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HHOACHUTEJIBHAS 3AIINCKA

[Tporpamma 1o MaremMaTuke Ha ypoBHE CpeIHEro o0mero oopa3oBaHus pa3paboTaHa Ha OCHOBE
@I'OC COO c y4€ToM COBPEMEHHBIX MUPOBBIX TPEOOBAHUH, MPEIBIBIIEMBIX K MAaTEMAaTHYECKOMY
00pa3oBaHUIO, W TPAAMIHUK pOoccCHiicKOro oOpa3zoBaHus. Peammsamusi mporpaMMmbl MO MaTeMaTHKe
o0ecrieynBaeT OBJa/ICHUE KIIOUYEBBIMA KOMITETCHIIUSMH, COCTABJISIONIMMH OCHOBY JUISi CAMOPA3BUTHUS
Y HENPEpHIBHOTO 00pa30BaHUs, LEIOCTHOCTh OOIIEKYJIbTYPHOTO, JIMYHOCTHOTO M MO3HABATEIBHOTO
Pa3BUTHS TUYHOCTU O0YUAFOIIUXCAL.

B nporpamme mno wmaremaTuke YYTEHbl HJed U mnoJoxeHus KoHuenuuu pa3BUTHA
MaTeMaTHueckoro oopasoBanus B Poccuiickoii denepanuu. B cOOTBETCTBUU ¢ Ha3BAaHUEMKOHIICTIIIUH,
MaTeMaTH4ecKoe 00pa3oBaHWE [OJDKHO, B YaCTHOCTH, MPEAOCTABIATh KaXKIOMY OO0ydYaroIIeMycs
BO3MOXHOCTh HJOCTHIXCHHUA ypOBHSI MAaTEMATHUYCCKUX 3HaHI/II7I, HGO6XOI[I/IMOFO JUJIA ;[aaneﬁLueﬁ
YCIELTHOM KU3HU B 0011ecTBe. FIMEHHO Ha pellieHre 3TOH 3a/1a4u HallelieHa TporpaMMa Mo MaTeMaTuke
06a30BOro ypoBHsI.

B snoxy nunpoBoii Tpanchopmaruu Beex cdep 4enoBeUecKOi IesITeIbHOCTH HEBO3MOXKHO CTaTh
00pa3oBaHHBIM COBPEMEHHBIM YEJIIOBEKOM 0e3 0a30BOIl MaTeMaTHUeCKOW MOATOTOBKU. YKE B IIKOJIE
MaTeMaTHKa CIIY>)KUT OTIOPHBIM MPEIMETOM ISl U3YYCHHSI CMEXHBIX JIUCIHMILIMH, a B JKU3HU IOCTC
IIKOJIbI PEATbHOH HEOOXOAMMOCTBIO CTAaHOBHUTCS HENpPEPBIBHOE O0pa3oBaHHWE, 4YTO TpeOyeT
MOJTHOLIEHHON 0a30Boi 0011e00pa30BaTeNbHON MOArOTOBKH, B TOM YHCJIE U MaTeMaTH4eCKOH. JTo
OOyCIIOBJICHO TE€M, 4YTO B HAalKd JHA  PACTET  YUCJIO CHCIHAIBLHOCTCH,  CBS3aHHBIX C
HETOCPEJCTBEHHBIM IMPUMEHEHHEM MaTeMaThKu: ¥ B cdepe SKOHOMUKH, U B OH3Hece, U B
TEXHOJIOTMYECKUX 00JIACTSIX, ¥ TAXKE B TYMaHUTAPHBIX cepax. Takum 00pa3oM, KpyroOydaromuxcsi, As
KOTOPBIX MaTeMaTHKa CTAHOBHUTCS 3HAYMMBIM TIPEAMETOM, CYIIIECTBEHHO PaCIIUPSIETCS.

[IpakTnueckasi TMOJNE3HOCTh MaTeMaTHKU OOYyCIOBJIIEHA TEeM, 4YTO €€ MPEeIMETOM SIBISIOTCS
(dbyHaaMeHTalbHbIE CTPYKTYpbl HAIIEro MHpa: MPOCTPAHCTBEHHbIE (OPMBI M KOJIWYECTBEHHBIE
OTHOILIEHHUS OT IIPOCTEUIINX, YCBAUBAEMBIX B HEIOCPEACTBEHHOM OIIBITE, A0 JOCTATOYHO CIIOXKHBIX,
HEOOXOUMBIX JUISl Pa3BUTHSI HAYYHBIX UM TEXHOJIOTMYECKHX Hied. be3 KOHKPETHhIX MaTeMaTHYeCKUX
3HAaHUM 3aTPYAHEHO NIOHMMAHWE IPUHLMUIIOB YCTPOWCTBA M HCIIOJIb30BAHMS COBPEMEHHOM TEXHUKH,
BOCIIPUATHE M HHTEpIpeTalys pa3HOOOpa3HOM COIMATbHON, SKOHOMHYECKOH, MOJUTHYECKON
uHpopMaluu, Manod(p@exTUBHA MOBCEIHEBHAS MpaKTUYECKas IeATeNbHOCTh. Kax/oMy uernoBeKy B
CBOEH JKHU3HU IPUXOIUTCS BBINOIHATH JOCTATOYHO CIOXKHBIE PACUETBI M COCTABIATH HECIOKHBIE
QITOPUTMBI, HaXOAWUTh HYXHbIE (DOPMYJIBI M MPUMEHSTh UX, BIAJETh MPAKTUYECKUMH NpUEMaMU
TreOMETPUYECKUX M3MEPEHUH M MOCTPOEHUM, 4YuTaTh HWH(GOpPMAIMIO, NPEACTABICHHYI0 B BHIY
TabJIML, JuarpaMMH rpaukoB, )KUTb B YCIOBUSAX HEOINPEAEIEHHOCTH U MOHUMATh BEPOSATHOCTHBIN
XapakTep cIy4aHbIX COOBITHI.

OAHOBpPEMEHHO € pacuIMpeHrueM cep MpUMEHEHHs] MaTeMaTUKH B COBPEMEHHOM OOIIECTBE BCE
0osiee BaXHBIM CTAHOBUTCS MAaTEMaTHMUYECKHH CTHIJIb MBIIUICHUS, TPOSBIISIOMUICS B ONpeIenEHHbIX
YMCTBEHHBIX HaBbIKaX. B mpoliecce n3ydyeHus MareMaTHKU B apceHall MPUEMOB U METO/I0B MBIIIIJICHHS
4eJI0BEKa €CTECTBEHHBIM 00pa30M BKJIIOYAIOTCS MHAYKIUS U JeTyKIHs, 0000IIeHNe U KOHKPeTH3aIHs,
aHAJIW3 U CHUHTe3, KiaccuuKalus W cucTeMarusauus, abcrparupoBaHue M aHajorus. OOBEKTHI
MaTEMaTUYECKUX YMO3aKIUYEHHUH, paBuja UX KOHCTPYUPOBAHUS PACKPBIBAIOT MEXAHU3M JIOTHUECKUX
MOCTPOEHUMN, CIOCOOCTBYIOT BbIpabOTKE yMeHHs (GOpMYyIHUpPOBaTh, OOOCHOBBIBATH M JOKa3bIBaTh
CYXKIEHMSI, TEM CaMbIM Pa3BUBAIOT JIOTUYECKOE MBIIIUIEHHE. MaTeMaTuke NpUHAAIEKUT BEAyLIasi poJib
B (JOPMUPOBAHUU ANTOPUTMUYECKON KOMIIOHEHThI MBIIIJIEHUS U BOCIHMTAHUU YMEHHM J1eHCTBOBATbH
[0 33JaHHBIM AJIFOPUTMaM, COBEpIICHCTBOBAaTh M3BECTHBIE M KOHCTPYMpPOBaTh HOBbIE. B mponecce
pelleHns 3aJad — OCHOBHOM y4eOHOH JesTeNbHOCTHM Ha YPOKAax MaTeMaTHKH — pPa3BUBAIOTCS
TBOPYECKAsl U MPUKJIaJHAs] CTOPOHBI MBIIIJICHUS.

OOyuenne MaremMaTuKe Ja€T BO3MOKHOCTh Pa3BUBATh y 00YYAIOUIMXCS TOYHYIO, PALMOHATIBHYIO
U UHPOPMATUBHYIO peYb, YMEHUE OTOHMpaTh HamOoJee MOIXOMISIINE S3BIKOBBIC, CHUMBOJINYECKHE,
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rpaduvecKre CpeIcTBa IS BIPAKEHHS CY>KACHUN U HATIIAHOTO UX MPEICTaBICHHS.

HeoOxonuMbpIiM KOMIIOHEHTOM 001l KyJIbTYpbl B COBPEMEHHOM TOJIKOBAHMHU SIBIISIETCA OOIIee
3HAKOMCTBO C METOJAaMU IIO3HAHMsI JAEMCTBUTEIBHOCTHU, IPEACTABIECHUE O MPEAMETE M METOJE
MaTeMaTUKH, €ro OTJIMYUS OT METOJIOB €CTECTBEHHBIX M T'YMaHUTApHBIX HayK, 00 OCOOEHHOCTSIX
NPUMEHEHHS MaTeMaTHKH Ui peIleHUs HAy4YHbIX W MNPUKIAAHBIX 3amad. Takum oOpasom,
MaTeMaThuyeckoe 00pa3oBaHue BHOCUTCBOM BKIal B (hOpMUPOBaHHE OOIIEH KyIbTYphl YEIOBEKA.

N3ydyeHne MareMaTHMKU CIOCOOCTBYET ACTETUYECKOMY BOCHUTAHMIO YEJIOBEKA, IMOHUMAHUIO
KpacoTbl M M3sILECTBA MAaTEeMAaTUYECKUX PACCYXIEHHUH, BOCHPUATHIO TIE€OMETPUYECKUX (opM,
YCBOGHHIO Uaeu cuMMeTpuu. IlpuoputetneiMu nensimMu odydenusi Matematuke B 10—-11 xmaccax Ha
0a30BOM YpOBHE SBIISIOTCS:

(dhopMUpOBaHHE EHTPATBHBIX MATEMATUYCCKUX TMOHSATHHI (YMCIIO, BEITUYHHA, TeOMETPUYCCKas
¢urypa, mnepeMeHHas, BEpOSTHOCTh, (QYHKIUSA), OOECIeYnBAIOIIMX IPEEMCTBEHHOCTh U
NEePCIEKTUBHOCTh MAaTEMAaTUYECKOr0 00pa30BaHus 00yYaroInXCs;

IIOABCACHUC 06yqa101u14xc;1 Ha JOCTYIIHOM IUId HHUX YPOBHC K OCO3HAHUKO B3aUMOCBA3U
MAaTCMAaTUKHU MW OKPYXKAoUWCro Mupa, IMNOHMMAaHHUEC MAaTCMATUKKW KaK 4YacTU O6IIICﬁ KYJBbTYPBI
YCJIOBCYCCTBA,

Pa3BUTHE HWHTEUIEKTYaJIbHBIX M TBOPUYECKHX CIIOCOOHOCTEW OO0y4YaroImuxcs, MO3HABATEIbHOM
AKTUBHOCTH, UCCIIEJJOBATEILCKUX YMEHHUH, KPUTUYHOCTH MBIIUJICHHUS, HHTEpeca K HW3YYEHHUIO
MaTE€MaTUKH;

¢dopmupoBaHue (YHKIMOHAJIBHOW MaTeMaTHYECKOM TI'pPaMOTHOCTU: YMEHHUS pPaclo3HaBaTh
MaTeMaTUYeCKUE AacleKTbl B pPEaAJbHBIX JKU3HEHHBIX CHUTYalUSXU IPU U3YYEHUHU IPYTrUX Y4EOHbIX
IPEIMETOB, MPOSABICHHUS 3aBUCHUMOCTEH U 3aKOHOMEpHOCTEH, (OpMyJIMpOBaTh HUX Ha S3bIKE
MaTeMaTUKH U CO3JjaBaTh MaTeMaTUYECKUE MOJIENIN, IPUMEHATh OCBOCHHBIM MaTeMaTUUECKH anmnapar
JUIs PEUIeHHs NPAaKTUKO-OPUEHTHPOBAHHBIX 33a/a4, WHTEPIPETUPOBATb U OLIEHUBAThH [OJYUCHHBIC
pe3yabTaThl.

OCHOBHBIMU JTHHUSMU COJACpKaHHUA MATEMATUKU B 10-11 knaccax SIBISIOTCS:

«Yucna u BeIYMCIEHUN Y, «Anredpa» («Anredpanyeckue BbIpaKeHUs», «Y PaBHEHUS U HEPABEHCTBAY),
«Hauvana maremarnyeckoro ananuza», «l'eomerpusi» («I'eomerpuueckue puUrypsl U HX CBOICTBay,
«I3MepeHHe TEOMETPHYECKUX BeNUYMH»), «BeposTHocTh W crarucThkay. JlaHHBIE — JIMHUH
pa3BUBAIOTCS MapajulebHO, KaX/aas B COOTBETCTBUUC COOCTBEHHOM JIOTMKOM, OTHAKO HE HE3aBUCUMO
OJTHAa OT JIPYTOii, a B TECHOM KOHTAaKTe M B3auMojeiictBun. Kpome 3T0ro, nx 00BeANHSAET JTOTHYeCKast
COCTaBJISAOLIAs], TPAJIUIIMOHHO IPUCYIIIas MaTeMaTHKE U TPOHU3BIBAIOIIAS BCE MATEMaTHYECKUE KypPChI
ucoxaepxkarenpubie JUHUH. ChopmynupoBanHoe B PI'OC COO tpebGoBaHuEe «BIAJCHUE METOJAMU
JI0Ka3aTelbCTB, AITOPUTMAaMHU pPELIeHUs 3ajad, yMeHue (opMyJIHpoBaTh OMNpEAETeHUs, aKCUOMBI U
TEOPEMBI, IPUMEHSTH UX, POBOJIUTH JTOKa3aTEeIbHBIE PACCYKICHHS B XOJI€ PEIICHHS 3a7a4» OTHOCUTCS
KO BCEM Y4eOHBIM KypcaM, a GOpMHUPOBAHHUE JIOTHYECKUX YMEHHUI pacrpenensercss Mo BCeM TrojaM
00yJeHus1 Ha yPOBHE CPETHETO 001Iero 00pa3oBaHusI.

B cootBerctBun ¢ ®I'OC COO MatemaTHKa SBISETCS 00S3aTeNbHBIM MPEAMETOM Ha JAaHHOM
ypoBHE oOpaszoBanus. [IporpamMMoii MmO MaTeMaTHKe TMPEAYyCMAaTPUBACTCS H3ydyeHHE Y4eOHOTO
npenMera «MartemaTtuka» B paMKax TpEX Y4eOHBIX KypCOB:

«Anre6pa N Hadajla MarTeéMaTHYCCKOI'O aHaJiku3a, ((FeOMeTpI/IH», «BepOﬂTHOCTI) N CTaTHUCTHUKA».
(DOpMI/IpOBaHI/IC JJOTHYCCKHNX y'MCHI/Iﬁ OCYHICCTBIIACTCA Ha NPOTAKCHUUN BCEX JICT O6YIICHI/I$I Ha YpOBHC
CpECOHETO O6HI€FO O6p330BaHI/IH, a DJICMCHTHI JIOTUKHW BKIHOYAKOTCA B COJACPKAHHUEC BCEX Ha3BAaHHBIX
BBIIIC y‘{e6HBIX KYpCOB.



IINIAHUPYEMBIE PE3YJIbTATBI OCBOEHUS TPOI'PAMMBbI
ITO MATEMATHUKE HA YPOBHE CPEJHEI'O OBIIIEI'O OBPA30BAHUA

HSy‘lCHI/Ie MAaTCMAaTHUKH HAa YPOBHC OCHOBHOI'O 06H.[€FO O6paSOBaHI/I$I HaIIpaBJICHO HAa JOCTHUIKCHUC
O6y‘13,IOIJ.IPIMPIC51 JIMYHOCTHBIX, MCTAITPCIAMETHBIX U IPECAMCTHBIX O6p330BaTeHBHBIX PE3YyJIbTAaTOB
OCBOCHUA yLI66HOl"O npeamera.

JIMYHOCTHBIE PE3YJIBTATHBI

B pesynmpraTe wu3yyeHUS MaTeMAaTUKHM Ha YypPOBHE cpeaHero obmero oOpa3oBaHUs y
oOyyarormerocst OynyT c()OpMHUpPOBAHBI CIIEIYIOIINE JINYHOCTHBIE PE3YIIbTATHI:

¢ TIPAKAAHCKOI'O BOCIMTAHUSA:

c(OPMHUPOBAHHOCTh I'PAXAAHCKON MO3HUIMUA OO0Y4YaIOUIerocsi Kak akKTUBHOT'O M OTBETCTBEHHOT'O
YJieHa POCCHUHCKOro 0OIIecTBa, MPEACTABICHHE O MaTeMAaTHYECKUX OCHOBAaX (YHKIIMOHUPOBAHHS
pa3IMYHBIX CTPYKTYp, SBICHHI, MPOIEAYyp TpakIaHCKOrooOiiecTBa (BBIOOPHI, OMPOCH U JIPYyroe),
YMEHHUE B3aUMOJICHCTBOBATh C COLMAIBHBIMA HWHCTHUTYTaMH B COOTBETCTBUU C HMX (DYHKIUSAMH H
Ha3HAYCHHEM;

¢ MNMAaTPUOTHYECKOIO BOCIIUTAHMUA:

C(OPMHPOBAHHOCTh POCCHUICKOW TPaKTaHCKOW WACHTHYHOCTH, YBAXCHHS K MPOILIOMY
U HaCTOAIIEMY POCCHIICKOM MaTeMaTUKHU, LIEHHOCTHOE OTHOUIEHUEK TOCTHUKEHHUSIM POCCHUMCKUX
MaT€MaTUKOB M POCCHMCKOW MATEMaTUYECKOM IIKOJIbI, WCIOJb30BAHUE ATUX JOCTUKECHHU B APYTUX
HayKaX, TEXHOJIOTUAX, chepax IKOHOMUKH;

¢ JAYXOBHO-HPAaBCTBCHHOI'O BOCIIMTAHMSA:

OCO3HAHME JYXOBHBIX IEHHOCTEH POCCHUHCKOro Hapona, CcHOPMHUPOBAHHOCTH HPABCTBEHHOTO
CO3HAaHMS, dTUYECKOTO MOBEACHHUS, CBA3aHHOIO C NPAKTUYECKUMIIPUMEHEHUEM JTOCTHKEHUN HAYKH U
JeSITENIbHOCTBIO YYEHOT0, OCO3HAHNE JIMUYHOTOBKJIA/1a B IOCTPOEHHE YCTOMYUBOTO Oy IyIIEro;

® ICTETHYECKOI'O BOCIUTAHUSA:

9CTETUYCCKOC OTHOHICHUC K MHPY, BKIIOYAAd SCTCTHUKY MATCMATUYCCKHX 3aKOHOMepHOCTeﬁ,
06’BCKTOB, 3aaad, pemeHMﬁ, paccy)Kz[eHnﬁ, BOCTIPMUMYHUBOCTBEK MAaTCMATUUYCCKUM aCIICKTaM pa3jIMYHbIX
BUJ0OB UCKYCCTBA,

e (PU3MYECKOr0 BOCIIUTAHUA:

c(OpPMUPOBAHHOCTh YMEHHUS MPUMEHSATh MaTeMaTUYeCKUE 3HAaHUS B HHTEpEcax 3JJ0pOBOrO U
6e3omacHOro o0pasa >KU3HU, OTBETCTBEHHOE OTHOILIEHHE K CBOEMY 3/0pOBBIO (37I0pPOBOE MUTAHHE,
cOaaHCUPOBAHHBIM PEXUM 3aHIATUM M OTIBIXA,peryjsipHas (Qu3ndeckas aKTUBHOCTH), (pU3NYECKOE
COBEPULICHCTBOBAHUE IIPH 3aHATUSX CIIOPTUBHO-03J0POBUTEIBLHON NEATEIBHOCTBIO;

® TPYyI0BOIO BOCHUTAHUS:

TOTOBHOCTh K TPYIAy, OCO3HAHHWE IIEHHOCTH TPYAOIIOOUs, WHTEpEC K pa3audHbiM cdepam
npo(hecCHOHANBPHOM AESITeTbHOCTH, CBS3aHHBIM C MaTeMaTHKONH U €€ MPHIOKEHUSIMH, YMEHUE
COBEPIIIATh OCO3HAHHBIN BHIOOP OyayIie mpodeccuu U peaau3oBbIBATh COOCTBEHHBIE >KM3HEHHBIE
IUTAaHBI, TOTOBHOCTh M CIHOCOOHOCTHK MaTeMaTHUYECKOMY OOpa30BaHUIO M caMOOOpa30BaHUIO Ha
MPOTSDKEHUHM BCEW JKM3HU, TOTOBHOCTh K AKTMBHOMY YYacTHIO B PEIICHUH MPAKTHYECKUX 337134
MaTEeMaTUYECKON HaIlpPaBIEHHOCTH;

® JKOJOIrH4Y€CKOro BOCIIMTaHUuA:

cOPMUPOBAHHOCTh ~ JKOJIOTMUECKON  KYIbTYpbl, TOHHUMAaHHE  BJIHUSHHS  COLIMATIBHO-
SKOHOMUYECKHX TPOIECCOB HA COCTOSTHUE MPUPOIHOM U COIMATBHON CpeJbl, 0CO3HAHUETIIO0ATHFHOTO
XapakTepa SKOJOTMYECKUX MpoOjeM, OpUEeHTalMs Ha MPUMEHEHHE MaTeMaTHUYeCKUX 3HaHMW s
pelIeHus 3a7a4d B 00JacTH OKpYKAOIIEH cpeibl, MITaHNPOBAHUE TTOCTYITKOB U OIICHKU WX BO3MOKHBIX
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IIOCJIEICTBUM JIJIS1 OKPYKAIOLLEH Cpebl;
¢ IEHHOCTH HAYYHOI'O IIO3HAHMSA:

c(OPMUPOBAHHOCTh MHPOBO33PEHHS, COOTBETCTBYIOIIETO COBPEMEHHOMY YPOBHIO DPa3BUTHUS
HayKd M OOIIECTBEHHOW MPAKTUKH, TOHUMAaHHE MAaTEMaTHYeCKOW HayKd Kak c]epbl 4eI0BEeYeCKOM
JIEATEIBbHOCTH, 3TAllOB €€ Pa3BUTHS U 3HAYMMOCTH ISl pa3BUTHUS LMBWIN3AIUU, OBJIAJICHUE S3BIKOM
MaTeMaTUKd W MaTeMaTH4YeCKOM KyJIbTypOoW Kak CpEACTBOM IIO3HAHUS MHUpa, TIOTOBHOCTh
OCYLIECTBIISATh MPOEKTHYIOU UCCIEA0BATENIBCKYIO AEATEIbHOCTh MHANBUIYAIBHO U B TPYIIIIE.

METANPEIMETHBIE PE3YJIbTATBI

B pe3ynbTare 0CBOCHHS TPOrpaMMBbl 110 MaTEeMaTHKE Ha YPOBHE OCHOBHOT'O 00IIEroo0pa3oBaHus
y oOydaromerocss OyayT choOpMHpPOBaHBI METANPEAMETHBIC PE3YylbTaThl, XapaKTCPU3YIOUTHUECS
OBJIAJICHHEM YHUBEPCATbHBIMU [03HABaTEIbHBIMU JICUCTBHUSMH, YHUBEPCATbHBIMU
KOMMYHUKATHBHBIMU HeﬁCTBI/IHMH 1 YHUBCPCAJIbHBIMU PCTYIATHBHBIMU ﬂeI;'ICTBHSIMPI.

Ilo3HaBaTe/lbHbIE YHHBepcalbHble YueOHbIe 1elCTBHUA
e ba3zoBble jornyeckue aeficTBUA:

BBISIBJISITH M XapaKTE€PU30BaTh CYLIECTBEHHbIE MPU3HAKM MAaTEMaTUYECKUX OOBEKTOB, MOHATHUH,
OTHOLIEHUH MEXJy MOHATUAMH, (OPMYJIHUPOBATh OIpPEIEIEHUs] TOHATHH,  yCTaHAaBIMBAaTb
CYLIECTBEHHBIH MpPHU3HAK Kiaccu(UKAlUU, OCHOBAHMs JJsi OOOOILIEHUS U CpaBHEHUS, KPUTEpUU
IIPOBOJMMOI0 aHAIN3a;

BOCIIPUHUMATh, (OPMYJIHPOBATH M  TNPEOOpPa3OBBIBATH CYXKACHUS: YTBEPAWUTENIbHBIE U
OTpHLIATENIbHBIE, €IMHUYHBIE, YACTHBIE U O0IIUE, YCIOBHBIE,

BBISIBIIITh ~ MaTeMaTHYECKHE 3aKOHOMEPHOCTH, B3aUMOCBS3H M IPOTHUBOpPEUUsiB  (hakrax,
JTAHHBIX, HAOIIONEHUSIX U YTBEPXKACHUAX, IpeJlaraTh KpUTEPUUJIS BbISBICHUS 3aKOHOMEPHOCTEH U
IIPOTUBOPEYUI;

JieNaTh BBIBOJIBI C HCIOJNB30BAaHUEM 3aKOHOB JIOTHKH, JEIYKTUBHBIX M WHAYKTUBHBIX
YMO3aKJIIOUeHUM, YMO3aKIIOUEHUH 110 aHAJIOTHH;

IIPOBOJIUTH CaMOCTOSITEIbHO JO0KA3aTebCTBA MAaTEMaTHMUECKUX YTBEP)KICHHH (IpsMble U OT
IPOTUBHOIO0), BBICTpauBaTh apryMEHTALMIO, IPUBOJUTH NMPUMEPHI U KOHTPIPUMEPHI, 00OCHOBHIBATh
COOCTBEHHBIE CYX/IEHUS U BBIBOJIBI;

BbIOMpaTh CcHoco0 pelleHuss yueOHOW 3ajauM (CpaBHUBATh HECKOJBKO BAapHAHTOB PEIIECHUS,
BBIOMpATh HanOoJIee NOAXOAALIMH C YIETOM CaMOCTOSATENIBHO BbIIEJICHHBIX KPUTEPHUEB).

e ba3oBble uccienoBarejbCcKue elicTBUSA:

HCIOJIb30BaTh BOMNPOCHl KaK MCCIEN0BAaTEIbCKUII HMHCTPYMEHT TO3HAaHUS, (GOPMYIHUpOBATH
BOTIPOCHI, (PUKCUPYIOIIKE TPOTUBOPEUHE, MPOOIeMy, YCTaHABIUBATHHCKOMOE U JaHHOE, (POPMHUPOBATH
TUIIOTE3Y, apTyMEHTUPOBATH CBOKO MO3MUIUI0, MHEHUE; IPOBOJUTh CAMOCTOSTENBHO CITITAHUPOBAHHBIN
9KCHEPUMEHT, UCCIIEI0OBaHUE MO YCTAaHOBJIEHHUIO OCOOCHHOCTEH MaTeMaTHYecKoro oObeKTa, SIBJICHUS,
Ipolecca, BhISIBICHUIO 3aBUCUMOCTEN MEX Ay 00bEKTaMHU, SBJICHUSIMU, POLIECCAMU;

CaMOCTOSITENILHO (OPMYIHPOBATh OOOOIIEHUS M BBIBOABI IO pe3yJbTaTaM IPOBEIEHHOTO
HAOJIFOICHUs, HMCCJIEIOBAHUS, OIIEHWBATh JOCTOBEPHOCTH IOJYYEHHBIX PE3yIbTATOB, BBIBOJOB U
0000I1IEHHI;

IIPOTrHO3UPOBATH BO3MOXXHOC PAa3BUTUC IPOLECCA, a TAKIKEC BBIABUI'aTb NPCAIIOIOXKCHUA O €Tro
Pa3BUTHU B HOBBIX YCJIOBUAX.

e Padora c nngopmanmeii:

BBISIBIIATH ACPUITUTHI HH(OPMAITUH, JaHHBIX, HEOOXOJMMBIX JIJIsl OTBETA Ha BOTIPOCH JIJISl PEIICHUS
3a7a4mn;

BBIOMpATh HH(POPMALIHIO U3 HCTOUYHUKOB Pa3IMYHBIX TUIIOB, aHATU3UPOBAThH, CHCTEMAaTU3UPOBATh
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U MHTEPIIPETHPOBATh MH()OPMAIUIO PA3IHUHBIX BUJIOB U ()OPM MPEICTABICHUS;

CTPYKTYPHUPOBaTh HMHGOPMAIMIO, MPEACTaBIATh €€ B Pa3NWYHBIX (OpMax, WLIIOCTPUPOBATH
rpaduvecKu;

OLICHUBATh HAAEKHOCTh MH(OPMALMU MO CAMOCTOSITENBHO CPOPMYIUPOBAHHBIM KPHUTEPUSIM,
c(hOpMYyIIMPOBAHHBIM CAMOCTOSTEIILHO.

