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OT aBTOpPOB

JarHOE MeToIMUecKoe mocodme aIpecoBaHO YUNUTEIIM, PabOTAIOIIUM IO
yueOHUKY «MaTemaTuka: ajaredpa 1 HadyaJjia MaTeMaTHYeCcKOT0o aHAJIn3a, Ie-
oMmeTpusd. Asnrebpa 1 HavaJia MaTeMaTuYecKoro anaausa. 10 Kjiacc» aBTOPOB
A.T. Mepsaaka, II. A. Homuposckoro, B. B. IToxskosa.

ITens mocobusi — momMoub yuuTeaio Hanbosiee 3)(HeKTUBHO OPraHN30BbI-
BaTh, OCYIIECTBJIATh U KOHTPOJIUPOBATh YUEeOHBII IIPOIlecC Ha YPOKaX aJire-
OpBI 1 HayaJ MaTeMaTuyeckoro aHaausa B 10 Kiacce.

B paspene «IIpumepHOEe MOypoOYHOE MJIaHUPOBAHNE YUY€OHOTO MaTepua-
Ja» IpeICcTaBJICHO pacupeesieHre yueOHOT0 BpeMeH ! 110 N3yYaeMbIM TeMaM
C YU46TOM UacoB, BBIIEJIEHHBIX Ha KOHTPOJbHBIE PAOOTHI.

Paznen «MeTomuuecKkue peKOMeHIAIMH II0 OPTaHU3AI[UU YIeOHO! aesd-
TeJBHOCTU» COCTOUT U3 TEXHOJOTHMUECKUX KapT IO KasKJ0oi TeMe Kypca, 3a
UCKJIIOUeHNeM KOHTPOJIbHBIX padboT. B TexHOJIOrMUYeCcKO KapTe 0003HAUEHBI
IJIaHupPyeMble Pe3yJIbTaThl, OCHOBHBIE ITIOHATUS, U3yUaeMble Ha YPOKe, IIPU-
MepHbIe 3aJaHuA IJId KaKIOr0 YPOKa, a TaKiyKe JAaHbl MeTOAUYEecKHre KOM-
MEeHTApUM K TeKCTY COOTBETCTBYIOIIEro maparpada yueOHUKA 1 HEKOTOPbIM
yIpaskHeHuAM. 3aJaHus Ajad GOpMHUPOBAHUSA HPeIMeTHBLIX pPe3yJIbTaToB,
IOTIOJIHUTEIbHbIe 3aJaHus, 3aJaHus AJIA JoMalllHeill paGoThl yKasaHbI U3
yueOHUKa «AJrebpa u HadyaJjia MaTeMaTuvecKoro anaamsa. 10 Kjace» aBTO-
poB A. I'. Mepanska, u Ap.; 3aJaHusA I KOHTPOJIA U KOPPEKIIUU ITpeaMeT-
HBIX Pe3yJbTaTOB YKa3aHbl 13 mocobusa «CamMocToATeIbHBIE 1 KOHTPOJIbHBIE
paboTsl. Anrebpa u Hauajia MaTeMaTuyeckoro aHaamsa. 10 Kjacc» aBTOPOB
A. T. Mepanaka u np.). JomonuuTe/ibHbIE 3alaHUA MOXKHO HCHOJIB30BATh
IJISI UHOUBUAYAJIbHOI, IIAPHON UK IPYIIIIOBOM PA0OOThI yUaIlIUXCs, a TAKKe
BO BHEYPOUHOH JIeATEJTHHOCTH.

MarepuaJ, pacCMOTPEHHBIII B IiiaBe 6 yueOHUKA, He SABJsIeTCcsI 00sa3a-
TeJbHBIM AJid udyueHus. OH MOKeT OLITh MCHOJIb30BaH IJisi ()OPMUPOBA-
HUSA d5JeKTHUBHOTO Kypca, IpoBeaeHusa (PAaKyJIbTATUBHBIX 3aHATHUNA U opra-
HHU3aIuU IIPOEKTHOH paboTwl. Takike MaTepuas 5TOH IJIaBbl, MOKET OBLITH
OpPeaJIOXKeH IJIsI CAMOCTOSTE/JbHOIO U3yUeHsI HeKOTOPhIM (HauboJiee mo-
TOTOBJIEHHBIM) YUAIIIMMCS.

TexHoJOTMUECKIE KAPThI ABIAIOTCA d3(P(PEeKTUBHONI MOMOIIBIO YUUTEIIIO
IPY OPraHU3aIuy yueOHO! AeATeJIbHOCTH, IIPU 9TOM HYKHO YUNTHIBATD, UTO
BBITIOJTHEHTE 00'hbéMa 3aJaHMii Ha YPOKe 1 JoMa JOJKHO KOPPEKTUPOBATHC
yuuTeJIeM B 3aBUCUMOCTY YPOBHSA MaTeMaTUYECKOM IIOATOTOBKY yUaIl[UXCA.

Pasges « KourpoabHbie padoThI» COCTOUT 13 9 KOHTPOJILHBIX Pa0dOT B CO-
OTBETCTBUMU C ILIAHUPOBaHMEeM yueOHoro marepuasa. Kaxmgasa padora comep-
KuT 4 BapuaHnrta. Takoit oOIINPHBITT MaTepuaJj IIOMOKeT YUNTEJII0 OPraHu30-
BaTh O0'bEKTUBHBIN 1 9(h(PEeKTUBHBIN KOHTPOJIb 3HAHUIA.



B pazmene «Meromuueckue peKoOMeHIAIIMH IO OIleHKE O0pPa30BATeJIb-
HBIX JTOCTUSKEHUH YYAIIUXCA» IPEICTABIIEHBI METOABI KOHTPOJISA B yUeOHOM
mpoIiecce.

B paspene «Meroaguueckue pexomenmanuu mo gopvmupoBanuro UKT-
KOMIIETEHTHOCTH yYal[uXcs» IpejiaraeM TeXHOJOTHUUYECKYI0 KapTy ypoKa,
Ha KoTopoM mucroabayiorca UKT.

B pazmen «Mertognuyeckue peKoOMeHIAIIUU 110 OPTaHU3AIMHN YIeOHO-HUC-
CJIeTOBATEJBCKOM U MPOEKTHOM IeATEeJIbHOCTH YUYAIUXCA» BKJIIOUEHBI TEX-
HOJIOTMYECKMEe KapThl OPraHU3aIlMM IIPOBeNeHUs YUeOHO-KCCJIeN0BaTe Ib-
CKOHU 1 MPOEKTHOH JIesATeJIbHOCTH, KPUTEPUH OIeHKHU dTON AeATEeIbHOCTH.
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MeToanueckue peKomMmeHaalmumn
Nno OpPraHn3allum y'lesllﬂﬁ ACATeNIbHOCTM

rmasa 1. [lOBTOpEHME 1N pacwmpeHne ceeaeHnn
O MHOXeCTBax, MaTeMaTNYeCKOW Noruke
N PyHKLMAX

§ 1. MHoXxecTBa. Onepauv Hapg MHOXXeCTBaMu

TexHoNorMyeckas KapTa ypokoB

bopmupyemsbie

pe3ynbTatsl

lMnaHnpyemsie

pe3ynbTatsl

OcHOBHbIEe
MOHATUA

MpeametHble: HGOPMUPOBATL YMEHUS ONePUpPOBaTb MOHATUS-
MW MHOXECTBA, 3NemMeHTa MHOXecCTBa, NoAMHOXecTBa, cob-
CTBEHHOrO NMOAMHOXECTBA; HaXoAUThb NnepeceveHme, obbegmHe-
HMe, Pa3HOCTb MHOXEeCTB, WIIIOCTPUPOBATb pe3ynsraT 3TUX
onepauuin c MoOMoLbIo guarpamMmm dunepa.

JInyHocTHbIE: HOPMMPOBATL MHTEPEC K U3YYEHUIO TeEMbI U Xe-
naHve NPUMEHSTbL NPUOBPETEHHbIE 3HAHUS U YyMEHUS.

MeTtanpeamertHbie: hopMMpPOBaThL NpeacTaBneHns ob naesx un
0 MeTofax MaTeMaTuKKM Kak 06 yHMBEPCanbHOM f3blKe HayKu 1
TEXHWUKM, O CPEACTBE MOAENMPOBAHNSA ABNEHNIN N MPOLLECCOB.

Yyawmmcsa HayymTcs onepupoBaTh MOHATUAMW MHOXECTBA, dJie-
MeHTa MHOXeCTBa, NMOAMHOXEeCTBa, COOCTBEHHOIO MOAMHOMXe-
CTBa; HaxoAuTb MepecevyeHne, oObeanHeHMe, Pa3HOCTb MHO-
XECTB, UIINIOCTPUPOBATL Pe3ynbTaT 3TUX onepauuii C MOMOLLbIO
Anarpamm dunnepa.

MHOXeCTBO, 3/IeMeHT MHOXEeCTBa, XapaKTepmncTMyeckoe CBOn-
CTBO, MOAMHOXECTBO, AnarpaMmbl dnnepa, cobcTBeHHoe noa-
MHOXEeCTBO, nepecevyeHme, ob6begMHEHE MHOXECTB, Pa3HOCTb
MHOXeCTB.

3agaHusa gnsa 3apanus 3apaHus
dbopMUpoBaHNs AdononHun- ANS KOHTpons a
npe I\:’eTHbIX TenbHble " koppekuun OMAanI.IJHeVI
rc‘::;:'lnlﬂaToa 3anaxna NPEAMETHBIX # aboTbl
pesy pesynbraToB P
Ypox 1 1.1,1.2,1.4,1.5, 1.6, 1.3, 1.8
1.7
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OKOHYaHue

3apaHuga gnsa 3apanus 3apaHus
A an ﬂOI‘IOﬂHI/I— ANnA KOHTpons A
cpopmMmmnposaHuns ansa
TefbHble 1 KoppeKkunn -
npegMeTHbIX OoMalluHen
3ajaHunsa npegMeTHbIX
pe3ynsTaToB paboTbi
pesynbraToB
Ypok 2 1.9, 1.10, 1.11, 1.13, 1.21 CamocTonATeNnbHas 1.12, 1.14,
1.15,1.17, 1.18, 1.19 paboTta Ne 1: 1.16, 1.20
Ne 1(2,4,6),2,3,4

MeTonuuecKkue KOMMEHTAPUU

ITousaTue MHOKeECTBA SIBJISIETCSA OJHUM U3 OCHOBHBIX IIOHATHI MaTeMaTH-
Ku. OmpesiesieHre 9TOTO MTOHATUSA He TaéTcsa. 3IeCh MOYKHO IPOBECTH HapaJ-
JeJdb C TAaKUMHU TeOMeTPUUYEeCKuMHu (QUrypamMu, Kak TOUKa, mpsaMas, ILJIO-
CKOCTb.

Yualuecsa Ha WHTYUTUBHOM YPOBHE XOPOIIIO BOCIPUHUMAIOT IIOHATHE
MHOKeCTBa. 3/IeCh BayKHO IIPUBECTHA MHOTO IIPMEPOB.

Hsa Toro uToOBI yualuecs ObICTpee YCBOUJIU TEOPETUKO-MHOMKECTBEH-
HYIO CHMBOJIUKY, ITPUMePbI JOJIXKHbBI OBITh PA3HOOOPA3HBIMU.

IlycToe MHOXKXECTBO — OOBEKT HAOCTATOUYHO abcTpakTHBIN. IlosTomy B
9TOM CJIyUae BasKHO IIPUBECTH HECKOJIbKO IIPUMEPOB.

C camoro HavaJia BasKHO OOpaTHUTh BHUMAaHUeE yJaluxcsa Ha TO, UYTO CJO-
BO « MHOJKECTBO» He SBJISETCA CHHOHMMOM CJIOBa « MHOTO» . CiremyeT mpeaio-
JKUTh YyYaIlMCs CAMOCTOSTEJNIbHO IMPUBECTU M3 OKPYIKAIOIIero Mupa mpu-
Mepbl MHOJKECTB, COCTOSIIIUX W3 OJHOTO 3JeMeHTa, 1 MHOYKECTB, ABJISIIO-
IUXCSA MYyCTHIMHU, 3a/JaB 9T MHOKECTBA C IIOMOIIBIO XapaKTEePUCTUUECKUX
CBOMCTB.

IToHATHA PABHBIX MHOYKECTB U ITYCTOT'0 MHOKECTBA Oy T JaJiee UCIIOIb-
30BaHBbI AJIs BBeIeHUS IIOHATHA PABHOCUJIbHBIX YPABHEHUNM U HEPAaBEHCTB.

B maparpade paccmaTpuBamTCcA JBa cmocoba 3amaHus MHOMKECTB: C IO~
MOIILIO TEePeUYNCIeHN dJIeMEeHTOB U C IIOMOIIbI0 XapaKTepPUCTUUECKOTO
cBoiicTBa. BaskHo, 4TOOBI yualuecss MIOHUMAJIN, B KAKUX CAyYasaX YI0OHO
MOJIb30BaThCA KaXKIbIM M3 3TUX CIIOc000B. B mamHom maparpade eiré me
paccMaTpuBalOTCAd MOHATUA «KOHEUHOE» U «0eCKOHeUHOoe» MHOYKECTBO, HO
B pe3yJIbTaTe PAaCCMOTPEHU IIPUMEPOB 9TOT0 maparpada yuamiuecs Ha UH-
TYUTUBHOM YPOBHE MOTYT CAMOCTOSATEJIbHO MPUNATU K BHIBOAY, UTO OECKO-
HeYHOe MHOJKECTBO MOJKHO 3aJaTh TOJbKO XapaKTepPUCTHUYECKUM CBOIi-
CTBOM.

Crenyet oOpaTuTh BHUMAaHWE yUYAIIUXCA Ha PA3HUILy B 3anucax (a; b) u
{a, b}. Banucs (a; b) npencrasigeT cob0il YHOPALOUEHHYIO IIapy, B KOTOPOM
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BasKHO, Ha KaKOM MeCTe HaXOIUTCA KaKAbII M3 JJIEeMEeHTOB, a 3alliCh
{a, b} — MHOKeCcTBO, B KOTOPOM IIOPSIIOK 3aIlMCHU 9JI€MEHTOB He uMeeT 3Ha-
yeHUA.

IIpu hopMupoBaHUY ¥ yUAIIIUXCS HABLIKOB 3aJaHUS MHOKECTBA C IIOMO-
miblo 3anmucu A ={ x| ...} Hago 00pPaTUTh BHUMAHNE HA TO, YTO B KAUYECTBE dJIe-
MeHTAa X MOJKeT BBICTYIATh 3JIEMEHT JIF000I IPUPObl, HAIIpUMepP OJHO UUC-
JIO, YIOPAMOUeHHAs ITapa 4ucesa 1 T. . [lokasaTeabHO B 3TOM OTHOIIIEHUU
ABJIAETCSA 3aIlllCh MHOMKECTBA TOUYEK IIJIOCKOCTH, IIPEACTaBISIONIUX COOOM
rpad)K HEKOTOPOTO YpaBHEHUA JMO0 HEKOTOPOU (DYyHKIUMN.

Huarpammsel ditepa ABIAIOTCA OUeHDb YIOOHLIM MHCTPYMEHTAPUEM MIJIS
paboThl C MHOYKECTBAMU JI000I IPUPOABI. YUaluecs yKe 3HAKOMBI C 9TUM
MHCTPYMEHTapUeM: C ero IOMOIIbIO B IPEeABIAYIIUX KJIaccaX JeMOHCTPUPO-
BaJIaCh COOTHOIIIEHUS MEXKAYy MHOYKeCTBaMHU N3yuaeMbIX 00beKTOB. B Kaue-
CTBe IIOBTOPEHUS U CHCTEMATU3AI[UY 3HAHUHA MOKHO MPEIJIOKUTh YUaII[M-
cA n300pasuTh TaKue COOTHOIIIEHUS, a TaKyKe OMMMCATH 9TU COOTHOIIEHUS C
HOMOIIbI0 TEPMUHOB U3 TEOPUU MHOKecCTB. [Ipu M3ydyeHUM AAHHOTO Iapa-
rpada cienyer MIPeaoKUTh Te 00bEKThI, I N300PaKeHNsI KOTOPBIX JOCTa-
TOYHO COOTHOIIIEHUSA «OBITH ITOJMHOMKECTBOM»; IIPU U3YUYEHUU CJIEAYIOIIEero
naparpada — 00BEKTHI, TPEOYIOIe MNCIIOJb30BaHUS IIepeceueHusa U 00b-
eIVHEHUs MHOKECTB, HAIpUMep KJIacCU(PUKAIINIO0 TPEYroJbHUKOB, YeThI-
PEXYTOJIBHUKOB U T. II.

ITesrecoobpasHo MTPUBECTH JOCTATOUHOE KOJTHMUECTBO IPUMEPOB, MOTUBU-
PYIOMINX HeOOXOAMMOCTEb BBEAEeHIA Ollepaluii mepeceyetnsi, o0beJuHeHnsd,
pPasHOCTU MHOKECTB.

BaxxHo oOpaTuTh BHUMaHUE HA CBI3b MEXKY omepaliueil mepeceuyeHus u
IIOMCKOM DeIlleHnI CUCTeMbI YPaBHEHUI; CBA3b MeKY ollepalireii oobeau-
HEHUS U MIOUCKOM PeIleHNs COBOKYITHOCTH YPaBHEeHUIA.

ITousiTe cucTeMbl ypaBHEHUM 3HAKOMO yUYAIMMCA W Ha HATIATHOM
YPOBHE MMeeT MOCTAaTOUHYIO MOTHUBAIIUIO IJIS eT0 BBeJeHusda. [loHATHe COBO-
KYIIHOCTH yPaBHEHUI He HACTOJBbKO HarIAmaHO. [0 m3yuyeHuMs KBagpaTud-
HBIX HEPABEHCTB MOXKHO IPUBECTH He TaK MHOIO IIPUMEPOB, IIOKA3bIBAIO-
IIUX I1eJIecO00pPasHOCTh BBEJEeHUs 9TOr0 MoHATHA. Kpome nmpumepa ypaBHe-
HUSI, B KOTOPOM IIPOM3BeJeHIe HEeCKOJbKHUX MHOKHUTEeJedl paBHO HY.JIIO,
MO’KHO IIPMBECTH IPIMephI YPaBHEHUH ¢ MOAYJIeM, TAKUX Kak |x — 5| = 4.

OG6o01ieHre ollepaluil mepeceyeHnss U O0beUHEHUA IJId TPEX U OoJjee
MHOKECTB BOCIIPUHUMAETCS YUYAIIUMUCA HECKOJbKO CJIOKHEee, YeM MIJIsd
IBYX MHOXKECTB. 3/IeCh CYII[eCTBEeHHYIO IIOMOIIb B Pas’bsICHEHUN MOTYT OKa-
3aTh JuarpaMMbl dijepa.

ITpu mocTpoennu gmarpamwm Jitaepa cieayeT yAeJUTh BHUMAaHUE TOMY,
4yTOOBI BBAMMHOE PACIIOJIOKEeHNEe KPYTOB COOTBETCTBOBAJIO CIOKETY 3aJadumu.
Tak, yuaiuecsa DOJMKHBI IPABUJIBHO PACIIOJATaTh KPYTr, M300pasKaromuii
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IIOOMHOMECTBO, IIOJITHOCTBIO BHYTPH KPyra-MHOMXeCTBa; B 3aBHMCHMOCTH OT
TOT'0, ABJIAETCA JIX IIYCTBIM IIepeceueHre MHOMeCTB, PHMCOBATh IIepeceKaro-
Imiruecda nJjan HellepeCeKawIIuecda KPyru 1 T. 1.

ROMMeHTapI/II/I K YIPpaxXHEeHUAM

N2 1.2. 1) A = B; 3) A # B, IOCKOJIBKY 3JIEMEHTAMU MHOKECTBa SABJIAIOTCH
yIOpsAgOYeHHbBIE TTapHI.

Ne 1.3. 1) A # B, TOCKOJBbKY 9JIeMEHTOM MHOMKecTBa A saBjasgeTcsa uyucio 1, a
2JIEMEHTOM MHOJKeCTBa B siBjisgeTCsi OAHO3JIeMEeHTHOE MHOKecTBO {1}.

Ne 1.18. IIycToe MHOKECTBO.

Ne 1.20. ITycToe MHOKEeCTBO.

§ 2. KoHeuyHble U becKOHeYHble MHOXKecTBa

TexHoNorMyeckas KapTa ypokos

®opmupyembie [lMpeameTHbIe: BNaaeTb NOHATUAMU: KOHEYHOe N BeckoHeyHoe

pe3ynbratbl MHOXEeCTBa, KOJIMYECTBO 3/IeMEHTOB KOHEYHOro MHOXECTBa,
B3aMMHO OJHO3Ha4yHOe COOTBETCTBMEe, CpaBHeHUe DecKoHeu-
HbIX MHOXECTB, PaBHOMOLLHbIE MHOXEeCTBA, CYETHblE MHOXe-
CTBa; popMMpPOBaTb yMeHNEe 0OBOCHOBbLIBaTb hopMyny BKIlloYe-
HUA-UCKJTIOYEH S, MTPUMEHSATb e€ Ana pelleHns 3ajay.

JInyHocTHble: hopMUpoBaTb yMeHue dopmMynmMpoBaTb Cob-
CTBEHHOE MHEeHMe.

MertanpeametHbie: GopMUPOBaTbL YMEHUA OonpeaensiTb NOHS-
TWs, co3gaBaTb 060OLEHNS, ycTaHABIMBaTb aHaNorm, Knaccum-
duvumposaThb.

I'lnaHMpyeMble yan.LMVICﬂ Hay4ynTca onepupoBatb MOHATUAMU. KOHEYHOE U

pe3yrnbraTtbl beckoHeyHoe MHOXeCTBO, KONIMYeCTBO 3J1IeMEeHTOB KOHEYHOTIOo
MHOXecTBa, B3aMMHO OAHO3Ha4YHO€ COOTBETCTBUE, CPaBHEHUE
OecKOHeYHbIX MHOXeCTB, paBHOMOLWHbIE MHOXeCTBa, CYETHbIE
MHOXeCTBa, obocHoBaTb qJOpMyJ'Iy BKNIO4YEHUNA-UCKITIOYEHUA,
NMPUMEHATb eé onga peweHuna 3agad.

OcHoOBHbIe KoHe4yHOe MHOXeCTBO, KONMMYECTBO 3J1IEMEHTOB KOHEYHOrOo

MOHATUA MHOXeCTBa, beckoHeyHoe MHOXeCTBO, CpaBHEHUe OeckoHeu-
HbIX MHOXeCTB, cpopmyna BKNIOYEeHNA-NCKNIOYeHNA, B3aNMHO
OAHO3Ha4YHOe COOoTBETCTBME, paBHOMOLWHOE MHOXeCTBO, CYéT-
HO€ MHOXeCTBO.

13



3apaHunsa

3apaHusa 3apaHusa
JdononHu- Ans KOHTpons
ans opMmupoBaHus ans
TenbHble 1 KoppeKLuu1n -
npeaMeTHbIX AoMaluHen
3apgaHus npeaMeTHbIX
pe3ynsTaToB paboTbl
pesynbraToB
Ypok 1 2.1,2.3,24,2.6 2.2,25
Ypok 2 2.7,2.8,2.10, 2.12, 2.15, 2.17 CamocroaTenbHas 2.9,2.11,
2.14 paboTta N2 2: 2.13
Ne 2, 4

MeTozmquIme KOMMEHTAapun

B mepsyio ouepens ciaenyeTr c(pOpMUPOBATE y YUAIIIUXCA IIPEICTaABIEHUE
O TOM, UTO O KOJIMYECTBE 3JIEMEHTOB MHOXeCTBa 1 BCeX IIOHATUAX, B KOTO-
PBIX OHO IIPUMEHSAETCSI, MOYKHO TOBOPUTH TOJBKO II0 OTHOIIEHUIO K KOHEY-
HBIM MHOJMXeCTBaM.

Dopmy1y BRKIAOUEHUSI-UCKJIOUYEHNS JOCTATOUHO JIETKO O0OBACHUTL yda-
IIUMCSA C IOMOIIBIO AuarpamMm diijepa. UyTh caoKHee ydaliruecs BOCIPHU-
MYT IpUMeHeHUe 9TOH (POPMYJIBI AJIA JTI0O0TO KOJTMUEeCTBA MHOYKECTB.

HpI/I PacCMOTPEHUHM IIOHATHUA <«B3aMMHO OJHO3HAYHOE COOTBETCTBHE»
cienyeT oOpaTUTL BHUMAaHNE yUalllUXCsS Ha TO, UTO B OIIpeleJeHIU OTCYT-
CTBYeT OrPaHHNUYEeHNE Ha KOHEUHOCTh NI 0ECKOHEUHOCTh MHOKecTBa. Cie-
AOoBaTeJIbHO, OHO IIPDMMEHMMO K JIIOﬁBIM MHOMXeCTBaM, I KOHEYHbIM, 1 6ec-
KOHeUHBIM. Biiarogapsi aToMy yCTaAHOBJIEHNE B3AMMHO OJHO3HAUHOT'O COOT-
BETCTBUSA ABJIAETCA MOIIHLBIM NHCTPYMEHTOM CpaBHEHUA <«pasMepar»
MHOJKECTB.

B nmaparpadge paccmoTpeHo ycTaHOBJIEHNE B3AUMHO OJHO3HAYHOT'O COOT-
BETCTBUA MeEXAY OJHMM KOHEYHBIM MHOMECTBOM N COGCTBEHHI)IM IIOAMHO-
YKEeCTBOM JPYIroro KOHEUYHOI'0 MHOJYKECTBA, Ha OCHOBAHUU UEero CTAHOBUTCS
BO3MOJKHBIM CEJIATh BLEIBOJ O TOM, B KAKOM M3 MHOYKECTB 00JIbIIIEe 3JIeMeH-
TOB.

Cienyet oOpaTuTh BHUMaHME Ha TO, YTO CPAaBHEHME KOJHUYECTBA DJIEeMEH-
TOB ABYX MHOMECTB C IIOMOIIIBIO B3aMMHO OJHO3HAQYHOTO COOTBETCTBUA
IIPUMHIIUIINAJBHO OTIMYAaeTCA OT CPaBHEHUA HEIIOCPEeACTBEHHBIM HOI[CTIéTOM
KOJIMUEeCTBA 3JIEMEHTOB IBYX MHOYKECTB.

BoapmuucrBo 3amau sroro maparpada, HaunHAas CO CPEIHEro YpPOBHS
CJIOMKHOCTU, ABJIAIOTCA KoMOnHaTOpHbIMU. CllegyeT yaAeJUTh BHUMAaHNIE TO-
MYy, YTOOBI yUAII[HEeCsHd:

* BO-IIEPBBIX, IPABUJIBHO (h)OPMUPOBAIN MaTEMATUUYECKYIO MOJEeJIb IIepe-
6opa Bcex BO3MOJKHBIX BAPUAHTOB [JIsI CUTyallil, OINCAHHON B 3a7aue;

14



* BO-BTOPBIX, IIPU YCTAHOBJIEHUU B3AaUMHO OJHO3HAYHOTO COOTBETCTBUSI
IOKas3bIBAJIM, UTO P MPEAJOKEHHOM UMY aJITOPUTME COOTBETCTBUE SBJIA-
eTcs MeiCTBUTENHHO B3aNMHO OJJHO3HAUHBIM.

B maparpade paxTuuecku gaércs ompeneseHne OECKOHEYHOTO MHOKe-
CTBa KaK MHOKeCTBa, PABHOMOIIHOTO CBOEMY COOCTBEHHOMY IIOAMHOMKEe-
CTBY. YUaluMcCs CJIeayeT PasdbACHUTD, IOUYeMy UMEHHO 3TO CBOMCTBO MOJK-
HO TIOJIOJKUTH B OCHOBY OIIpeJleIeHNsT — HUKaKoe KOHeUHOe MHOYKEeCTBO Ta-
KHUM CBOICTBOM He obOjajgaerT.

IIpu paccMOTpEHHHM IIOCJIENOBATEIBHOCTU IIPOCTBIX YKCEJ MOYKHO Ha-
IIOMHUTB yUaIIUMCHA, YTO B 6 Kyacce Oblia paccMOTpeHa uaed NJOKa3aTesb-
CTBAa TOTO, YTO MHOYKECTBO IIPOCTHIX YUCEJ ABJIAETCA 0ECKOHEUHBIM.

Heo6xoamMo, 4TOOBI yuallimecs IIOHSJN: UTOOBI ITOKAa3aTh PAaBHOMOII-
HOCTH IBYX MHOKECTB, JOCTATOYHO YCTAHOBUTH MEK/IYy HUMU B3BAUMHO OJHO-
3HAUHOE COOTBETCTBUE.

Ocoboe 3HaUeHUE UMeeT reoMeTpuuecKkuii mpumep maparpada. Ox moka-
3bIBaeT, KaK (OopMaIbHO CTPOTHE JIOTUYECKUE PACCYKIEHUA MOTYT BOUTH B
TIPOTUBOpPEUNEe C MHTYUTUBHO-HATVISAHBIMY TIPEJCTABIEHUSIMHU O CBOMCTBAX
reoMeTpuyuecKux puryp.

KoMMeHTapuu K yIpasKkHEeHUSIM

Ne 2.7. ITocKOJIBKY BCe 5JI€EMEHTHI [IEPBOI0 MHOXKECTBA JAIOT Pa3HbIe OCTATKU
IIpU OeJIEHUU Ha 3, TO MeXKAY JaHHBIMUA MHOMXECTBAMU YCTAHOBJIEHO B3aM-
HO OJHO3HAYHOE COOTBETCTBUE.

Ne 2.8. Ecau Kakayo nmu@py OATHU3HAYHOrO UYKCJIa, Bee IUPPHI KOTOPOTO
YETHBI, YBEJIMUUTD Ha 1, TO HONIYYNM HATU3HAYHOE UHCJIIO, BCe IUPPHI KOTO-
poro Heuérubl. Ho, manmpumep, uucao 11 111 ¢ momoIibio TaKoil omepaiuu
TMOJIYYUTDH HEJIb3s.

Ne 2.9. Ecoiz B uncJie, Bce IU(MPPLI KOTOPOT'O 3alMCAHLI B IIOPALKE BOo3pacTa-
HUS, TOMEHATD MTOPSAA0K CJIeI0BaHUA TP Ha TPOTUBOIOJIOMKHBIN, TO TTOJIY-
YUM YMCJIO BTOpPOro Buaa. OmHaKO ¢ IMIOMOIILIO TaKOI Oolleparuy MOJIyUYUTh
YUCJIO, TTOCJeIHAS I pa KOTOPOTO PaBHA HYJIIO, HEJIb3sd.

Ne 2.10. KaskgoMy 4eTBIPEXYTOJBHUKY IIOCTaBUM B COOTBETCTBUE TOUKY IIe-
peceuenus ero auaronaieii. Kammoit Touke mepeceueHus IBYX AUATOHAJEH
JIaHHOTO N-yroJbHUKA IIOCTABUM B COOTBETCTBHE UETHLIPEXYTOJBHUK, Bep-
IIIUHBI KOTOPOT'O — KOHIILI JaHHBIX ABYX AUATOHAJEH.

Ne 2.15. IIycts A — 3TO MHOXKECTBO YUAIIUXCs, PEIINBIINX TOJbKO IIEPBYIO
3amauyy, B — MHOKECTBO yUallliXCs, PEIIUBIINX TOJbKO BTOPYIO 3amady,
C — MHOK€eCTBO Y4YaIl[UXCs, PEIINBIINX TOJbKO TPETHIO 3aJauy. SaluIlieM
(hopMyJIy BKIIOUEHUA-UCKJIIOUEHUA I Tpéx MmHoxKecTs: n(A U B U C) =
=n(A)+nB)+n(C)—n(ANB)—-n(BNC)—n(CNA)+nANBNC).Ioyec-
aosuo n(A UB UC)=46, n(ANB)=11, n(BN C) =8, n(C N A) =5,
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n(A N BN C)=2. Orcroza n(A) + n(B) + n(C) = 68. Eciu 06l KaXKAYIO 3a8a-
Yy PeInIf MeHbIIle ITI0JIOBUHEI BCEX YUYACTHUKOB, TO JIeBasl YacTh IIOCJIeIHe-
ro paBeHCTBa He npeBocxoamia 66. Ilomyunau mpoTuBopeyne.

§ 3. BbickasbiBaHMA U onepauvn Hag HUMU

TexHonorn4yeckas kKa PTa ypokoB

(DOpMMpyeMble npe,l.IMETHble: BnageTb OCHOBHbIMU MOHATUAMU MaTeMaTun4de-

pe3ysibTaTtbl CKOM NIOTUKMU; q)OpMMpOBaTb yMeHUA NpoBOAUTb 3NeMeHTap-
Hble onepaunn Hapg BblCKa3blBaHUAMU, CTPOUTb TaGJ'IMLl,bI nc-
TUHHOCTW Oonsa I'IpOCTeVILLIMX norn4yeckmnx Bblpa)KeHl/IIZ.

JINYHOCTHBIE: HOPMUPOBATL YMEHUS MPEACTaBAATb pe3ynsraT
CBOEN JeATeNnbHOCTU.

MertanpegmetHbie: GopMMpoBaTb YMEHUA OnpeaenaTb MOHS-
TUA, co3paBaTb 0b600OLWEeHNS, ycTaHaBNMBaTb aHaNornm, Knaccu-
durymposaTb.

ﬂnaHMpyeMb/e Yyawmmca oBnageeT oCHOBHbIMU NOHATUSMW MaTeMaTU4YeCKom

pe3ysibTaTtbl JIOrMKKN, HaydynTca npoBOAUTL 3JIeMEeHTapHble onepaunnm Hapg
BbIlCKa3blBaHNAMU, CTPOUTb Tabnuupbl UICTUHHOCTW And I'IpOCTGVI-
WX norm4eckmnx Bblpa)KEHMﬁ.

OCHOBHbIE MaTemMaTunyeckas iormka, UCTUHHbIE YTBEPXAEHUS, TOXHbIE yT-
MOHATUS BEpPXAEHUS, BblcKka3sbiBaHWe, PYHKLUMS UCTUHHOCTU, KOHbIOHK-
uusa, normyeckas ornepaumsi, Tabnuua UCTUHHOCTU, AU3bIOHK-
LM, UMNINKaLUNs, 3KBUBANEHTHOCTb, OTPULLAHWE, IOTUYeckoe
BblpaXKeHWe, Nornyecku 3KBMBaNeHTHbIE BbiCKa3blBaHUS, Bblpa-
XEHUSA TOXAECTBEHHO UCTUHHbIE, 3aKOH UCKIIOYEHUS TPETbETO.

3apaHunsa
3agaHus 3agaHus
,U,OHOHHVI— ANna KOHTpons
ana ¢popmnposaHusa ons
TelibHble n Koppekuun o
npeﬂMETHbIX AoMaluHen
3apaHusa npepMeTHbIX
pe3ynbsraTtoB pabotbi
pe3ynbraTtoB
Ypok 1 3.1,3.2,3.3 3.4
Ypok 2 3.5,3.7,3.9,3.11, 3.15 CamocTtoaTenbHasa 3.6, 3.8,
3.13 paboTta Ne 3: 3.10, 3.12,
Net,2,3 3.14, 3.16
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METOJII/I‘IGCKI/IG KOMMEHTAapPpUuHu

C moHATHEM MCTHUHHOTO M JOXKHOTO BBICKA3bIBAHUSA yUaIllMecd O03HAKO-
MuJInch B 6 Kiaacce. Yuaruecs JOJKHBI YCBOUTD, UTO He BCAKOE IIPeIJIoKe-
HHEe PYCCKOTO A3bIKA SABJISETCA BbICKa3bIBaHMEM. 37IeCh BAayKHO IPUBECTU
MHOTO ITPUMEPOB KaK BbICKA3bIBAHUM, TAK U MPEAJIOKEHNN, He ABIAIOIIUX-
cs BBICKA3bIBAaHUSAMU.

BBops omepaiiuu HaJ BHICKA3bIBAHUSIMU, YUAIIIMECS TOJIKHBI TOHUMATD,
YTO 9TU MOHATUA (POPMATU3YIOT TO, UTO MBI MCIIOJIb3yeM B OOBIIEHHON peuu,
CTPOS UCTUHHBIE U JIOYKHbIE BbICKa3bIiBaHusA. Karkaas jornuecKkas omeparus
MMeeT CBOM eCTeCTBEHHBIN U MOHATHBIN aHaJIOT.

CienyeT IpoBECTU aHAJOTUIO MEXKAY OIlepalusaAMU HaJll BLICKa3bIBAHUA-
MU W omepanuaMu HajJ MHOMKecTBaMu. [Ipm He0OXOAMMOCTY MOKHO 3aeii-
CTBOBATH AMATrpaMMbI Jiljaepa.

Oco6oe MecTo cpeau ollepaluii HaJl BbICKA3bIBAHUSIMU 3aHUMAET UMILIN-
KaIus. ITa omeparnus B KAaKOM-TO CMbICJIE He COTJIacyeTCs C II0BCeIHEBHBIM
OITOM IIOCTPOEHUS YMo3aKJoueHu. [losToMy ciiegyeT ocTaHOBUTHLCS OoJiee
mopPOOHO Ha cjaydae, KOTZa B UMIJIMKAIIUU YCJIOBUE SABJISETCA JIOJKHBIM BbI-
ckaspiBanueM. OnpenesIEHHbIE Pa3bsICHEHUA €CTh U B TEKCTe naparpada.

BBenmenue omeparnuii HaJ BBICKA3BIBAHUSIMU CONPOBOMKIAETCS IIOCTPOE-
HueM TaOJUIl ICTUHHOCTU. ITA KOHCTPYKIIUS ABJIAETCSI OUeHDb YI00OHBIM all-
mapaToM IJisl YCTAaHOBJIEHUS UCTUHHOCTHU CJIO0YKHOTO BHICKa3bIBAHUA.

T'oBopsA 0 JJoruUuecKUX BBIPAKEHUIX, CJAedyeT IPOBOAUTEL AHAJIOT C aJire-
OpanuyecKUMU BLIPAIKEHUSIMU.

Yuaruecsa JOKHBI IOHATH, TOUYEMY TaBTOJOTUU 3aHMMAIOT 0C000e Me-
CTO B MaTeMaTUYECKOU JOTUKe. 3eCh MOKET OKa3aThCA MOJIESHBIM CpaBHe-
HUEe TaBTOJOTHUHU C TOXKIECTBOM.

CBs3b MEXKIY JOTUUECKUMU OIEPAIUAMEI U 3JIeKTPUUECKUMU CXeMaMU
MOJKEeT CIAYIKUTH XOPOIIIUM IIPUMEPOM ITPUMEHEeHU ST 3aKOHOB JIOTUKHM B IIPaK-
TUYECKOU JIesITEeJTbHOCTH YejIoBeKa.

KoMMeHTapuu K ynipaskHeHUSIM

Ne 3.13, 3.14. Cieayer BOCIIOJIbL30BATHCS IIOCTPOEHMEM Ta0JINIL MCTUHHOCTI
JIJISI COOTBETCTBYIOIINX JJOTMUYECKUX BBIPAMKEHMI.

§ 4. Npepukartbl. Onepauyumn Hag npeavKaTaMmu.
Buabl Teopem

TexHonornyeckas KapTa YpOKOB

¢OpMMpyeMble lpeameTHble: BnageTb MOHATUEM npeawvkaTta; dopmMupoBaTb
pe3ynbrartbl YMEHUA Pa3bACHATb CMbIC onepau,m7| Haj npeamnkatamuy, Cctpo-
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lMnaHnpyemsie

pe3ynbTatsbl

OcHOBHbIe
MOHATUA

NTb BblCKa3biBaHUA C MOMOLbIO KBAHTOPOB 06UJ,HOCTVI n cyue-
CTBOBaHUA, pacrno3HaBaTb BUObl TeOpeEM.

JIn4HOCTHbIE: HOopMUpPOBaTh LLEIOCTHOE MUPOBO33PEHUE, COOT-
BETCTBYIOLLLEE COBPEMEHHOMY YPOBHIO Pa3BUTUSA HaYKMW.

MertanpeametHbie: popMMPOBaATL YMEHUA Onpeaensitb NOHS-
TWs, co3paBaTb 0600LWEeHNs, ycTaHaBNMBAaTb aHaNorMm, Kiaccu-
durumpoBaTb.

Yyawmiica oBnageeT NoHATUEM NpeamKaTa, HayuymTcs pasbsc-
HATb CMbIC/T ONepaunii Hag NpeankaTaMu, CTPOUTL BbICKa3biBa-
HUS C MOMOLLIO KBAHTOPOB OBLLHOCTU U CyLLeCTBOBAHUS, pac-
no3HaBaTb BUAbl TeOpEM.

Mpeaukat, paBHOCUMbHbIE MPeAMKaTbl, TOXAECTBEHHO WCTUH-
HbI NpeamnkaT, TOXAECTBEHHO JIOXHbIN MPeaMKaT, KOHbIOHK-
LMa NPeamKaToB, AM3bIOHKLNS NMpeankaToB, UMMNIrKauus npe-
AVKATOB, 3KBMBANEHTHOCTb NpeamMKaTa, oTpULaHue npeaukaTa,
KBAHTOP OOLWHOCTU, KBAHTOP CyLLECTBOBaHUS, YCIIOBUE Teope-
Mbl, BbIBOJ, TeOpeMbl, B3aUMHO OoDpaTHble TeopeMbl, NpsAMas,
obpaTHasi TeopeMa, f,OCTaToO4YHOe YCnoBUue, HeobxoamMmoe ycno-
BMeE, NPOTMBOMNONOXHbIE TEOPEMBI.

3apaHus

3apaHus

ana ¢popmnposaHusa

npegMeTHbIX
pe3ynbraToB

JononHu-
TenbHble
3apaHus

Ans KOHTpons
1 KoppeKkLuuu
npeamMeTHbIX
pe3ynsraToB

3apaHus
ons
AoMallHen
pabotbi

Ypok 1

4.1,4.2,4.4,45

4.3,4.6

Ypok 2

4.7,4.9,4.10,4.11,

4.12,4.13,4.14

CamocToaTenbHas 4.8,4.15
paboTta Ne 4:

Ne2, 3.4

Meroauueckue KOMMEHTAPUH

B mepsyio ouepenpb yuariuecs: JOJIKHbBI HOHATH PA3JIUUNe MEKIY IPegu-
KaTaM# U BbICKA3bIBAHUAMIH, a TAKIKe, C IOMOIIIbI0O KAKOH olleparui Ipemsu-
KaT IpeBpalaeTcsa B BLICKa3bIBaHUE.

BBogs onepamuu HaI IpeguKaTaMU, CJAeLyeT IIPUAABATE 9TUM (hOPMaJib-
HBIM JeMCTBUAM KOHKPETHOE COLep KaHme, CBA3bIBAA UX C PaHee N3yUYeHHbI-
MU 00'beKTaMu. [[JIg 3TOT0 XOPOIITUMHU IPUMEPAMU ABISIIOTCA CUCTEMBI U CO-
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BOKYIHOCTU YpaBHEHUU, MMOHATHUS PAaBHOCUJIBHOCTYU YpPaBHEHUI 1 ypaBHe-
HUN-CJIeICTBUA.

BBons KBaHTOPHI OOIITHOCTH U CYIIECTBOBAHUSA, CJIEAYET MPUBOAUTH MHO-
TO IPUMEPOB BBICKA3bIBAHUN BUAA «IJIsI JIIOOOTO» U «CYIIECTBYET». YUalliu-
ecs JOJIKHBI HOHUMAaTh, II0UYeMy HaBelInBaHWe KBaHTOpA Ha IIPeJUKAaT IIpe-
BpalllaeT ero B BeIcKasbiBauue. CjaenyeT IpuBeCTU IPUMeEpPHI, KOT/a KBAHTO-
PBI OOITHOCTU ¥ CYITECTBOBAHUS MMO3BOJAIOT (DOPMYJIUPOBATH OIIpeaeIeHU
B 00JIee KOMIAKTHOM (hopMme.

HauuHasa pa3roBop o BUJaxX TeOPeM, B IIEPBYIO OUePeab CIENyeT Pas3bsic-
HUTH yUAIIUMCH, YTO TEOPEMAa — 3TO He IIPEeIUKAT, a BRICKasbIBaHUE, IIPU-
4éM UCTUHHOE. JTO JieTde MOHATH, II0OKas3aB, UTO TeopeMa UMEET CTPYKTYDPY
BeicKasbiBauus Buga (Vx € M) A (x) = B(x) nau (dx € M) A (x) = B(x).
Hasee Ha mpuMepax U3BECTHBIX TEOPEM II0KAa3aTh, KaK (POPMUPYIOTCA U3
IaHHOIN TeOpeMBbI eIlé TPU HOBBLIX BUJA, & 3aTEM 000OIIUTH IPUMEPHI HOP-
MaJIbHBIMH BbIcKaspiBaHuamMu Buza (Vx € M) A(x) & B(x),
(Vx e M) B(x) = A(x), Vx e M) A(x) = B(x),(Vx € M) B(x) = A(x).
Tak:Ke HA IPpUMepPax CJIeayeT IOKas3aTh, KAK PABHOCUJIBHOCTDH TEOPEM OIIpe-
IeJIEHHOTO BUIA IPUMEHSIETCA B JJOKa3aTeIbCTBAX.

KomMMeHTapuu K ynmpaskHEeHUAM

Ne 4.4. [T5151 oGyierdeHus PeIIeHnA caeAyeT n300pasuTh 00J1aCT UCTUHHOCTH
TAaHHBIX IIPEIUKATOB HAa KOOPAWHATHON IIPAMOI.

Ne 4.6. [Isis TOTO YTOOBI MMOHATH, ITIOUEMY OTBETOM SBJISIETCA MHOKeCTBO R,
caenyeT o0paTUTh BHUMAHMWE YUAIUXCSI HA TO, YTO 00JACTHIO UCTUHHOCTU
epPBOTO IpeAUKaTa ABJISETCA IIYCTOE MHOYKECTBO, KOTOPOE ABJISETCS IIOJ-
MHOYKECTBOM JIFOO0T0 MHOKECTBA.

N2 4.11. [JokaszaTeabCTBO PABHOCUIBLHOCTH OJHOMECTHBIX IPEINKATOB TaKoe
JKe, KaK 1 TOKa3aTeJIbCTBO PABHOCUJIBHOCTHU ABYX YPaBHEHUU (HEPABEHCTB):
HAJ0 MOKas3aTh, UTO IIPOM3BOJIBHBIN dJIeMEHT 00JaCTU MCTUHHOCTHU OJHOTO
npeauKaTa IPUHAIIEKUT 00JaCTH UCTUHHOCTHU IPYroro IpeanKaTa, U Ha-
0boporT.

KoHTponbHaa pabota N2 1.

§ 5. DyHKkLUUA n eé cBOMCTBA

TexHoNorMyeckas KapTa ypoKkoB

Qopmupyembie lpeameTHbie: CUCTEMaTU3NPOBATb OCHOBHbIE CBEJEHUA O
pe3ynbratbl byHKUMAX, POopMUpPOBaTL YMEHMe HaxoauTb obnacre onpepge-
neHns GyHKLUMM, 06acTb 3HAYEHNN PYHKLMN, HYNN PYHKLMN,
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MnaHupyembie
pe3ynbratbl

OcCHOBHbIe
MOHATUA

NMPOMEXYTKMN 3HAKOMOCTOSAHCTBA, Hanbo bluee N HauMeHbluee
3HaYeHns GyHKUMN ansa dyHKUUKN, 3afaHHbIX rpaduyecku u
aHaNUTUYeCKn, UccnenoBaTb GyHKLUMIO Ha YETHOCTb U HEYET-
HOCTb.

JInyHOCTHbIE: q)OpMMpOBaTb MnMHTEepecC K N3y4eHUto TeMbl N Xe-
naHune NpUMeHATb I'IpI/IO6pETéHHbIe 3HaHUA N YMEHUA.

MetanpeamMetHble: GOPMUPOBATL YMEHUS COOTHOCUTbL CBOM
LeNCTBUS C MNaHMpPyeMbIMU pe3yfibTaTaMu, OCyLLeCTBASATbL KOH-
TPOJib CBOEN AeATENbHOCTU B MpoLecce AOCTUXEHUS pe3ynbTa-
Ta, onpeaensTb CNocobbl AeACTBUN B paMKax NpeanoXeHHbIX
yCnoBUM 1 TpeboBaHUN, KOPPEKTUPOBATL CBOU AENCTBUS B CO-
OTBETCTBUU C U3MEHSIIOLLENCS CUTyaunen.

Yyalummncs HayumTcs HaxoamMTb 0bnacTe onpeaeneHus dyHKLUK,
obnacTb 3HaYeHUM BYHKUMN, HYNU DYHKLMK, MPOMEXYTKM 3Ha-
KOMOCTOSIHCTBA, Hanbonbllee N HaUMeHbLIee 3HaYeHUs QyHK-
UM gns GyHKUUN, 3agaHHbIX rpaduyeckm 1 aHannuTU4ecku, Uc-
cnefoBaTbh PYHKLMIO HA YETHOCTb M HEYETHOCTb.

DyHKUMSA, DYHKLMOHANbHas 3aBMCMMOCTb, 0b6nacTb onpegene-
HUA YHKLMKW, 0ONacTb 3HAYEHUN YHKLMN, ClopbeKLMs, B3a-
MMHO OfHO3Ha4yHoe CoOTBeTCTBUEe, buekumsa, pyHkunsa Aupux-
ne, Haubonblee 3HaYeHMe PYHKLUU, HAUMEHbLLEee 3HauYeHne
dyHKUMU, YETHas DYHKLUNSA, HEYETHAA PYHKLMS, CBONCTBA YET-
HOW YHKLUUN, CBONCTBA HEYETHOM PYHKLNN.

