MuHUCcTepcTBO NpocBelleHnsa Poccuinckoin Gepepaumm

MHCTUTYT COAEPXKAHWMA
M METOAOB OBYYEHWMA

nmMeHn B.C. IEOHEBA

PABOYA ITPOI'PAMMA
KYPCA BHEYPOUHOU JIEATEJILHOCTU

TPYJAHDBIE BOITPOCBI MATEMATHUKHA

/-9 Kaacchl

MOCKBA
2025



Conep:xanne

[TOACHUTEJIDHASM BAIIMCKA ..ot s 3
COLEPXAHUE OBYUEHUS........ooiiiiiiiiie e 10
T RITACC ..o 10
B RITACC ..o 11
G RITACC ..o 14
IIJIAHUPYEMBIE PE3YJIbTATBI OCBOEHNS KYPCA BHEYPOUHOU JEATEJILHOCTHU
«TPYJHBIE BOITPOCBI MATEMATHUKID ....c.oviiiiiiiiiiii i 18
JIMHHOCTHDIE PESYJIBTATDI .ttt 18
METATMPEAMETHDBIE PESYJIBTATDBI ...ttt 20
MPEAMETHDBIE PESYJIBTATDI c.eeeiiiiiiieteeee ettt et re e e s s nrne s 23
TEMATHUYECKOE IINTAHUPOBAHUE .........cociiiiiii s 33
T RITACC ..o bbb bbb 33
B RITACC ..o 37
1S 0 1 PP ROPPTPTT 41



Pabouast mporpamma Kypca BHEYPOUHOM JAESITENBHOCTH «TpyaHbIE BOIPOCHI
MaTeMaTHKu. 7-9 kiaccs» (nanee — [Iporpamma) BKIIIOYaeT NOSCHUTENBHYO 3aIIUCKY,
colepkaHue OOy4YeHHs, IUIAaHMPYEMbIE pE3yJNbTaThl OCBOCHHUS MPOTPAMMBI,

TEMATUYCCKOC IINIAaHUPOBAHUC.

MNOACHUTEJIBHASA 3AIINCKA

OO01mas xapakTepucTHKA Kypca

Hacrosimas pabouas nporpamMmma Kypca BHEYPOUHOU JeSITeNIbHOCTH « TpynHbIe
BOIPOCHl MaTEMaTHKHU. /—9 Kilaccel» pa3paboTaHa B COOTBETCTBUU C TPEOOBAHUSIMU
dbenepaabHOro rocy1apCTBEHHOTO 00pa30BaTEILHOIO CTaHAApTa OCHOBHOTO OOIIEro
oOpazoBanus (manee — ®I'OC OOO) u HampaBieHa HAa OpPraHU3alUI0 O0y4YeHUs
MaTEeMaTHYECKOMY COJEpXKaHHUI0, BbIXOAdlleMy 3a pamku DenepanbHON paboueit
IporpamMMsl 1o yuyeOHOMY npeamery «Martematrka» (0a30BbIii ypOBEHb) OCHOBHOTO
oOmrero oopazoBanus (ganee — OPII), ¢ yaeTom UCnonb30BaHus BUIOB JEATEIBHOCTH
oOyuaromuxcs, OTIUYHBIX OT YPOUHBIX.

[Ipu pazpadotke [IporpaMMbl yYUTHIBAIHCH CAEAYIOMINE TOKYMEHTHI:

— nmucbMO MuHHCTEpeTBa npocBemenus Poceuiickoin denepanuu OT 5 Urois
2022 1. Ne TB-1290/03 «O HampaBacHHM METOAWYECKHX PEKOMEHIAIHI
M0 OpraHU3alMd BHEYPOYHOW NEATEbHOCTH B paMKax peau3aliui OOHOBIEHHBIX
(denepalbHbIX TOCYIAPCTBEHHBIX 00Pa30BaTEIbHBIX CTAHIAPTOB HAYAJIBHOT'O OOLIETO
¥ OCHOBHOTO 00111er0 00pa3oBaHus;

— pacnopsbkenue [IpaButenbcrBa Poccutickoit deneparuu ot 19 Hosiopst 2024 1.
No 3333-p «O0 yTBEepkJIeHMH KOMIUIEKCHOTO TIJIJaHA MEPOIPHUATHI 1O MOBBIIICHUIO
KayecTBa MaTeMaTUYeCKOT0 M €CTECTBEHHO-HAYYHOro o0O0pa3oBaHUsi Ha MEpUOJ

1o 2030 rogay.

AKTYaJIbHOCTB Kypca

B ycnoBusix peanuzanuu TakoW CTpaTErMyecKoW 3aJaud, Kak JOCTH)KEHHE
TEXHOJOTHYECKOT0 CYBEPEHHTETa CTpaHbl, Mepe] MaTeMaTH4YeCKHMM oOpa3oBaHHEM
B 4YMCJIE TJIaBHBIX [OCTaBJICHbl CIEAYIOIIME LEJIU: PAa3BUTHE TBOPYECKHUX
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U WCCJIEIOBATEILCKUX CIIOCOOHOCTEH OOyYarommxcsi, uX IMOATOTOBKA B MPOIIECCEe
oOydeHHs] MaTeMaTHKe K BBIOOpY mpodeccuid, CBS3aHHBIX C PA3BUTHEM TOUHBIX
M €CTECTBCHHBIX HAYK M TEXHOJIOTMU. Kak Ba)XKHBI KOJIMYECTBEHHBIN IMOKA3aTENb
MOBBIIIIEHUS WHTEPECAa K MAaTEMAaTHKE BBIJIENSAETCS POCT KOJUYECTBA BBIMYCKHUKOB,
BBIOMPAIOIIMX HA TOCYAapCTBEHHOM UTOTOBOM aTTECTALMU HK3aMEH MO MaTeMaTHKe
Ha MPOPUIBHOM YPOBHE.

OcBoenne  mpenmaraemoit  [Iporpammbl  cHOCOOCTBYET  MOBBIIICHUIO
y 0O0yYaromuxcsi YPOBHS MOTHBAIMU K M3YYCHHIO MATEMaTHUKH, K IMPOJIOJKEHUIO
n3ydenuss matematukn B 10-11 kjaccax Ha yriyOJIGHHOM ypOBHE W OPHUEHTHPYET
Ha BBIOOpP €IUMHOIO TOCYAAapCTBEHHOIO0 JK3aMEHa MO0 MaTeMaThKe MNpO(HIBHOTO
ypoBHs. Kpome Toro, ocBoeHue npeanaraemoro B [Iporpamme coaepskanusi mo3BoisieT
paclIupuTh KPYr peIIaeéMbIX MaTEMAaTHYECKUX 3a7ad 3a CYET BKIIOUCHUS
npoOJIEeMHBIX, HECTAHJIAPTHBIX 3ajad, 3a7ad MPUKIATHOTO XapaKTepa, BHIOJIHCHUS
HCCJIEI0OBATENHCKUX PA0OT, B TOM YHCIIE C MEKIIPEAMETHBIM COJIEPKAHUEM, N3YyUCHHUSI
JIOTIOJITHUTENIHHBIX BOIMPOCOB KaK TEOPETUUYECKOT0, TaK U MPAKTUIECKOTO XapaKTepa.

[Ipenycmotpennbie I[IporpamMmoit BUIBI AEATEIBHOCTH — WHIWBUIyalbHAs
U TPYINIOBas MPOEKTHAsT M MCCIEN0BaTEIbCKas JCATEIBHOCTh — CIIOCOOCTBYIOT
Pa3BUTHIO TIO3HABATEIBHBIX, PETYJSITUBHBIX W KOMMYHHMKATUBHBIX YMEHHI
oOyuatomuxcs. IIporpaMma COOTBETCTBYeT WHJEE€ pPACHIMPEHUS MPUKIATHOU
HAIPaBJICHHOCTU Kypca MAaTeMaTHKH Ha YPOBHE OCHOBHOI'O OOIIEro oOpa3oBaHMS.
Peanmuzanust kypca CHnocoOCTBYET BBISIBICHUIO TAJAHTJIIMBBIX W OJIapEHHBIX
oOyyJarommxcsl, MoJAEPKKE UX TaJaHTOB U PA3BUTHUIO CTIOCOOHOCTEH.

B GonbmmHCTBE TEM Kypca MpEe/InoiaraeTcsl BHIMOTHEHUE UCCIISOBATEIBCKUX
pabor. YueOHOe wHcclieoBaHME MO MareMaTthuke B 7-9 Kiaccax mpearnosaraer
NOJIy4YeHHE CyObeKmugHo HOBOTO JUisl OOy4YarolIerocs pesyibTaTa M HaIpaBiIeHO
Ha OopMUPOBAHUE UCCEAOBATEIILCKUX YMEHUI: BBIJICJICHUE TPOOIEMBI, OpraHU3aIlns
W aHaJIu3 JAHHBIX, BBIJBM)KCHUE TUIOTE3bI, IPOBEPKA TUIMIOTE3bI, (POPMYJIUPOBAHKE
BBIBOJIOB U MPEJCTABICHUE PE3YJIbTATOB HA TPAMOTHOM MaTEMATHUYECKOM SI3BIKE.

[Iporpamma MokeT OBITH BOCTpeOOBaHA OOYYAIOIIMMHUCS, KOTOPHIE HMEIOT

HHTCPCC K UBYUCHUIO MATCMATUKH, TOTOBATCS K YHAaCTHIO B OJIMMITHAAaX IIKOJbHHUKOB



10 MaTEMATUKE U YTITyOJIEHHOMY U3YUYEHHUIO MATEMATHUKN Ha YPOBHE CPEAHETO OOILETO

oOpa3oBaHus.

eab u 3a1a4n Kypca

Peanuzanus BHEYpOUHOU NESTEIBHOCTH SIBISIETCS HEOTHEMIIEMOM YacCTbhIO
oOpa3oBaTenpHOTO  IIpoliecca, obecrneunBass B TOM  4YHCJIE€  BO3MOXKHOCTH
dbopmupoBaHUs 00pa30BaTENbHBIX MPOTPAMM PA3IUYHOTO YPOBHS  CIIOKHOCTHU
Y HAaMpaBJICHHOCTH C y4Ye€TOM OOpa30oBaTeJIbHBIX NOTPEOHOCTEW M CHOCOOHOCTEN
oOyuaroluxcs, BKJII0Yask 0JJapeHHbIX JETEH.

Hean IlporpamMmmbl —  oOecrneyuTh HWHIUWBHUIyalIbHbIE MOTPEOHOCTH
oOy4JaronMxcss B HW3YYEHUU COACPKAHUS MaTEeMaTHKH, BBIXOJAILLEIO 3a pPaMKu
IporpaMMbl 0a30BOTO YPOBHSI.

3agaum Kypca:

1. IToBbllIeHrE YPOBHS MaTeMaTHUECKON MMOATOTOBKH 00YyYaroIUXCsl, pa3BUTHE
YCTOMUYMBOTO HHTEpECa K yueOHOMY mpeameTy «MareMaTukay.

2. Pa3BuTHE TBOpUECKHX CHOCOOHOCTEH, MPOCTPAHCTBEHHOTO BOOOPa)KEHUS,
TEOPETUYECKOTO MBILIUIEHUS W MAaTEMAaTHUYEeCKON HMHTYWIIMU, YMEHHUH paccyKIaTh
JIOTUYECKU U aHAJIM3UPOBATH CUTYALIMH.

3. YriyOnenue u 3akperieHne 0a30BbIX 3HaHUH, POPMUPOBAHUE YCTONYUBBIX
HaBBIKOB PEILICHUS] HECTAHIAPTHBIX U OJIMMITHAJHBIX 33]]a4, OCBOEHHUE HECTAHIapTHHIX
MOJIXO/IOB U OPUTMHAIBHBIX PEIICHUN.

4. O3HaKOMJICHHE C JOTIOJHUTEIIbHBIMU Pa3eiaMu MaTEMATUKH, BBIXOISIIIIIMU
3a paMKH 0a30BOr0 Kypca.

5. Bociutanue camMoOCTOATENbHOCTH, HACTOMYMBOCTH M OPraHU30BAHHOCTH
B XOJI€ PEIICHHS CJIOKHBIX 3a7a4.

6. PazBuTe HABBHIKOB KOMAaHJIHOW pabOThl, JPYKECKOrO0 COMNEPHUYECTBA
Y 3I0POBOM KOHKYPEHLIUU CPEIA CBEPCTHUKOB.

7. [lonroroBka 00y4arOIUXCsl K y4aCTUIO B IIKOJbHBIX, PAIOHHBIX, TOPOICKHX,
PETMOHAIBHBIX, BCEPOCCUMCKUX OJUMIIMAAAX, KOHKypcaXx M COpPEBHOBAHHUSX

10 MaTCMaTHKeE.



8. IloBplllieHME  ypOBHS ~ TPAaMOTHOCTH B OOJAaCTH  HCIIOJIB30BaHUS
«MaTeMaTHYeCKUX MaKeTOB», 00€CIeUNBAIOIINX ABTOMATU3AIMIO MPOIECCOB MOUCKA,
aHanm3a, oOpabOTKH, co3daHWs, Tepenaydu, GopMain3anuu (B BHIE CTAaTUYECKHUX
U TUHAMHYECKUX Ipa(UKOB, TUarpaMM U MPOYUX BU3YyaJIH3aIUil pe3yIbTaTOB aHAIN3a
U MaTEeMaTUYECKUX 3aKOHOMEPHOCTEW) B TMpolecce Y4eOHOU JesATeIbHOCTH
MIPU U3YUYEHUHU MaTEMATUKH.

9. Pa3BuTHE TBOPUYECKUX CITIOCOOHOCTEMN, TEOPETUUECKOTO MBIIIICHUSI HA OCHOBE
WCITOJIb30BaHUS IU(PPOBBIX MHCTPYMEHTOB (B TOM YHCIIE «MATEMATHYECKUX TAKETOBY )
B 00JacTM MOJEIMPOBAaHUS, UMHUTAUMU M HHTEPHpPETAlMH  aOCTPAKTHBIX
MaTEeMaTUYECKUX 0OBEKTOB U 00pa30B B BUE PA3IUYHBIX BU3yallU3aluil (B TOM YHCIIE
IPOCTPAHCTBEHHBIX OOBEKTOB).

[Iporpamma pa3zpaboTaHa ¢ y4deToM peKkoMeHaalui QeaepaibHO paboueit
MpOrpaMMbl BOCIIUTaHUS. B 4aCTHOCTH, OHA YYUTHIBAET MCUXOJIOTO-NIEAArOTUYECKUE
O0COOEHHOCTH COOTBETCTBYIOILIEH BO3PACTHOM KATErOPUHU 00YUYaIOIIHUXCS.

Takum oOpasom, peanuzanusa [IporpamMMbl  COMEHCTBYET MOJYYECHHIO
CIIEAYIOIINX PE3YyJIbTATOB:

— JIOCTHKEHHUE 00YUYalOIUMHUCS MIJIAHUPYEMBIX TUYHOCTHBIX, METANPEIMETHBIX
U TpPEeIMETHBIX PE3yJIbTaTOB, B T. Y. COOTBETCTBYIOLIUX YIJIyOJIEGHHOMY YpPOBHIO
W3YUYCHUS] MaTeMaTUKH;

— pa3BUTHE JIMYHOCTH OOyYarONMXcsi, GOPMUPOBAHUIO U YIOBIECTBOPCHUIO UX
COLIMAJIbHO 3HAYMMBIX UHTEPECOB U MOTPEOHOCTEN;

— caMopeanu3alysg 00y4JaroUMXcsl 4Yepe3 y4acTue BO BHEYPOUHOH IS TETbHOCTH.

MecTo Kypca B 00pa3oBaTe/ibHOM Npolecce

Bo ®I'OC OOO mua oOs3arensHOro OOydeHHs YTBEPHKIEHBI JBa YpPOBHS
OCBOEHHUSI pabOYMX MpPOTrpamMM IO MaTeMaTuke: 0Aa30BbIM U YTIIyOJIEHHBIN, HAUMHAs
c 7 xinacca. CopepkaHue MporpamMmbl IO MaTeMmaTuke (yriayOJIeHHBIH YpOBEHb)
HAIpaBJICHO HA Y/JOBJIIETBOPEHHE TIOBBIIICHHBIX  3alpPOCOB  OOYYaOIIUXCS,

CTpeMsIIIUXCS K 00Jiee TITyOOKOMY OCBOEHHIO MPEAMETHBIX pe3ynbTaroB. [Iporpamma



Kypca BHEYPOYHOU AeATENbHOCTH «TpyaHBIE BOMPOCH MaTEeMaTHUKW» HalpaBJICHA
Ha paclIMpeHue 3HAaHUI 00YJarONIMXCs TI0 MaTeMaTHKE /ISl KJIACCOB € 00s3aTeTbHBIM
0a30BBIM YPOBHEM OOYYCHHSI MaTEMaTHKE.

TemaTudeckoe MIaHUPOBAHKE B TIPOTPaMMeE Kypca BHEYPOUHOU JeATEILHOCTH
«TpymHble BONpPOCHI MaTeMaTHKW» COCTaBJICHO TaK, UYTO pachpeleicHHe
COZIEP KATEIIbHBIX Pa3/IeJIOB B HEM CHHXPOHU3UPOBAHO C 00s3aTEIBHON TIPOTPaMMOn
0azoBoro ypoBHs. Peanmmzanus comepikaHusi mpejuiaractcsi B (opmax, OTIMYHBIX
oT ypouHbIX. ClieIyeT OTMETHTh, YTO JAHHBIN KypC B OCHOBHOM IIIKOJIC BHICTPAaUBACTCS
HE TOJIBKO Ha PACIIMPEHUH MAaTeMAaTHYECKOTO COJepKaHus 0a30BOTO YpPOBHS,
HO U Ha MOBBIIICHUH YPOBHS CJIOXKHOCTH 3324, IPejiaraeMbIX JJI PEIICHHUS.

