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CBOBOJ/IHU OHJIAWH PECYPCH
B YAC 11O MATEMATHUKA

Hou. a-p Ilenka I'eopruesa
bypeacku ceob00en ynusepcumem

Pesrome. Crarusita ce Qokycupa BbpPXy IPEAMMCTBA W HEIOCTaThUIU
NpH W3MOJ3BaHE Ha coTyepHH (OHIANH W OQmaifH) pecypch B OOyYEHHETO
[0 MareMaTuKa, MACHTH(GHLHUPAHK OT aBTOpa B ABITOTOAWINHA IPAKTHKA B
mpenogaBaHETO HA MaTCMaTHKa B pa3JIMYHU HHUBA U O6pa3OBaTCJ'[HI/I WHCTUTYLUH.
[TpencraBeHu ca MpUMEpH U WEH 3a MOBHIIABAHE €(PEKTUBHOCTTA Ha 00y4YEHHETO
4pe3 MpeoosIsiBaHe Ha HOBOBB3HUKHAIM ITPOOJIEMH B 00pa30BaTEIHHUS IIPOLIEC.

Knrouoeu oymu: onnaitH pecypcu; oOydeHHE IO MaTeMaTHKa; ajlTepHATHBHO
oOydeHne

Boeenenune

ColecTByBaT MPEU3BUKATENICTBA OT PA3JIMYEH XapakTep MpH MperogaBaHe Ha Ma-
TeMaTHKa B LIETMS Kypc HAa 0OyYeHHE U B YUWIIMIIHMS, U B YHUBEPCUTETCKUS eTal Ha
obOpazoBanue. C Mpean3BUKATENICTBA CE COTBCKBAT KAKTO 00ydyaeMHTe (YUCHHULN U CTY-
JICHTH), Taka ¥ TpernojasareinTe. B aHkera, MpoBeieHa ¢ YUUTENN O MareMarrka oT
MPOrMMHA3MANIeH M THMHA3HAJICH eTall, y4acTBaJIN B pa3nunaHu oOyueHus npes 2023, Te
CIIOZIETISIT TPEBOXKHH KOHCTATALIMH, HATIPUMED ,,. . . ipezcTaBsineTo Ha HBO e miaueBHO™,
,»YUCHUKBT U YUHTEIAT ca B 0e3u3X0Ha cutyatsi v np. Ha Berpoc 3a OCHOBHUTE IpH-
YHHH 32 TEKYILOTO CHCTOSIHIE YIUTENUTE IOCOYBAT: YUeOHUTE TIPOrPaMH 110 MaTeMaTH-
Ka ca [PeTOBapeHH OTKbM MaTepHalt; 4acoBETE [0 MaTeMaTHKa Ca HeIOCTaTbuHO; CBAJICH
B [O-MAJIKH KJIaCOBE ydeOeH MaTeprat; M3JIUIIeH yueOeH MaTepra B yYeOHHUIUTE U JIp.
00110 e pa3dupaHeTo, Ye MPEeBUICHOTO 3a U3ydaBaHe y4eOHO ChIbpKaHUE M0 MaTeMa-
THKA Ce MPeroiaBa B KOMIPECHPaH BUJL U 32 KPATKO BpeMe, YPOUHUTE SMHUIIN 32 HOBU
3HAaHMS Ca ChC 3HAYUTEITHO ITO-BUCOK ST OT Te3H 32 YIpaKHEHHS (TIp. oT 25 ypoka B Te-
Mara ,,O0MKHOBeHH Jipobu‘ 19 ca 3a HoBH 3HaHUsI (76%) 1 camo 6 —3a 0000ITIeHHE, TIpe-
TOBOP, YIPAYKHEHUS U MPaKTUUecKa IeiHOCT (24%)). 3aKOHOMEPHO 3HAYUTEIICH OpOii OT
YUYEHUIIMTE HE MOTAT Jia MOJIyJaT TPAH! M CHCTEMaTHYHH 3HAHUS TI0 MaTeMaTHKa, HUTO
JIa U3rPaJisIT IbBKABU YMEHHUS M KITFOYOBH KOMITETEHIIMH B YACOBETE 10 MareMaTrKa.

OCHOBHUTE 1IeIM Ha M3yYaBaHETO Ha MaTeMaTHKa ca HEMPOMEHEHHU U Te ca MpH-
no0uBaHeTo Ha (PyHIAMEHTAIHU 3HAHHS, YCBOSIBAHE HA OCHOBHHM KOHLETILINH U pa3-
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BUBaHETO Ha OCHOBHHM YMEHHS 32 M3IIOJI3BaHE Ha MareMaTuueckus amapar. [loctu-
raHeTo Ha TEe3M LEJIM JHEC € HEBb3MO)KHO CaMo 4pe3 ClIe/IBaHe Ha ,,CTaHAapTHHUTE
MeToy Ha OOydeHHE W y4eHe. YCIOBHUSTA, M3UCKBAHUATA U PEATHOCTHTE Ca Ch-
IIECTBEHO NMPOMEHEHU. BaxkeH acmekT e 1mo-AMHaMUYHO U MO0-ObpP30 pa3BUBAIIO CE
3HaHWE B Haii-00Il CMUCHI U TOBA BOAU JI0 HEOOXOIMMOCT OT MPUA0OMBAHETO Ha
pa3IMYHU MHCTPYMEHTH, TEXHOJIOTHH U yMeHHs1. Hello noseue, HOBU CIICIUATHOCTH
Y TEXHOJIOTHH CE€ TOSBSIBAT BHB BCSKAa OOJIACT HA YOBEIIKATa MPAKTHKa — poOOTHKA,
0T, u3KyCTBEH UHTEJIEKT, MAIIMHHO 00y4eHue U T.H. B nombiaHeHne camure oOyya-
€MH TTOKa3BaT MAJIKO JKEJIaHHE J1a 3aTIOMHST M Bb3IPOU3BEKIAT HAM3YCTCHH (aKTH,
TeopeMH U (Gopmyiu. BaxxHo na ce oTOenexu, ye TeXHUTE 3HAaHUS B MHOTO TOJISIM
MPOLICHT HE ca CUCTEMaTH3UPaHU B MOCJIEOBATEIHA HAYYHA CHCTEMA, a ca JI0 M3-
BECTHA CTEIICH I'PaHy/IMPaHH, OTKbCHATH U JIEKO XaoTHYHU. O0y4aeMuUTe UMarT JIECeH
JOCTBIT 0 MH(POPMAIIMS U 3HAHHSI OT BCUYKH aCIEKTH Ha HayKaTa U J)KUBOTA M aKO
HE 3HasT HEIO, IPOCTO T'0 HAMUPAT C MHTEPHET ThpCcayka, a ako He MOraT Jia Harpa-
BST HEIIO, MPOCTO TIEAAT BUACOKIUI (MM JIBa) U CE HAy4yaBaT KaK Jia rO HalpassT
(Ichsan, Suharyat, Santosa & Satria 2023).

