MAO «OHXI»
LienTp dnutHoro UHxxeHepHoroO6pa3oBaHuA

PACCMOTPEHO COIMACOBAHO
3amecTuTens npeacenatens  [naeHbin utxeHep MAO
Hay4HO-UHHOBaLNOHHOIO «OHXI»

coBeTa. .
/7,%/ O.M. TpOFIH MAH PemHes

MpoTokon Ne /&
oT «Z2 » rO 2025

Pa6ouas nporpamma yyebHoro npeagmera

«Anre6pa (yrnyoneHHbI# ypoBeHb)»

CocrtaButens:
TaByeHko BepoHuka KOpbeBHa,

npenogaBaTesib

Owmck, 2025 roa



che,

R



MossicHuTenbHana 3anucka

YuebHbin kypc «Anrebpa (yrnybneHHbIi ypoBEHb)» SBRSIETCA OAHUM U3 Haubo-
nee 3Ha4YnMBbIX B nporpamme cpegHero obuiero obpasoBaHns, NOCKONbKY, C OA4HOW CTO-
POHbI, OH obecneynBaeT MHCTPYMEHTanbHYO 6asy AN U3y4YeHUst BCEX eCTEeCTBEHHO-
Hay4YHbIX KypCOB, a C ApPYrol CTOPOHbI, hOpMUpYyeT Nnornyeckoe n abCTtpakTHOE MbILL-
nexHne oby4aroLmMxcs Ha ypoBHE, HeobxoauMOM Ans OCBOEHUs MHopMaTHKK, obLe-
CTBO3HAHWA, UICTOPUW, CIIOBECHOCTU U ApYyrux agucumnnuH. B pamkax gaHHoro yyebHoro
Kypca obyvatoLumecs oBnageBaroT yHUBEpCcarnbHbIM A3bIKOM COBPEMEHHOWN HayKu, KOTO-
pas chopmynupyeT CBOM AOCTMXKEHUSI B MaTemaTn4eckoin dopme.

Y4ebBHbIn Kypc anrebpbl 1 Hayan maTeMaTM4eckoro aHanmsa 3aknagbliBaeT oc-
HOBY [N YCMNELUHOro oBrnageHnsa 3akoHamu usnku, xmmmmn, Gnonorum, NOHNMaHUsA oc-
HOBHbIX TEHAEHUWUA PasBUTUS IKOHOMUKM N OBLLECTBEHHOMN XXWU3HKU, NO3BONSAET OPUEH-
TUPOBAaTbCA B COBPEMEHHbIX LMAPPOBLIX M KOMMNbIOTEPHbLIX TEXHOMOMNSAX, YBEPEHHO UC-
nonb3oBaTb UX ANA AanbHeiwero obpa3oBaHUA M B MOBCEOHEBHOWM XWU3HW. B TO e
Bpems oBrnafeHue abCTpaKTHbIMW U FIOTMYECKN CTPOrMMWN KOHCTPYKLMAMU anredpbl u
MaTeMaTU4ecKoro aHannsa passmMBaeT yMEHNe HaxoanTb 3aKOHOMEPHOCTN, 0OOCHOBbI-
BaTb UCTUHHOCTb, AOKa3biBaTb YTBEPXAEHMSA C MOMOLLbIO MHAYKUMM N paccyxagaTb fe-
AYKTUBHO, abcTparvpoBaHue n aHanornio, GopMUpPyeT KpeaTUBHOE W KpUTUYECKOoe
MbILLMEHME.

B xone usyyeHus yyebHoro kypca «Anrebpa (yrnybrneHHblii ypoBeHb)» oby4yato-
LMecs nony4aloT HOBbIA OMbIT peLleHus NPUKNagHbIX 3agad, caMoCTOSITENbHOroO no-
CTPOEHUA MaTeEMaTUYECKUX MoAenen peanbHbiX CUTyauui, UHTEpNpeTauMm nonydeH-
HbIX pELUeHUA, 3HAKOMATCA C NpUMepamMn MaTteEMaTUYECKUX 3aKOHOMEPHOCTEW B Mpu-
poae, Hayke U UCKYCCTBe, C BblAAILMMUCA MaTEMATUYECKUMUN OTKPLITUSMU U UX aBTO-
pamu. Y4yebHbi Kypc obnagaet 3HaumMTeNnbHbIM BOCMMTATENbHBIM NOTEHUMANOM, KOTO-
pbI peanuayeTcs Kak Yyepe3 y4yebHbl maTepuan, cnocobCcTByOLMI hOpPMUPOBAHUIO
Hay4YHOro MUPOBO33PEHUSA, TaK U Yepe3 cneunduky y4ebHon fesTenbHOCTU, Tpebyto-
e NPOAOKUTENBHOW KOHUEHTPaLUUN BHUMaHUS, CaMOCTOSITENBHOCTU, akKypaTHOCTU
1 OTBETCTBEHHOCTU 3a NOMyYEHHbIV pe3ynbTar.

B ctpykType yueBGHoro kypca «Anrebpa (yrnybGneHHbI YpOBEHb)» BblAENEHbI
crneaywliMe copepxaTenbHo-meToanyeckne nuHuu: «4Yucna u BbluUCNEHNUs», «PyHK-
LUun 1 rpadoukn», «YpaBHEHUSA N HEPaABEHCTBay», «Havyana matemaTu4yeckoro aHanmnsa,
«MHoxecTBa 1 noruka». Bce ocHoBHblE coaepkaTenbHO-METOAUYECKUE NMUHUN U3yYa-
OTCA Ha NPOTAXEHUN ABYX neT obyyeHns Ha ypoBHE cpeaHero obulero obpasoBaHus.

[aHHbIN y4ebHbIN Kypc ABNSETCA UHTErPaTUBHbLIM, NOCKOMNbKY 00bEANHSET B Ce-
6e coaepxaHne HECKONMbKUX MaTeMaTUYeCKUX OUCLUMMIMUH, Takux Kak anrebpa, Tpuro-
HOMETpUA, MaTemMaTuyeckuid aHanms, TeopuUss MHOXECTB, MaTemMaTudeckas noruka u
Aapyrve. Mo mepe Toro kak obyyaroLymuecs oBnageBatT BCE Gonee LUMPOKUM maTtemaTtu-
YeCcKUM annapaTom, Yy HUX nocrnenosaTenibHO (hOpPMUPYETCH U COBEPLLEHCTBYETCS YMe-
HWEe CTPOUTbL MaTeMaTUYEeCKy0O MOAENb peanbHOW CUTyauumn, NPUMEHATb 3HAHUS, NOny-
YeHHble Mpu U3y4YeHum y4ebHoro Kypca.

CopepxaTenbHo-MeTogMYECKas NMUHUA «Yucna W BbIMUCNEHUS» 3aBepluaeT
hopmupoBaHne HaBbLIKOB MCMONb30BaHUSA OENCTBUTENbHLIX YUCEN, KOTOopoe 6bino
Ha4yaTo Ha ypoBHEe OCHOBHOro obLero obpasoBaHusa. Ha ypoBHe cpeaHero obLiero ob-
pasoBaHUs ocoboe BHUMaHWE yaenseTcss (GOPMUPOBAHMIO HABLIKOB pPaLMOHanNbHbIX
BbIYMCINEHUIA, BKNOYaOLWMX B cebss ncnonb3oBaHne pasnuyHbiXx QOpM 3anucu Yucna,
yMeHue aenatb NPUKUAOKY, BbINOSHATL NPUONMKEHHbIE BbIYUCNEHUS, OLEHMBATL YMC-
NnoBblE BblpaXeHusi, paboTaTb C MaTeMaTU4ECKMMN KOHCTaHTamu. 3Hakomble oby4ato-
LLMMCA MHOXeCTBa HaTyparibHbIX, LenblX, pauuoHarnbHbIX U OENCTBUTENbHbIX YMCEN
AOMNONMHAKTCA MHOXECTBOM KOMMIEKCHbIX Yucern. B kaxgom M3 3TMX MHOXECTB pac-
cMmaTpuBaloTCsA 3ajayu U onepauun: AeneHue Hauesno, onepupoBaHWE OcTaTKamu Ha



MHOXECTBE LenbIX Yncern, ocobble CBOWCTBA pauMoOHanbHbIX U UppaunoHanbHbIX Yn-
cen, apudmeTUYecKne onepauun, a Takke U3BNeYeHne KOpPHSA HaTypanbHOW CTeneHu
Ha MHOXeCTBEe KOMMIEKCHbIX Yucen.