KomMMmyHnKaTUBHBIE YHUBepPcaJbHble y4eOHbIe JeilCTBUSA:

BOCIIPUHMMATh M  (OpMYyIHpOBATh CYXACHHS B COOTBETCTBHHM C YCIOBUSIMHH LEISIMU
o011eHus, SICHO, TOYHO, IPAMOTHO BbIPaXaTh CBOK TOYKY 3PEHHS B YCTHBIX MIIMCbMEHHBIX TEKCTaX,
JlaBaTh IOSCHEHMSI 110 X0y peLIeHUs 3a1a4l, KOMMEHTHPOBATH I1I0JyYEHHBIN Pe3yJIbTarT;

B X07ie 00CYKJICHHS 3a/1aBaTh BOMPOCHI 110 CYIIECTBY 00CYX AaeMOM TeMbI, TPOOJIEMBbI, peraeMon
3a/lauM, BbBICKA3bIBaTh MWJIEW, HALICJICHHbIE HAa IIOMCK pEIIEHUS, COMOCTAaBIISITh CBOM CYXKJIEHHUS C
CY)KICHHUSIMH JPYIMX YYaCTHHKOB Juanora, oOHapyXHBaThb pa3iM4he M CXOJICTBO MO3UIUI, B
KOPPEKTHOH (popme hopMyIHpoBaTh pa3HOTIACHS, CBOU BO3PAKCHHUS;

IPEICTaBIATh pe3yJabTaThbl pEIIEHUS 3aJa4yd, OHKCHEPUMEHTa, MCCIeI0BaHUs, IPOEKTa,
CaMOCTOSITENIbHO BbIOMpATh (OpMaT BBICTYIUIEHHS € Y4ETOM 3a/ad IMpe3eHTalMd U 0COoOEeHHOCTEN
ayJUTOpPUH.

PeryisiTuBHbIe YHHBepPCAJbHbIE YUeOHbIe NelCTBUS
e Camoopranuszaumus:

COCTaBJISATh IUIAH, aJITOPUTM pEILEHMs 3a/1au, BBIOUPATh CIOCO0 peleHHs ¢ yYETOMUMEIOLINXCS
PECypcoB M COOCTBEHHBIX BO3MOKHOCTEH, apryMEHTHUPOBATh U KOPPEKTUPOBATH BAPUAHTHI PELLICHUN C
y4€TOM HOBOI MH(pOpMAIUH.

e CaMOKOHTPOJIb, IMOIHOHAIbHbIA HHTEJJIEKT:

BJIQJIETh HABBIKAMHU TIO3HABATENbHOW pe(IIEKCUU KaK OCO3HAHUS COBEPIIAEMBIX ACHCTBUU M
MBICTTUTENIBHBIX TPOIECCOB, MX PEe3YyNbTAaTOB, BIAAETh CIHOCOOAMHM CaMOIPOBEPKH, CAMOKOHTPOJIS
Ipolecca U pe3ysibTaTa pelieHusl MaTeMaTH4ecKou 3a/1auu;

IIPEIBUIETh TPYAHOCTH, KOTOPBIE MOT'YT BOSHUKHYTB IIPH PEILIEHUH 3a/1a41, BHOCUTb KOPPEKTUBBI
B JICSITEILHOCTh Ha OCHOBE HOBBIX OOCTOSITENIBCTB, JAHHBIX, HAWJEHHBIX OLIMOOK, BBISBICHHBIX
TPYIHOCTEH;

OICHUBATH COOTBCTCTBUEC PE3YyJIbTaTa LCIN U YCIOBUAM, 00BACHATH MPUYIWHBI JOCTHXXCHUA U
HEOOCTUKCHUSA PE3YJILTATOB ACATCIIBHOCTU, HAXOAUTDH OIJ_II/I6Ky, AaBaTbOLICHKY HpI/I06peTéHHOMy OIIBITY.

e CoBMecTHAA JEATEIBHOCTD:

MTOHUMATh U UCIIOJIH30BATh MPEUMYIIECTBA KOMAHTHON W MHIUBUAYATbHON paOOTHIIPH PEIICHHH
y4eOHBIX 3a/1a4, IPUHUMATH 11€JIb COBMECTHOM JI€ATEIbHOCTH, IUTAHUPOBATh OPTaHU3AIUI0 COBMECTHON
paboThl, pacmnpenensTh BHUIbI pabOT, JOrOBapUBaThCS, OOCYXAaTh MpOLECC U pe3ysibTaT paboThl,
0000111aTh MHEHUSIHECKOIBKUX TIOIEH;

y4acTBOBaTh B TpYyNNoBbIX (opmax paboTel (00cyxIeHus, oOMeH MHEHHH,

«MO3TOBBIE IITYPMbI» U WHBIE), BBIIIOIHATH CBOIO YaCTh PabOThl U KOOPAWHUPOBATH CBOMCHCTBUS C
IPYTMMH 4WI€HaMU KOMaH/bl, OLIEHUBATh KaYeCTBO CBOETO BKJIA/Ja B OOIIMN MPOIYKT MO KPUTEPUSIM,
c(OpMYIHPOBAHHBIM YUaCTHUKAMHU B3aUMOJICHCTBUSI.

IHPEAMETHBIE PE3YJIBTATBI

[IpenmeTHbIe pe3yabTaThl OCBOEHUS MPOTrPaMMBI 110 MaTeMaTHKe Ha 6a30BOM YpOBHE Ha ypOBHE
cpenHero oOuiero oOpa3oBaHMs IMPEACTaBICHBI MO rojamM OOYYEeHHSB paMKaX OTHENIbHBIX Y4eOHBIX
KypCOB B COOTBETCTBYIOLIMX pa3jeiax MPOrpaMMBINO MaTEMAaTHKE.



PABOYASA ITIPOI'PAMMA YUYEBHOI'O KYPCA «AJITEBPAN HAYAJIA
MATEMATHUYECKOI'O AHAJIM3A»

MNOACHUMTEJIBHAS 3AIINCKA

VY4eOHblif kKypc «Anredpa U Hayana MaTeMaTHYECKOrO aHAJIW3a» SBJSETCS OAHUM U3 Haubosee
3HaYMMBIX B TMpPOrpaMMe CpenHero oOmero oOpa3oBaHUs, IOCKOJBKY,C OAHOH CTOPOHBI, OH
o0ecrieunBaeT MHCTPYMEHTAJIbHYIO 0a3y Al M3y4EHHsS BCEX €CTECTBEHHO-HAyYHBIX KYypCOB, a C
Jpyroii CTOPOHBI, (OPMUPYET JOTHYECKOEU aOCTPAKTHOE MBIIUICHHE OOYy4aroImuXxcs Ha YpOBHE,
HEOOXOJUMOM JJII OCBOEHHUS YYEOHBIX KypcOoB HMH(OPMATHKH, OOLIECTBO3ZHAHUS, HUCTOPHH,
clioBeCHOCTH. B pamkax y4eOHOro kypca «Anrebpa W Hadaja MaTeMaTHYECKOTO AaHaJIH3a
oOyuJaroluecs: OBJIaJIeBalOT YHUBEPCAIbHBIM SI3bIKOM COBPEMEHHOM HayKH, KOTOpast GOpMYyIUPYET CBOU
JOCTIKEHUS] B MATEMAaTHIECKOH opme.

VYuebHblll Kypc anreOpbl M Hayal MaTeMaTHYeCKOro aHalu3a 3akKja/blBaeT OCHOBY JUIA
YCIICIHOT'O OBJIAZICHUSA 3aKOHaAMU (1)I/ISI/IKI/I, XHUMHHU, 6I/IOJIOFI/II/I, IIOHUMaHUusA OCHOBHBIX TGHI[CHIII/Iﬁ
9KOHOMHUKM M OOIIECTBEHHOH >KHU3HHU, IMO3BOJISIET ODUEHTUPOBATHCSI B COBPEMEHHBIX LUGPPOBBIX U
KOMITIBIOTCPHBIX TEXHOJIOTUAX,YBEPCHHO HCIIOJIbB30BATH UX B HOBCCI[HCBHOfI JKM3HU. B TOXE BpeMs
OBJIaICHUE A0CTPAKTHBIMU M JIOTMYECKH CTPOTMMHM MAaTeMaTHYECKUMHU KOHCTPYKLUSAMHM pPa3BUBAET
YMCHHUEC HAXOJUTb 3aKOHOMCPHOCTH, 000CHOBBIBAaTL HCTUHHOCTH YTBCPKACHUA, HUCIOJIB30BATH
000011eH1e U KOHKPETU3alUIo, a0CTparnpoBaHUe U aHaJIOTUI0,(pOPMUPYET KpeaTUBHOE U KPUTHUECKOE
MbllUIeHHE. B Xx01€ n3ydeHus areOpbl M Hayaa MaTeMaTHYECKOI0 aHAJIN3a Ha YPOBHE CPEIHET0 O0IIEro
00pa3oBaHus 00yUaIONIMECANIONYYAt0T HOBBIM OMNBIT PELICHUs MPUKIAHBIX 33134, CAMOCTOSTENILHOTO
IIOCTPOEHUAMATEMATUYECKUX MOJIEIICH pealbHbIX CUTyalluld U MHTEPIIPETALUU [10Jy4YECHHBIXPEIIECHUH,
3HAKOMSATCSI C NpUMEpaMH MaTeMaTU4YeCKMX 3aKOHOMEPHOCTEW B HPUPOE,HAyKe U B UCKYCCTBE, C
BBIJAIOMIUMUCA MATCMATHYCCKUMU OTKPBITHAMU U HUX aBTopaMH.qu6HBIﬁ KypC anrerLI n Hadall
MaTeMaTHYeCKOro aHanu3a o001aJaeT 3HAYMTEIbHBIM BOCHUTATENbHBIM IMOTEHIMAIOM, KOTOPBIH
peann3yercss Kak uepe3 Y4eOHbII MaTepuan, CrIocOOCTBYIOIIUNA (OPMHUPOBAHUIO HAYy4YHOTO
MHUPOBO33PEHUS, TaKl depe3 crneuu(puKy ydeOHOH AedTeNnbHOCTH, TpeOyroleld caMOCTOSTEIbHOCTH,
AKKYpPaTHOCTH, HpO)IOJ'DKI/ITeJ'IBHOI\/'I KOHICHTpAlMKM BHUMAHHA W OTBCTCTBCHHOCTH 3a HOHy‘ICHHBIﬁ
pe3yJbTart.

B ocHoBe wMmeTtomuku oO0yueHus anreOpe M HayajlaM MaTE€MaTUYeCKOro aHaiu3a JIeKHUT
JeSITeNIbHOCTHBIA TPUHIIUTT 00yUeHUSI.

B crpykType mnporpamMMbl Mo anrebpe W HayajaM aHalid3a BBIIEJSIOTCS  CIEIyIoIne
coJiepKaTelbHO-METOUUecKue TUHUM: «Uncna u BeauciaeHus», « DyHKuu u rpaguxm», «YpaBHEeHUS
U HepaBeHCTBa», «Hauana MareMaTHUecKoro aHanusay,

«MHoOXecTBa U JIOTHKa», ((CJ'Iy‘-IafIHBIe COOBITHS U BEPOATHOCTHU, ((CJIy‘-IaﬁHLIe BCIIMYHMHBI U 3aKOH
OoNpIIMX YHCET». Bce OCHOBHBIE COACPKATCIIBHO-MCTOANUYCCKUC JIMHUH HM3Y4YarOTCA Ha IMPOTAKCHUU
ABYX JICT O6y‘{CHI/ISI Ha YpPOBHC CpCIAHCTO 06]1_[61“0 O6p3.30BaHI/I$I, C€CTCCTBCHHO HOIIOJIHAA APYr Apyra U
IIOCTCIICHHO HaChIlasiChb HOBBIMH

TeMaMu U pazfenamu. J[aHHbIA ydeOHBI Kypc SIBISETCS MHTEIPaTUBHBIM, IIOCKOJIBKY OOBEIUHSET B
cebe comepkaHWE HECKOJNBKMX  MAaTeMaTWYeCKWX JUCHUIUIMH:  anredpa, TPUTOHOMETpPHS,
MaTeMaTHYECKUI aHalu3, TEOPUs MHOKECTB, BEPOSITHOCTh U CTaTHCTUKA U Jpyrue. [lo mepe Toro xak
oOydaroruecss  OBJaJeBalOT BcE Oojee IMIMPOKMM  MaTeMAaTUYECKUM  alaparoM, y HHUX
MOCJIEI0BATEIbHO (POPMHUPYETCS] M COBEPIICHCTBYETCS YMEHHE CTPOMTHh MAaTeMaTHYeCKyl0 MOJeNb
peabHOM CHUTyalluu, NPUMEHATh 3HaHMs, IOJY4YEHHbIE B yueOHOM Kypce «AnreOpa M Haudajia
MaTeMaTHYECKOT0 aHajau3a», Ul PEIIeHUs CaMOCTOATENbHO CPOPMYIMPOBAHHOW MaTeMaTHYeCKON
3a/1a4y, a 3aT€M HHTEPIPETUPOBATH MOJYYECHHBIN PE3YNIbTAT.

ConepxxaTtenbHo-MeToAnYecKas JTUHHUS «Yucrna W BBIYMCICHHS» 3aBepuiaeT (HOpMHUpPOBaHHE
HaBBIKOB HCIOJIb30BAHUS JEHCTBUTENIBHBIX YUCEN, KOTOPOE OBIJIO HAYaTO HA YPOBHE OCHOBHOI'O OOIIETO
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oOpasoBanus. Ha ypoBHe cpeHero o6uiero oopa3oBanus 0co00e BHUMaHUE yIeNseTcsi QOPMHUPOBAHUIO
IPOYHBIX BBIYHUCINTEIHHBIXHABBIKOB, BKIIOYAIONINX B Ce0s MCIIOIB30BaHUE PA3IMYHBIX (popM 3amucu
HeﬁCTBHTeHBHOFO quciia, YMCHHC palUMOHAJIbHO BBIIIOJJHATH HeﬁCTBHﬂ C HMMHU, ACJIaTh MNPUKHUIKY,
OLICHMBATH pe3yabTar. OOyJaronyecs Moay4aroT HaBBIKU MPUOIMKEHHBIX BBIYMCICHUI, BHITIOIHEHUS
JeMCTBUH C YHWCIIaMH, 3alMCaHHBIMH B CTaHAAPTHON (opMe, NCIOIH30BAHUS MaTEMaTHUYECKUX
KOHCTAHT, OIICHUBAHUS YMCIIOBBIX BRIPAKCHUH.

CopepxarenpHasi JUHUS «YPaBHEHUS M HEPABEHCTBA» pEANM3YETCs Ha IPOTSHKEHHUU BCETO
o0y4yeHHsT Ha ypOBHE CpelHero obumero oOpa3oBaHHUs, MOCKOJBKY BKaXIOM pasfelie MpOrpaMMbl
IPEyCMOTPEHO pELIEHHE COOTBETCTBYIOIMX 3azad. OOydaromuecs: OBIAJEBAIOT Pa3IMUHBIMU
METO/laMH PELICHUs LEJbIX, PAllMOHAIbHBIX, WPPALMOHAIBHBIX, MOKA3aTeNIbHbIX, JOrapu(MUUECKUX U
TPUTOHOMETPUYECKUX YpPaBHEHMM, HEPABEHCTB U UX cucTeM. [lomydyeHHble yMEHHS HCIONb3YKOTCS IpU
UCCIIIOBAaHUM (DYHKLIMI C MOMOIIbIO MPOU3BOJHOM, PpEIICHUH NPUKIATHBIX 3aJad W 3ajad Ha
HAXOXXJCHWE HAuOONbIIMX W HAUMEHBIIUX 3HaueHWd ¢yHkuuu. JlaHHas conepxareibHas JMHUS
BKJIIOYAET B ce0s Takke GopMupoBaHHe YMEHUH BBINTOJIHATH pacuéThl o hopMyam, npeodpazoBaHUs
LEJIbIX, PAlMOHAJIBHBIX, HPPALMOHAIBHBIX U TPUTOHOMETPUYECKUX BBIPAXKEHUMN, a TAK)KE BBIPAXKEHUH,
CoJiepKalMX CTENEHHU U Jorapudmsl. biarogaps nzyueHuro anredpandyeckoro Marepuana mpoucxoauT
JanpHeHIee pa3BUTHE ATOPUTMHYECKOTO U a0CTPAKTHOTO MBIIIJICHUS! 00YyYaIOMIMUXCsl, (POPMUPYIOTCS
HaBBIKW JEIYKTUBHBIX pPAaCCyXAE€HUH, paboTbl C CHUMBOJIBHBIMH (hopMamH, IpeICTaBICHUS
3aKOHOMEPHOCTEH M 3aBUCHMOCTEH B BHJIE PAaBEHCTB U HEPAaBEHCTB. Anredpa mnpeniaraetdPpdexTHBHbIC
MHCTPYMEHTBI JUIs peLIeHUs] TPAKTUYECKUX U €CTeCTBEHHO-HAYUHbIX 3a/1a4,HarJIsiTHO IEMOHCTPUPYET CBOU
BO3MOKHOCTH KaK $13bIKa HAYKH.

CopepxarenbHo-MeTOoAUYeCKas TUHUS «DYHKIIMHU U TpapUKu» TECHO MEPeIyIeTaeTcs ¢ APYTUMU
JUHUSAMH y4eOHOIro Kypca, MOCKOJIbKY B KaKOM-TO CMBbICIIE 3a/1aéT IMOCIJIE€0BATEIbHOCTh U3yYEHUS
MmaTepuana. l3ydeHue cTelneHHOH, MOKa3aTeNlbHOM, JOrapuMUYECKO M TPUTOHOMETPUUYECKUX
(GyHKIUH, UX CBOKCTB U Ipa)MKOB, HCIIOIB30BaHNEe (QYHKIMN Il PEHICHUS 33429 U3 APYTrUX yI4eOHBIX
MIPEAMETOB U PEaTbHOM )KM3HU TECHO CBSI3aHO KAK C MAaTEMaTHYECKUM aHaJU30M, TaK U C pEeHICHUEM
ypaBHeHUH U HepaBeHCTB. Ilpu »TOoM Oosbiioe BHUMaHHE YyaenseTcs (GOPMHUPOBAHHUIO YMEHHS
BbIpaXaTh (OpMyJIaMU 3aBHCHUMOCTH MEXAY Pa3IMYHBIMUBEIMYUHAMH, HCCIEI0BATh IOJIY4YEHHbIE
GyHKIIMHM, CTpoUTh UX Trpaduku. MarepuanconepkareabHOW JUHUY HalleJIEH Ha pa3BUTHE YMEHUH U
HABBIKOB, TMO3BOJISIIOIIMX BbIpaXaThb 3aBHCHUMOCTH MEXIy BeIHUYMHAMU B pa3Nu4yHOU Qopme:
aHAJTUTUYECKOM, Tpaduueckod u  cioBecHOM. Ero wu3ydeHwe CmocoOCTBYeT  Pa3BUTHUIO
AITOPUTMUYECKOTO MBIIIEHUS, CIOCOOHOCTH K OOOOIIEHHI0O M KOHKPETH3AllUW, HCIIOIb30BAHUIO
aHasioruii. ConepxkarenbHas nuHus «Hadama maTeMaTHyeckoro aHajan3a» I03BOJISIET CYILECTBEHHO
pacuIpuTh KPYyr KaKk MaTeMaTHYeCKHX, TaK M MPHKIAIHBIX 3a/1a4,JOCTYIMHBIX OOydaroumumcs, y
KOTOPBIX TOSIBIIETCS BO3MOXHOCTb HCCIIENOBaTh U CTPOUTH Tpa@uku (QyHKUIUN, ONpPENeNsiTh HX
HauOONbIIMEe ¥ HAUMEHBIINE 3HAYEHUS,BBIYUCIATH Ilom@aau GUryp U oObEMBI  Tell, HaXOIUTh
CKOPOCTH W yCKOpeHHs mporieccoB. CoaepkarenbHas JHHHS OTKPHIBAET HOBBIE BO3MOXKHOCTHU
MOCTPOEHUAMATEMATHYECKUX MOJIETIEH pealbHBbIX CUTyallud, HAaXOXXJICHUS HAWIY4IIero pEIICHUSB
IMPUKJIAAHBIX, B TOM 4YHUCJIC COIIMAJIbBHO-3KOHOMHWYECKHUX, 3aJaydyax. 3HAKOMCTBO C OCHOBaMH
MaTEeMaTHYECKOTO aHalh3a CIOCOOCTBYET pAa3BUTHIO aOCTPaKTHOTO, (OPMAIbLHO-IIOTUYECKOTO U
Kp€aTUBHOT'O MBIIJICHUWA, q)OpMI/IPOBaHI/IIO yMeHI/Iﬁ pacrio3HaBaTb MPOABJICHUSA 3aKOHOB MAaTCMATHUKH
B HayKe, TEXHUKE U HCKYCCTBE.

OOyuarommecst y3HalT O BBIAOIIUXCS PE3yNIbTaTaX, MOJYyYEHHBIX B XO/I€ Pa3BUTHSI MAaTEMAaTHKU KaK
HayKH, U UX aBTOpax.

ConepxarenpHOo-MeTOoUUYECKasT JUHUSA «MHOXKECTBA M JIOTMKa» B OCHOBHOM IIOCBSIIEHA
3JIEMEHTaM TEOPUU MHOXKECTB. TE€OPETUKO-MHOKECTBEHHBIE MTPEACTABICHUANIPOHU3BIBAIOT BECH KypC
HIKOJIbHOM MaTeMaTUKH U MpeaaraloT HauboseeyHUBEpCcaIbHbIN SI3bIK, 00BEAUHSIOMINN BCE pa3ieibl
MaTE€MaTUKU U €€ NPUIOKEHUM, OHHU CBA3BIBAIOT pPa3HbIE MATEMATHUYECKUE NUCLUIIINHBI B €IUHOE
nenoe. [loaTromy BakHO AaTh BO3MOXKHOCTH OOydaroleMycs MOHMMAaTh TEOPETUKO-MHOKECTBEHHBIN
SI3bIKCOBPEMEHHOM MaTEMAaTUKH U UCIIOJIb30BATh €T0 U1 BEIPAKEHUSI CBOMX MBICIICH.

Conepxkannie nuHUKM «CioydaliHbIE COOBITHSI W BEPOSTHOCTH»  CIYKHUT  OCHOBOM ISt
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(dbopMHpOBaHUS TPEACTABICHUN O paclpeleleHud BEPOATHOCTEH MEXIy 3HAUCHUSMH CIIy4aiHBIX
BEIMYMH, a TaKKe JTa JIMHUSA HeoOXoAMMa Kak 0a3a A M3y4eHHUs 3aKoHa OOJIBIIMX YuCel —
(byHIaMEHTAILHOTO 3aKOHA, JEHCTBYIOIIETOB MPUPOAE U OOIIECTBE M MMEIOUIETO MAaTeMaTHYEeCKYIO
¢dopmanuzanuio. CaM 3akOH OOJBIIMX 4YMCEN MpeUlaraercss B O03HAKOMMUTENbHOM dopme ¢
MUHHMAaJIBHBIM HCIIOJIb30BAaHUEM MaTeMaTHUECKOro (hopManusma.

Tembl, CcBA3aHHBIE C HENPEPHIBHBIMM CIIYYalHBIMU BEIUYMHAMH, AaKICHTHPYIOT BHUMAaHHE
o0yJaromuxcs Ha OMMCAHUH U U3YYEHUH CIY4alHBIX SBJICHHIA C MOMOIIBIO HEMPEPBIBHBIX (DYHKIHUIA.
OcCHOBHOE BHHMMaHHE YHEIAETCS I0KA3aTCIIbBHOMY M HOPMAaJIbHOMY PAaCIpPEIENICHUSAM, IPU 3TOM
IPEAIOJIaraeTcsi 03HaKOMHUTENIBHOE N3yUeHNE MaTepHraia 06e3 J0Ka3aTelbCTB IPUMEHSIEMBIX (DaKTOB.

B yueOHOM Kypce «AnreOpa n Hayajna MaTeMaTHYeCKOr0 aHaIM3a» MPUCYTCTBYIOTTAKKe OCHOBBI
MaTeMaTHYECKOT0 MOJICTUPOBAHMS, KOTOPBIE IPU3BaHbI C(HOPMUPOBATH HABBIKA TIOCTPOCHUS MOJENeH
pea’bHbIX ~ CUTyalMi, HCCIEAOBaHUS ATUX  MOJEJIEH C IOMOIIbIO amnmapara ajireOpsl U
MAaTCMAaTUYCCKOr'o aHaJIM3a U UHTCPIPECTAINUU IMOJTYYCHHBIX PC3YJIbTATOB. Takue 3aJaHus BIIJICTCHBI B
KaXJblii W3 pa3/enoB NpPOrpaMMbl, IOCKOJBKY BeCh MaTepuan y4yeOHOro Kypca UIMPOKO
HCIIOJIB3YCTCA JIs1 PCIICHUA MNPUKIIAJAHBIX 3aaadq. HpI/I peliCHUN PCAIBHBIX ITPAKTUYCCKUX 3aJ1a4
oOyyarolmiyecss  pa3BUBAlOT  HAOJIOJATEIBLHOCTb,  YMEHHME  HAXOAUTh  3aKOHOMEPHOCTH,
abcTparupoBarbCs, HUCIIOJIb30BATh AHAJNOTHMIO, 0000IIaTh W  KOHKPETU3UPOBAaTh MIpoOiiEeMy.
JlesaTenbHOCTh 10 (POPMHUPOBAHUIO HAaBBIKOB PELICHUs MPUKIIAJHBIX 337a4 OPraHU3yeTcs B Ipolecce
U3YYEHHUS BCEX TEM yueOHOro Kypca «Asredpa 1 Hayana MaTeMaTUYECKOro aHAIU3a.

OO1miee 4yKuCiIO0 YacoB, PEKOMEHJIOBAHHBIX JUI M3Y4CHHUs y4eOHOro Kypca «AureOpau Havasia
MaTeMarudeckoro ananusa», — 204 gacos: B 10 kmacce — 102 wacos (3 waca B Hemenmo), B 11 kiacce
—102 ygaca (3 yaca B HeIEIO).



