MHUHUCTEPCTBO NPOCBENIEHUS POCCUHCKOM ®EJEPAIIUU
MuHucTepcTBO 00pa30BaHHs U HAYKH ACTPaxaHCKOH 00J1acTu
HapumanoBCKHii MYHHIHNAALHBIH paiion

MKOY "COII n. Mupubrii"

PACCMOTPEHA COI'JTACOBAHA YTBEPXXJIEHA
PykoBoaurens MO EMI] 3amecturens aupekropa JIHpEKTOp MIKOJIBI
vy o YBP @
/'/Lé(/ /'} < / e lezuﬁ
K.A. CupaxennuHosa T.B. MensiHosa KX Vreranuesa
IIpoTokon Nel IIpotokon Nel Ipuka3 Ne289
oT «28» 08 2026T. oT «28» 08 2026T. oT«28» 08 2026 .

PABOYASI TIPOTPAMMA KYPCA BHEYPOUYHO JAEATEJILHOCTH
(ID 10826357)

«TpyaHbie BONPOCHI MaTEMATHKH

s obygarormxcs 9 kiacca

¢. Huxkonaeska 2026



HOACHUTEJBHASA 3AIIUCKA

OO0mas xapakTepucTUKa Kypca

Hacrosimas pabouass mnporpaMma Kypca BHEYPOUHOM JIE€ATEIbHOCTH
«TpynHble BOpockl MaTeMaTUKU. 7—9 Kiacch» pa3paboTaHa B COOTBETCTBUM C
TpeOoBaHUSIMHU (efepaTbHOr0 TOCYAapCTBEHHOTO0 00pa30BaTEIbHOrO CTaHIapTa
OCHOBHOTO o00miero ooOpazoBanus (gaee — PI'OC OOO) um HampaBieHa Ha
OpraHu3alyi0 00yYEeHUs MAaTEMATUYECKOMY COJIEPKaHUIO0, BBIXOASAIIEMY 3a PAMKH
®denepanbHOil paboyedl mporpaMmbl MO y4eOHOMY mpeamery «MaremaThkay
(6a30BBIN YPOBEHB) OCHOBHOTO 0011ero oopazoBanus (nanee — OPII), ¢ yuerom
MCITIOJIb30BAHUS BUJIOB JACSATEIHHOCTA 00YYAIOIUXCSl, OTJIMYHBIX OT YPOUHBIX.

IIpu pazpabomxe Ilpoepammsl yuumwvleanucs credyroujue OOKyMeHmbl:

— nucbMO MuHncTeperBa npocsenienus Poccniickon @enepanuu OT S5 U0
2022 1. Ne TB-1290/03 «O HampaBi€HUU METOJWYECKUX PEKOMEHAALMI» IO
OpraHu3allid BHEYPOUHOM JEATEIbHOCTH B PaMKax pealu3aluyd OOHOBIICHHBIX
(denepaibHbIX TOCYJIapCTBEHHBIX 00pa30BaTENbHBIX CTAaHAAPTOB HAYaJIbHOTO
OOIIIEro ¥ OCHOBHOI'O 00IIIETO 00pa30BaHUs;

— pacnopspkenue IIpaButenbctBa Poccuiickoit @enepanmuu ot 19 Hos0ps
2024 r. No 3333-p «O0 yTBep>KIEHUU KOMIUIEKCHOTO IUTaHA MEPONPUSITHI IO
MOBBIIICHUIO Ka4eCTBAa MATEMAaTHYECKOTO U €CTECTBEHHO-HAYYHOTO O0pa3oBaHUs
Ha niepuoa 10 2030 rogax.

AKTYyaJIbHOCTH Kypca

B ycnoBusx peanmmzanu TakoW CTPATETMYECKOW 3aayu, KaK IOCTHKEHUE
TEXHOJIOTMUECKOr0 CYBEPEHHUTETA CTPaHbl, IEpe]l MaTeMaTHYECKUM 00pa30oBaHUEM
B UHCII€ TJIABHBIX I[IOCTABJICHBI CIICAYIOIIME LEIU: Pa3BUTUE TBOPUYECKUX U
UCCIIEIOBATENbCKUX CIOCOOHOCTEH 00ydaromuxcsi, UX MOJIrOTOBKAa B IpoLecce
oOy4eHHs] MaTeMaTHKe K BBIOOpY mpodeccuii, CBsI3aHHBIX ¢ Pa3BUTHEM TOYHBIX U
€CTECTBEHHBIX HAyK M TEXHOJIOTMW. Kak BaXKHBI KOJWYECTBEHHBIN IMOKAa3aTEIb
MOBBIIICHNUS UHTEPECa K MAaTEMATUKE BBIIEISAETCA POCT KOJIMYECTBA BBITYCKHHUKOB,
BBIOMPAIOMIMX HAa TOCYJAPCTBEHHOW MTOTOBOM  aTTeCTAllMM HK3aMEH [0
MaTeMaTruKe Ha MPOGUILHOM YPOBHE.

OcBoenue mpennaraemMoil Ilporpammbl  cOCOOCTBYET TMOBBIIICHHIO Y
OOy4JaromMXcss YpOBHS MOTHBAllMU K W3YYCHHUIO MATEMaTHUKH, K MPOOJDKEHUIO
u3ydenus matematuk B 10—11 kimaccax Ha yriyOJeHHOM YPOBHE U OPHEHTHUPYET
Ha BBIOOp €AMHOrO TOCYAAPCTBEHHOIO 3K3aMeHa M0 MaTeMaThkKe NpOQUIBLHOTO
ypoBHs. Kpome Toro, ocBoenue mnpenaraemoro B IIporpamme copepskaHus
MO3BOJISIET PAaCHIMPUTh KPYr peliaeMblX MaTeMaTHYeCKHX 3ajJad 3a Cuer
BKJTFOUECHUS MPOOJIEMHBIX, HECTAaHIAPTHHIX 3a7a4, 3a/1a4d MPUKIATHOTO XapaKkTepa,
BBITIOJTHEHHSI HCCJIEIOBATENIbCKUX pPabOT, B TOM YHCIE C MEXIPEIMETHBIM



coJiepKaHUEM, U3YUYCHHS TIOTIOJHUTEIHLHBIX BOMPOCOB KaK TEOPETUIECKOTO, TaK H
MPaKTUYECKOTO XapaKTepa.

[Ipenycmotpennsie [IporpaMMoit BUJIbI AESITENBHOCTH — UHIUBUIyaJIbHAS U
rpynmnoBasi TPOEKTHass M MCCIENoBaTeNbCKasl JEATEIbHOCTh — CIOCOOCTBYIOT
Pa3BUTHIO TO3HABATEIBHBIX, PETYIATUBHBIX M KOMMYHUKATUBHBIX YMEHUU
oOyuaroruxcs. [IporpamMmma COOTBETCTBYET WHACE PACHIMPECHUS] TMPUKIATHON
HAIpPaBJIEHHOCTH Kypca MaTeMaTHKX Ha YPOBHE OCHOBHOTO OOIIero oOpa3oBaHUsI.
Peanuzammst Kypca CcmocoOCTBYeT BBISBICHUIO TaJaHTIUBBIX W OJIaPEHHBIX
0Oy4Jaronuxcs, MOAAePKKE UX TATAHTOB U PA3BUTHUIO CIIOCOOHOCTEM.

B OOJIBIIMHCTBE TeM Kypca npernoiaraeTcs BBITIOJIHEHUE
UCCIIeIOBATENbCKUX paboT. YueOHoe uccieloBaHre Mo MaTeMaThke B 7-9 kinaccax
IpenoaraeT mojaydeHne CyObeKTUBHO HOBOTO /ISl 00YYaromierocsi pe3yapraTa u
HampaBieHO Ha (OPMHPOBAHHME WCCIICAOBATEIbCKUX YMEHUH: BBIICIICHUC
poOJIeMbI, OpraHW3allisd M aHalW3 JaHHBIX, BBIABIDKEHUE THUIIOTE3HI, MPOBEPKA
TUTIOTE3bI, (OPMYJIMPOBAHWE BHIBOJAOB U TMPEACTaBICHUE pPE3yNbTaTOB Ha
rpaMOTHOM MaTeMaTudeckoM si3bike. [Iporpamma moxeT ObITH BoOCTpeOOBaHa
OOY4arOIIMMUCS, KOTOPbIE UMEIOT UHTEPEC K U3YUCHUIO MAaTEMaTUKU, TOTOBSITCS K
YYaCTHUIO B OJMMIIUAJaX MIKOJFHUKOB M0 MATEMATHKE U YTITyOJIEHHOMY U3YYEHHIO
MaTeMaTUKHU Ha YPOBHE CpeIHEro o0IIero oopa3oBaHusl.

Heab 1 3a1aun Kypca

Peanuzanusa BHEYpPOUHOUN NESATETBHOCTH SBISIETCA HEOTHEMIIEMOW YacCThIO
oOpa3oBaTeapLHOrO Mpollecca, obOecredruBasi B TOM YHUCJIE BO3MOXHOCTh
dbopmupoBaHus 00pa30BaTEIbHBIX MPOTPAMM PA3JIMYHOTO YPOBHS CIIONKHOCTH H
HAIPaBJICHHOCTU C Y4Y€TOM O0pa30oBaTeIbHBIX MOTPEOHOCTEH W CIOCOOHOCTEM
0Oy4JaroIIMXcs, BKIIOYask OJIApEHHBIX JACTEH.

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

3agaum Kypca:

1. TloBblllieHWE YypPOBHA MaTEeMaTHYECKOW TIOJATOTOBKH OOYYaromIuxcs,
pa3BUTHE YCTOMYMBOTO HHTEpPEca K yueOHOMY mpeaMeTy «MaremaTrkay.

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

3. VYrnyOnenue U 3akperuieHHMe 0a30BbIX 3HaHWM, (opMUpOoBaHME
YCTOWYMBBIX HABBIKOB PEIICHUS HECTAHIAPTHBIX M OJUMITHAHBIX 33]1a4, OCBOCHHE
HECTaHJAPTHHIX IMOIX0I0B U OPUTHHAIBHBIX PEIICHUH.



4. O3zHakoOMJIEHME C JONOJHUTEIbHBIMU  pa3JeilaMd MaTE€MAaTHKH,
BBIXO/ISIIIUMU 332 paMKH 0a30BOT0 Kypca.

5. Bocriuranue caMOCTOSITEIbBHOCTH, HACTOWYMBOCTH M OPTaHU30BAHHOCTH B
XO/I€ PEIlIeHUs CIOKHBIX 3a/1a4.

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

7. lloaroroBka oOy4aroIUXCSd K YYacTUIO B IIKOJIBHBIX, DPallOHHBIX,
TOPOJICKUX, PETHOHAIbHBIX, BCEPOCCHUICKHX OJMMIOMAAAaX, KOHKypcax H
COpPEBHOBAHMSIX [0 MaTEeMaTHKE.

8. IloBbllieHWE ypOBHS T'PAaMOTHOCTH B  OOJIACTH  HUCIIOJIb30BAHUS
«MaTEeMaTUYECKUX [AKETOB», OO0ECIEUMBAIOLIMX aBTOMATH3aLUIO IPOLECCOB
MOuCKa, aHanau3a, 0O0pabOTKH, co3daHus, mepenadu, dopmaiu3anuu (B BUJE
CTaTUYECKUX M JMHAMUYECKUX TpadHKOB, AMArpaMM U MPOYMUX BH3yaJIn3aluil
pE3yNbTATOB aHAIN3a U MATEMAaTUYECKUX 3aKOHOMEPHOCTEN) B Mpouecce yueOHon
NEeSATEIbHOCTH MPU U3YYEHUH MaTEMATHKHU.

9. Pa3BuTHE TBOpPYECKHUX CIIOCOOHOCTEW, TEOPETHUUECKOrO MBILIUICHHUS Ha
OCHOBE  HCHOJb30BaHUS  LUQPPOBBIX  HHCTPYMEHTOB (B TOM  4YHCIe
«MaTeMaTHYEeCKUX TaKeTOB») B OOJACTH MOJICIUPOBAHUS, HWMUTALUU U
UHTEpHpeTalui aOCTPAKTHBIX MAaTEMaTUYECKUX OOBEKTOB U 00pa3oB B BHUIE
pa3IMUHBIX BU3yaM3aluii (B TOM 4YHUCIE MPOCTPAHCTBEHHBIX OOBEKTOB).
[Iporpamma pa3zpaboTaHa ¢ y4yeToM pekoMmMeHJauu denepaibHOM padbouei
nporpaMmbl  BOCHHUTaHUSl. B 4YacTHOCTHM, OHA y4YWUTHIBa€T IICHXOJIOIO-
NeAarornyeckue OCOOEHHOCTH COOTBETCTBYIOIIEH  BO3PAaCTHOW  KaTeropuu
oOydJarommxcs.

Takum obpazom, peanuzayus Ilpocpammel coodelicmeyem NOLYYEHUIO
CeOyIouUx pe3yibmamos:

— JTOCTUKEHUE oOy4Jaronmmucs MJIaHUPYEMBIX JUYHOCTHBIX,
METaNpeAMETHBIX W NPEAMETHBIX pPEe3yJbTaTOB, B T. Y. COOTBETCTBYIOLIUX
yrayOJeHHOMY YPOBHIO U3YYEHUSI MAaTEMATUKH;

— pa3BUTHE JIMYHOCTU OOydarolmuxcs, (GOpMHUpPOBAHUIO U YIOBIETBOPEHUIO
UX COIMAJIbHO 3HAYMMBIX HHTEPECOB U MOTPEOHOCTEH;

— camopeanu3anus 0O0ydJarolmMXcsi 4Yepe3 ydacThe BO BHEYPOUHOM
NESATEIbHOCTH.

Mecto Kypca B 00pa3oBaTe/ibHOM Ipolecce

Bo ®I'OC OOO pns o0si3aTe’abHOr0 OO0y4YeHUs YTBEPKIEHBI JIBA YPOBHS
OCBOEHHMSI padOYMX MPOrpamMM [0 MaTeMaTuKe: 0a30BbIil U yriayOJeHHbIN, HaUnHAs
c 7 xnacca. ConepkaHue MporpaMMbl MO MarteMaTtuke (yriayOJeHHBIM YPOBEHB)
HANpaBJIEHO Ha YAOBJETBOPEHHE TMOBBIIICHHBIX 3allPOCOB  OOYyYaromMxcs,



cTpeMsanmxcs K Oosnee TriIyOOKOMY OCBOCHHMIO TMPEIMETHBIX pe3ylbTaToB.
[Iporpamma Kypca BHEYpOUYHOH JEATEIBHOCTH « TpyaHBIE BOIPOCHI MAaTEMATUKI
HalpaBJieHa Ha paclIMpeHNe 3HaHUI 00yJaroIuxcs 0 MaTeEMaTUKE JUIsl KIIacCOB C
00s13aTeIbHBIM 0a30BBIM YPOBHEM O0YUYEHHSI MAaTEMATHUKE.

Temarnueckoe  IUIAaHUPOBAHWE B  INPOrpaMMe  Kypca  BHEYPOUYHOU
neaTrenbHOCTH  «TpyaHble  BONPOCHI  MAaTEMAaTHKW»  COCTABICHO TakK, 4TO
pacrpeneneHue COAEpKaTelNbHbIX pas3feiioB B  HEM CHUHXPOHM3UPOBAHO C
oOs3aTeNPHONM ~ TIporpaMMoi  0a30BOro  ypoBHs. Peamusamust  comepskaHus
npearaeTcs B popmax, OTIMYHBIX OT ypouHbIX. CiieyeT OTMETUTD, YTO JaHHbBIN
KypC B OCHOBHOM INKOJI€ BBICTPAMBAECTCA HE TOJBKO HA PACIIUPEHUU
MaTEMaTHUYECKOI0 COJepKaHusl 0a30BOr0 YpOBHS, HO U Ha IMOBBILIEHUH YPOBHS
CJIO’)KHOCTH 3aa4, PEJIaracMbIX I PELICHUS.

