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OT aBTOpOB

JaHHOE MeToAUYEeCKOe IT0co01e apecoBaHO YUUTEAM, pab0TAIOIIIUM II0
yueOHUKY «Asrebpa. 9 Kiacc» aBTopoB A. I'. Mepsaaka, B. M. Ilonakoga.

ITens mocobUss — MOMOUB yUMTE 10 Hanboaee dhHEeKTUBHO OPTaHU30BBI-
BaTh, OCYIIIECTBIATHh U KOHTPOJMUPOBATH YUEOHBII IIPOIlecc Ha YPOKax ajre-
OpbI B 9 KJacce ¢ yIVIyOJIEHHBIM U3yUeHIeM MaTeMaTUKN.

B paspene «IIpumepHOe moypouyHOe IMJIaHUPOBAHNE YU4eOHOTO MaTepua-
Jia» IIpeJICTaBJIEeHO pacIipeiesieHrie yueOHOTO BpeMeH ! 10 N3yYaeMbIM TeMaM
B IByX BapuaHTax (5 uacoB u 4 yaca B HeJeJI0).

Paznen «Opranuzamusa yueOHOM TeATEIbHOCTH» COCTOUT U3 TEXHOJOTU-
YeCcKMX KapT II0 KayKJI0l TeMe Kypca, 3a UCKJII0UeHrneM KOHTPOJIbHBIX padoT.
B rexmosiormueckoit KapTe 0603HAUEHBI IIJIAHUPYEeMbIe Pe3yJIbTaThl, OCHOB-
HbIE IOHATUA, N3yJaeMble HA YPOKe, a TaK)Ke TaHbl METOAUYECKe KOMMEH-
Tapuu K TEKCTY COOTBETCTBYIOIero mnaparpada yueGHUKA U HEKOTOPBIM
YIpasKHEHUIM.

Pasnen «KoHTpoasHbIEe pa00THI» COCTOUT U3 8 KOHTPOJbHBIX PabOT B CO-
OTBETCTBUU C KaJeHAAapPHBIM ILJIaHUPoBaHMeM. Kaxkmaa paboTa COmEpKUT
4 papuanTa. Takoil oOIIMPHBIN MaTepraJ IOMOKET VUUTEJII0 OPrain3oBaTh
00BeKTUBHBIH 1 3(hHEKTUBHBIN KOHTPOJIb 3HAHUI.

B pazmene «Meroguueckue peKOMeEHIAIIMHN IO OIlEHKE 00pa30BaTeJIb-
HBIX JJOCTUKEHUH YYAIUXCA» IPEICTABIEHBI METOABI KOHTPOJISA B yYeOHOM
mpoiiecce.

B paspene «Meroguueckue pexomenmanuu mo gopvmupoBanuro UKT-
KOMIIETEHTHOCTH yYalIuXcs» IIpejaraeM TeXHOJOTUUYECKYI0 KapTy YPOKa,
Ha KoTopoM ucrnoabsyiorca UKT.

B paszgmen «Mertognuyeckue peKoOMeHIAIUU 110 OPTaHU3AIMN YIeOHO-HC-
CJIeTOBATEJHCKOM U MPOEKTHOM eATEeIHbHOCTH YUYAITUXCA» BKJIIOUEHBI TEX-
HOJIOTUYECKUEe KapThl OPraHM3aIly ¥ IPOBeNeHUus yueOHO-1CcCcieJoBaTeIb-
CKOM ¥ MPOEKTHOU JIeATeJTbHOCTH, KPUTEPUH OIeHKHU dTON AeATEeTbHOCTH.
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Opranmsaumsa y4eOHOM feATeNnbHOCTH

masa 1. KBagpatnyHasa pyHKUuUS

§ 1. dyHkuua

TexHonormn4yeckas kKa pPTa ypokoB

bopmupyemsbie

pe3ynbTatsbl

lMnaHnpyemsbie

pe3ynbTatsbl

OcCHOBHbIE
MOHATUA

lpeametHble: GopMMPOBaATb YMEHUS 3adaBaTb QYHKLUMIO; Ha-
XoAnTb obnactb onpegeneHns GyHKUUK, 3HaYeHne dyHKLMH,
3Ha4yeHue yHKLMN B TOUKe, 06s1acTb 3HaYeHUst hyHKLMN; CTPO-
UTb rpaduk GyHKUUN.

JIn4HOCTHbIE: hopMMpOBaTL MpeacTaBleHne o maTteMaTuye-
KoM Hayke kak cdepe mMaTeMaTUveckowm AedTenbHOCTU, O eé
3HAaYMMOCTU ANSl PA3BUTUS LUBUNN3ALUN.

MertanpeameTtHbie: GOpMUPOBaTbL yMeHWe BUAeTb MaTeMaTu-
Yyeckylo 3ajadvy B KOHTEKCTe NpoOneMHON CcuTyaumm B ApYyrux
OVCLMMIIMHAX, B OKPYXatoLen XXN3HMU.

Yyawmmnca HayuuTcs 3afjaBaTb (DYyHKUMIO; HaxoauTb obnactb
onpepeneHns GyHKUUN, 3HaYeHne DYHKLUUN, 3HaYeHne dyHK-
UMM B Touke, obnactb 3HayYeHUs yHKUMKN; CTPOUTb rpadurk
dyHKLUUN.

dyHKLMSA, He3aBUCMMas MepemMeHHas, 3aBUCMMas MnepemeH-
Hasl, aprymeHT yHKLUMKN, 0bnacTb onpegeneHunst hyHKUUK, 3Ha-
YyeHue GyHKUMK, 3HaYeHNE dYHKLUUM B TOUKe, 06nacTb 3Haue-
HUS1 DYHKLMMK, YnCioBas, oTobpaxeHne MHoxecTBa X Ha MHO-
XecTBo Y, B3aMMHO OfHO3Ha4yHoe oTobpa)eHne MHo)ecTBa X
Ha MHOXecTBO Y, cnocob 3apaHus GyHKUMKM, ONMcaTeNbHbIN
cnoco6 3apaHus dyHKUMK, dyHkUuMa Oupuxne, ApobHas YacTb
yucna, CUrHyM, KyCOYHO 3apaHHasa yHKUMSA, aHanUTU4eckum
Ccnocob 3afjaHusa pyHKLMN, rpadurK Y1CIOBON YHKLIMN,

3apgaHus

ana dopMmnpoBaHusa

npegMeTHbIX
pe3ynsraToB

3apgaHus
ansa
rnoBTOpeHus

3apaHus
Ans KOHTpons
1 KoppeKuumn
npepmMeTHbIX
pe3ynbraToB

3apaHus
ans
JOoMallHen
paboTbi

Ypok 1

1.1, 1.
1.7,

2,1.3, 1.5,
1.

1.49

1.4, 1.6,
1.9




OKoHYaHune

3apaHunsa
3apaHusa 3apaHusa
3apaHus ANSl KOHTpONSA
Ans opMmmpoBaHus ons
onsa 1 KoppeKkun .
npeamMeTHbIX AOMalLUHeNn
noBTOpeHus npeaMeTHbIX
pesynbraToB pabotbi
pesynbsTaToB
Ypok 2 1.10, 1.12, 1.14, 1.50 1.11, 1.13,
1.15, 1.17, 1.18, 1.16, 1.19,
1.20, 1.22, 1.24, 1.21, 1.23,
1.26, 1.27 1.25, 1.28,
Ypok 3 1.29, 1.30, 1.32, CamocTonaTenbHas 1.31, 1.33,
1.34, 1.36, 1.38, paboTta N2 1: 1.35, 1.37,
1.40,1.42,1.43, Ne1,2(1),3,5 1.39, 1.41,
1.44, 1.46, 1.48 1.45, 1.47

MeTO,III/I‘IeCEI/Ie KOMMEHTApHUHN

Csenenus, IpuBeAEHHBIE B 9TOM maparpade, He HOBBI AJA yJaluxcs.
B kacce ¢ yriiy0/I€éHHBIM M3yUeHUEM MAaTeMAaTUKU CJIeAYeT COeJaTh aKIleHT
Ha MCIIOJb30BAHUY TEOPETUKO-MHOKECTBEHHOTO TIOAX0/Ia TP ONpeeeHU N
dyurnuu. [ITpu moBTOpeHUU caenyeT o6paTuTh ocoboe BHUMAaHUEe Ha MOHA-
TUsE 006JIaCTU OIpeesieHns 1 00JacT 3HaUeHU N GYHKINHT, a TaK:Ke 3alucu
9TUX MHOMKECTB C TIOMOIIbIO YMCJIOBBIX ITPOMEIKYTKOB U UX O0beINHEeH! .

BasKHBIM HOBBIM MATEepPHAaJIOM B 9TOM maparpade ABIsSeTCs onpeIesieHre
B3aMMHO OJHO3HAUYHOTO OTOOpAaKeHUsI OJHOTO MHOXKecTBa Ha apyroe. Ilo-
CKOJIBKY [ajiee 9TO IOHATHE OymeT IINPOKO MCIIOJb30BaThCsS, HAIIPUMED,
IpU BBEAEHUU IMOHATHUA 00paTHON (PYHKIIMU U IPU JOKa3aTeJbCTBE PABHO-
MOIITHOCTH MHOJKECTB, TO yUallluecs JOJIKHBI XOPOIIIO eT0 YCBOUTbD.

B kauecTBe mpuMepoB (pyHKIIUMN, 3aJaHHBIX ONHKCATEJIbHO, B Iaparpade
MIPUBOAUTCS PAL QPYHKI[UII, KOTOPbhIE IIIUPOKO NUCIIOJIb3YIOTCA B MAaTEMaTUKe
U mporpamMmmupoBaHuu: GyHKIuA Jupuxie, «ijejas 4acTh YUCIa», «IPO0-
Has YacThb YHCJIa», «3HAK YHCJIa».

ITpu BBeleHMY HOBOTO MOHATHUA «CJIOKHASA QYHKIIUA» cIeqyeT O0paTUTh
BHUMAHUE YUAIIUXCSA Ha TOPAJOK BBITIOTHEHUA JeHCTBUN TPU BHIYNCIEHUN
3HAUEHUN TaKou GPYHKIIUN. YMEHNE IOCTPOUTD «IePeBO» aJIropuTMa, Io Ko-
TOPOMY HAXOAUTCS 3HAUEHUE CJOMKHON (QyHKIUU, OydeT HEOOXOAUMO AJIS
pelieHus 3ajad, HAIIpUMep, HA TOCTpoeHUWe rpapuKa CI0KHON (PYyHKIINH,
Ha BBIUYUCJEHNE ITPOU3BOIHON CA0KHON PYHKITUYA U T. TI.

ITpu pemrernn 3agad, B KOTOPBIX TpeOyeTca HAaWTH 00JIaCTh OIIPeIeJIeHU A
dyHKIUU, ucnoabsyercsa marepuaa § 10 «HepaBencrsa ¢ oqHOU IIepeMeH-
HOM. YucaoBble npoMekyTKU» U § 11 «CucTeMbl 1 COBOKYIHOCTHU JIMHEI-
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HBIX HEPaBEHCTB C OJHOU IIepeMeHHOIi» m3 yueOHuKa «Ajredpa. 8 Kiacc»
aBTopoB A. I'. Mepanaka, B. M. IlonakoBa. Eciu yuamiumces O6yzer He oude-
BUIHBIM XOJI PEIIIeHUA 9TUX 3a4aU, TO CJeayeT o0paTUTh UX BHUMAaHMe Ha TO,
YTO Ka’KJoe M3 BBIPAKEHUI, 0 OTAEJbHOCTU BXOAMAINUX B IIPABYI0 YacThb
dopmyJibl, KOTOPOM 3amaHa MYHKIIUA, JOJKHO UMeThb cMbIcja. [loaTomy 06-
JacTh OIlpefesieHnsa (PYHKIIUM HAXOASAT HA OCHOBAHMHM aHaM3a objacTrei
oIpesieJIeHUA BCEX BBIPAKEHUU, KOTOPble HAXOAATCA B mpaBoi yactu. Ilo-
HATHO, YTO UMEEeT CMBICJI aHAJIN3UPOBATDH TOJIBKO T€ BhIPAKEHUI, Y KOTOPBIX
00J1aCTh OIpeeIeHns He paBHA (—oo; +oo), M3 TaKUX BBIPAKEHUUN YUAIITIMCS
IOKa UTO 3HaKOMBI TOJIBKO ajiredbpandecKkre 1poou (¥ KOTOPHIX 3HAMeHaTe b
He ABJIAETCA HYJIb-MHOTOUYJIEHOM) U KBaJIpaTHbIe KOPHU (Y KOTOPBIX ITOJKO-
PeHHoe BbhIpaskeHue JOJIJKHO ObITh HEOTPHUITATeIbHBIM).

KovMMeHTapuu K ynpaskHeHUSIM

Ne 1.30—1.32. CireayeT yuecTb, 4TO 00JIaCThIO 3HaUeHUH pyuriuu [upuxie
SABJISETCSA IBYX3JeMeHTHOe MHOKecTBO {0, 1}.
Ne 1.37. BocnonbayiiTech TeM, 9To ecau X € Z, To x2 = r (mod 3) TOILKO Ipu
re {0, 1}.
Ne 1.40. ITogcTraBbTe B JaHHOE PABEHCTBO BMECTO X BEIPAYKEHIIE % + % IToy-
yum f(x) = Ea Z

3 3
Ne 1.41. ITogcTaBbTe B JaHHOE PABEHCTBO BMECTO X BhIpaskeHue —x + 4.

§ 2. Bo3pactaHue u yo6biBaHMe chyHKLMMN.
Hanbonblwee U HaMMeHblLUee
3Ha4YeHMA pyHKUUN

TexHONornyeckas KapTa ypokoB

Qopmupyembie  lMpeameTHbie: GopMMpPOBaTh YMEHUE HaxoanTb HyNb GYHKLMN,

pe3ynbTarTsl NMPOMEXYTOK 3HAaKOMOCTOSHCTBA (PYHKLMU, MPOMEXYTKM BO3pac-
TaHWUs N yObIBaHWS, Hanbosbluee N HaMMeHbLIee 3HaYeHUs hyHK-
urm onsa pyHKUWIA, 3aaaHHbIX rpaduyeckn U aHanuTUYeckun.

JInyHOCTHbIE: CbOpMVIpOBaTb MHTEpeC K N3y4eHUIO TEMbI N Xe-
NnaHune NpUMeHATb I'IpVIO6peTéHHbIe 3HaHUA N YMEHUA.

MertanpegmeTHbie: GOpMUPOBaTb YMEHNE COOTHOCUTb CBOU
OeNCTBUS C MTaHUPYeMbIMWU pe3ynbTaTaMu, OCYLLECTBNATh KOH-
TPOJib CBOEN AeATENbHOCTM B NpoLecce JOCTUXEHUS pe3ynkTaTa,
onpepensitb CNocodbl AENCTBUI B paMKaX NpeasioXeHHbIX ycio-
BUI U TpebOBaHMN, KOPPEKTUPOBATL CBOW AENCTBUS B COOTBET-
CTBMW C U3MEHSIIOLLENCS CUTyaLmnen

11



lMnaHvpyembie  YHalMNCA HayuynTCa HaxoguTb HyNb (YHKLUKU, MPOMEXYTOK
pe3ynbraTbl 3HaKOMOCTOAHCTBA (hYHKLMW, MPOMEXYTKWN BO3pacTaHus 1 yobl-

BaHWUA, Hanbonbllee U HaMMeHbllee 3HayeHus prHKLI,I/IVI ana
quHKLI,VIIZ, 3a4aHHbIX Fpaq:\l/l‘-IeCKl/l N aHaNNTU4YeCKW.

OcHoOBHbIE Hynb ¢yHKUMK, NPOMEXYTOK 3HaKOMOCTOSIHCTBaA (QYHKLUUMK,

rNMOHATUA

Bo3pacTatowwas dyHkuUus, yobiBaowas hyHKLMS, MPOMEXYTOK
BO3pacTaHusl GYHKLUUU, NPOMEXYTOK YyObiBaHUS (yHKLUU,
CBOWCTBA BO3pacTatollen dyHKLUUKM, CBOMCTBa YyObIBaloLEN
yHKUMN, Hanbonbluee 3HaYeHMEe PYHKLMN, HAMMEHbLLEe 3Ha-
yeHUe PyHKLUN.

3apaHusa
3apaHus 3apaHusa 3apaHusa
Ans KoHTpons
ons hopMupoBaHus ans 1l KoppeKLMM ans
npegmMmeTHbIX noBTope- npe pl\rI:ETHbIX JJ,OMaLUHeI?I
pe3ynbraToB Hna p|:3§nb'ra1'os pa6otbl
Ypok 1 2.1,2.3,2.5,2.6 2.2,2.4,
2.7
Ypok 2 | 2.8,2.10, 2.12, 2.14, 2.49 2.9, 2.11,
2.15, 2.17, 2.19, 2.13, 2.16,
2.20 2.18, 2.21
Ypok 3 2.22,2.23, 2.25, 2.24,2.27,
2.26, 2.28, 2.29 2.30
Ypok 4 2.31, 2.33, 2.35, 2.50 2.32,2.34,
2.37,2.39 2.36, 2.38,
2.40
Ypok 5 2.41,2.43, 2.44, CamoctoaTenbHas 2.42,2.45,
2.46, 2.48 paboTa Ne 2: 2.47
Ne1,2, 3,4

MeTroauuyecKkue KOMMEHTAPUH

IloraTua «HynAb QYHKIIUU», «IPOMEKYTOK 3HAKOIIOCTOSAHCTBA (PYyHK-
IUN», «Bo3pacTalolnas 1 yobIBamoIiasa GyHKIIUN» , «IIPOMEKYTKH Bo3pacTa-
HUA 1 yObIBAHUA (DYHKIITUM» BBOASATCS C IIOMOIIBIO AIleJIIAIIUN K IPaukry,
HO IIPU 9TOM JAIOTCS CTPOTHE olrpenesieHusa. Iloka uTo yuarimecsa He IMEIOT
MaTeMaTHU4YeCKOr'o amnmapara AJd IIOMCKa 3TUuX CBOIICTB Y AOBOJIBHO IIINPOKO-
ro KJiacca (DyHKITUI.
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ITosTomy B 3amauax K JaHHOMY Imaparpady oT ydaiuxcs TpedyeTcs Ha-
XOAUTDH 9TH CBOMCTBA HA OCHOBAHUU JAaHHOTO rpadpuka GyHKINHU; YMETDb J0-
KasbIBaTh 9TH CBOMCTBA AJIA HEKOTOPHIX (DYHKIIUH, M3BECTHBIX UM U3 IIpe-
IBIAYIIUX KJIACCOB, HA OCHOBAHUU omipeleseHusd. Hanmpumep, BospacTaHue
(yObIBaHME) QYHKIIUU OTIPEEJIAETCA HA OCHOBAHUM HAXOXKIeHNA 3HAKA pas-
HOCTU MKy 3HAUeHUAMU (QYHKIIUH AJId JIIOOBIX JBYX apryMeHTOB.

B yueGHUKe IPAMO He YKa3bIBAETCS, UTO I/ HaXOKIeHUA HYJIel QyHK-
WU cJIelyeT MPUPABHATH IPAaBY0 4acTh (pOpMYJIbI, KOTOPOIi 3amana QPyHK-
Mus, K HyJIO U PEIIUTh HOJyUYeHHOe YpaBHeHNe. YUaliuecsa JOIKHBI CaMO-
CTOATEJILHO CEeJaTh 3TOT BHIBO/I.

Yuarmmecsa JOIKHBI IOHUMATh, UTO 3aJa4a O IOUCKEe ITPOMEKYTKOB 3Ha-
KOIIOCTOSTHCTBA M IIPOMEKYTKOB MOHOTOHHOCTH (ZDYHKIIMM IIOJPa3yMeBaeT
IOUCK IIPOMEKYTKOB MaKCUMAaJIbHOU IJINHBI, HA KOTOPBIX (hyHKIMA obsiazna-
eT YKa3aHHBLIMU CBOMCTBAMU.

Teopembr 2.5 u 2.6 u caeacTBUe U3 TeOpeMbI 2.5 IIPegoCTaBISIOT MaTeMa-
TUYECKUU ammaparT AJis PellleHus Psafa YpaBHEHUH, MO3BOJAA, HMOJIb3YsICh
XapaKTepoM MOHOTOHHOCTH (GYHKIIMU, IEPENTU OT CJIOKHOTO YPaBHEHU K
CYIIIeCTBEHHO 0oJiee IIPOCTOMY.

IIpu paccmorpenunm npumepa 4 y ydaimmxcAd MOKET BOSHUKHYTH €CTe-
CTBEHHBII BOIIPOC O TOM, KaK Oo0Hapy KeH KopeHb X = 1. B aTom ciayuae Hamo
pPasbACHUTD, UTO B IIEPBYIO oUepeab HAAO MOKAa3aTh, UTO JAaHHOE ypaBHEHUe
umMeeT He 6oJiee ONHOTO KOpHA. [lajiee yuariuecs JOIKHbBI IOHATH, UTO MOIIBIT-
KU Ipeo0pasoBaHUA YPaBHEHUA ero He YIIPOIIAIoT, a, Ha000pOT, YCIOMKHAIOT.

B zamauax (B wacTHOCTHU, B 3aJauax Ha HAXOMKIeHUe HYJeH (QPyHKIIMIN)
BcTpeuaroTca GyHKINU, 00JIACTD OIIPEIEJIeHUA KOTOPBIX He PaBHA (—oo; +o0).
Cnexzyer 0o0paTuTh BHUMAaHMWE ydYaIlMXCA HA TO, YTO CBOMCTBA (DYHKIIUH
MOJKHO MCKAThb TOJBLKO Ha 00JacTH onpeeaeHus GyHKITUN.

Beogss moHATHMA HambGOJBINIEr0O W HAWMEHBINIEro 3HaYeHUil (GyHKIUH,
BayKHO HMOAUEPKHYTH, UTO 9TH XaPaKTEPUCTUKU HEIIPEeMEeHHO HAaJ0 CBSA3bI-
BaTh C HEKOTOPBHIM MHOKecTBoM. O6o3HaueHnA Tuna max f(x) uiu min f(x),
B KOTOPBIX HE YKas3aHO COOTBETCTBYIOIee MHOXKECTBO, ABJIAIOTCA HEKOP-
PEKTHBIMMA.

CrenyeT o0paTUTh BHUMAaHMWE YUAIIIUXCS, UTO B OIPEAEJIeHUN HANOOIb-
I1eT0 ¥ HAWMMEHBINero 3HaUeHU# (QYyHKIIUU (PUTYPUPYIOT HECTPOTUEe Hepa-
BeHCTBA [ (x,) = [ (x) u [ (x,) < f(x). BameHa 5TUX HEPABEHCTB CTPOIUMHU IIPU-
Bejia OBl K TOMY, YTO MHOTVe (QyHKIUH IepecTasu ObI JOCTUTaTh HAMbOOJIb-
mux (HauMeHbIINX ) 3Hauenuil. Hanpumep, GyHKIuA [ (x) = x2 Ha MHOKecTBe
M =(—1; 1) He gocTuraeT HaMOOJBIIIETO 1 HANMEHBIIIETO 3HAYEeHUH.

JJia HaTVIIAHOCTHU CJIeyeT COIPOBOAUTEL UBJIOMKeHUne rpapuKaMu PyHK-
muii. Takske B KadyecTBe WJIIIOCTPAIIUU KeJaTeJbHO HPUBECTH IIPUMEPhI
byHKIUH, ABIAIONINECA KOHCTAHTAMU HAa HEKOTOPOM IIPOMEKYTKE.
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KoMmMmeHnTapuu K ympaskHeHUSIM

Ne 2.32. 13 Teopembl 2.5 ciaenyer, 4To gaHHASA PYHKIIUA JOJKHA MMETh He
6oJiee OTHOTO HYJIA.
Ne 2.33—2.34. l300pasure cxeMaTUYHO IpapuK JaHHON QYHKI[UN.

Ne¢ 2.36 (3). JleBaa yacTh ypaBHEHUA HAa MHOMKECTBE [i, oo) 3a/aéT Bo3pacTa-

IOMTYI0 QYHKIIHIO.
Ne 2.39. BocmosbsoBasmucs HepaBercrsoM |al — bl < la — bl, moxyuaem, uto

lx +1] —|x| < 1. Bmecre c Tem vxt +1 > 1.
Ne 2.40. meem: |x + 1] +|x+ 2/ > 3, a V9 — x2 < 3.

§ 3. YéTHble n He4yéTHble (hyHKUMN

TexHoNorMyeckas KapTa ypokos

®opmupyembie lMpeametHbie:. GOPMMPOBaTL YMEHME UccneoBaTh QYHKLMIO
pe3ynbrartsl Ha YETHOCTb N HEYETHOCTD.

JInyHocTHble: hopMUpoBaTb ymeHue GopmynmpoBaTb cob-
CTBEHHOE MHEHMUe.

MeTtanpeametHbie: GOpMUPOBaTb YMEHUS OoNpeaensiTe MOHS-
TuA, co3gaBaTb 0600LWEeHMs, yCTaHAaBAMBATb aHaNormMm, Knaccum-
bUUMpPOBaTb, CAMOCTOATESNIbHO BbIOMPATb OCHOBaHMUSA U KpUTe-
puu ans Knaccudmrkaumm.

lnaHvpyembie  YHalMncs Hay4ymTcs uccnefoBaTb PYHKLUMIO Ha YETHOCTb U He-

pe3ynbraTbl YETHOCTb.
OCHOBHbIE YéTHaa pyHKUMA, HEYETHAA PYHKLNSA, MHOXECTBO, CUMMeETPUY-
MoHATHS HOe OTHOCUTENbHO Havyana KOOPAWHAT, CBOMCTBA YETHOM (YHK-

LMW, CBONCTBA HEYETHOM (PYHKLMU.

3apaHusa 3apaHusa 3ananusa
1191 hOpMUPOBaHNS ns ANS KOHTpons 3apaHusa
A pMup A N KoppeKkuu Ong goMallHen
npepMeTHbIX rnosTope- NPeAMETHBIX paboTbl
pesynbsratoB HUA pesynbTaTos
Ypok 1 3.1,3.2,3.4,3.6 3.25 3.3,35
Ypok 2 3.7,3.9, 3.11, 3.13, 3.26 CamoctoatenbHas | 3.8, 3.10, 3.12,
3.15, 3.17, 3.19, paboTta Ne 3: 3.14, 3.16,
3.21, 3.22, 3.23, 3.24 Ne1,2,3 3.18, 3.20
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MeTonuuecKkue KOMMEHTAPUU

B yuebHMKe NPUHATHI TaKue OIpPeJeJeHUs YETHON M HEeUETHOH (PyHK-
Ui, B KOTOPHIX B ABHOM BHUJ€e He YKa3aHO0, UYTO 00JIACTD OIIpeeeHuA PyHK-
MUY JOJI’KHA OBITh CUMMETPUYHON OTHOCUTEJIHLHO Hauajia KOOpAUHAT. OTOT
daxT ciemxyer u3 TOro, uTo paBeHCTBO f(—x) = f(x) (iubo f(—x) = —f(x)) BbI-
TOJTHAETCA IJIs JII000T0 X U3 00JacTu ompeaeaeHusa QyHKIUU. I[losgcHeHUO
5TO¥ 0COOEHHOCTH CJIEYET YIEJIUTh OTAeJIbHOE BHUMaHME. YUaIuecs oMK
HBI CIIeJIaTh BBIBOJ, UTO IIPU MCCJeAOBaHUN (QPYHKIIMU HA YETHOCTH IIEPBBIM
IaroM OOJIKEH OBLITh aHaJMU3 TOTO0, SABJSIETCS Ji 00JIaCTh OIIpeleseHus
GYHKIINY CUMMETPUYHOM OTHOCUTEIHLHO Hauaia KOOPAUHAT.

Yuaruecsa IOJKHBI YMeTh HCCJIeLoBaTh (PYHKIINIO HA YETHOCTH KaK Ha
OCHOBaHWMU ONIpeleJIeHNIT, TaK U C UCIIOJIb30BaHUEM TeopeM 3.3 u 3.4.

YTBep:KIeHe TeOpeMbl 3.5 COBEPIIIeHHO HeoueBUAHO. EcTecTBeHHOI pe-
aKI[Mel yuyamuxcs OyAeT HOIbITKA HANTH IPUMeEPhI PYHKITHAHA, OIS KOTOPBIX
OCYIIIeCTBUTD OIIMChIBaeMOe IIPeICTaBIeHne HeBO3MOXKHO.

ROMMEHTapI/II/I K yIIpaKHEHUAM

Ne 3.11. ITycts £(0) = a. I[lockoabKy f — HeuéTHasa pyHKIUsA, To f(—0) = —a.
Ho f(-0) = £(0). ITonyuum, uto f(0) =a u f(0) = —a, 1. e. a = —a. Orcoga
a=0.

Ne 3.12. B sagaue 3.11 66110 MOKasauo, uto ecau 0 € D(f), To £(0) =0. Same-
THM, 4TO €CJIM YKCJIO X # 0 ABIsAETCA HYJIEM HEYETHON DYHKIMU, TO YUCIO
—X, TaKsKe sABjiAeTcA e€ HynaéMm. CieoBaTesbHO, BCEe HYJIM HEYETHON PYHK-
Y MOXKHO pPa30ouTh Ha napel. 3HauuT, ecau 0 € D(f), To HeuéTHaA PYyHKI[UA
“MeeT HeUE€THOe KOJMUECTBO HYJe.

§ 4. NocrpoeHue rpapukoB PyHKLUMNA
y =Ekf(x) ny =f(kx)

TexHONornyeckas Kapta ypokoB

Popmupyembie  lpeameTHble: GOPMUPOBATL YMEHUSA CTPOUTL rPadPuKM dyHK-
pe3ynbTatbl un y = kf (x) n y = f (kx).
JInyHOCTHBIE: POPMUPOBATL MHTEPEC K N3YYEHUIO TEMbI U XKe-
naHve NPUMEHSTb NPUOBpPETEHHbIE 3HAHWUS U YyMeHMS.

MertanpegmetHbie: ¢GopMUPOBaTb YMEHUE COOTHOCUTb CBOU
OeNCTBUS C MNaHMPyeMbIMW pe3ynbsTaTaMu, OCYLLECTBNATb KOH-
TPOJb CBOEW AeATENbHOCTU B NMpoLecce AOCTUXKEHUS pe3ynbTa-
Ta, onpenensaTb CNocobbl AEACTBMA B paMKaXx MpepsioXXeHHbIX
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lMnaHnpyemsie

pe3ynbTatsbl

OCHOBHbIe
MOHATUSA

yCoBUIN 1 TpeboBaHUM, KOPPEKTUPOBATL CBOWN AENCTBUS B CO-
OTBETCTBUM C U3IMEHSIOLLENCS CUTyauuen.

Yyawumca HayumTcs cTpouTb rpadukm dyHKuMm y = kf (x) m
y = f (kx).

MNMocTpoeHue rpaduka pyHkUMM y = kf (x), pactsaxeHune rpadu-
Ka ¢yHkuum y = f(x) B k pa3 oT ocn abcumce, oxatue rpaduka
dbyHKUMKM ¥y = f(x) B % pa3 Kk ocu abcumcc, npeobpasoBaHue

CMMMETPUN OTHOCUTENBHO ocn abcumce, Nnapabona, BepLlwnHa
napabonbl, noctpoeHue rpacduka byHkunm y = f(kx), okatme
rpacduka byHkUMKM y = f (x) B £ pa3 K OCM OpAMHaT, pacTsxkeHue

rpaduka dyHkumMn y = f(x) B % pa3 oT ocn opAnHaT, npeobpa-

30BaHNe CMUMMETPUN OTHOCUTEJIbHO OCKN OpAUNHAT.

3apaHus
3apaHus 3apaHus 3apaHus
DN KOHTpons
ans popmMmupoBaHus ansa 1 KoppeKLN onsa
npeaMeTHbIX nosTope- nbe pI\F;eTHbIX OomMalluHen
pesynbraToB HUs pisgnb'ra'ros pa6otbi
Ypok 1 4.1,4.3,4.10,4.12 4.18,4.19 42,44,
4.11,4.13
Ypok 2 45,4.7,4.9,4.14, 4.20,4.21 CamocToaTenbHas 4.6,4.8,
4.16 paboTa Ne 4: 4.15, 4.17
Ne 1,2,4 (1)

MeroauuyecKkue KOMMEHTAPUH

JroT naparpad BoepBble BHAKOMUT yUYaIl[NXCA C IPe0OPa30BaHUAMU I'Da-

(GUKOB QyHKITUIA.

IIpaBusa mocTpoenusa rpadukoB GyHKIUMN, chopMyINPOBaAHHBIE B Iapa-
rpade, OCHOBaHBI HA TOM, UTO MEXKY ToOUuKaMu IrpadukoB GyHKIuH Yy = [ (x)
u y = f (kx) ycTaHOBJI€HO B3BaUMHO OJHO3HAUHOE COOTBETCTBUE.

Hma raIoro m3 KOHKPETHBIX IIpeoOpasoBaHmMil rpadmKoB (QyHKIHUM,
KOTOpBIe OYAYT PACCMOTPEHBI Jajiee, 00IIasa Uaes TaKoBa: BHAUYaJe COCTaB-
JseTca Tabauila 3HaYeHUH HEeKOTOPOU (PYHKITMU, XOPOIITO M3BECTHOW yda-
IUMCH, U CTPOATCA TOUKU I'pad)mKa, COOTBETCTBYIOIINE 3TON TabImIe; 3a-
TeM BBIIOJHAETCA IIpeoOpasoBaHme Kamaoi Touku rpadura. Takum obpa-
30M, ydaIlnuecsd IIOJyd4aloT HariIdgHOe IIpefcTaBJeHNe O CYILIHOCTU ITOTO

16



npeobpasoBanus. 3aTeM BBITIOJHsSIETCS 6oJsiee (poOpMaibHOE JOKa3aTeaIbCTBO:
HCCJAeAYyIOTCS KOOPAUHATHI MIPOU3BOJILHONM TOUKU U €€ o0pasa IIpU JAaHHOM
npeoOpa3oBaHUMN.

BuauaJsie mocTpoeHue rpadurka GyHKIuu y = kf (x) uccienyercsa ToJb-
KO OJs IOJOKUTeJbHBIX k. Ilepexonm K oTpuiaTelbHbIM 3HAUYEHUAM k
IpeACTaBJIeH B BUIe IOCJIEI0BATEILHOTO BLIMOJHEHUA JBYX ITpeobpasosa-
uuit: y = |k|f (x) u y = —f(x) ¢ ©CIOJNIB30BAHNEM CUMMETPUM OTHOCUTEIHHO
ocu abciuce. COOTBETCTBYIOIIME ATAIIbI CJIEAyeT IPOUJIIIOCTPUPOBATD PU-
cyHkamu. [IopsgoK BBITIOTHEHUA 9TUX JABYX IpeoOpasoBaHUil HEe MMeEeT
3HAUYEHU .

B maparpade BBOZATCA HOHATHUA «CiKaTHE K OCHU» U «PACTIKeHHe OT
ocu» B KakKoe-TO KoamuecTBO pas. Cienyer oOpaTuTh BHUMaHUe Ha TO, Ka-
KUM 00pasoM B 3aBUCHUMOCTHU OT UmcJa k, crodaiiero B opmyie y = kf (x),
cjenyeT BbIOMPATH TEPMUH «PACTAKEHUEe» UJIU «CiKaThe», U Ha TO, UTO IIPHU
BBIOOpE TepMUHA «CKaTue» (POPMYJIUPOBAThH, BO CKOJBKO Pa3 IMIPOUCKOIUT

1
c)KaTue, HaO C UCHOJIb3OBaHUEM Ko3a(ppumueHra 7 ITO IPaBUJIO MOIKET
OBITH HEOUEBUIHBLIM MIJIS YUYAIUXCS, IIOITOMY CJIEAyeT MOsSCHUTL Ha IIPO-
. 1
CcTelIlleM IIpuMepe: AJid HoaydeHnud rpaduka QyHKIUN y = 3 f(x) mamo rpa-

dbuk pyurmuu y = f(x) cxxarsb B 2 pasa.

B npasuiie mocrtpoenud rpaduka QyHKImunu y = Bf (x) ykasplBaeTcs, 4To
k # 0. Cienyer 3amaTh y4alinMcs BOIIPOC, UTO COOOI mIpeAcTaBasaeT rpaduk
dbyarnum y =0 - f(x).

Paccmorpenue cBOMCTB QyHKIUHA Y = ax?, KOTOPOe IIPOBOAUTCSA B Iapa-
rpade, BBIIIOJIHSAET ABOMHYIO Pob. C OTHOM CTOPOHBI, ydaIldecsd MOTYT
CPaBHUTD 5TU CBOMCTBA C M3BECTHBIMU CBOMCTBaMU QYHKIMU Y = X2 U cae-
JaTh BHIBOJ O TOM, KaK cBolicTBa @yHKIIUU Y = kf(x) cBsA3aHBI CO CBOMCTBA-
mu QyHKIUA Yy = f(x). C Apyroii CTOPOHEI, IIPU JaJbHEHIIIeM U3y4YeHu N KBa-
IpaTUYHON YHKIINU 3TU CBOUCTBA OYAYT MIMPOKO MCIOJIb30BATHCH.

ITocTtpoenne rpadura dyaruuu y = f(kx), roe £ < 0, MOXKHO pasmeiuThb
Ha JBa sTamna: mocrpoenue rpaduka byaknuu y = f (| k |x), a saTem mocTpoe-
Hue rpadukra byuknun y = f (-| k |x) ¢ ucnonb3oBaHueM CUMMeTPUY OTHOCH-
TeJbHO ocu opamHaT. COOTBETCTBYIOIIME STANIBI CJIENYET IPOUJIIOCTPUPO-
BaTh PUCYHKaMU.

KoMmMmeHTapuu K ynpaskHeHUSIM

Ne 4.10—4.11. CienyeTr BOCIIONIBL30BAThCS OIpeeeHueM (PpYyHKIIMMI, BO3PAaC-
Taroirei (yobIBaoIeii) Ha MHOYKeCTBe.
N2 4.12—4.13. ITocTpoiiTe rpad@uK QYHKIIUY HA YKA3AHHOM IIPOMEIKYTKe.
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§ 5. NocTrpoeHue rpadpmkoB PpyHKUMNA
y=f(x)+bny=F(x+a)

TexHonornyeckas kapta ypokos

@opmupyembie  lMpegmeTHbie: GOPMUPOBATL YMEHUA CTPOUTb rpaduk dyHK-
pe3ynbratsbl wmny=Ff(x)+buny=7(x+a).
JInyHoCcTHbIE: hOpMUMPOBaATbL YMEHME MIaHMPOBaTb CBOU Aeu-
CTBMSA B COOTBETCTBMMU C y4EOHbIM 3aJaHMEM.
MertanpegmetHbie: dopMUPOBaTbh YMEHME COOTHOCUTbH CBOWU
OEeNCTBUSA C MNaHMpyeMbIMW pe3ynbTaTtaMy, OCyLLEeCTBNATb KOH-
Tponb CBOEN AeATeNnbHOCTU B NpoLecce JOCTUXEHUS pe3ynbTa-
Ta, onpefensitb CNocodbl AeNCTBUI B paMKax MpeanoXeHHbIX
yCIoBUM U TpeboBaHUN, KOPPEKTUPOBATbL CBOU AENCTBUSA B CO-
OTBETCTBUM C U3MEHSIIOLLLENCS CUTyaLnen.
lMnaHnpyembie  Ydawmmnca HayvmTca cTpouTb rpaduk GyHKUMA y = f(x) + b 1
pe3ynerartsbl y="r(x+a).
OcHoBHble MapannenbHbIM nepeHoC, MNocTpoeHne rpaduka GYHKLUN
MoHATUS y =1 (x)+b, noctpoeHue rpacduvka pyHkUUN y = f (x + a), rpadunk
dbyHKkUuMM y = k(x + a)? + b (k = 0).
3apaHus 3apaHus 3ananus 3apaHus
Ang KOHTponsa
ana ¢opMmnpoBaHusa ans ansa
1N KoppeKLn _
npeamMeTHbIX nosTope- JoMaLuHein
npeamMeTHbIX
pesynbTaToB HUs paboTbl
pesynsraToB
Ypok 1 5.1,5.2,5.3,5.4,5.6, 5.8,5.36
5.7
Ypok 2 5.9,5.11,5.12,5.14 5.10, 5.13,
5.15
Ypok 3 | 5.16,5.18, 5.20, 5.22, 5.37 5.17,5.19,
5.24,5.26 5.21,5.23,
5.25,5.27
Ypok 4 | 5.28,5.30,5.32,5.33, CamocTofAiTenbHas 5.29, 5.31,
5.34 paboTa Ne 5: 5.35
Ne1t,2,3
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MeTonuuecKkue KOMMEHTAPUU

ITocisie ycBoeHMss MaTepuasia IpeabIAyINero naparpada yuammecs 10cTa-
TOUYHO JIOTMYHO BOCIPHUMYT IEepPexXoJ] K M3YUYEeHHIO HOBOI'O IIpeo0pas3soBaHUA
rpad)uKoOB.

ITocTpoenue rpadura pyurnun y = f(x) + b 6yzeT BOCHPUHATO yUaII[U-
MHUCSA TOCTATOYHO JIETKO: HMOPAMOK IepeHoca rpadgmKa BBepX UJIU BHUS3
BIOJIb OCH OPAMHAT COBIIaJaeT cO 3HAKOM cjaraemoro b. OgHaxko Ajd y4da-
muxcs OyJerT coBCceM He OUeBUAHBIM, MOUEeMYy IIPU HOCTPOoeHuu rpadura
y = f(x + a) nmpu yciaoBuu, uto a > 0 rpadmK HaAO MEPEHOCUTH B OTPHUILA-
TeJIbHOM HaIpaBJeHUU ocu abcIiucc. ITOH TOHKOCTH HAZIO YAEJIUTh 0coboe
BHUMAaHIE.

