MUHUCTEPCTBO NIPOCBEINIEHUA POCCUICKOM ®EJIEPAIIIN

MyHunumnagpHOe O0KeTHOE 0011e00pa30oBaTeIbHOE YIPEKICHNE
ropoga HoBocubupcka
«Cpennss obuieodpazoBarenbHas mkosa Ne 189y

PABOYAA ITPOI PAMMA
KYPCA BHEYPOUHOU JESATEJIBHOCTU

«TpynHbie BOOIPOCHI MATEMATHUKH

(YpoBeHb OCHOBHOI'0 00111er0 00pa3oBaHus)

O KJ1acChI

SABJISICTCS YaCcThiO coep kaTesbHoro pasjaena OOITI OO0



HOACHUTEJBHASA 3AIIUCKA

OO0mas xapakTepucTUKa Kypca

Hacrosimias pabouast mporpaMmMa Kypca BHEYpOUHOU AesITENbHOCTU « TpyIHbIe
BOIIPOCHI MaTEMaTUKHU. 9 Kjacc» pa3paboTaHa B COOTBETCTBHM C TPEOOBaHUSIMU
denepanbHOTO TOCYJApPCTBEHHOTO O0pa30BaTEIbHOIO CTaHIApPTa OCHOBHOTO
obmiero obpaszoBanus (manee — @I'OC OOO) m HampaBiieHa Ha OPraHU3AIUIO
OOyYeHHSI MaTEeMaTUYECKOMY COJACPIKAaHUIO, BRIXOAAIIEMY 3a paMku DeaepanbHOi
paboueii mporpaMmMbl o yueOHOMY TIpeaMeTy «Marematnkay (6a30BbIi YPOBEHD)
OCHOBHOTO 0011ero oopaszoBanus (nanee — OPII), ¢ yueTroM rcoab30BaHMs BUIOB
JeSATEIbHOCTH 00YYaIOIIUXCsl, OTIIMYHBIX OT YPOUHBIX.

LIpu pazpabomxe Ilpoepammsl yuumwléanuco credyroujue OOKyMeHmbl:

— mucbMO MunucTepceTBa npocsenienust Poccuiickorn deneparuu oT 5 urons
2022 1. Ne TB-1290/03 «O HampaBi€HUUM METOJUYECKUX PEKOMEHJALUW» 10
OpraHu3allid BHEYPOUHOW JESITEIBHOCTH B paMKax peaiu3alid OOHOBJICHHBIX
denepanbHbIX TOCYJAPCTBEHHBIX O0OpPa30BATENIbHBIX CTAHAAPTOB HAYaJIHHOTO
00111eT0 ¥ OCHOBHOTO 00111eT0 00pa30BaHus;

— pacniopspkenue [IpaBurensctBa Poccuiickoit deneparuu ot 19 Hos0ps 2024
r. Ne 3333-p «OO0 yTBEep)KIECHUU KOMIUIEKCHOTO IUIaHA MEPOIPUATUN 110
MOBBIIIIEHUIO KAYECTBA MAaTEeMaTUYECKOTO U €CTECTBEHHO-HAYyYHOTO 00pa30BaHUS
Ha niepuoa 10 2030 rogax.

AKTYyaJIbHOCTH Kypca

B ycnoBusx peanmmzanu TakoW CTPATETMYECKOW 3aayu, KaK IOCTHKEHUE
TEXHOJIOTUYECKOTO CYBEPEHHUTETA CTPAHBI, TIepe/l MaTEMAaTUHIECKUM 00pa30BaHEM
B UHCII€ TJIABHBIX I[IOCTABJICHBI CIICAYIOIIME LEIU: Pa3BUTUE TBOPUYECKUX U
HCCJIEIOBATENLCKUX CIIOCOOHOCTEN 00ydJaromuxcsi, UX IMOJrOTOBKA B IIpollecce
oOy4eHHsI MaTeMaTHKe K BBIOOpY mpodeccuii, CBSI3aHHBIX C Pa3BUTUEM TOYHBIX H
€CTECTBEHHBIX HAyK M TEXHOJIOTMW. Kak BaXKHBI KOJWYECTBEHHBIN IMOKAa3aTEIb
MOBBIIIIEHUS UHTEPECAa K MATEeMATUKE BBIJICIISIETCSI POCT KOJUYECTBA BBIITYCKHUKOB,
BBIOMPAIOIINX HA TOCYAAPCTBEHHOU UTOTOBOM aTTeCTAIlMU YK3aMEH 110 MaTEMaTUKE
Ha TPO(HIILHOM ypOBHE.

OcBoenue mpemnaraemoit IlporpamMmsl  crOCOOCTBYET TMOBBIINICHHIO Yy
OOy4JaromMXcss YpOBHS MOTHBAllMU K W3YYCHHUIO MATEMaTHUKH, K MPOOJDKEHUIO
u3ydenus matematuk B 10—11 kimaccax Ha yriyOJeHHOM ypOBHE U OPHUEHTHUPYET
Ha BBIOOp €IMHOTO TOCYAapCTBEHHOIO HSK3aMEHa IO MaTeMaThkKe MpOo(PUILHOTO
ypoBHsi. Kpome Ttoro, ocBoenue mpemiaraemoro B Ilporpamme coaepkaHus
MO3BOJISIET PACITUPUTH KPYT PEIIaeMbIX MAaTEMAaTHUECKUX 3a/a4 3a CUET BKIIFOUCHUS
POOJIEMHBIX, HECTAHIAPTHBIX 33/1a4, 33]1a4 MPUKIIATHOTO XapaKTepa, BHITIOTHEHUS
UCCJIEIOBATENLCKUX PA0OT, B TOM YHCIE C MEXKIIPEAMETHBIM COJECPKAHUEM,



HN3Yy4YCHUS OOIMOJHHUTCIIbHBIX BOIIPOCOB KaK TCOPECTUUCCKOI'O, TaAK U IMMPAKTUICCKOI'O

XapakTepa.
[IpenycMoTpennbie [IporpaMMoi BUJIbI ACSITENbHOCTH — WUHIMBUJIYAIbHAS U
rpynmnoBasi IPOEKTHas M MCCIeNoBaTeNbCcKas JeSTEIbHOCTh — CIHOCOOCTBYIOT

Pa3BUTHIO TO3HABATEIBHBIX, PETYIATUBHBIX H KOMMYHUKATHBHBIX YMEHUU
oOyuatomuxcsa. I[lporpaMma COOTBETCTBYeT UJeE paCIIUPEHHS MPHUKIAIHOM
HANpPaBJIEHHOCTH Kypca MaTeMaTHKW Ha YPOBHE OCHOBHOTO OOIIETro 0O0pa30BaHUs.
Peanuzammst Kypca CcmocoOCTBYeT BBISBICHUIO TaJaHTIUBBIX W OJIaPEHHBIX
0Oy4Jaronuxcs, MoAAePKKE X TATAHTOB U PA3BUTUIO CLIOCOOHOCTEH.

B GonpmMHCTBE TEM Kypca MpeAnosaraeTcs BhIOJHEHNE UCCIIEI0BATEIbCKUX
pabor. YdueOHOe wHcCclieJoBaHME MO MareMaThke B 9 Kiaccax MpearnosaracT
MOJTy4eHUe CyObeKTHBHO HOBOTO I 00y4aroIerocs pe3yabTaTa U HalpaBlIeHO Ha
dbopMHpOBaHUE UCCIIEAOBATEILCKIX YMEHUH: BBIICIICHAE TTPOOICMBbI, OpTaHU3AIIHSI
¥ aHAJIN3 JaHHBIX, BBIIBIDKCHHUE TUITOTE3bI, POBEPKA THUIOTE3bI, (HOPMYITUPOBAHHE
BBEIBOJIOB M TIPEACTABICHUE PE3yJbTaTOB Ha TPAMOTHOM MAaTeMaTHYECKOM S3BIKE.
[Iporpamma moskeT ObITH BOCTpeOOBaHa 00YUAIOIIMMUCS, KOTOPhIE UMEIOT MHTEPEC
K M3YYCHHIO MAaTeMATHUKHU, TOTOBATCA K YYaCTHIO B OJIMMITUAJIAX IIKOJIHHUKOB IO
MaTeMaTHKe U yIriyOJIeHHOMY U3YYEHUIO0 MAaTEMAaTUKH HA YPOBHE CPETHEr0 00IIEro
oOpa3zoBaHus.

Heab u 3aga4yu Kypca

Peanuzanus BHEYpOUHON NEATEIBHOCTH SBISIETCS HEOTHEMIIEMOUW YaCThIO
oOpa3oBaTeapLHOrO Mpollecca, obOecredruBasi B TOM YHUCJIE BO3MOXHOCTh
dbopmupoBaHus 00pa30BaTEIbHBIX MPOTPAMM PA3JIMYHOTO YPOBHS CIIONKHOCTH H
HAIPaBJICHHOCTH C Y4e€TOM OOpa30BaTeIbHBIX MOTPEOHOCTEN M CIOCOOHOCTEMN
0Oy4JaroIIMXcs, BKIIOYask OJIApEHHBIX JACTEH.

[leas Ilporpammbl — oOecneyuTh HWHIUBHUIyAIbHBIE TMOTPEOHOCTH
OOyJaroIuXcss B W3YYCHHHM COACPKAHUS MATEMATHKH, BBIXOAIICTO 3a PaMKH
porpamMmbl 0a30BOTO YPOBHS.

3agaum Kypca:

1. TloBblllieHUE YpPOBHS MaTEMaTHYECKON TOJATOTOBKH OOyYaroniuxcs,
pa3BUTHE YCTOMYMBOTO HHTEpEca K ydeOHOMY mpenMeTy «MartemaTrkay.

2. Pa3zBuTHe TBOpYECKHUX CITOCOOHOCTEH, MPOCTPAHCTBEHHOTO BOOOpaKEHUS,
TEOPETUYECKOTO MBINIICHUS U MAaTeMaTHUYEeCKOW WHTYHIIMH, YMEHUN pacCyXIaTh
JIOTUYECKH U aHAJTU3UPOBATH CUTYAIIHH.

3. YrinyOnenue u 3aKperuieHre 0a30BbIX 3HaHUH, HOPMUPOBAHNE YCTOMYUBBIX
HAaBBIKOB PEIICHUS HECTAaHJAPTHBIX W  OJIMMIIMAJHBIX 3a7ad, OCBOCHHE
HECTaHJAPTHHIX IMOIX0I0B U OPUTHHAIBHBIX PEIICHUH.



4. O3HakoMJIEHME C JIONOJHHUTEIbHBIMU  pa3JelaMd  MaTeMaTUKH,
BBIXO/SIILIMMU 32 paMKH 0a30BOT0 Kypca.

5. BocnMtanue caMOCTOSITEIbHOCTH, HACTOMYMBOCTU M OPTaHU30BAaHHOCTU B
XOJI€ PEIICHHUS CIOKHBIX 3a/1a4.

6. Pa3BuTHEe HaBBIKOB KOMAaHJHON padOThI, APYKECKOIO COINEPHUYECTBA H
3I0pOBOM KOHKYPEHIIMHU CPEIA CBEPCTHUKOB.

7. TlogrotoBka OOy4YalOIIUXCS K YYaCTHUIO B IIKOJIbHBIX, PallOHHBIX,
TOPOJICKMX, PETHOHAIbHBIX, BCEPOCCHUICKHX OJIMMIOMAAAX, KOHKypcax U
COPEBHOBAHMSIX 110 MaTEMaTHKE.