[Mpenu3BrKaTeTHI MPOMEHH B yueOHaTa cpefia ca 00ChICH! Ha IICHApHOTO 3ace/a-
nre Ha OEB‘2019 Pushing Technological Boundaries, kbnero npod. LI Anekcanabsp
M3THKBA HApaCTBAIUTE Pa3Xo/y 32 00pa3oBaHe, KOMEHTHPA HUBOTO Ha MPHUTOHOCT Ha
3aBBPILIIATE 33 TPYAOBA JCHHOCT U HAYMHU 32 W3MOJ3BaHE HAa TEXHOJIOTHMHTE 32 MO-
YCTOHYMBO ObJIeIIe Ha 00pa30BaHHUETO.

[pomens ce u pusnueckara cpena npu yuere. J1o XX Bek OCHOBHH MOIXOIHM 32 yue-
HE Ca CTPHKTHU YacoBe B KOHTPOJIMPAHA OT TPeroaaBares cpesia, Oe3KpailHi 4acoBe B
OMONMOTEKH, TTMCaHe, 3allaMeTsSIBaHE U PENPOIyIIMpaHe Ha 3araMeTeHus Marepuai ((ur.
1). Ho B XXI Bek HaumHHTE ca Ipyru — oOyuyaeMuTe (M MPEroaaBaTelIiTe) U3IoN3Bar
MHTEPHET, pa3paboTBaT MarepuaIuTe Cu Ha KOMIIOTBP ((ur. 2), MOCTENeHHO YacT OT
3aMaMeTsIBaHETO M PEIPOAYIIMPAHETO Ce 3aMECTBAT C KPEaTHBHO pelliaBaHe Ha Ka3yCH U
peasHu npoOnemH.

®urypa 1. Camononroroska B ouonroreka (XX Bek)
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®urypa 2. Camononroroska (XXI Bek)

He e 3a noaueHsBane TeHASHIMATA KbM ITI00aIM3anys Ha 00pa30BaHUETO, KOSI-
TO 11e ObJIe KOMEHTHPaHa MO-KbCHO.

Tesu ¢axTu Hanarar ¥ IPOMEHHU B HaUMHA Ha 00yuYeHHUE, MIPEnoiaBaHe U OLCHKA
Ha 3HaHHUATA, HO TOBA [0 HUKAKHB HAYMH HE TOJKOMNaBa (yHIaMEHTAIHATa POJ,
KOSITO TPAJULIMOHHNUTE METOAM Ha 00yUYEHHUE UTPAsAT B IPENOJaBaHETO U O0YyYECHHUETO.

B nombnnenue TpsiOBa a ce 0ObpHE BHUMAaHHE W Ha NpEAW3BUKATEICTBATa,
MPOM3THYALM OT OpraHu3alMsATa Ha OOy4YEHHETO 10 MaTreMaTHKa B YYWIUIIE,
CBBP3aHH ChC 3aABIDKUTEIHNTE yueOHH mianose B Peryonuka bearapus. Cnenpa-
LIMTE JIBa IPUMeEpa ca WIIOCTPaLUs 3a TOBA.

(1) B mpodecronanuure ruMHa3uu (HIKOU OT KOUTO TEXHUYECKH) CEAMUYHO Ce
ydar camo 2 Jaca MaTeMaruka.

(2) B mpo¢minpanara NoAroToBKa Ha e3uKoBUTE TMMHa3uu B XI kiac marema-
THKaTa € 7 yaca CeIMUYHO B 4 Pa3IMYHU OpeaMeTa (e1H 3aIbJDKUTEINEH OT 2 yaca,
JIBa MOJIyJ1a BCEKH I10 2 yaca ¥ eIuH u30upaeM ¢ 1 yac), n3yuyaBaHU €IHOBPEMEHHO,
a yYEHHLHUTE ToJTyyaBaT o010 27 TONUIIHU OLIEHKU M0 BCUYKH U3y4YaBaHU Mpe-
METH, I0OKAaTO TEXHUTE BPbCTHHULIM B IPYTH CTPAaHU U3ydyaBaT 5 uiu 6 mpeamera.

Pemenus morar a ce ThbpCAT B Pa3IMYHH [TOCOKU. YBETUUABAHETO HA CEAMUY-
HUs Opoli Ha YacoBeTe M0 MaTeMaTHKa € eIHO Bb3MOKHO pemieHue. Taka me nma
MoBeYE BpeMe 3a MPOEKTH, ChCTE3aTeTHH UTPU U JCWHOCTH, CBBP3aHU C MOBHIIIA-
BaHe MHTEpeca Ha yYEHHULIUTE M 3aTBbpXK/IaBaHe Ha 3HaHUATa. ToBa TpsiOBa na ce
KOMOWHHpA ¢ HaMaJsIBaHE Ha Pa3IIekKAaHUTE TEMU.

HamansBane Ha oOwmmst Opoil M3ydaBaHM NMpEIMETH € JIpyra 3aQbDKUTEIHA
MSIpKa.

