IMPOTPAMMA BCTYNUTEJBHBIX UCIIBITAHUAM
IO <MATEMATHKE», JJISA HOCTYHAIOIIUX B 2020 roay.

1. YucaoBble MHOkecTBa. Apudmerndeckue aehcTBUA Haj uuciamu. HartypanbHblie uucia (N).
Apudmernka HaTypaidbHbIX uHcesl. lIpocTble M cocTaBHble uuncia. PasnoskeHue HaTypaidbHOTO 4YHMCIa HA
MPOCThIe MHOXKUTENH. Jlenurens, KpaTHOe, ocTaTok. [Ipu3naku nenumoctu Ha 2, 3, 4, 5, 9, 10. HauGonpmuii
obmuii genmurens. Hawmmenemee oOmee kpatHoe. Ilembie uwmcna (Z). PanmonaneHble yucia (Q).
OObIkHOBeHHBIE J1po0OHM, WX TUMBI, cBoicTBa. [ecsatuunsie apoOu. Ilpouentsl. Ilpomopruu. CpaBHeHHE
panroHaNbHBIX Yncen. OOparieHne OOBIKHOBEHHOW NIPOOM B OECKOHEYHYIO JCCATHUYHYIO TEPHUOIUYCCKYIO
npo6b u o6patHo. Mppammonansusie yncina (I). Yucno . Yucrno e.

HeiictBurenpHble yncna (R), wX mpencraBieHne B BUAC JNECATUYHBIX napoOeit. CpaBHEHHE
NEHCTBUTEIBHBIX Yucell. YUCIIoBbIe MPOMEXKYTKU. M300paskeHue yucen Ha npsamMoi. Moaynb (aOcoroTHast
BEIIMYMHA) JCHCTBUTEIBHOTO YHCJIA, €ro TeOMETPHYSCKHH CMBICH, CBOWCTBa. 2. BbiuncieHus wu
npeoOpa3oBaHMsI BRIPAKEHUH.

2. YucJsioBble BbIpa:keHusi. BoipaxxeHus ¢ nepeMeHHbIMU. DOpMYITbl COKPAILIEHHOTO YMHOKEHHUSI.

CreneHb ¢ HaTypaJbHBIM IOKAa3aTeleM, CTENEHb C pallMOHAIbHBIM IMOKa3aTesneM. ApUPMETHUECKUN
KopeHb. [ToHsTHE O cTeneHu ¢ 1eMCTBUTEIbHBIM [TOKA3aTEIEM.

OpHounieH 1 MHOrouseH. Pa3iiokeHne MHOroWwIeHa Ha MHOXKHUTEIH.

Mmuorounen onHoil nepeMeHHo. KopeHbp mMHorouneHa. KBaapaTHbIi TpeX4s€H, €ro paslIoKEHHE Ha
JIMHEMHbIE MHOKHUTEIH.

Jlorapudm. OcHoBHOe norapudmuueckoe ToxaecTBo. CBoiicTBa jorapudmon. Dopmyrna nepexoga ot
OJTHOTO OCHOBaHUs Jlorapudma K qpyromy. JlecaTHUHbIC U HATYpaJbHbIE JTOTapU(MBI.

ToxnecTBeHHbIE TPe0OPa30BaHMsI UPPALOHAIBHBIX, CTETIEHHBIX, TOKA3aTeIbHBIX U JIOTapU()MUIECKUX
BBIPAKEHUIA.

CuHyc, KOCHHYC, TaHI€HC M KOTAHI€HC ACHCTBUTENBHOrO 4ucia. OCHOBHOE TPUIOHOMETPUYECKOE
TOXJ1ecTBO. OCHOBHBIE TPUTOHOMETpUYECKHE (HOPMYIbI: 1) COOTHOUICHHS MEXIY TPUTOHOMETPUYECKUMH
(GYHKLIMSAMH OJHOTO U TOTO K€ apryMeHTa, 2) (OopMyJibl CIOXKEeHMA, 3) GOopMyiibl IBOMHOrO aprymesra, 4)
(hopMyJIbI TIOJIOBUHHOTO apryMeHTa, 5) GopMynibl U MpaBWIO MpuBeACHUs, 6) Gopmyssl npeoOpa3oBaHUs
CYMMBl TPHUTOHOMETPHYECKHX (YHKIHMA B mpousBeneHue, 7) (HopMynibl NMpeoOpa3oBaHUs IMPOU3BEICHHS
TPUTOHOMETpUYECKUX (YHKIMH B cymmy, &) (opMmynbl, BbIpa)KalOUIMe€ CHHYC, KOCHHYC U TaHICHC
OJIMHAPHOTO apryMEeHTa Yyepe3 TAHI'€HC MTOJIOBUHHOI'O apryMEHTa.

