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INOACHUTEJIBHAA 3AIITMCKA

[Mporpamma no mMatemaTunke yriy6neHHOrO YpoBHS 415 00y4YatoLLMXCs Ha YPOBHe
cpeaHero o6Lero obpasoBaHMs paspabotaHa Ha ocHoBe PIOC COO, ®OI1 COO0 ¢
YYETOM COBPEMEHHbIX MWPOBbLIX TPebOBaHWI, MPeLbsABNAEMbIX K MaTeMaTU4ecKoMy
06pa3oBaHuNiO, N TpaauLMin poccUACKOro obpasoBaHMs. Peanmsaums nporpammbl rno
maTemMaTke 06ecneymBaeT OBMafiEHME K/THOUEBbIMU KOMMNETEHLMSAMK, COCTaBNAOLWMMN
OCHOBY [O/11  CaMOpas3BUTUS M HEMPepbIBHOrO  06pa3oBaHMsA, LIEIOCTHOCTb
OOLLEKY/IbTYPHOIO,  JINYHOCTHOrO M MO3HABATE/IbHOTO  Pa3BUTUA  JINYHOCTU
obyyatoLmxcs.

B nporpamme no mateMaTtuke yuTeHbl MAeN 1 NoNoXeHNs «KoHUenumMm passutms
maTeMaTM4yeckoro obpasoBaHus B Poccuiickoin Pepepaumm». B cooTBeTCTBUUC
Ha3BaHMEM KOHUENUUN MaTemaTnyeckoe obpa3oBaHMe AO0/MKHO, B YACTHOCTM, pellaTb
3afa4y obecrneyvyeHMss HeOOGXOAMMOrO CTpaHe 4ucna 0b0y4vartoLMXCs, MaTeMaTuyeckas
MOArOTOBKA KOTOPbIX AOCTatovyHa A1d MPOLO/HKEHMS 00pa3oBaHWA MO Pas/IMYHbLIM
Harpas/feHAM, BKOYaa npenojasaHe MaTeMaTuUKy, MaTeMaTUYeCKmne 1UccnefoBaHus,
paboTy B cthepe MHPOPMALMOHHBIX TEXHOMIOTUIA N APYrUX, a Takxke obecnevyeHus ons
KaXX0ro 06y4vatoLLerocsi BO3MOXHOCTM [OCTMXKEHUS MaTeMaTU4Yeckol MOoAroToBKW B
COOTBETCTBUM C HEOO6XOAMMbIM €My YpPOBHeM. VIMEHHO Ha pelleHMe 3TUX 3afad
Hale/fleHa nporpaMma no maremaTuke yriny61éHHOro ypoBHs.

B anoxy uudgpoBoir TpaHchopMauum BCeX Cep 4YenOBeYeCKOn AeaTeNbHOCTH
HEBO3MOXHO CTaTb 00pa3oBaHHbIM  COBPEMEHHbLIM  YE/IOBEKOM 63  XOpOLLEi
mMaTeMaTU4YecKor NoAgroToBKW. OTO 06YC/IOBMIEHO TEM, YTO B HALLW AHW PaCTET YMC/IO



CreymanbHOCTEN, CBA3AHHbIX C HEMOCPeACTBEHHbIM MPUMEHEHMEM MaTeMaTUKN:U
B Cbepe 9KOHOMMWKW, U B OM3HeCe, M B TEXHONOrMYECKUX 006/1acTaX, W [aKeB
rymMaHuTapHbIX cpepax. Takum 06pa3om, Kpyr 00yyaroLmxcs, 415 KOTopbIX MateMaTuKa
CTaHOBUTCA 3HAYMMbIM MNpeaMeToM, (yHAAMEHTOM 06pa3oBaHWs, CYLLECTBEHHO
paclumpsieTcd. B Hero BXoAAT He TO/IbKO 0Byuvatolmecs, naaHupyroLwme 3aH1UMaTbCA
TBOPYECKOWN W MCCNefoBaTe/IbCKOM paboToi B 06nacT maTemMaTuKKU, WUHGOPMAaTUKMK,
(hM3NKKN, IKOHOMUKM N B APYrux 061acTsx, HO U Te, KOMY MaTematuka HyxXHa Ans
MCNONb30BaHUA B NPOMECCUSAX, HEe CBA3AHHBLIX HEMOCPEACTBEHHO C HEl.

MpuKnagHasa 3HaYMMOCTb MaTemaTuMKU O00YCNOB/eHa TeM, 4YTO eé npegMeToM
ABNAOTCA (PyHAAMEHTa/IbHbIE CTPYKTYPbI HALLEro Mypa: NPOCTPaHCTBEHHbIE (DOPMbI U
KO/MMYECTBEHHbIE  OTHOLUEHWS,  (DYHKUMOHa/IbHble  3aBUCMMOCTM U KaTeropuu
HeonpeaenéHHOCTN, OT MPOCTENLLMX, YCBaMBAEMbIX B HEMoCpeACTBEHHOM OMbITe, 4O
[0CTaTOYHO CMOXHbIX, HE0OXO0AMMbIX AN15 Pa3BUTUA HAYYHbIX 1 TEXHOOTMYECKUX NIEIA.
be3 KOHKPETHbIX MaTemMaTMyYeCKMX 3HaHWA 3aTpyAHeHO MOHWMaHWe MPUHLMIMNOB
YCTPOWNCTBA M UCNOMb30BAHNS COBPEMEHHON TEXHWUKW, BOCMPUATAE U MHTEpnpeTaums
pasHoObpasHoOM  coumasbHOWM,  3KOHOMWYECKOW,  MOMIUTUYECKON  MH(opmaumu,
Masio3(h(heKTMBHA MOBCEAHEBHASA MpaKTU4Yeckas [AeAaTenlbHOCTb. BOo MHOrmMx cdepax
MPOgecCMOHaNIbHON AeATeNIbHOCTM TPEOYHOTCA YMEHUSA BbIMO/IHATL pacyéTbl, COCTaBATb
aIrTOPUTMbl, MPUMEHATb  (DOPMY/ibl, MPOBOAWUTL TFEOMETPUYECKME WU3MEPEHUA W
MOCTPOEHWS, YnTaTb, 06pabaTbiBaTh, MHTEPMPETUPOBATL U NPEACTaBIATL MH(OPMALMIO
B BMAe Tabnuy, gmarpamm 1 rpamkos, NOHMMaTb BEPOATHOCTHbIN XapakTep Cy4vanHbIX
COObLITUIA.

O[LHOBPEMEHHO C pacluMpeHeM cep NPUMeHeHUs MaTeMaTUKU B COBPEMEHHOM
obulectBe BCE 060fiee BaXKHbIM CTAHOBUTCSH MaTeMaTUYeCKUid CTWIb  MbILLEHNS,
NPOSBNAOWMIACA B OMpPefeNiéHHbIX YMCTBEHHbIX HaBblkax. B npouecce u3y4veHus
MaTemaTuKM B apceHas MPUEMOB M METOAOB MbILW/IEHNUSA YesloBeKa eCTECTBEHHbLIM
06pa3oM BK/IHOHAKOTCA MHAYKUNA N AeAyKUums, 0600LeHe 1 KOHKPeTU3aUms, aHanms u
CUHTe3, Kraccugmkaumsa n cuctemaTunsaums, abetparnpoBaHue U aHanorna. OObeKTbl
MaTeMaTUYeCKMX YMO3aK/OUYeHUA, npaBuna WX KOHCTPYMPOBAHWA pPacKpbiBatOT
MeXaHW3M  JIOTMYECKUX  MOCTPOEHWI,  CMOCOOGCTBYIOT  BbIpabOTKE  YMeHUA
(hopMynmpoBaTb, 060CHOBbIBaTb M [0Ka3blBaTb CYXAEHWSA, TeM CaMbiM (POPMUPYHOT
NOTUYECKUIA CTUMb  MbllNeHns. Begywiasa pofb  NpUHaQNeXuT  mareMaTuke
B (hOPMMPOBaHUM aITOPUTMUYECKON KOMMOHEHTbI MbILIEHUS U BOCMUTaHUU YMEHWIA
[eicTBOBaTb MO  3afaHHbIM  airopMTMam, COBEPLUEHCTBOBAaTb  W3BECTHble U
KOHCTpyuMpoBaTb HOBble. B npouecce pelwleHWs 3aga4y — OCHOBbl A1 OpraHm3auum
yyeOHOM [eATeNbHOCTM Ha YpPOKax MaTeMaTWKM — pa3BMBAlOTCA TBOpPYECKas U
NpUKNagHas CTOPOHbI MbILLIIEHMS,

OO6yueHne MaTemaTuKe JaET BO3MOXXHOCTb Pa3BMBaTb Y 00YYaOLUMXCA TOUHYIO,
pauMoHa/IbHY0 U MH(OPMATUBHYIO peyb, YMeHue 0TOmpaTb Hambonee noaxofslive
3bIKOBbIE, CMMBOJIMYECKME, rpafuyeckme CpeacTBa [ANS BbIPKEHUS CYXKAEHUA U
Harng4HoOro Nx NpeacTaB/eHus.



HeobxoanMbIM KOMMOHEHTOM O06LLUENA Ky/bTypbl B COBPEMEHHOM TOJ/IKOBaHUM
ABNAETCA 06LLLee 3HAKOMCTBO C MeToAaMM NO3HaHWNA AeACTBUTEIbHOCTU, NPeACTaB/eHN e
0 NpegMeTe U METoAe MaTemMaTWKW, ero OTNYMAX OT METOLOB ECTECTBEHHLIX U
r'yMaHUTapHbIX HayK, 00 OCOOEHHOCTAX MPUMEHEHUs MaTeMaTUKW [ON8  peLleHus
HaY4HbIX 1 NPUKIaAHbIX 334a4. TakMM 06pa3oM, MatemaTyeckoe 06pasoBaHne BHOCUT
CBOW BK/af B (hopMUpoBaHue 00LLe KybTypbl Ye/loBekKa.

3yyeHre maTeMaTUKM Croco6CTBYET 3CTETUYECKOMY BOCMMTAHUIO YesI0BEKa,
MOHMMAaHMIO KpacoTbl M WU3ALLECTBA MaTeMaTUYeCKUX PacCy>KAeHWUA, BOCNPUATUIO
reoMeTpUYecKnx opm, YCBOEHUIO NAEN CUMMETPUMN,

[MpropuUTETHLIMY Lienamm 06yyeHns matematuke B 10-11 knaccax Ha yrny61éHHOM
YPOBHE NPOA0/HKAKT 0CTaBaTbLCA:

(hopMUpPOBaHME LIEHTPa/IbHbIX MaTeMaTUYeCKMX MOHATUIA (YNCNO, BENNYUHA,
reometTpuyeckas qurypa, MepemMeHHas, BEpPOATHOCTb, (YHKLUMA, MNPON3BOAHAS,
NHTEerpas), obecrneynBaroLnX NPeeMCcTBEHHOCTb Y MEPCMNEKTUBHOCTb MaTEMaTUYECKOro
06pa3oBaHNsa 00yuYatoLLINXCS;

noBefeHne 06y4YaloWMXCA Ha AOCTYMHOM [ANS HUX YPOBHE K OCO3HaHMIO
B3aMMOCBSA3U MaTeMaTUKN 1 OKPY>KaloLLEero Mvupa, NoOHMMaHuio MaTeMaTUKN KaK YacTu
006LLEeN KyNbTypbl Ye/I0BEYECTBA;

pa3BUTE WHTENNEKTYa/IbHbIX W TBOPYECKMX CMOCOGHOCTEN 0OyvatoLmxcs,
Mo3HaBaTe/IbHOM aKTUBHOCTW, UCCNEA0BATENbCKUX YMEHUIA, KPUTUYHOCTU MbILLIEHNS,
NHTepeca K N3y4yeHo MaTeMaTUKW;

(hopmupoBaHMe  (PYHKUMOHAIbHON  MaTeMATUYEeCKOM rpamMOTHOCTM:  YMeHMS
pacnosHaBaTb MaTeMaTuMyeckue acnekTbl B PeasibHbIX >KU3HEHHbIX CUTYyaUnaxu
Npy  U3yYyeHUN OpYrnx Yy4yebHbIX NPeAMEeToB, MPOABIEHUS  3aBUCMMOCTEN U
3aKOHOMepHOCTeN, (POpPMYynMpoBaTb WX Ha A3blke MaTemaTukM W co3faBaTb
mMaTemaTuyeckme MOAEeNN, MPUMEHATb OCBOEHHbLIN MaTeMaTUyecKuid annaparT A/is
peLleHns NpPaKTUKO-OPUEHTMPOBaHHbLIX 33ja4y, WHTEPMNPEeTUMpoBaTb W  OLEeHMBaTb
NoslyyYeHHble pe3ynbTarhl.

OCHOBHbIMW IMHUAMW coflep>kaHns matemaTukmn B 10—11 knaccax yrny61éHHOro
YPOBHS  SABMAOTCA:  «Yucna W BblMUCIEHMSA», «Anrebpa» («Anrebpanyeckme
BbIpXKEHMA», «YpPaBHEHMUA WU HepaBeHCTBa»), «Hayana maremaTu4yecKoro aHanmsar,
«CeomeTpusi»  («eomeTpuueckne uUrypsl U UX  CBOWCTBa», «/13mepeHue
reoOMeTpUYeCcKnX BENUYMH»), «BepoATHOCTL W CTAaTUCTUKa». J[laHHble NNHUK
pa3BMBatOTCA NapasenbHo, Kaxkaas B COOTBETCTBUM C COGCTBEHHO NIOMMKOM, 0AHAKO He
He3aBMCMMO OflHa OT [PYroi, a B TECHOM KOHTaKTe 1 B3auMoAencTeum. Kpome aToro,nx
00beMHAET fornMyeckas CcocTaBfsloLlasd, TPagULUMOHHO MpuUcywas maTemaTtuke W
NPOHU3bIBaOLLLAA BCe MaTeMaTU4yecKme KypCbl U COAEp)KaTesibHble  JIMHUMW.
CoopmynuposaHHoe B0 PIOC COO TpeboBaHMe «yMeHWe OnepupoBaTh MOHATUAMM:
onpegeneHve, akcuoma, Teopema, CeACTBMe, CBOWCTBO, MpPU3HAaK, [0Ka3aTe/bCTBo,
paBHOCU/IbHbIE  (DOPMY/NMPOBKK,  YMeHMe  (popmynnpoBaTb  0bpaTHoe U
MPOTMBOMOMIOXXHOE  YTBEPXKAEHME, NPUBOAUTL  MPUMEPbl U KOHTPNPUMEPSI,



MCMoMb30BaTb METOA MaTeMaTUYeCKOn WHAYKUUKW, MPOBOANUTL  [OKasaTe/lbHble
pacCy>kaeHna npu  peleHUM 3afad, OLeHMBaTb JIOTUYECKYHD  MPaBWU/IbHOCTb
PacCcy»[IeHNN» OTHOCUTCH KO BCEM Y4ebHbIM Kypcam, a (hopMUpOBaHME NOrMYEeCKNX
YMEHWA pacnpefenseTca no BCEM rofaM O0y4YeHWs Ha YpOBHe CpefHero o6Llero
06pa3oBaHuA.

B cootBeTcTBUMM ¢ PIOC COO MaTemaTmKa ABNAeTCH 0693aTeNbHbIM MPeiMEeTOM
Ha [aHHOM YpOoBHe 06pa3oBaHMs. HacToAwein nporpaMmMort MO MaTemaTtuke
npefycmarpuBaeTcs M3y4deHne y4yebHoro npegmera «MatemMaTnka» B paMKax TpEéx
yU4ebOHbIX KypCcOB: «Arebpa n Hadasia MaTemMaTnyecKoro aHanmsa», «lfeoMeTpus»,
«BeposTHOCTb U CTAaTUCTUKa». POPMUPOBaHUE IOTMYECKNX YMEHWIA OCYLLLECTBAETCA Ha
MPOTSXKEHUM BCeX JIeT O00Yy4YeHUs Ha YpOBHe cpefHero o06Lero ob6pa3oBaHus,a
3NIEMEHTbI TOTMKWN BK/TKOHAKOTCA B COAEPXKaHMe BCeX Ha3BaHHbIX BblLLIE YYeOHbIX KYpPCOB.

OOLlee KONMYECTBO YacoB, HarpaBfieHHbIX Ha M3y4yeHMe MaTemaTuKK Ha
yrnybneHHoM ypoBHe — 544: B 10 knacce — 272 vaca (8 yacos B Heento), B 11 knacce —272
yaca (8 yacoB B HefleNto).



IHIJIAHUPYEMBIE PE3YJIBTATBI OCBOEHUS ITPOT'PAMMBbI
NO MATEMATUKE HA YPOBHE CPEAHETO OBLLLIEFO OBPA3OBAHUA

JIMYHOCTHBIE PE3YJIBTATBI

1) IpakaIaHCKOIr0 BOCIIUTAHUSA:

C(hOPMMPOBAHHOCTb TPaXXAAHCKOA MO3ULMM 00YYatoLLErocs Kak akKTUBHOMO W
OTBETCTBEHHOIO Y/ieHa POCCWUIACKOro OOLLECTBA, NPeACTaB/eHMe O MaTeMaTUYeCKMX
OCHOBaX (hYHKLIMOHMPOBAHUS Pa3NUHbIX CTPYKTYP, SBAEHWIA, NPOLEAYP FPaXKAaHCKOro
o6LecTBa (BbIGOPbI, ONPOCHI U APYroe), YMeHVe B3aMMO/eiicTBOBaTb C COLMaIbHbIMM
WHCTUTYTaMM1 B COOTBETCTBUM C UX (PYHKLMSMU N HA3HAYEHWEM;

2) MAaTPUOTUICCKOT0 BOCITMTAHMA:

ChOpMMPOBAHHOCTb  POCCUNCKOM  FPaXXAaHCKOM  WAEHTUYHOCTKM,  YBAXKEHWS
K MPOLIIOMY W HacTOSLWEMY POCCUIACKOM MaTemaTuKK, LEHHOCTHOE OTHOLLEHME
K OOCTVKEHUAM POCCUMACKMX MaTeMaTUKOB M POCCUMIACKOW MaTeMaTU4ecKoW LUKO/bl,
MCNONb30BaHNE 3TUX AOCTVKEHWI B APYTMX HayKax, TEXHOMOrMsX, cthepax SKOHOMUKMU;

3) TyXOBHO-HPABCTBEHHOI'0 BOCTIMTAHUSI:

0CO3HaHMe [yXOBHbIX LIEHHOCTEA POCCUIACKOro Hapoaa, CHOPMUPOBAHHOCTb
HPABCTBEHHOrO CO3HAHWs, 3TUYECKOTO MOBEAEHMS, CBA3aHHOrO C MPaKTUYECKUM
NPUMEHEHNEM [OCTVKEHWIA HAyKU U [eATeNlbHOCTbI0 YUYEHOro, OCO3HAHWE NUYHOrO
BKNaza B MOCTPOEHWNE YCTONUNBOrO OYayLLEro;

4) 3cTEeTHYECKOr0 BOCIIUTAHUS:

3CTETMYECKOE OTHOLUEHME K MUpY, BK/OYas 3CTETUKY MaTemMaTUyecKmx
3aKOHOMEPHOCTEN, 00BLEKTOB, 3afa4y, PeLleHWi, pPacCy>XAeHWn, BOCMPUUMYMBOCTLK
MaTeMaTM4eCKMM acrekTaM pasiMyHbIX BULOB UCKYCCTBA;

5) pu3nyeckoro BOCIATAHUS:

ChopMUPOBAHHOCTb YMEHMS MPUMEHATb MaTemaTuyecKue 3HaHUSi B MHTepecax
3[0pOBOr0 1 6e30MacHOro 06pasa >MW3HW, OTBETCTBEHHOE OTHOLLEHVWE K CBOEMY
3040pOBbLI0  (340pOBOE MUTaHMe, COanaHCUPOBAHHBIA PEXMUM 3aHATUIA N OTAbIXA,
perynspHas ¢msmnyeckas akTMBHOCTb), (DM3NYECKOe COBEPLUEHCTBOBAHME MPU 3aHATUAX
CMOPTUBHO-030POBUTENIbHON AEATE/IbHOCTBIO;

6) TPyA0BOr0 BOCTIMTAHMA:

FOTOBHOCTb K TpyAy, OCO3HAHME LEHHOCTW TPYAONK6US, MHTEPEC K PasMYHbIM
chepam nNpodecCMOHaNbHON  AeATENIbHOCTU, CBSI3aHHbIM C  MaTeMaTUKOW U eé
MPUNOXEHMSAMW, YMEHMe COBepLUaTb OCO3HaHHbLIN BbIGOP OGyayllein npodeccun U
peann3oBblBaTb COOCTBEHHbIE JKM3HEHHbIE M/aHbl, FOTOBHOCTb W CMNOCOBGHOCTbK
MaTemaTM4yeckoMy 06pa3oBaHMI0 M CaMo06pa30oBaHMIO Ha MPOTSHXKEHUU BCEIR YKU3HW,
FOTOBHOCTb K aKTVBHOMY Y4aCTVO B PELLEHMWN MPaKTUYECKMX 3afay MaTeMaTNYecKol
HanpaB/eHHOCTY;



7) IKOJIOrH4eCcKOro BOCTIMTAHMA:

CthOPMUPOBAHHOCTb 3KOMOMMYECKOW Ky/bTYpbl, MOHUMaHWE BANSHUS COLMANbHO-
3KOHOMMYECKMX MPOLLECCOB Ha COCTOSHME MPUPOAHOIA U COLMabHOIA cpeabl, 0CO3HaHMe
rno6anbHOro XapakTepa 3KOMOTMYECKMX Npo6Gnem, OpueHTaUMs Ha MpUMeHeHue
MaTEMaTUYECKMX 3HaHWIA [Ns pelleHns 3adad B 06M1acTV  OKpY>KatoLlei cpeabl,
MNaHMpPOBaHNe NOCTYMNKOB M OLEHKU X BO3MOXHbIX MOCNEACTBUIA ANA OKPYXKatoLLeit

cpeabl;

8) HMEHHOCTN HAYYHOI'0O ITO3HaAHUS:

C(hOpMMPOBAHHOCTb MMPOBO33PEHMS, COOTBETCTBYHOLLETO COBPEMEHHOMY YPOBHHO
Pa3BUTMA HayKW W 06LLECTBEHHON MPaKTKMW, MOHUMaHWe MaTeEMATUYECKOl HayKM Kak
cthepbl UeNOBEUECKOW AesTeNIbHOCT, 3TaNoB €€ PasBUTUSA 1 3HAUMMOCTY AN1S PAsBUTMS
LMBUNM3ALMMN, OB/afleHNe S3bIKOM MaTeMaTUKW 1 MaTeMaTUUeckoi KymnbTypoil Kak
CPeACTBOM  MO3HaHWS  MWpa, TOTOBHOCTb  OCYLUECTBMSTb  MPOEKTHYH U
MCCNE0BATENbCKYIO eATENbHOCTL MHAVBUAYaILHO W B FPYNME.

METAINIPEIMETHBIE PE3YJIBTATbBI

B pesynbTare nsyyeHuss MaTeMaTVKWU Ha YPOBHE cpeAHero obuiero obpasoBaHus
y o06yu4atoLleroca 6yayT copmMmpoBaHbl MoO3HaBaTe/lbHble YHUBEPCa/lbHblE Y4YeOHble
[EeNCTBUSA, KOMMYHMKaTMBHbIE YHUBEPCa/IbHble Y4eOHble AeACTBUS, PerynsiTUBHbIE
YHUBEPCa/lbHble YUYebHble AeiCTBUSA, COBMECTHAS AeATe/IbHOCTb.

ITo3HaBaTe/ibHbIE YHHUBEPCAJIbHbIC Y4eOHbIEC JEeMCTBUS
ba3oBble Jlornyeckue JaeiicTBUA:

BbIBNATL M XapaKTepu3oBaTb CYLIECTBEHHbIE MPU3HAKX  MaTeMaTUYeCKnX
0ObEKTOB, MOHATUMA, OTHOLUEHWIA MeXAY MOHATUAMU, (POPMYNMPOBaTb OMNpeaeneHus
MOHATUI, YCTaHaBNMBaTb CYLUECTBEHHbIA MPU3HAaK Knaccugukaumm, OCHOBaHWUS s
06006LEHNS 1 CPAaBHEHUS, KPUTEPUN MPOBOAMMOIO aHaNN3a,;

BOCMPUHUMATb, (POPMYNNPOBATbL U NPE06Pa30BbIBaTh CYXXAEHUA: YTBEPANUTENbHbIE
N OTpULaTeNbHble, EANHUYHBIE, YAaCTHbIE M 06LLME, YC/TOBHBIE,

BbISIBNSATb MaTeMaTUyecKne 3aKOHOMEPHOCTW, B3aMMOCBSI3M WM MPOTUBOPEYMS
B (PakTax, [aHHbIX, HabMOAEHMSX W YTBEPXAEHUAX, MpefnaraTb KpuTepuu [ans
BbISIBIEHMS 3aKOHOMEPHOCTEN 1 MPOTUBOPEUNA;

AenaTb BbIBOAbI C UCMO/Ib30BAHMEM 3aKOHOB JIOTVKW, AeAYKTUBHBLIX N MHAYKTUBHbIX
YMO3aK/IHUeHUIA, YMO3aK/HUEHWIA N0 aHaornu;

NPOBOANTL CaMOCTOATE/IbHO [0Ka3aTe/IbCTBA MaTEMaTUYECKUX YTBEPXKAEHWI
(NpsAmMble 1 OT MPOTMBHOIO), BbICTPaMBaTb aprymeHTauuto, NpMBOAMTL MPUMEPbI U
KOHTPMpuUMepbl, 060CHOBbIBaTb COOCTBEHHbIE CYXXAEHWNSA U BbIBOARI;

BbIGMpaTb CNOCO6 peLleHnst y4ebHON 3aaaumn (CpaBHMBATb HECKO/IbKO BapvaHTOB
peLleHmnsi, BblbupaTtb Hanbosee NOAXOAAWMIA C YHETOM CaMOCTOATE/IbHO Bble/IEHHbIX
KpUTepKeB).



Bba3oBnle ucciaenoBarejabCcKue JelCTBUA.

MCNONb30BaTb BOMPOCbI KaK WCC/ef0BaTe/IbCKU  MHCTPYMEHT  MO3HaHWS,
(hopMynmMpoBaTb BOMPOCHI, PUKCUPYIOLME NPOTUBOpPeUne, NpobieMy, yYCTaHaB/IMBaTb
MCKOMOE 1 JaHHOe, (POPMMPOBaTL rMMNoTesy, aprymMeHTMPOBaTb CBOKO MO3ULUIO, MHEHWE;

NMPOBOANTL CaMOCTOSTE/IbHO  CMJIAHUPOBAHHbIA  3KCMEPUMEHT,  UCCeAoBaHne
Mo YCTaHOB/IEHWIO OCOOEHHOCTEN MaTeMaTU4eCKOro OObeKTa, AB/IEHMS, MpoLecca,
BbISIB/IEHMIO 3aBMCKMMOCTEN MeXay 00beKTaMu, ABIEHNAMU, NpoLieccamu;

CamMOCTOATE/IbHO  (hOpMyNMpoBaTb 0006LLEHMS M BbIBOAbI MO  pe3y/ibTatam
NMPOBEAEHHOr0 HabMO4EHNA, UCCeA0BaHUS, OLEHMBATb AOCTOBEPHOCTb MOJYYEHHbIX
pe3ynbTaToB, BbIBOAOB N 0606LLEHNIA;

MPOrHO3MpoBaTb BO3MOXHOE pasBUTME TMpouecca, a Takke BblABUraTb
MPesnosIOXKEHNS O ero pasBUTMM B HOBbIX YCIOBUSIX.

Pa6ora ¢ undopmanmueii:

BbISIBNATL AeUUNTbI MH(OPMaLMK, AaHHbIX, HEOOXOAMMbBIX A/ OTBETA Ha BOMPOC
N ANA peLleHns 3ajayu;

BbIOMpaTb WH(OPMaUMO U3 WCTOYHMKOB Pas3/IMyHbIX TWUMOB, aHa/IM3MPOBaTb,
CUCTEMATU3NPOBATL U MHTEPNPETMPOBATL MH(OPMALMIO Pa3/InyHbIX BMAOB N (HOPM
NpeacTaB/eHUS;

CTPYKTYpMpOBaTb WH(OPMaLMIO, MPeACTaBNATb €€ B pas/IMyHbIX (opmax,
WNNKOCTPUPOBATh FpaUYecKu;

OLleHMBaTb Haf&XHOCTb MH(opMaLMM Mo CamMoCTOATE/IbHO CHOPMY/IMPOBaHHBLIM
KpUTEpUAM.

KoMMyHHKATHBHBIE YHHUBEpPCaJbHbIe YUeOHbIE JeilicTBUs:

BOCMPUHMUMATbL 1 (hOPMY/NMPOBaTb CYXXAEHWS B COOTBETCTBUM C YC/NOBUAMMU
1 LUensaMm 06LLEHMNS, ICHO, TOYHO, FPAMOTHO BbIpaXkaTb CBOK TOYKY 3PEHUS B YCTHbIX U
MUCbMEHHBIX TEKCTaX, AaBaTb MOSACHEHWS MO X04y PeLLeHUs 3afa4m, KOMMEHTMPOBATb
MOMYYeHHbI pe3ynbTar;

B Xofe 00CyX[eHus 3aflaBaTb BOMPOCbI MO CYLECTBY O0OCYXXAAEMOW TeMbl,
Npo6neMbl, PeLIaeMO 3a4aun, BbICKa3blBaTb WMAEW, HaLENEHHbIE HAa MOUCK PEeLLeHMS,
COMOCTaBNATb CBOM CY)XKAEHWUS C  CYXAEHUSMU APYrMX YYaCTHUKOB [Auanora,
0OHapYXXMBaTb Pa3/inume U CXOACTBO NO3ULIMIA, B KOPPEKTHOW hopme hopMyInpoBaTh
Pa3HOrNacusi, CBOW BO3PaXKEHUS;

NPeACTaBNATb Pe3ynbTaThl PELUEHMS 3adauu, 3KCMEepUMEHTa, WCCNeaoBaHus,
MPOEKTa, CaMOCTOSTENIbHO BbIOMPATb (hopMaT BbICTYNNEHWS C  YYETOM  3aaad
Mpe3eHTaLum1 U 0COGEHHOCTEN ayAUTopuMn.

PeryasiTuBHbIe YHHBEpPCAJbHbIC Y4eOHbIE JEeHCTBUS
Camoopranu3amnus:

COCTaBNATb MN/1aH, a/IfOPUTM PeLLIeHNs 3aa4n, BbIbrpaTb CNocob peLLeHmns C YH4ETOM
NMEIOLNXCA PECYpPCOB M COOCTBEHHbIX BO3MOXHOCTEM, aprymeHTMpOBaTb U
KOPPEKTMPOBaTb BapUaHTbl PELLEHWNIA C YY4ETOM HOBOW MHGOPMALIN.
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CaMOKOHTPOJIb:

B/lafleTb HaBblkaMW NO3HaBaTe/IbHON peeKCM KakK OCO3HaHWUSA COBepLUaeMbIX
[EeNCTBUA W MbICAUTENbHBIX MPOLECCOB, WX pPe3ynbTaToB, BMafeTb Ccrocobamu
CaMOMpOBEPKM, CaMOKOHTPONA npolecca W pesynbrara pelleHnus maTemaTuyeckon
3ajauu;

npeaBuaeTb TPYLHOCTU, KOTOPble MOTYT BO3HUKHYTb MPW PeLleHun 3afauu,
BHOCUTb KOPPEKTVBbI B [eATE/IbHOCTb Ha OCHOBE HOBbIX 0OCTOATENbCTB, [aHHbIX,
HaleHHbIX OLUNOOK, BbISIBNIEHHbIX TPYAHOCTEN;

OLleHMBaTb COOTBETCTBME pe3y/ibTaTa Lein U YCNOBUAM, OOBACHATb MPUYUMHDI
AOCTVKEHNA UM HEAOCTVKEHNA pe3y/bTaToB AeATeNIbHOCTU, HAXOANUTb OLINOKY, faBaTb
OLLeHKY NpVoBpPeTEHHOMY OMbITY.

CoBMecTHAasl 1eSITEJIbHOCTD:

MOHUMATb 1 UCMO/b30BaTh MPENMYLLIECTBA KOMAHAHOW U MHAMBUAYaNbHON paboThbl
NpU pelleHnMn Y4yebHbIX 3afdad, NpPuUHMMAaTb LeNb COBMECTHON AeATeNIbHOCTY,
NNaHMpoBaTb OpraHM3auUuMl0 COBMECTHOM paboTbl, pacnpefensTb Buabl paborT,
[0oroBapmeatbCs, 06CYXAaTb Npouecc W pesynbTar paboTbl, 0606WaTb MHEHUA
HECKO/NbKUX NIOAEN;

y4yacTBOBaTb B TPYMMoBbIX ¢opMax paboTbl (06CYXAeHWUA, OOMEH MHEHWUNA,
«MO3r0BbI€ LUTYPMbI» M MHbIE), BbIMOMHATL CBOK YacTb PaboTbl U KOOPAMHUPOBATb CBOU
AEeACTBUSA C APYTMMU YfleHaMy KOMaH/bl, OLEeHMBaTb Ka4ecTBO CBOEro BKnaja B 00LuiA
MNPOAYKT N0 KPUTEPUSAM, CHOPMY/IMPOBaHHbLIM YYaCTHUKaMUN B3aMMO/ENCTBUS.