8. lloBbllleHHE ypOBHSA TIPAaMOTHOCTM B  OOJIACTH  MCIIOJIb30BAHMS
«MaTE€MaTUYECKUX I[AaKETOB», OO0ECIEUMBAIOIMX ABTOMATU3aLMIO IPOLIECCOB
MOuCKa, aHanau3a, 0O0pabOTKH, co3daHus, mepenadu, dopmaiu3anuu (B BUJE
CTaTUYECKUX M JHUHAMHYECKUX TpaUKOB, AUArpaMM W MPOYUX BU3YyaJU3ALMM
pE3yNbTATOB aHAIN3a U MATEMAaTUYECKUX 3aKOHOMEPHOCTEN) B Mpouecce yueOHon
NEeSATEIbHOCTH MPU U3YYEHUH MaTEMATHKHU.

9. Pa3BuTHE TBOPYECKUX CIIOCOOHOCTEW, TEOPETHMUYECKOIO MBILIUICHUS Ha
OCHOBE HCIIOJIb30BaHMsI LU(POBBIX UHCTPYMEHTOB (B TOM YHCIIE «MAaTEMaTHUECKUX
[AKETOB») B 00JaCTU MOJEIMPOBAHNS, UMUTALIMU U UHTEPIPETAIMN a0CTPaKTHBIX
MaTEeMaTUYECKUX OOBEKTOB M 00pa30B B BUJE Pa3IMYHBIX BU3yaldu3aluil (B TOM
YHuCle MPOCTPAHCTBEHHBIX O00BEKTOB). Ilporpamma paspaborana ¢ ydeToMm
pekoMmeHaarui denepanbHOi pabouel mporpaMMbl BocniuTaHus. B yactHoCTH, OHA
YUUTBIBAET  TICUXOJOrO-TEJarOTMYeCKue  OCOOEHHOCTH  COOTBETCTBYIOLIEH
BO3pAacTHOM KaTeropuu 00y4daromuxcsl.

Taxkum obpazom, peanuzayus Ilpocpammel coodelicmgyem NOLYYEHUIO
CeOYIOWUX Pe3VIbMAmos:

— JNOCTHKEHNE 00y4aroIUMUCs IUTAHUPYEMBbIX JMYHOCTHBIX,
METaNpeAMETHBIX W NPEAMETHBIX pEe3yJbTaTOB, B T. Y. COOTBETCTBYIOLIUX
yrayOJ€HHOMY YPOBHIO U3YYEHUSI MAaTEMATUKH;

— pa3BUTHUE JIMYHOCTH 00yUaroImUXcs, GOPMUPOBAHUIO U YIOBIETBOPEHHUIO UX
COLIMAJIbHO 3HAYMMBIX UHTEPECOB U MOTPEOHOCTEH;

— camopeanu3anus 0o0yd4arolmMxcs dYepe3 YydacThe BO BHEYpPOUYHOIl
NESATEIbHOCTH.

MecTo Kypca B 00pa3oBaTeJIbHOM Ipouecce

Bo ®I'OC OOO pnsa 06s13aTenbHOr0 OOy4Y€HHUs YTBEPXKIEHBI JIBa YPOBHS
OCBOEHHMSI padOYMX MPOrpamMM [0 MaTeMaTuKe: 0a30BbIi U yriayOJeHHbIN, HaUnHas
c 7 xnacca. ConepkaHue mporpaMmbl 1Mo MareMatuke (yriayOJeHHBbI YpOBEHB)
HAIpaBJIEHO Ha YJAOBJETBOPEHHE TMOBBIIIEHHBIX 3allPOCOB  OOyYarommxcs,
cTpeMsinuxcsa K Oosiee TIyOOKOMY OCBOGHHMIO TMPEAMETHBIX pPE3YJIbTaToB.



[IporpamMmma Kypca BHEYPOUHOU JAEATENLHOCTH « IpyIHBIE BOIIPOCHI MATEMATUKI
HaIlpaBJieHa Ha paclIupeHre 3HaHUN 00yJarolUXCs IO MaTeMaTHKe JIsl KJIACCOB C
00s13aTeNIbHBIM 0a30BBIM YPOBHEM O0YUYEHUSI MaTEMaTHKeE.

TeMarnueckoe MIIaHUPOBAHKE B IPOrpaMMe Kypca BHEYPOUHOM JIEITENBHOCTH
«TpynHpie BONpPOCHI MaTeMaTUKW» COCTAaBIEHO TakK, 4YTO pPacIpeAciieHUe
COJIEpKAaTENIbHBIX  pa3/eioB B HEM CHHXPOHU3UPOBAHO C  00S3aTeIbHOMN
nporpaMmmoii 6a3oBoro ypoBHs. Peanuzanus conepkanus npeanaraercs B popmax,
OTJIMYHBIX OT ypouHbIX. ClleyeT OTMETHUTb, YTO JJTaHHBIA KypC B OCHOBHOM IIKOJIE
BBICTPAMBAECTCA HE TOJBKO HA PACHIMPEHUU MaTEMAaTUYECKOTO COAEp KaHUs
0a30BOr0 ypOBHS, HO U Ha MOBBIIICHUH YPOBHSI CJIOKHOCTH 3a/1a4, MpeJjiaraéMbIx
JUISL PEIICHUSL.

Pabouas mporpamma Kypca BHEYpPOUHOU AESITENbHOCTU « TpyaHbIE BOIPOCHI
MaTeMaTUKW» IpEeAHa3HauYeHa Uil pealn3aluv B 9 Kjacce M HalpaBJICHA Ha
JOCTHXKEHHE OOYYAIOIIMMUCS IUIAHUPYEMBIX pe3ynbTartoB. llocienoBaTenbHOCTD
M3YUYEHHsS] TEM Kypca COBHAAAECT IO BPEMEHM C M3YyYCHHEM Kypca MaTEMAaTHKU
(anreOpsl M TE€OMETPUM) OCHOBHOM IIKOJIBI 0a30BOrO YPOBHS, BCE TEMBI IO
BO3MO>KHOCTH CHHXPOHM3UPOBAHBI C 0a30BBIM KypCOM MAaTE€MaTHKU IO KJIACCAM.
Tembl mo anrebpe M TeOMETPUM YEPENYIOTCS, YTO IO3BOJSIET MaKCHUMAaJbHO
NPUOJIM3UTH UX IO BPEMEHHU U3yYEHHsI K OCBOCHHIO 0a30BOr0 Kypca.

[Tpu peanuzanuu [Iporpammel nepBas 3ajaya y4uTeasi COCTOUT B TOM, UTOOBI
co3gaTb HEOOXOAMMBIE YCIOBUA JJIsI TPUOOPETEHUS M PA3BUTHUS yMEHUH,
CBS3aHHBIX C IIPOBEACHUEM MCCIEAOBAHNUN HA MATEMATUYECKOM CoAepKaHuu. s
perieHus 3Toi 3agaun B [Iporpamme 0603Hau€HO MeCTO U CHOPMYITUPOBAHBI TEMBI
JUISL IPOBEJIEHUS UCCIIEA0BATEIBCKUX PadoOT.

Bropas 3amaua yuurens mno peamusaunu [Iporpammblr  cBA3aHa C
BO3MOYKHOCTBIO CO3/IaTh yCIOBHUA JIJIsi 0OpabOTKH U MpeCcTaBiIeHUsT HHOOpMAIUu
HAYYHOT'O COJEPKaHUsI (B TOM YHUCIIE C UCIIOJIb30BAHUEM LIU(PPOBBIX UHCTPYMEHTOB)
IIPY OPTraHU3aLMHA WHAUBUAYAIBHOU U TPYNIIOBOM ITPOEKTHOM IESTENBHOCTH.

Jns  ycnmemHoOW — peanu3alMu  CLIEHAPUEB  IPOEKTOB  PEKOMEHAYETCS
UCIIOJIb30BaTh IE€PCOHAIbHBIE KOMIIBIOTEPHl C YCTAHOBJIICHHBIMH O(HCHBIMU
IporpaMmMaMu M JOCTYIIOM K ceTy HTepHET (Kak MUHUMYM OJUH KOMITBIOTED IS
KaXXJI0W TPYIIIbI).

®opmbl  1EATENBHOCTH OOYyUYaIOIIUXCsl MpPelyCMaTpUBAIOT aKTHUBHOCTh U
CaMOCTOATENbHOCTh, COYETAIOT WHAMBUAYAJIbHYIO M TpPYNIOBYIO paboTy,
OTIIMYAIOTCS OT YPOUHBIX O0Jiee IHUPOKUM HCIIOIb30BAHUEM UCCIEA0BATEIbCKON U
MIPOEKTHOW  AEATEIbHOCTH, PpEIIEHUEM  HECTAaHJApPTHBIX 3aJdad W Jp.
CTpyKTyprupOBaHUE TEMATHYECKOro IIaHupoBaHus B [Iporpamme cOOTBETCTBYET



TIOPSIIKY U3YYCHHS Pa3/IeOB U TEM aJireOphl U TEOMETPUU B OCHOBHOM IIIKOJIE U TEM
caMbIM 00eCIIeYrBaET MPEEMCTBEHHOCTh YPOUHOI 1 BHEYPOUHOM ACSTEIBHOCTH.
Peanuzanums [Iporpammel mpejrnosiaraeT codyeTaHue pa3iauydHbIX  (opm

rpYOIIOBOM Da6OTI>I (I[I/ICKVCCI/IH; MATCMATHYICCKOC COPCBHOBAHUC, IIPAKTHKYM,

BBI6OD TCMBI ITPOCKTA, IINIAHUPOBAHUC DaGOT, pacnpeieyiCHUe PoJieii, B3aUMOOIICHKA

IIPU BBIIIOJJTHCHHUHM TPVYIIIIOBBLIX ITPOCKTOB H I/ICCJIGI[OBaHPlﬁ) n HHI[HBHHV&HBHOﬁ

Da6OTBI (BBIHOJIHeHI/Ie WHAWBUAYAJIBHOI'O HMCCICAOBAHMA, B TOM YHCJIC C

HCIIOJIB30BaAHHUEM LII/Id)DOBBIX HHCTPYMCHTOB., IPOBCACHUC YCTHOI'O 000CHOBaHMSA

Ipu pCIICHUHM HCCTAHAAPTHLIX 3aJa4, 3aJada4 ITOBBINICHHOI'O YPOBHA CJIOKHOCTH.

