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HOACHUTEJIBHAS 3AIINCKA

OO0was xapakrepucTHKa Kypca

Hacrosmass paGouass mnporpamMmMa Kypca BHEYPOUHOM JAEATEILHOCTH
«Tpyansie Bompockl MaTeMaTHKH. 9 Kjacch» pa3paboTaHa B COOTBETCTBUU C
TpeboBaHusIMHU (heIepabHOIO TOCYJAPCTBEHHOTO 00pa30BaTENbHOIO CTaHJapTa
ocHOBHOTO oOmiero obpazoBanusa (maiee — GI'OC OOO) u HampaBiieHa Ha
OpraHU3aIri0 00yUYEeHHs] MAaTEMaTUUYECKOMY COJICP>KaHMIO, BBIXOSIIEMY 332 PaMKU
®denepanbHOil pabouell mporpaMmbl Mo y4yeOHOMY mpeamery «Marematuka
(6a30BBIll YpOBEHB) OCHOBHOTO 00Iero oopazoBanus (nainee — OPII), ¢ yuerom
UCITIOJIb30BaHUS BUJIOB JICSITEIIBHOCTH O0YyYaIOIUXCsl, OTIIMYHBIX OT YPOUHBIX.

IIpu pazpabomke [Ipocpammsl yuumul8aiucy ciedyrouue OOKYMeHmuol:

— nucbMo MuHKcTepceTBa npocselieHus Poccuiickont denepaunuu OT S5 U0
2022 r. Ne TB-1290/03 «O nHampaBiIeHUU METOAUYECKUX PEKOMEHJIAIMI 10
OpraHu3aIlid BHEYPOUHOH JESITEIPHOCTH B paMKax peaau3allid OOHOBJIEHHBIX
dbenepanbHBIX TOCYAApPCTBEHHBIX 00pa30BaTEIbHBIX CTaHJAPTOB HAYaJbHOTO
00111eT0 ¥ OCHOBHOTO 00111eT0 00pa30BaHus;

— pacnopsikenue IIpaButenbctBa Poccuiickoit denepanmu ot 19 HOsI6ps
2024 1. No 3333-p «O0 yTBEepKICHHUH KOMIUICKCHOTO IIJIJaHA MEPOIPHUATHH IO
MOBBIIIEHUIO KaueCTBa MAaTEMaTUYECKOTO M €CTECTBEHHO-HAYYHOTO 0Opa30BaHUs
Ha niepuron 10 2030 rogax.

AKTYaJILHOCTH Kypca

B ycioBusx peanuzaliu TakoW CTPATErMUYeCKOW 3alaud, KaK JTOCTUKEHUE
TEXHOJIOTHYECKOTO CYBEPEHUTETA CTPaHbl, Mepe]l MAaTeMaTHUYECKIUM 00pa30BaHHEM
B UHWCJE TJaBHBIX IIOCTaBJEHBI CIEAYIOIIUE IEJNH: PA3BUTHE TBOPUYECKHX H
MCCIIEIOBATEIbCKUX CIMOCOOHOCTEH OOydYaronuxcs, MX MOATOTOBKA B IpOIlECcCe
o0ydeHHUs MaTeMaTHKe K BBIOOPY Mpodecchii, CBA3aHHBIX C PA3BUTHEM TOYHBIX H
€CTECTBCHHBIX HAayK M TE€XHOJOrMh. Kak BaXKHBI KOJWYECTBEHHBIN I10OKA3aTElb
MOBBIIIEHUSI HHTEPECa K MAaTEMATHKE BBIJICNIAETCS POCT KOJIMYECTBA BBITYCKHUKOB,
BHIOWPAIOIINX HA TOCYIAapCTBEHHOW WTOTOBOM aTTeCTalldd dJK3aMEH TI0
MaTeMaTuKe Ha MPOPUIHLHOM YPOBHE.

OcBoenue mnpennaraemoii I[IporpaMMbl  CIOCOOCTBYET TOBBIIIEHUIO Y
oOydJarommxcs ypOBHS MOTHBAIMM K U3YYCHUIO MATEMAaTHUKH, K TPOIOJDKEHHUIO
n3yueHnust matematuku B 10—11 kimaccax Ha yriiyOJ€HHOM YPOBHE U OPUEHTUPYET
Ha BBIOOp €IMHOTO TOCYAAPCTBEHHOTO JK3aMEHa M0 MAaTeMaTHKE MPOPUIHLHOTO
ypoBHsi. Kpome Ttoro, ocBoenue mpemiaraemoro B Ilporpamme copep:kaHus
MO3BOJIAIET PACHIMPUTh KPYr pellaeMblX MaTeMaTUYeCKUX 3ajad 3a CYET
BKJIIOUEHHUS MPOOJIEMHBIX, HECTAaHAAPTHBIX 3a/1a4, 3aJlay MPUKIAJHOIO Xapakrepa,
BBITIOJIHEHUS KCCJIEIOBATEIbCKUX padOT, B TOM YHCJIE C MEXKIPEIMETHBIM



COAEPKAHUEM, U3YUCHUS JOMOIHUTEIIBHBIX BOIIPOCOB KaK TEOPETUUYECKOTO, TAK U
MPAKTUYECKOTO XapakTepa.

[Ipenycmotpenusie [IporpamMmMoin BUABI IE€ATEIBHOCTH — UHAUBUAYAIbHAS U
rpynmnoBasi NPOEKTHAasT M MCCIEN0BATENbCKask JEATENbHOCTh — CIHOCOOCTBYIOT
Pa3BUTHUIO TO3HABATEIbHBIX, PETYISITUBHBIX M KOMMYHUKATUBHBIX YMEHUU
oOyuvaromuxcsa. IIporpamMma COOTBETCTBYET WHJE€ PACHIMPECHUS TPUKIATHON
HaIpPaBJICHHOCTH Kypca MaTeMaTUKU Ha YPOBHE OCHOBHOI'O OOLIEro oOpa3oBaHUs.
Peanuzanus kypca cnocoOCTBYET BBISIBICHHIO TaJIAHTIUBBIX U  OJIAPEHHBIX
oOy4aromuxcs, MoAIePKKE X TaJaHTOB U Pa3BUTHUIO CIIOCOOHOCTEH.

B OOJIBIITUHCTBE TEM Kypca pEIoIaraeTcs BBITIOJIHEHUE
UCCIIeIOBaTENbCKUX paboT. YueOHoe uccieloBaHue MO MaTeMaThke B 9 kiaccax
IpeIoiaraeT nojiyyeHrue cyobeKTUBHO HOBOTO JUIsl 00yJaroulerocs pe3yjabrata u
HampaBieHO Ha (OPMUPOBAHUE HCCIICAOBATEIILCKUX YMEHUN: BBIJICJICHHUE
npoOJIeMbl, OpraHU3aIusl U aHAJIW3 JAaHHBIX, BBIJIBUKEHHUE THUIOTE3bI, MPOBEpKa
TUIIOTE3bl, (OPMYTUPOBAHHWE BBIBOJIOB U TIPEACTaBICHUE pPE3yJIbTaTOB Ha
IPaMOTHOM MaTeMaTH4eckoM s3bike. [Iporpamma mosker ObITH BOCTpeOOBaHa
00y4JaroUMHCs, KOTOPhIE UMEIOT UHTEPEC K M3YYCHUIO MAaTeMAaTHKU, TOTOBATCS K
y4acCTHIO B OJIMMIHMA/IAX IIKOJIBHUKOB [0 MaTeMaTUKe U yriyOJIeHHOMY U3yUYEHHUIO
MaTEMaTUKU Ha YPOBHE CpeJHEro 0011ero 00pa3oBaHMUs.

Leas 1 3a1aum Kypca

Peanu3anusa BHEYpOUHOU JEATEIIBHOCTH SBISETCS HEOTHEMJIIEMOM YaCThIO
oOpa3oBaTelpbHOTO Ipoliecca, obecreynBass B TOM YHCJIE€ BO3MOXKHOCTD
dbopMupoBaHusi 00pa30BaATENBHBIX MPOrPAMM PA3TUYHOTO YPOBHS CIOKHOCTH U
HAIPaBJIEHHOCTH C YYETOM OOpa3oBaTEIbHBIX IMOTPEOHOCTEH W CIOCOOHOCTEM
oOy4Jaromuxcs, BKJIIOYasi OJJapeHHBIX JCTEH.

Hens Ilporpammer  — oOecneyuTh UWHAUBUAYaIbHbIE MOTPEOHOCTH
oOydJarommxcs B HM3YYCHHH COJCPKAHUS MATEMATHUKH, BBIXOSIIETO 32 PaMKH
MporpaMmMbl 0230BOT0 YPOBHS.

3apaum Kypca:

1. TloBbilieHWE YypPOBHA MaTeMaTHYECKOW TIOJTOTOBKH OOYYarOIINXCS,
pa3BHUTHE YCTOMYMBOTO HHTEpECca K yaeOHOMY mpeameTy «MaTeMaTukay.

2. Pa3BuTue TBOPYECKUX CHOCOOHOCTEW, MPOCTPAHCTBEHHOTO BOOOPaKEHUS,
TEOPETUYECKOI0 MBILUICHUS U MATEMAaTHYECKOW WHTYWUIIMW, YMEHHU PACCYKIATh
JIOTUYECKU U aHAJIM3UPOBATH CUTYaIIUU.

3. VraoyGnenme wu 3akperuieHHe 0a30BbIX 3HaHWM, (HOPMHUPOBAHUE
YCTOMYMBBIX HABBIKOB PEIICHUS HECTAHAAPTHBIX U OJMMIIMAHBIX 33/1a4, OCBOCHUE
HECTaHJAPTHBIX MOAX0I0B U OPUTMHAJIBHBIX PELICHUM.



4. O3HakOMJIEHHE C JOMNOJHUTEIBHBIMU  pa3leiaMH  MaTE€MaTHUKH,
BBIXOJISIIIIMMU 332 paMKH 0a30BOT0 Kypca.

5. Bocriuranue camMOCTOATENIBHOCTH, HACTOMYMBOCTA U OPraHU30BAHHOCTH B
XOJI€ PEIICHUA CIOKHBIX 3a7a4.

6. Pa3BuTHe HaBBIKOB KOMaHJIHOW pPabOTHI, APYKECKOI'O0 COMEPHUYECTBA U
310pOBOM KOHKYPEHIIUU CPEAN CBEPCTHUKOB.

7. lloarotoBka oOy4yalIIUXCA K YYaCTUIO B IIKOJIbHBIX, PaHOHHBIX,
TOPOJICKMX, PETHOHAIBHBIX, BCEPOCCHUHCKUX OJMUMIHUAIAaX, KOHKypcax u
COPEBHOBAHUSIX IO MATEMAaTHUKE.

8. TloBblllieHHE ypPOBHS T'PaMOTHOCTH B  OOJACTH  HCIOJIb30BAHUS
«MaTeMAaTHYECKUX MaKETOBY», OOECMEeYMBAIOIIMX aBTOMATU3ALMIO TPOLECCOB
NoMCKa, aHalu3a, 00pabOTKH, co3laHus, nepedaud, Gopmanuzanuu (B BHIE
CTaTUYECKUX M JUHAMHYECKUX TpaUKOB, JUarpaMM U MPOYUX BU3YyaTIHU3aAIlUN
PE3yJIbTATOB aHAIKM3a U MAaTEMAaTHYECKUX 3aKOHOMEPHOCTE) B mpoliecce yueOHoi
NEATEeIbHOCTH TIPU M3yUYEHUH MAaTEMaTUKHU.