Ho B Ta3u cratus me 0be 00bpHATO MO-TOJISIMO BHUMAaHKE Ha HETPaIUIIMOHHN
METOIH Ha MpernojaBane 1 yueHe. TakuBa B 00y4eHHETO [0 MaTeMaTHKa ca:

— M3CIIEIOBATEIICKH MOAXO;

— aKTHBHO y4Y€HE — KOHLEMLHUATa 32 aKTMBHO 0Oy4YeHHE ce OCHOBaBa Ha Mpe-
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MHUHaBaHE OT 3alaMeTsiBaHe Ha 3HaHUS M (PakTH (MOBBPXHOCTHO O0y4YeHHE) KbM
pa3bupane (3aab1004eHO 00yUeHuE);

— MpoeKkTHO opueHTHpaHo obOydyenue (POL) — BkmrouBaHe Ha oOyyaeMuTe B
pa3NUYHU NPOEKTH, OOMKHOBEHO BOJACHIM 10 Ch3JaBaHE Ha MPOAYKTH. B amupax-
THueckara crparerust Ha POL akTUBHOTO y4yeHe ce omucBa Karto oOpas3oBaresHa
napaaurma, KosiTo Tpanc(opMupa IMPEKTHHS OMTUT B MHCTPYMEHT 3a MOAIIOMarane
U CTUMYJIUPaHE Ha YYEHETO;

— M3MO0JI3BaHe Ha COPTYEPHHU CHCTEMH 32 KOMITIOThpHA MaTeMaruka — 6e3crop-
HO JIGCHUSIT AOCTBII 10 MOLIHUA KOMITIOTPU M CO(Tyep BOAM A0 3HAUUTEITHH HPO-
MEHH B MPENOJaBaHETO U U3y4aBaHETO Ha Maremaruka. ChlIecTBYBaT cOPTyepHU
naketu (kato MATLAB, MAPLE u MATHEMATICA), kouto Morar na Obaar
W3II0JI3BaHM KaTO MPAaKTUYECKU MHCTPYMEHT 3a M3yyaBaHE HA MaTreMaTHKa, 3a BH-
3yalu3upaHe Ha KOHLENIWU U Pe3yATaTH U 32 HAMHPaHE Ha PELICHUS Ha CIIOKHU
ypaBHEHUS Upe3 U3BbPILBAHE HA CIOKHU CUMBOJIHU M3YHCICHUS U TpaHchopma-
uuy. CTaTHCTUYECKUTE TTAaKEeTH ChUIO MOrar Jia ObAaT M3MOI3BaHU 32 M3CIICBAHE
W aHaju3upaHe Ha JaHHu oT peanHus cBsaT (Herfort Tamborg, Meier, Allsopp &
Misfeldt, M 2023);

— MHTEPHET — M3MOJI3BAHETO HA MHTEPHET 32 00pa30BaTEeIHU LIEIN UTPae BaKHA
POJISL KaKTo B Ipolieca Ha MperojaBaHe, Taka U B Ipoleca Ha ydyene. [lonsure ot
BKJIIOUBAHETO Ha MHTEPHET B OOYYEHHETO M0 MaTreMaTHKa ca MHOroopoiHu. 1u-
TEpHET MOXKE /1a Ce M3I0J3Ba Karo METOAWYECKH MHCTPYMEHT, Hamp. BHAeara U
aHMMAaIMKTE ca e(PeKTHBEH HAUMH 33 WIIOCTPUPAaHE Ha TEOMETPUIHHU OOEKTH, BEK-
TOopH ¥ T.H. Hemro moBeye, o0yyaeMuTe MOraT Aa ce CBbP3BaT ChC CBOMTE IIPEIIO-
JaBaTeny W/WiIH Jpyrd 00ydyaeMy MOYTH HEMPEKbCHATO HE CaMo 4pe3 UMEHIH, HO
JOKaTo paboTAT BBPXY 3a/4aud B yeOOa3upaH! KypcoBe 3a aCHCTUPAHO OOyueHHE
Ypes MojlyyaBaHe Ha KOMEHTapH U aHalu3u. IHTepHeT pecypcuTe moMarar Ha yde-
HUIIMTE J1a U3cIeIBaT HOBU HJCH U 1a 000raTsT 3HaHUSTA CH;

— 00pa30BaTeIHU UIPU:

— ,,Iloened 6 munanomo — Kak NICTOPUYECKH ca Bb3HUKHAIN MaTeMaTH4e-
CKH KOHLIEIIINH, HalIpUMep YKcia, HU(pH, TeOMETPUIHN QUTYPH U TIP.;

— Pazdenane ,,na oxo “— pazuensiHe Ha peasHd OOCKTH M KOJUYECTBA Ha
4acTH (TIOJIOBUHU, TPETHHH, YETBEPTUHH) K 00paTHO — ONpeesisiHe ,,Ha OKO* KaKBa
4acT OT LSUIOTO € PasIIekKAaHUIT OOCKT;

— B occueoma — npuckyTupane Ha Ipodecru U CUTyaluy OT peaslHusl )KUBOT,
B KOMTO C€ IpWIaraT MaTeMaTn4ecky KOHIICTILUH;

— Hanpasu cam — Monenupane Ha TeOMETPUYHH Tela,

— Ha omxpumo — oTKkpuBaHe Ha yucia, rpadUKd UM TEOMETPUYHU QUTrY-
PH U TeJa B yPOK Ha OTKPHTO;

— Ilposepu— MMCMEHO aHAIM3UPAHEe Ha TPEIIHO PelleHa 3a/1a4a.

— pabora B ekwIt;

— M3M0JI3BaHe HA OHJIAMH n/niu oduiaiiH cohTyepHU PECypPCH.
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lonsima wact ot xopara, B T. 4. Y4EHHLU U CTYyACHTH, UMaT MOIPEIIHOTO pa3-
Oupane, 4e MaTeMaTHKa Ce CBEXKAA 0 MpecMsATaHus ¢ yncia. Manko 3abens3Bart
aJITOPUTMUTE 32 MOJy4yaBaHE Ha PELISHUs U CJIEBAHETO Ha MPOLeTypH 3a J0Kaza-
TesicTBa. ENMHMIM Ooch3HABAT MareMaTuKara KaTo MHCTPYMEHT 3a MOAETHpaHe, a
CJIEZIOBATEIIHO M 3a pa3dupaHe, MHTEpIIpeTalys, yIpaBleHne Ha TPOLECH U CBBP-
3aHUTE C TO3M acMeKT KPEeaTUBHOCT M €CTEeTHKA Ha Ta3u Hayka. ToBa JOHSAKBJE ce
IBIDKU Ha TPEToaBaHeTO Ha MaTeMaTHKa B YUWIIMINE MPEIUMHO KaTo MOpeIuna
OT MpaBWiIa U MPOLENYpPH, KOUTO HE MO3BOJSABAT HUKAKBU OTKIOHEHMS WIN Kpea-
THUBHOCT.