PaGouast mporpamma Kypca BHEYPOYHOU NESITEIBHOCTH «TpyaHBIC BOMPOCHI
MaTeMaTUKW» TMpeJHa3HaueHa I peanu3anuu B 7-9 Kiaccax W HampaBieHa
Ha JIOCTIDKEHHE 00yJaronuMucs TUIAaHUPYEMBIX pe3yibTaToB. [locienoBareabHOCTD
U3Y4YCHHUS TEM Kypca COBIIaJaeT IO BPEMEHH C HW3Y4YEHHEM Kypca MaTeMaTHKH
(anmreOpbl W TEOMETPUU) OCHOBHOM MIKOJBI 0a30BOT0 YpPOBHSA, BCE TEMBbI
10 BO3MOXXHOCTH CHHXPOHHU3UPOBAHBI C 0a30BBIM KypCOM MaTeMaTHKH IO KjaccaM.
TemMbl MmO anreOpe W TEOMETPUHM HYEPEAYIOTCS, YTO TIIO3BOJIACT MAaKCHMAaIbHO
MPUOJIM3UTH UX TT0 BPEMEHHU U3yYEeHHsI K OCBOCHHIO 0a30BOTO Kypca.

[Tpu peamuzanuu [IporpamMmel mepBas 3aada y9uTeas COCTOUT B TOM, YTOOBI
co37aTh HEOOXOAMMbBIC YCIOBUS I IPUOOPETEHUS U PA3BUTHUSI YMEHUIMA, CBI3aHHBIX
C MPOBEJICHUEM UCCIICIOBAHUIA Ha MAaTEMAaTHICCKOM COJICp KaHMH. J{J1s1 pemeHus 3Ton
3amaun B [IporpamMme 06003HaYEHO MECTO M CHOPMYTUPOBAHBI TEMBI JJISI TIPOBEICHUS
HCCIIeIOBATEILCKUX PadoT.

Bropas 3agava yuurens mo peanusanuu [IporpaMMmbl cBsiz3aHa ¢ BO3MOXHOCTHIO
co3faTh yCJIOBHUS JUisi OOpaOOTKM W TpeACTaBieHUs WHPOPMAIMK HAYYHOTO
comepkaHusi (B TOM 4YHCJIE€ C HCIOJIB30BaHUEM MHU(PPOBBIX HWHCTPYMEHTOB)
IpU OpTraHW3allid WHIWBUIYaTbHOW W TPYIMIIOBOM TMPOCKTHOW EATEITHHOCTH.
Jlnst ycnemiHOW peanu3aiuy CIIEHAPHEB IMPOCKTOB PEKOMEHIYETCS HCIOJIb30BaTh

NepCOHAJIbHBIC KOMIIBIOTEPbBI C YCTAaHOBJICHHBIMHU O(i)I/ICHBIMI/I ImporpamMmmamMmn



U JIOCTYIIOM K ceTH VHTepHeT (KaKk MUHUMYM OJHMH KOMIIBIOTEp I KaKIOu
IPYIIIIHI ).

@OopMBbI  I€ATENBHOCTH  OOYy4YaloIIMXCAd IPEeayCMaTpuBalOT  aKTUBHOCTh
U CaMOCTOSITENIbHOCTh, COYETAIOT HWHAMBUAYAIbHYIO U TPYHIOBYIO paboTy,
OTJIMYAIOTCA OT YPOYHBIX OO0J€€ IIMPOKUM HCIOJIb30BAHUEM HCCIEI0BATEIBCKOMN
U TPOEKTHOW  JEATEIbHOCTH, pEUIEHWEM HECTaHAApTHBIX 3aJa4y H  Jp.
CTpyKTypupoBaHHE€ TEMaTHYECKOIrO IUIaHUpoBaHUs B IIporpamMme COOTBETCTBYET
NOPSJIKY M3YyYEHHs] Pa3[eioB M TE€M aireOpbl WU FeOMETpHUH B OCHOBHOM IIKOJE
U TEeM CcaMbIM OOECIEUMBAET MPEEMCTBEHHOCTh YPOYHOM M  BHEYPOUYHOU
NEATEIBbHOCTH.

Peanuzaums IlporpaMmbl mpenrnosiaraeT Co4Y€TaHUWE PA3NUYHBIX  (opm
IpynmnoBoi paboThl (AUCKYCCUS; MATEMAaTHUYECKOE COPEBHOBAHUE; MMPAKTUKYM; BBIOOD
TEMbl TPOEKTa, IUJIAHUpPOBaHHE pPA0OT, paclpeaeseHUue pojeil, B3auMOOILIEHKa
IIPU BBITIOJIHEHUH TPYITIOBBIX IPOEKTOB U UCCIEAOBAHNHN ) U UHANBUAYATHHON paObOTHI
(BBIMIOJTHEHNE WHAWBUAYAIBHOTO HCCICIOBAHUS, B TOM YHCIE C HCIOJIb30BAHUEM
HU(POBBIX HMHCTPYMEHTOB; MPOBEIECHHWE YCTHOTO OOOCHOBaHUS IMPU PEIICHUU
HECTaHJApTHBIX 3a/a4, 3aJa4 I[OBBIIIEHHOIO YPOBHSA CJIOKHOCTH; IIOCTPOEHHE
MaTeMaTHYECKUX MOJEeJel, HX HCCle0BaHUe; UHTEpIpeTaluns IOIyYeHHbIX
PE3yAbTATOB MIPU PEIICHHUH 33]1a4 ¢ MEXIPEIMETHBIM U IPAKTUYECKUM COJIEP)KAHUEM;
IOUCK, HWHTEpIpeTalnus, Mpeodpa3oBaHue M NPUMEHEHHE MAaTeMaTUYeCKOU
UHPOPMAIIUK; CaMOCTOSTEIILHOE OTKPBITHE HOBOTO MaTeMaTHYeCKOro (hakra).
Hcnonb3zoBanue Takux GopM paboThl MOMOTaeT pa3BUBaTh Y 00YUYaIOIIUXCS, C OJHON
CTOPOHBI, HaBBIKM BOCIPHUATHS HOBOM MH(GOpPMalMU MpHU pa3IUYHbIX (Qopmax ee
MOJIauu, a C JPYrol CTOPOHBI — AKTHUBHOCTb, CAMOCTOATEIBbHOCTh U CIHOCOOHOCTD
K TBopuecTBy. OcBoenue [IporpamMmbl TOJKHO JOMOJHSATH W pa3BUBaTh 3HAHUS
¥ yMEHHUS OOydYaronmxcs B 00JacTH MaTeMaTUKH, OPUEHTUPOBATh UX HA OOydeHHE
B CpeOHEN 1IKoJie B Kiaccax, HIpelyCMaTpUBAIOIIUX OCBOEGHUE MATEMaTUKU
Ha yrayOJeHHOM YpOBHE, B YAacCTHOCTH TEXHOJOTMYECKOTOo Npopuis, a Takke

CIT0coOCTBOBATH COMMAJIBHOMY (l)OpMHpOBaHI/II-O JINYHOCTH O6y‘13.I-OHII/IXC}I.



[Iporpamma kypca paccumtana Ha 204 gaca B TEUYEHHE TpeX JIET OOydeHUS
B /-9 knaccax (68 uyacoB B KaXJOM KJIacce) MpU NPOBEIACHUM 3aHATHN OAUH pa3
B HENeN0 MO 2 akaJeMUYeCKHX 4Yaca KaXJoe WM JBa pa3a B HEACIIO
no 1 akagemuueckomy udacy Kaxaoe. LlenecooOpa3HbIM SIBASETCS YEpEIOBAHUE TEM
3aHATUHN C aNreOpanyeckuM U TEOMETPUUECKUM COAECPKAHUEM.

B 3aBucummocTM OT KOHKPETHBIX YCIOBMM peamu3auuu [Iporpammel
U KOJINYECTBA O0YYarOUIMXCs JOMyCKaeTcsl (pOpMUPOBAHUE TPy U3 00yUaroUMXcs
pa3HbIX KJIACCOB B Ipejienax 0AHOoM napaiend. [Iporpamma MoKeT peann30BbIBATHCS
o0pa30oBaTeabHON OpraHu3anuell CaMOCTOATENbHO JIMOO Ha OCHOBE B3aWMOJEHCTBUSA
C IpyTUMH OpPraHU3alUsIMHU, OCYIIECTBISIOIUMHU 00pa30BaTEIbHYIO JI€ATEIbHOCTb.

[Io ycMOTpeHHIO Y4YWTENs HEKOTOpbIE 3aHATHA MOTYT OBITh HCKIIIOUEHBI
VI 3aMeHEeHbl. Pexomenayercs BKiIouuTh B [IporpamMmy pernoHanbHbIil KOMIIOHEHT:
DKCKYpCUH Ha IMPEANPUATHS, B PETUOHAIBHBIE MY3€H, BY3bl TEXHHUYECKOU
HAIpPaBJICHHOCTU JJi1 TOBBIIICHUS HWHTEpeca OO0Yy4YalIIUXCAd K MPAKTUYECKOMY

M3YUYCHHIO TTPOECCHid, CBA3aHHBIX C MAaTEMATUKOM.



COAEPKAHUE OBYYEHUSA

7 KJIACC

uieMeHThI HcTOpHU. O0mKe NOHATHA reoMmeTpun. OCHOBHBIE (PUTYPbI

HcTopusi BOBHMKHOBEHHUS U pa3BUTUA reomeTpud. [lonaTus: akcuoma, teopema,
CBOMCTBO, NPU3HAK, J10KA3aTENbCTBO, ONpeaeiieHre. IHCTpyMEHTHI 1Sl U3BMEPEHUN U
IIOCTPOCHUN. B3aMMHOE pacIoiOKEHUE TO4YEeK Ha npsAMou. M3mepeHue IIMHBI
OTpE3Ka, pACCTOSIHUE MEKTy TOUKaMH. B3anMHOe pacnosiokeHue npsameix. Jlomanas.
Buner nomanbix. [lnrnaa tomanoi. MHOroyroiapHuku. [lepumerp MHOTOyrosibHHUKA.
[ToHsITHE O BBIMYKJIBIX U HEBBIMYKJIBIX MHOTOYTOJIbHUKAX.

Yucaa u BpruuciaeHus. Jleaumocrb

[Ipusnaku genumocty: (GOpMYJIHpPOBKA M J0OKa3aTrenbCcTBO. Pemienue 3amau
MOBBIIIEHHONM  CJIOXXHOCTH  HA  JIEJIMMOCTh.  PemieHne  CIOKETHBIX — 3a1a4
apu(PMETUIECKUM METOOM.

Hccnedosamenvckas paboma: NeaIMMOCTb U €€ CBOMCTBA.

AnredpanvecKue BbhIPaKEHUA

CreneHu, MHOTOYJIEHbI, TpeoOpa3oBaHWE MHOTOWICHOB, JICHUCTBUS C
MHOrouJiecHaMi. MHorousieH cranaaptHoro Buja. CreneHb MHorouseHa. KopHu
MHoOrowieHa. Haxoxaenne kopHeil MHOTO4YIeHa. Jloka3aTenbCTBO TOXKAECTB. Pa3Hbie
MOJXO0/bI K JOKA3aTEIIbCTBY TOXK/IECTB.

Hccnedosamenvckas paboma: Kak HaWTH KOPEHb MHOTOUJICHA?

TpeyroasHuxku. IIpu3zHaku paBeHCcTBAa TPEYIr0JIbHUKOB

TpeyronbHuku. PaBHBIE TPEYyrOJbHUKH B TEOMETPUUECKHUX KOH(UTYpaIusx.
[Ipu3Hakn paBeHCTBAa TPEYroOJbHUKOB. I[IpuM3HakM paBeHCTBA MPAMOYTOJBHBIX
TpeyroJbHUKOB. [IepreHIuKyIsip U HaKJIOHHAS.

YpaBHeHUs U CHCTEMbI YPABHEHUI

Jluneiinbie ypaBHEHUS U UX cUcTeMbl. OnpeiesieHHe Ynciia KOpHEN JIMHEHHOTO
ypaBHEHUs. PellieHre JTMHEWHBIX YPaBHEHUM, COJEpKAIUX 3HAK MOIyJsa. Pemienue
JIMHEWHBIX YPABHEHUM C mapamerpamu. PenieHue CUCTEM JIMHEMHBIX ypPaBHECHUH

Pa3sHbIMHU MCTO/IaMHU.
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Hccneoosamenvckas paboma: TNUHEHHBIE YpaBHEHHs, COJEpXKaIMe 3HAK
Moaynsi. [loctpoenust ¢ moMonIbl0 HUPKYJIS U JuHeHkrn OOOCHOBaHUS MPOCTEHIINX
ITIOCTPOECHMH, ATAIIBI 337]a41 Ha IOCTPOEHUS, PEIICHHE 3a/1a4 Ha IOCTPOECHUE LINPKYJIEM
Y JTMHEUKOM.

OceBasi cummeTpust

@urypsl ¢ oceBor cumMmeTpuen. [Ipumepsl cMMMETpUM B OKPYXKAKOIIEM MHUpE.
Ilpoexm: cUMMETpHS B OKPYKAIOIIEM MHUDE.

MHOroyrojibHUKHY H reOMeTpU4ecKHe HEPABEHCTBA

CyMMa BHYTPEHHUX YIJIOB MHOTOYTOJIbHMKAa W BHEIIHMX YTJIOB BBITYKJIOTO
MHOTroyrosbHuka. COOTHOIIEHHsS MEXKIy CTOPOHAMHM W YIJaMH TPEYTOJIbHUKA.
HepasenctBo TpeyrosibHuka. HepaBeHCTBO 0 iMHE JiIomaHOW. HepaBeHCTBO Mex Ty
MIEPIICHINKYJIIPOM U HaKJIOHHOU. PaccTositHue OT TOUKH A0 MPSMOU.

Hccneoosamenvckas paboma: TEOMETPUUECKUE HEPABEHCTBA.

DOyHKUIMHA

[louck oOnacTu ompeneseHMs W MHOXKECTBA 3HAYECHUUW  (YHKLHUH.
Hcnonb3oBaHue pa3iMyHbIX cnoco0oB 3ananus (yHKuMH. Mcnosnb30BaHUE CBOMCTB
byHKIMA 78 aHaiuM3a TpapUKOB pealbHBIX 3aBUCUMOCTEH (HyIM (yHKIINH,
MPOMEKYTKH 3HAKOTIOCTOSIHCTBA (DYHKIIMH, MTPOMEXKYTKH BO3pacTaHus U yObIBaHUS
GbyHKUMK, HauOOJblIee MU HaMMEHblllee 3HaueHus (yHkuuu). I'paduku, KycodHO-
3aJlaHHble QYHKIIUU.

HUccneoosamenvckas paboma: cpaBHEHHUE CBOWCTB (QYHKUMU U UX TpaQUKOB B
3aBUCHMOCTH OT [TAPaMETPOB.

I'eomeTpuyeckune mecta ToYeK

B3auMHOe pacnonokeHue OKpYyKHOCTU U IpsMou. IIpumepsl reomerpruyecKkux
MECT TOYEK Ha IUIOCKOCTH. METOH TeOMETPUYECKMX MECT TOYEK MpPU PEIICHUH

TCOMCTPHUYICCKHUX 3aaa4.

8 KVIACC

Yucjaa v BLIYUCICHUSA

KBagpaTHbiil KOpeHb. BoinosHeHne onepanyii ¢ UppanMOHAIBHBIMU YU CIIAMM.
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AJire0OpanvecKue BbIPaKEeHUs
JIpoOHO-parmoHaibHble BhipakeHus. CteneHu. BoInoHEHHE TOXIECTBEHHBIX

npeoOpa3oBaHull PaIMOHAIBHBIX BBIPAKCHUH.

LenTpajabHasi cHMMeTpHUs

@®opMynupoBKa ONpeAeNieHHs M JI0OKa3aTeNbCTBO CBOMCTB ILIEHTPAJIbHO-
CUMMETPUYHBIX QUTY.

Jlenenue oTpe3ka Ha paBHbBIE YACTH C MTOMOUIBIO ITUPKYJIIS U TUHEHKH.

HUccnedosamenvckas paboma: CBOWCTBA NEHTPATbHO-CUMMETPUYHBIX QUTY.

IIpoexm: neHTpanbHasi CHMMETPUS B OKPYKAIOIIEM MHUPE.

YeThIpEéXyroJbHUKHU

[Tapannenorpamm, ero npusHaku 1 cBoictsa. [IpsMoyroasHuK, poM0, KBapar,
UX TMpPU3HAKU U cBoiicTBa. Tpameuus. PaBHOOenpeHHas Tpameuus, €€ CBOWCTBA U
npu3Haku. CpenHsis JIMHKS TPEYTOJIbHUKA U CpeAHss JuHus Tpaneuuu. CBolcTBa U
IIPU3HAKH CHELUAIBHBIX BUIOB YETBIPEXYTOJIBHUKOB.

Hccnedosamenvckas paboma: 3HaKOMbIE U HE3HAKOMBIE YETBIPEXYTOIbHUKH.

YpaBHeHUS U HEPABEHCTBA

Onpenenenue paBHOCWIBHBIX ypaBHeHUM. [IpuMeHeHre CBONCTB ypaBHEHUM
C oOnHOM mnepeMeHHOW. OmnpeneneHrue KOIWYeCTBA JIEUCTBUTEIBHBIX KOPHEH
KBaIpaTHOTO ypaBHEeHUs. Pelienne npoOHO-paliMOHaIbHBIX YPaBHEHUN, CBOSIITUXCSI
K JIMHEWHBIM WM K KBAJpaTHbIM YPaBHCHHSM, HCIOJB30BAHUE METOJA
3aMEHbl TMEepEeMEHHOM. PellleHne TEKCTOBBIX 3alau anreOpaunvyeckuM CIoCOOOM:
Hepexo]l OT CIOBECHON (OPMYJIMPOBKHU YCIOBHS 33Jauu K ajaredpanyeckoi Mozenn
IyTEM  COCTABJIICHUS  yPaBHEHMS;  PEUICHHWE  COCTABJICHHOTO  YPaBHEHWS;
WHTEpHOpeTanus pe3yibrara. ['padudeckas HWHTEpHpeTanus YpPaBHEHHH C JByMs
MIePEMEHHBIMH.

