IMPOTPAMMA BCTYNUTEJBHBIX UCNIBITAHUAM
IO <MATEMATHUKE», IJIAA HIOCTYHAIOIIUX B 2021 roay.

1. YucnoBble MHOkecTBa. Apudmernueckue aeictBus Hajx uuciaamu. Hartypanbable uucna (N).
ApudmeTtnka HatypaidbHbIX uucen. IIpocTele u coctaBHble umcna. PasnokeHue HaTypajJbHOTO YHUCIIa Ha
mpocThie MHOXKUTEMH. Jlenutens, kpatHoe, octaTok. [IpusHaku nenumoctu Ha 2, 3, 4, 5, 9, 10. Hanbonbmmit
oOmmit nenurtens. Haumensinee o6mee kpatHoe. lLlensie umcna (Z). Paunmonanshbie umcna (Q).
OObIKHOBEHHBIE JpoOM, WX TUMBI, cBoicTBa. [lecatuunsie apodu. Ilpouentsl. [Iponoprun. CpaBHeHHE
parroHanbHBIX grcen. OOparieHne OOBIKHOBEHHOW JpoOM B OCCKOHEUHYIO JECATHUHYIO TMEPHOAMYECKYIO
npo6b u o6patHo. Mppammonansusie gncina (I). Yucno . Yuco e.

HeiictBurenpaple uncna (R), wx mpeacraBneHwe B BUAE JACCATHYHBIX Apobedi. CpaBHeHHE
NEHCTBUTENBHBIX Yncell. YNCIIoBbIe MPOMEXYTKU. M300paskeHne uncen Ha mpsiMoi. Moaynb (abcomoTHas
BEJIMYMHA) JEHCTBUTEIHHOTO YHCJA, €r0 TeOMETPHUYECKHUH CMBICH, CBOWCTBA. 2. Bprumciaenus wu
peoOpa3oBaHus BEIPAKECHUN.

2. YucnoBbie BoipaxeHus. BoipaxkeHus ¢ nepeMeHHbIME. POpMYIIbl COKPAIIEHHOTO YMHOXKEHUS.

CreneHb ¢ HaTypaJbHBIM IOKa3aTeJeM, CTENEHb C pPAlMOHAIbHBIM IOKazareneM. ApupMeTHYeCKHid
KopeHb. [loHsTHE O cCTEeNEeHH ¢ AeMCTBUTEIBHBIM MIOKA3aTENIEM.

OpHousnieH 1 MHOTowIeH. Pa3nojkenne MHOrowIeHa Ha MHOKUTEH.

Muorowien ogHoil nmepemeHHoi. Kopenb mHorounena. KBajpaTHbIii TpexuieH, ero pasjoKeHHe Ha
JMHEHHBIE MHOXKUTEIH.

Jlorapudm. OcHoBHOE norapudmMudeckoe ToxaectBo. CBoiicTBa morapudmon. @opmyna mepexoaa oT
OJTHOTO OCHOBaHUsI Jorapudma K Jpyromy. JlecaTHuHbIe M HATYpajIbHbIE JTOTapHU(MBI.

ToxnecTBeHHBIE TPe0OpPa30BaHUs HPPALMOHAIBHBIX, CTEIICHHBIX, TTOKA3aTENFHBIX M JOTapUPMHUECKIX
BBIPaKCHUI.

CuHyc, KOCHHYC, TaHI€HC M KOTAHI€HC AECHCTBUTENBHOrO yucia. OCHOBHOE TPUTOHOMETPHUYECKOE
TOXJecTBO. OCHOBHBIE TpUTrOHOMETpUYecKue (Hopmysbl: 1) COOTHOLIEHUS MEXAY TPUTOHOMETPHYECKUMU
(GYHKIUSIMHE OJTHOTO M TOTO e apryMeHta, 2) ¢hopMyibl ClIOXeHus, 3) GopMyibl ABOWHOTO aprymeHra, 4)
(GbopMyJibl TIOJIOBUHHOTO aprymMenta, 5) GopMmyibl M MpaBWIO MpHUBEACHUsA, 6) GopMmyibl nmpeoOpa3zoBaHUs
CYMMBI TPUTOHOMETpHUYECKHX (PYHKIMH B mpom3BereHHE, 7) (GOpMyIbl MPeoOpa3oBaHUs TPOU3BEICHHUS
TPUTOHOMETPUYECKHX (YHKIUH B cymMmy, 8) (opMyisl, BbIpaXalollMe CHHYC, KOCHHYC M TaHTEHC
OJMHAPHOTO apTyMEHTAa Yepe3 TAHICHC OJOBUHHOTO apTyMEHTAa.