Bcenuku Hue cme OyKBaHO 3aJIMBaHM OT WH(POPMALHS IOCTOSIHHO, HO 00yJae-
MUTE YECTO s IpUeMar 3a JIaJeHOCT U He ce BB3MOJI3BaT OT Hesd U He 3HasAT Kak Ja
M3BIMYAT BaXKHOTO U 1OCTOBEPHOTO. [IpeiocTaBsiHETO HA JOCTBITHU PECYPCH, KOM-
OMHUpaHH C Bb3MOXKHOCTH 33 aKTHBHO yUYEHE, € KJIIOUOB aCIEKT B IPEOJOISIBAHETO
Ha METOAMYECKHUTE MpPEAN3BHKATENICTBA. BMecTo na ObaaT mpoCcTo M3JIOKEHH Ha
uHpOpManuaTa, o0yuyaeMuTe TpsiOBa Ja ObJlaT aHTaXUPaHU B aKTUBHH JEHHOCTH,
KaTo TPYIOBH JIUCKYCHH, 3aJa4M 33 ChIIOCTABSHE Ha PEaJIHN JaHHU, CAMOCTOSATEIN-
HO M3TOTBSIHE HA AMArpamMH W TaOMUIM U MyOIWYHO MpECTaBsiHE Ha PE3yiITaTH-
Te. V3no13BaHe Ha peaHu JaHHU OT OKOJIHATa cpefia (TeMieparypa, BIaKHOCT Ha
Bb3lyXa, MPOABIDKUTEIHOCT Ha JICHS U Tp.), OT aKTyaJHW HOBHHHU WIH OT 00JacT
1o u300p Ha camuTe 00y4aeMu MOBHILIABAT 3HAYUTEITHO MOTUBALMATA. TaKbB MOA-
XOJI € MHOTO MOAXO/A1 Hanpumep 3a Moayn 4. ,,BeposTHOCTH U aHaIN3 HA JaHHU
Ha npo¢uIIMpaHa MoAroToBka mo MmareMaruka B XII kmac™.

W3znon3BaHeTo Ha MHTEPAKTUBHU TEXHOIOTUHU M COPTYEPHH HHCTPYMEHTH CHLIO0
MOXKe J1a Obje MOJe3HO MPH yYeHeTo. BupTyanHu cpeau, HHTEPaKTUBHU ABCKU U
coTyepHH makeTH, CIEUUATU3UPaHH 32 00pa0dOTKa Ha JAaHHU M BU3yaJH3alus
MPEAOCTABIT Bb3MO)KHOCTH Ha 00y4aeMHTE a2 EKCIIEPUMEHTHPAT C Pa3IUdHU TH-
MOBE AMarpamMy 1 TaOlMIM U A2 Pa3BHAT CBOUTE YMEHUS Upe3 MPaKTUYECKH OIIHUT.
Juarpamure u TaOMUIMTE C€ M3MOJI3BAaT B PA3IMYHM NPEIMETH M AMCHUILIMHU
KaTo MaTreMaTHKa, HayKa, IKOHOMUKa U reorpadus. HTerpupanero Ha ydeOHHTE
MaTepuay u 3a/1a4i, KOUTO U3MCKBAT pa3uuTaHe ¥ OpraHu3upaHe Ha HH(opMmans
OT JuarpamMu M TaOJHULHM, B Pa3IMuHu yuyeOHU 00JacTu MOXKe Jja TIOMOTHE Ha yde-
HUILIUTE Ja pa30epaT KOHTEKCTYAIHUTE aCIIeKTH U TIPUIIOKECHUATA Ha T€3U YMEHUSI.

[TnrocoBeTe U MHUHYCHTE OT M3MOJI3BAHETO HA CBOOOJHM M O€3IJIaTHH OHJIAiH
pecypcH B 4acoBeTe 10 MaTeMaTrka € (POKyChT Ha Ta3u CTaTusl.

Bunose onJiaiin pecypcu 3a o0y4eHne mo MareMaTHKa

A. OnnaiiH KaJKyaaTopu

Symbolab?, Equation Solver: Wolfram|Alpha’; Equation Solver; MathPapa*;
Photomath’® ca camo mainka 4acT OT XHJISIIUTE JOCTHITHU OHJIAMH KaJIKYJIaTOPH 32
pelaBaHe Ha ypaBHEHHUS. Hsikow OHIaiH KalKyJaaTopyu BH3YyaJU3UpaT PeIICHHsTa
CTBITKA 110 CTHIIKA U MO TO3W HAYMH Ca MOJIe3€H HHCTPYMEHT B Tipolieca Ha o0yde-
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Hue. CpUIeCTBYBAT OlIEe MATPUYHH KAJIKYJIaTOPH, KaJIKyJaTopH 3a AudepeHuupane,
KaJIKyJIaTOpH 32 KOHBEPTHPAHE HA MEPHHU €AMHULH, KAJIKYJIaTOPH 3a MOCTPOSBaHE
Ha rpaduky (rpaguuHH KaJIKyJaToOpH) H Tp.

b. Buneo pecypcu

Tyk npumMepuTe ca CbI0 MHOTOOPOIHU, HO B Ta3M CTATHs 1Ie ObJaT MOCOYECHU
camo JBa pecypca.

3BluelBrown® e Bueo KaHal Ha aHIJIMICKU €3MK C HHTEPECHU KPaTKU aHMMa-
LUK OT BCHMYKH 00ONAacTH Ha MareMaTHKara, KOWTO MOXKe Ja Obje M3MOJI3BaH U 3a
y4€He U 3a MOBUIlIaBaHE Ha MOTHUBALUATA.

JlocThIleH 1 TOHSKB/E Oe3IUIaTeH pecypc Ha OBbJITapcKy e3uk ¢ Yua.ce’.

