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KOMIT'IOTEPHI TEXHOAOTTT HABYAHHA

37.016:53:[004.94]

KOMIMT’IOTEPHE MOAEJIIOBAHH4A
B MPOLECI PO3B’A3YBAHHA ®ISUYHUX 3AAAH

MenbHuk KOpii CTenaHoBuY,
cmapwuii HayKkosuil cnigpobimHuk 8i00iay 6ion02iuHOl, XiMivHOTI ma QisuiHol oceimu
ITnemumymy nedazoziku HAITH Ykpainu, kandudam nedazozivHux HayxK.

Amnoramuis. Y cTaTTi pOSKPUTO CYTHICTH METOAY KOMII IOTEPHOTO MOAEIIOBAHHS . SIifi-
CHEHO aHaJIi3 iHTepaKTUBHUX CePEeJOBUIT O3B’ A3yBaHH (Di3MUHUX 3a7a4 i3 3acTOCY-
BAHHAM BiAmoBigHMX Mozesei. Po3po0ieHo aaropuTM KOHCTPYIOBAHHS MoOZeJel y
Pi3HOMAHITHMX KOMII'IOTEPHUX IPOEKTHUX CEPEOBUIIIAX.

KarouoBi coBa: asroputy™ po3s’A3yBaHHS 3a/1a4, iHTePAKTUBHE HaBUAJIbHE CEPe-
mouire, GisuuHi 3agaui, KoM’ I0TepHEe MOAEIIOBAHHSA, KOHCTPYKTOP BipTyaabHUX
eKCIIEPUMEHTIB, IleflaroriuHe MporpaMHue 3a6e3neYeHHsA, cCTapIa IIKoJa.

POBB’HByBaHHH ¢ismuHUX 3a7a4 € HEBil’€MHOIO CKJIa-
JTOBOIO HAaBYAJILHO-BUXOBHOTO IIPOIIECY, ITT0 CIIPUSAE 3a-
CBOEHHIO 3HAHD IIPO CTAH HABKOJIUIITHBOTO CEPEOBUIIIA,
cepy 3acTocyBaHHA (pisMUHMX 3aKOHIB, ITLIICHICTD Ha-
YKOBOI KapTUHU CBiTY, (DOPMYBaHHIO (HhYHIAMEHTAD-
HUX TTOHATH, BUKOPUCTAHHIO 3J00YTHX 3HAHb JJIs IOC-
HEHHS IPUPOAHUX SABUIIT i IIPOIIECiB, YCBiJOMIIEHHIO eKC-
HePUMEHTATbHIX i TEOPeTUUHNX METOAiB HAYKOBOTIO ITi-
3HAHHA, BUABJIEHHIO CTABJIEHHS 0 POJIi (hiBUIHUX 3HAHb
Y "KUTTI JIIOAVHY, CYCIIJILHOMY PO3BUTKY, TEXHIITi, cTa-
HOBJIEHHIO Cy4YaCHUX T€XHOJIOTIH.

IadopmaTusarisa cucreMu OCBiTH ¥ YIIPOBaIKEHHSI
CYJYaCHUX iH(OPMAIiIHIX TEeXHOJIOTIN ¥ HaBUAJILHIH IIPO-
Iec HaJaloTh 0COOJIMBOI 3HAUYIITOCTI IIpobJsieMi po3pos-
JIEHHS KOMII IOTEPHO OPi€EHTOBAHUX CIIOCOGiB PO3B’A3y-
BaHHA 3a7ay, 110 CIPUYNHEHO HATIOBHEHHAM Kypcy (i-
3UKHJ MaTeMaTUYHIMU METOIAMHU BigoOpaskeHHA I orrpa-
IIIOBaHHA iHdopMmarrii, 3aJauH1M IIiIX0I0M IO HaBUAHHS,
Bigyaurizarti€ro MoJieJti 3a[auHO01 CUTyaIlii, aKTUBHAM BTPY-
YaHHAM Cy0’ €KTa HaBUAILHOI JifAILHOCTI B AMHAMIKY «€K-
pauHOI moxii» (iHTepaKTUBHA B3a€EMO/isI), OIIPAITIOBAH-
HAM Pe3yJIbTaTiB 00YNCIIOBAIBHIX , EKCIIEPIMEHTATIBHIX
Ta JOCHiTHUIIbKUX 3a1a4, 34iICHEeHHAM aBTOMATH30Ba-
HOT'0 eKCIIepUMEHTY Ha 6a3i 3acobiB iH(opMaIIiiTHO-KOMY-
Hikamitiaux Texmosoriit (IKT), BuKopucTanHaM iHdop-
MAITiIfHO-TOBiIKOBOI IIi ATPUMKH TOIIIO.

OmuuM i3 TAKKUX CITOCO0iB € KOMII IOTePHE MOJIEII0OBAH-
HA GQiBMUYHUX ABUII i TpoIteciB. 3acToCyBaHHA KOMII fO-
TepHUX MofeJsieil fae 3MOT'y YIIPaBIATU «IIOBEIiHKOI»
00’€KTiB Ha eKpaHi MOHITOpa, 3MiHIOIOUM IIOYATKOBI YMO-
BU 3aj]ayi, CIIOCTEpiraTu 3a mepebiroM AOCTIiAKyBaHUX
mporiecis, rpadivHo IpeACTaABIATA (DYHKIIIOHAILHI 3aj1e-
SKHOCTI MiK (hiBMUYHMMU BeJIUUYMHAMU Ta iH.

JocmimxeHH0 IUAaKTUIYHUX (QYHKI[INT MeToxy MO-
IemoBaHH:A nprcBsadeHi mpari O. Imo6ina [1], B. Imurpie-
Ba[2], JI. Bopiuoi, JI. Kamamnymri, B. ITonkoBuua, M. Co-
JomyxiHa Ta in. Baromuii BHECOK Y PO3BUTOK KOMII IOTe-
PHOT'O MO IIOBAHHS 3M1ACHIIN TaKi 3apy0iKHi i1 BiTum-
sHaHi BueHi AK E. Bypciau, A. Bepmaub, X. I'yam, k.
Enaproc, M. Hangak [3], B. Jlamiucekuii[1], P. Maiiep,
P. Maxk-Jloys, C. Ilopmnes [6], O. Camapceskuii, §1. To-
6ounuk, O. Xyroposa [8], O. IllapoBa [9] Ta iH.

HaykoBI1i cTBepAKyIOTh, 1[0 HAOYTTs HABITUOK IIO0Y-
JIOBH i TOCJIiIPKeHHA MOJIeJIeil CIIpU € i ABUIIIEHHIO edhe-

KTHBHOCTI p0o3B’I3yBaHHA 3aa4, PO3BUTKY IIPEIMETHO-
T0, JIOTiYHOTO i cucTeMHOro MucJIeHHs [7, c. 37].

VY mporieci po3s’ss3yBaHHA 3a7a4 MOJEIi BUKOHYIOTH
bYHKITII KOHKpeTH3arlii, cxeMaTursailii, ooy JoB1 HAOUHO-
T0 00pasy, abcTparyBaHHsA, y3araJbHEeHHS TOIT0. Pismi
BUU MOJeJIell CIyryIoTh 3’ ICYBaHHIO 3MiCTy 3aaaui, il
aHaIi3y, po3B’A3yBAaHHIO, JOCIIIFKEeHHIO BiporigHocTi pe-
3yJILTATY. SBJIsSIOUN MaTepiaIisoBaHi OIIOPH MUCIEHHS, BO-
HU (MOTeJTi) BHAYHOIO MipO0 BUBHAYAIOTE i CKEPOBYIOTH M-
cJIeHHeBI oneparrii yuHiB. Tomy MozeJIi € OCHOBHUM 3aC0-
060M pO3B’sI3yBaHHA 3a7ja4, 4 MOJIEJIIOBAHHA — OCHOBHOIO
(hopmoro mistIbHOCTI Wi yac ix pose’sizanuA[1, c. 17].

AKIIeHTyIOUN yBary Ha Ba:KJIMBOCTL MOJEJIIOBAHHS B
mporieci HaBuauHA (isuku, yuenwnii JI. Kamamyra gqocui-
VB MOKJIMBOCTI MATEMATHYHOTO MOJIETIOBAHHSA TIif] Uac
O3B’ A3yBaHHS 3ajau 3 MEXaHiKY, 00T pyHTYBAaB BiIMiHHiCTE
MisK MOZeJIAMU-3afauaMy ¥ MOAEJIAMU 0 3aaa4 [9, c. 4].

ITix mozesTio po3yMioTh MUCIEHHEBY a00 MaTepiaiib-
HO peajIi3oBaHy CUCTEMY, II[0 Bigobparkae abo BiATBOpIOE
00’€KT JOCIiIKeHHsA. ¥ TIpoIieci i BUBUEHHS 3100yBAETh-
cs1 HOBA iHGopMaIria mpo Hyoro [10].

