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PABOYASA ITPOT'PAMMA
KYPCA BHEYPOUHOM JEATEJBHOCTH

«TpyaHble BONPoChbl MATEMATHKH
7-9 Kiaccnl



Pabouas mporpamma Kypca BHEYPOUHOW JAedaTeabHOCTH «TpymHble BOMPOCHI
MaTeMatuku. /-9 kiacce (nanee — [Iporpamma) BKITIOYAET MOSICHUTEIBHYIO 3aUCKY,
colepkaHue OOydeHHs, IUIAaHUPYEMbIE pPE3yJIbTaThl OCBOCHHUSA IPOrPaMMBI,

TCMATHYCCKOC IINITAaHUPOBAHHC.

INOACHUTEJBHASA 3AIIMCKA

OO0mas xapakTepucTHKa Kypca

Hacrosimas pabouas mporpamma Kypca BHEYpOUHOU AesiTenbHOCTH « TpynHble
BOIIPOCHI MaTeMaTUKH. 7—9 Kiaccel» pa3paboTaHa B COOTBETCTBUU C TPeOOBaHUSIMHU
(denepanbHOro rocy1apCTBEHHOIO 00pa30BaTEIbHOTO CTaHapTa OCHOBHOTO OOILEro
oOpazoBanus (nainee — ®I'OC OOO) u HampaBieHa Ha OpPraHU3aLUI0 OOyYEHHS
MaTEeMaTUYECKOMY COJEpKaHUIO, BbIXoasmeMy 3a pamku DenepanbHoil paboueit
nporpaMMel 1o yuebHomy npeamery «MaTtemaTukay (6a30Bblii YPOBEHb) OCHOBHOTO
obmero oopazoBanus (nanee — OPII), ¢ yueToM UCTONB30BaHUS BUIOB ACATEILHOCTH
00y4arouxcs, OTINYHBIX OT YPOUHBIX.

[Tpu pazpabotke [IporpamMmbl yUUTHIBAIUCH CIIEIYIOIINE JOKYMEHTHI:

— nmcbMO MuHHCTEPCTBA NpocBemeHuss Poceuiickoin denepanuu OT 5 U0
2022 1. Ne TB-1290/03 «O wHampaBiACHHH METOAWYCCKUX PCKOMCHIAIINI
[0 OpraHU3allMd BHEYPOYHOW JAESITEIbHOCTH B PAMKax pealu3alid OOHOBJIEHHBIX
denepabHBIX TOCYIapCTBEHHBIX 00pa30BaTENbHBIX CTAaHAAPTOB HAYaJIBLHOTO OOIIIEro
¥ OCHOBHOTO 00111ero 00pa3oBaHus;

— pacnopspkenne [IpaButensctBa Poccuiickoit @enepartuu ot 19 nosiops 2024 r.
No 3333-p «O0 yTBEpXJI€HHMH KOMIUIEKCHOTO TIJIJaHA MEPOIPHUSITHI IO MOBBIIICHUIO
KayecTBa MaTeMaTUYECKOT0 M €CTECTBEHHO-HAyYHOTO OO0pa30BaHMs Ha MEPHOA

1o 2030 romay.

AKTYaJIbHOCTB Kypca
B ycnoBusx peanusanuy TaKOM CTPATErMYECKOM 3aJayd, KakK JTOCTHXKECHUE
TEXHOJIOTUYECKOTO0 CYBEpPEHUTETa CTpaHbl, Mepe] MaTeMaTHYeCKUM oOpa3oBaHUEM

B YHCJIC TJIaBHBIX TMOCTABJCHBI CJICAYIOIMUC ICJIU: PAa3BUTHUC TBOPUYCCKUX
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U HCCIIEIOBATEIIbCKUX CIIOCOOHOCTEN O00ydYarommuxcsi, UX MOJATOTOBKA B IpoIecce
oOydeHHs] MaTeMaTHKe K BBIOOpY mpodecchii, CBSI3aHHBIX C Pa3BUTHUEM TOYHBIX
Y €CTECTBCHHBIX HAYK M TeXHOJIOTWMH. Kak BaXHbI KOJMYECTBEHHBIN MOKA3aTEllb
MOBBIIICHUS UHTEpPECa K MAaTEMAaTHUKE BBIIETSAETCS POCT KOJIUMYECTBA BBITYCKHUKOB,
BBIOMPAIOIIMX HA TOCYIapCTBEHHONW MTOTOBOM aTTECTALMM 3K3aMEH MO MaTeMaTHKe
Ha MPOPUIBHOM YPOBHE.

OcBoenne  mpemmaraemoit  IIporpamMmel  cOCOOCTBYET — MOBBIIICHUIO
y oOydYaromuxcsi ypoBHS MOTHBAIlMM K HM3YyUYCHHUI0 MAaTEMaTUKH, K MPOJOTIKEHUIO
uzydyeHus: maremMatuk B 10-11 kmaccax Ha yriiyOJI€HHOM YPOBHE M OPHUEHTHPYET
Ha BBIOOpP €IMHOIO TOCYAApCTBEHHOrO JK3aMEHa IO MaTeMaTHuKe MNpOo(PUILHOTO
ypoBHs. Kpome Toro, ocBoeHue npemsiaraeMoro B [IporpamMmme coaep:kaHus MO3BOJISET
paclIupuTh KPYyr pellaeMbIX MaTeMaTHYeCKMX 3ajlad  3a CuYeT BKJIIOYEHUS
npoOJIEeMHBIX, HECTAHJIAPTHBIX 3a7ad, 3a7ad MPUKIAJHOTO XapaKTepa, BHIMOJIHEHUS
UCCJIEIOBATENBCKUX PAabOT, B TOM YHCIIE C MEKIIPEIMETHBIM COAEpKaHUEM, U3YUCHUS
JIOTIOJIHUTENIHHBIX BOIMPOCOB KaK TEOPETUUYECKOT0, TAK U MPAKTHUECKOTO XapakTepa.

IIpenycmotpennsie [IporpamMoiri BHUABI JNEATEIBHOCTA — WHIAWBUIyaJIbHAS
W TPYINIOBasl MPOEKTHAsT M HCCIEAOBATENbCKas JEATebHOCTh — CIOCOOCTBYIOT
Pa3BUTHIO TI03HABATEIbHBIX, PETYIATHBHBIX W KOMMYHUKATHBHBIX YMCHHM
oOyuvaroruxcs. [IporpaMma COOTBETCTBYET WUJEE pPACIIUPEHUS TMPUKIATHON
HAIPaBJICHHOCTH Kypca MaTeMaTHKW Ha YPOBHE OCHOBHOTIO OOIIEro 0oOpa3oBaHMS.
Peanmuzanusi Kypca CHOCOOCTBYET BBISIBJICHUIO TaJaHTIMBBIX U OJapPEHHBIX
0Oy4JarouXxcs, MOAICPKKE UX TATAHTOB U PA3BUTUIO CTIOCOOHOCTEH.

B GonbmmHCTBE TEM Kypca IpearnoiaraeTcs BhIOJIHEHNE MCCIeI0BATEIbCKIX
pabot. YdeOHOEe wHCCleqoBaHME MO MaTeMaThuke B 7-9 Kiaccax mpenrnosaraer
MOJIYYE€HUE CYObeKmu8HO HOBOTO ISl O0Yy4arolierocss pesyjibTaTa M HalpaBJICHO
Ha (OpMHUPOBAHUE UCCIIEOBATEIHLCKUX YMEHUHN: BbIICIICHNE TPOOJIEMbI, OpTaHU3aITUs
¥ aHAJIM3 JIAaHHBIX, BBIIBM)KCHUE THUIIOTE3bI, TPOBEPKA TUMOTE3bI, (HOPMYITUPOBAHHE
BBIBOJIOB U IMPEJCTABICHUE PE3yJIbTATOB HA TPAMOTHOM MaTEMaTUYECKOM SI3bIKE.

[Iporpamma MoOKeT OBbITH BOCTpeOOBaHA OOYYAIOIIUMMCS, KOTOPbIE HMEIOT

HHTCPCC K UBYUCHUTIO MATCMATUKH, TOTOBATCSA K YHaCTHUIO B OJIMMITNAAaX HIKOJIbHUKOB



10 MaTeMaTUKE U YIITyOJIeHHOMY U3YYE€HUIO MATEMATUKH Ha YPOBHE CPEIAHETO OOIIIETO

oOpa3oBaHUs.

eab u 3axaum Kypca

Peanuzanus BHEYpOUHOU NESATEIBHOCTH SABJSETCS HEOTHEMIIEMOM YaCThIO
oOpa3oBaTenpHOTO  TIpollecca, obOecrmednBas B TOM  YHCJIE€  BO3MOXXHOCTH
dbopmupoBaHus 00pa30BaTENbHBIX MPOrPAMM PA3JIMYHOTO YPOBHS  CJIOKHOCTH
Y HaNpaBJICHHOCTU C Y4e€TOM OOpa30oBaTENbHBIX MOTPEOHOCTEN MU crocoOHOCTEN
OOyYJaroIIMXCsl, BKIIOYAs OJTAPECHHBIX JACTCH.

Heas Ilporpammbr —  oOecreunTh HMHAUBHUAyaJIbHBIE  MOTPEOHOCTH
oOydJarommxcss B HW3YYCHUU COACPKAHWS MaTeMaTHKH, BBIXOMSAIICTO 3a PaMKH
porpamMmbl 0230BOTO YPOBHSI.

3agaum xypca:

1. IToBeIIeHHE YPOBHSA MAaTEMATHIECKOMN MOATOTOBKH 00YUYaIOIIUXCS, Pa3BUTHE
YCTOMYMBOTO HHTEpECa K yaeOHOMY mpeameTy «MaTeMaTrkay.

2. PazBuTre TBOpPYECKUX CIOCOOHOCTEH, MPOCTPAHCTBEHHOTO BOOOpaKeHUS,
TEOPETUUYECKOTO MBINIJICHUS M MaTeMaTHYeCKOW HWHTYWUIIUH, YMEHHHA pPacCyX IaTh
JIOTUYECKU U aHAJTU3UPOBATH CUTYAIIHH.

3. YruyOnenre u 3akperieHne 0a30BbIX 3HaHUM, POPMUPOBAHHE YCTOMUUBBIX
HABBIKOB PEIICHUS HECTAaHAAPTHBIX M OJIMMITHAIHBIX 33]1a4, OCBOCHUE HECTAHIAPTHBIX
MOJIXOJ/IOB Y OPUTHHAIBHBIX PEIICHUN.

4. O3HaKOMJICHHUE C JIOTOJIHUTEILHBIMH pa3ieilaMi MaTEMAaTHKH, BBIXOISIITUMU
3a paMK# 0a30BOTO Kypca.

5. Bocriutanne camMoCTOSTEILHOCTH, HACTOWYMBOCTH M OPraHU30BAaHHOCTHU
B XOJIC PEIICHMSI CIIOKHBIX 3a71a4.

6. PazBuTre HaBBHIKOB KOMAaHJHON pabOTHI, JAPYKECKOTO COMEPHUYECTBA
U 3JTOPOBOH KOHKYPEHIIUU CPEIN CBEPCTHUKOB.

7. [ToaroroBka 00y4aronuxcs K y4acTHIO B ITKOJIbHBIX, PAHOHHBIX, TOPOJICKHUX,
pPETHMOHANBHBIX, BCEPOCCHUICKHUX OJIMMIIMANAX, KOHKYpCaX ¥ COPEBHOBAHMSIX

10O MaT€MaTHUuKeE.



8. [loBblllieHWe  ypoOBHA  TPaMOTHOCTHU B OOJIACTH  MCIOJIb30BaHUSA
«MaTEeMaTUYECKHUX MaKeTOB», 00ECIECUNBAIOIINX aBTOMATH3AIIHIO MTPOLIECCOB TTOUCKA,
aHanm3a, o0pabOTKM, co3maHus, mepedaun, GopManu3anuu (B BHUAEC CTAaTUYCCKUX
U TUHAMHUYECKHUX TpadUKOB, AMarpaMM U IPOUYUX BU3yalIM3alliil pe3yIbTaTOB aHAIN3a
U MareMaTU4YeCKHX 3aKOHOMEpPHOCTEH) B mpouecce Yy4eOHOH JAesTeNbHOCTU
MIPU U3YYEHUH MAaTEMATUKHU.

9. Pa3BuTHE TBOPUYECKUX CIIOCOOHOCTEMN, TEOPETUUECKOTO MBIIIJICHUSI HA OCHOBE
MCIIOJIB30BaHUs ITU(DPOBHIX UHCTPYMEHTOB (B TOM YHUCJIE «MAaTE€MaTUYECKUX TTAKETOBY)
B 00JacTH  MOJEIMPOBAHMS, HWMHUTALMA W  HMHTEPIpETaluu  a0CTPaKTHBIX
MaTEeMaTUYECKUX OOBEKTOB U 00pa30B B BUJE PA3IMYHBIX BU3YAIU3aLU (B TOM YHCIIE
IPOCTPAHCTBEHHBIX OOBEKTOB).

[Iporpamma paspabotaHa ¢ y4eToM peKOMeHJanui QeaepaabHO paboueit
MPOrpaMMbl BOCIIUTAHUSA. B 4aCTHOCTH, OHA YUYUTBHIBAET MCUXOJIOTO-TIEAATOTUUECKHE
O0COOEHHOCTH COOTBETCTBYIOIIEH BO3PACTHON KaTErOpUH 00Y4arOIIUXCsl.

Takum oOpasom, peanuzanus [IporpamMmbl  CONEUCTBYET  TMOIYYCHUIO
CJIIEAYIOIIUX PE3YyJIbTATOB:

— JOCTWXKEHHE 00yJarOIIMMUCS TIAHUPYEMBIX TMYHOCTHBIX, METAIIPEAMETHBIX
U TMPEIMETHBIX PEe3yJbTaTOB, B T. Y. COOTBETCTBYIOIIUX YTIyOJEHHOMY YpPOBHIO
W3YUYCHUS] MAaTEeMaTUKU,

— pa3BUTHE JIMYHOCTH 0Oydarouuxcs, GOpMUPOBAHUIO U YIOBJIETBOPEHUIO UX
COIMAJIbHO 3HAYUMBIX UHTEPECOB U MOTPEOHOCTEH;

— caMopeanu3alys 00y4aroMxcs Yepe3 y4acTue BO BHEYPOUHOU AESATEIbHOCTH.

MecTo Kypca B 00pa3oBaTeibHOM Ipouecce

Bo ®I'OC OOO nns o0sA3aTeNbHOrO0 OOY4YEHHUS! YTBEPXIACHBI JBAa YPOBHS
OCBOEHHMSI paboyuX MporpaMM MO MaTeMaThke: 0A30BbIM M YriIyOJeHHBIH, HAUMHAS
c 7 xmacca. ConmepkaHWE MPOTPpaMMbI MO MaTeMatuke (yriayOJeHHBIN YPOBEHD)
HAIpaBJICHO HA  Y/JOBJIETBOPEHHE TMOBBIIICHHBIX 3alpOCOB  OOYYaIOIIUXCH,

CTpeMsIIIMXCs K 0oJiee TIIyOOKOMY OCBOCHHIO IIPEIMETHBIX pe3yibTaToB. [Iporpamma



Kypca BHEYPOUYHOU JesATeIbHOCTH «TpyaHbIE BOMPOCHI MAaTEMAaTUKW» HAaIlpaBiieHa
Ha paclIUpeHue 3HAHUHM 00y4aromuXxcs o MaTeMaTHKE JUIsl KJIACCOB C 0053aTeNIbHBIM
0a30BbIM YPOBHEM OOYUCHHSI MAaTEMAaTHKE.

TemaTuyeckoe IIaHUPOBAHKE B IPOrpaMMe Kypca BHEYPOUHOU IeSITeTbHOCTH
«TpynHsle BONpPOCHI MaTeMaTHKW» COCTaBJICHO TaK, YTO paclpeeieHue
COJZIEP>KaTENbHBIX PA3/IE€IOB B HEM CHUHXPOHU3UPOBAHO C 005A3aTeIbHON MPOrpaMMoin
0a30Boro ypoBHs. Peanuzanus colepkaHusi mnpeayiaraetcss B (opmax, OTIMYHBIX
oT ypouHbIX. ClIeTyeT OTMETUTh, UTO IaHHBIN KypC B OCHOBHOM IIKOJI€ BEICTPABACTCS
HE TOJBKO HAa PACHIMPEHWHM MaTEMaTHYECKOro CcojAep:kaHHs O0a30BOro ypOBHS,
HO Y HAa MOBBIIICHUN YPOBHSI CIIOKHOCTH 3a/1a4, MPEATIaraeMbIX IS PEIICHUS.

Pabouas mporpamma Kypca BHEYPOUHOM JAesITenbHOCTH «TpyaHBIE BOIPOCHI
MaTeMaTUKW» TMpeJHa3HaueHa Ui peanu3aluu B /-9 Kiaccax W HalpaBiieHa
Ha JIOCTHKEHHE OOYy4YarolUMUCS TUIAaHUPYEMBIX pe3yibTaTtoB. [lociemoBaTensHOCTD
U3YYEHUs TEM Kypca COBNAJAeT IO BPEMEHU C M3YyYEHHUEM Kypca MaTeMaTUKU
(anreOpbl W TEOMETPUH) OCHOBHOM IIKOJIBI 0a30BOTO YPOBHS, BCE TEMBI
110 BO3MOXXHOCTH CHHXPOHU3HPOBAHBI ¢ 0a30BBIM KypCOM MaTEMaTHKH MO KJIaccaM.
Tembl 1o anrebpe M TreOMETPUU YEPEAYIOTCS, YTO IMO3BOJISIET MaKCHUMAaJIbHO
NpUOIM3UTH UX TI0 BPEMEHH MU3YyUYEHHS K OCBOEHHUIO 0a30BOT0O Kypca.