ApKcuHYC, apKKOCHHYC, apKTaHT'€HC, aPKKOTAHT€HC JICHCTBUTEIILHOTO YHCIIa, OCHOBHBIE COOTHOIIICHHSI.

ToxnecTBeHHbIE  TpeoOpa3oOBaHMA  TPUTOHOMETPHUYECKUX  BBIpaXEHHH. Apudmernueckas u
reoMeTpuyeckas nporpeccuud. @opMmysibl N -0 WieHa W CyMMbI MEPBBIX N YJICHOB apu(METHUYECKOH U
reoMeTpuyeckoil mporpeccuii. [TonsiTHe 0 6ecKOHEYHO YOBIBAIOLIEH T€OMETPUUECKON MPOTPECCUU U O CyMME
BCEX €€ WICHOB.

3. DyHkuuu U rpaguku.

UYucnosble Qynkuuu. O6nacTh ONpeneNeHnss 1 MHOXKECTBO 3Ha4eHUH (GyHKimu. CBOMCTBA (yHKIIMH:
HETPEPHIBHOCTh, MEPUOJUYHOCTh, UYETHOCTb, HEYETHOCTb, BO3pacTaHWE U YyOBIBaHUE, OSKCTPEMYMBI,
HanOoNbIINEe W HAaWMEHBIINE 3HAYECHHUS, OTPAaHUYEHHOCThb, COXpaHeHue 3Haka. OrpeneneHue, CBOHCTBa U
rpadbuku QyHKINN: TUHEHHOHN y = kX + b; kBaagpaTHaHO# y = ax2 + bx + ¢; creneHHo#l y = axn (11 N); 1poOHO-
muHeHo# y = k/ X, y = (ax + b)/ (cx + d); KopHs y = ; moKa3areapHOU y = ax, a > 0, a # 1; morapudmuaeckoi
y = logax, a > 0, a # 1; TpuroHoMeTprueckux QPyHKIUH y = sin X, y = €c0S X, y = tg X, Yy = ctg X; 00paTHBIX
TPUTOHOMETPHUUYECKUX (PYHKLHUH y = arcsin X, y = arccos X, y = arctg X, y = arcctg X. X

[IpousBognass ¢yukuuu. [eomerpuueckuid u  usnueckuid cMpIci  Mpou3BogHOU. Tabmuia
Mpou3BOAHBIX. [Ipon3BoAHAsS CyMMBI, MPOU3BEACHUA M YacTHOro ABYX (yHKuui. IlpomsBoaHas ciioxHOM
¢byHKIMH. YpaBHEHHE KacaTelbHOU K TpaduKy QyHKIUU.

Uccnenoanne GyHKIUI ¢ MOMOIIBI0 TPOU3BOIHOM:

HaXOXXICHWE SKCTPEMyMOB (YHKIMHM, HAWOONBIIMX ¥ HANMEHBIINX 3HAYCHUH, MPOMEKYTKOB
MOHOTOHHOCTH. [locTpoenue rpaduka GyHKIIUH ¢ TOMOIIBIO IIPOU3BOAHOM.

[TepBoobOpasnas dhynkiusa. OcHoBHas TabiuIa mepBooOpa3HbIX. [IpaBuia BEIYUCICHUS TIEPBOOOPA3HBIX.
Heompenenennpiii unTerpas. 3ajaya O TUIOMIAJAM KPUBOJWHEHWHOW Tpamenuu, €€ pelieHre C MOMOIIbIO
naTerpana. ®opmyna Hetorona — JleliOHmIa.