COJEP)KXAHUE OBYYEHUA
10 KJIACC

Yucia v BLIYHCICHUA

Panmonanehbie umcna. OOBIKHOBEHHBIE W JIECATUYHBIC JPOOHW, IPOIEHTH, OCCKOHEYHBIC
nepuoanyueckue Apodu. ApudmMerndeckue onepaluuy ¢ paloHaIbHBIMU YHCIAMU, MPEoOpa3oBaHUs
YHUCIIOBBIX BbIpaxeHui. [IpuMeHeHne apoOeil W MPOLEHTOB Ui PEIICHUS MPUKIAAHBIX 331a4 U3
Pa3JIMYHBIX OTPACIICH 3HAHUI U peaIbHOMN KU3HM.

JlelicTBUTENbHBIC YKcia. PainonanpHble M MppalMoOHaIbHbBIC YuCiIa. Apu(MeTHiecKue onepamnun
C JeMcTBUTENbHBIMU uuciaaMu. [IpubnuxEHHBbIC BBIYMCICHHS, MpaBUja OKPYIJICHHS, MPUKHUIKA U
OLICHKA PE3YJIbTaTa BHIYUCIICHHIA.

Crenens ¢ OCJIBIM IIOKa3aTCJICM. CTaHI[apTHafI (bopMa 3aIInucu HeﬁCTBHTCHBHOFO qucia.
Hcnonws3oBanue HOIIXOI[SIL[Ieﬁ (bOpMBI 3alInucu HGfICTBHTGHBHHX YuCCl A pCIICHUA HNPAKTUYCCKUX
3a/la4 U IIpCaACTaBJICHNA JaHHbIX.

Apudmernueckuii KOpeHb HaTypaslbHOW cTemeHu. JleiicTBuA ¢ apuMETHUYECKUMH KOPHSIMH
HaTypaJIbHOM CTEIICHHU.

CuHyC, KOCMHYC U TaHTE€HC YHCJIOBOIO aprymMeHTa. ApPKCHHYC, apKKOCHHYC, apKTaHI'€HC
YHUCJIOBOT'O apryMEHTa.

YpaBHeHUS U HEPABEHCTBA
ToxnaecTBa U TOX1€CTBEHHbIE TPEOOPa30BaHUS.

IIpeoOpa3oBaHue TPUrOHOMETPHUECKUX BbIpaKeHUH. OCHOBHBICTPUTOHOMETPUUECKUE
(bopMyIIbI.
VYpaBHeHMe, KOpeHb ypaBHEeHHUs. HepaBeHCTBO, pelieHre HepaBeHCTBa. MeTOoIHTEPBaIOB.

Pemenue nenbix 1 [poOHO-palliOHAIbHBIX YpaBHEHUH U HepaBeHCTB. Pelenue
HMPPALMOHAIIBHBIX YPAaBHEHUN U HEPABEHCTB.

[Toka3zaTenbHbIe YpaBHEHUS U HEPABEHCTBA.
Jlorapudmuueckue ypaBHEHHs 1 HEPAaBEHCTBA.
Pemenne TpuroHOMETpUYECKUX ypPaBHEHU.

[IprMeHeHne ypaBHEHUH 1 HEPABEHCTB K PELLICHNUIO MaTEMAaTHUYECKUX 33124 U 33]]auu3 Pa3TUUHbIX
oOracTell HayKu U pealbHON KU3HU.

DyHKUMH ¥ TPaPUKH
OyHkuMs, crnocoObl 3aaanus (QyHkuuu. I'padux Qynkuuu. BzanmHo oOpaTHbleDyHKUINU.
OO6nacTp ornpeenieHUs] © MHOXKECTBO 3HaueHMH ¢pyHkumuu. Hymu QyHKImm.
[TpoMexyTKH 3HAKOMOCTOSAHCTBA. YETHBIEC U HEUETHBIE (DYHKIINU.

CrenenHas (pyHKIMS C HATypaJbHBIM U IIeJbIM Noka3ateneM. E€ cBoiicTBa urpaguk. CBoiicTBa u
rpaduk KOpHS N-Oi CTENEeHH.

IToka3zarenbHast u norapudmudeckas GyHKIMH, UX CBOUCTBA U TpapHKH.

Tpuronomerpuyeckasi OKpyKHOCTb, ONIpEAEIEHUE TPUTOHOMETPUYECKUX (DYHKIIUHYMCIOBOTO
apryMeHTa.

Hauana MmaTeMaTH4eCKOI0 aHAJIU3a

HOCJ’IC,Z[OB&TCHLHOCTI/I, CIIOCOOBI 3aJlaHus mocieaoBaTeaIbHOCTE. MOHOTOHHEIE
IIOCJICA0BATCIIBHOCTH.

Apudmerndeckas U reoMeTpuueckas mnporpeccui. beckoHeyHO yObIBarolias reoMeTpruecKas
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nporpeccusi. Cymma OeckOHEYHO YyObIBaromieil reoMeTpudeckoil mporpeccun. @opmyna CIOXHBIX
IIPOLEHTOB. Mcrionb30BaHne MPOrpeccuy A PEIICHUAPEANIbHBIX 3a/1a4 IPUKIIAIHOIO XapakTepa.

MHo:xecTBA U JIOTHKA

MHoxecTBO, omnepanuu Haj MHOkecTBamu. Jlumarpammel Oiiniepa—Benna. Ilpumenenue
TEOPETUKO-MHOKECTBEHHOTO aIlfapaTa JJisi OMMCAHUS PEaIbHBIXIIPOIIECCOB U SIBJICHUH, NPU PEUICHUU
3aJa4 U3 IPYrux yueOHBIX MPEAMETOB.

Onpenenenue, TeopeMa, CIEACTBUE, 10KA3ATEIbCTBO.
BeposiTHOCTB M CTATHCTHKA

[IpencraBieHre JaHHBIX C MMOMOIIBIO TaOauIl U auarpamm. CpeaHee apudMeTniyeckoe, Merana,
HauOOoJIbllIce M HAWMEHBIIIEE 3HAYEHUs, pa3Max, JAUCICPCHS U CTAHIAAPTHOE OTKJIOHEHHE YHCIOBBIX
HaOOPOB.

CrnyyaiiHble SKCIIEPUMEHTHI (OIBITHI) U CIyYaiHble COOBITHSA. DIEMEHTApHBIE COOBITHS (UCXOIBI).
BeposiTHOCTB citydaliHOTro cOOBITUS. BIM30CTh YaCTOThI U BEPOSATHOCTH COObITUI. CilydaliHbIE OIBITHI C
PaBHOBO3MOXKHBIMHU ~ 3JIEMEHTApHBIMU  COOBITHSIMU. BeposiTHocTH  coOBbITHII B ONBITaX C
PaBHOBO3MOXXHBIMH 3JIEMEHTAPHBIMU COOBITHSIMH.

Omnepanuu HajJ COOBITHSIMU: IE€pecedeHue, OObEIUHEHUE, IPOTUBOIMOJIOKHBIE COOBITHS.
Huarpammsl Diinepa. @opmysia cI0KeHUsI BEPOATHOCTEH.

VYcnoBHas BEpOSTHOCTb. YMHOXEHUE BeposiTHOCTEH. [lepeBo cCily4ailHOro 3KCHEepUMEHTA.
dopmMmyta moaHOM BepossTHOCTH. He3aBucumeblie COOBITHS.

KomOunatopHoe mnpaBuio ymHOxeHus. [lepecraHoBku u ¢akropuan. Ywucnao coueTaHui.
Tpeyronbuuk Ilackans. @opmyna bunoma HeroToHa.

bunapHbiii ciyuaiiHblil ONBIT (MCHIBITAHUE), yelieX U Heyaada. HesaBucumbie ucnbitanus. Cepust
HE3aBUCHMBIX UCIIBITAaHUH J10 epBoro ycrnexa. Cepusi He3aBUCUMBIXUCTIBITAHUN bepHysiu.

Crnyyaiinas BennunHa. Pactipenenenne BeposaTHocTel. J{narpamma pacripeneneHus.
[Tpumepsl pacnipeeneHui, B TOM 4Hciie, FEOMETPHUUECKOe U OMHOMHUAIBHOE.
11 KJIACC
Yuciia v BBIYUCICHUSA

Harypanbnble u nensie yucna. [Ipuznaku nenumoctu uensix uncen.CTeneHs ¢
palnMoHaIbHBIM Moka3areraemM. CBONCTBA CTETICHH.

Jlorapudm uncna. JlecssTuuHble U HaTypalbHbIE JIOTapU(MBI.
YpaBHeHus: U HepaBeHCTBa
[IpeoOpa3oBaHue BEIpaXXEHUH, COAEPKALIUX JTOTapU(PMBI.
IIpeoOpa3oBaHue BBIPAXKEHUM, COAEPIKALINX CTENIEHH C PALlMOHAIBHBIMIIOKA3aTEIIEM.
IIprmepbl TPUTOHOMETPUYECKUX HEPABEHCTB.

CucreMbl TUHEMHBIX YpaBHEHUU. PelieHne MpUKIagHBIX 3aad C MOMOIIBIOCHCTEMBI
JIMHEUHBIX YPaBHEHUH.

Cucremsl u COBOKYITHOCTH pallMOHAJIBbHBIX ypaBHeHI/Iﬁ N HCPABCHCTB.

IIpuMeHeHHEe ypaBHEHUN, CUCTEM M HEPABEHCTB K PEIICHUI0 MAaTEMaTUYECKUX3a1ad U 3a1a4d U3
pa3IUYHBIX 00JacTel HayKH U peanbHON )KU3HU.

DOYyHKUMH U TPaPUKH

Oynknus. [lepuonnueckne GyHkiuu. [IpoMexyTkn MOHOTOHHOCTH (GYHKIMH. MaKCUMyMBbl U
MUHUMYMBI QyHKIMH. Hanbombiiee n HanMeHbllee 3HaueHne (PyHKIIMUHA TTPOMEKYTKE.

11



Tpuronomerpuueckue QyHKIIUH, UX CBOWCTBA U TpauKH.
Hcnonp3oBanue rpadukoB GyHKIuMIT U pellieHus] ypaBHEHUH 1 IMHEHHBIX CHCTEM.

Hcnonb3oBanue rpadukoB QYHKIMA IS UCCICAOBAHUS MPOIECCOB U 3aBHCHUMOCTEH, KOTOPHIE
BO3HUKAIOT MPU PEUICHUH 33/1a4 U3 APYTUX YUEOHBIXIIPEIMETOB U PEaIbHOMN KU3HU.

Hayana MaTeMaTH4€eCKOI0 aHAJIU3A

HemnpepsiBHble ¢GyHKIMH. MeTOox HMHTEpBAIOB A peUIeHUs HepaBeHCTB. [IpowmsBomnas
¢bynkuuu. ['eomerpuueckuii 1 GU3MUECKUI CMBICIT TIPOU3BOTHOM.

[IpousBoHbIe 37eMeHTapHBIX (HYHKIUH. DPOPMYIIbl HAXOXKICHHUS TPOU3BOAHONCYMMBI,
MPOM3BEICHUS U YACTHOTO (PYHKIIHIA.

[IpumeneHnue Mpou3BOIHON K HCCIEI0BaHUIO (PYHKIMNA HA MOHOTOHHOCTD HIKCTPEMYMBI.
Haxoxneare HanbombIIero 1 HAMMEHBINET0 3HAYCHUsT (DYHKITH Ha OTPE3Ke.

[IprmeHeHne NpOU3BOAHOM /I HAXOXKACHUS HAUTYYILIETO PEIIeHUs B TIPUKIIAHbIX3a]auax, JUIs
OTpeJIeJICHUsI CKOPOCTHU TIpoIiecca, 3aIaHHOT0 (POPMYIION UK TpaduKoM.

[TepBooOpasnas. Tabnuia nepBooOpa3HbBIX.

WuTerpan, ero reoMeTpudeckuii 1 GU3MYECKUN CMBICI. BBImcIeHne WHTErpanamno Gopmyie
Herorona—JleitOuuna.

BepOﬂTHOCTb H CTAaTUCTHKA

YucnoBbie XApaKTECPUCTHUKHU CHy‘I&ﬁHBIX BCIIMYHH: MAaTEMATHUUYCCKOC OXUAAHUC, AUCIICPCUA U
CTaHAApPTHOC OTKIIOHCHHUC. HpI/IMepI)I MPUMCHCHUSA MAaTCMATUUYCCKOI'O OKNAaHKsA, B TOM YHCJIC B 3a/la4ax
u3 HOBCGHHGBHOﬁ J)KU3HU. MareMaTudeckoe OXHaaHue 6PIHapH0fI cnyqaﬁHoﬁ BCJINMYHHEI.
MaremMaTtuueckoe OKHNJaHHUEC CYMMBI CHy‘laﬁHBIX BeIWYMH. MaTemaTtnueckoe OKHNIJaHUEC U JUCIICPCHUA
reoMETpHUICCKOIro u OMHOMHAIIBHOTO pacnpeneneHHﬁ.

3akoH OOJBIIMX YHCEN W €ro pojb B HayKe, mpupoae u oOmiectBe. BbIOOpOUHBIN MeTOx
HUCCIeJOBaHUH.

[Ipumepsl HENIPEPBIBHBIX ClydallHbIX BeIU4MH. [loHSATHE O MIIIOTHOCTH pacnpeneneHus. 3anaqu,
MPUBOAILINE K HOPMaJabHOMY paclpezcieHuto. [lonstue o HopMalbHOM pacipeeIeHUH.

MNPEAMETHBIE PE3YJIbTATbBI
K xonuy o6yuenus B 10 kj1acce 00ydaromuiics MoyqyuT ClIeayoLe IpeIMeTHbIepe3yIbTaThl:
Yucina u BbIYUCICHUS:

OTIePHPOBATh MOHATUSMU: PALMOHATHFHOE U ACWCTBUTENFHOE YHCTI0, OOBIKHOBEHHASU JIECATUYHAS
JIpOOb, IPOLICHTHI;

BBIIIOJIHATH apI/I(I)MeTI/I‘-ICCKI/IC onepanru ¢ paluOHAJILHBIMU U JIeCTBUTEIBHBIMU qucJjiaMu,

BBITIOJHATEH MPUOINKEHHBIE BHIYMCICHUS, UCIIONIb3YS MPaBUiIa OKPYTJICHHUS, JeNaThIPUKUIKY U
OLICHKY pe3yJbTaTa BbIYUCIICHUN;

OIICpHUPOBATH MOHATUAMU: CTCICHL C MLOCJIbIM IIOKAa3aTCJICM, CTaHAdapTHasd CbOpMa 3aIlIucu
I[CﬁCTBHTeHBHOTO qucia, KOpCHb HaTypaHBHOﬁ CTCIICHU, HUCIIOJIb30BATh MNOAXOIAIIYIO (I)OpMy 3aliucu
,ZIGI\/IICTBI/ITCHBHI)IX YU CCII IJId pCHICHUSA ITPAKTHYCCKUX 3aaa4u MMPCACTABICHUA JaHHBIX

OIEPUPOBATH IIOHATUEM: CTEIIEHD C PALlMOHAIIBHBIM II0KA3aTeIIEM;
OTIepUPOBATh MOHIATUAMU: JIOTapU(PM YUCIIa, IECATUYHBIE U HATYpaJbHbIE JTOTapU(PMBbL;

OIIEpUPOBATh MOHATHAMU: CUHYC, KOCUHYC ¥ TAHT'€HC IPOU3BOJIBHOTO YTIJla, UCII0JIb30BaTh 3alIMCh
MPOU3BOJILHOTO YIiIa uepe3 oOpaTHbIE TPUTOHOMETPUYECKUE (PYHKITHH.

YpaBHeHUS U HEPABEHCTBA:
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OMEepUpPOBaTh TOHATUSMHU: TOXKIECTBO, YpaBHEHUE, HEPABEHCTBO, LIEJIOE, pPALMOHAIBHOE,
UppalMOHaTIbHOE YpaBHEHNE, HEPABEHCTBO, TPUTOHOMETPHUECKOE YPaBHEHHUE;

IIPUMEHSTh CBOICTBA CTENEHW JUIsl IIPeoOpa3OBaHUs BBIPAXKEHUM, ONEPUPOBATH MOHATHAMMU:
IIOKAa3aTeIbHOE yYPAaBHEHUE U HEPAaBEHCTBO, pellaTb OCHOBHBIC THUIIBI ITOKA3aTEIbHBIX YPAaBHEHUN U
HEPaBEHCTB;

BBITIOJIHATH MPE00pa30BaHus BBIPAKEHUH, COEpKALINX Jorapu(Mmbl, ONEpUPOBATHIOHATUIMU:
norapuMuUecKoe ypaBHEHHWE ¥ HEPABEHCTBO, pEIIaTh OCHOBHBIC THIBI JOrapu(PpMHUECKUX
YpaBHEHUI U HEPABEHCTB;

BBIMOJIHATH PE0Opa30BaHMs TPUTOHOMETPHUYECKUX BBIPAXKEHUH U PelIaTh TPUTOHOMETPUYECKHE
ypaBHEHUS;

BBIIIOJIHATH Hpe06pa303aH1/1;1 HCJIBIX, PAllUOHAJIBHBIX U HPPAIHUOHAIBHBIX BBIpa)KeHI/Iﬁ " pClIaTb
OCHOBHBIC THUIIBI LEJIBIX, paAlHOHAJIBHBIX U HPPALMOHAJIbHBIX ypaBHeHI/Iﬁ N HCPABCHCTB,

INPUMCHATL YPAaBHCHUSA W HCPABCHCTBA JIA PCIICHHA MATCMATUUYCCKHUX 3aJad W 3aJad M3
pa3INIHbIX obnacrei HAayKH U peaJ'ILHOI‘/‘I JKHU3HHU,

MOZACIIMPOBATh PCAJIbHBIC CUTyallUM Ha A3BIKC aﬂre6pbl, COCTAaBJIATH BBIPAXKCHUSA, YPABHCHUA,
HEPABEHCTBA 10 YCJIOBHIO 3a/la4d, MCCIIEI0BATh MOCTPOCHHBIE MOJICIH C HCIIOJIb30BAHUEM amapara
anreOpsbl.

DOYyHKUUH ¥ TPapUKu:

OIIEPUPOBATH TMOHATUSAMU: (QYHKIHS, CHOCOOBI 3amaHus (QYHKIMH, 00JacTh ONpEACIcHUS W
MHO>KECTBO 3HaUeHUN (QYHKIUU, rpa@uK GyHKIMH, B3aUMHO oOpaTHbIe ()YHKIUY;

OIEpPHUPOBATH TOHATHAMH: YETHOCTb W HEYETHOCTh (PYHKIUH, HYTH (YHKIHH, TPOMEKYTKH
3HAKOIIOCTOSIHCTBA;

MCIO0JIb30BaTh Tpaduku GYHKIUH U1l pellieHus] ypaBHEHUII;

CTPOUTH M YUTATh I'padUK JIUHEWHOUN (YHKINH, KBaApaTUIHON (PYHKIMHU, CTETIEHHON (QYHKIIUN
C IIEJIBIM TOKa3aTesieM, TTOKa3aTeNIbHOM, JIOTapu(PMUIECKO,

UCMOJb30BaTh I'paduKu GYHKIMNA IS UCCIIEOBAHUS MIPOLIECCOB M 3aBUCUMOCTEN MPHU peLIeHUN
3a/1a4 U3 APYrux yueOHbIX MPEAMETOB U PeaIbHOM )KU3HH, BbIpaxaTh (pOopMyrIamMH 3aBUCUMOCTH MEXKITY
BEIIMYMHAMU.

Hauana MmaTeMaTH4eCKOIr0 aHAJIN3A:

OIEPUPOBATH TIOHATUSMH: TIOCIIEIOBATEIEHOCTD, apU(PMETHIECKast UTEOMETPUIECKAsT
IPOTPECCUH;

OIIEpPUPOBATH MOHATUSAMH: OECKOHEYHO yOBIBaIOIasi TeOMETpHUECKas Iporpeccus,cymma
0eCKOHEYHO YOBbIBaIOIIEH T€OMETPUUYECKOM MPOTrpecCuu;

3aaBaThb MOCJICAOBATCIIbBHOCTH pA3JIMYHBIMU CHOCOGaMI/I;

UCIOJIb30BaTh CBOMCTBA MOCIIEI0BATEIbHOCTEN U IPOrPECCHUil I pelIeHUsIpeaIbHbIX 3a1a4
NPUKJIAJHOTO XapaKTepa.

MHuozkxecTBAa M JIOTHKA:

OICpHUPOBATH NOHATUAMU: MHOXKCECTBO, OINICpalluU HAA MHOXKCCTBAMU; UCIIOJIL30BATh TCOPCTUKO-
MHOKECTBECHHBIN arrmapar s OIucCaHus pCaibHBIX

IMponecCcoB U ﬂBHCHHﬁ, IIpU pCHICHUUA 3aJiaq U3 JpYyrux y‘-IC6HBIX npeaAMETOB,; OIICPHUPOBATH
IMOHATHUAMMU: OIPEACIICHUEC, TCOPEMA, CICACTBUC, TOKA3ATCIbCTBO.

BeposiTHOCTB M CTATHCTHKA

4YuTaThb U CTPOUTH Ta6J'II/II_[BI " JuarpaMmal;
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ONCpUpoOBaTh MNOHATUAMU: CPCAHCC apmtmenmecxoe, MEaraHa, HaI/IGOHLH_ICC, HauMMCHBIICC
3HA4YCHHUE, pasMax MacCuBa YMCJIOBBIX JaHHBIX;

OTIEPHUPOBATH MOHATUAMU: CIYyYalHBINA SKCTIEPUMEHT (OTIBIT) U CIIy4aiiHOE COOBITHE,JIEMEHTAPHOE
cOObITHE (PJIEMEHTapHbIM HMCXOM) CIYy4alHOrO OMNbITa, HAXOJUTh BEPOSTHOCTHM B ONBITAX C
PaBHOBO3MOXHBIMH CIIy4allHBIMU COOBITHSIMH, HaXOJUTh W CPaBHHUBATH BEPOSTHOCTH COOBITHHA B
U3YYEHHBIX CIIy4alHBIX SKCIIEPUMEHTAX;

HAXOJIUTh U GOPMYIIUPOBATH COOBITHSA: TIepeceueHe U 00beAMHEHUE JAaHHBIX COOBITHIA, COOBITHE,
IPOTUBOIIOJIOKHOE JJAHHOMY COOBITHIO, TIOJIB30BATHCS JUarpaMMaMu Diiepa U GopMyIoi cIoKeHHs
BEPOSTHOCTEH MPH PELICHUHN 3a7ay;

OneprupoBaTh IIOHATUAMMU: YCIOBHAA BEPOATHOCTH, HE3aBUCUMBIC CO6BITI/IH, HaxoauThb
BCPOATHOCTHU C IIOMOLILIO IMpaBUjia YMHOKCHH:A, C IIOMOIIBIO ACPCBA cnyqaﬁHoro OIIbITAa,

IIPHUMCHSATDH KOM6I/IHaT0pHOG IIPaBUJIO YMHOXKCHU IIPpH PCILICHUH 3a1a4; OIICPHUPOBATE IIOHATHUAMU:
HCIIBITAHUC, HEC3aBUCUMbBIC UCIBITAHHUA, CCPUA

UCHBITAHUH, YCIIEX U HeyAauya, HaXOAUTh BEPOSATHOCTH COOBITHUI B CEpUU HE3aBUCUMBIX MCIBITAHUM 10
MIEPBOTO yCIIeXa, HaXOAUTh BEPOSITHOCTH COOBITHI B CEpUH UCIIBITaHU bepHym;

OIEPHPOBATh TOHATHSAMU: CIy4aiHas BEIMYMHA, PACIPEICIICHUE BEPOSTHOCTEH, auarpamma
pacrpeesieHusl.

K kon1ry o0yuenus B 11 kiiacce 00yJarommiics MOJIYIUT CIICTYIOIINE TIPS IMETHBICPE3YIbTAThI:
Yuciaa v BLIYUCJICHUA:

OIICpHUPOBATH IMOHATHUAMHA: HATYPAJIBHOC, HLCJI0C YHCJIO, HCIIOJIB30BAaTh IMPU3HAKU JCIMMOCTHU
HEJIBIX YHUCCII, PA3JIOKCHUC YK CJIa HAa ITPOCTBIC MHOXKUTCIIN JJIA PCUHICHUA 3a1a4.

YpaBHeHus 1 HepaBeHCTBA:
HaXOJUTh PEIIECHUS POCTEUIINX TPUTOHOMETPUUECKUX HEPABEHCTB;

ONEPUPOBATH NOHATUSAMHU: CUCTEMA JIMHENHBIX YPABHEHUH U €€ PEIICHHE, UCITOIb30BAaTh CUCTEMY
JIMHEUHBIX YPaBHEHUM Ul PELIECHUs IPAaKTUUECKUX 3a/1a4;

HaxOJWUTh pEUIEHUS IPOCTEHINNX CHCTEM M COBOKYITHOCTEH pALMOHAIBHBIX YPAaBHEHUH U
HEPaBEHCTB;

MOACIIMPOBATh PCAJIBHBIC CUTyallUM Ha A3BIKC anre6p1)1, COCTAaBJIATH BBIPAXKCHUSA, YPABHCHUA,
HEpaBEHCTBA U CUCTEMBI 110 YCIOBHUIO 3a/1a4M, UCCIIEA0BAaTh NOCTPOCHHbIE MOJIENIU C UCIOIb30BAHUEM
anmnapara ajareOpsl.

DOYyHKUUH U TPapUKu:

ONEpUpPOBATh MOHATUSAMU: NepuoanyecKas (QYHKIUS, MPOMEKYTKH MOHOTOHHOCTH (YHKIUH,
TOYKU HKCTpeMyMa (YHKIMM, HAauOoJiblllee W HaMMEHbIIee 3HAa4eHUs (PYHKIMM Ha MPOMEXYTKE,
UCIIOJIb30BATh UX VIS UCCIEN0BaHUS (QYHKIIMH, 3aJaHHOU rpaduKom;

ONEepPUPOBATh MOHATUSAMH: TpapUKH TPUTOHOMETPUYECKUX (YHKIMHA, H300pakaTb HX Ha
KOOPJMHATHOM TUIOCKOCTH UUCIIOJIb30BATh JUISl PEIICHUs] YPABHEHUM U HEPABEHCTB;

n300pakaTh Ha KOOPAMHATHOM IJIOCKOCTH TpaUKH JIMHEHHBIX YpaBHEHUH U UCIOIB30BaTh MX
JUISl pEILIEHNs] CHCTEMBI JIMHEHHBIX YPAaBHEHU;

HCIIOJIB30BaTh Fpa(bI/IKI/I (bYHKL[I/Iﬁ AJI1 UCCJICAOBAHUA MPOLECCOB U 3aBHCUMOCTEN M3 APpyrux
y‘IG6HBIX JUCHUIIIIHNH.