Ans dopMMpoBaHUS
npeaMeTHbIX
pe3ynbraToB

3apaHusa
ANs KOHTpons
1 KoppeKLuu
npeaMeTHbIX
pesynbraToB

3apaHusa 3apaHusa
ans
AOMaLUHen

paboTbi

AdononHn-
TenbHble
3apgaHus

Ypok 1

5.1,5.3,5.5,5.6,

5.2,54,
5.7

Ypok 2

5.8,5.10,5.12,5.14

5.9,5.11,
5.13

Ypok 3

5.15,5.17,5.19, 5.21,
5.23,5.25

5.27,5.28 5.16, 5.18,
5.20, 5.22,

5.24,5.26

CamocTosdTenbHas
paboTta N2 5:
Ne1,2(1),3(2),4
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METOJII/I‘IGCKI/IG KOMMEHTAapPpUuHu

CBeneHusa, npuBeAEHHbIE B 9TOM naparpade, He HOBBI JJId yYaIIUXCHA.
B kjacce ¢ yriyGsiéHHBIM M3y4YeHUWEM MAaTEeMATHUKU CJEenyeT caejaTh aK-
IIeHT Ha WCIOJIb30BAHUU TEOPETUKO-MHOMKECTBEHHOTO IIOIX0h4a IPU OIpe-
nenennu GpyHKIuu. [Ipu moBTOpeHUHU ciieAyeT oOpaTuTh 0co00e BHUMAaHUE
Ha IOHATHUA 00JIaCTU ONpeAeJeHUs U 00JlacTu 3HAUEHUN (PyHKIIUU, a TaK-
JKe Ha 3aIlMCh 3TUX MHOJKECTB C IIOMOIIBI0 UMCJIOBBIX IIPOMEKYTKOB U UX
00 beqUHEHUA.

BakHBIM HOBBIM MaTepHUAaJIOM B 3TOM Iaparpade ABJIAeTCs OIpeeeHre
B3aMMHO OJHO3HAYHOTO OTOOpaKeHUWs OMHOTO MHOMKecTBa Ha apyroe. Ilo-
CKOJIbKY JaJiee 9TO MOHATHE OyAeT MIMPOKO NCIIOJIb30BATHCS, HAIIPUMED IPU
BBEeJIEHUU MMOHATUS OOPATHOHN (PYyHKIUU, ITPU TOKA3aTEeJILCTBE PABHOMOIITHO-
CTU MHOJKECTB, TO yUalluecsa JOJIKHBI XOPOIIIO ero YCBOUTD.

B rkauecTBe nmpuMepoB GYyHKIIUI, 3aJaHHBIX OMIKMCATEJbHO, B Imaparpade
OIPUBOAUTCS PAJL PYHKITNI, KOTOPBIE IIMUPOKO NUCIIOJL3YIOTCS B MaTeMaTuKe
U nmporpaMmupoBaHuu: QyHKIua [{upuxie, «Iejgas 4acTh YuCIa», «IAPo0-
Hasd 4acTb YUCJIA», «3HAK YMCIIa».

IIpu BBeeHMM HOBOTO MMOHATUA «CJA0KHAA QYHKIIUA» CaeayeT 00paTUTh
BHUMAaHUE YUAIIUXCA Ha TOPAJOK BBITIOTHEHUA JEUCTBUY ITPU BHIUYNCIEHUU
3HAUEHUN TaKOou QPYHKIIUN. YMEHIEe IOCTPOUTD «IepPeBO» aJIrOpuTMa, mo Ko-
TOPOMY HaXOAUTCS 3HAUEHUE CJ0KHOU (PYHKIIUU, OyaeT HeoOXOIUMO IJIs
pellieHUsA 3ajiay, HAIIPUMeEP, Ha IMOCTPOeHUe rpadmuKa CI0KHON (PpyHKIUH,
Ha BBIYUCJIEHVE ITPOU3BOAHON CI0KHOM PYHKIIUHA U T. .

T'oBOpsA 0 MOHATHYN HAWOOJBIIIEr0 M HANMEHBIIEro 3HAUEeHUH (PyHKINH,
Ba’KHO HNOAUEPKHYTH, UTO 9TU XaPAKTEPUCTUKU HEIIPEMEHHO HaJ0 CBA3BI-
BaTh C HEKOTOPBIM MHOKecTBOM. O6o3HaueHUA Tna max f(x) uiau min f(x),
B KOTOPBIX HE YKa3aHO COOTBETCTBYIOIIleeé MHOYKECTBO, ABJIAIOTCA HEKOP-
PEKTHBIMHA.

CraenyeT o0paTUTh BHUMAaHNE yUaIlllUXCsA HA TO, UTO B OIIPEIeJIeHNN HAU-
0OJIBIIIET0 ¥ HAMMEHBIIIEro 3HaUeHU N QYyHKIUN QUTyPUPYIOT HECTPOTHME He-
paBeHcTBa f(x)) = f(x) u f(x,) < f(x). 3amena sTuX HEPABEHCTB CTPOTUMHU
nmpuBesia ObI K TOMY, UTO MHOTHE (PYHKIIUU IIEPECTANN TOCTUTATH HAUOOIb-
mux (HauMeHbINNX) 3HaueHu. Hanpumep, Gyrknusa f(x) = x? Ha MHOMXKe-
crBe M =[-1; 1] cBoero HambosbIIIETO 3HAUEHU S, PaBHOTO 1, He mocTUraza
0b1, moromy uto f(1)=f(-1)=1. [l1 HATTIATHOCTH CJIEYET COIPOBOAUTH 13-
Jo)KeHUe nmpuMepamu rpaduKoB QyHKIui. Takike B KayecTBe UJJIIOCTPA-
WU JKeJIaTeJIbHO IIPUBECTU IIPUMePbl MPYHKIINH, ABISONINXCA KOHCTAHTA-
MU Ha HEKOTOPOM IIPOMEXKYTKE.

B yueOHMKe HNPUHATHI TaKMUe ONpelesieHUsS YETHOM M HeUETHOH (PpyHK-
Ui, B KOTOPBIX B ABHOM BH€e He YKa3aHO, YTO 00JIaCTb onpefeneHnda QyHK-
WU JOJI3KHA OBITh CUMMETPUYHON OTHOCUTEJIHHO Hadyajia KOOpAWHAT. DTOT
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daxT caexyet us Toro, utTo paBeuctso f(—x) = f(x) (au60 f(—x) = —f (x)) BbI-
TOJIHAETCA JJIA JI000T0 X M3 00JIaCTU OTIpeeeHUuA PYHKITUN.

B BaBucumocTM OT ypOBHA MaTeMaTHUECKON IOATOTOBKU YyYaIIMXCHA
KJacca MOXKHO MoKasaThb, uTo GyHKIuA [ (x) =0, D (f) = R — equHCcTBeHHAaA
GYHKIIUA, OTHOBPEMEHHO SABJIAIONIAACA U UETHOM, I HEUETHOM.

ROMMeHTapI/II/I K yIIpaKHEeHUAM

Ne 5.19. ITycts f(0) = a. ITockoabKy f — HeuéTHad GyHKIUA, TO [ (—0) = —a.
Ho f(-0) = f(0). ITonyuum, uto f(0) =a u f(0) = —a, 1. e. a = —a. Orcroga
a=0.

Ne 5.21. BameTum, uTo ecau uncio x, # 0 ABIAeTCA HYJIEM YETHOU QyHKIINH,
TO UMCJIO —X, TAKIKe ABJsIeTcs e€ HynaéM. CienoBaTesbHO, BCe HYJIU YETHON
dyuKIINHN, He paBHbIe 0, MOKHO Pa30UTh HA TaphI, a BHAUNUT, TAKUX HYJIe —
YETHOE KOJUYECTBO. EAMHCTBEHHAs BO3MOMKHOCTb, IIPU KOTOPO KoJamue-
CTBO HYyJIell YETHON (PYHKIIMU OyAeT HeUETHBIM, — 9TO HAJIWUYNE HYJIA PYHK-
nuu x, = 0. 3mauwur, 1(0)=0.

Ne 5.28. BocmosbsoBaBmuchk HepaBeHcTBoM |al — bl < |a — bl, monyuaem, uto
lx + 1| — x| <1. Bmecte c Tem vxt +1 > 1.
Ne 5.29. Umeem: |x + 1/ +]x+2 > 8, a V9 - x2 < 3.

§ 6. NocTrpoeHue rpapukoB PpyHKUMNA
C NMOMOLLbIO reOMEeTPUHECcKX NnpeobpasoBaHUA

TexHonorn4yeckas kKa PTa ypOKOB

@opmupyembie  lpeameTtHbie: HOPMUPOBaTL YMEHUSA CTPOUTb rpaduKn yHK-
pe3ynbrarsl upny=f(kx)ny=Ff(kx+a)+b,y=7(xl) +buny=If(x)l, ecnn
n3BecteH rpaduk pyHkunmn y = f(x).
JIn4HOCTHbIE: HOpPMUpPOBaTL MHTEPEC K U3YYEeHUIO TeMbI N Xe-
naHve NPUMEHSTbL NPUOBPETEHHbIE 3HAHUS U yMeHUS.

MetanpeametHbie: GoOpMUPOBaTb YMEHUS COOTHOCUTbL CBOW
OeNCTBUSA C NNaHMpPyeMbIMW pe3ynbTataMu, OCYLLECTBNATb KOH-
TpOnb CBOEN AeATEeNbHOCTU B NpoLiecce JOCTUXEHUS pe3ybTa-
Ta, onpenensTb CNocobbl AeNCTBUA B paMKaXxX MpeasioXXeHHbIX
YCIOBUI U TpebOoBaHUI, KOPPEKTUPOBATL CBOU AENCTBUS B CO-
OTBETCTBUU C UBMEHSIIOLLENCS CUTYaLNEN.

lMnaHupyembie  Yyawminca Haydyntcs CTpouTb rpadukn dyHkumm y = f(kx) w
pe3ynbratbl y=f(kx+a)+b,y=7(xl) +bny=If (x)l, ecnn nasecreH rpacduk
yHKUMM y = f(x).
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OCHOBHbIe MoctpoeHne rpaduka cdyHkumn y = f(kx), okatme rpaduka

MOHATUSA yHKUMKM y = f (x) B k pa3 kK ocn opAnHaT, pactsxeHune rpadurka
1
byHKUMM y =f(x) B % pa3 K ocu opAMHaT, NocTpoeHme rpadum-
Ka PyHKUUN y = f (-x), CUMMeTPUS OTHOCUTENBHO OCU OPAMHaAT,
noctpoeHue rpadumka dyHkumm y = f (xl), noctpoeHune rpacduka
byHkunm y = If (x)1.
3apgaHus 3apanus 3agaHus
JAononHu- ANA KOHTpons
Ans ¢°pM"p03aHMﬂ TelbHble n Koppekunm Ans 9
npeamMmeTHbIX 3apanns npeaMeTHbIX AoMallHen
pesynbTaToB pesynkTaToB paboTbi
Ypok 1 6.1,6.3,6.5 6.2,6.4,
6.6
Ypok 2 6.7,6.9,6.11, 6.13, 6.17 CamocToATeNnbHas 6.8, 6.10,
6.15 paboTta N2 6: 6.12,6.14,
Ne 1(1),2(2),3 6.16

MeTonuueckue KOMMEHTAPHUU

IIpaBuna mocTpoeHMA rpaduKoB GYHKITUHN, chopMyIMPOBAHHBIE B Tapa-
rpade, oOCHOBaHBI HA TOM, UTO MEXKIy TouKaMu rpad@ukoB GyuKIuii y = f(x)
u y = f(kx) ycTaHOBJIEHO B3aMHO OJHO3HAUHOE COOTBETCTBUE.

ITocTpoenue rpadpura dyurnuu y = f(kx), roe k < 0, MOKHO pasmesnTh
Ha JBa sTama: mocrpoenue rpadura byaxnuu y = f(|k| x), a 3aTem mocTpoe-
uue rpaduxa yaxnuu y = f (—|k| x) ¢ ucnonbzoBaHMEM CUMMETDPUN OTHOCH-
TeJbHO ocu opauHaT. COOTBETCTBYIOIIME 9TAbl HIOCTPOEHUA CIEeAYeT ITPOUII-
JIOCTPUPOBATH PUCYHKAMMU.

IIpu moctpoennu rpadura pysrnun y = f (kx + b) yuaiueca JOIycKaioT
HauboJiee PaCIIPOCTPAHEHHYIO OMIUOKY: cTpoAT rpaduk yHKuu y = f (kx),
a 3aTeM BBITIOJTHAIOT ero HapalIebHbIl IepeHoc Ha |b| equHu BIoIL ocu a6-
crucc. B maparpade paccmorpen nmpumep 1, KOTOPBIi momoraeTr mpoduiax-
THKe OIMNOOK IT0Z00HOTr0 poja.

Cy1iecTByIOT [Be OCHOBHBIE CXEMBI ITOCTPOeHUWA rpadukKa (PyHKIUU
y=7(kx+b):

Dy=f(x)>y=Ff(x+b) > y=[f(kx+b);

2)y=F(x) > y=F(kx) > y = f(k(x . %D

23



Onucanue mocTpoeHus rpaduka GyHknun y = f (|x|) Ha ocHOBaHUM OTIpe-
IeJleHUsT MOIYJIS HOCTaTOUYHO rpomMo3akro. IlosTomy IiessecooOpasHo, OAWH
pas moapo6HO paszobpaB UAelo STOr0 METOA C YUAIIIUMUCS, Jajiee OMUPAThCS
Ha TMOCTPOeHUe 9TOro rpaduKa C IMOMOIIBI0 CUMMETPUU OTHOCUTEIHBHO OCU
OpAUHAT.

Amnanoruyso, aas rpaduka yaknun y = |f (x)| 6osee panuoHaIbHLIM AB-
JIsIeTCs MCIIOJb30BaHe CHMMETPUY OTHOCUTEJILHO OcHu abCeItuce.

Yuaimuecs JOJKHBI IOHUMATh U YMeTh 000CHOBBIBATh, IOUEMY JJIA IIpe-
o0pas3oBaHusa CUMMETPUU BbIOMpaeTCcsd MMEHHO MaHHAs IMOJYIIJIOCKOCTbL U
KakuM o0pas3oM oIIpenessdeTcs XapaKTep mpeoOpasoBaHus. B uacTHOCTH,
eJjiecoo0pa3Ho paccMOTpPeTh U 000CHOBATh TOT (PAKT, UTO IIPU HOCTPOEHUU
rpaduka y = |f (x)| ucnonwsayercsa Bech rpaduk bysKun y = f(x), a Ipu mo-
crpoenuu rpadukra y = f (|x|) uacts rpadura dyuknuu y = f (x), HaxoaAIIaa-
cA B MMOJYIIJIOCKOCTU X < 0, UTHOPUPYeTCH.

Ouenb BayKHO 00OpaTUTh BHMMAHNE Ha TO, UTO AJTOPUTMBI IIOCTPOEHUS
rpadukos dyuaxnuit y = f(klxl +b) u y = f(kx + bl) coepmenno pasube.

ITpuémer mocTpoenuii rpadmKoOB QGYHKINI, N3yUYeHHBIE B 9TOM maparpa-
de, 3HAUNTETHBHO PACIIUPAIOT KJacc PYHKINI, rpa@uKU KOTOPBIX MOMKHO
HOCTPOUTH. ITO, B CBOIO OUYePeb, II03BOJISAET 00jee IIMUPOKO MCII0JIb30BaTh
rpadguyuecKkue IPUEMBI IIPU PEIeHNN PasIWYHBIX 3amad. ViaocTpanuein K
CKa3aHHOMY SABJISIETCSA IpUMep D maparpada.

KoMmMmeHTapuu K yrpaskHeHUSIM

Ne 6.5, 6.6. ITesrecoo6pasro ohOpPMUTH PellleHne dTUX 3aJau TaK, Kak MmoKa-
3aHO B mpumMepax 1 u 2 maparpada.

Ne 6.14. O6paTuTe BHUMAaHME YUAILUXCSA Ha TO, YTO AJITOPUTMBEI IIOCTPOCHIS
rpaduKoB QyHKIIUH 3ama4d 1) u 2) pas3auydHbI.

Ne 6.15—6.18. CienyeT BOCHOJIB30BATHLCA IpadUUuecKoll MHTEPIIpeTalluei.
Tak:Ke peIllleHUI0O 9THUX 3aJadu IIOMOKET pasoOpaHHBIN B maparpade Ipu-
mep 5.

§ 7. O6paTHan pyHKUMNA

TexHOnorn4yeckas kapta ypokoB

Popmupyembie  lpeametHbie: HOPMUPOBaTb YMEHUS OMepupoBaTh MOHATUSA-
pe3ynbratbl MU obpaTumMon yHKLMKN, B3aMMHO 00paTHbIX PyHKLUN; npu-
MEHSITb CBOMWCTBA B3aMMHO OOpaTHbIX (YHKUWNA; HaXoAUTb
dyHKUMIO, OOpaTHYO JaHHOMN.
JInyHocTHble: hopMUpoBaTh yMeHUe GopMynnpoBaTb Co0-
CTBEHHOE MHEHMe.
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MertanpegmetHbie: GopMMpPoOBaTh YMEHUs onpeaenaTb NMOoHs-
Tns, co3gaBaTb 0600LWEeHNs, ycTaHaBMBaTb aHaNor1m, Knaccm-
$hurumpoBaTh, CaMOCTOATENBHO BbIOVPaTb OCHOBAHUSA U KpUTe-
pvu ansa knaccubukaumm.

lMnaHupyembie  Y4awminca HayyuTcs onepupoBaTb MOHATUAMU obpaTumon

pe3ynbratbl yHKUUM, B3aUMHO 0bpaTHbIX PyHKUUIA; MPUMEHSTL CBONCTBA
B3aMMHO 0OpaTHbIX MYHKLUUM; HaxoanTb GyHKUUIO, 0OpaTHYI0
JAHHON.
OCHOBHbIE ObpaTumas byHKLMS, B3aUMHO obpaTHble pyHKLUMM, CBONCTBA
MOHATUSA B3aMMHO 0DOpaTHbIX PyHKLMI, ObpaTHas hyHKLUS.
3apaHus 3apanms 3apaHus
p,OI'IOHHI/I— ANA KOHTpons
Ana ¢popMmmnposaHus ansa
TefbHble " KoppeKkLuumn _
npegMeTHbIX AoMallHen
3afaHus npeaMeTHbIX
pe3ynbraToB pab6oTbi
pe3ynbraToB
Ypok 1 7.1,72,7.4,7.6 7.3,7.5,
7.7
Ypok 2 7.8,7.10,7.11,7.13, 7.18 CamoctoaTenbHas 7.9,7.12,
7.15,7.17 paboTta N2 7: 7.14,7.16
Ne1,2, 3,4

MeTonuueckue KOMMEHTAPUU

ITOT MaTepuas ABJIAETCS TPAAUIIMOHHO CIAOKHBIM JJIA YUATITUXC.

IIpu orpaboTKe ompene/ieHus o0OpaTUMOIl (PYHKIIUU CJeAyeT IIpenJio-
JKUTh ydYalllUMCs IPUBECTH MPUMEPhl KaK 00paTUMbIX (GYHKIWII, TaK U
(yHKI[UI, He ABJIAIOIUXCA OOPATUMBIMU.

B Teopeme 7.1 chopmMysIMpPOBAHO TOCTATOYHOE YCIOBHE 00paTUMOCTH. 3a-
MEeTHM, YTO MOHOTOHHOCTb PYHKIIUM He SBIAETCA HEOOXOAUMbBIM YCIOBUEM
(upumep, UITIOCTPUPYIOIIUHA 53TO, IPUBEAEH Ha puc. 7.4).

IIpu popMUPOBAHNY MMOHATHUA B3ANMHO 00paTHBIX (HDYHKIIUIT yUalimuecs
IOJIKHBI B IIEPBYIO OUepeb MOHAThH, UTO €CJIU B YIOPAJOUEHHBIX IIapax BU-
na (xy; yo)» rae y, = [ (x,), [ — obparumasa QyHKIUA, TOMEHATH KOMITIOHEHTBI
MecTaMH, T. €. TOJyYUTh yIIOpAAOUYeHHbIe Tapbl BUAA (Y ; X,), TO TEM CAMBIM
OyzeT mosiyueHa (PDyHKIIUs, oOpaTHAasI JaHHOM.

Omnpenenenue, IpuBeIEHHOE B TeKcTe maparpada, GopManrusyeT CMeHy
MeCT KOMIIOHEHTOB YIOPAJOUEHHBIX Tap.

3ameHna (mepecTaHOBKA) KOMIIOHEHTOB YIIOPAJOYEHHBIX IIap TaKiKe I10-
MOraeT pasbsACHUTD, IIOUEeMY IPHU IouCKe GYHKIINN, 00paTHOM JaHHOI, cJe-
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IyeT He3aBUCUMYIO TEePEeMeHHYI0 BBIPasKaTh uepe3 3aBUCUMYIO. [[ad Toro
YTOOBI IIEPEeX0[ K TPAAUIIMOHHBIM 0003HAUEHUAM 3aBUCUMOI U HE3aBUCH-
MOM IIepeMeHHBIX BOCIIPUHUMAJICA YUAITUMUCA €CTECTBEHHO, MOYKHO IIPe-
JIO}KUTH WM BBIIOJHUTH CJIEAYIOIIVe YIPasKHEeHUdA: 3ajaiiTe onmcaTeabHO
b+1 n+1
—, m= .
2 2

Teopemy 7.3 MOYKHO COIPOBOIUTE 0oJiee HATVIAAHBIMU Pa3bACHEHUSIMU:
npeoOpasoBaHVe CUMMeTpUU rpadmuKa MOHOTOHHON (DYHKIIMU OTHOCUTEb-
HO IPAMOI Y = X He MeHsAeT XapaKTep MOHOTOHHOCTU (DYHKITUH.

(PYHKIIUN, KOTOPhIE 3aJaHbI CJIeAVIOITUMU (popMyJIaMu: a =

KoMMmeHTapuu K yrpaskHeHUSIM

Ne 7.14. Bocmiosib3yiiTech cJaeICTBUEM 13 TEOPEeMbI 7.4.
Ne 7.16. BocmousibayiiTecs uieeit peirenus npumepa 2 maparpada.

§ 8. MeToa HTEepBanos

TexHONoOrnyeckas KapTa ypokoB

MpeametHbie: dopMMpoBaTb yMEHUE pellaTb HEPaBEHCTBA Me-
TOAOM MHTEPBANOB.

JInyHoCTHBIE: pa3BMBaTb HaBbIKM CaMOCTOSITENbHOW paboThl,
aHanusa csoel paboTbl.

Popmupyembie
pe3ynbTatbl

Meranpe,qmeTHble: (bOpMI/IpOBaTb ymMmeHune pa3BuBaTb NOHUMa-
HMe CylHOCTU anropnTtMmyeckmnx npep,nmcaHvu?l n ymeHue ,D,eﬁ-
CTBOBAaTb B COOTBETCTBUU C NpenJIOXKEHHbIM allfTOPUTMOM.

ﬂnaHMpyeMb/e Yyawmmcs Hay4nTCqa pelaTb HepaBeHCTBa MeTOAOM UHTEpBa-

pe3ysibtatbl noB.
OcHoBHbIE HenpepbiBHas KpunBas, HeNpepbIBHAs B KaXA0M Touke obnactu
MOHATUSA onpegeneHus GyHKUUs, pa3pbiB GYHKLMM B TOUKe, TeOpema O
HenpepbIBHOM YHKLUM Ha MPOMeXyTKe, MeTo[, MHTEPBAaoB,
_ )
TeopeMa O HernpepbIBHOCTU QYHKLUUN Y = ——.
g(x)
3apanua JdononHun- n:aKT)‘:'-':'MZnﬂ 3apanusa
s hopMmmpoBaHUsa A P ansa
An TenbHble 1 KoppeKuumn _
npeaMeTHbIX 3apaHNs NPeaMETHDIX AomaluHen
pe3ynsTaToB pesynbTaToB paboTbi
Ypok 1 8.1,8.3,8.5 8.2,8.4,
8.6
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OKOHYaHue

3apaHusa
3apaHus 3apaHus
JononHu- ONsl KOHTpons
Ana ¢popMmmnposaHus ansa
TenbHble M KoppeKuuu -
npeaMeTHbIX OoMaluHen
3apgaHus npeaMeTHbIX
pe3ynbTaToB paboTbi
pe3ynsTaToB
Ypok 2 8.7,8.9,8.11, 8.12, 8.8, 8.10,
8.14 8.13, 8.15
Ypok 3 8.16, 8.18, 8.20, 8.22 CamoctoaTenbHas 8.17, 8.19,
paboTta Ne 8: 8.21
Ne 1,2

MeToguueckue KOMMEHTAPHU

Ha sTom sTane usdydyeHuA MaTeMaTUKU ydallliecsd eIfé He 00JIafaioT J0-
CTaTOUYHOM TeopeTuYecKoii 6a30i AJisg 000CHOBAHUA MeToa NHTepBaIoB. Ox-
HaKO (PaKThI U IOHATHUA, JIeKAIIe B OCHOBE 3TOTO METOa, MHTYUTUBHO MO~
HATHBI ¥ HAIVIAAHO odeBUAHBLI. CKazaHHOE B IEPBYIO OoUuepenb OTHOCUTCA K
TOHATUIO HEITPEPBIBHOCTY (DYHKIINY U COJIEPKAaHUI0 TeopeMbl 8.1.

O6ocHOBaHMe METOIa MHTEPBAJIOB C IIOMOIIBIO CJIeACTBUA U3 IIEPBOU TEO-
pembl Boabitano-Koiliiu mo3BoJisgeT pelaTh JOCTaTOYHO IITUPOKUH KJace He-
PaBeHCTB, He TOJIbKO CBOASAIIUXCS K MCCIEIOBAHNIO 3HAKA BhIpAKeHU BUAA
(x—a)(x—ay) ... (x—a,).

B BaBucummocCTH OT YPOBHS MaTeMaTUUYECKOUN IIOATOTOBKHU YYAIUXCHA
KJIacca MOJKHO Pa3bACHUTH UM, UTO Ojiarogapa MeTOAy MHTEPBAJIOB 3ajadya
0 pellleHNU HepaBeHCTBA IIEPECTAET HOCUTh aBTOHOMHBIHN xapakTep. Bompoc
JIUIIBb CBOAUTCA K TOMY, MOKHO JIM HAUTU KOPHU COOTBETCTBYIOIIETO YPaB-
HeHUA.

Ocoboe BHUMAaHME CJENyeT YAEJIUTH PEIeHUI0 HEeCTPOTUX HePaBEHCTB.
Coser 0 TOM, UTO P pellleHNU HepaBeHCTB Buzaa f(x) = 0 ciexyer mepexo-

f(x) >0,
OUTH K COBOKYIITHOCTU f(x) = 0 MO2KeT y0epeub OT IOTePU PeIlleHnii.
X) =0,

KoMMeHTapuM K yIipaskHEeHUSIM
Nc 8.9 (4), 8.10 (2), 8.11 (4), 8.14 (2), 8.15 (2), 8.17 (1). IIpu pemrenuu aTux
3a/la4y TUOUYHON OIIUOKON ABJIAETCA IIOTEPA PEIeHUsI, PABHOTO 3HAUEHUIO
mepeMeHHOIi, 00paIllaIleMy JeBYI0 YacTh HEPABEHCTBA B HYJIb.

KoHTponbHaa pabota N2 2
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rmasa 2. CTeNeHHasa pyHKUUSA

§ 9. CreneHHasa PpyHKLUMA C HaTypaJsibHbIM
nokasarenem

TexHonorn4yeckas KkapTta ypoka

Popmupyembie
pe3ynbTatbl

lMnaHupyemsbie
pe3ynbrathl

OCHOBHbIe
MOHATUA

MpeametHbie: GopMUpPOBaTL YMEHUS pacrno3HaBaTb CTerneH-
HylO YHKLMIO C HAaTypasibHbIM MOKa3aTesieM, CTPOUTb rpadurk
cTeneHHom MYHKLUMM C HaTypanbHbIM NMoKasaTesnem, NpUMeHsTb
eé CBOWICTBa Npu peLleHnn 3apad.

JINYHOCTHbIE: qJOpMVIpOBaTb MHTEpEeC K N3y4eHUIO TEMbI N Xe-
naHune NpUMeHATb I'IpVIO6peTéHHbIe 3HaHUA N YMEHUA.

MertanpegmetHbie: popMUPOBaTbL YMEHME OonpeaensiTb CNoco-
Obl OEeNCTBMIN B paMKax MpefnoXeHHbIX YyCIoBUN U TpeboBa-
HUW, KOPPEKTUPOBaTb CBOU AENCTBUS B COOTBETCTBUU C U3MeE-
HAIOLWWEeNCa cuTyaumen.

Yyawmmnca Hay4ymTcs pacrnosHaBaTb CTEMEHHYIO YHKLMIO C Ha-
TypanbHbIM MoOKa3aTeNieM, CTPOUTb rpadunK CTeneHHOM QyHK-
LMK C HaTypanbHbIM NOKa3aTeNeM, NPUMEHSATb €€ CBONCTBA NpWU
pelleHnn 3agau.

CreneHHas pyHKUMS C HaTypaNbHbIM Moka3aTenem, CBOMCTBA
CcTeNneHHOW YHKLUMM C YETHLIM NOKa3aTenem, CBOMCTBA CTEMEH-
HOW (PYHKLUMU C HEYETHBLIM NOKa3aTesNieM.

3apaHusa
3apaHusa 3apaHusa
HononHu- DSl KOHTponsi
Ans opmMmupoBaHus ans
TeJibHble n Koppekuun -
npegmMeTHbIX AJOMallHen
3apaHusa npepMeTHbIX
pesynbraToB paboTbl
pe3ynbraTtoB
Ypok 1 9.1,9.3,9.5,9.7,9.9, 9.14 CamocroaTenbHas 9.2,9.4,
9.10,9.12 paboTta Ne 9: 9.6, 9.8,
Ne 1,2 (2), 3 9.11,9.13

Meroauuyeckue KOMMEHTAPUH

IlockonbKy yuarueca 3HaKOMBI C YUACTHBIMU BUIaMU 3TON (QYyHKIIUU, TO
UM XOPOIIIO MOHATHO, II0YeMy IpU ucciiefoBaHum GyHKIum y = x"*, n € N,
HaJ0 OTAeJIbHO pacCMaTPUBATh ABa CJIyYasd: I — YETHOE HATyPaJIbHOE UKUCJIIO
U n — HEUYETHOEe HATypaJbHOE YHCJO.
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CrenyerT pasbACHUTH YUAIMMCS: HA OCHOBAHWM TOTO, UTO BBIpasKeHUe
x2?¢ k € Z, IpuHUMAaeT TOJILKO HEOTPUIATEIbHbIC 3HAUCHH S, eIlé He CIefyeT
JleJIaTh BBIBOJ, YTO 00JIACTHIO 3HAUYEHNI cTeneHHON QyHKmnu y = x2* ke Z,
ABJIAIOTCSA BCe HeOoTpUIllaTeJbHbIe ynciia. CoOOTBeTCTBYIOIIEeEe 3aMeYaHe MOK-
HO CJIeJIaTh U IIPU ITOUCKe obJiacTu 3HaueHnit pyanun y = x2**1 ke Z.

ITpu uccnegoBanmu cBoiicTB GyHKIUN Yy = x*, n € N, na4 ciaydad, Korza
n — HeuyeéTHOe HaTypaJbHOe YHCJIO, IIOKa3aTe/ b CTeIIeH IIPeCTaBJIeH B BU-
e n=2k+ 1. 9To 03HaUaeT, YTO JOKA3aTEJbCTBO He paccCMaTPUBAaET ciaydas
n=1,r.e. pyarnuu y =x. B 3aBUCUMOCTH OT YPOBHSA MaTEMaTUYIECKOU IO/~
TOTOBKH yUaIllXCsA KJacca cjeayeT Jubo cocaThbCsA Ha CBOMCTBA 9TOH PyHK-
U, U3yUYeHHbIe B IPeAbIAYINuX KJaccax, Jub0 IPOBEPUTHh CAMOCTOSITEb-
HO, UTO CBOIICTBA, KOTOPhIE Aajiee JOKA3bIBAIOTC AJId cayuas n =2k + 1, BbI-
MOJIHSAIOTCSA OJdA cayuasa n = 1.

B BaBucmMoOCTH OT ypOBHSA MaTEMaTWYECKOW NOATOTOBKW YYaIIUXCH
KJiacca MOJKHO Pa3bsACHUTH, KAK II0 OTHOIIEHUWIO APYT K APYTY PaCIIOJOKe-
HBI Tpad@uKu QyHKIN y = x", x > 0, Ipu pasaIuUHBIX HATYPAJIbHBIX 3HaAUE-
HuAX n. OJHAKO UJIJIIOCTPAaTUBHOE COIIPOBOKIEHNE 3TOTO MaTepruaia uMeeT
ompeseIEHHbIE TPYIHOCTH.

Wcmonba3ys JIUIIH TeTPASHBINA JUCT B KJIETKY, CJIOMKHO YBUAETh PA3HUILY,
HampuMep, Mexxay rpadukaMu QyHKIUN y = x3 1 y = x°. 371ecb MOKeT I10-
MOYb TPAAUIIMOHHBIN METOJ — MOCTPOeHUe rpad@uKa Ha MHUJIINMETPOBOM
Oymare — 60 0oJiee COBPEeMEHHbBINT — HCIIOJIb30BaHIE COOTBETCTBYIOIIIUX
KOMIIBIOTEPHBIX IIporpamMM. B 3aBHCHMOCTH OT YPOBHS MaTeMaTUUYECKOM
MOJATOTOBKM yUaIllUXCA KJacca Ha YPoKe MH(POPMATUKHU MOXKHO MCIIOJIb30-
BaTh IIOCTPOEHME Irpad)IKOB II0 TOYKaM HA OCHOBAHUU TaOJIUILI, CO3LAHHOMI
B Word unu pegakTope Ta0JIHIl; ¢ MCIOJIb30BAHUEM CIIEHNAIN3NPOBAHHBIX
MaTeMaTUYeCKUX MaKeToB.

YuaIrmuMcs co CKIOHHOCThIO K U3YUEHU0 NHMPOPMATUKY MOKHO ITPeIJIo-
JKUTh CaAaMOCTOSATEJbHO HaUaTh PaspaboTKy HpPOTPaMMbI IJisi TOCTPOEHUS
rpad)KOB Ha 9KpaHe KOMIbIOTEePa, KOTOPYIO II0 Mepe M3yUeHUs alapara
nccJenoBaHuA PYHKIUI OHI CMOT'YT PAa3BUBATEL 1 COBEPIIIEHCTBOBATD.

KoMMeHTapuu K ynpaskHeHUSIM

Ne 9.1, 9.2. IIpu pelreHuu 9TUX 3aau ydyaluecs AOJKHBI alleJIINPOBATh K
yérHOCTU (HEUYETHOCTHM) COOTBETCTBYIOIIEeHl (MYHKIIUU, a TaKyKe MCIOJIb30-
BaTh €€ XapaKTep MOHOTOHHOCTH.

Ne 9.10 (1). PaccmoTpuTe dyurmuio f(x) = x'1 + x3. Ona aBiasercsa Bospacra-
foriel. 3HaUUT, JaHHOe YpaBHeHUe nMeeT He 0oJiee 00T0 KOPHJI.

Ne 9.15. IlepenurminTre ypaBHeHUe B Buae % + % =11 u BHLIDOJTHUTE 3aMe-
1 X X

HY — =1.
x
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§ 10. CteneHHana pyHKUMA C LenbiM
nokasarenem

TexHOnorn4yeckas KapTta ypoka

dopmupyembie [lMpeametHble: HGOPMUPOBaTL YMEHUS pacrno3HaBaTb CTerneH-

pe3ynbratbl HYIO DYHKLMIO C LenbiM NnokasaTenem, CTPOUTb rpacduk cTeneH-
HOWM YHKLMK C LeNibiM NoKa3aTesieM, NMPUMEHSTL eé CBOMCTBa
npuv pelieHnn 3agau.

JIn4HOCTHbIE: hopMUpPOBaTb YyMEeHMEe OOBbEKTMBHO OLLEHMBaTb
CBOW TPYA.

MertanpeametHble: HGOPMUPOBATL YMEHWE KOPPEKTUPOBATH
CBOU AENCTBUSI B COOTBETCTBMU C U3MEHSIIOLLENCS CUTyaunen.

lMnaHupyembie  Ydalmncs HayuynuTcs pacrno3HaBaTh CTeNeHHY QYHKLMIO C Le-

pe3ynbrarthl NbIM NoKasaTenem, CTPouTb rpadmnk cTeneHHOM PyHKLUUN C Le-
NbiM MNoOKa3aTeneM, NMPUMEHSITb €€ CBOWCTBA MPU peLleHunun
3ajau.
OCHOBHbIe CteneHHas ¢yHKUUS C LeNbiM rMokasaTenem, CBOMCTBA CTeneH-
MOHATHSA HOW YHKLUUWN C LenbiM NnokKa3aTeNieMm.
3apaHusa 3apanua 3apaHusa
AdononHun- ANa KOHTpons
Ans popmMmupoBaHus ans
TesNbHble 1 KoppeKuumn -
npegmMeTHbIX AJOMallHen
3aaHunuda npegmMeTHbIX
pesynbTaToB paboTbl
pe3ynbraToB
Ypox 1 10.1, 10.3, 10.4, 10.6, 10.10 CamocToaTenbHas 10.2, 10.5,
10.8 pabota N2 10: 10.7, 10.9
Ne1,2(2),3(2),4

MeTOJII/I‘{eCRMe KOMMEHTapun

ITocie nusyuenusa maTepuasia mpeabIayIiero maparpada cBocTBa CTeIeH-
HOM (QYHKIIUU C ITeJIBIM HMOKasaTejgeM BOCIPUHUMAIOTCS, KaK IIpaBUJIo, 6e3
saTpyaHeHnit. CJI0XHOCTH MOT'YT BO3HUKHYTEL IPXA PACCMOTPEHUM ACHUMIITO-
TUYECKOTr0o MoBeAeHUA rpadura QyHKIUU. B ¢BA3U ¢ 9TUM IieIecoo0pasHo

. 1
TOBTOPUTH C YUAIIMMUCS CBOMCTBA U rpaduK QyHKIIUU [ = —.
x

Hepenkxo yuammecs, ommchiBasg XapaKTep MOHOTOHHOCTU (MYHKIIUU

1

Yy=—7 k€ N, ominb0YHO CUMTAIOT, UTO JAaHHAS (QDYHKI[UA ABJIIETCS YObI-
X
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Baroireii. Ha camoMm gmeJsie aTa PyHKIIMS yOBIBAET Ha KaXKIOM M3 IIPOMEKYT-
KOB (—o0; 0) u (0; +0). [yist npomUIaKTUKU 9TOU OIMUOKY CJIeyeT IIOBTOPUTH
ompeeeHre Bo3pacramlieil (yobIBaoIeii) GyHKIIUN, TOAUYePKHYB, UTO CO-
OTHOIIIEHUWE MEXKAY 3HAYeHUAMU (PYHKIIUU JOJIPKHO BBITIOJHATHCA IPU JIO-
ObIX 3HAUEHUAX apryMeHTa. To, UTO 5TO COOTHOIIIEHNE IJIA JaHHON (PyHKITUUA
BBITIOJIHAETCA HE BCETZA, CJAeAyeT IPOUJIIIOCTPUPOBATh, BRIOPAB ABA 3HAUE-
HUA apryMeHTa Pa3Horo 3HaKa.

B BaBucuMoOCTH OT ypOBHSA MaTeMaTHUYECKOW NOATOTOBKU YYaIlUXCH
KJIacca MOJKHO Pa3bACHUTH, KaK II0 OTHOIIIEHUIO APYT K APYTY PaCIIOJIOMKe-
HBI Tpadury QyHKIUN y = x ", n € N, Ipu pasinuHbIX 3HaUeHUAX n. [Ipnu
WJLJIIOCTPATUBHOM COIIPOBOXKAEHUU STOT0 MaTepuaJia CJeAyeT YUeCcThb Te Ke
TPYAHOCTH, YTO U AJiA GYHKIMHU Y = X", U UCIOJb30BaTh METOIbI, PACCMO-
TPEeHHBIE B IPEeALIAYIIeM maparpade.

RommeHTapnn K YOpasKHEeHUAM

N2 10.1, 10.2. ITpu perteHnu d5TUX 3ama4 yUualfuecs AOJKHBI alleJITHPOBATD
K 46THOCTU (HEUETHOCTU) COOTBETCTBYIOIIEH (DYHKIINM, a TAKIKe UCII0JIb30-
BaTh €€ XapaKTep MOHOTOHHOCTH.

Ne 10.4, 10.5. Ot 3amaum caykKaT 3aKPeIIEeHUI0 IIOHMMAHUA YUaIMMUCS
Toro, uro sHadeHue 0° He onpenesneHo.

Ne 10.4 (1). UckombiM rpad@uKoOM ABIAsAETCA NpAMasa J = 1 ¢ «BBIKOJIOTOM »
Toukoi (2; 1).

Ne 10.5 (2). I'padukom ypaBHEHUS sIBJIsIETCA BCs KOOPAUHATHASA IIJIOCKOCTbD,
3a UCKJIOUEeHUEeM ABYX IPAMBIX y =2 u x = —1.

§ 11. OnpepeneHue KOpPHSA n-nN CTENeHu.
DyHKUMA y = Yx

TexHoNornyeckas KapTa ypoKoB

d)OpMI/lpyeMbIe I'Ipe,qmeTHble: CpOpMVIpOBaTb YMEHUA onepumnpoBaTb NMOHATUA-
pe3ynbrarbl MW KOPHA n-n creneHn, apMQJMeTM‘-IECKOI'O KOpHA n-m creneHu,

pacno3HaBaThb U CTPOUTbL rPauK PYHKLUMMN y = ¥ x.

JIndHocTHblE: popMmMpoBaTh ymeHne GopMynnMpoBaTb Cob-
CTBEHHOE MHeHMue.

MetanpegmetHbie: GopMUpPoOBaTb YMEHUSA onpeaenaTb MOoHs-
Tns, co3gaBaTbh 0600LWEeHNs, ycTaHaBMBaTbL aHaNor1Mm, Knaccm-
duumposaTsb.
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lnaHupyembie  Ydalmincs HayduTcs onepuvpoBaTh MOHATUSMW KOPHSA n-N cTe-

pe3ynbratbl neHun, apmpmMeTUNYeCcKoro KOpHS n-1 cTeneHn, pacnosHaBaTh U
CTPOUTb rpauK PYHKLUUN Yy = Yx, rnen>1,ne N.

OcHoBHbIE KopeHb n-1 cTeneHun, 3Hak KOPHS n-N cTeneHu, pagukan, noa-

MoHATUSA KOpeHHOe BblpaxeHue, Kyonyecknin KopeHb, apudmeTnyeckmnin

KOp€eHb n-n cTenexHu.

3apaHusa
3apaHus
JAononHu- ANA KOHTpons 3apaHusa ansa
ANl GOPMIPOBAHNS TelNbHble 1N KoppeKuun AOMaluHen
NPEAMETHbIX 3agaHus npeamMeTHbIX pabotbi
pe3ynsTaToB pesynbraTos
Ypoxk 1 11.1,11.3,11.5, 11.7 11.2,11.4,
11.6,11.8
Ypok 2 11.9,11.11, 11.13, 11.10, 11.12,
11.14,11.16, 11.18 11.15,11.17,
11.19
Ypok 3 11.20, 11.22, 11.24, 11.32 CamocrosaTenbHaa | 11.21, 11.23,
11.26, 11.28, 11.30 paboTta N2 11: 11.25,11.27,
Ne 1,2 (2),3 (1), 11.29, 11.31
4(1)

MeToauuyecKkue KOMMEHTAPUU

Marepuan storo maparpada 0000IaeT u paclmiupdeTcda IOHATUA KBa-
IPaTHOTO KOPHSA U apu(MeTUIeCcKOro KBaApaTHOTO KOopHA. IToaTomy meneco-
o0pas3Ho nepe N3yUYeHeM 9TOU TeMbI IOBTOPUTH YKa3aHHbIE ITIOHATHUA.

ITocse BBemeHMA onpeneseHNsa KOPHA n-U cTelneHU oTpabaThIBAETCA I10-
HATUA KOPHA HEUETHOH CTEIIeHU. ITO MIOHATHE BOCIIPUHUMAETCA YUAIITUMU-
cdA Jerde, 4eM IIOHATHUE KOPHSA UETHOM CTENeHU, II0 JBYM IpuuuHaM: 1) Ko-
PEeHb HEUETHON CTEIIeHU CYIIECTBYET U3 JII000TO YKcja U IPUHUMAET TOJIBKO
OIHO 3HaUeHue; 2) AJIs KOPHA HeUETHOI CTeIleHH CYIIeCTByeT 0003HaYeHue.

IIpu msyuyeHUU TOHATUA «KBaAPATHBIN KOPEeHb» HEOOXOIMMOCTDL BBeJe-
HUA TTOHATUSI apUPMETUUECKOTO KBaIPATHOTO KOPHA MOTUBUPOBAJIACH TEM,
YTO KBaJAPaTHBIA KOPEHb M3 HEOTPUIIATEIbHOTO YKCJIa IPUHUMAET ABa Pas-
JUYHBIX 3HaueHUus. HeoOXOoamMMOCTL BBeJeHUsS apu(PpMeTHUeCcKOTO KOPHS
YETHOM CTENEeHU TaKiKe MOTUBUPYETCS CYIeCTBOBAHMEM ABYX KOPHEM YéeT-
HOU CTeINeHN, IO3TOMY PasHUIA MeKAY apu(PMeTUIeCKUM KOPHEM U KOPHEM
LI Y6THOU CTEeIeHU ABJIAETCS JOCTATOUHO HATIALHOMN.
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Ommako ydaluecs DOJIPKHBI MOHUMATBH, YTO apuMeTHUeCKUil KOpPeHb
paccMaTpuBaeTcs IJdA JI000T0 HATypaJabHOTO 1 > 1, He3aBUCUMO OT YETHO-
CTU Ymcya n.

CrenyeT o6paTUTh BHUMAHUE yUaIIUXCSA HA TO, UTO 3aIIUCh 2{‘/;, neN,
HUCIIOJIb3YeTCA TOJABKO IJis 0003HAUEHUST apU(PMeTUUECKOro KOpHs. 3aIliuch

2+ a , n € N, MOXXeT OBITH NCIIOJIb30BaHA KaK I 0003HaUeHUA apu(MeTH-
YecKOTOo KOpHHA, Korga a > 0, Tak u aAsa o603HaueHUA KOPHA HEeUETHOM cTe-
TeHu.

Kak v npu u3ydeHUU CTEIEHHON (DYHKIIMU C IIeJILIM IIOKa3aTejieM, s

byuxnum y = ¥Yx oTmeNbHO paccMaTPUBAIOTCS CIAyYam, KOTAa n — YETHOe
YIICJIO U KOTIa n — HedeTHoe. -
o o +

WccrnemoBanme CBOMCTB U IMOCTPOeHUE Ipad@UKOB QYHKIUN Yy = X

uy-= 2/x ocmoBaHBI Ha TOM, YTO 9TU (PYHKIIUU ABJAITCA OOPATHBIMU
COOTBETCTBEHHO K QyHKIuAM y = x2**1 u y = x2¢, rne x > 0. Ilosromy npu
U3yUYEeHNU dTOI TeMBbI I1eJ1ecO00pa3HO MOBTOPUTH CBOICTBA BBAMMHO oOparT-
HBIX (PYHKIIUHN 1 CBOMCTBA CTEIEHHOU ()YHKIIUU C HATYPAJbHBIM IIOKa3a-
TeJeM.

B pasob6panHOM mpuMepe nmaparpada paccMaTpUBaeTCs pellleHue uppa-
IMMOHAJIbHBIX HEPABEeHCTB. MeTo/ perieHnA OCHOBAaH HA XapaKTepe MOHOTOH-

HoCcTH (DyHKIMU y = ¥ x. OTOT IpUMep U aHAJOTHMUHBIE 3aJaun mmaparpada
HOCST IPOIIeJeBTUUECKUI XapaKTep 10 OTHOIIIEHUIO K TeMe «ppannonaib-
HbIEe HEPABEHCTBA» .

KoMMeHTapuu K ynpaskHeHUAM
Ne 11.9, 11.10. YuamiumMmcesa HHTYUTHUBHO IIOHSATHO, KaK CPAaBHUTH KopHHu. Of-
HAKO OHU IOJIXKHBI IOHUMATh, UYTO CPaBHEHME 3TUX YKCEJ OCHOBAHO HA TOM,

4uTOo QYHKIUA Y = /X ABJIAETCA BO3PACTAIOIIEH.
Ne 11.16 (1). Jua Toro 4ToOnI n36eKaTh IOABIEHUA IOCTOPOHHETO KOPHA,
cjenyeT 3alucaThb CHCTEMY, PaBHOCHIBLHYIO MJaHHOMY YPaBHEHUIO:

x2-4=0,
x+1=0,
x+12>0.