Oco0yI0 CJIOMKHOCTDh AJIS yualluXcs OyIeT MHPeACTABJIATH IIOCTPOEHIE
rpadKoOB, TPEOYIOIUX II0CJIeL0BATEILHOTO IPUMEHEHNA HECKOJIbKIX IIpe-
obpasoBaHuii. B saToM ciiydyae BasKHO IIPABUJILHO OIIPENEJATH IIOCJIedOoBa-
TeJIbHOCTh IIpeoOpa3oBaHuii, a oHa He Bcerga OyaeT oueBuaHoii. IlocTpoenue
rpadura Qyurnuu y = f(kx + b) aBAsgeTCcA AJA yUAIIUXCA IEePBLIM IIPUMe-
pOM, TPeOYIOIIMM II0CIeL0BaATEeILHOI0 IPUMEHEHNA HECKOIbKIX I'eOMETPM -
YeCKHUX Ipeodpa3soBaHUIA.

B sToM mrame mosie3HBIM SABJISETCA IpuMep 2 maHHOro mnaparpada. Bos-
MOJYKHO, ydYaIluMcsa OyAeT KasaThbCs eCTEeCTBEHHOM II0CJIeL0BATEIbLHOCTH
«IBUTATH» rpadUK B TOM 2Ke MOPAIKE, B KOTOPOM OHU ObI BHIIOJIHAIN apud-
MeTUYecKue AefiCTBUA IIPU BBIUNCJIEHNY 3HAUeHUA PYHKIIUH 110 3aJaHHOMY
aprymenTy. OgHaKO IIpU IIOCTPOeHN Y rpaduKka BHaUa e CTPOUTCA mmapaboa

1
Y= Exz U TOJILKO 3aTeM OHa IlepeJlBUTaeTcs BJIEBO B CBA3U C IIpeoOpasoBa-
1
HUEeM apryMeHTa Y = E(x + 3)2. 9ToT MOMEHT TpebyeT IOACHEeHU.

IIpu moctpoennu rpadura pyarnun y = f (kx + b) yuaiuecsa JOIyCKaOT
HauboJiee pPacIIPOCTPAHEHHYIO OMINOKY: cTpoAT rpaduk GyHKuuu y = f(kx),
a 3aTeM BBITIOJIHSAIOT ero IapaJlIe bHbIH IIepeHoc Ha |b| equHNI, BIOIL ocu a6-
crucc. B maparpade paccmorpen npumep 1, KOTOPBIi momoraeTr npoduiax-
TUKe OIMuOOK IT0Z00HOT0 poaa.

CyIIleCTBYIOT AB€ OCHOBHBIE CXE€MBI HOCTPOeHUs rpaduxa (PyHKIIUN
y=7Ff(kx+b):

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

2)y=f(x) > y=flkx)— y= f[b(x N %D

B npumepe 3 mpuBoguTcsa o6paselr MoUCKa BePIINHBI HapaboJibl ¢ ITOMO-
HIBI0 BBIAEJIEHUA KBaApara aByuieHa. Iloka yuamiuecsa He 3SHAKOMBI ¢ KBa-
IPATUYHBIMU QYHKIUAMU, 3TOT CIIOCO0 ABJIAETCA AJA HUX eJUHCTBEHHBIM
I oIIpeieleHNA KOOPAMHAT BEPIIUHBI IT1apaboJIb.
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KoMmMmeHnTapuu K ympaskHeHUSIM

Ne 5.18, 5.19, 5.22—5.25. Ilenecoo6pas3uo opOpMUTDH PeIllleHne d3TUX 3agau
Tak, KaK Imokasauo B npumMepax 1 u 2 maparpada. Haubosee TpyaHbIM AJI5
yyalquxcs sABJIseTcs npeoOpasoBamme ruiepbosbl. IIpu HEOOXOAUMOCTU
KJIaCC TaKUX 3a/Ja4 MOYKHO PACIINPUTE.

Ne 5.32—5.35. BocnoansayiiTech umeeii peireHus npuMepa 7 maparpada.

§ 6. MNocTrpoeHune rpacdpmxkos byHKUNA
y=f(xl) ny =If (x)l

TexHONornyeckas KapTa ypokoB

®dopmupyembie  TlpeameTHbie: GopMMpPOBaTL MaTemaTUdeckuii annapaT Ans
pe3ynbrartsbl nocTtpoeHus rpadukoB ¢yHKLMN, B KOTOPbIX MUCMONb3yeTCs
3HaK Moayns.
JInyHocTHbIe: HhopMMpoBaTh YMEHWEe MNpeacTaBnsiTb pesynbraTt
CBOEW AeATeNbHOCTU.
MertanpegmetHbie: ¢opMUPOBaTb YMEHUsS COOTHOCUTb CBOU
OEeNCTBUSA C MNaHMpyeMbIMU pe3ynbTataMy, OCyLLEeCTBASATb KOH-
TPOnb CBOEN AeATENbHOCTU B MPOLLECCE JOCTUXEHMUS pe3ybTa-
Ta, onpefensitb CNocoObl AeNCTBUIM B paMKax MpeanoXeHHbIX
ycnoBun U TpeboBaHUM, KOPPEKTUPOBATL CBOU AENCTBUS B CO-
OTBETCTBUMU C UBMEHSIIOLLENCS CUTYaLMEN.
lMnaHupyembie  Ydawmmnca Hay4mTca cTpouTb rpadukn dyHkumin y = f(Ixl) + b n
pe3ynbraTbl y=If (x)l
OCHOBHbIE MoctpoeHue rpaduka dyHkumn y = f (Ixl) + b, noctpoeHue rpa-
MOoHATUS duka bdyHkumm y = If (x)I
3apgaHusa 3apaHusa 3apanms 3apaHunsa
ANs KOHTpOnS
ansa opmmpoBaHus ans ans
N KoppeKkumn _
npegmMmeTHbIX noesTope- AoMalluHen
npeamMmeTHbIX
pesynsraToB HUs pabotbi
pesynsraToB
Ypok 1 6.1,6.3,6.4,6.6 6.2, 6.5,
6.7
Ypok 2 6.8,6.10,6.12,6.14 6.24 6.9,6.11,
6.13,6.15
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OKoHYaHue

3apaHusa
3apaHusa 3apaHusa 3apaHunsa
AN KOHTpons
Ans ¢opMmupoBaHus onsa 1 KOPPEKLIMM ansa
npeaMeTHbIX noesTope- NDEAMETHBIX AOMaLUHen
pe3ynsTaToB HUSA pZ;;anaTOB pa6oTbi
Ypok 3 6.16, 6.18, 6.20, 6.22 6.25 CamocToaTenbHas 6.17,6.19,
paboTa N2 6: 6.21,6.23
Ne1t,2,3

Me’ro;m‘{ecmzle KOMMEHTaApPUH

Onucanue nocrpoenus rpadpuka Gysaxnuu y = f (|x|) Ha ocHOBaHUM onpese-
JeHUsS MOAYJIA JOCTATOYHO TPOMO3IKO. IlosaToMy IiesiecooO6pasHo, OAWH pas
moaApPOOHO pa3obpaB UAEI0 STOTO METOA C YUAIITUMUCS, faJiee ONMUPATHCA Ha 10~
CTPOEeHUe 3TOT0 rpadUKa ¢ ITOMOIIBI0 CUMMETPUN OTHOCUTEIHLHO OCH OPAMHAT.

Amnajnoruuso, ans rpaduka Gyaknuu y = |f (x)| 6osee panuoHaIbHLIM AB-
JsIeTCS UCIOJIb30BaHEe CUMMETPUU OTHOCUTEJIBLHO OCcU abCcItucc.

Vuariuecs MOJKHBI IOHUMATh U YMETh 000CHOBATH, ITOUEMY JIs ITPeos-
pasoBaHUs CUMMETPHUHN BBIOMPAETCS MMEHHO JaHHas IOJYIJIOCKOCTh U Ka-
KHM 00pasoM ompeiesisgeTcsa XxapakTep npeobpasosanus. B uacTHocTH, 11eje-
co00pasHoO PaccMOTPEeTh M 000CHOBATH TOT (paKT, UTO IIPU IIOCTPOEHUU Ipa-
dura y = |[f(x) umcnonabsyerca Bech rpaduk GyHKIun y = f(x), a mupu
moctpoenuu rpaduka y = f(|x|) gacTs rpaduka dysrmuu y = f(x), Haxonsa-
I1asICs B IMOJYILJIOCKOCTH X < 0, urHOpUpyeTCs.

OueHb BasKHO 00paTHUTh BHUMAHHNE HA TO, UTO AJTOPUTMBI IIOCTPOECHUS
rpadukoB Gyaxnuit y = f(klxl+b) u y = f(kx +bl) coBepmenno pasusble.
9To pasauure MoAYEPKUBaOT mpumMepsl 1 u 2 maparpada.

ITpuémer mocTpoennii rpadpukoB GYHKIMIT, N3yUYeHHBIE B 9TOM Iaparpa-
de, 3HAUNTEJIHHO PACIIUPAIOT KJacCc PYHKINI, rpaUKU KOTOPBIX MOMKHO
MOCTPOUTHh. ITO B CBOIO OUYepeab II03BOJSAET 0ojee IMUPOKO HCIIOJIb30BaTh
rpapuyuecKue IPUEMBI IIPU PEIIeHUN PasINYHBIX 3amau. VaiocTpanuei K
CKasaHHOMY sABJIsIeTCs mpumep 3 maparpada.

KoMMmeHTapuu K ynpaskHeHUSIM

N2 6.12. O6paTuTh BHUMAHUE yUAIIUXCS, UTO aJTOPUTMBI IIOCTPOEHUS Tpa-
dukoB pyuKIUA 3anau 1) u 2) pa3IudHBI.

Ne 6.18—6.23. Cienyer BOCIIOJIB30BAThCA I'Pa)UUECKOM HHTEpIIpeTallruei.
Tak:Ke pelreHnIo 9TUX 3a/1a4 ITOMOKET pa3o0paHHBIN B maparpade mpumep 3.

KoHTponbHaa paborta N2 1
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§ 7. KeappaTtnuHasa (pyHKLUSA,
eé rpapuk n cBOnNCTBa

TexHonornyeckas kapta ypokos

CDOpMMpyeMble lpeametHble: dopMMpoBaTb YMeHMe pacrno3HaBaTb KBajpa-
pEe3ynbTathbl TUYHYIO YHKLMIO, UCCiefoBaTh €€ CBOWCTBA, BbIMOJIHATL MO-
CTpoeHmne KBagpaTUYHOMN (YHKLMU, UCMONb30BaTb CBOMCTBA
KBaApaTUYHOW (PYHKLMU NPU peLleHnn 3a8ay.
JIndyHocTHbIE: HOPMNPOBATb MHTEPEC K U3YYEHUIO TEMbI U Xe-
NlaHne NPUMeHsATb NPUOOPETEHHbIE 3HAHUS N YMEHUS.
MetanpeameTtHble: GopMUpoBaTb YMeHUe MOHMMaTb U WUC-
nofb3oBaTb MaTeMaTUdeckme cpeacrsa HarnagHoOCTU.
lnaHupyemsbie Yyawmmca HaydmTca pacrnosHaBaTb KBafpaTUYHYO (yHKLUMIO,
pEe3ynbTathbl uccnepoBatb €€ CBOMCTBA, BbLIMNOMHATbL MOCTPOEHUe rpaduka
KBaApaTUYHOM (YHKLMM, UCMONb30BaTb CBOMCTBA KBagpaTuy-
HOW (DYHKLMW NpU peLlleHnn 3ajau.
OcHOBHbIe KBagpatnuHas cdyHKLMS, CBOWCTBA KBagpaTUdHOW dyHKLMU,
MOHATUA cXema nocTpoeHuns KBagpaTUYHom GyHKLUN
3apaHunsa 3apaHuns 3apanus 3agaHuns
OISl KOHTponsi
ans popmmpoBaHus ons ansa
" KoppeKLumn -
npeaMeTHbIX noeTope- OoMaluHen
npeaMeTHbIX
pesynbsraToB HUSA paboTbi
pesynbsraToB
Ypok 1 7.1,7.2,7.4,7.6 7.3,7.5,7.7
Ypok 2 7.8,7.10,7.12,7.1 7.9,7.11,7.13,
7.15,7.17, 719 7.16,7.18
Ypok 3 | 7.20,7.22,7.24,7.25, 7.69 7.21,7.23,
7.27,7.28,7.30 7.26,7.29,
7.31
Ypok 4 | 7.32,7.34,7.35,7.37, 7.33,7.36,
7.38,7.39,7.41,7.52, 7.40,7.42
7.53
Ypok 5 | 7.43,7.45,7.47,7.49, 7.70 7.44,7.46,
7.50,7.54,7.58,7.59 7.48, 7.51,
7.55
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OKoHYaHue

3apaHusa
3apaHusa 3apaHunsa 3apaHusa
Ana KOHTpons
ansa ¢popmmpoBaHus ans 1 KoppeKLM ons
npeaMeTHbIX nosTope- NOEAMETHBIX JOoMallHen
pe3ynsraToB HUS p233nb'ra'ros pabotbi
Ypok 6 | 7.56,7.60,7.61,7.63, CamocToaTenbHas 7.57,7.62,
7.64,7.65, 7.66, 7.68 paboTta N2 7: 7.67
Net,3

Me’ro;m‘{ecmzle KOMMEHTaApPpUH

ITepen usyuenuem naparpada ciaenyetr HOBTOPUTH C ydallUMUCHA I'pa-
buk pyuknuu y = ax? u npasuia npeobpasoBanus rpaduros. [locTpoe-
HUe rpadmka KBagpaTUIYHON (DYHKIIMU B BTOM Iaparpade OCHOBAHO Ipe-
HMYIIEeCTBEHHO HA BBIACHEHUU TOT0, KAKUM 00pasoM mpeoOpasoOBBIBAET-
ca rpaduk QGyHKIUH Yy =ax? pasa moaydeHuA rpadura QYHKIUUA
y =ax? +bx +c.

Yuaruecd yke yMeIOT pelllaTh KBaJjpaTHble ypaBHeHusA. IlosTomy, omipe-
Ieass CBOMCTBA KBAJPATUYHOU (DYHKIINM, OHU MOJIPKHBI HAUTU HYJIU QYHK-
U, pelrnas COOTBETCTBYIOIee KBaJ[pAaTHOE YPaBHEHME, WU K€ OTMETUTh,
YTO HYJIU OTCYTCTBYIOT.

CpoiicTBa KBaApPaTUUYHON (PYHKIIUU B JaHHOM maparpade orpeaesioTc
Ha OCHOBAHUWM aHAJIUTUUYECKOTO 3amauud QyHKuu. OqHaKO cieayeT MOHU-
MaTh, YTO B HEKOTOPBIX caydasax OoJsiee yZOOHO paccMaTpUBaTh CBOMCTBA
(GyHKIIUU, OTIPeeJINB cXeMaTuUYeCcKu Xo rpaduKa QyHKIIUN U Jajiee BhISC-
HATH COOTBETCTBYIOIIME CBOMCTBA II0 TTOJYUeHHOMY T'paduuecKoMy msobpa-
JKEeHUIO.

ITo mepe Toro, Kak yyariuecs OCBOSAT NMPUHITUII OCTPOEHUA rpaduka
GYHKIIUY 1 Ha eT0 OCHOBE — HCCJIeIOBAHMS CBOMCTB KBaAPaTUUYHON (PyHK-
UMW, CTAAWI0 HMOCTpPoeHUuA rpadura pyHKIIMU MOMKHO OoIlycKaTh. B 3ana-
yax, He TPeOYIOIIUX NOCTPOeHUA rpauKa, MOKHO OyAeT OrPaHNYNBATHCS
cxeMaTUUYeCKUM Hu300pasKeHmeM, KOTOpOoe MOJIKHO comep:KaTh: OoCh ab-
CIIHICC, PACIIOJIOXKEeHUe HyJell QYHKIuu (IBa, ONWH MJIXU HU OLHOTO) U HAa-
IpaBJieHHe BeTBel mapabosbl. OTOT IIPUEM IIPOJEMOHCTPUPOBAH HA PUCYH-
kax 7.3, 7.4.

Ocoboe BHUMAaHUe cienyeT o0paTuTh Ha nmpumep 4 maparpada. B Hém
IPOAEMOHCTPUPOBAH HOBBLIM IpaddMUecKUIl IIPUEM peIlleHUdA 3akad Cc ma-
pamerpamu. CyTh ero 3aKJI0UYaeTCA B TOM, YTO HA KOOPAUHATHOM IIJIOCKO-
cTH xa crpoutrcd rpaduk ypaBHeHuA (HepaBeHCTBA) ¢ mapaMeTpom a. lo-
pU3OHTaAJbHBIE IIPAMbBIE, IepeceKalolrue MoJyYeHHBIN rpa)uK, CBOMCTBA

23



IIepeMeHHOII X, COOTBETCTBYIOIIIUX OIPeAeJeHHOMY 3HAUEHUIO Iapame-
Tpa a.

KoMMmeHTapuu K yrpaskHeHUSIM

Ne 7.30, 7.31. Cienyer oOpaTuTh BHUMAHNE YUYAIIIUXCA HA TO, UYTO CXEMATHU-
YeCKOro m3obpaskeHus rpadpuka KBaapaTUUHON (PYHKIIMU JOCTATOUYHO IJI
noaydeHusa nHGOPMAIIUY O HAJINYNHY HYJel (PDYHKIIUN 1 0 3HaKe KO3 uIrm-
eHTa a. [lamee, 3Has KOA(PUITUEHT @ U 3HAK aOCITMCCHI BEPIITUHEI TapaboIb,
MOJKHO OIIPeZeIUTh 3HaK KoadduIiirenTa b mo opmyJie abCIIUCCHI BEPIITUHBI
napaboybl. 3HAK KOd(pPUIIEeHTa ¢ MOYKHO ONPeIe/InTh, BLIACHUB 3HAUEHIE
dyHKIUT B TouKe X = 0.

Ne 7.34. OrBer x = 3 OUeBHUeH U TPUBUAJIEH, HO IIPU 3TOM €r'0 HeJIb3s YIIy-
CTUTH. VI3 1aHHOTO B YCJIOBUY PABEHCTBA CJIEIYET, UTO IpsaMasd X = 2 IBJISeT-
Csl OChbIO cuMMeTpuu ganHoro rpadura. Orcroga moayudaem orseT x = 1.

Ne 7.49. 13 ycioBuA caenyer, 4To faHHASA QYHKIIUA U IPpAMble Yy =2 u y = —2
WMeIOT POBHO Tpu o61ire Touku. CiaegoBaTe/IbHO, OpANHAaTa BePIINHEI Iapa-
6osisl paBHa 2 uiu —2. CiaemoBaTenbHO, pAMasn y = 1,1 mepecekaet mapa6o-
JIy, HO TIPU 9TOM He ITPOXOAUT Uepes eé BepIInHy.

Ne 7.52. IlokaxkuTe, 4TO JaHHBbIE IapaboJIbl IPOXOAAT uepes Touky (—2; 0).

§ 8. PewneHue KBagpaTHbIX
HepaBeHCTB

TexHonorn4yeckas Ka PTa ypoKoB

dopmupyembie lMpeameTHbie: GopMMpoBaTh YMeHN pellaTh KBagpaTHbIe He-
pe3ynbratbl paBeHcTBa rpadnyeckMmMm MeTOAOM, PeLlaTh 3a4a4m, UCNOob3ys
KBagpaTHble HepPaBeHCTBa.

JInyHocTHbIe: HhOPMUPOBaATL YMeHMe MiaHMPOoBaTb CBOWU Ael-
CTBUSI B COOTBETCTBUM C y4eBHbIM 3agaHMeM.

MertanpeameTHbie: GOPMUPOBATL YMEHME MUCMONb30BaTb Npu-
obpeTEHHbIe 3HaHMA B NPAKTUYECKOWN AeATENIbHOCTU.

lMnaHvpyembie  YHalMNcs Hay4uTca pellaTb KBajpaTHble HepaBeHCTBa rpau-

pe3ynbTarsbl YeckMM MEeTOAOM, peLlaTh 3a4a4u, UCMOSb3ys KBagpaTHble He-
paBeHCTBa.

OCHOBHbIE Mpadunyecknin MeTo pelleHNs HepaBeHCTB, KBaapaTHoe Hepa-

MOHATUSA BEHCTBO, pacrofioXeHne napabonbl OTHOCUTENbHO OCU ab-

CUMCC B 3aBUCUMOCTM OT 3HaKOB a 1 D.
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3apaHus
3apaHusa 3apaHunsa 3apgaHuns
AN KOHTpons
ansa ¢opmmnpoBaHus ons 1 KoppeKLmM ons
npeaMeTHbIX rnosTope- NDEAMETHBIX AoMaluHen
pe3ynsraToB HUA pZ;;ﬂbTaTOB pabotbi
Ypok 1 8.1,8.3,8.5 8.2,8.4,68.6
Ypok 2 8.7, 8.9, 8.10, 8.12, 8.43 8.8, 8.11,
8.13, 8.15, 8.17 8.14, 8.16
Ypok 3 | 8.18, 8.20, 8.22, 8.24, 8.44 8.19, 8.21,
8.26, 8.28 8.23, 8.25,
8.27
Ypok 4 | 8.29, 8.31, 8.33, 8.35, CamocroaTenbHas 8.30, 8.32,
8.37, 8.39, 8.41 paboTta Ne 8: 8.34, 8.36,
Ne1,3,4 8.38, 8.40,
8.42

MeToaguueckue KOMMEHTAPHU

B mpeppigyimiem maparpade ydaiuecs HayUUJIUCh OTIPeAeasaTh HalpaB-
JIeHUe BeTBel mapabosbl y = ax? + bx + ¢, UCXOAA U3 3HAUEHUA KoahHuiu-
enra a. B 8 Kyacce yuarnuecs u3yunau CBA3b MEKIY 3HAKOM AUCKPUMUHAH-
Ta KBaAPaTHOTO YPaBHEHUSA M KOJUUYECTBOM KOpPHEH KBaJpaTHOTO ypaBHe-
Husa. Mexoas us aTux ABYX HapaMeTpPOB, MOYKHO OIIPENeIUTh CXeMaTuuecKoe
pacmoJio)KeHue mapabosibl, ABAAMOIIENcA rpauKoOM KBaApaTHOrO ypaBHe-
HuA ax? + bx + ¢ = 0, oTHOCUTENIBHO abemuce.

Vuaruecs HOJKHBI TOHATH, IIOYEMY 9TH HECJIOMKHbBIE PACCYKIEHUS Jie-
JKaT B OCHOBE PeIleHusi KBaJPaTHBIX HEPABEHCTB I'paUuecKuM CIIOCOO0M.

B mepByio ouepensb caeayeT MOTUEPKHYTDb, UTO AJSA PEITeHUs HepaBeH-
ctBa f(x) > O(f(x) < 0) mamo ompenennuTh, HA KAKOM 13 IIPOMEKYTKOB rpa-
dur pysrnunm y = f (x) HaxoxaUTCA BhIIE (HUXKe) ocu abciiuce. 3aTeM ClIeny-
€T PacCMOTPETH C YUaIlIuMUCS TabJanIly, IPUBEAEHHYIO Ha ¢. 81 yueOHUKA, 1
000CHOBATDH KasKIbIH 13 MOKAa3aHHBIX HA HEH CII0COO0B PACIOJIOMKEeH U ITapa-
60sb1. B nTore yuaruecsa JOJMMKHBI IPUHATHU K BBIBOAY, UTO B KAYKIOM U3 CJIY-
yaeB, PACCMOTPEHHBIX B TabJuIle, 3HaA HaIpaBJeHUe BeTBeH mapaboJbl U
BHAUEHUA X, U X, (WK X,) KOPHE! ypaBHEHUA ax® +bx +c¢ =0, M0oKHO 3a-
nucaTh pellleHue HepaBeHETBa ax? + bx + ¢ > 0(ax? + bx + ¢ < 0), moab3ysach
HATJIATHBIMU COOOPaKEeHUAMMU.

Vuaruecs He JOJKHBI 3alIOMUHATL TAOJIUILY 1 HOMepa AYeeK B Hell, 5Tu
HOMepa IIPUBeHeHbl JUIID AJIA YA0OCTBA CCHLIOK HA 3Ty TAOJUIy B JAHHOM
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yuebHUKe. Ha camom fese, 3HAsT KOJIMUECTBO KOPHEHN KBaApaTHOTO ypaBHe-
HUA U HaIlpaBJeHNe BeTBel mapaboJibl B 3aBUCUMOCTH OT Koa(duiinenTa a,
y4Jaruecs MOTYT CXeMaTUYeCKW M300pas3uTh PaCHoJIoKeHUe mapaboJibl OT-
HOCHUTEJIbHO OcH abcCI[ice, KaK IIOKa3aHo Ha pucyHKax 8.2 u 8.3.

ITociie Toro Kak yuaiuecs IIOMMYT 3Ty OOIIYIO UIeI0, PeIlleHe KBaaparT-
HBIX HEPABEHCTB He COCTABUT AJA HUX CJIOKHOCTHU.

Crenyer o0paTuTh BHUMaHMe HA 0ojiee CIOKHBIE 3aaUl K 9TOMY IIapa-
rpady, B KOTOPBIX JieBas YacTh HepaBeHCTBA IIpeJcTaBjieHa B BUe Ipou3Be-
IeHUsa HEeCKOJbKUX MHOMKHUTEJIeW, a HepaBeHCTBO SBJIAETCA HECTPOTUM.
Vuaruecss mOJMKHBI IMOHWUMAaTh, UTO peIlleHMe HeCTPOTOoro HepaBeHCTBAa
f(x) 2 0 — 210 OOBEeAMHEHNE PEIIeHnII COOTBETCTBYIOIIET0 CTPOTOr0 Hepa-
BeucTBa f(x) > 0 u ypaBuenus f(x) = 0.

KoMmMmeHTapuu K yrpaskHeHUSIM

Ne 8.33. MHOKeCTBO pellleHUiI BTOPOI0 HEPABEHCTBA HOJMKHO COAEPKATb
MHOJXECTBO PeIlleHnil IepBOro HepaBeHCTBA.

Ne 8.36. I13 yciioBuA CaenyeT, YTO KBaApaTUUYHAsdA (PYHKIIUA He IepeceKaer
ocw aberuce u f(—1) > 0.

§ 9. PeueHne HepaBeHCTB
MeTo0M MHTEepPBanosB

TexHonorn4yeckas Ka PTa ypoKoB

(DOPMI/IpyE‘MbIe lMpeameTHble: popMmMpoBaTh yMeHUe pelatb HepaBeHCTBa Me-
pe3ynbrartbl TOAOM MHTEpPBAJIOB.

JINYHOCTHbIE: Pa3BMBaTb HABbIKM CaMOCTOATENIbHOW pPaboTsl,
aHanusa ceoen paboTbl.

MetanpeametHbie: hopMMpoBaTh yMeHWe pa3BMBaTb MOHUMa-
HMEe CYLHOCTWN anropuTMMUYeCcKnX NpeannucaHnuim n ymeHue gem-
CTBOBaTb B COOTBETCTBUM C MPeasioXXeHHbIM anropmMTMoM.

nflaHMpyEMble yqamMﬁCﬂ Hay4unTCda pelatb HeEpaBeHCTBa MeTOOOM UHTepBa-
pe3ynbTatsbl nos.

OCHOBHbIE HenpepbiBHas KpuBasi, HernpepbIBHas B KaX oW Toyke obnactu
MOHATUA onpepeneHns GyHKLMS, Teopema O HernpepbIBHOW MYHKLMKN Ha
NpoMeXxyTKe, MeTof, MHTepBasioB, TeOpemMa O HernpepbIBHOCTA
f(x)
PyHKUMN Y = —.
g(x)
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3 3apaHuns
afaHua 3apaHuns 3apgaHuns
anga KOHTpOnSl
ans opmMmupoBaHus ans ans
1 KoppeKuumn .
npeamMeTHbIX nosTope- poMallHen
npegmMeTHbIX
pesynbraToB HUSA paboTbl
pe3ynbraToBs
Ypok 1 9.1,9.3,9.5 9.2,94,9.6
Ypok 2 9.7,9.9,9.11 (1—3) 9.8, 9.10,
9.12(1, 2)
Ypok 3 | 9.11 (4—6), 9.13, 9.15 9.33 9.12 (3, 4),
9.14,9.16
Ypok 4 9.17 (1—6), 9.19, 9.34 9.18 (1—6),
9.21,9.23 9.20,9.22,
9.24
Ypok 5 9.25,9.27,9.29, 9.31 CamocroaTenbHas 9.26, 9.28,
paboTta Ne 9: 9.30, 9.32
Ne 1,2

MeTtoguueckue KOMMEHTAPUU

Ha sToMm sTame m3yueHUs MaTeMaTUKM yJyaluecs eI He 00IagaioT I0-
CTATOYHOM TeopeTuuecKoi 6a30ii A1 000CHOBaHUS MeTofa nHTepBasoB. Ox-
HaKO (DAKTHI U MIOHATHUS, JIEKAINE B OCHOBE 3TOTO METOa, MHTYUTUBHO 1O~
HATHBI W HATJIAMHO oueBUAHBI. CKasaHHOe B NEPBYIO Oouepeab OTHOCUTCS
K HOHATUIO HEITPEPBIBHOCTY (DYHKIINYU U COJIEPKAaHUI0 TeopeMbl 9.1.

Ob6ocHOBaHUE MeTOjJa MHTEPBAJIOB C IIOMOIIBIO CJIEICTBUA U3 IIEPBOI T€O-
pembl Bonbrano—Koimu mosBosidgeT pemrats JOCTATOYHO IMUPOKUI KJacc
HEPaBEeHCTB, He TOJBKO CBOAAINUXCA K HCCIELOBAHUIO 3HAKAa BHIPAYKEHUA
Buzaa (x —a)(x —a,) ... (x —a,).

B 3aBuCcuMOCTU OT YPOBHA MaTeMaTUUYECKON IMOATOTOBKY KJacca MOMKHO
Pas3bACHUTD yUaIUMCA, UTO O0Jarojapsa MeTOy MHTEPBAJIOB 3a/1adya O pere-
HUU HEePaBEeHCTBA IIEPECTAET HOCUTh aBTOHOMHBINI XxapakTep. Bompoc jiunib
CBOJIUTCA K TOMY, MOKHO JIT HATU KOPHU COOTBETCTBYIOIIEr0 YPABHEHU .

Ocoboe BHMMAaHUE CJEAYeT YAEJIUTH PEIIeHUI0 HEeCTPOTUX HepaBeHCTB.
Coser 0 TOM, UTO IIPU perieHnu HepaBeHCTB Buaa f(x) = 0 ciexyer mepexo-

f(x) >0,
IUTH K COBOKYITHOCTH { MOJKeT y0epeub OT HOTEPHU PEIeHUH.

f(x) =0,
ITpu pemrenun HepaBeHcTBa f(x) > 0 (f(x) < 0) naa onpeneseHnus 3HAKA
dbysrnUM y = f(X) Ha KaXKAOM U3 IIPOMEKYTKOB 3HAKOIIOCTOAHCTBA B yuel-
HUKe IpeaaaraeTcs NCIIOJb30BATh «IPOOHBIE TOUKI» .
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B 3aBucuMoOCTH OT YPOBHA MAaTEMaTHUUYECKON IIOATOTOBKH KJIACCA MOXKHO
paccMoOTpeTh U APYI'OMl MEeTOH, KOTOPBIH I[eJIeCOO0PasHO MPUMEHATH B CJIY-
(x—a)(x—ay)...(x —a,)
yae, ecJid HePaBeHCTBO IIPEICTABJIEHO B BUIe > (<)0:
(x-b)..(x-b))

1) nusobpasuts uncaa a,, d,, ..., d,, b, by, ..., n, Ha KOOPAMHATHON IPA-
Mo#i. O603HAUMM 9TU TOYKHU YePes X ;

2) pyKOBOJICTBYACH T€M, UTO IIPU X > X, 3HAK BBIPasKeHus (X — X,) IoJI0-
SKUTEJbHBIN, & IPU X < X; — OTPHUIlATeJbHBIN, ONPENeUuTh 3HaK [ (X) JeBee
HauMeHbIIlel JTubo MpaBee HaAUOOIbIEH U3 KOOPAUHAT TOYEK X;

3) mayee, IBUTrasich «CJieBa HAllpaBO» MJIM COOTBETCTBEHHO CIIpaBa HaJe-
BO, IIPH Iepexo/ie Ha CIeAVIONINHA IIPOMEKYTOK 3HAKOIIOCTOSIHCTBA OIIpeje-
JISITh, KAKOE KOJIMYECTBO MHOYKUTEJEH (X — X;) MEHAIOT 3HAK, U JeJIaTh Bbl-
BOJ O 3HaKe (PYHKIIMHU Ha 3TOM IIPOMEKYTKeE;

4) mpu 3anWCcU MHOKECTBA PeIeHWIl HeCTPOTOro HepaBeHCTBA CJEeNyeT
y4€CTb, UTO &, A, ..., 4, — KOpHU ypaBHeHud [ (x)=0,a b, b,, ..., b, — unc-
Jia, He BXOAAIINE B 00J1aCTh OIIpeie/ieHns YPaBHEeHUS.

VYualumes, CKJIOHHBIM K M3YyYeHNI0 NHPOPMATUKM, MOXKHO B CBS3MU C HC-
IMOJIb30BAHMEM 5TOTO aJrOPUTMa ITOPEKOMEHI0BATh 03HAKOMUTHLCS C METO-
JIOM «BBIMETAIOIIe IPAMO» .

KoMMmeHTapuu K yrpaskHeHUSIM

Ne 9.13—9.18. IIpu pelmleHEun 3TUX HEPABEHCTB THUIIMYHOI OINMOKOI yua-
IMUXCA ABJISAETCA IIOTEPA PEIleHn, ABIAIINXCA KOPHAMY YPABHEHUA.

x
Ne 9.19. JlanHOe HepaBeHCTBO PAaBHOCUJIBLHO HEPaBEHCTBY 2 9 = 0.
X2

Ne 9.25. CiexyeT BOCIOIB30BATHCA TEM, UTO paBeHCTBO |al + bl = |a + b| BBI-
IOJHAETCs ToTAa U TOJAbKO Torma, korma ab = 0.

KoHTponbHaa pa6oTta N2 2



Masa 2. ypaBHeHMﬂ c AByMA nepeMeHHbIMUA
N NX CUCTeMbl

§ 10. YpaBHeHuMe ¢ AByMSA NepeMeHHbIMU
n ero rpacdpmk

TexHONornyeckas KapTa ypokoB

Popmupyembie  lpeameTHble: GOpMMPOBATL YMEHNA CTPOUTL rpaduk ypasHe-
pe3ynbratbl HUS, pewwaTb ypaBHEHME C ABYMS NepeMeHHbIMU.
JInyHocTHbIEe: DOPMUPOBaTL LLENOCTHOE MUPOBO33pEHME, COOT-
BETCTBYIOLLEE COBPEMEHHOMY YPOBHIO Pa3BUTUS HayKu 1 00-
LLLeCTBEHHOM NPaKTUKW.
MetanpeameTHble: popMMpoBaTb yMeHMe MOHMUMaTb U WUC-
nonb3oBaTb MaTeMaTuyeckme CpefcTBa HarnsgHoctu (rpacdu-
KW, TabnuLbl, CXeMbl U Ap.) ANS UINIOCTPaLMN, MHTeprpeTaumu,
aprymeHTtauuu.
lMnaHupyembie  Ydalmncs HayymTcs CTPOUTL rpaduk ypaBHEHWs, peLllaTh ypas-
pe3ynbraThbl HeHWe C ABYMS NepeMeHHbIMU.
OcCHOBHbIE YpaBHeHMe NepBON CTEMEHUN C NEPEMEHHBIMU X U Y, pPeLleHne
MOHATUSA ypaBHeHUs, rpadunk ypaBHEHUS, NOCTPOeHMe rpadmnKoB ypas-
HeHUM: F(x+a; y)=0, F(x; y+b)=0, F(—x; y) =0, F(x; —y) =0,
F(kx;y)=0,rne k>0, F(x; ky) =0, rae k>0, F(Ixl; ly|) = 0, nc-
nonb3ys rpaduk ypaBHeHus F (x; y) = 0.
3apgaHus 3agaHunsa 3apanms 3agaHus
Anga KOHTponsa
ana ¢popmnposaHusa ang ans
N Koppekuumn .
npegmMeTHbIX nosTope- AOMallHen
npegmMmeTHbIX
pe3ynbraTtoB HUA pabotbi
pesynbraToB
Ypok 1 10.1,10.3 10.2,10.4
Ypok 2 10.5, 10.7, 10.9 10.30 10.6, 10.8,
10.10
Ypok 3 10.11, 10.13, 10.15 10.12, 10.14,
10.16
Ypok 4 10.17, 10.19, 10.21 10.31 10.18, 10.20,
10.22
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OKoHYaHne

3apaHusa
3apaHus 3apaHusa 3apaHusa
ANs KOHTpons
ana ¢popmmpoBaHus ons 1 KoppeKLMN ons
npeaMeTHbIX nosTope- noe pl\rI:eTHbIX OOMallHen
pesynbraToB HUSA pea paboTbi
pe3ynsraToB
Ypok 5 10.23, 10.25, 10.26, CamoctoatenbHaa | 10.24, 10.27,
10.28 paboTta N2 10: 10.29
Ne1(1,3),2

MeTO,D;I/I‘IeCEI/Ie KOMMEHTApHUHN

B maparpade BBOAATCA OCHOBHBIE MOHATUA, CBASAHHBIE C YDAaBHEHUEM
C IBYyMsA IIePEMEHHBIMU; aKTyaJU3UPYIOTCA 3HAHUA 00 yiKe M3yUeHHBIX
YPaBHEHUAX C IBYyMSA IIEPEMEHHBIMU, IPa)KaAMU KOTOPBIX ABIAIOTCS IIPA-
Masi, OKPYKHOCTD, ImapaboJa.

CienyeTr oOpaTuTh BHUMaHNE yUAINXCS Ha NIPABUJIBHYIO 3aIlIUCh perle-
HUA YPAaBHEHUSA B BUJIE YIIOPAJOUEHHOU Mapsl (X; Y).

Heob6xoxnumo o6cyuTh ¢ yUaiuMucs, ueM rpaduK ypaBHEHU C JBYMA
IIepeMeHHBIMH X U Y OoTyindaercs oT rpaduka GyHKuu y = f (x). Yuamiue-
CS TOJI)KHBI CAMOCTOATEIBHO IPUATU K BBIBOAY U MOAKPENUTH €TI0 IIpUMe-
pamu. I'padpuk ypaBHEeHUA, B OTJINUYNE OT rpadpura PyHKIINU, MOMKET CO-
Iep:KaTh HECKOJIBKO TOUEK C OJMMHAKOBOI abCICcCOil U pa3HbIMU OPAMHA-
TaMu.

B npumepe 1 maparpaga mokasaH moJIe3HBIN IPUEM PaboOThI C TpapuKa-
MU ypaBHEHUMN: WCIIOJIb30BATh MAJIs IOCTPOeHUs rpad)mKa He NMPUBBIYHYIO
y4amumMcesa KOOPAMHATHYIO IIJIOCKOCTD XY, & IJIOCKOCTD C «yJOOHBIM» PACIIO-
JoxkeHueM oceii. [lajee sToT mMpuém OyAeT MCIOJb30BATHCA IIPU PEIIeHUN
YpaBHEHU C mapaMeTpPaMu.

MeTonsr mocTpoeHUA rpadMKOB yPaBHEHUH C ABYMSA IEePEMEHHBIMHU C 10~
MOIIBIO TeOMETPUUECKUX TPeo0pa3oBaHUil 3HAKOMBI YUAIIIUMCA HA MaTepU-
aJjie reoMeTpUUYECKUX IIpeobpasoBanmii rpa@ukoB pyuriuii. Ciaegyer obpa-
TUTH BHUMAHUE yUaIllinXCs Ha TO, UTO IpeodpasoBaHus rpadmuKa BO3BMOKHBI
IO OTHOIIEHUIO KaK K OJHOU IIepeMeHHO!, TaK U K IPYyTroi.

Bce nmpaBusia mpeobpasoBaHUuil rpa@UKOB YPaBHEHUHN ITPOUJLIIOCTPUPO-
BaHBI IpUMepaMu. B JaHHOM cJjiydyae MCIIOJb30BaHUE B KauecTBe rpadpuKa
OKPYKHOCTU HamboJIee 1ejiecooopasHo.

ITenecoo6pas3HO COOOIIIUTDH YUAIIMMCS O TOM, UTO YPaBHEHUE C OJHO IIe-
PeMeHHO¥I MOYKHO paccMaTpPUBaTh KaK ypaBHEHUE C IBYyMdA MepPeMeHHBIMU,
B KOTOPOE OJHA M3 IIEPEMEHHBIX BXOJUT C HYJIEBBIM K0a(hPUIMeHTOM. Y1006~
HO 00Cy’KJIaTh 3TO Ha IIpuMepe ypaBHeHUuA x = k. B Takom cayuae, ecyiu Haii-
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IeHa TOuKa ¢ abCIIMCCOM, YIOBJIETBOPAIOINEHl YPaBHEHUIO, TO PEINeHUAMU
ypaBHEHUS SBJISIETCA TaAKKe BCA IpsaMasi, MePIeHIuKyJIsIpHasa ocu abeIuce,
comepJKaIas 3Ty TOUKY.