IIOCTPOCHUE MATEMAaTUYSCKUX MOJECICH, MX HCCICAOBAHUC, WHTEPIPETALIUS

INOJYYCHHBIX PC3VJILTATOB TIPpHM PCIICHHMHW 3aJda49 C MCKIPCAMCTHBIM H

HNPAKTHYCCKHUM COACPKAHUECM, TIIOHMCK, HMHTCPIIPCTAIINA, HDCO6D33OB21HI/IC )41

IIPUMCHCHUC MaTEMaTHYECKOM I/IHd)ODMaHI/II/I; CaMOCTOATCIIBHOC OTKPBITHEC HOBOI'O

MaremaTudeckoro akra). Mcmonws3oBanue Takux QopMm padoOThl MOMOTraeT

pa3BuUBaTh y OOYYarOIIUXCS, C OJHOM CTOPOHBI, HABBIKU BOCIPHUSTHS HOBOU
uHbOpMallMu TpH pa3IuyHbIX (opMax ee Mojayd, a C JAPYrod CTOPOHBI —
aKTUBHOCTb, CAaMOCTOSATEIBHOCTh U CIOCOOHOCTh K TBOpYecTBY. (cBoeHHE
[TporpaMMbl TOJIKHO JIOTIOJNHATH U Pa3BUBATh 3HAHUS U YMEHHUs OOydarolUXCs B
00J1aCTH MaTEMaTUKH, OPUEHTUPOBATH X HA 00YUEHHUE B CPEHEN LIKOJIE B KJIACCAX,
IpPEeIyCMaTpUBAIOIIUX OCBOCHHME MAaTEMaTUKH Ha YIUIYOJIEHHOM YpOBHE, B
YaCTHOCTH TEXHOJIOTMYECKOr0 MpOoduiIA, a TakKe CrocoOCTBOBATh COLUUATBHOMY
(hOpMHUPOBAHUIO INYHOCTH 00YYaIOIIHUXCS.

[Tporpamma Kypca paccuntaHa Ha 34 yaca IpH [IPOBEICHUY 3aHATHI OJIMH pa3
B Henemo no 1 akagemuueckomy uvacy lLlenecooOpa3HbIM sIBIsieTCSl YepeoBaHUE
TEM 3aHATUH C anreOpanyecKuM U TeOMETPUUECKUM COACPHKAHUEM.

[To ycMOTpeHHIO yUUTENsl HEKOTOPBIE 3aHATHS MOTYT OBbITh MCKIIFOUEHBI WIIH
3amMeHeHbl. PexkoMeHnnyercs BKIHOYMTH B [IporpaMmy permoHanbHbI KOMITOHEHT:
DKCKYpPCUM Ha TMPENNPUATHS, B PETHOHAIBHBIE MY3€H, BY3bl TEXHUYECKOU
HaIpaBJICHHOCTU JJIs TOBBIIMICHUS HMHTEpeca OOydYaromMXCAd K MPAKTUYECKOMY
M3Y4YEHHIO TTPOECCHid, CBA3aHHBIX C MATEMATHKOM.



COJIEP)KAHUE KYPCA BHEYPOUHOM JESATEJHbHOCTH
«TPYJAHBIE BOITPOCBI MATEMATHUKN»

9 KIIACC

YpaBHeHUs U HEPABEHCTBA

bukBaapaTHbie ypaBHEHHS. MeTOAbl PAaBHOCWIBHBIX MPeoOpa30BaHUH,
3aMEHbI IEPEMEHHOM, rpapuIecKoro METoa MpU PeUICHUH ypaBHEHUN 3-i1 u 4-i
CTEeIeHeN. Pelienre HepaBeHCTB, coaepKalux 3Hak Moayis. HepaBeHCTBO ¢ AByms
nepeMeHHbIMH. [IpuMenenue rpaduyeckoro MeToa pemeHus: CUCTEM HEPaBEHCTB
C JByMsl II€pEeMEHHbIMHU. PelieHune ApoOHO-pallMOHAIBHBIX YpPAaBHEHUH U
HepaBeHCTB. [locTpoeHne rpadukoB ypaBHEHMI, B TOM YHUCIIE C UCIOJIb30BAHUEM
mupoBbIX pecypcoB. IIpuBOAUTH TIpadHUUECKyl0 HMHTEPIPETALMIO PEIICHUS
YPaBHEHHUS C IBYMs IIEPEMEHHBIMH U CHCTEM YPAaBHEHHUH C IBYMs IIEPEMEHHBIMH.
HccnmenoBanne CUCTEM HENMHEMHBIX YpPAaBHEHUM C IapaMmeTpoM. Pemenue
HEPABEHCTB C JBYMs IEPEMEHHBIMU U UX CUCTEM.

Hccneoosamenvckue pabomel: pelieHWE 3aJad C  [apaMeTpaMu  —
areOpanvdeckiuM METOA0M; IpauueCKUM METOOM.

Pemienue TpeyroibHUKOB

Teopema CHHYCOB M TeOpeMa KOCHUHYCOB, UX INPUMEHEHHE IIpU PELICHUU
TPEYTOJIbHUKOB 151 PAKTHYECKUX 3a/1a4. CooTHomeHus MEKIY
TpUroHomeTpuueckumu  (QyHkuusmu. Ilpocreiimmme ¢Gopmysnsl  NpUBEIEHUS,
BBIBOJMMBIE U3 TEOMETPUUYECKUX cooOpakeHuil. Haxoxnenue paguyca OnmucaHHON
OKPYXHOCTH. ®opmyna  ['epona. dopMyna  IUIOMIAJA  BBIIYKJIOTO
YEeTBIPEXYTOJIbHUKA.

Ilpakxmukym: pemieHue TEeOMETPUYECKUX U IPAKTUKO-OPUEHTUPOBAHHBIX
3a/1a4 pa3HbIMU METOAAMHU.

AJiredpanyeckue BbIpaKeHUs

Crenenp ¢ paMOHAJIbHBIM [TOKA3aTENIEM.

Onpenenenue KOpHA N-U CTENEHU U CTENEHN C PALMOHAJIBHBIM [TOKA3aTEIIEM.

[IpuMeHeHne onepauuy H3BICYEHUsS KOPHSA N-U CTENEHU, UCIOIb3Ys INpPH
HEOOXOJMMOCTH KaJbKyJATOp. Bbruncienne 3HaueHus CTENEHU C palOHaIbHbIM
nokaszaresieM. OILIEHKa 3HAYE€HWH KOpHSA N-U CTENEHW, 3HAaY€HUE CTENEHU C
palMoHalIbHBIM TIOKa3aTeJeM LEJAbIMA YHCIAMU M JIECATUYHBIMU JAPOOSIMHU.
CpaBHEHHE M YNOPAIOYMBAHUE PALMOHAIBHBIX W HPPALMOHAIBHBIX YHUCEN,
3aIMCAHHBIX C TOMOIIBKD KOpPHA N-U CTENEHH, CTENEHW C PalUuOHAJIbHBIM
nokaszareyieM. BpIMOJHEHUWE TOXKIECTBEHHBIX MPEOOpPA30BAHUIN  BBIPAKEHUI,
COZIEpIKaIllMX KOPEHb N-I CTENEHH, CTENEHD C PALMOHATIBHBIM ITOKA3aTEIIEM.

ITogoOue TpeyroibLHNKOB



TeopeMbl O NPOM3BEACHUM OTPE3KOB XOPJA, TEOPEMBI O MPOU3BEACHHUH
OTPE3KOB CEKYIINX, TEOPEMA O KBaJpaTe KacaTelabHOM, TeopeMbl UeBbl 1 MeHenasi.
HccnenoBanre, B TOM YHCIE€ C MOMONIBIO HHU(PPOBBIX PECYPCOB, H3Y4aEMbIX
KoH(purypauuii. [lpuMeHeHre TaHHBIX TEOpPEM IMPU PEHICHHUH T'€OMETPUUYECKUX
3a/1a4. 3HAKOMCTBO C MOHSTHEM T'OMOTETHH, C €r0 MPUMEHEHUEM, B TOM YHUCIIE B
PaKTUYECKUX CUTYaLHSIX.

HUccnedosamenvckas paboma (C UCIOIBL30BAaHUEM MPOTPAMMHBIX CPEACTB):
TOMOTETHS U €€ CBOWCTBA.

DOyHKIMHA

[Tonarne «dyukius». [IpumeHeHue CBOWCTB (PYHKIMM: HYIH (QYHKINH,
MPOMEKYTKU 3HAKOTIOCTOSIHCTBA (DYHKITUH, MPOMEKYTKH BO3pACTaHUS U YObIBAaHUS
(yHKUIMH, YETHbIE U HEYeTHbIE (YHKLIHUH, HAMOOJbIIEE U HAUMEHbIIEE 3HAYEHUS
Gynkuuu npu pemieHud 3anad. [loctpoenue rpadukoB (QyHKIHMII C TOMOIIBIO
npeooOpaszoBanuii Buaa: f(X) —f(X) + a; f(x) — f(x + a); f(x) — kf(x), f(x) —f(| x |),
f(x) — | f(x) |.

Pacno3naBanue creneHHbIX (YHKUUMH M TIOCTPOEHUE SCKHU30B TIpauKOB
CTENEHHBIX (GYHKUMA C HATypaJbHBIMU TOKa3aTeNIMU pa3HOM YETHOCTH.
Hcnonb3oBanue CBOUCTB TpauKOB CTENEHHBIX (YHKIHMA C HaTypalbHBIMU
TMOKa3aTe sIMK TIPH pelleHnH 3aaad. [loctpoerue rpadukos byHKImiA y= VX , y =
Ix, y=x|

Hccneoosamenvckas paboma: mnoBeaeHue (QyHKIMM U ee rpaduka B
3aBUCUMOCTH OT IIapameTpa.

MeToa KOOpAUHAT

[TapannenbHOCTh W  NEPHEHIUKYJISIPHOCTh MPSIMBIX (Yepe3  yIIIOBOM
Kod(hpurreHT).

Haxoxenue nepecedeHnid OKPYKHOCTEM U TMPSMbIX B KOOpJAWHATaX.
®opMyna paccTossiHAA OT TOYKM 10 mnpsMoi. [lnomans mnapamienorpamma B
KOOpJIMHATaxX, MOHATUE 00 OpUEHTUPOBAHHOW Iuiomiaau. IIpumeHenue merona
KOOpJIMHAaT B  NPAaKTUKO-OPUEHTHUPOBAHHBIX  TI'€OMETPUYECKHUX  3ajadax,
MCCIIEIOBAaHUE TTPUIIOKEHHSI METOJ]a KOOPAUHAT B BHIYMCIUTEIbHON MAaTEMATHUKE U
uHdopmaTHKe.

Hccneoosamenvckas  paboma:  pelleHUE  MPaKTUKO-OPHUEHTUPOBAHHOMN
reOMETPUYECKOM 3aja4l METOOM KOOPAMHAT.

I[IpaBWiIbHbIE MHOTOYTOJIbHUKH. OKPYKHOCTH U MHOTOYTOJIbHUKH

[loHsiTHE TPaBUIBHOTO MHOTOYrojibHUKa. Dopmynbl s BBIYMCICHHS
AJIEMEHTOB MPaBUJIBHBIX MHOTOYT'OJIbHUKOB (CTOpOHA, pPAaJWyC BIHCAaHHOW U
OTMCAHHOW OKPYXHOCTEH). BeIBOA (hopMyIT MITMHBI OKPY>KHOCTH | TIIOMIAIN KPYTa.
JlnuHa nyru OKpY>KHOCTH, paaviaHHas Mepa yria. [lmomaas kpyra u IIiomaib



KPYTOBOTO CEKTOpa. BhruncieHne mepuMeTpoB W ILIOMIANEH CIOXKHBIX (GUTyp,
BKJIFOYAIOIINX JIEMEHTBI KpyTa.

