PaGouasi nporpaMma mo npeaMeTty «AJredpa 1 HA4aJIa AHAJIU3A»
HOACHUTEJIBHASA 3AITUCKA
K padoueii mporpaMme nmo MaTeMaTukKe
10 - 11 knacca 6a30Bblii 1 NPoUIbHBIN YPOBEHb
Cpok peanm3anuu NporpaMmsl 2 rojaa
Pabouas nmporpamma yue6Horo kypca mo marematuke s 10 - 11 kimaccos
pa3paboTana Ha ocHOBe [IpuMepHOIi MporpaMMbI CpeAHEro 00IIero o0pa3oBaHus
(mpodMIIbHBIN YpOBEHB) C y4eTOM TpeboBaHUl (heepaabHOr0 roCyAapCTBEHHOTO
00pa30BaTENBHOrO CTAaHAAPTA CPEIHETO 00IIero 00pa30BaHUs U C yUETOM
nporpaMm JJist 0011e00pa3oBaTEeNbHBIX IIKOJ C MCIIOJIb30BAHUEM PEKOMEH AU
aBTopckux nporpamm KO.M. Komsiruna, JI.C. AtanacsHa.
Peanuzanus paboueii mporpaMMbl OCYIIECTBIIETCS C HCIIOJIb30BAaHUEM
y4€OHUKOB:
[100Yyebnuk mist 10 kinacca o61ieo0pa3zoBaTenbHBIX yupexkaeHuil. bazoBelii u
nporIIbHBIN ypoBeHb. Anredpa 1 Hauajaa MaTEMaTHYECKOTO aHann3a. ABTOPBI:
FO.M. Konsarun, M.B. Tkauésa, H.E. ®&noposa, M.W. I1la6ynun. [Tox penakiueit
A.b. Kumxuenko. Mocksa. [Ipocsemienne.2010

[100Yyebnuk aist 11 kimacca o61ieo0pa3zoBaTenbHBIX yupexkaeHuil. bazoBelil u
nporIIbHBIN ypoBeHb. Airedpa 1 Hauajaa MaTeMaTHYeCKOTo aHainu3a. ABTOPBI:
FO.M. Konsarun, M.B. Tkauésa, H.E. ®&noposa, M.W. I1la6ynun. [Tox penakiueit
A.B. Kuxuenko. Mockaa. [Ipocsemenne.2010

0 YyebHuk 11t 00111€00pa30BaTEIbHBIX YUPEKICHU: 0a30BbINA U TPOPUILHBIN
ypoBHU. ['eometpus. 10-11 knaccel. ABropsr: JI.C. Atanacsu, B.®, byty30B, c.b.
Kanomues u 1p. Mocksa. [Ipocsemenune.2010

Jannas paboyas mporpamMma paccuuTaHa: npo(uIbHbINA YpOBEHb — 6 YacOB B
Heento (anredpa 4 4/H, reoMeTpust 2 4/H)

Ilpozpamma evinonnaem 06e 0CHOGHbIE PYHKUUU:
NudopmarmonHo-mMeroandeckast GyHKIHS MO3BOJISIET BCEM Y4aCTHUKAM
00pa30BaTeIbHOrO MPoLIecca MOMYYUTh MPEACTABICHUE O LENsIX, COACPKaHUH,
oO1elt cTpareruu o0y4eHUsl, BOCIIUTAHUS U PA3BUTHS YUAIIUXCS CPEACTBAMU
JAHHOT'O Y4eOHOTO IIpeaMeTa.

OpraHu3amoHHO-TIaHUPYIoas (PYHKITUS TPeTyCMaTPUBAET BhIICIICHNUE ITANIOB
oOyueHus1, CTpyKTYpUpOBaHUE Y4EOHOTr0 MaTepuaa, onpeaesieHUue ero
KOJIMYECTBEHHBIX U KAYECTBEHHBIX XapaKTEPUCTUK HA KAKIOM M3 ITAINlOB, B TOM
quCIIe JUIsl COJEPKATEIbHOTO HAMTOJIHEHHSI IPOMEKYTOYHOU aTTeCTalluu
yYaIIUXCA.

[Iporpamma BKIIIOUAET TPH pa3jeiia: MOSICHUTEIbHYIO 3alUCKY; OCHOBHOE

CoJIep KaHMe C pacipeiesieHneM yueOHbIX YacoB M0 pa3jernaM Kypca; TpeOOBaHUs
K YPOBHIO TIOJITOTOBKH BBIITYCKHUKOB.

2. JInuHOCTHBIE, MeTANIPeIMETHbIE U NMPeMeTHbIE Pe3yabTAThl 0CBOEHUS
y4eOHOro npeamera «AJiredpa v Ha4ajia MATeMAaTH4eCKOro anajausza» B 10 -
11 knaccax



N3ydenue anreOpbl B CpeHEH MIKOJIe HApaBIeHO Ha
JNOCTHKECHUE CIEAYIOIINX LEICH:

N3yuenue anreOpbl 1 Havyal
aHaju3a B CPEIHEH IIKOJIE
JTa€T BO3MOXHOCTb
oOyJaroimuMcs J0CTUYb
CJIEYIOINX PE3yIbTaTOB
pa3BUTHUSL:

Hampa
BJICHU

JJUYHO
CTHOI'

pa3Bu
THUS

[ copMUpOBaHHOCTH MHUPOBO33PEHHS,
COOTBETCTBYIOILIETO COBPEMEHHOMY YPOBHIO
pPa3BUTHUS HAYKU U OOIIIECTBEHHOW MPAKTUKH,
OCHOBAHHOTO HA JUAJIOre KyJIbTYp, a TAKXKE
pa3anuHbIX (OpM OOIIIECTBEHHOTO CO3HAHMS,
OCO3HAHHUE CBOET0 MECTA B MOJUKYIbTYPHOM
MUPE;

[ copMUpPOBaHHOCTH OCHOB CaMOPa3BUTHS U
CaMOBOCIIMTaHUsI B COOTBETCTBUU C
00111e4eI0BEYECKUMH IIECHHOCTAMHU U UJleaaMu
IPaKJAHCKOTO 00111eCTBA; TOTOBHOCTD U
CIIOCOOHOCTH K CAMOCTOATENbHOM, TBOPYECKOM
Y OTBETCTBEHHOU ACATEIbHOCTH;

[} HaBBIKM COTPYIHUYECTBA CO CBEPCTHUKAMHU,
JIE€ThMU MJIQIIIETO BO3PAcTa, B3POCIbIMU B
00pa3oBaTeIbHOM, OOIIECTBEHHO TOJIE3HOM,
y4eOHO-UCCIEeI0BATENbCKOM, MPOEKTHON U
JIPYTUX BUJIaX ACSATEILHOCTH;

[J rOTOBHOCTb U CIIOCOOHOCTH K 00pa30BaHMUIO,
B TOM 4YHCJIe CaMOOOpa30BaHUI0, HA
IPOTSHKEHUU BCEH KU3HH; CO3HATEIIHHOE
OTHOIIEHUE K HEMIPEPHIBHOMY 00Pa30BaHMIO KaK
YCIIOBUIO YCIIEITHOM MpodhecCuoHaTbHOM U
OOIIIECTBEHHOMH JIESATEILHOCTH;

1) ymeHue sicHO, TOYHO,
IPaMOTHO U3JIarath CBOU
MBICJIM B YCTHON U
IIACbMEHHOU pPEYH,
MMOHUMATh CMBICI
MOCTaBJICHHOM 3a7a4H,
BBICTPanBaTh
apryMEeHTaluI0, PUBOJIUTh
MIPUMEPHI U KOHTPIIPUMEPHI;
2) KpUTUYHOCTH MBIILICHHUS,
YMEHHE paclo3HaBaTh
JIOTUYECKU HEKOPPEKTHBIE
BBICKa3bIBaHUS, OTJINYATh
runoresy ot ¢akra; 3)
MIPEJCTABIICHHUE O
MAaTEMATUYECKON HAYKE KaK
chepe ueaoBeyecKoi
JIeATEIBHOCTH, 00 dTarax ee
Pa3BUTHSI, O €€ 3HAUMMOCTHU
JUISL pa3BUTHUS IUBUJIN3ALINHY;
4) KpeaTUBHOCTh MBIILICHHUS,
WHULINATUBA, HAXOAYUBOCTD,
AKTUBHOCTH IIPU PEIICHUU
MaTeMaTUYECKUX 3a/1aY;

5) ymeHue KOHTPOJIUPOBATh
IIPOLIECC U PE3YIIBTAT
y4eOHOM MaTeMaTHIEeCKOM
JEATEIIbHOCTH;

6) yMeHHUE TUIAHUPOBATh
JIeSATEIbHOCTb.

* pa3BUTHE UHTEPECA K MATEMAaTHICCKOMY TBOPYECTBY U
MaTeMaTHYECKHUX CITOCOOHOCTEH;

6) crioCOOHOCTH K
AMOIMOHAJILHOMY
BOCITPHUATHIO
MaTEMATUIECKUX OOBEKTOB,
3aJ1a4, PeIICHUM,
pacCyXICHUM;

MEeTaIll

O YMCHHC CaMOCTOATCIIBHO OIPCACIIATh TCIIN
ACATCIBHOCTH U COCTAaBJIATD I1IJIaHBI

1) nepBoHayvanbHbBIE
MPEICTABJICHUSI 00 UCSIX U O




peame
THOM

Hampa
BJICHU

NEATEIbHOCTH; CAMOCTOSITENIBHO OCYIIECTBIIATD,
KOHTPOJIMPOBAaTh U KOPPEKTUPOBATH
NEATENIbHOCTD; UCIIOJIb30BATh BCE BO3MOKHBIC
peCypChI 151 JOCTUKEHUS MOCTABIEHHBIX
LeJIeH U pean3alyy MIAHOB eI TEIbHOCTH;
BBIOMPATH YCHEIIHbIE CTPATETUN B PA3TUYHBIX
CUTYyalUsX;

] BMajieHuEe HaBbIKaMU MMO3HABATEIbHOM,
y4eOHO-HCCIIeI0BATENIHCKON M MPOSKTHOM
NEATEeIIbHOCTH, HABBIKAMU Pa3peIIeHUs
po0JieM; CHOCOOHOCTh U TOTOBHOCTD K
CaMOCTOSITEIBHOMY MOUCKY METOJOB PEIICHUS
NPaKTUYECKUX 33/1a4, TPUMEHEHUIO PA3IMYHbBIX
METOJ OB NTO3HAHUS;

[] rOTOBHOCTB ¥ CITOCOOHOCTH K
CaMOCTOATENbHON MHPOPMAIIMOHHO-
MO3HABATEIBbHOMN AEATEIbHOCTH, BKIIOUYAs
YMEHHUE OPUEHTUPOBATHCS B PA3JIMYHBIX
UCTOYHHKAX UH(POpMAIUU, KPUTHIECKU
OIICHUBATh U UHTEPIPETUPOBATH HHPOPMAIIHIO,
MOJy4aEMYIO U3 PA3JINYHbIX HCTOUYHUKOB,

[J BIajieHue 3bIKOBBIMU CPEJICTBAMU — YMEHHUE
SICHO, JIOTUYHO U TOYHO U3J1araTh CBOI TOUKY
3pEHMUSI, UCTIOIB30BaTh aJCKBATHBIC SI3bIKOBBIE
CpEICTBa;

BJIaJICHUE HABBIKAMU MO3HABATEIbHOMN
pedaexcun Kak 0CO3HaHUSI COBEPIIIAEMbIX
JIEVUCTBUMA U MBICIIMTEIIBHBIX MTPOIIECCOB, UX
pe3yJbTaTOB U OCHOBAHUM, TPAHUI] CBOETO
3HAHUA U HE3HAHUSI, HOBBIX [TO3HABATEIbHBIX
3a/1a4 U CPEJCTB UX JOCTUKEHUSI.

METO/1aX MaTEMAaTUKH KakK 00
YHUBEPCATBHOM SI3bIKE
HAyKU U TEXHUKH, O
CpEeIICTBE MOJICIUPOBAHUS
SIBJICHUH U MIPOIIECCOB;

2) yMEHHE BUJICTh
MaTEeMaTUYECKYIO 3a/1a9y B
KOHTEKCTE NMPOOJIEMHOMN
CUTYaIINH B IPYyTUX
TUCITUTIINHAX, B
OKPYXKarOIIEH KU3HU;

3) yMeHHe HaXOIUTh B
Pa3ITUYHBIX UICTOYHUKAX
uHdopMaIuio,
HEOOXOAUMYIO JIJISl PEIICHUS
MaTeMaTUYeCKHUX MpoOseM, U
MPE/ICTABIATH €€ B OHATHOMN
dbopme; NpUHUMATH pelICHUE
B YCJIOBUSIX HETIOJIHON U
M30BITOYHOM, TOUYHOU H
BEPOSITHOCTHOM
uH(popmanuu;

4) yMeHHEe TOHUMATh U
HCITOJTH30BaTh
MaTEeMaTHYECKHUE CPEACTBA
HaTJISIIHOCTH (TpaduKH,
JUarpaMMbl, TaOJIUIIBI,
CXEMBbI U JIp.) JJIs
WJUTIOCTPALINH,
WHTEPIpPETaLINH,
apryMeHTaIluu;

5) yMeHu€E BBIIBUTATH
TUIIOTE3bI TIPU PEIICHUN
y4eOHBIX 3a/1a4 U IOHUMATh
HEOO0XOIMMOCTH UX
MIPOBEPKH;

6) yMeHHUE NPUMEHSITh
WHIyKTUBHBIE U
JIeTyKTUBHBIE CTIOCOOBI
pacCyJIeHUH, BUAETh
pasznuYHbIC CTPATETUN
peIIeHus 3a/1a4;

7) yMEHHE CaMOCTOSITEIBHO
CTaBUTb 11€JIH, BBIOUPATh U
CO371aBaTh AITOPUTMBI IS




penieHust yaeOHbIX
MaTeMaTHYECKHUX TPoOIem;
9) yMeHHe TUTaHUPOBAaTh U
OCYIIECTBIISTh
JIESITEIBHOCTD,
HaIPaBICHHYIO HA pelIeHre
3a]1a4 UCCIIeI0BATENbCKOTO
XapakTepa,;

npeam
€THOM
Harpa
BJICHU

co3zlaHue (pyHIaMeHTa 111 MaTeMaTH4YeCKOTO
pa3Butus, GOpMUPOBAHUSI MEXAHU3MOB
MBILUIEHUS, XapaKTEPHBIX I MATEMATUYECKOU
NEATEIIBHOCTH.

3HAYECHHE MAaTEMaTHYECKOU
HayKH JJI peuieHus 3a1ad,
BO3HUKAIOIIUX B TEOPUU U
MPAKTUKE; IIUPOTY U
OTPaHUYEHHOCTD
MIPUMEHEHUS
MaTeMaTUYECKUX METOJIOB K
aHaJM3y U UCCIIEIOBAHUIO
MPOLIECCOB U SBJICHUU B
MIPUPOJIE U OOIIECTBE;

* 3HAYCHUE NMPAKTUKU U
BOIIPOCOB, BOBHUKAIOIIUX B
caMoOM MaTeMaTHuKe, JIJIst
dbopMUpOBaHUS U Pa3BUTHS
MaTeMaTUYECKOW HAYKH;

* UJIeU PACIIUPECHUS
YUCJIOBBIX MHOKECTB KaK
crioco0a MmocTpoeHUsI HOBOTO
MaTeMaTUYEeCKOro anmnapara
JUISL PEIICHUS] TPAKTUYECKHUX
3a/1a4 U BHYTPEHHUX 3a7a4
MaTeMaTUKH;

* 3HaUCHHUE U, METOJIOB U
pEe3yJIbTaTOB AIreOphl U
MAaTEMATUYECKOT0 aHAJIN3a
JUIS

MMOCTPOEHUS MOJIEJIEN
pEAIbHBIX MPOLIECCOB U
CUTYaLUH;

* BO3MOXXHOCTH
r€OMETPUYECKOTO SI3bIKA KaK
CpEJICTBA OMMCAHUS CBOMCTB
peanbHbIX NPEIMETOB U UX
B3aMMHOTO PACTIOJIOKEHUS;
* YHUBEPCAIBHBIN XapaKTeP
3aKOHOB JIOTUKHU
MaTeMaTUYECKUX




pacCyXIeHUH, UX
MIPUMEHUMOCTD B Pa3JINYHbBIX
00JIaCTSX YEJIOBEUYECKOM
JIEATEIIbHOCTH;

* paznuuue TpeOOBaHUH,
MPEABSABIEMBIX K
JI0KA3aTeIbCTBaM B
MaTeMaTUKE, €ECTECTBEHHBIX,
COLIMATIbHO-D)KOHOMUYECKUX
Y TYMaHUTAapHbIX HAyKaXx, Ha
IIPAKTHUKE;

* pOJIb AKCMOMATUKH B
MaTeMaTUKE; BO3MOKHOCTb
IIOCTPOCHUSA
MaTeMaTUYECKUX TEOPUH Ha
aKCUOMAaTUYECKON OCHOBE;
3HAYCHUE aKCUOMATUKH IS
Ipyrux o0nacTel 3HaHUS U
TSl IPAKTHKY,

* BEPOSITHOCTHBIX XapakTep
Pa3JIMYHBIX IIPOLIECCOB U
3aKOHOMEPHOCTEN
OKPY’KAIOIIEr0 MUPA.

