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HUHD®OPMALMOHHBIE TEXHOJIOT'MH B MATEMATUKE U MATEMATUYECKOM ObPA30OBAHUU

O NPOBJIEMAX PEAJINSALNN KOHLUENUWUN PASBUTUA
MATEMATUYECKOI'O OBPA30BAHUA

ON THE PROBLEMS OF THE CONCEPT REALIZATION
OF THE DEVELOPMENT OF THE MATHEMATICAL EDUCATION

H.A. Noaydanos N.D. Podufalov

Mamemamuueckoe odpazosanue, cooeprcanue odpazosanus, oouiee odopazosanue, WIKo1a, KOH-
Uenyusa pazeumusn Mamemamuieckozo o0paz0eanus, 3HAHU, YMEHUS, HAGLIKU, ONMUMUZAUUS
cooeprcanus 00pazoeanus.

B crarbe paccmarpuBaioTcesi npoodJeMbl, MpensTcTByomue peaausanun Konuenuum pa3Bu-
THS MaTeMaThu4yeckoro oopazosanusi B Poccuiickoii ®@enepaunu. B kauecTBe 0CHOBHOIO MYTH
peleHusi ITUX NMPodjeM aBTOP CTABMT 33/1a4y ONTHMHU3ALMHU COAEPKAHUS MATEMATHYECKOIo
oOpa3oBaHMusi, B IEPBYI0 oUepeab B 001e00pa3oBareibHOM 1iKoJe. [Ipeanaraorces nyTu 1ajib-
Helileil padoThl B 3TOM HANPaBJIEeHUH, B TOM YHCJIe CTABATCS 32/1a4M BbIOOpPA pa3aesioB MaTe-
MATHKH, ONpe/ieJieHUs1 UX 00beMOB U CO/IepPKaHUsl, KOTOPbIEe J0/KHbI ObITh BKJIK4YEHbI B Kypc
IIKOJIbHOH MaTeMATHKH.

Mathematical education, content of education, general education, school, concept of the develop-
ment of the mathematical education, knowledge, skills, optimization of the content of education.

The article examines problems, which prevent realization of the concept of the mathematical
education development. As the main direction of their solution, the author defines an objective
of the optimization of the mathematical education content, firstly, at primary and secondary
schools. Ways of further performance within this direction, including selection of relevant areas
of mathematics, their volume and content for primary and secondary education are proposed.

HaJlM3 CHUTYallMH, CKJIAJbIBAIOIICHCS B CUCTEME POCCHUMCKOTO 0Opa3oBaHMUS,

MOKAa3bIBAET, YTO HAKOMUJIICA PAJI CEPHE3HBIX MPOOIIEM, CACPKUBAIOIINX PA3BU-

THE CUCTEMbI U HETAaTUBHO OTPAXKAIOIIUXCS HA KAUECTBE MOJATOTOBKH IIKOJb-
HUKOB, CTYJICHTOB U JPYTUX KaTeropuii o0ydaeMbIX. ITU MpoOIeMbl, IPEXIE BCETO,
CBSI3aHbI C BRIOOPOM cojiepxkaHusi oOpazoBanus. Mx oOcyxkaeHNIO TOCBSIIEHBI MHO-
rue myOJuKalluy B Pa3JIMYHBIX HAYYHBIX, HAYYHO-TIPAKTUYECKUX U MyOIULIUCTHYE-
ckux u3nanusax. B wactHoctu, B crathe H.JI. [lonydanosa u b.K. /lypakosa. «Marte-
MaTu4yeckoe o0pa3oBaHUE B KOHTEKCTE METO0JIOTHYECKUX MPOOJIeM pa3BUTHS POC-
cuiickoi cuctemMbl oOpa3oBaHus» [1] caenaHa MOMbITKA BBIICIUTh HAauOoOJIee aKTy-
aJbHBIE U3 HUX U HAMETUTH BO3MOXKHBIE ITYTU UX PEIICHUS.

BaxkxHoe MecTO B pelieHuu 3a/1ad MOJACPHU3AIUY U Pa3BUTHSI 00pa30BaHUs JOIK-
Ha 3aHUMaTh padoTa 1o peanuzanuu KoHIenIu pa3BUTUSI MaTeMaTU4eCcKoro oopas3o-
BaHus B Poccuiickoit @enepanuu [2].

[Ipu pazpabotke u yTBepx)AcHUM AaHHOW KoHuenumu ocTancs HE PEHIeHHBIM
OJTUH U3 IIEHTPAIbHBIX BOMPOCOB IIKOJIHHOTO MaTEMaTHUYECKOro 00pa3oBaHus — BBIOO-
pa paszenoB MaTeMaTHKH, OMpeieNieHUs: MX 00BEMOB U COJEPIKaHUSI, KOTOPbhIE JTOJIK-
HBI OBITH BKIIFOYEHBI B KYPC IIKOJIHHOM MaTeMaTHKU.

[6]
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Konmeniust conepkut Juiib 00II1Me METOA0IOTHYECKHIE TTOAX0bI, 3aKITFOUAFOIIIH-
€Cs B IOCTAHOBKE CIIEAYIONINX 3a/1a4:

— MOJIEpHU3AIINK COACPKAHUS YUEOHBIX MPOrpaMM MaTeMaTUYECKOT0 oOpa3oBa-
HUSl Ha BCEX YPOBHSX (C oOecreueHneM X MPEeeMCTBEHHOCTH) UCXO/IsI U3 TTOTPEeOHO-
cTeil 00ydJaromuxcst 1 moTpeOdHoCcTel 001mecTBa BO BceoOIel MareMaTuiecKou rpa-
MOTHOCTH, B CIICIUATIMCTAX PA3IUYHOTO MPOUIIS U YPOBHS MaTEMaTHYECKOM TOJT0-
TOBKHU, B BHICOKUX JIOCTH)KEHUSAX HAYKU U TIPAKTUKH,

— obecrieueHus OTCYTCTBUS MPOOETOB B 0A30BBIX 3HAHUSIX JJI KAXI0T0 00ydaro-
IIerocs;

— obecrnieueHns HAMMUYUS OOIIENO0CTYTHBIX HH(POPMAITMOHHBIX PECYPCOB, HEOOXO-
JTUMBIX JUISI peaau3alui Y4eOHbIX MPOrpaMM MaTeMaTHUYeCKOro 00pa3oBaHuUs, B TOM
YHCJIE B AJIEKTPOHHOM (hopMaTe, MHCTPYMEHTOB JIEATETLHOCTH O0YUaIOIIUXCS U Te/a-
TOTOB, TPUMEHEHUSI COBPEMEHHBIX TEXHOJIOTUN 00pa30BaTeIbHOTO MIpoliecca.

Taxxe B KoHuenuu mpoBeieHa HEKOTOpas IeTalu3aiis METOANUYECKUX MOIX0-
JIOB TI0 YPOBHSIM OO0IIEro 0Opa3oBaHMs, HO HE TIO3BOJISIONIAS CYIIECTBEHHO MPOIBU-
HYTHCS B PEILIEHUHU [IEHTPATIBLHOTO BOIIPOCA.

B nnane meponpusatuit Munobpuayku Poccun no peanuzarnuu Konneniuu B Ka-
9YeCcTBE OOIIECHCTEMHOr0 MepomnpusaTus mpejiaraerca «OpraHuzamnus pa3paboTKH,
anpoOaIuu 1 BHEIPEHUSI HOBBIX 2JIEMEHTOB COJIEPKAHUS MAaTeMaTU4eCcKoro oopa3ona-
HUsl (MaTeMaTH4ecKasi JIOTUKa, TEOPUS allTOPUTMOB U UTP, TEOPUST MHOXKECTB, TEOPHUS
BEPOATHOCTU U MAaTEMaTHUYECKOU CTaTUCTUKU U Jip.) B 2015-2020 roas». [Ipu sTom
HE YKa3bIBAETCS, OTHOCUTCS JIU IAHHOE MEPOTPHUATHE K IIKOJIbHOMY KYpPCY MaTeMaTH-
KU WUJTU HET.

Taxum 006pa3zoMm, ¥ ITOT TOKYMEHT HE COIEPXKUT KOHKPETHBIX PEKOMEHIAIUH 10 ITy-
TSIM pEIIeHUS IIEHTPAIHLHOTO BOIIPOCa — OMPEACTICHUs COIEPKaHus IKOJILHOTO MareMa-
TUYECKOTO 00pa30BaHus. 3a BpeMsi, MPOIIEAIIee TOCIe MPUHATHS BhIIEYKa3aHHBIX J0-
KyMEHTOB, CyIIIECTBEHHOTO TIPOJIBIKEHUS B PEIICHUH 3TOM MPOOJIEMbI HE TIPOU3OIILIO.

BmecTe ¢ »TUM aHanmu3 COCTOSTHUS MPENOJaBaHus Kypca MaTeMaTHUKU B IIKOJIAaX
¥ Ka4eCcTBa MaTEMaTHYE€CKOro 00pa30BaHMs MOKA3bIBAET HA HAIMYNE CEPhE3HBIX MPO-
0eI0B B MaTeMaTUYECKOM MOATOTOBKE MIKOJILHUKOB. 3/1€Ch, MIPEX/IE BCEro, peub UIET
0 MaccoBOi mIKoJie. B crenuaan3upoBaHHBIX IIKOJIAX U Kjaccax ¢ yriyOiIeHHOM MaTe-
MaTHYECKON MOATOTOBKOM 3Ta MpobiieMa peniaeTcsi 10cTaTodyHo 3((HEKTHBHO 3a CUET
00JBIIeT0 Y4eOHOTO BPEMEHH, OTBOJMMOTO Ha MaTeéMaTU4YeCKyI0 MOATOTOBKY, HaJIH-
YUl KBaIM(DUIIMPOBAHHBIX M1E€]ar0TOB U OOJIBIIIEH 3aMHTEPECOBAHHOCTH yUaIIIUXCS Ta-
KHX IIKOJ B U3yUYE€HUU MAaTEMATHKHU.

BhITTyCKHUKH MacCOBOM IIKOJIBI, KaK MPaBUIIO0, MOKA3bIBAIOT HEAOCTATOUHO BHICO-
KUl YPOBEHb 3HAHUH, CcIa00 BIIAJICIOT YMEHUSIMU W HABBIKAMHU B OOJACTH PEIICHUS
JlakKe MPOCTHIX MAaTEeMAaTUYECKUX 3a/1a4, HE YMEIOT JJOTUYECKU MBICITHTD.

B nepByto ouepenb 3TO CBsI3aHO C TEM, YTO B paMKaX y4eOHOTrO BpEMEHH, OTBOJIH-
MOTO Ha MaTe€MaTUKy B MAaCCOBOM IIKOJIE, MPAKTUUYECKH HEBO3MOKHO B TIOJIHOM 00be-
Me U C He0OXOIUMBIM YPOBHEM KaueCTBA 3HAHUHN peain30BaTh OOIIMPHBIN Kypc COBpe-
MEHHOM IIKOJIbHOW MaTeMaTHKH, OTPa00TaTh HEOOXOIUMbIE YMEHHS 1 HABBIKH.

[7]



HUHD®OPMALMOHHBIE TEXHOJIOT'MH B MATEMATUKE U MATEMATUYECKOM ObPA30OBAHUU

[ToaTOMy BOMpPOCHI ONTUMHU3AIMU COIEPKAHUS MATEMaTHYECKOTOo OOpa30oBaHUs
IIPY MAaCCOBOM MTOATOTOBKE IIKOJIBHUKOB CENYAC CTOAT OYEHBb OCTPO U €CTh CYLIECTBEH-
HO Pa3JIMYaroIIKUECs MOIXO0AbI K UX PELICHUIO.

Hampumep, B Bapuante KoHuenuu pa3BUTHS MaTeMaTHUYE€CKOTO OOpa3oBaHUs
B Poccuiickoii @enepaniuu, mpecTaBIeHHOM KOJUIEKTUBOM pa3padoTyukoB u3 MI'Y um.
M.B. JlomoHOCOBa, npe/iaraeTcss yMEHbIIUTh UIEHHYIO0 U a0CTPAaKTHO-TIOHSITHIHYIO
Harpy3Ky, YBEJIMUMB BPEMS Ha PEUICHUE TEKCTOBBIX U APYTUX CMBICIOBBIX (MpaKTUYeE-
CKHX) 3a/1a4, COXPAaHUTh B OCHOBHOW U CTapIliel MIKOJIe 33]]a4ui Ha PEIICHUE ypaBHe-
HUW U HEPABEHCTB, KaK anreOpandeckux, Tak U UppaIlMOHAIBbHBIX, TPUTOHOMETpUYE-
CKHX, JOrapu(MUUYECKHUX, MOKA3aTeIbHbIX, BEPHYTh 0CO00€ BHUMAHUE IIKOJIHHUKOB
u OepekHOE OTHOIIIEHUE YUUTENIEH K N3yUYeHHUIO Te€OMETPUH, CABUHYTH Ha OoJiee mo3/-
Hee BpeMsl, a eIlle Jydlle, Boooie yopars u3 6a30BOro MaTeMaTH4eCcKoro oopas3ona-
HUsI BEChb MaTepHUall, CBSI3aHHBIM C TEOPUEH BEPOATHOCTEN U MAaTEMATUYECKOM CTATH-
CTHUKOHN, KOMOMHATOPHUKOM, TEOPHEH MHOXKECTB M JIOTHUKOM, a TaK)KEe BCE, YTO CBSA3AHO
¢ popmanbHOIi cTOpoHOU MU HEPEHITNATHHOTO U MHTETPATILHOTO UCYUCIICHHUS, YBEIH-
YUTh BpEMsI Ha PEIICHUE 3a/1a4.

Ho npu yrBepxknenun Konneniuu 31 npeuiokeHusi He ObUTH YUTECHBI.

Ha nam B3msi1, TaHHBIE pa3Aeibl MaTeMaTHKHU TOJDKHBI U3y4aThes TU00 B Ki1accax
C yIIyOJICHHON MaTreMaTH4eCKOM MOJrOTOBKOM, MO0 B paMKax (aKyJIbTaTHBOB, MPH-
YeM IMPHU YCIOBUU (POPMUPOBAHUS XOTSI ObI MUHIMAIBHOTO YPOBHS YMEHHS U HABBIKOB
peLIEeHUsI COOTBETCTBYIOIIUX 3a/1a4.

Takum 06pazom, mporecchl peanu3anuu KoHienuu pa3BuTus MaTeMaTH4eCKOTO
oOpazoBanus B Poccuiickoit denepannu ¥ B IEPBYIO OUepeib ONTUMHUBAINH COIepKa-
HUS IIKOJIBHOTO MaTEMaTHYE€CKOTo 00pa30BaHUs MPAKTUYECKH 3aTOPMOKEHBI, U CIIO-
KUBIIASICSA CUTyaIusi TpeOyeT He TOJIBKO CaMOro CEphe3HOro BHUMaHUs yueHbix PAO
u PAH, yueHbIX U me1aroroB BeyIUX YHUBEPCUTETOB, CIICIIUAIMCTOB chepbl 00pa3o-
BaHUs, HO U aKTUBHOTO YYacTHs B €€ pa3pelieHuu OpraHOB yIpaBieHUs 00pa3oBaHu-
€M BCEX YPOBHEM.

C yd4eToM BBIIIEU3II0KEHHOTO, MEPBOOUEPEAHBIM SIBISIETCS BOIMPOC YTOUHEHUS
pa3aeioB MaTeMaTUKU, UX 00bEMOB M COJIEPIKAHMSI, KOTOPhIE TOJKHBI OBITH BKITFOUE-
HBI B KypC IIKOJIBHOW MareMaTuku. be3 ero pemienus, uim Xots Obl Ha MEPBOM 3Ta-
e BHIPAOOTKU KOMITPOMHUCCA TI0 MEPEYHIO Pa3/IeIOB MAaTeMAaTUKH, Mbl HE CMOXKEM U3-
MEHUTBH CUTYAIIMIO C YPOBHEM MaTeMaTU4eCKOM MOJATOTOBKHU B 00II€00pa30BaTeIbHbBIX
IIKOJIaX, M, KaK CJICJICTBHE, B BBICIIEH U TPOeCCHOHAIBHOM IIIKOJIE.

[TockonbKy BOMPOC SIBISIETCS CIIOKHBIM U HEOJHO3HAUHBIM, 11€JI€CO00pa3Ho Mpo-
JOJDKUTH €ro 00CYXKJIEHHE C ydacTHeM 0oJiee MIMPOKOTOo Kpyra y4YeHbIX, MEeIarorosn
U CIEIUAINCTOB U MPUBJIEUb K €r0 PEIICHUIO0 PETHOHBI, 00Jagatolye OOIbIINM Ha-
YYHBIM U 00pa30BaTEIbHBIM MOTEHIINAIOM, CHIBHBIMA HAYyYHBIMA MAaTEMaTHYeCKUMHU
HIKOJIAMHU.

Hecomuenno, k HumM otHocutces u Cubupckuii gpeaepanbublii okpyT. [loaTomy 11e-
JI€CO00pa3HO PACCMOTPETh BOIPOC co3nanus PabGouel rpymmsl Ha 6a3ze CHOMPCKOTO
denepanbHOTrO YHUBEpCUTETA U KpacHOSPCKOTO rOCYIapCTBEHHOTO MEIaroru4ecKoro
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yauBepcuteta uM. B.I1. ActadbeBa, ¢ npuBiedeHHEM HauOoIee OMBITHBIX YUYCHBIX,
npernojaBaresiel, METOJUCTOB-MAaTEMaTUKOB U3 JPYTUX 00pa30BaTeIbHBIX OpraHu3a-
it KpacHosipcKoro Kpasi, CIeIMaaicTOB OPraHoOB yIpaBieHus 00pa30BaHUEM, a TaK-
xe mpeactaBureneit Poccuiickoii akagemMun oOpa3zoBaHusl.

OcHoBHOI1 3a1a4eit PaGodeii rpynmnbl HAa MEPBOM 3Tare JOMKHO CTaTh POPMUPO-
BaHUE NIPEIJIOKEHUH, HAPABJIEHHBIX HA OPTAHU3AIMIO B Kpae pabOThI IO peaau3aiuu
Konreniuu, no BeIOOpY pa3iesoB MIKOJIbHON MaTeMaTUKH, OTIPEIEIICHUIO NX 00hEMOB
U coJiepKaHusl (BHaYaje XOTS Obl JOTOBOPUTHCS O MOAXOAX K PEIICHHUIO ATUX 3a7a4).
HampaButs 3T1 nipennioskenus B Poccuiickyto akagemuto oopazoBanus (Ha 6aze PAO
nerictpyet denepanbHoe yaeOHO-METOANYECKOe 00bEIMHEHHE 10 00IIeMy 00pa3oBa-
HUI0) 1 MuHucTepcTBO npocieienus Poccuiickoit @enepannu.

[lenecooOpa3zno mnpucBouTh KpacHosipckoMy TOCyIapCTBEHHOMY Telaroruye-
ckomy yHmBepcutery uM. B.I1. AcradreBa craryc mHHOBAIMOHHON muromaaku PAO
no Teme «lIlkonpHOE MaTemMaTnyeckoe 0Opa3oBaHue: OOHOBICHHOE COJIEPKAHNUE U UH-
HOBAITMOHHBIE 00pPa30BaTEIbHBIC TEXHOJIOTUIY.

B cocTaB MHHOBAIMOHHOW TUIOMIAJKK HYXXHO BKJIIOUUTH HECKOJIBKO 00I1Ieo0pa-
30BaTEIbHBIX IIKOJI, KOTOPbIE OyIyT MPUHUMATh YYaCTHE B MPOBEACHUH IKCIIEPUMEH-
TaJIbHOW JESTEIbHOCTH, MPHUIAB UM CTaTyC HKCIIEPUMEHTAIbHBIX IKOJI HMHHOBALIMOH-
Ho# mommaaku PAO KpacHOsIpckoro rocy1apCTBEHHOTO MEIarornyeckoro YyHUBEpCH-
tera uM. B.I1. Actadnesa.

B xadecTBe 0Opa3yromiel 1 00beTMHSIONICH OCHOBBI BCEH JIEITEIIbHOCTH HHHOBA-
IIMOHHOM TIJIOMIAJKK 11efiecooOpa3Ho chopmupoBats MHHOBAIMOHHBIN MPOEKT (TIPO-
rpaMMmy paOOThl MHHOBaIIMOHHOM 1iomakn) «lIkonsHOe MaTemarnueckoe oOpa3oBa-
Hue: 0OHOBJIEHHOE COZIep)KaHNEe U MHHOBAIMOHHBIE 00pa30BaTEIbHbIC TEXHOIOTUM.

C 1ienbio pyKOBOJICTBA HAYUYHBIMU M METOIMYECKUMU HCCIIEOBAaHUSIMU, pa3padoT-
KaMU 1 SKCTIEPUMEHTAIBHON JIeATeTbHOCTHIO, MPOBOIMMBIMU B paMkax [Ipoekra, 06-
pazoBath COBET MHHOBAIIMOHHOMW IUIOIIAIKH, KOTOPBIN OyJIeT BO3MIABISATH HAYUHBIN
pykoBogutenb [Ipoekra, u BKIOUUTH B cocTaB CoBeTa MpeicTaBUTeNel neaaroruyie-
CKOTO YHMBEPCHUTETA M IKCIIEPUMEHTAIBbHBIX IIKOJI. BbUIO ObI MOJIE3HBIM U y4acTHE
B pabore CoBeTa npecTaBUTENeH OPraHoOB yIIpaBiIeHHs] oOpa3oBaHueM. Takxke 1ene-
co00pa3HO PacCMOTPETh BO3MOKHOCTH BKIIIOUEHHUs B cocTaB CoBeTa BeAyIIUX MaTe-
MaTHKOB (I1€J]aroroB, ncuxosioroB) Cubupckoro QenepaibHOT0 YHUBEPCUTETA, KOTO-
pbie OyIyT TOTOBBI y4aCTBOBATh B COBEPIIIEHCTBOBAHUHU IITKOJILHOTO MaT€MaTUYECKOTO
oOpazoBanus. Boamoxuno yuyactue B padbore CoBeta u yueHsix PAO.

Coznars Jlupeknuo WHHOBAIMOHHOW IIJIOIMIAIKKH, KOTOpash OyJIeT BBIMOJIHATH
u ¢yHkiuu aupekiuu [Ipoekra.

B MHHOBanimoHHOM TPOEKTE MOKHO OBbLIO OBl MPETyCMOTPETh CIEMYIONUe Ha-
NPaBJICHUSA JIEATEIIbHOCTU U MEPOIIPUSATHUSA:

— aHaJU3 CONEp KaHMs MPUMEPHBIX 00pa30BaTENIBHBIX IPOTPaMM 00IIeTro oopa-
30BaHUs B YACTU Pa3/IeiOB MaTEMAaTHUKH, OIEHKa BO3MOXKHOCTEH MOMHOTHI U 3P ek-
TUBHOCTH UX pean3allii B YCIOBUAX «MAaCCOBOW» MIKOIBI U AehUIINTa YIEOHOTO
BPEMEHU;

[9]



HUHD®OPMALMOHHBIE TEXHOJIOT'MH B MATEMATUKE U MATEMATUYECKOM ObPA30OBAHUU

— BBISIBJICHUE Pa3/IeJIOB MATEMATHKHU, SABIISIOIIMXCS HanOoJee CJI0KHBIMU JIJIs1 YCBO-
€HUS yYalTUMUCSA, TTOJITOTOBKA MPEIJIOKEHUHN TI0 U3MEHEHUIO UX COZEP>KaHUS UITU UC-
KITFOYEHUIO U3 0053aTeNbHBIX KYPCOB «MACCOBOM IIKOJIbI, IPEBPAILECHUIO B (DaKyihb-
TaQTUBbI WU MPEAMETHI IS MPENoJaBaHus B CHEIUATU3UPOBAHHBIX (MIPOPUIHHBIX)
KJ1accax;

— OmpeJieJICHUE HaIlpaBJICHU COBEPIIEHCTBOBAHUSI COJIEPIKAHMS MaTeMaTUYECKO-
ro o0pa3oBaHus B HAYAIHHOU IIKOJIE;

— pa3paboTKa MpeAJIOKEeHUI 110 BHECEHUIO U3MEHEHUH B COIEpIKAaHNE IKOJIBLHOTO
MaTeMaTu4eckoro oopazoBaHus (pa3paboTka Oojiee ONTUMAIBLHOTO MEPEYHsl MpeaMe-
TOB MaT€MaTHU4ECKOTO ITUKJIA, MPEAJIOKEHU TT0 00beMaM BpeMEHH, OTBOJIMMOTO Ha UX
U3y4EHHE, TPETIOKESHHUH 10 COlePKaHNI0 YY4EOHOro Marepuaia, BKIF0YaeMOTo B 3TH
MIPEAMETHI);

— OIpe/iesieHne WHHOBAIIMOHHBIX MEPONPUSITHI, KOTOPbIE BO3MOXKHO peanu3o-
BaTh B paMKax JEHCTBYIOIIMX MPUMEPHBIX 00pa30BaTEIbHBIX MIPOTPaMM, U MOITOTOB-
Ka npeanoxxeHui B agpec PAO u Munnpocsenienust Poccuu 1o BHECEHUIO U3MEHEHUM
B OTH IIPOTPAMMBI, JIMOO /IS MOTYYEHUS pa3pelieHus Ha MPOBEICHHIE HKCIIEPUMEHTOB,
KOTOpbIE€ HEBO3MOXKHO PEAIM30BaTh B paMKaX ATUX MPOTPaMM;

— pa3paboTKa METOAMK U 00pa30BaTEIbHBIX TEXHOJIOTHM, HAIIPABICHHBIX HA pa3-
BUTHE YMEHUI 1 HABBIKOB YYAIIIUXCS B PEIICHUN MAaTeMaTHUECKUX 3a7ay;

— mouck HauOonee >(D(PEKTUBHBIX HAMPABICHUW W METOIUK HCIOIb30BAHUS
AIIEKTPOHHO-IIM(PPOBHIX TEXHOJOTHM, aNMapaTHOr0 U MPOrPAMMHOTO 0OECTEUCHHUS
B MIPENOJIaBaHNU JUCITUTUTMH MaTeMaTHYeCKOTO 1UKIIa;

— U3y4YeHUe TPEIOKEHUN OpraHu3aIuil BBICIIETO U MpodeccuoHanbHOro oopaso-
BaHUsI, HAMPABIEHHBIX HA MOBBIIICHHE KaueCTBa MIKOJLHOTO MaTeMaTHYe€CKOro oopa-
30BaHUS;

— pa3paboTka MPEIOKEHUH TI0 COBEPIIIEHCTBOBAHUIO YI€OHO-METOAMYECKOTO 00e-
crieueHus y4eOHOro mporiecca, BKIoYasi ooecreueHrne yaeOHMKaMu 0 MaTeMaTuKe;

— DKCIIEPUMEHTAJIbHASL OTPa00OTKAa MHHOBAIUH, OCYIIIECTBISIEMBIX B COOTBETCTBUH
C IJIAHOM PabOThl MHHOBAITMOHHOMW TUIOMIA/IKH, & TAKXKE YYaCTHE B IKCIIEPUMEHTAb-
HOI anpoOaIuy pe3ysIbTaToB UCCIISIOBAaHUHN U pa3paboToOK B 001aCTH MaTeMaTHIECKO-
ro oOpa3zoBaHus, MPOBOAUMBIX yueHbIMU PAO;

— MPOBEJCHUE HAYYHO-TPAKTHUECKUX U METOJUYECKUX KOH(EepeHIni U coBema-
HUH TI0 TeMaTUKE JeATEIbHOCTH NHHOBAIITMOHHOMN TUTOMIAKH.

[{enecooOpa3HO MPOBECTH KOHCYIBTAIIMH C BEAYIIUMHU YUUTEISIMH U METOAMCTA-
MU 10 BOMPOCaM BBIOOpA, TOPaOOTKH WM pa3pabOTKE HOBBIX YUEOHUKOB MO IIKOJb-
HOM MaTremaruke, B TOM YHCIIE, OMPEIETUTh BOBMOKHOCTh UCTIOIB30BaHUS WM J10pa-
6otku yueOHukoB A.Il. Kucenea.

OdyeHb BaXXHO JOOUTHCSA BKIIOUEHUS TAaHHOTO MIHHOBAIIMOHHOTO IPOEKTa B pa3pa-
OaTpIBaeMbIi B cCOOTBETCTBUU ¢ YKazoM IIpe3unenta Poccutickoit denepanun «O Ha-
LHAOHAIBHBIX LEIAX U CTpaTeruyeckux 3anadax paszButus Poccuiickon denepanun
Ha niepuoa 10 2024 roga» [3] HannonansHeIi npoekT B chepe oOpa3zoBanus u B [ocy-
napctBeHHoe 3aganue PAO, mpemrycMoTpeB B HUX BOBMOXKHOE (DMHAHCHPOBAHUE.
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Heobxonumo paccMoTpeTh BO3MOXKHOCTH BKJItOUeHMs 3Toro Ilpoekra B peruo-
HaJbHBIC IPOTPAMMBI Pa3BUTHUSI 00PA30BaAHMUS.

[{enecooOpa3Ho 0OCYIUTh JAHHBIN KOMIUIEKC BOIPOCOB HAa OJHOM M3 3acelaHui
denepanabHOTO Y4eOHO-METOUYECKOTO 00bETMHEHNUS 110 00IIEMY 00pa30BaHUIO.

C y4eToM CIOKHOCTH pPEeIIeHUsI CTOAIIUX 3a7ad ObLI0 ObI 11eJ1eCo00pa3Ho 00be-
JTUHUTH yCUInsg 000ux yHuBepcuteToB. Cubupckuii penepanbHbli YHUBEPCUTET, 3a-
HUMAsICh MTPOOIeMaMH By30BCKOTO MaTeMaTHYECKOTO 00pa30BaHMs, MOXKET BBHICTYTATh
B POJIU 3aKa34yKMKa HA MAaTeMaTUYECKYIO MOJATrOTOBKY IIKOJLHUKOB, TOMOrasi (hOpMHUpO-
BaTh COJIEp’)KaHUE U TPEOOBAHUSI K KaU€CTBY IIKOJIBLHOTO 00Opa30oBaHUsI.

[TorTOMy HEOOXOIMMO PacCMOTPETh BOBMOXKHOCTH co3ianus Ha 60aze CDY nayu-
Horo nerrpa PAO (panee Ha 6aze KpacHOsSpCKOro rocy1lapcTBEHHOTO YHUBEPCUTETA
nericrBoBasio Cudbupckoe otaenenue PAO, a 3arem Obu1 co3nan uHCTUTYT PAQO, HO 110-
CJIe BCEX peopraHu3anuii AKajeMu UX HE CTajo).

Takum 00pa3oM, BHepeau JUIMTENbHAS U CIOXKHas padora mo peanusanuu KoH-
IEIINH Pa3BUTHS MaTeMaThudeckoro oopasoanus B Poccuiickoit denepanuu u Bax-
HO YCIIBIIIATh MHEHUS U MPEIJIOKEHNS YUaCTHUKOB HACTOSIIEH KOHPEPEHIINH 10 BO-
mpocaMm ee OpraHu3aly U mpoBeneHus. DPGEeKTUBHOCTh ITON ACATENBHOCTH OyIeT
BO MHOTOM OIpenensithes 3pHEeKTUBHOCTHIO B3aUMOJICHCTBUS 000X YHUBEPCUTETOB
u Poccuiickoil akagemMun 0Opa30BaHUS M CTENEHbIO y4acTUS TEPPUTOPUATBHBIX Op-
raHoOB YTpaBJieHUs: 00pa30BaHUEM U Haykoll U AnmunucTtpaiuu KpacHosipckoro kpas
B PEIICHUH CTOSIINX MTPOOIIEM.
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9KCNEPUMEHTAJ/IbHO-TEOPETUMECKHWUW CTUJTb
NMPENOAABAHUA U UBYHEHUA MATEMATUKH

EXPERIMENTAL-THEORETICAL STYLE
OF TEACHING AND STUDY MATHEMATICS

A.B. fictpe6oB, M.B. LLlabaHoBa A.V. Yastrebov, M.V. Shabanova

AKcuomamuka, IKChepUMEHMAIbHbLIL / MeopemuiecKuil KOMROHEeHn MAmeMamuKu, nPenooasa-
HUe MamemMamuKu, u3y4eHue MamemamuKu, IKCHEPUMEHMAIbHO-MEOPEeMUYEeCKUil CIUb.

B crarbe M3JI0/KeHA KOHLENIUSI MCMOJb30BAHUSI MHTEPAKTHBHBIX MATEeMAaTHYeCKHMX cpeq
B Y4eOHOM mpouecce, IpMMeHeHNe KOTOPbIX, 10 MHEHHI0 ABTOPOB, 00.1a1aeT IBYMS B3aUMHO
JOMOJHUTEJIbHBIMU cBOlicTBamMu: 1) mo3BoJisieT JOOUTHCS MO3UTUBHBIX 3(PPeKTOB, ONMUCAH-
HBIX B JIUTeparype; 2) n3dexarb HEraTUBHBIX MOCJEACTBUA WIHM MUHUMU3MPOBATh ux. U3-
JIO’)KeHHE «BCTPOEHO0» B NIMPOKUI KOHTEKCT MPHUMEHEHHsI aKCHOMAaTHYeCKOT0 MeTo1a B pa3-
JIMYHBIX 00JIaCTAX 3HAHUS.

Axiomatics, experimental/theoretical component of mathematics, teaching mathematics, study
mathematics, experimental-theoretical style.

A new conception of using an interactive mathematical medium is expounded at the present
paper. Its using has two properties, which complement each other: 1) it has numerous positive
effects described in literature; 2) it allows to avoid negative consequences or minimize them.
The authors’ exposition is embedded into a context of using axiomatic method in different
areas of knowledge.

1. AKCMOMATHKA HAYKH KAK HHAMKATOP ee 3pesIOCTH

OpOILO M3BECTHO, YTO MHOTWE PA3ACIbl MamemMamuKky 3BOIOLAOHUPOBAIN
BecbMa CXOkUM oOpa3om. [loHauanmy pasznen mpeacTaBisii cO0OM KOHCTPYK-
TUBHYIO, COJIEPKATEIbHYIO 00JIaCTh 3HAHMSI, 3a4aCTYI0 SMIIUPUUECKYIO WM Ya-

CTUYHO 3MIIUpUYECKyr0. [locTeneHHo, 0HaKo, TEOPETUYECKOE HAYaJl0 Pa3BUBAIOCH

Y TPUBOJWIIO UCCIEIOBATENIed K aKCMOMAaTU3ALMK 3TOM 00JIacTH, TO €CTh K BBISBIIE-

HUIO HEMHOTMX IOJIOKEHHH, U3 KOTOPBIX UMEIOIIAsCsl CyMMa 3HaHUI MOIIa ObITh BbI-

BEJIEHA YHUCTO JIOTUYECKUM Ty TEM.

[IepBbIM MpUMEpPOM TaKOro poja ObLIA deMeHmapHas 2eomempus, B Helpax Ko-
Topoii Ha pyoexke [V-III BB. 10 H.3. BeI3pena akcuomaTuka EBkiinia. MHOTO BpemeHuU
cnycts, Ha pyoexe XIX—XX BB., Mpoleccy akCHOMaTU3alliy MO/IBEpIyIach emie 0osee
npeBHss Hayka — apupmemuxa (Ileano). Jlunetinas ancebpa nonayany npeacTaBisiia
co00ll y4eHHE O PELICHUH CUCTEM JMHEHNHBIX YPaBHEHUH, a 3aTEM €€ LIEHTPOM CTaJjo
BEKTOPHOE MCUYHUCIIEHHE, TJI€ BEKTOPHI UMENH COIEPKATEIbHBINA CMBICI CKOPOCTEN WIIH
cui. Jlumb B cepeaune XIX B. nuHeiHas anredpa npuHsia CBOIO COBpEeMEHHYIO (pop-
My B Tpyaax Méouyca, ' paccmana u I'amunsrona. [lepBbie pe3ynbTaTsl 0 monono2uu
otHocsTcs K cepenure X VII B. (COOTHOIIEHHE MEXTy YHUCIIOM BEPILUH, pedep U rpa-
HEW MPOCTOr0 MHOTOTPAHHUKA, HAWJIEHHOE J[eKapTOM B CTPOTO JOKAa3aHHOE DWIepOoM
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cto JieT ciycts). CaM TepMUH «TOTIONIOTUSD TIOSIBUIICA €I1Ie Yepe3 CTO JIET mocie Jie-
pa, u nuib Ha pyoeske XIX—XX BB. Tonosorust oopena CBOIO COBPEMEHHYIO Januaap-
HY10, HO 3 pexTuBHYyI0 akcuomaTtuky B Tpynax Kantopa, [lyankape u bpayapa.

Ha stom (one He yaAMBUTENBHO, YTO MPOIIECC AKCHOMATH3aIlMA MaTeMaTHYeCKIX
TEOpUii MPOOIKAETCs OyKBaIbHO B HAIIA THU. Tak, TEOpHUs BEPOSITHOCTEH, 3apOIUB-
mascss B XVIII B., nomyyuna cBoe aKCMOMaTUYECKOE ONMCAHUE B IIEPBOU IOJIOBUHE
XX B. B Tpyaax Konmoroposa [7]. pyrum npuMepoM MOXKET CIYKUTh TEOPHUS TOMO-
JIOTUH, KOTOpas 3apoauinach B koHie XIX B. B Tpynax [lyankape u nosryuusia cBoe ak-
cuoMarnyeckoe onucanue B cepeaune XX B. B padorax Ctunponaa u Ditnendepra [15].
YAUBUTENBHO APYroe: LEJIbIA PsiJl €CTECTBEHHBIX HAYK IMOIIEI 0 IIyTH aKCHOMaTh3a-
uu. B kauecTBe mpuMepoB NMpUBEIEM u3uKy, KOTOpas HEpa3phIBHO CBs3aHa C MaTe-
MaTHKOU, U OUOI02UI0, CBSA3b KOTOPOM C MaTeMaTHUKOM HE CTOJb BETUKA.

Bot 4ro nuiier o Teopuu MOJIsl SHUUKIONEIUYECKUN CIOBaph: «AKcuomamuye-
CKAsl meopusi o ... CTpPOUTCS TaKUM 00pa3oM, 4TOOBI BCE €€ Pe3yIbTaThl BHICTY AN
KaK CTPOTHE MaTeMaTHUueCKue CISACTBUS €AMHON CUCTEMbI HEOOIBIIIOTO YK CIIa MPe-
MOJIOKEHUN — akcroM. K 4HCcily TaKMX aKCMOM OTHOCSITCS: &) PelamusUCmcKas UHBA-
PUAHMHOCMDb, T. €. HE3aBUCUMOCTh (PU3NYECKUX 3aKOHOB OT BHIOOpA CUCTEMBI KOOP/IU-
HAT ¥ €€ PAaBHOMEPHOTO MPSIMOJIIMHEWHOTO JBUKEHUS; 0) npuuuHHOCMb, KOTOpas Tpe-
OyeT, 9TOOBI COOBITHE, MPOU3OIIE/IIee B OJJHON TOYKE IMIPOCTPAHCTBA-BpEMEHH (T, 1),
HE MOIJIO MOBJIMUATH Ha COOBITHE B IpYyTo Touke (1, t7), eciu 10 Hee He yCIeBaeT Joi-
TH CUTHAJI, IBIXKYIIUICS CO CKOPOCTBIO CBETA; B) CNEKMPAlIbHOCHb, KOTOpast Tpeoy-
€T, YTOOBI SHEPTHs JHOOOTO JOMYCTUMOTO COCTOSIHUS CUCTEMbI ObLIa TOJOKUTEIHHA)
[16, c. 13].

HecnoxxHo 3aMeTUTh, YTO IPUBEACHHBIC AaKCUOMBI CBSI3BIBAIOT BOSAMHO TpHU 001a-
CTH 3HAHUA: TEOPUIO OTHOCUTEILHOCTH, KBAHTOBYIO MEXAHUKY U (HUITOCOPHIO.

[TpuBenem axcuomuvl buonoeuu, 3aMMCTBYS UX U3 Ki1accuueckor kauru [10].

1. Axcuoma Beticmana. Bee )uBble OpraHu3Mbl €CTh €IMHCTBO (DEHOTHIIA U TIPO-
IpaMMBbl JIJISl €r0 MOCTPOeHUs (T€HOTHUIA), TIEpelatolelics 0 HACIEACTBY U3 MOKOJIe-
HUSl B [IOKOJIEHHUE.

2. Axcuoma Konvyosa. I'enerndeckas nmporpamMmma o0pazyeTcsi MAaTPUYHBIM ITyTEM;
B Ka4e€CTBE MATPUIIbI JIJIsl TIOCTPOEHHUS TeHa OyIyIIero MoKoJEHUs UCIOJIb3YeTCs TeH
IIPEAIECTBYIOLIETO TOKOJICHUS.

3. Ilepsas axcuoma [apeuna. Ilpu nepenaye B psiiy NOKOJEHUW T€HETUYECKUE
IpOrpaMMBbl 1O ACHCTBUEM Pa3HbIX MPUYUH U3MEHSIOTCA CIIy4YallHO U HEHAIpaBJIeH-
HO, W JIMIIb CIyYalHO TAKWE U3MEHEHHS] MOTYT OKa3aThCs YIAYHBIMH B JJAHHOU CpEJIe.

4. Axcuoma Tumogpeesa-Pecosckoeo. CiyqailHble U3MEHEHUSI TEHETUYECKUX MPO-
rpaMM MPY CTAHOBJICHUH (PEHOTUIIA MHOTOKPATHO YCHUIIMBAIOTCS.

5. Bmopasa axcuoma /lapéuna. MHOTOKpPaTHO yCUJICHHBIE U3MEHEHUs T'€HETHUYe-
CKHX IIPOTPaMM MOABEPTar0TCsi 0TOOPY YCIOBUSIMU BHEIIIHEN CPEIbI.

HecnoxxHo 3aMeTUTh, YTO MPUBEICHHBIN HAOOP aKCMOM CBSA3BIBAET BOCIUHO TPHU
HAYKU — F€HETHUKY, SBOJIIOLIMOHHYIO TEOPHUIO U HKOJIOTHI0. AKCMOMBI YETKO YKa3bIBAKOT
Ha TO, YTO 3BOJIFOLIUOHHBIE U3MEHEHUS BUJIOB UYT B KOHKPETHBIX YCIOBUSX, 4 MEXa-
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HU3MBI UBMEHECHUH SIBIISIIOTCS TeHETHYECKUMU. [10 CyTH, aKCHOMBI JIe’KaT B OCHOBE CO-
BPEMEHHOW CUHTETUYECKOW TEOPHUH IBOJIOIIHH.

Nrtak, Ha 7OCTATOYHO HIMPOKOM €CTECTBEHHO-MAaTEMAaTHYECKOM MaTepualie MmokKa-
3aHO, YTO MOSIBJICHUE aKCMOMATHUKH TOW WJIM WHOW OOJIACTH 3HAHUS CBUJETEIbCTBY-
eT 00 ompeAcIeHHOM, JOCTATOYHO IMPOJBHUHYTOM 3Tale €€ pa3BUTHSA. B 3Toi cBs3M
OBLJIO OBl €CTECTBEHHO TOHSTH, CYIICCTBYIOT JIM KaKUe-JIN0O aHAJIOTH aKCMOMaThuye-
CKOTO MeTo/1a (MIOHMMAaeMbI€ B CAMOM IIUPOKOM CMBICJIE) B TyMaHUTAPHBIX 00JIACTSX.
B cnenyromemM paszaene Mbl COCPEIOTOUUMCS Ha OHOM Takod 001acTu — Megaroruke
MaTEeMaTHKH.

2. IlupakTn4yecKue NPUHIMIIBI KAK 00pa3bl aKCHOM

XOpo1I0 U3BECTHO, YTO JUIAKTHUECKUE MPUHIUIIBI BIIEPBbIE ObLIN C(HOPMYIHPO-
BaHbl SJHOM AMocom KomeHnckuM B nepBoii mosnoBuHe X VII B. [Ipu a3TOM cam 0OH He uc-
MOJIb30BaJl TEPMUH «IIPUHIUI), @ TOBOPHI 00 «OCHOBOIIOIOKEHUSIX TPUPOIBIY, TOJ-
YEpPKUBasi TEM CaMbIM, UYTO BBIJIBUTAEMbIE UM JIUJIAKTUYECKHUE IOJOKECHUS SIBISIOTCA
croco0amMu MCIONIb30BaHUsI IPUPOJHBIX 3aKOHOMEPHOCTEH pa3Butus. [lepBoHauais-
HO MPUHIIMIIBI UMENIH JIMIIb TPAKTUYECKYIO HAIIPABIEHHOCTbD, UTPasi pOJib BaXKHEUIINX
TpeOOBaHMI K OpraHu3aluu 00pa3oBareabLHOro nponecca. [locrenenno pazsurue au-
JAKTUKU KaK CHUCTEMBI HAyYHBIX TEOPHUM MPUAAIO UM APYro€ 3HAYEHUE — 3HAYCHUE
OCHOBOTIOJIAralolIuX YTBEPKICHUH, PACKPBIBAIOLINX CIIEIU(PHUKY aBTOPCKUX KOHIIETI-
uui. [ onucanus neaaroruaeckomn IeaTeIbHOCTH CTall UCIIOJIb30BAThCS NENaroru-
yeckue (METOIMYECKHE) MpaBuiia, KOTOPbIE BEIBOJMIUCH JIOTUYECKUM IyTEM U3 Te/a-
TOrMYECKUX (METOAMYECKHUX ) MPUHIIUIIOB U KOHKPETU3UPOBAIIA UX COACpPKaHUE.

[ToHMMaHKWEe TPUHIMIIOB KaK OCHOBOIOJIATalOUIMX IOJIOKEHUHN IEIaroruyeCcKon
KOHLEIIIAN ITPUIATIO0 UM CTaTyC, aHAJIOTUYHBIN CTAaTyCy AKCMOM B MaTEMAaTUYECKOU Te-
opuu. B nokaszarenbCcTBO MPUBEIEM HECKOJIBKO MPUMEPOB CUCTEM MPUHIIMIIOB, OIpe-
JENSOIINX JIMIO COBPEMEHHBIX NMEAArOrMYECKUX U METOJUYECKUX TEOPUIA.

Haunem ¢ onucanust konyenyuu passusarowezo obyuenus JI. B. 3ankoBa. Ona
obL1a coznana B 60—70 rr. XX B., TO €CTh MOJIBEKA Ha3a[], TPUMEHUTENBHO K O0YUYEHUIO
B HayajbHOU 1mKkose. [lepBoncTouHuK [3] 4ETKO TOBOPUT, UYTO OHA OCHOBAHA HA MSTH
NPUHLNIAX:

1) obyuenue na gvicoxom yposHe mpyoHocmiu,

2) sedywas poib meopemuieckux 3HAHu,

3) usyuenue mamepuana OLICMPLIM MEMNOM,

4) ocoznanue WKOIbHUKAMU CAMO20 NPOYecca Y4eHUsl;

5) cucmemamuueckasn paboma Hao pazeumuem 8cex Y4aujuxcsi.

Od4eBuHO, 9TO CaMH HA3BAHUS MPUHITAIIOB TOACKA3BIBAIOT UX (DYHKIIUIO B TEOPUU
pa3BUBaroLero oO0yuyeHUs U ONPENENSIOT XapaKkTep UX Mcnoiab3oBaHusa. Kpome Toro,
OMKCAaHO B3aMMOJICHCTBYE MPUHIIUIIOB U MTOKA3aHO, YTO OHU 00pa3yIoT LIEIOCTHYIO CH-
CTEMY, TaK YTO UCKIIIOUEHUE JIF0O0Tr0 U3 HUX 00ECIIEeHUBAET ocTanbHbIe. Bee aTo nexa-
rOru4yeckoe 00rarcTBO OMKMCAaHO BechbMa KOMNAKTHO [3, c. 110—117], HecMoTpst Ha MO-
HOrpa(UueCcKuil XapakTep KHUTH.
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TouHO TakylO ke CTPYKTypy UMEET W3IIOKEHUE KOHYenyuu npogeccUuoHaibHo-
nedazozuyecko HanpasieHHocmu ooyuenus mamemamuxe A. I'. MopnkoBuya. OHa
Ob11a co3nana B 80-e rosiel XX B. MPUMEHUTEIHHO K O0OYUSHHIO B TIEArOTHYECKUX BY-
3ax. [lepBoucrouynuk [11; 12] yeTko roBOPUT, UYTO OHA OCHOBaHA Ha CJIEAYIOIINUX YEThI-
pex NpUHIUIIAX.

1. Ilpunyun payuonanvuou gynoamenmanvhocmu. CTYAEHT MEIArOTHYECKOTO
By3a JIOJDKEH MOYYUTh (PyHIaMEHTaIbHYI0 MAaTeMaTUYeCKYI0 MOATOTOBKY, O0eCIeqn-
BAIONIYI0 €My JEHCTBUTEbHBIE 3HAHUS, YMEHUS U HABBIKHU B Ipeeiax, JajJeKo BbI-
XOASUIMX 32 paMKHU IIKOJBHOIO Kypca maremaruku. Pa3ymeercsi, Takas MOATOTOBKa
HE JIOJDKHA OBITh OTOPBaHA OT HYXJI MpruodperaeMoit mpodeccumn.

2. Ilpunyun 6unaprocmu. OCHOBY MOCTPOCHHS MaTeMAaTHUYECKOW IUCITUTUIHMHBI
B MEJIBy3€ JIOJDKHO COCTAaBIISATh OObEIMHEHNE OOIIEHAYYHOW ¥ METOUYECCKON JIMHHM.
B wactHOCTH, 3TO O3HAYaET, YTO KOMIUIEKC MAaTeMaTUYECKUX JUCITUIUINH JIOJDKEH o0e-
CIICYUTH CIEAYIOLIEEe: a) COBPEMEHHOE HAyYHOE MCTOJIKOBAHUE BCEX OCHOBHBIX MOHS-
TUW U (HAKTOB, COCTABJISIONINX IIKOJIBHBIA KypcC; 0) TOCTATOYHO HMIMPOKHI KPYTro30p
B MaTEMAaTUKE U OINPEACICHHbIN YPOBEHb MAaTEMAaTUYECKON KYJIbTYPhI; B) 3HAKOMCTBO
C METOJJaMH M3JIOKEHUS IIKOJBHOTO MPEAMETA, HE CUUTAs 3TO MPEPOraTUBON TOIBKO
METOJIMKH MPENOIABaHUS MATEMAaTHKHU.

3. lpunyun eedyweti uoeu. CTyIeHT IelBy3a JOJHKEH XOPOUIO MOHUMATh Iep-
CIIEKTHUBBI U3YUYECHUSI UM MaT€MaTUKH, YTO JIOCTUTAETCS IIyTEM BbIJIBUKEHUS HA MEP-
BbI{ IJIaH B3aMMOCBS3€ Marepuaga KOHKPETHOIO MaTeMaTUYECKOTO Kypca ¢ COOT-
BETCTBYIOIIUM IIKOJIBHBIM MpeaMeToM. Peanuzamust 3TOro mpuHIUMIIA CIIOCOOCTBY-
€T OCMBICJICHUIO OYAYIIUM YYUTEIEM CTPYKTYPhl M BY30BCKOTO, M IIKOJIBHOTO Kyp-
COB, OCO3HAHHME CUCTEMbI N3YyUaeMbIX MOHATUN M (PAKTOB Kak Hay4dHOTO (DyHIaMEH-
Ta IIKOJIBHOU MAaT€MaTHUKH.

4. Ilpunyun HenpepvieHocmu. MaremaTH4ecKHe KypcChl ITOJKHBI Y4acTBOBATH
B MPOLIECCE HEMPEPHIBHOTO MOCTUKEHUSI MTEJArOTNYECKON JIESITENNbHOCTH, COAEHCTBO-
BaTh TOMY, YTOOBI CTY/ICHT C TIEPBBIX JHEW 00yUeHHUs B By3€ MEPEBOIAMICS C MO3UIINH
IIKOJIbHUKA HA MTO3UINI0 YUUTENS.

TpeTbrM pUMEPOM SIBISIETCS U3JI0KEHUE CUCTMEMbl MAMEMAMUYeckou u Memo-
ouueckotl no02omoexu npenoodasameneti npoguvrulx wrxon O. A. iBanosa. OHa Obuia
co3nana B 90-e roasl XX B. IPUMEHUTENIBHO K TIOJITOTOBKE YUYUTENIEH B KJIACCUUECKUX
yHuBepcuteTax. B kaure [4] onrcanbl IPUHIUITBI TOCTPOEHUS aBTOPCKON CUCTEMBI.

1. Ilpunyun @ynoamenmanvHocmu meopemuueckol noozcomosku. Ilpodeccu-
OHAJIbHBIC 3HAHUS, YMEHUS M HaBbIKU (POPMUPYIOTCS Ha OCHOBE (DyHJIaMEHTAJbHBIX
3HaHuil. OcoOyI0 POJIb MPU I3TOM UTPAIOT PyHIAMEHTAIbHbIC 3HAHUS B 00JIACTH dJie-
MEHTApHOW MaTeMaTUKH, MOJ] KOTOPbIMU MOHUMAETCSI 3HAHUE HEKOTOPOUl COBOKYITHO-
CTH TIOHATHHA U (AaKTOB «BBICIIEH» MAaTEMaTHUKH KaK IIEJIOCTHOW CUCTEMbI 3HAHUHN B UX
B3aUMOCBS3SIX C IOHSATUAMH, YTBEPKACHUSMHA U KOHKPETHBIMU 33J]a4aMU AJIEMEHTap-
HOM Marematuku [4, c. 19, 28].

2. Ilpunyun peghnexcuu. llenecoodbpa3Ho UCHOIB30BATh MPOIECC HAYUYCHUS IS
aHalii3a PO UCIOJIb3YEMbIX METOAUYECKUX MPHUHIIUIIOB U YACTHBIX METOJIMK B pe-
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3yJABTAaTUBHOCTH Tpollecca OOydeHHs] W, KaK CIEACTBUE, (OPMHUPOBAHUE CUCTEMBI
yoexIeHnit Oyymux npernoaasareneit [4, c. 38].

3. Ilpunyun noaugponuunocmu. Haubonee 1nenecoobpa3Ha Takasi OpraHusa-
1y 00y4eHUsl, IPU KOTOPON BO3MOXKHO COEAMHEHUE PAa3IMYHBIX COJEPKATEIhHO-
METOAMYECKHUX JIMHUI KakK B MPOIECCE U3IOKEHUS TEOPETUUYECKOr0 Marepuasa, TaK
U 1Ipu (HOPMHUPOBAHUYU MPAKTUUECKUX YMEHHUI M HABBIKOB. [Ipu 3TOM 00s3aTenbHbI-
MU JUHUSIMU SIBJIIOTCS 0000111ao11ee MOBTOpeHne U PopMUPOBAHKUE MOTPEOHOCTEM
B yIiIyOJieHuu 3HaHui [4, c. 68].

4. Ilpunyun xymynamusnocmu. HeoOxonuMbl Takue 3Tarbl B Ipolecce 00yueHus,
Ha KOTOPBIX OTHOCUTEIHLHO HEOOJBIIOE KOJUYECTBO MpHOOpeTaemMoil HOBOM MH(Op-
Maiuu obecrieunBaeT (pa3zoBbIi MEpexo]] B CUCTEME 3HaHUN 00ydaeMbIX U «OO0JIbIION
B3pPbIB» B UX UHTEJUIEKTYaJlbHOM pa3BuTuu [4, c. 62].

5. Ilpunyun unmeepamuenocmu 0OyueHus O3HA4aeT OJHOBPEMEHHYIO peaun3a-
IIMI0 BCEX BBINICTIEPEUNUCICHHBIX MPUHIIMIOB. IHTErpaTHBHOCTh O3HAYaeT opraHuye-
CKOE €IMHCTBO HECKOJIbKHUX JIMHUM 00pa3oBaHMs: €AUHCTBO (PyHIaMEHTAIbHBIX 3HA-
HUH B 00JIaCTH MaTeMaTHKH, TICUXOJIOTHH, TIEJJaTOTUKU U METOIUKH MTPETIOJJaBaHuUsI Ma-
TEMaTUKW; IUHCTBO 3HAHUHN B 001aCTH 2JIEMEHTAPHOW U BBICIICH MaTeMaTUKU; €I1H-
CTBO COOCTBEHHO MPOQeCCUOHATHHOM MOITOTOBKYA U MUPOBO33PEHHMS B 00J1acTH 00pa-
3oBanusl. [TonHas popMynupoBKa IpUHIIMIA COAEPKUTCA B [4, c. 66].

PaccmotpenHbie mpuMephl MOKa3bIBAIOT CIICAYIONIECE: PA3HOTUIIHBIC KOHIICIIINU,
CO3/IaHHBIE B PA3HOE BpEMSi, Pa3HBIMU aBTOPaMU, C PA3HBIMHU LIEJISAMHU, JJI PA3HBIX TH-
OB y4eOHBIX 3aBEJICHHM, UMEIOT BECbMa CXOXKYIO CTPYKTYpPY U3JIOKEHUS UX COJIEp-
#aHust. OYeBUIHO, YTO CIMCOK MPUMEPOB TOM K€ UACHHON HANPABICHHOCTH MOKHO
ObLIO OBl CYIIECTBEHHO paciupuTh. Jleno, onHako, He B JJIMHE 3TOro cnucka. ['opas-
JI0 Ba)KHEE, YTO BCE YMOMSIHYThIC (M MHOTHE HEYTIOMSHYTbhIC) aBTOPbI HAYMHAIOT Pa3-
BUTHE CBOEH TEOPHUU C MPEACTaBICHUS] U 000CHOBAHUSI CUCTEMbl IPUHIUIIOB, 10CTa-
TOYHO CTPOTO CIICAYS HM' B CO3JJaHUN KOHKPETHBIX IearOrMYeCKUX MPOAYKTOB: 0TOO-
pe coaepkaHusl, TNITAHUPOBAHUY MIPETIOJJaBAHUS U U3YUEHUSI, TPOECKTUPOBAHUHU T1€]1aro-
TUYECKUX CIICHAPUEB W T.I. BBIpa3uTeIbHBIN IPUMEpP TAKOTO CIICJOBAHUSI MOXKHO 00-
Hapy>XUTb, €ClIi conocTtaBuTh JBe KHUTU O.A. MBaHoBa [4] U [5], «T€OpeTHUECKYIO»
U «IIPAKTUYECKYH0» COOTBETCTBEHHO.

Wrak, Ha 1OCTATOYHO MIMPOKOM Marepualie MOKa3aHo, YTO K CETOJHAIIHEMY JHIO
B IEJIarOTUKE M MPEAMETHBIX METOIUKAX CIOXKWIACH OMpEeTICHHAs] TPaJAUuIus IO-
cTpoeHusl KoHuenuii. OHa COCTOUT B TOM, YTO OCHOBY KOHIICTIIUU COCTAaBIISIOT He-
MHOTOUYHUCJICHHBIC, OTYETINBO CPOPMYTUPOBAHHBIE MPUHITUIIBI, HA KOTOPBIX Oa3upyeT-
Cs MACCUB KOHKPETHBIX NeAarornueckux npoaykros. [Ipu atom cucreMmy negaroruye-
CKHMX IMPUHIMIIOB MOKHO PACCMATPUBATh KaK aHAJIOI aKCMOMAaTUKH MaTeMaTH4eCcKOM
TEOPUH, & MACCUB MEJIArorMueCKuX MPOAYKTOB KaK aHAJIOT CojepKaHus (ompenese-
HUH, TEOPEM U MPOY.) MATEMATUYECKON TEOPUHU.

' D10 BIIOJIHE €CTECTBEHHO, MOTOMY YTO MPUHIIMIT — 3TO BHYTpPEeHHEe yOEeKIEHNE, B3IV Ha BEIH, ONMPEICIIAIONINE
HOpM) TIOBEJICHHUSI.
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3. DKCcnepuMEeHTAIbHAsI MATEMATHKA B IIKOJ€ KAK «00,1aCTh TYPOYJIeHTHOCTH»

Ha BeiieonucanHoM (QoHE yHOpsSIOYEHHOCTH WJIM CTPEMIIEHUS K Hel penbed-
HO BbIJEJIsI€TCSl CBOE0Opa3Hasi «30Ha TYpOYJEHTHOCTHY, CBSI3aHHAsI C MPUMEHEHHUEM
B IPENOJABAHUU CPEACTB U METOAOB IKCIIEPUMEHTAIILHONW MaTeMaTuku. Kparko onu-
IIEM CJIOKUBILLYIOCSI CUTYalUIO.

TepMuH «IKcriepuMeHTaIbHAs MaTeMaTUKa» BO3HUK B cepennHe XX B. sl 000-
3HAUEHMS pa3liesia MaTEMAaTUKHU, B KOTOPOM MOJYyYEHUE HOBBIX HAYUYHBIX PE3YJIETATOB
OCYILIECTBIISIETCS 3@ CUET IIMPOKOTO MPUBJIEUEHUS] KOMITBIOTEPHBIX CPENICTB BU3yaslu-
3alMK a0CTPAKTHBIX MaTeMaTUYeCKUX 00BEKTOB, TOCTAHOBKHU U MIPOBEICHUSI IKCIIEPH-
MEHTOB HA/Jl [TOJIy4YE€HHBIMH MOAENAMU. OCHOBONOJIOKHUKAMH METOAOJIOTHH DKCIIEPH-
MEHTaJIbHOM MAaTeMaTUKH I10 IIPaBy CUUTAOTCS aMEepUKaHCKUe yuyeHble k. bopseln
u /1. beinu, koTopble onucaiu €€ B KHUTE [22], ONUpasiCh HA CBOU OMbBIT MOTYy4YEHUS
HAY4YHBIX pE3YyJIbTaTOB.

Ha py6exxe XX—XXI BB. OblI cO3/1aH KJIaCcC MPOrPaMMHBIX MPOAYKTOB, BaXKHEM-
HIe XapaKTepUCTUKOM KOTOPBIX ObLIa BO3MOXKHOCTh MX HCIIOJB30BAaHUSL B yUeOHOM
nporiecce. K ux yucny otnocsrcst Cabri-geometre (1985 — ron nauana Beimtycka), The
Geometer’s Sketchpad (1989), GeoNext (1999), GeoGebra (2002), 1C: MaremaTtuye-
cKkuil KOHCTPYKTOP (2006) U 11ebIi psia APYTUX MPOAYKTOB, 00IIIee KOJIUUECTBO KOTO-
pbIX npeBbickiI0 50 HAMMEHOBAHUIA.

[legarornueckasi 3HAY4UMOCTh METOJIOB AKCIIEPUMEHTAJIbHOM MaTeMaTHKU Oblia
OCO3HAHa MIPAKTUYECKU Ccpa3zy. 3a 1eIeco00pa3HOCTh UX UCIOIb30BaHUS HEOIHOKpAT-
HO BBICTYIIAJIM TaKU€ BUJIHbIE YUeHble-MaTeMaTuku U nenaroru kak H. H. Kpacosckuit
[8], B. . Apnonba [1] u psaa npyrux. JIoCTOMHCTBA M HEIOCTATKU MPUBICYEHUS ITUX
CPEJICTB K OOyYEHHIO0 MATEMAaTUKE U CETrOJIHs aKTUBHO OOCYKIAa0TCS MUPOBBIM Tea-
TOrM4ecKuM cood1iecTBoM. OO0 3TOM TOBOPUT, HAIPUMEP, HAIMYUE TUCKYCCUOHHOM
romanku « Maremarunka B mkosie XXI Beka. POCCUICKUI ONIBIT, IEPCIIEKTHUBBI pa3BU-
THsI B MUpPE», ITpoBeieHHOM B pamkax XIII MexayHapoaHOoro koHrpecca 1o MareMaru-
yeckoMy oOpasoBanuto B ['amOypre (I'epmanus) B 2016 1. [23].

Buenpenue B npakTuky oOy4eHHs] MaTeMaTHUKE KOMITbIOTEPHBIX CPEICTB IMpe/Ba-
pseTCs KPYIMHOMACIITAOHBIMU MEXKTyHapoIHbIMU uccieaoBanusmMu (DynaMAT [24],
MITE [19], InnoMathEd [25] u 1p.), Ipu3BaHHBIMU BBISIBUTH T€ YCJIOBHUSI OpraHU3a-
MU Y4eOHOro Mpolecca, B KOTOPhIX TPUMEHEHUE 3TUX CPEICTB OKAXETCsl Hanbosee
3¢ PeKTUBHBIM.

Crounb 3HaUUTENIBHOE BHUMAHHE K METOAAM U CPEACTBAM SKCIIEPUMEHTAIIBHOW Ma-
TEMaTUKUA TOBOPUT O 3apOXKJIEHUH HOBOM KOHLIETIIMA MaTEMaTHYeCKOro 00pa3oBaHus,
KOTOpasi CErOJIHA HAXOAUTCS Ha cTaauu (HOPMHUPOBAHUS, MPEACTaBIsisi cOO0H CBOEO-
Opa3HyI0 30HYy «TypOyJIeHTHOCTH» COBPEMEHHOM TUAAKTUKH MareMartuku. [IpuBenem
HECKOJIBKO TPUMEPOB MPOSBIICHUS 3TON «TypOYyJI€HTHOCTIY.

1. Honamuiinvui annapam. [1lepBbIM, TOBEPXHOCTHBIM TPOSIBICHUEM «TypOy-
JIEHTHOCTW MPOLECCOB, CBA3AHHBIX C IPUMEHEHUEM KOMITBIOTEPOB B IIPENOIaBAHUM,
ABJISIETCS. TEPMUHOJIOTHSI. ABTOPBI MTEPEUUCIEHHBIX BBILIE MPOrPAMMHBIX IPOLYKTOB
U CIIELUATUCTHI B 0071aCTH METOAMKHA MaTeMaTUKUA HE MOTYT PELIUTh BOIIPOC O BBHIOO-
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pe ynobHoro TepMuHa Juist ux obo3HadeHus. Tak, B MmoHorpaduu [14] T. @. Cepree-
Boii, M. B. Illa6anoBoii u C. U. ['po3neBa ucnonb3yercst TepPMUH «MHTEPAKTUBHBIC Te-
OMETPUYECKHE CPEIBI», & B IPYTUX Pab0OTaX ITUX KE aBTOPOB — TEPMHUH «CUCTEMBI JH-
Hamudeckoit reometpun» [17]. Ha caiite npoekra 1C: Maremarnyeckuii KOHCTPYKTOP
GUrypupyroT TEpMUHBI KMHTEPAKTUBHAS TBOPUYECKAs KOMITBIOTEPHASI CPEla» U «KOH-
cTtpykropckas cpena» [27]. B kaure [6] C.I. BanoBa u B.W. Perkuka ncnonab30BaH
TEPMHUH «KOMITBIOTEPHAS Cpeay, a B UX 0oJiee paHHUX MyOIHKAIUIX — TEPMUH «CPE/I-
cTBa AuHamudeckoil reometpum» [13]. B kaure C.B. Jlapuna [9] durypupyer TepmMux
«IMHAMUYECKasi FTEOMETPUUECKAsI Cpella» CO CChUIKOM Ha Bukunenuto.

Takast e HEOJHO3HAYHOCTh HAOIIONAETCS] B OTHOIIEHUU TEPMHHOJIOTHYECKO-
ro 0003HaYeHUS PIEKTPOHHBIX 00pPa30BaTEIbHBIX PECYPCOB, CO3JAHHBIX CPEICTBAMHU
ATUX MPOTPAMMHBIX MPOIYKTOB: TMHAMHYECKUE JIUCTHI, BUPTyalIbHbIE JaOOpaTOpuH,
JTUHAMUYECKUE MOJIENU U T.II.

B pamkax gaHHO# cTaThbu MbI OyJIEM UCTIOIB30BaTh TEPMUHBI K MHTEPAKTUBHBIC Ma-
TeMaTuueckue cpeapd» (cokpamenno UMC) u «1uHaMuuecKue JTUCTh», HE HACTau-
Basi, BIIPOYEM, Ha MX OCOOBIX JIOCTOMHCTBAX.

2. «Boicokaa» nayka u «noeceonesnan» mamemamuxa. bonee rirybokoe mposiB-
JIEHWE€ MHOTO3HAYHOCTH (TO €CTh HEOJHO3HAYHOCTH) uctnoib3oBanuss UMC cBs3aHo,
o0pa3Ho TOBODsI, ¢ «IOTOHEH 3a Haykoi». UMC cpasy craiu ucnoiib30BaTbes s MO-
CTAHOBKM MaTEMaTHYECKUX SKCIIEPUMEHTOB, JIJIi OOHAPYKEHHUS HOBBIX CBOWCTB Te-
OMETPUYECKUX OOBEKTOB, JUIsl BOBICUCHHS TAJTAHTIMBBIX IIKOJIBHUKOB B MCCIIEOBA-
TEIBCKYIO WU MPOEKTHYIO JCSTENbHOCTbD, JIJIi OpPraHu3aIii KPY>KKOB, (haKylIbTaTH-
BOB, KOHKYpCOB. Bce 3Tu HampaBieHus: paboThl HE TOJBKO OBLIM BIOJIHE €CTECTBEH-
HBIMH, HO W Janu Onectsmiue pe3ynbrarhl. [lo3uTuBHBIE d(PPEKTH UCTOIB30BAHUS
NMC xopo1i1o mpencTaBieHbl B UMEIOIIEHCS IUTeparype, HalpuMep, B MOHOTpadusix
[10] m [13]. JlocTUTHYTBIE YCIIEXH HEBOJIBLHO 3aMAaCKUPOBAIH TO OOCTOSTEIHCTBO, YTO
NMC npuMeHsIIOTCS. B MACCOBOM IIKOJIE CYIIIECTBEHHO MEHBIIE, YeM MOIJIM ObI; 4TO
OHH MaJIO MCIIOJIb3YIOTCS IS TIOBCEIHEBHOTO PYTUHHOTO OCBOGHHUS Marepuaia yueo-
HUKa; 4TO JIETU C HEMaTeMaTHYEeCKUMHU WIH HEC(OPMUPOBAHHBIMU UHTEPECAMU U3Y-
YalT MaTeMaTuKy MPEeMMYyLIECTBEHHO TPAJULIMOHHBIMUA MeToaaMu; uTo 3a 30 JieT cy-
mectBoBanuss UMC He co3aHo nontoti 0owenpusnanioll KOJICKIIMN dKCIIEpUMEH-
TaJbHBIX CIIEHAPHEB, COMTPOBOKIAIONINX YueOHUK. Bo BCsikoM citydae, B Haubosee 1o-
MYJSPHBIX JTUHEHKAX MIKOJIbHBIX YYEOHUKOB METOBI SKCIIEPUMEHTAILHON MaTeMaTH-
K1 MO0 HE MPEICTaBIICHbI, IN0O MpeACTaBIeHbI BeChMa CJ1ado.

Mexay TeM CymecTBYIOT OOJIbIIIME€ BO3MOXHOCTH JJIS TOTO, YTOOBI MPHUAATh
IIKOJIBHBIM y4€OHUKaM HOBOE Kaue€CTBO 3a CYET MCIIOJIb30BaHUSI BO3MOXKHOCTEH IKC-
nepuMeHTaNnbHOI Maremaruku. Hanpumep, Ha caiite mpoekra 1 C: «Maremaruueckuil
KOHCTPYKTOP» pa3MelleHa KOJJIEKIUSI JUHAMHYECKUX MOJENIe U METOANYECKHUX pe-
KOMEHJIalui 1o apudmertnke, anredpe, MIaHUMETPUHU, CTEPEOMETPHUH, TEOPUH BEPO-
ATHOCTEH, CTATUCTHKE, 1O PYHKIUAM U rpauKaM, TO €CTh MPAKTHUYECKHU 0 BCEM pa3-
JiejaM IIKOJIBHOTO Kypca maremaruku [27]. [Jpyrum npumepoM SBISIETCSA 3JIEKTPOH-
Hasi Oubnuoreka ynuiest «OU3MKO-TEXHUUECKas IIKOJIa», B KOTOPOM pa3MelieHa Koi-
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JEKIUS TUHAMUYECKUX JINCTOB U METOIUYECKUE PEKOMEHIAIMU M0 MX MCIIOIh30Ba-
HUIO B pazfene «J{uHamudeckas reomeTpus, 9 Kjaaccy, KOTOpbIe MOTYT CTaTh XOPOIIUM
JOTIOJTHEHHEM K yueOHO-MeToanueckoMy komiiekey A.J[. Anexcannposa, A.JI. Bep-
Hepa u B.W. Peokuka «I'eomerpus 9».

Pa3ymeercs, nepeueHb U3 JIByX MPUMEPOB HE MOXKET ObITh MOJIHBIM. OH JUIIb
MOKa3bIBAET HAJIWYKE PEaIbHOM BO3MOXKHOCTH JJIsl aBTOPOB IIKOJIBHBIX YU4EOHUKOB
nonosiHeHus1 cBonx YMK kauecTBEeHHBIMH, aipoOOMPOBAHHBIMU CLIEHAPHUSIMU U pe-
cypcamu.

3. Ihpexmur u pucku odyuenus mamemamuxe ¢ Kkomnviomepom. Haxkoner,
U OTO TJIaBHOE, OOHAPYXUIWCh MOOOYHBIE HETATUBHBIE MOCIEICTBUS TPUMEHE-
Husgs UMC nipu oOydyeHnn MaremMaTuke B MaccoBOM ImikoJie. L{enbrit paznen B KHUTE
[17, pa3a. 2.4] mogpoOHO paccKa3bIBaeT O TOM, UYTO MO3UTUBHBIEC d(PHEKTH U Hera-
TUBHBIE nocaeAcTBUs npumenenus UMC poxnaroTcs napamu, moJooHO TOMY, Kak
B SIIEPHBIX PEAKIHSAX MapamMu POXKIAIOTCSA MOJIOKUTEIHHO U OTPUIATEIBLHO 3apsi-
»KeHHbIe yacTuipbl. Tak, npumenernne UMC, 6e3yciioBHO, GOPMHUPYET OIBIT UCCIIE-
JIOBATEIbCKOM JESTEIbHOCTH YUYaIUXCs, OAHAKO MPU 3TOM BO3HHUKAET PUCK Jiedop-
MaIlu UX UCCIIEIOBATEIBLCKOTO CTUJIS, YPE3MEPHBIN aKIIEHT Ha YKCIIEPUMEHTUPOBA-
HUE B yuiepo teoperudeckoMy ocMmbiciennto. UMC, 6e3ycioBHO, pacIupsioT Ma-
TEMATHYECKUN KPYTro30p yUalIUXCsl, OAHAKO MPU 3TOM BO3HUKAET PUCK yTpaThl MO-
TPEOHOCTH B JETyKTUBHOM OOOCHOBAaHMHM MATE€MaTUYECKUX YTBEPKIACHUMN. YIIOMs-
HYTbI€ HETaTUBHBIC MOCJEACTBHS, HApSAIy C JAPYTUMU HEYNMOMAHYTHIMHU [17], mo-
pOXIaoT (PEHOMEH TaK Ha3bIBAEMOTO HIKCIEPUMEHTAIbHO-TEOPETUUYECKOTO Pa3phl-
Ba, KOTOPBIN OyzeT 00CYK1aThCs B CIEAYIOLIEM pa3feiie. YIOPsSA0UUTh «30HY Typ-
OyJICHTHOCTH» MOXKHO OBLIIO OBbI TyTEM CO3JJaHMS 11€JI0CTHOM KOHIIETIMHU, CJIeI0Ba-
HUE KOTOPOH MO3BOIUIO Obl JOOUTHCS BCEX MO3UTHUBHBIX dPGHEKTOB MPUMEHEHUS
NMC B yuebHOM TIpoIiecce, ¢ OAHON CTOPOHBI, U N30€XKaTh WU CBECTH K MUHHUMY-
My HeraTMBHBIE TOOOUYHBIE (D PEKTHI, ¢ Ipyroi cTtopoHbl. K coxanenuto, 1octarod-
HO TPYIHO OTBICKATh B JINTEPATYPE KOMNAKMHOE U3TIOKEHUE Takou kKoHuenuu. Ero
HeT HU B MoHOTpadusax [14; 17], Hu B yueOHBIX TOocOOuUAX [2; 9], HU B APYTUX U3-
BECTHBIX aBTOpaM MCTOYHUKaX. Tak BO3HUKIIA MOTPEOHOCTHh B HAMMMCAHUHU KPATKOTO
U3JIOKEHUSI, 00Pa3HO TOBOPS, «aKCHOMATHKW» KOHIEMIINU MPUMEHEHUSI MaTeMaTH-
YECKUX IKCIIEPUMEHTOB B YUeOHOM IMpOIIecce.