Pemenne cucreM ypaBHEHUH, B KOTOPBIX OJHO W3 YPaBHEHUU HE SIBJISETCS
auHelHbIM.  ['paduueckas uwHTepOpeTanus penieHuss YpaBHEHUS C  JIBYMS
IIEPEMEHHBIMU U CUCTEM YPaBHEHUU C IByMs IIEpEMEHHbIMU. Pelenre HelmMHenHbIX

HCPABCHCTB MW HUX CUCTCM. Pemenue HCPABCHCTB, COACPIKAIIUX 3HAK MOOYJIA.
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N300pakeHne perieHuss HepaBeHCTBA C OJHOW MEPEMEHHOW W CHCTEMbl HEPABEHCTB
Ha KOOPJIWHATHOW MPSMOM, 3allMCh PEUICHHsS C MOMOINBIO CUMBOJIOB. HepaBeHCTBO
C IBYMs MIEPEMEHHBIMU. ['padudecknii METOJT pEIICHUsI CHCTEM HEPABEHCTB C IBYMS
MIEPEMEHHBIMH.

HUccnedosamenvckas paboma: paBHOCUIBHOCTD U CJICJICTBUE.

HUccneoosamenvckasa paboma:. Trpaduueckas HMHTEpIOpPETaLUs YpaBHEHHI
C IByMSI TIEpEMEHHBIMH.

Hccnedosamenvckasa paboma. TpapuiyecKuil METOJ] pEHICHUsS CHUCTEM

HCPABCHCTB C ABYM: IICPEMCHHBIMU.

IIpeoGpa3zoBanue moaooust
[IpeoOpazoBanue nogodus u nogooHble purypbl. COOTHOLIEHUS B TOJI0OOHBIX

dburypax.

Hccneoosamenvckas paboma: 4to Takoe dppaxran?

J/loka3areibCTBa HEPABEHCTB

OueHka 3Ha4eHUsI BBIPAYXKEHUSI C UCIIOJIb30BAHUEM HEPABEHCTB.

[IprMeHeHne CBOMCTB HEPABEHCTB B XOJI€ PEILICHHUS 3a1a4.

Ornpenenenre paBHOCHIBHBIX HEPABEHCTB.

Jloka3aTtenbCTBO HEPABEHCTB.

Pemenne TEKCTOBBIX 3a7ay € TMOMOIIBIO JIMHEWHBIX HEPABEHCTB C OJHOM
IIEPEMEHHOM.

Hccneoosamenvckas paboma: NTUHEHMHOE HEPABEHCTBO C OJIHOM MEpPEeMEHHOU

C mapaMeTpoM.
IIpsiMmoyroJibHbIE TPEYTr0JbHUKHU

Teopema Iludaropa u e€ npuMeHeHHE NPHU PEIICHUU MPAKTUYECKUX 3a/ad.
Jloka3aTenbCTBO  COOTHOILIEHUH MEXIy MpOMOPIUOHAIBHBIMU  OTpe3KaMu B
IPSIMOYTOJIBHOM TPEYTOJIbHUKE (BBICOTA, MPOBEAEHHASI U3 BEPIIMHBI MPSMOIO YIJIa;
METPUYECKUE  COOTHOWIEHUs). IIpuMeHeHue COOTHOLIEHWM Npu  pEeUIeHUH
r€OMETPUUYECKUX  3adad. [puroHomerpuueckue  (QyHKIMH  OCTpPOro  yIJa
IPSIMOYTOJIBHOTO TPEYTroJIbHUKA (CHHYC, KOCUHYC, TAHI€HC, KOTAHI'€HC). 3HAYEHUs
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TpuroHoMerpuueckux ¢GyHkuuil ans yriaoB 30°, 45°, 60°. Pemenue 3amau c

UCITIOJIb30BAHUEM TPUTOHOMETPUUECKUX (DYHKIIHIA.
IIpakmukym: penieHue NpaKTUKO-OPUEHTUPOBAHHBIX 3a]1a4.
Mamemamuueckoe copesrosanue: PEIICHUE 3a1a4 Pa3HBIMU METO/IAMH.

DOyHKUNHA
[Touck obnactu ompeneneHus W MHOXKeCTBa 3HaueHUM QyHkumu. ['padux

dbyukiuu k/x. ©yukius Buaa (ax + b)/(cx + d).

Ynca 4 BHIYMCIEHUS: 1eTUMOCTD

dopMyJIMpOBKa OMpEACICHUsT JCIUMOCTH HalleJo, 4YHCEeN, CpPaBHUMBIX
0 JaHHOMY MOAyJ0. BreinmoiHeHue pAeneHuss ¢ OcTaTkoMm. JloKa3zaTelnbCTBO
U MPUMEHEHHUE CBOMCTB CpaBHEHHMU MO MOIynr0. HaxoxaeHue OCTaTKOB CYMMBI
Y TIPOU3BEICHUS 110 JAHHOMY MOJIYJIIO.

Hccneoosamenvckas paboma: NeIuMOCTb.

9 KUIACC

YpaBHeHMs U HEPABEHCTBA

bukBanpaTtHbie ypaBHeHHs. MeTObl paBHOCUIILHBIX MPE0OpPa30BaHMIA, 3aMEHBI
NEePEMEHHOM, rpauUecKOro METo/Ia MPU PElIeHUH ypaBHEHUM 3-il u 4-i cTeneHen.
Pemienne HepaBeHCTB, coAepKamMX 3HAaK wmoxayisa. HepaBeHCTBO ¢ 1OByMms
nepeMeHHbIMH. [IpuMeneHne rpaduyeckoro MeTroja peueHUs CUCTEM HEpPaBEHCTB
C ABYMS IlepeMeHHbIMU. Perienue qpoOHOo-pallioHaNbHBIX YPABHEHUN U HEPABEHCTB.
[Toctpoenue rpadukoB ypaBHEHUI, B TOM YHCJIE C HCHOJIb30BAaHUEM IM(PPOBBIX
pecypcos. [IpuBoauTh rpa@uueckyro HHTEPIPETALMIO PEIICHUS] YPAaBHEHUS C ABYMs
IIEPEMEHHBIMHU U CUCTEM YPAaBHEHHU C ABYMs IEpEMEHHbIMHU. VccnenoBanue cucrem
HEJIMHEWHBIX YPaBHEHMM C ITapaMeTpoM. Perienne HepaBeHCTB ¢ AByMsI IEPEMEHHBIMU
U UX CHUCTEM.

Hccneoosamenvckue pabomul:  pelmieHue 3aJad € [apaMeTpamu  —

anreOpanvdeckuM METOA0M; TpauIeCKUM METOIOM.
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Pemenue TPEYroJbHUKOB

Teopema CHUHYCOB M TeopemMa KOCHUHYCOB, UX MPUMEHEHHUE IIPU PELICHUU
TPEYTOJbHUKOB U IIPAKTUYECKUX 3a/1a4. CooTHoleHus MEXIY
TpuroHoMerpuueckumMu  ¢yHkiusmu.  [Ipocreiimme  ¢opMmynbl  NpUBEACHHUS,
BBIBOJIUMBIE U3 T€OMETPUUECKUX cooOpakeHuil. HaxoxxaeHue paanyca onumcaHHOU

okpyxHocTH. Dopmyia ['epona. opmyJia IIOMAIHA BEITYKIOTO YEThIPEXYTOJIbHUKA.

IIpakmukym: pelieHne reOMETPUUECKUX U PAKTUKO-OPHUEHTHPOBAHHBIX 3324

Pa3HbIMH MCTOdAaMMU.

AJuire0panvecKue BbIPaKEeHUA

Crenenp ¢ paOHAJIBHBIM [TOKA3aTENIEM.

Onpenenenne KOpHS n-i CTEIIEHU U CTENEHU C PallOHAIbHBIM [T0KA3aTEIEM.

[Ipumenenue onepanuu W3BJICYEHUS KOPHS H-U  CTENEHW, HCIOJIb3Ys
IpU HEOOXOAMMOCTH KaJIbKYJISATOP. Bhruncienne 3HaueHus CTENeH! ¢ palluOHAIbHBIM
nokaszareseM. OneHka 3HAYEHWHA KOPHS 7n-U  CTENEHHM, 3HAYEHUE CTEIECHH
C pauMOHANbHBIM TMOKa3aTeJeM ULEJIbIMH 4YHUCIAMU M JECATUYHBIMH JPOOSMHU.
CpaBHeHHME H YHNOPSJOYMBAHUE PALMOHAIBHBIX W HUPPAUMOHAIBHBIX YHCEl,
3aIMCAaHHBIX C TOMOUIBIO KOPHS 71-U CTENIEHU, CTETIEHU C PAlHOHAJIBHBIM MIOKA3aTENEM.
BrinonHeHne TOXIIECTBEHHBIX MPeoOpa3oBaHUM BBIPAKEHUH, COJEpPKAIIUX KOPEHb

n-u CTCIICHU, CTCIICHb C pAlMOHAJIbHBIM ITOKAa3aTCIICM.

IToxo0ue TpeyroibHUKOB

Teopembl 0 NPOU3BEIEHUH OTPE3KOB XOPA, TEOPEMBI O IPOU3BENCHUHN OTPE3KOB
CEeKylIMX, TeopeMa O KBaJpare KacaTeapbHOW, TeopeMbl YeBbl u MeHenas.
HccnenoBanre, B TOM 4YHUCJIE C TOMOIIBIO LU(PPOBBIX PECYpPCOB, H3yUaEMbIX
KoH(purypanmii. [[puMeHeHne TaHHBIX TEOPEM MPH PEIICHUH T€OMETPUIECKUX 3a71a4.
3HAKOMCTBO C TIIOHATHEM TOMOTETHUM, C €ro NPUMEHEHUEM, B TOM YHCIE
B MPAKTUYECKUX CUTYaALIHSX.

Hccneoosamenvckasa paboma (C UCHOIB30BAaHUEM IPOTPAMMHBIX CPEICTB):

TOMOTETHS U €€ CBOMCTBA.
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DOyHKIUU

[Tonsatne «dynkuus». IlpumeHeHwe cBONCTB (YHKIUNA: HYIH (QYHKIIHH,
MIPOMEKYTKHA 3HAKOTIOCTOSTHCTBA (DYHKIIMH, TTPOMEKYTKH BO3PACTAaHUS U YOBIBAaHUS
byHKIIMHA, YETHBIC M HEYETHbIE (YHKIIMW, HAMOOJbINIEE W HAWMCHBINECEC 3HAYCHUS
bynkuuu npu pemieHun 3anad. [loctpoenue rpadukoB GyHKIUNA C MTOMOIIBIO
npeobpazoBaHuil BUAA:

f(x) =f(x) + a; (x) = f(x + a); 1(x) = ki(x), f(x) =f(| x]), f(x) = | {(x) |

Pacnio3naBanue creneHHbIX (YHKIUH W TMOCTPOCHUE ACKU30B TIpaduKoB
CTEMECHHBIX (QYHKIMH C HaTypaJbHBIMU [OKAa3aTEJIIMU pPa3HONW YETHOCTH.
Hcnonb3oBanue CBOUCTB TpadukoB CTENEHHBIX GYHKIMA C HaTypalbHBIMU
TIOKa3aTeIMH TIPH pereHnn 3aaad. Iloctpoerne rpadukos GyHKmit y=vx , y = Vx,
y=1x].

Uccneoosamenvckass paboma: moBefeHue GyHKUIMM U €€ rpaduka

B 3aBUCUMOCTH OT ITapameTpa.

MeToa KOOpAUHAT

[TapamyienbHOCTE W NEPHEHAUKYJSIPHOCTH  NPSAMBIX  (Yepe3  yIVIOBOM
K03 puLreHT).

Haxoxnenue nepeceuyeHnii OKpyKHOCTEW U MPSIMBIX B KoopauHaTtax. @opmyna
paccTosiHUs OT TOYKM 10 npsmou. Ilmomans mapasienorpamMma B KOOpPAWHATAX,
NOHATHE OO0 OpUEHTUPOBAHHOW TwIom@aAu. [IlpuMeHeHue wMeToma KOOpAMWHAT
B IIPAKTUKO-OPUEHTHUPOBAHHBIX  TIEOMETPUYECKMX  3aJadax, MHCCIIEIOBAHUE
MPUIOKEHUS METO/1a KOOPAUHAT B BBIYUCIUTENILHOM MaTeMaTUKe U UHPOpPMaATHUKE.

Hccnedosamenvckas  paboma:.  pelleHHE  IPAKTHUKO-OPUEHTUPOBAHHOM
reOMETPUYECKOM 3a1a4d METOIOM KOOPAUHAT.

IIpaBuibHBbIE MHOTOYTOJILHUKH. OKPY’KHOCTH 1 MHOTOYTOJIbHUKH

IloHATHE MPAaBWIBHOTO MHOTOYTOJBbHHUKA. @DOpMyinbl Uil  BBIYHUCICHUS
AJIEMEHTOB MPABWJIBHBIX MHOIOYTOJBHUKOB (CTOPOHA, paguyc BIMCAHHOH U
ONKMCAaHHOW OKpY’KHOCTEN). BrIBOJ (popMyJ1 AJIMHBI OKPY’KHOCTH U IUIOLIAN KpYyTa.

JlnuHa nyru OKpy»KHOCTH, paauaHHas Mepa yria. Ilmomane kpyra m romanb
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KPyTOBOTO CEKTOpa. BEIYHCIICHHE TMEepUMETPOB W IUIONMIAECH CIOXKHBIX (QUTYD,
BKJIFOYAIOIINX JIEMEHTBI KpyTa.

CamocmosamenvHoe omkpbimue: KaK HaWTHU MEPUMETP W IUIOIIAJb CIIOKHOU
burypsi?

IIpaxmuxym: pelieHne 3aa4 NOBBIIIEHHON CIIOXKHOCTH.

YmncjioBbIE MOC/IEI0BATEILHOCTH U MIPOrPeccun

Ornpenenenuie BUAOB MOCIEI0BATEIbHOCTEN: OTpaHUYEHHAs! IOCIIE0BATEIBHOCTD,
MOHOTOHHO BoO3pacTaromias (yObIBaromasi) mocieaoBaTebHOCTh. [IpencraBienue
OCCKOHEUHBIX TMEPUOAUYECKUX JpoOed B BHJIE OOBIKHOBEHHBIX. 3HAKOMCTBO
C MOHATHEM CXOJMMOCTU TOCIIEOBATEIBHOCTH, HAXOXKJIEHUE CYMMbI OECKOHEYHO
yOBIBaroIel reoMmerpuueckoil mporpeccuu. [IpumeHeHne mMeTona mMaTeMaTHUUECKOM
WHYKIHH.

Uccneoosamenvckas  paboma.  TIOBEIAEHHWE  IOCIEIOBATCIILHOCTEH — —

OT THUITIOTE3hI 1O A0KAa3aTCIILCTBA.

JIBHKEHHUS TIOCKOCTH

HentpansHas cummerpus. llenTpanbHo-cummerpuunbie ¢Gurypsl. [loBoporT.
OceBas cummetpus. Durypel, CUMMETPUYHBIE OTHOCHUTEIIBHO HEKOTOPOM OCH.
[TapannensHbii TiepeHoc. [loHaTHEe ABWKEHHS U €ro cBoicTBa. PaBeHCTBO (uryp.
[IposBneHusT cUMMETpUM B TPUPOAE, KUBOIKUCH, CKYJIBIOTYPE, AaApPXUTEKTYpE.
Komnosuuuun paBwxkeHuit (mpocrteiiire mnpuMmepsl). lIpuMeHenne B pelieHHH
r€OMETPUYECKHUX 3a]1a4.

Hccnedosamenvckasa paboma (C WUCTHOIb30BAaHUEM MPOTPAMMHBIX CPEACTB):

KOMIIO3UIINS NBUKEHUH.
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IIJIAHUPYEMBIE PE3YJIbTATHI OCBOEHMS KYPCA BHEYPOUYHOM
AEATEJBHOCTU «TPYJAHBIE BOITPOCBI MATEMATHUKW»

Peanmm3anust mporpaMmMsl Kypca BHEYPOUYHOM AEATENIBHOCTH « TpyIHBIE BOIPOCHI
MaTEeMaTUKW»  HalpaBlieHa Ha O0ecleueHue JOCTHKEHHUS  OO0ydarolUMHUCS

JIMYHOCTHBIX, MCTAIIPCAMETHBIX U IIPCAMCTHBIX 06p330BaTeJ'IBHBIX PE3YyJIbTATOB.