Buzaeo yponure ca eHHH KaTo IOMBJIHEHHE KbM Mpoleca Ha 00ydeHHe U yde-
He. JloOpe e 1a ce 3Hae, 4e IIeAaHeTO Ha BUJICO TIOBUINIABA CTETIEHTA Ha TOIr0TOB-
Ka Ha o0y4aeMHTE CaMO KOraTo BHJEOTO € IIIEAaHO CKOpO Ciel JIEKLUsTa/Jaca.
VYenexbT Ha TECTOBE CHIIO HE € PABOIIPONIOPLMOHANEH Ha Oposi Ha IIeJaHusTa Ha
CHOTBETHHS BUACOYpOK. [ToBeue qanHu 1 mogpoOeH aHau3 10 TO3U BBIPOC MOTaT
na ce HamepsaT B (Gowan, Hanna, Greer & Busch 2018).

B. Owniaiin akageMuu

,Kan Akazemus™ e BaKeH pecypc, ChIAbpKall KPaTKH YPOIH, TECTOBE U BU-
JEOypOLM U Ha OBJITApCKH OT MOYTH BCHYKH JASJI0BE HA yYMIIMIHATA MaTeMaTHKa.
PecypchT e HamrbiiHO Oe3MIaTe .

Hpyra unrepecHa akagemust ¢ JUMP Math’, kosito e nHOBaTHBHA mporpama 3a
oOydeHHe 0 MaTeMaTHKa, IIOCBeTeHa Ha Pa3BUTHE Ha MTOTEHIMAajIa Ha BCSIKO AETE U
U3rpakJaHe Ha YBEPEHOCT MPU 00yUEHHUETO 0 MaTeMaTHKa.

I. AnTepuaruBHO 00yUueHHE

Tyk ca pa3miefaHu HSKOJIKO MHTEPECHM 3a aBTOpa MOAXO/A 32 aITepHATHBHO
oOydeHHe, Karo 1eTa He € Ja C€ JOCTUTHE U3YepIaTeIHOCT.

v MOOCs (abpeBuarypa na MASSIVE OPEN ONLINECOURSES) ¢
MOIIHO pa3BHBaIla ce 00JacT B MPEAOCTAaBIHETO Ha oOpa3oBaTeilHa yCiIyra.
OT enHa cTpaHa, uesTa 3a OTBOPEHO 00yUYeHHE HE € HOBA — Pa3JIMuHU 00pa-
30BaTEJIHU €KCIIEPUMEHTH B Ta3M MOCOKa 3a1o4YBar B HayanoTo Ha XX Bek. OT
JpyTa cTpaHa, MOMyJIspU3UPAHETO HA KOHIEMIMATA 3a MMbJIHA IPO3PAYHOCT U
JOCTBIHOCT Ha HAYYHUTE MOCTUKEHUSI 1 00pa30BaTEIIHUTE PECYPCH 3al04YBa
Mpean OKOJO TPU JECEeTHJIETHs C HJieanHaTa Ied Ja ce 3al’bJIHU ChIIECTBY-
BalllaTa OTPOMHA pa3jiMKa MEXJIy pPa3BUTH M pa3BHUBAIIU CE€ CTPAHU, a U J1a €
KOpPEKTHUB Ha yUeHUTE NP TEXHUTE U3cienBanusd. Hiakou uscienosarenu nopu
pUCyBaT anoKaJUNTHYHATa KapTHHA, B KOSITO TPaAULMOHHUTE YHUBEPCUTETH
1 YUYMJIMILA ca MpecTaHald Ja ChIIecTBYBaT. PeanHocTTa B HACTOAIIUS MO-
MEHT € Jjajied OT Te3W MPOrHo3u. 1 He3aBUCUMO OT CIIOPHUTE ACHEKTH U I0-
CTaBEHMTE BhIpocH no oTHoumeHne Ha MOOCs TsxHaTa possi KaTo CPEeACTBO
Ha oOyueHue e Oe3crnopHa. BaxxHo ga ce moauepTae, 4ye LelTa Ha OTBOPEHOTO
oOpa3oBaHue €:
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— yBeJIMYaBaHe JOCTBIIHOCTTA Ha PA3IMYHU IPYIIH X0pa 10 00pa3oBaTesieH mpo-
nec u
— YCIIEITHOTO y4YacThe B 00pa30oBaTeIHU MPOLEC.

MOOC:s sicHO eMOHCTpHUpaT TeHACHIMATA 3a TIo0alIn3alus Ha o0pa3zoBaTe-
Hara ycinyra (¢ur. 3).

®urypa 3. [Ipumep 3a modanuzanusTa Ha oOpa3oBaresHara yciuyra. Ta3u kapra

wiroctpupa Hag 113 000 uzrenssaus va OER (open education resources) ot Ha

184 nppxaBu 1 u3tereHu B Hag 3600 oOpaszoBarennu nHcTUTYIMU 1ipe3 2022 T,
KOUTO ca xocTBaHu camo B University of Missouri — St. Louis!?

Ocuouu nocraBuuiure Ha MOOCs ca Coursera, edX, Udacity, Canvas.net,
FutureLearn, Miriada X, France Universitate Numerique, Open Education by
Blackboard Rwag,, iversity, NovoEd u ap. Beuuku te npemiarar u MOOCs 3a
CHCTEMH 33 KOMIIOTbpHA MaTeMaTHKa.

ITIpu MOOCs ce HabrOMaBa M SCHO M3pa3eHa TCHICHIUS KbM KOMepCcHalln3a-
st BCHYKY TOCTABUUIM UMAT MAPKETHHTOB KaHAJT C pa3inyHu HUBA (0€3MIaTHO
HUBO, TUIATEHO HUBO-CEPTH(UKAT), pearaT MUKPOKPEAUTUPAHE, YHIUBEPCUTET-
CKHU KPEAMT, OHJIAIH CTeneHH, KoprnoparuBHo oOyuenue. [locneqnure nBe oopaszo-
BaTEJIHU YCIIYTH ca Nas3ap Ha CTOMHOCT Munmapau aonapu (camo 3a 2017 Coursera
peanuzupa oOyuenus 3a Hax S00 komnanuu B cpaBaenue ¢ 30 3a 2016).