IlpeaMeTHBIE pe3yJabTaThbl OCBOEHMS (DeflepasibHO paboyeli MPOrpaMmbIno

MaTemaTuKe NpeacTaB/eHbl No rofam 06y4YeHUs B paMKax OTAeNbHbIX YUYeBHbIX KypcoB
B COOTBETCTBYHOLLMX pa3fenax HacTOALLE NporpaMmbl.
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OEJEPAJIBHAS PABOYAS ITPOI'PAMMA YYEBHOI'O KYPCA
«AJITEBPA N HAHANNA MATEMATHUYECKOIO AHAJTU3A»

MNOACHUTEJBHASA 3AIIMCKA

YuebHbI Kypc «Anrebpa U Hadana maTeMaTMyecKoro aHanm3a» ABNSETCA OA4HUM
13 Hambonee 3HaYMMbIX B MporpaMme cpegHero obuiero obpasoBaHMsi, MOCKO/bKY,
C O[IHOW CTOPOHbI, OH 06ecreynBaeT MHCTPYMEHTaIbHYHO 6a3y ANnd U3Yy4eHUsi BCEX
eCTECTBEHHO-Hay4YHbIX KypCcOB, a C [APYro/ CTOPOHbl, (DOPMUPYET NOrnyeckoe W
abCTpakTHOe MbllLeHe 00y4alroLMXCA Ha YPOBHE, HeoOXOAUMOM A/ OCBOEHUA
NHOpPMATNKK, 0OLLECTBO3HAHWUA, WCTOPWUW, CMOBECHOCTM W APYruX AUCLMMINH.
B pamkax pgaHHOro yyebGHOro Kypca 06yuvatoLiMecs OBflafieBaloT YHUBEPCA/IbHbIM
A3bIKOM  COBPEMEHHON  HaykKu, KoTopas  (hOpMy/nMpyeT  CBOM  AOCTUXKEHUS
B MaTemaTunyeckon hopme.

Y4ebHblIi Kypc anrebpbl U Hayas MaTeMaTMyeCcKoro aHam3a 3aknafbiBaeT OCHOBY
ANA  YCMNewWwHOro OBfafeHNs 3akoHaMu (U3NKW, XUMWUK, 6MOMOrMK, MNOHUMAaHWUS
OCHOBHbIX TEHAEHLMIA pasBUTUA 3KOHOMUKM W OOLLECTBEHHOM XXWU3HW, MO3BOSMSET
OPUEHTMPOBATLCA B  COBPEMEHHbIX LM(POBLIX U  KOMMbIOTEPHBLIX TEXHOMOIUAX,
YBEPEHHO 1CMO/b30BaTb UX A5 Aa/IbHENLLIEro 06pa3oBaHNs U B MOBCEAHEBHOM XMU3HMW.
B TO ke Bpems oBnageHWe  abCTPakTHbIMA U JIOTMYECKU CTPOrnMU
KOHCTPYKUMAMW anrebpbl U MaTemMaTUYeCKOro aHasm3a pa3BuBaeT YMeHWe HaxoAUTb
3aKOHOMEPHOCTN, 060CHOBbLIBaTb UCTUHHOCTb, [0Ka3blBaTb YTBEPXAEHMAC NOMOLLHO
NHAYKUMWA W paccyXaaTb AefyKTUBHO, UCMOMb30BaTb 0606LLEHNE M KOHKPETU3ALMIO,
abcTparvpoBaHue 7 aHasiorutio, (hopmupyet KpeaTMBHOEN KPUTUYECKOE
MbILLIEHNE.

B xoae n3yuyeHus yuebHoro Kypca «Anrebpa n Hayana MaTemMaTMUeCKOro aHanm3a»
06yyatoLLMecs Nony4YatoT HOBbIV OMbIT PELLEHUS MPUKNAAHBIX 3aAa4, CaMOCTOATEIbHOIO
MOCTPOEHMST  MaTeMaTUYeCKMX Mofenerd peasibHbIX  CUTyauuin, WHTepnpeTaumum
MONYYEHHbIX PELLEHUIA, 3HAKOMATCS C NpMMepaMn MaTeMaTUUHeCKUX 3aKOHOMEPHOCTEN
B NPMPO/E, HayKe 1 UCKYCCTBE, C BbIAAKOLLMMUCH MAaTEMATUYECKMMM OTKPbITUSMU N NX
aBTOpamu.

YuebHbIii Kypc 061aaaeT 3Ha4YMTeIbHbIM BOCNNTATE/TbHbIM MOTEHLMANIOM, KOTOPbIN
peann3yeTca Kak u4epe3 Y4yeOHbI MaTtepuan, CrnocobCTBYHOWNA (POPMUPOBAHUIO
Hay4HOr0 MMPOBO33PEHUS, TaK 1 Yepe3 cneumdmnKy yuebHoM AedTeNlbHOCTH, TPEeBYIOLLEN
MPOAOC/MKUTENIbHOW KOHLEHTPaUMM BHUMaHWS, CamMOCTOSTE/IbHOCTKM, akKKypaTHOCTU U
OTBETCTBEHHOCTM 3a NOMYYeHHbIV pe3y/bTar.

B ocHoBe MeTOoAMKM 06yYeHUs anrebpe M Hayanam mMaTeMaTU4ecKoro aHaimsa
NEeXNUT AeATeNIbHOCTHBIA NPUHLMN 06YYeHus.

B cTpykType y4yebHOro kypca «Anrebpa u Havasa MaTemMaTMyecKoro aHaimsax»
BblAe/NieHbl CeAytoLLme CoOAepXKaTeIbHO-METOANYECKIME NIMHUK: «HICNa N BbIYUCTIEHNS»,
«PYHKUMN N TpauKn», «YpaBHEHUS N HepaBeHCTBa», «Hayana maTemaTMyeckoro
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aHanm3a», «MHOXecTBa W Nornka». Bce OCHOBHble COAepXKaTe/lbHO-METOANYECKME
NIMHUN N3YYaloTCH Ha NPOTSXKEHUU ABYX JIeT 06yYeHMsi Ha YPOBHE CPefHEero o6LLero
06pa3oBaHNs, eCTeCTBEHHO AOMOMHAA APYr Apyra WU NocTerneHHO HacbIWascb HOBbIMU
Temamu 1 pasgenamun. [daHHbIA yyYebHbIA KypC SBNSAETCA MHTErpaTvBHbLIM, MOCKOJIbKY
06beAnHAET B cebe cofepaHne HECKOIbKUX MaTeMaTUYecKnX AUCLUMNINH, TaKMX Kak
asirebpa, TPUroHOMETPUSA, MaTeMaTUUYeCKUIA aHaIn3, TeOPUA MHOXECTB, MaTemMaTnyecKas
norvika n gpyrue. o mepe T0ro Kak obyvaroLimecs oB/afieBaroT BCE 60/ee LWNPOKUM
mMaTtemaTMyeckKMm  annapatoMm, Yy HUX  NOCMefoBaTeNibHO  hopMupyetcs U
COBEPLLEHCTBYETCA YMeHVEe CTPOMTb MaTemMaTUMYeCKyrd MOAEeNb pPeasibHOW CUTYyauuu,
MPUMEHATb 3HaHMS, MOJyYEHHble MPU U3YYeHUU YYeBHOro Kypca, ANA peLueHus
CaMOCTOATE/IbHO  CPOPMYNIMPOBAHHOW  MaTemaTuU4yeckouM  3afauu, a  3aTeM
WHTEPNPeTUPOBaTL CBOW OTBET.

CopepkaTenbHO-MeToAMYeckas /MHUA  «Yucna W BbIUMCNEHMS»  3aBepLUaeT
(hopMmMpoBaHKe HaBbIKOB UCMO/Ib30BaHNA AeACTBUTENbHBLIX YMCEST, KOTOPOe ObI/1I0 Ha4aTo
Ha YpOBHe OCHOBHOI0 06L1ero o6pasoBaHMsA. Ha ypoBHe cpefHero o6Lero o6pasoBaHus
0c060e BHMMaHWe yaensetcs OpPMMPOBAHMIO HaBbIKOB PaLOHa/IbHbIX BbIYUCIEHNA,
BK/IOHAOLLMX B Cebs MCMO/Mb30BaHME Pas/IMyHbIX (POPM 3arnucu Ynucna, ymeHue aenatb
MPUKNAKY, BbINOMHATL NPUGIMKEHHBIE BbIYUC/IEHNS, OLLEHMBATL YMC/IOBbIE BbIPXKEHNS,
paboTaTb C MaTeMaTUYeCKMMM KOHCTaHTaMW. 3HaKOMble O00Yy4aroLMMCH MHOXecTBa
HaTypa/lbHbIX, LUeNblX, pauMoHa/IbHbIX W [AEACTBUTENIbHLIX YWUCEN  LOMONHATCS
MHOXeCTBOM KOMMJIEKCHbIX 4YuCeN. B KaXAoM M3 3TUX MHOXECTB pacCMaTpuBatOTCH
CBOWCTBEHHblE emy creuyuduyeckme 3agadyn W onepauuu: [efieHne  Hauerno,
onepupoBaHMe OCTaTKaMy Ha MHOXECTBe LenblX 4uces, o0cobble CBOKWCTBA
pauMoHa/bHbIX U MppauMoHa/IbHbIX Yunces, apuMeTMUecKne onepauun, a Takke
N3B/IEYEHNE KOPHA HaTypasibHOW CTEMeHUM Ha MHOXECTBE KOMM/EKCHbIX Yuncen.
Bnarofaps nocnefoBaTe/lbHOMY —pacLUMPEHUIO  Kpyra WCMoMb3yeMbIX —YmMcen MU
3HAKOMCTBY C BO3MOXHOCTAMW WX TMPUMEHEHMSI ANA PeLleHnst pas/iMyHbIX 3adaq
(hopmupyeTca npefcTaBneHMe O eAMHCTBE MaTeMaTUKM KaK Hayku n eé ponvs
MOCTPOEHUN MOAENe pealbHOr0 Mupa, LUMPOKO MCMOMb3yOTCA 0006LLeHNE 1
KOHKpeTu3aums.

JIHNA «YpaBHEHNSA N HEPABEHCTBa» Peasim3yeTcs Ha NPOTSHXKEHNUM BCEro 06y4veHNs
Ha YPOBHe CpeAHero o6bLLero 06pasoBaHuns, NOCKO/bKY B K&XA0M pa3gene Mporpammbl
NpesyCMOTPEHO peLleHre COOTBETCTBYHOLWMX 3adad. B pesynbTate obyuvatouimecs
OB/lAEBAOT Pa3/IMUYHbIMU  METOAAMW PELLEHNs paLMOHaNbHbIX, UpPauUOHabHbIX,
rokasaTe/ibHbIX, N10rapuMMUUYecKuX 1 TPUroHOMETPUYECKUX YPaBHEHWIA, HEPABEHCTB U
CUCTEM, a TaKXe 3aday, Ccofepkallyx mnapameTpbl. [1ofyYeHHble YMEHUS LUMPOKO
NCMONb3YHTCA NPU UCCnefoBaHN (YHKLUMIA C MOMOLLbIO NPON3BOLHOM, NPU pPeLLeHNN
NPUKNagHbIX 3afa4y M 3afay Ha HaxoXxgeHue HanmbosblUMX U HAUMEHbLUMX 3HAYEHUI
(yHkumn. [aHHas cofepykaTesibHas NIMHMA BK/IOYAeT B CebA Takxe opmmpoBaHMe
YMEHMWIA BbIMOMHATL PacyéTbl Mo (opmynam, npeobpas3oBaHUs pauUMOHasbHBbIX,
MppaLmMoHabHbIX 1 TPUTOHOMETPUYECKMX BbIPXKEHWUIA, a TaKXKe BbIPaXKEHUN,
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cogepxawmx cTeneHn W norapugmel. bnarogaps  m3yyeHuUto  anrebpanmyeckoro
marepuasna npouCXOAMT [fasibHelillee pa3BUTME airOpUTMUYECKOro M abCTPakTHOro
MbILLI/IEHMS 06yYatoLMXCA, (hOPMUPYIOTCS HaBbIKU AeyKTUBHbLIX PacCy>aeHui, paboTbl
C CMMBO/IbHbIMM (POpPMamMK, NMpeLCcTaB/IEHNS 3aKOHOMEPHOCTE U 3aBUCKMMOCTEN B BUAE
paBeHCTB W HepaBeHCTB. Arebpa npepnaraet 3PQeKTUBHble WHCTPYMEHTbI AN
PeLleHns MPaKTUYECKMX M eCTECTBEHHO-HAYYHbIX 3afa4, HarnsagHo AeMOHCTPUPYETCBOU
BO3MOXXHOCTU KaK f3blKa HayKMW.

CofepxaTenbHO-MeToAMYECKas  IMHUA  «PYHKUUM M TpapuKM»  TECHO
repensieTaeTcs ¢ ApYrumMu IMHUAMK Y4eBHOro Kypca, NOCKONbKY B KaKOM-TO CMbIC/Ie
330aéT  MocnefoBaTe/IbHOCTb  U3ydYeHMss  MaTepuana.  M3ydeHume  CTEMeHHOMW,
rokasaresibHOW, NIorapuMmMmUyeckor U TPUrOHOMETPUYECKUX (PYHKLUMIA, NX CBOWCTB U
rpagMKoB, UCNOMb30BaHWE PYHKLUMIA 419 peLleHns 3agay U3 Apyrux y4ebHbIXnpeaMeToB
N peasibHOM YKM3HM TECHO CBA3aHO KaK C MaTeMaTUYeCKMM aHa/IN30M, TaK U C peLLeHneM
YPaBHEHWUIA N HepaBeHCTB. lMpu 3TOM 60/bLLIOE BHUMaHWE yaensetcs popmMupoBaHMIO
YMEHUA BblpaXkaTb (OPMyNnaMu 3aBUCUMOCTU MEXAY pPas/IMUHbIMK - BeMYMHaMW,
nccnefosatb MNOMAYYeHHble  (DYHKUUW, CTPOUTbL WX rpafukn. MaTepuan 3Toi
COlePXKaTeNbHON NIMHUN HaueNeH Ha pasBUTME YMEHMIn U HaBbIKOB, MO3BOJISHOLLMX
BblpaKaTb 3aBUCMMOCTM MeXAY BeNMYMHamMM B PasIMYHOM (hopMe: aHa/IMTUYECKOW,
rpayeckom 1 cnoBecHo. Ero nayyeHune cnoco6CcTByeT pa3BUTUIO aITOPUTMUYECKOTO
MbILL/IEHNS, CNOCOOHOCTM K 06006LLEHMIO N KOHKPETU3aLUN, 1CMO/b30BaHNIO aHa/IOMUA.

CogepxxartefibHas MHUA  «Havyana MaTeMaTU4YecKoro aHasmsa» No3BONseT
CYLLECTBEHHO pacWMpUTb KPYr Kak MaTemaTuyeckuX, Tak W MpUKIagHbIX 3afau,
AOCTYIMHbIX 00YYalOLMMCS, TaK Kak Y HUX MOABMAETCS BO3MOXXHOCTb CTPOUTL Fpadkum
CNIOXHBIX (DYHKLMIA, onpefensTs NX HambobLUMe N HAUMEHbLUME 3HaYeHWS, BbIUNCIATD
nnowaau guryp n 06bEMbI Tesl, HaXoAUTb CKOPOCTU U YCKOPEHUS MPOLEeccoB. [laHHas
cogepxxartesnibHast IMHNUA OTKPbIBAET HOBbIE BO3MOXHOCTW MOCTPOEHMS MaTeEMaTUYECKMX
Mofenen peasibHbIX  CUTYaUMiA, MO3BOMSET HaxOAWTb  Hausydllee peLleHuneB
NPUKNagHbIX, B TOM 4YKUC/E COLMA/IbHO-3KOHOMUYECKMX, 3afadvax. 3HaKOMCTBOC
OCHOBaMW  MaTemMaTM4ecKoro aHasmsa Crnoco6CTBYeT pa3BUTUIO  abCTPaKTHOTNO,
(hOpMaIbHO-NI0rMYECKOr0 MU KPeaTMBHOIO  MbILLIEHUS,  (DOPMMPOBAHUIO  YMEHWI
pacrno3HaBaTb MPOAB/IEHNS 3aKOHOB MaTemMaTWMKW B HayKe, TEXHWKE M WUCKYCCTBE.
Ob6yyatoLmecs y3HalOT O BblgatoWmMXcs pesy/nbTaTax, MoslyYeHHbIX B XOAe PasBUTUA
mMaTeMaTUKN KakK HayKu, 1 06 nX aBTopax.

CopepxxaTeilbHO-MeToAnYecKas NMHMS «MHOXECTBa U NOrMKa» BK/OYAET B Ce6A
3/1EMEHTbI TEOPUN MHOXECTB U MaTeMaTUYeCKOW NIOTMKN. TeopeTUKO-MHOXECTBEHHbIE
NpefcTaBfeHUst MPOHM3bIBAIOT BeCb KYPC LLUKO/IbHOW MaTeMaTuKuM W npegnaratoT
Hanbosnee YHMBEPCASbHbIN A3blK, 00bEAUHAIOWMIA BCe pasfeNibl mMaTeMaTukn U eé
MPUIOXKEHNIA, OHWN CBA3bIBAIOT pasHble MaTeMaTUYecKmne ANCLMNINHBI U UX NPUIOXKEHNS
B efAuHoe uenoe. MMo3ToMy BaXHO [aTb BO3MOXHOCTb 06y4atolemycs NnoHMMaTb
TEOPETUKO-MHOXECTBEHHBIN A3bIK COBPEMEHHOW MaTeMaTUKM M UCMO/b30BaTb ero
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AN BbIPQXKEHMSI CBOMX MbICMel. [pyrum BaXKHbIM MPU3HAKOM MaTeMaTUKM Kak HayKu
cnegyeT nMpu3HaTb CBOWCTBEHHYK €W CTPOroctb 0OGOCHOBaHWA W CrefoBaHue
ornpefenéHHbIM MnpasuiaM MOCTPOeHUs [0Kas3aTesibCTB. 3HAKOMCTBO C 3/1eMeHTamu
MaTeMaTUYecko  JIOTUKM  CMNOCOOCTBYET  Pa3BUTUIO  JIOTUYECKOTO  MbILL/IEHUS
0byyaroLmxcs, Nno3sBoNseT UM CTPOUTb CBOM PAaCCYXXAEHWUS Ha OCHOBE JIOMMYECKMX
npaBun, (GOPMUPYET HaBbIKA KPUTUYECKOTO MbILLIEHWS,

B yuebHOM Kypce «Anrebpa 1 Hayana MaTeMaTUYecKoro aHain3a» NpucyTCTBYOT
OCHOBbl MaTeMaTU4ecKoro MOAENMPOBaHWSA, KOTOpble MpW3BaHbl CMOCO6CTBOBATH
(hopMMPOBaHMIO HABbLIKOB MOCTPOEHUA MOfeNen peasibHbIX CUTyauuid, uccnefoBaHns
3TMX Mofefnenl C MNOMOLUBI0 annapara anrebpbl M MaTeMaTUyecKoro aHanusa,
NHTEepnpeTaumMmn MnoslyyeHHbIX pe3ynbTaToB. Takue 3afaHWns BrIETEHbl B KaXKAbli U3
pa3fenoB Mporpammbl, MOCKOSIbKY BeCb MaTepuan Y4ebGHOro Kypca  LUMPOKO
NCMONb3yeTcAa AN pelleHns npuknagHbliX 3agad. [py  pelleHun  peasibHbIX
MPaKTUYECKMX 3aa4 0byyatoLLmecs pasBmBatoT HabNoAaTe/IbHOCTb, YMEHNE HaxXoanTb
3aKOHOMepHOCTW, abCTparmpoBartbCsi, WCMO/b30BaTb  aHalorno, 0606wWwarb U
KOHKpeTU3npoBaTb npobsiemy. [dedaTenbHOCTb MO (POPMUPOBAHMIO HaBbIKOB PeLLIEHMS
MPUKNaAHbIX 3a4a4y OpraHM3yeTcs B NPOLECce M3yveHUs BCexX TeM y4eBHOro Kypca
«Anirebpa 1 Hayasia MaTeMaTUYeCKOro aHamn3ax».

Ha mn3yyeHune yyebHOro Kypca «Anrebpa v Hayana MaTeMaTUyYeCKOro aHaamsa»
oTBoAMTCs 272 4Yaca: B 10 knacce — 136 yacoB (4 4yaca B Hegento), B 11 knacce — 136
4acoB (4 yaca B Hefiento).

COAEPKAHUE OBYYEHUA
10 KJIACC

Yucna v BbluUCNEHUA

PaunoHanbHble ymncna. OO6bIKHOBEHHbIE W [eCATUYHblE APO6W, MPOLEHTDI,
OeCKOHeuHble Nepuroguyeckre apoou. MprmeHeHVe ApOGei 1 NPOLEHTOB 415 PeLLeHNS
NPUKNaAHbIX 3afa4 13 Pa3/INYHbIX 0TPAC/Eel 3HaHWI 1 peasibHOM XM3HW.

[elicTBuTENbHbIE  uYMcna.  PaumoHasbHble M MppauMOHaNibHble  YmMcha.
ApurhMeTYeCKME onepauun ¢ AeCTBUTENbHLIMK YicnaMu. Mogynb 4eNCTBUTENbHOIO
yuncna n ero CBOMCTBa. MNPMOAKEHHBIE BbIYMCIEHUS, NPaBUIa OKPYTEHUS, NPUKUAKA U
OLleHKa pesy/ibTaTa BblUMCEHWIA.

CTeneHb C LenbIM Mokasatenem. bHOM HblOTOHa. Vicrnonb3oBaHWe NOAXOAALLEN
(hopmbl  3anucy  AeNCTBUTENIbHLIX YMCEeN [ANA PEeLUeHUs MPaKTUYECKMX 3adad U
NpeacTaBNeHUs [aHHbIX.

ApUHMETUYECKNIA KOPEeHb HaTYpasibHOM CTEMeHN 1 ero CBOMCTBA.

CTeneHb C  pauvoHa/IbHbIM  MOKa3aTefieM W eé  CBOWCTBa, CTeMeHb
C AENCTBUTENbHbIM NOKa3aTesieMm.

Jlorapupm  umcna. CsolicTBa norapuma.  [ecsiTdHble W HaTypasibHble
norapugmel.
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CVHYC, KOCWHYC, TaHreHC, KOTaHreHC 4MCNOBOro aprymeHta. ApPKCUHYC,
apPKKOCMHYC N apKTaHreHC YMCNOBOro aprymMeHTa.

YpaBHEHUA N HEPABEHCTBA.

ToXaecTBa U TOXAECTBEHHblE NpPeobpa3oBaHMs. YpaBHEHME, KOPeHb YpaBHEHUS.
PaBHOCU/IbHbIE  YPaBHEHUA U YpaBHEHMA-CNeACTBUA. HepaBeHCTBO, pelleHue
HepaBeHCTBa.

OCHOBHble METOAbl pelleHns LenbiX U APO6HO-paLMOHa/IbHBLIX YPaBHEHWUA 1
HepaBeHCTB. MHOrousieHbl OT OfHOW NepeMeHHON. [leneHne MHOrouieHa Ha MHOToueH
c ocTaTkoM. Teopema be3y. MHorouneHsb! ¢ LenbiMuy KoadguumeHTamn. Teopema BueTa.

[Mpeobpa3zoBaHMs YNCNOBbIX BbIPXKEHWIA, COAEPKALLMX CTENEHN N KOPHW.

MppaunoHanbHble ypaBHeHWA. OCHOBHble METOAbl PeLUeHUs UppaLnOHasIbHBIX
YPaBHEHWIA.

[MokasaTenbHble YypaBHeHUsA. OCHOBHble METOAbl PELUEHUSA MOKa3aTe/bHbIX
YPaBHEHWIA.

[MpeobpaszoBaHe BbIPpaXKEHWNIA, COAepXXaLLmX orapnupmebl.

Jlorapugmmnyeckme ypasHeHUsi. OCHOBHble METOZbI PeLleHUs forapummuyeckmnx
YPaBHEHWIA.

OCHOBHbIe TPUTOHOMETPUYECKIME hopmMy/ibl. [MpeobpasoBaHme
TPUrOHOMETPUYECKNX BbIPaXKEHWNIA. PeLlieHne TPUroHOMETPUYECKMX YPaBHEHWIA.

PeLLeHre CUCTEM NIMHENHBIX ypaBHEHWIA. MaTpurLa CUCTEMbI NIMHENHBIX YPaBHEHWIA.
Onpenenntens MaTpuLbl 2X2, ero reoMeTPUYeCcKNin CMbICN U CBOCTBA, BbIYMC/IEHME Er0
3HaYeHNs, NPUMEHeHNe ONpPeaennuTeNns A1 PeLleHns CUCTEMbI JIMHEMHbIX YPaBHEHUM.
PelleHve npuKnagHbiX 3a4a4 C  MNOMOLWBK CUCTEMbl  JIMHEWHbIX YPaBHEHWA.
VccnepoBaHve MOCTPOEHHON MOAEN C MOMOLLbIO MaTPULL U OnpesennTenei.

[MocTpoeHne maTeMaTUYecKUX Mofener peanbHOM CcUTyaumMm € MOMOLLBHO
YypaBHEHMI W HepaBeHCTB. [MpuUMeHeHWe YpaBHEHMI WM HEPaBEHCTB K pPeLUeHUHO
mMaTeMaTUYecKnX 3aday 1 3afa4 13 pas/IMyHbIX 06/1acTel HayKn 1 peasibHOM XN3HW.

DOyHKUMH U TPaPUKH

PyHKUMA, C€rnocobbl 3agaHna  yHKUMKW. B3aMHO 06paTHble  (PYHKUMW.
Komnosnums gyHKumia. I'padmk QyHKUUN. SneMeHTapHble Npeobpa3oBaHns rpafmkos
(OYHKLWINA.

O6nacTb onpefeneHnuss M MHOXECTBO 3HauYeHMin (yHKUMKW. Hynn  dyHKuun.
[MpOMEXyYTKN 3HaKOMOCTOAHCTBA. Y&THble M HeuyéTHble (YyHKUMW. [lepuoguyeckue
(hyHKUMK. TIPOMEXYTKM MOHOTOHHOCTU (hYHKUMW. MaKCUMyMbl U MUHUMYMbI (OYHKLMK.
HanbonbLuee 1 HaMeHbLUee 3HaYeHNS (DYHKLMM Ha MPOMEXYTKE.

JInHeilHan, KBagpatuyHas W [APOGHO-IMHeNHas  (yHKUMW.  DnemeHTapHoe
nccnefoBaHve N NMOCTPOEHME NX TPaPUKOB.

CTeneHHast (byHKUMA C HaTypasibHbIM W LenbIM nokasaTenem. E€ cBoiicTBa K
rpamk. CBoicTBa M rpanK KOPHS N-OM CTEMeHU KakK (oyHKUMM 06paTHOM CTerneHu
C HaTypa/ibHbIM NOKas3aTe/nem.

16



MokasaTefnbHast U norapugmMuyeckas (YHKUUK, WX CBOWCTBA W rpadmku.
icnonb3oBaHme rpatmkoB (DYHKLMIA 419 peLLeHNS YpaBHEHWIA.

TpUroHOMETpMYECKas OKPY)KHOCTb, OMpefesieHne TPUrOHOMETPUYECKNX (DYHKLNIA
YMC/IOBOr0 apryMeHTa.

®YHKUMOHA/IbHbIE 3aBUCMMOCTM B peasibHbIX Mpoueccax U aefieHusx. Ipadmku
peasibHbIX 3aBMCUMOCTEN.

Hayajga maTeMmaTHdeckoro aHajamusa

MocnegoBaTenbHOCTM,  CMOCOGLI  3afaHWs  nocnefoBatenibHOCTed.  MeTog
MaTemaTuyeckorh WHAYKUMW. MOHOTOHHbIE M OrpaHWYeHHble MOCNef0BaTe/IbHOCTU.
cTopuns BOSHUKHOBEHMS MaTEMATMYECKOr0 aHa/In3a KakK aHain3a 6eCKOHEYHO MasiblX.

ApudmeTnyecKas U reoMeTpuyeckas nporpeccun. beckoHeyHo y6biBatoLLas
reomeTpuueckas nporpeccus. Cymma OECKOHEYHO YObIBatOLLEl reoMeTpUYecKoi
nporpeccun. JIMHENHbIA WU 3KCMOHEHUMaNbHbIA pocT. Uncno e. dopmyna CnoXHbIX
MPOLEHTOB. VIcnonb3oBaHMe NPOrpeccun Ans PeLleHns peasibHbIX 3a4a4d NpuKIagHoro
XapakTepa.

HenpepbiBHble hYHKUMM 1 UX CBOWCTBA. TOUYKM paspbiBa. ACUMNTOTbI rpafurKoB
(hyHKUMIA. CBONCTBA (PYHKUWIA HEMpepbIBHbIX Ha OTpe3ke. MeTod WHTEpBasioB ANs
pelleHnst HepaBeHCTB. pUMeHeHMe CBOWCTB HENPEpbIBHbIX (PYHKUMIA ANS peLueHuns
3a/au.

MepBas ¥ BTOpasi NPouM3BOAHblE (YHKUMKW. OnpeaeneHne, reoMeTPUYECKUin 1
(PM3MYECKMIA CMbIC NPON3BOAHON. Y paBHEHME KacaTe/lbHOM K rpadnky QyHKL MK,

Mpoun3BoAHble 3MeMEHTaPHbIX (PYHKUWIA. Mpom3BoAHas CYMMbl, MPOU3BEAEHNS,
4aCTHOMO 1 KOMMO3MLMK (hYHKLWIA.

MHo:KecTBa M JIOTHKA
MHO)KeCTBO, onepaunn Hag MHOXeCTBaMn N UX CBOWCTBA. ,ﬂ,l/larpaMMbl 3|‘/’|nepa—
BeHHa. MpyMeHeHne TeOPETUKO-MHOXECTBEHHOIO annapara a8 OnuncaHns peasbHbIX
npoueccos n FIBJ'IGHI/IVI, Mnpn peeHnn 3agad n3 apyrmx y‘—I86HbIX npeamMeToB.
OnpeaeneHne, Teopema, CBOWCTBO MaTemMaTU4YeCcKOro 0ObekTa, CneAcTBuUe,
N0Ka3aTe/lbCTBO, PABHOCW/IbHbIE YPaBHEHMS.

11 KJIACC

Yucna v BbluUCNEHUA

HaTypasnbHble 1 Lenble uncna. MNMpuMeHeHne NpU3HaKoB AeIMMOCTY LEMbIX YNCEN,
HanbonbLINA 06K nenutens (nanee — HO/L) 1 HaumeHbLLee 06Llee KpaTHoe (fanee —
HOK), ocTaTKoB o moAaynto, anroputMa EBknnaa ans peweHmns 3agay B LefbIX Ynicnax.

KomnnekcHble uncna. Anrebpavyeckas U TPUroOHOMeTpUYecKas (POpMbl 3anmcu
KOMMMIEKCHOrO uncna. ApUPMETUYECKMe onepaumyM C  KOMMNEKCHbIMU  YMCMaMU.
306paxkeHne KOMMMEKCHbIX YMCEN Ha KOOpAMHATHOM nnockocTu. dopmyna Myaspa.
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KopHW n-0ii CTENeHN 13 KOMMNIEKCHOrO Yncna. MpuMeHeHWe KOMMIEKCHbIX Yncen ans
peLLeHns (IU3NYECKNX 1 TEOMETPUYECKMX 3a/1ay.

YpaBHeHUS U HEPABEHCTBA

Cuctema 1 COBOKYMHOCTb YpaBHEHWIA U HEPaBEHCTB. PaBHOCWU/IbHbIE CUCTEMbI U
CUCTEMbI-CNEACTBUSA. PaBHOCW/IbHbIE HEPABEHCTBA.

OT16op KOpHeM TPUrOHOMETPUYECKUNX ypaBHeHNIA C MOMOLLBHO
TPUTOHOMETPUYECKOI OKPY>KHOCTU. PeLlieHre TPUrOHOMETPUYECKUX HEPABEHCTB.

OCHOBHble METO/Ibl PELLEHUNS MOKa3aTe/NbHbIX U N0rapuMNUYECKNX HEPABEHCTB.

OCHOBHble MeTO/lbl PELLEHUS NPPaLMOHA/IbHbIX HEPABEHCTB.

OCHOBHble MeTOfbl PELUeHUs CUCTEM W COBOKYMHOCTEM pauuoHasIbHbIX,
MppaLmoHanbHbIX, MOKa3aTeNbHbIX Y 0rapuMUYECKNX YPaBHEHUIA.

YpaBHeHUS, HEPaBEHCTBA U CUCTEMbI C MapaMeTpamu.

MprYMeHeHMe YpaBHEHWIA, CUCTEM M HEPABEHCTB K PELLIEHNIO MaTeMaTMYeCKMX3a4aY
M 33da4 U3 pasMuHbIX 06/1acTell HayKM W peasibHOWM >KU3HW, WHTepnpeTayus
MOMTyYEHHbIX Pe3y/bTaToB.

DyHKUMH U TPaPUKH

Mpahk  KoMnoavuum  (OyHKUMIA. [eomeTpuyeckne 06pasbl  YpaBHEHUIA W
HEPaBEHCTB Ha KOOPAMHATHOM NIOCKOCTW.

TpUroHomeTpryecKme PYHKLMK, X CBOCTBA 1 rpadiniku.

["pahnyeckmne MeToapbl peLleHnst ypaBHEHWIn U HepaBeHCTB. padmyeckmne MeToapbl
peLLeHns 3aaay ¢ napaMeTpamu.

cnonb3oBaHWe rpamMkoB  (PYHKUMIA  ANs  MCCNeaoBaHUs  MPOLIECCOB U
3aBMCMMOCTEN, KOTOPbIE BO3HMKAIOT NPU PELLEHN 3aad U3 APYrmX y4ebHbIXNPeamMeToB
N peasibHOM XMU3HW.