Pabouas mporpamma Kypca BHEYpPOUHOU AESATENbHOCTU « TpyaHbIE BOIPOCHI
MaTeMaTUKW» IpEeJHa3HaYeHa U1 peanu3anuu B 7—9 Kiaccax M HalpaBJieHa Ha
JOCTH)KEHHE OOYYaIOIIMMUCS IUIAHUPYEMBbIX pe3ynbTaroB. llocienoBaTenbHOCTh
U3Y4YEHHs] TEM Kypca COBHIAAACT [0 BPEMEHM C HM3YyYEHHMEM Kypca MaTEMaTHKU
(anreOpsl U TEOMETPUM) OCHOBHOW IIKOJIBI 0a30BOrO0 YPOBHS, BCE TEMBI IIO
BO3MO>KHOCTH CHHXPOHM3UPOBAHBI C 0a30BBIM KypCOM MAaTE€MaTUKU IO KJIACCAM.
Tembl 1o anreOpe W TEOMETPUM YEPEAYIOTCS, YTO I03BOJIIET MAKCHMAJIbHO
NPUOJIM3UTH UX 10 BPEMEHU U3YUYEHHsI K OCBOCHHIO 0a30BOro Kypca.

[Tpu peanuzamuu [Iporpammel nepBast 3aja4a y4uTeNsl COCTOUT B TOM, YTOOBI
co3gaTb HEOOXOAMMBIE YCIOBUA Ui TPUOOPETEHUS M PA3BUTHUS yYMEHUH,
CBSA3aHHBIX C IIPOBEACHUEM UCCIIEAOBAaHUN HA MATEMAaTUYECKOM coaepKaHuu. s
perieHus 3Toi 3agaun B [Iporpamme 0603Hau€HO MeCTO U C(HOPMYITUPOBAHBI TEMBI
JUISL IPOBEJIEHUS UCCIIEA0BATEIBCKUX PadOT.

Bropas 3amaua yuurens mno peamusaunu [Iporpammblr  cBA3aHa C
BO3MOKHOCTBIO CO3/1aTh yCJIOBUA JIJIsi 0OpaOOTKHU UM MpeACTaBICHUsI HH(DOpMaun
HAay4YHOIO cojaepkaHus (B TOM 4YHCIE€ C MCIHOJIb30BaHUEM IU(PPOBBIX
WHCTPYMEHTOB) NPHU OpraHu3ali HHIWBHAYAJIbHOM W TPYNIOBOM MPOEKTHOM
NEATEIIBHOCTH.

Jnsg  ycrnemHou peanu3auuMyd  CLIEHAPUEB  IIPOEKTOB  PEKOMEHIYETCS
UCIIOJIb30BaTh IE€PCOHAJbHBIE KOMIIBIOTEPHl C YCTAHOBJICHHBIMH O(DHCHBIMU
IporpaMmMaMu M JOCTYNOM K ceT MHTepHeT (Kak MUHUMYM OJUH KOMITBIOTED IS
KQKJI0M rpymbl).

@opMbI  JAeSTENBHOCTH OOYYaIOMIMXCS MPeIycCMaTpPUBAIOT aKTUBHOCTb H
CaMOCTOATEIbHOCTh, COYETAIOT WHAMBUAYAJIbHYIO M TPYNIOBYIO padorTy,
OTJMYAIOTCA OT YPOUHBIX O0Jiee HIMPOKUM MCIOJIB30BaHUEM UCCIIEI0BATEIBCKOM U
IIPOEKTHOM  JEATEIBbHOCTH, PELIEHMEM  HECTAaHJApPTHBIX 3axad W Jp.



CTpyKTypHUpOBaHUE TEMATHYECKOro IJIaHUpOoBaHus B IIporpamme cOOTBETCTBYET
NOPSIIKY M3YyUEHHUs pa3elioB U TeM aireOpbl U T€OMETPUH B OCHOBHOM IIKOJIE U
TEM CcaMblM OOECHEYMBAET MPEEMCTBEHHOCTh YPOYHOM M  BHEYPOUYHOU
NEeSATETbHOCTH.

Peanuzamus [IporpamMmbl mpeamonaraeT coueTaHUE Ppa3IUYHBIX  (GopM
IpYyNIIOBOMl pabOThl (IUCKYCCHUS; MAaTEMaTHYECKOE COPEBHOBAHHUE; IMPAKTHKYM;
BBIOOp TEMbl TMPOEKTa, IUIAHHpPOBaHUWE pPabOT, paclpeAelieHHe poJieH,
B3aMMOOIICHKA TPU BBHIMIOJHEHUU TPYNINOBBIX MPOEKTOB M WCCIEAOBAaHUN) U
WHIUBUyaIbHON paboThl (BBIMOTHEHHE UHAUBUAYAJIBLHOTO UCCIEAOBAHMS, B TOM
YHUCJI€ C WCIOJb30BaHUEM LHUQPPOBBIX HMHCTPYMEHTOB; MPOBEICHHUE YCTHOTO
000OCHOBaHUS TIPU PEIICHUH HECTaHAAPTHBIX 3a/1a4, 3a/lay MOBBIIMICHHOTO YPOBHS
CIIOKHOCTH;, TIOCTPOEHHME MAaTEMaTUYECKUX MOJENIed, HUX HCCIEAOBAHMUE;
UHTEpHpETalrs  TOJYYECHHBIX  PE3yJbTaTOB NPH  PEIIEHWH  337a4  C
MEXKIPEIMETHBIM U TPAKTUYECKUM COJAEpKaHUEM; TIOMCK, WHTEpHpeTaus,
npeoOpa3oBaHue U PUMEHEHUE MaTeMaTU4eCKOn uHpopManuy;
CaMOCTOATENILHOE OTKPBITHE HOBOTO MaTemaTudeckoro ¢akrta). Mcmnonb3oBaHue
Takux (GopM pabOThl MOMOTaeT pa3BUBaTh y OOYYAIOMIMXCSA, C OJHOM CTOPOHBI,
HABBIKM BOCIPUITHS HOBOM MH(OpMAIIMU MPU pa3IUUHbIX HOopMax ee MmojIauu, a C
JPYrOil CTOPOHBI — AaKTUBHOCTh, CAMOCTOSITENIbBHOCTD U CIIOCOOHOCThH K TBOPYECTBY.
OcBoenne IIporpamMMbl AOKHO JOMOJHSATH W Pa3BUBATh 3HAHUS M YMEHHS
oOydaromuxcss B 00JacTM MaTeMaTUKHU, OPUEHTHPOBATh WX Ha OOydYeHHE B
CpelHEel IIKOoJieé B KjaccaxX, MNpeaycMaTpHUBAIOLIUX OCBOCHHE MAaTEMaTUKH Ha
yrayOJeHHOM YPOBHE, B YACTHOCTH TEXHOJIOTHYECKOro Mpoduis, a TakkKe
CIIOCOOCTBOBATH COIMATBHOMY (DOPMHUPOBAHUIO JIMYHOCTH O0YUYAIOIIIUXCS.

[Iporpamma Kypca paccuntana Ha 204 gaca B TeUeHUE TPeX JIeT OOyUYCHHUs B
7-9 xnaccax (68 4acoB B KaXKJOM KJIacce) MpU MPOBEACHUHU 3aHITHN OJUH pa3 B
HEJeNI0 MO0 2 aKaJeMMYEeCKMX Yaca KakJI0€ WIM JiBa pa3a B Hedemo 1o 1
aKaJeMUYecKkoMy vacy Kaxaoe. LlenmecooOpa3HbIM SBISIETCS YEPEIOBAHHUE TEM
3aHATHI ¢ anreOpanyecKuM U FTeOMETPUUYECKUM COACPKAHUEM.

B 3aBuCHMMOCTM OT KOHKPETHBIX YCIOBHM peanmusanuu [IporpamMmmer u
KOJIMYECTBA 00YyUalOIMUXCs AOMyCcKaeTcss (popMUpOBaHUE TPYIIT U3 00YUAIOIIUXCS
pa3HbBIX KJIacCOB B mpenenax opHou mnapamwienu. [Iporpamma Moxker
peann30BBIBATLCS 00pA30BATENILHON OpraHU3AIMEe CaMOCTOSTEIBLHO JMOO Ha
OCHOBE B3aUMOJECUCTBUSI C JIPyTMMU OpPraHU3ALMSIMH, OCYILIECTBIISIOUUMU
00pa3oBaTEIbHYIO JIEITEIHHOCTD.

[To ycMOTpEeHHIO YUHUTENsI HEKOTOPHIC 3aHSATHUSI MOTYT OBITh MCKJIFOUEHBI WU
3aMeHeHbl. Pekomenayercs BKIOUUTh B [IporpamMy pernoHabHbIA KOMIIOHEHT:
SKCKYpPCUU Ha MPEANpUsATUs, B PETHOHAIbHBIE MY3€H, BY3bl TEXHUYECKOU



HAIPaBJICHHOCTH JUIsl TIOBBIIIICHUS WHTEpeca OOYyYarommXxcsi K MPaKTUYECKOMY
U3YYEHUIO POQECcCcuil, CBI3aHHBIX C MAaTEMaTHUKOM.



COJIEP)KAHUE KYPCA BHEYPOUHOM JESATEJHbHOCTH
«TPYJAHBIE BOITPOCBI MATEMATHUKN»

7 KIIACC

DJieMeHThI ucTopur. O01mKe NOHATHA reoMeTpur. OCHOBHBIE (PUTYPBHI

Hctopusi BO3HUKHOBEHUS W pa3BuTus reomerpud. [loHsTHs: akcuoma,
TEOpEMa, CBOMCTBO, MPU3HAK, JOKA3aTEIbCTBO, OnpenaenecHue. HCTpyMEHThI s
W3MEPEHUN M TIOCTPOEHHM. B3aMMHOE pacloJIOKEHHE TOYEK Ha MPAMOM.
N3mepeHne [MHBI  OTpE3Ka, PACCTOSHHE MEXAYy TO4dkKamMu. B3auMHoe
pacnosio)keHue nOpsaMbIX. Jlomanad. Bwuasl siomaHbIX. JInuHAa  JIOMaHOW.
MmuoroyronsHuku. Ilepumerp MHOroyrosbHuka. lIoHATHE O BBIIYKIBIX U
HEBBIMYKJIBIX MHOTOYTOJIBHUKAX.

Yucaa u BpruuciaeHus. Jleaumocrs

[Tpuznaku nenumoctu: GOpMYIHpPOBKA W JIOKa3aTelbCcTBO. Perienue 3amad
MOBBIICHHOM  CJIOXXHOCTH HAa JICIUMOCTb. PellleHue CIHOKETHBIX — 3aJad
apu(PMETUIECKUM METOOM.

Hccnedosamenvckas paboma: NeIUMOCTb U €€ CBOMCTBA.

AJuiredOpanyecKue BbIPpaKEeHUA

CrerneHd, MHOrOWIEHbI, MpPeoOpa30BaHWE€ MHOTOWIECHOB, JIEUCTBHUS C
MHOro4wieHaMu. MHOrousieH cTaHmapTtHoro Buja. CreneHs MHorouseHa. KopHu
MHOroujieHa. HaxokneHue KopHEHM MHOrowieHa. J[oka3aTenbCTBO TOXKAECTB.
Pa3Hble MOAXO/bI K 10KA3aTEIBCTBY TOXKIECTB.

Hccnedosamenvckas paboma: Kak HalTH KOPEHb MHOTOUJIeHA?

Tpeyroasuuxku. [Ipu3zHaku paBeHCTBAa TPEYIr0JIbHUKOB

TpeyronbHuku. PaBHbIE TPEYroJbHUKUA B T€OMETPUUECKUX KOH(PUTYpAITUSIX.
[Ipu3Haku paBEHCTBA TPEYrOJbHUKOB. lIpH3HaKM paBeHCTBA MPSIMOYTOJBbHBIX
TPEyroJbHUKOB. [IepneHIuKynsip 1 HaKJIOHHAS.

YpaBHeHHS U CHCTEMBbI YPaBHECHUM

Jluneiinble ypaBHEHHST M UX cHcTeMbl. OmpenelieHHe 4YHclia KOpHEH
JVMHEMHOIO0 ypaBHEHUdA. PellleHue JIMHEWHBIX YpaBHEHUW, COAEPXKAIIUMX 3HAK
Moayns. PelieHue nMHENMHBIX ypaBHEHMM C mapaMmeTpamMu. Pemenne cucrem
JIMHEMHBIX YPABHEHUH Pa3HbIMU METOJAMHU.

HUccneoosamenvckas paboma: NVMHEHHBIE ypaBHEHUS, COAEpKallMe 3HAK
monyinsa. IloctpoeHus ¢ momMoIlIbl0 TUPKYJAss W JuHedkun OOOCHOBaHUS
MIPOCTEUIINX IIOCTPOCHUM, JTaIlbl 3a1a4d Ha [OCTPOCHUs, PELICHUE 3aJad Ha
IIOCTPOCHHUE UPKYJIEM U JIUHEUKOMU.

OceBasi cummeTpus



@urypsl ¢ oceBoM cuMMmeTpuen. lIpumepsl cuMMeTpuM B OKpPYKarOLIEM
MHUpE.

IIpoexm: cUMMETpUS B OKPYKAIOIIEM MUPE.

MHOroyroJibHUKHY H reOMeTpu4ecKre HEPABEHCTBA

CymMMa BHYTPEHHHX YIJIOB MHOTOYTOJIbHUKA M BHEIIHHUX YIJIOB BBIIYKJIOIO
MHOTOyToJbHUKA. COOTHOHIEHUSI MEXIYy CTOPOHAMHM W YIJIAMH TPEYrOJIbHHUKA.
HepaBenctBo TpeyronpHuka. HepaBenctBo o mnuHe nomaHou. HepaseHcTBO
MEXKy NEPIEHAUKYIIIPOM U HAKJIIOHHOW. PaccTostHue OT TOUKM 10 MPSAMOU.

Hccnedosamenvckas paboma: reoMeTpUIECKUE HEPABSHCTRA.

DOyHKIMHA

[Touck oOmacT ompeAeNeHUss M MHOXKECTBAa 3HAUYECHUH  (PYHKIMH.
Hcnonb3oBaHre pas3iuyHbIX CIOCO00B 3anmaHus (yHkuuu. Hcenonb3oBaHue
CBOMCTB (YyHKUMU i1 aHanu3a rpaduKoOB pEalbHBIX 3aBUCUMOCTEH (HYJIH
(yHKUIHH, TPOMEKYTKH 3HAKOMOCTOSHCTBA (PYHKIIUU, TPOMEKYTKHA BO3PACTAHUS U
yObIBaHMS (PYHKIIMHM, HAaNOOJIbIIEE U HAUMEHbIIEe 3HaueHus1 PyHkuun). ['paduxmu,
KyCOYHO-3a/laHHbIEe (DYHKIUU.

HUccneoosamenvckas paboma: cpaBHEHUE CBOUCTB QYHKIIUU U UX TPadUKOB
B 3aBUCUMOCTH OT I1ApaMETPOB.

I'eomeTpH4eckue MecTa TOYEK

B3anmHOEe  pacnosiokeHHEe ~— OKpPY)KHOCTM M npsamou.  IIpumeps
r€OMETPUYECKUX MECT TOYEK Ha IUIOCKOCTH. METO reOMEeTpUYECKUX MECT TOUEK
IIPU PEIIEHUU TEOMETPUUECKUX 3a/1a4.

