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HOPMATUBHBIE CCBIVIKHA

B nacrosmen AuccepTalnun UCIIOJb30BAHBI CCHIJIKM HA CIICAYIOIMUC CTAHAAapPThI:

3akoH Pecnyonuku Kazaxcran «O06 oOpazoBaHum» 27.07.2007r.
l'ocynapctBennbie  crangapTel  PecnyOnuku Kazaxcran. CT PK 34.017-
HNudopMmainoHHbIe TEXHOJIOTHH. 2005

lNocynapcTtBennass mnporpamma  pa3Butust  oopazoBanus 07.12.2010r.
Pecny6nuku Kazaxcran Ha 2011-2020 rossr Noll8

ITocnanue Ilpe3unenta Hapony Kazaxcrana. CommansHo - 27.01.2012r.
PKOHOMUYECKasi MOJACPHU3AIINS — IJIaBHBIA BEKTOpP Pa3BUTHUS
Kazaxcrana

Harmmonaneubiii oian aevictsuii Ha 2012-2016 roas! mmo 25.06.2012r.
Pa3BUTHIO (G YHKITMOHAIBHOW TPaMOTHOCTH IIKOJILHUKOB Ne832

['ocynapcTBeHHbIN 00111€00513aTenbHbIi cTanaapT cpeanero 23.08.2012r.
oOpa3zoBaHus (HayaJIbHOrO, OCHOBHOTO cpeaHero, oo6mero Nel(080
CpeaHero oopa3oBaHmsl).



OITPEJAEJIEHUA

B Hacrosen guccepranuy UCIOJIb3YHOTCS CIEAYOLINE OHATHS:

MaremaTuueckuii
aHanuns

Metonnka

Metonnka
oOy4eHus
MaTEMaTUKE

[IpeeMCTBEHHOCTD B
oOy4yeHuun
MaTeMaTHKe

[TIponsBogHas
byHKIIIHN

dusnyeckuii u
F€OMETPUUECKUI
CMBICII
MPOU3BOTHOU

Hayka  pabortaromass ¢ UCCIEJOBaHMEM  (DYHKLHI;
muddepeHnanbHOe M MHTETpajibHOE MCUUCICHUE — Hayka
uccieaylomas HHTerpupoBanre U AuddepeHurpoBaHue
byHkuui, a Takke pemeHue gUGPEpPeHIHATBHBIX U
MHTETrpajJbHbIX YpaBHEHUI.

B IIUPOKOM CMBICJIC CJIOBA, IMOHHUMACTCA KaK COBOKYIITHOCTDH
MCTOOOB MMPAKTHUYICCKOTO BBITIOJIHCHU AL Yyero-jinoo. B
O6pa30BaTCJIBHOM nponecce HSTOT TCPMUH IIPHUMCHACTCA K
ONIPCACICHHOMY NIPCAMCTHOMY COACPIKAHUILO.

— HCCICAYCT 3dKOHOMCPHOCTH O6yquI/I${ MAaTCMAaTUKC B
COOTBCTCTBHHU C IIOCTABJIICHHBIMHU O6H_ICCTBOM yqe6HBIMH
OeJIsIMH, YYUTBIBAIOITUMHU COBpCMCHHBIﬁ YPOBCHL pPA3BUTHA
HaYKHN MAaTCMAaTUKH.

9TO YCTAHOBJICHHC H€O6XOI[HMOﬁ CBsA3M W TIPABUIIBHOI'O
COOTHOIICHHUA MCIKAY YaCTAMU yqe6H0r0 npeaMcTa Ha pa3HbIX
CTYIICHAX €T0 U3YUYCHMU.

[IpousBonno pyukiuu y=f(x),3amannoil Ha unTepBaie (a;b),
B TOYKE X JTOTO HMHTEpBaja HA3bIBAIOT MpEAEN OTHOIICHUS
npupameHds QyHKIUH B ATOH TOYKE K COOTBETCTBYIOIIEMY
NpUPAIICHNI0 apryMeHTa, KOrjJa TpUpalleHue apryMeHTa
. A
CTPEMUTCH K HYIIO, T.€. hmEy: f(x) .
Ax

—0

dusnueckuii (MEXaHUYECKUN) CMBICT MPOU3BOIHOM:
ecnu s(t) — 3aKOH MPSMOJUHEWHOTO JBMIXKEHUS Teja, TO
MPOU3BOJIHASL BBIPAXKAET MIHOBEHHYIO CKOPOCTh B MOMEHT
BpeMeHH t: v=s'(t).

['eomeTpuueckuii CMbICI IPOU3BOAHOMN: €ClIU K rpaduKy
¢byukuun y=f(x) B Touke ¢ abCHUCCON X=a MOXHO IPOBECTU
KacaTelbHYy10, HemapaulebHyl0o ocu y, To f(a) BbIpaxkaer
yrioBoi koaduimeHT kacarenbHoit: k=f'(a).



OBO3HAYEHUSA U COKPALIEHUSA

PK Pecny6nuka Kazaxcran

MOH PK MunuctepcTBo oOpa3zoBaHus U Hayku PecnyOnmku
Ka3zaxcran

KT Nudopmarmonno - KOMMYHUKAIMOHHBIE
TEXHOJIOTUU

IEA International Association for the Evaluation of

Educational Achievements

PISA Program for International Student Assessment

PO Poccuiickas denepanus

90 DnemMeHThl 00y4YeHUs

BVY3 Briciiee yueOHOe 3aBejieHUE

KM [ITKkOnBHBIA KypC MaTEMATUKH

GeoGebra A geometry package providing for both graphical

and algebraic input.



BBEJAEHHUE

AKTyaJIbHOCTh HCCJe0BaHMs. B  Hacrosmiee BpeMs CTPEMHTEIBHO
BO3pacTaeT posib 00pa30BaHus, yCUIUBACTCS €T0 BIUSIHUE Ha BCE CPEPHI COMATBHON
xu3HU. [lepexo OT WHAYCTPUATBLHOTO OOIIECTBAa K IMOCTHHAYCTPHAIBHOMY H
WH()OPMAITMOHHOMY O3HAYaeT, YTO MPOIECCHI CO3/IaHUs U PACIPOCTPAHCHHS 3HAHUS
CTAaHOBATCS KIIOYCBBIMHU. YCHJICHHEC pPOJIM 3HAHWKW B OOIICCTBEHHOM pPa3BHTHH,
MOCTEIICHHOE TpeBpalleHne WHGOPMAIlMM B OCHOBHOM KamUTaJ TPUHIIUITHATBHO
HU3MCHSIOT POJb O0pa3oBaHUsS B CTPYKType OOIISCCTBEHHOH >KM3HHU COBPEMEHHOTO
MHpa. DTH TPOIECCHl B 3HAYUTECIBPHOW CTCIICHH ONMHUPAIOTCS HA HWCIOJB30BAaHUC H
pa3BUTHE 00pa30BaTEeNbHBIX CUCTEM Pa3IUIHOTO YPOBHS: oT
0OBIYHOTO 00111€00Pa30BATEILHOTO YUPEKICHUSI 10 MEXKIYHApPOJIHBIX TMPOEKTOB,
OXBAaTHIBAIOIIMX CBOUM BJIUSHUEM HE TOJBKO HECKOJIBKO CTpPaH, HO JaKe IIejIbIe
KOHTHHEHTHI. B 3TO ke BpeMs CYIIICCTBEHHO YBEIUYMBACTCS 3HaUYCHUE 00Opa30BaHUs
KaK BakHeHImIero gakropa GopMHUpPOBaHUS HOBOTO KayecTBa HE TOJBKO SKOHOMUKH,
HO 1 0OIIIECTBA B IIETIOM.

B coBpeMeHHOM 00IIIECTBE HAPSY ¢ HAKOTUICHUEM SMITMPUYCCKUX JTaHHBIX B

pPa3IUYHBIX OOJACTAX 3HAHUW HAOJIOAACTCS NMHAMUYECKHH POCT TEOPETUUYECKUX
WCCIICIOBAHUM, KOTOPBIA COIPOBOXKIACTCA HM3MEHEHUEM CaMOM MapagurMbl HUX
npoBejieHUsA. VI3MEHEHUsT KOCHYJHWCh M TeopuM OOydeHHs, a C pa3BUTHUEM
KHOCpHETUKU U UH(POPMAIMOHHBIX TEXHOJOTHM, OCHOBAaHHBIX Ha MPUMEHEHUU
KOMITBIOTEPOB B OOYy4YEeHUHU, OOHAPYKUIUCH 00IIMe TpoOjeMbl. MeTomoIorus ux
peleHrs TpuBela K HOBOMY TIOHUMAaHHUIO MPOOJIEMBbI yIpaBleHUs Y4eOHOM
NEATeIbHOCThI0 U ee AWarHocTuku. OJHaKo NpeumyiiecTBa HHGOPMAIMOHHBIX
TEXHOJIOTUU MOTYT OBITh OBICTPO YTPAUYeHBI, €CIIU HE OyACT OCYIIEeCTRICHA TITyOOKas
U BCECTOPOHHSS MOJEPHHU3AIMS 00pa3oBaHMs C BbBIJEICHUEM HEOOXOMMMBIX ISt
ATOTO PECYPCOB U CO3IaHUEM MEXaHU3MOB MX 3()PEKTUBHOTO UCIIOIb30BAHUS.

Cnemuduka COBpeMEHHOM CHUCTEMbl 00pa30BaHUS COCTOMT B TOM, YTO OHa
JIOJDKHA OBITh CIOCOOHAa HE TOJIBKO BOOPYXaTh 00YYaroOIIErocst 3HaHUSIMU, HO H
dbopmupoBaTh 'y HEro TOTPeOHOCTH B  HENMPEPHIBHOM CaMOCTOSITEIBLHOM U
TBOPUYECKOM TMOAXOJI€ K OBJIQJICHUIO HOBBIMU 3HAHUSIMH, CO37aBaTh BO3MOKHOCTH
JUIs OTPA0OTKM yYMEHUW W HaBBIKOB camooOpaszoBaHus. COBpeMEHHBIEC TEHACHIIUU
COIIMAJIBbHO - OHKOHOMHYecKOoro pasButus Kaszaxcrama um Poccum 3acTaBisioT
MEPEOCMBICIUTh 1IEJIM IIKOJBHOIO 00pa3oBaHUs, COOTBETCTBEHHO IIO-HOBOMY
chopMyIUpOBaTh U TUIAHUPYEMbIEC pPe3yJIbTaThl 00pa30BaHUS.

Coznanue Ilporpammbl WHPOPMAITMOHHOTO OOYYEHUS SIBISETCS OJHUM W3
BOKHEUININX HAMpaBICHUN TOCYJApCTBEHHOI'O MOJXO0Ja K Pa3BUTHUIO OOpa30BaHUS.
Takass mporpamma Obuio mpuHsatra mnpesugeHtom PK  H.A.HazapbaeBeiMm U
[Tapnamentom PK B 2010 rony. B cooTBeTcTBUU ¢ Hel nHDOPMaIIMOHHOE 00yUYeHUE



B PK B 2011-2020 ronmpl ObUTIO BHEIpeHO B oOpa3oBarenbHyro cucteMy [1]. Ha
CETOJIHSIIHUYN JIeHh cHUcTeMa UH(POPMAIMOHHOTO 00pa30BaHUs B Pa3BUTHIX CTPaHAX
MMeEeT XOPOoIlIre MOKa3aTeNu.

Hama 1eib — CrocoOCTBOBATH BHEIPCHUIO nH(OPMAITMOHHO-
KOMMYHUKAIIMOHHBIX TEXHOJIOTMH B OOydYeHHMe MareMatuke. I[Ipm >TOM MBI
COCPEIOTOYMM CBOM YCWUJIUS Ha HauOoJee CIOXHBIX BOIPOCax MIKOJbHOU
MaTeMaTUKH CTApPIINX KJIACCOB M paCCMOTPHUM Hadajia MaTEMaTUYECKOro aHaIu3a.

OOyyass MaTeMaTHKe, CIEIyeT MOHUMAaTh, YTO JJII HEKOTOPBIX YYAIIUXCS 3TO
«CMBICIT KU3HUY», a JJII KOTO-TO «CYpOBas HEOOXOIMMOCTBY». SICHO, 4TO pa3BUTHE
JUYHOCTH TPU OJMHAKOBBIX YCIOBHUSAX OYyJIET COBEPIICHHO pa3HbIM, TaK Kak
WHIUBUyaJIbHBIE CKIIOHHOCTH M MHTEPECHI ydalluxcs Bcerga OyayT MoOyXIaTh K
AKTUBHOMY W3YYCHHMIO KaKOTro-TO TMpeaMeTa WJIH TPYHIbl TPEIMETOB, YTO
COBEPIIICHHO €CTeCTBEHHO. be3ycIoBHO, yUuTeNb, OpraHu3ysl Y4eOHBIHN MpoIiecc, BO-
MEPBBIX, JOJDKEH 3HATh 00 3THX MHTEpPEcax M CKIOHHOCTSX, YBa)KaTh M IICHUTh HX
(maxke ecim OHM HE CBs3aHBI C €T0 IPEJIMETOM), a BO-BTOPHIX, 00y4aTh CBOEMY
NpeJIMETy TaK, 4YTOOBI IIEJIOCTHO BIUATH HA PAa3BUTHE JUYHOCTH KaKIOTO
IIIKOJIBHHMKA, CTPEMSICh pa3BHBAaTh BCE €Tr0 CTEP)KHEBBIC KadecTBa, HE 3a0bIBas O
COIMyTCTBYIOMUX. [Ipr 3TOM ClleTyeT CTUMYJIUPOBAaTh HHTEPEC YUAIIUXCS K TAHHOMY
MPEIMETY, TaK KaK TOJbKO TaKUM IIEJIOCTHBIM 00pPa3oM MOXHO BJIIHATH Ha Pa3BUTHE
JUYHOCTH.

B pa3BuTHM M COBEpIICHCTBOBAaHWU METOJIWYCCKOTO MACTEPCTBA YUHUTEICH -
MPEAMETHUKOB, OE€3YCIOBHO, WIPacT pPOJib MPaBUIBHO OTOOpPAaHHOE COJIepKAHUE
METOJHMKH OOYYCHHS MaTEeMaTHKE, BKIIOUAOIIECe CHCTEMY 3HAHUH, yMCHHH U
HABBIKOB, BBICTPOCHHBIC TPHUHIIUIIBI W METOJIBI O0ydeHus matematuke u jap. K
MIOJIMHOKECTBY COJICpXKaHUSI OOydYEHHUs OTHOCUTCS JEATEIbHOCTH IperojiaBaTeiiei
Mo Tepenade Y4YeOHBIX MaTepHaOB CTYJICHTaM: METOIbI, (OPMBI, CpeICTBa
oOydeHHsl, METOJbl MPOBEPKHU 3HaHWH, yMeHHH W T.m. CopepkaHue OOydYCHUS
JOJI’KHO COOTBETCTBOBATh IMEJArOTHYCCKUM IPUHITUIIAM, TAKUM KaK BOCIIUTAHHUEC,
HAyYHOCTh, CHCTEMAaTHYHOCTh, TIOCIEI0OBATCIIBHOCTh, Pa3BUTHE U Jp. Peammzarus
STUX TPHUHIIMIIOB BO3MOXHA TIPHU YCJIOBUHW BBITIOJHCHHS CIACAYIOIHUX TPEOOBAHMIA:
BOCIIUTAHUE Yy YyYalIUXCs HMHTEpeca K YUYCHHIO, OBJQJCHHEC OCHOBaMU
MeJJaroru4eckoro MacTepCTBa, CTPEMIICHUE K TBOPUYECKOW JIEATEILHOCTH U T.I1.

OTtMeTuM, 4YTO coOjep)KaHHEe OOpa30oBaHHS B 00I1€00pPa30BATEIBLHON IIKOJIE
pasOuBaeTcs Ha OTHOEJbHBIE oOOpa3oBaTeldbHbIE O0JacCTH M MaTeMaTHKa
paccMaTpUBaeTCs B KadeCTBE OJHOM W3 HUX, BKIIOYAIOMIAs CJCAYIOIINE
JTUCITUTUTHHBIL:

- MaTeMaTHKa B Ha4aJlbHOM U B OCHOBHOM ImIKoJje (5 — 6 KI1.);

- asire0pa ¥ TeoMeTpusi B OCHOBHOM cpeaneit mkose (7 — 9 ki.);

- anrebpa W Hayajga aHaiM3a, TEOMETpUsi B OOIIEH CpeaHeil IIKoJjie TIo
HampasieHusm (10 — 11 k).

OcHoOBY cozepsxkaHusi 00pa3zoBaTeIbHON 00acTH «MaTemMaTrKay COCTaBIISIOT:

- TEOPHSI YUCTIOBBIX CHUCTEM;

- TEOpHsI TOXKICCTBEHHBIX ITPEOOPA30BAHUN;

- TeOpHsl BJIEMEHTAPHBIX QYHKINH (anre0panvdecKux, TPaHCIICHACHTHBIX);



- Teopus DJIEMEHTapHBIX YpPaBHCHUH W HEPABEHCTB, UX CHUCTEM M METOIO0B
pelieHus;

- 3JIEMEHTBI MATEMATUYECKOT0 aHaJIM3a U €T0 MPUIIOKCHHUS;

- TeOpHs MPUOTUKEHHBIX BBIYUCIICHUMN;

- TUIOCKHUE ¥ TPOCTPAHCTBEHHBIE (DUTYPHI, UX CBOWCTBA;

- TEOMETPUYECKUE BETUYUHBI;

- reOMeTpUYEeCcKue npeoOpa3oBaHus;

- 3JIEMEHTHI KOMOMHATOPHUKHU U TEOPUU BEPOSTHOCTH;

- MaTeMaTH4YeCKUE METO/bl, METO/IbI pelieHus 3aaa4d u Jp. [A.E. AOGbuikacsIiMoBa.
Teopust 1 MeTonrka 0O0yUeHHMs] MaTeMaTHKE: TUIAKTUKO- METOAUYECKHE OCHOBBI,C
22]

N3BecTHO, 4YTO CTPYKTypa W COJEp)KaHHE IIKOJbHOW MaTEeMaTHKU JOJIKHBI
COOTBETCTBOBATH LIEJIAM OOYUCHHS M BOCHHUTaHUS ydamuxcs. [103ToMy HIKOJIbHBIN
KypC MaTeMaTHKU 10 BO3MOXHOCTH JOJDKEH CIOCOOCTBOBATh  Pa3BUTHIO
MaTeMaTH4YECKOr0 MBIIUICHUS, BOCIUTAHHUIO JIMYHOCTHU YYaIlllUXCS U MHTEpeca K
npeamMery. Bo3HUKaeT ecTeCTBEHHBIN BOMPOC: OT YE€TO 3aBUCHUT JOCTIKCHHUE Ieel
oOydyeHHuss MaTeMaThKe B 00Ie00pa30oBaTEIbHBIX IIKOJAX; PA3BUTUE U BOCIIUTAHUE
JUYHOCTH ydaIluxcs?

OHO 3aBUCHUT, IPEK/IE BCETO, OT CIEAYIOMMX (HaKTOPOB:

1) or conepxaHuss oOOy4deHHUs, OT TOTO, KaKUMU 3HAHUSMH, YMEHUAMHU H
HaBBIKAMU OBJIJIEBAIOT YYaIllecs B Ipoliecce 00yueHusl, B KAKOM MOPSIKE, B KAKOM
COYETAHUM JAIOTCS OTH 3HAHUS, YMEHUS U HABBIKW, KAaKOW TTyOUHBI U IIUPOTHI ATU
3HAHUS, HACKOJIBKO MPOYHbI YMEHUS U HABBIKU;

2) OT cBs3U OOyYEHHS MaTeMaTHKE C OKpY)Karolled IeHCTBUTEIBHOCTHIO, Ha
OCHOBE KaKHMX KU3HCHHBIX TPEACTaBICHUM, sBICHUN U (AKTOB (HOPMUPYIOTCS
a0CTpaKkTHbIE MaTeMaTUYeCKHE TIOHATHS, KaKhe NPAKTUYECKUe TMPUII0KEHUS
MOJIy4aloT TPHOOPETEHHbIE 3HAHWUS M yMEHHUS, KaK OCBEHIAIOTCS HCTOPUYECKHUE
aCIeKThl MATEMATHUKHU;

3) OT OCYIIECTBICHUS MEXIPEIMETHBIX CBSI3eH B OOYUYEHHHM MaTeMaTHKE «IIO0
BEPTUKATNY;

4) OT palMoHaIBHOM OpraHU3aIluyd METOJI0OB O0yUEHHS MaTeMaTHKE;

5) OT OTHONIEHHUs YYalIUXCs K OOyYEeHHMI0 MaTeMaTHUKE M TMPUOOIICHUS HUX K
CaMOCTOSATEIHHOM MO3HABATEIBHOM IEATETbHOCTH B IIpoliecce 00yUeHus.

[Tocnennuit ¢daxTop SBISETCS CTEPKHEBBIM, OT HETO BO MHOTOM 3aBHUCHUT
BBITIOJTHEHUE MPEIbIAYITNX (haKTOPOB.

[lo Bompocy otOopa coaepxaHHUsl MIKOJBHOTO Kypca MaTe€MaTHKH HalHUCaHO
HEMaJI0 METOJWYECKUX TocoOMil. YpOBeHb XapakTepa HHTEUIEKTa JHUYHOCTU
3aBUCUT OT CMOCOOHOCTEW BOCIPUHHMMATh WH(OpPMAIMIO W HCIOJIB30BaTh €€ s
JOCTH)KEHUSI TocTaBjieHHOW 1enu. [loHSATHO, 4TO 0OOydYeHHE MOKHO pPa3BUBATH
augHOCTh. OJHAKO pa3BUBalolas 3ajada OOydeHUsS HE JOKHA OTPaHUYMBATHCS
TOJIKO Ha TPUMEHEHHE CIOCOOHOCTEM [Jig pelleHus pa3IMYHbIX 3a7ad |
npoOsieMHbIX cuTyaruid. HeoO6xoaumo 100aBUTh, YTO BCE 3TO JOCTUTACTCS
BOCIIUTaHUEM co3HaHus JnuHocTU. [.B.JlopodeeB Takke BhICKa3bIBa€T HHTEPECHYIO
MBICJIb O TIOCTPOCHHUH IIKOJIBHOTO Kypca MaremaTuku. OH OTMEYaeT, YTo CUCTeMa
o0ydeHUs MaTeMaTHKe JOJKHA CTPOUTHCS KaK CHCTEeMa, HalpaBJICHHAs Ha pPEeIIeHUe



MPOTHUBOPEYHI MEXIY KOHKPETHBIM YEJIOBEKOM H IeibIM olriecTBoM. [locTpoenue
OTHOIICHUH MEXAYy ABYMsA CyOBEKTaMH TIpoIlecca ITUBHIM30BAHHOTO Pa3BUTHS
O0IIIecTBa, MMEIOIIUX CBOM IEJH, TaK, YTOOBI K&XKIBIM M3 HUX C MOHUMaHHEM
OTHOCHJICSI K BBITIOTHEHHIO 33/1a4, CTOSAIIUX Tepel] IPYTUM, MPEABIAYIIIM, SBISCTCS
HEOOXOAMMBIM YCIIOBHEM JEMOKPATH3AIMM CUCTEM COBPEMEHHOTO W OyIyIIero
o0pa3zoBaHus.

Hrak, oOydeHne MaTeMaTHKE JOKHO OOSCIIEYNTh YCBOCHHE BCEMH  YJIAITUMUCS
HEOOXOAMMOIo Ul pealu3alMd Leled MaTeMaThdeckoro oOpas3oBaHus 0o0ObeMa
3HAHMM M TOJIFOTOBUTH CHEIHAIUCTOB JJIsi Bcex cdep oOiiecTBa, TpeOYOMuUX
MaTeMaTU4YeCcKuX 3HaHuil U ymeHui. [Ipu aTom conepxanne oOpazoBaHus JOJKHO:

- co37aTh BO3MOXHOCTH /IS TIOJHOIIGHHON OpraHu3allid MaTeMaTHYeCKO
ACSTENFHOCTH yUaluXcs (HHTEUICKTYaIbHAsI COCTABIISIONIAS );

- o0ecrmeynTh BO3MOXXHOCTh pealM3allid YCBOGHUS BCEMHU yYalIUMHUCS
NPOrpaMMHBIX 3HAHMM B YCJIOBHUAX YPOBHEBOH W MPOQPUIBHON MOATOTOBKH U
WH/IMBHUIyQJIN3aIUHA O0YICHUS;

- Cco37aTh IO BO3MOXKHOCTH Ha KaXJOM OJTane OOydeHHUsS YCIOBHS IS
dbopMupoBaHus, TOIACPKKHA € PA3BUTUS HWHTEpECa Y4YAIUXCA K H3YYCHHIO
MaTeMaTHKH (ITO3HABATEIbHAS COCTABIIAIOIIAS);

- ONpEeAeNUTh y Y4YallUXCs MaTeMaTHUeCKHe U O0OIle WHTEUICKTyallbHbIC
CIIOCOOHOCTHU C LEIBI0 TOYHOTO BhIOOpa YueOHOro mpoduis U MpaBUILHOTO BbIOOpa
CHEIMATBFHOCTH (KOHTPOJIBHO-ITPOTHO3UPYIOIIAs COCTABIISIONIAS);

- 00ecreYnTh BO3MOXHOCTD CBSI3H C APYTUMH IIKOJIBHBIMH ITPEIMETaMHU.