B npodguasHOM Kypce coaep:kaHue 00pa30BaHus, PeCTABJICHHOE B
OCHOBHOI IIKO0JIE, PA3BMBAETCS B CJICAYIOUIUX HANIPABJICHUAX:

* CUCTEMAaTH3aIMs CBEJICHUI O Ynciiax; GopMUPOBAHUE TIPEICTABICHUN O
pPaCIIMPEHUN YHCIIOBBIX MHOKECTB OT HATYPAIbHBIX JO KOMIUIEKCHBIX KaK
croco0e MoCTPOSHHST HOBOTO MaTeMaTHYECKOT0 anmapara Juisl pelieHus 3a1a4y
OKPYKaIOIIEr0 MUpa U BHYTPEHHUX 33J1a4 MATEMATUKH; COBEPILICHCTBOBAHUE
TEXHUKH BBIYUCIICHUI;

[] pa3BUTHE U COBEPIIEHCTBOBAHUE TEXHUKH alNre0Opandeckux npeoOpa3oBaHuid,
pELIEHUs] YpaBHEHUI, HEPABEHCTB, CUCTEM;

[} cuctemMaTu3anus U pacliipeHue CBEACHUMN 0 (PYHKIIUSAX, COBEPIIIEHCTBOBAHUE
rpauyecKux yMEHH; 3HaKOMCTBO C OCHOBHBIMU UJICSIMU M METOJIaMU
MaTeMaTHYECKOro aHajin3a B 00beMe, MO3BOJISIONIEM HCCIIEI0BATh JIEMEHTapHbIE
(GYHKUMU U peliaTh NPOCTeIe reoMeTpuieckue, Pu3nyeckue u apyrue
MPUKJIAJHbIE 3aa4K;

[} pactirpeHre CUCTEMbI CBEIEHUHN O CBOMCTBAX MJIOCKUX (pUryp,
CHUCTEMATUYECKOE U3YUYEHHUE CBOMCTB IPOCTPAHCTBEHHBIX TEJI, PA3BUTUE
IIPEICTABIECHUN O TEOMETPUYECKUX U3MEPECHUAX;




[] pa3BuTHE NPEACTABICHUN O BEPOSITHOCTHO-CTATUCTUYECKUX 3aKOHOMEPHOCTSX B
OKPYKaOIIEM MUPE, COBEPIICHCTBOBAHUE UHTEIICKTYaIbHBIX U PEYEBBIX YMEHUN
yTeM 00OTralleHUs MAaTEMAaTUYECKOTO SA3bIKa, Pa3BUTHUS JOTUYECKOTO MBIIILICHUS;

| 3HAKOMCTBO C OCHOBHBIMH HUACSIMHU U METOJaMH MAaTEMATUYECKOTO aHaJIn3a,

[] » *coBepIIeHCTBOBAHUE MaTEMATHUECKOTO PA3BUTHS 10 YPOBHS, TTO3BOJISIONIETO
CBOOOTHO MPUMEHSTh U3yUeHHbIE ()aKThl U METOJIbI MPU PEIICHUH 3aa4 U3
Pa3IMYHBIX Pa3/esioB Kypca, a TaKKe UCIOIb30BaTh UX B HECTAHJAPTHBIX
CUTYyalusX;

[] « * ¢popMupoBaHUE CIOCOOHOCTH CTPOUTH M UCCIIETOBATH IPOCTEUIITHE
MaTeMaTHYECKHUE MOJICIIH MPU PEIICHUH MTPUKIIAIHBIX 3a]1a4, 337a9 U3 CMEXKHBIX
JTUCIUIUINH, YTITyOJIeHNe 3HAaHU 00 0COOSHHOCTSAX MPUMEHEHHS MAaTEeMaTHICCKUX
METOIOB K UCCIICIOBAHHIO MPOIIECCOB U SIBIICHUI B MIPUPOJIC U OOIIECTBE.

Ieab mporpamMmmsi:

[ ¢popmupoBaHUE IPEACTABICHUHN 00 UIEIX U METOJaX MaTEMAaTHKHU; O
MATEMATHKE KaK YHUBEPCAJIBHOM SI3bIKE HAYKH, CPEJICTBE MOJICIUPOBAHUS
SABJICHUMN U TTPOIIECCOB;

[} oBNIaZieHNE YCTHBIM U MMCbMEHHBIM MaTEMaTHYECKUM SI3BIKOM,
MaTeMaTUYECKUMHU 3HaHUSAMU U YMEHUSMHU, HEOOXOAUMBIMU JJIS1 U3yUEHUS
IIKOJIBHBIX €CTECTBEHHO-HAYYHBIX TUCIUIUINH, JJIs IPOAOIKEHUs 00pa30BaHUs U
OCBOCHHMSI M30pAHHOM CIEUATBLHOCTH HA COBPEMEHHOM YPOBHE;

[] pa3BUTHE JIOTUYECKOTO MBIILUICHUS, AITOPUTMUYECKON KYIbTYPHI,
MPOCTPAHCTBEHHOT'O BOOOPAXKEHMUSI, pa3BUTHE MATEMAaTUUE€CKOTO MBIIIUICHUS U
WHTYHIIUH, TBOPYECKUX CIIOCOOHOCTEH HA ypPOBHE, HEOOXOAUMOM JIJIs
MPOJOJKEHUS 00pa30BaHUs U 1JIs1 CAMOCTOSITENIbHOM ACSITENIbHOCTH B 00J1acTH
MaTEeMaTHKH U €€ MPUJIOKEHU B OynyIien npodeccuoHanbHOU NesATeTbHOCTH,

[] BOCIUTAaHUE CPEACTBAMU MATEMATUKH KYJIbTYPhI JUYHOCTH: 3HAKOMCTBO C
HMCTOPUEN pa3BUTHUSI MATEMATUKH, SBOJIFOLIMEN MATEMATHYECKUX UIEH, TOHUMaHUE
3HAYMMOCTH MaTeMaTUKHU JIJIs 0OIIIECTBEHHOTO Mporpecca.

Obweyuebnvie ymeHus, HABbIKU U CHOCOObL OesmenlbHOCmU

B xone n3yuenus MareMaTuku B PO(PHIBHOM Kypce CTapIiei IMIKOJIbI yJaIuecs
IPOAOJDKAIOT OBJa/IEHUE pa3HOOOPa3HBIMU CIIOCOOaMU JIEATENbHOCTH,
MPUOOPETAIOT U COBEPILIEHCTBYIOT OIIBIT:

-IIPOBCACHHA NOKA3aTCIbHBIX paCCY)K)ICHHﬁ, JIOTHYECKOTro 000CHOBAHUS BBIBOJOB,
HCIIOJBb30BaHUs PA3JIUYHBIX A3BIKOB MATCMATUKU IJIs1 NJILIFOCTpAIUH,
HHTCPIPCTAINHU, APTYMCHTAIMU 1 JIOKA3aTCIILCTBA,



-PCHICHHA HIMPOKOI'0 KJIaCcCa 3aaa4 U3 pa3/IMYHBIX pa3ACI0B KypcCa, MMOMCKOBOM U
TBOp‘IGCKOfI ACATCIIBHOCTHU IIPH PCUHICHUHU 3aJ1a4 MOBBIIICHHOM CJI0KHOCTH U
HCTHUIIOBBIX 3aJ4a4,

-IJIAaHUPOBAHUSA U OCYIICCTBIICHH A aJIFOPI/ITMI/I‘IeCKOﬁ ACATCIBbHOCTH: BBIITOJIHCHUSA
N CaMOCTOATCIBHOI'O COCTABJICHUA aJITOPUTMHUYCCKUX HpCI[HPIC&HI/IfI )41
I/IHCTPYKLII/Iﬁ Ha MaTCMaTUYCCKOM MaTCpUualic; NCIIOJIb30BaAHUA U
CaMOCTOATCIILHOT'O COCTABJICHU A q)OpMYJ'I Ha OCHOBC O606HIGHI/I$I YAaCTHBIX CJIY4acB
H PE3YyJIbTATOB OKCIICPUMCHTA, BBIITOJHCHUS PACYCTOB ITPAKTHYCCKOT'O XapaKTepa,

-IIOCTPOCHUA 1 HCCIICAOBAHUA MATCMATHYICCKHUX MOI[GJ'IGﬁ JJIS OIIMCaHUA U
peIICHMS MMPUKIIAJHBIX 3aa4, 3a/la4 N3 CMCIKHbBIX TUCHUILIIMH U peaanop"I KHU3HU,
IIPOBCPKH U OLICHKU PC3YJILTATOB CBOCH pa6OTBI, COOTHECEHHUS UX C IIOCTABJIICHHOM
Baﬂaqeﬁ, C JIMYHBIM XN3HCHHBIM OIIBITOM,

-CaMOCTOATEIbHON PabOTHI C UCTOYHUKAMH HH(OpMaLUY, aHaJIn3a, 00001EHUS U
CUCTEMATHU3ALMH MMOJTYYEHHON HH(POPMALIMH, UHTETPUPOBAHUS €€ B JIUYHBIN OTIBIT.

TpedoBaHus K mMpeAMeTHBIM Pe3yJbTATaAM OCBOCHHA NMPOPHUIBLHOI0 Kypca

B pe3yabTaTe N3y4YceHUusi MATEMATUKHU Ha l'lpO(l)I/IJ'lLHOM YPOBHE B CTapmeﬁ
KO0JI€ YYCHUK JO/IKCH

3HATL/TIOHUMATH

[] 3HAaUeHHE MaTeMaTHUYSCKOM HAayKHW OJI1 pCIICHUA 3a1a4, BOSHUKAIOIKUX B TCOPHUUN
H IIPAKTHUKC, HIUPOTY U OTPAHUUICHHOCTDb IPUMCHCHHUSA MATCMATHICCKUX MCTOJOB K
aHaJIM3y 1 UCCICAOBAHHIO ITPOLCCCOB U SIBIICHUM B Ipupoac u O6I_HCCTBC;

[ ] 3HaYeHUE NMPAKTUKNA U BOIIPOCOB, BO3HUKAIOIIUX B CAMOW MaTEMAaTHUKE, JJIs
dbopMUpOBaHUS U Pa3BUTHSI MATEMAaTUYECKON HAyKH; UCTOPUIO PA3BUTHUS MOHSITHUS
4uciia, CO34aHus MaTeMaTUYECKOI0 aHaIn3a, BOSHUKHOBEHUS U PA3BUTHUSA
r€OMETPHUH;

(] *uaen pacumpeHus: YUCIOBBIX MHOKECTB KaK ClIoco0a MOCTPOCHHSI HOBOTO
MaTeMaTHYECKOro afnmnapara JJisl pelIeHUs MPaKTUYECKUX 3a71a4 U BHYTPEHHUX
3a/1a4 MaTeMaTHKH;

) *3HayeHue ujen, MeTO0B U PE3yJIbTaTOB aareOpbl U MaTEeMaTHYECKOTO aHAIN3a
JUISL TIOCTPOCHUST MOJIEJIEN peaibHBIX ITPOLECCOB U CUTYAIIUM;

[ BOBMOKHOCTH reOMCTPHUUICCKOTO sA3bIKa KaK CPCACTBa OIMMCAHUS CBOMCTB
PCAJIbHBIX IIPCAMCTOB U UX B3AMMHOI'O PACIIOJIOKCHHUA,

[} yHUBEpPCAIBbHBIN XapaKTEP 3aKOHOB JIOTUKH MAaTEMATHUYECKUX PACCYKICHUH, UX
NPUMEHUMOCTH B PA3JIMYHBIX 00JACTIX YEIOBEUECKON JAESITEIbHOCTH;



[l *paBquHe Tp€6OBaHHﬁ, NPpEABABIACMEBIX K JOKA3aTCJIbCTBAM B MAaTCMAaTHUKCE,
CCTCCTBCHHbLIX, CONNAJIbHO-3KOHOMHUYCCKUX U I'YMAHUTAPHBIX HAYKaX, Ha
IIPAKTHKC,

[} *poap akcHOMAaTHUKHA B MAaTEMaTHKE; BO3MOKHOCTh TIOCTPOCHHUS
MaTEeMaTUYECKUX TEOPUN HA aKCUOMAaTUYECKON OCHOBE; 3HAUCHHE aKCUOMATUKU
JUTSL IPYTUX 00JIaCTel 3HAHUS U JUTS IPAKTHKY;

] BEpOATHOCTHBIX XapaKTep pa3INnIHBIX IIPOIIECCOB M 3aKOHOMEPHOCTEH
OKPY’KaIOIIET0 MUPA.

YucsoBbie 1 OyKBEHHbIE BHIPAKEHUSA
YMmeTh:

[ BBINOJHATH apu(METUUECKUE IEHCTBUS, COUETAs YCTHbIE U MUCbMEHHBIE
IIPUEMBI, IPUMEHEHUE BBIYUCIUTEIBHBIX YCTPOUCTB; HAXOAUTH 3HAYECHUS KOPHS
HATypaJbHOM CTENEHH, CTETIEHH C PAlMOHAJILHBIM IIOKa3aTesieM, Jorapudma,
UCIOJIB3YS MPU HEOOXOJMMOCTH BBIUUCIUTEIbHBIE YCTPOUCTBA; MOJIb30BATHCS
OLICHKOW W NMPUKHUIKOMN IIPU MIPAKTUYECKUX pacyeTax;

ll >l<l'IpI/IMerlTI) IMOHATHA, CBA3AHHBIC C JCIIMMOCTBIO LICJIBIX YHUCCII, IIPHU PCIICHUN
MaTEMAaTHYCCKHUX 3a1a4,

[ HAXOIUTH KOPHHU MHOT'OYJICHOB C OI[HOﬁ HepeMeHHOﬁ, pacKiIaaAbIBaTh
MHOI'OYJICHBI HA MHOXXUTCIIN,

[} *BBIMOTHATH NEUCTBUS C KOMIUIEKCHBIMU YHUCIIAMH, TIOJIb30BATHCS
r€OMETPUUECKOM MHTEPITPETALIMEN KOMIUIEKCHBIX YUCEII, B IPOCTEUIINX CITydasx
HAaXOJWUTh KOMIUIEKCHBIE KOPHHU YPABHEHHUU C JECUCTBUTEIBHBIMU
kod(pdunreHTamu;

] mpoBOAMTH MPEOOPa30BaHUS YUCIOBBIX U OYKBEHHBIX BBIPAKECHUIH,
BKJIFOYAIOIIUX CTENEHHU, PAUKaIbl, JIOTapu(PMbl U TPUTOHOMETPUYECKHE (PYHKIUU.

Hcnonvzosams npuobpemenuvie 3HAHUS U YMEHUS 8 NPAKMUYECKOU
0esamenbHOCmMU U NOBCEOHEBHOU HCU3HU OJIs

[} mpakTUYECKHUX pacuyeToB Mo ¢popMyam, BKItoUYas GopMyJibl, CoAepKalue
CTETICHU, PAJUKaJIbI, JOTapu(Mbl 1 TPUTOHOMETPUYECKUE (DYHKIIUH, TIPU
HEOOXOJMMOCTHU UCTOJIb3Ysl CIIPABOYHbIE MATEPHAJIBI U MTPOCTEHIIINE
BBIYMCIIUTEIBHBIE YCTPONCTBA.

DYyHKIUHN U TPAPUKH
Ymersn

(] ompeaenaTh 3HaYCHUE (PYHKIMU 10 3HAUCHUIO apTyMEHTA MPH Pa3IUIHbIX
criocobax 3aaanus GyHKINU;



[ ctpouth rpaduKu U3y4eHHBIX (DYHKIIU, BBIMOIHATH IpeoOpa3oBaHus
rpadukos;

[l onmuceIBaTh MO TpaduKy U Mo GopMylie MOBEACHNE U CBOWCTBA (DYHKIIUH;

] pemath ypaBHEHHS, CHCTEMbl ypaBHEHHI, HEPABEHCTBA, HCIIOJIB3YS CBOHCTBA
GbyHKIHMI 1 UX TpaduuecKue MpeICcTaBICHHS;

Hcnonvzosams npuobpemenuvie 3HAHUSL U YMEHUSL 8 NPAKMUYECKOU
0eamenbHOCmU U NOBCEOHEBHOU HCUZHU OJIA

[ onmmcaHus U UCCIIEOBAHUS C TOMOIIBIO (PYHKITHI peanbHbIX 3aBUCUMOCTEH,
NpEICTaBICHUS UX TPaPUUeCKH; UHTEPIPETAINH IPa(UKOB peaIbHBIX MPOIIECCOB.

Hauyaja MaTeMaTH4eCKOro aHaju3a
YMmerhb
[} HAXOIUTh CYMMY OE€CKOHEYHO YOBIBAIOIICH reOMETPUUYECKUI TTPOTPECCUH;

[} BBIYUCIISTH NPOU3BOJIHBIE U IEPBOOOPA3HBIC 3IEMEHTAPHBIX (PYHKIUH,
IPUMEHSS [TPaBUIIa BBIYUCICHUS POU3BOIHBIX U IEPBOOOPA3HBIX, UCTIONb3YSI
CIIPaBOYHBIE MATEPHUAIIBI,

] uccnenoBaTh PYHKIIMU U CTPOUTH UX TPadUKH C MOMOIIBIO TIPOU3BOIHOM,;
[} pemiaTh 3a7a4u ¢ MPUMEHEHUEM YpaBHEHUS KacaTelbHOM K rpaduky QyHKIUY;

[} pemaTh 3aa9M Ha HAXOKIEHNUE HAUOOJIBIIIETO U HAMMEHBIIIETO 3HAYCHHUSI
GyHKIIMM Ha OTPE3KE;

[} BBIUMCIIATH TUIOIIAAb KPUBOJIMHENHON TpaNeuu;

Hcnoab3oBaTh NPUOOpPETEHHbIC 3HAHUS M YMEHUSA B PAKTHYECKOMI
JAeSITeJIbHOCTH U MOBCEAHEBHOM KU3HU IS

[} perieHust reOMETPUUECKUX, (PU3NUECKUX, IKOHOMUUYECKHUX U APYTHX
NPUKIATHBIX 3a7a4, B TOM YHCIIe 3a7a4 Ha HauOOoJIbLIINE U HAUMEHBIINE 3HAUYCHUS
C IPUMEHEHMEM allapaTa MaTeMaTUYECKOro aHaau3a.