B cnenytomem pasnene OyneT mpencTaBieHa CUCTeMa OONIUX MOJOKEHUN KOH-
eI, B KOTOPOU OMKCAaH IKCIEPUMEHTAIBHO-TEOPETUUECKUM CTHIIH MPEero/aBa-
HUS U U3yYCeHUs] MaTeMaTuku. Pazymeercs, He cienyeT cYuTaTh 3Ty CUCTEMY OCHOB-
HBIX TIOJIOKEHUW YE€M-TO 3aKOHUYEHHBIM W MOJOOHBIM TUIAKTHYECKUM MPHUHITUIIAM
WM aKCMOMaM MaTeMaTH4ecKuX Teopuil. B To e Bpewmsi, aBTOphI IIyO0OKo yOexie-
HBI B TOM, YTO KpaTKue, OTYETIUBBIC, TOJI0OHBIE MAaTEMATUUYECKUM TTOJIOKEHUS KOH-
eI HYXHBI XOTs OBbI JJIsl TOr0, YTOOBI CTaTh OOBEKTOM JAIBHEHIIIETO YCOBEP-
IIEHCTBOBAHUS U TPeoOpa30oBaHus B MPUHIIUIIBI O0YyUEHHs] MaTeMaTHKe C KOMITbIOTE-
POM, JTa)ke €CJIU B MPOILIeCCe aHalu3a U 00CYKIEHUsI OHU TTOJIBEPTHYTCSI MeTaMopdo-
3aM WU OylyT OTBEPTHYTHI.
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4. O01HMe MoJI0KeHUA KOHIeNMIIUU

[Tpuctymnast K U3JI0KECHHUIO TIOJIOKCHHM, OTMETHM OCOOCHHOCTH CTHIIUCTHYECKO-
ro oopmiteHHS TeKcTa. Huowce chopmynuposxu ocHosHbix nonoxcenuti (nn. 1—16) u na-
36aHUsL 2PYNN NONOdHCEHUN 6Y0ym HabpaHwl HcupHuim wpugdmom Arial Narrow. Heoo-
X00UuMble KOMMEeHmMapuu K HUM Habpansvl 00biynbim wpugdmom Times New Roman.

KOHCTATALWX U 3A0AYN

1. N3BeCTHO, YTO B Ha4YanbHble NePUOAbI CBOEro pa3BMTMS MaTeMaTuKa npeacTaBns-
na co60o aMNUPUYECKYH HayKy, OCHOBaHHYIO Ha HabnoaeHUAX, U3BEYEHHbIX U3 Npak-
TUKU NpaBunax, nosgHee Ha akcnepumeHTax. EcTecTBeHHas neparoruyeckas 3agayva
COCTOMT B TOM, YTOObI afeKBaTHO OTPa3UTb IKCMEPUMEHTaNIbHOE Hayano matemaTuku
B y4eOHOM npouecce.

2. B onpepenéHHbIN MCTOPUYECKMIA Nepuod B MaTeMaTuKe NOSIBUNOCH NOHATUE A0-
kasatenbcTtBa (Panec u ap.). C atoro BpeMeHn B MaTeMaTUKe BO3HUKIIO U CTano ycu-
nuBaTbCcA TeopeTnyeckoe Havano. OgHUM U3 BaXHEMWMX ITanoB ero pa3BUTUA CTan
aKkcuomarmuyeckun metog (EBknmua v ap.), KOTopbI onpeaenvn 3BOMOLUI0 MaTeMaTy-
KM Ha MHorue ctonetus. EctecTBeHHas negaroruyeckas 3agaya COCTOUT B TOM, YTOObI
afeKBaTHO OTPa3nTb TEOPETUYECKOE HaYano MaTeMaTikn B y4e6HOM npouecce.

JdTanbl pa3BUTUA MaTeMaTUKU, 0603HaYeHHble B NN. 1 U 2, o4eBUAHBLI U obwenpu-
3HaHHbI, MO3TOMY aKLIEHT criegyeT Aenatb Ha TeX 3ajavax, KoTopble BbITEKalT U3 cae-
NaHHbIX KOHCTaTaUUM U KOTOPble CTaBAT (MM He CTaBAT, U 3TO NNOXO) nepea codbon ne-
Aaroru.

Jlist yauTeneil HauaabHOM MIKOJIBI ObLTO OBl 11e7Iec000pa3HO BOCIIPUHUMATE CBOIO
COBMCCTHYIO CO IIKOJIbHUKAMU JACATCIIbBHOCTb KaK OCBOCHHC IICPBOIO, SKCIICPUMCH-
TaJbHOTO KOMIIOHEHTA MaTEMAaTHKH, 32 KOTOPBIM C HEM30€KHOCTHIO TIOCIIEYET OCBOE-
HUE TEOPETUIECCKOro KOMITOHEHTA. [Ipu TakoM B3IJIsiIe Ha colepKaHue Kypca MaTeMa-
TUKH IIKOJIHUKHU 00y4aroTCs U BOCITUTHIBAIOTCS KaK MaTeMaTUKHU-IKCIIEPUMEHTATOPHI
U 00OHOBPEeMeHHO TOTOBATCS K BOCTIPUATUIO B OYIyIIEeM TEOPETUYECKOTO KOMIIOHEHTA
MaTEMAaTUuKU.

Jlnst yauTesneit OCHOBHOM U MOJTHOM CPEeIHEH IIKOJIbI ObLIO OBI 11eJ1Ieco00pa3Ho BOC-
NPUHUMATh CBOI0 COBMECTHYIO CO IIKOJIbHUKAMHU JIEATETLHOCTh KaK OCBOEHUE BTOPO-
ro, TECOPETUIECKOTO KOMIOHEHTa MareMaTuku. [Ipy TakoMm B3IIsifie MareMaTuyecKue
HKCIIEPUMEHTHI HE MCYE3aI0T U3 YIEOHOTO 00MX0/a, & CTAHOBSATCS NCTOYHUKOM HOBBIX
TUIOTE3, YTBEPKICHUM, TPOTUBOPEUUI U BCErO TOTO, UTO MOPOKAAET HEOOXOAUMOCTD
U HEM30€KHOCTh JIETyKTUBHBIX PACCYKICHUMN.

3. B cBfi3u ¢ U3006peTeHMeM MHTEPAKTUBHBLIX MaTeMaTUYECKMX cpef NOSABUINCH HO-
Bble, 00SblUKMEe BO3MOXHOCTU ANs BBEAEHWUA IKCNEPMMEHTOB B NPOLIECC NpenoaaBaHus.
EcTecTBeHHas 3agaya COCTOMT B TOM, YTOObI UCMONbL30BaTh 3TM BO3MOXHOCTU ANA pe-
anusauum nn. 1-2.

I/ICTOpI/ISI HCIIOJb30BaHUsA B IIPCIIOJABAHHMN HMHTCPAKTUBHBIX MATCMATHYCCKHX
cpen noapoOHo onucana B kHure [17]. [lo MHEHHIO aBTOPOB, B 3TOM OMUCAHUU TTPU-
CYTCTBYCT MHOTOC. CHUJIbHBIC ITO3UTHBHBLIC BCI)CI)CKTBI IMPUMCHCHUSA SKCIICPHUMCHTOB
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B MpEINoJaBaHUM, paMaTUYECKHUE OIIMOKM U CEePbhE3HBbIE€ PUCKU HEOOIYyMaHHOTO
IMPUMCHCHUSA 3KCIICPUMCHTOB, YKAa3aHHUC HaA IMOTCHIHWAJILHBIC oOnactu IMPpUMCHUMO-
CTH SKCIICPUMCHTOB H. T.I.

4. BsaumopencTeme TeopeTUYecKUX n IKCnepuMeHTanbHbIX METOAOB B NpenojaBa-
HWUU QOMKHO ObITb FAPMOHUYHBLIM B CReayoLWeM CMbiche.

A) B yye6bHOM npouecce He06X0AUMO OTPa3nTb pearibHOe COOTHOLWIEHUEe TeopeTH-
YECKUX U IKCMepPUMEeHTanbHbIX METOAOB B MaTeMaTUKe Kak Hayke, UX B3aUMOBMUAHWE
U B3aMMOMNPOHMKHOBEHME.

B) BaaumopencTBue TeOPETUYECKUX M IKCMEPUMEHTaNbHbIX METOAOB B Y4eOHOM
npouecce cnepyeT caenatb rMOKMM B «JIOKanbHOM» M «rnobanbHOM» cmbicne. Bo-
nepBbIX, OHO AOMKEH AOMYCKaTb BapbMpoBaHUe B 3aBUCUMOCTU OT Neaarornyeckomn cu-
Tyauuu, TO eCTb OT M3y4aeMOMN TeMbl, OT BO3ZMOXHOCTEW Knacca, oT Tpagvuuin npeno-
AaBaHusA u T.4. Bo-BTOpbIX, OHO AOMKHO AONYCKaTb YTOYHEHUS, BAAON3MEHEHMS, nepe-
CMOTP U MPOY. C LieNbI0 OTPAXEHMS MEHAIOWMUXCA TeHAEHLMA B MaTeMaThKe U B neaaro-
rMKe MaTeMaTUKu.

Wnest cBoero poa «HayYyHOro MOHUTOPUHT A, 3AJI0KEHHAs B 1. 4B, moiryuur cBoe
pa3BUTHE HIXKE, B 1. 16.

COrNALLEHMA O MATEMATUKE

[To noruke Bemiel B JaHHOM paszjiesie JOKHBI ObITh Ha3BaHbl HEKME UMMAaHEHT-
HbIE CBOICTBAa MaTeMaTHUKU, KOTOpbIE ObIJIO Obl €CTECTBEHHO BBISBUTH B MPOLECCE
€e Ipeno/iaBaHus U U3yYeHHs TOCPEJACTBOM MOCTAHOBKHA MAaTeMaTUUYECKHUX IKCIIePH-
MEHTOB. BMeCTO 3TOTO aBTOPHI HUCTIOIB3YIOT CTPAHHOE CIOBO «cornameHus». [lemo
B TOM, YTO MOMBITKA HANUTHU B JIUTEPATYPHBIX HCTOUHUKAX 00w enpunamoe onpeoeie-
Hue TIOHATUS «MaTeMaThKa» OKa3zanach Oe3ycmnemHoi. bonee Toro, onun u3 Kpyn-
Helmux MaremMaTukoB XX Beka [. Beitnbs nmucan cienytromee: «Bompoc 06 ocHoBa-
HUSAX MAaTeMAaTUKUA U O TOM, YTO MPEJCTABISIET COOO0M, B KOHEUHOM CcuéTe, Marema-
TUKa, OCTAETCs OTKPHITHIM. MBI HE 3HAEM KaKOTO-TO HANpaBIIEHHUs, KOTOPOE MO3BO-
JIUT, B KOHIIE KOHIIOB, HAWTH OKOHYATENIbHBIA OTBET HAa 3TOT BOIPOC, U MOXKHO JIH BO-
o011e 0’)KUJaTh, 4YTO MOJTOOHBIA «OKOHYATEIBHBIN» OTBET OyJET KOTna-HUOYAb MOy-
YeH U pU3HaH BCeMHU MaremMaTtukamu.» (Jloctarouno noapoOHbIi 0030p HA ATy TEMY
cnenan B kaure [20, pa3a. 1.3].)

[To MOHATHBIM PUYKMHAM ABTOPHI CO3HATENILHO OTKA3bIBAIOTCS OT MOMNBITOK BHE-
CTH CBOIO JICTITY B KOHCTPYHMpPOBaHHE OOIIEro onpeneneHus. Brnpodem, Takoil oTkas
HE 0CBOOOXAAET OT HEOOXOIUMOCTH CO31aHus 3(PPEKTUBHBIX METOAUK OOyUYECHHS Ma-
TEMaTuKe W, CIEI0BaTEebHO, OT HEOOXOAMMOCTH NMPOHUKHOBEHUS B €€ CYIIHOCT.
B stom paznene mMbl chopMyaupyeM HEKHe MPOCThIe MPEACTABICHUS O ACSITEIbHOCTH
MaTeMaruka, KoTopble 0a3UpyIOTCs Ha 3[paBOM CMBICJIE M HA MaTEMaTHYECKOM U Tefa-
TOTMYECKOM OTIBITE aBTOPOB.

5. B pamkax JaHHOro TeKkcTa Oyaem cuuTaTh, YTO pe3ynbTaTaMu AeaTeNIbHOCTU MaTe-
MaTuKa ABNAOTCA hOPMYNMPOBKM HOBbIX NPo6neM, BbiCKa3aHHble rMnoTe3bl, fOKa3aH-
Hble TeopeMbl, MaTemaTuyeckue NPeAnoHATUA UNKN NOHATHUA.
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6. ﬂeﬂTeﬂbHOCTb nccnegopartens c obbeKkTamm MaTepuasnibHOro Mmmpa 6y,qu OTHO-
CUTb K obnactu 3KcnepumeHTaanoﬁ MaTeMaTukKu, ecriu eé pesynbTataMn ABNAKOTCA
thopmynuMpoBKM HOBbIX NpobneMm, BbiCKa3aHHbIe rMNoTe3bl, fOoKa3aHHbIe TeopeMbl, Ma-
TemaTuyeckue npeanoHATUA UMK NOHATUA.

7. DeaTenbHOCTb UCCnefoBaTenNs NO BbISABNEHUIO CBOMCTB MaTeMaTU4YeCKUX 00 beK-
TOB OyAieM CuMTaTb TEOPETMYECKOMW, ECNN B NpoLiecce Heé He NPOM3BOAUTCS MaTeMaTy-
YeCKNX IKCNEepuMeHTOB.

OueBuaHO, 4TO M. 6—7 MPENCTaBIAIOT COOOM MPOCTYIO (WU JlaXKe MPUMHUTHB-
HYI0) TUXOTOMHYECKYIO KIACCU(PUKALUIO PA3IMYHBIX aCIIEKTOB MAT€MaTU4YEeCKOU Je-
ATEIBHOCTH.

8. KomnbloTep paccmaTpuBaeTcs B KauecTBe 00beKTa MaTepmanbHOro Mupa Ha OCHoO-
BaHWN TOroO, YTO OH I10Tpe6l1ﬂ9T ANIeKTpnyecTBO N U3roToBJ1IEH U3 METaNNOB, NONyNnpoBo-
AHUKOB, NNaCTUYECKMX MaccC, XUAKUX Kpuctansnos U gpyrux matepuanos.

Touka 3peHus, 3apukcupoBaHHas B II. 8, ABJIAETCS MPOCTON U Jaxke OaHAIbHOM.
Tem He MeHee, ee cieyeT 3a(UKCUpOoBaTh, IOTOMY YTO CYLIECTBEHHAs 4YacTh Macco-
BOT'0 CO3HAHHUS PacCMATPUBAET KOMIIBIOTEP KaK HEUYTO OE3yCIIOBHO IOJIE3HOE, HAJEK-
HOE, UJICATbHOE, «KMATEMATUYECKOE.

@opMynupys Il 5—8, aBTOPbl CO3HATEIBHO CTPEMUIINCH CAENIATh KOHCTPYyUpPYeE-
MBI CIUCOK TOJIOKEHUN MUHUMATbHO OOCMAMOYHbIM. JTO O3HAYAET, YTO KOHCTPY-
UPYEMBI CIIHCOK JOJKEH 00JiaaTh IBYMsI B3aWMHO JOIOJHUTEIbHBIMU CBOMCTBA-
MU: A) IEMCTBUTENBHO XapaKTEpU30BaATh AEATEIbHOCTh MATEMATHKA B €€ BaKHEUIINX
acrniektax; b) ObITb BOBMOXKHO 00Jiee KpaTKUM.

Pazymeercs, 11000¥ CIIMCOK «COMTAIIEHUN O MATEMATUKE) OKAXKETCsl HETIOJIHBIM, T10-
CKOJIbKY MareMaTH4eCcKoe TBOPUECTBO, Kak U 000 Apyroil BUJ TBOpUECTBA, OECKOHEY-
HO CJI0’K€H. MBI )KEpTBYEM IOJIHOTOU B IIOJIb3Y KPATKOCTH B HAJEK/IE HA TO, YTO KPATKUN
CIHMCOK MOCTYXUT HHCTPYMEHTOM KOHCTPYHUPOBAHHS KOHKPETHBIX MEAATOTHYECKUX CLIE-
HapueB. HekoTopoe Kom4ecTBO aBTOPCKUX CLEHAPUEB COAEPKUTCS B KHUTaxX [20, 21].

TUNONOrna CTUNEN NPEMNOOABAHUA U U3YYEHUA MATEMATUKM

IIpeanonuieM ONMUCAHUIO TUIIOJIOTHM CTUJIEH IPENOAABAHUS HEKYIO aJUICTOPHIO,
KOTOpasi, O HallleMy MHEHHIO, OyIeT CII0COOCTBOBATH MPABUILHOMY BOCIPUSITHIO HU-
KECIIENYIOIUX MOJOXKEeHUN 9—12.

JlomycTuM, HEKTO YTBEP)KIAeT, YTO JIIOAM AENATCS Ha yOuiil, BOpOB, OObIU-
HBIX JIFOJIEW, YECTHBIX JIIOJICH U CBATHIX. {11 HAC BaXKHO, 4TO 3TO YTBEPXKJICHHUE BO-
BCE HE O3Hauaet, OyATo OBl €ro aBTOp IpeajaraeT BOCIUTHIBATh BOPOB U youiin. OH
IIPOCTO KOHCTaTUPYET peaaun. AHAJOTMYHO, OMUCHIBAS CYIIECTBYIOIIUE B NIPAKTHU-
K€ CTWJIM NPENOAAaBaAHUA U U3YYEHHS MAaT€MaTUKH, Mbl HE BBICKAa3bIBAEM aIlpUOP-
HBIX CYXXJIEHUW 00 MX MPUEMIIEMOCTH, YTHIUTAPHON MONb3€ WM UJIEHHON IEHHO-
cTU. MBI OCTaBIIsIEM OLIEHKY CTUJIEH HA YCMOTPEHHUE YUTATEINS] U CYUTAEM, YTO YIIO-
MUHAHUE «IUIOXHUX» CTWIEH JIy4lle OTTEHSET NOCTOMHCTBA «XOpowux». Brpouewm,
pa3Hble ATalbl U3yUYEHUs] MaTEMAaTUKU TPEOYIOT OT MpenoAaBaTelis UCIOIb30BAHMS
Pa3HBIX CTUJIEH WM UX CIeIU(DUUECKUX COUETAHUM.
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9. Ctunb npoBeAeHMA 3aHATMA OyAeM Ha3blBaTb IKCHEPUMEHMasbHbLIM, €CAN Bbl-
MOSHAIOTCA ABa ycnoBua: A) Lienbio 3aHATUSA ABNSETCA IKCNepUMeHTaNnbLHoe obHapyxe-
HWe TOro UM UHOro CBOMCTBa MaTeMaTU4YecKoro o6LekTa; b) akcnepumeHTanbHble AaH-
Hbl€ CYUTAKTCA JOCTaTOYHbIM 000CHOBaHMEM OOHapyXeHHOro CBOMCTBA.

10. CTunb npoBeAeHUA 3aHATMA OyaeM HasbiBaTb meopemuyeckuM, eCnu BbisiBe-
HWe CBOMCTB MaTemMaTM4ecKoro o6 bekta u ux AokKasaTenbCTBO ocylecTBnsAeTca 6e3 uc-
NoNib30BaHWUA IKCNEPUMEHTa.

11. CTunb npoBedeHUA 3aHATUA OyAeM Ha3bIBaTb IKCTepUMeHmabHO-meopemuyec-
Kum, ecnn BbINOSHAKTCA ABa ycnoBus: A) UMeeT MeCTO 3Tan NMaHMpPOBaHUA 3Kcne-
pUMeHTa, KOTOpPOe OCYLIECTBMSIETCA Ha OCHOBE TEOPETUYECKUX 3HAHUW, UMEHLWMXCA
Ha AaHHbIN MOMEHT; B) pe3ynbTaTthbl aKCnepumeHTa nognexar obssatenbLHOMY 00bsC-
HEHUI0 N 0OOCHOBAHUIO Ha TEOPETMYECKOM YpOoBHe. Takum obpa3om, nonHomacwTab-
HbIW 3KCMEPUMEHT BbICTYNaeT KaK CBA3YHLWEe 3BEHO MeXay IMNUPUYECKUM U TeopeTH-
YECKUM Hayanamm maTeMaTmKMm.

OTMGTI/IM, YTO HA3BAHUC JAHHOTO CTHUJIA COBIIAAACT C HA3BAHUEM CTATHU. Mzl cun-
TaeM ero Hauboiee MPHUEMIICMBIM JJIs1 CTAPIICKIIACCHUKOB U CTYACHTOB BYy34a.

12. CTUnb npoBeAeHNUsA KaXAoro KOHKPETHOrO 3aHATUA onpeaenseT npenoaaBaTenb.
B TO Xe BpeMs, AOMUHMPOBaHWE TOrO UM MHOTO CTUMA Ha NPOTSHKEHUU ANUTENBHOTO
BPEMEHU He MOXeT 3aBUCETb OT B3rMSAO0B NpenoaaBaTens, a AOMKHO ObITb 06ycnoB-
NeHo 00BLEKTUBHbIMU 06CcTOATENbCTBAMU. TaK, AOMUHUPOBaHME 3KCNEepUMEHTaNbHOro
CTUNA B Ha4YanbHOW LWKOMNe NPaKTUYeCKU Hem30exHO, O4HaKO JOSKHO CONPOBOXAATLCA
BBeJEHWEM INIeMEHTOB TeOPUM BCeraa, Koraa 3To BO3MOXHO U LienecoobpasHo. [lomu-
HUpOBaHMe TEOPETUYECKOro CTUNA MPU U3YYEHUN FeOMETPUN B OCHOBHOMW LLIKONE BNOJI-
He AONYCTMMO, OAHAKO AOMKHO CONPOBOXAATLCA NPOBEAEHMEM IKCNEPUMEHTOB, NO3BO-
NAWUX 0OHapYXUTb CBOWCTBA reOMETPUYECKUX 00BLEKTOB. Q0oduénno 2o6ops, 0o-
Jaacmob 9([)¢ekmueuoﬁ RPUMERUMOCMU IKCREPUMEHMATIbHO-MeopeMUIeCKoco cmu-
JiA npenodaeauuﬂ U U3YUYEHUA MamemamuKku 00/12ICHA ObIMb onpe&eﬂelm Hd4 OCHO6é
OCMBICTICHUS ONBIMA NE0A202UYECKO20 coo6u4ecmea.

BIVDKAULLME NOCNEACTBUA U QANBHEULIWE PA3PABOTKU

[Tocnenuuii pa3aen OCHOBHBIX MOJ0KEHUM KOHIETIIIMY Mbl HAUHEM C IBYX KOHCTa-
tanuii (. 13 u 14), nonpoOHO onKcaHHBIX B IUTEpaType, Harmpumep, B [17].

13. Ucnonb3oBaHue WHTEePaKTUBHbIX MaTeMaTU4eCKUX cpen Moxet UMeTb MHOro-
YUCIeHHbIe NOoJI0XUTelbHbIe Sd)d)eKTbl. MaBHbIM U3 HUX ABNAETCA npusrnevyeHne MHo-
FMX Y4EHMKOB K UCCneaoBaTeNibCKON AeATENIbHOCTU: HabMOAEHUAM, BbICKa3bIBaHUIO MU=
noTes, MX NOATBEPXKAEHUIO UM ONPOBEPXKEHUIO U T.4. B pesynbTate dhopmupyeTcs onbIT
uccneaoBaTeNibCKON AeATENbHOCTU YYaluxca B 06nacT MaTeMaThKu, paclumpaeTcs ux
MaTemaTU4eCcKun Kpyrosop, coBepLueHCTBYeTCA BU3yalibHOE€ MbllufieHne, BO3HUKaKOT
YMeHUA U HaBblKW KOMNbIOTEPHOro MmoaesiInpoBaHNA MmaTteMaTtu4eCKmMx 00bLEKTOB U T.4.

14. Ucnonb3oBaHMe WHTEPAKTUBHLIX MaTeMaTM4YeCKMX cpea MOXET UMeTb HeraTuB-
Hble NOOOYHbIE NOCNEACTBMA, NPUYEM JOCTATOYHO Cepbé3Hble. [NaBHbIM U3 HUX ABNSAET-
CAl TaK Ha3blBaeMbIW 3KCNEePUMEHTaNbHO-TEOPETUYECKNIA pa3pbiB. OH BbipaxaeTcs B TOM,
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YTO Y WKONbHUKOB Pe3Ko NagaeT MOTUBALMA K NpoBeAEHUIO AeAYKTUBHbIX AOKa3aTenbCTB,
CINeACTBUEM Yero ABNAETCS YMEHbLUEHUe CMOCOOHOCTM K AeAyKTUBHLIM PacCyXAeHUAM,
nageHne UHTepeca K TeOPETUYECKOMY NMOUCKY, TPYAHOCTb UMKN Jaxe HEBO3MOXHOCTb No-
CTaHOBKM HOBbIX 3afja4 NyTéM florM4eckoro npeodbpasoBaHNUA peLIEHHON 3afayn U T.4.

Crenyromuid HUKe 1. 15 1aeT opueHTHp IS MPOEKTUPOBIIHUKOB MEIATOTHYECKUX
CLICHAPHUEB, a TAKXKE JJI OLIECHKU PE3YITAaTOB IPOCKTUPOBAHHUSL.

15. MeparornyeckMn cueHapuii UCMONb30BAHUS UHTEPAKTMBHOW MaTeMaTUyeCcKOW
CpeAbl CYMTaeTCA KayeCTBEHHbLIM (OMYCTUMbIM), ecnv OH obnagaeT AByMA B3aUMHO
AONOSNHUTENbHLIMA CBOWCTBaMU: A) cueHapui OKasbiBaeT NMO3UTUBHOE BO3AEUCTBME
Ha y4awmxcs B cmbicne n. 13; b) HeraTuBHOe Bo3AeNCTBUE Ha yYaluxca B cMbicne n. 14
OTCYTCTBYET UM ABMAETCA MUHUMANbHbIM.

3aKIIIOYNTEILHBIN ITYHKT BO3BpaIacTCsa K 1Je€ MOHUTOPHUHI'A B COUYCTAHHUU C HC-
00XOIMMOCTBIO TalTbHEHIIEH pa3paboTKU KOHIIETIITUHU B I[ETIOM.

16. Kaxxgoe u3 nonoxeHui 1-15 HyxxaaeTca B AanbHeNWUX U BO3MOXHO Gonee rny6o-
Knx paspaboTkax, onpeaenéHHasn 4acTb KOTOpPbIX yxke, pakTuyecku, caenaHa. Kpome toro,
HyXAaeTca B AanbHenWMX pa3paboTkax KOHLENUUs B LIENOM, YTO C BbICOKOW BEPOATHO-
CTbI0 NpMBEAET K (hOPMYNMPOBKE HOBBIX U YTOYHEHUIO YXKe BbICKa3aHHbIX MOSTOXKEHUMN.

B kauecmee 6b1600a MbI MOKEM KOHCTATHUPOBATH CICAYIOIICC. B crarbe ITIOKa3aHoO,
YTO IMPUMCHCHHNC KOMIIBFOTCPOB B IIPCIIOJJaBaAHNN HGJIGCOO6pa3HO «BCTpPaUBaATbh» B U~
pOKI/IP'I KOHTCKCT HCIIOJIBb30BaHUsI aKCHMOMATHKH, OHMMAaeMOH B 6yKBaJ'IBHOM H po-
KOM CMBICIIe cjioBa. M3mokeHa HCJIOCTHAsI KOHLCIIIUA, KOTOpasa €CTCCTBCHHBIM 06pa—
30M CONIACYETCS C UMEIOIIEHCS MPAKTUKOW MPENOJABAHNS U OTKPBIBAET OINPEIEIICH-
HBIC IICPCIICKTHUBLI IJIA I[EU'ILHGﬁHIHX METOJUYCCKUX pa3pa60T0K.
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Ob YC/TOBUAX KOHEYHOCTU B IrPYINMNAX

ON FINITENESS CONDITIONS IN GROUPS

B.A. CeHawoB V.l. Senashov

I'pynna, nopostcoaroujue 3nemenmeol, OUHAPHAA KOHEUHOCMY, 1OKAIbHAA KOHEYHOCHb, KOHEYHO-
nopodcOennan cpynna, OUNPUMUMUEHAA KOHEYHOCHb, MOYKA 2PYRNbL.

B paborte nesaercsi Kparkuii 0030p yCJ0BHIl KOHEYHOCTH, nosiBUBIMNXcs B KpacHosipckoii
1IKoJIe 0 Teopuu rpynin. bosiee moapodHo yaejieHO BHUMaHHMe OTHOMY M3 Pa3eioB MCCJIeN0-
BaHMii, npoBoauMbIX B mKkoje lllynkoBa: rpynnam ¢ Toukamu. [loHsiTHe TOYKHM Ipyninbl BBe-
aeno B.IL. HIyHKOBbIM M CBSI3aHO ¢ KOHEYHOCTHI) CHCTEMbI KOHEYHBIX MOATPYII, B KOTOPBIX
TOYKA COAEPKUTCS.

Group, generating elements, binary finiteness, local finiteness, finitely generated group, biprimi-
tive finiteness, point of a group.

The paper provides a brief overview of the finiteness conditions that appeared in the Kras-
noyarsk school on group theory. Attention is paid in more detail to one of the sections of re-
search conducted at the Shunkov school: groups with points. The concept of a point of a group
is introduced by V.P. Shunkov and connected with the finiteness of the system of finite sub-
groups in which the point is contained.

Beaenne. [lon ycnoBueM KOHEUHOCTU B TEOPUU TPYIIN MOHUMAETCA JTt000€ Ta-
KO€ CBOMCTBO, MPUCYIIEE BCEM KOHEUHBIM T'PYIIaM, YTO CYIIECTBYET XOTS ObI
oHa OECKOHEYHAs TPyMIa, KOTopasi STUM CBOMCTBOM He obnamaer [11].
CuctemMaTU4ecKoe U3yUYeHUEe IPYII C TEMU WM UHBIMU YCJIOBUSIMU KOHEYHOCTHU
Hadasock B KOHIIE 30-x rT. XX B. U B 3HAUUTEIHHOU CTENIEHU OBLIO CBSI3aHO C UCCIIENO-
BaHUEM CIEIUATBLHBIX TPy U OM3KUX K HUM JIOKAJIBHO Pa3pelInMbIX TPYIII C YCIIO0-
BreM MUHUMaJTbHOCTH 1yt moArpynm C.H. UepHUKOBBIM.
K ycnoBusiM KOHEYHOCTH B TPyIIaX OTHOCATCS YCIOBUS MUHUMATHHOCTH U MaK-
CUMAJIbHOCTH: TIPU 3TOM U3YUYaIOTCsl CUCTEMBI BIOXKEHHBIX JIPYT B JIpyra MOATPYyIMII.
Ene onHO U3 K1aCCUYECKUX YCIOBUM KOHEUHOCTH — YCIOBUE JIOKAJTbHOM KOHEU-
HOCTH.
Jlokanbho KoHeuHoUl Ha3bIBACTCS IPyMIa, B KOTOPO JIF000€ KOHEYHOE MHOXKECTBO
AJIEMEHTOB MOPOKIAET KOHEUHYIO TOJTPYIIILY.
3/1eCh KOHEUHBIMU 0JIaral0TCsl BCE KOHEUHOIOPOXKEHHbIE Tpynibl. Eciiu MHOXe-
CTBO MOJIPYIII, KOTOPBIE OYTyT KOHEYHBIMU, U3MEHUTh HA MHOXKECTBO JIBYIOPOKICH-
HBIX MTOATPYIII, TO TOSBIISIOTCS TEJIbIE KJIACCHI TPYTI C YCIOBUSMHA KOHEYHOCTH, BBE-
nennble B.I1. IIyHKOBBIM.
K Takum yCcoBHsIM OTHOCSITCS YCIIOBHUSI OMMPUMHUTUBHOW KOHEYHOCTH, COMTPSIKCH-
HO OUMTPUMUTHUBHON KOHEUYHOCTH, UX OCTIa0IeHUs U 0000IIeHMS.
bunpumumueno xoneynoti HazpiBaeTcs Takas rpynmna G, B KOTOpoit 1jist 10001t ee
xoneuHoi moarpynmsl K B pakrop-rpynne N (K)/K mo0ble 1Ba 31€MEHTa MPOCTOIO
NOPsIAKA MTOPOKIAIOT KOHEUHYIO MTOATPYIIIY.
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ConpsidceHHo OUnpuMUmMuUGHO KOHeuHOol Ha3bIBaeTCs Takas rpynmna G, B KOTopoi
115 11000 ee koneyHoi moarpymnisl K B ¢pakrop-rpynne N (K)/K nto0bie 1Ba compsi-
KEHHBIX AJIEMEHTA MPOCTOTO MOPsIIKA MOPOKIAIOT KOHEUHYIO TIOATPYTIILY.

['pynna G Ha3wbIBaeTCs Q-OUNPUMUMUBHO KOHEUHOU, €CIU IS JTIF000W KOHEYHOU
noarpynnsl H uz G B dpaxrop-rpynne N (H)/H mo0bie 1Ba 31€MEHTA IPOCTOTO MOPS/I-
Ka (] MOPOXKIAAI0T KOHEUHYIO OArPYTIILY.

['pynna G Ha3bIBaeTCs (-CONPANCEHHO OUNPUMUMUBHO KOHEYHOU, €CITH IS JIF0O0H
xoneunoi noarpyrnsl H u3 G B daxrop-rpynne N (H)/H moGble 1Ba CONPSIKEHHBIX
AJIEMEHTA MPOCTOTO MOPSAKA ( MOPOXKAAIOT KOHEUHYIO MOATPYIIITY.

['pynmna Ha3wsIBaeTCs C1ab60 OUNPUMUMUBHO KOHEYHO, €CITU JIBA IIOOBIX €€ AIeMEH-
Ta MPOCTOr0 NOPAJIKA MOPOKAAOT KOHEUHYIO MOATPYIIITY.

['pynna Ha3bIBACTCS C1AOO CONPANCEHHO OUNPUMUMUBHO KOHEYHOU, €CIH JIBa JII0-
OBIX €€ 2JIEMEHTa MPOCTOr0 MOPAJIKA, COMPSHKEHHBIX MEXIy COO0H, OPOXKIAIOT KO-
HEYHYIO MOATPYIIITY.

IlepeunciienHble BollIe yci0BUsA KoHeYHOCTH BBeAeHb! B.I1. IIlyHKOBBIM.

B nacrosiiee Bpemst rpynmsl LllyHkoBa Bctpeuarotcst B pabotax A.A. [yx, JI. Ta-
myau, B.O. T'omepa, M.H. NBko, A.H. N3maiinosa, Ain.H. OcteuioBckoro, A.H. OcThbI-
nosckoro, M.U. ITasmoka, A.M. [ToroBa, A.B. Poxkosa, A.I. Pybamkuna, E.1. Ceno-
Boii, B.W. Cenamosa, A.l. Cozyrora, H.I'. CyukoBoii, A.B. Tumodeenko, K.A. ®umnun-
noBa, A.A. Uepena, H.C. Uepnukosa, A.A. lladupo, A.K. [llnenkuna, B.I1. [llyHkosa.

B XXI B. conpspkeHHO OMINPUMUTHBHO KOHEYHBIE TPYMIbl MOJYyYUIU HA3BaHUE
epynn Lllynxosa.

A.W. Co3yTOBBIM ITOCTPOEH IpUMED [ 9] CONPsIKEHHO 7~-KOHEUHOM, HO HE 7~-KOHEYHOM
rpynnsl (cM., Hapumep, [7], ctp. 51).

C noMouipio mpsMOro M MOJYNPSIMOrO MPOU3BEACHUS LHUKIMYECKUX TPYIIl T0-
CTpOEHA OUTIPUMUTUBHO KOHEYHAs, HO He OMHapHO KoHeuHas rpynmna A.A. Yepena.

A.A. Yepen [10] nmoxa3zan, yTo B OUIPUMUTHUBHO KOHEUHOM TPYIIIe MHOKECTBO dJle-
MEHTOB KOHEUHOT0 MOPsA/IKa He 00513aHO COCTABIIATH MOATPYIITY — IEPUOAMUYECKYIO YACTh.

B Yensouncke B 1990-X rr. nponuioro Beka BO3HUKINA 0000LIEHUS TPUBEIECHHBIX
YCIIOBUH KOHEYHOCTH.

['pynna Ha3bIBaETCA r-KOHEUHOU, €CIU JTF0OBIE e I AJIEMEHTOB MOPOKIAI0T KOHEY-
Hyto noarpynmy. [Ipu » = 2 momydaem onpeneneHue conpsanicenHo OUHapHO KOHeUHOU
TPYIIIIHI.

['pynmna Ha3bIBACTCS COMPANCEHHO F-KOHEYHOU, €CIIN JII0ObIe €€ ¥ COMPSIKEHHBIX
AJIEMEHTOB MTOPOXK/IAIOT KOHEUHYO MTOATPYIIITY.

[Ipu r = 2 B onipeeI€HNM CONPSIKEHHO 7~KOHEUHOU TPYIIBI TTOJIy4aeM Ompeaesie-
HUE CONPANCEHHO OUHAPHO KOHEYHOU TPYIIIIBI.

Teopembt A.B. PoxkoBa [5] pa3rpaHiuuBarOT yCIOBUE CIa00H COMPSIKEHHOM OU-
OPUMHUTUBHON KOHEYHOCTH C YCIOBUSMH CONPSHKEHHONM OMHAPHON KOHEYHOCTH U Cila-
00l OMIPUMHUTUBHON KOHEUHOCTU. OH ke pasrpaHUdmII KJIACChl TPYMI C YCIOBUAMHU
I'-KOHEUYHOCTH U CONPSIKEHHOM I'-KOHEUHOCTH, SBJISIOIIUMUCS 0000IIEHUSIMU COOTBET-
CTBEHHO yCJIOBUI OUMPUMUTHUBHOU KOHEYHOCTH U COMPSKEHHO OMIPUMUTHUBHOM KO-
HEYHOCTH.

[27]



HUHD®OPMALMOHHBIE TEXHOJIOT'MU B MATEMATUKE U MATEMATUYECKOM ObPA30OBAHUU

K yci10BUSIM KOHEUHOCTH TaKK€ OTHOCHUTCS MOHSTUE TOUKU rpyIibl. [loHsTHE TOU-
ku rpynnsl BBeAeHO B.I1. IIIyHKOBBIM U CBSI3aHO ¢ KOHEUHOCTBEO CUCTEMbI KOHEUHBIX
MOJICPYIII, B KOTOPBIX TOYKA COACPIKUTCS.

Toukamu epynnol G Ha3BIBAIOTCS JIEMEHTHI KOHEUHOTO MOPSIKA CIIETYIOIIETO
THUIIA: €IUHULIA — TOYKA B TOM U TOJIKO B TOM CJIy4ae, €CJId MHOKECTBO JIEMEHTOB KO-
HEYHOTOo nopsijaka n3 G KOHEUHO; & — HECTUHUYHBIN AJIEMEHT, U JIJIs1 BCAKON HeeTMHNY-
HOM KOHEUHOU noarpynnsl K <G, HOpManu3yeMou 3IEMEHTOM &, MHOXKECTBO KOHEY-
HBIX oArpynn 13 Ng (K), comepxamux &, KOHeuHo.

Touka a Ha3BIBACTCS MPUBUATLHOLL, €CTTU MHOKECTBO KOHEUHBIX noarpynn u3z G,
cozlepKalux a, KOHEYHO.

[IpuBenem npuMepsl rpyni ¢ pa3auyHbIMU BaApUAHTAMH COICPKAHUS B HUX TOYEK.
B rpynme BooO1ie MOXeT He OBITh TOYEK, KaK, HallpUMeEp, B OECKOHEUHOH JIOKAJIBHO
KOHEYHOM Tpymmne 6e3 uHBostonuii [7], wiu B rpymie ['onona ¢ uncnom oOpa3yronmx
He MeHbIeM Tpex (cm. 18.3.2 u3 [3]).

KoHeuHble rpynmsbl SIBASIOTCS TPYIIIaMH, B KOTOPBIX KaXKIbId 3JIEMEHT SIBIISIETCA
TOUYKOM.

Nmerorcst OeCcKOHEYHBIE TPYIIIBI, HE 00Jaarolne KOHEYHOM IEepHOIUYECKOM
YacThl0, TOUKAMHU B KOTOPBIX SIBIISIIOTCS BCE AJIIEMEHTHI KpOME eAMHUYHOro: I'pymnna
HoBuxoBa-Ansna [1], mepuonnueckue mpousBeAeHUs AisiHa [2] KOHEUHBIX Tpymn 6e3
WHBOJIIOLN, nepruoguyeckuii MOHCTp Onblanckoro [4].

MoxHO yKa3aTh IpyIIbl, 06CKOHEYHO MHOTO 3JIEMEHTOB KOTOPBIX SIBISIOTCS TOY-
KaMH, a HEKOTOPbIE HEETMHUYHBIE UX CTETIEHU — HE TOUKHU.

[Ipumep OeCKOHEUHOU MEPHUOANYECKON TPYIIBI C HETPUBHAILHBIM IIEHTPOM, B KO-
TOPOW KaXIbI DJIEMEHT COCTABHOIO IOPSIAKA SBIISIETCS TOYKOW, a €r0 HEKOTOpas He-
€IMHUYHAsl CTENEeHb HE €CTh Touka, ykazaH A.M. CozytoBeiM [8]. B [8] C.1. AnsiHOM
II0OCTPOE€HA HEKOMMYTaTHUBHAs Ipylira A(m, n), 0e3 kpyuenwus, (d) — ee HOpMaIbHas
IUKJINYECKasd MOArPYyNNna, U I KaXJI0H HECAMHUYHOW UKINYECKOM MOATPYIIbI (i)
n3 G nepecedenne (C)(\(d) HerpuBHanbHO. Ipyrma A(m,n) mopoxaaeTcs sIeMeHTaMu
a,...,a,, 1€ M>2, He UMEET KPYUEHHUs, COACPKUT LIEHTPAIbHYI0 [IMKINYECKYIO 11O/~
rpyrmy (d), u dakrop-rpynma A(m,n)/(d) sBsercs cBOGOIHOH MHITOPOXKIEHHOI Oec-
KOHEYHOU MEPUOIUYECKON IPYIIIION MTOKa3aTess N, 31eCh N — HEYETHOE YUCIIO0 U N> 665
. Ecniu B xauectBe rpynmsl G B3sTh rpynmy AjsiHa A(m, p* ) , [JIe P— HEYETHOE IPOCTOE
upcno u p® =665, a K nonoxkuts paBaeiM P’ , To B KauecTBe rpymmsl H momyunm Oec-
KOHEYHYIO CJ1a00 CONMPSKEHHO OUIIPUMHUTHBHO KOHEUYHYIO P-rpymy nepuoga p*’, o6-
JaJIAI0IIY 0 TOJILKO OJTHOM IUKIMYECKOH MOATpYyNIon nopsiaka p’ s moboro y < 3.

Eaunnyanas rpynna u rpymnmbl 0€3 Kpy4deHUss U TOJIbKO OHM — TPYMIbI C  €IHH-
CTBEHHOU TOYKOW. B OECKOHEUHBIX Tpymnmax MOXET ObITh J000€ KOHEYHOE KOJuYe-
CTBO TOUYEK: IPyIINa C KOHEYHOU NIEPUOANYECKON YACThIO — IPYIIIA, B KOTOPOU KaK 1IN
3JIEMEHT KOHEYHOTO IOPsJIKa €CTh TOUYKA.

CymiecTByeT npuMep CMEIIAHHON T'PYIIbl ¢ OECKOHEYHBIM MHOXKECTBOM TOYEK.
Hamnpumep, cBoG01HOE TPOH3BEICHHE HECTMHUYHOM KOHEYHOM TPYIIIBI U JIFOOOH JIpy-
rOW HECAMHUYHOU TPYIIIIHIL.
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B T0 Bpems kak HuKakasi rpyrina 0e3 MHBOIOIHIA He 00J1aaeT O€CKOHEYHO JIOKaIh-
HO KOHEYHOU IOATPYIIION, COAEPKALLEN TOUKY, UMEETCsl CIIEAYIOLINN IPUMEDP TPYIIIIbI,
cofiepKallieil OTHOBPEMEHHO TOUYKY U JIOKAJIBHO KOHEYHYIO MOATPYIITY 0€3 MHBOIIOLHIA.

NwmeeTcss nmpumep Tpyniibl (KaK CMENIAaHHOM, TaK W MEPUOJUYECKON) C TOUYKOM
U ¢ OECKOHEUYHOM JIOKaJIbHO KOHEUHOW noarpynmnoil. Hampumep, cBoboaHoe (miepuo-
JUYECKOE) MPOU3BEICHUE OECKOHEUHOM JIOKAJIbHO KOHEUHOM TPYIIIbl 0€3 MHBOJIIOIUN
1 JIF000W HEeeAMHUYHOW KOHEUHOM TPYIIIbl HEUETHOTO MOPSIKA.

CyiecTByeT npuMep Ipylnnsl ¢ HeTpuBHalnbHOM ToukoH. Ilycres T,,T,,...T ... —
OecKOHEUHas! MOCIe0BaTEIbHOCTh KOHEUHBIX (PPOOCHUYCOBBIX TPYIIIl C OAHUM U TEM
’Ke HeMHBapuaHTHbIM MHOXkUTeneM H: T =F AH , n=1,2,3,... CBoboaHOE npoun3Bee-
Hue G — rpynn 3Toi Nociie0BaTeIbHOCTH ¢ 00beIMHEHHON oArpynnoi H sBnsercs
MCKOMOM Tpynmoun [7].

JleCTBUTEILHO, JIFO00M HeSAUHUIHBIN 3JIeMEHT U3 H SBIISICTCS TOYKOM U, OUCBHU/I-
HO, HETPUBUAJIBHOM.

['pynma G u3 storo mpumepa ob6iamaeT OECKOHEYHBIM MHOKECTBOM KOHEUYHBIX
MOATPYNI C HETPUBHAIBHBIM MEPECEUCHUEM, B TO K€ BpeMs HE SIBIsieTCA caabo co-
HPSIKEHHO 6HHpH}MHTI/I}3}30 KOHEYHOM.

[lycte N=

n

n
" ...P¢ — HaTypajdbHOE YHCIo, M= P ...p* U EZ 665 — HEYETHOE

yucino. Toraa cyiecTByeT OeckoHeuHas nepuoandeckas rpymnmna G ¢ HUKIN4eCKUM JIo-
KaJIbHO KOHEYHBIM pajukanoM R=Z(G) mopsaka M, npudeM R comepkut BCAKyo
noarpynmny u3 G, nopsiiok Kotopoit nenut M, a G/ R He siBisieTcs ci1abo COnpsiKeHHO
OMIIPUMUTHUBHO KOHEeUHOU. B yactHOCTH, G — c11aG0 OUNPUMUTUBHO KOHEUHAS TpyTa
U cJ1a00 COMPSIKEHHO OUTTPUMUTUBHO KoHeuHas [12].
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OPrAHU3ALMUA YYEBHO-UCCNEOOBATEJ/IbCKOM
AEATE/IbHOCTU LWKOJ/IbHUKOB 5
C UICNOJIb3OBAHUEM KOMIbIOTEPHOU AHUMALIUU

ORGANIZATION OF TEACHING
AND RESEARCH ACTIVITIES OF SCHOOL CHILDREN
USING COMPUTER ANIMATION

C.B. lapuH S.V. Larin

Yueono-uccneoosamenvckaa oeamenvnocme, anumMayuoHHvLl pucyHoK, cpeoa GeoGebra, yium-
ka Ilackans, KomniekcHole YUCIA, MHO2OYICHBbL.

CraTbsl MOCBsIIIEeHA METOAUKE UCMOJIb30BAHNS KOMILIOTEPHOH aHUMAIMU NMPH OPraHU3aALUN
Y4eOHO-HAYYHbIX UCCIET0BAHUN CTAPIINX IKOJbHUKOB HA PpUMepe ajredpanyeckoro onuca-
Hus yiutok I[ackanas. ChpopmympoBaHbl MPUHIIMIIBI Y4e0OHO-MCCIEI0BATENbCKOM 1eATeIbHO-
CTH KaK OCHOBAa KOHLENMIMH UCCJIe0BaTEeIbCKOT0 00yUeHus.

Teaching and research activities, entertainment figure, Wednesday GeoGebra, snail Pascal, com-
plex numbers, polynomials.

The article deals with how to use computer animation with the educational research of senior
pupils at example algebraic description of snails Pascal. Formulates the principles of teaching
and research as the basis of the concept of research training.

‘166H0-HCCJ’I€I[OB&T€JII>CK&H ACATCIIBHOCTD Ha YPOKaX MAaTCMATHUKU IIPCACTABIIA-
eT c000i 0COOBIN CTHIIB IMPOBCACHUA 3aHATHUHN U SBJISIETCS OCHOBOM Pa3BUBArO-
mero O6yq€HI/ISI. [IocTaBuTh YUYCHHKA B ITIOJIOKCHUC HCCICAOBATCIIA, HAYUYHUTDH
€0 OCHOBHBIM IIpHCMaM HCCHGHOB&TCHLCKOﬁ JACATCIIBHOCTH — OJJHA M3 3aJa4 06}/"16-
HUsA MAaTCMAaTHKC. MGTOI[I/I‘-ICCKEUI HpO6JICMa IOIKOJIBHOI'O YUYHUTCIIA — IIPCBPATUTDL BCA-
KYIO pYTUHHYIO IIKOJIbHYIO 3a1a9y B HCCICAOBATCIILCKYIO, BKpPAILJIMBAA B HCC 3JICMCH-
ThlI ACTCKTHBA. ITokazars YUYCHUKY, 4YTO ITOUCK UCTHUHBI (‘{I/ITaﬁ OTBCTA B 33)121‘-16) — OTO
HC IIPOCTO KIIKOJIbHAA H€06XOIII/IMOCTI>», aIIYyTb HpI/IO6p€TCHI/IH ’KM3HCHHO BaYKHOU HC-
CJ'IGI[OB&TGJILCKOﬁ KOMIICTCHTHOCTH.
HpI/I 9TOM, KOHCYHO JKC, YUUTCJIb JOJDKCH SICHO OCO3HABATH, YTO HC BCC CI'0 YUCHU-
KH ABJIAOTCA MAaTCMATUYCCKU OAAPCHHBIMMU. O,Z[apeHHOCTB — 9TO Oap BO}KI/II‘/’I, KOTOpBIﬁ
HCJIB3s BOCIIUMTATh UJIN CO31aTh. Ee M0>xHO TOJIBKO Pa3BUTL. OIIapeHHOCTL caMa IIposaB-
JACT 06651, HC Tp€6y5[ CIICOUAJIBHBIX «TCCTOB OAAPCHHOCTHN)). Maremarndeckas oapcCH-
HOCTBb O6Hapy>KI/IBa€TCH B TOM, YTO YUYCHHUK IIPOABJEACT UHTCPCC K TCM 3ala4aM, KOTOPBIC
Tpe6y1-0T HE TOJBKO U HE CTOJIBKO 00s3aTeILHBIX 3HaHHﬁ, CKOJIBKO C006paSI/IT€JILHOCTI/I,
KOorga y4CHHUK JIFOOUT peuiarb TaKueC 3a1a491 U B PCIICHUHN UX HAXOAUT YAOBOJILCTBHUC U
PanoCTb JOCTUIKCHUS YCIICXA. Poinb YYUTCJEA B OTOM CJIy4ac COCTOUT B 6€p€)KHOM OTHO-
IMCHUHU K 9THM IIPOABJICHUAM mo0Oo3HarebHOoCTH. OH OOJDKCH IIpCajiararb IJIs1 MaTcMa-
THYCCKHU O,Z[apeHHOfI JJMYHOCTHU CIICHHUAJIbHBIM 06p&30M HO,Z[O6paHHBIC 3aJIa41, KOTOPBIC
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CrocoOCTBOBAIM ObI POCTY TaJIaHTA, a HE 3aryOniy Obl €r0 Ha KOPHIO. Ty 3314y CIio-
COOEH MOHSATH U PEUIUTh JUIIb TOT MOJIepaTop (YUUTEb WK MPEroiaBaTelb By3a), KTO
caM MMEET OIIBIT UCCIIEI0BATENBCKON PabOThl pa3HOTO YPOBHS CIOKHOCTH.

B 3T0i1 CBSI3U KOMIBIOTEPHBIE TEXHOJIOTUU C UX AHUMAIIMOHHBIMH BO3MOYKHOCTSI-
MU SIBIISIIOT COOOM BEJIMKOJIEITHOE CPEICTBO PA3BUTHSI MATEMATUYECKON OJJapeHHOCTH.
OHHU HE TOIBKO MOTYT UCIIOJIb30BATHCS KaK CPEICTBO BU3YyaIU3AIIMU MAaTEMaTUYECKUX
3HAHWM, TpeBpallasi HeKOTOpble MaTeMAaTUYECKUE YTBEPKICHHS B OUEBHIHBIE B OyK-
BaJIbHOM CMBICJIE 3TOTO CJI0BA, HO U SIBJIAIOTCSA CPEACTBOM SKCIIEPUMEHTUPOBAHUS TTPU
uccinegoBanusx [1; 2]. Hamryumum o6pa3om st 3THX HeEJIeH MOIXOAUT JHHAMUYe-
ckast MmareMaTrueckas cucrema GeoGebra [3].

HawuOosee mosiHo MposIBISIOT ce0st aHUMallMOHHBIE BO3MOKHOCTH cpeibl GeoGebra
IIPU UCCJIEIOBAHNM KMHEMaThudeckux 3aaad. [IpuBeaem nmpumep Takoil 3agadu, KOTO-
past MOXKET OBITH TIOJIOXKEHA B OCHOBY OpPraHU3allUU UCCIIEIOBATENIbCKOM EATeTbHOCTH
MaTEMaTUYECKU OJIaPEHHBIX IIKOJIbHUKOB.

Hanum kuHemarmyeckoe omnpeznenenue ynutku llackans. Ilycte mo Hexoropoiut
OKPYKHOCTH C BHEITHEH CTOPOHBI KAaTUTCS 0€3 CKOJIBKEHUS JIpyTrasi OKPYKHOCTh TOTO
xKe paaunyca. 3apuKcupyeM Ha BHEITHEH OKPY>KHOCTH HEKOTOPYIO TOUKY. [Ipu kauenuu
BHEIIIHEW OKPYKHOCTHU 3Ta TOYKA, OCTABJISIS CIEM, BBIYEPTUT JIMHUIO, KOTOPasi Ha3bIBa-
ercst Kapauouiou. Tenepp uepes3 HeHTP KaTALEUCs OKPYKHOCTU U TOUYKY, BbIU€pUMBA-
IOLYIO KapJIMOUTY, IPOBEJEM JIyd U HA HEM OTMETHUM HEKOTOpYyro Touky L. [Ipu kaye-
HUUW BHEIIHEN OKPYKHOCTH 3Ta TOYKA, OCTABIISIS CJIEM, BBIUEPTUT JIUHUIO, KOTOpAs Ha-
3pIBaeTcs yautkou Ilackans. Eciu paaunycel OKpy>KHOCTEN paBHbI I, a pACCTOSHUE OT
[ICHTpa KaTAIIeHcss OKPYKHOCTH 10 Touku L paBHO h, To uncimo d = h—r Ha3biBaeT-
cst oTkiIoHeHueM ynutku [lackans (0T kapIuouabl).

st anreOpandeckoro onucanus yauTku [lackais BBemeM MpsIMOYTOJIBHYIO CH-
CTEMY KOOPJMHAT TaK, YTOOBI OCh a0CIMCC MPOXOAMIA Yepe3 LEHTPhI OKPYKHOCTEH
B Ha4aJIbHbIII MOMEHT BPEMEHH, MEPE]] HA4aJIOM BpAILIEHUS, a HETIOABUKHASL OKPYXK-
HOCTb OKa3aJilaCh €IMHUYHON OKPYKHOCTBIO. biaronaps BBeIEHHIO CHCTEMbI KOOPAU-
HAT BCSAKYIO TOUKYy MuiockocT A= (a,b) MoxHO TpakTOBaTh Kak KOMILJIEKCHOE YHC-
o a+bi. B atoM ciydae maockOCTh Ha3bIBAIOT KOMILIEKCHOM TIOCKOCThIO. [TosiBs-
€TCSl BO3MOXXHOCTh T€OMETPUYECKHUE TPe0Opa30oBaHms TaKUe, HAlpUMep, KaKk ToOMOTe-
THA C IIEHTPOM B Ha4yajle KOOPAUHAT, BpalleHHE C LIEHTPOM B Havajie KOOpAWHAT U Ta-
palIeNTbHBIN IEPEHOC, XapaKTEPU30BaTh Ha aNre0OpandeckoM sI3bIKEe C TTIOMOIIBIO JIeH-
CTBUM HaJl KOMIUIEKCHBIMU YuciIaMHu. [lokazano, 4yTo Besikas ynutka [lackans sisercs
0o0pa3oM eIMHUYHON OKPYKHOCTH MpHU MpeoOpa3oBaHUU, 33/1aBA€MOM MHOTOUJICHOM
BTOPOIf CTEIEHH ¢ KOMIUTEKCHBIME KoddduumenTamu (d +1)z* +22. U Haobopor, 06-
Pa3oM €IMHUYHON OKPYKHOCTH MPHU MPE0OPa30BaHNN KOMIUIEKCHOM TIIIOCKOCTH, 3a]1a-
Ba€MOM MHOTOYJIEHOM BTOPOU CTEIEHH, ABISIETCA HEKoTopast ynuTka [Tackans.

EcTecTBEeHHO, BCTAE€T BOMPOC O IIEPEHOCE 3TOT0 PE3YJIbTaTa Ha MPOU3BOJIbHBIE MHO-
rowieHsl. J{7s aToro Hy)HO 0000mUTE onpeneneHue yauTku [lackans. Bo-nepBbix,
YBEJIMYUM KOJIMYECTBO BPAIIAIOIIUXCS OKPYKHOCTEN. BO-BTOPBIX, OTKaKEMCSI OT 01~
HAKOBOCTH PAJNYyCOB OKPYKHOCTEH 1 HEOOXOMMMOCTH BPAIaThCs «0€3 CKOTBKCHUS.
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[Ipu 3TOM MOsABIIAETCS HEOOXOAMMOCTh ONMMCAHKS B3aUMHOTO PACTIONOKEHUS IIEHTPOB
KaTAIIUXCS OKPYKHOCTEH, TOCKOJIbKY OT ATOTO 3aBUCUT BUJT YIUTKHU. [Tpuxoaum k cie-
OYIOIIEMY ONPEEICHUIO.

Omnpenenenue 1. [IycTh Ha MIIOCKOCTH PACTIONOKEHBI N>2 OKPYKHOCTEH TakK, YTO
KaXKaas cleayronas BHEITHUM o0pa3oM KacaeTcs npenbiayuei. M3 nentpa nocnen-
HEW OKPY>KHOCTH MPOBEJICH JIy4 U Ha HEM oTMeueHa Touka L. [lomydeHHbI uepTex
OyzeM Ha3bIBaTh yaumouHou koncmpykyuetl. [1ycTb nepBas oKpyKHOCTb HETIOABUKHA,
a KaXk1asi cIeAyrollasi BpalaeTcs 1o NpeablayIIei TaK, 4To 3a BpEMs CBOET0 MOJIHOTO
000poTa BOKPYT MpeblIyIIel OKPY>KHOCTH OHAa COBEpIIAET 1IeJI0€ YUCIO P 000pOTOB
BOKpPYT cBoero 1eHTpa. HarypansHoe uncio p Oyaem Ha3bIBaTh nokazamenem 8paue-
Hus. JIMHUIO, KOTOPYIO BBIYEpTUT Touka L, HazoBeM N-yrnumroii Ilackans. Ecnu pa-
JIMYC TOCJIEIHEN OKPYKHOCTH PABEH I, a PACCTOSTHUE OT IIEHTPA ATOU OKPYKHOCTH 10
touku L paBHo h, 10 yncio d =h—r HazoBem omrnonenuem n-ynurku [ackans (ot
Nn-kapauonnsl). [Ipu d =0 nonyyaem N-kapauoumy.

Ecnu n=2, panuycel OKpy>KHOCTEH OJMHAKOBBI U TIOKa3aTeNb BpallleHHs Bpala-
FOIIENCS OKPYKHOCTH paBeH 1, To 2-ynurka [lackansd cTaHOBUTCSA MPOCTO YIWUTKOU
ITackans. Takum oGpa3oM, HOBOE OMpeieTICHUE SBISICTCS 0000IEHHEM OIpeACTICHUS
«oObryHOM» ynutku [Tackarsi.

3amMeTuMm, 4To eciau N> 3 U paguyc NOCieIHEeN OKPYKHOCTU PaBeH I, TO N-yIHT-
Ky I[Tackains ¢ orkionenuem d = —I' MOXKHO paccMarpuBarh kak N—1-ynutky [Tackais
c otkiioHenueM d =r . [Toaromy mpu N> 3 Oymem cumrars d > —r .

Jns omucaHusi B3aUMHOIO PACIIONIOAKEHHUS LIECHTPOB OKPYKHOCTEH BBEJIEM MOHSI-
TUE Y2n08020 K0appuyuenma okpyscHocmu. IlycTb LIEHTp HENOABMXKHOU OKPY>KHO-
CTH HaxoIuTCs B Havaje koopAauHaT O,, a IEHTPHl BPAILAIOLINXCS OKPYKHOCTEH B
HadaJlbHBI MOMEHT Haxoasrca B Toukax O,,...,O,. PaccMorpum Tpoliku 1ieHTpoOB
cocenumnx okpyxkHocreit (O, 04, 0j,), |=2,..,n—1. O6o3nauum vepe3 «; yroxa
or nyya O;_,0; no nyya O;0;,,, oTCUMTHIBACMBIl IPOTUB 4acoBOi crpesku. Ha-
30BEM Y2106bIM KOIPDPuyuenmom OKpyKHOCTH ¢ HEHTpoM O; KOMIUICKCHOE YHCIIO
k; =cosa; +isina; Yriosoi koshdunment nepsoit (HEMOABIKHON) OKPYKHOCTH K
Oynem cuuTaTh paBHBIM 1. YIIOBBIM KOA(POUIIMEHTOM IMOCIEAHEH OKPY>KHOCTH Ha-
30BeM umcio K, =cose, +isina,, rae a, ects yroa or ayda O, O, no ayua O,L
. TakuM 00pazoM, yIUTOUHAs KOHCTPYKLHS ONpPENesieTcs paalnyCcaMHu OKpPY>KHOCTEN
I, l,..., I,;, IOKa3aTeIs MU BpallleHu! oKkpykHocten P, =0, p,,..., P, ¥ YIIOBBIMU KO-
apdunmenramu okpyxnocreit K =1,kK,, ..., K, . IToatomy n-ymutky Ilackans neneco-
o0pa3Ho 0003Ha4aTh HHPOPMATHUBHO B BUE

Ln((rlﬂ pl = 0’ kl = 1)> (rz’ p2’ k2)> i) (rnﬂ pn’ kn)’ d) .
Omnpenenenue 2. JIse N-ynutku I[lackans Oyaem Ha3bIBaTh nO00OHBLIMU, €CIU
WX YJIUTOYHBIE KOHCTPYKIIMH TMOAOOHBI, a TTapaMeTPhl BPAIICHUH COOTBETCTBYIOITUX
OKPY>KHOCTEH COBIAJIAlOT M OTKJIOHCHHS PaBHBI.
bynem uccnenoBath N-ynmutku [lackasns ¢ TOUHOCTBIO 10 MO00US, CUUTAast MO00-
HBIC YIIUTKH OJMHAKOBBIMU.
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Omnpenenenue 3. Ecnu ynutka [lackans siBisieTcs 00pa3oM eTUHUYHOM OKPYKHO-
CTH MPHU IPE0OPa30BaHUU KOMIUIEKCHOM MJIOCKOCTH, KOTOPOE 33/1a€T MHOTOWIEH W(Z)
, TO €CTh coBMaaaeT ¢ MHOKecTBOM M (W) ={W(Z2): | z|=1}, To W(Z) Ha30BeM onpede-
JAOWUM MHO20UIeHoM TaHHOW ynuTkuy [Tackans.

Teopema. Yaumxa [lackana

L, (1, Py =0,k =1),(1y, Py, Ky), (13, B3, K5, oos (T Ly Prgs Kip)s (Fs P KD, d)

umeem onpeoensioujull MHO2041eH
W (2)=(...(((d + rn)knzpn+1 +(r,+r. )2k zP + .+ (r+1,)2)KZ™ +(r, +1)Z.

UToOBI BCSIKMI MHOTOWICH OKa3aJics ONMPESIISIONIMM ISl HEKOTOPOH N -yIUTKH
[Tackanst, NpUIIIOCH PACIIUPUTH 3TO MOHATHE, IPUCOEIUHNB K HEMY CIIy4ad BHYTPEH-
HETr0 KacaHus OKPY>KHOCTEU YIMTOYHOU KOHCTPYKLIUHU.

JI71st TOHMMaHUs T0Ka3aTeabCTBAa TEOPEMBI I0CTATOYHO IIKOJbHBIX 3HAHUH O KOM-
IUIEKCHBIX yHcliax. BmecTe ¢ TeM caM mporiecc moiyueHus pe3ynbrara Tpedyer onpee-
JIEHHOTO HaBbIKa MCCJIEI0BATEIbCKON JesTebHOCTH. MeTonnyeckas o0paboTka mpo-
BEJICHHBIX UCCJIEA0BAHUN MOXKET NPEICTABUTD MOJIE3HBIN [1J11 HAYMHAIOIINX UCCIIE0-
BaTeJeN «IPUMEDP ISl OAPAKaHUD), KOTOPBIA MOXKHO U3JI0KUTH B KAYECTBE 3JICKTUB-
HOT'O Kypca IpU aKTUBHOM YYacCTUH IIKOIbHUKOB. [losiBNIsSieTCS Macca YaCTHBIX UcCe-
JOBAaTEJIbCKUX 3a]1a4, B PELIEHUU KOTOPBIX UCIOJIb3YIOTCS SKCIIEPUMEHTUPOBAHUS HA
0a3e aHMMaIMOHHBIX BO3MOXKHOCTEH cpenbl GeoGebra. Dtu 3amadyu MOXKHO aIpeco-
BaTh 3aMHTEPECOBAHHBIM ILIKOJIbHUKAM.

B 3akiroueHue OTMETUM HEKOTOPBIE MPUHIUIIBI UCCIEN0BATEIbCKON IESITENBHO-
ctu. [Ipu 3TOM MBI OCO3HAEM, YTO B 3TOM BOIPOCE HE «OTKPBIBAEM AMEPUKY» U HE
XOTeNHU Obl CPaBHUBATh YWTATENS C U3BECTHBIM IepoeM Ibechl Moiibepa, KOTOPBIi C
YAUBJIEHUEM Y3HAJI, UTO BCIO KW3Hb TOBOPMII ITp0o30ii. Hamia 1enp B 0CO3HaHUM POJIU U
3HAYEHUS KaXJI0r0 NPUHINIA. DTH IPUHLMIIBI OJHOBPEMEHHO ONKMCBIBAIOT METOINYE-
CKYIO KOHIIETIIUIO UCCIIEI0BATEIHCKOTO 00yUEeHHUS.

1. ITpuHIMO pa3BUTHS J0003HATEILHOCTH KaK OCHOBBI MCCIIEIOBATENIbCKOM J1es-
TEJIBHOCTH.

JIr0603HaTETBHOCTD — OJTUH U3 ITIABHBIX (JaKTOPOB pPa3BUTHS TUUHOCTU. B ToM unc-
Jie 1 MaTeMaTUYECKU OapEHHOM JIMYHOCTH. Ecii paHpIIe CYUTAIOCH, YUTO HCTOYHUKOM
Pa3BUTHS MAaTEMATUKH SIBJIIETCS IPAKTUYECKAS! IEATEIbHOCTh YEJIOBEUYECTBA, TO TEIEPh
BCe 0OJIbIlIE MPUXOJUT OCO3HAHUE TOTO, YTO UCTOUHUKOM MaTeMAaTUYECKUX MCCIIeI0Ba-
HUI SIBIIIETCS IPOCTas JitoO03HATEIbHOCTh, OCHOBAaHHAs HAa BONPOCE: «A YTO, €CIH. .. ».
B 3TOM OTHOLIEHMH MOBOPOTHBIM MOMEHTOM B aJireéOpe MPUHATO CUMTATH MOSBICHUE
KBaTEPHUOHOB, IPUAYMAHHBIX [ aMHJIBTOHOM OTHIO/Ib HE B PAKTUYECKUX LEIISX.

JI1st pa3BUTHS MaTeMaTUYECKOM OJapEHHOCTH YJalerocs cleAyeT MOCTOSIHHO CTa-
BUTh Ha UCCJIEN0BATEIbCKUN ITyTh IMOTYYECHHS] HOBBIX 3HAHUM.

2. IlpyHUMI BBIABUYKEHUSI TUIIOTE3bl HA OCHOBAHUHU SKCIIEPUMEHTHUPOBAHMS, KaK
LEJIM UCCIIEI0BAaHUs, U padOThI HAJl TUIIOTE30HM C LEIbI0 MPEBPALLEHUS €€ B TEOPEMY
(MOMCK MCTHHBI, PEIICHUE 3a/1a4H, ITIOJTyYEHUE OTBETA).
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B 3TOM CBSI3M BCIIOMHUM 3HAMEHUTBIE CIIOBA BEJIIMKOTO MUKEIIaH/IKENIO B BOJIb-
HOM mepeckase: «UToObl U3 KaMHS CIenarh CKYIbNTYpPY, HY>)KHO MPOCTO OTCEYh BCE
nuirHee». YToObl yCTaHOBUTH UCTUHY, CKAXKEM MbI, HY’)KHO YCTPAHUTh BCE COMHEHHUSI.
YcTpaHeHre COMHEHUI U €CTh JI0Ka3aTEIbCTBO UCTUHBI (TEOPEMBI).

3. IlpuHIMI TPOABHKEHUSI OT MPOCTOrO K CIOXKHOMY, PAaCCMOTPEHHE YaCTHBIX
CIIy4aes.

[Ipu pemennn «riiodanbHOW» MPOOIEMBbI (CIOKHOM 3a/1a4M) CHaYajaa paccMaTpu-
BAIOT YAaCTHBIE CiIy4au (pemaroT moazajgadn). Yacto 3To mMpUBOAUT K KOPPEKTHPOBKE
IIEPBOHAYAJIBHOM TUIIOTE3bI. B IIKOJIBHOM ITPAKTUKE YUUTEND ITIOCTOSHHO HAIIOMUHAET
U3y4aeMyI0 TEMY U MOKa3bIBAET MECTO YACTHOTO YPOKa B MOCTHKEHUU OOIIEH TEMBI,
IIOCTENICHHO HapauuBasi TPYAHOCTb.

4. TIpyHIUIT TPOJIBXKEHUS OT CIIOKHOTO K ITPOCTOMY.

Yacrto nepBbIil MyTh K Pe3yJIbTary ObIBA€T CIUIIKOM CIOKHBIM. [locne nmomydenus
JIOKa3aTelIbCTBa, 1a U B IPOLIECCE BBICTPAUBAHUS JI0KA3ATENIbCTBA, IIOCTOSIHHO UIET pa-
6ota Hazx ero ynpoieHrueMm. Kpome Toro, B MaTeMaTuke PUHATO MOCIE MOIYYEeHUS pe-
3yJbTara CpeACTBAMM TaK HA3bIBAEMOU BBICIIECH MAaTEMaTHKU CTaBUTh 3a/lady IOyde-
HUSL 3TOTO K€ pe3yJibTara CpeICTBAMHU TaK Ha3bIBAEMOM AIIEMEHTAPHON MaTeMaTuKu. JTO
HE Bcera MPUBOAMT K OoJiee MPOCTOMY J10Ka3aTeNbCTBy. Yaille Ha000pOT, CpeaCTBAMU
BBICIIICH MaTeMAaTUKH yAA€TCs MOMYUYHUTh «JI0KA3aTeNbCTBO B OIHY CTPOKY» TOTO, YTO B
AIIEMEHTAPHON MaTeMaTUKE BBINIAJIUT «HE AIEMEHTAPHOY 10 TPYAOEMKOCTH.

5. ITpuHIMN a€KBATHOCTH SI3bIKA.

OnHUM U3 pe3yabTaToOB YueOHO-HAYUHBIX UCCIIEIOBAHUH SIBISIETCS IOKJIA]] Ha KOH-
dbepenium (IKoIBHOM, palfOHHOMN, TOPOJICKOM, peTHOHANIBHON, MEXIyHapoaHOM). [Ipn
o(OpMIICHUH TMONYYEHHBIX pe3yJIbTaToB (pedepara, cTaTbh, KHUTH) CIAEAYET UCTIONb-
30BaTh SICHBIM, TOHATHBIN U 110 BO3MOXXHOCTHU TOYHBIN SI3bIK. MBI TOBOpUM «I10 BO3-
MOX@HOCTHY, IIOCKOJIBKY BCE 3aBUCUT OT TOT'0, KOMY aJIp€COBAHO U3JIOKEHHE. Eciu 310
HE MOJIFOTOBJIEHHBIN YUTATEIIb, TO MPUXOJUTCS YMaTYUBaTh O HEKOTOPBIX JAETaNISAX J10-
Ka3aTebCTBa, UCTIOIB3Ys 00Pa3HOCTh SA3bIKa, Mpuleras K aHaIorusM. [ 1aBHOE — OBITH
NoHATHIM. Eciii, KOHEYHO, aBTOp HE CTaBUT MHBIX LI€JIEH, HAIIPUMED, YTO HA3bIBAETCS
«IYCTUTH MBLIb B T71a3a». B 3TOM ciyuae crenuraibHO UCTIONb3YETCs «HAyKOOOPa3HOE»
U3JI0’KEHNE OECCMBICIICHHOCTH.