CamocmosimenvHoe omkpbimue. KaK HAUTU MEPUMETP U IUIOWIAIb CIOKHOU
burypsi?

Ilpakmuxym: penieHne 3a1a4 NOBBIIIEHHON CI0KHOCTH.

YucsoBblie M0OCJI€10BATEILHOCTH U NIPOTrPEeCCUm

Onpenenenue BHUJIOB MOCIIEIOBATEILHOCTEM: OTpaHUYEHHAS
MOCJIEIOBATENBHOCTb, MOHOTOHHO BO3pacTaroas (yObIBaromas)
nocyenoBaTeabHOCTh. [IpencraBneHue OECKOHEYHBIX MEPUOJUYECKUX ApoOeil B
BU/JI€ OOBIKHOBEHHBIX. 3HAKOMCTBO C IMOHSATHUEM CXOJIMMOCTH MOCIE0BATEIIbHOCTH,
HAaXOXJEHUE CYMMbl OECKOHEYHO YOBIBAIOUIEH T€OMETPUYECKON MpOrpeccuu.
[IpumeHeHne MeTo1a MaTEMaTUYECKOM HHAYKIIHNH.

Uccnedosamenvckas paboma: TOBEIAEHUE TMOCIEIOBATEIBHOCTEH — OT
TUIIOTE3bI JO 10Ka3aTEIbCTBA.

JIBHsKEeHMSI TIIOCKOCTH

[enTpanbHas cumMmerpusi. LlenTpanbHo-cuMmMmeTpuyHbie Gurypsl. [ToBoporT.
OceBast cummeTpusi. OUTypbl, CUMMETPUYHBIE OTHOCHTEIBHO HEKOTOPOW OCH.
[TapannensHbiil neperoc. [loHsaTre ABUX)EHUS U ero cBolcTBa. PaBeHCTBO duryp.
[IposiBieHHs] CHUMMETPUM B TPHUPOJIE, >KUBOMHUCH, CKYJBITYpE, apXUTEKType.
KoMmno3unmu naBmxeHuil (mpocteimue npumepsl). llpumeHeHue B pemieHuun
FEOMETPUYECKUX 3a]1a4.

Uccnedosamenvckas paboma (¢ UCNONb308aHUEM NPOCPAMMHBIX CPEOCm8):
KOMITO3UIMS IBUKECHUM.



INJIAHUPYEMBIE OBPA30BATEJIBHBIE PE3YJIBTATBI

JIMYHOCTHBIE PE3YJIBTATBI

1) nampuomuuecko2o 0CRUMAHUAL:

- NpOsABIEHUE HHTEpeca K IMPOLUIOMY M HACTOALIEMY POCCUMCKOU
MaTE€MaTUKHU;

- LEHHOCTHOE OTHOUIEHHE K JOCTHKEHHSIM POCCHUMCKHX MaTeMAaTUKOB M
POCCHUICKOM MaTeMaTHYeCKON IIKOJbl, K HCIIOJIB30BAHUIO 3THUX JIOCTH)KEHUN B
IpYTUX HayKax U MPUKIAJAHbIX cepax;

2) 2pas#coancko2o u 0yXo08HO-HPABCMEEHHO20 60CNUMAHUSL

TOTOBHOCTH K BBINOJHEHUIO OOSI3aHHOCTEN TpaKAaHMHA M pEaU3aliHi €ro
IpaB; MPeICTaBICHUE O MATEMAaTUYECKUX OCHOBAX (DYHKIIMOHUPOBAHUS Pa3IMUHBIX
CTPYKTYp, SIBICHUW, MPOLEAYpP TIpakJaHCKOro oOuiecTBa (Hampumep, BBIOOPBI,
OINPOCHI), TOTOBHOCTh K OOCYXIEHHIO JTHYECKHUX MpPOOJEM, CBSA3AHHBIX C
IPaKTUYECKUM TPUMEHEHHEM JIOCTMOKECHUN HAyKW; OCO3HAHUE BAKHOCTHU
MOPAJIBHO-3THYECKUX ITPUHIUIIOB B JEATEIBHOCTH YYEHOTIO;

3) mpyoosoco 6ocnumaHusi: yCTAaHOBKA Ha aKTMBHOE Y4YacTHE B pEIICHUU
MPaKTUYECKUX 337a4 MaTEeMaTHYECKON HaIlpaBJIE€HHOCTH; OCO3HAHUE BaXHOCTU
MaTEMaTUYECKOro 00pa30BaHUsl HA MPOTSHKEHHHM BCEH JKU3HU [UJISl YCHEIIHON
NpOo(ECCUOHANIBHON ~ JI€ATEIbHOCTH M Pa3BUTHE HEOOXOJUMBIX  YMEHWI;
OCO3HAHHBIA BBIOOP U MOCTPOCHUE MHJMBHUIYAIbHOW TPAEKTOPUHU OOpa30BaHUA U
KU3HEHHBIX [IJIAHOB C YYETOM JIMYHBIX HHTEPECOB U OOIIECTBEHHBIX MOTPEOHOCTEH;

4) acmemuueckoeo ocnumanus. ClIoCOOHOCTb K SMOIIMOHATIBHOMY
U 3CTETHYECKOMY BOCHPHUSATHUIO MAaTEeMAaTUYECKUX OOBEKTOB, 3aJady, PELICHHH,
pacCcyXJeHUI; yMEHUE BUJETh MAaTEMAaTUUECKHE 3aKOHOMEPHOCTH B UCKYCCTBE;

5) wyennocmu HayuHo20 NO3HAHUA: OpPHUEHTALMS B JEATEIBHOCTH Ha
COBPEMEHHYIO CUCTEMY HAyUYHBIX MPEJICTABIECHUN 00 OCHOBHBIX 3aKOHOMEPHOCTSIX
pa3BUTHS YEJOBEKA, IPUPOAbI U OOIIECTBA; MOHMMAHUE MATEMATHYECKOW HayKu
KaK cepbl 4eI0BEYECKOM N1eATEIbHOCTH, ITAllOB €€ Pa3BUTUS U 3HAYUMOCTHU JIs
pa3BUTHS LMBUIIM3ALMM; OBJIAJICHUE SI3bIKOM MaT€MaTHKH W MaTeMaTHYeCKOU
KyJIbTYpOMl  Kak CpEICTBOM  IIO3HAHUS MHUpA; OBJAJACHUE  HABBIKAMU
UCCJIEI0BATENbCKON NeATEIbHOCTH;

6) ¢uzuueckoeo eocnumarus, GopmMuposanus Kyibmypsvl 300p06bs WU
HMOIMOHAIIBHOTO 0JIaronoay4Yrs: TOTOBHOCTh IPUMEHATh MATEMATHUECKUE 3HAHUS
B HMHTEpPECax CBOETO 3JI0POBbs, BEIECHUS 3J0pPOBOr0 00pas3a >KWM3HHU (310pOBOE
nuTaHue, cOATaHCUPOBAHHBIN PEKUM 3aHITUN U OTAbIXA, peryisipHas Quandeckas
aKTUBHOCTD), C(POPMHUPOBAHHOCTDH HaBbIKa pe(IIeKCHH, MPU3HAHKE CBOETO NpaBa Ha
OLIMOKY M TaKOT0 K€ IpaBa IPyroro 4eJloBeKa;



7)  9KolIo2Uuwecko2o  60CHUMAHUA:  OPUEHTAalUUs HAa  IPUMEHEHUE
MaTeMaTUYeCKUX 3HAHWM i1 pemieHus 3ajad B 00JIaCTU  COXPaHHOCTH
OKpYXalolel cpefpl; IUIAHUPOBAHWE TOCTYIKOB M OIIEHKA HMX BO3MOXKHBIX
MOCJIEICTBUM Il  OKPY’KAIOIIeH Cpenbl; OCO3HAHUE TIJIO0AIbHOrO Xapakrepa
HKOJIOTHYECKUX MPOOJIEM U ITyTeH MX PEIICHHUS,;

8) adanmayuu K UsMEHAIOWUMCS YCIIOBUAM COYUATILHOU U NPUPOOHOU CPEOb:

TOTOBHOCTh K JIEWCTBHSIM B YCIIOBUSX HEOIMPEACICHHOCTH, IOBHIIICHUIO
YPOBHSI CBOEH KOMIIETEHTHOCTH Yepe3 MPAKTHUECKYIO JIEATeILHOCTh, B TOM YHUCIIE
YMEHUE YUYUThCA y JAPYTHX JIOJeH, MpUoOpeTaTb B COBMECTHOM AESATENbHOCTU
HOBBIC 3HAHUS, HABBIKK W KOMIETEHIIMM U3 OIbITa APYIHX; HEOOXOIUMOCTh
dbopMupoBaTh HOBBIE 3HaAHUS, (HOPMYIUPOBATH HUACH, MOHSITHS, THUIIOTE3bl 00
00BEKTax W SBJICHUSAX, B TOM UYHCJIE PaHEEe HE M3BECTHBIX, OCO3HABATH JACHUIIUTHI
COOCTBCHHBIX 3HAHWUH W KOMIIETEHTHOCTEH, IUTAHMPOBATH CBOEC pPa3BUTHC,
CIIOCOOHOCTh OCO3HABAaTh CTPECCOBYIO CHUTYyallMI0, BOCIPUHUMATh CTPECCOBYIO
CUTYyallMI0 KaK BBI30B, TPEOYIONUH KOHTpPMEpP, KOPPEKTUPOBATh NMPHHUMAEMBIC
peleHuss U JercTBUs, (POPMYIMPOBATH U OILEHHWBATH PUCKU W TIOCJIENICTBUSI,
(bopMHpPOBATH OIIBIT;

9) 6ocnumanus UHGHOPMAYUOHHOU KYIbMYPbL:

MPOSIBJICHWE WHTEpPeca K WCIOJIb30BAHUIO ITU(GPOBBIX TEXHOJIOTHUH IS
ONTUMHU3AIMK TPOILIECCOB TOMCKA, aHaliu3a, 00pabOTKH, CO3JaHus, Mepeaadu
MaTeMaTU4YeCKol MH(OpMAIlUU U BU3YyalM3allMid MaTeMaTHYECKUX 00O0OIIEHUN U
pE3yNbTaTOB aHAIN3a; TOTOBHOCTh K HCIIOB30BAHUIO IU(GPOBBIX WHCTPYMCHTOB
JUTS BBITIOJTHEHUS Y4€OHOM ASITEIbHOCTH MPU U3YyYE€HUN MAaTEMAaTHKHU; CTIOCOOHOCTD
OPUMEHSATh [HU(PPOBBIE HMHCTPYMEHTHI B YCIOBHSX pealu3aluul  Mep II0
MPEAYNPEKICHUIO BO3MOXHBIX HETAaTUBHBIX  MOCJEICTBUM  aKTUBHOTO U
CUCTEMATUYECKOTO MPUMEHEHUS ITU(POBBIX TEXHOJIOTUH B yUEOHBIX IETISAX.