ApKCUHYC, apKKOCHHYC, apPKTaHI€HC, apKKOTAaHT€HC IEWCTBUTENBHOIO YHCIIA, OCHOBHBIE COOTHOLICHMS.

ToxnecTBeHHbIE  MPeoOpa3oBaHUS  TPUTOHOMETPUYECKHX  BBIpAXKEHWH. ApudmeTrndeckas H
reoMerpuyeckasi nporpeccuu. @opMynbl n -TO WieHa W CyMMBI TEPBBIX N UYICHOB apU(PMETHUECKON |
reoMeTpuueckoit mporpeccuii. [ToHsTHE 0 OECKOHEYHO YyOBIBAIOIIEH T€OMETPUIECKON MPOTPECCHU U O CYyMME
BCEX €€ WICHOB.

3. ®yHKUMH U rPaQUKHU.

Yucnossle GyHKImu. O6IacTh ONpeeNeHUs U MHOXKECTBO 3HaueHUH (yHkiuu. CBOHCTBAa (YHKIUH:
HENPEPBIBHOCTh, MEPUOJUYHOCTb, UYETHOCTb, HEYETHOCTb, BO3pAaCTaHWE U YyOBbIBaHHE, OSKCTPEMYMBI,
HauOOJbIINE ¥ HAaUMEHBIINE 3HAYEHHUS, OIPAaHMYEHHOCTb, COXpaHeHue 3Haka. OmnpejnereHue, CBOWCTBAa U
rpaduKu QYHKIMH: TUHEHHOU y = kX + b; KBagpaTn4HO# y = ax2 + bx + ¢; creneHHoit y = axn (1 N); apo6HO-
muHeiHo# y = k/ x, y = (ax + b)/ (cx + d); kopHs y = ; moKa3aTelnbHOH y = ax, a > 0, a # 1; morapudpmudeckoin
y = logax, a >0, a # 1; TpuroHomeTpuyeckux GyHKIUN y = sin X, y = €0s X, y = tg X, y = ctg X; oOpaTHbIX
TPUTOHOMETpUYECKUX (PYHKIMH y = arcsin X, y = arccos X, y = arctg X, y = arcctg X. X

[IpomsBomnast Qynxmuu. ['eomerpudeckuii W QU3MUYECKUM cMbIcT mpou3BoxHOW. Tabnmma
npou3BOAHBIX. [Ipom3BoiHAsS CyMMBI, MPOHM3BEAEHUS M YAaCTHOTO ABYX (yHKIwmid. [IpomsBomHast ciioxHON
GbyHKIMH. YpaBHEHNE KacaTeNbHOH K TpaduKy QyHKIINH.

HccnenoBanne GyHKIMI ¢ TOMOIIBIO IIPOU3BOIHOM:

HaXO0XJIEHUE OJKCTPEMYMOB (YHKIMH, HAWOOJBIIMX M HAUMEHBIIUX 3HAUYEHUH, MPOMEKYTKOB
MOHOTOHHOCTH. [TocTpoenue rpadpuka GyHKIMH ¢ TOMOIIbIO MPOU3BOIHOM.

[lepBoobOpaznas ¢pynkuus. OcHoBHas TabauIa nepBoodpasHbiX. [IpaBuia BeIYMCIEHUS IEPBOOOPA3HBIX.
Heonpenenennslii uHTerpan. 3agaya O IUIOIIAAM KPUBOJMHEHHOW Tpamenuu, €€ pelleHue € MOMOILbIO
unterpana. ®opmyna Hetotona — Jlelionua.

