IIPOT'PAMMA BCTYIUTEJ/IbHBIX VCITBITAHUI
I10 MATEMATHUKE JJIA IIOCTYIHAKOIIIX B Yp®Yy

OCHOBHBIE MATEMATHUYECKUE ITOHATUA U ®AKTbI

1. YucnoBele MHOXKecTBa. ApudmeTryecKre AelCTBUS HaJ, UMC/IaMHU.
HarypasnbHbie urcia (N). ApudmeTrika HaTypaibHbIX urces. [IpocThbie ¥ COCTaBHbIE YUCIIA.
Pa3ioykeHue HaTypasbHOrO UMC/Ia Ha IPOCTbIe MHOXKUTEH. [lenTesb, KpaTHOe, OCTaToK.
[Tpu3HaKY AeUMOCTH Ha 2, 3, 4, 5, 9, 10. Haubonbimii obmwmii genmvrens. HavMeHblmee
o011jee KpaTHoe.
Lenbie uncna (Z).
ParoHanbHbie urcna (Q). O6bIKHOBEHHbIe JpOOU, UX TUITbI, CBOMCTBA. [lecaTHuHbIe ApoOu.
I[TporjenTsl. [Tpornopiun. CpaBHeHHe paliOHa/IBLHBIX uKces1. ObpaiieHre 0O0bIKHOBEHHOM Ipo0OH B
OeCcKOHEeUHYIO IeCITUYHYIO MepUOANYecKy0 Jpobb 1 06paTHO.
Wppanonanehsele uncia (I). Uucmo . Yuco e.
HetictButenbHble uncna (R), ux npezacraBieHye B BUJe AeCITUYHBIX 1pobeli. CpaBHeHMe
JleMICTBUTEJIbHBIX uKces1. UMC/I0Bble IPOMEXKYTKH.
N306pakeHre urcesn Ha psiMoil. Moy b (abCo/FoTHast BeJTMUKMHA) JeHCTBUTE/IBHOTO UKC/IA, ero
reoMeTpUUeCKUM CMbIC/I, CBOMCTBA.

2. BeruncsieHust ¥ ipeo0Opa30BaHus BEIPKEHHUN
YucioBble Bolpa)keHUsl. BbipakeHus1 ¢ nepeMeHHbIMMU.
@DopMyJIbl COKpAILleHHOTO0 YMHOXKEHHUS.
CreneHb ¢ HaTypa/bHBIM TIOKa3aTesieM, CTeleHb C PallMOHaIbHBIM M0Ka3aTesieM. ApudmMeTruuecKuit
KopeHb. [IoHATHe O CTerneHU C JelCTBUTeIbHBIM M0Ka3aTeseM. OHOUWIEH U MHOTOU/IeH.
Pa3noskeHre MHOrou/leHa Ha MHOXKUTEJIH.
MHorousieH oiHO TiepemeHHON. KopeHb MHOrousieHa. KBasipaTHBINM TpexusieH, ero pasjioykeHue Ha
NUHeNHbIe MHOXXUTEJIH.
Jlorapudm. OcHoBHOe noraprudmuueckoe ToxaecTso. CBoiicTa sorapudmos. @opmyria nepexoga
OT OJJHOTO OCHOBAaHU jiorapudma K pyromMy. leciTUuHble U HaTypaJibHble JI0Tapu(MBI.
ToxxecTBeHHbIe Npeobpa30BaHusl UPPALIMOHAIBHBIX, CTeMeHHbIX, TT0Ka3aTelbHbIX U
JIorapupMUUECcKUX BbIPa’KeHUH.
CHHYC, KOCHHYC, TaHT€HC U KOTaHI'eHC JieCTBUTe/bHOrO yrcaa. OCHOBHOe TPUTOHOMETpHUecKoe
TOXKAecTBO. OCHOBHbIe TPUTOHOMeTpHUecKre (GopMyJibl: 1) COOTHOLIEHHUSI MEXY
TPUTOHOMEeTPHUYeCKUMH (YHKLIMSMU OJHOTO U TOTO Ke apryMeHTa, 2) hopMy/ibl CJIOXKeHUs],
3) dbopMyibl 1BOMHOTO aprymeHTa, 4) opMyJibl IOJIOBUHHOTO apryMeHTa, 5) (GopMYJib
MpaBWwIo TNpuBeZieHusi, 6) GopMysbl TIpeoObpa3oBaHUs CYMMbI TPUTOHOMETPUUYECKUX (QYHKIUK B
ripousBefieHre, 7) (opMysibl npeobpa3oBaHUs MPOU3BEEeHUs] TPUTOHOMETPUYeCKUX (YHKIMA B
cymmy, 8) dopMmysbl, BbIpa)karolle CHHYC, KOCMHYC W TaHTeHC OJ[MHApHOrO apryMeHTa uyepe3
TaHreHC M0JIOBUHHOTO apryMeHTa.
ADpKCHHYC, apKKOCHHYC, apKTaHTeHC, aDKKOTaHTeHC /1eHiCTBUTeIbHOTO YKCJla, OCHOBHbIE
COOTHOLIEHMUS.