YpaBHeHMs U HEPABEHCTBA
YMmernb

[} pemiaTh pauMoHaNbHbIE, TOKA3aTENbHbBIE U JIOTapu(PMUUECKUE YPAaBHEHUS U
HEPABEHCTBA, NPPALMOHAIBHBIE U TPUTOHOMETPUYECKUE YPABHEHUS, UX CUCTEMBI,

] JA0Ka3bIBATb HCCJIOKHBIC HCPABCHCTBA,

[] pemaTh TEKCTOBBIE 3a/1a4l C IOMOIIBIO COCTABJIEHUS YPABHEHHM, 1 HEPABEHCTB,
MHTEPIPETUPYS PE3YJIHTAT C YIETOM OrPAaHUYCHUHN YCIOBHUS 33/1a4H;



[ n300paxaTh Ha KOOPJAUHATHOM TIIOCKOCTH MHOKECTBA PEIICHUN YPaBHEHUH U
HEPABEHCTB C JBYMS MEPEMEHHBIMU U UX CUCTEM.

[l HaXOAUTH MPUOIMKEHHBIE PEIICHNUs YPAaBHEHUN U UX CUCTEM, UCIIONB3YS
rpaduyueckuit METo;

[] *pematb ypaBHEHUS, HEPABEHCTBA U CUCTEMBI C IPUMEHEHHUEM TPAPUICCKUX
MpeCTaBICHUM, CBOMCTB (DYHKITHHA, TPOU3BOTHOM;

Hcnonvzosams npuobpemennvle 3HAHUSA U YMEHUsL 8 NPAKMUYLECKOU
0eAmenbHOCMU U NOBCEOHEB8HOU HCU3HU OJIs

[ MOCTpOEHUS U UCCIIEIOBAHUS TPOCTEHIIINX MATEMATUUECKUX MOJICIICH.
DJIeMeHThl KOMOUHATOPUKHU, CTATUCTUKHU U TEOPUH BEPOSITHOCTEMH
YMmerh:

[l pemaTb HpOCTCﬁHIHG KOM6I/IHaT0pHBIC 3agady MCTOAOM Hepe60pa, a TaKKC C
HCIIOJIB30BAHHUECM HM3BCCTHBIX (bOpMYJ'I, TPCYI'OJIbHHKA HaCKEUI}I; BBIYHCIIATD

koadurenTsr 6uHOMa HptoToHa 10 hopmysie u ¢ UCTI0JIb30BaHUEM
TpeyronbHuka [Tackais;

| BBIYMCJIATH, B HpOCTefIHII/IX ClIy4asax, BCPOATHOCTHU COOBITHH HAa OCHOBE
noacycTa yucjia unCxoa0B.

Hcnonvzosameb npuobpemernHvle 3HAHUSA U YMEHUSL 8 NPAKMUYECKOU
0esamenbHOCMU U NOBCEOHEBHOU HCU3HU OJIs

[] aHanmu3a peanbHbIX YUCIOBBIX JAHHBIX, IPEICTABICHHBIX B BUJE IUArPAMM,
rpaduKoB; Uil aHaIM3a UHPOPMALIUK CTATUCTUYECKOTO XapaKTepa.

I'eomeTrpus

B pesyabTarte 0CBOCHHMS Kypca y4aluecs J0JKHbI

3HaTh:

1 OCHOBHBIE IOHSATHS U ONPEACIICHUS] TEOMETPUUECKUX (DUTYD;

[} ®opMyIUPOBKU aKCHOM CTEPEOMETPUHU, OCHOBHBIX TEOPEM U MX CIIEACTBUM;

] BO3MOXHOCTH T€OMETPUHU B OITMCAHUU CBOMCTB PEAIBHBIX PEAMETOB U UX
B3aUMHOI'0 PACTIOJIOKECHUS,

[] Poib aKCMOMATUKU B TEOMETPHH;

YMmerh:



[} COOTHOCHUTD IJIOCKUE TEOMETPUUECKUE QUTYPBI U TPEXMEPHBIE OOBEKTHI C UX
OMMCAHMSIMU, YePTEKAMU, H300pAKECHUIMU; Pa3IudaTh U aHATU3UPOBATH
B3aMMHOE pacIoyioxkeHue Guryp;

] onmuchIBaTh B3aMMHOE PAaCIOJIOKCHHUC IIPAMBIX U IJIOCKOCTEH B IMPOCTPAHCTBE,
ApryMCHTHPOBATb CBOU CYIKIACHUA 00 3TOM PaCIIOJIOKCHUH,

[l AHAJIU3UPOBATH B HpOCTGﬁIHHX ClIy4asaXx B3aUMHOC PACIIOJIOKCHHUC 00BEKTOB B
IMPOCTPAHCTBC,

[] cTpouTh mpocTeiime ceueHus: Kyoa, Mpru3Mbl, MMPaMUIbl;, H300paxKaThb
reoMeTpuueckue (GUrypsl U Tella, BBIMOIHITh YEPTEX M0 YCIOBUIO 3a1a4H;

[} pematb reOMETPUYECKUE 3a]1a4, OIUPASICh HA U3yUYCHHBIE CBOCTBA
IJIAHUMETPUYECKUX U CTEPEOMETPUUYECKUX (PUTYP U OTHOLIEHUI MEXy HUMH,
IPUMEHSS anreOpanyeckKuil 1 TPUrOHOMETPUUECKUM anmnapar;

[] mpOoBOUTH IOKAa3aTEIbHbBIEC PACCYKICHUS MIPU PEIICHUU 3a]1a4, JOKa3bIBaTh
OCHOBHBIE TEOPEMBI KypCa;

[) BRIUUCIIATH JIMHEHHBIE 3JIEMEHTHI U YIJIbl B IPOCTPAHCTBEHHBIX KOH(MUTYpaIUsX,
00bEMBI U TIOIIAAN TOBEPXHOCTEH MPOCTPAHCTBEHHBIX TEJI U UX MPOCTEHIITNX
KOMOMHAIIHI;

[} mpUMEHATh KOOPAUHATHO-BEKTOPHBIM METOJ U1 BBIYUCIICHUS OTHOLICHUN,
PACCTOSIHHUN U YIJIOB;

[ CTPOUTH CCUCHNA MHOI'OI'PaAHHUKOB U I/I306pa)KaTB CCUYCHUA TCJI BpalllCHUS.

Hcnonvzosams npuobpemernHvle 3HAHUSA U YMEHUSL 8 NPAKMUYECKOU
0esamenbHOCMU U NOBCEOHEB8HOU HCU3HU OJIs

[ uccnenoBanus (MOAETUPOBAHUS) HECIOKHBIX IPAKTUUECKUX CUTYalUil HA
OCHOBE M3Y4YEHHBIX (POPMYJT U CBOUCTB (UTYp;

() BRIYMCIICHHS JIMH, IUIOIAaAeH 1 00bEMOB peaIbHBIX 00BEKTOB MPHU PEIICHUN
MPAKTUYECKUX 3aJ1a4, UCTIOIb3Ys MPU HEOOXOAUMOCTH CIIPABOYHUKU U
BBIYHCIIUTEIBHBIE YCTPOUCTBA.

Asre0pa 1 HayaJIa AaHAJIU3A
Conep:xanue o0yueHust
10 xaacc
1. * JlenmMMOCTb YHCeN

[TonsTne nemmmoctu. JlenumMoCcTh CyMMBI M IPOU3BENECHUS. JleneHne ¢ OCTaTKOM.
[Ipusnaku nenumoctu. CpaBHEeHUs. PenieHre ypaBHEHH B LIEIbIX YMCIIaX.



OcHoBHas EJIb — O3HAKOMHWTBH C MCTOJAaMU PCIICHUSA 3aaa4 TCOPUH YUCEII,
CBA3aHHBIX C IIOHATHUCM ACIIMMOCTH.

B nanHOl Teme paccMaTpUBarOTCS OCHOBHBIE CBOMCTBA JIEIIMMOCTH LIEJIBIX YHCEIT
Ha HATypaJbHBIC YMCIIA M PEIIAIOTCS 3a/1a4d Ha ONpeeNieHue GpakTa JSTUMOCTH
YHCeJI C ONOPOM HA 3TH CBOMCTBA U MPU3HAKU JICTIUMOCTH.

PaccmarpuBarorcs cBoWCTBa CpaBHEHUH. Tak Kak cpaBHEHUE 110 MOAYJIIO T €CTh HE
YTO UHOE, KaK «PaBEHCTBO C TOYHOCTBIO JO KPaTHBIX T», TO MHOTHE CBOWCTBA
CPaBHEHUH CXOXH CO CBOMCTBAMH 3HAKOMBIX YYalllUMCs pAaBEHCTB (CpaBHEHHMS MO
OJTHOMY MOJTYJIIO [TOYJIEHHO CKJIaJbIBAIOT, BEIUUTAIOT, [IEPEMHOKAIOT).

3ajaun Ha UCCIIEI0BAaHUE JEIMMOCTH YUCEN B TEOPUU YHUCEIT CUUTAKOTCS MEHEE
CJI0’KHBIMH, YEM 3a]1a4l, BOSHUKAIOIIKE IIPU CI0KEHUU U YMHOKECHUU
HaTypalbHbIX uncen. K Takum 3ama-yam, Hanmpumep, oTHocuTes Teopema depma o
IIPEICTABJICHUU N- CTEIIEHU YUCJIa B BUJIE CYMMBI I'C-X CTEIIEHEN ABYX APYTUX
quced.

PacckazbiBas ydamumcst 0 mpo6iemMax TeOpUH YUCe, KeIaTeIbHO COOOITUTh, YTO
PEIICHUIO YPAaBHCHHH B MEJIBIX U PAIMOHAIBHBIX YHCIaX (TaKk Ha3bIBAEMBIX

110G aHTOBBIX YPABHEHHI ) MOCBAIECH OOJBIION pa3/iesl TEOPUHU YHUCEeIl. 3/1eCh Ke
paccMaTpuBaeTCs TeopeMa O IEJIOYMCICHHBIX PEIICHUSX YPAaBHEHUS TEPBOM
CTETICHU C IByMSI HCU3BECTHBIMU U TIPUBOIATCS MPUMEPHI PEIIICHUS B IIEITBIX
YHCJIaX YPABHEHHS BTOPOM CTETICHH.

2. *MHorou4ieHbl. Ajredpanyeckie ypaBHeHHs

MHorousnieHsl oT oHOTO NepeMeHHoro. Cxema I'opaepa. Muorousien P (x) u ero
kopeHb. Teopema Besy. CnenctBus u3 reopemsl Besy. Anrebpandeckue
ypaBHeHHUS. J[eMMOCTh ABY-UJIEHOB XT * atr Ha X *+ a. CuMMeTpruyeckue

MHOTOYJICHBI.

MHOrouseHbl OT HECKOJIBKUX NEPEMEHHBIX. POPMYIIBI COKPAIIEHHOTO YMHOKEHHUS
115 ctapmux creneHerd. bunom Herotona. Cructembl ypaBHEHUM.

OcHoBHas 11e1b — 0000IIUTh U CUCTEMATU3UPOBATH 3HAHUSI O MHOT'OUJIEHAX,
U3BECTHBIE U3 OCHOBHOM HIKOJIBI; HAYYUTh BBIMOIHATH JEJIC€HHE MHOTOUJICHOB,
BO3BEJICHUE JIBYWICHOB B HATYPaJbHYIO CTEIIEHb, pellaTh ajJredpanyeckue
ypaBHEHUs, UMEIOIIHE 1IeJIbie KOPHHU, PeIIaTh CHCTEMbI YPaBHEHHIA, COJIEpIKaIIie
YpaBHEHUS CTENICHH BBIIIE BTOPOM; O3HAKOMHTD C PEIICHUEM YpaBHEHHIH,
UMEIONINX PAllMOHATBHBIE KOPHHU.

[Tpogomxkaercs n3yueHre MHOTOUJICHOB, alreOpandeckux YpaBHEHUN U UX
CUCTEM, KOTOPBIE PACCMATPUBAIUCH B IKOJIBHOM Kypce anreopsl. OT
PacCMOTPEHHS IMHENHBIX U KBaIPATHBIX YPABHEHUH yUalIUECs NEPEXOIAT K



anreOpanyeckuM ypaBHEeHUsIM oO1iero Buaa Pri(x) = O, rae Pri(x) — MHorowieH
CTETICHU . B CBSI3M C 3TUM BBOJASATCS MIOHATHS CTETICHH MHOTOYJICHA M €T0 KOPHSI.

OTpICKaHME KOPHEN MHOTOYJIEHA OCYLIECTBIISETCS PA3I0KEHUEM €ro Ha
MHOUTENU. JlJIg 3TOro cHavajia noipoOHO pacCMaTPUBAETCS AIITOPUTM JIEICHUS
MHOTOYJICHOB YTOJIKOM, KOTOPBIM HCTOIB30BAJICS B apu(METUKE MPU JCTCHUU
pallMOHAIIbHBIX YHCEI.

Ha KOHKpeTHBIX puMepax MoKa3bIBaeTCs, KaK Mmojaydyaercs Gopmysa aesieHus
MHorousieHoB P(x) = M(x) Q(X) u Kak ¢ €€ MOMOIIbIO0 MOKHO MPOBEPUTH
pe3yabTaThl JeJICHUS] MHOTOYJICHOB.

Ota GpopMmyiia IPUHUMACTCS B KaUECTBE OMPECICHUS OTIEPAIIUH JICTICHHUS
MHOTOWIECHOB I10 aHAJIOTUH C JIEJIEHUEM HATypalIbHBIX YUCEIL, C KOTOPHIM
y4daluecs 3HaKOMUJIMCh B Kypce apu(pMETHKH.

JleneHrie MHOTOUYJIEHOB OOBIYHO BBITIOJHSAETCS YTOJIKOM WM 110 cxeme ['opHepa.
WHorna 3To yaaeTcs cienath pa3jioKeHUEM JEIMMOro U IETUTENs] HA MHOKUTEH.
Cxema ['opHepa He sB-JisieTcs 00513aTeTbHBIM MaTEpUaioOM JIJIsl BCEX y4alluxcs,
HO, KaK TIOKa3bIBAET OMBIT, OHA JIETKO YCBAUBAETCS U €€ MOYKHO PACCMOTPETh, HE
TpeOysl OT BCEX YMEHUSA €€ MPUMEHATh. MOKHO TaK»Ke UCIOJIb30BaTh METO/T
HeonpeeIeHHBIX KOG OUIIMEHTOB.

Crioco6 penienust anreOpanyecKkoro ypaBHEHHs! pa3iioKEHUEM €ro JIEBOI YacTH Ha
MHOKHUTENN (PAKTUUECKU OMUPAETCS Ha CIEACTBUS U3 TeopeMbl besy: «Eciu xr —
KopeHb ypaBHeHus Pri(x) = O, To MHOrouwieH Prn(x) aenurcs Ha ABYYJIEH X - XI».
Nzyuaercs Teopema besy, popmMyaupyroTcs clieCTBUS U3 HEe, SBISIOLIUECS
HEO0OXOJAMMBIM U JJOCTATOYHBIM YCIIOBHEM JI€JICHUSI MHOTOWIEHA Ha JIBYYJICH.

PaccmarpuBaetcs nepBbiii CIOCOO HAXOXKIACHHS IIEJIBIX KOPHEH anre0pandeckoro
ypaBHEHUS C LENBIMUA KO PUITMEHTaMU, €CJIU TAKHE KOPHU €CTh: UX CIIETYET
UCKaTh Cpeu JIeTuTenelt cBoO0AHOTo uieHa. [ yuanmxcs, UHTepeCyoIuXcs
MaTeMaTUKOW, MPUBOJINUTCS MPUMEDP OTBICKAHUS PALlMOHAJIbHBIX KOP- HEN
MHOTOWIEHA C MEePBbIM KOA(PHULIMEHTOM, OTIMYHBIM OT 1. Cpeau ypaBHEHMUIA,
CBOJALIMXCA K aNredpanyeckuM, pacCMaTpUBAIOTCS pallMOHAJIbHbIE YPaBHEHUSI.
XOTs PY PELIEHNH Pa-UUOHAJIBHBIX YPABHEHUN MOTYT MOSIBUTHCS] TIOCTOPOHHUE
KOPHH, OHU JIETKO 00HApYKUBAIOTCS MPOoBepKoi. [loaTomy moHsATHS
PaBHOCWJIBHOCTH U CJIEICTBUS YPABHEHUS HA ATOM ATAIl€ HE SBIISIIOTCS
HEO0OXOAMMBIMHU; 3TU OHATHUS BBOJSATCS MO3XKE MPU PACCMOTPEHUU
VMPpalMOHAIBHBIX YPABHEHUN U HEPABEHCTB.

Pemenne cucteM HEMMHEWMHBIX YPABHEHUHN ITPOBOJAUTCS KAK U3BECTHBIMU
ydamuMmcest crmocodamu (IoACTaHOBKOM WIIN CJIOKEHUEM ), TaK U JCIICHUEM
YPaBHEHUM M BBEJAECHUEM BCIIOMOTaTEIbHBIX HEU3BECTHBIX.

3. CteneHb ¢ JeHCTBUTEJILHBIM MOKA3ATEJIEM



JleiicTBuTenpHble yncia. beckoHedHo yObIBarolas reOMETpUYECKask IPOrpeccusl.
ApudmeTnuecknii KOpeHb HaTypaibHOU cTerneHn. CTeneHb ¢ HaTypajibHBIM U
JEACTBUTEIBHBIM ITOKA3aTEIIAMM.