Hagana MaTeMaTH4€eCKOI0 aHAJIH3A:

ONEpUPOBATh TMOHATUSAMU: HENpepbIBHAS (DYyHKUHWSA, TPOM3BOAHAS (DYHKUHHU, HCIOIb30BATh
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reOMETPUYECKUH U (PU3MUECKHUI CMBICI TPOU3BOAHOM IS pEeLIeHUs 3aa4;

HaxXOJUTh HPOMU3BOJHBIC JIIEMEHTAPHBIX (DYHKLUUIH, BBIYUCIATH IPOU3BOJHBIE CYMMBI,
IPOM3BEACHUS, YACTHOTO (DYHKITHIA;

UCIOJIb30BATh IPOU3BOJHYIO ISl MCCIIEAOBaHUS (PYHKIMM Ha MOHOTOHHOCTBH 3KCTPEMYMBI,
OPUMEHSTH Pe3yJIbTaThl UCCIEIOBAHUS K TOCTPOCHHIO IPaUKOB;

HCIIOJIB30BAaTh IMPOU3BOAHYIO JIA HAXOXIACHHA HAWIYULICTO PCIICHHA B IMPUKIAAHBIX, B TOM
YHUCJIC COIUAJIbHO-OKOHOMUYCCKUX, 3ajjadax,

OIIepUPOBATH MOHATHAMU: TIepBOOOpa3Has U MHTErpajl, HOHUMAaTh TeOMETPUYECKUIN PU3NYECKUIT
CMBICII MUHTErpasa;

HAXOJUTh IE€PBOOOPA3HBIC AIIEMEHTAPHBIX (YHKIMH, BBIYHACIATH HHTErpan 1o Qopmyiie
Hrrorona—Jleiiouunma;

peuiaTh IMPUKIAAHBIC 3ada4dd, B TOM YHCIIC COHUAIBHO-3KOHOMHYCCKOI'0O H (1)I/IBI/I‘I€CKOFO
XapakTepa, CpeACTBAMH MATCMATUYCCKOI'O0 aHaIn3a.

BeposAITHOCTDH U CTATHCTHKA

CPaBHUBATh BEPOATHOCTU 3HAYCHHUU CIyYalHON BEJIWYMHBI 110 PACIPEICICHUI0 WINC IOMOIIBIO
quarpamu;

OICprUpOBaAThH MMOHATUCM MATCMATUUYCCKOI'O OXHUAAHUA, IPUBOAUTE IMPUMCEPLI, KaK NPUMCHACTCA

MaTeMaTHYECKOE OKUIAHUE CIYyYaliHOW BEIMYMHBI HaXOAUTHMATEMAaTHUYECKOE OKUIAHUE 10 JAHHOMY
pacrpeeieHuIo;

UMETh TPEACTABICHHE O 3aKOHE OOJBIIMX YHUCEN; HMMETh MPEJCTAaBICHHE O HOPMAILHOM
pacrpeeICHuH.
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TEMATHYECKOE IINTAHUPOBAHUE

10 KJIACC
HaumenoBanue Konnuects OcHoBHOE OCHOBHBIE BUIbI
paznena 04acoB coJiep>KaHue JESITENIbHO
(Tembl) CTH
Kypca oOyyJaroru
XCst
JlelicTBUTENbHbBIC 1 Llenble 1 pauoOHAIbHBIE Haxoauth cyMmMy 6€CKOHEYHO
qrcia 2 qHca. yOBIBaIOIIEH reOMETPUIECKOM
. IPOrPECcCHH.
JleiicTBUTENBHBIC YK CIIA
[TepeBoanTh OECKOHEUHYIO
BeckoneuHo yObIBaromias PEBO/L Y
NEPUOANYECKYIO I1po0b B
reoMeTpuyecKas
OOBIKHOBEHHYIO JpO0b.
nporpeccust
. [IpuBoauTH IpUMeEpHI (1aBaATh
ApudmeTrnueckuii KOpeHb PHBOI prMepBL (1
N ompeJieIcHuE)
HaTypaJbHOW CTENEHU .
apudmeTuyecKux KOpHeH
CrermeHs ¢ pannOHaJIbHBIM HaTypaJII)HOfI CTEIICHU.
Y JICUCTBUTEIHLHBIMU . .
[IpumensTh npaBuia IeHCTBUI
MOKa3aTeIsiMu
C paJfiKaJIaMH, BEIPAXKECHUSIMHU
CO CTENEHSIMH C PallHOHATbHBIM
MOKA3aTeJIeM TP BBIYUCIICHUSIX
u
npeoOpa3oBaHUSIX BRIPAKEHUN
OyHKIMH U TpadUKH. 1 Crenennas ¢pyHKIMS, €€ [To rpadukam cTeneHHbIX
CreneHbC 1eIbIM 2 CBOMCTBa U rpauk (GyHKIUH (B 3aBUCUMOCTH OT

[oKa3aTeseM.
CrenenHas QyHKIUSA

B3aumHo obpaTHbIe
dbyakuun. CrnoxHas

byHKIUSA

YpaBHEHHUsI U HEpABEHCTBA

WppannonanbHble
YpaBHEHHUS

WppaunonansHbie
HEpPaBEHCTBA

MOKa3aTelIs CTCTICHH )
OIUCHIBATh UX CBOMCTBA
(MOHOTOHHOCT®,
OTPAaHUYEHHOCTD, YETHOCT,
HEYETHOCTB).

Ctpouth cxemMaTuyecku rpapuk
CTENeHHON (YHKIUH B
3aBUCHUMOCTH OT
MIPUHAIJIEKHOCTH 1TOKA3aTEeNs
CTeNeHH! (B aHAIUTUYECKOM
3alMCH paccMaTpuBaeMoOn
(YHKIIUHN) K OJTHOMY U3
paccMaTpuBaeMbIX YHCIOBBIX
MHO>K€ECTB (TIpY MOKa3aTesXx,
MIPUHAJIEKALIIX MHOKECTBY
LEBIX YUCEI, IPH JTHOOBIX
JIeCTBUTENBHBIX ITOKA3aTeNsIX )
U MIEPEYMCIIATh €€ CBOWCTBA.

[IpuBOIUTE pUMEPHI
CTENEHHBIX (PyHKIMI




(3a1aHHBIX C MTOMOIIBIO
dhopmynsl uiu rpadu-

Ka), 00JIaJaloNX 33 JaHHBIMH
CBOWCTBaMH (Harpumep,
OrpaHMYCHHOCTH). Pa3bsCHATH
CMBICIT TICPEYHCIICHHBIX
CBOMCTB. AHaIM3UPOBATh
noBeJicHHe QYHKIIUN Ha
Pa3IUYHBIX yYacTKax 00JIacTh
OTIpeIeIICHUSI.

Pacnio3naBath paBHOCUIIBHBIC
npeoOpa3oBaHus,
peoOpa3oBaHusl, IPUBOSIINE
K YPaBHEHHUIO-CIIE/ICTBHIO.

Pewate npocreiimmue
UppalyoHaJIbHbIE YPaBHEHHUS.
PacnioznaBate rpaduku u
CTPOUTH TPapUKH CTEIIEHHBIX
(GyHKINN, HCTIONB3YS
rpadornoCTpoOUTEIIN, U3y4aTh
CBOMcTBa (PyHKLIMI 1O UX
rpadukam.

BrimonsaTs npeoOpa3oBaHust
rpaduKOB CTEIEHHBIX
(GyHKIMN: TapasIeTbHbINR
IIEPEHOC.

[IpuMeHnATH CBOMCTBA
CTENEeHHON (GYHKLUU MPH
pelIeHNN TPUKIAAHBIX 3334 U
3a/1a4 MOBBIILIEHHON CJI0KHOCTU

[TokazarenbHas
byHKIUSA
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[TokazarenbHast QyHKIMS,
e€ cBoiicTBa U rpaduk

[TokazaTenbHble ypaBHEHUS

[MTokazarenbHbIC
HEepaBeHCTBA

Cucrembl OKa3aTENbHBIX
YpPaBHEHU U HEPABEHCTB

[To rpadukam nmokazaTenbHOM
(YHKITUH OMUCHIBATDH €8
cBOMCTBAa (MOHOTOHHOCTb,
OTPAaHUYEHHOCTB ).

[IpuBOUTE IPUMEPHI
MOKa3aTeJIbHOU

¢GbyHKIMY (3a1aHHOM €
MOMOILBIO (POPMYITBI HITH
rpaduka), obmagaroniei
3a/laHHBIMH CBOMCTBaMU
(Hampumep, OrpaHUYEHHOCTH ).
Pa3bscHATH cMBICT
MEePEYNCICHHBIX CBOMCTB.
AHanu3upoBaTh NOBEJIEHUE
(GyHKIUN Ha pa3IMYHbIX
y4JacTkax o0JIacTH
orpezeNeHusl.




Pewrats npocreiiimue
IIOKa3aTeIbHbIC yPaBHEHUS,
HEPABEHCTBA U UX CUCTEMBI.

PemraTe nokazarennHBIE
ypaBHeHI/ISI MeToAaMu
Pa3JI0KEeHUsI HA MHOKUTEIIH,
c11oco00OM 3aMeHBI
HEW3BECTHOTO, C
HMCIOJIb30BAHUEM CBOMCTB
(hyHKIIMH, permaTh ypaBHCHHUSI,
CBOISIIIHUECS K KBaI[paTHbIM.

PacnioznaBats rpaduku u
CTPOUTH rpaduK MOKa3aTEILHOM
(GYHKIIUHU, HCTIOB3YSI
rpadornoCcTpoOUTENIn, U3ydaTh

CBOMCTBA (PYHKIUH 110
rpadukam.

(DOpMy.]'II/IPOBaTL THIIOTC3BI O
KOJIMYECTBEC

KOpHEW ypaBHEHUH,

CoJIeprKalIiX [MOKa3aTeIbHYIO
(YHKIUIO, ¥ IPOBEPSTDH UX.

BrimonsaTs npeoOpa3oBaHus
rpaduka nmokasareabHOM
GbyHKIMH: TapaIebHBINA
nepeHoc. [IpuMeHsaTs cBoicTBa
MoKa3areabHON (QYHKIUH MpU
pELIEHNH NIPUKIIATHBIX 3a1a4

Jlorapudmuueckas
byHKIUSA
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Jlorapudmbr
CBoiicTBa orapugmon

JlecATUYHBIC U HATYypaAJIbHbIC
iorapu(Msl.

dopmyna nepexona

Ulorapudmuueckas pyHKIus,
e€ cBolicTBa U rpapuk

Ulorapupmuueckue
ypaBHEHHUS

Ulorapudpmuueckue
HEpaBEHCTBA

BrIoIHATE IpOCTENIINE
npeoOpazoBaHus
lmorapu(pMUUECKUX BBIPAXKEHUN C
VICIIOJIb30BAaHUEM

CBOMCTB J10rapu(moB, ¢
MOMOIIBIO (OPMYIT ITEpexoa.

[To rpadguky morapugmuueckoi
(hyHKIIMU ONUCHIBAThH €€ CBOMCTBA
(MOHOTOHHOCT®,
OTPaHUUYEHHOCTB ).

[IpuBOIUTE TPUMEPHI
lmorapugmuueckon GyHKIINU
(3a7aHHOM C TOMOIIBIO0 (HOPMYJIIBI
mim rpaduka), odnagaromei
3aJaHHBIMU CBOMCTBAMU
(HarpuMep, OTPaHUYEHHOCTH).
Pa3bsacHATH cMBICH
MEepeYrCICHHBIX CBONCTB.




/AHaNIU3UPOBATh NIOBEJICHUE
(byHKIIHMI Ha

Pa3IMYHBIX yYaCTKaX 00JIaCTH
OTIpeIeIICHUs], CPABHUBATH
CKOPOCTH BO3pacTaHUs
(yObIBaHUs) QYHKITHIA.
DopMyTHpPOBATH ONPEACTICHUS

MEPCUUCICHHBIX CBOMCTB.

Pemrats npocreiiime
lmorapupMuIecKre

YpaBHEHHMS, JorapupMudeckue
HEPaBEHCTBA U UX CUCTEMBI.
Pemats norapudgmuueckue
YPaBHEHMSI pa3InYHbIMU
METO/IaMHU.

PacrioznaBath rpaduku u
CTPOUTH TpaduK
morapudmuueckoit GyHKIHH,
MCTIONB3YS TPadOnoCTPOUTENH,
M3y4aTh CBOMCTBA (PYHKIIUHU IO
rpadukam, GopMyIupoBaTh
FUIOTE3bI O KOJIMYECTBE KOpHEH
YPaBHEHUH, COIEPKAILIHUX
morapudmuyeckyto GyHKIUIO, U
MPOBEPATH UX.

[IpuMeHATH CBOMCTBA
morapupMUIecKom

(YHKLIMU TIpU peIIeHUH
MPUKJIaJIHBIX 32

mad ¥ 3a/1a4 IOBBIIICHHOM
CJIOKHOCTH

DopMyiib
TPUTOHOMETPHH.

20

Paguannas mepa yrina

[ToBOPOT TOUKM B KpyT
Hayajia KOOpAUHAT

Ornpenenenne cuHyca,
KOCHHYCa U TaHI€HCa yIJia

3HaKM CHHYCa, KOCUHYyCa 1
TaHI'eHCa

3aBUCHMOCTb MEXIY
CHUHYCOM, KOCHHYCOM U
TaHI€HCOM OJJHOTO

H TOT'0 KC yrjia

Tpuronomerpuueckue
TOXKJIECTBA

[IepeBoauTh TpagycHyIO MEPY B
paguaHHyI0 U 00paTHO.
Haxoautb Ha OKpyXHOCTH
MOJI0)KEHUE TOYKH,
COOTBETCTBYIOIICH TaHHOMY
JIEACTBUTEIILHOMY YUCTTY.
Haxonute 3Haku 3HAUEHUT
CHHYCa, KOCUHYCa, TAHT€HCA
yucia. BeIABISATE 3aBUCUMOCTD
MEXy CHHYCOM, KOCUHYCOM,
TaHT'€HCOM OJIHOTO M TOT'O XKe
yria. [[pumeHaTs 1aHHbIe
3aBUCUMOCTH JJIA
JI0KA3aTeJIbCTBA TOXKIECTBA, B
YaCTHOCTH, Ha ONPEENEHHBIX
MHOKECTBaXx.




CuHyc, KOCUHYC U TaHTE€HC
YTJIOB 0. U —0.

DopMyJIbI CI0KEHUSA

Cunyc, KOCHHYC U TAaHT€HC
JIIBOMHOTO

yria

CuHyc, KOCUHYC U TaHT€HC
IIOJIOBUHHOTO yIJIa

@opMyIIbl IPUBEACHUS

CymMa U pa3HOCTb
cunycoB. Cymma u

Pa3HOCTb KOCUHYCOB

[IpumenaTs npu
npeoOpa3oBaHUIX U
BBIUUCIICHUSX (DOPMYIIBI CBSI3U
TPUTOHOMETPUUYECKUX (YHKLUI
YTJIOB 0. U —0, POPMYIIBI
CJI0’KeHUs], HOPMYJIBI ABOMHBIX
Y TIOJIOBUHHBIX YTJIOB,

(hopMyIIbl TpUBEICHUS,
(hOpMyIIBI CYMMBI U Pa3HOCTH
CHUHYCOB, CYMMBI U pa3HOCTb
KOCUHYCOB. Jl0Ka3bIBaTh
TOXJI€CTBA, IPUMEHSIS
Pa3IMIHBbIC MCTO/bI, UCIIOJIb3Yd
BCE M3yUEHHbIE (OPMYIIBIL.

[IpumeHsTH Bce N3yUEHHbIE
CBOICTBa U (HhOPMYIIBI TPU
peLIeHNH IPUKIIAIHBIX 3a7a4 U
3a/1a4 NOBBIILIEHHON CJI0KHOCTU

Tpuronomerpudeck
Ve ypaBHEHHUS
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VYpaBHeHue cos X = a
VYpaBHeHue sin X = a
VYpaBHeHue tg X = a

Pemenue
TPUTOHOMETPUYECKUX
ypaBHEHUU

YMeTh HaXOAUTh APKCUHYC,
ApPKKOCHUHYC, apKTaHT€HC
JIEMCTBUTEIILHOTO YHCIIA,
rpaMOTHO (GOPMYIUPYS
ONpeCIICHUE.

[IpumensaTs GopMybl 11
HAXO0XJIEHUS KOpHEN
ypaBHEHHIA COS X = a, SIN X = a,
tg x = a. YMers pemiath
TPUTOHOMETPHUECKHE
YpaBHEHUS: INHEWHBIE
OTHOCHUTEIILHO CHHYCA,
KOCHHYCAa, TAHTE€HCA yTiia
(uncna), cRosImuecs K
KBaJIPATHBIM U JIPYTUM
anredpanvdeckuM ypaBHEHHSIM
OCJI€ 3aMEHbI HEM3BECTHOTO,
CBOJAIIUECS K TPOCTEHIINM
TPUTOHOMETPHICCKHM
YPaBHEHUSM TOCIIE PA3JI0KECHUS
Ha MHOXKUTEJTH.

[IpumensATh BCce U3ydYeHHBIE
CBOWCTBA U

CTMOCOOBI PeIeHHUs
TPUTOHOMETPUUECKUX

ypaBHEHMI U HEPABEHCTB MPHU
pelIeHNH MPUKIIAIHBIX 3a7a4

BeposTHoCTh M
CTaTUCTUKA

10

[IpencraBnenne JaHHBIX
C IOMOILBIOTAOINIL U
nuarpamm. Cpennee
apudMeTHIecKoe,

W3Bnekats nHGOpMALIUIO U3
TaOIHITM TUarpamwm,
HCIIOIB30BATh TaOIUIIBIN
JIMarpaMMBbl JUIS




MeauaHa, HanOoJIbIlee
1 HauMEHbIIIEE
3HAUEHUS, pa3Max,
TUCTICPCHS,
CTaH/IaPTHOE
OTKJIOHEHHE YHCIIOBBIX
HaObOpOB

Cityyalinble
9KCIIEPUMEHTBHI (OIIBITHI)
U clly4yaiiHble COOBITHS.

DnemMeHTapHbIe
COOBITHUS (MCXOIBI).
BepositHoCTh
CIIy4aifHOTO COOBITHSI.

BepostHocTn
COOBITHII B OIIBITAXC
PaBHOBO3MOKHBIMH
3JIEeMEHTapPHBIMU
COOBITHSMHU.

[IpakTuueckas pabota

Omneparuu Haj
COOBITUSIMH:
repeceycHue,
00beIMHEHNE COOBITHIA,
MIPOTHUBOTIOJIOKHBIC
COOBITHSL.

Huarpammsl Diinepa.
dopMynacioxKeHus
BEPOATHOCTEMN

VYcnoBHast BEpOSITHOCT.
YMHOXEHUE
BEeposATHOCTEN. [lepeBo
CIIy4aitHOTO
JKCIEpPUMEHTA.
dopmyJia MOJTHOU
BEPOSITHOCTH.
HezaBucumeie coObITHS

Komb6unarop
HOE TIPaBUIIO
YMHOXCHHSI.

ITepecranoBk
u

u ¢akropuain. Yucno
COYETaHUM.
Tpeyronpuauk [Tackans.
dopmynabruHOMa
Herorona

bunapHb1it
CITyYalHBIN

MNpEaACTaBICHUA
CTaTUCTHYCCKHUX JTaHHBIX.

Haxonuts
OIKCaTEIbHEI
e
XapaKTEPUCTH
KU JAHHBIX.

BriaBurars, KPUTUKOBATh
THIOTE3Bl O Xapakrepe
CIy4ailHOM HW3MEHYMBOCTH U
onpeaensomux e¢ hakropax

Beinensate Ha mpumepax
CITy9aifHBIECOOBITHS B
OIKUCAHHOM CITy4aiiHOM
OTIBITE.

DopMyIMpOBaTh YCIOBUS
IIPOBEACHUACITYYaHOT O
OIIbITA.

Haxonuts
BEPOSTHOCTH COOBITHUMA
B OIIBITAaX C
PaBHOBO3MOKHBIMHU
HCXOJaMHU.

MO,Z[CJ'II/IPOBaTL OIIBITBI

c PaBHOBO3MOKHBIMH
AJIEMEHTapHBIMU MCXOJlaMU B
X0/J1€ MPaKTUYeCKONPabOThI

Hcnonb3oBaTh
JMarpaMmbl Dunepan
CIIOBECHOE OIHMCAaHHUE
COOBITHH I
(bopMyIHPOBKH U
HU300paKeHUS

00BbeTMHEHNS U TTepeceUeHNUs
coOpITHH. Pematey 3amaun ¢
UCTOJIb30BaHUEM  (HOPMYJIBI
CJIO’KEHHUSI BEPOATHOCTEN

Pemarp 3amaun Ha
HAaXO0XACHUE
BEPOATHOCTEH COOBITHIA, B
TOM YHCJICYCJIOBHBIX C
MOMOIIIBIO JiepeBa
CIIy4ailHOTO OIbITA.

Omnpenensarb HE3aBUCUMOCTb
coObITHii IO dopMysie U IO
OpraHM3aly  CIy4aiHOro
OrbITa

Hcrnons30Bath IpaBuiio




OIIBIT
(uctpiTaHME),
ycrnex u
HeyJaya.
HezaBucumbie
HCITBITAHMA.
Cepus
HE3aBUCUMBIX
HCHOBITAaHUN 10
MEepBOro
ycnexa. Cepust
HE3aBHUCUMBIX
HCIBITAaHUH
bepnysnu.

[IpakTnueckas padbota

C UCIOIB30BaHUEM
AJIEKTPOHHBIXTAOJIUII

CrnydaiiHasi BeJIMYHMHA.
Pacnpenenenune
BEPOATHOCTEH.

JuarpamMma
pacnpeznenenus. Cymma

U IIPOU3BEICHUE
CIIy4alHBIX BEJIMYUH.
[Ipumepsr
pacrpeneieHnii, B TOM
YHCIIE TEOMETPUYECKOE

U OMHOMHUAJIBHOE

YMHOKCHUA A
MIePEYHCIICHUS COOBITHIT

B CIIy4YallHOM
OIIBITE.
[Tonp30BaTbCs
dbopmymoitn
TPEYTrOJIbHUKO
M [lackans

JUIs  ONpENEJICHUs  YHclia
COYETaHUN

Pa30uBare ciioKHBIE
9KCIIEPUMEHTBIHA
OTOCJIBHBIC UCIIBITAHNS.

OcBauBath IIOHATHA:
UCIIBITAHUC, cepuia
HE3aBHCHMBIX MCITBITAHUH.

[IpuBouTH
MIPUMEPHI CEpUit
HE3aBUCUMBIX
HUCITBITAaHUH.

Pemarts 3agaum Ha
MTOMCK BEPOSTHOCTEH
coOBITHIi B cepuu
UCOBITAHUN 10
MEepPBOTO ycrexa

U B CEpHSIX UCTIBITAHUIN
bepnynnu.N3yuars B
X0/J1€ MPaKTUYECKOU
paboTHI C
HCIIOJIb30BaHUEM

AIEKTPOHHBIX Ta0JIHIL
BEPOATHOCTH COOBITUH B
cepusix HE3aBUCUMBIX
HUCIBITAaHUN

OcBauBarth ITOHATHUS:
CITyJaifHasi BETUYMHA,
pacmpenenenue, Tabauia
pacmpezeneHus,
JUarpamma
pacmpeeneHusl.

IIpuBOAUTE IPUMEPHI
pacripesiesieHuil, B TOM
YHCJIe TEOMETPUYECKOTO U
OMHOMMAIBHOTO.
CpaBHHBaTh
pacnpeneneHus
CITyYaHBIX BEJIUYUH

HaXOI[I/ITI: 3HAYCHUSA CYMMBbI




U NPOMU3BENICHUS CIIy4alHBIX

BEJIMYMH. Crpouthb u
pacno3HaBaTh
reOMETPUYECKOe u
OMHOMHATILHOE
pacnpezeneHue
[loBTOpEHME, 4 OcHOBHBIE IOHATHS Pewmats npukiiagHeie
o00o6muIeHME, Kypca aJire0pbin 3a/1a4Mn3 Pa3TMIHBIX
CUCTEMAaTH3AIIHS Havam obnacteld HayKu H
3HAaHUN MaTeMaTH4eCKOTo pEaIbHON JKU3HU C
aHaJIn3a, MTOMOIIIBIO
00o001eHune u OCHOBHBIX MOHSTHH Kypca
CUCTeMAaTH3AIVs 3HAHHUHA anreOpsI u Hayval
MaTeMaTUYECKOTO
aHaJu3a. Bribupats
ONTHUMAJIbHBIE  CIIOCOOBI
BBIYMCIICHUI.
Hcnonb3oBate amns
pelICHUS 33 a9y PaBHCHHSI,
HEPAaBEHCTBA U CHCTEMBbI
YpaBHEHUH, CBOMCTBA
byHKIMI
U rpauKoB
11 KJIACC
HaumenoBanue Konnuects OcHoBHOE OcCHOBHBIE BUJIBI
paznena 0YacoB coJiep)KaHue JESTSIIEHOCT
(TeMbI) Kypca u
00y4Jaronmx
cst
TpuronomeTpuueck 14 Ob6nacts onpenenenus |[lo rpadukam QyHKIN OMHCHIBATH
ue QYHKINH U UX Y MHOKECTBO 3HAUYEHUH[UX CBOHCTBA (MOHOTOHHOCTD,
rpaduxmu. TPUTOHOMETPUUECKUX |OTPAHMUYEHHOCTh, YETHOCTbD,
TpuroHOMeTpUYECK byHKIII HEYETHOCTb, IEPUOTUTHOCTD ).
1€ HepabeHCTRa YETHOCTH, HEYETHOCTS, |[IpuBOANTE IpUMEPH! QYHKLINH
MEPUOUIHOCTD (3a1aHHBIX C TOMOIIBIO (POPMYITBI
TPUTOHOMETPUUECKUX |WJIH rpaduka), 00Jaaar0mumx
byHKIII 3aJaHHBIMHA CBOMCTBaMU

CBoiicTBO QpyHKIINHU Y =
COS X u e€ rpaduk
CBolicTBO QpyHKIINHU Y =
sin X u e€ rpaduk
CsoiicTBa 1 rpaguku
byHKIUR Y = tg X

y = Ctg X

(Hampumep, OTpaHUYEHHOCTH).

Pa3bscHATH CMBICI
MEPEYUCICHHBIX CBOMCTB.
N300paxkaTh rpauKu CIOKHBIX
(GYHKIHH ¢ TOMOIIBIO
rpagorocTpouTeneii, onuckBaTh
MX CBOMCTBA

Pemats nmpocreiimue
TPUTOHOMETPHUUECKHE




OO6patHbIe
TPUTOHOMETPUYECKHUE

byHKUN

HEPAaBEHCTBA, UCTIONB3Ys Tpaduk
byHKIHH.

PacnioznaBats rpaduxu
TPUTOHOMETPUYECKUX (DYHKITUH,
rpaduKu 0OpaTHBIX
TPUTOHOMETPHUYECKUX (DYHKIIUIL.
[TpuMeHSTH U JOKA3HIBAThH
CBOICTBa OOpaTHBIX
TPUTOHOMETPUUYECKUX (PYHKIIUH.
CtpouTth rpadMKu JIeMEHTapHBIX
(byHKINH, HCTIONB3YS
rpadonocTpouTeny, u3y4aTb

CBOICTBA 3JIEMEHTAPHBIX (PYHKIUI
0 MX

rpadukam, GopMyIHpOBaTh
TUIIOTE3bI O KOJIMYECTBE KOPHEH
YPaBHEHUH, COEpKALINX
3JIEMEHTapHbIe (PYHKIUH, U
IIPOBEPSTH UX.