Havana MmaTeMaTH4eCKOro aHajau3a

[MprMeHeHNe NPOU3BOLHOM K WCCMeA0BaHUIO (PYHKLUMA HA MOHOTOHHOCTbL W
3KCTPeMyMbl. HaxoxaeHne HambOosbLIEro M HaMMeHbLUEro 3Ha4YeHWn HenpepbIBHOWA
(hYHKUMN Ha OTpe3Ke.

MprIMeHeHNe NPON3BOAHON A/15t HAXOXKAEHWNSA HanyYLLIEro peLleHns B NPUKIaaHbIX
3aiavax, 4n1s onpefenieHns CKOpoCTH 1 YCKOPEeHNA npoLecca, 3a4aHHoro (opmMynomn nnm
rpadukom.

[MepBoO6pa3Has, OCHOBHOE CBOWCTBO  MepBooOpasHbIX.  [lepBoo6pasHble
aneMeHTapHbIX OYHKUMIA. TpaBmna HaxoxaeHns nepBoobpasHbIX.

NHTerpan. eoOMeTPUYECKMin CMbICNT WHTerpana. BbluucneHne onpeaenéHHOro
NHTEerpana no gopmyne HotoToHa—/1einbHMLA.

MpyYMeHeHMe MHTerpana AN HaxXoXAeHUs naowagen NIoCKMX Guryp n 06bLEMoB
reoMeTPUYECKNX Te.

Mpumepbl  pewleHnin  AndibepeHUmanbHbIX — ypaBHEHMIA.  MateMaTuyeckoe
MOAEeNMPOBaHMe peasibHbIX MPOLECCOB C MOMOLLbIO AnddepeHUmanbHbIX YPaBHEHWIA.

18



INPEAMETHBIE PE3YJIBTATbBI

K KOHLy 06y4eHus B 10 kaacce 00yYatoLMIACA NONYYMT crefytoLue NpeaMeTHble
pe3ynbTaTbl N0 OTAeNbHLIM TeMaM (heaepanbHON paboueil NporpaMmbl y4e6HOT0 Kypca
«Anrebpa 1 Hayana MaTeMaTUYeCKOro aHaIm3ax»:

Yuciia v BoIYMCTICHUS

CBOOOAHO OrepupoBaTb MOHATUAMMW:  pauuoOHaIbHOE 4YKCNo, 6GecKoHeyHas
nepuvoamyeckas 4pobb, NPOLEHTbI, MPPaLMOHa/IbHOE YMCN0, MHOXECTBA PaLMOHaIbHbIX
N AeACTBUTENIbHBIX YACES, MOAY/b AeNCTBUTENIbHOIO YNCNA;

MPUMEHATb AP06OM M NPOLEHTbI ANS pPelleHns MPUKNagHbIX 3afad U3 pasinyHbIX
oTpacneit 3HaHWI N peasibHOM XXNU3HU;

MPUMEHATb MPUBNVXKEHHBbIE BbIYUC/IEHWSA, MpaBWia OKPYTeHWs, MNMPUKULAKY W
OLLeHKY pe3y/ibTaTa BblUUCNEHWI;

CBOOOAHO ONepmpoBaTb NMOHATUEM: CTENEHb C Lie/IbIM MoKa3aTesieM, UCMOo/b30BaTh
MOAXOAALLYHO (hOpMY 3annCK AeNCTBUTENbHBIX YACEN A1 PELLUEHNA NPaKTUYeCcKnX 3agad
N NpefcTaBNeHNs JaHHbIX;

CBOOOAHO OnepupoBaTb MOHATMEM: apUPMETMUYECKUA KOpPeHb HaTypasibHON
CTEerneHu;

CBOOOAHO OMnepupoBaTtb MOHATUEM: CTeMeHb C PauMOHa/IbHbIM MOKa3aTesNem;

CBO6G0OAHO OMepuMpoBaTh MOHATUAMMN: NIOrapum Yncna, AeCATUYHbIE U HATYPasibHble
norapummel;

CBOOOAHO oOMnepupoBaTb MOHATUAMU: CUHYC, KOCWHYC, TaHIeHC, KOTaHreHc
YMC/IOBOrO apryMeHTa;

ornepupoBaTtb MOHATMSAMU: apPKCUHYC, apPKKOCUHYC W apKTaHrMeHC YWUC/I0BOrO
aprymeHTa.

YpaBHeHUs U HEPABEHCTBA:

CBOOOALHO OrnepupoBaTb MOHATUAMUW: TOXAECTBO, YpPaBHEHWE, HepaBeHCTBO,
PaBHOCU/IbHbIE YPaBHEHUA N YpaBHEHUA-CNEACTBUSA, paBHOCW/IbHbIE HEPABEHCTBA,;

MPUMEHATL Pa3/IyHble METO/AbI PeLLeHNs paLMOHa/IbHbIX Y AP0OHO-PaLMOHaIbHbIX
YpaBHEHWI, NPUMEHATL METOZ, MHTEPBASIOB A/15 PELLEHNS HEPABEHCTB;

CBOOOAHO oOrnepupoBaTb MOHATUAMW: MHOrOYIeH OT OfHOW MepemMeHHOM,
MHOIOYMIeH C Le/bIMA KO3(h(hULUMeHTaMn, KOPHU MHOrouY/ieHa, MPUMEHATL [AeneHue
MHOrou4/1eHa Ha MHOIQ4/IeH C OCTaTKOM, TeopeMy be3y 1 Teopemy BueTa Ans peLLeHns
3agav;

CBOOGOJHO OrnepupoBaTb MOHATUAMU: CUCTEMA JIMHEMHbIX YPaBHEHWIA, MaTpuua,
onpeaennTesnib MaTpuLpbl 2 X 2 1 ero reoMeTPMYECKMin CMbIC/1, UCMO/b30BaTb CBOMCTBA
onpefenuTena 2 x 2 Ana BbIYUC/IEHWUA €r0 3HaYeHWUs, NMPUMEHATL OnpeaenuTenn and
PELLUEHNA CUCTEMbl JIMHENHbIX YPaBHEHWIA, MOAENMPOBaTb peasibHble CUTyauun ¢
MOMOLLbID CUCTEMbI JIMHENHBLIX YpPaBHEHWI, WCCnefoBaTb MOCTPOEHHbIE MO C
MOMOLLbHO MaTPUL, 1 oNpeaenunTenein, UHTEPNPETUPOBATL NONYYEHHbIA Pe3ynbTar;

MCMo/b30BaTb CBONCTBA AENCTBUIA C KOPHAMW A/11 Npeobpa3oBaHus BbIPaXKEHNI;
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BbINOMHATL MPE06pasoBaHNA YMC/IOBbIX BbIPKEHWNA, COAEPXKALUMX CTEneHu
C paLMOoHasIbHbIM MoKa3aTeneM;

MCMo/b30BaTb CBOWCTBA /1I0rapuMoB And npeobpasoBaHUs NorapuyMUUecKmX
BbIPaXKEHNIA;

CBOOGOAHO OMepupoBaTb MOHATUMSAMWU:  MPPaUMOHa/IbHbIE, MOKa3aTe/flbHble U
norapuMmYeckme ypaBHEHWS, HaxXOAUTb WX PeLLeHUs C MOMOLLbH0 PaBHOCWU/IbHBIX
Mepexof0B UM OCYLLIECTBAAA MPOBEPKY KOPHEN;

MPUMEHATb OCHOBHble TPWUIOHOMETPUYECKME (opMYy/bl AN MpeobpazoBaHus
TPUTOHOMETPUYECKUX BbIPXKEHWIA;

CBOOOAHO OMnepupoBaThb MOHATMEM: TPUTOHOMETPUYECKOE YpaBHEHWE, NMPUMEHSATb
Heobxoanmble (hOpMy/bl  AN1F  PELUeHUS OCHOBHbIX TUMOB TPUTOHOMETPUYECKMX
YPaBHEHWIA;

MOZEeNnpoBaTb peasibHble CUTYyaluMn Ha A3blke anredpbl, COCTaBNATb BbIPAXKEHUS,
ypaBHeHMs, HepaBeHCTBa MO YC/OBUIKO 3ajayn, WCCefoBaTb MOCTPOEHHbIE MOAEN
C UCMO/Ib30BaHVEM arnapara anreépoi.

DOyHKUMH U TPaPUKH:

CBOOOAHO OMepupoBaTb MOHATMAMWU: (YHKLMSA, CMOCOObI 3aAaHusA  (YHKLUWN,
B3aMMHO 06paTHble (YHKLMM, KOMMO3UUNUA DYHKUNIA, rpadinK (YHKUMK, BbINOMHATb
aNeMeHTapHble NPeobpazoBaHNs rpaMKoB PYHKLNIA;

CBO60HO OnepupoBaTh NOHATUAMWN: 06/1aCTb ONPeAeneHNs N MHOXECTBO 3HAYEHNI
(hYHKUMM, HYNU (OYHKLAW, NPOMEXYTKN 3HaKOMOCTOAHCTBA;

CBOOOAHO oOrnepupoBaTb  MOHATMAMMU: YETHble W HEYETHble  (DYHKUMMK,

nepuoanyeckune MyHKLMKN, MPOMEXYTKN MOHOTOHHOCTU (DYHKLMW, MakCUMyMbl 1
MUHUMYMbI (OYHKLMW, HanBO/IbLLIEE N HAVMEHbLLIEE 3HAYEHNE (DYHKLIMM Ha MPOMEXYTKE;

CBO6GOAHO OnepmpoBaTh MOHATUAMM: CTENEHHAA PYHKLMSA C HATYpPasIbHbIM U LieNbIM
nokasaresieM, rpamk CTeneHHOW (PYHKLUMW C HaTypaibHbIM W LefbIM MoKasaTeseM,
rpak KOpPHS N-0i CTeneHW KaK (PYHKUMW 0OpaTHOWM CTerneHn C HaTypasbHbIM
rokasaresiem,;

OrMepupoBaTb MOHATUAMM: NINHEHas, KBagpaTniHasa 1 APO6HO-MHeNnHAA PYHKLMN,
BbIMO/IHATH 3/1EMEHTAPHOE UCC/Ie0BaHNE 1 NMOCTPOEHME NX FPaPUKOB;

CcBOOOAHO oOMepupoBaTb MOHATUAMMW: TOKasaTe/lbHas W norapugmmuyeckas
(hyHKUMK, NX CBOMCTBA U FpadirKm, UCNOJb30BaTb MX FPatuKmn A5 PeLLEHNS YPaBHEHWN;

CcBOOOAHO  onepupoBaTb  MOHATUAMMW:  TPUTOHOMETPUYECKAS  OKPY>KHOCTb,
onpegeneHve TPUroHOMETPUYECKNX (DYHKLIMIA YNC/IOBOIO apryMeHTa;

MCNONb30BaTb FpafinKkn hyHKUMIA ANa UccnefoBaHNA NPOLLECCOB U 3aBUCUMOCTEN
MNpy peLleHnn 3agay u3 ApYyrux yyebHbIX MpegMeToB M peasibHOM XKN3HW, BblpaXaTb
(hopMynamu 3aBUCMMOCTIN MeXAY BeTMYMHAMNU;

Havaja maTeMaTH4eCKOro aHajIu3a:

CBOOOAHO OMepupoBaTb MOHATUMAMU:  apUMETMYECKad W TreoMeTpuyecKas
nporpeccusi, GecKOHeYyHO YOblBatoLas reoMeTpuyeckas MPOrpeccus, JIMHeHbI 1
9KCMOHEHLMaNbHBIA POCT, (POPMYy/a C/OXHbIX MPOLEHTOB, WUMETb MpPecTaB/eHNeo
KOHCTaHTe;
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MCMO/Ib30BaTh NMPOrPeccumn 41 peLleHns peabHbIX 3a4a4 NPUKIaAHOro XapakTepa;

CBOOOAHO OMepupoBaTbh MOHATUAMM: MOCNeL0BaTe/IbHOCTb, CMOCOObI 3afaHus
nocnefoBaTe/lbHOCTel, MOHOTOHHbIE U OrpaHMYeHHbIe NOC/Ief0BaTe/IbHOCTU, NOHUMATb
OCHOBbI 3apPOXEHNA MaTeMaTMUYEeCKOro aHa/InM3a Kak aHanm3a 6eCKOHeUYHO MasiblX;

CBOOGOAHO OrMepupoBaTb MOHATUMAMW: HenpepbiBHblE (YHKLMKW, TOYKM pas3pblBa
rpadmka yHKUUM, aCMMNTOTbI rpaduka gyHKUuN;

CBOOOAHO OMepupoBaTb MOHATMEM: (DYHKUMS, HenpepbiBHAA Ha OTpPes3Ke,
MPYMEHATb CBOMCTBA HeMpPepbIBHbIX (DYHKLUMIA AN peLleHns 3a4au;

CBOOGOAHO OnepupoBaTh MOHATUAMMW: NepBas U BTOpas MPOU3BOAHbIE (YHKLMN,
KacaTe/ibHas K rpauky QyHKUun;

BbIUYMC/ATL NPOM3BOAHbIE CYMMbI, NPOM3BEAEHWS, YACTHOTO M KOMMO3ULMK ABYX
(OYHKLMIA, 3HATb NPOVN3BOAHBIE 3/IEMEHTAPHbLIX (DYHKLMWIA;

MCMO/b30BaTb FTEOMETPUYECKNIA U (DU3NYECKUNIA CMbIC/T NPOU3BOAHOM AN PELLEHNS
3ajau.
MHokecTBa U JIOTHUKA:

CBOOOAHO OMNepupoBaTh MOHATMSIMWU: MHOXECTBO, Onepauuy Haf MHOXEeCTBaMu;

MCNO/Mb30BaTb TEOPETUKO-MHOXECTBEHHbIN annapart 418 OnucaHua peasibHbIX
MPOLECCOB U ABNEHWIA, NPW PeLLeHN 3a4a4 U3 Apyrux y4ebHbIX NpeaMeToB;

CBOOGOAHO OrnepupoBaTb MOHATMAMW:  OMNpefeneHne, Teopema, YpaBHeHMe-
CNeACTBMe, CBOMCTBO MaTeMaTM4eCKOro O00beKTa, [0Ka3aTe/lbCTBO, PaBHOCW/bHbIE
YpPaBHEHMS 1 HEPaBEHCTBaA.

K KOHLY 06y4eHuns B 11 kiacce 00yyatoLMiAcA NOMYyYMT CnefytoLime npeamMeTHble
pe3ynbTaTbl MO OTAE/bHLIM TeMaM (pefepasibHON paboyein MporpaMmbl y4e6HOro Kypca
«Anrebpa 1 Hayasia MaTeMaTNUYeCKOro aHaIn3ax:

Yuciia 1 BLIYMCTIEHUS

cBOOOAHO OnepupoBaTb MOHATUAMW: HATypa/lbHOE W Lenoe 4YMcio, MHOXeCcTBa
HaTypasIbHbIX W LenbIX Ynces, UCNob30BaTh NPU3HAKN AeIMMOCTU Lenbix uncen, HO/L,
n HOK HaTypanbHbIX Yncen 4ns peweHns 3agad, NPUMeHsTb anroputm EBKInAa;

cBOOOAHO OMnepupoBaTb NOHATMEM OCTATKa MO MOAY/H0, 3aMuCbiBaTb HaTypa/lbHbIE
yncna B PasnnMYHbIX MNO3ULMOHHBIX CUCTEMAX CUUC/IEHUS;

CBOOOAHO oOnepupoBaTb MOHATUAMW: KOMIMJIEKCHOE YMC/O W MHOXECTBO
KOMM/MEKCHBbIX 4ucen, MNPeacTaBsTb KOMIMEKCHble 4ucnia B anrebpanyeckon u
TPUrOHOMETPUYECKOI (DOPMe, BbINOMHATL apuUMETUYECKMe onepaumm C HUMU W©
n306paxkaTb Ha KOOPANHATHOW MIOCKOCTU.

YpaBHeHUS U HEPABEHCTBA:

CBOﬁO,CI,HO onepnposartb MNOHATUAMWU. WPPaynOHa/IbHbIE, T[OKa3aTe/lbHblE W
J'IOI'apI/Id)MI/Il-IECKI/Ie HepaBeHCTBa, HaxoAuTb NUX pPeweHna C NMOMOLLbHO PaBHOCWU/IbHbIX
Nepexo/10B;

OCYyLLEeCTBNATb OT60p KOpHeI7I npu peeHnin TPUroHOMETPUYHECKOT O YPaBHEHUA,
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CBOOOAHO OMepMpPoBaTb MOHATEM TPUTOHOMETPUYECKOE HEPABEHCTBO, NPUMEHSTD
Heo6XxoaumMble (DOPMYNbl AN PELlEeHNs OCHOBHbIX TWMOB TPUrOHOMETPUYECKMX
HEpPaBEHCTB;

CBOOOAHO OMNepupoBaTh MOHATMAMMW: CUCTEMA M COBOKYMHOCTb YPaBHEHWA W
HEpPaBEHCTB, PABHOCU/bHbIE CUCTEMbl WM CUCTEMbI-CNEACTBUS,, HaXOAUTb PELLEHS
CUCTEMbl M COBOKYMHOCTEW palyOHa/bHbIX, WMPPaLMOHa/bHbIX, MOKa3aTeNlbHbIX |
norapuMmnYecKnx ypaBHEHN N HEPABEHCTB;

pewaTb pauuoHabHble, MppaLMOHabHble, NOKa3aTebHbIe, NOrapumMmUyeckne u
TPUrOHOMETPUYECKIE YPaBHEHWSI U HEPABEHCTBA, COAepXKallie MoAy N 1 NapaMeTpbl;

NPUMEHSTb rpafrueckme MeToAb! 15 PELLIEHNS YPaBHEHWIA 1 HEPABEHCTB, a TakXKe
3a/la4y C napameTpamu;

MO/JENNPOBaTh peasibHble CUTYaLMN Ha A3blKe anredpbl, COCTABMNATb BbIPKEHNS,
YpaBHEHMS, HEPaBEHCTBA M UX CUCTEMbI MO YCNOBWIO 3ala4i, MCCeaoBaTh MOCTPOEHHbIE
MOJENN C WCMONb30BaHMEM annapaTta anrebpbl, WHTEPNPETMPOBaTb MOMYYEHHbIN
pe3ynbTar.

DOyHKUMHU U TPAPUKHU:

CTPOMTb  rpatiMKn  KOMMO3ULUMN  (PYHKUMA € MOMOLLBIO  3/1EMEHTAPHOIO
1cCneaoBaHNs U CBOMCTB KOMNO3NLMN ABYX (YHKLIWIA;

CTPOMTb reoMeTpuyeckme 06pasbl YPaBHEHUIA U HEpPaBEHCTB Ha KOOPAMHATHOM
MAIOCKOCTW,

CBOOOAHO OMNepupoBaTb MOHATUAMMW: TPaPUKN TPUTOHOMETPUYECKUX (YHKLIWIA,

MNPUMEHATb (YHKLMN 715 MOAENMPOBaHMS U UCCNeA0BaHNA peasibHbIX MPOLECCOB.

Hauyasia MaTeMaTH4€eCKOIro aHaJIu3a:

MCNONb30BaTb MPOM3BOAHYIO NS UCCNeA0BaHUA (PYHKUMM HA MOHOTOHHOCTbL U
3KCTPEMYMbI;

HaxoAuTb Haubonbluee M HaMMeHbllee 3HayeHMs (YHKUMM HenpepbIBHON Ha
OTpE3KEe;

MCNONb30BaTb  MPOM3BOAHYI A1 HAXOXAEHMS  Hauy4yllero  peLleHuns
B NPUKMaAHbIX, B TOM YKC/E COLMATIbHO-3KOHOMMYECKMX, 3afadax, ANns onpeaeneHuns
CKOPOCTU N YCKOPEHUs npouecca, 3a4aHHoro hopmysion uam rpamkom;

CBOOOAHO OrnepmpoBaTb MOHATUAMW: MepBO06pasHas, OnpeaenéHHbIA MHTerpan,
Haxo4MTb NepPBOO6Pa3HbIe 31eMeHTapPHbIX (DYHKLMIA U BbIYNUCAATL MHTErpas Mo opmyne
HbtoToOHa—/1elibHNLE;

HaxoAuTb NoLaan NNoCKMX uryp n 06bLEMbI TeN ¢ MOMOLLBHO UHTErpana;

MMEeTb MNpeACTaB/eHMe O MaTeMaTU4eCKOM MOAENNPOBaHUM Ha  Mpumepe
cocTaB/ieHUst AndhepeHUMabHbIX YPaBHEHNI;

pewarb MpuKNagHble 3agayM, B TOM YMC/e COLMa/IbHO-3KOHOMUYECKOTO W
(hn3nueckoro xapakTtepa, CpeACcTBAMN MaTEMAaTUYECKOr0 aHaIn3a.
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TEMATHUYECKOE IINTAHUPOBAHHUE

10 KJIACC
Ha3saHue KonnuecTtso OCHOBHbIe BUbI feATENbHOCTU
OCHOBHOEe cofeprkaHue

pasgena (Tembl) Yyacos 0byyatoLmxcs
MHOXeCTBO 24 MHOXeCTBO, onepauunm Vicnonb3oBaTb TEOPETUKO-
[EeNCTBUTENbHBIX YMCEN. Ha/, MHOXECTBaMW 1 UX CBOWCTBA. MHOXECTBEHHbII arnapar
MHoOrouneHsil. Anarpammbl drinepa — BeHHa. [19 ONUCaHUA X0A4a peLleHus
PaLuoHa/IbHbIE YpaBHEHUS [MpmMeHeHne TeOpPETUKO- MaTeMaTUYecKMX 3afady, a Takxe

1 HepaBeHCTBa.
CuUCTeMbI IMHENHBIX
YpPaBHEHNIA

MHO>XECTBEHHOI0 annapaTra
0151 peLLeHns 3aaau.

PaunoHanbHble uncna. O6bIKHOBEHHbIE
N AeCATUYHbIE ApO6U, MPOLEHTHI,
6eCKOHeUHbIe Nepuoanyeckune apoow.
[MpumeHeHWe Apo6elt N NPOLEHTOB
AN peLleHns NpUKNagHbIX 3a4au.
[elicTBMUTENbHbIE YnCNa.
PauroHanbHble Y ppauvoHasbHbIe
ymcna. ApugmeTryeckne onepayun

C AeCTBUTE/bHLIMMW YMCIaMU.
Mogynb AeCTBUTENIbHOIO Y1Ca 1 ero
csoucTa. MpubnvxeéHHble
BbIYMCNIEHNA, NpaBuia OKPYrieHus,
NPUKNLKA 1 OLLEHKA pe3y/ibTaTa
BbIYNCNEHUIA.

peanbHbIX NPOLIECCOB W SIBMEHMWIA.
OnepupoBaTb MNOHATUAMM:
paLMoHanbHOe Ynco, 6eCKOHeUHas
nepuoamnyeckas apoob, NPOLEHTI;
MppaLmnoHanbHOe 1 AeiACTBUTENNbHOE
4MCNO; MOAY/b AENCTBUTENBHOIO
YMCNa; NCMOb30BATb 3TW MOHATUS
NPV NPOBEAEHNMN pacCyXAeHWi

1 00Ka3aTeNbCTB, MPUMEHSTb APO6Y
1 NPOLEHTbI A5 PELLEHNS
NPUKNaaHbIX 3a4a4 13 Pa3nnyHbIX
0Tpacnei 3HaHUA N peaibHON XXMU3HM.
cnonb3oBaTb NPMOGAMXKEHHbIE
BbIYMCNEHMS, NPaBWIA OKPYTIeHUS,
MPUKWAKY M OLEHKY pe3ynbTaTa
BbIYNCNEHUIA.
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OCHOBHbIE METO/AbI PeLLEHUNS LieNbIX

N OPO6HO-paLMOHA/IbHBIX YPaBHEHWA
1 HepaBeHCTB. MHOrousieHbl OT OA4HOW
nepemeHHOW. [lefleHNe MHOro4eHa
Ha MHOrOYJIeH C OCTaTKOM. Teopema
Be3y. MHOrousneHsbl C LefbimMu
KoathpuumeHTammn. Teopema BueTa.
PeLLeHe CUCTEM NIMHENHBIX
ypaBHeHMWn. MaTtpuua cucTeMbl
NNHENHbIX ypaBHEHWA. OnpeaennTesb
MaTpULLbl 2X2, ero reoOMeTpUYeCKnii
CMbIC/T 11 CBOWCTBA; BbIYMC/IEHME €r0
3HaYeHWsI; NPUMEHeHNe OnpeaennTens
0151 PeLLeHNs CUCTEMbI JIMHENHbIX
ypaBHeHWIA. PelleHne npuknagHbIX
3a/iay C MOMOLLLbHO CUCTEMbI JIMHENHBIX
YPaBHEHWIA

MpYMEHATL Pa3INYHbIE METOADI
peLLeHns paunoHasibHbIX 1 p06HO-
paLMOHa/IbHbIX YPaBHEHWIA; a Takxke
MEeTO/, MHTEePBA/IOB A/15 PELLEHNS
HepaBeHCTB.

OneprpoBaTb MNOHATUAMM MHOIOU/IEH
OT OAHO NEepeMeHHON, ero KOPHW;
NMPUMEHATb fefleHe MHOro4/1ieHa

Ha MHOTIOYJIEH C OCTaTKOM, Teopemy
Besy 1 TeopeMy Bueta ans peLueHuns
3ajau.

OneprpoBaTb MNOHATUAMM: CUCTEMA
NINHENHbIX YPaBHEHWIA, MaTpULa,
onpeaenuTesn MaTpuLlbl.
icnonb3oBaTh CBOMCTBA
onpeaenutensa 2 x 2 Anst BblYNCNEHUA
ero 3Ha4yeHus, NPUMeHATb
onpeaenuTeny Ans peLleHns CUCTEMbI
NNHENHBIX YPaBHEHMWIA.
MogenupoBatb peasibHble CUTYaLUn
C MOMOLLbKO CUCTEMbI NINHENHBIX
YPaBHEHWIA, UcCcneaoBaThb
MOCTPOEHHbIE MOAENN C MOMOLLIbHO
MaTpuL, U onpeaenuTenei,
MHTEPNPETUPOBATL MOJTYYEHHbIN
pesynbTar
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@YHKUMK 1 rpadnKu.
CTeneHHasa (yHKUMSA
C LieNbIM rnokKasaresiem

12

PYHKLMA, CNOoCcobbl 3a4aHns QPYHKLUNN.
B3anMHO o6paTHbIe hyHKLNN.
Komnosnums gyHKumiA. Ipaduk
(PYHKUMW. DneMeHTapHble
npeo6pazoBaHNs rpatiMKoB PYHKLUNIA.
O6nacTb onpesesnieHNs 1 MHOXECTBO
3HAYEHWI PYHKUMKW. Hynu QyHKLMK.
[MpOoMeXKyTKN 3HaKOMNOCTOSAHCTBA.
YETHbIE M HEYETHbIE (DYHKL MW,
[Mepuogmnyeckune QyHKUNN.
[MpOoMeXKyTKN MOHOTOHHOCTM
(hyHKUMKU. MakcMyMbl 1 MUHUMYMb
(hyHKUMKW. HanbosbLlee N HaMeHbLLee
3Ha4YeHune PYHKLMM Ha MPOMEXYTKe.
JInHeiiHas, KBagpaTuyHasa n Apo6Ho-
NNHerHas PyHKUMKN. DnieMeHTapHoe
nccnefoBaHve Y NOCTPOeHME rpadrkos
3TUX (PYHKLMIA.

CTeneHb C Le/ibIM NnokasaTesem.
buHom HbloToHa.

CTeneHHas PYHKLMSA C HAaTypa/bHbIM
M LenbIM rnokasaTeniem. E€ cBoiicTBa

W rpatmk

OneprpoBaTb NOHATUAMM: PYHKLMA,
cnoco6bl 3agaHnsa YHKUMK; B3aUMHO
obpatHble hYHKLMK, KOMMO3MLUMA
(hYHKUMIA, rpaduk QyHKLMK, 061acTb
onpeaeneHns N MHOXECTBO 3HaYeHWi
QYHKUMK, HYNU DYHKLAW,
MPOMEXXYTKM 3HAKOMOCTOAHCTBA;
NNHENHas, KBagpaTnyHas, Apo6Ho-
NINHENHasA 1 CTeneHHas yHKLUN.
BbINONHATL 3/1EMEHTapHbIe
npeo6pa3oBaHNsA rpativkoB YHKLINA.
3HaTb M yMeTb [0Ka3blBaTb YETHOCTb
NN HEYETHOCTb (DYHKLMN,
NePUOANYHOCTb PYHKLMU, HAXOANTb
NMPOMEXYTKM MOHOTOHHOCTY
(hYHKL KN, MaKCUMYMbl 1 MUHUMYMb!
(hYHKLMK, HanbOo blLLee N HaMeHbLLIEe
3HaYeHne PYHKLMN Ha MPOMEXYTKE.
dopmynmMpoBaTb 1 UNNKOCTPUPOBATb
rpacyeckn CBOCTBA IMHENHONA,
KBafpaTNU4HOM1, APO6HO-TMHENHON 1
CTENEeHHOW (DYHKLMWIA.

BbipaxkaTb hopMynamm 3aBUCUMOCTU
MeXAy BeTMYMHamW.

3HaTb OnpeaeneHne 1 CBOMCTBa
CTeneHw C LesbIM NoKasaTenem;
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noaxomsaLLyto opmy 3anmncu
[EACTBUTESb-HbIX YMCEN ANA PeLleHuns
NpaKTUYeCKMX 3a4ay 1 npeacTaBieHns
[aHHbIX

ApPUPMETNYECKNI KOPEHb 15 ApPUDHMETNYECKNIA KOPEHD dopMynnMpoBaTh, 3anmcbiBaTh
N-0i CTEeneHMN. HaTypa/lbHOI CTEMeHu 1 ero CBOWCTBA. | B CMMBO/IMYECKOIN opme
ppaLmoHanbHble [MpeobpazoBaHNs YNCNOBbIX 1 UCMO/1b30BaThb CBONCTBA KOPHS
ypaBHeHWUA BbIPXXEHWIA, COAEPKALLMX CTEMNEHN N-0i1 CTeneHn A5 npeobpasoBaHuns
N KOPHW. BbIPaXKEHNIA.
ppauroHabHble ypaBHeHNS. HaxoanTb peLleHns nppauyoHaibHbIX
OCHOBHbIe MeTOAbl peLleHns YPaBHEHWIA C MOMOLLIbIO
MppaLoHaIbHbIX YPaBHEHWIA. PaBHOCWU/IbHBIX NEPEXOLO0B UK
PaBHOCW/bHbIE Nepexo/bl B peLleHnn OCYLLECTBAAA NPOBEPKY KOPHEN.
MppaLoHaIbHbIX YPaBHEHWIA. CTpounTb rpagiuk YHKLMM KOPHS
CBolicTBa 1 rpaMK KOpHs n-oiA N-0i1 CTENEHN Kak 06paTHOM
CTeneHn Kak (hyHKLUM 06paTHON AN (YHKLUMM CTENEHN C HATYPa/TbHbIM
CTeneHu ¢ HaTypa/ibHbIM NoKa3aTeNleM nokKasaTeniem
[MokazaTesibHast PyHKLMS. 10 CTeneHb ¢ paunoHaIbHbIM dopmynnpoBathb onpeaeneHue

[Moka3aTenbHble ypaBHEHUSA

nokasaTesieM 1 eé€ CBONCTBa.
MokasaTesibHast PyHKLMS, eé CBOICTBA
N rpaduk. icnonb3oBaHwue rpauka
(hYHKUMM NS PELLEHNS YPaBHEHWA.
MokasaTenbHble ypaBHeHNS. OCHOBHbIe
MeTOAbl PeLLeHNs NnoKasaTe/lbHbIX
ypaBHEHWM

CTeMeHM C paLyoHa/IbHbIM
MoKasaTenem.

BbINoNHATL Npeo6pa3oBaHms
YCNOBbIX BbIPaXKEHWI, COAepXKaLLIMX
CTeNeHM C paLyoHabHbIM
rMoKasaTenem.

cnonb3oBaTh LMGPOBbIe pecypchbl
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AN TOCTPOeHUs rpadmka
rnokasaTe/lbHON (DYHKLMWN U N3yYeHUs
€€ CBOWCTB.

HaxoamTb peLleHns nokasate/ibHbIX
YpPaBHEHNIA

JNorapugmumnyeckas gyHKUNS. 18 Norapudm uncna. CorcTea [laBaTb onpeaeneHve norapugpma
Norapummyeckme norapugma. [ecatuuHble v ymcna; AeCATUYHOIO U HaTypPaslbHOro
ypaBHeHUs HaTypaJibHble Norapugmebl. norapugma.
[Mpeobpa3oBaHme BbIPaXXEHUMN, cnonb3oBaTb CBOMCTBA NI0rapumoB
cofepXamnx norapupmei. AN19 npeobpasoBaHuns
Norapumunyeckas pyHKUumS, NnorapuMUYeCcKnX BblpaXKEHWIA.
€€ CBOICTBa U rpafuK. CTponTb rpadmk norapugMm4ecKoi
cnonb3oBaHme rpadmka QyHKUUn (hYHKLMM KaK 06paTHOWA
ONS PeLeHNs YpaBHEHIA. K MoKasaTe/ibHOW M UCMo/b30BaTh
Jlorapugmmnueckme ypaBHeHUS. CBOWCTBA IOrapuMnYeCcKoin (hyHKLNN
OCHOBHbIE MeTO/bl peLLeHns O/19 peLleHns 3aaau.
NnorapnmMmMUecKnX ypaBHeHWIA. HaxoauTb peLueHus
PaBHOCWU/IbHbIE NePeXo/bl B peLUeHNN NorapuiMmnYecKnx ypaBHeHWin
NnorapuMUYeCcKnX ypaBHEHNIA C MOMOLLIbIO PaBHOCUJIbHbBIX MEPEX00B
W OCYLLIECTBNAS MPOBEPKY KOPHEN
TpuroHomeTpuyeckme 22 CWHyC, KOCUHYC, TaHIEHC U KoTaHreHc | [asaTb onpefeneHusa CUHyca,

BbIPQXXEHMS 11 YPaBHEHNS

4YMCNOBOro aprymeHTa. APKCUHYC,
APKKOCUHYC M apKTaHreHC YncnoBoro
aprymeHTa.