OcHoOBHas 11e7b — 0000IINUTh U CUCTEMATU3UPOBATH 3HAHUS O JEHCTBUTEIbHBIX
quciax; cOpMHUPOBATH MOHATHE CTETNICHU C JCHCTBUTEIBHBIM MTOKa3aTeIeM;
HAYYUTh MPUMEHSTH ONpeAeTIeHUs apu(METHIECKOTO KOPHS U CTEIIEHH, a TaKXKe
UX CBOMCTBA MPH BBHIIIOJHEHUN BBIYMCICHHU U PEOOPa30BaHIH BhIPAKECHUH;
O3HAKOMUTb C IIOHATHEM IIpe/ielia OCIe]0Ba-TeIbHOCTH | .

HeobxoaumMocTh paciiMpeHnsi MHOXKECTBA HAaTypaJIbHBIX YUCEN J10
JEHCTBUTEITLHBIX MOTUBUPYETCSI BO3MOYKHOCTBIO BBITIONHSATH JEHCTBUSA, 00paTHBIC
CJI0’KEHUIO, YMHOXKEHUIO U BO3-BEJICHUIO B CTEIIEHb, & 3HAYUT, BO3MOKHOCTBHIO
peuiars ypaBHeHus X + a = b, ax = b, xa='b.

PaccmoTpeHHBIN B Hadaie TeMbI ClIoco0 00palieHuss 0€CKOHEUHOM
MEePUOANYECKON JECATUUHON TpoOU B OOBIKHOBEHHYIO 00OCHOBBIBAETCS
CBOMCTBAMHU CXOJIANINXCS YHCIOBBIX PSAAOB, B YaCTHOCTH, HAXOXKICHUEM CYMMBI
0EeCKOHEYHO yOBbIBAIOIIEH FT€OMETPUUECKON MTPOTPECCHH.

HCﬁCTBHH Haa UppalrOHAJIbHBIMHA YU CJIAMH CTPOI'O HC OIIPCACIIAIOTCA, d
3aMCHAIOTCA I[GﬁCTBHHMH Hald UX HpI/I6HI/I}KCHHBIMI/I 3HA4YCHUAMH —
panmnoOHaJIbHBIMUA YU CJIAMHU.

B cBsi3u ¢ paccMOTpeHUEM MOCIIEI0BATEIbHBIX PALIMOHATBHBIX PUOJIMKEHUN
VPPALMOHATIBHOIO YHCIIA, a 3aTEM U CTENEHU C UpPAalMOHAIBHBIM MTOKa3aTeIeM Ha
UHTYUTUBHOM YPOBHE BBOJUTCS MOHSATHE Mpeeiia MOCIe10BaTEIIbHOCTH.
dopMynUpyeTcst U CTpOroe onpeenenue npeaena. Pazoupaercs 3agava Ha
JI0KAa3aTeJIbCTBO TOTO, YTO JTAHHOE YHCIIO SIBJSETCS MPEAEIIOM
IIOCJIEIOBATEIBHOCTH € ITOMOILBIO OllpeeneHus npeaena. Ha nanaom srane
AJIEMEHTBI TEOPUHU MPEAEIIOB HE U3YUAIOTCH.

ApudmMeTrnuecKknii KOpeHb HATYpaJIbHOM CTENEHU 1 > 2 U3 HEOTPULATEIBHOTO
YHUCJIa U €0 CBOWCTBA U3JIAral0TCs TPAJULMOHHO. Y Yalluecs TOJKHBI YMETh
BBIYHUCIIATH 3HAYEHUsI KOPHSI C IIOMOILBIO ONPENEIICHUS U CBOKCTB U BBINIOJIHATH
npeoOpa3oBaHus BbIpAXKEHUH, COAEPKAIUX KOPHHU.

Crenenb ¢ uppalMoHaIbHBIM MTOKa3aTEIEM MOSCHIETCS Ha KOHKPETHOM ITpUMeEpeE:
yucio 372 paccMaTpUBAETCS KaK MOCIEA0BATEIbHOCTD PAIIMOHATIBHBIX
npubmmxenuit 31,4, 31,41, .... 3aech xe GOopMyIUPYIOTCSA U JOKA3BIBAIOTCS
CBOMCTBA CTENEHU C JeUCTBUTEILHBIM MTOKa3aTeeM, KOTOphIe OyayT
WCITIOJI30BATHCS TIPH PEIICHUN YPABHEHHM, HEPABEHCTB, UCCIICOBAaHUYU (DYHKITUH.

4. Crenennasi pyHKuust



CrenenHas ¢yHKIMS, ee cBoMcTBa U rpaduk. BzauMHo oOpaTHbIe (QYHKITUU.
Crnoxnpie pyakuun. [Ipo6Ho-nmuHeliHas GyHknusa. PaBHOCHIIbHBIC ypaBHEHUS U
HepaBeHCTBA. Mppa-1ioHaipHble ypaBHEHUS. MppamoHaibHbIe HEpaBEHCTBA.

OcHoBHas 11eJb — 0000IIUTH U CUCTEMATU3UPOBATh U3BECTHBIC U3 Kypca aareopbl
OCHOBHOM IIIKOJIbI CBOMCTBA (DYHKITNI; M3yYUTh CBOMCTBA CTENEHHBIX (DYHKIIUN U
HAYYUTh MPUMEHSTH UX IIPU PEIICHUU YPaBHEHUI U HEPABEHCTB; CPOPMHUPOBATH
MOHSATHE PABHOCWJIBHOCTH YPABHEHUM, HEPABEHCTB, CUCTEM YPAaBHECHUU U
HEPABEHCTB.

PaccMmoTpenue cBOMCTB cTeneHHbIX GYHKIUNA U UX Tpad)uKOB MPOBOJAUTCS
MO3TAIHO, B 3aBUCUMOCTH OT TOT'0, KAKUM YUCJIOM SBJISIETCS OKa3aTenb: 1)
YETHBIM HATYPAJIbHBIM YHCIIOM; 2) HEYETHBIM HATYPAIbHBIM YHCIIOM; 3) YUCIIOM,
MPOTUBOIIOJIOKHBIM YETHOMY HATYPAJIbHOMY YHCITY; 4) YUCIIOM,
IPOTHUBOIIOJOKHBIM HEUETHOMY HATYPAIbHOMY YHCILY; 5) MOJOKUTEIBHBIM
HELIEJIBIM YUCJIOM; 6) OTPULATEIbHBIM HELIEJIBIM YUCIIOM.

OO0O0CHOBaHHUSI CBOMCTB CTENEHHOW (DYHKIIMM HE MPOBOASITCS, OHU CIEAYIOT U3
CBOMCTB CTEIIECHU C ICUCTBUTENBHBIM ITOKa3aTesneM. Harpumep, Bospacranue
(GyHKUIMH y = Xp HA IPO-MEXKYyTKE X > O, rje p — MOJ0KUTEIBHOE HELENIO0e
quCcIo, cienyet u3 cBoiictBa: «Eciu 0 <x1 <x2, p > 0, To xf < x.f». Ha mpumepe
CTENEHHBIX (QYHKIUH yJalluecs 3HaKOMATCS C TIOHATUEM OTpaHUYEHHON
(GyHKUIHH, ydaTcsa JOKa3bIBaTh KAK OFPaHUYEHHOCTh, TAK 1 HEOTPAaHUYEHHOCTh

byHKINU.

PaccmaTtpuBarorcs GpyHKIIMM, Ha3bIBaeMbl€ B3aUMHO OOpaTHBIMU. BaxkHO 00paTUTh
BHUMaHUE Ha TO, YTO HE BCsAKasg (PyHKUUSA uMeeT 00paTHy1o. [loka3biBaeTcs
CUMMETpPHS Tpa(UKOB B3aUMHO 0OpPATHBIX (DYHKIIMM OTHOCUTENIBHO MPSIMOM Yy = X.

3HAKOMCTBO CO CJIOKHBIMU U IPOOHO-TUHENHBIMU (QYHKIUSIMU HAUMHACTCSI Cpa3y
MOCJI€ M3YUYEHUsI B3aUMHO 00paTHBIX PYyHKIMH. BBOJSATCS pa3Hble TEPMUHBI 1JIs
0003Ha4YEHUs CIOXKHONU QYHKIUU (CYNepro3nuLus, KOMIIO3UIINA), HO
yHoTpeOIsieTcs JIMIb OJUH. DTOT MaTepHall B Kjlaccax 0a30BOT0 YPOBHS
U3y4aeTcs JIMIIb B 03HAKOMUTENbHOM I1aHe. OOpalaeTcsi BHUMaHHUE ydaluxcs
Ha OThICKaHHE 00JIACTH OIpPEeIETICHUSI CI0KHON PYHKIINU U IPOMEXKYTKOB €€
MOHOTOHHOCTH. J[0Ka3bIBAETCS TEOpEMA O MPOMEKYTKAX MOHOTOHHOCTHU € ONIOPOM
Ha OIpeieJIeHHs Bo3pacTarouieil i yobiparomeil GyHKIUH, YTO MO3BOJIAET
U3JI0KUTh CYTh aIrOPUTMa JI0KAa3aTEIbCTBA MOHOTOHHOCTH CIIOKHOU (DYHKIIMH.

VYyammecs: 3HaKOMSITCS ¢ IPOOHO-TMHEHHBIMU (QYHKIHSIMU. B OCHOBHOM TTKOJIE
yyaluecs YYHIUch CTpouTh rpaduk pyHkuuu y = k/x u rpaduku GyHKUIUH,
KOTOpBIE MOJTyYaIlCh CIBUTOM 3TOro rpaduka. Boigenenue nemnoit yactu u3
JTPOOHO-TMHEWHOTO BBIPAXKEHUS TPUBOJUT K 3HAKOMOMY YYaIllUMCSI BULY

GbyHKUIHU.



OnpeneneHnst paBHOCUIIBHOCTH YPAaBHEHM, HEPABEHCTB U CUCTEM YPAaBHEHUI U
CBOMCTB PaBHOCUJIBHOCTH JAETCS B CBS3U C MPEACTOSIINM U3YYEHUEM
VPpalMOHAIBHBIX YPABHEHUM, HEPABEHCTB U CUCTEM MPPALMOHAIBHBIX
YPaBHEHUM.

OCHOBHBIM MCTOOOM PCIICHHA UPPALUOHAIIBHBIX ypaBHCHI/Iﬁ ABJIICTCA
BO3BCACHHUC 00enx yacTeH YpPaBHCHH:A B CTCIICHDL C LCJIBIO IICPEXO0aa K
PalluOHAJIbBHOMY YPAaBHCHHIO-CIICACTBUIO JaHHOI'O.

C nmomoripio rpaMKOB PEmIaeTcsi BOMPOC O HATMYUU KOPHEH U UX YHUCIIE, a TAKKE
O HaXO0XJIEHUU NPUOIMKEHHBIX KOPHEH, €CIIM aHAIMTUYECKH PEIIUTh YpaBHEHUE

TPYAHO.

N3yuyenue uppanvoHaibHbIX HEPABEHCTB HE SBISIETCS 00s13aTEIBHBIM JIJISl BCEX
yuamuxcs. [Ipu ux uzydeHnu Ha 6a30BOM YPOBHE OCHOBHBIM CIIOCOOOM PEIICHUS
ABJISIETCS CBEJCHUE HEPABEHCTBA K CUCTEME PALIMOHAIIBHBIX HEPABEHCTB,
PaBHOCUJIbHOW naHHOMY. [locie penienus 3a1a4 mo JaHHOW TEME yJaniuecs
BBIBOJIATCS] HA TEOPETUUECKOE 0000IIEHNE PEIIEHUS UPPALIMOHATBHBIX
HEPABEHCTB, COACPIKAIINX B YCIOBUU €IUMHCTBEHHBIN KOPEHb BTOPOM CTEIICHH.

5. Iloka3areabHas pyHKIUSA

[Toka3zaTenbHast pyHKIMSA, €€ cBOCTBA U rpaduk. [lokazarenbHble ypaBHEHHUS.
[Toka3aTenbHble HepaBeHCTBA. CHCTEMBI TOKA3aTENIbHBIX YPABHEHUN U
HEPABEHCTB.

OcHOBHa4 11e]1b — U3YYHUTh CBOMCTBA MOKA3aTeNbHON (QYHKIIMU; HAYYUTh PElIaTh
MOKa3aTeIbHbIC YPABHEHHS U HEPABEHCTBA, CUCTEMbI MIOKA3aTEIbHBIX YPABHEHHUI.

CpoiicTBa Moka3aTeabHOM (PYHKIIUU y = ax MOJHOCTBIO CIEAYIOT U3 CBOMCTB
CTEIEHHU C IEUCTBUTEILHBIM MOKa3aTesieM. Hanmpumep, Bo3pactanue PyHKIUN y —
ax, eciau a > 1, cinenyet u3 cBoicTa crenenu: «Ecimm xx < x2, o aXl < aXr npu a
> 1».

Pemennie 60JbIIMHCTBA TOKA3aTEIbHBIX YPABHEHUM U HEPABEHCTB CBOJUTCS K
PELIEHUIO NPOCTEUIIHNX.

Tak kak B X0JI€ pelICHUs NPEIIAracMbIX B 3TOM TEME NTOKA3aATENbHbBIX YPABHECHUHN
PaBHOCUJIBHOCTb HE HapYILIAETCs, TO IPOBEPKA HAUJCHHBIX KOPHEN
HeoOs13aTenbHa. 31eCh CUCTEMBl YPaBHEHUN U HEPABEHCTB PEILIAIOTCS C TOMOIIBIO
PaBHOCHJIBHBIX TPEOOPa30BaHUM: MTOJCTAHOBKOM, CJI0KEHUEM UITM YMHOKEHUEM,
3aMEHOM NEPEMEHHBIX U T. 1.

6. Jlorapupmuueckass pyHkumns



Jlorapudmsl. CBoiicTBa norapudmos. JlecaTuuHble U HATypajbHbBIE TOTapU(MBI.
Jlorapudmuueckas pyHkius, ee cBoicTBa U rpaduk. Jlorapupmudeckue
ypaBHeHwUs1. JlorapugmMuueckue HepaBeHCTBA.

OcHoOBHa4 11e1b — c(hOPMHUPOBATH MOHATHUE JIOTapH(pMa YnCIa; HAYIUTh
IPUMEHSTH CBOICTBA JIOrapu(pMOB MIPU PEUICHUN YPaBHEHUI; U3yYUTh CBOICTBA
JorapupMuueckoil yHKIIMH U HAYYUTh PUMEHSThH €€ CBOMCTBA MIPU PEIICHUHU
JorapupMUUECKUX YpPaBHEHHUI U HEPABEHCTB.

Jlo 3TOM TeMBbI B Kypce ainredpbl H3ydanuch Takue QyHKIUHU, BBIYUCICHUE
3HAYEHUM KOTOPBIX CBOAMIIOCH K YETBIPEM apu(PMETUUECKUM JIEHCTBUSAM U
BO3BEJICHUIO B CTENEHb. J1Ji BEIYMCICHUS 3HAUCHUH JTorapuMUIecKor pyHKInu
HY>KHO YMETh HAXOJUTh JIOTapU(MbI YUCEIL, T. €. BBIIOIHITh HOBOE JIJISl yUaIllUXCsl
neiicTBrue — Jorapu(pMupoBaHUe.

HpI/I 3HAaKOMCTBC C JIOI“apI/I(i)MaMI/I YHUCENI U MX CBOMCTBAaMU MOJIC3HBI HOIIpO6HBIC )51
HarJsiAHbIC OOBSICHCHUS JaxKE B HpO(l)I/IJ'IBHBIX KJ1accax.

Jloka3aTenbCcTBO CBOMCTB Jorapudma onupaercs Ha ero onpezaeneHue. Ha
MPaKTUKE pacCMaTPUBAIOTCS JIOTapU(PMBbI IO pa3IMUYHBIM OCHOBAHHSIM, B
YACTHOCTH 110 OCHOBaHMIO 10 (Ie-csTuuHBIN Jorapudm) U 10 OCHOBAHUIO €
(HaTypanbHbIN Jorapudm), OTCI0a BO3HUKAET HEOOXOAUMOCTh (OPMYJIbI
nepexojia ot jorapugma 1o OAHOMY OCHOBAHHMIO K JIOTapU(pMy 10 IPYroMy
OCHOBaHUIO. Tak Kak Ha MH)KEHEPHOM MUKPOKAJIbKYJISTOPE €cTh KiaBuuu g u In,
TO JJIs1 BBIYMCIIEHUS Jlorapu(Ma 1o OCHOBaHUSIM, OTJIMYHBIM OT 10 U e, Hy>)KHO
IPUMEHUTH (HOPMY-ITy MEpeEXoa.

CaoiicTBa orapupmMuueckoi (PyHKIIMN aKTUBHO UCHOJIb3YIOTCS IPU pEIICHUN
Jorapu(pMUUECKUX YpaBHEHUM U HEPABEHCTB.

N3yyeHue cBOMCTB jorapupmMuieckoil GyHKIMUU MPOXOJAUT COBMECTHO C
pelIeHreM YPaBHEHUN U HEPABEHCTB.

[Ipu pemiennun norapu(pMUYECKUX YpaBHEHU U HEPABEHCTB BBITOJIHSIIOTCS
paznuuHble ux npeoOpazoBanus. [Ipu 3ToM yacTo HapyaeTcss paBHOCUIBHOCTbD.
[ToaTOMy IipH penieHn  JIorapuPMUIECKUX YpaBHEHU HEOOX0AUMO OO0 JenaTh
POBEPKY HaWIEHHBIX KOPHEH, MO0 CTPOTO CIECTUTH 3@ BHINOJIHEHHBIMU
npeoOpa30BaHUSMU, BBISIBIISS TOJIyY€HHbIE YPABHEHUSI-CIICACTBHSI U 000CHOBBIBAs
KXl 3Tan npeoOpa3zoBanus. [Ipu pemennn norapupMuyecKux HEPaBEHCTB
HY>KHO CIIEIUTH 3a T€M, UTOObI pABHOCUJILHOCTh HE Hapylllajach, TaKk KaK
IIPOBEPKY

peICHUsS HEPABCHCTBA OCYHICCTBUTD CJIOKHO, d B PAAC CIIY4aCB HCBO3MOKHO.

