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AHHOTaUMA

B HacToAwee Bpema B 06y4eHUMM maTemaTUKe B LUKOJIE
Ha nepBblii NAaH BblABUraeTCA 3afa4a MHTE/IeKTyalb-
Horo pa3BuTUA obyyatowmxca, Bce HONbLIYIO aKTyanb-
HOCTb NMPUOBPETAET pPasBUTME Y HUX MaTEMATUYECKOro
MblILAeHUSA. Lienbio cTaTby ABNAETCA aHANN3 TEX S/IEMEH-
TOB B MPOLLECCYa/IbHO-NO3HABATE/IbHOW CTOPOHE Ccofep-
aHWUA 0bydeHna maTemaTUKe, KOTOpble BbICTYNAOT KakK
MbIC/IUTE/IbHbIE CPeACTBa, METoAbl MaTeMaTU4yecKoro
no3HaHuA. MeTof010rMYecko OCHOBOM Uccne0BaHUA
ABNAIOTCA CUCTEMHbIN, MeTanpeaMeTHbId U aeATenb-
HOCTHbIN noaxoapl. B pesynbTate 0byyeHUs matemaTuke
B YyMe YenoBeka GopMUPYIOTCA CTPYKTYPbl, COOTBETCTBY-
IOLLME BblAENEHHBIM 3/1IEMEHTaM COoAepKaHMA 0bydYeHunn
MaTeMaTUKe, KOTOpble B CTaTbe HAa3bIBAOTCA MaTeMaTU-
YEeCKMMM CXeEMaMM MblLEHUSA. K HUM OTHOCATCA SIornye-
CKMe, aNropuTMmUYecKkne, KOMOBUHATOPHbIe U obpasHo-
reomeTpuYecKkme KOrHUTUBHbIE CTPYKTYpbI. B cTatbe aa-
€TCA WX XapaKTepWUCTWMKa, OMMUCHIBAETCA MPAKTUYECKUN
onbIT UX GOPMUPOBAHUSA Y LIKOJIBHUKOB. Bce aTn CTpyK-
Typbl 06134a10T YHUBEPCANBHOCTBIO, T. €. OHU UCNO/b3Y-
IOTCA HE3aBUCMMO OT KOHKPETHOro MaTemMaTU4YecKoro
mMmaTepuana, u UmetoT 60bLLOE 3HAYEHWNE HE TOIbKO AN
obyyeHnn, HO U ANA MaTemaTUYecKoro TBopyecTea. Bece
PacCMOTPEHHbIE CXeMbl MATEMATUYECKOTO MbILWIEHUA
obnapatoT ogHoM obLein XxapakTepucTMKom: ux dbopmu-
pOBaHME MOXHO OCYLLLECTBUTb INLLb B TEYEHWE AANTENb-
HOro BpeMeHM, UCMO/b3ys CEH3UTUBHbIE BO3MOMKHOCTH
WX Pa3BUTUA B KaXKLOM BO3pacTHOM nepuoge. Mposo-
ANTCA TeopeTUYEeCKMIt aHaIn3 COOTHOLLEHMA NPOLLECCOB
anobdepeHUnaLMm U MHTErpaLUmn TakMX CTPYKTYp. Moka-
3aHO, YTO KOJIMYECTBEHHO B POPMMUPOBAHMUM TaKMX CTPYK-
TYp AO/KeH npeobnagate NpoLecc MHTerpauuu, nocre-
neHHoe, HebONbLWMMM LWaramm HaKonJeHne matemaTtu-
YeckMx 3HaHW. OfHAKO KayecTBEHHble CKAykW, npo-
PbiBbl B POMKAEHWUM 3HAHWUIA MOTYT MPOUCXOAUTb MyTEM
anobdepeHunaLmMm, ¢ MOMOLLBI AeAYKTMBHOIO MeToza.
MpaKTUYeCKyr 3HAYMMOCTb UMEIOT NPUBEAEHHbIE B CTa-
Tb€ PeKOMeHZaLMU yyutensim no GopMMpPOBaHUIO pas-
JIMYHBIX BUAOB MATEMATUYECKUX CXEM MbIWIEHUS Yy
LUKONIbHMKOB pa3HbIX CTyneHel obyyeHns. Hambonblee
BHUMaHWe yaeneHo 0bpasHO-reoOMeTPUYECKUM CXeMam
MbILJIEHUA U UX POAN B 0by4yeHUU matemaTuke. OTme-
YeHo, YTO 6ONbLIMM NOACNOPLEM YUYUTENIO NPU GOPMU-
POBaHUU TAKUX CXEM MbILUNEHMUSA B YCNOBUAX LUPOBOro
obLecTsa ABAAETCA UCMOb30BaHWE B 0BYyYEHMU cUCTEM
KOMMbIOTEPHON MaTEMATUKM, KOTOPbIE TaK¥Ke MOMOratoT
NPy NPOBEAEHUU KOMMbIOTEPHbIX 3KCNEPUMEHTOB U B
uccnefoBaTeslbCKOM 0byyeHuun.

Kniouesble cnoBa
CcpeAcTBa MaTeMaTUYECKOro NO3HaAHUA, MaTeMaTUYecKme

CXEMbl MbILWIEHWA, HarNagHble 06pasbl, UCCen0BaTe N b-
CKoe 0byyeHune

Hayuno-memoduueckuii asexmponnsiil xypHas «Konyenm»

Abstract

At present, the task of intellectual development of stu-
dents comes to the forefront in teaching mathematics at
school, and the development of their mathematical
thinking is becoming increasingly relevant. The aim of the
article is to examine those elements in the procedural-
cognitive side of the content of teaching mathematics,
which act as mental means and methods of mathematical
knowledge. The methodological basis of the study is the
systemic, meta-subject and activity-based approaches.
As a result of learning mathematics, the mind of a person
forms structures corresponding to the identified ele-
ments of the content of teaching mathematics, which are
called mathematical thinking schemes in the article.
These include logical, algorithmic, combinatorial and fig-
urative-geometric cognitive structures. The article pro-
vides their characteristics and describes the practical ex-
perience of their formation in schoolchildren. All these
structures are universal, i.e. they are used regardless of
the specific mathematical material, and they are of great
importance not only for learning, but also for mathemat-
ical creativity. All the considered schemes of mathemati-
cal thinking have one common characteristic: their for-
mation can be carried out only over a long period of time,
using the sensitive possibilities of their development in
each age period. A theoretical analysis of the relationship
between the processes of differentiation and integration
of such structures is made. It is shown that the process of
integration should prevail quantitatively in the formation
of such structures, gradual, small-step accumulation of
mathematical knowledge. However, qualitative leaps and
breakthroughs in the creation of knowledge can occur
through differentiation, using the deductive method. The
recommendations given in the article to teachers on the
formation of various types of mathematical thinking
schemes in schoolchildren at different levels of education
are of practical significance. The greatest attention is paid
to figurative-geometric thinking schemes and their role in
teaching mathematics. It is noted that the use of com-
puter mathematics systems in teaching, which also help
in conducting computer experiments and in research-
based learning, is a great help to the teacher in forming
such patterns of thinking in the conditions of a digital so-
ciety.

Key words

means of mathematical cognition; mathematical
schemes of thinking; visual images, exploratory learning

BBenenme / Introduction

Kax xoporrto n3BecTHO, B comep kaHvie 00pa30BaHsI BXOIAT ABe CTOPOHBL MHMOpMa-
LMOHHas U o3HaBaTeslbHasA. TakuM o6pa3oM, 3pdPeKTUBHOCTb OOydeHsl MaTeMaTyKe 3a-
BVICUT He TOJIBKO OT IJIyOVHBI M IIPOYHOCTV OBJIQJeHMsI OOyJalOIMMICS COOTBETCTBYIO-
MMV 3HAaHWMSIMY, YMEHWSIMM M HaBbIKaMM, HO VI OT CTEIeHM PasBUTHUS MX MaTeMaTide-
CKOTO MBIIIIIEHVIST, OT YPOBHS X TOTOBHOCTY K CAMOCTOSITETBHBIM JEVICTBVISIM I10 IIPHoOpe-
TEHVIO HOBBIX 3HAHWII, a TakKXe K VMCCIIeIO0BATEIIbCKM ¥ TBOPYECKNM HIeVICTBUSIM. BaXHO
IIOHVIMATBh, YTO CaMM I10 ceOe 3HAHVISA U YMeHS ellle He OIpeleIsioT yPOBeHb MBIIIUIEHVIS
4yesIoBeKa, He0OXOIVIMO ero IIOATOTOBUTH K VCITOJIb30BAHIIO TaKVIX 3HAHVIVL VI YMEHW B Pas-
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HBIX CUTYalIVsIX, K CAMOCTOSITEIIBHOMY PeIIeHVIO BO3HMKAOIIVIX IIpo0sieM, IIprdeM He 00si-
3aTesIbHO M3 00sacTi MaTeMaTVKy. OCHOBHOV 1I€JIbIO MaTeMaTIIecKoro o0pa3oBaHms, KaK
COBEPIIIEHHO CIIpaBeIBO oTMedasI B. VI. ApHOIIB, HOIDKHO OBITE BOCIIMTAHVE yMEHVS Ma-
TeMaTW4eCcK! MCCIIeI0BaTh SIBJIeHNs peaJlbHOTO Mupa [1].

Marematvdeckoe pasBuTHe JIMTUHOCTY HeJIb3sl OCYILEeCTBUTH 0e3 IIpoIyMaHHOro 0Toopa
corep>KaHVsl MaTeMaTIIeCcKOoro oOpa3oBaHs, CJlefIOBaHVIsL OIIpee/IeHHbIM CTpaTervisiM o0y-
YeHVIs VI BBIIIOJIHEHVIS Psifia OAMIAKTUYecKVX IIPVUHIINIIOB. Takve cTpaTervyt v MpyHIIAIIBI IT0-
ApoOHO ObUIM paccMOTpeHBI B MOHOrpadpvm aBTopa [2]. CoBpeMeHHOe cOCTOsIHIEe colepKa-
HVISI MaTeMaT9ecKoro oOpa3oBaHMs VI HeOOXOIVMMOCTh IIepeMeH, CBSI3aHHBIX C IIPOIeCCOM
1y poBM3aIMy O0IIeCTBa, paccMOTpeHbI akazeMKoM A. J1. CeMeHOBBIM ¢ COaBTOpaMI B CTa-
The [3]. VI3 mocremAvX nccieToBaHmy MOXKHO Takke BBIIeMTh paboty A. B. bopoBckux, B Ko-
TOPOVI 0OOCHOBBIBAETCS, UTO COieprKaHeM IIpoliecca MaTeMATIIeCKOro 0Opa3oBaHs JOJDKHA
SIBJIATBCS CVICTEMA MBICITATEITBHBIX CPEICTB ¥ CIIOCOOOB MX VCITONTb30BaH [4].

B HacTos1I1eT1 CTaThe OCHOBHOE BHVIMaHVIe OOpallleHO TOJIBKO Ha Ty YacTh CTpaTerum
oTOopa comlepXKaHmsl, KOTopas HallelleHa Ha (popMMpoOBaHVe TaKMX BHYTPEHHMX YMCTBEH-
HBIX CTPYKTYP, KOTOPBIE BBICTYIIAIOT IIPeXX/Ie BCero KaK CpeicTBa MaTeMaTIYecKoro ITo3Ha-
Hys. VIMEeHHO pacCcMOTpeHMe TaKOTO BiIa KOTHUTMBHBIX MaTeMaTUYECKVIX CTPYKTyPp (J10-
ITYECKVIX, AJITOPUTMIIECKIX, KOMOVHATOPHBIX, 00pa3HO-TeOMeTPUIeCcKNX U Ip.) U PeKo-
MeHIALNI 0 X POPMMUPOBAHMIO B YCIIOBUAX IIMPOBOro 00IIIecTBa SIBJISI€TCS. OCHOBHO
LIeJIBXO JaHHOVI CTaTh.

O0630p nureparypsl / Literature review

Bce BHyTpeHHMe yMCTBeHHbIe MaTeMaTu4decKyie CTPYKTYPbl — OTpakeHVe 00beKTVBHO
CYIIECTBYIOIIMX MaTeMaTU4YecKNX CTPYKTyp. Buapl Takmx CTpyKTyp, SBJIAIOLIVIXCS YIIPO-
IIIeHHBIMIM MOJIJISIMM MaTeMaTI4YecKX OOBbEeKTOB, ObLIV BbIfIeJIeHBI I'PYIIION ppaHITy3-
CKMX yueHbIx 1107, riceBgoHmnMoM H. BypOaxu [5]. K HuM oTHOCsTCS anrebpandeckue, 110-
PAIKOBBIE U TOIIOJIOTYeCKIe CTPYKTYPhl. VIX aHaIoru B yesloBe4ecKOM MBIITUIEHUM ObUIN
oOHapy>XeHsbI mBenapckmM mncvxosiorom K. ITraxe [6], 1 oHM BEICTYHAIOT IIpeXXie BCero
KaK KOMIUIEKCBI, CpefICTBa XpaHeHWsI MaTeMaTU4ecKX 3HaHWIA.