4. YpaBHeHHSI M1 HEPABEHCTBA.

VYpaBHeHHS C OJHOW MEPEMEHHOM, ¢ HECKOJIbKMMHU NepeMeHHbIMH. KopHu (pelieHusi) ypaBHEHHS.
I'eomeTpuyeckoe npeacTaBieHre ypaBHEHUN U ux pemeHuid. [ToHsTHe 0 paBHOCWIBHBIX YpaBHEHUAX. OO1IHe



IIPUEMBI PEIICHUs] YpaBHEHHI: pa3joXKeHHEe Ha MHOXKHUTENH, 3aMEHa MEPEMEHHOM, HUCIOJIb30BaHUE CBOMCTB
¢bynakmmii. KBagpatHoe ypaBHenume. Dopmyna KopHeW KBamgpatHoro ypaBHeHus. Dopmynsl Buera mis
KBaJIpaTHOrO ypaBHeHus. MppanmonanbHble ypaBHeHUs. [lokasaTenbHble U jJorapuMuyecKue ypaBHEHUS.
TpuronomeTrpudeckue ypaBHeHus; o0mue GopMysbl Ui pelIeHHs] ypaBHEHUH sin X = a, cos X = a, tg X = a,
ctg x = a. CucTeMbl ypaBHEHUH C JBYMs MEPEMEHHbIMU. PemeHust cuctembl, UX T€OMETPUYECKHI CMBICI.
PaBHOCHIIbHBIE cucTeMbl. OCHOBHbBIE MPUEMBbI PEIICHUsI CHCTEM YpPaBHEHMM: MOJCTaHOBKaA, alredOpandeckoe
CJI0’KE€HUE, BBE/ICHUE HOBBIX IE€PEMEHHBIX.

PammonaneHble W UWppalMOHANBHBIE HEPABEHCTBA C OJHOW miepeMeHHON. IlokasarenvHble U
JorapupMUUYecKre HepaBeHCTBA. TPUroHOMETpHYECKHe HEPAaBEHCTBA IIPOCTEHIITNX THITOB.

Hcnonp3oBanne cBOWCTB W TpaduKoB (YHKIHMA TPH PENICHUH ypaBHEHHH, HEPABEHCTB M CHCTEM.
Meton wHTepBanmoB W obOiacteid. M300pakeHHMe HAa KOOPAWHATHOW IIJIOCKOCTH MHOXKECTBA pEIICHUN
YPaBHEHUI ¥ HEPABEHCTB C IByMsI IEPEMEHHBIMU M UX CHCTEM.

5. T'eometrpus. Ilnanumerpus. Ilpsmas, ayd, oTpe3ok, JOMaHas; JJIMHA OTpe3Ka. YTOJ, BEJIUYMHA
yria. BepTukanbabie 1 cMexHbIE YIIbl. OKpYKHOCTb, KpyT. [lapannenbHble npsiMbie.

[IpeoOpa3oBanusi reomerpuueckux ¢uryp. OceBas M UeHTpadbHass cummeTpus. [lapaienbHblii
nepenoc. [ToBopot. [Ipeobpa3zoBanue nogodus, ero ceoiicTBa. OTHOIIEHUE IUIOLAAEH MOTOOHBIX QUTYD.

MHOTOYTONBHUK, €70 BEPUINHBI, CTOPOHBI, YTJIbl, TUATOHAIIN.

TpeyronbHUK, €T0 MeIHaHbl, BBICOTHI, OMCCEKTPUCHI, UX CBOWCTBA. BHIbl TpeyromsHUKOB. PaBeHCTBO
TPEYTrOJbHUKOB, TPH3HAKH DPABEHCTBA TPEYroibHUKOB. IlogoOme TpeyronbHUKOB, NpPU3HAKK 1MO100MS
TPEYrOJAbHUKOB.  [IpAMOYroibHBIA  TPEYrOJIbHHK, COOTHOIIEHUS MEXIy CTOPOHAaMU M yIJIaMHu
MPSIMOYTOJIEHOTO ~ TPEYTOJbHUKA. PaBHOOEIPEHHBIN TPEYroNbHHUK, CBOMCTBA €ro YIJIOB W CBOWMCTBO
OUCCEKTPUCHI yIiIa MPH €ro BepIINHE.