4. YpaBHeHHsI M1 HEPABEHCTBA.

VYpaBHeHHS C OJHOW TIEPEMEHHOW, ¢ HECKOJIbKMMH TepeMeHHbIMH. KopHH (pemieHusi) ypaBHEHHS.
I'eomeTpuyeckoe npeacTaBiIeHre YpaBHEHUH U UX perneHnid. [IoHsTHe 0 paBHOCWIBHBIX ypaBHEHUs XK. OO0rmIme



IIPUEMBI PELICHUS YPaBHEHUI: pa3lIoKEHNE HA MHOMKUTENIH, 3aMEHA NIEPEMEHHOM, HCIIOJIb-30BAHUE CBOMCTB
¢bynakmmii. KBagpatHoe ypaBHenume. PDopmyna KOpHEH KBaapatHoro ypaBHeHus. Dopmynsl Buera mis
KBaJIpaTHOrO ypaBHeHusi. Mppanuonanbubie ypaBHeHHs. [lokasatenbHble U jorapuMUYecKUe ypaBHEHHS.
Tpuronomerpuueckre ypaBHeHUs; o0mue GopMyIbl AJs pelIeHus] YpaBHEHHUH sin X = a, cos X = a, tg X = a,
ctg x = a. CucteMbl ypaBHEHUH C IByMs NEepeMEHHBIMU. PelleHus cucTeMbl, UX T€OMETPUUYECKUI CMBICI.
PaBHocuiibHBIE cucTeMbl. OCHOBHBIE MPHEMBI PEIIEHUS] CUCTEM YpaBHEHHUH: MOJICTAHOBKaA, anredpandeckoe
CJI0’KE€HUE, BBE/IEHUE HOBBIX NTEPEMEHHBIX.

PammonaneHblE W UppallMOHANIBHBIE HEPABEHCTBA C OJHOW mepeMeHHOW. IlokasaTenpHble U
JorapupMuYecKre HepaBeHCTBA. TpUroHOMeTpUYeCKre HEpaBeHCTBA MPOCTEHIITNX THITOB.

Wcnonp3oBanne CBOWCTB W TpaduKOB (YHKIMA MPHU pEIICHHA ypaBHEHHWI, HEPABEHCTB M CHCTEM.
Meton wuHTepBanmoB W oOmacreid. M3o0pakeHHMe Ha KOOPIWHATHOMW IUIOCKOCTH MHOXKECTBA PEIICHHM
YpaBHEHUH U HEPABEHCTB C JBYMsI IEPEMEHHBIMU U UX CUCTEM.

5. T'eomerpus. Ilnmanumerpus. Ilpsimas, ayd, OTpe30K, JOMaHas; JIHWHA OTpe3Ka. YTOJ, BEJIUYMHA
yria. BepTukanbHble 1 cMexHbIE YIuibl. OKpYKHOCTB, Kpyr. [lapainienbHbie mpsiMble.

[IpeobpazoBanmsi reomeTpuueckux ¢uryp. OceBas W LEHTpaibHas cuMMeTpus. [lapamnenbHbii
niepeHoc. [ToBopor. IIpeoOpazoBanue mogoous, ero coiicTBa. OTHOIIEHNE TUIOIIAACH OJOOHBIX UTYD.

MHOTOyToNbHUK, €r0 BEPIINHBI, CTOPOHBI, YIJIbl, JUATOHAJIH.

TpeyronbHuk, €ro MeauaHbl, BHICOTHI, OMCCEKTPHUCHI, X CBOMCTBA. Buabl TpeyronbHUKOB. PaBeHCcTBO
TPEYrOJBbHUKOB, TPH3HAKH DPAaBEHCTBA TPEYroNbHUKOB. llogoOue TpeyrosbHUKOB, NPHU3HAKK MOJOOHS
TPEYroJabHUKOB. [IpAMOYrOibHBIA  TPEYroJbHUK, COOTHOLIEHUS MEXIy CTOPOHAMM U  yIjaMu
NPSMOYTOJILHOTO TpEYroibHUKa. PaBHOOENPEHHBI TPEYroJbHHK, CBOWCTBA €ro YIrJIOB M CBOWCTBO
OMCCEKTPUCHI yIiia MPH ero BepIInHE.

