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PABOYAA ITPOT'PAMMA

Kypca BHEYPOUYHOH AeATEJIbHOCTH

«TpyaHbie BOIIPOCHI MATEMATHKH»



HOACHUTEJIbBHAS 3AIINCKA

OO0uas xapakrepucTHKa Kypca

Hacrosmas pabouast mporpamMmma Kypca BHEYPOUHOU JeaTenbHoCcTH « TpyaHbie
BOIIPOCHl MaTEMaTUKH.» pa3pabd0TaHa B COOTBETCTBUU C TpeOOBaHUSAMHU (penepaibHOro
roCy/IapCTBEHHOI0 00pa30BaTEIbHOIO CTaHJAPTa OCHOBHOI'O OOLIEro oOpa3zoBaHus (qanee —
®I'OC OOO) u HampaBjeHa Ha OpraHU3alUI0 OOYYEHHUS MATEMATUYECKOMY COAEpP>KaHUIO,
BhIXONIAIIEMY 3a pamku DenepanpHoll pabouedt mporpaMMmbl MO YYEOHOMY MPEAMETY
«MatemaTtuka» (0a30BBI YpOBEHb) OCHOBHOIO 001Iero oopazoBanus (manee — DPII), c
Y4€TOM MCIOJIb30BAHUS BUJOB ESITEIbHOCTH 00YYAIOMINXCS, OTIIMYHBIX OT YPOUHBIX.

IIpu pazpabomke [Ipocpammsl yuumul8aiucy ciedyrouue OOKYMeHmuol.

— nucbMo Munucrepctsa npocseuienus: Poccuiickoit ®@enepaunn ot 5 nronst 2022 r. Ne
TB-1290/03 «O HampaBieHUH METOIMUECKUX PEKOMEH AN 110 OpraHU3allMi BHEYPOUHOU
JEeSATENbHOCTH B pPaMKax peaju3aldd OOHOBIEHHBIX (elepaabHbIX TOCYAAPCTBEHHBIX
o0pa3oBaTeIbHBIX CTAaHAAPTOB HAYAJILHOT'O OOIIET0 M OCHOBHOTO 00LIEro 00pa3oBaHus;

— pacnopspkerue [IpaButenbctBa Poccuiickoit denepanuu ot 19 HosOps 2024 1. Ne
3333-p «O0 yTBEep>KIEHUM KOMIUIEKCHOTO IJIaHA MEPOIPHUSATHN 1O MOBBIIMICHUIO Ka4ecTBa
MaTEeMaTHYECKOTO U €CTeCTBEHHO-HAYYHOTO 00pa3zoBanust Ha niepuos 10 2030 roga.

AKTYaJIbHOCTH Kypca

B ycnoBuAx peanuzaluu  TaKOW CTPAaTETMYECKOW 3aayd, KakKk JOCTH)KCHHE
TEXHOJOTUYECKOTO CYBEPEHUTETA CTPaHbI, MEpe/l MaTeMaTHUYEeCKUM 00pa30BaHUEM B YHCIIE
TJIABHBIX TIOCTAaBJIEHBI CIEIYIOIIUE LEIU: Pa3BUTUE TBOPUYECKUX M HCCIEIOBATEIBCKUX
crocoOHoCTe 00yJaromuxcs, X MOJAr0TOBKA B Mpoliecce 00ydYeHUs MaTeMaTUKe K BEIOOPY
npodeccuii, CBI3aHHBIX C Pa3BUTUEM TOYHBIX U €CTECTBEHHBIX HAyK U TexHosoruil. Kak
Ba)KHBIM KOJMYECTBEHHBI IMOKA3aTEIb MOBBIIMICHUS MHTEpPECAa K MAaTEMaTUKE BbIACISAETCA
POCT KOJIMYECTBA BBHIMMYCKHUKOB, BEIOMPAIOIINX HA TOCYAaPCTBEHHONW UTOTOBOM aTTECTAIMH
HK3aMeH M0 MaTeMaTuKe Ha MPOoGUILHOM YPOBHE.

OcBoenue mnpesnaraeMoit [IporpaMMbl cocOOCTBYET MOBBIIEHUIO Y OOYYaIOLIUXCS
YPOBHSI MOTUBAIIMU K U3yUYEHHUIO MATEMATUKH, K IPOJOKEHUIO U3yUeHUSI MaTeMaTUKH B 10—
11 xmaccax Ha yriyOJIEHHOM YPOBHE W OPUEHTHUPYET Ha BHIOOP €IMHOTO TOCYIapCTBEHHOTO
PK3aMEHa 10 MaTeMaThKe MpoMIbHOTO ypoBHS. Kpome Toro, ocBoeHue mpeiaraeMoro B
IIporpamme coaeprkaHus MO3BOJISET PACIIMPUTH KPYT pELIAEMbIX MATEMAaTUUYECKUX 3a/1a4 3a
CUYeT BKIIIOUECHHsI MPOOJEMHBIX, HECTAHIAAPTHBIX 3a/ad, 3ajad MPUKIATHOTO XapakTepa,
BBITMIOJTHEHHUSI MCCIIEIOBATENIbCKUX PadOT, B TOM YHUCIE C MEXIPEIMETHBIM COJEp)KaHUEM,
U3Y4YEHUS JONOJHUTENBHBIX BOIPOCOB KaK TEOPETUYECKOT0, TAK U TPAKTUYECKOT O XapaKTepa.

[Ipenycmotpennsie [Iporpammoit BUsibI A€ATENBHOCTA — UHAUBUAYaJIbHASL U TPYIIOBas
IIPOEKTHAsI M MCCIENOBAaTeNIbCKass  JEATENbHOCTb —  CIHOCOOCTBYIOT  Pa3BUTHIO
MO3HABATEIbHBIX, PETYISTUBHBIX 1 KOMMYHUKATUBHBIX YMEHUN oOyyvaromuxcs. [Iporpamma
COOTBETCTBYET HJI€€ DPACIIMPEHUs NPHUKIAJHOM HANpPaBIEHHOCTH Kypca MaTeMaTHKU Ha
YpPOBHE OCHOBHOro oOmiero ooOpas3oBaHus. Peanuszanusi Kypca CHOCOOCTBYET BBISIBIICHUIO



TAIAHTIUBBIX M OJApPECHHBIX OOyYaromMxcs, MOJACPKKE WX TaJaHTOB M PA3BUTHUIO
CIIOCOOHOCTEH.

B GonpmmHCTBE TeM Kypca MpeanojiaraeTcs BBITOJHEHUE HCCIEN0BATENbCKUX PadoT.
YdeOHoe uccienoBaHne Mo MaTeMaTHKE B 9 Kiaccax MpeArnoaraeT MnorydeHne CyObeKTHBHO
HOBOTO Uil  oOydaromierocsi pesyiabTaTa W HampaBlIeHO Ha  (OPMHUPOBAHUE
MCCIIEIOBATEIbCKUX yMEHWI: BBIJCICHUE NPOOIEMBI, OpraHu3allvs W aHalu3 JaHHBIX,
BBIJIBIDKEHUE TUTIOTE3bI, IPOBEPKA THIIOTE3bI, (POPMYIUPOBAHNE BHIBOJOB U MPEACTABICHUE
pe3yabTaTOB HAa TPAMOTHOM MaTeMaTH4YeCKOM si3bIke. [Iporpamma MoskeT ObITh BOocTpeOoBaHa
00yJarOUIMMHUCS, KOTOPbIE UMEIOT MHTEPEC K M3YUECHUIO MAaTEeMAaTHUKH, TOTOBATCS K Y4aCTHIO
B OJIMMIIMAJIaX IIKOJBHUKOB MO0 MaTeMaTHUKE M YIIyOJCHHOMY HM3YYCHHIO MAaTeMaTHUKU Ha
YPOBHE CpeHET0 0011ero 00pa3oBaHMUI.

eas 1 3a1aumn Kypca

Peanmszamust  BHEYpOUHOH  ACSATENBHOCTH  SIBIACTCS  HEOTHEMIIEMOW  YacCThIO
o0Opa3oBaTeIpbHOr0 Mpolecca, obecreynBasi B TOM 4YHCIIE BO3MOXKHOCTH (hOPMHUPOBAHUS
00pa30BaTeIbHBIX MPOTPAMM PA3JIHMYHOTO YPOBHS CIOXHOCTH M HAIPABICHHOCTH C yUETOM
oOpa3oBaTeIbHBIX MOTPEOHOCTEH M CIOCOOHOCTEH OOydYaroIMXCs, BKIIOYas OJAPEHHBIX
JETEH.

[enp Ilporpammbl — obOecreunTh WHIWBHIyalbHBIC MOTPEOHOCTH OOYYAIOIIHUXCS B
U3yYEHUU COJEpKaHUsI MaTEeMaTUKH, BBIXOJSIIETO 3a paMKU IIPOrpaMMbl 0a30BOr0 YPOBHS.

3amayu Kypca:

1. TloBblmieHHEe YpOBHS MaTeMaTHYE€CKOW TMOATOTOBKH OOYYalOUIUXCs, Ppa3BUTHE
YCTOWYMBOTO MHTEPECA K yUeOHOMY IIpeaMeTy «MaTemaThKay.

2. Pa3BuTHEe TBOPYECKHMX CIOCOOHOCTEH, MPOCTPAHCTBEHHOTO BOOOpaKEHUS,
TEOPETUUYECKOTO MBIILICHHUS U MAaTEMAaTUYECKON MHTYULIMH, YMEHUN pacCykIaTh JJOTHYECKU
Y aHAJM3UPOBATH CUTYAIUU.

3. Yruybnenue v 3akperieHne 6a30BbIX 3HaHUH, POPMUPOBAHUE YCTOMYMBBIX HABBIKOB
pelieHns HeCTaHAAPTHBIX M OJMMIHUAIHBIX 3a7a4, OCBOCHHE HECTAaHJAPTHBIX MOJXOJI0OB U
OPUTMHAJIBHBIX PELICHUM.

4. O3HaKOMIIEHHE C JAOMOJHUTEIbHBIMU pa3lelaMd MaTeMaTHKH, BBIXOJAIIUMH 3a
paMKu 0a30BOT0 Kypca.

5. Bocnuranue caMOCTOSITENBHOCTH, HACTOMYMBOCTH W OPraHU30BAaHHOCTH B XOJ€
pEelIeHUs CIIOKHBIX 3a7a4.

6. Pa3zBuTre HaBBHIKOB KOMaHJIHOW pabOThI, JIPYKECKOTO COMEPHUYECTBA U 310POBOI
KOHKYPEHIIUU CPEAN CBEPCTHUKOB.

7. IloaroroBka OOydYarOHIMXCS K YYaCTUIO B IIKOJIbHBIX, PAalOHHBIX, TOPOJCKHX,
pPErHOHANIBHBIX, BCEPOCCUMCKUX OJIUMIUATAX, KOHKYPCAX U COPEBHOBAHUSX 10 MaTeMaTHKE.