MogentoBaHHS € METOIOM TEOPETHUYHOIO i ITPaKTHUY-
HOTO OIIOCEPEeIKOBAHOIO IIi3HAHHSA, e JOCiJHUK 3aMiCTh
6esmocepeTHLOT0 00’ eKTa BOMpae abo CTBOPIOE TIOMiOHMIA
TOTIOMIKHUI — MOJeJIb, TOCTiKYe 1i, a 3m00yTy iHdo-
PpMaIlio eKCTPAaIIoIioe Ha peaabHU TpeMeT BUBUEHHS.
OCHOBHU CMUCJI MOJIETIOBAaHHSA IIOJIATAE B TOMY, 11100 3a
pesyJIbTaTaMu JOCJiIiB 3 MOJEJIIMU MOKHA 0yJ10 6 3710-
OyTH IIIyKaHy iH(opMaIIiro Ipo JoCHiaKyBanuit 00’ KT,
0esmnocepeIHE BUBUEHHS AKOTO YCKJIaJHEHO.

MopenroBaHHsA B HAaBUAJILHOMY IIpolieci 3 hisuku Mae
Ty crernu@iuay oco0JIUBiCTh, IIT0 BOHO BOJHOYAC € Ha-
BUAJILHIM 3MiCTOM, METOZOM HayKOBOIO IIisHAHHA i1 ede-
KTHUBHUM 3aco00M ii BuBUeHH4 [, c. 20].

JugaKTUYHO OOI'PYHTOBAHA CHCTEMA Pi3HUX TUIIIB
3a/a4, CIPAMOBAaHUX Ha BCTAHOBJIEHHS i IIOCTYIIOBY aK-
THBAIIiIO 3B’ A3KiB MisK (Pi3sMUHNMY IOHATTAMU, CIIPUIE
¢hopMyBaHHIO TAKOI MOJIEJIi IIPeAMeTHOI raaysi y ceMaH-
TUYHOMY IIPOCTOPIi Cy0’€KTa HABUAHHSA, TKA HAUOLIBIII TO-
YHO BifoOpaskae icHyIoui 3B’ A3KHM MiK MaTepiaIbHUMUI
00’exTamu pismUHOI peasbHOCTI i Jae 3Mory poss’ a3yBa-
TH IPAKTUYHI 3aa4i pi3HOTO PiBHA CKJIAIHOCTI. ¥ TaKuWit
croci6 (hopMyrOTECA KJIIOUOBI I IpeaMeTHI KOMIIETeHTHO-
cTi 3 (hisuKU, 3IATHICTb PO3B’ A3yBATH JKUTTEBO BAYKJIU-
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Bi 3aBIaHHSA, aHAJI3YBATH i AiATHU 3 POSYyMiHHAM (hismu-
HOI KapTUHU CBiTYy.

MeTomoI0oTiuHM acTIeKT po3B’ A3yBAHHA KOMIIETEH-
THiICHO OPi€EHTOBaHUX 3aa4 IIOJIATAE Y MOJEJIIOBAHHI 3a-
JavHOI CUTYyAaIlii, 1110 IToTpedye o0y I0BHM BiAIIOBiIHOI Te-
opetuuHoi Mozesti. TeopeTnuna MoeIb PO3B’ A3yBaHHA
3a/1avi I'PYHTYETHCS Ha 3aCTOCYBAaHHI TAKMX HAYKOBUX Me-
TOJIIB ITi3HAHHS: aHAJIi3, CHHTE3, ifieasizalis, abcTpary-
BaHHS, ITIOPiBHAHHA, aHAJIOTiA Ta iH. SIK mpaBmI0, BOHA
MiCTUTh TPU KOMIOHeHTH: (hismuHUM, MaTeMaTUUHUN
Ta rpadiunwmii (puc. 1).

TEOPETUYHA MOAEJIb PO3B'A13YBAHHA
KOMMETEHTHICHO OPIEHTOBAHOI 3AO0A4I

! v v

PI3UYHUA MATEMATUYHUN IPADGIYHWIA
KOMMNOHEHT KOMMNOHEHT KOMMNOHEHT
1 ] |
3akoHm P
3aKOHOMIPHOCTI dopmynu FeomeTpuyHi _
Ta NpUHLUMNKN iHTepnpeTauii
| | |
Mouarra DyHKUiOHanNbHI PucyHkm
3aneXHOoCTi
] ] I
PiBHSAAHHS .
Benuuuiu Ta cnoco6u F'padikn
iX po3B’I3yBaHHSA
I
Aiarpamu

Puc. 1. Teoperuuna moxens poO3B’A3yBaHHSA
KOMIIETEHTHICHO OPIEHTOBAHHUX 3adavd

DizuHMT KOMIIOHEHT MiCTUTh 3aKOHU, 3aKOHOMIp-
HOCTI, IIPUHITAIIN, TIOHATTS Ta Besimunau. MaremMaTnaHmia
— TIpezcTaBJIeHO Y (hOpMYJIax, BiAIIOBITHUX reOMeTPHY-
HUX BioOpasKeHHAX, PYHKITIOHATLHUX 3aJI€KHOCTAX, Pi-
BHAHHAX Ta crrocobax ix poss’ssyBanHdA. ['padivnmit —
e inTepmperairis 06’eKrTa i mpeaMeTa 3afjavui B pUCyHKAaX,
rpagikax, giarpamMax TOIIIO.

Kommr’toTepHa Moziesib — Iie OIrc a060 300paskKeHHs 0-
CIIimKyBaHOTO 06’ €KTA BiATIOBiAHO 10 MOXKJIMBOCTEH TIe-
BHOI IIpOrpaMu, ¥ IKiil iHTerpyoThCA 0COOJIMBOCTI MaTe-
piaJBHOTO i MUCIEHHEBOT'O MOJIeTIOBaHHA [5, c. 12].

3a HaBYAIHEHVIM 3MiCTOM TaKi MOJIeJTi MOYKHA YMOBHO ITO-
JiINTH Ha CTATUYHI MOZeJi-cXeMU 3aJauHol CUTyAaIlii 3
(hparMeHTapHOIO aHiMAaITi€l0, My IbTUILTIKAIIiTHI MOEJTi-
imirarii (hismuHMX ABMII i IPOIIECiB Ta pOOOTH MEXAHI3MIB,
iHTepakTUBHI Momesi-rpadiku, BigeocioskeTu mpobJieM-
HUX (PisMYHUX CUTYAaIlill, KOHCTPYKTOPCHKI TOIIIO.

ITix yac po3p’aA3yBaHHA (hi3WMUHMX 3a1a4 KOMII IOTED-
Ha MOJIeJIb IIOCTAa€E AK CIIOci0 ysarajJbHEHHs 3aJauHOI CH-
Tyallii IIJITXO0M JIOTiYHO BIIOPSIIKOBAHOTO ITONAHHS Ha-
BuaJIbHOI iH(opMariii B cnernuiunii opmi, 1110 Kae 3Mo-
ry OyayBaTu AUHAMiuHi HaouHi itrocTparii gismunmx
SIBUIII i ITPOIIECiB, BioOpasKeHNX B YMOBI, BisyasisyBaTu
CIIPOITIEHY MOJIeJIb IEBHOT'O ITPUPOSHOTO SIBUIIIA, BapitoBa-
TH YaCOBUU MacIITab II0/iii, MOIeTI0BATH PisHOMAHITHL
3amayuHi crieHapii, AKi cKJIaHO peatisyBaTu 6e3mocepe/-
HB0. P030y10ByI0UM JIOTIUHY CTPYKTYPY KOMII IOTEPDHUX
MoIeJiel i BUBUAour MOKJIMBICTE IX (popmatisariii, BUAB-
JIAIOTH OCHOBHI UYMHHWKM, II0 BILINBAIOThL HA €KCIIePH-
MeHTaJbHi 00’ €KTH, TOCTiIKYIOTh PeaKITito (hisuawoi cu-
cTeMU Ha 3MiHM IapaMeTpiB i IOYaTKOBUX YMOB.