M3BecTHO, YTO OCHOBa KaXKAOW HAyKHM 3aKJIaJbIBACTCS WX MOHATUSAMHU. Bce
3aKOHBI, IPaBHUJIA, TEOPUHU, AKCHOMBI, TEOPEMBI (POPMHUPYETCS C TTOMOIIBIO TTOHSITHSI.
W3noxkeHue yKa3aHHBIX EAWHMII B Tpollecce OOyYeHHsT MaTeMaTUKe JOJHKHO
OCYIIECTBIATHCS METOIWYECKH BBHIBEPEHHO. He BBI3BIBAET COMHEHHS M TO, YTO B
pe3ynbTaTe 00y4eHHs ydalluecs AODKHBI YCBOUTH OMPEACIICHHYIO CUCTEMY 3HAHUN
yMEHHNH W HaBBIKOB. OmHAKO TPOOJIEMOIl SIBISETCS ONpEAeNieHue TOTo, Kak
U3MEpSETCSl YCBOGHUE CHUCTEMBI 3HAHWH, a TaK)Ke CBA3h C YMEHHUSIMHU U HaBBIKAMHU,
KOTOpBIE JIOJDKHBI OCHOBBIBAaTHCSl HAa 3HAHWHW, B MPOTHBHOM CIy4ae OHO MOXET He
chopmupoBaTbesa. B atoit cBs3u A.A.Ctounsip mpejyuiaran paccMaTpuBaTh 00ydeHUE
MaTeMaTHKe KaK TMporecc «pOPMUPOBAHUS H  Pa3BUTHS  MBICIUTEIBHON
ACSITENIPHOCTH W3  HM3BECTHOW  CTPYKTYpbI, HAa3bIBAEMOW  MaTeMaTHYECKOMH
AesTeNnbHOCThIO». OH TPUICPKUBAICS CIEAYIONEro MPHUHIINIA: TOJHOICHHOE
YCBOGHHE MATeMaTHKH MpEIojaraeT akTUBHOCTh yUallluXcsl B y4eOHOM Ipoliecce.
be3 akTHMBHOI MO3HABATENHFHOW NEATEIHHOCTH HEBO3MOXKHO OCO3HAHHO M TPOYHO
OBIIAJICTh 3HAHUSMHU, YCBOUTH U CPOpMHUpOBATH HaBBIKA. A.A.CTONSIp cUWTAl, YTO
ydammuecs B y4eOHOM TIpollecce IOJDKHBI TPOSBISTH aKTHBHOCTH HE TOJBKO B
[IMPOKOM CMBICIIE, HO ¥ B MaTEMaTHYECKOU JACSATEIbHOCTH, T.€. CIEIUPUISCKYIO IS
MaTEeMaTHKH AaKTUBHOCTh. JIeATENbHOCTh ydYamuxcss B Tpolecce OOydeHHSs
MaTeMaTHKe — y4deOHas, Oyiarogaps KOTOPOW OHH 3HAKOMSTCS C OCOOCHHOCTSIMHU
MaTeMaTUYEeCKOH JesTeIbHOCTH U ycBauBaloT ee. (9 nem Typ)

[A.E.AGbuiKaceiMoBa. Teopust 1 MeTO KA 00yUeHHUST MaTeMaTHUKE: JTUIaKTHKO-
METOAUYECKHE OCHOBHI, C 35]



Tema «IIpousBogHas» 3aHUMAET LIEHTPAJIbHOE MECTO B Kypce ainreOphl U Haydaj
aHanuza. 3ydyeHue naHHON TeMbl BeChbMa aKTyalbHO, TaK KaK OHO MMEET OO0JIbIIOE
oOpa3oBareilbHOE 3HAYEHUE, BEIb C HEE HAUYMHAETCS MW3YyYEHHUE DIEMEHTOB
MaTeMaTU4YECKOI0 aHaju3a, a 3TO JAa€T HOBBIE METOJBI PELICHHUS MATEMaTUYECKUX,
(bU3HYECKUX U TEOMETPUUYECKUX 3a]1ay.

OaHUM U3 OCHOBHBIX JTOCTOMHCTB KOMIBIOTEPHBIX TE€XHOJOTUH B 00pa3oBaHUU
ABJIAIOTCS BO3MOKHOCTH aHUMAllUM, CO3/IaHHE >KUBBIX PUCYHKOB (QaHMMAaLIMOHHBIX
yeprexei), 1eMOHCTPUPYIOIUX MaTeMaTHYeCKue MOHATHS U TeopeMbl. OcoOeHHO
3TO 371000HEBHO MPU U3YUYEHUU DJIEMEHTOB MAaTEMaTUYECKOr0 aHajin3a, B KOTOPOM
paccMaTpUBarOTCs MPOLECCHl U3MEHEHUS CBA3aHHBIX APYr C IPYroM IEPEMEHHBIX
BeMMYMH. OJHUM W3 BaXHEUIIMX M OJHOBPEMEHHO CJOXHBIX [JIs1 MOHUMaHUs
yYallUMHUCSA TEM MaTEMAaTHYECKOTO aHaldu3a SBIAECTCS IOHATHE IPOU3BOIAHOM.
TpyaHoCTh OBIIaJIeHUs TUM IMOHSATHUEM CBSI3aHA C YPE3MEPHOUM aOCTPaKTHOCTBIO, C
OTCYTCTBUEM JIBHXKEHHS IPU U3YUEHUH ABMXKEHUS. BocnonHUTs mpolesn u moMoub B
MpernojJjaBaHud 3TOM TeMbl, oOecleunBasi HArJsJHOCTb, KaK pa3 M IPHU3BAHbI
KOMIIBIOTEPHBIE TPOTPAMMBbI, MO3BOJSIOIIME CO3/1aBaTh AHUMAIMOHHBIE YEPTEXKH.
Haubonee mnpucnocoOiaeHHON i 3THX IEJIed SBISETCS KOMIIBIOTEpHAs cpeaa
GeoGebra. OHa He TpeOyeT crnelHalbHBIX 3HAHUW MPOTPAMMUPOBAHUs, MPOCTA B
IIPUMEHEHUH, HCIIOIb3YEeT T€OMETPUUECKOE MoJenupoBaHue. Hanmpumep, ydurens,
COTpYAHMYAsI C YYEHHKOM, MOXET IMOCTPOUTh YEPTEX, KOTOPBIM NpPU aHUMAIUU
TOYKH, H300pakaroliel MepeMEeHHYI0 X, BBIUEPUMBAECT «HEMPEPHIBHOY» TIpaduk
naHHOM (yHKIMM, a Takxke Trpaduk ee MNpou3BOAHOW. MOKHO HE TOJBKO
aHUMAIMOHHO H300pa3uTh rpaduk (GYHKIMH, HO WU CMOJACIHUPOBATH JBUYKEHUE,
KOTOpOE OMKCHIBAET JaHHAsT (DYHKIIMS.

OcoO€HHOCTh JIMHAMUYECKOTO (KMHEMAaTUYECKOr0) ONpEeiIeHUs MOKHO
MPEACTaBUTh Ha mNpuMepe. B  COOTBETCTBMM CO IIKOJBHBIM OIPEAECICHUEM
OKPY’KHOCTBIO Ha3bIBAETCS MHOKECTBO TEX U TOJIBKO TEX TOUEK IUIOCKOCTH, Ka)as
U3 KOTOPBIX YyAaJeHa OT (PUKCUPOBAHHOM TOYKM TUIOCKOCTH Ha JIaHHOE
(buKcUpoBaHHOE paccTosiHue. B cOOTBETCTBUU C TUHAMHYECKUM (KMHEMATUYECKUM)
ONPENIEIEHUEM OKPYKHOCTh €CTh JINHUS, KOTOPYIO 8bluepuugaen TOUYKa IIIOCKOCTU
IIPU HETPEPHIBHOM BpalleHUH €€ BOKPYr (PUKCUPOBAHHOM TOYKHU ATOW IIOCKOCTH.
IIpyu 5TOM MBI MOJy4YaeM HENPEPHIBHYIO 3aMKHYTYIO KPHUBYIO B HHTYHUTHBHOM
IIOHUMAaHUM STHUX CJIOB. HempepplBHOCTh JMHUM MNOHUMAEM, KAaK BO3MOYKHOCTH
HAaYepPTUTh €€, HE OTPBIBASICh OT IUIOCKOCTH, & 3aMKHYTOCTh — KaK BO3MOKHOCTb,
MPOJBUTASICH B OJHOM  HAIpPaBICEHHHM, BEPHYTbCA B HUCXOJAHYK)  TOUKY.
MaremaTu4eckoe ONHCaHWE HENMPEPBIBHOCTH W 3aMKHYTOCTHM JIMHUM Mbl HE
paccMaTpUBaEM.

B paMkax AMHaMHU4YECKOW MaTEMAaTHUKW MHOTHE MOHATHS M TEOPEMbI CTAHOBSITCS
VISl yYalIuXxcsl «BUAUMBIMKI» U «OcsA3aeMbIMU». [lapamielbHO YYEHUK YUYUTCSA
UCIIOJIb30BAaHUIO KOMITBIOTEPHBIX TEXHOJIOTHM HE TOJIbKO B OOY4Y€HUH, HO W IpHU
PELIEHNH UCCIIEIOBATENIbCKUX 3a/1a4.

Peurenve 3ajaun B TMHAMUYECKON MAaTEMATUKE NPOXOJUT TPU CTYIICHHU:

1) 'eomeTpuueckoe MOAEIMPOBAHNUE YCIOBHS 3aJ]a4l Ha KpaHe KOMIIbIOTEpa.

2) Pemenue 3a1aun Ha 3KpaHe ¢ UCMOJIb30BAHUEM BO3MOKHOCTEH aHUMAIUU.

3) [locTpoeHue MaTeMaTUYECKON MOJIENN PEIICHUs], YBUJEHHOTO Ha SKpaHe.



OpgHuM W3 TpeacTaBUTENIed KOMIBIOTEPHON COCTABISIIONIEH TUHAMUYECKON
MaremaTuku sBisietcs cpena GeoGebra. Kak ckazano B Bukunennu [19],
«GeoGebra — cBOOOAHO pacmpocTpaHsieMasl IMHAMHUYEcKasi FeOMeTpudecKkas cpeja,
KOTOpas JaeT BO3MOXKHOCTh CO3/1aBaTh YEPTEKH, B YACTHOCTH, C MCIOJIb30BaHUEM
MOCTPOEHUH C MOMOIIbIO IUPKYJsS U JuHelku. Kpome Toro, y nmporpammel Oorartbie
BO3MOXHOCTH paboThl ¢ QYHKIUAMH (MIOCTPOCHHUE IPAPUKOB, BHIYUCICHUE KOPHEH,
HKCTPEMYMOB, UHTETPAJIOB U T. J.) 32 CYET KOMaHJ BCTPOCHHOIO sI3bIKa (KOTOPBIH,
KCTaTH, MO3BOJSIET YHPAaBIATh M T€OMETpUYECKUMHU MocTpoeHusmu). [Iporpamma
HanucaHa Mapkycom XoxeHBapTepoM Ha si3bike Java (paboTaeT Ha OOJIBIIOM YHCIEe
oneparnoHHbIX cucteM). IlepeBenena Ha 39 s3pikoB. [lomHOCTRIO MOAAEPKUBAET
pycckuit si3bIK. B HacTosiee BpemMsi akTUBHO pa3padaThIBACTCSI.

Kommnbrotepnast cpena GeoGebra mno3BoisieT BH3yallU3UpOBAaTh MAaTE€MAaTHUKY,
MPOBOJUTH SKCIEPUMEHTHI M MUCCIEAOBAHUS MPU PEUICHUU MaTeMaTHYECKUX 3a]1ay
HE TOJBKO TIE€OMETpUYecKoro xapakrepa. OCOOEHHOCTBIO ATOW Cpeibl SBISIETCS
BO3MOXHOCTh CO3/IaHMsSI Ha DJKpaHe YepTex e, BBIMNOJHEHHBIX LHUPKYJIEM U
JUHENKOHN, MpUYeM, €CIM HEKOTOPYIO TOUKY uUepTeka MEepeMECTUTh (C MOMOIIbIO
MBIIIIKK) B JIPyrO€ MECTO, TO BCE€ 3aBHCHMbBIEC 3JEMEHTHI YepTeka M3MEHSIOT CBOE
MOJIOKEHHE TaK, YTO COXpAHSAETCA IMOCJIeA0BATEbHOCTh MOCTPOEHUSI YepTexka, a
3HAYUT B3aUMHAs MPUHAJICKHOCTh TOUYEK U MPSAMBIX U MAPAIIETBHOCTD MPSMBIX.
Ecnu, x mpumepy, no touke X W HEKOTOpOMY HaOOpy mapaMeTpoB (JJIMH OTPE3KOB,
paZnyCcoB OKPYKHOCTEW) C TOMOIIbIO HHCTPYMEHTOB, 3aJI05KEHHBIX B 3TOH CHCTEME,
nocTpoeHa 3aBucumasi Touka f(X), TO MOXKHO 3aJaTh aHUMAIUIO TOYKU X , TIpH

KOTOPOM 3Ta TOYKa OyJeT mepeMeniaThes Mo 3aJaHHOW JWHUM (HampuMmep, o OCH
abcmucc), B TO BpeMs Kak 3aBucumas Touka f(X), ocraBusis cien, Oyner

BBIYCPUYMBATH HEKOTOPYIO KPHUBYIO. DTO IO3BOJISIET MOMHMO TpaduKOB (PYHKITUH
BBIUCPUYMBATh JIMHUM, 3aJaHHbIC JUHAMUYCCKUMH OIPEACICHUSIMHU  (JUIHIIC,
runepOoIry, napaboiy, IMUKIOUTY, KapaHOU Ty, OBajasl KaccuHu, uccouy u ap.)..

C wmetommyeckoil Toukm 3peHus cpega GeoGebra Mmo3BosigeT co3laBaTh Ha
dKpaHEe KOMITBIOTEPA YEPTEKH, KOTOPhIC MOYKHO HCIIOIb30BAaTh HA Pa3HBIX CTATUAX
M3y4dCeHHUS y4eOHOTO MaTepuaa, OT YePTeKEH MILTIOCTPATUBHOTO XapakTepa (KHBBIX
TJIAKATOB) JI0 MCCIIENIOBATEIbCKUX depTekeid. OCOOCHHO MOYYHUTEIbHBIM SBIISCTCS
caM TIPOIIeCC CO3/IaHusI COOTBETCTBYIOIIETO PUCYHKA.

Takum o0pa3om, wucnons3oBanue cpeasl GeoGebra srocum OeudiceHue B
MpernojaBaHue MaTeMaTUKH. MOXXKHO, KOHEYHO, HWIHOPUPOBATh JTH HOBBIC
TUIAKTHYCCKUE BO3MOXKHOCTH W «Y4YUTh 10 cTapomy». Ho, kak cka3aHO B
aHTIMiickol mocioBuile, «A good example is the best sermon» B mepeBoje
«Xopomuii mpuMep — Jydiiee nmoydeHue» wim «Hudro He yOekmaer JroAcH mydine
IpUMEpPar.

KaxkoBa cioxkHocTh ocBoeHus cpeabl GeoGebra? Dta cpena npeacrapiseT coooi
«MAaCTEepPCKYI0 ¢ MHCTPYMEHTaMH» IO M3TOTOBJICHUIO aHMMAITMOHHBIX YEPTEKEH U
HAJ0 JIMIIb 3HATh IOJ] KAaKOH KHOMKOHN JICKHUT HYKHBIH HHCTpyMeHT. Hukakmx
CIICIUATBHBIX 3HAHHUH 10 TIPOTPaMMHPOBAHHIO HE TpeOyeTCs.

Jliss mepBoro 3HAKOMCTBa ¢ KommbloTepHO cpemoii GeoGebra wyurtaTento
npemaraeTcs oTKphITh ¢daiia B GeoGebra 1 BBIOTHUTE MPOCTEUIITUE YITPAKHEHUS,



AN

CMEJO0 HKCIIEPUMEHTUPYS U BHHUMATENIbHO YHUTasl MOSABIIAIONIMECS MOSICHUTEIbHbIE
Hagnucu. [lepBuuHble 3HaHUS, 3aJ0XKEHHbIE B ATUX YIPAKHEHUAX, B JalbHEHIIEM
no Mepe HaAoOHOCTH OyAyT MJOMOJHEHBl OMUCAHUSMU JPYTUX BO3MOKHOCTEH
JaHHOM KommbloTepHON cpeabl. (ns mocnenoBatenbHoro uizyuyeHusi GeoGebra
MO>KHO BOCIIOJIB30BaThCsl yUeOHBIM pecypcom [22]).

IIpo6Jiemoii HacTOSIIETO UCCIEI0OBAHUS SIBISETCS BbIsiBIEHUE 3 (PEKTUBHBIX C
npodeccuoHanbHO-TIeIarornyeckoi TOUKU 3peHusi GopM M METOJO0B OpraHU3aluu
y4eOHO-UCCNEOBATENbCKON  JIEATETbHOCTH  yYalllUXCsl B MpoIlecce H3y4eHUs
MaTeMaTUKH C UCTIOIb30BaHNEM HH(POPMAIIMOHHBIX TEXHOJIOTUH.

Pemenue 3Toi mpoOaemMbl COCTaBISAET 1I€JIb TAaHHOTO UCCIIEI0BAHMS.

O0bexkT wuccaenoBanus — «Meroauueckue OCOOCHHOCTH HU3Yy4YEHHUS
MIPOU3BOJHON W HCCNeoBaHUS (DYHKIIMU C MOMOILIBIO MPOU3BOJHON B IIKOJIBHOM
Kypce MaTeMaTHKN.

IIpeamer ucciaegoBaHusi — AUIAKTUYECKUE BO3MOXKHOCTU M3JI0KEHUS TEMbI
«IIpou3BogHass» B  IIKOJBHOM Kypce€ MaT€MaTUKH C  HCIOJIb30BaHUEM
nHdopmanonnoro pecypca GeoGebra.

Heanb ucciienoBanust — TEOPETUUECKH 0OOCHOBATH U MPEIJIOKUTH CPEJICTBA U
METO/Abl  OOyYeHHs C  HUCIHOJIb30BaHUEM  MHGOPMALMOHHBIX  TEXHOJOTHUH,
CIIOCOOCTBYIOUIME MOBBIIICHUIO YPOBHS YCBOSHHS ydalllMMCsl y4eOHOTO Marepuasia
no teme «Meroauueckue OCOOCHHOCTH HM3YyYEHMsI MPOU3BOJAHOW M HCCIEIOBaHUS
(GYHKUMY € TOMOILBIO MPOU3BOIHOM B IIKOJIBHOM KypCce MaTeMaTUKH.

I'mnore3a  ucciaenoBanusi: Mertoauueckue  OCOOCHHOCTH — M3YYEHUS
MPOU3BOJHON W HccheoBaHUS (YHKIMI C MOMOIIBIO MPOU3BOJHON B IIKOJIBHOM
Kypce MaTeMaTHKH, OIUPAOIIHecs Ha JMHAMUYECKHE BO3MOKHOCTH KOMITBIOTEPHBIX
Cpell, MOBBIIIAIOT YPOBEHb YCBOCHHUS 3HAHUM 1O YKa3aHHOU TeMe.

Jis  nocTWKeHUs] TIOCTAaBICHHOW WEeAM ObUIM ONpeAesieHbl  CIeAYIOIue
3a4a4u:

[Ipoananu3upoBaTh METOAUKY M3y4YE€HUs NMPOU3BOAHOW M UCClEeNOoBaHUs (QYHKUUN C
oMo1Ib0 ipou3BoHoM B [IIKM

BbIsiBUTH OCHOBHBIE MPOOJIEMBI U 3aTPYAHEHHSI IPU U3YUYEHUU TEMbI

OnpenenuTb AUJAKTUYECKAE BO3MOXKHOCTH KOMIBIOTEPHBIX Cpel Ui HU3yYeHUs
IIPOU3BOIHOU

[IpennoxxuTh METOIMKY U3Y4YE€HHS MPOU3BOJIHON C MCIONIB30BAHUEM KOMITbIOTEPHBIX
cpen

[IpoBecTH OMBITHO IKCHEPUMEHTATIbHBIC 3aHATUS B LIKOJIE U MPOAHATU3UPOBATH UX
pe3yibTar.

Pa3pabotath METOAUKY HCIONB30BaHUS KOMIbIOTEpHOH cpeabl GeoGebra mpu
nzydeHuu temMol «lIpousBoHas».

Metoabl ucciaenoBaHusi. M3yueHue mautepaTypsl MO TEME HCCIEI0BaHUA,
aHAJIU3 METOJUYECKMX MpoOJjeM, CO3JaHue JUAAKTHYECKOro Marepuaina u
anpoOMpOBaHUE €ro IyTeM MpOBEIEHUs 00pa30BaTEIBHOTO HJKCIEPUMEHTa C
noclieayrouei 00paboTKoM pe3ynbTaToB SKCIIEPUMEHTA.

Hayuynass noBu3Ha. Ha 0a3e wucnosnb3oBaHus HOBBIX HH(DOPMAIIMOHHBIX
TEXHOJOTUI C 1EeNbl0 yIydlIeHUs KadecTBa OOpa3oBaHUs CO3JaH  HOBBIM



TUIaKTHUCCKHi Matepuan mo Tteme «lIpow3BomHas W wcciieqoBaHue (PYHKIUU C
MTOMOIIBIO TIPOU3BOIHON» C MCIIOJIB30BAHHEM aHUMAIIMOHHBIX YEPTEIKEH CO3JaHHBIX
B cpene GeoGebra.

TeOpeTl/IquKaﬂ 3HAYUMOCTD. Hcnonb3oBaHue I/IH(I)OpMaI_[I/IOHHBIX
TEXHOJIOTUH B O6y‘{eHI/II/I MaTCMAaTUKE ABJIISICTCS HOBBIM Tpe6OBaHI/I€M BpECMCHHU H
HUMCCT IICPBOCTCIICHHOC 3HAYUCHHUC B COBpCMeHHOﬁ MCTOOAUKC IIPCIIOAaBAHUA
MaTCMAaTHKH.

IpakTuyeckasi 3HaunMocTb. CO3/ITaHHBIN JUAAKTUYECKUA MaTepuall TOTOB K
WCIIOJIb30BaHUIO B TIPAKTUKE COBPEMEHHOI'O IIKOJBHOTO YUYUTENs MaTeMaTHKu U
Oyner BocTpeOOBaH HE TOJBKO MPU M3YyYEHUU YYEOHOro marepuana, HO W TpuU
OpraHM3allMd  CaMOCTOSITEIbHOM  y4eOHO-MCCIEeIOBAaTENbCKOW  JI€ATEIbHOCTU
yUYalTUXCAL.

JloCTOBEPHOCTHL M O00OCHOBAHHOCTH TMOJYYEHHBIX Pe3yJbTATOB OTYACTH
OMHUpAETCS Ha MPOBEICHHBIA JKCIepuMeHT. PesynbraTthl gosoxkeHsl Ha Haydunowm
cemMuHape kadenpbl anreOpbl, TEOMETPUM M METOAUKH HX IPEToJaBaHMUs
KpacHosipckoro rocyaapcTBEHHOTO IeJarorndeckoro yHuBepcutera uM. B.IL
Acradnesa, 1. KpacHosipck, PO.

OcHoBHBbIE pe3yabTaThl pa00Thbl, BBIHOCUMbIE HA 3a1IIUTY:

1. AHanu3 METOJOJOTHYECKUX padoT MO HCCIEAOBAaHUI0 (YHKIUH C
MIOMOIIBIO TTPOU3BOTHOM.

2. JlupakThyecKUe BO3MOXKXHOCTH KOMIIBIOTEPHBIX CpEA NpPH HU3YYEHHUH
IIPOU3BOJAHOM U €€ IPUIIOKEHUN.

3. Meroauka U3y4eHHsl Ha4aJl MaTeMaTUYECKOr0 aHalIu3a ¢ UCIOIb30BAHUEM
KOMIIBIOTEPHBIX CPEX

4. OCcOOEHHOCTH OpraHu3aluu AESATEIbHOCTH YYAIIUXCS B KOMIIBIOTEPHOM
cpeze B IPOLIECCE N3YUYEHNS POU3BOIHOM.

5. MeToauka opraHu3aiy SKCIepUMEHTAIbHON paboThl IO M3YUYEHUIO TEMBbI
«MccnenoBanusi PyHKIMU C MOMOILIBIO MPOU3BOJHOW» C HCIOIb30BAHUEM
KOMIIBIOTEPHBIX CPEN.