8. IloBbllieHUE YpPOBHSI TPaMOTHOCTH B 00JIACTH HCMOJb30BaHUS «MATEMATUUYECKUX
MaKeTOB», O0ECTECYMBAIOIINX aBTOMATH3AIMIO IPOIECCOB TMOMCKa, aHalin3a, o0paboTKH,
co3JaHus, mnepenaud, (popmanuzanuu (B BUJIE CTAaTUYECKUX M JUHAMUYECKUX TIpadUKOB,



auarpaMM M OpOYUX  BU3yalM3alluid  pe3yslbTaTOB aHaluW3a U MaTeMaTHYECKHUX
3aKOHOMEPHOCTEHN) B Ipoliecce yueOHOU NeATeIbHOCTU MPU U3YUYCHUH MATEMATHUKHU.

9. Pa3BuTHEe TBOpPYECKUX CHOCOOHOCTEH, TEOPETUUYECKOTO MBILIJIEHUSI Ha OCHOBE
WCITOJI30BaHUS MTU(PPOBBIX MHCTPYMEHTOB (B TOM YHCJIC «MAaTEMAaTHYCCKHX IAKETOB») B
o0JlacT MOJEIHUPOBAHUS, UMUTAIMU W HHTEPIpPETANU a0CTPAKTHBIX MaTeMaTUUYECKUX
00BEKTOB M 00pa30B B BUJAE Pa3IUYHBIX BU3yalu3alui (B TOM 4YHCIE€ MPOCTPAHCTBEHHBIX
o0bekToB). [Iporpamma paspaboraHa ¢ ydeToM peKOMeHaanuil QeaepaibHOl paboueit
mporpaMMbl BOCIUTaHUs. B YacTHOCTH, OHa YYUTHIBA€T IICHUXOJIOIO-TIEAaroruyeckue
0COOEHHOCTH COOTBETCTBYIOIIECH BO3PACTHONW KATErOpUU 00yUaIOLIUXCS.

Taxkum obpazom, peanusayus Ilpoepammsl coodeticmeyem NOIYUEHUIO CLEOVIOUUX
Pe3VIbmamos:

— JIOCTHKEHUE OOYYAIOIIMMHKCS TUIAHUPYEMBIX JIMYHOCTHBIX, METANpPEIMETHBIX H
NPEIMETHBIX PE3YNbTATOB, B T. Y. COOTBETCTBYIOIIMX YIiIyOJE€HHOMY YpPOBHIO HM3yYEHHUS
MaTEMaTUKH;

— pa3BUTHE JUYHOCTU OOydvaromuxcsi, (HOPMUPOBAHHUIO U YIOBJIETBOPEHHUIO HUX
COILIMAJIEHO 3HAYUMBIX HHTEPECOB U MOTPEOHOCTEH;

— camopeanu3alus 00yJarouuxcs 4yepe3 yuacTie BO BHEYPOUHOU JIEATETbHOCTH.

MecTo Kypca B 00pa3oBaTejIbHOM Ipolecce

Bo ®I'OC OOO nnsa obs3aTenbHOr0 OOy4YeHHUsS YTBEPIKIICHBI JIBA YPOBHS OCBOCHHMS
pabouyux mporpaMM 1o MateMatuke: 0a30BbIi U yrinyoneHHbi. CopepkaHue MPOrpaMmbl 10
MaTEeMaTUKE HaIpaBJICHO Ha YJOBJIETBOPEHHUE TMOBBIIICHHBIX 3alpOCOB OOYYAIOIINXCS,
cTpeMsIuxcsi K 0osee riiyOOKOMY OCBOCHMIO MPEAMETHBIX pe3yibTaToB. [Iporpamma xypca
BHEYPOUHOM AesiTenbHOCTU «TpyaHbIle BOMPOCH MAaTEMATUKW) HaIpaBjeHa HAa pacIIMpeHUe
3HAHUN OOYYArOIIUXCS M0 MaTeMaTHUKE JIJIs KJIacCOB ¢ 00s3aTelbHBIM 0a30BBIM YPOBHEM
o0yJYeHUs MaTeMaTHKe.

TemaTnueckoe IUIaHUPOBAaHME B TPOrpaMMe Kypca BHEYPOUHOW JESTEIbHOCTU
«TpynHbie BOMPOCH MAaTEMATUKI» COCTABJIICHO TaK, YTO PACHpElIETICHUE COIEPIKAaTEeIbHBIX
pa3zerioB B HEM CHHXPOHHM3UPOBAHO C 00s3aTeIbHOM MTPOrpaMMoi 0a30BOTO YpPOBHS.
Peanuzanus copepkanus mpemnaraetcss B (opmax, OTIMYHBIX OT ypouHbIX. CriemyeT
OTMETUTD, YTO JAHHBIA KypC B OCHOBHOW IIKOJIE BRICTPAUBAETCS HE TOJBKO HAa PACIIMPEHUN
MaTEeMaTUYECKOTO CoJiepKaHusl 6a30BOTO YPOBHS, HO U HA TOBBIIICHUU YPOBHS CIOKHOCTH
3a/1a4, mpeIaraéMbIX JIJIsl PEIICHUS.

PaGouas mporpamma Kypca BHEYPOUHOU JAESTENBHOCTH «TpymHBIE BOMPOCHI
MaTeMaTUKW» MpeaHa3HaueHa IS peanu3anud B 9 Kiaccax W HalpaBiieHa Ha JOCTIHKCHUE
OoOy4JaromMUMHCS TUTAHHUPYEMBIX pe3ynbTaTtoB. [locienoBaTenbHOCTh M3YYECHHS TEM Kypca
COBIMAJIAET TI0O BPEMEHU C U3YYCHUEM Kypca MaTEeMaTUKH (anreOpbl U TEOMETPHH) OCHOBHOMN
IIKOJIbI 0230BOT'0 YPOBHSI, BCE TEMBI 110 BO3MOYKHOCTU CUHXPOHU3UPOBAHBI ¢ 0a30BbIM KypCOM
MaTeMaTUKH IO KiaccaM. Tembl Mo anredpe W TeOMETPUU HYEpPEAYIOTCS, YTO TO3BOJISCT
MaKCHUMAaJIbHO TTPUOJU3HUTH UX M0 BPEMEHH H3yUeHHUsI K OCBOSHUIO 0a30BOT0 Kypca.



[Ipu peanuzauuu [Iporpammel nepBas 3ajaya y4uTesss COCTOUT B TOM, YTOOBI CO3/1aTh
HEO0OXOIUMBbIE YCIOBHS JUIsl IPUOOPETEHHS U PAa3BUTHSI YMEHUM, CBSI3aHHBIX C IPOBEICHUEM
HCCIIEIOBAaHUNM Ha MaTEMAaTUYECKOM coleprkaHuu. s pemenus otou 3axadyu B Ilporpamme
0003HaY€HO MECTO U C(HOPMYIMPOBAHBI TEMBI JJI POBEACHUS UCCIIEI0BATEIBCKUX PAOOT.

Bropas 3agaua yuurens no peanuszanuu [IlporpaMMsl CBs3aHa ¢ BO3MOXHOCTBIO CO3/1aTh
ycloBuUs A1 00pabOTKH U MpeACTaBICHUS MHPOPMaLUK HAYYHOTO CoiepKaHus (B TOM YUCTIe
C HCHOJb30BAHMEM LU(PPOBBIX HHCTPYMEHTOB) IMpPH OPraHU3alUd WHIUBUIYATBHOW U
I'PYIIIIOBOM IPOEKTHOM AEATEIBbHOCTH.

JUist ycremHoW peanu3aliyd CLIEHAPUEB MPOEKTOB PEKOMEHAYETCS MCIOIb30BaTh
NEepPCOHAIbHBIE KOMIBIOTEPHI C YCTAHOBJICHHBIMU O(UCHBIMU MPOrpaMMaMU U JOCTYIIOM K
cety MIHTepHeT (Kak MUHUMYM OJIMH KOMIIBIOTEP JUIsl KaXAO0W FPYIIIbI).

@opMbl  JEATENBHOCTH  OOy4YaIOIIMXCA  NpelycMaTpUBAalOT  aKTUBHOCTh U
CaMOCTOSITEJIbHOCTh, COYETAIOT WHIWBHUIYAJIbHYI0 M TPYNIOBYIO pabOTy, OTIMYAIOTCSA OT
YPOUHBIX 00JI€€ IUPOKUM HCIIOJIb30BAHUEM HCCIIEIOBATENBCKOM U MPOESKTHOM I€SITEIbHOCTH,
pelIeHeM HECTaHIaPTHBIX 3a7a4 U Ap. CTpyKTypUpOBaHUE TEMATHUYECKOTO IJIAHUPOBAHUS B
[Iporpamme COOTBETCTBYET MOPSAKY W3YUEHHUS pa3[eioB M TeM aiaredpbl U reOMEeTpuu B
OCHOBHOM IIIKOJIE M TEM CaMbIM O0ECIEYMBAET MPEEMCTBEHHOCTh YPOUYHOUW U BHEYPOUHOM
JESTEIBHOCTH.

Peanuszamus [IporpaMMbl mpennosiaraeT codeTaHuEe pazIUdHbIX (OpM TIPYHIOBOH
paboThl (AMCKYyCCHUS; MaTeMaTHUYECKOE COPEBHOBAHHE; MPAKTUKYM; BBIOOP TEMBbI IIPOEKTA,
IUITaHUPOBaHUE paboT, paclpeeseHle pojiel, B3aMMOOLIEHKA IPU BbINOJIHEHUH I'PYIIIOBBIX
IPOEKTOB M MCCIENOBAHUI) U MHIUBUAYAJIbHONH PalbOThI (BBIIOJHEHUE HHIAWBUAYAIbHOTO
UCCIICJIOBAHUSA, B TOM 4YHCJI€ C HCIOJb30BAaHHUEM LU(POBBIX MHCTPYMEHTOB; IPOBEICHUE
YCTHOTO OOOCHOBAaHMS IPU PELICHUM HECTaHJAPTHBIX 3ajiad, 3a/1ay MOBBIIIEHHOI'O YPOBHS
CJIOKHOCTH; ITOCTPOEHUE MaTEeMaTHYECKUX MOJENEH, MX HCCIEJOBaHUE; HMHTEpIpeTanus
IOJIyYEHHBIX PE3YJIbTATOB IPU PELIECHUH 33Jad C MEXIPEIMETHBIM M INPAKTHYECKUM
CoJIep)KaHUEM; MOUCK, MHTEpIpeTanus, npeodpa3oBaHue U NPUMEHEHUE MaTeMaTUYECKOU
uHpOpMAIlMU;  CaMOCTOSITEIbHOE  OTKPhITHE  HOBOTO  MaTeMaTU4ecKoro  (hakra).
Hcnonp3oBanue Takux ¢GopM pabOThl MOMOTaeT pa3BUBaTh y OOYYaIOLIUXCS, C OJHOU
CTOPOHBI, HABBIKU BOCIPHUATHS HOBOM MH(OPMALIUU NIPH PA3NIUYHBIX (POpMax ee Mojayu, a C
APYroil CTOPOHBI — AKTUBHOCTh, CAMOCTOSITENIBHOCTh M CITIOCOOHOCTH K TBOpUeCcTBY. OCBOEHHE
[IporpaMMbl TOJKHO JONOJHATH UM Pa3BUBATh 3HAHMUS M YMEHHUs 0OydaroImuxcs B o0jacTu
MaTeMaTUKH, OpPUEHTHpPOBaTh HUX Ha OOydYeHHMe B CpeAHEW IIKojJe B Kjaccax,
[IPELYCMaTPUBAIOIINX OCBOCHHE MAaTEMAaTUKH Ha YIIYOJIEHHOM YpPOBHE, B YacCTHOCTH
TEXHOJIOTUYECKOTO MpOoQuiIs, a TakkKe CHoCOOCTBOBAaTH COLHUAIBHOMY (HOPMHUPOBAHHIO
JUYHOCTHU O0yYarOLUXCH.