Busnaunmo Tunu GismUHEX 3aaY, Y IIPOIeci po3B’s-
3yBaHHS AKUX MOITiJIHBHO 3aCTOCOBYBATH METO]T KOMII IO-
TEPHOTO MOJeTIOBaHHA. [{o HUX HAJIEKaTh Ti, AKi HEMO-

SKJIMBO PO3B’s13aTH 0e3 BUKOPUCTAHHS crieriudivHux 00-
YMCJIIOBAJIbHUX 3aC00iB, HAJaHUX Yy BiAIIOBiAHOMY Hema-
TOTiYHOMY IIPOTPaMHOMY 3a0e31eueHHi (BU3HAUEHHS ILIO-
IITi KPUBOJTiHiMTHOI Tparrertii, JOBKWHU NyTY KPUBOi, 3HA-
YeHHS BUSHAYEHOT0 iHTErpasTy, allpOKCUMAITid (DYHKITiO-
HAJBbHOI 3aJIe;KHOCTI Ta iH.), MOTPEOYIOTH IIBUIKOTO
OIPAIIOBAaHHS PEe3yJIbTATiB eKCIIEPUMEHTY, BUKOHAHHSA
rpagiuaux mobya0B CKIaHNX (PYHKIIOHAJILHUX 3aJIe-
*KHOCTeI1, a TAKOXK IEMOHCTPAIliiTHO-aHAJII THYHOTO (aHAa-
JIi3 TToBeMiHKY (PYHKITII HA pisHUX iHTepBasiax ii ob6sacTi
BU3HAUEHHA — PiBHSAHHSA CTaHy peaJbHUX rasiB, cuaa
MiKMOJIEKYJIAPHOL B3aEMO/Ti1, palioaKTUBHII PO3IIa] Ta
iH.) Ta JeMOHCTpAIli fTHO-HaBYAJIBLHOTO XapaKkTepy (iHTep-
TIpeTalris CKIAAHNX (DYHKITIOHAIBHIX 3aJIe3KHOCTEH ITLIs-
XOM ix rpagiunoro npeacraBieHua — (irypu Jliccaxxky,
MOTY>KHIiCTE 1 eHeprid KOJINBAJIbHUX IIPOIIECiB, iHTepde-
peHIIiiiHi it audpakItiiyi apuia Ta if.).

IIporrec KOMIT IOTEPHOI'O MOEIIOBAHES MAE ITMKJI UM
XapakTep, 10 OCHOBHUX €TalliB SIKOT0 HAJIEKaTh: (hopMy-
JIIOBAHHS 3aaYi Ha OCHOBI ITeBHOTO (Di3MUHOr0 ABUIIA i i
AKiCHMI aHAaJIi3; IT00yI0Ba MO/IeJIi I mepeBipKa ii Bigmosi-
JTHOCTI BU3HAUEHIM 3aKOHAM i 3aKOHOMIiPHOCTSIM; BUABJICH-
HSA OCHOBHUX €JIEMEHTIB 11 aKTiB B3a€EMO/Iil CTBOPEHOI Cu-
cremMu; (popMastiszailisi; mo0ymoBa aJrOPHUTMY i HAITCAHHS
IIporpamuy; IJIaHyBaHHA 1 IIPOBeJIeHHA BipTyaJIbHIX eKC-
TIepUMEHTIB; PO3B’ I3yBaHHA 3a/1a4i I iHTepIIpeTartia pos-
B’A8KY; JOCJIi PKEHHA BipOTi JHOCTI OTPHMAHOTO Pe3yJIbTa-
Ty. 3 MeTOI0 ITO0YTOBY MOJIEJIi IIEBHOTO (hi3TIHOTO IIpoITe-
Cy TOTPiOHO 3AifICHNTH HMOCTAaHOBKY 3aJadi, BUSHAUUTHU
BXimHi maHi i BUXigHI 3MiHHI, BUOKPEMUTH CTATUUHI
JTHAMIYHI BEJIMUMHY, PO3B’I3aTH 391a4y B 3araJILHOMY BU-
TJIsiA, TTOOY/TyBABIIIY Bi/IITOBI JHY MaTeMaTUYHY MOJEJIb, Ha-
JlaTy 3BHAYEHHA CTATUYHUM 3MiHHUM, Ha OCHOBi CTBOPEHOI
MaTeMaTUYHOI MOZeJIi MO0y yBaTH KOMII I0TEPHY MOJEJIb,
BPaxOBYIOUM [ialla30H SMiHU ITUX 3HAYEHb.

CrBOpeHa MOJIeJIb € CTPYKTYPHUM eJIeMeHTOM (hizmu-
HUX 3HaHb, 1110 3J00yBaIOTHCS B IIPoIleci BiimoBigHOI Ha-
BUAJILHO-III3HABAJIILHOI AistabHOCTi. ToMy yueHb, AK ii
cy0’eKT, Ma€ BOJIOLiTH AJITOPUTMOM 3aCBOEHHS i BiATBO-
PeHHs 3HAHb IPO MOJeJIb, a caMe: i1 Ha3Ba, 03HAUYEHHS Ta
BUABJIEHHS CYTTEBUX 03HAK; BUOKPEMJIEHHS TOCTiIKY-
BAHOI'0 PeaJILHOI0 00’€KTa a00 ABUIIA; 3’ ACYBAHHS TUITY
Mogerti (imeanbHa, MaTepiaabHa, MaTepiagisoBaHa); yCBi-
JTOMJIEHHS eJIeMeHTiB abcTparyBaHHs i imeamisalii; Bu-
3HAUYEHHA OCHOB BiIOBiAHOI (hiduHOi TEOpil; 3acTocyBaH-
HA B IIpoIleci po3s’I3yBaHHA 3a1a4.

IIpaxTruHa peasisallig METOLY KOMII IOTEPHOI'O MO-
JIeJTIOBaHHSA 3MiMCHIOETHCA B CIETU(PIiUHNX HaBUYAJIBHIX
cepenoBuinax. CepeqoBuile KOMII IOTEPHOT'0 MOIEJIIO-
BaHH po3B’A3yBaHHA (PisMUHUX 33124 — IIe iIHTePaKTH-
BHE OCBIiTHE CepeOBUIIE, 3aCTOCYBAHHSA SIKOI'0 Ia€ 3MO-
Ty YIIPaBJIATH HABYAJIBbHOIO MiSJIbHICTIO YUHIB i OBOJIOMi-
BaTU HABUYKAMU MOJEJIIOBAaHHSA. ¥ TAKOMY CePEIOBUIITL
3 ICHIOETBCSA 3aCBOEHHS HOBOI iH(opMarrii it HabyTTs Ha-
BUUYOK PO3B’sI3YBAHHSA 00UHCIIOBAIBLHIX ¥ eKCIIePMEeH-
TaJIGHUX 3aa4.

TooBHUM 3aBHAHHAM iHTEePaKTUBHOTO CEPEIOBUIIA
KOMII'IOTEPHOT'0 MOJe/JII0BaHHS PO3B’sI3yBaHHS (hismu-
HUX 3a/1a4 € BUBUEHHA OCHOBHUX IIPUPOTHUX SIBUIIT, OBO-
JOMiHHA GYHAAMEHTAJILHUMY MOHATTAMU, 3aKOHAMUY
TeoPisIMU KJIACUMYHOI i cyuacHOl (hismKu, MeToaMu Ha-
YKOBOTO JOCJiI»KeHH A, HaOyTTs TPUITOMiB PO3B’ A3yBaH-
HA 337124 3 BUKOPHUCTAHHAM KOMIIOHEHTIB HOBOCTBOPEHUX
CHUCTEM MOJEIOBAHHSI.
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MogesroBaHHS IIPOIIECy PO3B’sA3Y-
BaHHA 3a7ja4 y TAaKUX CEPeIOBUIIIAX
nepenbavae moOyAOBY BiAIIOBimgHOrO
aJIrOpUTMY: BUBUUTHY YMOBY 3a7aui i
BU3HAYNUTHU BiJOMi BeJIMUMHI; 3’ SICY-
BaTH HASABHICTH Y CEPEIOBUIIIi BiITIO-
BiHMX MOJeJieli; BBECTH BXiIHi gami;
SAKIITO orrrcaTy (DisMYHI ABUIIA i ITpo-
mecH BiIOMUMU MOJAEIIMU HEMOIK-
JINBO, TO TTIOOYTyBaTH HOBi; IOETHATHI
BiJIIOBiTHI eJ1leMeHTH MOJeIei-CXeM;
KOXKHOMY OJIOKY MaTeMaTUYHOI MO-
JIeJIi TIOCTaBUTH Y B3AEMHY BiAIIOBiz-
HiCTb MHOKHMHY OIMHUITH BUMipIOBAH-
HA (PiBUYHUX BEJIUYUHU; 3TIUCHUTH
00UMCIIeHHST; TOCJIiANTH BipOTiTHICTD
OTPUMAHOTO PE3YJILTATY.

Kowmm’roTepHi inTepakTriBHI Moze-
Ji — 1me cxemwu, rpadiku, imitarii
TIPOIIECiB ¥ eKCIIepUMEHTIB, 3aJauyi,
irpu, BXifiHi mapameTpu AKUX 3a7a-
IOThCS KOPUCTYBaueM, a IPOTiKaH-
H# TIPOIIECiB 3/TIICHIOETHCSA HAa OCHO-
Bi hisuHMX 3aK0OHiB. BUKOpPHUCTOBY-
[ouH iX, yUeHb 3MiHIO€ BiqmoBigHi ma-
paMeTpH AOCTiIMKyBaHUX IIPOIIECiB,
BU3HAYAE IX eKCTpeMaJsIbHi 3HAYeHH,
BCTAHOBJIIOE DYHKITIOHAIBHI 3aJIeK-
HOCTI TOIII0, ITI0 Ja€ 3MOTY CKJIaAaTH
¥ po3B’ A3yBaTH OOUMCITIOBAJIBHI, EKC-
HepUMEHTAJIbLHI Ta JOCi THUIIBKI (i-
3UYHIi 3agayi.