JIMUHOCTHBIE PE3YJIBTATDI B yactu:

— MATPUOTHYECKOr0 BOCIMTAHUA: TPOSBJICHUE HUHTEpPEcCa K MPOUUIOMY
U HACTOSIIIEMY POCCUHCKOM MaTeMaTUKH; LIEHHOCTHOE OTHOIIEHUE K JIOCTUKECHUSIM
POCCUICKUX MAaTEMATUKOB U POCCUICKON MaTEMAaTUYECKOM IIKOJIbI, K UCIIOJIb30BAHUIO
ATUX JOCTHKEHUH B JPYTUX HAayKax W MPUKIAIHBIX chepax;

— IPa’KIAHCKOT0 W JAYXOBHO-HPABCTBEHHOI'0 BOCIHUTAHMS: TOTOBHOCTH
K BBITIOJHEHUIO 00S3aHHOCTEN TpaXKJJaHWHA U peallu3alliy €ro Mpas; MpeCTaBICHUE
0 MaTeMaTUYeCKUX OCHOBAaX (DYHKIIMOHUPOBAHUS PA3JIMUHBIX CTPYKTYp, SIBICHHM,
MpoLelyp TpakIAaHCKoro oOIiecTBa (HarmpuMmep, BbIOOPHI, OMPOCHI), TOTOBHOCTH
K OOCYXIEHUIO ITHYECKUX MPOOJIEM, CBA3AHHBIX C MPAKTUUYECKUM MPUMEHEHUEM
JOCTUKEHUM HAyKH; OCO3HAHHE BAXHOCTU MOPAIbHO-3THUECKUX MPHUHIUIIOB
B JICATEIIbBHOCTH YYEHOTO;

— TPYAOBOI0 BOCNHMTAHUA: YCTAaHOBKAa Ha aKTHUBHOE Y4YacTUE B PEIICHUU
MPAaKTUYECKUX 3a/1ad MaTeMaTUYECKOW HaMpaBJIC€HHOCTH; OCO3HAHHE BaXHOCTH
MaTeMaTH4YECKOro o0pa3oBaHUsI Ha TMPOTSKEHUU BCEH JKU3HU JJIs  YCHENTHOMN
poeCCHOHANTEHON EeITEIbHOCTH M Pa3BUTHE HEOOXOIUMBIX YMEHUHN; OCO3HAHHBIH
BBIOOp W TIOCTPOEHUE WHIUBUIYAIBHOW TPACKTOPHH OOpa30BaHUS M >KU3HEHHBIX
MJIAHOB C YYETOM JIMYHBIX MHTEPECOB U OOIIECTBEHHBIX MOTPEOHOCTEH;

— 3CTETHYECKOr0  BOCIHMTAHHMS:  CIIOCOOHOCTH K  OMOIMOHAIHLHOMY
U OCTETUYECKOMY BOCHPUITHIO MaTeMaTHYECKUX OOBEKTOB, 3ajad, PEIICHU,
pacCyXJI€HUI; YMEHHUE BUJIETh MATEMAaTUUYECKUE 3aKOHOMEPHOCTH B UCKYCCTBE;

— HEHHOCTHM HAYYHOr0 TMO3HAHMSA: OpHUEHTAUS B  JACATEIbHOCTU

Ha COBPECMCHHYIO CUCTEMY HAY4YHBbIX HpCI[CTaBJ'ICHI/Iﬁ 00 OCHOBHBIX 3aKOHOMCPHOCTAX
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Pa3BUTHS YEJIOBEKA, MPUPOJIBI U OOIIECTBA; MOHUMAHUE MATEMATUUYECKON HAyKU KaK
cdepbl UeTTOBEUYECKOM AESTENBHOCTH, ITANIOB €€ Pa3BUTHUS U 3HAYMMOCTH JJI pa3BUTHUS
IMBWIN3ALIMK; OBJIAJICHUE A3bIKOM MAaTEMAaTHUKU U MAaTEMaTHYECKON KYyJIbTYpOH Kak
CPEACTBOM  TIO3HAHUSI MHpA; OBJAJACHUE  HABBIKAMH  HMCCJEIOBATEIHCKOU
NeSATEIbHOCTH;

— (u3uYecKOro BOCIHUTAHUA, (POPMHUPOBAHUAA KYJILTYPbl 3I0POBbS
U SMOLUMOHAJIBHOr0 0JIaroNmoJIy4usi: TOTOBHOCTh IPUMEHSATh MaTEeMaTHYECKUE
3HAHMS B MHTEPECAaX CBOETO 3/I0POBbsI, BEAEHUS 30POBOr0o 00pasa KU3HU (310pOBOE
MUTaHWe, COATAHCUPOBAHHBIN PEKUM 3aHITUN W OTAbIXA, PEryisipHas puznueckas
aKTUBHOCTH), C(POPMUPOBAHHOCTh HaBBIKa pe(IeKCHU, MPU3HAHHE CBOETO IpaBa
Ha OIIMOKY M TaKOTo K€ MpaBa IPyroro 4eji0BeKa;

— JKOJIOTHYECKOIr0  BOCHHUTAHUS: OpUEHTalMsd  Ha  INPUMEHEHUE
MaTEeMaTUYECKUX 3HAHUH I pelieHus 3a71a4 B 00JIaCTU COXPAHHOCTH OKpPY Karolen
Cpelbl; TUJIAaHUPOBAHUE TIOCTYNKOB W OIIGHKA WX BO3MOXHBIX [OCJEICTBUM
JUISL OKPY’KaoIIeW Cpelbl, OCO3HAaHWE TJI00aJbHOTO XapakTepa HSKOJOTUYECKUX
npo0JieM U MyTeH uX pelieHus;

— aJanTalu K H3MEHSIIMMCS YCJOBUSIM CONHUAJBHOH W NPUPOAHOI
cpeabl: TOTOBHOCTh K JEHCTBUSIM B YCJIOBHUSIX HEONPECICHHOCTH, IMOBBIIIEHUIO
YPOBHSI CBOEM KOMIIETEHTHOCTH 4Y€pe3 MPaKTUUECKYIO JEATeIbHOCTh, B TOM YHCIIE
YMEHUE YUUTHCS y APYTUX JIHOJEH, TPUOOPETaTh B COBMECTHON JIE€ATETLHOCTH HOBBIC
3HaHUS, HaBBIKW U KOMIIETEHLIUU U3 OMbITa APYTUX; HEOOXOAUMOCTh (POPMUPOBATH
HOBBIE 3HaHUsI, HOPMYJIUPOBATH UJIEU, TIOHSITHUS, TUIIOTE3bl 00 O0BEKTaX U SABJICHUSX,
B TOM 4YHCJIE€ paHee HE M3BECTHBIX, OCO3HABATh JCHUIIUTHI COOCTBEHHBIX 3HAHHMA
U KOMIICTEHTHOCTEH, IUIAaHUPOBATh CBOE pPa3BUTHE; CIIOCOOHOCTh OCO3HABAThH
CTPECCOBYIO CHUTYallMIO, BOCIPUHHMATh CTPECCOBYIO CHUTYyallMlI0 KaK BBI3OB,
TpeOYIOImUil KOHTPMEP, KOPPEKTHPOBATh MPUHUMAEMbIE DEIICHUS € JICUCTBUSI,
bopMyITUpPOBaTh U OLIEHUBATH PUCKH U MOCIEICTBUS, POPMUPOBATH OTIbIT;

— BOCNIUTAHMS WHQPOPMANMOHHOI KYJbTYPbI: TNPOSIBJICHUE HWHTEpeca

K HCIIOJIB30BaHHIO III/I(I)pOBBIX TEXHOJIOTUH AJIL OIITUMHU3AIMKU IIPOLECCOB IIOMUCKA,
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aHanm3a, o00pabOTKM, CO3[aHMs, TMepeAadyd MaTeMaTH4ecKod HuH(pOpMalun
¥ BU3yaJHM3alMii MaTeMaTH4YeCKUX 0OOOIICHHI U pe3ysIbTaTOB aHaln3a; TOTOBHOCTD
K UCHOJB30BAaHUIO IM(PPOBBIX HHCTPYMEHTOB JJisi  BBINOJHEHUSA Yy4eOHOM
JESITEIBHOCTH TPU HM3YyUYEHUU MATEeMATUKH, CIOCOOHOCTh MPUMEHSTh LHHU(PPOBBIC
UHCTPYMEHTBl B YCIOBHSX pealu3allii Mep IO MPeIyNpeKICHUIO BO3MOKHBIX
HETaTUBHBIX MOCIEIACTBUI aKTUBHOTO W CUCTEMATUYECKOTO MPUMEHEHHS IUPPOBBIX

TEXHOJIOTUH B y‘{€6HI>IX OCIsIx.

METAIPEIMETHBIE PE3YJIBTATDBI

Ilo3naBaTebHbIC YHUBEPCAJIbHbIE YUeOHbIE 1eiiCTBUSA

basosvle nocuueckue deticmeus:

— BBISABIATH M XapaKTEPHU30BaTh CYIIECTBEHHBIE MPU3HAKM MAaTEMaTUYECKHX
OOBEKTOB, MOHATUH, OTHOIIEHUN MEXy MOHATUIMH, POPMYIHPOBATH ONPEACICHUS
NOHSTUN, YCTaHaBIMBATh CYILIECTBEHHBIM MpPHU3HAK KJIACCU(PUKALNN, OCHOBAaHUS
JU1s1 000OILEHUs U CPaBHEHUSI, KpUTEPUH MPOBOJAMMOTO aHAIIN3A;

— BOCIpPUHUMATh,  (OpMyIMpoBaTH U  NIPeoOpa3oOBbIBaTh  CYXIACHUS:
YTBEpAUTENIbHbIE U OTpULIATENIbHbIE, €AMHUYHBIE, YACTHBIE U OOLIE, YCIOBHBIE;

— BBISBJISATH MAaTEMAaTUYECKHUE 3aKOHOMEPHOCTH, B3aUMOCBS3U U MPOTUBOPEUUS
B (akrax, JaHHBIX, HAOJIOJEHUSAX U YTBEPXKACHUAX, IMpeajaratb KpUTEPUU
JUISL BBISIBIICHUS] 3aKOHOMEPHOCTEN U TPOTUBOPEUHN;

— JeNaTh BBIBOABI C HCIOJB30BAHUEM 3aKOHOB JIOTMKH, JEIYKTHBHBIX
Y UHAYKTUBHBIX YMO3aKJIIOUECHNUW, YMO3aKIIOUEHUI 110 AaHAJIOTHH;

— pa3duparh JOKa3aTeIbCTBA MATEMATUYECKUX YTBEPKIACHUU (MpsMble
¥ OT POTUBHOTO), IPOBOJIUTH CAMOCTOSATENBHO JI0Ka3aTeNIbCTBA MaTEMAaTUIECKUX (DaKTOB,
BBICTPAWBaTh aPryMEHTAlLIUI0, TPUBOJUTH MPUMEPHI U KOHTPIPHUMEPHI, MPUMEHSTh
METO/i MAaTEMAaTHYECKOM MHIYKIIUHU, 00OOCHOBBIBATH COOCTBEHHBIE PACCYKICHUS;

— BBIOMpATh cmoco0 pemieHus y4eOHOM 3amaun  (CpaBHUBATH HECKOJIBKO
BapMaHTOB pELICHUs, BBIOMPATh HanboJjee MOAXOJAIMINNA C YYETOM CaMOCTOSITEIIBHO

BBIJICJICHHBIX KPUTEPUEB).
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baszoevie uccneoosamenvckue oeticmsusi:

— MCIOJIb30BaTh BOIPOCHl KaK HMCCIEI0BATEIbLCKUI WHCTPYMEHT MO3HAHUS,
dbopMyIUpOBATH BOIIPOCHI, bukcupyronme MIPOTUBOPEYHE, npoOiemy,
CaMOCTOATENILHO YCTaHABIMBAaTh HMCKOMOE U JaHHOE, (OPMHPOBATH THIOTE3Y,
apryMEHTUPOBATH CBOIO MO3UIMIO, MHEHUE;

— TPOBOAUTH IO CAaMOCTOSITEILHO COCTaBJIICHHOMY IUIaHY AKCIEPUMEHT,
UCCIIEIOBAaHUE TI0 YCTAHOBJCHHIO OCOOEHHOCTEH MaTeMaTUYeCKOTO OOBEKTa,
3aBHCUMOCTEN 0OBEKTOB MEX1y COOOI;

— CaMOCTOATENIbHO (POpMYJIUPOBaTH OOOOIIEHUS U BBIBOJABI MO pe3yJibTaTam
MPOBEJIEHHOTO  HAOJIOJNECHUS,  MCCIENOBaHUS,  JKCIEPUMEHTa,  OIICHUBATH
JIOCTOBEPHOCTH MOJYUYEHHBIX PE3yJIbTaTOB, BHIBOJIOB U 0000IIEHNUI;

— TMPOTHO3UPOBATh BO3MOXKHOE pPa3BUTHE IMPOIECcCca, a TaKXKe BBIABUTAThH

MMPCAIIOJOKECHHUA O €T0 PAa3BUTHHU B HOBBIX YCJIOBHUSX.

Paboma c ungopmayueii:

— BBISBJISATH HEAOCTATOYHOCTh M H30BITOUHOCTH HMHGOpPMALMK, JaHHBIX,
HEOOXOAMMBIX JJIs PEIICHUS 3a1a4H;

— BBIOMpATh, AaHANU3UPOBATh, CHCTEMATU3UPOBaTh W HHTEPIPETUPOBATH
MH(OPMAIUIO Pa3TUYHBIX BUAOB U OPM IIPEICTABIICHHUS;

— BbIOMpaTh (opmy mpeacTaBieHUs HWHGOpPMAUMU U WUIIOCTPUPOBATH
pelaeMble 3a/1a4ll CXeMaMu, JuarpaMMaMu, HHOM rpauKoil 1 uX KOMOMHAIUSIMU;

— OLICHMBAaTh HAJEKHOCTh HHPOPMALMU TIO KPUTEPHUSM, NPEIII0KEHHBIM

WM CPOPMYITHUPOBAHHBIM CAMOCTOSATEIBHO.

KoMMyHuKaTHBHBIC YHHBeEpPCaJIbHbIE y4eOHbIE JeHCTBUS:

— BOCHPHUHHUMATh U (OPMYIUPOBATH CYKICHHUSI B COOTBETCTBUH C YCIOBHUSIMU
U 1eJIIMU OOLIEHMS], ICHO, TOYHO, TPAMOTHO BBIPAXKaTh CBOIO TOUKY 3PEHUS B YCTHBIX
M TIMCBMEHHBIX TEKCTaX, [JaBaThb MOSICHEHHs 10 XOJy pCELICHHUS 3aJayu,
KOMMEHTHPOBATH IOJy4YEHHBIN pPE3yJIbTAT;

— B X0JIe 00CYX/IeHHUs 3a7aBaTh BOIPOCHI 0 CYLIECTBY OOCYKAaeMOH TEMBl,

HpO6JICMI>I, pemaeMoﬁ 3aJlauM, BBICKA3bIBATb HACH, HALICJICHHBIC HA ITIOUCK PCIICHUAA,
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COMOCTAaBIISATh CBOMU CYXACHHUS C CYXICHUAMH JIPYyTMX YYAaCTHHKOB JHAIOra,
OOHapyXUBaTh PA3IUYUE U CXOJCTBO MO3UILIMIA, B KOPPEKTHOH (hopMe POopMyIUpOBATH
pa3HOIIacHsl, CBOM BO3PaXKECHMSI,

— TPEICTaBIATh PE3YyJIbTAaThl PEIICHMS 3a/1a4y, SKCIEPUMEHTA, UCCIIEJOBAHU,
IPOEKTa, CaMOCTOSITEIbHO BBIOUMPAaTh (OpPMAT BBICTYIUIEHMS C YYETOM 3a]ad
NPE3EHTALUN U OCOOEHHOCTEN ayIUTOPUN;

— MOHUMAaTh U HUCIOJIb30BaTh MPEUMYILECTBA KOMAHIHON U MHIMBUIYaJIbHOU
paboThl MpU pELIEHUH Y4YEOHBIX MAaTeMaTU4YEeCKUX 3a4ay, IPUHHUMATh LEib
COBMECTHOM JI€ATEIbHOCTH, IUIAHUPOBATh OPraHHU3aLUI0 COBMECTHOM palOThI,
pacnpeneniaTb BUAbI paOOT, OTOBAapUBAaThCs, OOCYXKIaTh MPOIECC M pPe3yJbTar
paboThl, 00001IaTE MHEHUSI HECKOJIBKHX JIFOACH;

— Y4YacTBOBATh B IPyNIOBBIX (PopMax paOoThl (00CYykIeHUsI, 0OOMEH MHEHUH,
«MO3TOBBIE IITYPMbD» U MHBIE); BBIIOJHATH CBOK YacTh PabOTHI U KOOPJIAUHUPOBATH
CBOM JCHCTBUS C JIPYTMMHU YJ€HaMH KOMAaH[bl, OLIEHHMBATh KAaYECTBO pe3yJibTara
¥ KauecTBO CBOETO BKJIaJa B OO pe3ysbTaT MO KPUTEPUSIM, CHOPMYITUPOBAHHBIM

Y4aCTHHUKaMH BBaHMO,Z[efICTBHﬂ.

PerynsiTuBHBIC YHHBEpPCAJIbHbIC YUeOHbIE 1elCTBUA

Camoopeanuzayus:

— BBISABJIATH NPOOJEMBI ISl PEUIEHUS B JKM3HEHHBIX U YYEOHBIX CUTYalMsIX,
OPUEHTUPOBATHCS B PA3JIMYHBIX MOAXOJAX IMPHUHATHSA PEIIEHUN (MHIMBHIYAIbHOE,
IpyIIIOBOE);

— CaMOCTOATEJIBHO COCTAaBIIATH IJIaH, AJTOPUTM PELICHUs 3aJadu (WA €ro
4acTh), BRIOUPATh CIIOCOO PEUIEHUS ¢ YYETOM UMEIOIIUXCSl PECYPCOB U COOCTBEHHBIX
BO3MOYKHOCTEH, apryMEeHTUPOBATh U KOPPEKTUPOBATH BAPUAHTHI PEIICHUM C y4ETOM

HOBOW MH(pOpPMAIIUH.

CamoxoHmponb.
— BJIQJETh CIIOCOOAMU CaMONPOBEPKHU, CAMOKOHTPOJIA IpoLiecca U pe3yabTaTa

peHICHUA MaTeMaTHUUYEeCKOM 3aga4dyr, CaMOMOTHBaIlH U pe(l)J'ICKCI/II/I;
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— IPEABUIETHh TPYIHOCTH, KOTOPBIE MOTYT BO3HUKHYTh IIPHU PEIICHUM 3aa4H,
BHOCHUTb KOPPEKTUBBI B JIEATEIBHOCTh HA OCHOBE HOBBIX OOCTOATEIBCTB, HAIEHHBIX
OLIUOOK, BBISIBJICHHBIX TPYIHOCTEH;

— OLICHMBAaTh COOTBETCTBUE pE3yJIbTaTa IEATEIIBHOCTH ITOCTABICHHOW LEIU
U YCJIOBUSIM, OOBSICHATH IPUYMHBI JOCTUKEHUS UM HEJOCTUKEHMSI eI, HAaXOAUTh

OLIUOKY, JaBaTh OLEHKY MPUOOPETEHHOMY OIIBITY.