9. Pa3BuTHe TBOpPYECKHX CMOCOOHOCTEH, TEOPETUYECKOTO MBIIUICHHUS Ha
OCHOBE  HCMOJB30BaHUA  IU(PPOBBIX  MHCTPYMEHTOB (B TOM  4YHUCJE
«MaTeMaTHYeCKHX IaKeTOB») B 0O0OJACTH MOJECIMPOBAHUSA, WMHTALUU H
UHTEpIpeTaluu a0CTPaKTHBIX MaTeMaTHYeCKUX OOBEKTOB U 00pa3oB B BUJE
pa3sNUYHBIX BU3yaJdu3aluid (B TOM YHUCJIE€ MPOCTPAHCTBEHHBIX OOBEKTOB).
[Iporpamma pa3paboraHa ¢ y4deToM pekomMeHaanuii deaepanbHol pabdboueit
oporpaMMbl  BOCHUTaHHs. B 4acTHOCTHM, OHa  Y4YHUTHIBAET IICHXOJOTO-
negaroruyeckiue  OCOOCHHOCTHM  COOTBETCTBYIOIIEH  BO3PACTHOM  KaTeropuu
o0ydJaromuxcs.

Takum obpazom, peanuzayusa Ilpoepammul coodeticmeyem NoOIYYEHUIO
CeOVIOWUX Pe3VTbmamos:

— JOCTHKECHUE 00y4arouuMHCs IJIaHUPYEMBIX JUYHOCTHBIX,
METaNpeIMETHBIX U MPEIMETHBIX pE3yJbTaTOB, B T. Y. COOTBETCTBYIOLIUX
YTIIyOJICHHOMY YPOBHIO U3YU€HUS MAaTEMATUKU;

— pa3BUTHE JTUYHOCTU OOyUarommuxcs, GOPMUPOBAHUIO U YIOBICTBOPEHUIO
UX COLIMAIBHO 3HAYMMBIX UHTEPECOB U MOTPEOHOCTEN;

— camopeanu3anus OOy4YalolUXCAd 4Yepe3 ydyacTUe BO BHEYPOUHOM
NEATENTBHOCTH.

MecTo Kypca B 00pa3oBaTeJIbHOM Npouecce

[IporpaMmma Kypca BHEYpPOYHOW JEITENBHOCTH «pyaHbIE  BOIPOCHI
MaTeMaTUKW» HalpaBjieHa Ha pacCUIMPEHUE 3HAHUM 00YyYaIOIMUXCs 10 MaTeMaTUKe
JUTS1 KJTACCOB € 00s13aTEIbHBIM 0a30BbIM YPOBHEM 00YUYEHHUS MaTEMATHUKE.



TemaTnueckoe  IUIAHUPOBAHWME B NOPOrpaMME  Kypca  BHEYPOUHOU
nesatenbHOCTH  «TpyaHble  BONPOCHI MAaTeMaTUKH» COCTaBIE€HO TakK, 4TO
pacrpeneneHue COAepKaTeNbHbIX pa3/leioOB B HEM CUHXPOHHU3UPOBAHO C
o0s3aTeNbHOM  TporpaMmoil  6a3oBoro ypoBHA. Peanuzaumst copepkaHus
npejuiaraercs B (hopMax, OTIIMYHBIX OT YPOUHBIX. CleyeT OTMETUTh, YTO JaHHBIN
KypC B OCHOBHOW IIKOJE€ BBICTPAaMBAETCSI HE TOJBKO Ha paclIMpeHUuU
MaTeMaTH4YEeCKOI0 COJIepKaHusi 0a30BOr0 YpOBHsI, HO W Ha TOBBIIMICHUH YPOBHS
CJI0’KHOCTH 3a/1a4, NPeAJIaraéMbIX ISl PEIIEHUS.

PabGouas mporpamma Kypca BHEYPOUHOU AesTeNbHOCTH « TpyaHbIe BOMPOCHI
MaTeMAaTUKW» MpeJHa3HaueHa Uil pealu3alud B 9 Kilaccax M HamnpasiieHa Ha
JTOCTH)KEHUE O0YYarolMMHUCS TUIAHUPYEMBIX pe3yiabTaToB. [locienoBarenbHOCTh
U3Y4YeHUs TEeM Kypca COBIIaJaeT MO BPEMEHU C U3YYECHHUEM Kypca MaTeMaTHUKH
(ayireOppl U TEOMETPUH) OCHOBHOM IIKOJBI 0a30BOr0 YpPOBHS, BCE TEMbI IO
BO3MOXKHOCTU CHHXPOHHU3UPOBAHBI C 0A30BBIM KypCOM MaTEMaTHKH IO KJIaccaM.
Tembl mo anrebpe W reoMeTpUU HYEPEIYIOTCS, YTO IO3BOJIIET MaKCHUMAaJbHO
pPUOJIU3UTh UX TIO BPEMEHU U3YYCHUSI K OCBOCHHIO 0a30BOr0 Kypca.

[Tpu peanuzamnuu [IporpamMmel iepBas 3aja4a y9uTeNsi COCTOUT B TOM, YTOOBI
co3faTh HEOOXOAMMBbIE YCIOBUS JJI TPUOOPETEHHs U Pa3BUTHS YMEHUH,
CBA3aHHBIX C MPOBEJICHUEM HCCIIEIOBAHUN HA MaTeMaTHYECKOM cojJiepxkaHuu. JJis
penieHus 3Toi 3agaun B [Iporpamme 0003HaueHO MECTO U CHOPMYTUPOBAHBI TEMBI
JUTSI IPOBEICHUS UCCIIeI0OBATEIBCKUX Pa0OT.

Bropas 3amaua yuurens mno peanuzanuu IIporpammel  cBsizaHa C
BO3MOKHOCTBIO CO3/1aTh YCJIOBHUS JJII 0OpaOOTKH W MpecTaBiIeHUs] WHOOPMaIUH
HAy4YHOTO coJepkaHuss (B TOM 4YHCIE C MCIOJIb30BaHHEM IH(PPOBBIX
WHCTPYMEHTOB) MpU OpraHU3alMU WHIUBUIYAJIBbHOM W TPYNMNOBON MPOEKTHOMU
NEeATEIbHOCTH.

Jnga  ycmemHoW — peanu3aldd  CIICHAPHEB MPOEKTOB  PEKOMEHIYETCS
MCIIOJIb30BaTh TEPCOHAIBHBIE KOMIBIOTEPHl C YCTAHOBJICHHBIMU O(DUCHBIMHU
MporpaMMamMu U JI0CTynoM K ceth MIHTepHeT (Kak MUHUMYM OJIMH KOMIIBIOTEP AJISI
KaXXJI0W TPYTIIbI).

@opMBbI  IEATEIBHOCTH OOYYaIOIIUXCS TPEIyCMATPUBAIOT AKTUBHOCTh U
CaMOCTOSITEJIbHOCTh, COYETAIOT HHAMBUAYAJbHYIO U TPYHIIOBYIO padoTy,
OTJIMYAIOTCS OT YPOUHBIX 00JI€€ IIMPOKUM HCIOJIb30BAHUEM UCCIIEA0BATEIBCKON U
MPOCKTHOM  AESATEIbHOCTH, PEIICHHWEM  HECTaHJAapTHBIX 3aJady W Jp.
CrpykTypupoBaHUE TEMaTUYECKOTO IUIaHUpoBaHUsl B [IporpamMme cOOTBETCTBYET
MOPSIAKY U3YUEHHS Pa3/IesIOB U TEM aireOpbl U r€OMETPUU B OCHOBHOM WIKOJE U
TeM CcaMbIM OO€CHeYMBaeT IMPEEMCTBEHHOCTh YpPOYHOM W  BHEYPOUHOU
NeSATEebHOCTH.



Peanuzanusa I[lporpamMmbl mpeAmnosiaraeT CoOYETaHUE PaA3IUYHBIX (POpM
IPYINIOBONM paldOThl (AMCKYCCHS; MaTeMaTHYECKOE COPEBHOBAHUE; MPAKTUKYM;
BHIOOp TEMbl TMPOEKTa, IUIAaHUpPOBaHHE paldOT, pacmpeieiieHue poJiei,
B3aMMOOIIEHKA TIPU BBHINIOJIHEHUW TPYIIOBBIX MPOEKTOB M HCCIEAOBaHUN) U
WHJMBUAYabHOU pabOThl (BBIMOJHEHUE WHIWBUAYAILHOTO UCCIEAOBAHUSA, B TOM
YuCJ€ C HCMOJb30BaHUEM MUGPOBBIX HWHCTPYMEHTOB; TMPOBEICHUE YCTHOTO
000CHOBaHMS TIPU PElICHUH HECTAaHJAPTHBIX 3aj7ad, 3a]ay MOBBIIIEHHOTO YPOBHS
CI0KHOCTH; TIOCTPOCHHE MAaTEMATUYECKUX MOJEJIEH, UX HCCIECAOBAHHUE;
WHTEpIIpeTalys  MOJYYEHHBIX  pe3yJbTaTOB MOpU  pPEHIEHUH  3aJad ¢
MEXKIPEAMETHBIM W MPAKTUYECKUM COACPHKAHUEM; TIOMCK, HHTEpIpeTalHs,
npeoOpa3oBaHue u MPUMEHEHUE MaTeMaTU4YeCKOM uHpopManuy;
CaMOCTOSITEJIbHOE OTKPBITHE HOBOTO MaTeMaruueckoro dakta). Mcnonb3zoBanue
Takux ¢GopM pabOTHl MOMOTAeT Pa3BUBATh y OOYYAIOIIMXCS, C OJHON CTOPOHHI,
HABBIKM BOCTIPUSITUSI HOBOW MH(OpMAIIUU TIPH Pa3IMUHBIX (popMax ee mojayu, a ¢
JPYTO¥l CTOPOHBI — AKTUBHOCTh, CAMOCTOSITEIbHOCTh U CITOCOOHOCTH K TBOPYECTBY.
OcBoenue IIporpamMmbl AOJKHO JIONOJHSTH W Pa3BUBaTh 3HAHUS W YMEHUS
oOydJaromuxcs B 00JIaCTH MaTEMaTHKH, OPUEHTUPOBATh MX Ha OOy4YCHHUE B
CpedHEel IIKoJie B Kiaccax, MpeAyCMaTPUBAIOIIMX OCBOCHUE MAaTEMaTHUKH Ha
yriayOJeHHOM YpOBHE, B YaCTHOCTH TEXHOJOTHYECKOro Npoduis, a Takxke
CIIOCOOCTBOBATH COLMATIBHOMY (POPMUPOBAHUIO TUYHOCTH 00YUAIOITUXCS.

B 3aBHCHMMOCTM OT KOHKPETHBIX YyCIOBUM peanuzauuu [IporpamMmel u
KOJIMYECTBA 00YyYaroluXxcs JA0MycKaeTcss (GopMUpOBaHUE TPy U3 00yYarOlUXCs
pa3HBIX KJIAacCOB B Ipenenax oAHoW mnapawienu. [Iporpamma MoxkeT
peann30BBIBaTHCS 00pa30BaTENbHON OpraHu3alueld CaMOCTOSTENbHO JHO0 Ha
OCHOBE B3aUMOJEHCTBHS C JPYTUMU OpPraHU3alMsIMHU, OCYIIECTBIISIIOUIUMHU
o0pa3oBaTeIbHYIO ACSTEIBHOCTb.