BeInonHsaTh peodpazoBaHus
rpapuKoB

AIIEMEHTAPHBIX (PYHKIIMIA:
IapaJuIeIbHbIN IIEPEHOC,
pacTspkeHue (CKaTHhe) BIOJIb OCH
opauHat. [IpuMeHsITh Tpyrue
3JIEMEHTapHBIE CITOCOObI
MOCTpoeHus rpaduKoB. Y METh
MPUMEHSITh Pa3INyuHbIe

METOJBI 10Ka3aTCJILCTB
HUCTUHHOCTHU

IIpousBoaHas u ee
T€OMETPUYECKUN
CMBICIT
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IIpousBoaHas

IIpousBoHas
CTeNeHHOU (HYyHKIIUU

IIpaBuna
b depeHIMpOBaHUS

IIpousBogHbIe
HEKOTOPBIX
JJIEMEHTaPHBIX

byHKIMHA

I'eomerpuyeckuii
CMBICTT TPOU3BOIHOM

[IpuBOUTE IPUMEPHI
MOHOTOHHOM YUCJIOBOM
MOCIE0BATEIbHOCTH, UMEIOIIIECH
npenen. BeraucnsaTe npenesnsl
IIOCJIEI0BATEILHOCTEM.
BrrsicHATs, SBIETCS U
MOCIEI0BATEIBHOCTh
cxomsuencs. [Ipusonurs
puMepsl (PYHKITHH, SIBISIOMIAXCS
HENPEPHIBHBIMU, UMEIOIINX
BEPTUKAJIBHYIO, TOPU30HTAIBHYIO
ACUMIITOTY. 3alUChIBaTh
YpaBHEHHUE KAKIOW U3 ITUX
ACUMITOT. YMETh M0 rpaduky

byHKIIIT

ONPEIEIATh TPOMEKYTKU
HerepBIBHOCTI/I U TOYKHU
pa3phiBa, €CIIM TAKUE UMEIOTCSL.
VYMeTh T0Ka3bIBaTh




HENPEPHIBHOCTH (PYHKITUH.
Haxoauth yrmoBoit koahdummeHT
KacaTenbHOU K TpaduKy QyHKIHU
B 3aJaHHOU Touke. Haxomute
MT'HOBEHHYIO CKOPOCTbH JIBHIKEHUS
MaTepuaibHONH TOYKH.

AHanu3upoBaTh NOBEJICHUE
(GyHKUIMI Ha pa3InYHbIX
ydacTKax 00JIacTu ONpeaeIeHMs,
CpaBHUBATbh CKOPOCTH

Bo3pacTanus (yObIBaHUS)
byHKIMA.

Haxoauts nponsBoHbIE
3JIEMEHTapHBIX

¢byakui. Haxonuts
IIPOM3BOJIHBIC CYMMBI,
IPOM3BEACHUS M YaCTHOTO JABYX
(GYHKIHN, TIPOU3BOHYIO
cinoxuoit pynkuuu y = f (kx + b).

OOBACHATH U WLTIOCTPUPOBATH
MOHSITHE

IpeJiena Mocae10BaTeIbHOCTH.
[IpuBOUTE IPUMEPHI
II0CJIEI0BATENBHOCTEN, IMEIOIUX
Ipenea U He UMEIONINX IIpeena.

[Tonp30BaTbCs TEOPEMOI O
npeiee MOHOTOHHOM
OTPaHUYECHHOMN
MOCIE0BATEIbHOCTH. BBIBOIUTH
(hopMyIIBI ITMHBI OKPYKHOCTH U

momaau Kpyra. OObsICHATD U
WJUTFOCTPUPOBATH MTOHSATHE
npenena QyHKIMH B TOUKE.
[IpuBonuTh

puUMepbl PYHKINN, HE UMEIOIINX
npezesa B HEKOTOPOH TOYKE.

Breruucnsats npenenst QyHKITUH.

AHanu3upoBaTh NOBEJIEHUE
GbyHKIM HA
Pa3IMYHBIX yyacTKax 00JIaCTH

onpexaenenusa. Haxoauts
ACHMIITOTEL.

BrruucnaTe npupamenue
(YHKIIMU B TOUKE.

CocTaBiadaTh U UCCIIEI0BATH
pa3HOCTHOE




oTHomeHue. Haxoaute npeaci
PAa3HOCTHOI'O OTHOHICHUA.

Brruuciate 3HaueHue
MIPOU3BOAHON (PYHKITUU B TOUKE
(o ompeneneHuto).

Haxoauth yrnooit kodhduimeHT
KacaTenbHOU K TpaduKy HyHKIUU
B TOUYKE C 3aJaHHOI a0CIMCCOM.
3anuceIBaTh YpaBHEHHE
KacaTeJIbHOH K

rpaduKy GyHKIMH, 33JaHHON B
TOYKE.

Haxoaute npon3BoaHyIO
CIOXHOU (YHKIH, 0OpaTHOU

byHKIHH.
[TpumenaATh noHATHE

IIPOU3BOJHON IIPU PELICHUH
3az1a4y

[[pyuMeHeHne MPOU3BOTHON
K MCCIICIOBAaHUIO (PYHKITUI
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IBo3pactanue u
yObIBaHUE (PYHKLIMU

DKCTpEMYMBI (PYHKIIMH
[IpumeHeHne
[POU3BOIHOM K
MOCTPOEHHUIO TpaduKOB
byHKIII

HaunGomnsiiee u
HaVMEHbIIIEe 3HAUECHUS
byHKIIUHA

BreimykinocTs rpaduka

(yHKIIMH, TOUKH
nepernda

HaxoauTb BTOPYIO MPOM3BOAHYIO U
YCKOpEHHe Tporiecca,
OIHCHIBAEMOT0O C TIOMOIIBIO
(hbopMyIIBI.

HaxoanuTe mpoMexyTKu
BO3pACTaHMsI

1 yObIBaHUS (DYHKIIMH.
/loka3bIBaTh, 4YTO 3a/1aHHAS
(dbyHKIMS BOo3pacTaeT (yObIBaeT) Ha
YKa3aHHOM TPOMEXKYTKE.

HaxoauTe TOUKHM MUHMMYyMa U
MakcuMmyma QyHkuuu. Haxonuts
HanOoJIbIlIee U HAaUMEHbIIIee
BHaueHUs! QYHKIIMHU Ha OTPE3KE.

HaxoauTh HauOoIbIlIee 1
HauMEHbIIIee 3HAUCHUS () YHKIIUH.

MccnenoBaTh GYHKIIHIO C
IMOMOIIBIO TPOU3BOIHOM U CTPOUTH
e€ rpaduk.

[IpuMeHATH MPON3BOIHYIO IPH
[PELLIEHUHN TEKCTOBBIX,
FEOMETPUUYECKUX, PU3NUECKUX U

MpyTUX 3a7a4




Hurerpai u ero
IIPUMEHEHHUS
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IlepBooOpaznas

[TpaBuia HaXOXKACHHS
NepPBOOOPA3HBIX

ITmomane
KPHUBOJIMHEHHON
Tparnenuy U UHTerpail

Haxonuts
nepBooOpaszHbIC
GbyHKIMA: Y = Xp, T
pPER,

y=sinX,y=cosX,Y
= tg X. Haxoautp
epBooOpa3HbIe

dynxuwmii: f (x) +9g(x),
kf (X) u f (kx + b).

Bbruucnare miomaau
KPHUBOJIMHEHHON
Tpareu ¢ TOMOIIbIO
¢dopmynsr Herorona—
JletiOHuLA.

Haxonuts
MPUOTKEHHBIC
3HAUCHUS

WHTETPAJIOB.
Brrauciaare miomans

KPHUBOJIMHEHHON
Tpaneuuu ¢ IOMOIIBIO
UHTErpaja

Brruncienne
HWHTETPAJOB.
Brruncienne
iomaaen guryp c

IIOMOIIBIO
HUHTETPAJIOB

[Ipumenenne
MIPOU3BOIHOMN
MHTETrpajia K
PELIECHHUIO
MIPAaKTHUYECKUX 3a/1a4

Boruucnsate npubnmkEéHHOE
3HAYCHUE

IJIOIAAN KPUBOJIUHENHOMN
Tpaneuuu

Haxoauts nepBooOpa3Hbie
byHKIHIA:

y=xp,raep €R,y=sinx,y =
COS X,

y = tg X. Haxonuts
nepBooOpasubie pynkmmii: f (X) +
g(x), kf (x) u f (kx + b).

BrraucnaTs miomanu
KPUBOJIMHENHOM TPANELVH C
nomoIikko popmynsl HeroToHa—
JleiibHuua.

Haxoauth npuGiamkEHHBIC
3HA4YCHUSA

HHTCI'paJioB.

BrlunciasaTh miioiaab
KPUBOJIMHEHHOW Tpareiuu ¢
MMOMOUIBIO UHTErpaia




BepositHOCTB M
CTaTUCTHKA
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ITpumepsl
IPUMEHEHUS
MaTeMaTHYeCKOTO
OKU/IaHUS
(cTpaxoBaHue,
JoTepes).

MaremaTtuueckoe
0KUJJAHUE CYMMBbI
CIIy4aHBIX
BCJIUYMH.

MaremaTtuueckoe
OKMJaHUE
F€OMETPUUYECKOT0 U
OMHOMUAJIBHOIO
pacrpeaeneHuin

Jucnepcus u
CTaHJapTHOE
OTKJIOHEHHE.
Hucnepcun
r€OMETPUYECKOTO U
OMHOMHAIBHOTO
pacnpeneneHus.

[IpakTnueckas
pabora ¢
HCIIOJIb30BaHUEM
AIEKTPOHHBIX
Ta0IHIL

3aKoH OONBIIHNX
YHCell.
Be10opounbIit
METO/I
HCCJIeIOBaHHUM.

[IpakTnueckas
paborta c
HCIIOJIb30BaHUEM
AIEKTPOHHBIX
Ta0IHIL

ITpumepsl
HEIPEPBIBHBIX
CIIy4alHBIX
BenMYUH. OyHKIUA
IIJIOTHOCTHU
pacupeneneHus.
PaBHoMepHOE
pacnpeneneHue u
€ro CBOMCTBA

3amaun,
HpI/IBO,ZLSIH_II/Ie K
HOPMaJTbHOMY

OcBanBaTth IIOHATHE
MaTEMaTUYECKOTr 00K TaHUS.

IIpuBoauTs 1 06CYXRIATH
IPUMEPBIIPUMEHEHUS
MaTeMaTHYECKOT0 OKUJAHUS.
BoruncnsaTe MaTeMaTHYECKOE
oxunanue. Ucnosb3oBarb
IOHATHE MAaTEMaTHYECKOT O
0’KMJIaHMS U €TOCBOMCTBA IIPU
pELICHNN 3a1a4.

HaxoauTs 110 U3BECTHBIM
(hopmyraMMaTeMaTHIECKOE
0’KMJAHUE CYMMBI CITy4alHbIX
BEJIUYHH.

Haxoaurtsb 10 U3BECTHBIM
(dbopMmynaM MaTeMaTHYECKUE
0’KMJIaHUS CITy4alHbIX
BEJIMYMH, UMEIOIINX
r€OMETPUYECKOE U
OMHOMMAJIBHOE pacIipelesIeHUs

OcBauBaTh NOHATHS:
JUCIepCcus, CTaHJapTHOE
OTKJIOHEHME CIIy4anHOMN
BEJIMYUHBI.

HaxoauThb 1ucnepcHiono
pacIpeieneHuIo.

HaxoauTts 1o M3BECTHREIM
(hopMynaMaIuCIEPCHIO
T€OMETPUUYECKOTO U
OMHOMUAJILHOTO
pacrpeiesieHus],B TOM YUCJe B
X0/ MPaKTUYECKONPaOOTHI ¢
WCTIOIB30BAHUEM DJIEKTPOHHBIX
Ta0JIHIL

3HAKOMHUTBCSI C BEIOOPOUHBIM
MCTOAOMHUCCIICIOBAHUS
COBOKYITHOCTH JTaHHBIX.
H3yyaTe B X0/1€ IPAKTUYECKOMN
paboOTHIC UCTIOJIB30BAHUEM
ANEKTPOHHBIX TAOJHII
MIPUMEHEHHE BEIOOPOYHOTO
METOJa UCCIICAOBAHUS

OcBauBaTh MOHATHUSA:
HenpepbIBHAs CIy4aiHas
BEJIMYMHA, HETIPEPHIBHOE
pactipenienenue, GyHKIus
TUTOTHOCTHBEPOSTHOCTH.

IIpuBOAMTH IPUMEPHI
HEIPEPBIBHBIXCIIYYalHbIX




pacipeneneHuIo. BEJIMYUH.
OyHKIUA
YHKI HaxoauTthb BepoOSITHOCTH
MJIOTHOCTHU U . .
. COOBITHIA 1O JTAHHOW (YHKITHH
CBOIiCcTBa
IUIOTHOCTHU, B TOMYHCIIE
HOPMAaJIbHOTO
PaBHOMEPHOTO pacIpeiesieHUst
pacnpezeseHusl.
OcBauBaTh NOHATHUSA:
[IpakTnueckas
HOpPMaJIbHOEpaCIPEIEIICHUE.
pabora ¢
HUCIIOJIB30BaAHUEM Bbl[[e.]]ﬂTb 10 OIMMCaHUIO
JJIEKTPOHHBIX CHy‘IafIHBIeBGJII/IqI/IHLI,
TabIHIIl pacnpenenéHHble 1Mo
HOPMaJIbHOMY 3aKOHY.
IIpuBoauTHL MPUMePHI 3324,
MPUBOJSIINX K HOPMATILHOMY
pacnpeaenenuto. Haxonuts
YUCJIOBBIEXAPAKTEPUCTUKH
HOPMAJIBHOTO pacrpeaeneHus
10 U3BECTHBIM (hOPMYJIaM.
Pemats 3a1aun, CBSA3aHHbIE C
IIPUMEHEHNEM CBOMCTB
HOpMaJIbHOTOpaclpeaeeHul,
B TOM YHCJIE C UCTIOJIb30BAHUEM
ANEKTPOHHBIXTAOIIHI]
[loBTOpEHME, 2 OcHoBHbIE Pemate npuknaaHsie
00o001eHue, 8 MOHATHSI Kypca 3alauM U3 Pa3IHYHbIX
cucTeMaTu3anus anreOppIv HavaI obnactel  Hayku U
3HaAHUI MaTeMaTU4eCKOT peanbHOM KU3HH C
0 aHaJIn3a, MOMOIIBI0  OCHOBHBIX
o0o01eHue u MOHATUI Kypca
cucTeMaTu3aIus anreOpsl U Hayai
3HAHUU MaTeMaTU4eCKOro
aHanuza.  BreiOupath
ONTUMAaJbHBIE
CMOCOOBIBBIYUCIICHUN.

Vcnonb30Bath 1S peLieHus
3ajauypaBHEHHUS,
HEPaBEHCTBA U CUCTEMBI
ypaBHEHUH, CBOMCTBA
¢byHKuui ¥ rpaduKkoB




PABOYASA ITPOI'PAMMA YYEBHOI'O KYPCA «'EOMETPUS»

MNOACHUMTEJIBHAS 3AIINCKA

BaxknocTh y4eOHOro Kypc reoMeTpru Ha YpOBHE CpeIHEro 00111ero o0pa3oBanus 00ycIoBlIeHa
NPaKTUYECKON 3HAYMMOCTBIO METAPEAMETHBIX U IMPEIMETHBIX PE3YJIbTaTOB 00yUEHHS T€OMETPHUU B
HAIpaBJIEHUU JIMYHOCTHOTO pa3BUTUS  oOydwaromuxcs, (GopMmupoBanus (GyHKIIMOHAIbHON
MaTeMaTHYECKOM TPaMOTHOCTH, M3Y4EHHUS JAPYruX Yy4eOHbIX AMCHUIUIMH. PasButme y
00y4aOIMXCAMPAaBUIBHBIX TPEACTABICHUI O CYIIHOCTH W TMPOUCXOXKIECHUU TE€OMETPHUUYECKHUX
abcTpakuuii, COOTHOLUIEHMHM DPEAJBHOTO U HUACAIBHOI0, XapaKTepe OTPaKEHHsS MaTeMaTH4YEeCKON
HAayKON SBJIEHUA M IMpPOLIECCOB PEATBHOTO MHpPA, MECT€ I'€OMETPUMB CHCTEME HAayK U pOJIH
MaTeMaTHYECKOTO MOJEIHPOBAHMS B HAyYHOM TIO3HAaHUM U B TMPaKTHKE CHOCOOCTBYET
(GOopMHPOBAHUIO HAYYHOTO MHPOBO33PEHHUSI OOYUYalOUIMXCS, a TakKe KayecTB MBbIIUICHUS,
HEOOXOIMMBIX JIJIsl aIalTAallid B COBPEMEHHOM o0mecTBe.'eomeTpus sSBIsieTCsS OJHUM U3 0a30BBIX
IPEeIMETOB Ha YPOBHE CPEAHEro OO0IIero oOpa3oBaHMs, TaK Kak OOECHeurnBaeT BO3MOKHOCTh
U3YYEHHUS KaK JAMCLUILUIMH

eCTeCTBeHHO'HaquOﬁ HaIIpaBJICHHOCTHU, TaK U FYMaHHTapHOﬁ.

Jlormueckoe MblluIeHUE, GopMUpPYyEMOE MPU U3YYEHUU OO0YYaIOUIUMUCS MMOHSATHIHBIX OCHOB
reOMETPUH U MOCTPOCHUM LEMOYKH JIOTHUECKUX YTBEP)KJIECHHMB XOJ€ PEeLIeHUs] T€OMETPUUECKUX
3a/1a4, YMEHHE BbIIBUTaTh U OIIPOBEPraTh rMIOTE3bIHENOCPEACTBEHHO UCIIONB3YIOTCS IIPU PELICHUU
3aJ]a4 €CTECTBEHHO-HAayYHOI0 LIUKJIA,B YACTHOCTH U3 Kypca (PU3UKH.

YMeHHne OpHEeHTHUPOBATHCS B MPOCTPAHCTBE MIPAET CYIIECTBEHHYIO POJIb BO BCEX 00JIACTAX
JeSITeIbHOCTH YenoBeka. OpueHTalusi 4YeloBeKa BO BPEMEHM U IPOCTPAHCTBE — HEOOXOJUMOe
YCIIOBHE €r0 COLUAIBHOTrO ObITHA, ()OpMa OTPaKEHHS OKPYKAIOIEr0 MHpa, YCIOBUE YCIEIIHOTO
MO3HAHUS U aKTHUBHOT'O MpeoOpa3oBaHus AeUCTBUTEIbHOCTH. OneprupoBaHrie MPOCTPAHCTBEHHBIMU
oOpa3zamu 0OBEIMHSAET pa3Hble BUIbl Yy4eOHOM M TPYAOBOM MAESITEIBbHOCTH, SIBISETCS OJHHUM U3
npo¢ecCHOHATIBHO BaKHBIX KayecTB, IOITOMY aKTyajbHa 3a/1adya (opMupoBaHUs y 00yUaromuXCs
IPOCTPAHCTBEHHOTO MBIIUIEHUS] KaK PAa3sHOBUJIHOCTH OOpPa3HOrO MBIIUIEHUS — CYLIECTBEHHOTO
KOMIIOHEHTA B IIOJITOTOBKE K MPAKTUYECKOU JEATEIBHOCTH 110 MHOTMM HalpaBICHUIM.

Ilenb ocBOeHUs MporpaMMbl yueOHOro Kypca «l'eomeTpusi» Ha 0a30BOM ypOBHE OOy4YEHUS —
o0mieoOpa3oBaresibHOE U OOIIEKYJIBTYpPHOE pa3BUTHE oOOydarolluxcs yepe3 oOecreyeHue
BO3MOXHOCTH HpI/I06peT€HI/I$I U HCIIOJB30BAHUA CUCTEMATUUCCKHUX TCOMETPUUCCKUX 3HAHUHA W
JEeUCTBHUH, CIIEIM(UYHBIX T€OMETPUH, BO3MOXXHOCTH YCIIEHIIHOTO MPOJIOJDKEHHsT 00pa3oBaHUs 110
CIICHUAJIBHOCTAM, HE CBA3AHHBIM C IPUKIIAAHBIM UCITIOJb30BaAHUEM I'COMCTPHHU.

[TpropuTeTHBIMU 3a7jauaMu OCBOEHHUs yueOHoro kypca «I['eomerpun» Ha 0a30BOM ypOBHE B
10-11 kimaccax SBJISFOTCH:

(dbopMHpOBaHKE MPEJICTABICHHUS O TEOMETPUN KaK YacTH MUPOBOM KYyJIbTYPbl U OCO3HAHHUE €€
B3aMMOCBSI3H C OKPYKAIOIIUM MUPOM;

(dhopMUpOBaHHE TPEJCTABICHUS O MHOTOTPAHHHMKAX M TelaX BpAaIlICHHUS KaK O BAYKHEUIITHX
MaTeMaTUYECKUX MOJENAX, MO3BOJISIOIIMX OMUCHIBATH U M3y4aTh Pa3HbIC SABJICHUS OKPYKAIOIIETO
MHpA;

dbopMUpOBaHME YMEHHUs pacllo3HaBaTh Ha YepTekKax, MOJENAX U B pEaTbHOM MHpE
MHOTOTPAaHHUKH U TeJla BPaLECHUS;

OBJIaJICHHE METOJaMH PEIIeHUs 3a7ad Ha TOCTPOEHUS Ha N300paKeHUSIX MPOCTPAHCTBEHHBIX
buryp;

(dbopMUpOBaHHE YMEHHS ONEPUPOBATH OCHOBHBIMH TOHSTHUSMH O MHOTOTPAaHHHMKAaX U Telax
BpAICHUS U UX OCHOBHBIMU CBONCTBAaMHU;

OBJI/ICHUE AJITOPUTMAMU DELICHUS OCHOBHBIX THIIOB 33134, (HOpMUPOBAHHE YMEHUS
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MMPOBOAUTDH HCCIOXHBIC JOKA3aTCIbHBIC PACCYKACHUA B XOAC PCIICHUA CTCPCOMCTPHUICCKUX 3a1a1
" 3a71a4 C IPpaKTHYCCKHUM COACPIKAHUEM,

pa3BUTHE UHTEIICKTYaIbHBIX M TBOPUYECKHUX CIIOCOOHOCTEH OOYJarOIIMUXCsl, TO3HABATEILHOM
AKTUBHOCTH, UCCIIEIOBATEIbCKUX YMEHHUM, KPUTUYHOCTH MBIIILICHUS;

¢dopmupoBanre (YHKIMOHAIBHOW TPAaMOTHOCTH, pPENEBAHTHOH TIE€OMETPUU: yMEHHE
pacrio3HaBaTh IIPOSBICHUS T€OMETPUUECKUX MOHATUH, OOBEKTOB U 3aKOHOMEPHOCTEH B peabHbIX
KU3HEHHBIX CUTYaIUsAX M IPU U3YYEHUH JPYTruX y4eOHBIX MPEIMETOB, MPOSBICHUS 3aBUCUMOCTEH
U 3aKOHOMEpHOCTEH, (HOpMYJIMpPOBATh MX Ha S3bIKE I'€OMETPUM M CO3/1aBaTb I'€OMETPUUYECKHUE
MOJEIIM, IPUMEHATh OCBOCHHBIM TIE€OMETPUYECKMH anmapar Uil  peleHus  IIPAKTUKO-
OPHUEHTUPOBAHHBIX 3a7a4, UHTEPIPETUPOBATh U OLEHUBATH I10JIy4CHHBIEPE3YIbTAThI.

OTnU4UTENBHOW OCOOCHHOCTBIO MPOTPAMMBbI IO TEOMETPUU ABISIETCS BKIIOYEHHE B KypC
CTEPEOMETPUU B HAyaJle €ro M3y4EHHUs 3a]ad, peHIaeMbIX Ha YPOBHE MHTYUTHUBHOI'O IO3HAHUS, U
onpeaenéHHpIM 00pa3oM oOpraHu3oBaHHas paboTa HaJ HHUMH, UYTO CIOCOOCTBYIOT Pa3BUTHIO
JOTUYECKOTO0 M IMPOCTPAHCTBEHHOTO MBIIUICHUS, CTUMYJIUPYET MPOTEKAHUE WHTYUTHUBHBIX
IIPOLIECCOB, MOTUBUPYETK AaJIbHEHIIIEMY U3YUEHHIO IIPEMETA.

[Ipenmourenue OTHAETCA HAISAHO-KOHCTPYKTUBHOMY METOAY OOYy4YeHHs, TO €cCTb
TEOPETHUYECKHE 3HAHUS HWMEIOT B CBOEH OCHOBE YYBCTBEHHOCTh IMPEAMETHO- MPAKTHUYECKOU
NEeSTeNIbHOCTH. Pa3BUTHE NPOCTPAHCTBEHHBIX TMpEACTAaBICHUN y oOydalmuxcsi B  Kypce
CTEpPEOMETPUN TMPOBOJUTCS 3a CUET pellleHus 3a7ad Ha CO3/JaHHUE MPOCTPAHCTBEHHBIX 00pa30B U
3a/1a4 Ha OMEepUpPOBaHUE MPOCTPaHCTBEHHBIMU oOpa3amu. Co3ganue oOpa3a MPOBOJUTCS C OMOPOU
Ha HaIrJISIIHOCTh, a ONIEPUPOBAHUE 00Pa30M — B YCIIOBHUSIX OTBJICUCHHS OT HATJISTHOCTH,MBICIIEHHOTO
W3MEHEHUS €ro HCXOJHOTO COACepKaHUS.

OCHOBHBIMHU COJZIEp)KATEIBHBIMU JHHUSAMHU yueOHOTO Kypca «['eomerpus» B 10-11 kiaccax
ABISOTCS: «MHOrorpaHHUKN», «l[IpsiMble U IUIOCKOCTH B IPOCTpaHCTBe», «Tena BpalieHus»,
«BekTopbl 1 KOOpAMHATHI B MPOCTPAHCTBEY.

dopmHUpoBaHHE JOTHUECKUX YMEHUN paclipeiensieTcs He TOJIBKO MO COIePKaTeTbHBIMIMHISIM, HO U
0 roj1aM 00y4YeHHUs Ha YPOBHE CPEIHETO O0IIero o0pa3oBaHuUsl.

Conepxxanne 00pa3oBaHHs, COOTBETCTBYIOIEE NPEAMETHBIM pe3yiabTaTaM OCBOCHMS
POTPaMMBI IO TEOMETPUH, PACIpPENeNEHHBIM 10 TOAaM OOYy4YeHHs, CTPYKTYPHUPOBAHO TAaKHM
o0pa3oM, YTOOBI OBJIQJICHHE TEOMETPUYECKHMMM IOHATUSAMH U HAaBBIKAMH OCYLIECTBISUIOCH
TIOCJIEIOBATEIBHO U TIOCTYNATENBHO, C COOIOIEHUEM MPHHIINIA TPEEMCTBEHHOCTH, YTOOBI HOBBIC
3HaHUS BKJIIOYAINCH B OOIIYIO CHCTEMY '€OMETPUUYECKHX MPEICTaBIEHUI 00yUyaroMXCsl, PaCIUpsIs
U yriyossis e€, o0pasysi IpoYHble MHOYKECTBEHHbBIE CBS3H.

O6mee YUCJIO YaCOB, PCKOMCHAOBAHHBIX IJId H3YUYCHUSA yqeGHoro Kypca

«"eomerpusi» — 102 waca: B 10 kmacce — 68 yacos (2 yaca B Hezenio), B 11 kimacce — 68 yaca (2 yac B
HEJIETTIO).

COJEPXAHUE OBYUYEHUS
10 KJIACC
IIpsiMble ¥ MJIOCKOCTH B MPOCTPAHCTBE

OCHOBHBIC TOHATHS CTCPCOMCTPHU. Tqua, npsmas, miI0CKOCTb, MPOCTPAHCTBO. [TousiTue 00
AKCUOMAaTHYCCKOM IMMOCTPOCHUU CTCPEOMECTPUU . AKCHUOMBI CTEPCOMETPUNH CIICACTBUSA U3 HUX.

