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IHOACHUTEJBHAA 3AIINCKA

OO0mas xapakrepucTHKa Kypca

Hacrtosimmass pabowass mporpaMMa Kypca BHEYPOUYHOM  JESTEIBHOCTH
«TpynHble BOIpOCHl MaTeMaTHKU. 9 Kiacc» pa3paboTaHa B COOTBETCTBUH C
TpeOoBaHUSIMHU (hellepabHOTO TOCYAAPCTBEHHOIO 00pa30oBaTEIbHOIO CTaHAapTa
ocHOBHOro o0mero oo6pazoBanus (manee — GI'OC OOO) u HampaBiieHa Ha
OpraHu3alni0 00yUYeHUs MATEMATHYECKOMY COJICPKAHUIO, BBIXOSIIEMY 32 PAMKHU
®denepanbHOil pabouelt mporpaMmbl MO ydyeOHOMY mpeamery «MaremaTuka
(0a30BBIN ypOBEHb) OCHOBHOTO 00mIero obpaszoBanus (mainee — OPII), ¢ yuerom
WCIIOJIb30BAHUS BUIOB JACATEIBHOCTA 00YYAIONTUXCSI, OTJIMYHBIX OT YPOUHBIX.

IIpu pazpabomxke lIpocpammbl yuumvleanuco ciedyroujue OOKYMeHmuyl:

— nucbMO MuHncteperBa npocsenienus Poccniickon @enepanuu ot S5 UIOs
2022 1. Ne TB-1290/03 «O nHampaBieHUM METOJWYECKUX PEKOMEHAAIUW» IO
OpraHu3allii BHEYPOYHOU NEATENbHOCTH B paMKaxX peaju3aii OOHOBIECHHBIX
denepanbHbIX TOCYJIapCTBEHHBIX 00pa30BaTENbHBIX CTAaHAAPTOB HAYaJIbHOTO
00111ero 1 OCHOBHOT'O O0IIIETO 00pa30BaHUS;

— pacnopsixkenue llpaBurenbctBa Poccuiickoit @enepanuun ot 19 HoAOps
2024 1. Ne 3333-p «O0 yTBep:KJACHUM KOMIUIEKCHOTO ILJIaHA MEPOIPHUATHI MO
NOBBIIICHUIO KauecTBAa MATEMATHYECKOTO U €CTECTBEHHO-HAYYHOTO O0pa3oBaHUs
Ha niepuoa 10 2030 rogax.

AKTYaJILHOCTH Kypca

B ycrnoBusix peanuszanuy TakoW CTPATETMYECKON 3aladyM, Kak JOCTHKEHHUE
TEXHOJIOTUYECKOTO CYBEPEHUTETA CTPAHBI, TIEpe/l MaTeMaTHIECKUM 00pa3oBaHUEM
B UHWCJIC TJABHBIX I[IOCTaBJICHBI CIICIYIOIIME LEIU: Pa3BUTUE TBOPUECKUX U
UCCJIEIOBATEIBCKUX CIIOCOOHOCTEN O00ydYaromuxcsi, UX IMOATOTOBKA B IpoLEcce
oOy4eHHus: MaTeMaTUKe K BbIOOPY Mpodeccuil, CBI3aHHBIX C PA3BUTUEM TOYHBIX U
€CTECTBEHHBIX HAyK M TeXHojoruil. Kak Ba)KHBIH KOJTMYECTBEHHBIA IMOKa3aTeshb
MOBBIIEHUS UHTEPECA K MATEMATUKE BBIICIISIETCS POCT KOJNYECTBA BBIITYCKHUKOB,
BBIOMPAIOIIMX HA TOCYJApPCTBEHHOW MTOTOBOM  aTTeCTallMM dK3aMEH IO
MaTeMaTUKe Ha MPOPUIHLHOM YPOBHE.

OcBoenue mpemiaraemoii IIporpammel  cMOCOOCTBYET TMOBBIIIECHUIO Y
00yyaromuXxcsi YpOBHSA MOTHUBAIMU K HU3YUYCHUI0O MAaTEMaTUKH, K MPOJOJLKCHUIO
uzyueHusi matematuku B 10—11 kiaccax Ha yriry0JIeHHOM YPOBHE U OPUCHTUPYET
Ha BBIOOpP €AMHOrO TOCYAApCTBEHHOrO HJK3aME€Ha M0 MaTeMaTHKe MpOo(UIbLHOTO
ypoBHs. Kpome Ttoro, ocBoenue mnpemnaraemoro B IIporpamme conepxaHus
MO3BOJIAET PACHIMPUTh KPYr pEIIAeMbIX MAaTEMATHYECKUX 3aJad 3a Cuer
BKJIFOUEHHMSI IPOOJIEMHBIX, HECTAHJAPTHBIX 3a7a4, 3a/1a4 MPUKIATHOTO XapaKTepa,
BBITIOJIHEHUS HCCIIEOBATEIbCKUX paboT, B TOM YHCIEC C MEXIPEIMETHBIM



COJIepKaHUEM, U3YUCHHMSI TONOJHUTEIBHBIX BOIIPOCOB KaK TEOPETUYECKOIO, TaK U
IPAKTUYECKOTO XapaKTepa.

[Ipenycmorpennsie IIporpaMmon BUIBI AEATEIBHOCTH — UHAUBHyalIbHAs U
IpyIIoOBas, MPOEKTHAas M HCCIEAO0BATENbCKAas JEATEIbHOCTh — CIOCOOCTBYIOT
Pa3BUTHIO TIO3HABATEIbHBIX, PErYJATUBHBIX M KOMMYHUKATHBHBIX YMEHHU
oOyuvaroruxcsi. [IporpamMma COOTBETCTBYET UJ€€ PACIIMPEHUS NPUKIATHON
HAIPaBJICHHOCTHU Kypca MaTeMaTUKH Ha YPOBHE OCHOBHOI'O OOIIET0 00pa3oBaHUs.
Peanuzanus Kypca CHocoOCTBYeT BBISIBICHUIO TaJlaHTIUMBBIX M OJApEHHBIX
00yJarommXxcsl, MOIISPKKE UX TaJaHTOB U PA3BUTHIO CIIOCOOHOCTEH.

B OOJIBIINHCTBE TeM Kypca pearnonaraeTcs BBIIIOJIHEHUE
UCCIIEIOBATENbCKUX paboT. Y4yeOHOe ucceoBaHME MO MaTeMaThke B 9 kiacca
IpeanoiaraeT nojydeHne cyObeKTUBHO HOBOTO /Il 00y4aroIerocs pe3yiabTraTa u
HampaBieHO Ha (GOPMHPOBAHUE UCCIENIOBATENLCKUX YMEHUH: BbICJICHUE
npoOieMbl, OpraHu3alys U aHalu3 JaHHBIX, BBIIBU)KEHUE TUIIOTE3bI, MPOBEPKA
rUnoTe3bl, (GOPMYJIUPOBAHHE BHIBOJAOB W MPEJCTAaBICHUE pE3YyJIbTATOB Ha
rpaMOTHOM MaTeMaTH4ecKoM s3bike. [Iporpamma MmoxeT ObITH BOCTpeOOBaHA
00y4aronMMucs, KOTOpble UMEIOT HHTEPEC K U3YYEHUIO MAaTEMATUKH, TOTOBATCS K
YYaCTHIO B OJIMMIMAJaX MIKOJbHUKOB 10 MAaTEMATUKE U YIUIyOJIEHHOMY M3YUYEHUIO
MaTeMaTUKHU Ha YPOBHE CpeHEero o01iero oopa3zoBaHusl.

Heas 1 3a1aun Kypca

Peann3zannst BHEYpOYHON NESATENBHOCTH SIBISETCS HEOTHEMIIEMOW YacCThIO
oOpa3oBaTenpHOTO Ipollecca, oOecreynuBas B TOM YHCIE BO3MOXKHOCTh
(dopMupoBaHus 00pa3OBaTENbHBIX MPOTPaAMM PA3IMYHOTO YPOBHS CIOXHOCTH U
HAIIPaBJIICHHOCTH C YY€TOM O0Opa30BaTeNbHbIX MHOTPEOHOCTEM M CHOCOOHOCTEN
oOy4Jaronuxcsi, BKI0Yasi 0JJapeHHBIX AETEi.

Henes IIporpammbr — oOecrneyuTh HHIMBHIYalbHbIE MOTPEOHOCTHU
oOydJaroumxcsi B M3YYEHUU COJEP)KAHMUSI MAaTEMAaTHKH, BBIXOJAIIETO 33 PaMKU
IpOrpamMmbl 0230BOTO YPOBHS.

3apaum Kypca:

1. IloBpllleHWE YPOBHS MaTeMAaTUYECKOM MOATOTOBKM OOyYaroluXcs,
pa3BUTHE YCTOMUMBOrO HHTEpeca K yueOHOMY npeaMeTy « MaTemaThkay.

2. Pa3BuTHE TBOpPYECKHX CIIOCOOHOCTEH, MPOCTPAHCTBEHHOTO BOOOpaKEHHUS,
TEOPETUYECKOrO0 MBIIICHUS U MAaTEeMAaTHYE€CKOW MHTYMIIMH, YMEHUN paccyXaaTb
JIOTUYECKU U aHATU3UPOBATh CUTYAIIUH.

3. VYraoyOnenue u 3akperuieHHe 0a30BbIX 3HaHWM, (opMUpOBaHHE
YCTOMYMBBIX HABBIKOB PELICHHS] HECTAHJAPTHBIX M OJUMITMAJHBIX 33/1a4, OCBOCHHE
HECTaHAAPTHBIX IMOAX0J0B U OPUTMHAIIBHBIX PELICHUN.



4. O3HakOMJIEHHWE C JIONOJHUTEIbHBIMH  pa3liellaMd  MaTEeMaTHKH,
BBIXOJSIIIIUMU 32 paMKH 0a30BOTO Kypca.

5. Bociutanue caMoOCTOATENIBHOCTH, HACTOMYMBOCTH M OPraHU30BAaHHOCTHU B
XOJI€ PEIICHHUS CIOXKHBIX 3a7ad.

6. Pa3BuTHE HABHIKOB KOMAaHIHOU pabOTHI, APYKECKOTO COMEPHUYECTBA U
310pOBOM KOHKYPEHIIMU CPEIU CBEPCTHUKOB.

7. lloaroroBka oOy4YalImUXCAd K YYacTUIO B IHIKOJIbHBIX, PalOHHBIX,
TOPOACKHX, PETHOHAJIbHBIX, BCEPOCCUUCKUX OJUMIIMAIAX, KOHKypcax H
COPEBHOBAHUSX MO MATEMATHUKE.

8. IloBhlllleHWE ypOBHS TPaMOTHOCTH B 0OJIACTH  UCIIOJIb30BaHUS
«MaTEeMaTUYECKUX MAKETOB», OOECIEeUMBAIOMIMX ABTOMATH3ALUI0 MPOLECCOB
MOUCKa, aHaiu3a, 0OpaOOTKH, co3daHus, mepenadyu, dopmanuzanuu (B BUIE
CTaTUYECKUX W JTUHAMHYECKUX TpadUKOB, IUarpaMM M TMPOUYMX BHU3yalW3alui
pe3yibTaTOB aHAJIN3a U MaTEMaTUYECKUX 3aKOHOMEPHOCTEN) B IIpoliecce yueOHOM
NEATEIIbHOCTH MPU U3yYCHUU MAaTEMaTUKH.