TpuroHomeTpuyeckass OKpY>XHOCTb,

KOCMHYCa, TaHIeHCa 1 KOTaHIreHca
YNC/I0BOI0 aprymeHTa,; a Takxke
dPKCNHYCa, apKKOCKHYCa "
dpPKTaHlreHca vymncna.
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onpejeneHne TPUroHOMeTPUYECKUX
(hYHKLMIA YNCNOBOTO aprymeHTa.
OCHOBHble TPUrOHOMETPUYECKIME
(hopmynbl. MNMpeobpasoBaHue
TPUrOHOMETPUYECKUX BblPXKEHUIA.
PeLLeHne TPUrOHOMETPUYECKNX
YpPaBHEHWIA

[MPUMEHATL OCHOBHbIE
TPUTOHOMETPUYECKIME (HOPMY/Ibl

Ansa npeobpasoBaHm
TPUrOHOMETPUYECKUX BblpaXKeHUM.
MpUMeHATL POPMY/bl TPUFOHOMETPUM
AN peLleHns OCHOBHbIX TUMOB
TPUrOHOMETPUYECKNX YPaBHEHWI

NocnenoBaTe/lbHOCTH
N Nporpeccum

10

MocnenoBaTelbHOCTK, CNOCOObI
3a/laHu1s NocnefoBaTe/IbHOCTeN.
MeTog MaTemaTMyeCcKor NHAYKUNN.
MOHOTOHHbIE N OrpaHNYeHHbIe
nocnegoBatesibHoCcTu. ctopus
aHa/Im3a 6eCKOHEYHO MasibIX.
ApvhmeTryecKas 1 reoMeTpuyeckas
nporpeccun.

BeckoHeuHO ybObIBatoLLas
reomMeTpryecKas nporpeccus.
CymMMa 6eCKOHeYHO yobIBatoLLEei
reoMeTpUYecKoin nporpeccuu.
JINHEHbIN N 3KCMOHEHUMASTbHBIN
poCT. Yuncno e.

dopmMyna CNOXHbIX NPOLIEHTOB.
icnonb3oBaHme nporpeccum

O/19 peLleHns peasibHbIX 3a4au
NPUKNaAHOro Xapakrepa

OnepupoBaTb MNOHATUSMM:
nocneaoBaTelbHOCTb, CMOCO6bI
3afjaHns NocnefoBaTe/lbHOCTEN;
MOHOTOHHbIE U OrPaHUYEHHbIE
nocneaoBaTe/IbHOCTU; UCCef0BaTh
nocneaoBaTe/lbHOCTM Ha
MOHOTOHHOCTb U OrpaHNYeHHOCTb.
NMonyyatb NpeacTaB/eHne

00 OCHOBHbIX MAesax aHanm3a
6eCKOHEeYHO MaslbiX.

[laBatb onpeaeneHve
apuHMETUYECKOI 1 FreOMETPUYECKOA
nporpeccun. [lokasblBaTb CBONCTBA
apuHMETUYECKON 1 FreOMETPUYECKONA
MPOrpeccun, Haxo4mTb CYMMY Y/IEHOB
MPOrpeccun, a Takxke CyMmy YsieHOB
6eCKOHEYHO YObIBatoLLEeN
reoOMeTPMYECKOI Nporpeccun.
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icnonb3oBaTth Nporpeccun

A4 peLleHmns 3afa4d npuKknagHoro
Xapakrep.

[MpuUMeHATL (hOpMY Y CNOXKHbIX
MPOLIEHTOB 418 peLleHns 3a4au
N3 peasibHOM NPaKTUKK

HenpepbliBHbIE PYHKLNN.
[MpounsBogHas

20

HenpepbIBHble (OYHKLMN 1 UX
cBolicTBa. To4ka paspblBa.
ACUMNTOTbI FPaPUKOB (hYHKLINIA.
CBoiicTBa PYHKLMIA HENPEPbIBHbIX
Ha oTpe3ske. MeTof MHTEPBasIOB

0151 peLLeHNs HepPaBEHCTB.
[MprIMeHeHWe CBOMCTB HernpepbIBHbIX
(DYHKLMIA NS peLleHns 3aay.
MepBast 1 BTOpast NPOM3BOAHbIE
(yHKUMKn. OnpeaeneHue,
reoMeTpPUYECKniA 1 hM3NYECKNIA CMbICH
NPOV3BOAHON. Y paBHEHME
KacaTe/lbHON K rpadnky yHKLMW.
[pon3BoaHbIe 31eMEHTaPHbIX
(hYHKLMIA. [pon3BOAHAS CYMMBI,
MPOM3BEAEHUS, YACTHOIO U
KOMMO3MUmn yHKLWIA

OnepupoBaTtb MNOHATUAMMN: PYHKLNA
HenpepbIBHas Ha 0TPe3Ke, TOUKa
paspbiBa (DYHKLMKW, aCUMMTOTA
rpadumka QyHKuun.

MpYMEHATb CBONCTBA HENPEPBIBHBLIX
(DYHKLMIA AN peLleHns 3aay.
OneprpoBaTb NOHATUAMM: MepBast u
BTOpasi MPOM3BOAHbIE (DYHKLNN;
MOHUMATb (IM3NYECKNIA 1
reOMETPUYECKNIA CMbIC/ MPOV3BOAHON;
3anncbiBaTh ypaBHEHME KacaTebHOM.
BbluncnaTe NPon3BoAHbIE CYMMb,
NPOM3BEAEHNS, YACTHOIO N C/TIOXKHOM
yHKL MW,

3yyaTb NPON3BOAHbBIE 3/1EMEHTAPHbIX
hYHKLNNA.

icnonb3oBaTb reoMeTpPUYECKUiA U
(PM3NYECKUNIA CMbIC/T MPOW3BOLHOM

AN peLleHns 3aaau
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[MoBTOpEHME, 0606LLEHNE, 5 OCHOBHbIE MOHATKA Kypca anrebpsbl [MpUMEHSATb OCHOBHbIE MOHATUA Kypca
cucTeMaTmsaums 3HaHWUi M HaYya MaTemMaTMyecKoro aHaimnsa anrebpbl U Ha4Yan MaTeMaTUYeCcKoro
10 knacca, 0606LLleHMe 1 aHann3a 4na peLleHnsa 3agad
cucTeMaTmnsaumsa 3HaHUi N3 peasibHOM YXXMU3HU N JpYTuX
LLIKO/IbHbIX MPeLMeTOB
OBLLEE KOJIMYECTBO 136

YACOB 0 NPOIrPAMME
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11 KUIIACC

C NOMOLLLbO NMPOV3BOAHOM

HasBaHue KonnuecTso OcCHOBHoOEe cofepXaHue pasgena OCHOBHbIe BUbI feATENbHOCTU
pasgena (Tembl) Yacos (Tembl) obyyaromxcs
ccneposaHme (hyHKUNIA 22 [MprMeHeHWe NPON3BOAHOM CTpouTb rpagimk KoMnosnumum

K MCCNeaoBaHNIo PYHKLMIA

Ha MOHOTOHHOCTb M 3KCTPEMYMbI.
HaxoxneHvne HanbobLLErO U
HaMMeHbLUEro 3Ha4YeHNS HernpepbIBHOM
(hYHKUMKN Ha OTpeske.

[MprMeHeHWe NPON3BOAHOA

ANt HAXOXAEHNS HanyudLLero
peLLeHNs B NPUKNaAHbIX 3afaqax,

AN onpefeneHns CKOpocTu u
YCKOPEHMA npotiecca, 3aflaHHOro
thopmynoin nnu rpaiMKom.
Komnosuums dhyHKLUKiA.
"eomeTpryecKre 06pasbl ypaBHEHUI U
HepaBEHCTB Ha KOOPANHATHOM
NNOCKOCTN

(PYHKLMIA C NOMOLLIbIO 3/IEMEHTAPHOIO
McecnefoBaHNs U CBOMCTB KOMMO3ULMK,
CTpouTb reoMeTpu4ecKkme 0bpasbl
YPaBHEHWIA N HEPABEHCTB

Ha KOOPAMHATHOW MNOCKOCTMW.
Vicnonb3oBatb NPOW3BOAHYHO

AN19 UccnefoBaHNsa YHKUUN

Ha MOHOTOHHOCTb 1 3KCTPEMYMb!;
HaxoauTb HanbosbLIee N HaMMEHbLLIEE
3HaYeHNs (DYHKLMN HENPEPbIBHOW Ha
0Tpe3Ke; CTPOUTb rpafnKn PyHKLMNIA
Ha OCHOBaHWM NPOBEAEHHOIO
nccnenoBaHus.

icnonb3o0BaTb NPOM3BOAHYHO

A9 HAX0X/AEHWSA HanTyYLLIero
peLleHns B NpUKNagHbIX, B TOM YnCne
COLMaIbHO-3KOHOMNYECKUX, 3aaa4ax,
ANA onpeaeneHnsa CKopocTu

N YCKOPeHns npovecca, 3aaHHoro
thopMynor unu rpaguKom.

MonyyaTb NpeacTaBneHne
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0 MPVUMEHEHWU NPOV3BOHONA
B Pa3/IMYHbIX OTPACNSX 3HAHWIA

[MepBOO6pa3Has N MHTerpas 12 [MepBooGpa3Has, OCHOBHOE CBOWCTBO OnepunpoBaTb NOHATUAMMU:
nepBoobpasHbIX. NepBoobpasHble nepBoobpa3Has 1 onpeenéHHbIN
aNleMeHTapHbIX (YHKLMIA. [paBuia NHTerpan. Haxoantb nepsoobpasHble
Hax0oXAeHNs NepBo0OPa3HbIX. 3/leMeHTaPHbIX PYHKUNUIA N BbIYUCISATD
NHTerpan. FeomeTpuyecKnii CMbIC/ NHTerpan no gopmysne HblOTOHa—
NHTerpana. BoluncneHne JNelibHnua.

OnpeaeneéHHoro nHTerpaaa no HaxoauTb nnowaan naockux guryp
(hopmyne HbtoTOHa— JleinbHuLa. N 06bEMBI Te/ C MOMOLLbIO
[MpuMeHeHne nHTerpana onpeaenéHHoro MHTerpana.

0J151 HAXOXKAEeHUA NoLwasein 3HaKOMUTLCA C MaTeMaTUYECKUM
NAOCKUX uryp n 06bEMOB MOZEeNnpoBaHeM Ha nNpumepe
reoMeTpuYecKmnx Tern. AnhepeHUnanbHbIX YpaBHEHNIA.
MpyMepbI peLLeHunit [MonyyaTb NpefCcTaBneHNEe O 3HAYEHUN
angdepeHUmanbHbIX YpaBHEHWA. BBEEHMA NOHATUA MHTErpana
MartemaTnyeckoe MOLENNPOBaHNE B pa3BUTMM MaTeMaTUKK

peasibHbIX MPOLLECCOB C MOMOLLbIO

anhepeHUmManbHbIX YpaBHEHWIA

[Mpagmkm 14 TpUroHoMeTpryecKune YHKUNN, NX icnonb3oBaTh UMQPOBLIE pecypebl

TPUTOHOMETPUYECKUNX CBOWCTBA U rpatnKu. A/19 NOCTPOEHWA rpagnKoB

(hYHKLNNA. OT6OpP KOPHEN TPUrOHOMETPUYECKIMX TPUTOHOMETPUYECKUX PYHKLNN 1

TpuroHomeTpuyeckue YPaBHEHWIA C MOMOLLLbHO N3yYeHUs X CBOMCTB.

HepaBeHCTBa TPUrOHOMETPUYECKON OKPY>KHOCTW. PeluaTtb TpUroHoOMeTpuyeckue
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PeLLieH e TPUrOHOMETPUYECKIX
HEepaBeHCTB

YpaBHEHUSA 1 OCYLLECTBIATL 0TOOP
KOPHEN C MOMOLLbHO
TPUrOHOMETPUYECKOM

OKPYXXHOCTMW.

MpYMEHATb OPMY bl TPUTOHOMETPUK
[J151 PeLLeHNs OCHOBHbIX TUMOB
TPUrOHOMETPUYECKNX HEPABEHCTB.
icnonb3oBaTh LMMPOBbIE pecypcsl
A1 NOCTPOEHUSA U UCCel0BaHNS
rpaKoB (hyHKLMI

ppaunoHasnbHble,
rnokasare/ibHble U1
norapupmMmnyeckmne
HepaBeHCTBa

24

OCHOBHble MEeTO/bl PELLIEHNS
NOKa3aTe/bHbIX 1 NorapuMnYecKnx
HEepaBeHCTB.

OCHOBHble MeTO/lbl PeLLIeHMS
MpPPaLMOHa/IbHbIX HEPABEHCTB.
["pachmueckme MeToAbl PeLLEHMS
MppaLoHanbHbIX, MOKa3aTe/bHbIX 1
NorapuhM1MUYecKnX ypaBHEHNIA 1
HEepPaBEHCTB

[MpUMeHATbL CBOMCTBA NOKa3aTe/1bHOM
N NOrapumMmn4eckomn yHKLNIA

K peLleHunto nokasaTebHbIX U
norapuMnYecknX HepaBeHCTB.
O6ocHOBaTb PaBHOCU/IBHOCTb
NepexoAos.

PeLlaTb MppaunoHaibHbIe K
KOMOWHMPOBaHHbIE HEpaBeHCTBA,

C MOMOLLbHO PaBHOCUbHBIX
Nnepexo/oB.

icnonb3oBaTb rpagmyeckme MeToapl
1 CBOWCTBA BXOAALLMX B YpaBHeEHMeE
WA HEPaBEHCTBO (DYHKLMI

[N19 peLleHns 3a4a4n
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KomnneKkcHble ymcna 10 KomnnekcHble yncna. Anrebpanyeckad | OnepupoBaTb MOHATUSAMMU:
N TPUrOHOMETPUYECKas (POPMbI 3armMcn | KOMIMIEKCHOE YMC0 N MHOXKECTBO
KOMM/IEKCHOr0 Yncna. KOMMJIEKCHbIX Yncen.
AprmeTHYeCKMe onepauum [MpeacTaBnsATb KOMMIEKCHbIE YMcna
C KOMMNEKCHbIMW YnCaMMu. B a/irebpanyeckoi 1
306paxkeHre KOMMIEKCHBIX YNCeST TPUrOHOMETPUYECKOW (hopMe.
Ha KOOPAMHATHOW MIOCKOCTMW. BbINONHATE apumeTnyeckme
dopmyna Myaspa. KopHu n-oit onepauyum ¢ HAMN,
CTEMNeHM U3 KOMMIEKCHOro Yncna. 1306paxaTb KOMMIEKCHbIe Yncna
[MprMeHeHe KOMMIEKCHbIX Yncen Ha KOOPAMHATHOM MIOCKOCTW.
AN peLleHns (on3nyecKnx v MpumeHATL hopmyny Myaspa 1
reoMeTpUYeCcKmnx 3afad nosyyatb NpefcTaBeHne 0 KOPHSAX
N-0i CTENEeHN U3 KOMMJIEKCHOI 0 Yncna.
3HaKOMUTLCA C NpuMepamm
NPYMEHeHNS KOMMMIEKCHbIX Yncen
ANA peLleHns reoMeTpUYecKmx 1
(hmM3nyeckmx 3amau
HaTtypanbHble 1 Lienble yncna 10 HaTtypasibHble 1 Lenble Yncna. OnepunpoBaTtb NOHATUAMN:

[MprMeHeHVe NPU3HaKOoB Ae/TIMMOCTH
uenbix ymcen, HOA n HOK, ocTtaTkoB
no mMoaynto, anroputMa EBknnaa

ANA peLleHns 3aad B Lie/bIX Yncnax

HaTypasibHOE 1 Liesioe Ymcno,
MHOXXECTBO HaTypa/ibHbIX W LIeNbIX
yucen.

icnonb3oBatb NPU3HAKN AENNMOCTU
LIeSIbIX YMCeN; OCTATKM NO MOAY/IO;
HO/J 1 HOK HaTypanbHbIX uncen;
anropntm EBknnaa ans peleHms
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3afau.

3anucbIBaTh HaTypasibHble Yncna

B Pa3NNYHbIX NO3ULMOHHBIX CUCTEMAX
cuncneHus

CucTeMbl paLnoHasIbHBbIX, 12 Cuctema 1 COBOKYMHOCTb YPaBHEHWA, OneprpoBaTb NOHATUAMM: CUCTEMA U
MppaLoHaIbHbIX PaBHOCU/IbHbIE CUCTEMbI 1 CUCTEMbI- COBOKYIMHOCTb YpaBHEHUI U
MoKaszaTe/lbHbIX CleicTBUA. HepaBEHCTB; PeLEHME CUCTEMbI UK
W NIOrapuiMmMUecKmx OCHOBHble MeTO/lbl PELLIEHNS CUCTEM U | COBOKYMHOCTU; PaBHOCWU/IbHbIE
ypaBHeHWi COBOKYMHOCTEWN paumoHa/IbHbIX, CUCTEMbI U CUCTEMbI-CNEACTBUS.
MppaLmoHanbHbIX, MOKa3aTe/bHbIX U HaxoauTb peLleHns CUCTeM K
NnorapuMUYECKNX YpaBHEHWNIA. COBOKYMHOCTEN LenbIX
MpVYIMEHeHMEe YpaBHEHWIA, CUCTEM 1 pauMOHa/IbHbIX, MPpaLMOHasbHbIX,
HEPaBEHCTB K PELLEHUNIO noKasaTe/bHbIX 1 TOrapuMmUUYecKmnx
MaTemaTn4eckux 3agay u 3agaq YPaBHEHWI 1 HEPABEHCTB.
13 pasIMYHbIX 061acTel HayKun u [MpPYMEHATL CUCTEMbI YPaBHEHWIA
peasibHOM XXM3HW, MHTEprpeTaums K peLLeHnIo TEKCTOBbIX 3aau
MONTyYeHHbIX pe3y/bTaToB 13 pasNMYHbIX 061aCTeil 3HaHWIA 1
peasibHOM XXM3HW; MHTEPNPETMPOBATb
MONYYeHHbIe PeLLIeHUs.
cnonb3oBaTh LUPPOBbIE
pecypcsl
3agaun ¢ napameTpamu 16 PaLMoHanbHble, MppaLnoHabHbIe, Bbi6rpaTh cnocob peLueHus

MoKa3saTe/lbHble, 10rapupMUYECKUE 1
TPUrOHOMETPUYECKIE YPABHEHNS,
HepaBeHCTBa M CUCTEMDb

PaLNOHa/IbHBIX, MPPaLIMOHANbHbIX,
MoKasaTe/bHbIX, TOrapuMUUYECKNX 1
TPUrOHOMETPUYECKUX YPaBHEHWIA
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C napameTpamu,
[MocTpoeHre 1 uccnefosaHune
MaTemMaTu4ecKnxX Mogesiein peasibHbIX
CUTYyauuii C MOMOLLGHO YPaBHEHWA,
CUCTEM YpaBHEHWIN N HEPaBEHCTB

C NnapameTpamu

N HePaBEHCTB, COAePKaLLmMX
MOAYNN 1 NapameTpbl.

[MpuMeHsTL rpagnuyeckne u
aHa/IMTUYECKME METOAbI NS PeLLeHns
YPaBHEHWIA N HEPABEHCTB

C MapameTpamu, a TaKkxe
ncecnefoBaHve PYHKUMIA MeTogamm
MaTemMaTn4eckoro aHanmsa.

CTpouTb 1 nccnefoBatb
mMaTemMaTUyecKue Mogenn peasibHbIX
CUTYyauuiA C MOMOLLbHO YPaBHEHWA,
HepaBEeHCTB U CUCTEM

C NapameTpamu

[MoBTOpPEHWNE, 06006LLEHNE,
cucTeMaTmnsaums 3HaHWi

16

OCHOBHbIe MOHATUSA U METOAbI Kypca,
0006LLeHME 1 crcTEMATU3aLMA 3HAHWIA

MogennpoBsatb peasibHble CUTYyaLnn
Ha A3bIKe anrebpbl, COCTaBNATb
BbIPaXKEeHNS, ypaBHeHWs, HepaBeHCTBa
N NX CUCTEMbI MO YC/IOBUIO 3a4a4u,
nccnefoBaThb NOCTPOEHHbIE MOAENN

C UCNo/Ib30BaHMEM annapara anreépesl,
NHTEPNPEeTMPOBaTb MOYYEHHbIN
pe3ynbTart.

[MpUMEHATL PYHKLMM

AN MOAeNpPoBaHNA N UccnefoBaHNS
peasibHbIX NPOLLECCOB.

PeLlaTb NpuknagHble 3a4ayu,
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B TOM UMC/E COLMaIbHO-
3KOHOMWYECKOTO U (PU3NYECKOTO
XapakTepa, CPeICTBaMI anreopb
1 MaTeMaTYecKOoro aHanm3a

OBLWEE KOJIMYECTBO
YACOB 0 NPOIrPAMME

136
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®EAEPAIBHAA PABOYAA NPOrPAMMA YYEBHOIO KYPCA

«I'EOMETPUS»

NOACHUTE/IbHAA 3AMNMUCKA

CeomeTpus ABNAETCH O4HWM M3 6a30BbIX KYypCOB Ha YpPOBHEe CpefHero oO6Luero
06pas3oBaHus, Tak Kak 06ecneyrBaeT BO3MOXHOCTb U3YYeHMS AUCLMMNIIMH eCTECTBEHHO-
Hay4HOW HanpaB/fIeHHOCTU M NPeAMETOB N'yMaHUTApHOIro UuKna. MocKosbKy nornyeckoe
MbILLIEHNE, (DOPMUPYEMOE TMPU  U3YYeHUU OOY4YatOLMMMUCA MOHATUIAHBIX OCHOB
reoMeTpun, nNpv [oKa3aTe/bCTBe TEOPeM W MOCTPOEHMM LEMOYKM  NTOrMYECKUX
YTBEPXXAEHWIA NPY PeLLIeHN reOMeTPUYECKMX 3a4ad, YMeHVE BbIABUIaTb U ONpoBepraTb
rMnoTesbl HEMOCPEACTBEHHO UCMO/b3YHOTCA NPY PeLLeHNI 3a1a4 eCTECTBEHHO-Hay4YHOro
LMKNa, B YaCTHOCTM (hM3MYECKMX 3aau.

Llenb OCBOEHWsi mporpammbl Y4eOGHOro kypca «leometpusi» Ha yrny6/néHHOM
YPOBHE — pasBuTNE WHAMBUAYA/IbHbLIX CMOCOOHOCTEN 06yuvatoWwmxcsa Mnpyu U3yyveHuu
reoOMeTpum, Kak COCTaBNAIoLLEN NpeAMETHOM 06/1acTh «MaTemaTtmka 1 MH(hopmaTrKay»
yepe3 obecneyeHe BO3MOXHOCTWN MPUOBPETEHNA M UCMNONb30BaHUS Gonee rnyooKnX
reoMeTPUYECKNX 3HaHWUIA 1 eCTBUIA, CNeLngpUYHbIX reOMeTPMKU, U HEOBXOAUMBIX /14
YCMELIHOro Mpog)ecCMOHaIbHOrO  00pa30BaHnsA, CBA3aHHOTO C  UCMOJ/Ib30BaHWEM
mMaTemaTuKm.

MpyvopUTETHBIMA  3afa4yamMn  Kypca TreoMeTpuuM Ha YriyonéHHOM  YPOBHE,
PaCLUMPSIOLLMMU U YCUIMBAIOLLMMU KypC 6a30BOr0 YPOBHS, ABNAIOTCS:

pacluMpeHe npeacTaB/eHUs O reoOMeTpMM KaK 4acTu MUPOBOW KyNbTypbl W
(hopmMrpoBaHMe 0CO3HAHNSA B3aMMOCBS3M FTEOMETPUN C OKPYXKatoLLMM MUPOM;

(hopmMmpoBaHue NpeacTaBieHNs 0 MPOCTPAHCTBEHHBIX (hMrypax Kak 0 BaXKHeMLMX
MaTemMaTUYecKuX Mogensx, Mo3BOMSOWMX ONUCbIBaTb UM M3yvaTb pasHble ABMIEHUS
OKPYXXatoLero Mupa, 3HaHwWe MOHATMIHOroO annapata no pasgeny «CTepeoMeTpus»
y4ebHOro Kypca reomeTpuu;

(hopMUpoBaHME YMEHWUA BNafeTb OCHOBHLIMU MOHATMSIMW O MPOCTPAHCTBEHHbIX
(urypax M uX OCHOBHbIMW CBOWCTBaMMW, 3HaHWe TeopeM, (OPMYy/ W YMeHue
NX NPUMEHATb, YMEHUS A0Ka3blBaTb TEOPEMbl M HAXOAWUTb HECTaHAAPTHbIE CMOCO6bLI
peLleHns 3a4ay;

(hopMUpOBaHMEe YMEHUSA pacro3HaBaTb Ha YepTeXxXax, MOAeNsX U B peasibHOM Mupe
MHOrOorpaHH/UKM 1 Tena BpaLLeHUs, KOHCTPYMPOBaTb reOMeTPUYECKME MOAENN;

(hopMUpOBaHME MOHUMaHMSA BO3MOXHOCTM  aKCMOMATMYeCKOro MoCTPOeHUs
mMaTeMaTUYeckux Teopuid, (OPMMPOBaHWE MOHUMaHWA POMM  aKCMOMAaTUKK Mpu
MPOBEAEHNN PaCCYXAEHUI;

(hopMUpOBaHNE YMeHUs BfafeTb MeTodaMu [0Kas3aTe/bCTB W aropuTMOB
PELUEHMNSs,, YMEHMSA UX NPUMEHSTb, NPOBOANUTL [0KasaTe/flbHble PacCy)XXAeHUs B Xo[e
PeLleHnst CTEPeOMETPUYECKMX 3afady M 3afa4y C MPaKTUYECKUM COLEepXKaHUEM,
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(hopmMupoBaHMe NpeacTaBeHNs 0 HEOOXOAMMOCTM [0Ka3aTeNbCTB Mpu 060CHOBaHMM
MaTemMaTUYecKUX YTBEPXAEHUA WU PONN aKCUOMATUKW B MPOBELEHUN [LefyKTUBHbIX
PacCy>XAeHWA;

pa3BUTME N COBEPLLEHCTBOBAHWE NHTE/NEKTYa/IbHbIX Y TBOPYECKUX CMIOCOOHOCTEN
obyyatolmxcs,  Mo3HaBaTe/lbHOM  aKTMBHOCTM,  UCCMEA0BATeNlbCKMUX  YMEHW,
KPUTUYHOCTUW MbILLSIEHNA, MHTepeca K U3y4YeHMIO reOMeTpuu;

(hopmmpoBaHme PYHKLMOHaIbHON FPaMOTHOCTK, Pe/leBaHTHON reOMeTpUm: YMeHUS
pacno3HaBaTtb NPOSBIEHNUA TEOMETPUYECKNX NMOHATUIA, O0OBLEKTOB M 3aKOHOMEPHOCTeN
B PeasibHbIX XXM3HEHHbIX CUTyauusax u npu U3yvyeHUU Opyrux y4debHbIX NPeamMeToB,
MPOSIBNEHNS 3aBUCUMOCTEN U 3aKOHOMEPHOCTEN, MOAE/TMPOBAHNSA peasibHbIXCUTYaLUUiA,
nccnefoBaHns NOCTPOEHHbIX MOJeNen, MHTepPMNpeTaLmMm NoMyYeHHbIX pPe3ybTaToB.

OCHOBHbIMM ~ COAEPXKATeSIbHbIMUA  [IMHUAMKW  y4yebHOro Kypca «IeoMeTpusa»
B 10-11 «knaccax gasnatoTca: «[lpaMble M MJOCKOCTM B MPOCTPaHCTBE»,
«MHoOrorpaHHuKu», «Tena BpalleHus», «BeKTOpbl U KOOPAMHATbl B MPOCTPaHCTBEY,
«[ABMXKEHMS B NPOCTPAHCTBE».

CoopmynupoBaHHoe B @PIFOC COO TpeboBaHMe «yMeTb OMNepupoBaTb
MOHATUSAMU», PENEBAHTHbLIX FEOMETPUN Ha Yrny6/nEHHOM ypoBHe 06yyeHusi B 10-11
Knaccax, OTHOCUTCA KO BCeEM COJepXKaTeflbHbIM JIMHUAM Y4ebHOro Kypca, a
(hopmMmpoBaHMe NOrMYECKNX YMEHWUIA pacnpefensieTcs He TONMbKO MO CoAepXKaTe/lbHbIM
NMHWAM, HO M NO rofgam o06ydeHus. Cofep)kaHne 06pa3oBaHWs, COOTBETCTBYHOLLEE
npeAMeTHbIM  pe3y/nbTaTaM  OCBOeHMs  defepasibHOM  paboyeir  nporpaMmmbl,
pacnpefenéHHbIM No rogam 00yYeHWs, CTPYKTYPMPOBAHO TakmMm 06pa3oM, UTOObI KO
BCEM  OCHOBHbIM, MPUHUMNUabHLIM ~ BOMpocam  obyuvatowimecs  obpalasinch
HEO[HOKPAaTHO. ITO MO3BO/ISET OPraHM30BaTb OB/afEeHNE TEOMETPUYECKUMIU NOHATUAMU
M HaBblKaMW MOC/eA0BaTE/IbHO W MOCTynartesibHO, C COGNOAeHVEM MpPUHLMNA
MPeeMCTBEHHOCTN, & HOBble 3HAHWA BK/OYaTb B OOLLYH CUCTEMY FeOMETPUYECKMX
NpeACcTaBNEHU  ObyuvaloLMXCs, pacwmpsss u o yrnybnas eé, obpasys nNpoyHble
MHOXeCTBEHHbIE CBA3N.

[Mepexof K U3y4YeHWIO reoMeTpun Ha Yriy6/1€HHOM YPOBHE MO3BOJISET:

co3faTb ycnoBus 415 guddepeHumaunm obyyeHms, NoCTPOeHNS NHANBULYaIbHbIX
obpasoBaTe/fibHbIX MporpaMm, 06ecrneynTb Yriy6néHHoe W3ydeHWe TeoMEeTPUUKaK
COCTaBNAIOLLEN y4ebHOro npeameTa «MaTtemaTuka;

MOArOTOBUTb 06YYatOMXCA K MPOLO/HKEHUIO M3YUYeHUS MaTeMaTUKN C YYETOM
Bbloopa Oypayllel npodgeccun, obecrneymBas MPEEMCTBEHHOCTb MeXay 06wumu
MPOEeCCUOHaIbHbIM 06pa30BaHNEM.

Ha n3yyeHue yyebHOro Kypca «lreomeTpus» Ha yrny6/1eHHOM YPOBHE OTBOAUTCS
204 vaca: B 10 knacce — 102 yaca (3 vaca B Hepgento), B 11 knacce — 102 vaca (3
yaca B Heflento).
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COJEP XAHUE OBYUYEHUA

10 KJIACC

HpﬂMble U IIJIOCKOCTH B IIPOCTPAHCTBE

OCHOBHble MOHATUA CTepeoMeTpun. Touka, NpsAMasi, MAOCKOCTb, MPOCTPaHCTBO.
MoHsATVEe 06 aKCMOMATUYECKOM MOCTPOEHNM CTEPEOMETPUN: aKCUOMbI CTEPEOMETPUN 1
CNeACTBUSA U3 HUX.,

B3aMMHOe pacnosnoxeHve MpsAMbIX B NPOCTPaHCTBE:  MepeceKaroLimecs,
napannesibHble ¥ CKpeLmBatolmecs npsmble. MNpusHakyM CKpeLmBatoLLMXCs NPSAMbIX.
MapannenbHOCTb NPAMbIX U MNIOCKOCTEA B NPOCTPaHCTBE: NapasfefibHble MpsMbleB
NPOCTPaHCTBE, NapanfeflbHOCTb TPEX NPSMbIX, MapanieslbHOCTb NPSMOIA U MAOCKOCTK,
MapannenbHoe W LeHTpasbHOe MPOEKTMpOBaHue, u3obpaxeHne ¢uryp. OCHOBHbIE
CBOICTBa MapanfeslbHOro MNPOEKTUpPOBaHMS. W306paxkeHne uryp B napannenibHoM
MNPOEKUMW. YTNbl C COHarpaB/ieHHbIMW CTOPOHAaMKM, Yron Mexay MpsAMbIMU
B npocTpaHcTBe. [MapanienibHoCTb NIOCKOCTeN: NapasiefibHble MI0CKOCTH, CBOWCTBA
napannesibHbIX NA0CKOCTE. MpocTelilume NPOCTPaHCTBEHHbIE (IUIYPbl HA MIOCKOCTY:
TeTpasgp, napannenenunes, NOCTPOEHUE CEYEHWIA.