B3auMHOe pacnosnoxeHue MpsIMBIX B IIPOCTPAHCTBE: IIEPECEKAIOLUECs, Napajlle/IbHbIE U
CKpenBaromuecs rnpsMele. [ lapamienbHOCTh NPAMBIX U INTOCKOCTENB IPOCTPAHCTBE: MapajlIeIbHbIE
IPsIMBIE B IIPOCTPAHCTBE, MAPAJLIEIBHOCTh TPEX MPSIMBIX, M1APAUICIBHOCTL MPSMON U IUIOCKOCTH.
VYrisl ¢ COHANPaBIEHHBIMACTOPOHAMHM, YIOJl MEXKy NPSIMBIMHM B IPOCTpaHCTBE. [lapayenbHoCTh
IJIOCKOCTEW: IapajljlebHble IUIOCKOCTH, CBOMCTBA MAapauIeNIbHBIX IUIOCKOcTel. IIpocrenmme
IIPOCTPAHCTBEHHBIE (PUTYpHI HA MIIOCKOCTH: TETPa’ip, KyO, mapajiesenune], oOCTpPOeHHE CEUEeHU.
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[lepneHUKYIAPHOCT IPSIMOU U IJIOCKOCTH: NEPIEHAUKYIISIPHBIE IPAMBIEC B IPOCTPAHCTBE,
IPsIMBIE MTapaJUIEIbHbIE U NIEPIEHIUKYIISPHBIE K INIOCKOCTH, PU3HAKIIEPIEHIUKYIISIPHOCTH TIPSIMOM
U IUIOCKOCTH, T€OpEMa O NPSAMOW NEPNEHIMKYJSIPHOW IUIOCKOCTH. YTJIbI B IPOCTPAHCTBE: YIOJI
MEXAY MNpsIMOM M IJIOCKOCThIO, JIBYIPAHHBIA YIroJl, JIMHEWHBIA Yrojd JBYI'PAHHOIO yrija.
[lepnienaAuKysip ¥ HAKJIOHHBIE: PACCTOSIHUEOT TOYKU JI0 IUIOCKOCTH, PAaCCTOAHUE OT NPSAMOW 10
IUIOCKOCTH, TPOEKUUs (QUrypbl HA IUIOCKOCTb. llepneHANKYIspHOCTh IJIOCKOCTEH: MpH3HAK
MEPIECHINKYJSIPHOCTH ABYX IUIOCKOCTEN. TeopeMa o TpEX MepreHaAuKyIspax.

MHOrorpaHHuKH

IloHsiTHE MHOrOrpaHHUKA, OCHOBHBIE 3JIEMEHTHI MHOTOI'PDAHHMKA, BBIIYKIJIBIC U HEBBITYKIIbIC
MHOTOTPaHHMKH, Pa3BEPTKAa MHOrorpaHHuka. lIpusma: N-yrosbHas npusma, IpaHd U OCHOBAHMS
IPU3MBI, IPSIMasi K HAKJIOHHAS TPU3MBbI, 00KOBAs U TOJIHAsI TOBEPXHOCTH MpU3MBL. [lapannenenumnen,
IPSIMOYTOJIBHBIN NapajulelienuIe] U ero cBoicrsa. [Impamupa: n-yrospHas nupaMmuza, TpaHU U
OCHOBAaHME MHPaMHJbI, OOKOBas W TOJIHAS TOBEPXHOCTh MUPAMUJbI, NpaBUWIbHAS M yCEUEHHAs
nUpaMuia. DJIEMEHTBI IPU3MbI U UpamMuabl. [IpaBuiibHbIE MHOTOTPaHHUKU: OHATUENIPABUIIBHOTO
MHOT'OI'PAHHMKA, TPAaBUJIbHAS IIPU3Ma U IPABWIbHAS TUpaMuUa, IPaBUIIbHASA TPEYTOJIbHAS TUpaMuIa
U IpaBWIbHBIA TeTpa’rnp, KyO. IlpencraBieHne o mnpaBWIIBHBIX MHOTOIpAaHHHMKAaX: OKTa’Jp,
nojieka’ip U ukocasip. CeueHus Npu3Mbld MUPAMHUIBL.

CI/IMMeTpI/IH B IIPOCTPAHCTBC: CHMMCTpUSA OTHOCUTCIBHO TOYKH, HpHMOﬁ, IIJIOCKOCTH.
OJEeMEHThI CUMMCTpPUH B IIMpaMuZiax, nmapauiCjICnuicaax, IpaBujJibHbIX MHOIOI'paHHUKAX.

Brruncnenue 31eMEHTOB MHOTOTPAaHHUKOB: pEOpa, nuaroHanu, yrisl. [lmomaap GokoBoit
MOBEPXHOCTH W TIOJHOW MOBEPXHOCTH MPSMOM MPU3MBI, TUIOIIA(h OCHOBaHH, TeOpemMa 0 OOKOBOI
MOBEPXHOCTU TpsIMON mpu3Mbl. [lnomans GOKOBOW MOBEPXHOCTH M TMOBEPXHOCTH MPABUIHHON
MUPAMHUJIBI, TEOpeMa O TuIomaan yceu€HHoi nmupamubl. [Torstue 06 00béMe. OOBEM TUPAMUIBI,
MIPU3MBL.

[lonobuble Tena B mnpoctpaHcTBe. COOTHONIEHHS MEXIY IUIOMIAIIMU IOBEPXHOCTEM,
00BbEMaMu MOJJOOHBIX Tell.

11 KIIACC
Tena Bpamenus

[Hunuaapuyeckass MOBEPXHOCTh, 0Opa3ylomue NWIMHAPUYECKOM TOBEPXHOCTH, OCh
WIMHAPUYECKON MOBEepXHOCTH. LIMIMHIp: OCHOBaHUS U OOKOBas MOBEPXHOCTb, 00pa3yroIas U OCh,
IUIOINAAb OOKOBOI U IIOJHON MOBEPXHOCTH.

Konunyeckass mOBEpXHOCTh, OOpa3yrolIMe KOHUYECKOW MMOBEPXHOCTH, OCh M BepIIMHA
KOHHYecKoi nosepxHocTu. KoHyc: ocHOBaHue U BepiInHa, 00pa3yrolas U och, MII0Ia s O0KOBOM 1
MOJTHOM TOBEPXHOCTH. YCEUEHHBIM KOHYC: OOpa3ylollhe U BBICOTA, OCHOBaHHUA M OOKOBas
MOBEPXHOCTb.

Cdhepa u map: weHTp, paguyc, AUAMETp, IUIOIAAb IOBEPXHOCTH cdepsl. B3aumuoe
pacnosoxkeHue cepbl U MII0CKOCTH, KacaTelbHas MIOCKOCTh K cdepe, miomaas chepsl.

I/I306pa)KCHI/IC TCJI BpallICHUSA Ha IJIOCKOCTH. Pa3BépT1<a OUJIMHApPA U KOHYCA.

KomMOunammu ten BpamieHus 1 MHOTOTpaHHUKOB. MHOTOIpaHHUK, ONMMCAaHHBIA OKOJIO cephl,
cdepa, BMcaHHasi B MHOTOTPAHHUK, WK TEJIO BPaIIEHUSI.

[Tonstre 06 06bEMe. OcHOBHBIE CBOMCTBA 00BEMOB Tel. TeopeMa 06 00bEME TPSIMOYTOJIBHOTO
napajenenunena u cieactus u3 He€. O0bEM UIMHApa, KoHyca. O0bEM Iapa u miomaab cepsl.

[TogoOubie Tema B mpoctpaHcTBe. COOTHOMICHHUS MEXAY IUIOMAIIMH TIOBEPXHOCTEH,
00BEMaMH TOJOOHBIX TEI.

Ceuenus nuauHApa (MapajuieabHO U NePIEHANKYIISPHO OCH), CEYeHHsI KOHYyca (mapauieaIbHOoe
OCHOBAHUIO U IPOXOASILEE YEpPE3 BEPIINHY), CEUEHUS 11apa.

32



BekTOopbI H KOOPAMHATHI B IPOCTPAHCTBE

BekTtop Ha miockoct U B npocTtpaHcTBe. ClI0KEHUE W BBIYUTAHUE BEKTOPOB. Y MHOXKCHHE
BEKTOpa Ha 4ucio. PasznoxeHue BekTOpa 1O TPEM HEKOMIUIAaHApHBIM BekTopaM. [IpaBuiio
napajuienenunena. Pemienue 3aznad, CBSI3aHHBIX C IPUMEHEHUEM IIPABUI JECHCTBUM C BEKTOPAMHU.
[IpssMmoyrosibHast cucrema KoopauHaT B npoctpancTse.KoopanHatel Bekropa. IIpocrelimue 3anauun B
KOOpAMHATaX. YTO0JI MEXIy BeKTopaMu.CKalsipHOE MPOU3BEICHUE BEKTOPOB. BrluncieHue yrios
MEXAY IPSAMBIMU U IUIOCKOCTAMH. KOOPIMHATHO-BEKTOPHBIM METOJ IIPH PELICHUHA I€OMETPUYECKUX
3ajad.

INNPEJIMETHBIE PE3YJIBTATDBI

K konnmy oOydyenus B 10 kuacce oOydaromwuiicsi TOJYYHUT CICAYIOIIME IPEIMETHBIC
pe3yabTaThI:

ONCpHUPOBATH NOHATUAMMU: TOUKA, IIpsAMad, IJIOCKOCTb,

MPUMEHATh AKCHOMBI CTEPEOMETPUU M CJIECACTBUS M3 HHUX MPU PEIICHUU T€OMETPUUYECKUX
3a1ad4;

OIICPpHUPOBATH NOHATUAMMU: MAPATIJICIIBHOCTD U HNCPHCHAUKYIIAPHOCTD IMPAMBIX U HHOCKOCTeﬁ;
KJ'IaCCI/I(l)I/II_[I/IpOBaTb B3aMMHOC PACIIOJIOKCHUC ITPAMBIX U INIOCKOCTEHB IMPOCTPAHCTBE;

OIIepUPOBATh MOHATUSMU: ABYI'PAaHHBIM yroJ, TpaHu JBYIPaHHOTO yria, peOpo IBYIpaHHOTO
yria, JUHEHHBIN yroJl ABYTPaHHOIo yIjla, IpaayCcHas Mepa IByIPaHHOI 0yTIJIa;

OIICpHUPOBATH IMOHATUAMU: MHOI'OI'PAHHHK, BBIHYKHLIﬁ u HCBBIHYKHBIﬁ MHOI'OrpaHHUK,
QJICMCHTBI MHOI'OI'PaHHHKA, HpaBHHLHLIﬁ MHOI'OI'PpaHHUK;

pacrmo3HaBaTh OCHOBHBIE BBl MHOTOIPAaHHUKOB (THpaMuia, MPU3Ma, MPSAMOYTOIbHBINA
napasuienenunes, Kyo);

KJIacCU(UIMPOBATh MHOTOTPaHHUKH, BIOMpasi OCHOBaHUS JUIsl Kiaccu(UKauy (BBITYKIIbIE U
HEBBINYKJIbIE MHOTOTPAaHHUKH, IPABWIBHBIE MHOTOTPAHHMKH, NPSMBIE W HAKIOHHBIE IPU3MBL,
napasuieJenumne/ibl);

ONeprUpOBaTh NOHATUAMU: CCKYIIAA IMJIOCKOCTb, CCUCHUC MHOFOFpaHHI/IKOB;O6’b$ICHHTB
IMPUHIUIIEI TIOCTPOCHUS CC‘ICHHfI, HCIIOJIB3YA METOA CJIICOO0B,

CTPOUTH CEUYEHHMsS] MHOTOTPAaHHUKOB METOJOM CJIEZOB, BBIINOJHATH (BBIHOCHBIE) IUIOCKHE
YepTek U U3 PUCYHKOB MPOCTHIX 00BbEMHBIX (PUTYp: BUJ CBEPXY, COOKY, CHU3Y;

pemaTh 3a7auyd Ha HaXOXKJEHHE MeOMEeTPUYECKHUX BEIMYUH MO oOpaslaM WIH alrOpuTMawm,
IIPUMEHSS U3BECTHBIC AHAIMTUYECKUE METO/IbI IIPH PEIICHNUN CTaHIAPTHBIX MaTEMAaTHYECKUX 3a7a4
Ha BBIYKCIIEHUE PACCTOSTHUN MEXIY ABYMS TOYKAMHU, OT TOYKH [0 NPAMOU, OT TOYKHU 10 INIOCKOCTH,
MEXAY CKPEIIMBAIOIINMUCS MPSIMBIMU;

peuiaTh 3aJa4i Ha HAXOXKIACHUC TCOMECTPHUYCCKUX BCIUYHH I10 o6pa3uaM W1 aJIrOpuTMam,
MMPUMCHAA HW3BECTHBIC AHAJIUTUYCCKHUE MCETOAbI INpPU PCIICHHUU CTAHAAPTHBIX MATEMATHYCCKUX
3ala4 Ha BBIYUCIICHUC YIJIOB MCIKAY CKPCIIHUBAOIIUMUCA TPAMBIMU, MCIKIY HpHMOﬁ " IJIOCKOCTBIO,
MCXKAY MIIOCKOCTAMU,ABYTPAHHBIX YIJIOB,

BBIUUCIIATE OOBEMBI U IUJIOMIATN TOBEPXHOCTEH MHOTOTpAaHHUKOB (IIpU3Ma, MHpaMHIa) C
IpUMEHEHHEM (OpPMYJ, BBIUUCIATH COOTHOLIEHUS MEXAY IJIOLIAAsIMH MMOBEPXHOCTEH, 00bEMaMu
NOJOOHBIX MHOTOI'PAaHHHUKOB;

OIICpHUPOBATH NOHATUAMU: CUMMECTPUA B ITPOCTPAHCTBE, HCHTP, OCh U IIIIOCKOCTBCUMMCTPHH,
HOCHTP, OChb U IMIIOCKOCTh CUMMCTPUU (I)I/IprBI;

U3BJIEKaTh, MPeoOpPa30BbIBaTh M HMHTEPHIPETUPOBATH HHPOPMAIMIO O MPOCTPAHCTBEHHBIX
reoMeTpHUecKuX (purypax, npeacTaBIeHHYIO Ha YepTeKaxX U PUCYHKAX;

NPUMEHSTh TreoMeTpuueckue (akThl JJid  pELIeHUs  CTePEeOMETPHYECKHX  3ajad,
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nmpeamnojgararomux HECKOJbKO MIaroB peuICHusA, CCjIin yCJIIOBUA NPUMCHCHUS 3alaHbIB SIBHOM (bopMe;

IIPHUMCHSATDH HpOCTGfIH.IPIC IporpaMMHEBIC CpE€ACTBA M JJICKTPOHHO- KOMMYHUKallMOHHBIC
CUCTCMBI IIPU PCHICHUHN CTCPCOMCTPUUCCKHUX 3aa4;

IIPHUBOJUTH ITPUMEPBI MAaTEMATUYCCKHUX SaKOHOMepHOCTeﬁ B I[IPHUPOJC U )KU3HU, PACIIO3HABATDb
IMPOSBJICHUC 3aKOHOB '€COMCTPUU B UCKYCCTBE;

IPUMEHATh IOJY4YEHHBbIE 3HaHHUA Ha IPaKTHKE: aHAJIU3UPOBaTh pEalbHbIE CHUTyallUd U
NPUMEHSATh U3YUYEHHBIE MOHATHS B IIPOLIECCE MTOMCKA PELICHU MAaTeMaTHUECKU CPOpMyTUpPOBAHHOMN
poOJIeMbl, MOJEIUPOBaTh PealbHble CUTyallUHHA SI3bIKE T'€OMETPUHU, UCCIIEOBATh ITOCTPOCHHbIE
MOJIENI C HCIIOJIb30BAaHUEM TE€OMETPUYECKHX MOHATHI M TeopeM, ammapara aireOpbl, pemaTrh
IPaKTUYECKUE 3a]auyl, CBA3aHHbIE C HAX0XK/IEHUEM I€OMETPHUUECKUX BETHYMH.

K koniy o0yuenus B 11 kiacce o0ydaromuiicss HAydUTCs:

OIICpHUPOBATH HNOHATUAMU: HUIUMHAPHUYCCKASA IMOBCPXHOCTD, O6p33y10HII/I€ IIHJII/IHI[pI/I‘IeCKOﬁ
MIOBEPXHOCTH, IIWIIMH/IP, KOHHUYECKAs TOBEPXHOCTh, 00pa3yIolie KOHMUECKOM ITOBEPXHOCTH, KOHYC,
chepuyeckas MoBEpXHOCTH;

pacro3HaBaTh Teja BpalleHus (IUIUHAP, KOHYC, cdepa U 1map);00bsICHITh CIIOCOOBI
TIOJTYYCHUS TEJI BPAILICHUS;

KJ'IaCCI/I(bI/II_II/II)OBaTB B3aMMHOC PACIIOJIOKCHUC C(I)epbl H IINIOCKOCTH; OIICPpUPOBATH
INOHATHUAMU HIB,pOBOﬁ CETMCHT, OCHOBaAHHEC CCTMCHTA, BBICOTA

CCIrMCHTA, mapOBoﬁ CJ'IOﬁ, OCHOBAHHEC IIapOBOI'0 CJIOA, BBICOTA HIAPOBOI'O CJ'IOH,H.I&pOBOfI CCKTOp;

BBIYHCIIATH 00BEMBI U IUIOMIAH IOBEPXHOCTEH TN BPAICHHS, T€OMETPHUICCKUXTEI C
npuMeHeHueM Gopmyi;

ONEepUpPOBATh MOHATUSMU: MHOTOTPAaHHMK, BIMCAHHBIN B cepy M OMMCAHHBIHOKOJIO chepshl,
cdepa, BIMCaHHAsi B MHOTOI'PAaHHUK MJIH TEJIO BPAIEHUS;

BBIYUCIIATE COOTHOIICHHA MCXKAY INIOIIAaAIMU HOBerHOCTeﬁ u O6”I>éMaMI/IHO)IO6HI>IX TCII,

n3o00pakaTh Hu3ydaemble (UIYpBl OT PYKM M C TPUMEHEHHEM IHPOCThIX YEepTEXHBIX
UHCTPYMEHTOB;

BBHITIONHSATH (BBIHOCHBIE) TIOCKHE YEPTEXKHU U3 PUCYHKOB MPOCTBHIX OOBEMHBIX (UTYpP: BUI
CBEpXY, COOKY, CHU3Y, CTPOUThH CEUCHUSI TEJ BPAIICHNUS,

U3BJIEKaTh, MHTEPIPETHPOBATh M MPEoOpPa3oBbIBaTh HH(POPMALIUIO O HMPOCTPAHCTBEHHBIX
reoMeTpHUECKUX GUrypax, MpeACTaBIEHHYIO Ha YepTexaxX U PUCYHKaX;

ONCpUPOBATh NOHATUCM BCKTOP B IIPOCTPAHCTBE;

BBIITOJIHATH )I@f/iCTBI/IS[ CJIOKCHUA BCKTOPOB, BEIYMTAHHA BCKTOPOB M YMHOKCHHA BCKTOpPA Ha
quciio, OGT:HCHHTB, KaK{MH CBOMCTBAaMH OHH O6J'I€l,[[aIOT;

IIPUMEHSATH ITPaBUJIO APAIIIEIICTINIIEA;

OMNCPpHUPOBATH NOHATUAMU: JCKAPTOBLI KOOPAUHATHI B IIPOCTPAHCTBEC, BECKTOP, MOAYJIb BEKTOPA,
PABE€HCTBO BCKTOPOB, KOOPAHWHATBHI BCKTOPA, YIOJ MCXKIAY BCKTOpaMH, CKAJIAPHOC ITPOU3BCIACHUC
BCKTOPOB, KOJUNIMHCAPHBIC U KOMIIJIAHAPHBIC BEKTOPLI;

HaxXoJuTb CYMMY BCKTOPOB W IMPOMU3BCACHUC BCKTOpa Ha YHCJIO, YIOJI MCXKAY BCKTOpaMu,
CKaJIApHOC MPOU3BCACHUC, PACKIIAABIBATE BCKTOP IO ABYM HCKOJUIMHCAPHLIM BCKTOPAM;

3aaaBaTh IJIOCKOCTh YPABHCHHUEM B }IeKapTOBOI)’I CUCTEME KOOPAUHAT,

OPUMEHSATh TeOMeTpHuYeckhe  (akThl JUIs  pEIICHUS  CTEePEOMETPUYECKHX  3ajad,
MPEeoJIaraoliuX HECKOJIBKO IIaroB PEUIeHHs], €ClIM YCIOBUS MPUMEHEHUS 3a/1aHbIB IBHOH (hopme;
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peuaTh MpoCTEeHIlNe TeOMETPUUYECKUE 3aJaul Ha MPUMEHEHUE BEKTOPHO- KOOPAMHATHOTO
METO/1a;

pliath 3aJa4d Ha AO0Ka3aTCJIbCTBO MATCMATHYCCKUX OTHOIIICHUM U HaXO0XJICHUC
TCOMETPHUICCKUX BEJIMYHUH II0 o6pa3uaM WM aJroputMam, IPHUMEHAA HN3BECTHBIC MCTOABI IIPU
PCIICHUU CTAHAAPTHBIX MATCMAaTUUCCKUX 3a/1a4;

IIPHUMCHATDH HpOCTGfIH.IPIG IporpaMMHBIC CpE€ACTBA M JJICKTPOHHO- KOMMYHUKallMOHHBLIC
CUCTCMBI IIPU PCHICHUH CTCPCOMETPUUCCKUX 3aqa4;

IIPHUBOJUTH ITPUMEPBI MATEMATUYCCKHUX SaKOHOMepHOCTeﬁ B I[IPpHUPOJC U )KU3HU, PACIIO3HABATDb
IMPOSABJICHUC 3aKOHOB '€COMCTPUU B UCKYCCTBE;

IIPUMEHATH IIOJIyYCHHBIE 3HAHUSA Ha IPAKTUKE: aHAJIU3UPOBATh pPEAIbHBIE CUTYyallUU H
NPUMEHSTH U3YYEHHBIE TIOHATHS B IPOIIECCE MIOMCKA PEIIEHUS] MaTEMAaTUYeCKH C(hOPMYITHPOBAHHOM
Ipo0JIeMbl, MOJECIUPOBATh PEabHbIC CUTyallUMHA S3bIKE€ F€OMETPUH, UCCIEN0BaTh MOCTPOCHHbIE
MOJIEJIM C HMCIOJb30BAaHUEM TI'€OMETPUUECKUX MOHATHM M TeopeM, ammapaTa ajireOphl, peniarb
IIPaKTUYECKUE 3a7a4M, CBA3aHHbBIC C HAXOXKICHUEM T€OMETPUYECKUX BEIUYMH.
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TEMATHYECKOE IINTAHUPOBAHHUE

10 KJIACC

IJIOCKOCTEN B
MIPOCTPAHCTBE.

[TapannensHOCTH
MPSIMBIX B
MIPOCTPAHCTBE.

N3o6pakenue
MPOCTEUIIINX
IIPOCTPAHCTBEHHBIX
(buryp Ha IIOCKOCTH.

TeopeMsl 0
napaieIbHOCTU
MPSIMBIX U IIJIOCKOCTEN
B IIPOCTPAHCTBE

HaunmenoBanue pasaena KomnuectBo OcHoBHOE OCHOBHBIE BUJIbI
(Tembl) Kypca 4acoB coepKaHue JIeSITEIbHOCTH
oOydJaronmxcs
BBenenue B 4 OCHOBHBIC TOHSTHS [TepeuncnsatT OCHOBHBIE
CTEPEOMETPHUIO r€OMETPHUHU B (buUrypsl B IpOCTPaHCTBE
npoctpanctee. Touka, (Touka, npsimMas,
npsMas U MiIoCKOCTh MJIOCKOCTB),
B IPOCTPAHCTBE, bopMyIUpOBaTh TPH
AKCHUOMBI aKCHOMBI 00 UX
CTEPEOMETPHUU U B3aHMHOM
CJIEACTBUS U3 HUX PacIOI0KEHUHU U
onsTHE 06 WJUTIOCTPUPOBATH 3TU
AKCHOMATHUCCKOM AKCHOMBI IPUMEPaMH 13
MeTOze OKpY>KaIoIIeH
00CTaHOBKH.
DopMynHMpoBaTh U
JI0OKa3bIBaTh TEOPEMY O
IIJIOCKOCTH, MPOXOISIIEH
yepes3 NpsMyro U He
JIeXKAIYI0 Ha HEW TOYKY,
Y TEOPEMY O IJIOCKOCTH,
MPOXOJIAIIEH yepes ABe
NepeCeKaroIINecs
psiIMbIE
ITapaieapHOCTD 6 B3anmuoe dopMynHupoBaTh
IIPAMEIX, IAMOH H PacCIoJIOKEHUE TIPSIMBIX | OTpeAeSIeHHe
u napajjieIbHbIX MPSIMBIX B
TIJIOCKOCTH MIPOCTPAHCTBE,

dbopmMynHupoBaTh 1
JIOKa3bIBaTh TEOPEMBI O
HapauIeNbHBIX MPSIMBIX;
OOBACHATH, KAKHE
BO3MOJKHBI CITy4an
B3aUMHOTO PACIIOTIOKEHHS
IPSIMOH | TTIOCKOCTH B
MPOCTPAHCTBE, U
IPUBOJINTH
WLTFOCTPUPYIOIIUE
IPUMEPBI U3 OKpPYXKaroLIen
00CTaHOBKWU,
bopmMynupoBaTh
orpesieTIcHre
napauIeIbHBIX IPSIMOU U
IIOCKOCTH,
dopmynupoBaTh 1
JIOKa3bIBaTh YTBEPKACHUS




0 MapaJuIeIbHOCTHU MIPSAMOM
Y IJIOCKOCTH (CBOWCTBA U
IPU3HAK); pelaTh 3a1a4u
Ha BBIYMCIICHUE U
JI0Ka3aTeNIbCTBO,
CBSI3aHHBIE CO B3aUMHBIM
PacIoJI0KEHUEM NPAMBIX U
IUIOCKOCTEN

BzaumHoe pacnionoxenue
MPSIMBIX B IPOCTPAHCTBE.
Yrou Mexay nByms
IPSIMBIMU

Paccrosinus mexny
¢durypamu B
MPOCTPAHCTBE. YTIIBI B
MIPOCTPAHCTBE.

CkpemmBaromyecs
IpsIMbIE B
IIPOCTPAHCTBE. YTOII
MEX]ly HUMH.

[TapannensHoe
MIPOEKTUPOBAHUE U
n3zobpaxxenue Guryp.

I'eomeTrpuueckue
MeCTa TOYEK B
MIPOCTPAHCTBE.

OO0t
MEePIEHIUKYISAP ABYX
CKPEIIHBAOIINXCS
MPSIMBIX.