Ho mrOrTIe aBTOpbI 00pamaoT BHUMaHVE 1 Ha ITPOLIeCCyyIbHYIO, TI03HABaTEeIbHYIO CTO-
poHy oOpasosaHu. B wactaocTy, 110 MHeHwMIO V1. C. SIKMMaHCKOV, 1151 OBJIafleHs y4eOHbIM
MaTepyiaIoM TpeOyroTcs ABe IpyTiibl 3HaHV. OHa 13 HIX COCTOUT 13 3HAHWU IIepBOTO poia,
BKJIIOYAIOIINX B ce0sl HayYHble CBeIeHs O ITpeIMeTaX, sIBJIEHVSIX U VX B3aMOCBsI3sX. Bropas
rpyIilia COCTOUT W3 3HaHWU, 3TO Te 3HaHV:, B KOTOPBIX HallUIV OTpakeHVe Iy Th ¥ MEeTOBI VX
nostydenus [7]. B. B. [1aBeiioB Toxke cumTasl, YTO 3HaHMeE cleflyeT paccMaTpuBaTh C IBYyX CTO-
POH: M KaK pe3yJIbTaT MBIIIUIeHVs, ¥ KaK IIpollecc ero morydeHys [8]. 1 yMCTBeHHBIX CTPYK-
Typ, 3aK/IIOUAIOIVX B cebe 3HaHM: BToporo pona, Y. Haviccep mpemioxmut mcmosb308aTh Tep-
MIH «CXeMa»: «TO CTPYKTypa [IeVICTBIsL, paBHO KaK M CTPyKTypa I AevicTBrsh» [9]. Vimenno
storo Buaa crpykKTypsbl 2K. I Inaske HasbIBasI orlepalyisiMi 2-To IopsfiKa, VIV OllepalyisiMi Hafl,
ontepattvsimu [10]. [IBa Tura KOTHUTUBHBIX CTPYKTYP, (POPMUPYIOMIMXCS TI0 «TOPV30HTaITb-
HOMY» U «BepPTUKaJIbBHOMY>» IPUHIINITY, oT™MedaeT 1 M. A. XornonHas [11]. Vicriors3ys iMeHHO
TaKyie CTPYKTypPBbl, 4eJIoBeK IoJIy4aeT MHQOpMaLIMIO, IIPOBOANUT aHa/IN3 M CYHTe3 IIOCTyIIako-
1ievt viHdopMatym. VI3 IcvxosiormaecKyx vccjieoBaHmil, Hanbosiee BasKHBIX IS HallleVl CTa-
TbI, HEOOXOIVMO TaKXXe BbIIEINUTb AMArHOCTMKY PasBUTVSL MaTeMaT4YecKOro MBIIIUTeHs,
nposeneHHYyIO P. A. AtaxaHoBbM [12].

ITpoGrema «Kak MBICIIUT YesIoBeK?» BOJIHOBaJIa He TOJIBKO IICHIXOJIOrOB, HO ¥ MaTeMaTu-
KOB. B wactHOCTH, M3BecTHBIV ppaHIly3ckmi MateMaTVk K. Afamap HpoBOAWI CIieliajIbHOe
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aHKeTVpOBaHVe KPYITHBIX MaTeMaTHKOB. OKa3aI0ch, YTO MaTeMaTVIKM Yallle BCero IyMaroT He
cjIoBaMI, a 0Opasamu, IpeVMYIIeCTBeHHO 3pUTeSTbHBIMI, KOTOPbIe MOT'YT ObITh TakKe JABUTa-
TEeJIbHBIMY VUM ApyToro Turma. OueHb XapaKTepHBIM B 3TOM OTHOIIEHWM SBJISIeTCSl cCaMOHa-
Omopenne A. DvHINTeNHa, puBedeHHoe B KHure K. Agamapa: «CJioBa... He UTparoT, BU-
AVMO, HVI MaJIeTIIIIent poJIvi B MexaH3Me Moero MbIIuteHs. [ Icvixororiraeckmi s1ieMeHTaMm
MBIIIUTEHVIS SIBJISIFOTCA. . . 3HaKV WV 00pasbl. ..» [13] bosipltioe BHMMaHMe pOpMIPOBaHIIO pas-
JIMYHBIX BUIOB MaTeMaTIYeCKOT'O MBIIIUIEHMS YAeIVUIM M POCCUIICKYE MaTeMaTUKV-MeTOIM-
crbl. B wactHOCTH, A. A. CTOIISIp paccMOTper nearormaeckye IpoOieMspl PasBUTHS Y IITKOJTb-

HVKOB pa3/IMUHbBIX BUIOB MaTeMaTideckoro mbiiuieHns [14]. B. A. T'yces B cBomx mcciieosa-
HVSIX eI OCHOBHOe BHVIMaHVe POpMIPOBAHNIO IPOCTPAHCTBEHHOTO MBIIIUIEHVIS U pas-
paboTa1 HOBBIVI SKCIIepVIMEHTaJIBHBIV Ky pc reomeTpyn [15].

[TpakTiyeckMy paspaboTKaMy pasyIMIHBIX IIOAXO0A0B K M3YUYEeHUIO TaKX CTPYKTYP
3aHMMAJIVICh U IIKOJIbHBIE yUnTesId MaTeMaTKI. B yacTHOCTY, Takov Kypc faj1s 5-7-X Ki1ac-
coB 1 0aHK 3a7a4 ObuT paspaboras [. A. Manmaesornt [16]. 151 HavaIbHOV IITKOJIBI aHAJIO-
TVYHBIE VICCIIeoBaHMs B OoJiee 11031Hee BpeMsi mpooaw A. 3. 3ak [17]. [TpoBenenHbIe M
SKCIIEPUIMEHTHI MOATBEPAVIIN, UTO 3aHATHUS II0 JIOIOJIHUTEIBHON IIporpamMe «Jlormka»
CIIOCOOCTBYIOT Pa3BUTHIO [I0Ka3aTeJIbHOIO JIOTMYeCKOro MblluleHus. Kak Iokasaiam
E. A. Ky3pmnuesa n K. C. Ilertenxo [18], 6os1b1viM oTeHIIaI0M 115t POpMIUPOBaHMS ajl-
TOPUTMIYECKOTO MBIIIUIEHVS IIIKOJIBHUKOB 00JIa/laeT pellleHvie 3a/1a4 TakKe B AUCLUITUIVHE
nHpopMaTrKa. MHOIe aBTOPBI OTMEYaroT, YTO JIYUIIIMM MHCTPYMEHTOM /ISl YCIIeIITHOIO
dopMupoBaHMSA Y MIKOJIBHWMKOB JIOTMYECKOIO, aJITOPUTMIYECKOrO ¥ KOMOVHATOPHOIO
MBIIIUIEHWS SIBJIIeTCs VICIIOIb30BaHVe COOTBeTCTBYIOIINX TUIIOB 3afa4. B vactHocTy, 1O. J1.
[TastexmHa TakmM oOpas3oM pasBMBaJia JIOIMYecKoe, KOMOVMHATOPHOEe U aJIfOPUTMIYECcKoe
MBIIIUIEHMe yJaryxcst HadasibHom mKoitel [19]. E. E. bepeHunk mperjiaraer nieath 3TO C
IIOMOIIIBIO 3aHMMaTeIbHbIX 3a1ad [20]. B psae 1mikosl pagmuKajibHO paciIvpsercs m3ydae-
MBIVI MUP MaTeMaTVKM JjI Ha4aJIbHBIX KJIACCOB 3a cUeT 0a30BbIX OOBEKTOB COBPEMEHHO
MaTeMaTuKy 1 mHpopmaTtuki. Kak ormedaror M. A. TTocurieneckas, T. A. Pygdenko n A.
J1. CemeHOB, B ImporpaMMy IIOJIE3HO BBECTVI CTpaTeTru epedbopa, BEIMIPHIIIA B UTPe, aJiro-
PWUTMOB B HaITIIIHOM cpefe U T. 1. [21] B npyroit cratbe M. A. ITocuiiensckon paccMaTpm-
BaeTCs CBSI3b ATMX 3a/1a4 C 3a7ja¥aMVl BBIUVCIIUTEITFHOVT KOMOVHATOPVKM («II0IcYeTa KOJIV-
JecTBa BapMAHTOB»), [IepeOOPHBIMI 3a7ladaMy TEOPUM CJIOXKHOCTVI BBIUVCIIEHV, a TaKXe C
«BOIBIIVIMY MIESMI», T. €. OOIIEKOTHUTVBHBIMY CTPATEIVISIMU VI VX IIPVICBOEHMEM yYallly-
mucd [22]. TTo mHenmto akagemnka A. JI. Cemenosa u T. A. Pynenko, B imdposoM mupe
pe3yJibTaThl 0Opa3oBaHMs TOJDKHBI OTJIMYATBCS OT TPaAMIMOHHBIX, HEOOXOOMMO IIipe
MPVIMEHSITh AVMHAMWYecKylo FeoOMeTPUIO, SKCIIepUMEeHTPOBaTh, pelllaTh 3aJa4ll, KOTOphle
«HeW3BeCTHO-KaK-pelllaTh», a He 3ay4MBaTh dyXKye JTJoKa3aTeJIbcTBa [23].

CpencrBa dpopMmupoBaHMs U pa3BUTHS 00pa3sHO-reOMeTpUYecKX CTPYKTYp Ha pas-
HBIX STarax OOydeHMs paccCMaTpMBAJINCh BO MHOTMX WCCIIeIOBaHMSIX. B wacTHOCTH,
I'.T. Muxkeposa n I1. A. 'opuaposa m3ydas criocoosl popMIpOBaHIS ITPOCTPAHCTBEHHBIX
IIpeJICTaBIeHN1 y y4Ualxcs HadaibHOV KoJTe! [24]. A. A. barosa m JI. I1. Croviosa pac-
CMOTpeIII OCOOEHHOCTM Pa3BUTMS IIPOCTPAaHCTBEeHHOro MbluieHMs [25]. B Hacrosiee
BpeMsi OOJIBIINMM IIOACIIOPbEeM YUMUTEI0 HpU POpMMUpPOBaHUM OOpa3sHO-TeOMeTPUIecKIX
cxeM MOXXeT CIIYKUTh VCIIOJIb30BaHMe B OOy4eHUN CUCTeM KOMIIbIOTEpHOV MaTeMaTVKW,
kak rmrreT H. B. JTeoHTreBa [26]. BaXHBIM TTOJTOXKUTEITBHBIM MOMEHTOM SIBJISIETCS VICTIOITh-
30BaHMe BO3MOKHOCTEV TaKMX CUICTEM IIPY IIPOBeIeHMI KOMITBIOTEPHBIX SKCIIEPVIMEHTOB,
uro otmedeHO I'. b. [ITabatom 11 A. JI. CemeHOBBIM B cTaTbe [27]. Takme KOMITbIOTEPHBIE SKC-
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IIepVIMeHTHI OCOOEHHO BaXKHBI [IJIs IIPVMEeHEeHMs VICCIIeoBaTe/IbcKOTo 00ydeHs, YTO XO-
poriio 1tokaszaHo B MoHorpadgum A. B. flcrpebosa [28]. CriocoOwI mpriMeHeHVsI KOMITbIOTep-
HBIX CPeJICTB B By30BCKOM OOyueHMM MaTeMaTHKe IpuBefeHbl B ctaTbe H. A. BaBuiosa,
B. I'. Xaymnaa u A. B. IOpxkosa [29].

ITponsserieHHBIVI 0030p JIMTepaTyphl IIOKa3bIBAET, YTO, XOTs IIOHATasd B CTaThe IIPo-
Orema dpopmupoBaHMsl MaTeMaTUMYeCKOTO MBIITUIEHMs JJaBHO CTOUT Ilepef] VccilefoBare-
JISIMU, TIy TV ee pellleHNsl Bce BpeMsi COBepIIIeHCTBYIOTCs. DTa IpobrieMa I10JTydnsia HoBoe
3By4daHVe B COBpeMeHHOM MUpe, a ee pellleHue VccleoBaTe I Bee OOoIbIlle CBA3BIBAIOT C
BO3MOXXHOCTSIMVI COBpEMEHHBIX KOMITBIOTEPOB U CMICTeM KOMITBIOTePHOVI MaTeMaTUKIL.