7. Tpuronomerpuyeckue (popmMy.Jibl



Panuannas mepa yria. [loBopoT Touku BOKpYT Hauana koopauHat. Onpezaenenue
CHUHYCa, KOCHHYCa U TaHT'€HCca yIJla. 3HaKU CUHYyCa, KOCHHYCa U TaHT€Hca.
3aBUCUMOCTH MEXI1Yy CUHYCOM, KOCHHYCOM U TAHT€HCOM OJTHOTO M TOTO K€ yTia.
Tpuronomerpruyeckue ToxaecTsa. CHHYC, KOCHHYC U TaHT€HC YTJIOB OC U -a.
®opmyiibl cnoxenusi. CHHYC, KOCUHYC U TaHT€HC ABOMHOrO yria. CUHYC, KOCUHYC
Y TAHT€HC MOJOBUHHOTO yriia. @opMyiibl puBeaeHusi. Cymma u pa3HOCTb
cuHycoB. CyMMa M pa3HOCTh KOCHHYCOB. [Ipon3BeieHre CHHYCOB U KOCUHYCOB.

OcHoBHa4 11e1b — c(HPOPMHUPOBATH MOHATHUSI CHHYCA, KOCUHYCA, TAHT€HCA,
KOTaHT€HCa YKCIa; HAyYUTh IPUMEHITh (POPMYJIIbI TPUTOHOMETPHH IS
BBIUMCJIEHHS] 3HAUEHUHN TPUTO-HOMETPUUECKUX (PYHKIUI U BBIIIOJTHEHUS
npeoOpa3oBaHUil TPUTOHOMETPUUYECKUX BBIPAKEHUH; HAYUUTh PEIIaTh
IpOCTEHIINE TPUTOHOMETPUUYECKUE YpaBHEHUS sinx = a, cosx =anpua=1, -1, 0.

PaccmatpuBast onpeneneHns CMHyca M KOCMHYCa JEHCTBUTEIBHOIO YMCIA A,
€CTECTBEHHO PELIUTh CaMble IIPOCThIE YPaBHEHUSI, B KOTOPBIX TpeOyeTCs HalTH
YUCJIO a, €CJIM CUHYC WJIH KOCHHYC €r0 U3BECTEH, HAlpUMep ypaBHEeHHs sin a = 0,
cos a= 1 u T. n. [lockonbky /151 0003HAYEHUSI HEU3BECTHOTO IO TPATULINHI
UCIOJIB3yeTCsl OyKBa X, TO 3TU YpaBHEHUS 3aIIMCBIBA-IOT KaK 00BIYHO: sinx = 0,
cosx= | u T. . Pemenus 3Tux ypaBHEHN HAXOAATCA C IIOMOIIBIO €IMHUIHON
OKPY>KHOCTH.

[Ipy n3ydeHnu CTEneHen Yncell pacCMaTpUBAIMCh UX CBOMCTBA ap + q = ap aq,
ap~q = ap : aq. [TonoOHbIe cBOMCTBa CpaBe MBI U AJIsi CHHYCa, KOCUHYCA U
TaHre€HCa. JTU CBOICTBA HA3bIBAIOT popMysIaMH ciiokeHus. [IpakTuuecku oHu
BBIPAKAIOT 3aBUCUMOCTb MEXKy KOOPJAHHATAMH CYMMBI WJIM PA3HOCTH ABYX YHUCEII
a u P uepe3 koopauHatel uncel a u (3. @op-MyJibl CII0KEHUS JOKA3bIBAIOTCS JUIS
KOCHHYCa CYMMBbI WJIM Pa3HOCTH, BCE OCTAJIbHbIE (DOPMYJIBI CIIOKEHUS TOTYyYarOTCs
KaK CJIEJICTBUSI..

DopMyIIbI CIOKEHUS ABISIOTCS OCHOBHBIMU (hOpMYJIaMU TPUTOHOMETPHUH, TaK KaK
BCE IPYTUe MOKHO MOJIYYUTh KaK CIEACTBUS: (POPMYJIIbI JBOMHOIO U TIOJIOBUHHOTO
YTJI0B (77151 KJ1IacCOB 0a30BOT0 YPOBHS HE SBJISIIOTCS 00s13aT€IIbHBIMMU ), (POPMYITBI
npUBeIeHus, TpeoOpa3oBaHUsl CYMMBI M Pa3HOCTH B Mpou3BeaeHue. 13 popmyn
CJI0’KEHUS BBIBOAATCA U (POPMYJIbI 3aMEHBI TPOU3BEICHUSI CUHYCOB 1 KOCUHYCOB
UX CYMMOM, 4TO IIPUMEHSETCS IIPU PELLIEHUU YPABHEHUM.

8. TpuronomerpuvyecKue ypaBHeHUA

YpaBHeHUs cosx = a, sinx = a, tgx = a. TpUroHoMeTpuIecKre ypaBHEHNUS,
cBojsiMecs K anredbpanueckuM. OTHOPOIHbIC U TUHEWHBIC YpaBHEHUS. MeTo1bl
3aMEHbI HEM3BECTHOTO U Pa3-JI0KEHUSI HA MHOKHUTENU. MEeTO1 OLIEHKHU JIEBON U
MPaBOM YacTel TPUTOHOMETPUUECKOTO ypaBHEHUS. CHUCTEMBI
TPUTOHOMETPUYECKUX YPABHEHUN. TPUTOHOMETPUUECKUE HEPABEHCTRBA.



OcHoBHas 11e71b (6a30BbIA YPOBEHb) — CHOPMUPOBATH YMEHHE PEIIaTh
MPOCTEUIITNE TPUTOHOMETPUIECKHUE YPABHEHUS; 03HAKOMHUTH C HEKOTOPBHIMH
pUEeMaMHU PEIICHUS] TPUTOHO-METPUIECKIX YPaBHEHUH.

OcHoBHas 11eb (MPOGWIBEHBIA YPOBEHE) — C(HOPMUPOBATH MTOHITHS
apKcHHyca, apKKOCUHYCa, apKTaHTeHCa YHCIIa; HAyYUTh PelaTh
TPUTOHOMETPUUYECKUE YPABHEHUS U CHCTE-Mbl TPUTOHOMETPHUUECKHUX YpaBHEHU,
UCTIONB3YS PA3IUYHbIC TPUEMBI PEIICHHSI; 03HAKOMUTH C IPHEMaMU PEIICHUS
TPUTOHOMETPUUECKUX HEPABEHCTB.

Kaxk u npu perennu anredpanyeckux, NOKa3aTelbHbIX U JOTapUPMUUECKUX
YpaBHEHUH, pELIEHNE TPUTOHOMETPUYECKUX YPABHEHU ITyTEM Pa3IudYHbIX
peoOpa3oBaHUi CBOJUTCS K PELICHUIO MPOCTENIINX: COSX = a, SinX = a, tgx = a.

PaccmoTpenue npocTenmmx ypaBHEHMN HAYMHAETCS C YPABHEHUS COSX = 4,
TaK Kak popMyJia ero KopHeH mnpoiue, 4eM Gopmyina KOpHEl ypaBHEHHUS Sin X = a
(B MIX 3aIMCH YaCTO UC-MOJB3YETCS HEOOBIYHBIN JJIs yUaIIUXCcsl yKa3aTelb 3HaKa (-
1)m). Pemienue 6osee CI0KHBIX TPUTOHOMETPUUECKUX YPABHEHUM, KOTAa
BBITOJIHSIOTCS aJireOpandecKkre U TPUrOHOMETpUUYECKUE IIPeodpa3oBaHus,
CBOJMTCS K PEIICHUIO MPOCTEHIIHX.

PaccmarpuBaroTcs cieyronue TUIbl TPUTOHOMETPUYECKUX YPABHEHUM:
JIMHENHBIE OTHOCUTEINIBHO SINX, COSX WM tgX; CBOASIIMUECS K KBaIPATHBIM U
JIPYTUM ajaredpanyeckuM ypaB-HEHHUSIM MOCIIE 3aMEHbl HEM3BECTHOTO; CBOSIINECS
K MPOCTEUIINM TPUTOHOMETPUUECKUM YPABHEHUSIM TIOCIIE Pa3JI0KEHU Ha
MHOKHUTEIIH.

Ha npodusibHOM ypoBHE JOTOJIHUTENHHO U3Y4atOTCS OJTHOPOIHbIC (TIEpBOM U
BTOPOM CTEINEeHEeN) YpaBHEHHSI OTHOCUTENIBHO SINX M COSX, a TAKXKE CBOJSAIINECS K
OJIHOPOJHBIM YpaBHEHUsIM. [Ipy 3TOM HCMONB3yeTCs] METO BBEICHUS
BCIIOMOTATEJIBHOIO YIJIA.

[Tpu yriyOieHHOM U3yYEHUHU pacCMaTpUBAETCS METOJT TPEABAPUTEIBLHOM OLIEHKU
JIEBOY W MPABOW YaCTEW YPaBHEHUS, KOTOPBIU B PAJIE CIy4aeB MTO3BOJISIET JIETKO
HAWTH €r0 KOPHU WM YCTAHOBUTH, YTO UX HET.

Ha mpoduibHOM ypoBHE paccMaTpUBAIOTCS TPUTOHOMETPUYECKUE YPABHEHHUS, JJIS
pelieHus: KOTOPBIX HE0OX0AUMO MPUMEHEHNE HECKOJIbKHUX METO/I0B.
[Toka3piBaeTCs aHAIU3 YPAaBHEHUS HE 110 HEM3BECTHOMY, a IO 3HAYCHUSM CHHYCA U
KOCHHYCA HEM3BECTHOT'0, YTO YACTO CYKAET NOMCK KOPHEN ypaBHEHHUs. Takxke
MOKAa3bIBAETCSI METOJl OOBEAUHEHUS CEPUI KOPHEW TPUTOHOMETPUUECKUX
ypaBHeHUH. Pa30uparorcs moaxo/ibl K pelieHHI0 HECI0KHBIX CUCTEM
TPUTOHOMETPUYECKUX YPABHECHUM.

PaccmarpuBaroTcs npocTERINE TPUTOHOMETPUUYECKHUE HEPABEHCTBA, KOTOPHIE
penaroTcs ¢ MOMOILBIO €TMHUYHON OKPYKHOCTH.



3ajganus ¢ moayJieM
['paduku ypaBHEHUH, CoACpKAIIUE MOTYIIb,

Pemienune ypaBHeHui ( TMHEHHBIX, KBAIPATHBIX, MOKA3aTEIbHBIX,
JgorapuMUYECKUX, TPUTOHOMETPUUYECKHUX ), PEIIICHUE HEPABEHCTB ( IMHEHHBIX,
KBaIPATHBIX, TOKA3aTEIIbHBIX, TOTAPU(OMHICCKIX, TPUTOHOMETPHUICCKHUX ).

[enn: 00001IeHNE U cUCTEMaTU3allusl, pacCIIMpPEHUE U YIIIyOJIeHre 3HaHUH 110
TeMe «AOCOIIOTHAS BEIMUNHAY, 00PETeHNE MPAKTUUECKUX HABBIKOB PEIICHUS
YpaBHEHUI U HEPABEHCTB C MOAYJIEM, [TOBBIIEHUE YPOBHS MATEMATUYECKOM
MOJATOTOBKHU y4YaIlUXCSl.

11 kJjaacce

1. Tpuronomerpuyeckue GyHKIAN

COJICPKUT MaTepHall, KOTOPBIM MOMOKET yYaluMcsl r1y0Ke MOHSTh
MaTEeMaTUYECKUX METOJIOB B 3a/1a4ax (PU3UKU U T€OMETPHH.

OO0usacTh onpeneneHnss 1 MHOKECTBO 3HAUEHUI TPUTOHOMETPUUECKUX (PYHKIIUH.
YeTHOCTh, HEYETHOCTh, IEPUOUYHOCTh TPUTOHOMETPUUECKUX (DYHKLIUHA.
CpoiicTBa pyHKIIMHU y=cosX U €€ rpaduk. CBolicTBa PyHKIMU y=sinX U €€ rpadux.

CpoiicTBa QyHKIMM y=tgXx U e€ rpapuk. OOpaTHbIE TPUTOHOMETPUUECKUE
(GyHKUIHU.

OcHOBHas LIeJIb — U3YUYUTh CBOMCTBA TPUTOHOMETPUUECKUX (PYHKIIUM, HAyUYUTh
y4aluxcsl IPUMEHATh 3TH CBOMCTBA MPH PELICHUH YPABHEHUN U HEPABEHCTB;
HAy4YUTh CTPOUTH rpaUKN TPUTOHOMETPUUECKHUX QYHKIUH, UCIIONb3YS
pa3nuYHbIE TPUEMBI IOCTPOCHUS TPAPUKOB.

Cpenu TpUTOHOMETPHIECKUX (DOPMYII ClIeTyeT 0CO00 BBIJACIUTH T¢ (hOPMYIIHI,
KOTOPBIE HEMOCPEIACTBEHHO OTHOCATCS K HCCIICIOBAHUIO TPUTOHOMETPHUIECCKUX
GbyHKIHH ¥ TOCTpoeHuto ux rpadukos. Tak, GopMyiisl sin(-X)=-sin X u cos(-
X)=CO0S X BBIpaXalo0T CBOMCTBA HEUETHOCTH M YETHOCTH (PYHKIIUM y=Sin X U y=COS
X COOTBETCTBEHHO.

[TocTpoenue rpadKOB TPUTOHOMETPUICCKUX QYHKIIUN TPOBOIATCS C
WCITOJIb30BAaHUEM WX CBOMCTB M HAUMHAETCA C TTOCTPOEHUs rpaduka QyHKIHH
y=cos X.C momoI1sto rpad)iKoB TPUTOHOMETPUUECKUX (PYHKITUI pemiatoTcs
MIPOCTEUIITNE TPUTOHOMETPUUICCKHUE YPABHEHUS U HEPABEHCTBA.

Ha 6a30B0oM ypoBHE 0OpaTHbIE TPUTOHOMETPUUECKUE (PYHKIIUU JAIOTCS B
O3HAKOMHTEIFHOM IUTaHe. PekoMeHyeTcst Takke paccCMOTPETh rpaduKu GyHKITHH
y= | COS X | , y=atcos X, y= cos (x+a), y= cos ax, y= a cos X, I'Jle a — HEKOTOpoe
YHCIIO.



VY4eOHast 11eb — BBEICHUE MOHATHS TPUTOHOMETPUYEeCKON (PyHKIINH,
dbopMupOBaHrE YMEHUN HAXOAUTh 00JIACTh OMPEIEeICHHS] U MHOKECTBO 3HAUCHHS
TPUTOHOMETPUUYECKUX (DYHKIIHIA; 00ydeHHE UCCIIEA0BAHUIO TPUTOHOMETPUIECKUX
(GYyHKIMI Ha YETHOCTh M HEYETHOCTh M HAXOXKJCHUIO TIeprnoia QyHKIUY;
U3y4eHHe CBOMCTB (DYHKIIMU y = COS X, 00yueHUe MOCTPOCHUIO Tpaduka GpyHKIUHN
Y IPUMEHEHUIO CBOWCTB (DYHKIIMU TP PEIICHUN YPAaBHEHUH 1 HEPABEHCTB;
U3y4eHHE CBOMCTB PYHKIINU y = Sin X, 00y4eHHE MOCTPOCHUIO rpaduKa GyHKIUH
Y IPUMEHEHUIO CBOWCTB (DYHKIIMH TP PEIICHUN YPaBHEHUI U HEPABEHCTB;
O3HAKOMJIEHHUE CO CBOMCTBaMH (PYHKIUN y = tg X U y = ctg X, H3yUeHUE CBOWCTB
bYHKIIH y = cOS X, 00y4eHHE MOCTPOSHHIO TpaduKoB GYHKIUI 1 IPUMEHEHUIO
CBOWCTB (pYHKILMH MPU pEIICHUN YpaBHEHUI U HEPAaBEHCTB;

Ha npoduiibHOM ypoBHE JTOTIOTHUTENBHO U3Y4YaIOTCS 0OpaTHbBIE
TPUTOHOMETPUUECKUMU QYHKIUSIMH, UX CBOMCTBAMHU U Tpadukamu.

B pe3ynbpraTe usyuenus riaaBbl « TpuroHomerpuieckue GyHKIUW» ydyaluecs
JOJIKHBI 3HATh OCHOBHBIE CBOMCTBA TPUTOHOMETPUUYECKHUX (DYHKIIHMIA, YMETh
CTPOUTH UX rpauKH U pacro3HaBaTh PYHKIUHU MO JAHHOMY rpaduKy, yMETh
OTBEYATh HA BOIIPOCHI K IVIABE, a TAKXKE pelIaTh 3aa4y 3TOTO TUIA.

2. Ilpon3BoaHas U €€ reOMeTPUYECKHI CMBICJI

M3JI0’KEHUE MaTepuralia BEAETCS Ha HATJIAIHO-UHTYUTUBHOM YPOBHE: MHOTHE
(hopMyIIBl HE TOKA3BIBAIOTCS, a TOJBKO MOSICHSIOTCS WK IPUHUMArOTCS 0e3
JIOKa3aTEIbCTB.

[Tpunen nocnenoatensHocTU. HenpepbiBHOCTH pyHKIMH. OnpeneneHue
npousBoaHou. [IpaBuno nuddepenunponanus. [IpousBogHas cTeneHHOM
dbynkuuu. [IpousBoansie anemMeHTapHbIX QyHKIUH. ['eomMeTprueckuii cMbICT
IIPOU3BOJHOM.