YeTplpexyroiabHUKU: TapaJljIesIorpaMm, IPSIMOYTOJIbHUK, pOMO, KBapaT, Tparelys U UX CBOICTBa.

OxpyxHoctb u kpyr. LlenTp, Xopaa, nuamerp, paauyc. KacarenpHast K OKpyKHOCTH. Jlyra OKpy»KHOCTH.
CeKTOp U CErMEeHT Kpyra.

IleHnTpanpHbIii ¥ BIMCAHHBIN B OKPYKHOCTD YIJIBL.

[Tnomans TpeyroabHUKA, IPAMOYTOJIbHHKA, apajjielorpaMma, pom0a, KBaapara, TpareuHm.

JUinHa OKpYXHOCTH W JUIMHA IyTd OKpYXHOCTH. Paguannas mepa yrna. [lnomans kpyra u miomajs
CEKTOpa Kpyra.

[IpaBWiIbHBII MHOTOYTOJIBHUK. 3aBUCUMOCTH MEXIY CTOPOHOM, paguycaMH BIIMCAHHOW M ONMMCAHHOM
OKPY>KHOCTSIMH IPaBUJIBHOTO MHOT'OYT0JIbHUKA. DOpMyIIbl TUIOIIA AU MPAaBUIBHOIO MHOTOYTOJIbHUKA.

Brnucannas u onucaHHas OKpYKHOCTb MHOIOYTOJIbHUKA, YCIIOBUSI CyllecTBOBaHMs. Ilpu3Haku
BIINCAHHOW W OIUCAaHHOW OKPY)KHOCTH 4eTblpexyrojbHuka. Crepeomerpus. OCHOBHBIE IOHSITHUS
cTepeoMeTpuM (TOuYka, MpsMas, IUIOCKOCTb, MPOCTpaHCTBO). Ilepecekaromuecs, mnapamienbHble U
CKpeUIMBaOIIUecs MpsiMble. YTOJI MEXAY HOpsIMbIMU B mpocTpaHcTBe. [lepneHauKyIsipHOCTh MPSIMBIX.
[lapamienbHOCTs M NEPNEHIUKYIIIPHOCTh NMPSIMOM U IJIOCKOCTH, NMPU3HAKU U CBOWcTBa. [lepnenaukynsp u
HAKJIOHHAs K IJIOCKOCTH. YTOJI MEXAY NPSMOi U INIOCKOCTBIO. TeopeMa o Tpex NepHneHIuKyIIsIpax.

[TapanneapbHOCTh MIOCKOCTEN, MEPIICHIUKYISIPHOCTh MIIOCKOCTEH, MPU3HAKU U CBOMCTBA. [[ByrpaHHBII
yroJl, INHEHHBIN yroJl ABYTPaHHOrO yria.

Paccrosinue oT TOukM 10 TUIOCKOCTH. PaccTosHue OT mpsiMoil 0 miockocTu. PaccrosiHue mexnay
napajuleIbHbIMU TUIOCKOCTSMU. PacCTosiHUE MEX Ty CKPEIIMBAIOIIUMUCS TPSIMbIMHU.

[Inomanpe OpTOroHaNbHOW MPOEKLMHM MHOIOYTOJIbHMKA Ha IUIOCKOCTb. MHOrOrpaHHukd. BepiinHsl,
peOpa, rpaHu MHOTOTrpaHHuKa. Pa3BepTka.

ITpusma, ee ocHoBaHMA, 6OKOBBIE pedpa, BEICOTa, OOKOBas MOBEPXHOCTH. [IpsMas n HaKIIOHHAs pU3Ma.
[TpaBunbras npusma. [apannenenunen. [Ipsmoit n npsimoyronbHbIi napamnenenunes. Kyo.

[Tupamuna, ee ocHoBaHMe, OOKOBBIE pedpa, BBHICOTA, OOKOBAsl MMOBEPXHOCTh. TpeyroyibHas MHpaMua.
IIpaBunbpHasg nupamuga. Y ce4eHHas MAPaMULA.