Oco0o cnemyeT cka3aThb 0 MaTeMaTUYECKUX TEPMHUHAX, 0003HAYAIONINX Pa3Iny-
HbIE MareMaTtuyeckue noHsATus. Micxons u3 crpemiieHus ObITh MMOHSATHIM, aBTOP HOBO-
ro TEPMHUHA B €r0 Ha3BaHUE BKJIA/IBIBAET MOJICKa3bIBatOIMK cMbIci. Hanpumep, Ha3Ba-
HUSI CBOMCTB omnepanuii (CI0KEeHHs, YMHOKEHUS1) TIEPECTaHOBOYHOCTh (KOMMYTATHUB-
HOCTh), COUYETATEIHbHOE CBOMCTBO (2CCOIMATUBHOCTH), paclpeenuTeabHoe (TUCTPH-
OyTUBHOCTB) BrioJiHE HH(GOpMATUBHEI. ClieyeT pa3bsCHAThH U MOCTOSIHHO HAIOMUHATD
KUTEHCKUI CMBICT MAaTEMaTHYECKUX TTOHITHI U 0003HAUEHUH JJI UX JIYYIIIEeTO MOHU-
MaHHUS U YCBOCHHUSI.

8. [IpuHLIMT TOKWCKA TEPBUYHBIX UCTHUH.

[Touck mepBUYHBIX 3HAHWI MO3BOJISIET BBICTPAMBATH LIETIOYKY apryMEHTOB Tak,
YTO TOT, KTO COIVIACEH C MEPBUYHBIMU UCTUHAMMU, BBIHYXEH COMNIACUTHLCS U C BBIBOJIA-

[34]



Mamepuanwt VII Bcepoccutickoii HAy4yHO-Memooudeckoll KOH@epeHyuu ¢ MeXcOVHApOOHbIM yuacmuem

MU U3 HUX. CTpeMJIEHUE BBICTPOUTH 110 3TOMY MPHUHIUITY OTAEJIbHbIE BETBU Marema-
TUKU (MIPEXKIE BCErOo r€OMETPUI0) IPUBOIUT K aKCHOMaM M T€OpEMaM, KaK CJIEACTBU-
SIM U3 aKCUOM (BCIIOMHUM aKCHOMAaTHYE€CKO€ TOCTpOeHHE TeomeTpu ). [lonck nepuy-
HBbIX UICTUH B MaT€MaTUYE€CKOM HUCCIIEIOBAHUH SIBISIETCS TyTEBOJIHOM 3BE3/10M, TPUBO-
TSI K PEIICHUI0 MPOOIEMBI.

7. IlpunIun 06001IeHHH.

[TonMeTuB 4acTHYIO 3aKOHOMEPHOCTh, MATEMATUK CTPEMUTCS K MOITYUYEHHIO TOTO
e pe3yabrara B MaKCUMaJIbHO BO3MOXKHOM 00mel curyaruu. [Ipu sTom crnenyer us-
OeraTh «TpsICUHBI 000OIIEHUI», B KOTOPOI MOXKET CKPBITHCS SCHBIN U TIOHSITHBIN TIEp-
BUYHBIN PE3YJIbTAT, OTBEYAOIINUN HA ITOHATHBINA YaCTHBIM BOIIPOC.

WNuoraa ogna u Ta ke npobiema (3a7a4ya) moaydaeT pa3iudHble pemenus. B atom
ClIy4ae BO3HUKAET BOIMPOC 00 PKBUBAJICHTHOCTU MCXOJIHBIX 3HaHUU (B Hambosee 00-
e cuTyanuu 00 SKBUBAJIEHTHOCTH Teopuil). [Ipu aToM criemyeT n3bexarh cXonacTu-
KU, TTyCTOTO «CIIOBOOTYAHS MPHU U3NI0KEHUU OJTHOTO M TOTO K€ Pa3HbIM CTHIIEM.

N3noxeHHble NPUHLMIBI UCCIEA0BATEIbCKON IESITENbHOCTU 3aCTy>KUBAIOT BHU-
MaHHUS U HKCIIEPUMEHTAJIbHOIO HANOJHEHUS! KaK METOANYECKAasi KOHLEIIHUS HCCIe10-
BaTEILCKOTO 00yYCHUS.
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NMPUMEHEHUE CPEAbI XUBAA MATEMATUKA
NMPU ObYYEHUU TEOMETPUHECKUM
NMPEOBPA30OBAHUAM CTYAEHTOB -
BYAYLWUX YYUTENEU MATEMATUKMH

APPLICATION OF A MEDIUM LIVING MATHEMATICS
WITH THE INSTRUCTION IN THE GEOMETRIC
CONVERSIONS OF THE STUDENTS —

OF THE FUTURE TEACHERS OF MATHEMATICS

B.P. Maitep, A.A. Bopowunosa V.R. Mayer, A.A. Voroshilova

TI'eomempuueckue npeoopaszosanus, 06uUsCEHU, ROOOOUA, KOMNO3UYUA npeodpa3osanuil, /Kusas
Mamemamuka, uccinedosamesnbckoe odyuenue.

Ileap craTbu — IPOAEMOHCTPUPOBATH BO3MOKHOCTH KOMIIbIOTEPHOM cpeabl sKusas mamemamu-
Ka Kak 3¢ (PeKTHBHOrO cpeacTBa MCCIEI0BATEIBCKOr0 00y4YeHHsl reoMeTPHYeCKUM npeodpa-
30BaHUSAM CTYAEHTOB — OyAylIMX YYHMTeJeH MAaTeMaTHKH B IeJaroru4eckom Byse. B kauecrse
NpuMepa paccCMaTpPpUBAKOTCH CONPOBOKAECHHE B cpene /Kusas mamemamurka TEOPUH, CBA3aHHOMN
¢ KJIaccupukanmei 1BMKEHHI, ¥ 321a4a HA IPUMEHEeHHe NPeo0pa3oBaHus MOA00Hs.

Geometric conversions, motion, similarity, the composition of conversions, living mathematics,
research instruction.

Purpose of article — to demonstrate the possibility of computer medium /iving mathematics as
the effective means of research instruction in the geometric conversions of the students — of the
future teachers of mathematics in pedagogical University. As an example is examined tracking
on Wednesday living mathematics of the theory, connected with the classification of motions, and
task for the application of similarity transformation.

Jiesl XapaKTepu30BaTh FEOMETPUUECKUE CBOMCTBA (DUTYp KaK HHBApPUAHTHI HEKOTO-
poli TpyImIsl mpeodpazoBanuil Obuia copmynupoBana @. KieiiHoM B ero 3Hame-
HUTOH «OpraHreHckoi mporpamMme» B 1872 1. C Tex nop reoMeTpudecKue npeoo-
pa3oBaHUs BXOJAT B yueOHbIE POrPaMMbl BBICIIMX yUEOHBIX 3aBEICHUMN, a UX YaCTHbIE
Cllydau, TaKHUe KaK JBHKEHHS U MOI00Us, U3y4aroTCs B 00111€00pa30BaTebHbIX IIKOIAX.
HecMoTpst Ha BCIO aKTyalIbHOCTh M Ba)KHOCTb 3TOTO IOHATUS B MaTEMAaTUKE U Ma-
TEMaTU4eCcKoM 00pa30BaHUU, O0Ka3ajloCh, YTO OOydeHHE NMPeoOpa30BaHUSIM B LIKOJE
U JTaXE BY3€ COMPSHKEHO C ONPEACIEHHBIMU TPYAHOCTSIMU. Takoi BBIBOJ MOXKHO C/ie-
JaTh, €ciii 00paTUTHCS K UCTOPUU pedOpM IIKOJILHOIO MareMaTuyecKoro oopa3ona-
HUS, KOTJla MX aBTOPBI B 4YaCTU F€OMETPUUYECKOTO COJEPIKAHUS MTEPEXOAUIIU Ty MICUXO-
JIOTUYECKYIO YEPTY, 32 KOTOPOM CPEHUN IIKOJBHUK MepecTaBal IOHUMATh OCHOBHBIE
CBOMCTBA M XapaKTEPUCTUKU TAKOTO TOCTATOYHO aOCTPAKTHOIO MOHSATHSA KaK Mpeoo-
pazoBanue. [lepeunicium 311 peopmbl, oOpaiiasi B IEPBYIO OUepelb BHUMAaHUE HA UX
POJIb B O0Oy4EHUHU ABUKEHUSAM U TOAOOUSIM.
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[lepBast npuMmepHast mporpamMma 1o reoMeTpuu AJisl LIKOJIbl B Halllel cTpaHe Obuia
MOATOTOBJIEHA MMOYTHU CTO JIET Ha3ad, B 1920 r. M3noxeHne B HEW OCYIIECTBISIOCH C
IIMPOKUM MPUBJIIEYEHUEM JBHKEHHUM IIIOCKOCTU. B 1922 1. B CBA3M € NPOBENECHUEM B
IIKOJIE MHOTOYMCJIEHHBIX MEIarornueCcKuX SKCIEPUMEHTOB, BKIIKOUAs OTKa3 OT Tpaau-
LMOHHBIX JUCLUIUIMH, IpOrpaMMa Obljia CBEPHYTA.

B 1933 r. mikosnia onATh BEpHYJIach K MPEIMETHOM cUCTeME 00yUYeHus, epelia Ha
HOBBIE YU€OHBIC TUTaHbI U porpaMmMbl. OJTHAKO TpOrpaMma Mo TeOMEeTpUH, BKIIoUas eé
paszenbl, CBA3aHHbIE C TEOMETPUUECKUMH MpeoOpa3zoBaHUsIMU, OCTaBajlach 10CTaTou-
HO cJIo)kHOM. [TpopaboTaB no Hel aulIb ABa roja, MIKoJIa BEPHYJIACh K TPAAUIIMOHHO-
My F€OMETPUYECKOMY MaTepHraly U He MeHsa ero 0oJiee JBaIaTH JIeT.

B 1957 1. mpou3omén ouepeaHoi nepexo] Ha HOBbIE MporpamMMsbl. [eomeTpuue-
CKHE€ ITpeoO0pa30oBaHusl BHOBb ObLIM BKJIIOUEHBI B IIKOJBHBIN Kypc reomeTpun. OnHa-
KO TaKMe U3MEHEHUs B COJIEP)KAHUM Kypca He ObUIH MOJKPEIUIEHbI IOJKHBIM 00pa3oM
METOAUYECKH. B menarornyecknux MHCTUTYTaxX TOrO BPEMEHU CTYIEHTHI PEIajad MHO-
ro 337]a4 Ha TeOMETPUYECKUE TPeoOpa3zoBaHusl, HO BOIPOCY O TOM, Kak 00y4arhb 3TO-
MYy LIKOJIbHUKOB, YIEISJIOCh HEAOCTATOYHO BHUMAaHHUS. BCE 3T0 MOCITy K110 TPUIMHON
MOBTOPHOTO UCKIIFOUEHUS MPeoOpa30BaHUil U3 MPOTPAMMBI.

OuepenHas MONBITKa OOHOBUTH COJIEPKaHUE IIKOJIBHOTO MareMaTH4ecKoro oopa-
30BaHus ObUIa npeanpuHsaTa B 1968 r. Pesynsrarom paboThl KOMHCCHM SIBUJICS TEpe-
XOJ1 IIIKOJIbI HAa HOBBIE MIPOTrpaMMBbI 110 Matemartuke. [ eomeTpuyeckue npeodpa3oBaHus
B OYEPEIHON pa3 BBOAMIIMCH B POrpaMMy Kypca reomeTpu. I1oaxon Kk BKIFOUYEHUIO
ATOrO MOHATHS Tenepb ObUT Oosiee mpoayMaHHBIM. [IpeoOpa3zoBaHus HE MPOCTO MO-
SABJSUTUCh KaK HEKOTOPHIE HOBBIE MOHITHUS T€OMETPUH, OHU MOMEIIAINCH aBTOPAMHU B
LEHTP Kypca, U OOJNBLUIMHCTBO IPYTUX MOHATUH YBA3BIBAJIOCH C HUMU. OJTHAKO U TaKOU
MOJIXO/1 HE MpUHEC ycrexa. Yepes3 HEKOTOpoe BpeMs IIKOJIa OblIa BBIHYK/I€HA IEPEUTH
K IIporpamMmam, 0a3upyroummcs Ha TPaJulMOHHOM, IIPOBEPEHHOM BPEMEHEM COJIep-
’KaHUM HIKOJIBHOTO Kypca reoMeTpuu. B 3Tux nmporpaMmax JIBUKEHHS U TOA0OUS MIpH-
CYTCTBOBAJIM, HO MCIOJIB30BAJIMCh B OCHOBHOM JUISl PELIEHNs] HEKOTOPBIX 3a/1a4 U J10-
Ka3aTeJIbCTBA OTAEIBbHBIX YTBEPKICHUM.

3a npoleue nAThIECAT JIET OCIIe NocaeHel peopMbl IKOJILHOTO MaTeMaTH-
4eCKOro 00pa3oBaHus MporpamMma Kypca reOMETPUH U COACPKAHUE ITON TUCITUTIINHBI
U3MEHMWJIMCh He3HAUUTENbHO. CyIllleCTBEHHO BO3POCIIO KOJIMYECTBO YUYEOHHUKOB M0 Ie-
OMETPHH, B KAKJIOM U3 HUX MIPEJICTABICHO aBTOPCKOE BUCHUE 00yUEHHS FTeOMEeTprye-
CKUM TpeoOpazoBanusiM. Hanbomee monHo 1 Ka4yeCTBEHHO, HA HAII B3IJISA]l, TEOMETPH-
yeckue npeoOpa3oBaHus MPeICTaBICHbI B IKOJbHOM yueOHnKe CMUPHOBBIX [4], Te
B TEYEHUE BCETr0 BTOPOTO MOJYToaus B 8 KJlacce YUEHUKH M3y4aloT JBUXKEHUS (IV1aBa
VII) u nono6wus (rmasa VIII).

OcCo0OEHHOCTBIO TOCHEIHUX JIByX JNECATWIETHI CTal0 MOSBIEHWE HA MHUPOBOM
pBIHKE 00pa30BaTeNIbHbIX YCIYr YHUKAJIbHOTO KOMIIBIOTEPHOIO CPEJCTBA OOydECHMs
MareMaruke, Tak Ha3blBa€MbIX CUCTeM JuHamuueckoi matemaruku (CIIM). Beero 3a
KaKUX-TO MATh — JAECAThH JET OHU CTaJIM MOJIb30BaThCS OOJIBIION MOMYJISIPHOCTBIO HA
ypOKax MaTeMaTUKHU He TOJIbKO B IIKOJAX TE€X CTPaH, IJ€ 3TH CUCTEMbI ObLIU pa3pabdo-
TaHbl, HO U BO MHOTUX Jpyrux cTpaHax. CyJs o HayyHO-METOANYECKUM ITyOIuKaIu-
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M, OOJIbINIast YacTh MPAKTUKYIONIUX YUYUTEICH U CIIENUaIMCTOB B 00nacTu nHpopMa-
TU3ALMH HIKOJIBHOTO MaTEMaTHYE€CKOr0 00pa30BaHUsl CYUTAIOT, YTO UCIIOJIb30BAHUE B
yueoHoM mporiecce CIIM HeoO0X0IUMO U Ype3BbIYAHO MOJIE3HO. M 01MH 13 OCHOBHBIX
UX apryMEHTOB CJIEIYIOUIUI: CAMOCTOATENbHOE TTOCTPOCHUE TUHAMUYECKON MOeNIn
MaTE€MaTUYECKOU 3aJ1a4M, TOMCK ¥ BU3yalIM3alys ¢ MOMOIIBIO 3TOM MOJAENHN €€ perie-
HUS IPEAOCTABIISIOT yYalleMycsl BO3MOKHOCTD IMO3UIIMOHUPOBATH CE0sl KaK aKTUBHO-
IO y4acTHHUKA MpoIlecca MO3HAHUS MaTEMaTHKU.

B nacrosiiiee BpeMsi B MUpe HacUMThIBaeTCs OoJiee MATUIECATH CUCTEM TUHAMMU-
yeckoil Matemarnku. B Poccun Hanbonee monymsipHbl pyCCKOSI3bIYHBIE BEPCUU « K uU-
sas eceomempusa» 1 «Kusas mamemamuxay [1] nporpammel Geometer’s Sketchpad
(CIA), GeoGebra (ABctpusi) u Maremarnueckuiit koncTpykTop (Poccust). bonbimn-
CTBO 3TUX CHUCTEM JIaI0T BO3MOXKHOCTb CO3/1aBaTh JUMHAMUYECKHE MOJIEIN FeOMETpUye-
CKHUX KOH(QUTypaiui JIto00H CI0AKHOCTH, peliaTh LENbIi psa APyTUxX 3aj1ad.

OTMEeTUM TPU OCHOBHBIX JTUJAKTUYECKUX MPEUMYIIIECTBA UCIIONb30BaHUs JKu60ii
mamemamuky pyu 00y4EeHUH TEOMETPUUECKUM MPeoOpa30BaHUSIM.

Bo-niepBbiX, 3TO HalIM4KUe BCTPOCHHBIX B CUCTEMY MHCTPYMEHTOB, MO3BOJISIOIIMX
CO3/1aBaTh C MOMOIILI0 KOMIIBIOTEPHOW aHUMAIIUU JUHAMUYECKHE MOJEINH, BU3yalH-
3UpyIoIKe OOBIION KIIACC TEOMETPUUYECKUX TPeoOpa3oBaHuil INIOCKOCTH, B YaCTHO-
CTH NapaJUIeNIbHbIA IEPEHOC, TOBOPOT, OCEBAsE CAMMETPHUS U TOMOTETHSI.

Bo-BTOpBIX, 3TO BOBMOKHOCTH CAMOCTOSATEIHHO KOHCTPYHUPOBATh JTHOObIE HOBBIE Te-
OoMeTpuYecKHe peoOpa3oBaHus, TaKue, HalpUMep, Kak MHBEPCHSI, POJCTBEHHOE MPe0o-
pazoBanue, apdruHHOE TPEOOPa30BAHKE, TOMOJIOTHS, TPOCKTUBHOE MPeoOpa3oBaHue U
LEJIBIA PsiZi APYTHX, B TOM YHCIIE C UCTIOJIb30BAHUEM aHATUTUYECKUX U KOHCTPYKTUBHBIX
BO3MOXHOCTEN JKugou mamemamuxu. MOXXHO paccMaTpuBaTh HOBBIE TTPEOOpA30OBaHUS,
MIPECTABIIAIOIINE COOOM KOMITO3UIIUU U3BECTHBIX TEOMETPUUYECKUX MPe0oOpa30BaHU.

U, HakoHell, B-TPEThUX, JIIOObIE JUHAMUYECKUE YEPTEKHU, BU3YATUZUPYIOIIHE TE€
WIM UHBIE TEOMETPUUECKHE MMPeoOpa3oBanmsi, MOKHO 3((HEKTUBHO UCITOIB30BATh B Ka-
YECTBE BUPTYAJIbHBIX MOJEIIEN JUIsl X U3YUYEHUS], IPOBEACHUS KOMIIbIOTEPHBIX JKCIIE-
PUMEHTOB M MCCJIEIOBAaHUMN, PEIIEHUs TBOPUYECKHUX 3a]1ad, YTO CIIOCOOCTBYET (pOpMU-
POBaHUIO UCCIIEAOBATEIIBCKUX KOMIIETEHIIMM oO0yJarormuxes [2].

B cooTBeTcTBHM C KOHLENIHMEW KOMIIBIOTEPHOM IMOANEPKKU Kypca F€OMETPUH B
neaBy3e [3] roTOBUTH OylyIIEero y4uTelssi MaTEMaTUKU K YCIIEIIHOMY HUCIIOIb30BAaHUIO
B CBOEM mpodeccuoHalbHON 1eATeNbHOCTH CUCTEM JUHAMUYECKOW MaTeMaTHuKH ciie-
IyeT B Mpoliecce ero o0y4eHusl B BbICIIEM yueOHOM 3aBefieHuH. [Ipruém peanuzoBarb
3Ty MOATOTOBKY MOYKHO B paMKax BY30BCKOIO Kypca reoMeTpuu. B Kypce reometpun
KpacHosipckoro negaroruyeckoro yHuBepcurera Moayiib «l eomerpudeckue npeodpa-
30BaHUS TPATUIIMOHHO M3YUYaETCs B TEUCHHUE YeTBEPTOTO (7151 OakamaBpoB Mpoduis
MaTeMaTHhKa) Win 1sAToro (uisi 0akajlaBpoB CABOEHHOIO MPOQUIS MaTreMaTUKa U UH-
dbopmarnka) cemecTpa.

[IpuBeném KpaTkoe copepkaHue 3Toro Moayis. [loHsTHe reoMeTpru4ecKkoro npe-
oOpazoBanus. Kommnosunus npeoOpa3zoBanuii, rpynna npeodpasoBanuii. [IBmkenus
IJIOCKOCTU U mpocTpaHcTBa. Knaccudukauus npumxeHuidd miockoctu. CumMMeTpuu
¢uryp. ITogobusi MIOCKOCTH M MPOCTPAHCTBA, ToMOTeTUU. AduHHBIE Tpeodpaso-
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BaHus. PonctBo. MHBepcus. Jlunamuyeckasi BUsyaln3aius IBHKCHUM, 10100ui, ad-
¢uHHBIX Mpeobpa3oBaHuil U UHBepcHil. Micnonb30BaHNe TeOMETPUUIECKHUX Mpeodpa-
30BaHUM MpU PEHICHUHU 3aJla4y, B TOM YHUCJIE C MIPUMEHEHHEM KOMIIbIOTEPHOM aHU-
Manuu. TeopeTuko-rpynmnoBoi Noaxo ] K KiaccupuKauu reoMeTpuid. JpiareHckas
nporpamma @. Knerina.

[IponemoHcTprpyeM 0COOEHHOCTH NpuMeHeHus /Kugou mamemamuku Ha y4yeo-
HBIX 3aHATHUSAX 10 TEOMETPHUU B MEJBY3€ B 3aBUCUMOCTHU OT (POPMBI OOYUEHUS: JICKIIUS
WK TaOOpaTOpHOE 3aHATHE.

Jlexyus. Ha xaxxa0il JeKIMU B pacloOpsDKEHUU MpenoaaBaTeass TOMUMO Tpaau-
IIMOHHOM MapKepHOM JTOCKHU JOJKEH HAXOIUTHCS MPOEKLIMOHHBIA AKpaH U MEPCo-
HaJIbHBIA KOMITBIOTEP C KOMIBKOTEPHOU cpenont sKusas mamemamuxa. BCE, 4To cBs-
3aHO C AHAJIMTUYECKUMHU BBIKJIAJKaMH, BBIBOJOM (POpMyI1, (HOPMYIUPOBKAMU TEOPEM
U YCIIOBHEM 3aj1a4, opopMIIIeTCsl Ha ocke. Bee uepTexu, uMeroniye B mepByko oue-
pelb TMHAMUYECKUI XapaKTep, BBIMOIHSAIOTCA IPEUMYILIECTBEHHO B PEKUME pPeallb-
HOro BpemeHU B JKnBOM MaTeMaTHKe, 4TO MO3BOJISIET IPOJEMOHCTPUPOBATH CTYAECH-
TaM BO3MOXHOCTHU M MPEUMYIIECTBA 3TON Cpelbl TP OOyYEHUU T€OMETPUUYECKUM
npeoOpa3oBaHUSIM.

OnHoil 3 Hanbosnee CIOKHBIX TeM MOIYINS SBISETCA Kiaccu(UKalus JTBUKSHUN
mwiockoctu. K mporneccy poka3aresbCTBa BCeX 3TanoB KiIacCU(UKALMOHHONW TEOPEMBI,
HAuWHAasl C YTBEPXKJICHUSI O MPEACTABICHUH JIFOOOTO JBUXKEHUS B BUJAEC KOMIIO3UIIUUA HE
Oosiee TPEX 0CEBBIX CUMMETPHIL, U, 3aKaHUYMBAsI PACCMOTPEHUEM CUMMETPHI ¢ KOHKpET-
HBIM B3aMHBIM PACIOJI0KEHUEM OCEH, MOYKHO C YCIIEXOM MPUBJIEKATh CTYJICHUECKYIO ay-
nutopuio. Tak, mpyu pacCMOTPEHUU NIEPBOTO 3Tara, MpernoiaBarTelsib co3naéT B cpeae Ku-
Basi MaTeMaTuka COOCTBEHHOE MPeoOpazoBaHUE, KOTOPOE MPEACTABIISIECT COOOM IBHKEHUE
d, 3aJJaHHOE aHATIMTUYECKH: X' = X coso— €'y sino +a; y' = x sino + ey cosa + b. lyis1 pac-
CMOTPEHUS Pa3INYHbBIX CIIy4aeB Ha pabodee MmoJie BEIBOISTCS MapaMeTphl o, a, b 1 e, ¢ 1o-
MOIBIO0 KOTOPBIX MOKHO MEHATH BU/bI (TIEPBBIE TpH Mapamerpa) u poxn (e = £1) apuxke-
HUS O B p&KHUME PYyYHOU aHMMaluu. YTOObI HE TepATh yueOHOE BpeMsl, CO3/1aTh JBHKE-
HUE clenyeT 3apaHee. Tak, Ha pucyHKe | BEIOpaHO JABMKEHHE TIEPBOTO poaa (e =1).

alfa=130,00°

a=12,00
b=11,50
e=1,00

Puc. 1
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Ha pabGouem mone JKuBoii mMaTemaTwku BbIOMpaeTcs MPOU3BOJIbHAS Touka M u
ctpoutcs e€ obpaz M' moxa aeiictBuem ABwkeHus d. [ BU3yanbHOTO MpeacTaBe-
HUs POJIa ABVDKEHHUS HAa DKPaH BBIBOAUTCS OPUEHTUPOBAHHBIN TpeyronbHUK PQR u ero
obpa3 P'Q'R' mon netictBuem d. Ilepen aynuropueil ctaBuTCs 3aada moaooparb Hau-
MEHbIIEE IO BOBMOXHOCTH YHUCJIO MPSAMBIX, KOMITIO3HUIIMS OCEBbIX CUMMETPHUI, OTHO-
CUTEJIBHO KOTOpBIX OyaeT oroOpaxars Touky M B Touky M'. [lyst 3TOro cTposiTcs 1Be
pou3BOJIbHBIE TOUKU A 1 B 1 ux oOpassl A' u B' cooTBEeTCTBEHHO 1011 IEHCTBUEM
neukeHus O. Eciiu A u B okaxxyTcst HEMOJBMKHBIMU TOYKAMU JIBUYKEHUS, TO MTPOLIECC
3aBEPILIAETCA, B 3TOM CJIy4ae JBH>KEHUE MPEACTABISIET COO0M CUMMETPHIO MIJIOCKOCTH
¢ ocbio AB miu T 1eCTBEHHOE TpeoOpa3oBaHUE.

ITycth Mo KpaitHell Mepe ofHa U3 JBYX TOYEK A U B He sABIsSeTCS HENMOABUKHOM,
JUTSL ONIPEAENIEHHOCTH OyJIeM CUMTaTh, YTO TOUKa A oTmiinyHa oT A'. B 3ToM citydae 00-
CYXKIAETCS CIAEAYIOIINNA aJITOPUTM MTOCTPOECHUSI UCKOMBIX ocell. CTpouTCs cepeauH-
HBIN neprneHaukyssp 1 k orpesky AA', Haxoautest 06pa3 AB" orpeska A'B' ipu oce-
BOIl cuMMeTpun oTHocuTeNbHO |. B paBHOOenpenHoM TpeyronbHuke BAB'" ctpout-
cs mpsimasi m, conepskaras ouccekrpucy yrina BAB". Jlanee ctynenTam npesaraercs
BBICKA3aTh TUIOTE3bI 110 MOBOAY MpeanonaraeMbix oceil. [1o ka0l rumnorese cTpo-
UTCSl TPAEKTOPUS MTPOU3BOJIBHON TOUkHM K moj neficTBUeM KOMITO3MIIMM COOTBETCTBY-
IOIMX OCEBBIX CUMMETPHUI, C TOMOIIBIO MBIIIKK Touka M coBMmemaercsa ¢ Toukou K,
BU3YyaJIbHO IIpoBepsieTcs GakT coBnaaeHus ux o0pa3zoB. B ciyuae, npeacTaBieHHOM Ha
puc. 1, Haubosee mpaBAOMOAO00HO MPEAONIOKEHUE O TOM, UTO JIBHXKEHUE MTPEACTABU-
MO B BUJIE KOMIIO3UILIMH CIIEIYIOIIMX JBYX OCEBBIX CHMMETpHI 6 = S _°S,.

Ecnu mapamerpy € npuCBOUTH 3HaY€HUE — 1, YTO O3HAYAET, YTO O SBISAETCA yiKe
JIBUKEHUEM BTOPOr0 poja, TO MPaBIONoJoOHasl rumore3a OydeT COOTBETCTBOBATH
IPEJCTaBICHUIO ABM)KEHUS O B BUJIE KOMIIO3ULIMU CIEAYIOUUX TPEX OCEBBIX CUMMe-
Tpui: & = S, °S °S. Tpaexropus To4ku N Moj JEHCTBHEM OCEBBIX CUMMETpUM S, .,
S_, S, npezcTaBiseT Co00M TpU TOYKH, KOTOPBIE HA PUCYHKE 2 0003HAYEHbI OyKBaMU
N', N", N"' COOTBETCTBEHHO, MPUYEM MPU AaHUMAIIMOHHOM COBMEIIEHUH ToueKk M u N
Touku M' u N"' Toxxe coBmecTsaTes. [lociie TOro kak ruroTessl NOATBEPKIAI0TCS CEPU-
€l SKCIIEpUMEHTOB, Ha J10CKe (hOPMYIUPYETCSI TEOPEMA O TOM, YTO JIFOOOE JIBUKEHHE
IPECTaBUMO B BUJIE KOMIIO3UIIUU HE 0oJiee TPEX OCEBbIX CUMMETPUM, IPUBOJUTCS €€
CTPOro€ JOKa3aTesIbCTBO.

alfa~ 85,007
.
a=[11,00 '4N"'
R P
b=[1,00
N

Puc. 2
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3aBepiiaercs KiaccU(pUKaAIMOHHAS TEOpEeMa UCCIEIOBAHIUEM KOMITO3UIIUU JIBYX U
TPEX OCEBBIX CUMMETPHUH, C OTAEIbHBIM PACCMOTPEHHEM CIy4YaeB MPUHAJIEKHOCTU
(MJTM OTCYTCTBUS TAaKOBOM) OCEH CUMMETPHUH OJTHOMY MUKy NapaJiIeIbHBIX WU TIEpe-
cekaromuxcs npsMbix. B aToM ciydae XKrBas MaTeMaTrka MOXKET OISTh TOMOYb CTY-
JIEHTaM CaMOCTOSITEILHO C(HOPMYITHPOBATH BEpHYIO TUNoTe3y. [Ipousmroctpupyem 31o
Ha MPUMEPE ABUKEHUSI, KOTOPOE 3a1aETCSA KOMIIO3UIMEN IBYX CUMMETPUI C OCSAMH a
u b, mpuHaANIeKANTUMU YUKy IPSMBIX ¢ 1ieHTpoM O.

Ha paGouem mnone JXuBoit MaremaTuku
CTPOSITCA M300paXEHUsS JIByX MPOU3BOJIBHBIX
npsaMbIX a U b (puc. 3), mepecexaromuxcs B
Touke O (MOKHO OTPaHUYUTHCS N300paKEHU-
€M JIByX IepeceKaromuxcs oTpe3kon). OTme-
yaeTcsl HEeKoTopast Touka M u ctpouTtcst oopas
M' 3T0l TOUKHM MOA JAENUCTBUEM OCEBOWU CUM-
METPHH C OCBIO a, 3aTeM — 00pa3 M" touku M'
110J] JEUCTBUEM BTOPOM OCEBOM CUMMETPHHU C
ocwio b. [IpenonaBarens ¢ MOMOIIBIO MBIIIN
Iumotesa: S,'S, = R,  ME€peMeniaeT Touky M U npejiaraer CTy/IeH-
TaM TOHa0IIo1aTh 3a MoBeneHueM Touku M".
Kakoe u3 M3BECTHBIX JBUKEHHMU IUIOCKOCTH
neicTByeT Ha Touke M ananorudno? Crienyer OTMETUTh, UTO B OOJBIIMHCTBE CIyYa-
€B, CTYJICHTHI JAJIEKO HE cpa3y (HOpPMYIUPYIOT BEPHYIO TUIIOTE3Y. YK OU€Hb OTIMYAIOT-
Csl IO CBOMM CBOMCTBaM OCEBasi CAMMETPHS U MTOBOPOT IIOCKOCTHU. [1o ucteuenun He-
KOTOPOT'O BPEMEHH BBITIOIHSAIOTCS JOMOJIHUTENbHBIE TTocTpoeHus: Touku M, M' u M"
MOCJIEA0BATEIbHO COEAUHSAIOTCS APYT C IPYTOM U ¢ Toukoi O oTpe3Kkamu, C MOMOUIBIO
MapKepa OTMEUaIOTCs paBHbBIE YIIIbI ¥ OTpe3ku. [loce 3Toro BepoaTHOCTh cPopmyIu-
pPOBaTh MPABAONOAO0HYIO TUIIOTE3Y MOBBIIIAETCS, MPUYEM JJI ONPEIeTICHUs yIJia To-
BOpoOTa noMoraet usmepenue yrima MOM" u yrna mexay npsimbiMu a 1 b. [locie dop-
MYJUPOBKH JTFO00M OIMIMOOYHON TUMOTE3bl PEKOMEHIYETCS HEe OTBEprarh €€ cpasy, a
nocTpouTh 00pa3 N' mpou3BoibHON TOYKH N IO AEHCTBUEM IIPEIaraeMoro JaBrKe-
HUs, 3aTeM coBMeCTUTh N 1 M 1 yOeauThCsi B TOM, 4TO MX 00pa3bl HE BEAYT cels aHa-
noruyHo. Tak, Ha puc. 3 nmoctpoeH o6pa3 N' Touku N moj qeiicTBUEM MOBOPOTA ILIO-
ckocTy BOKpYr O Ha HaNpaBJICHHBIN yTOJI, paBHBII YIBOCHHOMY YITIy MEXIY MPSMBbI-
MU a 1 b, B HarpaBiieHuu ot a k b. [Tocne hopmynupoBku mpaBaonogo0HOM THIOTE3bI
IIPOBOJIMTCS €€ CTPOTroe MaTeMaruieckoe 000CHOBaHUE.

JlaGopaTopH o e (uiu 1abopaTOPHO-MPAKTHUECKOE) 3 2 H Sl T U € MPOBOJIUTCSA
B ayAUTOPHUH, TJ€ KpOME OOBIYHOM JOCKHU U MPETOAaBaTeILCKOTO KOMITBIOTEPA, OCHA-
HIEHHOTO MPOEKTOPOM, UMEETCS KJIacC MEePCOHAIIbHBIX KOMITBIOTEPOB B KOJIUYECTBE,
JIOCTAaTOYHOM JJI1 pabOThl OJHOW moArpymnmbl. [1lo WHUIIMATHBE MpenoaaBaress 1 1Mo
COIVIACOBAHUIO CO CTYJICHTaMU PEIICHHE OJHOW U TOM K€ 33a/1a4u HAa IPUMEHEHUE Ie-
OMETPUYECKHUX MPeoOpa3oBaHM C JEMOHCTPAIIUEH ITOTO PEIICHUs TMepe]] BCeH ayu-
TOPHEN BBINIOJIHSIETCS OHOBPEMEHHO ABYMsI OTBeUarolMMu. OJUH U3 CTYIEHTOB OCY-

KoMmno3uuusi AByX 0ceBBIX CHMMeTPHIA
¢ NepeceKalUMUCs 0CSIMH

ZMOM" = 120,62°
ZAOB =60,31°

Puc. 3
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HIECTBIISIET HEOOXOIUMBIE CTATUUECKUE YEPTEkKU U 3alMCU Ha MapKEPHOU J1I0CKE, BTO-
poil — paboTaeT 3a MPenoaaBaTeIbCKUM KOMIIBIOTEPOM, KOHCTPYHPYSI TUHAMUYECKHUE
YepTEekKH, KOTOPbIe HEOOXOIMMBI HE TOJBKO JJIS MIPOBE/ICHUS aHAIN3a U TTOCTPOCHHS,
HO M UCCIIEAOBaHUs pelICHUs 3a1aul. J[MHaMUYeCcKuid 4epTExX yaauHO JOMOJHSET €ro
CTAaTUYECKUN aHAJIOT Ha MAapKEPHOMU JTOCKE, MO3BOJISIS MPU HEOOXOAMMOCTH 0e30071e3-
HEHHO U3MEHUTH MOJOXKEHUE JII0O0N TOUKH, OTpe3Ka, MPSMON WM OKPYKHOCTH, TO-
CTPOUTHL 00pa3 TOM WJIM MHOU (UTYPBI MO ISUCTBUEM TTOJIXOASIIETO MPpeoOpa30OBaHMS.
VY4eOnblil 1ydT, MoaiepkuBaeMblil JKuBol MaTeMaTuKom, CTyJIeHTaMu | MPeno/jaBaTe-
JieM, KaK MPaBUIIO, YCIEIIHO U JOCTATOYHO OBICTPO CIPABIISIETCS C 3aJlauaMM JTHO00M
CIOKHOCTHU. [IpogeMOHCTprpyeM METOAMKY MCHOJIb30BaHUS JKUBOM MaTeMaTUKHA Ha
IpUMepe PEIICHUs CIEAYIONIeH 3aa4u Ha MPUMEHEHHE METO/Ia MOI00usl.

3 anauya. [locmpoums keaopam ABCD, eepuwuna A komopoeo cosnadaem c
O0anHoU Mmoukou, eepuwiuna B npunadnexcum oannoti oxpyscnocmu, eepuiuna C —
OaHHOU NPAMOII.

[Ipn mpoBenenun aHanu3a Ha paboueM ToOJe
) JXKuBo# MaTeMaTuKu CTPOUTCS U300pakeHHE TOUKU
A, OKPYKHOCTH C,, TOUYKU B, nmpunaanexaruei ¢ , u
MPOU3BOJILHOM MpsaAMon a. Jlanee uzobpaxkaercs oT-
pe3ok AB, kxoTopblii TOCTpaWBaeTcs 0 KBaapara
0 ABCD. Bepmuna C kBaapata ¢ 01O 1o5ei Be-
POSITHOCTH OKa)K€TCs 3a mpeaenaMu npsmou a. Ile-
pemelnasi MbIIIKOW TOYKY B 10 OKpy»XHOCTH C,, 110-
MBITAEMCS] HAMTHU TAKOE €€ MOJI0KEHHE, ITPU KOTOPOM
C okaxertcs Ha npsMol a. [Ipenongasarento cienyer
b A oOpaTuTh BHUMaHHE CTYICHTOB Ha TO, KaKylO Tpa-
Puc. 4 €KTOpHUIO BbhluepunBaeT Touka C B pe3yapTare 3TOro
nepemenienus. bonee toro, menecoodbpazHo naxe cHopMyIUpOBaTh JBA HABOSAIIUX
Bompoca: 1) umo npeocmasnsem coboii mrodxcecmeo ecex sepuiun C keaopama ABCD
npu ghukcuposannoul sepuiune A, eciu éepuiuna B npobecaem ece mouxu okpyscnocmu
c,?; 1 2) MOJICHO U N0 3a0aHHbIM MouKe A U OKPYICHOCMU C, ROCMPOUN® MO0 MHO-
arcecmeo? Tlo cyTu, Mbl OclialsieM UCXOMIHYIO 3a/iady, OTOpackiBasi TpeOoBaHUE MPU-
HaJJIKHOCTH BepinHbl C npsiMoii a. UTo 1ar0T OTBETHI HA MOCTABIEHHBIE BOIIPOCHI?
[Ipexne Bcero 310 crocod nmoctpoeHust BepinHbl C, KOTopas M0 KHA TPUHAIIIEKATh
NEPECEUECHHUIO UCKOMOTO MHOKECTBA U MPSIMOM a.

JKvBasi MaTeMaTKa MOKET OKa3aTh MOMOIIh B IOMCKE OTBETOB Ha 00a Borpoca. Eciu
MBI 3acTaBUM TOUKY C OCTaBJIATH CIIE] M HAYHEM MepeMellaTh BepuHy B 1o okpyxHO-
CTH C,, TO TouKa C BEIYEPTHUT JIMHUIO C,, HOXOKYIO Ha OKPYXKHOCTB (pHcC. 4). UTOOBI nOKa-
3aTh, YTO 3TO OKPYKHOCTb U HAUTH CIIOCO0 €€ MMOCTPOEHUSI, CIIEAYET pa300paThCs B MeXa-
HU3ME IMOCTPOEHHUS MPOU3BOJIBHOM TOUKH 3TOW JIMHUU. bysiem cuntare, yto B — otHa u3
IPOU3BOJILHBIX TOYEK OKPYKHOCTH ¢ . Haiiném npeobpasoBanue, KOTOPOE, BO-NIEPBBIX,
3a/1a€TCA C UCTIOIB30BAHUEM JIMILIb TOJIBKO TOYKU A M BCIIOMOTaTeNIbHBIX NHBAPUAHTOB,
U, BO-BTOPBIX, 0TOOpakaeT Touky B Ha Touky C. [locne nepedopa BCEBO3ZMOKHBIX JBH-

Ci
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»KEHHMI ¥ IOoJI00MI CTAHOBHUTCS ITOHATHO, YTO CHa-
yasia Hajo oToOpa3uth B Ha Touky B', nexarnryro
Ha npsimoit AC, cienath 3To yI0OHO C MOMOIIIBIO
MOBOPOTA IJTIOCKOCTH BOKPYT TOUKH A Ha yroi 45°
(puc. 5). 3arem Touky B' oToOpazuts Ha Touky C ¢
MOMOIIBI0 TOMOTETUU C LIEHTPOM B TOYKE A U KO-
s unmerrom AC/AB'= AC/AB = V2 . Tlockons-
Ky MOJ00He O0TOOpaxaeT OKPYKHOCTb Ha OKPYK-
HOCTh, TO ICKOMO€ MHOXKECTBO IIPEJICTABISIET CO-
0OM OKPYKHOCTB C,", KOTOPYO MOKHO HOCTPOHMTh
KaK 00pa3 ¢, MoJ ICHCTBUEM KOMITO3ULIMHU TI0BOPO-
Ta BOKpYT A Ha yrou 45° 1 TOMOTETUH C LIEHTPOM

D

Puc. 5

A 1 K03pPuUIeHTOM V2.
ITocTpouB OKPYKHOCTB C,", MBI MOXKEM HalTh 00LIyr0 TOYKYy C 3TOH OKpYyXHO-
CTHU U IIPSIMOH a. SICHO, YTO MOCTPOUTHh UCKOMBIN KBaJpart, 3Has ero quaronaib AC, He

MPEJICTABIISIET TPYAA.

[ToBOst U'TOT, OTMETHUM, YTO HAIII OIBIT MPOBEICHHUS JICKIIMOHHBIX M JJA0OPATOPHO-
MPAKTUYECKUX 3aHITHM C UCIOJIb30BaHUEM JKMBOM MaTeMaTHUKH, IMO3BOJISIET CTPOUTH
00y4eHHE reOMETPUH B CTHIIE SKCIIEPUMEHTAILHONM MaTEMaTUKH C dJIEMEHTaMHU UCCJIe-
JIOBaHUS, aKTUBHO BOBJIEKATh CTYJCHTOB B YUE€OHBIN MpOIecC, MPEIOCTaBIseT o0yya-

IOLUMCS BO3MOXXKHOCTh CaMOCTOSTENBbHO (hOPMYJIUPOBATh MPABIONOA00HBIE TUIIOTE-
3bl, MOTUBUPYET K YUaCTHIO B X CTPOTOM MaTeMaTH4Ye€CKOM 000CHOBaHUHU.
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HUHD®OPMALMOHHBIE TEXHOJIOT'MU B MATEMATUKE U MATEMATUYECKOM ObPA30OBAHUU

OPrAHU3ALUMUA CETEBOIO
UCCNEOOBATEJIbCKOI'O NMNPOEKTA
«MATEMATUHECKA{l PEKOHCTPYKLUHUA CAHIAKY»

THE NETWORK RESEARCH PROJECT ORGANIZATION
«MATHEMATICAL RECONSTRUCTION SANGAKU»

A.B. Kopenbckas, O./1. besaymosa A.V. Korelskaya, O.L. Bezumova

Cemeegoii uccneoosamensckuil npoekm, nagviku XXI 6., mamemamuueckan peKOHCMPYKUUs,
Canzaky, unmepaxmuenasn ceomempuueckasn cpeoa, GeoGebra.

B cTarbe ocBellaeTcsi BONPOC OPraHU3aLHH CETEBOI0 HCCJIe10BATeIbLCKOr0 mpoekTa «Marema-
THYECKAs peKOHCTPYKIUSA 3a1a4 CaHraky» ¢ ucnoJib3oBanuem miardopmol Google Classroom
U MHPOPMAITMOHHOTO CAMTA MPOEKTA.

The network research project, skills of the XXI century, mathematical reconstruction Sangaku,
interactive geometry software, GeoGebra.

The article is devoted to the organization the network research project «Mathematical Recon-
struction of Sangaku» by using the Google Classroom platform and web site for the project.

osIBJICHUE TI00anbHOM cetu MHTepHeT u pa3BuTHe MHGHOPMAIIMOHHBIX TEXHO-
JIOTUH TIepEeBEPHYNO Hally Ku3Hb. Celyac CIOKHO MpeACcTaBUTh chepy nes-
TEJILHOCTH, B KOTOPOU ObI HE MPUMEHSIUCH UH(POPMAIMOHHBIE TEXHOJOTHUHU.
[Tono6HbIe M3MEHEHUS TPUBENH K TpaHchopManuu cepbl 3KoHoMukH. Tak, B 2017 1.
Obuta yTBepxkaeHa mnporpamma «lludposas skonomuka Poccuiickoit ®eneparuny,
IpeJoiararonias BHeApeHne HHPOPMAIMOHHBIX TEXHOJIOTUIM B TPOU3BOJICTBO U T1O-
CIEAYIONIYIO IPOAAXy TOBAPOB U YCIYT, OKa3aHUE TOCYAapCTBEHHBIX YCIYT MOCPE-
ctBoM cetu MuTepHer [1].
Benen 3a mio6aibHBIMM U3MEHEHHUSIMU B MHUPE U B DKOHOMHUYECKOM JKU3HU CTpa-
HbI MEHSIOTCS 1€ U 33]la4yu COBpeMeHHOro oopazoBanus. [Ipodeccop MenbOypHCcko-
ro yausepcuteta [larpuk ['puddun chopmynuporan cimcok «HapbikoB XXI Bekay, Ko-
TOPBIMHU JIOJKEH 00JIaJIaTh KaXK bl 4e€JI0BEK, YTOOBI B AMTOXY BHICOKMX TEXHOJIOTHIA 1 aB-
TOMaTHU3aIMK 3HAYUTEIHHOTO YKCIIa MPOIIECCOB OCTABAThCsl BOCTPEOOBAHHBIM CIIEIIHA-
muctoM. OgauM u3 HaBbIKOB XX B. siBisgercss MKT-rpamotHocTh, 0Hako B XXI B. oHa
JIOJKHA OBITH JOMOJHEHA TAKUMH KOMITETEHIIUSIMU M JIMYHOCTHBIMHU Ka4eCTBAMHU, Kak
KPUTHUYECKOE MBIIINICHUE, pEIICHNE 3a/1a4, YMEHUE o0IIaThCsl U yMeHue paboTarh B KO-
manze. [larpuk ['puddun ormeuaeT, 4To BbllieyKazaHHbIE HABBIKKA «MOYKHO OObEIMHHUTD
B OJIMH KOMILJIEKCHBIN HABBIK — HABBIK KOJUIEKTUBHOTO PEUICHUS CIOKHBIX 3a7a9» [2].
3HaHUA U YMEHHUS, HEOOXOAUMBIE /ISl YCTEeUTHOrO (DYHKIITMOHUPOBAHUSI B YCIIOBH-
X 1UGPOBON IKOHOMHKH, Takke 00cyxaanuch Ha [X ["alimapoBckom ¢Gopyme, poxo-
nuBLieM B stHBape 2018 1. [1o MHeHUIO pekTopa Breiciiei mkosbl 3KOHOMUKHU fSpociaBa
Ky3bmuHOBa, OHU 10JIKHBI (HOPMUPOBATHCS B XOJ1€ IPOEKTHOU ASITENbHOCTH: «MOXKHO
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OXKHUJIaTh PAa3BUTHS B 00pa30BaTEIHLHOM MPOIlecCe elIe IByX TPEHI0B — POEKTHOMU Jiesi-
TEJIBHOCTHU U OOY4EHHUs B UTPe. <...> MPOEKTHI CIIOCOOHBI JaTh BO3MOXXHOCTh PACKPHITh-
Csl KaXKIOMY Y€JIOBEKY, HCXOJIS U3 €ro COoCOOHOCTEN U npeanourenuin» [3]. B mocnen-
HEee BpeMsl HaMeuaeTCsl TEHACHIIUS K OpraHu3aliy IPOEKTHOM AESITENIbHOCTH B CETH.

[Ton ceTeBbIM (TETEKOMMYHUKAIIMOHHBIM) MPOEKTOM IMOHMMAIOT COBMECTHYIO
y4e0HO-TI03HaBaTENIbHYI0, UCCIIEI0BATENbCKYIO, TBOPUECKYIO I UTPOBYIO JIESATEIh-
HOCTb YYalUXCsl, OPraHU30BAaHHYI0 HA OCHOBE KOMITBIOTEPHON TEJIEKOMMYHUKAIIUH,
UMEIOIIYI0 OOIIYI0 MpoOieMy, 11eJb, COTIAaCOBAHHBIE METO/bI, CIIOCOOBI JIeATEeIbHO-
CTH, HaIpPaBJIECHHYIO Ha JOCTHKEHUE COBMECTHOTO pe3yjbTaTa AEsATEIbHOCTH [4].
HNMenHO B mporiecce ceTeBOro B3auMOACHCTBUSI BOZMOXKHO pa3BUTHE Y 00yUarOIINX-
cst Ha HoBoM ypoBHe UK T-komneTeHuii, HaBHIKOB OOIIEHUS B CETH U yIAIEHHOMN pa-
00TBI B KOMaH/IE.

JIns opraHn3aliy CETEBBIX TPOEKTOB MUCIIOIB3YIOTCS Pa3IUYHbIE CEPBUCHI TEXHO-
goru WEB 2.0, KoTopbIe MO3BOJISIIOT CO3/1aBaTh COOCTBEHHBIEC PECYPCHI, 00IIAThCS €
JIOAbMU M COBMECTHO peIIaTh IpynIoBbie 3aqaud. OIHOW U3 KPYIMHEUIINX POCCUIA-
CKUX IUIOIIA/IOK JJII OpraHU3allui CETEBBIX MPOEKTOB siBisieTcs [mobanslad, co3nan-
Has npu nomuepxkke douma «CronkoBo» [S]. JIroOoi mosb30BaTeNb, 3apeTUCTPHPO-
BaHHBIN Ha [T106anJ1ab, MOXeT yuyacTBOBaTh B MPOEKTAX JAPYTUX MOJIb30BaTENEH, pas-
MEIIEHHBIX Ha CAalTe, UJIX CO3/1aTh CBOU MPOEKT C NOMOIIBIO CHEHUAIBHOIO KOHCTPYK-
Topa. Takolt sxe momyJsIpHOCThIO, Kak U [ 1o6anjlab, monb3yroTcst TEXHOIOTUH, TIPEIO-
ctaBisieMble Kommnanuen Google. B cetn MuTepHeT MOXKHO HATH MPUMEPHI CANTOB
CETEBBIX NMPOEKTOB, M3TOTOBJIEHHBIX B KOHCTpYKTOpE caiitoB Google [6,7].

JIns1 opraHu3anuuy ceTeBOro UCCIeA0BaTENbCKOro nmpoekra «Maremaruueckas pe-
koHCTpyKina CaHraky» Obia BeIOpaHa Tpymma MpoayKTOB, MPEAOCTABISIEMbIX MEX-
nyHaponHo# kommanuen Google.

st nHbOPMAIIMOHHON TOIIEPKKH YYaCTHUKOB MPOEKTA CO3/IaH CAaMT MpOeKTa.
Caiit goctyreH JiroboMy Moyb30Baresnto cetu MHTepHeT, /Uit MpOCMOTpa KOHTEHTA pe-
rucTpanus He Tpedyercs (puc. 1).
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Puc. 1. Cmpanuya catima «O npoexme»
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Ha undopmanmionnom caiite npoekrta [8] pa3zbsicHeHa 1elb MPOEKTa, KPAaTKO U3-
noxkeHa uctopusi Tabauuex CaHraky, omyOJIMKOBaHAa MWHCTPYKIIUS 1O PEKOHCTPYKITUU
3aza4 ¢ npuMmepoM amruiera B cpere GeoGebra. J[s y4acCTHUKOB MPOEKTA, HE 3HAKO-
MBIX C TIPOTPaMMOM, pa3MeIleHbl 00y4JaroIIre MaTepuaisl i Hadana padoThl B Cpe-
ne. Ha caiite mpencraBieHa KOJJIEKINS pEeKOHCTPYHUPOBaHHBIX 3a/1ad CaHTaKy, CTPYK-
TypUpOBaHHas 1o MpedeKTypam U Xxpamam, B KOTOPBIX HaxoaaTcs Tabiaudku. [Ipu BbI-
6ope npedexTypsl U Xpama Ha CTpaHHIle caiita orobpaxaercs ¢ororpadust CaHraxy
Y CCBUIKH Ha amlIuIeThl PEKOHCTPYUPOBAHHBIX 3a/a4, pa3MEIIEHHBIX HA O(PUITUATEHOM
caiite GeoGebra.

JIr000i1 sxenaronuii MOXKET IPUCOSTUHUTHCA K MPOEKTy. [ yuacTus B HEM HyX-
HO CBA3aThCS C KOOPJIMHATOPOM IO AJIEKTPOHHOM IMOYTe, aJpec KOTOpOH yKa3aH Ha
caiite. OTMETHM, YTO CalT MPOEKTa MpeIHA3HAYEH JIJIsl pa3MellleHus] nHpopMaIuu u
PEKOHCTPYKIIUI 3a/1a4, B TO BpeMs KaK HEMOCPEICTBEHHAs paboTa M0 PEeKOHCTPYKITUU
opranuzoBana Ha miatdopme Google Classroom. UToObI MOTYYUTH MOCTYM K ILJIaT-
dbopMe, HYKHO cO37aTh y4eTHYI0 3anuch (Google u mepenarbh JOTUH KOOPIUHATOPY
IIPOEKTa, MOCJE YEr0 Ha DJEKTPOHHYIO MOYTy Oy/IeT BHICIIAHO MPUITIAIICHUE MTPUCOe-
JTUHUTHCS K 00CYXIACHUIO WU Ko Jiy1st oakitodeHust k Google Classroom.

Onumiem mpoliiecc padoThl YHaCTHUKOB MPOEKTa ¢ 3aadyamMu CaHTaky mocie moj-
KITFOYEeHUS K T1atdopme.

Koopaunarop npoekra BoikiaasiBaeT Ha miatdopmy Google Classroom 3amanue —
dororpaduro Tabnuuku CaHraky ¢ KpaTKUM ONMUCAHUEM W MHCTPYKIHUSIMH TI0 BBITOJ-
HEHUIO0 PEKOHCTPYKIMU. OO 3TOM Ha 3JIEKTPOHHYIO MOUTY YYaCTHUKOB MPOEKTA MPH-
XOIUT YBEIOMJICHHE. YUAaCTHUKH MPOEKTA 3aXO/AT Ha TIaT(GopMy U MPOCMATPUBAIOT
3amaqy. Ecii y4acTHHKOB 3aMHTEpecOoBalia 3a/1a4a, TO OHU MPUCTYIAIOT K €€ peKOoH-
cTpykiun. KoopauHarop mpoekTa MOXeT Ha3HAUYUTh KaKOTO-JIM00 yYaCTHUKA MPOEKTa
Ha PEKOHCTPYKITUIO ONPEIeIEHHOM 3aa4u WIH OTPAHUYUTh JOCTYI YYaCTHUKOB MPO-
€KTa K YaCTH 3aJiau.

PaccMmoTpum anroputm pekoHCTpyKiuu 3amadu B cpene GeoGebra nHa mpumepe
BBITIOJTHEHUSI TUHAMUYECKON MO K OIHOM U3 3aja4 Tabnuyku u3 xpama YycoH-
oxu, ipedextypsl UBaiit (puc. 2).

Puc. 2. Tabruuxa Caneaxy, xpam Yyconoorcu, npeghexmypa Heavim

Ha nepBoMm 11are peKoHCTPYKIIMHU HEOOXOAMMO BBIIOJIHUTH JUHAMUYECKUN Yep-
TéX K 3amade. g Toro cineayer BoIOparh BETUYUHBI, KOTOPbIE OYyT U3MEHSTHCS B
MOJIE M (HalpuMep, CTOPOHA TPEYTOJIbHUKA, YTOJ, PaIuyC OKPY>KHOCTHU U T.J.), U CO3-
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AaThb JJIsI HUX ITOJI3YHKH, YKAa3aB HHTCPBaAJl 3HaueHuil. B paCCManHBaeMOﬁ 3aJa4c Ta-
Kasg BCJIMYKMHA BCCIo OAHa — CTOPpOHA KBaapara. I[anee 10 CJICA0BATCIBbHO BBIIIOJIHAIOT-
CiA BCC HGOGXOI[I/IMLIG IMOCTPOCHUA MJIsI BOCCO3AAHHNA YCPTCIKA 3a1a491 (pI/IC 3)

= Manatko
-

Puc. 3. Jlunamuueckuii uepmesic x 3adaue

Ha BrOpOoM 11are peKOHCTPYKIIMH IPOUCXOJIUT BBISBICHUE 3aKOHOMEPHOCTEN MEX-
ny oOobekTaMu. JlJisi 9TOrO HYKHO BBIBECTH YMCJIOBBIE 3HAYE€HUS OOBEKTOB (TLIOIIAIH
buryp, JTUHBI CTOPOH, OTPE3KOB) HA MOJIOTHO. VICX0/1s1 M3 YMCIIOBBIX 3HAUEHUH, BBIIBH-
raercs TUIoTe3a 0 3aBUCUMOCTH MEXKIY O0ObeKTaMU. 3aTeM TUIIOTe3a MPOBEPSIETCS C MO-
MOIIIbIO CPENICTB cpeAbl. Tak, OTHOIIEHHE MEXTY JJIMHAMHU JIByX OTPE3KOB MOYKHO Hali-
TH, BBITIOJIHUB KOMAaH]ly JICJICHHsSI JUIMH OTPE3KOB B CTPOKE BBOJA. B paccmarpuBaemoit
3ajaue OBbLIM BBIBEICHBI HA TMOJIOTHO 3HAYEHUS IUIOMIAJCH TPEYroJIbHUKOB, KBaJparTa,
CTOPOH TPEYTOJIBHUKOB U PAINyCOB OKPYXHOCTEM. [Ipy n3MeHeHnn 3Ha4eHusl MOJI3yH-
Ka, KOTOPBI OTBEYA 3a JJTUHY CTOPOHBI KBapaTa, ObLIO BBISIBIICHO, YTO OTHOIIICHUE pa-
JITYCOB OKPY>KHOCTEH, BIMCAHHBIX B TPEYTOJIBLHUKH, OCTAETCS MOCTOSHHBIM (puc. 4).

AR, =082

o = 082 2. A=A
o = 27 FLvaD=(127
v =087 ECTAR=019T
w =323 AF/R=D T
b =4 Fledc=a 11
B =18 n
k=013 OO ga
my o= 2. 1
] 253 | 3 61
T -

Puc. 4. Ilouck 3asucumocmu medxcoy obvexmamu
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Ha TpeTbem miare peKOHCTPYKIIUU GOPMYITUPYETCs YCIOBHE 3a/1a41 U 3aBEPIIACT-
cs1 ohopmiIeHHE TMHAMUYECKOTO YepTeka. Ha aTom aTane HeoOX0IUMO CKPBITH BCITO-
MoTaTelIbHbIe 00BEKThI, UCITOJIH30BABIINECS MMPU MOCTPOCHUU YEPTEKa, CKPHITh WU
yIAJIUTh HAJIHUCH YHUCIIOBBIX 3HAYCHUN BEIMUMH. B IyHKTEe MEHIO «BH» HACTPOUTH
otoOpakeHue nojoTHa Ne 2. Ha BTOpoMm MMoJI0THE IMOMenaeTcsi TEKCT ¢ JAHHBIMH U BO-
IIPOCOM 3aJ1a4H, a ¢ IIOMOIIbIO0 YekOoKca — oTBeT (puc. 5).
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Puc. 5. 3aeepwennas pexoncmpykyus 3adauu

[Tocne 3aBepiieHUs: NEPBOrO ATAld PEKOHCTPYKIMHU 3a1a4M YYACTHUKHU MPOEKTA
BBIKJIAJBIBAIOT TUHAMHYECKUE YEPTEkKU Ha Tuiaropme, COMTpoBOKAas PU HEOOXOAH-
MOCTHU CBOU PabOThI MOSICHEHUSIMU. JlanmbpHeliee 00CyKAeHUEe MOENIe TPOUCXOIUT
B KOMMEHTAapHsX K 3a/lannio. B xone oOCyk/ieHnsl y4aCTHUKH BBHIOMPAIOT JUHAMUYE-
CKYIO MOJIeJb, Hanboee OJIU3KYI0 K pealbHOMY YEPTEXKY 3aJlaud, BHIMOJTHEHHOMY Ha
tabnuuke CaHraky. AHaJOTHYHBIM 00pa30M Ha BTOPOM ATale PEKOHCTPYKIIUU KOJUIEK-
TUBHO YCTaHABIIMBAIOTCS 3aKOHOMEPHOCTH MEXIY OObEKTaMH, a Ha TPETheM — hopMy-
JIMPYETCS YCIIOBUE 3aJ1a4l U YTBEPKIACTCS OKOHYATEIIbHBIM BApUAHT PEKOHCTPYKLUU
3a/lauM yyacTHUKaMH mpoekTa. Korma oOcykieHre 3aBepIieHo, KOOpAuHaTOp MmyOsu-
KyeT Ha CalTe PEKOHCTPYKLMIO 3a1a4H.

TexHu4yecKkyo MOANEPKKY calTa W MyOJUKalUIO 3aJaHui Ha rardopme ocy-
LIECTBJISAECT KOOPAUHATOP IIPOEKTA.

B mporniecce ydyacTusi B C€T€BOM HCCIIEIOBATEILCKOM MTPOEKTE 00yJaronuecs mo-
BhICAT cBOIO MKT-koMIeTeHTHOCTD, pa30BbIOT HABBIKUA PEIICHHS 3aJ]a4, YMEHHE 00-
matbes U padoTarh B KoMaHje. /JlaHHbIe HaBBIKM MMOMOTYT UM OBITh KOHKYPEHTOCIIO-
COOHBIMU B YCIIOBUSX ITU(DPOBOI IKOHOMUKH M OBICTPOPA3BUBAIOIIMXCS WH(DOpMaIIu-
OHHBIX TEXHOJIOTUM.
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MATEMATUYECKME 3TIOAbl O AENEHUU YT NIA
HA TPU PABHbIE HYACTHU
CNEUNANTbHBIMU UHCTPYMEHTAMU

MATHEMATICAL STUDIES ABOUT THE DIVISION
OF ANGLE INTO THREE EQUAL PARTS
BY THE SPECIAL TOOLS

T.A. bywaesa, B.P. Mauep T.A. Bushaeva, V.R. Mayer

Mamemamuueckue 3mio0vl, KOMRbIOMEPHAA AHUMAYUS, MPUCEKYUA yena, /Kuean mamemamuxka,
AHMUNAPAIIEN0ZPamm, TUHEKA CO 6CMABKOI, MOMAAEBK.

PaccMaTpuBalOTCA aHUMAIIMOHHBIE BO3MOKHOCTH KOMIILIOTEPHOIi cpeabl ZKuBasi MaTeMaTu-
Ka, MO3BOJISIIOIIME CO31ABATh MATeMaTHYeCKHe ITIOAbl, B YACTHOCTH O PellleHUH 32124 TPH-
CEeKIMH YIJIa ¢ MOMOIIbIO JIMHEeH KN €O BcTaBKoil m TomaraBka. Ilonpo0Ho onucsiBaercs aJji-
TOPUTM CO31aHMA Ha 0a3e aHTUNAPaAJJIeJI0OrPAMMa KOMIILIOTEPHO Mo/ie/IH IAPHUPHOTO Me-
XaHU3MA, M03BOJISIIONIEr0 B Pe:KUMe PYUYHOIl aHMMALIMH 1eJIUTh NPOU3BOJILHBII YyroJl Ha TPU
PaBHbIE YaCTH.

Mathematical studies, computer animation, the trisection of angle, living mathematics, crossed
parallelogram, rule with the insert, tomahawk.

Are examined the animated possibilities of computer medium living mathematics, that make it
possible to create mathematical studies, in particular about the solution of the problem of the
trisection of angle with the aid of the rule with the insert and the tomahawk. The algorithm of
creation on the base of the crossed parallelogram of the computer model of the articulated link
gearing, which makes it possible in the regime of manual animation in detail is described to
divide arbitrary angle into three equal parts.

paboTax OOJBIIMHCTBA HCCIENOBaTENe yOeAUTENTbHO OOOCHOBBIBACT-
Csl, YTO KOMITBIOTEpHAs aHUMAIUsl B OOyUYCHHH, WM, KaK €€ €Ile Ha3bIBaIoT,
ActionLearning, mpeacTaBiseT co00i NMEPCIEKTUBHOE HANpaBieHUEe B o0Opa-
30BaHUH. AHUMAIUS B 00pa30BaHUN TPUMEHSIETCS MIPHU CO3/IaHNUHU IIEKTPOHHBIX yUueo-
HUKOB, TIOJITOTOBKE MPE3EHTAIMHN K JICKITUSIM, YPOKaM U CEMHUHAPCKUM 3aHITHSIM, TIPH
IPOBEACHUN YUEOHBIX UCCIIEOBAHUN U HKCIIEPUMEHTOB. Mcrioip30BaHe KOMITbIOTEP-
HOW aHMMAaIlu¥U TO3BOJISIET CO3/1aBaTh HHTEPAKTUBHbIE O0YYaroIne MOJIETIH C dJIEMEH-
TaMU B3aMMOJCHUCTBUS C MOJIb30BATEIEM, 00ECTIEYMBAECT AKTUBHOE BOCIIPUSATHE HOBO-
ro yueOHOro Marepuana, HOBBIIIAeT HANIHOCTh €ro MPECTABICHUS U CIIOCOOCTBY-
eT 6oJee MPOYHOMY YCBOCHHUIO YUAIIUMHCS OCHOB TEOPUHU. AHUMAIUS CO3JJAET HOBYIO
PEeaTbHOCThD, MO3BOJISIONIYIO B3TISSHYTh Ha SIBJICHHS, KOTOPHIM TIPHUCYIIE IBIKCHUE U
KOTOpBIE CI0KHO WJIM HEBO3MOXHO YBUAETH B MIPUPO/IE.
[To MHEHHIO KCIIEPTOB M MPAKTUKYIOIINUX IEaroroB, TMHAMUYECKasl BU3yaln3a-
1usi ya9eOHOTO Marepralia B CPAaBHCHHH CO CTAaTHYECKOW MpEACTaBIsIET co00il Oomee
3¢ (HEKTUBHBIN METOTUYECKHUN TTpreM 00ydeHHUsI, KOTOPbIN aKTUBU3UPYET MBICTH 00Y-
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Yaroerocs, MoAAep>KUBaeT HHTEpeC K u3ydaeMoMy marepuaiy. Kak cunraror cneru-
aJUCTHI B 0OJIACTHU MCUXOJIOTUHU, B OCHOBE ATOro (heHOMeHa JiexKaT (PU3HOIOTHIECKHE
0COOEHHOCTH YeJIOBeKa. Y YelloBeKa, KaK U y JI000T0 XUITHUKA, OpTaHbl 3pCHUS UMe-
10T OJJHY O0COOEHHOCTh. XUIIHUK CIIOCOOEH 3aMETUTh WM OOHAPYXUTh OOBEKT C TO-
paszio OOJNbIIEH J0JIel BEPOSITHOCTH, €CJIM TOT HAXOAUTCS B JBH)KCHUHU. Takum o0pa-
30M, YTOOBI OOpPaTUTh BHUMAaHKUE O0YUAIOIIErOCs HA TOT WJIM MHOU OOBEKT OOyUEHHS,
Ha TO WJIA WHOE MOHATHE, €T0 HYKHO MPUBECTHU B JIBIXKCHUE, UM aHUMHUPOBATh. JIto-
0as undopmarusi BOCIPUHUMAETCS JTydllle, €CJIM OHA HOCUT IMHAMUYECKUHN XapaKTep.
Ha Takux 3aHsATHSX UHTEpEC K MPEIMETY MOBBIIICH.

Oco0eHHO akTyallbHa aHUMallMsl BOOOIIE U KOMIBIOTEpHAsT aHUMAIUsl B YAaCTHO-
CTH NpU OOy4YEHUHU TaKoW aOCTPaKTHOW yuyeOHOM JUCIUIUIMHE, Kak MareMaTuka. Kak
cuntaeT E. Bumnskosckas [ 1] «MaremaTnyeckue MyJabTUKI, KOTOPbIE IPOU3BOJISAT B
Jlaboparopun nonynsipu3anuu U npomnaranasl Mmarematuku (I1TIM) Martemaruuecko-
ro uacrtutyta uMm. B.A. CrexinoBa PAH, ymuBuTensHbl Kak MUHUMYM T10 JIByM MPUYH-
HaM. Bo-niepBBIX, OHM YMEIOT IIPEeBpaIlaTh a0OCTPAKIINN «IAPHUIIBI HAYK» B HAIJISTHBIC
UCTOPHUU O BelaX, OKPYKAIOIINX HAC B OBCEAHEBHOM *U3HU. BO-BTOpHIX, BCE MaTe-
puasbl, KOTOPBIE CO3AET 1a0OpaTOpus, 1OCTYITHBI JTIOOOMY JKeJaroleMy OecIiaTHO U
HEOTpaHUYEHHO Ha caiite «Maremarndeckue 3TIoasD (Www.etudes.ru).

[To muenuto H. Annpeesa, 3aBeayromero Jiadboparopueit [111IM, B cutyanuu cHu-
KEHUS OOIIET0 YPOBHS 00pa30BaHHOCTH, B KOTOPOU ceituac HaxonuTces Poccus, 1oHo-
CUTh UH(POPMAITUIO CTAHOBUTCA TpyaHee. «Eciu pebeHOoK He MOHMMaEeT KpacoThl MaTe-
MaTHKH WM 3a4€M OHA HY>KHA, IPUXOIUTCS MPUTyMbIBATh KAKUE-TO Pa3BleKaTeIbHbIC
dbopMel. ... [IpuxoauTcs UATH HA XUTPOCTH: MOKA3BIBATh YTO-TO KPACUBOE, ITIE IIPUME-
HSIETCA MaTeMaTHhKa, B HAJIEXK/IE, UYTO €My CTAaHET MHTEPECHO M OH 3aX0UEeT €€ U3y4yaTh
[1]. Matemaruueckue MynbT(OUIBMBI, TOATOTOBICHHBIE B J1a0OPATOPHH, BHITIOJIHEHbI
TaK, YTOOBI HEMOTHUBUPOBAHHBIE IIKOJIbHUKH, IOCMOTPEB MX, HAYAIH OOJIBIIIE YBAXKATh
MaTeMaTUKy, MOTUBUPOBAHHbBIE — HAIILJIM MaTepual i JOKa3aTeabCTBA U UCCIIeI0Ba-
HUSl, IKOJIbHBIEC YUUTEIIS — YeM MOXKHO 3aHMMAThCA € IEThbMU Ha ypoke. Maremaruye-
CKHE ATIONIBI HHTEPECHBI IS IIIKOJIBLHUKOB, CTYJACHTOB, yUUTEJIEH, MpenoiaBaTesieii By-
30B U Jake MPoQeCcCroHaTbHBIX MaTeMaTukoB. OHa U3 OCHOBHBIX MPOOJIEM, KOTOpas
MPENSITCTBYET MAaCCOBOMY YYaCTHIO MATEMAaTUKOB U IPOIPAMMHUCTOB B TIOJITOTOBKE I10-
NOOHBIX (PUIIBEMOB — OoJbIIME TPymo3arpaThl. Kaxaplii MaTeMaTHUEeCKUN ATION — 9TO
HECKOJIBKO MECSAIIEB paboThI MpodheCCUOHATBLHON KOMaHbl MATEMATUKOB U CTICITUAIIH-
CTOB 10 TPEXMEPHOI aHUMAITUH.

OcHOBHas 11€7Tb CTAaThU — MTOKA3aTh, KAK HA 3aHATHUSAX JIEKTUBHOTO Kypca OCHOBHOM
IIKOJIBl MOJKHO C(HOPMHUPOBATH y IIKOJIBHUKOB YMEHHE CAMOCTOATENIHHO U 0e3 00Jb-
KX TPYAO03aTpaT CO3/1aBaTh C MOMOIIBIO CUCTEMBI TMHAMHYECKON reoMeTpun JKupast
MaTeMaThKa aHMMallMOHHBIE ATIONBI 10 TeMe «[ eoMeTpruyeckre moCTPOCHHsI Ha TLI0-
ckoct». B JKuBoit MmaTemaTuke [2] uMeeTcst Tpu OCHOBHBIX crioco0a 3aaHus aHuMa-
IIUU: py4YHas, KHOTIOYHAs ¥ TIONI3yHKOBasi. Pyynas anumayus pencTaBiser codoii ca-
MBI TIPOCTOI croco0 MmepeMenieHus FTeOMETPUIECKOr0 MM TEKCTOBOTO 00BhEKTa Ha
pabodem mone cpenbl. [ 3Toro Kypcopom BeiOMpaeTcs UHCTpyMEHT «CTpernkay, C
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MIOMOIIIHIO0 KOTOPOTO MOJIH30BATENIb MOXKET MEPEHOCUTS JIF0OOH 0OBEKT, HaBe I Ha HETO
Kypcop, Ha)KaB U yJIeP>KUBast JIEBYIO KJIaBUITY MbIIIH. J[J1 TOTO 4TOOBI /17151 BEIOpAHHO-
ro Ha ’KpaHe oObeKTa B cpese JKuBasi MaTeMaTuka 3a7aTb KHONOUHYIO AHUMAYUIO, TT0-
CTaTOYHO BBIJIETUTH dTOT OOBEKT, 3aiiTH B MeHto «IIpaBkay, BeIOpaTh omniuto «Kuom-
K1y, Aajiee — kKoManny «Aaumarusy win «[lepememnienue». Komnbsiorepuyto (non3ym-
KOBYI0) aHUMAyui0 MOXHO 3371aTh C TIOMOIIBIO MOJI3yHKA, KOTOPHIN MepeMeIIaeTcs mo
HEKOTOPOMY OTPE3KY WJIM Iyre OKPYKHOCTH.