MepneHAnKYNSPHOCTL MPSIMOA M MIOCKOCTU:  MEPreHANKYNSApHbIE  MPSMbIEB
MPOCTPaHCTBE, NpsiMble NapannefbHble U NepneHANKYspHbIe K MIOCKOCTU, MPU3HaK
NeprneHAnKYNSPHOCTA NPAMO U MNOCKOCTK, TeopeMa O MPAMOI nepneHanKyNsapHON
NAocKocTn. OpTOroHa/lbHOE MPOEKTUPOBaHMe. [lepneHAnKYNsap W HaK/IOHHbIE:
pacCTOsHWE OT TOYKM A0 NAOCKOCTKU, pacCTOsSHME OT NPAMON A0 NIOCKOCTW, NPOEKLMS
urypbl  Ha  NAOCKOCTb.  [eprneHAMKYNAPHOCTb  M/IOCKOCTEW:  MpU3HaK
nepneHAMKYNSPHOCTY ABYX MIOCKOCTEN. TeopeMa 0 TPEX NepneHanKynspax.

Yrbl B MPOCTPAHCTBE: Yron MeXay MpsSMOi U NAOCKOCTbIO, ABYIPaHHbIA yron,
NNHENHBIVW Yron ABYrpaHHOro yrna. TpéXrpaHHbIA U MHOrorpaHHble yribl. CBOMCTBa
MOCKNX YrNOB MHOrOrpaHHoro yrna. CBOICTBA MNIOCKMX W [ABYFPaHHbIX Yr0B
TPEXTPaHHOro yrna. Teopembl KOCUHYCOB M CUHYCOB A/ TPEXTPaHHOIO yrna.

MHoOrorpaHHuKH

Buabl MHOTOrpaHHUKOB, pa3BépTKa MHOrorpaHHuKa. Mpusma: n-yrosibHas npusma,
npsAMas W Hak/OHHas npu3Mbl, OOKOBas W MOMHas MOBEPXHOCTb  MPU3MbI.
Mapannenenuneq, NPSMOYro/bHbIA Napannenenunes n ero ceoincTea. Kpatyaniume nytu
Ha MOBEPXHOCTU MHOrorpaHHuKa. Teopema 3inepa. [pocTpaHCTBEHHas Teopema
Mudparopa. Mupammaa: n-yronbHas nupaMyaa, NpaBUibHas U YCEYEHHAs MMpamupbl.
CsolicTBa pébep M OGOKOBbIX TrpaHel npaBubHOM nupamuabl.  paBubHbIE
MHOFOrPaHHWKW: NpaBu/ibHas Mpu3Ma W MNpaBW/bHas NMpaMuaa, NpaBW/bHas
TpeyrosibHasi nmpamnga v npaBubHbIA TeTpasap, Ky6. MNpeactaBneHne 0 NpaBUsIbHbIX
MHOrOrpaHHMKax: OKTasap, AoAeKasap 1 nkocasaap.

BbluncneHne 3nemMeHTOB MHOrOrpaHHMKOB: pébpa, AmaroHanu, yribl. [lnowanb
OOKOBOW MOBEPXHOCTM U NO/IHON NMOBEPXHOCTU NPSIMOIA NPU3MbI, NOLLaAb OCHOBAHWN,
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Teopema 0 60KOBOW MOBEPXHOCTU MPAMOK NMpU3Mbl. [10wwaas 60KOBOW MOBEPXHOCTU U
MOBEPXHOCTW MPaBW/IbHON Npammnbl, TeOpPeMa O NIoWaan YCe4eHHON npammpl.

CumMMmeTpuss B MNPOCTPAHCTBE.  DNIEMEHTbl  CUMMETPUM  MPaBUJIbHbIX
MHOTOrpaHHMKOB. CuMMeTpust B MNPaBW/IbHOM  MHOTOrPaHHUKE:  CUMMETPUS
napasinenenunega, CUMMETPUS  NPaBWIbHLIX  MPU3M, CUMMETPUA  MPaBUIbHOWA
nupammapl.

BeKTOpr H KOOPAUHATLI B IIPOCTPAHCTBE

MOHATKS: BEKTOP B MPOCTPAHCTBE, HYNEBOI BEKTOP, [/IMHA HEHYNEBOIO BEKTOPA,
BEKTOPbl  KO/IIMHEAapHbIe, COHanpaB/ieHHble W MPOTUBOMOMOXHO —HamnpaB/ieHHble
BEKTOPbl. PaBeHCTBO BEKTOPOB. [eACTBMS C BEKTOPaMMW: C/OXEHUE W BblYMTaHWe
BEKTOPOB, CyMMa HECKO/bKMX BEKTOPOB, YMHOXeEHWe BeKTopa Ha uucno. CBoiicTBa
CNOXeHMs BeKTOPOoB. CBONCTBA YMHOXEHWS BEKTOPa Ha uncno. MoHAT1e KoMNiaHapHble
BEKTOpbl. [MpM3HaK KoMMnaHapHOCTX TPEX BeKTopoB. [paBuno napannenenunesa.
Teopema 0 pa3noXKeHUV BEKTOPa No TPEM HEKOMMaHapHbIM BeKTopaMm. MpsiMoyronbHas
cucTemMa KoopAauHaT B mpocTpaHcTBe. KoopauHathl BekTopa. CBfisb  Mexay
KOOpMHaTamMn BEKTOpa 1 KoopAuHaTaMu ToYeK. YTon Mexziy BekTopamu. CKansipHoe
Npov3BefieHe BEKTOPOB.

11 KJIIACC

Tena BpauwieHuA

[MOHATUA: UNIMHAPUYECKAS MOBEPXHOCTb, KOHNYECKas MOBEPXHOCTb, Chepnyeckas
MOBEPXHOCTb, 06pasylowme MoBepxHOCTed. Tena BpalleHUs: UWIMHAP, KOHYC,
YCEUEHHbIN KOHYC, cthepa, wap. B3aMMHOe pacnofnioeHue cgepbl U MJIOCKOCTH,
KacaTe/ibHas N0CKOCTb K chepe. N306padkeHre Ten BpaLLleHMs Ha MI0CKOCTU. Pa3BépTKa
LUMANHAPA U KOHYca. CUMMETPUS cdepbl 1 Lapa.

O6bEM. OCHOBHbIe CBOMCTBa 06BEMOB Te/l. Teopema 06 06bLEME NPSMOYTO/IbHOMO
napannenenunega n cneactems u3 Heé. OO6bEM NPSMOM M HAKMNOHHOW MPU3MbI,
LUMANHAPa, NMpamuibl U KoHyca. O6bEM LLapa 1 LLapoBOro CerMeHTa.

KombuHauum Ten BpaLleHnsi 1 MHOTOrpaHHUKOB. Mpu3mMa, BiMcaHHas B UMAMHAP,
onmncaHHas 0KonNo UumnuHapa. MNepeceyveHne cgepbl U Wapa ¢ NI0CKOCTbIO. KacaHue wapa
N cepbl NIOCKOCTLIO. MOHATME MHOrOrpaHHMKa, OnmcaHHOro OKO/0 ciepbl, chepsl,
BMNM1CaHHOW B MHOTOrpaHHWK WK TENo BPaLLEeHWS.

Mnowaab NoOBEPXHOCTM LMAMHAPA, KOHYCa, niowaib cepbl 1 eé yacTeld. Mogobue
B npocTpaHcTBe. OTHOLLEeHWe 06BLEMOB, M/OWALE NOBEPXHOCTEN MOAOOHBLIX (Uryp.
Mpeobpa3oBaHne  nogobusi, romoteTuss.  PelleHMe 3agad4y  Ha  M/IOCKOCTM
C UCNO/b30BaHNEM CTEPEOMETPUYECKNX METO/IO0B.

[MOCTPOEHME CEYEHMIN MHOTOrpaHHUKOB W TeN BpaLLeHUs: CeYeHUs UMNnHApa
(napannenbHO 1 NePNeHANKYNAPHO 0CK), CeYeHNs KOHYca (MapasinesibHoe OCHOBAHMIO U
NpoxoAsilee yepe3 BEPLUMHY), CEUEHMS Liapa, METOAbl NOCTPOEHUS CEYEHUI: METOf
CNef0B, MeTO/ BHYTPEHHEr 0 MPOEKTUPOBAHNA, METOA NepeHoca CeKyLLein NI0CKOCTH.
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BeKTopbl M KOOPAMHATHI B NIPOCTPAHCTBE

BekTopbl B npoctpaHcTBe. Onepauun Haf BeKTopamu. BeKTOpHOe YMHOXXeHue
BeKTOpPOoB. CBOMCTBA BEKTOPHOIO YMHOXeHWs. [pAMOyronbHas cucTteMa KoopauHaTt
B npocTpaHcTBe. KoopanHaTtbl BeKTOpa. PasnoxeHue BekTopa no 6asucy. KoopanHatHo-
BEKTOPHbI METO/ Npw peLleHnn reoMeTpUYecKmx 3agau.

JIBH2KEeHMS B IPOCTPAHCTBE

[BmxeHna npocTpaHcTBa. OTobpaXkeHWs. [BMKEHUS U paBeHCTBO (mryp. ObLyme
CBOWCTBA [BMXXEHWIA. Buabl ABWKEHWA: napanfieflbHbliA NEepeHoc, LEeHTpaibHas
CUMMETPUSA, 3epKasibHas CUMMETPMS, MOBOPOT BOKPYr npsiMoi. [Mpeobpa3oBaHus
nopo6us. Mpsmasi n cchepa diinepa.

INPEAMETHBIE PE3YJIBTATbBI

K KoHuy 10 Knacca obyyarowmiicsa HayumTea:

CBOOOAHO OrepmpoBaTb OCHOBHLIMU NMOHATUAMMW CTEPEOMETPUM MPU PELLEHUN
3afja4 1 NpoBefeHNN MaTeMaTUUeCKNX PacCyXKAeHWI;

MPUMEHATb aKCMOMbl CTEPEOMETPUN W CNEACTBUA U3 HUX MPU  PeLLeHnm
reoMeTpuyecKnx 3afauv;

Knaccuguumposatb  B3aMMHOE  PacrofioKeHne MNpsMbIX B MPOCTPaHCTBE,
M0CKOCTEN B NPOCTPAHCTBE, MPAMbIX M NJIOCKOCTEN B NPOCTPAHCTBE;

CBOOOAHO 0MepupoBaTb MOHATUAMM, CBA3AHHLIMW C YriaMn B NPOCTPaHCTBE:
MeXAay NpPAMbIMIA B MPOCTPAHCTBE, MEXAY NPSMOWA U NIOCKOCTbLHO;

CBOOOAHO 0MeprpoBaTb NOHATUAMM, CBA3AHHLIMW C MHOTOrpaHHUKaMW;

CBOOOAHO pacno3HaBaTb OCHOBHble BUAbI MHOrOrpaHHWKOB (Mpu3ma, nupamunaa,
MPAMOYTo/ibHbINA Napannenenunes, Kyo);

Knaccuguumposatb MHOrOrpaHHNKN, Bbibupas OCHOBaHWA A4/1 Knaccugmkauuu;

CBOOOAHO OMepupoBaTb MOHATUAMM, CBA3AHHLIMW C CEYeHWEM MHOrOrpaHHUKOB
M10CKOCTbIO;

BbINOSHATL NapaieflbHoe, LeHTpalbHOe U OPTOrOHa/IbHOE NMPOEKTUPOBaHMe (hUryp
Ha NIOCKOCTb, BbINOHATb M300paXKeHUs Uryp Ha niocKocTy;

CTPOUTb  CEYEHMS MHOTFOrpaHHUKOB  Pas3IMYHbIMKM  METOAAMW,  BbIMOMHATb
(BbIHOCHbIE) M/IOCKME YEPTEXM N3 PUCYHKOB MPOCTLIX 00BEMHbLIX (UIYpP: BUL CBEPXY,
COOKY, CHU3Y;

BbIUMCNATL M/IOWAAM MOBEPXHOCTEN MHOrorpaHHuKoB (Mpuama, nupamunia),
reOMEeTPUYECKNX TeN C NPUMEHeHVEM (hopmyIi;

CBOOOAHO OMepuvpoBaTb MOHATUAMWU: CUMMETPUSA B MPOCTPAHCTBE, LIEHTP, OCb
W MNOCKOCTb CUMMETPUN, LLEHTP, OCb U MIOCKOCTb CUMMETPUMN PUTYPbI;

CBOOOAHO  OnepupoBaTb  MOHATUAMW,  COOTBETCTBYHLIMMK  BEKTOpaMm U
KOOpAMHaTam B MPOCTPaHCTBE;

BbINO/HATL AeCTBUA HaL BEKTOpaMu;

pelaTtb 3a4a4M Ha AoKas3aTeNlbCTBO MaTeMaTUYeCKMX OTHOLUEHWUA U HaxOoXAeHune
reOMETPUYECKMX  BE/IMYMH, TMNPUMEHSS  W3BECTHble  METOAbl MPU  peLleHuu

MaTeMaTUYeCKMNX 3afaY MOBbILLEHHOIO 1 BbICOKOI0O YPOBHSA C/IOXKHOCTH;
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MPUMEHATb  MpOCTeliluMe  MNPOrpaMMHble  CPeAcTBA M 3M1EKTPOHHO-
KOMMYHMWKALMOHHbIE CUCTEMbI NPU PELLEHNN CTEPEOMETPUYECKMX 3aaY;

n3BneKaTb,  MNpeobpasoBbiBaTb U MHTEPNPeTMpoBaTb  WHGOPMALMIOO0
MPOCTPAHCTBEHHbIX TEOMETPUYECKMX (MUrypax, NPeACcTaB/leHHYH) Ha 4YepTeXxxax |
PUCYHKaX;

MPUMEHATb MOMYYeHHble 3HAHWS Ha MPaKTUKe: CPaBHMBATb W aHaIM3MPOBATb
peasibHble CUTYaLMK, NMPUMEHSTb M3yYeHHble MOHSATWS B MPOLIECCE MOWCKA PeLleHus
MaTeMaTU4ecKn chopMyMpPoBaHHON NPOGIeMbI, MOENNPOBATL PeasbHbIE CUTYaLIMK Ha
f3blke  FeOMEeTPWW, WCCNeAoBaTb MOCTPOEHHbIE MOAENM C  MCMOMb30BaHWEM
reoMeTPUUECKUX NOHATUIA 1 TeOpeM, annapaTa anrebpbl, pewaTtb NPakTUYecKue 3agaqn,
CBSA3aHHbIE C HAX0X/AEeHNEM reOMeTPUYECKUX BENMYNH;

MMeTb NpeAcTaB/eHMs 06 OCHOBHbIX 3Tanax PasBUTUS FeOMeTPUM Kak COCTaBHOM
yacTy (hyHJaMeHTa Pa3BUTMS TEXHOMOT WA

K KoHuy 11 Knacca obyyarowmnca HayumTea:

CBOOOAHO ONeprpoBaTh MNOHATUAMM, CBA3AHHBIMM C LUNIMHAPUYECKON, KOHUYECKOM
1 cthepnyecKor NOBEPXHOCTAMM, 06BACHATL CNOCO6bI NONYYEHUS;

OrneprpoBaTh NOHATUAMM, CBSA3aHHLIMW C TeNlamMmy BpaLLEeHNS: LMINHAPOM, KOHYCOM,
cthepoil 1 LWwapom;

pacno3HaBaTb Tena BpaweHns (UMnmMHAp, KOHyC, cdepa v wap) U 06bACHATb
Crnoco6bbl NONyYeHWs TeN BpaLeHus;

KnaccuguumpoBaTtb B3aMMHOE pacrnosoXeHue cgepbl U MI0CKOCTY;

BbIYNCNATbL BE/IMYNHBI 3/IEMEHTOB MHOIOrpaHHWKOB U TeN BpalleHns, 06bEMbI U
MNoLWaan NoBepPXHOCTEN MHOrOrpaHHUKOB W Ten BpaLleHWUs, reoMeTPpUYecKUX Tesc
NMPUMeEHeHeM opmyn;

CBOOOAHO OMepupoBaTb NOHATUAMM, CBA3AHHBLIMU C KOMOUHALMAMM TeN BpaLLeHUs
N MHOTOrPaHHNKOB: MHOTFOrPaHHMK, BMUCaHHbIA B CPepPY 1 OMNMCaHHbIA OKOJO Cepbl,
cthepa, BNMcaHHas B MHOIOrpaHHUK UK Teno BpaweHus;

BbIYMNC/ATL COOTHOLUEHMS MeXAy MniowagsamMmnm MoBepxXHOCTen U 06bEMaMM
NMOAOGHbLIX Ten,

n3006paXkaTb M3ydaemble (Urypbl, BbIMOMAHATL (BbIHOCHBLIE) MIOCKME YEPTEXN U3
PUCYHKOB NMPOCTbIX 00BbEMHBIX (DUTYP: BUJ, CBEPXY, COOKY, CHU3Y, CTPOUTbL CEYEHWNSA Ter
BpaLLleHus;

N3B/IEKAaTb,  WHTEPNPEeTUpPOoBaThb " npeobpas3oBbiBaTh NH(OPMaLNIO0
MPOCTPAHCTBEHHBIX TEOMETPUYECKUX (urypax, NPeLCTaB/EHHYKD Ha 4epTexax U
PUCYHKaX;

CBOOOHO OMepupoBath NMOHATUEM BEKTOP B NMPOCTPAHCTBE;

BbINO/IHATL OMNepauuy Haf, BEKTopamu;

3ajaBaThb M10CKOCTb YpaBHEHVEM B IEKAPTOBOI CUCTEME KOOPAMHAT;

pewarb reoMeTpuyeckue 3afayn Ha BbIUUCNEHWE YITI0B MEXAYy MpPAMbIMU ©
MNOCKOCTAIMW, BbIYUCNEHME PACCTOSHUIA OT TOYKM [0 MIOCKOCTW, B LEOM, Ha
MPUMEHEHNe BEKTOPHO-KOOPANHATHOIO METOAA NPY PeLLeHNN;
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CBOOOAHO OMepupoBaTb MOHATUAMMW, CBA3AHHBLIMU C ABMXXEHVEM B MPOCTPaHCTBE,
3HaTb CBONCTBA [BMXXEHUIA;

BbINO/IHATb M300PaXXEHMST MHOTOrpaHHUKOM W1 Te/ BpaLLeHUs Npu napasinenbHOM
nepeHoce, LEHTPaNbHOM CUMMETPUK, 3epKa/IbHOM CUMMETPUU, NMPKY NOBOPOTE BOKPYT
NpsAMOoMN, NpeobpasoBaHNA NoA0OUS;

CTPOUTb CeYEeHMUA MHOrOrpaHHMKOB W Ten BpaleHWs: CeyveHus UWMInHApa
(napannensHo 1 NepreHAMKYNAPHO 0CK), CeYeHNs KOHYyca (napansiesibHoe OCHOBAHMIO U
MPOXoAsLLee Yepes BEPLLMHY), CeYeHUs Lwapa;

MCMO/b30BaTb METO/bl NOCTPOEHNS CEUYEHMIA: MeTO/ CNeAoB, MeTOL BHYTPEHHErO
MPOEKTMPOBaHNA, METO/, NepeHOCca CEKYLLIEN NIOCKOCTH;

[0Ka3bIBaTb FEOMETPUYECKNE YTBEPXKAEHNS;

NMPUMEHATb TEeOMETPUYECKMe (hakTbl ANS PeLleHns CTePeOMETPUYECKUX 3aaad,
npeanonaratoWmnx HECKONbKO LLIAroB PELLEHUSs, ecin YCOBUA NPUMEHEHUS 3afaHbIB
SBHOMW N HESABHOW (POPME;

pelaTh 3a4a4M Ha A0Kas3aTe/lbCTBO MAaTEMATUYECKMX OTHOLUEHUI U HaxoXaeHue
reOMEeTPUYECKNX BEINUNH;

MPUMEHATb NPOrpaMMHbIe CPeACTBa M 3NEKTPOHHO-KOMMYHMKALMOHHbIE CUCTEMbI
MPU PeLLIEHNN CTEPEOMETPUYECKMX 3aay;

MPUMEHATb MOJYYEHHbIE 3HAHUS Ha MPaKTUKE: CPaBHWBATb, aHa/IN3MPOBaTb W
OLEHNBATb peasibHble CUTYaL MK, MPUMEHSATb U3YUYEHHbIE MOHATUSA, TEOPEMbI, CBOWCTBA
B MpoLecce MOWCKA pPeLleHnss MatemMaTUyecku ChopMy/IMPOBAHHON MpPo6/ieMbl,
MOAENNPOBaTb peasibHble CUTYaUUKN Ha A3blKe reOMeTpUn, UCCnefoBaTb NOCTPOEHHbIE
MOAENN C WUCMO/b30BaHNEM FeOMETPUYECKMX MOHSATUIA U Teopem, annapata anreépsbl,
peLlaTb NpakTUYecKme 3aayun, CBsi3aHHbIE C HAXOXAEHNEM reOMEeTPUYECKMNX BENINUNH;

MMeTb NPeACTaBeHnss 06 OCHOBHbIX 3Tanax pasBUTUS reOMeTPUM Kak COCTaBHOM
4acTu (PyHAaMeHTa Pa3BUTUA TEXHOOM WA,
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TEMATHUYECKOE IINTAHUPOBAHHUE

10 KJIACC
Ha3saHue KonnyecTtso OCHOBHbIE BUAbI AeATENIbHOCTU
OCHOBHOe cofepykaHune
pasgena (Tembl) Kypca 4acos yJalmxcs
BBefeHWe B CTepeoMeTpuio 23 OCHOBHbI€ NPOCTPAHCTBEHHbIE Onpefenatb NNOCKOCTb Kak nrypy,

¢mrypei.
[MOHATUA CTEPEOMETPUN: TOUKA,

npsamas, NJ0CKOCTb, MPOCTPaHCTBO.
OCHOBHble NpaBwuia N306paxeHns

Ha PMUCYHKe M/I0OCKOCTW, NapanefibHbIX
NpsMbIX (OTPE3KOB), CepeanHbI
OTpe3sKa.

MoHATWA: NepeceKatoLLMecs NIOCKOCTH,
nepecekatoLmecs Npsimas U Ma0CKoCTb;
MoNynpoCTPaHCTBO.

MHororpaHH1KK, n306paXkeHne
MPOCTENLUMX NPOCTPAHCTBEHHbIX
(hnryp, HeCyLLeCTBYHOLLMX 0O BEKTOB.
AKCNOMbI CTEPEOMETPUM 1 NEPBbLIE
CNeACTBUA U3 HUX.,

Cnocobbl 3a8aHNA NPAMBIX U
NOCKOCTEN B MPOCTPaHCTBe.
O603HaYeHUs MPAMbIX 1 NIOCKOCTENR.
CeueHus. 1306paxkeHne ceveHunin

B KOTOPOIA BbIMOMHAETCA NNaHUMETPUS.
[enatb npocTeiine nornyeckue
BbIBO/bl 13 aKCMOMATMKM NIOCKOCTHK,
MprBOANTL NPUMEpPbI peabHbIX
06bEKTOB, Maeann3aLmein KOTopbIx
SIBNAOTCS aKCMOMbI FEOMETPUMN.
3yyaTb, NPUMEHSTb NPUHLMMbI
MOCTPOEHMS CEYEHWNIA.

cnonb3oBaTb A1 MOCTPOEHNS
CeYeHNiA MeToA CNefloB, MeTo[,
BHYTPEHHEr 0 NPOEKTMPOBaHNSA, METOA
nepeHoca CeKyLLENn NIOCKOCTN.
PellaTtb CTepeoMeTpUYeCcKme 3afaudn:
Ha onpeAeneHne Br1aa CeYEHNs 1
HaxoXAeHre ero naoLaau.
AKTyanuM3npoBaTb (hakTbl U METOABI
NNaHUMETPUW, PeNIEBaHTHbIE TEME,
MPOBOAUTL aHaNornu.

cnonb3oBaTb Npu peLleHnm 3aay
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nupamupl, Kyba 1 npu3mbl, KOTOpPbIE
NPOXOoAAT Yepes ux peopa.
306padkeHne nepeceveHuns
MOTyYEHHbIX MI0CKOCTEN.
PackpaLuviBaHne MOCTPOEHHbIX CEeYeHNIA
pasHbIMK LBETaMMU.

MeTog cnefioB NS NOCTPOEHUS
ceyeHuin. CBOICTBa nepeceyeHuin
NPAMbIX X NA0CKOCTel. MocTpoeHve
CeyeHunin B nmpamuae, Kybe no Tpém
TOoYKam Ha pébpax. Co3gaHue
BbIHOCHbIX YEpPTEXei 1 3anmchb LaroB
MOCTPOEHMS.

[MoBTOpeHWE NIaHNMETPUN.

Teopema 0 NPONOPLMOHASIbHbIX
oTpe3kax. Nogobue TpeyronbHUKOB.
Teopema MeHenas. PacyéThbl

B CEYEHMAX Ha BbIHOCHbIX YepTexax.
cTopurs pa3suTus nnaHUMeTpum

N CTEePeOMETPUM

crneayroLive nnaHUMeTpuYeckue (hakTbl
1 MeTofbl:

Teopembl Paneca n

0 NPOMOPLMOHa/IbHBIX OTPe3Kax.
ANropuTM AeneHns oTpeska

Ha N paBHbIX YacTeld. Teopema
MeHenas.

PaBHOGePEHHbIN TPEYro/bHUK.
PaBHOCTOPOHHUIA TPeyrosibHUK.
[PAMOYro/bHbIN TPEYrO/bHUK.
CBOWCTBO CpefiHeN TMHNN
TpeyrosibHuKa. CBOMCTBO BUCCEKTPUCHI
yrna TpeyrosibHuka. CBOMCTBO MemaH
TPeyrosibHUKa.

Mpr3Hakn Nofobms TpeyrosibHNKOB.
[MonyyaTb npeacTasfeHNs 06
OCHOBHbIX 3Tanax pasBuTusa reoMeTpum
KaK COCTaBHOM YacTu (pyHAaMeHTa
PasBUTMS TEXHONOT WA

B3anMHoe pacnonoxeHue
NPAMbIX B MPOCTPAHCTBE

B3anmMHoe pacnonoxeHue npsambIx

B npocTpaHcTBe. CKpeLLmBatoLmecs
npamble. NMpU3HaKK CKpeLLMBaloLLMXCS
NPAMbIX.

[MapannenscHble npamble

Knaccuguumposats B3avMHOe
pacnosioXkeHve NpPsimbIX

B MPOCTPaHCTBE, MNNOCTPUPYS
PUCYHKaMW 1 NPUBO/ASA NPUMEPBI
N3 peasibHOM XXN3HN.
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B MpOCTpaHCTBe. Teopema

0 CYLL,EeCTBOBAHMMN U eJUHCTBEHHOCTM
NpsiMoV NapansnefibHou AaHHOW
NPSIMONA, NPOXOASLLEN Yepe3 TOUKY
MPOCTPAHCTBA U He fiexalLen

Ha aHHOW NPSMON.

JleMma 0 nepeceyeHUn napansiefibHbIX
MPAMBIX M0CKOCTbH0. MapansielbHOCTb
TPEX NpAMbIX. Teopema 0 TPEX
napasinenbHbIX NPAMbIX.

Teopema 0 CKpeLLMBAOLLMXCA NPSAMBIX.
MapannenbHoe NPoeKTUPOBaHNe.
OCHOBHble CBOICTBA Nnapasi/iefibHoro
NpoeKTUpoBaHus. V13obpaxxeHne
pasHbIX Uryp B napasnenbHom
NpoeKuun.

LleHTpanbHaA npoekums.

Yron ¢ coHanpaseHHbIMU CTOPOHaMW.
Yron mMexgy npsambIMu.

3afaun Ha oKa3aTeNbCTBO U
nccnefoBaHve, CBA3aHHbIe

C pacrosioKeHneMm npambIX

B MPOCTPaHCTBE

[loKa3biBaTb TEOpEMY

0O CYLLLeCTBOBaHWUN M eJMHCTBEHHOCTM
napasinenbHOM NPAMONA, MPOXOAALLEN
yepes TOYKY NPOCTPaHCTBa M He
NeXallein Ha apyroi npsmoin; nemMmy
0 NnepecevyeHnn NNOCKOCTU ABYMS
napasinenbHbIMU MPAMbIMU; TEOPEMY
0 TPéx napansiefibHbIX MPAMBbIX.

L[ oKasblBaTb NPU3HaK
CKpeLUMBAIOLLMXCA NPAMbIX, TEOPEMY
0 CKpPeLUMBaIOLLMXCA MPAMBIX.
[loKa3biBaTb TEOpEMY O pPaBEHCTBE

Yrnos € CoOHanpae/IiEHHbIMW CTOPOHaMW.

OO6BACHATb, YTO Ha3bIBAETCS
napannesnibHbIM U LEHTPa/IbHbIM
MPOEKTUPOBAHNEM W KaK BbIMO/IHAETCS
MPOEKTMPOBaHNE (UTYpP Ha NIOCKOCTb.
[lokasblBaTb CBOMCTBA Mapasiie/slbHoro
MPOEKTMPOBaHNS.

N306padkaTb B Napanfie/ibHoM
MPOEKLUMM pasHble FreoMeTpUYecKme
(mrypei.

PellaTtb CTepeoMeTpMYECKMe 3aa4m
Ha [JOKa3aTeNbCTBO W UCCef0BaHMe,
CBSAI3aHHbIE C PACroNOXKEHNEM NPAMbIX
B MPOCTPaHCTBe.
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[MpoBOAWTL AOKa3aTe/bHble
PacCy>KeHNs Npu peLLeHnm
reomMeTpuUyecKmnx 3aday, CBA3aHHbIX
CO B3aMIMHbIM PaCro/IOKEHNEM
NPSIMbIX B MPOCTPAHCTBE.
CpaBHMBaTb, aHa/IM3MPOBATb U
OLleHMBATb YTBEPXKAEHMS C LieNbIo
BbISAB/IEHMSA NIOTMYECKM KOPPEKTHbIX U
HEKOPPEKTHbIX PacCy>XAeHNIA.
MogennpoBaTh peasibHble CUTYyaLuu,
CBSA3aHHble CO B3aMMHbIM
pacnosioXXeHeM MPsSMbIX

B MPOCTPAHCTBE, Ha S3blKE FrEOMETPUMN.
ccnepoBatb NOCTPOEHHbIE MOAENN
C MCNO/Ib30BaHMEM reOMeTPUYECKNX
MOHATUIA 1 TeopeM, annapara anreépbl,
LI(PPOBbLIX PECYPCOB.

[Monyyatb NpeAcTaBneHne

0 LEeHTpasIbHOM MPOEKTMPOBaHNM

1 06 UCTOPMKM PaboT No TeopUM
MepCcrneKTyBbI

[MapannensHoCTb NPAMbIX
W NIOCKOCTEN
B MPOCTPaHCTBE

MoHATUA: NapannenbHOCTb NPSIMOIA U
MNOCKOCTW B NPOCTPaHCTBE.

Mpu3HaK NapannenbHoCTX NPSIMONA U
nnockoctn. CBOMCTBa NapansieflbHOCTH

KnaccuuumpoBaTh B3avMHOe
PacnonoXeHne NPsSIMOIA 1 NI0CKOCTY
B NPOCTPaHCTBE, NPMBOAS
COOTBETCTBYHOLLME NPUMEPSI
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NPSAMOW 1 MIOCKOCTW.
["'eomMeTpuryecKkme 3agaun

Ha BblUMC/IeHME 1 J0Ka3aTeNbCTBO,
CBA3aHHbIe C NapanenbHOCTbLIO

MPSIMbIX 1 MI0CKOCTEl B NPOCTPaHCTBE.

MocTpoeHme ceyeHns, MPOXoasaLLEero
yepes fAaHHYH NPSIMYHO Ha YepTexe K
napasinensHOro Apyromn npsiMon.
PacuéT oTHoweHwWIA. MapannensHas
MPOoEKUMSA, NPUMEHEHNE

07151 NOCTPOEHMS CeYeHNn Kyba

W Napannenenunea.

CBoiicTBa napannenenuneia u NpUsMmbl.

MapannenbHble NA0CKoCTU. MpusHaku
napanieflbHOCTU ABYX MJIOCKOCTEN.
Teopema 0 napasinesibHOCTU U
eIMHCTBEHHOCTW MNJIOCKOCTH,
NPoXoasLLelt Yepes TOUKyY, He
MPUHaLIeXaLLYH0 JaHHOW MI0CKOCTY U
CNeACTBUA N3 Hee,

CsolicTBa NapasinesbHbIX NJI0CKOCTEN:
0 napasinenbHOCTU NPAMbIX
repeceyeHns npu nepeceyeHnn aByx
napaiefibHbIX NJI0CKOCTeN TPETbEN;
06 oTpe3Kax napasnenbHbIX NPAMbIX,
3aKMHOYEHHBIX MEXAY napansiefibHbIMU

N3 peasibHOM XXU3HMW.
dopmynmpoBaTh OnpegeseHne
napasinenbHbIX NPSAMOW U MI0CKOCTU.
[ oKasblBaTb NPU3HaK

0 NapannefibHoCTN NPSIMON 1
M/10CKOCTW; CBOWCTBA Napas1fiefIbHOCTH
MPSIMON U MNOCKOCTW.

PeLuaTb CTepeOMeTpUYECKMe 3a4a4n
BbIYNC/IEHNA 1 1OKA3aTe/IbCTBO,
CBSi3aHHbIE C NapasinenbHOCTHHO
MPAMBIX U NIOCKOCTEN B NPOCTPaHCTBE.
PeLlaTb NpakTnyecKume 3agaun

Ha MOCTPOEHME CEYEHUNIN Ha YepTexax
TeTpasgpa 1 napasinenenunesa.
PeLLaTb CTepeOMeTpUYECKMe 3aaauun,
CBSI3aHHbIE C MOCTPOEHNEM CEYEHMI
MNOCKOCTBHO.