8 KUIACC

Yucaa v BIYMCICHUSA

KBanparHelii KkOpeHb. DBpIinonHeHne omnepauuii ¢ HppalrOHAIBHBIMU
YUCIIAMH.

AJsiredOpanvecKue BbIPpAKEHUA

JpoOHO-paimoHaIbHbIE BBIPAKCHUS. Crenenu. Brinonnenue
TOXJIECTBEHHBIX MPE0OPA30BaHUIN PALIMOHATIBHBIX BHIPAKEHUM.

LlenTpajibHasi CHMMeETPUA

@opMyIMpOBKa ONPENEIICHUs W J0KA3aTEIbCTBO CBOMCTB ILIEHTPAJIbHO-
CUMMETpPUYHBIX (uryp. Jlenenue oTpe3ka Ha paBHbIE YaCTU C MOMOUIBIO [IUPKYJIS
u nuHeriku. WccnegoBaTenbekas padoTa: CBOWCTBA HEHTPATbHO-CUMMETPUYHBIX
duryp.

Ilpoexm: neHTpanbHasi CHMMETPHUS B OKPYKAIOIIEM MHUPE.

YeTbIpéxyroJibHUKH

[lapamnmenorpamm, €ro mNpu3HAKW W CBOWCTBAa. [IpsAMOyroiapHUK, pPoMoO,
KBaJpaT, UX MpHU3HaKu U cBoicTBa. Tpamenus. PaBHoOenpenHnas Tpameuus, eé



CBOICTBa U Npu3HaKku. CpelHsAsl TUHUS TPEYTOJIbHUKA U CPEIHSIS JIMHUS TPAIICLIUH.
CBolicTBa U NPU3HAKU CIELUATIBHBIX BUJIOB YETHIPEXYTOJIbHUKOB

Hccneoosamenvckas paboma: 3HaAKOMbIE U HE3HAKOMbBIE YETHIPEXYTOJIbHUKH.

YpaBHeHUs U HEPABEHCTBA

OmnpeneneHne paBHOCWIBHBIX ypaBHEHUU. [I[pumMeHeHne CBOMCTB ypaBHEHHMIA
C oJHOW mnepemeHHOM. OrmnpeneneHrue KOJIMYEeCTBA JEHCTBUTEIBHBIX KOpPHEH
KBaJIpaTHOTO  ypaBHEHHA. PemieHue  IpoOHO-pallMOHANBHBIX  YpPaBHEHHUH,
CBOJSIIMXCA K JIMHEWHBIM WJIM K KBaJpPAaTHBIM YpPAaBHEHUSM, MCIOJIb30BAHHE
METOJla 3aMEHbl IEpPEeMEHHOH. PeleHHMe TEKCTOBBIX 3a4ad aiaredpanyeckum
criocoboM: mepexoJ OT CJIOBECHOH (OpPMYIMPOBKM YCIOBHS 3aJayd K
anreOpandyeckodl  MOJENM  IIyTeM  COCTaBJIE€HMsSI  ypaBHEHHUS;  PEILIEHUE
COCTABJICHHOTO  ypaBHEHMs;  MHTeprpeTanuss  pe3yibrara. ['paduueckas
WHTEPHIPETALUs YPABHEHUN C ABYMSI IEPEMEHHBIMHU.

Pemenne cucteM ypaBHEHHH, B KOTOPBIX OJHO W3 YPaBHEHHUH HE SIBISACTCS
JUHENHBIM. ['paduueckas HHTEpHpeTaluss pelIeHus YpaBHEHUS C JBYyMs
IIEPEMEHHBIMM M CHUCTEM YypaBHEHUH C JByMsA NepeMEHHbIMH. PemeHue
HEJIMHEWHBIX HEPABEHCTB U UX CHUCTEM. PelleHne HepaBeHCTB, COAEpKALUX 3HAK
Monyiia. M3o0paxeHue penieHus HEpaBeHCTBA C OJHOM NMEPEMEHHONM M CHUCTEMBbI
HEPABEHCTB HA KOOPJMHATHOW IPSMOM, 3alIMCh PELICHHS C ITOMOIIBI0 CUMBOJIOB.
HepaBeHcTBO ¢ JOByMsl MepeMEHHbIMU. ['paduyeckuil METOH PpEIIeHUs CUCTEM
HEPABEHCTB C JBYMs IIEPEMEHHBIMU.

Hccneoosamenvckas paboma: paBHOCWIBHOCTD U CJIEJICTBHE.

Hccnedosamenvckas paboma: rpaduueckas HHTEpHpeTalus ypaBHEHHUH C
JBYMS IEPEMEHHBIMM.

Hccneoosamenvckas paboma: TpadUyeCKUd METOJ PCEIICHHS CHUCTEM
HEPABEHCTB C ABYMS IEPEMEHHBIMH.

IIpeoOpa3oBanue moaoodust

[IpeoOpazoBanue nogodus u nogoOHeie purypbsl. COOTHOUIEHUS B MOJOOHBIX
¢burypax.

Hccneoosamenvckas paboma: uto Takoe ppaxran’?

Jloka3aTe/ibCTBA HEPABEHCTB

OneHka 3HaYeHUs1 BBIPAKEHUS C UCIIOJIb30BAaHUEM HepaBeHCTB. [IpuMeHneHue
CBOMCTB HEPAaBEHCTB B XoJe€ pemeHus 3anad. OnpenencHue paBHOCHIBHBIX
HEpaBEHCTB. J|0Ka3aTenbCTBO HEPABEHCTB. Pemenne TeKCTOBBIX 3aa4 C TOMOIIBIO
JIMHEWHBIX HEPABEHCTB C OAHOU MEPEMEHHOM.

HUccneoosamenvckas paboma. TMHENHOE HEPABEHCTBO C OJHOM MEPEMEHHOU
C IapaMeTpoM.

IIpsiMoyroJibHbIE TPEYTOJbHUKH



Teopema Iludaropa u e€ npumeHeHUE MPHU PELUICHUN MPAKTHYECKUX 3a/1a4.
Jloka3aTenbCTBO COOTHOWIEHUWA MEXAY NPOMOPUUOHAIBHBIMUA OTpPE3KaMH B
NPSIMOYTOJIBHOM TpPEYTroJIbHUKE (BBICOTA, MPOBENEHHAST W3 BEPIIMHBI MPSIMOIO
yria; METpUYECKHUe COOTHOIIeHUus1). [IpuMeHeHne COOTHOIIEHW TpHU peuieHuu
T€OMETPUUECKUX  3aJady. |pUroHoMeTpuueckue (QYHKIUHM OCTPOTO  yria
IPSIMOYTOJIBHOT'O TPEYTroJIbHUKA (CHHYC, KOCUHYC, TAHI'€HC, KOTAHT'€HC). 3HAUEHUS
TpUTOHOMETpUUYeCKUX QyHKImMi s yriaoB 30°, 45°, 60°. Pemenune 3amay c
UCITOJIb30BAHUEM TPUTOHOMETPUYECKHUX (DYHKIIMIA.

Ilpaxmuxym: pemieHue NpakKTUKO-OPUEHTUPOBAHHBIX 3aa4.

Mamemamuueckoe copesHoganue: pelIEHNE 3aa4 pa3HbIMU METOJAMH.

DOyHKUIMHA

[Touck obOnacTu ompeneneHuss U MHOXECTBa 3HaueHUH (QyHkuuu. ['paduk
dbynkiun K/X. @yakus Buaa (ax + b)/(cx + d).

Yuciia 1 BBIYMCICHUS: 1€JTUMOCTD

@opMyIMpOBKA ONPEACIECHUSA NEIMMOCTH HALENIO, YUCEJ, CPAaBHUMBIX IIO
JAHHOMY MOJYJIt0. BpinonHeHue peneHuss ¢ ocTatkoM. Jlokas3aTenbcTBO H
IIPUMEHEHUE CBOMCTB CpPAaBHEHUM MO MOAYJr0. Haxo)kaeHue OoCcTaTkoB CyMMBI U
IIPOU3BEAECHUSA 110 TaHHOMY MOJYJIIO.

HUccnedosamenvckas paboma: NeIuMOCTb.

9 KJIACC

YpaBHeHHS U HEPABEHCTBA

bukBagpaTHble ypaBHEHUs. MeTonbl pPAaBHOCWIBHBIX MpeoOpa3oBaHUiA,
3aMeHbI TIEPEMEHHOM, TPaPUIECKOTO METO/1a MIPU PEUICHUU yYpaBHEHHM 3-U U 4-i
crerneHer. PemeHne HepaBeHCTB, coaepKalmux 3HaK Moayns. HepaBeHCTBO ¢
IByMsI TepeMeHHbIMH. lIpuMeHeHue rpaduueckoro Meroja pElIeHHUsS CHCTEM
HEPaBEHCTB C JBYMs NepeMeHHbIMU. Perienue ApoOHO-pallnOHAIbHBIX YpaBHEHUN
1 HepaBeHCTB. [TocTpoenue rpadukoB ypaBHEHHUIA, B TOM YHCIIE€ C UCIIOJIb30BAHUEM
uu(ppoBbIX pecypcoB. IIpuBOIUTH TpaduUUecKyr0 HMHTEPIPETALUIO pELICHUS
yYpaBHEHUS C IByMs [IEPEMEHHBIMU U CUCTEM YPABHEHHM C ABYMsI MEPEMEHHBIMHU.
HccnenoBaHnne CHCTEM HEIWHEWHBIX YpaBHEHUM C TnlapaMmeTpom. Pemenue
HEPABEHCTB C JBYMS IEPEMEHHBIMU U UX CUCTEM.

Hccnedosamenvckue pabomel: peuieHHe 3agad ¢ [apamMeTpamu  —
are0pandecKuM METOJIOM; TpauuecKuM METOIOM.

Pemienue TpeyrosibHUKOB

TeopemMa CHHYCOB M TeOpeMa KOCHHYCOB, WX NPUMEHEHUE MNPU PEIICHUU
TPEYTOJIbHUKOB u PAKTUYECKUX 3ajay. CooTtHoueHus MEXIY
TpUroHoMeTpuueckuMu (QyHkuusMu. Ilpocteitmme ¢Gopmynsl  NpUBEACHHUS,
BBIBOJMMBIE U3 TEOMETPUUECKUX cooOpakeHnil. HaxoxxieHne paguyca onMcaHHoON



OKPYXXHOCTH. @®opmyna  I'epona. @opmyna  IUIOIIAAA  BBIITYKJIOTO
YeThIPEXYTOJIbHUKA.

Ilpakmuxym: pelieHue TeOMETPUUYECKUX U IPAKTUKO-OPUEHTHUPOBAHHBIX
3aJ1a4 pa3HbIMH METO/IAMHU.

AJaredpanyeckne BbIpaKeHHUs

CreneHs ¢ palioHaIbHBIM TOKA3aTEIIEM.

Omnpenenenre KOpHA N-i CTENEHN U CTENEHH C PAIllHOHATBHBIM TTOKA3aTEIIEM.

[IpumeHneHue omepany W3BJICUEHUS KOPHS N-U CTENEeHH, UCHOIB3YS MIpU
HEOOXOJMMOCTHU KaJbKyJIATOp. Bbruncienne 3HaueHus: CTENEHU C palOHaIbHBIM
noka3areneM. OleHKa 3HAYEHUH KOpHsA N-M CTEneHW, 3Hau€HUE CTENEHU C
palMOHAJIbHBIM [OKA3aTelNeM LEJIbIMA YHUCIaMU U JECATUYHBIMU JPOOSIMHU.
CpaBHeHHE W YHOPSAOYMBAHHE pPAIMOHAIBHBIX M HPPANMOHAIBHBIX YHCE,
3alMCAaHHBIX C TIOMOUIBI0 KOpPHA N- CTEMEeHH, CTENEeHH C paloOHaJIbHBIM
nmokasareneM. BpIONHEHHE TOXACCTBEHHBIX MPEoOpa30oBaHU  BBIPAKECHUH,
COZEp KaIINX KOPEHb N-i CTENEHH, CTENIEHD C PAIllHOHATBHBIM MTOKA3aTEIIEM.

Iloxo0ue TpeyroibHNKOB

Teopembl 0 NPOU3BEACHUM OTPE3KOB XOpPJI, TEOPEMBI O IPOU3BEACHUU
OTPE3KOB CEKYINX, TEOpEMa O KBaJpaTe KacaTesbHOM, TeopeMbl UeBbl 1 MeHenasi.
HccnenoBanre, B TOM 4YHCIE€ C MNOMOUIBIO LHU(PPOBBIX PECYPCOB, H3Y4AEMBIX
KoHpurypanmii. [I[puMeHeHre MaHHBIX TEOpEeM MPHU PEIICHUH TeOMETPUUYECKUX
3aa4. 3HAKOMCTBO C MOHSITHEM TOMOTETHH, C €r0 MPUMEHEHHEM, B TOM YHCTIE B
MPAKTHYECKUX CUTYaIHsX.

Uccneoosamenvckas paboma (¢ UCTIOIB30BAHUEM MPOTPAMMHBIX CPEJICTB):
TOMOTETHS U €€ CBOMCTBA.

DOyHKUIMHA

[Tonsitue «dynkuus». IlpuMeHeHre CBOWCTB (PYHKIUW: HYJIH (PYHKIUH,
NPOMEXYTKA 3HAKOMOCTOSHCTBA (DYHKIHMM, TPOMEKYTKH BO3pACTaHHS U
yObIBaHMS (PYHKIMHU, YETHbIE U HEYETHbIC (DYHKIIMH, HAUOOJbIlIEe U HAUMEHbILIEEe
3HaueHud (GyHKUMM Tpu pemieHu 3aaad. Iloctpoenue rpadukoB (QyHKUIUN C
noMoIneio npeodpasoBanuii Buaa: f(xX) —f(X) + a; f(x) — f(x + a); f(x) — kf(x),
fO) —=f( x ), F6) — [ 1(x) |.

Pacno3naBanue creneHHbIX (YHKIUMHA MU TOCTPOEHUE SCKHU30B TpauKOB
CTETIEHHbIX (YHKIMM C HaTypajdbHBIMU IOKa3aTeNsIMA pa3HOM YETHOCTH.
Hcnonp3oBaHne CBOWCTB TpadUKOB CTEMEHHBIX (YHKIUHA C HaTypaldbHBIMU
TMOKa3aTe sIMH TIPH pelleHnH 3aaad. [loctpoerue rpadgukoB GyHKImA y= VX , y =
Ix, y=x|

Hccnedosamenvckas paboma: moBeAeHHEe QYHKIMM U ee Tpaduka B
3aBHCHMOCTH OT MapameTpa.



Metoa koopauHaT

[lapamnenbHOCTh M MEPHEHAMKYJISIPHOCTH TMPSIMBIX (Uepe3  yrioBo
K03 buLreHT).

HaxoxzaeHue mnepeceyeHuid OKPYKHOCTEM M MpSAMBIX B KOOpPAMHATAaX.
@opmyna paccTOAHUSA OT TOYKM IO MpsAMou. llnomans napamienorpamma B
KOOpJIMHATaxX, MOHATHE 00 OpPUEHTUPOBAHHOW Iutomiaau. IIpumeHenue merona
KOOpJIMHAT B  IPAKTUKO-OPHUEHTUPOBAHHBIX  TIEOMETPUYECKUX  3aJayax,
MCCIICIOBAHNUE IIPUIIOKEHHS METO1a KOOPAMHAT B BBIYMCIUTEIBHON MATEMATHUKE U
nHpopMaTHKe.

Hccneoosamenvckas  paboma:  pellleHWE  MPAKTUKO-OPUEHTUPOBAHHOM
reOMETPUYECKOM 3a1a4d METOIOM KOOPAUHAT.