UeTbIpexyroJdbHUKHU: TapaiieorpaMM, NpsMOYyTroiIbHHUK, poMO, KBaapaT, Tpanelus U uX CBONCTBaA.

OxpyxHocTb U Kpyr. Llentp, xopaa, tuamerp, paauyc. KacarenbHast k OKpykKHOCTH. [yra oKpy>KHOCTH.
CeKTop U CErMEeHT Kpyra.

LeHTpanbHBIA U BIMCAHHBINA B OKPY’KHOCTD YTJIBL.

[Tnomane TpeyroibHUKa, IPSIMOYTOJIbHUKA, TapajuieorpaMMa, pom0a, KBajapara, Tpaneluy.

JUInHa OKPYXXHOCTH W JUIMHA JIyTW OKpYyXHOCTU. Panmannas mepa yrna. Ilnomane kpyra u miomanpb
CEKTOpa Kpyra.

[TpaBUnbHBIIT MHOTOYTOJIBHUK. 3aBUCUMOCTH MEXKIY CTOPOHOM, pajJdycaMu BIHCAHHOW U OMUCAHHOMN
OKPY>KHOCTSIMH IIPaBUJIBHOI'O MHOT'OYTOJIBHUKA. DPOpMyJIbI IUIOIIAN IPABUIBHOIO MHOTOYTOJIbHHKA.

Brnucannas u onucaHHas OKpPYKHOCTb MHOIOYTOJIBHUKA, YCIIOBUSI CyllecTBOBaHMs. Ilpu3Haku
BIIMCAaHHOW U OINUCAaHHOW OKPY)XKHOCTH 4eTblpexyroyibHuka. Crepeomerpus. OCHOBHbBIE TOHSTHS
cTepeoMeTpu (TOuka, TMpsiMas, IUIOCKOCTh, MPOCTpaHcTBO). llepecekaromuecs, mnapauieibHble H
CKpEUIMBAKOIINECS TpPsMbIE. YTOJI MEXAY HNpsIMbIMHU B HpocTpaHCTBE. llepneHIuKYIsIpHOCTh MPSAMBIX.
[TapamienbHOCTh U NEPHEHANKYISAPHOCTD NMPSMOM M INIOCKOCTH, NMPU3HAKK U CBOMCTBA. llepneHaukymnsp u
HAaKJIOHHA K IJIOCKOCTH. YTOJI MKy MPSAMOM U INIOCKOCTHI0. Teopema o Tpex NepIeHIuKysIpax.

[TapanneapHOCTh MIIOCKOCTEN, MEPIEHANKYISIPHOCTD TUIOCKOCTEN, IPU3HAKKA U CBOMCTBA. J[ByrpaHHBIN
YTOJI, TUHEWHBIN YTOJI ABYTPAaHHOTO yTJIa.

PaccTrossHHe OT TOUKM 1O TIOCKOCTH. PaccTosHHME OT TpsAMOW N0 IUIOCKOCTH. PaccTossHue Mexmy
NapajuIeIbHBIMU IUIOCKOCTSMH. PaccTosiHIE MEXTy CKPEIIMBAOIIMMHUCS IIPSIMBIMHU.

[Lmomages OPTOrOHANBPHOM MPOEKIMH MHOTOYTOJIbHMKA Ha IUIOCKOCTh. MHOTOrpaHHWUKH. BepmmvHEL,
pebpa, rpanu MHOTOrpaHHuKa. Pa3BepTka.

[Tpusma, ee ocHoBaHus, OOKOBBIE peOpa, BbICOTa, OOKOBasi MOBEPXHOCTh. [IpsiMas v HaKJIOHHAs MPU3Ma.
[IpaBunbnas npusma. [apamnenenunen. [psmoit u npsimoyronbHelil napamienenunen. Kyo.

[Mupamuna, ee ocHoBaHue, OOKOBBIE pedpa, BbICOTA, OOKOBasl MOBEPXHOCTh. TpeyrosibHas MUpaMuja.
[IpaBunpHas nupamuga. Y ceueHHas nupamuia.