Metononornueckas 6a3a ncciaemosanms / Methodological base of the research

MeTtomoormmyeckor 0a3ov McC/IenoBaHMs SIBJISIOTCSI CUCTeMHBIN, TesITe/IbHOCTHBIV M Te-
HEeTVYECKIMVI TIOXO/IBL; TEOPETIIECKOVI 0a3011 — aHayM3 11 000011IeHIIe HayYHO-TIeNarorm4ecKom
VI METOVYECKOV JIMTEPATY PhI I CCTEMAaTV3AlIVV COIEPIKAITIEVICS B HE T/IHCPOpMaI_H/H/I.

PesynbraTh! ncciieqoBanms / Research results

Ho uTo Xe Takoe MaTeMaTIyeckoe MbIIIUTeHVe? VI3 KaKMX 3JIeMEHTOB OHO COCTOUT U
KaKVIMV CriocobaMu ero passuBaTh? Ha 3Ty BOIpoCk! IBITAIVICH 1aTh OTBETHI MHOTVIE yUe-
Hble. Bce coBpeMeHHBIe TeOpnI IT03HaBaTeIbHBIX ITPOIIECCOB OCHOBBIBAIOTCS Ha IIpeJICTaB-
JIEHVVI O YeJIOBeKe KaK CVICTeMe, aKTMBHO NepepabarsiBatortiert mH(opMario. VI3 orpanu-
YEeHHOCTVI YeJIOBEUEeCKNX CUCTeM, IlepepalaThIBAIOIIVIX MHAOPMAIINIO, CJIefyeT BBIBOJ, O
HeOOXOAMMOCTYM HaJIMYMS [IOCTATOYHOTO BpeMEHN [T IIPOIIeCCOB OCMBICTIEHVIS U TIepepa-
6oTkm naopMany. [TosToMy mpu oOydeHNMV TOMY VIV THOMY IIPeIMETY, B TOM YVICIIe U1
MaTeMaTVKe, HeOOXOAVIMO yUMTHIBATh IIpeesTbl Uell0BeuecKx Bo3MoXHocTerr. [Tpu cmr-
KOM 0o0J161110M 00BEMe MH(OPMAIINV MOTYT HaCTYIIUTh ITePerpy3Ki, KOTOPBIE B pe3yyIbTaTe
NPUBOAAT K Pas3IMUHBIM TPYIHOCTSM IIPY YCBOEHWUM Y4eOHOro MaTeprasia.

Ilcvixorormgeckyie MCCIeOBaHMS JAIOT BCe OCHOBAHMSI CUMTaTh, YTO HOCUTEIISIMI VIH-
TEJUIEKTyaJIbHBIX ITPOIIECCOB SBJISTIOTCS Pas/IuHble 0000ITIeHHBIE IIPOTyKThI YMCTBEHHO I1e-
pepaboTKm 3TON MHPOPMAIVI — KOTHUTVBHBIE CTPYKTY DB, VIV KOTHUTVBHBIE CXEMBL. DTO
BHYTpPEHHWEe TICXOJIOTMYeCK/e CTPYKTYPBI, KOTOpble CKIIIbIBAIOTCS B IIpOLlecce KM3HW U
oOyueHMs1 B TOJIOBe UeJIoBeKa, 3TO CIIOCOO OIMcaHMs M XpaHeHVsl MHOpMaIIN B JI0JITOBpe-
MeHHOV ITamsITV. CrICTeMbI KOTHUTVBHBIX CTPYKTYP IIPECTaBIIIIOT COOOVT He TOJIBKO CHCTEMBI
XpaHeHVs 3HaHWVI, HO ¥ CpencTBO no3HaHms. OHM SBIITIOTCS BHYTPEHHVMY YMCTBEHHBIMI
dopmam, ITOCPEICTBOM KOTOPBIX UeIJIOBEK TIO3HAET IeVICTBUTE IHHOCTb.

DTN TeopeTVUecKre ITOJIOKEHS TIOITBEP)KIAIOTCS IIeJIBIM PSIIIOM  OIBITHBIX JAHHBIX.
Kaxmpiit yanresb MOXXeT OpMBECTV 113 CBOETO OIIBITA ITPVIMEPHL, KOITIAa YIeHVKY, VMeloryie 060-
Jlee OCHOBATEJIbHYIO IIOTOTOBKY 10 MaTeMaTVIKe, BOCIIPVIHIIMAII VI 3aIIOMVHAIIVI HOBBIVI MaTe-
PpViaJI 3HAUMTEITLHO JIyUIlle, YeM IUIOXO IOATOTOBJIeHHbIe yuartyiecs. [ JonroTosieHHbIN y9eHMK
B OyKBa/JIBHOM CMBICITE BYIIUT MaTeprasl MHade — Ooslee IITyOOKO 11 afieKBaTHO, YeM IUTOXO IIOfI-
TOTOBJIEHHBIVI. DTO ITPOVICXOJIAT IT0 IIPVUVHE TOT'O, YTO MMEFOIIIVIECs Y TIOITOTOBJIEHHBIX yUYeHVI-
KOB ODOOIIIEHHBIe CXeMBI «HAKITA/IBIBAIOTCS» Ha BOCIIPVHMMAEMBIV MaTepyall, II03BOJISTIOT VIM
OCYIIIECTBIISITh 3HAUMTEITLHO OoJTee ITyOOKMI VI IIMPOKIMVE aHAJIV3, YTO M IIPVBOIUT K 3aKOHO-
MepHO JIy4IlleMy ITOHVMMAHVIIO VI COXpaHEHVIO B ITaMSITH M3y9aeMoro MaTepyaia.

B mporiecce m3ydeHmsI MaTeMaTVKIL y YeJIOBeKa CKIIAIBIBAIOTCS CrienmdmaecKke Ko-
THUTVIBHBIE CTPYKTYPBI, SIBJISIONINECS OTpakeHeM OOBbeKTVBHO CYIIEeCTBYIOIINX MaTeMa-
TUYECKMX CTPYKTYP. DTV CTPYKTYPBI MOTYT OBITB ITOfI€JIeHBI Ha IBa OCHOBHBIX Tvma. K mrep-
BOMY OTHOCATCS ajireOpanrdecKiie, IIOPSIIKOBbIe ¥ TOIIOJIOIYecKe CTPYKTYPBl, KOTOpPbIe
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€CTh He UTO MHOe, KaK HEKOTOpPbIe YIIPOIIeHVsI OCHOBHBIX MaTeMaT4IecKx 00beKToB. VIx
aHAJIOTV B YeJIOBEYECKOM MBIIIUIEHVH BBICTYIIAIOT IIPeXXIie BCero KaK KOMIUIEKCHI, CPeJICTBa
XpaHeHVsI MaTeMaTU4ecKMX 3HaHuM. [Ipo 3TOT TUIil CTPyKTyp MOXHO CKas3aTb, YTO OHU
dpOopMUPYIOTCS TI0 «TOPU30HTAIIBHOMY » IIPUHITAILY.

Ko BTOpoMy Tuiy oTHOCSTCS Te MaTeMaTuyecKye CTPYKTYpPbl, KOTOpbIe SIBJISIIOTCS B
IIepBYIO OUepellb CpelCTBaMM MaTeMaTH4ecKoro rmosHaHms. Cpeny HUX MOXKHO BbIIeINTD
JIOTYecKye, aJIrOpuUTMIYecKrie, KOMOVHATOpHBIe 11 00pa3HO-reoMeTpirueckyie KOTHUTB-
HBle CTPYKTYPbL. DTOT TUII CTPYKTYp 0Opa3yeTcs B MBIIIUIEHNN YeloBeKa Ha OCHOBE TaKMX
CBsI3e71, KOTOPbIe SIBJISIOTCS OOIIMMM TSI BHEIITHEe COBEPIIIEHHO HEITOXOXWX OOBeKTOB 13
caMBIX pasHBIX pa3leIoB MaTeMaTuKu. I1o3ToMy MOXXHO cKa3aTb, UTO OHV (POPMUPYIOTCS
10 «BePTUKaJIbHOMY» IPUHUMITY. ISt TaKMX CTPYKTYp OyeM mpenMyIiecTBeHHO MCIIOIb-
30BaTh TEPMUH «CXEMBI».

ITomuepkHeM, UTO cxeMbl MaTeMaTINUeCKOrO MBIIIUIEHS BBIIEIISIOTCS 113 BCeX MaTeMaT-
YecKMX KOTHUTUBHBIX CTPYKTYpP TeM, UTO OHM 00JIa/lat0T YHMBEPCAJIBHOCTHIO, T. €. TEM, UYTO
OHVI pabOTAIOT He3aBMCVIMO OT KOHKPETHOTO COJIepyKaHMS MaTeMaTIIecKOTro MaTepriasla, VI UI-
ParoT BIIHYIO POJIb He TOJIBKO B OOyUYeHmY, HO U B MaTeMaTideckoM TBopuectBe. KomOnHa-
TOPHBIE 11 TeOMEeTPIIecKie MEeTOIbI HaXO/IST IIPVMeHeHVIE B CaMbIX Pa3sHBIX 00JIacTsIX COBpe-
MeHHOV MaTeMaTVKy. OTMeTVM, YTO Il MaTeMaTIYeCKOro Pa3BUTIS HIKOJIbHVIKOB, VIX MBIITI-
JIeHs HanOoJIblllee 3HaUeHVIe YIMeeT IMEHHO IIpoIiecc oIy YeH s MaTeMaTIecKX 3HaHWI,
CpeficTBa IS VIX TIOJTy4eHMs], TO eCTb MaTeMaTidecKye cxeMbl. TaKye cxeMbl VICIIOJIb3yIOTCS
IUISL pa3BUTVSL MaTeMaTIUIECKOV OJapeHHOCTH IIKOJIBHMKOB, UTO ObUIO ITOKAa3aHO aBTOPOM B
[30]. B npyrov craTbe aBTOpOM OBUIO pacCMOTPEHO, KaK TaKyie CXeMbl IIPVIMEHSIOTCS B 00y de-
HVIVI MaTeMaTVKe IS ITOJTy 9eHVs MeTallpeIMeTHBIX pe3yJIbTaToB [31].

Taxmm o6paszom, mist 0OyueHsI MaTeMaTMKe B HAIMYIMV JOJDKHA OBITH He TOJIBKO IIPO-
rpaMma TpaauIIMIOHHBIX IIPeIMEeTHBIX 3HaHWI, HO U IIporpaMMa (popMMpOBaHMs TeX MbIC-
JINTEIILHBIX CPEICTB (IeVICTBI), B HaIllell TEPMUHOJIOTI MaTeMaTUIeCKIX CXeM MBIIIIIe-
HVs, KOTOPBIe ydalliecsl MCIIOIb3YIOT B KauecTBe CPeICTB pellleHns pa3/IMdIHbIX 3a/71a4, B
TOM 4MCJle HeCTaHIAPTHBIX, T. €. 3a7lay, KOTOpble «HeW3BeCTHO-KaK-pelllaTb». bosee Toro,
Y3 [eATeJIbHOCTHOIO TI0JIXO0/1a BBITEKAeT, UTO IIPUOPUTET B 00yUeHNMM Ha/lo OTAaTh PopMuM-
POBaHMIO MMEHHO cxeMaM, T.e. CpelicTBaM MaTeMaTW4ecKOro MBIIUIeHNs, MaTeMaTnye-
CKOVI HedTeJIbHOCTA.

DTy BbIJIeJIeHHbIe crieldrdecKie cxeMbl MaTeMaTdecKyie MBIITIIeHMsI MBI IIOJIpo0-
Hee pacCMOTPVM HIIKe.

ITox srormyeckMMy cxeMaMmy MBIIUIEHMsI Oy[eM IIOHMMATh TaKyie KOTHUTVBHBIE
CTPYKTYPBbI, C IOMOIIBIO KOTOPBIX 13 BEPHBIX IIOCBUIOK MOKHO IT0JTy4YaTh BEpHbIE BBIBOIBI,
HaXOWTb BEPHbIe CIIENICTBUS M3 MMeIoImxcs akToB. Takme cxeMbl MBIIIIIEHVS OTpaka-
IOTCS1 B CTPOTOVi IOC/IeI0BaTeIbHOCTY PacCy>kKAeHN, B IIpUMeHeHUY 3aKOHOB (hOpMasIbHOT
JIOTVIKM, JOKa3aTeIbCTBa «OT IPOTUBHOIO», MCIIOJIb30BaHUM KOHTPIIPVMEPOB U IAPYIMX
IIP1EeMOB JI0Ka3aTeJIbCTBa.