[Tpu peanuzanmu [IporpamMmel mepBas 3ajada YIUTENIsE COCTOUT B TOM, YTOOBI
CO3/1aTh HEOOXOAUMBIE YCIIOBUS JUJISl IPUOOPETEHUS U PA3BUTHSI YMEHHM, CBA3aHHBIX
C MPOBEICHNEM HCCIIEIOBAaHUN HA MATEMaTUYECKOM coJiep kaHuu. JlJis pemeHus 3Toi
3agaun B [IporpamMmme 0603Ha4eHO MECTO M CPOPMYITUPOBAHBI TEMBI ISl IPOBEACHUS
HCCIIeIOBATEILCKUX PadoT.

Bropas 3amaga yaurens mo peanu3anuu [I[porpaMmsl cBs3aHa ¢ BO3SMOYKHOCTBIO
co3faTh yCIOBUS JUisi OOpabOTKM U TpENCTaBlieHUs WHGOPMAIMH HAYIHOTO
coaepkaHusi (B TOM UHCJIE€ C HCIOJb30BaHUEM LHM(PPOBBIX HMHCTPYMEHTOB)
IIpY OpPraHu3alvd WHAUBUAYAIBHON U TPYIIIOBOM NPOEKTHOU JEATEIBHOCTH.
Jlisg ycrienmHoOW peanu3aliy CIEHapueB MPOEKTOB PEKOMEHIYETCS HCIOIb30BaTh

NEpCOHAJIBHBIC KOMIIBIOTCPBI C YCTAHOBJICHHBIMH O(i)I/ICHbIMI/I ImporpaMmmMamMun



U JocTynoM K cetu VHTepHeT (Kak MHUHUMYM OJMH KOMIBIOTEp ISl KaXKIOU
TPYIIIIBI).

@opMBbI  IEATETBHOCTH  OOYYAIOIIMXCS — MPEAyCMAaTPUBAIOT  aKTUBHOCTH
U CaMOCTOSITENIbHOCTh, COYETAIOT WHIUBHUIYAIbHYIO U TPYIIOBYIO paboTy,
OTJMYAIOTCA OT YPOYHBIX OOJiee IIMPOKUM HCIIOJIB30BAHUEM HCCIEA0BATEIBCKOM
U TPOCKTHOM  JIEATETBbHOCTH, pEUICHWEM HEeCTaHJapTHBIX 3aJad W Jp.
CTpyKTypupOBaHUE TEeMaTHYECKOTO IUIaHupoBaHusi B [Iporpamme cOOTBETCTBYET
MOPSIIKY HM3YYCHHS Pa3/ejiOB U TeM aiareOpsl W TE€OMETPUU B OCHOBHOW IIIKOJIC
U TEeM caMbIM OO€CIeUMBaeT MPEEMCTBEHHOCTh YPOUHOM UM BHEYPOUYHOMU
JIESITEIIEHOCTH.

Peamuzammst  [IporpamMmpl  mpenrnosnaraer CoOYETaHHE Pa3IUYHBIX  (OpM
IpyNIoBoi paboThl (IUCKYCCHs; MATEMAaTHYECKOE COPEBHOBAHKE; MPAKTUKYM; BHIOOD
TEMbl MPOEKTa, IUIAHUPOBAaHWE pPa0OT, paclpeiesieHne poJied, B3aUMOOLEHKA
IIPU BBITIOJIHEHUH TPYIIIOBBIX MPOEKTOB U MCCIIEAOBAHMI ) U UHIMBUTYaIbHOU paOOThI
(BBIMOJTHEHUE MHAWBUAYAIHLHOTO HMCCIIEIOBAHUSA, B TOM YHCIE C HCIOJIb30BAHUEM
U(QPOBBIX HMHCTPYMEHTOB; TPOBEICHHUE YCTHOTO OOOCHOBAaHWS TPU PEIICHUH
HECTaHJAPTHBIX 3a/1a4, 3aJa4 I[OBBLIIIEHHOTO YPOBHS CIOKHOCTH; TIOCTPOCHHE
MaTeMaTHYECKUX MOJIEICH, WX WCCICAOBAHUE, WHTEPIPETANMS IOTYYCHHBIX
PE3YNIBTATOB IIPH PEIICHUH 33/1a4 C MEXIPEIMETHBIM M MTPAKTUYECKUM COJICPKAHUEM;
MOWCK, WHTEpHpeTanus, TMpeodpa3oBaHre ¢ TNPUMEHEHHE MaTeMaTHYECKOM
uH(OpPMAITUU; CaMOCTOATEIbHOE OTKPBITHE HOBOTO MAaTeMaTHYEeCKOro Qakra).
Hcnonp3oBanue Takux GopM pabOThI TOMOTAET Pa3BUBATh Y 00yJarOIIUXCs, C OJTHON
CTOpPOHBI, HaBBIKM BOCIHPHATHS HOBOW WH(MOpPMAIMU TIPH PA3IMYHBIX (Gopmax ee
Mo/Iaud, a C JIPYroil CTOPOHBI — aKTUBHOCThH, CAMOCTOSTEIBHOCTh M CIIOCOOHOCTH
Kk TBopuecTtBY. OcBoenue IIporpaMmbl MOKHO JOTMOJNHITH U Pa3BUBATh 3HAHUSA
U yMEHHUs oOydYaromuxcsi B 00JIaCTH MaTEMaTUKH, OPUEHTUPOBATh UX HA OOy4YeHHE
B CpEeIHEW IIKoJe B Kiaccax, MPEeAyCMaTPUBAIOIINX OCBOCHHUE MaTeMaTHKU
Ha Y[UIYOJICHHOM YpOBHE, B YAaCTHOCTH TEXHOJOTHYECKOTO Tpoduiis, a Takxke

CIT0cOoOCTBOBATH COMMAJIBHOMY q)OpMI/IpOBaHI/II-O JINYHOCTH O6y‘{aI-0H_II/IXC}I.



[Iporpamma kypca paccumtana Ha 204 daca B TedeHHE TpexX JieT OoOydeHUs
B 7-9 knaccax (68 4acoB B KaKIOM Kilacce) IpH IPOBEACHUH 3aHATHH OJUH pa3
B HEAENI0O MO 2 akaJeMHUYEeCKHMX 4Yaca KaXJ0e WIM JBa pa3a B HEIENIO
no 1 akamemudyeckoMmy dacy kKaxkmoe. LlerecooOpa3HbIM SIBISIETCS YepeloBaHUE TEM
3aHITHH C aNTeOpandecKuM U TEOMETPUIECKUM COACPIKAHUEM.

B 3aBucMMOCTH OT KOHKPETHBIX YyCIOBUH peanu3anuu [IporpaMmer
¥ KOJIMYECTBA O0YYaIONINXCs JOMyCKaeTcs: (OPMUPOBAHUE TPYIIT U3 O0yUYAFOIIHUXCSI
pa3HBIX KJIACCOB B Mpeenax 0JHo# mapamiend. [IporpaMMa MOXET peann30BbIBATHCS
o0pa3oBaTeIbHON OpraHu3aluell caMoCTOATEIbLHO JIMOO Ha OCHOBE B3aWMOJICHCTBUS
C IPYTUMH OPTaHU3AIUSAMHI, OCYIIECTBIISIONUMA 00pa30BaTEIbHYIO AEATEILHOCTD.

[To ycMOTpeHUWIO YYHUTENsl HEKOTOPHIE 3aHATHS MOTYT OBITh HMCKITIOUCHBI
WM 3aMeHeHbl. Pexomenyercs BKIOUuTh B [IporpamMmmy peruoHaibHbIN KOMIIOHEHT:
OKCKYpCHH Ha TIPSANPUATHS, B PETHOHAIBHBICE MY3€H, BY3bl TEXHHUYECCKOU
HAIpPaBJICHHOCTU IS TOBBIINICHUS HHTEpeca OOYyYaIoImMUXCS K MPAKTHYECKOMY

M3Y4YEHHIO TTPOECCHii, CBA3aHHBIX C MAaTEMATHUKOM.



COJEPXAHUE OBYYEHUA

7 KJIACC

JuieMmeHThI ucTopuu. O0uue nouaTHsA reoMeTpun. OcHOBHbBIE PUryphI

Hctopus BOZBHUKHOBEHUS U pa3BUTHs reomeTpuu. [loHaTHS: akcuoMa, Teopema,
CBOMCTBO, IIPU3HAK, JOKA3aTEIbCTBO, ONpenesieHne. MHCTpyMEHTHI 1l U3MEPEHUN U
IIOCTPOCHUM. B3amMHOE pacIloNOKEeHHE TO4YeK Ha npsMoM. M3mepeHue IvHBI
OTpE3Ka, pacCTOSIHUE MEK1y TOUKaMH. B3auMHoOe pacnosioxkenue npsamelx. JJomanas.
Buapl nomanbix. JInuna nomanoi. MHoroyrogsHukd. IlepuMmerp MHOroyronbHUKA.
[IoHATHE O BBITYKJIBIX ¥ HEBBIITYKJIBIX MHOTOYTI'OJIbHUKAX.

Yucia u BoruucjaeHus. deJqumMocTnb

[Ipusznaku penumocTu: (GOpMyJIHUpPOBKAa W JI0Ka3aTelIbCTBO. PellleHune 3amad
MOBBIIIEHHOM  CJIIOKHOCTH  HA  JEIUMOCTb.  PemieHue  CIOKETHBIX — 3a1a4
apu(pMETUYECKUM METOJIOM.

Hccnedosamenvckas paboma: 1enMOCTb U €€ CBOMCTBA.

AJiredpanyecKkue BbIPaKEHUS

CreneHn, MHOTOWIEHBl, NPEOOpPa30BaHUE MHOTOWICHOB, JACHCTBUSA C
MHOrowieHamMu. MHorouseH craHgaptHoro Buaa. CreneHb MHorowieHa. KopHu
MHoOrouwieHa. Haxoxnenne kopHern MHOrouieHa. /lokazarenscTBo ToxaecTB. PazHbie
MOAXO/bI K JJOKA3aTENBCTBY TOXKIECTB.

Hccnedosamenvckas paboma: Kak HAWTH KOPEHb MHOTOUJICHA?

Tpeyroabuuku. [IpusHaku paBeHCTBa TPEYTroJ1bHUKOB

TpeyronbHuku. PaBHbIE TpPEyroJbHUKHM B T€OMETPUYECKUX KOH(PUTypaLUsX.
IIpu3naku paBeHCTBAa TpEyroJbHHMKOB. [Ipu3HakuM paBeHCTBA NPSAMOYTOJIBHBIX
TPEYTOJIBbHUKOB. [IeprieHIuKyIIAp U HAKJIOHHAS.

YpaBHeHHS ¥ CUCTEMbI YPABHECHUH

JIuHeliHble ypaBHEHUS U UX cUCTEMBI. ONpeiesIeHHe Ynciia KOPHEN JIMHENHOTO
ypaBHEeHHUs. PemieHne NTMHENHBIX YpaBHEHMM, COIEpKAIMX 3HAK Monayis. Pemienue
JVMHEMHBIX YPaBHECHHM C MapaMeTrpamu. PelieHue cucrtem JIMHEWHBIX YPaBHEHUMU

Pa3sHbBIMHU METOJaMHU.



Hccneoosamenvckass paboma: JIHHEWHBIE YpaBHEHMS, COAEP)KAIIME 3HAK
Moxayis. [locTpoenusi ¢ MOMONIBIO HUPKYJS U JIMHEWKH OOOCHOBAHMS MPOCTEUIINX
MIOCTPOEHUH, ITANbl 33JJa4l HA IOCTPOEHHUS, pEIIEHUE 3a7a4 Ha TOCTPOEHUE LHUPKYJIEM
Y JIMHEUKOM.

OceBasi cumMmeTpust

@urypsl ¢ 0ceBOM cuMMeTpuer. IIpumepsl cMUMMETpHUH B OKPY’KAIOLIEM MHpE.
IIpoexm: cUMMETpUS B OKPYXKAIOIIEM MUPE.

MHOroyroJibHUKHU ¥ reOMeTpu4ecKre HePpaBeHCTBA

CyMMa BHYTPEHHHMX YIJIOB MHOTOYTOJbHHKA W BHEUIHUX YIJIOB BBIITYKJIOTO
MHOTOYTOJbHUKA. COOTHOIIEHUS MEXJy CTOPOHAMU M YyIiaMU TpPEYroJbHUKA.
HepaBencTBo TpeyronsHuka. HepaBeHcTBO 0 mimHe nmoMaHo. HepaBeHCTBO Mexay
MEPIECHANKYJISIPOM U HAKJIOHHOW. PaccTOsHME OT TOUKH J0 IPSMOM.

Hccneoosamenvckas paboma: TeOMETPUUECKHAE HEPABEHCTRA.

DOYyHKIUU

ITouck oOmactu ompeAeneHUs W MHOXECTBAa  3HAUYCHMH  (YHKIIMH.
Hcnonb3oBaHue pa3inyHbIX cOcO00B 3ananus (GyHKUMH. Vcnonb3oBaHUE CBOWCTB
byHKUMA 18 aHaiuM3a TpapUKOB pealbHBIX 3aBUCUMOCTEH (HYIM (YHKIIHH,
IMPOMEKYTKHA 3HAKOMOCTOSIHCTBA (DYHKIIMH, MPOMEXKYTKH BO3PACTAHMS U YOBIBAaHUS
dbyHKUMH, HaMOOJbIIEEe W HaWMEHbllee 3HaueHus (yHkuuu). ['paduxu, KycoyHo-
3aJlaHHble QYHKIIUU.

Hccneoosamenvckas paboma: cpaBHEHHE CBOMCTB (YHKUHMHU U MX TpaUKOB B
3aBUCUMOCTH OT TapaMeTPOB.

I'eomeTpuyeckmne Mecra TOUEK

B3auMHOe pacrionokeHue OKpyKHOCTH U NpsiMOU. [Ipumepsl reomerpuyeckux
MECT TOYEK Ha IUIOCKOCTH. METOJ reoOMETpHYECKHMX MECT TOYEK IPU PEUICHUU

reOMCTPHUICCKUX 3aaa4.

8 KJIACC

YucJya 1 BEIYUCJICHUSA

KBangpaTHbIil KOpeHb. BrinosiHeHne onepannii ¢ UppaLMOHAIBHBIMHU YACIAMHU.
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AJsireOpandecKue BbIPAKEHUS
JpoGHo-panmoHanbHble BbipakeHus. CTeneHu. BeinogHeHne ToX1eCTBEeHHbBIX

npeoOpa30BaHUil PAITMOHAIBHBIX BRIPAKEHUH.

LenTpajbHasi cuMMeTpHS

®opMynHMpoBKa ONpeAETCHUS M JI0KAa3aTelIbCTBO CBOWMCTB ILIEHTPAJIbHO-
CUMMETPUYHBIX (puryp.

Jlenenue oTpe3ka Ha paBHbBIE YACTH C MTOMOUIBIO ITUPKYJIIS U TUHEHKH.

Hccnedosamenvckas paboma: CBOMCTBA HEHTPATbHO-CUMMETPUYHBIX (pUTYP.

Hpoekm: HEHTPaJIbHasd CUMMCETPUA B OKPYKAIOIICM MUPC.

YeTbIpEéXyroJIbHUKH

[Tapamnenorpamm, ero npusHaku u cBoictsa. IIpsiMmoyroibHUK, poMO, KBagpar,
UX Npu3HaKu U cBoictBa. Tpaneuus. PaBHoOenpeHHas Tpamenusi, €€ CBOWCTBA U
npu3Haku. CpenHsis JIMHMS TPEYTOJIbHUKA U CpelHss JuHus Tpanenuu. CBoWcTBa U
MPU3HAKH CHEIUATbHBIX BUAOB YETHIPEXYTOJILHUKOB.

Hccrnedosamenvckas paboma: 3HAKOMbBIE U HE3HAKOMBIE YETBIPEXYTOJIbHUKY.

YpaBHeHMs U HEPABEHCTBA

OnpeneneHue paBHOCWIBHBIX ypaBHEHUW. [IpuMeHeHue CBOICTB ypaBHEHUM
C oOnHOM mnepeMeHHOM. OmnpeneneHue KOJIWYECTBA JICMCTBUTEIBHBIX KOPHEH
KBaJPaTHOTO ypaBHeHUs. PelieHre 1poOHO-pallMOHANBHBIX YPaBHEHUM, CBOISIIUXCS
K JIMHEWHBIM WIM K KBaJAPAaTHbIM YPaBHEHUSM, HCIIOJb30BAaHUE METOJA
3aMeHbl TMEepEeMEHHOM. PellleHne TEeKCTOBBIX 3aJad alredpanyeckuMm CHocoOOM:
Nepexo]l OT CIOBECHON (HhOPMYIHUPOBKU YCIOBUS 3aJaud K aireOpandyeckod MoJeiIu
IIyTEM  COCTABJICHUS  yYPaBHEHMS;  pPELIEHHWE  COCTABJICHHOTO  YPaBHEHWS;
UMHTEpHpeTanus pe3yibrara. ['paduyeckas WHTEpHpeTanus YpPaBHEHHH C JByMs
IIEPEMEHHBIMHU.

Pemenue cucrteM ypaBHEHUH, B KOTOPBIX OJHO U3 YPAaBHEHUU HE SIBIISIETCS
auHedHbIM.  ['paduueckas uWHTepOpeTalus peleHUus ypaBHEHUS C  JABYMs
IIEPEMEHHBIMU U CUCTEM YPAaBHEHHMU C IBYMs IIEPEMEHHBIMU. PellleHre HeMHEeMHbIX

HCPpAaBCHCTB M HX CHCTCM. Pemenue HCPABCHCTB, COACPKAIOMUX 3HAK MOAYJIA.
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N300paxeHne perieHnss HepaBEHCTBA C OJTHOW MEePEMEHHON W CUCTEMBbl HEPABCHCTB
Ha KOOPJIWHATHOW TPSMOH, 3alKCh PEIIeHUs] ¢ TIOMOIIbI0 CUMBOJIOB. HepaBeHCTBO
C IBYMS MIEPEeMEHHBIMHU. | padryuecKkuii METOI PEIIeHNs CUCTEM HEPABEHCTB C IBYMS
TIepeMEHHBIMH.