OcHoBHas LieJIb — OKa3aTh yYalluMcs 1enecoo0pa3HOCTh U3YUEHUsI TPOU3BOIHOM
U B JaybHeIIeM repBooOpa3Hoi (MHTerpaia), Tak Kak 3TO HE0OXOAUMO MPHU
pEIIeHUN MHOTUX MPAKTHYECKUX 33/1a4, CBA3aHHBIX C UCCIEI0BAHUEM (PU3NYECKHUX
SIBJICHU, BBIYMCJICHUEM IUIONIA/IeH KPUBOJUHEHHBIX (DUTYyp U 00bEMOB TEJI C
MPOU3BOJIHBIMU FPAHUIIAMH, C TOCTpoeHueM rpadukoB pynkumii. [Ipexnae Bcero,
clieyeT MoKa3aTh, 4TO PYHKIMHU, TpauKaMHi KOTOPBIX SBJISIOTCS KPUBBIE,
OMKCBHIBAIOT BaXHbIE (PU3NYECKHUE U TEXHUUYECKUE TTPOLIECCHI.

Y CcBOEHHE TEOMETPUUYECKOTO CMBICIIA TPOU3BOJHON U HAITMCAHUE YPABHEHUS
KacaTeabHOU K rpaduky QyHKIIMHU B 3aIaHHOM TOUYKE SIBIISETCS 00s3aTEIbHBIM IS
BCEX YYallIUXCH.

OcHoBHas 11e71b (MPO(PUIBHBIN YPOBEHB) TOMOJHUTEIBFHO — 3HAKOMCTBO C
OIPEJICIICHUEM MPEAEIa YACIOBON MOCIEI0BATEIIbHOCTH, CBOMCTBAMU
CXOJIAIIUXCS TTOCIEeIOBATEILHOCTEH, 00yUeHNE HAXOXKICHUIO TTPECIIOB



NOCJIeI0BATEIbHOCTEH, J0KA3aTeIbCTBY CXOIMMOCTH MOCIIEI0BATEIbHOCTH K
3aJJaHHOMY YMCIy; 0OyueHHe BBISIBICHUIO HEMTPEPHIBHBIX (PYHKIIMI C OTIOPOU Ha
OIpeIeNIeHUE HEMTPEPHIBHOCTH (PYHKIIUU; 3HAKOMCTBO C IOHATUEM IIPOU3BOAHOM
GyHKIUH B TOUKE U €€ (PU3NMUECKUM CMBICTIOM, (HOPMHUPOBAHHE HAYAIbHBIX
YMEHUHN HaXOIUTh MTPOU3BOIHBIC AJIEMEHTAPHBIX (DYHKIIHI HA OCHOBE
OIpeIeIIeHUS IIPOU3BOTHOM.

Osnanenue npasunamu 1uddepeHupoBaHus CyMMBbI, IPOU3BEACHUS U YACTHOTO
NBYX (YHKIUH, BBIHECEHUS TTOCTOSITHHOTO MHOXKHUTEIA 3a 3HAK MPOU3BOAHOM;
3HaKOMCTBO ¢ qu(dHepeHIMPOBaHIEM CIOKHBIX (QYHKIUI U MTpaBUIIaM
HaXOKJCHUS IPOU3BOIHOM 00paTHOM (HyHKIMK; 00ydeHHE NCIIOIh30BAHUIO
dbopMyIbl MPOU3BOAHOM cTeneHHo Gpynkuuu f (x) = xp 11 11060T0
NEHCTBUTENBHOTO p; GOPMUPOBAHUE YMEHUN HAXOAUTh POU3BOIHbIE
3JIEMEHTApHBIX (PYHKLNN; 3HAKOMCTBO C FTEOMETPUUECKUM CMBICIIOM IPOU3BOIHOM
oOy4eHHE COCTaBJICHUIO YPABHEHUI KacaTeJIbHOM K rpa@uKy (QyHKIMHU B 3aJaHHOU
TOUKE.

B pe3ynbprare nzyuenus riassl «[[pon3BoiHAsS U €€ T€OMETPUYECKUN CMBICID)
y4Yaluecs JOJKHBI 3HaTh ONPEIeNICHHE NPOU3BOAHOM, OCHOBHBIE MPaBUIIa
nuddepentiupoBanus U GOPMYJIbl TPOU3BOIHBIX JIEMEHTAPHBIX (PYHKIINIA;
MMOHUMATh T€OMETPUUECKUN CMBICIT IPOU3BOTHOM; YMETh 3alIMChIBATh YPABHECHUE
KacaTeabHOH K rpaduky GyHKIIMU B 33IaHHOM TOUKE pelIaTh YPaKHEHUS
JaHHOTO THNa. FMiMeTs npencraBieHue o npeaese nociuea0BaTeNbHOCTH, IPEAEIIE U
HEMPEPHIBHOCTU QYHKIIUU U YMETh PEIIaTh YIPAKHEHUS HA TPUMEHEHUE TTOHITHS
ITPOU3BOTHOM.

3. IlpumMeHeHne MPOU3BOAHOM K MCCJIEIOBAHNIO PYyHKIMIA

IIPY U3YYEHHUH MaTepuaia IHUPOKO UCIIOIB3YIOTCS 3HAHUS, II0JyYCHHBIE
y4YalMMHUcs B X0€ padoThl HaJ npeaplayiieit Temoi. [Toka3ats BO3MOXKHOCTH
MPOU3BOHOM B UCCIEAOBAHUM CBOMCTB (PYHKIIMI U TOCTPOEHUH UX IPAPUKOB.

Bo3spacranue n yObiBanue pyHKIuu. JkctpeMymbl pyHkuuu. Haubomnbiiee u
HauMeHblllee 3HaueHus! PyHKIMU. [Ipon3BogHas BTOPOro MopsiJika, BBITYKIOCTb U
Touku niepernda. [locrpoenne rpadukoB QyHKITHIA.

OcHoBHas 1€ (0a30BBIN YPOBEHB) — SBJSETCS JEMOHCTPAIMS BO3MOKHOCTEMN
MIPOU3BOIHOM B UCCIEAOBAHUM CBOMCTB (PYHKIIMI U IOCTPOEHUU UX IpauKOB U
MIPUMEHEHUE TPOU3BOTHOM K PEIICHUIO IPUKIIAIHBIX 33724 HA ONTUMHU3ALUIO.

OcHoBHas 1eb (MPOGUIBHBIN YPOBEHB) TONOJHUTEIBHO — IPUMEHEHUE TEOPEMBbI
Jlarpanska 111 000CHOBaHMSI JOCTaTOUYHOTO YCJIOBUS BO3pACTaHUsI U yObIBaHUS
bynkun, TeopeMbl Pepma U e€ reoOMEeTPUIECKOMY CMBICITY, a TaKXKe
JIOCTATOYHOMY YCJIOBUIO KCTPEMYMa, 3HAKOMCTBO C MOHATUEM aCUMITOTHI,



IIPOU3BOJHON BTOPOIO MOPSIAKA U €€ NPUIIOKEHUE K BBIABICHUIO HHTETPAIIOB
BBIMYKJIOCTH (DYHKIIMH, 3HAKOMCTBO C Pa3IMYHBIMU

MPUKJIATHBIMUA TPOTPaMMaMU, O3BOJISIOLIUME MMOCTPOUTH rpaduK QYHKIIUU U
UCCIIEN0BATh €T0 C IIOMOIIBI KOMIIBIOTEPA.

YdeOHas 11e51b — 00ydeHHe MPUMEHEHHIO TOCTATOYHBIX YCIIOBUI BO3pAacTaHUs U
yOBbIBaHUS K HAX0XKJICHUIO TPOMEKYTKOB MOHOTOHHOCTH (DYHKIIMH; 3HAKOMCTBO C
HOHSATHUAMHU TOUYEK SKCTpEeMyMa (DYHKIMU, CTALIMOHAPHBIX U KPUTUYECKUX TOUEK, C
HEOOXOMMBIMU U IOCTATOYHBIMU YCIOBHSIMH dKCTpeMyMa (DYHKIIUHU; 00yueHue
HaXO0XKJICHUIO TOUEK IKCTpeMyMa (PYHKIMHU; 00yUEeHUE HAXO0KICHUIO HAauOOIbIIEro
¥ HAaMMEHBIIETr0 3HaYeHUH (PYHKIMU C TOMOIIBIO MTPOU3BOIHOM; 3HAKOMCTBO C
HNOHSTUEM BTOPOI MPOU3BOAHON QYHKIMH U €€ GU3NUECKUM CMBICIIOM; C
IIPUMEHEHUEM BTOPOM IIPOU3BOAHOM JUISI HAXOKICHHUSI HHTETPAJIOB BBIITYKIOCTH U
TOYeK nepernda GpyHKuuu; GopMUpOBaHUE YMEHHUS CTPOUTH rpaduKu PyHKIUN —
MHOTOWIEHOB € ITOMOIIBIO NIEPBOX TPOU3BOAHOMN, C IPUBJICUCHUEM aIllapaTa
BTOPOM MPOU3BOJHOM.

B pesynbrare uzydyenus riasbl «lIpuMeHeHre Nporu3BOIHON K UCCIIEIOBAHUIO
(GyHKUMID» yyaniuecs A0JKHBI 3HaTh, KAKUE CBOMCTBA (DYHKIIMU BBISBIISIOTCS C
OMOUIbIO IPOU3BOAHOM, YMETh CTPOUTH rpapUKH PYHKIMMA, pelaTh 3a4a4u Ha
HAXO0XK/I€HUs1 HauOoJbIIero (HaMMEHbILEro) 3HaueHus (PYyHKIUHU JAHHOTO THUIIA
YIPaKHEHUM.

4 . IlepBooOpa3Hasi M HHTErpaJl

paccMaTpuBarOTCs NEPBOOOPA3HbIE KOHKPETHBIX (DYHKIUI U MTpaBUia HaX0XICHUS
nepBOOOPa3HbIX.

[TepBooOpa3zHas. [IpaBuna HaxoxaeHUS IepBo0Opa3HbIX. [nomanmb
KpHUBOJIMHENHOM Tpaneuuu. HTerpan u ero Beruucienue. [IJpumenenue
UHTETPaJIOB JJIsl peIIeHUs] (PU3NYECKUX 3a]1a4.

OcHOBHas 1I€JIb O3HAKOMJIEHUE YUYAIIUXCS C MOHATUEM NTEpBOOOPa3HON 1
oOydeHre HaX0XKACHUIO IUIOIIAAeH KpUBOJMHEHHBIX Tpanenui. [Tmomans
KPUBOJIMHEMHOM Tpaneuuy ONPeAEISIETCS KaK MPeaei HHTErPAIbHBIX CYMM.
bonpioe BHUMaHue yaeNseTCs MPUII0KEHUAM HHTETPAIbHOIO HCUHUCIICHUS K
(Gu3NYECKUM U TeOMETPUUECKUM 3a1auaM. CBsA3b MKy NEPBOOOPA3HOM U
TJIOLIABIO0 KPUBOJIMHEHHOM Tpaneuuu ycranaBiauBaeTcs opmysoit HeroToHa-
JleitOamia. Jlanee BO3HUKAET OMpEACICHHBIN HHTETPaA KaK MPeAesl MHTEerPabHON
CYMMBI; ITpu 3ToM (popmyinia HeroToHa-JIeiiOHMIIa TakxKe OKa3bIBaeTCs
cnpaBeyBoi. Takum 006pa3om, 3Ta opmyia SIBISETCS IIABHOM: ¢ €€ TTOMOIIIBIO
BBIUHCIISIFOTCS OITPEAECIICHHBIE MHTETPAJIbl U HAXOAATCS TJIOIIAAN KPUBOJIUHEUHBIX
Tpanenuii. 3HaKOMCTBO € MpocTerMu U pepeHnanbHbIMU YPaBHEHUSIMU.



VY4eOHas 11e1b — 03HAKOMJIEHHE C TIOHATHEM NIEPBOOOpa3HO, 00yueHune
HAXO0XJICHUIO MTEPBOOOPA3HOM TSl CTETIEHEH U TPUTOHOMETPUUECKUX (DYHKIIUH;
O3HAKOMJIEHUE C MOHATUEM UHTEIPUPOBaHUS U 00yUYE€HNE IPUMEHEHUIO MTPaBUII
UHTETPUPOBAHUS MPU HAXO0XKJICHUU TIEPBOOOPa3HBIX; ((OPMUPOBAHHUE MTOHITHS
KPUBOJMHENHOW Tpaneuuu, O3HaKOMJIEHUE C IIOHATHEM OIIPENEIEHHOTO
UHTErpaJia, 00y4yeHUe BIYUCIICHUIO IJI0MAIN KPUBOJIMHENHON Tpanelyy B
IIPOCTENIINX CIIy4asiX; O3HAKOMUTD YHaIUXCsl C IPUMEHEHUEM UHTErPAJIOB JUIS
(¢u3nyecKux 3a/1a4, HAyYUTh PelIaTh 3a7a4l Ha IBUKEHUE C IPUMEHEHUEM
WHTETPaJOB.

B pesynbrate uzydenus riasbl «[lepBooOpa3Hasi 1 UHTETpall» y4Yalluecs A0HKHbBI
3HATh MPaABHUJIA HAXOXKICHUS TIEPBOOOPA3HBIX OCHOBHBIX JIEMEHTAPHBIX (DYHKITHH,
dbopmyny Herotona-JIeitOHua 1 yMeTh UX IPUMEHSThH K BBIYMCICHHIO TUIOIIAIeH
KPUBOJIMHENHBIX TpaICHil IPH PELICHUH 3a/1ad JaHHOTO THUIIA.

5. KomOuHaTopuka

COJIEP’KUT OCHOBHBIC (DOPMYIIbI KOMOMHATOPUKU, IPUMEHEHUE 3HAHUHN TIPU
BBIBOJIE (POpMYIT alireOphl, BEPOSITHOCTh M CTATUCTHUYECKAs YaCTOTa HACTYTUICHUS
coOnITHA. TeMa He HachIIleHa

TEOPETUUECKUMH CBEACHUSIMU U JI0Ka3aTeIbCTBAMU, OHA UMEET, MPEXKE BCETO,
OOIIeKyJIbTYpHOE U 00111€00pa30BaTeIbHOE 3HAUCHHUE.

[IpaBuiio mpousseacHus. Pazmerenns ¢ noBropeHussMu. [lepecranoBkH.
Pa3merienus 6e3 noBropenuid. Coueranus 6€3 nmopropeHuii u 6unom HeroToHa.

OcHOBHas 1I€JIb — 03HAKOMIIEHHE C OCHOBHBIMH (POpMYyJIaMi KOMOMHATOPUKH U UX
IPUMEHEHUEM TPU PEIIEHUH 33/1a4, pa3BUBaTh KOMOMHATOPHOE MBIIIIICHHUE
yYaImxcs, 03HaKOMHUTh C TEOpHEH coeTMHeHU, 000CHOBaTh (hopMyTy OMHOMA
Hprotona. OcHOBHOH NpH BBIBOJE (POPMYIT UKCIIA IEPECTAHOBOK U Pa3MelEHUI
SIBJIIETCS TIPABUIIO YMHOXKEHUS!, IOHUMaHHE KOTOPOTo (GopMUpYETCs IpU
pELICHUH pa3InYHBIX TPUKIAAHBIX 3a7a4. CBOICTBA UKCiia COUeTaHUN
JTIOKa3bIBAOTCS M 3aTE€M MPUMEHSIOTCS MPU OpraHU3alui U UCCIECIOBAaHUU
TpeyrosnbHuka [Tackais.

VYyeOHasi 11eN1b — OBJIJICHUE OJTHUM U3 OCHOBHBIX CPEJICTB MOJCUETa YHCIia
Pa3JINYHBIX COCIMHEHUM, 3HAKOMCTBO YYalIUXCs C Pa3MEILCHUSMH C
MTOBTOPEHUSAMU. 3HAKOMCTBO C MEPBBIM BUAOM COCIUHEHUMN — NIEPECTAHOBKAMH;
JEMOHCTpalUs MIPUMEHEHUS [TpaBUIIa IPOU3BEICHUS IPU BBIBOIE (DOPMYJIIBI UKciIa
NEPECTAaHOBOK M3 I JIEMEHTOB. BBeieHre MOHATHS pa3MellleHns 0€3 MOBTOPEHU
U3 M DJIEMEHTOB 110 II; CO3JaHUE MATEMAaTUYECKON MOJIEIIN ISl PELICHUS
KOMOHMHATOPHBIX 33]1a4, CBOJAMMBIX K IMOACUETY YHCIIa Pa3MEIIEHN; 3HAKOMCTBO C
COUYETAaHUSAMHU U UX CBOMCTBAMU; pellIeHHEe KOMOMHATOPHBIX 3a]a4, CBOJSALIUXCS K
MOJICYETY YKCIIa COYETaHUN U3 M 3JIEMEHTOB 10 11; 000CHOBaHHOE



KOHCTpYHpOBaHHUe TpeyronbHuKa [lackans; o0ydeHne BO3BEACHHIO IBYWICHA B
HaTYpaJIbHYIO CTETIEHb C UCTIOJb30BaHueM Gopmyisl Hetorona. CoctaBnenue
MOPSZIOYHBIX MHOXECTB (00pa3oBaHue TIEPECTAaHOBOK); COCTABIICHUE TIOPSIOYHBIX
MOJIMHOKECTB JAHHOTO MHOKECTBa (00pa3oBaHUE pa3MEIICHHH ); J0Ka3aTEIbCTBO
CTIpaBeTMBOCTH (GOPMYJI IS TIOJICUETA YK CIIa TIEPECTAHOBOK C TOBTOPCHHUSIMH U
qrCIia COYSTAHUN C TIOBTOPEHUSMH, YCBOSHHE TIPUMEHEHUS METOIa
MaTEeMaTUYECKON WHIYKITUH.