DJIeMeHTBHI JIOTVIKM B IIIKOJIy IIpOOOBaIi BBeCTM MHOIVe y4eHble U IeIarory, B 4acT-
Hoct A. A. Crorsip. @opMupoBaHie IIepBbIX JIOTMYECKVX ITIOHSTI JIydllle IIPON3BOINUTD
Ha BO3MOXXHO OoJiee paHHeN CTyIIeHN o0ydeHMs. Takoe paHHee 3HAKOMCTBO C 3JIeMeHTaMM
JIOTVIKVI BIIOJTHE BO3MOYKHO OCYIIIECTBUTH C IIOMOIIIBIO UTP.

Harrr onbIT pabGoThI cO MIKOJIBHMKAMM TakKKe CBUJIETeILCTBYeT O TOM, 4TO PopMIUpoO-
BaHIe y y4allMXCsi JIOTMUeCKIX CXeM HauMHaTh JIy4llle C HauaJIbHOV IIIKOJIBI, IIPVYeM BeCTH
TaKyI0 paboTy IOCTelleHHO, IOAHMMAsICh OT Kjlacca K Ki1accy. OcHOBHOM c11ocob dpopmupo-
BaHMS TaKMX CXeM — 3TO pellleHNe JIOTMYEeCcKMX 3aj1ayd (3a1auM Ha MCTMHHOCTD U JIOKHOCTD
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BBICKa3bIBaHVIsA, O IIPaBIOIIO0IIax 1 JDKellax ¥ T. I1.) C IIpuBJIedeHrieM HeOoJIbIIIOro KojIJe-
CTBa CaMbIX IIPOCTHIX ITOHATUI JIOTMKN. Ydaluxcs 6-7-X KJIaccoB y>Ke HeoOXOAMMO I03Ha-
KOMUTB ¢ HEKOTOPBIMU JIOTMYECKMMY ITOHATVAMY, TaKVMW KaK cilefloBaHle, paBHOCWIIb-
HOCTb, IIpsIMasi ¥ oOpaTHas TeopeMbl, HeOOXOIMMOe 1 JOCTaTOYHOe ycJIoBus. VIMeeTcs o-
JIOKUTEJIbHBIV OIBIT M3y4YeHMs Ha 3TOV CTyIleHM 1 Oosiblilero oobeMa MaTepuasa. B csoe
BpeMs TaKue sKcrepuMeHTsI Tposoat A. A. Crossip. OgHaKo It 3TOV CTYIIeHN OH Upes-
MepPHO yBjIeKasIcs (POPpMaTbHBIMI JIOTMYeCKIMI CTPyKTypaMi. Ha aTom yposHe 0Oy ueHme
JOJDKHO WIITU IIpeXJie Bcero uepes 3agaun. Kak rokasaim sKcIiepyMeHTBl, 3J1eMeHThI JIO-
I'VIKM HelleslecooOpa3sHO M3ydaTh OTHAEIBHO OT APYIMX TeM, a HalJIeXXUT Jo0MBaThCs TOro,
YTOOBI 3TV 37IeMeHTHI ObUIM OpTraHWYeCcK! BIUIETEHBI B 13y4aeMbIll MaTepyarl, CTaIv BCIIO-
MoTaTeIbHbIM MHCTPYMEHTOM O0y4JeHMsl.

B crapmmx crienyammm3MpoBaHHBIX MaTeMaTHIecKX KlaccaxX VI Ha paKysIbTaTVB-
HBIX 3aHSTMIX MOXXHO HadaTh M3y4aThb 3JIEMEHTHI MaTeMaTU9eCcKOV JIOTUKN (JIOTMIecKie
onepariny, pOPMYJIbI, TaOIMIIBI MCTMHHOCTY, 3aKOHBI JIOIVIKM, JIOTMYECKOe CJIefICTBIe
VI T. IL.), HO OIATh-TaKM C VCIIOJIb30BaHMEM JIOCTaTOYHOI'O KOJIMYecTBa JIOTMYeCcKNX 3a7ad.
Ilespio Takoro Kypca sBjIgeTcs crcTeMaTu3alins, o0oOlleHre 1 paciipeHne yXe 1Melo-
IIMXCA Y y4allyxcd MaTeMaTUYecKx 3HaHWU, II0JTyYeHHBIX MU U B Kypce MH(POpMaTUKIL.
Taxom Kypc HeogHOKpaTHO ITPOBOAMIICS HaMU B cpefiHen 11Kojsle Ne 8 1 ecTecTBeHHO-MaTe-
MaTM4IeCcKOM JjIniiee T. Bosoraer.

B ycrmosmsix nudposmsatiim oOrrecTsa 1 oOpa3oBaHMs JIOTMUECKOe MBIIIUIeHVIe T-
paeT 0cob0 BaXXHYIO POJIb, IIOCKOJIBKY OHO IIOMOTaeT pa3odpaThcs B OOIbIIX 00beMax MH-
dopmarmy, aHaTM3MPOBaTh JaHHBIE VI IPMHMMAThL 0OOCHOBAHHEIE pellleHs Ha Oase JIo-
IMYecKyX 3aKOHOB VI ITPVHITUIIOB.

IToz asIropUTMITYecKMY CXeMaM¥ MbI IIOHVIMaeM TaKye YMCTBeHHBIe CTPYKTYpPbl, KOTO-
PpBle MO3BOJIAIOT KaK VCIIO/Ib30BaTh yKe M3BeCTHbIe aJITOPUTMBI 11 METO/IBL, TaK U IIOCTPOUTD
HOBBIVI AJITOPUTM, T. €. CIUTAaHMPOBaTh HEKOTOPHIE IEVICTBIIS, VI Peavi30BaTh IIOCTPOEHHBIV ajI-
ropuTM. YMeHMe pOpMyIIMpOBaTh, CTPOUTH U IIPVIMEHSITh JITOPUTMBI — OJHO T3 BaXKHBIX Ka-
YecTB MaTeMaT9eCcKOro MbIuIeHvEs. Takoe yMeHVe BaXKHO ¥ B OOBIIEHHOV XKV3HIL

Kax ormeuatoT MHOTME VICCIeIOBaTEeN N M KaK ITOATBEPIKIAaeT Halll OIBIT, padoTy mo
dopMIMpOBaHMIO TaKMX CXeM MBIIIUIeHNs 11eJleco00pasHO HauMHaTh JOCTaTOYHO paHo, Ha
yPpOBHe HaudasIbHOV IIIKOJIBI, pelllasi C yJYallMMUCS 3afaul Ha IUIaHVpOBaHMe [IeVICTBUIL
Hawnbostee m3BecTHOM 3a/1a4ert IOJOOHOTO TUIIa SIBJIsieTCA CTapas pyccKas 3afava O BOJIKe,
KO3e 1 KaIlyCTe, IlepellpaBiIdeMbIX uepe3 peKy, Clojia ke OTHOCSTCS 3a7laul Ha IlepesIBaHs
1 B3BeIlIVIBaHVIsA, Pa3/IMuHble UTPOBbIe 3a/IaulL.

1151 Gostee cTapiiiero Bospacra MOXKHO, He M3MeHsIsl coflep KaHlsl OCHOBHOTO Kypca, a
TOJIBKO ITyTeM IleJIeHallpaBJIeHHOI o IT07100pa psria 3afad, I03HaKOMUTB YUaliXcsi CO CBOTI-
CTBaMM aJITOPUTMOB, C OCHOBHBIMM THIIAMM aJITOPUTMIYECKMX IIPOIIeCCOB (JIVIHEVIHBIM,
pasBeTBIsIOIIMMCs, IMKIIMdecknM). [ToaToMy ompenerieHHOe MeCTO B Kypce MaTeMaTUKI
JIOJDKHO YIEeJISThCS PelleHNIo 3a/la4d, KOTOpble «Heu3BeCTHO-KaK-pelllaTh», IPUBOMAMIINX K
HeoOXOIVMMOCTVI TIOCTPOEHVISI aJITOPUTMOB He BBIYMCIINTEIIbHBIX IIPOIIeccoB, HalIpuMep 3a-
Jayy Ha B3BellVBaHVs. AJIFOpUTMIYECKIe 3a/lauyy Ha 3TOM 3Talle IiejlecooOpa3Ho /1aBaTh
ydaliMcs B Bujle cepum (1lelloYeK) IOCTelIeHHO YCJIOKHSIOMIVXCS 3ajiad, UYTO IT03BOJISIeT
BBIPaOOTATh HaBBIK IIO3TAITHOTO PEIIeHNs.

Kax mokasbIBaeT mpakTimKa, aJITOPUTMITIECKVIE CXEMBI B ITAMSTY Y IITKOJIBHVIKOB TOXe
He MOTYT COXPaHSIThCS UINTeIIbHOe BpeMsl, II03TOMY HOIBITKM X (POPMMUPOBaHNA 3a KO-
POTKMUTI IPOMEXYTOK BpeMeHM Jallle BCero He MMeIoT yciexa. TpebyroTcs neprogmnydecKke
TPeHVPOBKY, HaJl 3TMM HaI0 padoTaTh JJINTEJIbHOE BpeMsi.
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CrennyeT OTMETHUTD, UTO VIMeeTCs OIpefielleHHOe CXOCTBO MeXy aJIfOPUTMIYECKIIM
MBIIIUTEHVIEM VI OHVIM 3 BUIOB TEOPeTUIeCKOT0 MBIIIUIeHN s, BbinerleHHbIX B. B. [1aBbimo-
BBbIM, a IMEHHO BHYTPeHHIM IUIaHVPOBaHVEeM AeVICTBUIL

JIi1a TpeTbero Bua CXeM MaTeMaTW4eCcKOTO MBIIUIEHMsSI — KOMOVMHATOPHBIX CXeM —
TPYZHO IIPOBECTV YeTKO OUepUeHHbIe TpaHMIIEL. Yallle Bcero 1o KoMOMHATOPVKOV ITIOHN-
MaeTcsl pasfiesl MaTeMaTVKV, TIOCBSIIIIeHHBIN 3a7jadaM BIOOpa 11 PacIIoyIoXKeHVIsI 371eMEeHTOB
HEKOTOPOT0 KOHEYHOTO MHOKeCTBa B COOTBETCTBUY C 3aJaHHBIMM ITpaBwwiaMu (MaTtemaTu-
uvecKas sHIMKIIoNeAus, T. 2). Ilo mpyromy ompenesieHno KOMOMHATOPMKA — 3TO paszen
AVCKPEeTHOV MaTeMaTVKV, KOTOPBIVI paccMaTpuBaeT 3afaull Ha CyllleCTBOBaHMe, IIOCTpoe-
Hue, lepeurciieHlie VI OINTVMM3AlIIO Pa3INIHbIX 0ObeKTOB B 3HAUMTEIIBHOM KOJITYeCTBe.
B smoxy mmdpposmsaliim B CBsI3M C pa3BUTHEM MHPOPMAIIMOHHBIX TEXHOIOIMI VI KOMITBIO-
TEPHOV TEXHWKM CYIIeCTBEHHO BBIPOC/IVI BO3MOXXHOCTM Ilepebopa TakKmX OOBEKTOB, UTO
00yCJIOBIIIO 3HAUMTEIIFHBIVI POCT KOMOVMHATOPHBIX MCCIIEIOBAHMI B CaMBIX pa3HBIX 001a-
cTsx. 1 KoMOMHATOPHOTO MBIIIUIEHMS XapaKTepHbI TMOKOCTh (CMeHa ITlepBOHAYaJIbHOTO
IUIaHa JeVICTBUI, IIprdeM KaK Ha 3Talle IOVCKa pellleHs 3aa9y, TaK 1 Ha 3Tarle ee pellre-
HVISI) VI IIOCTPOEeHVIe HEKOTOPBIM CIIOCOOOM ITepebopa Bcex BO3MOXKHBIX BAPVAHTOB.

B mxostpHOM IIpeiMeTe MaTeMaTVKa comepskaHve Tembl «KomOnHaroprka» O6bU10 mymi-
TeJIbHOE BpeMsI IOCTATOYHO y3KMM. B ygeGHIMKax 11 mocoOvsix IyIs yumTestent mpeaycMaTpuBa-
JIOCh M3y4eHMe TOIBKO TpeX BUIOB KOMOVMHAIINI (pa3MellleHNis, COueTaHs, IIepecTaHOBK)
Oe3 TIOBTOpeHMI! 1 IPVBOAVIIVICE (POPMYJIBL, ITO3BOJISIBIIIVIE COCIMTATH VX KOJIVUECTBO.