Komm’oTepHe MogeII0BaHHSA B
TIporieci posB’ A3yBaHHA 3a1a4, iMiTa-
11isA GisyIHIX IpoITeciB, ABMIIT a00 ife-
aJIiB0BaHMUX 3aJAYHUX CUTYAITiH 3mi-
CHIOETLCS B CEPEIOBUIIIL PiBHOMAHIT-
HUX HABYAJIBHUX KOMII IOTEPHUX IIPO-
rpam. PosryiaaeMo Jeaxu 3 HuX.

1. Interactive Physics

OpHieto 3 HANTOMYAAPHIMINX €
Interactive Physics, paspo6iena ame-
pukamcbkoro pipmoro MSC Working
Knowledge (pociticbka Bepcis — dKu-
BA (pusuka). [Iporpama € MpoeKTHUM
HABYAJBbHUM CEPEIOBUIIEM, AKE €
3PYUYHUM i TOTYKHUM iHCTPYMEHTOM
BUBYEHHSA (pisuKu B 11kouIi. Kopuery-
Ba4v MOXKe CTBOPIOBATHU BJIACHI Mojie-
J1i hisMUYHUX ABUIIT, 3AIMCHIOBATH 00-
YHCJIeHHs I aBTOMATHUYHO Bimobpa-
JKaTu IOCJiIKyBaHi IpoIlecu y BU-
ISl aHiMaIii, rpagikis, Ta0IUIb,
JiarpaM TOIIIO.

Hanpukian, posrisHeMo MOIeThb
PYXY Tija, KMHYTOrO ITiji KyTOM IO I'o-
PUBOHTY, 1110 CTBOPEHA B CEPEIOBUIITL
«/KuBa ¢disuka». B apcenani yuna
i yac poboTH 3 IIPOrPaMOI0 € HU3KA
PiSHOMAHITHIX MOKJIMBOCTEI — BiIO-
OpasKeHHs BeKTOPIB i 3HaUeHb (Pisuy-
HUX BeJIMUYMH, Mo0ymoBa rpadikis i
3MiHa ImapameTpiB MojeJi (puc. 2).

neas Ouzmka (Interactive Physics) - [[loneT_chapaga.ip]
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Puc. 2. Komn’rorepHa MoiesIb pyxy Tijia, KHHYTOTO
I KyTOM /{0 TOPU30HTY

Pyx Tin, KMHyTUX IIig KyTOM IO
TOPUBOHTY, MOYKHA PO3TJIAAATHU K
pe3yJIbTaT HaKJIaJaHHSA TBOX OJTHOYA-
CHUX IPAMOJTIHIHHUX PYXiB Y3/IOBMK
oceii Ox i Oy, HaTIpaBJIeHUX TTapaJie-
JIBHO ¥ TIepIIEHINKYJIAPHO IOBEPX-
Hi 3emuti. Po3p’a3yBaHHsA 3a1a4 TaKO-
T'0 TUITY 3PYYHO PO3IIOYMHATH 13 3HA-
XOMIKeHHS IIPOEKIIill BEeKTOpa IIova-
TKOBOI IIIBUAKOCTI HA OCi KOOpAUHAT
i cKJIamlaHHA BiIIOBiMHUX PiBHAHD.
Timo, KMHYyTE il KyTOM 0 TOPU30H-
Ty 3a BiJICYyTHOCTi OIIOPY HOBiTps ¥
HEeBeJHNKOI II0YaTKOBOI IIIBUAKOCTI,
JeTUTh 1m0 mapaboJii i yac pyxy
B3I0BK oci Ox IOpiBHIOE Uacy pyxy
B310BK oci Oy, OCKinbKU 00uaBa PY-
XU 3JiHICHIOIOTHCS OJHOYACHO.

CKJaBIIY IIOBHY CUCTEMY KiHe-
MATUYHUX PiBHAHD, I1I0 OMHUCYIOTH
PYX, 1 IepeBipUBIIU KiNbKiCTH HEBi-
JToMuX (Mae TOPiBHIOBATU KiTbKOCTL
PiBHSHB), PO3B’sA3yeMO ii BiTHOCHO
ITYKaHUX BEJIUYMH.

BuKoprcTOByIOUM KOMII IOTEPHY
MOJEJIb PYXY Tijla, KUHYTOTO HiJ KYy-
TOM JI0 TOPUBOHTY (AUB. puc. 2), po3-
B’s)KeMO TaKy 3a7auy.

3agaua. CHapsa BUIiTaE i3 cTBO-
Jla rapMaTH 3i HIBUAKICTIO Uy, HAIpa-
BJIEHOIO ITiJi KyTOM < 10 TOPU3OHTY.
HexTyrounu onopoM IOBiTPA, BU3HA-
YUTHU: a) TOPU3OHTAILHY JAIbHICTD
TIOJIBOTY CHapsAzAa; 0) 0ro IIBUIKICTD
Ta KOOPAUHATH B Oy Ib-AKUI MOMEHT
yacy; B) KyT HaJiHHsA; T') IOYATKO-
BUH KYT CTPiILOU, IPU AKOMY TAJb-
HiCTb MOJIBLOTY CHAPAIA HAMOiIbIIA;
) mobymyBaTu rpadiku 3aaesxHoC-
Tel IPOoeKI[iii KiHeMaTUYHNX BeJIN-
YUH, IT10 XapaKTepU3yIOTh PyX CHAPs-
Ila, Big uacy; €) BUBHAUUTHU HOT0 KO-
OpPAUVHATHY IIPU KYTi HAXUIY CTBOJIA

rapMaTH 0 TOPU30HTY « I IITBUIKO-
CTi IOJILOTY V.

JocirigrnmMo BIJINB BeJIUYUHU IT0-
YaTKOBOI'O KyTa PO3TAIITyBaHHS CTBO-
Jia TapMaTH Ha JaJbHICTH MOJILOTY
cHapazga. SIKIIo Aoro pyx posInoyun-
HAETHLCS 3 IOBEPXHi 3eMJIi, TO MAaKCH-
MaJbHA JAJbHICTh MOJIbOTY AOCATA-
€TbCs, IK BiZIOMO, IIPU BeJIMUNHI KY-
Ta piBHii 45°.

CamocrTiiiHa eKCIIepUMEHTATb-
Ha IIepeBipKa OTPUMaHUX Pe3yJbTa-
TiB MOCUJIIOE Ti3HABAJILHUU iHTeE-
pec yuHiB, HAOJIMKAaE IIPOIIEC PO3-
B’sI3yBaHHS 3aJaui 0 HAYKOBOT'O
JOCJiIKeHHd.

s 3aKpinjeHHs HaBYaJbHO-
ro MaTtepiany 3 Temu «Pyx Tina min
Ii€0 CUJIN TSKIHHS» , MOXKHA BUKO-
PHCTOBYBATU MOJEJb, IIPEICTaBJIE-
HY Ha puc. 3.

Pyx rina y nbomy BUIIaiKy omm-
CYEThCA TAKUMHU (Hi3UIHUMU BEJIY-
YUHAMU:

a=0’; voy=—6 M/c;

0, =Ug,—250 KM/4ac=const;

vy=voy+gt; h=200 m;

S=400 ™ Ta in.

BuxopucroByroun (ismammii KOH-
ctpykTop «sKuBa (isuxa», MoKHA
CaMOCTiTHO MO/TIeJTIOBATH Pi3BHOMAaHi-
THi IPUPOSHi ABUITIA, BMIHIOIOUHU IT0-
YaTKOBI ITapaMeTpu iX IIPOTiKaHHAg,
1[0 JIa€ 3MOT'y 3aCBOIOBATH OCHOBHI
(isuruni 3aK0HM, iIHTEPAKTUBHO MOJE-
JIIOBATH PyX y TpaBiTarifuomy, eje-
KTPOCTAaTUYHOMY, MATHITHOMY Ta iH-
IIUX ITOJISIX, BIIPOBAKyBaTH abCT-
paxTHi izei i TeopeTUUHI KOHCTPYK-
T — HAIPUKJIAML, JOCJiIKyBaTH
HAIPY/KEHICTh eJIeKTPOCTATUUHOTO
a60 MarHiTHOTO IIOJIiB.
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uBan @uanka (Interactive Physics) - [C6poc_c_camoneTa.ip]
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Puc. 3. Komn’rorepHa MoeJs pyxXy Tijia, KHHYTOT'O TOPU30HTAJIBHO

KoMILiekT mporpaMu MicTUTB 0i-
0J1i0TeKY KOMIT'IOTEPHUX €KCIIepU-
MeHTiB (BipTyasbHa (hisuwuna s1a6o-
paTopis) i3 pisuux Tem («3aKoH 30e-
peKeHHA eHeprii», «3aKoH 30epe-
SKeHHSA iIMITYJIBCY» TOIIIO).

