization tool opens up broad opportunities for creating dynamic models, interactive demonstrations, and
implementing inquiry-based learning, which contributes to a deeper understanding of the educational material.
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The purpose of the article is to examine the possibilities of using programming tools as an effective means of
visualization in the study of stereometry, as well as their impact on the development of students’ spatial thinking and
the improvement of their understanding of geometric concepts, properties, and related topics.

Methods. To achieve the stated aim, the following research methods were used: analysis, synthesis,
systematization, and generalization to examine sources on the studied issue and identify aspects requiring further
investigation, observation of students in physics and mathematics profile classes and conducting interviews with them
during stereometry and computer science lessons, as well as surveys of mathematics and computer science teachers
regarding the implementation of integrated (binary) lessons, practical implementation in the educational process of
the synergy between teaching stereometry and computer science in upper secondary specialized school.

Results. The article examines the possibilities of using programming as an effective tool for visualization in the
teaching of stereometry. The expediency of combining mathematical knowledge with algorithmic thinking skills to form a
holistic understanding of spatial objects and their properties is substantiated. Approaches to organizing students’
learning activities are described, involving the step-by-step completion of tasks: from analyzing a geometric problem
and constructing models to their implementation in graphical environments and programming. It is shown that the use of
software tools enhances the clarity of instruction, promotes the development of spatial thinking, research skills, and
students’ digital competence. It is determined that the interdisciplinary integration of computer science and stereometry
increases students’ cognitive activity and motivation to study both subjects. The conclusion is made about the feasibility
of introducing competence-oriented tasks and digital tools into the process of teaching stereometry.

Conclusion. The use of programming as a means of visualization in the teaching of stereometry is an effective
approach that ensures a deeper understanding of spatial objects and their properties. The integration of mathematical
knowledge with algorithmic thinking contributes to the development of students’ logical, analytical, and spatial thinking.
The proposed step-by-step organization of learning activities—from problem analysis to its software implementation—
enhances the level of conscious learning and fosters research skills. The use of graphical environments and software
tools increases visual clarity, activates cognitive activity, and promotes the development of digital competence. The
interdisciplinary integration of computer science and stereometry increases students’ motivation and creates conditions
for the comprehensive development of key and subject-specific competencies. Therefore, it is advisable to further
implement digital tools and competence-oriented tasks in the process of teaching stereometry.

Keywords: stereometry, programming, visualization, spatial thinking, algorithmic thinking, interdisciplinary
integration, digital competence, graphical environments.
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Y cmammi Oocniosceno oudaxmuunuil nomenyian yupposux iHMepaKmueHux nIAm@opm y KOHMEKCMI PO36UMKY
KPUMUYHO20 MUCTEeHHSI VuHiG nouamkoeoi wikomu. OOIpyHMOBaHo, wo QOpMYySaHHA KPUMUYHOLO MUCIEHHS GU3HAYAEMbCA
Xapaxmepom HABYAIbHOT OBLIbHOCTII, ) MeNCAX SIKOT YueHb He Julle cnputimac ingopmayiio, a 30TUCHIOE iT anani3, inmepnpemayiio,
oyinoeanHs ma pegiaexcito. Poskpumo ocobausocmi MucienHegoi OisiibHOCHE MOIOOWUX WKONAPIB, BUSHAYEHO, WO i PO36UNOK
nog’s3anuil i3 nepexooom 6i0 pPenpoOyKMUGHUX 00 AHATIMUYHUX hopm pobomu. TIpoananizo8ano MoXCIusocmi yupposozo
OCBIMHbO2O CepedosUUld K NPOCMOPY Opeanizayii Ni3HA8ANbHOL OLLILHOCMI. BU3HAUeHO OCHOGHI MeXaHizmu nausy yugposux
MEXHON0CI HA PO3BUMOK MUCIEHHS, 30KpeMd IHMEPAKMUGHICIb, GI3yanizayilo, 8apiamueHiCmbs HABUATbHUX —CUMYayill,
3a0e3neyenHs. 360POMHO20 36 3Ky Ma OpeaHizayito 63aemolii yuuie. Iloxasano, wjo eghexmusHicms Yyu@posux IHCMpPyMeHmie
3anexcums 8i0 CHOCoOy iX 6KNOUeHHA Y CMpYKmypy HaeuyanvHoi OisnbHocmi. Oxapakmepu3o8aHo NpaKmuyHi acnekmu
sukopucmants yugposux niamepopm ma cepsicie (Kahoot, Quizizz, Padlet, Coggle, Minecraft Education, MozaBook) six 3acobie
opeanizayii mucrennesux Oill yunie. OOIPYHMOBAHO NEOACO2IYHI YMOBU IX e(eKmuUsHo20 3aCmocy8ants, cepeod SKUX CMEOPEHHs
HABYATILHUX CUMYaYitl 3 eleMeHmAMU HeGUSHAYEHOC, 8apiamuGHicmb 3a60aHb, 3MICMOGHUL 360POMHULL 36 30K, NOEOHAHMS
iHOUBIOYanbHOI ma KOAEKMUGHOI OISILHOCME, A MAKONC Cucmemamuyne 6KIo4YeHHs pe@ekcii. Busnaueno ooOMedicenns
BUKOPUCMAHHS YU@POBUX NAAM@POPM, NO8 SI3aHI 3 PUUKOM Gopmanizayii OiIbHOCHI, QPAcMeHmMAapHICMoO  ONPAYIOBaAHHS
inghopmayii ma HAOMIPHUM KOSHIMUBHUM HABAHMANCEHHAM. 3poONIeHO BUCHOBOK, WO YUPDPOGi THMEPAKMUBHI NAAM@POPMU €
ehexmueHUMU 30 YMOBU X NIONOPAOKYBAHHS N02IYL PO3GUIMKY MUCTICHHS! A YIeCNPSMOBAHOL Op2aHizayii HaguAIbHOI OLLILHOCHII.