ToxgecTBeHHbIe TTPe0Opa30BaHMsI TPUTOHOMETPUYECKUX BBIPAKEHHH.

ApudmeTrueckasi U reoMeTpuueckasi mporpeccu. @opmysibl N -ro 4jieHa ¥ CyMMBbI TIepBbIX N
YIeHOB apu(MeTHIeCKOU U reoMeTpudecKoi mporpeccuid. [TonsTre o 6eckoHeyHO yObIBaroIeit
reoMeTpUUeCKOU MPOrPecCu U 0 CyMMe BCeX ee U/IeHOB.



3. ®yHKIMU U TPaQUKH.

Yucnosble ¢pyHKpM. O61acTb orpeziesieHys: U MHOXKECTBO 3HaueHUH (yHKLun. CBOWCTBA
(GYHKLUM: HETIPePBIBHOCTD, MEPUOJUUHOCTD, YeTHOCTh, HEUeTHOCTh, BO3pAaCTaHUe U yObIBaHUe,
3KCTPEMYMbI, HAUOOJIbIIIMe Y HAMMeHBIIIVe 3HaUeHHs], OrPaHMUeHHOCTh, COXpaHeHHe 3HaKa.
Omnpesienenyve, cBoMCTBA U rpadvKu (DyHKLIMI:

s JMHelHoW y = kx + b;

* KBaJIpaTUYHOM y = ax” + bx + ¢;

* cremneHHOW y = ax" (n € N);

* npobHo-MHelHOW y = K/ X, y = (ax + b)/ (cx + d);

*  KOpHA Y = VX;

* TIOKa3aTe/JbHOM y =a*,a>0,a# 1;

* norapudmuueckoi y = log, x,a>0,a # 1;

* TpPUTOHOMeTpUUeCcKUX QYHKIUN y =sin X, y = cos X, Yy =tg X, y = Ctg X;

* 00OpaTHBIX TPUTOHOMeTpUUeCKUX (QYHKIMI y = arcsin X, y = arccos X, y = arctg x, y =

arcctg x.

[Tpou3BosHast pyHKUMH. ['eoMeTpruecKuii U pU3NIECKUI CMBIC/ IPOM3BOJHOM. Tabnuiia
Npou3BO/IHBIX. [IpOM3BO/IHAS CYMMBI, IIPOU3Be/[eHUs U YaCcTHOTO ABYX (yHKIMA. [TpousBoHast
CNI0KHOM (DyHKLIMU. Y paBHeHHe KacaTe/bHOM K rpaduky dyHKLMU. ViccieoBaHre QyHKLMM C
TOMOIIIbIO TIPOU3BOHOM:
HaXO0yK/IeHWe KCTPeMyMOB (DYHKL[MH, HAUOOJIBIINX ¥ HAMMEHBIINX 3HaueHHH, TPOMEeKYTKOB
MOHOTOHHOCTHU. [TocTpoeHue rpadrika PyHKLMN C TIOMOILbIO IPOU3BOIHOM.
[TepBoobpa3Has ¢yHkuysi. OcHOBHast Tabsumiia mepBooOpa3HbIx. [IpaBuia BeIUMC/IEHUS
nepBooOpa3HbIX. HeonpeeneHHbli UHTerpas. 3ajjaua o TUIoIaZii KpUBOIMHEHHOW Tparenyy, eé
pellieHye C TOMOLLbIO0 UHTerpaa.
®opmyna HetoToHa — JleiibHuIia.