METANIPEJMETHBIE PE3YJIBTATHI

1. Ilo3HaBaTe/ibHbIE YHHBEPCAJbHbIE YUeOHbIE el CTBHS

1) bazoevie nocuueckue oelicmesusi:

BBISIBIIAITh M XapaKTEPU30BaTh CYIICCTBEHHBIC MPU3HAKKM MaTEMaTHUYECKHX
OOBEKTOB, TIOHSTHM, OTHOIIEHUH MEXIy TMOHATUAMH, (OPMYIUPOBATH
OTIpEJICIICHHS TIOHATHUN, YCTAHABIMBAThH CYIIECTBEHHBIN MPU3HAK KIIacCU(UKAIUH,
OCHOBaHWsI iJ1s1 0000IIECHHS 1 CPAaBHEHMSI, KPUTEPUHU TTPOBOIMMOTO aHAJIHN3a;

BOCIIpUHUMATh,  (opMyIHpoBaTh H  TPEOOPA3OBBIBATH  CYKICHHS:
YTBEPAUTEILHBIC U OTPUIATEIbHBIC, SAMHUYHBIC, YACTHBIC U OOIINE, YCIOBHBIC

BBISIBIIATH MAaTEMaTHYCCKUE 3aKOHOMEPHOCTH, B3aUMOCBSI3H U TIPOTUBOPCUHSI
B (pakTax, JaHHBIX, HAOIIONCHUSIX W YTBEPKACHUSIX, Mpeiaratb KPUTEPUU IS
BBISIBJICHHS] 3aKOHOMEPHOCTEW W POTUBOPEYUN;



JienaTh BBIBOABI C MCIOJb30BAHUEM 3aKOHOB JIOTMKH, JEIYKTUBHBIX M
WHIYKTUBHBIX YMO3aKJIIOUEHHUH, YMO3aKIIOUEHHH 110 aHAJIOTHH;

pazOupaTh J0Ka3aTelbCTBA MAaTEMAaTUYECKUX YTBEPKICHUM (MpsSMbIE U OT
MPOTUBHOIO), TPOBOJAUTH CAMOCTOSITENBHO JOKAa3aTelIbCTBA MaTEMaTHYECKHX
(GakTOB, BBICTPAUBATh APTYMEHTALIUIO, MPHUBOIUTH MPUMEPHI MU KOHTPIPUMEPHI,
OPUMEHATH METOJ, MAaTeMaTUYeCKOM WHIYKUHUH, OOOCHOBBIBATH COOCTBEHHBIE
paccyKJIeHUs;

BbIOMpaTh cmoco0 pelmieHuss ydeOHOW 3amayd  (CpaBHUBATh HECKOJIBKO
BapUAHTOB peIlIECHUs, BEIOUpPATh HanboJee MOIXOIAIIUN C YIETOM CAMOCTOSITEILHO
BBIJICJICHHBIX KPUTEPHUEB).

2) bazosvle ucciedosamenvckue oeticmsusi.

UCIIOJIb30BaTh BOIPOCHl KaK HCCIEI0BAaTEIbCKUM HHCTPYMEHT IO3HAHUS,
bopMynaMpoBaTh  BONPOCHI,  (PUKCHPYIOUIME  MPOTUBOpEUYUE,  MpoOIIEeMy,
CaMOCTOATENIbHO YCTaHaBJIMBaTh HCKOMOE M JaHHOE, (OpMUpOBATh THUIIOTE3Y,
apryMEHTUPOBATH CBOIO MO3UIMIO, MHEHHUE;

IPOBOJUTE II0 CaMOCTOSTENIBHO COCTABICHHOMY IUIaHY 3KCIEPUMEHT,
UCCIIEJOBAaHUE II0 YCTAHOBJIEHHIO OCOOEHHOCTEH MaTeMaTHYECKOTO OOBEKTa,
3aBHCUMOCTEN 0OBEKTOB MEX1y COOOI;

CaMOCTOSITeNIbHO (hOpMYyJIHpOBaTh OOOOIIEHUS U BBIBOJABI IO peE3ysibTaTaM
IPOBEICHHOTO  HAOJIIOJCHMS, HCCIEAOBAHMS, OSKCIEPUMEHTa, OLICHUBATh
JIOCTOBEPHOCTH MOJYYEHHBIX PE3YyIbTaTOB, BBIBOJOB U 0000IEHNI;

MPOTHO3UPOBAaTh BO3MOXXKHOE Pa3BUTHE IIPOLIECCa, & TaKKE BbBIABUTATH
IIPEATIOJIOKEHNS O €r0 PA3BUTHH B HOBBIX YCIIOBHSIX.

3) Paboma c ungpopmayueti:

BBISIBJISITH HEAOCTATOYHOCTh M M30BITOUHOCTh HMH(POpPMALMH, JAaHHBIX,
HEOOXOUMBIX JIJIsl pEeLICHU 3a1a4u;

BBIOMpATh, aAHAJU3UPOBATh, CHUCTEMATU3UPOBAaTh U HUHTEPIPETUPOBATH
MH(OPMAIUIO Pa3TUYHBIX BUIAOB U OPM IIPEICTABIICHHUS;

BbIOMpaTh (QopMy TmpencTaBieHUss HWHPOpMAIUM W WLIIOCTPUPOBATH
pelaeMble 3a/1a4ll CXeMaMu, JTuarpaMMaMu, HHOM rpauKoil 1 uX KOMOMHAIUSIMU;

OLIEHUBATh HAJEKHOCTh MH(OpPMALMU MO KPUTEPHSM, NMPEAJIOKEHHBIM WU
c(OpMyIMPOBAHHBIM CAMOCTOSITEIHHO.

2. KoMMyHHKaTHBHbIE YHUBEPCAJIbHbIC y4eOHbIE 1eiiCTBHUS:

BOCIIPUHUMATh U OPMYJIUPOBATH CYKACHHS B COOTBETCTBUU C YCIOBUSIMU U
HEeIsIMHU OOUIEHUS, SICHO, TOYHO, TPaMOTHO BbIpakaTh CBOIO TOUKY 3PEHHS B YCTHBIX
U TIMCbMEHHBIX TEKCTax, JaBaTh TMOSICHEHUS MO XOJy peUIeHUs 3a/ayd,
KOMMEHTHPOBATh MOJIyYEHHBIN PE3YJIbTAT;



B XOJIe¢ OOCYXXJIEHHSI 3a/1aBaTh BOIMPOCHI MO CYIIECTBY OOCYXIAaeMOU TEMHI,
npoOJieMbl, pelraeMoi 3ajadyd, BBICKA3bIBaTh HJCH, HAIlCJICHHBIE Ha TOUCK
pEIIeHUs, COMOCTAaBIATh CBOM CYXIEHHS C CYXICHUSIMH APYTUX YYACTHUKOB
Janora, oOHapyKUBaTh Pa3jiMuue M CXOJICTBO TO3WIIUKM, B KOPPEKTHOH (opme
bopMyIMpPOBATh PA3HOTIACHS], CBOU BO3PAKEHUS;

MPEACTABIATh PE3YIbTATHI PEUICHUS 3aJlaud, SKCIIEPUMEHTa, UCCIETOBAHUS,
MPOEKTa, CaMOCTOSTEIBHO BBIOMpaTh (OpMAT BBICTYIUICHHS C YYETOM 3ajad
MpE3eHTAIlMU U OCOOCHHOCTEN ayIUTOPUH;

MIOHUMAaTh M MCIIOJIb30BaTh MPEUMYILECTBA KOMAHJAHON W WHIMBUYaJIbHOU
paboThl MpU pEHICHUH YYeOHBIX MaTEMaTHYECKHUX 3ajlad, MNPUHUMATh IIeJIb
COBMECTHOM JEATEIbHOCTH, IUJIAHUPOBATh OPraHMU3allUI0 COBMECTHOW pPabOTHI,
pacrpenensiTh BUAbl pabOT, JOTOBApUBATHCA, OOCYXKIaTh MPOLECC U PE3yIbTaT
paboThl, 0000111aTh MHEHUS HECKOJIBKHX JIIOJICH;

y4acTBOBaTh B IPyNNoOBBIX (opMax palboThl (00CYXIEeHHs, OOMEH MHEHUH,
«MO3TOBBIE IITYPMbD» U UHBIE); BHIOJIHATH CBOIO YaCTh Pa0OThI U KOOPIUHUPOBATH
CBOM JICMCTBHUS C APYTUMHU WICHAMU KOMaH/Ibl, OLICHUBATh Ka4€CTBO PE3yJbTaTa U
KaueCTBO CBOETO BKJIJa B OOIIUI PE3yJIbTAT MO KPUTEPUAM, CHOPMYITHPOBAHHBIM
Y4aCTHUKaMU B3aUMOJICHCTBUS.

3. PeryJiAiTUBHbIC YHUBEPCAJbHbIE Y4eOHbIE 1eHCTBUS

1) Camoopeanuzayusi:

BBISBJISITH MPOOJIEMBI ISl PEIICHUS B JKM3HCHHBIX M Y4YEOHBIX CHUTYaIUSX,
OPUEHTUPOBATHCA B PA3IUYHBIX MOAXOAaX MPUHSITHUS pelleHU (MHIUBUAYaTbHOE,
IPYIIIOBOE);

CaMOCTOSITETIbHO COCTaBJISITh IUIAH, AJITOPUTM pEIIeHUs 3aJayd (WIA €ro
4acTh), BBIOHMpaATh CIIOCOO PEIICHUS ¢ YYETOM HMEIOIIUXCS pPEeCypcoB U
COOCTBEHHBIX BO3MOXXHOCTEW, apryMEHTHUPOBATh M KOPPEKTUPOBATH BAPUAHTHI
pELIeHH ¢ y4eTOM HOBOM MH(GOpMAIIUH.

2) Camokoumpons.:

BJIaJIETh CIIOCOOAMU CaMOMPOBEPKH, CAMOKOHTPOJISI TIpoIlecca U pe3ysibTara
pelIeHus] MaTeMaTUYECKOM 3a7ja4k, CAMOMOTHBAIIUU U PEIICKCUU;

MPEABUJIETh TPYAHOCTH, KOTOPHIE MOTYT BO3HUKHYTh IIPU PEIICHUU 3a7auH,
BHOCUTh KOPPEKTHUBHI B JICATEILHOCTh HA OCHOBE HOBBIX OOCTOSATEIHCTB,
HaWJICHHBIX OMUOOK, BBISIBICHHBIX TPYIHOCTEH;

OIICHUBATh COOTBETCTBHE pe3yJibTaTa JEATECIbHOCTU MOCTABJICHHOW 1€ U
YCIOBUSIM, OOBSICHATh IPUYMHBI JOCTHXKEHUS WM HEJIOCTUXKEHUS 11eJTd, HAXOUTh
OLIMOKY, 1aBaTh OLIEHKY MPUOOPETEHHOMY OIIBITY.