KoMMmeHTapuu K ynpasKkHeHUSIM

Ne10.8.(4). y=vx > y=vJx+1oy=lad+15yl=ld+1 >
—>|y+1|:\/m.

Ne10.8.(6). y =vx > y=vx+1l oy=+lal+1 5> y+1=lxl+1 >
Slyl+1 =l +1.

Ne 10.20. B cucreme KOOPAUHAT Xa IOCTPOiiTe rpadpK YPaABHEHUS.
Ne10.24.Mimeem: x2 —2x+2=(x-1)2 +1>21uy? +4y+6=(y+2)2 +2 > 2.
Torma seBas 4acTb ypaBHeHUSA IPUHUMAET 3HAUEHUSA He MeHbIIle, ueM 2.

N2 10.27. Jlepast yacTh ypaBHEHUS IPUHUMAET HEOTPUIIATEIbHbIC 3HAUEHU S,
a mpaBasg — HemoJioKuUTeJbHbIe. CiiemoBaTesbHO, 00€ UacTH ypaBHEHUA
NIPUHUMAIOT TOJbKO HYJIEBbIE 3HAUEHUS.

Ne 10.29. ITycts x2 + y? = a, rae a > 0. Hago HaiiTu HauMeHbIIIee 3HAUEHUE
IapaMeTpaa, Ip1 KOTOPOM OKPYIKHOCTh X2 + y2 = a mKBazapar |x + 3| + |y| =1
HMEIOT O0IIYI0 TOUKY.

§ 11. Npacdbmueckme meToabl peLieHnn
CNCTEeM YPaBHEHUA C ABYMSA NepeMeHHbIMU

TexHONornyeckas Kapta ypokoB

®opmupyembie  lpeameTHbie: bOPMMPOBaTL YMEHME peLlaTh CMCTEMbl ypaBHe-
pe3ynbTatbl HUW C ABYMS NepeMeHHbIMU.

JIn4yHOCTHbIE: HOPMUPOBATL OTBETCTBEHHOE OTHOLWEHME K 0by-
YeHMIO, FOTOBHOCTU K CAMOPA3BUTUIO M CAaMOOBPa3oBaHMIO Ha
OCHOBE MOTUBALMM K OBYYEHMIO U MO3HAHUIO.

MetanpeameTHble: popMMpoBaTb yMeHMEe MOHMUMaTb U WUC-
nonb3oBaTb MaTeMaTuyeckme CpeacTBa HarnsgHoctu (rpacdu-
KW, Tabnuubl, CXeMbl U Ap.) ANS UINIOCTPaLMN, MHTeprpeTaumu,
aprymMmeHTtauuu.

lMnaHupyembie  YdalMncs HayunTCa pellaTh CMCTeMbl ypaBHEHUI C ABYMSA Nepe-
pe3ynbTatbl MeHHbIMM.

OcHOBHbIE Mpadburyecknn MeTon peLleHUst CMCTeM YPaBHEHUI ¢ ABYMS Mne-
MOHATUS peMeHHbIMMU.
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3apaHus
3apaHusa 3apgaHus 3apaHunsa
AN KOHTpond
ons opMupoBaHus ans 1 KoppeKLMM ans
npeaMeTHbIX nosTope- NDenMETHLIX JomMaluHemn
pesynbraToB Hnsa pen pabotbi
pe3ynsraToB
Ypok 1 11.1,11.3 11.2,11.4
Ypok 2 11.5,11.7,11.9, 11.19 11.6, 11.8,
11.11 11.10, 11.12
Ypok 3 11.13, 11.15, 11.17, CamoctonaTenbHaa | 11.14, 11.16,
11.18, pabota N2 11: 11.20
Ne 1,23

MeTroauuyecKkue KOMMEHTAPUH

Yuarmiuecs ysKe 3HAKOMBI ¢ TPa@UUIECKUM METOOM PEIeHNA CUCTEM JIN-
HeWHBIX YpaBHEHUI ¢ IByMsA IlepeMeHHbIMU. B manHoM maparpade 3HaHUS
YYaIIUXCA PACHINPAIOTCA U YIIyOJAIOTCA 3a CUET PaCIIMPEeHUA KJIACCOB
YpaBHEHUMN, BXOOAIIUX B CUCTEMY, U IPUMEHEHUA ITOTO METOAa K HOBBIM
THUOaM 3ajad4.

Yuamuecd JOJMKHBI HIOMHUTDH, YTO IpadUUeCKUN METOJ PEeIIeHUus C UC-
IMOJIb30BAaHMEM IIOCTPOEHUS N300PaKeHUA JaET HETOUHbIE Pe3yJIbTaThl.

Bo muOrux 3amauax, oco0eHHO B 3a/jlaUuax ¢ mapaMeTpaMu, IPpUMeHeHUe
rpadmyecKoro MeToa BOBCe He TpedyeT ImocTpoeHudA mdobpaskenusa. Uc-
IMOJI3YETCA TOJBKO IMIPUEM, KOTOPBIA 3aKJI0YaeTCA B TOM, YTOOBI OT aHAa-
J13a CBOMCTB 00'beKTa, 3aJaHHOTO (DOPMYJIOH, IEepPelT K aHAJU3y CBOHCTB
rpaduka o0beKTa, a 3aTeM Ha OCHOBAHUU 3aMEeUYEeHHBIX 3aKOHOMEPHOCTEeH
3amucaTh 0oJiee IPOCThIe YPABHEHUA U PeIlIaTh UX ajaredfpandyecKuM CIIO-
cobom. [TokasaTelbHBIM MPUMEPOM ABJAETCS MEPeXo] OT MCCJIeJOBAHUSA
KOJINUECTBA PEIIeHUH CUCTeMbl JUHENHBIX YPaBHEHUI K HCCJIEeLOBAHUIO
B3aMMHOTO PACIIOJIOKEHUA IPAMBIX, ABIAOIINUXCA TpapuKamMu dTUX
ypaBHEHUI, HA IMJOCKOCTU. JTOT IIPUEM PACCMOTPEH B mpmMmepe 2 mapa-
rpada.

KoMMmeHTapuu K yIpaskHeHUSIM

Ne 11.7. Buauajse Hago paccMoOTpeTh ciaydau, Korma a =0 u a = —g. 3arem

IIpeICTaBUTh YPABHEHUS CUCTEMBI B Bue Y = kx + b.
Ne 11.13. IIpu a > -1 rpadpuKoM IEepPBOTO YPABHEHUS CUCTEMBI SABJIAETCS
OKPYKHOCTh. I'paddTKOM BTOPOTO YypaBHEHUS CHUCTEMBI ABJIAETCS IIapa Ia-
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paLTIeIbHBIX IPSAMBIX. YCJI0BUE 3a7a4uu OyAEeT BHIMOJIHATHCS, €CJI 00e Ips-
Mble OyAyT KacaTeJIbHBIMU ¥ OKPYIKHOCTIH.
N2 11.15, 11.16. IIpumep 3, paszobpaHHBIl B maparpade, ITOMOKET PEIUTh

9TU 3aJavuu.

§ 12. PewweHMne cucrem ypaBHeHUN
C ABYMSA NepeMeHHbIMU METOAOM MNOACTaHOBKM
N MeTOAaMM CJIOXKEHUA U YMHOXXEHUSA

TexHonormnyeckas KapTa ypokoB

Dopmupyemble
pe3synbTatsbl

lMnaHnpyemsbie
pe3ynbratbl

OcCHOBHbIE
MOHATUSA

MpeameTtHbie: bOpMUPOBATL YMEHUS peLlaTh CUCTEMbI ypaBHe-
HWUIM C ABYMS NepeMeHHbIMW METOAOM MOACTaHOBKU, METOAOM
CNIOXXEHUS U METOAOM YMHOXEHMUS.

JInyHOCTHbIE: HOPMUPOBATL YMEHME COOTHOCUTb MOMYYEHHbIN
pe3ynkTaT ¢ NOCTaBIEHHOW LeNblo.

METaﬂPe,QMeTHbIe.' pPa3BuBaTb NOHUMaHME CYyLLHOCTU anropuT-
Mn4yeckunx npe,u,nmcaHMPl n ymeHme ﬂeﬁCTBOBaTb B COOTBeT-
CTBUU C NpegyioXXeHHbIM allfOPUTMOM.

Yyawmiics HayumnTcs pelaTtb CUCTEMbI yPaBHEHUI C ABYMS Nnepe-
MEHHbIMW METOAOM MOACTAHOBKM, METOAOM CIIOXEHUS U METO-
LOM YMHOXEHMUS.

PaBHOCUNbHbIE CUCTEMDI ypaBHeHVIVI C AByMsA nepemMeHHbIMU,
aieacrene cncremMbl ypaBHEHMVI, MeTon noaACTaHOBKU, MeTOo[
MOYNEHHOro CNIOXXEHUSA NEBbIX N MpPaBbIX yacTten ypaBHEHMVI cn-
CT€éMbl, MeTOo[, NMOYJIEHHOIro YMHOXeHUNAa U feneHuna neBbiX U
npaBbiX yacten ypaBHeHVIIZ CNCTEMbI.

3apaHus 3apaHus

ans ¢dopmMmupoBaHus ans ans
npeaMeTHbIX nosTope- AoMaluHen
pe3ynsTaToB HUs

3apaHus
3apaHus

ANS KOHTpONsA

1 KoppeKkuun

npepgMeTHbIX

aboTbl
pesynsraToB P

Ypok 1

12.1,12.3 12.2,12.4

Ypok 2 12.5,12.7,12.9 12.23 12.6, 12.8,

12.10
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OKoHYaHne

3apaHusa
3apaHus 3apaHusa 3apaHusa
AN KOHTpons
ans opmMmpoBaHus onsa ansa
M KoppeKuuu -
npegMeTHbIX nosTope- DOoMaluHen
npeaMeTHbIX
pesynsraToB HUA paboTbi
pe3ynsTaToB
Ypok 3 12.11,12.13, 12.15 12.24 12.12,12.14,
12.16
Ypok 4 12.17,12.19, 12.21 CamoctoaTenbHaa | 12.18, 12.20,
paboTa Ne 12: Ne 1 12.22

MeTO,III/I‘IeCEI/Ie KOMMEHTaApHUMn

MeTonnl, ndyuaembie B sToM maparpade, ysKe 3HAKOMBI yUaIlIMMCH, B
7 KJlacce OHU IIOJIB30BAJINCh STUMU MeTOLaMU AJId PelIeHUs CUCTeM JINHe-
HBIX YPaBHEHUU ¢ NByMdA nepeMeHHBbIMU. [[ooTOMYy py M3ydyeHUUW JaHHOTO
naparpada ciaengyer IIOBTOPUTH CYyTh KaKJOI'0 M3 3TUX METOHOB M IIoxYep-
KHYTb, UTO JJISI YCIEIITHOTO PeIlleHNs CUCTeMbl HeJIMHEMHBIX YPABHEHU HA-
10 «yBUAETH» BBITOIHYIO MOJCTAHOBKY, MHOMKUTEJb U T. II., KOTOPbIE JINOO
CBEJyT CHUCTeMY K yPaBHEHUIO C OJHOI IIepeMeHHOII, KOTOpoe ydJalluecs
YMEIOT pemiaTh, J1u00 CYIIIeCTBEHHO YIIPOCTSAT CUCTEMY, HAIIpUMeP IIPUBEIA
eé K CucTeMe JIMHENHbIX YPaBHEHUN.

B knacce ¢ yrury0n€HHEBIM UByUeHEM MaTeMaTUKU 0co00e BHUMAHYE ye-
JseTcd NJOKa3aTeJIbCTBY 3aKOHHOCTHU MeTO/IOB PeIlleHUs CUCTeM ypaBHEHUI:
paccMOTpPeHbI MOHATUA PAaBHOCUJIBHBIX CHUCTEM ypPaBHEHUM, CUCTEMbI-CJel-
CTBUSA U TEOPEeMbI, 000CHOBBLIBAIOIIME PABHOCUJIBHOCTD IIEPEXOIOB IIPU IIPU-
MeHEeHUU MeTOo/a IIOJICTAHOBKU, METO/Ia CJIOXKEHUA U MeTO/[la YMHOXKEeHM .

B mpumepax pelrreHmsa cucTeM, IPUBEAEHHBIX B mmaparpade, IOguYEPKU-
BaeTcA HEOOXOAUMOCTh OTCJIE;KMBAHUSA PAaBHOCUJIBHBIX MepexonoB. Ilpuse-
[IEH IpUMep mepexofa K CUCTeMe-CJIeICTBUIO (IpumMep 2), ITOSCHEHBI ITPUYN-
HBI TOABJIEHUSA IIOCTOPOHHUX PEIeHNi; BHUMaHUE YyYaIlluXcAd aKIeHTUPO-
BaHO Ha TOM, KaKlue HOBBIE YCJOBUA CJefyeT NOOABUTH K IIOJYyYEeHHOM
cucreMe, YTOOBI COXPAHUTH PABHOCUJIBHOCTL. B TaHHOM IpuUMepe PeUb UAET
0 TOM, UTO 9TO yCJIOBUE JOJKHO 0TOOPAa3UTh 00JIaCTh OIIpeleJIeHU A UCXOTHONU
cCUCTeMbl YPABHEHUM.

KoMmMmeHnTapuu K ympaskHeHUSIM

Ne 12.10. CrenyeT CI0KUTL YPAaBHEHUS CUCTEMBI.
Ne 12.11(4). CrnokuB ypaBHEHUs CUCTEMbI, IOJYYUM ypaBHEHUE BUIA
3 +t=2.
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Ne 12.13(6). Pasiosxute Ha MHOKUTEJIN JIEeBbIEe YaCTU YPABHEHUH.

Ne 12.13(4). BeinecuTe 3a CKOOKY B IEPBOM YPaBHEHUU X, & BO BTOPOM — Y.
N2 12.15(2). ITepeMHOKUB COOTBETCTBEHHO JieBbIe U IIPaBble YaCTU ypaBHe-
HUI CHCTEMBI, IOJYyYNM KBaJpaTHOE YypaBHEHUE OTHOCUTENIbHO x2y3.

Ne 12.18. IlepeMHOKUB COOTBETCTBEHHO JIEBbIe U IIPaBble YACTH YPaBHEHU
CHCTeMBbI, IIOJYUYNM YpaBHEHNe, ABIAI0NIIeecs CJIeICTBUEeM JAHHOMN CUCTEMBI.
Ne 12.20(1). Umeem: x* +4y* = x* + 4y* + 4x%y? — 4x%y? =

= (x2 +2y2)% —4x2y? = (22 + 2y2 - 2xy)(x? + 2y? + 2xy).

§ 13. MeTopa 3amMmeHbl NepeMeHHbIX
M apyrme cnocoObl pelueHUus CMCTEM YpaBHEeHUN
C ABYMS NepeMeHHbIMU

TexHonornyeckaa kapta ypokoB

Popmupyembie

MpeameTHbie: popMMPOBaTb yMeHUE pellaTh CUCTEMbI YypaBHe-

pe3ynbratbl HUMN C ABYMSI NMepeMeHHbIMW MeTOo[ 3aMeHbl NepeMeHHOMN,
a TakXXe 1Ucrnonb3ysa gpyrne npmémbl U MeTobl.
JINYHOCTHbIE: pPa3BMBATb HaBbIKWM CaMOCTOATENIbHOW PaboThl,
aHanmsa ceoen paboThbl.
MertanpegmeTHbie: pa3BMBaTb MOHMMaHME CYLLHOCTN anropuT-
MUYECKMX NpeanucaHnm U yMeHue AeNCTBOBaTb B COOTBET-
CTBUN C MPEAJSIOXKEHHbBIM aNrOpUTMOM.
lMnaHnpyembie Yyawmmces HayunTcs peLlaTtb CMCTEMbl YPaBHEHWUI C BYMS Mepe-
pe3ynbratbl MEHHbIMW MeTOop[, 3aMeHbl NMepeMeHHOMN, a TakXe WUCMosb3ys
apyrve npuémbl U MeTOoAbI.
OcCHoBHbIe MeTop 3aMeHbl NepeMeHHbIX, O4HOPOAHbIM MHOFOYNEH, CUM-
MnoHATUA MeTPUYECKUIA MHOTOYNIEH, 3IeMEHTapHble CMMMeTpUYeckmne
MHOrOYeHbl, CBOMCTBO CUMMETPUYECKOro MHOTo4JIeHa.
3apaHuns
3apaHus 3apaHuns A 3apaHus
ansa ¢opMmupoBaHus ans AnA KOHTPONA ans
1 KoppeKuuun _
npeamMeTHbIX noeTope- AoMalluHen
npeaMeTHbIX
pe3ynbTaToB HuSa pabotbi
pe3synsraToB
Ypok 1 13.1,13.3 13.34 13.2,13.4
Ypok 2 13.5,13.7,13.9 13.6, 13.8,
13.10
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OKoHYaHne

3apaHusa
3apaHus 3apaHusa 3apaHusa
ONsi KOHTpons
ans popmMupoBaHus ans 1 KoppeKLmi ans
npep,meTHblx noBTope- npe pl\rI:ETHbIX nOMaLUHEI?I
pesynsraTtoB HUA pZBJ;anaTOB pa6otbi
Ypok 3 13.11, 13.13, 13.15, 13.12, 13.14,
13.17 13.16, 13.18
Ypok 4 13.19, 13.21, 13.23 13.35 13.20, 13.22,
13.24
Ypok 5 13.25, 13.27, 13.29, CamoctoatenbHaa | 13.26, 13.28,
13.32 paboTta N2 13: 13.30, 13.31,
Ne 1 13.33

MeTonuuecKkue KOMMEHTaPUU

MeToz 3amMeHbI IepEeMEHHON yiKe 3HAKOM ydarmuMcs. [[aa peleHus cu-
cTeM HeJIWHeWHBIX ypaBHEHHWII OUeHb BAasKHO MMOAOOpATH YAAUHYIO 3aMeHy.
MosxHO chopMyIUPOBATH ABA YCIOBUS IJIs BIOOpA 3aMEHBI: C OJHOI CTOPO-
HBI, 3aMeHa [JOJI’KHA CYII[eCTBEHHO YIIPOLIATh UCXOAHYIO CUCTEMY; C IPYTroii
CTOPOHBI, IIOCJIe HAXOMKJACHUS 3HAUEHUIN HOBBLIX IIEPEMEHHBIX MMOJyUYeHHAas
cucTeMa ypaBHEHUI, cocTaBIeHHAas u3 GopMyJ 3aMeHbI, TaKyKe JOJKHA J0-
CTATOYHO JIETKO pemiaThesa. B mpumepax 1 u 2 naparpada npuBeeHbl IpU-
MephI TAKUX 3aMeH.

CienyeT o0paTUTh BHUMAHNE YYAIUXCA, UTO HEKOTOPbIe 3aMEeHbI TPe0y-
IOT 00513aTEeJIBHOTO yUETa 00IaCTU OIIPeIeIeHUsI BEIPAKEHUHM, COAePIKaIIIIX

HOBBIE IepeMeHHEbIe. Tak, B IpuMepe 2 IIPU 3aMeHe /X + I = U II0ocJie pellie-
HUSI CUCTEMBI OTHOCUTEJIBHO U CJIeAyeT OTOPOCUTL 3HAUEHHUSI, He YIOBJIETBO-
psotue yeaoBuio v = 0.

Hanee B maparpade paccMaTpUBaOTCSA OTAEJbHBIE BUILI CICTEM U COOT-
BETCTBEHHO — METOJLI NX PEIlleH!s, OCHOBAHHbIE Ha BbIOOpPe s PEeKTUBHOM
3aMeHBI B 3aBUCHUMOCTHY OT BUA YPABHEHUIN, BXOOAINUX B CUCTEMY. YIOOHO
paccMaTpuBaTh STH METOALI PEIlleHn Ha IpuMepax, IPUBEIEHHLIX B IIapa-
rpade. OTgenbHO caenyeT o0palaTh BHUMAaHNE YUAIIIXCs HA dTAIbl, KOTO-
pble TapaHTUPYIOT «IIPAaBOMOYHOCTL» TaKoM 3aMmeHnsbl. Tak, ecjiu mpeajaraeT-

x .
cdA 3aMeHa — = t, TO JJIs e€ OCYIIIeCTBJIEHUA CIeayeT OTAEIbHO PACCMOTPETh
Yy

cayuaii, korga y = 0.
Heb6osbmnias dacTs Teopuu maparpada mocBAIeHa CUMMEeTPUYHBIM MHO-
rouseHaM. 9Tta MHPOPMAIUA TOMOMKET yUallluMCsA PacIo3HaBaTh CHUCTEMbI
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YPaBHEHUI, IJIs PellleHns KOTOPBIX BBITOAHO HMCIIOJNIL30BATh 3aMEeHY C IIOMO-
IIbIO 9JIEMEHTAPHLIX CUMMETPUUECKHUX MHOTOUJICHOB.

B npumepax 8 u 9 paccMoTpeHEBI pelieHns, B KOTOPLIX HEKOTOPhIe 3Ta-
Obl OCHOBAHBI HA OCOOEHHOCTSX UM CBOMCTBAX paccMaTpPUBaeMbIX ypaBHE-
Huii. IIpu pelreHnu ypaBHeHUII TaKOro BuAa OOIero ajJropuTMa He cyIie-
CTBYET, 3/IeCh yUalliecs JOJKHBI IIPOABUTHL MaTeMaTUYecKoe 3peHne 1 UH-
TYHUIHAIO.

KovMMeHTapuu K ynipaskHeHUSIM

Ne 13.21(1). CiregyeT BBIIOJHUTE 3aMeHy X2 +y2 =u u xy = v.
y? -4y +y+4x =14,
(y?2 - 4y)(y + 4x) = -21.

N2 13.25(3). PaccmoTpeB mepBoe ypaBHEHUME CUCTEMBI KaK KBaJpaTHOE OTHO-
CUTEJBHO X, MOJKHO IIOKasaTh, uTo y = 2. Ilepenuriiem BTOpoe ypaBHeHUE
rak: (x —2)? = 2y — y2. Orcioga nmoaydaem, 4to y < 2.

N2 13.25(4). PaccmoTpeB mepBoe ypaBHeHME CUCTEMbBI KaK KBaJpaTHOE OTHO-
CHTEJILHO I, MOXHO IIOKAa3aTh, 4To X2 > 6. VI3 BTOPOro ypaBHEHUS CACTEMBbI
caenyert, uto x2 < 6.

Ne 13.28(1). [lepenuiem nepBoe ypaBHeHHE CUCTEMBI Tak: x2 — 4 = (y — 3)2.
Orcroma x2 > 4. VI3 BTOPOTO ypaBHEHU CUCTEMBI ClIefyeT, uTo x2 < 4.

Ne 13.30. meem: 1 m - x.

x+Vx? +1
Ne 13.33. BriuTa u3 IIepBOr0 ypaBHEHUSA CHUCTEMLI BTOPOE, IIOJIYUYUM
x3 +7x =y% +Ty. Manee ciemyeT pacCMOTPETh BO3PACTAIOIIYI0 (PYHKIIUIO
f@¥) =13 +7t.

N2 13.24(2). IlepenumnnTre faHHYIO CUCTEMY TaK:

§ 14. Cucrembl ypaBHeHUn (HepaBeHCTB)
KaK MaTemMaTuyecKkue mogenv
peanbHbIX CUTyaLum

TexHonornyeckaa Kkapta ypokoB

Gopmupyembie  lpeameTHbie: GOPMMPOBATDL Y yHaLLMXCs NpefcTaBieHne o Ma-

pe3ynbratbi TemMaTM4YeCcKoM MOAENUPOBAHUN, Yriybutb U cuctematmsmpo-
BaTb 3HAHUA YYaLMXCA O PELEeHMM TEKCTOBbIX 33434 C MOMOo-
IO COCTABMIEHMA UX MaTeMaTUYeCKMX MoieNnen B BUae CUcTem
YpaBHEHUN N HEPaABEHCTB.

JINYHOCTHBbIE: C')OpMVIpOBaTb MHTEpeC K N3y4eHUIO TEMbI U Xe-
NaHune NpUMeHATb I'IpVIOGpETéHHbIe 3HaHUA N YMEHUA.
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lnaHupyemsbie

MertanpeameTtHbie: GOpMUPOBaTbL YMEHME BUAETb MaTemMaTu-
Yyeckylo 3afayvy B KOHTEKCTe MPOONeMHON CUTyaumun B ApYrux
ONCLUMMNNIMHAX, B OKPYXatoLWEen XN3HM.

Yyawmmcs nonyynT npeacraBieHne o MmateMaTtmn4eCckom mMopge-

pe3ynbrarthbl NUPOBaHUK, YIYOUT U CUCTEMATU3UPYET 3HAHUS O PeLUeHUN
TEKCTOBbIX 3a/la4 C MOMOLLbIO COCTaBNIEHUS UX MaTeMaTUYeCKnX
Mopenemn B BUAe CUCTEM YPaBHEHUIN U HEPaBEHCTB.
OCHoOBHbIE MeToa 3aMeHbl NMepeMeHHbIX, OAHOPOAHbI MHOIOYJIEH, CUM-
MOHATUSA MeTPUYECKNIA MHOFOYJIEH, 3JIEMeHTapHble CMMMeTpUuYeckme
MHOrOY4NeHbl, CBOMCTBO CUMMETPUYECKOTrO MHOro4JIeHa.
3apaHuns 3apaHus 3apanms 3apaHus
Ana KOHTpons
ana ¢popMmmposaHus ons ans
1 KoppeKkumn _
npegMeTHbIX nosTope- pfoMalLHen
npeaMeTHbIX
pesynsraToB HUS pa6oTbi
pe3ynsraTos
Ypok 1 14.1,14.3,14.5 14.30 14.2,14.4,
14.6
Ypok 2 14.7,14.8, 14.9, 14.10, 14.12
14.11, 14.13
Ypok 3 14.14, 14.15, 14.17 14.16, 14.18
Ypok 4 | 14.19, 14.20, 14.22 14.31 14.21, 14.23
Ypok 5 14.24, 14.26, 14.27 CamoctoaTtenbHaa | 14.25, 14.28,
paboTta N2 14: 14.29
Ne 1,2

MeToauuecKkue KOMMEHTAPUH

Yuarmuecs XOpOIIIo 3HaAKOMBI C PeIlleHeM TeKCTOBBIX 3a7au. B mpeabiay-
X KJIaccax OHU pPellaju TaKue 3aaul «B HECKOJbKO BOIIPOCOB» , IIOIITAro-
BOo. B peaysbraTe BO3HMKAJIa MaTeMaTUUYeCcKas MOIeJb, IPeACTaBIIIIONAA
ypcJaoBoe BbeIpaskeHme. [lo3ke MmaTeMaTuyecKkas MOJAEJb SBJAJIAaCh ypaBHE-
HIEeM WUJIN CUCTEeMOU ypaBHEHU.

B nammom maparpade yuaiiuecsa IpOg0IKAI0T 3HAKOMUTHCS C IIOHATHUEM
MaTeMaTUYeCKOT0 MOJEeJUPOBAHUA. YUalluecsd AOJYKHBI MOHATH, UTO, He-
CMOTPSA Ha pasHooOpasue OKPY/KaloIlero MUpa, MHOTUE IIPOIeCChl MOTYT
OBITH OIIMCAHBLI OHUMHU U TeMHU K€ MaTeMaTUYeCKUMU MOAeJIAMU, a CJaeqo-
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BaTeJbHO, MOYKHO PeIIaTh COOTBETCTBYIOIIME 3a4aUll C IIOMOIIIBIO (hopMaJIm-
30BAHHOI'O MAaTeMaTHUYeCKOIo alliapaTa, CTAaHIapTHLIX IIPUEMOB 11 METO0B.

Hamee 1egecoo0pasHO HAIIOMHUTDL YUAIUMCS KJIACCUUYECKHUE CIOMKEThI
TEKCTOBBIX 3a/lay, KOTOPhbIe OHU pelllajiy paHee: JBa TPAHCIOPTHBIX CPeX-
CTBa ABUKYTCA HABCTPeUy APYT APYTY; ABOe PaboumX BBHITIOJHAIOT COBMECT-
HYIO paboTy; ABe TPYyObLI HAIOJIHIOT Oacceiin. O0cy K aeHMe sTUX 3a4a4 clie-
IyeT BECTH B TaKOM pycCJe, UTOOBI ydallluecs CaMOCTOSTEJIbHO MHPUIILIN
K BBIBOZIY, UTO BCE 9THU IIPOIIECChI UMEIOT OAHY U Ty Ke MaTeMaTHUYeCKy0 MO-
Ienb.

CienyeT HaIIOMHUTD YUYAIITIMCS O TPEX dTaNaX PeIleHus IIPUKJIALHON 3a-
maun. YacTo yualiuecs YIIyCKaOT 13 BUAY TPETHUII 9Tall — aHaJn3 OTBETA Ha
COOTBETCTBUE YCJIOBUIO IMIPUKJIAAHOIN 3amadyu. 3Mech MOKHO IIPUBECTH KaK
yucTo (hopMasibHbIe KpUTEpUU (HAIIPUMEDP, B 3aJaUe O KOJIMUECTBE UeJIOBEK
orBeT 1,5 HEBO3MOJKEH, a B 3aJaUue O KOJMUYECTBE UeJIOBEKO-THEN, HYKHBIX
Ha BBINIOJIHEHNEe HEeKOTOpPOoli paboThl, — BO3MOJKEH; 00BbEM OaKa He MOIKET
OBITH OTPUITATEIbHBIM YHCJIOM U T. II.), TAK 1 3HAHUS 00 MCCIe[yeMbIX IIPO-
meccax (HampuMep, CKOPOCTh aBTOMOOMJISI He MOXKeT ObITh 750 KM/4, a caMo-
aéra — 10 KM/4). OMOIMOHAJIBHOE ITOAKPENJeHe BayKHOCTH 3TOT0 dTama
MOKHO c(h)OPMUPOBATH, HAIIOMHUB 31304 13 KHuru JI. l'epackuHoit «B cTpa-
He HEeBBIYUYEHHBIX YPOKOB» C IIOJYTOPA 3eMJIEKOIIaMMU.

B Ttexcre maparpada moapo6Ho pasdupaioTcsa 3aJadun, B KOTOPBIX MaTe-
MaTHUYeCKON MOIeJIbIO CJAYKAT CUCTEMbI ypaBHeHNII (HepaBeHCTB) C AByMs
nepeMeHHBIMU. MOIKHO IIPEeNJI0KHUTh YYalllUMCS CaMOCTOATEJIbBHO Paso-
OpaTh pellleHre STUX 3ajad.

KoMMmeHTapuu K ynpaskHeHUSIM

Ne 14.15, 14.16. 3agaun Ha COBMECTHYIO PabOTy TPALUIIMOHHO BBEI3HIBAIOT
y ydalquxcs ompeaesiEHHbIe CJIO0KHOCTH. 3eCh Ba*KHO, UTOOBI yUaluecs
OCBOMJIU CJIeAyIONuii (haKT: eclid KaKylo-TO PaboTy MOKHO BBIIOJHUTH

1 .

3a X 4acoB, TO 3a OJWH YacC BBIMIOJHAETCA — YacTb Bceil paboThl. [pyrumMmu
x

cJoBaMu, B 3aJlavyaxX TAKOT'0 PoJa caeAyeT HaXOAUTH IPOU3BOAUTEIHLHOCTh

Tpyaga.

KoHTponbHaa paborta N2 3



rmasa 3. HepaBeHCTBa C AByMS nepemMeHHbIMU
N UX cUCcTeMbl. [loka3aTenbCTBO HEPABEHCTB

§ 15. HepaBeHcTBa € ABYMSA nNepeMeHHbIMU

TexHoNorMyeckas KapTa ypokos

Popmupyembie  lMpeameTHble: GopMMpoBaTb YMeHMe CTPOUTb rpadukn Hepa-
pe3ynbraTbl BEHCTB C BYMS NepeMeHHbIMU.
JInyHoCTHbIE: HopMUpPOBaTL yMeHMe (opMynrMpoBaTb COO-
CTBEHHOE MHEHMe.
MetanpeametrHbie: dopMUpoOBaTb YMeHWE MNOHUMaTb U UC-
rnonb3oBaTb MaTemMaTuyeckue cpencrBa HarnagHoOCTU Ana Wn-
NtocTpaumm, UHTeprnpeTaumm, aprymeHTaumm.
lnaHupyemsbie Yyawmmca HayumTcsa CTPoUTb rpadmky HepPaBEHCTB C ABYMS Mne-
pe3ynbratbl peMeHHbIMU.
OCHOBHbIe HepaBeHCTBO ¢ AByMS MepeMeHHbIMW, rpadunk HepaBeHCTBa
MOHATUSA C OBYMSI MepeMeHHbIMW, MHOXECTBO pPeLleHUN HepaBeHCTBA
C ABYMS MepeMeHHbIMMU, OTKpPbITasi NOJYNI0OCKOCTb, IMHENHOe
HEepPaBEHCTBO C ABYMSI NepeMeHHbIMU, rpaduK NMHENHOro He-
paBeHCTBa C ABYMS NepeMeHHbIMU.
3apgaHus 3apgaHus 3apaHus
ONsl KOHTpons 3apaHus
ans dopMupoBaHus ans -
1 KoppeKuuun ONa AoMaluHen
npegMeTHbIX nosTope-
npeaMeTHbIX pabotbi
pesynsTatoB Husa
pesynsTaToB
Ypok 1 15.1, 15.3, 15.5 15.2,15.4, 15.6
Ypok 2 15.7, 15.9, 15.18 15.8,
15.11 (1—5) 15.10 (1, 2),
15.12 (1—3)
Ypok 3 | 15.13, 15.15, 15.16, 15.19 CamocronaTenbHas 15.10 (3),
15.17 paboTta Ne 15: 15.12 (4—6),
Ne 1 15.14

MeTroauuyecKkue KOMMEHTAPUH

OcHOBHBIE TIOHATHUS alIlapaTa pPadoThl ¢ HepaBEHCTBAMHU YK€ 3HAKOMBI
yuamimMcs IO PeIleHn0 HepaBeHCTB ¢ OaHoII nepeMmenHou. ITosTomy ompe-
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IeJIeHUs HePaBeHCTBA C ABYyMs IIePEeMeHHBIMU U eTr0 PeIleHuns 3aTPyAHeHU I
y ydalniuxcs He BBIBBIBAIOT. Ilepexoa oT HepaBeHCTB C OMHOM IIepeMeHHOM
K HepaBeHCTBAM C IBYMs IIePEMEeHHBIMU COAEPIKUT ABA KJIIOUEBbIX OTIUYUNSI:
BO-TIEPBBIX, OHO PeIllleHre HepaBeHCTBA 3aIllChIBAETCA B BUIe YIIOPAJOUEH-
HOIT mapsl (X; y); BO-BTOPBIX, IJIA IpadruecKoro n3o0pakeHusi MHOKeCTBa
pelleHnii HepaBeHCTBA TpeOyeTcs He OJHOMepHAas KOOpAWHATHAA mpaMad,
a IByMepHasa KOOpAWHATHAA IIJIOCKOCTbD.

ITesecooOpasHo HATIOMHUTDH YUAITUMCS, YTO AJIA U300pakeHns Ha KOOP-
OUHATHOM IIpAMOII rpaduKa HepaBeHCTBa ¢ OAHOII mepemeHHOU f(x) > 0
(f (x) < 0) MBI OIpemeasaJIn TOUKN, KOTOPhIe JN00 ABJIAIOTCA HYJIAMUI PYHK-
nuu f(x), 1ubo He BXOAAT B 00JaCTh olpeneieHUuA PYHKIIUN, U 9THU TOUKU
pasbuBaIy KOOPAMHATHYIO IPAMYIO Ha MHTEPBAJbBI, Ha KaKJI0M 13 KOTOPBIX
3HaueHUe BbIpaKeHuA [ (x) coOXpaHAJ0 3HAK. AHAJOTUUYHBIE COOOpaKeHUs
OPUMEHSIOTCA U JJIs1 IOCTPOeHUs rpadrKa HepaBeHCTBa ¢ ABYMs epeMeH-
HBIMU: JUHUY rpadukra ypaBHenud f(x, y) = 0(f (x, y) = 0) u mununM (TouKn),
m3obparkaromiye naps! (x; y), He BXoAdAIre B 00JacTh onpeaeieHnd QyHK-
uu, pasdéuBaOT KOOPAUHATHYIO IIJIOCKOCTD Xl Ha 00J1aCTH, B KaXKA0M U3 KO-
TOPBIX 3HAaUYeHUe BbIpasKeHUdA f(x; y) coxpaHser 3HaK. MOXKHO Ha JOCTYII-
HOM ydYalluMCs YPOBHE MOSACHUTD, UTO 9TU COOOpaKeHUA IPUMEeHUMEI OJ1a-
rogaps TOMY, YTO B IIKOJBHOM Kypce MaTeMaTUKU MU3ydaloTCA «yAOOHBIE»
IS TAKOTO MCCAeN0oBaHUA QYHKIINU. JIF0003HATEILHBIM YUAIITUMCA MOKHO
OPeaJIOKUTh CKOHCTPYHUPOBATHL HEPABEHCTBO, IJIsI KOTOPOTO TAKO# ammapar
HOCTpoeHUus rpad@uKa He TOAXOAUT (B TAaKOM HepaBeHCTBE MOYKHO, HAIIPU-
Mep, UCIO0JIb30BaTh QYHKIIMIO [[upuxie).

Creyiommum sTamoM MOCTPoeHn A rpad)Ka HepaBeHCTBA ABJIAETCS oIpee-
JeHue 3HaKa GyHKIUH f (X, i) B KaKIOI U3 IOJIy4YeHHBIX o0sacTteii. [l aToro
HamboJIee Iejiecoo0paseH MeTOl «HPOOHBIX ToueK». CiemyeT IMOSUEPKHYTD,
YTO [IJIS 9TOTO METO/a JOCTATOYHO OIPEIeNTh 3HAK 3HAYeHUA (PYHKIUU, a He
caMo 3HaUeHNe, ITI09TOMY MOKHO YIPOIIATh U OTPYOJIsTh BEIUNCICHUS, a TaK-
JKe MCIIOJIb30BAaTh COO0PaAYKeHN s, aHaJIOrMYHbIe IPUBEAEHHBIM B IpuMepe 1.

ITosiesubIMU MOT'YT OBITH U TaKUEe COOOPAIKEHNsI, OCHOBAHHBIE HA METO/Ie
«IIPOOHBIX TOUYEK». ECJI BO3MOKHO IPEACTABUTL YPaBHEHUE C ABYMS IIepe-
MEHHBIMHU B Bujie i = f (X) ¥ COOTBETCTBEHHO I'pauK 3TOTO yPaBHEHUA SABJIA-
eTcda rpaduKkoM QYHKIIUU [, TO peleHns HepaBeHCTBa Y < f(x) pacmosioske-
HBI HUKe rpaduka QyHKIuu f(x), a perieHus HepaBeHcTBa Y > f(x) — BBI-
IIIe 3TOro rpaduka.

Korma ugér peusb o mocTpoernnu rpadka HECTPOTOTO HepaBeHCTBa, yda-
muecsa OOJIKHBI IOHUMATh, UTO rpaduk ypaBHeHud f(x, y) = 0 mpunazie-
JKUT rpad@uKy HepaBeHCTBa. I'padKy cTpororo HepaBeHCTBa rpadguk ypas-
HeHUdg f(x, y) = 0 He IpUHALIEIKUT.

B nmpumepe 8 nmaparpada geMoHCTPUPYETCs MOJEe3HbIN IPUEM pPelIeHns
HepaBeHCTBA C OJHOU IIepeMeHHOIl ¢ TapaMeTpoM: IIPeJCTaABUB ero KaK He-
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PaBEHCTBO C ABYMsA IIepPeMEeHHBIMU (B KaueCTBe OJHOM 113 KOTOPBLIX BHICTYIIA-
eT ImapameTp), IOCTPOUTD I'paUK STOTO HEPABEHCTBA U JaJiee MCCJIeJ0BaTh
BBIIIOJIHEHME YCJIOBUM 3aJaum IIPY M3MEHEHN! 3HAaYeHUsA IepeMeHHO-Ia-
pameTpa.

KoMMmeHTapuu K yrpaskHeHUSIM

Ne 15.5. OTkprITas DOJIYyII0CKOCTD ABJAETCA 'PAPUKOM TAKUX HEPaBEHCTB:
1,2,6,7,9.

Ne¢ 15.13(3). Uckomblii rpaduk — 3TO 00beAUHEHNE OJIYILJIOCKOCTHU U JIyUa.
Ne 15.16. ITocTpoiiTe rpapuK IIePBOrO HepaBeHCTBA Ha KOOPAWHATHON ILJIO-
cxkoctu xa. Ciegyer HaiiTH BCe 3HAUEHHS IapaMeTrpa a, IIPU KOTOPBIX IIO-
CTPOEHHBIN I'pad)UK He COAEPKUT TOUKHU C a0CIMCCAMU, YIOBJIETBOPSIIOIIIL-
MU HepaBeHCTBY x2 < 4,

§ 16. Cucrembl HepaBeHCTB
C ABYMSA NepeMeHHbIMMU

TexHonorn4yeckas Ka PTa ypoKoB

dopmupyembie lMpeameTHbie: hopMMPOBaTbL yMeHME UCMONb3oBaThb rpaduye-
pe3ynbratbl CKWI crnocob pelleHns CMCTeMbl HEPaBEHCTB C ABYMs NepeMeH-
HbIMW.

JInyHOCTHbIE: q’.)OpMMpOBaTb yMeHUe ninaHmpoBaTb CBOU aen-
CTBUA B COOTBETCTBUU C y‘-le6HbIM 3ajaHunem.