B kauecTBe npumepa paccCMOTpUM co3aaHue B cpeae JKupas MmaTeMaruka JuHA-
MHUYECKOM MOJEIHU IUIOCKOTO MAPHUPHOTO MEXaHW3Ma, TPUCEKTOpa yriia, O3BOJIS-
IOIIETO Pa3JeInuTh MPOU3BOJBHBIN Yrojl Ha TPU paBHbIe YacTU. VI3BECTHBI pa3HbIE
BHU/Ibl TAKMX MEXAHU3MOB, Mbl BOCIIOJIb3yeMCs TEM, KOTOPBIM MPEACTABIEH Ha cail-
te http://www.etudes.ru/ru/etudes/angle-trisection madoparopuu IIIIM H. Anapee-
Ba. OcHOBHas reoMeTpuueckas Gurypa, ucnoyibzyemas Ipu MOCTPOCHUU ITOTO Me-
XaHU3Ma, aHTUIAPAIIIETIOTPaMM, KOTOPBIM MPEACTaBIIeT COO0M MIOCKYIO 3aMKHY-
Tyto jomanyo ABCD, B kotopoit AB = CD, BC = AD u Hu ofHa napa npOTHBOIIO-
JIO)KHBIX CTOPOH HE MapaliesibHa.

[lepen Tem Kak MPUCTYIUTH K co3aaHuto auHamudeckoro GSP-daiina sToro Tpu-
CEKTOpa, HEOOXOAMMO HE TOJBKO pa3o0parhcsi ¢ €ro MaTeMaTH4YeCKUM O00OCHOBAaHU-
€M, HO ¥ TIOJPOOHO MPOAyMaTh BCE ITAIbl TOCTPOCHUSI B CPEJIE
JKuBas maremaruka. B Haiiem citydae cieayer, Ipexae BCero,
b MOCTPOUTH IUHAMUYECKYIO MOJIEIIb IIAPHUPHOTO aHTUIapaILIe-
norpamma. [Ipyu mocTpoeHHH MApHUPHBIX MEXAaHU3MOB YI00-
HO 3aUKCUPOBATh OT/IEITBLHO OTPE3KH, KOTOPBIE OYyT CIY>KUTh
MOJIEJIIMU JIMHEWHBIX AJIIEMEHTOB MEXaHHU3Ma (€ro 3BEHbSIMU), COCIUHSIEMBIX IPYT C
JPYyroM IHIapHUpaMU-TOYKaMu. [ aHTUIapamienorpaMmMa JOCTaTOYHO 3a(UKCHPO-
BaTh JIB€ €T0 CMEKHBIE CTOPOHBI, T.€. OTPE3KH a U b, KOTOpbIE N300paKal0TCs B BEpX-
Hel yacTu padouero moust (puc. 1).

[IpuctynuM K MOCTPOCHUIO aHTUIApAJIIEIIO-

rpamma ABCD. N3006pa3um npon3BoIbHYIO TOUKy B,
IIOCTPOMM JIBE OKPYKHOCTH C, M C, C LIEHTPOM B TOY-
ke B u paguycoB a u b cOOTBETCTBEHHO, CTHIIb JIH-

/

Ui «Torkui». [IocTporM Ha OKPYKHOCTH C, TOUKY c‘

\
A, Ha OKPYKHOCTH C, — TOYKY C, COEIMHUM TOYKH A |

\
u B orpeskom AB, touku B u C — orpesxkom BC, B
o0oux ciydasiX CTWJIb JIMHUM BhIOepeM « KupHbIii»

(puc. 2). Utak, nepBble 1B€ CTOPOHBI aHTHIapaLie-

JorpaMma rotossl. byziem cunrtarb, 4ToO MApHUPHL A S

u B — 3adukcuponansl, a mapaup C — MOABUKHBIN Puc. 2
(anumaronnas Touka). Ecou Teneps uepes A u C

IpOBECTH MpsiMble, Tapauiesbibie BC 1 AB cOOTBETCTBEHHO, TO MBI ITOJIyYUM Tapaj-
JIeJIOrpaMM, KOTOPBIM OyJIeT 0CTaBaThCA TAKOBBIM MPHU JII0OOOM MoNIokeHUH Touku C
Ha OKPY’KHOCTH C,. YTOOBI 5TOr0 HE NPOU30LLIO, HOCTPOUM TOUKY D KaK OAHY M3 TO-

a

Puc. 1

‘¢A
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YEK TEPECEUCHHUS] OKPYIKHOCTH C, C LICH-
TpoM B Touke C M painyca a U OKpYyKHO-
CTH C, C IIEHTPOM B TOYKE A W pajauyca
b. Ha puc. 3 BeiOpana ta u3 aByxX OOIIHX
TOYEK OKPYKHOCTEH C, U C , U KOTOPOU
ABCD — napaiuienorpamm.

[TocTpouM aBe ocTaBHIMECS CTOPO-
Hbl AD nu CD mnapannenorpaMmma, oTme-
THM MapKepOM paBHbIE Naphl YIJIOB IIPHU

Puc. 3

€Clii U3 JIByX OOIIMX TOYEK BHIOpa-
Ha Ta, KOTOpas pacHOJIOKEHA HUKE
0 OTHOUIIEHHUIO KO BTOPOH, TO IpPHU
1000M HM3MEHEHUU PACIOIO0KEHUS
U pa3MEPOB OKPYKHOCTEMN cpejia co-
XpaHsieT 3TOT BBIOOP, T.€., €CIIU pac-
nosioxkuth C Bbllle OpsiMond AB, To
ABCD — npeBpatuTcs B aHTUNApal-
nenorpamm (puc. 4). Ormerum pa-
BEHCTBO mapsl yrioB BAD u BCD
u napsl yriioB ABC u ADC. Teneps
HaM OCTaJloCh CHpATaThb BCE BCIIO-
MOraTeJbHbIe OKPYKHOCTU WU MPO-
JOJKUTh CTPOUTHh MOZEIb UCKOMOTO
HIaPHUPHOTO MEXaHU3MA.

K C

Puc. 5 D

BepinHax 4, C u B, D. YxBaTtumcs MblIIi-
KO 3a TouKy C ¥ Ha9YHEM €€ IepeMeIarh
T10 OKPY’KHOCTH C, IIPOTHUB JIBMIKEHHUS Ya-
COBOM CTPEJIKHU.

Oco0eHHOCTH TIOCTPOCHHSI TOYEK
IepeceueHus JIByX OKPYy>KHOCTEH B cpe-
ne JKuBasi maremarwka TaKOBBI, YTO

Puc. 4

HobGaBum k anTumnapamwieisorpammy ABCD
enle onuH aHtunapaenorpamm CBKG (puc.
5), MONOOHBINA MOCTPOSHHOMY, U PACIOJIOKUM
ero Tak, utoObl G npuHajyiexkana orpesky CD,
KG = BC = b. muny cropon BK u CG, no-
OaBJICHHOTO aHTUNapayUierorpaMma, 0003Ha-
yum uepes c. V3 mogo0us anTumnapamienorpam-
MoB ciaenyert, uto CG : AD = CB : AB wim ¢/b
= b/a, orcroga ¢ = b’/a. OTpe30K ¢ mpeacTas-
asieT coOOM YeTBEPThIM MPOMOPIIMOHATBHBIN
K JaHHBIM oTpe3kam b, b u a, ero mocrpoenue
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LUAPKYJIEM U JIMHEUKOW XOopomo u3BecTHO. [locne mocTtpoeHus orpeska ¢ mocieno-
BaTEJIbHO CTPOSTCS cHadana Touka G, 3aTrem Touka K, Kak mepeceueHue JIByX OKpyxK-
HOCTEH, mepBasi — ¢ IIEHTPOM B U paauyca ¢ u Bropas — ¢ rieatpom G u paauyca b (K
u G no pasnsie croponsl otHOocuTenbHO BC). Utak, CBKG — BTOpOIl aHTHMIapa’ie-
aorpamm. IIpu stom LKBC = ZKGC (1o cBoiictBy antunapauienorpamma CBKG),
ZKGC = ZCDA (cnenyer u3 nomobusi antunapasuienorpammoB ABCD u CBKGQG),
ZCDA = ZCBA (10 CcBOWCTBY aHTHHIapalie- C

norpamma ABCD). Takum oOpazom, BC — 6uc- K _d
cekrpuca yria DABK.

JlobaBuM eme OMH aHTHmapamieno- M
rpamm KBML (puc. 6), momno6HbIN ABYM mpe-
BIIYIINM TaK, 4T00bI L nmpuHaexana orpes-
ky KG, ML = BK = c. lnuny cropon BM u
KL, mo0aBieHHOTO aHTHUIIapajieJorpaMmma,
o6o3naunm d, Beipazum d uepes b u c. U3 mo-
n00Ws aHTHMAPAIIIEIIONPAMMOB CJIEYET, YTO
KL : CG =KB : BC unu d/c = ¢/b, orcrona d
= ¢%*/b. OTpe3ok d — CTpoOUTCS KaK 4eTBEPThIH MPOMOPIIMOHATBHBIN K JaHHBIM OTPE3-
KaM ¢, ¢ u b. Kak u B mpenpiayieM ciydae, CTpouTcs: antunapasuienorpamm KBML.
[Tpu stom nyu BK siBnisiercs 6uccexkrpucoit yrma DPCBM. Ho Torna myun BC u BK ne-
astT yro1 DABM Ha Tpu paBHBIE YacTH.

Puc. 6 D

CkpbiBas 0003HaUYCHUSI IIIAPHUPOB U 3BEHHEB
MeXaHu3Ma, OTMETKH MapKepoM W, IMpOIIsis Ha-
npasieHHbie oTpe3ku BA, BC, BK u BM 1o Bek-
TOPOB OJHOM JUIMHBI, Hanmpumep a+l, moiyya-
€M HCKOMBIA TpUCEKTOp (puc. 7) ¢ aHUMAIMOH-
HOW TOYKOM, T.€. MOJI€JIb IIIAPHUPHOTO TPUCEKTO-
pa ynia. OTMEeTUM, 4TO HOCTPOEHUE TPUCEKTOpa
cpeacrBaMu cpeanl JKuBas MmaremMaTHKa BIIOJIHE
10 CHJIaM Y4allIuMCs IEBATOrO Kjacca.
[TonbITKH pelnTh 3a7a4y TPUCEKIMH YIJIa C
MOMOILIbIO PA3JIUYHBIX UHCTPYMEHTOB MpPEApU-
HUMAJIMCh eme B V B. 10 H. 3. Tak, Hanpumep,
I'unmuit Dnuackuii, 3HAMEHUTHIA CO(MUCT, KUB-
Puc. 7 muid okosio 420 1. 10 H. 3., OJIB30BAJICS JJIs1 TPU-
CEKLHHU yIJia CIEUaIbHON KPUBOM, KOTOPYIO Ha-
3BajM KBajparpucoil. Anekcanapuiickuii MareMatuk Hukomen (II B. 1o H. 3.) pemun
3a71a4y TPUCEKLHUH yIJia C TOMOIIBIO OHOW KPUBOM, HA3BAHHOW KOHXouou Hukome-
na. Hamu co3man MareMarnyeCcKruil aHUMAIMOHHBIN 3TIOM O JICJICHUM YIJia HAa TP PaB-
HbI€ 4acTH B cpeje JKruBasg MaremMaTuka py MOMOIIY JIMHEWMKHU cO BCTaBKOU. Mcromnb-
30BaTh TaKylO JUHEUKY npeainoxuil Apxumen (287-212 no H.3.). Ha puc. 8 npexacras-
JeH (UHATBHBIN CTOM-Kap ATOTO ATIOAA.
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LleneHvie yrna Ha Tpu paBHble YacTu

1. MocTpoum yron QOP vooma]  5Q
2. Moctponm

OKPYXKHOCTb C LIEHTPOM
O v paguycom AB

3. Moctpoum C -
nepecevenvie (OQ) n
OKPY>XHOCTU

4. Moctpoum ny4 OA
5. MNpuknageiBaem
TIMHENKY Tak, YTobbl ee
CTOpPOHa NPOXoaURa
Yepes nepeceyq
OKPYKHOCTU C YY" O
QOP, a Touka B

BCTana Ha

OKpPYXHOCTb. Toraa

yron BAO 6ynet

VCKOMOW TpeTbew

YacTbto yrna QOP.

B

Puc. 8

CrennanbHbIE UHCTPYMEHT «TOMAaraBK», M300pETEHHBIN Ui pelieHus 3aJadu
TPUCEKIIMH yIa, n300pakeH Ha puc. 9. Hamu B cpene KuBas maremaruka co3aH ma-
TeMaTU4eCKU aHUMAMOHHBIN 3TIO/ O JICJICHUU YIUIA HAa TPU PABHbBIC YACTH IIPU IIOMO-
M Tomaraska. Ha puc. 9 npeacrasieH puHaIbHBIN CTON-KaAp ATOTO ITIOAA.

[enexue yrna Ha Tpy paBHble YacTu

Puc. 9

O06a 3Troa HE TOJNBKO MPEAOCTABISIIOT BOBMOKHOCTh IPOCMOTPETh MYJIBTHILIN-
KallMOHHBIE (PMIIBMBI O PEIICHUH 3a7a4U TPUCEKIIMU yIJIa C TTIOMOIIBIO TOMaraBKa Win
JIMHEVKHU CO BCTABKOM, HO U ITO3BOJISIFOT C IMOMOIIBIO MBILIN ITEpEMENIATh YKa3aHHbIE
WHCTPYMEHTHI, TOOMBAsICh CAMOCTOSITEIILHOTO PEIICHUS 3a1a4i TPUCEKIIUHU yTIIa.

buonuorpadumyecKkum cnMCoK

1. Bummnskosckas E. Onun pa3 ysuners. M.: Hayka u sxussb. 2011. Ne 12. C. 11-16.
2. Kusasg Marematuka 5.0: COOpHHK METOAMYECKUX MaTepuasioB (coctaButenu: [LA. AmkemsH,
B.H. [ly6posckuii u ap.). M.: UHT, 2013. 205 c.
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O C/105X B TPYIIE

ON LAYERS IN GROUP

B.A. CeHawoB V.l. Senashov

I'pynna, cnoit, nopsadok nemenma, MOUWHOCHMb C105, ZPynNna OulIoOpa, 60CCMAHOGIEHUE ZPYNNbl,
C101HO KOHeuHas zpynna.

B paGote paccmarpuBaeTcsi B3aUMOOTHOILIIEHUE cJ10eB B rpynnax. PaccMorpeHo, kakoe KoJiu-
4eCTBO CJI0eB MOKeT ObITh B rpynine. BoruuciieHo MakcuMaibHOEe 1 MUHMMAJIbHOE KOJIMYeCTBO
¢JIOeB B KOHEeYHOM rpymnmne. PaccMoTpeHo, kKakoe KOJIMYeCTBO 3JIEeMEHTOB MOKeT ObITh Ha ¢JIoe
B IMKJIHYecKoil rpynmne. i uMKJINYeCKUX IPYNIl ¥ TPy JUIAPa PACCMOTPEHbI 3aKOHOMeEp-
HOCTH HANOJHEHHOCTH CJI0€B.

Group, layer, order of elements, layer thickness, dihedral group, group recovery, layer-finite group.
The paper discusses the relationship of layers in groups. Considered how many layers can be
in a group. Calculated, the maximum and minimum number of layers in the finite group. Con-
sidered how many elements can be on a layer in a cyclic group. For cyclic groups and dihedral
groups, the regularities of the fullness of the layers are considered.

BegeHnne. Cioem TpyNIbl HA3bIBAETCSI MHOXKECTBO 3JIEMEHTOB OIHOTO MOPSIKA.
[Tonsitue cnoitHo koreunoi rpynmsl BBen C.H. UepaukoB. Hanbonee nn-
TEHCHUBHBIE UCCJIEIOBAHUS CBOMCTB CIOMHO KOHEUHBIX IPYII poBoauiu B 40-

X, 50-x rr. C.H. YepHukos, P. bap, X.X. MyxammexaH.

B npon3BOJIBHBIX CIIOMHO KOHEYHBIX IPYIIIAX KaPTUHA HAIIOJHEHHOCTH CJIOEB MO-
KET OBITh JOBOJIBHO CJIOXKHAs1. J[J1s1 omucaHusi MOITHOCTEN CJIOEB MOJIHBIX CIOMHO KO-
HEYHBIX MPUMAPHBIX TPYII MOAXOIAT MpsMble, apabonbl. B ciiydae HenmpuMapHBIX
MIOJTHBIX CJIOMHO KOHEYHBIX TPYMI YKe YIOOHO MEPEUTH K MPOCTPAHCTBAM OOJIBITNX
Pa3sMEpPHOCTEN: MPU ABYX MPOCTHIX ACIUTEIAX MOIYYAIOTCSI KPACUBBIE CIIOWHBIE Kap-
THHBI C MOBEPXHOCTIMU PA3ITUYHBIX TOPSIKOB.

B o611em cityyae clIoiHO KOHEYHOM IPYNIbl B HU3KHUX CJIOAX KAPTUHA MOKET ObITh
camasi pazHooOpasHasi, HO, HaYMHas C HEKOTOPOro HOMEpPa, OHA Takas e, Kak U JUist
MOJIHBIX CJIOWHO KOHEYHBIX TPYMIL.

PaccMoTpruM HEKOTOpBIE CBOMCTBA CIOEB B TPYIIIIE.

[TocMOTpUM, KaKO€ KOJTUYECTBO CIOEB MOXKET OBbITh B KOHEUHOU T'PYIIIIE.

ITycTh |G|= pf -...- p, TO €€ MAKCUMAIIbHOE KOJMYECTBO CIOEB MOKHO BBIYMCIIHTh
creyromuM 06pazoM. O6umii Bug HOMeEpa cllos py -...- py ,TAe i; Mensercs ot 110 k; . To
ectbBceroumeetcs (k, +1)-...- (k. +1) BO3MOXHOCTEH AJ1sl HOMEpa CJ10s1. DTOT cllydail MaK-
CHMAJIBLHOTO KOJIMYECTBA CIIOEB PEATM3YETCS HALIMKIINIECKOM IPYIIIIEMIOPSAKA Py -...- p .

ITo Teopeme CutoBa jiist rpymnbl G mopsaka pf -...- p MMEITCS CJI0M ¢ HOMEpaMK
Priyeees P sers Pysees P M €IIIE€ €IMHUYHBIN CI0M. TO €CTH MUHUMAJIBHOE KOJHYECTBO CJIO-
€B Ha clioitHOM Tpade crneayromiee k +...+k +1. DTOT BapuaHT peann3yeTcs Ha TPYIIe
S,. [lelicTBUTENBHO, TOPSIIOK |§| =2-3,k =1,k =1, toects 3 cinost (k +K, +1=3).
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J171s1 TPOU3BOJILHOTO HOMEPA CJ10s1 K KOJTMUECTBO 3JIEMEHTOB 3TOTO CJIOS B I[UKIIH-
YEeCKO# rpyrie paBHO ¢(K) — KOJUYECTBY B3aUMHO MPOCThIX uncen ¢ K. B mukinye-
CKOM rpyrire 3Ta GyHKIUs JOCTUTaeT MaKCUMyMa Ha P-CJI0€ JIJIst IPOCTOro uncia P (B
ATOM Cy4ae KOJIMYECTBO JIEMEHTOB Ha cioe P-1).

PaccmoTpuM 3aKOHOMEPHOCTH HAIMOIHEHHOCTH CJOEB IJis rpynn audapa. Jiis
2-cI10sl Tpynnsl qusaipa D, UMEETCs ABE BO3MOXKHOCTH. Eciii N — HeueTHoe, TO 2-cioit
COJIEPKUT N 3JIEMEHTOB. MOIIIHOCTH OCTaIbHBIX CJIOEB BBIYUCIISIIOTCS KaK JJIs LIUKJIIU-
yeckol rpymnnsl C,. Eciii N—4eTHoe, To Ha 2-Ciioe coaepkuTcesa N+1 3eMeHT, a ocTalb-
HbIE HOMEPA CJIOEB BBIUMCIISIIOTCS TaK e, KaK U B CIy4dae MUKINYECKon rpymsl C,.

B o01eMm cityyae B KOHEUHOU TpyIine Ha 2-CJI0€ MOXKET COAEpkKaThCs Jto0oe He-
YETHOE YHUCIIO AJIEMEHTOB. Hampumep, B rpynmnax ausapa Ha 2-clioe uMeeTcs Jr0oe
HEYETHOE YMCIIO DJIEMEHTOB HaunHasi ¢ 3. B aneMeHnTapHoii abeneBoii 2-rpymnme MOXKHO
Opath JTF000€ KOJIMYECTBO MPSMBIX MHOXKHUTEINIEH U COOTBETCTBEHHO MOJIy4aTh IPYIIIIBI
C KOJIMYECTBOM 3JIEMEHTOB Ha 2-cioe 1, 3, 7, 15, ...

B rpymmne moxet ObITh 2 cliosi, P-CJI0i U Q-CJIOH, HO MOXKET He ObITh P(g-ciosi. Ha-
npumep, B S, ecTh ciiou 2 U 3, HO HET 6-CI1o4l.

C yBenuueHrneM HOMepa CJI0sl B UKIMYECKOM IPyIINe KOJTUYECTBO JIEMEHTOB, KakK
PABUIIO, HA 9TOM CJIOC YBEIHINUBACTCS, HALIPUMED, B LIUKIMIECKOii rpymme C,, Tpu p
=3, g =5, Ha 3-clI0€ HaXOAUTCS JIBa 3JIEMEHTA, Ha 5-CJI0€ HAXOAUTCS YETHIPE AIEMEH-
Ta. JlJis MpOU3BOJIBHBIX TPYIIN 3TO HEBEpHO. Hanpumep, B rpynne D,, Ha 2-ClI0€ HAaXO-
JUTCS IEBSITh AJIEMEHTOB, @ Ha 3-CJI0€ HaXOJUTCS JIBa 3JIEMEHTA.

B OGeckoHEUHBIX Tpymmax CJIOM MOTYT ObITh KOHEYHBIMU M O€CKOHEYHBIMH. Bo
BCEX CJIOMHO KOHEYHBIX I'PyINax cjion kKoHeuHbIe. B kBazunukindeckout p-rpymnmne C o
BCE cJIou KOHeuHHI. [Ipsmoe npousBeneHrne 6€CKOHEYHOTO YUCIa IIUKINYECKUX TPYIII
OJTHOTO Y TOTO K€ MPOCTOTO MOPSAKA p SBISETCS TPYNNON ¢ OECKOHEYHBIM P-CIOEM.
[Ipsimoe mpousBereHNEe OECKOHEYHOTO YMCa IMUKINYECKUX TPYIIT Pa3HBIX MPOCTHIX
MOPSIAKOB SIBJISIETCS TPYNIION C KOHEUHBIMHU CIIOSIMHU.

Ecnu cnoit cocTouT U3 0JHOI0 dJIeMEHTa, TO 3TO 100 1-cioi, 1ubo 2-ciaoi. B mu-
KJINYECKOW TPYIINE C MOPAJIKOM, ACISIIIUMCS Ha 3, 3-CJI0OM COCTOUT U3 2 3IIEMEHTOB.

OO0beuHEeHNEe HEKOTOPBIX CII0EB MHOT/A SBIISIETCS TPYIINON, HO HE BCET/Ia ATO TakK.
Hampumep, B nukimMueckux rpymnmax oobeauHeHue l-cimost u (-ciosi I IpOCTOTO
yucia ( SBISETCS TPYNION, a B MPOCThIX KOHEYHBIX TPYyINax oObeaquHeHue 1-cios u
2-CII0s1 HE SIBIIIETCS TPYIIION.

Cnucok HOMEpOB CIIOEB TPYIIIbl MHOTZIA TO3BOJISET OAHO3HAYHO BOCCTAHOBUTD.
[Ipumep Takoro BoccTaHOBIEHHUS AaeT TeopeMa: [lycte M > 2 — HaTypajabHOE YHCIIO,
L — mob6as u3 rpynm L (2™) n U (2™). Eciin G — koneunas rpynma, 1j1s kotopoit w(G)
=w(L), To G 0 L [2]. Ans koHeuHo# rpynnsl H criektp o6o3nagaercs yepes w(H).
CrexTpom Ha3bIBAETCS MHOXKECTBO MOPSIKOB JIEMEHTOB TPYIIIBI.

Eme onuH npumep OJHO3HAYHOTO BOCCTAHOBJIEHUS TPYIIbI 10 HOMEPAM CIIOEB.
Ecnu rpynna umeer tonbko ciou 1, 2, 3, 5, To 3TO rpynna 4eTHBIX MOJCTAHOBOK Ha
nsity anemenTax (A.C. Konaparees, B.Jl. Masypos [1]), T.e., B 3TOM ciydae TOXe 10
CITUCKY CJIOEB MOYKEM OJTHO3HAYHO BOCCTAHOBUTH T'PYIIILY.
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Ob UCCJZIEAOBATEJ/IbCKOM NMOoAXOAE

K OBYHEHUIO YHALLUXCSH 8 KJIACCA TEME
«4YETBIPEXYTOJIbHUKW»

C UCNOJIb3OBAHUEM CPEbl XXUBAY1l MATEMATUKA

ON THE RESEARCH APPROACH TO THE INSTRUCTION
OF THE STUDENTS 8 OF CLASS THEME «QUADRANGLES»
WITH THE USE OF A MEDIUM LIVING MATHEMATICS

A.A. AnekKcawos, B.P. Maitep A.A. Alexashov, V.R. Mayer

Hccneoosamenvckuit nooxoo, cucmema OuHamu4eckou 2eomempuu, /Kuean mamemamuka, ue-
mulPexy20abHUKU, RAPANNEI0ZPAMM.

PaccmarpuBaeTcs ucc/ie10BaTeIbCKH MOAX0] K U3Yy4eHHIO TeMbl «UeThIpexyroabHUKN» ¢ HC-
NM0JIb30BaHMEM JHHAMHYECKOil cpeabl ZKuBass maremaruka. B pamkax nmoaxoaa HarjisigiHo jie-
MOHCTPHpYeTCsl NMPOBeJAeHNEe KOMIIBIOTEPHOI0 JIKCIEPUMEHTa HA NMpuMepe M3YYeHUHM TeMbI
«IHapajesorpamm».

Research approach, the system of dynamic geometry, living mathematics, quadrangles, parallelogram.
We consider a research approach to the topic “Quadrangles” using the dynamic environment
of living mathematics. In the context of this approach, a mathematical experiment is demon-
strated on the example of studying the topic “Parallelogram”.

pena JKuasi maremMaruka MOpPEeAOCTABISICT YUYUTEII0 MAaTEeMaTUKH BO3MOXK-

HOCTh CYIIECTBEHHO YBEJIWYHUTH JOJI0 MCCIEA0BATEIbCKON JEeATEIbHO-

CTHU B y4eOHOM TIpoIiecce, CTUMYJIMPOBATh HHTEPEC YUaIIUXCSI K caMOCTOs-
TEJIbHOMY MOMCKY HOBOTO 3HaHUs, CIIOCOOCTBOBATh OCO3HAHUIO 3HAUCHUS TOU Je-
STEALHOCTHU [ caMopeanu3ainuu. [IpoBeieHHbIN HaMU aHANW3 MEePEIOBOro Ieja-
TOTMYECKOT0 OIbITa UCIOIB30BAHUSI BO3MOXKHOCTEH CUCTEM JUHAMUYECKOU reome-
Tpuu B Poccuu u 3a pyOGexoM mokasai, 4To JaHHOE CPEICTBO MOXKET OBITh MUCIIONb-
30BaHO JIJISI OpTaHU3AlMHU MMPOBEACHUS KOMITBIOTEPHBIX IKCIIEPHMEHTOB IpaKTH4e-
CKHM Ha BCEX dTanax y4eOHoi paOoThl ¢ TEOPEMON MPHU peau3allii UCCIIeI0BaTEIb-
CKOT'O T0/IX0/1a K 00yUYEeHHUIO reoMeTpuu. B 3aBUCUMOCTH OT MeCTa KOMITbIOTEPHOTO
AKCIIEPUMEHTA B CTPYKTYpPE THOCEOJOTHYECKOTO LHKJIa YUeOHOTO MaTeMaTUYeCKOTO
MO3HAHMUSI HAMH BBIJICJIEHBI CIEAYIOUIME BUAbl JHUIAKTUYECKUX HKCIIEPUMEHTOB,
KOTOPBIE MUCIIOIB3YIOTCS MPU UCCIEAOBATEIHCKOM 00yYEHUN MaTeMaTUKE B IIKOJIE B
CTHJIE PKCIIEPUMEHTAIILHON MaremMatuku [1].

1. Koncmpykmughwviii KOMIBIOTEPHBIA SKCIEPUMEHT MIPUMEHSIETCS € LEIBIO IPO-
BEPKH CYIIECTBOBaHUS 00BEKTA, OMUCAHHOTO B YCIOBUM TEOPEMBI, a TAKXKE C LEIbIO
CO3/aHMs YYaIIUMHCS 00pa3a TeOMETPUUYECKON KOH(MUTyparuu, KOTOpasi SBIISCTCS
obwekToM uccienoBanus. (A.B. Auuudeponra, B.P. Maiiep u ap.)
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2. Unmocmpamuenslil SKCIIEPUMEHT — KOMIBIOTEpHAs BU3yajau3alusi JoKaza-
TEIHCTB JCyKTUBHBIM METOJIOM, TPUMEHSETCS C IeIbI0 00JIeTYeHusl yJaiuMes To-
HUMAaHUS CYITHOCTH JIOKa3aTeIbCTBA, & TAKXKE MOJIBE/ICHUS UX K OOHAPYKEHUIO UJICH
nokazarenbcTBa (B.H. Jlyoposckuii, B.A. Jlanunrep, T.®. Cepreesa, J[xx. Xanna, Jle
Bunwe, [I>xoHc u 1p.)

3. Paszsedounniii (npedsapumenvhulii) KOMIBIOTEPHBIM SKCTICPUMEHT ITPUMEHSICTCS
C LIETBIO TIOJIBEJICHUS YUAITUXCA K OTKPBITHIO (haKTa TEOPEMbI MM K MOCTAHOBKE 3a-
nauu Ha jokazarenbeTBo (A.B. Anmudepona, B.P. Maiiep, B.A. Jlanunrep, Jle Bunbe,
JIx.XaHHa, u 1p.). [JaHHbBIN SKCIIEPUMEHT CTaBUTCS B YCIOBUSAX OTPAHUYEHHOCTH CJie-
TYIOIINX BUJIOB 3HAHUHN 00 OOBEKTE WIIH MPEAMETE HUCCIICTOBAHUS:

1) Heu3BeCTEH BUI METPUUYECKOTO COOTHOIIEHUS, UMEETCSI JIUIIb MOA03PEHUE O 3a-
BHCUMOCTH OJTHOM T€OMETPUYECKON BEJIMYNHBI OT APYTrOM WU IPYTHX;

2) HEM3BECTEH BUJI TEOMETPUUYECKOTO 00BEKTA, HMEIOTCS JIUIIH CBEICHUS O €T0 XKe-
JIAaGMBIX CBOMCTBAX;

3) HEU3BECTEH XapaKkTep NO3ULUOHHBIX CBOMCTB 3JIEMEHTOB F€OMETPUUECKOIN KOH-
duryparum, uMeeTcs JUIIh HHTEPEC Y3HATh O COXPAHEHUH WJIM YCIOBUSIX U3MEHEHUS
B3aUMHOTI'O PACIIOJI0XKEHUS OJHUX FJIEMEHTOB OTHOCUTEIBHO APYTHX.

4. KonmponvHslii KOMIIBIOTEPHBIN SKCIIEPUMEHT MPUMEHSIETCS C IIEJIbI0 BHIOOpA
paboyeil TUIOTE3bl U3 HECKOJIBKUX aJIbTEPHATHB, YTOUHEHUS THUIIOTE3bI, ONPOBEPIKE-
HUSI BBICKA3aHHOTO yTBEPKIEHUs WK yoexxaenus B ero uctuaHoct (B.H. 1yGpos-
ckuit, B.W. Pooxuk, A.B. Cepena, O.A. bopoBkoBa, JI>xoHc, J[>x. XaHnHa u ap.)

5. Moouguyupyrowuii KOMIBIOTEPHBIN YKCIIEPUMEHT MPUMEHSIETCS C IIEJIbI0 Pa3-
BUTHS UJIEU TEOPEMBI UM YCTAHOBJIEHUSI €€ COIEP/KATEIILHOM CBSI3H C paHee JOKa3aH-
HbiMU yTBepxkaeHusMu (B.U. Peokuk, P. Jleiikun, JI. I'poccman u nip.).

Ha u3yuenue tembl «HeThIpeXyrobHUKN» pabodeit mporpaMMoit B 8 Ki1acce OTBO-
mutcst 14 gaco. [IpuBenem Tabauiry, B KOTOPOH 3HAKOM «1» OTMETUM, KaKue U3 pas-
JICJIOB ¥ ITyHKTOB ATOM TE€MbI yueOHUKA [2] MOTYT OBITh TIOJIZIEP>KaHbI, IO HAIIIEMY MHe-
HUIO, OJHUM U3 BUJOB JUIAKTHUYECKUX IKCIIEPUMEHTOB:

Tabnuya
Buowvi ouoaxmuueckux sxcnepumenmos Npu U3y4eHNU TeMbl «UeTbIpexyroabHuKN»
Paznensi, Konctpyk. | Mnmmroctp. | PasBenou. | Kontpon. | Moaud.
MYHKTHI y4eOHHUKA OKCHEP-T. | AKCHEP-T. | IKCHEpP-T. | DKCMEp-T. | DIKCIHep.
1 2 3 4 5 6
Mnozoyzonenuru
I1. 40. MHOTOYTOJIbHUK +
I1. 41. BoIyKJIbIi1 MHOTOYTOJIBHUK + + +
I1. 42. YeTbIpeXyroJabHUK +
3amaua 364 +
3agaua 370 + +
llapannenocpamm u mpaneyus
I1. 43. ITapannenorpamMmm + + +
I1. 44. Ilpu3Haku nmapajuiesorpaMmma +++ +++
I1. 45. Tpanenust +
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Oxonuanue maom.

1 2 3 4 5 6
3amauga 375 + + +
3agaua 394 +
Ipsimoyeonvhux, pomb, keaopam
I1. 46. IIpssMOyTrONIBHUK + + +
I1. 47. Pom6 u kBagpar + + +
3agaua 404 +
3amaua 411 +

[IponemoHCTpHUpyeM Hallle IpeICTaBIeHNE O TOM, KAKMM 00pPa30M HCCIIeI0BaTENb-
ckoe 00yueHHe B CTUJIC SKCIIEPUMEHTAIbHON MaTeMaTUKH MOKET ObITh OPraHu30BaHO
npu o0y4eHuH, HanpuMmep, MyHKTy «IIpu3Haku napamienorpamma.

Ha ypoke, NOCBSILIEHHOM M3YYE€HUIO JAHHOW TEMbI, MOYKHO IPOBECTH Pa3BEI0U-
HbI€ U KOHTPOJbHBIE SKCIIEPUMEHTHI, CBSI3aHHBIE C MCIOJIb30BAHUEM TOTOBBIX -
HaMHUYECKUX MOJIeNIeH JJ1s1 cOopa AKCIEPUMEHTANIBHBIX JAHHBIX, MO3BOJISIONIUX BbI-
JBUHYTh YUYEHHUKAM CMIIOTE3bI O PU3HAKAX MapajuiesiorpaMma. B cooTBeTCTBYOIIEN
CTPOKE TAOJIUIIBI B YETBEPTOM H IMSITOM CTOJIOIAX HAMH OTMEUYEHBI 110 TP 3HAKA «+).
DTO 03HAYAET, YTO M0 KAKJIOMY MPU3HAKY MOKHO MPOBECTH KaK pa3BeIOYHbIN, TaK U
KOHTPOJIbHBIN SKCITEPUMEHTHI.

Onucanue no020mo6KU OUHAMUYECKO20 Yepmedica OJisl IKCHEPUMEHMA NO Nepeo-
MY NPUZHAKY NApaiienocpamma. Y 4uTellb 10 ypoka caMOCTOSATEIbHO WU C TOMOUIBIO
YYEHUKOB (HampuMmep, Ha OJTHOM M3 3aHATUHN 2JIEKTUBHOTO Kypca) TOTOBUT K YPOKY JIH-
HAMHUYECKYIO0 MOJIENIb YEThIPEXYTOJIbHUKA, Y KOTOPOTO OJIHA Iapa MPOTHUBOIMOIOKHBIX
CTOPOH MapajuiesibHa U OAHOBPEMEHHO UMEET PaBHBIE JJIMHBI. Y UUTEIIO0 HE PEKOMEH-
JyeTCsl UCTIOJIH30BaTh ISl MOCTPOCHUSI UMECIOIITUICS B PACIIOPSKEHUU yHaIlIUXCS TO-
TOBbI MHCTpyMEHT «llapamienorpammy, 3areM, IPOBOAS 3KCIEPUMEHT, IPOBEPSITH,
YTO OH Napaienorpamm. Bepuee, nenarb BUj, 4TO NPOBEPSTH, T.K. ”THCTPYMEHT CTPO-
WJICSI UCXO/ISl U3 ONpeesieHus napamienorpamma. He uckiioueHo, 4to B X0/1€ TaKOTo
«IKCIIEPUMEHTA» YYEHUKHU MOTYT IMOCTaBUTh BOMPOC: «3a4€M MbI IPOBEPSIEM, UTO Ye-
TeipexyroiibHuk ABCD, B koTopoMm ctopona AB mapauensna ctopone CD, a ctopo-
Ha AD napannensna ctopone BC — napan-
JeNIorpaMM, BEllb MBI €r0 CaMH TaKuM IIO-
cTpounu?». YUHUTENIb HOJKEH ObITh TOTOB K
TaKuUM JUJAKTHUYECKUM CloxkeTaM. B cBsizu ¢
ATUM MPUBEAEM KPATKOE ONUCAHUE «YECT-
HOTO» IMOCTPOCHUS TUHAMUYECKOU MOJEIIH
JUTS1 HKCIIEPUMEHTA 10 TIEPBOMY MPU3HAKY.

1. Crpoum otpe3ku AB n BC, He nexa-
IMe Ha OHOM Tpsimoit (puc. 1).

2. Ctpoum mOpsiMyr0 M, mapajuielibHyI0
AB w copepxanryto Touky C.

3. CTpouM OKpYKHOCTb € C LIEHTPOM B
touke C u paauyca AB.
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4. HaxoMM TOYKH MEepeCeUeHUsI OKPY>KHOCTH ¢ U MIPSIMOI M, BBIOWpaeM Ty U3 HUX,
o0o3Haunm ee D, myst kotopoit iyun BA u CD — coHanpaBIieHBbI.

5. Ctpoum otpesku DA u BC, uckomsliit uersipexyroibuuk ABCD s nposene-
HUS KOMITBIOTEPHOT'O 3KCIIEPUMEHTA ITOCTPOEH.

6. CipsiueM OKpY>KHOCTh C ¥ IIPSIMYIO m.

Janee, mpu HEOOXOAMMOCTH, Ha 0a3e MOCTPOCHHON JMHAMUYECKOU MOICIIA MOXK-
HO CO3/1aTh MHCTPYMEHT «YeThIpexyroibHUK JUIs npu3Haka 1». Hakonen, k mocTpoeH-
HOMY JTMHAMHUYECKOMY YePTEeKY HE0OX0aMMO 100aBUTh TEKCTOBBIM 00BEKT, Co/epKa-
W 3aJaHKE JUIs1 SKCIIEPUMEHTOB. Hanpumep, B ciienyromem BUIe:

3aoanue 0na sxCnepuUMenmos

1. Ucnonw3yst komanabl «Paccrosinue» u «Hakion» (MeHto «M3mepenus»), mpo-
BepbTe, uTo B ueTbipexyroibHuke ABCD croponst AB u CD paBHBI U napalijieabHBbI.
Yoeaureck, 4TO 3TO YCIOBUE COXPAHIETCS IPH IPYTUX pacroiokeHusx Touek A u C.

2. N3meppte Hakinoubl cTopoH AD u BC, ycTaHoBHTE, KaK OHU B3aUMHO PacIiojo-
KEHBI (pa3BEOYHbIN SKCIIEPUMEHT).

3. ChopmyaupyiTe rUImoTe3y 0 BUJIC YEThIPEXYTOJIbHUKA.

4. Jlnsa moaTBepkaeHus (BepuUKAIMK) TUMOTE3bI MPOBEIUTE TOTOTHUTEIHHO
YETBIPE-TISITh UCIIBITAHUH, JIJIs1 3TOr0, nepemenias BepinHbl A u C, cpaBHUBaWTE Ha-
kJ10HBI cTOpOoH AD 1 BC (KOoHTpOBHBIHN SKcriepuMenT). OGopMuTe pe3ysnbTaThl UCIIbI-
TaHUU B BHUJIC TaOJIUIIBI.

Onucanue ypoka ¢ UCnoib308aHuem pazee00yHo20 U KOHMPOIbHO20 IKCHEePUMEH-
mos. N300pakeHne TUHAMUYECKOTO YepTekKa U COOTBETCTBYIOIIEE 3a/laHue I JKC-
nepuMeHTa, Ha30BeM ero «lccienoBaHue 4eThIpexyroyibHuKa, B KOTOPOM CYIIECTBY-
10T JIBE€ CTOPOHBI, PaBHBIE U NapalieNIbHbIE APYT APYTY», IPOCLUPYIOTCS C KOMITbIOTE-
pa yuuTeNsl Ha DKpaH. YUUTEeIh BKPATIE PAcCKa3bIBaeT 00ydJaroMIMMCs, KakuM o0Opa-
30M C MIOMOIIBIO IIUPKYJIS U JIUHEHKN OblIa TOCTPOCHA TMHAMHYECKAs: MOJICNIb YEThI-
PEXYTOoJIbHUKA, 3HAKOMUT YYEHUKOB C 33JIaHHEM.

1. On1HOMY M3 YYEHHMKOB MpPEIaracTcs BBIIOJIHUTH MEPBBIM MYyHKT 3aJaHus, T.C.
IPOBEPUTH, YTO B ueThipexyroibHuke ABCD cropona AB paBHa u napasiensna CD.
Ecnu s npoBepKku paBeHCTBA CTOPOH JI0CTATOYHO U3MEPUTH PACCTOSIHUS MEXKIY BEp-
mmHaMu A, B u C, D (ucnionb3yercst komanaa «/3mMeputs»), TO IpH BBIACHEHUU T1a-
pPaIETbHOCTH Y IIKOJBHUKOB MOTYT BO3HUKHYTH MpoOsieMbl. Jlaxke eciau mpoBeCTH
npsimbie AB u CD, To He SICHO, KaK MPOBEPUTh, UTO OHU HE TepecekaroTcs? OnuH u3
crioco0oB — nozicBeTuTh Npsimbie AB u CD, 3aiitu B MeH10 «IlocTpoeHus» u momneITarh-
cs1 BOCMoJab30Barhesl komanaon «llepeceuenne». Ctpoka, coaeprkaiiasi 3Ty KOMaHy,
He Oy/IeT akTUBU3UPOBAHA, T.€. KOMaH 10} HEJb3s BOCTIOIB30BATHCS. DTO O3HAYAET, UYTO
IpsIMBIE TTApAJIJIEIBHBL. ITOT CIOCO0 HEY00EH TeM, UTO Ha DKPaH HEJIb3s BEIBECTH HU-
KaKOTO YMCJIOBOTO MOATBEPKICHUS MapaieTbHOCTH MPAMBIX. BTOpoii criocod — 310
MOJICBETUTh 00a OTpe3Ka U BOCIOJIB30BaThCs KomaHzon «Haxmon» mento «M3mepe-
HUS», B PE3yJIbTaTe YETro Ha IKpaHE MOSBATCS Ba KOAPDUIIMEHTA, XapaKTePU3yIOIInue
yIJIbl HAKJIOHA (BEpHEE, X TAHTE€HCHI) MPSIMBIX, COJIEPHKAIIUX ITU OTPE3KH, 110 OTHO-
HmIeHuo K ocu abcuuce. Eciu 3Ti ko3 GUIMeHTs paBHBI, TO OTPE3KU — MapaieIbHBbI.
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[Tocne BbIsicHeHUs TOTO (DaKTa, YTO y U300PAKEHHOTO YETHIPEXYTOIbHUKA CTOPO-

Hbl AB u CD paBHbI 1 TapajuieNibHbl, YYEHUKY MPEJIaraeTcs IpOBEPUTD, UTO ITO CBOM-

CTBO HE U3MEHSIETCS MPH JIFOOBIX IPYTUX PACTIONOKEHHUSIX BEPIINH YETHIPEXYTOJIbHUKA

(B 9TOM CJIydae TOBOPST, UTO ATO CBOMCTBO JMHAMHUYECKH YCTOWYUBO). YXBAaTUBIINCH

MBIIIKOM 32 BepiuinHy A uinu C (BbIIETIEHBI )KENTHIM), YYEHUK IEPEMEIIAET TOUKY B HO-

BOE€ IOJI0KEHNE. BhIBEIEHHBIE HA KpaH YEThIPE YUCIIOBBIX 3HAYEHHUS JJIMH ABYX CTO-

POH M MX HAKJIOH M3MEHSTCA, HO TO-TIpexHeMy cTopoHa AB Oyner paBHa u mapai-

nenbHa CD. UtoObI 3ahukcupoBaTh 3TOT GaKT JUIsl HECKOIBKUX UCIIBITAHUHN, BBIBEIEM

Ha dKpaH HeOOJbIIYI0 TabIuILy (pUC. 2), U3 KOTOPOii Oy/IET CIeI0BaTh, YTO B YETHIPEX

poBeAEHHBIX ciryyasx cTopoHbl AB u CD paBHBI U napajuienbHbl, T.€. 3TO CBOMCTBO
ctopoH AB u CD — ntuHaMu4ecKu yCTOWYHBO.

2. Jlanee, K KOMIBIOTEPY IpH-

C B  mamaercs BTOPOW YUYEHHUK C LEJIbIO

MIPOBEACHUSL PA3BEIOYHOIO AKCIIEPHU-

MeHTa W (HOPMYJIUPOBAHUSI THUIIOTE-

3bl, T.€. BBIIIOJIHEHHS] BTOPOrO U Tpe-

A
D TbCI'0 IIYHKTOB HCCJICAOBATCIBLCKOI'O
ITpoBepka Mojesn Ha yeToiiunBocTh TpeGoBanmnii AB=CD u ABIICD 3aJaHuA. Y100BI OIIpCACIUTb B 4YC-
AB=441cm  HakonBA=144 o o siep TBIPEXYTOIBHUKA, KOTOPBIA BH3yallb-
CD=4,41cm HaknoHn CD = 1,44
_ _ HO OYCHB ITOXOK Ha IIapaJljicIorpaMm,
AB CD HaknoHn BA | Haknon CD

250w dg0cm| 312 312 HEOOXOAMMO BBIACHUTH, KaK B3aHM-
460cm 460cm| 083 0,83 HO pacIioj0X€Ha BTOpas Iapa CTo-

7,53 cm 7,53 cm 0,67 0,67
44lom | 44lom| 144 142 pon AD u BC. Ecnu okaxeTtcs, 4To

3Ta mapa CTOPOH YEThIPEXYTOJIbHU-
Ka, KaK W repBas napa, napajuieibHa,
TO COITIACHO OIPEIEIICHUIO MapajulesorpaMma, Mbl MOKEM YTBEPKIAATh, YTO KOHKPET-
HO M300paXEHHBIN Ha KpaHe YeThipexyroibHuk ABCD — mapamienorpamm. YyeHuk
nozicBeunBaeT ucnbityeMbie oTpe3ku AD u BC, npumensier komanny «Hakion» u Ha
SKpaHe MOSBISIOTCS JBa PaBHBIX Ko3(uimenTa HaKiIoHa, 310 o3Hadaet, uto AD || BC.
Jlanee y4eHUK TIpH TIOJIEPIKKE Kilacca BBICKA3bIBAET TMIIOTE3Y O TOM, 4TO M300pa-
YKCHHBIN Ha SKpaHE YETHIPEXYTOJbHUK SIBIIAETCS mapajuienorpaMMoM. OObSICHSET, 4TO
OCHOBaHHUEM JUIsl TAKOTO BBIBOJIA CTAJIO ONPEAEICHUE NapaJIeIorpaMMa U TO, YTO Y KOH-
KpEeTHOTro yeThlpexyroibHuka ABCD npoTHBONONIOKHBIE CTOPOHBI — MAPaJIETbHBI.

3. JIns mpoBeneHrss KOHTPOJIBHOTO AKCIEPUMEHTA K YUUTEIBCKOMY KOMIIBIOTEPY
NpUIJIAIIAETCS TPETHl yueHHUK. Ero 3aaya BBINOIHUTH YE€TBEPTHIA IMyHKT MUCCIEI0BA-
TEJILCKOTO 3aJ1aHusl. /{7151 3TOro OH JOJKEH MPOBECTH JIOIIOJIHUTEIIBHO HECKOJIBKO UCIIbI-
TaHUM W MOATBEPIUTH (BEPUPHUIIMPOBATH) CHOPMYTUPOBAHHYIO TUIIOTE3Y HIIU MOCTPO-
UTh KOHTPIIPUMED, T.€. OPOBEPrHYTh. HEOOXOMUMOCTH CTPOUTH HOBBIE YETHIPEXYTOIb-
HUKH, B KOTOPBIX OJIHA Mapa CTOPOH paBHA M NapasuieibHa, HET HeoOxoauMocTu. Harr
YepTex JMHAMUYECKUH (B 3TOM KaK pa3 U MPOSBIISECTCS MPEUMYIIECTBO uepTexka B XKu-
BOM MaTeMaTuKe MO CPABHEHHUIO C YEPTEIKOM Ha JIUCTE OyMaru), IpudeM CBONCTBO «JIBE
CTOPOHBI PABHBI U APAILIEIbHBD» YCTOMUMBO (3TO MPOBEPUIT IEPBBIM YUCHHK).

Puc. 2
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VYXBaTUBIIMCH MBIIIBIO 32 OHY M3 JKEIThIX BEPIINH, YYCHUK U3MEHseT (op-
My Tapajuiejorpamma, OJJHOBPEMEHHO MEHSAIOTCS HakiIoHbI oTpe3koB AD u BC, HO
HEU3MEHHBIM OCTaeTcsl (PakT: HaKJIOH oTpe3ka AD coBmamaer ¢ HaKJIOHOM OTpe3Ka
BC. [lns dukcanuu pe3yabTaToB UCHBITAHUN KOHTPOJIBLHOTO SKCIIEPUMEHTA YUCHHUKY
IpeyIaraeTcsi COCTaBUTh Tadmuily (puc. 3), U3 KOTOPOW BHUJIHO, UTO B MSTH CIydasix
HaIlla TUIOoTe3a OblIa MmoaTBepkaAeHa (Bepuduimpoana). UToObl ObITH YBEPEHHBIM,
YTO OHA OyJeT BEpHA BO BCEX Cyyasx, ee HeoOxonumo jaokazarb. Kiaccy mpemiara-
€TCSl C TIOMOIIBIO0 IIKOJIBHOTO YUYeOHUKA MOMBITATHCS 9TO CIENATh CaMOCTOSTEIBHO.

Pe3y.]1bTaTbI MCHbITAHUI Pa3B€I0OYHOI0 U KOHTPOJILHOI'O

IKCIIePHMEHTOB

HaknoH DA Haknon CB Haknon DA = 0,11
0,02 0,02 Haknon CB = 0,11
0,40 0,40
0,55 0,55 Orcroma AD Il BC u, 1.k.
0.15 015 ABICD, 1o ABCD -
011 011 TIapaIeIorpaMM TI0

OTIPEIeICHHIO.

Puc. 3

Ha stom stane KuBasi MaTemaTnka MCIONB3YyeTCS Ui TpadUUecKOl BU3yaTH3aIliu
sToro mporecca. [locie gokazaTenscTBa rUMOTE3bl Ha 3KkpaHe popmynupyetcs Ilep-
BbI MPHU3HAK TapajuieJorpaMMa, KOTOPBIA MO COAEPKAHHUIO TOCIOBHO IMOBTOPSIET
TEKCT rUMnoTe3bl. [1o uToram sxcnepuMeHTa 1Mo U3y4eHHUIo TIEPBOTO MPU3HAKA Mapaiie-
JorpaMMa B CTUJIE SKCIIEPUMEHTATLHON MaTeMaTHKH YKpPaH KOMITbIoTepa Oy/ieT IMETh
BU/I, KOTOPBII MpeacTaBieH Ha ciaie (puc. 4).

HpH3HaKH HapaﬂﬂeﬂorpaMMa [[CkpbiTe Tunoteay] [[CkpbiTb 1 npuaHak]
Pa3BeqouHblii M KOHTPOJIBLHBIN IKCIEPUMEHTBHI
"HccnenoBanue BUIa YETHIPEXYTOIBHUKA, B KOTOPOM C B
CYLIECTBYIOT JIBE€ CTOPOHbI, PABHBIE U NapauleNIbHbIE APYT ApyTy"
3aganue 1151 IKCIEPUMEHTOB
1. Ucnonb3yst komans! "Paccrosnue” n "Hakmon" (MeHto
"U3smepenus"), npoBepbTe, YTO B UeThIpEXyroipHike ABCD
croponbl AB 1 CD paBHBI 1 TapaiienbHbl. Y O IUTECH, YTO 3TO A
YCIIOBHE COXPAHSETCS MPH JIpyTrux pacnoioxeHusx A u C. D . .
2. Usmepswte HakioHBI cTopoH AD 1 BC, ycraHoBuTe Kak OHH Tponepica moxei ua ycmwﬂ)ﬁ“’ Tpedonannii AB=CD u ABI CD
B3aUMHO PACIIONIOKEHBI (PA36€00UHbIl IKCTICPUMEHT). AB=441cm  Haknon BA =144

— = AB=CDu ABICD
> = CD=441cm Haknon CD = 1,44
3. ChopmynupyiiTe THIIOTE3y O BHIE YCTHIPEXYTONBHHKA.

4. Jlyst moaTBepskACHUS (BepU(UKAIMN) THIIOTE3BI TPOBEIANTE AB CD | HaknoH BA | Haknon CD
JIOTIOJTHUTENHHO 4-5 NCHBITAaHWUMH, 71 3TOTO MepeMentast 4,50 cm | 4,50 cm 3,12 3,12
BepiuHbl A u C, cpaBHuBaiiTe HakioHbI cTopoH AD u BC 460cm 460cm| 083 083
(xonmponvuwii FxcriepuMenT). OPopMUTE PE3yIBTATHI 753cm|753cm| 087 067
441cm|441cem| 144 1,44

HCTIBITAHUHU B BUJIE TaOIHIIBL.
I'unote3a . Ecnu B 4eThIpEXYTrOIbHUKE JBE CTOPOHBI

Pe3yabTaThl HCNBITAHHI PA3BEI0YHOIO H KOHTPOILHOIO

PaBHBI U NApaUICIIBHBL, TO 3TOT YETHIPEXYTOJIBHUK - A
HapajIeIorpaMM. — — —
P M P Haknon DA | Haknow CB Haknox DA = 0,11
[TorpoOyiiTe camocTosITeNbHO 000CHOBATH (JJ0KA3aTh) 3TY THIIOTE3Y. 002 0.02 H CE =041
v s ) aKnoH =0,
IMocre 3TOr0 MBI TOIYYHM IPABO MPUCBOUTH €1 CTaTyC TEOPEMHI, 0.40 0.40

KoTopas Ha3bIBaeTcs [1epBblil MpU3HaK MapaienorpaMma. 0,55 0,55 Orciona AD Il BC u, T.k.

ABIICD, To ABCD -
o 0,15 0,15 >
ﬂepBbll/l NpU3HaK MnapaJjiejorpamMmma . Ecnu B 011 011 HapajuIesiorpamMm o

YeTHIPEXYTOJIBHUKE JIBE CTOPOHBI PABHBI U MapalieabHBbI, TO OTOT onpeIeenHo.
YeTBIPEXYTOJIBHUK - TTApaJLICIIOrPAMM.

Puc. 4
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Takum 00pa3oM, B pe3yabrare MPOBEACHUS KOMIIBIOTEPHOTO SKCIIEPUMEHTA C UC-
M0JIb30BAHUEM CHCTEMbI TUHAMUYECKOUN reomeTpun JKuBasi MaTeMaThka y4daluiuecs Imo-
JTy4aroT HE TOJIHLKO BO3MOKHOCTh CAMOCTOATEIHHO COPMYIIUPOBATH OYIYIIYIO TEOpEMY
B BUJIE MTPABIONIO00HOM TUIIOTE3bI, HO M MOIIHYIO MOTHBAIIUIO IS €€ I0Ka3aTeNbCTRA.
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NMPUMEHEHUE CUCTEM KOMMNbIOTEPHOU AJITEGPbI
B MEXAHUKE?

APPLICATIONS OF COMPUTER ALGEBRA SISTEMS
IN MECHANICS

0.B. Kanuos, A1.0. Kanuos 0.V. Kaptsov, D.O. Kaptsov

Jlugppepenyuanvrvie ypasnenus 6 4aCMHbIX NPOU3BOOHBIX, KOMNbIOMEPHAA anzedpa, 2UOPOOU-
namuxa, REDUCE, ypaénenue Xupomsut, ypasnenue byccunecka.

B padote npeacraBiaeHbl NpuMeHeHUs1 cucTeMbl KoMnbIOTepHO# ajaredpsi REDUCE k moctpo-
€HHMIO pelleHuil Kiiaccuyeckoi moaean byccunecka. /lanHast MoeJIb ONIUCBHIBAET PacpocTpa-
HeHHe JJIMHHBIX BOJIH Ha MeJIKoH Boje. /1Sl mocTpoeHusl pelieHUil ycnoJb3yercss OuJIMHeN-
HOe ypaBHeHHe XUPOTHI. Boijessiercsi moyrpynna pemeHnii ypapaeHusi Xuporsl. B kauectse
NPUJI0KEHN I PUBOAATCS HeTPUBHAJILHBIE PellieHusl ypaBHeHusi Byccunecka u naercs ux ¢u-
3MYecKasi HHTepIpeTaus.

Partial differential equations, wave theory, computer algebra, hydrodynamics, reduce, Hirota
equation, Boussinesq equation.

The paper presents applications of the computer algebra system REDUCE to the construction
of solutions of the classical Boussinesq model. This model describes the propagation of long
waves in shallow water. To construct solutions, the Hirota bilinear equation is used. The semi-
group of solutions of the Hirota equation is singled out. As applications, non-trivial solutions of
the Boussinesq equation are given and their physical interpretation is given.

ucteMbl koMmmbioTepHoi anreOpel (CKA) Hamwm mupokoe NpuUMEHEHHE B

pa3IUYHBIX 00JAaCTSIX TeopeTHueckod (U3MKM U MexXaHuku. B HoBelmmx u

KJIACCUUYECKMX METO/aX WHTETPUPOBAHUS HEIMHEUHBIX ypaBHeHuil [1, 2, 3]
Takke Bce Oombiie BocTpeOoBanbl CKA. B Hacrosmieit pabore paccmarpuBaercs
ypaBHeHue byccunecka [4; 5]

3 1
My = gmnxx+§g(772)xx+§gh0?77xm7 (1)

31ech g — YCKOpEHHE CBOOOMHOro maaeHus; h, — mIyOMHAa HEBO3MYIIEHHOM
KUAKOCTH;, 1 — QYHKIHUSA OT ¢ U X, ONMKCHIBAIOINIAS OTKJIOHEHHE MOBEPXHOCTH BOIBI
OT HEBO3MYILIEHHOIO cOCTOsIHUS. COMUTOHHBIE PEIICHHS STOTO YpaBHEHUS HaWICHBI
Xupotoit [6], OpuzepHbIe pelieHUs yka3zaHbl B [7], a panuoHanbHbie B [1, 8].
Cunrynsipusie pelieHus ypaBHeHHs byccunecka paccmarpuBanuch B [9]. B paGore
[10] oTmMeuaeTcsi, YTO MpU MOIXOSIIEM BEIOOPE KOMIUIEKCHBIX BOJTHOBBIX MTAPAMETPOB
MOJTy4aroTCsl HETPUBUAIbHBIC TUIIBI BOJIH ypaBHeHUs! byccuHecka.

PaGora umeer cnemyromiyio CTpykrypy. Bo BTOpoM mnaparpade BbIICISIOTCS
CHEIUATIbHBIM KJACC pEHICHUH ypaBHEHHS XHUPOTHl W TMPEIaraeTcs MPUHIINI

! Pabora BeinosiHeHa npu punancoBoit noaaepxke PODU (rpant 17-01-00332-a).
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CyNepro3uliuu Takux perieHuil. Jlaercs dusmdeckas mHTEprpeTanus HEKOTOPHIX
MHTEPECHBIX pelleHuid. B TpeTbem maparpade mpeacTaBieHbl PElIeHUs YpaBHEHUS
Byccunecka, He OTMEUYEHHBIE paHee B JHMTEpaType, HO KaueCTBEHHO MOAOOHKIE
COJIMTOHAM M BOJTHOBBIM ITaKETaM.

Cynepno3uius peieHnil ypaBHeHUus: XUpOThl

[IpeoOpazoBanueM pacTsbkeHus ypaBHeHue (1) mpuBoauTCs K BUILY

W, = W, + 3(WP) o + Wi (2)

BBojist HOByIO (DyHKIIHIO U, C TTOMOIIEIO PABEHCTBA W= U, , 3aITUCHIBAEM YPABHCHHE
(2) B BUAE:

2

7(un—u 3u? -u,,)=0.

CuutaeM, 4To QYHKIUS U yAOBIETBOPSIET YPAaBHEHUIO
U, = U, +3U> +U,.
3amenHa u=2h (H) npuBOAUT MOCJEIHEE YpAaBHEHUE K OMITHHEITHOMY BUTy XHUPOTHI
HH,-H?-HH_ +4H H —-3H2 -HH_+H2=0. (3)

Takum oOpa3om, peleHus: ypaBHEHUs (2) NOTy4arOTCs U3 PEIICHUN ypaBHEHUS

(3) o dpopmyrne
2
w= Z%In H. 4)

Orta 3amMeHa npemiokeHa XupoTou [6], OH HMCHONIB30BAI €€ sl MOCTPOCHUS
MHOTOCOJIMTOHHBIX pemeHnid ypaBHeHUs byccnHecka. C  IOMOWIBIO  CHCTEM
KOMITBIOTEPHOM aJIreOpbl HECJIOKHO MPOBEPUTh, UYTO TPHU pPEIICHHs ypaBHEHHs (3)
UMEET BUJT

H = 1+f, H,=1+1f+f,+p,f,f,, (5)
HS 1+ fl+ f2+ f3+ p12f1f2+ p13f1f3+ p23f2f3+ p12p13p23f1f2f3’

rae s,k €C , f, =5 exp(k X+ mz), a

_ 3(k —k;)2+(m _mj)2
P Bk kT mmm) ©

KpOMe TOI'O, KOHCTAHTbI ki ,M CBA3aHbl COOTHOIIICHUEM

=k’ + k. (7)
OueBuano, (GyHKIUM H,,H, SBIAIOTCS PEIICHUAMHM YPAaBHEHUS YETBEPTOIO
TopsIKa
o( 0 0 0
I k| Lok, [ -k -k, |H=0.
8x(6x kij(ax ZJ(ax a Zj (®)
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EctectBennbiM 000011eHrEM (8) CIy>KUT OOBIKHOBEHHOE Iu(QepeHIrnanbHoe

ypaBHEeHUE nopsaka 2" 5 5
o [&—Kl—---—‘ﬁpj“ -0,

Boibupast paznuuHbiM  00pa3oM BOJIHOBBIE TMapameTpsl ki,...k,, pemas 3To
ypaBHEHHUE, a 3aTeM IIOJICTABIISAS HAWJEHHOE MpeAcTaBieHne B (2), MOXKHO HaWTH
MHOKECTBO pEIIeHHUI ypaBHEeHUs byccruHecka, BhIpayKaromuxcs 4yepes dJeMeHTapHbIe
dynkiuu. Cpenu dSTUX pPENIeHHH MbI BBIJCIUM OCOOBIN Kilacc, 00pa3yroIIMx
MOy TPYIIITY.

B nanpueiimem dynkiueit Xupotsl (uiu H -dyHKInen) OyaemM Ha3bIiBaTh QYHKITUIO
BUJIA

H (k... k) = (1+ f(k))*..* 1+ T (k,))), 9)
rie k eC, f(k)=exp(kx+4k’>+k's). CumBon * o3HauaeT OMHAPHYIO OIEpAIHIoO,
YIOBJIETBOPSIOIIY IO YCIIOBHSM KOMMYTaTHBHOCTH, aCCOIMAaTUBHOCTH,

JUCTPUOYTUBHOCTH U 33JJaHHYIO YCIOBUSMH Ve C

crfk)=cf(k), (k)™ f(k)=p, ., F(k)F(K),
e P, = Py, P, —MPOU3BENIEHUE BCeX p, (1 <(< |) 3amaHHbIX popmyoii (6).
Jlerko BuaeTh, uto QyHKIUS Xupotbl H(K,...,k,) HWHBapuaHTHa mOpu KOO0
nepecTaHOBKE mapaMeTpoB. Eciu ske kakue To J1Ba mapaMeTpa COBIAAI0T, TO (DyHKLIHS
XUPOThI TOXKAECTBEHHO PABHA HYJIIO.
OueBugHO, (yHKIMH XUPOTHI O00pPa3ylOT OECKOHEYHYIO KOMMYTAaTHUBHYIO
HOJYTPYMNILY C YMHOXKEHUEM

H (Koo k)5 H (Ko K ) = H (Ko K K K ). (10)

W3 3T0r0 crieayeT NpUHIMI CYTEPIO3UIIMU: €CIIH 3aaHbl JIB€ PYHKIIUUA XUPOTHI, TO
ux * npousBesieHuE TaKkKe ABIseTcs QyHKIMEH XUpOoThl U pelieHrueM ypaBHeHus (3).

Hacrosmuiinatepec s npuiioKeHU A IPEICTABIISIIOT TOIBKO BEILIECTBEHHO3HAYHbIE
GyHKIMU XUPOTHI, KOTOPBIE MOTYT 3aBUCETH OT KOMIIEKCHBIX BOJIHOBBIX MTAPaMETPOB.
PaccMoTpuM cHauana ciydaii IByX KOMILUIEKCHO CONPSKEHHBIX napameTpoB K, = a +
ib, K, = a — ib. Jlerko BUI€Th, YTO KOMILIEKCHO CONPSKEHHBIE TIAPAMETPhI IOPOKIAIOT
BellleCcTBEHHYIO PyHKIHIO H(K,,k,). MBI BeIIeTsseM Tpu TUIA PyHKIIUNA H , 3a1ar011ux
TpU TUIA BOJIH A ypaBHeHHUs byccunecka (2). K mepBoMy THIy BOJIH OTHOCATCS
BOJIHOBbIE MakeThl (P-BonHbl), kO BTOpoMy (D-BONHBI) — «TaHIYIOIIME BOJHBD», K
TpeTheMy (R-BosHBI) — BoNHBI Ha conuToHe. [logbop napemMeTpoB, OTBEUAIOIIUX 3THUM
THUIIaM BOJIH npon3Boauiics ¢ nomouibio CKA. KoHcTaHTh a,b, 3a1ar0nme KOMIIEKCHO
conpsbkeHHble uucia k,k, M rpaduKu COOTBETCTBYIOIIMX PEIICHUN YpaBHEHUS
byccunenka ykazansl B ipenpunTe [11].

B kaxx b1l prkcupoBaHHBI MOMEHT BPEMEHU ¢ pellieHUs ypaBHEeHUs1 byccuHecka
(2), orBeyaroiue P,D,R-BojIHAM CTPEMATCS K HYIIO MpH |X|— oo . Jljig mocTpoeHus
0osiee CIOXKHBIX BOJHOBBIX CTPYKTYyp M3 P,D,R,S-BOJH JOCTarOYHO HCIIOJIb30BaTh
dbopmyny ymuoxkerust (10) H pyHKIUHA, COOTBETCTBYIOIIUX STUM BOJTHAM U (4).
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Hossie npuMepsl pelieHnil ypaBHeHus byccruHecka.

MHoOXkecTBO pemieHui ypaBHEHUsT byccuHecka  BBhIpaXaroIIUXxcs  4epes
aJIeMEeHTapHble (QYHKIMH, TaJIEKO HE MCUEPIBIBACTCS MPUBEICHHBIMU BhIIIe. B aTOM
naparpade Mbl IOCTPOUM HOBBIE PEIICHHS, BHOBb UCIIONB3YS OMIIMHEITHOE ypaBHEHHE.

VYpaBuenue byccunecka (2) mpeobpasyem K BUIY

V, =3V + Av+v,) (11)

C IMIOMOIIBIO 3aMEHbl W= (A—1)/6+V, r1e A — IPOU3BOJIbHASA KOHCTaHTa. Penenus
MOCIIETHETO YpaBHEHUsS OyJIeM UCKaTh B BUJIE:

2
v=22"Ink,
OX
31nech QyHKIMS K(z,X) YIOBIETBOPSIET OMIIMHEHHOMY YpaBHEHHUIO
KK, —K2-KK, +4k K —3K2 - AKK +AK2 =0. (12)
[Ipocreliiee pemieHne MoCIeIHEr0 YpaBHEHUS UMEET BU
K, =1+ exp(kx+ mt),
IJC M YAOBJICTBOPSET TUCICPCHOHHOMY COOTHOIICHHIO M’ = Ak®+k*. Hcmomb3ys
cuctemy komnbrotepHoil anredpsl REDUCE, nerko npoBeputb, 4To GyHKLIHS
K, =1+ f, + f,+ pf,f,
yaoBiaeTBOpseT ypaBHeHUIO (12) mpu f, =1+exp(k X+mz), nf = Ak*+k* u

_ Ak, +2k’k, —3k7k; + 2k k3 —mm,
Ak K, + 2k’k, +3kZK2 + 2k kS —mm,

Crnenyst METOAMKE, ONMMCAHHOMN BBIIIE, HECIOXHO MOCTPOUTH AHAJOT PEIICHUS
H, u3 npeapiaymiero naparpada. OueBuano, npu A=0 ypaBHeHue (11) cranoBUTCS
KOpo4e, a KOHCTaHTa p MpUHUMAaET 0oJiee MPOCTON BUT

_ (k=k)t
kl+kk, +k;

Jlerko mOCTPOUTH COOTBETCTBYIOLIME pEIICHUs ypaBHeHUs byccuHecka. OHu
KaueCTBEHHO OyIyT BECTU ce0sl KaK pellleHUs, YKa3aHHbIe BO BTOPOM mnaparpade, HO
OyIyT CTPEMUTHCA K KOHCTaHTe (A—1)/6 TpH | X|—> .
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AWCTAHLUUOHHBLIA MOAY/N1b NO OBYYEHUIO PELUEHUIO
NAAHAUMETPUHECKUX 3AJAY «<METOA NNTOLWAAEN»

REMOTE MODULE FOR THE SOLUTION OF PLANIMETRIC
OBJECTIVES «METHOD OF AREAS» LEARNING

E.B. 3auenuHa, U.B. LyTtposa E.V. Zatsepina, I.V. Shutrova

Iloozomoeka K 00yuenuro ¢ 8y3e, UHmepaKmugHuvle cpeovl, OUCMAHUUOHHOE 00yUueHue, 00yuenue
PeuieHuIo 2eomempuiecKux 3a0ai, Memoo niaouwiaoell.

B craTrbe onucbiBaeTcss Moayiab «MeToa niomaaein» JTUCTAHIMOHHOIO Kypca 1o o0y4eHuIo pe-
HIEHWIO reoMeTpuUYecKnX 3a1a4 Ha miargopme Sakai CA®Y umenu M.B. JlomoHocoBa; ONUCHI-
Baetrcs npumeHenue UI'C GeoGebra npu pa3padoTke IuIaKTHUYECKNX MATEPUAJIOB JIJIs1 MOAT0-
TOBKH yyamuxcs k EI'J mo maremaruke.

Preparing for university studies, interactive environments, distance learning, learning to solve
geometric problems, the method of areas.