Amnpobanusi padoTbl OpraHu3oBaHa B IIKOJax TI. AjmaTel U Ha Oasze
CTyJleHUeCKHX rpynn KpacHOSpPCKOro rocylapCTBEHHOIO — MEAAroru4ecKoro
yausepcureta uM. B.I1. Actadwesa, r. Kpacnosipck, PO.
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1. «OpTa MEKTENTE TPUTOHOMETPHSIIBIK TCHACYIEP MEH TeHCI3MIKTEP Il STy T1iH
omictemenik xyueci» // «Ilemaroruka >xoHe mcuxonorus» — Ne 4 (21). Anmartel, 2014, —
b.209-212 (A.E.O06inkaceiMoBa sxoHe A.C.MamyTOoBa OipJIeCTIKTE)



2. «/lnHaMUYeCcKuil KOMITBIOTEPHBIN «puTHeC» mamsatuy // XIV MexmyHapoaHas
Hay4YHO-TIpaKTHUecKas WHTepHeT-KoH(pepeHuusa «IIpobnemMpl U MEpCIEeKTUBBI Pa3BUTHS
HayKH B Hayajie TPEThEro TeicsaueneTusi B ctpaHax EBponsl u Azum», 30-31 mas 2015r.,
r. [lepescnaB-XMenbHunkuid, ¥Ykpanna.—184-187c. (coBmectHo ¢ A.C.MaMyToBOI)

3. «M3ydeHne mpoU3BOJHON B IIKOJIE C HUCIOJb30BAHMEM AHHUMAIIMU B CpeJle
GeoGebray // 1l  Bcepoccuiickoii ~ Hay4YHO-METOAMYECKOW  KOH(PEPECHIUU
«MHdopMaIimoHHbIe TEXHOJIOTUU B MaTeMaTUKe U MaTeMaTHYECKOM 0Opa3oBaHUM», 18-
20 Hos10ps 2014r., r.Kpacnosipck, P®. — 10-20c. (coBmecTtHO ¢ C.B.JlapuHbim)

Crpykrypa auccepranuu. Bo BBoHON yacTu HOpMyIHpYIOTCS LI€TH, 3a/1a4u
UCCIICZIOBAaHUsl, OOOCHOBBIBAETCA €ro 3HAYMMOCTb. [71aBa 1 mocBslleHa aHaIU3y
METOJUYECKOM NpoOJeMbl, a B IJIaBe 2 MPEACTaBICHO H3JI0XKEHHME MaTepuaia ¢
WCIOJIb30BAHUEM AaHUMAIIMOHHBIX YEepTeKeH, CO3JaHHBIX B KOMIBIOTEPHOW cpenie
GeoGebra. B Ilpunoxenussx A u b ganbsl pa3paboTKu JByX YPOKOB MO TeMeE
uccienoBanus, a B npwioxeHun C (Ha qUCKe) MpeacTaBieHbl (aiibl, CO3AaHHbIE B
KomnbloTepHO cpene  GeoGebra, KOTOpblE HCHONB3YIOTCS TPU  U3JI0KEHHUU
MaTEMaTUYECKOr0 MaTepHuaa.

Cnucoxk nurepatypsl coaepxkuT 20 Ha3BaHHM.



I'naBa 1. AHAJIN3 METOJIUK U3YUYEHUS TPOU3BOJHON U
WCCJIEJJOBAHUSA ®YHKIIMH C IOMOIIBIO TPOU3BOIHOM B
HIKOJIE

1.1 MecTo u 3HaYeHHe U3YUYEeHHS NMPOU3BOJIHOM B IKOJbHOM Kypce MaTeMATHKH
IIpy u3ydeHuun 3JIEMEHTOB aHaIM3a B LIKOJIE OCHOBHOE BHHUMAaHHUE YACIACTCS

MPOU3BOJTHON M TIEPBOOOPA3HON. DTO CBA3aHO C IIMPOKUM HCIOJB30BAHUEM ATUX
MOHSATUN KaK B IIKOJLHOW MaTeMaTHKe, Tak U B (u3uke. B MaTemaTrke mpou3BoIHAS

aKTUBHO HCIIOJBb3yeTCs TpH HCcleqoBaHUM (YHKIMM, MepBooOpa3Has — TMpu
BBIUMCIICHUU IUIOIIAJed KpuBoJduHEWHbIX ¢uryp. B  bBoubmoit CoBerckoit
SHIMKJIONEINN HamucaHo: «MareMmatuyeckuil aHanu3 — Hayka paOoTtaromas ¢

uccienoBanueM (QyHKuuil; nuddepeHnranbHOe M UHTErpaibHOE HCUHUCIEHUE —
HayKa HCCIeAylollas UHTerpupoBaHue U AuddepeHnupoBanre GyHKUUNA, a TaKxke
pemienue nudepeHIuanibHbIX U UHTETPAJIbHBIX YpaBHEeHU» [20].

CHauana mnepeyucliIUM BCE HOBBIE MOHATHS aHalu3a BBOJUMBIE B Kypce
MaTeMaTuKH cTapiieid obuieoOpazoBatenbHOil MKOIbl. C OJHOW CTOPOHBI, MOHATHE
(GyHKUMU SBISETCS «KIIIOUYEBBIM», C APYTOW CTOPOHBI, €CTh TPEOOBAHKUE BKIIOUEHUS
NOHATUN TudPepeHIaTbHBIX U UHTETpalbHbIX HcunciaeHud. OTcioga B OCHOBHbBIE
MOHATHUS 3JEMEHTOB MaTeMaTHYEeCKOro aHajiu3a OTHECEM IOHSTHS, CBSI3aHHbBIE C
b depeHnrnaTbHBIMU U MHTETPAJIbHBIMU UCYUCIICHUSIMU, @ UMEHHO:

- IIpeZies OCIIE10BAaTEIbHOCTH;

- OIPaHUYEHHOCTb MOCJIEA0BATEIBHOCTH;

- TPaHULIA TIOCTIEI0BATEIBHOCTH;

- OKPECTHOCTb TOUYKH, PAJINYC OKPECTHOCTH;

- CXOZIIMECS MTOCIIE0BATEIBHOCTH;

- CBOIiCTBa mpeAenoB (Mpenesa CyYMMbl paBeH CyMME IIPEJEIIOB; Mpeaes
IIPOU3BEJICHUS] PaBEH MPOU3BEACHUIO IPENEIIOB; IPEJEN YaCTHOTO PaBEH YaCTHOMY
MPEeIeNIOB; MOCTOSIHHBIA MHOXKHUTENb MOKHO BBIHECTH 32 3HAK Ipejienia);

-nipefien PyHKIMU Ha OECKOHEUHOCTH;

-npefen (yHKIUU B TOUKE;

-HenpepbIBHAs QYyHKIINS;

-TpupalleHre apryMeHTa u rnpupaiieHue QpyHkiuu;

-IIPOU3BOIHAS;

-popmyinbl AuddHepeHInpoBaHus;

-npaBuiia AuddepeHunpoBaHus (BKIOYAET 5 TEOPEM)

-ypaBHEHUE KacaTelbHON K rpa@uKy GyHKINU;

-uccienoBanue GyHKUMU Ha MOHOTOHHOCTD;

-TOYKHU IKCTpeMyMa (DYHKIMHU U UX HaXO0KJI€HUE; HAXO0XKIEHUE HauOOIbIIEro U
HAaMMEHBIIEro 3HaYeHU! HEeMPepBhIBHON (DYHKIIMH HA IPOMEXKYTKE;

OmnpeneneHuss OCHOBHBIX OHSTHI:

- Ecnu kaxnoMy HaTypajibHOMY YMCITy 72 TIOCTaBJIEHO B COOTBETCTBUE HEKOTOPOE
BEIIECTBEHHOE YUCJIO X,, TO TOBOPSIT, YTO 3aJjaHa YuUC108as



noCed08amenbHOCMb  X,,X,,...X,,... . KpaTKO OHa 0003HA4YaeTCsi CHMBOJIOM
{xn }, ne N, x, Ha3bIBalOT N-M WICHOM I0CIe10BaTeNbHOCTH. COBOKYIHOCTb 3TUX
YHCell Ha3bIBAIOT MHOKECTBOM 3HAYEHUH I1OCJIE0BATEILHOCTH.

CYH_ICCTBYCT HECKOJBKO CITOCOOOB 3aJaHus YUCJIOBBIX MOCIEA0BATECILHOCTEH.

1. TlocmenmoBaTenbHOCTH MOXET OBITH 3aJaHa Tpu  ToOMOImH  (GOPMYJIBI,
(_l)n )
)
2. Yacro mocneaoBaTeNbHOCTh 3a/a€TCsl MPHU MOMOIIU PeKypPPEeHmHOU (opmyvl,
MO3BOJISAIONIEH OMNpEeNeTUuTh KaKIbIH YJieH TOCJIEeI0BATeIbHOCTH IO OJHOMY WIJIH
HECKOJIbKUM MPEIBIAYIIUM; TTPU ATOM HEOOXOAUMO 3aJIaHUE OJTHOTO WIJIM HECKOJBKUX
MIEPBBIX YJIEHOB MMOCJIEJOBATEILHOCTH. K TaKOBBIM
OTHOCSTCS apuMEeTHIECKasi U TeOMETpUUeCcKas MIPOTrpeccuu WIIH,
HarpuMmep, nociedosamenbhocms Quoonauuu, 3anaBaeMas hopmyon

HOBBOJISIIOH.ICﬁ BBIYUCIINTD Ka)KI[BIﬁ €C YICH I10 HOMCPY (HaHpI/IMep, X, =

n

X,., =X, +x, OpAd n)0 ¥ ycCIOBUsAMHU x| = 1, x, = 1.

3. NHorma mocnenoBaTebHOCTh 3aJa€TCS ONUCAHUEM €€ WICHOB, Halpumep,
MOCJIEI0BATEILHOCTD, Y KOTOPOH X, paBEH n-My 3HAKY IOCJE 3aMsITONl B JIECATUUHOM
3aMmcu yucaan = 3,14159265358979323..., 3ajiaeTcs CIEAYIOUIUM
O6p330M1X1 = 1,X2=4,X3= 1,X4=5,X5=9,X6=2,X7=6,X8=5,X9=3,X10=5 u

T. 1.

- Uucno b HazwiBaeTcs npenenom yHkiuu f(x) B Touke x=a, eciu Jyis JitoOOro yucia
e>0 Haiimercs Takas OKPECTHOCTb TOYKHM X=a, YTO HJis JIIOObIX X(X#a) U3 ITOU
OKpPECTHOCTEH BBINOJIHAETCS HepaBeHCTBO [f(X)-b|< € u 3anuckiBaeTcs: lim f(x) =b

xX—a

- TlocnenoBaTenbHOCTD {x,} HA3BIBAETCS OTPAHMYEHHOM CBEPXY, €CJIU CYIIECTBYET
TaKoe YUCJIO0 M e R, 4TO JJisl 1t000ro HoMepa n,x, < M
TToCIIeI0BATENBHOCTD {x, | HAa3BIBAETCS OTPAHMYEHHON CHH3Y, €CJIM  CYLIECTBYET
TaKO€ YUCIIO m e R , 4TO JIs J1to0Oro HoMepa n,x, > M
[Tocnen0BaTEnbHOCTD {x,} HA3bIBAECTCSA OTPAHUYEHHON, €CIM OHA OrpaHMYCHHAS

CBEpPXY M OTpaHMYEHHAs CHHU3Y, TO €CTh CYIIECTBYET TaKOE YUCIO M >0, YTO IS
mo0oro HOMepa n,| x, [< M

ITocnenoBaTenbHOCTD {xn} Ha3bIBaCTCA HCOFpaHHqCHHOﬁ, CCJIn JJIA JIF0O0T0

yuciaa M >0, 4TO CyIIECTBYET TaKOW HOMEpP 1 , 4TO x, > M

1. Ha wu4ucnoBodt ocu okpecmuocmb TOUKM — JIO00H UWHTEpPBaI (OTKPBITHIM
MPOMEXKYTOK), COJAEpXKAIIMKA JTaHHYK TOYKY. B YacTHOCTHM OTKPBITHIA (HE
coAaepKalui  T'paHWI) TPOMEKYTOK (a— O;a+ O) ¢ TIIEGHTpOM B

TOYKE a Ha3bIBACTCS 0-OKPEeCMHOCHbIO TOYKH a (TIOJ0KUTEIBHOE YHCIO O — paguyc
O-OKPECTHOCTH).

2. B n-MepHOM TPOCTPAHCTBE OKPECTHOCTh TOYKH — JIFOOAs 00JacTh, Cojep Kaliast
JAaHHYIO TOYKY. B 9acTHOCTH COBOKYHMHOCTh TOYEK M(Xx{; X2; ...; X,), KOOPAUHATHI



KOTOPBIX YIOBIETBOPSIFOT HEPABEHCTBY, | (x, — @) + (X, = a,) +...+(x, —a,)* <&

Ha3bIBaeTCs MIapoBOM (chepuueckoit) O-OKpEeCTHOCTBbIO TOYKM A(aj; az; ...; a,) —
OKpPECTHOCTHIO paauyca O. MHave ToBops, yKka3aHHOE MHOKECTBO TOUeK M oOpasyer
B 7-MEPHOM IIPOCTpPAHCTBE (OTKPBITHIN) IIap paamyca O C HEHTPOM B TOYKe A.

MHoxecTBO Touek M(x1; X2; ...; Xn), KOOPAUHATHI KOTOPBIX YJIOBIETBOPSIOT CUCTEME
HEpPABEHCTB

| X —a <9,

| x, —a, [< 6,

|x,—a,l<0o,,
Ha3bIBACTCS MapaJlieenuIeIalibHOW OKPECTHOCTRIO TOUkU A(al; a2; ...; an). Nnaue:
yKa3aHHOE  MHOXECTBO  TOo4YeK M oOpa3yeT B n-MEpPHOM  IPOCTPAHCTBE
napasuiesIeune c LEHTPOM B TOYKE A.
3. OkpecTHOCTh TOYKHU A B METPUUECKOM TMPOCTPAHCTBE — Jtobas  00J1acTh,

conmepkaiiass Touky 4. B wacTHOocTH Bce TOUYkHM M, pacCTOSHUE OT KOTOPBIX 0
TOYKU A MEHBIIIE HEKOTOPOTO MOJOKHUTEITBLHOTO Ynciia §, 00pa3yroT ee (T.e. TOUKU A4)
chepuueCcKyr0 OKpPECTHOCTD paanyca O ¢ EHTPOM B TOUKE A.

- CyImiecTByeT TpH ONpeAeTiCHUs CXOasimeiics Mocae10BaTeIbHOCTH:

1. [Tocnen0BaTEnbHOCTD {x, | HA3BIBAETCS CXOMAAMIEIHCS, ECIIH CYIIECTBYET

YUCIIO a TaKOC€, YTO IIOCICA0BATCIbHOCTD {xn —a}HBJIHeTCSI OECKOHEYHO MaJIOii. HpI/I

3TOM YMCJIO ¢ HA3bIBACTCS MPEAEIIOM MOCIIEI0BATEIBHOCTH.
2. TToCIIeI0BATENBHOCTD {x, | HA3BIBAETCS CXOMSAIIEHCS, €CIIM CYIIECTBYET TAKOE
YHCIIO a, YTO JJIs JII000T0 ¢ >0 MOYKHO yKa3aTb TaKOi HOMEp N, 4TO Ipu

BCEX 7> N BBINOJIHAETCS COOTHOIICHUE | x, —a|<¢ . [Ipu 3TOM YUCIIO a Ha3bIBaeTC
IPEJIETIOM MOCIEA0BATEIbHOCTH.

3. TToCIIe10BATENBHOCTD {x, | HA3BIBAETCS CXOMSAIIEHCS, ECIIM CYIIECTBYET TAKOE
YUCIIO a, YTO B JIIO0OM & -OKPECTHOCTH TOUKH a HAXOJATCS BCE DJIEMEHTBI
NOCJIEA0BATENBHOCTH, HAUMHASI C HEKOTOPOTO HOMEDA.

- 1° TIlpenen cyMMbI/pa3HOCTH JBYX (YHKUMH paBeH CyMMe/pa3HOCTH
UX MPEEIIOB:

lim[ f (x) + g(x)]=lim f(x) + lim g(x)
2°  llpenen mnpousBeAeHUs ABYX (YHKIUI paBeH NPOU3ZBEACHUIO HUX
MMpCaciioB:
lim[f(x) - g(x)]=lim £ (x)-limg(x)

3° TIlpenen yacTtHOro ABYX (DYHKIMI paBeH YAaCTHOMY HMX MPEAENIOB, IpPH
YCIIOBUH, YTO IPCACT 3HAMCHATCIIAA HC PABCH HYJIO!
lim f(x)
TG =i T S
xX—a g(x) llmg(x) xX—>a
xX—>a

4° KoHCTaHTy MOKHO BBIHOCHUTbH 3a 3HAK IIpejena:



lim[c- £(x)]=c-lim £ (x)
xX—a xX—>a
5° Hpenen CTCIICHHU C HATYPAJIbHBIM ITOKA34TCJICM PABCH CTCIICHU IIPCACIaA:

lim{/(0)] = (lim / (x))",n e N

[IpoBeneM CpaBHUTENBHBIM aHaIM3 caMmblXx HOomyJsipHbix B P® u PK
y4eOHUKOB.  JTO COOTBETCTBEHHO Y4Y€OHUKH cCTapiiei o001eo0pa3oBaTeibHOM
mkoiael A.I'. MopakoBuda «Anredpa u Hauana aHanuza. 10-11 kmaccel» (yueOHUK)
[3] u A6sikaceiMoBoit A.E. u n1p. «Anrebdpa u Hauana ananuza. 10-11 kimace» [2].

[lo wnamemy MHeHuI0, B YyueOHuke MopakoBuua A.I'. TeopeTHueckuit
Marepuasl IO BBEJICHUIO TOHATHH MaTeMaTHYEeCKOro aHajiu3a NpPeasioKeH Ha
JOCTYITHOM YPOBHE, YUYEHUKH MOTYT CaMOCTOSTENbHO 3HAKOMUTHCS C MaTepUalioM,
pa30upaTh NpUMEphI, KOTOPbIE MPEAJIOKEHBI B yUeOHUKE, U ONUPAsICh HA HUX PEIIATh
3a/layu, TMpejsiaraéMble B 3aJayHUKe. 3aJauyd MpPEaJIOKEeHbl Pa3HOro ypOBHSA
CJIIOHOCTU M B JOCTATOYHO OOJBIIOM KOJIMYECTBE, peliaTh KOTOpbIE B IMOJIHOM
o0beMe MmpocTo He xBaraeT BpeMeHu. C Jpyroil CTOPOHBI, Y YUUTENs BCEraa ecThb
BO3MOXHOCTh JIOMOJIHUTENIbHO I03aHUMAThCA CO IIKOJIbHUKAMH WM Hauboliee
YCIICIIHBIM IO MAaTeMAaTHKE MIKOJIbHUKAMU, MPEIJIOKUTh TOTOJHUTEIbHYIO paboTy
Ha YpOKE€ M B JOMAIIHEM 3aJaHuU. Y4eOHUK AOBUIKACBIMOBOM U JIp. pacCuMTaH Ha
oOydyeHre Ha 0a30BOM U MPOPUIBHOM YPOBHSX, 4YTO T[O3BOJIAET YCHEIIHO
OpraHu3oBaTh paldOTy C ydYallUMHCS pPa3IUYHOrO0 YpOBHS MNOAroToBKU. Ho
CYLIECTBYET BOMPOC: MOXKHO JIM HAMUCaTh OJIMHAKOBO JOCTYIHBIM SI3bIKOM JIJIsi
IIKOJIBHUKOB Kak 0a3oBoro, Tak v npoduibHOro ypoBHsi? B uenom, yuyeOHUK
HAlMCaH JIOCTYMHBIM JJIi Y4YalluXcsl $I3BIKOM, COJEPKHUT OOJIbIIOE KOJIUYECTBO
IPUMEPOB K HM3ydyaeMbIM (OpMyJlaM U OCHOBHBIM 3a/ladyaM. YUYEOHUK COJEPKHUT
MaTtepHal Jisl IOMOJIHUTEILHOTO TOBTOPEHUSI.

1.2 TemaTn4yeckoe MJIAHMPOBAHUE
UTtoObl  MOHATH, KaK  pachapenensercs  y4eOHbId  Marepual, IpHUBEIAEM
COOTBETCTBYIOIIIHNE BBIJICPKKH U3 HA3BAHHBIX YUYCOHUKOB.

VYuebnuk A.I'. Mopakosuua [3].

[MTPUMEPHOE TEMATUYECKOE ITIVNTAHPOBAHUE
I BapuanT — 4 4 B Hegemto, Il Bapuant — 5 4 B Henento, Il BapuanT — 6 4 B HeAENIO

Tabnuua 1
N3yyaemblii MaTepuan KonmyecTBo yacoB
Bapuant
I | o | 1

I'naga 1. JEUCTBUTEJIbHBIE UMCJIA

()}

§ 1. HaTypanbHble U Lenble ynciia 3 4

§ 2. PanmoHanbHbIC YuCia 1 2 2




§ 3. UppannoHaibHble yucia 2 2 2

§ 4. MHOX€ECTBO JIEHCTBUTEIBHBIX YUCET 1 2 3

§ 5. Moaynb AeHCTBUTEIBHOTO YHCIIa 2 2 3

KontponbHas pabora Nel 1 1 1

§ 6. MeTto1 MaTeMaTUYECKON MHIYKIIUU 2 3 4

Uroro: 12 16 20
I'maga 2. YNCJIOBBIE ®YHKIIMN

§ 7. OnpeneneHue YMCIOBOM PYHKIIUU U CLIOCOOBI €€ 2 2 3

3a/IaHus

§ 8. CpoiicTBa hyHKIHI 3 3 4

§ 9. llepuonuueckue GyHKIUN 1 2 3

§ 10. ObpartHas hyHKIMS 2 3 4

KontponbHas pabora No2 1 1 1
Uroro: 9 11 15
I'nmaa 7. IPON3BOJHAS

§ 37. UncnoBkle MOCIEA0BATEILHOCTH 2 3 3

§ 38. Ilpenen yncnoBoM MOCIEI0BATEIbHOCTH 2 2 3

§ 39. Ilpenen dhyukiuu 2 3 4

§ 40. Onpenenenue Nporu3BOIHON 2 2 2

§ 41. BeiunciieHne nNponu3BOAHBIX 3 4 5

§ 42. IuddepenunpoBanue CI0KHON (YHKIUH. 2 3 3

HuddepenumpoBanue o6paTHol QyHKIMH

§ 43. YpaBHeHue KacateiabHOU K rpaduky QyHKIMH 3 3 4

KontponbHas pabora No7 2 2 2

§ 44. IIpuMeHeHne TpPOU3BOIHOM JJIs1 UCCIIEIOBAHUS 3 4 5

byHKIMiI

§ 45. Tloctpoenue rpadhukoB GhyHKIUN 2 2 3

§ 46. [IpuMeHeHne TPOU3BOTHOM ISl OTBHICKAHUS 4 5 6

HauOOJBIINX U HAMMEHBIUX 3HAYCHUN BETUYUH

KontponbHas pabora No§ 2 2 2

Uroro: | 29 35 42

VYueOHuk A. AOBLITKacCBIMOBOM [2].

COJIEPYKAHUE

N3yyaemslii MmaTepral

I'nasa 1. DYHKIM, EE CBOMCTBA U TPADUK

1. dyHKIMS ¥ CIOCOOBI €€ 3aaHus

2. Ilpocreiine npeoOpa3zoBanus rpadukoB PyHKIIHIA

3. CpoiicTBa GhyHKIUU

§
§
§
§

4. VccnenoBanue GyHKIIMU U TIOCTPOEHHE ee Tpaduka




[TpoBepsb cebs!

YTO0 BBI YCBOMJIM U3 3TOM TJ1aBBI

I/ICTOpI/I‘{CCKI/IC CBCIACHUA

I'maBa 4. [IPOM3BOJJHA

§ 10. [lonsTre npenena GyHKIUU B TOUKE U HENPEPHIBHOCTh (PYHKIIUU

§ 11. Onpenenenue npor3BOJHON

§ 12. TlpaBuiia HaXOXKAEHUS NPOU3BOAHBIX

§ 13. ®usnyeckuii U reOMETPUUYECKUI CMBICI MPOU3BOIHOM. KacaTenbHas k
rpaduxy QyHKIUn

§ 14. IIpousBoaHast CIOXHON QYHKIIMU

§ 15. [Ipou3BoiHbIE TPUTOHOMETPUYECKUX (DYHKIIUN

§ 16. IlpubamkeHHbIEC BEIYUCIICHUS

[TpoBepsb cebs!

YTO0 BBI YCBOWJIM U3 3TOM IJ1aBBI

I/ICTOpI/I‘ICCKI/IC CBCIACHUA

I'naga 5. IPUMEHUWE ITPON3BOJITHOM

§ 17. Ilpu3naku Bo3pacTanus U yObIBaHUSI (HYHKIUU

§ 18. Kputnyeckue TOUKH U SKCTPEMYMbI (DYHKIIUU

§ 19. MccnenoBanue pyHKIMH ¢ TOMOIIbIO IPOU3BOAHOM U IIOCTPOEHUE €€
rpaduka

§ 20. HaubGonpIiee 1 HauMeHblllee 3HaYeHUs] QYHKIUU

[TpoBepsb cebs!

YTO0 BBl YCBOWJIM U3 3TOM TJ1aBBI

I/ICTOpI/I‘IeCKI/Ie CBCIACHUA

1.3 OcHoBHBIE MeTOANYECKHE MIPOOIEeMbI

VICTOYHMKOM TEpPMMHA MemoOouxa SIBISIIOTCS TPEUYECKUE CIIOBA Memoo, nymb.
ITon TepMUHOM Memoouka, B IIUPOKOM CMBICIIE CIIOBA, IOHUMAETCSI COBOKYITHOCTb
METOJI0B MPAKTHUUYECKOTO BBIMONHEHUs uero-nubo. B obpasoBarenpHOM mpolecce
TOT TEPMHUH NPHUMEHSETCS K ONpPEIEICHHOMY TMPEIMETHOMY COAEP>KaAHUIO.
CrnoBocouetanue memoouxa oOyueHus mamemamure WUCIOIb3YETCS CETOAHS AJis
0o00O3HaueHUs1 Kak Haykd, TaK M Y4yeOHOro mpeIMeTa, KOTOPbIH pean3yer
MPOrpPaMMBbI CPEIHETO U BBICILIETO MEe1arorndyeckoro 00pa3oBaHus.