Meranpe,qmeTHble: (bOpMVIpOBaTb yMeHune COOTHOCUTb CBOU
,U,GVICTBVIH C NnaHnpyeMbiMU pe3synbTaTaMn.

lMnaHvpyembie  YHalmMncs Hay4ymTCs pellaTbh CMCTeMbl HEPaBEHCTB C ABYMS Mne-

pe3ynbratbl peMeHHbIMU rpaduryecknum cnocobom.
OCHOBHbIe PelweHne cncrembl HEPABEHCTB, MHOXECTBO PELLUEHUIN CUCTEMBI
NMOHATUA HEepPaBEHCTB.
3apaHus 3apaHusa 3apanus 3apaHus
ANa KOHTpons
ana ¢popmmposaHus ons ansa
1 KoppeKkuun -
npeaMeTHbIX nosTope- OOMallHen
npeaMeTHbIX
pesynbsraToB HUS paboTbi
pe3ynsraToB
Ypok 1 16.1, 16.3, 16.4 16.2, 16.5,
16.26
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OKoHYaHue

3apaHusa
3apaHusa 3apaHusa 3apaHusa
ANs KOHTpONsA
ana ¢popmnpoBaHusa ans 1 KOPpeKLMM ans
npeaMeTHbIX nosTope- nbe p':emblx AOMaLUHen
pe3ynsraToB HUS pen paboTbl
pesynbTaToB
Ypok 2 16.6, 16.8, 16.10, 16.7, 16.9,
16.12, 16.14, 16.16 16.11, 16.13,
16.15, 16.17
Ypok 3 16.18, 16.20, 16.22, 16.27 CamoctonaTenbHaa | 16.19, 16.21,
16.25 pa6oTta N2 16: 16.23, 16.24
Ne1,2,3

Me’ro;m‘{ecmne KOMMEHTaApUA

ITousaTue cucTeMbl HEPABEHCTB 3HAKOMO YUAIIIUMCS: OHU yKe YMeIOT pe-
IIIaTh CUCTEMEBI HEPABEHCTB C OTHOM mmepeMeHHOoI. IToaToMy ob1iasa umges pe-
IIeHUsS CUCTeMbI HEPABEHCTB C ABYMs I€PEMEHHBLIMHU 3aTPYAHEHUH y yda-
muXcs He BbI3bIBaeT. Takike yualuecs TOHSIN O0IIe MPUHITUIIBI n300pa-
JKeHUS MHOYKECTBAa pPeIllleHU i HepaBeHCTBAa C AByMs IlepeMeHHbIMu. IlosTomy
MaTepuaj JaHHOTO Imaparpada aganTupyeT y:Ke M3BEeCTHBIe yJUallluMCs Me-
TOABI PEIIeHUN HAa KOOPAUHATHON IMJIOCKOCTH.

B kauecTBe AUIAKTUUYECKOrO0 MAaTepHaJia MCIIOJb30BAHBI MPAKTUYECKU
BCe M3BECTHBIE YUaI[MMCs YPABHEHUS C IBYMsI IePpeMeHHbBIMH, rpaduKu Ko-
TOPBIX OHU YMEIOT CTPOUTD.

Ha pucynkax 17.1—17.3 mokasaH JOBOJIbHO HaTVIAAHBI cII0c00 1300pa-
JKeHUS NCKOMOM 00JIACTH — C IIOMOII[BIO IIITPUXOBKU. YUallliecsa MOT'YT BOC-
MOJIL30BATHCS STUM CIIOCO00M O(POPMIIEHUA U APYTIUX IOTOOHBIX 3a4ad.

CrenyeT HaIOMHUTH YYaIIUMCH, YTO OT TOTO, ABJSETCSA JIU HEKOTOPOe
HEePaBeHCTBO CTPOTUM HJIU HECTPOTUM, 3aBUCUT, IPUHAMICIKUT JU IpaPuK
ypaBHeHnud f (x, y) = 0 rpaduKy paccMaTpuBaeMOro HepaBeHCTBA.

YacTbIM UCTOUHUKOM OIIUOOK ABJIAETCS TO, UYTO yUaIlliruecs He o0paIaoT
BHUMAaHUS Ha Pas3JnUHBIE (CTPOTHMEe U HeCTPOrue) 3HAKU HePaBeHCTB, BXOIA-
X B OAHY CUCTEMY.

CrenyeT oOpaTuTh BHUMAaHUE yUaIllXCs HA TO, UTO YIPOIIeHNe HepaBeH-
CTBa C ABYyMs MePEeMEeHHBIMI MOJKET IPUBECTH K TOMY, UTO MCXOJHOEe Hepa-
BEHCTBO «pacrajaeTcs» Ha HECKOJbKO COBOKYITHOCTEH, KarKaasa U3 KOTOPhIX
COOTBETCTBYET OTAEJbHOI 00JIaCTH KOOPANHATHON IIJIOCKOCTH.

YMeHre CTPOUTHL MHOMKECTBO TOUEK, ABJISIOIIEeCs pellleHrueM CHCTEeMbI
HEPAaBEHCTB C ABYMS II€PEeMEHHBIMM, BO MHOTOM PACIIHPSET YMEHUs yda-
IUXCS B IIOCTPOEHNE rPaprKOB HEPABEHCTB. DTO CBA3AHO C TeM, UTO €CTh He-
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MaJIO HEPpaB€HCTB, KOTOPbI€ MOYHO 3aMEHUTHh Ha PaBHOCUJIBHBbIE CHCTEMBI.
ITO B CBOIO ouepenb pacIimpdeT KJjiacC 3ajgaud C rrapaMeTpaMu, pellieHne Ko-
TOPBIX OCHOBaHO Ha I‘pa(I)I/I‘-IeCKOM HpI/IéMe C MCIIOJIB30OBaHMEM KOOpAMHAT-
HO IJIOCKOCTH Xa.

KoMmMmeHTapuu K yrpaskHeHUSIM

a < 4x-x?,
Ne 16.21. IIpeacTaBuM JaHHYIO CUCTEMY B TaKOM BHE 1 9 [Ha-
a> gxz T3

Jiee Ha KOOPAUHATHON IIJIOCKOCTU X@ IMIOCTPOMTE MHOYKECTBO TOUEK, SIBJIAIO-
Ieecs peleHneM JaHHOrO HepaBeHCTBA.

Ne 16.23. Pasio:kuTe Ha MHOKIUTEJIN JIEBYIO YaCTh IIePBOI'0 HepaBeHCTBA CHU-
CTEeMBI.

§ 17. OcHOBHbIE MeTOoAbl AoKa3aTesNibCTBa
HepaBeHCTB

TexHonorn4vyeckas kKa PTa ypoKoB

CDOpMMpyeMble lpeameTHbIe: hopMUpPOBaTbL YMEHME JOKa3blBaTb HEpPaBEHCTBaA.

pe3ynerartbl JIn4HOCTHbIE: opMmpoBaTb yMeHWe GopMynmMpoBaTb Cob-
CTBEHHOE MHEHMe.

MertanpeametHbie: GOpMUPOBaATb YMEHME YCTaHaBIMBaTbL NpU-
YMHHO-CNIeACTBEHHbIE CBfI3M, CTPOUTb JlorMyeckoe paccyxpe-
HWe, yMmo3akitodyeHue (MHAYKTUBHOe, AefyKTMBHOE U MO aHa-
Norvn) N genatb BbIBOAbI.

lMnaHvpyembie  YdalMnNca HayunTcs JOKa3biBaTb HepaBEHCTBA.
pe3ynbrartsl

OcCHOBHbIE Joka3aTb HepaBeHCTBO, MeTOo 4 pPa3HOCTU, MeTopn ynpolweHuna

MNMOHATUA HepaBeHCTBa, MeTOo[ pacCy>XaeHuna OT NPOTUBHOIO, MeTo[ Npu-
MEeHeHUa o4YeBUOHOro HepaBeHCTBa, MeToh NMpuUMeHeHUna pa-
Hee JOKa3aHHOro HepaBeHCTBA.

3apaHusa
3apaHus 3apaHus 2 KOHTDONS 3apaHus
ans popmMmpoBaHus ons TKO er . onsa

npepMeTHbIX noBTope- noe pI\FI)IET:bIX OOoMallHen

pe3synbraToB HUSA pea paboTbi

pe3ynsTaToB

Ypok 1 17.1,17.3,17.5, 17.65 17.2,17.4,
17.7,17.8 17.6,17.9
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OKoHYaHue

3apaHusa
3apaHusa 3apaHusa 3apaHusa
ANsi KOHTpONSA
ana ¢popmnpoBaHusa ans 1 KoppeKLMM Ana
npeamMeTHbIX noeTope- NPeAMETHBIX AOMaLUHen
pe3ynsTaToB HUS paboTbl
pesynbTaToB
Ypok 2 17.10,17.12, 17.13, 17.66 17.11,17.14,
17.15,17.16, 17.17, 17.19, 17.21
17.18, 17.20
Ypok 3 17.22,17.24, 17.26, 17.23,17.25,
17.28, 17.30, 17.31, 17.27,17.29,
17.33,17.35, 17.37, 17.32,17.34,
17.39 17.36, 17.8,
17.40
Ypok 4 17.41,17.43,17.45, 17.42,17.44,
17.46, 17.48, 17.49, 17.47,17.50,
17.51, 17.52 17.53
Ypok 5 17.54, 17.56, 17.57, CamocrosaTenbHasa | 17.55, 17.62,
17.58, 17.59, 17.60, paboTta Ne 17: 17.64
17.61, 17.63 Ne 1,2

Me’ro;m‘{ecmne KOMMEHTapuunu

B maparpadge paccMoTpeHbI pasauUHBbIe IPUEMBI JOKa3aTeIbCTBa Hepa-
BEHCTB. B mIepByIo ouepens cieyeT pasbaCHUTh, UTO IOAPAa3yMeBaeTCa MO,
IOKas3aTeJbCTBOM HepaBeHCTBA.

CraenyeT o0paTUTh BHUMAaHME ydaIllUXCsS HA TO, UTO HPAKTUUYECKHU BCe
OHU MpeayCcMATPUBAIOT IMIpeoOpasoBaHUs HepaBeHCTB. llepen uayueHmeMm
STOM TeMBI 11e71eCO00Pa3HO IIOBTOPUTD C YUAIITUMUCS CBOMCTBA UNCJIOBBIX He-
DaBeHCTB, IIPAaBUJA CJOYKEHUA U YMHOYKEHUS UYKCJIOBBIX HepaBeHCTB (§ 9
yuebHUKa «Anredopa» ajs 8 Kjacca ¢ yrIyOJEHHBIM M3YUYeHHNEeM MaTeMaTH-
Ku). Yuaiiuecs AOIKHBI IPUNTHA K BBIBOAY O TOM, UTO OIepaIusa YMHOMKe-
HuA 00emx JacTeil HepaBeHCTBa Ha IIepeMeHHYI0 TpedyeT 00JIbIIero BHUMA-
Husg. [1osTOMYy BO3MOIKHOCTH IIPUMEHEHUsI TeopeM 00 YMHOMKEeHHH Hepa-
BEHCTB He00X0AMMO 000CHOBBIBATE. IIpuMep TAKOro 060CHOBAHUSA IIPUBEAEH
B nmpumepe 6 maparpada.

Meron mpuMeHeHUs paHee JOKa3aHHOTO HepaBEeHCTBA OCHOBAH HA TOM,
YTO y ydallluXxcs MOCTEIeHHO HaKallJIuBaeTCAd «0MOImoTeKa» MOKa3aHHBIX
HepaBeHCTB, KOTOPOIi OHU MOTYT IOJIb30BaThCs. B maparpade IpuBeaéH psay
KPacUBBIX HEPABEHCTB, C KOTOPBHIX MOKHO HA4YaTh (popMUPOBaHUE dTOH «OuU-
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0JIMOTEKM», OCOOEHHO TeX, KOTOPhIe COoAepsKaTcA B KJIIOUEBBHIX 3ajavax ma-
parpada. IMeHHO TaKue MeTOAbI PeIIeHUs NOKA3LIBAIOT U HOAKPEILISIOT
I1eJ1ecO00PAa3HOCTh CHUCTEMBI «KJIOUEBBIX 3aJau», IIPUHATON B JaHHOW JIN-
HeliKe YUeOHUKOB.

Psang mosiesHbIX HepaBeHCTB OyAeT IpUBENEH B ciaenyioiieil Teme «Hepa-
BEHCTBa MeKIy cpeaHuMu BequunHaMu. HepaBeuctBo Koimmm — ByHsaKOB-
CKOro» M pacckase «I(h@eKTuBHbIE IPUEMBI JOKAa3aTeJIbCTBA HEPABEHCTB»
mocJie Hee.

ROMMeHTapI/I]/I K YIPpaxXHEHUAM

Ne 17.18, 17.22. Boc1ioab3yiiTeCh METOLOM PA3HOCTH.

Ne 17.30. Imeem: 1 > 1 , 1 > 1 , 1 > 1 . Orcro-
a+b a+b+c b+c a+b+c c+a a+b+c
1 1 1 3
na + + > .
a+b b+c c+a a+b+c
Ne 17.33. Umeem: —2— > a , b > b , € s ¢ . Orcro-
a+b a+b+c b+c a+b+c c+a a+b+c
a b c a+b+c
ma + + > =1

a+b b+c c+a a+b+c
Ne 17.40. meem: b2 +b =b(b? +1) > 2b% npu b > 0. Teneps MOKHO 3aIH-
catb a* + b3 +b+1 > 2a? + 2b% > 4ab.

Ne17.43—17.45. BocrionbayliTech HepaBeHCTBOM X2 + y2 + 22 > xy + yz + zx.

4 b 4 4 2 2 b 2 b
Ne 17.46. Nmeem: (ﬂj +(—) +(£) >(2) +(£) +(—) >2,24
b c a c b a b ¢

2 2
N217.47.Bocuioab3yiiTech T€M, UTO be +% ab _ [‘ /EJ + ( acJ +
a

a b c
Ne 17.55. Hokaskure, uro (a + b)2 > 4ab.

§ 18. HepaBeHcTBa Mexay cpeaHNMMU
BenuunHamun. HepaseHcrBo Kowun —
BbyHAKOBCKOro

TexHOnorn4yeckas kapTa ypokoB

@opmupyemble  lpegmeTHbie: GOPMUPOBaATL YMEHME A0Ka3aTb U NPUMEHATb
pe3yanaTb1 npun peweHnn 3aga4v HepaBeHCTBa MexXxay cpeaHMMu1 BeJin4mHa-
MW, HEPABEHCTBO KOLIJI/I—EyHFIKOBCKOFO.
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lMTnaHupyembie

pe3ynbTatsbl

OCHOBHbI€E
NMOHATUNA

JIn4HOCTHbIE: hopMMpPOBaTh YMEHME MPenCcTaBNsaTb pe3ynsraT
CBOEN JeATeNnbHOCTU.

MertanpegmetHbie: DopMMPOBaTh yMEHUE yCTaHaBINBaTb MNpu-
YMHHO-CNEeACTBEHHbIE CBSI3N, CTPOUTb JIOTMYeCKoe paccyXxie-
HUe, yMo3aKJioyeHue (MHAYKTUBHOe, AedyKTUBHOE U MO aHa-
Norvun) v aenaTb BbIBOAbI.

Yyawmmca HayuuTcs AoKasbliBaTb WU MPUMEHATb MPU peLleHnn
3aja4 HepaBeHCTBa MexXay cpefHUMU BeNNYMHaMM, HepaBeH-
crBO Kowmn—byHakoBcKoro.

CpefHee KBappaTU4HOe, cpefHee apudmMeTHyeckoe, cpefHee
reomeTpuyeckoe, cpefHee rapMoHW4YHoe, HepaBeHCTBO Ko-
wn—byHakosckoro.

3apaHusa
3apaHusa 3apaHusa 3apaHusa
ANsl KOHTpoONsA
ana ¢popmnpoBaHus ans 1 KoppeKLMM Ana
npeamMeTHbIX nosTope- NPeAMETHBIX AoMaluHen
pe3ynsraToB HUS pesynkraTos pabotbi
Ypok 1 18.1, 18.3, 18.4, 18.2, 18.5,
18.6, 18.8 18.7, 18.9
Ypok 2 18.10, 18.11, 18.12, 18.13, 18.15,
18.14, 18.16, 18.17, 18.18, 18.20,
18.19, 18.21 18.22
Ypok 3 18.23, 18.25, 18.27, 18.67 18.24, 18.26,
18.29, 18.30, 18.32, 18.28, 18.31,
18.34, 18.36, 18.38, 18.33, 18.35,
18.39 18.37
Ypok 4 18.40, 18.42, 18.44, 18.68 18.41, 18.43,
18.46, 18.47, 18.57, 18.45, 18.48
18.58, 18.59, 18.60
Ypok 5 18.49, 18.50, 18.52, CamoctosiTtenbHasa | 18.51, 18.53,
18.54, 18.55, 18.61, pa6oTta N2 18: 18.56, 18.62
18.63, 18.64, 18.65, Ne1t,2,4
18.66

MeTonuuecKkue KOMMEHTAPUU

YTBep:KIeHUEe O TOM, UTO CpeagHue BeanuyuHbl uncesi a u b (0 < a < b)
IpUHAaAJIeXKaT IPOMEKYTRY [a; b], IpefocTaBIeHO AJIA CAMOCTOATEJIHHOTO
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IOKAasaTe/JbCTBA. Yualliuecs 00513aTeIbHO MOJKHBI BLIIOJHUTH 9TO 3aa-
HUe.

ITesrecoobpasHo 06CYAUTH C YUAITUMUCS, KAKYIO POJIb UTPAET OrpaHnue-
Hue 0 < a.

Vuaruecs JOMKHBI 3alIOMHUTD OIIPEIEJIEHNS CPEeIHNX BeJINUNH U Hepa-
BEHCTBA, UX CBA3LIBAIOIINE, 4 TAKMKe 0000IIeHe HepaBeHCTBA, CBA3BIBAIO-
II[ero cpeaHee KBaApaTUUYHOE U CpeaHee apudpMeTHUecKoe IJisl N YHCes, TaK
KaK Jajiee OHU HCIIOJb3YIOTCS B 3agauax. [I[puMepsl X IPUMeHEeHUs IIPUBe-
IeHbBI B TEOPETUUYECKO yacTu naparpada.

IHoxazaresbCTBO HepaBeHCTBA Komnm—ByHAKOBCKOroO IpHMedaTeIbLHO
TeM, UTO IpeJjiaraeMbIil MeTO/l HUTZe PaHee He UCIOJb30BaJICA IPHU A0oKa3a-
TeJbCTBE HepaBeHCTB. Ves JoKasaTelbCTBa KpacuBas, HEOKUIAHHAS U
BMeECTe C TeM JJOCTAaTOUHO McKyccTBeHHas. Cienyer o6paTuTh BHUMaHUE HaA
ycJOoBUE HJOCTUKEeHUA paBeHCTBa B HepaBeucTBe Komun—ByHaKkoBcKoTO.

s mpuMeHeHUsS M3YUEHHBIX HEPaBEHCTB, 0COOEHHO HepaBemcTBa Ko-
mu— ByHAKOBCKOr0o, OUeHb BasKHO YMeTh YBUAETh IIPeACTaBIeHNe TaHHbBIX
BBIDAXKEHUH B (popMe, K KOTOPOI 5TH HepaBeHCTBA IPUMEHUMBI, a UMEHHO,
onpe/eseHre HAOOPOB Ynces a, 1 b,. ITOT HaBbIK (hOPMUPYeTCA ¢ IpuobpeTe-
HIEeM OIIPe[eIéHHOr0 OIbITAa IIPMMeHeHUs HepaBeHcTBa Komu—ByHAKOB-
ckoro. IIpumepsr 6—8 maparpada sToMy CIIOCOOCTBYIOT.

ITpumep 8 maparpada JeMOHCTPUPYET HEOKUAAHHOE IPUMeHeHre Hepa-
BeHcTBa Komu—ByHAKOBCKOro. 31ech yCJI0BUE MOCTUKEHUS PABEHCTBA B
HepaBeHcTBe Kommr—ByHAKOBCKOTO SBJISETCA KJIIOUEBBIM IIPUEMOM.

ROMMeHTapI/H/I K yIIpaskHEeHHUAM

Ne 18.12. Mmeem: % + —— = x2 +1+ —1—
x® +1 x® +1

Ne 18.14. IIpumenuTe HepaBeHCTBO Kolmmn—ByHIKOBCKOT0 K HabopaM YuceJ

(a; b) u (c; d).

Ne 18.16. IIpumenuTe HepaBeHcTBO Kolmn—ByHSKOBCKOT0 K HabopaM YuceJ

(1; a) u (1; b).

Ne 18.17. IlpumenuTre HepaBeHcTBO Koimn—ByHsaK0oBCKOro K HabopaM dmcel

(a; b; c) m (x5 y; 2).

Ne 18.24. Nwmeewm: w > +12ab. C yuéroMm ycCJaOBUS IIOJIydaeM, UTO

-1.

ab < 12. PaBencTBo mocturaerca npua =4 u b= 3.

Ne 18.27. Umeem: 2x > X = l. 3HaK paBeHCTBA JOCTUTAETCA IIPU
1 9x° +1 9Jgx2.1 6
x==.
3
Ne 18.30. Mmeen: 27 € €+a a+b _b,c ¢ a, a b
a b c a a b b c¢ c
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Ne 18.31. Mmeem: —+ + + > 2%, +z/ 4 \/74.2\/7
b b ¢ a

2 2 2
Ne 18.32. Mimeem: & +1 27 *1 (“_er_j + (1 +lj,
b a b a b a

2 2 2 2
Ne 18.33. Umeem: @+1) + ©®+1 = (2\/5) + @Vb) _4a 40

b a b a b a’
_ 42 _ K2 _ _ 2
Ne18.35.Wmeen: ab + /(1 — a2)(1 - b2) < ab + L=2 ;1 b” _2 (‘; " < 1.

Ne 18.38. Imeem: (a + b)? < 2(a? + b?) < 24/2(a* + b*) = 4.

Ne 18.43. IIpumenuTe HepaBeHcTBO Komu—ByHAKOBCKOro K HabopaM unceJI
(a; b;c)um(1; 15 1).

Ne 18.53. [IpumenuB HepaBeHCcTBO Kolltn—ByHAKOBCKOT0 K HabopaM Uuce

(\ll—x; \/1+x) u (1; 1), momyuum, uto V1 —x ++1+x < 2

KoHTponbHas pa6bota N2 4



rnaca 4. CTeneHHasa pyHKUUSA

§ 19. CreneHHasa pyHKUMA
C HaTypanbHbIM NokKa3sarenem

TexHoNnorn4yeckas Kkapta ypokos

Popmupyemsie

pe3ynbTatbl

lMnaHupyemsbie

pe3ynbrartbl

OCHOBHbIe
MOHATUSA

MpegmeTHble: hopMUPOBaTb YMEHUS pacrno3HaBaTb CTEMeH-
Hylo DYHKLMIO C HaTypanbHbIM MoKa3aTefieM, CTPOUTb rpadumk
cTeneHHom pyHKLUUM C HaTypanbHbIM NMoKa3saTenem, NpUMeHsTb
eé cBOWCTBa NpU peLlueHnn 3a4au.

JInyHOCTHbIE: CIJOpMVIpOBaTb nHTEpEC K N3y4eHUIO TeEMbI N Xe-
naHve NpnMeHaTb I'IpI/IO6PETéHHbIe 3HaHNA N YMEeHUA.

MertanpeametHbie: hopMUpoBaTb YMeHWE onpeaensitb CNoco-
Obl JeCTBMI B pamMkax MPefnoXeHHbIX YCIoBUN U TpeboBsa-
HUIN, KOPPEKTUPOBaTb CBOU AENCTBUSI B COOTBETCTBUMU C U3Me-
HAOLWWEeNCs cuTyaumen.

Yyawmmea HayumTCs pacno3HaBaTb CTEMEHHYO (GyHKLUIO C Ha-
TypanbHbIM Moka3aTenem, CTpouUTb rpaduk cTeneHHon QyHK-
LMW C HaTypalbHbIM NoKa3aTeNneM, NPUMEHSTb €€ CBOMCTBa NpU
pelleHnn 3agay.

CreneHHasi GyHKLMA C HaTypanbHbIM MOKa3aTesem, CBOMCTBA
cTeneHHOM PYHKLMU C YETHBIM MoKa3aTeneM, CBONCTBA CTeMneH-
HOWM (PYHKLMM C HEYETHBIM NMOKa3aTenem.

3apaHus
ana ¢popMmmposaHus
npeaMeTHbIX
pe3synsraToB

3apaHus
ons

nosTope-
HUs

3apaHusa
ANa KOHTpons
1 KoppeKkuumn
npeamMeTHbIX
pe3ynbsraToB

3apgaHus
ons
OOoMalUHen
paboTbi

Ypok 1

19.1, 19.3, 19.5

19.2, 19.4,
19.7

Ypok 2

19.8, 19.10, 19.12,
19.14, 19.16

19.27

19.9, 19.11,
19.13, 19.15,
19.17

Ypok 3

19.18, 19.20, 19.21,
19.23, 19.25

19.28

CamocroaTenbHas
paboTta N2 19:
Ne1,2

19.19, 19.22,
19.24, 19.26
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MeTonuuecKkue KOMMEHTAPUU

ITockonbRy yuaruecs 3HAKOMBI C YACTHBIMU BUIAMU 9TOW (PYHKIINU, TO
UM XOPOIIO TOHATHO, IIOYEMY IIPU UccaenoBaHUM QyHKIuu y = x"*, n € N,
Ha0 OTHAeJHLHO PacCMaTPUBATD ABA CIyUasi: I — UYETHOE HATYPAJIbHOE UKCJI0
U n — HeUYETHOe HATypPaJIbHOe YMCJIIO.

Cienyer pas3bsCHUTH ydYalllUMCs: HA OCHOBAHWU TOTO, YTO BBIPaKeHUE
x%¢ k € Z, IpuHUMAaeT TOJILKO HeOTpUIlaTeIbHble 3HAUEHN S, eIlé He clefyeT
JIeJIaTh BBIBOJ, UTO 00JIACThIO 3HAUECHUN cTeleHHol QyHKIuu y = x2%, ke Z,
ABJSAIOTCS BCe HeoTpUuIlaTeJabHbIe uncia. CooOTBETCTBYIOIIEe 3aMeUaHe MOK-
HO CZIeJIaTh U IIPU IOUCKe 00JIacTH 3HadYeHni pyHKmun y = x2* "1 ke Z.

ITpu nccnegoBanmm cBoiicTB pyHKIMU Yy = X", n € N, njda cirydas, Koraa
n — HeUYETHOoe HATypaJbHOE UICJIO, IOKa3aTe /b CTeIIeHU IIPeACTaBJIeH B BU-
ne n =2k + 1. 9To o3HavaeT, UYTO JOKa3aTEJIbCTBO He paccMaTpPUBaeT caydas
n=1, . e. pyEKIIUU y = X. B 3aBUCUMOCTU OT BO3SMOIKHOCTEN KJacca Caeny-
eT Jin00 CocCJIaThCS Ha CBOWCTBA 9TON (PYHKIIUU, U3YUEHHBIE B IIPEAbIIYIITNX
KJaccax, Jubo IPOBEPUTh CAMOCTOSTEIbLHO, UTO CBOMCTBA, KOTOPhIE Iajiee
ITOKAa3bIBAIOTCA IJs ciiyuasa n = 2k + 1, BBIDOJHAIOTCA OJd caydass n = 1.

B zaBucumMoOCTI OT BO3MOMKHOCTEH KJacca MOXKHO Pa3bsICHUTH, KaK II0
OTHOIIIEHUIO JIPYT K APYTY PAcCIOJ0KeHbI rpaduku GyHKIui y = x*, x > 0,
OPU Pa3JINYHBIX HATYPaJbHBIX 3HAUeHUAX n. OOHAKO UJIIOCTPATHBHOE CO-
IPOBOYKIEHNE 3TOr0 MaTepuajia UMeeT OIpeIe e HHbIe TPYIHOCTH!.

Wcnonbays IUITL TeTpaaHbINA JUCT B KJIETKY, CJI0YKHO YBUAETh PA3HUILY,
Hampumep, Mexxkay rpadpurkamu QyHKIu y = x3 u y = x°. 31ech MoKeT 110-
MOUYL TPAAUIIMOHHLIA METOJ — IIOCTPOeHUe rpadrKa Ha MHJIJINMETPOBOI
Oymare — 100 0oJiee COBPeMEeHHbBIII — MCIIOJIb30BaHMe COOTBETCTBYIOIIIX
KOMOBIOTEPHBIX IIPOrpaMM. B 3aBHCHMOCTH OT BO3MOKHOCTEH KJacca Ha
YPOKe MHPOPMATUKMN MOYKHO HCIOJL30BATh IOCTPOEeHUE IPa(pMKOB II0 TOU-
KaM Ha OCHOBAHUM TaOJUIILI, co3manuoil B Word uin pesakTope TaOJINIL;
C ICIOJIb30BAHUEM CHEI[MaJN3UPOBAHHBIX MATEMaTUYECKUX aKeTOB.

Yuaiqumcs co CKJIOHHOCTBIO K U3YUEeHU 0 MHGOPMATHUKI MOYKHO IIPEIJI0-
JKUTh CaMOCTOSATEJIbHO HauaTh Pas3spaboTKy HpoOrpaMMbl AJIs IIOCTPOEHUS
rpadKOB Ha SKpaHe KOMIObIOTepa, KOTOPYIO II0 Mepe M3yUeHUs allapara
nccjaenoBannusa GPYHKIIUN OHM CMOT'YT Pa3BUBATH M COBEPIIIEHCTBOBATD.

ROMMEHTapHH K yIIpaXKHEHUAM

Ne 19.1—19.3. IIpu pellteHnu 9TUX 3a4aU ydallrecsa JOJIKHBI alleJIIMPOBATh
K 4éTHOCTH (HEUETHOCTH) COOTBETCTBYIOIEl (DYHKITNU, a TAKIKe MCIIOJIb30-
BaThb €€ XapaKTep MOHOTOHHOCTH.

Ne 19.21.(1). PaccmorpuTte dyuknuio f(x) = x'! + x3. Ona sBasercsa Bospac-
Taromieii. 3HUUT, JaHHOE YypaBHEeHUEe UMeeT He 6ojiee 0J0r0 KOPHA.
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§ 20. O6paTHan pyHKUMSA

TexHONnorn4yeckas Kkapta ypokos

Popmupyembie
pe3ynbratbl

MnaHnpyemsie

lpeameTHble: hopMMpoBaTb YMEHUA OonepupoBaTb MOHATUSA-
MU obpaTuMon yHKUUKM, B3aUMHO ObpaTHbIX BYHKUWIA; Npu-
MEeHSITb CBOWCTBA B3aUMHO OOpaTHbIX YHKUWUN; HaXoAUTb
yHKLMIO, 06paTHYIO AaHHOWN.

JIn4HOCTHBIE: opMmpoBaTb yMeHWe GopMynmMpoBaTb Co6-
CTBEHHOE MHEeHWe.

MertanpeametHbie: GopMUpPOBaTb YMEHUS onpeaensitb NoHs-
Tus, co3gaBaTb 0600LEeHMs, yCTaHaBAMBAaTb aHanorMm, kKnaccum-
bunumpoBaTb, CaMOCTOSATENIbHO BbIOWMPATbL OCHOBaHMUSA U KpuUTe-
pun ans knaccudgurkaumn.

Yyawmiica HayuuTcs ornepupoBaTb MOHATUAMW obpaTumomn

pe3ynbratbl yHKUNMU, B3aMMHO 0OpaTHbIX YHKLUNA; MPUMEHSTbL CBOMCTBA
B3aMMHO OOpaTHbIX byHKUNN; HaxoanUTb hyHKLMIO, 06paTHy|o
DaHHOW.
OcCHOBHbIe ObpaTnmas ¢yHKLMS, B3aMMHO oOpaTHble yHKLMK, CBONCTBO
MOHATUSA B3aMMHO 0bpaTHbIX hyHKLMIN, obpaTHas PyHKLMS.
3apaHusa 3apgaHus 3apaHus 3apaHunsa
AN KOHTpons
ana ¢popmmpoBaHus ons ons
1 KoppeKuun -
npepMeTHbIX nosTope- OOMallHen
npeaMeTHbIX
pesynbsraToB HUS paboTbi
pe3ynsraToB
Ypok 1 20.1, 20.3,20.4 20.14 20.2, 20.5
Ypok 2 20.6, 20.8, 20.10, 20.15 CamocroaTenbHas 20.7, 20.9,
20.12 paboTta Ne 20: 20.11, 20.13
Ne 1,23

MeToauuyecKkue KOMMEHTAPUH

ATa TeMa ABJISETCS TPASUIIMOHHO CIOMKHON I yUaIluxcs.

IIpu orpaboTKe ompeneyieHUsS 0oOpaTUMONl (PYHKIIMHU CJIEAyeT HPenJo-
JKUTH ydaIlluMCs IPUBECTH OPUMephl KaK 00paTUMBIX (DYHKIIUII, TaK U
GYHKIN, He ABISIONUXCI O0PaTUMBIMMH.

B Teopeme 20.1 chopMyaupoBaHO AOCTATOUHOE YCJIOBUE OOPATHUMOCTH.
3amMeTuM, YTO MOHOTOHHOCTD QYHKIUY HE SBJIAETCA HeOOXOAUMBIM YCIOBU-
eM (mpuMep, UIJTIOCTPUPYIONINHA 9TO, IPUBeAEH HA pucyuke 20.4).
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ITpu popmMupoBaHUY IIOHATHSA B3AMMHO OOPATHBIX (DYHKIIMH ydalluecs
IOJIXKHBL B IIEPBYIO OUepelb IIOHATh, UTO €CJIH B YIIOPAJLOUEHHBIX Hapax BU-
na (xy; Yo)» rae y, = f (x,), [ — obparumasa QyHKIUA, TOMEHATH KOMIIOHEHTBI
MecTaMH, T. €. TOJYYUTh YIIOpAA0UYeHHbIe Tapsl BUAa (Y ; X,), TO TEM CaMBIM
Oyzet mosiyueHa (DyHKIIUSA, oOpaTHAs JaHHOIM.

Onpepenenue, MIpUBEAEHHOE B TeKeTe naparpada, popMaausyeTr cMeHy
MECT KOMIIOHEHTOB YIIOPAJOYEHHBIX IIap.

3ameHa (IIepecTaHOBKA) KOMIIOHEHTOB YIIOPAJOUYEHHLIX IIap TaKsKe II0-
MOTaeT pPa3bsACHUTh, IOUeMYy IPU HoucKe (PYHKIINU, OOPaTHOI JaHHOM, CJe-
IyeT He3aBHUCHMYIO IepPeMeHHYIO BBIPAYKATL dyepes 3aBUCUMYIO. IJIsT TOro
uyTOOBI IIePexXol K TPaAUIMOHHLIM 0003HAUEHUAM 3aBHCHUMOI M HE3aBUCH-
MOI1 IepeMeHHBIX BOCIPUHUMAJICA YUAIMMICSA €CTeCTBEHHO, MOYKHO IIpes-
JIOKUTH YUYAIIMMCS BBIIOJHUTE CJAELYIOIe VIPasKHeHUs: 3aaiiTe omca-

TeJbHO (PYHKIIUU, KOTOPhIE 3alaHbI CAEAYIOIIUMU (opMyIaMu: a = b ; 1,
_n+ 1
7

KoMMmeHTapuu K ynpaskHeHUSIM

Ne 20.4, 20.5. BocmossayiiTech onpeeieHre B3aNMHO 00paTHBIX (PYHKIIUI.
Ne 20.10, 20.11. BocnoJabsyiiTech Teopemoii 20.2.

§ 21. OnpepeneHne KOPHSA n-nN CcTerneHun

TexHonormn4yeckas Ka pTa ypokoB

Qopmupyembie  lpeameTtHbie: GOPMUPOBaTh YMEHUA ONEpUpPOoBaTh MOHATUSA-
pe3ynbTatbl MW KOPHS n-N cTeneHun, apndMeTUHEeCKOro KOPHS n-N CTEMNEHMU,

pacrno3HaBaThb U CTPOUTB rpaduk hyHKUMN Iy = ¥/ x.

JInyHocTHble: hopMUpoBaTh yMeHue GopMynnpoBaTb Cob-
CTBEHHOE MHEHMe.

MertanpegmetHbie: GopMUPOBaTb YMEHME onpeaensite MoHs-
TUsi, co3gaBaTb 00600LWEeHMs, ycTaHaBNMBaTbL aHaNorMm, Knaccum-
duumpoBsaThb.

lMnaHnpyembie  Yyawmmncs HayduTcs ornepupoBaTb MOHATUSMWU KOPHS n-i CTe-
pe3ynbTarTsl neHu, apupMeTUHECKOro KOPHS n-i CTENEHU, pacrno3HaBaTb U

CTPOUTb rpaduK GYHKLUUN Y = 3’/;

OcHOBHbIe KopeHb n-1 cTeneHun, 3HaK KOPHS n-n cTeneHu, pagukan, noa-
MoHATUA KOpEeHHOe BblpaxkeHue, Kybuyecknm kopeHb, apudmeTnyeckni
KOpPEeHb n-1n CTeNeHM.

53



3agaHus
3apaHusa 3apgaHus 3apaHunsa
ONsi KOHTpons
ans opmmpoBaHus onsa 1 KOppPeKLMM ansa
npegMeTHbIX noeTope- NOEAMETHBIX hoMalluHen
pe3ynsraToB HUA p|:33m>TaToa paboTbi
Ypok 1 21.1,21.3,21.5 21.2,21.4,
21.6
Ypok 2 21.7,21.9, 21.11, 21.27 21.8, 21.10,
21.13,21.14 21.12,21.15
Ypok 3 21.16, 21.18, 21.20, 21.28 CamoctoaTtenbHaa | 21.17,21.19,
21.22,21.24, 21.26 paboTta N2 21: 21.21,21.23,
Net,2,3 21.25

MeroauuyecKkue KOMMEHTAPUH

Marepuan storo maparpada o000IaeT U paciiupAeTcsa MOHATUA KBa-
IPATHOTO KOPHSA U apu(PMEeTUUEeCKOro KBaAPaTHOTO KOpHA. IToaTomy 1eeco-
o0pasHo mepej U3yUEeHUEM 9TOH TeMbI MOBTOPUTH YKA3aHHBIE TIOHATUA.

ITocsie BBemeHMA ompeesieHUs KOPHA Nn-# cTeleHU oTpadbaThIBAeTCSA I10-
HATUSA KOPHA HEUYETHOU CTEIIeHU. JTO IIOHATHE BOCIIPUHUMAETCA YUAIITMTMU-
cd Jierde, YeM ITOHATHE KOPHSA YETHOI CTENeHU, IO ABYM IpuuuHam: 1) Ko-
PeHb HEUETHOM CTENeH! CYIIeCTBYEeT M3 JI0O0TO UKcaa U TPUHUMAET TOJIbKO
OJlHO 3HaUeHUe; 2) AJIsI KOPHA HEeUETHOM CTEIIeHU CYIIleCTBYeT 0003HaYeHUe.

ITpu msyuyeHUM TOHATUA «KBaJApPaTHBLIN KOPEeHb» HEOOXOAUMOCTH BBEJE-
HUA MOHATUSA apu(PMeTHIeCKOTro KBaJPaTHOrO KOPHA MOTUBUPOBaJjach TeM,
YTO KBaJApPaTHBIN KOpPeHb U3 HEOTPUIIATEeJIbHOTO YKcjia IPUHUMAaeT 1Ba pas-
JUYHBIX 3HaueHuUsaA. HeoOxoamMocTh BBeleHUS apu(pMeTHUYEeCKOTO KOpPHSA
YETHOH CTEeIleHU TaKyKe MOTHUBUDPYETCHA CYIIeCTBOBAaHMEM IBYX KOpPHEI 4éT-
HOU CTeIleHUW, II09TOMY Pa3HUIA MEXAY <«apu@MeTUUYeCKUM KOPHEM» U
«KOPHEM» IJId YETHOM CTEIleHU SABJIAETCA HJOCTATOYHO HATJIATHOM.

OpHaKo yyaluecs AOJI’KHBI IIOHUMATh, YTO apudMeTHUeCKUIl KOPeHb
paccmMarpuBaeTcs IJdA JI000ro HAaTypaJabHOTO 1 > 1, He3aBUCUMO OT YETHO-
CTH YmCcJIa n.

CrenyeT o6paTHTh BHUMAHUE YUAITUXCA HA TO, UTO 3amuch Na, n e N,

HNCIIOJIB3yeTCA TOJBKO OJIA 00o3HaUeHUS apI/I(l)MeTI/I‘-IeCKOI‘O KOpPHA. 3amnuco

2n+1
Ja, n € N, MoxKeT ObITH UCIIOJIb30BaHa KakK JJIsd 0003HaUeHUs apudpmeT-

YeCKOTro KOpHSA, Korga a = 0, Tak u njia 0003HaYeHUsA KOPHSA HEYETHOU CTe-
TIeHu.

WccnenoBanue cBoiicTB U mocTpoeHre rpaduka QyHKIIUU Y = % OCHO-
BAHBI HA TOM, YTO 5Ta PYHKIIMHK ABJIAITCA 00paTHO’ K pyrKnunu y = x3. Ilo-
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STOMY HPU U3YUEHUU ITON TeMBI IIeJIecO00pas3Ho MOBTOPUTEL CBOMCTBA B3a-
NMHO 00paTHBIX (PYHKIIUHA 1 CBOICTBA CTEIIEHHON (PDYHKI[NI C HATYPaJIbHBIM
IoKasaTejeM.