B 3aBrCHMOCTH OT YPOBHSA MaTeMAaTUYECKON MOATMOTOBKY YUAIIUXCS KJacca
pellieHMe B3TOTO IIpHUMepa MOMKHO O0OOIIMUTH, 3alucaB, UYTO ypPaBHeHUE

f(x) =0,
f(x)2%g(x) = 0 paBHOCHUIBHO cucTeMe < | g(x) = 0, Smech e meaecoobpa3HO
g(x) = 0.

IpoBecTU HPOMUIAKTUKY PACIPOCTPAHEHHOII OIMMOKU: OOHADPYKUB, UTO
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f(x) = 0, yuamumecs cuuTaioT 3HaUeHNe X KOPHEM ypaBHEHUs, He oOpalasd
BHUMAHUS Ha 3HAK MOJKOPEHHOTO BEIPAKEHUS IIPU ATOM 3HAUEHUH X.

Ne 11.18 (1). O6sacThio onpeiesieHUA JaHHON MYHKIIUU SBJISETCA OJHODJIE-
MEeHTHOe MHOKecTBo {1}.

Ne 11.27. ®yuknusa y = Jx -9 + Yx +6 — Bospacraromad. IlosTomy nan-
HOe ypaBHeHNe NMeeT He 6oJiee OMHOTO KOPHI.

Ne 11.31. BocmosibayiiTech HepaBeHCTBOM {14 < 416.
x3 +2

Ne 11.33.BocmonbsyiiTech TeM, 4To QyHKIUU f (X)= ug(x)=%3x-2 —

B3anMHO oOpaTHBIe 1 Bo3pacTarolie. A Jajbliie IPpUMeHNUTe TeopeMmy 7.4.

§ 12. CBoncTBa KOPHA n-" CTeneHun

TexHonormn4yeckas Ka PTa ypOKOB

dopmupyembie TlMpeameTHble: GopMMpPoOBaTh YMEHUS AOKa3blBaTb CBOWCTBA

pe3ynbratbl KOPHS n-1 CTeNEHU, MPUMEHSATb 3TN CBOMCTBA AJ19 pPelueHns 3a-
Jay, npeobpa3oBbIBaTb BbIpaXeHUs, cogepxXalme KOPHU n-i
cTeneHu.

JInyHOCTHbIE: pa3BnMBaTb rno3sHaBaTeNbHbIN MHTEepecC K MaTemMa-
TUKe.

MertanpegmeTtHbie: GopMUPOBaTbL YMEHUS yCTaHaBIMBaTb Npu-
YUMHHO-CNleACTBEHHbIE CBA3U, CTPOUTb JNOrMYeckoe paccyxpe-
HUe, yMo3akJitoyeHue (MHOYKTUBHOE, AefyKTUBHOE U MO aHa-
Nnornuv) 1 genatb BbIBOAbI.

lMnaHnpyembie  Yyalwmincs Hay4ymTcs fOKa3blBaTb CBONCTBA KOPHS n-I CTEMNeHU,
pe3ysibTatbl NPUMEHSTb 3TN CBOWCTBA ANS pelleHns 3a4a4y, npeobpas3oBbl-
BaTb BbIPaXXeHUs, COAepIKaLLMe KOPHU n-I CTENEHMN.

OCHOBHbIE CBOWCTBA KOPHS n-M CTEMEHM.
MOHATUSA
3apaHus 3anauna
ns CbO £I'\‘IIVI OBaHUs! AOHOHHI/I— ANA KOHTpons 3ap.aHm| ans
A n epmebelx TelnbHble n Koppekuun ﬂOMaLIJHeI;I
pen 3ajaHud npegmMmeTHbIX paGOTbI
pe3ynbraToB pesynLTaToB
Ypok 1 12.1,12.3,12.5, 12.2,12.4,12.6,

12.7,12.9 12.8,12.10
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OKOHYaHue

3apaHusa
3apaHus
AOHOHHVI— ANnA KOHTpons 3a1:|,ava ansa
ana dopmnposaHusa _
TellbHble n Koppekunun AoMallHen
npegMeTHbIX
3agaHusa npegMeTHbIX pa6otbi
pe3ynbTaToB
pe3ynbTaToB
Ypok 2 12.11, 12.13, CamocTonaTenbHas 12.12, 12.14,
12.15, 12.17, paboTa N2 12: 12.16, 12.18,
12.19, 12.21 Ne1,2(1,2),3,4, 12.20, 12.22
5(1,2)
Ypok 3 12.24, 12.26, 12.23, CamocToaTenbHas 12.25, 12.27,
12.28, 12.30, 12.35, paboTta N2 13: 12.29, 12.31,
12.32,12.34 12.36 Ne1,2(1),3(,3, 12.33
5),4(1,3,5)

MeTonuuecKkue KOMMEHTAPHUU

Teopembr 12.1-12.4 06006111a}0T N3BECTHBLIE TEOPEMbI O CBOMCTBAX apup-
MeTHUYeCKUX KBaApaTHBIX KopHeii. [losToMy mepen mayueHHEM STOrO mapa-
rpada 1eaecoo0pas3Ho IIOBTOPUTH CBOMCTBA apupMeTUUEeCKUX KBaApPaTHBIX
KOpHeI.

Hapsazny ¢ reopemamu 9.2 1 9.3 MOKHO paccMOTPeTh CJAeAYIOIUN (haKT.
Ecima < 0ub<O0, 10 2%=2@2(‘/3, ke Nyecitma <0ub<0, To

2k
21| 4 —a

b2y’

HaubGosbillee KOJMYECTBO OMINOOK ydallimecs AONYCKAalOT IIPU BBLIHEce-
HUU MHOYKUTEJIA U3-T0/I 3HaKa KOPHA 1 0COOEHHO IIPY BHECEHUU MHOMKITE-
JISI TIOJ 3HAK KOPHA. ITUM BHUAAM 3a7au CJeAyeT yAeJUTh 0co00e BHUMAaHIeE.

VYuarmuecsa He Bcerza mOHUMAIOT (II0 KpaliHeH Mepe, 9TO He KasKeTCA UM
€CTeCTBEHHBIM), IIOUeMYy IIPU BLIHECEHUN MHOMKHUTEJISI-IIEPEeMEeHHON M3-II0[
3HAKa KOPHSA Iepe 9TOH IIepeMeHHO MOKeT IIOSIBUTCA 3HAK « MUHYC». ITO
HaI0 Pas3bACHUTH OTAEJIbHO.

Yaire Bcero ydamiuecs OejaloT OIMHOKM HPU YIPOIIEHUU BBIPAKEHUNA
Buna X-a?"+!. Bpech BAXKHO IOJUEPKHYTH, YTO B TAKUX CIydIadX MHOMKE-
CTBOM JOIIYCTUMBLIX 3HAUEHUI IIepeMeHHOI SIBIAIOTCS BCE HEIIOJIOMKUTEJIb-
HBIE UMCJIa.

EI€ ofHIM CI0KHBIM TUIIOM 3244 AJIS YUAIIIUXCS SABJISIETCA IIpeodpaso-
BaHNe BhIpaKeHU Buna a?yb ¢ BHeCeHMEM IO/ KOPEeHb IIepeMeHHOH a. Yua-
Irecs JOJIPKHBI IIOHATH, UYTO HEO0X0IMMO paccMaTpPUBaTh ABa cay4dasa: a < 0
ua = 0.
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Hano mathr BO3SMOMKHOCTL ydUaIlllIMCs CAMOCTOSTEJ/JBLHO BBIOPATh CIIOCOO
oOopMJIEHUA IIPUMEPOB HA YIPOII[eHNe BEIPAXKEeHUI: 110 JeCTBUAM UJIH I1e-
IOYKOI.

Oco6oe BHIMAaHME CJIeAyeT YAeJUTh npumepy d maparpada. On popmu-
pyeT MaTeMaTHUUYEeCKYI0 KYJbTYPY U YUYUT aKKYPATHOMY OTHOIIIEHUIO K TeK-
CTy TEOpPEM.

KoMMmeHTapuu K yrpaskHeHUSIM

Ne 12.19 (4). Vuaiuecs HepeJKO 3aJal0T BOIIPOC: B UEM CMbICJI OTPAaHUYEHU A
x # 0? Heso B ToM, uTo ecanu x = 0, TO IepeMeHHAaA § MOKET IPUHUMATD JIIO-

6s1e sHauenus. Ecau x # 0, 1o y > 0. Tlosromy Beipasenue |xy|$y, sanucan-
HOe B OTBETE, CYII[eCTBYeT.

Ne 12.24 (1). §v10 - 3919 + 6410 = §(10 - 32819+ 610 =
- %19 -6v10%19 + 6410 = $192 360 = 91 = 1.

Ne 12.36. C mpuémom pellleHUs 9TOT0 HpUMepa ydallliecs BCTPeUaloTCsS He
TaK 4acTo. 37ech ropasio yaoOHee PemIiuTh 0ojee OOIyIo 3agauy, YeM IbI-
TaTbCs TOKAa3aTh PABEHCTBO JJIA KOHKPETHOI'0 KOJIMYECTBA PASUKAJIOB.

KoHTponbHaa pa6borta N2 3

§ 13. CteneHb € pauMoHaNibHbIM NMOoKa3saTtenem
N eé CBOMCTBaA

TexHonorrnyeckas Kapta ypokoB

(DOpMI/lpyEMble npeﬂMETHble: CI)OpMVIpOBaTb yMeHusa onepmnpoBaTb NOHATUNEM

PEe3yrnbTaTthbl creneHnm C paunMoHalibHbIM MOKa3aTesieM, AOKa3bliBaTb U NMpUMe-
HATb CBOMCTBA CTEMNEHM C PaunoHalbHbIM NOKa3aTenemm, npeo6-
Pa30oBbiBaTb BblpaXXeHUd, cogepxauwune creneHn C paunoHalb-
HbIM NMoKa3aTenem.

JInyHOCTHbIE: (bOpMMpOBaTb yMeHune nnaHmpoBaTtb CBOU nen-
CTBUA B COOTBETCTBNU C y‘-le6HbIM 3ajaHnem.

MertanpeametHbie: bOpMUPOBATb YMEHUS YCTaHABNMUBATb NMpuU-
YMHHO-CNleCTBEHHblEe CBA3U, CTPOUTb NOrnyeckoe paccyxpe-
HUe, ymMo3akJitoueHue (MHOYKTUBHOE, AefyKTUBHOE U MO aHa-
nornu) N penatb BbIBOAbI.

ﬂnaHMpyeMble y‘-lal.l.l,l/ll‘/'ICﬂ Hay4YUTCAa onepupoBaTb NMOHATUEM CTE€NEHU C pauno-
PE3yrNbTaTtbl HanbHbIM MOKa3aTenem, OOoKa3biBaTb N MPUMEHATb CBOWCTBA

36



CTeneHu C pauMoHanbHbIM MoKasaTenem, npeobpa3oBbIBaTb
BbIpaXKeHUs, cojepxaline cTeneHn ¢ paunoHasnbHbIM NoKa3a-

Tenem.
OcHOBHbIe CTeneHb C pPaunoHalibHbIM NOKa3aTesieM, cterneHHas d)yHKLI,VIFI C
MOHATUA pPaunNoOHanbHbIM NMOoKa3aTenem, CBOWCTBA CTEMNEHU C paunoHanb-

HbIM NMOKa3aTeneMm.

3apaHusa
3apaHus
HononHu- DSl KOHTponsi 3apaHusa ansa
Ana ¢popMmmnposaHus _
TellbHble n Koppekuunun AdOoMallHen
npegMeTHbIX
3agaHusa npegMeTHbIX pa6oTbi
pesynsTaToB
pe3ynbTaToB
Ypok 1 13.1,13.3, 13.5, 13.7, 13.2,13.4,
13.9, 13.11 13.6, 13.8,
13.10, 13.12
Ypok 2 13.13, 13.14, 13.15, 13.25, CamoctoatenbHaa | 13.16, 13.18,
13.17, 13.19, 13.21, 13.26 paboTta N2 14: 13.20, 13.22,
13.23 Ne1,2(2),3,4,5 13.24

METOJII/I'-IECKI/IG KOMMEHTapuHu

TekcT maparpada HaUMHAETCSA C TIOBTOPEHUSI OCHOBHBIX CBEIEHUI O cTe-
MIeHU YHCJia C HaTyPaJbHBIM U IeJbIM ITOKa3aTeJIAMU. ITO CAeJaHO He TOJb-
KO C IIeJIbIO TIOBTOPEHUS 1 3aKPeIIeHUsI COOTBETCTBYIOIIero MaTepuraja, HO
U IJIsI TOrO, UTOOBI OIIPEeIeIEHHLIM 00pasoM MOTHBHPOBATH OIIPeeJIeHIe
CTeIleHU C PAIlMOHAJbHBLIM IOKa3aTeaeM.

AGszar mepen ompeneieHMeM CTeIleHW C PalMOHAJbHBLIM MIOKasaTesaeM
yualmiuecss He IOJMKHBI BOCIPHUHHUMATL KaK MJOKasaTeJbCTBO TOTO, UTO

2
23 = /22,
m
Ba)KHO ,Z[O6I/ITBCH OT y4dYallluXCda IIOHMMaHMuA TOr'o, 4YTO BbIPDaKeHUe an

npu a < 0 He omrpenesieHO.

Hemaso o060k BOBHUKAET 1M3-3a TOTO, UTO yuamueca OTOMKAECTBIIAIOT
1

2k+1
GyHEIME y = vx um y = x2**1, OgHako 5T QyHKIUM pasHBIE, IOCKOJIb-

Ky V HUX pasHas 00JIacTh omupeneaeHud. IIpopuiIakTUKON T0g00HOM OIImo-
KU COYKUT IPUMeEP, PACCMOTPEHHBIN B maparpade.

ITockoabKY CBOMCTBA CTEIIEHH C PAIMOHAJTBLHBIM ITOKa3aTejieM aHAJIOT Y-
HBI CBOMCTBaM CTEIIeHH C IIeJBIM ITOKasaTejieM, To Teopembl 13.1-13.4 He
BBIBBIBAIOT 3aTPYAHEHUI.
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ROMMeHTapI/II/I K yIIpasKHEeHUAM

Ne 13.7, 13.8. Yuamuecsa HOJIKHBI IOHUMAaTh, II0OYeMY B YCJIOBUU YKas3aHoO,
UTO IIepeMeHHad IIPMHMUMAaET TOJIBKO IIOJIOKHUTEeJIbHbIEe SHAYECHN A.

§ 14. MppaumoHanbHble ypaBHEHVA

TexHOnornyeckas KkapTa ypokoB

Qopmupyembie  lMpeameTHbie: GopMnpoBaTh YMeHVe pellaTb MppauvoHanb-
pe3ynbratbl Hble ypaBHEHUsI METOAOM CleACcTBUA U MeTOAOM PaBHOCUIIb-
HbIX NepPexooB.

JIn4HocTHbIE: hopMUpoBaTb CNOCOOBHOCTL OCO3HAHHOIO BbIGO-
pa 1 NocTpoeHns fanbHenllen MHANBUAYANbHOM TPAaeKTOPUM.
MertanpegmetHbie: PopMUPOBaTb YMEHUs CPaBHUBATb, aHaNu-
31MpoBaTh, 0600LWaTh MO pa3HbIM OCHOBAHUAM, MOJENNPOBaTb
BbIOOP CNOCOOOB AeATEeNIbHOCTU.

nﬂaHl/lpyeMbIe anu.|,|/|17|c9| Hay4YUTCA pewaTb MppaumnoHanbHbl€ YpaBHEHUA Me-

pe3ynbraThbl TOAOM C/IEACTBUN U METOAOM PABHOCUIbHbIX MEPEXOA0B.
OcHoOBHbIE Bo3BepeHme obenx yacten ypaBHEHUS B HEYETHYIO CTEMNEHb, Up-
MOHATUSA pauMoHanbHoe ypaBHeHMe, BO3BeeHMe 00enx Yacten ypaBHe-

HUA B ‘-IéTHyIO cTeneHb, TeopeMbl O PaBHOCUJIbHbIX Nepexonax.

3apaHus
3apaHusa
JdononHun- ANS KOHTpons 3apgaHus
ans hopMmnpoBaHus -
TelNbHble N KoppeKkuu ONs noMalluHen
npepMeTHbIX
3apaHus npeaMeTHbIX paboTbi
pe3ynbsraToB
pesynbsratoB
Ypok 1 14.1,14.3, 14.5 14.2,14.4,14.6
Ypok 2 14.7, 14.8, 14.10 14.9, 14.11
Ypok 3 | 14.12, 14.14, 14.16, 14.20 CamocroaTenbHas 14.13, 14.15,
14.18 paboTta Ne 15: 14.17, 14.19
Ne 1 (1, 3,5)

Me’ro;mqecmzre KOMMEHTApPUn

B mauasne maparpada HOBTOPSIOTCSA OCHOBHBIE CBEAEHINS O PeIIeHuUn
ypaBHEHUI MEeTOAOM CJIeICTBUI 1 METOAOM PAaBHOCUJILHLIX IIepexonoB. Cie-
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ayeT o0paTUTh BHUMAaHUE YUaIlluXCcAd HA AUarpaMMbl, N300pasKEHHbIE HA PU-
cyakax 14.1 u 14.2.

Yarre Bcero uppaluoHaabHble YPaBHEHUS PeIalTca Bo3BeaIeHreM obe-
UX YacTell B OAHY U TY JKe CTelleHb. Ecau 9Ta cTelleHb HeUéTHAs, TO IIPHU Ta-
KOM n1peo0pasoBaHuY IpobieM He BOSHUKAET, IIOCKOJIbKY IIOJIyYeHHOe YPaB-
HeHUe PAaBHOCUJIBHO MCXOJHOMY. YUalluecd JOJI?KHBI YyCBOUTh, YTO BO3BEIE-
HUe o0emx dYacTeil ypaBHEHUSA B YETHYIO CTEIIEHb MOJYKET NPUBECTU K
MMOSBJIEHUIO TTIOCTOPOHHUX KOpHeIli. B aToM cayuae uppaiuoHaabHbIE YPaB-
HEeHUS PeIlalTCsa METOJOM CJIEJICTBUI: MePeXOoaAT OT JTaHHOTO YPaBHEHUA K
eTo CJeJCTBUIO, a 3aTeM ITOCTOPOHHUE KOPHU BBHIABJIAIOT B Pe3yJbTaTe IPo-
BepKu. Teopemsr 14.3 1 14.4 aBaAroTcA 000CHOBAaHMEM BBIIIIE CKA3aHHOTO.

Teopembr 14.5—14.7 ABAAIOTCA TeOPeTUYECKUM O0OOCHOBAHUEM METOAA
PaBHOCUJIbHBIX MepexonaoB. IIpumeps! 6 u 7 maparpada UII0CTPUPYIOT IIPU-
MeHeHUue TeopeMbI 14.7.

Teopemy 14.7 Tak:xke ymoOHO IpPeACTABUTL B TaKOil )opMe: ypaBHeEHUE
f(x)=g(x), rme f(x) > 0u g(x) > 0, gusa aoboro x € M paBHOCUJIHLHO CUCTe-

(F(x))** = (g(x))?*,
xe M.

Yuaruecs HepeaKo 3aJal0T BOIPOC O TOM, KAKUM METOAOM JIyUIlle pe-
IIaTh UPPAIMOHAJIbHBIE YPAaBHEHUA: METOJAOM CJIeACTBUI MJIX METOJAOM PaB-
HOCHJIBHBIX ITepexozoB. OQHO3HAUHOT'O OTBETA Ha 9TOT BoIpoc HeT. Hampu-
Mep, ecJi KOPHU YPaBHEHUS-CJIEACTBUA «yI00HBIE» IJid IPOBEPKMU, TO Me-
TOJ CJEACTBUII BIIOJHE IpueMeM. KayKablil 3 yKasaHHBIX METOAOB MMeeT
HemocTaTKu. Tak, ecau mouck MHOMKecTBa M, HAa KOTOPOM OCYIIIECTBJIISETCS
PABHOCHUJIbHBIN IIEPEXO0M, 3aTPYAHEH, TO METOJ PaBHOCUJBbHBIX IIEPEXOI0B
MOJKET OKa3aThCs HEIIPUEeMJIEMbIM.

ROMMeHTapI/II/I K YIPpaxXHEHUAM

Ne 14.5 (3). Umeem: (x +2)Vx2 —x—-20 -6(x +2)=0; (x+2)(Vx? —x—-20 -
— 6) =0. B sToM MecTe yualuecs JOIYCKAaOT PACIIPOCTPAHEHHYIO OIITHUOKY:

x+2=0,
CUHNTAlT, 4YTO COBOKYIIHOCTBb paBHOCHJIBHaA OJaHHOMY
Vx2-x-20=6

ypaBHeHNIO. ITa OIINOKA MPUBOAUT K IIOSBJIEHUIO MOCTOPOHHErO KOPHS
x = —2. Ha camom jejie MCXOQHOE ypaBHEHNE PaBHOCHUJILHO CHCTEME

x+2=0,
Vx2 —x-20 =6,

x2—-x-2020.
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Ne 14.14 (1)

Jx-2-2Jx—2+1+Jx-2-6Jx-2+9 =6;

Nmeem:

Jox—2-172 + (Jx—2-3)2 = 6;

Wx—2-1+Vx-—2-3=6.

IIycts

x — 2 = t. Torxa ocraércs pemuTs ypaBaenue |t — 1| + [t — 3| = 6, rme ¢ = 0.

N2 14.16, 14.17. e pelieHus 5TUX ypaBHEHUI IToKasaHa B mpumepe § 8.

§ 15. PasnuyHble Npuémbl pelueHus
MppaLoOHaNbHbIX YPaBHEHUN U UX CUCTEM

TexHOnorn4yeckas kapTta ypokoB

Popmupyembie
pe3ynbrarsbl

lMnaHupyemsbie
pe3ynbrarsl

OCHOBHbIe
NMOHATUNA

MpeameTtHbie: hopMUPOBaTL YMEHME pellaTb MppaunoHasb-
Hble ypaBHEHMS MeTOAOM 3aMeHbl MepeMeHHON N C UCMONb30-
BaHWEM CBOWCTB (PYHKLMI, KOTOpble 3afatoT NieBas U npasas
YacTu ypaBHEHUN.

JIn4HoCTHbIe: hopMUpoBaTb CNOCOOBHOCTL OCO3HAHHOIO BbIGO-
pa 1 NoCcTpoeHns fanbHenllen MHANBUAYANbHOM TPAaeKTOPUMN.

MertanpegmeTHbie: POopMUPOBaTL YMEHUs CPaBHUBATb, aHaNu-
31MpoBaTb, 0006LWaTh NO Pa3HbIM OCHOBAHUAM, MOAENNPOBATL
BbIOOpP CNocoboB aedaTenbHOCTU.

y'-lalJ.l,I/IVICﬂ HaAYy4YUTCA pewaTtb MppauynoHalbHbl€ YPpaBHEHUA Me-
TOOOM 3aMeEHbI HEPEMeHHOVI M C UCNONIb30BaHWEM CBOMCTB
q)yHKLI,I/IVI, KOTOpbIE€ 3a0aloT nNeBad U npaBasd 4actu ypaBHEHVIIZ.

MeTopn 3aMeHbl NepeMeHHON, NCNOJIb30BaHUE CBOUCTB (yHK-
LM, KOTOPble 3a4atoT JieBas U npasas 4acTu ypaBHEHUN.

3apaHusa

3apaHus
ana ¢popmnpoBaHusa
npeaMeTHbIX
pe3ynsraToB

AononHn-
TeslbHble
3agaHus

ANs KOHTpons
" KoppeKuun
npegMeTHbIX
pesynsTaToB

3apaHusa pns
AOMalUHeNn
pabotbi

Ypok 1

15.1,15.3

15.2,15.4

Ypok 2

15.5, 15.7, 15.8,
15.10, 15.11

15.6, 15.9,
15.12

Ypok 3

15.13, 15.15, 15.17,
15.19

15.21

CamocTosTeNnbHas
pa6oTta N2 16:
Ne 1(1,2,4)

15.14, 15.16,
15.18, 15.20
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METOJII/I'-IGCKI/IG KOMMEHTAapPpUuHu

ITaparpad cocTouT 13 IPUMEPOB pellleHus 3amad. MeTon 3aMeHbI Iepe-
MEHHOH 3HakoM yuamumcs. IIpumepsr 1 u 2 maparpada HITIOCTPUPYIOT
9TOT METOJ IIPUMEHUTEJbHO K NPPAI[MOHAJIbHBIM YPaBHEeHUAM. YpPaBHEHHIE
u3 mpuMepa 3 maparpada mpeacTaBiasgeT co60il OJHOPOIHOE YpaBHEeHUe BTO-

poO¥i CTeTIeHM OTHOCUTEJIBHO BhIPasKeHU X 1 VX + 1. OTcioa CTaHOBUTCA TO-
HATHBLIM, IIOYeMY, PasfenB 00e JacTh ypaBHEeHHU Ha X2, MbI CBOJUM JaHHOE
ypaBHEHUE K KBaJIPAaTHOMY.

IIpumep 5 mpuMeuaTesieH TeM, UTO B METOJle 3aMeHBI YyUaCTBYIOT Cpasy
JIBe TIepeMeHHbIe.

B npumepe 6 mokasaHo pelleHre UPPANUOHAIBHOTO YPABHEHU A METOLOM
caenctBuii. CiieicTBUEe BOSHUKAET B pPe3yJbTaTe YMHOMKEHUA 00eMX dacTeil
ypaBHEHUA Ha BbIpa)keHUe ¢ mepeMeHHO#. [locTopoHHIE KOPHU ypaBHEHUA-
CJIE€ICTBUSA ITOJKHBI OBITH BHIABJIEHBI B PE3YyJIbTATE IIPOBEPKU.

KoMmMeHTapuu K ynpaskHeHUSIM

Ne 15.7. 910 ypaBHeHMe MOMKHO PEIINUTL METOAOM 3aMeHbl IepPeMeHHOM:

Vx—1++x+3 =t. OqgHaKO 5TO ypaBHEHNE TaK)Ke MOXKHO PEIlINTh, IIPHUMe-
HsAS CBOMCTBA PYHKIIUI, KOTOPBIE 3aIal0TCS JIEBOM IIPABOM YaCTAMHU ypaBHe-
Husa. OgHa us 9TuxX QYHKIIUH Bo3pacTaiInas, Apyras — yobiBatorasa. Cie-
IoBaTeJabHO, JaHHOE ypaBHeHNe nMeeT He 0ojiee OTHOTO KOPHs. JIerko 3ame-
TUTH, UYTO STUM KOPHEM ABJIAETCI YUcyo 1.

Ne 15.11. Pasgenus o6e yacTu ypaBHEHHUA Ha X2, IOJyYMM ypaBHEHHUE, PaB-
HOCUJIbHOE TaHHOMY.

Ne 15.22. YMHOKBTE 00€ 4acTu ypaBHEHHA Ha BhIpaskeHme +x2 +3x —2 —

—VxZ-x+1.

§ 16. UppaumoHanbHble HEpaBeHCTBA

TexHonornyeckas KapTa ypokoB

Qopmupyembie lMpeametHsie: GopMnpoBaTh yMeHMe pellaTb UppauMoHanb-
pe3ynbTatsl Hble HepaBEeHCTBA.

JINYHOCTHBIE: HOPMMPOBATL YMEHUS MPeACTaBNaTb pe3ynsraTt
cBOEeN feaTefNlbHOCTW.

MertanpeametHbie: ¢OpMMPOBaTL yMEHME KOPPEeKTUPOBaTb
CBOW JeNCTBUSA B COOTBETCTBMU C U3MEHSAIOLLENCS cUTyaumnen.

41



MnaHupyemblie  YdHawminca HayumTca pellaTh MppaLMoHalbHble HepaBeHCTBa.
pe3ynbrarbi

OcHOBHbIE TeopeMbl 0 paBHOCUNbHbIX NPe0OpPa3oBaHUAX HEPABEHCTB.
MOHATUA
3apaHus 3ananua 3apaHus
q CbO MUDOBaHUS I’:I,OI1OJ1HVI- Anga KOHTpons q
An P P TellbHble n Koppekunun An -
npegmMeTHbIX 3apaHus npeAMeTHBIX AOoMallHen
pe3ynbraToB pabotbi
pe3ynbraToB
Ypok 1 16.1, 16.3 16.2,16.4
Ypok 2 16.5, 16.7, 16.9 16.6, 16.8,
16.10
Ypok 3 16.11, 16.13, 16.15 CamocrosiTenbHas 16.12,
paboTa N2 17: 16.14,
Ne 1,2 16.16

MeTozmquIme KOMMEHTApPUU

B mauase maparpada moBTOPSIOTCA OCHOBHBIE CBEIEHUS O PEIleHuNr He-
PaBEHCTB METOIOM PaBHOCHUJIBHBIX II€PEXO0A0B. BasKHO IIOOAYEPKHYTH, UTO
[IJIs pelieHus HepaBeHCTB MeTOJ CJIEACTBUIl HellpueMJeM, IIOCKOJIbKY He-
BO3MOYKHO MOIBEPTHYTH IIPOBETKE 0ECKOHEUHOe MHOKECTBO PEIIeHMIA.

YuammuMmces HaIo Pas3bACHUTD, ITIOUEeMY HepaBeHCTBA CJIeyeT perraTh Me-
TOAOM PaBHOCHUJBHBIX mepexonoB. Ilesecoo6pasHo IMOAYEPKHYTDH, UTO IJIS
YpaBHEHU, UMEIONINX KOHEeUHOE YNCJIO PeIIeHnl, IPUMeHMbI IBa MeTo/a:
MeTOoJ, PAaBHOCUJIBbHBIX IIEPEXOJ0B U METOJ cjaelAcTBuii. B oTiinmuume ot aToro,
pellleHeM HepaBEHCTBA, KaK MIPABUJIO, ABJIAETCA OECKOHeUHOe MHOMKECTBO
quces, KOTOPbIe, eCTECTBEHHO, IIOABEPrHYTh MIPOBEPKE HEBO3MOYKHO.

B nmaparpade npenoskeHo nokasaThk TeopeMbl 16.4—16.6 camocTosATE Ib-
HO. Ho HecMOTpPsA Ha TO UTO JOKa3aTeJIbCTBO 3TUX TEOPEM aHAJOTUYHO JOKa-
3aTeJbCTBY TEOPEeM TaKOTO POjfia, 3TOT IIpollecc 00A3aTeabHO CIeayeT IIPo-
KOHTPOJIMPOBATD.

Teopema 16.4 BocumpuHUMAaeTcA ydyamiumucs jJerko. OgHako B TeopeMax
16.5 1 16.6 yuarquMcsa TPYAHO BOCIPUHSATH, UYTO, U3MEHUB 3HAK HepaBeH-
cTBa B TeopeMe 16.5, MBI TToJTyuaeM IPUHITUTTAAIBLHO UHYIO (POPMYJINPOBKY
TeopeMbI 16.6. [loMoUb MOHMMAaHNIO MOTYT TAKNE HABOASAIIME BOIIPOCHI:

«Ha ocHOBaHMM KaKOro HepaBeHCTBA UTO MbLI MOKE€M CKasaTb O 3HAKe
sHaueHul pyHKuu g (x)?» ( upu usydyeHuu TeopeMsl 16.5);

«Kaxue uncia Bcerma MeHbIIle, UeM 3HAaUeHMe JI000T0 KBaApaTHOTO KOp-

HA?» (Ipu usyueHuu TeopeMsl 16.6).
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B reopeme 16.6 ciaenyet yaeauTb ocoboe BHUMaHTE (DOPMUPOBAHUIO IIeP-
BOM CHCTE€MBI COBOKYITHOCTHU. 3/IeCh MOKET IIOMOYb YCTHOE pellieHre ypaBHe-

HUH TUIa —\/; > -1, \/; > -3, \/; = 0.

KoMMeHTapuu K yipasKkHEeHUSIM

16.7, 16.8. OTu HepaBeHCTBA MOYKHO PEIIIUTHL METOAOM HMHTepBajaoB. OTMme-
TUTh Ha KOOPAUHATHON IIPAMON HYJIN (PYHKIITUU, KOTOPYIO 3a/1a€T BhIpaKe-
HUe, CTOAIIEe B JI€BOI UACTU HepaBeHCTBa. TaKKe OTMETUTDH Ha KOOPAWHAT-
HOM IPAMOIT MHOYKECTBO, SIBJIAIOIIEeCs 00J1acThIO OTIpeieIeHU JaHHOTO He-
paBeHcTBa. [loyuuM TPOMEKYTKU 3HAKOIIOCTOSHCTBA paccMaTPUBaeMOIt
byurnun. lamee TpoGHBIMM TOUYKAMM HCCIeAyeM 3HAK KaiKIOTO IIpoMe-
JKYTKA.
16.14. BocnonsayiiTech TeM, UTO QYHKIUA Y = 3x -2 +Jx3 + 8 aBaserca
BO3pacTalolei.

KoHTponbHasa paGota N2 3
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rmasa 3. TPUroHoOMeTpuyeckmne pyHKUUUN

§ 17. PapunaHHaa mepa yrna

TexHonorrnyeckas Kapta ypoKoB

Gopmupyembie  lpeameTHbie: GOPMUPOBaATL YMEHUA BblpaXaTb paguaHHylo
pe3ynbratbl Mepy yrna B rpagycHoi mepe 1 HaobopoT, ycTaHaBNMBaTb COOT-
BETCTBME MeXAY TOYKaMU eAUHUYHOWN OKPYXXHOCTU U yrnamu
noBopoTa.
JIn4HOCTHbIE: hopMUMPOBaTL YyMeHMe OOBLEeKTMBHO OLLeHUBaTb
TPYA, OAHOKNACCHUKOB.
MertanpegmeTtHbie: GopMnpoBaTb yMeHWE BUOETb MaTemMaTu-
Yeckylo 3ajavy B KOHTEKCTe NpoOneMHON CcUTyaummn B OpYyrux
ANCUMMIIMHAX, B OKPY>KaloLWen XU3HN.
lMnaHupyemsbie Yyawmuca Hay4nTcs BblpaXxkaTb pagmMaHHyo Mepy yrna B rpagyc-
pe3ynbratbl HOM Mepe M HaobopoT, ycTaHaBNMBaTb COOTBETCTBME MeXAy
TOYKaMM eANHUYHOW OKPYXXHOCTU M yrnaMu noBopoTa.
OcHOBHbIEe PapmaH, pagnaHHas mepa yrna, aimHa oyrm oKpy>XHOCTU pagu-
MOHATHNSA yca R, copepxalluen o paguaH.
3apaHus
3apaHus
JdononHu- ANA KOHTpons 3apgaHus
ansa dopmmpoBaHus -
TelnbHble 1N KoppeKkLumn ANS goMallHen
npegMeTHbIX
3aaHuga npegmMmeTHbIX paGOTbI
pe3ynbraToB
pe3synbraTtoB
Ypok 1 17.1,17.3,17.4, 17.2,17.5,17.7,
17.6,17.8, 17.10 17.9,17.11
Ypok 2 17.12,17.13, CamocTosiTenbHas 17.14,17.16,
17.15,17.17, paboTta Ne 18: 17.18, 17.21
17.19, 17.20 Ne1,2,3,4(1),
5(1)

MeToauuyecKkue KOMMEHTAPUHU

Yuariuecs HeJerko BOCIPUHNMAIOT BBeJeHNe HOBOU eqUHUIILI M3Mepe-
HHUS yIyla — paaual. 9To, CKopee BCero, CBA3aHO C TeM, UTO CJIOXKHO MOTH-
BUPOBATh NIPUUNHLI IIepexona K HOoBou Mepe yria. CHauaJsa popMmupyercs
Jaub opMaibHOE 3HAHUE.
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WKemarenbHo, UTOOBI yUalliuecsa 3allOMHUJIN TaHHBbIE TAOJIUIIBI, IIPUBE-
IéHHOIT Ha c. 129 yueOHUKA.

B sTom maparpade onncaTeibHO BBOAUTCS MOHATHE yIJjIa IIOBOPOTAa. Yua-
Iuecs ¢ 3aTPYAHEHUAMU BOCIIPUHUMAIOT TO, UTO C YIJIOM CBA3AHBI BEJIUUU-
HEBI, Gonbmmnne 360°, 1 make oTpUIATEIbHEIE BeJIUUYNHBI. II05TOMY B IIEPBYIO
ouepennb CIeAyeT Pa3bACHUTH YUAIIIUMCSA, UTO yroJI IIOBOPOTa — 3TO HE Te0-
MeTpuueckasa purypa.

Yuamyecd TaKyKe JOJIPKHBI IIOHNMAaTh, YTO COOTBETCTBUE MEKIY TOUKA-
MU eJUHUYHOU OKPYIKHOCTH U YIVIAMU IIOBOPOTOB HEe ABJISAETCA B3BAUMHO OJ-
HO3HAUHBIM. B 3aBUCMMOCTU OT YPOBHSA MaTeMaTHUUECKOU IMOATOTOBKHY yYa-
IUXCS KJaacca MOYKHO IIPU 00CYKI€HUM STOT0 BOIIPOCA IIOABECTH UX K BBIBO-
Iy, 4TO 3aBUCUMOCTH TOUKY eJUHUUHOI OKPYKHOCTH (a CJIeJoBaTeJIbHO, U eé
KOOpAMHAT) OT yIjia II0BOPOTa SABJsAeTCA PYHKIIMOHAILHOMN, a 3aBUCUMOCTD
yrJjia IIOBOPOTa OT TOUKU eJUHUYHON OKPYKHOCTM — HeT. TaKkoil BEIBOX OY-
IeT TMPOIeIeBTUUECKUM ITOX0IOM K BBEAEHUIO MOHATUS TPUTOHOMETpUUe-
CKUX (PYHKIUA.

3amnuch MHOKECTBaA YIVIOB IIOBOPOTA, COOTBETCTBYIOIIUX MAaHHOM TOUKE
eIVHUYHON OKPYKHOCTU, HOCUT BasKHBIN ITPOIIeJeBTUUECKUN XapaKTep, I0-
CKOJIbKY SBJIsIETCA 0a30H AJIA PelieHus TPUTOHOMETPUUECKUX YPaBHEHUH.
ITosTomy cienyeT yaeauThb oco00e BHUMAHUE TOMY, UTOOBI yUalluecs X0po-
110 OCBOMJIU BTOT BUJ AEATEIHHOCTH.

RommeHTapnn R YIOPpasKHEeHUAM

Ne 17.17, 17.18. Hazmo, uToObI yuariiecs 3alIuchbiBaaIn (QOPMYJIY, 3aIAT0IYI0
MHOKECTBO yTIJIOB TOBOpPOoTa. MOKHO ITOKa3aTh, UTO Pas3Hble POPMYJIIBI MOTYT
3amaBaTh OJHO U TO YK€ MHOYKECTBO YIVIOB IIOBOPOTA.

Ne 17.20, 17.21. IckoMoOe MHOKECTBO JIeTKO 3aIl1ICaTh C IIOMOIIbIO rpaduue-
CKOU MHTepIpeTanny Ha eTUHUYHONA OKPYKHOCTH.

§ 18. TpuroHomeTpuueckme PyHKUU
4YMCJIOBOro aprymMmeHra

TexHonornyeckas kapTa ypokos

Qopmupyembie lMpeameTHsbie: hopMUPOBaTh yMEHUS ONepupoBaThk MOHATUSA-

pe3ynerartbl MW TPUTOHOMETPUYECKUX (PYHKLINI YNCIOBOIO apryMeHTa, Ha-
XoAuUTb 0bnacTb onpegeneHns U obnactb 3Ha4YeHUM TPUTOHO-
MeTpUYECKUX PYHKLNNA.

JIndHocTHbIE: hopMmpoBaTh ymeHne HopMynnMpoBaTb Cob-
CTBEHHOE MHEHMe.
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MertanpegmetHbie: GOpMMPOBaATbL YMEHUS ONpefensitb NOHs-
TUS, co3paBaTb 0600LWEeHNs], ycTaHaBNMBATL aHANOMMK, Kjlaccu-
durumpoBaTb.

nﬂaHl/lpyEMble yqal.l.l,VIVIc;l Hay4UTCa onepmnpoBaTtb NOHATUAMUN TPUTOHOMETPU-

pe3ynbTaTbl YeckMx (YHKUUIA YUCTIOBOrO aprymeHTa, HaxoAuTb obnactb
onpepenieHnss U obnactb 3HaYeHUN TPUFOHOMETPUYECKUX
bYHKLMNA.

OcHoBHbIe KocuHyc yrna noBopoTa, CMHYC yrna noBOpOTa, TaHreHc yrna

MOHATUSA NMOBOPOTa, KOTAaHreHC yrna MoBOpOTa, TPUrOHOMeTpUYeckme

beHKLI,I/IVI, OCb TaHreHCoOB, OCb KOTAaHIreHCOB.

3apaHus
3apaHusa 3apaHusa
AononHn- ANA KOHTpons
ans gopmMmupoBaHus ons
TenbHble " KoppeKuun -
npeaMeTHbIX AOMaluHen
3ajaHus npegMeTHbIX
pesynbraTtoB paboTbl
pe3ynsTatoB
Ypok 1 18.1, 18.3, 18.5, 18.2, 18.4,
18.7, 18.9 18.6, 18.8,
18.10
Ypok 2 18.11, 18.13, 18.15, CamoctonaTenbHaa | 18.12, 18.14,
18.17 pa6oTta N2 19: 18.16, 18.18
Ne1,2(1),3(1,2)

Me’ro;mqecmne KOMMEHTAapuunu

Ilepen usyuenuem maTepuaJsia 9Toro maparpadga cjieayer IIOBTOPUTH COOT-
BETCTBYIOIIUI MATEPHUAJ O TPUTOHOMETPUUECKUX (PYHKIUAX, N3YUCHHLINA B
Kypcax reomerpun 8 u 9 Kjaccos.

ITocoe BBemenmsa ompenesieHUs CHHyCa M KOCUHYca YIJIOB IIOBOPOTA CJIe-
IyeT Pas3biACHUTH YUYAIINMCS, UTO HOBOE OIIpejie/IeHre He IIPOTUBOPEUNT pa-
Hee BBeJIEHHLIM OIIPeeIeHUAM, a JIUIIb UX 0000IIIaer.

B szaBucumocTH OT YpPOBHA MATEMATHUYECKOH IIOATOTOBKHU YyUYaIlUXCs
KJIacca MOJKHO Pas’bsCHUTDH YUAIITUMCS, UTO B IIPEABIAYIIEM MaTepuaje Kyp-
ca reoMeTpPUU AapryMEHTAMU TPUTOHOMETPHUUYECKUX (PYHKIINIA ObLIN BeJINYN-
HBI YIJIOB, BhIpAKeHHbIE B I'pagycax. Ha faHHBIIT MOMEHT TPUTOHOMETPUYe-
cKkure QYHKIINN pacCMATPUBAIOTCS KAK UNCIOBbIe (PYHKIIUN, IPUIEM UX ap-
TYMEHT BBIpa)XeH B paaumamax. IlosTomy, HaumHAs C 9TOTO MOMEHTA, B
3amayax Kypca ajredpbl M Kypca reOMeTPUU AOIYyCKAaeTCs HCIIOJIb30BaHIe
KaK paJuaHHOl, TaK M IPaJgyCHON Mephbl YIVIOB, OOHAKO CIeAyeT ob0palaTh
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ocoboe BHUMaHVE Ha TO, KaKasd NMeHHO Mepa MCII0JIb3yeTCs, U B cjiydae He-
00XOAMMOCTHU BHIIOJHATDH II€PEBOJ OJHOM MePHI B APYTYI0. ITO padbACHEHUE
0CO0EHHO BayKHO IIPU IIPUMEHEeHUU KaJbKYJIATOPOB Pa3NUYHBIX MOJeEJel C
pas3anuHbLIMU (YHKIIMOHAJBHBIMU BO3MOYKHOCTAMU. IloKasaTeJbHBIM B
STOM OTHOIIIEHUU ABJSIETCS CTAHAAPTHBINA KadbKyaATop Windows: B pexu-
Me «OOBIUHBIN» KHOIIKY JIJIsI BHIUMCJIEHUSA SHAYEHUN TPUTOHOMETPUYECKUX
(yHKIIUIT OTCYTCTBYIOT (CJeJOBaTEeJIbHO, OTCYTCTBYEeT BO3MOXKHOCTh IIpUMe-
HEeHUS TPUTOHOMETPUUECKUX QYHKIIUMN 6e3 SBHOTO YKa3aHUA eJUHUILI 13-
MepeHNA apTyMeHTa), a B PesKUMe « MHKeHEePHBIN» Ha ITaHeJn KaJbKyJIATO-
pa OPUCYTCTBYeT yKa3aHWe Ha HCIOJIb3yeMYIO eIUHUILY U3MEePeHUdA apry-
MeHTa.

B nmaparpade paccmaTpuBaroTcsa nepBOHaYaJIbHBIE CBOTICTBA TPUTOHOME-
TPUUECKUX (PYHKIIUN — o0JacTh ompeneeHuss u o0jacTb sHaueHuii. [Ipu
3TOM 00JIaCTH 3HAUEHUS TPUTOHOMETPUYECKUX (PYHKIIUN HAXOAATCA UCXOAA
W3 TeOMeTPUUYEeCKUX WHTepupeTanuii. B yacTHOCTH, /1A TaHTeHCA U KOTaH-
reHCa BBOJOATCA TMOHATHUA «OCh TAHTEHCOB» M «OCh KOTAHTEHCOB». B majb-
HeHIeM ydaluecs enfé He OAUWH pas OyAayT oOpaliartbcd K eIUHUYHON
OKPYKHOCTU M OCAM TAHTEHCOB M KOTAHT'€HCOB [JIS BBISIBJIEHUA U IPYTUX
CBOMCTB TPUTOHOMETPUYECKUX PDYHKITUH.

Oco6oe BHUMAaHUeE cJIeayeT YAEJUTh 3amade 2 mpuMepa 3 maparpada. ITo-
HUMaHue, II0UYeMy JaHHOe BhIpasKeHUe He JOCTUTAaeT HauOOJBbIIero m Hau-
MEHBIIIer0 3HAUEHNH, B JaJIbHEHIIeM ITOMOKeT 130eKaTh MHOTUX OIITNOOK,
KOTOPBIE UACTO IEJIAIOT YUalluecs.

KoMmMeHTapuu K ynpaskHeHUSIM

Ne 18.7, 18.8, 18.17, 18.18. PesyabraTsl, moJyYeHHbIE B 9TUX 3ajgadyax, 0y-
OYT IPUMEHATHCA B gajgbHelniem. KpomMe Toro, sTu 3agauyu MMEIOT BasKHOE
MPOIleIeBTUUYECKOe 3HaUeHIe,

N2 18.11, 18.12. PaccmoTpuTe pa3HOCTh CPABHUBAEMBIX BBIPAYKEHUH.

§ 19. 3HaKM 3HA4YEeHUN TPUFOHOMETPUYECKMNX
byHKuMN. YETHOCTb N HEYETHOCTb
TPUroHomeTpudecknx pyHKuun

TexHonornyeckas KapTa ypoKoOB

Popmupyembie  lpeameTHble: GOPMUPOBATb YMEHUA HaXOAUTb 3HAKW 3Have-
pe3ynbratbl HUI TPUFOHOMETPUYECKUX DPYHKLUUN, UCCefoBaTh TPUTOHOME-
Tpnyeckme GyHKLUMMN Ha YHETHOCTb N HEYETHOCTb.

JInyHOCTHbIE: HOPMMPOBATL HE3ABUCUMOCTb CYXXAEHUN.
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lMnaHupyemsbie
pe3ynbratsl

OcHOBHbIEe
MOHATUSA

MertanpegmeTHbie: GopMUpPOBaTb YMEHUS CaMOCTOATENIbHO
onpegenaThb LeNn cBoero obyyeHus, cTaBuTb U hOpMyNnMpoBaThb
ansi cebs1 HoBble 3aJa4Yn B y4€Oe 1 No3HaBaTeNlbHOM AeATeNbHO-
cTn.

Yyawmmca HayuynmTcs HaxoauTb 3HAKW 3HAYE€HUN TPUFrOHOMe-
TpUYeckux GyHKLUUN, UccnenoBaTb TPUIOHOMETpUYeckmne gyHk-
UMM HA YETHOCTb N HEYETHOCTb.

Yron | (I, 1ll, IV) yeTBepTH, 3HAKM CMHYCA B KaXAOW U3 YeTBep-
Ten, 3HaKM KOCUHYCa B KaXA0M U3 YeTBepTen, 3HaKM TaHreHca
B KaXXAO0OW U3 YyeTBepTen, 3HAaKN KOTAaHIeHca B KaXaoMn U3 YyeT-
BepTen, YETHOCTb N HEYETHOCTb TPUTOHOMETPUYECKUX (PYHK-
L.

3agaHusa
3apaHusa
AdononHun- ANA KOHTpons 3apaHusa pnsa
ana ¢popmmpoBaHus -
TelNbHble N KoppeKkumn AOMaLUHeNn
npegMeTHbIX
3apaHusa npeaMeTHbIX pabotbi
pe3ynsraToB
pe3ynsTaToB
Ypok 1 19.1,19.3, 19.5 19.2,19.4,
19.6
Ypok 2 19.7, 19.9, 19.11, CamocroaTenbHas 19.8, 19.10,
19.13 paboTta Ne 20: 19.12, 19.14
Ne1,2,3,4

MeToanuuecKkue KOMMEHTaAPUU

Cxembl, n3o0paskeéHHble Ha pucyHKax 19.1 u 19.2 yueOHUKA, JJeTKO BOC-
OpUHUMAIOTCSA, JAal0T HaIISAHOe O0OCHOBaHUE [IJs OIpelesieHus 3HAKOB
TPUTOHOMETPUUECKUX (PYHKIIUN U JIETKO 3aIIOMUHAIOTCH.