Posrassaemo momenb pyxy Tija
MOXMJIOIO ILJIOIIMHOIO IiJl Mi€lo II0-
crittHoi cuu (puc. 4).

3acTocyBaBIIIY KOMIT IOTEPHY MO-
JIeJIb PYXY Tijia MOXUJIO0 ILJIOIIIMHOIO0
ij Ti€X0 ITOCTiNHOI CHJIN, MOYKHA BU-
3HAYUTH POOOTY, AKY BOHA BUKOHYE,
3MiHy IOTeHIliaJIbHOI eHeprii Tija,
BCTAHOBUTY (DYHKITIOHAJILHY 3aJI€MK-
HiCTBb MiK POOOTOI0, CIJIOIO TA IIEPEeMi-
LIeHHAM, 3HAIOUM Macy Tija, KyT Ha-

XUy IJIOITUHY, KOe(illieHT TepTs,
TIEPEMIITIEHHS 1 ITBUAKICTS I JHOMHM-
Ka, BU3HAUNTU POOOTY CHJIM ¥ IIOTEH-
MiaJbHY €Hepriio Tija B Oyob-aKuii
MOMEHT Yacy TOITIO.

CdopmyaioemMo 3agady, AKy MO-
JKHA PO3B’A3aTH 34 TOTIOMOTOIO ITpe]-
CTaBJIEHOI MOJEJTi.

3anaua. Tiso macoo m=2 Kr mia-
HiMAOTh IIOXUJIO MJOIIWHOIO
BIrOpYy, HAXUJI O TOPUBOHTY SKOI
craagae 3=30". fIka pobora migitima-
Ya Ha INLJIAXY 2 M i gK 3MiHmIaca
IOTEeHITiaJIbHA €Heprid Tija, SKIo
BizmoMo, II10 BOHO pyXaJiocs i3 IIBU-
akictio 1 m/c? KoedimnienT Tepra
nmopisuioe u=0,5; g=10 m/c’.

i *Kuean Ousnrka (Interactive Physics) - [3_39.ip]
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Puc. 4. Komn’rorepHa MO/IeJIb PyXy TijIa MOXUJIOI0 ILIOIIHHOIO

i xi€ro mocTiiiHol cuIu

BigmoBigs. 3 BikHa mporpamu
3HAXO0OUMO, 110 A=37,321 I[:K;
E =20 [Iax.

3adikcyBaBIIIU NepeMillleHH
Tija, MO’KHA S3HANTH pOOOTY migifimMa-
Ya ¥ HOTEeHITi HY eHeprito Tijia B Oyab-
AKUHA MOMEHT Jacy.

2. Crocodile Physics

Cepen 3apy0isKHUX HaBUAJIBHUX
TIPOIYKTiB OCOOIMBUI iHTEPEC BUKJIU-
Kae mporpama «KoHcTpyKTOp BipTya-
JbHUX eKCIIepuMeHTiB. Pisuxa». Y
cBiTi BoHa Bimoma mizg Hassowo «Cro-
codile Physics» (http://www.cro-
codile-clips.com).

KoncTpyKTop BipTyanbHUX eKcITe-
PUMEHTIB — IIe ImporpamMa-CuMYy.Js-
TOD, 3aCTOCYBAHHS AKOI A€ 3MOT'Y MO-
JIeJTIOBATY PIBHOMAHITHI 3a/layHi cH-
Tyarrii i 371ificHIOBaTY BipTyaJIbHi eKc-
nepuMeHTH. Po3B’aA3yioun 3amadvi 3
poszniniB «EnekTpuras, « Pyxicummy,
«XBuaLoBi sBuIia» Ta «OITuKa» , Mo-
JKHAa JIeTaIbHO BUBUATH OCHOBHI (hi3u-
yHi nponecu. IaTepdeiic mporpamu
yHi(pikoBaHO i3 ciocobaMu yIIpaBJTiH-
HA iHTEPaKTUBHOIO JIOIIKOIO.

Huxue maBemeHo pisHOMaHiTHI
moxkJInBocTi mporpamu «Crocodile
Physics»: memMoHCTpaIlis IpUPOIHIX
sBuit (6i1a 50 MOKPOKOBUX HaBYA-
JBHUX YPOKiB i 150 mpukaaais-mMoze-
JIet); KOMIT I0TepPHE MOZIETIOBaHHA (hi-
3UYHUX IIPOIECiB; MOYKJINBICTH Bapi-
IOBaHHS YMOBH 331a4i; HAABHICTb I10-
TYKHOTO iHCTpyMeHTapilo, 1110 Jae
3MOr'y 3MiHIOBaTU 3Ha4YeHHA (ismu-
HUX BeJIMUYNH; ABTOMATHYHA IT00YI0-
Ba rpadikiB; BuKopuctaHaa 6i6Jrio-
TEeKU eJIEMEHTIiB BiJOMIX MojeJsei 3
BiIOBiAHUMY PEKOMEHAAITiAMT; ca-
MOCTiliHe MO/IeTIOBAHHS; 30ePeIKeHHsT
CTBOPEHUX KOCTPYKTiB.

3acTocyBaHH:A 610/TIOTEKY BiOMITX
BipTyaJbHUX MOJeJIei, To0y10Ba aHi-
MoBaHUX rpadikiB y peskxuMi peaib-
HOTO Yacy, iHAuBigyaJbHa I THYYKa
CHCTeMAa TIOCTAHOBKY eKCIIEPUMEHTIB
TIEPETBOPIOE TAHMI KOHCTPYKTOP Y TI0-
TYKHY BipTyaabHy (pisruHy JabopaTo-
pifo, KOMIT'I0OTepHEe MOZEIIOBaHHA B
CEPEeNOBUIII AKOTO Ja€ 3MOT'Y YUHAM
CaMOCTIiITHO BUSBJISATH (DYHKITIOHAIb-
Hi 3aJIE2KHOCTI MixK (hisMTUHIMU BeJIU-
YHAMU, IPEJCTABJIATH iX y rpadiuHo-
MY BUTJISAL 3 TOJAJIBIIINM ITOACHEH-
HAM OIPUYWH OTPUMAHUX 3aKOHOMIp-
HocTeii. Bisyasizaris HaBuaJIbLHOTO
marepiany crpuse e()eKTUBHOMY 3a-
CBOEHHIO im(hopMmarrii, a MOKJIUBICTD
CaMOCTiTHOI pOGOTH — PO3BUTKY TBO-
puUmx ¥ TOCTiTHATIBKUX HABUYOK.

IIporpamoro mepef6aueHO MOKIIN-
BiCTBb ITOTEMATUYHOTO PO3B’ I3yBAHHS
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3agad. JlocuTh JOKJIAAHO MPOIKCAaHA
TIOKPOKOBA IiAJIbHICTH KOPHUCTYBaya 3
IHTEepaKTUBHIMY OCHJIAHHAMI HA KO-
sKHOMY eTarri. OmneparrtitiHi Aii B cepeno-
BUIITi KOKHOT'O TEMATIYHOT'O PO3ILITY
3IiCHIOIOTHCS B IOBHOEKPAHHOMY pe-
SKMMi 34 TOIIOMOTOI0 KHOIIOK YIIPaB-
ginasa «Ilaysa» i «IlepesaBanTaskeH-
Hs» . EemenTn, 1110 BUKOPUCTOBYIOTh-
cs1 B KOJKHOMY 3 HIX, 30epiratoTbCs B
namiri «EmemenTu» i mpeacrasiieHi y
BUTVIAAL mKTorpam. ITicisa BUKOHAHHSA
IHCTPYKITII CTPijIKa OKaIPOBOTO ITe-
pexomy 3MiHioe Kotip. Po6ora 3 ese-
MEHTAMI IIEBHOT'O PO3ALTY IIepeadauac
MOXKJIMBICTE iX BIOOPY, O0OEpTaHHSI,
3MiHM PO3TaITyBaHH, PO3MipiB, Macu
Ta inmmux (ismunmrx mapamerpis. ITig-
BiBIITM KyPCOP JI0 BUOPAHOT'O eJIEMEHTA,
BUKJIMKAEMO BUNAJAI0Ue MEHIO —
«IIanesb iHCTPYMEHTIB» .

¥ mporieci posB’ I3yBaHHA 3314 3
TeMu « EJIEKTpUYHE KOJIO i1 €JIEKTPU-
YHa CXeMa» , YIHiB 03HANTOMJIIOIOTE 3
OCHOBHUMUY €JIeMEHTaMU eJIEKTPHY-
HUX JIAHITIOTIB Ta IXHiMM 3060paKeH-
HAMU Ha cxeMax. [IoTiM mpomoHy-
IOTh CKJIACTU MIPUHITUIIOB] €JIeKTPH-
vHi cxemu (puc. 5).

ITo6GynoBa BipTyaJbHOTO €JIEKT-
PUYHOTO KOJIa He 3aMiHIOE CKJIaJaH-
HA peaJibHOTO, ajie CIIPUse Bigmpa-
IMIOBAHHIO BiAMOBiAHUX KOHCTPYK-
TOPCHKUX YMiHb.