KoMMeHTapum K ynpaskHeHUAM
Ne 21.16 (1). dna Toro uTo6bl m36e’KaTh IIOABJIEHUSA IIOCTOPOHHETO KOP-
HdA, cJefyeT 3amucaThb CHCTEMY, PABHOCUJBHYIO JaHHOMY ypPaBHEHUIO:
x2-4=0,
x+1=0,
x+12>0.

B 3aBucmMOCTH OT BOBMOYKHOCTEM KJlacca pPellleHre 9TOTO mpuMepa MOKHO

0000IIUTE, 3anucas, uro ypasHenue [(x)2g(x) =0 paBHOCHUILHO CHCTEeMe
f(x) =0,

g(x) = 0, 3mech ke 11e1ec000Pa3HO IPOBECTU IIPOPUIAKTUKY PacIpocTpa-
g(x) > 0.

HEHHOU OIMMOKM: 00HAPYKUB, uTO f(x) =0, yuariuecsa CUUTaIOT 3HAUCHIE X
KOpHEM ypaBHeHUs, He oOpalllasd BHUMAaHMUe Ha 3HAK IIOAKOPEHHOTO BhIpa-
JKeHUS IIPU 9TOM 3HAUEHUU X.

N2 21.18 (1). ObsacThio onpeAesieHNA TaHHON (PYHKIIUU ABJISAETCS OTHOJJIE-
MeHTHOe MHOKecTBo {1}.

N2 21.18 (1). IIpu pertieHnu 9TOTO IPUMepPa MOMKHO BOCTIOJIB30BaThCS rpadu-
YEeCKUM METOJIOM.

§ 22. CBoOMNCTBa KOPHA n-N1 CTeneHun

TexHoNorMyeckas Kapta ypokoB

Qopmupyembie lpeameTHble: GOPMMPOBaTL YyMeEHUS [OKa3biBaTb CBOWNCTBA

pe3ynbratbl KOPHS n-1 cTerneHu, NpUMeHsITb 3TWU CBOMCTBA ANs pelleHns 3a-
Jay, Nnpeobpa3oBaTb BbipaXxeHu s, cogepalime KOpPHU n-n cTe-
neHu.

JInyHOCTHBIE: pa3BnBaTb rno3sHaBaTeNbHbIN MHTEepecC K MaTemMa-
TUKe.

MertanpegmetHbie: DopMMpPOBaTh yMEHUE yCTaHaBIMBaTb Mpu-
YMHHO-CNeACTBEHHbIE CBSI3N, CTPOUTbL JIOTMYecKoe paccyxje-
HUe, yMo3akKkiioyeHre (MHAYKTUBHOe, AedyKTUMBHOE U MO aHa-
norvn) 1 genatb BbIBOABI.
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lMnaHnpyembie  Ydawmmnca Hay4MTca JOKa3blBaTb CBOWCTBA KOPHS n-1 CTeneHu,
pe3ynbTaTbl NPUMEHSTbL 3TU CBONCTBA AJIA peLleHns 3apad, npeobpasoBaTb
BbIPaXeHWsl, cogepKalime KOPHU n-n cTeneHun.

OcCHoOBHbIe CBOMCTBa KOPHS 1-M CTEMEHMW.
MOHATUS
3apaHusa 3apaHusa 3apanus 3apaHusa
Ons KOHTpons
ansg qupMI/IPOBaHVIH ansa 1 KO eKLM ansa
npep,meTHblx noBTope- npe pl\rI:ETHbIX ﬂOMaLUHeﬁ
pe3ynbraTos Hua pea pa6oTbl
pe3ynbraToB
Ypok 1 | 22.1,22.3, 225, 22.7 22.2,22.4,
22.6,22.8
Ypok 2 22.9,22.11, 22.13, 22.10,22.12,
22.15 22.14,22.16,
22.17
Ypok 3 | 22.17,22.19, 22.21, 22.51 22.18, 22.20,
22.23,22.24, 22.25 22.22,22.26
Ypok 4 | 22.27,22.29,22.31, 22.28,22.30,
22.32,22.33 22.34
Ypok 5 22.35,22.37,22.39 22.52 22.36,22.38,
22.40
Ypok 6 22.41,22.43, 22.45, CamoctoaTenbHaa | 22.42, 22.44,
22.47,22.49 paboTta N2 22: 22.46,22.48,
Ne1,2,3 22.50

MeTognuyeckne KOMMEHTAPUU

Teopembr 22.1—22.4 06006111aI0T U3BECTHBIE TEOPEMBI O CBOMCTBaX apud-
MeTHUYeCKUX KBaJpPaTHBIX KopHeli. IlosToMy nmepen naydyeHneM 5TOrO Iapa-
rpada 1esecoo6pasHO IIOBTOPUTH CBOMICTBA apUMMETUUYECKUX KBaLPAaTHBIX
KOpPHEI.

ITpu usyuenuu Teopem 22.2 u 22.3 ciaemyeT oOpaTUTh BHUMAaHNE yda-

muxcs Ha caenyomuii paxt. Ecina<0ub<0, to %ab = 2 —-a?/-b, ke N;

2k
{a N-a
ecima<0ub<0, T0o 2= = .
b 2k,
HawnGosbillee KOJIMYeCTBO OIIMOOK yuall[lecs JOIYCKAaIOT IPU BLIHECe-
HUU MHOMKUTEJA U3-TI0] 3HAKAa KOPHSA 1 0COOEHHO IIPY BHECEHNU MHOMKITE-

JIA 1104 3BHAK KOPHJA. ITUM BHUgaM 3ajgau cjaeayerT yaejainTb ocoboe BHIMAaHUE.
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Yuamiuecsa He Bcerga MoHUMAaIOT (0 KpaliHell Mepe, 9TO He KayKeTCsa UM
€CTeCTBEHHbBIM), IIOUEeMY HPU BBIHECEHUU MHOMKUTEJSI-IIePEeMeHHON M3-TI0J,
3HAKa KOPHJ IIepe 9TOM IIepeMeHHOM MOYKET IIOSIBUTHCA 3HAK « MIHYC» . ITO
HaJ0 Pas3bACHUTH OTAEJILHO.

Yaile Bcero ydyarguecs OeJailoT OIMHMOKM IPU YIPOIIEeHUU BBIPAMKEHUHA

Buza /-a?"*!, 3nech BAXKHO HOLYEPKHYTH, UTO B TAKUX CJIYYAAX MHOMKE-
CTBOM JOIIYCTUMBIX 3HAUEHUN MMePeMeHHOI SIBJIAIOTCS BCE HEIOJIOMKUTEb-
HbIe YmcJia.

E11é ofHUM CJI0KHBIM TUIIOM 3324 JJIA yUaIUXCcA ABJIAEeTC IIpeodpaso-
BaHMe BeIpasKeHMi Buga a’yYb c BHeceHHeM IO KOPeHb IIepeMeHHOi a. Yua-
muecs AOJKHBI TIOHATD, YTO HE0OX0IMMO paccMaTpuBaTh ABa cayudas: a < 0
ua > 0.

Hazgo maTh BO3MOYKHOCTH yYaIIUMCS CAMOCTOATEJIHLHO BBHIOPATH CIIOCOO
oopMIeHUA TPUMEPOB HA YIIPOIIleHNe BIPAYKEHUN: 110 JeUCTBUAM UJIN I1e-
TIOYKOIA.

KoMmMmeHTapuu K yrpaskHeHUSIM

N2 22.27 (3). Yuatuecsa HepeJKO 3aJal0T BOIIPOC, B UEM CMBICJI OTPAaHUYECHU
x # 0. Ieno B Tom, uTo ecau x = 0, To mepeMeHHad y MOXKeT IPUHUMATD JIIO-
6n1e sHaueHud. Ecau x # 0, To y > 0. IlosToMy BeIpa:KkeHHe |xy|§/§, 3aIKCcaH-
HOE B OTBeTEe, CYII[eCTBYeT.

Ne 22.33 (4). 3ametum, uTo Teopema 22.6 chopMyaupoBaHA OJd Caydasd,
korzma a = 0. Yrob6s! n3bekaTh OMINOKY B JaHHOM IPUMepe, MOYKHO pellleHre

0(POPMUTE TAK: Q/(\/g -2)? = ?\’/|\/§ - 2| = ‘:’/2 - 3.
Ne 22.35 (1). 3410 - 3919 + 6410 = §/(v10 - 3)2§19 + 6410 =
~ %19 -610%19 + 610 = 8197 —360 = $1 = 1.

Ne 22.49. C nmpuémoM pellleHusI 3TOro IpuMepa ydalliuecs BCTpedyaioTcsa He
TaK 4acTo. 37ech ropasmo yao0Hee PEeHIuTh 0oJjee OOIIyIo 3a4auy, YeM IbI-
TaThCA JOKa3aTh PABEHCTBO JJIs KOHKPETHOTO KOJNUECTBAa PAJUKAJIOB.

§ 23. CreneHb € pauMoHanbHbIM NoKa3saTtenem
N eé CBOMCTBA

TexHoNormMyeckas KapTa ypokoB

CDOpMMpyeMble I'lpe,qme'erle: CpOpMVIpOBaTb yMeHUA onepunpoBaTb NOHATNEM
pPEe3yNbTaTthbl creneHnm C paunMoHalibHbIM NMOKa3aTesieM, A4OKa3bliBaTb U NMprMe-
HATb CBOWCTBA CTEMNEeHU C PaunoHallbHbIM NOKa3aTesniem, rlpeo6—
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Pa3oBbIiBaTb BblpaXXeHUd, cogepxXxauime cteneHn C paumMoHalib-
HbIM NMOKa3aTeneMm.

JInyHOCTHbIE: HGOpPMUPOBATbL YMEHME MIIaHMPOBaTb CBOU Jeu-
CTBUSI B COOTBETCTBUMU C y4eOHbIM 3aaHMEM.

MertanpeametHbie: bOpMUPOBATb yMeHMe ycTaHaBNMBaTb Npu-
YNHHO-CNEACTBEHHbIE CBSA3U, CTPOUTbL JIOrMYeckoe paccyxie-
HUe, yMo3aKJtoyeHue (MHOYKTUBHOE, AefyKTUBHOE U MO aHa-
Nornun) 1 genatb BbIBOAbI.

lnaHupyembie  YHalMncs HayynTCs ONeprupoBaTh NOHATMEM CTeMNeHN C paumo-
pe3ynbTatsbl HaNbHbIM MOKasaTenem, AOKa3blBaTb U MPUMEHATb CBOMCTBA
CcTeneHu C pauMoHanbHbIM MoKasaTtenem, NpeobpasoBbiBaTb
BblpaXeHUs, coaepKallme CTeneHn ¢ pauMoHasbHbIM Nnokasa-
Tenem.
OCHOBHbIe CTeneHb C pauuoHanbHbIM MOKasaTenem, CBOWCTBA CTeNeHu
MOHATUSA C pauyvoHanbHbIM NoKa3saTenem.
3apgaHus 3apaHus 3anauns 3apaHus
ANnA KOHTpons
ans popmmpoBaHus ons ons
1 KoppeKuun _
npegMmeTHbIX noBTope- AOMallHen
npegmMeTHbIX
pe3ynsraToB Hus pa6otbi
pe3ynsTaToB
Ypok 1 23.1, 23.3, 23.5, 23.2,23.4,
23.7,23.9 23.6, 23.8,
23.10
Ypok 2 | 23.11,23.13, 23.15, 23.34 23.12,23.14,
23.17, 23.16 23.16, 23.18
Ypok 3 | 23.19, 23.20, 23.21, 23.35 23.22,23.24,
23.23,23.25(1, 2) 23.26 (1, 2)
Ypok 4 23.25 (3, 4), 23.27, CamocrosiTenbHasa | 23.26 (3, 4),
23.29, 23.31, 23.32 paboTta Ne 23: 23.28, 23.30,
Ne1t,2,3 23.33

MeToauuecKkue KOMMEHTAPUH

TexcTt maparpada HauMHAaETCs C IIOBTOPEHUS OCHOBHBIX CBEIEeHUIT O CcTe-
IMeHU YHMCJIa C HaTyPAJbHBIM U IIEJIBIM ITIOKAa3aTeIAMU. ITO CAeJaHO He TOJb-
KO C IIeJIbIO IIOBTOPEHUS U 3aKPeILIeHNsI COOTBETCTBYIOIIEr0 MaTepuasia, HoO
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U IS TOTO, UTOOBI ONpeAeJIEHHBIM 00pa3soM MOTHBUPOBATH OIpeAesieHe
CTEeNeHU C PAllMOHAJIBLHBIM IIOKa3aTesIeM.
AG3zar mepen ompejesieHMEM CTEIeHU C PAIMOHAJIBHBIM IIOKa3aTesieM
yyaiiuecs He IOJYKHBI BOCIPUHUMATH KAaK JOKAa3aTeJbCTBO TOTO, UTO
2
25 = 322, -
BaxHO TOOMTHCA OT ydyalliuXCA MOHMMAHUS TOTO, YTO BBIPAsKEHHE an
upu a < 0 He oIpeae ieHO.

Hemauo ommubok Bo3HUKAaeT u3-3a TOT'O, UYTO yUalluecsa OTOMXIAECTBJIIAIOT
1

byHKIIUN Y = 2k+\1/; u y = x%+1, OpHaro 9Tu QYHKIUU Pa3HBIE, TOCKOJIBKY
y HIUX pasHada o0JacTh ompenejeHus. IIpopuIakTUKON MTOL00HOM OINMNOKMT
CIYKUT IIPUMEP, PACCMOTPEHHBIN B maparpade.

ITocKoaBKY CBOMICTBA CTEIIEHU C PAIlMOHAJIBHBIM IIOKa3aTe/JieM aHAJIOT Y-
HBI CBOMICTBAM CTEII€HH C IIeJIBIM IIOKasaTejieM, TO TeopeMsbl 23.1—23.4 He
BBI3BIBAIOT 3aTPYAHEHUI.

KoMMeHTapuu K ynpaskHeHUSIM

Ne 23.9, 23.10. Yuaiuecs: JOJKHbBI IOHUMATh, IIOUYEMY B YCJIOBUU YKa3aHO,
YTO MepeMeHHAas IPUHUMAET TOJbKO IIOJOMKUTEeIbHbIe 3HAUCHU .

Ne 23.13, 23.14. Yuamiuecs D0 KHBI IOHUMAaTh, IIOUYEMY B YCJIOBUU CKa3aHO,
YTO IepeMeHHbIe IPUHNMAIOT HEOTPUIATEJIbHEIE 3HAUCH .

KoHTponbHas paboTta N2 5



rmasa 3. YHNCNOBbIE NOCNegoBaTENbHOCTU

§ 24. YncnoBble nocnenoBaTeNibHOCTU

TexHONornyeckas Kapta ypokoB

Popmupyembie
pe3ynbrartsbl

lnaHupyemsbie
pesynbratbl

OcCHOBHbIE
MOHATUA

MpeametHble: GOPMUPOBATL YyMEHME OMepupoBaTh MOHATUS-
MW: YneHbl MOCNefoBaTeNIbHOCTM, YMC/IOBAs MocsefoBaTesib-
HOCTb, KOHEYHas NocefoBaTeNIbHOCTb, OeckoHeYHas nocneno-
BaTeNbHOCTb; 3a/laBaTb NoCnefoBaTeNbHOCTL ONMncaTenbHbIM U
TabnuyHbiM cnocobamu, Mcrnonb3oBaTb GOPMyNy n-ro yneHa
nocsiefoBaTeNnbHOCTU U PEKYPPEHTHYIO chopmyny.

JInyHoCcTHbIE: HOPMNPOBATL MHTEPEC K U3YYEeHUIO TeMbI U Xe-
NlaHne NPUMeHsTb NPUOOPETEHHbIE 3HAHUS N YMEHUS.

MertanpeametHbie: GOPMUPOBATL NMepBOHaYasbHble NpeacTaB-
neHuns o6 naesx n o MeTogax MateMaTmMku Kak o6 yHusepcarsb-
HOM fi3bIKe HAaYKN N TEXHUKMW.

Yyauwmmnca Hay4ynTCa onepupoBatb MOHATUAMMU. YJi€Hbl nodcne-
AOBaTEe/IbHOCTN, HNdI10Bad nocnenoBaTeyibHOCTb, KOHeYHas no-
aiegoBaTesibHOCTb, beckoHeyHas nocnenoBaTeNlbHOCTb; 3aja-
BaTb NOC/1egoBaTeNIbHOCTb onnmcaTesibHbIM U TabNNYHBIM Croco-
6aMVI, ncnonb3oBaTb (bOpMy.ﬂy n-ro4jieHa nodiegoBaTtesibHOCTU

N peKyppeHTHYIO hopmyIy.

MocnepoBaTeNnbHOCTb, YNEHbl MOCNefoBaTENbHOCTU, YMCOBas
nocnegoBaTenbHOCTb, KOHEYHas rocyiefoBaTenbHOCTb, becko-
HeyHasa NnocneoBaTeNbHOCTb, ONnMcaTeNbHbIN CNocob 3aaaHun
nocnenoBaTenbHOCTU, TabnMYHbIM cnocob 3afaHus nocniegosa-
TenbHOCTU, hopMyna n-ro YneHa nocsiefoBaTeNbHOCTHU, CTaLyno-
HapHasi NociefoBaTeNbHOCTb, PeKyppeHTHas ¢opmyna, Ha-
YyanbHble YCNIOBUS, PEKYPPEHTHBIN crnocob 3ajaHns nocienosa-
TenbHOCTU.

3apaHusa 3apaHusa

ans ¢popMmmpoBaHus ons
npepMeTHbIX nosTope- hoMalluHen
pesynbsraToB HUs

3apgaHus
ONsi KOHTpons
M KoppeKuumn

3apaHuns
ansa

npegmMeTHbIX

aboTbl
pe3ynbraToB P

Ypok 1 | 24.1,24.3,24.5, 24.7 24.26 24.2,24.4,

24.6,24.8
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OKoHYaHue

3apaHusa
3apaHusa 3apaHusa 3apaHusa
ANs KOHTpONsA
ana ¢popmnpoBaHusa ans 1 KOPpeKLMM ans
npeaMeTHbIX nosTope- nbe p':emblx AOMaLUHen
pe3ynsraToB HUS szJ;'ana'roa paboTbl
Ypok 2 24.9, 24.11, 24.12, 24.27 CamoctonaTenbHasa | 24.10, 24.13,
24.14, 24.15, 24.17, paboTta Ne 24: 24.16, 24.19,
24.18, 24.20, 24.22, Ne1,2(1),3,4 24.21,24.23
24.24, 24.25

MeToaguueckue KOMMEHTAPHU

B sToMm maparpade npuBoAsTCA OCHOBHBIE IOHATHSA, KOTOPHIE UCIIOJIb3Y-
IOTCS OJIsS ONMCAHUS MOcJaeaoBaTelbHOoCcTell 1 paboTsl ¢ uumu. Cam mo cebe
MaTepuaJj 3Toro naparpada HecJIOMKeH, yJualluecs Jerko ero ycBanuBaror.

B mepByio ouepenp yualuecs QOJIMKHBI IIOHATH CBA3b MEKAY IOHATHIEM
OCJeI0BATEILHOCTH U YIIOPAJOYEHHOTO MHOMKECTBAa. ITO IOHWUMAaHUWE B
CBOIO OUuepeab MMO3BOJIUT yUAIIUMCSA YCBOUTH OoJsiee (hopMaabHBIA B3TUISAA Ha
OCJIeI0BAaTEILHOCTD KaK Ha QYHKIIUU, 00JIaCTHIO OTIPeiesIeHUsT KOTOPOH AB-
JISIeTCs IIPOMEKYTOK HaTypPaabHOTO PAaa.

CBsA3hL MeXIy IIOCIEeNOBATEJIbHOCTBIO M (PYHKI[MEH TaKiKe MOMKHO IIPO-
CJIeIUTh, IPOAHAIN3NPOBAB CIIOCOOBI 3aJaHUA dTUX ITOHATUMA.

Ocoboe BHUMAHME CJIEAYeT YAEJIUTh PEKYPPEHTHOMY CIIOCO0Y 3aJaHusd
IoCJIeOBATEJbHOCTH. Beab MOMOOHBIN aHaJ 0T 3a0aHud PYHKIIUNA YUaII[IM-
csd He 3HAKOM. Yuallrecs MOJKHBI IMOHATDH, YTO AJIS PeKYPPEHTHOro 3azia-
HUS TOCJIeI0BATEILHOCTY HYKHBI JBa YCJIOBUS: IIEPBOE — OIIMCHIBAIOIIIEE
TePBBIii YIeH IoCIeJ0OBaTeJIbHOCTH, BTOPOE — OIMMCHIBAIOIIlee COOTHOIIIeHTE
CJIeAyIONIer0 UM IPEABIAYIIEeT0 eMy UYJeHOB IIOCJIeIOBATEeNIbHOCTH. B aToM
MOJKHO YCMOTPETh aHaJIOT MEKY PACCMOTPEHUEM TI0CIeI0BaTeILHOCTH, 3a-
IaHHON PEeKYyPPEHTHLIM 00pa3oM, W AOKA3aTeJbCTBOM HEKOTOPOI'O YTBEPIK-
IEeHUsI MeTOJOM MATeMATHUYEeCKONM MHAYKIINKU. B mpumepe 4 IIpogeMOHCTPH-
pOBaHO, KaK C MOMOII[bI0 METOJAa MaTeMAaTUYEeCKOM MHAYKIIUU yCTAHABJIU-
BaTh CBS3b MEXXKAY PEKYPPEHTHBLIM 3aJaHUeM II0CJIeI0BATEeIbHOCTU U
3aaHreM e€ ¢ IIOMOIIbI0 (DOPMYJIBI N-TO UJeHa.

Vuaruecs HOJKHBI YCBOUTH METO/ PEIIeHU s 3a4a4 Ha HaX0KIeHe UJIe-
Ha II0CJIeJOBATEJIbHOCTH, YAOBIETBOPAIOIETO0 HEKOTOPLIM YCIOBUAM, C II0-
MOIITBIO 3aIT1CU YPAaBHEHU A, KOTOPOe CBA3bIBaeT (hOpPMYJIy 1-TO UjaeHa Ioce-
IOBATEJIbHOCTHU 1 9TO yCJIOBHUE. PelinB 9To ypaBHEeHNE OTHOCUTEILHO 11, yJa-
uecs IIOJy4YaloT HOMEP HCKOMOIO ujeHa. B yueOHHKEe 3TOMY METOLY
IOCBAIEeHbI 3anaun 24.7—24.14.
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Haubosiee cioxuBI 3amaum sToro maparpada, B KOTOPBIX YYaIllUMCH
mpeajgaraeTca moxoopaTh (OopMyJy n-TO YjJeHa AAHHOM II0ocjefoBaTeIbHO-
ctu. B 9TUX 3agaHuAX, OIATH K€, MOMKHO YCMOTPETh aHAJIOTHIO C BBIBIIKE-
HUEeM T'HUIIOTe3bI IIPU 000CHOBAHUU YTBEPIKIEHUNA METOIOM MaTeMaTUYeCKOoi
VUHIYKITHA.

KoMMeHTapuu K yrpaskHeHUSIM

Ne 24.16. Hago maiiT 3aKOHOMEPHOCTDh IIOBTOPEHIUS 3HAUEHUI UJI€HOB II0-
CJIeIOBATEeIHLHOCTH.

Ne 24.19. [TokasaTeabCTBO MIPOBEIUTE METOLOM MATEMATUUECKON NHIYKIUI
c marom 1.

Ne 24.20. Teopema 6a3a MHAYKIIUY AOJKHA TPOBEPATHCA AJA TPEX MEPBBIX
YJIEHOB MOCJIEJOBATELHOCTH.

Ne 24.22 (2, 3). BeinuinuTe HECKOJIBKO UJE€HOB IOCJIEJ0BATEIbHOCTH U Cle-
JaiiTe UHAYKTUBHOE IIPEAII0IOKeHUe.

§ 25. ApucpmeTnyeckas nporpeccus

TexHOoNnorn4yeckas Kkapta ypokos

@opmupyemble  lMpeameTHbie: hOopMUPOBaTL YMEHME ONEePUPOBaThb NMOHATUEM

pe3ynbraThbl apudMeTMUeckas Nporpeccusi, 3agaBaTb PeKyppeHTHO apud-
MeTUYeCKyo Nporpeccuto, NCnonb3oBaTe GOpMyNy n-ro YneHa
apudmMeTMYeCcKOn Nporpeccumn, AoKasbiBaTb U NPUMEHSATbL He-
obxoanmMoe 1 [oCTaToYHOE YCNoBKMeE TOro, YTO AaHHas noceao-
BaTeNbHOCTb, cofepkalias bonee aByx YneHoB, ABnsieTcs apud-
MeTUYeCcKoW rnporpeccuen.

JIn4HOCTHBIE: POPMUPOBATH LLeIOCTHOE MUPOBO33PeHMe, COOT-
BETCTBYylOLLEE COBPEMEHHOMY YPOBHIO Pa3BUTUS HayKU U 06-
LLLeCTBEHHOWN NPaKTUKMU.

MertanpeametHbie: GOopMUPOBaTbL yMeHMe onpeaensitb NnoHs-
TnS, co3paBaTbh 0600LWEeHNs, ycTaHaBNMBATb aHaNoOMMK, Kilaccu-
$huruMpoBaTb, caMOCTOATENBHO BbIOMPATb OCHOBAHUSA U KpUTe-
pun ans knaccndukaumm, CTPOUTb JIOrMYeckoe paccyXxaeHue.

lMnaHupyemble  Ydawmnca HayduTcs onepuposaTh NMOHATMEM apudmeTuyeckas

pe3yneTaTtsbl nporpeccms, 3aAaBaTb PEKYPPEHTHO apndPMeTUYecKyto nporpec-
CU1I0, NCMOob30BaTb (OPMYITy 7-TO YneHa apuPMeTU4eCcKom npo-
rpeccuu AokasbiBaTb M MPUMEHSATb HEOOXOAMMOE N AOCTaTOYHOE
ycnoBmMe TOro, YTo AaHHas MocnefoBaTeNlbHOCTb, coAepykallas
©onee gByX YNeHOB, ABNSETCA apUPMETUYECKON NPOrpeccnen.
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OCHOBHbIE
MOHATUA

ApudmeTmnyeckas nporpeccus, pasHoCTb apudmeTnyeckon
nporpeccuun, pekyppeHTHas cdopmyna apudpmeTnyeckon npo-
rpeccuu, popmyna n-ro yneHa apndMeTUHECKON Nporpeccuu,
HeobxoaMMoe 1 JOCTaTOYHOE YCIIOBUE TOTO, YTO flaHHas rnocne-
[LOBaTeNlbHOCTb, CcopepKallas Oofiee ABYyX 4YNeHOB, sBNsSETCS

apudmMeTNYeCcKon nporpeccnen.

3apgaHus
3apaHusa 3apaHusa 3apaHusa
BNS KOHTponS
ans popMmupoBaHus ans 1 KoppeKLMM ans
npeaMeTHbIX noBsTope- NOEeIMETHBIX poMallHen
pesynbraToB Husa szcanaToa paboTbl
Ypok 1 25.1, 25.3, 25.4, 25.2,25.5,
25.6, 25.8 25.7,25.9
Ypok 2 25.10, 25.12, 25.13, 25.47 25.11, 25.15,
25.14, 25.16, 25.18, 25.17, 25.19,
25.20, 25.21, 25.22 25.23
Ypok 3 25.24, 25.25, 25.27, 25.48 25.26, 25.30,
25.28, 25.29, 25.31, 25.33, 25.35
25.32, 25.34, 25.36
Ypok 4 | 25.37,25.38, 25.40, CamoctonaTenbHaa | 25.39, 25.41,
25.42, 25.44, 25.45, paboTta Ne 25: 25.43
25.46 Ne1,2,3

MeTtonuuyeckue KOMMEHTAPUU

Marepuas gamuoro maparpada J0CTaTOYHO IIPOCT U He COLEePKUT 0COOBIX
«TIOIBOMHBIX KaMHEM» .

Onpenenenuve apudpmMeTUyecKoOil NPOrpPeccuu IIOCTPOEHO TaK, UTO IIep-
BBIM K3 BO3MOJKHBIX CIIOCOOOB 3aJaHUSA DTOUM IIOCJIEIOBATEIBLHOCTU €CTe-
CTBEHHO CUUTATH PEKYPPEHTHBIMA.

Cienyer oOpaTuTh BHUMAHNE yUYaIlUXCs Ha TO, YTO CTAIlMMOHAPHAs IIO-
CJIeIOBATEJIBHOCTh — 3TO apu(pMeTUUECKasa IIporpeccud ¢ PasHOCThIO, PaB-
HOI HYJIO.

CpoiicTBO apu(pMeTHUUYECKOI IIPOTPECCUl «KAaKAbIM YJieH apudMeTHrde-
CKOIl ITporpeccum paBeH cpegHeMy apu(phMeTUIECKOMY ABYX COCEIHUX C HUM
YJIEHOB» HEIMOCPEICTBEHHO CBS3aHO C Ha3BaHUWEM apu@MeTHUYecKON IIpo-
rpeccuu. Teopema 25.1, KoTopas TOKa3bIBAET 3TO CBOMCTBO, ABJIAETCI HE00-
XOAUMBIM U JOCTATOUHBIM YCJIOBUEM.

63



KomMmeHnTapuu K ympaskHeHUSIM

Muorue 3agauu K sToMy naparpady ocCHOBaHBEI Ha METOEe, PACCMOTPEH-
HOM B IIpeabIAyIleM naparpade: eciau TpedyeTcsa HANTHU HOMeD UJIeHa IIocje-
IOBATEJbHOCTH, YAOBJIETBOPAIOIIEr0 HEKOTOPOMY YCJIOBUIO, 9TO MOYKHO Cle-
JaTh, 3anucaB (POPMYJIY 7-TO UJIeHA STOI IIOCJIEeI0BaATEeJIbHOCTHU U Jajiee 3a-
IycaB yCJOBHE, HaKJaabIBaeMOe Ha MCKOMBIN UJeH, TaK, YTOOBI HOJYUUTh
ypaBHEHNEe OTHOCUTEJILHO 71.

Ne 25.16. Yuamiuecs D0JI3KHBI IOHSATD, UTO JaHHBIE YMCJIA IIPEACTABIISAIOT CO-
6011 TIepPBBIH 1 ceAbMOM UJIEeHBI UCKOMOM ITPOTPeccuu, 1 Jajiee 3anucaThb Qop-
MYJIBI IIEPBOrO 1 CEAbMOTI0 UJIeHA 9TOI IIPOTrPEeCcCUU, IPUPABHAB UX K IaH-
HBIM uucJjam. Jlajiee OHM CAMOCTOATEJNBHO JOJIMKHBI IPUNTH K BBIBOAY, UTO
Terepb MOXKHO PEIIUTh CUCTEMY YDAaBHEHUH OTHOCUTEJBHO a, 1 d.
Ne 25.37. PaccmoTpuTe pasHOCTh JIeBOII M IIPABOM YacTell MOKa3bIBAEMOTO
paBeHCTBA.
1 1

= + .
a+c b+c a+bd
Ne 25.40. Joxa:kuTe, YTO POBHO OJHO M3 AAHHBIX ITPOCTBIX YMCEJI AEJUTCS
HaIeJo Ha 3.

Ne 25.38. PaccmoTpuTe paBeHCTBO

§ 26. Cymma n nepBbIX Y1€HOB
apudmeTnHecKon nporpeccumn

TexHoNnorn4yeckas Kkapta ypokos

@opmupyemblie  [MpeameTHble: hopMUpPOBaTb yMeHMe AokasbiBaTb W MpuMe-
pe3ynerartsbl HAITb (hOPMYIy CYMMbI 12 MEPBLIX YSIEHOB apUdMeTUYECKON Mpo-
rpeccun.

JInyHocTHbIE: HOPMUPOBATL YMEHNE COOTHOCUTD MOJTYYEeHHbIN
pe3ynbLTaT ¢ NOCTaBAeHHOW Lefblo.

MertanpenmeTHbie: popMUPOBaATb yMeEHMe yCTaHaBnMBaTb Npu-
YMHHO-CNEeACTBEHHbIE CBSA3M, CTPOUTb NOrnyeckoe paccyxpae-
Hue, yMo3aKnioyeHne (MHOYKTUBHOe, AelyKTUBHOE U MO aHa-
Niorvn) U aenatb BbIBOAbI.

lMnaHvpyembie  YHalMNCH Hay4MTCa JOKa3biBaTb U MPUMEHATL (POPMYIy CyMMbI

pe3yneTaTtsbl n NepBbIX YIEHOB apndMeTUIeCcKon NPorpeccnu.
OcHoBHble CyMMa n nepBbIX YeHOB apuUhMeTUYECKON NMPOorpeccun.
MNMOHATUA
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3apaHus
3apaHusa 3agaHus 3apaHuns
AN KOHTpons
ana ¢popmmpoBaHus ans 1 KoppeKLMM ana
npeaMeTHbIX noeTope- NPeAMETHBIX AOMaLUuHen
pe3ynsraToB HUS pabotbi
pesynbraToB
Ypok 1 26.1, 26.3, 26.2, 26.4,
26.5, 26.6, 26.7, 26.9
26.8
Ypok 2 26.10, 26.12, 26.13, 26.44 26.11, 26.15,
26.14, 26.16, 26.17, 26.18, 26.20,
26.19, 26.21, 26.23, 26.22, 26.24,
26.25 26.26
Ypok 3 26.27, 26.28, 26.29, 26.45 CamoctonaTenbHaa | 26.30, 26.32,
26.31, 26.33, 26.35, paboTta Ne 26: 26.34, 26.36,
26.37, 26.38, 26.39, Net,2, 3 26.41
26.40, 26.42,
26.43

MeTonuuecKkue KOMMEHTaAPUU

BreiBoa hopMysibl cyMMbI apupMeTUUYECKOM ITPOTPECCUU BBITIOJHEH C M0~
MOII[bIO OUeHb 9(h(PEeKTUBHOTO IPUEMA, UACTO NCIIOJIHB3YEeMOr0 IIPU PEeIleHun
3amad Ha cymMMupoBauue. Hamo, uToObI yualuecs IOHAIN eT0 CYTh ¥ MOTJINA
OIPUMEHSATH K PeIlleHNI0 aHAJOTUYHbBIX 3a1a4.

Yuarmuecs IOJKHBI YMeTh HCIOJIB30BaTh 00a BapuaHTa (DOPMYJIBI CyM-
MbI apu(GMEeTUYEeCKOH ITPOTPECCUH.

3amaum K 9ToMy Iaparpady HeCJ0KHbI. B HUX OCHOBHOe 3aTpyAHEHUEe
MOJKeT IIPeACTaBJATh IIPAaBUJIbHASA 3alIUCh IIPOTPECCUU, O KOTOPOM TOBOPUT-
Cs B YCJIOBUMU.

B npumepe 2 mokasaHo, KaK MOKHO MCIOJb30BaTh CBOMCTBa apudme-
TUYECKOH mporpeccuu ajsa perrenus 3agad. Ciaenyer ooOpaTuTh BHUMAaHUE,
YTO pelIeHre 9TON 3aaUuu BO3MOYKHO IIOTOMY, UTO 3aJaETCs BOIIPOC O CIIe-
MUaJIbHO ITOA00paHHOM HOMEPe uJjieHa 3TOoI mporpeccuu. s moucka mpo-
M3BOJILHOT'O YJIeHA IIPOTPECCHUH 110 3aJaHHOMY YCJIOBUIO 9TOT METOM HEeIIPu-
MEeHUM.

ROMMEHTapI/II/I K yIIpaKHEHUAM

Ne 26.16—26.20. 9Tu 3amauy BO MHOI'OM aHAJOIMYHEI IpuMepy 1, pelnéHHo-
My B maparpadge.
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Ne 26.37. Imeem:

S
— =n. Orciona S, = n?. Jlajee pellleHNe aHAJOTUYHO pe-
n

menwnio 3agaun 31.10.

§ 27. lTeomeTpUuUyeckan nporpeccva

TexHonorn4vyeckas Ka PTa ypoKoB

dopmupyembie

pe3ynbrartbl

lnaHupyemsbie

pe3ynbTatbi

OCHOBHbIE
MOHATUA

MpeameTHbie: popMUPOBaTbL YMeHMe ONepmupoBaTh NOHATUEM:
reomeTpuyeckas nporpeccus, 3ajaBaTb PEKYPPEHTHO reome-
TPUYECKYIO MPOrpeccuto, UCnonb3oBaTb GoOpMysy n-ro 4neHa
reomMeTprYecKom Nporpeccum.

JIn4HOCTHBIE: POPMUPOBATH LLeJIOCTHOE MUPOBO33peHmne, COoT-
BETCTBYlOlLlee COBPEMEHHOMY YPOBHIO Pa3BUTUS HAayKuU U OO-
LLLEeCTBEHHOM NPAKTUKW.

MertanpeametHbie: GOpMUPOBaTb yMeHMe ornpeaensitb NnoHs-
TUS, co3paBatb 0600LWEeHNs], ycTaHaBNMBATb aHaNorMm, Kilaccu-
huULMpPOBaTb, CAMOCTOATENBHO BbIOMPaTb OCHOBAHUSA U KpUTe-
pun gns knaccudukaumn.

Yyawmmca HayumTcs oneprupoBaTh NMOHATUEM: reoMeTpuyeckas
nporpeccus, 3afaBaTb PeKYPPEHTHO reoMeTpUYecKkylo Mpo-
rpeccuio, NCNonb3oBaTb GOPMYIy n-ro YjeHa reoMeTpUYecKomn
nporpeccunu.

leomeTpuyeckas nporpeccus, 3HameHaTeNlb reoMeTpPUYeCcKon
nporpeccuu, pekyppeHTHas cdopmyna reomeTpuyeckon npo-
rpeccun, popmyna n-ro YneHa reoMmeTpuyecKor nporpeccniu.

3apaHusa
ana ¢popMmmpoBaHus
npepMeTHbIX
pesynbsraToB

3apaHusa
ons

nosTope-
HUs

3apgaHus
ONsi KOHTpons
M KoppeKkuumn
npeaMeTHbIX
pe3ynsratoB

3apaHusa
ansa
hoMalluHen
paboTbi

Ypoxk 1

27.1,27.2,27.4,
27.6,27.8

27.3,275,
27.7,27.9

Ypok 2

27.10, 27.12, 27.14,
27.16, 27.18, 27.20

27.35

27.11,27.13,
27.15,27.17,
27.19
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OKoHYaHue

3apaHusa
3apaHusa 3apaHusa 3apaHusa
ANs KOHTpONsA
ana ¢popmnpoBaHusa ans 1 KOPpeKLMM ans
npeaMeTHbIX nosTope- nbe p':emblx AOMaLUHen
pe3ynsraToB HUS pen paboTbl
pesynbTaToB
Ypok 3 27.21, 27.23, 27.36 CamoctonaTenbHasa | 27.22,27.24,
27.25,27.27, paboTta N2 27: 27.26, 27.29,
27.28, 27.30, Ne1,2,3 27.31,27.33
27.32,27.34

MeTtoaguuyecKkue KOMMEHTAPUU

Marepuan ranHoro maparpada JocTaTouHo IIpocT. Ero usiaokeHue ugeT
B TOPSAAKE W N0 NPUHIUIIAM, aHAJOTUYHBIM HCIOJH30BAHHBIM B TeMe
«Apudmeruueckas nporpeccusi». [loaTomy yuaiimecs He JOJIKHBI UCTIBITHI-
BaTbhb OCOOBIX 3aTPYAHEHUN IPU OCBOEHUU 9TOTO MaTepuaa.

Crenyer oOpaTuTh BHUMAHWE YYAIUXCSA HA TO, YTO CTAI[MOHAPHAS TO-
CJIeOBATEJILHOCTh — 9TO IeoMeTpHUecKasd IIPOTrPecCUs CO SHaMeHaTeJIeM,
paBHBIM enuHHIe. OOHAKO CTAIlMOHAPHAS IIOCJENOBATEIBHOCTD, KaXKIBIHA
4jieH KoTopoii paBeH 0, He paccMaTpuBaeTcsa Kak reoMeTpuUuecKas II0CIe0-
BaTeJbHOCTh. XOTA OIpeleseHNEe IeOMETPUYECKOH II0CJIeLOBATEILHOCTU
K Hell M MOYXHO IPUMEHUTH, OJHAKO CBOMCTBAMU YJIEHOB I'eOMETPUUECKOI
mporpeccuu, A KOTOPBIX HAAO0 3alMCHIBATH YACTHOE IIPENBIAYIIETO U M0~

0
cCJIeAyHIIero 4jeHoB, OHa He 06J1a/1ae'1‘, IIOCKOJIBKY 4YaCTHOE€ 6 HEe mMeeT

CMBICJIA.

ITpu paccmoTpeHn CBOMCTB reOMEeTPHUYECKO IIPOrPpecCun mejiecooopas-
HO IIOLUYEPKHYTH, UYTO Ha3BaHIe 5TOI IPOrpecCur HEIOCPEICTBEHHO CBA3aHO
CO CBOMCTBOM «KaKIbIIl €€ UjJieH paBeH CpPeJHeMYy reOMeTPHUUYECKOMY ABYX
cocemHMX C HUM uJeHoB». Teopema 27.1, KoTopas HOKAa3LIBAeT STO CBOIi-
CTBO, SABJIAETCA HEOOXOAMMBIM U JOCTATOUYHLIM YCIOBUEM.