[lo ycMoTpeHHIo yuuTelsi HEKOTOPbIE€ 3aHATHUSI MOTYT ObITh MCKIIIOUEHBI WIIH
3aMeHeHbl. PekoMenayeTcs BKIOUUTH B IIporpammy pernoHanbHBI KOMIIOHEHT:
JKCKYPCUHM HA MPEANpPUATHS, B PETHOHAIBHBIE MY3€HM, BY3bl TEXHUYECKOU
HaIpaBJICHHOCTH [ TOBBIIIEHUSI HMHTEpeca OOydYaromMXCs K MPAKTHUYECKOMY
M3YUYCHUIO TTPOPECCHi, CBA3aHHBIX C MAaTEMATHUKOM.



COJIEP KAHUE KYPCA BHEYPOYHOM JEATEJBHOCTH
«TPYJHBIE BOITPOCbI MATEMATHUKN»

9 KITIACC

YpaBHeHUsA ¥ HEPABEHCTBA

bukBanpaTtHble ypaBHEHUs. MeTonbl pPaBHOCHIBHBIX IMPeoOpa3oBaHUM,
3aMeHbl IEPEMEHHOM, rpaUUeCcKOro MeTo1a MpH PEIIeHUH ypaBHEHUH 3-i u 4-i
creneHe. PemreHue HepaBeHCTB, CoAepKalIUMX 3HAaK moxayiiss. HepaBeHCTBO ¢
IByMsi TnepeMeHHbIMU. [IpumeHeHue rpaduyeckoro MeTojla PpelIeHUsT CHCTEM
HEPABEHCTB C IBYMs NIEpeMeHHbIMU. Perienune qpoOHO-palnoHaIbHBIX YpaBHEHUN
1 HepaBeHCTB. [locTpoenue rpadkoB ypaBHEHUM, B TOM YKCIIE C UCTIOIb30BAHUEM
upoBbIX pecypcoB. [lpuBoauTh TpaduUuecKyr0 HHTEPIPETALMIO pPEIIeHUs
YpaBHEHUS C JIByMsl IEPEMEHHBIMU U CUCTEM YPAaBHEHUH C ABYMsSI EPEMEHHBIMU.
HccnenoBanne CuUCTEM HENMHEHHBIX YpPaBHEHMH C MmapaMmeTpoM. PemieHue
HEPABEHCTB C JBYMS IEPEMEHHBIMU U UX CUCTEM.

Hccneoosamenvckue pabomsi: pelleHHE 3ajad C [apaMeTpamMu  —
anredpanvyeckuM METOI0M; TpaUueCKUM METOIOM.

Pemenne TpeyroibHuUKOB

TeopeMa CHHYCOB M TeOpeMa KOCHHYCOB, UX IPHUMEHEHHUE IIPpU PELICHUU
TPEYTrOJIbHUKOB 51 IIPAKTUYECKUX 3a1ad4. CooTtHomeHus MEXKIY
TpuroHoMmeTpudeckumu  QyHkiusmu. [Ipocreitmne Qopmynsl  npuBeneHus,
BBIBOJIUMBIE U3 T€OMETPUUECKUX cooOpaxeHuil. Haxoxaenue paanyca onmvucaHHOM
OKPY>KHOCTH. dopmyiia I'epoHa. dopmyna TUTOIIA TN BBIITYKJIOTO
YETBIPEXYTOJIbHUKA.

Ilpaxmukym: peElIeHHuE TEOMETPUUYECKUX U NPAKTHUKO-OPUEHTUPOBAHHBIX
3a71a4 pa3HbIMU METOIAMMU.

AJire0panvecKne BbIpasKeHU s

CreneHsp ¢ paluOHaIbHBIM MTOKa3aTEJIEM.

OnpeneneHue KOpHs N-i CTENEHU U CTENEHHU C PallMOHAIBHBIM [TOKA3aTEIIEM.

[IpruMmeHeHne ornepanuy HU3BICUYEHUS KOPHS N-H CTENEHH, UCIOJb3Yys IIpU
HEOOXOIMMOCTH KaJIbKYJIATOp. BrIuncieHue 3HaueHus: CTENEHU C PaIllMOHATBHBIM
nokasareneM. OILlEHKa 3HA4Y€HUH KOpHS N-Ml CTENEHHW, 3HAYEHHE CTENEHH C
palMOHAJBHBIM [OKAa3aTelieM LEIbIMU YHUCIAMU M JACCATUYHBIMU JIPOOSIMHU.
CpaBHeHUE U YHOPSJOYMBAHUE PALMOHANBHBIX W HMPPALMOHAIBHBIX YHUCEN,
3allMCAHHBIX C T[IOMOIIBKD KOPHS N-U CTENEHH, CTENEHU C PALUOHAJIbHBIM
nokazarejaeM. BbINONHEHUE TOXKIECTBEHHBIX MpeoOpa3oBaHUN  BhIpAKEHUH,
COZIEpIKAINX KOPEHB N-1 CTEIEHHU, CTEIIEHb C PAMOHAIBHBIM IIOKA3aTEJIEM.

IToxoOue TpeyroibHUKOB



TeopeMbl O NPOM3BENEHHUH OTPE3KOB XOPA, TEOPEMBI O NPOU3BEICHHUU
OTPE3KOB CEKYILHX, TEOPEMA O KBAJIpaTe KacaTeabHOU, TeopeMbl UeBbl 1 Menenas.
HccnenoBanue, B TOM YHCIE C MOMOIIBIO LH(PPOBBIX PECYPCOB, H3Y4AEMBIX
koHurypanuii. [IpuMeHeHHEe NaHHBIX TEOPEM MPHU PEUICHUH TEOMETPUUECKUX
3a/1a4. 3HAKOMCTBO C MOHATHEM TOMOTETHH, C €T0 NPUMEHEHUEM, B TOM YHCIIE B
MPAKTUUECKUX CUTYAITUSAX.

Hccneoosamenvckas paboma (C UCNIONb30BAaHUEM INPOTPAMMHBIX CPEICTB):
TOMOTETHS U €€ CBOMCTBA.

DyHKUUHA

[lonstue «bynkuus». llpuMeHenue CBOWUCTB (PYHKUUN: HYIM (QYHKIHH,
MPOMEXYTKH  3HAKOMOCTOSHCTBA  (DYHKIIMM, TIPOMEXYTKH BO3pacCTaHHS U
yObIBaHUsl (DYHKIIUU, YETHBIC U HEYETHbIE (DYHKIMU, HAUOOJbIIEE U HAUMEHBIIICE
3HaueHUs (YHKIUU TOpu perieHud 3anad. Iloctpoenue rpadukoB GyHKIUN C
nomoInblo npeodpazoBanuii Buaa: f(x) —f(x) + a; f(x) — f(x + a); f(x) — kf(x),
f(x) —=f(| x |), f(x) — | f(x) |-

PacrioznaBanue cTeneHHbIX (YHKIMM U TOCTPOEHHE SCKU30B TrpaduKOB
CTEMEHHBIX (YHKIMH C HATypaJbHBIMM TOKA3aTeJIIMU pPa3HOW YETHOCTH.
Hcnonb3oBanue CBOMCTB TpadUKOB CTENEHHBIX (QYHKIUNA C HATypaJdbHBIMU
MoKa3aTe MU TPH PellIeHrH 3a1ad. [locTpoenne TpagukoB GyHKIMIA y= VX , y =
Ix, y=|x|.

Hccneoosamenvckas paboma: TmoBeneHue QyHKIUHM U ee Trpaduka B
3aBUCHMOCTH OT MapaMeTpa.

MeToa KOOPpAMHAT

[lapamienbHOCTh M NEPHEHAUKYJIAPHOCTh MPSAMBIX (Yepe3  yIIIOBOU
K02 PHUIIUECHT).

HaxoxxneHue mnepecedeHnid OKPYKHOCTEM U TMPSIMBIX B KOOpJAWHATaX.
dopmyna paccTOsHAS OT TOYKM A0 MpsMou. [lnomane napamienorpamMmma B
KOOpAWHATaX, MOHATHE 00 OpUEHTHpPOBAHHOW Mmiomanau. IIpumenenue Mmerona
KOOPAMHAT B  IPAaKTUKO-OPUEHTUPOBAHHBIX  TIEOMETPUYECKUX  3aJayax,
HCCIIEIOBAHUE TTPUJIOKEHUSI METO1A KOOPAMUHAT B BBIYMCIUTEILHON MAaTEMAaTUKE U
nH(pOpMaTHKE.

Hccneoosamenvcrkas  paboma:  penieHUE  MPAKTUKO-OPUEHTUPOBAHHOU
r€OMETPUYECKOM 3a/1a4l METOJIOM KOOPAUHAT.

IIpaBuibHbIE MHOTOYT0JILHUKH. OKPYKHOCTH U MHOTOYT OJIbHUKH

[TonsaTHE NPaBWIBHOTO MHOIOYroiabHHKAa. POpMynbl s BBIYUCIECHUS
AJIEMEHTOB MPaBUJIbHBIX MHOTOYTOJBHUKOB (CTOPOHA, paglyC BIUCAHHOW U
OMHUCAaHHON OKpyx)HOCTEeH). BbIBOI (QopMyn IMHBI OKPYKHOCTH U ILUIOIIAAH
Kpyra. /[inHa Oyru OKpY>KHOCTH, paauaHHas Mepa yria. [lmomane kpyra u



IUIOLAAb KPYroBOro CEKTopa. BhluncieHue mepuMeTpOB W IUIOLIAAECH CIIOKHBIX
(Guryp, BKIIOYAIOLIUX 3JIEMEHThI Kpyra.

Camocmoamenvruoe omkpvimue. KaK HAUTH NEPUMETP U IIOLIAAb CIIOKHOM
burypsi?

IIpaxmuxym: pelieHUe 3a1a4 NOBBIIIEHHOHN CII0KHOCTH.

Yucj10BbIe 10CJIE0BATEIBHOCTH U NIPOIPECCHH

Omnpenenenne BUJIOB MOCIIeI0BATEILHOCTEH: OrpaHUYCHHAS
MOCJIEA0BATEILHOCTD, MOHOTOHHO BO3pacTaronias (yOnIBato111as])
NOCJIeIOBATEIBHOCTh. [IpeicTaBiieHre OCCKOHEUHBIX IMEPUOJMYECKUX JpoOei B
BUIE OOBIKHOBEHHBIX. 3HaAKOMCTBO C TOHSITHEM CXOAMMOCTH
MOCJICIOBATEIBHOCTH, ~ HAaXOXKICHHE  CyYMMBI ~ OECKOHEYHO  yOBbIBaromiei

reoMeTpuuecKon nporpeccuu. [IpuMeHeHne MeTo1a MaTeMaTUHYECKON NHIYKIIUH.

Hccneoosamenvcrkas paboma: TOBEACHUE TOCIEIOBATEIbHOCTEH — OT
TUIIOTE3BI 10 JI0Ka3aTeIbCTBRA.