JInHMA «YpaBHEHMS N HEpaBEeHCTBa» peannsyeTcs Ha NpOoTSXEHUN Bcero obyde-
HUA Ha ypoBHe cpepgHero obuero obpasoBaHusi, NOCKOMNbKY B KaXOoOM pasgene npo-
rpamMmbl NPeayCMOTPEHO PELLEHME COOTBETCTBYKOLUMX 3agady. B pesynbrate obyuvato-
Lnecs oBnageBaloT pasnUYHbIMKU MeTogaMu pelUueHUs pauuoHanbHbIX, nppauuoHanb-
HbIX, MOKa3aTenbHbIX, NOrapupmMmnyecknx n TPUroOHOMETPUYECKUX YPaBHEHUW, Hepa-
BEHCTB U CUCTEM, a TaKke 3a4adv, cogepalymx napameTpsbl. [onyyeHHble yMEeHUA Ln-
POKO UCMONb3YHTCS NPU UCCrneaoBaHny (OYHKLMIA C MOMOLLbIO NMPOU3BOAHON, Npu pe-
LUEHUM NpPUKNagHbIX 3ag4a4y U 3a4ay Ha HaxoXaeHue HanbonbLMX U HAUMEHbLLMX 3Ha-
YyeHui yHKumMK. [aHHas coaepxxaTenbHas NMHUS BKYaeT B cebsa Takke opmupo-
BaHME YMEHWIA BbINOSHATL pacyéTbl no copmynam, npeobpasoBaHns paLMOHanbHbIX,
nppauuoHanbHbIX U TPUFOHOMETPUYECKMX BbIPAXKEHUIA, a TaKKe BblpaXeHun, comaep-
Xawmx ctenenun u norapudmbl. Anrebpa npegnaraet apdeKkTUBHbIE MHCTPYMEHTbI ANA
pelweHnss NPaKkTU4YECKUX U €eCTECTBEHHO-HAy4HbIX 3ajad, HarnsggHo OEeMOHCTpupyeT
CBOW BO3MOXHOCTU KaK A3blKa HayKu.

CopepxaTenbHo-meToguyeckas nuHusa «PyHkunn n rpadunkm» TECHO nepenne-
TaeTca C APYrMMN NUHUAMM y4eBHOro Kypca, nocKOSfibKy B KaKOM-TO CMbicne 3ajaét
nocnefoBaTenbHOCTb M3ydyeHus maTtepuana. M3ydeHue cTeneHHoW, nokasaTenbHOW,
norapucpmMmyecko U TPUrOHOMETPUYECKMX (PYHKLIMIA, NX CBOWCTB M rpacpmKkos, UCnosb-
30BaHMe (DYHKUMIA Ons pelueHus 3agady u3 apyrnx y4yebHbix npeameToB U peanbHon
)KM3HM TECHO CBSI3aHO KakK C MaTeMaTU4eCKMM aHanu3oMm, Tak U C peLleHneM ypaBHeHUN
1 HepaBeHCTB. [Mpn aTom GonbLlOe BHUMaHUe yaenseTca opMnpoBaHuUio yMEHUs Bbi-
paxaTb hopMynamu 3aBUCUMOCTU MeEXAY pasnuyHbIMU BENUYMHaMK, uccnenosatb no-
nyyYeHHble OYHKUMK, CTPOUTb UX rpacdmkn. N3yyeHne matepuana 3TOW cofepxaTenb-
HOM NWHUKU CNOCODOCTBYET PasBUTUIO aNrOPUTMUYECKOTO MbILLUNEHUS, CNOCOBHOCTU K
0000LLEHNIO U KOHKpEeTU3aLMuK, NCNOSb30BaHUIO aHanornin.

CopepxaTenbHas nuHua «Havana matemartuyeckoro aHanwusa» MNo3BONSAET Cy-
LLIECTBEHHO pacLMpUTb KPYr Kak MatemaTudeckux, Tak U npuknagHbix 3agad, nocTyn-
HbIX 0ByYalLWMUMCS, TaK KaK y HUX NOSIBNSIETCA BO3MOXHOCTb CTPOUTL rpadpukmM Crox-
HbIX (PYyHKUMIA, onpedenaTb UX Hanbonbluve U HauMEeHbLUMEe 3HaYEeHUs, BbIYUCNATb
nnowaan duryp u o6bEmbl TEN, HaXOAUTb CKOPOCTU U YCKOPEHUS MPOLIECCOB. 3HAKOM-
CTBO C OCHOBaMM MaTeMaTU4eCKOro aHanusa crocobCcTByeT pasBuUTUIO abCTpakTHOro,
hopManbHO-NOrMYECKOro 1 KpeaTUBHOrO MbILLSIEHMS, POPMUPOBAHUIO YMEHWUIA pacro-
3HaBaTb NPOSAB/IEHUSA 3aKOHOB MaTeEMaTUKN B HAayKe, TEXHUKE U UCKYCCTBE.

CopepxaTtenbHo-meToanyeckas nuHusa «MHoxecTBa v nornuka» BKNOYaeT B ce-
06A aneMeHTbl TEOpUM MHOXECTB U MaTeEMaTU4eCcKoW FOormku. TeopeTuko-
MHOXECTBEHHbIE NPEACTaBMNEHUSA MPOHM3bIBAIOT BECb KypPC LLKOMbHOW MaTemaTuku u
npegnaraloT Haubonee yHUBepcanbHbli A3blK, 06beAMHAOLWMIA BCE pa3fenbl MmaTema-
TUKM U €€ NPUNOXEHUIA, OHU CBA3bLIBAIOT pasHble MaTeMaTU4eckue AUCLUNIUHBLL U UX
NPUINOXeHUs B eanHoe Lenoe. [MosaTomMy BaxXHO AaTb BO3MOXHOCTb 0by4atoLlemycs no-
HUMaTb TEOPETUKO-MHOXECTBEHHbIN S3blIK COBPEMEHHOW MaTeMaTUKU U UCMONb3oBaTb
€ro Ans BbIpaXXeHUs CBOUX MbICNEel. 3HaKOMCTBO C dfieMeHTaMu MaTeMaTUYECKON N10-
TMKM CNOCOOCTBYET PasBUTUIO NIOMMYECKOro MbILLNEHMS, POPMUPYET HaBbIKU KpUTUYE-
CKOrO MbILUSIEHUS.

Ha n3yyeHune y4yebHoro kypca «Anrebpa» orBogutca 272 yaca: B 10 knacce —
136 yacos (4 4yaca B Hegent), B 11 knacce — 136 yacoB (4 yaca B Heaeno).



CopaepxaHue yyeGHOro npegmera

10 KINNACC

Pasgen 1. Yucna mn BbluncneHus

PaunoHanbHble yncna. OBbIKHOBEHHbIE U OeCATUYHbIE Apobu, NpoueHThl, bec-
KOHeYHble nepuogudeckne apobu. MNpumeHeHne gpoben M NPOUEHTOB ANA peLUeHUs
NpUKNagHbIX 3agad 3 pasnuyHbIX oTpacnen 3HaHUN U peanbHOW XU3HMW.

[encTeutensHole yncna. PaunoHanbHble N mppaunoHanbHble Yucna. Apudme-
TUYecKkue onepaumn ¢ AecTBUTENbHbIMK Yucnamu. Moaynb 4ENCTBUTENBHOrO Yncna u
ero ceovictea. [MpnbnumxéHHble BblYUCNEHMSA, NPaBUna OKPYrNeHns, NpUKnaKka n oueHka
pesynbTaTta BblYUCIIEHWNNA.

CteneHb ¢ uenbiMm nokasatenem. buHom HbloToHa. Wcnonb3oBaHve noaxons-
lwen opMbl 3anucu OeNCTBUTENbHbLIX YMCEN ANA PELLUEHUS NPaKkTUYeCKUX 3ajadv u
npeacTaBneHus faHHbIX.

AprdMEeTUYECKUIN KOpeHb HaTyparibHOW CTENEHN U ero CBONCTBA.