9. Pa3BuTHE TBOpUYECKUX CIOCOOHOCTEW, TEOPETUYECKOTO MBIIUICHUS Ha
OCHOBE  WCIOJB30BaHUS  IUMPOBBIX  HMHCTPYMEHTOB (B TOM  YHCIE
«MATEMAaTHYECKUX TIAKETOB») B O00JIACTM MOJEIMPOBAHUSA, HMMUTALUU U
UHTEpHpeTalud aOCTPAKTHBIX MAaTEMaTUYECKUX OOBEKTOB M 00pa3oB B BHJIE
pa3IMUHBIX BH3yaldu3aluil (B TOM YHCIE€ MPOCTPAHCTBEHHBIX OOBEKTOB).
[Iporpamma pa3paboTaHa ¢ ydeToM peKOMEHaanuil QeaepaibHON padoueit
nporpaMMbl ~ BOCIIUTaHWS. B 4YacTHOCTH, OHa  YYUTBIBA€T IICHUXOJIOTO-
NeJaroruyeckue  OCOOCHHOCTHM  COOTBETCTBYIOIIEH  BO3PACTHOW  KaTeropuu
00yyarommxcs.

Takum obpazom, peanuzayus Ilpoepammvl  cooeiicmeyem NOLYYEHUIO
CeOYIOWUX pe3yibmamos:

— JTOCTUXKEHUE o0yyJaromuMucs IJIAHUPYEMBIX JUYHOCTHBIX,
METANpEeIMETHBIX W NPEAMETHBIX pE3yJIbTaTOB, B T. Y. COOTBETCTBYIOIIHMX
yriyOJIEeHHOMY YPOBHIO U3YYEHUSI MAaTEMATUKH;

— pa3BUTHE JIMYHOCTH OOydYarOMMXCA, (POPMUPOBAHUIO U YIOBIECTBOPEHUIO
UX COLIMAIIbHO 3HAYMMBbIX UHTEPECOB U MOTPEOHOCTEI;

— caMopeanu3ainus 00ydYaroluxcsi 4Yepe3 ydacThe BO BHEYPOUHOU
NEeSATENBHOCTH.

Mecto Kypca B 00pa3oBaTe/ibHOM Npolecce

Bo ®I'OC OOO nns ob6s3aTeibHOTO OOYyYEHHUs YTBEPIKIEHBI JBAa YPOBHS
OCBOEHHMS paboYMX MPOrpaMM MO MaTeMaTHKe: 0a30BbIA U YIITyOJICHHBINA, HAUMHAS
¢ 7 wxnacca. ComepikaHue NpOorpaMMmbl 1Mo MareMmatuke (yriyOJeHHBIN ypOBEHbB)
HAIPaBJICHO Ha Y/JOBJIETBOPEHHWE TOBBIIICHHBIX 3aMpPOCOB  OO0YyYaIOIIUXCH,



cTpeMsaluxcd K Oosnee TiayOOKOMY OCBOEHHUIO MPEAMETHBIX pE3YJIbTaTOB.
[Iporpamma Kypca BHEYpOUHOM JEATEIbHOCTH « TpyaHbIE BOMPOCHI MATEMATHUKI)
HampaBiieHa Ha pacHIMpeHUe 3HaHUI 00yJaronmxcs Mo MaTeMaTrKe JIJIsl KJIacCoB €
00s3aTeIbHBIM 0a30BbIM YPOBHEM O0YUYEHHUS MATEMATHKE.

TemaTndyeckoe IUIAHUPOBAHME B IIpOrpaMme  Kypca  BHEYPOUYHOU
nearenbHOCTH  «TpyaHbIE BONPOCHI MaTEMATHKW» COCTABIEHO TakK, 4YTO
pacrpeneneHue COJAEpKATEIbHbIX pPAa3[eiIOB B HEM CHHXPOHU3UPOBAHO C
o0s3aTeNnbHOM  mporpamMmMoil  6a3oBoro  ypoBHs. Peanmzanus — coaepaHus
npeayaraeTcs B opMax, OTIUYHBIX OT ypOouHbIX. ClielyeT OTMETUTD, YTO JTAHHBIN
KypC B OCHOBHOM IIKOJE€ BBICTPAMBACTCS HE TOJBKO HA pPaClIMPEHUU
MaTEMaTUYECKOIr0 CojepKaHusg 0a30BOr0 YpOBHS, HO M Ha IMOBBIINIEHUH YPOBHS
CJIOKHOCTH 3aJ]a4, PEJIaracMbIX I PELICHUS.

Pabouast mporpamma Kypca BHEYPOUHOH JesATeabHOCTH « TpyaHble BONPOCHI
MaTeMaTUKW» MpeJHa3HaueHa [Jis peanu3alvu B 9 Kiacce W HalpaBlieHA Ha
JOCTIKEHHE OOYYAIOMIMMUCS IUIAHUPYEMBIX pe3ynbTaToB. llocienoBaTenbHOCTD
U3y4EeHUsI TEM Kypca COBHAJACT 110 BPEMEHU C M3YUYEHUEM Kypca MAaTEMaTHKH
(anreOpbl W TEOMETPHUHM) OCHOBHOM IIKOIBI 0a30BOTO0 YpPOBHS, BCE TEMBI IIO
BO3MOXHOCTH CHUHXPOHU3UPOBAHbI C 0a30BbIM KypCOM MaTeMaTUKH. Tembl 1O
anredpe U reoOMeTpUr YEpeayroTCs, YTO MO3BOJSET MAKCUMAIbHO MPUOINU3UTH HX
110 BpPEMEHH M3yY€HHUs K OCBOCHHIO 0a30BOr0 Kypca.

[Ipu peanuzanuu [Iporpammel niepBasi 3a1aya y4uTesnsi COCTOUT B TOM, UTOOBI
co3JaTh HEOOXOIUMBbIE YCIOBUS JUIsi TPUOOPETEHUS U Pa3BUTHS YMEHUH,
CBSI3aHHBIX C IIPOBEICHUEM HCCIIEJOBAHUM HA MATEMAaTUYECKOM COJEpKaHuu. i
pereHus 3Toi 3amadu B [Iporpamme 0603Ha4€HO MECTO ¥ CHOPMYITHUPOBAHBI TEMBI
JUISI IPOBEJIEHUS UCCIIEI0BATEIBCKUX PadoT.

Bropas 3amaua yuwrens mo peanusauuu lIporpammbel  cBA3aHa C
BO3MOXHOCTBIO CO3J1aTh yCIIOBUA Il 00paOOTKHU M Mpe/CcTaBlIeHUs HHpopMauuu
HAy4yHOrO cojepxaHusi (B TOM 4YHCJIE€ C HCIOJb30BAaHUEM IUDPOBBIX
WHCTPYMEHTOB) TIPH OpraHu3alliid WHAMBUAYAJIbHON M TPYIIOBON MPOEKTHOU
NEeATEIIBHOCTH.

Jlnsg  ycrnemHou —peanu3auMd  CLIEHAPUEB  IIPOEKTOB  PEKOMEHYETCS
UCIIOJIB30BaTh IEPCOHAIbHBIE KOMIIBIOTEPHl C YCTAHOBJIEHHBIMU O(HCHBIMU
nporpaMMamu 1 JOCTynoM K cetu MIHTepHeT (kak MUHUMYM OJMH KOMIIBIOTEP ISt
Ka>KJIOM TPYIIIbI).

®opMbI  AEATENBHOCTA OOYYAIOMIMXCA TNPEyCMaTPUBAIOT AaKTUBHOCTh H
CaMOCTOATENbHOCTh, COYETAIOT WHIUBUIYAIbHYIO U TPYIIOBYIO pabory,
OTJIMYAIOTCA OT YPOUHBIX OOJIee MMUPOKUM HCTIOIB30BAaHIEM UCCIIEI0BATEIbCKON U
IIPOEKTHOM  JEATENBHOCTH, PEIICHWEM  HECTaHJAPTHBIX 3aJady W Jp.



CTpyKTypupOBaHHE TeMaTHYECKOro IiaHupoBaHus B [Iporpamme cooTBeTCTBYET
MOPSANIKY M3YyYCHUS Pa3elioB U TeM alreOpbl U TEOMETPUM B OCHOBHOM IIIKOJIE U
TEM caMbiM O0O0eCleYrBaeT TMPEEMCTBEHHOCTh YPOUHOM H  BHEYPOUYHOU
NEeSATENbHOCTH.

Peanuzanus [lporpammbl mpeanojaraer coyeTaHuWE pas3IMyHbBIX (QopM
IpynmnoBoil padoThl (IUCKyCCHS; MaTeMaTHYECKOE COPEBHOBAHME;, MPAKTUKYM;
BBIOOD TeMbl TMPOEKTa, IUIAHUpPOBaHUE pPalbOT, paclpeiesieHue poJieH,
B3aMMOOIICHKA TPU BBITIOJIHEHUH TPYIIOBBIX MPOEKTOB W HCCJICAOBAHUI) U
WHINBUyaIbHON pabOThI (BBIMOJHEHUE WHIUBUTYAIBHOTO MCCIEIOBAHUSA, B TOM
YHUClieé C HCIOJb30BaHUEM LHU(PPOBBIX HHCTPYMEHTOB; MPOBEICHHE YCTHOTO
000CHOBaHUS MPU PEILICHUH HECTaHAAPTHBIX 3a7ay, 3a/]a4 MOBBIIIEHHOTO YPOBHS
CIIOXHOCTH; TOCTPOEHHUE MAaTEMaTUYECKHX MOJENe, HX HCCIeIOBaHUE;
UHTEpIIpEeTalds  TONYYCHHBIX  pPEe3ylbTaTOB  MpH  peHIeHWH  3adad ¢
MEXIPEIMETHBIM U TMPAKTHUYECKUM COJEpXKAHUEM; TIOUCK, HHTepIpeTanus,
npeoOpa3zoBaHue u PUMEHEHHE MaTeMaTU4eCKOn uHdopManmu;
CaMOCTOSATENIbHOE OTKPBITHE HOBOIO MareMaruueckoro (akra). Mcmonb3oBaHnue
Takux (GopM pabOTHI TTOMOTAeT pa3BHBATh y OOYYArONINXCS, C OJHON CTOPOHBI,
HABBIKA BOCTIPHSITHS HOBOM MH(OPMAIUK TIPH PA3TUIHBIX (hopMax ee Mmojadd, a ¢
JIPYTroil CTOPOHBI — aKTUBHOCTb, CAMOCTOSITENIbHOCTD U CITIOCOOHOCTh K TBOPYECTBY.
OcBoenne IlporpaMMbl JOMKHO MOTOMHATH W pPa3BUBATh 3HAHUS W YMEHUS
oOyyaronuxcst B 0OJacTH MaTEMaTUKH, OPUEHTHUPOBATb HMX Ha OOy4YeHHEe B
CpelHel IKoJie B KJaccax, NpeIyCMaTpPHUBAIOIIMX OCBOCHHME MAaTEMaTHKH Ha
yrayOJeHHOM YPOBHE, B YACTHOCTH TEXHOJIOTMUECKOTO Mpoduis, a Takke
CHOCOOCTBOBATH COLIMATILHOMY (POPMUPOBAHHUIO TUMYHOCTH 00YUAIOIIUXCSI.