B pesynbpraTe n3yuenus riaaBel «KomOMHaTOprKay y4yamuecs JOHKHbBI 3HATh,
OCHOBHBIE (HOPMYJIBI KOMOMHATOPUKH, YMETh HaXOUTh BEPOSTHOCTD CITy4aiiHbIX
COOBITUI B IPOCTEHUIINX CITy4yasiX, UCHOJIb30BaTh KJIACCUUECKOE OINPEIEICHUE
BEPOSATHOCTH U NIPUMEHEHUS UX IIPU PEIICHUH 3a/1a4 JAHHOIO THIIA.

6. DiieMeHTBHI TEOPHH BEPOSATHOCTEH

B [IPOTrpamMMy BKJIIOYEHO U3YyUCHUE JIUIIb OTJCIbHBIX JJIEMEHTOB TEOPUH
BeposTHOCTEH. [Ipu 3TOM BBEACHUIO KaKIOTO TOHSITHS MPEIIICCTBYET
HeopMalibHOE 00BSICHEHHE, PACKPBIBAIOIIEE CYITHOCTh JAHHOTO MOHSTHS, €ro
MIPOUCXOXK]ICHUE U PEATIbHBIN CMBICI. Tak BBOJIATCS MOHSATHS CITyYalHBIX,
JIOCTOBEPHBIX U HEBO3MOKHBIX COOBITHH, CBS3aHHBIX C HEKOTOPHIM UCIIBITAHUEM;
OTIPEJIEISIIOTCA U WILTIOCTPUPYIOTCS OTIEpaliuy HaJl COOBITUSIMU. BeposiTHOCTD
coObITHs. C0KeHHEe BEepOsiITHOCTEH. BeposTHOCTh IpOM3BEACHUST HE3aBUCUMBIX
COOBITHI.

OcHoBHas 1eib — cPOPMUPOBATH MOHATHE BEPOSTHOCTH CITy4YaiiHOTO
HE3aBUCUMOTO coObITHS. MccienoBanre MpoCcTeUINX B3aUMOCBSI3EH MEXKIY
pa3IMYHBIMU COOBITHSIMH, @ TAKKE HAXOKJICHUIO BEPOSATHOCTEN BUIOB COOBITHI
4yepe3 BEPOSITHOCTH IpYrux coObIThil. Kimaccuueckoe onpeneneHnue BEpOsITHOCTU
COOBITHSI C PAaBHOBO3MOXKHBIMH 3JIEMEHTAPHBIMU UCX0JaMHU (POPMUPYETCSI CTPOTO,
Y Ha €ro OCHOBE (C UCIOJIb30BAaHUEM 3HAHMI KOMOMHATOPUKH) peIIaeTCs
OONBIIMHCTBO 3aAa4. [IoHsATHE TeOMETPUUECKOI BEPOATHOCTH U CTATUCTHYECKOU
BEPOSITHOCTH BBOJIMJIMCh HA UHTYUTUBHOM ypoBHe. [Ipy n3noxxeHun mateprana
JAHHOTO pa3zelia MOAYEPKUBACTCS IPUKIIAHOE 3HAYCHUE TEOPUN BEPOSTHOCTEN B
pa3IMYHBIX 007ACTAX 3HAHUI U MPAKTUUYECKON AESITEIbHOCTH YeJIOBEKa.

VYyeOHas 11e)1b — 3HAKOMCTBO € Pa3IMYHBIMHA BUJIAMH COOBITHIA, KOMOWHAITASIMH
COOBITHI; BBEJICHUE TTOHSATHUS BEPOSITHOCTUA COOBITHS U 00yUCHUE HAXOXKICHHUIO
BEPOSTHOCTH CITy4alHOTO COOBITHS C OUCBHIHBIMU OJIArONPHUATCTBYIOITUMHU
UCXOJIaMH1; 3HAKOMCTBO C TEOPEMOU O BEPOSITHOCTH CYMMBI JIBYX HECOBMECTHBIX
COOBITHH U €€ MPUMEHEHHUEM, B YaCTHOCTH MPH

HAXO0XJIEHUU BEPOSTHOCTU MIPOTUBOIMOIOKHOTO COOBITHS; U C TEOPEMOM O
BEPOATHOCTH CYMMBI JBYX IMPOU3BOJIHBIX COOBITUI; HHTYUTUBHOE BBE/ICHHE
MOHATHUSL HE3aBUCUMBIX COOBITUH; 00yUeHHE HAXO0XKICHUIO BEPOSATHOCTH
IIPOU3BENICHUS ABYX HE3aBUCUMBIX COOBITUH.



B pe3ynbTaTte u3ydeHus riaaBbl « QIEMEHTbI TEOPUH BEPOATHOCTEN» yUalirecs
JOJDKHBI YMETh HaXOJIUTh BEPOSTHOCTH CITyYalHBIX COOBITHIA C TIOMOIIIBIO
KJIACCUYECKOTO OMNPE/ICTICHUSI BEPOSITHOCTU NP PEIICHUH YIIPAXXHEHUN JaHHOTO
THUTIa, UMETh TIPEICTABIICHUE O CYMME M MPOU3BEICHUH JIBYX COOBITHIA, YMETh
HAXOJIUTh BEPOSITHOCTD MPOTUBOMOJIOKHOTO COOBITHSI, UHTYUTUBHO ONPENEISAThH
HE3aBUCUMBIE COOBITHSI U HAXOJIUTh BEPOSTHOCTh OJJTHOBPEMEHHOTO HACTYIIJICHUS
HE3aBUCUMBIX COOBITHH B 3a/1a4ax.

7.%* KoOMILIEKCHBIE YHCJIA

Cno’xeHHne U YMHOKEHHE KOMIUIEKCHBIX yucell. Momylb KOMIUIEKCHOTO YHCIIA.
BrlunTanue u f1ejieHre KOMILIEKCHBIX Yucel. |'eoMeTpruecKkas HHTEpIIpETalns
KOMIUIEKCHOI0 yrciia. Tpuronomerpuueckast popma KOMILIEKCHOTO YncIa.
CpolicTBa MOLyJIs 1 apryMeHTa. KBajpaTHOe ypaBHEHHE ¢ KOMILJIEKCHBIM
HensBecTHbIM. [IpuMepsl perienns anredpanyeckux ypaBHeHUil. OCHOBHbBIE LIETU
— 3aBeplueHre GOPMUPOBAHUS NPEICTABICHUS O YUCIIE; 00yUEHHUE JEHCTBUIM C
KOMIUIEKCHBIMH YMCIIAMHA U IEMOHCTPALIMS PEIICHUN PA3JIUYHBIX YPABHEHUM Ha
MHOKECTBE KOMILUIEKCHBIX YHCEIL.

PaccmaTtpuBaroTcs yeTbipe apuPpMEeTUIECKUX IEUCTBUS C KOMILJIEKCHBIMHU
YHCJIaMH, 33/IaHHBIMU B anreOpandeckoit popme. BBonurcs nmonsitue
KOMIIJIEKCHOM IUIOCKOCTHU, HA KOTOPOU WUIKOCTPUPYETCS TEOMETPUUECKUI CMBICIT
MOJTyJIsl KOMITJIEKCHOTO YK CJIa U MOJYJISl PA3HOCTH KOMILJIEKCHBIX YUCEIL.
PaccmarpuBaercs nepexoj; ot anreOpandeckoil K TPHroHOMETpUYecKon opme
3aMKMCH KOMIUIEKCHOTO YKciia U oOpaTHbIN nepexoy. JKenareabHo 00y4nTh
YUYaIUXCS TEXHUYECKUX U (PU3UKO-MAaTEMaTUYECKUX KJIACCOB BO3BEICHUIO B
CTETNIEHb KOMIIJIEKCHOTO YHMCJIA, 3aIaHHOTO B TPUTOHOMETPHUECKO popme.

7. YpaBHeHHS M HEPABEHCTBA C ABYMS IePeMEHHBIMU

MOCJEAHSASA TEMA Kypca HE HOBA JUIsl YHaIllMXCs CTApIIMX KI1accoB. Pemenue
CUCTEM YpaBHEHUH C MOMOIIBIO rpadrKa 3HAKOMO LIKOJIbHUKAM C OCHOBHOM
mikosibl. Tenepb UM NPEACTOUT YIiyOUTh 3HAHUS, TIOJyYEHHbIE paHee, U
O3HAKOMUTBCS C PEIICHUEM HEPABEHCTB C ABYMS IIEPEMEHHBIMU U UX CUCTEM.
VYyamuecs u3y4aroT pa3JIMuHble METO/bl PELICHNs] YPAaBHEHNN U HEPABEHCTB, B
TOM YHUCJIE C TapaMeTpaMHu.

JInHenHble ypaBHEHUs M HEPABEHCTBA C ABYMs IIepeMEHHbIMU. HennHuenbie
YPaBHEHHUS U HEPABEHCTBA C IBYMS [IEPEMEHHBIMU.

OcHoBHas 11eJ1b — 0000IIMTH OCHOBHBIE IPUEMBI PEIICHUS YPAaBHEHUM U CUCTEM
ypaBHEHUH, HAYYUTh yUalTUXCs N300pakaTh HA KOOPAUHATHOM MIIOCKOCTH
MHOECTBO PEIICHUMN JIMHEMHBIX HEPABEHCTB U CUCTEM JIMHEWHBIX HEPABEHCTB C
JBYMsI IEpEMEHHBIMHU, C(DOPMUPOBATH HABBIKK PEILICHUS 3a]1a4 C TapaMeTpaMu,



[0Ka3aTh NIPUMEHEHHE MaTEMAaTHUYECKUX METOIOB JJIsl PELLICHUS COIEPIKATEIbHBIX
3aJ1a4y U3 pa3auvHbIX 001acTel HAYKH U MPAKTHUKHU.

Y4eOHast esib — HayYuTh yJaluxcs 1300pakaTh Ha KOOPIUHATHOM TIOCKOCTH
MHOKECTBO PEIICHUMN JTUHEWHBIX HEPABEHCTB M CUCTEM JIMHEUHBIX HEPABEHCTB C
JIBYMSI TIEPEMEHHBIMHU.

B pesyinbrare uzydeHus IiaBbl « Y paBHEHUs U HEPABEHCTBA C IBYMs
IIEPEMEHHBIMMUY YYaluecs JOJDKHBI YMETh pelllaTh YpaBHEHUs, HEPAaBEHCTBA U
CUCTEMBI YPABHEHUI U HEPABEHCTB C ABYMsI IEPEMEHHBIMU. 3HATh U YMETh
IIPUMEHSATH OCHOBHBIE IIPUEMBI U1l PELLICHHUs] YPABHEHUN U CUCTEM YPaBHEHUH,
peliaTh CUCTEMbI YpaBHEHHUI U HEPaBEHCTBA C TOMOIIBIO Tpaduka.

8. UToroBoe moBTropeHne Kypca ajredpbl 1 Ha4ajl MATEMATH1€CKOT0
aHaJIu3a.

YPpOKH UTOTOBOTO MOBTOPEHUSI UMEIOT CBOEH LIEJIbI0 HE TOJIBKO BOCCTAHOBJICHHUE B
NaMATH YYalMXCs OCHOBHOI'O MaTrepuaia, HO M 0000IIeHre, yTOYHEHUE
CUCTEMAaTH3aLMIO 3HAaHUM 0 anreOpe U HayajlaM MaTeMaTUYECKOT0 aHalu3a 3a
KypC CpeqHEN IIKOJIbI.

HOBTOpCHHG npeajraracTcs IMpoOBOANTD 110 OCHOBHBIM COACPIKATCIIBHO-
MCTOONYCCKHUM JIMHUAM U uenecoo6pa3Ho BBICTPOUTH B CIICAYIOIINUM ITOPAAKE:
BBIYMCIICHHSA U HpGO6p&30BaHI/I$I, YPaBHCHUA U HCPABCHCTBA, (IJYHKI_[I/II/I, Ha4dalia
MaTEMAaTH4YCCKOT'O aHaJIMn3a.

[Tpu npoBeieHNK UTOTOBOTO TOBTOPEHUS MPEAJIaraeTcsl MIMPOKOE UCTIOIH30BAHUE
1 KOMOMHUPOBAHKE PA3IMYHBIX TUIIOB YPOKOB (JICKITUI, CEMUHAPOB,
MPAKTUKYMOB, KOHCYJIBTAIIMH U T.€.) C IIEJIbI0 OBICTPOTrO 0XBaTa OOJIBIIIOTO IO
o0veMy maTepuana. HeoOXo1uMbIM 2JIEMEHTOM YPOKOB UTOTOBOTO MIOBTOPEHUS
SBIISIETCSI CAMOCTOsITeNIbHAs padoTa yuariuxcsa. OHa moje3Ha Kak cCaMuM
y4YaIuMcest, Tak ¥ YIUTEIO JIJIs1 OCYIIECTBIECHUS 00paTHOM CBsi3U. DOpMBbI
MIPOBEICHMS CAMOCTOSTEIBHBIX PA0OT pa3HOOOPA3HBI: OT TPAAUIIMOHHOMN pabOTHI C
JBYMsI, TpEeMsI 3aJIaHUSIMU JI0 TECTOB U paboT B popMe paboueii TeTpaaeii ¢
3aroJHEHUEM TTPOOEIIOB B MPUBEICHHBIX PACCYKICHUSIX.

B pesynbTaTte 0600matomero moBTOpeHMs Kypca anreOpsl 1 Havaia aHanmsa 3a 11
KJIaCcC CO3/1aTh YCJIOBHS yUalllUMCS JJIsI BBISIBJICHHUSL:

- BJIAACHUS ITOHATUCM CTCIICHU C pallMOHAJIbHBIM IIOKA3aTCJICM, YMCHHUC
BBITTOJIHATH TOXIACCTBCHHBIC npeo6pasoBaHHﬂ N HAXOAUTh UX 3HAUYCHUA,

- YMEHUS BBITIOTHITH TOXKECTBEHHBIE MPE0OPa30BaHUs TPUTOHOMETPUUECKHX,
UppalmoHaIbHBIX, TOKA3aTEIbHbIX, JIOTAPU(DMHUUYECKUX BHIPaKEHUH;



- YMEHHUS pelaTh CUCTEMbI YPAaBHEHUH, COAEPKAIINX OJHO WU BA YPABHEHHUS
(JTorapupMUUECKHX, UPPALOHATBHBIX, TPUTOHOMETPUUYECKHUX ), PEIIATh
HEPaBEHCTBA C OJIHOM NIEPEMEHHOM Ha OCHOBE CBOMCTB (DYHKIIHH;

- YMEHMS UCIIOJIb30BaTh HECKOJIBKO IPUEMOB IIPU PEILICHUN YPaBHEHNN;

- peraTh YpaBHEHHUS C UCIIOJIh30BAaHUEM PABHOCUILHOCTH YPaBHEHU;
HCIIOJIB30BaTh IpauK GYHKIIMH TP PEIICHUH HEPABEHCTB (TpaduuecKuii METo);

- YMEHHSI HAXOIUTh MPOU3BOAHYIO (DYHKIIMU; MHOXKECTBO 3HAUCHU (QYHKINH;
001acTh ONpEENICHNUs CI0KHON (PYHKIIUH; UCIIO0Ib30BaTh YETHOCTh U HEUETHOCTD

byHKINN;

- YMEHUS UCCIeA0BaTh CBOMCTBA CIIOKHOU (PYHKIIMH; UCIIOJI30BaTh CBOMCTBO
NEPUOIMYHOCTH (PYHKIUU JJIs PEICHHS 3a]a4; YATATh CBOMCTBA (DYHKIIMH 110
rpauKy U pacrio3HaBaTh rpaMKy JIEMEHTApHBIX QYHKINHI;

- YMEHHMS pelaTh ¥ MPOBOJUTH UCCIENOBAHNE PELIEHUS TEKCTOBBIX 3a1a4 Ha
HaX0X/IeHUEe HauOoJIbIIEro (HAMMEHBUIET0) 3HAUYE€HUS! BEJIMYMHBI C IPUMEHEHUEM
IIPOU3BOIHOM;

- YMCHHU: PCIIATh 3ad49U IIapaMCTPHUICCKHC HAa OIITUMHN3AIIHUIO,

- YMCHHUA PCIIATh KOM6I/IHI/IpOBaHHI>I€ YPaBHCHUA U HCPABCHCTBA, UCIIOJIb30BATH
HCCKOJIBKO IIPUCMOB IIPpU PCIICHHUN ypaBHeHI/Iﬁ U HCPABCHCTB,

- YMEHUS U3BJIEKATh HEOOXOAUMYIO HH(POPMAIINIO U3 Y4eOHO-HAYYHBIX TEKCTOB;
MIPUBECTU IPUMEPHI, TO00paTh apTyMEHTBI, C(HOPMYITUPOBATH BHIBOIBI

AJITEBPA
Cooeporcanue ooyuenusn
10 knacc
naparp | Tema yacel
a¢
Fnhasa 1. Anre6pa 7-9 Knaccbl 9
YyebHas uenb: NOBTOPEHNE OCHOBHbIX TEOPETUYECKUX NONIOXKEHWI B
KarKgoM Teme, pacCMOTPEHME 3a4a4 Ha MPUMEHEHME ITUX NONOKEHW,
peLleHne CUCTEMbI YNPArKHEHWI AN BOCCTAHOBAEHUA NPAKTUYECKUX
YMEHUN.
1,2,3 Anrebpaunyeckune BblparkeHUs. JINHenHble 1
YPaBHEHUS U CUCTEMbI YPABHEHUI.
YncnoBblie HEPaABEHCTBA M HEPABEHCTBA
nepBo CTeneHu.
4,7,9 @DyYHKUKMM, UX CBOMCTBA U rpaduKmn 2
5,6,8 KBagpaTHble KOPHU, KBagpaTHble 1
YPaBHEHUs N KBagpaTHble HEPaBEHCTBA
10,11 Mporpeccnun n cnoXKHble NnpoueHTbl. Havana | 1
CTAaTUCTUKM.