3) OMOYUOHAIbHBLIL UHMETIEKM.!



BbIp@XXaTh 3MOLMU MPHU H3yYEHUU MaTEeMaTHUECKUX OOBEKTOB U (DaKTOB,
JaBaTh YMOIIMOHAIBHYIO OLIEHKY PELICHHUS 3aa4u.

HPEAMETHBIE PE3YJIbTATBI

1) CB0oOOgHO oOmepupoBaTh MOHATUSMU: KOPEHb N- CTENEHH, CTENEHb C
palMOHAIIBHBIM TIOKA3aTelieM, HaXOAuTh KOpPEHb N- CTENEHW, CTENEHb C
palMOHAIIBHBIM I10KA3aTENEeM, MCIHOJb3Yd MpPHU HEOOXOJUMOCTH KaJIbKYJISATOP,
INPUMEHSATH CBOMCTBA KOPHS N-i CTENEHU, CTENEHU C PAllMOHATIBHBIM I10KA3aTEJIEM.

2) cnonp30BaTh MOHATHE MHOXKECTBA JEHCTBUTEIBHBIX YUCEN MPU PELLICHUH
3a/1a4, MMPOBEACHUH PACCYKICHUN U I0KA3aTEIbCTB.

3) CpaBHUBaTh U YHOPAIOYHMBATH JCHCTBUTEIBHBIE YHCIA, OKPYIJIATH
JEWCTBUTEIBHBIE YUCIIA, BBINOJIHATh IPUKHUIKY PE3yJIbTaTa BBIYUCICHUHN, OLEHKY
YHUCJIOBBIX BBIPAXKEHUM.

4) CB0oOOJHO OIEpUpOBaTh MOHATHEM KBAJPATHOIO TPEXUJI€HA, HAXOAUTh
KOPHH KBaJIpaTHOT'O TPEXWICHA.

5) PackiansiBaTh KBaJIpaTHBIN TPEXUJIEH HA JTUHEHHBIC MHOKUTEIH.

6) Pemath HecnoXKHbIE KBAaJIpaTHBIE YPABHEHHUSI C TAPAMETPOM.

7) Pemath HeCnOXKHbBIE CUCTEMbI HETMHEHHBIX YPABHEHUH C TApaMETPOM.

8) Pemarp ypaBHEHHs, HEPABEHCTBA MU HX CHCTEMbI, B TOM YHCIE C
OTrpaHUYECHHSIMH, HAIPUMEP B LEBIX YUCIAX.

9) ITpoBOaUTH UCCIIEIOBaHUS YPABHEHUI U CUCTEM YPABHEHMI, B TOM YHUCJIE C
pUMEHEHUEM rpauueCcKuX MpeACTaBICHHM (YCTaHaBINBATh, UMEET JIM YPABHEHUE
WJIM CUCTEMa YPaBHEHUM PEIICHHUS], €CIIM UMEET, TO CKOJIBKO, U MPOYEe).

10) PemiaTh TEKCTOBBIE 3a/1a4M aIreOpanuecKuM CIIoCOOOM.

11) Mcnonb30BaTh ypaBHEHHS, HEPABEHCTBA U UX CUCTEMBI JIJIsl COCTABJIECHUS
MAaTEMaTU4YECKOM MOJEIA PEATbHOM CUTYallMd WJIH TPUKIAJHONW 3aJayu,
WHTEPHPETUPOBATH NOJyYECHHBIE PE3YJIBTATHI B 33JaHHOM KOHTEKCTE.

12) CB0OOOIHO OmNEpUpOBATH MOHATUSMU: 3aBUCUMOCTh, (PYHKIUS, rpaduk
byHKUMH, TpsMas MOPONOPLHUOHAIBHOCTb, JIMHEWHas (QyHKUUA, OOpaTHas
MPONOPLUHUOHANIBHOCTD, Mapadosia, runep0osia, KyCouHo-3adaHHas PyHKIUs.

13) HccnemoBath ¢yHKIMIO 1O €€ rpaduKy, yCTaHABIMBAaThH CBOWCTBA
byHKUMA: 00JIaCTh OMpeneNieHrs, MHOXKECTBO 3HAYCHHM, HYIW (QYHKIUH,
IPOMEXKYTKH 3HAKOMIOCTOSTHCTBA, IPOMEXKYTKH BO3pACTaHUS U YOBIBAHUSI, YETHOCTD
Y HEUETHOCTb, HaOOJIbIlIee U HaUMEHbIIIee 3HAUCHUS, ACUMITTOTHI.

14) Pacno3HaBaTh KBaJgpaTHUuHyl0 (QYHKIUIO 10 QopMyse, MPUBOAUTH
pUMEPHI KBaAPATUYHBIX (QYHKIMHA U3 peabHOM KU3HU, PU3UKH, TEOMETPUH.

15) Omnpenensate mnojoxeHue rpaduka KBaApaTUUYHONM (PYHKIMU B
3aBHCHMOCTH OT €€ KO3 (OHUITUEHTOB.



16) Crpouth rpaduk KBaApaTUYHOW (PYHKIMH, OINHUCHIBAaTH CBOWCTBA
KBaJIpaTUYHON PYHKIMU IO €€ rpaduKy.

17) Ucnonb30BaTh CBOMCTBA KBAPATUIHON (DYHKITUU JJIsI PEIICHUS 3a]1a4.

18) Ha mpumepe kBaapatnuHoi GyHKIMH CTPOUTH rpaduk Gpyukmun Y = af(kx
+ b) + ¢ ¢ momomkio ipeodpazoBanmii rpaduka Gynakmun y=Ff(X).

19) UnnroctpupoBath ¢ MOMONIbIO TpaduKa pealbHYyI0 3aBUCUMOCTH HIIU
MPOIIECC MO UX XapaKTEPUCTHKAM.

20) CpoOomgHO  omepupoBaTh  MOHATUSIMHU:  MOCIIEIOBATEIBHOCT,
apu(pMeTuyecKas u reOMeTpuyecKas Mporpeccumu.

21) 3amaBaTh TMOCIENOBATEIBHOCTU PA3HBIMU CIIOCOOAMH: OIMMCATENbHBIM,
TaOJIMYHBIM, C TOMOIIbIO (POPMYJIIBI N-TO WIEHA, PEKYPPEHTHBIM.

22) BbINOMHATH BBIYUCICHHUS C HCIOJIb30BaHWEM (opMya N-ro usieHa
apu(PpMETUIECKON U T€OMETPUUECKON MPOrpeccuil, CyMMbI IEPBBIX N YJICHOB.

23) N3oOpaxkaTh ujieHbl MOCIEIOBATEIBHOCTH TOYKAMH Ha KOOPIAMHATHOM
IJIOCKOCTH.

24) Pemiath 3a1a4uM, CBA3aHHbIE C YUCIOBBIMU IIOCIIEA0BATEIBHOCTIMH, B TOM
quClie 33a4d U3 pealbHOM JKHU3HHU (C UCIIOJIb30BAHUEM KaJbKYJIATOPA, UPPOBBIX
TEXHOJIOTU).

25) Hmetrs mpencTaBieHWE O CXOAMMOCTH IOCJIENOBATEILHOCTHA, YMETh
HaXOJUTh CyMMY O€CKOHEYHO YOBIBAIOILIEH T€OMETPUUECKOIN MPOrPECCUMN.

26) [IpuMeHSATh METOA MaTEMaTHIECKOW WHAYKIINH MIPH PEIICHUH 3a]1a4.

27) Jloxa3pIBaTh TEOPEMY CHHYCOB U TEOPEMY KOCHHYCOB, IPUMEHSATD UX JIJIS
HAXO0XKJICHUS PA3JIMYHBIX 3JIEMEHTOB TPEYTOJIbHUKA («PEUICHHE TPEYrOJIbHUKOBY),
OpU PEIICHUU TEOMETPUYECKUX 3ahay. [IpuMeHsATh NOoJyyeHHbIE 3HAHUSA MPH
pelIeHNH PaKTUYECKUX 3a/1a4.

28) IlpuMeHATh TPUTOHOMETPHIO B 3ajJa4aX Ha HAXOXKICHHUE ILIOIIAJIH,
BBIBOJIUTh M BIAJETh TPUTOHOMETPUYECKUMH (QOopMylTaMu s  IUIOIIAIN
TpPEeyrojbHHUKa, MapajjierorpamMmma, pomOa, Tpamnelud, BHIBOJUTh M TPHUMEHSTH
dopmyny I'epona u popmymy i MIOUIAAN BBITYKIOTO YETHIPEXYTOIbHHKA.

29) Mcnonp30BaTh TEOPEMbl O BIIMCAHHBIX yTriaX, yriaXx MEXAy XOpAaMH
(CeKyUIMMM) U yTiie MKy KacaTeabHON U XOpI0H MpHU pelIeHUH FeOMETPUUECKUX
3ajga4. Jloka3pIBaTh UM MPUMEHITh TEOPEMbl O MPOU3BEACHUU OTPE3KOB XOPI, O
IIPOU3BENIEHNHU OTPE3KOB CEKYIIUX, O KBapaTe KacaTeIbHOM.

30) Brnaners moHSTHEM KOOPAMHAT Ha IJIOCKOCTH, pabOTaTh C YpaBHEHHEM
npsiMOM  Ha TUIOCKOCTH. BrageTp TOHATHSAMH YTJIOBOTO KOI(PQUIIMEHTa U
CBOOOJHOTO YJIeHA, MOHUMATh WX TEOMETPHUYECKHA CMBICI W CBS3b YIJIOBOTO
K03 uIMEeHTa ¢ BO3pacTaHUEM U YObIBAHHEM JTMHEHMHON (YHKITHH.



31) BeiBoguTh U BIAAETh YpaBHEHHEM OKPY>KHOCTH. Mcmonp3oBaTh METOJ
KOOpDAMHAT Ui HAXOXKJICHHUS IEPECEUCHUI OKPYKHOCTEM W mpsMbIX. Braners
dbopmynamMu paccTOSHHMS OT TOYKH JO MPSMOM, IUIOUIAJAM MapajuiesiorpaMMa B
KOOpJIMHATaX, UMETh MOHATHE 00 OpHEHTHpPOBaHHOM mmiomanu. Ilomb3oBaThes
METO/I0M KOOPAMHAT Ha MIIOCKOCTH, IPUMEHSATH €T0 IPU PELIEHUU F€OMETPUYECKHUX
U TpakTUYeCKuX 3anad. IIpumeHsATr MeToA KOOpAMHAT B  IPaKTUKO-
OpPUEHTUPOBAHHBIX TEOMETPUUECKUX 3a7auax.