[Tporpamma Kypca paccuntana Ha 34 daca B TE€YCHUE OJHOTO TOJa 00yUYeHUS
B 9 Kjacce mpu MpOBEACHUM 3aHATHA OAMH pa3 B Heaemo. LlenecooOpazHbIM
ABJISIETCSl 4YepelOBaHUE TEM 3aHATUH C alreOpanyeckuM M T'€OMETPUYECKHUM
coJiepKaHUEM.

B 3aBucMMOCTM OT KOHKpETHBIX YCIOBUHM peanuzauuu [Iporpammel u
KOJIM4YECTBa 00Yy4aroIUXCsl AOMyCKaeTcss opMUpOBaHUE TPYII U3 O0yUYaIOIIUXCS
pa3HBIX KJacCOB B Tpenenax oOaHOW mapamienu. [Iporpamma MoXer
peaM30BBIBaTLCS 00pPA30BATENBHON OpraHU3alMe CaMOCTOSTENBHO JMOO Ha
OCHOBE B3aUMOJCHCTBUS C JPYTMMH OpraHu3alusiMd, OCYUIECTBISIOLIMMU
00pa3oBaTEIbHYIO JICSITEIHHOCTD.

[To ycMOTpeHHIO yuuTessi HEKOTOphIE 3aHSATHS MOTYT ObITh UCKIIFOUEHBI WU
3aMeHeHbl. Pexomenayercst BkiounTh B [IporpaMmy permoHanbHbI KOMITOHEHT:
OKCKYPCHMU Ha TPENNpUsATHSA, B PETHOHAJIbHBIE MY3€d, BY3bl TEXHUYECKOU



HAIIPaBJICHHOCTH I TIOBBIIIEHUS HHTEpeca OOyYarolIuXCs K IMPaKTHYECKOMY
W3YUYEHHIO TPOECCHi, CBA3aHHBIX ¢ MATEMATHKOM.

COJIEPKAHUE KYPCA BHEYPOUYHOM JIEATEJbHOCTHU
«TPYIHBIE BOIIPOCbI MATEMATHKMH, 9 KIIACC»

YpaBHeHUS U HEPABEHCTBA

bukBangpaTtHbsle ypaBHEHUs. MeTOAbl PaBHOCWIBHBIX TPEOOpa3oBaHUM,
3aMeHBI TIePEMEHHOM, rpad)uIecKOro METO/Ia MPU PEIICHUN ypaBHEHUN 3-i u 4-i
creneHen. PemeHne HepaBeHCTB, COAEpXkKalMX 3HAK Monayis. HepaBeHCTBO ¢
IByMsl TepeMeHHbIMU. [IprmeHeHue rpaduyeckoro MeTo/a pPEIICHUsT CUCTEM
HEPABEHCTB C JABYMs NEpeMEHHbIMU. PerieHrue ApoOHO-pallMOHAIBHBIX YPaBHEHUN
u HepaBeHCTB. [locTpoenue rpadukoB ypaBHEHHI, B TOM YHCIIE€ C UCIIOJIb30BAHUEM
mudpoBeIX pecypcoB. I[lpuBoIUTHE TpaduUecKyr0 HWHTEPHPETALUIO PpPELICHUs
YPaBHEHHUS C JIByMsl IEPEMEHHBIMU U CUCTEM YPAaBHEHUU C IBYMSI IEPEMEHHBIMH.
HUccnegoBanne CHCTEM HEIMHEMHBIX YypaBHEHUWW C MapameTrpoM. Pemenue
HEPABEHCTB C JBYMS ITIEPEMEHHBIMU U UX CHCTEM.

Hccneoosamenvckue pabomoel: pelieHWE 3aJad C  [OapaMeTpaMud —
anredpanvyeckuM MEeTOJI0M; rpapuecKuM METOJIOM.

Pemienue TpeyroJibHUKOB

Teopema CHHYCOB M TE€OpEMa KOCHUHYCOB, MX NPUMEHEHUE IMPU PELICHUH
TPEYTOJIbHUKOB u IIPAKTUYECKUX 3a7ad4. CooTHomieHus MEXKITY
TpUroHoMeTpuueckumu  GyHkuusmu. [lpocteiimme ¢GopMmyasl  NpUBENCHUS,
BBIBOJIMMBIE U3 T€OMETPUUECKUX cooOpakeHnil. Haxoxnenune paguyca OnmucaHHON
OKPYKHOCTH. ®opmyna  ['epona. dopMyna  IUIOMAAA  BBIIYKJIOrO
YETBIPEXYTOJIbHUKA.

Ilpakmukym: pEUICHUE TEOMETPUUECKUX M MNPAKTHUKO-OPUEHTUPOBAHHBIX
3a/1a4 pa3HbIMU METOAAMU.

AuredpanvecKkue BbIPAKEHUA

CreneHp ¢ pallMOHaJIbHBIM [TOKA3aTEIIEM.

Ornpenenenre KOpHS n-i CTENEHU U CTENEHU C PallMOHAIbHBIM [T0KA3aTeIEM.

[IpumeHeHue omnepanyu M3BJICYEHHUS KOPHS N-W CTENEHM, WCIOJb3ys MHPHU
HEOOXOIMMOCTH KaJIbKYJIATOP. BhluncieHue 3HaueHus CTENEHH C PalMOHAIbHBIM
nokazareneM. OIleHKa 3HAYEHUN KOpPHA N-d CTENEHW, 3HAYEHUE CTENEHU C
palMOHAIIBHBIM TOKA3aTeleM IeJIbIMA YUCIaMU U JCCATUYHBIMU JIPOOSIMH.
CpaBHEeHHE W YHOPAIOYMBAHUE PAUMOHAIBHBIX M HWPPALMOHAIBHBIX YHCEIl,
3allUCAHHBIX C I[IOMOIIBI0 KOPHA N-U CTEIEHHW, CTENEHU C PALUOHAIBbHBIM



nokasareyieM. BbIMoTHEHHE TOXIECTBEHHBIX MPeoOpa30BaHUNl  BBIPAKEHUH,
CoJiepKalIiuX KOPEHb N-i CTENEHH, CTENEHb C pallMOHAIbHBIM TOKA3aTEIEM.

IlonoOue TpeyroabHUKOB

Teopembl 0 TNPOM3BEACHUH OTPE3KOB XOpPJI, TEOPEMBI O MPOU3BEACHUU
OTPE3KOB CEKYILHX, TEOpEMa O KBaJpaTe KacaTelbHOM, TeopeMsbl UeBsl 1 MeHenast.
HccnenmoBanne, B TOM 4YHCIIE C TMOMOIIBI0 HU(POBBIX PECypCcoB, H3ydaeMbIX
KoH(purypauuii. [IpuMeHeHne TaHHBIX TEOPEM MPU PEUICHUU TEOMETPUUYECKHUX
3aj1a4. 3HAKOMCTBO C MOHSTHEM T'OMOTETUH, C €r0 MPUMEHEHUEM, B TOM YHUCIIE B
MPAKTUYECKUX CUTYAIHSIX.

Hccneoosamenvckas paboma (C UCHOIB30BAaHUEM MPOrPAMMHBIX CPENICTB):
TOMOTETHS U €€ CBOWCTBA.

DOyHKUUA

[lonsitne «dynkuus». IlpumeHeHnue cBOWCTB (GyHKUUN: HYJIW (QYHKIUH,
IPOMEXKYTKA  3HAKOMOCTOSHCTBA  (DYHKIIMHM, MPOMEXYTKH BO3pacTaHus U
yObIBaHMs (PYHKIIMHU, YETHBIC U HEYETHbIC (DYHKIIMH, HAUOOJIbIlIEe U HAaUMEHbIIIEEe
3HaueHuss (DyHKIMU Tpu pemieHuu 3anad. [loctpoenue rpadukoB (QyHKIUH C
MOMOIIBI0 TpeoOpazoBanuii Buaa: f(x) —f(x) + a; f(x) — f(x + a); f(x) — kf(x),
) —£( x ), fx) = | fx) |.

Pacrio3naBanue creneHHBIX (YHKIMHA M TIOCTPOCHHE SCKHU30B TpadUKOB
CTCTICHHBIX (QYHKIUH C HATypaJbHBIMH TIOKA3aTEISIMH PAa3HOW UYETHOCTH.
Hcnonb3oBaHue CBOMCTB TpaUKOB CTENEHHBIX (YHKIMH C HaTypaJbHbIMU
IMoKa3aTeIsIMK TIPH pelleHnH 3a1ad. [locTpoeHne rpagukoB QyHKIHA y= VX , y =
Vx, y=|x|.

Hccneoosamenvckass paboma: mnoBeneHne GyHKUMM U ee rpaduka B
3aBHCHMOCTH OT TTapaMeTpa.

MeTtoa KOOpaAMHAT

[TapannensHOCT, ¥ MEPHEHIUKYJISIPHOCTH MPSMBIX  (Yepe3  YIJIOBOM
Kodh uimeHr).

Haxoxnenue mnepecedeHnii OKPYKHOCTEW M MPSIMBIX B KOOpPJIWHATaX.
dopmyna paccTOSTHUSI OT TOYKH 10 NOpsiMou. llnmomane mnapamnenorpamma B
KOOpAMHATAX, MOHATHE 00 OPHEHTHPOBAaHHOH Iuiomanu. [IpumeHneHne mertona
KOOpAWMHAT B  MPAKTUKO-OPUCHTHPOBAHHBIX  T'COMETPHUYECKHUX  3ajadax,
UCCJIeIOBAHNE MPUIIOKEHHSI METO/1a KOOPAMHAT B BHIYUCIUTEIILHON MaTeMAaTHKE U
uHpopMaTuKe.

Uccneoosamenvckass  paboma:  penieHue  MPAKTUKO-OPUEHTUPOBAHHOM
reOMETPUUYECKOM 3aa4u METOJJOM KOOpPIUHAT.

IIpaBujibHbIe MHOTOYTOJIbHUKH. OKPYKHOCTH H MHOTOYTOJIbHUKHI



[lonsTie nDpPaBWIBHOIO MHOIOYTroOJbHUKA. DOpMysbl il BBIYUCICHHUS
AJIEMEHTOB NPaBUJIbHBIX MHOTOYTOJBHUKOB (CTOPOHA, paguyC BIMCAHHOW U
ONMCAHHOW OKpyXHocTel). BriBog (opmyn UIMHBI OKpPY>KHOCTH U IUIOIIAJN
Kkpyra. JllnHa nyru OKpy»KHOCTHM, paauaHHas Mepa yria. [lmomanes kpyra u
IJIOIIAIb KPYTOBOTO CEKTOpa. BBIYMCIEHME MEPUMETPOB M IUIOMIANAEH CII0KHBIX
buryp, BKIIOUYAIOIINUX JIEMEHTbI KpyTa.

Camocmosamenvrhoe omkpbvimue. KaK HAUTH MEPUMETP U IUIOLIAIb CJIOKHOU
burypsr?

Ilpaxmuxym: penieHue 3aaa4 NOBBILIEHHON CI0KHOCTH.