ROMMeHTapHI/I K yIIPpaKHEHUAM

Ne 27.30, 27.31. Hago BBecTu ABe IepeMeHHBIE: IEePBLIM UJeH W 3HaMeHAa-
TeJIb TeOMETPUUECKOU mporpeccuu. [lasee Ha OCHOBAaHUU CBOMCTB apudmMme-
TUYECKOUA ¥ TeOMeTPUYECKON IIPOTPEeCCUil COCTABUTH IBA YPABHEHUA CUCTE-
MBI.

Ne 27.32, 27.33. O6paTuTh BHUMAaHNE YUYAIIIUXCA, YTO U3 YCIOBUA HE BULHO
HaJIu4ure JBYyXBapUaHTHOIO OTBETa.
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§ 28. Cymma n nepBbIX Y€eHOB
reomMmeTpu4ecKkom nporpeccum

TexHonorn4vyeckas Ka PTa ypoKoB

Popmupyembie
pe3ynbratsbl

lMnaHnpyemsie

MpeametHble: hGopMUPOBATL yMeHMe [OKa3blBaTb U Mpume-
HATb hOPMYNY CyMMbI 72 MePBbIX YSIEHOB reoMeTPUYecKon npo-
rpeccmn.

JIN4HOCTHBIE: GOPMUPOBaATL YMEHME COOTHOCUTDL MOMYYEHHbIN
pe3ynbLTaT ¢ NoCTaBAeHHOW Liefiblo.

MeTtanpeameTHbie: HOpMUPOBATb YMEHME YCTaHABIMBATL NPU-
YMHHO-CNIEACTBEHHbIE CBfA3M, CTPOUTL JlOrMyeckoe paccyxpe-
Hue, yMo3ak/oyeHne (MHAYKTUBHOE, AedyKTUBHOE U MO aHa-
Nnorvn) N genatb BbIBOAbI.

Yyalmmnca Hay4mTcs foKasbiBaTh U MPUMEHATb POpPMYNy CyMMbI

pe3ynbraTbl n NepBbIX YIEHOB reOMeTPUYECKOMN NPOrpPeccunu.
OCHOBHbIe CyMMa n nepBbIX Y1€HOB reOMEeTPUYECKON NPOorpeccmu.
MOHATUSA
3apgaHus 3apaHus 3apaHus 3apaHus
Ana KOHTpons
ana ¢popMmmposaHus ansa 1 KOPPEKLMM ansa
npegMmeTHbIX noBTope- noe pI\FI)IETHbIX p,omau.meﬁl
pe3synbraToB HUs pea pa6otbi
pe3ynbraToB
Ypok 1 28.1, 28.3, 28.20 28.2,28.4,
28.5, 28.7 28.6, 28.8
Ypok 2 28.9, 28.11, 28.13, 28.21 CamoctoaTtenbHaa | 28.10, 28.12,
28.15, 28.16, 28.18, paboTta Ne 28: 28.14, 28.17
28.19 Net,2,3

MeToauuecKkue KOMMEHTaPUU

BriBonx hopmMysibl CyMMBI TeOMETPUUECKO ITPOrPecCcu BBITIOJHEH C TIO-
MOIIBbIO OUeHb 3(PPEKTUBHOTO IIPHUEMA, YACTO UCIOJIb3YEMOTO IIPU PEIeHN N
3a/lady Ha cymMMupoBaHUe. jHejgaresbHO, UTOOHBI yUaluecs IIOHAJU ero CyTh
1 MOIVIM IIPMMEHATH K PEIII€eHNI0O aHaJIOTMYHBIX 3aaa4.

VYuarmiuecsa qJOJKHBI IOHUMATD, IIOUYEMY AaHHASA ()OPMYJa MCIOJIb3yeTCA
IS TeOMEeTPUYeCcKOl mporpeccuu, 3HaMeHaTeJb KOTOpoi He paBeH 1. Ilpm
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9TOM cJjiegyeT 3aMeTUThb, UTO €CJIM 3HaMeHaTeJIb IIPOIrpeCCU paBE€H 1, TO MBbI
nMeeM CTallMOHAPHYIO IIoCJaeJ0BaTe/JIbHOCTh, CYMMY 71 II€PBBIX YJIEHOB KOTO-
POl JIeTKO HAUTH.

ROMMeHTapHI/I K yIIpaXKHEHUAM

Ne 28.17. Hamo BocImosib30BaThCsA TaKoil (pOpMyJIOi I CYMMBI 71 TIePBBIX

b -bq
YJIEHOB reOMEeTPUYECKON mporpeccuu: S, = 11—” Haiee us aToii hopmy-
-q
JIbI HAUTHY IEePBBINA YJIeH IIPOTPECCU.
N2 28.18. Beipasure KasKIbIH UJIeH MPOTPECCUN Uepes ePBIN UJeH ITporpec-

CHUH1 1 3HaAMEeHAaTeJIb.

§ 29. NpepacraBneHue

O npepene nocnefoBaTesibHOCTU.
CyMmma 6eCKOHe4YHOW reoMeTpUuYecKom
nporpeccuv, y Kotopou moaysb
3HaMeHaTena MeHblle eauHULLbI

TexHonornyeckas KapTa ypokoB

Qopmupyembie  MpeameTHbie: GOpMUPOBaTh HArNSAAHO-UHTYUTUBHOE MOHSATUE

pe3ynbratbl O npepene nocnefosaTenbHOCTU, POPMUPOBATL YyMEHMe AoKa-
3bIBaTb U NPUMEHSATb HopMyny CyMMbl 6eCKOHEYHOM reomMeTpu-
YecKkoln Mporpeccuu, y KOTOpOoM MoAynb 3HaMeHaTeNls MeHb-
we 1.

JIN4HOCTHbIE! q)OpMMpOBaTb ymMeHune COOTHOCUTb I'IOﬂy‘-IEHHbIIZ
pe3ynbraT C rMocTaB/ieHHOMN Lesbto.

MertanpegmeTtHbie: DOpMUPOBATb YMEHWNE yCTaHaBIMBaTb Npu-
YNHHO-CNeACTBEHHbIE CBA3UM, CTPOUTb JNOrMYeckoe paccyxpe-
HUe, ymo3akJitoueHue (MHOYKTUBHOE, AefyKTUBHOE U MO aHa-
noruu) 1 penatb BbIBOAbI.

lMnaHupyemble  Ydalminca Hay4nTCs A0Ka3biBaTh N MPUMEHATL (OPMYNY CyMMbI
pe3ynbrarTsl 6ecKkoHeYHOW reoMeTpPUYEeCKOM NPOrpeccnn, y KOTopon Moayb
3HameHaTens meHblue 1.

OcCHOBHbI€E Mpepen nocnepoBaTenbHOCTU, CyMMa OecKoHe4yHol reoMeTpu-
MOHATUNSA YecKon MpOorpeccuu, y KOTOpOM MoAynb 3HaMeHaTeNls MeHb-
we 1, rapMoHUYEeCKU pag.
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3 3agaHus
agaHus 3apgaHus 3apaHunsa
ONsi KOHTpons
ans opmmpoBaHus onsa 1 KOppPeKLMM ansa
npeaMeTHbIX noeTope- n METHBIX hoMalluHen
pe3ynsraToB HUA peame paboTbi
pe3ynsratoB
Ypok 1 29.1, 29.3, 29.5, 29.24 29.2,29.4,
29.7, 29.9, 29.10 29.6, 29.8,
29.11
Ypok 2 29.12, 29.14, 29.16, 29.25 CamoctoaTtenbHaa | 29.13, 29.15,
29.17, 29.18, 29.20, paboTta N2 29: 29.19, 29.21,
29.22 Net,2, 3 29.23

MeTtoguueckne KOMMEHTAPUH

Crporuii BBIBOA (POPMYJIBI CYMMBI 6ECKOHEUHOI TeOMeTPUUYECKOM IIPo-
rpeccur He BXOAUT B yueOHYIO mporpamMmmy. B yueOHMKe paccMaTpUBaETCSA
OCHOBHOM IIOAXOM K BBIBOLY TAKUX (DOPMYJI, B KOTOPOM yUall[ecs BIIePBLIe
3HAKOMSTCS C IIOBeeHreM 0eCKOHEeUHO MaJIbIX BEJIUYUH; C TeM, UTO OEeCKOo-
HeuHas BoO3pacTarollasd II0CJeI0BaTeJIbHOCTL MOKeT OBITh OrpaHmUYeHa
CBepXYy; U Ha HATVIAJHOM YPOBHE — C MOHSATHEM IIpeeja YMCJIOBOI ITOCTIeI0-
BaTeJbHOCTU. B mamHoM (pparmeHTe maparpada BasKHBIM SABJAETCS He
CTOJIBKO BBIBOJ caMoOil (OPMYJBI, CKOJBKO (DOPMHPOBAHHE Y YUAIUXCS
IpeAcTaBJIeHN O CyMMe, comepskalieil 0€CKOHEUHOe UYICJO CaraeMbIX.
Yuaiuecs Ha MHTYUTHUBHOM YPOBHE MOJIXKHBI HOHSATHL, YTO OHM HAUYMHAIOT
3HAKOMUTBCS C CYMMaMM COBCEM MHOTI'O POJa, YeM CYMMBbI C KOHEUHBIM YIIC-
JoM ciaraemMbix. IIosToMy BO3HUKAET HEOOXOAMMOCTH JOTOBOPUTHCS, UTO
MoApa3yMeBaTh IO 3TUM IIOHATHEM.

WNsnoxkenne marTepuaja HOCTPOEHO Ha aNeIANUN K HATJIATHOCTH, K
€CTeCTBEHHBIM HPEACTABICHUAM yUAIIIUXCs O TOBEJeHUN 0€CKOHEUHO 00JIb-
mInX ¥ 0eCKOHEUYHO MaJIbIX BeanunH. Hanpumep, BbICKa3bIBaHME «€CJIM 3HA-
yeHHsS 3HaMeHaTeJsd APO0M IIPW HEeM3MEeHHOM YHCJIUTEeJIe CTAHOBATCS BCE
OoJibIlie U 00JbIIIe, TO 3HAUEHUS APO0M CTAHOBATCS BCE MEHbBIIIEe I MEHbIIIE»
He TpebyeT 0COOBIX HOIIOJHUTEIbHBIX ITOSICHEHMIM.

CrenyeT pasbsACHUTH YUAIIIUMCS, YTO HOJyUeHHad GopMyJIa OIS CyMMBbI
0ECKOHEUYHOU reoMeTPHUYECKOI IIPOrpeccuy BO3HUKJIA He B pe3yJbTare Me-
XaHUUYECKOTO CJOKEeHUA UJIeHOB Imporpeccuu. OHa BBIpaskaeT TOTOBOPEH-
HOCTBb B TOM, UTO HOAPA3yMeBaIOT IIOJ CYMMOIi ¢ 0€CKOHEUHBLIM UMCJIOM CJia-
raeMbIX.

Dopmysa CyMMbI 0€CKOHEUHOM reOMeTPHUUYECKON IPOTPeCcCrun, ¥ KOTOPOI
lgl < 1, naéT Bo3sMOMKHOCTD 3aMCHIBATL 6ECKOHEUHYIO IePHUOAUYECKYIO JeCs-
THUYHYIO JPOOL B BUJe OOLIKHOBEHHON Apo6u. [ViaBHOE B 5TOM aJrOpuTMe —
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IIPaBMUJIBHO 3aIlluCaThb HepBBIfI YJIeH U 3HaMeHaTeJb 0eCKOHEeUHOM reoMeTpu-

YeCKOU IIporpe
YecKOH mporpe

CcCUU, a TAKIKe cjaraeMoe, KOTOpoe He OTHOCUTCS K I'€OMeTPHU-
ccuu (B mpuMepe 1 aTo caaraemoe 0,2).

KoMmMmeHTapuu K ynpaskHeHUSIM

Ne 29.22, 29.23. IIepex TeM Kak YIPOCTUTE IIPABYIO 4aCTh C IIOMOIILIO (pop-
MYJbI IS CYMMBI 0€CKOHEUHON reOMeTPUUYECKOM IPOrpeccu, He0OXOAMMO

AOKa3aTb, UTO

lgl < 1.

§ 30. CymmumpoBaHue

TexHonornyeckaa KkapTta ypoka

Q@opmupyembie  lMpeamMeTHbie: DOPMUPOBATbL yMEHNE MPUMEHSTb MPUEMbI CyM-

pe3ynbTartbl MUpPOBaHUA n NepBbIX YNeHOB NociefoBaTe/IbHOCTU.
JIndHoCTHbIE: HOopMNPOBATL YMEHME NpeAcTaBnsdTb pe3ynbrart
CBOEW JeaTeNbHOCTU.
MetanpeameTHbie: GOopMUPOBaTb YMEHME COOTHOCUTbL CBOU
OeNCTBUS C NAaHUpPYeMbIMU pe3ynbsTataMu.
ﬂnaHMpyeMble Yyawmmca HayumTcs NpUMEHSTb MPUEMbI CYMMUPOBaHUS i Nep-
pe3ynbratbl BbIX Y/1IeHOB nocnegoBaTesibHOCTU.
OCHOBHbIe CymMmmumnpoBaHuMe n NepBbIX Y1EeHOB NocieqoBaTeNbHOCTU.
NMOHATUNA
3agaHus 3apaHusa 3apanus 3apaHusa
ANSl KOHTpoNs
ana ¢popmnpoBaHusa ansa ans
N KoppeKkLumu -
npeaMeTHbIX nosTope- AOMalLUHen
npeaMeTHbIX
pe3ynsTaToB HUS pabotbi
pesynbTaToB
Ypok 1 30.1, 30.3, 30.5, 30.12, CamocronaTenbHas 30.2, 30.4,
30.6, 30.7, 30.9, 30.13 pa6oTta N2 30: 30.8
30.10, 30.11 Ne1,2, 3

MeTtoauueckue KOMMEHTAPUU

Hexoropoe

IIOHATHE O CYMMKXPOBaAHUM 71 II€EPBBIX YJIEHOB IIOCJIeJOBAaTEJIb-

HOCTH yUallluecd YiKe IIOJIYUYNJIN IIPU N3YUYEHUN TeMBI « MeTOI[ MaTremMarTmuue-
CKOU MHAYKIIUU» , B KOTOPOI TPeOOBAJIOCH JOKa3aTh (POPMYJIIy MICKOMOM CyM-
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MBI C IIOMOII[HIO METO/Ia MaTeMaTUuYecKoll mHAYKIIuu. B ranuom naparpade
IEeMOHCTPUPYIOTCS U IPYyTHe MeTOAbl CYMMUPOBAHUA: UCIIOJb30BaHUE PaHee
JIOKAa3aHHBIX (DOPMYJI, UCIIOJIb30BaHNE CBOWCTB apu(pMeTUUYecKOoii U reome-
TPUUECKOII IIporpeccuii, ajaredbpamuecKkue IIpeoOpasoBaHUSA 3allMCAHHON
dopMyJIbI CYMMBI U T. 1. VIcIIOJIb30BaHME 9TUX METOI0B TPeOyeT XOPOIIIo pas-
BUTON MaTeMaTUYECKOM WMHTYUIIUM W YMEHUS IPUMEHATH IJA PelIeHUd
IaHHOU 3aJlauu paHee JoKasaHHbIie PAKThI 1 hopmyabl. [losToMy JamnHasd Te-
Ma HeTpUBHUAJbHA U CJOYKHA IJIA YUAITUXC.

BaxHo, 4T00BI yualuecsa IOHNMAJIN, YTO CYMMUPOBAHIE — 9TO He IIPO-
Iecc MexXaHYecKoro cjaoKeHusd. B Hauase maparpada maércs ompeaeieHne
TOTO, B YEM COCTOUT 3a/1a¥a CYMMUPOBAHUSA.

ROMMeHTapI/H/I K yIIpaskHEeHHUAM

YuparkHeHUA K JaHHOMY naparpady B CBOEM OOJIBIITMHCTBE AHAJIOTUYHBI 3a-
JadyaM, pacCCMOTPEHHBIM B TEKCTe TeopeTUuYecKoH uacTu naparpada.

KoHTponbHas pa6ota N2 6



raea ©. DNIeMeHTbl CTAaTUCTUKUN
N TEOPUMN BEPOSATHOCTEN

§ 31. HayanbHble cBegeHUA O CTaTUCTUKE

TexHonornyeckas kapTta ypoka

bopmupyemsbie
pe3ynbratbl

lMnaHnpyemsbie
pe3ynbTathbl

OcHOBHbIE
MOHATUSA

MpeametHble: popmMMpoBaThb NPeacTaBieHne O NpeameTe Hay-
KW CTaTUCTMKK, POPMUPOBATb YMEHUS OMepUpPOBaTh MOHATUSA-
MU «BblbOpKa», «pernpeseHTaTUBHas BblboOpKa», OCHOBHbLIMMU
MeTOo4aMM NpPeACTaBieHUs CTaTUCTUYECKUX AAaHHbIX.

JIn4HocTHbIE: opMUpPOBaTh OTBETCTBEHHOE OTHOLIEHME K O0Y-
YeHUIO, FOTOBHOCTU K CAMOPA3BUTUIO U CaMOODBpa3oBaHMIO Ha
OCHOBE MOTMBAaLUU K OOYHEHUIO 1 MO3HaHWUIO.

MertanpeameTtHbie: opMUpoBaTb NepBOHaYanbHble NpeacTaB-
neHuvsa ob npesax n o metTogax MmateMaTuUKu kak ob yHuBepcanb-
HOM $i3blke HayKn N TEXHUKWN, O CPeACTBE MOAENMPOBAHNS AB-
NEeHUN 1 NMpPOoLLeCccoB.

y‘-laLLl,VIVIc;I nonyyunT npencraBneHne o npegmeTe Haykun CtaTtu-
CTUKN, HAy4yUTCa onepupoBaTb NMOHATUAMMU ((BbIGOpKa», «pe-
npeseHTaTuBHasa BbI60pKa», OCHOBHbIMU MeTO4aMU MnpencrtaB-
neHna CctTatTuctnyeckmnx gaHHbIX.

Cratucruka, c6op OAHHDbIX, Bb|60pKa, penpe3eHTaTuBHaaA Bbl-
60pKa, reHepanbHasa COBOKYMHOCTb, c6op npeacraByieHUNa OaH-
HbIX, ctonbyartas ounarpamMmma, rmcrorpamMmmMa, guarpamMmma pacce-
BaHUA.

3apaHusa
3apaHusa 3apaHunsa 3apaHusa
ANsl KOHTpoNsA
ana ¢popmnpoBaHus ans 11 KOPpeKLMM ans
npeaMeTHbIX nosTope- nbe plaeTHblx AOMaLUHen
pe3ynsTaToB HUS pen paboTbi
pesynbraToB
Ypok 1 31.1, 31.3, 31.4, 31.10, CamocTonaTenbHas 31.2,31.5,
31.6,31.7,31.8 31.11 paboTta N2 31: 31.9
Ne1,2,3

MeToaguueckue KOMMEHTAPHU

Iror nmaparpad oueHb yOOEH [JIs YCTAHOBJIEHUSA MEKIIPEIMETHBIX CBA-
3el, MOCKOJBbKY IPEJOCTaBIAET MaTeMaTHUYECKUH amnmapar OJsa IIpoBeje-
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HUSA ONBITOB U UCCJIEJOBAHNUSA PE3yJIbTAaTOB B HAYKaX €CTECTBEHHO-HAYYHOT'O
MuKJa.

ITocse BBemeHUsA MepPBOHAUAIBHBIX MOHATUN W 3HAKOMCTBA YUaIUXCH
Cc TeM, 4TO co0Oli mpeAcTaBJAeT BEIOOPKA U KaKasd BBIOOPKA SABJISIETCS Pe-
IIpe3eHTaTUBHOM, CJeyeT PacCMOTPeTh pa3JNYHbIe CIIOCOOBI IpeacTaBJIe-
HUSA uHGoOpMAIUU A1 BRIOOPOK M3 PA3HBIX MPEIMETHBIX o0JacTeii, pasHo-
ro o6’béMa U ¢ Pa3HBIMHU CTATUCTUYECKUMM XapakKrtepuctukamu. Caemyer
BBIOPATH IJIA AEeMOHCTPAIlUU I'Pa@UKU U AUArpaMMbl Pa3jIMYHBIX BUJIOB U
pasauuHOoro ohopMIIeHUA. YUaluecs JOJKHBI YOeIUThCA B TOM, UTO BTO
HeoOBIUaliHO YAOOHBIN 1 HATJIAAHBINA CIIOCO0 IIpeAcTaBIeHua MH(POPMAIIUN.
CoOTBeTCTBEHHO, yUallrecs MOJKHBI OBJIAJIeTh MHCTPYMEHTApUeM Hpeao-
cTaBJeHUA HPOPMAINH B BUe TPaAQUKOB 1 JuarpamMM, BeIoOupas HanboJee
1eJjiecoo0pasuyo GopMy IIpecTaBIeHNs MHPOPMAIUU B KaKJI0M KOHKPeT-
HOM cJIy4ae.

ROMMeHTapI/I]/I K YIPpaxXHEHUAM

Ne 31.6. B maparpade He gaércsa (hopMaibHOE OIIpeae/eHIIe PelIPe3eHTATHIB-
HOM BBIOOPKU. [10aTOMY KasKIBIM OTBET ydalllerocs MOJIKEH 00CY KIaThCH.
OTBeTHI yUaIUXCsA HOJKHBI ObITh APIYMEHTUPOBAHHBIMU.

§ 32. CratucTnyecKkmne xapakTepucTtukm

TexHONnorn4yeckas Kkapta ypokos

®opmupyemble  lpeameTHbie: GopMUPOBaATL YMEHUs ONepuUpoBaTh CTaTUCTU-
pe3ynbTaTthbl YeCcKMMU XapaKTepUCTUKaMu.

JIn4HOCTHbIE: POpPMUPOBATH LLeIOCTHOE MUPOBO33peHme, COoT-
BETCTBYIOLLEE COBPEMEHHOMY YPOBHIO Pa3BUTUS HAayKuU N OO-
LLLeCTBEHHOWN NPaKTUKMU.

MertanpeameTHbie: GOPMMPOBATb yMEHME HaXOANTb B Pa3finy-
HbIX MUCTOYHMKAX MHMOPMAUMIO, HEOBXOoANMYIO ANS pelleHns
MaTemMaTuyeckmx npobnem.

nflaHMpyE‘Mble Yyauwumcs Hay4ynTca onepmpoBaTb CTaTUCTUYECKUMU XapaKTe-
pe3yrnbrartbl pnctnkamMmmu.

OcHoOBHbIe YacToTa, Moja, oTHOCUTeIbHas 4acToTa, peuwatowme npasuna,

rNMOHATUA pa3mMax, cnyqa|7|Hb|e Bbl6p0CbI, Mepbl ueHTpaanoﬁ TeHAeH-
unn, OTKNoHeHmne, gnucnepcnd, cpegHee KBaapatn4iHoe OTKIo-
HeHue.
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3apgaHus
3apaHusa 3agaHus 3apgaHuns
DSl KOHTpons
Ansa opmMmupoBaHus ansa 1 KoppeKLyn onsa
npeaMeTHbIX noeTope- NDEMMETHBIX AoMaluHen
pe3ynbraToB HUA pl?a3canaTOB pabotbi
Ypok 1 32.1, 32.2, 32.4, 32.19 32.3,32.5
32.6,32.7
Ypok 2 32.8, 32.10, 32.12, 32.20 CamocToaTenbHas 32.9, 32.11,
32.15, 32.16, 32.17, pa6oTta N2 32: 32.13,32.14
32.18 Ne1,2,3

MeToaguueckue KOMMEHTAPUU

He Bce MeTObI aHAM3A CTATUCTUUECKUX JAHHBIX, PACCMOTPEHHBIE B T1a-
parpade, OyIyT OUeBUAHEI A yuaiuxcsa. CpeqHee 3HaUeHNE, YaCTOTA U OT-
HOCHUTeJbHAas yacToTa (B TOM YHCJIe COCTaBJIEHNE YaCTOTHOM TabJIUIIBI) 00BIU-
HO He BBIBBIBAIOT 3aTPYAHEHUI, TaK:Ke JOBOJHHO JIETKO BOCIIPUHUMAIOTCS
pasMax u MmeauaHa BbIOOpKU. [IoHATHE MOJBI YiKe He HaCTOJbKO HATJIAIHO,
TIOATOMY €My HaJ0 yAeJIUTh 00JbIlle BHUMAaHUA.

ITonyuwms Takoit pa3HOOOPA3HBIN MHCTPYMEHTAPUH, yUAIIIUECd MOT'YT HC-
OBITHLIBATH 3aTPYAHEHUS B BLIOOpE Mep IeHTPaIbHOM TEeHIEeHIITNU COBOKYII-
HOCTHU TAaHHBIX, KOTOPHIE I1eJIeCO00PAa3HO UCII0JIb30BATH B TOM UJIU WHOM CJIY-
yae. YHUBEPCAIbHBIX PEKOMEHIAIlNil HeT, IOMOYb MOJKET BO3BpaIllleHUe
K IpuMepaM, pacCMOTPEeHHBIM B maparpade, 1 TeM BOIpocaM, KOTOpbIe ObI-
JIY 3aJaHBI B HaUaJle KaXKJI0T0 IPUMepAa: YTO Mbl XOTEJU BBIICHUTD C IIOMO-
IIbI0 UCIOJb3YEeMOT'0 MeToma?

MoxHO IpUBECTH MHOTO IIPUMEPOB 13 ITOBCETHEBHON KU3HU yUAIIIUXCA.

Hanpuwmep, yuurenb QuU3KyIbTYPhI XOUET CAEJIATH BHICTABIEHUE OIIEHOK
3a MPBIXKKU B BBICOTY KaK MOYKHO 0oJiee 00beKTUBHBIM. OH pemiui: mycThb
BeCh KJIACC COBEPIIUT MPBIXKKU, & 3aTe€M II0 MOJYUYEHHBIM pe3yJabTaTaM OH
paspaboTaer IITKajJay OIeHOK. KakumMu MepaMu IeHTPaJbHON TEHIEHITUU
eMy Hamo mosib3oBaThcsa? CKopee Bcero, ydarmimecsa MPUAYT K BBIBOAY, UTO
XOpOIIeH OIeHKe TOJIPKHA COOTBETCTBOBATDH MO/Ia (OOJIBIIMIMHCTBO yUYaITUXCA
CIIPaBJAIOTCA C 3TOM BBICOTOI). Bece pedyabTraThl, KOTOPHIE BBIIIIE MOIBI, —
OTJINYHbBIE, HUKe — cpeanue. OgHAKO ydaluecss MOTYT BBIABUHYTH U IPY-
rue Touku 3peHusa. Ciexyer 00s3aTeIbHO OPTaHU30BaTh 00CYIKAEHNE COOT-
BeTCTBYIOIIEH apryMeHTAIlUH.

KoMMmeHTapuu K ynpaskHeHUSIM

Ne 32.15. TakKe MOKHO BBIACHUTDL, KaKad eIlé M3 Mep IeHTPaJbHON TeH-
IeHIINN XapaKkTepu3yeT YPOBEeHb JOXO0A0B Ha JaHHOM (upme.
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§ 33. Onepauum Hapg cOObLITUAMM

TexHONnorn4yeckas Kkapta ypokos

Popmupyembie

pe3ynbTatbl

lMnaHupyembie

pe3ynbTatbl

OCHOBHbIe
MOHATUSA

MpeameTHble: GOPMUPOBATL YMEHUA NPEeLCTABNATb COOTHOLLE-
HUSA MeXay COObITUIMU C MOMOLLBIO AnarpamMm dinepa, onepu-
poBaTh MOHATUAMW HECOBMECTHbIX COObLITUI, onepauuin obbe-
OVNHEeHUs1, nepeceyeHmns, JOMONHEHUs1 COObITUN, fOKa3bIBaTb U
MPUMEHSTb MpaBuUia HaxOXAEHUs BEPOSTHOCTU pPe3y/bTaToB
onepauuni Hag coobITUAMM.

JIN4HOCTHbIE: CI)OpMVIpOBaTb HE3aBNCUMOCTb cy>|(p,eHw7|.

METaﬂpe,quTHble.' CbOpMI/IpOBaTb ymMeHune ndnosib3oBaTb Npu-
O6peTéHHbIe 3HaHNA B I'IpaKTVILIeCKOIZ AeATENbHOCTU.

Yyawmmnea HayuymTca NpeacTaBisiTb COOTHOLEHUS MeXay cobbl-
TUAAMM C MOMOLLbIO AMarpamMmm dnnepa, onepupoBaTb NOHATUNA-
MW HECOBMECTHbIX COOBLITUN, onepaunii oobeanHeHUs, Nnepece-
yeHus, JOMONIHEHUNS CODLITUI, AOKa3biBaTh U MPUMEHATb Mpa-
BUNla HaxOXAEHUs BEPOATHOCTM pe3ynbTaToB onepaunii Hag
cobbITUaMN.

HecoBmecTHble cOObITUSA, 0ObeanHeHMe COObITUI, BEPOSITHOCTb
obbeanHeHUs1 cobbITUI, NepecevyeHne CobbITUIN, BEPOSTHOCTb
nepeceyeHns cobbITUN, LONONHEHNE COObITUS.

3apgaHus

3apaHusa
ans ¢popmmpoBaHus
npepMeTHbIX
pesynbraToB

3apaHusa
ons

nosTope-
HUs

NS KOHTpons
1 KoppeKkLuun
npeaMeTHbIX
pesynbraTtoB

3apaHusa
ansa
hoMalluHen
paboTbi

Ypoxk 1

33.1,33.3,33.4,33.5

33.2,33.6

Ypok 2

33.7,33.8, 33.10,
33.12

33.22

33.9,33.11,
33.13

Ypok 3

33.14, 33.16, 33.17,
33.19, 33.20, 33.21

33.23

CamocroaTenbHas
paboTta Ne 33:
Ne1t,2,3

33.15, 33.18

MeTroauuyecKkue KOMMEHTAPUH

ITaparpad mOCBAIIEH M3YUYEHHIO COOTHOIIEHUN MEMXAY COOBITUSMIU.
B mHauasie maparpaga BBOAUTCA U pacCcMaTPUBAETCA Ha IIpUMepax IIOHATHE
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HECOBMECTHBIX COOBITUHI. YUallecs JOJXKHBI XOPOIIO YCBOUTD 3TO IIOHATHE,
IOTOMY UTO MMEHHO Ha OCHOBAHUU TOTO, SIBJIAIOTCS JIX COOBITUSA HECOBMECT-
HBIMH, OIPeNeIaioTCcs (DOPMYJIbI, KOTOPbIe MOYKHO IIPUMEHATH OJI BBIUIC-
JIEHUS BePOSITHOCTU HECKOJBbKUX COOBITHUH B TOM MJIN MHOI CUTYAIlHH.

Crenyet cpOpMUPOBATD Y YUAIITUXCSA HABBIKY TPAKTOBATH COOTHOIIIEHU A
MeKIy COOBITUSMU, IPECTaBIEHHBIE C TIOMOIIBIO AuarpaMm Jiijaepa, u ca-
MHM COCTaBJATH TAKKe JUArPaMMBI.

OnpeneneHus o0beAUHEHNs, IIepPeCeUeHnsl, JOIMOJHEHNs COOBITUI IIPO-
UJJIIOCTPUPOBAHBI B YUeOHUKe AuarpaMmamu Jditiepa. Pekomenayercsa mpu
paccMOTpPeHNN IPUMEPOB U PEIIeHnN MePBhIX 3a4au 5Toro maparpada Tak-
JKe MCII0JIb30BaTh AuarpaMMbl Jiijiepa — Kak JIJId HaTJIAIHOCTHU caMoIi 3aa-
uyu, TaK U OJIs 3aKPeIlIeHns HAaBbIKOB IIPeACTaBJIeHUA NHQOPMAI[UY B BUIE
nuarpamMm Jitaepa. YIo0CTBO MCIIOJIb30BaHUSA TAKOTO allapara IPOoAeMOH-
CTPHUPOBAHO B X0Jle JOKas3aTeJIbcTBa TeopeMbl 33.1.

MosKHO IIPOBECTH aHAJIOTHIO MEXKIY OIlePAIlUAME Hal COOBITUSAMU 1 OIIe-
panuAMR HaJ MHOKECTBAMH. ITO CAeJIAeT MOHATHBIMU IJIA YUAITUXCA MHO-
rve NpakKTUYecKUe aclleKThl IPUMEeHEeHHUs OIlepalluil Hajl COOBITUSIMU IJIs
BBIUMCJIEHUS BEPOSATHOCTEM.

BakHO IOAUEepPKHYTH, UTO KOIa UAET peub 00 omepamuax Hall COOBITHA-
MU, TO 9TU COOBITUA OTHOCAT K OJTHOMY U TOMY K€ OIIBITY.

ROMMeHTapHI/I K YIOPpaXKHEHUAM

Ne 33.16—33.18. Cienyer upume-
HUTH Teopemy 33.1.

Ne 33.20 (1). IIycts A — BTO COOBI-
THe, UTO JaMIIOUKa IIpopadoraer
He MeHee rojga, B — cobbITue, 4To
BBIKJIIOYATEJIb IpopaboTaeT He Me-
Hee roza. ITo yeaoBuio p(A () B) =
= 0,01. Orcioga p(A U B) = 0,99.
Torma mckoMas BEPOATHOCTH PaB-
na p(A U B) - p(A) =0,03. Pemenue 5T0i1 3agaun yA00HO IPOUJLIIOCTPUPO-
BaTh C IOMOIIIbIO puc. 1.

§ 34. 3aBUCMMbIe U He3aBUCMMbIle coOObITUA

TexHoNormMyeckas Kapta ypokoB

(DOpMMpyeMble I'lpe,qmeTHble: (pOpMI/IpOBaTb yMeHUsA onepmnpoBaTb NMOHATUA-
pPEe3ynbTaTthbl M yCJ'IOBHOIZ BEPOATHOCTU, 3aBNCUMbIX N HE3ABNCNMDbIX cobblI-
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lnaHupyemsbie

™0, NMPMEHATb MeTOo 4 peleHnsa BePOATHOCTHbLIX 3a4a4 C No-
MOLbIO MOCTPOEHNA AeHApOorpaMmMm.

JIN4HOCTHbIE: qJOpMI/IpOBaTb CNoCcoOHOCTb OCO3HAHHOIO BbIOO-
Pa n NOCTpoeHUA p,aane|7|UJe17| VIH,EI,I/IBVILI,yaJ'IbHOﬁ TPaeKToOpunn.

Meranpe,qme'erle: oCyLLecTBNATb KOHTPOJIb cBOEen aedaTesibHO-
CTU B npouecce ooCTnxXeHna pesynbraTa.

Yyalmmncsa HayunTcs onepupoBaTb NOHATUSAMU YCJIOBHOW BepO-

pe3yneratsbl ATHOCTW, 3aBUCUMbIX N HE3ABUCUMbIX COOBITUIN, MPUMEHSATb Me-
TO[, pelleHNs BEPOATHOCTHbIX 33434 C NMOMOLLbIO NOCTPOEHMUS
AeHaporpamMm.
OcCHoOBHbIE YcnoBHas BEpOSITHOCTb, AeHApPOrpaMma, He3aBucMMble cObbl-
MOHSATUSA TNS, BEPOATHOCTb HE3ABUCMMbIX COOBLITUN, 3aBUCMMblE CODbI-
TS, BEPOATHOCTb 3aBUCMMbIX COOLITUN.
3apaHuns 3apaHus 3anauns 3apaHus
ANa KOHTpons
ans ¢opMmupoBaHns ansa ana
" KoppeKuumn _
npegmMmeTHbIX noBTope- AoMallHen
npegmMmeTHbIX
pe3ynbraTtoB HUs paGOTbI
pe3ynsTatoB
Ypok 1 34.1,34.3,34.5 34.2,34.4,34.6
Ypok 2 34.7,34.9,34.11, 34.24 34.8, 34.10,
34.13 34.12,34.14
Ypok 3 | 34.15, 34.17, 34.19, 34.25 CamocTosiTeNnbHas 34.16, 34.18,
34.21, 34.22 paboTta Ne 34: 34.20, 34.23
Ne1,2, 3

MeTo,zmquIme KOMMEHTAapUMU

B yuebGHUKe He paccMaTpuBaeTCsa CTPOToe oIIpesiesieHre YCJIOBHO Bepo-
ATHOCTH. ITO MOHATHE BBOAUTCA C MTOMOIIBI0O MHTYUTUBHO MOHATHBIX IIPU-
MepoB. B maparpade npuMep CMOIeTUPOBAH C IIOMOIIBIO UTPATBHBIX KyOu-
KOB. MOKHO TPEAJOKUTL yUall[MMCS COCTABUTh AHAJOTWYHBIN IIPUMEP B
OIBITE, B KOTOPOM IT0I0PACBIBAIOTCS TBE MOHETHI.

B maparpade paccmarpuBaeTcss yAOOHBIM U HATJISAHBIN METOM PeIIeHus
BEPOSITHOCTHBIX 3a7au C IIOMOIIbIO MIOCTPOEHUS AeHAporpaMM (IApPeBOBUL-
HbIX auarpaMM). OOBIYHO yUalluecs JIETKO BOCIIPMHUMAIOT KUJIEI0 IOCTpoe-
HUA TeHIPOorpaMM U C YOBOJbCTBUEM UX UCIIOJB3YIOT. 37eCch Hal0 CJAeIUTh
3a TeM, 4YTOOBI ydalliuecs Ha KayKJOM IIary IIOCTPOEHUS AeHIAPOTPaMMbI
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YUUTBHIBAJIU BCE BO3MOIKHbBIE BETBJIEHUS, a IIPU OIIPeIeIeHUY YNCIOBbIX 3Ha-
YeHUI BEePOSITHOCTEI, KOTOphIe CJelyeT MOAIMKUCATL HaJl BETBAMU IEeHIAPO-
rpaMMbl, — OPaBUJBHO UX IMOJCUNTHIBAJIN. B 4aCTHOCTU, JIEMEHTOM KOH-
TPOJISI ABJISIETCS TO, UTO CyMMAa BEePOSITHOCTEH, MMOAMMCAHHBIX Ha CTPEJIKaX,
BBIXOASAIIUX U3 OJHOTO y3Ja JeHIPOrpaMMbl, TOJKHA OBITH paBHA €IUHUILE.
Crenyer paso0bpaTh C yYallIMUCS, IIOUEMY DTO YCJIOBHE TOJINKHO BBIIIOJI-
HATBHCS.

Teopema 34.1 mo3BOJIsIET HA OCHOBAHWU COCTABJIEHHON AEeHAPOTPAMMBI
BBIUHCJIATH BEPOATHOCTH COOBITHI, COOTBETCTBYIOIIUX JIUCTAM AeHIPOrpaM-
Mbl. [anee, nmpu (popMHUPOBAHUU COOTBETCTBYIOIIMX HABLIKOB, yUaIl[ECs
CMOT'YT HCII0OJIb30BATDH 9Ty TeOpeMy U 0e3 M300parKeHus1 JeHaporpaMmmel. Te-
opeMa 34.1 moxasbIBaeTcs AJIs YacTHOTO cayuas. Ho gake sToT paxkT He me-
JaeT JOKa3aTeJbCTBO MIPOCTHIM. ITO CJHEAYET YUEeCTb, COIMOCTABIAS CJIOMK-
HOCThH JOKasaTeJbCTBa C YPOBHEM KJiacca.

B maparpadge BBOAATCSA TOHATUA «3aBUCUMbIE I HE3aBUCUMbIE€ COOBITHS» .
VYuammmesa MOKeT IIOKas3aThCsA HEIOHSATHBIM OmpefeeHre STUX MOHATUH
C TIOMOIITbI0 (DOPMYJI, COAEPIKAIIUX YCIOBHBIE BepoAaTHOocTH. CiieyeT neTaib-
HO MIOSICHUTD COEPKATEIbHBIN CMbBICJ, KOTOPBIM HECYT 5TU (DOPMYJIbI.

Teopema 34.2, TO3BOJISIONAA BBIUNCIATL BEPOATHOCTD IIePeceYeHns He-
3aBUCUMBIX COOBITUM, CIYIKUT OCHOBOI AJIA PeIleHus OOJBIIOT0 KOJIUYe-
CTBa BEPOATHOCTHBIX 3a7ad. YUaluecs SOJIXKHBI YCBOUTD, UTO BTY TEOPeMY
MOJKHO HIPUMEHSTH TOJBKO B TOM CJIyUae, KOTna COOBITUS SIBISIOTCS He3aBU-
CHUMBIMH.

Cienyer 3aMeTUTh, 4TO TeopeMa 34.1 1I03BOJIsI€T HANTU BEPOATHOCTD IIe-
peceueHns JTIOOBIX COOBITHI, O KOTOPBIX HEM3BECTHO, ABIAIOTCSA OH He3aBU-
CUMBLIMH WX HEeT. YUallecs AOJKHBI YMETh PasjindaTh, KAKYIO U3 TeOpeM
cjenyer IPUMEHATHh B KaKA0M KOHKPETHON 3amaue.

Jauubiil maparpad IpeacTaBiseT OUPeNeIEHHYIO CIOMKHOCTD JJIA yua-
IUXCSA, ITOTOMY UTO B HEM IPOUCXOAUT IIEePEX0] OT HATTIAIHO-UHTYUTUBHBIX
IpeJCcTaBIeHUH O BePOATHOCTHRIX 3a/jauyaX K JOCTATOYHO (DOPMAaIM30BaHHO-
My noaxony. [losToMy IIpu M3yueHHWU MaTepuaJa dToro maparpada ciaenyert
TMOCTOSTHHO MMOJYYaTh O0PATHYIO CBSA3h OT yUaIlluXcs 00 YyCBOGHU N UMH MaTe-
puaia, a B cjyuae COMHEHUII — IMOAKPEeIJISATh uajJaraeMblii MaTepuas 60Jb-
UM KOJIMYECTBOM HATJISIAHBIX IIPUMEPOB.