[MpPOBOANTL NOTMYECKN KOPPEKTHbIE
[0KasaTe/ibHble PacCyXaeHns

MpPU peLLeHnn reomeTprYecKmx 3agad
CBSI3aHHbIX C Napa/ie/IbHOCTbIO
MNOCKOCTEMN.

CpaBHuMBaTb N aHaNIM3MpPoBaTh
peasibHble CUTYyaLuu, CBA3aHHbIe

C napanesibHOCTbI NPSMON 1
MIOCKOCTW B NPOCTPAHCTBE;
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MI0CKOCTAMM; O NepeceyeHnn NPSMoi
C IByMS NapannesbHbIMU NI0CKOCTAMMU

MO/IeNIPOBATh PeasbHble CUTYaLUN,
CBf3aHHbIEe C MapansieNlbHoCTbto
MPSIMOIA M NNIOCKOCTU B NMPOCTPAHCTBE,
Ha A3bIKe FeoMeTpUM

[MepneHANKYNAPHOCTb
MPSAMbIX M NIOCKOCTEN
B NPOCTPaHCTBE

25

[MoBTOpEHMe: Teopema Mudaropa
Ha NI0CKOCTW, TPUTOHOMETPUS
NPAMOYT0/IbHOI0 TPEYro/IbHNKA.
CsoiicTBa Kyba 1 NpsMoyrosibHoOro
Napannenenunega. BoluucneHve onvH
OTPe3KOB B Ky6e 1 NpsAMOYro/ibHOM
napannenenunese.
[MepneHANKYNAPHOCTb NPAMOIA U
NA0CKOCTN. Npun3Hak
nepneHANKYNApPHOCTM NPSMONA 1
NAI0CKOCTU. Teopema 0 CyLLEeCTBOBaHUM
N e ANHCTBEHHOCTU MPSIMOMN,
NPOX0AsLLEN Yepe3 TOUKY
NPOCTPaHCTBA M NepneHANKYNSAPHOW
K nnockocTu. ['11ockocTu u
nepneHAKYNsApHbIe UM NpsamMas

B MHOrOrpaHHuKax.
[MepneHAnKyNnap U HakoHHas.
[MocTpoeHWe nepneHAnKynapa

N3 TOYKN Ha NPAMYIO.

Teopema 0 TPEX nepneHaAnKynapax
(npsmas n obpartHas).

AKTyanusunpoBaTb (akTbl U METOAbI
MNNaHUMETPUW, PeNieBaHTHbIE TEME,
MPOBOAUTL aHaNornu.
dopmynnpoBaTb ONpeaeneHuns:
NeprneHanKYNSAPHbIX NPSMbIX

B NPOCTPaHCTBE; OnpeaeneHme NpsmMon,
nepneHAMKYNSPHONM K M0CKOCTK.
[loKasbiBaTh: Nemmy

0 NepneHANKYNAPHOCTM ABYX
napansieNibHbIX NPSMbIX K TPETHEN
MPSIMOIA; TEOPEMbI O CBA3U MEXAY
napannenibHoOCTbIO NPSIMbIX Y UX
NepneHANKYNSPHOCTLIO K NIOCKOCTW.
[loKa3biBaTb: TEOPEMY, BbIPXKAHOLLYHO
Npu3HaK NepneHANKyNSpHOCTM NPSAMOiA
1 NNOCKOCTU; TeOpeMy

O CYLLLECTBOBaHUM N eANHCTBEHHOCTU
MPAMOIA, NPOXOAALLENA Yepe3 JaHHYHO
TOYKY M NePNeHANKYNSPHOW K AaHHOM
M10CKOCTMW.

306paxkaTb B3aMMHO
nepneHAVKYNApHbIE NPAMYIO

50



Yron mexay CKpeLMBatoLLnmMmcs
NpAMbIMA. MOUCK NeprneHANKYNAPHbIX
MPAMBIX C MOMOLLbHO
neprneHAVKYAPHbIX M0CKOCTEN
OpTOroHasIbHOe MPOEKTMPOBaHME.
[MocTpoeHre ceveHnii Kyba, Npusmsbl,
NpaBWIbHON NUPammbl C NOMOLLGHO
OPTOroHa/IbHOW NPOEKLUN.
CMMETpPUA B NPOCTPAHCTBE
OTHOCUTE/IbHO N/IOCKOCTK. [110CKOCTH
CUMMETPUIA B MHOTOrPaHHMKaXx.
Mpu3HaK nepneHanKynspHoOCTH
MPAMOIA 1 NIOCKOCTU Kak CrefcTBue
cUMMETpUN. MNpaBusibHble
MHOTOrPaHHMKM

PacyéT pacCTosiHUIA OT TOYKN

[0 NnockocTn. Crnocobbl onycTuTb
neprneHAVKYsapbl: CUMMETPUS, CABUT
TOYKM NO NapannenbHon NPSMONA.
CLBWr No HenapannensHON NPSMON,
M3MEHEHWE pacCTOAHMI

W NJIOCKOCTb.
dopmynmMpoBaTb CBOMCTBO
nepneHANKyNAapa no OTHOLLEHWUIO

K M/I0OCKOCTW.

[MonyyaTb NpefcTaB/eHNe O 3HAYEHUN
nepneHanKynapa ans apyrux obnacten
Hayku ((hn3mKa, 3HepreTnKa, fasepHole
TEXHO/IOTUN), B peasibHOM XN3HN
(TEXHMKa, OKpY>KaroLas 06CTaHOBKaA).
[l0Ka3bIBaTb YTBEPXKAEHMNS, CBA3AHHbIE
C NpoeKuuein NpsIMoin Ha NIOCKOCTb,
HeneprneHANKYNAPHYIO K 3TOW NPSMOA.
[loKa3bIBaTb TEOPEMY O TPEX
nepreHAnKynsapax n Teopemy
0bpaTHYo Teopeme 0 TPéXx
neprneHAnKynspax.

[Mony4yaTb NpeacTaBneHne

06 OPTOroHa/IbHOM MPOEKTMPOBAHUMN.
[l0Ka3bIBaTb TEOPEMY O MPOEKLMM
TOYKW Ha MPAMYHO.

PeLLaTb CTepeoMeTpUYeCKme 3aaauun,
CBSi3aHHbIE C NepreHANKYNAPHOCTLIO
MPSIMOIA U MNOCKOCTW.

PewlaTb NpUKnagHble 3aa4un,
CBSI3aHHbIE C HAXOXAeHNeM
reOMeTPUYECKNX BESIMYVH.

51



Peliatb CTepeoMeTpUYecKmne 3atauu,
CBSi3aHHbIE C NPVYMEHEHEM TeOpPEMbI
0 Tpéx nepreHAnKynapax,
HaX0XAeHNeM pPacCTOAHWNMA,
MOCTPOEHMEM MPOEKLMA,
CpaBHMBaTb 1 aHa/IM3NPOBATb
YTBEPXKAEHUA C LIeNbtO BbISBIEHUSA
NOTNYECKN KOPPEKTHBIX 1
HEKOPPEKTHbIX PacCyXXAeHNIA.
AHanu3nposatb 1 MOAeNMpoBaThb

Ha 3blKe FreOMeTpUM peasibHble
CUTYyaLuK, CBSA3aHHbIE

C NepneHANKYNAPHOCTbLIO NPAMOIA U
M/10CKOCTU; NCCNeL0BaTb NOCTPOEHHbIE
MOZENN, B TOM YnC/e U

C UCMOo/Ib30BaHMeEM annapara anrebpbl

YT bl U pacCTOAHUA

16

[oBTOPEHWME: Yron Mexay npsiMbimMm
Ha NNI0CKOCTW, TPUIFOHOMETPUS

B MPOW3BO/IbHOM TPEYTO/IbHUKE,
Teopema KOCHHYCOB.

FoBTOpPEHME: YroN MeXay
CKpeLLVBaloLWMMICS NPSIMbIMM

B NpOCTpaHcTBe. FeomeTpuyeckmne
METO/bl BbIYNCIEHUS YA MEXAY
MPSIMbIMU B MHOFOTPaHHUKaXx.

AKTyann3nposarb (hakTbl 1 METO/bI
NNaHUMETPUK, pefieBaHTHbIE TEME,
NpPOBOANTL aHaIoTUN.
dopmynupoBaTb onpeaeneHme
[BYTpaHHOro yrna.

[10Ka3bIBaTb CBOMCTBO paBeHCTBA BCEX
NNHENHbIX YIrNOB ABYrPaHHOro yrna.
Knaccugmumposatb ABYrpaHHbIe Yriibl
B 3aBMCUMOCTM OT UX rpagyCcHoOM Mepbl.
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[ByrpaHHbI yron. CBOMCTBO
NNHEWHbIX YrN0B ABYrPaHHOro yrna.
[MepneHANKYNAPHbIE NJIOCKOCTH,
CBoiicTBa B3aUMHO NMepreHANKYNAPHbIX
nnockocTen. MNpusHak
neprneHAVKYSAPHOCTU MI0CKOCTEN;
Teo-pemMa 0 NPAMOi NepeceyeHns AByX
MI0CKOCTeN NepneHanKynapHbIX
TPETbEN MNNOCKOCTU.

MpsAMOoYronbHbIA Napannenenvnes,;
Ky0; N3mMepeHus, CBONCTBA
NPSAMOYro/IbHOTO Napasienenunesa.
Teopema 0 fuaroHasm nNpPsMoYrosibHOro
napansienenunega v cnefcTeme U3 Heeé.
CTepeoMeTpuyecKmne 1 NpuKIagHble
3a/iaun, CBA3aHHbIE CO B3aUMHbIM
PacnonoXeHeM MPAMbIX U MI0CKOCTH.
[MoBTOpeHMe: cKpeLymBaroLmecs
npsimble, napansiesbHble NI0CKOCTU

B CTAHAAPTHBLIX MHOTrOrpaHHMKax.
Mapa napannesnbHbIX MI0CKOCTeN

Ha CKPeLLMBAIOLLIMXCA MPAMBIX,
PacCcTosiHNE MeXIy
CKPeLLMBAOLLMMUNCS NMPSAMbIMU

B MPOCTbIX CUTyaUusaX.

OnyckaHne nepneH4nKynspos,

dopmynmpoBaTh onpeseneHre B3aumMHoO
nepneHANKYNAPHbIX NIOCKOCTEN.
[loKa3biBaTb TEOPEMY O MPU3HAKeE
NepneHANKYNAPHOCTM ABYX
M10CKOCTEN.

dopmynupoBaTh cneacTseme

(M3 npu3Haka) o nepreHANKYNAPHOCTU
MIOCKOCTW, KOTOpas nepreHAnKynsapHa
MPAMOM, MO KOTOPOW NepeceKkaroTcsa age
MNOCKOCTU, 3TW NIOCKOCTAM.
[l0Ka3bIBaTb YTBEPXKAEHMSA O ero
CBOWCTBaX; TEOPeMY 1 CNefcTBue

13 HEé 0 AnaroHanax NPsSIMOYrosibHoro
napasinenenvnesa.

PeLlaTb CTepeOMETPUYECKMNE 3aauK,
CBSI3aHHbIE C MePrneHANKYNAPHOCTb
MPAMbIX U NJIOCKOCTEN, NCMO/b3YS
NNaHUMEeTPUYECKNe (DaKTbl U METO/bI.
[MPOBOAWTL IOTMYECKM KOPPEKTHbIE
[0Ka3aTe/lbHble PacCy>XaeHns rnpu
peLleHnn reoMeTpUYecKux 3agad,
CBSI3aHHbIX C NepreHANKYNAPHOCTLIO
MNOCKOCTEMN.

AHanm3nposatb 1 MOAeNNpPoBaThb

Ha A3bIKe FreOMeTPUM peasibHble
CUTYyauuu, CBS3aHHbIe

53




BbIUMCNIEHME PACCTOSHWNIA OT TOUKM
[0 TOUKW; MPAMOM; NIOCKOCTW.
BbluncneHve pacCTOAHNIA MeXay
CKpeLLMBatoLLMMUCA NPAMbIMU

C NOMOLLLbIO NepneHANKY/ISPHO
M/IOCKOCTMU.

TpéxrpaHHbIA yron, HepaBeHCTBa
AR TPEXTPaHHbIX YrO0B.

Teopema lNudaropa, Teopembl
KOCVHYCOB M CUHYCOB

ANA TPEXTPAHHOIO yrna. ON1eMeHTb!
cthepnyecKoil reoMeTpum:
reofle3nyeckme NMHMM Ha 3emne

C NepPNeHANKYNAPHOCTLIO MPAMBIX U
M/IOCKOCTEMN.

ccnefoBaTb MOCTPOEHHbIE MOAE/N,
B TOM YMC/IE N C UCMO/b30BAHMEM
annapara asireépsoi.

PeLlaTb NpUKnagHble 3aa4u,
CBSA3aHHbIe C HAX0XAeHVEM
reomMeTpUYecKnX BenM4YmH

MHororpaHH1Ku

CucTemaTtmsaums 3HaHWiA:
MHOrorpaHH1K 1 ero 3/IEMeHTbI.
Mupamuga. Buabl nupamma.
[MpaBunbHaa Nnupamma.
Mpusma. INpamas N HakMoHHasA
npu3mbl. [paBuiLHasa npusma.
Mpamoin napannenenunes,

MPAMOYTO/bHbIV Napannenenunes, Kyo.

Bbinyknble MHOrorpaHHuUKN. Teopema
Ainnepa. MNMpaBubHbIE U
nonynpasu/ibHblE MHOTOrPaHHUKN

PaboTaTb C yueOHMKOM: 3aaBaTb
BOMPOCHI, AenaTb 3aMeyaHus,
KOMMeHTapuu.

AHaNM3MpoBaThb peLLeHme 3a4a4n.
PrcoBaTb BbIMyK/1ble MHOIOrPaHHUKK
C 3a/laHHbIMW CBOMNCTBAaMU;
BOCCTaHaB/IMBaTb 06LLMIA BUL,
BbIMYK/I0r0 MHOrOrpaHHMKa Mo ABym
ero npoeKLmsm.,

[l0Ka3blBaTb CBOWMCTBA BbIMYK/0r0
MHOTrOrpaHHuKa.

PrcoBaTb BbIMyK/ble MHOTOrpaHHUKM
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C pa3HOi1 3111ePOBOIA XapaKTePUCTUKOM;
“ccnefoBaTb BO3MOXKHOCTM MOSyYeHNs

pe3ynbTaTa npy BapbMPOBaHWUM JaHHbIX.

[10Ka3bIBaTb CBOWCTBA NPaBU/IbHbIX
MHOrorpaHHMKOB. MnaHMpoBaTh
MOCTPOeHMe NPaBUbHbIX
MHOrOrpaHHMKOB Ha NOBEPXHOCTSX
OPYTUX NPaBUIbHbIX MHOFOrPaHHKOB

BeKTopbl B NpOCTpaHCTBe

12

[MoHATME BEKTOPA Ha NMIOCKOCTY

1 B NPOCTPaHCTBE.

CyMMa 1 pa3HOCTb BEKTOPOB, NPaBuU/Io
napannenenunneaa, yMHOXeHINe BEKTOpa
Ha YMCno, Pa3NoXeHMe BEKTopa

no 6a3ncy TPEX BEKTOPOB, HE NeXaLLnX
B OIHOW MNOCKOCTMW.

CkansipHoe Npoun3BeeHue,
BbIUMC/IEHWNE YT Na MEX/Y BEKTOpamu

B NPOCTPaHCTBe.

MpocTeiLune 3a4aum C BEKTOpaMu

AKTyann3nposatb ()akTbl 1 METO/bI
NNaHUMETPUK, PeNEBaHTHbIE TEME,
NPOBOAUTL aHa/Iornu,

OnepupoBaTb MOHATUAMW: BEKTOP

Ha NJI0CKOCTW U B NPOCTPAHCTBE;
KOMM/iaHapHble BEKTOPbI. MprBoanTb
npuMepbl PU3NYECKMX BEKTOPHbIX
BE/INYMH.

OcBamBaTb Nnpasw/a BbIMNONHEHNS
[NENCTBUI CNOXKEHUS N BblYNTAHUSA
BEKTOPOB, YMHOXEHUS BeKTOpa

Ha ymncno.

[loKa3blBaTb NPM3HaK KOMM/IaHapHOCTH
TPEX BEKTOPOB.

[l0Ka3bIBaTb TEOPEMY O Pa3NOXeHUM
No60ro BeKTOpa rno TPEM AaHHbIM
HEeKOMIM/1aHapHbIM BEKTOpaM
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[MoBTOpPEHME, 0606LLEHME
M CUCTEMATU3ALNA 3HAHWIA

O6o06LLatoLLee NMOBTOPEHNE MOHATUIA
N METOA0B Kypca reoMeTpum

10 Knacca, cuctematm3aums 3HaHWMN.
cTopus pa3BuTuns CTepEOMETPUM KaK
HayKu 1 eé po/b B pa3BUTUM
COBPEMEHHbIX UHXKEHEPHbIX U
KOMMbIOTEPHbIX TEXHOMOT WA

PellaTb CTEpPeOMETPMYECKME 3aa4M
Ha [10Ka3aTe/IbCTBO MaTeMaTUYECKMX
OTHOLLIEHWIA, HAXOX/EHWe
reoMeTPUYECKNX BENNUNH (ANNH,
yrnos, nnowazaen, 06bLEMoB).
cnonb3oBaTb NpY peLleHnn
CTEPEOMETPUYECKMX 3aau
NNaHUMETPUYECKNe (hakTbl U METO/bI.
[MpoBOANTL NOTMYECKN KOPPEKTHbIE
[0Ka3aTe/bHbIE PacCyXXAeHNs

MPU peLLeHN CTEPEOMETPUYECKNX U
NNaHUMETPUYECKUNX 3aad.
CpaBHuMBaTb 1 aHaIM3MPOBaTb
peasibHble CUTYaLUN 1 BbISBNSATH
BO3MOXXHOCTb €€ MOAENMPOBaHUSA Ha
3blKE FrEOMETPUN.

MogenupoBath peasibHyH CUTYaLuio
Ha 3blKe reOMeTPUM N UCCNeaoBaThb
MOCTPOEHHbIE MOAENN, B TOM UYNUC/E U
C 1CMoNb30BaHNEM arnnapaTa anreépsbi.
icnonb3oBaTb KOMMNbLIOTEPHbIE
MporpaMmMbl NPW peLLIeHN 3aaau.
Monyyatb NpeacTaBneHne 0 reoMeTpun
KaK O pa3BMUBatOLLIECS HayKe,
NCCNeayoLEen OKpyXXatoLLmin mup,
CBSI3aHHOI C peasibHbIMWN 00 bEKTAMMU,
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MoMoratoLLeli peLunTb peasibHble
YKN3HEHHble CUTyaLun 0 POK
CTepeoMeTpUM B PasBuUTUM
COBPEMEHHbIX VHXXEHEPHBIX 1
KOMMbIOTEPHBIX TEXHONOTUIA.
CpaBHVBaTb 1 aHaM31PoBaThb
YTBEPXKEHNS C Lie/NbLO BbISBNEHNS
NOTNYECKM KOPPEKTHBIX 1
HEKOPPEKTHbIX PacCyXaeHNIA.

lccnenoBaTh NMOCTPOEHHbIE MOJENN.

icnonb3oBaTh LpOBbIE Pecypchbl

OBLUEE KOJIMYECTBO
YACOB IO NPOIrPAMME

102
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11 KUIIACC

Ha NI0CKOCTMN U B MPOCTPAHCTBE,
CKanspHoe Npou3BefeHne BEKTOPOB,
BbIYMC/IEHWNE YI/Ia MEX/Y BeKTopaMu
B NPOCTPaHCTBe. Y paBHeHMe NPsMON,
NPOXOASLLEN Yepe3 Be TOUKM.
YpaBHeHWe NI0CKOCTU, HOpMasb,
ypaBHeHWe NI0CKOCTU B OTPe3Kax.
BekTopHOe npounsseaeHve. JINHeHbIE
HepaBeHCTBa, /IMHENHOe
nporpaMMmpoBaHue.

AHaNNTNYECKME METOAbI pacyéTa
yrna Mexay npsimbiMy 1 NI0CKOCTAMM
B MHOrorpaHHmkax. ®opmyna
PaccToAHMS OT TOUKM 0 MI0CKOCTY

B KOOpAMHaTaX.

HaxoxaeHne pacCTOAHWUIA OT TOUKK
00 NMOCKOCTU B Ky6€e 1 NpaBubHOWA
nupammne

HasBaHue Konunyectso OCHOBHbIe BUbI feATENBHOCTHU
OcHOBHoEe cofepxaHue
pasfena (Tembl) Kypca 4acoB yJawmxcs
AHannTnYecKaa reoMmeTpus 15 [MoBTOpEeHMe: KOOpANHATLI BEKTOpa AKTyann3nposatb )akTbl U METOAbI

NnnaHUMeTpuK, peneBaHTHbIE TeMe,
NpPOBOAUTL aHaNOTUMN.

CBoANTb AEWCTBUA C BEKTOPaMM

K aHaN0rMyHbIM AEACTBUSAM C UX
KoopAnHaTamu,

BcnomHUTL onpegeneHme CKansipHoro
YMHOXEHWNS 1 €ro CBONCTBA.
BblUnCNATL C MOMOLLbIO CKa/IAPHOI0
YMHOXXEHWSA A/IMHbI BEKTOPOB, YI/bl
MeXay HAMW, yCTaHaB/IMBaTb
neprneHAMKYNSPHOCTb BEKTOPOB.
BbIBOAWTL YpaBHEHWe NI0CKOCTA U
(hOpMYy/y PacCTOAHNA OT TOYKK

[0 MIOCKOCTN.

Peluatb 3aga4un, coyetas
KOOPANHATHbLIN 1 BEKTOPHbIA METO/bI.
MpoBOAMTL TOTNYeCKM KOPPEKTHbIE
A0Ka3aTe/ibHble pacCy>aeHunsa

NPV peLLeHnn reoMeTpuyecKkmx 3atau
Ha NPUMEHEHNe BEKTOPHO-
KOOpAMHATHOro MeToza.
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AHaM3npoBaTb 1 MOAEeNNPOBaThb
Ha 3bIKe reOMeTpUM peasibHble
CUTyaL MK, CBA3aHHbIe BEKTOPaMU U
KoopAnHaTamu.

WccnepoBaTb MOCTPOEHHbIE MOZENN,
B TOM YMC/IE N C UCNO/b30BaHNEM
annapara asireépsoi.

icnosnb3oBaTb KOMMbIOTEPHbIE
nporpammb!.

3HaKOMUTBLCA C UCTOPUEN Pa3BUTUS
MaTemaTuKu

[MoBTOpEHNe, 0606LLEHNE
N cucTemaTm3aLms 3HaHNi

15

CeyeHnss MHOrorpaHHMKOB:
CTaH4apTHble MHOrOrpaHHUKK, METoA,
Cnefos, CTaHAAPTHbIE MI0CKOCTH,
nepeceyeHns NPSMbIX 1 MNIOCKOCTENR.
MapannenbHble NPAMbIE 1 MI0OCKOCTH:
napasnenbHble CeYeHNs, pacyeT
OTHOLLIEHWI, YI bl MEXAY
CKpeLnBaoLLMMNCA NPAMbBIMN.
[MepneHAMKYNSApHbIE NPsAMbIe U
NJOCKOCTW: CTaHAAPTHbIE Napbl
nepneHanKYNSPHbIX MNIOCKOCTEN U
NPAMbIX, CUMMETPUN
MHOIOrpaHHMKOB, TEOPEMa O TPEX
nepneHAnKynapax, Bbl4UCNeHNs ANVH

CTpouTb ceyeHus.

PellaTb CTEPEOMETPMYECKME 3aa4m
Ha [J0Ka3aTe/IbCTBO MaTeMaTUYECKNX
OTHOLLIEHWIA, HAXOXAeHWe
reoMeTpUYEeCKNX BENNUNH (4/IVH,
yrnos, nnowanei, 06LEMoB).
icnonb3oBaTb NpY peLLIeHni
CTEPEOMETPMYECKMX 3aaau
NNaHUMeTpUYecKme GhakTbl U METOAbI.
MpoBOAUTbL NIOrMYECKN KOPPEKTHbIE
[0KasaTe/ibHble PacCcyXaeHus

NPV PELLEHNN CTEPEOMETPUYECKIMX
3agau.

CpaBHUBaTb 1 aHaNN3NPOBATb
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B MHOrOrpaHHuKax.
[MoBTOpeHMe: nnowaam
MHOTrOYr0/lbHNKOB, (hOPMY/bl

ANA nnoLanein, coobpakeHus
nogobus.

rnowagmn cevyeHUt MHOrorpaHHVKOB:
naowaamn noBepxHocTen, paspesaHus
Ha 4YacTu, CO0bpaXKeHNs Noaobus

peasibHble CUTYaLUN 1 BbISIBNATb
BO3MOYXHOCTb €€ MOZENIMPOBAHNS

Ha 53blKe reoMeTpUMN.

MogennposaThb peanbHyo CUTYaLInIO
Ha 3bIKe FeOMETPUM N UCCE0BATh
MOCTPOEHHbIE MOAENN, B TOM YMUC/IE 1

C UCMO/b30BaHVEM annapaTa anreopbi.

cnonb3oBaTb KOMMbIOTEPHbIE
NPOrpaMmbl NPV PeLLeHnn 3a1ay

O6bEM MHOrorpaHHmKa

17

O6béM Tena. O6bEM NPAMOYTo/IbHOro
napannenenunesa. 3agayu

00 yBOEHUN Kyba, 0 KBagpaType
Ky6a; 0 TpUCeKunn yrna.
CTepeoMeTpryEeCKme 3a4a4n,
CBS3aHHble C 06 BLEMOM
NPSAMOYTO/IbHOTO Napasinenenunesa.
MpuKnagHble 3a4a4m, CBA3aHHbIE

C BblunceHmem obbEmMa
NPSAMOYro/ibHOro Napasnnenenuneaa.
O6bEM NPSMON NPU3MBI.
CTepeomeTpuyecKue 3afauu,
CBSI3aHHbIE C BblYMC/IEHNEM 0OBEMOB
NpsiMo Npu3Mbl. MNpuKnagHble
3a/1a4u, CBA3aHHbIE C 00 BLEMOM
NPSAMOK NPU3MBbI.

CB060HO ONepMpoBaTh NOHATUAMN:
00bEM Tena, 06bEM NMPSAIMOYTO/IbHOI0
napasnnenenuneaa.

dopMynMpoBaTb OCHOBHbIE CBOMCTBA
06bEMOB.

[loKa3biBaTb TEOPeEMY 06 06bEME
NPSIMOYro/IbHOr0 Napannenenunneaa,
CNefCTBUA N3 Hee,

Pa3pesaTb MHOrOrpaHHuKW,
nepeKnafbIiBaTb YacTy.

PellaTb CTepeOMeTpUYECKME 3a7aun,
CBSi3aHHbIE C BblUMC/IEHEM 06bEMA
NPAMOYrO/IbHOrO Napannenenuneaa,
NPU3Mbl.

CpaBHUMBaTb W aHA/IM3MPOBATb
YTBEPXKAEHNA C LIENbO BbISIBNIEHWS
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BbluncneHme 06bEMOB Ter

C NMOMOLLIbIO OnpeaenéHHOro
nHterpana. O6bEM HaK/OHHOW
NPU3Mbl, NUPaMnbl.

dopmyna 06bEMa nupamnpl.
OTHoLeHe 06BEMOB NUpPaMng,

C 06LLKMM yrniom.
CTepeoMeTpUYECKME 3aauMn,
CBS3aHHble C 06bEMaMM HaKNOHHOW
NPU3Mbl, NUPaMnAbl.

[MpuKnagHble 3a4a4n No Teme
«O6BbEMbBI TeN», CBA3aHHbIE C 00bEMOM
HaK/TIOHHOW NPW3MbI, TPamMUpbl.
[MpuMmeHeHne 06EMOB. BbluncneHne
PacCTOSHMA 40 MNOCKOCTU

NOTMYECKM KOPPEKTHBIX U
HEKOPPEKTHbIX PACCYXKAEHU.
AHann3nposatb ¥ MOAENNPOoBaTh

Ha A3bIKe reOMeTpUK peasibHble
cUTyaumn, CBszaHHbIe C 06bEMOM
MPAMOYTo/IbHOr0 Napasienienunesa,
NPU3Mbl, NUPaMnAbl.

ccnepoBatb MOCTPOEHHBIE MOZENN,
B TOM YWMC/IE N C UCMONb30BaHNEM
annapara anreépsbl.

BbIBOANTL OCHOBHYHO MHTErpasibHyto
(hopmyny 4S9 BblYUCIEHUS 06BEMOB
Ten.

[lokasbiBatb Teopemy 06 06bEME
HaK/NOHHOW NPU3MbI Ha NprYMepe
TPEeYrobHOW NpU3MbI 1

4J11 TPON3BO/IbHOIN MPU3MBI.
[loKa3blBaTb TEOPEMY: 06 06bEME
nMpaMunabl, POpMynMpoBaTh CNeaCTBUS
13 Hee: 00BEM YCEUEHHON Nupamngpl.
BbiBOAUTL (hopmyny AN BbIYUCIEHUA
06bEMOB YCEUYEHHOW NpammApbl

Tena BpaLleHus

24

LinnnHapuyeckast NOBEPXHOCTD,
obpasytoLime UUIMHAPUYECKOWA
MOBEPXHOCTW.

CB060AHO ONepupoBaTh MNOHATUSIMU:
LUMAVHAPUYECKAs MOBEPXHOCTb,
UMANHAP. M3y4yaTb Ccnocobsl
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LinnnHgp. Mpamoin Kpyrosow
UmMnnHAp. Mnaowanb NoBepPXHOCTU
LUMAnHApa.

KoHn4yeckast NoBePXHOCTb,
06pa3ytoLLe KOHMYECKOM
nosepxHocTn. KoHyc. CeyeHune KoHyca
NNOCKOCTbLHO, MapassiensHOM
MNOCKOCTN OCHOBaHWSA. Y CEUEHHBIA
KOHYC. 1306pa>keHne KOHYCOB 1
YCEUYEHHbIX KOHYCOB.

Mnowanb 60KOBOI MOBEPXHOCTU U
MOJIHOW NOBEPXHOCTU KOHYCa.
CTepeoMeTpryeCKMe 3aa4m

Ha [l0Ka3aTe/IbCTBO U BbIYUCIEHNE,
MOCTPOEHMEM CEeYEHWNIA UMNNHAPA,
KOHyCa.

MpuKnagHble 3a4a4m, CBA3aHHbIe

C UMNNHAPOM.

Cdhepa v wap.

[MepeceyveHmne cepbl 1 Wapa

C MN0OCKOCTbIO. KacaHwe wwapa un
cthepbl NIOCKOCTLIO. Bua
n306paXkeHne LWapa.

YpaBHeHwue cepbl. MNnowaab cgepbl v
eé vacTei.

CummeTpus cthepbl 1 Lwapa.

nonyyYeHns LMIMHAPUYECKON
MOBEPXHOCTU, LUNHAPA.
N306paxaTb LMINHAP U ero Ce4eHNs
MNOCKOCTbHO.

CB060AHO ONepupoBaThb MOHATUSMU:
KOHWYecKasi NOBEPXHOCTb, KOHYC,
YCEUEHHbIA KOHYC. 3yyaTb cnocobb!
NoNy4YeHNs KOHNYECKOI NOBEPXHOCTY,
KOHyca.

306paXkaTb KOHYC W ero cevyeHus
NIOCKOCTLHO, NPOXOAALLEN Yepes OCb,
M NNIOCKOCTbIO, NePReHANKYNSPHOW

K OCW.

BbiBoANTL (hopMy bl 47151 BbIYMCNEHNS
OOKOBOW M MOMHOW NOBEPXHOCTEN TenN
BpaLLeHus. PeluaTb
CTePeoMEeTPMYECKNE 3a1a4N, CBSA3AHHbIE
C Tenamu BpaLleHns, HaXoXaeHEM
nnowaan 6oKoBou 1 NOTHOM
MOBEPXHOCTU, NOCTPOEHNEM CEYEHWIA,
icnonb3oBaTh Npuv peLleHnn 3agad
NNaHUMeTpUYecKne akTbl U METOAbI.
CpaBHMBaTb W aHa/IM3MPOBaThb
YTBEPXXAEHUSA C LIENbIO BbISIBNEHNS
NOTMYECKN KOPPEKTHBIX 1
HEKOPPEKTHbIX PACCYXAEHUINA.
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CTepeomeTpuyeckue 3a8aum

Ha [10Ka3aTe/Ib,CTBO N BbIYMC/IEHME,
CBSI3aHHbIe CO Cheport 1 Lapom,
MOCTPOEHMEM UX CEYEHUM
MIOCKOCTHHO.

[MpuKnagHble 3a4a4u, CBA3aHHbIe
CO cthepoid 1 LapoM.

[MoBTOpeHMe: OKPY>KHOCTb

Ha M0CKOCTW, BbIYMC/IEHMS

B OKPY>KHOCTU, CTaHAAPTHbIe
nogoous.