UccnemoBanuio TpUroHoMeTpuuecKnX (PYHKIIUHA HA YETHOCTH IOMOTraeT
pucyuok 19.3 yuebHUKA.

ITpu uccnegoBanuu Ha Y€THOCTH GYHKIUHN y = tg x 1 y = ctg x yuaiiueca
IOJIXKHBI IOHUMAaTh, IOUeMy UX 00JIacTh OmpeAeieHUusaA CUMMEeTPUYHA OTHO-
CUTEJIbHO Hauajia KOOPAMHAT.

KoMmMmeHTapuu K yrpaskHeHUSIM

Ne 19.13 (3), 19.14 (3). O6nacTs oupeneneHud 9TUX QYHKIIUI He ABIAETCA
CHUMMETPUYHOM OTHOCHUTEJBHO Hadajla KOOPAWHAT, II09TOMY 9TU (YHKIIUHU
He ABJIAIOTCA HU YETHBIMU, HU HEYETHBIMU.
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§ 20. Nepuognveckue hpyHKLUUN

TexHonornyeckas KapTa ypoKoOB

dopmupyemsble
pe3ynbrarsbl

lTnaHupyemsbie
pesynbratbl

OCHOBHbIE
MoHATUA

lNpeametHble: GopMUpPOBaTb YMEHUSA ONEPUPOBaTb NMOHATUEM
nepvopmyeckon (yHKLNU, HaXoAUTb Nepuos TPUroHOMeETPU-
Yyeckom pyHKLMU, OKa3bIBaTb CBOMCTBA NEPUOAMYECKUX DYHK-
LUMN.

JIn4HoCTHbIE: hopMMpOBaTL YMEHMEe OObLEKTMBHO OLeHMBaTb
CBOW TPYA.

MertanpegmMeTHble: pa3BUBaTb MOTUBbLI U MHTEpeChbl CBOEN Mo-
3HaBaTeNbHOW AesATeNIbHOCTU.

Yyalummncs Hay4ymMTcs ornepupoBaTh MOHATUEM MEPUOANYECKOMN
byHKUMU, HaxoAUTb Mepuon TPUrOHOMETPUYECKON (YyHKLMN,
[OKa3blBaTb CBOMCTBA NepUoOaNYECKNX YHKLMIA.

MNepvopunyeckas GyHKUMS, Nepnog pyHKLUNU, TMaBHbIN NepUos
(pyHKLNU, COM3MepUMbIe YMCna, HECOM3MeEPUMbIE YMCNa, CBON-
CTBa nepuopuyeckmx dyHKUUN, nepuod hyHKUUK y = sin x, ne-
puopa dyHKUMM y = cosx, Nepuop dyHKUMn y = tgx, nepmnop
dyHKUMUN y = ctg x.

3apaHusa
3apaHusa 3apaHunsa
JdononHu- Ans KOHTpons
ansa ¢popmmpoBaHus ans
TesbHble 1 KoppeKLuuu _
npeamMeTHbIX AoMaluHen
3apgaHus npeaMeTHbIX
pesynsTatoB paboTbi
pesynbraToB
Ypok 1 20.1, 20.3, 20.5, 20.2,20.4,
20.7,20.8 20.6, 20.9
Ypok 2 20.10, 20.12, 20.14, 20.11, CamoctoatenbHaa | 20.13, 20.15,
20.16, 20.18, 20.20 20.21, paboTa N2 21: 20.17, 20.19
20.23 Ne 1 (1, 2),
2 (puc. a),
3(1),4,5

MeTonuuecKkue KOMMEHTAPUU

ITousaTHe TEPUOAMUYHOCTHY KaK CBOMCTBO (PYHKIIUU yUAIIIUMCA UHTYUTUB-
HO nmoHATHO. OIHAKO cileyeT yAEeJUTh AJOCTATOYHO BHUMAHUA paboTe HaJ
oIpefeseHNEM IlepruoandyecKoii GyHKkuy. B yacTHOCTH, yUalmMcsd CaenyeT
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PasbACHUTDH, IOYEeMY B ONpe[eeHNN HeJOCTATOUHO OTPAHWUYUTHLCS paBeH-
crBoM f(x)=f(x+T).

Bazxkzo mocye onpemesieHUs TepUOINUYecKOoll (DYHKITUY ITPUBECTH IPUMe-
pBI mepuoAuUYecKnX (PYHKIWI, He SABIAIOIIUXCS TPUTOHOMETPUUYECKUMU.
31ech MOTYT OKas3aTh IIOMOIIb rpaduuecKuil M omucaTeIbHBIN CIIOCOOBI 3a-
nauus GyHKmuy. XopolruM IpuMepoMm ABjsieTcsa QyHKius y = {x} (qpodouas
YacTh uucyaa x), QyHKnua Jupuxie u GyHKIIUA KOHCTAHTAa.

Teopembr 20.1—20.3 pacKpbIBalOT OCHOBHBIE CBOMCTBA IIEPUOAUUECKUX
PYHKITUI.

CnexyeT MOTHMBHPOBATH yUaIIMMCS I11€J€CO00PA3HOCTH BBEJEHUS IIOHA-
TUSA TVIABHOTO Ileproga GyHKIUK. BaskHO, YTOOBI yUyalmecsa IIOHUMAaJIU, YTO
He J100asa nmepuoguuecKas GyHKIUA UMeeT IVIaBHBIN IIePUo/.

ITpu moxasatenbcTBe Teopembl 20.4 Hamo MOAPOOHO PaA3bACHUTL yda-
muMces, IToueMy B paBeHcTBe sin(x + T') = sinx MOYKHO BMECTO X IIOJCTAaBUTH
3HauUeHue X = —%.

Teopema 20.5 mokaswsIBaeT, Kak, 3HadA [VIABHBIN ITepruog QYHKIUYN, HARTH
BCe IpyTue e€ mepuobl.

Teopema 20.6 mpuMeHseTCs AJIS IIOMCKA Mepuoaa PyHKIIUU, COCTOAIIEH
M3 HECKOJIbKO mepuoauueckux Gyuknuii. [Ipumeps 3 u 4 naparpada noka-
3BIBAIOT, KaK IPUMEHATH 3Ty TeopeMy. @YHKIIUA, paccMaTpuBaeMasa B IPU-
Mepe 4 nmaparpada, IpeacTaBiasaeT co00i CyMMy IIePUOINUYECKUX (DYHKI[UIA.
ITonsaTHO, YTO MeTOA mOMCKAa MEePHoAa He UBMEHUTCS, €CJN B KOHCTPYKITUU
dyHKRIINT OyAYyT 3a7efiCTBOBAHBI [pyTrue apudmMeTnuecKue JeficTBUS.

ROMMeHTapI/II/I K yIIpaKHEeHUAM

Ne 20.11. IIpeamoaokuM, UTO JaHHAA PYHKIIUA ABISETCSA IIEPUOIUUECKOI.
PaccmorpuTre nBa 3HaueHUs apryMeHTa, oTiMuaroluecda Ha mepuon. Ilo-
CKOJIbKY MaHHasd PYHKIUA ABJIAETCA MOHOTOHHOM, TO B 3TUX TOYKaX PYyHK-
1A OPUHUMAaeT pasHble 3HaueHUs. C IPyroil CTOPOHLI B CUJIY IIePUOIUUHO-
CTU 3HAUEHUSA PYHKIIUU B 9TUX TOUKAX PABHBI.

Ne 20.12, 20.13. BocnoabsyiiTech METOLOM, OIMCAHHLIM B IIpuMepe 4 mapa-
rpada.

Ne 20.16. Haiigure riiaBHbIe IIepUOILI JaHHBIX PYHKIUIA. ITo yeioBuio ux or-

m
HOIIIeHWe PaBHO pallMoOHaJbHOMY uuciay —. Ilepemnuure moJaydyeHHOE pa-
n

BEHCTBO TaK, UTOOBI BCe cJIaraeMble C UPPAIMOHAJIbHBIMY KO3 DUITMeHTaMU
HaXOJMJINCH B OJTHOM YaCT! PaBEeHCTBA.
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§ 21. CBoncTBa n rpacdhmkm pyHKUMNA
y=sinx Ny =cosx

TexHOnorn4yeckas KkapTta ypokoB

Qopmupyembie  lMpeameTHbie: GopmupoBaTb ymeHVe MNPUMEHATb CBOWCTBA
pe3ynbrartsbl pyHKUMN Y =sinx n y = cosx.
JIn4yHOCTHBIE: HOPMUPOBATb HE3AaBUCUMOCTb CY>XAEHUN.
MertanpeameTtHbie: GOpMMUPOBaTb YMEHME COOTHOCUTb CBOWU
LeNCTBUS C NMNaHUpyeMbIMU pesynsTaTaMu.
[TnaHupyembie  Yyawmiics HayuynTCa NPUMEHATb CBOMCTBA YHKLUMNA y = sinx U
pe3ynbraTbl Y = CosX.
OCHOBHbIe CuHycomnpa, cBONCTBA YHKUUM y = sin x, KOCUHYycouaa, CBOM-
NnoHATHNSA CTBa PYHKUUN Y = COS X.
3apaHusa
3apaHusa
JononHun- ANS KOHTpons 3apgaHusa gnsa
ans q)opMMPOBaHMﬂ TellbHble n Koppekuunun nomaumel?l
npegmMmeTHbIX
3apaHuna npeamMeTHbIX paboTbi
pe3ynbratoB
pe3ynbraTtoB
Ypok 1 | 21.1,21.3,21.5,21.7 21.2,21.4,
21.6,21.8
Ypok 2 21.9,21.11, 21.13, 21.14, CamocrodatenbHasa | 21.10, 21.12,
21.16, 21.18 21.20 paboTa N2 22: 21.15,21.17,
Ne 1,2,3(2),4(1) 21.19

MeTtoguueckue KOMMEHTaAPUU

B mauase maparpada onuchkiBaeTcs 00Ias cxeMa MCCJIeTOBAHUA TPUTO-
HOMETPUYECKON (DYHKIIUU.

WccnegoBanme cBOMCTB QyHKIIUN y = sinx U y = COSX CTPOUTCA HA HA-
TIIATHBIX COOOpaKeHUSIX C MCIOJb30BAHUEM eIUHUUHOI OoKpy:KHOocTU. Ta-
KOI IIOAXO/ BIIOJIHE OIIPAaBIAaH TE€M, UTO OH JOCTYIEeH OOJIBIITNHCTBY yUYaIluX-
Cs U JIETKO UMM YCBAUBAETCH.

B 3aBUCHMMOCTH OT OCHAIEHHOCTH MAaTEeMaTUYeCKOro KabuHeTra ciaeayeT
WJLJIIOCTPUPOBATH I'Pa)UKU TPUTOHOMETPUUYECKUX (PYHKITUHM C TOMOIILIO Ta-
OJINII MJIN KOMIIbIOTePHOU TexHuKU. CaenyeT pasBuBATD IIOAXO0, IPUHATHINA
LA TOCTPOEHUSA MeEKIIPEeIMETHBIX CBA3eH: PEeKOMEeHJOBaTh YYaIllIMCS
CTPOUTH I'PAPUKMN TPUTOHOMETPHUUECKUX (PYHKIIUHA C IIOMOII[bIO TAOJIMUHOTO
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pemaxTopa, CIoel[iaJbHbIX MAaTeMATUUYECKUX IIaKETOB, a YUAI[IMCSH, CKJIOH-
HBIM K M3YYEHMIO HPOrpaMMHUPOBAHUSA, — CO3L4aBaTh COOCTBEHHBIE IIPO-
rpaMMBbI IIOCTPOEHU I'PapIKOB.

B rabaune Ha c. 160—161 mpuBeneHsl cBoiicTBa QYHKIUNA Yy =sinx u
Y = COSX C YUETOM UX IEePUOJUIHOCTH.

Ilepen pacecmoTpeHurem mpumepa 2 cjaeayeT HOBTOPUTEL IIPABUJIA IIOCTPO-
enus rpadurkoB Gyuruuil y = f(kx), y = kf(x), y =f(x + a), y = f(x) + b,
y=f(x) ny=|f(x)|cnomomusio rpaduxa bynruun y = f (x).

KoMmMmeHnTapuu K yrpaskHeHUSIM

N2 21.16 (1). IIpu mocTpoeruu rpaduka GyHKIUHU CIAEAYET yUECTh, UTO 00-
JacTh OIIpelesieHUs AaHHON GYHKIIMKM HaKJaIblBaeT OTpaHUUYeHUe
sinx > 0.

Ne 21.16 (3). Ob6sacThio ompenesieHUA JAHHOM (PYHKIUU SABJISETCSI MHOMKE-
CTBO {nn,n € Z}.

Ne 21.13 (3). ObsacTrio onpeneseHNsaA JAHHON (PYHKIIMU SBJISETCA MHOMKE-

CTBO {g +nn,n € Z}.

Ne 21.20. Umeem: a? — x? = 2nn. T'pa@uKoM JI€BOI YacTH YPABHEHUS ABJIA-
eTca OKPYIKHOCTH C IeHTPOM B Hauajle KOOpAuHAT paguyca |al. Tpadbuxom
MIPaBOM YACTHU SABJIAETCS CUCTEMA MapaJLIeIbHBIX IPAMBIX.

§ 22. CBoncrBa u rpacdhmkm pyHKLUUN
y=tgxny=ctgx

TexHonorrnyeckas Kapta ypokoB

Qopmupyemsbie  lpeameTHbie: GopMnpoBaTb YyMeEHME MPUMEHATb CBOWCTBA
pe3ynbratsl pyHKUMN Yy =tgx n y = ctgx.

JIN4HOCTHbIE: pa3BUBaTb HaBbIKM CaMoOCTOSTENbHOW PaboThl,
aHanusa ceoer paboTbl.

Meranpe,qmeTHble: CbOpMVIpOBaTb ymMmeHne KoppeKTnpoBaTb
CcBOU AeﬁCTBMﬂ B COOTBETCTBUNN C I/I3MeHﬂIOLLI,eVICﬂ CI/ITyaLI,VIeVI.

lMnaHupyembie  Yyawmnca HayunTCcsa NPUMEHATb CBOMCTBA QYHKUUN y = tg x 1
pe3ynbTartsl y = ctgx.

OcHoBHbIe CBomncTBa byHKUUN y = tg x, CBONCTBA YHKUUU Y = ctg x.
MOHATUSA
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3apaHusa
3apgaHus
AononHun- ANA KOHTpons 3apaHus
ansa ¢popmnposaHusa _
TenbHble 1 KoppeKuun Ang goMaluHen
npeaMeTHbIX
3agaHus npeaMeTHbIX pabotbi
pe3ynsTaToB
pe3ynsTaToB
Ypok 1 22.1,22.3,22.5 22.2,22.4,22.6
Ypok 2 22.7,22.8,22.10 CamocroaTenbHas 22.9,22.11
paboTta Ne 23:
Ne 1, 2,3 (1)

MeTomguueckue KOMMEHTAPHU

m T
CrenyeT pasbsiaCHUTH YUAITUMCS, ITOUEMY IPOMEKYTOK (—E; 5) ABJIAET-

csa HauboJutee yAOOHBIM JJIA MCCIELOBaAHUS CBOMCTB QYHKIIUU y = tgx, a mpo-
Me:KyTOK (0; T) — IJia mcciiemoBaHuA CBOMCTB GyHKIUU Y = ctg x.

Hcnonb3oBaHMe OCeil TAaHTreHCa U KOTAHTeHCa IO3BOJISET CAeIaTh UCCIe-
JOoBaHMe CBOMCTB QYHKIIMI HATIATHBIM U JOCTYITHBIM.

B Trabsune Ha c. 167 mpuBemensl cBoticTBa PyHKIMN Yy = tgx m y = ctgx
C YU46TOM UX TIEPUOAUIHOCTH.

ITpu mocTpoenuu rpaduKoB QYHKIIUI caeayeT oOpaTUTh BHUMAaHUE Ha
WX aCUMIITOTHUECKOe IoBefeHrne. B wacTHOCTH, IIPU mepexojie OT MOCTpoe-
HUS rpadUKOB BPYUYHYIO K TOCTPOEHUIO TPA(PUKOB C IIOMOIIIBI0O KOMITbIOTEepa
caenyeT o0paTUThL 0cob00e BHUMAHIE YUAIUXCS Ha TaKue achmeKThl: 1) mias
KOPPEKTHOII paboThl IporpaMM He cJieyeT IIpeajiaraTh B KauecTBe 3HaUe-
HUM apryMeHTa Te 3HAUEHUS, IIPU KOTOPBHIX (PYHKIIUU HE OIIPeaesIeHbI;
2) cnenyer o6paTuUTh BHMMaHWE HA aJleKBaTHOe OTOOpaKeHUe MOBeJeHUd
byHKUIMI Tpyu OpUbIMIKeHUN K acuMiToTe. VIMeHHO HaHHbIe QYHKIIUU I10-
3BOJIAIOT IPOAEMOHCTPUPOBATDL yUAIIIUMCS, UTO peaausarus paboThl ¢ ps-
IOM MaTeMaTUYeCKUX 00'bEKTOB C IIOMOIIbI0 KOMIIBIOTEPHBIX CPEIACTB TPedy-
eT 0co00if 00pabOTKU HEKOTOPBIX UX ocobenHocTell. sKemaTeabHO, YTOOBI 00-
CyXIeHue 9TON TeMaTHUKWN BBI3BAJO U OOPATHYIO CBfA3b: MOCIYIKUJIO
(opMUPOBAHUIO ¥ YUAIITUXCSA MOTPEOHOCTH TIPU PEITeHNN MaTEeMaTUUECKUX
3a/au yoeasAaTb 0ocob00oe BHUMAaHUE «CYIeCTBOBAHUIO» 00HEKTOB, O KOTOPBIX
UOET pPeub B 3amade: 00JIacTH OIIpenesieHIs YPaBHeHUN U (DYHKIUI, IpuMe-
HUMOCTY METOJOB U T. .

KoMMeHTapuu K ynpaskHeHUSIM

Ne 22.8 (3). O6;1acThio oIpeiesieHns JaHHOM GhYHKIIUU SIBJISETCA MHOYKECTBO
{nn, neZ } .
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Ne 22.9 (3). ObsacThio onpenesieHNsa JaHHON GYHKIIUN SIBJISETCA MHOYKECTBO

{g +2nn,n € Z}.

KoHTponbHaa pa6boTta N2 5

§ 23. OCHOBHbIE COOTHOLUEHUSA
MeXAay TPUroHomeTpudeckumMmm pyHKUammn
OAHOIo M TOro )XXe aprymMmeHTa

TexHonornyeckas kapta ypokoB

Qopmupyembie  lMpeameTHbie: GOPMMPOBaTL YMeHMEe BbIBOAUTL M MPUMeHATh
pe3ynerarsl COOTHOLUEHUSI MeXAy TPUTOHOMETPUYECKUMUN YHKLMAMN Of-
HOro M TOro Xe aprymMeHTa.
JIN4HOCTHbIE: pa3BMBaTb MOTOBHOCTb K caMoOobpa3oBaHWUIO U
peLleHUto TBOPYECKMX 3a4au.
MertanpeameTHble: popMMpoBaTb YMEHUS yCTaHaBNMBaTb aHa-
norumn, knaccmduumpoBaTb, CaMOCTOSTENBHO BbIOMPaTh OCHO-
BaHMA N KPUTEPUN ANs KNaccuuKaumn.

ﬂnaHMpyeMble yqau.wlﬁca Hay4ynTca BbIBOOUTb U NMPUMEHATbL COOTHOLWEHUA

PE3ynbTathbl MeXay TPUroHOMETPUYECKUMU PYHKLMAMU OJHOTO U TOro Xe
aprymeHTa.
OCHOBHbIe OCHOBHOE TPUTOHOMETPUYECKOE TOXAECTBO, COOTHOLIEHUS
MOHATUNA MeXay TPUrOHOMETPUYeCKUMM PYHKLMSMU OOHOIO N TOro Xe
aprymeHTa.
3apaHusa 3ananusa 3apaHunsa
JdononHu- ANs KOHTpons
ans ¢popMmnpoBaHus ans
TenbHble " KoppeKkun -
npeaMeTHbIX OOMaLUHen
3apgaHus npeaMeTHbIX
pesynbraToB paboTbi
pesynbraToB
Ypok 1 23.1,23.3,23.5 23.2,23.4,23.6
Ypok 2 23.7,23.9, 23.11 23.8,23.10,
23.12
Ypok 3 | 23.13, 23.15, 23.17, CamocroaTenbHas 23.14, 23.16,
23.19 paboTta Ne 24: 23.18, 23.20
Ne1,2,3(2),4
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METOJII/I'-IGCKI/IG KOMMEHTAapPpUuHu

®dopmyiibl, n3yuaeMble B 3TOM naparpade, 3HaKOMBI yUaIIUMCA U3 Kyp-
careomerpun 9 Kyiacca. OTinyme 3aKJII0UYAETCA JIUIIH B TOM, YTO 9T (DOPMY-
JIBI 00001IIaI0TCA AJIs IPOU3BOJIBHBIX JONYCTUMbBIX 3HAUEHUI apryMeHTa.

VYuaruecsa MOMKHBI MIOHUMAaTh, UTO IIEePBBIE TPU TOXKJIECTBA CBSA3BIBAIOT
KBaJpaThl 3HAUYEHU TPUTOHOMEeTprUYecKuX QyuKmnuii. [losaTomy 3HaHUE 3HA-
YeHUS OOHOM 13 PYHKITUH ITO3BOJISET HANTY JIUIIh MOAYJIb 3HAUEHUA APYTOi
dyarmuu. OTBEeT B TaKUX 3aJadaX MOYKHO HANTU OJHO3HAUHO TOJBKO IPU
HaJIMYUU TOIIOJHUTEIbHBIX YCJIOBUM, HAIPUMED, 3HAHUA TOr0, B KAKOH KO-
OPAMHATHON YeTBEPTU HAXOMUTCA apTyMeHT QYHKITUN.

KoMmMeHTapuu K ynpaskHeHUSIM

N2 23.9 (1). MoskHO IpeIOKUTh [Ba CIIoco0a pPeIlleHus 9TOH 3aJaun.

I cnoco6. 3 ycioBus cienyer, uro coso = 3sina. Torma manHyo OpoOb
sina — 3sina

sina + 3sina

II cnoco6. PazmenuM yncJanTe b 1 3HAMEHAaTeIb JaHHOM Apobu Ha cosa. I1o-
tga -1

tga+1°

Ne 23.11 (1), 23.12 (1). BocnonnayiiTech nneeil penteHus npuMepa 2 mapa-
rpada.

Ne 23.15, 23.16. C moMOII[bIO 3aMEHEI CBEJUTE NCCJIeLOBAHNE K HAX 0K JEHIIO
HamOOJIBIIIero U HanMeHbINIero 3HaUeHU N KBaJpaTHOrO TPEXUJjIeHa Ha oIIpe-
IeJEHHOM IPOMEKYTKe.

MOJMKHO 3a1mucaThb B BUje:

JYUAM:

§ 24. dopmynbl CNOXXEeHURA

TexHOnorn4yeckas KkapTta ypokoB

@opmupyempie  lpegmeTHble: GOPMUPOBATL YMEHME BbIBOAUTL U NPUMEHATb
pe3ynbratbl opMyIbl CNOXEHUS.

JINYHOCTHbIE: pa3BMBaATb FOTOBHOCTb K camoobpa3oBaHuio n
peLieHmIo TBOPYECKMX 3a4ad.

MertanpeametHbie: GopMMpoBaTh yMeHUS yCTaHaBNMBaATb aHa-
JIOrnK, KnaccmbunumpoBaTtb, CAMOCTOSATENTbHO BbIOMPaATb OCHO-
BaHUS U KpUTEpUU Aas Knaccmbukaumm.

lMnaHyupyembie  YHalWMNCs Hay4UTCa BbIBOANUTL U NPUMEHATE (POPMYIbI CloXe-
pe3ynbTatbl HUS.
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OCHOBHbIe KocnHyc pa3HOCTH, KOCUHYC CYMMbI, CUHYC Pa3HOCTU, CUHYC CyM-
MOHATUSA Mbl, TAHF€HC Pa3HOCTU, TAHFEHC CyMMbl.
3apaHusa 3anaHma 3apaHusa
HononHu- Ans KOHTpons
ans popmMmupoBaHus ans
TenbHble 1 KoppeKuun _
npeamMeTHbIX nomaluHen
3a4aHus npeamMeTHbIX
pe3ynbraToB pabotbi
pesynbraTtoB
Ypok 1 24.1,24.3,24.5, 24.7 24.2,24.4,
24.6, 24.8
Ypok 2 24.9, 24.11, 24.13, 24.10,24.12,
24.15,24.17, 24.19 24.14, 24.16,
24.18, 24.20,
Ypok 3 24.21, 24.23, 24.25, 24.32, CamoctoaTenbHana | 24.22, 24.24,
24.27, 24.29, 24.30, 24.38, paboTta Ne 25: 24.26, 24.28,
24.34, 24.36 24.39 Ne1,2,4,5 24.31, 24.35,
24.37

MeToanuuecKkue KOMMEHTaAPUU

JlokasaTeabCcTBO (POPMYJILI KOCHMHYCA PA3HOCTH OCHOBAHO HA HEOKMU-
MTaHHOU MJIA yualluxcs ujee — NPUMEHEeHUU CKAJAPHOTO IIPOU3BeJeHUs
BeKTOpoB. IlosToMy mepes mayueHUEM 3TON TeMbl I[eJiecO00Pas3HO IMOBTO-
PUTH COOTBETCTBYIOIIUII TEOPETUUECKUI MaTepuas M3 Kypca reoMeTpuUu
9 kJacca.

3aMeTuM, UTO J0KA3aTeJIbCTBO (DOPMYJIBI KOCUHYCA PASHOCTH IIPOBENEHO
He TOJBKO AJs cayuasi, korma 0 < o — B < 7. PaccmoTpenne Apyrux ciaydaes
IPOMJLIIIOCTPHUPOBAHO Ha pucyHKax 24.2—24.5. C meapio (popMUPOBAHUA
MaTeMaTUYEeCKOM KYJIbTYPhl YUAINIUXCA CJAeayeT OOpaTUTh BHUMAHNE Ha TO,
YTO JAHHOE JOKA3aTeJILCTBO PACCMATPUBAET BCE BO3MOKHEIE CUTYAIlH, CJIe-
IOBATEJIbHO, ABJISIETCS IIOJHBIM.

O6sa3aTeJIbHO cleyeT 00paTUTh BHUMAaHIE yUallluXCcs Ha TO, UTO JieBble
¥ TIpaBble YacTu (QOPMYJ TaHTEHCA CYMMBI U TAHTEHCA PA3HOCTU UMEIOT pas-
HBIE 00JIacTHU oIIpeiesieHns. B mpaBoil yacTu paBeHCTBA IIOSIBJISETCA OTPaAHU-

T T o
yeHue o0 # —+ 1k, ke Z, B # — + nk, B € Z, KOTOPOTO HET B JIeBOI YacTu pa-

BEHCTBaA.

KoMmMmeHTapuu K yrpaskHeHUSIM

Ne 24.23, 24.24. B 3aBUCUMOCTU OT YPOBHS MaTeMaTUUYECKOU IIOATOTOBKU
yUammxcs Kjacca 9TU IPUMepPbl MOKHO 0000IIIUTE, PACCMOTPEB BhIPasKeHUe
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BUZA asina + bcoso, W MOKasaTh, KaK 9TO BhIpaKeHme IIpeodpasoBaTh B

IIpOU3BeIeHNE. T
tg - +tgx .
Ne 24.32 (2). Umeem: y=—3 = tg(§+ xj. s rpadura QyHKIAH
1-tgttgx
3
y= tg(g + xj ciaenyer HNCKJIIOUUTH TOYKMH, a6cunccm KOTOPBIX PaBHBI
g +7k, ke Z.

Ne 24.36. [I)1s1 faHHBIX 3HAYEHUH YIVIOB BEIIIOJIHAIOTCS HepaBeHcTBa sina < 1
u sinf < 1. YMHOXKBTe 06e YacTu IIePBOTO HEPaBEeHCTBA Ha COS0, a 00e uacTu
BTOPOTO HepaBeHCTBA Ha cosf.

§ 25. dopmynbl npuBeaeHvn

TexHonornyeckas KapTa ypoKoB

@opmupyembie  lMpeameTHbie: HOpMMPOBaTh YMEHME BbIBOAMTL U MPUMEHSTb
pe3ynbraThbl cdopmynbl NpuBeaeHUs.
JINYHOCTHbIE: Pa3BMBaATb HaBbIKM CaMOCTOATENIbHOW PaboThl,
aHanusa ceoen paboThl.
MetanpeametHble: hOpMUPOBaTb YMEHUS KOPPeKTUPOBaTb
CBOU [ENCTBUSI B COOTBETCTBUU C U3MEHSIIOLLENCS CUTyaLnen.

MnaHupyembie  YHalWMNCs Hay4UTCa BbIBOAUTL U MPUMEHSATL hopMynbl NpuBe-
pe3ynbTaTtbl LeHus.

OCHOBHBbIe dopmynbl NnpuBegeHUsa gns cnHyca, GopMynbl NpUBeAeHUS Ans
MOoHATUA KOCUHYca, popMynbl NpmuBeaeHUs Ana TaHreHca, dopmynbl Npu-
BeeHUs N KoTaHreHca, npasuia npmMmeHeHuns gopmyn npu-
BegeHus.
3 3apaHus
ajaHusa
AdononHun- ONS KOHTpons 3apaHus
ANl GOPM1POBAHNS TenbHble M KoppeKuuun Ang goMaluHen
npeaMeTHbIX 3a 6
LELTT npeamMeTHbIX paboThbi
pe3ynsraToB
pe3ynsTaToB
Ypok 1 25.1,25.3,25.5 25.2,25.4,25.6
Ypok 2 25.7,25.8,25.10 CamocTonaTeNnbHas 25.9, 25.11
paboTta Ne 26:
Ne1,2,3(1),4
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MeTozmquIme KOMMEHTaApuUn

B mepByo ouepenn yuamuecs SOJIXKHBI TOHATH, IJIA KaKUX IeJiell Ipu-
MEeHSI0T (DOPMYJIbI IPUBEIeHUA. Ba’KHO, YTOOBI OHU YCBOWUJIN, UTO BHIUMCJIIE-
HUE 3HAUYEHUSA TPUTOHOMETPUUECKOU (PYHKIIMU JI0O0TO apryMeHTa MOYKHO
CBECTHU K BBIYHMCJIEHUIO 3HAYEHUS TPUTOHOMETPUYECKON (PYHKI[UM OCTPOTO
yria.

TyT caenyer 3aMeTUTh, UTO €IIl€é HECKOJBKO AeCATUJIETUN Has3al Heo0X0-
IUMOCTH TaKOT'0 MOAX0Ja MOKHO OBIJIO MOTUBUPOBATH TEM, UTO JOCTATOUYHO
COCTaBUTH TAOJUIBI 3HAUEHUH TPUTOHOMETPUUECKUX (DYHKIIUNA TOJIBKO IJIA

i . .
npuamnaszoua ot 0 mo 5" Cefiuac, Ipu IIUPOKOM JOCTYIHOCTU BBIUUCIUTEH-

HOUW TeXHUKU, HEOOXOIMMOCTh B MCIIOJb30BAHUM TAOJIUI] OTIAJA, IIOITOMY
9TOT apryMeHT 0oJiee He ABJISeTC AJIA YUallnXCsA BeCOMBbIM. B ¢cBs3u ¢ aTUM
IJIsI MOTUBAIINY BBeIEeHUA JaHHBIX (hOPMYJI caeayeT oOpaTUThLCA K MCTOPH-
YEeCKOMY acCIeKTy.

Bce ¢hopmyasl mpuBeneHMA JOKa3bIBAIOTCA IO aHAJOTUU — C MCIIOJIB30-
BaHueM (QOPMYJI CJIIO}KEHUA, TOITOMY BCe UX JOKa3bIBATh HEIlEJIeCO00pas3Ho.

B kJacce ¢ BBICOKMM ypOBHE MaTeMaTUUYECKOU ITOATOTOBKY MOKHO TaK-
’Ke pacCcMOTpPeTh B KauecTBe OTAEeJbHON 3aauyl HATVISIHOE TOKAa3aTeJILCTBO
HEKOTOPhIX M3 (POPMYyJI AJIA CUHYCA M KOCHHYCA C IIOMOIIbI0O eTUHUYHON
OKPY*KHOCTHU U ONpeJieJIeHUu 9TUX (PyHKI[UIA.

CienyeT BBIIEJIUTDH JOCTATOYHO YUeOHOTO BpeMeHHU AJIs OTPabOTKU IPU-
MeHeHUd IIPaBUJ, IPUBEIEHHBIX B ITaparpade.

KoMMmeHTapuu K yrpaskHeHUSIM

Ne 25.5 (1). Bocnonbsosasmucsk dpopmytoii ctg(90° — o) = tga, momyuaem,
yro ctgh® =1g85° ctglh®=1g75° ctg25°=1tg65° ctg3d5°=1tgh5°. Or-
IeJbHO CIedyeT 3aMeTUTh, uTo ctg45° = 1. ITosToMmy ncKoMOe 3HAUEHNE BLI-

paskenus paBHO 1.

Ne 25.8. ITockoabKy cos? > = sin? 3% 4 cos? 3T = cos2 8% _ gin2 @, TO HCKO-
8 8 11 22 22

MO€ 3HaUeHNe BbhIpaKeHHNd PaBHO 2.

§ 26. ®opmynbl ABOMHOro, TPOMHOIro
M NOJZIOBUHHOIO Yrnos

TexHONornyeckas KapTa ypokoB

Qopmupyembie  lpeameTHbie: GOPMMPOBaTL YMeHME BbIBOAUTL M NMPUMEHATb
pe3ynbTarThl ¢opMynbl ABOMHOIO yria, TPOMHOrO yrfia v MoIOBUHHOIO yrna.
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JIn4yHOCTHbIE: hOPMUPOBATbL YMEHME MIaHUPOBATb CBOWU [el-
CTBUS B COOTBETCTBUM C y4eOHbIM 3agaHNEM.

MeTtanpegmetHbie: popMMpoBaTb yMeHMe YCTaHaBNMBATbL aHa-

JIOrUKU, KnaccmbunumpoBaTtb, CAMOCTOSTENTbHO BbIOMPATb OCHO-
BaHWS N KpUTEpUK AJia Knaccubmkaumm.

lMnaHupyemebie Yyawumes HayunTcs BbIBOAUTb WU NPUMEHATb (popMynbl ABOM-
pe3ynbratbl HOrO yrna, TPOMHOrOo yrna 1 NoJIOBUHHOTO yrna.
OCHOBHbIEe dopmynbl ABOMHOrO yrna, popmyna KOCMHyca ABOWMHOro yrna,
MOHATHSA ¢popmyna cnHyca ABOMHOrO yrna, dopmMyna TaHreHca ABOMHOro
yrna, Gopmynbl MOHUXEHUS cTeneHn, popMynbl TPOMHOIoO ap-
rymeHTa, dopmyrna cmHyca TPOMHOro aprymeHTa, ¢popmyna Ko-
CMHyca TPOMHOro aprymeHTa, GopMynbl MOJOBUHHOIO apry-
MeHTa, PopMyna KOCMHYCa NONOBUHHOIO yrna, popmyna cuHy-
ca NONOBUHHOrO yrna, dopmyna TaHreHca NoNOBUHHOIO yrna.
3apaHunsa pnsa
3apanua ans JononHun- KOHTpOns u 3apaHusa gnsa
cpopmMmupoBaHuns .
TellbHble KoppeKkuuun AJOoMallHen
npegmMmeTHbIX
3apaHua npeamMeTHbIX paboTbi
pesynbraTtoB
pe3ynbraToB
Ypok 1 26.1, 26.3, 26.5, 26.7 26.2, 26.4,
26.6, 26.8
Ypok 2 26.9, 26.11, 26.13, 26.10, 26.12,
26.15, 26.16 26.14, 26.17
Ypok 3 26.18, 26.20, 26.22, 26.19, 26.21,
26.24, 26.26, 26.27 26.23, 26.25,
26.28
Ypok 4 26.29, 26.31, 26.32, 26.39 26.30, 26.34,
26.33, 26.35, 26.37 26.36, 26.38
Ypok 5 26.41, 26.43, 26.45, 26.50 CamocToaTenbHaa | 26.42, 26.44,
26.47, 26.48 paboTta N2 27: 26.46, 26.49
Ne 1 (2),2 (1), 3 (1),
4(2),5

MeTonuuecKkue KOMMEHTAPHU

Vuaruecs HOJKHBI YCBOUTH, YTO (DOPMYJIBI ABOMHOTO U TOJIOBUHHOTO

o
YIUVIOB MOKHO IIPDMMEHATH He TOJIBKO IJId YIJIOB BUga 200 u E COOTBETCTBEH-
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HO. CregyeTr 00 BbACHUTD, YTO 9TU (DOPMYJIBI IPUMEHUMBI K JIIOOBIM yTJIaM BU-
na ko, roe o # 0, IIOCKOJIBKY JIIO0OH M3 TAKUX YIVIOB MOYKHO IIPEACTABUTHL B

k 2ka . .k k
BUIE 2-§oc u 5 cooTBeTcTBeHHO. Hampumep, smkoa=2sm§acos§oc,

cos ko = cos? Ea — sin? E(x.
2 2

I[.Hﬁ Jy4YIIero IOHNMaHUA 3TOI'O YTBEPHKIAECHNA MO HO YCTHO PEIIIUTDh He-
CKOJIBKO IIPMMEPOB Ha IIpeacTaBJIEHHE B HYXXHOM BHJ€ YIVIOB, HAIIpMMeEp

o
30, — W T. I.
3

Mo:xkHO B KauecTBe OTIEJILHOTO YIIPAKHEHUSA IPOBEPUTH, KAKUe U3 9TUX
dopmyJs npuMeHUMEBI AJid caydad o = 0, 1 cesaTh BEIBOJA O TOM, KaKue U3
3TUX QOPMYJ MOKHO DOPMAIBHO IPUMEHATH 0e3 yuéTa OrpaHNUYeHN Ha Be-
JUYUHBI YIJIOB, & IJA KaKUX CJIeAyeT OTAEeJIbHO PACCMaTPUBATh 3TU OTPDAHU-
yeHUA.

W3 dopmynasl KocuHyca ABOWHOTO yIjia HOJIyYeH DAL BaKHBIX CJIeI-
CTBUI, KOTOPBIE B JaJibHeHIeM OyAyT MMETh CaMOCTOATEJIhLHOE 3HAUEHUE
LI PeIleHN A TPUTOHOMETPUYECKUX YPaBHEHUH.

Crenyer o6paTuTh BHUMAaHWE YUYAIIIUXCA HA TO, YTO (h)OPMYJIBI IIOJIOBUH-
HOTO apryMeHTa, IPUBEeJEHHbIE HA c. 188, He M03BOJIAIOT OMHO3SHAYHO BhIPA-
3UTH TPUTOHOMETPUUECKYIO (DYHKIIHUIO.

Takoxe caenyer oOpaTuTh BHUMAaHUE yUallluXcs Ha TO, 4YTO B (popMyJiax,

. o
BBIpasKamoIuX Sino u cosa uepes th, JIeBbIe U IIPaBbie YaCTU UMEIOT pas-

HbIe 00JIaCTH OIIPeIeIeHn .

KomMmeHnTapuu K ympaskHEeHUSIM

4 c0s18°sin18°sin 36° _ 2sin 36°cos 36° _
4co0s18° 4co0s18°

N2 26.33 (1). Umeem: sin18°c0s36° =
sin72° _ cos18° 1

4c0s18° 4cosl8 4°

Ne 26.38. Mmeen: 3 + 4cosa + cos2a _ 1+ cos2a + 4cosa + 2 _
3—4cosa +cos2a 1+ cos2a —4cosa + 2

2cos® o+ 4cosa +2 _ (cosa+1)® _ ctgt &
2cos? o —4cosa+2 (coso —1)2 2’

Ne 26.49. BocnosbayliTech paBeHCTBOM c0s60° = 4 cos® 20° — 3cos20°.
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§ 27. dopmynbl Ansa npeobpasoBaHUsA CyMMbl,
pa3HOCTN N NpousBeaeHUus
TPUroHOMeTpU4YeCcKnx (PyHKLUN

TexHonornyeckas kapTa ypokos

dopmupyembie
pe3ynbTarbl

lMnaHupyemsbie
pe3ynbTaTtbl

OCHOBHbIe
MoOHATUA

MpeameTHble: GOpPMUPOBaATb YMEHUS BbIBOOUTbL U MPUMEHSTb
hopMynbl CcyMMbl U Pa3HOCTU TPUFOHOMETPUYECKNX DYHKLUN,
dopmynbl NnpeobpazoBaHMs NMpou3BeAeHUs TPUTOHOMeTpUYe-
CKUX DYHKLMIM B CyMMY.

JINYHOCTHbIE: HOPMUPOBATL YMEHWE MPeACTaBAsTb pe3ynsraT
CBOEN AeATeNbHOCTU.

Meranpe,qmeTHble: CI)OpMI/IpOBaTb yMeHUne ocCyLlecTBJiIATb KOH-
TpOJb cBoemn [eATENIbHOCTU B npouecce 4OCTUXEHUSA pe3yribTaTa.

Yyalummnca Hay4ymTcsi BbIBOAUTb U NMPUMEHSTL hOpMYyIbl CyMMbI
M pPa3HOCTU TPUrOHOMETpUYECKUX PyHKUUIA, hopMyrbl Npeob-
pasoBaHMa NMpPou3BefeHUs TPUroHOMeTpUYecknx QyHKUUn B
cymMMmy.

®dopmyna cyMMmbl CMHYCOB, opMyna pa3HOCTU CUHYCOB, ¢dop-
Myna CyMMbl KOCUHYCOB, chopMyfa Pa3HOCTU KOCUHYCOB, op-
MyJia CyMMbl TAHreHCOB, hopMyIia Pa3HOCTU TAHFeHCOB, HopMy-
na cymMMbl KOTaHreHcoB, hopMyna pa3HOCTM KOTaHreHcoB, dhop-
Mynbl Npeobpa3oBaHUs NMPOU3BEAEHUS TPUTOHOMETPUYECKUX
GYHKLNM B CyMMY.

3apaHusa
3apaHus gns 3
GopMUpOBaHIA HdononHun- ANs KOHTpons apaHus ans
NPenMETHBIX TelnbHble n Koppekuunun AOMallHen
pea 3agaHusa npeamMeTHbIX paboTbl
pe3ynbTaToB pesynbTaTos
Ypok 1 27.1,27.3,27.5 27.2,27.4,27.6
Ypok 2 27.7,27.9,27.11, 27.8,27.10,
27.13 27.12,27.14
Ypok 3 27.15, 27.16, 27.19 27.17 27.18, 27.20
Ypok 4 | 27.21,27.23, 27.26, 27.24 CamocTonATeNnbHas 27.22,27.27,
27.28 paboTta Ne 28: 27.29
Ne1(1,3),2,3
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MeTozmquIme KOMMEHTaApuUn

Yuaruecs qOJKHBI IOHUMATD, YTO 3aMEHA X + Y = 0, X — J = 5 BO3MOKHA
MOTOMY, YUTO JJIs JIFOOBIX 3HAUEHU O U 3 Bcerma MOKHO HAUTH TaKkue X 1 Y,
L |lx+y=aqa,
YTO CHUCTeMa YPaBHEHUN umMeer perienue. [[Jis ToKasaTeIbCTBA
x-y=
9TOT0 (haKTa MOIKHO IIPEAJIOKUTH YUAIIIIMCS PEIIUTh 3Ty CUCTEMY METOAO0M
CJIOJKEeHU .

Yuarmumces Hamo I0Ka3aTh, YTO U3YUYeHHbIe (hOPMYJILI II03BOJIAIOT IIPE00-
pPasoBBIBATH B IIPOU3BeNEeHNEe CYMMY M PasHOCTh HE TOJbKO OJHOMMEHHBIX
TPUTOHOMETPHUUECKUX (PYHKI[NI (CHHYCOB UJIN KOCHHYCOB), HO TaAKyKe 1 pas-
HOUMEHHBIX, T. €. BBIpaKeHUA BuJa sina + cosP, sino —cosf u . . Takue
BBIPAYKEHHUS C IIOMOIIBIO (P OPMYJI IIPUBEIEHNA CBOLATCA K CyMMe HJII PA3HO-
CTU OHOMMEHHBIX (DYHKIIUN.

BaxHo, uTOOBI yualmmecs HAYUYMJINCH IIOJBL30BATHCS TAKUM HIPHEMOM:
[IJIs MCIIOJIL30BaHUA (POPMYJI IIPeo0pasoBaHUA TPUTOHOMETPHUUYECKUX (PDYHK-
NN MMEoIascs B BhIPAMKEHNSIX KOHCTAHTA MOMKET OBITh IIPEJCTaBJeHa B
BHUe 3HAUEHUS TPUTOHOMETPUUECKON (PYHKIIMM yIyia-KOHCTAaHThI. Hampm-

Mep: \/g =2 % =2 sin%. CienyeT oOpaTUTh BHIMAaHIE yJyalluxcsa Ha TO,

YTO STOT MPUEM IMHUPOKO MCIIOJIb3yeTCs IIPU NPeodpPas3soBaHUAX TPUTOHOME-
TPUYECKUX BBIPAKEHUN, MPUUYEM (PYHKI[MIO, KOTOPAA IOJICTABJIAETCA BME-
CTO KOHCTAHTBI, HAJ0 BHIOpPATh MCXOASA M3 TOTO, KaKyio (popMyay ymoOHee
BCET0 IPUMEHUTH B JAHHOM cJjydae. MOKHO HPEAJIOMKUTH YUAIITUMCSA IIPe-

CTaBUTh KOHCTAHTY \/g B BUJle 3HAUEHUS BCEX UETBHIPEX TPUTOHOMETPUUE-
CKMX (PDYHKIIUII 1 IIOCMOTPETh, KaKOM BHUJ IPU STOM HPUOOPETET TAHHBINA
IpuMep.

KoMmMmeHnTapuu K ynpaskHeHUSIM

Ne 27.3, 27.4. YciaoBusA 3TUX 3a7a4 TPEOYIOT JOIOJHUTEIbHBIX KOMMEHTAPHU-
€B yuuTeJs, PasbACHAIONINX, KAKOM CMBICJ [/ BBIPAKEHUN TaKoTro THUMAa
uMeeT 3amauva «IIpeobpasoBaTh B mpousBemeHue». Ciaemyer He OrpaHUYU-
BaTbCs YMCTO (DOPMAIbHLIMY AeficTBUAMU (HalpuMep, BEIHECeHeM 3a CK00-
KU MHOMKUTEJA 2), a HOAONTH K 3ajaue C TOUKY 3PEHUS IIPUMeHeHUA TPUTo-
HOMeTpUYecKuX (opMy..

Ne 27.11 (1). 1+sina+cosa =1+ cosa +sina = 20052%+231n%cos% =

2cos| cosZ +sind | = 2cos 2| cosZ +cos| Z -2 || = 2\/§cosgcos o I,
2 2 2 2 2 2 2 2 2 4

62



. T
27.20. YMHOXKbTE U pas3fiejuTe JeBYIO YacTh paBeHCTBA Ha 2s1nE.

.. T
27.25. YMHOKBTE 1 pa3eInuTe JeBYIO 4acTh paBeHCcTBa Ha 2sin—.

n

KoHTponbHaa pabota N2 6
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rmasa 4. TPUroHOMeTpU4ecKme ypaBHeHUSA
N HepaBeHCTBa

§ 28. YpaBHeHMe cosx = b

TexHonorrnyeckas KkapTa ypokoB

dopmupyemble

MpeameTHbie: GOPMNPOBATL YMEHME ONEPUPOBATL MOHATUEM

pe3ynbratsl apKKOCKHYCA, pewaTb ypaBHeHUsi BUga cosx = b.
JIn4yHOCTHBIE: POPMUPOBATL YMEHNE KOHTPONMPOBaTb NPOLLecC
CBOEN MaTeMaTUyeckon AesTenbHOCTI.
MertanpegmeTHbie: pa3BMBaTb MOHMMAaHUE CYLLHOCTU anropuT-
MUYeCKUX NpeanucaHnm U yMeHue [eNCTBOBaTb B COOTBET-
CTBUMN C NPeAJIOXKEHHBIM anropnuTMOM.
lMnaHupyemble  Ydalmica HaydnTca ornepmnpoBaTh NOHATUEM apKKOCKHYCca, pe-
pe3ynbratbi WaTb ypaBHeHUs BUAa cosx = b.
OcHOBHbIE ApPKKOCUHYC, (popmyna KOpPHeW ypaBHEHUs cosx = b npwu
MOHATUSA 16l < 1, dopmyna kopHen ypaBHeHUs cosx = 0, popmyna kop-
Hell ypaBHeHus cosx =1, cdopmyna KoOpHel ypaBHEHUS
cosx = —1.
3apaHus 3ananus 3apaHus
ﬂOﬂOHHVI- ANna KOHTpons
ana opMmnpoBaHusa ana
TenbHble 1 KoppeKkun -
npegMeTHbIX AoMallHen
3agaHusa npegMeTHbIX
pe3synbraToB paboTbi
pe3ynbraToB
Ypok 1 28.1,28.3, 28.5 28.2,28.4,28.6
Ypok 2 28.7,28.9, 28.11 28.8, 28.10,
28.12
Ypok 3 | 28.13, 28.15, 28.17 CamocToaTenbHas 28.14, 28.16,
paboTa Ne 29: 28.18
Ne1(1,3),2,3

MeToauuecKkue KOMMEHTAPUU

B mepByio ouepenb yuarmuecs HOJIMKHBI IIOHATH, UTO YpaBHeHUE BHUIA
cosx = b nipu |[b| < 1 uMeeT GecKoHeUHO MHOTO KOpHeit, a mpu |[b| > 1 10 ypas-
HeHUe KOpHel He 1Meer.
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1
IIpu Heo6GXoAMMOCTH, KpOME IIPUMepa PEIlNeHUsl YPaBHEHUS COSX = 3

MOJKHO ITPOIEMOHCTPUPOBATH PEIleHVEe APYTUX YPAaBHEHUN, HAITPUMED TIPU

J2 V3

5 b= 5 a TaKJKe IIPU OTPUIATENbHBIX 3HaUeHuAX b. Ecau yuariue-
cd MOUMYT, KaK pelraeTrcd ypaBHeHMe cosX = b IJ1d YacTHBIX CJIydaeB, TO
mepexon K o0IemMy cayuai, KaK IIPaBuUJo, IpodeM He BEI3LIBAET.