Cummertpuu B Ky0e, B mapajuiesienuIeie, B Ipu3Me U THpamMHu/Ie.

Ceuenus MHOTOTpaHHUKOB. [locTpoeHue ceueHuil.

Tema n moBepxHOCTH Bpamienus. LlumuHap u koHyc. Ycedennslii konyc. OCHOBaHUE, BHICOTa, OOKOBas
MOBEPXHOCTH, 00pa3yromias, pa3BepTka. OceBble CEUeHHUS U CEUEHUS MapajuiebHbIe OCHOBAHUIO.

Hlap u cdepa, ux cedenns. KacarenmpHas tuiockocth kK chepe. Cdepa, BIMicaHHasE B MHOTOTPAHHUK,
cdepa, onucaHHasi OKOJI0 MHOrorpaHHuka. OObeMBbI Tell BpallleHus U IJIOU[ad UX MmoBepxHocTeld. DopMyibl
o0bema KyOa, mapaijenenunena, npusmsl, HuiuHApa. ©opmynsl o0bemMa nmupamMuabl U KoHyca. DopMysl
IUIONIAIM TIOBEPXHOCTEH LWIMHApa U KoHyca. Popmynbsl oObema mapa u miomaian chepsl. Bextopsl u
KoopauHatel. Bekropsl. Monynes BekTopa. PaBeHcTBO BekTOpoB. CliojkeHHE BEKTOPOB M YMHOKEHHE BEKTOpa
Ha yucio. Yron Mexay Bekropamu. Koopaunatel Bektopa. CkajsipHOe HMpOM3BEICHHE BEKTOPOB, CBOWMCTBA.



Konnuneapusie BekTophl. PasnmojkeHue BekTopa IO JIBYM HEKOJUIMHEApHBIM BekTopaM. Komiutanaphbie
BEKTOpPbI. Pa3nokeHne BeKTOpa MO TPEM HEKOMIUIAHAPHBIM BEKTOpaM. JlekapTOBBI KOOpAMHATHI TOYKU Ha
IUIOCKOCTH W B MpocTpaHcTBe. [IoHATHE O KOOPAMHATHOM OMHMCAHUU TeOMETpUYecKHX (Quryp. dopmyisl
pacCcTOSHUS MEXy JBYMsI TOUKAMHU Ha IJIOCKOCTH U B MPOCTPAHCTBE. Y paBHEHUE OKPYKHOCTH. Y paBHEHUS
cdepnl. YpaBHeHHE I0CKOCTH. PopMysia pacCTOSHUS OT TOUKH JI0 TUIOCKOCTH.

OCHOBHBIE YMEHHUS U HABBIKU

IK3aMEHYIOUIUICH N0/IKeH YMeTh:

1) BemonHATE (0€3 KajubKynasTopa) apuMmeTHdeckue ACHCTBHA HAIl YHCIAaMH W YUCIIOBBIMH
BBIPQ)KCHUSIMH, 33JaHHBIMH B BHUJE JCCATUYHBIX M OOBIKHOBEHHBIX Ipo0eii; ¢ TpeOyeMoll TOYHOCTHIO
OKpYIJIATh JaHHBIE YHCIA M PEe3yJbTaTbl BBIYMCICHHUN; MPOBOIUTH INPOTHO3UPOBAHHME MPHUOIMKEHHOTO
pe3yibTaTa;

2) TpOBOJAUTH TOXKJIECTBEHHBbIE MpPeoOpa3oBaHUs MHOTOYJIEHOB, JIpOOEH, colepiKalulux IepeMeHHbIE,
BBIPQKEHUM, COJEp)KallMX CTENEHHbIe, [OKa3aTeJdbHble, JIOTapU(PMHUUECKUEe U TPUTOHOMETPUUYECKUE
(GyHKIHH.

3) ompenensaTh 3HaYeHHE (YHKIMM TO 3HAYEHUIO apryMEHTa MpHU pa3jMyHBIX Crocofax 3afaHus
GyHKIMM; CTPOUTh TpadUKH JTHMHEWHOM, KBaJpAaTUYHOM, CTEHNEHHOH, APOOHO-TMHEHHOH, MOKa3aTelIbHOMH,
J0rapuPMHUIECKON, TPUTOHOMETPUIECKUX U OOPATHBIX TPUTOHOMETPUIECKUX (QYHKIIUH.