IIporpama «Crocodile Physics» €
e(heKTUBHUM i 3pYIYHUM KOHCTPYKTO-
POM OOy IOBY eJIEKTPUYHUX KiJl, BU-
KOPHCTOBYIOUH KU YUHi PO3B’A3Y-
IOTh PisHi Tunu GisuYHUX 3amadq i3
CKJIAAHHA I 00UMCIeHH JIAHITIOTiB
TOCTiHAHOT'O CTPYMY.

MoskuBicTE KO FOBAHHS eJIeMe-
HTIiB eJIEKTPUYHOTO KOJIa Ta€ 3MOTY
KOHCTPYIOBATH i1 JOCTi3KyBaTH CKJIA-
JHIIII JIaHITIOTY, BKJIIOUEHHS O HIX
aMIIepMeTPiB i BOJILTMETPiB — BUMi-
proBaTu ixHi mapameTrpu (puc. 6).

¥ mporieci po3B’sa3yBaHHA PiB-
HAHb KiHEMaTWKU ¥ 3aCBOEHHS 3a-
KOHIB AVHAMIKM 3PyYHO CKOPHCTA-
THCSI MOJIEJLITIO PYXY aBTOMOOLIsA. Bi1-
KOPHUCTOBYIOUM iHCTPYyMEHTapii 3a-
3HAUEeHOI MeXaHiuHOl MOJeJIi, MOKHA
3MIiHIOBATH TUII aBTOMOOLIs, JIOr0
Macy ¥ IBUAKIiCTh. ¥ BiKHI Iporpa-
MU 3mificHI0OETBCA MO0y IoBa rpadi-
Ka IIIBUIKOCTI, 38 KM BU3HAUAETh-
¢ BeIMYMHA IPUCKOPeHHs (puc 7).

CropucTaBIIuch omirieio «Biac-
THUBOCTI» , JOCJIiIFKYIOTH 3aJIEXKHICTD
TIIPUCKOPEHHS BiJ] BeJIMUMHY Ail0U01
CIJIVI Ta MACH TiJia, 6yIyIOThH BiTIOBI-
IHi rpadiku.
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Puc. 5. ITo6ymoBa npuHIumoBoi ejxekTpuuHoi cxemu B «Crocodile Physics»
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Puc. 6. O6uncIeHHs eJIeKTPUYHUX JIAHIIOTiB MOCTiiiHOTO CTPyMY
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Puc. 7. Mogess pyxy aBTOMOOLIA

ITix uac poss’saA3yBaHHA 3a4a4 3
posainy «I'eoMeTpruHa OITHKA» JO-
IiJIbHO BUKOPHCTOBYBATH iHCTPY-
MeHTapiil BiAIIOBIJHOTO MOIYJIS ITPO-
rpamu — «OnTuka». Pearisarris sa-
JayHUX CUTYyaIliil 3MiHCHIOETHCS B
MeBHOMY OINTHUYHOMY IIPOCTOPI,
AKUI BimoOpaskeHO y BiKHI KOHC-
TpykTopa. IIpenmer Ta itoro 3o6pa-
JKeHHSI BUOMPAETHCSA i3 mepesiky:

baKTepis, BepOJIOA, MiCT, KPOKO-
IWJI, TaJIaKTUKa, Topa, KOMeTa TO-
1110. 3aCTOCYBABIITH iHCTPYMEHTapiit
mporpaMu, MOKHA IT00yIyBaTH Xif
TIPOMEHiB B IJIOCKOMY, BUITYKJIOMY,
yBirHyTOMY 1 TapabosriuHOMY 3€p-
KaJiax, 30Mparouunx i poscioBajb-
HUX JIiH3aX, MJIOCKOIIapaJeJabHil i
HaOiBKPYIJIill miaacTuHKaxXx. 3 He-
IPO30puX 00’€KTiB BUOMPAIOTH Pery-
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JILOBaHY ITIIUHY, KYJII0, IPAMOKY-
THU 6JI0K i TPUKYTHUK. BuMipioBa-
JBHUMU IPUJIaJaMU CIYTYIOTh Ji-
HiliKa ¥ TpaHcmopTup (puc. 8).

Puc. 8. BuBueHHsa 3aKOHIB BiZOuTTA
" 3aJIOMJIEHHS CBITJA

¥ cepenoBullli KOHCTPYKTOpPA Bi-
PTYaJIbHUX €KCIIePUMEHTIB 3aje-
HO BijJ piBHSA IiArOTOBKY YYHIB IIPO-
MOHYIOTH PO3B’I3yBaTH TaKi 3agaui.

3amaua 1. [TociguTu 3a/ie;KHICTh
BEJIMUVHY KyTa 3aJIOMJIEHHS BiI BeJIr-
YMHA KyTa NaJiHHA CBITJIOBUX IIPO-
MEHiB.

3amaua 2. JlocmianTy 3aeKHiCTh
BEJIMYMHU KyTa 3aJIOMJIEHHS CBiTJIO-
BUX IIPOMEHIB BiJT MATEPiaJTy TIACTIHIA.

3agaua 3. O0UNCINTHA IIOKA3HUK
3aJIOMJICHHS CEPEeIOBUITA, HA AKe I1a-
JIaloTh CBITJIOBI IPOMeEHI TOITIO.

VYHiBepcaJabHICThL IporpamMu Io-
JATA€E B TOMY, 1110 11 MOKHA BUKOPU-
CTOBYBATH SIK Y IIPOIeci IOsICHeHH S
HOBOT'O MaTepiaJy, TaK i mijg uac pos-
B’sI3yBaHHsI 33144 Ta IIPOBEICHHS JIa-
6OpaTOPHUX POOIT.

3. GeoGebra

IIporpama GeoGebra — 11e 6e3K0-
IIITOBHA, iHTEpAKTUBHA T€OMETPUYHA
cucreMa, y AKill MOXKHA MOJIeJTIOBa-
TH PiBHOMAHITHI KOHCTPYKIIii 3 TO-
YOK, BEKTOPiB, BiZpisKiB, mpamMux,
0araTOKyTHUKIB i KOHIYHUX TIEPETH-
HiB, gocimpKryBaTy (QYHKILI 1 iX quHA-
MiuHi 3MiHM, OOUMCIIOBATH IIOXimHi
¥ iHTerpasu, qucuepciio, Koe@ilieHT
KOpeJIAITii, 3 ICHIOBATH AIIPOKCHMA-
1ifo 6esJTivui TOYOK KPHBOI 3aaHOI0
BUY TOITIO. PiBHAHHSA, KOOPAWMHATH Ta
G yHKIII MOXKYTh OyTH BBeJeHi 0e3-
TIocepeaHbO KOPUCTYyBAUYEM.

Kopucrysarbkuii inTepdeiic mpo-
rpamu GeoGebra rayukuii i agamnTo-
BaHUI 10 poOOTH YUHIB 3arajbHOOC-
BiTHBOI mIKoIM. BuKopucToByoun
iHCTpyMeHTH pOOOYOl ImaHes i, MOX-
Ha CTBOPIOBATY Pi3HOMAHITHI reome-
TpuuHi mo0ymoBu. BigmoBigui Koop-
IVHATH ¥ PIBHAHHSA BiZo0paKkamTh-
cs B ayireOpaiuHiit iHTepmperarrii.

Posriauemo mozeins, 3 1omomo-
TOI0 KOl JIeMOHCTPYETHCA BimHOC-
HiCTh PyXy Ha IPUKJIaJi YOBHA, IO
mepeTuHae PiuKy. 3MiHIOIOYU MO-
IIYJIb i HAIIPSIMOK ITTBUIKOCTEH YOBHA
Ta Teuil piuKu i TOUKY CTapTy, CIIO-
cTepiraeMo 3a TPaeKTOPi€ero Irepenpa-
BU YOBHA 4yepes Piuky (puc. 9).

IITBuaKicTh YOBHA B CCTEMi Bif-
JIiKY, IIOB’ A3aHOIO i3 3eM.Jiet0, I0piB-
HIOE BeKTOPHI cyMi IIBUAKOCTEN YO-
BHa BifgHOCHO Boau i Teuii piuku. ITo-
JlaEMO IIepeJIiK 3a7au, 1110 Po3B’ A3y-
IOThCSA 3 BUKOPUCTAHHAM ITi€l MOIeTi.

3amaua 1. YoBeH nepeTuHae piu-
Ky, IPUYOMY BJIACHA IIIBUIKIiCTH YO-
BHA HaIIPaBJIeHA MEPIIEHIUKYIAPHO
Teuii. fIKa MIBIAKiCTHL YOBHA BigHOC-
HO Oepera, AKIIO HOTo MIBUAKICTEL ¥
crosa4iii Boai v,.=2 mM/c, a MIBUIKIiCTH
reuii piukn v,=1,5 m/c?