Kak mokasbpIBaeT aHaIM3 JIMTepaTyphl U OIBIT IpeliofaBaHys, PopMIpoBaHe KOMOI-
HATOPHBIX CXeM VMeeT CMBICIT IIPOBOINTH IIOCTEIIEHHO, B TeUeHVIe BCero IIIKOJIBHOTO Kypca de-
pe3 peliieHre COOTBETCTBYIONTNX 3a1ad. HaumHaTe 3T0 germaTh Iydiiie Bcero B Ha4aIbHBIX Kilac-
cax. Harrpumep, riput sydeHmy B HauasIbHOV ITIKOsIe TeMbl «Hymeparinss» MOXXHO periaTh 3a-
Jla4vi Ha COCTaBJIeHVe Pa3/IIHBIX KOMOVHAIMTI OyKB v Iidpp (HaIrIprMep, IOIIPOCUTD yde-
HIKOB HaIlVICaTh BCe Pas3/IdHble Tpex3HauHble urciia 13 Iudp 2, 5, 6, He MCIIOIB3Ys IIOBTOPe-
Hys 3TnX Iydpp). ITpn perreHm Takovt 3a1aunt BaXkKHO, YTOOBI YUeHVIKY TIOHSUIV, KaK CIIeflyeT
BBITIOJIHATB TaKoV ITlepebop Harbosiee OTVIMaITBHBIM CIIOCOOOM.

B Gortee crapirieM Bo3pacTe 1es1lecoo0pasHO pacCMOTPETh CO IIKOJIbHMKaMM, KaK CTpO-
WTCS IepeBO BCeX BO3MOXKHBIX BAPMAHTOB, a TaK)XKe [1Ba IJIaBHBIX IIpaBIUla, ITO3BOJISIOMIVIX
HawTydIIVM CIIOCOOOM JIesIaTh TIOICUeT KOJIMYeCTBa BceX BO3MOXKHBIX KOMOMHAIINIA: IIpa-
BIJIa CYMMBI 1 ITpou3BeieHst. PaccMaTpuBaTh Kakme-iamnbo (popMyITsl KOMOMHATOPMKM Ha
3TOM 3Talle HellejlecooOpa3HO. YIauHBIM IIPVMEPOM PacCMOTPeHMsI KOMOMHATOPHBIX
CTPYKTYp B yueOHOI JInTepaType Ha 3TOM 3Talle CTal KOMIUIEKT 110 MaTeMaTVKe It 5-6-x
xiaccos 1o, pen. I'. B. [lopodeesa 1 V1. . [llapsirmnna.

C yuvammmuics 60s1ee cTapIix KjIaccoB Iiejiecoo0pasHO paccMaTpuBaTh IIPOCTEVIIIIe
dopMysIbI KOMOVHATOPUKY I TIOfICYeTa Yiciia pa3MelleHn ], IIepecTaHOBOK 1 codeTa-
HWUV ¥ VIX IIpVIMeHeH!e, IIp/deM He TOJIBKO B Teopuu BeposiTHOcTell. He vmMest mocraTou-
HOTO YPOBHS pa3BUTVSI KOMOVMHATOPHOIO MBIIIUIEHVIST, OOydYaroIyecss MOTYT JIMIIb pop-
MaJIbHO YCBOUTB Kypc Teopum BeposTHocTelr. [IpencrasisieTcss Taxke IieslecOO0pasHbIM
OZIVH 13 IIKOJIBHBIX KYPCOB 110 BEIOOPY 11e/IMKOM IIOCBATUTH IIPAaKTUKyMy I10 KOMOWHATO-
puxe. Llespio Takoro mpakTuKyMa, IIOMIMMO 3HaKOMCTBa C KOMOVHATOPHBIMU POpMYyIIaMu,
gBJgeTcs popMMUpoBaHVie KOMOMHATOPHOTO MBIIIUIEHVS 1 KOMOMHATOPHBIX HaBBIKOB yUa-
IIMXCc Ha Oase pas3IMuHbIX KOMOMHATOPHBIX METOHMOB. B 11x umciio HO/DKHBEI OBITH BKIIIO-
ueHbl OecdpOpMYyJIbHBIE METOBI (METO, CHICTeMaTI4YecKoro nepebopa oObeKTOB, KOMOMHa-
TOPHBIe IIPVHIIVIIBI CJIOKEHVS ¥ YMHOXeHMs, Tpadbl), KOTOpbIe CIIyXXaT HOACIIOPhEeM IS
JOCTVDKEHMS YUIaIVIMYICS TIOHMMaHWS Cy TV KOMOVHATOPVKIA
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KombnHaTOpHBIE cXeMbl IPUMEeHSIOTCS PV pellleHnY He TOJIBKO 3aj1a4 110 KOMOMHa-
TOPVIKE, HO VI CAMBIX Pa3sHBIX APYTMX 3afad. Takme cxeMbl IMEIOT HETIOCPeCTBEHHYIO B3a-
VIMOCBSI3b VI C IPYTMMW MaTeMaTNIeCKVMI KOTHUTVBHBIMY CTPYKTypaMy, B YaCTHOCTH C
TIOPSITKOBBIMIL.

MoOXXHO yBUIIETh HEKYIO aHaJIOIVIO MeXIy PacCMOTPEHHBIMM BBIIIEe TpeMs BuaaMu
MaTeMaTIUYIeCcKIX CXeM 1 TpeMs BUIaMy TeOPeTUIeCKOTo MBIIIIeHs, KOTOpble ObUIN BbI-
mesieHbl B vicoienoBaHmsx B. B. [laBpiioBa: aHaim30M, BHYTPeHHUM IUIAHOM JEeVICTBUN U
pednexcuen. ITosgree P. A. AtaxaHOBBIM OBUIO YCTaHOBJIEHO, YTO aHAJIN3 COOTBETCTBYET
IIepBOMY YPOBHIO TeOPeTIUUeCKOr0 MBIIIUIEHNS; peaIn3aliyis IVlaHa AeVICTBUI — 3TO BTOPO
yPOBeHb, IIpy4UeM 3TOT YPOBeHb yKe TIofpa3yMeBaeT HaJIM4Me aHam3a. TpeTbiM ke ypoB-
HeM TeOpeTMYeCKOTO MBIIUIeHNS SBJIAeTCs IIpoBefieHNe pedpieKcuy, IpudeM Ha 3TOM
yPOBHE y>Ke IIOJpa3yMeBaeTCs HaIidie 1 aHaJIn3a, 1 IUIaHVPOBaHVIS.

OueHb 1TOX0XXee MOKHO YBUIETh M B COOTHOIIEHMVI MEXIY TPeMsl pacCMOTPEeHHBIMI
BUIAMM CXeM MaTeMaTM4ecKoro MBIIUIeHMs. Tak, B Ipollecce IIOCTPOEHMs ajlrfOpUTMa
Jalrie BCero TpedyeTcs BBIAEIIUTD Bce BO3MOXKHBIE YacTHBIE CJTydan, a TaKyIo OIlepariyiio MbI
OTHOCVM K JIOTMYEeCKVM cXeMaM, T. €. [IJIs IeVICTBEHHOCTI aJITOPUTMUYECKMX CXeM YU9eHVK
JI0JDKEH yKe BJla/IeTh HeKOTOPBIMI JIOTMTYECKVIMYI CXeMaMU MBIIIUTeHS. A [l IpOBedeH s
riepebopa (OHOVI 13 OCHOBHBIX KOMOMHATOPHBIX 3aj1a4) TpeOyeTcs IIOCTPOUTD U peasIn3o-
BaThb HEKOTOPBIVI aJITOPUTM, T. €. JIS IeICTBEHHOCTV KOMOMHATOPHBIX CXeM MBIIIUIEHVIS
yUeHVK I0JDKeH 00IagaTh pAIoM JIOTMYECKNX VI aJITOPUTMITIECKIX CXEM.

B cTopoHe OT Tpex pacCMOTpPeHHBIX BBIIIIE BUIOB CXeM, HO He M30JIIPOBAHHO, CTOSIT
oOpa3Ho-TeoMeTprrdecKyie cXeMbl. TaKve CXeMbl UTPAIOT BEYIITYIO POJIb B FeOMeTPIYeCKOM
BOOOpakeHMM ¥ MHTYMIMN. Hamrane Takmx cxeM IIoMoraeT y4eHVKY HaTIJISIIHO IIpercTa-
BUTB MHOTIe MaTeMaTudecKrie OOBeKTHI VI OTHOIIIEH S, [I03BOJISIeT 3aMellaTh aOCTpaKTHbIE
MaTeMaTVdecKye MOJIesIV HarJIAOHBIMI cxeMaMU ¥ IIperncTasieHysiMu. Kak yxxe oTmeda-
JI0Ch, OOJIBIIIMHCTBO yYEHBIX-MAaTeMaTKOB MBICINT oOpasami. Takme oOpasel ITO3BOIISIOT
FOHECTV A0 KOJUIET VIV YIeHVKOB 3HaUMTeJIbHO OOJIbIlie 3HaHMT 1 rent, deM ciosa. K co-
JKaJIEHUIO, B TeUeHNe eCATWIETUNI YIeHMKOB OTydaIil OIleprpoBaTh oOpasamu T Kap-
TMHKaMV, [IOTOMY YTO OHWM «He CTporve». PasymeeTcs, OHI He CTPOTVe, HO OHU SIBJISTIOTCS
Ba)XKHBIM BCIIOMOTATeIbHBIM CPEIICTBOM, a TaKMMM CpelCcTBaMy B OOydYeHMV HMKOITA He
cilefyeT peHeOperaTh.

Hero B ToM, 9TO 0Opa3sHO-reOMeTpIIecKiie CXeMbI B 3HAUMTeIIbHOV CTeIIeHV IIPeICTaB-
JISTFOT COOOVI OIIVH V13 BUIOB 00pa3sHOro MBIIUTEHVIS, KOTOpOe IIPHCYIIe IPaBOMY IOJTyIIIapIII0
4yesIoBeueckoro Mosra. B mporiecce oOyuenvisi y desioBeKa IIPOVICXOIMT BO3pacTaHMe JIoride-
CKOVI KOMITOHEHTBI MBIITUTEHVISI 11, COOTBETCTBEHHO, BO3pacTaHyie PO JIeBoro nosymapst. Ho
3TOT IIpOIiecC JOJDKeH MPOVCXOAUTDH IIOCTEIIeHHO, IO Mepe PasBUTVS MBIIUIeHNs o0ydaro-
myixcst. Ilostomy dpopmmupoBaHme reoMeTprdecKyX cXeM J0/DKHO ITPOVICXOINTD Ha IIPOTsDKe-
HVVI BCETO ITepriofia 00y 9YeHs B IIIKosIe. /13 MpoBeIeHHBIX SKCIIePVIMEHTOB BBITEKAET, UTO IS
obecrieueHyst POPMIIPOBaHVI Y IITKOJIBHVIKOB TaKVIX CXeM MBIIIUIEHVIS CJIeIyeT IIPOBOIITH I1e-
JIeHaIIpaBJIeHHYIO paboTy, HauMHas ¢ HadaIbHOW IIIKOJIBL, 3A/I0KMB B KadecTBe (pyHIaMeHTa
oOyueHVs1 HaIJISTHOCTD, pas3/IvuHble IIOCTpOeHVs U T. I1. B pertteHmyt 3Tovt 1ipo0siembl O0JIb-
IITyIO POJIb UIPAIOT 3aHMMAaTeJIbHBbIe TeOMeTpIdecKie 3a/1aunt (Ha KOHCTPyVpOBaHMe, 3aaum
CO CITMYKaMVI, Ha Pas3BUTHE IIPOCTPAHCTBEHHOTO BOOOpaskeH Vs 1 T. 1.).

Ho mosroe BpeMsi B IKOJIBHOM ITpeIIOfIaBaHNI TeOMeTpuM HabIioaiach HeJIooIeHKa
o0pa3HOVI, HaIJISITHOV CTOPOHBI 3TOro ITpenMerta. IIpemioxkeHns 00 ycviteHV B IIperioza-
BaHWVVI TeOMeTPUV OIIOPHI Ha HarJIHbIe 00pa3bl, Ha TeOMEeTPUIeCcKI SKCIIEPUMEHT 3BY-
a1 elfe B cepenyee XX BeKa, HO He ObUIN TIOIep>KaHbI OOJIBIIIVIHCTBOM MaTeMAaTKOB. B
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60-70-e rozpl B OTeUeCTBEHHON IIIKOJIe BO300sIaajIo CTpeMIIeHME C IIOMOIIIBI0 TeOMeTPUN
Pa3BUTB JIOTMYeCKOe 1 aKCHoMaTdecKoe MbIIIIeHre. ABTOPBI y4eOHVMKOB 11 IT0COOMI CTpe-
MIJIVICB BCe JIOTMYecKy 000CHOBATh U [JOKa3aThb, B TO BpeMsi KaK IIpV O0y4eHN TeOMeTpUn
HeoOX0oAMMO ObUIO 100MBaThCS Pa3sBUTH Y yUAIIVXCS He TOJIBKO JIOTMUeCKOro MBIIIIIeHNs,
HO 11 00pa3HOro (IIPOCTPaHCTBEHHOTO) MBIIIUIEHNS.