IOMOYUOHANbHBLU UHMENTIEKN.!
— BBIpaXaTh AMOIMU TPU M3YYEHUU MAaTeMaTHYECKUX OOBEKTOB U (HaKTOB,

AaBaTb OMOIMOHAJIBHYIO OLICHKY PCIICHUA 3a/Ja4n.

HNPEIMETHBIE PE3YJIBTATDBI

[IpenMeTHble pe3ysbTaThl OCBOCHHSI MPOTPAMMbl YUYEOHOTO Kypca K KOHILY
oOyueHus B 7/ KJacce:

Hcrnonb30BaTh MOHATHS MHOYKECTBA HATYypPaJbHBIX YMCEJI, MHOXECTBA IEJIBIX
YHCEJI, MHOYKECTBA pPAUMOHAJIBHBIX YHUCEJl NPU PELIICHUH 3a7a4, IPOBEACHUU
PaCCYyX ICHUN U JOKA3aTEIbCTB.

ITonumaTh 1 0OBSICHATH CMBICIT TTO3MIITMOHHOM 3aITUCH HATYPaJIbHOTO YHCIIA.

BreimonHaTe, couderass yCTHbIE W THUCbMEHHBIE MPUEMBI, apudmeTnyecKue
JICUCTBUS C PallMOHAJIbHBIMHM YHCJIAMH, WCIOJIb30BaTh CBOMCTBA YMCEJI M MpaBuUia
JIEUCTBUI, IPUEMBI PALIMOHAIIBHBIX BBIYUCIIEHUM.

BpInonHATE 1ENCTBUS CO CTENEHIMU C HATYPAIbHBIMU MOKA3aTEISIMHU.

HaxoguTh 3Ha4YeHHSI YHCIOBBIX BBIPAKEHUM, COACPKAIIMX PalMOHAJIbHBIE
qucia U CTENEHU C HaTypalbHBIM MOKa3aTeeM, IPUMEHATh pa3HOOOPa3HbIE CIIOCOOBI
W TIPUEMbl BBIYUCICHUS, COCTaBJISAITh M OICEHUBATHh YHUCIIOBBIC BBIPAKECHUS
MIPU PEIICHUU MPAKTUUECKUX 3aJ1au U 3a/1a4 U3 APYTUX YU4EOHBIX MPEIMETOB.

OKpyrJaTh 4Kcia ¢ 3aJJaHHOM TOYHOCTBIO, & TAKKE IO CMBICITY MPAKTHYECKOU
CUTyallud, BBINOJHATh NPUKUIKY W OLEHKY pPE3yJbTaTa BBIYMCICHHUM, OLEHKY
3HAYECHUW YHUCIIOBBIX BBIPAXKECHUK, B TOM YHUCIE IIPU PELUICHUHA IPAKTUUYECCKUX

3azay.
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Pemate TekcToBBIC 331291 apU(METHIECKAM CIIOCOOOM, MCTIOIb30BaTh TaOJHUIIbI,
CXEMBbI, YePTEXKH, IPyTrre CPeICcTBa MPECTABICHUS JaHHBIX TIPU PEIICHUH 3a/1a4.

Jloka3pIBaTh U MPUMEHSITH IIPU PEIICHUY 3a7a9 IPU3HAKY JETUMOCTH Ha 2, 4, 8,
5,3,6,9,10, 11, npuzHaku 1eIMMOCTH CYMMbI U MPOU3BEJCHUS 1IEJIBIX YHCEL.

[IpuMeHsTh NpU3HAKKU AeTMMOCTH Ha 7 1 13.

PackmanpiBaTh Ha MHOKHUTENI HATypaJbHBIC YHCTIA.

CB0OOHO OTIEPUPOBATH MTOHATUSMHU: YETHOE YHUCIIO0, HEYETHOE YHCII0, B3AaUMHO
MPOCTHIE YUCTIA.

Haxoaute Hanbomnpnii oO1uii 1eIUTeNb U HAUMEHBIIIEEe 00I1Iee KPATHOE YHCEN
Y UCIIOJIB30BaTh MX MPH PEIICHUH 3a]1a4, IPUMEHITh airopuT™ EBKH .

OnepupoBath MOHSATUEM OCTATKA MO0 MOAYJIIO, IPUMEHSITH CBOMCTBA CpaBHEHUHN
0 MOJYJIIO.

Hcnonp30BaTh anreOpandecKyr0 TEPMHHOJIOTHIO U CUMBOJIUKY, TIPUMEHSTH €€
B IIPOIIECCE OCBOEHUS yUeOHOTO MaTepHalia.

Hcronp30BaTh  MOHATHE  TOXICCTBA,  BBIMIOJHITH  TOXKISCTBCHHBIE
npeoOpa3oBaHus BRIPAKCHHH, TOKA3bIBATh TOXKICCTRA.

BoinonHsaTh AeMCTBUS (CIIOKEHUE, BHIYUTAHUE, YMHOXEHHUE) C OJHOUYJICHAMU
¥ C MHOTOWICHAMH, TPUMEHSTH GOPMYIIBI COKPAIIEHHOTO YMHOXKEHUS (KBapaT U Ky0
CYMMBI, KBaapaT U Ky0 pa3HOCTH, Pa3HOCTh KBaJPaTOB, CyMMa U Pa3HOCTHh KyOOB),
B TOM YHCIIE JJIS YIPOLIEHUS BHIYMCICHUA.

CocTaBisATh W peIIaTh JIMHEHHOE YpaBHEHWE WM CHCTEMY JIMHCHHBIX
YpaBHEHUH 110 YCIIOBHIO 3aJa4¥, HHTCPIPETUPOBATh B COOTBETCTBUU C KOHTEKCTOM
3aJ1ayy TIOJyYCHHBIN Pe3yJIbTar.

Crtpouts rpaduku JIuHerHbIX QyHKui. CTpouth rpaduk QyHKIUU y = |x|.

OmnuceiBaTh € TIOMOIIBI0  (PYHKIIMI HW3BECTHBIE 3aBHCHMOCTH  MEXKIY
BETMYMHAMU: CKOPOCTh, BpEMs, pacCTOSHUE, II€HA, KOJMYEeCTBO, CTOMMOCTb,
MIPOU3BOAUTEIILHOCTD, BPeMsl, 00beM PabOThI.

HaxoauTs 3HaueHne GyHKIUH 110 3HAYSHHIO €€ apryMEeHTa.
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[lonnmars Tpaduyeckuil crmocod MpencTaBiIeHUs W aHamu3a HH(OpMaIuH,
U3BJIEKATh U UHTEPIPETHPOBATh MH(POpMALMIO U3 TPpadUKOB PEATBHBIX IPOLECCOB
Y 3aBUCHMOCTEM.

Hcnonp3oBaTth cBoiicTBa (GYHKIUN [Uis aHanmu3a TrpaduKoB peasbHBIX
3aBUCUMOCTEN (HyiM (QyHKUUH, TPOMEKYTKHM 3HAKONOCTOSHCTBA  (DYHKIIMH,
IPOMEXYTKH BO3pacTaHusl M YObIBaHHMA (PYHKIMM, HAauOOJbIIee W HaUMEHBIIIee
3HaYCHUs PYHKIIUN).

Hcnonp3oBath rpaduku JUisl HUCCIENOBAaHUS IPOLECCOB U 3aBUCUMOCTEM,
IIPU pELIEHUU 33]1a4 U3 APYTUX yYeOHBIX ITPEAMETOB U PEATbHOU KU3ZHH.

JlenaTte NPUKUAKY YW OLEHKY JIMHEHMHBIX M YTJIOBBIX BEJIWYUH IPEIMETOB
B PEAJIbHOM KU3HU, pa3MEPOB MPUPOJHBIX OOBEKTOB.

Brnagers mnonsitueM «reomerpudyeckoe Mecto Touek» (I'MT). Omnpenensits
OMCCEKTPUCY YTiia U CEPEANHHBIN MeprneHauKysip kK otpe3ky kak ['MT. ITonb3oBaThes
nonsatueMm ' MT 1nipu nokasaTensCcTBe reOMETPUYECKUX YTBEPIKICHUM U IIPU PELICHUU
3aj1ay.

Brnaners moHsATHEM KacaTelbHOM K OKPYXKHOCTH, IOJIB30BATBCSA TEOPEMOM
O IEPIEHIUKYJSIPHOCTH KacaTelIbHOM M PaJnyca, IPOBEJECHHOIO K TOYKE KaCaHMS.
Jloka3pIiBaTh PaBEHCTBO OTPE3KOB KacaTEIbHBIX K OKPYKHOCTH, IPOBEIECHHBIX
U3 OJTHOM TOYKH, U IPUMEHSTH 3TO B PEIICHUHN F'€OMETPUYECKUX 3a1a4.

Jloka3plBaTb M IIPUMEHSATH IIPOCTEUIINE TE€OMETPUUYECKHUE HEPABEHCTBA,

ITIOHUMAaTh UXx HpaKTI/I‘IeCKI/Iﬁ CMBICIJI.

[IpeameTHBIC pe3yibTaThl OCBOEHHUS MPOTpaMMbl Y4EOHOTO Kypca K KOHILY
oOyueHus B 8 KJacce:

[ToruMaTe ¥ WCIIONB30BaTh TIPEACTABICHHUS O PACHIMPCHUHA YHUCIOBBIX
MHOECTB.

CB0OOOMHO OTEpHUPOBATH MOHATHUSAMU: KBaAPATHBIH KOPECHB, apu()PMETHUCCKHIMA
KBaJIPAaTHBIN KOPEHb, WPPAINMOHATHLHOE YHCJIO, HAXOJUTh, OIICHWBATh KBAaJIPaTHBIC
KOPHH, UCIOJIB3YsI TP HEOOXOJAMMOCTU KaJIbKYJISTOP, BBIIOIHITH MPEoOpa30BaHUS

BBIPKEHUI, COIEpKAIINX KBAJPATHbIE KOPHH, UCIIOIb3YS CBOMCTBA KOPHEH.
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Hcnonp30BaTh HadalbHBIE MPEACTABICHHUS O MHOYKECTBE JIEWCTBUTEIIBHBIX
qucesl Uil CPAaBHEHUS, OKPYIVIEHUS M BBIYUCIIEHUMN, M300pa)xaThb JAEUCTBUTEIbHBIC
YHMCJIa TOYKaMH Ha KOOPAWHATHOU MPSMOU.

Hcnonp30BaTh 3amucu OOJIBIIMX M MAaJbIX YMCEN C TMOMOIIBIO JECATHYHBIX
npobeil u creneHeid uucna 10, 3anuChIBaTh U OKPYTJATh YHMCIOBBIE 3HAYEHUS
pEaNbHBIX BEJIUYUH C UCIIOIb30BAHUEM PA3HBIX CUCTEM U3MEPECHUM.

CB0OOOHO OTIEpUPOBATH MOHSATHEM OCTATKA MO MOJYJIIO, IPUMEHSTH CBOMCTBA
CPaBHEHMH 110 MOJYJIIO, HAXOAUTb OCTATKHM CYMMbI U IIPOU3BEACHUSA II0 JTaHHOMY
MOZYJIIO.

HaxomuTts nomycTUMble 3HA4YeHHsI MEPEMEHHBIX B JPOOHO-pallMOHAIBbHBIX
BBIPAKCHUSAX.

[IprMeHsITh OCHOBHOE CBOMCTBO pallMOHATBHOUN APOOH.

BoeinonHATe mpuBeneHue anreOpanyeckux Apodei K oOlieMy 3HaMeHaTelto,
CIIOKEHUE, YMHOXKEHUE, JIeJIEHUE anreOpandyeckux IpoOei.

BBINONHATE TOXKIECTBEHHBIE TPE0OPa30BaHUS PALIMOHATIBHBIX BBIPAXKECHUIM.

[IpumensTh mpeoOpa3oBaHUsl BBIPAXKEHUN AJI pEUICHHs] pa3iMuYHBIX 3a]ad
W3 MaTEMATHUKHU, CMEKHBIX IPEAMETOB, U3 PEATbHON MTPAKTUKH.

IIpyuMeHATs MOHATHME CTENEHW C  LEJbIM  II0Ka3aTeleM,  BBIINOJIHATH
npeoOpa3oBaHus BIPAXKEHU, COEPIKAIUX CTENEHH C LEIbIM NTOKa3aTEeJIEM.

Haxogute monmycTtuMele 3HAYEHUSI IEPEMEHHBIX B BBIPAKECHHSX, COIECPIKALIUX
apumeTnyecKkue KBaJapaTHble KOPHHU.

BoinonHsaTh  1mpeoOpa3oBaHUs HPPAUMOHAIBHBIX  BBIPAXKEHHUM, HCIONb3Ys
CBOWCTBA KOPHEU.

Pemats 1poOHO-paliioHaNbHBIE YPaBHEHHUSL.

Pemlare nuHEVHBIE ypaBHEHHS C MAapaMETPAMH, HECIIOXKHBIE CHUCTEMBI
JIMHEVHBIX YPABHEHUH C MMApAMETPaAMHU.

IIpoBoauTe HccnenOBaHUS YPAaBHEHMM U CUCTEM YPaBHEHUW, B TOM YUCIE
C IPUMEHEHUEM IrpapuuecKux NpeacTaBlIeHul (yCTaHaBIMBaTh, UMEET JIU YPAaBHEHUE

WIM CUCTEMA YPaBHEHUI PEILICHMS, €CIIM UMEET, TO CKOJIBKO, U MPOYEE).
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[lepexonuTh OT CJIOBECHON (OPMYIUPOBKH 33Jauu K €€ anredpandeckoi
MOJIEIM C IIOMOIUBI0 COCTaBJICHMSI YPAaBHEHUS WU CUCTEMBl YpaBHEHMI,
WMHTEPHPETUPOBATH B COOTBETCTBUH C KOHTEKCTOM 3aJa4H MMOJTYUYEHHBIN pe3ysbTarT.

[IpuMeHATh CBOICTBA YHUCIOBBIX HEPABEHCTB [IJIsl CPABHEHMSI, OLICHKHU, pelIaTh
JVHEWHbIE HEPABEHCTBA C OJAHOM MEPEMEHHOM U UX CHUCTEMBI, JaBaTh IpapUueCcKyro
WJUTIOCTPALIMIO MHO>KECTBA PEIICHUI HEPABEHCTBA, CUCTEMbI HEPABEHCTB. /[0Ka3bIBaTh
HEPaBEHCTBA.

[lonumarh U KCHOJIB30BAaTh (DYHKIMOHAJIBbHBIE MOHATUS U SI3bIK (TEPMUHBI,
CUMBOJIMUECKHE OO0O03HAUYCHMS), OMpEACsITh 3HaueHHE (YHKIUU 1O 3HAYCHUIO
apryMEeHTa, OIIpeEeNsATh CBOWCTBA (DYHKIUU 1O €€ TpaduKy.

Crpouts rpaduku (pyHKIMM, OMUCHIBATh CBOMCTBA YMCIOBOM (YHKIUH 1O €€
rpaduky.

Pacnio3HaBaTh OCHOBHBIE BH/Bl  YETHIPEXYTOJBHHUKOB, UX DJIEMEHTHI,
II0JIB30BAThCS MX CBOMCTBAMM IIPU PELICHUMM T'€OMETPUYECKHX 3anad. Pazmuyars
MPU3HAKU U CBOMCTBA MapajuiesiorpaMMa, poMoOa U MpsIMOYTOJIbHHUKA, JOKa3bIBaTh MX
Y YBEPEHHO ITPUMEHSATH IIPU PEIIEHUN T€OMETPUUECKUX 3aa4.

Pacno3HaBaTh LEHTPaIbHO-CUMMETPUUYHBIE (UIYpPHl U HCIONB30BaTh MX
CBOICTBA NIPU PEUICHUH 3a/a4.

Brmaners moHsTHSMH TIOH0OMS TpPEYTroJbHHKOB, Kod(duimeHTa moaoous,
COOTBETCTBEHHBIX 3JIEMEHTOB MOJOOHBIX TPEyroJbHUKOB. IMeTh mpeacraBiieHue O
npeoOpa3zoBaHuud TOa00MS U O MOAoOHBIX (urypax. Ilomp3oBarbecs npu3HAKaMu
noo0us TPEyroJbHUKOB NPU PEIICHWH T€OMETpUYECKUX 3aaad. Jlokas3blBaTh W
NPUMEHATHh OTHOLIEHUS MPONOPLUHUOHAIBHOCTH B NPSIMOYIOJIBHBIX TPEYrOJIbHHUKAX.
Jloka3biBaTh M NpUMEHATh Teopemy Daieca. [IpuMeHsaTh M0o100ME B MPAKTHUECKUX
3ajayax.

BoiBoauTth ¥ HcCmosnb30BaTh  mpoctedmie  GopMysbl A8 [UIOLIAAd
TpPEYroJibHUKA, MapajuiesiorpaMma, pomMOa M Tpaneuuu. Beraucisarh (pa3idyHbIMU
croco0aMu) MIoIma s TPEYTOJbHUKA U TIOIIAIH MHOTOYTOJIbHBIX (QUTYD (MOJIB3YSCH,

rje HeoOXOaMMO, KambKyJsTopoMm). [IpuMeHATH MeTOm TUTOMAAeH ISl PEIICHHS
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3a1a4. 3HaTh OTHOILIEHHUE TUIOMIA/IeH MOJOOHBIX (PUTYp U MPUMEHSITh MPU PEIICHUU
3anad. [IpuMeHATh TOy4YEeHHbIE YMEHUS B IPAKTUYCCKUX 3a/1a4dax.