IIpenumMcTBara Ha TO3W BUJA OOydYeHHs ca I'bBKaBOCT U yHOOCTBO, KypCOBETE
CTaBaT OTHOCHUTEIHO BCE MO-KpaTku (mpeobnagaBat 4-ceIMUIHUTE KypPCOBE), Tpa-
¢unuTe ca reBKaBH, pa3pellaBa ce 3alicBaHe clie]] CTApTUPaHeTo Ha Kypca, 3a-
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ma3Bar ce MOKPUTHUTE MOAY/IH 3a CIEeIBAIL0 Ha4yalo Ha ChIIMS Kypc, CPOKOBETE 3a
W3IIBJIHEHNE Ha 3a/laHHs ChILO CTaBaT I'bBKABH, JOIYCKAT C€ MHOTOKPaTHU OMHUTH
Ha TecToBeTe. Ho ce 3a0ems3Ba psi3ko HaMaisiBaHe Ha JUCKYCHOHHUTE (DOpMH.

* OOyuenue ,,y 1oma‘

— Moodle'' — B mocnenuuTe 4 TOAMHM BCHYKH MpEMNOIaBaTeIN IPHI00UXME
roJIsiIM ONUT B M3IMOJ3BAHETO HA Ta3W CHUCTEMa, 3amouyHara npeau 20 roguHu oT
Maptun Jlyruamac B myCTHHEH paiioH Ha 3anagHa ABCTpajus, OTIAJEUYEH OT Haii-
Omm3koTo yunnuiie Ha mout 1000 kunmomerpa. [oneMusiT onuT ¢ TMCTaHHOHHOTO
panuo oOyveHHe € B OCHOBaTa Ha BU3MsATA Ha Jlyrmamac qa M3mon3Ba HHTEPHET 32
H3BeXIaHe Ha 00pPa30BaHUETO OTBB] (PU3NUECKUTE KIACHH CTau, KOMTO IOYTH HE
ca ce MPOMEHWJIM OT CTOTHIM TOIUHHM, U Ja C€ OCHTYPH KaueCTBEHO 00pa3oBaHUE
BBbB BCHUYKM KpaWlila Ha cBeTa. B cbyeraHue c Ta3u BH3HA € MOIAKpeNara My 3a
BceoOmara nexmapanus 3a npaBara Ha yoBeka Ha OOH — Bceku mMa mpaBo Ha
oOpazoBaHue. 3a ga mpeonojee Oapuepure, Mpel KOUTO ca U3NPABEHH MUJIMOHU
B JocThNa A0 oOpazoBanue. ExunbT Ha Moodle BsipBa, ue CBOOOIHUST JOCTBII O
00pa3zoBaTeHN TEXHOJIOTUH € (yHJaMEHTaJleH 3a Ch3JaBaHETO Ha IMO-CHpaBel-
JIUB CBAT, B KOMTO BCEKHM MOXE Ja MMa KayecTBeHO oOpaszoBanue. Kato cucrema
3a ynpaBJjeHUE Ha O0yYeHHETO C OTBOPEH KOJ, KOSTO € Oe3liaTHa 3a U3TerIsHe,
MoauduMpane u criogemsHe ¢ Apyru, Moodle LMS e Haif-go0pusT U3pa3 Ha LeH-
HOCTHUTE, KOUTO 00eIMHSBAT HaIIaTa OOIIHOCT OT pa3padOTUUIM, CHCTEMHH aIMH-
HUCTPATOPH, PENOAABaTENN 1 yYalllH.

— Boundless Life'?; Green School; The Hive — mnardopmu 3a oOyueHwue, Haco-
YeHO KbM Jenara Ha Aurutaaaute Homanu. Boundless Life uma xammycu B Ilop-
tyranust, Uanonesuns, Utanus u ['bpuns u € HacoueH KbM pazauyHa geMorpadcka
rpyla Ha ABITOCPOYHO MTBTYBAILUTE: POAUTEIN U TEXHUTE Jella B HavyalHa y4H-
niHa B3pact (1o 12 ronunm). LlenTta Ha ctapTbia criopeq HEroBHs CbOCHOBATEI
Maypo Penaun e 1a mo3Bosu Ha poAMTENUTE ,,cBOOOIATA Ja TBTYBAT, KAKTO ITbTYBa
caMm 4OBeK, HO ¢ Jierata cu’. iMa npubnusutenHo 35 MUIMOHA II00aTHH TUTH-
TaJHA HOMaJIH, HO BBIIPEKH TOJIEMHsI UM OpOil MalKo OT TSIX IBTYBaT C Jelara CH.
Hanpumep B xammyca Boundless B 400-xunsaaus rpax Cuntpa Ha [lopryranus
nma eBa 25 cemeiictBa. Boundless 6a3upa cBost o6paszoBarenen moaen na Nordic
Baccalaureate — unTepaMcIMIIIMHApHA yueOHa iporpama, 6a3upana Ha GpUHIaHA-
ckara oOpa3oBarenHa cucrema, kosaTo Haomsira Ha POL — yueHe upe3 mpexuBsBa-
HE M KyATYypHO moTamsHe. KiacHuTe cram ca MHOTOBB3pacTOBH U pa3MeEpUTe Ha
KJIaCOBETE CE MOAIbPKAT MallKi — MO-MaJIKO OT 15 ;mema B Kiac 3a YYeHUIH MO
6 TOIMHU U MO-MAaNKo OT 18 3a Te3u Ha Bh3pacT oT 6 10 12 ronuHu. YUYeHETO He €
OTPaHUYCHO OT YETUPUTE CTEHHU Ha KJIACHATa CTasi — TO ce MPOBEXIa B MapKOBE,
IPBHYAPCKH aTeIneTa, PECTOPaHTH U My3ed. B yunnmiie aenara ce XpaHsT ¢ opra-
HUYHHU SICTUS, IPUTOTBEHU OT MecTeH rotead. Criopes CboCHOBAaTEeNA U PHKOBOIH-
Ten Ha oOpazoBanueTo Ha Boundless Pexa Marown ,,O6pazoBanueto TpsiOBa 1a 0be
IpeMaxHaro OT elHa-eAMHCTBEHA CTrpaja U Aa ChLecTByBa B cBeTa’ . Komnanwusra
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o0ciy>kBa okoi10 85 cemeiicTa u 250 aeua npes naaeH cemectsp. Ho chimecTByBar
(uHAHCOBU M KyATYpHH Oapuepu npen npucbeanHsBaneto kbM Boundless. Llena-
Ta 3a BirouBaHe ¢ okosio 1600 USD Ha gete Ha mecel u npuonu3utenHo 460 mo-
Jlapa Ha POIUTEN Ha MecCell 3a yCIYTH, CBBP3aHU ChC CIOAEIEHO PabOTHO MSICTO U
TOBa HE BKIIOUBA PA3XOIUTE 3a )KWIHLIE. Y UHIMILIETO BCE OLIE HE € aKpeIUTHPAHO,
BBIIPEKH Y€ € B IPOLIEC Ha aKpeanuTanus '™