IIpaBwibHbIEe MHOTOYTO0JILHUKH. OKPY/KHOCTH 1 MHOTOYT'0JIbHUKH

[ToHsiTHE TPaBWIBHOTO MHOTOYTrOJbHUKA. @OpMyNbl ISl BBIYUCICHUA
AJIEMEHTOB TPABUIbHBIX MHOTOYTOJBHUKOB (CTOPOHA, paauyC BIHCAHHOU U
ONMHMCAHHOW OKpY>KHOCTEH). BbIBOA (OopMyn AJIMHBI OKPYXHOCTH M IUIOUIAJH
Kpyra. [lnvHa Ayru OKpy»KHOCTH, paavaHHas Mepa yria. [lnomans kpyra u
IUIONIAJb KPYrOBOI'O CEKTOpa. BpluncieHne nepuMeTpOB U IUIOMIAJIEN CIOKHBIX
buryp, BKIIOYAIOIINX HIEMEHTBI KpyTa.

CamocmosimenvrHoe omkpbimue. KaK HAUTH MEPUMETP U IUIOMIAAb CIOKHOU
¢burypsi?

Ilpaxmuxym: penmieHne 3aaa4 NOBBIILICHHONW CIIOKHOCTH.

YucsioBbIe MOCIE10BATEILHOCTH U MPOrPeccum

Onpenenenue BUJIOB MIOCJIEIOBATENBLHOCTEM: OTpaHUYECHHAs
IIOCJIEIOBATEIBHOCTb, MOHOTOHHO BO3pacTaromas (yObIBaromas)
nocieaoBaTeabHOCTh. [IpencTaBieHne OECKOHEUHBIX NEPUOAUYECKUX Jpobeil B
BUJIE OOBIKHOBEHHBIX. 3HAKOMCTBO c MTOHATUEM CXOAUMOCTH
MOCJIEOBATEIILHOCTH, HaXO0KIEHUE CyMMBI OECKOHEYHO yOBIBaIOIICH
reoMeTpUIECKoM nporpeccu. [[pumenenrne MeTo1a MaTeEMaTUYECKOW HHAYKIUH.

Hccneoosamenvckas paboma: TOBEACHUE TMOCIEIOBATEILHOCTEH — OT
TUIIOTE3bI A0 10KA3aTEIbCTBA.

JIBHKEHMSI TIIIOCKOCTH

[lenTpanpHas cummerpus. llenTpanbHO-cuMmMmeTpudHbie Gurypsl. [ToBoporT.
OceBast cummetpusi. OUTypbl, CUMMETPUYHBIE OTHOCHTEIBHO HEKOTOPOW OCH.
[TapannensHbiii nepeHoc. [loHsaTue ABUX)eHUsI U ero cBoicTBa. PaBeHCTBO duryp.
[IposBiaeHUsT CUMMETPUM B MPUPOJEC, KUBOIMCHU, CKYJIBITYpE, apXHUTEKTYpE.
Komno3unmu naBmwxeHuit (mpocteime mnpumepsl). llpruMmeHeHue B pelieHUU
r€OMETPUYECKUX 3a/1a4.



Hccneoosamenvckas paboma (c ucnonwb3o8anuem NpoSPAMMHbBIX CPEOCmS).
KOMITO3UIIMSI IBH>KEHUM.



INJIAHUPYEMBIE OBPA30BATEJIBHBIE PE3YJIBTATBI

JIMYHOCTHBIE PE3YJIBTATHI

1) nampuomuuecxkoeo 6ocnumanus:

- NpOsABIEHUE HWHTEpeca K NPOLLIOMY M HACTOSAIIEMY POCCHUHCKOU
MaTeMaTHKHU;

- ILIEHHOCTHOE OTHOIIEHHE K JIOCTHKEHHUSIM POCCUMCKUX MAaTeMAaTHKOB H
POCCHIICKON MaTeMaTU4YeCKOM UIKOJIbI, K HMCIOJb30BAHUIO ATUX JOCTHUKEHUN B
JIPYTUX HayKax U MPUKIAJHbIX cepax;

2) epaxcoanckoeo u 0yX068HO-HPABCMBEHHO20 80CNUMAHUSL:

TOTOBHOCTH K BBIMIOJIHEHUIO OOSI3aHHOCTEH TpakIaHWHA M peaTu3allifl €ro
npaB;, TPEACTaBICHWE O MaTeMAaTUYECKUX OCHOBaX (DyHKIMOHUPOBAHUS
pa3IMYHBIX CTPYKTYD, SBICHHUH, MPOIEAYp TPa)XITaHCKOTO OOIIeCcTBa (Hampumep,
BBIOOPBI, ONMPOCHI), TOTOBHOCTh K 00CYKJIEHUIO 3TUYECKUX IPOOJIEM, CBSI3aHHBIX C
OPAKTUUECKUM [PUMEHEHHEM JOCTHKEHMM HayKd; OCO3HAaHUE BaXXHOCTHU
MOpPaIbHO-3TUUECKUX MPUHIUIIOB B JIEATEIbHOCTH YUEHOI'O;

3) mpyoosoco 6ocnumaHusi; yCTAaHOBKA Ha aKTHMBHOE y4acTHE B pEIICHUU
NPAKTHUYECKUX 3a/lad MaTEeMaTHUeCKON HAIpaBIIEHHOCTH; OCO3HAHUE BaXKHOCTHU
MaTEeMaTHYECKOTO OOpa30oBaHMs HAa MPOTSHKEHUU BCEH JKU3HH IS YCIHEITHON
npo(EeCCUOHANIBHON  JI€ATEIbHOCTH M Pa3BUTHE HEOOXOOUMBIX  yYMEHUI;
OCO3HAHHBINA BBIOOP M TOCTPOSHUE MHAWBUIYATLHOW TPACKTOPUU OOpa30BaHUS H
KU3HEHHBIX IIJJAHOB C YY€TOM JIMYHBIX HHTEPECOB U  OOIIECTBEHHBIX
MOTPEOHOCTEH;

4) acmemuueckoeo ocnumanus. ClIOCOOHOCTb K SMOIIMOHATBHOMY
U OCTETHYECKOMY BOCTIPHUATHIO MATEeMAaTUYECKUX OOBEKTOB, 3a1ad, PELICHHH,
paccyXJIeHU; yMEHHE BUJIETh MAaTEMaTHIECKUE 3aKOHOMEPHOCTH B UCKYCCTBE;

5) yenHocmu HayyHo20 NO3HAHUA: OPHUEHTAIUS B JCSATEIBHOCTH Ha
COBPEMEHHYIO CHCTEMY Hay4YHBIX MPEACTABICHUI 00 OCHOBHBIX 3aKOHOMEPHOCTSIX
pa3BUTHUS YETIOBEKa, MPUPOABI U OOLIECTBa; MOHUMaHHE MaTEMaTHUYEeCKONW HAayKd
KaK cepbl 4eI0BEYECKON JIeATEIbHOCTH, STAllOB €€ Pa3BUTUS U 3HAUMMOCTH IS
pa3BUTUSl UUBUJIN3AIMHU; OBJIAZICHUE S3bIKOM MaTeMaTUKHM U MaTeMaTH4YeCKOU
KyJIbTypOH Kak CpEACTBOM  TMO3HAHUS  MHpa; OBJAJEHHUE  HABBIKAMHU
UCCIIeIOBATENLCKOM NeATEeIbHOCTH;

6) ¢uzuueckoeo eocnumarus, GopMUpoBanus KyIbmypsbl 300p06bs WU
OMOILIMOHAIILHOTO  OJIaromoiy4usi: TOTOBHOCTh NPHUMEHATH MaTeMaTHYECKHe
3HaHWS B MHTEpecax CBOETO 3/0pOBBS, BEACHMS 3A0pPOBOro o0Opa3a KU3HU
(310poBOE MUTaHUE, COATAHCUPOBAHHBIA PEXKHUM 3aHATUN U OTAbIXa, PETYJspHAs



¢usnyeckas akKTHUBHOCTH), C(POPMUPOBAHHOCTh HaBbIKa pediekcuu, MpU3HaAHHUE
CBOETO IpaBa Ha OLIMOKY M TAKOTO K€ MpaBa JPyroro 4eaoBeKa;

7)  9Kon02U4eCcKoeo  60CNUMAHUA: ~ OPHUEHTAllMsl HAa  IPUMEHEHUE
MaTeMaTUYeCKUX 3HAHWM i1 pemieHus 3ajad B 00JIaCTU  COXPaHHOCTH
OKpYXaIomel Cpepl, IUTAHUPOBAHWE TIOCTYNKOB M OIICHKA HMX BO3MOXKHBIX
MOCJICICTBUMA JIJIT  OKPY’XKAIOIICH Cpenbl; OCO3HAHWE TJIOOATBHOTO XapakTepa
AKOJIOTHYECKUX MPOOJIEM U MTyTeH MX PEIICHHUS,

8) adanmayuu K U3MEHAIOWUMCS YCIIOBUAM COYUAILHOU U NPUPOOHOU CPEObL:

TOTOBHOCTh K JEHCTBUSM B YCIOBHUSX HEOIMPEAETICHHOCTH, MOBBIIICHUIO
YPOBHSI CBOEH KOMIIETEHTHOCTH Yepe3 MPAKTUUECKYIO JeATEIbHOCTh, B TOM YHUCIIE
YMEHUE YUYUThCA Yy APYTHX JIOJeH, MpUoOpeTaTb B COBMECTHOM JESTEIHHOCTU
HOBBIC 3HAHWS, HABBIKK W KOMICTCHIIMM W3 OIBITa APYTHX; HEOOXOIUMOCTh
dbopMHpoBaTh HOBBIE 3HAHUSA, (HOPMYJIMPOBATH WIEH, NOHATHS, TUNOTE3bI 00
00BEKTax W SBJICHUSAX, B TOM UYHCJIC paHEEe HE M3BECTHBIX, 0CO3HABATH JAC(UITUTHI
COOCTBCHHBIX 3HAaHWUH W KOMIIETEHTHOCTEH, IUTAHMPOBATH CBOEC Pa3BUTHC,
CIIOCOOHOCTh OCO3HABaTh CTPECCOBYIO CHUTYAIIMIO, BOCHPUHUMATh CTPECCOBYIO
CUTYallMI0 KaK BbI30B, TPEOYIOUUNA KOHTpPMEpP, KOPPEKTUPOBATh MPUHUMAEMBbIC
peleHuss U JehcTBUA, (QOPMYJIUpPOBATH W OIEHUBATH PUCKU W TOCIEICTBUS,
(GhopMUPOBATH OIIBIT;

9) 6ocnumanus UHGOPMAYUOHHOU KYTbMYPbL:

MPOSIBJICHHE WHTEpeca K HWCIOIb30BAHUIO ITU(GPOBBIX TEXHOJIOTHUH IS
ONTUMHU3AIMK TIPOIIECCOB TOWMCKA, aHalinu3a, 00pabOTKH, CO3[aHusd, Mepeaadu
MaTeMaTH4YeCKOW MH(pOpMAaIuu M BU3YyaTH3alldidi MaTeMaTHYCCKUX OOOOIICHUN U
pE3yNIbTaTOB aHANIW3a; TOTOBHOCTh K HCIIOJNB30BAHUIO IU(GPOBBIX WHCTPYMEHTOB
JUISL  BBITIOJIHEHHUS Y4€OHOW NESITENbHOCTH TMPU  HM3YYCHHH MaTE€MAaTUKH;
CIIOCOOHOCTh MPUMEHSTH ITU(GPOBBIE UHCTPYMEHTHI B YCIIOBUSX peaU3alMi Mep
0 TPEIYNPEKICHUIO BO3MOXHBIX HETAaTUBHBIX TOCICACTBUA AaKTUBHOTO U
CHUCTEMATHICCKOTO PUMEHEHUS ITU(POBBIX TEXHOJIOTUH B yUSOHBIX IETIAX.

METANIPEAMETHBIE PE3YJIBTATbHI

1. Ilo3HaBaTe/ibHbIE YHUBEPCAJbHbIE Yy4eOHbIE JeliCTBUS

1) Baszosvie nocuyeckue Oeticmeust:

BBISIBIIATh M XapaKTePU30BaTh CYIIECTBEHHBIC MPHU3HAKH MATEMaTHYECKUX
OOBEKTOB, TIOHSTHI, OTHOIIEHUH MEXIy TMOHATUAMH, (OPMYIUPOBATH
OTIpe/ICIICHNS TIOHATHH, YCTAaHABIMBAThL CYIICCTBEHHBIN MPU3HAK KIIACCHU(UKAIUH,
OCHOBaHMSI JIJ1s1 0000IIICHHS M CPAaBHEHHSI, KPUTEPUH TTPOBOIMMOTO aHAJIN3a;

BOCIIpUHUMATh,  (opMymupoBaTh M  NPEOOpPa3OBBIBATh  CYXKJICHHS:
YTBEPAUTEIbHBIE U OTPUIATEbHBIC, EAMHUYHBIC, YACTHBIE U OOIINE, YCIOBHBIC;



BBISIBJISITH MaTEMaTHUECKHE 3aKOHOMEPHOCTH, B3aUMOCBSI3H U TPOTUBOPEUUS
B (pakrTax, JaHHBIX, HAOJIONCHUSIX U YTBEPKACHUSX, MpEiaraTb KpUTEPUU IS
BBISIBJICHUSI 3aKOHOMEPHOCTEHN U MPOTUBOPEUUNI;

JienaTh BBIBOABI C HCIOJB30BAHUEM 3aKOHOB JIOTHKH, JIETYKTUBHBIX U
WHAYKTUBHBIX YMO3aKIIOUCHHUH, yMO3aKIIOUEHUH TI0 aHAJIOTHH;

pa3dupaTh J0Ka3aTeabCTBA MATEMATUYECKUX YTBEPKACHUU (TMpSMbIE U OT
IPOTUBHOTO), TMPOBOJUTH CaMOCTOATEIBHO JI0KA3aTE€IhCTBA MaTEMaTHYECKHX
(GbakToB, BBICTpPAWBaTh ApTyMEHTAIIMIO, MPUBOJAWTH MPUMEPHI U KOHTPIPHUMEPHI,
OPUMEHSATh METOJ] MaTeMaTU4YeCKOM WHIYKIHUHU, OOOCHOBBIBATH COOCTBEHHbIE
paccyXJ1eHus;

BBIOMpATh CMoco0 pemieHuss y4eOHOW 3amaun  (CpaBHUBATH HECKOJIBKO
BAPUMAHTOB  pEIICHUSA, BbIOMpAaTh HauOoyiee MOAXOAAIIMA C  y4eTOM
CaMOCTOSITENTFHO BBIJICIEHHBIX KPUTEPHUEB).

2) Bazosvie uccnedosamenvckue Oeticmseusi.

UCIIONb30BaTh BOMPOCHI KakK HCCIEAOBATEIBCKUNA WHCTPYMEHT TO3HAHHS,
dopMynupoBaTh  BONPOCH,  (DUKCHpYIOIIME  MPOTHBOpEUHE,  MpoOieMy,
CaMOCTOATENILHO YCTaHaBIIMBaTh MCKOMOE U JaHHOE, (hOopMUpOBATH THUIIOTE3Y,
apryMEHTUPOBATH CBOIO MO3UIIMIO, MHEHUE;

IPOBOJUTH IO CAMOCTOSITEIFHO COCTABJIGHHOMY IUIaHY JKCIEPHMEHT,
UCCJICIOBAaHUE TI0 YCTAaHOBIIEHHIO OCOOCHHOCTEH MaTeMaTUYECKOTO OOBEKTa,
3aBUCUMOCTEN 00OBEKTOB MEXIY COOOM;

CaMOCTOSITeNILHO (HOpPMYJIMpPOBaTh OOOOIIEHUS U BBIBOJBI IO pe3ysibTaTaM
OPOBEJCHHOIO  HAOMIOACHMS, HCCIEAOBAaHUSA, OKCIIEPUMEHTa, OLIEHUBATh
JIOCTOBEPHOCThH MOJIYUYEHHBIX PE3YJIbTaTOB, BBIBOJAOB U 0000IIEHUI;

MPOTHO3UPOBATh BO3MOXKHOE pa3BUTHE TIPOIECCa, a TaKXKe BBIIBUTATH
MPEATNOJIOKEHUS O €r0 Pa3BUTHUN B HOBBIX YCIIOBHUSIX.