This article is devoted to the «Area Method» module of the distance course for learning how
to solve geometric problems on the Sakai platform NArFU named after M.V. Lomonosov; and
also to the usage of DGS GeoGebra in the development of didactic materials to prepare students
for the math exam.

aBEPIIAIOIINM 3TAIOM CPETHETO (TIOTHOTO) 00pa30BaHUS SBISETCS MPOXOKIC-

HUE TOCYIapCTBEHHON UTOTOBOM artecTaiuu B popme ExuHoro rocynapcTen-

HOTO PK3aMEHa, KOTOPBIH JaeT 0OpaTHYIO CBSI3b, MO3BOJISIONIYIO JI€JaTh BBIBO-

JIbl O MaTEMaTUYECKOW MOATOTOBKE BBIITYCKHUKOB, HA OCHOBE KOTOPBIX B JaJIbHEHIIIEM
TpeOyeTCsi COBEPIICHCTBOBATH METOAMYECKYIO CUCTEMY OOY4YEeHHS, BHOCUTH KOPPEKTH-
BbI B 00y4€HHE OT/ICJIBHBIX TEM Kypca MaTeMaTuku. B cBs3u ¢ mepexooM k 1iudpoBoit
HSKOHOMUKE M Pa3BUTHEM ITU(POBBIX TEXHOJIOTUMA TPEOYIOTCS MPUHIIUIIAAIEHO HOBBIC
MIOJTXOJIBI K COJIEPIKAHHUIO M METOOJIOTHUH HIKOJIBHOTO MaTEMaTHIE€CKOTO 00pa30BaHMUs.
B ananutnueckom otuere @UIIN 2018 1. oTMeUeHBI HU3KUE PE3YAbTAThI BHIIOJ-
HEHUS TNIaHUMeTpudeckol 3a1a4u Ne 16 mpomiIbHOTO YPOBHSI, CPEAHHI MTPOIICHT BhI-
MIOJTHEHUS ATOTO 3a7aHus cocTaBisieT 3,6 % [5, ¢. 26]. ABTOpBI oTUYE€Ta OTMEYAIOT, YTO
TaKHe HU3KUE PE3yJIbTaThl CBUJIETEIBCTBYIOT «O KOHIENTYalIbHBIX HEIOCTAaTKax B 00-
YYEHUH TE€OMETPHUHU, O HEOOXOJUMOCTH TEPEeCMOTpa TPATUIIMOHHBIX CHUCTEM O0yde-
HUSI ¥ CO3JIaHUs €IMHOM JTMHUM U3yueHus reomeTpui ¢ 1 mo 11 kitacc Ha ocHOBe eu-
HBIX JTUJIAKTHYECKUX MOIXOA0B K pe3yabTaraM 00y4eHHs U COJepKaHus 00pa30BaHMs,
C CYIIIECTBEHHBIM aKIIEHTOM Ha pa3BUTHE '€OMETPUUYECKON UHTYULINH, HATTISIAHBIX re-
OMETPUUYECKHUX MpeacTaBieHui» [J, ¢. 5]. Crnenyer OTMETUTh YTO, HECMOTPSI Ha HaJIU-
4ie B MIKOJLHOM yueOHuke reomerpuu st 10-11 kmacca pasnena «Hekoropsie cBe-
JICHUS U3 TUIAHUMETPUW» [2], MHOTHE YUYUTENIs HE BKIIFOUAIOT €T0 COAEpKAaHUE B IIPO-
rpaMMy OOy4YeHHsI, YTO BBI3BIBAET Y BBHIITYCKHUKOB 3aTPYJAHECHHS B PEIICHUH TUTAaHUME-
TPUYECKOM 3a]]a4ul MOBBIIIEHHOTO YPOBHS CI0KHOCTH. Kpome Toro, MHOTHE yyanue-
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cs1, )KMBYIIUE JAJIEKO OT 00JACTHOTO IIEHTPA U UCIIBITHIBAIOIINE 3aTPYTHEHUS B pellie-
HUU TUIAHUMETPUUYECKUX 3a]1a4 MIPU MOATOTOBKE K BBIITYCKHOMY 3K3aMEHY, HE UMEIOT
BO3MOXKHOCTH IOCEIIATh JONMOJHUTENIbHbIE Kypchl IO nmoArotoBke k EI'D, opranuso-
BaHHBIE B IIEHTPAX JOMOJIHUTEILHOTO 00pa30BaHu.

Pemmmth nanHyto npoOieMy MOXKHO Yepe3 CUCTEMY UCTAaHIIMOHHOTO 00pa30BaHMsL.
[TonroroBkoi crapmekiaaccHUKOB K crade EI'D mo maremarvike B CeBepHOM (ApKTHU-
yeckoM) ¢eiepadbHOM YHUBEPCHUTETE 3aHUMaeTcs L[eHTp MHHOBAIIMOHHOTO 00yUYeHUSI.
JucranimonHoe oOy4yeHHe HE TOJBKO PEIIAeT SKOHOMHUYECKHE M MPOCTPAHCTBEHHO-
BpPEMEHHBIE TIPOOJIEMBI, HO M «IIO3BOJISIET UCTIOIB30BATh PA3IMUHBIC MOJIETHN TPECTaB-
JIeHUs 3HAHWM C IMUPOKUM TPHUBJICUCHUEM MeAua- U WH(GOPMAIIMOHHBIX PECYPCOBY,
«TIPENCTABISIET UCKITIOUUTENbHBIE BOZMOKHOCTH st tudepeHnmanuu 1 nHauBUIya-
U3y 00y4YeHHMsI, a TAKKE OHO COXPAHSAET COIMAIbHO-UH(DOPMAIMOHHYIO CPEIy IS
KOMMYHHKaIu ¥ oOyderus» [3, c¢. 168]. Cunamu npenogaBaresneit kadeapsl SKCIepu-
MEHTAJILHON MaTeMaTuKu U HHPOpMAaTU3aIuu 00pa30BaHUs U CTY/IEHTaMH, 00y4aromu-
Mucs 1o HarpasieHuto [lemarornyeckoe obpazoBanue (mpodunun Maremaruka u 1n-
dbopMaTrka) pazpabarbiBaeTCs JUCTAHIIMOHHBIN Kypc «Maremarnka: moaroroska k EI'D
(3a1a4M NOBBILIEHHOTO YPOBHS CJIOKHOCTH)» B pamMKax u3ydeHus aucuuiuivi «IIpoek-
ThD» U «J{MCTaHITMOHHBIE TEXHOJIOTUN O0YUYCHHSI MaTeMaTUKe ¥ UH(DOPMATHKE).

ABTOPBI CTaThU ABIAIOTCS pa3padOTYMKaMU OJHOTO U3 MOJYJIEH Kypca Mo MOoJro-
TOBKE K PEUICHUIO IUTAaHUMETpUYeCcKol 3a1aun Nel6 ¢ uCrosnb30BaHHEM METOAA III0-
maaen. JJlaHHpIil MOAYIb COCTOUT U3 CIIEAYIOLIUX Pa3/IeIIOB:

— TeopeTHYeCKHi MaTepuaJl (pa3InuHbIE TEOPEMbI U YTBEPKIECHUS, CBA3aHHBIE C
TUTOMIAASIMU PA3IUYHBIX QUTYD);

— TecThl (MMPOBEpKa KaueCTBA YCBOCHUS TEOPETUUECKUX 3HAHUM);

— TPeHakep, pa3padOTaHHBIN CPEICTBAMHU MHTEPAKTUBHON T€OMETPUUECKON cpe-
161 GeoGebra (IeMOHCTpAIMS U TOIIAroBOe PEeIIeHNe 3a/1a91 METOIOM IIIOIIAJICH );

— MPAKTHKYM I10 penieHuto 3a1ad EI'D, pemaeMbix METOIOM TUIOIIAIEH.

[Ipu pazpaboTke 0OpaTHON CBSI3U JUCTAHIIMOHHOTO MOJYJST Mbl MCIOJb30BaIN
AJIEMEHTBHI TEXHOJIOTUU opraHu3anuu YPPeKTuBHON 00paTHOMN CBSI3U B METOIMYECKUX
pexkomenaanusx OUITA [4].

Hcnonb3ys TaHHBIN MOAYNb, YYalIUMCS MPEAJIaraeTcsl akTyalu3upoBaTh WIHA U3-
YUYUTh TEOPETUUYECKUIN MaTepUall MO TEME, IPONUTU TECTUPOBAHUE O PEIICHUIO 3a7a4
no teme «Ilnomaae», 03HAKOMUTBHCS € IEMOHCTPALIMEN PEIICHHS 3a/1a4 METOAOM ILIO-
maZeil U MOMNbITaThbCSl PEUINTh 3aJa4 JAHHBIM METOJOM C MCIOJb30BAaHUEM TPEHA-
&Kepa, a 3aTeM CaMOCTOSTENIbHO PEIINTh 3aAaun EI'D Meromom miomanei u pazme-
CTUTh CBOM pElIEHUsI HA AUCTaHIIMOHHOU riardopme Sakai ans nmpoBepku. Paccmo-
TPUM TOAPOOHEE KaXKABINA pa3aes MOMYJIA.

Teoperuveckuii MaTepuaJ. /[ cocTaBIeHUS TEOPETUISCKOTO MaTepuaja Oblia
poaHanu3upoBaHa ydyeOHas nuteparypa [1-2]. B xome ananusa BbleNeH MepeueHb
HEOOXOAUMBIX TeopeM U (popMyiI:

— NEepPEUYEHb TEOPEM C JI0KA3aTEIbCTBAMHU, HAMPUMEDP, OTHOIIEHUE TUIOMIAIEH TO-
TOOHBIX TPEYTOJILHUKOB, paBHOE KBapary koddduirenta nogodus (puc. 1a);
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— BBIBOZI (POpMYIT TUIONIACH pa3IMUHBIX IUIAHUMETPUYECKUX (PUryp, HeoOxoau-
MBIX JIJIsl pEIIeHUS 3a/1a4 METO/IOM TUIOIAeH, Hampumep, oaHa U3 GOpMYI JJ1sl BIYHC-
JICHUS TUTOIIAM TpeyrojibHuKa (puc. 10);
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Puc. 1. ®paemenm meopemuueckoeo mamepuana c 6b186000M Gopmy

— CBOJHYIO TaONHILy, B KOTOPYIO BXOJSIT OCHOBHBIE (POPMYJIBbI JJISI BHIYMCIICHUS
IoaAeH mianuMerpudeckux uryp (taodm. 1).

Tabnuya 1
@®parMeHT CBOAHON TA0JIULbI
Purypsl [Tnomanu
S= %a- h, re a — ocHOBaHME TPEYroyibHUKA U N — BRICOTA IIPOBEICHHAS K OCHOBAHHIO;
1 .
S= Ea- b-sinZa, au b — cTopoHbI TpEyroabHUKa, & — YIroJl MEXKIy CTOpOHaMu a u b;
;
a+b+c
2 |dopwyna Fepona: S =/p(p—a)(p —b)(p - ), e p==—-;
3
2. . a+b+c.
= S=pr, rae r — paauyc BOIMCAaHHON OKPYXKHOCTU U P = T ;
abc R_ - .
S= , TIe paaryc ONMMUCAaHHON OKPYKHOCTH;
Lo 3ea
TUTOIIA/Th PABHOCTOPOHHETO TPEYTOJIbHAKA: S=_Y" =
4

Tect. TecT BkIto4aeT B ce0st BOIIPOCHI, CBSI3aHHBIE C MPOBEPKOM 3HAHUI (hopMy:T AJist
HAXOX/ICHHUS IJIOLIA/IeH IaHUMETPUIECKUX (pUryp, Teopem 00 OTHOLIECHUH TUIOIIAAeH
pa3nuuHbIX QUTYP, a TAKXKE BONPOCHI, HAIPABJICHHbBIE HA IPUMEHEHUE JAHHbBIX 3HAaHUH.
B cooTrBeTcTBUY C 3TUM TECT COCTOUT U3 TPEX paszAeiioB. I1epBbiii U3 HUX BKIOYACT TPU
BOIMPOCA, HAIIPABJIECHHBIX HA IPOBEPKY 3HAHUU (PopMyI Tuiomiaael puryp (puc. 2).
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Fazpan 1 vz 3 - DOPRMYIA

Banpor 1 vz 10
SEROHYMTE chpady: "TinoWwans NapannenepamMma FEBHE NONCEHHE NPoHIBSIeHHA. . "

A aro CTopoH
B. arg pHarcHansd
C. 87 {TOpOHS M BL00ThI, MPOBRAHHOA « 3Ted CTopoHs

Bonpoc 3 nz 10
MNnowans Tpanedms A0 c ocxoparan AS 0 CO W Beicomol BH BeMucnaeTca No eopsyna

s=Yrameney pE
A 7

s=\camicoy e
L

3=%:I.B-CD-HH

.

Puc. 2. Ilpumep 6onpocos nepsoco pasoena

BTopoil paznen comepkKuT Takke TPU BOMpPOCa, MPOBEPSIONINE 3HAHUS TEOPEM,

MPEACTABIECHHBIX B TEOPETUUECKOM MaTepuaie (puc. 3).
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Puc. 3. [Ipumep 6onpocos uz emopozo pazoena
Tpetuit pa3aesr COCTOUT U3 YETHIPEX BOIIPOCOB, LIEJIBIO KOTOPBIX SABJISETCA MPOBEP-
Ka YMEHMH peliarh NpOCTEUIINE 3a/1a4d HA IPUMEHEHUE TEOPEM U CBOMCTB IJIIaHUME-
Tpudeckux ¢uryp (puc. 4).
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Puc. 4. [lpumep 3a0auu uz mpemwveco pasoena

Kaxxzioe TecToBoe 3a1aHue CONEPIKUT OT3BIBBI HA IPABUIIbHBIC U HETIPABUIIbHbBIC
OTBETHI, UTO JIeJlaeT 00paTHyIo CBs3b OoJiee 3PPEKTUBHON, TaK KaK OT3bIBbI SIBIIS-
I0TCSI KOHKPETHBIMU U CBA3aHbBI C U3BECTHBIMHU YUEHUKY pE3yJbTaTaMU U JIEUCTBUS-
MU, TIOJJIEXKAIMMY YCBOCHUIO: « = HepepHo! ITocMOTpHTE TEOPETHUECKHI MaTepH-
an: Teopema Ne 7», « = [lewansno! CMOTpUTE OACKA3KY» (1aeTcs KOHKpeTHas Gpop-
MyJla WJIM BH3yallbHas MOJACKa3Ka B BUJIE YepTexka), « = Monogen! Bel He monany B
JIOBYILKY IIPH PELIEHUHU TOTO 3aaHus», « = YMHuIa! Bl IpoIIu caMoe onacHoe
MECTO JJAaHHOTO TECTay.

[Tpu oOyueHuu peureHuro 3ana4 3PGEKTUBHBIM MPUEMOM SIBIISIETCSI UCIIOJIb30BA-
HUE 00pa3IoB PEIICHU, UMEIOIINX BBIXOJ] HA OCHOBHYIO HJICI0, KOTOPYIO MOXKHO Oy-
JIET IPUMEHUTDH B JAaJIbHEHIIIEM MPHU PEIICHUH OIpelesIieHHOro Kpyra 3aaad. s no-
Ka3a Takoro oOpasia penieHus Hamu OblUT pa3paboTaH TpeHaXKep, BHITIOJIHEHHBIN cpe-
ctBamu nporpammbl GeoGebra.

Tpena:xep. PazpaboTannbiii TpeHaxep NpeaHa3HAYeH I JEMOHCTPALIUU CYyTH Me-
TOZA TUIoNIaiel U 00y4YeHHsl ero npuMeHeHu0. OH COIEPIKUT YCIOBUE 3a1a4H, TUHAMU-
YECKUM YepTex, [Iaru peuieHus JaHHOU 3a1a4u (MX MOXKHO MCHOJIb30BaTh B KAYECTBE
MOJICKA30K TPU PEIICHUH 3a]1a4u), MOSIBIAIONIMECS 110 MEPE YCTAHOBJICHUS B OKOIIKH
(1axKoB, 00IIYI0 UICIO-TIOACKA3KY AJIs pelieHus. J{ononHuTebHbIE MTOCTPOEHUS MOSIB-
JISIFOTCS] TIOCTETIEHHO B COOTBETCTBUU C IIAroM pelieHus. TpeHaxep 3arpykeH Ha odu-
IuaIbHBIA calT mporpammbl Geogebra (https://www.geogebra.org/m/JgeQa3x5).

[lepBas 3amaua B TpeHaxkepe (puc. 5) mogoOpaHa ¢ 1eJIbl0 OTPAOOTKH HABBIKOB
NPUMEHEHUS yYalllUMHICS OCHOBHBIX (DOPMYII TUIOIIAaI1, OCHOBHOTO CBOMCTBA MPOIIOP-
I[UU, CBOMCTB BIIMCAHHOTO B OKPY>KHOCTb YETHIPEXyroJibHUKA U T.J. Pemienue npen-
CTaBJICHO B IIECTH 3Tamnax, Kbl U3 KOTOPHIX MOXKHO OTKPBITH MOCJIEI0BATEIHHO
11ar 3a 1aroMm.

Wnest perieHust BTOpoi 3a7auu TPEHaXepa 3aKJII0YaeTcsl B MPUMEHEHUU TOA00us
TPEYTOJIbLHUKOB, TEOPEMbI 00 OTHOIIECHUHU ILJIOIIAJEH MOJOOHBIX TPEYroJbHUKOB. Pe-
IIEHHUE JIaHHOM 3aJ1aud MPEICTABICHO B MATH dTanax (puc. 6).
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Puc. 6. [lemoncmpayus pewienus 2 3a0auu mpenasicepa

IIpakTukym. /{11 npakrukyma Oputn ogoOpaHsl 3aaa4u u3 BapuanToB EI'D mo
MaTeMaTHKe, IpeIHa3HaYe€HHbIE 1JI1 OTPA0OTKH MOJyYEHHBIX HABBIKOB PEIICHMS 3a/1a4
METOJIOM ILTOIIaiel. Becero ObUIO COCTaBIEHO TPU BapHAHTA OJHOIO YPOBHS, KayK bl
13 KOTOPBINA COCTOSAN U3 TPEX 3a1ad. [lepBas 3aqaua B Kax0M BapuaHTE UMEET TPEHU-
POBOYHBII XapakTep Ha OTPA0OTKY HAaBBIKOB IPUMEHEHUSI METO/1a IIomaaeid. Bropas
U TPEeThs sABIAIOTCA 3a1auamu u3 EI'D no maremaruke npouiaIbHOTO YPOBHS, COCTOS-
IIME U3 YaCTH HA JOKA3aTEIbCTBO U HA BHIYUCIICHHE.

O¢ddexTuBHOCTH OOPATHOM CBA3M NMPU NPOBEPKE MPAKTUYECKUX padOT IUCTAaHLIU-
OHHOIO MOAYINs o0OecredeHa TeM, YTO Ha BCE PEIICHMs 3a]a4 YYEHUK MOIYy4aeT Co-
oOLIeHNE HE TOJBKO 00 OIMOKAX, HO U O BEPHO BBIIIOJIHEHHBIX 3a/IaHUSIX B BUJE CO-
Jep>KaTesIbHbIX KOMMEHTApUEB: « BBl IpeIcTaBuiIv pauMoHaIbHOE pemeHuey, «Y Bac
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KpacuBoe pelieHne», « OueHb UHTEepEeCHas ujes perieHus 3aaadn!y, «Bel ymeere rpa-
MOTHO 3alIUCBIBATh pelieHuey. JJis oCyecTBIECHUsI CaMOOIIEHKH K 3ajjauaM MpaKTH-
KyMa MPUII0KEHBI KPUTEPUU OIIEHUBAHUS PA0O0ThI, C KOTOPHIMU YYSHHUK JOJIKEH O3Ha-
KOMUTHCSI J10 Hayasa BRIMOTHEHUS paOOTHI.

Ha ocHoBe pa3paboTaHHOTO JNUCTAHIIMOHHOTO MOMAYJISA M TE€XHOJIOTHMU OpraHu3a-
1uu AGHEKTUBHOM CBS3M MOXKHO pa3padoTaTh OCTAIbHBIE MOIYIU JUCTAHIIMOHHOTO

Kypca.

buonuorpadpuryecKkum cnMCoK

1. Teomerpus. 7-9 kmaccel: yued. ans oOmeodp. yupexxaenuii / JI.C. AranacsH, B.®. byrtys3os,
C.b. Kagomues u ap. M.: IIpocsewenue, 2010.

2. Teomerpus. 10—11 knaccer: yueb. aist 001ieo06pa3oBar. yupexaeHuit: 0a30Bblii U IPOQUI. ypOB-
Hu / JI.C. Aranacsu, B.®. byty3os, C.b. Kagomues u np. M.: IIpocsemenue, 2013.

3. YomanoB M.A. Umxenepust obyuatomux texHonoruil. M.: BUHOM. JlaGopatopust 3HaHMIA,
2015.

4. Swmenko U.B., Pocnosa JI.O., Beicoukuit U.P., CemenoB A.B. MeToauueckue pekoMeHAANN
JUIsl yYUTEJIeH, TOArOTOBIEHHBIE HA OCHOBE aHaJIN3a TUITMYHBIX OMKUOOK yyacTHHKoB EI'D 2018
rozaa no maremaruke // Ounmansuseiii cait GUITA. URL: http://www.fipi.ru/sites/default/files/
document/1535625213/matematika 2018.pdf (nara oOpamenus: 10.10.2018).
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UIrPOBbLIE ®OPMbI NMNONYNAPU3ALUU
MATEMATUYECKOI'O 3HAHUA
HA BA3E MY3Efl SAHUMATEJIbHbIX HAYK CA®Y

POPULARIZATION OF MATHEMATICAL KNOWLEDGE
ON THE BASE OF NARFU'S MUSEUM
OF ENTERTAINING SCIENCES IN GAME FORMS

B.C. /lykuHa, M.A. NasnoBa V.S. Lukina, M.A. Pavlova

My3eit 3anHumamenbHuIX HAYK, RONYIAPUAUUA MAMEMAMUYECKO20 3HAHUA, UZPOGbLE (POopMbL.

B crarpe npencrasiieH npuMep UrpoBoii (popMbI MONMYJISIpU3ANMH MATEMATHYECKOI0 3HAHUS
B MYy3ee 3aHMMAaTeJIbHbIX HayK CeBepHOro (ApKTu4eckoro) geaepajbHOr0 yHUBEPCUTETA UM.
M.B. JlomonocoBa. rpa peajmu3yercss B BUje MareMarnyeckoro typuupa «Ilyremecrsue B
APKTHKY», TAK KaK B My3ee IVIaHUPYeTCH OTKPbITHE APKTHYECKOro 3aJ1a.

Museum of entertaining science, popularization of mathematical knowledge, game forms.

The article presents an example of a game form of popularization of mathematical knowledge
in the Museum of Entertaining Sciences of the Northern (Arctic) Federal University named
after M.V. Lomonosov. The game is implemented in the form of a math tournament «Travel to
the Arctic», as the museum is planning to open the Arctic Hall.

uccusi My3esl 3aHMMaTelbHbIX HayK CeBepHOro (ApKTHUYECKOro) gene-

panpHOTO yHHBepcurera uM. M.B. JIoMOHOCOBa — MO3ULMOHUPOBAHUE

YHUBEPCUTETA KaK y4eOHOTO 3aBEJCHMs, KOTOPOE YTUT U COXpaHSAET Ha-
ciaeaue Hayku u obpazoBaHusa EBponeiickoro CeBepa u Apkrtuku [2]. My3sei co-
OupaeT, XpaHUT U BBICTABIISICT MaT€pPUAJIbI 110 JAESITEIbHOCTH YHUBEPCUTETA, MIPE/I-
METBhl UCTOPUHU, HAYKH, KOCMHUYECKHX TE€XHOJIoruil u T.a1. Kpome Toro, myseir op-
TaHU3yeT PA3JIMYHBIE MEPONPHUATUSA ISl IIKOJBHUKOB: MAacCTEp-KJIacChl, KBECTHI,
AKCKYPCHUH MO IOCTOSIHHBIM JKCIIO3UIUSAM U TeMaTUYECKUE JKCKypcuu. B mysen-
HOM (DOHJI€ TPEACTABICHBI DKCIIOHATHI, JEMOHCTPUPYIOIIHNE 3aKOHBI U SBJICHUS
€CTeCTBEHHO-HAYyUYHBIX AUCHUIUIMH. MareMaTuky K HUIM HEe OTHOCAT, cuuTas e€ ao-
CTPAKTHOM, CTPOTOM HAYKOM, UTO MPUBOJUT K IIOTEPE MHTEPECA MIKOJIbHUKOB K Ma-
TEMaTUKE B LEJIOM.

B0O3MOXXHOCTh MONYJAPU3ALAA MAaTEMATUYECKOTO 3HAHMUS MBI BHUIUM 34 CUET
BKJIIOUEHUS B pab0Ty My3est urpoBbix dopM. [IpeacraBum cuenapuii urpsl «Ilyrere-
CTBUE B APKTUKY» JIJIsl yHaInuxcsi 6—8 Ki1accoB, BBINOIHEHHOM B mporpamMmme Microsoft
PowerPoint.

Komannbr otnpaBisiroTcst B ApkTrdeckoe nmytemiectBue. Kaxkmoit komanae Heoo-
XOAMMO, BBIIOJIHSS 3a1aHus, IEPEIUIBIBATh C OCTPOBA HA OCTPOB JI0 TEX MOP, IMOKa HE
nobepyTtcs 1o CeBepHoro noJtoca (puc. 1).
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Mapwpym nymewecmBus
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Puc. 1

VYuactHuku pensatcd Ha 5—6 xomana-skcneauuuii: [Ixyna «Csaras Annay, Jle-
nokoi «Takmbip», CeBep — 2, JIeHuHCKU KoMcoMod, JIbDKHAs SKcneauuus, ApKTH-
ka-2007. [Ipu Bxone AeTeil B KiIacc KakJ0MY BBIJIAIOTCS MApKU ¢ SMOIeMOl ux Oymy-
1€y KOMaHIbl.

OuyepenHOCTh X0/1a KOMaH/IbI ONPeIEseTCs )KepeObEeBKOIA.

Kaxxnast koMmana BbIOUpaeT KaTeropuio 1 CI0KHOCTH BOIPOCa.

3a BepHO pEIICHHYIO 3a7ady KOMaH/a MOJy4aeT COOTBETCTBEHHOE KOJUYECTBO
CTPEJIOK, CHMBOJIU3UPYIOIIHNX MPOIBUKEHUE IKCIICTUIINN K KOHEYHOM 11esu. 3a pere-
Hue 3aj1aun Ha 1 Gam — 1 cTpenika, 2 — 2 crpenku, 3 — 3 cTpenku, 4 — 4 crpenku, 5 — 5
CTpEJIOK.

st Toro uTo0Os1 sKcieauius gomuuia 70 CeBepHOro mojarca, KOMaH 1a J0JKHA 3a-
paborath 33 cTpenKu.

HNHcTpyMeHTHI yripaBieHus: urpou (puc. 2).

UHCmpymMeHimbl

r,

E _;'-.ii T-IFE'E.HEITFETI. OTEET \i‘;ﬂ\h . TTMEHHII.H HHI:F'DP«"«'IELlHﬂ

.
@ BepuyTaeR Masan BaaipaTe MapWiTYT
I Bint Tt w9 s TpRa 9

Puc. 2

Urposoe nosie Beibop MapipyTa coaepkut 8 kareropuil (Jioruka, 1a0UpUHTHI, ap-
KTUYECKHE UCTOPUH, peOyChl, pa3pe3aHue, CeBEpHbIE LIIyTKH, TAHTPaM, KOMOMHATOPUKA).
B kaxmoi kareropuu npeicTaBiIeHbl 3aJJaHusl PA3IMYHOTO YPOBHS TPYIHOCTH (OT

1 1o 5) (puc. 3).
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Boidop mapuipyma

[ newa | [0 2 () () B9
| neswmeme | (27 21 (2] 4:I' (571
| Apkrausenme weropni | [17] [2) {271 [4) (57
| Pefycu | 2 2 5 1) 5
| Pepesae | [ (20 () (4 (5]
| Cemeprite wytwu | '[12_'] = 52 10 [2'
I Tanrpem | =2 27 & 5
It | ) G ) O

[IpuBenem npumepsl 3aaa4 U3 KaXA0W KaTETOPUH.

Kamezopusa Jlozuka. JJaHHbIA pa3fnen COAEPKUT JIOTUUECKUE 3aJ1aul Ha Iepenpa-
By. Pemienune nogo0HOro poaa 3aj1ad crnocoOCTBYET Pa3BUTUIO KPUTUYHOCTH MBIIIEHUS,
NpUyYaeT K aHAJIM3Y BOCIPUHIUMAEMON HHPOPMAINH, €€ Pa3HOCTOPOHHEW OLICHKE.

Jloeuka 3. 11o nnuHHOMY y3KOMY KaHaTy OJHO 3a IPYTUM UAYT TPU MAPyCHBIX CY/-
Ha: A, b, B. HaBcTpeuy nMm nokazanuce emé Tpu Cy[Ha, KOTOPbIE TAKKE HIYT OJHO
3a apyrum: I, /1, E. Kanan takoi mmpuHbL, 4TO 1Ba CyIHA B HEM pa3bexaTbCs HE MO-
I'YT, HO B KaHAJI€ C OIHOM CTOPOHBI €CTh 3aJIMB, B KOTOPOM MOXET TOMECTUTHCS TOJIb-
KO OJTHO CyAHO. MOTYT 11 OHM pa3bexarbesi? (puc. 4).

Aozuka 3

Tlo AnwsHasny pIRowy EOHAMY OHG 30 APy THA HEYT TR NAEYCHEE CyEHa:
A, B, B HIBCTRESY 1, MR RSl SUIE TR SYIHE, HOTORRDE TaRRE MTYT
agHe wa Apyiiea: T I, E. Honsan tasol wepebd, no s cpiso & s
PIBEXOTECA HE MOTYT, WO B HOSINE © OOMOIE CTOROMGT ECTh JLMA, &
HOTORORL SDMEET NOMELTUTRER TOMEHD O0HS DY AHE. 'l'-ﬂ'l'""r lid Gl
pOIbEMITHCA?

JJJ [

R

Puc. 4

Kamezopusa Jlabupunmet. Jlanubiii paznen BKIIOYaeT B ce0sl 3a/1a4M, B KOTOPBIX
HE0O0XO/IMMO OJTHUM POCUYEPKOM (HE OTphIBasi KapaHjaaiia OT OymMaru u He MPOBOJIS HU
OJTHOM JIMHUU JIBAXbl) HAUEPTUTH Ty WIH UHYIO PUTYDY.

Jlabupurmul 1. MapuipyT memniero moxoja B TOpbl IPECTaBIIEH B BUJIE (PUTYPBI, U30-
OpakeHHOU Ha pUCyHKe. MOXKHO JTM HAUEPTUTh JAaHHBIA MapIIPyT OHUM POCUEPKOM, HE
OTpBIBas KapaHjalia OT Oymaru u He TIpOBOJISl HU OJTHOM JIMHUU JABAXKbI? (puc. 5).
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Aadupurmpr 1
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Puc. 5

Kamezopua Apxkmuueckue ucmopuu. Paznen cCOACpXHUT 3aJadyu 00 HCTOPUHU
OCBOCHHMSI APKTHKU. ABTOpaMHM 3ajJiad SIBJISIFOTCA YYACTHUKU KOHKypca «ApXaHresb-
cKasi o0yiacTh B MaremaTudeckux 3agadax» [1]. Kaxnas 3amada nmogkperieHa peajb-
HBIMH (paKTaMHU.

Apxmuueckas ucmopusi 3 «llonapuas skcneouyuss Heana Ilananunay.
21 mas 1937 r. skcneauuus MBana [TananvnHa Beicaguiach B paiione CeBepHOro MmoJo-
ca Ha JTpJIMHY pazmepoM 5x3 kM. K MOMeHTY 3aBepIiieHUs IKCIICTUIIUN TII0IIA b JIbIU-
HbI yMeHbImIach B 250 pa3. KakoBbl cTaau pa3Mepsl JIbIUHBI, €CJIU IIUPHUHA COCTABU-
na 2/3 e€ nmunbl? (puc. 6).

ApKimudeckas ucmopus 3  Ikeneduuus nanaHuHued
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Kamezopusa Peodycol. B nanHOM paznielie npeICTaBlIeHbl HHTEPECHBIE TOIOBOIOM-
KM Ha pacimu(poBKy CJIOB, CBA3aHHBIX ¢ ApkTukoil. Kaxxgoe 3amanue moaKperieHo
WHTEPECHBIMU (paKTaMHU.

Pebycw 1. Pazranaiite 3ammdpoBaHHOE HA3BAHUE KOPEHHOTO Hapona ApKTuku (puc. 7).
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Kamezopusa Pa3pe3anue. Jlannasi kareropus COAEPKUT 3a7]a4u HA pa3pe3anue Gpu-
ryp MO CTOpOHAM KJIETOK. Takue 3aja4u crocoOCTBYIOT Pa3BUTHIO KOMOMHATOPHBIX
HABBIKOB, MTPEACTABIECHU O CHMMETPHHU.

Paspesanue 5. Paznenute HalBOAHYIO MOBEPXHOCTh JIbIUHBI, H300PKEHHYIO Ha
PHUCYHKE, Ha YEThIPE PaBHBIC YaCTH TaK, YTOOBI B KaXKJI0M M3 "acTeil ObUT MOpXK U Oe-
T MenBeb. JIMHUS pa3pesa N0JKHA TPOXOAUTD 10 CTOPOHAM KJIETOK (puc. 8).

O mbem

T [ FOLNENITE FOGEOIFH: THHE P TE
n’l',L‘]'. MiIsHe], POCE el b Py e,
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b, R SR ] AT Sl mof 1 G

5y | smemaeas
|l |
'{1 L - | A% Flesae poopeIn QoD

i_ﬂ ]_ h. NP OaMTS Fi CTOPOIN. HNETOL o
|

-

1

Puc. 8

Kamezopusa Cegepnvie wiyymku. JIaHHbIN pa3iell COIEPKUT 3aHUMATEIIbHbIE UTPO-
BbIE 33/1a4M C MATEMATUYECKUM CMBICIIOM U HEOKUJIAHHBIM peleHuem. JJis perieHus
TpeOyeTcst MPOSBIICHUE CMEKAJIKH, IOHUMAaHUS FOMOpPa, HEXKETTU 3HAaHUM MaTeMaTHKU.

Cesepnvie wiymku 5. ICKUMOCHI SBIISIIOTCS OTJIMYHBIMU OXOTHUKaMH. B 1eHb OHU
MOTYT IOMaTh B 11eJ10M 10 )KUBOTHBIX. MOTYT JIM CpE HUX OKa3aThCsl S TUHTBUHOB?

(puc. 9).

CeBepHole wymku 5

SCRFWERT ARNFHITCR OTMIA-Ha OXOTHARLE
B ned osd Moryt nodieors B enas 10
EAICTHELN, (YT N CRCAH HHE CR03aTecs 3

T R

by

Puc. 9

Kamezopus Tanzpam. Tanrpam — MaTeMaTudeckas TOJIOBOJIOMKA, COCTOSIIAS U3
CEMU TUIOCKHUX (PUTYP, KOTOPBIC CKIIAIBIBAIOT OMPEICICHHBIM 00pa30M JIJIs IOy YCHHUS
6onee cnoxHOU GuUrypbl. durypa, KOTOpyr HEOOXOAMMO MOIYIHUTh, 3a/1a€TCSI B BUJIC
CUITydTa WM KOHTYpa. [Tpu pereHnn HeoOX0aMMO UCTIONIb30BaTh Bce GUTYPHI, O€3 Ha-
JoKeHust pyT Ha japyra (puc. 10).

Tanepam 5 (puc. 10).
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TaHzpam 5 Owmbem

Puc. 10

Kamezopusa Komounamopuka. Jlauubiii pa3ien BKIOYaeT B cebs KOMOWHATOP-
HBIE 33]1a41, B KOTOPHIX HEOOXOJUMO OMPEICIUTh KOJTUYECTBO CYIIECTBYIONIUX BapH-
AQHTOB PEIICHUSI.

Kombunamopuxa 3. JIns XxpaHeHUsI MOPOKEHOU PHIOBI OJSIPHUKU UCTIONB3YIOT 3a-
KPBITHIE JIEPEBSHHBIE SIIUKH, TPAaBUILHON KBaapaTHOU ¢hopMbl. CKoIbKO GUTYp pa3-
HOU (OPMBI MOKHO TOTYYUTh, COSUHSIS YETHIPE SIINKA TpaHb B rpaHb? (puc. 11).

KomduHamopuka 3

FLns wpoia i sOpas-oid palliis I'I-Gl'ﬁ.FI-H!J.l
HG S pe-oT el Pl 5

nposAntcH asaapaTHoH qliq:wln.

CRONEHD JRATy] P Fid ol Aom-d N,
COE SIS SR TRIPE ONHHTACNNLY QRIS TRING B MPoe

3 A '

Puc. 11

Lis

CroxeTbl MaTeMaTU4yecKux 3afaHuil TypHupa «llyremectBue B ApPKTHKY» CO-
JIEpKAT KpaeBEAUYECKUU MaTepuall, OCBEIIAKOIINN HCTOPUYECKUE, MPUPOIHO-
KIuMaTuieckue u reorpaduueckue ocodenHoctu CeBepHoro kpasi. Bueapenue
NPEACTAaBICHHON UIPbl B My3el 3aHUMaTelbHbIX Hayk CA®DY 1MO03BOJUT HE TOJb-
KO IOBBICUTH TO3HABATEJbHBIM MHTEPEC IIKOJbHUKOB K MAaTE€MAaTHKE, HO U BOCIIH-
TaTh MaTPUOTUYECKOE OTHOIIEHHWE K CBOEHM Majoil poauHe W OepeXHOE OTHOIICHHE
K €€ UCTOPUUYECKOMY U KYJIBTYPHOMY HACJIEIUIO, IPEKPACHO JOIIOJIHUB IKCIIO3ULINIO
B APKTHUYECKOM 3aJie.

buonuorpadunyecKkum cnMCoK

1. OduuunanbHbIi caliT KOHKypca «ApxaHreiabckas o0nacTh B MaTeMaTHueckux 3anadax». URL:
http://itprojects.narfu.ru/arhkonk/about.php
2. OdunuanbHbIi caliT My3es 3aHuMaTenbHbIX Hayk CADY um. M.B. Jlomonocosa. URL: https://

narfu.ru/hsnst/struktura-i-kontakty/muzey-zanimatelnykh-nauk/
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OB UCNO0J1Ib30BAHUM BO3MOXHOCTEMN
KOMMNbIOTEPHOU CUCTEMbl GEOGEBRA

B PAMKAX OBOBLUAIOLWWEIO MNOBTOPEHUSA KYPCA
AJITEBPbI 9 KJIACCA NO TEME «CUCTEMbI HEPABEHCTB»

ON THE USE OF THE COMPUTER SYSTEM GEOGEBRA
IN THE FRAMEWORK OF GENERALIZING

THE RECURRENCE RATE OF ALGEBRA 9 CLASS

ON THE TOPIC «SYSTEMS OF INEQUALITIES»

B.A. CamopgypoBa, M.A. KeirB V.A. Samodurova, M.A. Kejv

Komnviomepnaa cucmema GeoGebra, cucmemvt KoMnvlomepHoil mamemamuku, 0o6oouwarouiee
noemopenue, Memoovl Opeanu3ayuu 0600uaULec0 NOGMOPEHUA, WKOAbHBLI KYPC Mamemamu-
Ku, o0yuenue mamemamuke ¢ 9 Knacce, cucmemuvl HepageHcme.

CraTbsl NOCBSILLIEHA BOMPOCAM OPraHU3anMu 0000111a101Iero MOBTOPEHMs, POJIM, MEeCTY U 3HAYe-
HHIO IOBTOPEHNsI Kypca ajire0pbl B paMKax moJAroToBKU o0y4yawuuxcs 9 kiacca K HTOroBoii ro-
CyIapCTBEHHOI aTTecTanuu no maremartuke. [lpeacrasiieH onbIT MPUMEHEHUs] KOMIIBIOTEPHOM
cucrembl GeoGebra npu opranusanum 000011a101er0 NOBTOPEHUs Kypca ajredpsl B 9 Kiacce.

Computer system GeoGebra, systems of computer mathematics, generalizing repetition, methods
of organization of generalizing repetition, school mathematics course, teaching mathematics in the
9th grade, systems of inequalities.

The article is devoted to the organization of generalizing repetition, the role, place and impor-
tance of repeating the course of algebra in the preparation of students in grade 9 to the final
state certification in mathematics. The experience of application of computer system GeoGebra
at the organization of generalizing repetition of a course of algebra in the 9th class is presented.

KTyaJIbHOCTh OpPraHHM3aluy 0000IIaroero NoBTopeHus B 9 kmacce, 00yciaoB-

JieHa TMOATOTOBKOM OOYy4aromIMXcsi K UTOTOBOW TOCYIapCTBEHHOW aTTeCTalluu

1o 00pa3zoBaTeIbHbIM IPOrPaMMaM OCHOBHOTO 001Iero oopasoBaHus B (hopme
OCHOBHOI'0 rOCYJIapCTBEHHOTO 3k3aMeHa (OI'D).

[Tox 06o6IIarOIM MOBTOPEHHEM Mbl TOHUMAEM CUCTEMAaTU3aIMI0 U 00001IeH e
paHee M3y4eHHOTO Marepraia, OpraHu3yeMoe Py OKOHYAHWU U3YyYEHUS TEMBI, 00JIb-
IIOTO pa3zesia MporpaMMbl WIHM B KOHIIE yueOHoro roja [1].

Hcnonp3zoBanne MHGOPMAITMOHHBIX TEXHOJOTHH, B YACTHOCTH CHUCTEM KOMIIbIO-
TEPHOIN MaTeMaTHKH, MO3BOJIAET MPOILYKTUBHO OPraHU30BBIBATH 0000IIAIOIIEE TOBTO-
pEeHHE MIKOIBHOTO Kypca MaTeMaTHKH.

[Ton cucremamMu KOMMBIOTEPHON MaTeMaTWKH MOHMMAIOT KOMIUJIEKCHBIE TMPO-
rpaMMHBIE CPECTBA, 00ECIIeUNBAIOIINE ABTOMATU3UPOBAHHYIO, TEXHOJIOTHYECKH €/TH-
HYIO ¥ 3aMKHYTYI0 00pa0OTKy 3a/1au MaTeMaTHYeCKON HAPaBIECHHOCTH MPH 3aJaHUH
MX YCIIOBHM Ha CIIEHHUAJIBHO MPEYCMOTPEHHOM SI3bIKE IOIB30BATENA [2].
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CucreMbl KOMIIBIOTEPHOM MaTeMaTUKH 00J1a/1at0T O0raTbiM HAOOPOM UHCTPYMEH-
TOB JUIsl IOCTPOCHUSI aHUMAIMOHHBIX YEPTEKEH U KOMIBIOTEPHOTO MOJIEITUPOBAHUS
pEIIeHHs] MaTeMaTUYECKOM 3a1a4u.

B manHOW cTaTthbe mpeacTaBUM OIIBIT UCIIOJIb30BAaHUSI KOMITBIOTEpHOM cpenbl Geo-
Gebra s opranu3zanuu 000011a01IeTo MOBTOPEHUSI Kypca anreOpsl 9 kiacca 1o teMe
«CucreMbl HepaBeHCTB». B mpoliecce moBTOpeHus: yueOHOro Marepuasa TpeHaXephl,
co3nannbie B cpene GeoGebra, MOTyT OBITH UCTIONIB30BAHbBI, KAK MHCTPYMEHTHI JIJIs ca-
MOTIIPOBEPKH.

[IpuBeaem npumMepsl perieHus 3aaanuii mo reme «CucTeMbl HEPaBEHCTBY» C IIOMO-
1IbI0 KOMIbIOTEpHOM cpenbl GeoGebra.

Ilpumep 1. PemuTh CUCTEMY HEPABEHCTB:

X —5X+6>0
2x-9<0

[Tocne pemieHust JTaHHOW CHUCTEMBI MUCbMEHHO, B IIEJISIX CAMOIPOBEPKU YMECTHO
NPEIOKUTh O0y4aroIIKUMCs CIEAYIOUIUi TpeHaxep, co3naHHblil B cpeae GeoGebra

(puc. 1).

Puc. 1. Mooenv mpenasicepa 6 komnvromephoti cucmeme GeoGebra
0711 0600w aue2o0 NOBMOPeHUs peuleHUs CUCMeM HEPABEHCME

Hcnonb3ys MOJMByHKH Ha paboyeM mojie, oOydaromuecs 3aJal0T 3HaYeHUsT Ko3(-
¢unuentoB a, a, b, b, c, ¢, rie a v a, — K03OUIUEHTHI ITPU X, bu bI — ko3 punmeH-
ThI IIPU IEPEMEHHOM X, & ¢ M ¢, — CBOOOHBIE WIEHBI. [IporpaMmma aBTOMAaTHYECKH BbI-
TIOJTHSICT TIOCTPOCHUE PEIICHUN T KaXJ0T0 U3 HEPABEHCTB, PEIICHUEM JTaHHOW CH-
CTEeMbI Oy/IeT MHOXKECTBO OOIIUX PEIICHUN HEPABEHCTB, Ha paboYeM IOJie pelIeHUe
CUCTEeMBbI OyJIeT BbIACJICHO Oojiee TeMHBIM I1BeToM. OOydaronecss UMEIOT BO3MOXK-
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HOCTh YBHUJIETh, KaK MOBEAYT ce0s1 Ha KOOPIAUHATHOM IJIOCKOCTH T€OMETPUUECKUE MO-
JIEJIA KaXKJI0OTO M3 HEPABEHCTB, U CPABHUTH CBOM OTBET C ATAJIOHOM.

[Ipu u3ydyeHnn AaHHOW TeMbl Oy/IeT yMECTHBIM NepedOopMyIupoBaTh 3aaHusl U
PEJIOKUTh 00YyJarOIIMMCS 3a/IaHie CO cleayromei popmynupoBkoi: «[Ipu kakux
3HaYEHUSAX KOA(D(PHUIIMEHTOB JaHHAS CUCTEMa HE UMEET PEIICHUI 7))

VYuyamuecs, UCMONb3ys MON3YHKH, CO3aHHbIe 751 KOA(h(OUIIMEHTOB HEPABEHCTB,
MOJICTTUPYIOT pa3IuvHble CUCTEeMbI. JlaHHas cuctema He Oy/leT UMETh pellieHus, Korna
pelIeHus AByX HEpaBEHCTB He OyAyT UMETh MepeceueHui, a 1Mo MOJI3yHKaM yJaliuecs
CMOTYT OIPEACIIUTh 3HAYEHHUSI NUCKOMBIX KO(DPHUITMEHTOB.

Takum 00pa3zoM, BOBMOXXHOCTH KOMITbIOTEpHOU cpeibl GeoGebra mo3BOSIIOT y4H-
TEJII0 JOCTAaTOYHO A(PPEKTUBHO OpraHM30BaTh 0000IIarOIIee MTOBTOPEHHUE 110 TeMaM
Kypca airedpsl B 9 kiacce, a o0ydaromemMycs IoMOratoT MOCMOTPETh Ha MpoIece 00-
YYEHHUsI C APYTOl CTOPOHBI, JAIOT BO3MOXKHOCTh BU3YyaJIM3UPOBATh PEIICHUE MaTema-
TUYECKOM 3a/lauM U clieaTh mpoliecc 00ydeHust 0ojee COBPEMEHHBIM U UHTEPECHBIM
JUIs1 0OyJaroITUXCsl.
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OT PABEHCTBA NMU®ATIOPA K PABEHCTBY NTOJIEMES

FROM PYTHAGORASY’S EQUALITY TO PTOLEMY’S EQUALITY

B.K. laBpunos V.K. Gavrilov

Teopema Ilmonemesn, enucannsvlit 8 OKPysHCHOCMb YemMblPeXy201bHUK, NPOU3BEOeHUEe OTUH OUA20-
Haneil, cymma npou3eedenus OJTUuH RPOMUGCONOTIOHCHBIX CHIOPOH.

/151 yeThIpexyroJibHNKA, BIIMCAHHOTO B OKPY:KHOCTh, 0TMe4eHa cBsi3b paBeHcTBa [lTO1IEeMes €
paBencTBoM Iludaropa, mojiyueHo paBeHCTBO /1IJIs1 OTHOIIEHHUSI JUATOHAJIeH YeThIPexXyrojabHH-
Ka M omnpe/e/ieHa JIMHA IUaroHaJjei.

Ptolemy’s teorem, inscribed into the circle quadrangle, the work of corner diameters, the sum of
the work of the lengths of the opposite sides.

It is marked the connection Ptolemy’s equality to Pythagorasy’s equality for four-angle inserted
into circumference. It is received the equality for relation diagonals of the four-angle and theirs
lengths are find.

TOUYKHU 3PEHUS] IPEEMCTBEHHOCTH B HAyKE ONMPEACIICHHBIN UHTEPEC UMEET BO-

IpoC O MpeabicTOpuM TosiBiIeHUs1 TeopeMbl Iltonemes. ComiacHo Teopeme

[Itonemest AJisi BHUCAHHOTO B OKPY>KHOCTb YETBIPEXYTOJIbHUKA MPOU3BEACHUE
JUIMH AUaroHajied paBHO CyMM€ MPOW3BEAEHUN JIJIMH MPOTUBOMNOJIOKHBIX CTOPOH. B
[1, c. 62] npuBeaeHBI TPU BapraHTa J10Ka3aTesibCcTBa TeopeMbl IITonemes. IlepBolii Ba-
pUAHT OPUEHTHPOBAH HA CTYJEHTOB-MAaTE€MATHUKOB, — YKa3aHO Ha BO3MOXHOCTb pac-
cMoTpeHus1 Teopemsl IITonemess B kauecTBe ciieacTBusl TeopeMbl CumcoHna. Bropoit
U TPETUW BapHaHThl OPUEHTUPOBAHBI HA IIKOJIBHUKOB, — JJI1 BTOPOTO BapuaHTa 000-
CHOBaHHE JOKA3aTelIbCTBA HE YKa3aHO;
JI0Ka3aTelIbCTBO 0 TPEThbEMY BapUaH-
Ty OCHOBAaHO Ha TEOPEME KOCHHYCOB.
HaulGonee mpocTeiM BapuaHTOM JOKa-
3aTeyIbCTBA SIBJISIETCS BTOPOM BapUaHT
C BBIIIOJIHECHUEM JOMOJHUTEIBHOTO T10- a
cTpoeHusi. VIMEHHO [ONOJTHUTEIBHOE
MOCTPOEHUE OMPENENAECT AOCTYMHOCTh
JoKaszarelnbcTBa Teopembl [Itonemes b f,
JUTSL IIIKOJIbHUKA.

[To MHEHMIO aBTOpa, BTOPOU BapH-
aHT JOKa3aresbCcTBa TeopeMsl [ITonemes
ocHoBaH Ha Teopeme [ludaropa.

JlenCTBUTENBHO, JOKAXKEM TEOPEMY
[Ironemes mJisi 4aCTHOTO Ciyyas BIIH-
CaHHOIO B OKPY>KHOCTb MPSIMOYTOJIbHU-
ka (puc. 1).

P

DK LAC; » ZADK = Z2BDC=a; - AKD~ BCD;
ZADB = ZKDC = a+y; > DKC ~~ DAB.
A A

Puc. 1
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[TockonbKy AMaroHanu MPSIMOYTOJILHUKA M €T0 CTOPOHBI 00Pa3yroT MPSIMOYTOJIb-
HbIE€ TPEYTOJIbHUKHU, MCIOJb3yeM H3BEeCTHOE [2, c. 146] moka3arenbCTBO TEOPEMBI
[Mudaropa. Omyckaem U3 BEpIIUHBI yriia D BBICOTY DK Ha nuaroHaib AC. B pesynb-
TaTe MOJIy4aeM IIECTh MOJOOHBIX MPSMOYTOJIBHBIX TPEYTOJILHUKOB (CKOJIBKO MPSMBIX
YIJIOB — CTOJILKO U TPEYTOJILHUKOB), U3 KOTOPBIX B JIFOOOM BapHaHTE JOKa3aTeIbCTBA
YYaCTBYIOT TPEYTOIbHUKU AKD W DKC . I10CKOJIBKY BCE€ CTOPOHBI MPAMOYTOJIbHUKA
paBHOIIPABHBI, PE3yabTaT JOKAa3aTEeIbCTBA JOJDKEH COAEPKATh BCE CTOPOHBI M JHAro-
HaJIM MPSMOYTOJIbHUKA. ITOMY YCIOBUIO COOTBETCTBYIOT Mapbl MOAOOHBIX TPEYTOJib-
HUKOB AKD, BCD n DKC, DAB, 1151 KOTOPBIX COOTBETCTBEHHO NUMECM:

#h 80 & uwaitign
AD  BD BD

KC A8 o o= en
CDh 8D BD

AK + KC = AC;

AC-BD = AB.-CD+ BC- AD.

Teopema IItonemes s NpAMOYTrOJbHUKA JTI0KA3aHa.

J171st IpOM3BOIBLHOTO YETHIPEXYTOJIbHUKA (PUC. 2), BMUCAHHOTO B OKPY>KHOCTD, T10-
CTpOCHHUE OTpe3ka DK BBIMOJHSIOT MO YCIOBUI: /ADK = /BDC (TIOCTPOCHUE YTJIOB
110 PaBEHCTBY AYT OKPY>KHOCTH, — CM. 2, c. 49), yTo o0OecrneynuBaeT nogooue paccMo-
TPEHHBIX B JOKA3aTECJIbCTBE BBIILIEC TPEYTOJBLHUKOB, a CIE€I0BATEIILHO, - U ITOJIYYCHHUE
paBeHcTBa [Itonemes B o6miem ciaydae, cM. [1, c. 62].

AE=B6 - LZADE =/BDC = a; —> AAKD ~ ABCD;
ZADB = ZEDC = a+y; > ADKC ~ ADAB;

Puc. 2
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B o603nauenusx (puc. 2) [1, c. 62, puc. 54] paBenctso [ITonemes umeer BUI:

e-f=a-c+b-d. (1)

OTHollIeHHE AJIMH AMaroHaIel YeTbIpEXyrojlbHUKA HAWIEM CIIEAYIOIIMM 00pa3oM.

[Tnomanp (S) 4eThIpeXyroJbHUKA paBHA CyMMeE ILIONIQJACH KakKJOW maphl Tpey-
TOJIbHUKOB, MMEIOIIMX OOLIMM OCHOBAHHMEM OJHY U3 AuaroHanei. C ydeToMm cBs3H
IUIOLIAAM TPEYToJIbHUKA, BIMCAHHOTO B OKPYKHOCTh pajauyca (R), ¢ qimuHamu cTopoH
TpeyrojabHUKa (CIeCTBUE TEOPEMBbI CUHYCOB, [1, c. 25]) umeem:

e f
S=(a-b+c-d)-——=(a-d+b-c)-——;
( VTR ( )4.R

e _(a-d+b-c )
f (a-b+c-d)

N3 (1) u (2) nyst onpeneneHust JIMH TUaroHaae moayqum:

: _(a-ctb-d). &9*b0).

e’ =(a-c+b-d) @bicd) (3)
> _(a.c+b.d).@P*+Cd)

f?=(a-c+b-d) @dibo) (4)

Pagenctna (1), (2), (3), (4) 2xBUBaJIeHTHBI paBEHCTBAaM, PUBEACHHBIM B [ 1, . 62].

OTtMeTuMm, 4TO JJIsl IPSAMOYTOJIbHUKA (puc. 1): 8= AC, CD'=A4B, AD=BC u pa-
BeHCTBO [ITonemest mepexomut B paBeHCTBO [Tudaropa: 4C* = 48 « BC”,

Takum 06pazom, BecbMa BeposiTHO, uTo [1Tonemeit (ok. 100 - ok. 178) HaunHan pa-
00Ty Haj cBoell TeopemMoii ¢ paBeHcTBa [Iudaropa (ox. 570 - ok. 500 g0 H.3.) [3], a na-
Jiee TOSBWIIMCH U JPYTHE BAPUAHTHI JI0KAa3aTeIbCTBA TEOPEMBI.
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UCIMOJIb3OBAHUE CPE[1bl GEOGEBRA
a1 NOUCKA AITEBPAUYHECKOIO OINMUCAHUSA YIUTOK
NMACKANA NOPAAKA 2

USE GEOGEBRA TO FIND ALGEBRAIC DESCRIPTION
OF SNAILS PASCAL ORDER 2

C.B. lapuH, C.B. Yunbak-oon S.V. Larin, S.V. Chilbak-ool

Yueono-uccneoosamensvckaa oeamenvnocme, anumMayuoHHvll pucyHoK, cpeoa GeoGebra, yium-
ka Ilackans, KomniekcHole YUCIA, MHO2OYICHBbL.

B crarbe mpeacTaBieH ONBIT UCMOJb30BAHUS KOMIbIOTEPHON AHMMALMHU NMPUH OPraHU3aLMUN
Y4eOHO-HAYYHbIX HCCIET0BAHUN CTAPIINX KOJbHUKOB HA PpUMepe ajredpanyeckoro onuca-
Hus yauTok Ilackanas nopsiaka 2.

Teaching and research activities, entertainment figure, Wednesday GeoGebra, snail Pascal, com-
plex numbers, polynomials.

The article presents the experience of using computer animation in organization of educational
and scientific research of senior pupils at example algebraic description of Pascal 2 order snails.

QXIbI1 N3 aBTOPOB B paMKaX COTPYAHUYECTBA CO MIKOJIbHBIMHU YUPEKICHUIMHU

(C.B. Jlapun — I'mmuazus 13 . Kpacnosipcka u C.B. Uunbax-oon —['umHazus

Ne 5 ropona Kei3buia PecriyOnuku TreiBa) TpOBOAST CIielMaIbHbIE 3aHATHS CO
HIKOJIbHUKAMU CTapIIUX KJIACCOB yueOHO-HcclieoBarenbckoro tuna. [puseaem npu-
Mep TaKUX 3aHATHI, Ha KOTOPBIX BMECTE CO IIKOJIbHUKAMHU UCCIEAYIOTCS T€OMETPU-
YeCcKue KpHBbIE, Ha3bIBaeMble ynuTkamu [lackans nopsiaka 2. [Tpu 3ToM 3aKpemisitoT-
Csl M pacIIUPSIOTCS 00s3aTeNIbHbIC 3HAHUS KOMITJIEKCHBIX YHCEJI U MHOTOUJIEHOB C KOM-
TUIEKCHBIMU KO3 dutinenTamu. UTorom sTux vccieaoBaHuii JOMKHBI CTaTh aHUMAIU-
OHHBIE PUCYHKH, BbINOJHEHHBIE B cpene GeoGebra, KOTOpbIE IE€MOHCTPUPOBAIN OBl
anredpanyeckoe onucaHue JaHHbIX ynuToK [Tackans.

[IpencraBum 00bekT uccneaoBanus. [1ycTs Ha MIOCKOCTH MOCTPOECHBI ABE OKPYK-
HOCTH OJIMHAKOBOTO pajiyca, KOTOpbIE KacaloTcs APYT Apyra BHEUIHUM 00pa3oM B
touke A (puc. 1). OKpy>KHOCTb ¢ IEHTpOM B Touke O HEIMOJBHKHA, a OKPY>KHOCTb C
1eHTpoM B Touke O, Bpamaercs 0€3 CKOJIbXEHUS 110 IepBON OKpYKHOCTHU. M3 ieHTpa
BTOpPOM OKPYKHOCTH IIPOBEJICH JIy4 U Ha HEM OTMeueHa Touka L . JInHus, KoTopyo BbI-
yepunBaeT Touka L, Ha3zpiBaercs ynutkol [lackans, a HaYaIpHOE MOJOKEHUE OKPYXK-
HOCTEH U JIy4da ¢ ToukoiM L Ha HEM HA30BEM YJIWTOYHON KOHCTPYKIUCH.

OTO MOHATHE MOXXHO 0000IIaTh B pa3HbIX HampaBlIeHHUSX. MOXHO OTKa3aThb-
C OT OIMHAKOBOCTH PaJlyCOB OKPYKHOCTEH, ClIeJIaTh MEPBYIO0 OKPYKHOCTh TAKXKE
Bpalllaoniencs, i3MEHUB XapaKTep BpalleHUs 00euX OKPYKHOCTEH, HAKOHEI, MOX-
HO pacCcMOTPETh BHYTPEHHEE KacaHue okpykHocteil. Kaxpiit pa3 Oynem uMeTh HO-
BbI€ YIUTKU.
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Puc. 1

Beenem 0600menue ynutku [lackansi, B KOTOpOM COYETAIOTCSl BCE AT HOBOBBE-
JneHus. [{ns 3Toro mocTpoeH aHMMalMOHHBIM PUCYHOK, COBMELIAOIIMNA BCE CIIy4Yaw.
O060011IeHHY0 YAUTKY Oy/ieM Ha3bIBaTh yauTkoi [Tackass mopska 2 (1o 4uciy oKpyx-
HOCTEH, KOTOpOE TpeArnoiaraeTcs B JalbHEHIIEM caenarb Mpou3BoJIbHbIM). OTaeb-
HbIC BapHaHTHI M300paXKEHUH MBI TToTydaeM, u3MeHsss N Ha [lomsynke, n=0,1,2,3,4.
[Ipu N=0 pucyHOK TEMOHCTPHUPYET BCE BO3MOXKHBIE YIUTOYHBIE KOHCTPYKIIUHU (PUC.
2). Undopmaruuo ynmutky [lackans mopsnka 2 nenecooOpa3Ho 0003HaYaTh B BHUJIE
L, ((r, P, K, (15, Py, K,), d). PazpsicHEM cMBICKT KaXkI0TO Mapamerpa B 3TOM 0003Ha-
YEHUH, MOJIb3YSCh PUC. 2.

6 Ynurku [lackamnsa nopanka 2
5
n=0
4 D
L1 3 py=2 py=2
& 2
B
A K
&5 sz VinTo4YHbIE KOHCTPY KUK
o“NE R
_4_3_\&'@%2 3 4 5 6 7 8 9 10 11
L
Puc. 2

ITepBast okpy>KHOCTB XapakTepuzyercst HabopoM (I, P, K, ) . [lapamerp I, ects pagu-
yc¢ OR. Ero MoxHO U3MEHUTH NiepeMelieHrneM Touku R 1o ocu abenucce. [Tapamerp p,
ynpasisiercs [lon3yHKkoM 1 0003Ha4aeT KOIMYeCTBO 000POTOB MEPBOM OKPY>KHOCTH BO-
KPYT CBOETrO IIEHTpa 3a BPEeMsl, KOTa 3TAJIOHHAS TOYKA Z, PaCMOJOKEeHHAs Ha €IUHNY-
HOW OKPYXHOCTH, CAEJIAET 10 HEW OJIUH MOJIHBIN 000poT. JleMOoHCTpHrpyeT 000pOTHI Iep-
Boii okpyxHOocTH Tyd OZ'. Tlapamerp K, Ha3zpIBaeTCst yIIIOBBIM KO3 PUIIMEHTOM OKPYX-
HocTh. OH OTMEUYaeT HavaIbHOE TOJIOKEHNE TOYKH Z , KOT/Ia STaJOHHAs TOYKa Z B Ha-
YaJibHBIA MOMEHT BPEMEHU HaxXoaAUTCsl B equHnyHOM Touke E =(1,0) ocu abcuuce.

BTopas okpy>KHOCTH XapakTepusyercsi HabopoM mapameTpos (I,, P,,K,). Ilapa-
METp I, Ha3bIBAETCs YIUTOYHBIM PaJlyCOM BTOPOW OKpy:KHOCTH. OH paBeH paauy-
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Cy DTOM OKPYKHOCTH IPU BHEIIHEM KaCaAHUU OKPYKHOCTEW U PAaBEH YHUCILY, IPOTUBO-
II0JIOKHOMY pajnycCy, €Clid KacaHue BHyTpeHHee. [lapamerp P, ympasnsercs Ilon-
3YHKOM 1 0003Ha4aeT KOJIMYECTBO 00OPOTOB BTOPOH OKPYKHOCTH BOKPYT CBOETO IIEH-
Tpa 3a BpeMs, KOIJla €€ IIEHTP CJENAaeT OJUH MOJIHBIA 000POT BOKPYT IIEHTpa MEPBOii
okpykHocTH. [lapamerp K, Ha3pIBaeTCs yrIIoBBIM KO (UIIMEHTOM BTOPOI OKpYKHO-
CTH, OH OTMEUYAET HaYaJIbHOE IOJI0KEHUE TOYKH, BBIUEPUYMBAIOLIEN COOTBETCTBYOLLYIO
ynutKy. Eciu 510 Touka L, To myd BL B HauasibHBIM MOMEHT (KOTJa TOUYKa Z COBIIA-
naeT ¢ enuHUYHOU Toukol E ) mapamtenen myay OK, . Hakonemn, mapamerp d Ha3bIBa-
eTCsl OTKJIOHEHHEM M XapaKTepu3yeT OTKJIOHeHHe Touku L oT Touku C' mepecedeHus
BTOPO#1 OKPY)KHOCTH U JIy4a, Ha KOTOpPOM pacmojiokeHa Touka L. Yucno d paBHo au-
He otpe3ka C'L , eciin BooOpaxkaemast OKPYKHOCTb C IIECHTPOM B Touke L, mpoxossiiast
yepe3 Touky C’, KacaeTcsi BTOPOH OKPY)KHOCTH BHEIITHUM 00pa3oM, ¥ YHUCITY, IPOTHUBO-
ITOJIOKHOMY JIJIMHE 3TOTO OTPE3Ka B ClIy4yae BHYTPEHHETO KACAHMS.

PucyHoK 2 neMOHCTpPUPYET TOT K€ aHMMAIMOHHBIN pUCYHOK npu N=1. Bee-
nem (Ctpoxoii BBoia) kommiekcHoe uucio W= ((d +1,)K,z™" +(r, +1,)2)k z” . Bu-
MM, YTO TOYKa W coBrajia ¢ Toukoi L, BeiuepumBaromieit ynutky Ilackans cre-
neHu 2. DTo O3Ha4yaeT, YTO B JaHHOM ciiydae ynuTka [lackans coBmagaer ¢ oOpa-
30M €IMHUYHOW OKPYXHOCTH TIpU MpeoOpa3oBaHUM, KOTOPOE 33JaeT MHOTOUJICH
W(Z) = ((d +1)k,z™" +(r, +1,)2)k z” . Takoii MHOrouleH eCTECTBEHHO Ha3BaTh
OnpeaeNsomuM 11 faHHoW ynuTku [lackans nopsaka 2. Ha pucyHke 3TOT MHO-
rOWIEH IMOKa3aH MpHU BHIOPAHHBIX 3HAYEHUSIX mapaMeTpoB. [Ipu u3Menenuu mapa-
METPOB YJIUTOYHON KOHCTPYKIIMU U3MEHSETCS COOTBETCTBYIOIIUM 00pa3oM orlpe-
JEJSIOMNNA MHOTOWIEH. AHAJIOTUYHAsl CUTyallysl IPYU BHYTPEHHEM KacaHUU OKPYXK-
HocTel (puc. 3 ipu N=4).

6 VYnurku [Tackamis nopsiaka 2

n=4

W py=2 py=2

Vmurka Mackass

Lz(l'/rl'lz 1.69, pi= 2, k= 0.88 + 0.47(),

2k (ro= —1.24, py=2, ko= 0.56 + 0.83(), d = —1.93)

E\R
2

DA,

3|4 S5 6 7 8 9 10 11 12 13 14 15

N

Oll])(‘,)L(‘,JI)[I()[[LVIﬁ Mll()]'()‘[.il(‘.[l .
w)(2) = (—0.36 — 3.15()2° + (0.4 + 0.21()2*

Puc. 3

Takum 00pa3zom, CO3aHHBIA aHUMAIIMOHHBIA PUCYHOK «MEXaHHUYECKH» periaeTt
3a/1auy HaXOKJIEHUs 10 NaHHOoU ynuTke [lackans mopsiika 2 ee onpenesironiero MHO-
rO4JICHA.

BosHukaer Bropas 3a/1ada; BCSIKUH JIM IByYJICHHBIH MHOTOWICH ¢ KOMIUIEKCHBIMH
ko3 puneHTaMu SBISETCS OMPEISISIFOIINM TSl HeKOTopo# ynutku [lackans mopsia-
ka 2? PemaeT «MexaHHUECKI» 3Ty 3a]jady aHUMAIIMOHHBIA PUCYHOK, TIPEACTaBICHHBIH
pucyHkamu 4 (kacaHue BHeIIHee) U 5 (KacaHue BHYTpEHHEE).
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Ymurka ITackamnsa o MHOTOYIEHY

g,=2 =3
Muorowien w(z) = az®+ bzi1=
c ‘a = (1.55 + 1.04{)2® 4 (—0.62 + 1.83()2°

(¢] é R
2 3 4 5 6 7 8 9 10 11

VYiprka [Tackass
Ly((r1 =147, pr=1, k1 = 0.83 + 0.5,

) 551)
(ry =04, py=1, ky = 0.26 + 0.97(), d

Z153)

Puc. 4

Co31aHHbIi aHUMAIMOHHBIN PUCYHOK MO3BOJISET YBUAETh yAUTKY [lackans mo 3a-
JTaHHOMY MHOTOWIeHY W(Z) = az® +bz" . KoadduimenTs MHOTOYJIEHA 33/1aK0TCS TOY-
KaMH (KOMILIEKCHBIMM unciiamMK) Ha [TonotHe. Ha aHMManimoHHOM pHCYHKE OHU U3Me-
HSAIOTCS IIepeMelIeHHeM 3TUX Touek. [lokasarenu ¢ 1 , 3a1al0TCA U yIPABISAIOTCS
uenourcieHHbIMe [lon3yHkamu.

Vnurka ITackass 1o MHOrO4YIEHY
q,=2 =3

A Muorousen w(zg = az®+ bzl =
= (0.6 + 0.340)z” + (—0.62 + 1.83()2>

3 4 5 6 7 8 9 10 11 12

Viurka [Tackass ’
LI ST P = 1, ky = 0.87 + 0.490),
(ro=—0.78, pp =1, ky = 0.19 + 0.98(), d = (171)

Puc. 5

Bo3HMKaeT 1enblid psal YaCTHBIX 3a7a4, PEIICHUE KOTOPBIX MOPYYAETCS YUAIIUMCS.
B cBs13u ¢ opranuzanmei nogo00HbIX UCCIIEAOBAHUN ¢ YYEHHUKAMHU B MIOJIHON Mepe MposiB-
JsIeTCsl MEeTOIMKAa MaTeMaTHKU KaK MCKYCCTBO ee npernojaaBanus. Mozaeparop (y4urenb
WK TpenojaBareib By3a) 00s3aH Oy/IeT peliaTh YaCTHbIE METOINYECKUE MPOOJIEMBI: KaK
CJIIOKHBIA Marepuai MPEnoAHECTH CHO U IOCTYITHO, KaK YBJIEYb IIKOJIbHUKA UCCIIENO-
BaTEJIbCKOM 3aa4€il, KAK BCEJIIUTh B HEIO YBEPEHHOCTh B CBOU CHJIBI M I10KA3aTh, 4TO pe-
[IEHWE eMy BIOJHE MO cuiiaM? ABTOPBI MPU3BIBAIOT B MEAArOIMUYECKUX By3ax OOJIbIle
BHHUMAaHUS YJIETATh HE CTOJIBKO TEOPUH NEAATOTUKHA U METOAMKH MTPENOAABAHUS, CKOJIb-
KO YKUBOMY MCKYCCTBY IIPETIOABAHMS HA KOHKPETHBIX MATEMaTUYECKUX IIPUMEpPax, BCe-
MEPHO YBEJIMYMBAS YMCTO MAaTEMATUYECKYIO COCTABIIIONIYIO METOJMKH TPETIOAABAHUS
MareMaTtuku. OTHOBPEMEHHO aBTOPBI PATYIOT 3@ BBEACHUE KOMIIBIOTEPHON aHUMALIMH B
apceHas AUJAKTUYECKUX CPEICTB 00yueHus MaTeMaTuke. Meroauueckoit mpobiemaru-
K€, CBI3aHHOM C IIPOBEICHNEM MOJJOOHBIX UCCIIEIOBAHUM, TOCBSIIIEHA CTAaThs IEPBOTO U3
aBTOpOB «OpraHu3anus y4eOHO-UCCIIEN0BATENbCKON IEATENBHOCTH KOJIBHUKOB C UC-
NOJIb30BAaHUEM KOMITbIOTEPHON aHMMALIUK», TOMELIEHHAs! B 3TOM COOpHHUKE.
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PELWWEHUE 3AJAY C NAPAMETPOM
C MOMOLLBbIO MPOrPAMMbBI XUBASA MATEMATUKA

THE SOLUTION OF TASKS WITH PARAMETER
BY MEANS OF THE LIVE MATHEMATICS PROGRAM

0O.B. batocoBa O.V. Bayusova

Kueaa ceomempus, 3a0aua c napamempom, cpagux gynkyuu, 0dyuenue, mamemamuyeckoe 00-
pazoeanue, OI'3, EI'J.

B crarbe paccMaTpuBaeTCsl CI0KUBIIASICS B CUCTEMe IIKOJIBLHOT0 MATEeMATHY€eCKOIro 00pa3oBa-
HUSI CUTYyallusl, CBSI3aHHAs ¢ HaJau4YueM B BapuanTax OI'D u EI'D no maremaruke 3aj1a4 ¢ na-
pametrpom. O0cyx1aeTcs BO3MOKHOCTH MCIOJIb30BAHUS MPorpaMmbl JKuBasi MaTeMaTuKa Mpu
u3yuyeHnu GyHKIMOHAIbHO-TPa(QHUeCKUX MeTO0B pellleHUsI 3a1a4 ¢ apaMeTpoM.

Live mathematics, task with parameter, a function graph, training, mathematical education, OGE,
the USE.

In the article is examined the prevailing in the system of school mathematical formation situa-
tion, connected with the presence in versions OGE and EGE in mathematics of tasks with the
parameter. Is discussed the possibility of using the program Living mathematics during the
study the functional- graphic methods of solution of tasks with the parameter.

IVH U3 BaXKHEUIINUX ToKazaresieil 3p(heKTUBHOCTH OOyuYeHHUs 3aKII0YaeTCsl B

oOecrieyeHuu B mpolecce 00yueHus pa3BUTUE TUYHOCTH pedenka. [Ipumenu-

TEJIHHO K MaTEeMaTHKEe MOYKHO CKa3aTh, YTO CaM MPOIECC €€ U3YUEHUS JOKEeH
IPUBOJIUTH K YMEHHIO JIOTUYECKH, JOKA3aTeIIbHO MBICIUTh, YMEHUIO TBOPUECKH, a HE
CTEPEOTHUITHO, MOAXOAUTH K PEIICHUIO JII000H 3a1aun [5].

Hacrosiias cutyanusi B cucTeMe MIKOJIBHOTO MaTeMaTudeckoro oopa3oBaHus Ta-
KOBa: OOJBITMHCTBO MaTeMaTHMUECKUX 3aJ]lad PeIIaeTCs MO OINpPEAeNIEHHBIM alrOpPUT-
MaM, U OBICTPOE UX PEIIeHHE OOBIYHO 3aBUCUT OT 3HAHUS POPMYJ U YMEHUS UX TIPH-
MeHATh. [Ipu 3TOM OCHOBHOE YCJIOXHEHUE 3aJa4d MPOU3BOAUTCS 33 CUET yBeluye-
HUS JICUCTBUMN pelieHus. MHOTue 3Tanbl pelIeHus TaKUX 3ajlad y YYeHUKOB Iproope-
TaeT aBTOMATHYECKUN XapaKkTep, OHU HE 3ayMbIBAIOTCS HAJl BHIMOJIHEHHEM KaXKIOTO
u3 HuX. OTCIoa HEpaIlMOHAIBHOE, 4 MHOT/IA U OITMO0YHOE pelieHue 3aaadu. Ooy4aro-
IIMECs] OYEHBb OBICTPO MEPECTAIOT MPUMEHSATh U3YUEHHBIEC ONIPEICICHUS, TEOPEMBI, CO-
Kpariasi 000CHOBaHUE PEIICHUS 3a/1a4H.

Jlnst 60ABIIMHCTBA MIKOJIBHUKOB 3a/laui ¢ MapaMeTpOM HEMpPHUBBIUHBI, a Ui He-
KOTOPBIX OHU SIBJISIOTCS CIOXKHBIMH. {7151 MX pelieHus Mano 0OBIYHOTO NMPUMEHEHUS
dbopMyi, B TIpoliecce UX PelIeHUs HY>KHO TOHUMATh 3aKOHOMEPHOCTH U YMETh aHaJIH-
3UpPOBaTh OT/AEJIbHBIE CIIy4au C MOMOIIBIO OOIIMX CBOMCTB 00bekTa. [Ipu perenun 3a-
J1a4y ¢ mapaMeTpoM JIOJKHBI IPUCYTCTBOBATH CUCTEMHOCTD U TIOCIIEIOBATEIbHOCTb.