YucioBbIC MOCIEI0BATEILHOCTH U MIPOrPeCcCUy

Onpenenenne BHJIOB IIOCJIEI0BATENBHOCTEN: OTpaHUYECHHAS
MOCJIEIOBATENbHOCTb, MOHOTOHHO BO3pacTaroas (yObiBaro1as)
nociieoBaTeNbHOCTh. [IpencraBieHue OECKOHEUYHBIX MEPHOJUYECKUX ApoOeil B
BU/JIE OOBIKHOBEHHBIX. 3HaKOMCTBO C HNOHSATHUEM CXOJIUMOCTH
MOCIICIOBATEILHOCTH,  HAXOXKJACHHE  CyMMbl ~ OECKOHEYHO  yObIBaromien
F€OMETPUUECKOM TIporpeccuu. [Ipumenenre mero1a MaTeEMaTUUE€CKON MHTYKIIHUH.

Hccneoosamenvckaa paboma: TIOBEIEHHE TMOCIEIOBATEIBHOCTEH — OT
TUIIOTE3BI IO T0KA3aTEIbCTBA.

JIBMKeHH S MJIOCKOCTH

[enTpanbHas cummerpus. LlenTpanbHo-cumMerpuunble purypsl. [1oBopoT.
OceBast cummeTpusi. @Urypbl, CUMMETPUYHBIE OTHOCUTEIBHO HEKOTOPOW OCH.
[TapannensHblil nepeHoc. [loHsTHE ABMIKEHHS M €T0 CBOWCTBA. PaBeHCTBO (uryp.
[IposiBneHNsT CUMMETPUM B MPUPOJE, KUBOMMUCH, CKYJIBOTYpPE, ApPXUTEKTYypE.
Komnozunmu neuxenuit (mpocteiiue npumepsl). [IpumeHeHune B pelieHuu
r€OMETPUYECKHX 3a4ad.

HUccnedosamenvckas paboma (¢ uUCnonb308anuem NpocPaAMMHBIX CPeOCms):
KOMIIO3UIMS IBUKECHUM.

INIVIAHUPYEMBIE OBPA30OBATEJIBHBIE PE3YJIBTATHI

JJUHHOCTHBIE PE3YJIBTATHI

1) nampuomuuecko2o socnumanusi.

- TpOSIBIICHUE HHTEpPEca K MPOLLIOMY M HACTOAIIEMY POCCHMCKOU
MaTEeMaTHKU;

- IIEHHOCTHOE OTHONIIEHHE K JIOCTHXKEHHUSIM POCCUMCKMX MATEMaTUKOB H
POCCUHCKOM MaT€MaTH4YECKOM IIKOJIbI, K HCIOJB30BAHUIO 3TUX JOCTHKCHUM B
JIPYTUX HayKax W MPUKIIAIHBIX chepax;

2) epascoancko2o u 0yX08HO-HPABCMBEHHO20 80CHUMAHUL!



TOTOBHOCTh K BBINIOJIHEHUIO OOS3aHHOCTEH TpakJaHUHA M pealu3allu ero
npaB; TPEJCTaBICHHE O MaTeMAaTUYECKUX OCHOBaX (PYHKIIMOHUPOBAHUS
Pa3IMYHBIX CTPYKTYp, SBJICHUN, NPOLEAYp IPa)kIaHCKOro oOmiecTBa (HarpuMmep,
BBIOOPBI, OMPOCHI), TOTOBHOCTh K OOCYKJIEHUIO STUYECKUX MPOOJIEM, CBI3aHHBIX C
OPAKTUYECKUM TMPUMEHEHHEM JIOCTMKEHUM HAyKd; OCO3HAHHE BaXHOCTHU
MOPAJIbHO-3TUYECKHUX MPUHIUIIOB B ACSTEIBHOCTH YUYEHOTO;

3) mpyoosozo eocnumaHus: yCTaHOBKA HA aKTHMBHOE y4yacTHE B pEIICHUU
IPAKTUYECKUX 3aJa4 MaTEeMaTH4YECKOM HaIPaBIECHHOCTH; OCO3HAHUE Ba)XHOCTHU
MaTeMaTHYeCKOro oOpa3oBaHMs Ha MPOTSHKEHUU BCEH JKM3HHM JJIs yCIEUIHOU
npo(eCCUOHATBPHOW  AEATETbHOCTH M Pa3BUTHE HEOOXOIUMBIX  YMEHUM;
OCO3HaHHBIA BBIOOP M MOCTPOCHHE MHAMBUAYAJIBHON TPAEKTOPUU OOpa30oBaHUs U
KU3HEHHBIX IIJJAHOB C YYE€TOM JIMYHBIX HMHTEPECOB U  OOIIECTBEHHBIX
noTpeOHOCTEH;

4) sacmemuuecko2o ocnumarusl. CIOCOOHOCTh K AMOITMOHATBHOMY

U 3CTETHMYECKOMY BOCHPUATHUIO MaTeMAaTUYECKUX OOBEKTOB, 3aJay, pPELICHHH,
paccyXJIeHN; yMEHUE BUJIETh MaTEMaTHYECKHE 3aKOHOMEPHOCTH B UCKYCCTBE;

5) wyennocmu HayuHo20 nO3HAHUA: OPUEHTALMS B JIEATEIBHOCTH Ha
COBPEMEHHYIO CUCTEMY HAay4HbIX MPEACTABICHUI 00 OCHOBHBIX 3aKOHOMEPHOCTAX
pPa3BUTHS 4YEJOBEKA, MIPUPOABLI U OOLIECTBA; NOHMMAHUE MATEMaTHUYECKON HayKH
Kak c(epbl YeI0BEUECKOM NIeATeTbHOCTH, 3TAOB €€ Pa3BUTHUS U 3HAYUMOCTH JJIs
pa3BUTHS LMBUJIM3ALMU; OBJIAJICHUE S3bIKOM MAaTEMAaTHUKM M MaTeMaTUYECKOU
KyJIbTypOH Kak CpEACTBOM  IIO3HAHUS  MHpa;  OBJAJCHUE  HaBBIKAMU
UCCJIEI0BATENBCKON NEATEIbHOCTH;

6) @uszuueckoco 6ocnumanus, @GopmMuUposanUs KyIbmypvl 300p06bi U
SMOIIMOHAJIBHOIO  0JIaronojy4yrs: TOTOBHOCTh MPUMEHSATH MaTEMaTUYECKHUE
3HaHMSI B HHTEpEcax CBOEro 3/J0pPOBbS, BEJEHUSA 30pOBOr0 00pasza >KU3HU
(310poBO€ MUTaHUE, cOAJTAaHCUPOBAHHBIA PEKUM 3aHATHUM U OTAbIXA, PEryJspHas
(u3nyeckas aKTHUBHOCTb), C()OPMUPOBAHHOCTb HaBbIKa pPEQIIEKCUM, NPU3HAHUE
CBOETO MpaBa Ha OUIMOKY U TAKOTO K€ MpaBa JPyroro 4eJoBeKa;

7)  2KONIO2U4eCK020  6OCHNUMAMUsA: ~ OPUEHTAlMsl HAa  NPUMEHEHUE
MaTeMaTUYeCKUX 3HAHUM [ pelmeHus 3afad B O00JacTH COXPaHHOCTHU
OKpY’Karollled Cpelbl; IUIaHUPOBAHHE IIOCTYIIKOB M OLEHKA HMX BO3MOXHBIX
NOCJIECTBUNA Il OKPY’KAIOIIEH Cpelibl; OCO3HAaHUE TIJIO0AJIBHOIO XapakTepa
AKOJOTUYECKUX MPOOJIEM U MyTeH UX pelIeHUS;

8) adanmayuu K usMEHAIOWUMCSL YCI0BUAM COYUATLHOU U NPUPOOHOTU CPeobl:

TOTOBHOCTh K JECHCTBUSIM B YCJIOBMSIX HEONPEICICHHOCTH, IOBBIIIECHUIO
YPOBHsI CBOEH KOMIIETEHTHOCTH 4epe3 MPAKTHUECKYIO JEATEIbHOCTh, B TOM YHCIIE
YMEHHE YUUThCA y OPYTHX JIOJeH, NpuoOpeTatb B COBMECTHOW AESITENBbHOCTU



HOBBIC 3HAHUS, HABBIKK W KOMIETEHIIMM W3 OIbITa APYruX; HEOOXOJIUMOCTh
dbopMupoBaTH HOBBIE 3HaAHUS, (HOPMYIUPOBATH HUICH, TOHSITHS, THIIOTE3Bl 00
00BEKTax U SBIICHUSX, B TOM YHCIIC PaHEe HE M3BECTHHIX, OCO3HABATH JC(PUITUTHI
COOCTBEHHBIX 3HAHWUH W KOMIIETEHTHOCTEH, IUIAaHUPOBATh CBOE Pa3BUTHE;
CIIOCOOHOCTh OCO3HAaBaTh CTPECCOBYIO CHUTYaIHIO, BOCIIPUHUMATH CTPECCOBYIO
CUTYyaIlMI0 KaK BBI30B, TPEOYIOIIMA KOHTPMEp, KOPPEKTHUPOBATH NMPUHUMACMbIC
pemieHuss M JeHcTBUA, (QOpPMYJIHpPOBAaTH U OLEHUBATH PUCKU W TOCIENICTBHS,
(bopMHUPOBATH OTIBIT;

9) socnumanust UHGOPMAYUOHHOU KYAbMYPbL.

NPOSIBJICHHE WHTEpPECa K HWCIOIb30BAHUIO ITU(MPOBBIX TEXHOJOTHHA IS
ONTUMHU3AIMUA TPOIECCOB TOMUCKA, aHalin3a, OOpabOTKU, CO3[aHusl, Ieperaydu
MaTeMaTU4ecKod MH(pOpMAIMK U BU3yalu3alluii MaTeMaTHYeCKUX 00O0OIIeHUN U
pe3yIbTaTOB aHaJIM3a; TOTOBHOCTh K HCIIOJIL30BAHHUIO ITU(POBBIX WHCTPYMEHTOB
JUIS.  BBITIOJIHEHHMSI Y4EOHOW JESITENIbHOCTH TMpPU  U3YYEHUH MATEMaTHKU;
CIIOCOOHOCTh MPUMEHATH ITU(POBBIE WHCTPYMEHTHI B YCJIOBHSX pead3alliid Mep
0 TPEIYyNPEKICHUIO BO3MOXHBIX HETATUBHBIX TOCIEJACTBUNA aKTUBHOTO U
CHUCTEMATUYECKOTO MIPUMEHEHUS ITU(DPOBBIX TEXHOJIOTUN B YICOHBIX IEIISX.