3) Paboma c ungpopmayueti:

BBISIBIIATH HEJAOCTATOYHOCTh W M30BITOYHOCTH HMHGOPMANWH, JaHHBIX,
HEOOXOUMBIX JIJISl peUIeHUs 3a1a4u;

BBIOWpATh, aHAJM3UPOBATh, CHUCTEMATU3UPOBATH U HWHTEPIPETUPOBATH
uH(OPMAITUIO PA3TUYHBIX BUIOB B (JOPM IIPEICTABIICHUS,

BEIOWpaTh (opMy mpenctaBieHuss UWHOOPMAIMUM W WLTIOCTPUPOBATH
perraemMbie 3a/1a4u CXeMaMu, TuarpaMMaMu, HHOU rpauKoi U MX KOMOWHAIIUSIMU,

OIICHMBATh HAAC)KHOCTh MH(POPMAIIUU MO KPUTEPHIM, TPEII0KESHHBIM WU
c(hOopMyITMPOBAHHBIM CAMOCTOSITETIHHO.

2. KomMyHHKaTHBHbIC YHUBEPCAJIbHbIC y4eOHbIe 1eiiCTBUA:

BOCIIPUHUMATH U (OPMYJIUPOBATH CYKICHHS B COOTBETCTBUU C YCIOBUSIMU H
HeNsIMA  OOIIEHUs], SCHO, TOYHO, I'PAaMOTHO BBIpAXXaThb CBOIO TOYKY 3pPEHHS B



YCTHBIX M NMUCBMEHHBIX TEKCTaX, JAaBaTh MOSICHEHUS IO XOJy pPEUIEHUs 3a/ayH,
KOMMEHTHPOBATh MOITYYEHHBIN pe3yibTarT;

B X0/€ 00CYXXJI€HUS 3a/aBaTh BOIPOCHI IO CYLIECTBY OOCYKJIa€MOM TEMBI,
npo0JieMbl, pelmaeMol 3aJaud, BBICKA3bIBaTh MWJIEH, HALCJICHHbIE Ha IIOMCK
pELICHUs], COIMOCTABIATh CBOM CYXKIEHUS C CYXKICHUAMH JPYTUX YYaCTHUKOB
nuanora, oOHapy»XUBaTh Pa3IMYUEe U CXOACTBO IMO3WIMH, B KOPPEKTHOH ¢opme
dbopMynTupoBaTh pa3HOTIACHS, CBOM BO3PAKCHHUS,

NPEACTABIIATh PE3YJIbTAThl PELICHUS 3a/1ayd, SKCIIEPUMEHTA, UCCIEI0BaHuS,
IPOEKTa, CaMOCTOSATENBbHO BBIOMpPATh (QopMaT BBICTYIUIEHHS C Y4YeTOM 3ajad
IPE3EHTALUN U OCOOEHHOCTEN ayIUTOPUH;

IIOHUMAaTh M HCIIOJIb30BaTh MPEUMYILECTBA KOMAHIHON M WHIWBUAYaJIbHOU
paboThl MpU pEIIEHUWH YYEOHBIX MaTEeMaTUYECKUX 3aJad, NPUHUMATh LEJb
COBMECTHOM JEATENbHOCTH, IUIAHUPOBATh OPraHU3alUI0 COBMECTHOM paloTHI,
pacnpenensaTh BUIbI padOT, JAOroBapHBaThCs, OOCYKJaTh MPOLECC U PE3yJIbTaT
paboThI, 00001IaTh MHEHUSI HECKOJIBKUX JTHOJICH;

y4acTBOBaTh B IPyNmoBbIX ¢opMax padoThl (0OCykaeHus, 0OMEH MHEHUH,
«MO3TOBBIE ILITYPMbD» M HHBIE); BBIIOJHATH CBOKO 4YacTb pabOTHl U
KOOPJIMHHPOBATh CBOM JCHCTBUS C JIPYrMMHU YJE€HAMH KOMAaH[bl, OLICHHBATh
KauecTBO pe3yJbTaTa M KAaueCTBO CBOEro BKJIaJa B OOIIMH pe3yibTaT 0
KpUTEpHUsIM, CHOPMYITUPOBAHHBIM YYaCTHUKAMU B3aUMOJICHCTBHUS.

3. PeryisiTuBHBIC YHHMBEpPCaJIbHbIC y4eOHbIE 1eCTBUA

1) Camoopeanuzayus:

BBISIBJIAITH MPOOJIEMBI JJISl PEIICHUs] B JKU3HEHHBIX M YUYEOHBIX CHUTYyalUsX,
OPUEHTUPOBATHCS B PA3IMYHBIX MTOAXOAAX MPUHATHS PEIICHUN (MHAMBUAYAJIbHOE,
IPYIIIOBOE);

CaMOCTOATENIBHO COCTABJIATH IUIAH, aJrOPUTM pELICHUS 3aJadd (MU €ro
4acTh), BBIOMpATh CMOCOO pEHIEHUS C YYEeTOM MMEIOIIMNXCS PECYpCoOB H
COOCTBEHHBIX BO3MOXXHOCTEW, apryMEHTHUPOBaTh M KOPPEKTHUPOBATH BAPUAHTHI
peluIeHuil ¢ y4eToM HOBOM MH(MOpMAaIUu.

2) Camoxormpoib:

BJIAJIETh CIIOCO0AMHU CaMOMPOBEPKH, CAMOKOHTPOJIS Mpoliecca U pe3ysbrara
peleHus: MaTeMaTHYeCcKOH 3a1auu, CAMOMOTHUBALIMU U Pe(IIEKCUH;

NPEABUAETh TPYAHOCTH, KOTOPbIE MOTYT BO3HHKHYTh MPHU PEUICHUU 33]1a4H,
BHOCUTb KOPPEKTHBbI B JI€ATEIbHOCTh HAa OCHOBE HOBBIX OOCTOSITEIBCTB,
HaWJEHHBIX OIUOOK, BBISIBICHHBIX TPYIHOCTEH;

OLICHMBATh COOTBETCTBHE pe3yJbTaTa ACATEIbHOCTU MOCTABIECHHON IENU U
YCIOBUSIM, OOBSACHATH MPUYUHBI JOCTUKEHUSI WIIM HEJOCTHKEHUS LEIH, HAXOIUTh
OLIMOKY, AaBaTh OLEHKY MPUOOPETEHHOMY OIIBITY.



3) OMoYUOHANIbHBIL UHMENNeKM

BBIPQKATh SMOLIMHU MNPU H3YYCHHUH MATEMaTUYECKUX OOBEKTOB U (PaKTOB,
JaBaTh YMOIIMOHAIBHYIO OLIEHKY PELICHHUS 3aJa4u.

HPEAMETHBIE PE3YJIbTATBI

7 KUIACC:

1) Ucnonws3oBaTh MOHATHS MHOXECTBA HATYPAJIBbHBIX YHCEN, MHOKECTBA
LEJbIX YHCEII, MHOKECTBA PAllMOHATIBHBIX YHCEI [IPU PELIECHUH 33/1a4, IPOBEICHUN
paccyx aeHuid u JokazareiabcTB.lloHMMaTh W OOBACHATH CMBICT MO3UIIMOHHOU
3alUCU HATYPAJIBHOTO YHUCIA.

2) BbInonHATh, coueTas yCTHbIE M MHUCbMEHHbIC MPUEMbI, apu(MEeTHUECKHUE
JIEUCTBUS C PallMOHAIBHBIMU YUCJIaMU, UCIIOIb30BaTh CBOMCTBA YHCEI U MPABUIIA
JNEWCTBUM, IPUEMBI PALIMOHAIBHBIX BBIYUCICHUN.

3) BBINONHATH IEUCTBUS CO CTENEHAMH C HATYPAJbHBIMU MTOKA3aTEISIMH.

4) HaxoauTh 3HAUYEHUS] YUCIIOBBIX BBIPAKECHUH, COAEpXKAIINX palliOHATbHbIE
yuciaa W CTENEHH C HATypalbHBIM I[I0Ka3aTeleM, NPUMEHSITh Pa3HOOOpa3HbIe
CHO0COOBI U IPUEMBI BBIYUCIICHHS], COCTABIISTh M OLICHUBATH YUCIIOBBIE BBIPAKECHHUS
IIPU PEIICHUH MPAaKTUYECKUX 33/1a4 ¥ 337a4 U3 APYTruX y4eOHbIX IPEIMETOB.

5) Oxpyrisath yucna ¢ 3aJaHHOM TOYHOCTBIO, a TaKXKe IO CMBICITY
IPaKTUYECKOM CHUTyalldd, BBINOJHATh TMPUKUAKY UM OLEHKY pe3yJbTaTa
BBIYMCJIEHUW, OLIEHKY 3HAYEHUW YHCIIOBBIX BBIPAXKEHHM, B TOM YHUCJIE IMpHU
pEIICHUH MPAKTUYECKUX 3a/1au.

6) Pemath TekcToOBbIE 3aauyd apuU(PMETHUYECKUM CIIOCOOOM, HMCIOJIb30BAThH
TaONHIIBI, CXEMBbI, YEepPTEXHU, APYrHe CpEACTBA TMPEACTABICHHUS JaHHBIX MpU
pELIeHUH 3a4ad.

7) Joka3piBaTh ¥ MPUMEHSTH NMPU PEUICHUHU 3a7a4 NPU3HAKU JEIUMOCTH Ha 2,
4,8,5,3,6,9, 10, 11, npuzHaku JeIMMOCTH CYMMBbI U TPOU3BEICHUS IEIBIX
yucen.

8) ITpuMeHsATh MPU3HAKK 1eTUMOCTH Ha 7 1 13.

9) PacknanpiBaTh HAa MHOXKHUTENN HATypajbHbIE YMCTIA.

10) CpobOomgHO omepupoBaTh MOHATHUSMH: YETHOE YHCIIO, HCYETHOE YHCIIO,
B3aMMHO MPOCTHIE YUCIIA.

11) HaxoauTh HanOONBIINI OOIIMI TeIUTENIh U HAMMEHBIIIee 00IIee KpaTHOE
YHUCell U UCTIOJIb30BaTh UX MPH PEIICHUH 3324, IPUMEHATHh AIrOpUT™M EBKHaa.

12) OmnepupoBaTh MOHATHEM OCTAaTKa MO MOIYJIO, NMPUMEHSTh CBOMCTBA
CpPaBHEHUU O MOIYJIO.

13) HWcnonws3oBaTh aireOpandeckyrd TEPMHHOJIOTMIO U  CHUMBOJIUKY,
IPUMEHATH €€ B IPOIecce OCBOCHUS yueOHOro MaTepHara.



14) Hcnosb3oBaTh TOHSATHE TOXKIECTBA, BBINOJHATH TOXIECTBEHHBIE
IpeoOpa30BaHusl BhIPAXKEHUI, TOKa3bIBaTh TOXK/IECTBA.

15) BblnonHATe neWcTBUSA  (CIOKEHUE, BBIYMTAHUE, YMHOXKEHHUE) C
OJHOWIEHAMM W C MHOTOWIEHAMH, [PUMEHATh (POPMYJIbl COKPAILIEHHOTO
YMHOKEHHS (KBaJpaT M KyO0 CyMMBbI, KBaJpaT M KyO pa3HOCTH, pa3HOCTb
KBaJIpaToOB, CyMMa M pa3HOCTb KyOOB), B TOM YHCJIE JUIsl YIPOILEHUS BBIYUCICHUIA.

16) CoctaBniATh W pemiaTh JMHEWHOE YpPABHEHUE WJIM CHCTEMY JIMHEHHBIX
YpPaBHEHUH TIO YCJOBHUIO 3aJaud, HWHTEPOPETHPOBATH B COOTBETCTBUU C
KOHTEKCTOM 3aJla4il IOJIy4eHHbI pe3ynbrar. CTpouTh TpauKd JIHMHEWHBIX
bynkuuii. Ctpouts rpaduk GyHKIuU Y = [X|.

17) OnuceiBaTh C MOMOIIBIO (PYHKIMHA H3BECTHBIE 3aBUCUMOCTH MEXKIY
BEJIMYMHAMU: CKOPOCTb, BpPEMs, PACCTOSHHUE, LIE€HA, KOJUYECTBO, CTOMMOCTD,
IIPOU3BOAUTENIBHOCTD, BpEMS, 00bEM PabOTHI.

18) HaxoauTe 3HaueHne GyHKIIMU N0 3HAYCHUIO €€ apryMEHTa.

19) Ilonumarp rpaduueckuii cmoco0 TPENCTAaBICHUA MW aHalu3a
uHbOpMallMy, W3BJIEKAaTh M MHTEPHOPETUPOBATH HHGOPMALMIO U3 TpapuKOB
peanbHBIX IPOLECCOB U 3aBUCUMOCTEM.

20) Hcnonw3oBaTh cBOWCTBa (PYHKUMH Juid aHaiau3a IpadUKOB peanbHbBIX
3aBUCUMOCTEN (HylIH (YHKIMH, HPOMEXKYTKH 3HAKONOCTOSHCTBA (PYHKIUH,
MPOMEKYTKHA BO3pacTaHusi U yObIBaHMS (DYHKIIMHM, HAWOOJIbLIEE MU HAaUMEHbIIEE
3HauYEHUA (PYHKIMN).

21) Wcnonb3oBaTh rpadmku sl KCCIEIOBAHUS POLECCOB U 3aBUCUMOCTEH,
IIPU PEIIeHUH 3aa4 U3 JPYTUX yYEOHBIX MPEAMETOB U pealbHON KU3HHU.

22) Jlenatb NPUKUJKY U OLICHKY JIMHEWHBIX U YIJIOBBIX BEJIMYMH ITPEAMETOB B
peasibHOM KU3HU, pa3MEePOB MPUPOIHBIX OOBEKTOB.

23) Bnagets nonstuem «reomerpudeckoe Mmecto Touek» (I'MT). Onpenenstsb
OMCCEKTpPUCY YIJIa M CEpeAUHHBbIA NEepIeHIUKYyJIsIp K oTpe3ky kak ['MT.
[lons3oBatbcs moHsteM [I'MT 1npum  [10Ka3aTenbCTBE  IEOMETPUUECKHUX
YTBEPKJICHUW U TTPU PELICHUU 3a]1a4.

24) BnageTh TNOHSTUEM KacaTe€IbHOW K OKPYKHOCTH, TOJIb30BaThCS
TEOPEMON O MEPHEHAUKYISIPHOCTA KacaTeIbHOM W pajauyca, NMPOBENEHHOIO K
TOYKE KACAHMS.

25) Jloka3plBaTh pPABEHCTBO OTPE3KOB KacaTEIbHBIX K OKPYKHOCTH,
MPOBEICHHBIX M3 OAHOW TOYKH, U MPUMEHATH 3TO B PEUICHUH T'€OMETPUUYECKUX
3ajad.

26) Jloka3pIBaTh U NPUMEHTh MPOCTEHIINE IeOMETPUUECKHE HEPABEHCTBA,

MOHUMATh UX NMPAKTHYECKUI CMBICII.
8 KVIACC:



1) TloHnMaTh W WCIMOJB30BaTh TPEACTABICHHUS O PACIIMPEHUU YHCIOBBIX
MHOYECTB.