11 oborartieHysi reoOMeTpUYeCKVX peCTaBIeHNI YUallyIXCsl, Il O3HAKOMJIEHVIS VX C
MaKCMMaJIbHO OoraTeiM HabOpOM reoMeTrprdecknx puryp (Kak IUIOCKMX, TaK M IIpOCTpaH-
CTBEHHBIX) PsIIOM YYeHBIX V1 IIe[Iaroros ObUIo IIperyioxkeHo B 90-e ronbl XX Beka elrle 10 HavasIa
CHCTeMaTITIeCKOTO Kypca reoMeTpui M3y4daTh KYPChbl HAITIITHO 1 IIPAKTYeCKOV FeOMeTPIUI
(B HauagpHOV IIKOJIe u B 5-6-x wiaccax) (B. A. TIyces, I. [l Imensep,
I'.T. Jlesurac, H. IT. HonOvwms n V. ®@. Maperus, I'. A. KitekoBKMH 1 f1p.). DTUMM aBTOpaMm
IS TaKVIX KyPCOB ObUIM HaIlMICaHbl YUeOHVIKY )T IITKOJIBHUKOB. B 3T1x yueOHMKax IpuiaBa-
JI0Ch O0JIBIIIOE 3HAUEeHVIe HATIATHOCTY, PVUCYHKaM, KOTOpbIe IIOMOTatoT YSCHUTD CBOVICTBA (pu1-
T'yp, BBIIBUHYTH VIIEI0 pellleHNs, IIOHSTD Mel0 JTI0Ka3aTe/IbCTBa, CIIOCOOCTBYIOT MaTeMaTide-
ckoMy passurmio. [lo HabimomeHVSIM Kak y4wTeslerl, TaK ¥ IICMXOJIOTOB IIPW 3arlo3asIoM
HaJaJle VCIOJIb30BaHs HarTITHOCTV 00y JeHs CIOCOOHOCTD YUaIIXcsi IPVIMEHSTh TeOMeT-
prdecKyie o0pasbl MOXKET He TOJIBKO JI/IbIIle He pa3BMBaThCsl, HO MOXET JaKe oc1aldeTs 11 TIo-
racHyTb. [losToMy dopmmpoBaHite 00pa3HO-reOMeTPIIeCcKOrO MBIIUIeHMS yYallixcsi He
JIOJDKHO OrPaHMYMBATHCS BpeMeHHbBIMI paMKaMy IITKOJIBHOTO Kypca FeOMeTpUIL.

ITpu dopmMmpoBaHMI TPOCTPAHCTBEHHOTO MBIIIUIEHNS YacTO BO3HMKAIOT OOJIbIIVe
TPYAHOCTU. YMeHVe MBICJIUTh IIPOCTPAHCTBEHHBIMY OOpa3aMy HeOCTaTOYHO Pas3BUTO Y
3HAYMTEeJIbHOM YacTV KaK IIIKOJIBHUKOB, TaK 1 CTY/I€HTOB, UTO 0ObSICHSETCS He[JOCTaTOYHO
IIOATOTOBKOV yYalllMXCsl K BOCIIPUSATHIO B CTapIIMX Kjlaccax cTepeoMeTpun. [lnresibHoe
BpeMsI IITKOJIBHMKM M3y4aloT TOJIBKO IUTOCKIE OOBEKTEL. A IIPV OTCYTCTBUM Aake 3IIM30[0B
BbIXOJJa B TpexMepHOe IIPOCTPaHCTBO Y y4YalllMXCd B MBIIUIEHUV CKJIa[bIBAlOTCS [IByXMep-
Hble CTepPeOTHUIIbl, KOTOPbIe BIIOCIEICTBUN MEIIIalOT VIM MBICJIUTD TPeXMepPHBIMI 0Opa3aMi.

PasnenbHOe M3yueHMe CBOVICTB (DUTyp Ha IUIOCKOCTHU U B IIPOCTPAHCTBE, 110 MHEHWIO
psdaa y4eHBIX, 3aTpyaHbeT popMMUpOBaHMe y YUeHMKA OOIIMX reOMeTPUYEeCcKMX 3aKOHO-
MepHOCTeVl. B 3HauMTeIbHO CTelleHN 3TOT HeIOCTaTOK ObUI IIpeoiojIeH B yueOHMKe Teo-
metpun B. A. T'ycesa. Vinea dysmonmsMa Halnla BOIUIONIEHVe B ydeOHMKaX U APYTUX aB-
TopoB (A.JI. Bepaepa n T. I'. Xonor, I'. [1. I'nenzepa u B. I'. BosrrsiHckoro m ap.).

B mndposyio spy ¢ HosiieHneM IpOrpaMMHBIX CPeCTB Il 00pabOTKM MaTeMaTu-
YecKMX JaHHBIX CYIIeCTBEHHO YBeJIMYMIIVCh BO3MOXXHOCT IIPOBeIeHNs SKCIIePYMEHTOB C
oOBbeKTaMy MaTeMaTU4ecKNX MCCIIeJOBaHM, BEIUMCIIUTEIbHBIMI SKCIIepUIMeHTaM, 3aMe-
HSIOIIVMMM pealbHble HaTypHBIe SKcIlepuMeHTHI. VIcIioiabp30BaHMe CrcTeM KOMITBIOTEPHOT
MaTeMaTMKI OKa3aJlo 3aMeTHOe BJIMSIHMe Ha IOAXOAbl K POpMMPOBaHMIO MaTeMaTide-
CKOT'0 MBIIIIEHV U Ha BCIO MaTeMaTU4ecKyIo apagurmy. B meuartu sce uarie oOcyxmaercs
HeoOXOAMMOCTb BHe[IpeHsI MeTO0B SKCIIepVIMeHTaIbHOV MaTeMaTVKV He TOJIbKO B Hay4-
Hble VCCIIeIoBaHs, HO M B 00pa3oBaTeIbHBIV IIpOoliecc. DTV MeTObl pacCMaTpPUBAIOTCS KaK
KITIOY K YCIIeIITHOV peaIn3allii 1CCiIeoBaTe/IbcKoro 00ydeHs KakK B IIIKOJIBHBIX, TaK 1 B
YHUBEPCUTETCKMX MaTeMaT4decKnX Kypcax.

MHorwue yunresis HpeapyHSUIN Iary 10 0OHOBJIEHIIO METOIOB 1 collep>KaHust 0Oyde-
HVISI MaTeMaTMKe B COOTBETCTBUM C HOBOVI ITapaiUIrMOVL, CTPeMSICh YCIIINTD SKCIIeprIMeHTalTb-
HYIO COCTaBJIAIOIIYIO U MICTIOJIb30BaTh C 3TOV IIeJIbI0 COBPEMeHHBbIe I POBble TeXHOJIOT L.
[NTonassrsrolee OOJIBIIMHCTBO M3 3TVX MHULMATUB OTHOCIIIOCH K KYPCYy TeOMeTPUM C VCIIONIb-
3oBaHMeM crcreM GeoGebra, 1C: MaTematideckmi KOHCTPYKTOp, XKvBas MaTemaTViKa 1 fIp.
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[IInpokoe pacpocTpaHeHVe B HAYyYHOM MVpe B COBPeMeHHOM ITOHVIMaHWUU TepMWH
«3IKCIeprMeHTaIbHasg MaTeMaTKa» II0JIy4Wl JINIIb B ITociiefiHee gecarmwieTrie XX Beka. C
3TVMM IOJIXOI0OM CBSI3aHbI HaJIeXXIbl Ha OoJlee I7Ty0OKOe BOBJIeUeHVe O0yJaroIXcsi B McCile-
JI0BaTeJIbCKYIO JIeITeJIbHOCTD M PasBUTHe VX aHAIMTUYIeCKMX criocobHocTe. B pesyipraTe
aKTyaJIbHOCTb BHEIPEeHIsI MeTOIOB SKCIIepYIMEeHTaIbHOVI MaTeMaTVIKI B yUeOHBIVI IIpoliecc
CTaHOBUTCH Bce DOJIee OYEBMUIHOV, YTO OTKPBIBAe€T HOBble TOPVM30HTBHI [1JIsI TIOBBIIIEHS 3-
peKTMBHOCTY KaK IITKOJIBHOTO 00y4eHMs, TaK U IIOATOTOBKY OyIyIIMX CIIeIaIVICTOB.

B coBpemenHoM oO11ecTBe Bce Oojlee OTYET/IMBBIM CTAHOBUTCS IIOHVIMaHIe TOTO, YTO
yuJalyecsd B IIKOJIaX JOJDKHBI ObITh OCBOOOXIIEHBI OT HEOOXOAMMOCTIM BPYUYHYIO BBIIIOJI-
HSITB CJIOJKHBIE CYIMBOJIbHBIE IIpeo0pa3oBaHIs 1 3alIOMIMHATh OOIIMPHbIe MacCUBbI MHAPOP-
Matn. Obpa3oBaHVe JOJDKHO COCPeIOTOUNTBC Ha Pa3BUTMV HABBIKOB TBOPUYECKOIO MBIIII-
JIeHVIs], a He Ha OBJIaJleH!V PYTUHHBIMI HaBbIKaMIA.

TeopeTvraeckniit aHas3 1 BEIBOABI M3 MPAKTUKM PaOOTHI CO IITKOJIBHMKAMM U CTyIeH-
TaMM ITOKa3bIBAIOT, YTO 3a/1a4M, VICIIOJIB3YIOIIVe KOMIBIOTEPHYIO ajiredpy, JOJDKHBI OBITH
HecTaHAapPTHBIMM VI HOCUTD VCCIIe[IOBaTeJIbCKMUI XapaKTep. 1 ycBoeHMs TeOpuy BaXKHO
BPYUYHYIO PellINTb HECKOJIBKO YIIpa’KHEeHMUV, OJHAKO 3TO He HOJDKHO CTaTh perysIapHON
npakTrkovi. OCHOBHOe IIpVIMeHeHVe KOMITBIOTEPHBIX TeXHOJIOIMII B MaTeMaTuKe JOJDKHO
3aKJII0YaThCS B TOM, UTOOBI aKIIeHTMPOBaTh BHVMAaHMe Ha VX POJIV B BBIIIOJIHEHUM CTaH-
JapTHBIX BEIYVICTIEHNTI, KOTOPBIE TPV PyYHOM PeXXyMe TpeOyIOT CIIMIIKOM MHOTO BpeMeHT.
Kpowme Toro, mcrionp3oBaHMe TaKMX TEXHOJIOIMI TOJDKHO yITyOMTh ITIOHMMAaHe MaTeMaTy-
4ecKOVI IIPUPOIBI M3y4aeMoro IpeiMeTa.

Ba’KHBIM IOJI0XXUTEIIbHBIM MOMEHTOM SIBJIeTCs VICIIOJIb30BaHVe BO3MOKHOCTeV KOM-
MBIOTEPHBIX CVICTEM MaTeMaTVKM B VCCiIeloBaTe/IbckoM oOyueHnn. Kak orMeueHO aBTOpOM
B cTaThe [32], MCII0/Ib30BaHMe TaKMX KOMITBIOTEPHBIX CHCTEM YIIPOIIaeT pellleHNe yJaliiy-
MWCS 11eJI0TO psfla 3a7ady, pelleHrie KOTOPbIX TPaIVUIMIOHHBIMI CpeICTBaMI OKa3bIBaeTCs
HOBOJIBHO CJIOXKHBIM.

PasymeeTcsi, BcTaéT BOIIPOC, KaKyIO CHCTeMY KOMITBIOTEPHOVI ajireOpbl BCe JKe MCIIONb30-
BaTb B 00yueHm1. Harrie Bcero B KauecTBe TaKVIX CycTeM paccMaTtpyBatoT Maple 11 Mathematica,
OJTHAKO VX CTOVIMOCTb MOXKeT CTaThb HPEeIATCTBIEM I VIX JIMIEH3VIOHHOIO VICTIO/Ib30BaHVs B
oOpasoBaTe/IbHBIX 1IeJIIX. B HacTosIIee BpeMs IIPeICTaB/IsIeTCs], YTO ONTUMAJIBHBIM BRIOOPOM
sisiercs cricteMa SageMath. Ee xmoueBoe IpenMyIIiecTBo COCTOUT B TOM, UTO OHa JIOCTyIIHA
U1 OecIUIaTHOTO MCHOJIb30BaHNs ¥ OCHOBaHa Ha ITOITyJIIpHOM HbIHe si3bIKe Python.