12 MHoxecTBO 2
13 JNloruka 1
KoHTponbHas paboTa 1 1
Fnaea 2. JenumocTtb 6
1 MoHATMe gennmocTtn. ennmocTb CyMmbl U 1
npousseaeHma
2 JeneHune c octaTKom 1
3 MpU3HaKK 4ennMmMoCcTH 1
4 CpaBHeHuA 1
5 PelueHne ypaBHEHUI B LENbIX YMciax 1
MpoBepoyHasa paboTa 1
FnhaBa 3. MHorouneHbl. Aarebpanuyeckme ypaBHeHUA 17
1 MHoro4yneHbl OT OAHOM NepemMeHHOM 1
2 Cxema lopHepa 1
3 MHorouneH P(x) u ero KopeHb. Teopema 1
besy.
4 Anrebpaunyeckoe ypaBHeHue. Cheactene ns | 1
Teopembl besy.
5 PelwweHne anrebpanyecknx ypaBHeHuU 2
METOA0M Pa3/IOKEHMNA HA MHOXUTENN
6 JennmocTtb ABYyY4NEeHOB Xm+ym Ha X+Y. 1
7,8 CummeTpuyHble MHOroYsieHbl. MHoroysieHbl | 1
OT HECKOJIbKMX MepeMeHHbIX.
9 BnHOM HbloTOHA 1
10 Cuctembl ypaBHEHU I 3
O6o6uwatowmin ypok 1
KoHTposibHan paboTa No2 1
FnhaBa 4. CTeneHb € AeiCcTBUTENIbHBIM NOKa3aTenem 11
1 [encTButenbHble yncna 1
2 BeckoHeuyHo ybbiBaloLan reomeTpuyecKas 2
nporpeccumsa
3 ApndmeTnYecKnit KopeHb HaTypasibHOM 3
CTeneHu
4 CreneHb € pauMoHaaAbHbIM U 3
[EeNCTBUTENbHBIM MOKa3aTenem
O606Latoumii ypoK 1
KoHTponbHasn paboTa Ne3 1
Fnasa 5. CteneHHaa PpyHKuUMA. 16
1 CteneHHas GyHKLMA ee CBOMCTBA M rpaduk 3
2 B3anmHo obpaTHble PpyHKUMK. ChoKHas 3
dYyHKUMA
3 OpobHo-nnHenHan dyHKUMSA 1
4 PaBHOCUbHbIE YPaBHEHMA N HEPABEHCTBA 3
5 UppauymoHanbHble ypaBHEHUA 3
6 UppaunoHanbHble HepaBEeHCTBA 1
O6o6uatowmin ypok 1
KoHTponbHas pabota Ne4 1
FnaBa 6. MNoKa3atenbHaa GpyHKUMA 11
1 MoKa3saTenbHan GyHKLMS ee CBOMCTBA U 2

rpaduk




2 lMoKa3saTesibHble ypaBHeHUA 3
3 lNokasaTesbHble HEpaBeHCTBa 2
4 CucTtembl NOKa3aTe IbHbIX YPaBHEHUIA U 2
HepaBeHCTB
O6o6uwatowmin ypok 1
KoHTposibHan paboTa Ne5 1
Fnasa 7./lorapudmunyeckas pyHKUuUA 17
1 Norapudmbl 2
2 CsoicTBa norapndmos 2
3 [ecaTnyHble 1 HaTypanbHble Norapudmbl. 3
dopmyna nepexoga
Norapudmunueckas dyHKUUA 2
4 Norapudmmnueckme ypaBHeHUA 3
5 Norapudmunyeckne HepaBeHCTBa 3
O606Latoumii ypok 1
KoHTposibHan pabota Ne6 1
Fnaea 8 TpuroHomeTtpus 24
1 PagnaHHaa mepa yrna 1
2 MoBOPOT TOYKM BOKPYF HAYala KOOpPAMHAT 2
3 OnpegpeneHune cMHyCca, KOCMHYCA U TaHreHca | 2
yrna
4 3HaKM CMHYCa, KOCUHYCA U TAHTeHCa 1
5 3aBUCUMOCTb MeXay CUMHYCOM, KOCMHYCcOM U | 2
TAHreHCOM O4HOrO M TOrO e yraa
6 TpuroHomeTpuyecKkme ToXAecTBa 3
7 CHHYC, KOCUMHYC U TaHIEHC Yyr10B AL U - A 1
8 DopMyIIBI CITOKCHHS 3
9 CuHYyC, KOCUHYC U TAHT'€HC JBOMHOTO yTiia 1
10 CuHyc, KOCHHYC U TAHI'€HC TIOJIOBUHHOTO 1
yria
11 DopmyIbl IPUBEAEHUS 2
12 CymMma 1 pa3HOCTb CUHYCOB 2
13 IIpousBeieHre CHHYCOB U KOCUHYCOB 1
O06061amui ypok 1
KonrtponbHas pabora Ne7 1
I'maBa 9. Tpuronomerpuyeckue ypaBHeHHs 21
1 VYpaBHeHHe COS X =a 3
2 VYpaBHenue Sin X =a 3
3 YpaBHenue tg x=a 2
4 TpuroHomerpuueckre ypaBHEHUS 4
CBOJIAIIMECS K alTeOpandecKuM.
OpHOpOoAHBIE U HEOJTHOPOIHBIE YPABHEHUS
5 MeTo/ 3aMeHBI IEPEMEHHOTO U PA3JIOKEeHU | 3
Ha MHOXXUTENIN. MeToJ OLIeHKH JIEBOU U
MpaBoil yacTell ypaBHEHMsI
6 CHCTEeMBbI TPHTOHOMETPUYCCKUX YPAaBHEHUH | 2
7 TpuroHoMeTprUUeCKre HEPABEHCTBA 2
O60o6marmuit ypok 1
KontponbHas pabora Ne8 1
3aganus ¢ MoayJieM 33
AOconroTHas BeTUYHHA JIEHCTBUTEILHOTO YHCIIa 2




I'pacduku ypaBHeHui, coaepxaiiue 3HaK MOIYJIs

JIuneliHble ypaBHEHUS C MOAYJIEM

KBanpaTHble ypaBHEHUS C MOYJIEM

[TokazaTenbHble ypaBHEHUS C MOLYJIEM

JlorapudmMuyeckue ypaBHEHHS C MOLyJIEM

TpuroHomeTpudecKre ypaBHEHUs C MOLYJIEM

JInHeitHbIe HEPABEHCTBA C MOAYJIEM

KBanpaTHbie HepaBEeHCTBa ¢ MOIyJIEM

ITokazarenpHbIe HEpPaBCHCTBA C MOAYJIEM

HppanuoHaabHble HEPABEHCTBA C MOAYJIEM

Jlorapudmudeckre HepaBeHCTBA C MOyJIEM

TpI/IFOHOMeTpI/I‘leCKI/Ie HEpaBCHCTBA C MOAYJIEM

WINIWINININNINININIDNIDN

IToBTOpEHHE

-
a1

Hroro

165

11 xmacc

naparpa¢ \ Tema

Yyachbl

FnaBa 1.TpuroHomeTpuyeckue pyHKLUU

19

1

O6nacTb onpeneneHns U MHOXKeCTBO
3HAYEHWU TPUTOHOMETPUYECKMX

bYHKUMI

YeTHOCTb, HEYETHOCTb M NEPUOLMUYHOCTb
TPUTOHOMETPUYECKUX GYHKLUUI

CBOICTBO PYHKLUMN y=COS X U ee rpaduk

CBOICTBO PYHKLMM y=Sin X N ee rpaduK

w

CBOICTBO PYHKLUUKN y=tg X. y=Ctg X N nX
rpaduk

N

6

O6paTHble GyHKUUK

O6o6uatowmin ypok

KoHTposibHas paboTta 1

= INW

FnaBa 2. Mpou3BogHas U ee reOMeTPUUYECKUi

N
N

Mpenen nocneaoBaTeNbHOCTU

Mpenen GyHKUUM

HenpepbIBHOCTb GYHKLMUK

OnpeaeneHve NPon3BoAHOM

Mpasuna anddepeHympoBaHma

MponsBogHas cTeNeHHOM GYHKLNM

Mpon3BoaHasA 3NeMeHTaPHbIX GYHKLUIA

O |INOO BN W|IN|F

FeomeTpUYEeCcKMiA CMbICA NPOU3BOAHOM

O6o6uatowmin ypok

KoHTposibHanA paboTa 2

RINWWINIWINIFRINW

FnhaBea 3. MpumeHeHMe NPOU3BOAHOIM K
nccnepoBaHulo GyHKUMIA

[
(<)}

1

Bo3pacTtaHue n yboiBaHMe GYHKUNMU

2

IKcTpeMyMbl YHKLMMU




3 Hanbonbluee n HaumeHblLee 3Ha4YeHMe 3
bYHKUMM

4 MponssogHaa BTOPOro NnopagkKa, 2
BbIMYK/JOCTb U TOYKA Nepernba

5 MocTpoeHune rpadmka GyHKUNMU 4

Ob6o6Lwwatoumin ypok 2

KoHTponbHan paboTa Ne3 1

FnaBa 4. NepBoobpasHana u UHTerpan 15

1 MNepBoobpasHasn 2

2 MpaBuna HaxoxaeHua nepsoobpasHoi 2

3 Mnowaab KPUBOJMHENHON TpaneLuu. 3
NHTerpan n ero BbluncieHne

4 BbluncneHue naowanen reometTpmyeckmx | 3
duryp

5 NMpumeHeHWe MHTerpana AnAa peweHus 1
dun3nYecKmx 3agau

6 MpocTeinwmne gupdepeHumnanbHble 1
ypaBHeHuA

O606Latoumit ypoK 2

KoHTposibHasa paboTa Ned 1

FnhaBa 5. KombuHaTtopuka 10

1 MaTemaTnyeckaa nHayKuma 2

2 Mpasuno npounssegerHuna. PaameweHnec |1
NnoBTOpPEHNEM

3 MepecTaHoOBKMK 1

4 PasmeleHune 6e3 noBTOpeHUM 2

5 CoyeTaHus 6e3 NOBTOPEHUI U BUHOM 1
HbloToHa

6 CoyeTaHmA ¢ NOBTOPEHUEM 1

KoHTponbHasn paboTa N5 1

FnaBa 6. dnemeHTbl TEOPUUN BEPOATHOCTEN 11

Fnasa7. KomnneKcHble yncna 10

OnpepaeneHne KOMMJIEKCHbIX Yucen 1

Moaynb KOMNNEKCHOro YKucna 1

FeomeTpuuyeckan nHTepnpeTaLma KOMNAEKCHOro 1

yucna

TpuroHomeTpuueckaa ¢popma KOMMAEKCHOro YM1caa 2

YMHOKeHue U geneHme KOMNAEKCHbIX uucen 1

KBagpaTtHoe ypaBHEHME C KOMMJIEKCHbIM 1

HEeU3BECTHbIM

M3BneyeHne KOPHA U3 KOMIMJIEKCHOTO YMcaa 1

YpoK 0606weHna u cuctemaTmsaumm 1

KoHTponbHaa paborta Ne6 1

FnaBa 8. YpaBHeHUA U HepaBeHCTBA C ABYyMA 11

nepemeHHbIMU

JInHeiiHble ypaBHEHUA U HEPaABEHCTBA C ABYMA 2

nepemeHHbIMMU

HenunHeiiHble ypaBHEHUA U HepaBEeHCTBA C ABYMA 3

nepemeHHbIMU




YpaBHeHUA 1 HepPaBEeHCTBA C ABYMA NepeMeHHbIMMU, 4
copepxawme napameTpbl

YpoK obolwieHna n cuctematmsaumm sHaHuii 1

KoHTponbHasa pabota Ne7

MosTOpeHue 43

UToro 160

['eomeTpus

Conepxxanue 00ydeHHs
10 xnacc

(2 9 B HEmemto0, Bcero 684)

CopepxaHue MaTepuaia

KonugecTso
4acoB
I'eomMeTpHs HA IIOCKOCTH 14
CBOMCTBO OMCCEKTPUCHI TPEYTroJbHIKA. Pemenue TpeyroabHuKkoB. Berancnenne | 3
OMCCEKTpUC, MEJIMaH, BBICOT, paJJUyCOB BIIMCAHHON U OMMCAHHON OKPYXHOCTEH.
dopmyIisl TUIOIAAM TPpeyroiabHUKa: hopmyna ['epona; popmysl,
HCHOJIB3YIOIINE PAINyChl BHIUCAHHON M OMMCAHHOM OKpykHOcTel. Teopema o
CyMMe€ KBaJIpaTOB CTOPOH M MaroHaiei napamienorpamma [2], m.a. 97, 99; Ne
524, 535, 697, 887, 953, 100
Teopembl YeBbl u Menenas [3], n. 34 2
Brruncnenve yrioB ¢ BepIinHaMy BHYTPY U BHE KpyTa, yIiia MEXIy XOpAon U 2
kacatenbHOM. Teopema o mpou3BeIeHNN OTPE3KOB XOpA. Teopema o KacaTeabHOU
u cexymieit [3], m.m. 46 — 48
Brnincannbie u onmucaHHbIe MHOTOYTOJIbHUKY. CBOMCTBA M PU3HAKYU BIIUCAHHBIX | 2
Y ONMCAHHBIX YEThIPEXYToJbHUKOB [2], m.1. 74. 75, Ne 724, 729
I'eomeTrpuueckue mecta Touek. Perienue 3aay ¢ OMOIIBI0 TEOMETPUIECKOTO 3
Mecta Touek [11], c. 289; Hepa3pemmMocTs HEKOTOPBIX 3a/1a4 HA TOCTPOCHHE
[2], c. 47, 286;
Omuric, runepOoia, mapabona Kak reoMeTpuaeckne Mecta Touek [4], mm. 4, 7, 8
Pemenne 3aa4 ¢ TOMOIIBIO TEOMETPHUYECKUX MpeoOpa3oBanuii [4], m.a. 44, 46 2
Beenenue. [Ipenmer crepeomerpun. OCHOBHBIE MOHATHS U AKCHOMBI 2
crepeomerpuu. [lepBbie cieCTBUS U3 aKCUOM
I'nasa 1. Ilapa/uiesIbHOCTD NPSIMBIX M INIOCKOCTEH 15
§ 1. [TapamnenpHOCTh NPSMBIX, IPSIMOM M IIJIOCKOCTH 3
§ 2. B3aumHOe pacrnosio’keHre NpsSIMBIX B IPOCTPAHCTBE. YTOI MEXIy NPAMBIMU | 3
KonTponbnas padora Ne 1.1 (20 mun)
§ 3. [TapanienbHOCTh TIOCKOCTEH. 3
N3o6paxenue npoctpanctBeHHbIX ¢uryp [1], lpunoxenue 1
Touamue o yenmpanonom npoexmupoganuu [11], c. 204
§ 4. Tetparap u napajienenunes 4
Konrtpospnas pabora Ne 1.2 1
3auer Ne | 1
I'nasa I1. [lepneHAMKYJISAPHOCTH NPSAMBIX H IIOCKOCTEH 16




§ 1. IleprieHIUKYISIPHOCTD IPSIMOM M IIJIOCKOCTH 5
§ 2. IleprieHOUKYNSIp ¥ HAKJIOHHBIE. YTOJI MEXAY NPSIMOM U IINIOCKOCTHIO 5
§ 3. JIByrpannsiii yroi. IlepneHANKYIpHOCTh IIIOCKOCTEN 4
[Tnomane opTOroHaILHON MPOSKIIMU MHOTOYTOJIBHUKA (Ne 212)
KonTponbHas pabora Ne 2.1 1
3aget Ne 2 1
I'nasa I11. MHOrOrpaHHUKH 11
§ 1. I[lonarue mHororpannuka. [lpusma 3
Mmuozcoepannvie yenwvt ([11], c. 186)
Teopema Dittepa (Ne 784)
§ 2. [lupamuna 3
§ 3. IlpaBunbHBIE MHOTOTPAHHUKH 3
KonTposnbhas padora Ne 3.1 1
3auet Ne 3 1
I'naBa IV. BekTopsbl B IpocTpaHCTBE 6
§ 1. IlonsaTre BeKTOpa B MPOCTPAHCTBE 1
§ 2. CnokeHue ¥ BBIYUTAaHUE BEKTOPOB. Y MHOKEHUE BEKTOpa HA YHCIIO 2
§ 3. KommuianapHbie BEKTOPHI 2
3auer No 4 1
3akJounTeIbHOE TOBTOPEHKE Kypca reomerpun 10 kiacca 4
11 knace
(2 u B Hepento, Bcero 68 u)
Coaepxanue marepuana KonuyecTso
4acoB
I'nmaBa V. MeToa KOOpAMHAT B MPOCTPAHCTBE 15
§ 1. KoopauHathl TOUKH ¥ KOOPAMHATHI BEKTOPA. 6
Kontponsnas padora Ne 5.1 (20 mun)
§ 2. CkansspHO€E IPOU3BEICHUE BEKTOPOB 7
YpaBHeHue MI0CKOCTH [12] 1
®opmya paccTosHUS OT TOUKH A0 miockoctu [12], c. 59 1
KonrtposbHas pabora Ne 5.2
3auet Ne 5 1
I'naBa VI. Hnaunap, KoHyc, map 16
§ 1. Hunmunap 4
§ 2. Konyc 4
Konuueckue cevenus [11], c. 265
§ 3. Cepa 6
KonTtpospHas pabora Ne 6.1 1
3auet Neb 1
I'naBa VII. O6bembl T 22
§ 1. O6beM npsIMOYTOJILHOTO Mapaljiesienune1a 3
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