CTteneHb C paumoHanbHbIM MoKasaTenem u e€ CBOWCTBA, CTEMNEeHb C AEWCTBU-
TeNbHbIM NoKasaTenem.

JNlorapncdm uncna. Ceoinctea norapudma. [decatnyHble M HaTypanbHble nora-
pUcMbI.

CuvHyC, KOCUHYC, TaHreHC, KOTAHIeHC YNCNOBOro aprymeHTa. ApKCUHYC, apKKOCK-
HYC M apKTaHreHC YMCNOBOro aprymeHTa.

YpaBHeHWs1 1 HepaBeHCTBA.

ToxpgecTBa n TOXAECTBEHHble Npeobpa3oBaHMs. YpaBHEHWE, KOPEHb ypaBHe-
HUs. PaBHoCUNbHbIE YpaBHEHUSI U ypaBHEHUA-cneacTBusi. HepaBeHCTBO, pelueHune He-
paBeHCTBa.

OcHoBHble MeTOoAbl peLleHus Lenbix U 4p0oOHO-paunoHanbHbIX YPaBHEHUN U He-
paBeHCTB. MHOrouneHs! OT OAHOW NepeMeHHON. [leneHne MHOro4sieHa Ha MHOMO4SIEH C
octatkoMm. Teopema besy. MHorouneHbl ¢ uensimu koadduumeHtamu. Teopema BueTa.

MNpeobpazoBaHnsi YNCNOBLIX BbIPAXEHWUIA, COAEPKALLMX CTENEHN U KOPHW.

WppauunoHanbHble ypaBHeHWUsi. OCHOBHbIE METOAbl pPeLUeHUs UppauvoHanbHbIX
ypaBHEHUN.

MNokasaTenbHble ypaBHeHUA. OCHOBHblE METOAbl PELUEHUs MNoKasaTerbHbIX
ypaBHEHUNA.

[Npeobpa3zoBaHue BbipaXeHUn, cogepxaLlmx norapugmei.

Jlorapudpmunyeckune ypasHeHusi. OCHOBHbIE METOAbI PELLEHUS NorapudMUYecKux
ypaBHEHUN.

OcHoBHble TpuroHomeTpuyeckme dopmynbl. NMpeobpasoBaHne TpUroHoMeTpuye-
CKUX BblpaXeHuin. PelleHne TpUroHoMeTpuYeCKuxX ypaBHEHUNA.

PelweHune cuctem nuHerHbIx ypaBHeHui. Matpuua cucteMbl NMUHENHBIX ypaBHe-
HU. OnpegenuTens MaTpuubl 2X2, ero reoMeTPUYECKU CMbICI U CBOWCTBA, BblvuCHe-
HUWE ero 3Ha4YeHus, NPUMEHEeHue onpefenuTens ANs peweHus CUCTEMbI NUHENHbIX
ypaBHeHuI. PelleHne npuknagHbix 3agay ¢ NOMOLLb CUCTEMbI IMHENHbBIX YPABHEHUIA.
WccnepoBaHue NOCTPOEHHOW MOAENU C NOMOLLbIO MaTpUL, U onpeaenuTenen.

[MocTpoeHue maTemaTUyYeCKUX MOLENEN peanbHOW CUTyauuMu C NMOMOLLbIO ypaB-
HEHUA N HepaBeHCTB. [lpuMeHeHne ypaBHEHUA U HEPABEHCTB K PEeLUEHU0 MaTtemaTu-
YecKux 3agad 1 3agad u3 pasnuyHbix obnacten Hayku U peanbHON XXU3HU.

Paspgen 2. ®yHKuuKM u rpadmkm

®yHKUMSA, cnocobbl 3agaHusa pyHkuun. BaanmHo obpaTtHble yHkummn. Komnosu-
unsa pyHkuun. padpuk yHkumMn. OnemeHTapHble npeobpasoBaHus rpadukoB yHK-
LMRA.



O6nacTb onpeaeneHna 1 MHOXECTBO 3Ha4YeHui pyHkumn. Hynu dyHkumu. Mpo-
MEXYTKN 3HAKOMOCTOSAHCTBA. YETHbIE U HEYETHbIE pyHKUMK. MNepuoanyeckne yHKLMK.
MpoMEeXyTKM MOHOTOHHOCTM (PyHKLMK. MakcuMymbl U MUHUMYMbI (PyHKUMKU. Hanbonb-
LLEee U HaUMeHbLUee 3Ha4YeHNa PYHKLMN Ha MPOMEXYTKE.

JNuHeitnas, keagpaTuyHasa U ApoOHO-NMHeHas yHKUMU. OnemMeHTapHoe uc-
crnepoBaHue U NOCTPOEHME NX rpadpuKoB.

CTeneHHas (yHKUMSA C HaTypanbHbIM W UenbiM nokasatenem. E€ ceoiictea u
rpacomk. CBOMNCTBa M rpaduk KOPHS N-Oi CTEMNEHU Kak (PyHKUMKU OBpaTHOW CTeneHu c
HaTypanbHbIM NokasaTenem.

MokasaTenbHaa 1 norapudmuyeckas yHKUMKW, WX CBOMCTBa W rpadmkun. Uc-
nonb3oBaHue rpacukoB PyHKUWIA AN peLUeHNs ypaBHEHNN.

TpuroHoMeTpuyeckas OKPYXXHOCTb, OnpefeneHne TPUrOHOMETPUYECKUX (PYHK-
LA YNCNOBOro apryMeHTa.

DYHKUMOHaNbHbIE 3aBUMCUMOCTM B peanbHbIX npoueccax u ssnexusx. paduku
pearnbHbIX 3aBUCMMOCTEN.

Pazpen 3. Hayana matemaTtuyeckoro aHanusa

MocnegoBatenbHOCTW, cnocobbl 3agaHusa nocnegosaTtensHoctein. Metog marte-
MaTn4eckoi MHAYKUMM. MOHOTOHHbIE M OrpaHuYeHHble nocnegosaTensHocTU. Nctopua
BO3HWKHOBEHWUS MaTeMaTU4eCcKoro aHanmaa kak aHanusa 6eckoHe4HO Marnblix.

ApudmeTnyeckas M reomeTpudeckas nporpeccun. beckoHeyHo yObiBatoLas
reomeTpuyeckasa nporpeccusi. Cymma 6eckoHeyHo ybbiBatoLlen reomeTpmyeckon npo-
rpeccun. JINHEeNHbIA 1 3KCMOHEHUMarnbHbIA pocT. Yncno e. dopmyna CrnoXHbIX NpoLeH-
ToB. Mcnonb3oBaHne nporpeccun Ans peLleHnsa peanbHbiX 3a4ad NpUKNagHoro xapak-
Tepa.

HenpepbiBHble yHKLMM 1 UX cBOMCTBA. Toukn paspbiBa. ACUMMTOTHI rpacuKos
dyHKumi. CBoiicTBa OyHKUMIN HENpPepbIBHBIX HA oTpeske. MeToa uHTepBanoB Ans pe-
LUEHNA HepaBeHCTB. NpuMeHeHne CBONCTB HenpepbiBHbIX MYHKLUA ANA peLleHus 3a-
aau.

MepBaa u BTOpas NpousBoAHble yHKUMW. OnpeaeneHne, reomeTpuyeckni u
pu13nYEeCcKUii CMbICT NPOU3BOAHON. YpaBHEHUE KacaTeNnbHON K rpacuky dyHKUMK.

Mpoun3BoaHbIE anEeMeHTapHbIX PyHKUMA. [pon3BoaHas CyMMbl, NpoOU3BEAEHUS,
YaCTHOMO 1 KOMMO3ULUN PYHKLIUA.

Paspen 4. MHoXecTBa 1 noruka

MHOXeCTBO, onepauuu Hag MHOXeCTBaMu U Ux cBorcTBa. [luarpammel Snnepa-—
BeHHa. MprMMeHeHne TEOPETMKO-MHOXECTBEHHOrO annapara Ansa onucaHus peanbHbIX
MPOLIECCOB U SIBMIEHUIA, NPU peLleHnn 3agay us gpyrnx y4ebHblX NpeamMeToB.

Onpepenexne, Teopema, CBOMCTBO MaTeMaTU4eckoro obbekrta, cneacrteue, Ao-
KasaTenbCTBO, PaBHOCUSIbHbIE YPaBHEHUS.