OrmeTVM, UTO € CHCTEeMHBIX O3UIIUV PasBUTVe KOTHUTVBHBIX CTPYKTYP BBICTYIIaeT Kak
3aKOHOMEPHBIVI POCT VIX BHY TPEHHEV OpraHM3arvivi, KOTOPBIV IIPOVICXOOUT KakK 3a CYeT VX pac-
wieHeHNs, IddepeHITMaly, Tak 1 3a cueT 00pa3oBaHIs HOBBIX CTPYKTYp ITyTeM MHTerpa-
uym. Kak BbITeKaeT 113 reHeTI4ecKoro II0Ixo/1a, oOy4ueHre MaTeMaTKe B IIIKOJIe JIOJDKHO B
CcKaTom popMe BOCIIPOM3BOANUTD MCTOPVYECKII IIPOLIeCcC POXKIEeHVIS V1 CTAaHOBJIEHNS 3HAHWIL
Ecyvi XXe MBI B3IJIsIHEM Ha IIPOLIecC MOoJTyYeHVst MaTeMaTYecKX 3HaHWUV, TO YBUIVIM KoJIde-
CTBeHHOe ITpeo0JIafjaHIe MeTofa OT KOHKPeTHOrO K abCTpaKTHOMY, IIOCTelleHHOe, HebOoIb-
VMY IITaraMy HaKOIUTIeHVe MaTeMaT9ecK/X 3HaHWIA, T. e. HTerparyi. OnHaKo Ka4ecTBeH-
Hble CKauKy, IIPOPBIBbI B POXKIEHMV 3HaHUI (HarpyMep, co3aHue HeeBKIMIOBOV TeoMeT-
pviVt) IPOVICXOAVIIU ITyTeM IydpdpepeHITnaIym, ¢ IIOMOIIBIO AeTyKTVBHOIO MeTOIa.

3akroueHne / Conclusion

Bce paccMOTpeHHBIE CXEMbBI MAaTEMAaTUYECKOI'O MBIIIUICHVISI IMEIOT OOHY O6U_Iy10 0CO-
OeHHOCTh: VX CTaHOBJIEHVE BO3MOXXHO peainm30BaTh JIMIIb B T€YEeHNME JUJINTEJIIBHOTO I1epV-
Ooda BpeMEHM, VMCIIOJIb3Yysl CEH3UTVIBHBIEC BO3MOXKHOCTV MX Pa3sBUTVIA B KaXXAOM BO3pacTe.
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Yem Gosibllle pa3sBUTHI y UeJIOBeKa KOTHUTVBHBIE CTPYKTYPbI, TeM OOJIbIIle BO3MOXKHOCTH
TIOJTy YeHVIs, aHa/IVI3a VI CMHTe3a MHPOpMaIiuy, TeM OoJIblile cTelleHb ITIOHVIMaHS YeJIoBe-
KOM OKPY>KaIOIIIero MM pa M CaMOTo CeOsl.

Taxmm obGpasom, B TIporiecce 0OydeHMs YIeHVKY Hy>KHO He IIPOCTO COOOIINTD «CyMMY
3HaHUIT», a CPOPMMPOBATh y HETO Ha COOTBETCTBYIOIIEM YPOBHE CUCTEMY B3alIMOCBS3aHHBIX
3HaHMUI, 0Opa3yIONVIX BHyTpeHHe YIIOPsI0YeHHYIO CTPYKTypy. OnHako dopMupoBaHye Ta-
KOVI CVICTEMBI — JIeJIO JOCTaTOYHO TPYHAOeMKoe 1 TpeOyrolliee MHOTO BpeMeHM. OrpoMHOe KO-
JIVI9ECTBO JeTaJIBHBIX CTPYKTYP, PV YIacTVV KOTOPBIX YeJIOBeK CTAHOBUTCS ITPOdeccroHa-
JIOM, CIIEIVIAJTVICTOM CBOETO JIeJ1a, TpeOyeT TOro, 9To0bI y4eHbe HauHAIOCh B CAMOM paHHEM
BO3pacTe VI IIPOIOJDKJIOCH JIOJITHAe TOMIBI, IIPAKTIUECKN BCIO XV3Hb. Bech MHOTOJTETHVIVE OITBIT
IIperiofiaBaHVIsl TAKOTO MpeIMeTa, KaK MaTeMaTuKa, CBUIETeIbCTBYeT O HeOOXOIVIMOCTYI IIIVi-
POKOTO VICIIOJIB30BaHVSL TPV (POPMMPOBAHV CTPYKTYP MaTeMaTHMYeCKOTO MBIIUIEHVI IIpo-
1lecca MHTeTpalny CTPYKTYp C IpVIMeHeHVeM MeTOoIa OT KOHKPeTHOro K aOCTpaKTHOMY, OT
YaCTHOTO K 00I1IeMYy, 0COOEHHO Ha paHHMX CTafusax oOyders. JIorvka n3ydeHs 3TOro IIpes-
MeTa TaKOBa, YTO JaJleKO He Bcerzia BO3MOXKHO ITepBOHAYa/IbHOe 3HAKOMCTBO C MaTeMaTide-
CKVIMM ITOHSTVISIMU B IX caMOM o0111eM Bule. B 0Oydenmm oba criocoba m3/105keH1s MaTepriasia
JIOJDKHBI B3aVIMHO JIOIIOJIHSTH JPYT APYTa C IMOCTeIIeHHBIM BO3pacTaHveM poym anddepeH-
VALV KOTHUTVBHBIX CTPYKTYP, METOIA OT ODIIIero K YaCTHOMY .

Ccbutkmu Ha uctouHukm / References

1. ApHonbg B. U. XecTkne n markne matematmyeckme mogenu. — 2-e nsg. — M.: MUHMO, 2008. — 32 c.

TectoB B. A. CtpaTteruna oby4eHus matemaTuke. — M.: TexHonornyeckas wkona 6usHeca, 1999. — 304 c.

3.  Semenov A. L., Abylkassymova A. E., Polikarpov S. A. Foundations of Mathematical Education in the Digital Age //
Doklady Mathematics. — 2023. - Vol. 107. — Ne S1. — S1-59. DOI: 10.1134/51064562423700564.

4. BopoBsckux A. B. O cofepkaHnW LIKOJbHOrO MmaTemaTuyeckoro obpasoBaHus. OT COAEPKMMOrO K COAEPKAHUIO:

MaTemaTMKa Kak CMCTeMa MbICAUTENbHbIX cpeacTs // BecTHMk MockoBckoro yHusepcuteta. Cepusa 20: Negaroru-

yeckoe obpasosaHune. — 2024, — T. 22. - Ne 2. — C. 61-82. DOI: 10 .55959/ LPEJ-24-16.

Byp6aku H. Apxutektypa matematnku // Ouepku no nctopum matematnku. — M.: U/, 1965. - C. 245-259.

Muake XK. CTPYKTypbl maTemaTUYecKue 1 onepaTopHble CTPYKTYPb! MblwaeHns // NpenogasaHne maTeMaTnKn, —

M.: Yunearus, 1960. — C. 10-30.

7. AkumaHcKaa U. C. 3HaHUA U MblliAeHne WKoNbHMKA. — M., 1985. - C. 10.

8. [Oasbigos B. B. Teopus passusatolLero obydeHuns. — M.: UHTOP, 1996. — C. 152.

9. Haiiccep Y. Mo3HaHue 1 peanbHocTb. — M.: Mporpecc, 1981. — C. 74.

10. TMwnaxke XK. CTpyKTypbl MaTemaTUyeCKne n onepaTopHble CTPYKTYpbl MblwaeHuna. — C. 13.

11. XonogHaa M. A. lNcuxonorna nMHTeNNeKTa: napagoKcobl nccnenosaHma. — Tomck: M3a-so Tom. yH-Ta; M.: U3a-Bo
«bapcy», 1997. — C. 145.

12. ArtaxaHoB P. A. K gnMarHoctuke pa3sutusa maTemMaTMyeckoro mbilineHuns // Bonpockl ncuxonorum. — 1992, — Ne 1-
2.—C. 60-67.

13. Apamap XK. UccneposaHue ncuxonormm npolecca nsobpeteHns B 061actm matematuku. — M.: CoBeTckoe paamo,
1970. - C. 80.

14. Cronsp A. A. NeparorMka mateMaTuku. — MUHcK: Bbiweliw. wk., 1969. — 368 c.

15. Tyces B. A. HoBblIii 3KCnepMmeHTanbHbI Kypc reomeTpun // MaTtemaTtuyeckoe obpasoBaHue: Tpaauumm 1 cospe-
MEHHOCTb: Te3. deaepanbHOM Hayy.-NpakT. KoH. — H. Hosropog, 1997. — C. 100.

16. MaHuuesa I'. A. MeToamyeckme pekomeHAaLMn No n3ydyeHunto Kypca «J1ormka B maTemaTMyeCcKUX PaccyKaeHuaAxX»
5 knacc. — Bonorga: M3g-so Bon. UMKuMMK, 1996. — 84 c.

17. 3akA.3.0cobeHHOCTM GOPMUPOBAHMA IOrMUYECKOrO MbILLIEHMA B HAaYabHOM WKone // MexayHapoaHbIN sKypHan
ryMaHUTapHbIX U eCTEeCTBEHHbIX HayK. — 2022. — Ne 7-1 (70). — C. 48-54.

18. HKysbmumuesa E. A., WeweHko K. C. PopmmpoBaHME NOTMYECKOTO M aITOPUTMUYECKOTO MbILWNEHUA B LUKOABHOM
Kypce nHdopmatukm // UHbopmaLmoHHbIe TeXHONorMK B 06pa3oBaTelbHOM NPOLLECCE BY3a U LIKOJbI: MaTepuanbl
XV Bcepoc. Hayy.-npakT. KoHo. — BopoHexk, 2021. — C. 242-247.

19. NanexuHa HO. J1. Pa3BuTme MbllLNEHUNA (NOTUYECKOro, KOMBMHATOPHOrO, aATOPUTMUYECKOTO) yYaLLMXCA MAaLLero
LLIKO/IbHOTO BO3pacTa Ha ypoKax matemaTuku // Monogoi yueHbiit. — 2024. — Ne 41 (540). — C. 367-370.

N

o w

215


https://elibrary.ru/contents.asp?id=62435537
https://elibrary.ru/contents.asp?id=62435537&selid=63871054
https://elibrary.ru/item.asp?id=69193763
https://elibrary.ru/item.asp?id=69193763
https://elibrary.ru/contents.asp?id=69193759
https://elibrary.ru/contents.asp?id=69193759
https://elibrary.ru/contents.asp?id=69193759&selid=69193763
https://www.elibrary.ru/contents.asp?id=49308210
https://www.elibrary.ru/contents.asp?id=49308210
https://www.elibrary.ru/contents.asp?id=49308210&selid=49308224

B. A. Tecmo8

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

10.
11.

12.

BepeHuuk E. E. Pa3Butne matemaTmyeckmx CrnocobHOCTEN yYaLMXCA C NOMOLLbIO 3aHUMaTe/IbHbIX 3a4ad // Passu-
TME MAaTEMATUYECKON 0aPEHHOCTU MAAALWMX LWKObHUKOB B COBpeMeHHOM obpa3oBaTtenbHoOM cpeae: cb. maTe-
puanos Bcepoc. Hayy.-npaKT. KoH. — Kupos: MexXpernoHasibHbli LEHTP MHHOBALLMOHHbIX TEXHONOMMI B 06paso-
BaHuu, 2022. - C. 158-162.

Posicelskaya M. A., Rudchenko T. A., Semenov A. L. Mathematical elements of elementary education // Doklady
Mathematics. — 2023. — Vol. 107. — Ne S1. — S10-S41. DOI: 10.1134/51064562423700576.

Posicelskaya M. A. Constructive Combinatorics in Elementary School Mathematics // Doklady Mathematics. —
2023.—Vol. 107. — Ne S1. — S52-S77. DOI: 10.1134/51064562423700594.

CemeHos A. /1., PyaueHko T. A. 3a4aun, KOTopble « HEM3BECTHO-KaK-pellaTbhy, B uudposom mupe // NHpopmaTu-
3aumMA 06pa3oBaHNA U METOAMKA INEKTPOHHOrO 0byyYeHus: undposble TexHONOrMK B 06pa3oBaHum: maTepuasbl
VIl MexayHap. Hayuy. KoHo. — KpacHospck, 2023. — C. 881-884.

Mukeposa I. I'., Fopyaposa . A. opmMpoBaHMe NPOCTPAHCTBEHHbIX NPeACTaBNEHNI MAALALWNX WKObHUKOB Ha
YpOKax matematuku // PasBuTre mateMaTMHECKOW 0A4apPeHHOCTM MIAALLIMX LWKOIbHUKOB B COBPeMeHHO 06pa3o-
BaTeNbHOM cpege: ¢6. maTepuanos Bcepoc. Hayy.-NpakT. KOHG. — KupoB: MeKpernoHasibHbli LEHTP MHHOBALMOH-
HbIX TEXHOI0TUI B 06pasoBaHuu, 2022. — C. 128-134.

baToBa A. A., Ctoinnosa /1. 1. Oco6eHHOCTM pa3BUTUA NPOCTPAHCTBEHHOIO MbILW/IEHMA B M1aALLEM LKONbHOM BO3-
pacte // Neparornyeckoe obpasosaHmne. —2021. - T. 2. — Ne 2, — C. 4-9.