Hccneoosamenvckas paboma: paBHOCUIBHOCTH U CIIECTBUE.

Hccneoosamenvckas paboma: rpaduyueckas HHTEpIpPETAlus ypaBHECHUHN
C IByMSI TICpEMEHHBIMH.

Uccneoosamenvckas paboma: TpapuUecKUid METOJ| pEUIEHUS CUCTEM

HCPABCHCTB C ABYM: IICPEMCHHBIMMU.

IIpeoGpa3zoBanue nmogooust
[IpeoOpazoBanue nmoao6us u no100HbIe Hurypbl. COOTHOIICHHS B TTOJI0OHBIX

durypax.

Hccnedosamenvckas paboma: 4to Takoe ppakrain’?

Jloka3aTe/ibCTBAa HEPABEHCTB

OrnieHKa 3Ha4YE€HUS BBIPAKEHUA C UCTIOJIb30BAHUEM HEPABEHCTB.

[IprMeHeHne CBOMCTB HEPABEHCTB B XOJI€ PEILICHHUS 3a/1a4.

Ornpenenenre paBHOCUIbHBIX HEPABEHCTB.

JIoKa3aTeabCTBO HEPABEHCTB.

Pemienre TEKCTOBBIX 3a7ady C MOMOIIBI) JIMHEHHBIX HEPABEHCTB C OJHOM
IIEPEMEHHOM.

Hccneoosamenvckas paboma: TUHEHHOE HEPABEHCTBO C OJHOW MEPEMEHHOU

C IapaMeTpoM.
IIpsimoyroJjibHbIe TPEYroOJbHUKHU

Teopema Iludaropa u e€ nmpuMeHeHHEe NpPHU PEUICHUHM NPAKTHUYECKUX 3aj]ad.
Jloka3aTensCTBO  COOTHOLIEHUMM MEXAY NPONOPLUHOHAIBHBIMA  OTpPE3KaMH B
NPSIMOYTOJIBHOM TPEYTOJIbHUKE (BBICOTA, MPOBEAEHHAS M3 BEPUIMHBI MPSIMOTO YIJIa;
METPUYECKUE COOTHOlIeHUsA). [IpuMeHeHHe COOTHOIIEHWH TMpU  pelIeHUH
reOMETPUUECKUX  3a7ad. [puroHomeTpuyeckue  (QyHKIUHM  OCTPOro  yria
NPSIMOYTOJILHOTO TPEYrojbHUKa (CUHYC, KOCUHYC, TAHI'€HC, KOTAHI'€HC). 3HAUYCHHUS
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TPUrOHOMETpUUECKUX (QyHKIMA 111 yrinoB 30°, 45°, 60°. Pemenue 3agau c

UCITIOJIb30BAHUEM TPUTOHOMETPUUECKUX (DYHKIIH.
IIpakmukym: pelieHrne NpaKTUKO-OPUEHTUPOBAHHBIX 3a/1a4.
Mamemamuueckoe copegrnosanue: pelicHUE 3a]1a4 pa3HbIMU METO/IAMH.

DYyHKIHUU
[Touck obyacTu ompeneleHUss U MHOXKECTBa 3HadeHUU (QyHKumMH. ['paduk

bynkiun k/X. @yukius Buga (ax + b)/(cx + d).

Yncaa u BBIYUCIIEHHS: 1€JIMMOCTD

dopMynUpOBKa OMNpEACICHUsI JCIUMOCTH HAIIeJO, 4YHCEN, CPaBHUMBIX
0 JaHHOMY MOAYJ0. BelnonHeHue neneHus ¢ ocTarkoM. Jloka3aTenbCTBO
U NPUMEHEHUE CBOWCTB CpPaBHEHUN MO Monayito. HaxokeHHe OCTaTKOB CyMMBI
Y TIPOU3BEICHUS 110 JAHHOMY MOJIYIIO.

Hccneoosamenvckas paboma. NeIUMOCTb.

9KJIACC

YpaBHeHUA U HEPABEHCTBA

bukBanpaTtHbie ypaBHEeHUS. MeTO bl paBHOCWIIBHBIX MPEe0Opa3oBaHuM, 3aMEHBI
nepeMeHHOM, rpaduIecKoro MeTo/a MpU PEIICHUH yYpaBHEHUU 3-i U 4-1 CTEleHEeH.
Pemienne HepaBeHCTB, coAepKallMX 3HaK wMoxayisa. HepaBeHcTBo ¢ aByms
nepeMeHHbIMH. [IpuMeHeHue rpadudeckoro MeToja penieHUs CUCTEM HEPaBEHCTB
C ABYMs IlepeMeHHbIMU. Pemenne 1poOHO-pallMoOHaIbHBIX YPABHEHUN U HEPABEHCTB.
[Toctpoenue rpaukoB ypaBHEHMI, B TOM YHCJIE C HCIOJb30BAaHUEM LHQPPOBBIX
pecypcoB. [lpuBoauTh rpadudeckyro HHTEPIPETAIIMIO PEIICHHUS YPAaBHEHUS C JBYMS
IIEPEMEHHBIMU U CUCTEM YPaBHEHHUH C JByMs IepeMeHHbIMU. VccnenoBanue cucrteM
HEJIMHEMHBIX YPABHEHUM C mapaMeTpoM. PerieHrne HepaBeHCTB ¢ AByMsI IEPEMEHHBIMU
U UX CHCTEM.

HUccneoosamenvckue pabomel:  peuieHue 3agad  C  MapaMeTpamud  —

anrerquecm/IM METOIOM;, I‘pa(i)I/I‘IGCKI/IM MCTOOAOM.

13



Pemienue TpeyrojibHUKOB

TeopemMa CHHYCOB M TeopeMa KOCHHYCOB, MX MPUMEHEHHE NpPHU PpEIICHUU
TPEYrOJIbHUKOB U MPaKTUYECKHUX 3azay. CooTtHoleHus MEXIY
TpuroHomerpuueckumu  ¢ynkuusmu. [lpocteitiie  Qopmynbl  npuBeneHUS,
BBIBOJIMMBIE U3 T€OMETPUUECKHX cooOpaxeHuil. HaxoxaeHue paamyca onmcaHHOU

okpyxxHocTH. Popmyina ['epona. @opMyia mIomaau BITYKIOTO YETHIPEX YT OJIbHHKA.

HpaKmuKyM: PCHICHUC T'COMCTPUICCKUX U ITPAKTUKO-OPUCHTHUPOBAHHBIX 3a1a4

Pa3HbIMH MCTOJAaMMU.

AJire0OpanvecKkue BbIPpaKeHU s

Crenensp ¢ palMOHaIbHBIM MOKA3aTEIIEM.

Ornpenenenne KOpHS N-1 CTENEHU U CTENIEHN C PALIMOHAJIBHBIM ITOKA3ATEEM.

[IpumeHeHne omnepanuu M3BJIECYCHUS KOPHSA N-M CTENEHW, MCIONb3YS
IIPU HEOOXOAMMOCTH KAJIbKYJISATOP. BbIuKclieHne 3HaueHus CTENEHH C PallMOHAIbHBIM
nokaszareseM. OneHka 3HAaYEHWA KOpPHSA N-H  CTENEHHW, 3HAYEHUE CTEIEHU
C paluMOHANbHBIM IOKa3aTeJeM ULEIbIMH YHUCIaMU M JECATUYHBIMH JIPOOSMH.
CpaBHeHHME W YHNOPSAJOYMBAHUE PALMOHAIBHBIX W HPPALUOHAIBHBIX YHUCEJN,
3aIIMCAaHHBIX C [IOMOLIBIO KOPHS N-U CTENEHU, CTEIIEHU C PALIMOHAJIBHBIM ITOKA3aTEIIEM.
BrinonHeHne TOXJIECTBEHHBIX MPEoOpa30oBaHUN BBIPAKEHUHM, COACPKAIIUX KOPEHb

n-i CTCIICHU, CTCIICHb C PpAlIMOHAJIbHBIM ITOKAa3aTCJICM.

Iloxo0ue TpeyroibHMKOB

TeopeMbl 0 TPOU3BEAECHUU OTPE3KOB XOP/I, TEOPEMBI O POU3BEACHUH OTPE3KOB
CEeKyllIMX, TeopeMa O KBaJpare KacaTelbHOW, TeopeMbl YeBbl u MeHenas.
HccnenoBanre, B TOM 4YHUCJIE C TOMOLIBIO LU(PPOBBIX PECYpPCOB, H3yYAEMBIX
KoH(purypaumii. [[puMeHeHrne TaHHbIX TEOPEM MPH PELICHUH F€OMETPUUYECKUX 3a/1ay.
3HaKOMCTBO C TIIOHSTHEM TOMOTETHMH, C €ro IPUMEHEHHWEM, B TOM YHCJE
B MIPAKTUYECKUX CUTYyaIUIX.

HUccneoosamenvcrkas paboma (¢ MCHOI30BAaHUEM TMPOTPAMMHBIX CPEACTB):

TOMOTETHUA U €€ CBOMCTBA.
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DYyHKIHUU

[Tonsitue «pyukuusa». IIpumenenue cBOWCTB GYHKIMI: HyIW (QYHKIHH,
MPOMEXKYTKHA 3HAKOIMOCTOSHCTBA (PYHKIIMH, TPOMEXKYTKHA BO3pAacTaHUs U YOBIBaHUS
(YHKIIMM, YETHBIE U HEYETHble (DYHKUMHU, HanOOJIbIIee UM HAUMEHbLIEE 3HAUCHUS
bynkun mpu pemieHun 3anad. I[loctpoenue rpadukoB (QyHKIMNA € TTOMOIIBIO
npeoOpa3oBaHuil BUAA:

f(x) =F(x) + a; f(x) = f(x + a); f(x) - kf(x), T(x) =1(| x |), f(x) = [ {(x) |.

Pacno3HaBaHue cTeneHHbIX (QYHKIMA M TOCTPOEHHE JCKU30B TIpauKOB
CTETICHHBIX (YHKIMA C HaTypaJdbHBIMH TIOKa3aTeNsIMA pa3HONM YETHOCTH.
Hcnonb3oBaHue CBOUCTB TIpadUKOB CTENEHHBIX (YHKUUA C HATypajIbHBIMH
ToKasaTelsIMHM TIPH peleHny 3a1ad. [Toctpoenue rpadukos GpyHkmmii y= Vi , y = 3Vx,
y=1x].

Uccneoosamenvckas paboma: moBeneHue GyHKuMM W ee  rpaduka

B 3aBUCHUMOCTH OT ITapaMcCTpa.

MeToa KOOpAUHAT

[lapamnenbHOCTh W MEPHEHAMKYJISIPHOCTh  MPSAMBIX  (Yepe3  yIJIOBOH
K03 UIIIEHT).

Haxoxnenue nepecedyeHnil OKpYKHOCTEW U IPSAMBIX B KoopauHatax. Gopmyiia
paccTosiHUsL OT TOYKH A0 npsMou. [lmomane mapannenorpamMmma B KOOpPIWHATAX,
noHsATHE 00 OpHEeHTHpPOBaHHOM momanu. [IpumeHeHne wMeToga KOOpIMHAT
B NPAKTUKO-OPUEHTUPOBAHHBIX  TIEOMETPUYECKUX  3aJayax,  HMCCIEAOBaHUE
MPUIOKEHUS METO/1a KOOPJAUHAT B BBIYUCIUTENILHON MaTeMaTUKe U UHPOpPMATHUKE.

Hccnedosamenvckas  paboma:  pelieHWE  NMPAKTUKO-OPUEHTHPOBAHHOU
reOMETPUYECKOM 3a1a4l METOJIOM KOOPAUHAT.

IIpaBuibHbIEe MHOTOYT0JIbHUKH. OKPYKHOCTH 1 MHOTOYTOJIbHUKHU

[loHATHE MNPAaBWIBHOTO MHOTOYTOJbHHUKA. DOpMysnbl Uil  BBIYHUCICHUS
JJIEMEHTOB NPABWJIBHBIX MHOIOYTOJBHUKOB (CTOPOHA, paauyC BIHCAHHOW H
OMMMCAHHOW OKPYKHOCTEeH). BbIBOA (popMyn IITUHBI OKPYKHOCTU U TUIONIAIN KpyTa.

JlnvHa nyru OKpYXHOCTH, paauaHHas Mmepa yria. [lnomans kpyra v mioniaib
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KPYroBOro CeKTopa. BbluuciieHWe TEepUMETpPOB M IUIOMAACH CIOXKHBIX (HUTYD,
BKJTFOYAIOIIUX AJIEMEHTHI KpyTa.

CamocmosmenvHoe omkpvimue. Kak HAUTH TEepUMETP U IJIOUIaAb CI0XKHON
burypsi?

Ipaxmuxym: pelieHue 3a1a4 MOBBIIIEHHON CIIOKHOCTH.

YucaoBblie MOCTET0BATEILHOCTH U MIPOTPeCCHH

Ormpenenenue BUIOB TOCIEIOBATEIBHOCTEH: OrpaHUUCHHAs TTOCIIEA0BATEILHOCTD,
MOHOTOHHO BoO3pacTtaromiasi (yObIBaroiiasi) MOCJIeI0BaTeIbHOCTh. l[IpeacTaBnenue
OCCKOHEYHBIX TEPUOJUYECKUX Jpo0eli B BUJE OOBIKHOBEHHBIX. 3HAKOMCTBO
C TIOHSITHEM CXOJMMOCTH TMOCIE0OBATEILHOCTH, HAXOXKICHHE CyMMBI OECKOHEYHO
yOBbIBaOIIEeH reoMeTpuueckoil mporpeccuu. [IpumMeHnenne Meroga mMaTeMaTHYECKOM
WHIYKIIAH.

Hccnedosamenvckas  paboma:  TIOBEACHHWE  IOCIEAOBATEIBHOCTEH — —

OT THITIOTC3bI 1O A0Ka3aTCJIILCTBA.

JABHKEeHMS IIJIOCKOCTH

entpanbHas cummerpus. LleHTpanbHo-cumMerpuunble ¢urypsl. IToBopoT.
OceBas cummetpus. DuUrypel, CUMMETPUYHBIE OTHOCHTEIIBHO HEKOTOPOM OCH.
[TapannenpHbii TiepeHoc. [loHaTHE ABMXKEHUS M €ro cBoicTBa. PaBeHCTBO Quryp.
[IposiBIeHMsT CHMMETPUM B TPUPOJE, JKUBOMMCH, CKYJIBNTYpE, apXUTEKTYpeE.
Kommnosummu nwxeHuit (mpocteimue npumepsl). llpuMenenne B perieHuH
reOMETPUYECKUX 3a/1a4.

Hccneoosamenvckas paboma (C WUCHOJIb30BAHUEM TMPOTPAMMHBIX CPEJICTB):

KOMIIO3UIINS NBUKEHUH.
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IJIAHUPYEMBIE PE3YJbTATBHI OCBOEHUS KYPCA BHEYPOUYHOM
AEATEJBHOCTU «TPYIHBIE BOITPOCBI MATEMATHUKW»

Peanu3zanus nporpammsel Kypca BHEYPOUHOH JeaTenbHOCTH « TpyaHbIe BOIPOCHI
MaT€MaTUKW»  HalpaBjieHa Ha OOeCledYeHHe JOCTMXKCHHS  O0ydYaromuMUCS

JIMYHOCTHBIX, MCTAIIPCAMETHBIX H IIPCAMCETHBIX O6p330BaTeJIBHBIX PE3YJIbTATOB.