JIBHKEHHS JIOCKOCTH

Hentpansuas cummetpus. LlentpanbHo-cummeTpuunbie Gurypbl. [ToBopoT.
OceBasg cummetpusi. OUrypel, CUMMETPUUYHBICE OTHOCUTEIBHO HEKOTOPOM OCH.
[TapamnensHblii iepeHoc. [lonaTue nBxeHUs U ero cBoicTsa. PaBeHcTBO uryp.
[IposiBneHuss cUMMETpUM B IPUPOAE, KUBOIUCHU, CKYJIBITYPE, apXUTEKTYypeE.
Komno3zunuu paBwxenuit (mpocteimne npumepsl). [lpumeHeHue B penieHUH
reOMETPUUYECKUX 3a/ay.

Hccneoosamenvcras paboma (¢ ucnonvzosanuem NpocPaAMMHBIX CPEOCM8):
KOMITO3HUIINS IBUKCHUM.



IHIJIAHUPYEMBIE OBPA30OBATEJIBHBIE PE3YJIBTATDBI

JIMYHOCTHBIE PE3YJIBTATHI

1) nampuomuueckozo socnumanus:

- IIPOSBIICHME HHTEpeca K MPOLIIOMY U HACTOALIEMY POCCUHCKOU
MaTE€MaTHKH;

- LIEHHOCTHOE€ OTHOLIEHHWE K JOCTH)KCHHUSM POCCUHWCKUX MATEMATUKOB U
POCCUHCKOM MaTEMAaTHYECKOM IIKOJbI, K HCIOJB30BAHUID JTHUX JOCTUKEHHUU B
JApYTUX HayKax U MPUKIAIHbIX cepax;

2) 2pas#coancko20 u 0yX08HO-HPABCMBEHHO20 60CHUMAHUSL:

TOTOBHOCThH K BBITIOJIHEHHIO OOSI3aHHOCTEN TpaKJaHWHA U peallu3alii ero
npaB; TMpPEACTABICHHE O MaTEMaTHYECKUX OCHOBaX (YHKIHOHUPOBAHMS
Pa3IUYHBIX CTPYKTYp, SIBJICHUH, MPOIEAYyp IpakJaHCKOro odiiecTBa (Hampumep,
BBIOOPBI, OMPOCHI), TOTOBHOCTh K 00CYXICHUIO 3TUUECKUX MPOOJIeM, CBI3aHHBIX C
OPaKTUYECKUM TPHUMEHEHHEM JOCTHKEHUNW HAyKH; OCO3HAaHUE BaXHOCTHU
MOPAJIBHO-3TUYECKUX MPUHIIUIIOB B IEATEIIBHOCTH YYEHOTO;

3) mpyoogoeo eocnumanusi. YCTAaHOBKA Ha aKTUBHOE YYacTHE B PEIICHUU
NPAKTUYECKUX 3aad MAaTEMAaTHYECKOW HAIpaBICHHOCTH; OCO3HAHHUE BaXXHOCTH
MaTeMaTUYeCKOro OO0pa30BaHUsA Ha MPOTSKEHUM BCEW JKU3HU Ul YCHEIIHOM
npopeCCUOHAIBHON  JEATEIBHOCTH U PAa3BUTHE HEOOXOAUMBIX  YMEHMI];
OCO3HAHHBINA BBHIOOP M MOCTPOEHUE MHJMBHIYyaJTbHOM TpaeKTOpUU oOpa3oBaHUS U
KU3HEHHBIX IUIAHOB C YYETOM JIMYHBIX HHTEPECOB U  OOIECTBEHHBIX
OTpeOHOCTEHH;

4) sacmemuueckozo ocnumaHnus; CIOCOOHOCTh K 3MOLIMOHATIBHOMY
U 3CTETUYECKOMY BOCIPHUATHIO MaTeMaTHYECKMX OOBEKTOB, 3aJay, pEIICHUH,
pacCyKIEHUI; yMEHUE BUIETh MAaTEMAaTHYECKNE 3aKOHOMEPHOCTH B UCKYCCTBE;

5) wyennocmu Hayunozo no3uanus: OPUEHTALMS B JEATEIBHOCTH Ha
COBPEMEHHYIO CUCTEMY Hay4YHBIX MPEICTABICHUN 00 OCHOBHBIX 3aKOHOMEPHOCTSIX
pa3BUTHUS YEJIOBEKa, MPUPOJABI U OOLIECTBa; MOHMMAHUE MAaTEeMaTHUYECKOM HayKu
KaK c(eppl YEJIOBEUECKON NEATEIbHOCTH, 3TANlOB €€ PA3BUTUSA U 3HAYMMOCTH IS
pa3BUTHA LUBUIIN3ALMN; OBJIAJACHUE A3BIKOM MAaTEMAaTUKM W MaTeMaTUYECKOU
KyJbTYpOM  Kak CpEICTBOM IIO3HAaHHWS  MHUpPA; OBJIAJACHUE  HABBIKAMU
HCCIIEI0BATEIBLCKON NESTENBHOCTH;

6) usuueckoeo eocnumanus, Gopmuposanus Kyiemypel 300posbsi U
SMOILIMOHAJIBHOTO  OJIaroNnoay4yusi: TOTOBHOCTh INPUMEHATh MAaTEMATHYECKHE
3HaHMSI B HHTEpPECax CBOErO 3/J0pPOBbs, BEIEHHUS 3J0pOBOro olpasa KHU3HU
(3nopoBoe nuTaHue, cOaJaHCUPOBAHHBIA PEKUM 3aHATUN U OT/AbIXA, PETYJSIpHAs



(u3nueckass aKTUBHOCTb), CPOPMUPOBAHHOCTb HAaBbIKAa pe(IeKCUH, NMPHU3HAHUE
CBOETO IpaBa Ha OLIMOKY M TaKOTO K€ MpaBa APYyroro YeIOBeKa;

7)  9KOMO2UYeCKO20  B0CHUMAHUA: ~ OPUEHTAlMs  Ha  IPUMEHEHHE
MaTEeMaTHYECKUX 3HAHWA JUIsi pEelIeHHs 3aJad B O0JacTH COXPaHHOCTH
OKpYXalolel Ccpepl; IUIAHUPOBAHUE IIOCTYIIKOB M OIIGHKA WX BO3MOXKHBIX
MOCJIEICTBUN Il OKPY’KaIoOIIEH Cpellbl; OCO3HAHUE TIJI00ANIbHOIO Xapakrepa
AKOJIOTHYECKHUX MPOOJIEM U ITyTeH MX PEIICHHUS;

8) aoanmayuu Kk U3MEHAIOWUMCSL YCLOBUAM COYUATILHOU U NPUPOOHOL CPEOb.:

TOTOBHOCTh K JICHCTBHUSM B YCIOBHUSX HEOIPEACICHHOCTH, MOBBIIICHUIO
YPOBHS CBOCH KOMIIETCHTHOCTH Yepe3 MPAKTUICCKYIO JICSITCIIBHOCTh, B TOM YHCIIC
YMCHHE YYUTBHCSA y JPYTUX JIIOJICH, MPUOOpEeTaTh B COBMECTHOHM JCSITCIIBHOCTH
HOBBIC 3HAHWS, HABBIKM W KOMIICTCHIIMM W3 OIBITA JIPYTHUX; HEOOXOJAMMOCTH
dbopMHUpOBaTHL HOBBIC 3HAaHHS, (OPMYIMPOBATH WJICH, TOHATHS, THUIIOTE3bI 00
00BEKTaxX W SBJICHUSAX, B TOM YHCJIC PAHEE HE M3BECTHBIX, OCO3HABAThH JACHHUIIUTHI
COOCTBEHHBIX 3HAaHUH W KOMIICTCHTHOCTEH, IUTAHMPOBAaTH CBOE Pa3BHUTHUC,
CIIOCOOHOCTh OCO3HaBaTh CTPECCOBYIO CHUTYallMI0, BOCIPUHUMATH CTPECCOBYIO
CUTYallUI0 KaK BbI30B, TPEOYIONIUH KOHTPMEpP, KOPPEKTUPOBATh NMPHHHUMACMbIC
pelieHuss U JeHCTBUS, (OpMYyIUpOBaTh U OIEHUBATh PUCKA U TOCJIEACTBUS,
(bopMHUPOBATH OTIBIT;

9) socnumanusi UHGHOPMAYUOHHOU KYIbMYPbL:

NpOsIBIIGHWE HWHTEpeca K HCIOIb30BAHUIO IUGPOBBIX TEXHOJIOTUN IS
ONTUMM3AIMU TIPOIECCOB TIOHUCKA, aHalu3a, 00pabOTKH, CO3/aHusA, Neperayvu
MaTeMaTHYeCKON MHGOPMAllMM U BH3yaIM3alMil MaTEMaTUYECKUX OO0OOIICHUN |
pPE3yNbTATOB aHANIM3a; TOTOBHOCTh K HCIOJIb30BAHUIO HH(PPOBBIX MHCTPYMEHTOB
JUISL  BBITIOJIHEHUA y4E€OHOW NEATETbHOCTH TP H3YyUYEHWH MaTEeMaTHUKH,
CIIOCOOHOCTh MPUMEHSATh HMU(PPOBBIE HHCTPYMEHTHI B YCIOBHUSAX pEATH3alMUd MEP
M0 TPEAYNPEKICHUI0O BO3MOXXHBIX HETaTHUBHBIX TIOCJIEACTBUM aKTUBHOTO U
CUCTEMATHYECKOTO MPUMEHEHHSI IIU(PPOBBIX TEXHOIOTHI B yUSOHBIX IEISIX.

METAINPEIMETHBIE PE3YJIBTATHI

1. Ilo3HaBaTe/IbHbIE YHHBEpPCAJbHbIE YUeOHbIe 1eiCTBUSA

1) Bazosvle nocuyeckue oeucmeus:

BBISIBJISITh U XapaKTEPU30BaTh CYIIECTBEHHBIE MPU3HAKH MAaTEMaTUYECKHX
OOBEKTOB, TOHATHHA, OTHONICHUH MEXIy MOHATUSAMHU, (OPMYIHPOBATH
OTIpEJICIICHMSI TIOHSATUH, YCTAHABIIMBATH CYIIECTBEHHBIN MPU3HAK KIacCU(UKAIIH,
OCHOBaHUS 71l 0000IIEHNS M CPABHEHUS, KPUTEPHUH MPOBOJIMMOTO aHAIIN3A,

BOCIIpUHHMATh,  (OPMYJIUPOBATh W  MPEOoOpa3OBBIBATH  CYXKICHUS:
YTBEPAUTEIBHBIC ¥ OTPHUIIATEIIbHBIC, CAMHIUYHBIC, YACTHBIC U OOIINE, YCIOBHBIE;



BBISIBJISITh MAaTEMaTUUYECKUE 3aKOHOMEPHOCTH, B3aMMOCBSI3U U MPOTUBOPEUUS
B (pakTax, JaHHBIX, HAOMIONEHUSX M YTBEP)KICHUSX, MpEAsiaraTb KPUTEPHUH IS
BBISIBJICHUS 3aKOHOMEPHOCTEN U IIPOTUBOPEUU;

7eNiaTh BBIBOJBI C WCIOJB30BAHUEM 3aKOHOB JIOTHUKH, JEAYKTUBHBIX W
MHIYKTUBHBIX YMO3aKJIIOUEHHI, YMO3aKIIOUECHUHN 110 aHAJIOTHH;

pa30upaTh J10Ka3aTelIbcTBA MAaTEeMAaTHYECKUX YTBEPKACHUU (IpsMbIE U OT
MPOTUBHOIO), TPOBOAUTH CAMOCTOSITENILHO JOKA3aTeIbCTBA MAaTEMaTHYECKUX
¢akTOB, BBICTpaWBaTh apTryMEHTAIMIO, MPHUBOJUTH MPUMEPHI U KOHTPIPUMEDHI,
NPUMEHSATh METOJl MaTeMaTHYeCKOH WHAYKIHHA, OOOCHOBBIBATH COOCTBEHHBIC
paccyXaeHus;

BbIOMpaTh crnoco® pelmeHuss ydyeOHOM 3anauu  (CpaBHUBATh HECKOJIBKO
BapMaHTOB  peuleHusi, BbIOMpaTh  HaumboJee  NOAXOIAIUMH C  YyYETOM
CaMOCTOSITEIILHO BBIJIEJICHHBIX KPUTEPHUEB).