2) CBoOoagHO  omepupoBaTh  MOHATUSIMHU:  KBaJpaTHBIM  KOPEHBD,
apu(pMETUYECKU KBaJIpaTHBIM KOpPEHb, HPPAILMOHAIBLHOE YHUCIO, HaXOAUTh,
OLICHMBAaTh KBAJpPATHBIE KOPHHU, MCIOJIb3Ys NPH HEOOXOJWMOCTU KaJIbKYJATOP,
BBINIOJIHATh MPe0Opa30BaHMS BBIPAKEHUHM, COJEP)KAIIMX KBAJIpPaTHbIE KOPHH,
WCIIOJIb3Ysl CBOMCTBA KOPHEM.

3) Mcnonp30BaTh HaYaJIbHBIE MPECTABICHUS O MHOXKECTBE JIEHCTBUTENIbHBIX
YuCel JUIsl CPAaBHEHUSI, OKPYTJICHUSI U BBIYUCICHUH, U300paxaTh JIeHCTBUTEIIbHbIE
4yycia TOUKaMU Ha KOOPAUHATHOW MPSAMOM.

4) Vicionb30BaTh 3alMcy OOJIBIIMX U MaJbIX YUCEI C TOMOUIBIO JECATHUHBIX
npobeit m crenenerd yucia 10, 3anuchbIBaTh M OKPYIUIATh YHUCIOBBIE 3HAYEHUS
peabHBIX BEJIUYHH C UCIIOJIH30BAHUEM Pa3HbIX CUCTEM U3MEPEHHMIA.

5) CB00OgHO omepupoBaTh MOHATHEM OCTaTKa IO MOJYJO, NPUMEHSTH
CBOMCTBA CpaBHEHUH MO MOJYJIIO, HAXOJIUTh OCTATKA CyMMBI U MPOU3BEIEHUS 10
JAHHOMY MOZYJIIO.

6) Haxoautp fomnycTuMble 3HAUEHUS MEPEMEHHBIX B APOOHO-PALIMOHAIBHBIX
BBIPAKEHUSAX.

7) IlpuMeHsITh OCHOBHOE CBOMCTBO PAIIMOHAIBHOU JIPOOH.

8) DBoimonHsATh mNpuBeAcHUE anreOpanueckux Jpodberl Kk  oliemy
3HAMEHATEII0, CI0)KEHHNE, YMHOKEHHE, JIICHHE allreOpandeckux Apooei.

9) BbIIOMHATH  TOXIECTBEHHbIE  MPeoOpa3OBaHMS  PAMOHAJIBHBIX
BBIPAKCHUM.

10) I[Ipumenars mnpeoOpa3zoBaHUsI BBIPAKEHUN ISl PEIICHUS PAa3THUYHBIX
3aJ1a4 U3 MaT€MaTHUKH, CMEKHBIX IIPEIMETOB, U3 PEAIBHON ITPAKTUKH.

11) IlpumeHATh NOHSATHE CTENEHU C LEIbIM I0KA3aTeJIeM, BBIOIHATh
npeoOpa3oBaHus BbIPAXKEHUH, COAEPKAIUX CTENEHH C LIETbIM MOKa3aTeseM.

12) Haxoautb JOMyCTUMBIE 3HAUYEHHSI TMEPEMEHHBIX B BBIPAKECHUSX,
coJiep Kalux apupMeTudecKrue KBaApaTHbIE KOPHH.

13) BoeimosnHATh MpeoOpa3oBaHusl UPPANMOHATBHBIX BBIPAKCHHUH, UCTIONB3YS
CBOWCTBA KOPHEU.

14) Pemath npoOHO-paliiOHaIbHBIC YPABHEHUS.

15) Pewmiats JMHEHbIE YpaBHEHUSI C MapaMETPaMH, HECIIOXKHBIE CUCTEMBbI
JIMHEMHBIX YPaBHEHUH C ITapamMeTpaMH.

16) IIpoBOaUTE UCCIEN0BaHNS YPABHEHUI U CUCTEM YpPaBHEHUM, B TOM UUCIIE
C MNpUMEHEHHEeM rpadUyecKux TMpeCcTaBIeHUN (yCTaHABIMBATh, HMEET JIH
YPaBHEHUE WM CHCTEMA YPAaBHEHHMM PEIICHHs, €CIIM HMEET, TO CKOJbKO, WU
npouee).



17) IlepexomuTh OT CIOBECHOU (HOPMYITUPOBKHU 3aJa9H K €€ anreOpandecKon
MOJIEI C TIOMOIIBIO COCTaBJICHUS YPAaBHEHUS WM CHUCTEMbl YpaBHEHUH,
WHTEPHPETUPOBATH B COOTBETCTBUU C KOHTEKCTOM 3aJ]auM MOJTYyYEHHBIN pe3ysbTarT.

18) [IpumeHsATH CBOMCTBA YMCIIOBBIX HEPABEHCTB Il CPABHEHUS, OLICHKH,
pellaTh JMHEWHBIE HEPABEHCTBA C OJIHOW MEPEMEHHOM M MX CUCTEMBI, JaBaTh
rpauyuecKkyro WILTIOCTPAIlMI0 MHOXECTBA PEIICHUH HEPaBeHCTBA, CUCTEMBI
HepaBeHCTB. JloKa3bIBaTh HEPABEHCTBA.

19) IlonumaTh ¥ UCHONB30BaTh (YHKIMOHAJIbHBIE TIOHATUA U S3BIK
(TepMUHBI, CUMBOJIMYECKHE O003HAUEHHUA), OMPENEATh 3HAUYeHUE (PYHKIUU IO
3HAYEHHUIO apTyMEHTa, ONPEIEeTsATh CBOMCTBA (DYHKIIMU MO €€ rpaduKy.

20) Ctpoutb rpaduku (yHKIUN, ONMUCHIBATH CBOMCTBA YMCIOBOM (DYHKIIMH
no ee rpapuky. Pacrno3HaBaTb OCHOBHBIE BHUJbl YETBIPEXYTOJbHUKOB, HX
AJIIEMEHTBI, MOJb30BATHCS WX CBOWCTBAMU IPU PELIEHUU T'€OMETPUYECKUX 3a/ad.
Pa3znnuaTe npu3HAKU U CBOICTBA MapajuiesiorpaMMa, poMOa M MpsSIMOYTOJIbHHKA,
JIOKa3bIBaTh WX M YBEPEHHO MPUMEHATh IMPU PEIICHUH TeOMETPUUYECKUX
3asay.Pacro3HaBath IEHTPAIbLHO-CUMMETPUYHBIE (DUTYpBI UM HCIOJIb30BATh HX
CBOMCTBA MPH PEILICHUH 3a7a4.

21) Bnanetb NOHATHAMU MOA00US TPEYTOJILHUKOB, KOd(hduireHTa moaoous,
COOTBETCTBEHHBIX 3JIEMEHTOB MOAOOHBIX TPEYTOJIbHUKOB. MIMeTh npecraBiieHue o
npeoOpa3zoBaHuu MoAoOus U 0 MoaoOHBIX (urypax. Ilonb3oBaThCcsi MpU3HAKAMU
noj00usl TPEYroJbHUKOB MPU PEIICHUU TeoMEeTpUYecKux 3anad. Jlokas3biBaTh U
MPUMEHSITH OTHOIIEHHUS MPOTMOPIUOHATIBHOCTA B MPSIMOYTOJIBHBIX TPEYTOJIbHUKAX.
JlokaspIBaTh U IpUMEHATh Teopemy Daneca. [I[puMeHaTs mogodre B MPaKTUYECKUX
3a/1ayvax.

22) BpBOguTh M WCHOJB30BaTh MpocTediue (GopMynbl i TUIOMIAAH
TPEYroJIbHHUKA, TapajijiesiorpaMma, poMOa U Tpanenu. Beraucnsate (pa3aunaHbIMU
cnoco0amMu) IUIOMIAAb TPEYroJdbHUKA M IUIOIIAAM MHOTOYTOJBHBIX (UTYD
(moJIB3ySICh, TA€ HEOOXOIUMO, KANBKYIATOpOM). [I[puMeHsATh MeTO TUIOIIAAeH IS
peuieHus 3a1ay. 3HaTh OTHOIICHUE TUIOIIAeH MOAOOHBIX (PUTYyp U IPUMEHATH NPHU
pemiennu 3aaa4. [[pUMeHsATh MOTy4YeHHbIE YMEHUS B MPAKTUYECKUX 3a]ja4ax.

23) [IlpumeHsiTh TOJY4YECHHBbIE 3HAHWS Ha MPAKTUKE — CTPOUTH
MaTeMaTUYeCKHe MOJEIM JUIsl 3aJa4 peaJbHOM KU3HU U  NPOBOJUTH
COOTBETCTBYIOLLIME BBIYMCICHUS C MPUMEHEHHEM MOJO00US W TPUTOHOMETPHUH
(TOJIB3YSICh, T/I€ HEOOXOAMMO, KAJTbKYJISITOPOM).

9 KJIACC

1) CB0oOOgHO oOmepupoBaTh MOHATUSMU: KOPEHb N- CTENEHH, CTENEHb C
pallMOHANIbHBIM [OKa3aTelieM, HAaXOAUTh KOpPEeHb N-i CTENEHU, CTENEHb C



palMOHAIBHBIM I10KA3aTEJIEM, MCIOJB3YSd IMPU HEOOXOAUMOCTH KaJIbKYJSATOP,
MPUMEHSITH CBOMCTBA KOPHS N-i CTETIEHU, CTENIEHU C PAIIMOHATIBLHBIM MOKA3aTeJIEM.

2) Ucnonp30BaTh MOHATHE MHOXKECTBA JEHCTBUTEIBHBIX YUCEN MPU PEIICHUH
3ajJlay, MPOBEJICHUU PACCYKACHUIN U JI0Ka3aTeJIbCTB.

3) CpaBHMBaTh U YyHOPAIOYMBATH JCHCTBUTEIBHBIE YHCIA, OKPYIJIATH
JEUCTBUTEIBHBIC YUCTIA, BBINOIHATh MIPUKUIKY PE3yIbTaTa BBIUMCICHUH, OIEHKY
YUCIIOBBIX BBIPAKECHUIA.

4) CB0oOOJHO OIEpUpOBaTh MOHATHEM KBaJAPATHOIO TPEXUJIE€HA, HAXOAMTh
KOPHH KBaJIpaTHOTO TPEXUJICHA.

5) PacknaneiBaTh KBaJIpaTHBIN TPEXUJieH HA JUHEHHBIC MHOKUTEIIH.

6) PemaTe HEC0KHBIE KBaJI[paTHbIC YPABHEHUS C TTAPAMETPOM.

7) PemiaTh HECI0KHBIE CUCTEMBI HETMHEHHBIX YPABHEHUH C TTapaMETPOM.

8) Pemare ypaBHEHUS, HEpPaBEHCTBA M HMX CHUCTEMBI, B TOM YHCIE C
OTPaHUYCHUSIMU, HATIPUMED B LIEJIBIX YHCIIAX.

9) IIpoBOaUTE HCCIIENOBAaHUS YPABHEHUI U CHCTEM YpaBHEHUH, B TOM YHUCJIE
C TMNpUMEHEHHEeM rpaduyecKux Mpe/cTaBleHui (yCTaHaBIIMBaTh, HMMEET JIU
YpaBHEHHE WM CUCTEMA YpPAaBHEHUW PEIICHUS, €CIHM HMEET, TO CKOJIbKO, U
npouee).

10) Pemiath TEKCTOBBIC 3a1a41 AJIT€OPaudeCcKUM CIIOCOOOM.

11) Ucnonbs3oBaTh ypaBHEHUSI, HEPABEHCTBA U UX CUCTEMBI JJIsI COCTABJICHHUS
MAaTEMATUYECKON MOJEIN pPEAIbHOM CHUTyallud WM [PUKIAJAHON 3a7ayu,
MHTEPHPETUPOBATH NOJYYCHHBIE PE3YJIBTATHI B 33JTAHHOM KOHTEKCTE.

12) CBOOOIHO OIEpPUPOBATH MOHSATHUSMU: 3aBUCUMOCTH, (PYHKIHUS, Tpaduk
byHKIMKA, TpsMas MOPONMOPIMOHATIBHOCTh, JIMHEWHAass GYyHKIUS, OOpaTHas
MPOTOPIIMOHAILHOCTh, Mapadosia, Tunepoosia, KyCOUHO-3a/1aHHast PyHKITHS.

13) HccnemoBath ¢yHKIMIO 1O €€ rpaduKy, yCTaHABIMBAaThH CBOWCTBA
GyHKUuMiA: 00JacTh ONpENeNeHUs, MHOXKECTBO 3HAYEeHHM, HyIu (QYyHKIUWH,
MPOMEXKYTKA 3HAKOMOCTOSTHCTBA, MPOMEXKYTKH BO3pacTaHusi U yObIBaHUS,
YETHOCTb U HEYETHOCTb, HANOOJIbIIIeEe U HAUMEHBIIEE 3HAYEHU S, ACUMITTOTHI.

14) Pacno3nHaBath KBagpaTuuHylo (QYHKIUIO 10 QopMye, TPUBOAHUTH
pUMEPHI KBAAPATUIHBIX (HYHKIMHA U3 peaTbHOM KU3HU, PU3UKH, TEOMETPHH.

15) Omnpenenstes mnojoXkeHue rpaduka KBaApaTUUHOM (PYHKIIMU B
3aBHCHMOCTH OT €€ KO3 (OHUITUCHTOB.

16) Crpouth rpadux KBagpaTUYHON (GYHKIIMU, OMHUCHIBATH CBOMCTBA
KBaJpaTUIHON (YyHKIIMH 10 €€ rpaduky.

17) Ucnionb30BaTh CBOMCTBA KBAAPATUYHOW (DYHKIIMH JJIsI PEIICHUS 3a/1a4.

18) Ha mpumepe kBampaTudHOW (GyHKIHUH CTPOUTH Trpaduk (QyHKIUM Yy =
af(kx + b) + ¢ ¢ momomipro peodpazoBanmii rpaduka pynkuuu y=f(x).



19) UnnroctpupoBaTh ¢ MOMOUIbI0 TpaduKa pealibHYyI0 3aBUCUMOCTb WITU
IIPOLIECC 10 UX XapPAKTEPUCTUKAM.

20) CpoOomHO  omepupoBaThb  MOHATHSMM:  IOCIJIEIOBATEIbHOCTD,
apu(meTrnyeckas ¥ reoMeTpuiecKasi IpOrpeCcCHH.

21) 3amaBaTh MOCIEAOBATEIBLHOCTH PA3HBIMU CIIOCOOAMU: OINUCATEIIBHBIM,
TaOJIIMYHBIM, C TIOMOIIBI0 (POPMYITBI N-TO YIEHA, PEKYPPEHTHBIM.

22) BBIMOTHATH BBIUUCICHUS C WCIONB30BaHWEM (GOpMYT N-TO dieHa
apu(MeTHYeCKON U TEOMETPUUYECKOM MPOrpecCcrii, CyMMBI MIEPBBIX N UJICHOB.

23) M3o6paxkaTh 4i€Hbl MOCIEIOBATEIBHOCTH TOYKAMHM Ha KOOPIWHATHOU
IJIOCKOCTH.

24) Pemiath 3aja4uu, CBSI3aHHbIE C YUCIIOBBIMU IIOCIIEA0BATEIBHOCTIMHU, B TOM
YHUCJIE 33/1a4U U3 PEAIbHOM >KM3HU (C MCIOJIb30BAHUEM KAJBKYJISATOPA, HU(POBBIX
TEXHOJIOTHUH).