Jlo 80-x romoB MpouIIOr0 BeKa KypC METOJIMKH OOy4YeHUs MaTeMaTHKe
Ha3bIBaJIcs «MeToarKa npenojaBaHus MaTeMaTukny. HoBoe Ha3BaHUE aKIEHTUPYET
BHUMAaHHME Ha JBYCTOPOHHOCTH Ipoliecca OOy4deHHs, B KOTOPOM MpPEeBATUPYIOT
CyOBEKT - CYOBEKTHbIE OTHOIIEHHUS. MeToIUKy 0O0y4eHUs MaTEeMAaTHUKE Ha3bIBAIOT
takke «llemarornka Marematuku», «JlugakThka MaTeMaTUKu». OTH Ha3BaHUS
BBIPAXKAIOT KOHIIENTYaJIbHbIE MOAXObl YUEHBIX-METOJUCTOB K PACKPBITUIO MPOOIIEM
npolecca 0o0ydeHus: mMaTemMaTuke. Meroauka oOydyeHHs MaTeMaTUKEe — OJHA U3
obnacrell mneparorndecko Hayku. OHa HCCIEIyeT 3aKOHOMEPHOCTH OOyuYeHUs
MaTeMaTuKe B COOTBETCTBUU C IOCTABICHHBIMU OOIECTBOM YYEOHBIMU LIEISIMH,



YUUTHIBAIOIIUMHA COBPEMEHHBIN YPOBEHb Pa3BUTHs HAYKH MaTeMaTUKdA. MeToauka
o0yueHUsI MaTeMaTHKE JTOJDKHA OTBETUTH HAa TPH B3aUMOCBSI3aHHBIX BOIIPOCA:

Hna ueco obyuams mamemamuxe? (BOIPOC yeneg020 KOMIIOHEHTA, KOTOPBIHA
OTpe/eNsieT KOHEYHBIH pe3yabTaT M OCHOBHBIC HAMPABICHUS IOCTH)KCHHS ITOTO
pe3yibTara).

Ymo uzyuamsv? (ComepkaHHE) M3 TEOPETHUECKUX OCHOB MAaTEeMaTHKUA M IO
KaKoW TIOCJIeIOBATeIbHOCTH, IO KAakOMY TMOpSaKy? (BOIpPOC COAEpKAaTeIbHOTO
KOMIIOHEHTa, TPEACTABISIONINN aJanTHPOBAHHBIA  OOIIECTBEHHO-UCTOPHUECKUN
OMBIT B O0JIACTH MaTEMaTHKH, KOTOPHIM JOJKCH OBIAJETh YUYEHUK B IPOIECCE
oOy4deHus).

Kax  obyuams  mamemamuke?  (BOMPOC  MPEeIMETHO-IIPOIECCYaTbHOTO
KOMIIOHEHTA, KOTOPBII OMpeesieT MeTOIbI, JOPMBI U CPEJICTBA OOYUCHHS).

[lepen metoawkoii OOydeHHs MaTEeMaTHKE CTOST CIEAYIONINE KOHKPETHBIC
3a/1aun:

® oOmnpe/eNeHre Imelieii MaTeMaTHIecKoro o0pa3oBaHMs B IIEJIOM U 1O YPOBHSM
o0pa3oBaHus (HA4aJIbHOTO, OCHOBHOTO CPETHETO M OOIIEro CPETHETO);

e pa3paboTKa cCoaepKaHUs U CTPYKTYPHI MIKOJLHOTO Kypca MaTeMaTUKH;

® IBYYCHHE CYIIECTBYIONIMX METOJOB M (QopM OOydeHHS MaTeMaThKe, HX

TEOpeTHIeCKoe 00OCHOBAaHHUE M pa3pabOTKa HOBBIX;

e pa3paboTka y4eOHBIX H3JAHUH W METOJAMYECKUX TIOCOOMU ISl yUUTEINs

MaTeMaTHKH, arpoOaIus uX Ha TMPaKTUKE;

e paspaboTka CpeacTB OOydYeHHsT MaTeMaTHKE, B TOM YHCIIE TEXHHYECKUX

CpeICTB 00y4YeHUs, MX MPOBEPKA HA MPAKTHUKE;

® HCCJIEeIOBaHUE BOIIPOCOB CaMOOOYUICHHS MaTeMaTHKE.

dyHmaMeHTaIbHOU OCHOBHOM OUIAKTUKA MaTEeMaTHKH  SBISIOTCS
pa3BUBaOIIMECs MaTeMaTHueckue Haykd. OHHU HETMOCPEICTBEHHO COACHCTBYIOT
pPa3BUTHIO IIKOJBHOTO Kypca MaTeMaTWKH, OOHOBJICHHIO €€ COJAep KaHUS.
Matematuka 1 00yueHUs] MAaTEMATHKE UCTOPUIECKH B3aUMOCBSI3aHbI, TAK KaK OJJHUM
U3 OCHOBHBIX YCJIOBUH IKHU3HEACSITEIBHOCTH OOINECTBA SBISETCS Tiepeaava Hu3
MOKOJICHHSI B TIOKOJICHWE HAyKH W 3HAHWH, T.e. (OpPMUPOBAHUE 0Opa30BaTEIBHOMN
Tpamuiuu. B wurTore Bce 5TO BIMBAECTCS B BOMPOCHI MEJArOTMKH M METOIUKH.
Hanpumep, B o01iecTBe MaTreMaTHYeCKUMH MUCHbMEHHBIMH TTAMSITHUKAMHY SIBIISTFOTCSI
nanupycel, HamucanHele B Erunte 4-5 ThIC.JIET TOMYy Hazaa. B 3THX JOKyMeHTax
MOJKHO BCTPETUTH HapsAy ¢ apuPpMETHUYCCKHUMH, T€OMETPUICCKIMH 3aJjaqaMi U HX
pellleHus] B BUJE CTaHAAPTHBIX MPaBWI, 3aHUMATEIbHBIC 3a7a4d VISl MOBBIIICHUS
MHTEepeca ydamuxcsi. MHOTOBEKOBas HCTOPUS METOAMKH OOYUeHHsS MaTeMaTHKe
CBUJICTEIBCTBYET O TOM, YTO COJIEp)KaHHE OOYYCHHsI MaTeMaTHKE IOJBEPraaoch
W3MEHEHHWIO HauWHas OT IMPOCTOTO CYeTa JaBHUX BpPEMEH N0 Cc(HOpMHpPOBAHHBIX
CHCTEM MAaTeMaTHYECKUX TUCIUIUIMH (HadyaldbHBIH Kypc apu(METHUKU C dJIEMEHTAMH
HATJTISITHOW TeOMeTpHH, apudMeTHnka, anreOpa, TUIAHUMETpPHUS, CTEPEOMETpUs U
CHUCTEeMaTUYECKUH KypC TPUTOHOMETPHN).

C HakoIJICHWEM MaTeMaTHYeCKWX 3HAHWW W HaBBIKOB, YIIIYOJIGHHEM H
pacIIipeHneM UX COJCPKAaHUS U3MEHSIOTCS, YCIOXKHIIOTCS BOIPOCH MPETOAaBaHuUs
U HW3y4YCHHS, TEM CaMbIM TIOSBISIOTCS HOBBIE METOAMYECKHE MpuMephl. CaMpblii



CJIOXHBIA BOIMPOC, KOTOPBIA CTAaBUTCS NEpe] METOJUKOM MaTeMaTUKH, - OTOOp
colepkaHusi, T.e. mpobOieMa  TIIATEIBHOTO  BbBIOOpA M3  HAKOIUIEHHOIO
MaTeMaTUYecKOro  Haclequsi TOro  COAEp)KaHUsA, KOTOPOE€  COOTBETCTBYET
TpeOOBAaHUSAM COBPEMEHHOCTH, BO3MOXHOCTSIM MBIIIJICHUAS YYalluXcs U HX
cnocoOHocTsIM. B aTON CBsI3M colepkaHUE MpeaMera MaTeMaTUKH IOCTOSHHO
HAaXOJUTCS B W3MEHEHUM. OTH H3MEHEHHs SBISIOTCA CICACTBUSIMU CIEAYIOLIHUX
OCHOBHBIX ITPUYHH:

a) paclmMpeHue ydeOHBIX I1eJeil M MpeabsABIsSEeMble K IIKOJE HOBBIC
TpeOOBaHUs, CBSI3aHHBIE C PA3BUTHEM OOIIECTBA UM €r0 TEXHUKO-3KOHOMHUYECKOU
NOTPEOHOCTHIO;

0) HEnmpephIBHOE Pa3BUTHE MAaTeMAaTHYECKOW HAyKH, MOSBJICHUE B HEH HOBBIX
MpeIMETHBIX 00acTei;

B) yCHJIEHHE OOIIEro pa3BUTHS yYalIUXCs, PACKPBITHE HOBBIX BO3MOKHOCTEN U
rpaHel MO3HaBaTENbHBIX CIIOCOOHOCTEN AeTel U MOAPOCTKOB B MPOLECCE Pa3BUTHUS
00I11eCTBa;

I)  pa3BUTHE TNEJaroruyeckol M METOJAMYECKOM HayK, HCIOJIb30BaHUE
nepenoBoro omeita MHOrux mkois. Hampumep, 25-30 jmer ToMy Hazaa B COCTaBe
NpEeIMETOB  IIKOJIBHOW  MaTreMaTHKd  ObUIM  MOpPeaMeThl  «apu(MeTHKay,
«TPUTOHOMETPHUSI», B HACTOSAILEE BPEMS OHU HE SIBIISIIOTCS OTAEIbHBIMU MIPEAMETaMHU,
WX COJIEp)KaHUsI BKIIOYEHBI B JpYyrue MaTeMaTH4YecKHe MpeaMeThl (MaTeMaTHhKa
HaYyaJIbHBIX KJIACCOB, aireOpa, reoMeTpus, aiaredpa M Hayajla aHalld3a B CTapIIMX
Kjaccax). Bmecto HUX ObUIM BBEJEHBI MHOMECTBO HOBBIX pa3leloB, Kak
MIPOU3BO/IHASL, BEKTOPbI, KOOPAUHATHI, FTEOMETPUUYECKUE TPeoOpa30BaHus U Jp.

B nporpamMe miKoJbHOM MaTEMAaTHKW OSTH HAMNpaBICHUS M3Yy4aloTCs B
pasnuyHbIX Kiaccax. B 4-5 kjmaccax — maremaruka, B 6-7 kiaccax — anredpa,
reometpus (mwianumetpusi), B 10-11 wimaccax — anreOpa W Hauvajga aHaIU3a,
reoMeTpus (CTEPEOMETPHS).

B Havane XX B. Hayaloch JABMXKEHUE MO MOJEpPHHU3ALUU OOy4YeHUs
MaTeMaTUKe B CPEIHUX ILIKOJAaX, KOTOPOE YCHIMIOCH B cepeinHe XX B.

B Hacrosimiee Bpemss mpoBoAauMas B Hamled cTpaHe pedopma 1o
COBEPIIEHCTBOBAHUIO coJiep KaHus MaTeMaTUYECKOro oOpa3oBaHus
0011e00pazoBaTeIbHbIX MIKOJ SIBISETCS MPOJOKEHHEM 3TOro mpoiecca. [loaromy
OJIHOM M3 TJIaBHBIX IPOOJIEM METOJIUKH 00y4YeHHsI MaTeMaTHKE SBIIAETCS OOHOBJICHHE
coJlepKaHUsl CHUCTEMbl MaTEMaTHYECKOTO 00pa3oBaHUS B IIKoJax. B 3Toil cBs3u
nepea METOIMKOW CTaBUTCA 3ajjadya — OOOCHOBAHME MPHUHIIUIIOB OTOOpa CHUCTEMBbI
MaTeMaTU4ecKol MHPpOpMallUK U ee JUuAaKThuYecKon oopaboTku, aHanuza. Hapsay c
BOIIPOCOM, Kakasi uHGopMalus J0JKHA ObITh B IPeAMETE MaTEMATUKHU, YTO HYKHO
U3ydaTh, JOJDKHA HAUTH CBOE pellleHre U MpobiieMa IopsaKa U MOCIeA0BaTeIbHOCTH
pacmoyioKeHHsl MaTepuaia g paluuMoHalIbHOro oO0ydeHus Kypcy. [Hnst storo
paccMaTpHUBaIOTCA PE3yIbTaThl HOBBIX UCCIEOBAaHUI OTEUECTBEHHBIX U 3apyOeKHBIX
MICUXOJIOTOB, MEIaroroB U MeToaucToB. Hanmpumep, 1OCTUTHYTBIE pe3yabTaThl HAYKU
NICUXOJIOTUM  TOKa3bIBalOT, YTO HAa YCBOEGHHE HEKOTOPBIX COBPEMEHHBIX
MaTeMaTUYEeCKUX UAeH CIOCOOHBI JETH Ha4YaJbHBIX KJIACCOB. DTO YUMUTHIBAETCA MPHU
COBEPIICHCTBOBAHUHU, W3MEHEHUU CTPYKTYpbl U  COJAEp)KaHUS MaTEeMaTUKU
HAYaJIbHOTO KJIacca.



[Ipy  coBeplICHCTBOBAaHMM  MpENoOAaBaHUA  MaTEMAaTUKH  HEOOXOAUMO
YUUTBIBATh CeaAyIomue pakTops:

1) ucnonp30BaHUEM BO3MOKHOCTH M3MEHEHHUs, IpeoOpa3oBaHusi BHYTPEHHEN
JIOTUKM TpeaMera; 2) ydeT BHYTPEHHEW B3aMMOCBSA3U BOIIPOCOB, COCTAaBISIOIIUX
colepkaHue Kypca; 3) ompelneleHue CyTH OTHX BOIPOCOB B  LIKOJIBHOM
MaTreMaTuyeckoM oOpa3zoBaHuM; 4) AUIaKTHUYecKas 00paboTKa, aHAIU3 MaTepUaJIoB,
PaCKpPBITHE BO3MOXXHOCTH TIOBBIIIICHHUS YPOBHS BOCTIPUSATHUS, JOCTYITHOCTH.

B metonuke oOydeHHs MaTeMaTUKE BaKHOW sIBIsieTcsl mpolsiema MoHcKa
HOBBIX palMOHAJIBHBIX METOJOB OOy4YeHMs, TaK KaK HOBOE COJIepKaHUe
MaTeMaTU4YecKoro o0pa3oBaHMs U €ro CUCTEMAa W3JIOKEHUS TpeOyIoT OT yuuTenend u
yyaluxcsi MPUMEHEHHs HOBBIX METONOB. Kpome 3TOro, TpaaulMOHHBIE METOMbBI
oOydeHHs] HEe BCerJia MPHUBOJAT K >KeJaeMbIM pe3yibraTtaM. [loaToMy B mocienHee
BpEMsi Ha YypOKax LIMPOKO MCHOJIb3YIOTCS HOBbIE METONbl, OCHOBaHHBIE Ha
CaMOCTOSATEIbHBIX PaboTax y4yalmuxcs.

YdeHbIe-MeTOUCTHI, PaboTasi B TECHOM KOHTAKTE C YUHTEISIMHU, HETPEPHIBHO
BeyT paboTy MO MOUCKY MyTell COBEPIICHCTBOBAHUS METOJIOB O0y4YEeHHUsI, 0COOCHHO
B YCJIOBHUSIX Pa3HO YPOBHEBBIX MporpamMm oOydeHwus. [lo3ToMy yka3aHHBIE BEIIIE TPH
IUAAKTUYECKUe  MpoOJieMbl  MaTeMAaTHKW  OCTAlOTCA  TJAaBHOM  mpoOiieMoi
Meroauueckod Hayku. CTpyKTypupoBaHUE M OTOOp COAepKaHUs MaTepuana u
MOCJIEIOBATENIBHOCTh U3YUYEHHS] TOTO MJIM MHOTO pasjielia WM TeMbl ONpPEAeIIIoTCs
y4eOHBIMU MPOrpaMMaMi U YYeOHWKaMH IIKOJIBHOW MaTeMaTHKU. TakuMm oOpazowm,
MPEeIMETOM H3Y4YEHUsI METOAMKUA OOy4YeHHUs MaTeMaTHKE SIBIIAETCS CUCTeMa IIeJeH,
collepKaHUsl, METOJOB U CPEACTB OOYy4YeHHs, OOECHEeUYHBAIOLUIUX MaTEeMaTUYeCKOe
oOpa3zoBaHue ydalmuxcs (METOAMYECKYI0 CUCTEMY OOYYeHHUsS MAaTeMAaTHKe), a TaKkKe
MpOoLIeCC OCYIIECTBIEHUSI 00yUEHUSI MaTEMAaTHKe.

[Ipenmer «MeTtonnka 00y4eHUs MaTeMaTHUKE» MOXKHO YCIOBHO pa3/eliuTh Ha
JIBE pasjena:

1. O6mas MeToauka oOy4deHUs: MaTeMaTUKe (M3y4yeHUEe MPUHIUIIOB, METOIbI
OOy4YeHHUs U T.11.).

2. YacTtHas MeToJlMKa OOy4YeHHUs] MaTeMaTHKe, KOTOPYI0O MOXHO pa3/efuTh Ha
CJIEIYIOIINE pa3/Iebl:

1) cneunumanbHasi MeTOIMKa OOydY€HHs MareMaTtuke (Hampumep, oOydeHue
(GYHKIIMH B IIKOJIBHOM Kypce MaTEeMaTHKH);

2) KOHKpETHasi METOJIuKa OOydeHHUs MaTeMaTHKe, KOTOopas COCTOMT M3 IBYX
YacTeil: a) YacTHBIE BOIMPOCH 00IIEel METOJIUKH (HampuMep, IUIAHUPOBAHUE YPOKOB
10 xmacca); 6) yacTHbIE BOMPOCHI CHEIUATBLHON METOAWKU (HAampuMep, METOJIHMKA
oOyudeHust TeMbl «Pa3nokeHre MHOTOYJIEHOB Ha MHOKUTEIH).

Kaxxgast u3 BbIIEyKa3aHHBIX TPEX OCHOBHBIX MPOOJIEM METOIUKH OOYUYCHHS
MaTeMaTuKe JEIUTCA Ha MeJKue nmpoosieMbl. st uX peleHus: UCHOoIb3yeTCsl pa3Hble
METO/Ibl HAYYHOTO HWCCIAEAOBaHUS. OTH METOAbl OCHOBBIBAETCA HA H3BECTHOMN
¢dunocodckoil TeOpun — METOAO0JIOTUU. MeTo[ HaydyHOTO HCCIEOBaHUS SBISIETCS
IUIaKTHYECKUM METOAOM. MeTooNorusl Kax a0 Hayku (WM TPYII OJHOTHUITHBIX
HayK), pa3paboTaHHasi Ha 3TOH OCHOBE, UMEET CBOIO CHEU(UKY, U 3TO €CTECTBEHHO.
Meronuka MareMaTMKd O CBOEMY MpEIMETy U CBOEH METOJOJIOTHMH OJu3Ka K
negarorudyeckoil Hayke. [Ipu MccieoBaHUM METOIUYECKUX MPOOJEM U BOMPOCOB



HCIIOIB3YIOTCS AMITUPUYECKUE U DKCIIEPUMEHTAIBbHO-TEOPETHIECKUE METO/IbI, KaK 1O
OTJICJIbHOCTH, TaK U BMECTE.

Metoauka MaTeMaTUKH UCTIOJIBb3YEeT HAPSIY CO CBOMCTBEHHBIMU €l METOJdaMU
U JIpyTHE UCCIEI0BATEIbCKUE METOMbl, KOTOpBIE SIBISIOTCS OOIIUMU JJIS BCEX
TEOPETUUYECKHUX HAYK.

B mnemarornuecko M METOAMYECKOW JIUTEPATYPE BBIICISIIOT CIEIYIOLIUE,
CBOMCTBEHHBIE METOJMKE 00yUCHMs] MaTeMaTHUKE METO/IbI:

1) uccinenoBaHue U UCIOJIb30BaHUE UCTOPUM MAaTEeMaTUKH U MaTEMaTHUUYECKOTO
oOpa3zoBaHus;

2) o0oOmeHue, UCCAEIOBAHWE U HCIOJb30BAHUE OTEUYECTBEHHOTO U
3apy0eKHOTO MEePEIOBOTO OMBITA IO METOAMKE 00yUEHUs] MAaTEMATHKE;

3) mpuMeHEeHHEe Hay4HBIX HJEH MO mpoOjeMe METOJ0B U MX JUJaKTHYeCKas
00paboTKa;

4) sSKCTIEpUMEHT

[ AbbuikaceiMoBa ALE. Teopust u meTonuka oOy4eHHs] MaTeMaTUKE. AJIMATHI
«Mexkten»2013, 14c]

Tpynnoctn mnpu oOydeHHH JTIOOOMY TpEAMETY BO3HUKAIOT YXKE MpPHU OTOOpE
Marepualia, KOTOPOMY COOHpalOTCs Y4YUTh, M, OBITH MOXET, €Ile OOJIbIle IPH
YCTAHOBJICHUU TPHUHIIMIIOB, KOTOPHIM CIIeIyeT PYKOBOJICTBOBATHCS IMPHU OOYUYCHUHU.
OTU TPYAHOCTH YCYTYOJSIOTCS TEM, YTO OOBIUHO KaXKIbIM Meaaror B CBoel 00JiacTu
HMCKPEHHO YOEXJEeH, YTO OH XOpOIIO 3HAeT, YTO M KaK HaJ0 IpernojaBaTh CBOM
npeaMeT, U B KaKoM 00beMe HaJlo ToA0UpaTh MaTepuall.

[Ipu oOydeHuM MaTeMaTHUKE JeJ0 YCIOXKHIETCs Oyiarogapsi IIUPOKOMY ee
WCIIOJB30BAaHUIO B PA3JIMYHBIX O00JACTAX YEJIOBEYECKOW JKM3HU U TOITOMY
poOJieMbl MaTEMAaTHYECKOTO 00pa3oBaHUsI — HEOTJIOkKHBIE. OHA U3 MPOOIEM 3TO
MIPEEMCTBEHHOCTh U HEMPEPHIBHOCTh 00yUeHUs MaTteMaTuke. Ha ceronHsmHuil 1eHs 91a
npobimema B cucreMe «lllkoma - Komnemx - BY3» sBuseTcs XU3HEHHO
HEOOXOJUMBIM YCIIOBUEM OOIICKYJIbTYPHBIX U MPO(PECCHOHATBHBIX KOMIETEHIIUM,
MaTeMaTH4YeCKON KYJIbTYPHI.

[IpeeMcTBEHHOCTh B 00yUYE€HHH MaTeMaTHKE — 3TO YCTAHOBJICHHE HEOOXO MO
CBS3M M TPAaBUIBLHOTO COOTHOIIEHUS MEXIY YacTsIMU YydeOHOro ImpeaMera Ha
pPa3HBIX CTYINEHSIX ero wusydeHus. OTCyTCTBUE NPEEMCTBEHHOCTH B OOy4YEHUH
MPUBOAUT K HEMOHUMAHHMIO TMPEIMETa, PE3KOMY CHIDKCHHIO YCIIEBa€MOCTHU
oOyyvaromuxcsa. OpHAKO MPEEMCTBEHHOCTh OOpa30BaHMsI — JTO TMPEXKIAE BCETO
MIPEEMCTBEHHOCTh €r0 cojiepkaHus. [IpeeMCTBEHHOCTh COAepIKaHUsl — HEIPEPHIBHOE
pa3BUTHE MPEIMETHO-COACPKATEIHPHOTO KOMIIOHEHTa, KOTOPBIM BKJIFOYACTCS B
oOIIyI0 JIOTUKY pa3BepThIBaHMS Kypca B II€JIOM, a UMEHHO CO3JJaHHE Ha KaXJIOM
sTamne 0as3bl I MOCJIEAYIOMIET0 3yUYeHHs Y4eOHOro npeaMera Ha 0oJjiee BHICOKOM
YPOBHE 3a CYET pacCUIMpEHUs U YIIIYOJCHUS TEeMaTUKU. A 3TO OCYIIECTBIISIETCS
nmyTeM oOecTedYeHUs] «CKBO3HBIX» JIMHUW B COJCpP)KaHHWM, MOBTOPEHUM, a TaKkKe
WCIIOJIb30BaHUE MPUHITUIIA KOHIIEHTPUYHOCTH B OPTaHU3AIMK COACPKaHUS YUeOHBIX
MIpOorpaMM | CBsI3EH MpeaMeTa Ha KaX0M dTare o0ydeHusi. Mbl pyKOBOJICTBOBAIUCH
ATUMU MPUHIMIAMU MPU pa3pabOTKe U3YUEHHUs Hadall MaTeMaTUYECKOrO aHaIu3a ¢
ucrnoiab3oBanueM cpeabl GeoGebra Ha Becex dTanax oOydeHusl.