2) bazosvie uccneoosamenvckue oelicmaust.

UCIIOJIb30BaTh BOMPOCHI KaK MCCIEIOBATEIbCKUA HMHCTPYMEHT IMO3HAHUA,
dopMynupoBaTh  BOMNPOCHI,  (PUKCHUpYIOIIME  MPOTUBOpEYHE,  MpoliIemy,
CaMOCTOSITEJIbHO YCTAaHABIMBATh MCKOMOE M JaHHOE, (OpMUPOBATH THUIIOTE3Y,
apryMeHTHPOBATh CBOIO MO3UINIO, MHEHUE;

IPOBOAUTH IO CaMOCTOSATEIBHO COCTABIEHHOMY IUIAHY OSKCIEPUMEHT,
UCCJIEIOBAaHHWE TI0 YCTAHOBJIEHHUIO OCOOEHHOCTEN MaTeMaTH4ecKoro oOBeKTa,
3aBUCUMOCTEN 00BEKTOB MEXY COOOM;

CaMOCTOATEILHO (POPMYIHPOBATH OOOOIIEHHS M BBIBOJBI IO pe3yJibTaTaM
NPOBEJICHHOTO  HAaOJIO/IEHUs, HWCCJEJIOBAaHUS, OKCIIEPUMEHTa,  OLICHUBATH
JIOCTOBEPHOCTD MOTYUYEHHBIX PE3YJIbTATOB, BHIBOJOB M 0000IIECHUH;

IPOTHO3UPOBATh BO3MOXKHOE pAa3BUTHE IIpoliecca, a TakKe BBIJIBUTATH
MPEIOJIOKEHUS O €T0 PA3BUTHU B HOBBIX yCIIOBHUSX.

3) Paboma c ungpopmayueti:

BBISIBJIATh HEIOCTATOYHOCTh W M30BITOYHOCTh HMH(OpPMAlMM, JaHHBIX,
HEOOXOAMMBIX JUJISl pEeLICHUS 3a/1a4U;

BBIOMpATh, aHAIU3UPOBATh, CUCTEMATU3UPOBATh M HHTEPIPETUPOBATH
MHGOPMAIUIO PA3IUYHBIX BUAOB U (OPM MPE/ICTABICHHUS;

BeIOMpaTh (Gopmy TpeAcTaBieHHS HWHGOPMAIMK ¥  WUIIOCTPUPOBATH
perraemMbie 3a/1a4u CXeMaMu, TuarpaMmMamMu, HHOU TpaduKoil 1 X KOMOMHAIUSIMU;

OLIEHMBATh HA/IEKHOCTh MH(OPMALMU MO KPUTEPUSM, MPEATIOKEHHBIM WIH
copMyITUPOBAHHBIM CAMOCTOSTEIBHO.

2. KoMMyHMKaTHBHbIE YHHBEPCAJIbHbIE YUeOHbIE AeiICTBHSA:

BOCTIpUHUMATH U (POPMYIUPOBATH CYXACHHUS B COOTBETCTBUU C YCIOBUSIMHU U
HeNsiMH  OOILIEHUsI, SICHO, TOYHO, TPAMOTHO BBIPAXKaTh CBOIO TOUYKY 3PCHHS B



YCTHBIX M THCHMEHHBIX TEKCTaX, JaBaTh MOSCHEHUS MO XOIy pEUICHHs 3aauu,
KOMMEHTHPOBATh MMOIYUYCHHBIN Pe3yIbTarT;

B XOJ€ OOCYXIEHHUs 3a/laBaTh BOIPOCHI MO CYIIECTBY OOCYX JAaeMOW TEMBI,
npoOieMbl, pelaeMol 3aJaud, BBICKA3bIBATh WJEH, HALIEJICHHbIE HA IOUCK
pEIIeHus, COIMOCTABISATh CBOU CYXKICHHS C CYXICHUSIMHU JPYTUX YYACTHUKOB
auanora, oOHapyKMBaTh pa3liMuyuMe U CXOACTBO MO3UIMH, B KOPPEKTHOH (opme
(opMynHpOBaTH Pa3HOTIACHUS, CBOM BO3PAXKEHUS;

IPEJICTABIATh PE3yabTaThl PEIICHUs 3aJlayM, SKCIIEPUMEHTA, UCCIEA0BAHMS,
POEKTa, CaMOCTOSATEIbHO BbIOMPATh (OpMaT BBICTYIJICHUS C YYETOM 3ajad
pe3eHTAIMU 1 OCOOCHHOCTEN ayIUTOPHH;

NOHMMATh M HCIOJIb30BaTh NMPEUMYINECTBA KOMAaHIHON W WHAMBHIYaTbHOM
paboThl TpW pelieHHH Y4YeOHBIX MaTeMaTHYeCKUX 3aJad, MPUHUMATh IIeThb
COBMECTHOW JAESATENbHOCTH, IUIAHUPOBATh OPraHM3alMI0 COBMECTHOM paboThI,
pacnpenensiTh BUAbl pabOT, JAOroBapuUBaThCs, OOCYKIATh MPOIECC M PEe3ybTaT
paboThl, 000011aTh MHEHUSI HECKOJIBKUX JTFOJICH;

y4acTBOBaTh B IPYMIOBBIX (QopMax paboThl (00CYyXIeHUs, OOMEH MHEHUH,
«MO3TOBbI€ IITYpPMbI» W HWHBIE); BBINOJHATH CBOIO 4YacTh pabOThl W
KOOPJMHUPOBATh CBOM JEUCTBHS C APYTUMHU YJI€HAaMU KOMAaHJbI, OIEHUBAThH
KayecTBO pe3yibTaTa W KayeCTBO CBOEro BKIJaJa B OOIIMIA pe3ylbTaTr IIo
KpUTEPUSIM, CPOPMYITHUPOBAHHBIM YYACTHUKAMU B3aUMOICHCTBHUS.

3. PeryasiTuBHbIe YHUBepcaJbHbIe y4eOHbIe JeiicTBUS

1) Camoopeanuzayus:

BBISIBJISITH MPOOJIEMBI JUIsl PEIICHHS] B JKU3HEHHBIX W YYEOHBIX CUTYaIHSX,
OpPUEHTUPOBATHCS B PA3IUYHBIX MMOAXOAAX MPUHITHS PEIICHUN (MHANBUAYAIbHOE,
IPYIIOBOE);

CaMOCTOATENFHO COCTABJIAThH IJIAH, aJTOPUTM pEIIeHHs 3anadu (WU €ero
94acTh), BBIOHMpaATh CIOCOO pEHICHUS C YYETOM HMCIOIIUXCS PECypcoB U
COOCTBEHHBIX BO3MOXHOCTEH, apryMEHTHPOBaTh U KOPPEKTHUPOBATH BapHAHTHI
PENICHHI ¢ y9eTOM HOBOM MH(OPMAITUU.

2) CamokoHmponw:

BJIAJIETh CIIOCOOAMH CaMOIIPOBEPKH, CAMOKOHTPOJISI Mpolecca U pe3ysibTraTa
peleHus: MaTeMaTUYeCKOM 3a/1aui, CaMOMOTHBALIUU U pedIeKcuu;

OpeaBUACTh TPYIHOCTH, KOTOPbIE MOTYT BO3HHUKHYTH MPHU PELICHUH 3a/1a4H,
BHOCUTh KOPPEKTHUBBI B JIEATEJIBHOCTh HAa OCHOBE HOBBIX OOCTOSITENBCTB,
HaWJIEHHBIX OMHUOOK, BHISIBICHHBIX TPYIHOCTEH;

OLIGHWBATh COOTBETCTBUE pE3yibTaTa ACSATEIbHOCTH MOCTABICHHOW LIETH H
YCIIOBUSIM, OOBSCHSITh IPUYUHBI TOCTYKCHUS MU HEJOCTIKCHUS 1€, HAXOIUTh
omKOKYy, 1aBaTh OLIEHKY IPUOOPETEHHOMY OIIBITY.



3) DmoyuonanvHwlll UHMeNIeKm.

BbIpQXXaTh SMOLMM TPU H3YYCHUHM MATEMaTUYECKUX OOBEKTOB M (PAKTOB,
JlaBaTh SMOILIMOHAJIBHYIO OLICHKY PEIICHUs 3adauH.

NPEAMETHBIE PE3YJIBTATHI

9 KJIACC

1) CBoOGogHO omepupoBaTh MOHATUSIMU: KOPEHb N-U CTENEHHU, CTENEHb C
pallMOHAJIBLHBIM [OKa3aTelieM, HaXOJAUTh KOpPEHb n-W CTENEeHH, CTENeHb ¢
palMoOHAIBLHBIM TIOKA3aTeJIeM, HCIOJB3Ysl MPU HEOOXOJMMOCTH KAJIbKYJISATOP,
PUMEHSATH CBOMCTBA KOPHSI N-i CTETIEHU, CTETICHH C PAllMOHAJILHBIM IMOKA3aTeIeM.

2) Wcnonb30BaTh NOHATHE MHOXKECTBA JEHCTBUTEIBHBIX YHCEI MPU PEIICHUN
3a/1a4, MPOBEJICHUN PACCYKICHUN U JOKA3aTEILCTB.

3) CpaBHuUBaTh M YNOPSAIOYMBATH JICHCTBUTEIbHBIC YHCIA, OKPYIIISIThH
JIEWCTBUTEIILHBIC YKCIIA, BBITIOJHITH MPUKUKY pe3yJibTaTa BBIYUCICHUN, OLICHKY
YHUCJIOBBIX BBIPAKEHUH.

4) CBoOOAHO OINEpUpPOBATH MOHSITHEM KBAJIPATHOTO TPEXWICHA, HAXOIUTh
KOPHU KBaJpaTHOTO TPEeXUJIeHa.

5) PackiaabiBaTh KBaApaTHBINA TPEXUWIEH HA JIMHEHHBIC MHOKHUTEIH.

6) Pemiath HecllOKHbBIE KBaJAPAaTHBIE YPABHEHUS C MAPAMETPOM.

7) Pemiath HECJIOKHBIE CUCTEMBI HETMHEWHBIX YPABHEHUN C MTAPAMETPOM.