11 KINNACC

Paspen 5. Yucna u BbluucneHus

HaTypanbHble u uenbie yucna. lNpuMeHeHne npusHakos AENUMOCTU LENbIX Yu-
cen, Haubonbwuin obwmin genutens (aanee — HO/Ml) n HaumeHbLuee obLlee kpaTHoe
(nanee — HOK), octaTtkoB no mogynto, anroputma EBknuga ans pelwleHus 3agad B Ue-
NnbIX Yyucnax.

KomnnekcHble uncna. Anrebpandeckass 1 TpUroHomeTpuyeckass opMbl 3anuncu
KOMMMEKCHOro yucna. ApmdmeTtudeckne onepauun ¢ KOMNeKCcHsiMu yucnamu. M3ob-
paXKeHWe KOMMMEKCHbIX YMCen Ha KoopauHaTHoW nnockocTn. @opmyna Myaspa. KopHu
N-Ol CTENEHN N3 KOMMMNEKCHOro Yucna. lNpumeHeHne KoOMMMeKCHbIX Yncen ans peiue-
HUSE PM3NYECKUX U TEOMETPUYECKMX 3aaau.



Paspen 6. YpaBHeHUs u HepaBeHCTBa

Cuctema 1 COBOKYNHOCTb YpaBHEHUIA U HEpaBEHCTB. PaBHOCUMbHBLIE CUCTEMBI U
cucTemMbl-crneacTems. PaBHocunbHbIE HEPaABEHCTBA.

OT16op KOpHEWN TPUrOHOMETPUYECKUX YPaBHEHMI C MOMOLLbI TPUTOHOMETPUYE-
CKOW OKpY>HOCTW. PelleHne TpuroHoMeTpu4eCKUX HEPaBEHCTB.

OcHOBHble MEeTOAbI peLLEHUs NoKasaTenbHbIX U NorapuMUYeCKUX HEPaBEHCTB.

OcHoBHble MeTOAbI peLLeHns ppaumnoHarnbHbIX HEPaBEHCTB.

OcHoBHble MeToAb! PELUEHUSI CUCTEM U COBOKYMHOCTEN paLMOHanbHbIX, ppawm-
OHanbHbIX, NOKa3aTenbHbIX U OrapuPMUYECKNX YPaBHEHWNIA.

YpaBHEeHuUs, HepaBeHCTBa 1 CUCTEMbI C NapamMeTpaMu.

lNpuMeHeHne ypaBHEHWI, CUCTEM U HEPABEHCTB K PELUEHUI0 MaTeMaTUyecKux
3adad v 3aga4y U3 pasnuyHbix obnacten Haykm u peanbHON XU3HU, MHTepnpeTauus no-
NYYEeHHbIX pe3ynbTaToB.

Paspgen 7. ®yHkuuu n rpacdpukm

paduk komnosmuun cyHkUMA. FeomeTpuyeckne obpasbl ypaBHEHUI U Hepa-
BEHCTB Ha KOOPAWHATHOM NITOCKOCTM!.

TpuroHomeTpuyeckme yHKLMKU, NX CBONCTBA U rpadhuku.

[pacpnyeckne meToabl pelieHns ypaBHeHWUA n HepaBeHcTB. paduyeckne meTo-
Abl peLleHns 3agay ¢ napaMmeTpamu.

WNcnonb3oBaHne rpacdmkoB OyHKUNMA AN UCCriefoBaHUs MPOLIECCOB M 3aBUCH-
MOCTEN, KOTOpble BO3HWKAKOT NPV peLlLueHWu 3agad v3 Apyrux ydebHbIX npegMeToB u
peanbHON XU3Hu.

Paspen 8. Hayana matemaTuyeckoro aHanusa

[pMeHeHne NpousBoaHONM K UCCNEeaoBaHUO PYHKLMIA HA MOHOTOHHOCTbL M 9KC-
TpeMyMbl. HaxoxgeHne HanbonbLlero 1 HauMeEHbLUEro 3HaYEHU HENPEpPbIBHON (OYHK-
LUK Ha oTpeske.

[NpMeHeHne NponsBoaHON ANS HAaXOXAEHUS HaUNyYLLEro peLleHns B npuknag-
HbIX 3aga4ax, AnA onpeaeneHnss CKOpocTU U YCKOPEeHUs npouecca, 3agaHHoro hopmy-
non unu rpacukom.

lNepBoobpasHas, OCHOBHOE CBOMCTBO NepBoobpasHbix. [lepBoobpasHblie ane-
MEHTapHbIX PyHKUMIA. MpaBuna HaxoXaeHus NnepBoobpasHbIX.

WHTerpan. MeomeTpuyeckuin cmbicn uHTerpana. BbluucneHve onpeaenéHHoro
nHTerpana no cgopmyne HototoHa—JleibHuua.

lNpvMeHeHne uHTerpana AnNs HaxoXAeHus nnowjagen nnockux uryp m oobE-
MOB reoMeTpU4eCKnx Ten.

MNpumepsbl peleHnit auddepeHumanbHbiX ypaBHeHUin. MaTemaTuyeckoe moge-
nnpoBaHWE pearnbHbIX NPOLECCOB C NOMOLLbLI AnddepeHUmnanbHbIX ypaBHEHWUNA.



MnaHupyemble pesynbTaTbl OCBOEHMA yyebHOro npeamera

NINYHOCTHBLIE PE3YJIbTATDI

1) rpaxxgaHCKOro BOCNUTaHUsA:

cchOPMMPOBAHHOCTb rPaXAaHCKON No3nLum oby4yatoLerocst kak akTMBHOroO 1 oT-
BETCTBEHHOrO YfieHa poccuitickoro obLecTsa, NpeacTaBneHne 0 MaTemMaTu4ecknx oc-
HOBaX (OYHKLIMOHUPOBAHUS Pa3fMYHbIX CTPYKTYP, ABNEHWUIA, Npoueayp rpaxaaHCcKoro
ob6LiecTsa (BbIGOPbLI, ONPOCHI U APYroe), yMeHe B3avMOAENCTBOBATL C COLMAnbHbIMU
WHCTUTYTaMWn B COOTBETCTBUN C MX PYHKLMAMU N HA3HAYEHNEM;

2) naTpUOTHUYECKOro BOCNUTaHUA:

cchOPMUPOBAHHOCTb POCCUACKON rpakaaHCKON MAEHTUYHOCTH, YBaXKEHUA K Npo-
LLNIOMY U HACTOSILLEMY POCCUACKON MaTeMaTUKu, LEHHOCTHOE OTHOLLEHWUE K A0CTXe-
HUSIM POCCUIACKX MaTEMaTMKOB ¥ POCCUIACKON MaTemMaTU4eCcKoi LWKOMbI, MCNonb3oBa-
HUE 3TUX JOCTVXKEHWUI B APYrMX Haykax, TEXHOMNOrUAX, cpepax 3KOHOMMKN,

3) AyXOBHO-HPaBCTBEHHOIo BOCNMUTAHUA:

OCO3HAHME [yXOBHbIX LLEHHOCTEN POCCUIACKOro Hapoaa, cCthOPMUPOBAHHOCTb
HPaBCTBEHHOrO CO3HAHWSA, 3TUYECKOrO NOBEAEHNS, CBA3AHHOTIO C NPaKTU4YEeCKUM Npu-
MEHEHMEM JOCTUXEHWUIA HAaYKU 1 AEATENbHOCTHIO YYEHOro, 0CO3HaHWe NUYHOro BKnaaa
B MOCTPOEHME ycToinumneoro byayuiero;

4) 3cTeTUYECKOro BOCNUTAHUA:

3CTETUYECKOE OTHOLLIEHUE K MUPY, BKMiOYas 3CTETUKY MaTEMaTUYECKUX 3aKOHO-
MepHoCTel, 06bEeKTOB, 3a4ay, PeLLeHNiA, pacCyxaeHU, BOCIPUUMUMBOCTL K MaTeMa-
TUYECKUM acnekTam pasnunyHbIX BULOB UCKYCCTBA,;