B ydeOHoli mnporpamMmme 1o mpeameraM  oOpa3oBaTeIbHOM — 00sacTu
«Matematuka u uHpOpMaTHKa» YpOBHs 00I1Iero cpeadero ooOpaszoanus (10-11
KJIaCChI 0OLIECTBEHHO-TYMaHUTAPHOTO " €CTECTBEHHO-MAaTEMATHYECKOTO
HampasieHuil), yreepxxaennoi npukazom MOH PK Ne 115 or 03.04.2013 r. nus
CIEUHUAIBHOCTH €CTECTBEHHO-MATEMAaTUYECKOT0 HAIIPABIICHHS 3aKPEMNJIEHO U3YUYEHUE
Kypca anreOpbl 1 Hadan aHanusza B 10-11 kimaccax B oObeme: 6 yacoB B HEACIIO 1O
KjaccaM, Bcero - 204 dYaca B KaxIOM Kiacce, B HMHBapuaHTHOM (0a30BOM)
KOMITOHEHTE B KauecTBE MPOQPUIBHOIO MPEeIMETA.

B mKOIbHBIX y4yeOHMKax CYIIECTBYIOT pPa3IUYHbIE MOAXOAbl K H3JI0KEHUIO
TeMmbl «lIpon3BogHas». 31ech pedb MOWIAET O Pa3IMYHBIX BApUAHTAX HM3JIOKEHUS
ATOW TEeMbl B YYEOHHMKax JIJIsi KJIACCOB C YIJIyOJICHHBIM M3YYEHHEM MaTeMaTHKU U
yuyeOHuKax /it 0011eo0pa3oBaTeIbHBIX IIKOJI.

[IpuBenem npuMep U3JI0KEHUS TEMBI.

1. Pazniuunble moaxoabl K u3ja0keHHI0 Tembl «lIpom3BoaHas» B KJjaccax ¢
YIriyOJIeHHBIM M3y4YeHHEeM MATeMATHKH.

A.I''Mopakosu4 (mpo¢uiibHbIN YPOBEHbD)

I. Uzyuenue temnl «IIpou3BoaHas» HaYMHAETCS C pacCMOTpPEHUs HU3HUECKON
3a/1ayy (Ha BBIYUCIIEHHE MTHOBEHHON CKOPOCTHU MPSMOJIMHEHMHOTO JIBUKEHUSA ).

II. Ilpu pemeHun TreOMETPUYECKOW 3axaud, MPUBOAALIECH K IOHATHUIO
MPOM3BOJHON CHayaia BBISICHSAETCS, YTO OylIeT MOHUMAThCSA MMOJ KacaTeabHOH K
MPOU3BOJIBHON TUIOCKOM KpuBoM. [lana kpuBas L (puc.y4eOHMK) Ha Heil BbiOpaHa
Touka M. Bo3bMeM elie 0IHy TOUKY Ha KPUBOM, MpUUEM JOCTaTOYHO OJU3KYyI0 kK M
—touky P. [IpoBenem cexymryro MP. Jlanee Oyaem npubnmxkath Touky P mo kpuBoit
L x Touke M. Cekymas MP Oyzaer u3MEHSATH CBOE IOJOXKEHHE, OHAa Kak Obl
noBopayuBaercs BOKpyr Touku M. Ecnu MOXHO OOHapyXuTh B 3TOM MpolEecce
PsIMYI0, IPEICTABISAIONIYI0 CO00I HEKOTOPOE MpeieNIbHOE TOJI0KEHHE CEKYIIeH, TO
ATy NPAMYI0 — NPEAECNBbHOE IOJIOKEHHUE CEKYLIEH — Ha3bIBAIOT KacaTeIbHOM K
Kpusol L B Touke M.

III. B mpouecce peuieHus 3aJadyd HA MIHOBEHHYIO CKOPOCTb M 3aJayd Ha
KacaTeNbHYI0 MPHILIA K HOBOM MAaTeMAaTUYECKOW MOJENIN — MPENely OTHOLIEHUS
npupameHuss QyHKIUN K NPUPAICHUIO apryMeHTa pH YCIOBHH, YTO MPHUpALIEHUE
aprymMeHTa CTpeMHUTCs K HyJ0. B ydeOHMKE BCKOJIb3b CKa3aHO O TOM, YTO MHOTHE
3a/layd U3 JApYrux obsiacTedl 3HAHWM MPUBOJAT B MPOLIECCE PEHICHUS K TaKOW ke
MOJENU. 3HAUUT, 3Ty MATEMATUYECKYIO MOJIENb HAJI0 CIIEHIMAJIBHO U3y4aTh, T.€.:

1)  mpucBOUTH €il HOBBI TEPMUH;

2)  BBeCTH JJId Hee 0003HAUCHHUE;

3) HCCJIE0BATh CBOMCTBA HOBOM MOJECIIN.

IV. Onpenenenue npor3BOIHOM.

Omnpenenenue: [lycts GyHkius y=f(X) onpenenseHa B KOHKPETHOM TOUKE X U B
HEKOTOpPOM ee OKpeCcTHOCTH. JlaauM apryMeHTy X npupanieHue Ax, Takoe, 4ToObl He
BBIUTH U3 YKa3aHHOW OKPECTHOCTH.

Haiinem cootrBercTBylOIIee TmpupamieHue QyHKOuu Ay H  COCTaBUM

A
OTHOILLIEHUE Ey Ecnm cymectByeT npenen 3Toro OTHOWEHUs mpu ycinoBuun Ax—O0,



TO YKa3aHHBIM Mpeaesn Ha3blBaIOT MPOU3BOJHON (QyHKIMU y=f(X) B Touke X U
ob6o3Hayvarot f'(x).

Ny
Hraxk, Alg)r%) o f(x)

V. ®duznueckuit (MeXaHWUYECKUN) CMBICT TMPOU3BOJIHOMN: eciu s(t) — 3akoH
MPSMOJIMHENHOIO JBHM)KEHUS Te€Ja, TO TMPOU3BOJHAS BBIPAKAET MIHOBEHHYIO
CKOPOCTh B MOMEHT BpeMeHHU t: v=s'(t).

['eomeTpuueckasi CMbICI MPOU3BOJIHOM: ecnu K rpaduky pyHkuuu y=f(x) B
TOUYKe ¢ a0CHUCCON X=a MOXHO MPOBECTU KacaTeabHYI0, HEeMapawieIbHy0 OCH Y, TO
f'(a) BeIpaxkaet yrioBoii ko3 duuueHT kacarenpHoi: k=f(a).

VI. HcrosnkoBaHue oOIpenesieHuss MPOU3BOJHOM C  TOYKH  3PEHUS
MPUOJINKEHHBIX PABEHCTB.

VII. [aercs nNATHU-IIArOBBIA aJrOPUTM OTBICKAHUS MPOU3BOJHOW. 3aTeMm
paccMaTpUBarOTCs JBa IPUMEPA HA UCIIOJIb30BaHUE ATOTO aJrOPUTMA.

VIII. Beoautcs nonstue auddepeHuupyemMond QyHKIMH B TOYKE, Ha3BaHHE
Onepaly HaX0KJICHHS TPOU3BOIHOM.

IX. OG6cyxnaercss BOMpOC: Kak CBS3aHBI MEXAYy COOOW JBa JOCTATOYHO
TOHKUX CBOMCTBa ()YHKUMU — HEMPEPHIBHOCTh U U PEpeHIUPYEMOCTh PYHKIIUU B
TOYKE.

X. Brracusercs — kak no rpaduky caenatb BbIBOA 0 AuddepeHunpyemMocTu

byHKUIUN.
XI. Hatorcs popmynbl nudepeHnnpoBaHus, HalIEHHbIE [0 OMpPEIEIECHUIO

nponsBoaHoit: C'=0, (x)'=1, (kx+m)'=k, ((x*) =2x, (é) = —(é),(x #0), (\/; )' = ﬁ

(x>0), (sinx)'=cosx, (cosx)'=—sinxX. 3aTeM BBOIATCS IpaBuia AU EepEeHINPOBAHUS:
IIPOU3BOJHAS CYMMBI, NPOU3BEACHHUS, YaCTHOIO, BBIHECEHUS MHOMKHUTENA 3a 3HAK
MIPOU3BOJIHOM, B pPE3yNbTaTe KOTOPBIX BBIBOASATCS (HOPMYJbI MPOU3BOJIHBIX IS
TaHreHca W KoTaHreHca. Ha MHTYWTMBHOM YpoBHE ompenesnsercs (opmyna s
muddepeHnrpoBaHUs CTENEHHON PYHKIUU.

XII. laetcst mOHATHE BTOPOW, TPEThEH NMPOU3BOJHOU U IIPOM3BOLHON N-OT0
nopsnka. Jlemaercss BBIBOJ, YTO YCKOPEHHE €CTh BTOpasl MPOU3BOJHAA (PYyHKIUU
KOOpPAMHATBl IO BPEMEHU, A OTO SBISETCA MEXAaHUYECKUM CMBICIOM BTOPOU
IIPOU3BOJHOMN.

XIII. [aetcst ompenesieHHEe KOMIIO3UIMU (CIOKHOW (QyHKIMHU). BhIBOgUTCS
dbopmyna Uil HaxXOXJEHUS NPOU3BOAHOU CIOXKHOM (yHKIMHU. Bbruncnsercs
npousBoaHas g ¢ynkuun y=f(kx+m), a Taxxe dopmynsl auddepeHunpoBaHus
0OpaTHBIX TPUTOHOMETPUUYECKUX (QYHKIHNIA — APKCUHYC U apKKOCUHYC.

XIV. BoiBoguTcsi ypaBHEHHE KacaTelbHOM K rpaduKy (QYyHKIUMU B TOUKE.
[IpenocraBnsieTcss aarOpuUTM COCTaBIICHUSI YpaBHEHHUs KacaTelbHOM K Trpaduky
byHKUIUN.

XV. Omnpenensiercss B MPOIECCE PACCYKICHUM CMBICT TPUOIMKEHHBIX
BBIYNCIICHUN.

XVI. IlpumeHeHuss mnpoOU3BOAHOM: Uil HUccieAOBaHMS (YHKUIMM Ha
MOHOTOHHOCTh  (CBSI3b MEXKJAY XapaKTepOM MOHOTOHHOCTM U 3HAKOM €€



MPOU3BOJIHOM); ISl J10KAa3aTelbCTBAa TOXKJACCTB M HEPABEHCTB; [JIsi MOCTPOCHUS
rpadukoB ¢ yHKIHIA.

dopMyTUpyIOTCA: MPU3HAK Bo3pacTaHus (yObIBaHUs) QYHKIIMH, ONpEaeIeHIe
KPUTUYECKON TOYKK (DYHKIIMM, MPU3HAK MAKCHUMyMa U MUHHUMYMa (IKCTPEMYMBI),
TeopeMa O TMOCTOSIHCTBE (DYHKIIMH; TEOpeMa O HAXOXIEHUU TOYEK MaKCUMyMma H
MHHUMYMa.

BBoasaTcs moHATHS TOPU30HTAIBHOM U BEPTUKAIBLHOM acUMNTOT. [IpuBoasTcs
QITOPUTMBI:  UCCIENOBAaHUS (YHKIIMM HA MOHOTOHHOCTH M  DIKCTPEMYMBI;
uccnenoBanusi (GYHKIIMU W MOCTpOCHUE €€ rpaduka; HaXOXJACHUS HAUMEHBIIUX U
HauOOJBIINX 3HAYCHUN HEMPEPHIBHON (DYHKIIUU HA TIPOMEKYTKE.

XVII. PaccmaTtpuBaroTes 3a1a4i Ha ONTUMU3ALHUIO.

XVIIIL. Tlocne wu3yuenus norapupMuUYecKod M TMOKa3aTeNbHOU (QyHKIHH,
ONpeAesieTCcs UX MPOU3BOAHAS.

K ydeOHumKky mpuiaraercss COOTBETCTBYIOUIMU 3amadyHuK. OH COICPKHUT JBa
0JIOKa CHCTEMBI YIIPa)XHEHWM, BBICTPOCHHBIX M0 KaXJIOW TeMe: TMepBBIA OJIOK
COCTOUT M3 0a30BOr0 ypOBHs (HUKaK HE OTMEUYEH) M CPEIHEro YpPOBHS TPYIHOCTHU
(oTMeueH OeNbIM KPY>KKOM), BTOPOH OJIOK — U3 JIOTIOJTHUTEIBHBIX 3aJJaHUM CPETHETO
YPOBHS H 3aJaHU{ TIOBBIIICHHOW TPYAHOCTH (OTMEYEHBI YEPHBIM KPYIKKOM).
KonuuecTBo 3a1a4 npeacTaBieHo B 1OCTATOYHOM M JaXe U30BITOUHOM O00BEME, 4TO
JlaeT BO3MOXKHOCTh peajin30BaTh YPOBHEBYIO AU PepeHITnalnio Ha YpOKe.

Urorm ananusza. WMznoxenue tembl «lIpousBomHas» NpEACTaBICHO Ha
HarJSITHO-UHTYUTHUBHOM,  pabodyeM U (OpMaIbHO-IOTHYECKOM  YpPOBHE.
Onpenenenue Npou3BOJIHON AAETCS ¢ MUCIOIB30BAHUEM IOHATHUS TpEJea, KOTOPoe
BBOJMUTCA MEpe] H3YUYCHUEM JaHHOW TEMbl HAa HATJISIAHO-UHTYUTHBHOM YpPOBHE.
[MccnenoBartenbekas AeaTeaIbHOCTD, baiicionosa P.H |
2. AobuikaceimoBa A.E., Kymaryaosa 3.A., loiibinoexoB K./l., KopuyeBckui
B.E. 10 ki1acc (ecTeCTBEHHO — MaTeMaTHYeCKOe HalNIPaBJIeHUe).

[. U3yuenue Ttembl «llpou3BogHas» HAuYMHAETCA C PACCMOTPEHHUS: Ha
BBIYMCIICHUE MTHOBEHHON CKOPOCTH MHPSIMOJIMHEHMHOIO IBHM)KEHUS, HA BBIYMCIICHUE
TaHIeHCca yrJla HaKJIOHA KacaTelabHOU K rpaduky dyHKuu. OnpeaeisitoTcs MOHITHS
npupaieHus GyHkuuu u nudpepeHupoBanus GyHKIUH.

II. OnpeneneHue Npou3BOIHOM.

Omnpenenenue: IlpousBognoit pyukiuu y=f(x),3amanHoii Ha uHTEpBae (a;b),
B TOUYKE X 3TOI'0 MHTEPBaJIa HA3BIBAIOT MIPeJie OTHOIICHUS MpUpaiieHust PyHKIUU B
ATOM TOYKE K COOTBETCTBYIOLIEMY MPHUPAIICHUIO APTyMEHTA, KOTAa MpHUpalCHUE
aprymenTa CTpEMHUTCS K HYIIIO, T.€. gm % = f'(x) .

—0

ITII. Onpenensiercst mexanuueckuit (v(t)=f(t)) m reomeTrpuueckuii (yron
HAKJIOHA KacaTeIbHOM) CMBICIIBI TIPOU3BOTHOM.

IV. Broasitcs npaBwia nuddepeHImpoBaHus: IpOU3BOAHAS CYMMBI, Pa3HOCTH,
MIPOU3BEICHUS, YACTHOT'O, BEIHECEHUSI MHOXKUTENS 3a 3HAK MPOU3BOHON. BBoasTCS
dbopmyibl uddhepeHIpoBaHUs JIEMEHTAPHBIX (YHKIIUNA: TPOU3BOIHASI CTETICHHOM,
MOKa3aTeIbHOM, JJorapuMUIECKON, TPUTOHOMETpUUECKUX GyHKIUHN. JloKka3pIBatOTCS
COOTBETCTBYIOILIIUE TEOPEMBI.

V. Beoaurcs mnonstue guddepennuana ¢dynkauu.  Dopmymupyercs



noustue  auddepenuuana  ¢yuknuu  df=f(x)dx (df=dy). Beruucastorcs
npuOIMKEHHbIC 3HAUCHHS (PYHKIIUU.

VI. Onpenensercs npon3BoAHAas CIOXKHOU QPYHKIUH.

VII. BBoautcs npou3BojHas oOpaTHOW (YHKIMH (OTMEYEHO 3BE3/10YKOH,
JUISL YTIIyOJIGHHOTO U3YYECHUS).

VIII. ®opMynupyrOTCsa  OINPEAENHEHUS: MAKCUMaJIbHOW, MWHHUMAJIbHOW,
KpUTHYECKON ToueK. [IpuMeHeHue NPOM3BOMHOW: M1 HAXOXKAEHUS TOYEK
MaKCUMyMa M MHHHUMYMa (YHKIUU; JUIsl HaXOXKICHHsS BO3pacTaHUs U yObIBaHUS
byHKUIUN.

[X. BeiBogutcs ypaBHEHUE KacaTelIbHOM.

X. @opmyIHpyrOTCS U A0Ka3bIBatoTCa TeopeMbl Posuis u Jlarpanxka.

XI. OnpenensiroTcss BTOpas NpOU3BOAHAS M IMPOU3BOJHBIE BBICIINX MOPSIKOB,
a TAaK)K€ MEXaHMYECKUN CMBICII BTOPOI TPOU3BOHOM.

[IpuMeHeHne BTOPOM NPOU3BOAHOM Il OINPENEICHUS BBITYKIOCTH H
BOTHYTOCTH rpaguka GYHKIHH, a TakkKe TeOMETPUYECKUNA CMBICI BTOpPOMH
MPOU3BOIHOM (OTMEUEHO 3BE30YKOH, I YTIyOJIEHHOTO U3YUCHHS ).

XII. PaccmaTpuBaroTCsi 0COOEHHOCTH dKCTpeMyMa (DYHKITUU C €IUHCTBEHHOM
KpPUTHUYECKOM TOUYKOU. Pemarorcs 3a1aun Ha ONTUMU3ALIUIO.

XIII. Hcnonp3oBaHue MPOW3BOAHBIX JJISI MOCTpOCHUsI TpaukoB (GyHKIUN (C
MPUMEHEHUEM BTOPON MPOU3BOAHOM).

XIV. BBoauTcss ONOJHUTEIBHBIM YIIyOJEHHBIM MaTepual, OTMEUYEHHBIH
3BE3/J0OYKOM: Ha HaXO0XKJACHHE AacUMITOT (paccMaTpuBaloTCi JApOOHO-ITHHEHHbIE
¢byHKUMK), HA pa3noxeHue GyHkuuu B psag Teitnopa.

Wroru ananuza. BBeneHne noHATHS NPOU3BOJHON IpEABAPSAETCS 3HAKOMCTBOM
CO CpEIHENl M MIHOBEHHOW CKOPOCTSIMH JBHKEHMS, C TAHT€HCOM YIJIa HaKJIOHa
KacaTelbHOM, YTO NMPUBOAUT K IMOHATHIO PA3HOCTHOTO OTHoWEeHHs. OmnpenencHue
IIPOU3BOJHOM J1aeTCsl KaK Mpelnesl pa3HOCTHOro oTHouleHuda. [loHsThe mnpenena
uzydyaercss pasnee. IIpm HaxXOXKIEHUM MPOU3BOAHBIX NPOCTEHIINX (QYHKIUH
MOJIB3YIOTCSl HAIVSIAHBIMU  IIPEACTaBICHUAMU. [IpeAacTaBieH JOCTAaTOYHBIA 10
00BbeMy JTOMOJHUTEIBHBIM M YIIIyOJICHHBIH MaTepHall, YTO MO3BOJISIET YYallUMCS
0oJiee MUPOKO U TIIYOOKO OBJIAJIETh 3HAHUSIMU.

1.4 GeoGebra — kpoccmiiargopMeHHOe MaTeMaTHYeCKoe NMPOrpaMMHOE
o0ecneyeHue.

OTo mporpamMma, KOTOpas MNpPeIOoCTaBIseT KaKIOMY BO3MOMXHOCTb OILYTHUTh
HEBEPOSITHBIEC UJIEU, KOTOPhIE MaTEeMaTHKa BOIUIOUIAET B PEaIbHOCTb.

B uyem 3akmrouarorcs BaxkHocTM — mporpammbl  GeoGebra g Hamieu
ayJIUTOPUU:

o VYyeHuku e€ 00T, MOTOMY YTO OHA JIeJIaeT MAaTEMAaTHUKy OL[YTHUMOM.
GeoGebra ycraHaBIMBaeT CBA3b MEXAYy TreoMeTpuel u aireOpodt B
COBEpIIEHHO HOBOHM, BH3yaJllbHOM QopMe. OTHBIHE YYEHUKH MOTYT
BUJIETh U OILIYIIAaTh MATEMATHUKY.



o VYuurens mo0ST, MOTOMY 4YTO OHA I[IO3BOJISIET YYHUTENAM HeE
npepeiBaTh TpenogaBanue. (GeoGebra He 3aMeHseT yuuTeNel, OHa
MIOMOTAET UM JeNIaTh Jy4llee, YTO OHU MOTYT — YUUTh.

il i m

o [llkonbr ee nrOOAT, MOTOMY UYTO YYEHHUKH KOTOpbIE MCIHOJIb3YIOT
GeoGebra, 6oree MOTHBHPOBAHBI K YICHHIO, YCIICBAIONIIE YICHUKH. [N
3T0 Tpu 0COOEHHBIX (paKTOpa JUIsl MOTHOW OpraHU3aAlMKU ACSTEIbHOCTU

y4aluxcs.
Onucanue nporpaMmbl U KaKk €€ IpHuoOpECTH.

GeoGebra (www.geogebra.org) - »To OecruiaTHasi JUHAMHYECKass MaTeMaTUYeCKas
cpena A BceX ypoBHEH oOpa3oBaHMs, BKIIOYAIOIIAs B ce0s TEOMETPHIO, anreopy,
TaONHIbl, Tpadbl, CTATUCTUKY W apu(METHKY, B OJHOM YJ0OHOM B HCITOJIB30BAaHUU
nakere. JlemuTech MHTEPAKTUBHBIMH OOYYalONIMMU TPOEKTaMH, CO3JaHHBIMH C
nomomnipto  GeoGebra,  koTopele  OyayT  OOIIEAOCTYNIHBI  Ha  caiTe
www.geogebratube.org

GeoGebra - camas momyJsipHasi TMHAMHYECKasi MaTeMaTHdecKas mporpaMmMa B MHpE.
Omna Obu1a ymocroeHa MHOKecTBa Harpaa. GeoGebra nogaepxuBaer STEM-



oOpazoBanue B CIIA u Bcsuecku criocoOCTBYET HOBOBBEICHUIM B chepe
o0pa3oBaHus 110 BCEMY MUDY.

I[I/IHaMI/ILIGCKaH MaTreMaTukKa IJisd BCCX.

* becruiaTHasi B UCTIOJB30BAaHUU TPOTPaMMa, TO3BOJISIONIAs YIUThCS, U3y9aTh U
OLIEHUBATh

* AOCOJIFOTHO MHTEPAKTUBHBIH, JIETKUI B OCBOCHUH WHTEP(EIC ¢ MOIIHBIM
(yHKIIMOHAIOM

* C GeoGebra BBl IMeeTe HEOTPAHUUEHHBIN JOCTYII K IIOCTOSTHHO PACHIMPSIONIEMYCS
XpaHWINIIY MaTepUaioOB/IIPOEKTOB HAa WWW.geogebratube.org

* TIporpamma JIOCTYITHA HA MHOTHX SI3BIKaX

* TloliMUTE, HACKOJIBKO BECENIO M MHTEPECHO M3y4aTh MAaTEMaTHKY BMECTE C
GeoGebra

* GeoGebra OyneT nmoJsie3Ha B BBIMOJHEHUN JOMAIIHUX 3aJJaHUN U PA3TMYHbIX
POCKTOB

* MUJUTHOHBI TTOJIB30BATEJICH 110 BCEMY MUPY
[https://play.google.com/store/apps/details ?id=org.geogebra&hl=ru]

Onucanne nporpammsel GeoGebra

OTtkpoeM daitn B GeoGebra u paccMoTpuM 3KpaHHOE U300pakKeHUE CBEPXY BHHU3.
Crucok BBepxy: ®aiin, [IpaBka, Bun, Hactpoiiku, Mactpymentsi, OxHo, CripaBka —
coctaBisier «l'nmaBHoe MeHio». I[IpoGeras ero KypcopoM, MOXHO IPOCMOTPETH
MOSIBJISIFOIIMECS CIIUCKU KOMAaH/I.

Cnenyromas ctpoka Ha3biBaeTcs «llanenbio mHCTpyMeHTOB». Ha 3TolM manenu
MPEACTABIEHBl MHCTPYMEHTBI, KOTOPBIMHM MOXHO II0JIb30BaThCcs. Ha kaxmon wus
MOJICKA3bIBAIOIINX KAPTUHOK B MPAaBOM HHXHEM YIJIy HUMEETCS 3HA4OK B BHJE
MaJIEHBKOTO TPEYrOJIbHUKA, KIMKHYB Ha KOTOPBIA, MOMXHO IPOCMOTPETH
MOSIBUBIITUNCS CITUCOK MHCTPYMEHTOB M BHIOpATh HY)KHBIM M3 HUX. [ JTaBHYIO 4acTh
9KpaHa COCTaBJsIET Tak HasbiBaemoe «llomoTHO» — mosie i MoCTpoeHui (Imo
aHAJIOTUH C XYJI0’)KECTBEHHBIM MOJIOTHOM). [IpuCyTCTBYIOIIME HA HEM OCH CHUCTEMBI
KOOPJIMHAT MOKHO CIIpSTaTh, KIUKHYB Ha [l0JIOTHO mpaBOMl KHONKOW MBIIIU U
BbIOUpas komaHay «Ocu». CneBa oT [lonoTHa Haxogutes «Ilanens o0bekTOB». OHA
CIIYXKUT JIJISl 3alIMCU TTOCTPOCHHBIX OOBEKTOB (TOYEK, MPSAMBIX, OTPE3KOB, BEKTOPOB,
ypaBHEHUW JNUHUNA W T.0.). HakoHern, B camoMm HM3y dKpaHa cioBoM «BBoa»
MIOMEUYEHO OKHO, Ha3biBaemoe «CTpokoi BBOna». Eciu, K nmpumepy, B 3TOM CTPOKE
HanucaTh YpaBHEHUE HEKOTOPOM JMHHH, TO Iociie BBoaa Ha IlosoTHe mosBUTCA
rpaduK 3TON JTUHUU.