8) Pemarb ypaBHEHHs, HEpPaBEHCTBA W HMX CHUCTEMBI, B TOM YHCIIE C
OTpaHUYEHUSIMU, HAIIPUMED B LIEJIBIX YHCIIAX.

9) IIpoBOAUTH UCCENOBAaHUSI YPABHEHUN U CUCTEM YPABHEHUM, B TOM YHCIIE
C TNpUMEHEHHEeM TrpadUyYeCcKuX TMpEeACTaBICHUN (yCTaHABIWBATh, HMEET JIH
YpaBHEHUE WJIM CHCTEMA YPABHEHUM pEIICHUS, €CIM UMEET, TO CKOJbKO, U
nmpouee).

10) Pemath TeKCTOBBIE 3a/1a4u AIreOpandecKUM CIIOCOOOM.

11) Ucnonb3oBaTh ypaBHEHHUS, HEPABEHCTBA U UX CUCTEMBI JIJIsI COCTABJICHUS
MaTEMaTUYE€CKOM MOJEIM peajbHOM CUTyallud WA TPUKIAJIHON 3a]1a4H,
MHTEPIPETUPOBATH MOIYyUYECHHbBIE PE3YJbTAThI B 3aJJaHHOM KOHTEKCTE.

12) CBoOOMHO OmEpUpOBaTh MOHSATHUSMU: 3aBUCUMOCTh, (QYHKIUSA, Tpadux
byHKIIMK, TIpsAMas MPONOPIUOHAIBHOCTh, JUHEWHas (QyHKus, oOpaTHas
MPOIIOPIIMOHATILHOCTH, Mapadoia, Tunepoosa, KyCouHo-3aanHas (yHKIus.

13) UccnemoBats ¢yHKIMI0O MO €€ rpaduKy, YCTaHABIMBATH CBOWCTBA
byHKIMA: 00MacTh OMpeneTeHUsl, MHOXECTBO 3HAUCHUW, HYIH (OYHKIINH,
MPOMEXKYTKA 3HAKOMOCTOSIHCTBA, MPOMEXKYTKHM BO3pacTaHus U yObIBaHWUS,
YETHOCTh U HEYETHOCTh, HAUOOJIbIIIEE U HAUMEHbIIIEE 3HAYEHUSI, ACUMIITOTHI.

14) Pacnos3naBaTh KBaApaTH4Hyr0 (QYHKIUIO 10 QopMmysie, MTPUBOAUTH
MpUMEpPHI KBAIPATUYHBIX (PYHKIHMI U3 peaabHOU KU3HU, (DU3UKHU, TEOMETPHUHU.



15) Onpenensats nonoxeHue rpaduka KBaApPaTUYHOM (YHKIMH B
3aBUCUMOCTH OT €€ KO3((HUIIMEHTOB.

16) Crpoutb rpaduk KBaApaTUYHOM (PYHKIMHU, OIHUCHIBATH CBOWCTBA
KBaIpaTUYHOU (PYHKIIMU 10 ee rpaduKy.

17) Ucnionp30BaTh CBOMCTBA KBAAPATUUHOW (PYHKIIMM JJIS PEIICHUs 3a]1a4.

18) Ha mpumepe kBaapaTUYHOW (YHKUHMHM CTPOUTH TpaduKk (QPYHKIUU y =
af(kx + b) + ¢ ¢ nomoukio npeoOpazoBanuii rpapuka pynkuun y=f(x).

19) NnmoctpupoBaTh C HNOMOUIBI0 TpaduKa peajbHYH 3aBUCUMOCTb HIIA
IPOLIECC MO X XapaKTePUCTUKAM.

20) CpobomHOo  omepupoBaTh  MOHSATHUSMU:  TOCJIEIOBATEIBHOCTD,
apu@meTryecKas U TeOMeTpruiecKasi Iporpeccum.

21) 3amaBaTh MOCIEAOBATEIBLHOCTH Pa3HBIMH CIIOCOOAMU: OMHUCATEIbHBIM,
TaOJIMYHBIM, C TIOMOIIBI0 (POPMYJIIBI N-TO YJICHA, PEKYPPEHTHBIM.

22) BBbINONMHATH BBIYUCICHUS C UCIOIB30BaHUEM (OPMYJI N-TO dJICHA
apupMETHIECKON U TEOMETPUUECKON TPOTrPECCUid, CYMMBI MTEPBBIX N WICHOB.

23) NzoOpaxaTh 4ieHbl MOCAEIOBATEILHOCTH TOYKAMH Ha KOOPJIWHATHOU
IUIOCKOCTH.

24) Pewmiatb 3a1auu, CBSI3aHHBIE C YHCIIOBBIMU TOCJIEIOBATENILHOCTAMH, B TOM
qHClie 3aJla4d U3 PeajbHOM KU3HU (C UCIOJIb30BAaHUEM KaJbKYJISATOpa, IIUGPOBBIX
TEXHOJIOTUH).

25) Pacno3HaBaTh W TNPUBOIUTH TMPUMEPHl KOHEYHBIX W OECKOHEUYHBIX
[OCJIEIOBATENIBHOCTEM,  OTPAHUYEHHBIX  IOCIENOBATEIbHOCTEH, MOHOTOHHO
BO3pacTaronux (YOBIBAIOIINX ) MTOCIEA0BATEILHOCTEH.

26) Hmerb mnpeAcTaBi€HUE O CXOAUMOCTH IIOCIEIOBATEILHOCTH, YMETh
HaXOAUTh CyMMY OCCKOHEYHO YOBIBAIOIIEH TreOMETPUUECKON MTPOTPECCHH.

27) IlpuMeHsITh METO/I MaTEMaTUYECKON MHAYKIIUU MPU PEIICHUHU 3a]1a4.

28) [loka3pIBaTh TEOPEMY CUHYCOB U TEOPEMY KOCHUHYCOB, IPUMEHSATh UX IS
HaXO0XJICHUS Pa3JIUYHBIX 3JIEMEHTOB TPEYTrOJIbHUKA («PEIICHUE TPEYrOJIbHUKOBY),
IpU PEUICHUHU TeOMETPUYECKHX 3ajay. [[puMeHsTh MONydYeHHbIE 3HAHUS MPU
pEelIEeHNU MPAKTUYECKUX 3a/1a4.

29) IlpumeHATh, TPUTOHOMETPUIO B 3ajJadyaX Ha HAXOXJCHHUE IUIOIIAIH,
BBIBOJUTh M BIAJETh TPUTOHOMETPUYECKMMHU (opMynamMu s [UIOHIadu
TPEYroJibHUKA, MapajiejorpaMma, pomoOa, Tpamneluu, BBIBOJUTH W TPUMEHSTH
dbopmyny ['epoHa u popMyIty IS TUIOMIAIN BBEITYKJIOTO YETHIPEXYTOJIbHHUKA.

30) Nmeth mnpeacTaBieHHE O TOMOTETUH, MNPUMEHATH B MPAKTHUYECKUX
CUTyalusX.

31) Ucnonb3oBaTh Teopembl UeBbl 1 MeHemnas npu pereHuu 3a1ay.



32) Ucnonb3oBaTh TEOPEMBbI O BOHMCAHHBIX YIUIaX, YIJIaX MEXIY XOpJaMu
(CexyluMHM) U yrie MeX1y KacaTeabHON U XOpJ0i NpU PEIICHUH T€OMETPUUECKHUX
3anay. Jloka3piBaTh M NPUMEHSTH TEOPEMBI O MPOU3BENECHHHM OTPE3KOB XOpH, O
MPOU3BEACHUHN OTPE3KOB CEKYIIMX, O KBAJpaTe KacaTEIbHOM!.

33) BnageTs moHATHEM KOOPAMHAT HA IUIOCKOCTH, paboTaTh C ypaBHEHUEM
npsMOM Ha TMJIOCKOCTH. BrageTs NOHATHSAMU YIJIOBOro KosdduimeHta wu
CBOOOJHOr0O 4i€Ha, MOHUMAaTh HMX TEOMETPUYECKUH CMBICI U CBA3b YIJIOBOIO
ko3 duireHTa ¢ BO3pACTaHMEM M YOBIBAHHUEM JMHEHHON (QYyHKUUU. YMETh
pemarb METOJOM KOOpJAMHAT 3aJaud, CBSI3aHHBIE C TapajuIeNIbHOCTBIO U
NEPIEHIUKYISPHOCTBIO MPSAMBIX, MEPECEYCHUEM NPSIMbIX, HaX0XJICHUEM TOYEK
NEPECEUYEHUSI.

34) BpiBoaUTh U BIAJIETh YpaBHEHUEM OKPYKHOCTH. Mcmosib30BaTh METON
KOOpJMHAT JUIsl HaXOXACHHUS IepeceyeHUud OKPYKHOCTEeH M NpsMbIx. BraaeTsb
dopMynamMu paccTOSHUS OT TOYKH 0 MPSMOM, IUIOMIAAM MapajuieorpaMma B
KOOpJIMHATaX, UMETh MOHATHE 00 OpHUeHTHpOBaHHOW momanu. Iloap3oBaTbes
METOJIOM  KOOpAMHAT Ha IUIOCKOCTH, TMPUMEHATh €ro MpH  PEHICHUH
F€OMETPUUYECKUX M TMpaKTUUYeCKuX 3aaad. [IpumeHsTh MeTOA KOOpAHHAT B
PaKTUKO-OPUEHTHPOBAHHBIX TEOMETPUUECKUX 3a/1aUax.

35) Brnagets MOHATHEM BEKTOpA. YMETh CKJIAAbIBATh U BBIYUTATH BEKTOPHI,
YMHOaTh Ha YHWCJIO, BIaJAETh NpaBWJIAMH TPEYroJIbHUKA M NapajuieJorpaMmma.
Branerp nmpakTUYECKMMU HMHTEPIPETALMSIMUA BEKTOPOB. Y BEPEHHO IOJIb30BATHCS
KOOpIMHATaMU BEKTOpa. Biianerp CIOKEHHMEM U BBIYUTAHHEM BEKTOPOB,
YMHO>KEHHEM BEKTOpa Ha YMCJIO B KoopauHatax. IMeTh mpejacTaBienue o Oas3uce
(1a miockocTH). PacknaapiBaTh BEKTOPHI 10 0a3ucy. PackinaapiBaTh BEKTOPHI CUIT C
NOMOIIBIO MPOEUUPOBAHUS U TPUTOHOMETPUUECKUX COOTHOLIEHUM. [IprmeHATH
MOJIYYE€HHBIE 3HAHUS B MPOCTEHINX (HU3MIECKUX 3a7adax.

36) BnageTe NOHATHEM CKaJSIPHOTO IMPOU3BEICHUS BEKTOPOB, IOHUMATh €TI0
IF€OMETPUYECKUI CMBICII M YBEPEHHO I0Jb30BAaThCA €ro BBIPAXKEHHEM B
JNEKApTOBBIX KOOpPJMHATAX. 3HATh AUCTPHUOYTUBHOCTH CKAJSIPHOTO MPOU3BEICHUS
U €ro CBs3b C NpoeuupoBaHueM. [IpuMeHsATh CKasIpHOE NPOU3BEAEHUE BEKTOPOB
JUIST HAXOXKJACHUSl JUIMH W YIIOB. Pemiath reomMeTpuyeckue 3aadyd C MOMOUIBIO
CKaJIIpHOTO Ipou3BeAeHus. VCrob30BaTh CKAISIPHOE MPOU3BEIACHHUE BEKTOPOB B
anredpandecknx U GU3NIECKUX 3a71a9ax.