[Tporpamma kypca paccuntana Ha 34 Jaca B TEYCHHE OJJHOTO Toja 00y4ueHus B 9 Kiacce
IpU NPOBEAEHUU 3aHATHUA OJUH pPa3 B HEACNI0 MO | akaJeMUYecKOMYy 4Yacy KaxJoe.
LlenecooOpa3HbIM SBISETCS UEPEAOBAHUE TEM 3AHATHI C anredOpanyeckKuM U reOMETPUYECKUM
COJIEP)KAHHUEM.



B 3aBHUCMMOCTM OT KOHKPETHBIX YCJIOBUW peanusauuu IIporpamMmel U KojmndecTBa
oOyyJaromuxcs Jaomnyckaercss popMHpOBaHME TPyNH U3 OOYYAIOUIMXCS Pa3HBIX KJIacCOB B
npenenax oAHOM mapauienu. IIporpamMmma MoOKeT peanu30BBIBaThCA 00pa30BaTEIbHOM
opraHu3auueldl CaMOCTOSITEJIbHO JMOO Ha OCHOBE B3aMMOJEWUCTBUS C  APYTMMHU
OpraHu3alusIMH, OCYIIECTBISIOIMIMMHA 00pa30BaTEeNIbHYIO IE€ATEIbHOCTD.

[lo ycMOTpeHHIO yuuTensi HEKOTOPbIE 3aHATUS MOTYT OBITh UCKIIFOUEHBI MJIA 3aMEHEHBI.
Pexomenayercs BkiaouuTh B IIporpaMmy perMoHaJIbHBIA KOMIIOHEHT: 3KCKYpPCHUHM Ha
MPEANPUATHUS, B PETUOHAIBHBIE MY3€H, BYy3bl TEXHUUECKON HAIIPaBJIECHHOCTH ISl TIOBBIILICHUS
UHTEpeca OOydYallUXCs K MPAKTUYECKOMY M3yYEHUIO Tpodeccuid, CBSI3aHHBIX C
MaTEMaTUKOM.

COJIEPKAHUE KYPCA BHEYPOUYHOM JEATEJBHOCTH
«TPYIHBIE BOITPOCBI MATEMATHUKN»

YpaBHEHUS ¥ HEPABEHCTBA

bukBanpatueie ypaBHEeHHS. MeToabl PaBHOCWIBHBIX MPEOOpa3oBaHUM, 3aMEHBI
nepeMeHHOM!, rpadUuecKoro MeTo/1a Mpu peuieHuu ypaBHeHui 3-it u 4-ii creneneit. Perenue
HEPABEHCTB, COAEPKaIMX 3HaK MoayJisi. HepaBeHCTBO ¢ 1ByMs mepeMeHHbIMU. [Iprimenenue
rpaduueckoro MeTojla penieHus CUCTEM HEPaBEHCTB C JBYMsl INE€peMEeHHbIMHU. Perienue
IpOOHO-paIlMOHANIBHBIX YpaBHEHUHN U HepaBeHCTB. [locTpoenue rpadukoB ypaBHEHUM, B TOM
qHclie ¢ UCTIOJb30BaHueM U(POBBIX pecypcoB. [IpuBoauTh rpaduyecKyo HHTEPIPETALIUIO
pELIEeHUs] YPABHEHUS C IBYMs NIEPEMEHHBIMU U CUCTEM YPABHEHUW C IBYMs IIEPEMEHHBIMHU.
HccnenoBanne CuCTEM HEIMHENMHBIX YpaBHEHUM C IapamerpoM. PerieHne HEpaBeHCTB C
JIBYMsI IEPEMEHHBIMU U UX CUCTEM.

Hccneoosamenvckue pabomul: pelieHHE 3ajad € MapaMeTpamMu — anreOpandecKkum
METOJIOM; TpapueCKHUM METOIOM.

Pemenune TpeyroJibHUKOB

TeopemMa CUHYCOB U TEOpEMa KOCUHYCOB, UX IPUMEHECHHUE MPU PEILICHUU TPEYTOJIbHUKOB
U mpakTHdeckux 3amad. COOTHOMICHUS MEXIYy TPUTOHOMETPUYECKUMHU (YHKIIUSIMHU.
[IpocTelimue ¢opMyabl NPUBEICHHS, BBIBOJUMBIC U3 TCOMETPHUCCKHUX COOOpPaKCHHM.
Haxoxnenue pammyca onucaHHou OkpykHOCTH. Dopmyna ['epona. @opmyna nionjaau
BBIITYKJIOTO YETBIPEXYTOJIbHUKA.

Ilpakmukym: pElIEHUE TEeOMETPUUYECKHUX W NPAKTUKO-OPUEHTUPOBAHHBIX 3aj]a4
Pa3HbIMHA METOAAMH.

Auredpanyeckue BbIpaKeHUA

CreneHs ¢ paluOHAIbHBIM TOKa3aTEJIEM.

Onpenenenne KOpHs N-il CTENIEHU U CTENIEHH C PALIMOHAJIBHBIM MTOKA3aTEIIEM.

[IpumeHnenne onepaunu M3BJICYEHUST KOPHA N-MI  CTENEHH, WCHOOIB3Yys NP
HEOOXOJUMOCTH KAJIbKYJISITOp. BbIUMCIEHHWE 3HAYEHHS] CTENEHU C paldOHAJIbHBIM
nokazareneM. OUeHKa 3HAYeHU KOpHA N-U CTEIEHM, 3HAYECHHE CTENEHU C PAalMOHAJIbHBIM



MOKa3aTesIeM IeJIBIMA YUCIIAMHU U JIECATUYHBIMU JIpoOsiMu. CpaBHEHUE U YNOPSI0YMBAHKE
pallMOHATBHBIX M UPPALMOHAIBHBIX YKCEJ, 3allMCAaHHBIX C MOMOIIBI KOPHS N-Ml CTENeHH,
CTENEHU C PAlMOHAJIbHBIM IOKa3aTeseM. BBINOMHEHHE TOXKIECTBEHHBIX MpeoOpa3oBaHUi
BBIpaKEHUM, COZEPKAIINX KOPEHb N-i CTENEeHU, CTENIEHb C PAallMOHATBHBIM MTOKAa3aTeIeM.

IloxoOue TpeyroJbHUKOB

Teopembl 0 TpOU3BEACHUH OTPE3KOB XOPHA, TEOPEMBI O MPOU3BENCHHH OTPE3KOB
CEKyIlIMX, TeOpeMa O KBaJApaTe KacaTeiabHOU, TeopeMbl UeBbl U MeHenas. Mccnenosanue, B
TOM YHCJIE C MOMOIIBI0 HUGPPOBBIX PECYpCcOB, M3ydaeMbiX KoHpurypauuil. [lpumenenue
JAHHBIX TEOPEM MPHU PEIICHUH T€OMETPUUECKUX 3a/1a4. 3HAKOMCTBO C IMOHATUEM TOMOTETUH,
C €ro NMPUMEHEHUEM, B TOM UYHCJIE B MPAKTUYECKUX CUTYAIUSX.

Hccneoosamenvcras paboma (¢ UCTOIB30BAHUEM MPOTPAMMHBIX CPEICTB): TOMOTETHUS
U €€ CBOMCTBA.

DyHKUUHA

[Tonsitue «pynkuus». [IpuMeHneHnne cBOMCTB PyHKIMMA: HYIH (QYHKIIUU, TPOMEKYTKH
3HAKOIMOCTOSHCTBA (DYHKIIMU, TPOMEKYTKH BO3pacTaHus W yObIBaHMS (DYHKIIMH, YETHBIC U
HEYeTHbIC (PYHKIIMK, HaNOOJbIlIee U HAUMEHBIIICe 3HaUCHUs (PYHKIIMH MPH PEIIeHUU 3ajad.
[Toctpoenue rpadukoB GyHKIMI ¢ TOMOINBIO Mpeodpa3oBanmii Buaa: f(x) —f(X) + a; f(x) —
f(x + a); f(x) — kf(x), f(x) —=f(| x |), f{(X) — | f(X) |.

PacriozHaBanue cTeneHHbIX (QYHKIMI U MOCTPOEHHE SCKU30B TpadUKOB CTEMEHHBIX
GyHKIMHA ¢ HaTypajJbHBIMHU I[IOKa3aTeNIMH pa3HOM ueTHOCTH. Mcmosb30BaHME CBOMCTB
rpauKoOB CTEMEHHBIX (YHKIUNA C HATypaJbHBIMU MOKA3aTeNsIMH IPU PEIICHUH 3ajad.
Toctpoerue rpadukoB GpyHKIMA Y= VX , Y = VX, y = | X |.

Hccneoosamenvckas paboma: noBenieHne PyHKIMU U ee rpadyka B 3aBUCUMOCTH OT
napamerpa.

MeToa KOOpAMHAT

[NapannenbHOCTh U MEPIECHANKYISIPHOCTD MPSIMBIX (d4epe3 yriioBoil KO3 (UILIUEHT).

HaxoxneHne mnepeceyeHMNM OKPYKHOCTEM W TMPAMBIX B KoopauHatax. Popmyna
paccTosiHUs OT TOYKHU 0 npsimoil. [Inomans napamienorpaMma B KOOpAUHATAX, MOHATHE 00
OpPUEHTHPOBaHHON  1uiomanu. llpumeHeHue  MeToga  KOOPAMHAT B IPAKTUKO-
OpPUEHTHPOBAHHBIX T'€OMETPUUECKUX 3aJayaxX, HUCCIEJOBAHUE MPUIOKEHHUS METoJla
KOOPJIMHAT B BHIYMCIUTEILHON MaTeMaTHKe U MHPOpPMATHKE.

Hccneoosamenvcras paboma: pelieHne MPaKTUKO-OPUECHTUPOBAHHON T€OMETPUIECKOMN
3a/1a4d METOJIOM KOOpANHAT.

IIpaBubHBIE MHOTOYT0JIbHUKU. OKPYKHOCTH U MHOTOYT OJIbHUKH

[lonsiTHe NPAaBUIBHOTO MHOTOYTOJbHUKA. @OpMyJbl ISl BBIYHUCICHUS 3JIEMEHTOB
MPaBUJIBHBIX MHOTOYTOJIBHUKOB (CTOPOHA, PAJNyC BIMCAHHON M OMHUCAHHOW OKPY>KHOCTEM).
BoiBoz1 hopmyIT IJTMHBI OKPYKHOCTH U TIIOMIAAMN Kpyra. JlinHa 1yru OKpY>KHOCTH, paguaHHast
Mepa yria. [lnomane kpyra u 1ioiiajb KpyroBoro cekropa. BeluucieHue nepumeTrpoB u
IJIOMIA/IEH CIIOAKHBIX (PUTYD, BKIIOYAIOLIMX 3JIEMEHTHI KpyTa.

CamocmosmenvHoe OmKpblmue: Kak HAaWTH NEPUMETP U MIOAb CI0KHOU (PUTYpHI?