3anmaua 2. YoBeH riepeTrHaE PiuKy,
IPUYOMY BJIaCHA IIBUAKICTH YOBHA
HampasJieHa NePIeHIuKYIIPHO Te-
ii. ITBuaxicTs Teuii piuxn v,=3 m/c,
2 J0BHA B cTOAYii Boai v,~4 m/c. Bu-

3HAYUTE Yac ¢, 3a AKNU YOBEH IIEPETHE
piuky mmprHoio 1000 M, a TAaKOK Bif-
CTaHb X, Ha AKY 11Or0 3Hece Teuis.

3amaua 3. IIIBMaKicTL YOBHA B CTO-
A4iti Bogi v,~5 M/c, a Tedii vp=2,5 M/c.
ITig saxuM KyToM [0 JIiHii, mepriesau-
KyJIsIpHOL Oepery, CJIiJ HampaBIsaTH
YOBEH, 11100 BiH IEePEeTHYB PiuKy Haii-
KOPOTIITUM ITLJISTXOM?

3amaua 4. 3a AKUI 4ac 4OBeH
nepeTHe Piuky mupmHo© 120 M,
pyxamouncs IeprneHIuKyJIIpHo Ge-

pery, SKIIO Horo IMBUAKICTh B CTO-
1.ggb
®ain Mpaska Bupg Hactpoikw HCTpymenTsl OkHo Cnpaska

A4ilt Bogi v,=5 M/c, a HIBUAKICTH Te-
uii —v,=3 m/c?

Kypc enemenTapoi MexaHiKuy Mi-
CTUTD 3aJ]a4i IMHAMIKM CICTEMI Ma-
TepiaJIbHUX TOUOK, [0 AKUX, HacaMIIe-
pen, HaJe:KaTh 3a1a4i IIPO ITOCTYIAb-
HUH PyX 3B’ A3aHUX TiJI i HA BUKOPUC-
TaHHS 3aKOHY 30eperKeHH A iMITyJIbCY .

3ajaui mpo pyx crucTeMu 3B’s13a-
HUX MaTepiaibHUX Tia (HampuKIamd,
PYX BaHTaKiB Ha 6JI0ITi) MOXKHA 3BEC-
TH [0 3a7a4i TMHAMIKM OKPEeMOi MaTe-
pianbHOI TOuKH. [[J1s 11600 TOTPIOHO
Bi10OpasuT CUIIN, 1110 JiI0Th HA KOXK-
He TiJ10, i CKJIaCTU PIBHAHHA IPYTOTO
3aKOHY AMHAMIKM B IpoeKItiax. Tina,
3a3BUYAM, CJIiJT POSTJIAAATH OKPEMO, Bi-
JILHUIMU BiJT Oy Ib-IKUX 3B’ I3KiB, 3aMi-
HAIOUN IX B3AE€MO/II0 CIJIaMHU.

3anaua. Ha moxwriii moruHi,
110 CKJIaZIa€ 3 TOPU30HTOM KyT a—=30°,
3HAXOIUTHLCA BaHTaK Macor 10 xr.
Jlo BaHTaKy IPUB’ A3aHO IITHYP, TIepe-
KUHYTHI Yepes HepyXOMUii 0JI0K, 1110
sakpimreHuit Ha ii BepmuHi. o iH-
III0TO KiHIA IITHypa MiBilieHa rupsa
Macoro 2 Kr. CucreMa Tiz posmoun-
Hae pyxaTucs. BusaaunTte BUCOTY ITifI-
viomy rupi 3a 1,17 ¢, SIKIIT0 IIPHCKOPEH-
HA a=2,45 M/c?, a cuia HATATY IITHY-
pa ckaamae 24,50 H. Macoio 610Ky
sHexTyBaTu (puc. 10).

3MiHrooun KiHeMaTHyHi i1 fuHa-
MiYyHi XapaKTePUCTUKU PYXY, MOXK-
Ha BUBHAUUTU BUCOTY Hifgiiomy Tina
B OyIb-AKUI MOMEHT Yacy.

4. SmathStudio

3HauHa KJIBLKICTE 3a/1a4 3 KiHeMa-
TUKU, JAHAMIKY, T€OMETPUYHOL OII-
THUKU Ta IHIIINX PO3LIiB Kypcy (isu-

NE

} TMonorxHo

Bpema=285.71 cex

@ ® @
Anumaunn
EHICTRO e Mez1EHHO &
P MonotHo 2
Bekrtopa CropocTb HanpasneHue
Jlogka=3.5 a=1980"
—@ @
Peka=25 B=180°
—® @

%6212554'

WwpuHa peka 1000

Puc. 9. Cxema nepenpasu 4oBHA Uyepe3 PiuKy
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KU e()eKTUBHO PO3B’A3YETHCA B Ma-
TeMaTUYHHUX IIPOrPAMHUX CEPeOBU-
miax. 3 METOIO 3/IiHICHeHH S 00UICIeHD
MOYKHA CKOPHUCTATHUCS IPOrPAMOI0
SmathStudio — 6eskorrroBHIM MaTe-
MaTUYHUM IaKeTOM 3 rpadiuHmM iH-
TepdeticoM s 10Oy XOBU TBO- 1 TPU-
BUMipHUX I'padikiB i cTBOpeHHSA pis-
HOMAaHITHUX aHiMaIriii. Bona mae npo-
CTUi i mocTyrrHui inTepdetic (prc. 11),
noxioumit no intepdeiicy MathCAD,
3PO3YMLITIIA PeJaKTOP MATEMATITUHIX
dopmy.1, 110 miATPUMy€E POGOTY 3 Ma-
TPUISIMY, BEKTOPAMHU, KOMILIEKCHH-
MU YHCJIaMU I Apobamu. 3a JOIIOMO-
T'OIO0 IIPOTPAMMU PO3B’ A3YIOTH CICTEMU
PiBHAHB, 3HAXOATH OXi THI, iHTETPA-
Ju, JorapuMu Ta iH.

5. Java-amieTn

Ha 3apy6isKHUX caiiTax MOKHA
3HANTU 6araTo OKPEeMUX IIPOTrpaM
(Java-ameTiB), Y cepegoBUII TKUX
3IiMICHIOETHCS PO3B’ A3yBaHHA (hisu-
uyHUX 3ama4d. Hanpukiaan, sa agpe-
coio http://phet.colorado.edu ymi-
Bepcurety B Kosiopazo posraioBasa
3HAUYHA KOJIEKI[iA TaKUX IIpOrpam,
IepeKJIaeHnX Ha YKPATHChKY I po-
CificbKy MOBHU.

Armret — oxpemi mporpamu, Ha-
nucaHi, K IIPaBUJIO, MOBOIO Java i
IIpU3HAYEeH] 1J1s1 pO3B’ A3yBaHHA KOH-
KpeTHOro Tuny 3amad. Hampukian,
JIJ151 MOJIeJTIOBaHHA ABUIIA (hoToedek-
Ta, PyXy MaATHUKIB, II00YI0BY €JIEK-
TPUYHUX CXEM IIOCTiTHOIO Ta 3MiHHO-
T'O CTPYMY TOIIIO.

Buxopucrosyroun Java-mmporpamy
«®oroederT 1.10» (puc. 12), posB’s-
JKeMOo TakKi 3agaui.

3amaua 1. 3o6pasuru rpadiuHo
SIK BMiHUTHCA BOJIbTaMIIEpHA XapaK-
TePUCTUKA IIPU:

a) 30LIBIIIeHH] TIOTYKHOCTI CBIiTJIO-
BOTO ITIOTOKY;

b) sMeHIIIeHHi JOBXUHY XBUJIi;

c) 3MeHIIIeHH1 JOBKWHU XBUJIi 1
301JIbITIeHH] ITOTYKHOCTI CBiTJIOBOTO
IIOTOKY.

3amaua 2. Katogna miacTuHKa
ompoMiHIOeThCsa cBiTIoM. Hampyra
B JIAHITIO31 301iJIBITTYETHCS B 2 pasu. ¥
CKiTbKM pasiB 30iMbIINTHLCSI MaKCH-
MaJIbHA KiHeTu4YHa eHeprid poroere-
KTpOHA hv.

3agaua 3. BUKOpHCTOBYIOUM MO-
[leJib, BUSHAUNTE YePBOHY I'PAHUITIO
doTtoedexTa, pobOTy BUXOAY MaTe-
piany doTorxaToma i MaKCUMAJILHY
KiHeTHYHY eHepriio eJIeKTPOHIB, K-
110 IOBXKMHA 14 JaI0Y0ro CBiTJIA JOPi-
BHIOE 621 HM.