4. YpaBHeHUsI U HEPAaBeHCTBA.
YpaBHeHUs C OHOW NTepeMeHHOM, C HeCKOJIbKUMH TTepeMeHHbIMMU.
Kopnu (pelenusi) ypaBHeHUsi. ['eomeTpuueckoe rpecTaBieHrue YpaBHEHUM U UX PelleHUM.
[ToHsiTHE O PaBHOCU/IBHBIX YPaBHEHUSIX.
OO1Me rIpreMbI pellieHUsT ypaBHEHU: Pa3/ioyKeHre Ha MHOYKUTe/TH, 3aMeHa IepeMeHHOM,
WCIT0/Ib30BaHKe CBOMCTB (DYHKLIUM.
KeazspaTtHoe ypaBHeHHe. DopmyJ/ia KOpHel KBa/ipaTHOTO ypaBHeHUs1. @opmyiibl Bueta jjist
KBaJJpaTHOTO YPaBHEHUSI.
WppaimoHanbHble ypaBHeHus1. [1oka3aTesibHble U orapudMuueckrie ypaBHeHUsI.
TpuroHoMmeTpryeckue ypaBHeHus1; o01ve ¢hopMysibl 171s pellieHUst ypaBHeHHH sin X = a, oS X
a, tg x =a, ctg X = a.
Cucrembl ypaBHEHUM C IBYMsI lepeMeHHbIMU. PellleHrst CCTeMbl, UX TeOMEeTPUUeCKUM CMBIC/I.
PaBHOCU/IBHBIE crcTeMbl. OCHOBHbIE MIPHMEMBI PellleHHsl CUCTEM YPaBHEHUI: MT0/ICTaHOBKa,
anrebpanueckoe CI0)KeHNe, BBeJleHre HOBBIX TlepeMeHHbIX. PaljrioHaibHbIe ¥ MppaLMOHa/TbHbIe
HepaBeHCTBa C 0/IHOM NepeMeHHOM. [Toka3aTesbHbIe U orapudMUUecKre HepaBeHCTBa.
TpuroHomeTprueckue HepaBeHCTBa MPOCTEUILINX TUMIOB.
Vcnonb30BaHue CBOWCTB Y rpadMKOB (DyHKLMM NPY PeLleHUH YpaBHEeHUI, HEPaBEHCTB U CUCTEM.
Merton uHTepBaioB u obnactei. Mi306paskeHre Ha KOOPAMHATHOM TJIOCKOCTH MHOKECTBA PelleHui
ypaBHeHHI Y HEPaBEHCTB C /IByMs IePeMEeHHBIMU U UX CUCTEM.

5. 'eomeTtpus.
[TnanumeTpus.

ITpsimasi, yu, OTPe30K, JioMaHasi; [JIMHAa OTpe3Ka. YT0JI, BeJIMUMHa yTJia. BepTukanbHble U
cMeXxHbIe yriibl. OKPYKHOCTB, KpyT. [lapasienbHbie MpsiMbIe.



[Tpeobpa3oBanust reomeTpuueckux ¢uryp. Oceasi 4 LjeHTpanbHas cumMmeTpusi. [lapanienbHblid
nieperoc. [ToBopot. I[Tpeobpa3oBanue moo6ws1, ero cBoiictBa. OTHOILEHME TUIOIIazel ToA00HBIX
duryp.

MHOroyro/spHUK, ero BepiivHbl, CTOPOHBI, YIJIbI, JAarOHa/IN.

TpeyronpHUK, ero Me/iiaHbl, BEICOThI, OMCCEKTPHUCHI, UX CBOWCTBA. BH/bI TPEYTO/IbHUKOB.
PaBeHCTBO Tpeyro/bHUKOB, NIPHU3HAKU PaBEHCTBA TPeyro/ibHUKOB. [1o/1061e TpeyrosbHUKOB,
TIPY3HAKM 110/j00Ms1 TPeYTro/IbHUKOB. [IpSIMOYTO/IbHBIN TPEYTO/IbHUK, COOTHOLLIEHUST MEeXY
CTOPOHAMU U yI/laMU IIPIMOYT0JIbHOI'O TPeYro/IbHUKA.

PaBHOOe/ipeHHBII TPeyro/IbHUK, CBOMCTBA €ro YIJIOB M CBOWCTBO OHMCCEKTPHUCHI yTIJia IPY ero
BeplLLYHe.