1) Yto Mbl BUIMM OTKpBIBas mporpamMmmy GeoGebra?

HpI/I OTKPBITHH IIPOTpaMMBbl BUIUM I/1306pa}KCHI/IC, MNpCaACTABJICHHOC TaHHBIM
HHUKC PUCYHKOM.
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. GeoGebra
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Pucynok 2.

2) B okomike «®ailin» npuBeAeHbl BCIOMOraTelibHble (YHKIIMU KaK Ha PUCYHKE.
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3) Bropoe okHo «IIpaBka» mmeeT CBOMCTBA OTMEHATH ICUCTBUS WU MIOBTOPHUTH, a
TaKX€ MOYKHO MCIIOJIb30BATh HUKE MPEIJIOKECHHBIC I1EHCTBUSL.
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Pucynok 4.

4) B okouike «Bun» umeroTcs o4eHb BaKHbIE JI€TalIM 1Jis1 KOHCTpyupoBaHus. Eciu
BbIOEpeM 1os1oTHO 3D y Hac MOABSATCS HOBbIE BO3MOKHOCTH ITOCTPOCHUS
IIPOCTPAHCTBEHHBIX YEPTEIKEH.
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Pucynok 5.

Ha pucynke Hike moka3zansl 3D-BO3MOKHOCTH MTOCTPOCHUS TPOCTPAHCTBEHHBIX
N300paKEeHUI.
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Pucynok 6.

5) Oxno «HacTpoilku» COJIEpPXKUT KOMAaHIbI, YIPABISIONIAEC BHEUTHUM BHUIOM
M300paKeHuUs.
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6) Oxomko «HCTPYMEHTBI» COAEPKUT KOMAHbI 1711 HACTPOUKH M CO3J]aHUSI HOBBIX
WHCTPYMEHTOB JUISI HCIOJL30BaHUS B JAJBHEHIIMM MpU TOCTPOSHHH Ooiiee

CJIOHBIX U300pa’KEHU.
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7) Ogxkomiko «OKHO» JJISI OTKPBITHE HOBOT'O YUCTOTO JINCTA JJIsI BHITIOJTHEHUS HOBBIX
3anay. Cnenyromas «CrpaBkay paboTaeT ¢ MOJIIEPKKOM CeTel.
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8) Tenepb paccMOTpUM UIYIIMI HUKE Pl KHOMOK. B MpaBoM HIDKHEM YTy KaXKIOM
KHOIIKHM M300pakeH MaJIeHbKHUI TpeyrojapbHuK. Eciu KIMKHYTh Ha HETO, TO BBINAIAET
CIIMCOK BCTPOECHHBIX HHCTPYMEHTOB, KOTOPBIMUA MOKHO IOJIb30BaThCS.
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Komnbrepnas cpena GeoGebra siBnsercss odeHb d(PGEKTUBHBIM CPEICTBOM IS
BU3yaM3anuy mateMatuku. OHa T1oMoraeT aOCTpaKTHBIE TOHSTHS U TEOPEMBI
clenaTh BUIMMBIMH, YTO CIIOCOOCTBYET MOHUMAHUIO, TTIOMOTaeT N30€KaTh U3JIUIITHEH
a0CTPaKTHOCTU W3JIOKEHUS Matepuasia. KommbroTepHass MOAAEpKKa SIBISETCS
BOXHBIM HMHCTPYMEHTOM B KOTOPOM HYXJaercs MaremaTuka. OcoOeHHO Tam, rie
€CTh BO3MOXHOCTh T'€OMETPUYECKOTrO MOJICTUPOBAHUSA Ha JKpaHE KOMIIBIOTEpa
aOCTpaKTHBIX TOHATHH U yTBEpXKACHUM, pa3BuBas oOpazHoe wMbIuieHHe. Kak
rOBOpPUTCS B Hapoje, «Jlyuiie oauH pa3 yBUIETh, YEM CTO pa3 YCIBIMATHY. DTO
BbICKa3bIBaHUE B TMOJTHOM Mepe oTHocuTcs k mporpamme  GeoGebra, koTtopas
MO3BOJIIET YBUJICHHOE OIIYTHTh M OTUM  O0OJieryaeT NMOHUMAaHHE MaTeMaTHUKH.
Jlunamuueckass MaTeMaThKa MOXET ObITh S(PGEeKTUBHBIM CPEICTBOM OOYyUYEHUS
MaTeMaTUKE HE TOJBKO B IIIKOJIC, HO B BBICIIIMX 00Pa30BaTEIbHBIX YUPEIKICHUSIX.

Metoaudeckne OCOOCHHOCTH TMPENOJaBaHus MaTeMAaTHUKH C HCIOJIb30BaHHEM
MH()OPMAIIMOHHBIX TEXHOJIOTUN 0YEHb PA3HOCTOPOHHU:

1) HoBble nmpueMbl opraHu3aliuy 3aHITHA

2) MexnpenMeTHbIC CBS3U

3) Db eKTUBHOCTH TTOJTYUEHUS HOBBIX 3HAHUHT

4) CTUMyIUpOBaHUE PA3BUTHS UHAUBUYATbHOCTH JTUIYHOCTH



I'naga 2. IPOU3BOJAHAS B CPEJIE GEOGEBRA

OOBIYHO HAYMHAIOT U3YYEHHE MPOU3BOJHON (DYHKUMH «110 DUXTEHTOJBILY», C
«3ajla4, MPUBOIAIIMX K MOHATHIO mpou3BoaHou» [14,19]. Ha camom xe nene
«pelieHney NPUBOJAUMON MpU 3TOM (U3MUECKOW 3aJadyMl SIBISAETCS onpeoeseHuem
MTHOBEHHOW CKOPOCTH, a «pEeUIeHHE» IeOMETPUUYECKOW 3a/ladyd O KacaTelIbHOM K
rpaduKy QyHKIUHN — onpedenenuem yrioBoro koddduirenTa kacateapbHoi. O0um
IUISL 3TUX ONpENeNICeHUN SBISIETCS] TEXHUKAa HAXOXKJIEHUS MTHOBEHHOM CKOPOCTH U
yriaoBoro kod@duuuenta kacareabHol. OHA M JIOXKUTCS B OCHOBY OMNpEIEICHUS
npousBoHON. EcTecTBEeHHO ObLIIO OBl HAYATH C ONMpEEICHUS TPOU3BOJIHOM, a 3aTeEM
TOBOPUTh O €€ (PU3UYECKOM WM T€OMETPUYECKOM CMBbICIE, KaK W MOCTYHaloT,
Hampumep, B By30BckoM yueOHuke [20]. Ho yTo nmomycTMMO [Ji1i BY30BCKOTO
yuyeOHUKA HENpUEeMJIEMO [JIsl IIKOJbHOTO W3JIOKEHMS, TJE€ BBEICHHUIO BCSKOTO
HOBOT'O TMOHATUS JOJDKHBI MPEAUIECTBOBATH MPUMEPHI, MPHUBOASIINE K 3ITOMY
MNOHATHIO. MBI XOTUM MPEJIOKUTH U3T0KEHUE MaTepuaia, COOTBETCTBYIOLIEE TON
KOHIEMIMH, HO B HECKOJIbKO HMHOHN MOCJENI0BATEIbHOCTH, Ha3blBas BEIIM CBOUMU
uMeHaMu. OJHOBPEMEHHO MBI CO3/JaJUM JUAAKTUYECKUH MaTepual B BHJIE
KOMITIbIOTepHOH noasiepkku B cpene GeoGebra.

2.1 Onpenenenue KacareJbHOM

HarmoMuuMm, 4TO cexyweii Ha3bIBaeTCA MpsMasi, COSAUHSIONIAS ABE TOUKU JaHHON
KPUBOM.

Omnpenenenue 1. Kacamenvnou ¥ xpuBo [ B Touke M €/ Ha3pIBaeTCs
npejenbHoe TolokeHue cexymeit M7, korna touka 1 €/, nBUrasch 1o KpuBou [,
CTpEeMUTCS K Touke M .

JI1s1 HarasAHOTO MpeCTaBICHHs ATOTO onpeaeneHus B cpeae GeoGebra cozmaem
AHUMAIIMOHHBIN YepPTEXK.

acatens Ilocmpoenue (puc. 12).
3 1) C nmnomouplo  CTPOKU
i\ / BBO/IA CTpOUM napaboiy
2
21"° y=—Xx", a 3aTeM, yXBaTHBILKCh

3a rpaduk, MEPeHOCHM €ro Ha
«XOPpOIIIEEe MECTO.
2) Ha mapabone orMeuaem

Cekyuwiasn

c W A= 35.08° xo x TOYKYy M u mpoBoaAMM 4Yepes
3 -2 1 0 1 2 3 4

/ / Ax \ HEe BEPTHKAJIBHYIO u

Puc. 12 FOPU30HTAIbHYIO HPAMBIC,

orMeyas ToukM X, u ¥,
MEPECEUEHUS BEPTUKAJIA U TOPU3OHTAIN C COOTBETCTBYIOIIMMU OCSIMH KOOPJAWHAT.
3) Beogum wuyucno d=0.5 u cTpouM TOYKH, BBOJSI B CTPOKYy BBOJA
A=(x(X)-d,0) u B=(x(X)+d,0). Ctpoum oTpe3ok AB u oTMe4YaeM Ha HEM
Touky X . Touku A4 u B mpsiueM 3a HeHagoOHOCThIO. CTpoum oTpe3ok CTpoum
oTpe30K XX , BbIAEIAEM €T0 TONUHON U LIBETOM U HaAIIUCHIBAEM « AX ».



4) Yepe3 Touky X mTpOBOAMM BEpPTHKAJIb M OTMEYaeM TOuky 7 TiepeceueHus
BEpPTHUKAJU C TapadoIIon.

5) IlpoBogum mpsimyto uepe3 Touku M wu T (cexkymyw MT). Crpoum
KacarelpHyI0 K napadosie B Touke M . [locTpoeHue 3aKkOHUEHO.

3agaeM anumanuio Touku X (1Mo otpe3ky AB) u HabmogaeM, kak «touka 1 €/,
JBUTAsICh TIO KpUBOW [, cTpeMHTCs K Touke M », a KacaTellbHasl €CTh «IIpeIesIbHOe
noyioxkeHue cekymen». [lemaem naamucu «KacatenbHasi» U «Cekymasy», npuyem
BTOPYIO «IPUBSI3BIBAEM» K CEKYILEW: MpPU ABUKEHUHU CEKYyIIEeH MepemMeniaeTcss u
HAJITUCh.

[lonb3ysick ompeneneHueM KacaTelbHOM, BbIBeJAeM ee ypaBHeHue. [Ipu stom
JaHHyl0 KpuByto [/ Oynem cuutaTh Tpadukom HekoTopol QyHkmuu f(x) ¢

obnacteto ompexnencHuss D c R. Ilycte Touka M(x,,),) HNpPUHAIIEKUT IpaduKy
GyHkuuu y = f(x), 10 ectb X, €D u y, = f(x,). [Ipupactum 3HaueHHe aprymeHra
X, HEKOTOPBIM MaJIbIM 110 a0COJIFOTHOW BEIUYMHE ACUCTBUTEIBHBIM YHCIOM Ax U
OyZneM cuMTaTh, YTO OTPE30K C KOHLAMHU X, M X, +Ax HOPHUHALIEKUT 00IacTU

ompeneneHuss D nanHoW QyHkmmu. Yucino Ax  Ha3bIBaeTCA npupaujeHuem
apaymenma, a pasHOCcTb Ay = f(x,+Ax)— f(x,) Ha3bBaeTca npupaujeruem

¢ynuxyuu. Ha pucynke 12 nmocrpoena touka 7(x,+ Ax, f(x,+ Ax)) U BBIIEICHBI
OTpE3KH, COOTBETCTBYOIMMUE BenmunHaMm Ax u Ay . Uepe3 o u 3 0003HAYCHBI YTIIbI
HAaKJIOHA COOTBETCTBEHHO KacaTelIbHOM M CeKylmed K MOJOKHUTEIbHOMY
HampasieHuto ocu abcuucc. [Ipu anumanuu Toukd X MOKHO HaOJI0aTh KakK MpHU
Ax — 0 yron [ HakJIOHa CEKyIIeW CTPEeMHTCS K yriy o HaKJIOHa KacaTeIbHOM,
npu 3toM k, =tgff > k =tga . 11o03TOMy €CTECTBEHHO CUUTaTh IO ONpPEAEIECHHUIO,
YTO YIJIOBOM KO3 (UIMEHT KacaTeabHON &k B ypaBHEHMM KacaTelbHOU y =/hkx+b
€CTb IIpenea YIJIoBoro kod¢pduuueHta £k, CEKylled B YpaBHEHUM CEKylle
y=kx+b. DOrto omnpeaeneHue yrioBoro kodp@uuMeHTa  KacaTeJIbHOM

3alMchIBacTCA B BUE k = lim k.
Ax—0

[TockonpKy KacareiabHas HIPOXOIOUT 4epe3 TouKy M (x,,y,), 10 y,=kx,+b,
OTKyJa b=y, —kx, W ypaBHEHHWE  KacaTeJIbHOW  TPHHUMAET  BHJ
y=hx+ f(x))—kxy =k(x—x))+ f(x).

Cexymas y = k,x + b, npoxogur 4yepe3 Touku M (x,,y,) u T'(x, + Ax, f(x, + Ax)),
nosromy f(x,)=kx,+b, u f(x,+Ax)=k(x,+ Ax)+b,. Bbruuras n3z BTOpPOro
paBeHCTBa MepBoe, noayyaeM f(x, +Ax) — f(x,) =k (x, + Ax) — kx, = k,Ax . Otcrona
S Co A [

‘ Ax

Takum o00pazom, 1O ompejeleHuro, k= lim S + A%) = fxo) _ lim &
Ax—0 Ax Ax—0 Ax

CnoBamu: yenoeoii kosgguyuenm kacamenvHou K Kpugou y= f(x)B TOUKE

M(x,,y,) no onpedenenuro pagen npeoery OMHOWEHUS NPUPAWEHUs QYHKYUU
Ay = f(x, +Ax)—- f(x,) « npupawenuro apecymenma Ax npu ycrosuu, umo



npupawenue apeymenma Ax cmpemumca K Hymo. OTOT Tpeaesl MPUHITO
obosnayate f'(x,). CrenoBarenbHO, YIIOBOM KOIPQUIMEHT KacaTeabHOH

k = f'(x,) ¥ ypaBHEHHE KacaTeNbHON MpUHUMAeT B V= f (X, )(x —x,) + f(x,).

2.2 OnpeneneHue MTHOBEHHOH CKOPOCTH

ITycth MaTepuasibHasi TOYKAa ABUIKETCS IO MPSMOM OT HEKOTOPOTO HAYAIBHOTO
MOJIOXKEHHSL C MEPEMEHHON CKOPOCTHIO U 3a BpeMsl ! MPOXOAMT paccTosiHue S(1).

3adukcupyeM HEKOTOpPBI MOMEHT BPEMEHU f, M 3HAUCHHIO IEPEMEHHOHU f
npuaaauM Majloe ImpupaimieHue Af Tak, 4ToObl OTpe3OK [f,,f, + At] mpuHaIekal
obmactu onpezencuus D manHoi ¢yHknuu S(f). 3a BpeMs Af IBHXKYIIasCs TOYKa

. As
npouzaer paccrosHue As=s(f, + At)—s(f,). OTHOIIEHNE A B (pU3HKE HA3bIBAIOT
4

cpeomeli ckopocmblo Ha BpEMEHHOM OTpeE3Ke [¢,,7, + At], a ipeaes 3Toro OTHOILEHUS
npu Af crpemsiieMcss K HyJIO Ha3bIBAIOT MCHOBEHHOU CKOPOCMbIO 8 MOMEHMm

epemenu t,. OOO3HAYUM CPEJIHIOID CKOPOCTH Y€pe3 V., , & MCHOBEHHYIO CKOPOCTb

: . As
v(t,). Torma v(t,)=limv, =lim-—. CioBamu: menosennas cxopocmv V(i)
A—0 P a0 At

pasHa npeoeny OMHOWIEHUS Npupaujenuss (QYHKYuu K HpUpawjeHuro apeymenmad,
K020a npupawerue apeymeHma CmpemMumcs K Hyo.

2.3 Onpenesnenue Nnpou3BOAHOM

3amMeyaeM, YTO TEXHHMKA HAXOKIEHHUS MTHOBEHHOM CKOPOCTH MaTepHalbHOM
TOYKM B JAHHBI MOMEHT BPEMEHH U YIIOBOro Kod(h@uIMeHTa KacaTelbHOM K
rpaduKy QYHKIUM B JaHHOW TOYKE OJHA M Ta XKe. ITO 00CTOATENLCTBO MOOYKIAET
HAC K U3YYEHHIO DTOM TEXHMKU U MOCTPOEHHUIO COOTBETCTBYIOLIEN MaTEMATUUECKOM
mozenu. OTBJIEKAasCh OT KOHKPETHOTO COJEpKaHus, CHOPMYIUPYEM OIpPEIEIICHHE
0a30BOr0 MOHSATHS, TIOBTOPSSA ITY OOIILYIO0 TEXHHKY.

Onpenenenre 2. Ilycte nana ¢ynkmus f(x). Ilycts Touka X, W HEKOTOpas

OKPECTHOCTh JTOM TOYKM MpHUHAJICKAT oOJacTh omnpeneneHus ¢GyHKuuu D .
BeibepeM mnpupameHue Ax Tak, 4TOOBl OTPE30K € KOHIAMHM X, M X, +Ax

IpUHaAJIe)Kall OKPECTHOCTH TOYKH X, COI[Cp)K&H.ICﬁCSI B D. Haﬁz{eM MMpUupamcCHuc

byHKIIIHN Ay = f(x,+Ax)— f(x,). Ecnu CYIIECTBYET npenen
. A : + Ax) —

lim 2 = lim (% ACTY, , TO OH HAa3bIBACTCS 3HAYEHUEM NPOU3BOOHOU

Ax—0 Ax Ax—0 Ax

TaHHOM (QyHKOIMM TpH X=X, u obo3Hadaercs f'(x,). OtobOpaxenue,
COIOCTABIISIIOIICE BCSIKOMY 3HAUCHHMIO X=X, 4ucio f'(x,), OmpenesseT HOBYIO
(GYHKIMIO, KOTOpas Ha3bIBAETCA npou3eoonou jnaHHoW Qynkumu  f(X) wu
obo3navaercs f'(x).

Takum o6pazoM, yenosoti kod3ghguyuenm kacamenvHou K epaguxy @yHKyuu
f(x) 6 mouke x,pasen 3mauenuio npouzeoouou f'(x,). B 3TOM cocTouT



2eomempuiecKuti CMviCll npou3soonou. Ecnu osudxcenue mamepuanvHou mouku no
npamoti onpedensiemca @yHkyuetl s(t), MO MSHOBEHHASI CKOPOCMb 6 MOMEHM

épemenu t, pasHa 3HaueHuio npouzeooHou s'(t)). B sTOM cocToMT @usuueckuii

CMBICL NPOU3BOOHOU.
['oBopsaT, yto ¢yHkuMa audpdepeHIUpyeMa B TOYKE X,, €CIH CYLIECTBYET

Ay J (6 + A%) — [ (%)
Ax

npegen lim——= lim . 3ameTuM, 4TO U3 IUDPEepeHIHPYEMOCTH
A—0 Ax  Ax—0
(GyHkuuu f(x) B TOYKE X, BBITEKAET €€ HENPEPBIBHOCTb B 3TOH Touke. B camom

nerne, gn})(f(x0+Ax)—f(x0))=£mokle= limk - lmAx=k-0=0. [Jpyrumu

Ax—0 Ax—0
CJIOBaMHU, €CJIM MpHpallleHne aprymeHta Ax crpeMutcs K Hynwo (Ax — 0), To u Ay
ctpemutcs K Hyt0 (Ay — 0). Ho 3To 1 03HauaeT HEMPEPHIBHOCTh (DYHKIIUU B TOUKE
X, -
Jlanee uzydarorcs npaBuia auddepeHIMpoBaHus, dTOT MaTepual Mbl 3]1eCh HE
paccMaTpHUBaeM.
3agava. TspKeNbIi CHEXXHBIM KOM IMaJaeT C KPBIIIU MATHAAIATUITAKHOTO JI0Ma

(BrICcOTA OAHOrO 3Taxka 3 M.). Uemy paBHa CKOpPOCTb MaJCHHSI CHEXHOTO KOMa B
MOMEHT yzAapa O 3eMII0?

2
t
Pemenne. Ilo 3akoHy CcBOOOJHOTO TMajcHUS s:s(t):%, rie g -—

KOC—)(i)(I)I/II_II/IeHT CBO6OIIHOFO IIaaCHUA, KOTOp]’:Iﬁ BO3BMCM C TOYHOCTBIO OO LCJBIX
2

/4
paBHBIM g =10 m/cex”. TTo ycnoBuio, s =45 u. Torna 45 = 7 OTKyna t =3 cex.
JUiss  BBIYUCIEHUS ~ MTHOBEHHOM  CKOPOCTM  HAxXOJuM  IMPOU3BOIHYIO:
s'(t) = % -2t =10¢. IIpu ¢ =3 monyuaem s'(3) =30 m/cex .

OTBeT: MTHOBEHHAsI CKOPOCTH TaJICHUSI CHS)KHOTO KOMa B MOMEHT CTOJIKHOBCHHS
c 3emuteit paBHa 30 m/cex.

JXKuBoi yepTex K 3a/1aue MOCTPOUM B CIICIYIONIEM ITyHKTE.

Yacto (Pu3HUECKYI0 TEPMHUHOJIOTHIO TICPEHOCAT Ha MPOW3BOJIBHBIA IPOIECC
W3MCHCHHS OJTHOM MEPEMEHHON B 3aBUCUMOCTH OT M3MEHEHUS JIPYroil MepeMEHHOM.
Ecnmn mpl Habmiogaem rpaduk HEKOTOPOTO TMpoliecca HM3MEHEHHS IMEepeMEHHON
BEJIMUMHBI ) OT BO3pacTaHWsl TEPEeMEHHOW X, KOTopas Bo3pacTtas mpoOeraer
MHOXKECTBO BCEX HEOTPUIATEIBHBIX JCHCTBUTENBHBIX YHCEN R, TO BIOJHE
OCMBICJICHHBIM SIBJISICTCS TOHATHE CKOPOCTH 3TOro mporiecca. Ho Torma 3HaueHue
npousBogHoii f'(X,) ecTecTBeHHO Ha3BaTh MTHOBEHHOH CKOPOCTBIO HPH X = X,.
Hanpumep, HaGmromaeM mpolecCc M3MEHEHHs IUIOMIANM Kpyra B 3aBHCHUMOCTH OT
yBenmmdeHus paguyca. OH, Kak M3BECTHO, 3aj1aeTcsa dyHKuumeil s(r)=sr’. BronHe

OCO3HAHHO MOHO TOBOPUTH O CKOPOCTH U3MEHEHUS TIJIOMIAAN KPyra B 3aBUCUMOCTH
OT yBEIMYCHHS paanyca. ITa CKOpOCTh 3ajmaetcs dopmyioi s'(r)=2xzr. Ho Toraa

MOXHO I'OBOPHTH O MTIHOBCHHOM CKOpPOCTHU M3MCHCHM: ILIOIAAN Kpyra IJIs1 JaHHOTO



3HA4YCHUS pajuyca r =r,, KoTopas paBHa s'(r,) = 277, . TakuM 00pa3oM, MTHOBECHHasI
CKOPOCTbh MU3MEHEHHUs IUIOIAAN Kpyra IIPU 3HAYEHUH 7 =7, YUCIECHHO PaBHA JJIMHE

OKPYXHOCTH JTOTO Kpyra. AHAJOTMYHO HETPYJIHO T[0Ka3aTh, YTO CKOPOCTh
U3MeHeHHus] o0beMa KyOa paBHa YTPOCHHOM IJIOIIAU €TI0 IPaHu.

2.4 MexaHn4yeckoe MoCTpoeHue rpapuka npou3BoAHON JaHHON GyHKIMH

B cpene GeoGebra mnoctpoum BHPTyallbHbIH NPUOOp IS MEXaHUYECKOTO
BbIUEpUYUBAHUA rpaduKa MPOU3BOAHON JaHHON (PYHKIIUU.

[pumep. IocTpouTs rpaduk NpoM3BOIHON GyHKIHH Y= f(x)=x" —2x° —2x+5.
Ilocmpoenue (puc. 13).

5 1) C nomompio CTPOKH BBOJIa CTPOUM TIpaduk
naHHoM QyHKIMHU y = f(x).

4 2) Ha ocu abcuucc orMedaemM TOUYKy X H

e f (R MPOBOJUM 4Yepe3 Hee BEPTUKAIbHYIO TMPSMYIO.