3amaua 4. BukopucToByoUU MO-
JleJIb, BUSHAUTE MaKCUMAJILHY IITBU-

2.g8b

daiin lNpaBka Bwa Hactpoiim Wuctpymentl OxkHo Cnpaexa
R JlAA L B OO e =2,
ML a e
@
Macca my = 10 kr I'Im(aaaTb IHaueHnA
Yckopenue = -2 .45 mic?
HatrxeHve wHypa = 24 5 H
m, Bpemn = 1.17 cex
Cropocte =-2 87 mic
My
Ah=188M
3o°
_
Maccam, =2 kr
a=30°
& (Dyee) eyam]  Copac

Puc. 10. Moaens moCTYyIaJbHOTO PYyXYy CHCTEMH 3B’ A3aHUX TiJI,
NMEePEKUHYTHX Yepe3 HePYyXOMUil OJI0K

=} SMath Studio Desktop - [GravitationAcceleration.sm]

@alin Mpaska Buarnan  Boraska  Obudcnedws  Cepeic  Muctu  [lonoMora
L EEo e Dt gAGO|=e 2 0¥ ld 8 0E|
—
=———= Bl 5
Computation of gravitational acceleration Allee i £ Wt =
on the object's surface 7 8 9 + (m) |v
4 5 6 - i
=1 2 3 = ; =
i = =
. _ 0t v
grav}.ty[}[ PR ].= 98] [Newton's law of universal gravitation| Marpai =]
eb3” Teb3[ 2 G) o] am oAroMr W
obj Eyaesa =]
3 = < > = >
G=6,6728/10 n e gravi DAV ®
kg s Eymi 5]
log sgn sin o0 & 2%
I arg tg ctg Fr b
. " 30 5 o
The Sun® 7 9g91:10° kg 6,9550'10 ko exp % el
" o 23 3 Tpadpix
Mercury" 3 3022.10° kg 2,4397:10° kn Tiporpanymamms
n n 24 3 i i
Venus" 4 gges.10° kg 6,0518:10° km if while for lne
wEarthm 24 3 Data represented with the break  contmue
5,8736:10 kg 6,3781:10 km| |, 0052 of values, where e——
data=| "Mars" ¢ 4ig5.1g 23“ 3.3962‘103 wm| [columns stands for the name Crmanoan (A-0)
of the object, its mass and
"JUPiter” , aanc.1n2’ v~ 7 14a2.10 - im| |radius, respectively ~|
Puc. 11. 'osroBHe BikHO porpamu SmathStudio
Doroees (1.10) DEx
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Puc. 12. Moneus a,1s1 po3B’si3yBaHHS 3a7ay i3 Temu «DotoedexT»
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IKiCTh eJIEKTPOHIB, STKIIIO JOBXKIHA IIIaI0U0r0 CBiTJIa Pi-
BHaA 491 uM. Brasiska: yueHb, BUKOPHUCTOBYIOUN MO-
[leJib, 3HAXOUTh 3HAUEHH 3aTPUMYIOUOl HATIPYTHU, II0-
TiM i3 3aKOHY 30eperKeHHs eHeprii — MaKCHMAJIbHY IIIBU-
JIKiCTb eJIEeKTPOHIB.

Amnner i3 remu «IIuToMuii omip IpoBiTHMKA» MOYKHA
BUKOPHUCTOBYBATH AK OKPEMY MOJIETH 1718 OOUVICIIEHHS ITH-
TOMOT'0 OIIipy MPOBiTHMKA, IOTO JOBXKUHH [ ¥ ILJIOIITi IT0-
TIEPEeUHOro Iepepisy S abo AK 3aJaUHNI MOIYJIb AJIsI PO3-
B’sA3yBaHHs II€BHOI0 KJjacy 3agad (puc. 13).

] B onopory 202 ]+ =

« > € @ B fiy)c/ooc OCALS~1/ h :_uk.html

onip = 1.250m Qem  em

Preferences...

Puc. 13. Monens n,1s po3B’s3yBaHHA 3a7a4 i3 TeMu
«ITutomuii omip IpoBigHMKA »

PosB’sa3yBaHHA 3a1aU Y CEPEIOBUII KOHCTPYKTOPIB
BipTyaJIbHUX €KCIIePIMEeHTIB 3 (Di3uKM CIIpuse IiaBu-
IIIeHHI0 iHTepecy A0 1l BUBUEHHS, 3aCTOCYBAHHIO 3HAHD B
HEeCTaHJapPTHUX YMOBaX, PO3BUTKY IIPOCTOPOBOI YsBH,
KOHCTPYKTOPCHLKUX 34i6HOCTEM Ta iH.

3acTocyBaHHA B3a€MOOMOBHIOIOUNX HABUATBHUX
KOMII’IOTEPHIX MOJeJIel fa€ 3MOr'y 30araTuTH i po3IIiu-
PUTH MOKJIMBOCTI TPAAUIIMHIX METO/IiB HaBUaHHS, 3a0e-
3I1eUyIOUl BeebiuHe IMiBHAHHSA YUHAMI 00’ €KTHBHOI peaJib-
HocTi. O3HAOMJIEHHS 3 KOMIT I0TEPHUM MOJAETIOBAHHAM
CTBOPIOE YMOBH [IJII YCBiTOMJIEHHS JIOTi K11 HAYKOBOTO ITi-
3HaHHA, OCMICJIEHHS F10T0 MeTOLO0JIOT].

BucHoBku

BukopucTaHHs cepegoBUIla KOMII IOTEPHOTO MOJIe-
JIIOBaHHS JJa€ 3MOTY 3HAUHO POSIIIUPUTH 3MicCT Kypcy (i-
3UKU CePeIHbO]I IITKOJIN, CYTTEBO MiABUINUTU PE3yJIbTa-
TUBHICTh HaBUAJbHOI JiAJIHLHOCTI 3 pO3B’ A3yBaHHA Pis-
HUX TUIIiB 3a7]a4, HAJJaTH il TBOPUOTO XapaKTepy, IIOCH-
JIUTY TPUKJIATHY 3HAUYIITiCTh HABYAHHSA, CTUMYJIIOBATHA
PO3BUTOK 00Pa3HO-ECTETUUYHOI0 M a0CTPaKTHO-JIOTiU-
HOTO MUCJIEHHS IMIJIAXOM BUKOPHUCTAHHSA KOMII IOTEP-
HOI rpadiku 3 MeTOIO Bidyasrizaiii mpupogHux 06’ eKTiB,
BMIITHUTU MiKIIpeAMeTHi 3B A3KMU 3aBAAKU BIIPOBA-
IJKeHHIO MaTeMaTUUYHNX METO/IiB BigoOpasKeHHs Ta
OIIpaIlioBaHHs iHdopMaIlii mpo 00’ eKTH pisHUX IIpeaMe-
THUX rajyseii Toimo. ¥ mpolieci po3s’a3yBaHuA (isuu-
HUX 3a/1a4 B iHTePaKTUBHUX KOMII’ IOTEPHUX CEPEIOBHU-
1ax B YYHIB (QOPMYIOThCA PyHIAMEHTAIbHI 3HAHHS
PO ABUIIA IPUPOAU, 3aKOHU 1 3aKOHOMiPHOCTI ITPOTi-
KaHHA (DiSMYHMUX ITPOIECiB, IPAKTUYHI HABUYKY, YMiH-
HA KOPUCTYBATHCA BUMipIOBAJILHUMU MPUJIAaMU Ta
3IiHICHIOBATH CAMOCTiMHI JOCTiI)KeHH s, BOHU OBOJIOII-

BaIOTh CIIeNU(iyHNM iHCTPYyMEHTapieM, 110 CTA€E IOTY-
JKHUM 3ac000M HAYKOBOTO ITIi3HAHHS.
* % X%

Measauk I0.C. KomnbloTepHOe MogeTupoBaHne B
nmporecce perreHusa pusnIecKnx sagad

Annoranusa. B craTbe pacKphITa CYIIIHOCTDL METOIA
KOMIIBIOTEPHOTO MOAeInpoBanus. OCyIIeCTBIEH aHAIN3
WHTEPAKTUBHBIX Cpel pelreHns (PU3NIYECKUX 3akad C
TIpUMeHeHeM COOTBETCTBYIONTUX Mofiesieli. Pazpaboran
QJITOPUTM KOHCTPYHUPOBAHUS MOJIEJIeil B PA3HOOOPA3HBIX
KOMIIBIOTEDHBIX IIPOEKTHBIX CpeJax.

KiroueBbie cjioBa: aJiIrOpUTM PEIIIeHUs 3a]aY, NHTe-
paxTHBHAs yueOHAasA cpefa, husruecKre 3a1aUn, KOMITBIO-
TEPHOE MOJIEINPOBAHNE, KOHCTPYKTOD BUPTYaIbHbIX 9K-
CIIEPUMEHTOB, IIeAarorudecKoe IporpaMMHuoe obecIieye-
HUe, cTapIas IIKoJIa.

* %k %

Melnik Yu. The computer design in the process of
untiing physical tasks

Resume. Essence of method of computer design is
exposed in the article. The analysis of interactive envi-
ronments of untiing physical tasks is carried out with
application of the proper models. The algorithm of con-
structing of models is developed in various computer pro-
ject environments.

Keywords: algorithm of untiing of tasks, interac-
tive educational environment, physical tasks, comput-
er design, designer of virtual experiments, pedagogical
software, senior school.
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