5) dm3nyeckoro BocnuTaHua:

chOpPMUPOBAHHOCTb YMEHUS MPUMEHATL MaTEMaTUYECKNE 3HAHNA B UHTEpPEecax
300poBOro 1 6esonacHoro obpasa Xu3Hu, OTBETCTBEHHOE OTHOLLIEHME K CBOEMY 3A,0PO-
BblO (300POBOE NUTaHWe, cGanaHCUPOBAHHbIA PEXUM 3aHATUN U OTAbIXA, perynsapHas
dur3nyeckas akTUBHOCTb), PU3NYECKOE COBEPLUEHCTBOBAHME NPU 3aHATUAX CMOPTUBHO-
0300POBUTENBHOWN AEATENBHOCTLIO;

6) TpyAOBOro BOCNUTaHUA:

FOTOBHOCTb K TPYAY, OCO3HAHUE LIeHHOCTY TPYAONobus, UHTEPEC K pasnnyHbIM
cchepam NpodeccroHanbHon AesTENbHOCTU, CBA3AHHLIM C MAaTEMAaTUKOW 1 eé npuno-
XEHUSIMU, YMEHUE COoBepLLIaTb OCO3HaHHbIN BbIOOp OyayLleit npodeccum n peann3osbl-
BaTb COOCTBEHHbIE XXU3HEHHbIE MNaHbl, TOTOBHOCTb U CNOCOBHOCTL K MaTEMaTU4YECKOMY
obpasoBaHUo U camoobpa3oBaHMUIO Ha NPOTSXEHUN BCEW XKMU3HU, TOTOBHOCTbL K aKTUB-
HOMY y4acTMIO B PELUEHUM NPaKTUYECKUX 3a4a4 MaTeMaTu4eckon HanpaBIeHHOCTH;

7) aKonoru4yeckoro BOCMUTaHUA:

chOpPMUPOBAHHOCTb IKOMOTUYECKOM KyNbTYpbl, MOHUMAHUE BNUAHUA coLuanb-
HO3KOHOMMYECKMX NPOLIECCOB HA COCTOSIHUE NPUPOAHOM 1 coLmanbHON cpefpl, 0COo-
3HaHue rnobanbHOro xapakrepa 3Konorm4ecknx npobnem, opueHTaums Ha npuMmeHeHne
MaTeMaTUYECKUX 3HaHWI AN pelleHnsa 3agad B obnactu okpyxatoLlen cpelbl, nnaHu-
pOBaHME MOCTYNKOB W OLEHKN UX BO3MOXHbIX NOCNEACTBUN AN OKpYXatoLen cpeibl;

8) LeHHOCTN Hay4YHOro NO3HaHUA:
cchOPMMPOBAHHOCTb MUPOBO33PEHNS, COOTBETCTBYIOLLETO COBPEMEHHOMY
YPOBHIO pa3BMTUSA HayKN 1 OBLLECTBEHHOMN MPAKTUKN, MOHUMaH1e MaTeMaTiecKon
HayKu Kak cdepbl YeNOBEYECKON AESTENBHOCTM, 3TANOB €€ Pa3BUTUS U 3HA4UMOCTH



ANS pa3BUTUS LMBUNM3ALIMN, OBNALEHUE A3bIKOM MaTeMaTUKN U MaTeEMaTUYECKON
KyNbTYpPOW Kak CPeACTBOM MO3HAHMSA MUpPaA, TOTOBHOCTb OCYLLECTBATL MPOEKTHYIO U
nccnenoBaTernbCKyo AeATeNbHOCTb MHAWBUAYANBHO W B rpynne.

METAMNPEOMETHbIE PE3YJIbTATbI

B pesynbTaTe n3y4yeHuss matemaTuky Ha ypoBHe cpeaHero obLiero obpasoBaHus
y obyvatowerocs 6yayT copmmnpoBaHbl YyHUBEpPCarnbHble NO3HaBaTeNbHbIE AENCTBUS,
yHMBEpCanbHble KOMMYHUKATUBHbIE OEWCTBUSA, YHUMBEpCasbHble perynatuBHble Oen-
CTBUS.

YHuBepcanbHble Mo3HaBaTesibHbie AencTBUA, obecneuynsaloT opmMupoBa-
Hue 6a30BbiX KOTHUTUBHbLIX NpoueccoB obyyaroLmxcs (OCBOEHWe METOA40B MNO3HaHWSA
OKpY>KatoLLEero MmMpa; NpUMMEHEeHNe NornyYecknx, nccrnenosaTenbCkux onepauuin, yMeHuni
paboTaTb C MHopmaLmen).

Ba3oBble nornyeckue 4EeUCTBUA:

e BbLISBMATb W XapaKTepu3oBaTb CYLIECTBEHHble MNPU3HAKM MaTemaTUYEeCKMX
OOBHEKTOB, MOHSTWMA, OTHOLUEHWUIA MeXOY MOHATUAMM; (POpPMYyNMpoBaTh OnpeneneHus
MOHATUI; yCTaHABNMBAaTb CYLUECTBEHHbIN MNpPU3HaK Knaccudukaumm, OCHOBaHWUA AfiA
0606LeHns n cpaBHEHUSs, KpUTEPUN NPOBOAUMOrO aHanu3a;

e BOCMpUHUMAaTb, hopmynupoBaTb W nNpeobpas3oBbiBaTb CYXAEHUA: yTBEpAu-
TenbHble N OTpMUaTeNbHble, eAUHNYHbIE, YacTHblEe 1 0DLMe; YCroBHbIE,

¢ BbISIBMATbL MaTteMmaTnyeckme 3aKkoHOMEepPHOCTH, B3aMMOCBSA3M U NMPOTUBOPEYNs B
hakTax, AaHHbIX, HAONAEHUAX U YyTBEPXKAEHUAX; NpeanaraTb KpUTEPUN ANA BbiABMe-
HUSA 3aKOHOMEPHOCTEN U NPOTUBOPEYUI;

e fenaTb BblBOAbI C MCMNOMb30BAHNEM 3aKOHOB fOMMKW, ASAYKTUBHbIX U UHAOYK-
TUBHbIX YMO3aKITOYEHWN, YMO3aKIMOYEeHUI N0 aHanorum;

e NMPOBOAUTbL CAMOCTOSATENbLHO [OKa3aTenbCTBa MaTemMaTU4eCKUX YTBEpPXOAEeHUN
(NMpsiMble U OT MPOTMBHOrO), BbICTPauBaTb apryMeHTauuio, NpuMBOAUTL MPUMEPbLI U
KOHTpNpuMepbl; 060CHOBbIBaTL COOCTBEHHbIE CYXXAEHUSA U BbIBOAbI;

e BbiGupaTtb cnocob pelueHus y4ebHon 3agayn (cpaBHMBATb HECKOMNbKO BapuaH-
TOB peLueHus, BbibupaTb Hanbonee noaxoaALmin ¢ y4ETOM CaMOCTOATENBHO BblAENeH-
HbIX KpUTEpUEB).

BasoBbie uccnegoBartenbCkue 4EeUCTBUA:

e ICNONb30BaTb BOMPOCHI KaK UCCNeA0BaTENbCKUIA MHCTPYMEHT NO3HaHUSA; dop-
MynMpoBaTb BOMPOCHI, (OUKCUpyoLWmMe npoTuBopeyue, npobnemy, ycraHasnueatb uUc-
KOMO€e 1 faHHoe, hopMmupoBaTh rMNoTesy, apryMeHTUpoBaTb CBOK NMO3ULINIO, MHEHME;

e NPOBOAUTL CaMOCTOATENbHO CMNIAHUPOBAHHBLIA 3KCNEPUMEHT, UccrneaoBaHue
Mo yCTaHOBNEHUIO 0COBEHHOCTEN MaTeMaTUYECKOro obbekTa, ABNeHus, npouecca, Bbl-
ABNEHNIO 3aBUCUMOCTEN Mexay obbekTamu, SBNeHnaMu, npoueccamu;

e camMoCTOSTENbHO opMynupoBaTe 0006LLUEHUs U BbIBOAbLI MO pe3ynbTartam
npoBeA&HHOro HabnaeHUs, UCCrnefoBaHus, oueHuBaTh AOCTOBEPHOCTb MOMYyYEHHbIX
pe3ynbTaToB, BbiBOAOB U 0606LLeHui;

e NPOrHO3MpoBaTh BO3MOXHOE pa3BUTUE NpoLecca, a Takke BblaBuraTb npeano-
NOXEHUSA O ero pasBUTUM B HOBbIX YCIOBUSX.