JIMUHOCTHBIE PE3YJIBTATDI B vactu:

— NATPUOTHYECKOr0 BOCHUTAHUA: INPOSBICHUE HHTEpeca K MPOLIIOMY
Y HACTOAILIEMY POCCHUMCKOM MaTEMAaTHUKH; EHHOCTHOE OTHOLICHUE K JOCTHMKECHUSIM
POCCHICKMX MATEMATUKOB U POCCUHMCKON MAaTEMaTUYECKOM IIKOJIbI, K UCIIOJIb30BAaHUIO
ATUX JOCTHXKEHHUM B IPYTUX HayKaxX U MPUKIAAHBIX cdepax;

— IPAXKAAHCKOr0 M JAYXOBHO-HPABCTBEHHOI'0 BOCIHMTAHHMA: TOTOBHOCTHb
K BBINOJHEHUIO 00s3aHHOCTEN TpaKJaHUHA U Peaiu3alliy €ro MpaB; MPe/ICTaBICHUE
0 MaTeMaTU4YeCKHX OCHOBaX (YHKIIMOHUPOBAHUS PA3NMUYHBIX CTPYKTYp, SBICHUH,
NpoIeAyp TpaxIaHCKOTO OOIIecTBa (HampuMmep, BBIOOPHI, OMPOCHI), TOTOBHOCTH
K OOCYXIEHUIO ATUYECKHX MPOOJIEM, CBSI3aHHBIX C MPAKTUYECKUM MPUMEHEHUEM
JOCTH)KEHUW HAyKH; OCO3HAaHWE BaXXHOCTH MOPAJIbHO-3TUYECKUX IPUHILIUIIOB
B JICSITEIIBHOCTH YYEHOTO;

— TPYAOBOI0 BOCHMTAHHSA: YCTAHOBKA HAa AKTUBHOE YYacCTHE B PEUICHUU
MIPAKTUYECKUX 330a4 MATEMAaTHU4YECKOW HAIPaBICHHOCTH; OCO3HAHUE BAXHOCTU
MaTeMaTU4YeCKOro oO0pa3oBaHUsi Ha TMPOTSKEHUM BCEH JKU3HM JJI1 YCIHEUIHOMN
poeCCHOHANTEHOMN NESITEIbHOCTH M Pa3BUTHE HEOOXOIMMBIX YMEHUN; OCO3ZHAHHBIN
BBIOOpP W TOCTPOCHWE WHIWBHUIYATbHOW TPACKTOPUH OOpa30BaHMSI M KU3HEHHBIX
MJIAHOB C YYETOM JIMYHBIX UHTEPECOB U OOIIECTBEHHBIX MOTPEOHOCTEH;

— JICTETHYECKOr0  BOCHHUTAHUS:  CIOCOOHOCTH K  OMOIMOHAILHOMY
U DCTETUYECKOMY BOCHPHUSATHUIO MAaTeMaTUYECKUX OOBEKTOB, 3ajiad, PpEIICHUM,
pacCyXJI€HU; YMEHHUE BUJIETh MATEMATUUYECKUE 3aKOHOMEPHOCTH B HCKYCCTBE;

— HEHHOCTH HAYYHOr0 IIO3HAHMS: OpUEHTAUUs B  JICSITEIBHOCTH

Ha COBPEMCHHYIO CUCTEMY HAaY4YHBIX HpCI[CTaBJICHI/Iﬁ 00 OCHOBHBIX 3aKOHOMCPHOCTAX

17



pa3BUTHS YETIOBEKA, IPUPOBI U OOIIECTBA; IOHMMAaHUE MATEMAaTHYECKON HAYKH Kak
cdepbl 4eTOBEUECKON IEATENBHOCTH, 3TAIIOB €€ Pa3BUTUS U 3HAUUMOCTH JJIs1 pa3BUTHUS
LIMBUJIM3ALMN; OBJAJCHUE S3bIKOM MAaT€MaTUKH U MaTEMaTUYECKON KyJIbTYypOH Kak
CPEICTBOM  IIO3HAaHUS  MHpA; OBJAJACHHE  HABbIKAMU  HCCJIEI0BATEIbCKON
NESITENIbHOCTH;

— (M3MYECKOro BOCHUTAHUS, (POPMHUPOBAHUS KYJbTYPbl 310POBbS
U IMOLMOHAJIBHOIO 0/1aromoJiyuyMsi: TOTOBHOCTb IPHUMEHATh MaTE€MaTHYECKHE
3HAHMS B MHTEPECAX CBOETO 3/I0POBbs, BEJIEHUS 3J0POBOTO 00pa3a *HU3HH (340pOBOE
NUTaHue, cOAIAaHCUPOBAHHBIM PEXXUM 3aHATUNA W OTIbIXa, peryisipHas (uznueckas
aKTUBHOCTH), C()OPMHPOBAHHOCTh HaBbIKAa pPEQIIEKCHUU, NPHU3HAHUE CBOEro IpaBa
Ha OIIMOKY M TaKOTO K€ MpaBa IPyroro 4ei0BeKa;

— JKOJIOTHYECKOr0  BOCIHHTAHMA: OpUEHTalUs  HAa  I[PHUMECHECHHE
MaTE€MaTUYECKUX 3HAHUM JUIsl pelIeHUs 3a7a4 B 00JIACTU COXPAHHOCTU OKPY>KAIOIIEeH
Cpelbl; IUIAHUPOBAHME IIOCTYNIKOB M OLIEHKA HX BO3MOXXHBIX IIOCJIEICTBHI
JUISL OKpY’Karolllel Ccpenbl; OCO3HAHHWE TIJI00albHOIO XapakTepa HKOJIOTMYECKUX
npo0JieM U MyTeH uX pelieHus;

— aJanTauuy K HM3MEHSIOIIMMCH YCJIOBUSM COLMAJIbHOW M NPHPOTHOM
cpeAbl: TOTOBHOCTh K JEHCTBHUSIM B YCIIOBHSIX HEONPEAEICHHOCTH, MOBBILIEHUIO
YPOBHSI CBOE€M KOMIETEHTHOCTH 4Y€pe3 MPaKTUYECKYIO0 NEATEIbHOCTh, B TOM YHCIIE
YMEHUE YUYUTHCS y APYTUX JF0JIeH, MPUOOpPETaTh B COBMECTHOM IESITEIbBHOCTU HOBBIE
3HaHUS, HaBBIKK M KOMIIETEHLIMH M3 OMbITa JPYTUX; HEOOXOIUMOCTh (OPMHUPOBATH
HOBBIE 3HAaHUSI, GOPMYIHPOBATH UJIEU, IOHATHUS, TUIIOTE3bl 00 OOBEKTAX U SIBJICHUSX,
B TOM YHCJIE paHEe HE HM3BECTHBIX, OCO3HABaTh JE(UUUTHI COOCTBEHHBIX 3HAHUIA
U KOMIIETEHTHOCTEH, IUJIaHMPOBaTh CBOE pPa3BUTHE; CIIOCOOHOCTh OCO3HABAThH
CTPECCOBYIO CUTYyallMl0, BOCIPUHUMATh CTPECCOBYIO CHUTyallMi0 KakK BbI3OB,
TpeOyromMii KOHTpPMEp, KOPPEKTUPOBATh MPUHUMAEMbIE pEHICHUS U JeHCTBUS,
bopMyIMpOBaTh U OLIEHUBATH PUCKU U MOCIENICTBUS, OPMUPOBATH OIIBIT;

— BOCHHMTAHMA WH(POPMAIMOHHONW KYJbTYPbI: IIPOSBICHHE HWHTEpECa

K HCITIOJb30BaHUIO I.[H(l)pOBBIX TEXHOJIOT UM AJi1 OITUMHU3al IMpouecCCOB ITOUCKA,
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aHain3a, o0O0pabOTKM, CO3JaHUs, NepeJaud MaTeMaTUYecKol HH(pOpMaIu
U BU3yaJIHM3alMil MareMaTH4ecKUX OOOOIEHUI U pe3ylbTaToOB aHAJIN3a; TOTOBHOCTD
K HCIHOJB30BaHUI0O IU(GPOBBIX HWHCTPYMEHTOB JUIS  BBINOJHEHHS  Y4eOHOM
JESATEIIbHOCTH TNPU M3YyYEHUU MaTeMaTUKH; CIHOCOOHOCTb NPUMEHATh LU(PPOBBIE
MHCTPYMEHTBl B YCJIOBHSAX pPEAIM3alMM MEp IO MPEAyNPEKICHUIO BO3MOKHBIX
HETaTUBHBIX MOCJIEACTBUI aKTUBHOTO U CUCTEMATHYECKOIO MPUMEHEHUs HU(POBBIX

TEXHOJIOTUH B y‘le6HI>IX OCsIXx.

METAIIPEIMETHBIE PE3YJIBTATDBI

Ilo3naBaTesibHBbIE YHUBEPCAJIbHbIE YUeOHbIE AeiicTBUS

baszosvie nocuueckue oeticmeusi:

— BBISBIISITh M XapaKTEPHU30BaTh CYIIECCTBEHHBIE MPU3HAKU MaTeMaTHYECKUX
O0OBEKTOB, MOHATUHN, OTHOIICHUN MEXy MOHITHSIMU, (GOPMYJIHPOBATH ONPEICTCHUS
MOHATHH, YCTaHABIHMBATh CYIICCTBEHHBIA TPHU3HAK KIAaCCHU(PHUKAINKM, OCHOBAHUS
JUTst 0000IIIEeHUs U CPaBHEHU S, KpUTEPUH MPOBOAMMOTO aHAIIN3A;

— BOCHpHHHMATh, (OPMYIUpPOBaTh W  MPeoOpa3oOBBIBATH  CYXKIACHUS:
YTBEPAUTEIbHBIE U OTPUIATEIbHBIC, EAMHUYHbBIC, YACTHBIE U OOIIINE, YCIOBHBIE;

— BBISBIISATH MaTEMAaTUYECKHUE 3aKOHOMEPHOCTH, B3AMMOCBSI3H U TPOTHBOPEUHS
B (akTax, MaHHBIX, HAOMIOJACHUSX W YTBEPXKACHUSIX, TMpeiaraTb KpUTEPUU
JUIS1 BBISIBJIIEHUS] 3aKOHOMEPHOCTEN U TPOTUBOPEUHNIA;

— JenaTh BBIBOJBI C HCIOJIb30BAHUEM 3aKOHOB JIOTUKH, JEIYKTHUBHBIX
Y MHAYKTUBHBIX YMO3aKIIOUCHUH, YMO3aKITIOUEHNH 110 aHAJIOTHH,

— pa3duparh JI0Ka3aTeIbCTBA MaTEMATHYCCKUX YTBEPXKACHUH  (TpsSMbIe
¥ OT MMPOTUBHOTO), IPOBOJIUTH CAMOCTOSATENTLHO JI0OKA3aTeIhCTBA MATEMATUICCKUX (DAKTOB,
BBICTpPAaWBaTh apTYMCHTAIIWIO, TTPUBOJUTH MPHUMEPHI U KOHTPIPUMEPHI, MPUMECHSTH
METO/I MAaTEeMAaTHYECKOW MHIYKIIUHA, 000CHOBBIBATH COOCTBEHHBIC PACCYKICHUS;

— BbIOWpaTh cHoco0 pemieHUs y4eOHOW 3ajaun (CpaBHUBATH HECKOJIBKO
BapUaHTOB PEIICHUS, BEIOMPATh HAaMOOJIee MOAXOAAIINN C YIETOM CaMOCTOSTEIBHO

BBIJICIICHHBIX KPUTEPUEB).
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ba3zosvie uccnedosamenvckue oeticmeusi:

— WCIOJIb30BaTh BOIPOCHl KaK HCCIEAOBATENIbCKUN HMHCTPYMEHT IO3HAHMS,
bopMyIMpOBATH BOIIPOCHI, bukcupyromnme MIPOTUBOPEYHE, npoOJiemMy,
CaMOCTOATENIbHO YCTaHaBIIMBaTh HMCKOMOE U JaHHOe, (OpPMHpPOBATH THUIIOTE3Y,
apryMEHTUPOBATH CBOO TIO3UITNIO, MHCHHUE;

— TPOBOJUTH IO CaMOCTOSITEIBHO COCTaBJICHHOMY IUIAHY AKCIIEPUMEHT,
WCCJICIOBAHUE TI0 YCTAHOBJEHHUIO OCOOCHHOCTEH MaTEeMaTHYECKOTO OOBEKTa,
3aBUCUMOCTEN 00OBEKTOB MEXIY COOOM;

— CaMOCTOATENIBHO (POPMYJIUPOBATH OOOOIIEHUS U BHIBOABI MO pe3yJibTaTaM
MPOBEICHHOTO  HAONIONCHMsI,  WCCJICAOBAHMS,  DKCIICPUMEHTA,  OICHWUBATH
JIOCTOBEPHOCTH MOJYUYEHHBIX PE3yIbTaTOB, BBIBOJIOB U 0000IIECHNUI;

— TPOTHO3UPOBATh BO3MOXKHOE pa3BUTUE IIpOIlECCa, a TaKKEe BBIJIBUTATh

MMPCAIIOJOKECHHA O €T0 PAa3BUTHHU B HOBBIX YCIIOBUAX.

Paboma c ungpopmayueii:

— BBISBJISITH HEAOCTATOYHOCTh W HM30BITOYHOCTh WH(MOPMAILIUU, JAHHBIX,
HEOOXOMMBIX JIJIS PEIICHUS 3a1a49H;

— BbIOMpaTh, aAHAIM3UPOBATH, CHCTEMATHU3UPOBATH M HMHTEPIPETUPOBATH
UH(OPMAITUIO PA3TUIHBIX BUIOB M (JOPM IIPEICTABIICHHUS,

— BeIOMpaTh (QopMy mpencTaBieHHs UHPOpPMAIMM U WUUTFOCTPUPOBATH
perraemMbie 3a/1a4u CXeMaMu, rarpaMmMaMu, HHOU rpauKoi U MX KOMOWHAIIUSAMU;

— OIICHUBATh HAJEKHOCTh WHGOPMAIMK IO KPUTEPHUSM, MPEAJIOKEHHBIM

WM COPMYITMPOBAHHBIM CAMOCTOSATEIIBHO.

KoMmyHHKaTHBHBIE YHUBEPCAJIbHbIEC y4eOHbIe AelCTBUS:

— BOCHPHUHHUMATh U (HOPMYIUPOBATH CYkJACHUS B COOTBETCTBUU C YCIOBUSIMHU
U 1eJIIMU OOLIEHMSI, ICHO, TOYHO, TPAMOTHO BBIPa)KaTh CBOIO TOUYKY 3PEHUS B YCTHBIX
U TMHCHbMEHHBIX TEKCTaxX, JaBaTh TOSICHEHUS 1O XOAY peIICHUs 3a/aud,
KOMMEHTHUPOBATH MOJYYEHHBIN PE3yJIbTaT;

— B X0Ji€ 00CY>XJIeHUs 3aJaBaTh BOIIPOCHI MO CYIIECTBY OOCYKIAEMOU TEMBI,

HpO6JICMI>I, pemaeMoﬁ 3aJla4uu, BbICKA3bIBATh NJICHU, HALICJICHHBIC HA ITOUCK PCIICHUS,
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COTIOCTaBIISATh CBOM CYXACHHUS C CYXKICHHSIMH JPYTHX YYaCTHUKOB JUAjora,
OOHapyXUBaTh Pa3JIMUUE U CXOJCTBO MO3UIIUNA, B KOPPEKTHOH hopme popMyIupoBaTh
pa3HOrIacus, CBOM BO3PAKEHNUS,

— TIPENCTaBIIATh PE3YJIBTATHI PEIICHUS 3aJa4H, YKCIICPUMEHTA, UCCIIECOBaAHUS,
MIPOCKTA, CAMOCTOSITEIBLHO BBIOMpaTh (opMaT BBICTYIUICHHS C YyYE€TOM 3ajad
MIPE3EHTAIlUN U 0COOEHHOCTEH ayIUTOPHUH;

— TOHWMAaTh ¥ UCIOJIb30BaTh MPEUMYIIECTBA KOMAHJIHONW W WHIWBHIyTbHON
paboThl TIpU peleHUH Y4eOHBIX MaTeMaTUYeCKUX 3ajJad, NpPUHUMATh IIeJb
COBMECTHOW JIEATETLHOCTH, IUIAHUPOBATh OPTAHHW3AIIMI0O COBMECTHOW pPaOOTHI,
pacrpenensaTh BHUJIBI padOT, JOrOBapHBaThCs, OOCYXXJAaTh IPOIECC M PE3yJbTaT
paboThI, 0000111aTh MHEHUS HECKOJIBKHX JIIOJICH;

— Y4YacTBOBAaTh B IPYIIOBBIX (popmax paboThl (00CYXIeHHS, OOMEH MHEHHIA,
«MO3TOBBIC IITYPMbI» U UHBIC); BBHINOJHATH CBOIO YacTh PabOThl U KOOPAUHUPOBATH
CBOM JICUCTBUSA C APYTMMHM YICHAMH KOMAaHIbI, OIICHMBATh KauyeCTBO pe3yibTaTa
¥ Ka4eCTBO CBOETO BKJIaJa B OOMIUI pe3ybTaT MO KPUTEPUIM, CHOPMYITUPOBAHHBIM

YdaCTHHKaMH BBaHMO,Z[efICTBHﬂ.

PerynsiTuBHBIC YHMBepCadbHbIEe y4eOHbIE ACHCTBUS

Camoopzanuzayus:

— BBISABJIATH NPOOJIEMBI JUIsI PEIIEHUs] B >)KM3HEHHBIX U YYEOHBIX CUTYalLUsX,
OPUEHTUPOBATHCS B PA3JIMYHBIX MOAXOJAX TMPUHATUS PEIICHUN (MHIMBHUIYaIbHOE,
IpyIIIOBOE);

— CaMOCTOSITEJIbHO COCTaBIIATH IJIaH, AJITOPUTM PEIICHMs 3a7auyd (UM €ro
4acTh), BEIOUPATh CIIOCOO pEUICHUsI C YYETOM UMEIOIIHUXCS PECypCOB U COOCTBEHHBIX
BO3MOYKHOCTEM, apryMEHTHPOBATh U KOPPEKTUPOBATh BAPUAHTHI PELIEHUN C YYETOM

HOBOU MH(pOpMaLUU.

Camoxkoumpons:
— BJAJETh CIOCOOAMU CaMONPOBEPKH, CAMOKOHTPOJIS IPOLecca U pe3yJibTara

PCHICHUA MaTEMaTH4YE€CKOM 3agadr, CaMOMOTHBaAIIU 1 pC(bJICKCI/II/I;
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— IPEABUIETh TPYIHOCTH, KOTOPbIE MOT'YT BOZHUKHYTh IIPU PELICHUN 3a1a4u,
BHOCHUTb KOPPEKTUBBI B JIEATEIBHOCTh HA OCHOBE HOBBIX OOCTOATEILCTB, HAlIEHHBIX
OLIUOOK, BBISIBJICHHBIX TPYIHOCTEH;

— OLICHUBATb COOTBETCTBUE pPE3yJIbTaTa IEATEIBHOCTU IOCTABICHHON LIEJIH
U YCIIOBUSIM, OOBSICHATH MPUUMHBI JOCTUKEHUS UM HEJOCTUKEHUS L€, HAaXOAUTh

OLIUOKY, AaBaTh OLEHKY MPUOOPETEHHOMY OTIBITY.

QMOMMOHCZJZbeZZZ UHmeiekm.
— BBIpAXAaTb S3MOIHWH IIPH HN3YyYCHHUHU MATCMATHYCCKUX 0OBEKTOB M CI)aKTOB,

AaBaTb OMOIMOHAJIBHYIO OLICHKY PCIICHUA 3aa4u.