Knrouosi cnosa: kxpumuune mucienms, MOI0OW WKOIAPI, Yupposi inmepakmuehi niamgopmu, HaguaIbHa OSLILHICY,
yugpose ocsimue cepedosuiye, IHMEPAKMUGHICMb, GI3VANI3AYIS.

VY cyyacHomy 1udpporoMy cycriibeTBl XXI CT. y4HI HpaIfOrOTh i3 BEIHMUYE3HUMHU 00csAraMu iHdopMallii, 1o
pOOHTH YMIHHS BIAPI3HATH ICTHHHI JaHi Bl XHOHUX JKUTTEBO HeoOximHuMm. Came TOMy 3pocTae morpeda B
YIPOBADKECHHI IHHOBAI[IHUX OCBITHIX MPAaKTHK, CIPIMOBAaHMX Ha (OPMYBaHHS KPUTHUHOrO MHCICeHHsS. [{udpori
OCBITHI TUIaTGOpMH, IHTEPAKTUBHI METOAM 1 BIPTyaJIbHI TEXHOJIOTIi HAJAIOTh IEAaroraM HOBI MOKJIMBOCTI IS
aKTHBi3aIii MHCIICHHEBOI MISUTBHOCTI YYHIB, CTUMYJIIOIOYM PO3BUTOK YMiHb aHaNi3y, CHHTE3y Ta NPUHAHATTS
o0rpyHTOBaHMX pimeHb. Jlo 1udpoBUX 3aco0iB, MO BHKOPHUCTOBYIOTHCS B OCBITHROMY IIPOIECi, HaJIEKaTh
iHTepakTHBHI mwatdopmu Ta cepenosuiia (MozaBook, Minecraft Education), cepsicu tectyBanus (Kahoot, Quizizz),
IHCTpyMeHTH Bisyastizauii Ta oprasizauii ciiibHoi podoTn (Coggle, Padlet) [6].

udposi ocBiTHI martdopmu nepeadadaoTh BUKOPUCTAHHS MYJIbTUMEIIMHUX MaTepialiB, eIeMEHTIB irpoBoi
JISUTBHOCTI Ta ONEPaTMBHOTO 3BOPOTHOTO 3B’SI3KY, IO CIIPUSIE€ 3aJyYCHHIO YYHIB 10 aKTMBHOTO 3aCBOEHHS 3HAHb 1
camocTiitHoi poboTu. Tak, y OaraToBUMIpHii Mozesni pO3BUTKY MOBHOI KOMIIETEHTHOCTI iHTErpamilo «IHTepaKTUBHHUX
miatopM» Ha3BaHO OAHUM i3 KIIOUOBHX KOMIIOHEHTIB. OKpIM TOTrO, BUKOPHUCTaHHS LU(PPOBUX IHTEPAKTHBHHX
IHCTpYMEHTIB 3a0e3leuye aKTUBI3allil0 KOTHITUBHOI IisIbHOCTI, MiJBUILEHHS MOTHBAIi YYHIB Ta ONTHUMI3aLi0
TIPOIIECY 3aCBOEHHS MaTepiary. 3a YMOBH LUIECHIPSIMOBAHOTO TIENArOTIYHOTO MPOEKTYBAHHS IHTEPAKTHBHE HaBYAILHE
CEepEIOBUIILIE MOYKE OyTH BUKOPHMCTAHE Il OpraHizaiiii peIeKCHBHOI MiSUIbHOCTI Ta PO3BUTKY KPUTHUHOTO MHCICHHS
yuniB. Omxe, 1UPPOBI OCBITHI IIATHOPMH MOXKYTh PO3MJISIATHUCS SK MOTYXXHUH 3aci0 CTUMYJIFOBaHHS KPHUTHUHHMX
YMiHb MOJIOAIIMX IIKOJIAPIB, MOEAHYIOUYH €JIEMEHTH I'PH, CIIIBIIpALli Ta CAMOCTIHHOro MOIIyKy iHpopmarrii [1].

AHaJji3 ocTaHHIX gocaikensb i myomaikaniii. [IpobieMa po3BUTKY KPUTHYHOTO MHUCICHHS TPHBAIUN dYac
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