Pa6ora ¢ unchopmauuen:

e BbISBNATL AeuUuUTbl UHOPMaLMK, AaHHbIX, HeObXoAMMbIX AN OTBETa Ha
BOMPOC W ANA peLleHns 3agayu;

e BbibUpaTb MHOPMALMIO U3 UCTOYHUKOB pPasfUyHbIX TWUMOB, aHanvM3npoBaThb,
CUCTEMATU3MPOBATL M UHTEPNPETUpPOoBaTh MHOPMAaLMIO pasnuyHbiX BUAOB U opM
npeacTaBneHuns;

e CTPYKTYpUpOBaTb UHpOpMaLMIO, NPEACTaBNATL €€ B pas3nuyHbix dpopmax, un-
ncTpupoBaTh rpaduyecku;



e OLleHMBaTb HAAEXHOCTb MHGOPMaLMM NO CaMOCTOATENbHO CHOPMYNMPOBaH-
HbIM KpUTEPUAM.

YHuBepcanbHbie KOMMYHUKaTMBHbIe AeWcTBMuA, obecneynsaioT copmupo-
BaHHOCTb CoLMarnbHbIX HAaBbIKOB 0By4aloLLMXCS.

OOuweHue:

e BOCMPUHUMATb U POPMYnMpoBaTb CYXXAEHWUA B COOTBETCTBUM C YCIIOBUAMU U
LensamMmn oOLWEHUs; ACHO, TOMHO, TPAaMOTHO BblpaXaTb CBOI TOYKY 3PEHUS B YCTHbIX U
NMUCbMEHHbIX TEKCTaX, AaBaTb MOSICHEHUA MO XOAYy pelleHusa 3afadvyn, KOMMEHTMPOBATL
NONyYeHHbI pesynbTarT;

e B Xo4e oOCyxaeHus 3ajaBaTb BOMPOCHI NO CyLecTBy 0OCYyXaaemon TeMb,
npobnemsl, pewaeMoit 3agayqun, BbickasblBaTb UAEW, HaLEMNeHHble Ha NOUCK peLleHus;
COMOCTaBMATb CBOW CYXXAEHMUS C CYy)XKAEHWUSIMU OPYrMX YYacTHUKOB Auanora, ooHapyxu-
BaTb pa3nu4yme U CXOACTBO MO3WLMIA; B KOPPEKTHON hopme chopMynuposaTb pasHorna-
CVS, CBOW BO3PaXKEHWUs,

e NpeacTaBnATb pe3ynbTaTbl PeLeHUs 3a4a4dn, SKCnepumMeHTa, UCCneaoBaHus,
NpoeKTa; caMoCTOATENBHO BbiOMpaTh hopmMaT BbICTYMMEHNA C Y4ETOM 3agay npeseH-
Taumm n ocobeHHocTen ayanTopun.

CoTpyAHMU4ecTBO:

e MOHMMATb M UCMONb30BaTh NPENMYLLECTBA KOMAHAHOW U UHAMBUAYaNbHOW pa-
60Tbl Npu pelleHUn y4ebHbIX 3adad; NpuvHUMaTb LUenb COBMECTHOW AeATEeNbHOCTH,
nnaHMpoBaTh OpraHM3aLuilo COBMECTHOW paboThl, pacnpeaensaTts BUabl paboT, fgorosa-
puBaTtbcs, obcyxaaTb npouecc u pesynbtaT paboTbl; 0606LaTe MHEHUS HECKOMNbKUX
noaen;

e y4yacTBOBaTb B rPynnoBbix popmMax paboTbl (0BCyKAeHNA, 0OMEH MHEHUAMU,
«MO3rOBbIE LUTYPMbI» U T.M.); BbINOMHSATE CBOK YacTb paboTbl U KOOPAMHMPOBATL CBOM
OENCTBUSA C APYMMM YieHaMmy KOMaHAbl; OLieHMBaTh Ka4ecTBO CBOEro Bknaja B oowui
MPOAYKT MO KpUTEPUSIM, CHOPMYNNPOBAHHBIM Y4aCTHUKaM1 B3auMOAENCTBUS.

YHuBepcanbHble perynsaTuBHble AeWCTBUA, obecneumsaloT opmupoBaHue
CMbICOBbIX YCTAHOBOK U XXM3HEHHbIX HABbIKOB NTMYHOCTH.

CamoopraHuMsauus:

e COCTaBMATb MMaH, anropuTM peLLEHNUs 3agayvun, BbIoMpaTb Ccnocob peLleHus ¢
YYETOM MMEILLUMXCA PECYPCOB U COBCTBEHHbLIX BO3MOXHOCTEW, apryMeHTUpOBaTb M
KOPPEKTUPOBaTb BapuaHTbl peLUeHni ¢ Y4ETOM HOBOW MHpopMaLInK.

CaMOKOHTpOnb:

e BrafeTb HaBblkaMW MO3HABaTENbHON pedpneKkcun Kak OCO3HaHMA coBepluae-
MbIX AENCTBUN U MbICIIUTENbHBLIX MPOLECCOB, WX pe3ynbTaToB; BraAeTb crnocobamu
CaMONpPOBEPKU, CAMOKOHTPONS MpoLecca 1 pesynbTata peLueHuss MaTeMaTUYeckoi 3a-
Aauu;

e NpenBuaeTb TPYAHOCTM, KOTOPbIE MOryT BO3HWKHYTb NMPWU PELUEHMU 3adauu,
BHOCUTb KOPPEKTUBbI B OEATENbHOCTb HA OCHOBE HOBbIX OOCTOSATENLCTB, AAHHbIX,
HaAEeHHbIX OLIMOOK, BbISIBMIEHHbLIX TPYAHOCTEN;

e OLIEHMBATb COOTBETCTBME pe3ynbTaTa LUenu u ycroBusaM, OOBbACHATb NPUYUHBI
AOCTVXKEHUS UM HEeOOCTUXKEHUS pe3ynbTaToB AEeATENbHOCTW, HaxoAWTb OLWOKy, Aa-
BaTb OLEHKY NPMOBpEeTEHHOMY OnbITY.

NPEOMETHbIE PE3YJIbTATDI



K koHuy oOy4yeHusa B 10 knacce obydyaromMincs nony4ynuT cneayoowme npegmet-
Hble pe3ynbTaTbl NO OTAENbHLIM TeMam cegepansHoin paboyei nporpammbl y4ebHoro
Kypca «Anrebpa (yrnyOneHHbIn ypOBEHb)»:

Yucna n BbIYUCNEHMUS:

cBo60A4HO OnepmpoBaTb MOHATUSAMM: paumoHanbHoe 4Ynucrno, beckoHevHas nepu-
oauyeckas opobb, NPOUEHTbI, NppaunoHanbHOEe YMCMO, MHOXECTBa paLuMOHanbHbIX K
OENCTBUTENbHbIX YACEN, MOAYNb AENCTBUTENBHOIO Yn1Cna;

NPUMEHATbL APOOU M NPOLEHTbI ANA peLleHnsa NpuknagHbix 3agay U3 pasnuyHbIx
oTpacneun 3HaHuUM 1 peanbHON XNU3HMU;

NPUMEHATb NPUBNMKEHHbIE BbLIMUCMEHUA, MpaBuna OKPYrNEeHUs, MPUKUOKY |
OLEHKY pesynbTaTa Bbl4ucneHui; cBoboagHO onepnpoBaTh NOHATUEM: CTEMEHb C LiErbiM
nokasaTernem, Ucnonb3oBaTh NOAXOAALLYIO (POPMY 3anncu AeNCTBUTENbHbIX Yncen Ans
peLleHnsa NpakTMYecknx 3agad u npeacTaBneHus 4aHHbIX;

cBob0HO onepupoBaTb NOHATUEM: apudMETUYECKUA KOPEHb HaTyparnbHON CTe-
neHun; ceob04HO onepmMpoBaTh MOHATUEM: CTENEHb C paunoHarnbHbIM NokasaTenem,

cBobOOAHO onepupoBaTb MOHATMAMMW: Norapudm yucna, OEeCATUYHbIe U HaTy-
panbHble norapudmsl;

cBobogHO onepupoBaTb NOHATUAMM: CUHYC, KOCUHYC, TAHIEHC, KOTaHreHC Yncrno-
BOr0O apryMeHTa;

onepupoBaTb MOHATUAMU: apKCUHYC, apKKOCUHYC U apKTaHreHc 4YMCcnoBoro apry-
MeHTa.