[IprMeHATh IONMy4YEHHBIE 3HAHWSA HA NPAKTUKE — CTPOUTH MATEMATUYECKUE
MOJENH JUIS 33/1a4 PEAIbHOW KU3HU U NPOBOAUTH COOTBETCTBYIOIIUE BBIYUCIICHUS C
OPUMEHEHHEM IMOJ00Hs U  TPUTOHOMETpPUM  (IIOJIB3YACh, TIJ€ HE0oOXOIUMO,
KAJIbKYJIITOPOM).

[IpenMeTHbie pe3ynbTaThl OCBOCHHS MPOTPAMMbl y4E€OHOTO Kypca K KOHILY
oOyuenus B 9 kJacce:

CBOOOIHO OINEpUPOBATH MOHATHUSMHU: KOPEHb N-I CTENEeHW, CTENEHb C
palOHAJIBHBIM ~ ITOKa3aTeJeM, HaxXOIWTh KOpPEHb N-H CTENEHW, CTENEHb C
palMoOHAJIbHBIM IIOKa3aTeleM, HCHOJb3ys IMpHU HEOOXOJUMOCTU KaJbKYJISATOP,
IIPUMEHSTH CBOMCTBA KOPHS N- CTENEHU, CTENIEHU C PALIMOHAIBHBIM ITOKA3aTEIIEM.

Hcnonp30BaTh MOHATHE MHOKECTBA JIEMCTBUTENIBHBIX YHCEN NPU PEIICHUH
3a/1a4, IPOBEACHNUN PACCYKIACHUN U TOKA3aTEIbCTB.

CpaBHuBaTh W  YNOPSAOOYMBATH  JACHUCTBUTEIBHBIE YHUCIA, OKPYTJIATH
JNEWCTBUTEIBHBIE YUCJA, BBINNOJIHATH NPUKHUIKY pPE3yJbTaTa BBIYMCICHHUM, OLICHKY
YU CIIOBBIX BBIPAKECHUMU.

CB00OOAHO OomnepUpoBaTh MOHATHUEM KBAJIPATHOTO TPEXWIEHA, HAXOJIUTh KOPHU
KBaJpaTHOTO TPEXWICHA.

PacknanpiBaTh KBaJIpaTHBIA TPEXWICH HA JIMHEMHBIC MHOKHUTEIIH.

Pemrats HECHOKHBIE KBaIpaTHBIE YPABHEHUS C TAPAMETPOM.

PemaTe HEC10KHBIE CUCTEMBI HEJIMHENHBIX YPABHEHUN C IIapaMETPOM.

Pemare ypaBHEHHs, HEpaBEHCTBA M MX CHCTEMBI, B TOM YHCIE C
OTpaHUYCHUSIMU, HAIIPUMED B LIEJIBIX YHUCIIAX.

IIpoBoauTh ucciienOBaHUs YPABHEHUM UM CUCTEM YPAaBHEHMUM, B TOM YHUCIIE C
IpUMEHEHUEM IpaduyecKux MpecTaBieHui (ycTaHaBIMBaTh, UMEET JIU ypaBHEHUE
WM CUCTeMa YPaBHEHUM PEIICHMs], €CJIM UMEET, TO CKOJIBKO, U MPoYee).

Pemats TekCTOBBIE 3a1a4M ANTeOPanIECKUM CTIOCOOOM.
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Hcnonb30BaTh ypaBHEHUS, HEPABEHCTBA W HX CHUCTEMBI JUJISi COCTABJICHMS
MaTE€MaTU4eCKOM MOJEIM PpPEAJbHOM CUTyallUM WM [PUKIAJHOM  3a]1adH,
WHTEPHPETUPOBATH NOJYUECHHBIE PE3YJIBTATHI B 33JTAHHOM KOHTEKCTE.

CBOOOIHO oOmepupoBaTh MOHATUSIMHU: 3aBHUCHUMOCTh, QYHKIHS, Tpapux
GyHKIMM, OpsAMas MOPONOPLHUOHAIBHOCTh, JIMHEWHas  (QyHKUMs, oOparHas
MIPOIIOPITMOHAIEHOCTh, Mapadosra, TUIepOoIIa, KyCOUHO-3a1aHHast (PyHKITHS.

HccnenoBath pyHKIMIO 10 €€ rpaduKy, yCTaHABIUBATh CBOMCTBA (DYHKIIMMA:
o01acTh ONpEeNIeHUsl, MHOXECTBO 3HAYEHUH, HyIU (YHKUUH, T[POMEKYTKU
3HAKOTIOCTOSIHCTBA, MPOMEXKYTKH BO3PACTaHUS U YObIBaHUS, YETHOCTh U HEYETHOCT,
HauOoJbllIee U HAUMEHbIIEE 3HAYE€HU s, aCUMITOTHI.

Pacnio3HaBaTh KBaJpaTHUHYIO0 (PYHKLIMIO 1O (opMmyJie, TPUBOJUTh IMPUMEPHI
KBaIPaTUYHBIX (DYHKLMIA U3 peabHOM )KU3HU, PUZUKHU, TEOMETPHH.

Omnpenensath MonokeHue rpaduka KBaJpaTUYHOW (PYHKLIHMHM B 3aBUCHUMOCTH
OT €€ KO3 PUIIMEHTOB.

CtpouTs rpaduk KBaipaTUYHON (PYyHKIMHU, ONTMCHIBATH CBOMCTBA KBAAPATUYHON
byHKIMU 110 ee rpaduKy.

Hcnonb3oBaTh CBOMCTBA KBAAPATUIHOW (DYHKIIMM JIS pELICHUS 3a]1a4.

Ha npumepe kBaapaTuuHoi ¢yHKIMU cTpouTh rpaduk Gyukimu y = af(kx + b)
+ C ¢ nmomoIikio peodpazoBanuii rpaduka Gyskimu y=Ff(x).

NnnrocTpupoBath ¢ MOMONIBIO TpaduKa peagbHy0 3aBUCUMOCTb WM MPOIIECC
10 X XapaKTEPUCTHUKaM.

CB00OOHO OneprupoBaTh MOHATUSIMHU: MOCIEA0BATEILHOCTD, apudMeTHIeCKas 1
reOMETPUYECKast IPOTrPECCUMU.

3amaBaTh IOCIEAIOBAaTEIbHOCTH Pa3HBIMU  CHOCOOAMHU:  OMHCATEIbHBIM,
TaOJIMYHBIM, C TOMOIIbIO (POPMYJIBI N-TO WIEHA, PEKYPPEHTHBIM.

BbInONMHATE  BBIYMCIEHUS €  HCIOJNb30BaHMEM (GopMyl N-TO  4ieHa
apru(PpMETUIECKON U reOMETPUUECKON MPOrpecCuii, CyMMbI IEPBBIX N YJICHOB.

N300paxaTh YjI€HBl MOCIENOBATEIBHOCTH TOYKAMM HAa KOOPJIMHATHOU

IITOCKOCTH.
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Pemiats 3agaun, CBSI3aHHbBIE C YUCTIOBBIMU MOCIIEOBATEIHOCTSIMU, B TOM YUCIIE
3aJlayd U3 peaTbHOM JKU3HU (C HCIIOJIb30BAHUEM KAJIbKYJSATOpa, HU(POBBIX
TEXHOJIOTHUH).

Pacmo3HaBath ¥ TPHUBOAWTH TPHUMEPHl KOHEUYHBIX M  OCCKOHEYHBIX
MOCJIEAOBATENBHOCTEH,  OTPAHMYEHHBIX  IOCIEAOBATEIBHOCTEH,  MOHOTOHHO
BO3paCTaIOMUX (YOBIBAIOIINX ) TTOCIIEI0BATEILHOCTEH.

NmeTp nipeacraBiieHHE O CXOJUMOCTH MOCIEI0BATEIIBHOCTH, YMETh HaXOAUTh
CyMMY OECKOHEYHO YOBIBAIOIICH reOMETPUUECKOM MPOTPECCUH.

[IpuMeHsTh METOJ] MATEMATUYECKON MHTYKIIMHU TIPYU PEIICHUH 3a]1a4.

Jloka3pIBaTh TEOPEMY CHHYCOB U TEOPEMY KOCHHYCOB, HNPUMEHATH UX JIS
HAXOXKJCHUSI PA3IUYHBIX DJIEMEHTOB TPEYTOJbHUKA («PEIIEHUE TPEYTOJIbHUKOBY),
P PEIICHUH TEOMETPUUECKUX 3aAa4. [ [puMeHsITh oTy4YeHHbIE 3HaHUS [IPU PEIICHUU
MPAKTUYECKUX 33/1a4.

[IpuMeHsTh TPUTOHOMETPHUIO B 3a7a4aX Ha HAXOXKJIEHUE IJIONIAM, BEIBOJAUTh U
BJIQJICTh TPUTOHOMETPUUECKUMU (opMyiaMud ISl IUIOMIAAM  TPEYTOJbHUKA,
napajienorpamma, pom0a, Tpaneiuu, BEIBOAUTh U MPUMEHATh Gopmyry ['epoHa u
dbopmyIty 11 TUTOIAIN BBITYKJIOTO YE€ThIPEXYTOIbHUKA.

NmeTs mpeacTaBieHre 0 TOMOTETHH, IPUMEHSATh B IPAKTUUECKUX CUTYyaIUsX.

Hcnons3oBath Teopemsl UeBbl 1 MeHenas mpu peieHuu 3aaay.

Ucnonb3oBaTh TEOpeMBbl O BIIMCAHHBIX YIriaxX, yIVIaX MEXIy XOpJAamu
(CeKylIMMH) U yTiie MKy KacaTeIbHOW U XOPAOW NP PEIICHUU MeOMETPUUYECKUX
3amad. Jloka3plBaTh W MPUMEHSTH TEOPEMbl O MPOU3BEIAECHUU OTPE3KOB XOPI,
O MPOU3BEJCHUN OTPE3KOB CEKYIIHX, O KBaApaTe KacaTeJIbHOM.

Bianets noHsiTueM KOOpAMHAT Ha MIJIOCKOCTH, pabOTaTh ¢ ypaBHEHHEM MPSIMOI
Ha TUIOCKOCTU. BrageTh moHATUSME YTIIOBOTO KO3 duIreHTa u cBOOOIHOTO WICHA,
MOHMMATh HX TEOMETPUUECKHUA CMBICI U CBA3b YIJOBOro Kod(duimeHta
C BO3pacTaHWeM U YObIBaHHEM JMHEHHOM (yHKIMK. YMeTh pelarb METOA0M
KOOpDAMHAT 3aJa4y, CBSI3aHHBIE C MAPAUICNIBHOCTHI0O W MNEPHEHAUKYISIPHOCTHIO

MIPAMBIX, ICPECCCUCHHUECM IIPSAMBIX, HAXOXKICHUEM TOYCK IICPCCCUCHMA.
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BoiBomuTh u BianeTh ypaBHEHHEM OKpPYXHOCTH. lcmonb3oBaTh MeETOX
KOOpJIMHAT IS HAXOXKJICHMSI TMEePEeceUeHUM OKPY>KHOCTEH u mpsaMbIX. Brianers
dbopMynaMu paccTOsHUSA OT TOYKH JO MPSMOM, IUIOMAAM TapajuieorpaMMa B
KOOpAMHATAX, UMETh MOHATHE 00 OpUEeHTUpOBaHHOW TuIOmAnu. [lomb30BaThCs
METO/I0M KOOPJIMHAT Ha MIOCKOCTH, MPUMEHSTh €T0 MPHU PEIICHUN T€OMETPUUECKUX U
MPaKTUIECKUX 3a1ad. [[puMeHsaTh MEeTO KOOPIMHAT B TIPAKTUKO-OPHUEHTHPOBAHHBIX
TeOMETPUUECKUX 3a7auax.

Brnagets moHsiTHEM BeKTOpa. YMETh CKJIaJbIBaTh M BBIUUTATH BEKTOPHI,
YMHOXaTh Ha YHWCJO, BIAJCTh NpPaBHJIAMU TPEYTOJbHUKA M Mapajjiesorpamma.
Bnagers mpakTUYeCKMMH HHTEPIPETALMSIMUA BEKTOPOB. YBEPEHHO MOJb30BATHCS
KOOpJIMHATaMU BEKTOpa. BiageTs cl1oKeHneM 1 BBIYUTAaHUEM BEKTOPOB, YMHOKEHHUEM
BEKTOpPA Ha YHCJIO B KOOPJUHATAX.

Nmets mpencraBieHue o 0Oasuce (Ha IMJIOCKOCTH). PackiaapiBaTh BEKTOPHI
no Oasucy. PacknaapiBath BEKTOphI CHJI € TOMOIIBIO  MPOCIUPOBAHUS
U TPUTOHOMETPUYECKMX CcoOoTHOmeHU. [IpuMeHsAT, TOJIydYeHHBIE 3HAHUS
B MTPOCTEUIINX (PU3NUECKHX 3a/layax.

Brnagets mOHSTHEM CKaNsIpHOTO TPOM3BEACHHUS BEKTOPOB, IMOHUMATh €O
T€OMETPUUYECKUN CMBICT U YBEPEHHO TOJIb30BAThCS €T0 BHIPAKEHHEM B JIEKAPTOBBIX
KOOpAMHATAaX. 3HATh JUCTPUOYTUBHOCTH CKAISIPHOTO TPOU3BEIEHUS W €ro CBs3b
c nmpoeuudpoBaHueM. IIpuMeHATH  CKaJspHOE  MPOU3BEACHHE  BEKTOPOB
JUTS HAXOXJCHWS JJIUH WU YIJIOB. PemaTe reomMeTpudeckue 3agaddl ¢ TMOMOIIBIO
CKaJISIPHOTO TpoW3BelneHus. VICrmonb30BaTh CKAIAPHOE TMPOM3BEIECHUE BEKTOPOB
B ajreOpandecKkux M (PU3NUeCKuX 3aadax.

Brnagets MOHATHSAMH TNPaBHILHOTO MHOTOYTOJIBHUKA, JUITMHBI OKPYKHOCTH,
JUTHHBI YT OKPYKHOCTH M palaHHON MEphI YIJIa, BEIYUCIIATH ILIONIAIb KpyTra U €ro
yacteil. [lonnmath cmbict yncna ©t. [IpuMeHaTh moiydeHHbIC YMEHUS TIPH PEIICHUH
NPAaKTHYECKUX 3a7ad. 3HaTh HCTOPHYECKHWE CBEICHUS OO0 W3MEpPEHUH JIUHBI
OKPY>KHOCTH U IIJIOLIaIA KPyTa.

WwmeTs npeacrapieHne o npeodpa3oBaHuM MIIOCKOCTH, O IBIKeHUsX. Haxonute

OCH, LOCHTPblI CHUMMCTPHHU (I)I/II‘yp, HCHTPbBI IIOBOPOTA, HAXOAWUTb KOMIIO3WMIIUN
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npocTedmmx rnpeoOpazoBaHuil. [IpUMEHATh NBMKEHHUS IUIOCKOCTH IPU PELICHUN
reOMETPUYECKUX 3a]a4.

[IprMeHATh IONMy4YEHHBIE 3HAHWSA HA NPAKTUKE — CTPOUTH MATEMATUYECKUE
MOJENH Ul 3a/1a4 PEaJbHOM JKM3HU U IPOBOJWUTH COOTBETCTBYIOIINE BBIYMCIICHUS
C NPUMEHEHHEM MNOA00US M TPUTOHOMETPUYECKUX (QYHKIUI (TOJIB3YysCh, Il

HEOO0XOMMO, KaJbKyJIATOPOM).
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TEMATHYECKOE INTAHUPOBAHUE

7 KUIIACC
HaunmeHoBaHue
Ne pa3aesioB M TeM KoumnuectBo ®opma padoTbl/XapaKTepUCTHKA
. IIporpamMmmHoe coaepskanue
n/n Kypca BHEYPOUHOH 4acos AeITeJIbHOCTH 00y4aroIuXxcst
AeATe1bHOCTH
1 | DiemeHTHI HCTOPUH. 10 HcTopust BOSHUKHOBEHUS U Pa3BUTHSA CemuHap: U3 UCTOPUU BOZHUKHOBEHUS U Pa3BUTHS

OO6uue noHsATUsA TE€OMETPHH. TEOMETPHH.

reoMerpun. OCHOBHBIE [TonsiTust: akcuoMa, TeopeMa, CBOMCTBO, MuHu-uccIe10BaHUe. YTO TAKOE, TEOPEMA,

Guryps. IIPU3HAK, I0KA3aTENbCTBO, OIIPEACIICHAE. | CBOMCTBO, IIPU3HAK, 10KA3aTEIbCTBO, ONPEIEICHUE.
NHCTpyMEHTHI 111 U3MEPEHHUIN 1
ITOCTPOEHUM.
B3anMHOe pacnosnoxeHne To4eK Ha
npsMoi. MzMepenne JUIMHBI OTpe3Ka,
pPacCTOSIHUE MEXKY TOUKaMHU.
B3anMHOe pacnonoxeHue npsMbIX.
Jlomanas. Buapl nomassixX. JnnHa
JIOMaHOM.
Muoroyronsauku. [Tepumetp
MHOTOyrojpHUKa. [[oHATHE O BBIMTYKIBIX
Y HEBBITYKJIBIX MHOTOYTOJIbHUKAX

2 | Yucna v BBIYHUCIICHUS. 8 Henumocts u e€ cBolicTBa. [Ipusnaku HccnenoBarenbckas padora: 1e1MMOCTb U €€

JleIuMOCTb.
CroxeTHbIE 3a1a4u

IenuMocTH Ha 4, 6, 8, 11.
ITpusnaku genumoctu Ha 7, 13
(YHHBepcalbHBIN CIIOCO0).

Penrenue 3amad mOBBITIEHHON CIIOXKHOCTH.

Penrenne 3amad Ha IeIUMOCTD.

CBOMCTBA.