32) Bnasetp MOHSATHEM BEKTOpa. YMETh CKJIAJbIBaTh U BHIYUTATH BEKTOPHI,
YMHOXaTh HAa YKCJO, BIAJETh MPABUJIAMU TPEYTOJbHHKA U IapajijieiaorpaMma.
Biaserp NpakTUYECKUMU HHTEPIPETALUSIMUA BEKTOPOB. YBEPEHHO IOJIb30BATHCS
KOOpAMHATaMH BEKTOpa. BrnaaeTp CI0XEHWEM H BBIYMTAHUEM BEKTOPOB,
YMHOKEHHEM BEKTOpa Ha YMCIIO B KoopauHaTax. MmeTs npencraBinenue o Oasuce
(Ha miockoctn). PacknaasiBaTh BEKTOPHI 10 Oa3ucy. PackiaasiBaTh BEKTOPBI CUJI C
MOMOILBIO MPOEUUPOBAHUS U TPUTOHOMETPUYECKHX COOTHOUIEHUH. [IpuMeHsTh
MOJIYYEHHbIC 3HAHUS B IPOCTEUIINX PU3NYECKUX 3a]1ayax.

33) Bnanerp moHsATHEM CKAJSIPHOTO MPOMU3BENICHUS] BEKTOPOB, MIOHUMATh €T0
r€OMETPUYECKHUN CMBICI U YBEPEHHO I10JIb30BATHCSI €r0 BRIPAXKEHUEM B IEKAPTOBBIX
KOOpAMHATaX. 3HaTh IUCTPUOYTUBHOCTh CKAJIIPHOTO MPOU3BEACHUS U €TO CBS3b C
npoeurpoBaHueM. [IpuMeHATH CKalsipHOE TPOU3BEACHUE BEKTOPOB IS
HaxXOXXJIEHUsl JUIMH M YIJOB. Pemiath TreoMeTpuyecKHe 3aJadyd C [OMOUIBIO
CKaJISIpHOTO Ipou3BeAeHus. Vcrnonb30BaTh CKaISIpHOE MPOU3BEIECHUE BEKTOPOB B
anredpanueckux U (pu3nyeckux 3agavax.

34) BrnianeTs MOHSATUSMU MPABUIIBHOTO MHOTOYTOJIEHUKA, JNTMHBI OKPYKHOCTH,
JUTMHBI TyTH OKPYKHOCTH W PAaJUaHHON MEpPHI yIiia, BEIYUCIATH IJIOIIAlb Kpyra U
ero yacrer. [lonumare cmbici uncna m. [IpUMEHATh MOJyYEHHBIE YMEHUsS IPU
pEIIEHNH TPAaKTHUYECKUX 3aJady. 3HAaTh HCTOPUYECKHUE CBEICHHUS 00 H3MEpEeHUU
JUTMHBI OKPY>KHOCTH U TUIOLIAJH KpyTa.

35) Mmets mpencraBieHne O MPeoOpPa3OBaHUM TUIOCKOCTH, O JBHKCHHSX.
Haxonuth ocu, UEHTphl CUMMETpUHM (QUTYp, LEHTPhl MOBOPOTA, HAXOAMTH
KOMITO3UIIMM TPOCTEHIMX TpeoOpazoBanuii. [IpuMeHATh NBMKEHUS TUIOCKOCTH
IIPU PELIEHUU T€OMETPUUECKUX 3a]au.

36) [IpuMeHATh MOTydYeHHbIE 3HAHUS HAa TIPAKTHUKE — CTPOUTh MATEMAaTHUUECKHE
MOJIEJH ISl 3a/1a4 pEeAIbHOM KU3HU U MPOBOJUTH COOTBETCTBYIOIINE BHIYUCICHUS
C NPUMEHEHHEM MOJ00MSI M TPUTOHOMETPUYECKUX (PYHKIUN (TOJB3YyACh, TAe
HE0O0XO0IMMO, KAJIBKYJISITOPOM).



9 KVIACC

TEOPEMbI KOCUHYCOB U
TEOPEMBI CUHYCOB.
®opmyna ['epona.

TCOMCTpI/I‘ICCKI/IX/ IPaKTUKO-
OPHUCHTHPOBAHHBIX 3a/1a4
Pa3sHbIMU MCTOJaMU

DJIeKTPOHHbIE
HaunmenoBanmue
Ne KoaunuectBo  OcHoBHOE OcHOBHBIE BHIBI (undgposBbie)
pa3iesIioB H TeM
n/n JacoB coJiep:KaHue NeATEJHLHOCTH oOpa3oBaTe/ibHbIE
NPOrpaMMblI
pecypcsl
Pemenue ypaBHeHui ¢ CamocrosiTenbHOe
apamMmeTpoM OTKPBITHE: PEIICHUE
anredpanyeckum YPaBHEHUH ¢ TapaMeTpOM.
METOJIOM. [IpakTUKyMBI IO PELIEHUIO
I'padmueckuii MmeTox 3aJa4: OT OPOCTOTO K
pelieHns ypaBHEHUH CJI0)KHOMY — 1pOOHO-
apamMmeTpoM palyoHaIbHbIE yPaBHEHUS
I'padpuueckas C IMapaMeTpOM.
YpaBHeHus C https://resh.edu.ru/
1 3 MHTEPIIpETALNS Hccnenosarenbckue .
apaMeTpoM https://m.edsoo.ru/8al46fda
pelLlIeHNs ypaBHEHUS C paloThI: pereHue 3aaad ¢
IBYMsI IEPEMEHHBIMU U [TapaMeTpamMu —
CUCTEM YpaBHEHHUH C anredpandeckuM METOA0M;
JBYMS IEPEMEHHBIMHU. rpaduyecKkuM MeToJ oM (B
WccnenoBanue cucreM TOM YHCIIE C
HEJTMHEHHBIX HCIIOJIb30BaHUEM
YPaBHEHHUH C «MaTeMaTU4eCKUX
IIapaMeTPOM. MIAKETOB»)
Pemenne [IpakTHKyMBI 1O PEIIEHUIO
MPaKTUYECKHX 3a]1a4 C 3ana4y. MaTemaTnueckoe
HCIOJIb30BaHUEM COpPEBHOBAHHE — PELICHHUE
2 Pemenue TpeyroabHUKOB 4



https://resh.edu.ru/
https://m.edsoo.ru/8a146fda

Anrebpanueckue
BBIpa)KEHUS

dopmyia mIomaIu
BBIITYKJIOTO
YEThIPEXYTOJIbHUKA.
CoOTHOLIEHUS MEXKTY
TPUTOHOMETPUYECKUMHU
GyHKIUSIMU.
[Ipocretitmme dhopmybl
MIPUBEICHUS U3
F€OMETPUUYECKHUX
COOOpaKCHHIA.
Pemenue 3amau c
HCIIO0JIb30BaHUEM
TEOpEM KOCHHYCOB U
CHUHYCOB, HAXO0XK/ICHHE
pannyca OnuCaHHON
OKPY>KHOCTH

CremneHs ¢
palroHaIbHBIM
IMOKAa3aTelIeM.
Onpenenenue KOpHs N-
¥ CTENIEHU U CTEIIEHH C
palnoHaIbHBIM
MOKAa3aTelieM.
IIpumeHeHue
onepalny U3BJICUCHUS
KOpHs N-1 CTEIEeHH,
WCTIONB3YS IPU
HEOOXOIUMOCTH
KaJIbKYJISATOP.
Brranciaenue 3HaueHUS

[IpakTHKyM MO pemeHuto
3a7a4: OT MPOCTOTO K
CIIOKHOMY.
MaremaTnuueckoe
COPEBHOBAHUE

https://resh.edu.ru/

https://m.edsoo.ru/8al46fda
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CTEIIEHU C
paluroOHaIbHBIM
MIOKa3aTeJEeM.
CpaBHeHue U
yHOpsiI0YMBaHUE
palMOHAIBHBIX U
HppalUOHAIIbHBIX
YHUCEJl, 3alMCAHHbBIX C
IIOMOIIIBIO KOPHS N-U
CTEIECHH, CTENIEHHU C
palroOHaIbHBIM
MOKa3aTeJeM.
Brinosninenue
TOXIECTBEHHBIX
npeoOpazoBaHmit
BBIPaKCHU,
CoZEpKAIINX KOPEHD
N-ii CTEIIEHH, CTEIICHD C
palroHaIbHBIM
IOKa3aTeyieM

OTtpe3ku B OKPYKHOCTH

Teopemsl 0
IIPOU3BEIECHUN
OTPE3KOB XOPI,
TEOPEMBI O
MPOU3BEICHUN
OTPE3KOB CEKYIIHX,
Teopema O KBajpare
KacaTeJIbHOM.
[IpumeneHnne naHHBIX
TEOPEM TIPU PEIICHUH

[IpakTHKyM MO pEICHUIO
3anad. [Ipaktukym o
IIOCTPOEHUIO
JUHAMHAYECKUX MOJECIIECH ¢
IIOMOILIBIO ITPOTrPaMMHBIX
CPEICTB.

https://resh.edu.ru/

https://m.edsoo.ru/8al46fda
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F€OMETPUUYECKHUX
3azad.

DyHKIMHU

[onsarue «pyHKIHD».
[IpuMeHeHHE CBOWCTB
GbyHKUMA: HynmH
(GyHKINHU, TIPOMEKYTKH
3HAKOIOCTOSIHCTBA
(bYHKIMH, TIPOMEKYTKH
BO3pacTaHus U
yObIBaHUS (PYHKIIHH,
YEeTHBIC M HEUECTHBIC
¢byHKunu, HanboIbIICE
Y HaMEHbIIIee
3HaueHus: QyHKIUU
IIPU PELISHNH 33/1a4.
ITocTpoenue rpagukos
(GYHKIUH C TOMOIIBIO
npeoOpa3oBaHuil BUA:
f(x) —f(x) + a; f(x) —
f(x + a); f(x) — kf(x),
) —f( x ), f() — |
f(x) |. PacoznaBanue
CTENEeHHbIX QYHKIUN U
HOCTPOEHHE ICKU30B
rpadMKOB CTENEHHBIX
GbyHKUIHH C
HaTypaJIbHBIMH
MOKa3aTeJsIMU Pa3HOM
YETHOCTH.
Hcnons3oBanne

HccnenoBatensckas pabora
(B TOM UHCIE C
HCII0JIb30BaHUEM
«MaTeMaTUIECKUX
nakeroB»): [loBenenune
¢byHKIMY U ee rpaduka B
3aBHCUMOCTH OT
napametpa. [IpakTukymsl
10 PELICHHUIO 3a/1ay:
MOCTPOEHHE IpaprKOB
dynkimit y=Vx , y=|X|; c
MTOMOIIBIO TPe0Opa3oOBaHU
Y IpOBEpKa ¢
HCIIOJIb30BaHUEM
MIPOrpaMMHBIX CPEZCTB

https://resh.edu.ru/

https://m.edsoo.ru/8al46fda



https://resh.edu.ru/
https://m.edsoo.ru/8a146fda

CBOWCTB rpauxos
CTEeNeHHBIX QyHKIUH ¢
HaTypaJIbHBIMH
MOKa3aTeNsIMH TIPU
pelIeHny 3a1a4.
[TocTpoenue rpapukos
Dyt y = Vx, y =
Ix,y=1x]|

[TapannenbHOCTh U
NEePIEHAUKYISPHOCTD
HpsMBIX (Yepes

CaMocTosTenbHOoe
OTKpBITHE: KaK PELIUTh
TEOMETPHUECKYIO 3a/1a9y C
MTOMOIIIBIO amrapara