JNleoHTbeBa H. B. K Bonpocy 0 pa3BuTMM NPOCTPAHCTBEHHOINO MbILLIEHUSA Y 0OYYaIOLMXCA CTAPLLUMX KNACCOB C UC-
nonb3osaHnem UKT // MaTemaTuieckuii BECTHUK Neasy308 U YHUBepcUTeToB Bonro-Batckoro pernoxa. — 2019. —
Bbin. 21. — C. 337-340.

Shabat G. B., Semenov A. L. Computer experiment in teaching mathematics // Doklady Mathematics. — 2023. -
Vol. 107. — Ne S1. — S92-S116. DOI: 10.1134/51064562423700618.

fictpeboB A. B. UccnepoBaTtesnibckoe obyvyeHMe maTemMaTUKe B WKoae: MoHorpadusa. — flpocnasnb: PUO ArMY,
2018.-161c.

Vavilov N. A., Khalin V. G., Yurkov A. V. The Skies Are Falling: Mathematics for Non-Mathematicians // Doklady
Mathematics. — 2023. — Vol. 107. — Ne S1. — S137-5150. DOI: 10.1134/51064562423700643.

Tectos B. A. MatemaTuyeckas 04apeHHOCTb 1 ee pa3sutue // MepcnekTuBbl HayKM M 06pa3oBaHUA: MeXAyHapoa-
HblA 91EeKTPOHHBIN HAayYHO-MPAKTUYECKUI KypHan. —2014. — Ne 6. — C. 60-67.

TectoB B. A. O HEKOTOPbIX BMAAX MeTanpesMeTHbIX pesynbTaToB obyyeHus matematuke // O6pasosaHue K
Hayka.—2016.— Ne 1. — C. 4-20. DOI: 10.17853/1994-5639-2016-1-4-20.

Tectoe B. A., Monkos P. A. UccnepoBsatenbckoe obydeHMe maTemMaTUMKe M CMCTEMbl KOMMblOTepHOM anrebpbl //
BecTHMK CbIKTbIBKapcKoro yHueepcuTeTa. Cep. 1: Matematuka. MexaHuka. MHpopmaTuKka. — 2024. — Bbin. 4(53). —
C. 52-68. DOI: 10.34130/1992-2752_2024_4_52.

Arnol'd, V. I. (2008). Zhestkie i myagkie matematicheskie modeli [Hard and soft mathematical models], 2-e izd,
MCNMO, Moscow, 32 p. (in Russian).

Testov, V. A. (1999). Strategiya obucheniya matematike [Mathematics Teaching Strategy], Tekhnologicheskaya
shkola biznesa, Moscow, 304 p. (in Russian).

Semenov, A. L., Abylkassymova, A. E., & Polikarpov, S. A. (2023). “Foundations of Mathematical Education in the
Digital Age”, Doklady Mathematics, vol. 107, Ne S1, S1-S9. DOI: 10.1134/5S1064562423700564 (in English).
Borovskih, A. V. (2024). “O soderzhanii shkol'nogo matematicheskogo obrazovaniya. Ot soderzhimogo k
soderzhaniyu: matematika kak sistema myslitel'nyh sredstv” [About the content of school mathematics education.
From contents to the matter: mathematics as a system of thinking tools], Vestnik Moskovskogo universiteta. Seriya
20: Pedagogicheskoe obrazovanie, t. 22, Ne 2, pp. 61-82. DOI: 10 .55959/ LPEJ-24-16 (in Russian).

Burbaki, N. (1965). “Arhitektura matematiki” [Architecture of Mathematics], Ocherki po istorii matematiki, IL, Mos-
cow, pp. 245-259 (in Russian).

Piazhe, Zh. (1960). “Struktury matematicheskie i operatornye struktury myshleniya” [Mathematical structures and
operational structures of thinking], Prepodavanie matematiki, Uchpedgiz, Moscow, pp. 10-30 (in Russian).
Yakimanskaya, I. S. (1985). Znaniya i myshlenie shkol'nika [Knowledge and thinking of a schoolchild], Moscow, p.
10 (in Russian).

Davydov, V. V. (1996). Teoriya razvivayushchego obucheniya [Developmental learning theory], INTOR, Moscow, p.
152 (in Russian).

Najsser, U. (1981). Poznanie i real'nost' [Cognition and reality], Progress, Moscow, p. 74 (in Russian).

Piazhe, Zh. (1960). Op. cit., p. 13.

Holodnaya, M. A. (1997). Psihologiya intellekta: paradoksy issledovaniya [Psychology of Intelligence: Research Par-
adoxes], 1zd-vo Tom. un-ta, Tomsk; Izd-vo “Bars”, Moscow, p. 145 (in Russian).

Atahanov, R. A. (1992). “K diagnostike razvitiya matematicheskogo myshleniya” [On diagnostics of the develop-
ment of mathematical thinking], Voprosy psihologii, Ne 1-2, pp. 60-67 (in Russian).

216


https://elibrary.ru/item.asp?id=62656616
https://elibrary.ru/contents.asp?id=62435537
https://elibrary.ru/contents.asp?id=62435537
https://elibrary.ru/contents.asp?id=62435537&selid=62656616
https://elibrary.ru/contents.asp?id=62435537
https://elibrary.ru/item.asp?id=54778490
https://elibrary.ru/contents.asp?id=45599396
https://elibrary.ru/contents.asp?id=45599396&selid=45599397
https://elibrary.ru/item.asp?id=63871054
https://elibrary.ru/contents.asp?id=62435537
https://elibrary.ru/contents.asp?id=62435537&selid=63871054
https://elibrary.ru/contents.asp?id=62435537
https://elibrary.ru/contents.asp?id=62435537
https://elibrary.ru/contents.asp?id=62435537&selid=63871054

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Hayuno-memoduueckuii asexmponnsiil xypHas «Konyenm»

Adamar, Zh. (1970). Issledovanie psihologii processa izobreteniya v oblasti matematiki [A study of the psychology
of the invention process in the field of mathematics], Sovetskoe radio, Moscow, p. 80 (in Russian).

Stolyar, A. A. (1969). Pedagogika matematiki [Pedagogy of Mathematics], Vyshejsh. shk., Minsk, 368 p. (in Rus-
sian).

Gusev, V. A. (1997). “Novyj eksperimental'nyj kurs geometrii” [A new experimental geometry course], Matematich-
eskoe obrazovanie: tradicii i sovremennost': tez. federal'noj nauch.-prakt. konf, N. Novgorod, p. 100 (in Russian).
Manicheva, G. A. (1996). Metodicheskie rekomendacii po izucheniyu kursa “Logika v matematicheskih rassuzhdeni-
yah” 5 klass [Methodological recommendations for studying the course "Logic in Mathematical Reasoning" 5th
grade], 1zd-vo Vol. IPKiPPK, Vologda, 84 p. (in Russian).

Zak, A. Z. (2022). “Osobennosti formirovaniya logicheskogo myshleniya v nachal'noj shkole” [Specific features of
logical thinking development in primary school], Mezhdunarodnyj zhurnal gumanitarnyh i estestvennyh nauk, Ne
7-1 (70), pp. 48-54 (in Russian).

Kuz'micheva, E. A., & Sheshenko, K. S. (2021). “Formirovanie logicheskogo i algoritmicheskogo myshleniya v
shkol'nom kurse informatiki” [Development of logical and algorithmic thinking in the school computer science
course], Informacionnye tekhnologii v obrazovatel'nom processe vuza i shkoly: materialy HV Vseros. nauch.-prakt.
konf, Voronezh, pp. 242-247 (in Russian).

Palekhina, Yu. L. (2024).”Razvitie myshleniya (logicheskogo, kombinatornogo, algoritmicheskogo) uchashchihsya
mladshego shkol'nogo vozrasta na urokah matematiki” [Development of thinking (logical, combinatorial, algorith-
mic) of primary school students in mathematics lessons], Molodoj uchenyj, Ne 41 (540), pp. 367—-370 (in Russian).
Berenchik, E. E. (2022). “Razvitie matematicheskih sposobnostej uchashchihsya s pomoshch'yu zanimatel'nyh
zadach” [Developing students' mathematical abilities through entertaining tasks], Razvitie matematicheskoj
odarennosti mladshih shkol'nikov v sovremennoj obrazovatel'noj srede: sb. materialov Vseros. nauch.-prakt. konf,
Mezhregional'nyj centr innovacionnyh tekhnologij v obrazovanii, Kirov, pp. 158-162 (in Russian).

Posicelskaya, M. A., Rudchenko, T. A., & Semenov, A. L. (2023). “Mathematical elements of elementary education”,
Doklady Mathematics, vol. 107, Ne S1, S10-S41. DOI: 10.1134/51064562423700576 (in English).

Posicelskaya, M. A. (2023). “Constructive Combinatorics in Elementary School Mathematics”, Doklady Mathemat-
ics, vol. 107, Ne S1, S52-S77. DOI: 10.1134/51064562423700594 (in English).

Semenov, A. L., & Rudchenko, T. A. (2023). “Zadachi, kotorye “neizvestno-kak-reshat', v cifrovom mire” [Problems
that are "unknown-how-to-solve" in the digital world], Informatizaciya obrazovaniya i metodika elektronnogo
obucheniya: cifrovye tekhnologii v obrazovanii: materialy VIl Mezhdunar. nauch. konf, Krasnoyarsk, pp. 881-884
(in Russian).

Mikerova, G. G., & Gorcharova, P. A. (2022). “Formirovanie prostranstvennyh predstavlenij mladshih shkol'nikov
na urokah matematiki” [Development of spatial thinking of primary school students in mathematics lessons], Razvi-
tie matematicheskoj odarennosti mladshih shkol'nikov v sovremennoj obrazovatel'noj srede: sb. materialov Vseros.
nauch.-prakt. konf, Mezhregional'nyj centr innovacionnyh tekhnologij v obrazovanii, Kirov, pp. 128-134 (in Rus-
sian).

Batova, A. A., & Stojlova, L. P. (2021). “Osobennosti razvitiya prostranstvennogo myshleniya v mladshem shkol'nom
vozraste” [Specific features of spatial thinking development in primary school age], Pedagogicheskoe obrazovanie,
t. 2, Ne 2, pp. 4-9 (in Russian).

Leont'eva, N. V. (2019). “K voprosu o razvitii prostranstvennogo myshleniya u obuchayushchihsya starshih klassov
s ispol'zovaniem IKT” [On the development of spatial thinking in high school students using ICT], Matematicheskij
vestnik pedvuzov i universitetov Volgo-Vyatskogo regiona, vyp. 21, pp. 337-340 (in Russian).

Shabat, G. B., & Semenov, A. L. (2023). “Computer experiment in teaching mathematics”, Doklady Mathematics,
vol. 107, Ne S1, S92-S116. DOI: 10.1134/5S1064562423700618 (in English).

Yastrebov, A. V. (2018). Issledovatel'skoe obuchenie matematike v shkole [Research-based teaching of mathemat-
ics in school]: monografiya, RIO YaGPU, Yaroslavl', 161 p. (in Russian).

Vavilov, N. A., Khalin, V. G., & Yurkov, A. V. (2023). “The Skies Are Falling: Mathematics for Non-Mathematicians”,
Doklady Mathematics, vol. 107, Ne S1, S137-S150. DOI: 10.1134/51064562423700643 (in English).

Testov, V. A. (2014). “Matematicheskaya odarennost' i ee razvitie” [Mathematical giftedness and its development],
Perspektivy nauki i obrazovaniya: mezhdunarodnyj elektronnyj nauchno-prakticheskij zhurnal, Ne 6, pp. 60—67 (in
Russian).

Testov, V. A. (2016). “O nekotoryh vidah metapredmetnyh rezul'tatov obucheniya matematike” [On some types of
meta-subject learning outcomes in mathematics], Obrazovanie i nauka, Ne 1, pp. 4-20. DOI: 10.17853/1994-5639-
2016-1-4-20 (in Russian).

Testov, V. A., & Popkov, R. A. (2024). “Issledovatel'skoe obuchenie matematike i sistemy komp'yuternoj algebry”
[Research-based Mathematics Learning and Computer Algebra Systems], Vestnik Syktyvkarskogo universiteta. Ser.
1: Matematika. Mekhanika. Informatika, vyp. 4(53), pp. 52-68. DOI: 10.34130/1992-2752_2024_4 52 (in Russian).

217