37) Bnagerp NOHATHSMU  MPAaBUJIBHOTO  MHOTOYTOJIbHUKA,  JIJTUHBI
OKPY)KHOCTH, JUJIMHBI JIyTM OKPYKHOCTH M PaJUaHHON MeEpbl yIJa, BBIUUCIATH
wiomaas kKpyra u ero 4acted. Ilonumare cmbicn yucia 7. [IpumeHsaTs
MOJIyYEHHbIE YMEHHSI MPU PEIICHUH MPAKTUYECKUX 3a7ad. 3HATh HCTOPUUYECKHUE
CBEJIeHUS 00 U3MEPEHUH IJTMHBI OKPY>KHOCTHU U IUIOLIaAN Kpyra.



38) Nmerh mpencraBlieHUE O MPeoOpPa3OBaHUM IUIOCKOCTH, O JIBHXKCHUSIX.
HaxoauTe ocu, UEHTphl CUMMETpUM (QUTYp, LEHTPbl I[OBOPOTA, HAXOAUTH
KOMIIO3ULIMKM MPOCTeHIINX mnpeoOpa3oBaHuil. [IpuMEHATh NBHXKEHUS MIIOCKOCTH
MIPU PELICHUU T€OMETPUUECKHUX 3aau.

39) IlpuMeHATH TMONYYEHHBIE 3HAHUS HA MPAKTUKE — CTPOUTH
MaTeMaTUYecKue MOJENU I 3aJad pealbHOM IKU3HM U TPOBOAMTH
COOTBETCTBYIOILME BHIYUCIICHUS C MPUMEHEHHEM MOJ00MSI U TPUTOHOMETPUUYECKUX
GyHKIUH (OJB3YACH, TI€ HEOOXOUMO, KAIbKYJIATOPOM).



TEMATHUYECKOE IINIAHUPOBAHUE

9 KITIACC
DJIeKTPOHHbIE
Ne HaumeHoBaHue pa3iaeioB u KouunyecTBo OcHoBHOE OcHOBHBIE BU/BI (undgposbie)
n/n TeM IPOrpaMmbl 4acoB coaepxaHue NAeATeTbHOCTH o0pa3oBaTe/bHbIE
pecypchl
Pemenne ypaBHeHu ¢
apameTpoM CamocTosiTenpHOe
anredpandeckum OTKpPBITHE: pELICHUE
METOJOM. YPaBHEHUH C TapaMETPOM.
I'padmueckuit meton IIpakTHKyMBI ITO PELICHUIO
peuieHust ypaBHEHHI C 3a/1a4: OT MPOCTOTO K
napameTpoM CJIIO’)KHOMY — JPOOHO-
I'paduueckast palyoHaNIbHbIC YDABHEHUS
MHTEPIIPETALNS 1 HEPAaBEHCTBA C
YpaBHEHMS U HEPABEHCTBA C 3 pelIeHNs YpaBHEHHUS C IIapaMeTPOM.
apaMmeTpoM IByMs epeMeHHbIMU U | MccnenoBaTenbekue
CHUCTEM YPaBHEHHH C paloThI: perieHue 3a1a4 ¢
JBYMsI IEPEMEHHBIMH. napaMeTpamu —
HccnenoBanue cucreM aIreOpanyeckuM MeToI0M;
HEJIMHEWHBIX rpau4eckuM MEeTo0M (B
YPaBHEHUH C TOM YHUCIIE C
napaMeTrpoM. Penienre | mcnoJsip30BaHuEM
HEPABEHCTB C JBYMs «MaTeMaTU4ECKUX
NIEPEMEHHBIMU U UX MIaKETOBY)
CUCTEM
PellIeHHE TPeyroTbHHIKOB 3 Dopmyibl IIpakTUKyMBI 11O PELICHUIO

IMPUBCACHUS. Pemenne

3ama4. MaTtemaTudeckoe




IPAKTUYECKUX 3a/a4 C COPEBHOBAHUE — PELLIEHUE
UCIIO0JIb-30BaHUEM reOMETPUIECKUX/TIPAKTHKO-
TEOPEMBbI KOCUHYCOB U OpPUEHTHPOBAHHBIX 337a4
TEOPEMBI CUHYCOB. pa3HBIMU METO/IaMHU
®opmyina ['epona.
dopmyiia MIOMAIN
BBIITYKJIOTO
YeThIPEXyroJIbHUKA.
CooTHOIIEHUS MEXIY
TPUTOHOMETPHUYECKIMH
GYHKIMSIMH.
[Ipocreiimme GopmyIb
NIPUBEJICHUS U3 T€O-
METPUIECKUX
cooOpakeHUH.
Penrenue 3agad ¢
UCII0JIb30BaHUEM
TEOpPEM KOCHUHYCOB U
CHHYCOB, HaXOECHUE
pajauyca ONuCcCaHHOM

OKPY>KHOCTH

Crernens ¢

palMOHAIbHBIM

MOKa3aTelIeM. [IpakTuKyM 1O peHICHUIO

Onpenenenue KOpHA n- | 3ajiad: OT MPOCTOTO K
AnrebpandecKue BhIPaKESHH 5 1 CTETEHU U CTETICHU C CJII0KHOMY.

panuoHaIbHBIM Marematruueckoe

MOKa3aTesIeM. COPEBHOBAHUE

IIpumeHenue

oncpannun U3BJICHCHUSA




KOpHs N-1 CTEIIECHH,
UCIIOJB3Ysl MpU
HEO0OXOIUMOCTH
KaJIbKYJISITOP.
Brruncnenue 3HaueHust
CTEIIEHU C pauuo-
HaJbHBIM TIOKa3aTeJIeM.
OrneHka 3HaYeHU
KOpHS N-U CTEIEHH,
3HAYEHUE CTENECHHU C
panroHaIbHBIM TIOKa-
3aTeJIEM LIeJIBIMU
YUCIaMU U
JECATUIHBIMHU
npo0sivu. CpaBHEHUE U
YHOPSAI0YMBaHUE
panro-HalbHBIX U
VPPALMOHATIBHBIX
YHCell, 3alIMCAaHHbIX C
MIOMOILIBIO KOPHS N-U
CTEIEHH, CTEIIEHU C
panMoHaIbHBIM
MOKa3aTeJIEeM.
Brimonnenue
TOK/1€CTBEHHBIX
npeoOpaso-BaHUM
BBIPAKCHUH,
coJiepKaliux KOpeHb
n-il CTeNeH!, CTENEHb C
panoHaIbHBIM




IIOKa3aTcCjiICM

OTpe3ku B OKPYKHOCTH

Teopemsl 0
IIPOU3BENECHUN
OTPE3KOB XOp/,
TEOPEMBI O
IIPOU3BEIECHUN
OTPE3KOB CEKYIIHNX,
TEeopeMa O KBajpare
KacaTeJIbHOW, TEOPEMBI
UYessl 1 Menenas.
UccnenoBanue, B TOM
YHClie C TOMOIIbIO
U(POBBIX PECYPCOB,
M3y4aeMbIX KOH(pUry-
pauuii. [Ipumenenue
JAHHBIX TEOPEM ITPH
pelIeHuH
FEOMETPUYECKHUX
3a1a4. 3HAKOMCTBO C
MOHATHEM FOMOTETHH,
C €r0 IIPUMEHEHUEM, B
TOM YHCIIE B
IIPAKTUYECKUX
CUTYyalUsAX

CaMOCTOSTEIIFHOE
OTKpBITHE (B TOM YHUCIIE C
HCIO0Ib30BaHUEM
«MaTeMaTHYSCKUX
naketoB»): Teopembl UeBbl
u Menenas. [Ipaktukym no
pEIICHUIO 3a/1a4.
IIpakTrky™m o
MOCTPOCHUIO
NUHAMHYECKUX MOJENEH C
MTOMOIIIHIO TTPOTPAMMHBIX
CpEJCTB.
UccnenoBatenbckas paborta
C TIOMOIIIBIO TTPOTPAMMHBIX
CPEJICTB: TOMOTETHS U €€
CBOMCTBA

OyHKIMU

[Honstue «pyHKUUDN.
IIpuMeHneHnue cBOWCTB
byHKIMI: HyTH
(GYHKIUH, TPOMEKYTKH
3HAKOIIOCTOSIHCTBA

HccnenoBatenbckas padoTta
(B TOM ymcIE C
HCIOJIb30BaHNEM
«MaTeMaTUYEeCKHX
nakeToB»): [loBenenue




(GYHKITUH, TPOMEXKYTKH
BO3pACTaHUS U
yObIBaHUs (YyHKIINH,
YEeTHBIC U HEYECTHBIC
byHKIIMN, HanboIbIICE
¥ HaMEHbIIIee
3HaueHusl GyHKIUU
NIPY PELICHNN 3a/1a4.
[Toctpoenue rpadukos
(GYHKIMH ¢ TOMOIIBIO
npeoOpa3oBaHuil BUJA:
f(x) —f(x) + a; f(x) —
f(x + a); f(x) — kf(x),
f(x) —=f(| x |), f(x) — |
f(x) |. Pacmo3naBanue
CTENEHHBIX (PYHKIIMI 1
HOCTPOEHHUE ICKH30B
rpaMKOB CTETICHHBIX
byHKIUH ¢
HaTypaJbHbIMU
HoKa3aTess MU pa3Hoi
YETHOCTH.
Hcnons3zoBanue
CBOMCTB rpadukoB
CTETIEHHBIX (PYHKIMI ¢
HaTypaJlbHbIMU
HoKa3aTessIMH MpH
pelLIeHUH 3a/au.
[Toctpoenue rpapukos

Gysxunit y = \x, y =

¢bynkun u ee rpaduka B
3aBHCHUMOCTH OT
napamerpa. [IpakTukymsl
IO PEIICHHIO 331a4:
NOCTpOeHHE TpaduKOB
dymKImit y=\x , y = Vx, y
=| X |; ¢ moMoIIbO
npeoOpa3oBaHuil 1
IpOBEpKa ¢
HCTI0JIb30BAHUEM
IPOTPAaMMHBIX CPEJICTB




%/x,y:|x|

[TapamnensHOCTH U
NEePIEeHIUKYISIPHOCTD
OpsIMBIX (Yepes

YTJIOBOM

K03 dunmeHT).

Haxoxnenue CamMmocTosTenbLHOE

nepeceueHmi OTKPBITHE: KaK PEIINTh

OKpPY)KHOCTEH H F€OMETPUUECKYIO 3aj1auy C

IPSIMBIX B TIOMOIIIBIO amrapara

KOOpJMHATaX. anredps1?

dopmyna pacCTOSTHUSA HccnenoBatenbckas padbora

OT TOYKH JI0 MPSIMOU. (B TOM 4MmcCIE C

IInomans HCIOJIL30BAaHUEM

napasuiesiorpaMma B «MaTeMaTU4YeCKUX
BexTopsl. MeTox koopauHat 5

KOOpJMHATAX, MIOHSATUE | MAKETOB»): PEIlICHUE

00 OpUEHTUPOBAHHOU MPaKTHUKO-

TUTOLIA/IH. OpPUEHTUPOBAHHOM

[Tpumenenue metoa reOMEeTpPU "4eCKOM 3a/1auu

KOOpJMHAT B METOJIOM KOOPAHUHAT.