IHPEIMETHBIE PE3YJIBTATDBI

[IpenMeTHbIE pe3yJbTaThl OCBOCHHS IMPOTPAMMbl YU4EOHOTO Kypca K KOHILY
oOyueHus B 7 KJacce:

Hcnonb30BaTh MOHATHS MHOXKECTBA HATYPAIBHBIX YHCEN, MHOXKECTBA LEIIBIX
YUCEJI, MHOXKECTBA PALUMOHAIBHBIX YHCEJ NPU PpELUICHUWU 3a1a4, IPOBEICHUU
pacCyXIAEHUN U JOKA3aTEIbCTB.

[ToHuMaTh ¥ OOBSACHITH CMBICI TO3UIIMOHHOM 3alTMCH HATYPaJIBLHOTO YKCIIA.

BoImonHATh, couyeTass yCTHbIE U TMHCHbMEHHBIC TPUEMBI, apuMeTHYeCKue
JICUCTBHS C PAllMOHAIBHBIMHA YHMCJIAMH, WCMHOJIb30BaTh CBOWCTBA YMCEN W IpaBuUia
JIEVCTBHM, IPUEMBI PALIMOHATIBHBIX BBIUYHCICHUMN.

BhINomHATH 1EWCTBUS CO CTENEHSIMU C HATYPAJIbHBIMU MOKA3aTEISIMHU.

Haxonuts 3HA4Y€HUS YHUCIOBBIX BBIPAKECHUN, COAEPKAIIUX PalUOHAIBHBIE
YHUCJIa U CTETICHU C HAaTypaJIbHBIM IMOKa3aTeIeM, MPUMEHITh Pa3HOOOpa3HbIE CIIOCOObI
U TpHUEMbl BBIYUCIEHUS, COCTAaBISATh U OLECHHMBATh YKCIOBBIE BBIPAXKECHUS
MIPU PEIICHUHU MPAKTUUECKUX 3aJ1ad U 3a/1a4 U3 APYTUX YUYEOHBIX MPEIMETOB.

OKpyIJISITh YKCIa ¢ 33IaHHON TOYHOCTBIO, & TAKXKE M0 CMBICITY ITPaAKTHUYECKOM
CUTYyalluu, BBINOJHATh NPUKUIKY W OILEHKY pE3yJibTaTa BBIYUCICHUH, OLICHKY
3HAYEHHU YHWCIIOBBIX BBIPAXKEHHI, B TOM UHCJE MPU PEHIEHUH MPAKTUUYECKUX

3aga4.
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Pemats TekcTOBBIC 33129 aprUPMETHIECKIM CIIOCOOOM, MCTIOIb30BaTh TaOJHIIHI,
CXEMBI, UePTEkKH, APYrUue CPeACTBA MPECTABICHUS JaHHBIX MPU PEIICHUN 3aa4.

Jloka3pIBaTh U MPUMEHSTH IIPU PEIICHUH 3a/1a4 IPU3HAKY JICIMMOCTH Ha 2, 4, 8,
5,3,6,9,10, 11, npuzHaku AETMMOCTA CYMMBI U IIPOU3BEICHUS LIEJIBIX YHCEIL.

[TpumeHsaTh pU3HAKK AeTUMOCTH Ha 7 1 13.

PacknansiBaTh Ha MHOKUTEIN HATypabHbBIC YHCIIA.

CB00OIHO ONIEPUPOBATH MOHSATUSIMU: YETHOE YUCII0, HEUETHOE YHCIIO, B3AUMHO
MIPOCTHIC YHCIIA.

HaxoauTte HanbobpInii 00K IeIUTENIb 1 HAMMEHBIIIEe 00I1ee KpaTHOE YUCeT
Y WCIIOJIB30BaTh UX MPH PEIICHHUH 3aJ1a4, IPUMEHATh aIrOpuT™M EBKiH1a.

OmniepupoBath MOHATHEM OCTaTKa 110 MOAYJII0, IPUMEHSATh CBOMCTBA CpaBHEHUN
110 MOJTYJIIO.

Hcnonb30BaTh anreOpandecKyro TEPMUHOJIOTHIO U CUMBOJIUKY, IPUMEHSTh €€
B IIPOIECCE OCBOCHMS yUeOHOI0 MaTepHaa.

Hcnonp3oBaTh MIOHATHE  TOXICSCTBA, BBIIIOJIHATHL ~ TOXIECTBECHHBIC
npeoOpa3oBaHusl BEIPAXKECHUH, JOKA3hIBaTh TOXKIECTBA.

BreimonHaTe necTBUs (CIIOKEHHE, BBIUMTAHHE, YMHOXKCHHUE) C OJIHOYICHAMU
1 C MHOTOWICHAMU, IPUMEHATH (POPMYIIbI COKpPAIIEHHOTO YMHOXEHHUS (KBaJpaT v KyO
CYMMBI, KBaJpaT U KyO pa3HOCTH, pa3HOCTb KBaJPaToOB, CyMMa M Pa3HOCTh KyOOB),
B TOM YHCJI€ JJIS YIIPOIIICHUS BBIUUCIICHHM.

CocraBisaTh W pemiaTh JHMHEHHOE YpaBHEHUE WJIM CUCTEMY JIMHEHHBIX
YpaBHEHUU 10 YCJIOBUIO 3aJlaud, UHTEPIPETUPOBATH B COOTBETCTBUM C KOHTEKCTOM
3aJ1au¥ TIOJyYCHHBIN PE3yJIbTaT.

Ctpouts rpaduku nuHeHHBIX GyHKIMA. CTpouTh rpaduk GyHKINM Y = |x|.

OnuceiBaTh € TOMOIIBI0 (PYHKIIUHA U3BECTHBIC 3aBUCUMOCTH MEXKIY
BEJIMUMHAMHU: CKOPOCTb, BpEMs, pACCTOSHHUE, I[€Ha, KOJIMYECTBO, CTOMMOCTb,
MIPOU3BOIUTEIIBHOCTD, BpeMsi, 00beM pabOTHI.

Haxonuth 3HaueHne GyHKIUA TTO0 3HAYCHHIO €€ apTyMEHTa.
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[Tonumate Tpaduyeckuii crnocod MpencTaBiICHHUS W aHajdu3a HH(pOpMaINH,
U3BJICKaTh W UHTEPHPETUPOBATH MH(MOPMAIUIO U3 TPa(QUKOB pEasbHBIX MPOIECCOB
Y 3ABUCHMOCTEM.

Hcnonp3oBaTh cBoiicTBa (GYHKIUN 11 aHajgu3a TrpapuKoB peatbHbBIX
3aBUCHUMOCTeH (Hynu (YHKIUH, TPOMEKYTKH 3HAKOIMOCTOSHCTBA (YHKIUH,
MPOMEXKYTKA BO3pacTaHusl W yObIBaHMS (YHKIMU, HauOOJIbllIee U HAUMEHbIIIEe
3Ha4YeHUsS (PYHKIUN).

Wcnonp3oBath Trpaduku [Uisl HUCCIENIOBAHUS MPOLECCOB U 3aBHCHUMOCTEM,
IIPU PEUICHUU 3a]1a4 U3 APYTUX yU4eOHBIX MTPEAMETOB U PEATbHOM KU3ZHH.

Jlemate TPUKUIKY M OLIEHKY JIMHEWHBIX W VYIJIOBBIX BEJIIMYMH IMPEIMETOB
B PEAIbHOM KU3HH, Pa3MEPOB NPUPOJAHBIX OOBEKTOB.

Brnanerr monsituem «reomerpuueckoe Mecto Touek» (I'MT). Omnpenensith
OHMCCEeKTPHCY YIJIa U CepeAUHHBIN epreHauKyIIsp K oTpe3ky kak [ MT. [Tons3oBatbes
nousatueMm I MT npu okazarenbCcTBe TEOMETPUUECKUX YTBEPKIACHUN U MIPU PELIEHUN
3a/1ay.

Branerp mOHATHMEM KacaTelbHOW K OKPYKHOCTH, IOJb30BaTbCA TEOPEMOU
O IEPIEHANUKYJSIPHOCTH KacaTeJbHOW M paauyca, IMPOBEAECHHOIO K TOYKE KaCaHWs.
Jloka3pIiBaThb PAaBEHCTBO OTPE3KOB KAaCAaTENbHBIX K OKPYKHOCTH, NPOBEIACHHBIX
U3 OJTHOM TOYKH, U IPUMEHSATH 3TO B PELICHUU F'€OMETPUUYECKUX 3a1a4.

Jloka3piBaTb M IPUMEHATH MPOCTEUIIME TI'€OMETPUYECKUE HEPABEHCTBA,

ITIOHUMAaTh UX HpaKTI/I‘IeCKI/Iﬁ CMBICIJI.

[TpenMeTHBIE pe3yJbTaThl OCBOCHHS IMPOTPAMMBI YYEOHOTO Kypca K KOHILY
oOydeHus B 8 Kiacce:

[ToHnMaTh W WCHOJB30BaTh MPEACTABICHUS O PACIIMPCHHH YHCIOBBIX
MHOYKECTB.

CBOOOHO OMEpPUPOBATH MOHATHAMHM: KBAJAPATHBIH KOPEHb, apu(pMeTHUCCKHUM
KBaJIpaTHBI KOpPEHb, MPPANMOHAIBHOE YHUCIIO, HAXOIUTh, OICHUBATh KBAJpPaTHBIC
KOPHH, HCITOJIb3Ys MPHU HEOOXOJUMOCTH KaJbKYJSATOP, BBIIOIHATH MPEOOPa30OBaHHUS

BBIPKEHUI, COIEPKAIINX KBAJPATHbIE KOPHH, UCIIOIb3Ys CBOMCTBA KOPHEH.
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Hcnonp30BaTh HadyaJbHBIE IPEACTABICHUS O MHOXKECTBE JEUCTBUTEIBHBIX
qucesl Ui CPAaBHEHUs, OKPYIVIEHHS M BBIYMCIICHUH, M300pa)kaTh JEHCTBUTEIbHBIC
YUCIla TOYKaMH Ha KOOPJAWHATHOU MPSAMOM.

Hcnonb30BaTh 3amucl OOJBIIMX M MajbIX YHCE C MOMOUIBIO JAECATUYHBIX
npobedl u creneHel uucna 10, 3anuchiBaTh W OKPYIVIATH YHCIIOBBIE 3HAYCHHS
peabHBIX BEJIUYMH C UCIIOIb30BAHUEM PA3HBIX CUCTEM U3MEPEHUM.

CB0OOOIHO ONEpUPOBATH MOHATUEM OCTaTKA MO MOAYJIO, IPUMEHSITh CBOMCTBA
CPaBHEHHMM II0 MOJYJIIO, HAXOAUTh OCTATKH CYMMBI M IIPOM3BEICHUS IO TaHHOMY
MOZYJIIO.

Haxonute JomycTHMbIE 3HAY€HUs MEPEMEHHBIX B JIPOOHO-PalMOHAIBHBIX
BBIPAKECHUSX.

[IprMeHATH OCHOBHOE CBOMCTBO pallMOHAIBHOM JIPOOH.

BeimonHATe npuBeneHue anredpanyeckux Apodel K oOlieMy 3HaMeHaTello,
CJI0O)KEHHE, YMHOKEHHUE, JeJIEHUE anreOpanueckux apo0ei.

BBINONHATE TOXK/1€CTBEHHBIE MPE0OPa30BaHUS PALlMOHAIBHBIX BHIPAXKEHU.

[IpumensTh mpeoOpa3oBaHusl BBIPAKEHUN NJIsl PELIEHUs PA3MYHBbIX 3a]a4
13 MaTEMAaTUKH, CMEKHBIX IIPEAMETOB, U3 PEAIbHOU ITPAKTUKH.

[IpuMeHATH TOHATHE CTENEHHM C LEIbIM  IMOKA3aTeJeM,  BBIIOIHATh
peoOpa3oBaHus BhIPAXKEHU, COIEPIKAILUX CTEIIEHU C LIETIbIM [TOKA3aTEeIeM.

HaxoauTe qonycTrumble 3Ha4YE€HUsI IEPEMEHHBIX B BBIPAXKECHUAX, CONECPIKALLNX
apu(pMeTHYecKre KBaApaTHbIE KOPHH.

BoimonusaTe npeoOpa3zoBaHUs MpPPAIMOHATIBHBIX  BBIPAXKEHUW, HCIIONb3YS
CBOWCTBA KOPHEU.

Pemate 1poOHO-paliMoHaIbHbIE YPAaBHEHUSI.

Pemlare nuHEVHBIE ypaBHEHHsS C IapaMETPAMM, HECIIOKHBIE CHUCTEMBI
JIMHEMHBIX YPaBHEHUH C ITapamMeTpaMH.

[IpoBONUTE HCCHENOBAHUS YPABHEHHMM U CUCTEM YPaBHEHUW, B TOM YHUCIIE
C IpUMEHEHHEM IpaduuecKuX NnpeAcTaBiIeHui (yCTaHaBIMBaTh, UMEET JIU yPABHEHHE

WIM CUCTEMA YPaBHEHUI PELICHMS, €CJIM UMEET, TO CKOJIBKO, U TIPOYEE).
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[lepexomuTs OT cllOBeCHOM (HOPMYITUPOBKM 3a/laud K ee alreOpanyeckon
MOJENN C TIOMOILIBK) COCTABJIEHUS YPABHEHUS WJIM CHCTEMBl YpPaBHEHUH,
WHTEPHPETUPOBATH B COOTBETCTBUU C KOHTEKCTOM 3aJa4M IMOJTYyYEHHBII pe3ysbTarT.

[IpuMeHATh CBOMCTBA YMCIIOBBIX HEPABEHCTB AJISI CPABHEHUS, OLICHKH, PEIIATh
JIMHENHBIE HEPABEHCTBA C OJJHOM MEPEeMEHHON U MX CHCTEMBbI, JaBaTh IpaduuecKyro
WJUTIOCTPALIMIO MHOYKECTBA PEIIEHUI HEPAaBEHCTBA, CHCTEMbI HEPAaBEHCTB. J[0Ka3pIBaTh
HEPaBEHCTBA.

[loHuMaTh W KMCHOJIB30BaTh (PYHKIIMOHAIBHBIE MOHSATHUS M S3BIK (TEPMUHBI,
CUMBOJIMYECKHE OOO3HAUEHHUs), ONPEACNATh 3HauY€HUE (DPYHKUHMU 10 3HAYEHUIO
apryMEeHTa, OIIpPeeIsTh CBOMCTBA QYHKIUH 110 €€ TPAPUKY.

Crpouts rpaduku (GyHKIHM, OMUCHIBATH CBOMCTBA YHUCIOBOM (PYHKIIUU IO €€
rpaduky.

Pacrio3HaBaTh  OCHOBHBIE BHJIbI  YETBIPEXYTOJBHUKOB, WX  3JEMEHTHI,
II0JIB30BAThCS MX CBOMCTBAMHM IIPU PELICHUH TIE€OMETPUYECKHMX 3anad. Paznmuyars
IPU3HAKU U CBOKCTBA MapajijiesiorpaMma, poMOa U NMpsIMOYroJIbHUKA, TOKa3bIBATh UX
Y YBEPEHHO MTPUMEHSTH MIPU PELIEHUU T€OMETPUUECKUX 3a/1a4.

Pacno3HaBaTh LIEHTpajIbHO-CUMMETPUYHBIE (UTYpbl U MCIOJb30BaTh HUX
CBOWCTBA MPU PEIICHUHU 3a/a4.

Brnanets noHATHSAMH TNOAOOMS TPEYrOJbHUKOB, Kod(p(dHIMEeHTa noa00us,
COOTBETCTBEHHBIX 3JIEMEHTOB MOJOOHBIX TPEYroJibHUKOB. MIMETh mpencraBieHue o
npeoOpa3zoBaHuu Ton00MsT U 0 MoMoOHBIX (urypax. Ilomp3oBaThCs TpHU3HAKAMU
noj00Msl TPEYroJIbHUKOB TPH PEIICHWH TeOMETpUYecKuX 3aaad. [lokas3plBaTh H
MPUMEHSTh OTHOILIEHHUSI MPOMOPIIMOHATBHOCTH B MPSIMOYTOJbHBIX TPEYTOJbHUKAX.
JlokaspiBaTh U TIpUMEHATh Teopemy Darneca. [IpuMeHsITh MOTO00ME B IPAKTUIECKUX
3aJa4ax.

BeiBoguTh ©  HWCHONB30BaTh  MpocTeimmne  GOopMynbl IS IUIOIIAA
TPEYroJIbHUKA, TapajjieiorpaMMma, poMOa W Tpamnenuud. BeraucisaTs (pa3inyHbIMH
croco0amu) MIoNalb TPEYTrOJIbHUKA U TUIONIAJM MHOTOYTOJIBHBIX (pUryp (M0JIb3ysICh,

rje HeoOXOAUMO, KaldbKyJsTOpoMm). IIpuMeHsIThr MeTon Tuiomanei s perieHus
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3ama4d. 3HaTh OTHONICHHUE TUIOMIAACH MOMOOHBIX (UTYp U MPUMEHSTH IPHU PEIICHUU
3aaa4. [ IJpuMeHsATh NOJlyYeHHBbIE YMEHHS B IPAKTUYECKUX 3a1a4ax.

[IpUMEHATh MOJYyYEHHBIC 3HAHUS HA NPAKTUKE — CTPOUTHh MATEMATUUYECKUE
MOJIEIIN JUIS 3a/1a4 PeaIbHOM KU3HU U IPOBOJAUTH COOTBETCTBYIOIINUE BBIYUCIICHUS C
NpUMEHEHUEM TMOA0OUs U TPUTOHOMETPUHU (MOJIB3YSICh, TlI€ HEOOXOIUMO,
KAJIbKYJISITOPOM).