B ka)xjoM UTOroBOM 3K3aMeHe, MPOBEPSIONIEM MaTeMaTUYeCKyIO MOJITOTOBKY Ha
JIOCTaTOYHO BBICOKOM YPOBHE, €CTh 3aJlaud ¢ MmapaMeTpom. boiee Toro, UMEHHO TO,
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yto B EquHoM rocynapcteennom sk3amene (EI'D) u 0cHOBHOM rocyapcTBEHHOM JK-
3ameHe (OI'D) mpucyTCTBYIOT 3a/1a4 € TAPAMETPOM, SIBJISETCSA CBOETO POJIa CUTHAIIOM
K TOMY, YTO HYKHO YIEJSATh BpeMs Ha U3yUeHUE JaHHOU TeMBbI [4].

B Hacrosiiee Bpems IUPOKOE PACPOCTPAHECHHE MTOIYUYNUIN UHTEPAKTUBHBIE CPEI-
cTBa 00yueHus Ha 6a3e COBPEMEHHBIX HH(POPMAIIMOHHBIX U KOMMYHUKAIIMOHHBIX TEX-
HOJIOTMH, U B YaCTHOCTH, MHTEPAKTUBHBIE Cpeibl. B mpenogaBaHny MaTreMaThKUA BCE
Yanie UCIOIb3yIOT HHTEPAKTUBHBIE TEOMETPUUECKHUE CUCTEMBI [2], T.€. MPOrpaMMHBIE
Cpebl, KOTOPBIE MO3BOJIAIOT JI€JIaTh TEOMETPUUECKUE MOCTPOCHHS HAa KOMITBIOTEPE Ta-
KM 00pa3oM, 4TO MPH JIBIKEHUU UCXOTHBIX 00BEKTOB (PUTYypa COXpaHSET CBOIO IIe-
JIOCTHOCTb.

Opnnoil U3 Takux cpen asisercsa JKupas Maremaruka. 9Ta MporpaMma UMEET IIU-
pOKHE BO3MOXHOCTU. B HEll MOKHO cO3/1aBaTh JUHAMUYECKUE YEPTEXKU JIJIS1 UCIIOJIb-
30BaHUS HA PA3HBIX YPOBHAX 00OYUEHUSI TEOMETPUH, ANTeOpe U IPYTUM CMEKHBIM JTUC-
rurmrHaMm [3]. )KuBas maremarrka ooecrednBaeT HalIIHOCTh Y4eOHOTro MaTepuaa.
Cama mporpamma JKuBasi MaTeMaTHKa MPEJCTaBISAET CO00M YHUKATBHBIN MTPOAYKT, TO-
3BOJIAIOLIUN CTPOUTH COBPEMEHHBIE KOMITBIOTEPHBIE YEPTEKU, KOTOPBIE BBIITISIAT KaK
TpaJAUIMOHHbIE, U, KaK MPABUJIO, JIETKO UAECHTUMOUIIMPYIOTCS C TPATUITMOHHBIMHU, OI-
HAKO, MPEICTABIISIOT COO0M KaueCTBEHHO COBEPIICHHO HOBOE SIBJICHUE. DTa MPOrpam-
Ma O4eHb Mmoxoxa Ha mporpammy GeoGebra, Ho B JKuBoil MaTemMaTuke HE 3aJI0XkKe-
Hbl HEKOTOPbIE UHCTPYMEHTBI, 3TO MPUBOAUT K JOMOJHUTEIbHBIM MOCTpOeHUsIM [1].
VY 3TuX HEOOXOUMBIX IOMOTHUTEIBHBIX MOCTPOCHUH €CTh U MOJIOKHUTEIbHBIE CTOPO-
HBI — OHU JJAIOT BO3MOKHOCTH JIJIS PUMEHEHHUSI IPUHITUIIOB MPOOJIEMHOT0 00ydeHHUs.
VY yuuTtens, KOTOpbIii 00y4aeT ¢ MOMOIIBIO 3TOM MPOrpaMMbl, OTKPHIBAIOTCS HOBBIC
BO3MOXKHOCTHU: c/ienarh o0yueHnue auddepeHuaibHbIM 1 UHANBUIYATBHBIM; 00bsC-
HUTh 3374y OKUBBIMWY» YEPTEKaMU; CO3/1aTh SKCIEPUMEHTAIBHYIO HUCCIIEIOBATEb-
CKy10 0a3y, KOTOpasi B CBOIO OU€pe/ib MOBBINIAET AKTUBHOCTh TBOPUYECKOM pabOTHI, MPO-
€KTHYIO JIeSITEIbHOCTb.

PaGotarb ¢ mporpammoit MOXKHO:

— Yyepe3 UHTEPAKTHUBHYIO JOCKY WK B KaOWHETE, TI€ €CTh POEKTOD;

— B KOMITBIOTEPHOM KJIaccCe;

— JIOMAIIIHUX YCIIOBUSX.

[anee, B kauecTBe NprUMeEpa pacCMOTPUM HUCHOJb30BaHUE Mporpammel JKuBas re-
oMeTpus 1pu petrennu 3ananuii C6 uz EI'D no maremaruke (po@uiibHBIA yPOBEHb ).

3aganue Nel

Haitqute Bce 3HadeHus a>0, npu KaxkJIOM M3 KOTOPBIX CHCTEMa

(x=4) +(y|-4) =+
X+ (y—4)
Pewienue
Ecmu Y = 0 | 10 mepBO€ ypaBHEHHUE 3a1a€T OKPYKHOCTb (b, C LIEHTPOM B Touke C,

(4;4) panuyca 3, a eciii Y < 0 , TO OHO 3aJ7]a€T OKPYKHOCTh )z C IIECHTPOM B TOUKe (,
(4;-4) Toro xe paaunyca.

a:

, AMEET POBHO 2 PEIICHUSI.
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[Ipu a > 0 Bropoe ypaBHEHHE 3a7acT OKPY)KHOCTb ¢ ¢ 1ieHTpoM B Touke C (0;4)
paanyca a, Ipu KaXKI0M B3 KOTOPBIX OKPY>KHOCTh (¢ MMEEeT pOBHO JBE OOIIHE TOUKHU C
00BbETMHCHUEM OKPY)KHOCTEH ¢, 1 ¢, (puc. 1).

t Pgwx  MNpopea  Jdeso Brg  Nocorpoedsys Npeodposesarve  Momepense  Ysmene Tpapwsw  Owso  Copy
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Puc. 1. 3a0anue No 1

KoopauHarsl TOUYKH KacaHWsI OKPY)KHOCTEH ¢ W ¢p, SBHO BHIHBI Ha YEPTEKE —
touku A, (1;4)u B, (7;4). To ectb npu a=C A, =1 u B, =7 oxpyxHocti ¢ u @, Kaca-
forcst. [pu @>7 u a<I okpyKHOCTH ¢ U @, He nepecekaroTes, mpu [ <a<7 OKpyKHO-
CTU @ U P2 UMEIOT 2 OOIIUE TOYKH.

Hanee, uz touku C mpoenem nyu CC; u ob6o3naunm A; u B; Touku ero mepe-
CEUYEeHHsI C OKPY)KHOCTBIO @z, Tme A; nexut mexay C u C,. 3ameTnM, 4TO JUTHHA

2
orpeska CC, = |43 + (4 — (—4)) =80 = 445,

Ipu a < CA; wiu a > CB; okpyxuoctn ¢ u @, He nepecekarorcs. [Ipu CA; < a
< CB; oxpyxnoct ¢ u @z umeror 2 ooume Touku. [Ipu a=CA; = 4¥5-3 wmm a=C
B, = 45+ 3 OokpyKHOCTH @ U @z KacarTcs.

McxomHasi cucTeMa UMeeT POBHO 2 PEIICHHUS TOTIA M TOJIBKO TOT/A, KOTIa OKPYXK-
HOCTb ¢ C OIHO¥ M3 OKPYKHOCTEH Py M P2 mMeeT 2 0OIIME TOUKH, a C APYTOii HE TIe-
pecekaeTcst, 00 KacaeTcst OMHOBPEMEHHO JIBYX OKPYKHOCTEH.
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Tak kak 1 < a4v5-3 < 74v5+ 3 | TO yCJIOBHIO 33J1a4M YIOBJICTBOPSIOT 3HAYCHUS
a€(1;4/5-3)u(7;4V5+3)

OrtBeT: (1;4\)’3— 3) U (?; 44/5 + 3).

3ananue Ne 2

Haitgure Bce 3HaueHus a > (), Ipu KaKJIOM U3 KOTOPBIX CHCTEMA

(x| -3+ (¥ — 3)= =4

((x+3)P+y*=a*
MMEET €JMHCTBEHHOE PELICHHE.

Pewienue

Ecmm x = 0, To mepBoe ypaBHEHHUE 3a/1aeT OKPY)KHOCTh P, C IICHTPOM B TOUKE
C4(3;3) pamnyca 2, a ecn x<0, TO OHO 3a1a€T OKPYIKHOCTb P; € LEHTPOM B TOUKE
C(-3,3) Toro xe paauyca.

[Ipu a>0 BTOpOE YpaBHEHHE 3a/a€T OKPYKHOCTh ¢ ¢ 1eHTpoM B Touke C(-3,0)
paauyca a. [loatomy 3aaqa COCTOUT B TOM, YTOOBI HAWTH BCE 3HAUCHHUS ITapaMeTpa d,
TP KKJIOM M3 KOTOPBIX OKPYKHOCTh ) MMEET €IMHCTBEHHYIO TOUKY C 00bEINHEHU-
€M OKPYKHOCTEH P, u P, (puc. 2).

t/ @adn TMpaeka Jewmao Buwg MNocpoedna [Mpeo6pasosadna MEmepedwna  MYwuona  Tpadwen  Okd

k L

Puc. 2. 3a0anue Ne 2
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N3 Touku C nposeaem ayud CC, u 0603HauuM A, u B, TOYKH €ro rnepeceyeHus ¢
oxpyxuocTsio @1, tne Ay nexur mexay Cu Ci.

Tak kak CC,=46*+3*=v45=13v5, T0 CA, =3v5-2, CB, =35+ 2. Ilpu
a<CA, wm a>CB, okpyxHoctn ¢ u ¢, kacarorcs. [Ipu CA, < a<CB, OKpyXHOCTH
¢ u @, umeror 2 odmue Touku. [Ipu a=CA, = 3vs5-2 wim a=CB, = 3v5+ 2 OKpyX-
HOCTH ¢ W ¢, KacaroTcsl.

KoopauHatel TOUKH KacaHHs OKPYXKHOCTEH ¢ W ¢p; SBHO BUJIHBI Ha YEPTEXKE: ITO
toukn 4;(—3;1) u B, (—3; 5). To ectb iput a=I 1 a=5 okpyxnoct ¢ u Pz kaca-
toTcst. [Ipr ocTanbHBIX 3HAYCHHUSX MTapaMeTpa a OKPY)KHOCTH ¢ H ¢, MO0 UMEIOT 2
00IIMe TOYKH, JIN0O HE UMEIOT OOIIUX TOUEK.

Hcxognast cuctema MMeEeT €IMHCTBEHHOE PEUIEHHE TOTJAa U TOJIBKO TOTAA, KOra
OKPY)KHOCTh () KacaeTcsi pOBHO OJHOW M3 JIByX OKPYXKHOCTEH ¢, U ¢, U He mepece-
KAETCs C JIPYTrOu.

Tak kak 1 < 3v5-2 < 5 < 3v5+ 2, TO YCIIOBHIO 3aJ[a4H YIOBJIETBOPSIOT TOJIBKO
yucina a=1 ua = 3vs + 2.

Ortser: 1.

TakuMm oOpa3om, B JTaHHOW CTaThbe PacCCMOTPEHA BO3MOXKHOCTh OOYUYEHUS IIKOJIb-
HUKOB PEIICHUIO 33J1a4 C MapaMeTpoM C MPUMEHEHUEM KOMIBIOTEPHON MPOrpaMMbl
JKupast matemaruka. Pemenue naHHbIX BUJIOB 337]a4 OCOOCHHO aKTyallbHO MPU CcIade
EI'D u OI'D. Ho xouercst OTMETUTh, YTO MIPU PELIEHUH 3a]1a4 C TapaMeTPOM HE BCET-
J1a MO>KHO TPUMEHUTH (PyHKIIMOHAIbHO-Tpaduueckuii meron. [loaTtomy B Tex 3a1auax,
B KOTOPBIX MOXXHO TPUMEHUTH METOJI, OCHOBAHHBIN HA TOCTPOCHUU TPadUKOB (PyHK-
1AW, UCIIONb30BaHKue JKUBOM MAaTEMaTUKU SIBISIETCA aKTyajbHbIM. [IprumeHeHue xu-
BBIX UYEPTEKEH HE TOIBKO YUYUT YUCHUKOB HAXOAUTh OTBET MPH PEIICHUU 3a/IaHHUs, HO
Y TIOBBIIIIAET YPOBEHb MAaTEMaTHUECKON KYJIbTYPhl Y YUEHUKOB.
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NOAINOTOBKA K O3 NO MATEMATUKE
C UCNOJIb3OBAHUEM KOMMNbIOTEPHOU CPE[bI
HXUBAA TEOMETPUA

PREPARING FOR THE COMPULSORY STATE EXAM
IN MATHEMATICS USING A COMPUTER
ENVIRONMENT LIVING GEOMETRY

l.H. TumaTtauHoBa G.N. Gimatdinova

Tocyoapcmeennas umozosas ammecmauus, 26 zaoanue OI'2, komnvromepuasa cpeoa Kusas ze-
omempus.

B crarbe paccmarpuBaioTcs npumepbl pemenus 26-ro 3aganusi OI'D nmo maremaruke ¢ uc-
M0JIb30BaAHMEM KOMIIBIOTEPHOI cpenbl ZKuBasi reomeTpusi. Y TOUHsIETCH NOHATHHHBIH anmnapar,
KOTOPBIM JI0JIKHbI BJIAJIeTh y4alluecs s pelieHus 3a/1a4.

State final certification, 26 task of compulsory state exam, computer environment Living geometry.
The article discusses examples of solving the 26th assignment of the mandatory state exam in
mathematics using the computer environment Living Geometry. Clarifies the conceptual ap-
paratus, which students must possess to solve the task.

OCyIapCTBEHHAsI UTOTOBAs arTecTauus 0 MAaTEMATHUKE B 9 Kilacce — 3TO pe3yJib-
TaT padOThl YUEHUKA U YUUTENS HA IPOTSYKEHUH TISITH JIET 00yUYEHUsI B OCHOBHOM
IIKOJIC, 1 TOATOTOBKA K HEH SBIISICTCS BaXKHOM COCTaBIISIOIIEH y4eOHOro mpo-
necca. lllkonpbHUKaM mpeasiaraeTcsi pemuTh 26 3a1aHuil. DK3aMeH BKIIIOYAeT B ceOs
paznensl «Anredpay» u «l'eomerpus». 3agaHus MepBOM YaCTU pacCUYUTAHBI HA yUalllHX-
Csl, 3HAIOIIUX MATEMATUKY Ha «YIOBIETBOPUTEIBHO» U «XOpol1o». IMEeHHO 3Toil ya-
CTH yHENseTCd OCHOBHOE BHUMaHuE Npu noarotoBke k OI'D. [IpaBuiibHOE pelieHue
3a1aHUM BTOPOM YacTH JAIOT BO3MOXKHOCTb IOJIYYUTh OLIEHKY «OTIN4YHO». [Ipn 3TOM
CeIyeT OTMETUTbh, YTO 3aJaHUs BTOPOM YacTW BCTPEUAIOTCA B JajbHeimieMm B EI'D
npoduibHOro ypoBHs. OaHako pesynabrarbl Hanucanuss OI'D mponuibix JeT noka3bl-
BAIOT, YTO JIMILIb HE3HAUUTEIbHAS YaCTh YUAlIUXCS MMOIy4aroT Oalyibl 3a 26 3aaHue.
26 3aaHue — 3a/IaHUE BBICOKOTO YPOBHS CIOKHOCTU. OXKUJa€MbIii TPOLICHT BBI-
NOJIHEHUS JTaHHOTO 3ajanusi 3—15 % [2]. CnegoBaTenbHO, 3TO 33a/laHUE PACCUUTAHO
HAa «CWJIbHBIX» yyanuxcs. /[ ero pemeHus: mKoJbHUKaM HY>KHO BIaJETh MIMPOKUM
CHEKTPOM NPUEMOB U CIHOCOOOB paccykJeHui. 31ech MOTYT MOTpedoBaThcs U J10-
MIOJIHUTENIbHBIE NTOCTPOEHHUSI, U 3HAHUE YTBEPKICHUM, HE TaK YaCTO UCIIOJIb3YyEMBIE B
HIKOJIBHOM KypCe MaTeMaTHKU, HalpUMep, CBOMCTBA OMCCEKTPUC, MEIMAH, BBICOT Tpe-
yroJIbHUKA; TeOpeMa 00 yriie Mex a1y KacaTelbHON U XOP/I0i; TeopeMa O CeKyIIHNX U Ka-
carenbHOM; Teopema MeHenast; reopeMa UeBbl U T.4. B Takom cityyae oT yuuTens Tpe-
OyeTcst ocoOeHHasi MOATOTOBKA JUIsl 00y4eHUs pelieHuto 26 3ajanusi, 1 eMy He0O0X0u-
MO HaWTH pa3Hble MOIXO/bI IS TOAAYN TEOPETUYECKOT0 U IPAKTUYECKOTO MaTepurara.
B 3TOM OTBETCTBEHHOM J€J1€ MOYKET MPUNTU HA MOMOIIb MTpOrpaMMa JTUHAMUYECKON
MaTeMaTUKU — KOMIIbIoTepHas cpena XKupas reomerpusi.
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Komnerotepnas cpena KuBas reoMeTpHUsi MOXKET SIBISATHCS KaK CPEJICTBOM IS Jie-
MOHCTpAIlUM 3aJ1a4, TaK U MIOMOITHUKOM IpU UX pemieHuu. JKuBasi reoMeTpus mo3B0-
JISI€T MOAMEYATh ONPEEICHHbBIE 3aKOHOMEPHOCTH MPU PEILICHUH 3a]1a4, TOYHO BhIUEp-
YuBaTh 4epTeku. PereHue mo00ro ypoBHS CIOKHOCTH 3aJilad CTAHOBUTCS YBJIEKa-
TEJLHBIM 3aHSTHEM.

B nannoii pabote npuBeieHbl (hparMeHThI UCIIOJIb30BAHUS 3TOM CPEJibl B KAUECTBE
JEMOHCTPALIMOHHOTO MaTepualia Mpy MOJArOTOBKE yUalUXCs K PELICHHI0 26 3aJaHUI0
Ooro[1].

3anaua l. Hatioume niowads mpaneyuu, Oua2oHaiu Komopou paghol 6 u 8, a
cpeousis unus pasua S (puc. 1).

Pemenne 3agaun | npenycmarpuBaeT 3HaHUE ONPEEIEHHOTO TOHATUIHOTO arla-
para, a UMEHHO:

— CpeIHsisl JTUHUS TPaICLN;

— MIPU3HAKU MMapaJiIeIorpaMma;

— TJIOIA/Ib TPAINEINU, TPEYTOJIbHUKA;

— ¢opmyna ['epona;

— TeopeMa, oOparHas teopeme ITudaropa.

ER TR
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o LI vy 7oy O npomaaia Ny, ORERTEEYTEY
B - ~ DraroiiaEn B G0 S0say NEpecsieniin ol Djao
& H L K [EE T R SRR T TR TS e

HEC R L = mapsmms rinpnsy (A BCL - ppoimag s Bk RN LY = no nocTposHngs:|

Chegsaretiin, TR, TR-E =L AE=AT-IHC=a+b  Tmma cpammed Minmn Tpanciunl pammi poeveyMsic of orsoesamiil, To
i e e S 1)
| 1

20 =S, THEEAE Ay AKSCH= < {a+Bpel, res CH - gecorn & ACE Bo TH - iuicors ipeisemnn ABCDL nooio)y

;;.1 Eali=Ns

1 Hefinsa mmcemank rpoynngemes AU A8, CR=f AK=10  Hensnueyees dogenay | eagom
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|

Gy = — AR w2

Puc. 1.

3anaua?2. buccexkmpuca CL mpeyeonvnuxka ABC denum cmopony AB na ompe3sxu
AL=11 u BL=9. Kacamenvras k onucantou oxpyscnocmu mpeyzonvruxa ABC, npoxo-
osyas yepez mouxy C, nepecexaem npamyio AB ¢ mouxe D. Hatioume onuny ompes-
ka CD (puc. 2).

Pemenue 3agauun 2 mpenycMaTpuBaeT 3HAHUE OMPEICIICHHOTO MOHATUIHOTO arma-
para, a UMEHHO:

— IpajlyCHasi Mepa yriia MeXJ1y XOp/Ioi U KacaTeIbHOM;

— CBOICTBA BHEITHETO YIJIa TPEYTOJIbHHKA,;

— IpU3HAK PAaBHOOEIPEHHOTO TPEYTOJIbHUKA,

— CBOICTBO KacaTeJlbHOM (KBaJpar KacaTelbHOW paBeH MPOU3BEICHUIO OTPE3KOB
CEKYILEH).
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LERELES
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Puc. 2

3 angaua3. Ha cmoponax uemovipexyeonouuka ABCD e3amwvt mouxku K, L, M, N
mak, umo uemvipexyzonviux KLMN sgnsemcsa pombom, cmopoHvl KOmMopozo napai-
aenvuvl ouaeonanim AC u BD. Hatioume omnowenue niowaou KLMN k niowaou
ABCD, ecnu AC:BD=1:2 (puc. 3, 4).

[Tpu pemieHny 3a1auu 3 UCIOIB3YIOTCS 3HAHUS CIICTYIONINX MTOHSITHIA:

— mapaJiieIbHbIC MPSAMBIC;

— OIpE/CIICHHE MTOT00HBIX TPEYTOJIbHUKOB;

— IPHU3HAKH MTOA00MS;

— ko3 purmeHt noaoous;

— CBOICTBA ILIOIIAICH TCOMETPUUICCKHUX (DUTYD;

— OTHOIIICHHE TUIOIIAICH ITOT0OHBIX T€OMETPHUCCKUX (UTYP.

Famasea.
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Bacianis
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Takum 00pa3oM, koMmmbIOTEpHAs cpena JKuBasi reomeTpusi, 61aronapsi CBOMUM BO3-
MOXKHOCTSIM, MOXET CTAaTh XOPOILIMM OMOIIHUKOM MpH oAroroBke k OI'D nmo marema-
TUKE, a TAaK)Ke 3aMHTEPECOBATh YUAIIUXCsl, TOOYAUTh B HUX MOTPEOHOCTh MOTyUYEHUS
JOTIOJIHUTEIIBHBIX 3HAHUM, HE MPEIYCMOTPEHHBIX B IIKOJIBHOM KypCEe MaTEMAaTUKH.
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KOMMbIOTEPHbLIE AUHAMUYECKUE MOE/NTA
®PAKTAJIbHbIX KPUBbIX

COMPUTER DYNAMIC MODELS OF FRACTAL CURVES

A.®. Xepebuosa, A.A. CunbYeHKO A.F. Zherebtsova, A.A. Silchenko

T'eomempuueckoe modenupoeanue, cucmemvl OUHAMUYECKOU 2eomempuu, Kueaa mamemamuxa,
¢paxmansl, umepayuu, anumayus.

O06ocHOBBIBaETCS NPUYNHA YIVIYOJEHHOTO N3y4YeHusi PpaKkTanoB U PpaKkTaJIbHON reOMeTPHH.
Jaercs kpaTkasi MCTOPUYeCKasi CIPABKA MOHATUSA ¢paxkman. ONHUCHIBAIOTCA AHUMAIMOHHbIE
BO3MOKHOCTH CUCTeMbI ITMHAMU4YeCKO reomerpuu KuBasi maremaruka. /laercsa kparkas cxe-
Ma MOCTPOeHMsI HOBOIl TUHAMUYECKOil Moaean B cucteme KuBasi maremaruka. ®opmyaupy-
I0TCS1 BBIBO/bI, MCXO/IS1 U3 BHINMOJIHEHHBIX MOCTPOEHMI.

Geometric modeling, dynamic geometry systems, Live mathematics, fractals, iterations, animation.
The reason for the in-depth study of fractals and fractal geometry is substantiated. A brief
historical background of the concept of fractal is given. Describes the animation capabilities of
the system the dynamic geometry of Living mathematics. A brief scheme of construction of a
new dynamic model in the system of Live mathematics is given. The conclusions based on the
performed constructions are described.

pacota (paxkTa’ioB HE IMEpecTaeT YAUBIATH CBOMM MHOrooOpaszmem. Uem

ry0)ke MOTrpy’Kaelibes B X U3yUYeHHE, TEM CI0XKHEe OT HUX oTopBarhbes. [e-

oMeTpHuYecKkue (GUrypsl MepecTaroT ObITh OOBIYHBIMUA U CKYUYHBIMH, OHU MPHU-
00peTaroT HOBBIM BU, KOTOPBIN Cpa3y MPUKOBBIBAET MHOYKECTBO 3aMHTEPECOBAHHBIX
B3MIs110B. OOBIYHAS TIpsiMasi MU OTPE30K MOTYT MPEBPATUTHCS B MPOU3BEICHHE HIC-
KyCCTBa, €CJIM CKOHCTPYHUPOBATh U3 HUX TOJIBKO OJIHY JIOMaHYIO JIMHUIO. A ecli 00b-
€AMHUTH €€ C O0IIENPUHATHIMU (PUTypaMU, TO PE3YJIBTAT OyAeT HEMPEACKA3yeM U U3-
SINEH BO BCEUM CBOEH Kpace.

[enp HacTosAIIEH cTaTh — 0003HAYUTH HOBOE HAMpPAaBICHUE MPUMEHEHUS IIIKOJIb-
HOTO T€OMETPUYECKOro Marepuaia, peaan3oBaTb KOTOPOE Mpejaraercs B pamkax
AIIEKTUBHOTO Kypca «DpakTanbpHasi TeOMeTpus» ISl yuarnmxcs 7-9 kmaccoB. Hapsiy ¢
OCBOCHHEM OCHOBHOTO Kypca T€OMETPHUH, O0YJarOIINeCs] CMOTYT JOTOJTHUTEIBHO U3-
y4ath GpaKTaIbHYI T€OMETPUIO, YTO TIO3BOJIUT UM 3aKPEIUTh TEOPETUIECCKUE 3HAHUS
IIKOJILHOTO Kypca F€OMEeTPHUH, Pa3BUTh MCCIIEI0BATEIbCKUE CIIOCOOHOCTH, peanu3o-
BaTh TBOPUYECKHUE aMOUIIUU.

Cosnarenem (pakranos siBisieTcst beaya MaHaens0poT, KOTOpPEIi BBEI B KAUECTBE
HAy4YHOTO TEPMHHA CJIOBO «(PpakTam» U 00bEAUHNI HAYYHBIEC TPY/IbI, KOTOPHIE 10 3TO-
r0 CUMTAIUCh «KMOHCTPaAMU» U «UyIOBUIIaMI» MaTeMaTuku. C MOsSBICHUEM JTaHHOTO
MOHATHS Hadajgack OoJbIas paboTa Mo Pa3BUTHIO TAKOM KPAaCUBOM M MHTEPECHOU 00-
JacTH HayKd, Kak (pakraibHas reomerpusd. [lanHas o6macTs BKIIOUaeT B ce0si pa3Ho-
o0pa3HOe MHOXKECTBO (PpakTasioB U (PpaKkTAIbHBIX KPUBKIX [2].
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OMHOrO OMpEICNIEHHOTO U KOHKPETHOTO OMpe/eNieHus: OHATHS (paKTaia HE Cy-
iecTByeT. BOIBIITMHCTBO aBTOPOB, KOTOpHIE pabOTAIOT B JAHHOW 00JIaCTH, TAIOT CBOE
OTIpeJIeJIeHNE, BKIIF0Yasi B HETO T€ CBOWCTBA, KOTOPHIE OH CYUTAET HAM00JIee BaXKHBIMH.

Mps1 OyzieM nipusiepKuBaThCs onpenenenus ¢ppakrana, kotopoe onucai E. denep B
cBoeit MoHorpaduu: «(pakrai — 3TO CTPYKTypa, KOTOpasi B KAKOM-TO CMBICIIE 1T0/100-
Ha 1esoMy» [3].

Cucrema nuHaMu4ecKoil reomeTpun JKrBas MaTemMaTuka MpeaHa3HaueHa s pe-
mieHus: OOJIBIIIOTO KJlacca MaTeMaTHYeCKHUX 3ajiad, B TIEPBYIO Ouepe/b 3a/1a4 dJIeMeH-
TapHOU reoMeTpuu U anredopsl. Cpea Mmo3BoJsSeT BHIMOIHATH PA3IMUHbIE TTOCTPOCHUS
BUPTYaJIbHBIMU HHCTPYMEHTAMU, TIPEXK]IC BCETO MUPKYJIEM U JIMHEHUKOM, MPU YCIOBUH
CTPOTOTO COOIOACHUS 3aKOHOB T€OMETPUHU U MPABHIT JIOTHYECKOTO BbIBOMA [1].

Wnrepdetic KuBoi MaTeMaTHKy BKIIIOUAET B ¢€0s1 KOMIUIEKC 0a30BbIX OIIIUMA, KO-
TOpBIE TTO3BOJISIIOT BBIMOJIHUTH MHOTHE HETPUBUAIBHBIE TOCTPOCHUS. B mepByto oye-
pelb OTMETHM TaKyIO TMOJIE3HYI0 M BaXHYIO (PYHKIIMIO, KAaK BO3MOXKHOCTH 3a7aBaTh
aHUMAIIUIO, YTO CIIOCOOCTBYET JMHAMUYECKOW BU3yallM3alli T€OMETPUUECKUX 3a/1a4,
pelIeHre KOTOPhIX OPUEHTUPOBAHO HA JIBIKEHUE U TTpeoOpa3oBaHueE.

K cdepe Hammx MHTEpPECOB TaKKe OTHOCUTCS (PYHKIIUSI UTEpAIMU, BCTPOCHHAs
B cuctemy. /lanHas (yHKIUS MO3BOJISET MOIH30BATEII0 CO3AaBaTh COOCTBEHHBIE Ie0-
MeTpuYecKue (ppakTabl, COBEpIIas JIJIs 3TOTO pa3InyHble OToOpakeHust Gpuryp, jau-
HUU ¥ TOYEK Ha OTPEICIICHHbIE OTPE3KHU, KOTOPBIE 3a/1al0TCS MOJIH30BATEIEM CaAMOCTO-
arenbHo. JlaHHast QyHKIUS peryaupyer yOuHy UTepalinii, YTO MOMOTaeT BU3YyaJbHO
YBUJIETh BCE U3MEHEHUsI, KOTOPbIE MPOUCXOIAT ¢ (PUTYypOH MPU UCIIOIH30BAHUH JIaH-
HOM (PYHKITUH.

[Tepen Tem, Kak 3amyckaTh (PYHKIIMIO WTEpallMH, HEOOXOAUMO CO3/1aTh IIa0I0H-
OCHOBY, WM Kak Ha3biBaeT ee E. @exnep [3], 3arpaBky. [locTpoeHue 3aTpaBku Bcerga
COMPOBOXKJIAETCS 1EJIbIM HA0OPOM JIOMOJHUTEIBHBIX MTOCTPOCHHM, KOTOPbIE TTOMOTa-
10T YBUJETh U CKOHCTPYHUPOBATh OyIyIIyI0 OCHOBY (hpakTaia.

OOparuB cCBO€ BHUMaHKE HA TPUPOAY U MPUPOJHBIC SBICHUS, Mbl MOXXEM YBHUJIETh
00JIBIII0E KOJTMYECTBO (PpaKTaioB, KOTOPHIE Yallle BCETO UMEIOT JUHAMUYECKUNA Xapak-
Tep. O0naka ABMKYTCS 10 HEOY, COSMHSAIOTCS U PACMaIalOTCsl HA MHOKECTBO METTKUX
o0OnakoB. JlepeBbsl HE IEpecTaloT pacTH B TEUEHUE BCEH CBOEH XM3HU. bepera ¢ KaxIbiM
TOJIOM Bce OOJIbIIIE pa3MbBIBAIOTCS BOJIOM, 00pa3ys HOBbIe peku. [1ogo0HbIe KoHUTypa-
I MOXKHO MOJIETMPOBATh HA KoMIlbloTepe. Mcmonb3ys n1Be 06a30Bbie (DYyHKITUH CPEIIbI
JKuBas MmareMaTrKa, MOYKHO CO3/1aBaTh YHUKAIbHBIE T€OMETPHUUECKHE (DpaKTaibl.

Jlist mocTpoeHus ITUHAMHUYECKOW (pakTalbHON MOJETN HEO0OXOIUMO OTIEIHHO
co3iarh ¢pakTai win ppakTaibHyo KpuByr0. O0s3aTenbHO J00AaBUTH €€ B MaHEeb UH-
CTPYMEHTOB, UTOOBI TIOJYYUTh BO3MOKHOCTH CO3/1aBaTh HEOTPAHUYECHHOE KOJTHYECTBO
KO HEOOXOIMMOTO pa3Mepa.

BTopbIM OTIIEIBHBIM 3JIEMEHTOM HEOOXOAMMO MOCTPOUTH KOMIIO3UIIMIO aHMMa-
1. 3amanre J000i aHUMAIMK 3aKITI0YaeTCsl B TOM, YTO B OINPEIEICHHON MOCIIe1O0-
BaTEJIbHOCTH (pUTyphl HA paboyeM TOJIe MIABHO MEPEMEIIAIOTCS COIACHO 3aJaHHOM
TPACKTOPUHU, U UCUE3AIOT, JTUOO TOSIBISIFOTCSI HOBBIE, IOBTOPSIS MEPBOE JACHCTBUE.
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[Tomemast ppakranbHble KPUBBIE WA (DUTYPHI HA MECTa 3arOTOBJIEHHBIX JABUXKY-
muxcst GUryp, HacTpauBasi MOCIEA0BATEILHOCTh BBITIOJHEHUS BCEX 3aJaHHBIX aHUMa-
IIUOHHBIX TIEPEMEIIICHUIA, MBI MOYKEM HAOJI0AATh MOCTENEHHOE U3MEHEHHE MOJICIIH.

B nannoit pabore B kauecTBe (DpaKkTalIbHON KPUBOM MpeJCTaBIeHA 3HAMEHUTAs U
npocras B mocTpoenuu ¢purypa — kpunas Koxa. JlaHHy10 KpUBYIO MOYKHO BCTPETUTH BO
MHOTUX KHHUTax 0 (ppakranax. Ee HeClI0KO MOCTPOUTH HE TOJIBKO Ha SI3BIKE MPOTpam-
MUPOBAHMS WJIK UHCTpYMEeHTaMH JKHBOM MaTeMaTHKU, HO U MIPOCTO Ha JIMCTE OyMmary,
VCIIOJIb3Ysl KJIACCUYECKNE NHCTPYMEHTBI LIMPKYJIb U JINHEUKY.

Ha puicyHke npeacraBiieHbl IEpBbIE TpU UTepanuu kpusoi Koxa. Caemnano 3To s
TOTO, 4YTOOBI MOKHO OBLIIO IPOCTEANTH 32 TEM, KAKUE U3MEHEHUS IIPOUCXOJISAT C OCHOB-
HOU QUTYpOIA, eclTu K HEel IPUMEHUTH OJTHY UTEPAIUIO.

1 urepanus 2 urepauus 3 urepanus

Puc. lunamuuecxas mooenv kpusoii Koxa

3a OCHOBHBIE (PUTYPBI, KOTOPBIE TIEPEPACTAIOT MOCTEIIEHHO O/IHA B APYTYIO, ObLIN
B35IThl TPEYTOJIbHUK, IMIECTUYTOJBHUK U JBEHAANATUYTONbHUK. CTOpOHAMU KaXKIOM
burypsl ciyxar JMHUHA, K KOTOPBIM IMPUMEHEHBI COOTBETCTBEHHO TPEThA, BTOpas U
nepBas urepanuu. Jlannoe pacrnosnoxeHue Guryp BbIOpaHO HaMEPEHHO, YTOOBI BU3Y-
aJIbHO HE HArpy»kaThb rOTOBBIM PUCYHOK.

Ha pucynke npencraBieHbl TPU CTOI-KaJipa TOTOBBIX (DUTYp, KOTOPBIE MOCTENEH-
HO MPeoOpa3OBBIBAIOTCS U3 JBEHAIATUYTOJLHUKA B TPEYTroOJbHUK. B quHamuke mo-
PSZIOK BBITIOJTHEHUS IEUCTBUI BBIIISIUT CIIETYIONIMM 00pa3oM: mpeoOpa3oBaHue JBe-
HAAIAaTUYTOJIbHUKA B IIECTUYTOJILHUK, CMEHA NIEPBOM UTEpaIluu Ha BTOPYIO, Ipeodpa-
30BaHUE MIECTUYTOJIbHUKA B TPEYTOJIbHUK, CMEHAa BTOPOW UTEpalu Ha TpeThio. O0-
paTHOE ABMKEHUE MOJIENU BBIIJISIUT AHAJIOTMYHO, TOJILKO CHaYaJia IPOUCXOIUT CMEHA
UTEPALMK U TOJIBKO MOCIE TpeodpazoBaHue oHOM (urypsl B npyryto. Unes moctpo-
€HUs JaHHOW MozeNu Obliia MOJICMOTPEeHA Y TporpaMMucToB. OnuchIBast Ko Oyay1iie-
ro ¢pakrana u 3amyckas ero, rnojb30Barelib MOKET HAOII0aTh MIaBHBIA TIEPEX0] OT
oJIHOM uTeparuu K apyroi. B cpene XKuas maremaruka moo0HOTO 100UTHCS Mpak-
TUYECKH HEBO3MOXKHO. [lonb3ysach (yHKIMENH UTepaliui U TPaMOTHO BBICTpauBasi Io-
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CJIEIOBATEIIbHOCTh aHUMAIIUI, MBI MOXKEM MPUOIU3UTHCS K MTOJI0OHOMY Pe3ysIbTary, u
JaHHAs1 MOJIETh XOPOIIO UILTFOCTPUPYET ITO.

Takum 00pazom, UCTIONB3Ys HEKOTOphIe (DyHKIUU cpenbl JKuBas MaTeMarrka, HaM
yIaJI0Ch CKOHCTPYMPOBATh JOCTATOYHO CIOKHYIO B MOCTPOCHUH MOJEIb, TpeOyro-
Y0 JeTadbHOM npopaboTku. Peanusaius JaHHOTO alropuTMa Mpeanoiaraet 00ib-
10€ TepreHue u GpaHTazui. ITO HE SAMHCTBEHHBIN CIIOCO0 pelieHus JaHHOW 3a/1a4H.
[Tpu HEOOXOTUMOCTH MOKHO CMOJIETUPOBATH €I1I€ HECKOJIBKO CIIOCOOOB.

Hamu pa3zpabotana KOJUIEKIMS CTATUYECKUX U JUHAMUYECKUX (DpakTanon, ppak-
TaJbHBIX KPUBBIX U UX KOMIO3UIIMN B IOCTATOYHOM OOBEME JUIsl MPOBEACHUSI OOJIh-
IIMHCTBA 3aHATUHN dJIEKTUBHOTO Kypca. O0yuarommuecs, mocemias 3ToT Kypc, OyayT u3-
y4ath (ppaktanbl U (pakTagbHble KPUBBIE, COBEPIICHCTBYS CBOU YMEHUS U HaBBIKH,
MOBBIIIAS UCCIIEIOBATEILCKUE CIIOCOOHOCTH, YTO BIIOCJIEACTBUH MO3BOJIUT UM BbIpa-
00TaTh pa3IMYHbIE TIOJXO/IbI K CO3IAHUIO0 COOCTBEHHBIX ()PAKTATIOB.

buonuorpadpuyecKkum cnMCoK
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UCMO/Ib30BAHUE AHUMALIMOHHbIX BO3MO§KHOCTEI7I
CPEAbl GEOGEBRA NPU USYYEHUU OYHKLUN
B OCHOBHOM LUKOJNE

USE ANIMATED ENVIRONMENT CAPABILITIES GEOGEBRA
IN STUDYING FUNCTIONS IN PRIMARY SCHOOL

E.A. CuByxuHa E.A. Sivukhina

Anzeopa, ocnosnaa wikona, unmepakmuenasn cpeoa GeoGebra, anumayus, cpagpuku gynxkyuii.
B crarbe paccMaTpuBaeTcsi aHUMAIUSA KaK CPeIACTBO U3yYeHUs1 PyHKUMH B IIKOJbHOM Kypce
mateMaTuku. [IpencraBieHbl aHUMANIMOHHbIE PUCYHKHU, KOTOPbIe CIIOCOOCTBYIOT NOHUMAHHUIO
U JIy4lleMy YCBOeHHI0 MaTepuasia. CxeMaTHYHO MPeACTAB/IeHA MOC/Ie10BATEIbHOCTh U3y4e-
HUSl QYHKIUOHAIBLHOM JuHUM Mo yyeOHukam FO.H. MakapbiueBa.

Algebra, primary school, interactive environment GeoGebra, animation, graphics functions.

The article deals with animation as a means of studying the line of functions in the school course
of mathematics. Represented by animated figures that contribute to understanding and better
learning. Schematically presents the sequence of study of functional lines from textbooks Y.N.
Makarycheva.

CHOBHAs 3ajJjaya CTaTbl — OOOCHOBAaTh U IPOJECMOHCTPUPOBATH IeJeco00pas-

HOCTh 1 () (EKTUBHOCTH MCIIOIB30BAHUS KOMITBIOTEPHON aHUMAIIMH TIPH U3yYe-

HUU QYHKIWN B IIKOJIe. MBI XOTHUM TTOTIOJTHUTH apCeHAT TUTAKTHYECKUX CPE/ICTB
o0yuyeHurs MaTeMaTUKe HOBBIMHU IIPOAYKTaMH B BHJI€ aHUMAIIMOHHBIX PUCYHKOB.

B Bek nndopmaruzamnmu v udpoBU3aIIH MOSBUIIACH BO3MOXXHOCTh Pa3HOOOPa3UTh
CpeJICTBA HAIVISITHOCTU: OT TEIePh YK€ MPHUBBIUHBIX MPE3CHTAIMMA 10 MHTEPAKTUBHBIX
NpUIoKEHUH U urp. OJHUM U3 TaKUX CPEJICTB BU3yAJIU3AIMU SBJISICTCS JUHAMUYECKAs
cpena GeoGebra. C ee aHUMaIMOHHBIMH BO3MOXKHOCTSIMHU MOYKHO TTO3HAKOMHThHCS, Ha-
npumep, 1o kaure [1]. Mbl OyzieM KCIonbp30BaTh BO3MOXKHOCTH M TIOTEHIIMAJ ATOU cpe-
JIBI TIPU M3y4eHnr (QYHKIIMN Ha TPOTSHKEHUH BCETO MIKOJILHOTO Kypca MaTeMaTHKH.

Paccmorpum cxemy uzydenus GyHKIHOHAIbHO-Tpaduueckoi muHuu. [lepen uzyde-
HUEM 1000 TeMbI MPOU3BOAUTCS MporieieBTHKa. [ GyHKIImoHaIpHO-Tpaduueckoit
JIMHUW dTall TPOIIEICBTUKY BEJIETCS ¢ HaYaIbHOM MIKOJIBI 40 7 Kiacca. Ha aTom ata-
e ¢ 00y4JarIMMHUCs PacCCMaTPUBAIOTCS MPOCTEHINNE TUHEHHBIE YPAaBHEHUS, CTPOSIT-
Csl CXeMaTHYeCKHe N300paKeHHsI HEKOTOPBIX 3aBUCUMOCTEH, HO TOHATHHN «(DYHKITUSY,
«3aBUCUMOCTBY, «Tpaduk» He BBoAUTCA. HaunHas ¢ 7 kiacca MpOUCXOAUT OCO3HAH-
HOE W3Yy4YeHHE JaHHOW JIMHWH. PaccMOTpHMM MOCHenoBaTeIbHOCTh M3y4YeHUS (PYHK-
i B yueOHuke noxa penaknueit FO.H. Maxkapseruera [2]. CHauana BBOAUTCS OIpe/e-
neHue (PpyHKIMU, 3HaYeHUs] PYHKIIUM M KaK CTPOUTh rpaduku QyHKIui. 3aTeM BBO-
JUTCS TIOHSATHUE TIPSMOM MPOIOPIIMOHATILHOCTH U €€ Tpaduka, a 3aTeM U3ydaeTcs JIn-

. ke
HelHas Qynkuus u ee rpaduk. B 8 kitacce npencraBiaeHbl PyHKIMU Y = — U Y = VX,
X
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Ha npumepax BBomutcst nonsitue GyHKIui. M310keHO KpaTKo, TUIIOBBIE 3a/laudl HE
paccmotpenbl. He paccmarpuBarorcs u cBoiictBa (pynkiuii [Makaperdaes, 2013]. B 9
KJIacce nepBor TeMou siBisieTcs « DyHKIIMU U UX CBOMCTBa». B gaHHOU TeMe paccma-
TPUBAIOTCS B 00IIIEM BUJE CBOWMCTBA (DYyHKIIMIA, a TaKkKe 00JacTh OIpeneseHus u 00-
JacTh 3HaYeHUN (QYHKIUU. 3aTeM U3y4aeTcsl KBajparuyHas (QyHKIUS U ee Tpaduk.
PaccmarpuBarorcs ee cBoiictBa U rpapuku GyHkuui v = ax® + nuy = a(x —m)>.
[Tocne aToro BBoAUTCS cTenenHas QGyHKIus U ApoOoHO-IuHeHas. M3yvatoTcs rpadu-
Ku ATUX (QyHKIMA. 3aTeM paccMaTpuBaeTcCsl pelieHre YpaBHEHUN U HEPABEHCTB Ipa-
¢dudyeckuM 1 PyHKIIMOHABHBIM MeToJaMu [4].

B nomonHeHne K NIKOJBHBIM y4eOHUKAM B CTaThe MPEJIaraloTcs aHUMAIMOHHbBIC
pUCYHKH, BbIoIHEeHHBIE B cpene GeoGebra [1]. Ha HUX MOXXHO ITPOJIEMOHCTPHUPOBATH
HE TOJIBKO HEMpPEpPhIBHOE BblUEpUMBAHUE rpadrka paccMaTpuBaeMoil (PyHKIIMH, HO U
YBUJIETh CBOMCTBA 3TOM (PYHKIIMH, a TaKK€ CMOJIEIMPOBATH JBIKEHUE, 3aaBAEMOE
TaHHOW (yHKIMENH. DTH HOBbIE BO3MOXKHOCTH 00OTaIIal0T COBPEMEHHYIO TUIAKTHUKY,
BHOCS B HEE€ HOBBIE DJIEMEHTHI, KOTOPBIX PaHbIIIE HE OBLIO.

1. BBenenue nonsatusi pynkunu (7 kiaace)

Mpb1 npuzepKuBaeMcsl U3JI0KEHUST y4eOHOTO MaTepuaina 1no teMe « ODyHKIUn» B
ydyeOHuKe «Anrebpa» s 7 Kiacca o0IIeo0pa3oBaTeNbHbIX YUYPEXKICHUN aBTOPOB
FO.H. Makapsrues, H.I. Muntok, K.. Hemkos, C.b. CyBopoBa, 2004 rona uzganus.

Kak u B yueOHMKe MakapbrueBa [2], HaYMHaeM ¢ IpUMepa BBIYUCIICHHUS TUIOIIAIN §
KBaJIpaTa uepes JIMHY ero CTOPOHBI a 1o hopMmyite s = a°. Jta GopMyla yCTaHABINBA-
€T COOTBETCTBUE MEXTy uyuciaMu. [Ipu »TomM nmepBoe 4ynciio o3HavdaeT JUIMHY OTpe3Ka, a
BTOPOE YMCJIO TUIONIA/b KBaJpaTa, MOCTPOEHHOTO Ha JAaHHOM OTpe3ke. JleMoHCcTpupy-
€TCsl aHMMAIlMOHHBIN PUCYHOK 1, Ha KOTOPOM MOXHO YBHJIETh 3Ty 3aBUCUMOCTb. [[Ha
CTOPOHBI U3MEHsAETCA nepeMenieHreM Touku A. OITHOBPEMEHHO U3MEHSIIOTCS PE3Yilb-
TaThl U3MepeHus. Ecu aymmHa CTOPOHBI €CTh APOOHOE YHCIIO, TO TUIOMIAh KOMITBIOTEP
BBIUMCIISIET C 33JJaHHON TOYHOCTHIO.

4
3
2 Mnowaab kBagpara 9
1_
0O A
o1 2 3 4 5 6 7 8
-1 [nnHa
Y CTOPOHbI 3
Puc. 1

C omnopoii Ha aHUMAITMOHHBIA PUCYHOK | BBOISATCS MOHITHE (PYHKIH, HE3ABUCH-
MOU TIepeMEHHOH, 3aBUCHMON TMEPEMEHHOM, 001acTH OnpeesieH!s] 1 001acTh 3Have-
HUH (QYHKIIUU.
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JIst HarIs THOTO TIPEICTaBIICHUS 3aBUCUMOCTH ¢ TIOMOIIBIO Tpaduka (puc. 2) 3acTa-
BUM TOYKY F OcCTaBisiThH ciieq M BKItO4aeM aHuMaruio Touku A. Habmromaem, kak Tod-
ka F, ocrapmnss cien, BeruepunBaet rpaduk QyHKIUN.

D =
[4)
3_
2
1 lNMnowaab kBagpata 4
oL A
oo 1 i 3 4 5 6
[nuha
-1
CTOPDHbI 2
Puc. 2

Teneps oTBICUEMCSI OT TEOMETPHUECKOM 3a1a49u U OyJIeM n3ydarh 3aBUCUMOCTh KBa-
JIpaTa MPOU3BOIBHOIO YHCIIA OT STOTO YHCIIA, TO €CTh PACCMOTPHM 3aBHCHMOCTD X —> X
JuTst MoGoro urcaa X. IomydaeM GyHKIHIO y = Xx* ¢ 00IACTHIO OMPEICICHIS — MHOYKE-
CTBO BCEX ([ICHCTBUTEIHHBIX) YMCENl U MHOKECTBOM 3HAYCHUI — MHOXKECTBO BCEX He-
OTPHUIIATENBHBIX (JICHCTBUTENBHBIX) Yrcen. JleMOHCcTpupyeM rpaduK 3TOW 3aBUCHMOCTH
AQHMMAITOHHBIM PHCYHKOM.

Janee mepexoauM K JEMOHCTPAILIMHN 3aBHCUMOCTH T€OMETPHUECKON (PHUTYpHI «KBa-
Jpar» OT TEOMETPUIECKON (DUTYPBI «OTPE30K», Ha KOTOPOM MOCTPOEH KBAIpaT. TO yiKe
npyras ¢ysakius. O6o3HauuM ee y = g(x). 3nech X ob6o3HauvaeT orpe3ok OA, y 0060-
3HaYaeT KBaJpart, MOCTPOCHHBIN HA 3TOM OTpe3ke, a PYHKIIMOHAIbHAS 3aBUCHMOCTH (J
0003HauaeT reoMeTpUIeCKoe TIOCTPOSHHE KBaipara 1o ero cropoHe. O0macTpio onpee-
neHust QYHKIIUH SBIISIETCS MHOYKECTBO BCEX PA3JIUUHBIX OTPE3KOB, a 00J1aCThIO ONpeeie-
HUSI — MHOKECTBO BCEX KBAJIPAaTOB, IIOCTPOCHHBIX HA 3TUX OTpe3Kax. ITo mpumep QyHK-
MM, J1s1 KOTOpO# HeT rpaduka. YToOb! TomyduTh rpaduk 3aBUCUMOCTH, HAJI0 TIEPEUTH K
YHCIIOBBIM XapaKTEPUCTUKAM PacCMaTpPHBAEMbIX TEOMETPUICCKUX OOBHEKTOB.

B npenpiaymmx npuMepax Obuia 3amaHa GyHKIHS, ¥ MbI CTpowmiu ee rpaduk. Ho
MHOTa (PYHKIIMOHATbHAS 3aBUCUMOCTbH 33/1a€TCsl B BUJIE TpaduKa, KOTOPHIA MOSIBIISET-
Csl IyTEeM CHSTHSI SKCTICPUMEHTAILHBIX JTaHHBIX. [I[puMep Takoro 3amanus QyHKITUH Je-
MOHCTPHPYET TeMIiepaTypHbIil rpaduk (puc. 3).

Ha nem nepemennas X (n3o0paskaemasi TOukoii X ) oTMepsieT BpeMsi, a iepeMeHHast
y (u306paskaemas Toukoii N) ykasbIBaeT TeMIeparypy.

[TocTpoeHBI aHUMAIIMOHHBIE PUCYHKH, JIEMOHCTPHUPYIOIIUE ABUKCHUS, 3a/1aBac-
MbIe HaHHBIME (QyHKIHUIME. [TonpoOHO paccMaTpuBaeTcs JuHEHas QyHKIUS B CO-
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IPOBOK/ICHUH aHUMAIMOHHBIX PUCYHKOB PaBHOMEPHBIX JABUXKEHUM. JleMOHCTpUpY-
€TCS aHMMAIIMOHHOE HMCCJIeIOBAHUE 3aBUCUMOCTHU Tpaduka JMHEHHON (QYyHKIIUU OT
K02 HUITMEHTOB.

s 1 |TEMMEPATYPHEIA TPASME

Puc. 3

2. Tpuronomerpuueckue QyHKUMH

PucyHok 4 peMOHCTpUpYyeT HENpepbIBHOE BblUE€pUMBAHHME rpaduka (yHKUUU
y =sinx . CHayana Mbl MOJIETTUPYEM HAMAThIBAHUE YMCIOBOU MPSIMOi (0cH abCIuce)
Ha eIMHUYHYIO OKPYKHOCTb, YTO MPEBPAIIAET OKPY>KHOCTH B YHCIIOBYIO OKPY>KHOCTb.
bnaromaps 3ToMy BCAKYIO TOUKY X €AMHUYHOM OKPYXHOCTH MOYKHO pacCMaTpUBaTh
KaK JiedicTBUTENbHOE Ynciio. CUHYC yuciaa X ONpenensieTcss Kak OpJiuHaTa TOYKU X,
pacrnoNoKEeHHON Ha €IMHUYHON OKpy>XKHOCTH. Ha ocHOBe 3TOrO ompeneneHust cTpo-
UM aHUMAIMOHHBIA PUCYHOK, HA KOTOPOM BblUu€puuBaeTCs rpaduk PyHKIUHU ) = Sin x
(puc. 4). I'mans Ha rpaduk GyHKUMU, yYeHUK GOpMyIupyeT ee cBoiicTBa. M nuuib mo-
TOM 3TH CBOMCTBA JOKA3bIBAIOTCA. ITO COBCEM APYyTasi METOJIMKA, OTIIMYHAS OT IIKOJIb-
HOM, i€ cHayasa (BCJIENYI0) pacCMaTpPUBAIOTCA CBOMCTBA (PYHKIIMH, a YK€ TOTOM Ha
0a3e CBOMCTB M YACTHBIX 3HAUEHUI BHIYEPUUBAETCA IPAPUK.

0 E X(3.63)
| [9) ' '
0 /I 2 3 g 4 5 }/
(3.63)
Puc. 4

AHHMMAaIIMOHHBIE PUCYHKH COMPOBOXKIAIOT BCE U3JIOKEHUE TEMbI «(QYHKITUN, B
TOM YHCJIE W pElICHUE 3aJlad C TapaMeTpaMH, 4TO JeJIaeT PEIICHUS OYCBHIHBIMU B
OyKBaJbHOM CMBICJIE 3TOTO cioBa. [Ipeamonaraercs co3qanne aHMMAIMOHHBIX PUCYH-
KOB K Ka)KJIOMY IITKOJILHOMY Y4€OHHKY MO ajnreope.
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®OPMUPOBAHUE NMO3HABATEJIbHbIX YY[]
NMPU PELLEHAUN TEOMETPUHECKUX 3AAH
C UCNOJIb3OBAHUEM NPOIrPAMMbI GEOGEBRA

THE FORMATION OF COGNITIVE UUD
WHEN SOLVING GEOMETRIC PROBLEMS
WITH THE USE OF THE PROGRAM GEOGEBRA

A.N. YenukoBa A.l. Chepikova

Ilo3nasamenvuvie ynugepcaivhvle yueodHnvle 0elicmeus, 00pa30e6amenbHulil Canoapm, OUHAMU-
YyecKue uepmercu, MamemMamuyecKkas mooeib, KomnvlomepHnasn anumayus, cpeoa GeoGebra.
PaccmarpuBaeTcsi oaxo K n3y4eHu10 TeMbl «COOTHOIIIEHNE YIJIOB TPEYToJbHUKA» € UCTIOJIb-
30BaHueM JAuHaMuueckoii cpeabl GeoGebra. IlpumeHeHne nMpeacTaBIEHHBIX JHHAMHYECKHX
YyepTekeil B IIKOIbHON MPaKTHKe MO3BOJIUT MPOeMOHCTPHPOBATH YMEHHE YUAIUXCS CPABHHU-
BaTh, HAXOAUTH 001Iee H PA3JIHYHsl, COCTABISITH MATEMATHYECKYIO MO/IeJIb K 32]1a4aM, BbI/IBH-
raThb runoTe3y ¥ yMeTh NPOBOAUTH CTPOTroe J0KA3aTEILCTBO.

Cognitive universal educational actions, educational standard, dynamic drawings, mathematical
model, computer animation, GeoGebra environment.

We consider an approach to the study of the topic «the ratio of angles of a triangle» using the
dynamic environment GeoGebra. The use of the presented dynamic drawings in school prac-
tice will demonstrate the ability of students to compare, find common and differences, to make
a mathematical model to the problems, to put forward a hypothesis and be able to conduct a
rigorous proof.

eiepalibHbIE TOCYIaPCTBEHHbIE 00pa30BaTENbHbBIE CTAHIAPTHI OCHOBHOTO U

CPEIIHETO MOJTHOTO OOIIEro 00pa30BaHMs OMPENCTUIN HOBbIE TPEOOBAHMS K

METaNpeIMETHOMY pe3yabTaTy OOy4eHHs IIKOJIbHUKOB. B cocTaB 3TuX Tpe-
OOBaHMI BKITIOYCHBI YHUBEPCaIbHbIC YueOHbIe neiicTBus (Y Y]l) MIKOIBHUKOB: MO3HA-
BaTEJIbHBIE, PETYIISITUBHBIE U KOMMYHHUKATUBHBIE. TPyIHO MTEPEOLIEHUTD POJIb U 3HAUE-
HUE CMIOCOOHOCTH ¥ TOTOBHOCTH IIKOJIBHUKOB K BBITIOJIHEHUIO 3TUX JACHCTBUM Kak JJIsi
o0y4eHus1, TaK U i1 caM0o00pa30BaHUs B TEUEHUE BCEH KU3ZHMU.

Baxxnoe mecto B OpMUPOBAHUM YMEHUS YYHUTHCS 3aHUMAIOT MO3HABATEIHHBIC
yHUBEpCAIbHBIC yUeOHBIC JCHCTBUS, 0OCCIECUUBAIONINE CAMOCTOSTEIIBHOE BBIIEIIE-
HUe 1 GOPMYIMPOBAHNE MO3HABATEIHLHOM IIEJIH; TIOWCK W BBIICIEHNE HEOOXOIMMOM
nH(}OpMAaIK; 3HAKOBO-CUMBOJIMYECKUE JACHCTBUS, BKIIIOUAs MOJeIMpoBaHue (TIpeod-
pazoBaHre OOBEKTA M3 YYBCTBEHHOU (DOPMBI B MOJEIb, T/I€ BBIACICHBI CyIIECTBEH-
HbIE XapaKTePUCTUKUA 00BEKTa, U MpeoOpa3oBaHUe MOJAEIU C IEIbI0 BBIABICHUS 00-
IIMX 3aKOHOB, OIIPEIEIAIONIUX JAaHHYIO TPeAMETHYI0 001acTh). [loaTOMYy MOMCK HHHO-
BallMOHHBIX TEXHOJOTHI U METOJIOB 00YUYEHUS, UCTIOIB30BAHUE KOTOPBIX CIIOCOOCTBY-
eT (hopMHUpOBaHUIO TTO3HABATENBHBIX Y Y] ipr 00yueHUN MPEAMETY, SBISIETCS OJHOU
13 IPUOPUTETHBIX 33J1a4 MAaTeMaTU4eCKOT0 00pa30BaHusl IKOJIbHUKOB.
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B nanHOl cTarbe OCTAHOBUMCS HA pACCMOTPEHUH BO3MOKHOCTEN UCTIOJIb30BAHUS
nporpammbl GeoGebra npu perieHnn TeOMETPUUECKUX 3a/1a4, CIIOCcOOCTBYOMUX (op-
MUPOBAHHIO TTO3HABATENBHBIX Y Y] 00ydarommxcsi.

JlunaMu4ecKue YepTeku, BBITIOMHsAEMbIE C ITOMOIIbI0 porpamMmmbl GeoGebra, mo-
TUBUPYIOT YYEHUKA JBUTATh, U3MEHITh (PUTYPHI WU UX OTJEIbHBIC AIEMEHTHI B Ha-
IpaBJIeHUH, 00YCIIOBIEHHOM cofiep kaHueM 3a1a4n. Beioop mporpammer GeoGebra 06-
YCIJIOBJIEH TEM, UTO OHA CBOOOJIHO PACTIPOCTPAHSIETCS, TPOCTA JIJIsi YCBOSHUS U CONEp-
KUT B ceOe O0JIbIIINe aHUMAIIMOHHBIE BO3MOYKHOCTH.

Ha 3aHsTHSAX y4eHUK MoydaeT YCIOBHS HE KIACCUYECKHX, a OTKPBITHIX)» 3a]1ad,
B XOJI€ PEIICHUI KOTOPBIX HEOOXOAMMO IPOBOIUTH TE€ UM UHBIE UCCIICAOBAHUS. Y UUT-
Csl HAXOAMUTH OOIIee U pa3Iuyusi, CPAaBHUBATh, BBIIBUTATH TUIIOTE3Y, MPOBOJIUTH CTPO-
ro€ J10Ka3aTelabCTBO, TOMOTATh JIPYTHUM YUYEHHKAM, €CJIM Y HUX BO3HUKIMU 3aTpyIHE-
Hus. [IpuBenem npumepsl, WILTIOCTPUPYIOIINE CKa3aHHOE.

Neo 1. Menquana AM A ABC paBna orpe3ky BM. C noMonipto AMHaAMUYECKOM MO-
JIEIU UCCIEAYNTEe BOMIPOC COOTHOIIEHHS yIoB TpeyroibHnka ABC. Crnenalite BbIBO
1 000CHYHTE €ro.

Neo 2. C nomMonipr0 JMHaMUY€CKOI MOJEIN UCCIENYUTE BOIIPOC COOTHOUIEHUS CTO-
POH TPEYToJbHUKA, BEPIIMHAMHU KOTOPOTO SIBJISIIOTCS CEPEANHBI CTOPOH paBHOOEIPEH-
HOTO TpeyroibHuKa. CrenaiTe BEIBOJI U 00OCHYHITE €ro.

B mpotiecce pemienust moqoOHBIX 3a/1a4 ¢ TTOMOIIBIO0 JUHAMUYECKHUX YepTexKel 00-
YYaIOIIMICS CTaBUT ce0e BOMPOCHI, UIIET HA HUX OTBETHI, BHIIBUTAET TUIIOTE3bI, 000-
CHOBBIBAS MX, WM OMPOBEPTras, YTO MO3BOISAET (GOPMUPOBATH OCHOBHI TTO3HABATENb-
HbIX Y Y/I.

JluHaMu4yecKue YepTexk H, BHITTOJHEHHBIE yUAIIUMHUCS Ha 3aHATUSX, UCTIONB3YIOTCS
Ha YpOKax IpH pELICHUH 3aa4, IPH T0Ka3aTeIbCTBE TEOPEM, Mpu nmoaArotoske k ' MA.

VYyamuecs: yyarcsi u3BjiekaTb MHPOPMAIIMIO C 1ENIbI0 YTeHUs (ITO03HABATEIbHBIC
YVI), BeiOupats 3¢hHEeKTUBHBIE CITOCOOBI pelIeHHs 3a]1a4 B 3aBUCUMOCTH OT KOHKPET-
HBIX YCJIOBUHU.

bonbiioe BHUMaHuE yUUTENs yAEISI0T GOPMUPOBAHUIO CIEAYIOIIMX YMEHUI:

— aHaJu3 00bEKTa /IS BBIJIEICHUSI CBOMCTB U MPU3HAKOB OOBEKTOB (BBIJEICHHUE
CYILIECTBEHHBIX U HECYLIECTBEHHBIX MPU3HAKOB);

— CUHTE3 KaK COCTaBJIEHUE IEJI0r0 U3 YacTeil, B TOM YHCIIE€ C BOCIIOJIHEHUEM HEJI0-
CTaIOIINX KOMIIOHEHTOB;

— BBIOOp OCHOBAaHUMN U KPUTEPUEB JJI CPAaBHEHUS, KilacCU(UKAINU, OOBEKTOB T10
BBIJICICHHBIM TTPU3HAKAM;

— MOJIBEICHUE TIOJI TIOHATHS, BEIBEJECHUE CIIEACTBUI;

— YCTaHOBJIEHUE NMPUYNHHO-CJIEACTBEHHBIX CBA3EH;

— MOCTPOEHHUE JIOTUYECKOU 1IENU PacCyKICHHUS;

— BBIJIBUYKCHHE TUTIOTE3 U UX 000CHOBAHMUE;

— CaMOCTOSITENIbHOE CO3/JaHue CITOCOO0B perieHus MPo0JieM TBOPUECKOTO U MOUC-
KOBOT'O XapaKTepa;

— JI0Ka3aTeJIbCTBO;
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— MOUCK HEOOXoAMMOM MHGOPMAIIUU JIJIsl BHITIOJIHEHUS 33JJaHUH C UCIIOJIb30BaHU-
eM yueOHOI 1 Hay4YHOU JIUTepaTyphl,

— IIPOBOJIUTH CPABHEHHS;

— KJIacCU(UIIMPOBATH MO 3aIaHHBIM KPUTEPUSIM;

— OPUEHTHPOBATHCS HA PA3HOOOpa3re CroCcOOOB pelleHUs 3a/1a4.

[Tocne naHHBIX 3aHATHI YacTh yUalIUXCs CTaJIM KOHCYJIbTaHTAMHU Ha ypoKax reo-
METPHH.

Ha ypokax maremMaTtuku HEOOXOAMMO YUYHUTh IIKOJIBHUKOB CPAaBHUBATh, HAXOIUTh
oO11iee U pa3nuuus, COCTaBISITh MAaTEMAaTHUECKYIO0 MOJIEIb K 3aj[adyaM, BbIJIBUTaTh TH-
1oTe3y U yMETh IIPOBOAUTH CTPOrO€ JI0Ka3areabcTBO. CIIOCOOCTBYET 3TOMY CHUCTEMa-
THYECKOE UCTIOJIb30BaHNE aHUMAITMOHHBIX Bo3MOXkHOCTEH cpenbl GeoGebra.

buonuorpadpunyecKkum cnMCoK

Aranacsu JI. C. I'eomerpust. 7-9 knacc: yuebnuk. M.: IIpocsemenue, 2009.

ITepenpman S.U. 3anumarensHas reomerpus. M.: FOpaiit, 2018.

3. Jlapun C.B. Meroauka oOyuyenus maremaruke. KomnbrotepHas anumanus B cpene GeoGebra.
2-e u3A., ucnp. u gon. M.: IOpaiit, 2018.
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AENEHUE MHOIO4JIEHOB YIOJIKOM
B PAMKAX AUCTAHLUOHHOI'O KYPCA
«3AHUMATEJIbHAY1 MATEMATUKA»

DIVISION OF POLINOMIALS BY THE CORNER
WITHIN THE FRAMEWORK OF REMOTE COURSE
«ENTERTAINING MATHEMATICS»

A.C. CypouakoBa A.S. Sudochakova

Komnvromepnasa anumayus, GeoGebra, oucmanyuonnoe ooyuenue, MHO204n1€eHbl, 0e1eHUE MHO-
20uy1eH08, Mamemamuueckoe oopazoeanue.

PaccmaTrpuBaeTcsi moaxoa K M3y4eHHI0 TeMbl «/[eJieHHe MHOT04/I€HOB YT0JIKOM» B PAMKAaX JHC-
TAHIMOHHOTO Kypca «3aHuMaTeJbHAasi MaTeMaTHKa» Ui ody4yawiuxcesi 7 kiaacca. B pamkax
MOIX0/1a HAVIS/IHO MJLJIIOCTPUPYETCH JieJIeHHe MHOTOYJIEHOB «yroaxkom». Illpumenenne mpen-
CTABJIEHHOT'0 AJITOPUTMA MO3BOJIMT PACIIMPHUTH MPeACTABIeHHE 00yYaIOIIUXCHA B 00J1aCTH MHO-
rO4J1eHOB U MOBbICUTH UX ypoBeHb UKT-koMneTeHTHOCTH.

Computer animation, GeoGebra, distance learning, polynomials, polynomial division, mathemati-
cal education.

An approach to the study of the topic «Division of polynomials by a corner» is considered in
the framework of the distant course «Entertaining Mathematics» for students in the 7th grade.
Within the framework of the approach, the polynomial division by a corner is visually illus-
trated. The application of the presented algorithm will allow expanding the students’ represen-
tation in the field of polynomials, increasing their level of ICT-competence.

Heapenue cpeabl GeoGebra [3] B oOpazoBarenbHbIN MPOIECC MTO3BOJISIET BU3Y-

aJIU3UPOBATH MATEMATHUKY, IPOBOIUTH SKCIIEPUMEHTHI U UCCIIEAOBAHUS IIPU pe-

IIEHUW MaTeMaTtudeckux 3anad [2]. I[TosBnsercs BO3BMOXXHOCTh MPHU OCYIIECT-
BJICHUU BBIYUCIHUTENBHOTO aJrOPUTMa «IOPYYHUTH» BBIYUCIECHUSI KOMIbroTepy. Hc-
MOJIb30BAHUE aHUMAIIMOHHBIX PUCYHKOB IIpeBpalaeT 00y4aromerocsi B pyKoBOAUTEIS
BBIYUCJICHUSMH COIJIAaCHO PacCMaTpUBaeMOMY AJITOPUTMY. DTO TMO3BOJISET U30EXKAaTh
BBIYUCIIUTENBHBIX TPYAHOCTEH M COCPEIOTOUMUTHCS HAa OTPAOOTKE 3HAHUS BBHIYUCIIU-
TEIHHOTO aJIrOpUTMa. AHUMAITMOHHBIE PUCYHKHU MOOYXKIAI0T 00yJarOIINXCs K U3yde-
HUIO HOBBIX BO3MOXKHOCTEH cpeapl Geo(Gebra, 4To SBISETCS XOPOIIEH OCHOBOM IS
pazButus ux MKT-KOMIETEeHTHOCTH.

K coxanenuto, B paMKax IIKOJIbHOW MPOTPAaMMbl HET BO3MOKHOCTH MOAPOOHO
U3YYUTh MPUHIUIBI paOOThl U TO3HAKOMUTHCA ¢ PyHKUUsIMU cpeapl GeoGebra. Jliis
ATOTO aBTOPOM pa3paboTaH MUCTAHIIMOHHBINA KypC «3aHUMAaTeIbHAs MaTEeMaTHUKay, B
paMKax KOTOPOTO OOyd4aroluecs U3y4aloT OCHOBHBIE 3JieMeHThI cpenbl GeoGebra u
3aHUMAIOTCS UCCIIEIOBATENIBCKOM 1€TENbHOCThI0. OHY U3 TEM Kypca pacCMOTPUM
B JJAHHOM CTaThe.
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[Ipu n3ydyeHnn TeMbl «YMHOKEHHUSI MHOTOWJIEHA HA MHOTOWIEH» Y MHOTHX 00y4Ya-
IOLUXCSI BO3HUKAET BOMPOC: «A MOXKHO JIM JIETUTh MHOTOWIEHBI?». B yueOHuke [1]
paccMaTpUBaeTCs TOJIBKO YMHOKEHUE MHOTOUYJIEHOB, TIOATOMY OTBETA Ha 3TOT BOIPOC
HET, TAaHHYI0 TeMy OyJIyT U3y4arh TOJBKO B cTapiiei mkoe. J{s moBBIIIEHUs! YpOB-
Hs1 TI0003HATENHHOCTH O0YUAIOIIUXCS ACJICHHE MHOTOWICHOB «YTOJIKOMY» paccMaTpH-
BaeTcs B IMCTAaHIMOHHOM Kypce «3aHuMarelibHas MaTremMaTuka». biaromaps mocryn-
Hoit cpeae GeoGebra, BupeoypokaM 1 moJpoOHOMY aJTOPUTMY BBITIOJIHEHUE 3a/IaHUM
10 IaHHOW Te€ME He BBI3BbIBAET OOJNBIIUX TPYAHOCTEH, CTUMYIUPYET 00yJaroIIuXcs Ha
AKCIIEPUMEHTHI.

Paccmotpum co3gaHHbIE aHUMALIMOHHBIE PUCYHKH U aITOPUTMBbI K HUM.

[IycTh HY)XKHO pa3leNuTh C OCTATKOM JaHHBIM MHOTOWIeH a(X) Ha HEHYJIEBOU
mHorowieH b(X). ®opmupyem HerosmHoe yacTHoe (X). Ero mepBoe ciaraemoe ecTh

m

OTHOYJIEH BHUJA C(X):%X“_ , Tne a,& ecTb crapumuii Ko3(pQUIMEHT MHOTOWIeHa

a(x), a b, ectp CTame/II?rIn ko3 dunment maorowiena b(X). Haxonum npoussencHue
b(X)-c(X) (3T0 MOYKHO MOPYUYUTH KOMIIBIOTEPY) U BBIYUTAEM €ro M3 JAeauMoro a(X).
B pesynbrare momyuaem MmuorowieH r(X)=a(X)—b(X)-q(X) (3Tu BbIYHCICHUS CHOBA
Mopy4YaeM KOMIBIOTEPY), CTETIEHbh KOTOPOTO MEHBIIIE CTETICHH ACIuTeNs. Teneps mo-
JTYYeHHBIH OCTaTOK OepeM B KadecTBe a(X) M MOBTOpsSEM OMUCAHHBIN mar. Yepes Ko-
HEYHOE YHCIIO II1aroB MBI MOJIYYHM OCTATOK, CTETICHh KOTOPOTO MEHBIIIE CTEIICHU Jie-
nautens b(X), u 3agaua genenus ¢ ocrarkoM a(X) Ha b(X) Oymet pemrena. Takoe mora-
TOBOE peIICHHE 3aa9l Ha3bIBACTCA JIeJICHHEeM «yroiakom». 1o dopme oHO coBmagaer
C JICJICHUEM IIeJIbIX YMCEN «YTOIKOM». AHUMAIMOHHBIA PUCYHOK | peanu3yer 3TOT aj-
TOPUTM JJII MHOTOYWICHOB.