YpaBHeHMA U HepaBeHCTBa:

cB0obOOAHO onepupoBaTh NOHATUSAMU: TOXKAECTBO, ypaBHEHME, HEPABEHCTBO, pPaB-
HOCUITbHbIE YPaBHEHUSA U ypaBHEHUS-CNEACTBUSA, paBHOCUIbHbIE HEPABEHCTBA,;

NPUMEHATb  pasfNYHbleE METoAbl pPEeLleHMs pauuoHanbHbiX U OPOBHO-
pauuoHarnbHbIX YpaBHEHWUN, NPUMEHATL METO UHTEPBASIOB AN PELLEeHNA HEPaBEHCTB;

cBoboOAHO onepupoBaTb NOHATUAMWU: MHOTOYNIEH OT OOHOW NEepeMeHHOW, MHOro-
YneH C uenbiMu KoadppuuneHTamn, KOPHU MHOroYfieHa, NPUMEHATb AeneHne MHOro-
YyrieHa Ha MHOro4neH ¢ octaTtkom, Teopemy besy u Teopemy Bueta onsa peweHus 3a-
Aav;

csoboaHO onepupoBaTb MOHATUSAMMU: CUCTEMA JNIMHENHbLIX YpaBHEHWU, MaTpuua,
onpegenuTens MaTpuupbl 2 X 2 U ero reoMeTPUYECKUn CMbICI, UCNOSb30BaTh CBONCTBA
onpegenuTtens 2 x 2 Ana BblMUCNEHUS €r0 3Ha4YeHus1, NPUMEHATL onpeaenuTenu Ans
peLleHns CUCTEMbl NIMHENHbIX YpaBHEHUW, MoAenupoBaTb pearbHble cuTyauuu C no-
MOLLbIO CUCTEMbI JIMHENHbIX YPaBHEHUI, UCCNEeAoBaTh NOCTPOEHHbIE MOAENU C NOMO-
b0 MaTpuL 1 onpeaenuTenen, MHTepnpeTupoBaTh NOyYEeHHbIN pe3ynbTar,

ncnonb3oBaTb CBOWCTBA OEWUCTBUMI C KOPHAMM ANns npeobpasoBaHus Bbipaxe-
HUIA;

BbINONHATL NpPeobpa3oBaHUA YMCMOBbIX BblpaXeHWUW, CoAepXalnx CTENEHU C
pauuoHarnbHbIM NokasaTenew;

“ucnonb3oBaTb CBOMCTBA NorapudMoB Ans npeobpasoBaHUsa norapuMmuyecknx
BblpaXXeHUM;

cBobOAHO onepupoBaTh NOHATUAMU: UppaLMOHanbHble, NokasaTernbHble U nora-
pudMrMYECKUE ypaBHEHUS, HAXOAUTb UX PELLUEHUSA C NMOMOLLBbIO PaBHOCUMbHbLIX Nepexo-
A0B UNN OCYLLECTBNSASA NPOBEPKY KOPHEN;

NPUMEHSITb OCHOBHbIE TPUrOHOMETpUyeckne dopmynbl Ana npeobpasoBaHuUs
TPUrOHOMETPUYECKUX BbIPAXKEHUN;,

cBODOOAHO oOnepupoBaTb MOHATUEM: TPUTOHOMETPUYECKOE YypaBHEHUe, npume-
HATb Heobxoaumble POpPMyInbl ANS PELLUEHUS OCHOBHbLIX TWUMOB TPUrOHOMETPUYECKUX
ypaBHEHUN,



MoenunpoBaTb pearibHble CUTyauun Ha A3blKe anre6pb|, COCTaBIIATb BblpaXxe-
HUA, YpaBHEHNA, HEpaBeHCTBa MO YCIIOBUIO 3aa4u, nccnengoBaTb NOCTPOEHHbIE MOAE-
11 C ncnonb3oBaHMeEM annaparta anre6pbl.

DyHKUUMU U rpadpuKku:

cBOGOAHO ONepupoBaTh MOHATUAMM: PyHKLMSA, cnocobbl 3agaHns yHKLMK, B3a-
UMHO oBpaTHble PyHKUMM, KOMMNO3NLMS YHKLMIA, rpadmk cyHKLUMKM, BbINONHATL ane-
MeHTapHble NpeobpasoBaHnsa rpadnKos PYHKLNN;

cBOOOAHO onepupoBaTb NOHATUAMM: 0bNacTb onpeaeneHns N MHOXecCTBO 3Ha-
YEeHUIA PYHKUMW, HYNN PYHKLMKW, MPOMEXKYTKN 3HAKONOCTOAHCTBA,

cBOBOAHO OMEepUpoBaTh MOHATUAMU: YETHbIE N HEYETHbIE (DYHKLWK, nepuoanye-
CcKue bYHKLMN, NPOMEXYTKA MOHOTOHHOCTU (PYHKLIMK, MAKCUMYMbl U MUHUMYMbI (PYHK-
LMK, HanbonbLLEe N HAMMEHbLUEE 3HaYeHNe PYHKLUN Ha NPOMEXYTKE;

cBOOOHO ONepupoBaTb NOHATUSMU: CTENEeHHas PYHKUMS C HaTypanbHbIM U Lie-
NbIM nokasaTeneM, rpacduk CTENEHHON PYHKLMUM C HaTypanbHbIM U LieNbIM NnokasaTte-
nem, rpadmK KOpHSA N-OW CTENeHN Kak pyHKLMM 0OpaTHON CTENeHN C HaTypanbHbIM Mno-
kasaTenem;

onepupoBaTh NOHATUAMW: NUHEHas!, KBagpaTM4Haa n ApobHO-NMHERHas MyHK-
LMK, BbINOMHATL 3NIeMEHTapHOe UCCreAoBaHMe 1 NOCTPOEHME X rpacdvkos;

cBOBOAHO OnepupoBaTh NOHATUAMM: MokKasaTenbHas v norapupmuyeckas gyHk-
LMK, X CBOWCTBA U rpadpukn, MCNOMb30BaTh UX rpacbuki AN peLIeHNs ypaBHEeHNH;

cBOBOAHO OMepupoBaTb MOHATUSIMU: TPUrOHOMETPUYECKAst OKPYXXHOCTb, OMnpe-
JeneHne TPUroHOMeTpUYECKMX PYyHKLMUIA YUCNIOBOIO apryMeHTa;

ncnonb3oBaTb rpacukm yHKUUA ANa uccrnefoBaHUs npoueccos U 3aBUCUMMO-
CTeit Npu pelLeHnn 3agad u3 Apyrux yyebHbIX NpeamMeToB M pearbHoOi XU3HU, Bbipa-
XaTb (hopMynamu 3aBUCMMOCTU MEXAY BENUYMHaMMU,

Hayana maTemaTuuyeckoro aHanusa:

cBOOOHO ONEpUpoBaTb MOHATUAMU: apudMeTUYeckas u reomeTpudeckas npo-
rpeccusi, 6eckoHeuHo yBbiBaloLas reoMeTpuyeckas nporpeccus, NMUHENHbIA N 3KCno-
HEeHLMarbHbIA POCT, popMyna CrOXHbIX NPOLEHTOB, UMETb NpecTaBfneHne O KOHCTaH-
TE;

“crnonb3oBaTb Nporpeccun Ana pelleHns peanbHblX 3agay NpUKNagHoro xapak-
Tepa;

cBoBOAHO OnepupoBaTh MOHATUSIMU: MOCNEAOBATENILHOCTL, CMOCODOLI 3ajaHs
nocnegosaTeNbHOCTEN, MOHOTOHHbIE W OrpaHuWYeHHble MNocneaoBaTeNbHOCTHU, MOHKU-
MaTb OCHOBbl 3aPOXAEHUS MaTeMaTWYeckoro aHanusa kak aHanusa OecKoHe4Ho Ma-
nblX;

cB0o60HO OnepupoBaTb MOHATUSMUW: HenpepblBHblE YHKLMUKW, TOYKM paspbiBa
rpaduka pyHKLUM, acCUMNTOThI rpadomka yHKLUK;

cBobOOHO onepupoBaTb NOHATUEM: DYHKLUMA, HENPEPbIBHAsA Ha OTpe3ke, npume-
HSATb CBOWCTBA HEMNpEpbIBHbIX (PYHKUUA ANA peLleHns 3ajay;

cBOOOAHO onepupoBaTh MOHATUAMU: NepBas U BTOpas NPOU3BOAHbIE (PYHKLWH,
KacaTenbHas K rpacpuky yHKUUK;

BbIMUCINATL NPOU3BOAHBLIE CYMMBbI, NPOU3BEAEHUSA, YAaCcTHOro U KOMNo3nLun AByX
(PYHKLIMIA, 3HATb NPOU3BOAHbIE 3NEMEHTapHbIX (YHKLNIA;

MCNonb30BaTh rEOMETPUYECKUA U U3NYECKUIA CMbICTT MPON3BOAHOW ONA peLue-
HWS 3agad.