HaubGosbiiive TpyJHOCTU B MaTepHaJie 3TOro naparpada BbI3bIBaeT IIOHU-
MaHUe ompeaesieHus apkkocuuyca. OTpaboTKe 3TOTO MOHATHUSA CJAEAYeT yiae-
JUTh 3HAUUTEJIbHOE BPeMs, PACCMOTPETh JOCTATOUHOE KOJIUUYECTBO IIPUMEe-
poOB.

ITpu pemrenuu ypasuenuii Buga cosx = 0, cosx =1, cosx = —1 He caeny-
eT MCII0Jb30BaTh (hOPMYJy KOpPHEH ypaBHeHUA cosx = b. st Toro 4TOOBI
yualuecs caMOCTOSTEJIbHO MIPUIIIN K 3TOMY BBIBOAY M OCO3HAHHO 3aIIOM-
HUJIY PEeIIeHnus dSTUX YPaBHEHUI, MOKHO BePHYTHCA K PACCMOTPEHUIO eu-
HUYHOU OKPYKHOCTH.

b:

KoMmMeHTapuu K ynpaskHeHUSIM

Ne 28.5 (3), 28.6 (1). MokHO AaTh yUyalIuMca TaKOW COBET: BOCIOJb30BaB-
IIUCh YETHOCTHIO (DYHKIIUU Y = COSX, 3alucaTh NaHHbIe YpPaBHEHUS TakK,
4TOOBI KO3(MDUIIMEHTHI, CTOAIINE IPU IePEMEeHHON X, OBILIN IIOJOKUTEIb-
HBIMU.

o n
Ne 28.13. SameTum, 4TO YMCJIIO ry ABJAETCS TPEThUM B IIOPALKE BO3pacTa-

HUSI KOPHEM JaHHOI'O YPABHEHMUS.
Ne 28.15, 28.16. BocroabsyiiTech umeeil pemieHnsd npuMmepa 2 naparpada.

Ne 28.17. [lanHoOe ypaBHEHUE Ha IPOMEKYTKE [n; 3—;} nMeeT eUHCTBEHHBIN

n
KOpeHb R Torma nJisi BBIIOJHEHUS YCJOBHUS 3aJadyM HAL0 IIOTpeboBaTh,
yTOoOBI ypaBHeHHEe X — a = 0 He MMeJI0 KOPHEeH Ha YKas3aHHOM IIPOMEKYTKe

., Tn
WU UMEJO KOPEHb, PABHBIN e

§ 29. YpaBHeHMe sinx = b

TexHOnorn4yeckas Kkapta ypokoB

dopmupyembie [lMpeameTHble: GOPMMPOBaATL YMEHNE ONepnpoBaTh MOHATUEM
pe3ynbrartsbl apKcuHyca, pelaTtb ypaBHeHUs BuAa sinx = b.
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JIn4HOCTHbIE: DOPMUPOBATbL YMEHME KOHTPOJIMPOBAaTb NpoLece
CBOEW MaTeMaTnyeckomn AeATeNlbHOCTU.

METaI'IPEHMETHble: pa3BnBaTb NOHNMMaHUE CYyLLUHOCTUN anropuT-
MNnyecKkmnx npep,nmcaHMPl n ymeHwme }J,eplCTBOBaTb B COOTBeT-
CTBUU C NpealoXXeHHbIM aJilrfOPUTMOM.

nﬂaHl/lpyEMble yanMﬁCﬂ Hay4YUTCad onepupoBaTb NMOHATUEM apKCUHYCa, pe-

pe3ynbTatsbl WwaTh ypaBHeHUs BUaa sinx = b.
OcHosHble ApKcnHyc, opMyna KopHen ypaBHeHus sinx = b npu bl < 1,
noHATUA dbopMyna KopHei ypaBHeHus sinx =0, ¢opmyna KopHen

ypaBHeHUs sinx = 1, dopmyna kopHenypaBHeHust sinx = —1.

3apaHusa
3apaHusa
AononHun- ANA KOHTpons 3apaHusa pnsa
ansa popMmupoBaHusa .
TesnbHble N Koppekumn AOMallHen
npeamMeTHbIX
3apgaHus npegMeTHbIX pabotbi
pe3ynsraToB
pe3ynsTaToB
Ypok 1 29.1, 29.3, 29,5 29.2,29.4,
29.6
Ypok 2 29.7, 29.9, 29.11, 29.17 CamocronaTenbHas 29.8, 29.10,
29.13, 29.15 pa6oTta N2 30: 29.12, 29.14,
Ne1(1,2),2,3 29.16

MeroauuyecKkue KOMMEHTAPUH

B mepByio ouepenb ydaluecs JOKHBLI IIOHATH, YTO ypPaBHEHHe BHUAA
sinx = b npu |b| < 1 uMeeT GecKkOHEYHO MHOTO KOpHeii, a mpu |[b| > 1 aTo ypas-
HeHUe KOPHEN He MMeerT.

. 1
HpI/I HeOﬁXO,Z[I/IMOCTI/I, KpoMe IIpuMepa pelnieHrud YPpaBHEHUA SINnX = E,

MOKHO IPOJAEMOHCTPUPOBATH PellleHre APYTruX YPaBHEHUH, HAIIPUMED IIPHU

V2 o, 3

= b= 5 a TakJKe IIPU OTPUIATEJIbHBIX 3HAaUeHUAX b. Eciiu yuarme-

cs MOUMYT, KaK pelllaeTcd ypaBHEHHUE Sinx = b OJd YacTHBIX CIyYaeB, TO
mepexon K 00IemMy cayuaio, KaK IIPaBUJIo, IIP00JIeM He BLI3bIBaeT.

ITocie Toro Kak mpu M3yUEHUH MPEABIAYINETo maparpada yJaiimecs yc-
BOWJIM OIpeJeieHle apKKOCUHYycCa, IOHUMAaHWe OIpeAesieHus apKCHUHYyca
IOJI’KHO BBIZBATH IOpas3fio MeHbIlle 3aTpyaHeHuii. TeM He MeHee oTpabOTKe
9TOTO MOHATHUSA CIeAyeT YAeJIUTh 3HAUNTEeIbHOE BpeMs, PACCMOTPETH JOCTAa-
TOYHOE KOJUUYECTBO IPUMEpPOB.
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CraenyeT oOpaTUTh BHUMAHME yUaIlllNXCs, UTO OTIPeIeIeHnA apKCuHyca u
apKKOCUHYCa CXO0MKH, OJHAKO NPUHIIMIINAJIbHOE pPas3jinune 3aKJuaeTcsd B
TpPaHUIlAX ITPOMEKYTKa, KOTOPOMY IIPHHAMIIEKUT 3HaUeHHEe apKCcuHyca
(apxkocuHyca). B cusibHOM KJlacce MOXKHO, OJIb3YysCh rpaduKaMu COOTBET-
CTBYIOIINUX TPUTOHOMETPMYECKUX (PYHKIUI, OOCYyAUTH, U3 KaKUX coodpa-
JKeHUU BBIOPAHBbI UMEHHO 9TU IIPOMEKYTKU. YUallluecs AOJIXKHBI 00paTUTh
BHHMAHINE HA TO, YTO B 000MX HPOMEKYTKAaX HpHCyTCTByeT 3Hauenue 0;
KasKIbIIl IPOMEKYTOK IIpelcTaBasaAeT co00i 3HaueHUss PYHKIIUU CUHYC (KO-
CUHYC) I TPOMEKYTKA 3HAaUeHUWUN apryMeHTa IJIWHOI B ITOJIIEPUOAa, Ha
KoTOopoM (pyHKIIUS Bo3pacTaeT (yObIBaeT); BRIOPAHHBIN ITPOMEKYTOK «OJIm-
sKe Bcero» mOpuJjeraeT K HYJI0, a CJIeI0BaTeNbHO, MOJyUYeHHbIe 3HAUEeHU
apkcuHyca (apKKOCUHYyca) HauboJiee yIOOHbBI AJIsI BBIUNCJIEHUI.

ITpu pemerun ypaBHeHu Buga sinx = 0, sinx =1, sinx = -1 He cieny-
eT MCII0JIb30BaTh (DOPMYJy KOpHel ypaBHeHus sinx = b. I[iaa Toro uToObI
yJaluecs caMOCTOSITeIbHO MIPUILJIN K 3TOMY BBIBOAY W OCO3HAHHO 3aTIOM-
HUJIM PEeNIeHnA 3TUX YPaBHEHUI, MOYKHO BEPHYThCA K PACCMOTPEHUIO eIu-
HUYHOU OKPYKHOCTHU.

dopmysia KOpHeli ypaBHeHUA Sinx = b BOCHPUHUMAETCA yUAITUMUCS
O0ojsee TsaxKea0, ueM (popMyJa KOpHelW ypaBHeHUWSA cosx = b, m3-3a 3amnu-
cu (-1)*. Xora B ganpHelem yuamnuecs OyAyT JeTKO IPUMEHATD 3Ty (Pop-
MyJy, Ha JaHHOM dTalle cjelyeT yIOeJuTh 0co600e BHUMAHNE MTOHUMAHUIO
eé CYIIHOCTH, OCOOEHHO IIepexXxo[ly OT ABYX HAIVIAAHO IIOHATHBIX (DOPMYJI
X=0+2n ux=7T—0+ 20N, n € Z, K COKPAIIEHHON (popMe 3amucu
x=(-1Dfo+rnk, ke Z.

ROMMeHTapI/II/I K YIIPpaXHEeHUAM

Ne 29.5 (3), 29.6 (1). MosxHO maTh y4yamuMcs TaKOM COBET: BOCIOJIH30BAaB-
IIUCh HEUETHOCTHI0O GYHKIIUM Y = Sinx, 3anmucaTh JaHHBbIe YDaBHEHUS TaK,
YTOOBI KO3(DPUIIMEHTHI, CTOAIINE IIPU IMePEeMeHHON X, OBLIN HOJIOKUTEb-
HBIMU. JTOT K€ MPUEM PEKOMEHJ0BaJOCh MCIIOJIb30BATh IPU PEIIEeHUN 3a-
nau 28.5 (3), 28.6 (1) mpexawiayirero naparpada, mosaTomMy sKeJiaTeJabHO, YTO-
ObI yualuecs caMy HPUIIJIN K BBIBOAY O BO3BMOMKHOCTH €TI0 UCIIOJb30BaHUA
U OJIS JaHHBIX 3a7ad4.

Ne 29.13. Hajgo sanmcars B IOPAAKE BO3PACTAHUA YeThIPe KOPHA JAaHHOTO

o T
YPaBHEHUA, KA AbIN 13 KOTOPHIX HE MEHbIIIe —5.

N2 29.15, 29.16. Hago mocTpouTh rpaduk GyHKIINYT Y = Sin X Ha KaKJIOM U3
MIPOMEKYTKOB, YKa3aHHBIX B YCJIOBUU. 3aTEM HCCJIEA0BATh KOJUUYECTBO TO-
YeK MepeceueHusI IMOJYUeHHOM KPUBOM C TOPU30OHTATBHBIMU IIPAMBIMMU.

Ne 29.17, 29.18. Cienyer BOCHOJIB30BATLCA HAEEH pelleHusA IpuMepa 3 Ima-

parpada.
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§ 30. YpaBHeHuA tgx =bmctgx =b

TexHoOnorn4yeckas kapta ypoka

Popmupyembie  lpegmetHbie: HOPMUPOBaTb YMEHUS OMepupoBaTh MOHATUSA-
pe3yanaTbl MW apKTaHreHca U apKKOTaHreHca, pewatb ypaBHEHUA BUAa
tgx=b unuctgx=>.
JINYHOCTHBbIE: CIJOpMVIpOBaTb He3aBUCMMOCTb Cy)K,EI,EHVIVI.
Meranpe,qmeTHble: pa3BnBaTb NOHNMMaHUE CYyLLUHOCTUN anropuT-
MUNYECKNX I'Ipep,l'lVICEiHVIVI n ymeHue )J,eIZCTBOBaTb B COOTBET-
CTBUU C npenyioXXeHHbIM aJilrOPUTMOM.

ﬂnaHMpyeMb/e Yyawmmncs Hay4nTCa onepupoBaTtb NOHATUAMU apKTaHreHca un

pe3ynbrarthbl apKKOTaHreHca, pewaTb ypaBHeHusiBuga tgx =b n ctgx = b.
OcHoBHbIE ApKTaHreHc, popmMyna KoOpHen ypaBHeHUs tg x = b, apKKOTaH-
MOHATUA reHc, bopmMyna KopHen ypaBHeHus ctgx = b.
3apaHus
a q)ian::":BaHm JononHu- AnNs KOHTpons 3an.a:vm
Aan pMup TenbHble 1 KoppeKLuu An -
npegmMeTHbIX 3apaHus npeAMeTHBIX AOoMallHen
pe3ynsTaToB pesynLTaToB pabotbi
Ypok 1 30.1, 30.3, 30.5, 30.7 30.9, CamocToaTtenbHas 30.2,30.4,
30.11 paboTa N2 31: 30.6, 30.8
Ne1(1,2),2,3

Meroauuyeckue KOMMEHTAPUH

Meronuka nsioxxeHua MaTepuasa JaHHOTO naparpada rakasd 'Ke, Kak U
I IBYX npeasiayux naparpados. [losTomy :kemaTeabHO IPUAEPKUBATD-
cA paHee MBJI0YKEeHHBIX METOJMUYECKUX PEKOMEHJanii, B YaCTHOCTH, JIJIA TO-
ro 4TOoOBI yUyaluecs OCO3HABAIY €IUHBIN MOAX0] K BBeJI€HUIO IIOHATUN apK-
cCUHycCa, apKKOCHUHYyCa, apKTAaHTeHCa 1 apKKOTaHTeHCca M COOTBETCTBEHHO —
K PEeIleHU IO IPOCTEUITNX TPUTOHOMETPUUYECKUX YPaBHEHUH (a B faIbHEHIIIEM
— (QYHKIUIT, 0OOpaTHBIX TPUTOHOMETPUUECKUM, M METOAAM PEIIeHUA TPUTO-
HOMETPUYECKUX HEPABEHCTB).

OnHako cienyeT 3a0CTPUTH BHUMAaHUe yUallllXCA Ha Pa3IndyUaX B OIIpe-
menenusax. Ocobo ciaenyer o6paTUTh BHUMAaHNE Ha IPOMEKYTKU, KOTOPHIM
OpuHaLIeKaT 3HaUeHUs apKCUHYyca, apKKOCHHYCca, apKTaHIeHCca U apKKO-
TAHTEeHCAa, M WX 3alUCh C KPYTIVILIMU JIN0O KBaAPaTHBIMU CKOOKamMu. B cuiab-
HOM KJIacce MOYKHO OOCYJUThH ¢ yUallluMUCH, IIoUeMy AJId apKCUHYyca U apK-
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KOCHHYyca MIPOMEKYTKU BKJIIOUAIOT B ce0s umcia, UX OrpaHUYMBaIoONine, a
IS apKTaHTeHca U apKKOTaHTeHca — He BKJIIOYAaIoT.

RommeHTapnn R YIOPpasKHEeHUAM

Ne 30.5 (2), 30.6 (2). Mo:xkHO maTh ydJalluMCA TAKOH COBET: BOCIOJIb30BAaB-
IITUCh HEUETHOCTHIO QYHKINH y = tgx u y = ctg x, 3anucaTh JaHHbIEe ypaBHe-
HUS TakK, 4TOOBI KO(PPUITUEHTHI, CTOAIINE TP IIePeMeHHOM X, ObLIN TOJIO0-
KUTEeJIbHBIMU. JTOT 2Ke IMIPUEM PEeKOMEHI0BAJIOCh MCIOJb30BaTh IIPU PeIlie-
UM 3ana4d 28.5 (3), 28.6 (1), 29.5 (3), 29.6 (1), mosToMy KeJaTeJIbHO, YTOOBI
y4yaIuecs caMi IPUIILIA K BIBOAY O BOBMOYKHOCTH €T0 NCIOJIb30BAHUA.

Ne 30.11, 30.12. Ciexyer BOCHOJIB30BATLCA HAEEH pelleHusd IIpuMepa 2 ma-

parpada.

§ 31. dyHKUMM y = arccos x, Yy = arcsin x,
y = arctgx My = arcctgx

TéXHOHOFMHeCKaﬂKapTaypOKOB

Qopmupyembie  lMpeameTHsie: HOpMMPOBaTL YMEHNSA CTPOUTL rpadurkm obpat-
pe3ynbratbl HbIX TPUrOHOMEeTPUYECKNX DYHKLUM, MPUMEHSITb CBONCTBA 06-
paTHbIX TPUrOHOMETPUYECKNX DYHKLUN NPU peLleHnmn 3a8au.

JInyHocTHbIE: HOPMMPOBATL YMEHNE OOBEKTUBHO OLlEHUBATb
CBOU TPYA.

MertanpeameTHble: pa3BMBaTb MOTUBbI U MHTEPEChI CBOEN MO-
3HaBaTeNbHOW AeATENIbHOCTU.

MnaHupyembie  YHalWMNCs HaydnTcs CTPOUTL rpadumky obpaTHbIX TPUroHOMe-
pe3ynbratbl TpU4ecknx GyHKUNIA, NPUMEHSTL CBONCTBA OBpPaTHbLIX TPUTOHO-
MeTpuYecknx pyHKUUN Npu peLueHn 3aaau.

OcHoBHble DyHKLMA y = arccos x, PyHKLMA y = arcsin x, PyHKLUMA y = arctg x,
NMoHATUA (yHKUMA y = arcctg x, cBOWCTBA 0OpaTHbIX TPUrOHOMETpUYe-
CKUX PYHKLNIN.

3apaHus
ans JononHn- 3apaHus 3agaHus
¢opmMmumpoBaHus TenbHble AN KOHTpona ana
npeAMeTHbIX 3apanms | /' KOPPeKUMM NMPeAMeTHbIX | AOMaLlHen
pe3ynsTaToB pesyneraToB pa6oTbl
Ypok 1 31.1, 31.3, 31.5, 31.2, 31.4,
31.7 31.6,31.8
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OKOHYaHue

3apaHus
3apaHus 3apaHus
Ans Aononku- NSl KOHTpons ons
¢dopmMmmpoBaHus TenbHble A P _
1 KOppeKLuUmn npeamMeTHbIX AOMaluHen
npeaMeTHbIX 3apaHus
pe3ynbsTaToB pabotbi
pe3ynsTaToB
Ypok 2 31.9, 31.11, 31.19 31.10, 31.12,
31.13, 31.15, 31.14, 31.16,
31.17 31.18
Ypok 3 31.21, 31.23, 31.31 31.22,31.24,
31.25, 31.27, 31.26, 31.28,
31.29 31.30
Ypok 4 31.33, 31.35, 31.38, CamocTosiTenbHas 31.34, 31.36,
31.37, 31.40, 31.46 pabota N2 32: N2 1 (1, 2), | 31.39,31.41,
31.42,31.44 2,3(1),4(2,4) 31.43,31.45

MeTtoauuecKkue KOMMEHTAPUU

Marepuai sToro naparpada ABIAeTCA TPASUITMOHHO CJIOMKHBIM JIJIA yda-
muxcsa. Bo MHOTOM OH OCHOBaH Ha CBOMCTBAaX B3AWMHO O0paTHBIX (hYHKI[UIMA.
ITosTomy mepen maydeHueM 9TOTO maparpada ciaeayeT HOBTOPUTH COOTBET-
CTBYIOIIIUII MaTepuaJl.

Iesnbrit pAnxg ToXKIaecTB 9TOro maparpada IIOJIlydeH 3a CUET paBEHCTBA
g(f(x)) = x, tne f © g — B3auMHO oOpaTHbIe QPYHKIIUNA. ITO PABEHCTBO BbI-
noJiHsAeTcA aJsd Bcex x € D (f). Yualuecsa yacTo 3a0bIBAIOT YUNUTHIBATH IIO-
cienuee orpannuenue. Hanpumep, B ToKAecTBe cos(arccosx) = x ydariue-
cA He YUYUTHIBAIOT, UTO OHO BHINOJIHAETCA TOJIBKO 1 X € [-1; 1].

I'padpuueckas mHTEpIIpeTamua paBeHCTBA arccos(—x) = T — arccosx mo-
3BOJISAET YUAIIMMCHA JIyUIlle IIOHATh U 3alIOMHUTH 9TO TOXKAecTBO. IIpu Heo6-
XOAMMOCTY MOJKHO aHAJOTUYHBIM CIIOCOOOM ITPOUJLIIOCTPUPOBATH TOXKIE-
ctBO arcctg(—x) = m— arcctg x.

He cnenyer Tpe6GoBaTh OT yuanimxcsi, 4TOObI OHU 3ayYMBAJIU COAEePKaHIE
TabJuI co cBoiicTBaAaMU PYHKIIMHI Y = arccosx, Yy = arcsinx, y = arctgx u
y = arcctg x mpuBenéHHbIe B naparpade. Bce sTu cBolicTBa MOYKHO «U3-
BJIEUb» U3 BCKU3a rpadUKa COOTBETCTBYMOINel GyHKIMM. B cBOIO ouepenn,
rpaduKu 3TUX PYHKI[UI CTPOATCA Ha OCHOBAHUU rpad)MKOB TPUTOHOMETPU -
yeckux QyHKIui. [IosToMy MOKeT oKasaThCs IeJIeCO00Pa3HbIM IIOBTOPUTH
C yyaniuMucsA rpa@uKy U OCHOBHBIE CBOMCTBA TPUTOHOMETPUUECKUX (PYHK-
U 1 OPOJAEMOHCTPUPOBATD, KAK C IOMOIIBIO ITEIIOYKH «TPUTOHOMETpPpUYe-
ckasg (PYHKIIUA W e€ cBoIicTBa — oOpaTHasg TpUroHoMeTpUUuecKas (PyHK-
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s — e€ CBOMCTBA» BLIBECTH CBOIICTBA, comepsKaluecs B Tabuie. ITo 0y-
IeT CcIocoOCTBOBATH 00OJiee OCO3SHAHHOMY YCBOEHHWIO WM CHCTEMAaTU3AI[UU
MaTepuaJja 3TOU IIaBbI.

RommeHTapnn K YIOPpasKHEeHUAM

Ne 31.5, 31.6. UToO5I pellrerne 3TUX 3a4a4 ObIJIO HOJHBIM, YUAIeCd JOJIMK-
Hbl yKas3aTh 3HAUYEHUS apryMeHTOB, IIPU KOTOPBIX (PYHKIUS IPUHEMAET
HauOboJIbIllee 1 HaMeHbIIIlee 3HAUCHI .

NE31.18(1).HOCI—COJILKY\/; 2 0gnamnoborox e [0;+), To 0 < arccosx <

N a

Orcroma 2 < arccos\/; +2< g+ 2. 3amerum, uTo arccos(0+2 = g +2 m

arccos+1+2=2. ITosTomy malx(arccos\/; +2)= % +2 Iroliln(arccos\/; +2)=
_9. [0;1] [0;1]

Ne 31.27 (1). Bamerum, uro ypaBHenue 4x —9 = x2 — 5x + 5 aBasAeTca ciel-
CTBUEM [JaHHOTO ypaBHeHUdA. s TOTo YTOOBI 00eCIeUYUTh PABHOCUJIbHBIH
IIepexo, Hafo Zo6aBuTh orpannuenue |[4x — 9| < 1.

N2 31.40 (3). 3ameTuMm, uTOo paBeHCTBO arcsin(sin3d) =3 aBasgerca He-
BE€PHBIM, IIOCKOJBbKY UMCJIO 3 He BXOAUT B 00JIaCTh 3HAUEHUN apKCUHYycAa.
Ha camom pgene wmMeroT MecTO TaKue paBeHcTBa: arcsin(singd) =
= arcsin(sin(xr - 3)) =t - 3.

§ 32. TpuroHomeTpuyecKkme ypaBHeHUS,
cBoAfiLMeca K anrebpanyieckum

TexHonorMyeckas KapTa ypoKkoB

(DOpMMpyeMbIe I'Ipe,qmeTHble: CpOpMI/IpOBaTb yMeHUusa pewatb TOUroHomMmeTpu-
pe3ynbrartbl Yyeckmne ypaBHEHUA MeTO4O0M 3aMeHbI nepemeHHoﬁ, oaHopon4-
Hbleé TOUroHOMeTpunieckmne ypaBHeHUA.

JInyHOCTHbIE: Pa3BnBaTb no3HaBaTesNibHbIN nHTEpPEC K MaTemMa-
TUKe.

MertanpeametHbie: GOpMUPOBaTL YMEHUS OCYLLECTBANATL KOH-
TPOnb CBOEN AeATENbHOCTU B NpoLecce JOCTUXEHUS pe3ynbTa-
Ta, onpepensaTb CNocobbl AENCTBUIA B pamMKax NpeaioKeHHbIX
YCJIOBMI 1 TpeboBaHUN.

lMnaHvpyembie  YHalwmncsa Hay4mTca pellaTb TOUrOHOMETpUYecKme ypaBHeH s
pe3ynbrarbl MEeTOAOM 3aMeHbl NepemMeHHON, TPUrOHOMETPUYECKMe OAHO-
poAHble ypaBHEHUS.
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OcCHoOBHbIE MpocTeriive TpUroHoMeTpuyeckme ypaBHEHUSsl, OAHOPOAHOE

MOHATUA TPUrOHOMETPUYECKOEe ypaBHEHME n-N CTEMNEHM.
3apaHusa 3anaHma 3apaHusa
JAononHu- ANns KOHTpons
Ansa opmMmupoBaHus ons
TenbHble 1N KoppeKuu _
npeaMeTHbIX poMaluHen
3apaHuvsa npegMeTHbIX
pe3ynbraToB pabotbi
pesynsTatoB
Ypoxk 1 32.1,32.3 32.2,32.4
Ypok 2 32.5,32.7,32.9 32.11 32.6,32.8,
32.10
Ypok 3 32.13,32.15, 32.17, 32.14, 32.16,
32.19, 32.21 32.18, 32.20,
32.22
Ypok 4 32.23, 32.25, 32.27, 32.29, CamoctoaTtenbHaa | 32.24, 32.26,
32.31,32.33 32.35 paboTta Ne 33: 32.28,32.32,
Ne 1 (1, 3,6) 32.34

Meroauuyeckue KOMMEHTAPUH

Pemenne ypaBHeHU sToro nmaparpada OCHOBAaHO Ha METOJle 3aMeHBI Iie-
pemenHoii. IToaToMy 11es1eco00pas3Ho IIepe N3yUYeHeM 3TOM TeMbl IOBTOPHUTH
MeTOJ] 3aMeHbI TIePEMEeHHOM ITPU PeIlleHU U aaredpandyecKux ypaBHEHUH.

Boapmiaa vacts maparpada mocBAIieHa OJJHOPOJHBIM TPUTOHOMETPUUE-
CKUM YPaBHEHUSAM IePBOI U BTOPOH CTEeIeHeN.

ITpu pemrenru OZHOPOJHOTO TPUTOHOMETPUYECKOTO YPABHEHUSA IIPUXO-
IUTCA NeJuTh o0e UacTu ypaBHEHUS Ha BBIpAKeHUe, CONepsKaIlee Iepe-
meHHyl0. Cllenyer pasbACHUTH yYaIlIMMCHA, YTO TaKoe AeMCTBUE MOYKHO
OPOMBBOAUTH JIUIIL TOTNA, KOTa KOPHU NEeJIUTEeJIS He ABIAIOTCA KOPHIAMU
ITaHHOTO ypaBHeHusaA. Hampumep, mejeHune o0emx dYacTeill ypaBHeHUSA

. o T
cos? x —sinxcosx = 0 Ha cos? x IPUBOJUT K IIOTepe pellleHn BUaa 5 + mk.

KoMMmeHTapuu K yrpaskHeHUSIM

Ne 32.17 (1). Caenaiite sameny tg2x + ctg?x = t. Torma tgtx + ctgtx = 2 - 2.
Ne 32.21, 32.22. BocmoJib3yiiTech (popMyJI0ii TPOMHOTI'O apryMeHTa.

Ne 32.23 (3). Beipasure sin® x u cos® x uepes Apyrue TpUroHOMETPUYECKUE
BbIpasKeHusa B POPMYJIX TPONHOTO apryMeHTa.

Ne 32.27. ChenaiitTe 3aMeHy sinx + cosx = t.
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Ne 32.29 (1). CoenaiitTe 3ameHny sinx + cosx = t.
Ne 32.33, 32.34. BocoosbayiiTech upaeeii pereHus npumepa § 7.

§ 33. PewueHue TpuroHomMmeTpuYecKnx
YPaBHEHM METOAO0M Pa3/i0XKeHUNA

Ha MHoXutenu. NpumeHeHne OorpaHNYeHHOCTU
TPUroHomeTpu4decknx pyHKun

TexHONornyeckas Kapta ypokoB

Popmupyembie  lpegmeTHbie: GopMMPOBaTL YMEHUS pelaTb TPUroHOMeTpU-
pe3ynbratbl yeckme ypaBHEHNS METOAOM Pa3foXeHUs Ha MHOXUTENN, Npu-
MeHSATb OrpPaHNYeHHOCTb TPUTOHOMETPUYECKUX DYHKLNNA.
JIndHoCTHbIE: popMUMpOBaTL ymeHMe GOpMynMpoBaTb COb-
CTBEHHOE MHEeHMe.
MetanpeameTHble: popMMpPOBaTb YMEHME KOPPEeKTUpOBaTb
CBOU AENCTBUSA B COOTBETCTBUU C U3MEHSIOLLIENCS CUTYaLMEN.
lMnaHupyembie  Ydawmncsa HayumuTca pellatb TPUFOHOMETpUYEeCcKne ypaBHeH s
pe3ynbratbl MeTOAOM Pa3foXeHUs Ha MHOXUTENU, NMPUMEHATb OrpaHnUYeH-
HOCTb TPUTOHOMETPUYECKUX PYHKLINA.
OcCHoOBHble MeTop pa3noxeHus Ha MHOXUTENN.
MOHATUSA
3apaHus
3apaHus
JAononHu- ANA KOHTpons 3apaHus
ansa ¢dopmMmupoBaHus _
TenbHble N Koppekunm Aana goMallHen
npegmMeTHbIX
3agaHus npegmMeTHbIX pa60TbI
pe3ynsraToB
pe3ynbraToB
Ypok 1 33.1,33.3,335 33.2,33.4,33.6
Ypok 2 33.7,33.9, 33.11, 33.8, 33.10,
33.13 33.12,33.14
Ypok 3 | 33.15, 33.17, 33.19, 33.25 33.16, 33.18,
33.21, 33.23 33.20, 33.22,
33.24
Ypok 4 | 33.27,33.29, 33.31, 33.35 CamocTonaTenbHas 33.28, 33.30,
33.33 paboTta N2 34: 33.32,33.34
Ne 1(1,3,5)
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MeTozmquIme KOMMEHTaApuUn

ITpu pellteHun TPUTOHOMETPUUECKUX YPAaBHEHUN YaCTO IIPUXOIUTCS IIe-
pPexXoauTh K COBOKYITHOCTH, COCTOSINEN M3 HEeCKOJbKUX TPUTOHOMETpUYe-
cKkux ypaBHeHu#. Hepeako yuaruecs 3azaroT Boupoc: « Hamgo au npu 3amnm-
CU peIllleHuil KasKJAOT0 YpaBHEHUS COBOKYIHOCTH HCIIOJNB30BATH pPas3HBIE
OYKBBI [IJ1d 0003HAUYEHUA IIEJOUNCIeHHOTO HapaMeTpa UJIn MOYKHO HUCIOJIb-
30BaTh ONHY U Ty Ke OykBy?» CiemyeT pasbsaCHUTL yUalllIMCS, UTO IIO-
CKOJIBKY Peub UIET 0 COBOKYIHOCTHU, TO IIPUEMJIEMON ABJIAETCA KayKaasd 13
BBIIIIeyKAa3aHHbIX (hopM 3alMCH OTBETA.

Hepenko nmpu pelteHMY TPUTOHOMETPUUYECKUX YPABHEHUM OTBETOM AB-
JsieTcsi o0beUHEeHe HEeCKOJbKUX MHOYKECTB, UMEIOIX HeIlyCTOoe Iepece-
yeHmue. B 9TOM ciydae He ciemyeT TPeGOBaTh OT yUAITMXCA HAXOAUTH 00h-
eqnHeHVe MHOKECTB, B KOTOPhIX €CTh OANHaKOBBIE DJIEMEHTHI.

ITockoabKY QYHKIINY CUHYC U KOCUHYC ABJIAIOTCA OTPAHUUYEHHBIMU, TO
HepeaKko mJjisi ypaBHeHus [f(x)= g(x) MoKeT oKasaThbCsa Pe3yJbTATUBHOMN
craenymomiad ugesa. Ecoau f(x) < A u g(x) > A, To 1anHOe ypaBHEHNE PABHO-

f(x)= A4,
g(x) = A.

CHUJIBHO CHCTeMe

ROMMeHTapHH K yIIpasKHEHUAM

Ne 33.17, 33.18. BocmosbayiiTech uaeeii mpeodpasoBaHUSA BIPAKEeHUN BUIa
asinx + bcosx.
Ne 33.21, 33.22. Bocmoab3yiiTech OrpaHNUEHHOCTHIO TPUTOHOMETPUUECKUX

GOYHKIIUHI.

§ 34. O paBHOCUNBbHbIX Nepexopax
npuv peweHun TPUroHOMeTp4eCcKuX ypaBHeHUnN

TexHonorn4yeckas Ka PTa ypOKOB

®opmupyembie lMpeameTHble: BnafeTb OCHOBHbIMU MPUHMHAMWN HEPABHOCUIb-

pe3ynbrarsl HbIX NEePEXoAoB MPU PeLueHNU TPUrOHOMETPUYECKMX YpaBHe-
HUI, hOopPMUPOBaTL YMEHUs pelaTb TPUroHoMeTpuyeckue
ypaBHEHM S, UCMOJIb3ysi PaBHOCUIIbHbIE NMepexoasbl.

JIn4HoCTHbIE: hopMUPOBaATL yMeHMe (opMyMpoBaTb Cob-
CTBEHHOE MHEHMe.

MeTtanpeamMeTHble: GOPMUPOBaTb YMEHUE KOPPeKTUPOBaTb
CBOM AENCTBUS B COOTBETCTBUUN C U3MEHSIOLLENCA CUTYaLnen.
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MnaHnpyemsbie Yyawmica oenageeT OCHOBHbIMU MeTOAAaMU HEPABHOCUIIbHbIX

pe3ynbratbl NnepexofoB MpPU pelleHUN TPUTOHOMETPUYECKUX YPaBHEHWN,
HAY4YNTCs pellaTb TPUrOHOMETPMYECKME YPaBHEHNS, NCMONb3YyS
paBHOCUIIbHBIE Mepexoabl.

OCHOBHBbIe PaBHOCUbHbIE Nepexodbl NpU peLleHn TPUTOHOMETPUYECKUX
MOHATUA ypaBHEHUN.
3apaHusa
3apaHus
ﬂononHVl— ANnga KOHTpons 3ap.ava ansg
Ana ¢popMmmnposaHus _
TellbHble n KOppEKLl,I/II/I AdOoMallHen
npegmMmeTHbIX
3agaHund npegmMeTHbIX paGOTbI
pesynbraToB
pesynbraToB
Ypok 1 34.1,34.3 34.2,34.4
Ypok 2 | 34.5,34.7,34.9, 34.11 CamocToaTenbHas 34.6, 34.8,
paboTta N2 35: 34.10, 34.12
Ne 1

MeTomuuyeckne KOMMEHTapPUH

B maparpade uccieayoTcsa OCHOBHBIE IPUYNHBI N3MEHEHNA MHOMKECTBA
KOpHEe! TPUTOHOMETPUUECKOTO ypaBHeHUA. [I0CKOJIbKY OOJBIINHCTBO TPU-
TOHOMETPUUYECKUX YPaBHEHNII, C KOTOPBIMU IIPUXOLUTCS BCTPEUATHCA yUua-
IUMCS, UMEIOT 6ECKOHEeUHO MHOTO KOPHE, TO MeTOJ, CJIeICTBUI MOKeT OKa-
3aTbCsA MaIod(pdeKTuBHBIM. [[eficTBUTEIIbHO, IOABEPTraTh IIPOBEPKe OECKO-
HEUYHOE MHOYKECTBO KOPHEH, KaK IIPaBUJIO, JOBOJBHO TsKeno. IlosTomy
naparpad mMOCBAIIEH METOAY PABHOCUJIBHBIX II€PEXO0I0B.

B npumepax paccMaTprUBAIOTCA ABe IPUUYNHLI HAPYIIEHNA PABHOCUJIbHO-
ctu: 1) pacmiupeHue 06JIaCTH OIIpeieJIeHU A YyPaBHeHU; 2) IPUMeHeHre TPU-
TOHOMeTPUUYeCKUX (h)OPMY.JI, JIeBbIe U IPABbLIE YACTH KOTOPBIX NMEIOT PasHbIe
obJiacTu oupeneIeHuAd.

IIpumepsl, pasobpauubie B maparpade, OueHb XapaKTePHbI U IIpHUeMJIe-
MBI JIJIsI KCCJIeMOBAHUS IIOAHATHIX BhIIIe Mpobyem. B saBucumMocTH OT ypOB-
HsI MaTeMaTUUYeCKOU IIOATOTOBKHU ydYAaI[MXCA KJacca HEKOTOPble M3 JTUX
IPUMEPOB MOYKHO TIPEAJIOKUTD UM Pa3o0paTh CaMOCTOATEIbHO.

KoMmMeHTapuu K ynpaskHeHUSIM

Ne 34.1, 34.2, 34.5, 34.6. BocnoabsyiiTech njeeii peinenus npumepa 1 mapa-
rpada.
Ne 34.7, 34.8. BocrosbayiiTech umeeil pelieHusa nprumepa 2 naparpada.

75



Ne 34.9, 34.10. Bocooab3syiiTech uaeeii pemieHus npuMepa 3 maparpada.
Ne 34.1, 34.12. BocnoJabsyiiTech uaeeil peirneHus npuMepos 4 u 5 mapa-

rpada.

§ 35. TpuroHomeTpuyecKke HepaBeHCTBA

TexHonornyeckas KapTa ypokoB

Qopmupyembie lpeametHbie: GopMMpOBaTE yMeHMe pellaTe MpocTenline
pe3ynbTaTbl TPUroHOMeTpuYeckne HepaBeHCTBA N HEPABEHCTBA, CBOASLLM-
ecsi K HUM.
JINYHOCTHBIE: HOPMUPOBATbL MHTEPEC K U3YHEHUIO TEMbI U Xe-
naHuve NPUMEHNTb NPUOBpPETEHHbIE 3HAHWUS U YMEHUS.
MertanpegmetHbie: (OpMUPOBaTb YMEHNE COOTHOCUTL CBOU
OeNCTBUSA C NNIaHUPYeMbIMU pe3ynbTaTaMu.

MnaHupyemblie  YHawminca HayduTcs pelaTb NpocTeiline TpUroHomeTpuye-

pEe3y/bTatbl CKVe HepaBeHCTBa U HepaBeHCTBAa, CBOAALMECH K HUM.
OcCHOBHbIe MpocTenrwmre TPUroHoMeTpmn4eckme HepaBeHCTBa.
NMOHATUNSA
3agaHus 3apaHus 3apaHuns
AononHun- ANA KOHTpons
Ansa opmMmupoBaHus ons
TenbHble " KoppeKuun -
npeamMeTHbIX AOMaluHen
3ajaHusa npeamMeTHbIX
pe3ynbraToB pabotbi
pesynsratoB
Ypok 1 35.1, 35.3, 35.2,35.4
Ypok 2 35.5, 35.7 35.6, 35.8
Ypok 3 35.9,35.11 CamocTosaTenbHaa | 35.10, 35.12
paboTta Ne 36:
Ne 1

MeTtoanuuecKkue KOMMEHTaAPUU

CymrecTByeT ABa mpuéMa oOydYeHUA PEIIeHUI0 IPOCTEUIINX TPUTOHOME-
TPUUYECKUX HEPABEHCTB: C IIOMOIIIbIO I'Pa)MKOB TPUTOHOMETPUUECKUX PDYHK-
MU U ¢ TTOMOIIBIO MHTEPIPeTAIll PEIIeHN Ha eJUHUYHON OKPYKHOCTH.
B yuebHUKe peanm3oBaH mepBbIN M3 d3TUX NPUEMOB. TaKoil BBIOOP OCHOBaH
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Ha TOM, UTO M300paKeHMre PeIIeHnii ¢ TTOMOIIbI0 TPAPUKOB TPUTOHOMETPU-
yecKUX GyHKIMI 60Jiee HATJIAIHO 1 BbI3bIBAET MEHbBIIEe TPO0IeM y yuarinx-
cs TIPU 3aIlMCU OTBeTa.

Takske MOMKHO HPOJAEMOHCTPHUPOBATH yUall[MMCsS WMCIIOJIb30BaHUE enu-
HUYHOU OKPY>KHOCTH.

VYuaruecs JOMKHBI MIOHUMATD, UTO IJIS aHAJAN3a U 3aIllCU PEIeHnN 10-
CTATOYHO HCCJIeMOBATh IMOBeMeHre (QYHKIMU HA IIPOMEXKYTKe AJUHON B IIe-
puon. OgHAKO 3aNKUCh PEIeHUA 3aBUCUT OT TOT0, KAKOM MMEHHO 13 IpoMe-
JKYTKOB TaKOU AJMHBI paccMaTPUBaeTCs B IIpoliecce peleHusa. IHBIMHU CJI0-
BaMU, OJTHO U TO K€ MHOJKECTBO PeIlleHull MOKeT ObITh 3aIllICAaHO B PA3HBIX
dopmax.

B npumepe 1 maparpada npoaeMOHCTPUPOBAHBI Pa3JINYHbIe BO3MOMKHBIE
(opMBI 3aIICH OTBETOB TPUTOHOMETPHUYECKUX HEePaBeHCTB.

Craexnyer oOpaTuTh BHUMAaHHNE yUYaIlUXCs, YTO B mpumepe 6 mpomeMoH-
CTPUPOBAH METOJ PEeIIeHNUs TPUTOHOMETPUUECKOTO HEPABEHCTBA C MCIIOJb-
30BaHUEM TPUTOHOMETPUUYECKOH OKPYIKHOCTHU.

B nmpumepax 7 u 8 mokasaHoO, KaK MOKHO pelllaTh TPUTOHOMETPUUYEeCKHe
HepaBeHCTBA METOJOM MHTepBaJioB. CiaeayeT MOMUePKHYTh, UTO 9TOT METOI
IOBOJILHO YHUBEPCAJNBHBIN U MOKeT ObITH MCIIOJH30BaH BO MHOTUX CUTYAa-
MUAX.

KoMMeHTapuu K yIpasKkHEeHUSIM

Ne 35.3 (3, 4, 6), 35.4 (3). IIpu pemnrennu 5TuX HEPABEHCTB JKeJaTeJIbHO, BOC-
IMOJIb30BABIINCH UETHOCTHIO (HEUETHOCTHIO) TPUTOHOMETPUUECKUX (GYHK-
Ui, 3a0UcaTh HEPABEHCTBO TaK, YTOOBI KO9IMDUIIMEHT IIPU HEePEMEHHO X
CTaJI IOJIOKUTELHBIM.

Ne 35.5, 35.6. BocmossayiiTech eIMHUYHON OKPYIKHOCThIO.

Ne 35.11, 35.12. BocnoabsyiiTech METOLOM MHTEPBAJIOB.

KoHTponbHaa pabota N2 7
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rmasa 3. [IpOV3BOAHANA N €€ NpuMeHeHune

§ 36. OnpepeneHve npegena pyHKUUN
B TO4Ke U (PyHKLMN, HeNnpepbiIBHOM B TOUYKe

TexHONoOrnyeckas KapTa ypokoB

Popmupyembie
pe3ynbratbl

lMnaHupyemsbie
pe3ynbratbl

OCHOBHbIe
MOHATUA

lNpeametHble: hopMUpoBaTb YMEHUA ONepupoBaTb MOHATUSA-
MU npegena ¢GyHKUMM B TOYKE, HEMPEpPbIBHOCTU DYHKLUUU B
TOuKe, fOKa3blBaTb M MPUMEHATL TeopeMbl 06 apudmeTuye-
CKUX OeNCTBUSAX C NpegenamMmun yHKLMN.

JIn4yHOCTHbIE: pa3BMBaTbh NO3HABATENbHbIM MHTEPEC K MaTema-
TUKe.

MertanpegmetHbie: GopMnpoBaTb NpeacTaBneHns ob naesax u
O MeToax MaTeMaTUKu Kak ob yHMBepCcanbHOM si3bike HayKu n
TEXHUKMN.

Yyawmiics HayuymTcs onepupoBaThb NOHATUSMK npeaena dyHK-
LMK B TOUKE, HEMPEPBLIBHOCTU (PYHKLIMW B TOUKE, JOKa3bIBaTb U
NPUMeHSTb TeopeMbl 00 apnbMeTUYECKUX AEACTBUSIX C Npeae-
namu yHKLMNA.

Mpepen ¢yHKUUM B Touke; dYHKUUS, HEMPEPbIBHAs B TOYKE;
TeopeMbl 06 apUbMeTUYEeCKMX AENCTBUNX C NpeaenaMmmn (yHk-
uni; dYHKUMUS, HENpepbiBHAs Ha MHOXECTBE; HernpepbiBHas

DYyHKLUMSA.

3apaHusa
3apaHus
HdononHu- LANs KOHTpons 3apaHus ans
ana ¢opmnposaHusa _
TelnbHble n KoppeKu,uw AdOMallHen
npeamMeTHbIX
3agaHnsa npeamMeTHbIX paGotbl
pesynbraToB
pesynbraTtoB
Ypok 1 36.1, 36.3 36.2,36.4
Ypok 2 36.5, 36.7, 36.9, CamocTosiTenbHas 36.6, 36.8,
36.11, 36.13 paboTta Ne 37: 36.10, 36.12,
Ne1,2,3 36.14

MeToaunuyeckne KOMMEHTAPUU

B mauase maparpada moHsaTHe 0 mpeaesie PYHKIIUU B TOUKe BBOIUTCS C
HOMOIIbIO HAVIAAHON myatoctpanuu (puc. 36.1—36.3). O6paTum BHUMA-
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HUe, UYTO JJIA IIePBOHAUYATHLHOTO O3HAKOMJIEHU S C TOHATHEM IIpeesia Beiopa-
HBI rpaukn gu@depeHupyeMbIX QYHKIINHA, IIO3TOMY BOIIPOC O CYIIEeCTBO-
BaHUU TIpeJesia MOKa UTO y yuallluxcs He Bo3HUKaeT. HarysaaHoe mpeacTas-
JIeHUe O Ipeaeae I TaKuX QYHKIIUHA POPMUPYeTCA JOCTATOUHO JIeTKO. [Tpu
pasbsCHEHUU 3TOTO IOHATUS YA00HO IT0Jb30BATHCS TAKUMHU CJIOBOCOUETA-
HUSMHU: CTPEMUTCA K, CTAHOBUTCS BCE MEHBIIIE U MEHbIIIe, BCE MEHBIIEe U
MeHbIIIe OTJIMYAeTCsA OT, KaK YroJHO OJM3KO IIOAXOIUT 1 T. 1.

BaxHo, 4TOOBI yualuecs IIOHAJJMN, UYTO PedYb UJAET He IIPOCTO O IIpenese
HEeKOoTopoll GyHKIIUU, a O IIpeaeiie JaHHON (PYHKIINU B JaHHON KOHKPETHOM
Touke. IloKasaTe/JlbHBIM ABJSETCA MIPUMEP, M300PaKEHHBIM Ha PUCYH-
Ke 36.2, Ha OCHOBaHUU KOTOPOT'O MOYKHO CAeJIaTh BBIBOJBI, UTO B PA3JINUHBIX
TOuKaxX (QPYHKIUA UMeeT Pas3jnuuHbIe Hpeesbl U UTO Ipeaesabl GyHKIUU B
PA3IMYHBIX TOYKAX MOTYT ObITH PABHBIMIU.