JIOBOM
yr anreopsi?
KO3 pHIHEHT).
UccnenoBarenbckas pabora
Haxoxnenue
. (B TOM unmcHE C
nepeceyeHui
. HCIOJIb30BaHUEM
OKPYXHOCTEH U
Bekropsl. Meron by «MaTEMAaTUYECKUX https://resh.edu.ru/
MPSIMBIX B
KOOpMHAT p MAKETOBY): pPEIICHHE https://m.edsoo.ru/8al46fda
KOOpJIUHATAaX.
MIPaKTUKO-
dopMya pacCcTosTHUSA .
. OpPUEHTUPOBAHHOM
OT TOYKH JI0 TIPSIMOH. .
TeOMETPH 9eCKOH 3a/1aun
[Tnomane
METOZOM KOOPIUHAT.
napajuiesiorpaMma B
Marematuueckoe
KOOpJUHATAaX, MOHSATHE
. COpPEBHOBAHHE — PEIIICHHE
00 OpHEHTUPOBAHHOM
TeOMETPUUYECKUX 3a7a4
TUIOMIA/IH.
pa3HBIMH METOJAaMHU
[IpaBunpHbIE CamocrosiTenpHOE
[IpaBuibHBIE SrOVIo o o KaK 1A https://resh.edu.ru/
MHOT JIbHUKH TKpBITHE: KaK HAUTH
MHOTOYTOJIbHUKH. o ’ P https://m.edsoo.ru/8al46fda

BBIYMCIICHUC UX

MEPUMETP U IUIOLIA/Ib



https://resh.edu.ru/
https://m.edsoo.ru/8a146fda
https://resh.edu.ru/
https://m.edsoo.ru/8a146fda

OKpy>XHOCTb U
MHOT'OYTOJIbHUKH

YuciioBrle
OCJIEIOBATEILHOCTH U
IIPOTPECCUU

JIBU>KEeHUS MIIOCKOCTH

3JICMCHTOB
Brrancienue
MIEPUMETPOB H
IUIOIIAAEH CIIOKHBIX
(buryp, BKIFOYAFOIINX
3JIEMEHTHI Kpyra

OnpenerneHue BUI0B
MOCJIeIOBATEIbHOCTEH:
OrpaHUYCHHasI
MOCJIeIOBATEIBHOCTb,
MOHOTOHHO
BO3pacTaromas
(yObIBaroIas)
MOCIIEZIOBATEIIHLHOCTb.
IIpencrasnenue
OECKOHEYHBIX
MEePHOIUIECKIX
npobeii B BUIE
OOBIKHOBEHHBIX.
3HAKOMCTBO C
MTOHATHEM CXOJIUMOCTH
MTOCIIEZI0BATEIHLHOCTH,
HaXO0XJICHUE CyMMBI
0OECKOHEYHO
yOBIBaOIIeH
reOMEeTPHUECKON
MIPOTPECCHUHU.

LenTpanbHas
CHAMMETPHS.

CIIOKHOM (urypsI?
[TpakTHKyM 10 pEeLICHUIO
3aj1a4 MMOBBIIICHHON
CIIOKHOCTH

CaMocCTOSTEIIFHOE
oTkpbiTHe: MMU — MeToz
JI0Ka3aTelIbCTBa: CyMMa
YJICHOB
MOCJIEI0BATEILHOCTH.
[IpakTHKyM MO pemIeHUIO
3aJ1a4: JJ0Ka3aTeabCTBO
HEPaBEHCTB U
JIOKA3aTeJILCTBO JICIMMOCTH
MMU

HccnenoBarenbckas pabora
(B TOM UmCIHE C

https://resh.edu.ru/

https://m.edsoo.ru/8al46fda

https://resh.edu.ru/

https://m.edsoo.ru/8al46fda
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IToBTOpEHME,
000011IeHHE,
cucTeMaTu3arus

enTpansHO-
CUMMETpPUYHbIE
¢urypsl. [ToBopoT.
OceBasi cCHMMETpHS.
durypsl,
CUMMETPUYHbBIE
OTHOCHUTEIILHO
HEKOTOPOU OCH.
[TapannenbHbIi
nepenoc. [Toustue
JIBUKCHUS U €T0
cBoiicTBa. PaBeHcTBO
¢buryp. [Ipossrnenus
CUMMETPHUU B IPUPOJIE,
YKUBOIIUCH,
CKYJIBIITYpE,
apXUTEKTYpeE.
Komnozuium
JBUKEHUN
(mpocreiimue
MIPUMEPBHI).
[IpumeHeHue B
pelieHnn
reoMEeTpUUYECKUX 3a7a4

Pemenue 3agay,
WJUTIOCTPUPYIOLINUX
CBS3U MEXIY
pa3IMYHBIMU TEMaMU
kypca IloBTopenue,

HCIIOIb30BAaHUEM
MIPOTPAMMHBIX CPEJICTB):
KOMITO3UIMS ABUKCHUM.
CamocToSTeNIbHOE
OTKpPBITHE: (OPMYIIMPOBKA
BBIBOJIOB O CBOMCTBax
KOMIIO3UITUH JBHIKCHUMN.
[Ipoekt: npeoOpazoBaHwms
(IBUKEHUS) B UCKYCCTBE

Hroroas KoH(pepeHIHs:
«MaremaTtuka — 3To
KpacuBO»

https://resh.edu.ru/

https://m.edsoo.ru/8al46fda
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000011IeHNE,
crcTeMaTH3aIus Kypca

OBILIEE KOJIMYECTBO
YACOB 11O TPOTPAMME

34




9 KIIACC

JIeKTPOHHBbIE U (pPOBbIE
KoumnuectBo yacos oOpa3oBaTe/ibHbIE pecypchbl
Nenm/m  Tema ypoka
Beero IIpakTn4yeckue
padoThI
1 Kopens n-it crenenn. CBoiicTBa KOpHs N-ii 1 https://resh.edu.ru/
CTETIeHU
5. CTG?GHB C pallMOHAJIbHBIM [TOKA3aTeJIeM U €€ 1 1 https://resh.edu.ru/
CBOICTBa
3. DopMysl IPUBEIECHUS https://resh.edu.ru/
4. Pemenue TpeyroiabHuKoB. TeopeMa KOCHHYCOB
Pemrenue npakTuueckux 3aaad ¢
5. HCIIOJIb30BAHUEM TEOPEMBI KOCUHYCOB U 1 https://resh.edu.ru/
TEOPEMBI CUHYCOB
6. @®opmyna I'epona 1 https://resh.edu.ru/
7. ®op M}_]_Ha TUIOTIA/IH BRINYIIIOTO 1 1 https://resh.edu.ru/ https://m.edsoo.ru/8al46fda
YETBIPEXYTOJIBHUKA
g ToxaecTBeHHbIE TPpeoOpa30BaHUs BBIPAKECHUIH, 1
coJiepKalnX KOpeHb N-il CTeeHn
ToxnecTBeHHbIE TPpeoOpa30BaHMUs BRIPAKECHUI,
9. collenpncaumx CTGHSHL CppaLII/IOHaHLHBII)M 1 https://resh.edu.ru/
https://m.edsoo.ru/8al46fda
MOKa3aTeaeM



https://resh.edu.ru/
https://resh.edu.ru/
https://resh.edu.ru/
https://resh.edu.ru/
https://resh.edu.ru/
https://resh.edu.ru/
https://m.edsoo.ru/8a146fda

ToxnecTBeHHbIE TPe0OPa30BaHUs BBIPAKEHHIH,

10. COJIep>KalINX CTENEeHb C PallMOHATbHBIM
MoKa3areieM
11. Peuterine ypaBHetitit ¢ MapamMeTpom https://resh.edu.ru/ https://m.edsoo.ru/8al46fda
anredpanvyeckuM MeTo10M
1. I'paduueckuii MeToa pereHus: ypaBHEHHH C
napameTpom
13 Cucrembl HETMHENHBIX YPaBHEHUN €
napameTpoM. IIpoexT.
14. loctpoenne rpaguKos CroxHbIX ypasremHii https://resh.edu.ru/ https://m.edsoo.ru/8al46fda
(OKpYXHOCTB, Iapabosia)
Is. Teopema o mpon3BeaeHUH OTPE3KOB XOP/I,
CEKYyIIEH M KacaTeabHOMI
16. [IpumeHneHne BEKTOPOB B (pu3MKe, IIEHTP Macc
CkansipHO€ TpOU3BEICHNE BEKTOPOB,
17. T€OMETPUUYECKUIM CMBICIT U BBIPAXKEHHUE B
JIEKapTOBBIX KOOPJAMHATAX
1. Pemrenne reomeTpuyeckux 3a1au ¢ HTOMOIIBIO
CKJIIPHOTO ITPOU3BECHUS
19. UccnenoBanue kBaapaTUIHON QYHKIIUU
20 [Toctpoenue mapaboibl Mo TPEM TOYKAM U TIO
BEpIINHE
21. Ipeobpasosarns napadorst (casHr, https://resh.edu.ru/ https://m.edsoo.ru/8al46fda
C)KaTHe/pacTsKeHHE)
57, [Ipeobpa3zoBanus rpadukoB GpyHKINUU (CABHT,
cKaTHe/pacTsHKCHHE)
)3 HccnenoBanue QyHKIMA: HyIH QyHKIUH,

MIPOMEXYTKH 3HAKOTIOCTOSIHCTBA (DYHKIIUH,
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MIPOMEXYTKH BO3PACTaHUS M YOBIBAaHUS
dbyHKIMH, YE€THBIC U HEUETHBIC PYHKIINH,
HanOoJIbIIIee U HANMEHBIIICEe 3HAYCHUS

byHKIHH

Hcnonp3oBanue CBOMCTB (DyHKIMIA 1151

24, 1
pelieHus 3a1a4
’5 [IpaBusbHBIE MHOTOYTOJIBHUKH, BBIYUCIICHHUE 1
UX 2JIEMEHTOB
26. JInmuHa n1yru OKpy>KHOCTH 1
27. f;?;;ii:ia;;z;z;:;e HPOLCHTH 1 https://resh.edu.ru/ https://m.edsoo.ru/8al46fda
)8, Pemrenue 3amau Ha CII0AKHBIE IPOLEHTHI 1
(¢puHaHCOBas MaTeMaTHKA)
29 CyMMa GeckoHEeYHO yOBIBaromen 1
re€OMETPUUYECKOM MPOTrPECCUH
Brruncnenue nepumMeTpoB U miomaaei
30. CIIOKHBIX (PUTYp, BKITIOYAIOIINX 3JIEMEHTBI 1
Kpyra
31. IlenTpanpHas ¥ oceBasi CAMMETPUU https://resh.edu.ru/ https://m.edsoo.ru/8al46fda
32. IToBopoT
33, Kommo3urun npmkeHuit (mpocreiimme 1
MIPUMEPHI)
34, Htorosas koHdpepeHuus: «MaTemMaTHka — 3T0 1
KpacuBoO»
OBLIEE KOJIMYECTBO YACOB I1O 34

ITPOI'PAMME
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