JlucKyccHsi: COOTHECEHHE THIIA 33]Ja4d M MOJICIIH.
CpaBHeHUE apH(PMETHIECKOTO U aNreOpanyeckoro
METO/1a peIeHNs 3a/1a9; JOCTOMHCTBA U
HEJIOCTAaTKH.

33



HaumenoBanue

Ne pa3aeyioB U TeM KoanuectBo dopma padoThl/XapaKTePUCTHKA
. IIporpammHoe coaep:kanue
n/n KYypca BHEYPO4HOM 4acoB AesITeJIbHOCTH 00y4aroIMXCs
AeAITeIbHOCTH
Apudmerndeckuii METOI perIcHUs MaremaTu4eckoe COpeBHOBAHME — PCIICHUE
CIOJKETHBIX 3a71a4 CIO’KETHBIX 33]a4 pa3HbIMU METOAaMHU
3 TpeyrosbHUKU. PaBHBIE TPEYTOJIBHUKY B
TCOMETPUUYECKUX KOH(PHUTYpaIUsIX.
TpeyroabHUKH. IIpakTUKYM MO pELICHHIO 3a/a4.
[Ipu3Haku paBeHCTBA TPEYTOJIHHUKOB.
[Ipu3naku paBeHCTBa 6 HccaenoBanue: paBHbIC TPEYTOJIBHUKHU B
[Ipu3Haku paBeHCTBA MPSMOYTOJIBHBIX
TPEYTrOJIbHUKOB reOMETPUUYECKUX KOH(PUTYpaIusix
TpEeyroibHUKOB. [lepnenaukymnsp u
HAaKJIOHHAs
4 | Anrebpanueckue 10 [IpeacraBnenue 3aBUCUMOCTH MEXKTY IIpakTHKYM 110 pelIeHUIO TPAKTUKO-
BBIPKECHUS BEITMYMHAMU B BHUJI€ (DOPMYIIBIL. OPUEHTHPOBAHHBIX 3aJ[a4 Ha HaXO0XKJICHHUE
CreneHu, MHOTOWIEHBI, MPe0Opa3OBaHUE | HEU3BECTHBIX BEJIMYUH C MPUMEHEHUEM (HOPMYIIL.
MHOTOYJICHOB, ICCTBHS C HccaenoBaresbekas padoTa: Kak HAMTH KOPEHb
MHOTO4YJICHAMH. MHOTO4JIeHA?
MHorounen craniaptTHoro Buaa. CteneHb
MHOTO4JIeHa.
Kopuu MHorowiena. Haxoxienue kopHei
MHOTO4JIeHa.
JlokazaTenbCTBO TOXK/IECTB.
Pa3Hbie moax0/b1 K JOKA3aTEIBCTBY
TOXJIECTB
5 | TpeyroabHHKH, 4 COOTHOIIEHHS MEXITY CTOPOHAMU U HccaenoBaresibckas padora (B TOM 4ucie

Y TEOMETPUYECKHUE
HEpaBEHCTBA

yIilaMu TpeyrojbHuka. HepaBeHCTBO
TpeyronbHuKa. HepaBeHCTBO 0 1iuHe
nomaHoi. HepaBeHCTBO Mex Ly
NEPIEHAUKYIISIPOM U HAKJIIOHHOM.

C MCNOJIb30BAaHUEM «MAaTEMATHUECKUX TAKETOBY):
reOMETPUUYECKNE HEPABEHCTBA.

IIpakTHKyM 110 pEelIeHNIO IPAKTUKO-OPUEH-
THPOBAHHBIX 33/a4. Moae1upoBaHue ¢ IOMOIIbIO
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HaumenoBanue

No pa3aesioB U TeM KoumnuectBo ®opma padoTbl/XapaKTePUCTHKA
. IIporpamMmmHoe coaepskanue
n/n Kypca BHEYPOUHOH 4acoB AeSITeJIbHOCTH 00y4arouXxcst
AeATEeJbHOCTH
PaccTosHHMEe OT TOUKH 10 IPSAMOM IIPOrPaMMHBIX CPEICTB
6 | YpaBHEHHS U CHCTEMBI 6 PaBHOCWIIBHOCTE ypaBHEHUI CamocTosiTesIbHOE OTKPbITHE: JINHEHHBIE
ypaBHEHUN JInHeliHbIE YpaBHEHMS U UX CUCTEMBI. YPaBHEHUs U HEPABEHCTBA C ITapaMeTpaMu U UX
Onpenenenue yncna KopHed muHeHoro | cucremsl. MccenoBareiibeckas padora (B ToM
YpPaBHEHU. YHCJIE C UCIIOJIb30BAHUEM «MAaTEMATHYECKUX
Pemenne mMHENHBIX ypaBHEHUH, [IAKETOBY): IMHEWHbIE YPABHEHMUSI, COJIEPIKALIE
coJleprKaluX 3HaK MoAyJis. Pemenne 3HaK MozyJs. IIpakTHKYM 110 penieHuIo 3a1a4: oT
JMHENHBIX YPABHEHUH C TapaMeTPaMHu. IIPOCTOTO K CJIOKHOMY — PELIEHUE CUCTEM
Pemenue cucreM TMHENHBIX YpaBHEHUN JIMHEUHBIX YPAaBHEHUN Pa3HBIMU METOJAMH.
pa3HbIMHM METOJIaMU MareMaTnyeckoe COpeBHOBAHUE — PEILIECHUE
MaTeMaTHYECKUX 3a/1a4 10 TEME
7 | OceBast cHMMETpHs 4 @urypsl ¢ 0ceBOl CUMMETPHUEH. HUccnenoBarenbckas padora (B TOM yuciie
IIpuMepsl CHMMETPHH B OKpYKarOIEM C MCIIOJIb30BaHUEM «MAaTEMATUYECKHUX ITAKETOBY).
MHpE ITocTpoenne mopnedieit (B ToM uncie
C MCIIOJIb30BAaHUEM «MAaTEMAaTUYECKHUX ITAKETOBY).
IIpoekT: cuMMeTpus B OKpYyKaroLeM MUPE
8 | MHOTrOyroJbHHKH. 6 CyMMa BHYTpEHHHX yTJIOB IIpakTHKyM 110 pEIEHNIO TPAKTUKO-
OKpYy HOCTBb. MHOT'OYTOJIbHUKAa U CYMMa BHEIIHHUX OPHUEHTHPOBAHHBIX 3a7a4.
YIJIOB BBITYKJIOTO MHOTOYTOJIbHUKA. HccaenoBarenbckas padora: B3aMMHOE
KacarenbHas 1 cexymmas K OKpy>KHOCTH. PacCIOJIOKEHUE OKPYKHOCTH U IIPSIMOM.
OKpy»XHOCTb, BHIUCAHHAS B yIOJI.
9 | ®ynkuun 8 [Touck obGnactu onpeneneHus u HccaenoBarenbckas padora (¢ UCIIONIb30BaHUEM

MHOXECTBa 3HAYCHUH (PYHKIHH.
Vcnonb30BaHue pa3IMyHbIX CIIOCOOOB
3agaHud QyHkuuu. Mcnons3oBanue

«MaTeMaTHYECKUX MTaKETOBY»): B TOM YHCIIE
CpaBHEHHE CBOMCTB (DYHKIIMU U UX rpauKoB
B 3aBHCHMOCTH OT ITapaMeTPOB
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n/n

HaumeHnoBaHnue
pa3aesioB u TeM
KYypca BHEYPO4HOil
JesATeJbHOCTH

KoaunuectBo
9ac0B

HpOFpﬁMMHOG CoaecpKaHue

®opma padoTbl/XapaKTePUCTHKA
AeSITeJIbHOCTH 00y4arouXxcst

CBOMCTB (PYHKIIMII [/1s aHau3a rpaduKoB
pealbHBIX 3aBUCUMOCTEH (HyNu (QyHKIIUH,

IIPOMEXYTKH 3HAKOIIOCTOSIHCTBA
(GyHKIUH, TIPOMEXKYTKH BO3pacCTaHUs U
yObIBaHUs (YyHKIIMU, HAUOOJIbIIEE U
HaWMEHbIIIee 3HAUCHUs PYHKIUN).
I'paduxu, KycoUHO-3a/1aHHbIE PYHKLIUU

10

FGOMeTpI/I‘IeCKI/Ie
MECTa TOUYCK

B3aumHoe pacnonoxeHue OKpyKHOCTU
U IIPSIMOIA.

IIpuMepsl reOMETPUYECKUX MECT TOUEK
HAa TUIOCKOCTH.

Meron reoMeTpuIecKX MECT TOUEK
IIPU PEIICHUN F€OMETPUUYECKUX 3a/1a4

IIpakTHKyM: IPaKTUKO-OPUEHTUPOBAHHBIE 3a/1a4H
Ha B3aUMHOE PACIIOIO0KEHHUE OKPYKHOCTU U
IIPSAMOM.

CamocrosiTeibHOE OTKpPbITHE: UTO Takoe [ MT?
[paxkTukym no pemenuto 3aaad Ha [MT

OBHIEE KOJIMYECTBO
YACOB 11O TPOT'PAMME

68
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8 KVIACC

" HCPABCHCTBA

Ornpenenenrne paBHOCUIbHBIX YpPaBHEHUH.
[IpuMeHeHne CBOWCTB ypaBHEHHUN C OJHOU
nepeMeHHou. OnpeneneHne KoJIn4ecTBa
JIEWCTBUTEIbHBIX KOPHEUW KBAIPATHOTO
ypaBHeHUs. Pemenne npoOHO-paimoHaIbHbIX
YpaBHEHUH, CBOIAIINXCS K JUHEWUHBIM WM K
KBaJIpaTHBIM YPaBHEHUSIM, UCIIOJIb30BAHUE
METOZa 3aMEHBI [IEPEMEHHOM.

HaumenoBanue
Ne | pa3nesioB u Tem kypca | Koamuecrso ®opma padoTbl/XapaKTePUCTHKA
. IIporpammHoe coaep:kanue
n/n BHEYPOUYHOM 4acoB AeATeJIbHOCTH 00y4aromuXCcs
e TeIbHOCTH
1 | Yucna u BBIYUCICHUS 10 KBagparsslii kopeHb. Beinonnenue oneparuii | IlpakTukym 1o pemieHuro 3aiad: OT IpOCTOro
(KBagpaTHbIE KOPHH, C UppalMOHAIbHBIMU YKCIaMU. TOYHOCTD K CJIOKHOMY.
UppalOHaJIbHbIE npuOIMKEeHNS UppanroHaibHOro uncia npu | MceaenoBareianbckas padora. Ksanparasie
YHCJla, CTETIEHN) peuienuu 3anad. OKpyrieHue KOPHH.
UppalMOHAJIBHBIX YHCEN, TPUKUIKA
pe3yabpTaTa BbIYUCICHUN.
2 | Anrebpanueckue 4 JIpoOGHO-paliOHANIbHBIE BHIPAYKEHHS. IIpakTHKyM 10 pEIIEHHUIO 3a/1a4: OT IPOCTOrO
BBIPKEHUS Crenenu. BeinoiaHeHne TOXKIECTBEHHBIX K CJIO)KHOMY
npeoOpa3oBaHuil pallMOHATBHBIX BBIPAXKEHUIN
3 | UeTbIpexyToIbHUKA 8 [Tapasnenorpamm, ero npu3Haku u cBoiictea. | IIpakTukym 1o pemeHuro 3aiad: OT IPOCTOro
[IpsimoyronpHUK, pOMO, KBaJpaT, UX MPU3HAKH | K CIIOKHOMY.
Y CBOMCTBA. HccaenoBarenbckas pabora. 3HaKOMBIC
Tpanenus. PaBnoOenpenHas Tpanenus, eé HE3HAKOMBIE YETBIPEXYTOIbHUKU
CBOWCTBA U NIPU3HAKU
4 | YpaBHeHUS 12 KBanpatHsle ypaBHEHUS. HccnenoBarenbckas padoTa: paBHOCHIBHOCTD

U CIIEACTBHE.
IIpakTHKyM 10 PEIICHUIO CIOKETHBIX 3a7ad.
IIpakTUKyM 10 PENICHUIO 3a/1a4: OT MPOCTOTO

K CJIO)KHOMY — JPOOHO-paIMOHAILHBIC
YpaBHEHUS.

HccnenoBarenbcekas padoTa (B TOM 4uClie

C UCIOJIb30BAaHUEM «MaTEMaTHYECKHUX MTAaKETOBY):
rpaduyueckasi HHTepIpeTalus ypaBHEHUH C IBYMs
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HaunmenoBanue

Ne | pa3nesioB u Tem kypca | Koamuecrso ®opma padoTbl/XapaKTePUCTHKA
. IIporpamMHoe coep:kaHue
n/m BHEYPOYHOIi 4acoB AeATeTbHOCTH 00yYalouXCs
NesITeIbHOCTH
Pemienune TekcToBBIX 3aJa4 alreOpandeckuM | MepeMEHHBIMHU.
CIOCOOOM: IEpexo OT CIOBECHOH Gopmy- MopaeaupoBaHue pa3IMuHbIX CUTYalUi
JUPOBKHU yCIIOBUS 3aJjau K airedpanyeckou
MOJIENIN TIyTEM COCTaBJICHHUS yPaBHEHUS;
pellIeHrEe COCTaBIEHHOTO YPaBHEHUS,
UHTEpIIpeTalys pe3yibrara.
I'paduueckas MHTEpIIpeTaLUs ypaBHEHUI
C IByMsI II€pEMEHHBIMU
5 | LenTpanbHo- 6 dopMyIHpOBKa OTIpeIeNIEHUs U JJ0Ka3a- CaMocTosiTeIbHOE OTKPBITHE: YTO TAKOE
CUMMETPUYHbIE TEJIbCTBO CBOMCTB IIEHTPAIbHO-CUMMETPUY- npeoOpa3oBaHue 1noaoous?
buryps. HBIX QuUryp. HUccnenoBarenbckas padora (B TOM yuciie
[TponopuroHansHBIE Cpenusist muHUS TpeyronbHuka. CpeaHsist C HMCIIOJIb30BAaHUEM «MAaTEMATHYECKHUX ITAKETOBY):
otpesku. [logobue. JIMHUS TpaneIuH. 4TO Takoe (ppakran?
ITpeoOpa3oBanue Teopema Paneca. [IponopuroHansHbIE IIpakTHKYM 110 pELICHUIO 3a7a4
noo0usl. oTpe3Kku. BBenenue noHaTus npeodpa3oBaHUs
[Tnomaau. nmoxo6ust ¥ MoA0OHBIX (uUryp.
CooTHolleHus: B MOAOOHBIX (GUrypax.
3aauu Ha HAXOXKJICHHUE TUIOIAIN C
WCIOJIb30BaHNEM Pa30MEHUs Ha YacTu U
JlocTpauBaHue. MeTo Tiomaen.
6 | Joxa3aTtemscTBa 4 OneHka 3HaYeHUs BBIPAKEHUSI C UCTIOJIb- IIpakTHyeckast padoTa: MOCTPOCHUE MOJEIEH —
HEPaBEHCTB 30BaHMEM HepaBeHCTB. [IpruMeHeHre CBOMCTB | HEPaBEHCTBO KaK MOJEIb pealbHON CUTYalUH.

HEPaBEHCTB B XOJI€ pELICHUS 3aau.
Onpenenenyue paBHOCUIbHBIX HEPABEHCTB.
JlokazaTenbCcTBO HEPABEHCTB.

Pemenne TeKCTOBBIX 3a/1a4 ¢ TOMOIIIbIO

CamocTosiTeJIbHOE OTKPBITHE: METOIBI
JIOKa3aTeJIbCTBA HEPABCHCTB.
MarteMaTH4ecKoe COpeBHOBAHME — PELICHUE
3a/1a4 pa3HbIMH METOJIaMH.
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HaunmenoBanue

Ne | pa3nesioB u Tem kypca | Koamuecrso ®opma padoTbl/XapaKTePUCTHKA
. IIporpammHoe cogepkanue
n/n BHEYPOYHOM 4acos AeSITeJIbHOCTH 00y4arouXcst
AeATEeJbHOCTH
JIMHEMHBIX HEPABEHCTB C 0HOM nepemeHHor. | UccienoBareabckas padora: JuHEHOE
HccnenoBanue IMHEMHOTO HEPABEHCTBA HEPaBEHCTBO C OJTHOM IIEPEMEHHOM C MapaMeTpoOM
C OJJHOU MEPEMEHHOU C TTapaMETPOM
7 | IIpsimoyrosibHbIE 8 Teopema [Iudaropa u ee mpuMeHeHHE. IIpakTHKYM 110 PELICHUIO IPAKTUKO-OPUEH-
TPEYroJbHUKU Jloka3aTesbCTBO COOTHOUIEHUM MEXIY TUPOBAHHBIX 33]1a4.
IIPONIOPLIOHAJIBHBIMY OTPE3KaMH B IPSMO- CamocTrosiTesIbHOE OTKPBITHE: YTO 5 3HAIO IIPO
YTOJIBHOM TPEYyTOJIbHUKE. IPSIMOYTOJIbHBIN TPEYTrOJIbHUK?
[IpuMeHeHHne COOTHOLEHNN IIPU PEILIEHUN MareMaTH4ecKOe COPEBHOBAHME — PELICHUE
FEOMETPUUECKUX 3a1ad. 3aJ1a4 pa3HbIMU METOJAMHU
Tpuronomerpuyeckue QyHKIUH B
IIPSIMOYTOJIbHOM TPEYTOJIbHUKE.
8 | Oysknun 2 [Touck obnactu onpeneneHuss 1 MHOXKECTBA HUccnenoBarenbckas padora (B TOM yHciie
3HAYEHUHN QYHKIIH. C UCMOJIb30BAaHUEM «MAaTEMaTHUECKUX MTAKETOBY):
I'paduk dynkimn k/X. @yHkuus Buia uccieioBaHue (QyHKIUH.
(ax + b)/(cx + d) CamocTosiTe/IbHOE OTKPbITHE: QYHKIIUS BUIA
(ax + b)/(cx + d)
9 | Yucna 1 BEIYUCIICHUS: 4 DopMyIUpOBKa ONPEAEIECHUS JEINMOCTH HccnenoBarenbckas padoTa: 1eIUMOCTD.
JEIUMOCTh HaleJIo, YHCel, CPABHUMBIX 110 JAHHOMY CamocTosiTeIbHOE OTKPbITHE: CPABHEHHE
MOAyJI0. BrlnosiHeHnE AeneHus ¢ OCTaTKOM. | 1o Moy 0. IIpo0JieMHbIH NPAKTHKYM:
Jloka3aTenbCcTBO U IPUMEHEHHE CBOMCTB pelieHure 3a7a4 Ha MOUCK OCTaTKOB CYMMBI U
CPaBHEHUH O MOIYJIIO. MIPOM3BEICHUS 0 MOy 0. MaTeMaTu4eckoe
HaxoxneHne ocTaTKkoB CyMMBI U IIPOU3- COPEBHOBAaHMe — PELICHUE 3a/1a4 Ha JEIUMOCTb U
BEJICHUS 110 JAHHOMY MOJYJIIO CpaBHEHHUE 110 MOJIYJIIO
10. | Brnucannsle u 7 BrnvcanHbIE U IEHTPAIbHBIE YTIIBI. IIpakTHKyM 10 pEelIEHNUIO 3a/1a4: OT IPOCTOrO

OTIHCAaHHbIE
YEeThIPEXYTOIbHUKHI

VYTiIbl MEXAY XOPaMU U CEKYIUMHU.
BnvcaHHBIE B ONIMICaHHBIE
YETBIPEXYTOJIBHUKU.