METANPEJMETHBIE PE3YJIBTATBI

1. ITo3HaBaTe/IbHbIC YHMBEPCAJIbHBIC Y4eOHbIE 1eHCTBUS

1) bazosvie nocuueckue oeticmeausi:

BBIBJLITD M XapAaKTEPU30BaTh CYILECTBEHHBIE IPU3HAKM MATEMaTUYECKHUX
OOBEKTOB, TOHATHUN, OTHOUICHHH MEXIy MNOHATUAMH, (QOPMYIUPOBATH
onpeaeneHus] MOHATHI, yCTAaHABIMBATh CYLECTBEHHbBIN MPU3HAK KiacCU(HUKAILUY,
OCHOBaHMS 1J1s1 0000IIEHHS U CPAaBHEHMSI, KPUTEPUU MTPOBOJIMMOIO aHAJIN3a;

BOCHIPUHUMATh,  (opmMylIupoBaTh U  NPeoOpa3OBBIBATh  CYXACHUS:
YTBEPAUTENbHBIE U OTPUIIATENIbHbIC, EAMHUYHbIE, YACTHBIE U OOIINE, YCIOBHbIE;

BBISIBJISITh MATEMAaTHUYECKUE 3aKOHOMEPHOCTH, B3aUMOCBA3U U IIPOTUBOPEUNS
B (pakTax, JaHHBIX, HAOIIOJCHUIX W YTBEPXKIACHUSX, MpejIaratb KpUTEPUH IS
BBISBJICHHS 3aKOHOMEPHOCTENW U MPOTUBOPEYUN;

JienaTh BBIBOABI C HCIOJB30BAHUEM 3aKOHOB JIOTMKHM, JEOYKTHBHBIX H
VWHIYKTUBHBIX YMO3aKJIIOUEHUH, YMO3AKIFOUEHUH 10 aHAJIOTHH;

pa30upaTh J0Ka3aTeIbCTBA MAaTEMAaTUYECKUX YTBEPKIACHUM (MpsSMble U OT
IPOTUBHOIO), TPOBOAUTH CAMOCTOSITEIBHO JOKA3aTeNbCTBA MAaTEMaTHUYECKHX
(bakToB, BBHICTpaWBaTh apryMEHTAIMIO, MPUBOAUTH MPUMEPHI U KOHTPIPHUMEDHI,
OPUMEHATh METOJ MAaTeMaTU4YeCKOW HHIYKIUH, OOOCHOBBIBaTH COOCTBEHHbBIE
paccyxaeHus;



BBIOMpATh CMmoco0 pemieHuss y4eOHOW 3amaud  (CpaBHUBATH HECKOJIBKO
BApUAHTOB  pEIEHHUsA, BHIOMpAaTh HauOoliee TMOAXOMAIIMA €  y4ETOM
CaMOCTOSITENIbHO BBIJICJICHHBIX KPUTEPUEB).

2) bazosbie uccnedosamenvckue 0eucmesus:

UCIIOIb30BaTh BOMPOCHI KaK HCCIEIOBATEIbCKUNA WHCTPYMEHT MO3HAHMUS,
dbopmMyIupoBaTh  BONPOCH,  (DUKCHUPYIOIIME  MPOTUBOpEUYue,  mpodieMy,
CaMOCTOATENIbHO YCTAaHABIUBATh HCKOMOE M JaHHOE, (OPMHUPOBATH TUIIOTE3Y,
apryMEHTUPOBaTh CBOIO MO3ULIHUI0, MHEHHUE;

IPOBOJUTH IO CAMOCTOSITENIbHO COCTaBJICHHOMY IUIaHY 3KCIEPUMEHT,
UCCIIEJIOBAHUE TI0 YCTAaHOBJIEHHIO OCOOEHHOCTEH MaTeMaTHYecKOoro OOBEeKTa,
3aBUCUMOCTEN 0OBEKTOB MEXKIY COOOM;

CaMOCTOSITeNIbHO (DOPMYIMpPOBaTh OOOOIIEHUS W BBIBOABI MO pe3yjbTaTaMm
IPOBEICHHOTO  HAONIOJCHMS, HUCCIEAOBAHMS, OSKCIEPUMEHTa, OLICHUBATh
JIOCTOBEPHOCTH MOJYUYEHHBIX PE3yIbTaTOB, BBIBOJOB U 0000IIECHU;

POTHO3UPOBATh BO3MOXKHOE pAa3BUTHE IIPOIlecca, a TaKXKe BbBIJABUTATH
MPEANOJIOAKEHHUS O €r0 Pa3BUTHH B HOBBIX YCIIOBHUSX.

3) Paboma c unghopmayuei:

BBISIBJISITh  HEJOCTATOYHOCTh W HM30BITOYHOCTH HMH(GOpPMALUM, JaHHBIX,
HEOOXOIUMBIX JJISI PEIICHUS 3a]1auu;

BBIOMpaTh, aHAIM3UPOBATh, CHUCTEMATU3UPOBATh W UHTEPIPETUPOBATH
uH(GOPMAIUIO Pa3IUYHBIX BUAOB U (OPM IpeICTaBIICHNUS;

BbIOMpaTh (opmy mpencrtaBieHuss UHOOPMAIMM W WLIIOCTPUPOBATH
perraemMbie 3a/1a4u CXeMaMu, TuarpaMmmMaMu, HTHOU rpadukoi U uX KOMOUHAIIMSIMU;

OIICHUBATh HAJCKHOCTh MHPOPMAIUUA MO KPUTEPHUSIM, MPEITOKCHHBIM WU
c(hOpMyIIMPOBAHHBIM CAMOCTOSTEIHHO.

2. KomMyHMKaTHBHbIC YHUBEPCAJIbHbIC Y4YeOHbIC 1eiiCTBUA:

BOCIIPUHUMATh U (OPMYJIUPOBATH CYXJICHUS B COOTBETCTBUU C YCIOBUSIMU U
HEeIsIMU  OOUIEHUS, SICHO, TOYHO, T'PAMOTHO BBIPAXXAaTh CBOIO TOYKY 3pEHUS B
YCTHBIX W TMHUCHMEHHBIX TEKCTax, JaBaTh MOSICHEHUS IO XOJy pPEIICHUS 3aayH,
KOMMEHTHUPOBATH MMOJTYYEHHBIN pe3ybTarT;

B XOJIe¢ OOCYXXJIEHUS 3a/1aBaTh BOIMPOCHI MO CYIIECTBY OOCYKIAeMOIl TEMBI,
npoOeMBbl, pemaeMoi 3aJadd, BBICKA3bIBATh WJCH, HAIICJICHHBIE Ha TIOWCK
pelIeHHUs], COMOCTaBJISITh CBOU CYXKJEHHUS C CYXKJICHHUSIMU JPYTrUX YYaCTHUKOB
Jauanora, oOHapyKUBaTh Pa3jiMyue M CXOJICTBO TMO3HUIIMM, B KOPPEKTHOU (opme
(bopMyIMpPOBATh PA3HOTIIACHS], CBOU BO3PAXKEHUS;

MPEICTaBIIATh PE3YyJIbTAThl PEIICHUS 3aJlayu, SKCIIEPUMEHTa, UCCIICOBaHUS,
MIPOEKTa, CaMOCTOSTENIbHO BBIOMpaTh (opMaT BBICTYIUICHHS C Y4Ye€TOM 3ajaad
IPEe3eHTAIlMN U OCOOEHHOCTEH ayTuTOPUU;



MOHUMATh M KCHOJIb30BaTh MPEUMYIECTBA KOMAHIHOW U WHIUBUAYAIbHOU
paboThl TpU pEIICHWH Y4YeOHBIX MaTEeMaTUYECKUX 3a7ad, MPUHUMATh IIeJb
COBMECTHOM JeATEIHbHOCTH, IUTAHHUPOBATH OPraHWU3alUI0 COBMECTHOW paloTHI,
pacnpenensTh BUAbl padoT, MOTOBapHUBATHCS, OOCYXAaTh MPOILIECC U Pe3yJIbTaT
paboThl, 060011aTh MHEHUSI HECKOJIBKUX JTIOJICH;

y4acCTBOBaTh B TPYMNIOBBIX (hopMmax paboThl (0OCyXkaeHus, OOMEH MHEHUH,
«MO3TOBbIE IITYPMbl» M HHBIC); BBINOJHATH CBOIO 4YacTb pabOThl U
KOOPAUHUPOBATh CBOM JACHCTBHUS C JIPYTMMHU YJIEHAMH KOMAaH[Ibl, OLICHUBATH
KauecTBO pe3yJbTaTa M KaueCTBO CBOETO BKJIaJa B OOHUH pe3yabTaT 10
KpUTEpUSIM, CHOPMYITUPOBAHHBIM yYaCTHUKAMU B3aHMOICHCTBHSI.

3. PeryJiiTUBHbIC YHHBEPCAJbHbIE y4eOHbIE JeHCTBUS

1) Camoopeanusayusi:

BBISIBJISITH MPOOJIEMBI ISl PEIICHUS B JKM3HCHHBIX M YYEOHBIX CHUTYAIUSX,
OPUEHTHUPOBATHCS B PA3IMYHBIX MOJAX0JaX MPUHATHS pelieHUu (MHIUBUIYaIbHOE,
TPYIIIOBOE);

CaMOCTOSITENIbHO COCTaBJISATh IUIaH, aTOPUTM pEUIeHUs 3aiadd (WM €ero
94acTh), BBIOMpATh CHOCOO pEIICHHUS C YYETOM HWMEKOIINXCS PECypcoB U
COOCTBEHHBIX BO3MOXKHOCTEH, apryMEHTHPOBATh U KOPPEKTHUPOBATH BapHUAHTHI
pEelIeHunii ¢ y4eToM HOBOM MH(pOpMaIUu.

2) Camokormponn:

BJAJCTh CIIOCOOAMM CaMOMNPOBEPKH, CAMOKOHTPOJS Ipollecca U pe3yJibTara
pelIeHus: MaTeMaTUYEeCKOM 3a/jauk, CAMOMOTHBAILIUU U PEIICKCUU;

NpEeABUIETh TPYAHOCTH, KOTOPHIE MOTYT BO3HUKHYTh IIPU PEIICHUU 3a7auH,
BHOCUTh KOPPEKTHUBBI B JIESITEIBHOCTh Ha OCHOBE HOBBIX OOCTOSITEIBCTB,
HAWJICHHBIX OMNOOK, BBISIBJICHHBIX TPYIHOCTEH;

OIICHUBATh COOTBETCTBHUE pPE3yjbTaTa JEATEIIBHOCTH MOCTaBJICHHOW LIEIU U
YCJOBUSIM, OOBSICHATh MIPUYMHBI JOCTHXKEHUS WIIM HEJIOCTHKEHUSI 11eJTU, HAXOIUTh
OIIKOKY, IaBaTh OLIEHKY MPUOOPETEHHOMY OIIBITY.

3) OmoyuonanvHwlll UHMENLIEeKM

BBIPKAaTh SMOLMUU TPU H3YYCHHH MATEMaTUYECKUX OOBEKTOB W (PaKTOB,
JaBaTh SMOIIMOHAIBHYIO OLIEHKY pELICHHUS 3aa4u.

HPEJMETHBIE PE3YJIBTATBI

1) CBobGogHO omepupoBaTh MOHSITHUSMHU: KOPEHb N-M CTEMEHH, CTENEHb C
pallMOHAJIBHBIM II0KA3aTeJIeM, HAaXOAWTh KOpPEHb N- CTENEHU, CTENEHb C
palMOHAIBHBIM MOKa3aTeJIeM, HUCIOJIb3ysl TpPU HEOOXOJUMOCTH KaJIbKYJSTOD,
IIPUMEHSATH CBOWCTBA KOPHS N-M CTENEHU, CTENICHH C PALMOHAJIBHBIM ITOKA3ATEJIEM.



2) Ucnonb30BaTh MOHATHE MHOXECTBA JIEHCTBUTEIBHBIX YHCEN IIPU PEIICHUU
3a/1a4, IPOBEJICHNN PACcCYKJIECHUM U J0Ka3aTeIbCTB.