IIpaxmuxym: pelieHne 3a/1a4 NOBBIIIEHHOMN CIOXKHOCTH.

YucioBble M0CJIe10BATEJIbHOCTH W MPOTrPeccuu

OnpeneneHue BUIOB TOCIEAOBATENBHOCTEN: OrpaHUYEHHAs IMOCIIEI0BATEIBHOCTD,
MOHOTOHHO  Bo3pacTaromasi  (yObIBaromias)  mociefoBaTrenbHOCTh.  [IpencraBnenue
OECKOHEUHBIX NEPUOJUYECKUX IpoOell B BHUJE€ OOBIKHOBEHHBIX. 3HAKOMCTBO C IOHSATHEM
CXOAMMOCTH TOCJIEIOBATEIbHOCTH, HAXOXJEHHE CYMMbl OECKOHEYHO YyObIBaroIIeH
reOMETPUUYECKOU nporpeccuu. [IpumeHeHne MeToa MaTeMaTUYECKOW UHIYKLIHAH.

Hccneoosamenvcrkas paboma: NOBEIAEHUE IOCIEA0BATEIBHOCTE — OT TUIIOTE3BI J10
J0Ka3aTeIbCTRA.

JIBHKEHHS JIOCKOCTH

Hentpanbuas cummerpusi. LlentpanbHo-cummeTpuunbie ¢urypsl. [loBopot. OceBas
cumMmerpusi. DOUrypbl, CHUMMETPUYHBIE OTHOCHTEIBbHO HEKOTOpod ocu. IlapannenbHblii
nepenoc. [lonstue nBrxenus u ero cBoiictBa. PaBenctso duryp. [IposiBienus cummerpun B
OpUpoJe, KUBOMKMCH, CKYJIBNTYype, apxuTekrype. Kommosuuum aBuxeHUM (mpocTteifiine
npumepsl). [I[puMeHeHre B perieHn reoMeTpUYeCcKuX 3a1au.

Hccneoosamenvckas paboma (¢ UCHONb30BAHUEM  NPOSPAMMHBIX — CPEOCMB):
KOMITO3HITUS IBH)KCHUH.

ININIAHUPYEMBIE OBPA30OBATEJIBHBIE PE3YJIBTATHBI

JIMUYHOCTHBIE PE3YJIBTATBI

1) nampuomuyecko2o socnumanusi:

- IPOSIBJICHUE UHTEPECA K MPOILIOMY U HACTOSIIEMY POCCHUIICKOW MAaTEMaTUKH;

- IICHHOCTHOE OTHOUICHHE K JOCTHKEHUSAM POCCUHMCKHX MAaTEeMaTUKOB U POCCHUUCKOU
MaTE€MAaTHYE€CKON IIKOJbl, K HCIOJIb30BAaHUIO 3THX JOCTWKEHHH B JPYrMX HAyKax H
MPUKIATHBIX cdepax;

2) epaxcoanckoeo u 0yXx08HO-HPABCMBEHHO20 80CNUMAHUSL:

FOTOBHOCTh K BBINOJHEHUIO OOSI3aHHOCTEN TpaKJaHWHA M pealiu3aldyd €ro Ipas;
MPEICTAaBICHHEe O MAaTEMaTHYECKUX OCHOBAX (DYHKIIMOHWPOBAHUS PA3NUYHBIX CTPYKTYD,
SBJICHUI, TIPOLIETYP TPAXTAHCKOTO OOIecTBa (HapuMep, BIOOPHI, OMPOCHI), TOTOBHOCTH K
OO0CYXXJIEHUIO ATHYECKUX MPOOJIEM, CBA3aHHBIX C MPAKTUYCCKUM MPUMEHEHUEM JOCTHIKEHUHN
HayKH; OCO3HAHUE BaXKHOCTH MOPAJIBHO-3TUYECKUX MPUHIUIIOB B JIESITEIIBHOCTH YYEHOTIO;

3) mpy0o6o2o 6ocnumanusi: yCTAHOBKA Ha aKTUBHOE yYaCTHE B PELICHUH MPAKTUYECKUX
3a/lad  MATEMAaTHYECKON HaMpaBlICHHOCTH; OCO3HAHME BaXXHOCTH MAaTEMAaTHYECKOIO
o0pa30BaHus Ha IPOTSHKEHUHW BCEH KU3HU I YCTIEITHON TPO()ECCHOHATBFHON NeATeTbHOCTH
U pa3BUTHE HEOOXOAMMBIX YMEHWH; OCO3HAHHBIM BHIOOP M MOCTPOCHHWE HWHIWBHIYaITBHON
TpaeKTOopuu oOOpa3oBaHUs U JKU3HEHHBIX IUJJAHOB C YYETOM JIMYHBIX HMHTEPECOB W
00I11IeCTBEHHBIX OTPEOHOCTEH;

4) sacmemuueckoeo 6ocnumanus; CIOCOOHOCTb K SMOLIMOHATBHOMY



1 3CTETUYECKOMY BOCIIPUSATHIO MATEMAaTUIECKUX O0OBEKTOB, 3a1a4, PEIICHUN, PacCyKICHHIA,
YMEHHUE BUIETh MAaTEMaTHICCKHUE 3aKOHOMEPHOCTH B HCKYCCTBE;

5) yennocmu Hayumoco nosHaHus: OPUEHTAIUS B JEATEIHHOCTH HA COBPEMEHHYIO
CHUCTEMY HAyYHBIX TPEICTaBICHUH 00 OCHOBHBIX 3aKOHOMEPHOCTSX Pa3BUTHS YEJIOBEKa,
MpUPOABl W OOIIECTBA; MOHMMAHUE MaTEMAaTHYECKOW HAayKH Kak c(hepbhl YeIOBEUYECCKOM
JESATEIBPHOCTH, ITAMOB €€ Pa3BUTHS M 3HAYMMOCTHU ISl PA3BUTHS ITUBUIIM3AIIAN; OBJIAJICHUC
S3BIKOM MAaTE€MaTUKH W MAaTeMaTHYeCKOW KYJIbTYPOW KaK CPEJCTBOM IIO3HAHHUS MHPA;
OBJIaJICHNE HABBIKAMH HCCIIE0BATEIIBCKON IEITeITLHOCTH;

6) Quzuueckoeo socnumarus, HoOpMuUpoO8arUsL Kyibmypsbl 300p06bsi 1 SMOLIMOHATIBHOTO
0JIaromoy4yusi: TOTOBHOCTh IPUMEHSATh MaTEeMaTUYCCKHE 3HAHHUS B HWHTEPECaX CBOETO
3]I0pPOBbsSI, BEJCHHS 370pOBOTO O0Opa3a >XHM3HHM (3J0POBOE IMHTaHWE, COATAHCHUPOBAHHBIH
PSKHM 3aHATHH M OTAbIXa, peryisapHas (Qu3ndeckas aKTUBHOCTH), CPOPMHUPOBAHHOCTH
HaBbIKa pedIieKCHu, MPU3HAHKWE CBOETO IpaBa Ha OIMIMOKY W TaKOTO JKE IpaBa JPYroro
YeIIOBeKa;

7) 9KOJI02UHECKO20 60CNUMAHUS: OPUCHTAIIUS HA IPUMCHCHUE MaTeMaTHUYCCKUX 3HAHHH
JUTSI PEIIICHUS 3a/1a4 B 00J1aCTH COXPaHHOCTH OKPY KaIOIIeH CpeIbl; TUTAHMPOBAHHUE TIOCTYITKOB
M OILICHKAa WX BO3MOJKHBIX ITOCJICICTBHMH I OKPYIKAIOIIEH Cpe/ibl; OCO3HAHUE TI100aTbHOTO
XapakTepa SKOJIOTHICCKUX MPOOJIeM U IMyTeH UX PEIICHHS;

8) aoanmayuu K U3MEHAIOWUMCS YCLOBUAM COYUAILHOU U RPUPOOHOLL CPeObl.:

TOTOBHOCTH K JICCTBHSIM B YCJIOBHSIX HEOIPENEIEHHOCTH, MOBBIILICHUIO YPOBHS CBOEH
KOMIIETEHTHOCTH Yepe3 MPAKTUUECKYIO JIEATEeIbHOCTD, B TOM YHCJIE YMEHUE YUUTHCS Y IPYTUX
JoJieH, mpuodpeTaTh B COBMECTHOM JESATEILHOCTH HOBbIE 3HAHUS, HABBIKM U KOMIIETEHIIUU
U3 OMbITa JPYruX; HEOOXOAUMOCTh (OPMHUPOBATH HOBBIE 3HAHUSA, (POPMYIHPOBATH HUICH,
TOHSITHSI, TUTIOTE3bI 00 00BEKTAX U SBICHUSX, B TOM YHCJIE PAHEE HE U3BECTHBIX, 0CO3HABATH
neduIuTel COOCTBEHHBIX 3HAHUM M KOMIIETEHTHOCTEH, IUTAHHUPOBATH CBOE pa3BUTHE;
CIIOCOOHOCTh 0OCO3HABATh CTPECCOBYIO CUTYAIIMIO, BOCIIPUHUMATh CTPECCOBYIO CUTYAIIMIO KaK
BBI30B, TPEOYIOMUN KOHTpPMEp, KOPPEKTHUPOBATh NMPUHUMAEMbIC pEHICHUS W JeHCTBUSA,
(dbopMynHpOBaTH U OIICHUBATH PUCKHU U TIOCIEIACTBUS, (HOPMHUPOBATH OTIBIT;

9) socnumanusi UHEGOPMAYUOHHOU KYIbMYPbL:

MPOSIBIICHUE MHTEpPECa K HMCIOJIB30BAHHUIO ITU(POBBIX TEXHOJOTHUN JJII ONTHUMH3AIUN
MpOILIECCOB  TIOWCKA, aHauu3a, O0OpabOTKH, CO3MaHusA, Tepeladyd MaTeMaTHYeCKOU
uHOpMAIIMM U BHU3YyalM3allMi MaTeMaTHYeCKuX OO0OOIEeHWH M pe3ynbTaTOB aHaJIN3a;
TOTOBHOCTh K WCIOJIb30BAaHUIO IM(PPOBBIX WHCTPYMEHTOB [JIsi BBIIOJHEHHS y4eOHOMN
JESTENHPHOCTA TIPU HW3YYCHUH MATEMaTHKH; CIHOCOOHOCTh TMPUMEHSATH IU(POBBIC
WHCTPYMEHTHI B YCJIIOBHSIX pPeal3alliy Mep MO MPEAYNPEKICHUIO BO3MOKHBIX HETaTUBHBIX
MOCJIC/ICTBUNA aKTUBHOTO W CHCTEMATHYECKOTO MPUMEHEHHUs IM(PPOBBIX TEXHOJOTUHA B
YYCOHBIX IEAX.