YeTbIpexyro/bHUKY: TapasiesiorpaMM, MPSIMOYTOJIbHUK, POMO, KBaJjpaT, TpareLus U uxX
CBOUCTBA.

Oxkpy>kHOCTb U Kpyr. LleHTp, X0pAa, fraMeTp, pasuyc. KacarenbHas K OKpy>XHOCTHU. [lyra
OKpPY>XHOCTH. CeKTOp M CerMeHT Kpyra.

LleHTpanbHBIM M BIIMCAHHBIN B OKPY>KHOCTb YIJIBI.

[Tnomaap TpeyroabHUKA, PSIMOYT0/IbHUKA, T1apasiiesiorpaMMa, poMba, KBa/jpaTa, TpareLyH.
[lnHa OKpY>KHOCTU U [/IMHA AyT'U OKPY)XKHOCTU. PasiaHHas mepa yria. [1noijage Kkpyra u
I/IOa/lb CeKTOpa Kpyra.

[TpaBU/IbHBIM MHOTOYTOJ/IbHUK. 3aBUCUMOCTH MEX/y CTOPOHOM, paJjyCaMy BITMCAHHOW U
OIMKMCaHHOU OKPY’>KHOCTSIMU MPaBU/IBHOTO MHOIOYTO/IbHUKA. POpMYyJIbI IJIOLaU [IPaBUIBHOTO
MHOI'OyTO/IbHUKA.

Bricannas v onucaHHas OKPY>KHOCTb MHOI'OYT'OJIbHUKA, YC/I0BUS CylLleCcTBOBaHusA. [Ipu3Haku
BIMCAHHOW U OMMCAHHOUW OKPY’>KHOCTU YEeThbIPEXYTOJIbHUKA.

CrepeomeTpus.

OCHOBHbIe TIOHSITUS CTEPeOMeTPHUH (TOUKa, MpsiMasi, TJI0CKOCTh, POCTPAHCTBO).
[Tepecekaroriyecs, napasienbHble U CKpeLIMBaloLecs MpsMble. YT0J MeXXy NpsSIMbIMU B
nipoctpaHcTBe. [lepneHJUKY/ISIPHOCTD TIPMBIX. [1apasiienbHOCTb U TepreHJUuKY/IIPHOCTD TIPSIMOM
Y TVIOCKOCTH, TIPU3HAKW U CBOMCTBA. [leprieHIUMKY/ISIp ¥ HAaK/IOHHAs K TVIOCKOCTH. YTOJ MEX[Y
TIPSIMOM 1 TUIOCKOCTHI0. Teopema o Tpex repreHAUKY/Isipax.

[TapasnienbHOCTD TIJIOCKOCTEN, MepreH UKy ISIPHOCTD MJIOCKOCTeH, MPU3HaKU U CBOMCTBA.
[IByrpaHHbIN yTroJ, TUHENHbIN YroJl ABYTPaHHOTO YIJIa.

PaccTosiHie OT TOUKH [0 TJIOCKOCTH. PaccTosiHue OT MpsiMoii /10 MI0CKOCTH. PaccTosiHre MexXay
rapa’suie/ibHbIMU TJIOCKOCTSIMU. PaccTosiHre MeXXJy CKpelMBaroIMMUCS NpsiMbIMU. [Tno1mazab
OpTOTOHA/ILHOM TIPOEKIIMA MHOTOYT0JIbHUKA Ha TJIOCKOCTh. MHOTOrpaHHUKHU.

Bepimnel, pebpa, rpaHi MHOTOTpaHHMKA. Pa3BepTka.

[Tpu3ma, ee ocHOBaHMs, OOKOBLIe pebpa, BbICOTa, OOKOBasi MIOBEPXHOCTh. IIpsiMasi ¥ HaKIOHHasI
npusMa. [lpaBusibHasi npusMma. [lapanienenunes. IIpsiMmol U MpsIMOYTOJIBHBIN Mapasuiesnernures.
Ky®0.

[Mupamuza, ee ocHoBaHUe, OOKOBBIE pebpa, BLICOTa, OOKOBasi MOBEPXHOCTh. TpeyrosibHast
nupamuza. [IpaBuibHasi mupaMuja. Y ceueHHast mupamuia. Cummerpuu B Kybe, B
rapasuiesieniure/ie, B pU3Me U NMUpamu/e.