3) CpaBHuBaTh W YIOPAIOUMBATH JCHCTBUTENBHBIE YHUCIA, OKPYIJIATH
JNEHUCTBUTEIbHBIE YHCIIA, BBITOIHATh NPUKUIKY pE3ybTaTa BBIYMCICHHUM, OLEHKY
YHCIIOBBIX BBIPAKCHU.

4) CB0OOJHO OIEepupoBaTh MOHATHEM KBAJIpPaTHOTO TPEXWSIEHA, HAXOJIUTh
KOPHH KBaJIpaTHOTO TPEXUJICHA.

5) PackiianpiBaTh KBaIpaTHBIN TPEXWICH HA JIMHEHHBIC MHOKHUTEIIH.

6) Pemiats Hecno0KHbBIE KBAJIpATHBIE YPABHEHUS C TAPAMETPOM.

7) Pemiath HECHOKHBIE CUCTEMBI HEIMHEHHBIX YPABHEHUH C TapaMeTPOM.

8) Pemartp ypaBHEHUS, HEpPaBEHCTBA M HMX CHUCTEMBI, B TOM YHCIE C
OrpaHUYECHUSIMU, HAIPUMEDP B LIETBIX YUCIIAX.

9) IlpoBoauTH HCCNEOBaHUS YPABHEHUI U CUCTEM ypaBHEHHUH, B TOM YHUCIE
C mNpuUMEHEeHHeM TrpadUyecKuX NpeacTaBlieHuil (ycTaHaBIMBaTh, HMEET JIU
ypaBHEHUE WM CHUCTEMa YPAaBHEHHMM pEIICHUS, €CIIM HMEET, TO CKOJbKO, U
npoyee).

10) PemaTh TeKCTOBBIC 3a7a9u anTreOpandecKuM CIocoOoM.

11) Ucnonp30BaTh ypaBHEHMsI, HEPABEHCTBA U UX CUCTEMBI JUIsl COCTaBICHUS
MAaTeMaTU4YeCKOW MOJEIM pPEaJbHOM CHUTyalHMH WIM NPUKIAJHOM 3aJadH,
UHTEPHPETUPOBATH MOJYUYECHHbBIE PE3YJIBTATHI B 33JTAHHOM KOHTEKCTE.

12) CBobGoaHO OIepUpoBaTh MOHATHSAMU: 3aBUCUMOCTh, (YHKIHS, Tpaduk
byHKIMK, TpsMas TPOMOPIHUOHATIBHOCTh, JIMHEWHAass (GyHKIMs, oOpaTHas
POIOPIIMOHANILHOCTH, Mapadoia, TUIepooIIa, KyCOUHO-3a/1aHHast (PyHKITHSI.

13) UccnenoBath ¢yHKIMIO 1O €€ TpaduKy, YCTaHABIMBATh CBOMCTBA
byHKIMi: o0nacTh OmNpeneseHHsl, MHOXECTBO 3HAYCHUH, Hymu (yHKIUH,
IPOMEKYTKA 3HAKOIMOCTOSIHCTBA, IPOMEKYTKM BO3pacTaHUsi U yObIBaHUS,
YETHOCTb U HEYETHOCTh, HAUOOJIbIlIEE U HAUMEHbIIIEE 3HAYEHU S, ACUMIITOTHI.

14) Pacno3nHaBath KBagpaTHuHyl0 (QyHKIUIO 10 QopMyse, NPUBOAUTH
IpUMEPHI KBaAPATUUHBIX QYHKIUNA U3 peabHOM KU3HU, PUZUKHU, TEOMETPHH.

15) Omnpenensate mnonoxenue rpaduka KBaApaTUUYHOM (PYHKIUU B
3aBUCHMOCTH OT €€ KO3((OHUITMCHTOB.

16) Ctpouth rpadux KBagpaTUYHONW (YHKIMH, OMNHCHIBATH CBOWMCTBA
KBaIpaTUYHON PYHKIMU 1O €€ rpauKy.

17) Ucnionb3oBaTh CBOMCTBA KBAAPATUUHOW (DYHKIIMU JJIsS pELICHUS 3a]1a4.

18) Ha mpumepe kBagpaTUyHON (PYHKIHMH CTPOUTH Tpaduk (QyHKIUU y =
af(kx + b) + ¢ ¢ momomisto npeoOpazoBanuii rpaduka pyHkuu y=f(X).

19) WUnmoctpupoBaTh ¢ MOMOIIBIO Tpaduka peasbHYI0 3aBUCUMOCTH WIIU
IPOLIECC IO UX XapPAKTEPUCTHKAM.



20) CBoOomHO  omepwpoBaTh  MOHATUSMH:  TOCIEAOBATEIBHOCTD,
apudpMeTndecKas U TeOMETpUIECKast MPOTPECCUM.

21) 3agaBaTh MOCHEAOBATEIBHOCTH PAa3HBIMHU CIIOCOOAMU: OINUCATEIBHBIM,
Ta0JIUYHBIM, C TOMOILBIO (DOPMYJIBI N-TO WICHA, PEKYPPEHTHBIM.

22) DBbINOMHATh BBIYUCICHUS C UCIOJb30BaHUEM (OPMYT nN-TO 4ieHa
apu(pMETHIECKON U TEOMETPUIECKON MPOTPECCHI, CYMMBI IIEPBBIX N YWICHOB.

23) U300paxkaTh 4iIEHBbI MOCIEAOBATEILHOCTH TOYKAMH Ha KOOPJMHATHOMN
MJIOCKOCTH.

24) Pemiats 3a/1auu, CBSI3aHHBIE C YHCIOBBIMU MOCJIEIOBATEIILHOCTSIMU, B TOM
YHUCJIE 3a/1a4l U3 PEATbHOMN JKU3HU (C UCIIOIB30BAHUEM KAJIBKYJIATOPA, MU(PPOBHIX
TEXHOJIOTHUHA).

25) Pacno3HaBath W NOPUBOAUTH MPUMEPHl KOHEUHBIX U OECKOHEUYHBIX
MOCJIeI0BAaTEILHOCTEH,  OTPAaHMYEHHBIX  IMOCIEI0BATEIBHOCTEH, MOHOTOHHO
BO3pacTarolux (yObIBAIOUINX ) MOCIEI0BATEILHOCTEH.

26) Hmets mpencraBieHHE O CXOAMMOCTH TOCIIENOBATEIBHOCTU, YMETh
HAXOJUTh CyMMY O€CKOHEUYHO YOBIBAIOIIEH T€OMETPUIECKOM MPOTPECCUH.

27) IlpuMeHsTh METOJT MAaTEMAaTUYECKOW UHIYKI[UU TIPU PEIICHUU 3a/1a4.

28) Jloka3pIBaTh TEOPEMY CHHYCOB U TEOPEMY KOCHHYCOB, IPUMEHSTh UX IS
HAXO0XJICHUSI PA3IMYHBIX SJIEMEHTOB TPEYTOJIbHUKA («PEIICHUE TPEYTOJIBLHUKOBY),
IpU pEHICHUU TeoMeTpuyecKux 3anad. [IpuMeHsTh MOJydYeHHBbIC 3HAHUS MpHU
pEICHUH MPAaKTUYECKUX 3ajad.

29) IlpuMeHSTh TPUTOHOMETPHUIO B 3ajJauyax Ha HAXOXICHHUE IUIOIIA[IH,
BBIBOJWTh M BJIQJAE€Th TPUTOHOMETPUYECKUMH (POpMyTaMHu I  IUIOIIAIA
TPEYrOJIbHUKA, MapajuieiorpaMMa, poMOa, Tparelnud, BBHIBOAUTH W MPUMEHATH
dbopmyy ['epona u hopmyy ISl TUIOIIAAH BBITYKIIOTO YE€THIPEXYTOIBHUKA.

30) Nmeth mnpencraBieHUE O TOMOTETHHM, MNPUMEHATh B MPAKTUYECKUX
CUTYaIUsX.

31) Ucnonbs3oBath Teopembl UeBbl 1 MeHemnast pu pelieHuu 3a1a4.

32) Ucnonws3oBaTh TEOPEMBbl O BIUCAHHBIX yriaX, yriaXx MEXAy XOpAaMu
(CeKylIMMHU) U yriie MEXAy KacaTeIbHOM U XOPJIOM MPHU PEIIEHUU T€OMETPUUECKHUX
3aaa4d. Jloka3plBaTh WU MPUMEHSTh TEOPEMBI O MPOU3BEICHHH OTPE3KOB XOPI, O
MPOU3BEICHUU OTPE3KOB CEKYIIUX, O KBaJIpaTe KacaTeabHOM.

33) Biiagers noHATHEM KOOpPJMHAT Ha IJIOCKOCTH, pabOTaTh ¢ YpaBHEHHEM
npsIMOM  Ha IUIOCKOCTU. BrnaaeTh NOHATUSAMHU YyrioBOro koddduiimeHta u
CBOOOJHOTO YJIEHA, MOHUMATh WX T'C€OMETPUYECKHUA CMBICI U CBSI3b YIJIOBOTO
koddduirieHTa ¢ BO3pacTaHHEM M YObIBAHHEM JIMHEHHOW (QYHKIUU. YMETh
pemars METOAOM KOOpPAMHAT 3aJayd, CBSI3aHHBIE C MapaJUIEIbHOCTBIO H



NEPHEHANKYJIIPHOCTBIO IPSMBIX, IEPECEYEHUEM IPSAMBIX, HAXOXKJIECHUEM TOYEK
IIEPECEUYECHUS.

34) BeiBoAMTHh M BIAJETh YpaBHEHUEM OKPY>KHOCTU. MCIonb30BaTh METOA
KOOpPAMHAT Il HAXOXKICHHUs IIEPECEUEHHUU OKPYKHOCTEM W NpsMbIX. Bianers
dopMynamMu paccTOSHHUS OT TOYKM JO MPSAMOM, IUIOMIAAM MapajuiesiorpaMMa B
KOOpJIMHATaX, MMETh MOHATHE 00 OpUEHTHUPOBAHHOW Iuiomiaau. Ilonb3oBaThCs
METOJIOM  KOOpJAMHAT Ha IUIOCKOCTH, IIPUMEHATh €ro IpU  PELICHUU
F€OMETPUYECKUX M NPAKTUYECKHUX 3a1ad. [IpUMEHST METOJX KOOpJAMHAT B
IPAKTUKO-OPUEHTHPOBAHHBIX TEOMETPUYECKUX 3a1a4ax.

35) BiageTe noHsATHEM BEKTOpa. YMETh CKJIaJbIBATh U BBIYUTATh BEKTOPHI,
YMHOXkaTb HA YHCIIO, BIAJETh MPABUIAMU TPEYTOJbHHKA W IapaJjIeraorpaMma.
Brnaners npakTHYECKMMH HHTEPHIPETALUSAMH BEKTOPOB. YBEPEHHO IOJB30BATHCA
KOOpAMHATAaMHU BEKTOpa. BnaaeTp ClI0XKEHWEM W BBIYMTAHUEM BEKTOPOB,
YMHOXXEHHEM BEKTOpa Ha YKCJIO B KoopauHarax. MiMeTs npexacraBnenue o 0aszuce
(Ha mockocTH). PackiiagpiBaTh BEKTOPHI 10 0azucy. PackianpiBaTh BEKTOPBI CUJI C
IIOMOIIIBIO NPOCUUPOBAHUSA U TPUTOHOMETPUYECKMX COOTHOUIEHUHU. [IpumeHsaTsh
MOJTyYEHHBIC 3HAHUA B MIPOCTEHIINX (PU3NYECKUX 3a/1a4ax.