25) Pacno3HaBaTh M NPUBOJAWUTH MPHUMEPHl KOHEYHBIX M OECKOHEYHBIX
NOCJIEIOBATEIBHOCTEH,  OrPAHUYEHHBIX  MOCJIEI0BAaTEIbHOCTEH, MOHOTOHHO
BO3pacTaomuX (yObIBAIOLINX ) OCIEA0BATENBHOCTEH.

26) HNmerp npeacTaBi€HHE O CXOAUMOCTH IOCJEI0BATEIIbHOCTH, YMETb
HaXOAUTh CyMMY OECKOHEUHO YOBIBAIOIEH T€OMETPUYECKON ITPOrPECCUH.

27) IlpuMeHsTh METOJT MATEMATUYECKOM MHAYKIUHU TIPU PEIICHUU 3a]1a4.

28) Jloka3pIBaTh TEOPEMY CHHYCOB M TEOPEMY KOCUHYCOB, IPUMEHATh UX JJIS
HAXOXKJEHUS PA3JIUYHBIX 3JIEMEHTOB TPEYTOJIbHUKA («PELIEHUE TPEYTOJbHUKOBY),
IpPU PELICHUHM TE€OMETPUYECKHX 3anad. lIpuMeHsATh MoNydeHHbIE 3HAHUS MpU
PELICHNH PAKTUYECKUX 3a1a4.

29) IlpuMeHSATH TPUTOHOMETPHUIO B 3ajayax Ha HAXOXKICHHUE IUIOIIAJIH,
BBIBOJIUTh M BIAJETh TPUTOHOMETPUUYECKUMH (QopMyJaMu s  IUIOMIAJU
TpEeyrojbHHUKa, MapajjienorpamMmma, pomOa, TpamneluH, BbIBOJUTh U NPHUMEHSTH
dbopmyny ['epona u popmymy 11 TUIOMAAM BBITYKIIOTO YETHIPEXYTOJIbHUKA.

30) Wmerh mnpeacTaBieHHE O TOMOTETHUH, MPUMEHATH B MPAKTUYECKUX
CUTYaLHSIX.

31) Ucnonw3oBaTh Teopembl UeBbl 1 MeHenasi pu peleHny 3a1ay.

32) HMcnonp30BaTh TEOPEMBI O BIIMCAHHBIX yriaxX, yrjiax MEXAY XOpAaMH
(CeKyIIMMHM) U yTJIe MEXAY KacaTeJIbHON U XOPAOW MPHU PEIIEHNN F€OMETPUYECKUX
3ama4. Jloka3plBaTh M NMPUMEHSATH TEOPEMBI O MPOU3BEACHUH OTPE3KOB XOPI, O
MPOU3BEJCHUU OTPE3KOB CEKYIIMX, O KBaJpaTe KacaTeIbHOM.

33) Bnaners moHSTHEM KOOpPIMHAT Ha IMJIOCKOCTH, pabOTaTh C YpaBHEHHEM
npsMOl Ha TMJIOCKOCTH. Bnajnerp MNOHATUSMU yriaoBoro koddg¢uuueHta u
CBOOOJHOTO YJI€HA, MOHUMATh HUX TEOMETPUUYECKHH CMBICI U CBS3b YIJIOBOTO
K03 duimeHTa ¢ BO3pacTaHWEeM U YObIBAaHMEM JHMHEWMHON (QYHKIUH. YMETh



pemarb METOJOM KOOpPAMHAT 3aJayd, CBA3AHHbIE C NApPAJUIEIbHOCTBIO U
MEPIEHIUKYJIAPHOCTBIO MPSAMBIX, MEPECEUEHUEM IPSAMBIX, HAXOXKJICHHEM TOYEK
MIEPECEUECHUS.

34) BeiBOAWTH M BIAJE€Th YpaBHEHHUEM OKPYKHOCTU. MCronb3oBaTh METO
KOOpPAMHAT Ul HAXOXKICHHUs IEPECEUCHHUN OKPYKHOCTEM M MNpsMbIX. Braners
dbopMynaMu paccTOSSHUSL OT TOYKHM JO MPSIMOM, TUIOIIAIM TapajuieiorpamMma B
KOOpAMHATAX, UMETh MOHATHE 00 OpPHEHTUPOBaHHOW Momaau. llomp3oBaThCs
METOJOM  KOOpJIMHAT Ha IUIOCKOCTH, IPUMEHATh €ro IpU  PpPELICHUU
F€OMETPUYECKUX W TMPAKTUYECKUX 3anad. lIpuMeHATr MeToj KOoopAWHAT B
MIPAKTUKO-OPUEHTUPOBAHHBIX T€OMETPUUYECKHUX 3a7adax.

35) Bnanerp moHsATHEM BEKTOpa. YMETh CKJIAJbIBaTh U BBIYUTATh BEKTOPHI,
YMHOaTh HAa YHUCJO, BIAJETh NpaBUIaMH TPEYTrOJbHUKA M IapajuiesorpaMmma.
Bnanetps NpakTUYECKMMHU WHTEPHPETALMSIMU BEKTOPOB. YBEPEHHO MOJIb30BAThCS
KOOpJIMHAaTaMH BEKTOpa. Bianerp ClI0KeHHMEM ¢ BBIUUTAHUEM BEKTOPOB,
YMHOKEHHEM BEKTOpa Ha YMCIO B KoopauHaTax. MimeTs npencraBinenue o 6asuce
(Ha mockocty). PackiageiBaTh BEKTOPHI 10 0aszucy. PacknaapiBaTh BEKTOPBI CUJI C
NIOMOILBIO NPOELUUPOBAHUS U TPUTOHOMETPUUYECKHX COOTHOUIEHUH. lIpuMeHsaTh
NOJIy4YEHHBIEC 3HAHUA B IPOCTEHIINX (PUZNIECKUX 3a/1a4ax.

36) Brnanetrb nmoHATHEM CKASIPHOTO MPOMU3BEICHUSI BEKTOPOB, IOHUMATh €T0
Ir€OMETPUYECKUA CMBICII W YBEPEHHO TMOJb30BaTbCsl €ro BBIPAXKEHUEM B
JIEKAPTOBBIX KOOpJAWHATaX. 3HATh JUCTPUOYTUBHOCTH CKAJISPHOrO MPOU3BEACHUS
U €ro CBs3b ¢ npoenrpoBanueM. [I[puMeHATh cKaasipHOE MPOU3BEICHUE BEKTOPOB
JUISl HaxOKJEHUsS JUIMH M YIJOB. PemaTe reoMeTpuyeckue 3aJadd ¢ MOMOUIBIO
CKaJISIPHOrO Ipou3BeAeHus. Vcronb30BaTh CKaISIPHOE MTPOU3BEIECHUE BEKTOPOB B
anredpanueckux u (pU3nYecKux 3agavax.

37) Bnamerp NOHATUAMHM  IPABUJIBHOTO  MHOIOYIOJIBHHMKA,  JJIMHBI
OKPYXHOCTH, JIJUHBI IYT'M OKPYXHOCTH M PaJUaHHON Mepbl yIia, BBIYHCIATH
miom@aae kpyra u ero 4acred. [lonumars cmeicn uyucna 7. IlpumeHsarts
MOJIyYeHHbIE YMEHHUS MPU PEIIECHUU MPAKTUUECKUX 3a7ad. 3HATh HCTOPUYECKHUE
CBEACHUS 00 U3MEPEHUH IJTUHBI OKPYKHOCTH U IJIOIIAAN KPYyTa.

38) Mmets mpencraBieHre O MpeoOpPa3OBaHUM TUIOCKOCTH, O JBUKCHHSX.
Haxoguth ocu, UEHTpbl CUMMETPUU (GUTYp, LEHTPHl IOBOPOTA, HAXOIUThH
KOMITO3UIIMKA TPOCTEHIHMX TpeoOpa3oBanuii. [IpuMeHATh MBWKEHUS TUIOCKOCTH
IPU pEUICHUU T€OMETPUUECKUX 3aau.

39) IlpumeHSTh TMOJYy4YEHHbIE 3HAHUS HA TMPAKTUKE — CTPOUTH
MaTeMaTUYeCKHe MOJENM I 3aJad peajbHOM JKU3HU U  TIPOBOJUTH
COOTBETCTBYIOILME BBIUMCICHUSI C TPUMEHEHUEM MTOI00MSI U TPUTOHOMETPUUYECKUX
byHKIUi (mOJB3YysCh, rae HE00X0IUMO, KAJIbKYJISITOPOM).



9 KJIACC

DJIEeKTPOHHbIE
Ne HaumenoBanue pa3aeios u KoimuecTBo OcHoBHOE OcHoBHbBIE BUIbI (uudpossbie)
n/n TeM NPOrpaMmbl 4acoB coJep;KaHue NAeATe1bHOCTH o0pa3oBaTe/bHbIE
pecypcsl
Pemenne ypaBHeHu# ¢
apaMmeTpoM CamocrosiTenbHoe
anreOpanyeckum OTKPBITHE: PELICHHE
METOJIOM. YPaBHEHHUH C IIapaMeTPOM.
I'paduueckuii merox [IpakTUKyMBI 110 PELIEHUIO
peuIeHusl ypaBHEHU C 3a/1a4: OT IMPOCTOro K
rapameTpom CII0)KHOMY — APOOHO-
I'paduueckas paloHaIbHbIE YpaBHEHUS
MHTEpIIpeTaLus Y HEPaBEHCTBA C
YpaBHEHMS U HEPABEHCTBA C 6 pelLlIeHNs ypaBHEHUS C [1apaMeTpOM.
apaMeTpoM IByMs IlepeMeHHbIMU U McciienoBarensckue
CHUCTEM YPaBHEHHH C paloThI: perieHue 3aa4 ¢
JBYMsI IEPEMEHHBIMHU. napaMeTrpamu —
HccnenoBanue cucrem anreOpanvyeckuM METO0M;
HEJIMHENHBIX rpaduyecKuM METOI0M (B
YPaBHEHHUH C TOM 4HUCIIE C
napameTpoM. PemeHne = HMCNoOab30BaHMEM
HEPABEHCTB C IBYMs «MaTeMaTH4YeCKUX
MIEPEMEHHBIMU U UX MaKETOBY)
CUCTEM
Dopmybl [IpakTHKyMBI IO PEIEHUIO
Pemienue TpeyroabHUKOB 6 npuBeaeHus. Pemenne 3aga4. MaTteMaTHuecKkoe

MPAKTUYCCKUX 3aaaY C

COPCBHOBAHHUC — PCIICHUC




HCII0JIb-30BaHUEM
TEOpPEMBbI KOCUHYCOB U
TEOpPEMBbI CHHYCOB.
®opwmyia ['epona.
dopmya miomaIu
BBIITYKJIOTO
YEeTHIPEXyTrOJIbHUKA.
COOTHOILIEHUS MEXKTY
TPUTOHOMETPHYCCKUMHU
GbyHKIHAMU.
[Ipocreiimme hopmybl
MIPUBE/ICHUS U3 T'€0-
METPUUYECKUX
COOOpaKeHHI.
Pewenne 3amau ¢
KCIIOIb30BaHUEM
TEOpPEM KOCHHYCOB U
CHUHYCOB, HaAXO0XKJICHHE
paanyca onmMcaHHOU
OKPYXKHOCTH

reOMETPHYECKUX/TIPAKTHKO-
OPHEHTHPOBAHHBIX 3a/1a4
Pa3HBIMU METOJaMHU

Anrebpanueckue BhIpaXKEHUS

10

Crenens ¢
panoHaIbHBIM
[IOKAa3aTeJIeM.
Omnpenenenue KopHs N-
1l CTETIEHU U CTETIEHHU C
panoOHaIbHBIM
MIOKAa3aTEeJIEM.
[IpumeneHne
orepaiy U3BJIeueHus
KOpHS N-i CTENEHH,

[IpakTUKyM O peLIeHUIO
3a7a4: OT IPOCTOrO K
CII0KHOMY.
MaremaTtrudeckoe
COPEBHOBAaHUE




WCIIONB3YS TIPU
HEO0XOIUMOCTH
KaJIBKYJIATOP.
Brruucnenue 3HaueHus
CTEIIEHU C PaLuo-
HaJbHBIM TTOKA3aTeJIeM.
Onenka 3HaYeHU
KOpHs N-1 CTEIIECHH,
3HAUYE€HHE CTETICHHU C
palMoHAIBHBIM MOKa-
3aTelieM LEJIbIMU
YUCIaMHU U
JECATUYHBIMU
npo6simu. CpaBHEHUE U
yIOpsiI0YUBaHUE
panuo-HaJIbHBIX U
HppaIMOHAIBHBIX
YUCEeJ, 3aITUCAaHHBIX C
IIOMOILIBIO KOpHSA N-U
CTENEHU, CTENIEHU C
palroHaIbHBIM
MOKa3aTeJeM.
Brinosinenue
TO>I€CTBEHHBIX
npeoOpa3zo-BaHU
BBIPaKCHU,
coJiepKalnxX KOpeHb
N-i CTENEeHHU, CTENEHD C
palroOHaIbHBIM
MOKa3aTeaemM




OTpe3Ku B OKPYKHOCTH

DyHKIMHU

TeopeMmsl 0
MPOU3BEICHUH
OTpPE3KOB XOP/I,
TEOPEMBI O
MPOU3BEICHUHN
OTPE3KOB CEKYIIUX,
TeopeMa O KBajpare
KacaTeJIbHOW, TEOPEMBI
Yesrsl 1 MeHemasl.
HccnenoBanune, B TOM
YHCIIE C TOMOIIBIO

MU (POBBIX PECYPCOB,
M3y4aeMbIX KOH(pUTY-
pauuii. [Tlpumenenue
JaHHBIX TEOPEM IIpHU
petenuu
TCOMCTPHUICCKUX
3aJ1a4. 3HAKOMCTBO C
MMOHSTHEM F'OMOTETHH,
C €ro NPUMEHEHUEM, B
TOM YHCIIC B
MPaKTUYECKUX
CUTyalusx

ITonsatue «pyHKIMD».
IIpuMeHeHnEe CBOWCTB
GbyHKUIMA: HynH
(GyHKINH, TPOMEKYTKH
3HAaKOIOCTOSIHCTBA
(GyHKIUU, TIPOMEXKYTKHI
BO3pacTaHUs U

CamocrosTenbHoe
OTKpBITHE (B TOM YHCIIE C
HCIIOJIb30BaHUEM
«MaTeMaTH4YeCKUX
nakeroB»): Teopembl UeBbl
u Menenas. IIpaktukym o
pELICHHUIO 3a/1ay.
[IpakTukym no
IIOCTPOCHHUIO
JUHAMHYECKHUX MOJIENEH ¢
IIOMOUIbIO IPOIPAMMHBIX
CPEACTB.
HccnenoBatenbckas pabora
C TIOMOIIIbIO MPOTPaMMHBIX
CPEICTB: TOMOTETHS U €€
CBOMCTBA