MeToabl HaX0KJICHUS
pacCTOSHUN MEXITY
CKPEIIMBAIOIIUMHUCS
MPSIMBIMU

OOBACHATDH, KAKHE
BO3MOYKHBI CITy4au
B3aMMHOTO
PaCIOIOKEHUS IBYX
NPSIMBIX B MPOCTPAHCTBE,
Y TIPUBOJIUTH

WJUTFOCTPUPYIOLIUE
IPUMEPBIL;
dopmynHupoBaTh
onpeeseHue
CKPELIUBAIOIINXCS
npsIMBIX, POpMYITHPOBATH
U JI0Ka3bIBaTh TEOPEMY,
BBIPAKAIOIIYIO PU3HAK
CKPELIUBAIOIINXCSA
NPSIMBIX, U TEOPEMY O
IJIOCKOCTH, MPOXOISIIEH
4yepes OJIHY U3
CKPELIMBAIOIINXCSA
MPSIMBIX U

napaJuIeIbHON Ipyrou
IIPSAMOM;

OOBSACHATH, KAKHE IBA
Jy4a Ha3bIBAIOTCS
COHAIPaBJICHHBIMH,
dbopmMynHupoBaTh 1
JIOKa3bIBaTh TEOpEMY 00
yriax ¢
COHAIPaBJICHHBIMU
CTOPOHaMU; OOBSCHSTH,
YTO HA3BIBAETCS YTIIOM
MEXITY
NepeceKaroMMHCS
IPSIMBIMU U YTTIOM
MEXTY
CKPEIIHBAIOIIUMUCS
MIPSIMBIMH;

peuiaTth 3aJa4 HaA
BBIYHMCJICHUEC U
JA0Ka3aTCiIbCTBO,
CBsI3aHHBIEC CO B3aUMHBIM
PACIIOJIOKCHHUEM JIBYX




IPSIMBIX U YTJIOM MEXIY
HUMU

[TapamiensHOCTH Bzaumnoe DopmyIUpoBaTh
IJIOCKOCTEM pacmoiokKEHNE onpeacIeHue
IIJIOCKOCTEH B napajuieabHbIX
MPOCTPAHCTBE. IJIOCKOCTE,
[TapannenbHOCTH dbopmynupoBath u
IUIOCKOCTEN B JIOKA3bIBATh
MIPOCTPAHCTBE. YTBEPKJICHUSI O IPU3HAKE
Teopemsi 0 Y CBOMCTBAxX
rapajieIbHOCTH napajuieIbHbIX
IJIOCKOCTEH B IUIOCKOCTEH,
MIPOCTPAHCTBE HCIIOJIb30BATh 3TU
YTBEPKJICHUSI TIPU
pELIeHUH 33124
Terpasap u [Tapannenenunen. OOBsCHATD, KaKas
napajuiejaenunes CaoiicTBa durypa HazpIBaeTCs
Napayiesenumea. TETPA3POM H KaKas
IIpssMoyTONBHBIM
napajuiejaenuneom,
rapajuieJIenuIe.

Buns! Tetpasapos.

JloctpanBanue
TETpasapa A0
napaiesienunea.

entpansHoE
MIPOEKTUPOBAHUE.

[Toctpoenue ceuenunit
MHOT'OrpaHHUKOB
METOJOM MPOEKIINM.

Teopema Menenast s
TeTpa’ipa

MOKAa3bIBaTh HA YepTexKax
1 MOJICIISIX UX DJIEMEHTHI,
n300paxarb 3TH PUTYpPbI
Ha PUCYHKaX,
WUTFOCTPUPOBATH C MX
MOMOIIIBIO PA3IUYHBIC
CJIy94ad B3aMHOTO
PaCTIONOKEHUS IPSIMBIX U
IUIOCKOCTEH B
MIPOCTPAHCTBE;
dbopMynupoBaTh U
JIOKa3bIBaTh
YTBEPXKICHHS O
CBOMCTBAaxX
napajuiesieuIe/1a;
OOBSICHSATD, YTO
Ha3bIBACTCS CCUCHUEM




TeTpas’apa
(mapasnenenunena),
pemaTh 3a/1a41 Ha
MOCTPOEHUE CEUCHUI
TeTpa’pa u
napasuiesienunes1a Ha
4epTexe

IlepneHMKyIAPHOCTD
IIPSIMOM U IIIIOCKOCTH

[lepnieHIUKYISIPHOCTD

MIPSIMBIX U INIOCKOCTEN.

IIpuznaku
MEPIEHANKYISIPHOCTH
MPSIMBIX U IJTIOCKOCTEHN
B IPOCTPAHCTBE

DopmyIUpoBaTh
onpenenaeHue
NEPIEHIUKYIJIPHBIX
IPSIMBIX B IPOCTPAHCTBE;
bopmynupoBaTh 1
JI0OKa3bIBaTh JIEMMY O
NEPIEHIUKYJIAPHOCTU
JIBYX ITapajuIeIbHBIX
IPSIMBIX K TPEThEN
npsiMoit; (OpMyIHpOBAThH
OIpeeICHUE TIPSIMOH,
NEPIEHANKYJIAPHON K
IUIOCKOCTH, U IPUBOJUTH
WJUTFOCTPUPYIOLUE
IIPUMEpBI U3
OKpY>Karoleu
00CTaHOBKHU;
(dopMynupoBaTh U
JIOKa3bIBaTh TEOPEMBI
(mpsiMyt0 M 00paTHYIO) O
CBSI3U MEXKIY
NapaJJIEIbHOCTBIO
HPSIMBIX U UX
MEePHEeHIUKYISIPHOCTBIO K
IIJIOCKOCTH, TEOPEMY,
BBIPAXAIOIIYIO MPU3HAK
NEPIEHIUKYJIIPHOCTU
MPsIMOM M TUIOCKOCTH, U
TEOpeEMY O
CyILIECTBOBAaHUU U
€AMHCTBEHHOCTH NPSIMOH,
NPOXOSIIEH yepe3
JAHHYIO TOUKY U
MepIEHIUKYISIPHON K
JTAHHOM TIJIOCKOCTH;
pelarTh 3a/1a4y Ha




BBIYUCICHUC U
JI0Ka3aTeNbCTBO,
CBA3aHHBIC C
NEPIECHIUKYIIPHOCTHIO
IIPSIMOM U INIOCKOCTH

Ilepnenauxynsp u
HAKJIOHHBIE. YTOJ MEXKIY
IIPSAMOM U IIOCKOCTBIO

[Ipoexius Guryps! Ha
IJIOCKOCTb.

Haxknonusie n
MPOEKIIU Y.

Paccrostaus mexny
¢durypamu B
IIPOCTPAHCTBE.

Teopema o Tpéx
MEPIEHIUKYIIApaX.

OpToroHaibHOE
MIPOEKTUPOBAHUE

OOBACHATD, UTO TAKOE
NEPIIEHIUKYIISP U
HaKJIOHHAs K IIJIOCKOCTH,
YTO HA3bIBACTCS
MIPOEKIIMEN HAKIIOHHOM;
YTO HA3bIBAETCS
paccTOsTHUEM: OT TOUKH
J10 TUIOCKOCTH, MEXAY
napauIeIbHBIMU
IJIOCKOCTSIMU, MEXKTY
napauIeIbHBIMU MPSMON
U IJIOCKOCTBIO, MEXTY
CKPEIMBAIOIIUMUCS
MPSIMBIMU;
dbopmMynHupoBaTh 1
JTIOKa3bIBaTh TEOPEMY O
TpEX NEPIEHIUKYIIApax U
NIPUMEHSATH €€ IIPU
pELICHNH 3a/1a4;
00BACHATH, YTO TAKOE
OpPTOrOHAJIbHAS IPOEKLINS
TOUYKH ((Urypsl) Ha
IIJIOCKOCTb, U
JOKa3bIBaTh, YTO
IIPOEKIMEN IPSIMOM Ha




MJIOCKOCTb,
HENEePIEeHIUKYIIPHYIO K
3TOM NPSAMOM, SBJISIETCS
npsiMasi; OObSICHITh, YTO
HA3bIBACTCS YTIIOM
MEXy IPSIMOU U
MJIOCKOCTHIO U KAKUM
CBOMCTBOM OH 00JIa1a€T;
OOBSICHSATH, YTO TAKOE
HEHTpaIbHas MPOEKIIHS
ToukH (purypsl) Ha
IJIOCKOCTh

JIByrpaHHBIN yroul.

[lepneHAUKYISIPHOCTH
IJIOCKOCTEN

[Tapannenenunen.
CaoiicTBa
MPSIMOYTOJIBHOTO
napajieJenumne/a.

[IepnenukynsapHsie
IIJIOCKOCTH.

Tpéxrpanuslii 1
MHOT'OTPaHHBIN YTIIBI.

CBoiiCcTBA TUIOCKUX
yIJI0B MHOTOTPAaHHOTO

yria.

CBolicTBa IUIOCKUX U
JIBYTPaHHbBIX YTJIOB
TPEXTPAHHOTO YIJIa.

TeopeMbl KOCUHYCOB H
CHUHYCOB JJIs
TPEXTPAHHOTO yIJIa

OOBACHATH, KaKas
¢durypa HazpIBaeTCs

JIBYTPaHHBIM YTJIOM U KaK
OH U3Mepsercs;
JIOKa3bIBaTh, YTO BCE
JIMHEUHBIE YIJIbI
JIBYTPaHHOTO yTJia PaBHBI
IpYT OpYTY; OOBSACHSTS,
YTO TaKOE YTOJI MEXY
HepeceKaroIuMUCs
TUTOCKOCTSIMHU M B KaKHUX
npezenax OH U3MEHseTCs;
bopMynupoBaTh
OTpeJieJIeHUe B3aMHO
MePIICHANKYISIPHBIX
IUIOCKOCTEI,
dbopMynupoBaTh U
JIOKa3bIBaTh TEOPEMY O
MIpHU3HAKE
HNepHeHIUKYIAPHOCTH
JBYX INTOCKOCTEH;
O0OBSICHATH, KAKOH
napasuiesIemure |
Ha3bIBACTCS
MPSIMOYTOJIBHBIM,
dbopmynupoBaTh 1
JIOKa3bIBaTh
YTBEPXKJICHHS O €r0




CBOMCTBAX; OOBSICHSTD,
Kakas (purypa
Ha3bIBACTCS
MHOTOT'PaHHBIM (B
YaCTHOCTH,
TPEXTPAaHHBIM) YTIIOM U
KaK Ha3bIBAIOTCS €T0
9JIEMEHTHI, KaKOM
MHOT'OI'PaHHBIN yIoJI
Ha3bIBAETCS BBIMYKJIIBIM,
dbopmynupoBaTh 1
JIOKa3bIBaTh
YTBEP>KJICHHE O TOM, UTO
K&K/l TUIOCKUIM yTOJI
TPEXTPAHHOIO yIJIa
MEHBILIE CYMMBI IBYX
JIPYTUX TIOCKUX YTJIOB, U
TEOpPEMY O CYMMeE
MJIOCKUX YTJIOB
BBIITYKJIOTO
MHOTOI'PAHHOTO YTJIa;
pemaTh 3aJa4u Ha
BBIYUCJICHUE U
JIOKa3aTelIbCTBO C
HCIIOJIb30BAHUEM TEOPEM
0 MEPIEeHIUKYISIPHOCTH
IPSIMBIX U IIJIOCKOCTEH, a
TaKXe 3a/1a4M Ha
MOCTPOEHUE CEUYECHHI
PsIMO YTOJIBHOTO
napajienenuneaa Ha
yeprexe Mcnoab3oBarh
KOMITHIOTEPHBIE
IporpamMMsl IpU
M3YYEHUHU BOIIPOCOB,
CBSI3aHHBIX CO B3aUMHBIM
PaCIOIOKEHUEM TTPSIMBIX
Y TUIOCKOCTEH B
MIPOCTPAHCTBE




IloHsiTHE MHOTOIpAaHHUKA.

[Ipuzma

MHOrorpaHHMKH.
Bunnl
MHOI'OTPaHHUKOB.

Teopema I[Tudaropa B
MIPOCTPAHCTBE.

[Tpuzma. DnemeHThI
MIPU3MBL.

Haknonngslie IMPU3MBI.

Ilomane
MMOBEPXHOCTH MPSIMOM
IIPU3MBEI.

PazBépTku
MHOTOIPaHHUKA.

Kparuaiimue nytu Ha
MIOBEPXHOCTU
MHOTOI'PaHHHKA.
Teopema Ditnepa.

IInomanp
OpPTOrOHAJILHOU
MPOEKIIUH.

[TepnienaukynsipHoe
CEUYEHHE MPU3MBI.

Brruuncienue
3JIEMEHTOB
IIPOCTPAHCTBEHHBIX

¢uryp (pédpa,

JaroHali, yriibl)

OOBACHATD, KaKas
¢burypa Ha3pIBacTCs

MHOTOTPAaHHUKOM U KaK
Ha3bIBAIOTCS €ro
3JIEMEHTHI, KaKOH
MHOTOT'PaHHUK
HA3BIBACTCSI BBHITTYKJIBIM,
MPUBOAUTH TIPUMEPHI
MHOTOTPaHHHUKOB;
OOBACHATH, YTO TAKOE
FEOMETPUUYECKOE TEJIO;
bopMyIUpOBaTh U
JIOKa3bIBaTh TEOPEMY
Diiniepa 11 BBITYKJIIBIX
MHOTOTPaHHHUKOB;
OOBSACHATH, KAKOU
MHOTOTPaHHHUK
Ha3bIBACTCS MPU3MOU H
KaK Ha3bIBAIOTCS €€
3JIEMEHTBI, KaKas Ipru3mMa
Ha3bIBAETCS MPAMOMU,
HaKJIOHHOM, MPaBUJILHOM,
n300paxarh MPU3MbI HA
PHUCYHKE; OOBACHATD, YTO
Ha3bIBACTCS TUIOMIAIBIO
noJTHOM (6G0KOBOIA)
MTOBEPXHOCTH TIPU3MBI U
JIOKa3bIBaTh TEOPEMY O
IO OOKOBOIM
MOBEPXHOCTHU MPAMOI
IIPU3MBI;, BEIBOJIUTH
dbopmyny miaomaan
OPTOTrOHAJILHOU
MPOEKIIUU
MHOTOYTOJIbHUKA U
JIOKa3bIBATh
MPOCTPAHCTBEHHYIO
teopemy [Iucdaropa;
pemaTh 3a7a4u Ha
BBEIYUCJICHUE H
JTI0Ka3aTeIIbCTBO,
CBSI3aHHBIE C PU3MOMU




[Tupamuga [Tupamupa. Bunasl OOBICHATD, KaKOH
nupamua. [psmas MHOT'OTPaHHUK
nupaMua. IJIEeMEHTHI Ha3bIBACTCS TUPAMUION
MAPAMUJIBI. U KaK Ha3bIBAIOTCH €€
Towmans AJIEMEHTHI, YTO

Ha3bIBAETCS IUIOIIA/IbIO
IIOBEPXHOCTHU . .
R —_—— NOJTHOM (OOKOBOHA)
MHAPaMUJIbI. DJIEMEHTBI TOBEPXHOCTH THPAMUJIBT;
N O0OBSICHSITH, KaKas
MPaBUJIbLHOM
nupamuja Ha3bIBaeTCs
IHUpaMHUIbI. MPaBWIbHOM, JOKa3bIBaTh
[Tupamu el ¢ YTBCPHKICHUC O
PABHOHAKIOHSHHBIMHU CBOICTBax e€ OOKOBBIX
pPEBPAMH H TPAHSMH, p&Oep 1 OOKOBBIX I'paHEH
X OCHOBHBIE Y TEOPEMY O IUIOLIAIN
CBOICTBA OOKOBOI TOBEPXHOCTH
) MPaBUIILHON MUPAMU/IBI;
VYceuénnas nupamua. 0OBACHATH, KAKOH
Brruncienne MHOT'OrpaHHHUK
3IIeMEHTOR Ha3bIBACTCs YCEUEHHOMU
MPOCTPAHCTBEHHBIX IIMPaMHUJION U KaK
(I)I/Ir*yp (pe6pa’ Ha3BIBAIOTCA €€
3JIEMEHTHI, I0KA3bIBATh
MaroHajiu Bl
ABATOHATH, YTIIL) TEOpeMy O IUIOLIAJH
OOKOBOI TOBEPXHOCTHU
MPaBUIIbHOMN YCEUEHHOMN
UPaMUJIbL;, periaTh
3a/1a4M Ha BBIYKCIICHHUE U
JI0KA3aTeIbCTBO,
CBSI3aHHBIE C
MApaMHUAaMU, a TAKXKe
3a7la4v Ha ITIOCTPOEHUE
CEYEHUI MupaMu]l Ha
yepTexe
[IpaBuibHBIE [IpaBunbHbIE OOBACHATH, KAKHUE TOUKH
MHOT'OTPAaHHUKHU MHOTOTPaHHUKH. Ha3bIBAIOTCS
. CUMMETPUYHBIMU
JIBOMCTBEHHOCTH
MIPABMIBHEIX OTHOCUTEJIBHO TOYKH
(mpsiMoii, MIIOCKOCTH),
MHOT'OI'paHHUKOB. YTO TaKO€ LIEHTP (OCB,

[IpaBunbHasa npusma.
[IpaBunbHas

nrupamMuja.

[Tnomane
IIOBEPXHOCTHU
MIPaBUIILHON
MUpaMUIbl U IPSIMON
MIPU3MBI.

IJIOCKOCTh) CUMMETPHH
(GUrypsl, IpUBOIUTH
npumMepsl puryp,
o0amarmux
3JIEeMEHTaMU CUMMETPUH,
a TaKKe MPUMEPHI
CUMMETpUU B
aApXUTEKTYpE, TEXHUKE,
MPpUPOJIe; OOBSICHSTH,
KaKOW MHOTOTPaHHUK
Ha3bIBAETCsl IPABHIIBHBIM,
JI0Ka3bIBaTh, YTO HE




DneMEeHTB CUMMETPUU
MPaBUIIBHBIX
MHOTOTPAaHHHUKOB.

Brranciaenue
3JIEMEHTOB
MPOCTPAHCTBEHHBIX
uryp (pEbpa,

JTMaroHaJv, yTJibl)

CYIIECTBYET MPABUILHOTO
MHOTOTPaHHHKA, TPAHSIMH
KOTOPOTO SIBJISTFOTCSI
IpaBHIIBHBIC N-
YTOJIBHUKY TIpH N > 6;
OOBSACHATH, KAKHE
CYIIECTBYIOT BHJIBI
IPABHIIbHBIX
MHOTOTPaHHUKOB H
KaKUMH DJIEMEHTaMU
CUMMETPUU OHH
obnanaror. Mcmons30Bath
KOMIIBIOTEPHBIC
IIPOrPaMMBbI IIPU
U3YYCHUU TEMBI
«MHOTOIpaHHUKH)

IToBTOpEeHME

[ToBTOpEHNE OCHOBHBIX
MOHATHI U METOJIOB
KypcoB 7—10 kJaccos,
00001IeHNE 1
cucTeMaTu3aIus
3HAHUM.

OCHOBHEBIE
MIPOCTPAHCTBEHHBIC

(burypsl u ux
cBolicTBa. UTeHue u
IIOCTPOCHHE YEPTEIKEH.
Pemenne npocrenmmx
3a/1a4 Ha
JI0Ka3aTelIbCTBO.
Pemenne 3anau
BBIYUCIIUTEIILHOU
Tr€OMETPUH

O000KMTh 3HAHUS 110
KypCy, YCTAaHOBHUTH

IMPUYIUHHO-CJICACTBCHHBIC
CBA3HU U OTHOLIICHHA
MCKAY HOBBIM U paHEC

M3Y4YEHHBIM MaTEPUATIOM.
Pemars 3agaun Ha
MOBTOPEHUE,
WJUTIOCTPUPYIOIINE CBA3U
MEXy pa3jIMYHbIMU
4acTAMU Kypca.

Onepuposarnb
MOHATHSAMU:

CKPELIMBAIOIIUXCS
IPSIMBIX, YII1a MEXKIY
CKPELIMBAIOIIUMHCS
MMPAMBIMH,
HNepHeHIUKYISIPHOCTH
CKPEIMBAIOIINXCS
HPSMBIX, IBYyTPAHHOTO
yTi1a, MHOTOTPaHHHUKA,
HPU3MBI, TUPAMUIBI
(moxHOM U yceu€HHOM).

HN300paxaTb OCHOBHBIE
MHOTOTPaHHUKH;
BBITIOJTHATH YEPTEKH 110
YCIIOBHSIM 3aj1ad.
Cmpoumw npocmetiwiue
ceyenust Kyoa, npusmol,
AUPaAMuobL.

Pacno3naBarthb Ha
qepTen(ax U MOJCIIAX
IPOCTPAHCTBEHHBIC




(OpMBI; COOTHOCHUTH
TpEXMEpHBIE OOBEKTHI C
UX OMUCAHUSIMH,
N300paKCHHUSIMHU.

3HATBH aKCUOMBI
CTEpEOMETPUH U UX
CIIEACTBUS, POPMYIIBI IS
BBIYMCIICHUSI IIJIOLIAIeH
IIOBEPXHOCTEN
MHOTI'OI'PaHHHUKOB.

AHAJIM3UPOBATH H
ONHUCHIBATH B3aMHOE
PaCTONIOKEHUE MPSMBIX U
TJIOCKOCTEN B
IPOCTPAHCTBE,
apeymenmupoeams ceou
cyacoenuss 06 3mom
PACNOIOMHCEHUU.

Hcnoab3oBarb
TeOpeMBbl: O IIPU3HAKE
NapaJyIeIbHOCTH NPSAMON
Y TUIOCKOCTH, O IIPU3HAKE
CKPELIUBAIOIINXCS
IPSIMBIX, O IIPU3HAKE
NapaJJIEIbHOCTH JIBYX
IIJIOCKOCTEH, O IIPU3HAKE
HNEPIEHANKYIIPHOCTH
IIPSIMOM U INIOCKOCTH, O
IIPU3HAKE
NEPIEHIUKYJIIPHOCTH
JIBYX INIOCKOCTEM,
CBOMCTBO
IIPSIMOYT'OJIBHOTO
napasuleIenunesa.

Pemats
IUTAHUMETPUYECKHE U
pocTenmne
CTEPEOMETPUYECKUE
3a/1a4yl Ha HaXOXJACHHE
TFE€OMETPUUECKUX BEIUUNH
(nvH, yTII0B, TWIONIAICH).
Hcnonp3oBate mpu
pelieHun
CTEPEOMETPUYECKUX
3a/1a4 MJIaHUMETPUYECKHUe
(aKThl 1 METOJIBI.
[IpoBoauTh
JI0Ka3aTeJIbHbIE
paccyXeHUs B X0Jie
pelieHus 3a1a4y




OBILIEE

KOJIMYECTBO
YACOBIIO
ITPOTPAMME

68

11 KJIACC

HanmenoBanue
pazaena
(TembI)

Kypca

KonnuectBo
4acoB

OcHOBHOE
coJiep)KaHue

OCHOBHBIE BUJIBI
JEATEILHOCTHA
o0yJaronuxcs

Tena BpameHus:

Tema BpalllCHUA: MUJIUHAP.

OOBSACHSATH, YTO TAKOE

OCHOBHEIE CBOWCTBA
MPSIMOTO KPYTOBOI'O KOHYCA.

N3obpaxkenue e
BpalCHUs Ha

[umasp OCHOBHBIC IJIAHIPUYECKAst IOBEPXHOCTD,
. e€ oOpas 1e U 0Ch, KaKoe
CBOICTBa MPSAMOTO Pasyioil ’
TEJIO Ha3bIBACTCS IUIMHIPOM U
KpYTroOBOTO IIMJIMHJIPA.
KaK Ha3bIBAFOTCS €T0 DJIEMEHTHI,
N300pakenue Tein .
KaK TOJYIUTh MITAHAD TyTEM
BpaIlEHUs Ha TIIIOCKOCTH.
BpaIlleHUs IPSIMOYTOJILHUKA,
ITmormans MOBEPXHOCTH n300pakaTh [MWJIMHJIP U €TO
pAMOTro KpyroBoro CEUYCHUS MIOCKOCTHIO,
LUINHIpPA. MPOXOSIIECH Yepe3 OCh, U
PasBépTKa IHHAPA IUIOCKOCTBIO, TIEPIIEHANKYISIPHON
K ocH; OOBSICHATD, YTO
MIPUHUMAETCS 32 TUIOIIAlb
OOKOBOI OBEPXHOCTH LIMIUHAPA,
Y BBIBOJIUTH (DOPMYIIBI JIJIS
BBLIYMCJICHUS OOKOBOM M IOJIHOM
MOBEPXHOCTEH IUIMH/IPA; PEIIaTh
3a/1a4d Ha BBIYKCIICHHE U
JI0Ka3aTelIbCTBO, CBSI3aHHBIE C
AJIAHIPOM
Konyc 4 Tena BpamieHus: KOHYC. OOBACHATD, YTO TAKOE

KOHHAYECKAs IOBEPXHOCTH, €€
oOpasyroliye, BepIIMHa U OCh,
KaKO€ TeJIO Ha3bIBaeTcsl KOHYCOM
1 KaK Ha3bIBAIOTCS €I0 AJIEMEHTHI,
KaK MOJYYUTh KOHYC IYyTEM




IIJIOCKOCTH.

[Tmomane moBepxHOCTH

IIPSIMOTO KPYTOBOT'O KOHYCA.

[IpencraBnenue o6
YCEYEHHOM KOHYCE.
Pa3Béprka koHyca

BpallleHUs IPSIMOYTOJIBHOTO
TPEyroJbHUKA, U300paxkaTh
KOHYC U €0 CeYCHUS
IUIOCKOCTBIO, IPOXOAIIEN Yepes
OCb, U INIOCKOCTBIO,
NEPIICHIUKYJIIPHON K OCH;
OOBSICHATH, YTO IPUHUMAETCS 32
IUI0IaAb OOKOBOM TOBEPXHOCTH
KOHYCa, U BBIBOAUTH (POPMYITBI
JUISL BBIYMCIICHUS TUIOIIAEN
OOKOBOI U MOJIHOW MTOBEPXHOCTEH
KOHYcCa; OOBSICHATb, KaKOE TEJI0
Ha3bIBAETCS YCEUEHHBIM KOHYCOM
Y KaK €ro HoJIy4uTh IIyTEM
BpaIICHUS IPSIMOYTOJIbHON
Tpareuu, BEIBOAUTE (OpMYITY
JUISL BBIYMCIICHUS TUIOIIA U
OOKOBOI TOBEPXHOCTHU
YCEUEHHOTI0 KOHYCA; peuarh
3a/1a4¥ Ha BBIUNCIICHUE U
JOKa3aTeNIbCTBO, CBSI3aHHBIE C
KOHYCOM M YCE€YEHHBIM KOHYCOM

Cdepa

Tena Bpamenus: chepa u
mrap.

N3o0pakenue Tein
BpalIeHUs Ha

TIIIOCKOCTH.

Brruncnenue 31eMeHTOB
MIPOCTPAHCTBEHHBIX (QUTYD
(pEOpa,

JTMaroHalu, yIJibl).

[[TapoBoii cErMeHT,
IapOBOM CJIOW, IIAPOBOU
CEKTOp (KOHYC).

[Inomane moBepxHOCTH
niapa.

Cedenust KOHyca
(mapannenbHOe OCHOBAaHUIO
Y TIPOXOJISITIIEE Yepes
BEpIIHHY), CEYCHHUS
nUIUHIpA (MapauieTbHO |
MEePIEeHIUKYISIPHO OCH),
CeUeHHMsI 1Iapa.

KombOunanuu
MHOTOTPaHHHUKOB H TeJl
BpAILEHHUS MEX]y COOOH.

CeueHus WIMH]IPA, KOHYCA
U m1apa.