CeueHusi MHOTOTPaHHUKOB. [locTpoeHue ceueHu.

Tesia ¥ TOBEePXHOCTH Bpall[eHUSI.

LnmuHAp 1 KOHyC. Y ceueHHbIN KoHyC. OCHOBaHMe, BbICOTa, DOKOBast TOBEPXHOCTh, 0Opa3syroiiasi,
pa3BepTKa. OceBble ceueHHUs U CeueHus rnapasuienbHbie ocHoBaHUIO. I1lap u cdepa, ux ceueHusl.
KacartenbHas nnockocts K cdepe. Cdepa, BrvcaHHasi B MHOTOI'PaHHUK, cdepa, OIMCcaHHasi OKOJIO
MHOTOIpaHHHKa.



OO6BeMsI Tes BpalljeHHs ¥ TUIOLA/Ii UX TTIOBEPXHOCTEH.
dopmyrbl 06beMa Ky0a, mapasuiesienuriesia, Mpu3Msbl, UIMHAPa. ©opMyibl 00beMa MMpaMuibl U
KoHyca. PopMy/ibl TUI0I[AI TIOBEPXHOCTEM LIUIUHAPA U KoHyca. Popmysbl 0ObeMa 1mapa u

riomaau chepsol.

BekTopsl 1 KOOpUHATHI.
BekTopsl. Mogyb BekTopa. PaBeHCTBO BeKTOPOB. Cri0keHre BeKTOPOB Y YMHOKeHHe BeKTopa Ha

YHCJI0.

Yron mexay BektopaMu. KoopauHatel BekTopa. CKansipHOe pou3Be/ieHrie BEKTOPOB,

cBoiicTBa. KonnmmHeapHble BeKTOpbl. PasokeHre BeKTOpa M0 JBYM HEKOJ/UIMHeapHbIM BEKTOpaM.
KomrniaHapHbie BeKTOpbI. Pa3no)keHue BeKTOpa 110 TpeM HEKOMIl/IaHapHbIM BeKTopaM. JleKapTOBbI
KOOp/IMHAThI TOUKU Ha MJIOCKOCTU U B MpocTpaHCTBe. [ToHsATHe 0 KOOpAMHATHOM OIMCaHUH
reoMeTpuueckux Guryp. @opmyJsibl pacCTOSTHUS MEX/Y JBYMSI TOUKaMU Ha IJIOCKOCTH U B
MIPOCTPAHCTBe. YpaBHEHHEe OKPYKHOCTH. Y paBHeHUs cdepbl. Y paBHeHUe 110cKocTh. Popmysia
PacCTOsTHUS OT TOUKH [0 TIJIOCKOCTH.

OcHoOBHbIE YMe€HHUA U HABbIKHA

OK3aMeHYIOLMICS [0/DKeH YMeTb:

1.

10.

11.

BBITIONHATE (0e3 KabKyasaTopa) apudmMeTruecKre 1eiCTBUs Hafl YUC/IaMH U UUC/IOBBIMU
BBIpKEHUSIMH, 33/laHHBIMU B BH/Ie [IeCATUUHBIX U 0OBIKHOBEHHBIX Jpo0eif; ¢ Tpebyemoit
TOYHOCTbIO OKPYIJISITh /lJaHHbIE UMC/Ia U pe3y/IbTaThbl BEIUMC/IEHUH; TPOBOUTh
MPOTHO3WPOBaHKe MPUOJIMKEHHOTO pe3yJbTaTa;

MIPOBOZAUTE TOK/IeCTBEeHHbIe ITpe00pa30BaHMsi MHOTOU/IEHOB, Ap00eid, CofieprKaliix
repeMeHHbIe, BbIpa)KeHUH, COZleprKalliiX CTelleHHble, [I0Ka3aTe/bHble, JorapuMuyeckrie 1
TPUrOHOMeTpHUYeCcKHe (QyHKLMH.