[IpeameTHbIE pE3yNbTaThl OCBOEHUS MPOrpamMMbl YYEOHOro Kypca K KOHILY
oOyueHus B 9 KJacce:

CBOOOIHO OIEpUPOBATh MOHATHUSAMU: KOPEHb N-Ml CTENEHU, CTENeHb C
pAalOHAJIBHBIM ~ ITOKA3aTeJeM, HAaXOIWThb KOPEHb N-U CTENEHH, CTEIEHb C
pallMOHANBHBIM TIOKA3aTeNieM, WCHIOJb3ysl MpU HEOOXOAMMOCTH KaJbKYJSTOP,
MIPUMEHATH CBOMCTBA KOPHS N-U CTENEHH, CTENICHU C PAlMOHAIBHBIM ITOKA3aTEIIEM.

Hcnonb30BaTh MOHATHE MHOXECTBA JIEHMCTBUTEIBHBIX YHUCEI IPU PELICHUU
3a/1a4, MPOBEACHNUH PACCYKIECHUN U TOKA3aTEIbCTB.

CpaBHUBaTh W  YHNOPSAOYMBATH JICHCTBUTEIbHBIE 4YHUCHA, OKPYTJIATH
JICVUCTBUTEJIBHBIE YKCIIA, BBINOJHATH NPUKUAKY PpE3yJbTaTa BBIYHUCICHUN, OLICHKY
YHCJIOBBIX BBIPAXKEHUU.

CB0OOIHO oneprupoBaTh MOHATHUEM KBAJPATHOTO TPEXWJIEHA, HAXOJIUTh KOPHU
KBaJIPaTHOI'O TPEXWICHA.

PackiiaapiBaTh KBaIpaTHBIN TPEXUICH HA IMHENHBIE MHOKHUTEH.

PemaTe HeC0KHBIE KBaIpaTHBIE YPABHEHHUS C [TAPAMETPOM.

PemaTp HeCII0KHBIE CHCTEMBI HEJIMHENHBIX YPABHEHUH C ITAPAMETPOM.

Pemiate ypaBHEHHsS, HEpPABEHCTBA M MX CHUCTEMBI, B TOM YHCIE C
OTPAaHUYEHUSIMU, HAIIPUMED B IETBIX YHUCIIAX.

IIpoBoauTh ucCcClIeNOBaHUsl YPAaBHEHUN U CUCTEM YPAaBHEHMU, B TOM YHUCIIE C
MIPpUMEHEHUEM rpadUuecKux MpeCcTaBlIeHU (yCTaHABIUBATh, UMEET JIU YpPaBHECHHE
WJIU CUCTEMa YPABHEHUH PEIIEHUs, €CIIU UMEET, TO CKOJIBKO, U MPOYee).

Pemrats TekCcTOBBIE 3a71a4 AIreOpandecKuM CIIoCOOOM.
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Hcnonb30BaTh ypaBHEHUS, HEPABEHCTBA W HX CHUCTEMBI JJISl COCTAaBJICHHS
MaTEMaTUYECKONM MOJENM pealbHOM CHUTyallud WM [PUKIAJHOM  3a1aud,
WHTEPHPETUPOBATH MOJYUYECHHBIE PE3YJIBTATHI B 33JTAHHOM KOHTEKCTE.

CBOOOHO oOmepUpoOBaTh TMOHATUSIMU: 3aBHCHUMOCTh, (YHKIHS, Tpaux
byHKIIMM, TpsMas MPONOPIHOHATBHOCTh, JIMHEWHas  (QyHKuUMs, oOpaTHas
IPONOPLUUOHAIIBHOCTD, TapaboJia, runep0osia, KyCoUHO-3aJaHHast PYHKIIMSL.

HccnenoBath pyHKIHIO 1O €€ TpaduKy, yCTaHABIUBATh CBOMCTBA (DYHKIIMIA:
0o0JacTh ONpENEeNeHUsl, MHOKECTBO 3HAUYECHHH, HYyIM (QYHKIHH, TPOMEXYTKH
3HAKOIIOCTOSIHCTBA, IPOMEXKYTKH BO3PACTAaHUS U YObIBaHUS, YETHOCTh U HEYETHOCTD,
HanOOoJIbLIEE U HAMMEHBIIEE 3HAYEHUS, aCUMITOTBHI.

Pacnio3naBaTh KBaJpaTHuuHyr0 (QYHKUIUIO 1O (OpMyse, TPUBOAUTH IPHUMEPHI
KBaJIpaTUUHBIX QYHKIUI U3 peaibHON KU3HU, PU3UKU, TEOMETPUH.

Omnpenensars MonoxeHue rpaduka KBaJpaTUUYHOM (QPYHKIMHM B 3aBUCUMOCTHU
OT €€ KO3(hPUIIMEHTOB.

Crtpoutsb rpaduk KBapaTUIHON (HYHKIIMH, OTIMCHIBATH CBOMCTBA KBAIPATUYHON
dbyHKIMU 10 ee Tpaduky.

Hcnonb3oBaTh CBOMCTBA KBAIpAaTUYHON (DYHKIIMM JIJIsl pEILICHUS 3aad.

Ha npumepe kBagpatuanoii ¢pyHkimu ctpouts rpaduk dyakmum y = af(kx + b)
+ C ¢ moMoIipko npeodpasopanwmii rpaduka Gyrakuun y=Ff(X).

NnmocTpupoBaTh € MOMOIBIO Fpaduka peanbHyI0 3aBUCUMOCTh HJIA IIPOLECC
M0 UX XapaKTEPUCTUKAM.

CB0OOIHO ONIEpUPOBATH NOHATUSAMU: MOCIEAOBATEILHOCTD, apupMeTHUIecKas u
reOMETPUYECKast IPOTrPECCUMU.

3amaBath  MOCIEAOBATEIBHOCTH  Pa3HbIMM  CIIOCOOAMHU:  OINUCATEIbHbBIM,
TaOJIMYHBIM, C TOMOIIbIO (POPMYJIIBI N-TO WIEHA, PEKYPPEHTHBIM.

BbINOAHATE  BBIUMCICHHS €  HCIOJIB30BaHMEM ¢opMmMyd N-ro  4ieHa
apu(PpMETUIECKON U reOMETPUUECKON MPOrpeccuii, CyMMbI IEPBBIX N UJICHOB.

N300pakaTh 4i€HBl MOCIENOBAaTEIbHOCTH TOYKAMHU HAa KOOPAMHATHOU

IIJIOCKOCTH.
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Pemate 3a1a4n, CBAI3aHHBIE C YMCIOBBIMU ITOCIIEI0BATEILHOCTSIMY, B TOM YHUCIIE
3aJaud U3 PpEAJbHOW JKU3HU (C MCIOJIB30BAHUEM KAJBKYJIATOPa, LU(PPOBBIX
TEXHOJIOTHH).

Pacno3sHaBaTh W HPUBOJUTH MPUMEPHl KOHEUHBIX U  OECKOHEYHBIX
IIOCJIEIOBATEIBHOCTEH,  OTPAHWYEHHBIX  IIOCJIEOBAaTEIBHOCTEH,  MOHOTOHHO
BO3pacTaroux (yObIBAIOIIUX ) MOCIEI0BATEIbHOCTEH.

MMeTp npencTaBiaeHUue O CXOAUMOCTH MOCIEA0BATEIBHOCTH, YMETh HAXOAUTh
CyMMY OECKOHEYHO yOBIBAIOUIEH r€OMETPHUECKOM MPOTrPECCUH.

[IpuMeHsATh METO/1 MATEMAaTUYECKON MHAYKIIMH [IPU PELICHUH 3a/1a4.

Jloka3blBaTh TEOPEMY CHHYCOB M TEOPEMY KOCHMHYCOB, MPUMEHSITh WX MJIs
HAXOXKJEHUSI Pa3JIMYHBIX AJIEMEHTOB TPEYTOJbHUKA («PEIICHHE TPEYTrOIbHUKOBY),
IIPYU PELLIEHUH T€OMETPUUECKUX 3a/1a4. [[pUMEHATh MOyYEHHbIE 3HAHUS [TPU PELLICHUU
MPaKTUYECKUX 3a]1a4.

[IpuMeHsATh TPUTOHOMETPHIO B 33J1a4axX Ha HAXOKJIECHHE IUIOIIA/IA, BBIBOAUTH U
BJIAJAETh TPUTOHOMETPUUECKUMHU (opmylaMu i IUIOHIAAM  TPEYroJibHUKA,
napajuiesiorpaMma, pomoOa, Tpareluuu, BBIBOJAUTh U MPUMEHTh (opmyny ['epoHa u
bopMyITy JUIsl TTOIAIHN BBITYKJIOTO YETHIPEXYTOJIbHUKA.

WNmeThb npeacTaBieHUe O TOMOTETUU, TPUMEHSTh B TPAKTUYECKUX CUTYAIUSX.

Hcnonp3oBatk Teopembl UeBbl 1 MeHenast npy pelieHny 3a1ay.

Hcrnonb30BaTh TEOPEMBI O BIHMCAHHBIX YIVIAX, YIIAaX MEXIYy XOpAamMu
(CeKylmMMH) U yIjie MEXAY KacaTeJbHOW U XOPJIOM MpPH PEIICHUH IeOMETPUUYECKHUX
3amay. Jloka3plBaTh W MNPUMEHSTh TEOPEMbl O TMPOU3BEACHUH OTPE3KOB XOpI,
O NMPOU3BEJICHNN OTPE3KOB CEKYIIUX, O KBaJpaTe KacaTeIbHOM.

Brnaznets nmoHsTHEM KOOPIUHAT Ha TUIOCKOCTH, pab0OTaTh C ypaBHEHUEM MPSAMOIL
Ha TUIOCKOCTU. BrazeTh NOHATUSIMH YIJIOBOTO KOd(@uimeHTa 1 cBOOOAHOrO 4jeHa,
NOHUMAaTh KX TEOMETPUYECKHII CMBICI U CBS3b YIJIOBOro Kod(duiueHra
C BO3pacTaHMEM U YObIBaHHEM JIMHEHHOW (QYHKIUH. YMETh pelaTb METOIOM
KOOpJIMHAT 3a7a4yM, CBS3aHHBIE C TMAPAUIETbHOCTBIO M MEPHEHIUKYISIPHOCTHIO

MMPAMBIX, IICPECCCUCHUCM IIPAMBIX, HAXOKICHHUCM TOYCK IICPCCCUCHUS.
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BeiBoguTh ¥ BIAAeTh YpaBHEHHWEM OKPYXKHOCTH. McCronp30BaTh METON
KOOpAWHAT JUISI HAaXOXJACHUS TMEePeCeUeHU OKPYKHOCTeH W TpsMbIX. Brametsb
dbopMmynamMu paccTOSHUS OT TOYKH JO MPSIMOW, IUIOMIAAW TapajjieiorpaMMma B
KOOpJMHATAX, WUMETh MOHITHE 00 OpPHUEHTHUPOBAHHOW TuTOMIAamU. Ilob30BaThCs
METOJIOM KOOPJMHAT Ha TUIOCKOCTH, IPUMEHSATH €0 MPU PEIICHUH T€OMETPUICCKIX U
MpaKTUYECKUX 3amad. [[puMeHATh MeTO ] KOOPAWHAT B MPAKTHKO-OPHUEHTUPOBAHHBIX
TE€OMETPUUYECKUX 3a/1a4ax.

Brnanets moHsSITHEM BEKTOpa. YMETh CKJIaAblBaTh M BBIYUTATh BEKTOPHI,
YMHOKaTh Ha YHCIO, BIAJETh MpPaBWIAMH TPEYroJIbHUKA M Mapajuiejorpamma.
BrnangeTs mpakTHYECKMMHM HWHTEPIPETAIMSIMH BEKTOPOB. YBEPEHHO IOJH30BATHCS
KOOpJIMHATaMU BEeKTOpa. BiaseTs c10keHrneM 1 BHIYUTAaHUEM BEKTOPOB, YMHOKEHHEM
BEKTOpa Ha YHCIIO B KOOpJWHATAX.

Nmets mpencraBienue o 0Oasuce (Ha IUIOCKOCTH). PackianbiBaTh BEKTOPHI
nmo Oasmcy. PacknmagsiBaTh BEKTOpPBI CHJI C  IIOMOINBIO  MPOCITUPOBAHUS
U TPUTOHOMETPUYECKHX COOTHOIIeHUW. [IpuMEHATh MOJydYeHHbIE 3HAHUS
B MTPOCTEUIINX (PU3MUECKHX 3a/1auax.

Brnanets TOHSATHEM CKAISAPHOTO MPOU3BEJCHUS BEKTOPOB, MOHUMATH €Tr0
T€OMETPUYECKUN CMBICI U YBEPEHHO TMOJIb30BATHCS €r0 BHIPAXKEHUEM B JIEKaPTOBBIX
KOOpJIWHATax. 3HaTh AUCTPUOYTHBHOCTH CKAISPHOTO IPOM3BEICHUS U €r0 CBS3b
c  mpoeuupoBaHueM.  [IpumeHsATH  CKaJIIpHOE  TPOU3BEIACHHUE  BEKTOPOB
JUTS HaXOXKJICHWS JUIMH W YIJoB. PemaTe TeoMeTpuyeckue 3aJaddl ¢ IMOMOIIBIO
CKaJIIPHOTO TIpom3BeleHUs. VIcmonb30BaTh CKaISIPHOE TMPOM3BEICHUE BEKTOPOB
B ajreOpandeckux v PU3NUeCKuX 3ajavyax.

Brnanets MOHATHUSMU NPaBUILHOTO MHOTOYTOJBHUKA, JJIMHBI OKPY>XKHOCTH,
JUTMHBI YTH OKPYKHOCTH M paIUaHHON MEPHI YIJia, BEIYUCIIATH TUIOIIAAb KPyra U €ro
gactei. [lonnMare cMbIc yncia ©. [[puMeHSTh MOTydeHHBIC YMEHUS TP PEIICHUH
MPAKTUYECKUX 3aJad. 3HATh HCTOPUYECKHE CBEIEHUS 00 W3MEPECHUH JITUHBI
OKPYKHOCTH | TITOIIAIA KPyTa.

HmeTh npencraBieHre o mpeoopa3oBaHUU IIIOCKOCTH, O ABMKEHUAX. HaxomuTh

OCH, IIEHTPhl CHUMMETpUU (UTYp, LEHTPHl TOBOPOTA, HAXOAUTH KOMIIO3HUIIUU
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npocTelmux mnpeodpa3oBaHuid. [IpuMeHSATh OBUMKEHHS IJIOCKOCTH TMPHU PEIICHUU
reOMETPUYECKUX 3a]a4.

[IpyMeHATh MONMY4YEHHBIE 3HAHUA HA NPAKTHUKE — CTPOUTh MATEMATHUYECKHE
MOJENIN JJIA 3a/1ad PeajbHOM JKU3HU U NPOBOJUTH COOTBETCTBYIOIIME BBIYMCICHUS
C NpPUMEHEHHEM MOJA00US M TPUTOHOMETpUYECKUX (QYHKIUN (IOJB3YSCh, TIJiE

HEOO0XOMMO, KaJbKyJIATOPOM).
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TEMATHYECKOE INTAHUPOBAHUE

7 KIIACC
HaumeHoBaHnue
Ne pa3aesioB U TeM KonuyecrBo ®opma pabdoTbl/XapaKTepUCTHKA
. IIporpammHoe conep:xaHue
n/n KYypca BHEYPOYHOI 4acoB AeITeJIbHOCTH 00y4aroIuxcst
AeSTeJIbHOCTH
1 | DnemMeHTHI UCTOPHH. 10 Hcropust BOSHUKHOBEHHUS U Pa3BUTHS CeMuHap: 13 UCTOPUU BOBHUKHOBEHHUS U Pa3BUTHUS

OO61ue noHsTUs TE€OMETPHH. FE€OMETPHH.

reomeTpun. OCHOBHBIE [lonsTHs: akcuoma, Teopema, CBOMCTBO, MuHu-HuccIeI0BaHUE: YTO TAKOE, TEOpEMA,

buryps. IIPU3HAK, JOKA3aTeIbCTBO, ONPEAEICHUE. | CBOWCTBO, IPU3HAK, I0KAa3aTEIbCTBO, ONIPECIICHHE.
HNHCTpYyMEHTHI 111 U3BMEPEHUH U
ITOCTPOECHUM.
B3aumHoe pacronoxeHue Touek Ha
npsiMoii. 3mepenue JUIMHbI OTpe3Ka,
paccTostHuEe MEXAYy TOUKaMHU.
B3anMHoOe pacnionoxeHue npsiMbIx.
Jlomanas. Buasl nomaHbiX. JnHa
JIOMAHOM.
Muoroyronsauku. [Tepumetp
MHOTOYTOJbHUKA. [TOHSATHE O BBITYKIIBIX
Y HEBBITYKJIBIX MHOTOYTOJIEHUKAX

2 | Uncna v BEIYHCTICHUS. 8 JenmumocTs u €€ cBoiicTa. [Ipu3naku HccaenoBaresbekas padora: IeIMMOCTh U €€

JlemmMOCTb.
CroxeTHBIE 3aJa4H

JenuMmoctn Ha 4, 6, 8, 11.

[Tpuznaku nenumoctu Ha 7, 13
(YHMBepcaJIbHBIN cI0C00).

Pemienue 3a71a4 mNOBBIICHHON CIIOKHOCTH.
Pemenue 3aga4 Ha AEIMMOCTb.

CBOMCTBA.