OEJTEHVNE MHOT'OYJIEHOB VI OJIKOM

Beenure nemmumoe f(x) u mesuress b(x).

22°-32x+5 l 22+3x+5

225 + 62 + 102°  27°—62% +8x +6

62t —102% — 32+ 5 Kanbxymarop
Beeaute memumoe a(x), menunrerns b(x)

—6x* — 182% — 3022

u ouepejieoe ciaraeMoe c(x) hopMupyemMoro
10T, YT OJTKOM HEMOJIHOT'O YaCTHOTO.

82° +302° —3x+5

Banuimure ¢(z) = 6,
8a° + 242” + 40z b(z).c(r) =627 + 18 2 + 30
r(x) = a(z) — b(x) . c(x) = —61 x — 27.

62> — 431 + 3
622 + 187 + 30

—61x — 27

Puc. 1
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BeImomauM JienieHne  «yroikom» MHorowieHa f(X) = 2X> —3X+5 HA MHOTOWICH
b(x) = x> +Xx+1. B MIPABOM HIKHEM YIUTy PHUCYHKA PACIIOIOKEH CBOCOOPA3HBIN «Kajlb-
KYJISITOPY», KOTOPBIN BBITOIHSIET I11ar aJrOpyuT™Ma JIEIeHUsI «yroikom». [Ipu ero ucnosnb3o-
BaHUM BBOJMM MHOTOWIEH &(X) M ouepenHoe ciaaraeMoe C(X) HEMOJIHOro 4acTHOro (pac-
TIOJIOKCHHOE TIOJT «YTOJIKOMY ). «KalibKyssitop» BbiiaeT nmpousBeaenne b(X) - ¢(X) u ocra-
TOK OT JIeJIeHHs MHOTOWIeHa a(X) Ha MHOrowieH b(X). Ha mepBom miare nenenus «yron-
KOM» B KadecTBe a(X) BBOIUM JaHHbIH MHOTOwIeH f(X).

HUcnonvsosanue anumayuonnozo pucyHka I.

1) BBoaum (cTpoxoii BBoga) muOrounensl f(X)=2X —3X+5, b(X)=Xx*+3X+5u
3anuchiBacM uX Ha [losotHe (mpu GpopmupoBanuu Haanucu oepem uz OobektoB f u
b). Pacmonaraem 3amucu ofHy 3a IPYroi U CTPOUM «yTOJIOK» C HCIIOIb30BaHUEM «JI0-
MaHOW» u3 cnucka MTHCTpyMEHTOB.

2) Broaum (ctpokoii BBoma) MuorowieH a(x) = f(X).

3) 3anuceiBaeM (¢ nomotbio KHotku ABC) mos yroikoM nepBoe ciaraéMoe 4acTHO-
ro ¢(X) = 2X> 1 BBOIHM €r0 (ctpokoii BBoAa). B «Kanbkynsropey MOSIBISIIOTCS IPOU3BE-
nenne b(X)-c(X)=2x" +6x* +10X’ u ocrarok r(X)=—-6x"—10X’ —3X+5. 3anucsipa-
eM ux (¢ momoinpto KHONKUM ABC) Ha Hy)XKHbIE MECTa U pa3JIesieM OTPE3KOM, KOTOPBIN
CTPOMM KOMAaHAOU U3 crrcka «THCTpyMEHTBD.

4)(IToBropennie  myHkta 2). BBoaum  (CTpokoii  BBOJA) MHOIOWIEH
a(x)=—-6x' —10x’ —3x+5.

6) (IToBTOpenue nmynkra 3). 3anucbiBaeM Moj1 YTOJIKOM BTOPOE CIaraéMoe YaCTHOTO
c(X) = —6X° uBBoauM ero (CTpokoii BBozia). CHOBa B «KaIbKyIATOpE» IOSABJIAIOTCSA TOTO-
BbIe pom3Benenne b(X) - ¢(X) = —6x* —18x’ —30%” ocrartok r(X) =8X’ + 30X —3X+5.
3anuceiBaeM ux (¢ nomoibio kHONKU ABC) Ha HyKHbBIE MecTa U J1eJIaeM OTYEPKH-
BaHUE.

7)(IloBTopenue myHkta 2). BBomum  (cTpokoit  BBOAa)  MHOTOYJIEH
a(xX) =8x’ +30x* —3x+5.

8) (IloBropenne myHkTa 3). 3anmuchiBaeM IIOJ] YTOJKOM TPEThE ClIaraeMoe
gactHoro C(X)=-6x> u BBoauM ero (Crtpoxoif BBoma). CHoBa B «KambKynsTo-
pe» TOSBISIOTCS TOTOBBIE TpomsseneHne b(X)-c(X)=—-6x' —18x’ —30%x> ocrarok
r(X)=8x" +30x> —3X+5. 3anucsiBaeM ux (¢ momorpio kHonku ABC) Ha HyXKHbIE
MECTa U JIeJIaeM MOAYEPKUBAHKE.

3anmcheiBaeM rotoBoe npousseaeHue b(X)-c(X) = —2x* —2x% —2x?, BblumCICHHOE
KOMIIBIOTEPOM, U TOTOBBIN OCTATOK I (X) = 2x% —3X+5.

9)(IToBTOopenuemynkTa?). BBoguM (cTpokoi BBoJa) MHOTOUJIEH a( X) = 2x% —3X+5.

11) (IToBropenue nynkra 3). BBoaum (CTpokoil BBOAA) TPEThE ClIaraeéMoO€ YaCTHO-
ro C(X) =2 wu 3anuceiBaeM ero Ha [lonothe.

12) (IloBropenue myHkra 4). 3anuchiBaeM TOTOBOE  IPOU3BEACHUE
b(X)-C(X) = 2X* + 2X+2 ¥ rOTOBBIH 0CTATOK I'(X) =—5X+3.

JleneHne «yroJKoM» 3aKOHYEHO.

Otser: f(X)=b(X)-(2X> —2%* +2)+(=5x+3).
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[Tonb3ysick aHUMAIIMOHHBIM PUCYHKOM 1, y»Ke He HaJo OOATHCS BBIUMCIUTENb-
HBIX TPYAHOCTEH M MOYXHO CMEJIO BBITIOJIHATH JICJIEHUE «YTOJIKOMY, «HE B3Upash Ha
K023 PUITUEHTH MHOTOWICHOB, H0OO BBIUUCIIECHUS OEPET Ha CeOS KOMIBIOTED «B JHIIEH
«KATBKYJISTOPAY.

AHHUMAaIIMOHHBIN PUCYHOK 2 JEMOHCTPUPYET BBIUUCIEHUS C IPOOHBIMU KOd(DPu-
ueHTaMu. [Ipu mocTpoeHNn «yrojikay M OTPE3KOB JJIA MOMYEPKUBAHUS MOJIb3YEeMCS
yciyramu u3 crucka « MHCTpyMEHTBD.

[pumep. Pasnemurte ¢ ocrarkoM MHorowieH a(X)=2.3X’—3.2X+5 Ha MHO-
rounen b(X)=0.37x’+7.3X+8. Pemenne. YmMHO)as 006a MHorounesa Ha m=100
, TIOTy9UM MHOTOHJIEHBI ¢ LENbIMH Kod(umuentamu @ (X)=230X —320X+500 u
b (X)=37% +730x+800. Pazaennum nepBblii U3 HUX Ha BTOPOii, HCIIOJIb3Ys aHMMALIH-
OHHBII PUCYHOK 2.

AEJTEHWNE MHOIO4YJIEHOB YTIOJIKOM

Beeaure pesmmoe f(z) u pesmrens b(z).

230 2% — 320 z + 500 | 372"+ 7302+ 800
8510 ;167900 , 189000 , 230 ;167900 , 115759000 79534230000
A R VO T

1360 © T 50653 1874161

167900 , 184000 5 11840 18500 IHar aroputia
37 37 * 37 * 37 Beegure sesumoe a(x), pesuress b(x)
1 ouepesiHoe ciaraemoe ¢(x) Gpopupyemoro
_62123007.1 122567000 2 134320000 2 101, YTOJIKOM HEIOJHOI'O YACTHOTO.
1369 1369 1369 . 79534230000
ALMIINTE T10]] YTOJIKOM ¢(T) = —Is7aiel
LI5750000 ; 134320000 , 438080 (84500 b) « ofx) =
1369 1369 1369 1369 —2942766510000 22 — 58059987900000 2 — 63627384000000
4283083000 ; 84504070000 , 92607200000 1874161
50653 50653 50653 r(z) = a(@) = b(z). c(z) =
54632921768480  + 6362832108050
79534230000 , 92623408060 25326500 1874161
50653 50653 ' 50653
_ 2042766510000 , 5805098790000 6362738400000
1874161 1874161 1874161
5463221768480 | (3628321080500
1874161 1874161
Puc. 2

[Tyctb manbl MHOTOWIeHBI &(X) W B(X) ¢ nmpoOHBIMEH KOA(hdUIIMEHTAMU U M —
HanMeHbIlee o0IIee KpaTHOE 3HaMeHaTeNnel BceX K03(PPHUIIMEHTOB TaHHBIX MHOTOY-
nenoB. Torma mMHOTOWIeHBI M-a(X) U M-b(X) OyayT MMeTh 1enbie ko3hUIueHTHI.
Pasnenum ¢ octarkom repBbIii Ha BTopoi: M-a(X) =m-b(X)-q(Xx)+r(X), rue crerneHb
ocratka I'(X) MEHbIIIe cTeneHH aeauTeast M- b(X), koTopast, oueBuIHO, paBHA CTETICHH

1
muorowieHa b(X). B To sxe Bpemst a(X) =b(X)-q(X)+—r(X) u creneHb MHOTOYJICHA
1 m
I(X) =—r(X) paBHa CTE€NEHW MHOrOwWIeHa I(X), KOTOpas B CBOIO OYEPE]lb MEHBIIE
m

crerienu aenurens b(X). Takum oOpa3zoM, AEICHHE ¢ OCTATKOM JIJISi MHOTOYWICHOB C
JTPOOHBIMU KOA(PPHUIIMEHTAMU CBOJUTCS K JEJICHHUIO C OCTAaTKOM JIJIi MHOTOYJICHOB C
neasiMu ko3 dunmentamu. [omydanm
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230 5 167900 , 115759000 89473910000)
— X* — X+ +

X)=0 (X X
(9 =h( )( 37 1369 50653 1874161

N 61890087631520 . 71578190919500
1874161 1874161

[TpownsBoas nenenue 3Toro papeHcTsa Ha 100, MOITyYrMM HCKOMBIN OTBET:

230 o 167900 2 _ 115759000 i 89473910000 N
37 1369 50653 1874161

mm:mm(

N 61890087631520 . 71578190919500
187416100 187416100

Buaum, 4to pernieHne momoOHBIX MPUMEPOB «BPYYHYIO» JJISl HIKOJIBHUKOB He-
NObEMHAs 3a/1a4a, U M0JIb3a aHUMALlMOHHOTO PUCYHKa BechMa olytuma. [lpu peme-
HUM HOBOTO IIPUMEPA LENEeCO00pa3HO HE CO3AaBaTh HOBBIE 3aIlIUCH, & KOPPEKTUPOBATh
3aMMCH NMPEABIIYILEro MpUMepa.

Takum 00pa3zoM, oOydarouecs oTpadaTbIBalOT AIITOPUTM JEIEHUSI MHOTOUJIEHOB
«YTOJIKOM» C UCKIIFOYCHHEM BBIYHCIUTEIBHBIX TPYIHOCTEH.

B nanpHeiimeM aHUMalMOHHBINA PUCYHOK IS IEJICHHSI «YTOJIKOM» HCIONIB3YeTCs
B ajnroputme EBKnMAa Juisl HAXOXKAEHUS HAUOOJBIIEr0 OOIIEro JEIUTENs JBYX MHO-
TOYJIEHOB.

VYenemHoe yCBOGHME aJrOpUTMa MOTHUBHUPYET OOydarouuxcs Ha ydeOHo-
UCCJIE/IOBATENIbCKYIO JESITENIbHOCTD, CBSI3aHHYIO C BBIYUCICHUSIMU ISl MHOTOWICHOB
C Pa3IMYHBIMU «HEYTOOHBIMI» Kod(pdurmentamMmu. B paMmkax AMCTaHIIMOHHOTO Kypca
«3aHuMareIbHas MaTeMaTHKa» OPraHU30BaHa TakKas ACSITEIbHOCTh YUaIIUXCA.

buoénuorpadpunueckum CnMcoK

1. Mepzmsak A.I. Anrebpa: 7 kiacc: y4eOHUK JIJIs1 ydanuxcs 001eo0pa3oBaTeIbHbIX OpraHu3aifil
/ A.I. Mepansk, B.b. [Tononckuii, M.C. Sxup. M.: Benrana-I'pad, 2015. 272 c.

2. Jlapun C.B. Komnsrorepnast anumanus B cpene GeoGebra Ha ypokax MaremaTuku. PoctoB-Ha-
Hony: Jlernon, 2015.

3. URL: http://ru.wikipedia.org/wiki/GeoGebra
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BO3MOXHOCTU ®OPMUPOBAHUA
NMOHATUNHOIO AMMNAPATA Y MJIAALLUX LUKOJIbHUKOB
CPEACTBAMU KOMMbIOTEPHbIX TEXHOJIOUH

THE POSSIBILITY OF FORMING
THE CONCEPTUAL APPARATUS OF PRIMARY SCHOOL
PUPILS OF COMPUTER TECHNOLOGY

E.B. ypb6a, A.C. KoneHKuH E.V. Zhurba, D.S. Kolenkin

Ilonamuitnelit annapam, KOMRbIOMEPHBIE MEXHOI02UU, Mamemamuyeckasn naoopamopus «Ku-
6as1 MamemMamuxay, o0yuenue, pazeumue Molui1eHusl.

B cTarbe paccMaTpuBarOTCs OCHOBHBIE NP00JIeMbl, CBSI3aHHbIE ¢ (POPMUPOBAHUEM NNOHSATHITHO-
ro anmnapara y MJaJimux MKOJIbHUKOB, BO3MOKHOCTH IPUMEHEHNSI KOMIILIOTEPHOH MPOrpam-
MbI «7KuBasi MaTeMaTHKa» K (POPMHUPOBAHUIO OTEJIbHBIX MOHSITHIA.

Conceptual mechanism, computer technologies, mathematics visualization software «The Geom-
eter’s Sketchpady, formation, main activities, development of thinking.

The article deals with the main problems associated with the formation of the conceptual appa-
ratus in primary school children, the possibility of using a computer program «Live mathemat-
ics» to the formation of individual concepts.

nenuduka o0yuyeHus MIIaIINX IKOJIBHUKOB COCTOUT B TOM, UTO Yy JIeTel JaH-

HOT'O0 BO3pacTa HEJOCTAaTOYHO Pa3BUThI CIIOCOOHOCTH K ONpPEAEIIEHHbIM (Pop-

MaM MBILIICHUS. [[eTCKUI yM BOCIPUHUMAET BCE ONOCPENOBAHHO, EMY CIIOXK-
HO a0CTparupoBaThCsi OT CYTH MPEAMETOB U SIBICHUM.

PebGeHok He pokJaeTcs ¢ pa3BUTHIM MMOHATUWHBIM MBIIIUIEHHEM, OHO HE CO3peBa-
eT camo 1o cebe — 1o Mepe B3pocieHus. Kak nokazan JI.C. BeiroTckui, moHATHITHOE
MbllIeHuEe (POPMHUPYETCs B IIpoLiecce 00yUYeHusl, Korja peOeHKy MPUXOIUTCs OBJaje-
BaTh HAYYHBIMU MOHSATUAMM, KOTJIa €r0 3TOMY 00y4aroT B HayaJibHOM 1ikoJsie. OCHOB-
HBIM I10Ka3aTeJIeM TOr0, YTO LIKOJIBHUK BJIAJCET MOHATUWHBIM MBILIJIEHUEM, BBICTY-
HaeT He MPOCTO OOMbIIAs 3PYAUPOBAHHOCTh, HO U YMEHHUE I0JIb30BAThCS MOJTYYEHHBbI-
MU 3HAHUSMH, aKTUBU3UPOBATH TOMCKOBYIO JIESITEIbHOCTD B IPOOJIEMHOM CUTyaluu, a
TAaK)X€ aHAJIM3UPOBATh U CTPYKTYPUPOBATH IIOJIYYECHHBIE 3HAHUS U TIOHATUS.

Pa3BuTHIO MBIIUIEHUS CIIOCOOCTBYET Jt00ast AeSTENbHOCTh, B KOTOPOU yCHIIUS U
UHTEpEC peOeHKa HallpaBJeHbl HA pElIeHHE KaKOM-I1M00 YMCTBEHHOH 3aaauu. OqHoM
Y3 TAKOBBIX BUJOB JAEATEIILHOCTU U OCHOBOM SIBIIAETCS UIPA.

[Icuxonoram U3BECTHO, UTO PEOCHOK, Jake MEPECTaB ObITh JOIIKOJbHUKOM U CTaB
IIOJIHOIIPABHBIM LIKOJILHUKOM, HE IIEPECTAET UrpaTh. IMEHHO Urpa sABIISIETCS €T0 BEAY-
HIeH 1eATebHOCTHIO Ha MPOTSHKEHUH MEPBBIX JIET 00yUeHus, U 00 3TOM HeJlb3s 3a0bl-
BaTh. biarogaps co31aHUIO UIPOBBIX CUTYalMHd YUYUTENIO IOpas3zio Jierye NperocTaB-
JSATH AETSM MaTepuall, a CaMHUM y4YalluMcs Kyzia Mpolle U UHTepecHee pa3ouparhes B
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HeM. 1 BOT Ha 3TOM 3Tane MoryT kak Hukoraa npurogutbess UKT. BeceBo3moxHbIe ay-
JIM0- ¥ BUAEO3AUCH, KPACOUHBIE YEPTEKHU, AHUMUPOBAHHBIE 3a1aHUS U MOJIEJIN — BCE
3TO CIMOCOOHO MOICTETHYTh MHTEPEC YUAIIUXCS K MPOUCXOIAIEMY Ha YPOKE, a TAKKE
CTaTh NPEKPACHON MOTHUBALMEN ISl CHO)KETHOU UTPBI.

biraromapst uCnonp30BaHUI0 KOMIIBIOTEPHBIX TEXHOJIOTMU IOSABISETCS BO3MOXK-
HOCTh MOCTPOEHUSI OTKPHITON U THOKO# cucteMbl oopazoBanus. UKT mo3BomstoT usz-
Y4UTh HOBYIO HH(GOPMAIIUIO C Pa3IUYHBIX ToYeK 3peHus. OOpa3oBaTenbHbIi MPoiece
CTAHOBUTCS OoJiee aKTHUBHBIM 3a cueT aBToMaTu3anuu. UKT garoT BO3MOXKHOCTH y4u-
TEJII0 OCBOOOMUTHCS OT M3JIOKEHHS OOJbINEH YacTH Marepuaia B MOJIb3y HAITISTHOM
nemoHctpanuu. Mcnons3oBanne KT no3Bosnser yuanmmcst HanOoliee mojIHO MO3HATh
IIPEAMET U HAYUYUThCS BJIAJAECTh IMOJTYYEHHBIMU HABbIKAMM.

Cpenut MHOXKECTBA HOBATOPCKUX TEIarorn4eCcKuX CPEeICTB U METOJIOB 0C000€ Me-
CTO 3aHMMAeT yuyeOHas UCCIeI0OBaTeNIbCKas IeITeNbHOCTD. [IpakTika moka3bpIBaeT, yTo
e€ UCIoJIb30BaHME JIeNaeT mpoiiecc oOyueHus Oonee dHPexTuBHBIM. JlesTENHHOCTD,
CTaBSAILAsl YUYCHUKOB B IIO3UIUIO «UCCIIEA0BATEISD), 3aHUMAET IJIaBHOE MECTO B COBpE-
MEHHBIX CUCTEMaX Pa3BUBAIOIIETO O0yUeHHs. 3a/1a4ua yIuTessi IPU TaKOM CTujie pado-
ThI — OPTaHU30BATh YUEOHYIO JACSITEIBHOCTh TAKMM 00Pa30oM, YTOOBI TOJyUYECHHbIE yUa-
HIMMUCS Ha YPOKE 3HaHUsI ObLIN Pe3yJIbTaTOM UX COOCTBEHHBIX MOUCKOB. Ho mipu sTOM
TaK)Ke HY>KHO YIIPaBJISTh 00y4JaroUMHUCS, TPOIOJDKATh pa3BUTHE UX MTO3HABATEIHLHOM
aKTUBHOCTH. J[JI1 CTUMYIISIIMK y4eOHOTO TIpoliecca U TOBBIIIEHUS UHTEPECca K Mpe/-
METY, a TAK)KE HANITHOCTH Ha YPOKE MOKHO MCIIOJIb30BaTh KOMITBIOTEPHYIO IIPOrpam-
My «KuBas marematuka» [1].

[Ipumenenue 3Toil mporpamMmbl TO3BOJIAET CAENaTh MPoIecC 00ydYeHUsI 3aHUMa-
TEIbHBIM W HAMISAIHBIM, Pa3BUBACT TBOPYECKYIO JESATEIHHOCTH y4YaIlllUXCs, UX a0-
CTPAaKTHOE U JIOTMYECKOE MbIIUIEHHE. B 3TON IporpamMe y4duTelb MOXKET CO31aTh
PAIl TPAKTUUECKUX pabOT, KOTOPHIC MTO3BOJIAT 00YyJaIOMIUMCS CaMOCTOSTEILHO OOHA-
PYXKUTH (PaKT, COAECPKAIIUICST B yTBEPKIEHUH, UM OTKPBIBaTh CBOMCTBa uryp. bes
ATOW MPOrpaMMbl pean30BaTh TAKOW MOAXOM JUISl MJIQJIINX IIKOJLHUKOB OBLIO OBI
MIPAKTUYECKA HEBO3MOXKHO. ITO OBLJIO CBSI3aHO C TPYAOEMKOCTHIO BBITIOJIHEHUS OO0JIb-
IIOTO KOJIMYECTBA YepTexel u rpad)uKoB, a TaKkKe WX CTaTUYHOCTHIO. B Takom moro-
YKEHHHU HEBO3MOXHO IOJIYYUTh JOCTATOYHBIN SKCIEPUMEHTAIBHBIN MaTepua AJisl 1o-
JIy4E€HUsI TOCTOBEPHBIX BBIBOJIOB, & 3aTEM U YMO3AKJIFOUEHUS I10 METOAY €IMHCTBEHHO-
IO CXOACTBA WM €AUHCTBEHHOIO pasnuuus. [1o cyTu, Kaxayro u3ydaeMyro TEMY MOX-
HO HaYMHATh HEKOTOPBIM «OTKPBIBAIOIIUM» HUCCIIEIOBAHUEM.

CremyeTr OTMETUTH, YTO cama MporpamMmma He SIBJIETCS 00y4aroleil — BCce YepTEeKU B
HEW CO3ar0TCsl TOJIb30BaTeNeM, a IporpamMma JIMIIh MPEJOCTABISIET ISl ’TOT0 HEOOXO-
JUMBIE CPEACTBA U BO3MOXKHOCTH. /{7151 cO31aHMs1 yepTeKen UCIIOIb3YIOTCS CTAHIapTHBIE
TEOMETPUYECKHE OTIEPALIMH, UMEETCS XOPOLIO Pa3BUTAsL CUCTEMA U3MEPEHUH € 10CTATOY-
HO 0OJIBIIION TOYHOCTHIO, KOTOPas JIETKO perynupyercs. OIHUM U3 BaKHEHIITUX CBOMCTB
ATOM MPOTpaMMBbI SBJISIETCS TO, YTO BO BpeMsi pabOThI BbI «OEpeTe» MBIIIKOM TOUYKY Ha
CO3ZIaHHOM BaMU YEPTEKE U NEpEMEIAECTE €€ N0 NPEANMCaHHOM TpackTopud. [Ipu s3Tom
U3MeHsieTcs AyuHa, opMma JTUHHIA, TO €CTh EPBOHAYANILHOE U300paKEHHE TPUHUMAET
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coBceM uHBIC (hopMbl. Takum 00pa3oM, OJTHO U3 TIIABHBIX JIOCTOMHCTB «JKMBOM Marema-
TUKW» U TOMOOHBIX €l MpOrpaMM — BO3MOXKHOCTH HETIPEPHIBHO MEHSTh OOBEKTHI, YTO
CO3[1aeT BO3MOKHOCTH ISl UCTIOIB30BAaHUS B 00yUEHUH SKCTIEPUMEHTATILHOTO TTOIX0/1A.

Ilpusedem chpacmenmol 3anamuii ¢ 803MONCHBIM NpuMeHeHuem «Kusoi mamema-
MUKUY.

3ananne «Heymenblii 4epTeKHUKY» + WILTIOCTPAIIMU 3aIIM(POBAHHBIX CO3BE3IHIA.
3ajiaHue HANPABICHO HA MOBTOPEHUE U 3aKPEIUICHHS 3HAHUW O KOMIIOHEHTAaX YUCIIO-
BbIX BBIPAKEHUM U CPEJICTB UX HAXOXKJICHUA. [10 BO3SMOKHOCTH KOXKIbIM U3 YUYEHUKOB
paboraer 3a [1K (Bo3moxkHa paboTa B rpyIine), a 3aTeM pe3yJabTaTbl CBEPSIOTCS C ITa-
joHoM. B caMux 3aganusix Heo0X0IMMO, UCTIOJb3Ys MOJTYyUYEHHBIE paHee 3HAaHUS O KOM-
IIOHEHTAaX YHCJIOBBIX BBIPAKEHUM, HAUTHU HETOCTAOIMK KOMIIOHEHT, a MOJTYy4YUBIIAECS
pe3ynbTarhl (MMeHa 3BE3/1) COSAMHUTD B TIOPSIKE YBEIMUCHUS 3HAUCHUS.

WP T =38 |
#
-
i ] [+7=11 =530 e
it T 2E%pe14 ST ol Tl e
'“"‘“D bamxzl L% b, B 3 6
i D= IR 32
= - nE A
o7 i ¥ ij - i+
» -
L L b ok {Z+T"E=8
L] ™ .:"'3"
[ N4lat EEEoER
foa D B L T o f=3 "
L g T ooy AR
i
L) .
1a=3 M2 Py
=-1".!-.
i ]

[ ]
L BT

3aoanue. Mbl OTKPBUIA THEBHUK U TETIEPh MOXKEM MTOCMOTPETh, KAKHE CO3BE3IUS
3amneyariies MaITbYMK. BOT TOIBKO YEPTEKHUK U3 HETO HE O4eHb Xopoinil. Co3Be3aus
OH Ha4yepTui1 HEBEpHO. [Tomokem ucnpaBuTh?

T+11=-81

1-83=7
IF |
K oam hlansd
Fapy Toaswal Mg
Slnzpemamg

83-I=1%

19+31=7

S e

47707

#lip g b by

ET+P=3T

Tod+E=]

(B2} E=T

[123]



HUHD®OPMALMOHHBIE TEXHOJIOT'MU B MATEMATUKE U MATEMATUYECKOM ObPA30OBAHUU

3aoanue « Ompasicenusy. llepen HeocpeICTBEHHBIM BBITIOTHEHUEM 3aJaHUs yUe-
HUKaM Tpenjaraercs nopaborars B «KuBoit marematuke» ¢ GyHKIUSIMHA W3MEPECHUS
ymioB. Ha deprexe maHbl mpuMepbl TOCTPOCHHBIX TPEYTOJIBHUKOB, JIIOOOH AIEMEHT
KOTOPBIX MOKHO TIepeMENIaTh, MEHSS PU 3TOM UX MapameTphl. JleT MOryT BOCIIONb-
30BaThCs ITOM (PYHKIIMEH [JIST TOTO, YTOOBI YBUIETh, KAK M TJE MEHSIOTCS (UTYPHI
IIPY MEPEMEIICHUH TOTO, UJIK HHOTO 3JIeMeHTa. B X0/1e BBIMOTHEHUST JAHHOTO 3a/IaHUS
JIETH 3HAKOMSTCS C TPAJyCHOM MEpPOH yIJia, YTO IMPOTPAMMON HAYaJIbHOM IIKOJIBI HE
IPEyCMOTPEHO U3-3a CIOKHOCTH BOCHPUSITHS Marepualia JEThbMHU JaHHOTO BO3pac-
Ta ¥ O0JBIION cTeneHblo abcTpakuuu. B manHoO# cimyyae 3Ti mpoOaeMbl peraroTes 3a
CYET BU3YyaJIU3alllU JCUCTBUU.

A

msDEF = 132°

mZABC = 90°

"\

C

4_.-1

msGIH = 18°

H

JlanpHeliiee 3a1aHie HAIIPaBJICHO HA pacIIMpPEHUE 3HAHUH 00 OKPY’KAIOIEeM MUPE
(dusuka. Tema: CBeT 1 oTpakeHUs1.) U TOBTOPEHUE MPUOOPETEHHBIX 3HAHUM 00 yTimax
(marematuka). [To Bo3MokHOCTH BCe yueHukH padorarot 3a [1K, Ho moryT u B rpymre,
C OJIHUM YEJIOBEKOM, OTBETCTBEHHBIM 32 IIEPEMEILICHUE TOUKU «Hen0BEK».

3aoanue. PaccmoTpuTe BHUMATEIHHO PUCYHOK, M300pakaromuii komHary. HyxHo
y3HaTh, MO/l KAKMUM YIJIOM K 3€pKajy 4eJIOBEK JOJHKEH BCTaTh, YTOOBI YBUIETh B HEM
TOT WM MHOW MpeAMET. Y3HAUTE, KAKUE U3 HAXOASUIMXCS B HAPMCOBAHHOW KOMHATE
IIPEAMETOB MOXKET BUJIETh YEIOBEK, HAXOASACh B 3aJaHHOU TOUKE.

[lepen BeIMOTHEHUEM 3aaHUS JETIM OOBICHICTCS PU3NUECKuil (DAKT, YTO «yTOI
najeHus paBeH yriry oTpaxeHus». [loka3piBaeTCs, HA KaKMe UMEHHO YIJIbI HY’KHO 00-
pamiatb BHUMaHUE, KaK OMPEesaTh, OTPAKECHUsI KaKUX MPEAMETOB B 3epKajie Oymer
BUJIHO YEJIOBEKY, KAKUX HET. DTU 3HAHUS 3aKPEIUISIOTCS B XO/I€ TPAKTHYECKOTO IKCIIe-
PHUMEHTA C PEAJIbHBIMU 3€pKajiaMU U npeaMeTaMu. [locie Toro kak 1€t yCBOWIM 3TOT
dbu3nuecKuii 3aKOH, OHU MPUCTYTAIOT K BBHITIOJIHEHUIO 3a/IaHMsI HAa KoMIIbloTepe. Touka,
M300pakaroIas «4eJoBeKay, COSIUHIETCS C IEHTPATbHON TOUKOM Ha «3epKajiey, 3a-
TEM IOJIYYEHHBIN OTPE30K OTPAkKAETCS OTHOCUTENILHO NEPIICHINKYJIIAPA K 3epKany. Ha
3TOM 3Talle MOAEIb MOXKHO CUMTATh TOTOBOM. [laibliie yueHUKH, epemMenias «4ejioBe-
Ka», MOTYT BU3yaJIbHO OIPENENsATh, KAKUe MPEIMEThI ITPU 3TOM TIOIMAIal0T B 00JIacTh
3epKalia MmoJi Hy>KHBIM yTJIOM, YTOOBI «U€JIOBEK» MOT UX BUJICTh.
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OmnwiT paboTHI IpeTIoAaBaTeNel MOKa3bIBAET, YTO UCTIOIB30BAHNUE TIPOTPAMMBI BJIE-
4eT 3a co00il MOBHIIIIEHUE KaueCTBa MPEINoIaBaHusl, TaK KaK OHA MO3BOJISIET yCBAUBATh
METPUYECKHUE COOTHOIICHUS SKCIIEPUMEHTAIILHO — B TOM YHUCJIE U YYAITUMCS C 3aTpy/-
HEHHBIM BOCIHPHUATHEM a0CTPAKTHBIX OOBEKTOB. YUYalluecs UCIBITHIBAIOT OTPOMHBIM
BOCTOPT, KOTJIa CAMOCTOSITEIILHO MPUXOJIAT K JKEJTaEMOMY PEe3yJIbTaTy. DMOIIMOHAIbHAS
chepa okas3pIBaeT 3HAUYUTEIBHYIO POJIb Ha A3 (PEKTUBHOCTH yCcBOEHUs 3HaHUH. K ToMy
e (aKThl, OTKPBITHIC YUAIIUMHUCS CaMOCTOSATEIbHO, YCBAUBAIOTCS MU JyUllle, YeM
IIPETNOAHECEHHbIE YUUTENIEM B TOTOBOM BHjIe. biaromaps BO3SMOKHOCTSIM ITPOTPaMMBI
«KuBasi mareMaTuka», Mbl YBEPEHHO MOXKEM COIPOBOXIATh CTAHIAAPTHBIN MaTepu-
a1 COOCTBEHHBIMH YEPTEKAMHU, WILTIOCTPUPOBATH YK€ N3BECTHBIE (DAKTHI TEOMETPUU U
IpeInoiaraTh OTKPHITHE HOBBIX, TPOBOJAUTH SKCIIEPUMEHTHI U pa3BUBATh HABBIKH MPO-
BEJICHUS JOKA3aTEeIbHBIX PACCYKICHUM.

buonuorpaduyecKkum cnMCoK

1. JKusas Marematuka 5.0: CO0OpHMK MeTOnMYEeCKMX MaTepuayioB (coctaButenu: [LA. AmkemsH,
B.H. [ly6posckuii u ap.). M.: UHT, 2013. 205 c.
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METOAUKA NPOBEAEHUA JIABOPATOPHbIX PABOT
MO ANITEBPE 5 KJTIACCA C UCNOJ/Ib3OBAHUEM
AHUMALMNOHHbLIX BOSMOMHOCTEU CPElIbl GEOGEBRA

METHODOLOGY OF CONDUCTING LABORATORY WORK
ON ALGEBRA 5 CLASS USING
THE ANIMATED ENVIRONMENT CAPABILITIES GEOGEBRA

H.H. 3aHbKo, A.A. JTapMOHUYMKOBA N.V. Zanko, A.A. Larionchikova

Jlabopamopnas paboma, anumayuonnwlil pucynok, cpeoa GeoGebra, mamemamuka 5 Knacca.

B craTrbe mpeacTaBieH ONBIT MPOBEIEHHUS JAG0PATOPHBIX PadoT MO OTAEJILHBIM TeMaM aJjire-
OpbI S KJ1acca ¢ HCMOJIb30BAHUEM AHMMAIMOHHBIX PHCYHKOB, BHITIOJTHEHHBIX B KOMIbIOTEPHOI
cpeae GeoGebra.

Laboratory work, entertainment figure, Wednesday GeoGebra, mathematics grade 5.
The article presents the experience of laboratory work on selected topics in algebra class 5 using
animated drawings, executed in a computer Wednesday GeoGebra.

JTHUM U3 BEAYIIMX TPEOOBAaHUI B COBPEMEHHOM OOYYEHUU SIBIISIETCS] UCTIONH30-

BaHUE KOMITBIOTEPHBIX TEXHOJIOT U, HE3aBUCUMO OT BO3pacTa ydauerocs. 3aja-

Ya yuuTesiel — HarmpaBuTh 00y4aeMoro 1 CO3/1aTh CPEy, B KOTOPO MaTepua Oy-
JIET HE TOJBKO HAIVISIAHBIM M 3aTIOMUHAIOIIUMCS, HO U Pa3HOOOPA3HBIM 10 TEXHUKE BbI-
NoJIHEHUs 3a7ad. B crarbe mpejyiaraeTcsi UCHOIb30BaTh AaHUMAIIMOHHBIE PUCYHKH, BbI-
nosHeHHbIe B cpeae GeoGebra, Ha 1abopaTopHBIX paboTax 1Mo U30PAHHON TEME.

JlaboparopHbie pabOTHI KaK KIt04eBbIe (hOPMBI OOyUCHHS aKTUBHO BHEAPSIOTCS B
nocJeAHEee BpEMsI B paMKaX CUCTEMHO-JIESITEIbHOCTHOTO MOIX0a.

JlaboparopHas paboTa — 3TO TaKOi MeTOA 0OyUEeHUS, IPU KOTOPOM yUaIruecs MO/
PYKOBOJICTBOM YUMTEJISI U 110 3apaHee HAMEUEHHOMY IIaHy MPOJIEIbIBAIOT ONBITHI WU
BBITIOJIHSIIOT OIPE/EICHHBIE MPAKTUYECKUE 3aaHusl U B MPOILIECCE UX BOCIPUHHUMA-
10T ¥ OCMBICITMBAIOT HOBBIN YUeOHBIN MaTepuall, 3aKpeIIsIOT MOTyYCHHBIC PaHee 3Ha-
Hus [4]. Ypoku ¢ UCTIOIb30BaHUEM JIA0OPATOPHBIX PA0OT SBIISFOTCS PA3HOBUTHOCTHIO
MPAKTUYECKUX 3aHSTUN, HO C BKPAIICHUEM AJIEMEHTOB UCCIEIOBAHUN.

bynem npunepxuBarhcst yaeOHnuka [1]. B aTom yueOHUKE yke IPUCYTCTBYET Tpsi-
MO€ yKa3aHH€ Ha UCIOJIb30BaHHE KOMITbIOTEpA HAa YpoKax MareMaTtuku. O0pamasch K
yYaIuMcs — YUTaTesIM YIeOHHKA, aBTOPBI MUAIITYT: «BbI MOXKETE BBIMOIHATH HEKOTO-
pbI€ 3aJIlaHKs ATOTO yuyeOHUKa ¢ moMoIbio kommbrotepa» ([1], ¢. 73). Tem akryanbHee
CTAHOBUTCS MpearacMas HaMH METO/IMKA UCIIOJIb30BAHUSI aHUMAI[MOHHBIX PUCYHKOB
B paMKaXx CIIeUAIIbHBIX J1a00PaTOPHBIX PA0OT C UX CHEU(PUISCKIM CTUIIEM TPOBEIE-
Hus. CTaThs ABISIETCS MPOJIOJKEHUEM TyOIMKAI[MU aBTOPOB [2].

[IpuBenem psii aHUMAIIMOHHBIX PUCYHKOB, KOTOPBIE OBLIM anpoOUpPOBaHBI HA TIO-
TOOHBIX 3aHATHUSAX, H KOTOPBIC MIPEACTOUT alpOoONPOBATh.
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AHMMAaIMOHHBIN PUCYHOK 1 cOo3/1aH NIt OTPaOOTKH HABBIKOB JICJICHHS «yTOJIKOM)
KaK HanboJiee CIOKHOTO JICUCTBUS HA/l HATYPaTbHBIMU YUCIaAMHU.

Jemenne yroyjkom

273 | 23 w OTBET:
23 11 _
13 273=23-11+20
23
20 AJPCGH&J’[ P U OTPE3KOB
JIJIsI IOTYepKUBAHN
56789
0 456789
Puc. 1

JlaGoparopnas paboTa HauMHAETCS C OOBSCHEHHS] OCOOEHHOCTH BBITTOJTHEHUS 3a-
JaHWsI HA aHUMAIMOHHOM PHCYHKE C HCTIOIb30BaHUEM «ApceHaa udp». Bes padora
CTPOUTCS Ha MPUMEPAxX, KOTOPBIC TPEIararoTCs yUeHUKY, IPUIyMaHHbIC UM JUIS Ca-
MOTO ce0sl U JPYTHUM.

HamomMH#MM, 9TO pa3feauTh ¢ OCTATKOM II€JI0€ YHCIIO A Ha Iiesioe Yncio b o3Hada-
€T HalTH HEMOJHOE YaCTHOE ( M OCTaToK I Takue, yro a=bq+r, mpuuem 0<r <b.
Otcrona 0 <a—bg<b. Takum 0Opa3oM, HEMOIHOE YaCTHOE (] MOXKHO HAWTH 1M000-
pOM, JTOOMBAsICh BBIMIOJIHEHHS ATOTO JIBOMHOTO HepaBeHcTBa. [locne HaxoxkaeHus (
MOXHO HaMTH OCTAaToK I' 1Mo gopmyse I =a—bg. AHUMAaMOHHBIH PUCYHOK 4 peasu-
3yeT 3TU UJIEH.

[leneHne c octaTtkom a Ha b.
a=-128 b=28

Hajiinure 11ej10€ ¢ 1 OCTaTOK 7 TaK,
9100t @ = b.q+ 7, Tae 0 < 7 < |b|.

Mopbepute q
4yTOObI BbINMOSTHANOCH HEpaBeHCTBO 0<r<|b|

0<12<28
q=-5

OteeT: a=b-(-5)+12
Puc. 2
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JlesieHue ¢ 0CTaTKOM JIEXKUT B OCHOBE AJITOPUTMA JICJIEHUS «YTOJIKOM» U ITO3BOJIS-
€T 1mo0op ovyepeHOM Pl YaCTHOTO (MO YTOJIKOM) «MEXaHU3UPOBAThY, MOpyUas
BBIYUCIICHUS KOMITBIOTEPY (cM. [2]).

BaxxHoil TeMOii MaTEMaTUKH 5 Kiacca siBisieTcsl «3HaueHUs BeIpakeHuii». [1pu Ha-
XOXJCHUU 3HAUYECHUSI BBIPAXKEHUSI MOTYT BOSHUKHYTH HEXKEJIATEJIbHbIE OTBJIEKAIOIINE

BBIYHMCIIUTEIbHBIE TPYIHOCTU. YCTPAaHUTh X — Hamia 3aaa4a. B cpene GeoGebra mo-

a+2h
CTPOMM aHMUMAaLIMOHHYIO MOJEIb BBIPAXKEHUS C IEPEMEHHBIMU ¢ = ———, TTO3BOJISIIO-

10-b
IIYI0 IO AAHHBIM 3HAYCHUAM IMCPEMCHHBLIX IMOJIYYaTh 3HAYCHHUC BBIPAKCHUA. HpI/I Huc-

IMOJIb30OBAHUU MOIACIIN IJIA APYTOIO BBIPAKCHUA OTHOCHUTCIIBHO TCX JKC IICPCMCHHBIX
CJICAYCT B HAATINCHU 3aMCHHUTDH BBIPAKCHUEC HAa HOBOC U CTpOKOﬁ BBOJa BBECTU HOBOC C.

. a+2b . a+2b
HaI/IAI/ITe 3Ha4YeHune BblpaXXeHna c = 10-b Hal/l,ql/lTe 3HaYyeHne BblpaXKeHns C = W
npu BbIGpaHHbIX 3HAYEHUsX a u b. 1pM BbIGPaHHBIX 3HAYEHMsX a U b.
a=3 a=3
b=8 b=10
Haxogum: ¢ = 3+2(8) _19_ 9.5 axopum: C I BbipaeHuWe He UMEET CMbicra
' 10 - (8) 2 10 - (10)
a 6
Puc. 3
. a+2b
CHauana npenjaraercs y4aluMcs HalTH 3HAY€HHUE BBIPAKEHUS ¢ = T «BpYY-
J+2-8 19
HYIO» U 3anucarh B Terpanu: [Ipu a=3, b=8 umeem: ¢ = T o= Y.5. 3arem

oOpaiaeMcsi K aHUMallMOHHOMY PUCYHKY M BHJIMM MOJXy4eHHbIH oTBeT. [locie aToro
11eJ1eC000pa3HO COCTaBUTh TAONUITY 3HAYCHHH MIEPEMEHHBIX M BBIPAKCHHUS.

CKy4HO BBIYUCISATH 3HAYEHUSI BbIpaxkeHUU camu 1o cebe. [Ipuaaaum um cMbici
U Ha J1abopaTopHOil paboTe UCCIIE0BATENBCKOTO XapakTepa pacCCMOTPUM MHOTOUJICH
Oitniepa (puc. 4). [Ipu Kakux 1ENIbIX 3HAYCHUSX MEPEMEHHON X 3HAUEHHS 3TOT0 MHO-
rowjieHa sIBJISIIOTCS IPOCThIMU YKCIaMU? AHUMAIIMOHHBIN PUCYHOK 4 TO3BOJISIET Ha-
XOAUTh TaKUE 3HAYCHUS.

Muorowren Ditnepa f(x) = x* + 2 + 41

n =45

f(45) = 45% + 45 + 41 = 2111 — npocToe YncyIo

Crucok nesresneii ancaa 2111 : {1,2111}
Puc. 4
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Yyammmcs MOXKHO COOOIIUTh, YTO HEM3BECTHO, OECKOHEUHO JIM MHOXKECTBO IPO-
CTBhIX 3HAQUEHHI MHOTro4jeHa Jiljiepa IpU HATypalbHbIX 3HAUCHUSX nepeMeHHoil. He
M3BECTHO TAK)KE, CYIIECTBYET JIM MHOTOWICH X° +X+a mpu a>4 , HaTypalbHbIC
3HaueHus koToporo st X=0,1,...,a—2 Obum ObI TPpOCTHIMU. BMecTe ¢ TeM J10Ka3a-
HO, YTO HE CYIIECTBYET MHOTOWJIEHA C LENbIMU KOd(hdUIIMEHTaMH, BCE HATypalbHbIC
3HAYEHUSI KOTOPOTO OBLITU OBl TPOCTHIMHU.

OT NpUBBIYHOTO «PYYHOTO» CIIOCO0A BHIYUCICHUIN YUYEHUK MOCTEIEHHO MEPEeX0-
JUT K PYKOBOJICTBY BBIYMCIICHUSIMU COTJIACHO COOTBETCTBYIOIIEMY QJITOPUTMY, & CAMH
BBIYHCIICHUS TTOPYYAIOTCSl KOMITBIOTEPY. Takoe eCTeCTBEHHOE «pa3elieHue TPpyaa» Io-
3BOJISIET M30€KaTh BBIYUCIUTEIBHBIX TPYIHOCTEH U COCPENOTOUYUTHCS HA YCBOCHHUH
anroputMa. [lonyTHO y4eHUK npuodiaercs K Mu(poBbIM TEXHOIOTUSIM, CTOIb HEOO-
XOAUMBIM €My B OyIyIIIEM.
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ONTUHECKHUE UNJTIO3UU KAK CPEACTBO NOBDILWEHHUS
MOTUBALUU YHALLUXCA CPEAHEU WLKOJ1bI
K U3YHEHUIO MATEMATUKMH

OPTICAL ILLUSIONS AS A MEANS OF INCREASING
THE MOTIVATION OF HIGH SCHOOL STUDENTS
TO STUDY MATHEMATICS

A.B. bypmakuHa D.V. Burmakina

Momuesayun wikonoHuKkos, éneyueonasn oeamenvnocmos @I OC, onmuueckue uni3uU, Mamema-
muuecKkoe mooeauposanue.

PaccmaTrpuBaroTcesi onTHyecKHe WIJIIO3HMUA KAK BO3MOKHOCTH NMOBBIIIEHUS Y4eOHONl MOTH-
BAIlUM HA BHEYPOUYHBIX 3aHATUAX. B padoTe onucan onbIT 3HAKOMCTBA YYeHUKOB 7 KJjacca
cpeaHeil MIKOJbLI ¢ Hau0o0JIee U3BECTHBIMHM HEBO3MOKHBIMM (pUrypamMu, MOAX0J K OpraHu3a-
UM BHEY4YeOHBbIX 3aHATHI M0 MCCIEI0BAHUIO U MOJAEJHUPOBAHUIO ONITHYECKUX WILTIO3Mi. Pe-
3yJbTaThl IKCIIEPUMEHTA MOKA3bIBAIOT HAJIMUME HHTepeca yyaluxcs K J1aHHOH Teme. B pe-
3yJbTaTe eCTh OCHOBAHUS NMPeANoJararb, YTo ONTHYECKHE WLIIO3HH MOBBICSIT MOTHBAILMIO
yUyamuxcsi K U3y4YeHUI0 MaTeMaTHKH.

Optical illusions as a possibility of increase educational motivation on after-hour occupations
are considered. In work experience of acquaintance of pupils of the 7th class of high school to
the most known impossible figures, approach to the organization of nonlearning classes in a re-
search and modeling of optical illusions is described. Results of an experiment show the interest
of pupils in this subject. As a result, there are bases to assume that optical illusions will increase
motivation of pupils to studying of mathematics.

Buoumoe ne scecoa coomeemcmeyem oeticmeumenbHOM).

H. Konepuuk

ycnoBusx peanuzanuu GI'OC npu GopMupoBaHUM YHUBEPCATbHBIX YUEOHBIX
JCHCTBHIA BO TJIaBYy yIJIa CTABUTCS MOTHBAIIUS YI€OHOU JIESTSIEHOCTH.
[IpoGnema moBwImeHUs 3PHEKTUBHOCTH OOYUYEHHS BOJHYET I1€/1aroroB
MHOTHX CTpaH Mupa. B Hamiell cTpane mpobieMa pe3yabTaTUBHOCTH OOy4YeHHUs aK-
THUBHO pa3pabaThIBacTCsI HA OCHOBE MCITOJIB30BAHUS TIOCIICTHUX JIOCTHIKEHUH TICHXO-
J0ruu, UHHOPMATUKHU U TEOPUM YTPABICHUS TTO3HABATEIBHOMN NeATebHOCThIO0. O1-
HUM W3 HallpaBJICHUHN PEIICHUS dTOW POOJIEeMBI SBIISICTCS pa3paboTKa U BHEAPEHUE
HOBBIX TIEIArOTUYECKUX TEXHOJOTHI KaK Ha ypOKax, Tak U Ha 3aHATHUSIX BHEYPOUHOU
JeSITeTLHOCTH, KOTOPBIC CTAIM BO3MOKHBIMU Oarofapsi BHEIPEHUIO B HAIICH ITKO-
ae ®1'OC 000 [5].
Ha ceromusimHwWiA 1eHb B MEPBYIO OYEPENb YUHTENS CTAJKUBAIOTCS C HEXKema-
HUEM JeTeil yunThes. [103TOMy OCHOBHAsI 3a/ladya YYUTelNs — CO3JIaHhE IICHUXOJIOTO-
NIeIarOrMUeCKUX YCIOBUH JIJIsl pA3BUTHS MOTHBAIIMK YUSOHOU JCSITEITILHOCTH.
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MaremaTtuka — IpeaMeT HaCTOJIBKO CEPhE3HBIM, UTO MEIAr0ry Ype3BbIUaiiHO BaX-
HO UCIIOJIb30BAaTh JIFOOYI0 BO3MOXXHOCTh OKMUBUTH YPOK. Y UHUTEIb IOJKEH IIOMOYb y4e-
HUKY YBUJETh B CEPHE3HOM — KYpPbE3HOE, B CKyYHOM — 3aHUMATeJIbHOE, B OOBIYHOM
— HeoObIuHOE. Beb MHTEpeC CIIy>)KUT CTUMYJIOM K JaibHeie padote yuenuka. Poib
YUUTEIISl B 3TOM JieJie OrpoMHast. B mepByto ouepesir Mbl 00s13aHbI CO371aTh OJIarONpHUsIT-
HBIE YCJIOBHS JIJIsL TOTO, YTOOBI YYEHUKHU CMOIJIM MIOCTUTaTh HOBOE B Hayke [1].

B uwactHOCTH, JAeSTENHHOCTh MIKOJIHHUKOB JOJKHA COAEpIKaTh B ce0e AIEeMEHTHI
TBOPUYECTBA KAK CO3UIATEILHOIO YCUIIUSI.

Brenpenue HOBBIX HJIeH, TEXHOJIOTHI U MPUEMOB CIOCOOCTBYET MPHUBJICYEHUIO
BHHMAaHUS IIKOJIbHUKOB KaK HA YPOKE, TAK U BO BPEMsI BHEYPOUHOU €SI TENHHOCTH.

Ha BHEypOYHBIX 3aHSATHSAX MO MaTeMaThKe HEOOXOIUMO Pa3BUBATh TEXHOJIOTHIO
JUYHOCTHO OPUEHTHUPOBAHHOTO OOyUYEHHUS, KOTOpas MOJHOCThIO OTBEYAET TAKUM 3a-
JadaM: yUdTh JeTeil 0e3 MpUHYKIEHUS, pa3BUBATh YCTOMYMBBIA MHTEPEC K 3HAHUAM
U TIOTPEOHOCTh X B CAMOCTOSITEILHOM TMOUCKE. J[aHHAasi aKkTyaabHOCTh HEOCIIOpUMA
U 00BSICHAETCS TEM, YTO BHEYPOUHAsl ICSITEIIbHOCTD SIBJISIETCS HEOTHEMIIEMON YacCThIO
00pa3oBaTeIbHOTO MpOoIecca B IIKOJIE M OIHON M3 (hOpM OpraHU3aIMH CBOOOIHOTO
BPEMEHM yYalluxcs. XOPOIIO OpraHU30BaHHAsI BHEYpOUHAs AEATEIbHOCTh JIA€T BO3-
MOXKHOCTbH YIITyONIsITh MpUoOpeTaeMble Ha ypOKax 3HaHUS, COBEPIICHCTBOBATh yMe-
HUS U HaBBIKW aHAJW3a, PaCIMPSATh MAaTEMATUYECKU KPYyro30p, BOCIUTHIBATH U IO-
BBIIIATH KYJIBTYPY OOIIEHMsI, pa3BUBATh TBOPUECKUI MOTEHITMAN ydaruxcs [4].

TpyaHo npumymars 4To-1100, O0JIbIlIe TPUBIICKAIOIIIEE BHUMAHUE U BBI3BIBAIOIIIEE
JTHO0O0MBITCTBO, U UHTEPEC, CIOCOOHOE MOMIATHYTh HAllle MPEJCTaBICHUE 00 OKpyXka-
IOIIEN TeUCTBUTEIIPHOCTH, YEM ONTUYECKHUE WIUTIO3UU. JTa TeMa COACPKUT OECKOHEU-
HOE KOJINYE€CTBO MHTEJUIEKTYyalbHBIX SIPKUX HECTAHAAPTHBIX UJIEH, MTO3BOJISIFOLINX XY-
JOKHUKY U TU3aiTHEPY TIIyOKe pacKpbITh CBOM 3aMbICEIN, JOOUTHCS HY>KHOTO 3 dexra
MUHHUMAaJIbHBIMU CPEACTBAMH.

MpbI IPUBBIKIIN JOBEPSATH COOCTBEHHOMY 3PEHHIO, OTHAKO OHO HEPEIKO OOMaHbIBAET
HAC, MTOKa3bIBasi TO, YETO B ACHCTBUTEIBHOCTH HE CyIIECTBYET. IUTF030p€eH 1 BUIUMBII
mup? OnHa n3 HanboJee MHTEPECHBIX TUIOTE3 MPEATOJIATaeT, YTO YEIOBEK MHTEPIPETH-
pyeT o0e KapTUHKH KaK IJI0CKHe M300paskeHus B nepcrekTrBe. CXOXKICHNE KOCBIX JTy-
Yeil B OJTHOM TOYKE CO3/1at0T IPU3HAKH MIEPCIEKTUBBI, U YETIOBEKY KayKETCsl, UTO OTPE3KU
pacmoNoKeHbl Ha pa3HOW TIIyOMHE OTHOCUTENbHO HaOmomarens. [Ipumepom Toro, kak
MOYKHO Pa3pyIIUTh HENOCTHBIA 00pa3 00bEKTa, CIIy)KaT TaK Ha3bIBAEMbIE «HEBO3MOXK-
HBIE», IPOTUBOPEUMBLIE (PUTYPHI, KAPTUHBI C HAPYIICHHOM MEePCIIEKTUBOM.

TepMuH «3pUTENbHBIE WIUTIO3UI» 00bEIMHAET MUPOKUNA KPYT (PEHOMEHOB, Kacaro-
IIUXCS PA3JIMYHBIX ACTIEKTOB 3PUTEIILHOTO BOCIIPUSATHS U OTPAKAIOIIUX SIBHBIE OINO-
KU B OIIEHKE 3PUTEIIbHON CHUCTEMOM YeJOBeKa KaKWX-HUOYIh CBOMCTB WM MPOCTPaH-
CTBEHHBIX TTapaMETPOB pacCMaTPUBAEMBIX OOBEKTOB — IIBETA, (DOPMBI, pa3MepoB, JIo-
KaJIu3alliy, XapaKkTepa IBMKEHUS U T.J1. K reoMeTpruuecKuM 3pUTENbHBIM HILTIO3USIM
OTHOCAT CUCTEMAaTUYECKUE OTKJIOHEHHS TEOMETPUH BOCIIPUHUMAEMOT0 00pasa oT 00b-
€KTHUBHBIX MapaMeTPOB paccMaTpruBaeMoOl T€OMETPUYECKON KOH(pUTypaluu. ITH OT-
KJIOHEHUSI, MJIU UCKAKEHHUS, MOTYT KacaTbCs pa3MepoB (OITMOKY B OIIEHKE JJTMHbBI WK
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TUTONIA/IM ), HAKJIOHA WJIM KPUBU3HBI (MCKQ)KEHHOE BOCIIPUSATHE OPUCHTAIINH, KaKYIIe-
€Cs UCKPUBIICHUE TIPSMBIX JIMHUI), B3AUMHOTO PACIIOJIOKEHHMSI JIeTaliel (Kaxyieecs
CMEILIEHHE) U Tponopuuii [2].

BreypouHas 1esTenbHOCTh IO MaTeéMaTUKe CIIOCOOCTBYET B MOJIHOM Mepe peau-
30BaTh TpeOoOBaHMs (efepabHbIX TOCYIaPCTBEHHBIX 00pa30BaTebHBIX CTaHIApPTOB,
JIaeT HOBBIM B3Il HA 0Opa3oBaTelibHbIE Pe3yabTaThl. HekoTophie monararor, 4Tto He-
BO3MOXKHBIE (DUTYpBI HEJIb3sl CIIPOCKTUPOBATH B TPEXMEPHOM MpocTpanctse. Ho 310
He Tak. M3 mIKoIpHOTO Kypca TeOMETPUH HaM U3BECTHO, YTO YePTEXK, N300paKEHHBIH
Ha JMcTe Oymaru, SIBJISIeTCS MPOEKIMeN TpexMepHoi (GUrypsl Ha miaockocTh. Cieno-
BaTeJIbHO, Jt00as ¢urypa, HapuCoBaHHasi Ha JiUCcTe Oymaru, JIOJDKHA CYIIECTBOBATh B
TpexMepHoM mpocTpancTse [3]. [Ipuuem TpexmMepHbIX 00BEKTOB, IPU MPOESITUPOBAHUH
Ha TUIOCKOCTh KOTOPBIX TIOJTydaeTcs 3aJaHHas Tiockas purypa, 06 CKOHEYHOEe MHOXKe-
CTBO. DTO € OTHOCUTCA U K HEBO3MOXXHBIM (pUTYpaMm.

CoznanueM TpexMepHBIX 00BEKTOB, MPOECKIIUEH KOTOPHIX ObLTa Obl HEBO3MOXKHAS
durypa, 3aHuMancs coTpyaHuk Tokuiickoro yausepcutera Koknan Cyruxapa (Kokichi
Sugihara) [8], paGotaromiuii B oTnenennu nHpopmatuku. Vim Ob11u pa3paboTaHbl KOH-
CTPYKIIMH, KOTOPhIE MOXKHO CKJIEUTh U3 Oymaru.

OT0 yaIuBUTENBHBIN (QOKYyC ¢ (UTypKaMH, MPUAYMAHHBIN SITOHCKUM MaTeMaru-
koM Koknum Cyruxapa, Ha KoHKypce «Jlydinas uiuio3us rofiay», B KOTOPOM ydacTue
NPUHUMAIOT JIyYIlIHe WITIO3MOHUCTBI MUpPa, MPU3HAH JIYYIIed ONTUYECKOM WILTIO3H-
eit 2018 1. K ciioBy, KOHKYpC OpraHU30BBIBAETCS U MPOBOAUTCS exkeronno Oo1ecTBoM
HEHPOJOTUYECKHUX UCCIICIOBAHUM, B TOM YUCIIE U IS TIOMYJIPU3AIMH HAYKH.

TonbKO CaMOCTOSITENIBHO MPOOYsI CO3/1aBaTh ONTUYECKUE WILTIO3UU B BUJIE PUCYH-
KOB WJIU MOJIeJIed, MOKHO OIIEHUTh BCE TOHKOCTH, HEOOXOAMMBIE JIs1 CO3/IaHHMS 110/100-
HBIX 0OMaHOB.

CBoro paboTy MbI HaYaJIH C IPOCTOTO, & UMEHHO MOMIPOOOBANH CENATh Pa3BEPTKU
Ky0a, IpaBWIbHYIO MUPAMULTY, JOJAEKAdIP, UKOCadp. [ HBIHEITHUX CEeMHKIaCCHU-
KOB 3TO HE COCTAaBIIAET OOJIBIIOTO TPyAa. YYalluecss CaMOCTOSTENHLHO PUCOBAIIN pa3-
BEPTKHU U CKJICUBAJIU TIOJyUYEHHbIE (DUTYPHI.

Jlanee, MHOIO OBLIO TPEIOKEHO CKICUTh TpeyronpHUK IleHpoysa, MCHONb3ys
OJIHY U3 €ro pa3BepTok (puc. 1).

Puc. 1
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[Tocne pacckaza 00 UCTOPUH OTKPBITUS TAHHOTO TPEYTOJIbHUKA BO3HUK BOIIPOC O
CYIIIECTBOBAHUM JPYTHX T€OMETPUUECKUX (PUTYDP, KOTOPHIC OMHUOOYHBI 3pUTEITEHOMY
BocnpusaTuio. TpeyronbHuk Ilenpoy3a yBekoBeueH B ropoje Ilept B ABctpanuu. OH
ObL1 ycTaHoBiIeH B 1999 1. u Teneph Bce, MPOXOs MUMO, MOTYT YBUIETh HEBO3MOXK-
HYy10 Qurypy.

B 9Tux nouckax y3HaBaJ M O CaMbIX U3BECTHBIX XyJOKHUKAX, pa0OTaBIINX B JIaH-
HO 001aCTH. DTO MPEXK]IE BCETO «OTEI» BCEX HEBO3MOXKHBIX (PUTYP MIBEIACKUN XYyT0K-
Huk Ockap PeyrepcBapa (Oscar Reutersvird) u romnanackuii xynoxxauk M.K. Dmep.
Bce Gosnbliiie Bo3HHMKAT HHTEpEC K MOJO0OHBIM PUCYHKAaM U CTaThsIM O HUX. HeBo3mox-
HbIe (QUTYpPBI, CaMbIe dJIEMEHTApPHBIC, KOHEUHO, BO3MOYKHO HAPUCOBATH TIPHU TTOMOIIN
KapaHjalla u JUHEHKH, HO Be/lb CYIIECTBYEeT MHOTOOOpa3ue nporpaMm ¢ IpuMeHEeHH-
eM 3D-monenupoBaHus.

SINOHCKWIT MaTeMATUK U XYAO0KHUK, CO3JIaBIINN TPEXMEPHBIE ONTUYECCKUE UILTIO-
3UH, KOTOPBIE, KaK MPEACTABIISIETCS, 3aCTABISAIOT IIAPUKU KaTUThHCS B ropy (puc. 2) Ko-
knuu Cyruxapa.

Puc. 2

Heckonbko 3aHATHI CIyCTS Mbl MO3HAKOMUJIMCH C MPOCTHIM BEO-MHCTPYMEHTOM
st 3D-nipoextupoBanus U 3D-nieyaT, NO3BOMISIONINM 32 CHUTAHHBIE MUHYTHI CO3/1a-
BaTh 3D-monenu — Adobe Illustrator. [To3HakomuBIIUCEH ¢ MHTEP(DEICOM TPOTrpaMMBlI,
reOMEeTPUYECKUMU (UTYpaMU, MPEACTABICHHBIMUA B MPEIJIOKEHHBIX MHCTPYMEHTAX,
ydaluecss U3Ha4aJIbHO CaMM IONbITAIUCh MOCTpouTh TpeyronbHuk [lenpoysa. Ilo-
IBITKA HE YBEHUYAJIACh YCIIEXOM, U MBI MPOJIOJIKUIN pabOTy BMECTE.

Jlanee Hamr BbIOOp OCTAHOBHWJICSI Ha MOCTPOCHHHM 3HaMEHUTOro TpeyrojgbHuKa
[Tenpoy3sa, oJiHy U3 CaMbIX U3BECTHBIX «HEBO3MOXHBIX Guryp» [7]. OHa ObLIa OTKPHI-
Tta B 1934 1. mBeackum xynoxkaukoM Ockapom PeyTepcBapiaoM, KOTOpBIN M300pa3uil
€ro B BUjie Habopa KyOHMKOB (Tak, Kak MblI €ero cerofHst 1 Hapucyem). B 1980 r. aTot Ba-
pUAHT HEBO3MOXKHOTO TPEYroJibHUKA ObLT HarleyaTaH Ha MIBEJCKUX MOYTOBBIX MapKax.
B utore Obuta co3iana Mozielib HEBO3MOXKHOTO TPEYTOJIbHUKA, B TOM BHJIE€, B KOTOPOM
OH BIIepBbIE ObLIT U300paxkeH (puc. 3).

B pesynbrare npojenaHHon paboThl, OT 3J€MEHTAPHBIX Pa3BepTOK (GUTYp, 10 TO-
CTPOEHUS CIIOKHBIX, HO HHTEPECHBIX, TEOMETPUUECKUX WUIUTIO3UM, KOTOPBIE MBI CyMe-
JIM TIPOBEPUTH, HA CAMOM JIeJie POCTO OOMaH 3peHMUsI.
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Puc. 3

MoxHO TIpUBECTH OOJIBIIIOE KOJUYECTBO MPUMEPOB MpUMEHEHUs Wiutro3uid. Ha-
YyHas AETCKUMU MOAACIKAMU U 3aKaHYMBasi KApTUHAMU BEJIUYANIINX XyJ0KHUKOB U
u3BecTHBIMH (unbMaMu. [Ipumepom GuiabMoB MOkeT ObITh «mmto3us oOMaHay Win
«Benuknit WUr03uoHUCTY. [IpuMeHeHre ONTUYECKUX WIUTKO3UN JTaeT BEJIUKOJICIIHbIC
BO3MOXKHOCTH JUTs pEUIEHUS 3a/1a4 B rpad)iuecKOM JTM3aiiHe U TU3aitHe YIIaKOBKH.

B s10ii pabote ObUIO BBISICHEHO, YTO y4alluecs 7-To Kiacca CKIOHHBI K MILTIO3H-
saMm. C MHTepeCOM U3YyYUB JINTEPATYPY MO JAHHON TEME, U, BHIIIOJIHUB MPAKTUUECKYIO
paboTy MO CO3AAHUIO WILTIO3UN TEOMETPUIECKUX (DUTYP, MOXKHO CHI€NIaTh BBIBOJIBI:

— MPEJCTABICHHBIEC 3aJIaHUsl SBIISIIOTCS MOTUBAUMOHHBIMU. OHU YIOBIETBOPSIOT
BBIJICJICHHBIM TPEOOBaHUSM: 33J1al0T MOOYK/IEHHE K JIEMCTBUIO Ha OCHOBE TIpejiarae-
MOI'0 MaT€MaTU4eCKOTO COAECPKAHUSI;

— Ha Ka)XJ0M dTare padoThl HaJ 3aJJaHUEM aKTUBU3UPYIOTCSI MOTUBAIIMOHHBIE Me-
XaHU3MBbI U JCHUCTBYIOT (DYHKITUU MOTHBAIIUU, TTOOY>K/1as1, HAIPABIISIS, PETYIUpPYs Jesi-
TEJIbHOCTh U MPUAABasi €M JUYHOCTHBIN CMBICIL.

He ctout 3a0bIBaTh, YTO ONTHUYECKUE WIUIIO3UU COMPOBOXKIAIOT HAC B TEUCHUE
BCceM kKu3HU. [103TOMY 3HaHHE OCHOBHBIX BUJOB, IIPUYMH U BO3MOXHBIX ITOCIIEICTBUN
UX BO3JICHCTBHSI HA YEJIOBEKA HEOOXOAMM. DTO MTOMOXKET aHAIM3UPOBATH MOTYyYaEMYIO
KapTUHKY, TOHUMATh, KOT/Ia I71a3a HAC 0OMaHBIBAIOT, a KOT/Ia M300paskeHNUEe TTOTHOCTHIO
pEaAIBHO.

Tema nur03uid O4eHb UHTEPECHA, U OHA MOYKET CTATh ITPOJOJKEHUEM €111€ MHOTUX
VICCIIEIOBAHUI U HE TOJIBKO B MaTEMATHKE.

Hawu 2naza nosnasamo ne ymeiom
npupooy npeomemos.

A nomomy He HassA3vIBAU UM
3a01y2Hc0eHUll paccyoka.

Tut Jlykpeunit Kap
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«+KUBAAA MATEMATUKA» KAK CPEACTBO NOBbIWEHUA
KAHYECTBA MATEMATUHECKOIO ObPA30OBAHUSA

«LIVE MATHEMATICS» AS MEANS OF IMPROVEMENT
OF QUALITY OF MATHEMATICAL EDUCATION

lO.A. boApKUHa Yu.A. Boyarkina

Kueaa mamemamuxka, npocpammnan cpeda, momusayus, o0yuenue, Kauecmeo ody4eHus, mame-
Mamuueckoe obpazosanue.

B HaCTOALCEC BPEMS TpaHHHHOHHLIﬁ MOAXO0I K nmpenogaBaHul0 MaTeMaTuKu, B YaCTHOCTH I'e-
OMEeTPHH, MPUBOAUT K MaJIOH MOMYJISIPHOCTH 3TOT0 NMpeaMeTa, 0COOEHHO CpeIn yYaluuXxcs, 1a-
Jéknx ot marematuku. HanOoJiee oueBuIHASI NPUYMHA ITOT0 3aKJIKOYAETCA B TOM, 4TO (op-
MYJHPOBKH M J0Ka3aTeJIbCTBAa TeOpeM 3ay4yHBalOTCsi, HO He mnposepsitorcsi. IlodTomy cra-
Thsl NMOCBAIIECHA HETPAAMIMOHHOMY MOAXOAY K M3YYEHHI0 MATEMATHKHM € NMOMOIIbIO y4eOHO-
METOANYECCKOI'0O KOMILJIEKTa «’KuBast MaTreMaTHuKa».

Live geometry, program environment, motivation, training, quality of training, mathematical
education.

Now traditional approach to teaching geometry results in low popularity of this subject, espe-
cially among the pupils far from mathematics. The most obvious reason of it is that formula-
tions and proofs of theorems are learned, but aren’t checked. Therefore article is devoted to
nonconventional approach to studying of geometry by means of an educational and methodical
set «Live Mathematics».

HacTosIIee BpeMsi MaTeMaTHuKa 3aHUMAaeT 0co00€ MECTO B HayKe, KYJIbType U
OOIIIECTBEHHOM KU3HU. V3yueHrne MaTeMaTuKu UrpaeT CuCTeMOooOpasyIolryro
pOJIb B 00pa30BaHUH.

B o0Opa3oBarensHbix cTangaprax B Poccuu, nzmenennsix B 2010 roxy, 6bu1 cae-
JaH akKIEeHT Ha HEOOXOUMOCTH (DOPMUPOBAHUS METATIPEIMETHBIX U JINYHOCTHBIX pe-
3yJIBTaTOB Hapsy ¢ npeaMeTHbIMU [4]. Takke B 00yd4eHHU JTOJHKEH IOCIIEI0BATEIb-
HO HUCIIOJIb30BATHCSI CUCTEMHO-JIEATEIbHOCTHBIN MOX0/, OPUEHTUPOBAHHBIM Ha pa3-
BUTHE MO3HABATEIbHBIX U TBOPUECKUX CHOCOOHOCTEH 00ydYaroIIMXCsi, MOTUBAIMH U,
KaK CIJIeJICTBUE, TIOBBIIIEHNE KaueCTBA MAaTEeMAaTUYECKOM MOATOTOBKH O0YYaIOIUXCS.

OpnuM u3 cioco00B, MO3BOJISIONINX MOJAEPKATh JAHHYIO TEHACHIIUIO, SBIISIETCS
HCII0JIb30BaHNE MHTEPAKTUBHBIX TEXHOJIOTUN B 00YYE€HUHU MAaTeMaTHKE.

Bbornee mogpobHO 0OCTaHOBUMCS HA TaKOW TEXHOJIOTHH, Kak mporpamma «Kusast ma-
TEMaTHKay. JTa IporpaMMa UMEET IIUPOKUE BOZMOXKHOCTU. B Hell MOXHO co3/1aBaTh
JTUHAMUYECKUE YEPTEXKHU JJIs UCTIOJIB30BaHUs HA PA3HBIX YPOBHIX O0YUEHUSI TEOMETPHH,
anreOpbl U IPYrUX CMEXHBIX auciuiuiiH [3]. «OKuBas maremarrka» oOecrieunBaeT Ha-
JBSITHOCTH yueOHoro marepuana. Cama mporpamma «OKuBasi MaTemMaTrukay mpeacTaBis-
€T co00M YHUKAJIbHBIN MPOAYKT, TO3BOJISIFOIINI CTPOUTH COBPEMEHHbBIE KOMITbIOTEPHBIE
YEPTEXKU U 3HAUUTEIBHO SKOHOMUTh BPEMSI, HO CaMO€ IIAaBHOE: YEPTEK, MOCTPOCHHBIN
C TIOMOIIBIO0 TTPOTPAMMBI, MOYKHO TUPAKUPOBaTh, AeOPMUPOBaTh, TIEpeMeNIaTh U BU-
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JTOU3MEHSTh. DJIEMEHTHI UEPTEKa JIETKO U3MEPUTh KOMIIBIOTEPHBIMU CPEACTBAMMU, a Pe-
3yJBTAaThl ATUX U3MEPEHUHN JIOMYCKAIOT JaIbHEHIITYI0 KOMITBIOTEPHYIO 00paboTKy. Bo3-
MOXKHBI TaK;K€ MHOTOKpPATHbIE OOMEHBI YEPTEKAMU C YUUTEIIEM, XPAHEHUE HECKOIbKUX
BapHUaHTOB OJHOTO U TOTO e uepTexa. ITa mporpamma cxoxa ¢ mporpammon GeoGebra,
HO B «OKMBOM MaTemaTuke» He 3aJI0KE€Hbl HEKOTOpPbIE MHCTPYMEHTHI, YTO TpeOyeT OT
IOJIb30BATENS JOMOIHUTENBHBIX MOCTpoeHuH [ 1]. ¥V yuurens, KoTopbiii 00y4daeT ¢ moMo-
IIHIO 3TOM IPOTPAMMBI, OTKPBIBAIOTCS HOBBIE BOBMOXKHOCTH: C/IeNiaTh 00yueHue nudde-
PEHIMATILHBIM ¥ UHAMBU Ty JIbHBIM; OOBSICHUTB 3a/1a4y <GKUBBIMI YEPTEXKaMU; CO3/1aTh
AKCTIEPUMEHTAIBHYIO UCCIIEIOBATENBCKYIO 0a3y, KOTOpasi B CBOIO OY€pE/Ih MOBBIIIALT aK-
TUBHOCTH TBOPYECKOMN paOOThI, MPOEKTHYIO JIESTEILHOCTD.