Crenyetr oOpaTuTh BHUMaHIE HA TO, UYTO (DYHKIIUSA, UMEOIasa npeaes B
HEKOTOPOHM TOUKe, MOYKeT OBITH BOOOIIle He OoIIperejeHa B BTOW TOUYKe
(puc. 36.4 yuebHUKA), UMETh B 9TOM TOUKEe 3HAUeHne (DYHKIINU, PaBHOE IIpe-
meny GyHKIUK B 9T0HM Touke (puc. 36.1 u 36.8 yuebuuka, pyHrmusa f), u
HMEeThb B 9TOH TOUKe 3HaueHne GYHKI[UN, OTIMUAIOIIeecs OT mpeaesaa PyHK-
muu B 9Tol ToukKe (puc. 36.8, pyukiusa g). Bce atu Tpu caydyasa yI0BJIETBO-
PAIOT OTIpeieIeHurIO.

ITpumepsl, cBA3aHHBIE C PUCYHKOM 36.3, IIOKa3bIBAIOT, UTO IIOHSATHUE
npenesaa GyHKIIUY B TOUKE pACCMaTPUBAETCS He TOJBKO IJIs BHYTPEHHUX TO-
yek obJiacTu onpeaeaennsa. Ho Ipu sToM MOYKHO IIOAUEPKHYTh, UTO IIOHATHE
npenesa QYHKIIMYA B TOUKE 0053aTEJIbHO CBA3AaHO C HEKOTOPBIM IIPOMEKYT-
KOM 13 00JIacTu ompeneeHnsa (PYHKIIUNA, KOTOPOMY IPUHAAJIEKUT paccMa-
TpuBaeMas Touka. [ M30JIUPOBAHHBIX TOUEK IOHATHE IIpeaesia PyHKIIUU
B TOYKe He paccMaTPUBATOT.

Cayuaro, pasoOpaHHOMY Ha pucyHke 36.4 yueOHUKA, clIeAyeT YAEJIUTh
ocoboe BHUMaHUeE, IIOTOMY UTO OH ABJISETCS IIPONeAeBTUYECKUM ITOAX0I0M K
paccMOTPeHUI0 PYHKIINH, Y KOTOPBIX Hpeaes B HEKOTOPOI TOUKe He COBIIA-
IaeT co 3HaueHreM (PYHKIIUU B 9TOI TOUKE, a Jajiee Ha OCHOBAHUU 3TOT0 —
K MIOHATUIO HETIPEPHIBHON QyHKITUN.

Ha pucynkax 36.5—36.7 yueOHuUKa NpuBeIeHbl NpuMepbl QYyHKIIUIA,
He UMeIOIUX IIpeaeiia B paccMaTpuBaeMoii Touke. [I[pUYnHEBI, IT0 KOTOPBIM
9TH QPYHKIINU He UMEIOT IIpeaesa, MOKHO OTHECT! K JBYM OCHOBHBIM KaTe-
TOPUAM:

- TIpeieJ CIpaBa He PaBeH Mpeesy cJIeBa;

* 3BHAUEHUA (PYHKIIUU B OKPECTHOCTAX PacCMaTPUBAEMOU TOUKHU CTpe-
MATCS K 66CKOHEUHOCTH.

9THU CUTyaIlnH JIETKO OIIMCATh C IIOMOIIbIO0 YKa3aHHBIX PUCYHKOB.

06s13aTeIbHO CJIeyeT PACCMOTPETDh Pas3anuure MeXKAYy QYHKITUIMU, U30-
OpakEHHBIMU Ha pucyHKax 36.7 u 36.8 yueOHuka (QyHKIUA g).
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IIpencrasienne MOHATHUA O HENMPEPLIBHON (QYHKIUU B TOYKE X, C IIOMO-

mpio cBoiicTBa lim f(x) = f(x,) MTONHOCTBIO COOTBETCTBYET HATJIALHOMY
x—)xo

OPeACTABJIIEHNIO YUAINXCA O HEIIPEPHIBHON KPUBOU KaK O JIMHUU, KOTOPYIO
MOJKHO HapuUCOBAaTh, He OTPhIBas KapaHaalll oT OyMaru.

ITocsne BBemeHusa ompeaeaeHUs PYHKIIUU, HEIPEPBLIBHON Ha MHOMKE-
CTBe, CJIefyeT BePHYTLCA K PUCYHKAM 36.5 1 36.7 U IPeAJIOKUTh YIAIITUM-
csd OmpenenTh, HA KaKUX MHOYKECTBaX 3TU (PYHKIUU SBIAIOTCA HeIpe-
PBIBHBIMU.

ITosiesHo HAYATH COCTABIATD C YUAITIMUCA AuarpaMmy Jitjiepa, KoTopas
OIMCHIBAET COOTHOIIIEHNE MHOYKECTB (GDYHKIUI, UMEIOIUX IIpeles B TOUKE;
HeIpPePhIBHBLIX B TOUKE; He IIPUHAAIEKAIIUX HI K OSJHOMY U3 9TUX MHOKECTB.
B kpyru guarpamMmel ciieyeT 3aHOCUTH CXeMaTHUecKue n3o0paskeHusa GyHK-
IUHA. ITO cIaeayeT OOCYAUTh C YUAIIMMIICS 1 CPasy 0OTOOPasUTh Ha JuarpaMMe.
B koHIe nsyuenusa maparpada guarpamMmMa JOJXKHA IPUOOpecTy mpubIuns3u-
TeJbHO TaKOM B/, KaK IMOKa3aHo Ha pucyHKe 1 (1ccaegyemMas TOUuKa 0003Ha-
yeHa Ha rpa)IKax KPaCcHbBIM I[BETOM, rpapuK GyHKIITUNI — CUHUIM).

//

Ddynryuu, Dynryuu,
umerwue npeden HenpepvlHbLe
6 mouke 6 mouke

Puc. 1
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ROMMeHTapI/II/I K YIIPpaxXHEeHUAM

Ne 36.3. BasxHO, 4TOOBI yUualmecs MIOHUMAJHN, YTO GPYHKINN, TPa@UKU KOTO-
pBIX MB00paKeHbl Ha PUCYHKAaX U, K, UMEIOT IIpeles B paccMaTpuBaeMOit
TOYKe, HO He ABJIAIOTCA HETIPEPLIBHLIMY B HEIA.

Ne 36.5, 36.6. Yualruecs gOJIKHEI C IIOMOIIBIO I'pad)IKa BEIACHUTD, IMEET JIX
byHKIIUA Tpegesa B yKa3aHHOU TOUKe, HAWTU 3HAUEHUE 9TOTO IIpeaesia 1
HalTU 3HaUYeHUe PYHKIIUU B 9TOH TouKe. [lonyueHHbIe 3HAUEHUA CPABHUTD,
MIPOBEPUB BBITIOJIHEHE PAaBEHCTBA ;LIE}O f(x) = 7(x;)-

§ 37. 3apa4um 0 MrHOBEHHOM CKOpPOCTU
N KacartenbHom K rpacdpuky pyHKuun

TexHonorn4yeckas Kkapta ypoka

Popmupyemsble
pe3ynbratbl

lMnaHupyemsbie

lpeametHble: dopMUpPoOBaTb yMEHME ONepnpoBaTb NOHATUEM
npupalleHuns pyHKLNM B TOUKe, KacaTeNlbHOW K rpadunky dyHK-
LnN.

JInyHocTHbIe: hopMUpPOBaTh LLENOCTHOE MUPOBO33pPEHME, COOT-
BETCTBYIOLLEE COBPEMEHHOMY YPOBHIO Pa3BUTUSA Hayku u ob-
LLLEeCTBEHHOM NPAaKTUKM.

MertanpegmetHbie: dopMypoBaTb yMeHME BUAETb MaTeMaTu-
Yyeckylo 3afilady B KOHTEKCTe NpobfeMHON cUTyalumu B ApYyrux
ANCUMMNANHAX, B OKPY>XXaloLLEeN XXU3HW.

Yyawumes HayunmTcs onepupoBaTb MOHATUSMU MpUpaLLeHus

pe3ynbratbl yHKLNU B TOUKe, KacaTenbHOM K rpaduky dyHKLMN.
OcHoBHble MpupaleHue aprymeHTa @yHKLNM B TOHKE, NpupaLleHmne yHKk-
MOHATUSA UMM B TOYKe, 3aKOH [ABUXEHWS, MTHOBEHHas CKOPOCTb, Kaca-
TenbHas K rpaduky GyHKLUN.
3apaHus 3ananus 3apaHus
AdononHun- ANA KOHTpons
Ana ¢popMmmposaHus ana
TenbHble 1 KoppeKLumn -
npeaMeTHbIX AoMallHen
3afaHus npeaMeTHbIX
pe3ynbraToB pab6oTbl
pe3ynsraToB
Ypok 1 37.1,37.3,37.5,37.7 37.9 CamocToaTenbHasa 37.2,37.4,
paboTta Ne 38: 37.6,37.8
Ne 1,2, 3
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MeTozmquIme KOMMEHTaApuUn

B mauajie usyuenus naparpadga mesecoo0pasHo IPeIJIOKUTh YUAIITIMCS
OPUBECTU HECKOJbKO IIPUMEPOB TOTO0, KOTAA IAJA WCCAeNOBAHUS CUTYaI[UU
cjaenyeT HAWTHU Pas3sHOCTh 3HAUEHUI (DYHKIIMU B ABYX ToukKax. sKemaTtenabHO
o0paTuTh BHUMAaHUE Ha Te IPUMEpPHI, B KOTOPBIX 9TU TOUKU OyAYT HAXOAUTH-
cs IOCTATOYHO OJU3KO APYT K apyry. Ilociie BBeleHUA MMOHATUIM IIpUpaIie-
HUA apryMeHTa U IIpupanieHud QyHKIIUYU B TOUKE cJIieyeT pa3odparhb, KaKkoe
CMBICJIOBOE 3HAUEHIE B pacCCMaTPUBaeMbIX IPUMepax HeCyT 9TU IMOHATUS.

B zaBucumMoOCTH OT ypOBHSA MaTeMaTHUECKON IMOATOTOBKU ydYaIllUXCs
KJacca MOYKHO Pa3bACHUTH UM, KaKOoe 3HAaUeHUe NMeeT COJePyKaHe CHOCKH
Ha c. 278. Biaromaps sTOi CHOCKe B JaJIbHEHIIIeM MOHATHIE HIPOMU3BOSHOMN
paccMaTpuBaeTcsa B TeX TOUYKaX 00JIaCTH ompeaeeHus PpyHKIIUU, KOTOPbIe
He SBJIAIOTCA N30JIUPOBAHHBIMU.

ITpumep 1 ganHoro maparpada ydaiquecs BOCOIPUHUMAIOT KaK YHCTO Te-
OpeTuYecKuii, II0OKa YTO OHU He BUAAT ero NIPAKTUUYECKOT0 IPUMeHeH! .

Paccmorpers 3amauy 0 MIHOBEHHO# CKOPOCTH IIOMOJKET obOpalleHue K
CIIUJOMETPY aBTOMOOUJISI, KOTOPHIN MOKa3bIBaeT (C HEKOTOPOUA TOYHOCTHIO,
HO 9TUM MOKHO ITpeHeOpeub) NMEeHHO MI'HOBEHHYIO CKOPOCTH aBTOMOOMJIA B
ITaHHBIA MOMEHT.

IIpu paccmoTpeHnu 3amadu 0 KacaTeJbHOR K rpauKy (PyHKIIUU B IIep-
BYIO OUepeb HaJo JOOUTHCS OT yUalllUXCsAd MOHNMAHUSA TOT'0, UeM oIIpeesie-
HUe KacaTeJIbHOM K rpaduKky GyHKIIUU OTJIMYAETCA OT OIIPeJesIeHnsa Kaca-
TeJbHON K OKPYIKHOCTH. [[J1d IpuMepa MOKHO B3ATh (PYHKIIUIO CUHYC U pac-
CMOTpPeTh KacaTeJIbHble K CHUHYyCOHuAe B PasJWuYHBIX e€é Toukax. Ciemyer
HOMYEePKHYTH, YTO HAC MHTEPECYeT IT0BeleHe KacaTeJIbHOU B OKPECTHOCTAX
uccJaeyeMON TOUKM U He MHTEepPecyeT, mepeceKaeT Ju aTa nmpaMas rpaur
9TOH Ke PYHKIINU eIllé B KaKOU-TO TouKe. TaKkiKe MOKHO ITPOJIEMOHCTPUPO-
BaTh C IOMOINBIO IrpaduKa PYHKIINN, YTO HAJIUUYNE OSHOU OOIell TOUKHU Y
OPAMOM 1 KPUBOIi He ABIAAETCA HU HEOOXOAUMBIM, HU JOCTATOUHBIM YCJIOBHU-
€M CYIIIeCTBOBAHUSA KacaTeJbHOU K rpad@uKy QYHKIIUYU B JAHHOI TOUKeE.

B koHIe nsyuenus maparpada cienyer ciejaTh BbIBOI O TOM, UTO XOTs
3a7auy 0 MTHOBEHHOM CKOPOCTH 1 O KacaTeJbHOU K rpaduKy QYHKIIUU OITU-
CBIBAIOT COBEPIIIEHHO pas3Hble IIPOIleCChl, OHM MMEIOT OOIIYI0 MaTeMaTude-
cKyIo Mozesib. CiieiyeT IoAYepKHYTh YI0OCTBO 3TOM MOJeJIU AJIS UCCJIeT0Ba-
HUA TIPOIECCOB.

ROMMeHTapHH K yIIpaKHEeHUAM

Ne 37.7, 37.8. IIpu pelieHun 9TUX 3a4aY CJIeAyeT BOCIOJb30BAThCA CXEMOIL,
ONMCAHHOM B Imaparpade, B TO 4acTU, KOTOPas OTHOCUTCA K 3aJa4ye O MI'HO-
BEHHOU CKOPOCTH.
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Ne 37.9, 37.10. IIpu perieHnn a3TUX 3aa4 CJIEIyeT BOCIOJIb30BATHLCSI CXEeMOI,
KOoTopas OIIcaHa B pellleHnu mpuMepa 2 maparpada.

§ 38. NoHaTMe NnponsBoOAHOMN

TexHonornyeckas KapTa ypokoB

dopmupyembie

pe3ynbTatsbl

lMnaHupyembie

pe3ynbratbl

OCHOBHbIEe
MOHATUA

MpegmeTHbie: popMUPOBaTb YMEHUS ONEPUPOBATb MOHATUEM
NMPOU3BOAHOMN (YHKLMUM B TOYKE, HAxoAuUTb MPOU3BOLHYIO
hyHKLMM B TOYKe, UCMONb3ys onpeaenieHne.

JIn4HoCTHBIE: HOopMUpPOBaTbL OTBETCTBEHHOE OTHOLLEHME K O0Y-
YeHU o, FOTOBHOCTb K CaMOpPa3BUTUIO U caMoobpa3oBaHUIO Ha
OCHOBE MOTMBaLMM K OBY4EHWNIO N MO3HaHMUIO.

MertanpegmeTtHbie: GOopMUPOBaAThL YMEHUS CPaBHUBATb, aHaNu-
3MpoBaTb, 0600LLaTh MO Pa3HbIM OCHOBAHWUAM, MOLE/IMPOBATb
BbIOOP COCO6OB AeATeNbHOCTH, FPYNMMPOBATD.

Yyawmmncs Hayumtcs ornepupoBaTb MOHATUEM MPOU3BOLHOM
pyHKLNM B TOUKE, HAXOAUTb NPOU3BOAHYIO DYHKLMN B TOUKE,
MCMonb3ys onpegeneHue.

MpownsBogHas GyHKLMKN B TOYKE, FreOMEeTPUYECKNI CMbICI NMPo-
M3BOJHOM, MEXaHNYECKMNI CMbIC MPOU3BOAHOMN, AnddepeHun-
pyemas B To4ke pyHKUMSA, Npomn3ssogHas GyHKUUK, anddepeH-
uMpyemas Ha MHoXecTBe pyHKUUS, guddepeHunpyemasn pyHK-
uuns, auddepeHumpoBaHue.

3apaHusa
3apaHus
19 hopMUPOBaHNS JononHu- Ans KOHTpons 3apaHus Ans
A NDEAMETHBIX TenbHble 1 KoppeKLuun OOMallUHen
pen 3agaHus npeaMeTHbIX pa6otbi
pe3synbraTtoB peaynkTaToe
Ypok 1 38.1, 38.2, 38.4, 38.6 38.3, 38.5,
38.7
Ypok 2 38.8, 38.10, 38.12, 38.9, 38.11,
38.14, 38.15 38.13, 38.16
Ypok 3 38.17, 38.19, 38.20, 38.25 CamoctoatenbHaa | 38.18, 38.21,
38.22,38.23 paboTta N2 39: 38.24
Ne1,2(1),3,4,5
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MeTozmquIme KOMMEHTaApuUn

ComocTaBUB onpeiesieHre ITPOM3BOIHON 1 3aaUl O MITHOBEHHOM CKOPO-
CTH U O KacaTeJbHOH K rpaduKy GyHKIINN, PACCMOTPEHHBIE B IPEAbIAYIIIEM
naparpade, ydamimecsa TOJKHBI OCO3HATH MEXaHWUYECKUN U TeoMeTpuUe-
CKHMII CMBICJI IIPOU3BOIHOMN. ITOMY BO MHOTOM OyZeT CIIOCOOCTBOBATH IIPH-
Mep 1, pasobpaHHBIIT B maparpade.

CxeMa BBIUUCJIEHUS IPOU3BOAHON (DYHKIIUU B TOUKE, PACCMOTPEHHAS B
sTOoM maparpade, OCHOBaHa Ha ollpelesieHNUN Npou3BogHoi. OHa TOCTATOUHO
TPYOOEMKA, OMHAKO yUallluecsa BCE Ke MOJIPKHBI €€ OCBOUTH U PEIUTh HEeKO-
TOpOe KOJIMUECTBO 3a/ladu. B 4acTHOCTHU, ITOJIE3HBIM SABJIAETCS BBIBOI (hOpPMY.JT
IJ1s1 BBIYMCJIEHUA IPOU3BOAHLIX JUHEHHOW QyHKIuM 1 QyHKIul y = x2 u
y = x® Ha OCHOBAaHUHU OIpeJie/leHNs, IPUBEeISHHBIN B IPIMePax 3TOro Imapa-
rpada. IIpm sTOM MeXaHWUYECKUI U TeOMeTPUUYEeCKU CMBICJI TPOU3BOTHOMN
OpUAAET 9TUM 3aJauaM MeHee (DOPMaTbHBIN XapaKTep.

OueBUOHO, UTO IMIOHATUSA IIPOU3BOLHON U IIpemesaa PyHKIINU B TOUKE Tec-
HO CBA3AHBI MeXKy coboii. IIpu sTom Kakaasa GyHKIIWA, UMeIoIad IIPOu3-
BOJHYIO B TOUKE, MMeeT IIpeesl B 9TOM TOUKe; OMHAKO He KasKaad GyHKI[UA,
uMeroIas mpeiesa B 9TON TOUKe, ABJAAeTCSa nuddepeHInpyeMoil B JaHHOMN
ToukKe. [ TOro 4ToOBI yualuecs JydIlle OCO3SHAJIU 5TO Pas3jinume, Ieaeco-
00pas3HO BEPHYTHCSA K PACCMOTPEHUNIO PUCYHKOB 38.4—38.8.

Teopema 38.1 mokasbIBaeT CBA3b MEXKAY HEIIPEPHIBHOCTHIO (DYHKIINU B
ToOuKe U NuPGHepeHIInpyeMOoCTbIO B 3TON TouKe. HariaAaaHo aTy CBA3H UJJIIO-
CTPHUPYET AuarpamMmma, n3odparkeHHas Ha pucyHKe 38.5.

Ecau npu usyuenuu § 38 yuuteapb Hauajl COCTABIATH C YUAIITUMUCS AUa-
rpammy 9iijiepa, KOTopas ONNCHIBAE€T COOTHOIIEHNE MHOMKeCTBa (PYHKIIUIA,
UMEIOIINX IIpees B TOUKe, 1 MHOYKeCTBa (PYHKIIUI, HeIIPePhIBHLIX B TOUKE,
TO IPU U3YUEHUHU JaHHOTO naparpada cjiaeayer JOIOJHUTh JUArPaMMy KPy-
roM «au(pdepeHIUpPpyeMble B TOUKE» M MEPECMOTPETHh KJIACCUPUKAIWIO
dyHKIUH, yiKe HAHECEHHBIX HA JUarpaMMmy.

B nammom maparpade npuBeeHbl GOPMYJIBI AJIsI BBIUYMCIEHU S ITPOU3BOI -
HBIXJIS OOJBITMHCTBA QYHKI[NIT, KOTOPBIe ObLIY M3YUYeHBI paHee B MIKOJIb-
HOM Kypce ajnreopsl. 14 yacTu m3 HUX NPUBENEH BLIBOJA (DOPMYJ HA OCHO-
BaHUU ONpeeJeHNA MPOU3BOAHOM, OCTAJbHBIE IPUHUMAIOTCSA 0e3 JoKasa-
TeJIbCTBA. YdUalliuecsa MOOJKHBI 3allOMHUTHL 9TU (POPMYJBI U YMETh HUX
OPUMEHSATD.

Iiss perreHusi OOJBITMHCTBA 3a7au AAaHHOTO maparpada, TpeOyrolmmx
BBIUHMCJIEHUS] 3HAUEHUS IIPOU3BOMHOI, HAMAO IMOJb30BATHCA MMEHHO 3TUMU
dopmynamu. Eciu B 3amave IpeqycMOTPEHO HAXOMKIeHUE IIPOU3BOTHOMN
C IIOMOIITHIO OIIpeZieJIeHus, TO B (hOPMYyIUPOBKE 3aJaUur 3TO YKAa3aHO ABHO.
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RommeHTapnn R YIOPpasKHEeHUAM

Ne 38.6, 38.7. BuauaJie ciiegyeT BOCIOJIb30BATHCA (hOpMyIaMU HAXOMKIEHIM
OIPOMB3BOAHOII, a 3aTeM HaWTH 3HaueHHe (PpYHKIIUU (IIOJIYUeHHON ITPOU3BO/I-
HOM) B 3aJJaHHOW TOUKeE.

Ne 38.12, 38.12. 9Ttu 3agaum UMeOT 0Cc000€e 3HAUEHNE [JIA YCBOCHUS yUalll-
MUCS TeOMEeTPUUECKOT'O CMbICJIA ITPOU3BOTHOIA.

Ne 38.14. B 3aBCHMOCTH OT YPOBHA MaTeMAaTHUYECKOI IIOATOTOBKY yUaIIl[X-
csA KJjlacca MOXKHO ITPEJIOKUTH UM O0OOIIUTDL 9Ty 3a7auy, clejaB BBIBOJ O
CBs3U XapaKTepa MOHOTOHHOCTH (DYHKITUU CO 3HAKOM €€ IPOU3BOIHOM.

Ne 38.19. CireqyeT yCTaHOBUTD C IIOMOIIBIO I'padrKa, KaKoi yroj, TyION Win
OCTPBIN, 00pasyeT KacaTejbHasa K rpadukKy, IPOBeAEHHASA B YKA3aHHON TOUKeE.

§ 39. MNpaBuna BbIMUCNIEHUA NPON3BOAHbDbIX

TexHOnorn4yeckas KkapTta ypokoB

Qopmupyembie  lpeamerHbie: GOPMUPOBaATL YyMeHME MPUMEHATb (HOopMyIbl
pe3ynbraTbl NMPOM3BOAHOWN CYMMbI, MPOM3BEAEHMUSA, YaCTHOTO.

JIn4HOCTHbIE: hOPMMPOBATL MpeacTaBleHne O MaTteMaTude-
CKOWM Hayke kak cdhepe mMaTeMaTU4eckon AeATeNnbHOCTU, O eé
3HAYMMOCTW ANSi PA3BUTUS LUBUNN3ALNU

MertanpeameTtHbie: GOpMUPOBaATbL YyMeHMe BUAETb MaTeMaTu-
Yyeckylo 3afavyy B KOHTeKCTe npobneMHon cuTyaumm, B opyrux
OVCLMMMHAX.

nj'laHI/lpyEMbIe yLIaLIJ,I/IIZCFI Hay4ynTCca NpUMeHAaTb CpOpMyJ'IbI I'IpOVI3BO}J,HOIZ CymMm-

pe3ynbrartbl Mbl, NPOU3BEAEHUS, HaCTHOMO, CJIOXXHOM DYHKLNW.
OCHOBHbIEe NpownsBoaHas cyMmMbl, NPOM3BOAHAas NPOmn3BeaeHNs, NPOnN3BO4-
MOHATUSA Hasi YacTHOro, NMPOW3BOAHAsA CJIOXHOW YHKLMN.
3apaHusa 3apanma 3apaHusa
JononHu- Ons KOHTpons
ansa ¢popmunpoBaHus ons
TenbHble 1 KoppeKuun .
npeamMeTHbIX AOMalLHen
3agaHus npeaMeTHbIX
pe3ynsraToB pabotbi
pe3ynsTaToB
Ypok 1 39.1,39.3,39.5 39.2,39.4,39.6
Ypok 2 39.7, 39.9, 39.11, 39.8, 39.10,
39.12 39.13
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OKOHYaHue

3apaHus
3apaHus 3apaHus
HononHn- AN KOHTpons
ana opMmnpoBaHusa ansa
TenbHble 1 KoppeKuumn -
npeaMeTHbIX OoMaluHen
3apaHusa npeaMeTHbIX
pesynbsraToB paboTbi
pesynbsraToB
Ypok 3 | 39.14, 39.16, 39.18, 39.19 39.15, 39.17,
39.21, 39.23 39.20, 39.22
Ypok 4 | 39.24,39.26, 39.29 39.27, CamocroaTenbHas 39.25, 39.28,
39.31 paboTta Ne 40: 39.30
Ne 1 (1-4), 2

Meroauuyeckue KOMMEHTAPUH

BeiBog dopmys (IIpaBuJ BBIUKMCJICHUS IIPOU3BOAHBIX), M3yUYAEMBIX B
aTOM Iaparpade, OCHOBBIBAETCS Ha MaTepualie 13 Kypca MaTeMaTHYEeCKOTO
aHaJIM3a, KOTOPBIN He nM3ydJaeTcs B ITKoJie. [IosToMy B yueOHUKE ITPUBOIUT-
cs JINIIIb CXeMaTUYeCKUH X0 foKasaTeabcTB. OMHaKO U OH MOKeT OKasaTh-
cs JOCTATOYHO CJIOMKHBIM JJIS YacTHU ydaruxcsa. [losTomy He ciaenyer Tpebo-
BaTh OT yYaIllNXCA 3alIOMHUHAHUA 9TOM TeopeTuUecKoil yactu. JlocTaTouHo
TOTr0, YTOOBI yUAI[HEeCsd OCBOUIN (DOPMYJIBI U HAYUUJINCH UX IIPUMEHATh.

B sBaBucmMocTH OT ypOBHA MATEMaTHUYECKOIN IIOATOTOBKHU YydYall[UXCs
KJacca MOYKHO PasbACHUTH UM, KaKoe 3HaUeHNre UMeeT collep:KaHre CHOCKH
Ha c. 295. Eciiu pyuknuu [ u g audepeHnupyemMsl B TOUKe X, U OIlpefiee-
HBI COOTBETCTBEHHO HA IPOMEKYTKaX (—o0; x,] u [x,; ), To Teopembr 39.1—
39.4 BBINOJIHATHCA He OyAYT.

Eciu Tpebyercsa HaiiTu sHaYeHME TPOU3BOAHON (PYHKIIMU B KOHKPETHOMN
TOYKE, TO aJITOPUTM JefiCTBUH HOJIKeH ObITh TAKOB: CHAaUaJa ¢ IOMOIIbIO U3Y-
YeHHBIX (hOPMYJ BBIUYNCIUTD IIPOUSBOAHYIO 1 MAKCUMAJIbHO YIIPOCTUTH (hop-
MYJIy U JIUIIb 3aTeM IOJCTABJIATH B HEE€ 3HAUEHNE apryMeHTa. YUaluecs Ja-
CTO JOITyCKAIOT OIMUOKM, Cpasdy sKe MOACTAaBJIAA 3HAUeHUEe apryMeHTa U BbI-
YUCJIAS IPOUBBOAHYIO B HEKOTOPOM TOUKE, a 3aTeM IIOACTABJIAA IIOJYUeHHOe
3HaUeHNre B KauecTBe apryMeHTa AJId CJAeAVIONINX BhIunucaeHuii. s mpodu-
JIAKTUKU OIITNOOK CJIeqyeT TaKyKe pasoopaTs ¢ yuamumuca 3agauay 39.18.

IIpumenenue GopMyJabl IIPOU3BOIHOMN CIOXKHON PYHKIIUMN TPedyeT yMme-
HUS yYalUXCAd «YBUAETb» CTPYKTYPY CJIAOMKHON (PYHKIIUU U IIPEACTABUTH
dyurnuio B sBuzge f(g(k (... (x)...), roe f, g, h, ... — W3BECTHBIE YUAIITUMCS
GYHKIINHT, 0I5 KOTOPBIX OHU YMEIOT HaXOAUTh IPOU3BOHbIE.

OmnbIT MOKA3bIBAET, UTO yUAIIMECs UYallle BCeTo OMTMOAI0TCSA IIPU BBIULC-
JIEHVUU TTPOMBBOHON CJIOMKHOU pyHKIMU. [aa mpopuirakTuKkm ommboK 11e-
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JecoobpasHo MOAPOOHO pasobpaTh ¢ yJallMMHUCS pellieHure BceX 3amau 13
npuMepa 2 maparpada.

RommeHTapnn R YIOPpasKHEeHUAM

N2 39.16. Ciienyer oOpaTuTh BHUMAHNE YUAIITUXCSA HA TO, UTO JaHHAA CJIOMK-
Has QYHKIIUS uMmeeT cTPYKTYpPY Y = f (g (k ((x)).

Ne 39.19—39.23. Ilepex pelieHrneM 9THUX 3aa4 CJIEAYeT IIOBTOPUTH C YUATII[H-
MUCSA MeXaHUUYeCKUIl CMbICJI ITPOU3BOTHOMA.

Ne 39.24, 39.25. Packpoiite monyau. ITonyunre QPyHKIINO, 3aJaHHYI0 KY-
couHO-aHauTUUYecKu. Hafigure mpousBogHbIe (PYHKIIUY HA KaXKJOM U3 IIO0-
JYUYEHHBIX IPOMEKYTKOB.

§ 40. YpaBHeHMe KacaTenibHON

TexHonornyeckas KapTa ypoKoB

Popmupyempbie  lpeameTHble: GOPMUPOBATL YMEHME COCTaBNATb ypaBHEHMe
pe3ynbraTbl KacaTenbHoOWM NpoBef&HHOM K rpaduky GyHKLMN B TOYKe C 3a-
JaHHom abcumccon.
JIn4HoCTHBIE: HOopMMPOBaTb MHTEPEC K U3YYEeHUIO TeEMbI U Xe-
naHve NPUMeHSTb NPUOBpPETEHHbIE 3HAaHUS U yMeHMS.
MertanpeametHbie: pa3BMBaTb MOTUBbI U MHTEPEC K NO3HaBa-
TeNnbHOWM AeATeNbHOCTU.

nﬂaHMpyeMbIe anu.l,mﬁca Hay4nTCa COCTaBNATb ypaBHEHUE KacaTenbHoOMn npo-

pe3ynbratbl BeAEHHOM K rpacduKy dhyHKLUWN B TOYKE C 3af,aHHOM abCumCccon.
OcHoOBHbIe YpaBHeHMe KacaTenbHOMN.
MOHATUA
3apgaHus 3apanms 3agaHuns
HOHOHHVI— Anga KOHTpons
ansa opMmmpoBaHus TeNbHBIE U Ko ansa
ppekunn -
npeamMmeTHbIX AoMallHen
3agaHund npegmMeTHbIX
pesynbraTtoB paboTbi
pe3ynbraToB
Ypok 1 40.1,40.3 40.2,40.4
Ypok 2 40.5, 40.7, 40.9, 40.6, 40.8,
40.11, 40.13 40.10, 40.12,
40.14
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OKOHYaHue

3apaHusa
3apaHus 3apaHus
JAononHu- ANA KOHTpons
ana dpopmnposaHusa ansa
TelNbHble 1 KoppeKuumn -
npepmMeTHbIX AOMalLUHeNn
3agaHus npegMeTHbIX
pe3ynbsraToB pa6otbi
pe3ynsTaToB
Ypok 3 40.15, 40.17, 40.19, 40.25 40.16, 40.18,
40.21, 40.23 40.20, 40.22,
40.24
Ypok 4 40.27, 40.29, 40.31 CamoctonaTenbHaa | 40.28, 40.30,
paboTta N2 41: 40.32
Ne1,2, 3

MeToaunuyeckne KOMMEHTAPUU

Yuaruecs DOJIKHBI YCBOUTH, UTO 00 ypaBHEHUHN KacaTeJbHOU K rpadu-
Ky QYHKIIIU B HEKOTOPOU TOYKE MOMKET HUJTH PedYb TOJBKO TOT[a, KOoraa
dyHKIUA aBiagerca audd@epeHIIUpyeMoil B faHHON TouKe. I[Jiss o60ocHOBA-
HUA 9TOTO MOJKHO BEPHYTBHCS K mpuMepaM (QPyHKIUHN, He nuddepeHIiupye-
MBIX B TOUKeE, IPUBEIEHHBIM B § 35.

Cienyer o0paTUTh BHUMAaHNE YUAIIIUXCA
Ha TPAKTOBKY IIOHATHUA «KacaTeJbHad» Kak
KpaiiHero moJokeHus cekyieii. CiaemoBa-
TeJbHO, KacaTeJbHasd He 00A3aTeTbHO O~
Ha pacmoJiaraTbCA ¢ OOHOW CTOPOHBI OT I'pa-
dura pyHKIIMHM, KaK 3TO TpebyeTcs OJd Ka-  |puc. 2
caTeJIbHBIX K JIMHUSAM B Kypce reOMeTpuH.

JKenarenbHo mpuBecTu npuMep rpadpura raxkour pyuxmnuu (puc. 2). Taxke
MOJKHO HaliTH ypaBHEHUE KacaTeJbHOU K rpaduky QyHKIuH y =sinx B
TOUYKE X, ¥ 3aTeM ClleJIaTh COOTBETCTBYIOIUI PUCYHOK.

B zaBucumocTm OT ypOBHA MaTeMaTWYECKOW IOATOTOBKU YyYaIlUXCH
KJacca MOYKHO pPasd3bACHUTH, KAKYI0 HEBEPTUKAJIBHYIO IIPAMYIO HA3bIBAIOT
KacaTeJIbHON K rpaduKy PYHKIIUHN: IPAMYIO ¢ YIVIOBBIM K03a(dduiireHToM,
paBHBIM ['(X,), Ha3BIBAIOT KacaTeIbHOM K TpaduKy QyHKINUY [ B TOUKeE C a6-
CIIUCCOM X,,.

Wsyuenusnlii B maparpadge TeopeTruecKuii MaTepuaJ I03BOJISIET 3allUChI-
BaTh YypaBHEeHUe KacaTeJbHOI K Irpa@uKy GYHKIIUN B TOUKE C U3BECTHOU ab-
ciiuccoii. ITosTomy B pdAme 3amadu K sTomy maparpadgy TpebyeTcsa cHadaja
HaliTu abciuccy HEKOTOPO TOUKU M JIUIIHh 3aT€M MCKATh IPOU3BOAHYIO B
9TOH TOUKE.
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RommeHTapnn R YIOPpasKHEeHUAM

Ne 39.15, 39.16. YcioBue 3agaum MO3BOJISET JETKO HAWTH YIVIOBOHM Koadu-
IUEeHT KacaTeJbHOM.

Ne 39.17. Ha rpacduke manuoi GyHKIINY HAWAUTE TOUKY, KacaTeJbHasd B KO-
TOPOII UMeeT YIJIOBO# Koa(dumnumeHT, paBubiii 12.

Ne 39.19. HaiiguTe KOOPAMHATEI TOUEK, B KOTOPBIX YKAa3aHHAA KacaTeJbHas
mepeceKaeT KOOPAMHATHBIE OCH.

Ne 39.29. JlocTaToyHO HaAWTKU BCe 3HAUEHUS IIapaMeTpa @, IPU KOTOPBIX

ypaBHeHUe 2x + a = \J4x — 1 mMeeT eTMHCTBEHHOE PeIlleHIe.

KoHTponbHaa paboTta N2 8

§ 41. Mpu3Hakn Bo3pacTaHUA U YyObIBaHUSA
hyHKLMN

TexHOnorn4yeckas KkapTta ypokoB

Qopmupyembie  lpeameTHble: GOPMUPOBaTb YMEHNA AOKa3blBaTb U MpuMe-
pe3ynbratbl HATb TeopeMbl ®epma, Ponng u JlarpaHxa, HaxoauTb Npome-
XYTKM BO3pacTaHUsi U yobiBaHMUS DYHKLMKW, UCNONb3ys NpU3Ha-
KW BO3pacTaHusa 1 yObIBaHUSA YyHKLUN.
JInyHOCTHbBIE: popMUpPOBaATL YMEHME MPEeACTaBnsATh pe3ynbraT
CcBOEN AeaTeNlbHOCTW.
MertanpegmeTtHbie: pa3BMBaTh HaBbIKW CaMOCTOSITENIbLHOW pa-
6o0TbI, aHann3a cBoen paboThbl.

lMnaHvpyemble  YHalwmmnca HayyuTcs AoKasblBaTk U NPUMEHATL Teopembl Dep-

pe3ynbratbl Ma, Ponns u JlarpaHxa, HaxoauTb NMPOMEXYTKM BO3pacTaHUs U
yObiBaHUs1 OYHKLMU, UCMONb3ys MPU3HaKM BO3pacTaHUs U yobl-
BaHUA PYHKLMN.

OcHoOBHbIe Teopema dPepma, Teopema Ponnsi, Teopema JlarpaHxa, npu-
MOHATUA 3HaK MNOCTOSAHCTBA (PYHKLUWMM, NPU3HaK BO3pacTtaHUsa pyHKLUUN,
npu3Hak yobiBaHUS GYHKLNN.

3apaHusa
3apaHus 3apaHusa
JononHu- Ans KOHTpons
Ana ¢popMmmpoBaHus ans
TeNbHble 1 KoppeKLuu .
npeaMeTHbIX OOMallHen
3agaHus npeaMeTHbIX
pesynsTaToB pa6otbi
pesynbraToB
Ypok 1 41.1,41.3 41.2,41.4
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OKOHYaHue

3apaHusa
3apaHus 3apaHus
JAononHu- ANA KOHTpons
ana dpopmnposaHusa ans
TenbHble 1 KoppeKuumn -
npeaMeTHbIX AOMaluHen
3apaHuvsa npeaMeTHbIX
pe3ynsTaToB pa6otbi
pe3ynsTaToB
Ypok 2 41.5, 41.6, 41.8, 41.7,41.9,
41.10,41.12,41.14 41.11,41.13,
41.15
Ypok 3 41.16, 41.18, 41.20, 41.17,41.19,
41.22 41.21, 41.23
Ypok 4 41.24, 41.27, 41.29, 41.25 CamoctonaTenbHaa | 41.26, 41.28,
41.31 paboTta Ne 42: 41.30
Ne1(1,2),2,3,4

MeTtoanuuecKkue KOMMEHTAPUU

B nmaparpacde cBs3b MeKIy 3HAKOM ITPOU3BOAHOI 1 BospacTaHueM (yObI-
BaHUeM) QYHKIINN PasbsICHSIETCA Ha MHTYUTHUBHO-HATJIAJHOM YPOBHE C HC-
MOJIL30BAHUEM B IIEPBYIO OUepe b reOMeTPpUUeCKO nHTepuperanuu. Teope-
MBI faHHOTO naparpada (IpusHaku IIOCTOSHCTBA, BO3PACTAHNSA U YOLIBAHUSA
dyHKIMN) DpUBOAATCA 0€3 JOKA3aTEJIbCTB.

CBa3b MeXKIy BHAKOM IIPDOM3BOAHONM M Bo3pacTaHueMm (yObIBaHUEM)
(GYHKIIMY I03BOJIAET HAXOUTH IIPOMEKYTKY MOHOTOHHOCTHY (DYHKIIUU B 3a-
BHCHUMOCTH OT 3HAKa IIPOM3BOAHOI HA 3TUX IIPOMEKYTKaX. Bce BEIBOABI Te-
opem 41.1—41.3 Tak:Ke TOAKPEILISIOTCS C HOMOIIbI0 MEXaHUUYECKOTO CMBIC-
Jla TPOMU3BOOHOM.

ITesnecoobpasHo mepes n3ydyeHUEM 9TOH TEMbI TOBTOPUTH METO]] MHTEPBAa-
JIOB JIJIS PEIeHUs HePaBeHCTB.

BakHo# yacThio peleHus 3aJaul Ha TMTONCK TPOMEKYTKOB MOHOTOHHO-
ctu (QYHKIMU ABJSAETCA NPaBUJIbHAsA 3anmch oTBera. V3 Kypca aaredOpnl
9 KJacca yJaiuecs 3HAIOT, UTO B OTBET CJIeAYyeT BKJIIOUATH TOT IIPOMEKYTOK
Bospacrauusa (yObIBaHUS) (PYHKIIUU, KOTOPBLIN HE COAEPIKUTCA B APYroM
OpoMes;KyTKe MOHOTOHHOCTH. Hampumep, 13 Kypca MaTeMaTUYecKOro aHa-
JIn3a M3BECTHO, UTO ecii (DyHKI[Us BodpacTaeT (yObIBaeT) HA MMPOMEKYTKe
(=% x,) m HempepbIBHA B TOYKE X,, TO 9Ta QYHKIUA TaK)Ke BO3PACTAET
(yObiBaeT) Ha mpomesxkyTKe (—<; x,]. B mpumepe 1 maparpada pasbacuser-
csA, KOTZa KOHIIBI IPOMEKYTKOB MOHOTOHHOCTH CJIEITyeT BKJIIOUATh B OTBET.

B zaBucmmMocTm OT ypOBHA MaTeMaTWYECKOW IIOATOTOBKU YyYaIllUXCHA
KJIacca MOKHO Pa3bACHUTH UM, UTO TEOPEMBI, 00paTHbIe MpU3HaKaM Bo3pac-
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ranusa (yopIBaHNUA) GYHKIUHU, HeBepHBI. Hanmpumep, pyaxnus y = x° apia-
eTcA BO3PACTAIOIEel, OJHAKO €€ IMPOM3BOJHAA IIPUHUMAET HEOTPUIATEb-
HbIe 3HAUEeHUS (2 He «ITOJOKUTEJIbHBIE» ). TakiKe PYHKITNA MOYKeT OBITH BO3-
pacraromieii (yObIBaioIlieil) Ha HEKOTOPOM IIPOMEXKYTKe I, HO IPU ITOM He
ObITH MU (HepeHITPYEeMOil BO BCEX TOUKAX DTOT'0 IPOMEXKyTKa (CM., HaIpu-
mep, puc. 42.10 yuebHUKA).

RommeHTapnn K YIOpasKHEeHUAM

Ne 41.6. Ha pucynke 38.10 yuebuuka nsobpaskéx rpapukr guddepeHnupye-
MoO# (hyHKIIMUM, BO3pacTraloliell Ha IPoMeKyTKe (—o; 0] m yOnIBatoiieir Ha
npome:xkyTKe [0; ). CiemoBaTesbHO, Ha YKa3aHHBIX IPOMEKYTKAaX IIPOU3-
BOAHAS NPUHUMAET COOTBETCTBEHHO ITOJIOKUTENbHBbIE WM OTPUIATEIbHBIE
3HaAUEHUsd, IPUUEM B TOUKe X = 0 mpousBogHAA paBHA HYJII0. SHAYUT, UCKO-
MOMY OTBETY yIOBJIETBOpPsAET pucyHoK 38.11, 6 yuebHUKA.

N2 41.8. Ha mepBoM rpadguke BUAHO, UTO Ha TpoMe:KyTKe (—1; 1) mpousBosa-
Had IPUHUMAaET OTpullaTejbHbIe 3HaUueHUA. Takike QyHKIIUA nuddepeHIn-
pyema B Toukax —1 u 1, a 3HaUUT, HeIIpephIBHA B 9TUX Toukax. [loaTomy pac-
cMarpuBaeMas QyHKIUA yObIBaeT Ha mpomeskyTke [—1; 1].

2
Ne 41.22. Paccmorpure QyHKIUIO f(x)= cosx+x? —1. IlockoabKy 3Ta

byHKIIUA 4€THAA, TO JOCTATOUHO PACCMOTPETH caydaii, korga x = 0. I[oka-
JKUTe, 4YTO 9Ta (PpyHKI[UA Bo3pacTaer HaA [0; o).

Ne 41.24. JleBasa yacThb HAHHOT'O YPABHEHUS 3a4aéT BO3PACTAIOIYI0 (PYHK-
110, IpaBasi — yoniBaroryo. CiaegoBaTeIbHO, JaHHOE YPaBHEHE NMeeT He
0oJiee OOHOT'O KOPHJI.

§ 42. Toukum s3kcTpemyma hyHKLUUN

TexHONornyeckas Kapta ypokoB

Qopmupyembie  lpeameTHbie: hOpMUPOBaTh yMEHUA ONepupoBaTbh MOHATUSA-
pe3ynbrartsl MW OKPECTHOCTU TOYKM, TOYEK IKCTpemyMa (MakcMmyma 1 Mu-
HUMYyMa) PYHKLNU, KPUTUYECKUX TOYEK (PYHKLINU; MPUMEHSTb
HeobXoAMMOe YCNIOBME IKCTPeEMYyMa PyHKLMU, MPUMEHSATL MPU-
3HaK TOYKU MaKcMMyMa PyHKLUU 1 MPU3HAK TOYKU MUHUMYMa.

JIn4HoCTHbIE: hopMUMpOBaTL ymeHMe GOpMynMpoBaTb CoOb-
CTBEHHOE MHEeHMe.

MertanpeametHblie: ¢OpMMPOBaTL yMeHME KOPPeKTUPOBaTb
CBOM OENCTBUSA B COOTBETCTBUN C U3MEHSIOLLENCA CUTYaLMNEN.
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MnaHupyembie

pe3ysibtatbl

OCHOBHbIE
MOHATUA

Yyawmncs HayymTcs onepupoBaTb MOHATUAMU OKPECTHOCTU
TOUKM, TOYEK IKCTpeMyMa (MakcMMyMa U MMHUMYMa) bYHKLIMMK,
KPUTUYECKUX ToUeK (PYHKLMK; MPUMEHATb HEODXOAMMOE YCI10-
BME dKCTpeMyMa YHKLMKN, MPUMEHSTb NPU3HaK TOYKN MaKcU-
MyMa pyHKUUU U MPU3HAK TOYKU MUHUMYMA.

OKpPEeCTHOCTb TOYKU, TOYKA MAKCUMYyMa, TOYKa MUHMMYMa, TOY-
Ka 3KCTpeMyma, HeobxoanMoe yCioBMe 3KCTpeMyMa hyHKLUUY,
KpUTUYeckasi Touka, MPU3HAK TOYKU MakKCMMyma (yHKUUMU,
NMPU3HAK TOYKM MUHUMYMa.

3apaHusa
3apaHusa 3apaHusa
JdononHu- ANs KOHTpons
ansa popMmupoBaHusa ons
TenbHble 1N KoppeKun .
npeaMeTHbIX AOMaluHen
3apgaHus npeamMeTHbIX
pe3ynsTaToB paboTbl
pe3ynsTaToB
Ypok 1 42.1,42.3,42.4,42.5, 42.2,42.7
42.6
Ypok 2 42.8,42.10,42.12, 42.9,42.11,
42.14,42.16 42.13,42.15,
42.17
Ypok 3 42.18,42.19, 42.20, 42.21,42.23,
42.22,42.24 42.25
Ypok 4 42.26,42.27,42.29, 42.33 CamoctonaTenbHana | 42.28, 42.30,
42.31 paboTa N2 43: 42.32
Ne1,2,3

Meroauuyeckue KOMMEHTAPUH

ITpu usyyeHU M MOHATUA OKPECTHOCTU TOUKHU CJIeAyeT OOPATUTh BHUMA-
HUEe, UTO OKPECTHOCTh He o0s3aHa ObITh CUMMETPUUYHOH OTHOCUTEIHHO

TOYKH.

Hapmo moguepKHYTh, UTO II0 OIPEeAeIeHUI0 OKPECTHOCTh — 9TO OTKPBITHIN
npomeskyTok. CiieoBaTeqbHO, TOUKA X, HE MOKET OBITh «KOHIIOM» IIpOMe-
MKYTKA-OKPECTHOCTH, C 06€HUX CTOPOH OT TOUKH X, NOJKHBI MMEThCA TOUYKH,
OpUHALIEKAIie OKPECTHOCTH. VIMEeHHO HA 3TUX OCOOEHHOCTIAX OKPECTHO-
CTH Jlajiee OCHOBBLIBAETCS OIIPeJeJIeHNe TOUeK DKCTPEMYyMa U X OTJIHUYHNE OT
TOUEK, B KOTOPBIX PYHKI[UA IPUHUMAaeT Hauboabliee (HauMeHbIIlee) 3HaUe-
Hue. Touka sKcTpeMyMa GYHKIIUM HEe MOYKET ObITH M30JIMPOBAHHOU TOUKOMN
obJyiacTu eé ompeneseHUA.
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IIpu umayuyeHum ompene/ieHUsI KPUTUUYECKON TOUKH CJIEeAyeT IIomduep-
KHYTb, UYTO KPUTHUYECKAs TOUKA IPUHAIJIEKUT 00JacTy onpeaeaeHns QPyHK-
MUY, IPUUEM ABJISIETCSI €€ BHYTPeHHEe TOUKOM.