36) Bnanerp MOHATHEM CKaJSPHOTO MPOM3BENECHHSI BEKTOPOB, IOHUMATh €ro
FEOMETPUYECKUIM CMBICII W YBEPEHHO IOJb30BAaTbCA €r0 BBIPAKEHUEM B
JIEKapTOBBIX KOOpAMHATaX. 3HATh JUCTPUOYTUBHOCTH CKAJISPHOIO MPOU3BEICHUS
U €r0 CBs3b ¢ IMpoeuupoBaHueM. [IpUMEHATh CKalspHOE ITPOU3BEICHUE BEKTOPOB
JUISL HaXOKJAEHUS JUIMH M YIJIOB. PemaTe reoMeTpHuYecKHue 3aJadd ¢ MOMOUIBIO
CKAJIIPHOTO ITpou3BeAcHus. Mcnonb30BaTh CKAISIPHOE IPOU3BEICHUE BEKTOPOB B
anre0pandeckux u (pu3ndecKux 3agadax.

37) Bnagerp NOHATUSMHM  NPAaBUJIBHOTO  MHOIOYTOJIBHHMKA,  JIJTUHBI
OKPY>KHOCTH, JJINHBI IYI'M OKPYKHOCTH W PaJWaHHOW MEphl YIja, BBIYUCIATH
Iomanas kKpyra u ero yvacred. l[lonumars cmbicn uyucina 7w [IpumensTs
IIOJIyYCHHBIC YMEHHs IIPU PELICHUN NPAKTHUYECKUX 3aad. 3HAaTb MUCTOPUYECKUE
CBEICHUSI 00 U3MEPEHUU JJIUHBI OKPYKHOCTHU U IUIOLIAAN KPyTa.

38) Umers mpencraBieHue o MpeoOpa3OBAHUU IUIOCKOCTH, O JBHUKCHHSIX.
Haxomuth ocu, UEHTpbl CcUMMETpuUd (uryp, UEHTPbl IOBOPOTA, HAXOAMTH
KOMITO3UIIMM MPOCTEHIMNX MpeoOpazoBaHuil. [IpuMeHATh NBHXKEHHS IUIOCKOCTH
IIPU PEIIEHUU TEOMETPUUECKUX 3a/1a4.

39) IlpuMeHSTh TMOJYYEHHbIE 3HAHUS HA TNPAKTUKE — CTPOUTH
MaTEeMaTUYECKHEe MOJENM JUId 3aJad  pEaJlbHOM JKU3HM UM IIPOBOJUTH
COOTBETCTBYIOIIME BBIUUCICHUS C IPUMEHEHUEM MOA00MS U TPUTOHOMETPUUECKUX
byHKIUN (TIOJIB3YSICh, T HEOOXO0IUMO, KaJIbKYISTOPOM).



TEMATHUYECKOE IINTAHUPOBAHUE

DJIeKTPOHHBIE
Ne HaumeHoBaHMe pa3iesioB u KouaunvectBo | OcHoBHOE OcHOBHBIE BHIbI (undposbie)
n/n TeM MPOrpaMMbl 4acoB coJep:KaHue AeATeIbHOCTH o0pa3oBaTe/bHbIE
pecypcsbl

VYpaBHEHUS U HEPABEHCTBA C 3 Pewienne ypaBHeHui ¢ CamocrosiTenbHOe
rnapaMeTpom napamMeTpom OTKpBITHE: PEIICHUE

anredpandecKum YpaBHEHUH C TapaMETPOM.

METOIOM. [IpakTUKyMBI 110 PELIEHUIO

I'padmaeckuii meTox 3a7a4: OT MPOCTOTO K

perieHus: ypaBHEHHI C CII0)KHOMY — IpOOHO-

rapamMeTpom palMOHAIbHBIE YPABHEHUS

I'paduueckas Y HEPaBEHCTBA C

MHTEpIpEeTaLMs apaMeTpOM.

pelieHus: ypaBHEHUs C UccnenoBatenbckue

JIBYMS IEPEMEHHBIMH U | Pa0OTHI: pelIeHHue 3ajay C

CUCTEM ypaBHEHHI C napameTpamu —

JIByMs IIEPEMEHHBIMU. anredpandeckuM METOA0M;

HccenenoBanue cucrem rpaduyecKuM MeToI0M (B

HEJIMHENHBIX TOM YUCIIE C

YpaBHEHUH ¢ HCIIOJIb30BAaHUEM

napameTpoM. Pemienne | «MareMaTHyecKHX

HEPaBEHCTB C IBYyMs MIAKETOBY)

MEPEMEHHBIMU U UX

CUCTEM
Pemenue TpeyroabHUKOB 3 DopmyJibl [IpakTUKyMBI 11O PEIEHUIO

MMPpUBCACHUA. Pemenne
MPAKTUYCCKUX 3aaaY C

3aJa4. MatemaTHdeckoe
COpPCBHOBAHUC — PCHICHUC




HCIIOJThb-30BaHUEM
TEOpEMbI KOCHHYCOB U
TEOPEMBbI CUHYCOB.
®opwmyia ['epona.
dopmyna miomaau
BBITYKJIOTO
YEeTHIPEXYTOJIbHUKA.
CooTHOIIIEHUS MEXKTY
TPUTOHOMETPUICCKHUMH
GyHKIHAMU.
[Tpocreitmme Gopmyibr
MIPUBEICHUS U3 I'€0-
METPUUYECKUX
COOOpaKECHHIA.
Pemenue 3amau ¢
HCIIOJIb30BaHUEM
TEOpPEM KOCHHYCOB U
CHUHYCOB, HAXO0XKJICHHE
paauyca ONMCaHHOMN

Tr€OMETPUUYECKHUX/TIPAKTHKO-
OpUEHTUPOBAHHBIX 3a7a4
pa3HbIMH METO/IaMU

OKpPYXKHOCTH
AnreOpanueckue BhIpaXEHUS Crenenb ¢ [IpakTUKyM 1O peLICHUO
panMoHAIbHBIM 3aJa4: OT MPOCTOro K
MIOKAa3aTeJeM. CII0)KHOMY.
Onpenenenue KopHs n- | MaTemarudeckoe
il CTETIEHU U CTETIEHU C | COpPEBHOBAHUE

palMoHaIbHBIM
[IOKa3aTeNeM.
IIpumeHeHue
OIlEpaLliX U3BJICUYCHUS
KOpHSI N-i CTENEHU,




WCIIONB3YS TIPH
HEOOXOINUMOCTH
KaJIbKYJISITOD.
Brruncnenue 3HaueHus
CTENEHU C PaLHO-
HAJTBHBIM TTOKA3aTEJIEM.
OreHka 3HayeHU
KOPHS N-i CTENEHU,
3HAYCHHE CTETICHH C
paIrMoHaIbHBIM MTOKa-
3aresieM LeIbIMU
qHclIaMu U
JECATUIHBIMU
npobsmu. CpaBHEHHE U
YHOPSIOYUBAHUE
paro-HaIbHBIX U
HPPALMOHATIBHBIX
YHUCEJ, 3aITUCAHHBIX C
MMOMOUIBIO KOPHA N-H
CTETEeHHU, CTETICHU C
paroHaIbHBIM
MOKa3aTeseM.
Brimonnenue
TOXIECTBEHHBIX
npeoOpa3o-BaHUi
BBIPAKECHMUI,
coJiepKalIiuX KOPEeHb
N-¥ CTEIIeHHU, CTEIICHb C
paroHaIbHBIM
MOKa3aTeseM




OTpe3ku B OKPYKHOCTH

Teopemsl 0
IIPOU3BEICHUN
OTPE3KOB XOPJ,
TEOPEMBI O
IIPOU3BEICHUN
OTPE3KOB CEKYIIHX,
TeopeMa O KBajipaTe
KacaTeJIbHOU, TEOPEMBI
UYesbl u Menenas.
Hccnenosanune, B TOM
4HCIIE C IIOMOIIBIO
U(PPOBBIX PECYPCOB,
U3y4aeMbIX KOHPUTY-
pauuii. [Ipumenenue
JTAHHBIX TEOPEM IIPU
pelieHnn
reOMEeTPUYECKUX
3a;a4d. 3HaKOMCTBO C
MOHATHEM F'OMOTETHH,
C €ro IPUMEHEHNEM, B
TOM YHCJIE B
IIPAKTUYECKHUX
CUTYaLUAX

CamocrosiTenbHOe
OTKpPBITHE (B TOM YHCIIC C
HCII0JIb30BaHNEM
«MaTEeMaTU4YEeCKUX
nakeToB»): Teopembl UeBbl
u Menenas. IIpaktukym o
pELICHUIO 3a/1a4.
IIpakTukym no
[IOCTPOEHHUIO
JTUHAMHUYECKUX MOJIENEH ¢
ITOMOUIBIO IPOTPAMMHBIX
CPEICTB.
HccnenoBaTensckas pabota
C MIOMOILBIO TPOTPAMMHBIX
CPEICTB: TOMOTETHUS U €€
CBOMCTBA

OyHKIUU

[TonsATHE «dYyHKIUAY.
[IpumeneHnue cBOMCTB
byHKIM: HyIH
(bYyHKINHU, TPOMEKYTKU
3HAKOIOCTOSIHCTBA
(bYHKINHU, TPOMEKYTKU
BO3PACTaHUS U

UccnenoBatenbckas padbora
(B TOM 4HCIIE C
UCIIOJIb30BaHUEM
«MaTeMaTUYEeCKUX
nakeTtoBy»): [loBenenue
¢byHkuum u ee rpaduka B
3aBHCHMOCTH OT




yObIBaHUS QYHKIUH,
YEeTHbIC U HEUETHbIE
(dbyHKIMH, HAaHOOIBIIIEE
U HalMEHbIlIee
3HaYeHUS (PYHKIUH
IIPY PELICHUY 3a/1a4.
[Toctpoenue rpadukoB
(GYHKIHH C TOMOIIBIO
npeoOpa3oBaHuil BUJA:
f(x) —»f(x) + a; f(x) —
f(x + a); f(x) — kf(x),
) —f(] x ), ) — |
f(x) |. Pacno3naBanue
CTETIeHHBIX (PYHKIUN U
MOCTPOCHHUE ICKU30B
rpauKOB CTENICHHBIX
byHKIHH C
HATypaJIbHBIMU
MOoKa3aTeJIsIMU Pa3Hou
YETHOCTH.
Hcnonb3oBanue
CBOWCTB rpaduxoB
CTENEeHHBIX (DYHKIHIA ¢
HATYpaJIbHBIMU
MOKa3aTeJsIMH TIPU
peleHnH 3a1ad.
[TocTpoenue rpadgukos
dyHkumit y = VX, y =
Vx,y = x|

napamertpa. [IpakTuKymel
M0 PEUICHHUIO 3a]1ayu:
MOCTPOCHHE TPaPUKOB
yHKIMI y= X , y = Vx, y
=| X |; ¢ MOMOIIBIO
npeoOpa3oBaHU U
pOBEpKa C
UCTIOJIb30BaHUEM
MPOTPAaMMHBIX CPEICTB