METAINIPEIMETHBIE PE3YJIBTATbI

1. Ilo3HaBaTe/IbHbIC YHHBEPCAJIbHbIC Y4eOHbIE 1eHCTBUS

1) bazosvle noeuueckue oelicmeust:

BBISIBIISITh U XapaKTEPHU30BaTh CYIICCTBCHHBIC MPU3HAKKH MATEMAaTHYECKUX OOBEKTOB,
MOHATHH, OTHOIICHUH MEXIy TMOHATUSAMH, (POPMYIUPOBATh OMNPENCICHUS MOHATHH,
YCTaHABJIMBATh CYIIECTBCHHBINH TpPH3HAK KJIacCH(PUKAIMKA, OCHOBAHMS IJIsi OOOOIICHHS H
CpaBHEHUS, KPUTSPUH ITPOBOIUMOT'O aHAJIN3A;

BOCIIPHHUMATh, (hOPMYJIUPOBATh M MPEOOPA30BBIBATh CYKICHUS: YTBEPAUTEIBHBIC H
OTpUIATEIbHBIC, CIUHUYHBIC, YACTHBIC U OOITUE, YCIOBHBIC,

BBISBJISATH MAaTEMAaTHYECKUE 3aKOHOMEPHOCTH, B3aUMOCBSI3HM M IPOTUBOPEYUHs B (haKTax,
JAHHBIX, HAONIOMCHUSIX W YTBEPXKICHUAX, Tpejaratb KPUTCPUU JUISl  BBISBICHUS
3aKOHOMEPHOCTEU U IPOTUBOPEYN;

JIeNaTh BBIBOABI C UCIOJIb30BAHUEM 3aKOHOB JIOTUKH, JCAYKTHBHBIX U WHIYKTHBHBIX
YMO3aKJIFOUEHUH, YMO3aKIIOUCHHI 110 aHAJIOTHH;

pa30oupaTh JOKA3aTeIbCTBA MATEMATHICCKUX YTBEPKIACHHH (TIPSIMBIC U OT MPOTHUBHOTO),
NPOBOJAUTh CAaMOCTOSITEILHO JIOKA3aTelIbCTBA MaTeMaTHYeCKUX (DAKTOB, BBICTPAWBAThH
apryMEHTAIIUIO, IPUBOIUTH IPUMEPHI M KOHTPIIPUMEPHI, IPUMEHSITh METO]T MAaTEMaTHICCKOM
WHIYKIIMH, 0OOCHOBBIBATh COOCTBECHHBIC PACCYK/ICHUS;

BbIOMpaATh crmoco0 pelleHus y4eOHOW 3ajauM (CpaBHUBATh HECKOJIBKO BAapUAHTOB
pelieHus, BBHIOMpATh HamOoJsiee MOAXOIAIMNA C YYETOM CaMOCTOSITEIBHO BBIICICHHBIX
KPUTEPUEB).

2) bazosvie uccneoosamenvckue oeticmsusi:

UCIIONIb30BaTh ~ BOMPOCHI  KAaK  HCCIEJOBATENIbCKUM  WMHCTPYMEHT  TO3HAHUA,
dbopMynHUpoBaTh BOMPOCH], (HUKCHUPYIOUIUE TMPOTUBOpEUYHE, MPoOJIeMy, CaMOCTOATEIbHO
yCTaHABIMBATh HMCKOMOE M JaHHOE, (OPMHPOBATH THUMOTE3y, APryMEHTUPOBATH CBOIO
MO3UIUI0, MHEHUE;

IPOBOAUTH 110 CAMOCTOSTEIHLHO COCTABICHHOMY TUIAHY KCIIEPUMEHT, UCCIIEJOBAaHUE 110
YCTaHOBIIEHUIO OCOOCHHOCTEW MAaTeMaTHUYEeCKOTO OOBEKTa, 3aBUCUMOCTEH OOBEKTOB MEXKTY
co0o1;

CaMOCTOATENTbHO  (OpMyTUpOBaTh OOOOIIEHWS W  BBIBOABI IO  pe3yJbTaTaM
MIPOBEJICHHOTO HAOJIIO/ICHUS, WCCIIEIOBAaHUs, SKCIIEPUMEHTa, OIICHUBATh JOCTOBEPHOCTH
MOJIYYCHHBIX PE3yJbTAaTOB, BEIBOJIOB U 0000IICHHIA;

MPOTHO3UPOBATH BO3MOXKHOE Pa3BUTHE MPOIIECCA, @ TAKXKE BBIBUTATH MPEATOI0KEHUS
0 €r0 Pa3BUTHH B HOBBIX yCIOBHUSX.

3) Paboma c ungpopmayueti:

BBISIBIISITH HEJIOCTATOYHOCTH ¥ M30BITOYHOCTH MH(OPMAITUH, JAHHBIX, HEOOXOIUMBIX JJIsI
pEIICHHUS 3aa9H;

BEIOWPATh, aHAIM3WPOBATh, CHCTEMATH3UPOBATh W WHTEPIPETHPOBATH WHEOOPMAITHIO
Pa3TUYHBIX BUIOB U OPM TIPEICTABIICHNUS,



BbIOMpaTh (OpMy MpeACTaBICHUS HH(POPMALUK U WUTIOCTPUPOBAThH pelIacMble 3aa4u
cXeMaMu, TharpaMMaMu, HHOU TrpaduKoi M X KOMOWHAIUSIMU;

OLICHWBATh HAASKHOCTh HWH(GOpPMALMK 1O KPUTEPUAM, TPEIJIOKCHHBIM WU
c(hopMyITUPOBAHHBIM CAMOCTOSTEIBHO.

2. KoMMyHHKAaTHBHbIC YHHBEpPCAJIbHbIC Y4eOHbIE 1eHCTBHSA:

BOCTIIPUHUMATh ¥ (OPMYITUPOBATH CYKACHHS B COOTBETCTBHU C YCIOBUSMHU U IEISIMU
OOIIeHHS, SICHO, TOYHO, TPAMOTHO BBIpAXKaTh CBOIO TOUKY 3PEHUS B YCTHBIX U MHUCHbMEHHBIX
TEKCTaX, /1aBaTh IMOSCHEHUS IO XOJy pEIICHHUS 3aJadd, KOMMEHTHPOBATh MMOJYYCHHBIH
pe3yJIbTar;

B X0JIe 0OCYK/ICHHUS 3a7aBaTh BOMPOCHI MO CYIIECTBY 00CYKIaeMOU TEeMBbI, MPOOIEMBI,
pelaeMoii 3a/1auu, BBICKa3bIBaTh UCH, HAIICIICHHBIC HA MTOUCK PEIICHHS, COTIOCTABIATH CBOU
CYXJICHUS C CY>KICHHUSIMH JPYTUX YIaCTHUKOB IMajiora, OOHapyKUBaTh Pa3IMuUe U CXOJICTBO
MO3HIINIA, B KOPPEKTHOH Popme PopMyTHUpOBaTH Pa3HOTIIACHS, CBOU BO3PAKEHUS;

NPECTABIIATh PE3YNbTATHI PEIICHHsS 3a7a49M, SKCIIEPUMEHTa, HCCIEA0BaHuUs, MTPOEKTa,
CaMOCTOSITETTFHO BEIOMpaTh (QopMaT BBICTYIUICHHS C YYE€TOM 3a/Jad TPE3CHTAllUU |
0COOEHHOCTEW ayIUTOPHH;

TIOHUMATh M UCIIOJIb30BaTh MPEUMYIIECTBA KOMAHTHOW U HHINBUyaTbHOW PaOOTHI MPH
peleHnu y4eOHbIX MaTeMaTHYECKUX 3a7ad, IPUHUMATh IeIb COBMECTHOU ICSATEILHOCTH,
IUIAHUPOBATh  OPraHM3allMI0  COBMECTHOM  paboThl, pacnpeneisTh BHIBI  padoT,
JIOTOBapUBATKCS, OOCYKIATh MPOIECC U Pe3yybTaT paboThl, 0000IIaTh MHEHHSI HECKOJIBKHUX
JIIOeH;

y4acTBOBATh B TPYNIOBHIX (popMax paboThl (00CYyKIeHUs, 0OMEH MHEHUM, «MO3TOBBIC
IITYPMbDY U MHBIC); BBHIMOJIHATH CBOIO YacTh paOOThl U KOOPJIWHUPOBATH CBOU JCHCTBUS C
JIPYTMMH 4iICHAMH KOMaHJbl, OLIEHUBATh KA4eCTBO pe3yJbTaTa M KaueCTBO CBOETO BKJaja B
oOmuit pe3yabTaT Mo KpUTEPHUsIM, CPOPMYITUPOBAHHBIM YIACTHUKAMU B3aUMOICHCTBHSI.

3. PeryasiTuBHble yHUBEpCAJbHbIe y4eOHbIE eiicTBUS

1) Camoopeanuzayusi:

BBIBJIATh MPOOJEMBl JJsi pPELIEHUs B JKU3HEHHBIX M Y4eOHBIX CHUTYyalusX,
OPUEHTUPOBATHCS B PA3IUYHBIX MOJAXOJaX MPUHATUS peleHudl (MHAUBUAYaIbHOE,
IPYIIIIOBOE);

CaMOCTOSITETIbHO COCTABIIATH IUJIaH, QJTOPUTM pelIeHUs 3aJayd (WIK €ro 4YacThb),
BBIOHPATh CIIOCOO PEIICHHUS C YIETOM HMEIOLIUXCS PECYPCOB M COOCTBEHHBIX BO3MOXKHOCTEH,
apryMEHTUPOBATh U KOPPEKTUPOBATH BAPUAHTHI PEIICHUN C YIETOM HOBOW MH(pOpMAIUH.

2) CamoxoHmpons:

BJIaJIETh CIIOCOOaMH CaMOIIPOBEPKH, CAMOKOHTPOJIS MPOLIECCa U PE3yNIbTaTa PEIICHUS
MaTeMaTU4YeCKOM 3a/1au, CaMOMOTHBALIMU U pedrexcuu;

NpeIBUIETh TPYAHOCTH, KOTOPHIE MOTYT BO3HHMKHYTH NPHU PEIICHUHU 3a/1ayl, BHOCHUTD
KOPPEKTUBBI B JIEATEIBHOCTh HA OCHOBE HOBBIX OOCTOSITENBCTB, HAMJIEHHBIX OMIMOOK,
BBISIBJICHHBIX TPYAHOCTEH;



OIICHUBAaTh COOTBETCTBUE pE3yJbTaTa JESITEIHbHOCTH MOCTABICHHON 1IN U YCIOBUSIM,
OOBSICHSITh MPUUYUHBI JOCTXKEHUSI WIM HEJAOCTIKECHHS IIelIM, HaXOIUTh OIIMOKY, JaBaTh
OIICHKY MPUOOPETEHHOMY OIIBITY.

3) DmoyuoHnanvHwill uHmMeIeKm.

BbIpakaTh SMOLMHM TpPU HM3YYCHUU MATEeMaTUYECKUX OOBEKTOB M (DaKTOB, JaBaTh
AMOIMOHAIBHYIO OIEHKY PEIICHHS 3a/1auHu.

NHNPEAMETHBIE PE3YJIBTATHBI

1) CB0OOIHO OTIepUpPOBATH MOHATUSIMU: KOPEHb N-I CTENEHHU, CTENIEHb C PallMOHATBLHBIM
MoKa3aTejeM, HaXOJUTh KOpPEHb N-l CTENEHH, CTENEeHb C PAIMOHAIIBHBIM IOKa3aTelieM,
UCIIONIB3Ysl MPU HEOOXOAUMOCTH KaJbKYJATOP, MPUMEHSITh CBOMCTBA KOpHS N-U CTEMEHH,
CTETEHHU C PallMOHAIILHBIM ITOKA3aTeIeM.