Pa3finyHble KOMOUHALUN Ten
BpaLLeHMs 1 MHOTOrpPaHHNKOB.
3agaun no Teme «Tena v NOBEPXHOCTY
BpaLLeHNsA»

AHanM3npoBatb Y MOAEMPOBaThb

Ha A3blKe reOMeTpumn peasibHble
CUTYyauun, CBSA3aHHbIE C KOHYCOM

N LMNVHAPOM.

ccnenoBath MOCTPOEHHbIE MOZENN,

B TOM YMC/IE U C UCMO/Ib30BaAHUEM
annapara asireépol

AKTYyann3nmpoBaTb PaKTbl U METOARI
NNaHUMETPUN, pPe/ieBaHTHbIE TEME,
NMPOBOANTbL aHa/TOTUN.

CB060AHO OMnepupoBaTb NOHATUAMM:
cthepa v Wwap, LeHTp, pagnyc, AmameTtp
cthepbl 1 LWapa.

VccnepoBathb B3aMHOE PacrosioXKeHne
chepbl U NIOCKOCTH.,

dopmynupoBaTh onpeaeneHune
KacaTe/lbHOM MI0CKOCTH K Chepe.
[loKasbIiBaTb TEOPEMbI O CBOMCTBE U
NpU3HaKe KacaTte/ibHOW N0CKOCTH.
BbiBoAMTL opMyny AN BbIUMUCIEHNS
nnaowaam cgepnbl Yepes pagmyc cgepsbl.
PeluaTb CTEpPeOMETPUYECKME 3aa4N,
CBsi3aHHbIe CO Chepoli 1 LapoMm,
HaxOoXAeHWeM nnowaan chepbl 1 eé
yacTel, NOCTPOEHMEM CeYeHUI cepbl
W wapa.
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AHanmM3npoBatb Y MOAEMPOBaTb

Ha 3bIKe reOMeTpUM peasibHble
CUTYyaL MK, CBA3aHHbIE C LLIAPOM U
cthepoi.

Pelwwatb NpocTble 3a4a4n, B KOTOPbIX
(MrypupyroT KOMOGUHaLMmn Ten
BpaLLeHNs N MHOTOrpaHHMKOB.
cnonb3oBaTb Npu peLLeHnn 3ajau,
CBSI3aHHbIX CO C(Pepor 1 Lapom,
NNaHUMeTpUYecKne HakTbl U METOABI.
PellaTb CTepeoMeTprYeCcKme 3aa4un,
CBSi3aHHbIE C TeNaMu BpaLLeHus,
MOCTPOEHMEM CEYEHWIA TeN BpaLLeHns,
C KOMOMHaUMSMU Te BPaLLEeHUs 1
MHOrorpaHHMKOB.

[MpOBOANTL NOrMYECKM KOPPEKTHbIE
[0KasaTe/ibHble PaccyXaeHus

NPU peLLeHn reoMeTPUYecKmX 3agad,
CBSI3aHHbIX C NepneHanKyNapHOCTbIO
MIOCKOCTEN.

AHanm3nposatb U MOAEeNMPoBaTh Ha
A3blKE TEOMETPUM peasibHbIe CUTYaL MK,
CBSI3aHHble C MHOTOrpaHHMKaMM.
ViccnepnoBaTb NOCTPOEHHbIE MOAENM,
B TOM YMC/IE N C UCMO/Ib30BAHNEM
annapara asireépol
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1013 NOBEPXHOCTY
1 06BEMbI KPYT/bIX T

O6béM unnmHapa. Teopema

00 06bEME MPAMOro LUMAnHApa.
Mnowaam 60KO0BOM 1 NOMHOM
MOBEPXHOCTU LMNMHApPA.
BbluncneHme 06bEMOB Ter

C NMOMOLLIbIO OnpefenéHHoro
nHterpana. O6bLEM KOHYyca.

Mnowaam 60K0BOI 1 NOSTHOW
MOBEPXHOCTUN KOHYCa.
CTepeoMeTpuyecKme 3aayun,
CBSi3aHHbIE C BblYMC/IEHNEM 0OBEMOB
UMNNHAPA, KOHYCA.

MpuknagHble 3agadn no temMe «OB6BLEMBI
M NnoLaan noBepxHoCTeln Te.
OO6bEM Luapa 1 LWapoBoro cekTopa.
Teopema 06 06bEMe Lwapa. [Mnowanb
cepbl.

CTepeomMeTpuyecKme 3aauun,
CBsi3aHHbIE C BblUMCNEHEM 06bEMOB
LLapa, LWapoBoro CermMeHTa, LapoBoro
ceKTopa.

MpuKnagHble 3agaym no Teme
«OObEMbI TEN», CBSA3aHHbIE

C 06bEMOM Lapa 1 nnoLaasko chepsl.
COOTHOLUEHMS Mexay NJIoLWwaasamm
MOBEPXHOCTEN N 06bEMaMM MOLOOHBIX

CB060OHO OnepupoBaTb MOHATUAMM:
06bEM Tena, nsowasb NOBEPXHOCTHU.
®opmynMpoBaTb OCHOBHbIE CBOMCTBA
00BEMOB.

[loKa3biBaTb TeOpeMbl: 06 06bEME
unnmHapa; 06 06bLEMe KoHyca.
BbiBOAUTL OPMY bl ANS BbIYUC/IEHNS
06bEMA YCEYEHHOIO KOHYCa.
ccnenoBatb MOCTPOEHHbIE MOAENN,

B TOM YKMC/IE N C UCMOb30BaHNEM
annapara anreépsbl.

3HaTb BO3MOXKHOCTU peLleHns 3agaq
Ha NOCTPOEHME LMPKYNEM U NINHENKOMN,
0 KNacCUYeCKNX HepaspeLLMmbIX
3afavax.

CB060AHO OnepupoBaTh MOHATUSAMU:
LLIAPOBOW CErMEHT, LLAPOBOIA C/ION,
LLIAPOBOW CEKTOP, OCHOBaHKE 1 BbiCOTa
cerMeHTa, OCHOBaHMe 1 BbICOTa
LLIAPOBOIO C/0S.

BbiBOAUTL (hOpMY bl A1t HAXOXKAEHNS
00bEMOB LLIAPOBOr0 CErMeHTa,
LLIAPOBOro CEKTOPA, NnoLaan chepsbl.
[lokasbiBaTb TeopemMy 06 06bEME Lapa.
PeluaTb CTEpPeOMETPUYECKME 3aauN,
CBsi3aHHble C 06bEMOM LLIapa, LapoBOro
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Ten.

[Mofo6HbIe TeNa B MPOCTPaHCTBE.
3meHeHne o6bEMa Npu nogobun.
CTepeomeTpuyecKue 3a4auu,
CBSI3aHHbIE C BblUYMCIEHNEM 06bEMOB
TeN 1 NoLLaaein NoBepxXHOCTeN

CermMeHTa, LLapoBOoro CeKTopa,
naoLanbo cgepsl.

CpaBHMBaTL 1 aHaIM3MPOBaTb
YTBEepPXAeHUA C Lie/blo BbISBIEHUA
NOTNYECKN KOPPEKTHBIX U
HEKOPPEKTHbIX PacCy>XAeHWiA.
AHann3nmposaTtb U MOAeNNpoBaTh

Ha A3blKe reoMeTpun peasibHble
CUTYyauuu, cBs3aHHble C 06bEMOM
LLapa, LapoBoro CerMeHTa, LLapoBoro
CermMeHTa, nnaowaasto cgepsl.
CB060AHO OMnepupoBaTb NOHATUEM:
Nnofo6HbIe Tesla B MPOCTPaHCTBe.
BbluncnsaTe 06bEMBI TN C MOMOLLbHO
OnpeaenéHHoro nHTerpana.

Peluatb CTepeomMeTpuyeckne 3ataun,
CBfA3aHHbIE C COOTHOLLEHMAMMU MEXIY
nnowaasMm noBepxXHOCTeN 1
06bEMaMM NOAOGHBIX Terl.
[MpoBOANTL NOTMYECKN KOPPEKTHbBIE
[0Ka3aTe/ibHble paccyXaeHus

Npu peLleHnn reoMeTpUYeCcKmX 3afau,
CBSA3aHHbIX C BblYMC/IEHNEM 00bEMOB
TeN C NOMOLLIbHO onpefeniéHHOoro
NHTEerpana, HaxoXxaeHnem
COOTHOLLIEHNA MeXay noLlaiamMu
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MOBEPXHOCTeN 1 06 bEMaMM NOLOOHbIX
Ten.

AHann3nposatb U MOLeNMPoBaThb

Ha 3bIKe FreOMeTpUM peasibHble
CUTYyauuu, cBA3aHHble C 06bEMaMK U
MOBEPXHOCTAMMW Ten,

Ha [JOKa3aTe/IbCTBO 1 Ha HAaXOXAeHNe
reoOMeTPUYECKNX BeJIMYMH

LBmKeHns

[B/XeHMst NPOCTpaHCTBa.
OTobpaxkeHnst. [BMKEHNSA 1
paBeHCTBO (huryp. ObLme cBOMCTBA
ABWKEHNIA. Bubl ABUKEHWIA:
napanfieNbHbIil NepeHoc, LeHTpasbHas
CUMMETPUSA, 3epKasibHas CUMMETPUS,
MOBOPOT BOKPYT NPSIMOIA.
[MpeobpaszoBaHusa Nogobus. MNpavas v
cthepa diinepa.

"eomeTprYeCKme 3a4a4n

Ha NPUMEHEHNE [BMKEHUA

MpUMeHsATL NpaBuna BbINOTHEHNS
NENCTBUI COXKEHUS N BblYMTAHNSA
BEKTOPOB, YMHOXEHWS BEKTOPA

Ha YMCNo NPU PeLLIEHNN 3aay.
HaxoanTb KoopAnHaTbl BeKTOpa

B JaHHOM 6a3unce 1 CTPOWUTb BEKTOP
Mo ero KoopanHartam.

BCcnoMHUTL onpeaeneHne CKansipHoro
YMHOXEHMS 1 €ro CBOMCTBA.
BbIuncnsaTh C MOMOLLIbK CKaNSiPHOIO
YMHOXXEHUS ANNHbI BEKTOPOB, YI /bl
MeXay HUMW, yCTaHaBIMBaTb
neprneHanKynsiPHOCTb BEKTOPOB.
AHanm3nposatb 1 MOAENMPOBaTb

Ha S13bIKe FeOMETPUM peasibHble
CUTYyaLMn, CBSI3aHHbIE C PU3NUYECKMM
BEKTOPHbIMUN BETMYMHAMM.
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icnonb3oBaTb Npu peLLeHnm 3agay,
CBSI3aHHbIX C BEKTOPaMM

B NPOCTPaHCTBE, NaHUMETPUYECKME
(haKTbl 1 METOABI.

CB060AHO OnepupoBaThb NOHATUSMN:
0TOoOpaXKeHNe MPOCTpaHCTBa Ha Cebs,
[BVKEHVE NPOCTPAHCTBA,;
LIeHTpa/ibHas, oceBast U 3epKasibHas
CUMMETPUN, NapaieNibHbIn NepeHoc;
PaBeHCTBO ¥ nofgobue quryp.
[lokasblBaTb YTBEPXKAEHWS O TOM, UTO
LIeHTpa/ibHas, oceBast U 3epKasibHas
CUMMETPUN, NapasinenbHbIA NepeHoc
ABNAOTCA ABMIKEHUAMU. BbINONHATb
npeobpa3oBaHuUsi NoA06OMS.
OneprpoBaTb NOHATMSMI: NpsAMast U
cthepa Jitnepa.

PeLlaTb reomeTpuyecKkme 3agauu

C UCMNOJIb30BAHMEM [BUKEHNIA.
icnonb3oBaTb NP peLeHnm 3aaau
ABVDKEHMS NPOCTPaHCTBa N UX
CBOMWCTBa

[MoBTOpPEHME, 0606LLEHME
M cUCTEMaTU3aLMA 3HAHWI

17

O6o6uatoLLee NOBTOPEHME NOHATUIA U
MeTO/0B Kypca reomeTpum
10-11 knaccos, cuctemaTmsalms

PeluaTb CTepeoMeTpUYECKME 3aaum
Ha [0Ka3aTe/IbCTBO MaTeMaTUUeCKNX
OTHOLLIEHWIA, HAXOXaeHWe
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3HaHWA.

icTopunsa pa3BUTUS CTEPEOMETPUN KaK
HayKW 1 e€ posib B pa3BuTUK
COBPEMEHHbIX NHXXEHEPHbIX U
KOMMNbHTEPHbIX TEXHO/IOMI

reOMeTPUYECKNX BEIMYUH (L4/IVH,
yrnos, nnowanen, 06LEMOB).
icnonb30BaTh Npu peLleHnm
CTepeoMeTpMYecKnX 3adau
NnaHUMeTpuYecKmne akTbl

N METOAbI.

MpoBOAUTL IOMMYECKN KOPPEKTHBbIE
[0Ka3aTe/bHble PacCy>aeHns

MPU peLLeHnn CTeEPeOMETPUYECKIX
N NIaHUMETPUYECKMX 3aau.
CpaBHUBaTb U aHA/IM3MPOBATb
peasibHble CUTYaLun 1 BbISBNSATb
BO3MOXHOCTb €€ MOJe/IMpoBaHNA
Ha A3bIKe reoOMeTpUN.
MogenmpoBaTb peasibHyt0 CUTYyaLuto
Ha 5i3bIKe reOMeTPUMN U UCCNeL0BaTb
MOCTPOEHHbIE MOAENN, B TOM YKC/e
1 C UCMOMb30BaHMEM annapara
anreopbol.

cnonb3oBaTb KOMMNbHOTEPHbIE
nporpaMMbl NPV peLleHnn 3agad.

MonyyaTb NPeCTaBNEHNE O TEOMETPUN

Kak O pa3BUBatOLLEiCs Hayke,
NCCNeayoLLEN OKpYXKatoLLMiA Mup,
CBSI3aHHOI C peaslbHbIMM 06 BbEKTaMMU,
NMOMOTatoLLE PELUNTL peasibHble
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)KN3HEHHbIE CUTYyaLUK O Po/n
CTepeoMeTpU B Pa3BUTUM
COBPEMEHHbIX MHXXEHEPHbIX 1
KOMMbIOTEPHBIX TEXHOMOMMIA

OBLWEE KOJIMYECTBO
YACOB 0 NPOIrPAMME

102
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®EAEPAIBHAA PABOYAA NPOrPAMMA YYEBHOIO KYPCA

«BEPOATHOCTB U CTATUCTHUKA»

NOACHUTE/IbHAA 3AMNMUCKA

YuebHblli Kypc «BeposTHOCTb M CTaTUCTUKa» Yriy6nEHHOIO YPOBHA SBNSETCA
MPOAO/HKEHNEM N Pa3BUTUEM OAHOMMEHHOI0 Y4eBHOro Kypca yriy61EéHHOro ypoBHS Ha
YPOBHe cpedHero ob6bulero o6pa3oBaHMs. YuUebHbIW  KypCc npedHasHayeH A1
(hopMmnpoBaHUA Y 06YHaIOLLMXCA CTATUCTUYECKOW KYNIbTYPbl 1 MOHUMaHUA PO TEOPUN
BEPOSATHOCTEN KaK MaTeMaTU4eckoro MHCTPYMEHTa NS N3YUeHUs CydaliHbIX COObITURA,
Be/IMUMH W npoueccoB. [lpy u3ydeHUM Kypca oborawaoTcs npeacTaBieHns
06yyaroLLMXca 0 MeToax UccniefoBaHNA 3MEHYMBOIO MUPa, Pa3BMBAETCA NOHUMaHKe
3HAYMMOCTN M OBLLHOCTM MaTeMaTUYeCKMX MEeTOLOB MO3HaHUA KaK HeoTbeM/ieMOi
4acTu COBPEMEHHOI0 eCTECTBEHHO-HAYYHOr0 MMPOBO33PEHUS.

Cofep>xaHne y4ebHOro Kypca Hanpas/ieHO Ha 3aKpersieHne 3HaHWUiA, NosTyYeHHbIX
MNPy M3y4yeHMM Kypca Ha YPOBHE OCHOBHOrO 06LLero 06pasoBaHWs, M Ha pasBuUTUE
NPefCTaB/IEHNIA O C/yYalHbIX BENMYMHAX N B3aMMOCBA3AX MEXAY HUMWU Ha BaXKHbIX
NpyYMepax, CHKETbI KOTOPbIX MOYEPMHYTHI M3 OKpY>KaloLlero mupa. B pesynbTate
y obyvalowmxcs  LO/MKHO  ChOpMUPOBATLCA — NPeACTaB/fieHWe 0 Hambonee
YrNoTPeOUTENbHBIX Y 0BLMX MaTeMaTUYECKUX MOAENAX, UCMOMb3YeMbIX A/18 OnucaHus
aHTPOMOMETPUYECKUX U eMOrpanyecKmnx BeNMUYNH, NOrpeLLHOCTeN B pas/inyHble poga
N3MEPEHNAX,  ANUTENbHOCTM  6e30TKa3HOM  paboTbl  TEXHUYECKMX  YCTPOMCTB,
XapaKTePUCTNK MaCcCOBbIX IBMIEHWNIA U NPOLLECCOB B 06LLECTBE. YUYeOHbIN KypC SBNSeTCA
6a3oil AN OCBOEHMS BEPOSITHOCTHO-CTATUCTUYECKMX METOAOB, HeobX04MMbIX
CrMeyuancTam He TOMbKO MHXXEHEPHbLIX CreunanbHOCTEN, HO Takke CouMaibHbIX Y
MCUXONIOMMYECKNX, MOCKO/IbKY COBPEMEHHbIE OOLLECTBEHHbIE HAYKM B 3HAUYMTE/IbHOM
Mepe MCMONb3YIT annapar aHan3a 60/blMX AaHHbIX. LieHTpasbHY0 YacTb y4ebHOro
Kypca 3aHMMaeT 00CyX/[eHue 3aKoHa 60/bluMX vnucen — (yHAaMeHTa/IbHOro 3akoHa
MPUPOLbI, UMEIOLLIErO MaTeMaTUYECKYHO (PoOpMan3aLuio.

B COOTBETCTBMM C YyKasaHHbIMKA LENsAMM B CTPYKType Y4yebHOro Kypca
«BeposATHOCTb U CTAaTUCTUKa» Ha Yriy6nEHHOM YPOBHE BblfAe/NIeHbl OCHOBHbIE
cogepaTenbHble NNMHUK: «ChnydaliHble COObITUA WM BEPOATHOCTU» W «Chny4valiHble
BEJIMUMHbI U 3aKOH O0/bLLMX YNCEN».

MOMMMO OCHOBHbIX JIMHUIA B YYEOHbIA KYPC BK/IKOUYEHbI 3/1EMEHTbI TEOPUN rpactoB
N TeOpUU MHOXXECTB, HE0OX0AMMble /1 MOSTHOLEHHOIO OCBOEHUSA MaTepuana AaHHoro
Y4eOHOro Kypca 1 CMeXHbIX MaTemMaTUyeCKNX y4ebHbIX KypCOB.

CofepxxaHue MMHUN «CriyyaiHble COObITUS U BEPOATHOCTU» CNYXXUT OCHOBOI A1
(hopmmpoBaHMsA NpefCcTaB/eHWUn O pacnpefeneHMn BEPOSTHOCTEN MeXay 3HayeHUsIMU
C/lyYailHbIX BENMYMH. BadkHy0 4yacTb B 3TOW cCoAepXXaTeslbHON NNHWUM 3aHUMaeT
N3yyeHne reoMeTPUYecKoro M 6UHOMWANILHOTO pacrpefeneHnii U1 3HaKOMCTBO C UX
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HenpepbIBHbIMW aHa/10raMn — rNnoKasaTe/ibHbIM 1 HOPMa/lbHbIM pacnpeaeneHnAaMN.
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Tembl, CBf3aHHble C  HEMpepbIBHbIMW  CNyYaHbIMW  BEIMYMHAMK W
pacnpegeneHnaMm, akLeHTUPYOT BHUMaHE 00Y4aloLLMXCA Ha OMUCaHUN U U3YYEeHUN
C/TyYalHbIX AB/IEHWIA C MOMOLLbID HEMPEPbLIBHbIX (YHKUUA. OCHOBHOE BHUMaHWe
YenseTca nokasaTe/slbLHOMY 1 HOpMasibHOMY pacnpeseneHusm.

B yue6HOM Kypce npegycmaTtpuBaeTcs 03HaKOMUTENIbHOE U3YUeHWe CBA3N MeXay
C/ly4yalHbIMW BENYMHAMW M OMNUCaHWEe 3TOW CBA3M C MOMOLLBI0 KO3dhduumeHTa
KOPpenaumm 1 ero BbI6OPOYHOro aHasiora. 3Tu 3/1IeMeHTbl COAepXXaHNA pa3BUBalOT TeMy
«[lnarpammMbl paccevBaHUsA», N3yYeHHYIO Ha YPOBHE OCHOBHOIO 06LLero o6pasosaHus,
1 BO MHOIOM OMMPAKOTCA Ha CBEAEHNS U3 KYPCOB afirebpbl 1 reOMeTpun.

ELWE oanH anemMeHT cofepXXaHus, KOTOpbIiA NpeasiaraeTcad Ha 03HaKOMUTE/IbHOM
YPOBHe — MOC/IeA0BaTe/IbHOCTb CyYaliHbIX HEe3aBUCUMbIX COObITUA, HaCTyMaroLmx
B eanHuLy BpemeHu. O3HaKOM/IEHME C pacrpefenieHnemM BepoATHOCTEN KONM4ecTBa
TaKnX COBbITUIA HOCUT pa3BMBatOLLMIA XapaKTep U ABMSETCA aKTya/lbHbIM A1 6yayLmX
abuUTYypueHTOB,  MOCTYMNaloWMX Ha  Yy4yeOHble  CneuumaibHOCTW,  CBHA3aHHblE
C 00LLIECTBEHHbIMM HayKaMu, MCUXO/IOTNEN N YNpaBieHUeM.

Ha n3yyeHne yyebHOro Kypca «BeposTHOCTb M CTATUCTMKA» Ha Yray6/eHHOM
ypoBHe oTBoAMTCS 68 yacos: B 10 knacce — 34 yaca (1 yac B Hegento), B 11 knacce —34
yaca (1 yac B Hefiento).

COAEPKAHUE OBYUYUEHMUSA
10 KJIACC

pady, CBA3HbIA rpad, Nyt B rpade: umkabl U uenun. CTeneHb (BaseHTHOCTb)
BepPLUMHBbI. ['padibl Ha NocKoCcTU. [epeBbs.

CnyuyaiiHble 3KcnepumeHTbl (OMbITb) W CMy4ailHble COObITUS. JNieMeHTapHbIe
cobbITUA  (MCX0Abl). BeposTHOCTL CAy4valiHOro Co6bITUA. BAM30CTb  4acTOTbl U
BEPOATHOCTU COObITUIA. Cry4ailHble OMbITbl C PABHOBO3MOXHbLIMU 3/1eEMEHTapPHbIMM
COBbITUAMMN.

Onepaunn Haf COOGbITUAMW: MepeceyeHne, 00beAVHEHWEe, MPOTUBOMOOXHbIE
cobbITUA. Anarpammbl drinepa. Popmyna CNoXeHUs BEPOSATHOCTEN.

YCnoBHas BepOATHOCTb. YMHOXEHMEe BeposTHOCTel. [lepeBO  CnydaiHOro
aKcnepumeHTa. Popmyna nosHON BepoATHOCTU. Popmyna baiteca. HesaBucUMble
COo6bITUA.

BuHapHbIA ciyyaiHbIA onbIT (MCNbITaHWe), ycnex W Heygada. HesaBucumble
ncnbiTaHns. Cepusi He3aBUCUMBIX MCMbITAHWIA O MEepBOro ycrexa. epectaHOBKM U
(hakTopuan. Yncno codetaHnin. TpeyronbHuk Mackans. ®opmyna 6uHoma HbrOTOHA.

Cepusi He3aBUCUMbIX MCMNbITaHWn BepHynnn. CnyyaiHbli BbIGOP U3 KOHEYHOM
COBOKYMHOCTMU.

CnyuaiiHas BenMumHa. PacripegeneHme BeposaTHOCTeN. Juarpamma pacnpeieneHus.
Onepaunn Haf cny4vaiHbIMU BeiMuMHaMn. BuHapHasa cnydvaiiHas BenmumHa. Mpumveps
pacnpeeneHnii, B TOM YMc/e reoMmeTpuyeckoe U 6BMHOMMaNBHOE.
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11 KJIIACC

CoBMeCTHOE pacnpejenieHne ABYX C/yHalHbIX BEMUNH. He3aBUCKMble CrlyyaiHble
BE/INUMHBbI.

MaTemaTnyeckoe OXufgaHue cnyyaiHON BennuuHbl (pacnpegeneHus). MNprmMepsl
MPUMEHEHUS MaTeMaTMYeCKOro oXuaaHusa (CTpaxoBaHue, fiotepes). MaTematnyeckoe
OXugaHue OWHAPHOW Cny4valHOW BeNMYMHBLL. MartemaTUyeckoe OXugaHue CyMMbl
C/lyYaliHbIX BeNMUYMH. MaTeMaTU4ecKoe OXuaaHue reoMeTpruyeckoro 1 BUHOMMaIbHOIO
pacnpeaeneHui.

Avcnepcnsa U CTaH4apTHOe OTK/IOHEHWE ClydaliHOW Be/IM4YMHbI (pacrpegeneHus).
Auncnepcnss  GUMHApHOW  ClyYyallHOM  BeNUYMHBLL.  MaTemaTuyeckoe — OXuaaHue
MPOV3BeAEHNA 1 AMNCNEePCUs CYMMbl HE3aBUCUMMbIX ClydaliHbIX BeIMYMH. Oucnepcus un
CTaHAAapPTHOE OTK/IOHEeHVe BMHOMMAILHOMO pacnpeaeneHmns. Aucnepcus n ctaHaapTHoe
OTK/IOHEHWE TeOMETPUYECKOr0 pacnpeeneHuns.

HepaBeHcTBO YebbiéBa. Teopema YebbiwésBa. Teopema bepHynnn. 3akoH
60MbWNX Yncen. BbIGOPOUHbIA MeTO McCneaoBaHUn. BbIGOPOUHbIE XapaKTEPUCTUKN.
OueHvBaHWe BEPOSATHOCTM COObITUA MO BbIOOPOYHLIM JaHHbLIM. [poBepKa NPOCTenLLNX
rMNOTE3 C MOMOLLbIO M3YYEHHbIX pacnpeaeneHui.

HenpepbiBHble  CnydyaiiHble  BeUYMHbLL.  [lpyuMepbl.  PYHKUMA  MIOTHOCTU
BEpPOATHOCTW pacrpefenieHns. PaBHOMepHOe pacnpefeneHne 1 ero CBoicTea. 3ajauu,
NPUBOAALLME K MOKa3aTe/IbHOMY pacnpeeneHunto. 3agayun, NpuBogaLLe K HOpMasibHOMY
pacnpegeneHnio. PyHKUMA NJIOTHOCTM BEPOATHOCTU NOKa3aTe/lbHOro pacrpeseneHus,
(hYHKUMA NNOTHOCTU BEPOSATHOCTN HOPMa/IbHOr0 pacnpegeneHuns. @yHKUmna naoTHOCTY
1 CBOWCTBa HOPMa/IbHOro pacnpeseneHuns.

MocnefoBatTe/lbHOCTb OAMHOYHBLIX HE3aBUCKMMbIX COObITUIA. 3agayun, NpuBOAsLLMe
K pacrnipegeneHuto NyaccoHa.

KoBapvauus AByX Cny4varHblX BefMUMH. KoathMUMEHT NNHEIHOW KOppPensuun.
CoBMeCTHble HabNOAEHMS ABYX BENMYUH. BbIGOPOUHbIA KOSPMULMEHT KOPPENALUN.
Pasninuve mexay NMHENHOW CBA3bKD U MPUYMHHO-CNEACTBEHHOWN CBS3bIO. JIMHeHas
perpeccus, MeTof, HaMMeHbLUMX KBaapaToB.

INPEAMETHBIE PE3YJIBTATBI

K KoHuy 10 Knacca obyyaroLwmiicsa HayumTea:

CBOOGOAHO OMnepuvpoBaTb MOHATUAMMK: rpad, NAOCKWIA rpad), CBA3HbIA rpad, nyTb
B rpade, Lienb, LMK, AEPEBO, CTEMEHb BEPLUNHDI, AEPEBO CYYaNHOr0 3KCNEPUMEHTE;

CBOOGOAHO ONepupoBaTh NOHATUAMW: CyYaliHbI 3KCMEPUMEHT (ONbIT), cyYaitHoe
COObITME, 3MEMEHTApHOE CllyyaiHOe COObITVE (3N1EMEHTAPHbIA WUCXOA) CryyaliHOro
OnbiTa, HaxoAMTb BEPOSTHOCTM COObITUIA B OMbITaX C PaBHOBO3MOXXHbIMY
3/1leMeHTapPHbIMW COBLITUAMMU;

HaxoAuTb W (HOPMYyNMpoBaTb COOLITUA: MepecevyeHne, 0O6beAMHEHUE AaHHbIX
COObITWIA, COObITME, MPOTUBONONOXHOE AAHHOMY, MCNONb30BaTb AnarpaMMbl Jiinepa,
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KOOPAMHATHYIO MNPSMYHO AN PelleHns 3afadv, Monb3oBaTbCs (HOPMY/ON CNOXEHMS
BEPOATHOCTEN /151 BEPOATHOCTEN ABYX M TPEX CMYyYaiHbIX COBbITUIA;

OnepmpoBaTb MOHSATUAMM: YC/IOBHas BEPOATHOCTb, YMHOXEHWE BEPOATHOCTEN,
He3aBMUCUMble COObITUS, AEPEeBO CNyYaliHOrO 3KCMepUMeEHTa, HaxOAUTb BEpPOSTHOCTU
COObITWIA C MOMOLLbHO MpaBuia YMHOXEHUS, [epeBa Clly4yainHoOro onbITa, UCMo/b30BaThb
(hopmyny MosIHO BepoATHOCTK, hopmyny baileca npu pelseHUW 3agad, OnpefensTb
HE3aBMCUMOCTb COObITWIA MO hopMy e 1 NO OpraHMU3aLun Cy4anHoro SKCNePUMEHTE,;

MPUMEHATb N3YUYEHHbIE KOMOUHATOPHbIE (hOPMY/ibl ANS NePeYnCreHns 3/1EMEHTOB
MHOXECTB, 3/IEMEHTapPHbIX COOLITUIA CMy4yalnHOro OnbiTa, PeLleHns 3adad Mo Teopuu
BEPOSITHOCTE;

CBOOOAHO OMepupoBaTb MOHATUAMMK: OGUMHAPHBLIA CNy4YaiiHbIN ONbIT (UCMbITaHKE),
ycrnex 1 Heyaaya, He3aB1CKMMbIE UCMNbITaHWS, CEPUS UCTbITaHWIA, HAXOAUTb BEPOATHOCTH
COObITUIA: B CEPUMN WCMbITAHWIA A0 NEPBOro ycrexa, B CepuMn UCMbITaHWn BepHynnu,
B OMbITE, CBA3aHHOM CO C/lyYaliHbIM BbIGOPOM M3 KOHEUYHOW COBOKYMHOCTY;

CBOOOAHO OMepupoBaTb MOHATMSIMW: ClyYaliHas BeNWMYMHA, pacnpefeneHune
BEpOATHOCTeN, Auarpamma pacnpefeneHuns, OuHapHas cfyyaHas  BennymnHa,
reoMeTpuyeckoe, 6BUHOMMAILHOE pacnpeeneHme.

K KoHuy 11 Knacca obyvarowmnca HayumTesa:

ornepmpoBaTb NOHATUAMMW: COBMECTHOE pacnpeeneHme ABYX CyyaliHbIX Be/IMYMH,
MCNOMb30BaTb TabnuLy COBMECTHOrO pacnpefeneHms AByX Cry4ailHbIX BEMYMH As
BbIAENEHNSI  pacnpefeneHnsl KaxaolW BeNMUMHbI, OMNpedeneHns  He3aBUCUMOCTU
CNyYaliHbIX BENINYWH;

CBO6GOAHO OMepupoBaTb MOHATMEM MaTEMATMUECKOr0 OXWAAHWSA CNy4vainHol
BE/IMYMHBI (pacnpeaeneHmns), NPMMEHATb CBOMCTBA MaTeMATUUECKOro OXMAaHWs Mpu
pelleHMn 3adad, BbIYMCAATb  MaTeMaTMYecKoe OXuaaHue OGUHOMMANBHOIO ©
reoMeTPMYECKOro pacnpeaeneHuii;

CBOOOAHO OMEpMpoBaTb MOHATUAMM: AUCMEPCUS, CTaHAAPTHOE OTKIOHEHMWE
C/y4yaiHOM BENWYMHbI, MNPUMEHSTb CBOWCTBA AUCMEPCUM  CNYYaWHON BENUUUHDI
(pacnpegeneHns) Npyv pewweHUn 3afady, BbIYMCAATb AUCMEPCUMIO U CTaHAApTHOe
OTK/IOHEHWE TEOMETPUYECKOTO M BMHOMMALHOIO pacrnpefeneHuii;

BbIYMCNATL BbIOOPOYHbIE XapPaKTEPUCTMKX MO [AaHHOW BbIGOPKE M OLEHMBATH
XapaKTEPUCTUKN  TeHepaslbHOW  COBOKYMHOCTW  AaHHbIX MO  BblGOPOYHbIM
XapakTepucTnkam. OueHMBaTb BEPOSTHOCTUM COGLITUIA M NPOBEPSTb MPOCTeNLLne
CTaTUCTMYECKME TUMOTE3bI, NOMb3YSCh N3YYEHHbLIMW PacnpeaeneHusMu.
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TEMATHUYECKOE IINTAHUPOBAHHUE

10 kaace
HassaHue KonnyecTso OCHOBHbIe BU/bl AeATENbHOCTH
OCHOBHOe cofepXaHue
paszena (Tembl) Yyacos obyyaroLLmxca
AneMeHTbI TeOpUM rpacgos 3 ["pady, CBA3HBIN rpad), NpeacTaBieHne [MpefcTaBNATb 0ObEKTHI U CBA3N
3a[,a4n ¢ NOMOLLbIO rpada. MeXay HMMM C MOMOLLbIO rpada,
CteneHb (Ba/IleHTHOCTb) BEPLUMHBI. Haxo4uTb NYTU MeXay BepLUMHaMK
MyTb B rpade. Llenu n unknbl. rpaga.
I"padhbl Ha nnockocTw. [epeBo BblgensaTs B rpage Lenu v UUKIbl.
C/ly4ainHOro sKcrnepnmeHTa CTpouTb iepeBo Mo OnMcaHuIo
C/ly4ainHoro orbITa, ONUCLIBaTbL
cllyyaiiHble COObITUSA B TEPMUHAX
fepe.a.
PeLuaTtb 3aa4n ¢ NOMOLLbIO
rpadgos
CnyuyaliHble onbIThbl, 3 CnyualiHble 3KCrepuMeHTbl (ONbITbI) Bb1aenaTb 1 onucbiBaTth

C/lyYaiHble cobbITUSA U
BEPOATHOCTM COObITUI

W CNnyYaiiHble COBbITUSA. DNEMEHTAPHbIE
Co6bITUA (MCXoAbl). BEpOATHOCTD
C/ly4aiiHOro cobbITns. BeposTHOCTY
COObITUI B ONbITaX

C PaBHOBO3MOXXHbIMW 3/1EMEHTAPHbLIMW
COObITUAMU

clyyaiiHble COObITUSA B C/TyYaliHOM
onbITe.

dopMmynMpoBaTh YC10BUA NPOBEAEHMS
Cy4yainHoro onbiTa.