DopMyIMpOBaTh ONPEAEICHUS
cdepsl U 1mapa, ux HeHTpa,
paguyca, 1uaMeTpa; UCCIIe10BaTh
B3aMMHOE PACIOJIOKEHHUE Chephl
U TUIOCKOCTH, (hOPMYJIUPOBAThH
OIIpECIIEHUE KacaTeJIbHOU
TIJIOCKOCTH K cdepe,
(hopMyIMpOBATh U JTI0OKa3bIBATh
TEOPEMBI O CBOMCTBE U IIPU3HAKE
KacaTeJIbHOM TNIOCKOCTH;
OOBSACHSATH, UTO IPUHUMAETCS 3a
IUIOIAAb C(ephl U KaKk OHA
BBIPAXKAETCSI Yepe3 paanyc
cdepsl; uccie0BaTh B3aUMHOE
pacnosokeHue cepbl U MpsIMOi;
00BSICHATH, Kakas cepa
Ha3bIBAE€TCS BIIMCAHHOM B
LHUIMHAPUYECKYIO (KOHUYECKYIO)
MMOBEPXHOCTh U KaKH€ KpUBbIE
MIOJIY4ar0TCs B CEYEHUSX
HWIMHAPUYECKON U KOHUYECKOU
MIOBEPXHOCTEN PA3IIUUYHBIMU
IJIOCKOCTSIMU; pelIaTh
pa3IuyYHbIE 3a/1a4H, B KOTOPBIX
burypupyroT KoMOUHaUU
MHOTOTPaHHUKOB U TEJ
BpaIlIeHUS




KacarenbHble npsMble U
IJIOCKOCTH.

BrircanHbie 1 OIEICaHHBIC
cdepsl.

Kacatommuecs chepsr.
KoMOunauuu ten

BpalieHusi. DJIEMEHThI
chepuueckoil reoMeTpuu.

Konnueckue ceuenus

OO0BEMBI TEN

0O0BeM
MPSIMOYTOJIBHOTO
napasuieNenumnena

ITonsarue 00 0OBéme.
AKcuOMBI 00BEMA.

OO6bEMBI MHOTOI'PaHHUKOB.

BriBog popmyn o0bEMa
MPSIMOYTOJIBHOTO
napasiesnenumnea

OOBACHATD, KaK U3MEPAIOTCA
00BEMBI TeJ, TPOBOS AHATIOTUIO
C U3MEPEHUEM IUIOIIAIEH
MHOTOYTOJIbHUKOB;
(dhopmynupoBaTh OCHOBHBIE
CBOICTBA 00BEMOB U BBEIBOIUTE C
HX TIOMOIIBI0 PopMyITy 00bEMa
NPSIMOYTOJIBHOTO
napajuiesnenumneaa

O6bem npsimoit
NPU3MBI U IWIMHAPA

O6bEMBI MHOTOI'PaHHUKOB.

O0BEM npU3MBbI U LWIMHIPA

dopMynupoBaTh U JOKA3bIBAThH
TeopeMbl 00 00bEME MPSIMOIt
MPU3MBbI U 00BEME LUINHAPA;
pelarh 3aJauu, CBI3aHHbIE C
BBIYHCIICHUEM 00BbEMOB ITHUX Tell

O0BbEMBI HAKIIOHHOUN

MIPU3MBI, TUPAMUIBI
51

KOHYca

OOBEMBI MHOTOTPaHHUKOB.
O0BEMBI

TeJN BpalieHus. Beio
dhopmyn 00BEMOB NMPU3MBI U
MAPaMHUJIBL.

DopMyItbl T HAXOXKICHUS
o0BEMa TeTpaszpa.
TeopeMbl 00 OTHOIIIEHUSAX

00BEMOB.

[IpunosxeHust nHTETpaNIa K
BBIYUCIICHUIO 00BbEMOB U

BbIBOAUTH HHTETPATBHYIO
(dhopMyIy 17151 BEIUHCIICHUS
00BEMOB TeJ U TOKA3bIBATh C €€
TTOMOIIIBIO TEOPEMBI 00 00bEME
HAKJIOHHOM MPU3MBI, 00 00BEMeE
UpaMuIbl, 00 00BEME KOHYCA,
BBIBOJIUTH (DOPMYIIBI TSt
BBIYUCIICHUST 00BEMOB YCEUEHHOU
MUPaAMUJIbI U YCEUEHHOTO KOHYCA;
pemaTh 3a7a4u, CBI3aHHBIC C
BBIYHCIICHHEM 00BbEMOB ITHX Tell




TOBEPXHOCTEN TEll
BpalIeHUs

O0BEM mrapa u
TUIOINAIb

chepnl

OOBbEMBI TE BpaleHUS.

O06béM mrapa. [lnomans
cdepsl.

[Mnomane chepudeckoro
nosica.

O0BEM IapOBOTO CIIOS

®opmynupoBaTh U I0Ka3bIBATh
TeopeMmy 00 00bEMe 11apa u ¢ eé
IIOMOIIBIO BBIBOIUTH (hOPMYITY
iomaau chepsl; BEIBOIUTH
(bopMyITy A BBIYUCIICHUS
00BEMOB MIAPOBOTO CETMEHTA H
IIAPOBOT'0 CEKTOPA; PEIIaTh
3aJauu C IpUMEHEHHEM (HOpMYIT
00BEMOB Pa3IMYHBIX TEN

[TonsTne BekTOpa B
MIPOCTPAHCTBE

Bexrop u ero miuHa.
PaBeHCTBO BEKTOPOB.

Kosmueapssie BEKTOpBI
DopmyIUpOBaTH

@opMynMpOBATH OIIPEACIICHHUE
BEKTOPA, €r0 JJIUHBL,
KOJUIMHCAPHBIX U PABHBIX
BEKTOPOB, IPUBOJUTH IPUMEPHI
(1)I/ISI/IT-IGCKI/IX BCKTOPHBIX BECJIMYNH

CnoxxeHue u
BBEIUMTAHUE

BEKTOPOB.
VYMHOXKEHNE

BCKTOpA Ha YHUCJIO

CyMMa BEKTOpOB,
YMHOXEHHE BEKTOpa Ha
YHCII0, YTOJI MEXY
BEKTOpaMH

OOBACHATH, KaK BBOAATCA
HeﬁCTBHﬂ CJIOKCHH BEKTOPOB,
BBIYMTAHHS BEKTOPOB U
YMHOXCHHA BEKTOpaA Ha YHCJIO,
KaKUMH CBOWCTBAMHU OHH
o0JaiatoT, 4To TaKOE MPaBUIIO
TPEyroJbHUKA, TPABUIIO
napauiesorpaMma 1 IpaBHiIo
MHOTOYTOJIbHUKA CIOXKEHUS
BEKTOPOB; peIIaTh 3a/1a4H,
CBSI3aHHBIE C JICHCTBUSAMH HaJ|
BEKTOpaMHU

Komnutanaphsie
BEKTOPbI

KOMHHaHapHLIe BCKTODPHI.

Teopema o paznoxeHun
BEKTOpA IO TPEM
HEKOMIUTAaHAPHBIM BEKTOpaM

OOBSACHATDH, KaAKHE BEKTOPHI
Ha3bIBAIOTCSA KOMIUIAHAPHBIMU;
(hopMynupoBaTh U JOKA3bIBAThH
YTBEP)KJICHHE O TTPU3HAKE
KOMILJIAHAPHOCTH TPEX BEKTOPOB;
OOBACHATH, B YEM COCTOUT
MPaBUJIO MapasuiesienuIeia
CIIOKEHUS TPEX HEKOMIUTAHAPHBIX
BEKTOPOB; (opMyIHpOBaTH U
JIOKa3bIBaTh TEOPEMY O
Pa3NoKEHUU JIF000TO BEKTOpA IO
TpEM JTaHHBIM HEKOMIUTAHAPHBIM
BEKTOpPaM; MPUMEHSTh BEKTOPBI
MIPU PEIICHUHA TEOMETPUUECKHUX
3aja4




Koopaunarsl Touku
u

Koopaunats! BekTopa.

(DOpMYJ'Ia JJIs1 BBIYMCIICHUA

OOBICHATD, KAK BBOIUTCS
IPSIMOYTOJIbHASI CUCTEMA
KOOpJWHAT B MPOCTPAHCTBE, KaK

KOOPIUHATHI pacCTOSHUS MEXTY TOUKAMU
OTIPECIISIOTCA KOOPIUHATHI
BEKTOpA B mpocTpanctee. Popmyna
TOYKH U KaK OHU Ha3bIBAIOTCS,
paccTostHus
KaK OIPEeISIFOTCS KOOPAUHATHI
OT TOYKH 10 IINIOCKOCTH. BEKTOPA; q)OpMy.HI/IpOBaTB u
VpasHenue chepbi B JTOKa3bIBaTh YTBEPKIACHUS: O
TPOCTPAHCTBE. KOOpJAMHATaX CYMMBI U PA3HOCTHU
JIBYX BEKTOPOB, O KOOpJMHATAX
Pemenue 3anaq n MPOU3BE/ICHUS BEKTOPA HA YKCIIO,
JT0Ka3aTeIbCTBO TEOPEM C 0 CBA3H MKy KOOP/MHATAMH
HOMOIIBIO BEKTOPOB 1 BEKTOpa U KOOPIHHATAMH €TO
METOAOM KOOpANHAT. KOHI[A ¥ HAa4aJla, BEIBOJUTH U
DnemMeHThl reoMeTpuu mMacc | MCIIOJIB30BATh IIPH PCIICHUN
3a1a4 popmysbl KOOpAUHAT
CepeIUHbBI OTPE3Ka, JUTHHBI
BEKTOPA U PACCTOSIHUS MEXKIY
JBYMsI TOYKaMH; BBIBOJTUTH
ypaBHeHUe cepbl JTaHHOTO
paanyca ¢ UEHTPOM B JaHHOMU
TOUKE
CkansipHoe CkansipHO€ MpOU3BEICHUE OOBACHATD, KaK OMPEEseTCs
BEKTOPOB. 0J1 MEX]ly BEKTOpaMH;
IIPOU3BEICHUE p r Ay p ’
(hopMyJIIpOBaTh ONPEICIICHNE
BEKTOPOB CkansipHO€ MpOU3BEICHUE
CKaJISIPHOTO TIPOU3BEICHUS
BEKTOPOB B KOOpIMHATAX.
BEKTOPOB; (pOpMyIHpPOBATH U
CrniocoOslI 3a1aHust IpSIMOI JI0Ka3bIBaTh YTBEPHKAEHUS O €0
YPaBHCHHUSIMU. CBOICTBaX; OOBACHATH, KaK
IIpumeHneHue BekTopos npu | BPITHCIHTD YOI MEKIY IBYMA
pEIIeHHT 3a724 Ha TPAMBIMH, 2 TAKHKE YTOM MEKILY
HaxO0XIEHHE PACCTOSHU, TIpsIMOH M TITIOCKOCTRIO,
JUTHH, TIomaseii 1 WCTIONB3YS BHIPAKECHHE
06BEMOB. CKaJISIPHOTO TIPOU3BEICHUS
BEKTOPOB YePe3 UX KOOPIAMHATHI,
YpaBHEHHUE ITTIOCKOCTH BBIBOJIUTH ypaBHEHHE TIOCKOCTH,
MPOXOISIIECH Yepe3 JaHHYIO
TOUYKY U MIEPIEHANKYIIPHON K
JTAHHOMY BEKTOpY, U hopMyITy
pPacCcTOSHUS OT TOYKH JI0
TJIOCKOCTH; IPUMEHSTh
BEKTOPHO-KOOPMHATHBIN METOA
MIPH PEIICHUN T€OMETPUUICCKUX
3a/a4y
JBrxeHns JIBuxenus B nmpoctpaHcTBe: | OOBSCHSITH, YTO TaKOE

NapajuIeIbHbIN IIEPEHOC,
LIEHTpalbHasl CHMMETPHS,
CUMMETPUS OTHOCUTEIIBHO
IJIOCKOCTH, TIOBOPOT
OTHOCHUTEIIBHO IIPSIMOM.

oToOpa’keHHe MPOCTPaHCTBA Ha
ce0sl ¥ B KAKOM CJIy4yae OHO
Ha3bIBAETCS IBUKEHUEM
MPOCTPAHCTBA; OOBSICHATD, YTO
TAaKOC ICHTPAJIbHAsA CUMMCTPUS,
0CeBasi CHMMETpUSI, 3epKaJibHas




CBoOMCTBa ABUKEHUM.
[Ipumenenue nBUKEHUIMA
MIpU PEIICHUH 3a/1au.

[TogoOue B mpocTpaHCTBE.
OrtHoirenue 00bEMOB U
IJI0IIaeH MTOBEPXHOCTEH
MoI00HBIX (uryp.
[IpeobpazoBanue moaoowusl,
romoTeTus. Pemenue 3amaq
Ha IIJIOCKOCTH C
HCIIOJIb30BAHUEM
CTEPEOMETPUUIECKUX
METOJIOB

CUMMETPHS U TapalieIbHbINA
nepeHoc, 000CHOBHIBATH
YTBEPXKJIACHUS O TOM, UYTO ITH
0TOOpaKeHHsI TPOCTPAHCTBA HA
ce0s1 SABJISIOTCS JBIKCHUSIMU;
OOBSICHATH, YTO TAKOE
LIEHTpalIbHOE 1oJ001e
(roMoTeTHs) U MpeoOpa3oBaHUE
moo0us, Kak ¢ IOMOIIBIO
npeoOpa3oBaHUsI TO00US
BBOJIUTCSI TIOHSATUE TIOJJOOHBIX
(buryp B IpOCTPaHCTBE;
MIPUMEHSITh TBUKCHHUS TIPU
pEIICHIH TEOMETPUICCKUX 33124

Hexoropsie
CBEJICHUS U3
IJIAHUMETPUU

VYTl ¥ OTPE3KH,

CBs3aHHBIC C

Teopemsl 00 yrie Mexay
KacaTeJIbHOW U XOp0i, 00
OTpE3Kax MEePECEeKaOIUXCs
XOp/I, O KBaapare
KacareJbHOU. POopMyIIbI U1t
BBIYHCIICHUS YTJIOB MEXY
JBYMSI TIEPECEKAIOIIMMHUCS

DopmMyJIMPOBATh U JOKA3bIBATH
TEOpPEMBI 00 yriie MEeXIy
KacaTeJIbHON M XOpJ0H, 00
OTpe3Kax MePeceKaroInuxcs Xop/,
0 KBaJIpaTe KacaTelbHOM;
BBIBOJIUTH (DOPMYIIBI [Tt
BBIYHCJIICHUA YTJIOB MCKAY ABYMS

OKPYKHOCTBIO
XOpAAaMH, MEXIY IBYMS IIEPECEKAIOINMUCS XOPaMH,
CEKYLIUMHU, IIPOBEIEHHBIMU | MEXKIY ABYMs CEKYIIMMH,
u3 ogHoM Touku. CBoiCTBa IIPOBEAEHHBIMU U3 OJIHOM TOYKY;
Y IIPU3HAKYU BIIMCAHHOIO U (hopMyIHpOBATH U TOKA3bIBATH
OIMCAHHOTO YTBEPKJIECHUS O CBOMCTBAX U
YETBIPEXYTOJILHUKOB. MIPU3HAKAX BIMCAHHOIO U
Pewenue 3anau ¢ OIMCaHHOTO
HCIIOJIb30BAaHUEM YEeTBIPEXYTOJIBHUKOB; PEIIATh
H3Y4YEHHBIX TEOPEM U 3a/1a4y C UCIOJIb30BAaHUEM
bopmyn M3Y4YEHHBIX TeOpeM U GopMy
Pemenue ®opMyIbl, BEIpaXKaroLye BeiBoguts hopmyisl,
TPEYTOJIbHUKOB MearaHy U OUCCeKTpUCY BBIpQXAIOIIUE MEAUAHY U

TPEYTrOJIbHUKA YEPE3 ET0
CTOPOHBI; pa3INYHbIE
(dbopMyIbI IO
TPEYroJbHHKA.

VYTBepxeHus 06
OKPY>KHOCTH U MPAMOI
Olinepa.

Pemenue 3amau ¢
HCIIOIb30BAaHUEM
BBIBEJICHHBIX (POPMYIT

OUCCEKTPUCY TPEYTOJbHUKA
4epe3 ero CTOPOHBI, a TAKKE
pas3in4Hble GOPMYIIBI IUTOIIAH
TPEyroibHHUKa; (OPMYyINPOBATh U
JIOKa3bIBaTh YTBEPKJICHHS 00
OKPY’KHOCTH M IIPSIMOM DHnepa;
pelarTh 3aa4u, UCIOJb3Ys
BBIBEICHHBIE (POPMYJIBI

Teopembl MeHnenas
u

YeBbl

Teopembl MeHnenas u UeBbl.

Hcnons3oBanne ux npu
pelIeHnn 3a1a4

DopmyIUPOBATh U JOKA3bIBATH
TeopeMbl Menenast u UeBbl
HCIOJIB30BATh UX MPH PELICHUU
3a/1a4




Onnunc, runepboina
u

Onnunc, runepbona u
napaboia, NX KaHOHHYECKHE
ypaBHEHHS

DopMynHMpOBaTH OIIPENEICHUS
ULIUIICA, TUIEPOOIIBI U
napaboIIbl, BEHIBOJUTH UX

napabona
KaHOHMYECKHE YPaBHEHHUS
n300pakaTh 3TU KPUBbIE HA
pHCyHKE
[ToBTOpenwue, [ToBTOpPEHNE OCHOBHBIX O000ImuUTH 3HAHKSA IO KYpPCY,
o0o0mieHue u IIOHSATUI U METOJIOB KypCOB | YCTaHOBHUTbH IIPUYUHHO-
CHCTeMaTH3alus 7—11 kmaccoB, 0000IIeHNE | CIIEICTBEHHBIC U APYTUE CBSA3H, U
3HAHUMN U CuCTeéMaru3anusa 3HAHUH. OTHOIICHUWA MCKAY HOBBIM U

OcHOBHBIE
IIPOCTPAHCTBEHHBIE PUTYPBI
U ux cBoiicTBa. UreHue u
IIOCTPOECHHE YEPTEIKEH.
Pemenue npocreinmmx
3a7a4 Ha J0Ka3aTeIbCTBO.
Pemenue 3agau
BBIYMCIIUTEIILHON
r€OMETpUHU

PaHEC U3YUCHHBIM MaTCpUajioM.

Pemate 3amaun Ha TOBTOpEHUE,
WUTFOCTPUPYIOLIUE CBS3H MEXY
pa3IMYHBIMU YaCTAMH Kypca.

OnepupoBaTh NOHATUIMHU:

CKPELIMBAIOIINXCS PAMBIX, YIJIa
MEXy CKPELIUBAIOLIMMUCS
IIPSIMBIMH, IEPIICHIUKYIIPHOCTH
CKPEILMBAIOIINXCS MPAMBIX,
JBYI'PAHHOIO yIJIa,
MHOT'OTpaHHMKA, IPU3MBI,
nUpaMubl (IOJTHOM U
YCEUEHHOM), IMIMH]PA, KOHYCA,
cdepsl U mapa, B3aMMHOTO
pacronoxeHus chepsl 1
IIJIOCKOCTH, BEKTOPa B
IIPOCTPAHCTBE, NEUCTBUN HAJL
BEKTOPAaMH, ITPABUIIO
napajuieienunesa.

HN300paxaTh OCHOBHBIC
MHOTOTPaHHHUKHU U KPYTIIbIE TENa;
BBITIOJTHSATE YEPTEIKHU 110
ycnoBusM 3anad. Cmpoums
npocmeuuiue

ceuenus Kyoa, npusmol,
nUpamuobL.

Pacno3naBaTh Ha YepTexax u
MOJIETISIX TIPOCTPAHCTBEHHBIC
(OPMBI; COOTHOCUTH TPEXMEPHBIE
00OBEKTHI C X ONMUCAHUSIMH,
N300paKeHUSIMH.

3HaTh aKCHOMBI CTEPEOMETPUH U
UX CIEICTBHSL, (GOPMYIIBI TS
BBIYUCIIEHUS IJTONIaeH
MIOBEPXHOCTEH MHOTOTPAaHHUKOB,
LWINHAPA U KOHYca, (POpMYJIbl
00BEMOB NMPSIMOY IPU3MBI,




LWIMHAPA, HAKJIOHHON ITPU3MBI,
MUPaMUJIbl, KOHYCa U I1apa.

AHAJTU3MPOBATH H ONHMCHIBATH
B3aMMHOE PACIOJIOKEHUE
IPSIMBIX U INIOCKOCTEN B
POCTPAHCTBE,
apeymMeHmupo8ams ceou
cyacoenust 06 3mom
PACNONIOHCEHUU.

Hcnoab30BaTh TEOPEMBI: O
MPU3HAKE NapaJICIbHOCTH
IPSIMOM U IJIOCKOCTH, O MIPU3HAKE
CKpCHIUMBAOIINUXCA NPSAMBIX, O
pU3HaKe NapauieIbHOCTH ABYX
IJIOCKOCTEM, O MPU3HAKE
NEPIECHIUKYISIPHOCTH IPSIMON U
MJIOCKOCTH, O TIPU3HAKE
NEPICHIUKYISIPHOCTH ABYX
INIOCKOCTEH, CBOMCTBO
IPSIMOYTOJIBHOTO
napasuiesenunesa.

Pemartsb mianumMeTpuyeckue u
MIPOCTEUIINE CTEPEOMETPUUECKHUE
3aJa4d Ha HaXO0XKJICHHUE
F€OMETPUUYECKHUX BEJIMYUH (JIJIMH,
yTJI0B, TUIOMIaIel, 00bEMOB),
MPOCTEUIIINE 3a]1a4U B
KOOpPJIMHATAX, TPUMEHEHUE
CKJIIPHOTO TIPOU3BEICHUS
BEKTOPOB, 3aJ1a4H U3
MOBCEIHEBHOM JKU3HH.

Hcnonb3oBars npu pelieHuu
CTEPEOMETPUUECKHUX 3a/1a4
TUTAaHUMETpHYecKue (PakThl U
MeTobl. [TpoBoanTH
JIOKA3aTeIbHbIE PACCYKICHUS B
XOJI€ pEIICHUS 3a1a4

OBILIEE
KOJIMYECTBO
YACOB 10
[TPOTPAMME
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YYEBHO-METOJANYECKOE OBECIIEYEHUE OBPA30BATEJIBHOI'O ITPOIECCA

Oo0s13aTeIbHBIE MaTepuaJbl 1Jisl YICHUKA

1. MaTtemaruka: anreOpa u Hadana aHaiu3a, reomeTpus. Anreopa u Hadana aHanmsa. 10-11 kimaccer:
0a30BbIi U yriIyOJIeHHBIA ypoBHH: YueOHuK / III. A. Amumos, FO. M. Konsrun, M. B. Tkauesa [u ap.] —
Mocksa: IIpocseenue.

2. Maremaruka: anreOpa u Havyasa aHanu3a, reomerpus. ['eomerpus. 10 - 11 kmaccel: yueOHUK 1S
0011e00pa3oBaTeIbHBIX OpraHu3anuii: 6a30BbIN U yriryoneHHbI ypoBHU. / [JI. C. ATanacsH u ap.]. - M.:
[Ipoceemienue.

udgposbie 00pa3oBaTebHbIE peCypChl

1. DnexTpoHHEI 00pazoBaTeNbHBIN pecypc «Jlomamaue 3ananus. CpeqHee odiee oOpa3oBaHuUe.
I'eomerpusa», 10-11 knacc, AO UznatensctBo «lIpocBeenue»

2. DIIEKTPOHHBIN 00pa3oBaTebHbIN pecypc «/lomamaue 3aganms. CpeqHee odiee oOpa3oBaHue.
Anrebpay, 10-11 kmacc, AO UznatenscTBo «IIpocBerieHne»

3. Tpenaxep «Ob6mako 3Hanui». Maremaruka. 10 kitace, OO0 «DuzukoH J1ad»

4. Tpenaxep «Obnako 3nanui». Maremaruka. 11 kimacc, OOO «®Dusukon JIad»

OdunuanbHbie caiiThI

1. OdunmansHbiil cailt MunuctepcTBa oOpa3zoBaHus 1 Hayku Poccuiickoit @enepanuu -
http://www.mon.gov.ru;

2. ®depepanbsiii nopran "Poccuiickoe oopazoanue" - http://www.edu.ru;

3. http://fipi.ru «®enepanbHbIil HHCTUTYT MEIarOrMYECKUX U3MEPEHHID»

Iudpossie o0pazoBaTenbHbIe pecypebl ceTu MHTEpHET

1.Madopmanmonnas cucrema "EquHoe OkHO J0oCTymna K 00pa3oBaTeIbHBIM pecypcam” -
http://window.edu.ru;

2. Odunmansuelil moptan nogaepxku EI'D http://ege.edu.ru/ru/index.php

3. Eaunas xomneknus nudpoBbIx o0pazoBaresbHBIX pecypcos -http://school-collection.edu.ru;

4, denepanbHbIi EHTP HHGOPMAITMOHHO-00pa30BaTEIbHBIX pecypcoB -http://fcior.edu.ru.

5. DNeKTPOHHBIN apXUB HAyYHO — MOMYJISPHBIX *KypHaioB http://library.controlchaostech.com/bel/

6. Ciucok caiToOB, peKOMEH/IOBAHHBIX JIJIS UCIIOIH30BaHUS 00yUYAIOIUMHUCS U TPETIOAaBATEISIMU JJIS
JIOCTYIIa K BBICOKOKauecTBeHHbIM DOP

http://www.mon.gov.ru/ - MuhnuctepcTBo 00pa3oBaHus 1 Hayku Poccuiickoit deneparu
http://lwww.uznai-prezidenta.ru/ - Jlerckwuii caiit [Ipe3unenra Poccuiickoit denepanuu
http://www.ege.edu.ru/ - TTopran uadpopmanmonHo# moaaep:kku EID
http://www.eidos.ru/olymp/ - Becepoccuiickue TUCTaHIIMOHHBIC IBPUCTUUCCKUE OJTMMITHABI
http://www.rusolymp.ru Bcepoccuiickast omuMImaia mkoaIbHUKOB

http://www.en.edu.ru - EctecTBeHHOHay4YHBIIT 00pa30BaTEIbHBIN TOPTAI



http://ege.edu.ru- [Topran uHGpOpPMAIIMOHHON TOAICPKKN ENMHOTO Tocy1apCTBEHHOTO K3aMeHa
http://www.school.edu.ru - Poccuiickuii 061mieo0pa3zoBarebHbIi MOpTa

http://vschool.km.ru - Buptyansnas mkona Kupuuia u Medonus

www.school-collection.ru - Equnast kosuiekius nudpoBbiXx 00pa3oBaTeIbHBIX PECYPCOB
http://www.edu.ru - ®enepanbHblit mopran «Poccuiickoe 00pa3oBaHHe)

http://school-collection.edu.ru/collection/matematika/ — maTepuaisl mo matremaruke B Equnoi
KOJUIEKIINH [TU(POBBIX 00pa30BaTEIBHBIX PECYPCOB

http://www.uztest.ru — EI'D mo MaTemMaTuke: IMOArOTOBKA K TECTUPOBAHHIO

http://www.maht-on-line.com — 3anumarenbHast MaTeMaTHKa — IIKOJILHUKAM (OJUMITHA/IbI, HTPHI,
KOHKYPCBI 110 MATEMAaTHKe)

http://www.mathkang.ru — mexmyHapoHblii MaTeMaTHYeCKUi KOHKYpC «KeHrypy»

http://http://ege2011.mio0.ru — MOCKOBCKH# HHCTUTYT OTKPBITOr0 0Opa3oBanusi, cucrema Crarl pas