2) Vcnonb3oBaTh MOHATHE MHOXKECTBA JICHUCTBUTEIBHBIX YHCEN MPU PEIICHUU 3aj1ad,
IPOBEICHUU PACCYKICHUHN U JOKA3aTEILCTB.

3) CpaBHUBATh U YIOPSOUYUBATH JEUCTBUTEIBHBIC YUCTIA, OKPYTISATh ACHCTBUTEIbHBIC
YKCJIa, BBITOJHATH MPUKUJIKY Pe3yJIbTaTa BEIYMCIICHHH, OIICHKY YHCJIOBBIX BBIPAKEHUM.

4) CB00OOTHO oOIEpUPOBATH MOHSATHEM KBAJIpPaTHOTO TPEXWICHa, HAXOJAUTh KOPHHU
KBaIPaTHOTO TpeXuJIcHa.

5) PackiianpiBaTh KBaJApAaTHBIN TPEXWICH HA JIMHEHHbBIE MHOXKUTEH.

6) PemaTh HeclioXKHbIE KBaJpAaTHBIE YPABHEHHS C TAPAMETPOM.

7) PemaTh HEClIOXKHBIE CUCTEMBI HEJIMHEWHBIX YPaBHEHUHN C TapaMeTPOM.

8) PemaTh ypaBHEHUs, HEPABEHCTBA U UX CHUCTEMBI, B TOM YHCIE C OTPAaHUYCHUSIMH,
HAIpUMep B LIETBIX YUCIIAX.

9) IlpoBoauTh HCCIEOBAHUS YpPaBHEHUW M CHCTEM YypaBHEHUH, B TOM YHCIE C
npUMEeHEeHHEeM TpadUuuecKuX MpeAcTaBlIeHU (yCTaHaBIMBaTh, UMEET JIM YpPaBHEHUE WIIH
CUCTeMa YpaBHEHUI PEIICHHs], €CIIM UMEET, TO CKOJIBKO, U TIpoYee).

10) Pemath TeKCTOBBIE 33/1aUn alTeOpPaNdIeCKUM CIIOCOOOM.

11) Hcnonw3oBaTh ypaBHEHHS, HEPABEHCTBA M WX CHCTEMbl JISI COCTaBJICHUS
MaTeMaTU4eCKON MOJIENIM peallbHOM CUTyalluy WA IPUKIAJHON 3a4a4u, UHTEPIIPETUPOBATh
MOJIyYEHHBIE PE3YIbTAThI B 3aIaHHOM KOHTEKCTE.

12) CBoGOMHO OTEpUPOBATH MOHATUSMH: 3aBUCUMOCTh, (QYHKIHUA, TpaduK (QyHKINH,
npsiMasi  TIPOMOPLMOHANBHOCTD, JIMHEHHAas (QYHKIUSA, OOpaTHas MPOMOPIMOHAIBEHOCTD,
napabosa, runep0boia, KyCOYHO-3a1aHHast (PYHKITHSI.

13) HccnenoBate (yHKIMi0 1Mo ee TpaduKy, yCTaHaBIMBATh CBOWCTBA (PYHKITHH:
0o07acTh  OMpEeAeNieHUs, MHOXXECTBO  3HAYeHWH, HyIHM  (QYHKIUH, MOPOMEXKYTKH
3HAKOIMOCTOSIHCTBA, MPOMEXYTKM BO3pacTaHWs M YObIBaHUSI, YETHOCTh M HEYETHOCTb,
HanOOJIbIIIEE M HAMMEHBIIIEE 3HAYCHHS, ACUMIITOTHI.

14) Pacno3naBaTh KBaJApaTHUHYI0 (YHKIUIO 1O Qopmyse, NPUBOAUTH MPUMEPHI
KBaJpaTUYHBIX (DYHKIUN U3 peaIbHOU KU3HU, PUZUKHU, TEOMETPUH.

15) Onpenenars nmoyiokeHue rpaduka KBaJApaTUYHON (PYHKUHUHM B 3aBUCUMOCTU OT €€
KO3(ppULIHEHTOB.



16) Ctpouth rpaguk KBaapaTHYHONW (PYHKIMH, ONUCHIBATH CBOMCTBAa KBaJPaTUYHOU
dbyHKIMM IO ee rpaduKy.

17) Ucnionp30BaTh CBOMCTBA KBAAPATUUHON (PYHKIIMH JJI pELICHUS 3a]1a4.

18) Ha npumepe kBagpatuuHoit pyHkiuu ctpouts rpaduk ¢pyakimu Yy = af(kx + b) + ¢
C MOMOIIIBIO TTpeoOpazoBannii rpaduka Gynkuuu y=F(X).

19) NnnroctpupoBath ¢ MOMOIIBIO rpaduKa peanbHy0 3aBUCUMOCTh UITU MPOLECC M0 UX
XapaKTEPUCTUKAM.

20) CBoOOAHO OmEpHpOBaTH MOHSATUSAMM: MOCIEAOBATEIBHOCTh, apu(pMeTHYecKas U
reOMETPUYECKasi IPOTrPECCHH.

21) 3agaBath MOCIENOBATEILHOCTH PA3HBIMKU CITIOCOOAMU: OMTUCATEIBLHBIM, TAOJUYHBIM,
C IOMOIIBIO HOPMYIIBI N-TO YiI€HA, PEKYPPEHTHBIM.

22) BbINOSHATE BEIYUCIICHUS ¢ UCIIOJIb30BaHUEM (POopMyIT N-ro wieHa apudMeTHIECKON
U TEOMETPUUECKOUN MPOrpecCuid, CyMMBI TIEPBBIX N YJICHOB.

23) N300paxkaTh WieHbl NOCIE0BATENBHOCTH TOUKAMHU Ha KOOPAMHATHOM MJIOCKOCTH.

24) Pematp 3a7a4M, CBS3aHHBIC C YUCJIOBBIMH TOCIIEIOBATCILHOCTSAMH, B TOM YHUCIIE
3a/1a44 U3 PeabHOM JKU3HU (C UCTIOTB30BaHUEM KAJIbKYJISATOPA, ITUGPOBBIX TEXHOJIOTHH).

25) Pacno3naBaTh W  NPUBOJIUTH NPUMEPHI KOHEYHBIX U  OECKOHEYHBIX
MOCJIEIOBATENIbHOCTEH, OTPaHUYECHHBIX MOCIIEI0BATEIBHOCTEH, MOHOTOHHO BO3PACTAIOIINX
(yOBbIBaOIINX) MOCIEA0BATEILHOCTEN.

26) NmMeTh mnpencTtaBiI€HUE O CXOAUMOCTH IOCIENOBATEIBHOCTH, YMETh HAXOAHUTh
CyMMY OECKOHEYHO YOBIBAOIIEH reOMETPUUECKON MPOTrPECCHH.

27) IlpuMeHsATh METOJ MaTEMAaTHYECKOM MHIIYKIIMH TIPH PELICHUH 3aa4.

28) [oka3piBaThb TEOPEMY CHHYCOB M TEOpPEMY KOCHUHYCOB, NPUMEHATh HUX IS
HAXOXKJICHHUSI PA3JIUYHBIX JJIEMEHTOB TPEYrOJbHUKA («PEIIEHUE TPEYTrOJIbHUKOBY), IpHU
pEUIEHNH TeOMETPUYECKUX 3a1ay. [IpUMEHSATh TOJNyYEHHbIE 3HAHUA TMpPU PEIICHUU
NPaKTUYECKUX 3a]1ay.

29) IlpuMeHsATh TPUTOHOMETPHUIO B 3aja4ax Ha HAXOXKJICHHUE IUIOLIAJH, BBHIBOJIUTH U
BIAJCTh  TPUTOHOMETPUYECKUMHU  (opmymamu [ IUIOMAAM  TPEYTrOJbHUKA,
napajjienorpaMmma, pomoa, Tpanemnu, BHIBOJUTH U TPUMEHATh popmyny ['epona u hopmyny
JUTS1 TUTOILATA BBIITYKIIOTO YEThIPEXYTOJIbHUKA.

30) meTh npencTaBieHUE O TOMOTETUH, IPUMEHSTh B MPAKTUYECKUX CUTYaALIHSIX.

31) Ucnonws3oBaTh Teopembl UeBbl 1 MeHenast Ipy pelieHny 3a1ay.

32) Ucnionb30BaTh TEOPEMBI O BOUCAHHBIX YIIaX, YIJIaX MEXKy XOpAaMu (CEeKyIIUMHU) U
yIjle MEXAYy KacaTeIbHOW M XOPAOM MPH PELICHUM IeOMETpUYECKUX 3aaad. /{oxa3piBaTe u
MIPUMEHSITh TEOPEMBI O TIPOU3BEICHUHN OTPE3KOB XOP/I, O MPOU3BEICHUN OTPE3KOB CEKYIIUX,
0 KBaJIpaTe KacaTeJIbHOM.

33) BnaaeTs NOHSITHEM KOOPJMHAT HA TUIOCKOCTH, pabOTaTh C ypaBHEHUEM MPSMOU Ha
IJIOCKOCTU. BiageTs NOHATUAMU YIJIOBOro Ko3(d@uuueHTa u CBOOOJAHOrO 4jieHa, TOHUMATh
UX T€OMETPUUYECKUN CMBICT U CBSI3b YIJIOBOTO KO3(pUIIMEeHTa C BO3pacTaHUEM U yObIBAaHUEM
TuHEeWHOW (yHKIMU. YMeTh pemaTh METOJ0M KOOpAMHAT 3aJayd, CBS3aHHbIE C



MapauieIbHOCThI0O U NEPHEHAUKYISPHOCTHIO  MPSAMBIX, TEPECCYCHUEM  MPIMBIX,
HaX0XJICHUEM TOYEK MEePECeUCHUs.

34) BbIBOaUTH U BIAJETh YPaBHEHHEM OKPY>KHOCTU. McTonb30BaTh METO KOOPIUHAT
JUTSL HAXOXKJICHUSI TIEpECEUCHUN OKPYKHOCTEeW M mpsmbiX. Brnagets popMymnamu paccTosiHus
OT TOYKHM JO MPSIMOM, TUIOLIAAM MapajuiesiorpaMMa B KOOpJIMHATaX, UMETh MOHSATHE 00
OpUEHTHPOBaHHOM TUIomA U, [T0oaB30BaTECS METOIOM KOOPAMHAT Ha IJIOCKOCTH, MPUMEHSTh
€ro MpH PEelIeHUU FTeOMETPUUYECKUX U PAKTUUECKUX 3a/1a4. [[puMeHsITh METO1 KOOpAUHAT B
MPaKTUKO-OPUEHTUPOBAHHBIX T€OMETPUUYECKUX 3aadax.

35) BnageTh noHsATHEM BEKTOpa. YMETh CKJIAJbIBATh U BHIYUTATh BEKTOPHI, YMHOXKATh
Ha YKCJIO, BIAJETh IPaBUIaMU TPEYTOJIbHUKA U MapajuieorpaMMa. BiajaeTs npakTHuecCKuMu
UHTEPIPETAIMIMH BEKTOPOB. YBEPEHHO IMOJIb30BAaThCS KOOpAMHATAMU BeKTOpa. Bianetsb
CIIO)KCHHEM UM BBIYMTAHUEM BEKTOPOB, YMHOXKEHHMEM BEKTOpa Ha YHUCJIO B KOOpJMUHATAX.
WNmetrs mpexncraBienue o Oa3uce (Ha miiockocTH). PackmanbiBaTh BEKTOpHI MO 0Oasucy.
PacknagpiBaTh BEKTOPHl CHUJI C TOMOINIBIO MPOCHUPOBAHUS UM TPUTOHOMETPUUYECKHUX
cooTHoIIeHUH. [I[pUMEHATh MOTyYeHHBIC 3HAHUS B IPOCTEHIINX (PUBHMUECKUX 3a/1auax.