HccnenoBatenbckas paboTta
(B TOM umcHe ¢
UCTIOJIb30BaHUEM
«MaTeMaTHYECKUX
nakeToBy): [loBenenue
¢byHKIMM U ee rpaduKka B
3aBHCUMOCTH OT




yObIBaHUS (DYHKLINH,
YeTHbIE U HEUETHBIE
(dhyHKIIMM, HAaHOOIBIIICE
U HaUMeEHbIlIee
3Ha4YCHHS QYHKIIUH
MIPU PELICHNUH 33/1a4.
[TocTpoenue rpapukos
(GYHKIUH C TOMOIIBIO
npeoOpa3oBaHuil BUA:
f(x) —f(x) + a; f(X) —
f(x +a); f(x) — kf(x),
) —f( x[), f6) — |
f(X) |. Pacio3naBanue
CTENEeHHbIX QYHKIMH 1
MOCTPOEHHE ICKU30B
rpauKOB CTEIIEHHBIX
GbyHKINH C
HATYPaJIbHBIMH
MoKa3aTesIMH pa3Hoi
YETHOCTH.
Hcnons3oBanue
CBOMWCTB rpaduxoB
CTENEeHHBIX PYHKIUMN C
HaATYpaJIbHBIMH
MOKa3aTeISIMH TIPH
peleHnH 3a1au.
ITocTpoenue rpapukos
dymkimit y = Vx, y =
Ix,y=|x]|

napamerpa. [IpakTukymsl
10 PEUICHHUIO 33/1ayu:
MOCTPOCHHE TPaPUKOB
dyHKIHit y= VX , y = Ix, y
= | X |; ¢ MOMOIIIBIO
npeoOpa3oBaHuil U
IIPOBEPKA C
UCIIOJIb30BAHUEM
IPOTrPaMMHBIX CPEICTB

Bektopel. MeToa koopauHaT

[TapannensHOCTH U

CaMoOCTOSTEIIBHOE




MEePIEHIUKYISIPHOCTh
MpSAMBIX (Yepe3
YTJIOBOM
kod(urmeHT).
Haxoxnenue
IepeceueHu i
OKPY>KHOCTEN U
MPSIMBIX B
KOOpJUHAaTaXx.
dopmyJiia pacCTOSIHUSA
OT TOYKH JI0 MIPSIMOH.
IInomanp
napajuieiorpaMma B
KOOpJUHATAaX, MOHSATHE
00 OpHEHTUPOBAHHOM
IJIOLIA/IH.
[Ipumenenne metona
KOOPJIMHAT B
MIPaKTHKO-
OpPUEHTUPOBAHHBIX
F€OMETPUUYECKHUX

3aaadax, uCCJICIOBAaHUC

MIPUIIOKEHUS METOa
KOOPJIMHAT B
BEIYHCIIMTETLHON
MaTeMaTHKE U

OTKPBITHE: KaK PELIUTh
reoMETPUUECKYIO 3aJa4y ¢
MIOMOILBIO annapara
anreops1?
HccnenoBatenbsckas padoTta
(B TOM UmCIE C
HCII0JIb30BaHNUEM
«MaTeMaTH4YeCKUX
[IAKETOB»): PELIECHUE
IIPAKTHKO-
OpPUEHTHUPOBAHHOMN
reoMeTpU "4eCcKOi 3a1aun
METO0M KOOP/IMHAT.
MaremaTtnueckoe
COpPEBHOBAHHE — PELICHUE
reOMEeTPUYECKUX 3a1a4

pasHbBIMU ME€TOJaMU

uHpopMaTuKe
IIpaBunpHBIE MHOTOYTOJIBHUKHU. [IpaBunbpHbIE CamocrosiTenbHOe
OKpy>KHOCTb U MHOT'OYTOJIbHUKH, OTKpPBITHE: KaK HAUTH

MHOTI'OYT'OJIbHUKH

BBIYMCIICHUEC UX

NepPUMETP U IJIOLIAAb




YucnoBsle NOCIEN0BATENBHOCTH
Y TIPOTPECCUH

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

Onpenenenue BUI0B
MOCJIENOBATEILHOCTEMN:
OorpaHUYCHHAs
IOCJIENOBATENHHOCTbD,
MOHO-TOHHO
BO3pacTaroIas
(yObIBarotmas)
II0CJIe10-BaTEIIbHOCTb.
IIpencraBnenune
OECKOHEUHBIX
MePUOTUYCCKUX
npobeii B BUIE
OOBIKHOBEHHBIX.
3HAKOMCTBO C
MOHATHEM CXOJIUMOCTH
IOCJIEJOBATEILHOCTH,
Hax0JICHUE CYMMBI
OCCKOHEYHO
yOBIBaroIIe
F€OMETPUUYECKON
MIPOTPECCUMU.
[Ipumenenue metona
MaTeMaTHYeCKON
WHIYKITHHA

CJIOKHOU (hUryphI?
[TpakTHKyM IO peLIeHUI0
3a1a4 MOBBIIICHHON
CIIOKHOCTH

HccnenoBarenbckas
paborta: noseqeHue
IIOCJICIOBATEILHOCTEH — OT
TUIOTE36I 10 JOKa-
3arenbeTBa. Juckycens Ha
OCHOBE pEIICHUS 3a/1a4:
sBisgeTcsa 1u MMUAU
YHUBEpCAIbHBIM?
CaMocTosTeIbHOE
otkpbiTie: MMMU — MeTox
JI0KA3aTesIbCTBA: CyMMa
YJICHOB IOCIIEI0-
BarenbHOCTH. [IpakTukym
M0 PENIEHUIO 33/1a4:
JI0Ka3aTeIbCTBO
HEPaBEHCTB U
JI0Ka3aTeIbCTBO JCIMMOCTHU
MMU




HentpanbHas
CUMMETpPHUSL.
LenTpanbHo-
CUMMETpPUYHbIE
¢urypsl. [ToBopoT.
OceBas cumMmeTpusl.
@urypsl,
CUMMETPUYHbIE
OTHOCHUTEIIBHO
HEKOTOPOU OCH.
[TapannenbHbIi
nepenoc. [Tonsitue
JBUKCHUS U €T0

HccnenoBaTenbekas paboTa
(B TOM uncIHE C
UCIOJIb30BaHUEM
IPOrpaMMHBIX CPE/ICTB):
KOMITO3ULIUS IBUKEHUH.

9 JIBuKEeHHsI TIIOCKOCTH . CamocrosiTenbHOe
cBoiicTBa. PaBeHCTBO o
OTKpBITHE: POPMYIUPOBKA
¢uryp. [IposBrenus P p . yHp
BBIBOJIOB O CBOMCTBax
CUMMETpUU B IPUPOJIE, . .
KOMITIO3ULIMI IBUKEHUI.
YKUBOIIHCH,
[IpoexT: mpeoOpazoBanms
CKYJIBIITYpE,
(IBM>KEHUS) B HCKYCCTBE
apXUTEKTYpE.
Komno3unuun
JIBHKCHUH
(mpocreiimue
MIPUMEPBHI).
[IpumeHeHue B
pelieHnn
reOMEeTPUUYECKUX 3a7a4
Pewrenue 3anay, [TpoexT: «IIpeoOpa3oBanus
10 [ToBTOpenwue, 0600IIEHNE, WJUTFOCTPUPYIOIINX B UCKYCCTBE U

cucTeMaTu3anusa

CBs3U MCXKIY
Pa3IMIHBIMU TEMaMU

apxutekType» Mrorosas
KOH(epeHIHs:




Kypca IloBropenue, «Maremaruka — 3T0
00o01mIeHME, KpacHuBO»
CHUCTEMaTH3alus Kypca
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9 KJIACC

KounyecTBO 4acoB JIeKTPOHHbIE
Ne n/n Tema ypoka Konrpoasnsie IIpakruyeckue L
Bcero oOpa3oBaTe/ibHbIE
padoThI padoThI pecypen
1 Kopens n-if crenenu. CBolicTBa KOpHS N-H 1
CTCIICHU
5 CreneHsb ¢ palluOHAIBHBIM [TOKA3aTENeM U €€ 1
CBOMCTBA
OneHnka 3HaYeHU KOpHS N- CTENEHU, 3HaUeHHE
3 CTENEHU C PALIMOHAIBHBIM [10Ka3aTeIeM LIeJIbIMU 1
YHUCJIAMU U IECATUYHBIMU APOOSIMU
CpaBHeHuE U yHIOpsAA0YMBAaHUE PALMOHAIBHBIX
4 Y UppalOHaIbHBIX YUCEIl, 3alIMCAHHBIX C 1
MOMOUIbIO KOPHA N-I CTENIEHU, CTENIEHU C
palMOHATILHBIM [TOKA3aTeNeM
®opMyIbl IPUBEACHUS 1
6 Pemenne tpeyronbHuKoB. TeopeMa KOCHHYCOB
Pemenue npaktuyeckux 3anad ¢
7 HCIIOJIb30BAaHUEM TEOPEMBI KOCUHYCOB U 1
TEOPEMBI CHHYCOB
®opmyna ['epona
9 ®opmyna ['epona
10 dopmyna MIomaad BEITYKIOrO 1
YeThIPEXYTOJIbHUKA
11 ToxaecTBeHHbIE TpeoOpa30BaHUs BBIPAXKEHUH, 1

coAepKalx KOpeHb N-i CTENEeHN




ToxnecTBeHHbIE TPe0OpPa30BaHUs BEIPAKEHUI,

12 coJiepKaliuX KOpeHb N-il cTeneHu
ToxnecTBeHHbIE TPe0OpPa30BaHUs BEIPAKEHUH,

13 COJepKAINX CTETIEHb C PALlMOHAIBHBIM
[I0Ka3aTesieM
ToxnecTBeHHbIE IPe0OPa30BaHUS BBIPAKEHUI,

14 COJIepKalluX CTEIEHb C PallMOHAIbHBIM
[I0Ka3aTeieM

15 Kopens n-ii crenenn. CteneHs ¢ palluOHaIbHBIM
nokazareneMm. IIpoekr

16 Kopens n-it crenenu. CteneHsb ¢ palioOHaIbHBIM
nokaszaresem. [Ipoekt

17 Pemenue ypaBHeHui ¢ napaMeTpoM
anreOpandeckuM METO0M

18 I'paduueckuii MeTo perieHus: ypaBHeHUi ¢
apaMeTpoM

19 CucreMbl HETMHEMHBIX YPaBHEHUN C
napaMmeTpoM

20 [TocTpoenue rpagKOB CI0XKHBIX YpaBHEHUH
(OKpYKHOCTB, MapadoJia)

21 MaremaTnueckoe COpeBHOBAHME: YPaBHEHNUS U
HEPABEHCTBA

99 MaremaTnueckoe COpeBHOBaHHE: YpaBHEHUS U
HEPaBEHCTBA

93 Teopema 0 Ipon3BEIEHUN OTPE3IKOB XOPI,
CEKYILIEW U KacaTeIbHON

24 Teopema YeBsl (popMynnpoBKa,

JI0KA3aTeIbCTBO)




Teopema Menenas (hopmynrpoBka,

25
JI0Ka3aTeIbCTBO)

26 IIpumenenue treopem Yesbl 1 MeHenas k
PEIICHUIO TE€OMETPUYECKHX 33124

97 [Ipumenenue TeopeM UeBbl 1 MeHenas K
PELICHUIO TEOMETPUYECKUX 3aa4

28 [IpumeneHne BeKTOPOB B (hU3HKE, IICHTP Macc

29 [TonsiTue o 6a3uce (Ha MWIOCKOCTH). Paznmoskenus
BEKTOPOB 110 6a3ucy

30 [TonsiTue o 6a3uce (Ha MWIOCKOCTH). PaznoskeHus
BEKTOPOB I10 Oa3ucy
CkansipHOE MPON3BEJICHUE BEKTOPOB,

31 Te€OMETPUYECKUI CMBICIT M BEIpAXKCHUE B
JIEKapTOBBIX KOOPAWHATAX

32 JucTpuOyTUBHOCTD CKaJIIPHOTO NTPOU3BEACHHUS

33 CkansipHoe Mpou3BeIeHNE U MTPOSLIUPOBaHNE

34 Pemenne reoMeTprudeckux 3a1a4 ¢ TOMOIIBIO
CKaJIIPHOTO TIPOM3BEICHUS

35 Pemienue reoMeTpruyeckux 3a1a4 ¢ ITOMOIIbIO
CKaJIIPHOT'O IIPOU3BEICHUS

36 HccnenoBanue kBaapaTnaHON QyHKIHH

37 [Toctpoenue napabosbl Mo TPEM TOYKAM H 110
BEpIINHE

38 ITpeoOpa3oBanus mapabosl (CIBUT,
C)KaThe/pacTsHKeHHE)

39 [TpeobpazoBanus rpadukoB GyHKIUHU (CIIBUT,

cKaTue/pacTsKeHue)




UccnenoBanue GpyHKImii: Hynu GyHKIUH,
NPOMEXYTKH 3HAKOTIOCTOSIHCTBA (DYHKITUH,

40 MIPOMEKYTKH BO3PACTaHMS M YOBIBAaHUS
byHKIMH, YETHBIC U HEUETHBIC PYHKITUH,
HauOoJIbIlIee ¥ HAaMMEHbLIee 3HaUeHUs (QYHKIIUU

41 Crenennbie QyHKIUU C HATYPATbHBIMU
MOKa3aTesIMU, UX TpaQUKU U CBOMNCTBA

42 Hcnonp3oBanue CBOMCTB (PYHKIHMHA JUIs pelIeHus
3a1a4y

43 [TpumeHneHne MeTo1a KOOPAUHAT B IPAKTUKO-
OPUEHTUPOBAHHBIX T€OMETPUUECKUX 3a/1a4ax

44 [TpaBuiIbHBIE MHOTOYTOJIBHUKY, BBIYUCICHUE MX
3JIEMEHTOB

45 [TpaBuiIbHBIE MHOTOYTOJIBHUKY, BBIYUCICHUE MX
9JIEMEHTOB

46 [TpaBuIIbHBIE MHOTOYTOJILHUKH, BBIYHCICHUE HX
JJIEMEHTOB

47 JnvHa 1yru OKpyKHOCTH

48 "MOHOTOHHBIE U OTPaHUYEHHBIE
[I0CJIeOBaTEIbHOCTH "

49 Meroa maTreMaTH4E€CKON MHAYKIIMHI

50 MeTto1 MaTeMaTHYECKON HHTYKITUH

51 Meroa maTreMaTH4E€CKON MHAYKIIMHI

59 Pemenue 3aga4 Ha CIOKHBIE POLIEHTHI
(¢punancoBas MaTeMaTHKA)

53 Pemienue 3a1a4y Ha CJIOKHBIE MTPOLIEHTHI
(¢puHaHCOBas MaTEMaTHKA)

54 CX0OIMMOCTh IIOCIIENOBATEIILHOCTEN




CymMma GeckoHEeuHO yObIBaroIei

o> T€OMETPUUYECKON MTPOTPECCUU

56 Cymma 6ecKkOHEYHO yOBbIBAIOIICH
r€OMETPUUYECKON MTPOTPECCUU
Brruncienre nepuMeTpoB U ionaaen

57 CJIIOKHBIX (PUTYP, BKIIOYAIOIIUX 3JIEMEHTHI
Kpyra
Brruncienre nepuMeTpoB U ionaaen

58 CIIOXKHBIX (PUTYpP, BKIIOYAIOIINX AJIEMEHTHI
Kpyra

59 Lentpanbnas cuMMeTpust

60 [ToBopoTt

61 OceBast cuMMeTpHs

62 Kommozurum aBrmxkeHui (MpocTeiime
IPUMEpHI)

63 Pemenue 3aiay, UIUTFOCTPUPYIOUINX CBA3H
MEXy pa3TUYHBIMU TEMaMHU Kypca

64 Pemenue 3agay, MIUTIOCTPUPYIOIIUX CBSI3U
MEXTy pa3IMIHBIMU TEMaMH Kypca

65 Pemenue 3a1ay, UIUTFOCTPUPYIOIINX CBA3H
MEXy pa3lTUYHBIMU TEMaMHU Kypca

66 [Tpoekt: «IIpeobpazoBanusi B UCKYCCTBE U
ApPXUTEKTYpEe»

67 [Ipoekt: «IIpeobpazoBanusi B UCKYCCTBE U
APXHUTEKType». 3anura

68 Hrorosas koHpepeHuus: «MareMaTuka — 3T0

KpaCuBO»
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