4) pemarb ypaBHEHHUS, HEPABEHCTBA, CHUCTEMBI (B TOM 4YHCIE C IMapaMeTpaMH) M HCCIEI0BATh HMX
peILIeHNS; HaXOIUTh MPUOIMKEHHBIE PEIICHUS YPaBHEHHH U UX CUCTEM, HCTIONb3Ys rpaduuecKnuii METO;

5) npuMmeHsATh oO0mmMe CBoOWCTBa (YHKIMH, CTPOUTh TpapuKkd QYHKIHA W MHOXKECTBA TOUYEK
KOOPJMHATHOM IUIOCKOCTH, 3aJlaHHbIE YpaBHEHHSIMH W HEPABEHCTBAMH; ONKCHIBATH IO TrpaduKy H IO
(dbopMyJIie TOBEIEHUE U CBOMCTBA (PYHKLIUM;

6) u300paxkaTtb reoMeTpUdYecKue PUrypbl Ha YepTEKe; JesIaTh JONOJHUTEIbHbIE TOCTPOCHUS; CTPOUTD
CEYeHHs, UCCIIE0BAaTh B3AUMHOE PacoIoKeHne Gpuryp;

7) Tmnonb30BaTbCsl CBOMCTBAMM 4YMCEJ, BEKTOpOB, (YHKUMH M HUX TrpapuKoB, CBOMCTBaMH
apu(MeTHyecKoil 1 TeOMETPUIECKON IPOrpeCcCHii;

8) Monb30BaThCSI CBOMCTBAMHU TE€OMETPHYECKHX (HUryp, MX XapaKTepHBIX TOYEK, JIMHUA W YacTeid,
CBOWCTBaMHM PaBEHCTBA, HOAOOHS U B3aUMHOTO MOJIOXKEHUS HUTYP;

9) mosb30BaThCA COOTHOWMICHHAMH H  (OPMYJIaMH, COACPKAIIUMH MOJIYJIH, CTENEHH, KOpPHH,
JorapupMUIECKHE, TPUTOHOMETPHUUECKUE BBIPAXKEHUS, BEJIMYMHBI YTJIOB, JUTMHBI, TUIONAI1, 00BEMBI;

10) cocTaBisATh ypaBHEHHUs, HEPABEHCTBA, CUCTEMbI U HAXOIUTh 3HAYCHHUS BEIIMIHMH, HCXO/S U3 YCIOBHS
3a/1a4u;

11) BBIUMCHATH NPOU3BOJHBIE M TEPBOOOPA3HBIC 3JIEMEHTApHbIX (QYHKUUN, NPUMEHSAS MpaBuiIa
BBIYHCJICHHSI TPOU3BOJHBIX U MEPBOOOPA3HBIX; IMOJIb30BATHCS MOHATHEM IMPOU3BOJHOW MPHU HCCIEIOBAHUU
(GyHKIMI HAa MOHOTOHHOCTB, IKCTPEMYM M MpPH MOCTPOEHUU rpaduka (QyHKIHH, a TaKkKe i1 HaXOXKIACHUS
HauOOJbIIET0 M HAUMEHbBIIEro 3HAYeHUM (QYHKUMHA Ha OPOMEXKYTKE; pellaTh 3aJayd ¢ NPUMEHEHUEM
ypaBHEHHS KacaTeIbHOH K rpaduKky QyHKIMN; BEIYUCIATH IO b KPUBOJIMHEWHON Tpanelnny;

12) nmpuMeHATh, MEeTOJ KOOPAWHAT INPH PEIICHUH TeOMETPUYECKHX 3a7ad M anreOpandeckux 3ajad,
COJIEpIKaIINX IapaMeTp.

13) mznarate U OGOPMIIATH pEIIEHHE 3a7ad JIOTHYECKH IMPABHILHO, MOJHO M IOCIENI0BATEIBHO, C
HEOOXOIUMBIMH MOSICHEHUSIMH.