HaxoauTb BEpOATHOCTM CO6bLITUIA

B OMbITaX C PABHOBO3MOXHbIMU
3N1eMeHTapHbIMU UCXo4amMu
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Onepayumun

Ha[, MHOXecTBamu

N COObITUAMMN.
CnoXxeHune n yMHOXeHue
BEPOSAITHOCTEN.
YcnoBHasa BepOATHOCT.
He3aBrcuMble COObITUSA

MepeceyeHne, 06beUHEHNE MHOXECTB
1 COObITUIA, MPOTUBOMONOXKHbIE
Co6bITUSA. PopMya CIOXKEHNS
BEPOSATHOCTEN Y C/I0BHAsA BEPOSATHOCTb.
YMHOX€eHWe BEepOATHOCTENA.

dopmya yCcI0BHOIN BEPOATHOCTW.
dopmyna NosHON BEPOATHOCTH.
dopmyna balieca. HezaBucuMble
cobbITHA

cnonb3oBaTb AuarpaMmbl Jinepa

1 BepbanibHOe onmcaHne cobbITUN
MpW BbIMOIHEHWW OMNepawmii

Ha/l COObITUAMMW.

OueHnBaTb N3MeHEHWE BEPOATHOCTEN
CO6bITWIA MO Mepe HaCTyneHns
APYTrnX COOLITUIA B Cly4antHOM OnMbITE.
PewlaTtb 3afa4u, B TOM Y1cne

C UCMO/b30BaHMEM AepeBa CyyaiHoro
onbITa, POPMY CNOXKEHUS

1 YMHOXEHUSI BEPOSITHOCTEN

SneMeHTbl KOMOMHATOPUKM

KomMbrHaTOpHOE NpaBmio YMHOXEHWS.
[MepecTaHOBKM 1 thakTopuas. Yucno
coyeTaHuin. TpeyronbHUK Mackans.
dopmyna 6UHOMa HblOTOHa

dopMynnpoBaTh U AOKa3bIBATb
KOMOMHATOPHbIE (DaKTbI.
icnonb3oBaTh NpaBuio YMHOXEHNS,
N3yYeHHble KOMOMHATOPHbIE POPMY/bI
L)1 NepeyncieHns a1eMeHTOB
Pa3IMYHbIX MHOXECTB, B TOM YKC/e
3NIEMEHTapHbIX COBLITUIA B CyYaiHOM
onbITe.

Monb3oBaTbecs HOPMYOi 1
TpeyronbHMKoOM lMackans

0151 ONpefeneHns Yncna Co4eTaHuia.
[MpumeHATL hopmyny GrHOMa
HbloTOHa 4519 Npeobpa3oBaHus
BblPaXXeHWA
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Cepun nocneaoBaTe/bHbIX 5 BUHapHbIA cnyyaliHbli ONbIT Pa3bmBaTb C/IOXKHbIE 3KCMEPUMEHTbI

UCNbITaHWA. cnblTaHus (McnblTaHKe), ycnex 1 Heydava. Ha OTAe/bHbIE UCTbITAHWS.

BepHynnu. He3aB1CKMble UCTIbITAHNS. PellaTtb 3aa4v Ha NOMCK

CnyuyaiiHbli BbI6GOP Cepus He3aBUCUMbIX UCTbITAHWIA BEPOSITHOCTEN COObITUIA B CEpum

13 KOHEYHOW COBOKYMHOCTY [0 nepBoro ycnexa. Cepus MCNbITaHWIN [0 NePBOro ycnexa u
He3aBUCKMbIX UCMNbITaHWUA BepHynnu. B CEPUSAX UCMbITaHNA BepHyu,
CnyuyaliHblli BbI6OP 13 KOHEYHOIA a TaKkXe B OMbITax Cco Ciny4varHbIM
COBOKYMHOCTM!. BbIGOPOM M3 KOHEYHOW COBOKYMHOCTY
MpakTnyeckas paboTa C UCNOMb30BaHNEM KOMOUHATOPHbIX
C MCMNOMb30BaHMEM 3MIEKTPOHHbIX (haKTOB 1 (hopMy/1, B TOM YMC/le B XOfe
Tabnuy, NPaKTUYeCKOn paboThbl C MPUMEHEHVEM

CTaHAapPTHbIX DYHKLMIA
CnyuyaiiHble BEMYMHBI 14 CnyualiHas BennunHa. PacnpegeneHne | OcBamBaTb NOHATUSA: CydaliHas

W pacnpefeneHus

BepoATHOCTeN. Juarpamma
pacnpegeneHna. Onepaymm

Haz, Cy4YainHbIMU BENIMUYMHAMN.
Mpumepbl pacnpeaeneHunia. BuHapHas
CNyYaiiHas Be/IMunHa. FeoMeTpuyeckoe
pacn-peseneHue. buHoMuanbHoe
pacnpegeneHve. Matematmnyeckoe
OXXuaHue cnyyaiHom BENMMYUHBI.
CoBMeCTHOe pacnpegeneHune apyx
C/lyYaiHbIX BENMUNH. HesaBnCMble
CNyYaiHble BennunHbl. CBOMCTBA
MaTeMaTnyecKoro OXXuaaHuns.

BENMYMHa, pacnpeseneHve, Tabnmua
pacnpefeneHns, guarpamma
pacnpegeneHus.

HaxoauTb 3HaYeHUs CyMMbI U1
NMPOM3BEAEHUSA CNyYaHbIX BEMIMYMH.
CTpounTb GUHapHbIe pacnpeaeneHmns
M0 OMMCaHMIO COObITWIA B CTyYalHbIX
onbiTax. CTPOMTb M pacno3HaBaTb
reoMeTpuyeckoe 1 GMHOMMabHOe
pacnpegeneHus.

PelaTb 3aa4v Ha BblYMCNEHME
MaTemMaTn4eckoro OXuaaHms.
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MaTemaTtunyeckoe oXxugaHue buHapHoM
CNy4aiHOWN BEIMUYUHBI.
MaTemaTtunyeckoe oXxungaHme
reoOMeTPMYECKOro 1 BUHOMMUAILHOTO
pacnpegeneHunii. Auncnepcus n
CTaHAAapTHOE OTK/OHeHWe. Auncnepcus
OMHaPHOWA CNy4YaiHOW BENMNUYNHBI.
CsoiicTBa gncnepcum.
MaTemaTnyeckoe oXxuaaHue
MPOM3BEAEHUSA 1 ANCNEPCUS CYyMMbI
He3aBUCUMbIX Cly4aiHbIX BE/TMYMH.
Ancnepcust GHOMWANILHOIO
pacnpeieneHus.

[MpakTnyeckas pabora

C MCMNOMb30BaHMEM 3IEKTPOHHbIX
Tabnuy,

CTpOI/ITb COBMECTHbIE pacrnpenesieHns.

3yyaTtb CBOMCTBA MaTeMaTUYeCKOro
OXunaaHus.

Peluatb 3aa4n ¢ NOMOLLbIO
N3yYeHHbIX CBOWCTB.

Mo n3yyeHHbIM POpMyiam HaXo4NTb
MaTemaTuyeckune oXXuaaHus
CllyYaliHbIX BEMYNH, NMEIOLLIUX
reoMeTpuyeckoe 1 GHOMMaIbHOE
pacnpegeneHns

OcBavBaTb NOHATUS: AMCNepcus,
CTaHAAPTHOE OTK/NOHEHWE CyYaiiHOM
BE/TNYUHDBI.

HaxoguTb gnucnepcuro

Mo pacnpeseneHunio.

3yyaTb CBOMCTBA ANCMEPCUN.

[0 M3yYeHHbIM hopmynaM HaXoANTb
ANCNepcUo GUHOMMAIBHOIO
pacnpefeneHns, B TOM Ymcre B Xode
NpaKTU4ecKoin paboThbl

OBLUEE KOJIMYECTBO
YACOB 10 NPOIrPAMME

34
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11 KUIIACC

CTaTUCTUKN

CNyyaliHas Bblbopka. 3HaKOMCTBO

C BbIOOPOYHBIMU XapaKTePUCTUKAMU.
OueHKa cpefiHero n fucnepcmm
reHepanbHON COBOKYMHOCTY

C MOMOLLbHO BbIGOPOYHBIX
XapaKTepucTuK. OueHBaHne
BEPOSATHOCTEN COObITWIA MO BbIGOPKE.
Cratuctmnyeckasa rmnoresa. [posepka
MPOCTEMLLMX FUMOTE3 C MOMOLLBHO
CBOICTB U3YYeHHbIX pacrnpeaeneHuil.
MpakTnyeckas paboTa

C UCMO/b30BaHMEM 3/IEKTPOHHbIX
Tabnuy

HassaHue KonmnyecTtso OCHOBHbIE BU[bI AEATE/ILHOCTY
OCHOBHOE cofiepXaHmne
pasgena (Tembl) 4acoB obyuJaroLmxcs

3aKoH 60/bLUNX Yncen 5 HepaBeHcTBO YebbilwéBa. Teopema Pa3bupathb [0Ka3aTeNlbCTBa TEOPEM.
Uebbilwésa. Teopema bepHynnn. OcBavBaTb BbIGOPOYHbIA MeTO[
3aKoH 60/1bLIMX YKces. BbI6OPOYHbIit nccnefoBaHniA, B TOM YMC/e B X0Ae
MeTO[ MccnefoBaHuiA. NpaKTU4ecKoi paboThbl
MpakTnyeckas paboTa
C UCMO/b30BaHNEM 3/IEKTPOHHbIX
Tabnmu

AnemMeHTbl MaTeMaTUYECKOA 6 ["eHepasibHas COBOKYMHOCTb U OcBavBaTb NOHATUSA: TeHepasibHas

COBOKYIMHOCTb, BbIOOPKa, BbIOOPOYHOE
CpeaHee 1 BbIGOPOYHas AnCnepcus.
BbluncnaTb BbIGOPOYHbIE
XapaKTePUCTUKN N Ha NX OCHOBE
OLIeHMBATb XapaKTEPUCTUKN
reHepasbHON COBOKYMHOCTW.
OcBaunBaTb NOHATUSA: CTATUCTUYECKAA
rmnoresa.

OueHMBaTb BEPOATHOCTb COBLITUIA U
NPOBePsTb MPOCTENLLNE TUMNOTESbI
Ha OCHOBE BblIOOPOYHbIX AaHHbIX,

B TOM YMC/ie B XO/e NPaKTUYECKOA
paboTbI
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HenpepbiBHble ClyyaiiHble
Be/IMUYNHbI (pacnpeneneHns),
rokasate/ibHoe U
HOpPMaJIbHOE pacnpeseneHuns

MpuMepbl HENPEPbIBHbIX CyYaliHbIX
BEMIMYMH. DYHKLIMA NIOTHOCTM
BEPOSITHOCTW. PaBHOMEpHOe
pacnpezeneHmne. Mpumvepbl 3aaay,
NPUBOAALLYMX K NOKa3aTe/lbHOMY

M K HOpManbHOMY pacnpeeneHusm.
®YHKLMSA NNOTHOCTY BEPOSTHOCTY
MOKa3aTeNbHOro pacrnpeaeneHus.
®YHKLUMS NIOTHOCTY BEPOSITHOCTM
HOPManbHOro pacnpeaeneHuns

3HaKOMUTBLCA MNOHATUAMM:
HenpepbIBHas Cy4vainHas BenUmHa,
HenpepbIBHOE pacnpeseneHue,
(hYHKLMS MNOTHOCTW BEPOSTHOCTU.
HaxoauTb BEPOATHOCTM COObITUIA
Mo JaHHOW (hYHKLMN

MNOTHOCTW.

3HaKOMUTLCA C MOHATUAMM:
MoKasaTenbHOe pacrpeaeneHue,
HOpPMa/IbHOE pacrpefeneHue.
BblAensTb Mo ONMCcaHMIo CNyYaiHble
BENMYMHBbI, pacnpefeneHHble

M0 NnokasaTe/IbHOMY 3aKOHY,

MO HOPManibHOMY 3aKOHY.
Pa3bupaTb NpuMepsbl 3aay,
NPUBOAALLMX K MOKa3aTe/lbHOMY
pacnpeAeneHunto N K HopMasbHOMY
pacnpeaeneHunto

PacnpepgeneHue lNyaccoHa

lNocnepoBaTelbHOCTb OANHOYHbIX
He3aBNCKMbIX COOBbITUN.

Mpumep 3aga4un, NPUBOASLLEN

K pacnpegeneHuto lNyaccoHa.
MpakTnyeckas pabota

C MCNO/Ib30BaHMEM 3/1eKTPOHHbIX
Tabnuy

BbIAensiTb Mo onMcaHnio cnyvamHoro
OnbITa BE/IMYNHBI, pacnpefeneHHble
no 3akoHy l'yaccoHa.

PeLuaTtb 3aga4dn, B TOM Yuc/e B Xoae
NPaKTUYeCKo paboTbl C MPUMEHEHNEM
CTaHAAPTHbIX PYHKLUMIA 3NIEKTPOHHbIX
Tabnuy,
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CBsi3b MeXAy Cny4vanHbIMK 6 KoBapunaums AByX c/yyaiiHbIX OcBavBaTtb NOHATUA: KOBapuaLus,
BeIMYnNHaMu BeNMUUH. KoathprUMEHT Koppensaumm. KO3ULMEHT Koppenauum, MMHeinHas
CoBMeCTHble HabMoAeHNSA ABYX 3aBMCMMOCTb.
BENNYMH. BbI60POYHBIA KOIPULUMEHT | OueHMBaTb XapaKTep CBA3N MeXay
Koppenaumu. Pasnnune mexay C/lyYaiHbIMW BEIMYNHAMU, UCXOAA
NINHENHOW CBA3bIO U MPUYNHHO- N3 NPUPOAbI AaHHbIX U BbIYUCNEHHbIX
CeCTBEHHOW CBA3bIO. JINHENHas XapaKTepuCTUK.,
perpeccus. lNpaktuyeckas pabora cnonb3oBaTb gnarpaMmmbl
C UCMO/b30BaHNEM 3/IEKTPOHHbIX paccevBaHus 4ns N306paXKeHNs
Tabnu COBMECTHOr 0 paccenBaHus
[AaHHbIX.
HaxoanTb KoapuumneHTb! 0cK
AmnarpaMMbl, B TOM YMC/IE B X0Ae
NPaKTUYeCKOi paboTbl C MPUMEHEHMEM
CTaHA4aPTHbIX DYHKLMIA
O606LLeHVE 1 11 MpencTaBneHne faHHbIX C MOMOLLbHO [MOBTOPATb U3YYEHHOE U BbICTPanBaTh

cncremMatumnsaumna 3HaHWIA

Tabnuu 1 guarpamm, onmcaresibHas
CTaTUCTMKA, ONbITbI

C PaBHOBO3MOXXHbIMM
3NeMeHTapPHLIMU COObITUAMMU,
BbIUYMNC/IEHNE BEPOSTHOCTEN
COObITWIA C NPUMEHEHVEM (POPMY U
rpauyecknx MeToaoB
(KoopamHaTHaa npsimMast, AepeBo,
AnarpaMmma Jinepa), cnydariHble

CUCTEMY 3HaHWNIA
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BEIMUMHbI U pacrpefeneHus,
MaTemMaTMy4ecKoe oXXuaaHme
C/ly4yariHOI BEIMUYUNHBI

OBbLUEE KOJIMYECTBO 34
YACOB 10 NPOIrPAMME

KoHTpoJbHO-n3MepHuTeIbHbIe MATEPHUAJIBI 11 IPOBEACHUS
UTOTrOBOM KOHTPOJILHOI padoThl Mo matematuke B 10 Kkiacce

B 2023-2024

Hasnauenne KMM — OLEHNTb YPOBEHb 06LLe06pa3oBaTelbHOM NOArOTOBKM NO MaTeMaTuke
obyyaroLmxca X Kaccos 06LLie06pa3oBaTes/ibHbIX OpraH13aLmii B Lensx noaroToBKM K

rocyAapCTBEHHOM

NTOrOBOM arTectayn BbIlMYCKHNKOB.

1. XapakrepucTuka CTPYKTYPBI u collepKaHus KUM
WToroBas paboTa COCTOWUT M3 ABYX 4acTeid, BKAKuUaroWmx 12 3apaHuid. Yactb 1 comepxut 8
3aflaHnin 6a30BOro YpoBHA Mo MaTepuasly Kypca MatemMaTukun. K Kaxaomy 3afaHunio HY>XXHO AaTb
KpaTKuii OTBET, MpPeACTaBNEHHbIA MO0 LEeMbIM YACAOM, IMO60 KOHEYHON AECATUYHON APO6bIO.

3afaHune ¢

KpaTKMM OTBETOM CYUTAETCA BbINO/HEHHLIM, €C  3arnncaH BeprIVI OTBET.

YacTb 2 coepXXuT 4 60nee CNOXHbIX 3aaaHns. IMpu nx BbINONHEHUW HAaA0 3anuncaTb NOAPOGHOE
060CHOBaHHOE peLleHne n OTBeT.
2. IlpoBepsiemblii yueOHbIi MaTepHaJ KypCcOB MATEMATHKH

O
O
O

Anrebpa n Hadana aHanm3a 10 knacca (9 3agaHuii: 6 B yactm 1 1 3 B Yactu 2)
"eomeTpusa 7—10 Knaccos (3 3agaHns: 2 B YacTn 1 1 1 B yactu 2)

BepoATHOCTb 1 cTaTUCTMKa (2 3aaaHns ;2 B YacT 1 u 1 B YacTtu 2))

Ha BbINnosiHeHWe paboTbl oTBOAUTCS 2ypoKa (80 MuHYT). [Ang ohopMneHus
paboTbl PEKOMEHAYEM UCNOMb30BaTh 61aHKM EID. Mpy BbINOAHEHUWN 3aaaHWiA
paspeLLaeTcs No/b30BaTbCA IMHENKOIA.

3a BbINO/HEHNE 3a4aHNs 06yYatoLLMiAca NoMyYaeT onpeaenéHHoe Yncno 6annos.

MAaKCHMAJLHOI0 YHCJIa 0aJUI0B 32 0JHO 3aJaHue

Yactb 1

(6a30BbIii YpOBEHb) (NOBbILLEHHbIN YPOBEHD)

YacTb 2 NTtoro

3agaHue, Neo

3afaHue, No

1-9

10-12 13-14

1

2 3 21

Tabauua nepeBoja TeCTOBBIX 0AJIOB B IIKOJbHbIE 0OTMETKHU

TecToBbIV 6ann LLIkonbHas 0TMeTKa

0-4




™

S5-7

9-13

gl &~ W

14-21

(Npw ycnoBum BbIMOMHEHUS OAHOTO 3ajaHus
113 YaCTM 2 NOJHOCTbIO)

BapmuanTt 1

Yacte 1

1. YnpocTuTe BblpaxkeHue 2sin>x+2c0os?X.
OtBerT:

2. Halignte Hambonbluee 3HaYeHne QYHKUMK y=4sinX.

OTBET: ) A

RN

A [D T

3. Pa3wvep knetkn 1x1. W3sectHo, yto ABCD — pomb6. Haigute kocuHyc yrna ADC.
OtBerT:

4. Hangute yrnoson KoamULMEHT KacaTeNnbHOM K rpadinky hyHKUMM y=1gX B TOuKe C
o Vs
abeumccom Xo= 1

OTBET:

c0526°c0s22 —cos64° cos68’
2sin 21°cos2?’

5. Bbluucnute

OTBET:

6. TouKa [ABMXKETCS N0 KOOPAMHATHOM NPSIMOIA cOrnacHo 3akoHy X(t)=t3+t>+2, rae x —
nepemeLLeHne B MeTpax, t — BpeMs B CeKyHAaX. B Kakoii MOMEHT BpEMEHW YCKOPEHME TOUKM
OyaeT paBHO 8 M/c??

OTBerT:
Al L]
y<f'&)
7. ®yHKuma y=f(x) onpegeneHa Ha npomexyTke (c;d). Ha pucyHke [\
M306PAKEH rpathvK NPoM3BOAHON (yHKuUmMK y=Fl(x). HaiiguTe AR 7 N
KO/IMYECTBO TOUEK MUHMMYMA (PYHKLNW. Al Jol V1 X

OTBeT:




8.

HaiiguTe nnoLwaab NoiHOV NOBEPXHOCTM NPaBU/bHO YeTbIPEXYTONbHOM NMPaMUAbI CO
CTOPOHOIA 0OCHOBaHUst 10 CM 1 BbICOTOI 12 cM.

OTBET:

10.

11.

12.
13.

14.

11 xkiaace

B rpynne 21 yenoBek, cpean HuX —HKOpumn 1 MpuHa. Mpynny cyyariHbiMm 06pa3om AensT Ha 7
OAMHAKOBbIX MO YMCMEHHOCTM nogrpynn. HaiguTte BeposATHOCTb, 4TO HOpuii 1 WpuHa
OK&XXYTCsi B O4HOIA NoArpynne.

YacTn 2

Arpoupma 3aKynaeT KypuHble fiLa B ABYX LOMALIHMX X03a/cTBax 35% fAuL, 13 nepBoro
X035ICTBA — SLIA BbICLLEN KaTeropuu, a n3 BTOPOro Xo3aicTea — 75% suL, BbiCLUEN
KaTteropuu. Bcero BbICLLYHO KaTeropuio nony4aet 55% auy,. Haiante BepoOSATHOCTb TOrO, YTO
ANL, , KyNeHHOe Y 3TOI arpotpMbl , OK&XXETCA U3 MEPBOro X034MCTBa.

o 2
CKOMbKO KOpHeli MeeT ypasHeHne 16— x° (co >——2)=07?
S X
[Py KaKOM HaMMeHbLLIEM 3HAYEHNN a YPaBHEHNE —X3-3X>+8-a=0 IMEET POBHO 2 KOPHS?
Xopaa AB CTArMBaET [yry oKpy>XHoCTy, paBHyt 120°. Touka C nexxuT Ha aToli ayre, a
Touka D - Ha xopae AB. AD=8, DB=4, CD=4+/2 . Haingute nnowans TpeyronbHnka ABC.
V2 +sin x — cosx

HaiiauTe MHOXeCTBO 3HaUYeHUI (hyHKLMK y=arccos ( 2 ).

Tabéannma MakKCHMAJLHOT0 YHCJIa 02JIJIOB 32 OJHO 3aJJaHHE

YacTtb 1 YacTb 2 MToro

(NoBbILWEHHbIV YPOBEHD)

3afaHue, No 3afiaHune, No

1-2 13-15 16-17 18-19

2 3 4 32

Taﬁ.lmua nepeBoaa TeCTOBLIX 0aJJ10B B IIKOJIbHBIE 0TMETKH

MepBUYHbLIN 6ann TecToBbI Gann LLIKoNbHas oTMeTKa

0-5 0-26 0-26 2

6-7 27-38 27-46

3
8-32 39-100 47-64 4
65-100 5




Bapuanr 1
YacTb 1

1. Tennoxopg paccumtaH Ha 600 naccaxkmpos 1 20 YneHoB KOMaHAbl. Kaxkaasa cnacaTesibHas
LUONKa MoXKeT BMecTUTb 50 yenoBek. Kakoe HaMMeHbLLUee YMCIO LUIKOMNOK JO/MKHO ObITh Ha
TEenn0Xoae, 4Tobbl B C/lyvae HEO6XOAMMOCTM B HUX MOXKHO ObI1I0 pa3MeCTUTb BCEX MACCaXMPOB
1 BCEX UNIEHOB KOMaH/bI?

2. Ha rpagmke nsobpaxeHa 3aBUCMMOCTb KPYTALLEro MOMeHTa aBTOMOOW/IbHOIO ABUraTens
OT yuncra ero 060poToB B MUHYTY. Ha ocu abcumce 0TKNaAbIBAETCA YMCI0 060POTOB B MUHYTY.
Ha ocu opguHaT — KpyTALWMIA MOMEHT B H - M. UTOObI aBTOMOGW/b HaYas ABVXKEHUNE, KPYTALLMWIA
MOMEHT [O/KeH 6blTb He MeHee 60 H - M. Kakoe HaummeHbLLee 4Mcio 060poTOB ABUratens B
MUHYTY [OCTaTOYHO, YTOObI aBTOMOOWU b HaYa ABVKEHME?

Hua
140 -
120 / \\
100 \\
80 A
60
40 /
20
/ ob Mun
0 1000 2000 3000 4000 5000 6000

3. Haiigute nnowaab napannenorpamma, M306paeHHOro Ha pUCyHKe.
A 4. B c60pHMKe 61neToB Mo ¢unocogmm Bcero 25 6uneTos, B 8 N3 HUX
BCTpeyaeTca Bonpoc no teme "Mudparop"”. HailgnTe BEPOSATHOCTL TOrO,

" 4YTO B C/ly4aiHO BbIGPAHHOM Ha 3K3aMeHe OufeTe LWKOMIbHUKY He
[0CTaHeTCs Bonpoca no teme "Tudarop”.
6x— 15
4 X=—
5. HalignTe KopeHb ypaBHEHUS: x—2

Ecnn ypaBHeHWe MMeeT Gonee OJHOTO KOPHS, B OTBETE YKaXuTe
OONbLUNIA N3 HUX.
6. B TpeyronbHuke ABC yron C paseH 90°, AC =38

=1 J

tgA = —2_.
, 4/ 65 Haiignte AB.

7. Ha pucyHke n306paxeH rpaduk dyHKuumn Y = f(x) N OTMeueHbl Toukn -1,1,2,4. B
KaKOM 13 3TUX TOYeK 3Ha4YeHne NPON3BOAHON HavMeHbLUIee? B 0TBeTe YKaXMTe 3Ty TOUKY.
&

L



8. B npasunbHoli wectuyronsHoit npusme ABCDEFA | B1C1D1E F gce pe6pa pasHbl
43. Haiigute yron A1B1E]. OTBeT pfaiite B rpagycax.

T 0
B G I|R:;,
..f I |~ DI

o £l
o o
| |
L]
P _.f' H {'_ "'\-\._H..
- D
F E

1 1
6a+5 6a—5)np.,. a=36,7.

a (36a* —25) (
9. HaiiguTe 3HaYeHMe BbIpaXXeHNs

10. He6onbLWON MAYMK 6GpocatoT Mof4 OCTPbIM YI/IOM ¢ K MNJIOCKON rOpU30HTaNbHOA

NoBepXHOCTN  3emnn. PacCTosAHWEe, KOTOpOoe MposieTaeT  MAYMK,  BbIYUCAIAETCA MO
2

Vo .
L=-"sin2a
hopmyne 8 (M), rge Vo =20m/c - HayanbHas CKOpOCTb MsuMKa, a & —

2
YCKOpeHue cB0OOAHOro nafeHus (cumTante 8§ — 10 wmrc ). Mpn KaKOM HaMMeHbLLEM 3HAYEHUM
yrna (B rpagycax) MAYnK nepeneTuT pexy WunpuHom 20 m?

11. MNepBble 190 KM aBTOMOOWL exan COo CKOpoCTbio 50 km/4, crnepytowme 180 KM — co
ckopocTbto 90 KM/Y, a 3aTeM 170 KM — €O cKopocTbo 100 KMm/4. Haraute cpefiHiO CKOPOCTb
aBTOMO6OMNA Ha NPOTSHXKEHWUM BCero nyTu. OTBeT fainTe B KM/Y.

_ - 10
12. Haingute HanMeHbLLee 3Ha4yeHue hyHKUMN y=10x—In (x—l— 10) Ha

oTpeske [—9,5; 0].

YacTb 2

. (37r )
cos2x =sin| — —x | .
13. a) PelunTe ypaBHeHMe 2

3%_5%

>
6) HainimTe KOpHW 3TOr0 ypaBHEHUA, NPUHaZ/IEXaLLME MPOMEXYTKY [ 22
14. [laHa npasuibHasa TpeyronbHas npunsma ABCA1B1C1, BCe pébpa KOTOPOI paBHbl 6. Uepes
TOUKM A, Ci1 cepeamHy T pebpa A1B1 NpoBeAeHa MI0CKOCTb.
a) [loKakute, YTO CeYeHWe MNPU3Mbl YKa3aHHOW M/IOCKOCTbIO ABMSETCSH MPAMOYrO/ibHbIM
TPeyrosibHNKOM.
6) Harignte yron mexay NnoCKOCTbI CeYeHMst 1 NnockocTbio ABC.

2
15. PelunTe HepaBEHCTBO: (x —3,6x+ 3724) (x B 175) < 0.
16. [1Be OKPY)>XHOCTW KacaroTCcs BHYTPeHHUM 06pa3oM. TPeTbs OKPY)KHOCTb KacaeTcs nepBbIX
ABYX U NX NMMHUN LLEHTPOB.




a) JloKaxuTte, YTO MepuMeTp TPEYrosibHMKa C BepLUMHAMKU B LieHTpax TPEX OKPYXKHOCTeW
paBeH AMameTpy HavbOo/bLLEl U3 3TUX OKPY>KHOCTENA.

6) Haingute pagnyc TpeTbein OKPY>KHOCTU, €CNIM U3BECTHO, YTO PagnycChbl NEPBbIX ABYX PaBHbI
3n2.

17. B vitone nnaHupyeTcs B3ATb KpeauT B 6aHKe Ha cyMmmy 20 M/H py6eit Ha HEKOTOPbIN CPOK
(uenoe ymcrno NeT). Ycnosus ero Bo3spara TakoBbl:

— KaXablil sHBapb JoNr Bo3pacTaeT Ha 30% Mo cpaBHEHMIO C KOHLOM NpeablAyLLEero roaa;

— C (peBpasis Mo NOHb KaXKA0ro roga Heo6xoArMO BbINIaTUTL YacTb A0Nra;

— B MIONe KaXKAO0ro rofa AoNr JO/MKeH ObITb HA OAHY M TY XKe BENIMUMHY MeHbLUe fo/ra Ha
nioNb NpeablAyLLero roga.

Ha ckonbko NeT Obln B3AT KPeauT, eCnM U3BeCcTHO, YTO o6Lias CyMMma BbIM/aT nocne ero
noraLleHus paBHsnacb 47 MnH pyonei?

18. HaitTv BCe 3Ha4eHNs a, NpU KaXXA0M M3 KOTOPbIX YpaBHEHME

V2x—1In(4x —a) = vV2x— 1In(5x+a).
MIMEeeT POBHO OZMH KOpeHb Ha oTpeske [0; 1].

19. Ha pgocke HanmucaHo nuucenai (i= 1, 2, ..., n). Kaxgoe ns HUX He MeHblue 50 1 He
6onble 150. Kaxpgoe v3 3TMX umMcen yMeHbLUaloT Ha ri%. MMpu atom nmnbo ri= 2%, nmbo
4MCNO aj YMEHbLLAETCA Ha 2, TO eCTb CTAaHOBMTCA PaBHbIM a; — 2. (Kakue-To uncnia yMeHbLUNINCh
Ha YnCNo 2, a Kakne-To — Ha 2 MpoLeHTa).

a) MoXeT N1 cpefHee apUPMETUYECKOe YNCEeN I, I2, ..., I ObITb paBHbIM 57

6) Morno v Tak Nofy4nTbCs, YTO CpefHee apugMeTUYECKOe YUCEN I, I, ..., ' 60MbLUE 2,
Mpy 3TOM CyMMa YnCen ai, az ... an YMeHbLU1Iach 6osee Yyem Ha 2n?

B) MNyctb Bcero umcen 30, a MoCne BbINONHEHUS OMWUCAHHOMW oOnepaumMn KX Ccymma
yMeHbLunnach Ha 40. Haingute HavbosbLlee BO3MOXHOE 3HaYeHUe CpefHero apuMeTn4ecKoro
ynucen ry, ra, ..., n.
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