CummMmetpuu B KyOe, B mapasuiesienuIe/e, B IpU3Me U MUpaMu/Ie.

Ceuenus MHOrorpanHukoB. IloctpoeHune ceuenuil.

Tena u noBepxHocTH Bpaienus. Lunuaap u konyc. YcedeHnHslit koHyc. OcHOBaHHE, BbICOTa, OOKOBas
MIOBEPXHOCTh, 0Opa3yromiasl, pa3BepTka. OCeBbIC CEUEHUS U CEUEHUs TapauIe/IbHble OCHOBAHUIO.

[Tap u cdepa, ux ceyenus. KacarenbHas miockocts K chepe. Chepa, BrMcaHHAsE B MHOTOIPAaHHUK,
cdepa, onucaHHask OKOJI0O MHOTOrpaHHUKAa. OOBEMBI TN BpallleHUs U IUIOMAAN UX moBepxHocTell. Dopmyis
obbeMa KyOa, mapajiesienunesna, Ipu3Mel, uuHapa. PopMynsl o0beMa nmHpamMuasl U KoHyca. Dopmysibl
IUIOINAAM TIOBEPXHOCTEW IMIMHApa M KoHyca. dopmysnsl obbema miapa u rwiomanu cdepsl. BexTopsl n
KoopauHatbl. Bekropsl. Moaynes BekTopa. PaBeHCTBO BekTOpOB. C10’K€HUE BEKTOPOB M YMHOKEHHE BEKTOPA
Ha 4ucio. Yroa Mexay Bekropamu. Koopaunatel Bekropa. CkalsipHOE NMPOU3BEACHHUE BEKTOPOB, CBOMCTBA.



Komnuneapusie BekTophl. PasnojkeHue BekTOpa IO JBYM HEKOJUIMHEApHbIM BekTopaM. KomruiaHapHble
BEKTOpPBI. Pa3noxeHue BEKTOpa MO TPEM HEKOMIUIAHAPHBIM BEKTOpaM. JleKkapTOBBI KOOpIMHATHI TOYKU Ha
IUIOCKOCTH U B MpocTpaHcTBe. [IoHATHE O KOOPAMHATHOM OMHCAHUU T€OMETpUYECKHX (Quryp. dopmyisl
pPacCTOSIHUS MEXy JBYMsI TOUKAMH Ha IUIOCKOCTH U B MPOCTPAHCTBE. YpaBHEHHE OKPYKHOCTU. YpaBHEHUS
cdepsl. YpaBHeHHE I0CKOCTH. PopMysia pacCTOSHUSA OT TOUKH JIO TIOCKOCTH.

OCHOBHBIE YMEHHUS U HABBIKH

IK3aMEHYIOIIMICS T10/ZKeH YMeTh:

1) BemonHATH (0€3 KambKynaTopa) apu(pMeTHYecKue JAEHCTBHA HAJ YHCIAMH M YHCIOBBIMH
BBIPQKCHUSIMH, 33JaHHBIMH B BHUJAE ACCATHYHBIX M OOBIKHOBEHHBIX Ipo0eil; ¢ TpeOyeMOH TOYHOCTBHIO
OKpYIJIATh JaHHBIE YHCIA M PEe3yJabTaThl BBIYMCICHUH; HPOBOAMTH IMPOTHO3HMPOBAHUE NPUOIMIKEHHOTO
pe3yiibTaTa;

2) TpOBOJAUTH TOXKIECTBEHHBbIE MpeoOpa3oBaHMsI MHOTOUYWIEHOB, IpO0e€il, coaepKallux MEepeMEeHHBIE,
BBIPQ)KEHUM, COAEpKAIlMX CTENEeHHble, II0Ka3aTellbHble, JorapuMuyeckue M TPUTOHOMETPUUECKHUE
(GyHKIHIH.

3) ompenensTh 3HauYeHHE (PYHKIMM 10 3HAYEHUIO apryMeHTa INpH pPa3INuYHBIX CIOco0ax 3aJaHus
GyHKIMM; CTPOUTH TIpadUKH JHMHEHHOW, KBaJpaTUYHOM, CTENEHHOH, APOOHO-ITMHEHHOH, MOKa3aTelbHOMH,
JOrapu(PMHYECKON, TPUTOHOMETPUIECKUX U OOPATHBIX TPUTOHOMETPUUECKUX (HYHKINH.