J1. Cuctemu 3a KOMIIOTHpHA anredpa — Mathematica, Maple u MATLAB

B cbBpeMeHHHS AUTHTAJICH CBAT BCE MO-TOJISIM OpOH MpernoaBaTey BKIOYBaT
pasnu4Hu coTyepHHU MPOAYKTH U CHCTEMH B Ipolieca Ha oOyudeHue. OyHKIHO-
HAJIHOCTUTE, KOUTO CUCTEMUTE 32 KOMITIOTBbPHA aire0pa ChAbPIKaT, ca:

— CUMBOJIMYHH MaTeMaTHYECKHU MPECMATAHMS;

— MpPOrpaMeH MaKeT OT YHCIEHU METOIN;

— IpOrpaMHHM TaKeTH 3a JIMHEHHa anreOpa, AudepeHuanriy ypaBHEeHHs, TEOPHS
Ha YyHciara, CTaTUCTHKA U QYHKUMOHAIHO MPOTrpaMUpaHe;

— MHTEpaKTUBHA rpauyHa cucTeMa, KOSITO MOIAbpKa BKIFOUUTEIHO H BE3MOXK-
HOCT 32 aHUMaLluS;

— €3HUK 3a IporpaMupaHe, KOWTO MOJAbpKa 00EKTHO OPUEHTHPAHO HMPOrpaMu-
pase ¥ QYHKIHMOHAIHO MPOTpaMupaHe.

MatLab'* e cw3mamen kato OmOnmoTeka 3a JMHelHa anreOpa, OazupaHa Ha
Fortran. MatLab e mporpamna cpeza 3a U3BbpLIBAHE HA Pa3IHMYHH MPECMSITAHUS
(YMCTIOBM M CHMBOJIHM) M BU3yalu3als Ha TOJydyeHuTe pesyaratd. MatLab ce
CBbCTOU OT AAPO C BrpajeHu (PyHKLIUH, KOETO AWHAMHUYHO CE JOMBJBA C MaKeTH
npuinoxkeHus (toolboxes).

Ha ¢urypa 4 e nokazano Bu3yaIM3MpaHETO HAa TpUMEpHA JIMHUS KaTo rpaduka
Ha BeKTOpHa QyHKUMs. [ padukure Ha ABeTE BEKTOPHUTE (DYHKLINU

7(t) = (t.sint, t.cost,t) y T(t) = (e°*=*.coszt, e™'%" sin2t,e®'5t) Ca TOJIY4CHH C MatLab.

®@urypa 4. Tpapuku Ha BexroprHute Qpynkuuy r(t) = (tsint, t.cost,t)
u t(t) = (e®5%. cos2t,e"'%" sin2t, e15%)
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HeszaBucumo ot 6€3cmopHUTE OIPOMHH BH3MOKHOCTH Ha BCUYKH CHUCTEMHU
3a KOMIIOTBhPHA ajreOpa OCHOBEH HEAOCTATBK €, e Te ca MJIATeHH, JULEH-
3UTE ca €JHOTOAUIIHN U LIEHUTE JOpU U Ha YyUEHHUYECKHUTE U aKaJeMHYHUTE
JIMIeH3H ca BUCOKU. Ho HEe3aBUCHMO OT TOBa MPOMEHUTE B KOMIIOTBPHUTE U
WH(QOPMALMOHHUTE TEXHOJOTUU M TOJEMHSIT OpOoil MareMaTH4ecKH coPTyep
ca CUT'ypHa NpPEeANnoCTaBKa 3a IOCTENeHHa NPOMAHA Ha METOAUTE Ha Mpernoja-
BaHE BHCILIA MaTeMaTHKa.

E. besnnatHu oHnaiH naaTdopMu 3a BU3yaTH3aIHs

* GeoGebra'® — nuHaMHuuYeH MaTeMaTH4eCKu coTyep 3a BCUYKHU €TalH Ha
0o0pa3oBaHUETO 3a reOMeTpHsl, anredpa, eNeKTpOHHU TabauIu, rpaQuKku, cTa-
TUCTHKA. YYUTEIUTE 110 MaTeMaTuka B bbirapus 0e3crnopHo uMar AocTaTby-
Ho onutT ¢ GeoGebra, 3am0TO 5 U3MON3BAT OT BPEMETO, KOTATO TS € OHJIAMH.
Cera GeoGebra e Oe3miarHa M JOCTHIIHA OHJIAMH, ¢ Haj | MUIHOH Oe3maarT-
HHU pecypca 3a KJlacHa cTasl, Ch3AaJeHu Ha pasznuuHu e3unu. [Ipes 2021 r.
GeoGebra ctaBa yact ot BYJU’S.

* Desmos'®— Oe3muareH oHIalH pecypc, ch3lajeH U pa3BuBaH oT Desmos
Studio — kopropanus B 00IIeCTBEHA MOd3a C e 1a IOMOTHE Ha BCHYKHU JAa
HayyaT MaTeMaTHKa, 1a 00MYaT MareMaThkaTa u Jja ce pa3BuBar ¢ Hes. [Ipuo-
PUTET Ha CH3JATENNUTE ca CIPaBEIJINBOCTTA U JOCTHIIHOCTTA HA BCSAKO HUBO.
BesnnaTHUAT makeT OT MaTeMaTHYECKU HHCTPYMEHTH, BKIFOUUTEIHO rpaduy-
HUAT KaJIKYJIaTOP, C€ U3MO0J3BAT TOJUIIHO OT HaJ 75 MUJIMOHA AYIIH IO CBETA.
Te3n MHCTPYMEHTH MmoMaraT Ha Xopara Ja MPeACTaBsIT UACUTE CH MaTeMaTH-
YEeCKH, Ja CBbP3BAT JUHAMHYHO Pa3JIMYHU NPEACTaBIHHS, Aa MPABIT MPEAIO-
JIO’)KEHHUsI M clie]] TOBa J1a pa3paboTBaT U3LSIIO HOBU UJEU. A CHIIO Taka BOIAST
1 10 10CTa BIEeYaTisaBallo U3KyCTBO.