JAucKyceusi: COOTHECEHUE THUIA 3a1a4l U MOJIETIH.
CpaBHeHHE apu(METHIECKOTO U aNredpandeckoro
MeToaa peH_ICHI/Iﬂ 3aJda4, 10CTOMHCTBA 1

HCOOCTaTKU.
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HaumenoBanue

Ne pa3esioB U TeM KonnyectBo ®opMma padoThI/XapaKTePUCTHKA
. IIporpammHoe conep:xanmne
n/n KYpca BHEYPO4HOii 4acoB AeATEeJbHOCTH 00y4al0IuXCs
AeATeTbHOCTH
Apudmernueckuit METO]I peleHus MartemaTH4eckoe cOpeBHOBaHHUE — PELICHNE
CIOXKETHBIX 3aJa4 CIOXKETHBIX 3a/1a4 pa3HbIMU METOJIaMH
3 TpeyronbHuku. PaBHble TpEyroNbHUKYU B
Te€OMETPHUYECKUX KOHPUTYpAITHIX.
TpeyronpHuku. IIpakTuKyM™ 10 pelIEeHUIO 3ajay.
[Ipu3Haku paBeHCTBa TPEYrOJbHUKOB. i
ITpusnaku paBeHCTBA 6 HccnenoBanue: paBHbIE TPEYTOJIBHUKY B
[Ipu3Haku paBeHCTBA MPSIMOYTOJIbHBIX
TPEYTOJbHUKOB re€OMETPHUECKUX KOHPHUTYpAIHIX
TPEeYroJbHUKOB. [lepnenaukymsap u
HaKJIOHHasI
4 | AnreOpandeckue 10 [IpencraBieHue 3aBUCUMOCTH MEKIY IIpakTHKyM 110 pEIIEHUIO TPAKTUKO-
BBIPa)KEHUS BEIMYMHAMU B BU/I€ HOPMYIIbI. OpPUEHTUPOBAHHBIX 3aJ]a4 HAa HAXO0XKJIEHUE
CreneHn, MHOTOWIEHBI, IPE0Opa30BaHKe | HEU3BECTHBIX BEJIMUUH C IPUMEHEHHEM (OPMYIL.
MHOT'OYJIEHOB, JIEUCTBHUSI C HccnenoBarenbckas padora: Kak HallTH KOPEHb
MHOTOWIEHAMH. MHOTro4IeHa?
MHorouneH ctanapTHoro Buaa. CteneHb
MHOTOYJIEHA.
Kopun mHorounena. Haxoxnenue kopHei
MHOTOYJIEHA.
Jloka3aTenbCTBO TOXKIECTB.
Pa3Hble MoaX 01kl K TOKA3aTEIbCTBY
TOKIECTB
5 | TpeyronpHuKH, 4 CooTHo1IEHNSI MEXly CTOPOHAMU U HccaenoBarenbekas padora (B TOM 4ucie

U TCOMETPHUUCCKUE
HEepaBeHCTBA

yriamu TpeyrojbHuka. HepaBeHcTBO
TpeyroibHuKa. HepaBeHCTBO 0 uinHe
soMaHoi. HepaBeHCTBO Mex Ty
NEPIEHIUKYIISIPOM U HAKJIOHHOM.

C UCITOJIb30BAHNEM «MATEeMATHYECKUX MTAaKETOB):
reOMETPHYCCKHE HEPABCHCTBA.

IIpakTHKYM 110 pENICHUIO TPAKTUKO-OPHUEH-
TUPOBAHHBIX 33/1a4. MoeTupoOBaHUe C TTIOMOIIBIO
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HaumenoBanue

Ne pa3esioB U TeM KonnyectBo ®opMma padoThI/XapaKTePUCTHKA
. IIporpammHoe conep:xanmne
n/n KYpca BHEYPO4HOii 4acoB AeSITeIbHOCTH 00y4aroIMXCs
AeSTeJIbHOCTH
PaccrosiHre OT TOYKH 10 IPSAMOU [IPOrPaMMHBIX CPEACTB
6 | YpaBHEHHS U CUCTEMBI 6 PaBHOCHUIIBHOCTH YpaBHEHU CamMocTosiTeJibHOE OTKPBITHE: TMHECHHBIE
YpaBHEHHI JIunelinble ypaBHEHUS U UX CUCTEMBI. YpaBHEHUS U HEPABEHCTBA C MapaMeTpamMu U UX
Omnpenenenue yncia KOpHeH JTUHEHHOTO cuctemsl. McesienoBarenbckasi padora (B ToM
YpaBHEHMSL. YHCJIe C UCIIOJIb30BAaHUEM «MAaTEMaTUYECKUX
Pemienue nuHeHBIX ypaBHEHUH, MAKETOBY): JTMHEHHBIC YpaBHEHUS, COACPIKaIINE
coJepKalMx 3HaK MoayJs. Pemenue 3HaK Moayus. IIpakTHKYM 10 penieHuIo 3a1a4: oT
JIMHEWHBIX YPAaBHEHUN C TapaMeTPaMH. MIPOCTOIO K CII0KHOMY — PEIICHUE CUCTEM
Pemenue cuctem TMHENHHBIX YpaBHEHUI JIMHEUHBIX YPABHEHUHN Pa3HbIMU METOJIaMH.
Pa3HBIMH METOAAMHU Marematnyeckoe COpeBHOBAHME — PEIICHUE
MaTeMaTHYeCKUX 3ajad 1o TeMe
7 | OceBast cUMMeTpUS 4 @Urypsl ¢ 0CEBON CUMMETPUEH. HccaenoBarenbekas padora (B TOM 4ucie
[Iprmepbl CUMMETPHUU B OKPY’KaIOILLEM C UCIIOJIB30BAHUEM «MATEMAaTUYECKUX MTAKETOBY).
Mupe ITocTpoenue moaeeii (B ToM uucie
C UCIIOJIb30BAaHUEM «MATEMaTUYECKUX MTAKETOBY).
IIpoexT: cuMMeTpuUs B OKPYKaOILIEM MHUpE
8 | MHOTOYTOJIbHHKH. 6 CyMMa BHYTpPEHHUX YIJIOB IIpakTHKYM MO pEIEHUIO IPAKTUKO-
OKpYKHOCTb. MHOT'OYI'OJIbHUKA U CYyMMa BHEIIHHUX OpUEHTUPOBAHHBIX 3a7au.
YIJI0B BBITYKJIOIO MHOTOYTOJIbHUKA. HccnenoBarenbckas padora: B3aUMHOE
KacarenbHast u cekymiast K OKpy>KHOCTH. PacroI0KEHUE OKPYKHOCTH U ITPSIMOM.
OKpy>XHOCTb, BIIMCAHHAS B YT OJI.
9 | OyHkIHH 8 [Touck obmactu onpeneneHus u HccaenoBaresibekasi padoTa (C UCIOIIb30BaHUEM

MHOECTBA 3HAYCHUH (PYHKITUH.
Hcnonb30BaHne pa3aruHbIX CITOCOOOB
3ananus pyHkuuu. Vcnonbp3zoBanue

«MAaTEMAaTUYICCKUX HaKeTOB)))Z B TOM HHUCIJIC
CpaBHEHHE CBOMCTB QYHKIIUU U UX TpadUKOB
B 3aBUCHMOCTH OT ITapaMeTpPOB
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n/n

HaunmeHoBaHue
pa3aesioB U TeM
KYpca BHEYPOYHOI
JeATeJIbHOCTH

KoauuecTBO
4aCc0B

HpOFpﬁMMHOG CoaCpKaHue

®opMma padoThI/XapaKTePUCTHKA
AeITeJIbHOCTH 00y4aroluXcst

CBOWCTB (PYHKLUH 7151 aHAIN3a TpadUKOB
peaNbHBIX 3aBUCUMOCTEH (Hynu QyHKINH,

MIPOMEXKYTKH 3HAaKOIIOCTOSIHCTBA
(bYHKIMH, TIPOMEKYTKH BO3PACTaHUS U
yObIBaHUS GYHKIIMH, HAaUOOJIbIIIEE U
HaMMEHbIIee 3HAYCHUST PYHKIIUN).
I'paduku, KycouHO-33JaHHBIC (YHKIIHN

10

I'eomerpuueckue
MeCTa TOUEK

B3anMHOe pacnosioxeHue OKpyKHOCTH
W OPSIMOU.

IIpumepbl TeOMETPUYIECKUX MECT TOUEK
Ha TUIOCKOCTH.

MeTo reoMeTpU4ECKIX MECT TOUEK
TP PEILIEHUN T€OMETPUUYECKUX 3a1a4

IIpakTuKyM: IPaKTUKO-OPUEHTHPOBAHHBIE 3a]]a41

Ha B3aMHOC PACIIOJIOKCHUEC OKPYKHOCTH U

IIPSIMOM.

CamocrosiTesibHOE OTKpbITHE: YyTO Takoe [ MT?

IIpakTuKyM™ 110 pemienuto 3aaad Ha IMT

OBILIEE KOJIMYECTBO
YACOB 1O TIPOI'PAMME

68

35



8 KJIACC

1 HEpaBEHCTBA

Onpenenenne paBHOCUIbHBIX YPABHEHUN.
[IpuMeHeHne CBOWCTB ypaBHEHUN C OJTHOU
nepeMeHHou. OnpeneneHrne KoJIn4ecTBa
JEUCTBUTENBHBIX KOPHEN KBaJAPATHOTO
ypaBHeHus. Pemienne ApoOHO-pariuOHaTBEHBIX
yYpaBHEHUH, CBOASIIMXCA K JIMHEUHBIM UJTU K
KBaJPaTHBIM YPABHEHUSIM, UCIIOJIb30BaHUE
METO/1a 3aMEHbI IEPEMEHHOM.

HaumeHnoBanue
Ne | paznesioB u TeM kypca | KoimvecTtBo ®opMma padoThI/XapaKTePUCTHKA
. IIporpamMmmHoe coep:xaHue
n/n BHEYPOYHOM 4acoB AeSITeJIbHOCTH 00y4aroIuXcst
NAeATEeJIbHOCTH
1 | Yucna v BIYUCICHUS 10 KBanpatublii kopeHb. Beimonnenue onepanuid | IIpakTUKyM 110 pelIeHUIO 3a/1a4: OT IPOCTOr0
(xBagpaTHbIC KOPHH, C UppalUOHAIbHBIMU YncIaMU. TOYHOCTH K CIIO)KHOMY.
MppalMOHAIIbHBIE npubIMXKeHNs uppauroHaibHoro uucia npu | MccaenoBareanckas padora. KBagpatHsie
4HClia, CTETICHH) peuienuu 3a1a4. OKpyrieHue KOPHH.
HMPPALMOHATIBHBIX YKCEN, IPUKUIKA
pe3yJibTaTa BEIYMCIICHUN.
2 | AnreOpamdeckue 4 JIpoOHO-palinoHabHbIE BHIPAKEHUS. IIpakTuKyM™ 10 penIeHuIo 3a/1a4: OT IPOCTOrO
BBIPAYKEHUS Crenenu. BrinogHeHue TOKIECTBEHHBIX K CJIO)KHOMY
peoOpa3oBaHUl paIMOHATBHBIX BEIPAKEHHM
3 | UeTbIpexyronbHUKH 8 [Tapannenorpamm, ero npu3Haku u cBoicTBa. | IIpakTHKyYM MO pelIeHUIO 3aa4: OT IPOCTOTO
[IpsimoyronpHUK, poMO, KBaIpaT, UX MPU3HAKU | K CIOKHOMY.
U CBOMCTBA. HccnenoBarenbckas padbora. 3HaKOMbIE
Tpaneuus. PaBHoOeapenHas Tpanemnus, eé HE3HAKOMBIE YEThIPEX YT OJIbHUKH
CBOMCTBA U IPU3HAKU
4 | YpaBHeHUs 12 KBagparHsle ypaBHEHUS. HccnenoBarenbcekas paboTa: paBHOCHIBHOCTD

U CIIC/ICTBUE.

IIpakTHKyM 110 PEIIEHUIO CIOKETHBIX 3ajad.
IIpakTHKyM™ 10 penIeHHIo 3a/1a4: OT IPOCTOrO

K CJIIO)KHOMY — ApOOHO-PAIllMOHAIbHbIE
YpaBHEHMUSL.

HccaenoBarenbekas padora (B TOM 4ucie

C MCII0JIb30BaHUEM «MAaTEMATUYECKUX ITAKETOBY):
rpaduyecKkasi HHTepIpeTalys ypaBHEHUH ¢ IByMs
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HaunmenoBanue

Ne | paznesioB u TeM kypca | KoiamvecTtBo ®opMma padoThI/XapaKTePUCTHKA
. IIporpammHuoe conep:xanmne
n/n BHEYPOYHOM 4acoB AeSITeIbHOCTH 00y4aroMXCs
NAeATEeJIbHOCTH
Pemrenune TeKCTOBBIX 3a7a4y areOpanyeckuM | IIEPEMEHHBIMHU.
CIocoOOM: IIEpexo/]l OT CIOBECHOM Gopmy- MopenupoBaHue pa3IMYHbIX CUTYyaLUI
JTUPOBKH YCIOBUS 33/1a4M K alredpandeckoi
MOJEJIN ITyTEM COCTABJICHUS! YPABHECHMS;
pelIeHre COCTaBIEHHOIO YPaBHEHNUS;
UHTEpIIpeTalysl pe3ysibTaTa.
I'paduueckas naTepIpeTavs ypaBHEHHN
C IByMsI IEPEMEHHBIMU
5 | LentpanbHo- 6 DopMyIUPOBKA ONPEIEIICHUS U J0Ka3a- CamocTosiTe/IbHOE OTKPBITHE: UTO TAKOE
CUMMETpPUYHbBIE TENBCTBO CBOMCTB LIEHTPAIbHO-CUMMETPUY- npeoOpa3oBaHue nmogoous’?
¢buryps. HBIX (UTyp. HccnenoBarenbekas padora (B TOM yucie
IIponopuuoHanbHbIE Cpennsist nuHuA TpeyroabHuka. CpenHss C UCIOJIb30BaHNUEM «MATEeMAaTUYECKUX MTAKETOBY):
orpesku. [Tonobue. JIMHUS TPaNeLyH. 410 Takoe ppakran?
[IpeoGpazoBanue Teopema @aneca. [IponopuuoHaabHbIE IIpakTUKyM 0 pEUIEHUIO 3a/1a4
noo0usi. oTpe3ku. Beenenue nouarus npeoOpa3zoBaHus
[Tmomaau. oA00uUs U MOAOOHBIX (PUTyp.
CooTHo1ieHus B MOA00HBIX (pUrypax.
3aaun Ha HAXOXKJEHUE TUIOLIAAH C
UCIOJIb30BaHNEM Pa30MEHHsI Ha YaCTH U
JocTpauBanue. Meron miomanen.
6 | Joxa3arenbcTBa 4 OneHnka 3HaYeHMs! BBIPa)KEHUS C UCTIOJb- IIpakTnyeckas padora: IOCTPOEHUE MOJENIEH —
HEPaBEHCTB 30BaHNEM HepaBeHCTB. [ [puMeHeHne CBOICTB | HEPABEHCTBO KaK MOJIENb PEAIbHOM CUTYalUH.

HEPaBEHCTB B XOJI€ pEIICHHUS 3a/1a4.
OnpeueneHHe PaBHOCUJIBHBIX HCPABCHCTB.
Jloka3aTenbCTBO HEPABEHCTB.

Pemennie TekCTOBBIX 3aau C TOMOUIbIO

CamocrosiTe/ibHOE OTKPBITHE. METO/IbI
JIOKa3aTelIbCcTBa HEPABEHCTB.
MarteMaTH4ecKoe COpeBHOBaHME — PEIICHUE
3a/1a4 pa3HbIMH METOJIAMH.
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HaunmenoBanue

Ne | paznesioB u TeM kypca | KoiamvecTtBo ®opMma padoThI/XapaKTePUCTHKA
. IIporpammHuoe conep:xanmne
n/n BHEYPOYHOM 4acoB AeATEeJbHOCTH 00y4aroIuXCs
JAeATeTbHOCTH
JIMHENHBIX HEPABEHCTB ¢ 0JIHOM niepeMenHoi. | MccaenoBarenbekasi padora: TMHEIHOE
HccenenoBanue MTMHEHHOTO HEPABEHCTBA HEPaBEHCTBO C OJIHOM IIEPEMEHHOM € TapaMeTpoOM
C OJTHOU MEPEMEHHOU C TTapaMETPOM
7 | llpsmoyronbHble 8 Teopema [Iudaropa u ee mpuMeHeHHE. IIpakTHKYM 110 pEeLIEHUIO TPAKTUKO-OPHUEH-
TPEYTOJIbHUKU Jloka3aTesbCTBO COOTHOLIEHUHN MEXIY TUPOBAHHBIX 33]1a4.
MIPONOPLUUOHAIBHBIMUA OTPE3KAMU B MPSMO- CamocTosiTe/IbHOE OTKPBITHE: YTO 5 3HAIO IPO
YTOJIbBHOM TPEYroJIbHUKE. IIPSIMOYTOJIBHBIN TPEYTOJIbHUK?
[IpuMeHeHne COOTHOIIEHU TPU PELLICHUN MartemaTH4ecKoe COpeBHOBAHME — PELICHNE
TFEOMETPUUYECKUX 3a7ad. 3a]1a4 pa3HbIMU METO/IaMHU
Tpuronomerpuyeckue GpyHKIUU B
MPSIMOYTOJIbHOM TPEYTOJIbHUKE.
8 | Oynkuun 2 [Touck obacT onpeseseHns 1 MHOXKECTBa HccnenoBarenbekas padora (B TOM yucie
3HaYEHUN QYHKIHHU. C UCIIOJIb30BAHNEM «MATEMAaTUYECKUX MTAKETOBY):
I'paduk Gpynkimm k/iX. DyHkuus Buaa uccienoBanue QyHKINH.
(ax + b)/(cx + d) CaMocTosiITeIbHOE OTKPbITHE: (YHKIIHS BUIA
(ax + b)/(cx + d)
9 | Yucna ¥ BBIYUCIEHUS: 4 DopMyIMPOBKA ONPEIEIICHUS JEITNMOCTH HccnenoBarenbckas padoTa: JeIUMOCTD.
JeTUMOCTh HaleJo, YHCel, CPABHUMBIX 110 JAHHOMY CamocTosiTeIbHOE OTKPbITHE: CPABHEHHE
MOJYJI0. BBITIOJTHEHME AETIEHUS C OCTATKOM. 1o Moayto. IIpoGaeMHBIH NPAKTHKYM:
Jloka3aTenbCcTBO M IPUMEHEHUE CBOMCTB pelIeHne 3a/1a4 Ha IIOUCK OCTaTKOB CYMMBI U
CpPaBHEHUH MO MOAYIIO. MIPOM3BEICHUS 0 MOAYNI0. MaTeMaTHnuyeckoe
HaxoxzaeHne ocTaTKOB CyMMBI U ITPOU3- COPEeBHOBAaHMe — PEILICHUE 33/1a4 Ha IETUMOCTb U
BEJICHUS 110 JAHHOMY MOJIYJIIO CPaBHEHHE 10 MOAYJIIO
10. | Briucanssle u 7 BrnivcaHHbIE ¥ IEHTPAJIbHBIE YTIIBI. IIpakTHKyM™ 10 penIeHuIo 3a1a4: OT IPOCTOrO

OIMCaHHBbIE
YETBIPEX YT OJIBHUKHU

VYTIbl MEXTy XOpJaMU U CEKYLTUMU.
Bnucanubie 1 onucaHHbIE
YETBIPEX YT OJIBHUKH.