Cienyer o0OpaTUTh BHUMAaHNE yUaIUXCA HA TO, UYTO B OHPEAeJIeHUIAX TO-
yeK MUHHMYMa U MaKCuMyMa (DYHKIIUHU MCIIOJb3yeTCs 3HAK HeCTPOroro He-
paBeHcTBa. 37Iech HaJ0 PACCMOTPETH C YUAIIMMUCA PUCYHOK 42.7 u moguep-
KHYTb, UTO MMEHHO HECTPOIVe HepaBEeHCTBA B ONPEAEeJeHUIX II03BOJIAIOT
TPAKTOBATh KaKAYI0 TOUKY MMPOMEKYTKA (X5 X,) U KaK TOUKY MaKCUMyMa,
1 KaK TOYKY MUHMMYMAa OJHOBPEMEHHO.

Baxuo, 4TOOBI yUualiuecs IIOHNMAJIN, 4TO Teopema 42.1 ABasgercsa HeoO-
XOIMMBIM, HO HE JOCTATOYHBLIM YCJIOBHUEM CYIIECTBOBAHMS TOUKU SKCTpeE-
MyMa.

Teopemsbr 42.2 u 42.3 IPUMEHUMbBI TOJLKO IJIS TOrO CJAydYasi, KOTHA HC-
ciaenyemasa pyuxiusa gud@epeHIiupyeMa B HEKOTOPOI OKPECTHOCTH HCCJIe-
IyeMoOii TOUKI, B TOM UHCJe 1 B caMoil Touke. IlocyenHee yciioBue sIBaSAETCA
n30BITOYHBIM. MOYKHO OBLIO OBl OTPAHUYUTLCS TPeOOBAHMEM HeIPEepPLIBHO-
cTu PYHKIIUU B HccaeayeMoi Touke. IIoOCKOIbKY yUalliiecs He BJIaJeoT all-
mapaToM HCCJAeNOBaHUA (PYHKIMN B JAHHOM TOYKE Ha HEIPEePbIBHOCTL, TO
mpeajaraeMble JTOCTATOUYHBIE YCJIOBHUS CYIIECTBOBAHUSA TOUEK dKCTpPeMyMa
ABJISIOTCS IIPHUEMJIEMbIMMU.

Teopemsbr 42.2 u 42.3, moMmumMo (POPMATBLHOTO AOKA3aTEJIbCTBA, TaKIKe
Pas3bACHSIIOTCA C IIOMOIITHIO OUeBUAHBIX HATJIAMHBIX cooOpaskeHuii. Booobiiie,
MOCTOAHHAA AlleJIAINA K PUCYHKAM SABJIAETCA XapaKTEePHOM 4YepTOi M13JI10-
JKeHUs MaTepuajia B JaHHOM yuyeOHUKe.

Craenyer oOpaTuUTh BHUMAaHIE HA KOPPEKTHOE MCIIOJL30BAHNE yUaIl[H-
Mucsa TepMuHOJOrnu. TouKa sKCTpeMyMa, KPUTHUYECKas TOUYKA, TOUKU
MaKCHMyMa I MUHHUMYyMa — 3TO BCE abCIIMCChI TOUEK rpadpuKa, a He caMu
9THU TOUKU.

RommeHTapnn R YIOPpasKHEeHUAM

Ne 42.3. Pucyuku 42.20 (8, 2) UIIIOCTPUPYIOT, UYTO B TOUKE DKCTPEMyMa
(byHKIIUA He 00s13aTEIBHO ABJIAETCA HeIIPEePbIBHOM.

Ne 42.5. ITpu pellteHuu 9TOI 3aJaun CJIeIyeT PYKOBOACTBOBATHCS UCKJIIOUN-
TeJbHO HATJIAAHLIMU COOOPAKEeHUSIMU.

Ne42.6,42.7,42.10,42.14,42.15. Cxema opopMJIEHUA PEIIEHUA 9TUX 3aqaU
MoKasaHa B pasoOpaHHOM mpuMepe maparpada.

Ne 42.22, 42.23. IIpousBoaHOII JaHHON (PYHKIINU SABJIAETCA KBaApaTHUUYHASI
byuKIUA. 114 BLIIOJIHEHUS YCIOBUSA 3aa4M CJIeAyeT IIoTPe6oBaTh, YTOOBI
9Ta KBagpaTuuHasa PYHKIINUA MMeJia TOJAbKO OOUH HYJIb, T. €. IUCKPUMUHAHT
COOTBETCTBYIOIIEr0 KBaJPATHOTO TPEXUJIEHA JOJIXKEH ObITh PABEH HYJIIO.
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§ 43. Haubonblee U HauMeHbLIee 3Ha4YeHVA
cyHKUMM Ha OoTpe3Ke

TexHOnorn4yeckas kapta ypokoB

®opmupyembie lNpeametHble: GOPMUPOBaTL YyMEHNE HaXxoaUTL Hanbonbluee 1
pe3ynbratbl HaMMeHbLLee 3HaYeHUs HeNpPepPbIBHbIX PYHKLMW Ha OTpe3Ke.
JInyHOCTHbIE: HOPMUPOBATbL YMEHME MIaHUPOBATb CBOWU Jel-
CTBUSA B COOTBETCTBMU C y4eOHbIM 3ajaHMEM.
MertanpeametHbie: GOPMMPOBaTb YMEHUS OCYLLECTBAATbL KOH-
TPOsb CBOEN AeATENbHOCTU B MpoLLecce JOCTUXEHUS pe3ybTa-
Ta, onpenensTb CNocobbl AEACTBUA B paMKaXx MpepsioXXeHHbIX
yC10BUM 1 TpeboBaHUN.
lMnaHupyemsbie Yyawmmca HayuymTca HaxoAuTb Hauvbonbllee M HauMeHbluee
pe3ynbTathbl 3Ha4YeHUsa HenpepbIBHbIX QYHKLUA Ha OTpe3Ke.
OCHOBHbIe Touyka NoKanbHOro MakCcMMyMma, To4YKa JIoKafnbHOro MUHUMYMaA.
MOHATUSA
3apaHus 3apanvs 3apaHus
JAononHu- ANA KOHTpons
ana ¢opmnposaHusa ans
TelnbHble N Koppekuumn -
npeaMeTHbIX AOMalLUHen
3apaHus npeaMeTHbIX
pe3ynbraToB pabotbl
pe3ynbraToB
Ypok 1 43.1,43.3,43.5 43.2,43.4,
43.6
Ypok 2 43.7,43.9,43.11, 43.8,43.10,
43.13 43.12,43.14
Ypok 3 43.15,43.17,43.19, 43.20 43.16,43.18,
43.21 43.22
Ypok 4 43.23,43.24, 43.26, 43.20, CamocrositenbHas | 43.25,43.27,
43.28, 43.31 43.29 paboTa Ne 44: 43.32
Ne 1,2

Meroauueckue KOMMEHTAPUH

ITousaTusa HanboJIbIIIEro 1 HAMMEHbIIIero 3Hauennil QyHKIu caeqyer 00-
CYIUTH C yUAIITUMUCH, YKas3aB Ha TO, UTO 9TH 3HAUEHUS ONIPEAeAI0OTCI U TSI
Bcell o0y1acTy onpeseeHnus, U AJId OTAeJIbHBIX TPOMeXXKyTKOB. Ciaenyer npu-
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BeCTHU IpUMePHI QYHKITU, IJIs KOTOPBIX HANOOJBIEro (HauMeHbIIIero) 3Ha-
yeHUSA Ha Bcell obJyiacTu ompeneeHus (PYHKIUS He AocTuUraeT (HAIIpuMmep,

1
y=x, y =—). Ilocise aToro yuamuecsa OyayT CAUTATH €CTECTBEHHBIM IIePeX 0],
X

K IIOMCKY HamOoJIbIITero (HauMeHbIIero) 3HaUueHnA PYHKIITUY Ha HEKOTOPOM
TIPOMEIKYTKE.

B yueOHUKe paccMaTpuBaeTcs 3ajada MOUCKa HAaUOOJIbIIero (HauMeHb-
I1ero) 3HaYeHU A HEIPEPBIBHON (DYHKIIMY HAa 3aKPHITOM IpOMeKyTKe. Takoe
OrpaHVYEHNeE CIEeJIAHO AJIA TOT0, UYTOOBI KAK MOYKHO 0OJIbIIIe YIIPOCTUTH JJIA
yYyamuXxcda aJITOPUTM IIONMCKAa 9TUX 3Haqu1/1171, ocTaBUB, BIIPOYEM, €I'0 OCHOB-
HBbIE HGOﬁXOJIHMbIe 3JIEMEHTHI: HeO6XO,C[I/IMOCTI> aHaJIn3npoBaThb 3HAUYEHUA
GyHKOUN Ha KOHIIAX IIPOMEXKYTKa U B KPUTUUYECKUX TOUKAX, a TaKyKe BO3-
MOKHOCTE 0e3 AOIIOJTHUTEJIBHOI'O aHaJn3a HNCIIOJIb30BaTh IIPU3HAKMW MUHM-
MyMa 1 MakcuMyMa (PYHKIIMU. 3a CUYET TOT'O, YTO BhIOPAH 3aKPHITHIN IIpoOMe-
JKYTOK, UCKJIIOUAeTCs He00XOIMMOCTD OT/IeIbHO aHAJIU3UPOBATD IIOBEAeHIEe
(GYHKOUYN B KDUTUUYECKON TOUKE, UCCIEeAYA €€ Ha DKCTPEMYM.

YuurbiBasg 9THU OrpaHHUUYEHUs, aJTOPUTM IIOMCKa HamboJbIiero (Haum-
MEeHBIIIero) 3HaUYeHuA (PYHKI[MU JOCTATOUHO ITPO3padYeH U nocTyieH. [ToaTo-
My B 3aJadax JaHHOTro nmaparpada ocoboe BHUMAaHUE CIEAYeT YAEJIUTh KOP-
PEKTHOMY COCTaBJIEHUIO MAaTEeMAaTUYECKOU MOJEeJIN ONMCAHHOM CUTyalluu U
IIPaBUJILHOMY OIpeaeeHNI0 Habopa KPUTUIECKUX TOUEK.

RommeHTapnn K YOpasKHEeHUAM

Ne 43.11—43.19. B sTux 3amayax cJjeayer oOpaTUThL BHUMAHNE HA YCJIOBUS
3aJlauM, COTVIACHO KOTOPBLIM HAJO0 OIIPEeAesATh UCCIAeyeMbIll IIPOMEKYTOK 1
BKJIIOUATH WJIM He BKJIIOUATh B PACCMOTPeHNEe KOHEUHbIe TOUKHU 9TOT'O IIpoMe-
JKYTKA.

Ne 43.31, 43.32. NccaenyiiTe Ha HamboOJbIllee M HaVMeHbIIlee 3HAUEHUS
GYHKIIUYM, KOTOPbIEe 3aJal0T JieBas U IIpaBas YacTU YpPaBHEHUs Ha o0JiacTu
omnpeeIeHUsT YPAaBHEHUS.

§ 44. Bropasa npou3sBoaHas.
MoHaTHe BbINYKNOCTU (hyHKLUN

TexHonornyeckas KapTa ypoKoB

(DOpMMpyeMble HPEAMeTHbIe: (bOpMVIpOBaTb yMeHUA onepnpoBaTb NMNOHATNEM
pe3ynbrartbl I'IpOM3BO,D,HOl7I beHKU,MM B TO4YKe, HaxoauTb NPOU3BOAHYIO
(byHKLI,VIVI B TO4YKeE, ncnonb3yqa onpepeneHue.
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JIn4yHOCTHBIE: HOPMUPOBATL OTBETCTBEHHOE OTHOLEHME K 0by-
YeHMIo, FOTOBHOCTb K CAMOPAa3BUTMIO N caMOObpasoBaHMIo Ha
OCHOBE MOTUBALMM K ODYYEHUIO U MO3HAHMIO.

MertanpegmeTtHbie: popMUPOBaThL YMEHUs CpaBHUBATb, aHaNu-
3MpoBaTb, 0006LWaTh NO pPa3HbIM OCHOBAHUSIM, MOAENNPOBATb
BbIOOpP CNOCOOOB AeATEeNbHOCTU, FPYNNUPOBaTh.

lnaHupyembie  Ydalmnca Hay4mTcs onepupoBaTb MOHATMEM MPOM3BOAHOM
pe3ynbratbl pYyHKUMN B TOUKE, HAXOLUTb NMPOU3BOAHYIO (QYHKLMU B TOYKE,
ncnonb3ys onpepenexHuve.

OCHOBHbIE BTtopas npousBogHas pyHKUUM B TOYKe, ABaXAbl AnddepeH-

MOHATUA umpyemMasi B Touke pyHKUMSA, BTOpas NpousBogHas dyHKumU,
ABaxpabl anddepeHumpyemas Ha MHOXeCcTBe (PYyHKLUMSA, ABaX-
Abl pnddepeHurpyemMmas GyHKUUA, MPU3HaK BbIMYKIOCTU PYHK-
LU BHU3, MPU3HaK BbIMYKIOCTU DYHKLMN.

3apaHus
3agaHus 3apaHus
AononHun- ANa KOHTpons
Ansa opmMmupoBaHus ons
TenbHble 1N KoppeKuu -
npeaMeTHbIX AOMaluHen
3ajaHusa npegMeTHbIX
pesynbTaToB paboTbl
pe3ynsratoB
Ypok 1 44.1,44.3,44.4 44.2,44.5
Ypok 2 44.6, 44.7, 44.9, 44.15 CamocTonaTenbHas 44.8,44.10,
44.11, 44.13 paboTta Ne 45: 4412, 44.14
Ne1,2,3

Me’ro;mqecmzle KOMMEHTApUMn

JJ1s TOTOo YTOOBI TOHATHE BTOPOM MPOM3BOAHOM He HOCUJIO (POPMAaTbHBIH
XapaKTep, cJIelyeT cpa3dy MO3SHAKOMUTH YUAIUXCSA C MEXaHUUECKUM CMBIC-
JIOM BTOPOM IIPOU3BOIHOIM.

ITonsaTre BRITyKJIOCTH (OYHKIIUM BBOJUTCS TOJBKO IJA AU PepeHIInupy-
eMbIX (DYHKI[UIi. B 5TOM ciayduae cBOHCTBO BBIIYKJIOCTU HpuobperaeT 6ojee
HaTVIAOHBIN XapakTep. B yueOHMKe He UCIIOJIb3YETCA TEPMUH « BOTHYTOCTD» .
Hai onbIT moKasaJj, 4To pasdHble YUeHUKU TePMUHAM BBIITYKJOCTb U BOTHY-
TOCTH IIPUAAIOT Pa3HOe HaIVISIAHOE CoepsKaHue, U KaK CJIeICTBUe BO3SHUKA-
eT myTaHuIiia. TepMUHBI BBIIYKJIOCTh BBEPX U BBIMTYKJOCTb BHIU3 UMEIOT O~
HO3HAYHYIO HATVIAAHYIO TPAKTOBKY.

Wccnenys nBuskeHne KacaTeJIbHOM 110 Ipa@UKYy BBITYKJIOI BBepX (BHUS3)
GYHKIIUHU, JIETKO IIPOCJIEANUTH, KaK C MOHATHEM BBINTYKJIOCTH CBS3aH 3HAK
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BTOpoOii mpousdBoaHOIi. [TosaToMmy Teopemsbr 44.1 u 44.2 He HOCAT POPMATBHBINA
XapakTep.

IIpu BBemeHU MOHATHS TOUKU Hepernbda yKasblBaeTCsa Ha TO, UTO B 9TOU
TOUYKe MpoBejieHa KacareabHad. CiaegoBaTesibHO, B Taparpad)e HIOHATHUE TOY-
KU neperuba BBOAUTCA TOJBKO IJs GYHKIIUY, T1(pPepeHIIMPOBAHHON B 9TOH
TOuKe. B 3aBUCHMOCTH OT YPOBHA MaTeMaTHUUYECKOM IIOATOTOBKU YUAIITUXCS
KJlacca B KauecTBe MHTEPECHOTO IIPMMepPa MOXKHO O0paTUTLCA K (PYHKITUU

y = ¥x. Bmech MOKHO 00paTUTh BHUMAaHHUe Ha TO, UTO B TOuKe X = 0 PyHK-
U He MMeeT KOHEUHOM HMPOM3BOLHON, 1 €CJIU CMAIYUTEL ycjaoBue audde-
PEHIIMPYEeMOCTH Ha HaJnure KOHeUHON Man 0eCKOHEUHON IIPOM3BOLHOM, TO

TOuKy X = 0 TO’Ke MOKHO CUMTATh TOUYKOH meperuba GyHKIUU Y = 3x.
KoMMeHTapum K ynmpaskHeHUIM

Ne 44.7, 44.8. CienyeT opopMIATh TaK, KaKk npumep § 2.

§ 45. NocrpoeHme rpacdhukoB hpyHKUUN

TexHonornyeckas KapTa ypokoB

Qopmupyembie lMpeameTHsie: GOpMMPOBaTh YyMEHME CTPOUTL rpaduKn yHK-
pe3ynbTatbl LMA C MOMOLLbIO METOAOB MaTeMaTUYeCKOro aHanusa ans uc-
cnefoBaHUs yHKLUNN.
JIn4HOCTHbIE: pa3BMBaTb NO3HaBATENbHbLIA MHTEPEC K MaTeMa-
TUKe.
MeTtanpeametHble: ¢toOpMUPOBaTb YMEHME KOPPEKTUPOBATb
CBOW JelCTBUSA B COOTBETCTBMU C U3MEHSIOLLENCS CUTyauuen.

lMnaHypyembie  Ydawmncs HayyuTcs CTpouTb rpadumky yHKLUUN C MOMOLILIO

pe3ynbrartbl MEeTO[O0B MaTeMaTM4yeCcKoro aHanmsa ans uccnegoBaHusa OyHkK-
LUn.
OCHOBHbIE MnaH nccnegoBaHUa CBOUCTB DYHKLNN.
NMOHATUSA
3apaHusa 3apanus 3apaHusa
JononHu- ANs KOHTpons
ans opmMmpoBaHUs ans
TenbHble 1 KoppeKuumn -
npeaMeTHbIX OoMaluHen
3agaHus npeaMeTHbIX
pesynbTaToB paboTbi
pe3ynsTaToB
Ypok 1 451 45.2
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OKOHYaHue

3apaHunsa
3apaHus 3apaHus
HononHn- ANs KOHTpons
ana dpopmnposaHusa ansa
TenbHble 1 KoppeKuumn .
npeaMeTHbIX AoMaluHen
3apaHusa npeaMeTHbIX
pe3ynsTaToB pabotbi
pesynbsraToB
Ypok 2 453 45.4
Ypok 3 45.5,45.7 CamocToaTenbHas 45.6,45.8
paboTta N2 46:
Ne 1,2

MeTtoauuecKkue KOMMEHTAPUU

MarepuaJs aToro naparpaga mogBOIUT UTOT IIPUEMAM U METOAaM HCCJIe-
InoBaHUA (PYHKIIUN, M3YUYEeHHBIM B JaHHOU ryiaBe. IIpuBenéHHBIN IIJIaH HC-
cjaenoBaHUsa PYHKIIUU U IIOCTPOEHUA e€ rpapiKa OCHOBAH HA TOM, YTO yda-
IMMCS KJIacCOB ¢ 0a30BBIM YPOBHEM M3yUYEeHUS MaTeMaTUKU B 3aJaHUAX Ha
mocTpoeHue rpaduKoB OyAYT IPEeaIosKeHbl PYHKI[NI, He TpeOyroliue 6ojee
CJIOYKHOTO amliapaTa UX MCCJIeOBaHUA (MCCJefOBaHUA HA BBITYKJIOCTD, Ha-
JUYMe acUMIITOT W T. 1I.). Bce ympakHeHUA K naparpady momoOpaHbI Tak,
YTO yUAIUICA MOYKET PeajJn30BbIBATh IIJIaH MMOCTPOEHUS, He IPOITyCKasa OT-
IEeJIbHBIX €r0 MYHKTOB. YUallluecd AOJYKHBI XOPOIIIO YCBOUTH STOT TJIAH U
YMETh CTPOUTH IO HeMy rpaduku QyHKIuN. [IoHATHA TOPU30OHTAIBLHON U
BEPTUKAJIBHOU aCUMUTOT rpad)Ka BBOAATCS HATVISIAHO, Ha ITPUMePe ITOCTPO-
eHrsa KOHKperTHol (QyHknuu. jKemareabHo, UTOOBI ydaImecsa CaMOCTOSA-
TeJbHO MPUIILJIN K BBIBOAY, UTO IIOVMCK ACUMIITOT MOYKET OBITH BKJIOUYEH B
OnyHKT 7 miaHa («BeraButs apyrue ocobeHHOCTU QYHKITUM» ).

Taksxe B maparpade Ha HATVIASHO-UHTYUTUBHOM YPOBHE BBOAUTCS OHSA-
The mpenesa GYHKIUN HAa OECKOHEUYHOCTH, a TaKiKe 0eCKOHEUHO MaJioi
(6onbII0O#) PYHKIIMY B TOUKE. TeM, KTO X0UeT y3HaTh 00JIbIIe 00 5TUX TOHA-
TUAX, MIPEIJOKEHO YUIaCTBOBATh B COOTBETCTBYIOIIEM IIPOEKTE.

KoMmMmeHTapuu K yrpaskHeHUSIM

Ne 45.3, 45.4. CnenyeT BOCIIONIB30BATHLCA CXEMOUW MCCJAENOBAHUSA HA T'OPU-
30HTaJbHBIE U BEPTUKAJIbHbBIE ACUMIITOTHI, IIOKA3aHHOI B mpuMepe 2 mapa-

rpada.

KoHTponbHasi pa6oTta N2 9
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KouTponbHbie pacoTbl

KoHTponbHas pabota N2 1

Tema. MHOXecCTBa 1 normka

Bapmuanr 1

. Kakue u3 npuBeIéHHBIX YTBEPIKICHNI IBIAIOTCSI BEPHBLIMMN:

1){D} c{a, b, c};

2)cca,b, cl;

3) {a, b} c{a, b, c};

4) D c{a}?

. Mausr muoxxkecrBa: A ={-4,0, 5, 7}, B={0, 6, 8}, C={-4, 1, 2}. Haiinure
MHOKECTBO:

1) AU B;

2)ANC;

3) A\ B.

C momMoIIibio JuarpaMMbl Jiiaepa n300pas3uTe COOTHOIIIEHWE MEK Iy MHO-
sxkectBamu A, Bu C.

. Kypcsl, npegnararinue o0yueHne aHIINACKOMY U (DPAHIY3CKOMY S3bI-
KaM, mocemialoT 65 uendosex. 3BecTHO, uTo 20 uesoBeK mayuaroT oba
s13bIKa. JIOKasKuTe, YTO OAUVH M3 SI3BIKOB U3yUalOT He MeHee 43 uesIoBeK.
. CocraBbTe TAOMUILY UCTUHHOCTHU IJIS JIOTHUECKOTO BhIPAMKEHIS:

1) A A B;

2) Av B;

3)(Av B)= C.

. lIycts f — QyHKIUA UCTUHHOCTU, A U B HEKOTOpbIe BLICKA3bIBAHUAI.
Haiigure f(A), eciu f(Bv A) =1u f(B)=1.

. Ha muosxectBe R 3agausl npegukatsl A (x) = {x < 11}, B(x) = {x < —-2}.
VYxauTe 06J1aCTh UCTUHHOCTHY IIpeauKaTa:

1) A (x) A B(x);

2) A (x) v B(x);

3) A (x) = B(x).

. 3aMeHHuTe 3HAK «*» Ha OAMH 13 KBAHTOPOB V miau J Tax, 4TOOLI IIOJIyYeH-
HOE BBICKAa3bIBAHE ObLJIO MCTUHHBIM:

1) (*x e R)x? +9 > 6x;

2)(*ne N)(bn+1):7.

99



Bapuanrt 2

1. Kakue us npuBeIEHHBIX YTBEPKICHUN ABIAIOTCSA BEPHBIMM:
1) D c{a, b};
2)bc{a, b, c};

3){D} c{a, b, c};
4) {c} c {a, b, ¢}?

2. Tausl MmHOXKecTBa: A ={-2, 1, 3, 12}, B={2, 3, 10}, C={-2, 1, 12}. Haii-
ITe MHOKECTBO:
1)AUC;

2) A B;

3)A\C.

C moMoIIbio JuarpaMMbl Jitjiepa n3odpasuTe COOTHOIIIEHNE MeXKIy MHO-
xectBamu A, Bu C.

3. B onmummninazax mo MmaremMaTuke u 1Mo husuKe IPUHSIIN ydacTue B o0Iei
caoxkHOCTHU 76 uemoBeK. MI3BeCTHO, UTO B 00€MX OJIUMONA aX IPUHIMATIN
yuactue 15 uenoBek. [[oKaKuTe, YTO B OAHON U3 OJIUMIUAL IPUSIN yUa-
cTre He MeHee 46 yesloBeK.

4. CocraBbTe TAOJUILY UCTUHHOCTH AJIS JJOTUUECKOT'O BEIPAIKEHUA:

1) A= B;
2) A A B;
3) (AAB) C.

5. Ilycts f — QPyHKIUA UCTUHHOCTH, A M B HeKOTOpbIe BLICKA3LIBAHUA.
Haiigure f(B), eciu f(Av B) =0uf(A4)=0.

6. Ha muosxecTtBe R 3amamsl npegukatel A (x) = {x > -3}, B(x) = {x > 10}.
VramuTe 00J1aCTh UCTUHHOCTH IIPEIUKATA:

1) A (x) A B(x);
2) A(x) v B(x);
3) A (x) = B(x).

7. 3ameHnTe 3HAK «*¥» HA OOWH M3 KBAHTOPOB V mwiu I Tak, 4TOOBI IOJyUYeH-
HOe BbICKa3bIBaHUe OBbILIO UCTUHHBIM:

1) (*x e R)x? +1 < 2x;
2) (*ne N)(32n+8): 4.
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Bapuanr 3

. Kaxkue u3 npuBeEéHHBIX YTBEPIKICHUN SABIAIOTCS BEPHBIMMU:

1) {c, b} c{a, b, c};

2) D c{a, c};

3)aca, b};

4) (D} c{a, c}?

. Hausr muOKecTBa: A ={-5, 6, 11}, B={-2, 6, 7, 14}, C={-5, 6, 7}. Haii-
OUTE MHOMKECTBO:

1)AUC;

2) BNC;

3)B\ A.

C moMoIrbio JuarpaMMbl Jifjiepa n300pasuTe COOTHOIIIEHNE MeMXIY MHO-
sxecrBamu A, Bu C.

. B copeBHOBaHUAX 110 Oery u OpbIXKKaM B JJINHY IPUHSJIN yIYacTHe B 00-
IIe CJI0KHOCTH 55 uesnoBek. MI3BeCTHO, 4TO B 000X BUAAX CIIOPTA COPEB-
HoBasuch 12 venosek. [lokakuTe, 4YTO B OAHOM 13 BUJOB COPEBHOBAJIOCH
He MeHee 34 ueJjloOBeEK.

. CocraBbTe TAOJUILY UCTUHHOCTHU IJIS JIOTUUECKOTO BHIPAMKEHUS:

1) B A;

2) BAA;

3) (Av B) = C.

. lIycts f — GyHKIUA UCTUHHOCTU, A U B HEKOTOpPbIe BLICKA3bIBAHUA.
Haiigure f(A), eciu f(A = B)=1u f(B)=0.

. Ha muoxxectBe R 3amannl npegukarel A (x)={x <4}, B(x)={x<—-4}. Yka-
JKUTe 00J1aCTh UCTUHHOCTHU IIPeIUKATA:

1) A (x) A B(x);

2) A(x) v B(x);

3) A (x) = B(x).

. 3ameHHUTe 3HAK «*» Ha OAUH U3 KBAHTOPOB V miu I Tak, 4TOOBI ITOJIyUeH-
HO€ BbICKa3bIBaHMe ObIJI0 UCTUHHBIM:

1) (*x € R)x? +25 > 10x;

2)(*ne N)(4n+3):5.
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Bapuant 4

1. Kakue us npuBeIEHHBIX YTBEPKICHUN ABIAIOTCSA BEPHBIMM:

1 {a, b, c} c{a,b, c};
2){b, ¢} c{a, b, c};
3) a c{a, b};

4) (D} c {b}?

2. Tausr MmHOMKecTBa: A ={-3, 4, 8}, B={0, 4, 10}, C={-3, 0, 4, 8, 10}. Haii-
ITe MHOK€ECTBO:
1)AUC;

2) BNC;

3) A\ B.

C mmoMoIIpio fuarpaMMbl Jitjiepa n3o0pasuTe COOTHOIIIEHNE MeKIy MHO-
xecrtBamMmu A, Bu C.

3. B cmmopTuBHYIO IIIKOJY, B KOTOPOIi €CTh TOJBKO (yTOOJbHAA U OacKer-
0oJIbHASA CEKI[UU, ITOCEHIaloT 72 uesioBeKa. VI3BecTHO, UTO 00e CeKI[UU 10~
cemraoT 17 uesnoBek. JlokaKuTe, UYTO B OSHOMN U3 CEKI[Uil 3aHUMAIOTCS He
MeHee 45 yeoBeK.

4. CocTaBbTe TaOJUITy UCTUHHOCTH AJIA JIOTUUECKOTO BhIPAKEHU:

1) Av B;
2) A= B;
3) (AAB) & C.

5. Ilycth f — QPyHKIUA UCTUHHOCTH, A 1M B HeKOTOpble BLICKA3LIBAHUA.
Haiigure f(A), eciu f(A= B) =0uf(B)=1.

6. Ha muosxectBe R samaubl nmpegukarsel A (x) = {x > —12}, B(x) = {x > T}.
Vramure 00J1aCTh UCTUHHOCTH IIPEIUKATA:

1) A (x) A B(x);
2) A(x) v B(x);
3) A (x) = B(x).

7. 3amMeHnTe 3HAK «*¥» HA OOWH U3 KBAHTOPOB V miu I Tak, 4TOOBI IOJyUYeH-
HOe BbICKAa3bIBaHMe OBbIJIO UCTUHHBIM:

1) (*x € R)x2 +16 < 8x;
2)(*ne N)(9n +15): 3.
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KoHTponbHas pabota N2 2

Tema. [TOBTOpEHME 1 paclnmpeHmne cBeaeHNM 0 PyHKLMN

Bapmuanr 1

. Halimure mHanbosblllee 1 HauMeHbIIee 3HAYEHUA QYHKIUU y = x2 — 4x

Ha IPOMEKYTKEe [O; 3] .

2. UccaenyiiTe Ha YETHOCTD (DYHKITHIO:
4x
1 =—
)y 2 3
| + 5| + [ — 5|
Dy=——7—".
X
. 2x +1
3. Haiigure GyuKIIMIO, OOPATHYIO K QYHKIIUN Y = 5_3°
x—
4. TTocrpoiite rpadux GyHKINM y = /2|x/ -3 - 1.
5. Haiigure obsacTs sHaUeHUN GyHKIIUT y = 9x + l.
X
6. Ha pucynke 3 mzobpaskeHa dacTh rpaduka 4éTHO QyHKIUU Yy = f(x),
OIIpeZleIEHHOI Ha MPOMEKYTKe [—5; 5]. HocrpoiiTe rpaduk sToit PyHK-
WU 1 HafguTe e€ HanOoJIbIllee U HauMeHbIllee 3HAUeHU S HA IPOMEIKYTKE
[—5; 5].
27\
1
0 \ 3 A
Puc. 3
7. Pemute HepaBeHCTBO:

1) (x —2)(x +6)(x —4) > 0;
2) 8- x)(x —4)(x—-9) > 0;

3) X _,4__18

x-2 x x%2-2x

4) (x® -9Wx -1 > 0.
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Bapuanrt 2

1. HalizuTe HanGoJiblllee M HAWMMEHbIIIee 3HAUCHUS (QYHKIUU Y = x2 + 4x
Ha IPOMEKYTKe [—3; O].
2. UccaenyiiTe Ha YETHOCTH PYHKITHIO:

5x2
1 = ;
)y 2 7
|l + 3l —[x — 3

y=—"—"53"—".

X

3. Haiinure pyHKIIMIO, 00pPaTHYIO K GYHKIIUU Y = 3x+—42 .
X

4. TTocTpoiiTe rpad®uK QYHKIIUU Y = J%lxl -1-3.

5. Haiigute o6iacTh 3HaUEHUN QYHKIIUNT Y = X + E.
X

6. Ha pucynke 4 nusobpaskeHa uactb rpaduka HeUETHON QyHKIUU Yy = f(x),
OIpeeIEHHON Ha HMPOMEKYTKe [—6; 6]. HocTpoiiTe rpadux sToii GHyHK-
MUY U HaaguTe eé HanboJIbIllee ¥ HaNMeHbIllee 3HAUCHUA HA IIPOMEKYTKe

[-6;6].

77
2
1
0 R
\ /
N/
=3

Puc. 4

7. PelliuTe HEpPaABEHCTBO:
1) (x+2)(x—8)(x+5)<0;
2) (x +2)%(x-3)(4-x) = 0
3) X 2__2 <o,

x-3 x x%2-3x

4) (x2 —4)Jx+1>0.
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S WA W

Bapuanr 3

Ha IPOMEKYTKe [—4; 0].
UccnenytiTe Ha YETHOCTh PYHKIIUIO:

8x
1 = ;
)Y x? 14
V1-x++1+x
2)y= —_—
X
. 4x +1
Haiinure GyHKIIUIO, OOpPATHYIO K QYHKIIUU Y = 5
x [—

. ITocrpoiitTe rpaduk QyHKIUU Y = 2lxl-5 1.

. Hatinure obsacts 3HaueHut QyHKIuu y = 49x + l.
X

. Halinure manGosnblllee 1 HauMeHbIllee 3HAYEHUA QYHKIUU Yy = x2 + 6x

. Ha pucynke 5 mzobpakeHa yactb rpadura 4yéTHOU QPyHKIUU Y = f(x),

OIIpelleIEHHOI Ha INPOMEXKYTKe [—4; 4]. HocTpoiiTe rpaduk sT0i PyHK-
UK 1 HAafguTe e€ HanOoJIbIllee U HaMeHbIllee 3HAUEHN S HA IPOMEIKYTKE

[—4;4].

77

™
- N

w

Puc. 5

7.

Pemure HepaBeHCTBO:
1) (x+7)(x—-1)(x+8)<0;
2) (x-1)%2(5 - x)(x - 6) > 0;

3)L_§_i<0.

x-4 x x%2-4x

4) (x% —16)Jx +3 > 0.

105



Bapuant 4

1. HalizuTe HanboJbIllee U HAUMeHbIIIee 3HaUeHuA QyHKIUU y = x2 — 6x Ha
IPOMEKYTKE [0; 5].
2. UccaenyiiTe Ha YETHOCTH PYHKITHIO:

7x°
1 = ;
)y x2-10
2) :\/6—x—\/6+x
Yy o .
. 3x+5
3. Haiimure GyHKIIMIO, OOPATHYIO K QYHKIIUN Y = 1"

4. ITocTpotiTe rpaduK QYHKIIUU Y = 1/%|x| -3 -2.

. . 25

5. Haiigute o6sacTh 3HAUEHUN QYHKIIUT Y = X + —.
x

6. Ha pucyHke 6 nusobpaskeHa uactb rpaduka HeUéTHON QyHKIUHU Yy = f(x),

OIIpeeJIEHHON Ha MPOMEKYTKe [—5; 5]. HocTpoiiTe rpaduk sToit PyHK-

U1 1 HaiauTe e€ HanboJbIllee 1 HaMeHbIlIee 3HAaUeHNA Ha IIPOMEKYTKE

[—5; 5].

JA

~
=N

(=]
Sy
Y

Puc. 6

7. Pemiure HepaBeHCTBO:
1) (x+2)(x—-8)(x+5)<O0;
2) (x +5)%(x - 6)(8 —x) = 0
3) X _+2__2 <o,

x-3 x x%2-3x

4) (x% -36)Vx+4 > 0.
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=2]

. ITocrpoiitTe rpaduk QyHKIUU Y = (4 x - 1)
. BruecuTre MHOKUTEIDb II0]] 3HAK KOPHS:

. YIpoCcTuTe BhIpaKeHue (

KoHTponbHas paboTta Ne 3

Tema. CTeneHHasa GyHKUMS.
KopeHb n-1 cteneHun 1 ero cBOMCTBA

Bapuanr 1

. ®yarnua sagana opmyaoii f(x) = x16. Cpasrure:

1) 7(5,6) u f(2,4);

2) 1(=2,8) u f(-7,3);
3) 1(4,5) u f(-4,5);
4) 1(0,3) u f(-0,8).

. HafiguTe 3HaUeHMe BhIPAYKEHUA:

1) Y22 . 58;
gy V432

) :
2

. YeTHBIM MJIN HEYETHBIM ABJAETCS HaTypaJbHOE YICJO 71 B IIOKas3aTeJe

crenenu QyHKIuu f(x) = x™", ecan:
1) f(=3) > f(1);
2) f(-4) <fQ);
3) 1(5) < f(-6).

. Halinure manGoJsiblllee ¥ HaMMEHbIIee 3HAUEHWA QYHKIUU y = x4 Ha

npoMerkyTKe [2; 4].

. YupocTuTe BhIpaKeHUe:

1) Wa?;
2) 3m2 Ym;
3) ¥ad, ecau a > 0;

4) Y(a-1)*, ecmu a < 1.

4 4

+(Yx—2).

1) (a-1D¥a-2;
2) (2 - b)¥b.

8 Y +1 %/§+3J 3

+ - : .
Je-1 Yx-1 Yre+1) Jx-1

. MoxkaskuTe, 4TO 3HAUYEHUE BHIPAYKEHUA %/26 + 15\/§ + :\)’/26 - 15\/§ ABJAET-

CdA IeJIBIM YMCJIOM.
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Bapuanrt 2

18 CpasHure:

1. ®yarnusa 3agana opmyson f(x) = x
1) 7(3,6) u f(1,8);
2) f(-1,7) n f(-2,5);
3) f(=5,4) u f(5,4);
4) £(0,9) u f(-0,2).

2. Haiigure 3HaUeHNE BhIPAIKEHUA:
1) ¥3t2. 218,
2) %.

yg

3. HETHBIM MM HEUETHBIM SABJSETCA HATypPaJbHOE YHCJIO 7 B IIOKasaTejie
crenenu pyuaxinuu f(x) = x", ecau:
1) 7(=5) < 1(2);
2) f(7) > f(4);
3) 1(=9) > f(-1).

4. Haiinure Hanboiblllee U HauMeHbIIee 3HAUYCHUS (PYHKIUM Yy = X ° Ha
npomeskyTKe [—3; —1].

5. VipocTure BeIpaskeHue:

1) ®la’;
2) {03 4 ;
3) §ms, ecou m < 0;

4) W(x -2)1°, ecom x > 2.

. ITocTpotite rpaduk QyHKIIUU Y = (9/;)6 + (6 x — 3)6 .

=2

7. BuecuTe MHOKUTEJD IO 3HAK KOPHS:
1) (x - 3)¥x —4;
2) (5- ily.

8. Yupocture BhIpasKkeHme (

9/; +6 9/; + 2 + 6 . 5

Yr+2 Yr-2 Yx-4) Yx-24

9. JoxakuTe, UTO 3HAUEHNE BhIPAKEHUA 3{/16 + 8\/3 + :{’/16 - 8\/5 ABJAETCA
IeJIbIM YMCJIOM.
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N O

. YupocTture BhIpasKeHUe [

Bapuanr 3

. ®yHKnua sagaga opmynaoii f(x) = x2°. CpasHure:

1) 7(2,4) u f(3,6);

2) (=2,5) u f(=3,1);
3) f(-4,7) u f(4,7);
4) f(0,8) u f(-0,6).

. HafiguTe 3HaUueHMe BhIPAYKEHU:

1) 8/524 .216;
2) §/§ .
Y729

. UéTHBIM MU HEUYETHBIM SBJIAETCS HATypaJbHOE UHCJIO N B IOKasaTese

crerrenu QyHriuu f(x) = x™, ecan:
1) 7(2) < f(-4);

2) 1(3) > f(-3);

3) f(-2) < f(-10).

. Hafizure HanbGosblllee ¥ HaMMeHbIIee 3HAUEHWS (PYHKIMHU U = X ° Ha

npomexyTke [2; 3].

. prOCTI/ITe BbIpaAXeHue:

1) 35[x5;
2) Yat¥a?;
3) Weld ) ecam ¢ > 0;

4) By -17'2, eciu y < 7.

4 6
. ITocTpoiitTe rpaduk QyHKIUU Yy = (i‘/x + 2) + (6 x - 1) .
. BHecuTe MHOKUTEIb IO 3HAK KOPHS:

1) 4-a)¥a-5;
2) (x + )¥Yx + 4.

Ye+12 Yx+a 4 ). 15
Yo+4 Yx-4 Yx-16) Yx-16

. lokakuTe, 4TO 3HAUEHUE BbIPAKEHU ST %/ 19 + 9\/6 + 3’/ 19 - 9\/5 ABJAETCS

IIeJIBIM YK CJIOM.
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Bapuant 4

22 CpaBHUTe:

1. ®yarnusa 3agauna popmyton f(x) = x
1) 7(7,7) n f(2,9);
2) f(-1,9) u f(-2,4);
3) 1(-6,2) u f(6,2);
4) f(-0,1) u f(0,6).

2. Hatigure 3HaUeHNe BRIPAKEHU:
1) 19/520 . 930,

Y625

% .

3. UETHBIM MM HEUYETHBIM SABJSETCS HATypPaJbHOE UMCJIO 71 B IoKasaTeJe
crenenu pyuaxinuu f(x) = x", ecau:
1) 7(-12) < f(3);
2) f(4) <f(=7);
3) f(=7) > f(-3).

4. Hafinure Hanboiblllee W HauMeHbIIee 3HAUYCHUS PYHKIUM y = X ° Ha
npomexyTKe [—-2; —1].

5. VipocTuTre BeIpaskeHue:
1) 36 bg;
2) Ya>Ya;

3) ¥212 | ecoin z < 0

4) §(x +3)8, ecoim x > -3. . .
. Tloctpoiite rpadux dpyrxmuu y = (§x +38) +(¥x-5) .
7. BHecHUTe MHOKHUTEIb 110/ 3HAK KOPHA:

1) 2-a)¥a-T1;
2) (y +2)9y +6.

8. Yupocture BhIpasKkeHme (

2)

=2}

10

x+3 Wxi9 4 J 8

— + . .
Wy-3 Wxs3 Yx-9) Yx-9

. lokaxxkuTe, 4TO 3HAYEHNE BHIPAYKEHUS %/38 + 17\/3 + 3’/38 - 17\/5 ABJAET-
cs 1eJIbIM YHCJIOM.

©
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KoHTponbHas paboTta Ne 4

Tema. CTeMNeHb C pauMOHaNbHbIM MokKasaTenem
n eé ceoncTea. MppaunoHanbHble ypaBHeHUs
N HepaBeHCTBA

Bapuanr 1

-4
1
1. ITocrpoiite rpaduk GYHKIUA Y = ((x - 2)_5) .
2. YipocTuTe BhIpakeHue:
3 5

1) a 7al4;
1
2) al5 : ab;
3) (a—O,S )4 _(a—1,4 )—2 : (a0,4 )—6;
( 5 10 )§
4) alsp2v
3. Pemture ypaBHeHUe:

1) V2x + 8 = x;
2) Nx—2Nx -4 =2x - 4.

4. Cokparure 1po0b:
1
—3m3
1) m 23m .
m3 -3

1 11 1
x3 —2x6y6 + y3
11 11
x2y3 — x3y2
5. Pemure ypaBHeHUe:
1) Vo -4 +2Yx -4 = 35

2)Jx+5-V8-x =1;
N N-—x+¥7+x=2.

6. PermuTe HEpaBeHCTBO:

1)vV8x +9 < x;
2)NT+x 25—x.

3)




Bapuanrt 2

-6
1
. ITocTpoiite rpaduk QyHKIIUU Y = ((x -5) 3) .
. YuopocTure BbIpaKeHUeE:
3 5
1) ¢ 8cl6;
5 1
2) c8 : c6;
3) (60,6)6 . (60’4)_7 . (c—l,G)—3;
10
7 321
4) (bsoclo)
. Pemmure ypaBHeHUeE:

1) V2x + 48 = —x;
2) Jx —-1vx -3 =3x - 3.

. Coxparure O1po0b:
2
X+ Tx5
1) T
x5 + 7

1 1
ad — b3 .
1
ab -b
11 11
3 m2n4 + 3m4n2
) 1 11 1°
m2 +6m4n4 +9n2

2) >
6

. Pemure ypaBHeHUE:
1) Ve -2+ ¥x -2 =20;
2)V2x+7-VJ2-x =2

3)¥3-x+%25+x =4.
. Pemmure HepaBeHCTBO:

1) V7x + 8 < x;
2)J8+x >3 —x.
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Bapuanr 3

1\-8
. ITocTpoiiTe rpaduk QyHKIUN Y = ((x + 4)_1) .

. YupocTuTe BhIpaKeHUe:

3) (a—0,6)3 ,(a—1,2)—4 : (a0,5)—3;

6
4) (a%b%)7

. Pemmure ypaBHeHwme:

1) V3x+10 = x;
2) Nx+2+x -1 =4x+8.

. Cokparure gpobk:
4
a-11a7 |
§ b
a” -11
1 1
x5 — y5
1 1
210 4+ le

1)

2)

. Pemure ypaBHeHUe:
1) Jx+1+Yx+1=6;
2) Jx+1-V12-x =1;

) Y4-x+¥Yx+5=4.

. Pemrture HEpaBeHCTBO:

1) Vv10x +11 < x;
2)NJ6—x =26+ x.
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Bapuant 4

1\-12
1. ITocrpoiiTe rpaduk QyHKIUT Y = ((x + 1)75) .
2. VipocTure BhIpaskeHue:
5 19
1) a 6a24;
5 1
2) ¢9 :c12;
3) (6—0,8)4 . (01’3)_5 : (6_2’4)_2;
5 3)i
5 3)\15

4) (m24n8

3. Pemtute ypaBHeHUe:

1) v4x +45 = —x;
2) Jx +2+x -1 =2x +6.

4. Coxparure gpooOb:
4
b+10b9
é b
b9 +11
1 1
ab — b6
1 1
aﬁ — bﬁ
11 11
1 1 1 1
x6 + 8x12y12 + 16y6
5. Pemtute ypaBHeHUe:
1) Jx -8 +3¥Yx -8 =18;
2)V2x+3-Ji-x=2;

3) Y6 —x +3¥29 + x = 5.

6. Pemute HepaBeHCTBO:

1) V6x + 7 < x;
2) N8 —x =2 x +4.

1)

2)

3)
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KoHTponbHasi pabota N2 5

Tema. TpUroHOMeTpuYyeckmne pyHKLUU U UX CBONCTBA

Bapuanr 1

. Hatigure 3HaueHUe BHIPAKEHUA:
257
1) tg T;

2) cos(-690°).
. Ompenenute 3HaK 3HAUEHUSA BBIPAKEHU:
1) sin124°cos203°tg (—280°);
2) sin7—ncoslﬁ.
10 12

. UccaenyiiTe Ha 4ETHOCTD (PYHKITHIO:
1) f(x) = x2 + 4cosx;

2
2) flx) = 8%

1-sinx

4. Haiinure nepuon GyHKRIUY Yy = sin3dx + tg%.

. CpaBHUTE 3HAUEHUSA BBIPAIKEHUN:

. 107 . 12n
1) sin—— u sin—~;
9 11

2) Ctg(_%) u ctg(—3—7nj.

. Hafigure wnHaubosablllee u HauMeHbIllee 3HAUYEHUS BbIparKeHUsd
(2 + sin? x)cos x

COsS X )
. IToctpoiite rpadur pyarnuu f(x) =|cos3x|, yramure eé mpoMexRyTKU
BO3pAaCTaHUA U YObIBAHUSI.

. ITocTpoiite rpaduk pyarmuu y = vsinx —1 + 2.
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Bapuanrt 2

. Hatizure 3HaueHMEe BLIPAKEHUA:
257
1) ctg—;
) ctg=,
2) sin(-1035°).
. OnpenenuTe 3HAK 3HAYEHUSA BBIPAYKEHUA:
1) cos156°sin(—350°)ctg 230°;
13n 231
2 —ctg—.
) cos 15 ctg 18
. UccnenyiiTe HA YETHOCTH (DYHKITUIO:
1) f(x) = x® — 5sinx;

t 2
2) 1(x) = 1 +gc03;x°

4. Haiinure nepuoy GyHKRIIUY Y = cosS2x + tg%.

. CpaBHUTE 3HAYEHUS BHIPDAKEHUI:

1) tg78—“ u tg%;

2) cos(—&j u cos(—G—n).
20 11

. Hatizure mHambosblllee W HauMMeHbIIIee
(4 — cos? x)sinx
sinx )

. ITocTrpoiite rpapur pyurmum [f(x) =

.X
sin=
2

BO3pAcCTaHUA U YObIBAHUS.