ROMMEHTapHI/I K yIIpaKHEHUAM

N2 34.15 (1). BocmosbzoBaBiuch Teopemoit 34.1, MOKHO IMMOJTYUYUTD, YTO HC-
KoMas BEPOSATHOCTh PaBHA s : i.

10 10
Ne 34.21. ITomckaskoil K pelleHnio MOMKeT CIY:KUTh Hpumep 3, paszodpaH-
HBIN B maparpade.
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§ 35. leomeTpuyeckan BepOATHOCTb

TexHONnorn4yeckas Kkapta ypokos

dopmupyembie TlMpeameTHbie: GOPMUPOBaTL yMEHNE NPUMEHSATL reoMeTpurye-
pe3ynbraTthbl CKUI cnocob onpeaeneHns BEPOATHOCTEN COObITUN.

JInyHocTHbIe: HOPMMPOBATL OTBETCTBEHHOE OTHOLLEHME K 0by-
YEHMIO, FOTOBHOCTU K CAMOPAa3BUTUIO U CaMOODbpa3oBaHMIO Ha
OCHOBE MOTMBALMM K OBY4EHUNIO 1 MO3HaHMIO.

MertanpeameTHbie: GOpMUPOBaTb YMeHME BUAETb MaTeMaTu-
Yeckytlo 3afady B KOHTeKCTe MpobreMHON cuTyaummn B ApYrux
ANCLMMNNIMHAX, B OKPYXAlOLWEeN XN3HM.

MnaHupyembie  YHalwminca HayuanTcs NPUMEHATL reoMeTpuYeckunii cnocob onpe-

pe3ynbratbl LeneHns BepOATHOCTEN COObITUN.
OCHOBHbIe [eomeTpuyeckoe onpepeneHne BepOATHOCTU.
MOHATUA
3apaHunsa 3apaHus 3ananms 3apaHuns
AN KOHTpons
Ans ¢popmMupoBaHus ans ans
M KoppeKLuun _
npeaMeTHbIX nosTope- AOMalLHemn
npeamMeTHbIX
pe3ynsraToB Hus paboTbi
pe3ynsratoB
Ypok 1 | 35.1,35.2,35.4,35.5 35.15 35.3,35.6
Ypok 2 35.7,35.9, 35.11, 35.16 CamocrosaTtenbHaa | 35.8,35.10,
35.13 paboTta Ne 35: 35.12, 35.14
Ne 1,2, 3

MeToauuecKkue KOMMEHTAPUH

ITonaTye reoMeTpUUECKON BEPOATHOCTU HATVIAHO U MHTYUTUBHO ITOHAT-
HO. OHO ITOJTHOCTHIO COTJIaCcyeTCs C IIOBCeNHEeBHBLIM onbIToM. [taBHOE, yeMy
HaJI0 HAYYUTh yUAIUXCA B 9TOU TeMe, — 3TO IIOCTPOEHUEe TeOMEeTPUUECKON
MoOJeNu 3a5auu.

B Gonee mpocThIX cuUTyanmmax reoMeTpUUecKasd MOAEJIb OIIUCHIBAET-
cd B yCJIOBUM 3aJauu TaK, Kak B npumepe 1 maparpacda. Taxue zagauu
He BBI3BIBAIOT y yUalllUXCdA 3aTpyaHeHUi. B OoJsiee ciIoKHOM 3amaue HaLO0
IIOCTPOUTH TEOMETPUUYECKYIO0 MOJeJb, OIUCHIBAIOIIYI0 BEPOSATHOCTHBINA
ombIT. IIpuMep moCTPOEHUA TAKOM MOJEHM OIIMCAH BO BTOPOH 3aauye mmapa-
rpada.
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HcrounmnkoMm nmpuMepoB Ha IIOMCK I'eOMETPUUYECKOM BEPOATHOCTH MOTYT
CIYKUTH TeOMeTPUUYeCKUe 3a1auy Ha KOMOMHAIIUY TeJl, B KOTOPBIX HaI0 Ha-
XOAUTH ILJIOMIagu PUryp.

KoMMmeHTapuu K ynpasKkHeHUSIM

Ne 35.4. ITocTpoiiTe reoMmeTpruUyeCKOe MECTO TOUEK, PACCTOAHUA OT KOTOPBIX
IO CTOPOH KBajpaTa He MEeHbIITe eJUHUITHI.

Ne 35.5. PaccMmoTpuTe IOJIYOKPYKHOCTD, HE COLEPIKAIIYIO TOUKY B.

Ne 35.9, 35.10. ITocTpoiiTe B JaHHOM KBaJapaTe YKasaHHbIe MHOMECTBA TOUEK.

§ 36. Cxema BepHymm

TexHOnornyeckaa kapta ypokoB

dopmupyembie lMpeameTHble: GOPMNPOBaATL YMEHMA ONepupPoBaTh MOHATMEM
pe3ynbratbl «cxeMa bepHynnn», npuMeHaTb eé ons COOTBETCTBYIOWMX Be-
POATHOCTHbIX MOfeNen.

JIn4HoCTHBIE: hOpMNPOBaATL YMeHWe MNpeAcTaBnsATb pe3ynbrar
CBOEN OeATEeNbHOCTU.

MertanpegmeTtHbie: pOpMNPOBaTL YMEHME OCYLLECTBATL KOH-
TPO/b CBOEN AEeATENbHOCTM B Mpouecce AOCTUXEHUS pesylib-
TaTa.

lMnaHupyembie  YdalMncs HaydnTcs onepupoBaTh MOHATMEM «cxeMa bepHyn-

pe3ynbratbl nn», NPUMEHATb €é AN COOTBETCTBYIOLWNX BEPOATHOCTHBLIX MO-
nenen.
OcCHOBHbIE BeposTHOCTHasa mogenb, cxema beprHynnu.
MOHATUA
3apaHusa 3apaHusa 3apanms 3apaHusa
BNl KOHTpons
ans opMmupoBaHus ansa ansa
1 KoppeKLuumn .
npeaMeTHbIX nosTope- AoMaluHen
npegMeTHbIX
pe3ynsTaToB HUSA paboTbl
pesynsTaToB
Ypok 1 | 36.1, 36.3, 36.5, 36.7 36.17 36.2, 36.4,
36.6, 36.8
Ypok 2 36.9, 36.10, 36.12, 36.18 CamoctonaTenbHaa | 36.11, 36.13,
36.14, 36.15 paboTta Ne 36: 36.16
Ne1,2,3
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MeTtoauuyecKkue KOMMEHTAPUH

ITonarue o cxeme BepHyJ1IM BBOAUTCA HA MHTYUTUBHO ITIOHATHOM IIPUMeEpPe
c TonajaHueM Msadua B 0acKeT00JIbHYI0 KopauHy. IIpu ero paccMoTpeHUU CJie-
IyeT MOAYEePKHYTD, UTO BCe UCIBITAHUS (T. €. OPOCKHU, KOTOPHIE BLIIOJIHAET Oa-
CKeTOOJINCT) PABHOBEPOATHBI (BEPOSTHOCTh IIOIIaaHUs B KOP3UHY OT GpocKa
K OpocKy He MeHsieTcs). MICX0M0B y KarK/I0T0 UCIILITAHUSI MOXKeT ObITh TOJIBKO
IBa, ITOATOMY OAWH M3 HUX MOYKHO HA3BaThb «:KeJlaeMbIM» (B JaHHOM IIpUMe-
pe — momasaHue MA4Ya B KOP3WUHY) U ONIPEIEJINTD JJIA HETO BEPOSATHOCTh, KOTO-
pas 115 BceX UCHBITAHUN ITOCTOAHHA. VIMEHHO 5TO JaéT OCHOBAaHUS B KAUeCTBe
ImapaMeTpOB, OIIMCHIBAIOIINX CXeMY, OpaTh TOJIBKO JBa ITapaMeTpa:

* IIapaMeTp 1 — KOJIMYECTBO MOBTOPEHMUI NCIBITAHUN (B JAHHOM IIpUMe-
pe — 6pocKoB),

* ITapaMeTp p — BEPOATHOCTD JKeJIaeMOTr0 Pe3yJIbTaTa B KasKOM HCIIbITA-
HuU (B JAHHOM IIpUMepPe — IOMaJaHuA MAYa B KOP3UHY).

Cxemy BepHy1au MOKHO UCIOJIH30BATh B TOM CJIy4dae, KOT[a OIBIT chop-
MUPOBAH U3 PABHOBEPOSATHBIX HE3aBUCUMBIX WCIBITAHUNA TAKUM 00pasoM,
YTO er0 MOJKHO OMUCATDH C IIOMOIIIBIO ITapaMeTPOB 7l U P.

Korpa mbI uitieM BepOATHOCTH MOJYUYEHUA M YAAYHBIX UCXOIOB C IIOMO-
mIbI0 cXeMbl BepHyJJIu, U3 n UCIBLITAHUMN, TO n — M UCIBLITAHUN OyAyT He-
ycnemHbIMU. Tora y yyammuxca BOSHUKHET cO0JIa3H IIPOCTO ITIEPEMHOMKHUTH
BE€POSITHOCTU 9TUX UCIBITAHUM, B3AB COOTBETCTBEHHO M MHOMKUTEJel, paB-
HBIX p, 1 (n — m) MHOXKuUTesei, paBHbIX (1 — p). Cienyer ymenutb ocoboe
BHUMAHUE TOMY, IOUYEMY STOT HMOAXOJ He AAéT HY:KHOTO pesyabTaTa, a IJs
MMOJIyYeHUA MIPAaBUJIBHOTO Pe3yJbTaTa IIPU BbIBOAE (hOPMYJIBI BHIUMCJIEHUS
BEPOATHOCTH B cxeMe BepHyJiu ucnonbsyercsa MHOKUTENb C™.

BasxkHo mouepkHyTh, UTO cxeMa BepHy/Iu MpuMeHNMa AJA MHOTHX 3a-
[Iau, BHEIITHE He MMOX0KUX APYT Ha aApyra. PacmosHaTs HYKHYIO BEPOSATHOCT-
HYIO MOJIeJIb TIOMOJKET OIIBIT, IPUOOPEeTAEMBIN B XO/€ PEIlleHU YIIPaKHEeHUH.

ROMMeHTapI/H/I K yIIpaskHEeHHUAM

Ne 36.5—36.16. BripaskeHnue, 3alncanHoOe B OTBETE, MOYKET CIYKUTH IIOJ-
CKAa3KOI K PeIIeHuIo.

§ 37. Cny4yanHble BENINYUHBDI

TexHonornyeckas KapTa ypokos

®opmupyembie  lMpeameTHbie: GopMUPOBaTL YMEHNS onepupoBaTb MOHATUS-
pe3ynbTaTsbl MW CNy4aiHOW BeNUYUHbI, pacnpepefieHns BepoaTHOCTEN Chy-
YaMHOW BENNYUHBI.
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JInyHocTHble: hopMUpoBaTh yMeHue GopMynmpoBaTb Cob-
CTBEHHOE MHeHMe.

MertanpegmeTtHbie: GOpPMUPOBATbL YyMeHMe BUAETb MaTeMaTu-
YyecKkyto 3ajady B KOHTEKCTe NpobneMHON cMTyaLumMn B OKpyXa-
IoLWen XNU3HW.

lMnaHupyemble  Ydalwminca Hay4mTcs onepupoBaTh MOHATUAMK Clly4aHOW Be-
pe3ynbrarthbl NVYUHBI, pacnpeaeneHns BeposTHOCTEN Cy4aHOWM BEINYUNHBI.
OCHOBHbIe CnyyanHas BenMYMHA, MHOXECTBO 3HAYEeHUN cnyyarHoOW Be-
MOHATUSA NUYUHBI, AUCKPeTHasa cnydalrHasi BeIMduHa, pacrnpegeneHue
BEPOSATHOCTEN Cy4aMHOW BENNYMHbI, PABHOMEPHOE pacrnpe-
JeneHue cny4arHOW BENNYUHbI, OMHOMUHaNbHOE pacnpege-
neHwve, pacrnpepeneHve bepHynnm, reomeTpuyeckoe pacnpe-
JeneHuve, ciydyaniHas BenMYmMHa, He3aBUCMMas CllydamHasa Be-
NUYnHa.
3apaHus 3apaHus 3ananns 3apaHus
Anga KOHTponsa
ana ¢popmnposaHusa ansa ons
1N KoppeKkLuu _
npegmMeTHbIX noeTope- AOMallHen
npegMmeTHbIX
pe3ynsraToB HUs pabotbi
pesynbraTtoB
Ypok 1 | 37.1,37.2,37.4,37.5 37.14 37.3,37.6
Ypok 2 37.7,37.9, 37.10, 37.15 CamoctositenbHasa | 37.8,37.11,
37.12 pabota Ne 37: 37.13
Ne1t,2,3

MeTonuuecKkue KOMMEHTAPUU

Yuaminecsa 3HAKOMBI CO MHOTUMU II€ePpeMeHHBIMU BeJInunHaMu. 3yunin
IeJblil psag 3aKOHOMEPHOCTel nx usMeHeHuii. CiryuaiiHas BeJIUYMTHA — 9TO
00BbeKT mHOro poza. E€ sHaueHne 3apaHee IIPeAcKas3aTh HeJab3d. YJallluecs
IOJIXKHBI IOHMATh, B UEM 3aKJII0OUYAEeTCsA IPUHIININAIbHOE OTJINYNE CAyJdaii-
HOU BEeJIMYMHBI OT IIepPeMeHHOI BeJIUNUUHbI, U3MEHeHe KOTOPOH ITOAUNHIET-
cs OIIpeNeIEHHON 3aKOHOMEPHOCTH.

Yuaruecsa DOJIKHBI IOHUMATH, KAKUM 00pasoM (hopMHUPYeTCs MHOMKE-
CTBO 3HAQUEHUU CJIYUANHOMN BEJIWUYMHBI U KaK 3aIICHIBAETCA COOTBETCTBYIO-
IIee pacipeje/ieHre BepOATHOCTeN ciayuaiHoi Beaudunbl. Ciaenyer oTae b-
HO 00paTuTh BHUMAaHUE Ha TO, YTO CYIIECTBYIOT CIIyUaiiHble BeJIMUNHEI C 6ec-
KOHEUHBIM MHOKECTBOM 3HAUEHUH (OOHAKO 3aJaUU C TAKUMU CIYUYATHBIMU
BeJINUYMHAMU yUAIIUMCA He IpeaiaraloTes).
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OCHOBHBIMU HABBIKAMU, KOTOPBIE MOJIMKHBI IIPUOOPECTH ydalliuecs IJIs
paboThl CO CAYyYAWHBIMU BeJIMYUHAMU, ABJIAETCSA COCTABJIEHUE MHOMKECTBA
3HAYEHUU CJIIyUallHON BEJMUYUHBI, PACIIPefeJIeHNA BEPOATHOCTEN, a TaKIKe
yMeHUe IIPEeJOCTaBUTh 9Ty NHMOPMAIIUIO B rpa)MuecKoM BUe U ITPOU3BECTH
HA OCHOBAHUU 3TUX JAaHHBIX OIEHKY UCCIEeIYEeMOI CUTYAIUHU.

N3noxxenne TeopeTmuyecKOro maTepuaja COIIPOBOMKAAETCA IIpUMepa-
MU, IIPUUYEM IIPOUCXOMUT IIE€PEXOJ OT «UTPOBBIX», C TOUKU 3PEHUA ydUa-
IUXCs, IPUMEPOB ¢ OpocaHMeM MOHETOK K IPUMepaM, COAEPKAIUM OIIU-
caHUe peaJbHBIX COOBITHI U TPUHATUA S9KOHOMUUYECKUX pelrenuii. Ciaeny-
er 00s13aTeJIbHO pa3obpaTh ¢ yUallUMUCA 3TU IPUMEPHI, a TaKKe JO00UThCA
OCO3HAHHOTO PeIlleHNA yUYalllUMUCs 3aad 9Toro naparpada c ciokeraMu
W3 peaJIbHOU KU3HU. YUamuecd JOJKHBI IPUUTH K BBIBOAY, KOTAa IeJie-
coo0pas3HO IPUMEHATH allllapaT aHAJIN3a CAYUYaUHBIX BeJIUYNH AJIA IIPUHA-
THUA TeX WJIN WHBIX PEIIeHUI B IPOU3BOJICTBEHHON 1 X03AMCTBEHHON Aes-
TeJIbHOCTH.

KoMmMmeHTapuu K yrpaskHeHUSIM

Ne 37.7, 37.8. OTu 3aaun aHAJOTUYHLI IPpUMeEpPyY 2, pasoOpaHHOMY B mapa-
rpadge.

§ 38. XapakTepucTtukm cny4yamHoMm BeNINYMHBbI.
MpepcraBneHus o 3aKoHe GoNbLUMX YMcen

TexHonorn4yeckas Ka PTa ypoKoB

®dopmupyembie  lMpeameTHbie: GOPMUPOBaTb YMEHWE WUCMONb30BaTb COOTBET-
pe3ynbrartsl CTBYIOLMI MaTeMaTU4eckuid annapaT Ans aHanvsa U OLeHKM
CNyYanHbIX BENNYUH.

JInyHoCTHBIE: HOPMUPOBATbL MHTEPEC K U3YHEHUIO TEMbBI U Xe-
NaHve NPUMEHSTb NPUOBPETEHHbIE 3HAHUS U YMEHUS.

MetanpeametHbie: GOpMUPOBaTb YMEHME UCMONb30BaTb Npu-
ObOpeTEHHbIE 3HaHMA B NPAKTUYECKOWN AesiTeNIbHOCTU.

ﬂnaHMpyeMble yqal.l.l,I/IIZCﬂ Hay4YnTCqa NCnonb3oBaThb COOTBETCTByIOU.LMVI mMaTe-

pe3ynbratbl MaTUYeCKUI annapaTt ANg aHanusa U OLEHKU CJlyYalHbIX Be-
JINYUH.

OCHOBHbIe MaTtemaTuyeckoe oxugaHue cny4yarHOW BENUYMHbI, ANUCrepcus

MOHATHSA CNy4anHOM BENUYUHbI, CTaHAAPTHOE OTKJIOHEHUE CflyYariHOW

BEJIMYUNHDbI, 3aKOH OonbLKX Yncern.
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3apaHus 3apaHus 3apaHus 3apaHus
Ansa gopmMmmpoBaHus ons AN KOHTpons ans
npepmMeTHbIX noBTope- 1N KoppeKLuu OoMaluHen
pesynbratoB HUS npeaMeTHbIX pe3ysbTaToB paboTbi
Ypok 1 38.1, 38.3, 38.5 38.11 38.2,38.4
Ypok 2 38.6, 38.8, 38.10 38.12 CamocrosTenbHas 38.7,38.9
pabota N2 38: N2 1, 2,3

Me’ro;m‘{ecmne KOMMEHTaApPUH

B KauecTBe 0THOTO 13 UHCTPYMEHTOB OIIEHKU CAYUYaTHON BEJINYNHBI BBO-
IUTCA IOHATHE MAaTEMaTUYEeCKOT0 OXKuAaHusd. JHeaaTesbHO, YTOOBI yUaIIu-
ecsd IMOHAJU, YTO MaTeMaTUUYeCKOe OKHUJaHUe UTPaeT POJb CPeJHEro 3HaUe-
HUA BEJIMUUHBI B ONBITAX, I'/le 3HAUEeHNE YKNCJIOBOTO PE3yJbTaTa HOCUT BEPO-
ATHOCTHBII XapakKTep.

B maparpade BBemeHme MaTeMaTHUUYECKOTO OXKUJIAaHUSA HOCUT Hedop-
MaJIbHBIN XapakTep. OHO JOCTATOYHO MOTHUBUPOBAHO COOTBETCTBYIOITMMU
npuMepaMu pPeajJbHBIX CUTYAIIUM: OIleHKa BO3MOYKHOU NMpPUObLIN (GDUPMBEI,
CTOMMOCTB CTPAXO0BOI'0 MOJMCa. 34eCh BaAXKHO, UYTOOBI paboTa Co CayUYalHbI-
MU BeJIMUMHAMU U WX XapaKTepUCTUKaAMHU He CBOAUJACh K (hopMaIbHOMY
3aII0JIHEHUIO COOTBETCTBYIOIIUX TAOJIUII.

Hasiee B maparpadge paccMaTpuBaOTCA OCHOBHBIE CBOICTBA MaTeMaTUue-
ckoro oxkupanusa. CBOMCTBO MaTeMaTHUYECKOTO OKUAAHUA CYMMbI CIydaii-
HBIX BEJIMYNH BBOIUTCA Ha IPUMEPE, COOTBETCTBYIOIIEMY KU3HEHHOMY OTIbI-
Ty. IToaTomMy paccMaTpuBaemMoe CBOHCTBO BOCIIPUHMMAETCSA €CTECTBEHHO.

B nmaparpade Ha KOHKPETHBIX IIPUMepPax AaéTcs IIpeJcTaBIeHre O 3aK0-
He OOJIBIITUX YHCeJ, PAa3bsACHAETCS YIPOIIEHHBIN CMBICJ 3TOTO 3aKOHA.

ITocie aToro B maparpade nesiaercs 0ojee comeprkaTeabHAsA ¢ MAaTEMaTIUe-
CKO TOUKY 3PEHUSA TOIBITKA PACCKA3aTh O TeOPEME, BXOAAINEHN B ITNTKJI TEOPEM
0 3aKoHe OoJsbIux umcesi. Hamnbosiee mOAXOIAIINM JJIA TAKUX PACCYKICHUH
ABJISIETCA OIIBIT, ONMMChIBaeMbIll cxemoii Bepuyiiiu. B KoHIe maparpada chop-
MYyJIIPOBaHa COOTBETCTBYIOIIasA TeopeMa. OHa BOCHPUHUMAETCA HEITPOCTO, X0~
T e€ hOPMYJIMPOBKA ITOJITOTOBJIEHA COOTBETCTBYIOIITUMY ITpuMepamu. He cie-
IyeT TpedoBaTh OT BCEX yUAIUXCA ITYOOKOr0 IIOHMMAaHUA 3TON TeOPEMBI.

KoMMmeHTapuu K ynpaskHeHUSIM

Ne 38.8. CocTaBbTe ¢ IOMOINBIO cXeMbl BepHYIIN TaOIUIy pacupeneleHmns
BEPOSITHOCTEH CIyUYalHON BeJMUYMHLI, A KOTOPOM MHOXecTBo {0, 1, 2, 3}
ABJAETCA MHOKECTBOM €€ 3HAUEHUN.

KoHTponbHaa paborta N2 7
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. Haiigure o6sacTh onpenenenunsa GyHKmuu f(x) =vVx -1+

KoHTponbHbie pabdoTbl

KoHTponbHas pabota N2 1

Tema. DyHKLUNSA

Bapuanr 1
. Haiigure obsacTsb onpeneneHus QyHKIUN f(x) = x —2 + 5 7 S
x2 -
. Hatinure Hamboabiliee 1 HauMeHbIIlee 3HaveHuss GyHKIun f(x) =+vVx —1

Ha mpoMe:xkyTKe [2; 5].

. UccnenyiiTe Ha YETHOCTL (DYHKITUIO:

1) f(x) = 2x3 — x;

2) f(x) = 2%,
x -2

3) f(x) =lx -3l +|x+3l.

. ITocrpoiitTe rpadpur Gpysrnuu [(x) = x2—-4x +3. Hcnoassys rpaduk,

HaWguTe:

1) obacTh 3HAUEHUN PDYHKIIUHT;

2) IPOMEsKyTOK yObIBAHUSA (PYHKIIUU;

3) MHOKecTBO pelrenuit HepasercTsa f(x) > 0.

. ITocTpoiiTe rpapuk QPyHKITUN:

1) y =VJx-3;
2) y=+2x-3;
3) y = 2lx[-3.

. Pemure ypasrenme x3 ++/3x —2 = 2.
. IIpu KakuX 3HAUEHUAX [MapaMeTpa a IPOu3BeJeHUe KOPHEel ypaBHEHUS

x% —4ax + 4a? — 4a + 8 = 0 6Gyner HauMeHbIIUM ?

Bapuanr 2

2
x2-9

. Haiigure HauboJbIllee 1 HanMeHbIlee 3HaueHuA QyHKIuu f(x) =Vx — 3

Ha mpoMe:KkyTKe [3; 4].



. UccaenyiiTe Ha YETHOCTDL (PYHKITIIO:
1) f(x) =38x*+1;

23— x2
2) f(x) = ;

x-1

3) f(x) =lx -1 -|x+1.
. ITocrpoiite rpadpur ¢pysrnun [(x)=x2 -2x - 8. Hcnonbsys rpadux,
HanguTe:
1) o61acTh 3HAUYEHUH PYHKITUN;
2) IPOMEKYTOK Bo3pacTaHuA (PDYHKIU;
3) MHOKecTBO perieHuii HepaBeHncTna f(x) < 0.
. ITocTpoiiTe rpapuk QPyHKITHIM:

1) y = Jx-5;

2) y=+2x-5;

3) y =+/2lx[-5.

. Pemure ypaBaeHue x3 + 2ix -1 =10.

. IIpu Kakux 3HaUeHMAX IapaMeTpa a IIPOou3BeJeHNe KOpHeil ypaBHeHUS
x2 + 2ax +a? - 2a +10 = 0 6Gyzer HauMeHbIIM ?

Bapuanr 3
. Haiigure o6acTs onpegenenua pyurmun f(x) = Vx —3 + R
x p—
. Hafimure Hamboablllee 1 HauMeHbIllee 3HaUeHUA QPyHKIuu f(x) = Vx — 2

Ha mpoMmerxyTKe [3; 6].
. UccaenyiiTe Ha YETHOCTH (PYHKITHIO:
1) f(x) = 3x5 + 4x;

x% +x
2) flx) = 5
3) f(x) =lx+2+]x-2l.
. ITocTpoiite rpadhur (pyHrmunm [(x)=x2-2x —3. Hcmonspsya rpadux,
HaMguTe:
1) oGyiacTh 3HaYEHUN (PYHKI[UN;
2) IPOMEKYTOK YObIBAHUA (PYHKIUN;
3) MHOJKeCTBO pelieHui HepaBeHcTsa f(x) < 0.
. ITocTpoiiTe rpapuk PyHKITNIM:

1) y =vx-4;
2) y =+3x —4;
3) y = +/3lx| - 4.
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. Pemure ypaBaenue x3 + 3vx +4 = 6.
. Ilpu KakuX 3HAUEHUAX IapaMeTpa a NPou3BejeHle KOPHeil ypaBHeHUsA

x% —6ax +9a? — 6a +18 = 0 6ymer HauMeHbIIUM?

Bapuant 4
. Haiigure obsacTsb onpeneneHusa PyHKIun f(x) = x +3 + 7 36"
x —
. Haiigure HauboJ/bIllee 1 HanMeHbIlee 3HaUueHUA GyHKIun f(x) =Vx -5

Ha mpoMe:xkyTKe [5; 9].

. UccnenytiTe Ha YETHOCTH PYHKITUIO:

1) f(x) = 2x5 - 3;

2) flx) =

x+1

3) f(x) =lx+4l—|x—4l.

IToctpoiite rpadpur Gpyaxmum f(x)=x2 -8x +7. Hcmonbsysa rpadux,
HaulguTe:

1) obsacTh 3HAUEHUIT PYHKIUU;

2) IpOMesKyTOK Bo3pacTaHud GYyHKIIUN;

3) MHOKecTBO pelreHuit HepasercTsa f(x) > 0.

. ITocTpoiiTe rpaduUK QPYHKIINIM:

1) y=vx-2;
2) y=+b6x-2;
3) y = V5lxl - 2.

. Pemure ypaBHeHue x3 +/2x -3 = 9.
. IIpu kakux 3HaAUEHUSAX IMapaMeTpa a IPOu3BefeHUe KOpPHeill ypaBHEHUS

x% + 4ax + 4a® — 4a + 6 = 0 6yner HauMeHbIIUM?



KoHTponbHasi pabota N2 2

Tema. KBagpaTHasa pyHKUUSA.
PeweHune KBagpaTHbIX HEPaBEHCTB.
PeweHve HepaBeHCTB METOAOM UHTEpPBaNoB

Bapmuanr 1

. Pemmure HepaBeHCTBO:
1) x2 +5x > 0;
2) 6x2 -Tx+1<0;
3) 4x2 +12x+9 > 0;
4) 3x2-x+5 2> 0.
/ )
. Haiimure obsacts onpenenenus QyHKuu f(x) = N8 +2x - x7 +22x 9 X,
X2 _
x2-—x-20<0,
. Pemure cucremy HepaBeHCTB
lal > 1.

. Pemrture HepaBeHCTBO:
1) (x —2)(x + 6)(x —4) > 0;
2) (8- x)(x —4)(x-9) = 0

3) x 4 13 <o.

+__
x-2 x x%2-2x

. Pemure HEpaBEHCTBO:

1) lx2 —x-1l<2x-1;

2) [x2 +4x -7 > 1-3x.

x2 + (4 + 2a)x + 8a
\/x2 -3x + 2

. IIpu xaxmx 3HAUEHUSX MapaMeTpa a ypaBHeHUe =0

nMeeT eJNHCTBeHHOe pelleHue?

Bapuanr 2

. PemnTe HepaBeHCTBO:
1) x2 -7x <0

2) 3x2 —4x+1 > 0;
3) 9x2 -12x +4 < 0;
4) 2x2 —-x+7 2 0.
N7+ 6x — x2

. Haiimure oGiacts onpenenenus QyHrmuu f(x) = 7 36
x2 _
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x2-x-12<0,

. Pemmute cucremy HepaBeHCTB
x| > 2.

. Pemure HepaBeHCTBO:

1) (x + 2)(x — 8)(x +5) > 0;

2) (x+2)%(x - 3)(4 - x) = 0;
2 2

3) ———+=-

= 0.
x-3 x x%2-3x

. Pemure HepaBeHCTBO:

1) |x2 —6x -2 < 3x-2;

2) |x2 - 8x +1/ > 2x - 3.

x2 - (7 -3a)x - 21a

x2 —x-2

. IIpu Kaxux 3HAYEHUSAX [IapaMeTpa a ypaBHEHUe =0

nMeeT eJMHCTBEHHOEe pemeHHe?

Bapuanr 3

. Pemmure HepaBeHCTBO:

1) x2 +9x > 0;

2) 4x2 -bx+1< 0

3) 16x2 +24x +9 > 0;

4) 3x2-x+4>0.

" V12 + 4x — x2
. Haiigure obsacThb onpenenenunsa PyHKuu f(x) = 2 o5
x —

x2+x-12<0,

. Pemure cucremy HepaBeHCTB
el > 1.

. Pemure HepaBeHCTBO:

1) (x+7)(x—-1)(x+8)<0;

2) (x -1)%2(5 - x)(x —6) > 0;
3 22

3 X _3_
)x—4 x  x%2-4x

<0.

. Pemmute HepaBeHCTBO:
1) |x2 —2x -1 < 8x - 1;
2) [x2 + x -5 > 2x + 1.
x% —(2a -5)x -10a _

Va2 —4x + 3

0

. IIpu Kakux 3HaAYEHUAX IIapaMeTpa ¢ YypaBHEHUeE

nmMeeT eJMHCTBEHHOEe pemeHHe?



Bapuanr 4

. Pemrure HepaBeHCTBO:
1) x2 -8x < 0;

2) 5x2 -6x+1 > 0;
3) 9x2 +24x +16 < 0
4) 3x2-x+5 > 0.

. Haiinure o6iacts onpenenenus QyHriuu f(x) =

x2+x-42<0,
. PeH_[I/ITe CHUCTEMY HEPaBE€HCTB
la| > 4.

. Pemmnre HepaBeHCTBO:
1) (x+2)(x-8)(x+5)>0;
2) (x +5)%(x —6)(8—x) > 05

3) X _3__11_ 5

x+5 x x%+5x

. Pemmure HEpaBeHCTBO:

1) |22 —3x - 3| < 2x - 3;

2) [x2 —4x + 2| > 8 — 3x.

. IIpm xakux 3HaYEHUAX IMapaMeTpa @ ypaBHEHUE

uMeeT eJNHCTBeHHOe pelllenue?

V15 + 2x — x2

x2 -16

x2 - (4a - 3)x - 12a

x2-x-6
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KoHTponbHas paboTa Ne 3

Tema. ypaBHeHVIFI Cc AByMA nNepeMeHHbIMUA
N NX CNCTEMDbI

Bapuanr 1

. Pemure ypaBuenue x2 + 2 = (/4 — y2.
2. IMocrpoiiTe rpaduk ypaBHeHUs |x — 2| = |y + 4/.
3. Pemure cucTeMy ypaBHeHMii:

x -5y =3,
1)
xy + 3y =11;

[y

(x +1)(y + 3)% = -16,
(x+1)2?@y+3)=4

3) x? +3xy = -2,
y? —3xy = 4;

" x2+y?—xy="1,
x2+y?+x+y-2xy = 8.

o (x_a)2+y2:4,
4. Tlpy KaKuX 3HAUEHUAX IIapaMeTpa a CUCTeMa ypPaBHeHUik
|| + [y| = 4
UMeeT efNHCTBEHHOe pellleHue?

Bapuanr 2

. Pemure ypasuenue y2 + 3 =9 — x2.
2. IMocrpoiiTe rpaduK ypaBHeHHUs |x + 5| = |y — 1].
3. Perrure cucremMy ypaBHEHIIA:

[y

x+3y =5,
4y + xy = 6;
(x - 2)(y +1)2 = 25,
(x-2(y+1)=5;
x2 + 2xy = 3,

3){ y
y* = Txy = -
x2+y2_

4){2
x2+y?+x+y-—xy=6.
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x2+(y-a)? =4
. y-a) ,
. Ilpu KaKUX 3HAUEHUAX TapaMeTpa a CUcTeMa YpaBHEHUHA

|l + |y = 8
nMeeT eJUHCTBEHHOE pellenue?

Bapuanr 3

. Pemure ypasuenue 2 — x2 = /4 + y2.
. IlocTpoiiTe rpaduk ypaBHenus |x — 1| =y + 5|.
. Pemture cucrtemy ypaBHEeHUI:

y+2x =05,
1)
2x —xy = -1;
(x+4)(y -1 =09,
(x+4P@y-1) =3
2 +4xy =-3,
3) x xy
y? —bxy = 6;
2 x2+y?-2x-2y—xy =3,
x2+y?+x+y-2xy=12. ,
(x—a) +y% =1,

. Ilpu KaKkux 3HAUEHNAX IIapaMeTpa a CUCTeMa YpaBHEeHUI
|| + | y| =1

uMeeT eJUHCTBeHHOe pelenue?

Bapuant 4

. Pemure ypasuenue 3 — y2 = /9 + x2.
. ITocrpoiite rpaduk ypasHenus |x + 2| = |y — 4.
. Pemmure cucremy ypaBHEHUI:

2x+y =2,
{xy +3x =2
-100,
10;

2) (x - 3)(y +2)
(x-3)*(y +2)
) x2 - 9xy = -8,

3xy + y? = 4;

4 x2+y?-2x-2y=3,

x2+y?-—xy=". )
u{xz +(y—a) =1,
. IIpu kaKkux 3HAUEHUAX IIapaMeTpa a CICTeMa ypaBHeHu i

xl+lyl =2
nMeeT eIUHCTBEeHHOe pelleHue? e |y|
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. 3amaiiTe cucTeMOW HepaBeHCTB Gurypy,

. Horaxxkmure, uto ecam a > 0 uw b > 0, TO

. UsBecTHO, uTO x > 0 u xy = 20. Haiinure

. IIpu KaKuX 3HAUEHUAX IIapaMeTpa a CUCTe-

KoHTponbHasa paboTta N2 4

Tema. HepaBEHCTBa c ABymM4 nepemMeHHbIMU
N X cnctemsbl. [lokaszaTenbCTBO HepaBeEHCTB

Bapuanr 1

. Nso6pasure rpaux HepaBeHCTBA:

1) 2x - 3y < 6;
2) y>x%-2x+1.

. 306pasute Ha KOOPAUHATHON IIJIOCKOCTU Xl MHOYKECTBO DEIleHUI cu-

CTeMBbI HEPABEHCTB:

1 {x<3, 2 {x<2,
y>2 y? < x.
. JokakuTe HEPABEHCTBO
x2 —6xy +10y%2 +4y +4 > 0. YA

N300paKEHHYIO Ha PUCYHKe 2. N

3,23, 2
(a +b](b +a)>8ab. 3 0 B

w
=Y

N

HanMeHbIllee 3HaUeHNe BbhIpaKeHnud X + 5y _/

Ma HepaBE€HCTB nMeeT peime-

x2 +a? <1, Puc. 2
x—-az=1

Hue?

. HUuciia a u b TakoBHbI, uTo X + y = 1. Hatigure HanbosibIliee 3SHAUEHNE BbI-

paxkeHus v1—-x +.2-y.

Bapuasnr 2

. Nso6pasure rpaduk HepaBeHCTBA:

1) 2x + 5y > -10;
2) y < x? +4x +4.

. N306pasuTre HA KOOPAMHATHOMN IJIOCKOCTH XY MHOJKECTBO DEIIeHUI CHu-

CTeMBbI HEPaBE€HCTB:

{x > 3, {x > -2,
1) 2)

y< -2 x < —y2.




3.

3.

4.

5.

JlokaxkuTe HepaBEeHCTBO
x? +6xy +10y%2 -4y +4 > 0. YA
3azmaiiTe cucTeMOW HepaBEeHCTB (uUrypy,

n300paKEHHYIO HAa PUCYHKeE 3. |
Horamure, urto ecau a > 0 uw b > 0, TO

(a3 . %)(zﬁ ; %) > 12ab. = N 3

WsBecTHO, uTO x > 0 U xy = 28. Haiigure
HaVMeHbIIIee 3HAUEHYE BLIPAXKEHUI X + (Y. N
Ilpu kakux 3HAUEHUAX IIapaMeTpa a CUCTe-

Ry

Ma HepaBEeHCTB

x2 +a? < 4, Puc. 3
UMeeT pelre-

0 x—a< -2
HUe!

Yucnaa a u b TakoBwI, uTO X + y = 2. Haligure HauboJibIlllee 3HAUEHUE BhI-

paskeHUs V3 —x ++/7—y.

Bapuaur 3

. zo6pasuTe rpapmk HepaBeHCTBA:

1) 3x +2y < -6; 2) y>x? —4x +4.
N3o6pasuTe Ha KOOPAMHATHON IJIOCKOCTU XY MHOKECTBO DEIleHUi CH-
CTeMbl HEPABEHCTB:

1 {y > -1, 2) {x <3,

x < 4 y? < x.

JlokakuTe HEPAaBEHCTBO
x% —4xy +5y% + 6y +9 > 0.
3agmaiiTe cucTeMoil HepaBeHCTB (GuUrypy,

Y

n300paKEHHYIO Ha PUCYHKeE 4.

Horaure, uro ecau a > 0 uw b > 0, To /_%\

(2(13 " 1)(21)3 + l) > 8ab. [ ! \
b a

WsBecTHO, uTOo x > 0 U xy = 18. Haiigure
HaVMeHbIIlee 3HaUeHre BhIPaKeHus 2X + I.
ITpu KaKuX 3HAUEHUAX IIapaMeTpa a CHUCTe-

Ma HepaBeHCTB nMeeT pelre- Puc. 4

{xz +a2 <1,

0 x+a< -1
Hue?

Yucnaa a u b TakoBwl, uTO X + y = (. Halinure HanuboJsibIlllee 3HaAUEHNE BbI-

pakeHust Vb —x ++/4—y.
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Bapuanr 4

. Uzo6pasuTe rpad)vk HepaBeHCTBA:

1) 5x +2y > 10; 2) y<x?+2x+1.

. U3o6pasure HA KOOPAWMHATHON ILJIOCKOCTU XY MHOXKECTBO DEIIEeHUI CU-
CTeMbl HEPABEHCTB:

1 {y > -3, 2) {x > -3,

x>1; x < —y2.

. JorakmTe HEPABEHCTBO
x2 +4xy +5y2 -6y +9 > 0.
. 3amaiiTe cuCTeMOW HepaBeHCTB G(urypy,

\
n300pakEHHYIO Ha PUCYHKeE 5.
. Horakure, uto ecim a > 0 uw b > 0, ToO
(3(13 + 1)(3b3 + lj > 12ab. 0 R
b /2 X

Y|

a

_2\
. UsBecTHO, uTO x > 0 U xy = 45. Haiinure —1

HamMeHbIIlee 3HaUeHNe BEIPAKEeHUA 5X + J/. \y

. HpI/I KaKHUX SHAUYCHUAX IIapaMeTpa a CuUCTe-
{x2 + a2 < 4, Puc. 5

Ma HepaBEeHCTB nMeeT perie-
x+az=2

HUue?
. Hucna a u b TakoBwI, uTO X + y = 3. Haiigure HaubobIlIee 3BHAUEHUE BbI-

paxxeHUusa V2 —-x +.9-y.



KoHTponbHasi paboTta Ne 5

Tema. CTeneHHasa pyHKUMSA

Bapuanr 1

. ®yuKnusa sagasa popmyaoii f(x) = x16. Cpasuure:
1) 7(5,6) u f(2,4);

2) f(-2,8) u f(-7,3);

3) (4,5) u f(-4,5);

4) f(0,3) u f(-0,8).