Pabotath ¢ mporpaMMoii MOXKHO:

— Yyepe3 UHTEPAKTUBHYIO JOCKY WM B KaOWHETE, T €CTh IPOEKTOD;

— B KOMITBIOTEPHOM KJIacCe;

— B JIOMAIIIHUX YCJIOBUSAX [2].

B kauecTBe nmpuMepa paccMOTPHM UCIIOJIb30BaHUE Mporpammel «KuBas marema-
THUKa» MPU PEIICHUH OJUMITMAIHBIX 33/1a4 110 MAaTEMAaTHKE.

3aoaua. lnameTp OKpy>KHOCTH OCHOBaHUs IWIMHAPa paBeH 20, oOpa3yromias u-
nuHapa paBHa 28. [110CKOCTh MepeceKaeT ero OCHOBaHUE MO XopAaM JUIUHEI 12 u 16
(XOpabl JIexar Mo pa3Hble CTOPOHBI OT AUAMETPA).

Haiinure TaHTreHC yria MeXy 3TOW IJIOCKOCTBIO U MJIOCKOCTBIO OCHOBAHUS LIH-
JUHApPA.

Pewenue 3aoauu (puc. 1)

1. TToctpoum yron mexay cedeHueM u ocHoBanuem (£ZABC).

AC

2.1g£ABC = et AC=28; CB=CO+OB; CO u OB — abicombl mpaneyuy, HIX-
HUM OCHOBAHHMEM KOTOPBIX SBIISETCS TUAMETP, @ BEPXHUM OCHOBAaHHEM COOTBETCTBEH-
HO XOP/IBI.

Haiinem CO=40’=y100— 36 = 8;
Amnanornusno Haiinem OB=0'B’=y 100 — 64 = 6;

CaenoBarennHo, CB= 8+6=14
AC _ 28 _

3. Beruncnum tg£ABC = — =
CE 14

2,
4. OtBerT: 2.

Puc. Pewenue 3a0auu o yununope c nomowpbio npoepammul «Kueas mamemamuray
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TakuMm 00pa3oM, UCTIONB30BATh IporpaMmy «KuBasi MaTeMaTrka» Ha ypokKax ma-
TEMaTUKA HEOOXOIUMO U IiesiecooOpa3Ho. Ha maHHBIX ypoKax yYEHHMKH YyBCTBYIOT
ce0st yBepeHHO, OYeHb aKTUBHO MPUHUMAIOT y4acThe B 00cyxieHusx. B mpornecce pa-
OOTBI KaXblli YYEHUK BKIIIOYEH B pabOTy, HE3aBUCUMO OT YPOBHS YCIIEBAEMOCTH €T0
110 TUCUHUIUIMHE. BCE 3TO MOJIOKUTEIBHO CKa3bIBACTCS HA KAYECTBE MAaTeMaTU4eCKOU
MOJITOTOBKHU U y4e€OHOW MOTHBAIIUU.
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MCNOJIb30BAHUE KOMIMbIOTEPHOU AHUMALIMU
NMPU ObYYEHUU PELLEHUIO 3AAY HA NOCTPOEHME
METOZ0M FEOMETPUYECKUX NPEOEPA30BAHUN

USING COMPUTER ANIMATION IN TRAINING SOLVING TASKS
ON THE CONSTRUCTION BY THE METHOD OF GEOMETRIC
TRANSFORMATIONS

B.B. A6aynkuH, O.B. lepoBa V.V. Abdulkin, O.V. Derova

Komnvromepnas anumayus, cucmemvl OUHAMUYECKOT MAMEMAMUKU, MAMeEMamuyecKoe oopazo-
6aHue, 3a0a4u HA NOCMPOEHUE, 2eOMemPUYecKue nPeodpa3oeanul.

PaccmarpuBaercsi moaxoa K NpUMEHEHUI0 KOMIIBIOTEPHOH AHUMALMM NMPU 00yYeHHMH pelie-
HMIO 32124 HA IOCTPOeHHe MEeTO/I0M reoMeTpHUYeCKNX npeodpa3oBanuii. B pamkax nmoaxona Ha-
NIAHO MILTIOCTPHUPYeTCsi 3 (PeKTUBHOCTH NPHMMEHEHHs1 KOMIIbIOTEPHOH AaHMMAIUM U LieJ1eco-
00pa3HOCTh NIPMMEHEHHS ee NMPHU PelleHUH YKa3aHHOro tuma 3aaad. [Ipumenenune npeacras-
JICHHBIX Mo/ieJiell B IIKOJbHOH NMPAKTHKE MO3BOJIHMT MOBBICUTH HAVIAJHOCTD PeLIeHUi U, KaK
clIeAcTBHE, IPPEKTHBHOCTE OCBOCHHUS H3y4aeMOro MaTepuaJia.

Computer animation, dynamic geometry systems, math education, tasks on the construction, geo-
metric transformations.

The approach to the use of computer animation in training solving tasks on the construction by
the method of geometric transformations is considered. In the approach is clearly illustrated
the effectiveness of computer animation and the expediency of its application in solving prob-
lems of this type. The use of the models presented in school practice will improve the visibility
of decisions and the efficiency of learning the material.

COBPEMEHHOM MHpPE UAET CTPEMHUTEIBHOE pPA3BUTHE HH(POPMALMOHHO-

KOMMYHUKaIIMOHHBIX TexHosnoruid (MKT). Ve Henb3s mpeacTtaBUTh COBpe-

MEHHOTO Y€JIOBEKa, HE CTAJIKMBAIOILIErOCs B CBOEH KM3HU C HH(POPMAIIMOHHBI-
MU TEXHOJIOTHSIMH, U MPAKTUYECKHU BO BCEX O0JIACTAX JACSITEIIbHOCTU HEIb3s 00OUTHUCH
0e3 ux npuMeHenus. Tak u B 001aCcTH 00pa30BaHMsI BCE IIHUPE U OOJIbIIE TPUMEHSIIOTCS
UKT. B cBsA3u ¢ 3TUM, LeNbI0 00pa30BaHMs CTAHOBUTCS BOCIIMTAHUE YEJIOBEKA, aJal-
TUPOBAHHOTO K HOBBIM YCJIOBUSIM.

YaukansHocTh puMeHenus UKT cocTout B TOM, 4TO UX MOKHO MCITOJIB30BaTh HA
BCEX ATanax rnpoiiecca 00ydeHus: pu 0ObsICHEHUU HOBOT'O MaTepuasa; pu 3aKperie-
HUH U TIOBTOPEHUH; TIPU UTOTOBOM KOHTPOJIE.

Ha ceropHsmHuii 1eHb CyIIECTBYET MHOTO IMyOJIMKALUH, MOCBAILIEHHBIX MTPUME-
Henuro KT npu uzyuenun reomerpun. Hanpumep, MOKHO OTMETUTH MOHOTpaduio
B.P. Maiiepa, E.A. CemuHoli [3], B KOTOpOH pacCMOTPEHbI TEOPETUUECKUE OCHOBBI
uHpopmaTuzanuu oOydeHus TeOMETPUHU, a TaAKXKe pa3paboTaHa METOAUKA U3YUYEHUS
KOHKPETHBIX pa3/ieJIOB FTeOMETPHUH B YCIOBUSAX MPUMEHEHUS UH(OPMAITMOHHBIX TeX-
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HoJIorTui oOydeHus (rpaduueckue M300pakeHUs TeoMeTpuuecKkux (GUryp Ha IJio-
CKOCTHU U B IPOCTPAHCTBE U UX NMPeoOpa30BaHUs, 3a]1a4K MPOESKTUBHOU U nuddepeH-
IUaJIbHON F€OMETPHUH ).

N3yueHne Kkypca TeOMETPUH B IIIKOJIE BBI3BIBAET Y YYEHUKOB HEKOTOPHIE CII0KHO-
CTH, TaK KaK BO3HUKAET MpoOIeMa peaan3aiiu NpUHIMIa HasIAHOCTU. Brimonne-
HUE YePTEKEH JJaxe MPOCTHIX TeOMETPpUUECKUX (GUryp, U300paKEHHBIX B TETPAMSIX
WJIN Ha JJOCKE, MOKET ObITh HE COBCEM TOYHBIM, UJIU J1a’ke HeBepHbIM. Hampumep, uc-
MI0JIb3YSl HETOYHOCTH B MIOCTPOCHUHU YEPTEkKA, MOXKHO «I0Ka3aThy», uro 90° = 100-
[2]. [Ipu ucnonb30BaHUU CTATUYECKUX YEPTEKEN CIOKHEE YBUIETh MHOTOBAPUAHT-
HbI€ 3a/1a4u. Mcronap30BaHuEe CUCTEM JUHAMHYECKON T€OMETPHUH TTO3BOJISET PEIIUTh
3Ty npobnemy [1].

Tem He MeHee nake MPUMEHEHHE TOYHBIX YePTEekKEH, MOCTPOCHHBIX C MCIOJIb30-
BaHWEM CHUCTEM JTUHAMUYECKON T€OMETPHH, HE BCET/IA JIaeT JOCTATOYHO MH(MOPMAIIUH
YYEHHMKaM O TOM, Kak pemiath 3a1ady. OCOOEHHO 3TO KacaeTcs pas3zesioB T€OMETPHH,
CBSI3aHHBIX C TEOMETPUUYECKUMU MTPEoOpa30BaHUAMU. Y UCHUKHU HE BCET/Ia MOHUMAIOT,
KakK «paboTaroT» reoMeTpuyeckue npeodpasoBanus Mpu perieHnu 3aaa4d. Kakue cBoii-
CTBa, HaIPUMEP, MMOBOPOTA TUIOCKOCTH UCTIONB3YIOTCS U KaK MX UCIIOJIB30BaTh MIPH J10-
Ka3aTeIbCTBE WU MOCTPOCHUU. B TaHHOM Cilyyae MOXKHO pacCYMTHIBATh Ha TO, YTO
JTUHAMUYECKHE YEPTEKU C UCTIOIb30BAHNEM KOMITBIOTEPHON aHUMAIUU TTOMOTYT JIy4-
11 TIOHATh YYCHUKAM METO/] PEIICHUS TOM WJIK MHOM 3aJ1auu.

[TokaxeM NpPUMEHEHNE KOMIIBIOTEPHOW aHMMAalWH, CO3JaHHOW B CUCTEME JIUHA-
MUYECKOUN reoMeTpun «KuBasi reoMeTpus» MpU PEIICHUU ABYX M3BECTHBIX 3a/1a4 Ha
noctpoenue. [IpuBegeHHbIC 3a1a4u PEMIAIOTCS C TTOMOIIBIO MAPaJLIEILHOTO MEPEHO-
ca u moBopoTa. Tak Kak 3a/1a4¥l I0CTaTOYHO MPOCThIE U U3BECTHBIE, MBI OITyCTUM JTa-
bl AHAJIN3A, I0KA3aTeNIbCTBA U UCCIICAOBAHMS U aKIIEHTUPYEeM BHUMAHHE Ha Tarie mo-
CTPOCHHSI.

[Tpumep 1. ITocTpoiiTe Tpanenuto Mo €e OCHOBAaHUSAM U THATOHAJISIM.

[TycTs Tpebyercst moctpouTth Tpaneinto ABCD ¢ ocHoBarusmMu AD u BC, paBHBIMH
JaHHBIM OTpe3kam au b, u nuaronansamu AC u BD, pasubiMu otpeskam d u d, (puc. 1).

a=8,04cm
b=373cm

d=550cm
di=7cm

Puc. 1. Ucxoonvie ompesku

[ITar Ne 1. IToctpoenue HauHeM ¢ ocHOBaHUA AD, paBHoe a&. OT TouKU D OTIIOKUM
orpe3ok DD, paBHblii b, 1 noctpoum TpeyronbHuk AD C, CTOPOHBI KOTOPOTO PaBHbI
a+b,dud (puc.?2).
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Puc. 2. Bcnomozamenvhbiti mpey2oivHUK

[Tar Ne 2. Jlanee moctpoum 104Ky B, B k0TOpYIO otobpaxaetcst Touka C mpu ma-
pamiensHOM TiepeHoce Ha Bekrtop D,D (puc. 3). Ha nanHOM 1mare Mbl Moiab3yemcs
CBOMCTBOM, YTO IPH MAPAJJIETBHOM MEPEHOCE TOUKHA CMEIIAIOTCS MO MapajiiebHbIM
(WM cOBNAAAIOIIMM) MPSIMBIM HA OIHO U TO K€ paccrosinue. To ecTh B pe3ynbrare co-
BEPIICHHOTO MapaJuIeNIbHOTO MepeHoca oTpe3ok BC OyneT mapayieieH U paBeH OT-
pesky D,D. Kak cinenctBue, mocTpoeHHbIN 0Tpe30K BC ABIS€TCS BTOPHIM OCHOBaHU-
em Tpanerun. (OH napamienacH AD U 1o CBOWCTBY MapajuiebHOro epeHoca paseH b).
Ha puc. 3 B BepxHel yacTu U300paskeH pe3yinbTar napajieibHOro IepeHoca, a B HUXK-
HEW 4acTH MOKa3aHbl TP 3Tana aHUMALIUU JBUKEHUS.
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Puc. 3. Ilapannenvusiii nepenoc mouxu C

[Tar Ne 3. JIoctpauBaeMm Tpaneunto ABCD (puc. 4).

oE N A" Fivad]
Erifl DO LT [L 1= ]
P A e AL G e
' el Cr e Tam =
B Bw 1Tl
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Puc. 4. Tpaneyuss ABCD
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[Tpumep 2. [TocTpouth paBHOCTOPOHHHM TPEYTOJIBHUK TaK, YTOOBI €r0 BEPIIHHBI
HAXOJIMJIUCH Ha TPEX JAHHBIX MapaijIeIbHBIX IPIMBIX (puC. 5).

Puc. 5. l[lapannenvhvie npsmovie

[ITar Ne 1. Bo3pMeM Ha NpsAMON @ ITPOU3BOJIBHYIO TOUKY A U OIyCTUM IIEPIEHAU-
KYJISIP K IIPSIMOM C.

[ITar Ne 2. [ToBepHeM MpsAMYIO ¢ BOKPYT TOYKH 4 Ha 60° 10 4aCOBOW CTPEIKE
(puc. 6). Ha naHHOM 11are UCnoJib3yeTcsl KOMITbIOTEpHAs aHUMAIIMs U TaK K€ KaK Ha
puc. 3. [loka3aH KOHEUHBIN PE3yIbTaT U MPOIIECC IBUKEHUS (TTOBOPOTA).

9 Rl ! 2 i

Puc. 6. I[losopom npsmotui ¢

[lar Ne 3. IIpsimast ' mepecekaer npsaMyro b B Bepiune B nckomoro paBHoCTO-
poHHero TpeyroyibHuKa. [loBepHem oTpe3ok AB Ha 60° TPOTUB YaCOBOM CTPEJIKU BO-
Kpyr Touku A u noayduM BepiuHy C (puc. 7). JlaHHBIM [1aroM Mbl «BO3BpaIlacmy»
IpsIMYIO C B €€ UCXOJTHOE TOJIOKEHUE M HAXOJIUM TOJIOKEHUE TPEThEW BEPIIMHBI Tpe-
yToJIbHUKA, KaK 00pa3a TOUKU B MpU JaHHOM MOBOPOTE. 3/1€Ch TaKKE UCIOIb3YETCS
KOMIIBIOTEpHAsT aHUMaIIMsl, YTOOBI MTPOJIEMOHCTPUPOBATH OIpEECIeHUE TOBOPOTA, B
YaCTHOCTH, YTO TOYKA U €€ 00pa3 Mpu MOBOPOTE PaBHOYAAIECHBI OT IIEHTPa MOBOPO-
ta. Touku B u C npunHaanexar ogHOU U TOU e OKPY>KHOCTH C LIEHTPOM B TOUKe A U
panuycoMm AB.
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b £ =

i " 4
r.l" "':::.lf" ﬂﬁ
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Puc. 7. [losopom ompeszrxa AB

[ITar Ne 4. Joctpoum tpeyroiabHuk ABC. [IpoBepuM, N€MCTBUTEIBHO JIM OH PaB-
HOocTOpOoHHMH (puc. 8). Ha naHHOM 11are mpuBOIUTCS HE CTPOTOE J10KA3aTelbCTBO, a
AKCIIEPUMEHTAJIbHAS TPOBEPKA ITyTEM MPSIMOTO U3MEPEHUSI CTOPOH U YIVIOB MOJYYUB-
HIEroCs TPEYTrOIbHUKA.

e
=

M AT = G2, 00"
e BlC = 50, 00"

A = G 0

B = Ta

MW TS e

CO=Ta5H & A

Puc. 8. Pasnocmoponnuii mpeyeonvrnux ABC

JleMoHcTpalus yYeHUKaM NPUMEHEHUs! TaHHBIX TPEe0Opa30BaHUil MpH peLICHUH
3a/1a4 Ha MOCTPOEHUE HA JOCKE WIIM IaKe B TUHAMUYECKOM YepTeske mpoliaeMaTny-
Ha. KoMmnbloTepHas aHMManus JIETKO YCTpaHsieT NaHHyro npoobnemy. [Ipumenenue
KOMITBIOTEPHOW aHUMAIIUU [TPU U3YUYEHUHU TEM, CBA3aHHBIX C T€OMETPUUYECKUMHU Mpe-
00pa3oBaHUSMU, TOMOXKET 00JErYUTh YUYEHUKAM TOHUMAaHKUE MPUHIUMIIOB UCTIOJIb30-
BaHMs JaHHBIX MpeoOpa3oBaHUM MPU PEUICHUHU 3a]a4 U, B YACTHOCTHU, NMPU PELICHUU
3a71a4 Ha ITOCTPOECHUE.

[ 143 ]



HUHD®OPMALMOHHBIE TEXHOJIOT'MU B MATEMATUKE U MATEMATUYECKOM ObPA30OBAHUU

buonuorpaduyeckum cnUcokK

1. Semina E.A., Abdulkin V.V. Dynamic Geometry Systems as a Means of Improving the Quality
of Geometric Training Bachelor of Pedagogical Education // International Multidisciplinary Sci-
entific Conference on Social Sciences and Arts SGEM2014, www.sgemsocial.org, SGEM2014
Conference Proceedings, ISBN 978-619-7105-22-3 / ISSN 2367-5659, September 1-9, 2014,
Book 1, Vol. 1, 693-700 pp. DOI: 10.5593/SGEMSOCIAL2014/B11/S3.089

2. Talwalkar P. “Prove” 90 = 100. Can You Spot The Mistake? [snmekTponHbIii pecypc]| https://
mindyourdecisions.com/blog/2018/10/08/prove-90-100-can-you-spot-the-mistake/ (mata o6pa-
menust: 10.11.2018)

3. Maiiep B.P,, Cemuna E.A. Nudopmarmonnsie TEXHOJIOTHH B O0yYeHHUH TeoMeTpun Oaxaias-
poB — Oynymux yuutesneid maremaruku: MoHorpadus. Kpacnospck: PUO KI'TTY um. B.I1. Acra-
¢brera, 2014. 508 c.

[ 144 ]



Mamepuanwt VII Bcepoccutickoii HAy4yHO-Memooudeckoll KOH@epeHyuu ¢ MeXcOVHApOOHbIM yuacmuem

BOCCTAHOBJIEHUE CTOMHOI O rPA®A rPynnbl
MO EFro0 ®PArMEHTY

RESTORATION A LAYERED GRAPH OF A GROUP
BY ITS FRAGMENT

B.U. CeHawos, A.M. lepacumoBa V.l. Senashov, A.M.Gerasimova

Cnouinwtit zpag, cpaghver Kranu, zpynna, cnoii, 6occmanosnenue zpaga.

B cTraTbe MbI Oy1eM paccMaTpuBaTh cJioiiHbie rpadbl rpynm. [locraBum 3a1a4y: BOCCTAHOBUTH
rpa¢ rpynmnsl no ero ¢parMeHTy WK HeA0CTAIONIYI0 MH(popManuio 00 3ToM rpade: HanpasJie-
HHE CTPeJIOK, MOAMICH )JIEMEHTOB, MOANMICH CJI0€B U BOCCTAHOBJIEHHE caMOro rpadga.

Layered graph, Cayley graph, group, layer, restoration of graph.

In this article we will consider the Cayley graphs and layered graphs of groups. We will set the
task: to restore the graph of the group by its fragment, or the missing information about this
graph: the direction of the arrows, the signatures of the elements, the layer signatures, and the
restoration of the graph itself.

Beenenne
ayasio Teopuu rpados ObUI0 MosioxkeHo JI. DitiepoM B €ro 3HaMEHUTOM paccy-
KIACHUU 0 KeHUTrcOeprckux Mmoctax. OJHaKo 3Ta TeMa HE pa3BUBaJach B TeUe-
HUE TIOYTH CTa JIET.

HuTepec k npobaemam Teopuu rpadoB Bozpoauiics B Hadasie XIX B. u Obu1 cocpe-
JI0TOYEH TJIaBHBIM 00pa3oM B AHIVINH. | padbl CTaIn UCTIOIB30BaTHCS MIPU OCTPOCHUH
CXEM JJIEKTPUYECKUX IIeNel U MOJIEKYISIpHBIX cxeM. Kak oTnenbHas maremaTudeckas
JTUCIUIUIMHA Teopus TpadoB ObuIa BIIEpBbIE MpecTaBlieHa B padbote [ 1] BeHrepcKoro
maremaruka J[. Kenura B 30-e rr. XX cronerusi.

['padbl ecrecTBEHHBIM 00pa3oM MOSBISIOTCS U B MaT€MAaTUKE, B YACTHOCTH, Kak
IPOU3BOJIHBIE OOBEKTHI HEKOTOPBIX MATEMATUYECKUX CTPYKTYP.

['pad Konu mepBoHavanbHO paccMarpuBalid Kak OOBEKT, CBSI3aHHBIN C TPYIIION.
Wnero npumenenus rpadoB B MPEACTABICHUH TPYII MPEAJIOKUI aHIIIMICKUNA MaTe-
matuk A. Konu (1821-1895). MoxHo o3HakoMutbes ¢ rpadamu Kanu rpymnn no kHure
[2]. B opurunane kauru «llopoxxnaroniue 31eMeHThI U ONPEAEISIONINEe COOTHOIICHUS
muckpetHsIx Tpynm» [.C.M. Kokcerep, ¥.O.JIx. Mo3sep, 11s1 rpad)oB IPYIIT UCIIOIL3Y-
10T TepMUH «auarpamma Komm» [3].

B Kpacnosipcke uccnenoBanusm rpados Kamu rpymnm 3anumanack O.A. [lomynenko
[4]. UccnenoBanus aBTOPOB MO CIOHHBIM IpadaM rpyrin MOKHO HailTh B pabotax [S]-[7].

O BoccTaHOBJ/ICHHH CJIO0MHBIX rpados

Jlagum ornpezesieHns paccMaTpuBaeMbIX IrpadoB.

Onpenenenue. ['padhom Koy rpynmbl Ha3pIBa€TCS MHOXKECTBO BEPIIMH (B3aMMHO
OJTHO3HAYHO COOTBETCTBYIOLIUX JIEMEHTAM TPYIIIbl) U MHOXECTBO LBETHBIX OPUEH-
TUPOBAHHBIX AYT (KaXKIOMY MOPOXKIAIOIIEMY COOTBETCTBYET OPUEHTUPOBAHHAS IyTa,
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cBoero 1BeTa). Kaxkas BepiimHa, COOTBETCTBYIOIIAS AIIEMEHTY X, COSIUHSETCS C BEP-
IIMHOW, COOTBETCTBYIOIIECH 3JIEMEHTY X@ TOCPEICTBOM JYTH, IIBET KOTOPOW COOTBET-
CTBYET YMHOXEHHIO Ha TTOPOXKIAIOIIHIA dIIeMEHTA a.

Onpenenenue. Cnotinvim epagom HazpiBaeTcs rpad Kamu, y KoToporo ainemMeHTsI
Ka)KI0TO MOPSI/IKA, PACTIONIOKEHBI HA CBOEM CJIOE.

Omnpenenenue cioinoro rpada seeneno B.U. CenamoBbim.

Hamomuum, 4To croem rpynibl Ha3bIBAETCS MHOKECTBO JIEMEHTOB OJTHOTO MOPSIIKA.

PaccmarpuBaeTcs kiaccudeckas 3ajjada; BOCCTAaHOBIICHUE HETOCTAaoIIe HHHOP-
Maiuu 06 oobeKTe.

B noknane OymeT mokazaHo: CKOJIBKO MH(OpMAIMU MOKHO yOpaTh U3 CIOMHOTO
rpada, 4ToObI MOKHO OBIIIO BOCCTAaHOBUTH 3TOT Tpad. Mudopmarus o rpade cocrout
Y3 JyT, HAIlPpaBJICHHUH, TTOAIIUCEN JIIEMEHTOB, MOJMUCEHN CIIOEB.

[ToctaBum 3amauy: BoccTaHOBUTH CIIOWHBIN rpad Tpymibl o ero GparMeHTy, Win
HeJoCTaNy0 nHhopManuio o0 3ToM rpade: HarpaBiIeHUE CTPENIOK, MOAMUCH dJie-
MEHTOB, MOATMKCH CJIOEB U BOCCTAHOBJIIEHUE CaMOT0 rpada.

B noknane OymyT npencTaBieHbl IPUMEPhl BOCCTAHOBJICHUS CIIOMHBIX TpadoB 10
dbparMeHry.

He Bcerma moxHO BoccTaHOBHUTH rpad rpymmbl. s BoccraHoBieHus rpada
Ko mHeoOxoammo, uyToObl ocTaBaiics (pparMeHT rpada, KOTOPhI COACPIKUT TOTHBIH
HAOOp OMpEEAIONUX COOTHOIEeHU. [ cioiiHoro rpada MOKHO yoaIuTh OObIIIe
€ro AJIEMEHTOB, 4eM y rpada Kamu, mockoibKy y Hero MoxkHo pacmu@poBats uHOOP-
MAIMIO U3 PACTIONOKEHHS IEMEHTOB 10 ciosM. B obmiem cinydae rpad Konu (B Tom
YHCJIC U CJIOWHBIN Tpad) BOCCTAHABIMBACTCS HEOJHO3ZHAYHO.

IMpumeuanmne. Jloxian «BoccranoBiaeHue CioWHOTO rpada rpymmsl 1o ero gpar-
MEHTY» ObLJI criena Ha Beepoccuiickoil kondepenmn « Teopembl ¢ MpuMEHEHUEM CH-
CTEM KOMIIBIOTEPHOU anreOpsl, Tpaduku u npuiokenus» dopyma «Mosoaexs U Ha-
yka XXI Beka», mpoBogumoro KI'TIY um. B.I1. ActadbeBa, u BKIIOYEHBI B MaTepHa-
abl «VII Becepoccuiickor ¢ MEXIyHApOAHBIM YYaCTHEM HAyYHO-METOAUYECKOW KOH-
dbepennuu «MHbDOpMaIIMOHHBIE TEXHOJIOTUHA B MaTeMaTUKE U MaTeMaTHYeCKOM o0pa-
30BaHUM TIO0 PEIICHUIO0 OPTKOMHUTETOB KOH(MEPEHITUH.
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BU3YAJIU3ALUA MOLLHOCTEMN
C/I0EB B IPYIMNAX

VISUALIZATION OF LAYER
POWERS IN GROUPS

B.U. CeHawos, A.K. benos V.l. Senashov, D.K. Belov

I'pynna, cnoit, mougnocmo cnos, nOPAOOK nemMeHma, KOHeUHoe pacuiupenue, cCJ10UHO KOHeYHaAs
2pynna.

B nokiajge mpeactrabiieHbl MCCIeJ0BAHUS (PYHKIMM MOILIHOCTH CJ10€B JJIsl MOJHBIX CJI0HHO
KOHEYHBIX FPYNI U KOHEYHbIX PACHIMPEHHid ITHX I'PyN, NPOIeMOHCTPUPOBAHbI X rpadu-
yeckue npeacrapieHus. CiioeM Ha3bIBaeTCsl MHOKECTBO BCeX 3JIEMEHTOB OJHOI0 M TOIO ke
nops/iKa.

Group, layer, power of layer, order of element, finite extension, layer-finite group.

In the report we present research of the power functions of layers for complete layer-finite
groups and for finite extensions of these groups, demonstrated their graphical representations.
The layer is the set of all elements of a group of the same order.

anee C.H. YepHUKOBBIM HCCIIEIOBAIUCH OCCKOHEUYHBIC CIIOMHO KOHEYHBIC

TPYIIBI, KOTOPBIE BIIEPBBIC MOSBUIUCH B €T0 paboTax cHavaja 0e3 Ha3BaHUA,

a 3aTeM B €ro MOCIeIyIONUX MyOIuKanusIX 3a HUMHU 3aKpENUIOCh Ha3BaHUE
CJIOMHO KOHEUYHBIX Ipymnn. Mel Oyznem ucclieioBaTh MOIIHOCTH CIIO€B B HEKOTOPBIX
CJIOMHO KOHEUHBIX rpynnax. CioeM Ha3bIBa€TCd MHOXECTBO BCEX 3JIEMEHTOB IpyM-
bl OJTHOTO MOPSJIKA.

Hanbonee MHTEHCHUBHBIE UCCIIEIOBAHUS CBOMCTB CIOMHO KOHEYHBIX TPYIIIT TPOBO-
muu B 40-x, 50-x rr. C.H. Yepnukos, P. bap, X.X. Myxammemxkan. K xoniry 50-x rr.
OCHOBHBIEC CBOMCTBA OBLIIN YK€ MOTYYEHBI M OIMYOJUKOBAHBI B PA3TUYHBIX KypHAJaX.
B Takom Bune onn octaBanuck 10 1980 r., korna nosBuinack Monorpadus C.H. Uepau-
koBa [1]. CBoiicTBa CJIOMHO KOHEYHBIX U TIOYTH CJIIOWHO KOHEUHBIX TPYMI paccMaTpu-
BaroTCs B pabdotax [2-9].

B kauectBe mpumepa B JOKJIAJE€ PACCMOTPEHBbI HEKOTOPHIE CIOWHO KOHEYHbIE

P -rpynmbl U KX KOHEYHBIE PACIIUPEHUS.

I'paduk pyskmu MoutHOCTH ciioeB rpymmbl C 5+ TIPENCTABIsET co0o¥i TOUKH, Jie-

Kalue Ha MPsSMOU ¢ YpaBHEHHUEM:

N3o0pa3um 310 Ha rpaduke (puc. 1).
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[Ipu moctpoenuu rpadrka GyHKIIUNA MOIIIHOCTH CJIIOEB TPYIIIBI C X C MBI Oy-
JIEM UMETh JIeJIO C ABYMsI (DYHKIHMSIMH, COACPKAITUMU 3HAYCHHUS, COOTBGTCTBy}OHII/Ie
MOIIIHOCTSIM CJIO€B, KOTOPHIE UMEIOT BU/I;

% I
p= ‘ﬂ npul.r;r-‘ij.fip

y=x(p' —p' ") mpux> p.

N306pa3um »1o Ha rpaduke (puc. 3).
['paduk GyHKITMH MOIITHOCTH CJIOEB TPYTIIIBI C xC o J10 Topsi/iKa p* mpexcras-
JsieT co00M TOUKH, JIeXKaIIre Ha mapabose u aanee "Ha HpHMOI/I

Teem _ Tew{mel) o
I ry ‘__,.-"
'/‘r
-
-~
-~
£ -
5 -
:
g pEI pre
o P e P
p*—p* _
D 1_ l [ e
r o = o P

Tlopanok anemMeHTOR

Puc. 3

Paccmorpum rpynmy C g Ko X C o X C o MookeM npeacTaBuTh HOPMYIIbI, IO KO-

- —
Vo

m
TOPBIM BBIYHUCIIAIOTCA MOITHOCTH CJIOCB, CICAYIOIIUM 06pa30M:

I[Ipu p<X< pk,k >1 ¢opmyna, 10 KOTOPOH BBIYHCIISIOTCS MOIIHOCTH CIIOCB,
m+1
mi1 P —1

m+1

K .
IIpu X> p“,k>1 popmyna, 10 KOTOPOH BEIUKCIIAIOTCA MOLIHOCTH CJIOEB, MMEET
. . .m k k-m
BUIL: y=X (p —p" ).
I'paduk QyHKIHM, COmEpIKaIIell TOYKH, COOTBETCTBYIOIIME MOIIHOCTSM CIIOEB

UMECT BUA: V=X

rpymmbsl C g XX C 5 X C o TIPETICTaBIIeT co00l KpHBYIO, Y KOTOPOH POCT BHIIIIE,

- —

39

YeM y TPYIIIbI pr X eee X pr

- V]
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m
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I'paduk GpyHKIIMK MOITHOCTH ciioeB rpymmbl C 5 X qu npeacTaBiseT co0oil Tou-
KU, JIS)KAIHE HA CETMEHTE TIOBEPXHOCTH BTOPOTO MOPSIKA C YPAaBHCHHEM:

-1 -1
p yq—oxzpayzq
P q

IIpumeuanme. [loxnan «Busyanuzanust MOLHOCTEN CJIOEB B Ipynnax» Obul cie-
naH Ha Bcepoccuiickoil koHpepeHuu « Teopembl ¢ MPUMEHEHUEM CUCTEM KOMIIbIO-
TEepHOU anreOpsbl, rpaduku U NpuiIokeHus» popyma «Mosonexp n Hayka XXI Bekay,
nposoaumoro KI'TIY um. B.II. Acradresa, u BkitoueHsl B marepuaisl « VII Beepoc-
CUHCKOM C MEXIYHAPOIHBIM Y4aCTHEM HAy4YHO-METOJIMYECKON KOH(PEpPEHIUU «HUH-
(opMallMOHHBIE TEXHOJIOTMHM B MaTEMATUKE U MAaTEMaTHYE€CKOM 00pa30BaHUM» IO pe-
[IEHUIO0 OPTKOMUTETOB KOH(PEPEHIIM.

zZ=X

bu6énuorpadpuiyecKkum CnNMCcoK
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COCTABJIEHHBIE U3 NMPABUJ/IbHOIPAHHbIX MUPAMU
NMAPKETOITPAHHUKU KAK COAEPMATEJ/IbHAAA OCHOBA
UCC/EAOBATE/IbCKOWU PABOTbI CTAPLUEK/IACCHUKOB

COMPLETE FROM RIGHT-GRADE PYRAMID PARQUET
HYDROGEN AS A CONTENT BASIS FOR RESEARCH WORK
OF HIGH SCHOOL PUPILS

E.C. OknagHukoBa, A.B. TumodpeeHko E.S. Okladnikova, A.V. Timofeyenko

Ilapxemozpannuku, npasunbHOZPAHHAA RUPAMUOA, NAPKEMHBIIL MHO20Y2071bHUK, GbINYKIbLl
MHOZ02PAHHUK.

Haiinensl Bce pa30neHusi apXuMe10Ba TeJIa ¢ KBaJPaToOM U ABYMS IIECTHYI0JbHUKAMH B KaK-
J0ii BeplIMHE HA COCTABJIEHHbIE U3 NPABUJIbHOIPAHHBIX MMPAMU/ BbINMYKJble NaPKeTOrpaH-
Huku. Ha 6a3ze 3THX pe3yibTaTOB NpeaJioKeHa cXxeMa BOBJIEYeHUsI B MCCJIe0BAHUS APYTUX JHIL.

Parquet-Hedron polyhedra, regular-faceted pyramid, parquet polygon, convex polyhedron.

All the split a buoyant body with a square and two hexagons at each vertex on Parquet-Hedron
composed of pyramids, convex marketocracy are found. On the basis of these results, a scheme
of involvement of other persons in research is proposed.

acTosiiiasi paboTa ABJISIETCS COCTAaBHOM YaCThIO MPOrpaMMBbl HAXOXKIEHUS BCEX
TUIIOB BBIMYKJIBIX MHOTOTPAHHUKOB C MAapKETHBIMU I'paHsMu. HamomHuM, 4To
NapKkemHulM HA3bIBAETCS BBIMYKJIbII MHOTOYTOJBHUK, COCTABICHHBIA U3 paB-
HOYTOJIbHBIX MHOTOYTOJIBHUKOB. [lapkemozpannukom HA3bIBAETCS BBITYKIIBIA MHOTO-
TPaHHUK, O0JIAAIONIUN TAPKETHBIMA U OBITh MOXKET TIPaBUIIBHBIME T'paHsIMU. bynem
paccMarpuBaTh MapKETHbIE MHOTOYTOJIBHUKH, COCTABICHHBIE TOJIBKO U3 MPABHIbHBIX
MHOTOyTOJIbHUKOB [4; 9]. CymiecTByeT poBHO 23 KOMOMHATOPHBIX TUIA TAKUX MHOTOY-
TOJIBLHUKOB. YEThIpE U3 HUX MOTYT OBITh MPEICTABICHBI IPABUILHBIMU N-yTOJIbHUKAMU
(n=3,4,6,12), a Kbl elle U3 JAECBSITU TUIIOB MOXKHO MPEICTaBUTh PABHOYTOJbHBIM
MapKEeTHbIM MHOTOYroJbHUKOM. [loka HEHW3BECTHO, KAKOBBI BCE BBIMYKJIbIE PaBHOOE-
JIPEHHBIE TapPKETOTPAHHUKHU.
C npyroii CTOpOHBI, TOCTPOEHBI BCE BBIMTYKJIbIE TAPKETOIPAHHUKH, Y KOTOPBIX KaXK-
Jlasi TpaHb €CTh JTMOO MPaBWIbHBIM MHOTOYTOJIBHUK, JIMOO MHOTOYTOJIbHUK, COCTaBJICH-
HBIN U3 MPABWIBHBIX TAK, YTO Ka)KJas BEPIIMHA TAKOTO MPABUILHOIO MHOTOYTOJIbHU-
Ka CITy>KUT U BepIInHOU rpanu [7]. Oka3anock, 4To KpoMe OECKOHEUHBIX CEPUI MPU3M
Y aHTUIIPU3M CcylecTBYeT poBHO 108 BBIMYKIIBIX T€J C MPAaBUIbHBIMU T'PaHIMU U 78
MapKETOTPAHHUKOB ¢ PUKTUBHBIMU peOpamu, T.e. peOpaMu, COSTUHSIOIINME MTPaBUITh-
HbIE MHOTOYTOJILHUKH OTHOM TpaHW. T MHOTOTPAaHHUKH B PaboTe [7] MOCTPOESHBI 110
aJTOPUTMY, MO3BOJISIIOIIEMY HAXOJUTh BCE BBIMTYKIIbIE COSUHEHUS] U3BECTHBIX MapKe-
TOTPAHHUKOB 1O OJIMHAKOBBIM rpaHsiM. PaboTa anroputma HaYMHAETCS C OOpalleHuUs
K Ka)KJIOMy TaKOMY BBIIMYKJIOMY TeJly C MPaBUIbHBIMU WM MAPKETHBIMU FpaHsIMU 0€3

[151]



HUHD®OPMALMOHHBIE TEXHOJIOT'MU B MATEMATUKE U MATEMATUYECKOM ObPA30OBAHUU

(UKTUBHBIX BEPIIMH, YTO HUKAKas MJIOCKOCTh HE PACCEKAET €ro Ha MHOTOTPAHHHUKHU
¢ TakuMmu rpadsaMu. [ToaHbIN criucok Takux Ten Obu1 cocTaBieH k 1973 . [10; 11; 4].

B nacrosieit pabote pacCMOTPEHHBIHN aITOPUTM MPUMEHEH IS IIOCTPOCHUS MapKe-
TOTPAHHUKOB C (DUKTUBHBIMU BEPIIMHAMU. DTH BEPIIMHBI JISKAT BHYTpU pedpa Ui rpa-
HU U SBJIIOTCS BEPLIIMHAMU TEX MPABWIBHBIX MHOTOYTOJIBHUKOB, U3 KOTOPBIX COCTaBJIe-
HBI TapKeTHBIE TpaHu. Eciau paboTy anroputma Havarh ¢ MPaBUILHOTPAHHBIX MHUPAMUL
M|, M, u M, ¢ TpeyronbHUKOM, KBaIpaTOM U MATUYTOIBHUKOM COOTBETCTBEHHO B OCHO-
BaHUM U €UHUYHBIMHU peOpaMu, TO Ha BBIXOJIE TTOTYYUM BBIMYKJIbIEC TAPKETOTPAHHUKH,
COCTaBJICHHbBIE U3 MTPaBUILHOTPaHHBIX nUpamul. CripaBe/uivBa, B YaCTHOCTH,

Teopema 1. Cocmasnenusiii uz ne o6onee 16 npasuibHOCPAHHBIX NUPAMUO Bbl-
NYKIbLU NAPKEMOSPAHHUK U PABHbIMU UIU 8080€ OMAUYAIOWUMUCS NO OJUHEe pe-
opamu A8151emcsi OOHUM U3 CAEOVIOUWUX Mell, CRPA8a 0m 0003HAUEHUSL KAHCO020 U3
KOMOPbIX YKA3AHA ePYNNA €20 CUMMEMPUIL:

1) M, [3,3f M, [4], M3, [3];
2) My+ My, [2,3] M+ My [], Mo+ M, (3,4], M+ M, [2,5];

3) “Siat My f2] 81+ My, [3].75::+ Mg, [2];

d) Syt Mo [2], "Seot+ ML [] St M, [21,6], Saa+ 82, [27.2], S22+ Saa,
[2]7, °Sy,+ St (2]

5) °S.i+ Muf3] "Sie+ Mo L]

) MM B TSt My T s M 20T PR ¥ B T N
f2}:

7) “Siat M, [], "Ssat My, [], "Ses+ My, ], S4s+ Say (3], Sqst Sas (1

8) “S:i+ My [27,20. S0+ My, [], S+ My [1.8rg+ Mo, [] %55+ 5as
i il ot AR, PPN -l i

9) SpatM; [], "Sey+ Mz []. "Sse+ Sap f20 2], "Sss + Sia f41

1) 8.t Ma, [T7, "Sez + Mz f2,3], "Soy + My, [41,7 Say + 822 17, "Ss4 + 850,
[2, 3 JF"'.'

11)°Sppy + My, (], “Sios + Mo, [J7, “Spos + My, [3];

12 80+ My []7, "Sa+ My, 2,30 802+8:0, [27,2]°80:+ 83,4, [2], "Suu+

Sin [l
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13) 833+ My [1. 8124+ My {1, "8wa+ Sap [1:

14) 800+ My T7 Bive M J25 2 "8 + My 1T "Bizat Ses [T
854850 [27.6],8:,+ Sy . [3.4]:

15)°8i+My, [ 81+ My, [], Sus+ My 4], 80+8rs [3.3]784+53. [I:

16)°Sps) + My, [27,2] 8150+ My ], Sisa + Mg, [2]7, 78153 + My, [2], Sis5t My,
[2,4], *Sisat My, [3], “Siss+ My [], “Swq + San [2F,27] Siait Sas
[1.°Sas+ 8qs [27:2].

MHnozoepannux Si,j pacnonodxcen 6 cnucke (1) Ha j-m mecme:
(e}
= = = = = S + S .
S =M, S,,=M,S,,=M,S, =S +M, .S 12,5 4.2

16,10

Kpyoickom nomeuenvl MHO202pAHHUKU ¢ PUKMUBHBIMU 8EPUUUHAMU, WMPUX YKA3bI-
eaem Ha paziudue MHO202PAHHUKOB, COCMABIEHHbIX U3 08X 0OUHAKOBLIX Mel.

3aMeTuM, 4TO alTOPUTM, KOTOPBIN MPHUBEN K MOCTPOCHUIO MHOTOIPAHHUKOB TEO-
peMbI 1, HE MO3BOJUT MOCTPOUTH APXUMENOBO TENO M, ¢ peOpaMu JIJTUHBI JBa, XOTS
ATOT MHOTOTPAHHMK C KBAaJpaToM U JByMs IIECTUYTOJbHUKAMU B Ka)KJI0M BEpIIUHE, U
cocTaBiieH U3 512 npaBUIIBHOTPAHHBIX MUPAMU]] C €AMHUYHBIMU pedpamu. CrenoBa-
TEJIBHO, B ONMCAHUE AIITOPUTMA MPUETCSI BHOCUTh U3MEHEHUS, TPUBOISIINE K COEIU-
HEHUIO Ha KaXKJIOM IIare He JBYX, a OOJIbIIIEr0 YKCJia MHOTOTpaHHUKOB. Kakoro nmen-
HO 4YHCJIa IOKa HEM3BECTHO. Hanpumep, npusma ¢ npaBUiIbHBIMU IECTUYTOJIbHUKAMHU
B OCHOBAHUSX M OOKOBBIMM KBAJPAaTHBIMU TPAHSMU HE PACCEKAETCs IUIOCKOCTHIO Ha
7IBa paBHOPEOEPHBIX MHOTOTpaHHUKA. OTHAKO MPU3MY 3Ty MOKHO COCTaBUTh U3 TPEX
IPU3M C pPOMOMYECKUMU OCHOBAHUSIMHU.

K pemenuro 3agaun o yCOBEPIIEHCTBOBAHUIO alITOPUTMa MOCTPOECHUSI COCTaB-
JIEHHBIX U3 MPAaBUJIBHOTPAHHBIX MUPAMUJ] TAPKETOIPAHHUKOB MMOAOUIEM YEPE3 MOUCK
pa3OMeHui COCTAaBIEHHOTO U3 64 MpaBUIILHOTPAHHBIX MUpaMUJ Tela M, C eIUHUY-
HeIMH pebpamu. Haiinem pazOueHus 3Toro MHOrOrpaHHHKa IJIOCKOCTSIMU Ha Teja U3
chopmynupoBaHHO# BbIlie TeopeMbl 1. Bece onn HaiinyT cBoe mecTo B Oyayiieit Teo-
pPEME O COCTABIICHHBIX W3 MPABUIBHOIPAHHBIX MUPAMUJI TAPKETOTPAHHUKAX.

[TockonbKy M3 KaKJIOM BEPIIMHBI TeJa M, BBIXOAUT MO TPH pedpa, TO ero MOX-
HO pa30UTh HA MAPKETOTPAHHUKHU TOJIBKO CEYCHUEM, TPOXOAIINM Yepe3 BHYTPEHHUE
TOYKU TpaHu. MBI He 10ITycKaeM pedep JJIMHBI MEHbIIIE €IMHHULIBI, TOATOMY MIJIOCKOCTh
pa3OMeHns MOXKET MTPOXOAUTH TOJIBKO IO TUArOHAJISIM IIECTUYTONIbHOM Tpanu. Mmeer-
Cs1 TOJIBKO JIBa PA3JINYHBIX TAKUX CEYEHUS.

1. Cekymiasi TJIOCKOCTh CONIEPKHUT JIUAroHallb, MapajuieIbHyI0 pedpy CMEKHON
KBaJpAaTHOW IPaHHU.

2. Cexkymiast INIOCKOCTh COIEPKUT IUATOHAb, MAPAJIIEIbHYI0 CMEXKHOMN IIECTHY-
TOJIbHOW T'PaHM.
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Puc. 1. Yceuennvie okmaszop Mig

B nepBoMm citydae miockocTh pa3OuBaeT M. Ha YCEUCHHYIO MUpaMUIy Ma, u 55-co-
CTaBHOE TEJIO M;., = Sz5-. B0 rpanu Ha puc. ] 3akpaiieHsl KpaCHBIM U OPAHKEBBIM LIBE-
TamMi. MHOTOTpaHHUK M,, BCTpeUajics B TeopeMe 1kak Telo S 3. Bropoe ceuenue npu-
BOJIWT K Pa30UEHUIO My, = (Mg, + CA3 ) + Myg,, TI€ CA3z — C-aHTHIPH3MA, TIOTYYEHHAS U3
AHTUIIPU3MBI C peOpaMu JUIMHBI TPU U TPEYTOIBHBIMU OCHOBAaHUSIMU OTCEYEHUEM JIBYX
paBHBIX B-aHTHUIPHU3M IJIOCKOCTIMH, KOTOpPbIE Kaxa0€ OOKOBOE pedpo aHTUIIPU3MBbI
JeSAT Ha TpU paBHBIX oTpe3ka. Ha puc. 2 (26-cocraBHas) C-aHTUnpu3Ma CA; 3aKpa-
IIEHa OPAH>KEBBIM IIBETOM, a TeJa M;g - UMEIOT KPACHYIO U JKENTYI0 OKpacKy. Bonpocu-
TEIbHBIM 3HaK B HUKHEM HMHJIEKCE COOOIIAET, YTO MMOKAa HEM3BECTEH MOPSIKOBBII HO-
MEp COOTBETCTBYIOIIETO Teia B Oyaylieil TeopemMe o KiacCUu(UKaIMU COCTABICHHbIX
U3 MPaBUIILHOTPAHHBIX MTUPaMUJ] NapPKETOIPAHHUKOB.

Puc. 2. Myg = (Mys; + CAg) + Mys;

[TockosIbKYy OJTMH U3 OTCEYEHHBIX IIPU NEPBOM pa3OUEeHUH Tea M;s MHOTOTPaHHUK
553 UMeeTCs B TeopemMe 1, To MpooSIKuM pa3OuBaTh TOJIBKO 55-COCTaBHOM MHOTOTpaH-
HuK. [Ipu Bropom pa3dreHnH NpOI0KUM paccedeHre 00euX Tell, OCKOJIbKY KaxXo0e
U3 HUX HE COAEPKUTCSA B Teopeme 1.

[lepexoquM K MHTEpPECYIOIIMM HAac pa3OMEHUsIM Tela Szz.. ITO MOXKHO CHeNarh
TpeMs CIIOCOOAMH.

1.1. [ImockocThio, apaiebHOM KBaApaTHOM IpaHu ¢ pedpamMu JIJTUHBI JBa, pacce-
KAEM TEJIO Szz» 10 IUATOHAJISIM €T0 IIECTUYTOJIbHBIX TpaHen. [1omydaeMm 5z5> = 54> + Sa3

(puc. 3).
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Puc. 3. S557 = S4g2 + Ss3

1.2. TInockocTh mepecekaeT KBaJpaTHYIO TpaHb C pedOpaMu JJTMHBI JIBa Tela
Sz5- IO CpCI[HCﬁ JIMHUKU U COACPIKUT AHAIrOHAJb HICCTI/IYFOJILHOﬁ I'paHH. HOJ’IY‘-IaCM
555,? = 541? + 5133 (pI/IC. 4).

Puc. 4 555_.? = 542;3 + 513}3

1.3. IImockocTh, MapasuienbHas HECTUYTOJbHON IPaHu, COAEPKUT OO0JIbILIEE OCHO-
BaHHE CMEXHOM C 3TOM rPpaHIO Tpaneuuu 1 JUaroHaau enle JIByX IeCTUYTOJIbHbIX Ipa-
HCI71 HOquaeM 555};: = 536_.? + Sj_g}?. (pI/IC 5).

PuC. 5 555}:: = 53&? + 519,.?

Kaxxnomy cnocoOy COOTBETCTBYET AasibHeMIlee pa30MeHue, KaKIbpli mar KoTo-
poro Oyaem noMevarb AByMs Tpems uudpamu. [Jo Tex nop, noka miockocTh He OyaeT
pa30MBaTh MHOTOTPaHHUK Ha Tejia TeopeMbl 1, kiaccuuuupyronieil BoITyKIble coe-
JTUHEHHS IPAaBUJIbHOTPAHHBIX TUPAMU,.
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1.1.1. Pa3buBaem miI0CKOCTHIO MPOXOASAIICH 1O CpeTHEN TMHUN U CTOPOHE TIapai-
JIENBHBIX KBAJIPATOB C YIBOEHHBIMHU peOpamMu. YCEUEHHBIN JIBaXK/Ibl COPOKA IIECTH CO-
CTABHOE TEJIO Ssg7 = Sa33z + S133 (PHC. 6).

Puc. 6. 54&? = 533_.? +513,3

1.1.2. TInockocTh, MpOXOAsIasl MO CPEAHEN JIMHUU KBaApaTa ¢ yABOCHHBIMH pe-
Opamu u oOmiemy peOpy Tpamenuu W KBajapaTa ¢ €IUHUYHBIMA pedpamMu, a Tak-
XKe obimeMy pedpy MpsMOyToJIbHUKA U poM0Oa, OTCEBaeT OT Tela Siz; MHOTOTPAHHUK
S104. 5337 = S237 + S104 (pucC. 7).

Puc. 7. 5337 = 5337 + 5104

1.1.3. OT Tena Sz3; B JAHHOM CJIy4ae MOYKHO OTCE€Yb IJIOCKOCTBIO TENO 531 MPOXO-
TSIl yepe3 cepeHbl COCETHUX CTOPOH IIECTUYTOJIbHUKA, pa30uBas Tpareen/1aib-
HYIO TpaHb Ha TPEYTOJbHUK U POMO, MPSMOYTOJIBHUK Ha JIBA KBAAPATA. S23: = Sapz + 531

(puc. 8).

Puc. 8. 523}':' = SED,':' +53,1
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1.1.4. Szu,? = 519,?? + M, (pI/IC 9)

Puc. 9. 5307 = Sqz2: + M3

1.1.5. 5193? = 51&4 +53J1 (pI/IC 10)

Puc. 10. 51577 = 51¢5 + 534

JlanHO€ pazOreHue MOXKHO MPECTaBUTh B BUAE (HOPMYIIbI:

Myg = Mygy, + Mag,

e Mygy = Mygg + Mo, My, = (((({516,4 +534) + Mz) + 53,1) + 51::,4) + 513,3)~

Puc. 11. 5157 = 5155+ S31,CA3 = 5357 = 5433 + Sy + 3543
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Pazbuenus BToporo mara mnpejctaBieHbl Ha puc. 11. Takum oOpa3om, qoka3zaHa
clemyromas

Teopema 2. Vceuennviii okmasop M, c edunuunvivu peopamu obraoaenm moivKo
CLEOYIOUWUMU PA3OUCHUAMU HA BbINYKIblEe NAPKEMOSPAHHUKU, KANCObLUL U3 KOMOPbIX
cocmasinen ne bonee, yem u3 16 npasUIbHOSPAHHBIX NUPAMUO C COUHUUHBIMU Pebpa-
Mu, npudem 0boe bonee KpynHoe pazouenue cooepicum napkemocspaHuuK, cocmaeg-
JleHHbLl bonee, wem u3z 16 makux nupamuo.

Mlﬁ-

(((({516,4 +531) + M:) + 53,1) + 51&,4) + 513,3) + My |+ Mg,

Mlﬁ-

(((({513,3 +S4) + 53,3) + 53,3) + 53,3)"‘ (S1e5+ 53,1}) +(S165+ S31),

Mg = (((({516,4 +534)+ M:) + 53,1) + 51[:',4) + M:a) + 5533 |+ My,

Mg = (((((516,4 + 53,1) + 5?,4) +53,3) +53,3) + Mz) T 551 |+ 5133 | T My,

Teopewmsl 1 u 2 mo3sonsAroT HalTH Ul apxumenosa tena M, ¢ pedpamu JUIMHBI 2,
OTMEUYEHHOE BBIIIIE KaK HEM3BECTHOE YUCIIO COECAMHAEMbIX HAa KaXK/I0M IIare nmapKero-
IPaHHHUKOB C peOpamMu OIMH U JiBa. DTO OHA U3 3a/1a4, IIPeJiaraeMbIX JJisl UCCIIeI0Ba-
TEIBCKOW PaOdO0ThI CTAPLIEKIACCHUKOB.

Jpyras 3aga4ya 3aKiao4aeTcsl B IpOrpaMMUPOBAHUM aJropuTMa COOPKH MapKeTo-
IPaHHHUKOB U3 IPABUJILHOTPAHHBIX TUpaMu/. JJist 3Toro He0OX0AMMO aredpanyecKyro
MO/JIEJIb MMAPKETOTPAHHUKA MOMOJIHUTH, IPUIIMCAB KaKIOMY peOpy 3HAU€HHE ONKCaH-
HOM Hike (yHkuuu. [lycth a, b, ¢ — mockue yrmibl TpexrpanHoro yria. Yepes A (a;
b, ¢) 0603HauaeM IByTIpaHHbIN Yo, JeKaluid IpoTuB yria a. [lnockue yrisl napkert-
HBIX MHOT'OYTOJIBHUKOB OyJeM 0003HauaTh HaTypalbHBIMHU YuciIaMu. Yuciny n cooT-
BETCTBYET Yroj ‘n MEXAY CMEKHBIMU CTOPOHAMU MPABUIBLHOTO N-yroyibHuKa. Oye-
BUJIHO, IByTPaHHBIE YITIbl IPABUILHOTPAHHBIX TUPAMUJL U UX BBITYKIIBIX COETMHEHHM
MOTYT IPUHUMATh TOJIBKO CIIEAYIOIINE 3HAUCHUS:

n—
-
=

Tabnuya

A.3,5);A(5,3,3);

A(3,3,4);A3.3,3); A(4,3,3) =2A(3,3,4); A(3,3,4) + A(3,3,3) =t — A(3,3,4); 2A(3,3,3) = —
(A(4,3,3)—A(3,3,3)); 3A3,3,4)=m — (AG,3,3)~A3.3.4));

AB,3,3)+A4,3,3) =
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[TocKONbKY TOJBKO OJHO CYLIECTBYET BBIIYKIIOE COEAMHEHUE S5-YTOJbHBIX Mpa-
BUJILHOTPAHHBIX MUPaMUJ, TO pedpaM Jpyrux COeAMHEHUN — TouHee pedpam ux (yH-
JTAMEHTAJbHBIX TPAaHEH — MOTYT OBITh IPUITUCAHBI JIMIIIb BETMYUHBI IByTPAHHBIX YIJIOB
U3 BTOpOM U TpeThel cTpok Tabi. [Ipumenenue Tabiauisl u 3anuceit Ha pedpax cyie-
CTBEHHO YCKOPSET aHAJIU3 COCTMHEHUI OIMHAKOBBIMU I'PAHSMHU T€Jl, COCTABICHHBIX U3
npaBWIbHOrpaHHbIX upamuf [10, c. 27].

Teopembl 1 u 2, KpoMe CBOETO MPSIMOTO Ha3HAYEHUsSI B KiIacCU(UKAIUKA MapKETO-
TPAaHHUKOB, CIIy’)KaT OCHOBOM HCCIIEIOBATEIBCKON pabOThI CTapiiekiacCHUKOB. OHa
onucaHa B crarbe [12]. 3a mocieqHue Tpu rofa UCCIEN0BaHUs IIKOJIBHUKOB U CIIOCO-
Obl UX MIPUBJICYCHUS K HaydHOU paboTre mprodpenu HoBoe kKauecTBO. Ero ymanock mo-
OUTbCA B TIEPBYIO o4yepelb Oarofaps COTPYIHUYECTBY C MHTEPAKTUBHBIM MY3€eM Hay-
ku «Heroron-ITapk» (http://newton-park.net/). Perynsipaoe yuactue aBropa u COTpyIHU-
KOB Jlaboparopuu «[pynmbl ¥ MApKETOTPAHHUKN» B (PECTUBAIIAX HAYKH, MPOBOAUMBIX
«Hproron-ITapkomy, MO3BOIMIO HA COOCTBEHHBIX ILJIOIAIKAX MPUOOPECTH HOBBIN OIIBIT
CO3/IaHMSI MaTepUATN30BaHHBIX MOJIeJIE MHOTOI'PaHHUKOB, BKIIFOUAsl Halle4aTaHHbIE Ha
3D-npuntepe. Hekotopsie noceturenu miomaaku «llapketorpaHHUKN MOIKITFOUUIHNCh
K CUCTEMaTH4Ye€CKUM MCCIIEIOBaHUsIM. B yacTHOCTH, cTapiiekinaccCHUKU 149-i1 kpacHo-
spckoil mikoibl A. Skymesa u E. [TontanoB Hanuim Bce 15-cocTaBHble apKETOrPaHHU-
ku Teopembl 1. Co3nanHbIe MU KapTOHHBIE MOJICIIA MAPKETOTPAHHUKOB 3aMETHO YCKO-
PWIM CHHTE3 HOBBIX ITApKETOrpaHHUKOB. ExxenenenbHo B «Hproron-IIapke» B nepByto
nojioBuHy 2017 . mMpOBOAMIMCH MacTep-KIacChl MO M3rOTOBJICHUIO TPyOUaThIX MoOJe-
JIell TapKeTOrPaHHUKOB MOCETUTENsIMU My3est. HapaGoTanHasi TeXHUKa, BKJIIOYAsl Te/1a-
TOrMYECKUEe TIPUEMBI, B3siTa HAa BOOPYKEHHUE JTaboparopuu, paboTa KOTOPOil OTpaxaeTcs
Ha CTpaHulax ogHoMMeHHoro BeObunapa (http://icm.krasn.ru/seminar. php?id=reghedra).

Heob6xonnmo 06paTtuTh BHUMaHUE HA TPUHITUTHATILHOE OTIIMYNUE YIACTHS B IIPOEK-
Te «['pymnIbl 1 MapKeTOrPaHHUKI» OT OOJILIIMHCTBA U3BECTHBIX aBTOpaM MaremMaruye-
CKUX MCCJIEJOBAHUM IIKOJIbHUKOB. /[€MICTBUTENBHO, B HAIIIEM MTPOEKTE KAXKIbI y4acT-
HUK TIOJTy4aeT OTKPBITYIO HAyUHYIO 3a7a4y. Ee penienne cTaHOBUTCS 4acThIO OyTyIiei
TEOPEMBI 0 KJIacCU(UKAIIMY TAPKETOTPAaHHUKOB. He MeHbllIee 3HaueHne, 4eM pelieHue
KPYMHOW HAayYHOU MpoOJIeMbl UMEEeT caM (DaKT y4acTusi TIKOJLHUKOB B paboTe uccie-
noBatenbCkoil rpynmnsl. B 2018 1. k uccinenoBaHusIM MapKeTOrPAHHUKOB MOKIJIFOUNII-
¢ HbIHE oauHHanuaTukiIaccHUK 10 kpacHosipckon mkoasl M.H. Anekcees. Emy yna-
JIOCh JI0Ka3aTh, YTO KaXKJbIi PaBHOCTOPOHHUM MAapKETHBIM MHOTOYTOJIBHUK 00J1a1aeT
OJTHUM U3 JIECATH SIBHO YKa3aHHBIX TUIIOB, a K&K/ TaKOW TUI 00JIalaeT PaBHOCTO-
POHHUM MPEJCTABUTEIIEM.
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Pe3sonouuna VIl Bcepoccunckon
Hay4YyHO-MeToAUn4YeCKOU KoHdpepeHUUH

C MeXXAYHapoAHbIM y4acTuem
«UHDOpMaLMOHHbIE TEXHOJIOrUU

B MaTeMaTUKe U MaTeMaTU4eCKOM 0O6pa30oBaHUN»

3aciymaB 1 00CyIUB IJIEHAPHBIE U CEKLIMOHHBIE I0KIIa/1bl, y9aCTHUKU KOH(pepeH-
MM OTMEYAIOT, YTO B HACTOSIIEE BPEMsl MCIOJIb30BaHHE MH(OPMALMOHHBIX TEXHO-
JIOTUH TIpU OOyYEHUM MaTeMaTHUKe B ILKOJIE HOCUT MPEUMYIIECTBEHHO (POpMaIbHBIM
XapakTep, KOTOPOE B JyUIlEM Cllydae MpeACTaBiIsieT cOO0W MPe3eHTalnI0 MaTeMaTu-
YEeCKOI'0 TEKCTa, NM300pakeHNUEe CTaTMUECKOro PUCYHKa, oU(ppOBaHHOE yuyeOHOE I0-
coOue, ANIEKTPOHHBIE KypHaAIbl U T.II. JIMIIb B €AMHUYHBIX CIydasx Y4UTENs MIpUMe-
HSIIOT COBPEMEHHBIE POCCUICKUE U 3apyOeKHbIE TPOrPaMMHBIE CPEACTBA, MO3BOJISIO-
I[1€ IPOBOIUTH YPOKH MaT€MaTUKH B UCCIIE0BATEIbCKOM, SKCIIEPUMEHTAIBHOM CTH-
Jie, UCTI0Nb30BaTh B 00YYEHUU KOMITbIOTEPHYIO aHUMALIMIO.

BBIITyCKHUKH MacCOBOM pOCCHUNCKOM IIKOJIbI, KaK IIPABUIIO, ITOKA3bIBAIOT HEAOCTA-
TOYHO BBICOKHMM YPOBEHb 3HAHUM 110 MareMaTHKe, c1ab0 BIaJCIOT YMEHUSIMHU U HaBbI-
KaMu B 00J1aCTH pelIeHHs AaKe MPOCThIX MaTeMaTHUECKUX 3aa4, UMEIOT HEA0CTaTO-
HO Pa3BUTOE IIPOCTPAHCTBEHHOE BOOOPAXKEHUE, HE YMEIOT JIOTHYECKHU MBICIUTh U pac-
CyX1arb. B mepByro ouepeab 3T0 CBSI3aHO € TEM, YTO B paMKax yueOHOIro BpeMeHH, OT-
BOJIMMOT'O Ha MaTEMAaTUKy B MACCOBOM IIKOJE, MPAKTUYECKA HEBO3MOKHO B MOJHOM
0o0beMe U ¢ HEOOXOIMMBIM YPOBHEM KauecTBa 3HAHMM pean30BaTh OOLIMPHBIN Kypc
COBPEMEHHOM LIKOIbHON MaTeMaTHKH, OTpadoTaTh HEOOXOAUMbIE YMEHUS U HABBIKH.

B cBs31 ¢ 0OTMEUEHHBIM BBIIIE KOH()EPEHIIHS CYUTAET LEIeCO00pa3HbIM:

1. Ilognepxath npeasiokeHne yuacTHuka konepenunn akagemuka PAO H./I. ITo-
nydanona o npucBoenuu KI'TIY um. B.I1. ActadreBa ctatyca MHHOBaIlMOHHOM IJIO-
manku PAO no teme «llIkonpHOE Maremarnueckoe oOpa3oBaHUE: OOHOBIEHHOE CO-
JepaHue U MHHOBALIMOHHBIE 00pa30BaTeIbHbIE TEXHOIOTHUI.

2. IIpu noAroTOBKE yUUTEII MaTEMaTUKHU BCEMEPHO CIIE0BaTh PO eCcCHOHATBHO-
MeIaroruiueckoil HampaBICeHHOCTH OOYYEHHs] MaTeMaTHYeCKUM IUCHUIUIMHAM, OT/a-
Bas MIPEANOYTEHHUE UCCIIEA0BATENBCKOMY CTHIIIO OOYUYEHUsI MaTEMaTHKeE.

3. Ucnonb3oBarh B 00y4ye€HUU MaTeMaTuke HH()OPMAIIMOHHbBIE TEXHOJIOTHH ISl Te-
CTUPOBAHHUsI, TPEHUHIA, YCTPAHECHUSI HEXKEJIATEIbHBIX BBIYUCIUTENBHBIX TPYJHOCTEM,
BU3yaJIU3alli{, BKIIOYasl UCIIOJIb30BAaHUE AaHUMALIMOHHBIX BOBMO)KHOCTEW TaKUX MPO-
TpaMMHBIX CPEJICTB, Kak JKuBas matemaruka, GeoGebra u nip.

4. IlepecMOTpeTh TEMATUKY IIKOJIBHOM MATEMAaTHKHU C LEJIbIO YIAJIEHHUS U3 €€ CO-
JIEp’KaHUsI HEKOTOPBIX TEM, YCBOCHHE KOTOPBIX CBSI3aHO ¢ HEOOXOJMMOCTBIO MPHUBJIE-
YeHMsI 0OJIBIIOro 0ObeMa MOHATUIHHOTO annapara U He CliocoOCTBYET pa3BUTHIO MaTe-
MaTHYECKUX CIIOCOOHOCTEH 00ydaeMBbIX.

5. B npakTuke npenoaaBaHys MaTeMaTHKH B LIIKOJIE BCEMEPHO MPUIEPKUBATHCS HC-
CJICIOBATENIbCKOTO CTWIISI OOYYeHHs, aKTUBHEE HCIOJIb30BaTh MH(POPMALMOHHBIE TEX-
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HOJIOTMH, B TOM YHUCJIE AHUMALMOHHBIE BOBMOKHOCTH CUCTEM JUHAMHYECKOW Marema-
TUKH, TTO3BOJISIONIUE BKIIFOYUTh KOMIIBIOTEPHBIN IKCIIEPUMEHT KaK CPEICTBO y4eOHO-
HAy4YHOI'O MCCJIEJIOBAHMS, BBIABKECHUS TUIIOTE3, IIPOBEPKU YTBEPKICHUM, IIOUCKA pe-
meHus. borbiiie BHUMaHUS yaenaTh oTpab0TKe YMEHUN M HABBIKOB PEIICHHSI MaTeMaTH-
YEeCKHUX 3a/1a4, B TOM YHUCIIE C UCIIOJIb30BaHUEM MH(DOPMAIIMOHHBIX TEXHOJIOTUH.

15.11.2018 OprkomMuteT
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CKMX HayK, npodeccop Kadeapbl MateMaTUKN U METO-
OVKKM 0BydyeHus matematuku KITY um. B.M. Actadbe-
Ba; e-mail: mavr49@mail.ru

OBYMHHWMKOBA Pauca [letpoBHa — cTapwuin npe-
nogaBatesb  Kadeapbl  3KCMEPUMEHTaNbHOW  Ma-
TEMAaTMKM W MHPOPMALMOHHbIX TexHonornn CADY
uM. M.B. JlomoHocoBa; e-mail: r.ovchinnikova@narfu.ru

OKNAOHWUKOBA EBreHuns CepreeBHa — MaructpaHt
KIMy wum. B.M. ActadbeBa; ydyuTeNb MaTeMaTuKu
KIBOY «KpacHospcKkuim Kagetcknin kopnyc um. A.U. Je-
6epnq»; e-mail:evgenij757575@mail.ru

MABJ/IOBA Mapus AnekcaHapoBHa — KaHauaaT neja-
rOrMYecKMx Hayk, cTapwui npenogaBatenb Kadeapbl
3KCMEepPUMEHTaNbHOM MaTeMaTUKKU 1 MHOPMaTM3aLnn
o6pazoBanug, CA®Y nm. M.B. JlomoHOCOBa;

e-mail: m.pavlova@narfu.ru
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NOAYDPAJTIOB Hukonamn AmutpueBnd — akageMuk PAO,
[IOKTOp GU3MKO-MaTeEMATUYECKMX HayK, npodeccop,
3aC/y)KEHHbIN aesaTenb Hayku Poccuickon Pepepa-
umn, Poccrimnckasn akageMust o6pa3oBaHus, YieH 610po
OTtaenenuns npodeccrmoHanbHoro o6pasoBanus PAO;
e-mail: londont@yandex.ru

CAMO/IYPOBA BaneHTnHa AHaTtonbeBHA — MarucTpaHT
K'Y mnm. B.IN. ActadbeBa; yunuTenb MateMaTUKN U UH-
dopmatnkn MBOY «banaxtnHckasa COLL N2 1»;

e-mail: kozhukhovskaya93@mail.ru

CEHALLUOB Bnagumup MBaHOBMY — AOKTOP GU3MKO-
MaTeMaTUYEeCKUMX HayK, npodeccop, BeayLmMi Hay4HbIn
COTPYAHUK NHCTWUTYTa BbIYUCNTENBHOMO MOAENMPOBA-
Hus CO PAH; e-mail: senl112home@mail.ru

CUBYXMHA EneHa AneKkcaHapoBHa — MaructpaHt
KIMy wm. B.I. ActadbeBa; yuutenb wkonbl N2 45,
e-mail: sivukhinaO8@gmail.com

CUJIBYEHKO AHnacTtacusa
K'Y um. B.IN. ActadbeBa;
e-mail: silchenko_96anastas@mail.ru

AHApeeBHa —  CTyAEHT

CYOAOYAKOBA AHacTtacus CepreeBHa — maructp Ky
um. B.I. ActadpbeBa; negaror 40MNOJHUTENBHOIO 06pa-
3oBaHua MBY 0 «UTuP “MnaneTta TanaHToB”»;

e-mail: nastuxa__008@mail.ru

YEMWMKOBA AHacTtacusa UropesHa — maructpanT KIMY
um. B.IN. ActadbeBa; yuntenbs mMatemaTuku MBOY
«COLLU N 2» r. HazapoBo;

e-mail: chepikovaai93@gmail.com

TUMODEEHKO Anekcern BWMKTOpOBMY — [OOKTOP
PU3MKO-MaTeEMATUYECKMX HayK, npodeccop Kade-
Apbl MaTeEMATUKU M METOAMKM OBy4yeHUs maTeMaTuke,
e-mail: a.v.timofeenko62@mail.ru

YUNBAK-O0JT Cawnagbic BacwunbeBHa — acnupaHT
UMW K'Y um. B.I. ActadbeBa; yuntens MBOY «vm-
Ha3usa N2 5» ropoga Kbi3bina Pecnybnunku TeiBa

LUABAHOBA Mapus BanepbeBHa — HavalbHUK OTAE-
la eCTeCTBEHHOHay4YHOro o6pasoBaHnsa MOCKOBCKOro
LEeHTpa pa3BWTUS KaapoBOro noteHuuana obpasosa-
HWUS, JOKTOP NeAarorMyeckux HayK, npodeccop;
e-mail: shabanovamv@mioo.ru

LUYTPOBA WpuHa BnagucnaBoBHa — cTyaeHT CADY
nm. M.B. JlomoHOCOBa;
e-mail: schutrova.ir@yandex.ru.

FACTPEBOB AnekcaHap BacunbeBu4 — aoKTOp neaa-
rOrMYecKMx Hayk, npodeccop $HpocnaBCcKOro rocy-
JApPCTBEHHOrO MeAarorMyeckoro yHUMBepcuTeTa WM.
K.[. YwurHcKoro;

e-mail: alexander.yastrebov47@gmail.com



YEJIOBEK, CEMbi 1 OBIIECTBO:
NCTOPHUA U ITEPCIIEKTUBBI PASBBUTH A

VII MexayHapoHbIi HayYHO-00pa30BaTeIbHBINA (GOpyM

NHO®OPMAIIMOHHBLIE TEXHOJIOI M
B MATEMATUKE 1 MATEMATNYECKOM OBPA3OBAHNI
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