oripeZiesIsiTh 3HauUeHre QyHKIMH 110 3HaUeHHI0 apryMeHTa IpH Pa3/IMuHbIX criocobax
3aiaHusi GYHKLWH; CTPOUTh rpadUKu TMHeNHHOMW, KBaIpaTUYHOM, CTerIeHHOU, APOOHO-
JTMHEeMHOM, IMoKa3aTe/IbHOU, Torapu(MUUeCKOM, TPUTOHOMETPUUECKHUX M 00paTHBIX
TPUTOHOMETPUYECKUX (YHKLIMH.

pellaTh ypaBHEHUs, HepaBeHCTBa, CUCTeMBI (B TOM UMC/Ie C TapaMeTpaMy) U UCC/1e/l0BaTh

UX pelleHUsT; HaXO/IUTh MPUO/IVKeHHbIe PeIlleHUs] YPaBHEHUHM U UX CHCTEM, UCTIONB3YSI
rpaduuecKuii MeTo/;

TIPUMEHSITh 0011[1e CBOMCTBA (DYHKIIMH; CTPOUTH rPaUKH HYHKIMH U MHOXKECTBA TOUEK
KOOp/JMHATHOM TJIOCKOCTH, 3a/lJaHHble YpaBHEeHUSIMU U HepaBeHCTBaMU; OIHCKLIBATh 110
rpaduKy ¥ o (opmyiie roBe/ieHre U CBOMCTBA (DYHKIIWM;

n300pakaTh reoMeTpruUecKre (UTyphl Ha UepTexe; Zie/laTh JJOTIO/THUTE/TbHbBIE TIOCTPOEHHUS;
CTPOUTh CeueHusl, UCCJIel0BaTh B3aMMHOe PACIio/ioyKeHue (uryp;

T10J1b30BaThCsl CBOMCTBAMU UKMCesl, BEKTOPOB, GYHKIMI U UX TPaMKOB, CBOKMCTBaMHU
apu()mMeTHUECKON U reOMeTPUUeCKOM MPOrpecCuii;

T10JIb30BaThCsl CBOMCTBAMM reOMeTPUUeCKUX (UTYD, UX XapaKTepHBIX TOUeK, TUHUN U
yacTeid, CBOMCTBAMU PaBEHCTBA, ITOA00MS ¥ B3aUMHOTI'0 TT0JIOXKeHUs (GUryp;

T10JIb30BaThCsl COOTHOLLEHUSIMUA U (OpPMyJsiaMH, COZlepKallliMU MOAYJ/H, CTeleHW, KOPHH,
norapuMuueckrie, TPUTOHOMETPUUECKHE BbIDA)KEHHUS, BeJWYMHBI YIJIOB, [JIMHBI,
T/IOIIAZ, 00bEeMBI;

COCTaBJ/ISITh YpaBHEHUs], HEPAaBEHCTBA, CUCTEMbI ¥ HaXOAUTh 3HAUEHUS BEJTMUWH, UCXO/IS U3
yCJIOBUS 3a/iauy;

BBIUMCJIATH TIPOU3BO/IHBIE U TIEPBOOOPA3HbIe 3IeMeHTAapPHbIX (DYHKIMI, PUMEHsIs TIpaBUIa
BBbIUHC/IEHUS POM3BOHBIX U ITEPBO0OPA3HBIX; M0/IH30BATHCS TIOHATHEM TIPOU3BOHOM TIPU
vcciejoBaHUM (PYHKLWM Ha MOHOTOHHOCTb, 9KCTPEMYM U MPU MOCTPOeHUM rpaduka
(GYHKIMH, a TaKKe [J1s HAXOXKAEeHUs] HAauOOJIbIIIero M HauMeHbBIIIero 3HaueHuH QyHKIUN Ha



TIPOMEXKYTKe; pelliaThb 3a/jauy C IpUMeHeHreM ypaBHeHHsl KacaTe/TbHOM K rpaduky
(GYHKLMH; BBIYMC/ISTH T/I0I1ajb KPUBOJIMHEMHOM TparieLuy;

12. mpuMeHATh MeTOZ, KOOPWHAT MPH PelleHUH TeOMeTPUUeCKUX 3a/1au U anrebpandyeckux
3aja4, CoZleprKalux rnapamerp.

13. u3naratbe ¥ 0OpMJISTE pellieHue 3a/jau JJOrMYeCcky MPaBUIbHO, TIOJHO Y TIOC/Ie[J0BaTe/IbHO,
C HeoO6XOAUMBIMH TTOSICHEHUSIMHU.