4) pemate ypaBHEHHs, HEpaBEHCTBA, CUCTEMBI (B TOM 4YHCIE C HapaMeTpaMM) U HCCIEA0BaTh HUX
peIIeHHS; HAaXOAUTh MPHOIMKESHHBIC PELICHUS] YPAaBHEHH U UX CUCTEM, HCTIONb3Ys rpad)uuecKuil METO;

5) mnpumeHsTh oOImME CBOHCTBa (YHKUIUH;, CTPOUTh rpaduku (QYHKIUMA W MHOXXECTBA TOYEK
KOOPAWHATHOM IUIOCKOCTH, 3a/laHHble YPaBHEHHSAMU W HEPABEHCTBAMH; OMNHCHIBATH MO TpaduKy U IO
(dopmyIe noBeJieHHEe U CBOMCTBA (PYHKIIHIA;

6) u300paxarh reoMeTpuUecKue GUrypbl Ha 4epTexe; JejaTh JONOJHUTEIbHbIE IOCTPOCHUS; CTPOUTD
CeueHMs], UCCIIeI0BaTh B3aUMHOE paclloyiokeHne Quryp;

7) TONB30BATBCS CBOMCTBAMHM 4HCEN, BEKTOPOB, (QYHKIMH M HX Tpa(uKOB, CBOWCTBAMU
apu(pMeTUYeCKON U TeOMETPUYECKON MPOrPecCHii;

8) MONb30BaThCSI CBOMCTBAMHU TE€OMETPUYECKHX (HUIyp, MX XapaKTePHBIX TOYEK, JIMHUHA W YacTew,
CBOWCTBaMH PaBEHCTBA, NOAOOHS U B3aUMHOTO MOJIOXKEHUs HUTYP;

9) moyb30BaThCS COOTHOWICHHAMH H  (OPMYJIaMH, COJIEPXKAIIUMH MOIYJIH, CTENEHH, KOPHH,
JorapuPpMHUUYECKUE, TPUTOHOMETPHUECKUE BBIPAXKEHUSI, BEJIMYMHBI YIIIOB, [UTHHBI, TUIOMIAH, 00BEMBI;

10) cocTaBasTh ypaBHEHHUs, HEPABEHCTBA, CUCTEMbI M HAXOUTh 3HAUEHUS BEJIMUMH, UCXO/S U3 YCIOBUS
3aJauu;

11) BBIYMCIATH TPOM3BOJAHBIE M IEPBOOOPA3HbIE 3JIEMEHTAPHBIX (DYHKIMH, TPUMEHSAs IpaBuUia
BBIUUCIICHUS NPOU3BOJIHBIX M NEPBOOOPA3HBIX; IMOJIb30BATHCS MOHITHEM IMPOU3BOAHOM IMPU HCCIIEAOBAHUU
(GyHKIMH HA MOHOTOHHOCTb, S9KCTPEMYM U INIPH MOCTPOCHUH Tpaduka (YHKLIUH, a TAKKE U1 HAXOXKICHUS
HauOOJBIIEr0 M HAMMEHBUIETO 3HA4YeHU (YHKIMI Ha NPOMEXyTKe; pelmaTh 3aJaud C INPUMEHEHHEM
ypaBHEHUS KacaTeabHOH K rpaduKy (GyHKIMHU; BBIYUCISTD TUIONIAAb KPHBOJIMHEHHON Tpaneuu;

12) npuMeHsATh METOA KOOPAMHAT NMPU PEIICHHHM TeOMETPUUECKMX 3a/ady M anreOpanyuecKux 3a/1ad,
COJIEpIKaIIMX MapaMeTp.

13) mznarate U OGOPMIIITH pEIICHHE 33734 JIOTMYECKH IMPAaBUIBHO, MOJHO M TOCIEIOBATENBLHO, C
HEOOXOIUMBIMU TOSICHEHUSIMH.