MHoXxecTBa ¥ noruka:

cB06OHO OnNepupoBaTb NOHATUAMU: MHOXECTBO, OnepaLun Haa MHOXeCTBamMu;,

ncnonb3oBaTh TEOPETUKO-MHOXECTBEHHbIM annapat Ans OnucaHusa pearibHbIX
NPOLIECCOB U SIBMEHWIA, MPY pellieHnn 3aa4y 3 Apyrux y4eOHbIX NpeamMeToB;



cBobOAHO onepupoBaTb MOHATUAMMW: OnNpedeneHne, Teopema, YypaBHEeHune-
cneacTevMe, CBOWCTBO MaTemaTuyeckoro obbekTa, [oKasaTenbCTBO, PaBHOCUMbHbIE
YpaBHEHWS U HEpPaBEHCTBA.

K koHUy oby4eHuns B 11 knacce oby4aloLmincs nony4yuT cneagylowmue npegmer-
Hble pe3ynbTaTbl N0 OTAENbHLIM TEMaM heaepansHon paboyen nporpammbl y4ebHoro
Kypca «Anrebpa (yrnyGneHHbIi ypOBEHb)»:

Yucna u BblYKCIEHUA:

cBob604HO onepnpoBaTh MOHATUAMM: HATypanbHOE U Lerioe YMCrno, MHOXeCTBa
HaTypanbHbIX U LienbIX YUCEN, UCNOb30BaTb NPU3HaKM AenumocTu uenblx yncen, HOL
n HOK HaTypanbHbIX Ynucen Ans peLeHns 3agay, NpuMeHsTb anroputm Esknnaa;

cBoboaHO onepupoBaTb NOHATUEM OCTaTKa Mo MOAYMIO, 3anucbiBaTh HATyparnb-
Hbl€ Yncrna B pasfiNyHbIX NO3ULMOHHBIX CUCTEMAX CYUCTIEHWS;

cBob6oHO onepupoBaTb MOHATUAMMU: KOMMSIEKCHOE YMCMO U MHOXECTBO KOM-
MMAEKCHbIX Yncen, NPeAcTaBnNATb KOMMNMEKCHbIE Yncna B anrebpanyeckon n TpUroHo-
MeTpu4eckon opme, BbINONHATE apudmMeTndeckme onepauumn ¢ HUMM 1 n3obpaxaTb
Ha KOOpAWHATHOM MMOCKOCTU.

YpaBHEHUA 1 HepaBeHCTBa:

cBobOAHO onepupoBaTb NOHATUAMU: UppaUMOHanbHble, NoKa3aTenbHble U nora-
pumMnyeckne HepaBeHCTBa, HAXOAUTb NX pPeLleHMsA C NOMOLLIbIO PaBHOCUIbHbIX nNepe-
XO[A0B;

OCYLLECTBNATb OTOOP KOPHEN MNpu peLleHnn TPUrOHOMETPUYECKOTO YPaBHEHNS;

csoboHO onepupoBaTb NOHATUEM TPUrOHOMETPUYECKOE HEPABEHCTBO, NpuUMe-
HATb HeobxoauMble POPMYIbl ANA peLleHNss OCHOBHbIX TUMOB TPUTOHOMETPUYECKUX
HepaBEeHCTB;

cBOOOAHO onepupoBaTb NOHATUSIMU: CUCTEMA U COBOKYMHOCTb YPaBHEHUN U He-
paBeHCTB, PaBHOCUIbHbIE CUCTEMbI U CUCTEMBI-CNIEACTBUS, HAXOAUTL PELUEHUS cucTe-
Mbl U COBOKYMHOCTEN paunoHarnbHbIX, ppaunoHarbHbIX, NoKasaTenbHbIX U norapud-
MUYECKNX YPaBHEHWUIA N HEPABEHCTB;

peLuaTh paunoHanbHble, MppaumoHanbHble, NoKka3aTenbHble, norapudmMmnyeckne
N TPUrOHOMETPUYECKME YPaBHEHUSA N HEPABEHCTBA, coaepallume Moaynu n napamer-
pbl;

NPUMEHATL rpaduyeckne MeToabl ANs pELLEeHUss YypaBHEHUIA U HEPABEHCTB, a
TaKke 3agad c napameTpamu;

MOAENNPoBaThb peasibHble CUTyaLumn Ha A3blke anredpbl, COCTaBNATb Bblpaxe-
HWUSA, ypaBHEHWS, HEPaBEHCTBA N UX CUCTEMbI MO YCMOBUIO 3afa4u, uccnenosaTh Mno-
CTPOEHHbIE MOAENM C UCNONb30BaHWEM annapara anrebpbl, MHTepnNpeTMpoBaThb Nosy-
YEHHbIN pe3ynbTar.

DYHKUUU U rpachuKu:

CTPOUTL rpachukv KOMNO3NLMKU PYHKLMIA C MOMOLLbIO 3NIEMEHTAPHOro UCCneao-
BaHUSA U CBOWCTB KOMMO3ULMK ABYX PYHKUUNA;

CTPOUTL reomeTpuyeckne obpasbl ypaBHEHWU U HEPABEHCTB Ha KOOPAUHATHOM
NAOCKOCTMU;

cB0obOAHO onepupoBaTh NOHATUAMU: rPAPUKU TPUTOHOMETPUYECKUX (DYHKLNUIA;

NPUMEHATb PYHKUMM ANS MOAENUPOBaHUA 1 UCCNefoBaHUsA pearnbHbIX Npouec-
COB.

Hayana matemaTuMyeckoro aHanusa:

ncnonb3oBaTbh NPOU3BOAHYIO ANA UccnenoBaHnsa OYHKUMN Ha MOHOTOHHOCTb U
3KCTPEMYMbI;

HaxoAuTb Hanborbluee N HauMeHbLLee 3HAa4YeHUS PYHKLMM HENPEPbLIBHOW Ha OT-
peske;



ncnonb3oBaTb NPOM3BOAHYIO NS HAXOXAEHUS HaUNy4yLIero peLleHns B npu-
KnagHbIX, B TOM YUcrne coumanbHO-3KOHOMUYECKUX, 3adadax, Ansa onpeaeneHnss CKopo-
CTU 1 YCKOPEeHUs npouecca, 3agaHHoro (popmMynon mnu rpadonkom;

cBob0AHO onepmpoBaTh NOHATUAMN: NepBoobpasHas, onpeaenéHHbIn nHTerpan,
HaxoanTb NepBoobpasHbie aneMeHTapHbIX PYHKUUIA 1 BBIYUCNATL MHTErpan no dop-
mMyne HbloToHa-J1lenbHuua;

HaxoAuTb NnoLaan Nockux puryp n o6bLEMbI TeN C NOMOLLbIO MHTErpana,

UMeTb NpeacTaBneHne 0 MaTeMaTUYEeCKOM MOAENMPOBaHNMN Ha NpUMepe co-
cTaBneHuns anddepeHumnanbHbiX YpaBHEHUN;

pelaTb NpukKnagHele 3agayu, B TOM Yucne counanbHO-9KOHOMUYECKOro U ounsun-
4YeCKOoro xapakrepa, cpecTBaMmy MaTeMaTU4eCcKoro aHannsa.
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