B3anmHoe pacnosioxeHne IByX OKPYKHOCTEU

K CII0)KHOMY
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HaunmeHnoBanue
Ne | paznesioB u TeM kypca | KoiamvecTtBo ®opMma padoThI/XapaKTePUCTHKA
N IIporpammHoe coep:xaHue
n/m BHEYPOYHOM 4acoB JAesITeJIbHOCTH 00y4aIoIINXCs
IeSITeJIbHOCTH
11 | IloBTOpEHue, 3 BrinonHenue nccneaoBaTebCKoi padboTHI. HccaenoBarenbckas padora:
0000111eHMHE, Brinonnenue u 3anmra npoekta UeThIpeXyroJbHUKU U OKPY>KHOCTH
CHCTEMaTH3aIUs IIpoexT: YeThIpeXyTronbHUKU U OKPYKHOCTU
OBHIEE KOJIMYECTBO 68
YACOB 110 ITPOI'PAMME
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9KJIACC

HaumenoBanue
Ne | pa3nesioB u Tem kypca | KosuvecTBo ®opMma padoThI/XapaKTePUCTHKA
. IIporpammHuoe conep:xanmne
n/n BHEYPOYHOM 4acoB AeSITeIbHOCTH 00y4aroMXCcs
NAesAITeIbHOCTH
1 | YpaBHeHus 6 Pewienue ypaBHeHuii ¢ napameTpom CamocrosiTe/iIbHOE OTKPBITHE PEILICHHE

1 HEpaBEHCTBA C anredpanyeckuM METO/I0M. YpaBHEHHUH C TapaMeTpOM.

rnapaMmeTpom I'paduueckuii MeTO pelIeHns] ypaBHEHHH C IIpakTUKyMBI IO PELIEHUIO 3a]]a4: OT IPOCTOTO
rnapameTpom K CJIIO)KHOMY — IpOOHO-paIlMOHAaIbHbIE YPABHEHUS
I'paduueckas mHTEpIIpETAIUS PEIICHUS Y HEPaBEHCTBA C I1apaMETPOM.
ypaBHEHUS C AByMs NIepeMeHHbIMH U cucTeM | MceiienoBaresbckue padoThl: pelieHue 3a1a4
YpaBHEHUH C ABYMsI IEPEMEHHBIMH. C mapaMeTpaMu — anreOpandyeckuM MeTOI0M;
HccnenoBanue cUCTEM HETMHEMHBIX rpagu4IecKuM METOI0M (B TOM YHCIIe
ypaBHEHUH ¢ mapameTpoM. Pemnienue C HCTOJIb30BaHUEM «MATEMATHUYECKUX ITAKETOBY)
HEPABEHCTB C JIByMs IEPEMEHHBIMU U UX
CHCTEM

2 | Pemenne 6 DopMyIIBI IPUBEICHUS. IIpakTHKYMBI 10 pELICHUIO 3a/1a4.

TPEYrOJHLHUKOB Pemenne npakTudeckux 3agad ¢ UCIOJIb- MartemaTH4ecKoe COpeBHOBaHHUE — PEIICHUE
30BaHHUEM TEOPEMbI KOCUHYCOB U TEOPEMBI re€OMETPUUYECKUX/TTPAKTUKO-OPUEHTHPOBAHHBIX
CHHYCOB. 3aJ1a4 pa3HbIMH METO/IaMHU
®opwmyia ['epona. Dopmyrna miomagu
BBIITYKJIOTO YETHIPEXYTOJbHUKA.
CoOoTHOILIEHUS MEXKTY
TPUTOHOMETPUUECKUMHU (QYHKITUSIMHU.
[Ipocreiime GopmyIibl IPUBEIEHUS U3 T€O0-
METPUUYECKUX COOOpaKEeHUH.
Pemenue 3a1a4 ¢ UCIIOIB30BaHUEM TEOPEM
KOCHHYCOB M CHHYCOB, HaXOXKJICHUE paauyca
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HaumenoBanue
pa3/iesioB U TeM Kypca
BHEYPOYHOH
JAeATEIbHOCTH

KoanuectBo
4acoB

HpOFpﬁMMHOG CoacpkaHue

®opMma padoThI/XapaKTePUCTHKA
AesITeJIbHOCTH 00y4aroluXcst

OIHMCAaHHOMN OKPYKHOCTH

Anrebpanueckue
BBIPaXXCHUA

10

CreneHsb ¢ pallMOHAIbHBIM [10OKA3aTEIEM.
Onpenenenne KOpHs N-I CTENICHU U CTENIEHU
C PallMOHAJILHBIM I10Ka3aTEJIEM.
[IpumeHneHue onepanuu U3BJICYEHHUS KOPHS
N-i1 cTeneHu, UCIOJb3Ysl IPU HEOOXOJUMOCTH
KaJIbKYJISATOP.

Boruncnenue 3HaueHUs CTENEHH € paluo-
HAaJIbHBIM II0KA3aTeJIEM.

OreHka 3Ha4eHU KOpHS N-U CTENEHH,
3HAYECHUE CTEIICHU C palliOHAIBHBIM I10KA-
3aTeJIeEM LEJIBIMU YUCIIAMU U AECATUYHBIMU
JPOOSIMH.

CpaBHeHHE U yIOPs10UMBaHKUE PaIHO-
HaJIbHBIX U UPPALMOHAIIBHBIX YHCE,
3alIMCaHHBIX C TIOMOIIBIO KOPHS N-1 CTENEHH,
CTENEHU C PALIMOHAIIBHBIM MOKA3aTEIIEM.
BrInonHeHue ToXIeCTBEHHBIX NPeodpa3o-
BAHW BBIPAXKCHU, COAECPKAIIMX KOPEHB N-1
CTEIIEHU, CTENEHb C PALIMOHAJIbHBIM
[I0Ka3aTeIeM

IIpakTHKyM 10 penIeHHIo 3a/1a4: OT IPOCTOrO
K CJIOKHOMY.
MartemaTu4eckoe cOpeBHOBaHHE

OTpe3ku B OKpYKHOCTH

TeopeMbl 0 MPOU3BEIEHUH OTPEZKOB XOP/I,
TEOPEMBI O MPOU3BEACHUHN OTPE3KOB
CEeKYILUX, TeOpeMa 0 KBaJpaTe KacaTelbHO,
TeopeMbl UeBbl 1 MeHenas.

I/ICCHGHOBaHI/Ie, B TOM YHCJIC C IIOMOIIIBIO

CaMocTOfITeIbHOE OTKPbITHE (B TOM YHUCIIC

C UCIOJIb30BaHNEM «MATEeMaTUYECKUX MTAaKETOBY):
Teopembl UeBsl 1 MeHenas.

I[IpakTUKyM 10 PELIEHUIO 3a7a4.

IIpakTUKYM 10 TOCTPOCHUIO TUHAMUYECKUX
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HanmenoBanue

Ne | pa3pesnioB u Tem kypca | KosnunvecTBo ®opMma padoThI/XapaKTePUCTHKA
. IIporpammHoe coep:xaHue
n/m BHEYPOYHOM 4acoB JAesITeJIbHOCTH 00y4aIoIIHXCs
AeITeJIbHOCTH
U(POBBIX PECYPCOB, U3YIAEMBIX KOHPUTY- MOJIeJIel ¢ TOMOIIBIO MPOTPAMMHBIX CPEJICTB.
pauui. HccaenoBaresnbckasi padoTa ¢ IOMOIIBIO
[IpuMeHeHne JTaHHBIX TEOPEM TP PEIICHUN MIPOTrpaMMHBIX CPE/ICTB: TOMOTETHUSI U €€ CBOMCTBA
F€OMETPUUYECKHX 3a/1aY.
3HaKOMCTBO C HOHITHEM I'OMOTETHH, C €TO
MIPUMEHECHHUEM, B TOM YHCIIC B IPAKTUICCKUX
CUTYaIUsAX
5 OyHKIUU 7 [Tonstre «pyHKIUNY. HccaenoBaresbckas padora (B TOM yuciie

[TpumeneHne CBOWCTB (GYHKINN: HYIIH
(GyHKIUH, TPOMEXYTKH 3HAKOIOCTOSIHCTBA
(GyHKINHU, TPOMEXYTKH BO3pacTaHUS

1 yObIBaHUS (YHKIIMHU, YETHBIE U HEUETHbIE
¢GbyHKIIMHM, HauOoJIbIIIEe U HAUMEHbIIIEE
3HaueHus QYHKIUH NPU PEUICHUH 3a/1a4.
ITocTpoenue rpadukoB GyHKIUI C TOMOILBIO
npeoOpa3oBaHuil BUA:

f(x) =f(x) + a; f(x) = f(x + a); f(x) = kf(x),
fOx) =F( x 1), 1) = [f(x) |.

PacnioznaBanue cTeneHHbIX PyHKIUH

U ITOCTPOEHHE ICKU30B IPa(PUKOB CTENEHHBIX
(GyHKIMH C HATYpaJbHBIMU TOKA3aTEIIMU
pa3HOM YETHOCTH.

Hcnonb3oBanue cBOKCTB rpaukoB
CTETIEHHBIX (PYHKUUH C HATYpAIbHBIMU
IIOKa3aTeJsIMU IIPU PELICHUH 3a]1a4.

[Moctpoenue rpadukoB GyHKIMA Y = V/x,

C UCITIOJIB30BaAHHUEM «MATEMATHUYCCKUX HaKeTOB)))Z

[ToBenenue GpyHKIMU U ee rpaduka
B 3aBUCUMOCTH OT ITapaMeTpa.

IIpakTHKyMBI 110 PELIEHUIO 337a4: [IOCTPOECHUE

rpadukoB pyHKIHI y= VX, Y =3VX, ¥y = | X |;
C TIOMOIIIBIO TPe0Opa30BaHuii 1 IPOBEpPKa
C UCITOIb30BAHUEM MTPOTPAMMHBIX CPEJICTB
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HanmenoBanue

Ne | pa3pesnioB u Tem kypca | KosnunvecTBo ®opMma padoThI/XapaKTePUCTHKA
. IIporpammHoe coep:xaHue
n/n BHEYPOYHOM 4acoB AeSITeIbHOCTH 00y4aroMXCs
NeATeJIbHOCTH
y=3Vx,y=|x|
6 | Bexropsl. Meron 9 [TapanienbHOCTh U IEPIICHIUK YIS PHOCTD CamocTosiTe/ibHOE OTKPbITHE: KaK PELINUTh
KOOpAMHAT MPSAMBIX (4epe3 yrioBol Kod(OUIIUEHT). FEOMETPUYECKYIO 3aJ1a4y C IOMOILBIO arapara
Haxoxnenue nepeceyeHnii OKpyKHOCTEN anreopuI?
U NpsAMBIX B KoopauHaTax. @opmyna HccnenoBarenbckas padora (B TOM yucie
pacCTOsTHUS OT TOYKH JIO TPSIMOM. C HCIOIBb30BAaHUEM «MATEMATUYECKUX MAKETOBY):
[Inomane napamienorpaMma B KOOpAUHATaX, | pelIEHUE MPAKTUKO-OPUEHTUPOBAHHOW I€OMETPH-
MOHATHE 00 OPUEHTUPOBAHHOM IIOIIAIH. YeCcKOU 3aJ1a4l METOJI0M KOOP/AMHAT.
[IpuMeHeHnne MeTo1a KOOPIMHAT B MPAKTUKO- | MaTeMaTH4ecKoe COpeBHOBAHME — PEIIICHUE
OPUEHTUPOBAHHBIX TEOMETPUYECKUX 3a/layaX, | FEOMETPUYECKHUX 3a7a4 pa3HbIMU METOAaMHU
HCCIeA0BaHUE MPUITOKEHUS METO/1a
KOOPJAMHAT B BBIUHUCIUTEIBHON MaTeMaTHKe
1 UHPOpMAaTUKE
7 | [IpaBusbHBIE 6 [IpaBunbHBIE MHOTOYTOJIBHUKH, BhIunciieHne | CamMocTosiTe/IbHOEe OTKPbITHE: KaK HANTH
MHOT'OYTOJIbHUKH. UX 3JIEMEHTOB MIEPUMETP U TUIOMIA/Ib CIIOKHON (PUTYpHI?
OxpyKHOCTb U Brluucnenue nepuMeTpoB U Miomaaen IIpakTHKYM 10 PEIICHUIO 33/1a4 MOBBIIEHHOMN
MHOI'OYTOJIbHUKH. CJIOKHBIX (bl/ll"yp, BKJIFOYAIOUIUX DJIEMEHTHI CJIOXKHOCTH.
Kpyra
8 | Uucnosie 9 Omnpenenenue BUIOB nocieaoparensHocteil: | McciienoBareabckas padoTa: MoBeieHNE

IIOCJICOBATCIIBHOCTH U

IIPOrPECCUU

OrpaHHYEHHAas MOCIeI0BaTeILHOCTh, MOHO-
TOHHO Bo3pacTarorias (yObIBaromas)
ocJieIoBaTeIbHOCTh. [Ipencrapiienne
0ECKOHEUHBIX MEPUOTNIECKUX Ipobeii B BUIE
OOBIKHOBEHHBIX.

3HAKOMCTBO C IMOHSATHUEM CXOTUMOCTH
MOCIIEI0BATEIHLHOCTH, HAXOKICHUE CYMMBI

IIOCJIEI0BATEILHOCTEN — OT THIIOTE3BI 10 J10Ka-
3aTebCTBA.

JlucKyccusi Ha OCHOBE pelleHus 3a1aY:
asisiercs in MMMU ynuBepcanbHbIM?
CamocrositenbHoe oTkpbiTHEe: MMU — MeTont
JI0Ka3aTeNbCTBA: CyMMa YJICHOB IOCIIE0-
BaTEJIbHOCTH.
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HanmenoBanue

Ne | pa3pesnioB u Tem kypca | KosnunvecTBo ®opMma padoThI/XapaKTePUCTHKA
. IIporpammHoe conep:xanmne
n/n BHEYPOYHOM 4acoB AeSITeIbHOCTH 00y4aroMXCs
NAesAITeIbHOCTH

0OEeCKOHEYHO yOBIBaIOIICH FreOMETPUIECKOI IIpakTHKYM [0 pelIEeHUIO 3a/1a4:
nporpeccuu. [Ipumenenue merona JI0Ka3aTeJIbCTBO HEPABEHCTB U JJ0KA3aTEIbCTBO
MAaTeMaTUYECKON MHIIYKIIUU nenumoct MMU

9 JIBM>KEHUS TJIOCKOCTH 4 Hentpansuas cummerpus. LlentpansHo- HccaenoBarennbckas padora (B TOM 4nciie
cummMeTrpuuHbie purypsl. [loBopot. OceBast C MCNOJIb30BAaHUEM NPOTPAMMHBIX CPEJCTB):
cumMeTpusi. Urypbl, CHMMETPUYHbBIE KOMITO3UIUS ABUKEHUH.
OTHOCHUTEIILHO HEKOTOPOH OCH. CamocrosiTesibHOE OTKpPbITHE: (HOPMYIHPOBKA
[TapamiensHbII IEpEHOC. BBIBOJIOB O CBOMCTBAX KOMITO3UIIMI JIBUKEHUI.
[TonsiTHE NBM>KEHUS U €TO CBOMCTBA. IIpoekT: npeoOpazoBaHus (ABUKEHUS)
PaBenctBo duryp. B UCKYCCTBE
[IposiBneHUs CHMMETpPUU B IPUPO/IE,
KHUBOIMMCH, CKYJIBITYPE, APXUTEKTYpE.
Komnozunuu asmxennii (mpocreifimme
MIPUMEPBHI).
[IpuMeHeHue B pelieH Te€OMETPUIECKIX
3a1a4

10 | IloBTOpeHwme, 6 Pemrenne 3ama4, MILTIOCTPUPYIOIIMX CBSI3U IIpoexT: «IIpeobpazoBanus B UCKYCCTBE U

o0o0mieHue, MEX1y pa3InYHbIMU TEMaMH Kypca apXUTEKType»
cUCTEeMaTH3alus [ToBTOpEeHME, 0000ICHNE, CUCTEMATH3AITHS Hrorosas konpepenuusi: «Maremaruka — 310
Kypca KpacuBO»
OBLIEE KOJIMYECTBO 68

YACOB 10 TIPOI'PAMME
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