Otmeuaem TOUKy A TepecedyeHus dTOU MPSIMOM ¢
rpadukom 1aHHON (QYHKIIHH.
3) C nmomompio uMHCTpyMeHTa «KacarembHasy

f(x)
. A yepe3 TOUYKYy A TNPOBOAMM KacaTelbHYIO0 K
rpaduxky QyHKIUH.
oo [ J X 4) Ormeuaem Toukoil O Hayallo KOOPAMHAT U

yepe3 Hayallo KOOpPAMHAT MPOBOAUM MPSMYIO
IapaJlJIebHO KACATEIBbHOM.

5) OrmeuaeM eIMHMYHYIO TOYKy £E ocu
2 abcuucc, NPOBOJMM 4Yepe3 HEE BEPTUKAIbHYIO
MpSIMYIO M1 OTMEYAaeM TOYKY B IepecedeHHs 3Toi
IpsAMOM C MpAMOM NApaUICIbHONU KacaTeJIbHOM,
IIPOXOJAIIEH Yepe3 Hadano koopauHar. Ilomyyaem
yroin o = ZBOE . Opaunara Touku B paBHa Igq.

-3

Puc. 13

C napyroil CTOpPOHBI, TAaHTEHC yrja HaKJIOHA KacaTelbHOM K rpaduKy JTaHHOU
¢GyHnxunu B Touke A(x,, f(x,)) paBeH NPOM3BOAHON TaHHOW QyHKIHU f'(X,).

6) Uepe3 Touky B MpOBOAUM TOpPU3OHTAIBHYIO MPSIMYIO U OoTMedaeM Touky C
[IepecedYeHrst OCTPOCHHON MNPSIMOU C BEPTUKAJIBHOM IPSAMOM, IMPOXOISIIEH 4depes
Touky X . IlocTpoeHHe 3aKOHYEHO.

3acraBnsieM Touky C OCTaBIsATh CJlE€A W 337acM AHUMALUI TOYKH X .
HaGmionaem kak touka C, oCTaBisisi cliell, BblUepUYHBAET rpapuK MPOU3BOJHOMN
naHHOM (pyHKIMH. DTOT cOCO0 BblUEpUMBAaHUS rpaduKa MPOU3BOJAHON O IpaduKy
JaHHOM (DYHKLMU HAa30BEM MeXaHUu4ecKuM, a TIOCTPOCHHBIN YEPTEX — GUPIMYATbHBIM
npudopom s MEXaHUYECKOTO BhIUEpUUBAHUS IpaduKa MPOU3BOIHOM.

[IpuGop MOXKHO HACTPOUTHb HAa BBbIYEPUMBAHUE IpauKa MPOU3BOJHON JPYrou
byHkuuu. s 3Toro Hy>KHO NMpPaBON KHOMKOM MBIIIKY KIUKHYTh Ha rpaduK TaHHON
¢bynkuuu u B «CBoiicTBax» 3aJ1aTh HOBYIO (DYHKIIHIO.



CaMo mocTpoeHue npudopa O0Ka3bIBAET, YTO €CIU ABE (PYHKIHUM OTIMYAKOTCS
TOJIBKO MOCTOSIHHBIM ciaraeMbiM: /(x) = f(x)+c, ¢ € R, To rpaduKu NpOU3BOIHBIX

ATUX (PYHKIMI COBMAAIOT.

A B
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-5 0]

Puc. 14

Ha pucynke 14 mpeacTaBiieH )KHUBOW YEPTEX K PEIICHHOW BBIIIIC
3aJ1aue Mpo CHEXKHBIM KOM, MaJAFOIINKA ¢ KPBIIIU 15-3TaKHOTO JToMa.
Ha dyeprexe m300pakeHO CBOOOAHOE TAJCHHE TKEIOrO Iapa ¢
BBICOTHI 45 M. Ilpu mageHuyn mapa Toyka F BbIYepuyuBacT rpaduk
CBOOOJHOTO TajeHus (3aBUCUMOCTh IyTH OT BPEMEHH), a Touka P
pucyeT rpaguKk M3MEHEHUS CKOPOCTH OT BpPeMEHHU (TIPOU3BOJIHYIO).
[TocnenoBaTenbHOCT, MOCTPOCHUNM MOXHO TPOCIEAWTh, €CIH
KIIMKHYTb MPaBOH KHOIKOW MBIIIHU Ha [10JIOTHO ¥ B BBITIABIIEM MCHIO
BbIOpaTh Illarm mocCTpoeHUWs, WIM HaXaThb KiIaBumy Bumg u B
BBINIABIIIEM CITUCKE KOMAaHJl OTKPBITh IIpoTokon. 3aMeTrum, dYTO
MOJIeJIb CBOOOTHOTO TIAJCHHUS MOXKHO CJIenaTh 0oJiee PealiCTUIHOM,
ecM MmoAoOpaTh MOAXOJANIME TapaMeTpbl aHUMAIlMd M W3MCHHUTH
MacmTaObl 10 OCSIM KOOP/IHMHAT.

I'paduk TpOW3BOAHON JaHHONH QYHKIIMH MOXXHO IOCTPOHTH
BBEJICHHEM COOTBETCTBYIOIICH KOMaHABI B CTPOKY BBOjga. Ho Takoe
pelIcHWEe 3aJadd «HaKaTHEeM OJHOW KHOIKH» HE JacT TOTO
oOpazoBaTebHOTO d(ddekTa, KOTOPHIM JaeT «MEXaHUYECKOoe
BbIYepuuBaHue». (OCOOCHHO TIOYYHUTEIBHBIM SBISCTCS CO3JIaHHC

COOTBETCTBYIOILIETO BUPTYAILHOTO TIpUOOpA.
MoxHO oOTKazaTbCs OT Yycayr KHomnku «KacatenbHas» u CTpouth rpaduk
NPOU3BOJHON NpUONMKEHHO. JlJI1 3TOro Mbl KacaTelbHYIO B Touke A(x,, f(x,))

3aMeHUM cekymel AB, rae B(x,+ Ax, f(x,+Ax)) mpu OOCTATOYHO MAaJOM IIO

a0COJIFOTHOM BEIUUYMHE Ax .

.! /\
i [¢#B 5

[

Ilocmpoenue (puc. 15).

1) C noMomuipio CTPOKH BBOJIa CTPOUM rpaduK JTaHHON
yskuun f(x)=x" —2x* —2x+5.

/ 2) Ha ocu abcuucc orMeuaeM TOuYKy X , TIPOBOIUM
| yepe3 Hee BEpPTUKAJIbHYIO MPAMYIO U OTMEYaeM TOYKy A

i
|
/
!
|
|
!

NepecevyeHnsl MOCTPOECHHOM MpsiMON ¢ TpaduKoM JTaHHOMN

byHKIUN.
3) Ilycte abcumcca Toukn X paBHa X,. BbiOupaem

Ax=0.1 u ctpoum TOouKy R(x,+ Ax,0), nmpoBogum dyepes

o

Puc. 15

; HEE BEPTHUKAJIbHYIO TMPAMYHD W OTMEYaeM TOYKy B
NepecevyeHnsl MOCTPOECHHON MpsSMON € TIpa@uKoOM JTaHHOU
byHKIUN.

3) IlpoBoaum cekytnywo AB.

4) Ctpoum enunnynyto Touky £(1,0) u npoBoaum uepe3
HEe BepTUKaNbHYIO npsMmylo. Otmeuaem Touky C
[IepeCeYCHUsT  BEPTUKAIBHOM  INPSIMOM  C  IPAMOW,
MPOXOAALIEH 4Yepe3 Hadalo KOOpPAMHAT IapajuleIbHO



kacarenbHOM. Opaunata Toukn C paBHa TaHreHcy yria ZCOE, a 3TOT yron
MpUOJIMKEHHO PaBEH YTy HAKJIOHA ¢ KacaTelbHOW K rpaduky (yHKIIMH B TOUYKE
A. Ho tga= f'(x,). CanenoBarensHo, opanHata Toukun C NpHOIIKEHHO paBHA

(%),

5) Ilpoextupyem Touky C Ha BEPTUKAIbHYIO MPSAMYIO, MPOXOASAIIYIO 4Yepes3
TOYKY X , U nojydaeM To4ky D . [IocTpoeHue 3aKOHUYEHO.

Ternepp 3acTaBisieM TOYKY D OCTaBJISATH CI€I U 33aJacM aHUMALUI0 TOYKU X .
Ha6monaem kak Touka D, OCTaBisisi Ciell, BblUEPUMBACT NPUOIMKEHHBIA Tpaduk
MPOU3BOJHON NaHHOM (YHKUMU. [ yBeNMUYEHHUsS TOYHOCTH MOCTPOCHHUs Trpaduka
MIPOU3BOIHOM MOKHO BBIOpATH €1le MEHbIIee M0 a0COMIOTHON BenyuHe Ax .

Jjist ydiiero ycBOeHHUs! ypaBHEHUS! KacaTeabHOW y rpaduky GyHKIHH B TaHHON
TOYKE TMOJE3HO MO JaHHOM (YHKUWHU, 3aJaHHOM AaHAJIUTUYECKH, ICHUCTBYS IO
aJTOpUTMY, HAIIMCATh YPABHEHUE KACaTEJIbHOM, a 3aT€M C €r0 MOMOILBIO IIOCTPOUTH
rpaduk JaHHOU PYHKIUH.

[Ipumep. CoctaBpTe ypaBHEHME KacaTelbHOM K rpaduky QyHKUIUH

. 2 o o
f(x)=sinx+x’=3x>+x+5 u, 3Hasg ypaBHCHHME KacaTelIbHOH B KaKIOH TOUKe,
nocTpoiite rpaduk 1aHHON (QYHKIHH.

Pemenue. O0uiee ypaBHeHHE KacaTeabHOUN K rpaduky AaHHON
GyHKIMM BI TOYKe X, UMeeT BHA V= f (x,)(x—x,)+ f(x,). B

’ _ 2
/] HalmeM clry4ae S'(xy) =cosx, +3x5; —6x,+1,
. 2 o
61 f(x,)=sinx,+x, —3x; +X,+5 W ypaBHEHHE KacaTeJbHOI
F
IPHUHUMAET BUJL

2 .
¥ = (o8 xy +3x5 —6xy), + D)(x — x) + sin x +Xp —3x] + X, +5. 3Has
rpaQuK KacaTeIbHOM B KaXKAOM TOYKE X,, MBI MOXKEM HaWTH
TOUKy (x,,f(x,)) rpadpuka paHHOM (QyHKIMM, KaK TOUYKY

[epecevyeHus MpsAMON-KAcaTeIbHOM M BEPTUKAIBHOM INPSIMOMU,
IpoXoAsIel yepe3 TouKy X (x,,0).

Ilocmpoenue (puc. 16).

1) Ha ocu alGcumcc OTMEUaeM «TEKYyIIyH» TOuyky X U
MIPOBOIUM Yepe3 Hee BEPTUKATBHYIO MPSIMYIO.

2) Ctpokoii BBOJIa BBOAUM 4HCIO X, = x(X) (abcuuccy ToUkH
X).

3) Crpoxkoit BBOJIA CTPOUM MPSMYIO
y=(cosx, + 3x§ —6x, +1)(x—x,) +sinx, + xS — 3x§ +X,+5 U oTMeyaeM TOYKy [
MIEPECEUEHUs ITOM NPSIMOM C BEPTUKAJIBbHOW MPSAMOM, NPOXOASUIEN yepe3 TOUKy X .
[TocTpoeHue 3aKOHYEHO.

3acTaBisieM TOUKY F OCTaBISATH Cliell U 3ajaeM aHuMmanuio Touku X . Touka F
BBIYEPUMBAET T'pauK TaHHOU PyHKIIHH.



Imaga 3.  HCCJIEJOBAHHE @®YHKIIMM C HOMOHIbIO
IMPON3BOJIHOU

3.1 IlocTpoenne rpagpuka PyHKUMHA ¢ UCTIOJIH30BAHNEM ITPON3BOTHOM

W3noxeHHBI HW)KE MaTepuall HampaBiieH Ha 0oJiee OCMBICIEHHOE YCBOCHHE
«ANTOpUTMA HCCIEOBAaHUS HENpephIBHOM (yHKIUM f(X) Ha MOHOTOHHOCTH U
HKCTPEMYMBD» C TIOCIIEAYIOIIUM CXEMaTUUYHBIM OCTPOEHUEM Tpaduka GyHKIUH.

Ilycts mama ¢ynkmmsa f(x)=3x"—5x°. B cpene GeoGebra ctpoum rpaduk 3Toif
¢byukuuu (puc. 17). Ha ocu abcuucc ormeuaem touky X . IIpoBogum uepe3 Hee
NpsMYIO TIapajuIeIbHO OCU OpJIMHAT U OTMEYaeM TOuKy M mnepecedeHus MmpsiMoil ¢
rpaduxom gaHHoW QyHkiuu. Yepes Touky M TpOBOAUM KacaTellbHYIO0 K Ipaduky
¢yukuuu. Touka X sBiseTcs npoekiued Touku M Ha ock abciucc. Uepes Touky
X mnpoBeneM MpsMYIO MapajjiesibHylo KacareabHou. [locTpoeHHylo npsimyio Oyaem
Ha3bIBATh MNPAMOU HAKIOHA KacamenbHou. 3aJaeM aHuMaluio Touke X U
HaOJIt0/1aeM, Kak MpHU ee MepeMelleHUd Mo OCU abclucce cieBa HarpaBo Touka M
nepemeniaercs no rpaguky QyHKIuU, yBieKas 3a co0Oil KacaTellbHylo, a IpsimMas
HAKJIOHA KacaTeJIbHOW MOKA3bIBAET YroJl HAKJIOHA KAacaTeIbHON K MOJIOKUTEIHLHOMY
HaIpaBJICHUIO OCH adcLucc.

Tenepr ybOepem (cnpsuem) Tpapuk (QYHKIHH H
KacaTeJbHYI0, OCTaBUB JIMILb MPSIMYIO0 HaKJIOHA KacaTeJIbHOM.
[Tpu anumanuu To4k X Mbl YBUJIUM, KaK U3MEHSIETCS yroJl
HakjoHa KacarenbHOW. [locTtaBum 3amady: BOCCTaHOBUTH
rpapux maHHOW (yHKUMM, HaOMOAass W3MEHEHHs YIJia

T~od 7 T7s HakKIOHa KacaTeJlbHOM.

oy CocraBUM YIPOILIEHHYIO CXEMY M3MEHEHUS yIJla HaKJIOHA
kacatenpHOM. CHavana BBIIETUM TOYKM OCH  aOcImcc,
COOTBETCTBYIOIIME KACATEIbHBIM MAPAJUICIBHBIM STOM OCH.
Oro Oymyr Touku —1, O w 1. 3areM Hajg OCTaJIbHBIMHU

=

2 o0iacTaMu ocu abCIMCC OTMETUM CXEMAaTUYHO YIJIbl HAKJIOHA
Puc. 17 KacaTtesbHoi (puc. 18).
1 1 1 o
Puc. 18

[IpuBenem cxemy (puc. 19), moka3pIBaroIIyI0 U3MEHEHHUS HaKJIOHA KacaTeIbHOM.

ITo 3TO cxeMe MBI MOXEM CKa3aTh, 4TO Ha mpomexytke (—oo,—1) dyHkmms
f(x) Bo3pacraet, Ha npomexyTtke (—1,0) ona yObiBaeT, a 3HAYUT B TOYKEe X =—I
umeeM MmakcumyM (yrkimu. Jlanee, Ha npomexytke (0,1) ¢ynkums yOwiBaet, a
sHauuT x=0 sBasercs Toukod meperuba. Hakonen, Ha mnpomexytke (1,+00)
(GyHKIUS BO3pACTaeT, a 3HAUUT MPH X = | UMeeM MUHUMYM (QYHKIIUH.



X x<-1 -1<x<0 -1<x<l1 1<x
Hakmon § / — — -
KacaTeJIbHOU

Puc. 19

Ha ocHOBaHMM TIpOBEAEHHBIX MCCIEAOBAHUNA COCTaBUM CXEMY IIOBEICHUS
rpaduka ¢ynkuuu. Touku, B KOTOpBIX KacaTellbHas NapajulelibHa Ocu abcuucc,
Ha3bIBAIOTCS CMAYUOHAPHLIMU TOYKAMU. [l cXeMaTUYHOro HM300pa’KeHUsl dacTei
rpaduka (QyHKIMM BOJM3M CTAMOHAPHBIX TOYEK IpeajiaraeTcsi HMCIOJIb30BaTh

HarJsAHbIe 3Hauku (puc. 20).

X x<-—1 -1 | -1<x<0 0 O0<x<l 1 l<x
"padpux f(x) — M ~ \\ — Y _»
Puc. 20

Jns  yrouHeHus rpaduka (QYHKIMM BBIYUCISEM 3HAY€HUS (QYHKIUU B

CTAIMOHAPHBIX TOYKaAX!:

f(-H=2, f(0)=0, f(1)=-2. Haxkonen, pemias

5 3
ypaBHeHue 3x”° —5x” =0, HaXOAMM TOUYKH TiepecedeHus rpaduka GyHKIHH C OCHIO

YpaxxHeHnue.

Jlana
HenpepbiBHON QyHKImu f(x) (puc. 22).

abcuucc:  x, =0, xlz—\/g, xzz\/g. B

pe3yabTaTe Mbl MOKEM CXEMaTUUYHO MPEACTABUTh
rpaduk pynkiuu. CHavaga oTMEUaeM KIIIOUEBBIC

TOYKH (—\/E,O), (-L2), (0,0), (1,-2), (\/§,O).

3atem B okpectHoctd Touku (—1,2) pucyem
nomobue yacTh mapaboibl BETBSIMH BHU3 H
BEpIIMHOW B JaHHOH TOYKE, B OKPECTHOCTH
Havajga KOOpIMHAT pUCYyeM Tieperud, a B
okpectHoctn Touku (1,—2) pucyem momobue
napaloJibl BETBSIMU BBEPX M BEPIIMHON B TOYKE
(1,-2). Coenunsisi mOCTpOCHHBIE YacTH rpaduka,
MoJIy4aeM  CXEMaTU4yHbI  rpaduk  JTaHHOU
¢bynkuuu (puc. 21).

Ta6JII/II_Ia HN3MCHCHHA  yrjla HAKJIOHA KacaTelbHOU



Y x<a a a<x<b b<x<c c<Xx

Haxion —
KacaTeJIbHOU

Puc. 22
[Mpunymaiite npueMieMsle 3Hauenus 1 a, b, ¢, f(a), f(b), f(c), cocraBbTe

TaONMUIly W3MEHEHHS 3HAa4YeHWH (QYHKIUM W HApUCYHTE CXEMaTHYHO Tpaduk
byHKUIUU.

Ecnmu B HekoTOpoll Touke rpaduka HEMpepblBHOW (PYHKIMM KacaTelbHas He
CYIIECTBYeT, TO B TaOnuIe W3MEHEHWs YIja HakJIOHa KacaTeJbHOW B
COOTBETCTBYIOIIEH KJIETKE OyJeM CTaBUTh OIWH W3 HATJSAHBIX 3HaKOB. TOUYKH, B
KOTOPBIX KacaTelIbHasi He CYIIECTBYET, Ha3bIBAIOTCS KpUMu4eCKumMu TOUKaMH.

[IpuBenem npumep Takoi Tabnuibl (puc. 23).

X x<a a a<x<b b<x<c c<Xx
Haknon } . Ve - A — Vi -
KaCaTCIbHOU
Puc. 23

[TpuBenute mpumep rpaduka HEMPEPHIBHONW (PYHKIIUU, KOTOPHI COOTBETCTBOBAI
ObI JaHHOU TaOJIHIIE.

Onupasic Ha TEOMETPUYECKUUA CMBICT TPOM3BOJHOHN, TNpPHUBEAEM MpPUMED
WCTIOIH30BAHUS TIPOU3BOIHOM JJISi CXeMAaTHYHOT'O BhIUCPUUBAHUSA I'paduka QyHKIINN.

[pumep. Ioctpouts cxematuuno rpaduk ¢GyHkmun f(x)=x" —3x° +4,
UCIIOJIb3YsI €€ MPOU3BOIHYIO.

Pemenne. 1) O6Gnactpio omnpeneneHus JaHHOW (YHKIUU SIBISETCS MHOMXKECTBO
BCEX JICUCTBUTENIbHBIX YHUCEIL.

2) Haitnem npousBoanyto naHHo# GyHKmmn: f'(x) =3x" —6x.

2
3) Pemas ypaBHeHume 3x° —6x =0, HAXOAMM CTAallMOHAPHBIE W KPUTUUYECKUE
Touku. B Hamem ciydae KopHu ypaBHeHHa x, =0, x,=2 sgBIAIOTCA
CTAallMOHAPHBIMU TOUKAMH.

4) CocrasisieM TabJIMIly U3MEHEHUS! 3HAKOB MPOU3BOHOM, COOTBETCTBEHHO yTJia
HaKJIOHA KacaTeIbHOU U moBeaeHus rpaguka GyHkiuu (puc. 24).

X x<0 0 cx<2 2 D <X
f(x) + 0 — 0 +
Haxnon _ _ — L -
cacaTeJIbHOU
I'pacpuk > ~ ~— J —
J(x)

Puc. 24



5) Haxonum 3HaueHus QyHKIMU B cTannoHapHeix Toukax: f(0)=4, f(2)=0,
HAXOJUM KOPHHM MHOrowieHa: x,=-—1, X,,=2 W CTPOUM CXEMAaTH4YHO TpaduK

JTaHHOU (DYHKITUH.

Jnist mpoBepku noctpoiite rpaduk B GeoGebra.

3agaum HAa MAKCUMYM U MUHUMYM

3anaua 2. M3 yununopuueckoeo OpesHa uzeomasiuearom OaiKy npsamoy2oibH020
ceuenusl, BNUCAHHO20 8 OKPYICHOCMb ceueHus OpesHa. Hzeecmno, umo ynpy2ocms
OanKu NponopyUOHAIbHA NPOU3BEOCHUIO WIUPUHBL NPAMOY2ONbHUKA Ce4eHUsl Ha
gvicomy. Hatioume pasmepvl ceuenus, npu KOmMOpoOM HNPOYHOCMb  OAIKU
MAKCUMAbHA.

Pewenue.

1. Cocmasnenue mamemamuueckor moodeau. VICKOMyw MUPUHY OaJiku
0003HauyuM uepe3 X, BBICOTY A, paauyc OpeBHa r, yOpyroctb Oajiku y, a

ko3 durmenT nponopuuonansaoct k. Torma x” +h? = 4r%, otkyna h* = 4r* —x*.
[lo ycinoBHiO, ymOpyrocts y=kxh®, otkyma y=kx(4r’ —x*)=4kr’x—kx’.
onyuenHas GyHKIMs y = 4kr’x — kx® BBIpakaeT HCKOMYIO 3aBUCHMOCTb YIIPYTOCTH

OaJIkM ) OT IMPHUHBI Oanku x. 3ajaya CBOJUTCS K HAXOXKIEHUIO HaMOOJBIIETO
3HAYCHHUsI MOTYYCHHON QyHKIMH. MaTemMaTHueckass MOIeIb 3a7ja49i MTOCTPOCHA.

2. I'paghuueckoe pewenue 3a0auu Ha AHUMAYUOHHOM Uepmedice.
B B

24 4

221 22

201 201

16

0]

Ilocmpoenue 6 cpede GeoGebra. (puc. 25).



1) Crpokoii BBOJAa BBOAMM NapameTpbl kK W 7, mosaras JJjisl ONpeAeJeHHOCTH
k=1, r =2 (cuutaem, 4To ¥ PaBHO JABYM JIECATKAM CM.).
2) Ctpokoii BBoia cTponM rpaduk Gpyrkumu y = 4kr’x —kx’ .
3) OrMmedaeM Havallo KOOpJIMHAT (KaKk TOYKY IEpEeceYeHUsi ocei) U CTPOUM
orpe3ok OA nnuuoit 2r. Ha 3TOM oTpe3ke oTMedaeM TOUKy X , IpHU €e aHuMaluu
BIIOCJICICTBUM OHa OyJeT MepeMelmarbcsa M0 3TOMY
B oTpe3ky. AOcuucca x Touku X Oyjaer paBHa IIUPHUHE
ceuenus O6anku. Yepes Touky X NHpoBOAMM BEPTUKAIb U
OTMEUYaeM TOUYKy B  mepecedeHus BEPTHKAIH C
rpapuxom ¢Gynkuuu. Yepe3 Touky B NOpOBOAMM
KacaTelbHyI0 K Irpa@uKky (QyHKIHU U TOPU3OHTKAIBHYIO

261

24 1

221

201

IPAMYIO.
] Y Hac Bce TOTOBO s TpadUUECKOro peIIeHHs
2] el I 3amaum. Jlng HaAMIAAHOCTH IIOCTPOUM H300paKeHHUE
1] O\B  ceyeHMs OalKM INMPMHOM X B BUJE NPSAMOYTOJIBHHKA,
% F \, BIMCAHHOTO B OKPYXHOCTb, KOTOpas Ipe/CTaBiseT

coboli ceuenne OpeBHa paauyca » (puc. 26).