MPAKTHKO- Maremartuyeckoe

OPUEHTUPOBAHHBIX COpPEBHOBAHUE — PEILICHUE

FEOMETPUYECKUX FEOMETPUYECKUX 33124

3aJ1a4ax, UCCIEIOBAHUE | Pa3HBIMU METOIAMHU
NPUIOKEHHS METOJ1a
KOOp/IMHAT B
BBIUMCIINTEIILHON
MaTeMaTHKe U
uHpOpMaTUKe




[IpaBuIBHBIE MHOTOYT OJTBHUKH.
OKpyXHOCTb U
MHOTOYTOJIbHUKU

[IpaBuiibHBIE
MHOTOYTOJIbHUKH,
BBIYMCJICHUE UX
3JIEMCHTOB
Brruncienue
MEPUMETPOB U
IUIOMIAAEH CIOKHBIX

CamocTosiTenpHOE
OTKPBITHE: KaK HAWTH
MEepUMETP U TUIOIIAIb
CJIOKHOU (purypsI?
[IpakTHKyM O peleHuto
3a71a4 NOBBIIEHHON

UucnoBsie MOCIEA0BATEIbHOCTH
U IPOrpeccuu

¢Guryp, BKIIOUAIOLIUX CJI0’KHOCTH
AJIEMEHTHI KpyTra
Ornpenenenue BUIO0B
MIOCJIEN0BAaTEILHOCTEN:

Hccnenosarennckas
OTpaHUYCHHAs

paboTa: moBeeHNe
MOCJIEJOBATENIHLHOCT,

MOHO-TOHHO
BO3pacTaromas
(yOmIBaromas)
MOCJIEA0-BaTENLHOCTD.
[IpencraBnenue
OECKOHEYHBIX
MEPUOIUYECKHUX
npoOeii B BUIE
OOBIKHOBEHHBIX.
3HaKOMCTBO C
MIOHSTHEM CXOJIUMOCTHU
MOCJIEAOBATENLHOCTH,
HAXO0X/IEHUE CYMMBI
OCCKOHEYHO
yObIBaromie
reOMETPUYECKOH
MPOTPECCHUHU.

OCJIEN0BATEILHOCTEN — OT
THIOTE3BI 10 JTOKa-
3aTenbeTBa. JUcKyccus Ha
OCHOBE pPEIICHHUS 3a/1a4:
sBisieTcs mu MMU
YHUBEPCATbHBIM?
CamocTosTEeIRHOS
oTKpbiTHEe: MMU — MeTo
JI0Ka3aTelIbCTBA: CyMMa
YJICHOB ITOCJIEN0-
BarenbHOCTH. [IpakTuKym
10 PEIICHUIO 3a/a4:
JI0KA3aTeIbCTBO
HEPaBEHCTB U
JI0Ka3aTelIbCTBO JCIMMOCTH
MMMU




[Ipumenenne merona
MaTeMaTHYEeCKOM
WHIYKITUU

JIBMKEHUS MIOCKOCTH

LlenTpanbHas
CUMMETpPHSL.
LenTpanbHo-
CUMMETPUYHBIC
¢urypsl. [loBopor.
OceBasi cuMMeTpHsL.
@urypsl,
CUMMETPUYHBIC
OTHOCHUTEIILHO
HEKOTOPOM OCH.
[TapannenbHbIA
nepenoc. [lousitue
JBUYKEHHUSI U €T0
cBoiicTBa. PaBeHCTBO
¢buryp. [IpossieHus
CUMMETPUH B IIPUPOJIE,
JKUBOIINCH,
CKYJIBITYpE,
apXUTEKTYpeE.
Kommnosumnu
IBIDKEHUN
(mpocretimue
PUMEDPBI).
[IpumeHenue B
peleHnn
FEOMETPHUUECKHX 3a/1a4

UccnenoBatenbckas paborta
(B TOM 4mcCIE C
HCII0JIb30BaHNEM
MIPOTPaMMHBIX CPEJICTB):
KOMITO3UIUS IBHKEHUH.
CamocrosTensHOE
OTKpBITHE: (OPMYIUPOBKA
BBIBOJIOB O CBOMCTBaX
KOMITO3UIINN TBIKCHUH.
[Tpoekt: npeoOpa3oBaHus
(IBM>KEHUS) B UCKYCCTBE




[ToBTOpEHue, 060061ICHNE,

Pemenne 3amay,
WJUTIOCTPUP YIOLLUX
CBsI3U Me)KIly

[Ipoexr: «IIpeoOpazoBanus
B UCKYCCTBE U
apxutekrype» Mrorosas

10 3 Pa3IU4YHBIMU TEMaMHU
cUCTeMaTH3aLus KOH(EepEHIIHS:
Kypca IloBTopenue,
«MaremaTuka — 310
00o01Ienue,
KPacuBO»
cUcTeMaTH3alus Kypca
OBILIEE KOJIMYECTBO YACOB 34

1O ITPOI'PAMME







IHOYPOYHOE IIVIAHUPOBAHHUE
9 KITIACC

Ne
n/n

Tema ypoka

KoaunuecTBo 4acoB

KoHTpoJbHbIE

Bcero
padoTbI

IIpakTHYyeckue
padoTsI

[arta
nposeaeHuA

9a

[ata
nposeneHuA

96

DJIeKTPOHHbIE
uudposbie
o0pa3oBaTe/ibHbIE

pecypchbl

Kopens n-i1 crenenu.
CpoiicTBa KOpHS n-i cTeneHn

03.09.2026

01.09.2026

CreneHp ¢ panMoHaIbHBIM
OKazaTeJieM U €€ CBOMCTBA

10.09.2026

08.09.2026

OueHka 3HaYE€HU KOPHS N-i
CTENCHH, 3HAUCHHE CTEIICHHU C
palMoHaIbHBIM TIOKa3aTesieM
LIETBIMA YHCIIAMHA H
JECATUIHBIMH APOOSIMU

17.09.2026

15.09.2026

CpaBHeHue U
yIOpSAOYNBaHUE
palOHaTIbHBIX U
UppalMOHAJIbHBIX YHCEN,
3aMMCaHHBIX C TIOMOIIBIO
KOPHS N-¥ CTENEHH, CTETIeHU
C palMOHAILHBIM
roKasaresjemM

24.09.2026

22.09.2026

®opMynbl IPUBEICHUS

01.10.2026

29.09.2026

Pemenue TpeyroibHUKOB.
Teopema KOCUHYCOB

08.10.2026

06.10.2026




Pemrenne npakrnueckux
3a/1a4 C UCIOJIb30BAHUEM
TEOPEMBI KOCHHYCOB U
TEOPEMBI CHHYCOB

15.10.2026

13.10.2026

®opmyina ['epona

22.10.2026

20.10.2026

®opmyiia IIOAIn
BBIITYKJIOTO
YeTBIPEXYrOJIbHUKA

05.11.2026

10.11.2026

10

ToxmecTBEHHEBIE
npeoOpa3oBaHus BRIPAKEHUH,
coZepKalux KOpeHb n-il
CTENECHHU

12.11.2026

17.11.2026

11

ToXnecTBEHHBIE
npeoOpa3oBaHus BRIPAKESHUH,
COJIepIKalIUX CTETEeHb C
paloHaIbHBIM [TOKa3aTeleM

19.11.2026

24.11.2026

12

Kopens n-if crenenu.
Crenens ¢ paluoHaIbLHBIM
nokasaresnem. [Ipoekt

26.11.2026

01.12.2026

13

Pemenue ypaBHeHuii ¢
napameTpom anredpanuecKum
METOJIOM

03.12.2026

08.12.2026

14

I'paduyeckuii meton
pelIeHus ypaBHEHUH ¢
rnapaMeTpom

10.12.2026

15.12.2026

15

CucremMbl HEMMHEHHBIX
ypaBHeHI/Iﬁ C IMapamMecTpoM

17.12.2026

22.12.2026




16

[Toctpoenue rpapukos
CJIOKHBIX YPaBHEHUN
(OKpy)HOCTB, Tapadosia)

24.12.2026

29.12.2026

17

Marematnueckoe
COPEBHOBAHUE: YPaBHECHUS U
HEpPaBEHCTBA

14.01.2027

12.01.2027

18

Teopema o mpou3BeaeHUN
OTPE3KOB XOP/I, CEKYLIEH U
KacaTeJIbHOU

21.01.2027

19.01.2027

19

Teopema Uesbl

(popmynupoBka,
JI0Ka3aTeNbCTBO)

28.01.2027

26.01.2027

20

Teopema Menenas

(bopmynupoBKa,
JI0Ka3aTeJIbCTBO)

04.02.2027

02.02.2027

21

[Tpumenenne Teopem UeBsl u
MeHenas K peieHuo
TreOMETPUUECKUX 3a/1a4

11.02.2027

09.02.2027

22

[TpumMeHeHHEe BEKTOPOB B
(u3uKe, HEHTp Macc

18.02.2027

16.02.2027

23

[Tonsarue o 6a3uce (Ha
IUIOCKOCTH). Paznoxenus
BEKTOPOB 110 0a3ucy

20.02.2027

20.02.2027

24

CKaJ'ISIpHOC IIPpOU3BCIACHUC
BCKTOPOB, FCOMeTpI/I‘-IeCKI/Iﬁ
CMBICJI U BBIPAKCHHUC B
ACKAPTOBBIX KOOPpAUHATAX

25.02.2027

02.03.2027

25

JucTpuOyTHBHOCTh

04.03.2027

09.03.2027




CKaJIIPpHOTO ITPOU3BCACHUA

26 CkansipHo€ Mpou3BEJICHUE U 1 11.03.2027 16.03.2027
MIPOEIMPOBAHIE
Pemenue reomerpuyeckux 18.03.2027 | 23.03.2027
27 3a/1a4 C [MOMOIIBIO 1
CKaJIIPHOTO MIPOU3BEICHUS
73 HccnenoBanue KBaipaTUYHOM 1 25.03.2027 | 06.04.2027
byHKIMN
79 [TocTpoenwne mapaboJibl IO | 08.04.2027 | 13.04.2027
TpEM TOYKaM U TIO BEpIITHHE
30 [IpeobOpazoBanust mapabobI 1 15.04.2027 | 20.04.2027
(cnBur, cxxatue/pacTsKeHHe)
[IpeobpazoBanus rpaduxoB 22.04.2027 | 27.04.2027
31 ¢byakuum (caBur, 1
cKaTHe/pacTsHKCHUE)
1 [Tpoexrt: «IIpeoOpazoBanus B | 29.04.2027 | 18.05.2027
HCKYCCTBE U apXUTEKTYpPE»
[Ipoexkrt: «IIpeoOpa3zoBanus B 06.05.2027 | 25.05.2027
33 HUCKYCCTBE U apXUTEKTYpPE». 1
3amura
Hrorosas koHdepeHus: 13.05.2027 | 01.09.2026
34 «Maremaruka — 310 1
KpacHuBO»
35 [ToBTOpenue. O6001ICHNE 1 20.05.2027 | 08.09.2026
OBILIEE KOJIMYECTBO YACOB 34

11O MPOT'PAMME










AOKYMEHT NOANUCAH
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