36) Biamerp NOHSTHEM CKaJIPHOTO TIPOM3BEJICHHUS BEKTOPOB, ITOHUMATh €TO
FCOMETPUYECKUNA CMBICII W YBEPEHHO TIOJIb30BAThCS €r0 BBIPAKCHHEM B JIEKAPTOBBIX
KOOpJMHATaX. 3HaTh JUCTPUOYTHUBHOCTH CKAJSPHOTO TMPOU3BEACHUS M €ro CBs3b C
npoenupoBaHueM. [IpuMeHsITs CKasipHOE MPOU3BEICHUE BEKTOPOB JIJIsl HAXOXKIEHUS JUIUH U
yriaoB. Pemares reomerpuueckue 3aJaud ¢ TOMOIIBIO CKAJSIPHOTO TMPOU3BEICHMUS.
Hcnonb3oBaTh CKalsipHOE TPOU3BEJICHUE BEKTOPOB B airedpandeckux © (puamdeckux
3a/1ayax.

37) Bnanetrp MOHATUAMH MPABUIBHOTO MHOTOYTOJIBHUKA, JJIUHBI OKPYKHOCTHU, JJTMHBI
IYyTd OKPYKHOCTH W pPaJUaHHON Mephl yrila, BBIYUCIATH IJIOMIATL KPyra M €ro 4acTeil.
[TorumaTte cmbich yncia m. [IpuMeHSTh TOyYeHHbIE YMEHUS TP PEIICHUN MPAKTHYECKUX
3a/1a4y. 3HaTh UCTOPUYECKUE CBEICHUS 00 M3MEPEHUH JITMHBI OKPY>KHOCTHU U TUIOLIATHN KpyTa.

38) meTh npeicTaBiieHue O MPeoOpa30BaHUM IIJIOCKOCTH, O IBIKEHUAX. Haxonuts ocw,
HEHTPBl CUMMETpUuu GUTYp, LEHTPHl TMOBOPOTA, HAXOAUTH KOMIIOZHMIIMH MPOCTEUINX
npeoOpazoBanuil. [[puMeHSITH ABMKEHUS TUIOCKOCTH TIPH PEIIEHUU TEOMETPUICCKUX 3a/1a4.

39) IIpuMeHsTh MOTYYEHHBIE 3HAHUS HA MPAKTUKE — CTPOUTh MAaTEMATUYECKUE MOJIETU
JUISL 3a/1a4 peajbHOM U3HU U MPOBOJAUTH COOTBETCTBYIOIIME BHIYMCICHUSI C MPUMEHEHUEM
MO00US U TPUTOHOMETPUYECKUX (PYHKIUH (TIONB3YACH, T1€ HEOOX0IUMO, KATBKYIATOPOM).



TEMATHUYECKOE IINIAHUPOBAHUE

JBYMsI IEPEMEHHBIMH.
HccnenoBanue cucrem
HEJIMHEWHBIX
yYpaBHEHUH ¢
napameTpoM. Perrenue
HEPABEHCTB C JBYMs

anredpandeckiuM METOIOM;
rpau4ecKuM METOI0M (B
TOM YHCJIE C
HCI0JIb30BaHUEM
«MaTeMaTH4YEeCKHX
MAKETOBY)

DJIeKTPOHHbIE
Ne HaumeHoBaHue pa3ae/ioB KounuecTBo OcHoBHOE OcHOBHBIE BUAbI (ungposrbie)
n/n U TeM NPOrpamMMmbl 4yacos coJepikaHue NAeATeJbHOCTH o0pa3oBaTe/bHbIE
pecypcsl
Pemrenne ypaBHeHu ¢ CamocrosTensHOE
rapameTpom OTKpBITHE: pelIeHne
anredpandeckum YPaBHEHUH C IapaMETPOM.
METOIOM. IIpakTHKyMBI ITO PELICHUIO
['padpuueckuit meTox 3a/a4: OT MPOCTOTO K
pelieHus ypaBHEHUH ¢ CIIO)KHOMY — APOOHO-
napaMmeTpom paloHaIbHbIe YpaBHEHUS
['padpuueckas Y HEPaBEHCTBA C
1 VYpaBHEeHUs 1 HEPaBEHCTBA 3 UHTEPIIpEeTALINS apaMeTpoM.
C mapaMeTpoM pelIeHus ypaBHEHUS € HccnenoBarensckue
JIBYMsI IEPEMEHHBIMU U | pabOThI: pelieHne 3a1a4 ¢
CUCTEM YpaBHEHUU C napaMeTpamu —




MNEPEMCHHBIMU U UX
CHUCTEM

Pemenue TpeyrojJbHMKOB

DopmyIbl
npuseneHus. Pemenne
IPAKTUYECKUX 3a/1a4 C
UCIOJIb-30BaHUEM
TEOPEMBI KOCUHYCOB U
TEOPEMBI CHHYCOB.
®opmyna ['epona.
dopmyia MIoaau
BBIITYKJIOTO
YEeThIPEXYroJIbHUKA.
COOTHOLIEHHS MEXTY
TPUTOHOMETPUUYECKUMHU
GYHKIASAMH.
[Ipocreitmme Gopmyibr
NIPUBEJCHUS U3 Ieo-
METPUYECKUX
cooOpakeHUH.
Pemenue 3agau c
HCII0JIb30BaHUEM
TEOPEM KOCUHYCOB U
CHUHYCOB, HAX0XJICHUE
paanyca ONKUCaHHON

IIpakTHKyMBI ITO PELICHUIO
3agad. MaTteMaTH4ecKoe
COpPEBHOBAHUE — PEILLICHUE
reOMETPHUECKHUX/TIPAKTHKO-
OpPUEHTUPOBAHHBIX 3aja4
pPa3HBIMU METOAAMHU

OKPYXHOCTH
Anrebpandeckue Crenens ¢ [IpakTUKyM 1O pEHICHUIO
BBIPKEHUS panuoHaIbHBIM 3a/1a4: OT MPOCTOTO K




MoKa3aTelIeM.
Omnpenenenue KOpHs N-
U CTEIICHHU U CTEIICHH C
palMOHAIbHBIM
MMOKa3aTeIIeM.
[IpumeHeHue
OIepanny U3BJICUCHUS
KOpHs N-11 CTEINeH!,
UCIIONB3YSI MPU
HEOO0XOINMOCTH
KaJIbKYJISATOP.
Brrancnenne 3HaueHHs
CTEIEeHM C paluo-
HaJILHBIM IIOKA3aTeJIeM.
O1neHKa 3HaUEeHUN
KOpHsI N-ii CTeNeHu,
3HAYCHHE CTCIICHH C
palMoOHaIbHBIM TOKa-
3aTeneM IeIbIMHI
YHCJIaMU U
JIECATHYHBIMH
npo0sivu. CpaBHEHUE U
YHOPSAI0YMBaHUE
paluo-HAJIbHBIX U
HppaloOHaAIbHBIX
YHCE, 3alIUCAaHHBIX C
IIOMOLIBIO KOpHA N-1
CTEIIEHU, CTEIICHH C

CIIOKHOMY.
Maremarnueckoe
COpPEBHOBAHUE




paLMOHAIBHBIM
MOKa3aTeJIEM.
Brinosnnenue
TOXIECTBEHHBIX
npeoOpa3o-BaHU
BBIPa)KCHU,
coaepKalIux KOPEHb
N-ii CTEIICHH, CTEIICHD C
palMOHATBHBIM
MoKazaTesieM

OTpe3ku B OKPYKHOCTH

Teopemsl 0
MIPOU3BEICHUN
OTPE3KOB XOP]I,
TEOPEMBI O
MIPOU3BEICHUN
OTpPE3KOB CEKYIIHNX,
TeopeMa O KBaapare
KacaTeJIbHON, TEOPEMBI
Uensl 1 Menemnasi.
HccnenoBanue, B TOM
YHCIIE ¢ IIOMOIIBLIO
U(GPOBBIX PECYPCOB,
U3y4aeMbIX KOH(pUry-
paruii. [Ipumenenue
JAHHBIX TEOPEM MpPHU
pelIeHNn
F€OMETPUUECKHUX
3a7a4. 3HaKOMCTBO C

CamocTosiTeNTbHOE
OTKpBITHE (B TOM YHUCIIE C
HCII0JIb30BAHUEM
«MaTeMaTUYeCKUX
nakeTtoBy»): Teopembl UeBbl
u Menenas. [Ipaktukym o
peIIeHHIOo 3a/1ad.
[IpakTuky™m no
MOCTPOCHHUIO
JUHAMHUYECKUX MOJIENEH ¢
MOMOIIBIO TPOTPAMMHBIX
CPEIICTB.
HccnenoBatenbckas paboTta
C TIOMOMIBIO MPOTPAMMHBIX
CPENICTB: TOMOTETHS U €€
CBOMCTBa




IHOHATHUEM I'OMOTCTHUH,
C €TI0 IIPUMCHCHUCM, B
TOM 4YHUCJIC B
IMPAKTHUYCCKUX
CUTyalluiax

OyHKINU

[TonsiTHe «QyHKIUA.
[IpumeHnenue cBOMCTB
GyHKUMIA: HynH
(GyHKIMH, TPOMEKYTKU
3HAKOTOCTOSIHCTBA
(GYHKIMH, TPOMEKYTKU
BO3pACTaHHS U
yObIBaHUS QYHKIIUH,
YETHBIE U HEUETHBIE
GbyHKIIMH, HanOOJIbIIIEE
U HaUMEHbIlIee
3HAUYCHUS (PYHKIITHH
IIPY PELICHUN 3a/1a4.
[Toctpoenue rpadukos
GYHKIIUH € TTOMOIIBIO
npeoOpa3oBaHuii BUja:
f(x) —f(x) + a; f(x) —
f(x +a); f(x) — kf(x),
() —f( x ), f6) — |
f(x) |. Pacnio3naBanue
CTENEeHHBIX QYyHKIMN U
MOCTPOEHHUE ICKH30B
rpauKOB CTENEHHBIX

UccnenoBatenbckas paborta
(B TOM 4mCIE C
HCII0JIb30BaHNEM
«MaTeMaTHICCKUX
naketoBy): [loBenenue
byHKIIUY U ee rpaduka B
3aBHCHUMOCTH OT
napametpa. [IpakTukymsl
0 PElICHUIO 33/1a4:
MOCTpOeHUE IpadrKoB
dyHKImit y=x , y = Vx, y
= | X |; ¢ mOMOIIBIO
npeoOpa3oBaHUi 1
poBepKa ¢
HCI0JIb30BaHUEM
MPOrPaMMHBIX CPEJICTB




(byHKIMH C
HaTypaJlbHbIMU
IIOKA3aTeJSIMU Pa3HOU
YETHOCTH.
Hcnone3oBanue
CBOMCTB rpapmKoB
CTENEHHBIX (PYHKIUH C
HaTypaJlbHBIMU
MOKa3aTeIsIMU MpU
pelIeHNnH 3a1au.
[HocTpoenue rpaduxos

dyHKImit y = VX, y =

Ix y=|x]

[TapannenbHOCTD U CamocTosiTeNIbHOE

NEPHEHANKYIIPHOCTD OTKpPBITHE: KaK PELINTh

IpsIMBIX (Uepes F€OMETPHUYECKYIO 3a7a4y C

YTJIOBOM MOMOUIBIO anmnapara

kod(urmeHT). anreOpsI?