4) Ha cBob6onnom mecte I[lonmoTHa oTmMedaeM TOUYKY
o Ix [a C ¥ TpOBOIUM OKPYKHOCTH C IICHTPOM B 3TOH TOYKE
2 Jo 2§ & & 1o 12 pamguyca r, HU300pakamwIlyr cedeHue OpeBHA. 3aTem

Puc. 27 MIPOBOJIUM OKPYKHOCTH C IIEHTpoM B Touke C paanyca
x(X)/2 (monouHa abcmuccel Touku X ). Uepe3 TOUKy

C TpoOBOAMM TOPU3OHTAIBHYIO MPSAMYIO U OTMEYaeM Touku D u E mepeceueHus
ATOM MPSIMOW C Majol OKpyXHOCThIO. Uepe3 Touku D u E npoBoAuM BEpTUKAIH U
oTmeuaeMm Touku G, F' u I, H nepecedyeHus BEpTUKAJIEH ¢ BHEIIHENH OKPYKHOCTHIO.

Crtpoum npsimoyronbHuk GFHI cedenus 6anku. [TocTpoeHne 3aKk0OHUYEHO.
[Ipuctynum Kk rpaduueckoMmy pemieHuto 3aaaud. CHayana s OOJIBLIETrO
MOHUMAaHUsS CBA3M Tpaduka ¢ M300paKEeHUEM CEUeHUs NepemeriaeM Touky X 1o
orpesky OA u HabmoJaeM 3a COOTBETCTBYIOIIMM HM3MEHEHHEM CEYEHMs OajKu.
BuauMm, uyto HanbosbIas ynpyrocts OaikMm y, ... IOCTUTAETCs, KOIJa KacaTelbHas

B TOYKE B 3aHUMaeT TIOPU3OHTAJIbHOE IOJOXKEHHE, CIUBAsACh C TOPU3OHTAIBIO,
MPOBEJICHHON uepe3 Touky B. Ham ocraercst nauib «mmodMaTth» COOTBETCTBYIOLIEE
nosioxkeHre Touku X (puc. 27). CHauana Bpy4dHYIO MOAOHpPAEM TOJOKEHUE TOUYKHU
X , «0nu3Koe K uaeaibHOMY». 3aTeM yTeM HCIBbITAHUN MoAOUpaeM OJHY 3a IPYyrou
ouepenHyto uudpy adbcmuccsl Toukn X . Hampumep, mnycTb BpYYHYIO MBI
ycTaHoBWIM TOouky X (2.28,0). Buaum, 4YTO KacaTelbHas HE COBNAJaeT C

TOPU3OHTANIBI0O M HYXKHO TOYKY X JBUTaTh BIpaBo. Torga B CTPOKY BBOjAA
3anuceiBaeM: X =(2.29,0). Buaum, uto 3T0it mpubaBku mano. Beogum X =(2.3,0).

Eme mano. Brogum X =(2.31,0). Muoro! Broaum X =(2.305,0). 1 Tak nainee.
VY noBieTBopuTebHOE TpUbIIKeHHe nojydaeM rpu X =(2.3094,0) .

OtBeT: HanboJbIIask YIPYTOCTh OAJIKU JOCTUTAETCS MPH IUPUHE CEUSHUS OaJIKH,
MIPUMEPHO paBHBIM X =2.3094.



3. Ananumuueckoe peutenue 3a0ayu.
TpeOyeTcst HaliTH Takoe 3HaUYE€HHE MEPEMEHHOM X (IIMPHUHBI CeYeHUs: OajKu),
opu KOTOpOM (pyHKIMS NpUHUMAeT HauOojbllee 3HadyeHue y, .. Pemas 3amauy

I‘pa(i)I/I"ICCKI/I, Mbl BHACIIH, 9TO HCKOMOC X =X, COOTBCTCTBYCT I'OpHU30HTAJIbBHOMY
MOJOXXEHUID KacaTEJIbHOM K Fpa(i)I/IKy (1)YHK]_II/II/I B TOYKC X,. Ho kacarenpHas

TOPU30HTAIbHA <> YIOJl HAaKJIOHA KacaTeJbHOW K MOJOKUTEIbHOMY HalpPaBICHUIO
ocu abciucc paBHe 0 < TaHreHC 3TOro yria paseH 0 <> npousBojHas GyHKUIUU B
Touke X, paBHa 0. CienoBaTenbHO, HY’KHO HAWTU NPOU3BOIHYIO (DYHKIIUU B JAHHOU

TOYKC, IIPpUPABHATD cC K HYJIO n PCUINTDH IMOJIYYCHHOC YPaBHCHHC:

V' =(4kr’x —kx*) = 4kr* =3kx* =0, oTkyza 2r _2r

X, = ek X, = el
HIMPUHA CEYEHUs! OAJIKU €CTh MOJOKUTEIbHOE YKCIO0, TO BTOPOM KOPEHb IJIsi HAC
ABIIAETCS IOCTOPOHHUM.

r
3
3HaueHue JaHHOW ¢GyHKuMM HaumbonbmiuMm? BemomuuM, uyro 0<x<2r=4.
Heo6xonumo yOenutbesi, 4To Ha KoHIAax orpeska [0,4] 3HaueHUs (QyHKIMH HE

ITockoubky

Hrak, B TOUKEe X, = KacaTenbHasi Topu3oHTalbHa. Ho OyaeT v B 3TON TOouKe

Gonbime, uWeM B TOuKe X,. Bermmcmsem: p(0)=0, y(2r)=8kr’ -8k’ =0.
2r

L

CJICI[OB&TCJIBHO, Viaus. AOCTHI'ACTCA B TOUKC X =

2r
OTBeT: mupHUHA CeUeHUs OaTKu paBHA ——.
V3
Haiimem cooTHoIIeHHEe MEXIY IIUPUHOM X W BBICOTOM /4 cedyeHus Oalkw.

2
Umeem: h*=4r> —x* =4r? —4L:§ 2, OTKyna h= 2V2
3 V3

r. CJICI[OB&TCHBHO,

ﬁ:\/i I/Ih:x-\/z.
X

4. I'paguueckas nposepra omeema.
B ctpoky BBOna 3amuceiBaeM X =(2*r/sqrt(3),0) u nocine BBOAA BUJIUM, YTO

KacaTelbHas TOPU3OHTAIbHA, 3TO COOTBETCTBYET Y, . .. OIHOBPEMEHHO BHUIUM
cCOoOTBeTCTBYIoOIIEe ceueHue Oanku. Ha Hem otmeuaem otpesku FH u GF (muupuny
U BBICOTY cedeHus: Oanku). BBoguMm uucno x(X)*sqgrt(2) u BuauM, 9TO 3TO YUCIIO

COBMAJACT ¢ JIMHOU oTpe3ka GF (mpu BblOpaHHbIX k=1 u r=2).

Takum oOpa3zom, rpaduyeckoe peuieHue HE TOJIBKO SBISIETCS HCTOYHHUKOM
AHAJIMTUYECKOTO0 PELICHUs, JENaeT €ro OCO3HAHHBIM, HO M TO3BOJISIET BBINOJIHUTH
MPOBEPKY HAWJIEHHOTO aHATUTHUYECKOTO PEICHUS.



3akiroueHue

B nupakTrike 4acToO BO3ZHMKAET BOIMPOC: «COBPEMEHHBIN MM HE COBPEMEHHBIN
ypOK?», HO BCE 3aBUCUT OT TOTO, KaKk OH OpraHu3oBaH. B To xe Bpewms cienyer
OTMETUTb, YTO CYUIHOCTh YpOKa KaK JUJAKTUYECKOrOo MOHITHS OYEHBb CIOXKHA, TaK
KaK TaKo€ OIpElEIeHHE JIOJDKHO BKIIIOYATh OOJBIIOE KOJIMYECTBO KOMIIOHEHTOB.
OpHa Y3 BaKHEHUIIUX OCOOEHHOCTH TPAAUIMHHOTO ypOKa 3aKII0YaeTcss B TOM, YTO
YyUYUTENb B NIEPBYIO OUepeb 03a004YEH OopraHu3alueil cBoe paboThl Ha ypOKe, a He
JESTENIPHOCTBIO  y4alllUXCsl, XOTS CYIIHOCTb Iporecca oOyueHuss Tpelyer
MPOIYyMBIBaHMS, OpPraHU3alMid M CTUMYJIMPOBAHMS TMO3HABATEIHHOU AESATEIBHOCTU
yyaluxcs.

3amaya (OpMHpPOBAHMSI HHTEIIEKTYyaJbHOTO IOTEHIMANA, OIPEIEIISIOIIEro
Oynayliee cTpaHbl, €€ HayKy, KyJIbTYpYy, HUCKYCCTBO, TEXHOJIOTHH, JEXKUT Ha CUCTEME
e€ oO1ero cpegHero oopazoBaHus. B 3TOM KOHTEKCTE ycrneX Ka3aXCTaHCKUM HayKH,
HSKOHOMHKHU U KYJIBTYpbl OyA€T 3aBUCETh OT TOTO, YAAcCTCs JIU B OyiKaiiiee BpeMs
MOJATOTOBUTH HOBOE TIOKOJICHHE CIEIMAJINCTOB, KOTOpPhIE MOTYT CO3]aBaTh
KOHKYPETHOCTIOCOOHYIO HayKy, SJKOHOMHUKY U JyXOBHbIE IIEHHOCTH. Te TpeOoBaHus,
KOTOpbIE MPEAbABISIOTCS CETOJHS BbICOKOKBATU(UIHUPOBAHHBIM CIELATUCTaM B
COOTBETCTBMM C HAI[MOHAJILHON JOKTPUHOW 00pa3oBaHUs, IENA0T aKTyalbHOU
npobsieMy Hay4YHO—METOJMYECKOr0, TEXHOJIOIMUECKOTO OOECIeUeHusl CpeaHen
IIKOJIBI, YTO B CBOIO OYEPEb TECHO CBSI3aHO C pa3pabOTKON M COBEPLIEHCTBOBAHUEM
roCyJJapCTBEHHBIX 00111€00pa30BaTENbHbBIX CTAHIAPTOB OOLIETO 0OPa30BaHUS.

['maBHOEe Ha3HAa4YeHHE COJEp)KaHUS OOpPa30BaHMS COCTOMT B TOM, YTO OHO
MPU3BAHO CIYXXHUTh CpPEJICTBOM M YCIOBUEM BOCHHUTAHUS PA3HOCTOPOHHEH U
LEJIOCTHON JIMYHOCTH, Pa3BUTHUS TBOPUECKOTO MBIIUICHUS yYalIUXCAd U, TEM CaMbIM,
MPUBUTH CIHOCOOHOCTH AaJIEKBaTHO, CBOOOJHO U OTBETCTBEHHO MBICIUTh U
JEHCTBOBATH B JII000M cepe KU3HU, ObITh MOOMIIBHBIM B PA3HBIX CUTYaLIUSX.

Pemenue mnpoOnemM BUAMTCS HAMHM B M3MEHEHMHM pPacHpOCTPaHEHHOTO
MOHUMaHUsI 00pa3oBaHUs KaK «Iepefadyd YYEHUKY 3HaHui». B TpaguimoHHoM
oOy4eHHH YYEHUK B Haudalle «IOoJydaeT 3HaHUS», a 3aTeM MPUMEHUSET UX, B TOM
yuciie u TBopuecku. CyHUTaeTCs, YTO MNpUpAlICHUE 3HAHMM, KaK JHYHBIX, TaK U
00I11eYEeI0BEYECKUX, BO3MOYKHO TOJBKO IOCJIE€ 3HAKOMCTBA C YXKE HMEIOLIUMUCS
3HaHUSIMU. Pe3ynbTaThl ncciaeg0BaHus MOKa3ail, YTO YYEHUK CIOCOOEH M3HAYaIbHO
KOHCTaTUPOBATh 3HAHUS B UCCIIENYEeMOI 00J1acTU peaJbHOCTH, ONMPAsCh HA JTUYHBIN
0o0pa3oBaTeIbHbIl NOTEHLUUAl U OINPEACICHHYI0 TEXHOJOIHIO JEATEIbHOCTH.
[lony4yeHHBIN yYEHUKOM MPOJYKT AESITeNIbHOCTU (TUIIOTE3a, COUMHEHNUE, MOeNKa U
T.II.) CONOCTABIISIETCS 3aTEM C KYJIBTYPHO-UCTOPUYECKHUMH aHAJIOTaMHM, B PE3yJbTaTe
4Yero JAaHHbIA MPOAYKT MEPEOCMBICIMBACTCS, JOCTPAUBAETCS WU ApaMaTU3UPYyeTCs,
BbI3bIBasl HEOOXaJMMOCTb HOBOM  JesTenbHOCTH. JInyHOe oOpa3oBaTenbHOE
MpUpalieHue y4yeHuKa (€ro 3HaHWM, YyBCTB, CIIOCOOHOCTEH, OMbITa, MaTepUaTbHON
MPOAYKIMU) B ITOM ciy4dae Heus3OexxHo. MHorna 3To mpupalleHue BBICTYIAET
OJTHOBPEMEHHO OOIEKYJIbTYpPHBIM MpPHUPAIEHUEM, TOTJAa YYEHHK OKa3bIBaeTCs
BKJIFOYEHHBIM B KYJIBTYPHO-UCTOPUUYECKHE MPOLIECCH B KAYECTBE MX MOITHOMPABHOIO
ydyacTHHKa. 3aJaya y4yuTeds — MOMOYb YYEHHUKY B MOCTPOCHUHM HHJMBHUAYaTbHOU
TpaeKkTOpUHU €ro oOpa3oBaHMs, COOTHOCAILIEHUCS ¢ OOUIENPUHITHIMU JOCTUKEHUSAMHU



YEeJI0BECUECTBA M HAIPABJICHHOW HAa UX MpHUpalleHue. PemuTs 3Ty 3a7auy npu3BaHa
ocobas METOI0JIOTUs OpraHu3aluu o0pa3oBaTeIbHOM JESITETbHOCTH.
[A.E.AObuikaceiMoBa, CoBpeMeHHBIH ypok, 192c]

HoBbie mH(pOpMaIimoHHBIE TEXHOJOTMM B MaTeéMaTHKE W B IMpErojaBaHUU

MaTeMaTUKHU TOSIBWINCH CPAaBHUTEIIBHO HEJABHO M TIOKa €IlI€ OYeHb Majio paboT Ha
3Ty Temy. Emie TOoJIbKO NPEACTOMT BBHISIBUTH 3HAYEHHE W YyKa3aThb MECTO ATHUX
TEXHOJIOTUW B oOylacTh oOydyeHus maTeMaruke. Harmra HaydHas paboTa JISKUT B
pycie 3TUX METOJIMYECKHUX 3a]1a4.
Hamm uccnenoBaHuss 1 METOAMYECKUE PEKOMEHAAIMM OTHOCSTCS K H3YUYCHUIO B
IIKoJe Haubojiee TPYAHOTO W Ype3BbIYAiHO  aOCTpakTHOTO  MaTepuaa,
OTHOCSIILIETOCA K HayajaM MaTeMaTHYeCKOro aHanu3a. Mbl  HE  TOJBKO
MPOAHATM3UPOBATIN CYIIECTBYIOIIME YYECOHUKH IO ATOM TeMe, HO U O0OOCHOBAJIH
11e71ec000pa3HOCTh MCIOIb30BaHUs KOMIIbIOTEpHOH miporpaMmbl GeoGebra ¢ 1ebio
yYBEJIUYCHUS HATJISTHOCTH M YCTPAHCHHS W3JIUIIHEH aOCTPaKTHOCTH MPU WU3YyUCHHUH
Marepuana. [IpogemMoHCTpupoBain OoJblliie BO3MOXKHOCTH cpeanl GeoGebra kak
I yYuTeNed, TaKk W JUIsl YYEHHUKOB MPU OPraHU3alMUd KX CaAMOCTOSTEIbHBIX
uccnenoBanuii. OCOOGHHOCTBIO MPEAJIOKEHHON HaMU METOJIUKH HM3YUYCHUS TEMBbI
«IIpousBoaHas U ucciea0BaHue PYHKIIMU C TTOMOIIBIO TPOU3BOIHONY 3aKITI0UACTCS
B CO3/JIaHUU KUBBIX PHUCYHKOB, COINPOBOXKAAIONIUX OOBSICHEHHE MaTepuaia |
perenue 3aaa4d. BaxkHoe 3HaueHUE MPOJIeTaHHON pabOThl MOATBEPKIACTCS HAYUHO-
METOJIMYECKUM SKCIIEPUMEHTOM BO BpPEMs HAay4YHO-NEJAaroru4ecKoil MPAKTUKH B
KpacHosipckoM rocyaapCTBEHHOM MEeJarori4eckoM yHuBepcutere wum. B.IL
AcradreBa u npu oOCYXKACHUU pe3yJbTaToB paboThl Ha HayyHom cemuHape mpu
kadenpe anreOpbl, reOMETpUM W METOAUKH WX IMpenojaBaHus. Yacth paOOThI
onucaHa B BHjJE cTaThu  «lM3ydeHHe TPOU3ZBOAHON B IIKOJE C HCIOIH30BAHUEM
anuManm B cpeae  GeoGebra» // Il Bceepoccuiickoli HaydHO-METOIUYECCKOM
koH(pepeHn «H(bDOpPMAIMOHHBIE TEXHOJOTHMM B MaTeMaTUKE W MaTeMaTHYeCKOM
oOpazoBanum», 18-20 HosiOps 2014r., r. KpacnHosipck, P®. — 10-20c. (coBmecTHO
C.B.JIapunbim)

[InaHupyeTcss NPOAOJDKEHHUE HCCIEAOBAHMN IO MCIOJIB30BAHUIO CPEJIbI
GeoGebra B mpenojaBaHMM MaTeMaTUKU KakK B IIIKOJE€, TaK W B BBICIIMX
00pa3oBaTEIbHBIX YUPEIKICHUSX.
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HHPUJIOKEHUE A

VYpok no anredpe u Hadanam aHaiu3a B 10 kiacce.
IToypouHsIi1 111aH.
Tema: IIponsBonnas. [IpumMeHeHne NPOU3BOIHOM.
Hean:1) CoBeprieHCTBOBaHNE 3HAHUM 110 TEME;
2) Pa3BuTHe HaBBIKOB IPUMEHEHHS IPOU3BOAHOM K PA3JIMUHBIM TUIIAM 33]a4;
3) Bocniuranue KOJUJIEKTUBU3MA U

Xona ypoka:

Opranu3zanuoHHbIN MOMEHT.
[IpuBeTcTBUE, COOOIIEHNE TEMBI U 33/1a4 YPOKa.

IIpoBepka qoMalIHero 3aaHus.
Vuaruecs penaoT 1o BapuaHTaM.

Bapuanr 1 a, 6 No710

Bapuanr 2 0, e

O0bsicHeHre HOBOI0 MaTepHaJia.
ObvscHeHue Hogo2o mamepuana (cmp. 163-165):

1. AJII‘OpI/ITM OTBICKaHUA HpOHSBOI[HOﬁ

1
o _ h],f = —
2. Vcnonp3ys anropuT™ HailTé pon3BoaHyto GyHkumn 7= w1,

3. udbdepenuupoBanue GyHKIUU.

3aerHJ'leHI/le HOBOI'0O MaT€pHaJia.

1) Ucnonb3yst anropuT™ OThICKAHUS TIPOU3BOIHOM, HAWTH TPOU3BOIHYIO
4

o op=Tr+4 =—fAxr+l p=2t ‘F=; F¥=snr p=cosx p=+r p=21
byukmumii: ¢ s
M 2 2 2 2 2 2 2 M
2) Haitnure cKOpOCTh U3MEHEHHUS B
5 X
= dx— = = == Y=o= p=(x-3Y y=sin— oo,
Touke *u F=4x 19) F 3x+5) ¥ 3x) F=42 4x) 3r F=[x-3) +2) z, F cnsEx-

Pewmenne 3ajanui no reme.
Pemnts 3ananus uz Ne722-726 y 1OCKM y4allMMUCS TPyIIbl b, ¢ MOJHBIM
O00BSICHEHUEM pelICHUS.

IloaBenenue UTOroOB.

Jomamnee 3axanue: No727, 734, 735; meopus 6 yuebHuke cmp. 163-165.



NNPUJIOKEHUE b
VYpok no anredpe u Hadanam aHaiu3a B 11 kiacce.
IToypouHsIi1 11aH.
Tema: [IpousBoanas. [IpumeHeHne MPOU3BOTHOM.

Lenau ypoka: MOBTOPUTH HAXOXKJACHHE MPOU3BOIHON PYHKIIMU IO PopMyIiam,
npuUMeHsis paBuia I1uddepeHIIMpoBaHus; 3aKpeNuTh yMeHUe AUQdhepeHIuPOBAHUS
(GyHKUMU IPOCTOTO apryMeHTa, (PYHKIHUU CIO0KHOTO apryMeHTa U

b depeHurpoBaHUs CIOXKHON PYHKIUU.

Xon ypoka:

OpraHu3aliMoOHHbBIA MOMEHT.

[IpuBeTcTBUE, COOOIIEHNE TEMBI U 33/1a4 YPOKa.

CocraBieHue KOHCIIEKTA.

JuddepenurpoBanue GyHKIKUN TPOCTOrO apryMeHTa

[TpaBuna nuddepeHunpoBanms dopmynsl nuddepeHIpPOBaHUS
[. =0 1 (m+m) =k

o Qs () =k () 5 () =

r

3, el HO = st nt) gy
, s
g (0 g () =5 () g () s ()8 () ) oo
Y 5 ald-r (gl o) = s
5. [gm] ) g () Ef )r:] 1
gyl = 7
6. Econ 7=/l w=hix) TO -
¥ =) () ) - 3

sn' x
dopmyina nudepennrpoBaHus GYHKIHH CI0KHOTO apryMeHTa
Filix+m) = £ (kx4 m) (fx +m) =i (fex+m)

UM+mrf=nk{M+mr*

b

[Ipumenenue bopmyi:
i

AR e oy

sin'l;icﬁmj = k-u:nsl;iawm)

b

dopmyna quddepeHIupoBaHUS CIIOKHON HYHKITUN

Ecmu u=g{h|:xj} u v=h|;x)) TO j'{g{h(:j]}:j"(uj-g'(uj-h'(xj ‘

Pemenue 3aJa4 I10 TEMC.
Cocrapiss KOHCIICKT, pCIIArOTCA 3aJaHUA N3 3aJaYHHKA.

1. IuddepenunpoBanre ¢pyHKIuu npoctoro aprymenta: Ne787, 740, 743, 749, 752,
764.

2. IuddepenumpoBanue GpyHKIHUU CI0KHOTO aprymenta: Ne771, 772, 773, 774.

3. uddepenurpoBanue CiI0KHON HYHKITUU:



3ananue: [TycTsb J‘=f'1x3'=~5) »=glry=sinx

Haiinure nmpousBoaHYIO CI10KHON

byHKIH: .:v=f{f(5(ﬂ)}; .P=g{f(hlix})}; J=h{g(5(ﬂ)]; .:v=f{f(5(ﬂ?'}; .P=h{f(§(ﬂ)}; r=sfilp(0))

J=hix)=cosx

b

VYuurens 00bsICHICT PCUICHUC IICPBOT'O 3adaHNA, 4 OCTAJIBHBIC PCIHIAIOT YUAIIUCCA

CaMOCTOATCIIBbHO.

A ; .
ST e

Pemenue no kaproukam.
Kaprouka Nel Kaprouka Ne2
Haiinute npousBoaHbIe (GYyHKIIMIMA:

Kaptouka Ne3

=1+x—x! y= !x - },=P_x!}|{3:f}
-7t 4 (L=x) (1+2] (1-7)
1 t,x 1
Y S =ty +—— =+
p=aJr+ x+-dr s Vx = s PR Sl
3 = cos2x—2einx y={2—x“]cnsr+2xsmr =%
Kaprtouka No4 Kaprtouxa No5 Kaprouka Neo6
Haiinute npou3BoaHbIe (GYyHKIIMIMA:
-1 _xix-1) _[x+1)
VS PIT s
w1 Xt 43
- = Jx-x-2)[x=5 -
P =l 0=20=0) =y
X X
fgi—-:fgg p=sin®*x+cos* x P =sgin x.qnlx
Kaprouka Ne7 Kaprouka Ne§ Kaprtouka Ne9 Kaprtouka NelO
Haiinute nponsBoaHbIe (GYyHKIIMIMA:
-1 32 =3x—x3 =1+x4 =4x3—x5
R T T P T
4 2 X = — 2
y=x3+8 ye o y=— y—\l'? S
¥+ ¥ +1 -1
_ cosx =si113x _ sinx _ tosx
cosdx sin 5x s dtcosx d—sinx

HOIIBCIICHI/IC HUTOI'OB.

Jomamnee 3ananue: Halinure npou3BogHbIE

dymzagit 7: Ale(rle () > = (sl L)) 2= 2 (e (I 2 =e(plelz ()

hixy=cosx E|:x:|=fgx) p(xj=cfgx) .s[xj=x5‘

5 5

Ecim _fl:):‘:l=~_ll';) g(x)=dnx

3&]1&"1& Henenu: Hakaure Bce OIIPCACICHHBIC HA

mHOXKecTBe (4% ¢ynximu 7 Takue, 4To M1 M0OGOrO * >0 BHIMOMHAETCS

J=ix)=fex y=p(xi=cgr y=s(x)=x
3 3 *



nepasericteo 7 > wnpn seex 70 u ¥ >° phimonnsercs
PaBEHCTBO SN +S ()45 ()= F(x4w)

OtBeT: Takux (QyHKIHIA HE CYILIECTBYET.