3HaAUYeHudA

. ITocTpoiite rpaduk GyHKIIUU Yy = vVcosx —1 — 2.
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Bapuanr 3

. Haiigure 3HaueHMe BHIPAKEHUA:

19xn
1) ctg 3
2) cos(-675°).
. Onpe,uem/n‘e 3HAK 3HAUYEHUA BbIPaKEeHNA:
1) sin221°cos176°tg (—260°);

.. 8n 51
2) sin—ctg—.
) 11 g 9
. UccaenyiiTe Ha YETHOCTDL (PYHKITHIO:
1) f(x) = x3 —4ctg x;

2 f@)=1""57 _Cz:ng =

4. Haiinure nepuon GyHKIIUM Yy = sindx + ctg%.

5. CpaBHUTe 3HAUEHUSA BBIDAYKEHUI:

17w 197
1) cos—— u cos—;
16 18

2) ctg(—f—g) u ctg(—z—gj.

. Hafinure HaubGoibllee U HauMeHbIIIee 3HAUEHUA BbIPAKeHUS
(5 - sin? x)cosx
cos x )

. ITocTpoiite rpadpur pyuruum f(x) = , VKaKUTEe €€ IIPOMEKYTKU

1
cos—x
3
BO3pacTaHus U yObIBAaHUA.
. ITocTpoiiTe rpaduk QyHKIIUU Yy = +/sinx —1 — 3.
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Bapuant 4

1. HalimuTe sHaueHUe BhIPAMKEHU:
17n
1) ctg——;
) etg =
2) sin(-1020°).
2. OnpenennTe 3HAK 3HAYEHU S BHIPAYKEHUA:
1) sin189°cos(—170°) ctg 250°;

3. UccuenyiiTe Ha Y€éTHOCTD (PYHKIIMIO:
1) f(x) = x* - 5tgx;
2) F(x) = 1 + c;)sx.
sin® x

4. Hatinure nepuog QyHKIIUM Yy = cosdx + tg%.

5. CpaBHUTe 3HAUEHUS BBIPDAKEHUI:

1) ctg% u ctg%;

2) cos[—&j u cos(—ﬁj.
19 13

6. Hafigure wmauboJibillee ¥ HaWMEHbIlee 3HAUEHUS BbIPaKeHUd
(3 + cos? x)sinx
sin x )
7. Ilocrpoiite rpadpuk pyurmuu f(x) =|sindx|, ykaxure eé mpomeryTKU
BO3pacTaHUsA U YObIBAHUS.

8. IlocrpoiiTe rpaduk pyHKIIUN Y = vJcosx —1 + 1.
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KoHTponbHasi pabota N2 6

Tema. COOTHOLLEHMNE MeXAY TPUTOHOMETPUYECKUMU
DYyHKLMSAMU OJHOTO U TOro Xe aprymeHTa. ®opmynbi
CJTIOXXEHUS U UX CNeSCTBUS

Bapuanr 1

. YupocTuTe BhIpaKeHUe:

cosZ6a — 1
1) thdCtha - m,
2) sinfcos4p + cosPsin4p;
sin6a |
2sin3a’

sin 2a + sin 8a
4) —————;
cos 20 — cos8a

5) sin(3—21t + 6(1) + cos(m — 6a);

6) 2sinbacos3a — sin8a.

. Hano: cosa=—2l5, cosB=—%, n<oc<3§, g<B<n. Hangure

sin(a + B).
. Joxkaxkure TOKIECTBO:

1) —L 1 _e8q

1-tgd4oa 1+ tg4da
. 1
2) ctg4Bcos2B +sin2p = ;
) ctg4p p p 2sin 23

(sin(n —3a) — cos (% + a))(sin (g + 3(1) —cos(2m + (x))

1 + cos(n — 2a)

3)

= —sin4a.
. Hafigure wHawmbosablllee u HaumMeHbIllee 3HAUEHUS BbIParKeHUs

2sin? o — 3cos? a.
. Hatigure 3Hauenme Beipaskenus sinl10°sinb0°sin70°.

X
2tg X
£4

. IlocTpoiite rpadpuk pyHKIINMM §y = ————,
1+ tg? %
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Bapuanrt 2

. YIpocTure BbIparkeHUe:
in2 6o — 1
1) tg9actg9a - 2 2%~ 2.
) tg & 1 - cos? 6a
2) cos6pcos4p —sin6esin4e;
3 2(?0s4oc;
sin 8a
4 sin6a —sin2a |
cos6o + cos2a’

5) ta(m + o) — ctg(3—2n - aj;

6) 2cos4o.cosa — cos3a.

. HaHo: sina = —%, sinp = -0,8, % <a<2m m<P< 3—; Hatigure
cos(a + B).
. JokaKkmTe TOMXKIECTBO:

tgba 4 tgba

1) =tg10a;
1+tgha 1-tgba
. 1
2 3B —ctg6 3P = ;
) cos3P — ctg6Bsin 3P 200530

cos(2n — a) + sin (3—; + 50())(003(% - oc) —sin(n + 5(1))

3) = sin4a.

1+ sin(s—n - 60c)
2

. HaﬁﬂHTe HauboJbIIIEee u HanMeHbIIIee 3HaAYeHUA BbIPpaXeHus:d
7cos? o — 5sin? a.

. Haiinure sHauenme BuipaskeHusa cos20°cos40°cos80°.

1-tg22x

. ITocTpotiTe rpadmk QyHKIIUU Y = .
1+tg?2x
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Bapuanr 3
1. YupocTure BhIpaskeHue:

~ancl
1) tgdactgda — 1'(30—590“

sin9o -1’
2) sin6Bcos2P — cos6Psin 23;
sinl4a |
2cosTa’

sin3a + sin7a
4) —————;
cos3a + cosTa

5) sin(2n — 7o) + cos(3?7T + 7ocj;

6) 2sin4asinba + cos9a.

2. Nawo: cosa =-0,6, cosf = %, n<a< %, % <P <2n. Hatigure
cos(a — P).
3. [JloKaKuTe TOKIECTBO:
) P S, I
1+tg3a 1-tg3a
. 1
2 5Bctg10p — 50 =—-—"
) sin5Bctg10p — cos5HP Zcos5p
(sin (E - 60c) — cos(m + 4a))(sin(n -6a) — cos(3—n + 4a))
2 2 .
3) = sin2a.

1+ cos(2n + 10a)
4. Hatinure wHauboJiblllee U HaWMeHbIlee 3HAUYEHUS BbIPAKeHUS
3cos? o — 8sin? a.
5. Haiigure sHauenue BuipaskeHus tg10°tg50°tg70°.

3x
2tg—
£

6. ITocTpoiiTe Tpad@UK QYHKIIUU Y = Py
29X

1+1tg
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Bapuant 4

. YIpocTure BbIparkeHUe:
1 - sin? 5a

1) tgoctg20 — ————3

) te & cos?5a -1

2) cos7pcos2¢ + sinTesin2¢;
2sinba |
sin100.’

4 sin9a - sin3a. |
cos90 — cos30.”

5) tg (g + 5aj — ctg(2n — 5a);

6) 2cos10acos6a — cos4a.

. 5 . 24 T 3n . .
. Haso: sina = —, sinf=-—=, 0 <a <=, n <P < —. Haigure sin(a — p).
I o sinB =2 5> ©<B <% Haiimure sin(a - )
. JlokasKuTe TOXKIECTBO:
tg 20 tg 20

1 - =—-tgda;
) tg20-1 tg2o0+1 tgda
. 1
2 4 tg8 hB=——
) sin4f + ctg 8B cos4p 2sindp

(sin (E + 7oc) —cos(m — 3(>L))(cos(3—1T + 7(1) + sin(27 + 3oc))
3) 2 2
1-sin (ﬁ - 40c)
2

. Hatinure wmawmbosblliee ¥ HauMeHbIllee 3HaAUEHUS BbIPaKeHUS
6sin? o — 4cos? a.

. Haiigure 3Hauenmue Beipaskenusa ctg20°ctg40°ctg 80°.

1-tg23x

1+tg23x

=sin10a.

. ITocTpotite rpaduk GyHKIUM Yy =
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KoHTponbHas pabota N2 7

Tema. Tpl/II'OHOMeTpVI‘-IeCKMG YpaBHEHUNA N HEPABEHCTBA

Bapuanr 1

. Pemure ypaBHeHUe:

1) 3cos? x + 7sinx -5 = 0;

2) 2sin® x + 1,5sin2x — 3cos? x = 1;
3) sin8x + sin10x + cosx = 0;

4) SOSX — cosbx
cos3x
. Pemmure HepaBeHCTBO:

1) tg|bx-Z|> —é;
) g( x 3) 3
2) sinxtg2x > 0.

. Pemure ypaBuenue sin2x + \/§0082x = 2cos6x.

. 2
. Beruuciaure s1n(arccos§ .

Bapuanr 2
. Pemiure ypaBHeHwme:
1) 4sin®?x —11cosx —1 = 0;
2) 8sin? x — sin2x — cos? x = 2;
3) cosbx —cosTx + sinx = 0;
4 sin2x + sin6x -o.
sin 2x
. Pemrture HepaBeHCTBO:

1) ctg(Gx + gj > 3;

2) cosxtg2x < O.
. Pemmure ypaBHenue sin3x — cos3x = V2sinx.

.1
. Beruuciaure cos(arcsmg .
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Bapuanr 3

1. PemuTe ypaBHeHuUe:
1) 6cos?x +13sinx — 8 = 0;
2) 4cos? x + 2,5sin2x — 3sin? x = 3;
3) sinbx + sin3x — cosx = 0;
4) sin7x — sinx _
sin4x
2. Perure HEpaBeHCTBO:

1)tg(5x + gj > g;

2) sinx(tg2x +1) > 0.

3. Pemnre ypaBHeHUE J3sinx - cosx = 2cosTx .

. 3
4. Brruuciaure sin arccosg .

Bapuanr 4

1. PemuTe ypaBHeHUE:
1) 5sin?x —14cosx — 2 = 0;
2) 5sin? x — 2sin2x + Tcos? x = 4;
3) cos7x — cos9x + sinx = 0;

4 cos9x + cosx
cos3x
2. Peminre HepaBeHCTBO:

1) ctg(6x —gj > J3;

2) cosx(ctg2x —1) < 0.
3. Pemmure ypaBHeHme sinbx + cosbx = J2 cosx.

=0.

.1
4. Brruuciaure cos arcsmz .
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KoHTponbHas paboTa N2 8

Tema. [Ipon3BogHasn. YpaBHeHMe KacaTebHOWU

Bapmuanr 1
. HafiguTe npou3BOgHYIO QYHKIIUNI:

4
1) f(x)=Tx5 —xZ+5x2 — 6;

2) f(x) = (Bx + Dx;

3) flx) = =1,

X

4) f(x) = sin35x.

. CocraBbTe ypaBHeHUe KacaTeJbHOH K rpadury pyaxnuu f(x) = x2 — 2x
B TOUKe ¢ abcuuccoi x, = 3.

. MarepuanbHasa TOUKA ABUMKETCS II0 KOOPAUHATHON IIPAMOM IO 3aKOHY
s(t) = 2t2 — 3t +1 (mepeMmeleHue s maMepAeTcs B MeTpax, BpeMd ¢ —
B cekyHmax). HalimuTe CKOpPOCTh €€ IBU)KEHHsS B MOMEHT BpeMeHU
t,=3c.

. Haiinure mpousBozHyio maHHOI GyHKIMKM y = x|x — 3| B Toukax x =1 u
x =4.

. Haiigure abecnuccy Touku rpapuka pyarnun f(x) = x2 — x/3, B KOTOpOIi
mpoBedéHHAasA K HEMY KacaTeJbHas 00pasyeT ¢ MOoJIOKUTeIbHBIM HAIIPaB-
JeHueM ocu abciuce yroi 30°.

. Haiigure ypaBHeHUe KacaTeabHOH K rpadukry pyHrnuu f(x) = x2 + 3x — 8,
ecJu 9Ta KacaTeJbHasd lmapaJjiejbHa npamMoi y = Sx + 1.

. B kakoii Touke rpadpura pyaxknun y = x? — 4x + 6 Hamo MpoBecTu Kaca-

3
TeJbHYIO, YTOOBI OHA IPOXOANJIA Uepesd TOUKY C KOOpAnHaTaMuU (5; 01?
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Bapuanrt 2

1. HaiizuTe npous3BOIHYIO (DYHKITIN:

3
1) f(x) = 8«5 —%+3x2 +4;

2) f(x) = (3 — 4x)x;
x2 -2
3) f(x) =

4) f(x) = cos* 2x.

2. CocTaBbTe ypaBHeHHe KacaTeJbHOU K rpadpury pysrnun f(x) = x2 — 3x
B TOUYKe ¢ abcuuccon x, = 4.

3. MarepuajbHas TOYKa IBUKETCS IO KOOPAMHATHOMN MPAMOI 10 3aKOHY
s(t) = 3t2 — 2t + 4 (mepeMellleHHe S U3MepseTcd B MeTpax, BpeMs ¢ —
B ceKyHaax). Halimiure CKOpPOCTh €€ OBUIKEHUS B MOMEHT BpeMeHU
ty=2c.

4. Haiinure mpousBogHyIO maHHON GyHKmum y = (x—1)lx+2/ B Tourax
x=-3ux=2.

5. Hafizure abcnuccy Touku rpadpura Gysrnum f(x) = x2 + 4xx/§, B KOTO-
poit mpoBenéHHAA K HEMY KacaTeJIbHad 00pasyeT ¢ MOJOKUTEJIbHBIM Ha-
npaBJieHreM ocu abcitucce yroa 60°.

6. Hailinure ypaBHeHHe KacaTeIbHON K rpadury Qysrnun f(x) = x2 — 4x + 6,
ecJu 9Ta KacaTeJbHasd MapajeibHa IpamMoi y = 2x — 8.

7. B kakoii Touke rpaduka Qynknun y = x2 — 6x + 12 Hago nposecTu Kaca-
TeJIbHYIO, UTOOBI OHA IIPOXOAMJIA YePe3 TOUKY C KOOPAMHATAMU (2; O)?

.
b
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Bapuanr 3

. HaiiguTe mpou3BOIHYIO (DYHKITUI:

2
1) f(x) = 6x% -2 —Tx +10;

2
2) f(x) = (5x - x;
3) f(x) = =2

4) f(x) = tg®3x.

. CocraBbTe ypaBHeHUe KacaTesbHOH K rpadury GyHKnum f(x) = x2 + 4x

B TOUKe ¢ abcuuccon x, = 2.

. MaTepI/IaJILHaH TOYKa ABUXETCdA I10 KOOp,T.[PIHa’I‘HOfI HpﬂMOfI IIO 3aKOHY

s(t) = t2 + 3t -1 (umepemellleHHe S U3MepseTca B MeTpax, BpeMs ¢ —
B cekyHmax). HalimuTe CKOpPOCTh €€ IBUKEHUsS B MOMEHT BpeMeHU
ty=95c.

HaiifuTe IpOM3BOHYIO NaHHOH GyHKmuu y = (x+4)lx -6l B Tourax
x=2ux="7.

. Haiigure abcnuecy Toukn rpapura GyErnun f(x) = 3x2 + 7x, B KOTOPOH

mpoBeAéHHAasA K HeMY KacaTeJbHas 00pasyeT ¢ MOoJIOKUTeIbHBIM HATIPaB-
JeHueM ocu abciiuce yroi 45°.

. Haiigure ypaBHeHIe KacaTeabHOH K rpadpukry pyHrmun f(x) = x2 — 3x + 5,

ecJi 9Ta KacaTeJbHad apaJjjejbHa IpAMoi y = 3x + 2.

. B kakoii Touke rpadpura pyuxknum y = x? + 2x + 8 Hazo MPoOBeECTH Kaca-

1
TeJbHYIO, YTOOBI OHA IMPOXOANJIA Yepe3 TOUKY C KOOPAMHATAMU (_Z; 0]?
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Bapuant 4

. Hatizure mpous3BOgHYI0 (PDYHKITUN:

1) f(x) = 4x8 —% +2x2 - 3;
2) () = (5 - 3x)Wx;
x2 -7

3) f(x) ==

4) f(x) = ctg®7x.

. CocraBbTe ypaBHeHUe KacaTeJbHOM K rpaduky QyHKmuu f(x) = x2 + 2x

B TOUKe ¢ abcuuccon x, = 1.

. MaTepI/IaJIbHaH TOYKa ABUMXETCHA I10 ROOpI[I/IHaTHOﬁ HpHMOfI IIO 3aKOHY

s(t) = 4t? — 2t + 1 (mepeMellleHHe S U3MepsAeTCsS B MeTpax, BpeMs t —
B ceKyHmax). Halimiure CKOpPOCTh €€ OBMIKEHUS B MOMEHT BpeMeHU
t,=4c.

. Haiinure mpousBomHyo AaHHOH (yHKIuU y = (x+4)lx -5 B Tourax

x=—-1ux=6.

Haiizure abecnuccy Touku rpadura GyErnuu f(x) = 5x2 — 5x, B KoTopoii
IpoBeAeéHHAA K HeMY KacaTeJibHad 00pas3yeT ¢ MOJOKUTEIbHBIM HAaIpaB-
JeHmeM ocu abciiuce yroa 135°.

Haiinure ypaBHeHNe KacaTe bHONI K rpadury pyHKIuA f(x) = x2 —5x + 3,
ecJiu 9Ta KacaTeJbHAasA mapajeabHa npamMoit y = 3x — 1.

. B kakoii Touke rpadura Qynknun y = x2 + 4x + 14 Hamo nmposecTu Kaca-

1
TeJbHYI0, YTOOBI OHA IPOXOANJja Uepes TOUKY C KOOpAUHATAMU (—E; 0]?
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5. Ilpu xKakux 3HaueHUAX a QyHKIUA f(x) =

KoHTponbHasi pabota N2 9

Tema. [lpyMeHeHME NPON3BOJHON

Bapmuanr 1

. Haiigure mpoMeskyTKM BO3pacTaHUsA U YOLIBAHUSA U TOYKU DKCTpEeMyMa
DyHKOUN:
1) f(x) =2x3 —9x%2 - 12x + T;
2) f(x) = £ 3%
x+1
3) f(x) = sinx + cos2x.
. Haiigure waubosiblllee W HauUMeHbIIee 3HAUYEHUA (OYHKIIUU
f(x) = x2|x — 1| - 5x ma npomesxyTke [-2; 2].
. IIpexcraspre uncso 60 B BuAe CyMMBI IBYX IIOJOKUTEJIbHBIX UKMCE] TAK,
4TOOBI CyMMa UX KBaJApaToB Oblja HaWMEHbIIIEeH.
. HUccaenyiite pyarnuo f(x) = 3x — x3 u mocrpoiite eé rpadux.
% —(a+1)x2 + 3x BO3-

pacraer Ha R?

Bapuanr 2

. HailinuTe mpoMesKyTKHM BO3pacTaHUA U YOBIBAHUA U TOUKHU SKCTPEMyMa
QPyHKOUNU:
1) f(x)=4+9x +3x2 — x3;
2) f(x) = £ 5%,

x-4
3) f(x) = sinx — cos2x.
. Hatinure HauboJsblllee ¥ HaWMeEHbINIee 3HaYeHUA QYHKIUUA
f(x) = x2|x + 2| - Tx ma mpomesxyTke [-3; 2].
. IIpencrasbre uncao 36 B Bujie CyMMBI JBYX ITOJIOKUTEJIBHBIX YWCEJ TaK,
YTOOBI UX ITPOU3BEeHe ObIJI0 HANOOIBIITNM.
. Uccnenyiite pynrnmuo f(x) = x* — 4x2 u mocrpoiite eé rpaduk.
_(a+2)x3

5. IIpu Kaxkux 3HaUYeHUAX a QyHKIua f(x) = ———— + (a + 2)x2 — 4x yObI-

3
Baer Ha R?
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Bapuanr 3

1. HaiimuTe IpoMesKyTKH BO3PAacCTaHUA U YOBIBAHUS U TOUKU dKCTpPeMyMa

QPYHKITUN:

1) f(x) = x® + 3x% — 24x - 3;
2

2) f(x) = ~+6%.
x -2

3) f(x) = cos2x — cosx.

2. Haiinure wawuboJjblllee U HauWMeHbIlee 3HAUYEHUSA QYHKIIUU
f(x) = x%|x + 1| — 16x nHa mpome:xyTKe [-2; 3].

3. Ilpeacrasbre uncsao 20 B BUZe CYMMBI ABYX ITOJIOMKUTEJIbHBIX UKCEJ TaK,
YTOOBI CyMMa UX KBaApPaToB Obljia HAaMEHbIIIeH.

4. Uccaenyiire pyarnuo f(x) =3+ 2x2 — x* u mocTpoiiTe eé rpadpux.

(a - 2)x8

5. Ilpu kKakux sHaueHUAX a GpyHKIUA f(x) = +(a —2)x? + 5x BO3-

pacraet Ha R?

Bapuanr 4
1. Haiimure IpOMesKyTKH BO3PACTaHUA 1 YOBIBAHUS M TOUKU SKCTpeMyMa
QyHKIIUN:
1) f(x) =1+ 72x + 3x2 — 2x3;
2 _
2) f(x) = X —25%,
x+2

3) f(x) = cos2x + cosx.

2. Haiigure Hauboibllee U HauMeHbIlee 3HAUYEeHUA (PYHKIUU
f(x) = x2|x — 2| - Tx ma mpomesxyTke [-2; 4].

3. IlpeacrasbTe uncao 48 B BujJe CyMMBI ABYX IOJOKUTEIbHBIX UMCes TakK,
4TOOBI UX IPOU3BeJeHNe ObLIO HAuOOIbIINM.

4. UccnenyiiTe pyHKIUio f(x) = %x3 — X U IIOCTPOMTe eé rpadpukx.

(a-1)x8

5. IIpu Kakux 3HaYeHUAX a QyHKIUA f(x) = +(a -1)x? - 6x yOBI-

Baer Ha R?
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MeToanueckue peKoMeHaauMm
Nno OUeHKe OGpa3oBaTeNnbHbIX
AOCCTMIKEHMNA YHaALMXCH

OpHUM M3 HaIpPaBJEHUN OIEHOYHOHN AeATeJIbHOCTH B COOTBETCTBUU C
TpeboBanuamMu CrampapTa sBJIsSETCS OIMeHKa o0pa3oBaTeIbHBIX TOCTHUIKE-
HUH 00yYaroInXCcs.

CucreMma OIleHKHU TOCTUKEHUS IJIAHUPYEMBIX Pe3yJabTaToB II0 ajiredpe u
HavaJlaM aHaJIn3a HallpaBJieHa Ha obeclieueHe KauecTBa MAaTEMATUIECKOT'O
o6pasoBauusa. OHa HOJIKHA MTO3BOJATH OTCJIEKUBATH UHANBUAYAJIbHYIO TU-
HAMUKY Pas3BUTHUA ydalluxXcs, obecreuynBaTh OOpPATHYIO CBSA3bL IJIs YUUTE-
Jel, yJaliuxcs 1 POOUTEIeH.

dopMUpPOBaHWE JUYHOCTHBIX Pe3yabTaTOB 00eCIIeUMBAETCA B XOJle pea-
JU3anuy BCeX KOMIIOHEHTOB 00pasoBaTEJbHOTO IMpOIlecca, BKJIIOUAs BHE-
YPOUHYIO AeATEeJIbHOCTD, PeaTn3yeMyI0 CEMbEN 1 MTKOJIOM.

OCHOBHBIM 00'BEKTOM OII€HKU JIUMUHOCTHBIX PEe3yJIbTaTOB CIYIKUT CcPOP-
MHUPOBAaHHOCTh YHUBEPCAJIbHBIX YUEOHBIX MEHCTBUM, BKJIOYAEMbIX B CJIEIy-
[OIIMie TPU OCHOBHBIX OJIOKA:

1) chopMUPOBAaHHOCTDL OCHO8 2pAXOAHCKOU UOeHMUYHOCMU JINYHOCTH;

2) TOTOBHOCTH K IIEpeXony K camoooOpa3o8aHuUI0 HA OCHOe YyuieOHO-Nno-
3HasameJsbHOl MOMUBALUU, B TOM UHCJie TOTOBHOCTh K 8bL00pYy Hanpaa.Je-
HUS NPOPUILHO20 00PA30BAHUSL;

3) chOpMHUPOBAHHOCTD COUUALbHLLX KOMNEeMeHUUll, BKIOUYaA IeHHOCT-
HO-CMBICJIOBbIE YCTAHOBKY 1 MOPAaJIbHbI€ HOPMbI, OIBIT COIUATBbHBIX U MEK-
JUYHOCTHBIX OTHOIIIEHU, IIPaBOCO3HAHIE.

OCHOBHBIM 00BHEKTOM OIIEHKH MeTAaIlpPeIMETHBIX Pe3yJbTATOB SBJIA-
ercs:

* CIIOCOGHOCTHh ¥ TOTOBHOCTH K OCBOEHUIO CUCTEMATUUYECKUX 3HAHUM 10
MaTeMaTHUKe, UX CaAMOCTOSTeJIbHOMY IIOTIOJHEHUIO, MMePeHoCy W WHTerpa-
uu;

* CIIOCOOHOCTH K COTPYAHUUYECTBY M KOMMYHUKAIIUU B XOAe YUeOHOU u
BHey4YeOHOII AeATeILHOCTH;

* CITIOCOOHOCTH M TOTOBHOCTH K mcmob3oBanuio UKT B menax o6yueHUa
U Pa3BUTUS;

* CIOCOOHOCTDH K CAMOOPraHU3aIlull, CAMOPETyaANnuN U pedIeKCcun.

OCHOBHBIM 00'b€KTOM OIIeHKU IIPEeIMETHBIX Pe3yJbTATOB I10 MaTeMaTuKe
B COOTBETCTBUU C TpeboBaHusaMu CTaHgapTa sIBJASETCSA CIIOCOOHOCTD K perlie-
HUIO0 yueOHO-T03HaBaTeJbHBIX U YUeOHO-IPAKTUUECKUX 3a/1aU, OCHOBAHHBIX
Ha M3yJyaeMoM yueOHOM MaTepuae, ¢ UCI0JIb30BaHUEM CII0CO00B MeHCTBUH,
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PeJIeBaHTHBIX COJEPIKAaHUI0 YUeOHBIX HIPEeIMEeTOB, B TOM UYWCJIE MeTalpen-
METHBIX (II03HABATEJIbHBIX, PETYJIATUBHBIX, KOMMYHUKATUBHBIX ) I€HICTBUNA.

OCHOBHBIMU BHJIaMHU OIEHUBAHUSA 00pPa30BaTEJIbHBIX AOCTUMKEHUH II0
MaTeMaTUKe ABJIAITCA: Cmapmosgoe, mexKyujee u unmozosoe.

Cmapmoseoe olleHUBaHUE II03BOJIAET YUUTEJNIO CIJIAHUPOBATH JIMYHOCT-
HO-OPUEHTUPOBaHHOE 00yUeHNe, MHAUBUAYAJIN3UPOBATL 00pPa30BaTEIbHBIN
mpoIiecc.

Texyuwiee oieHMBaHUE TO3BOJIAET OIIPEAEJIUTH: YPOBEHb YCBOEHUSA HOBOTO
MaTepuasa, CTeIeHb CAMOCTOATEIbHOCTHU O0yUaIOIIUXCA IIPU PEIlleHnH 3a7ad,
XapaxkTep IPUMEHEeHUs PaIOHAJIbHBIX CIIOCOOOB peIreHusa 3axau u ap. dasa
TEKYIIEro OIeHNBAHUA MOYKHO MCIOJIb30BATh CJIEAYIOIIIe METOABI KOHTPOJIA.

MeTOJ_II)I KOHTPOJA B y‘leﬁHOM Impoiecce 1mo MmaTeMaTuKke

YceTHBIN
KOHTPOJIb

ITuceMeHHBIN
KOHTPOJIb

IIpakTuueckuin
KOHTPOJIb

« @poHTATBHBIHN

- MaremaTuuecKuii

« @poHTATbHALA U

ompoc OIUKTAHT UHAUBULYAJTbHAA
« NaguBumyaabHBIA - CamocrosaTeabHad OpakTUYecKad
ompoc pabora pabora
« KourposbuHas « Momarraasa
pabora KOHTpoOJIbHasA pabora
- Pedepar « UccraemoBaTenb-
- Tect cKad pabora

+ IIpoexTHasa pabora

HUmozosoe olieHBaHUE MOKET IIPOBOAUTHLCS IIOCJIE 3aBEPIIIEeHUsS TEMBI,
pasgesia, yueOHOro Kypca OCHOBHOM MJIU cTapIeil IITKoJIbI (B YaCTHOCTH, B BU-
e UTOTOBOM aTTecranuu). ITorosas oleHKa pPe3yJIibTaTOB OCBOEHUS 00ydaro-
IUMUCA OCHOBHOM 00pa3oBaTeIbHOM IPOTPaMMbI BHICTABJIAETCA IO PE3YJIb-
TaTaM IIPOMEXKYTOUYHOM 1 UTOTOBOM aTTecTanuu 1 (GOPMUPYETCS Ha OCHOBE:

* Pe3yJIbTATOB BHYTPUIIIKOJHHOIO MOHUTOPHHIA 00pa3oBATEIbHBIX I0-
CTH)KEHUN Mo MaTeMaTnKe, 3a(pUKCUPOBAHHBIX B OIIEHOUHBIX JUCTAX, B TOM
YucJie 3a IPOMEeKYTOUHbBIE I UTOTOBbIe PA0OOThI HA MEKITPeIMETHOH OCHOBE;

* OIIEHOK 34 BBITIOJIHEHME UTOTOBBIX PabOoT II0 MaTeMaTUKe;

* OIIEHKH 34 BBITIOJIHEHNE U 3aIUTy UHANBUIYAJIHLHOTO MTPOEKTa;

* OIIEHOK 34 paboThl, BLIHOCHMBLIE HA IOCYLAPCTBEHHYIO NTOTOBYIO aTTe-
cranuio ('MA) u eguHBIN rocygapcTBeHHbIH sKk3ameH (ET'D).
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MeToanueckue peKoMmeHAaUM
no hopMmupoBaHUIO
MKT-KOMNEeTEeHTHOCTH YYalluXca

HNKT-KOMIIETEeHTHOCTh YUAIUXCA — YMeHUe CaMOCTOSATEJIbHO paboTaTh
¢ UH(poOpMaImeii, CIoCOOHOCTD penIaTh yueOHO-TO3HABATEeJIbHEIE 3aJa4UM, UC-
mosb3ys cpencrea UKT.

HNKT-KOMIEeTeHTHOCTh YUUTEJI — yMeHU’e, CIOCOOHOCTh UM TOTOBHOCTH
perath npodeccuoHAJbHBIE 3aJaUl, UCIOJIb3Ys PACIPOCTPAHEHHbBIE B TaH-
HOU npodeccruoHa bHOU obaacTu cpeactsa UKT.

C nenbio popmupoBanusa UKT-KoMIeTEeHTHOCTH yUalTUXCs IIPU 00yUe-
HHUU MaTeMaTHKe MCII0JIb30BaTh cpeacTtsa MKT MoxkHO:

* Ha YPOKAaX MaTeMaTUKU;

* BO BHEYPOUHOM NeATeIbHOCTH;

* B yueOHO-ICCJIe0BATEIbCKOI 1 IIPOEKTHOM IeATeIbHOCTH;

s IPU UBMEPEeHU, KOHTPOJIE U OIleHKe ILIAaHUPYEeMbIX Pe3yJIbTATOB.

Il mozo wmobvlL 3HaAYUMeNlbHO PACTINPUTD TUAAKTUUECKIEe BOSMOMKHO-
CTH YPOKa MaTeMaTUKU, YIUTEJIb MOXKET UCNOLb306aMb caedyoujue cped-
cmea UKT: myarvmumeduilnvle (pazmenmyvl. meopemuiecKux mamepua-
7108, 3JEeKMPOHHble JudaKmuiecKue mamepuaJvl, MOO0eLUpPpo8aHUe zeoMe-
mpuueckux @guzyp, 2omosvie npozpammnvie npodykmuvl ( KoMnviomepHbsLe
mpeHnaxcépvl, UHMepaKmueHsle Kypcol, koanrekyuu SOP u dp.). B nomowv
yuumedio npedaazaem mexrnoaozuieckyro kapmy ypoxa (Ilpunosxcernue 1),
Ha komopom ucnoavdyiomecs HKT.

JJ1a yCcIelrHoro OCyIIleCTBJIIEHUSA BHEYPOUYHOU, yUeOHO-UCCIeL0BATEIb-
CKOI M MPOEKTHON MeATEeJIbHOCTH yUalllecs OCYIIEeCTBIAIOT NOUCK HeobxXo-
oumoil ungopmayuu 6 cemu Hnmeprnem, pabomy ¢ d1eKMPOHHbLMU YUel-
HUKAMU U NPUJLOHCCHUAMU K HUM, cO30a0m U pe0aKmupyiom Komnviomep-
Hble npe3eHmayuu, 6e0-cCmpaHuybl.

Hcenoavszosanue cpedcme UKT npu obyuenuu mamemamukre cnocoo-
cmeyem:

* NOBbLULEHUIO UHMepeca K npedmemy, MOmueayul 00yyerus, no3Haea-
meJsbHOZ0 UHMepeca;

* PACWUPEHUIO 603 MONCHOCTMEIL ULCNOJLb30EAHUSL UCMOYHUKO8 UHPOpMA-
yuu;

* c030anUI0 8603 MONHCHOCMElL 01 OUuPPeperyupo8anH020, UHOUBUIYALb-
H020 U JUYHOCTMHO-OPUEHMUPOBAHHO20 00YLeHUS;

* NOBBLLULEHUIO IPPHEeKMUBHOCU AHAJLUI0E Pe3YLbmamos 00y4eru .

ITpumenenue cpenctB UKT B o0yuenun matemaruke opmupyer MKT-
KOMIIETeHTHOCTD yUallliXCs, B Pe3yabTaTe uero ydyariuica HayduTCs:
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OKOHYaHue

* MCIIOJIF30BATh KAJBbKYJIATOP IJIs BEIUMCJICHUIH;

* OCYIIECTBJIATDH PEIaKTUPOBAHNE 1 CTPYKTYPUPOBAHE TEKCTA, UCIIOIb-
3ys CpPeACTBA TEKCTOBOTO peJaKTopa;

* cO3IaBaTh U PeIaKTUPOBATH TAOIUIIHI, NCIOIB3YA CPEICTBA TEKCTOBO-
IO pefaxkTopa 1 peJaKTopa TabJInI;

* CO3aBaTh PaA3JMUHBIE TeOMeTpPUUYecKUue O0BEKTHI C HCIIOJb30BaHUEM
BO3MOKHOCTeIl CIIeNaJbHBIX NHCTPYMEHTOB KOMIBIOTEPHBIX IIPOTPAMM;

+ cos3maBaTh rpaduuecKue 00 bEKThI;

* OCYIIECTBJIATD IToucK nuopmamnuu B IHTEepHeTE;

+ coburronaTh TpeOOBaHUA TeXHUKU 0e30IIacHOCTU IIpU paboTe ¢ yCTpOii-
crBamu UKT.
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IIpuno:xenue 1

TexHonorn4yeckas kapta ypoka N2

Tema ypoka

Tun ypoka

dopmupyemsble MpegMeTHble:
pe3ynbratbl

JINYHOCTHbIE:

MeTanpe,qmeTH ble:

lMnaHupyemeie
pe3ynbrarbl

OCHOBHbIE
MOHATUA

CpegcrBa VKT,
Ucrosib3yemMmbie
Ha ypoke

lMporpammHoe
obecrieyeHue

Obpa3oBatesnbHbie
VHTEepHeT-

pecypcbi
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OpraHusanmoHHAA CTPYKTypa ypoKa

3apaHusi, BbiNoJIHeHue KOTOpbIX

L CpepcTBa
npuBeagET K AOCTUIKEHUIO VKT
Stans! ®opma niaHupyeMbIX pe3ynbTaToB
nposeaeHNs opraHusauum
ypoka ya

Pabouas | Aupaktnuyeckue
TeTpagb marepuanbl

Yye6GHuK

1. OpraHM3auUMoHHbIN 3Tan

2. MocTaHoBKa hopMUpyeMbIX pe3yNbTaToB U 3ajay ypoka. MoTusaums yuebHom
AeATeNbHOCTU yYaLLmMXCs

3. AkTyanmusa-
LMa 3HaHUN

4. N3yvyeHne
HOBOro MaTe-
pvana

5. MepBuyHoe
3aKkpenyeHue
HOBOroO MaTe-
pvana

6. NItorn ypoka

7. Undopma-
LMa o gomMalu-
HeM 3ajaHunun
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MeToanueckue pexoMeHAauum
No OpraHv3almum
y4yeOHO-uccneoBaTeNnbCKOM

M NPOEKTHOM AEeATENIbHOCTH
y4aumxca

ITpoexT — 5TO Buj yueOHOM MesaATeTbHOCTH, HAIIPABJIEHHbBIN Ha pellleHne
KOHKPeTHOI yueOHO-TI03HaBaTEeJIbHOM MPO0JIEMbI, C 3apalee 3allJIAHUPOBAH-
HBIM Pe3yJIbTaTOM.

YuebHo-1CCIegOoBaTEeIbCKad paboTa — 3TO pellleHne NCCIeL0BaTeIbCKOMN
3aJavun ¢ 3apalee HEM3BECTHBIM pPe3yJIbTaTOM, IIpelcTaBJidoIlee co0oil ca-
MOCTOSTEJbHYIO TBOPUECKYIO Pab0Ty, UMUTHUPYIOIIYIO HACTOAIIee HayuHOe
uccJenoBanue (B YaCTHOCTH, O0yYAIOIIHeCcsa YIATCA BBIABUTATh T'MIIOTE3bI U
mpeajaraTh CIoCOObI UX MPOBEPKH, ILJIAHUPOBATEL 1 PaboTaTh MO MJaHy, HC-
KaThb OITHUMAaJIbHBIE U HEeCTaHAZAPTHBIE peIleHus IOCTABJEHHON 3amauyu u
ap.).

YuebHO-MCCIEMOBATENIBCKAA M TPOEKTHAA AEATEJIHHOCTh Ha YPOKaX Ma-
TeMaTUKU HallpaBJieHa:

- Ha IOBBINIEHE MHTEepeca yualinuxcsa K IpeaMeTy, MOTUBAITUU YIeOHOMi
IeATeJbHOCTH, PA3BUTHE IIO3HABATEJILHOU NesATeIbHOCTH;

* pasBUTHE KOMMYHUKATUBHBIX YMEHMIIT;

- (popMHUpPOBaHUE WHCCJIEAOBATEIbCKUX YMEHUI: BBIABIATH IIPOOJIEMY,
CTaBUTD IIeJIU U 3aJaUU UCCJIEJOBAHUA, BbIIBUTATH TUIIOTE3bI;

- (popMupoOBaHUE YMEHHII OCYIIECTBJATHh NJaHUPOBaHNE, CAMOKOH-
TPOJIb, pe()JIeKCHUI0O U cCAaMOAaHAaJIN3 CBOEH esATeJTbHOCTH.

ITpu BEITTOSTHEHN Y YUeOHBIX IIPOEKTOB II0 MaTeMaTHUKe 00yJaroIuiicsa Ha-
YUUTC:

* aHAJIU3UPOBATh (PParMeHThl PadOT YUEHBIX-MaTeMATHUKOB;

* OIIMCBHIBATDH UCTOPUIO MATEMATUUYECKUX OTKPBITHIH;

* OIIEHUBATDH BKJIAJ BBIOAIOINXCA YIEHBIX-MaTEeMaTUIKOB B Pa3BUTHE Ha-
yKH;

* IIPEJCTaBJIATh PE3yJIbTAaThl U3MEPEHNI ¢ IIOMOIILIO TAOJUIl, TPaGuKOB
U BBISIBJIAATH Ha 9TOM OCHOBE SMIIMPUUECKIE 3aBUCUMOCTH;

- paccMaTpUBaTh HPaKTUUECKHEe IPUJIOKEeHUS MaTeMaTHUUYeCKUX B3Ha-
HUINI;

s IPUMEHATL MaTeMaTHuuYecKre 3HaHUA B OLITY U B TEXHUKE;

* AaHAJNB3UPOBATh CBA3bL MaTEeMAaTHUKU C IPYTHUMU €CTeCTBEeHHLIMU HayKa-
MH.
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KpuTtepunm oueHKM NpoeKTHOMN
N y4eOHO-nccneoBaTeNlbCkON AeATENbHOCTU YyHaLLMXCs

1. O6ocHOBaHMe HMpPoOJIeMbI IpoeKTa (MCccaeqoBaHUsA) U IIJIaHUPOBaHUE
CIIOCOOOB €€ pellleHusd.

2. IlocTaHoBKa IteJsieii U 3aJau MCCJEAOBAHUSA, TVIyOMHA PACKPBITUA Te-
MBI IIpOoeKTa (HCccaeoBaHMs).

3. BapuaTuBHOCTH IIPeACTaBJIEHHBIX MCTOYHHKOB MH(pOPMAIUN, METO-
OB HCCJIeJOBAHUS, 1[€JIeCO00Pa3HOCTh UX MCIIOJIb30BAHMIA.

4. Ananus xoma paboTel, GOPMYJIUPOBKA BHIBOJIOB 1 OII€HOK, BHIABJIEHUE
ePCIeKTUB JaJbHEHNIIero uccaeJ0BaHU.

5. OpuUruHaIBLHOCTDH BBICKA3aHHBIX U, peanrns3anusa paruoHaIbHBIX 1
HECTAHJaPTHBIX PEIeHUN.

6. OpopmiaeHE TPOEKTHOTO NpPOAyKTa (pPe3yJibTaTOB MCCJIEIOBAHUS),
KauecTBO MMPOBeJeH s IIpe3eHTaIliun.

7. IIpakTuyecKas HaIPaBJIEHHOCTD ITOJYUYEHHBIX Pe3yIbTATOB.

IIpu oreHKe mIpoekTa (MCCaeL0BaAHUA) CAeAyeT OIeHNBATh IIPEXKIe BCEro
KauecTBO PabOoTHI B I€JI0M, a TaKsKe IIPOsIBJIeHHbIE IIPU 9TOM YMEHUS IIPOeK-
TUPOBAHUSA yueOHOU AeATeJbHOCTA. OTMETUM, YTO YUUTENb MOMKET YCTaHAaB-
JUBaTh M APYyrue KPUTEPUU Ha OCHOBE CBOETO ONBITA M MaTeMaTHUUYeCKOM
HOJATOTOBKHM yUaIlUXCH.
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TexHonorus opraHusaumm npoBegeHus

y4eOHO-1CCNeoBaTENbCKOM U MPOEKTHOW AeATENbHOCTU

IInan opraHM3aMM MPOEKTHOM NeATeJIbHOCTH

(pekomeHpaumn ans yamtens)

Ha3BaHue npoekTa

Lenn npoekTa

lMnaHupyemsbie MpenmeTHsble:

pe3ynbratsl
JINYHOCTHBbIE:

MerTa npeagmMmeTHble:

O0masa xapakTepUCTHKA IIPOEKTA
Tun npoekTa

Buabl gestenbHoCcTH

yqalmxcs

Popma opraHu3aummn

MpogonxnTeNbHOCTb

BbIMNMOJIHEHWA

Pe3ynbTaTt (NpoAyKT)

AeAaTesIbHOCTU

139



IInan peaau3anum IIpoexrTa

STanbl

CopepixaHue 3Tana

JdeatenbHOCTb
yyawmxcs

JeatenbHOCTb
yuutens

1. OpraHusay,

na neaTenbHOCTU

Morpyxe- OnpepeneHuve OGcyxpatoT TeMbI MoTuBupyeT yya-
Hue TeMbl U Lenen npoekTa B rpynne LLMXCA HA NPOeKT-
B NPOEeKT rnpoekTa. (rpynnax) HYIO AefTeNnbHOCTb.
dopmupoBaHue U C yunTtenem PacckasbiBaeT, 4TO
rpynn (rpynnbi) Takoe NnpoekT U Me-
ToA MPOEKTOB.
[TomoraeT B nocra-
HOBKe npobnemsbl.
MomoraeT popmu-
poBaTb rpynny
(rpynnbi)
MnaHupoBa- | OnpegeneHve obb- | PacnpepensitoT 00a- | Oka3biBaeT HeOb-
Hue éMa paboT and KaX- | 3aHHOCTU BHYTpU XOAVMYIO OpraHu-

pou rpynnbl (4ne-
HOB rpynnbl).
CocTaBneHue nnaHa
paboTbi:
onpepeneHune nc-
TOYHUKOB UHGOP-
Maumu;
onpepeneHue crno-
coboB cbopa gaH-
HbIX;
ornpepeneHue cno-
coba npepacrasne-
HUA pe3ynbTaTa;
onpepeneHune Kpu-
Tepues n perna-
MeHTa OLEeHKN
paboThbl

rpynnbi.

Kaxxpgas rpynna Bbl-
OunpaeT Temy pabo-
Tbl U UCTOYHUKWN NH-
dopmaumn.
CocraBnsitoT nnaH
paboTbl Hag Npoek-
TOM.
BbipabaTtbiBatoT
KpuTepuu perna-
MeHTa U OLleHKM
paboThbl

3aUMOHHYIO U KOH-
CyNbTaLMOHHYO
NoMoLLb

2. OcyuwecTBneHve geaTenbHOCTU

Cbop
MHpOopMa-
umn

Cb6op nHbopmauum
pPasnMyHbIMU MeTO-
JaMu: onpoca, Ha-
onogeHus,

BbinonHsoT paboTy
Haj NPoeKkToM

NomoraeT B n3yye-
HUN MHpOPMaLUN.
Habniopaer,
COBeTYyeT.
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HeatenbHOCTb JAeaTtenbHOCTb
ST1anbl CopepxaHue 3Tana
yyawmxcs yuntens
n3y4yeHnNa JOKyMeH- AHanusupyeT rpyn-
Tauum U T. A. nosble B3aMMOOT-
HolleHud

O6obueHre | AHanus NonyyeH- AHanusunpytoT no- KoHTponupyerT, Ha-
pe3ynsTa- HOW MHpOopMaunK, ny4yeHHyto UHGOopP- OntopaeT, coBeTyeT
TOB, NnoAroToBkKa K eé MaLuMio, BbIMOJHSA-
BbIBOAbI npepcraBneHuto 0T opopmMneHne

NpPoOeKTHOW PaboTbl

3. lMpepacraBneHmne pesynsraToB U X OLEHKA

MNpe3eHTa- OTYET yyaCTHUKOB MpepcraensioT Cnywaer, npu He-

uus npoekTa o npopge- npoekT obxoaumocTu 3aga-

naHHomn paboTe &1 Bonpockbl, 0606-

LWaeT, KOMMEHTUPY-
€T BbICTYMNNeHNS

OueHka OueHka koHeyHoro | OueHuBaloT paboTy | YyacTByeT B KON-

npouecca pe3ynbTaTa Konsiek- | KaXgAoro yfieHa NeKTUBHOM aHanu-

W pe3ynbTa- | TUBHOW feaTesb- rpynnbl (kaxaomn 3€e U oLueHKe pe-

ToB paboThl

HOCTW.

AHanns goctmxe-
HUS NOCTaBNeHHOM
uenu.

Pednekcnsa

rpynnbl).
AHanmsunpytoT, Obl-
na nn JocTUrHyTa
noctaBfieHHas
uenb.

MpoBopaaT pednek-
CUIO CBOEN JeATenNb-
HocTu (cM. BnaHk
pednekcmnmn)

3yNbTaTOB MpoekTa.
MpoBoanT pednek-
cmio.

OueHuBaeT CBOO
neATenbHOCTb No
rnegarormyeckomy
PYKOBOACTBY Aesi-
TeNbHOCTbIO AeTen
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Kapra olleHKH IPOEKTHOM AeATeJIbHOCTH

Ha3BaHue npoekra

Tpynna

Camo-
MapameTpbl *
oLieHKa

B3sanmo-
oueHka”

OueHka
yuntens”

CpepHun
6ann

BbinonHeHMe paboTbl Mo NpoekTy

MaTemaTunyeckasa TOYHOCTb

OdopmneHne pesynsTaTtoB NpoekTa

KauyecTBO NpepcTaBneHus pesynsraTos
(aHanu3 BbicTynneHms)

NToroBbiv 6ann

* OueHWBaeTcs No NATUOANNLHOM CUCTEME.

Baank peduekcuu

Bonpoc

OTBeT

1. NMoHpaBWnockL N1 BaM y4acTBOBaTb B NPOEKT-
HOW peaTenbHOCTU?

2. Kakow 3T1an paboTbl Hag NPOeKTOM oKasarcs
Ong Bac caMblM MHTEPECHbIM?

3. Kakori 3tan paboTbl Hag NPOeKTOM oKa3ancs
AN BaC caMbIM CJIOXHbIM? Novemy?

4. Kakvie 3HaHWS Bbl MONy4Ynnv B xoge paboTbl
Hapg NpoekTom?

5. [JoBOJIbHbI NN Bbl CBOMM y4YacTnem B paboTe
rpynnbl (ecnu HeT, To noyemy)?

6. Kak Bbl oLeHUTe B3aMMOOTHOLLEHUS B Ba-
Wwen rpynne Bo BpeMs paboTbl Hag NpoekTom?
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