Tyk me ObaaT moKa3aHu TPU MpUMEpa, HIIOCTPUPAILN Bb3MOKHOCTHTE Ha
rpaduyHUs KaJakyaarop Ha Desmos kaTo MOMOLIEH HHCTPYMEHT B MOAyd 3 —
»lIpakTHuecka mMaremMaThka OoT HmpoduinpaHara MOATOTOBKAa M0 MaTeMaTHKa
3a XII knac*. Bcuuku npumepu ca ot E. Kones (Kolev 2021).

IlIpumep 1. Ja ce HamepsT ypaBHEHHATA HA JONMHUPATEIHUTE KbM Ipadu-
Kara Ha (QYHKIUATA f(x) =x°-x>—x+1 B MPECEYHUTE TOYKU Ha rpadukara c
KOOPAMHATHUTE OCH.

Crnen HamMupaHe Ha ypaBHEHUSTA Ha JOMUPATEIHUTE € MHOTO TOJE3HO 3a
pa3dupaHeTo KAKTO Ha yCIOBUETO, TAKA U HA MOJYUYEHHs pe3yaTaT rpaduKuTe
na ce u300passat. Ha ¢purypa 5 toBa e HanpaBeHo B desmos.com.
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®durypa S. ['paduka u gonuparentu ot npumep 1

IIpumep 2. HamepeTe MHTEpBAIUTE HA PACTCHE U HAMaJsiBaHEe HA (D)YHKIIUATA
x+l
x) = .
flx) x%+3
Ha ¢urypa 6 ca moka3zaHu MHTEpBAIUTE, B KOUTO MTPOU3BO/IHATA HA ()YHKIIAATA
€ TIOJIOKHTENHA M OTPHLIATEHA, ¥ Taka € JIEMOHCTpUpaHa TeopemMara 3a MOHOTOH-
HO M3MEHEHUE Ha (DYHKIIHSL.

o Lot &«
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x+1|
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(r)) <0
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®urypa 6. ['paduka 1 3HaK Ha MPOU3BOAHATA OT IPUMEP 2

Ipumep 3. Hamepere Haii-ronsiMata W Haii-MankaTa CTOMHOCT Ha (yHKIHSTa
f(x) =x* +|x* + 6x + 8] B unTepBana [~55],

3agagara e C MOBMIICHA TPYJHOCT, HO aKko O0ydyaeMuTe yclesT Ja 3amuiiar
(dhyHKUMATa B TpaQUUHMS KanKyaaTtop (Wi UM ObJe TIOKa3aHa rotoBara rpaduka),
Te OGrxa MorH Aa 00paboTAT rpaduyHaTa HHGOPMALHS U ]a OTKPHUAT HAal-rossIMa-
Ta U Hali-MaJIkaTa CTOMHOCT Ha QyHKIusITa (dur. 7).
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-10 5 0 5 10

®urypa 7. Umoctpanus Ha QyHKIusATa OT puMep 3

I'padmunoTo pemaBaHe W Ha TPUTE 334a4d C rPpadUUHUS KaJIKyIaTop OTHEMa
HSIKOJIKO MMHYTH, I0KaTO aHAJIMTUYHOTO M3CIIE/IBAaHE € 3HAYMTETHO M0-IBJIT0, OCO-
OeHo B ciyuaii ye ce mocTposBa u rpadukara. ETo 3amo n3non3BaHeTo Ha TO3M OH-
JIaifH pecypc AaBa Bb3MOKHOCT 3a Obp30 OHAIVIesIBaHE HAa KOHLEIIIUUTE, TIOBHUILA-
Ba IbJIOOUMHATA HA 3HAHUATA U GOpMHUpa TpaduyHa TPAMOTHOCT Ha o0ydaeMuTe.

3akaouenue

[IpenogaBaneTo U y4eHETO HA MaTEMaTHKa € Beue MPOMEHEHO U TO3H MPOIIEC Ha
MIPOMEHU HEMUHYEMO I1I€ TPOIBILKU. Y YUTEIUTE U YHUBEPCUTETCKUTE MPENoaBa-
TEJIM UMAT Bh3MOXKHOCT JIa U30UPaT Jaliv JIa MPOABIDKAT padoTaTa CH C U3IO0JI3BaHe
Ha TPaJULIMOHHUTE METOIU U CPENICTBA, WU J1a MPEMHUHAT HA U3LSUIO TUTUTAIHU
WHCTPYMEHTH, WJIU ITHK J]a OTKPHUBAT U ThPCAT OajaHca MEX/1y JIBETE.

JlBa ca OCHOBHUTE HEJOCTAaThKa HA BCHUKU COPTYCPHU WHCTPYMEHTH 3a MaTe-
MaTHKa — HEOOXOAMMOCTTA OT JIOMBIHUTEIHUA JUTUTAIIHA YMEHUS Ha 00y4aeMHTe
Y Ha OOpYUYUTEIUTE U IIeHaTa 33 TIPOTPAMHUTE CPEJIH.

Brrpeku Toa Morar 1a ObJiaT HAMEPEHU BUCOKOKAUECTBEHU CBOOOIHU OHJIAHH
pecypcH u ToBa € (popMa Ha M3CIIE0BATEIICKO MPEIU3BUKATEIICTBOTO MPE]] PETIo-
JaBaressi — a ThPCU U HAMEPH MOIXOISIIN CPEJICTBA U C KPEATHBHOCT OaiaHcupa-
HO Jla TH KOMOMHUPA C TPAJAUIIMOHHUTE MOIXO/IH B IPEMOJaBAHETO HA MAaTeMaTHKa.
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FREE ONLINE RESOURCES IN THEACHING
MATHEMATICS

Abstract. This article focuses on the advantages and disadvantages of using
software (online and offline) resources in mathematics education, identified by the
author in many years of practice in teaching mathematics at different levels and
educational institutions. Examples and ideas for increasing the effectiveness of
training by overcoming emerging problems in the educational process are presented.
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