Haxoxnenue HccnenoBatenbckas paborta
Bextoper. Metox nepeceqeﬁnﬁu (B TOM ymcIEe C

5 OKPYXHOCTEH U HCII0JIb30BaHUEM

KOOpAWHAT

NPSIMBIX B «MaTeMaTUYECKUX

KOOPJIMHATAX. MAKETOB»): PeIlIeHUe

dopmyna pacCTOSHUA MPaKTUKO-

OT TOYKH JI0 MPSIMOH. OPUEHTHUPOBAHHON

IInmomane reoMEeTpU 4ECKOU 3aauu

napajuiejaorpaMmma B METOJOM KOOpAHHAT.

KooOpAuHarax, OHATHUC MaremMaTudeckoe




00 OpHEeHTUPOBAHHOM
TUTOIIAIH.
[Ipumenenne merona
KOOP/JIMHAT B
HPaKTHKO-
OPHEHTHPOBAHHBIX
TeOMETPUIECKUX
3aauax, UCCIeIOBaHNE
NPUJIOKESHHS METOAA
KOOPJIMHAT B
BBIYHCIIUTEIHHON
MaTeMaTuke u

COPCBHOBAHUC — PCIICHUC
TCOMETPUUCCKUX 3aaa4
Pa3sHbBIMH METOAaMU

nHpOpMATUKE

[IpaBuiibHBIE

MHOTOYTOJIbHUKH, CamocTrosiTensHOe

BBIUHCIICHUE UX OTKpBITHE: KaK HalTH
[IpaBunbHbIE

3JIEMEHTOB NEePUMETP U IJIOLIAb
MHOTOYTOJIbHUKH. .

Brruncnenue CIOXKHOU (huUrypni?
OKpyXHOCTb U

NEPUMETPOB U [TpakTHKyM 10 pPELICHHUIO
MHOTOYT'OJIbHUKH . -

IUIONIA/IeH CII0KHBIX 3a]1a4 MMOBBIILIEHHOM

¢buryp, BKIIOYAIOIINUX CJIOKHOCTHU

AJIEMEHTHI KpyTa

Onpenenenue BUAOB HccnenoBaTenbekast
YucnoBsie noclnefoBaTeIbHOCTel: | paboTa: moBeaeHHE
MOCJIE0BATENLHOCTH U OTpaHUYEHHAas MOCJIEeI0BATEILHOCTEN — OT
MIPOrpeECCUu MOCJIE€I0BATENBLHOCTD, TUIIOTE3bI 10 JOKa-

MOHO-TOHHO

3aTCJIbCTBA. I[I/ICKYCCI/ISI Ha




BO3pacTaromas
(yObIBato111as1)
MIOCJIE0-BATEIBHOCTb.
[IpencraBnenue
0OECKOHEUHBIX
TIEPHUOTMICCKUAX
npoOeit B BUIE
OOBIKHOBEHHBIX.
3HAKOMCTBO C
MMOHITHEM CXOAUMOCTH
MOCJIEIOBATENHHOCTH,
HaX0XJICHUE CyMMBI

OCHOBE PELLEHUs 3aau:
apisercs iu MMU
YHUBEpPCaIbHBIM?
CamocrosTenbHoe
oTkpeiTHe: MMU — MeTo
JI0Ka3aTesIbCTBA: CyMMa
YJIEHOB MOCIEN0-
BaTesnbHOCTH. [IpakTukym
10 pEelICHUIO 3a/1a4:
JI0Ka3aTesIbCTBO
HEPABEHCTB U
JI0Ka3aTeNbCTBO JETUMOCTH

HBI/I)KCHI/ISI IIJIOCKOCTHU

OECKOHEUHO MMU

yOBIBarOIICH

reOMETPUYECKON

MIPOTPECCHH.

[Ipumenenue metoaa

MaTeMaTH4eCKOi

WHITYKITUH

LlenTpanbHas HccnenoBarenbckas padora
CUMMETPHSL. (B TOM UHCIE C
LlenTpanbpHO- HCI0Ib30BaHUEM
CUMMETPUYHBIC MIPOrpaMMHBIX CPEJICTB):

¢urypsl. [ToBopor.
OceBas cummeTpus.
durypsl,
CUMMETPHUYHbIE
OTHOCHTEIJIBHO

KOMIIO3UIIUS TBMKCHHUH.
CamocTosITETEHOE
OTKpBITHE: GOPMYTHUPOBKA
BBIBOJIOB O CBOMCTBax
KOMIIO3UILIUN JBYKCHUM.




HEKOTOPOU OCH.
[TapannenpHbIiA
nepeHoc. [Toustue
JBUKECHUSI U €TO
cBoiicTBa. PaBeHCTBO
¢buryp. [IpossrneHus
CUMMETPHUU B TIPUPO/IE,
YKUBOIINCH,
CKYJIBITYPE,
aApXUTEKTYpeE.
Kommozummnmn
JIBYKEHUH
(mpocrTeiimne
IpUMEPHI).
[Ipumenenue B
peuieHun
F€OMETPHUUYECKHX 3a/1a4

ITpoext: mpeobpa3oBaHus
(IBUKEHUS) B UICKYCCTBE

[ToBTOpEeHUE, 0600IICHNE,

Pemenne 3amau,

WUTIOCTPUPYIOILIUX
CBSI3H MEXTY

[TpoexT: «IIpeoOpazoBanus
B UCKYCCTBE U
apxutekType» roropas

10 3 pPa3IMYHBIMU TEMaMHU
crcTeMaTH3aIHs KOH(EPEHIIHS:
kypca [loBTopenue,
«Matemaruka — 3T0
0000111eHHE,
KPacuBO»
cucTeMaTH3aIMs Kypca
OBHIEE KOJIMYECTBO 34

YACOB 110 TPOTPAMME




IHOYPOYHOE IIVIAHUPOBAHHUE

KosnnyectBo 4yacos DJIeKTPOHHbIE
Ne m/n Tema ypoxa Konrpoasubie | IlpakTuueckue HppoEKic
Bcero oOpa3oBaTtejibHbIE
padoTsbI padoThI pecypest
1 Kopens n-i1 crenenu. CBoiicTBa KOpHS N-i 1
CTETeHU
9 CreneHs ¢ palluOHAIBHBIM [TOKa3aTeIeM U €€ 1
CBOMCTBA
OneHka 3HaYEHU KOPHS N-i1 CTENEHH,
3 3HaYEHHUE CTENEHU C PAllMOHAILHBIM 1
MoKa3aTesieM LEJIbIMUA YUCIIaMU U IeCITUYHBIMU
TpoOsSMHU
dopMyITbl IPUBEICHUS 1
5 Pemienue tpeyronpHnkoB. TeopeMa KOCUHYCOB
Pemrenne npakruyeckux 3amad ¢
6 HCIIO0JIb30BAHUEM TEOPEMBI KOCUHYCOB U 1
TEOPEMBI CHHYCOB
7 ®dopmyina ['epona 1
3 ToxnecTBeHHble MpeoOpa3zoBaHus BhIPAKEHUH, 1
coJiepXKaliux KOpeHb N-il CTeneHn
ToxnecTBeHHbIE MpeoOpa3zoBaHus BhIPAKEHUH,
9 COJIepXkKalUX CTENEHb C PAllMOHAIbHBIM 1
II0Ka3aTesaeM
10 Kopens n-i1 crenenu. CreneHs ¢ 1
panroHanbHBIM MoKa3ateneM. [Ipoekt
11 Pewrenne ypaBHeHUN ¢ mapameTpoM 1

aﬂre6pa1/1qec1<I/IM METOI0OM




I'paduueckuii MeTO1 pelieHus: ypaBHEHHH ¢

12
napaMmeTpom

13 CucremMbl HETUHENHBIX YPAaBHEHUH C
rapaMmeTpom

14 [TocTpoenwue rpaduKOB CIOKHBIX YPABHCHHIMA
(OKpYyKHOCTB, apabosia)

15 Teopema o IpoOU3BEICHUU OTPE3KOB XOP/I,
CEKYIIEH U KacaTeJIbHOMN

16 Teopema Uessl (popmynupoBka,
JI0Ka3aTeNbCTBO)

17 Teopema Menenas (opmyaupoBka,
JI0Ka3aTeNIbCTBO)

18 [Tonsatue o 6a3uce (Ha MIOCKOCTH).
PaznioskeHust BEKTOPOB 10 0a3ucy
CkansipHO€ MPOU3BEIEHNE BEKTOPOB,

19 T€OMETPUUECKHUI CMBICIT U BBIPAKEHUE B
JIeKapTOBBIX KOOpIMHATAX

20 CkaysipHO€ NTPOM3BEICHNE U TTPOCIIMPOBAHNE

21 Pemenue reomeTpuueckux 3agad ¢ IOMOIIbIO
CKaJISIPHOTO TIPOU3BEICHUS

22 HccnenoBanue kBagpaTUIHOW PyHKITMH

93 [Ipeo6pazoBanus rpagukoB GyHKINHU (CABHT,
cKaTUe/pacTsHKEHUE)
UccnenoBanue GyHKUMNA: HYTU QYHKIUH,
MIPOMEXKYTKU 3HAKOTIOCTOSIHCTBA (DYHKIUH,

24 MIPOMEXYTKU BO3pACTaHUS U YOBIBAaHUS

¢byHKIMY, YETHBIE U HEUETHBIE (PYHKIINH,
HauOoJIbIlIee U HaUMEHbIIIee 3HAYCHUS

GbyHKIIH




HpaBI/IJIBHBIC MHOI'OYT'OJIbHUKH, BBIYHUCIICHHUC UX

25 1
3JIEMEHTOB

26 JlnuHa Tyru OKpY>KHOCTH 1

97 "MOHOTOHHBIE ¥ OTPaHUYEHHbIE 1
[10CJIeI0BaTENbHOCTH"

28 Pemrenne 3a1a4 Ha CI0XKHBIE IPOLECHTBI 1
(¢puHaHCOBas MaTEMaTHKA)

29 CymMa GeckoOHEYHO YOBIBaromIeH 1
Te€OMETPUYECKOH MPOTpeccuu

30 Lentpansnas cummetpusi. [loBopot

31 OceBast cuMMeTpHs

32 Pemenue 3aga4, WILTIOCTPUPYIOIINX CBS3U 1
MEX]Ty Pa3IMIHBIMHA TEMaMH Kypca

33 [Tpoexrt: «IIpeoOpa3zoBaHus B HICKYCCTBE U 1
apXUTEKType»

34 Hroroas xonpepennus: «MaremaTuka — 3T0 1
KpacHuBO»

OBHIEE KOJIMYECTBO YACOB 110 TIPOT'PAMME 34