Bekropel. MeToa koopauHaT

[TapannensHOCTH U

CaMocCTOSTEILHOE




MePIEHANKYISIPHOCTD
psAMBIX (depe3
YIJI0BOM
kod(urueHr).
Haxoxnenue
[epeceucHu i
OKPY>KHOCTEH U
MPSIMBIX B
KOOpJMHATAX.
dopmyiia pacCTOSHUS
OT TOYKH J0 MPSAMOI.
[Tnomans
napajuieiorpaMma B
KOOPJMHATAX, TOHITHE
00 OpUEHTHPOBAHHOM
TLJTOIIATH.
IIpumenenne merona
KOOpPJIUHAT B
MPAKTHKO-
OPUEHTHPOBAHHBIX
Te€OMETPUUYECKUX
3a/1auax, UCCIEJOBaHUE
MPUWIOKEHUS METOAA
KOOPJIMHAT B
BBIUMCIIUTEIILHOMN
MaTeMaTHUKe 1

OTKPBITHE: KaK PEIINTh
F€OMETPUYECKYIO 3a7auy C
MIOMOILIBIO anmnapara
anreops1?
HccnenoBatenbckas paboTta
(B TOM ymCIHE C
HCIIOJIb30BAaHUEM
«MaTeMaTHYECKUX
MIAKETOBY): PellIeHUE
MPaKTUKO-
OPUEHTUPOBAHHOMN
T€OMETPU UECKOM 3aaun
METOJ0M KOOPJHMHAT.
MaremaTuueckoe
COPEBHOBAHHE — PEIICHHE
reOMETPUUYECKUX 3a/1a4
Pa3HBIMUA METOAAMHU

nHpopmaTHKe
IIpaBUIBHBIE MHOTOYTOJIBHUKHU. IIpaBunbHbBIE CamocrosiTenbHOe
OKpyKHOCTb U MHOT'OYTOJIbHUKHU, OTKpBITHE: KaK HAalTH

MHOT'OYT'OJIbHUKH

BBIYMCIICHUC UX

MEPUMETP | IUIONIAIb




JJIEMEHTOB
Brruncnenune
MIEPUMETPOB U

CII0KHOM QUrypbi?
[IpakTUKyM 1O peIlIeHUIO
3a]1a4 MMOBBIILICHHOM

IUIOIIANEN CII0XKHBIX CII0KHOCTH
¢buryp, BKIIOYAIOIINX
DJIEMEHTHI Kpyra
YucaoBbIe IOCIEN0BATEILHOCTH Onpenenenue BUI0B Uccnenosarennckas

U TIPOTPECCUH

MOCJIENOBATENLHOCTEIA:
orpaHuYCHHAas
MOCIIEIOBATEIIFHOCTD,
MOHO-TOHHO
BO3pacTaroIast
(yObIBato1as)
IOCJIEJO-BATEILHOCTb.
[IpencraBnenue
OECKOHEUHBIX
MePUOTUYECKHIX
npobeil B BHE
OOBIKHOBEHHBIX.
3HAKOMCTBO C
IMOHATHEM CXOJUMOCTH
IOCJIEOBATEIILHOCTH,
HaXO0XJICHUE CyMMBI
OECKOHEUHO
yOBIBaroIIei
reOMEeTPHUECKOMN
MIPOTPECCHUHU.
IIpumeHneHne merona
MaTeMaTHUECKOM
WHIYKIAH

paborta: rnmoBeieHue
IMOCJIEIOBATENLHOCTEH — OT
TUIIOTE3BI JI0 JOKa-
3arenberBa. Juckyccus Ha
OCHOBE pelICHUs 3a/1a4:
sBisgercs u MMUN
YHUBEPCAJIbHBIM?
CaMoCTOSTEIIFHOE
oTkpbiTHEe: MMU — MeTo
JI0Ka3aTesIbCTBA: CyMMa
YJICHOB IIOCJIEIO-
BarenbHOCTH. [IpakTukym
0 PEILIEHUIO0 3a/1a4:
JI0Ka3aTeIIbCTBO
HEPaBEHCTB U
JIOKa3aTeJIbCTBO JIEIMMOCTH
MMU




JIBM>KEHUS TITOCKOCTH

[lenTpanbHas
CUMMETPHUSL.
[lenTpasbHO-
CUMMETPUYHbIE
¢urypsl. IToBopoT.
OceBas cuMMeTpusl.
Qurypsl,
CUMMETPUYHbIE
OTHOCHUTEIILHO
HEKOTOPOH OCH.
[TapannenbHbIi
nepeHoc. [lonstue
JIBUKEHMSI U €T0
cBoMCTBa. PaBeHCTBO
¢uryp. IIpossnenus
CUMMETPUU B IPUPOJIE,
KUBOIHCH,
CKYJIBIITYpE,
apXUTEKTYypeE.
Kommosunnn
IOBVKEHUN
(mpocreiinue
IIPUMEPBI).
IIpumeHeHue B
pelieHnn
reOMEeTPUYECKUX 3aa4

UccnenoBatenbckas padbora
(B TOM UmCIHE C
UCIIOJIb30BaHUEM
MPOrPaMMHBIX CPEJICTB):
KOMIIO3UIIHS IBHXKEHUH.
CamocrosiTenbHOe
OTKpBITHE: (POPMYITUPOBKA
BBIBOJIOB O CBOMCTBAax
KOMITO3WIINH JIBUKCHUH.
[TpoexT: mpeoOpazoBanwms
(mBM>KEHUS) B UCKYCCTBE

10

[ToBTOpeHue, 060061IeHNE,
cucreMaTrmni3anusa

Pemenue 3anay,
WJUTIOCTPUPYIOLIUX
CBSI3U MEXKIY
Pa3IUYHBIMU TEMaMU

[TpoexT: «IIpeoOpa3oBanus
B UCKYCCTBE U
apxurekrype» Mrorosas
KOH(EepEHIIHS:




Kypca IloBTopenne,
000011IcHHE,
CUCTEMAaTH3alHus Kypca

«Marematuka — 3TO
KpacuBO»
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IHOYPOYHOE IIVTAHUPOBAHUE

KosunyecTBO 4acoB DJIeKTPOHHbIE
Ne uudposbie
. Tema ypoka Beero Kontpoabnbie | IpakTnueckne 06pa3oBaTeJbHbIE
padoThI padoThI pecypesr
1 Kopens n-ii crenenn. CBoiicTBa KOpHS n-i 1
' cTeneHu
) CreneHsb ¢ palluOHAJIBHBIM [TOKA3aTeNeM U e€ |
CBOMCTBA
CpaBHeHuE U yHOpsAJOUYMBAaHUE PALlMOHAIBHBIX
3 Y MppalOHaIbHBIX YUCEIl, 3alIMCAHHBIX C |
MOMOIIbIO KOPHS N-U CTENEHH, CTEIIEHH C
palrroHaIbHBIM IIOKa3aTelIeM
4 Pewenue TpeyronbHUKOB. TeopeMa KOCHHYCOB. 1
DopMyIIbl IPUBEICHUS
Pemenne nmpakTuyeckux 3anad ¢
5. UCIIOJIb30BAaHUEM TEOPEMbI KOCHHYCOB H |
TEOPEMBI CHHYCOB
6 ®opmyna ['epona. Popmyiia mwionagu |
' BBIITYKJIOTO YETHIPEXYTOJIbHUKA.
; ToxnecTBeHHbIE TPe0OpPa30BaHUS BBIPAKEHHH, |
' COJIEPKAIIMX KOPEHb N-if CTEEHN
ToxxaecTBeHHbIE TPe0OPa30BAHUS BBIPAKECHHUIA,
8. COJIeprKalluX CTENEHb C PallMOHATIbHBIM 1
MOKa3aTeseM
9. Peuienue ypaBHeHH ¢ mapaMeTpoM |

aJIFG6paI/I‘IeCKI/IM MCTOAOM




['padmueckuit MeTos perieHus ypaBHEHUN ¢

10.
napaMeTpoM
1" CucreMbl HETMHEWHBIX YPaBHEHUH C
' IapamMeTpoM
1 Teopema 0 pou3BeI€HUN OTPE3KOB XOP/I,
' CEKYILIEN U KacaTelIbHON
13 IIpumenenne Teopem Uebl 1 Menenas k
' PEIIEHUI0 TEOMETPUUYECKUX 3a4a4
14 IIpumenenue Teopem Uesbl 1 Menenas k
' PELIEHUIO TEOMETPUYECKUX 38144
1 [TonsiTue o 6azuce (Ha MIIOCKOCTH). Paznoxxenust
' BEKTOPOB 110 0a3ucy
CkansipHO€ MPOU3BEAECHNUE BEKTOPOB,
16. F€OMETPUYECKHUI CMBICI U BBIpA)KEHUE B
JIEKapTOBBIX KOOPAWHATAX
17. JucTpuOyTUBHOCTD CKAJIIPHOTO MPOU3BEICHHS
18. CkansipHoe pOU3BECHNE U MTPOSLIPOBAHNE
1. Pemenne reomerpuueckux 3agad ¢ HOMOIIbIO
CKaJIIPHOT'O IPOU3BEICHUS
HccnenoBanue KBagpaTUUHON (DYHKIIMH.
20. [TocTpoenue napabobl Mo TPEM TOYKAM H I10
BEpILNHE
21 [TpeoOpazoBanwms mapabosbl (CABUT,
' CXKaTUe/pacTsHKEHUE)
HccnenoBanue GpyHKUMN: HyIU QyHKIUH,
9 IPOMEXKYTKH 3HAKOTIOCTOSIHCTBA (DYHKIIUHY,

POMEKYTKH BO3PACTaHUsI U yOBIBAHUS
byHKIMH, YETHBIC U HEUETHBIC PYHKITUH,




HanOoJIbIlIee ¥ HAUMEHBIIIee 3HAUYCHUS (PYHKITUN

03, [IpumeHeHne MeToaa KOOPAUHAT B IPAKTUKO- |
OPUEHTUPOBAHHBIX T€OMETPUUECKUX 3aauax

o4, IIpaBunIBHBIE MHOTOYTOJIBHUKH, BEIYMCIIEHHE UX |
3JIEMEHTOB

25. JnvHa 1yru OKpyKHOCTH 1

” "MOHOTOHHBIE U OTPAHUYECHHBIE 1

' MOCJIEI0BATEIbHOCTH "

27. Metoa MaTteMaTHYECKON MHIYKIIHA 1

08, Pemienue 3a1au Ha CIOKHBIE TPOLEHTHI 1
(punancoBas MaTeMaTHKa)

29, CyMMa 0€CKOHEUHO YOBIBAIOIICH |
F€OMETPUUYECKON MPOrpeccuu
Brruncnenue nepuMeTpoB U IIomaaen

30. CJIOXKHBIX (UTyp, BKIIOYAIOUINX JIEMEHTBI 1
Kpyra

31. [{enTpasibHast U 0ceBasi CHMMETPUS 1

32. ITosopoT 1

33, Pemienue 3aiay, WUTIOCTPUPYIOUTUX CBSI3U |
MEXy pa3InYHBIMH TEMaMH Kypca

34, Pemenue 3aiay, WILTIOCTPUPYIOMIMX CBSI3U 1
MEXIY pa3IMYHbIMU TEMaMH Kypca
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