BzanmHoe pacnonoxeHue AByX OKPYKHOCTEM

K CJIOKHOMY
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HaunmenoBanue

Ne | pa3nesioB u Tem Kypca | KoanuecTBo ®opma padoThI/XapaKTEPUCTHKA
. IIporpammHoe coaep:kaHue
n/n BHEYPOYHOM 4yacoB AeSTeJIbHOCTH 00y4aI0IIHXCS
eSITeIbHOCTH
11 | [ToBTOpEHHE, 3 BrimonHenue uccienoBaTeabCcKoi padoThI. HccaenoBaresbckas padora:
o0o0mieHue, BrImosHeHUe ¥ 3a1uTa IpoeKTa YeThIpeXyroJbHUKA U OKPYKHOCTH
cUCTeMaTH3aIHs IIpoekT: YeThIpeXyroibHUKU U OKPYKHOCTH
OBHIEE KOJIMYECTBO 68

YACOB 110 TPOT'PAMME
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9 KVIACC

TPEYroJIbHUKOB

Pemenue npakTudeckux 3aaad ¢ UCHOJb-
30BaHHEM TEOPEMbI KOCUHYCOB U TEOPEMBI
CHUHYCOB.

®opmyna ['epona. Popmyna miomanu
BBIITYKJIOTO YE€THIPEXYTOJbHUKA.
CoOTHOILIEHUS MEKTY
TPUTOHOMETPUUECKUMHU (QYHKIUSMHU.
[Ipocreitmme GpopMybl TPpUBEACHUS U3 T€O-
METPUYECKUX COOOPAKECHHIA.

Pemrenune 3ama4 ¢ UCNOJIB30BaHUEM TEOPEM
KOCHMHYCOB U CHHYCOB, HaXOXCHHE paanyca

HaumenoBanue
Ne | paszgesioB u TeM Kypca | KoamnuecTBo ®opma padoThl/XapaKTepUCTUKA
. IIporpammHoe cogepkaHue
n/n BHEYPOYHOM 4acos AeSTeJIbHOCTH 00y4arouXcst
AeATeJIbHOCTH
1 | YpaBHeHus 6 Pewienue ypaBHeHuii ¢ napameTpom CamocTosiTe/IbHOE OTKPBITHE: PEIICHUE
Y HEPaBEHCTBA C anredpanyeckuM METO/I0M. YPaBHEHUH € IapaMETPOM.
napameTpom I'paduueckuit MmeTos perieHus ypaBHEHUN ¢ IIpakTHKYMBI 110 PELICHUIO 337a4: OT IPOCTOTO
rapaMeTpoM K CJI0KHOMY — JpOOHO-pallMOHAJIbHBIE YPABHEHUS
I'padmueckas uHTEpIIpeTallNs PEIICHUS 1 HEPaBEHCTBA C [TapaMEeTPOM.
ypaBHEHUS C IBYMs IlepeMEeHHbIMU U cucteM | McceenoBaresbckue padoThl: peLIeHUE 3a/1a4
YPaBHEHUH C ABYMs IEPEMEHHBIMH. C IapaMeTpaMu — anreOpandyeckuM MeTOJI0M;
HccnenoBanue cuctemM HEITUHEUMHBIX rpaguIecKuM METOI0M (B TOM YHCIIE
ypaBHEHUH ¢ mapameTpoM. Pemienue C UCTOJIh30BAaHUEM «MATEMATHUECKUX TAKETOB))
HEPaBEHCTB C JIBYMs IMEPEMEHHBIMU U UX
CUCTEM
2 | Pemenne 6 @opMyIIbI IPUBEICHUS. IIpakTHKYMBI 110 PELIECHUIO 33/1a4.

MartemaTH4ecKkoe COpeBHOBAHHUE — PEILICHUE
reOMEeTPUYECKUX/MIPAKTUKO-OPUEHTUPOBAHHBIX
3a/1a4 pa3HbIMU METOJaMHU
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HaunmenoBanue

Ne | paszgesioB u TeM Kypca | KoanuecTBo ®opma padoThl/XapaKTepUCTUKA
. IIporpammHoe coaep:kanue
n/n BHEYPOYHOM 4acoB AesITeJIbHOCTH 00y4aroIMXCcs
AeATeJIbHOCTH

OIMCAaHHOW OKPYKHOCTH

3 | Anrebpanyeckue 10 CrerneHs ¢ paluOHATBHBIM [TOKA3aTEIEeM. IIpakTHKYyM 10 pENICHHUIO 3a/1a4: OT MPOCTOTrO
BBIPAKCHUS Onpenenenne KOpHs n-il CTENIEHU U CTENIEHU | K CII0)KHOMY.
C pallMOHAJIbHBIM [10Ka3aTEJIEM. MartemaTu4eckoe copeBHOBaHHUe

[IpumeneHne onepanuy U3BICUYECHUS KOPHS
n-i CTENEHU, UCII0JIb3YS IPU HEOOXOIMMOCTH
KaJIbKYJISTOP.

Boluncnenue 3Ha4eHus CTENEHU € PALAO-
HaJIbHBIM IIOKA3aTEJIEM.

OreHka 3HaYeHUN KOPHS n-U CTETNEHH,
3HAYEHHUE CTEIIEHU C PallMOHAJIBHBIM MTOKa-
3aTeJIeEM LIEJIbIMU YUCIAMU U 1€CATUIHBIMU
IpoOsIMHU.

CpaBHeHHE U yHOPSAA0YMBAHHUE PaIHO-
HaJIbHBIX U UPPALMOHATIBHBIX YHCEN,
3alMCaHHBIX C TIOMOIIBIO KOPHS /-i CTENECHH,
CTENEHHU C PALIMOHAIBHBIM ITOKa3aTeeM.
BrimonHeHne TOKIECTBEHHBIX MMPeodpa3o-
BAHWM BBIPAXKEHUN, CONEPKAIINX KOPEHb N-i1
CTETEHHU, CTENEHb C PAllMOHAILHBIM

ITOKa3aTeIeM

4 | OTpe3ku B OKPY>KHOCTHU 5 TeopeMsbl 0 MPOU3BEIEHUH OTPE3KOB XOP/I, CamocrosiTe/IbHOE OTKPBITHE (B TOM YHCIIE
TEOPEMBI O IIPOU3BEACHUHN OTPE3KOB C UCIOJIb30BAaHUEM «MATEMAaTUYECKHUX ITaKETOBY):
CeKyLIuX, TeopeMa o KBajapare kacareabHor, | Teopemsl UeBsl 1 MeHemnas.
TeopeMbl UeBbl 1 MeHenas. IIpakTUKyM MO pELICHHIO 3a/1a4.
HccnenoBanue, B TOM 4UCIIE ¢ TOMOIIBIO IIpakTHKYM 110 IOCTPOCHUIO TUHAMUYECKUX
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HaunmenoBanue

Ne | paszgesioB u TeM Kypca | KoanuecTBo ®opma padoThl/XapaKTepUCTUKA
. IIporpammHoe coaep:kaHue
n/m BHEYPOYHOM JacoB AeSTeJIbHOCTH 00y4aI0IIHXCS
AeSTeJIbHOCTH
U (POBBIX PECYPCOB, U3YIaEMbIX KOH(DHUTY- MOJIEJICH ¢ TOMOIIBIO TPOTPAMMHBIX CPEJICTB.
panuii. HccnenoBarenbckas padoTa ¢ TOMOMIBIO
[IpuMeHeHHEe JaHHBIX TEOPEM IPU PEIICHUN IIPOrPaMMHBIX CPEJCTB: TOMOTETHS U €€ CBONCTBA
rCOMETPHYCCKHUX 3a/1a4.
3HAaKOMCTBO C ITOHSITHEM F'OMOTETHH, C €r0
MIPUMECHCHHUEM, B TOM YHCJIE B TIPAKTHUECKUX
CUTYyAIHSIX
5 OyHKIIH 7 [TonsiTHe «hyHKIUMD. HccaenoBaresibckas padoTa (B TOM yucie

[IpumeHeHne CBOMCTB (PYHKIMIL: HyIH
(GYHKIMHU, TPOMEXYTKH 3HAKOTIOCTOSTHCTBA
(GYHKIMHU, TPOMEXYTKU BO3pACTaHUS

1 yObIBaHUS (YHKIIMH, YETHBIE U HEUETHbHIE
¢GbyHK1IMHM, HauOoJIbIIIEe U HAUMEHbIIIEE
3Ha4eHUsl QYHKINHU IPU pEIIeHUH 3a/1a4.
IToctpoenue rpadukoB GyHKIHHI ¢ TOMOIIBIO
npeoOpa3oBaHuil BUja:

f(x) =f(x) + a; f(x) = f(x + @); f(xX) — kf(x),
fox) =f(l x ), f(x) = [ f(x) |.

PacnioznaBanue cTeneHHbIX QyHKIUN

1 TIOCTPOEHHUE ICKU30B TPapUKOB CTETIEHHBIX
(GyHKIMH C HaTypalbHBIMU ITOKA3aTENIIMU
Pa3HOW YETHOCTH.

Hcnonws3oBanne cBOMCTB rpad)ukoB
CTENEHHBIX (PYHKIMI ¢ HATypaJIbHBIMU
MIOKAa3aTeJIsIMU [IPU PELICHUH 3a1a4.

[ocTpoenue rpaduxos GpyHKImi Y = v/x,

C UCITIOJIB30BAHUEM «MAaTEMATHYCCKHUX HaKeTOB»)I

[ToBenenue ¢pyHkuMu U ee rpaduxa
B 3aBUCUMOCTH OT ITapaMeTpa.

IIpakTuKyMBI IO PELIEHUIO 33]1a4: IOCTPOCHHE

-~ — 3 — .
rpadukoB GyHkuuit y=vx,y =x, Yy =|x|;
C MOMOIIIBIO TPeoOpa30BaHuil U MpoBepKa
C UCTIOJIb30BAaHUEM TIPOTPAMMHBIX CPEICTB
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HaunmenoBanue

Ne | paszgesioB u TeM Kypca | KoanuecTBo ®opma padoThl/XapaKTepUCTUKA
. IIporpammHoe cogepskaHue
n/n BHEYPOYHOM 4acos AeSTeJIbHOCTH 00y4arouXcst
e TeIbHOCTH
y=Vx,y=|x|
6 | Bextopsl. Metog 9 [TapanienbHOCTh ¥ NEPIEHIUKYIAPHOCTh CamocrosiTe/IbHOE OTKPBITHE: KAK PELINUTH
KOOpJAUHAT MPSMBIX (Yepe3 yriaoBoi Ko OULIUEHT). r€OMETPUYECKYIO 33/1a4y C IOMOUIBIO armapara
Haxosxnienue nepecedeHuii OKpy>KHOCTEH anreops1?
U OpsIMBIX B KoopauHaTax. @opmyna HUccnenoBarenbckas padora (B TOM yuciie
paccTosiHUS OT TOUYKH JI0 IPSIMOM. C UCMOJIb30BAaHUEM «MATEMATHUECKUX MTAKETOBY):
[Inomanp napaienorpaMmma B KOOpJAMHATaX, | peLIeHHE MPaKTUKO-OPUEHTUPOBAHHON IT'€OMETPHU-
MOHATHE 00 OPUEHTUPOBAHHOH TIOIA/IH. YeCcKOM 3aJ1a4l METOJI0M KOOP/AMHAT.
IIpumeneHne MeTo1a KOOPAMHAT B IPAKTUKO- | MaTeMaTH4YecKoe COPeBHOBAHME — PELLIEHUE
OpPUEHTUPOBAHHBIX T€OMETPUYECKHX 33]]a4axX, | FTEOMETPUYECKUX 3a7ad Pa3HbIMA METOIaMU
HCCIIEIOBaHKE MPUIIOKEHHSI METO/1a
KOOpJMHAT B BBIYMCIUTEIBHON MaTeMaTHKe
1 MH(pOpMaTHKe
7 | [IpaBunbHbIC 6 [IpaBriibHBIE MHOTOYTOJIBHUKH, BeIYKciIeHUuE | CaMoOCTOSITeIbHOE OTKPbITHE: KaK HAUTU
MHOTOYT'OJIbHUKHU. UX 3JIEMEHTOB MEepPUMETP U IJIOLAAb CIOXKHOU Urypsi?
OKpY>KHOCTh U Brruncnenue nepumMeTpoB U momaaen IIpakTHKYM 110 PELICHUIO 3324 TOBBIIIEHHOMN
MHOTOYTOJTBHHKH. CIIO’KHBIX (PUTYp, BKJIIOYAIOIIUX JI€MEHTHI CJI0KHOCTH.
Kpyra
8 YucnoBble 9 Onpenenenre BUIOB MOCIEA0BATEIBHOCTEH: HccaenoBaresibckasi padora: NOBEICHUE

OoCJICAOBATCIBHOCTU U

porpeccuu

OrpaHHYEHHAs TOCIIeI0BATEIILHOCTh, MOHO-
TOHHO BO3pacTatomias (yObIBaroIas)
mocJieIoBaTeIbHOCTh. [Ipencrasiienne
OCCKOHEYHBIX TIEPUOMIECKUX IpoOeH B BHIIE
OOBIKHOBEHHBIX.

3HAKOMCTBO C HOHATHEM CXOIUMOCTH
MOCJICZIOBATEILHOCTH, HAXOXKICHHE CYyMMBI

MOCJIEIOBATEILHOCTEHN — OT TUITOTE3BI J0 JTOKa-
3aTeNbCTBA.

JlucKyccusi HA OCHOBE pellleHus 3a1a4:
sBisiercst i MMU yHuBepcaibHBIM?
CamocrositesibHOe OTKpbITHE: MMU — MeTont
JIOKa3aTeJIbCTBA: CyMMa YJIEHOB MOCJIE]0-
BaTEJIbHOCTH.
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HaumenoBanue
Ne | paszgesioB u TeM Kypca | KoanuecTBo ®opma padoThl/XapaKTepUCTUKA
. IIporpammHoe cogepskaHue
n/n BHEYPOYHOM 4acos AeSTeJIbHOCTH 00y4arouXcst
e TeIbHOCTH
0eCcKOHEeuHO yOBIBAIOIIECH reOMETPHUIECKOM IIpakTHKYM 110 PELICHUIO 3a]a4:
nporpeccuu. llpumenenue metona JI0Ka3aTeJIbCTBO HEPABEHCTB U JI0KA3aTEIbCTBO
MAaTeMaTUYEeCKON MHIYKIIUU ngennMoctu MMU
9 JIBUKEHU MIIOCKOCTH 4 HentpanbHas cummerpus. LlentpanbHo- HccnenoBarenbcekas padora (B TOM 4yHClie

cummetpuyHbie ¢purypsl. [loBopor. OceBas C UCMOJIb30BaHUEM MIPOTPAMMHBIX CPE/ICTB):
cumMeTpusi. Urypol, CHMMETPUYHbBIE KOMITO3UIUS ABUKEHUN.
OTHOCHUTEIIBHO HEKOTOPOH OCH. CaMocTosiTe/IbHOE OTKPbITHE: POPMYINPOBKA
[TapannenpHbIN EPEHOC. BBIBOJIOB O CBOMCTBAaX KOMIIO3ULIMI JBUKECHHUIA.
[loHsATHE NBUIKEHHUS U €r0 CBOMCTBA. IIpoexT: npeoOpazoBaHus (JBUKEHUS)
PaBenctBo uryp. B HCKYCCTBE
[IposiBeHus: CMMMETpPUHN B IPUPO/IE,
YKUBOIIUCH, CKYJIBIITYpE, apXUTEKTYpE.
Kommo3uruu npmxenuit (mpocreiimme
MIPUMEPBHI).
IIpuMeHeHNE B pELIEHNN T€OMETPUIECKUX
3a1a4

10 | IToBTopenwme, 6 Pemenue 3agayq, WITIOCTPUPYIOIIUX CBA3U IIpoekr: «IIpeobpazoBaHusi B NUCKYCCTBE U

00o0011eHme, MEX/1y pa3InYHbIMU TEMaMH Kypca apXUTEKType»
cucTeMaTu3anus IToBTrOpenue, 00001IEHNE, CUCTEMATH3AIUS Hrorosas konpepenuus: «Maremarnuka — 310
Kypca KpacHuBO»
OBLIEE KOJINUYECTBO 68
YACOB IO ITPOT'PAMME
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