. HafiguTe sHaueHMe BbIPAKEHU:

1) 33/8 + 43/-32 + ¥625; 3) Y212 .58,

3/
2) 327 0,008; 4) g/ﬁz.
2
. Pemmure ypaBHeHwmeE:
1) x° = 6; 3) x5 = —243; 5) ¥x = 2;
2) x* = 16; 4) x* = -81; 6) ¥x =-1.
. Haiinure @pyHKIIUIO, OOpPaTHYIO QYHKIIUU Y = 3 5
x —
. YopocTure BeIpaXkeHue:
1) Was3; 3) ¥ad, ecau a > 0;
2) ¥m?Ym; 4) Y(a -1)*, ecu a < 1.
. Coxparure gpoOb:
1 1 1 1 11 1
m —3m3 | m2 —n2 x3 —2x6y6 + y3
1) 2 ’ 2) 1 1’ 3) 11 11
m3 —3 m4 + n4 x2y3 _x3y2

3
1
. ITocTpoiiTe rpadpuk GyHKIUNA Y = ((x + 4)5) .

8 Yx +1 %/;+3) 3

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

. YIOpocTuTe BhIpaskeHue (

Bapuanr 2

. ®yaKnusa 3agana @opmyaoi f(x) = x'®. Cpasaure:
1) /(3,6) u f(1,8);

2) f(-1,7) n f(-2,5);

3) 1(-5,4) u [(5,4);

4) £(0,9) u £(-0,2).
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. Cokparure n1pobhb:
2

. YupocTuTe BhIpaKeHUe [

. Hatigure 3HaueH1e BhIPAKEHUA:

1) 5416 - 23/-216 - ¥64; 3) §/312. 218,

4
2) 40,0081 256; 4) Y243
43

. Pemure ypaBHeHUe:

1) x7 =10; 3) x3 = -216; 5) ¥x =1;
2) x8 = 64; 4) x* = -16; 6) ¥x =-3.
. Haiinure QyHKIIMIO, OOpPATHYIO QYHKIIUU Y = 2x3+ 7"
. yI‘IpOCTI/ITe BhIpAXXeHue:
1) 28q7; 3) $mb, eciu m < 0;

2) 33 4/b3 ; 4) W(x - 2)1°, ecom x > 2.

2 1 1 11 1
x + Tx5 a3 — b3 m2n4 + 3m4n

1) 3 ; 2) 1 3) 1 1 1 1°

x5 +7 ab — b6 m2 + 6m4n4 + 9n2

| =

6
1
. ITocTpoiitTe rpaduk QyHKIUU Y = ((x + 5)5) .

Q/;+6_§/;+2+ 6 ] 5
Yc+2 Yx-2 Yr-4) Yx-4

Bapuanr 3

. ®yuKnua 3agaga Gopmyaoii f(x) = x2°. CpasHure:

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

. Hatigure 3HaUeH1Ee BhIPAKEHUA:

1) 4¥/32 + 4256 - 33/-125; 3) Y524 . 216,

Y3
2) 4625-0,0016; 4) .
Y729

. Pemmute ypaBHeHUE:

1) 22 =11; 3) x% = —125; 5) ¥x = 5;

2) x* = 81; 4) x6 = —64; 6) Yx = -2.
. Hatinure QyHKIIMIO, OOpPATHYIO QYHKIIUU Y = 3 _5x'
. YupocTure BhIpaKeHUE:

1) 3\5/x_5; 3) Welo, ecou ¢ > 0;

2) Ya*3az; 4) 2y -7)'2, ecm y < 7.



. Cokparure gpooOb:
4 1 1 2 11 2
a-11a7 x5 —yd5
3 ; 2) S T
a” -11 x10 + y10 a2b6 — 2a6b2

1)

4
1
. ITocTpoiiTe rpaduk GyHKIIUU Yy = ((x + 3)1) .

Vev12 Yxra, 4 ), 15
Yc+4 Yx-4 Yx-16) Yx-16

. YupocTure BhIpakeHune (

Bapuanr 4

. ®yuknusa sagana popmyaoii f(x) = x22. CpaBHuTe:
1) 7(7,7) n £(2,9); 3) f(-6,2) u f(6,2);
2) f(-1,9) u f(-2,4); 4) f(-0,1) u f(0,6).
. HafiguTe 3HaUeHMe BhIPAKEHU:

1) 4¥64 - {625 - 5¥-27; 3) 520 . 230;
3
2) 300,216 - 8; 4) Y025

5
. Pemrure ypaBHenue:

1) x!! = 5; 3) x7 = -128; 5) Yx = -1;

2) x* = 625; 4) x5 = —64; 6) ¥x = 4.
4. Haiinure QyHKIIUIO, 00paTHYIO QYHKIIUU Y = 1 —33x'
5. YupocTure BHIpasKeHUeE:

1) 3¢9, 3) 13/23, ecau z < 0;

2) Ya5%¥a; 4) §/(x + 3)8, ecotm x > -3.

. Coxkparure gpooOb:

4 11 1111
b+10b9 ab — b6 x3y12 + 4x12y3
D= ’ 2 )7 11 i

b9 +11 al2 — piz x6 + 8x12y12 + 16y6

1\5
. ITocrpoiiTe rpaduk QyHKIUNA Y = ((x + 1)5) .

10,

v ( x+3 Wxio 4 J 8
. YopocTrure BhIpaKeHTe

— + M .
We-3 Wxs3 Yr-9) Yx-9
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KoHTponbHasi pabota N2 6

Tema. YMcnoBble NocnegoBaTebHOCTU

Bapmuanr 1

ITocnemosarensHOCTS (a,) 3anana GopmyJIoi n-ro uneHa a, = 6n + 3. fs-
JsieTcs JIA UJIeHOM 3TOM IlocjemoBaTelbHOCTU umciao: 1) 159; 2) 2477
B ciyuae yTBEpAUTEIBHOTO OTBETA YKAKUTE HOMED dTOTO UJIeHA.
IlepBBI#i U YETBEPTHIN UJIEHBI T€OMETPUUYECKOU ITPOTPECCUU COOTBET-
CTBeHHO paBHBI 2 1 —54. HalinnTe cyMMy ceMu UJI€HOB 9TOU MPOTPECCUM.
Hatigmre cymMmMy Bcex HATypaJIbHBIX YMCEJ, KPATHBIX 7, KOTOpPbIe 0OJIb-
mre 100 u mensbIe 200.

IIpu KakoM 3HaUeHUU X 3HAUEHUS BbhIpaskeHuii 2x — 1, x + 3u x + 15 0y-
IyT TIOCJIeJOBaTeJbHBIMU UJeHaMU reoOMeTpUuUecKoi mporpeccuu? Haii-
IUTe YIEeHBI 9TOI IIPOTPECCUU.

CymMa OeCKOHEUHOM reoMeTpHUecKOll Iporpeccuu paBHa 3, a cyMma

TPEX €€ MePBhIX UJIEHOB paBHA % Haiigure niepBbIii UjleH U 3HaMeHaTeJb
9TOH IPOTPECCUN.
Hatigmre cymmy aBammaTu TPEX MEePBBIX WIEHOB apu()METHUUYEeCKOM IIPOo-
rpeccuu (a,), ecnm ag + a,; +a;, +a;,=10.
Haiigure cymmy 8 + 88 + 888 + ... + 888...8.

209...9

n

Bapuanr 2

ITocmemoBarenbuOCTS (b,) 3amana hopmyJioi n-ro unena b, = 8n — 5. fB-
JseTcsa JIM YJIeHOM 9TOH mociieoBaTeJbHOCTH umcio: 1) 167; 2) 2517
B cnyuae yTBepAUTEIBRHOTO OTBETA YKAMKUTE HOMED 9TOTO UJIEeHA.
IlepBrbIii 1 mIECTOM YJIEHBI T€OMETPUUECKOU ITPOTPECCUM COOTBETCTBEHHO
paBHbBI 4 1 —128. Haifigutre cyMMy BOCBMU YJIEHOB 9TOU ITPOTPECCUH.
Haiigure cymMMy Bcex HaATypaJIbHBIX YHCEJ, KPATHBIX 5, KOTOpbIe 0OJIb-
mre 150 u mensbIe 250.

ITpu KaKOM 3HAaYEHUU X 3HAUYEHUS BhIPaKeHU 3x — 2, x + 2 u x + 8 OyayT
mocJieIoBaTeJIbHBIMU UJIeHaMU T'eOMeTpUUecKoil mporpeccumn? Haimure
YJIEHBI 9TOM IPOTPECCUU.

CymMma 6ecKOHEYHOU reoMeTpUUECKOIl Iporpeccuu pasHa 4, a cymma mnd-

TH €€ TePBBLIX UJIEHOB paBHA 3%. Haiigure mepBbIil UIeH U 3HaAMeHAaTeIb
9TOM ITPOTPECCUM.
Hatigmre cymmy aBaAmaTm BOCBMU TEPBBLIX YJIEHOB apu(pMeTudecKoOm
nporpeccuu (a,), €Ciu dg + @, + a4y, + ay, = 6.
Haiigure cymmy 6 + 66 + 666 + ... + 666...6.

299..-9

n
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7.

Bapuanr 3

ITocnemosaTenvHOCTS (a,) 3anana popmysion n-ro wiena a, = 9n + 4. fs-
JfeTcA JIU UJEeHOM 3TOH IocJenoBaTeabHOCTH umcio: 1) 157; 2) 271?
B cyuae yTBepauTEIBHOTO OTBETA YKAMKUTE HOMED STOTO UJeHa.
IlepBBIfT W UYETBEPTHIN UYJIEHBI T€OMETPUUYECKOH ITPOTPECCUU COOTBET-
ctBeHHO paBHBI 4 1 —108. Haligure cymMmMy ceMHu UJIEHOB STOM IIporpec-
cum.

Hatigure cymmy Bcex HaTypaJIbHBIX YHCEJ, KPAaTHBIX 9, KOTOpbIEe 60JIb-
mre 120 u mensbIme 210.

ITpu KaxoMm 3HaveHUU X 3HAUEHUS BbIpaskeHuit x — 3, x + 4 u 2x — 40 Oy-
IyT TOCJIefOoBaTeIbHBIMU UJeHAaMU reoMeTpuuecKoi mporpeccuu? Haii-
OUTE YJIeHBI 9TOI IIPOTPECCUM.

CymMma 0eCKOHEUHOU reoMeTPUUYEecKOH mporpeccuu paBHa —6, a cymMma

. .. 2 . .
TPEX €€ MePBBIX UJEHOB PaBHA —65. Hatigure epBhIil YieH U 3HAMEHA-

TeJIb ATOM IIPOT'PECCUU.
Haiinure cymmMmy neBATHAAIATHA IIEPBBIX UWJIEHOB apuU(METUUECKOU IIPOo-
rpeccuu (a,), ecnu a, +aq+a,, +a,, = 8.
Hatigure cymmy 4 + 44 + 444 + ... + 444...4.
%,—/

n

Bapuaur 4

ITocnemosaTenvHOCTS (b)) 3amana Gopmyoii n-ro unena b, = 7n — 6. fs-
JseTcs JIM YJIeHOM STOU IIocjeqoBaTelbHOCTH uwmcio: 1) 177; 2) 2187?
B cayuae yTBepaUTEIBHOTO OTBETA YKAMKUTE HOMEP 9TOr0 UjaeHa.
ITepBoIil 1 HIECTOM UJIEHBI T€OMETPUUECKOI IIPOTPECCUN COOTBETCTBEHHO
paBubI 3 1 —729. HailiguTe cyMMy BOCbMU UJIEHOB 9TOM IIPOTPECCUMN.
Haiigure cymmy Bcex HaTypaJabHBIX Ymces, KpaTHBIX 11, KOTOpbie 60Jb-
mre 100 u mensnire 180.

ITpu KakoM 3HAUEHUU X 3HAUEHUA BhIpaxkeHuit x — 7, x + b u 3x + 1 6yayT
mocJaeI0BATeIbHBIMU UJeHaMU TreoMeTpuuecKoii mporpeccuu? Hatigure
YJIeHBI 9TOM IPOTPECCUU.

CymMma 0eCKOHEUHOI reoMeTPUUYECKOM mporpeccuu pasHa —4, a cyMma

.. 1 o .
IIATHU €€ IIePBhIX YJIEHOB PaBHA —45. HaI/I,Z[I/ITe IIePBbIN YJIEH 1M 3HaAMEHAa-

TeJb 9TOU ITPOTPECCUM.
Haiinure cymmy ITeCTHAAIATH IIEPBBLIX UJEHOB apu(pMeTHUeCKOIl IIpo-
rpeccuu (a,), ecnu a; +a, +a;,+a;, =12.
Haiigure cymmy 3 + 33 + 333 + ... + 333...3.
—

n
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KoHTponbHas paboTta N2 7

Tema. DN1IeMEHTbI CTaTUCTUKM
N TEOPUUN BEPOSITHOCTEN

Bapuanr 1

Haiinure cpenHee 3HaueHUe, MOAY, MeAUMAHy M pasMaxX COBOKYIHOCTU
maHHbBIX: 7, 6, 3, 8, 3, 2.

Kamawiit 13 60 yuammmxcs CIOPTUBHOI MIKOJIBI ITOCEIAaeT WU CEeKITUIO0
IJIaBaHUSA, WU CEKI[UI0 CIOPTUBHOM T'MMHACTUKU, WU 3aHATUSI 00emX
aTuX ceKmnuii. Hatimmre BEPOATHOCTH TOTO, YTO BHIOPDAHHBIN HayTaj yda-
ITUICA TOCeIaeT TOJbKO 3aHATUSA CeKIIUU IIJIaBaHU, eCau 00e CeKI[Uuu
IMOCeIaoT 25 yJamnxcs, a TOJIbKO CeKITNIO CTIOPTUBHON TMMHACTUKYA —
40 yuamuxcd.

IIycte A m B — coOBITUA HEKOTOPOTO HCHBITaHUs. VI3BEeCTHO, UTO
P(A)=0,4, P(B)=0,3u p(AU B) = 0,5. Haiinure: 1) p(A (1 B); 2) py(A).
HUrpanpublii KyOMK HOAOpPAChIBAIOT YeThIpe pasa. KakoBa BEepPOATHOCTH
TOTO, UTO ABOIMKA BHIIIaAET: 1) TOJIBKO IIPU IIEPBOM, BTOPOM U UETBEPTOM
moa0pachIBaHUAX; 2) POBHO Tpu pasa?

OK0JI0 IPAMOYTOJIbHOTO TPEYTroJbHIKA ¢ KaTeTaM’ 3 ¢M U 4 CM OIIHcaHa
OKPYIKHOCTB. B Kpyre, orpaHUYEeHHOM 5TOM OKPY*KHOCTBHIO, HAyTa ] BHIOU-
patoT TouKy. KakoBa BepOATHOCTSH TOTO, UYTO BHIOPDAHHAS TOUKA IIPUHAT-
JIEKUT JAHHOMY TPEYTOJBHUKY ?

Pacupenenenne BepOATHOCTEH CIAYYANHON BEeJIMUYMHBLI X 3a4aHO Ta0JIHU-
e, B KOTOPOM ITPOITYIIIEHO OJHO 3HAYEHUE.

3HayeHue x

BeposiTHOCTb

wIN [e)}
I

Hatigure: 1) p(x = 12); 2) maTeMaTnuecKoe OKUAaHVE 1 JUCIIEPCUIO TaH-
HOU CJAyJYarHONU BEJIMUNHEI.

Bapuanr 2

Haiigure cpenHee 3HaueHue, MOy, MeAuMaHy U pPasMax COBOKYIIHOCTHU
maHebBIX: 4, 10, 15, 5,10, 7.

Kaxxgpiit us 50 yuarmuxcs CIOPTUBHOM INKOJIBI IIOCEIaeT MU CEeKIIUIO
OuaTsioHa, NI CEeKI[NIO JETKOI aTJIeTUKM, NI 3aHATUA 00eUX 3TUX CeK-
nuii. Halignre BeposATHOCTE TOT'0, UTO BEIOPAHHBINA Hayra  yUaIlUiCs I10-
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celllaeT TOJHKO 3aHATHUA CEKIIUU OMATIOHA, eCciu 00e CeKIIUU IIOCeIaioT
15 yuarmmuxcs, a TOJIbKO CEKITHIO JIETKOU aTIeTUKU — 35 yUariuxcs.

ITycte A 1 B — coObITUA HEKOTOPOro HucCIbITaHUs. VI3BecTHO, YTO
P(A) = 0,2, P(B) = 0,36 u p(AUB)=0,7. Haiigure: 1) p(A B);
2) p,(B).

HUrpansublii KyOuK moadpachiBaioT IIATH pa3. KakoBa BepOATHOCTH TOTO,
YTO YeTBEPKAa BBINIAAeT: 1) TOJbKO IIPU TPETheM U IISATOM II0A0pachIBaHM’-
Ax; 2) pOBHO aBa pasa?

OKO0JI0 TPAMOYTOJBHOTO TPEYTOJbHUKA ¢ KaTeTaMu 8 cM u 15 cM onmcana
OKPYKHOCTBL. B Kpyre, OrpaHNYeHHOM 9TOI OKPYKHOCTBIO, Hayral BbIOM-
patoT TouKy. KakoBa BepOATHOCTDH TOTO, YTO BbIOpaHHAS TOUKA IIPUHAT-
JI€KUT JaHHOMY TPEeYTOJIbHUKY ?

Pacnpenenenne BepoATHOCTEH COy4YaliHOW BEJIMUYUWHBI X 3aJaHO TabJIu-
1eii, B KOTOPO# MPOIYIeHO OJHO 3HAUEeHUe.

3HavyeHune x 10 16 40
2 7

BeposTHOCTb - —
5 20

Haitigure: 1) p(x = 16); 2) maTemaTuuecKkoe OKUJaHNE U TUCTIEPCUIO JaH-
HOU CIyUYaHON BEJINUYNHEI.

Bapuanr 3

Haiigure cpenmee 3maueHue, MOAy, MeAUAaHy W PasMaX COBOKYIITHOCTU
mamHex: 1,8, 11, 12, 16, 8.

Kamapiii uz 70 yuammxcsi CIIOPTUBHOM IIMKOJBI IOCEIaeT MJIN CEKI[UIO
OuaTioHa, WJIN CEeKIIUI0 KOHBKOOEKHOTO CIOpTa, WJIMN 3aHATHUSI 00emx
9TUX ceKnuii. Haliinre BepOATHOCTh TOT'O, UTO BHIOPAHHBIN Hayraj yda-
MIUHCcA IIOCeIaeT TOJbKO 3aHATUA CeKIIUU OMaTIOHA, eCJu 00e CeKI[UuU
mocermiaoT 20 yuaiuxces, a TOIbKO CEeKIINI0 KOHBKOOEKHOTO cIiopTa —
50 yuamuxcs.

ITycte A 1 B — coObITUA HEKOTOPOro ucublTaHus. VM3BecTHO, YTO
P(A)=0,1, P(B)=0,7u p(AU B) = 0,6. Haiigure: 1) p(A (1 B); 2) py(A).
Hrpanpubeiii KyOMK moaOpachIBAlOT YeThIipe pasa. KakoBa BepOSTHOCTD
TOT0, UTO eAUHUILA BBITIaAET: 1) TOJIbKO IIPU BTOPOM U UeTBEPTOM HOA0pa-
ChIBAHUAX; 2) POBHO ABa pasa?

B npamoyrosbHOM TpeyroJabHIKe ¢ KaTeTaMu 5 ¢cM 1 12 ¢cM HayraJ BbIOU-
paroT TouKy. KakoBa BepOATHOCTh TOTO, UTO BhIOpAHHAS TOUKA IIPUHA-
JIEXKUT KPYTry, OTPAHUUYEHHOMY BIIMCAHHOII OKPY’KHOCTBIO JaHHOTO Tpe-
yroJbHUKAa?
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6.

Pacmpenenenre BepOSATHOCTEH CAydYalHOI BEeIWMUYUHBLI X 3aJaHO Tabau-
1eii, B KOTOPOU MPOIYIIeHO OAHO 3HAUEHIE.

3HaueHue x 15 20 24
1 5

BeposiTHOCTL — =
4 12

Hatigure: 1) p(x = 15); 2) maTeMaTryecKkoe OKUJaHVE U JUCIIEPCUIO TaH-
HOI CaydJYariHON BeJIMUYNHEL.

Bapuanr 4

Haiigure cpenHee 3HaueHue, MOy, MeAuMaHy U pas3Max COBOKYIIHOCTU
mamueIx: 10, 5,13, 5, 21, 17.

Kaxxawiit u3 80 yuammxcs CIIOPTUBHON IITKOJIBI IIOCEIaeT UJIU CEeKI[UIO
TeHHICA, WA CeKI[UIO JIETKOU aTJIeTUKU, NN 3aHATUSI 00enX 3TUX CeK-
nuii. Hafimnre BepoATHOCTDH TOTO, UTO BLIOPAHHBIN HAyTa yUaluiic mIo-
celraeT TOJbKO 3aHATUSA CEKIIMU TEHHMCA, eCJU 00e CeKI[UU IIOCEI[aioT
10 yuaruxcs, a TOJbKO JIETKOHM aTJIeTUKU cropra — 45 yuamimuxcs.

IIyctb A u B — coOBITHUSA HEKOTOPOTO HCIbITaHUsA. VI3BECTHO, YTO
PA) = 0,3, P(B) = 0,6 u p(AUB)=0,8. Haiigure: 1) p(A[) B);
2) p,(B).

Urpanbublii KyOUK IMOAOpPAchIBAIOT IIATH Pa3. KakoBa BEPOATHOCTH TOTO,
YTO IMIEeCTEPKA BBINIAZET: 1) TOJILKO IPU IIEPBOM, BTOPOM U UeTBEPTOM ITO-
OpachIBaHUAX; 2) POBHO Tpu pasa?

B npamoyrosbsHOM TpeyroibHUKe ¢ KateraMu 6 cM 1 8 cM Hayraj BbIOU-
paroT TouKy. KakKoBa BepOATHOCTDL TOTO, UYTO BHIOPDAHHASA TOYKA IIPUHAL-
JIEXKUT KPYTY, OTPAHUYEHHOMY BIIMCAHHON OKPYIKHOCTBHIO TaHHOTO Tpe-
yroJIbHUKAa?

Pacnpenesenure BepOATHOCTEH CJAYYANHON BeJIMUYMHBLI X 3aJaHO Ta0JIu-
e, B KOTOPO IIPOITYIIIeHO OJHO 3HAUEHUe.

3HayeHune x 12 18 24
1 7

BeposaTHOCTb — —
4 12

Haiinure: 1) p(x = 18); 2) maTemMaTnuecKoe OKUAAHTE U JUCTIEPCUIO JaH-
HOU CAyJYarHOU BEJIMUNHBI.
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2.

NToroBasi KOHTponbHas paboTa

Tema. nOBTOpeHVIe n cmcremMmatTmnsauma
yqe6Horo MaTepunana

Bapuanr 1

. ITocTpoiiTe rpadpur pyarnuu f(x) = —x2 — 6x — 5. IToabsysach rpaduKoM,

HanguTe:

1) o61acTh 3HAUYEHUH DYHKITUN;

2) TpoMesKyTOK yObIBaHUA QYHKITNN;

3) MHOsKeCcTBO perieHui HepaseucTsa f(x) > 0.

. x2 -5x+6
Haiigure o6macTs onpegenennsa GyHKmun f(x) = RS
x¢ —6x+8
x2 +y? =5,
Pemure cucremy ypaBHeHUH 1 , Y_15
X_J-1,5.
Yy X

Haiigure cymMMy IepBBIX JeBATU UJ€HOB apudMeTHUeCKOH IIPOTrpeccuu,
ecJu e€ TpeTUH 4jieH paBeH —b, a IIecToi paseH 2,5.

Ha uerpipéx xapToukax sammcaHbl uuciaa 3, 4, 5 u 6. Kakosa Beposar-
HOCTH TOTO, YTO IIPOM3BEEHNE UNCeJI, 3allMCAHHBIX Ha ABYX HAyraj BbI-
OpaHHBIX KaPTOUKaX, OyaeT KpaTHbIM uucay 10?

IBe 6puranbl, paboTas BMeCTe, MOT'YT BBIIIOJHUTH IPOU3BOICTBEHHOE 3a-
maume 3a 6 u. Ecou mepBasa Gpurajga mpopaboTaeT caMOCTOATENbHO 2 U,

2
a moToM BTopas 6purajza mpopaboraer 3 4, TO OyJeT BLIIOJIHEHO = 3ana-

HUA. 3a CKOJIBKO YacOB KaKgad Opuraja MOKeT BBIIIOJHUTD TaHHOE IIPO-
M3BOJICTBEHHOE 3a/JaHNe CAMOCTOSTEIbHO?

IIpu KakuX 3HAUYEHUAX IMapaMeTpa a ypasHernue (a + 3)x2 + (2a +6)x +1 =
= 0 He uMeeT KopHeii?

8

, >192.

Horasmure, uto ecaum a >0 u b >0, To(a + 2)(b + 8)(4,5 +—
a

Bapuanr 2

. ITocTpoiite rpadpuk pyarnuu f(x) = —x2 + 4x — 3. Iloabsysach rpaduKoM,

HanguTe:

1) o61acTh 3HAUYEHUH PYHKITUN;

2) IPOMEKYTOK Bo3pacTaHuA (PDYHKIUH;

3) MHOKeCTBO perieHui HepaBeHcTBa f(x) < 0.

. x2 +7x-8
Haiigure o6macTsb omnpegesiennsa QyHKIuu | (x) = m
x° +6x —
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x2 +y? =10,
Pemnre cucreMy ypaBHEHUR | x oy 3 1

=+ =3=.

y x 3

HaiimuTe cymMMy HepBBIX OAWHHAAIIATH UJIEHOB apUPMeTUUECKOU IIpo-
rpeccuu, ecju e€ UeTBEPTHIN UJeH paBeH 2,6, a mectoii pasex 1,2.

Ha ueThIpéx KapToukKax 3ammcaHbl umcia 1, 2, 3 u 4. KakoBa BepoAT-
HOCTBH TOTO, UTO CyMMa YKCeJ, 3alIUCAHHBIX Ha ABYX HayrajJ BHIOPAHHBIX
KapTouKax, OyeT YETHBIM YMCJIOM ?

IBa TpakTopucra, paboTas BMecTe, MOTYT BcuoaxaTh 1moJje 3a 14 u. Ecau
TIePBBIN TPAKTOPUCT IPOPadboTaeT CaMOCTOATEILHO 7 U, a TIOTOM BTOPOM

2
TpaKTOpUCT mIpopaboraer 14 4, To OyaeT BCIaxXxaHo 3 moJisi. 3a CKOJIBKO

YaCcOB KaKABIN TPAKTOPUCT MOKET BCIIaXaTh 9TO IOJIe CAMOCTOSATEIHHO?
IIpu KaKuX 3HAUYEHUAX IapaMeTpa a ypasHeHue (a — 2)x%2 + (2a —4)x +1 =
= 0 umeer KOopHHU?

Hoxaxkure, uto eciua>0wu b >0, To(a +18)(b + 2)(2,25 + ib) > 144.
a

BapuanTt 3

ITocTpoiite rpaduk dysrnun f(x) = —x2 — 2x + 3. Iloab3ysacsk rpapurom,
HauguTe:

1) oGsiacTh 3HaAUEHUI (PYHKIUY;

2) IPOMEsKyTOK yObIBAHUSA (PYHKIIUU;

3) MHOKecTBO pelreHui HepaBencTsa f(x) > 0.

2 _
Haiinure o6nacts onpenenenns pysknun f(x) = %‘
x° —(x +

x2 +y2 =10,
Permture cucremy ypaBHEeHUN x_y_ 22

y x 3
Haiinure cymMMy IEpPBBIX AECATH UJIEHOB apu(pMeTHUeCKOH ITPOrpeccum,
ecJiu eé TpeTuii uieH paBeH 9, a BocbMoii paBeH 24.
Ha ueTnIipéx kapToukax 3amucaHbl uucyaa 2, 5, 6 u 10. Kakosa Bepodar-
HOCTBH TOT'0, UTO IPOU3BeJeHNe UnCces, 3alMCAHHbIX Ha ABYX Hayraj BbI-
OpaHHBIX KAPTOUKaX, OyAeT KpaTHbIM Yucay 47
IBoe ManmsAapoB, paboTas BMecTe, MOTYT IIOKPACUTh pacas IMKOJbI 3a 12 4.
Ecau nepBruIil Masiap npopaboTaeT caMOCTOATEIBHO 5 U, a IIOTOM BTOPOIt

11
MaJsAap mpopadoraet 4 4, To OyAeT IOKpPAIIIEHO 30 dacaga. 3a CKOJIBKO Ua-

COB KaKIBbIN MaJIsip MOXKET IIOKPACUTD (pacaj IIIKOJbI CAMOCTOSITEIBHO?
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8.

IIpu KaKnX 3HAUEHNAX IapaMeTpa a ypasHeHue (a + 5)x2 + (2a +10)x +1 =
= 0 He uMeeT KOpHeii?
5

Iokasure, uto ecaum a >0 u b >0, To(a + 3)(b + 27)(3,2 + 7
a

J > 288.

Bapuanr 4

ITocTpoiite rpaduk pyarnun f(x) = —x2 —4x + 5. Iloabaysacsk rpaduroM,
HanguTe:

1) o61acTh 3HAUYEHUH DYHKITUN;

2) IPOMEKYTOK Bo3pacTaHuA (PDYHKIUN;

3) MHOKeCTBO perieHui HepaBeHcTBa f(x) < 0.

2
Haiigure o6acts onpezenenns Gyuruum f(x) = J%’Hg
x° +4x +

x2 +y? =5,
Pemure cucreMy ypaBHEHUH ¢ x

= +Z =2,5.

Yy X
Haiigure cymMy MepBBIX IIECTHU YJIE€HOB apu(pMeTHYeCKOUl IPOorpeccuu,
ecJu e€ TpeTui ujieH pasBeH 54, a IATHIN paBeH 6.
Ha ueTnipéx kapToukax samucaHbl ymuciaa 3, 6, 9 u 14. KakoBa Beposar-
HOCTH TOTO, YTO IIPOM3BEEHNE UNCeJI, 3allMCAHHBIX Ha ABYX HAyraj BbI-
OpaHHBIX KAaPTOUKaX, He OyaeT KpaTHBIM uucay 9?
Ecau oTKpPBITH O4HOBPEMEHHO Be TPYObI, TO 6acceiiH OyaeT HAIIOJIHEeH BO-
nmoit 3a 8 u. Ecsiu cHauajsia HAIOJHATH 6acCeilH TOJIBKO Yepes3 OMHY TPYOoy
B TeueHue 12 41, a IOTOM TOJILKO Uepes APYIr'yIo B TeueHue 3 4, TO BOLOi1 0y-

3 .
AeT HAIIOJIHEHO Z OacceiiHa. 3a CKOJIBKO YacOB MOJKeT HAIIOJHUTH Oac-

celiH Ka:kgas Tpyba caMOCTOSTEIbHO?
IIpu KaKuX 3HAUYCHUAX IapamMeTpa a ypasHenue (a — 4)x2 + (2a —8)x +1 =
= 0 umeeT KOpHU?

Hoxrasure, uto ecauma >0 u b >0, To(a + 2)(b + 32)(12,5 + %) > 320.
a



MeToaMueckMe pexomMeHaaLUMN
Nno oL eHKe OGpa3oBaTenbHbIX
AOCTMKEHMN Yy4YaLUMXCs

OpHuM u3 HaAOpPaBJEHUII OIEHOUYHOM AeATeIbHOCTH B COOTBETCTBUU
c TpeboBanuamMu CTamgapra ABJISETCs OIleHKa 00pa3oBaTeJbHBIX TOCTUKe-
HUN yJaIiuxcs.

CucreMa OIEHKU AOCTUKEHHUSA IJIAaHUPYEeMBIX Pe3yJbTAaTOB II0 ajaredpe
HampaBJieHa Ha o0ecleuyeHre KayecTBa MaTeMaTuYecKoro oopasosanus. OHa
IOJI’KHA II03BOJIATH OTCJEKUBATh WHANBUAYAJIbHYIO TUHAMHUKY Pa3BUTHUA
yuamuxcsa, odecreunBaTh OOPATHYIO CBA3D AJIA YUNTEJIel, yUalliuXxcsa U Po-
auTeseii.

dopmMuUpoBaHUE IUUYHOCTHBIX Pe3yJabTaTOB 00eCIIeunBAETCS B XOe pea-
JU3auy BCeX KOMIIOHEHTOB O00Opas0oBATEJLHOTO IIpOIlecca, BKJIOUAs BHE-
YPOUHYIO AeATEJbHOCTD, Pean3yeMyI0 CEMbEN 1 IITKOJIOM.

OCHOBHBIM O0'BEKTOM OIIEHKU JUYHOCTHBIX PE3yJIbTATOB CJIYKUT CPOp-
MUPOBAHHOCTb YHUBEPCAJIbHBIX YUEOHBIX MTeHCTBUM, BKJIOUYAEMbIX B CIEIy-
[OII1ie TPU OCHOBHBIX OJIOKA:

1) chopMUPOBAHHOCTH OCHOB 2pAMCOAHCKOU LOeHMULHOCMU JIUIYHOCTH;

2) TOTOBHOCTH K IIEPEXOAY K CAMO00PA308GAHUI0 HA OCHO8e YuieOHOo-Nno-
3HasameabHOl MOMUBAYUU, B TOM YUCJIe TOTOBHOCTb K 8bl60pY HANpasJie-
HUS NPOPUIbHO20 00PA308AHUSL;

3) chopMUPOBAHHOCTD COUUALbHBLX KOMNEMeHUUll, BKIOUasd IeHHOCT-
HO-CMBICJIOBbI€ YCTAHOBKY M MOPAaJIbHbI€ HOPMbI, OIBIT COIIUATBHBLIX 1 MEJK-
JIMYHOCTHBIX OTHOIIIEHU, IPAaBOCO3HAHIUE.

OCHOBHBIM O0'BEKTOM OI€EHKU MeTalpeIMEeTHBIX Pe3yJbTATOB SIBJIA-
ercs:

* CHIOCOOHOCTH ¥ I'OTOBHOCTH K OCBOEHUIO CHCTEMATHUUYECKUX 3HAHUM II0
ayiredpe, X CaMOCTOSTEJIbHOMY IIOIIOJIHEHUIO, IIEPEHOCY 1 MHTEerpaInu;

* CHOCOOHOCTh K COTPYAHUYECTBY M KOMMYHUKAIIMU B Xone yueOHOI
U BHe yu4eOHOI AedATeILbHOCTH;

* CIIOCOOHOCTH U T'OTOBHOCTE K mciosb3oBauuio UKT B mensax obyuenusa
1 PA3BUTHUI;

* CITIOCOOHOCTH K CAMOOPTaHMU3aIlNN, CAMOPETYIAIIUN 1 PeIeKCUn.

OCHOBHBIM OOBEKTOM OI€HK! IIPEIMETHBIX Pe3yJabTaToB IO ajrebpe
B COOTBeTCTBHUU ¢ TpeboBanuamu CraHmapTa sABJIAETCA CIIOCOOHOCTH K pe-
IIIeHNIO YUeOHO-I03HABATEJbHBIX 1 YUeOHO-IPAKTUUYECKHUX 3a7a4u, OCHOBAH-
HBIX Ha M3y4aeMOoM yueOHOM MaTepuaJe, ¢ UCI0Jb30BaHEM CIOCO00B Aeli-
CTBUM, peJIeBaHTHBIX CONEP/KAHUIO YUeOHbBIX IIPEIMETOB, B TOM UHCJIe MeTa-
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npeaMeTHBIX (IO3HABATEJIbHBIX, PETyJATHUBHBIX, KOMMYHUKATUBHBIX)
TercTBUIA.

OCHOBHBIMU BUJaMU OIIeHNBAHUSI 00pa30BaTeJIbHBIX JOCTUKEHUH 110 aJI-
redpe ABJIAIOTCA: CMaApPmMosgoe, meKyuiee u umozosoe.

Cmapmosoe olleHUBaHUE TI03BOJAET YUUTENIO CIJIAHUPOBATH JIMYHOCT-
HO-OPHEHTHUPOBAHHOE 00yUeHNre, NHANBUIYAJIN3NPOBATh 00pa3oBaTeIbHBINA
mpoiiecc.

Texyuwee orleHUBaHYE ITI03BOJIAET OIIPELEJIUTH: YPOBEHb YCBOEHUS HOBO-
To MaTepuaJa, CTelleHb CaMOCTOATEJIbLHOCTH YUaIllMXCSA HPU PeIleHuu 3a-
Iad, XxapakTep IPpUMeHeH!s ParioHAJbHELIX CIIOCO00B peIlleHnsd 3a0ad 1 aP.
JIJ1s1 TeKyIIero oleHuBaHU A MOYKHO MCII0JIb30BATD CJIEAYIOIIe MEeTOAbI KOH-
TPOJIA.

MeToabl KOHTPOJIS B YI€O0HOM IIpoIlecce o ajaredope

YeTHbIi ITucbMeHHBIH IIpakTuyeckuit

KOHTPOJIb

KOHTPOJIb

KOHTPOJIb

« @pOHTAJTBHBIN

- MaremaTuuecKuii

« @poHTAJBHAA UJINA

ommpoc OIUKTAHT UHINBUIYyaIbHAS
« MuaguBunyaabHbBIT - CamocrodATe/IbHaA IpaKkTuyecKas
ompoc pabora paboTa
+ KourposbHas « Iomarrusas
pabora KOHTpOJIbHAaA pabora
- Pedepar « Hccaenosareib-
« Tect cKas paborta
« 3auér « IIpoexkTHas padbora

Hmozogoe orleHUBaHTE MOYKET IPOBOAUTHCSA MIOCJIE 3aBEPIITEHNA TEMBI,
paszgesa, yueOHOTO Kypca OCHOBHOM WMJM cTapileil ITKOJbI (B 4aCTHOCTH,
B BHJle UTOTOBO# aTTecranuu). VIToropas oleHKa Pe3yJbTaTOB OCBOEHUA
yYammMuCcsa OCHOBHOM 00pa3oBaTeIbHON IPOTrpaMMBbI BBICTABIAETCA O pe-
3yJIbTaTaM IIPOMEKYTOUYHOH 1 UTOTOBOM aTTecTanu u GopMUPYyeTCs Ha OC-
HOBeE:

* Pe3yJIbTATOB BHYTPUIIKOJIHLHOTO MOHUTOPUHTA O0OPa30BATEJIBHBIX J[0O-
CTHIKEeHU 110 asirebpe, 3apUKCUPOBAHHBIX B OI[EHOUHBIX JINCTAX, B TOM UHC-
JIe 3a IPOMEKYTOUHBIE I UTOTOBbIE PA0OTHI HA MEKITPEIMETHOM OCHOBE;

* OIIEHOK 3a BBLIMOJIHEHNE UTOTOBBIX PaboT 1o ajuredope;

* OIIeHKU 3a BBIIIOJIHEHUE U 3aIUTy UHAUBUAYAJIBHOI'O IIPOEKTA;
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* OIIEHOK 3a pPaboThl, BLIHOCUMbIE Ha IOCYJapCTBEHHYIO UTOTOBYIO aTTe-
cranuio ('MA) u eguHabBIN TocygapcTBeHHBIN dK3ameH (ET'9).

OmHUM 13 COBPEMEHHBIX METOJOB OIIeHUBAHUS, PEKOMEHITYEeMbIX JJISI UC-
IMOJIb30BAaHMUA B KJIacCaX C YIVIYOJIEHHBIM U3yUYeHNEM MaTeMaTUKM, ABJISIETC
pedTHHTOBAA CUCTEMA.

ITpu ucmosab30BaHUM PEHTHUHIOBON CHCTEMBI OIEHKM YUUTEJJI0 Heo0XO0-
IVUMO OIIPEAEJUTh BUIBLI yUeOHON MeATeIbHOCTU, KOTOPhIE MOAJEKAT IIPO-
BEepKe IO KaKJOH TeMe Kypca, ¥ MaKCHUMaJIbHOE KOJUUYECTBO 0aJIJIOB IIO
KaXJIOMYy BUAY AesaTeabHOCTH. O6Ilee KOJIMUECTBO 0AJIJIOB OIIPEeIAETCS IO
KaXJIOMY pas3fesy Kypca B 3aBUCUMOCTHU OT KOJIMYECTBA UYACOB, OTBEIEHHBIX
Ha e€ U3ydveHMe, a TaKKe OT 00'bEéMa BBIOJHAEMBIX 3a7a4u. [laHHasa cucrema
OIleHMBAHUSA MO3BOJISIET IPUMEHATEH 00sI3aTeIbHBIE U JOIOJHUTEIbHEIE 6aJI-
abl. O0a3aTeNbHBIMY 0aJJIaMU OIEHUBAIOTCSA PE3yJIbTaThl TEKYIIETO0 U UTO-
TOBOTO KOHTPOJIs. Pe3yabTaThbl BHIMOJNHEHUS TBOPUECKUX PaboT, YueOHBIX
MIPOEKTOB U WMCCJIeJOBAHUI, yUacThe B OJUMITMALAAX MOKHO OIeHUBATH J0-
MMOJTHUTEJIbHBIMU OasIaMU.

Hanpumep, MOXKHO UCIIOIB30BATh PEATUHTOBYIO 50-0a/IBHYIO IIIKATY.

Bup, yue6GHoOM peATenbLHOCTU MakcumanbHoe konuyecTso 6annos
OTBeTbl Ha ypoke 5
NHamBmayanbHas paboTa 10
MpoBepoyHas paboTa 15
JomauHsAa paboTa 10
3auyéTHas paboTa 15
KoHTponbHas paboTa 20
TBopuyeckas paboTa 25
YyacTtue B onumnumagax 30
MpoekTHas paboTa 50
WccnepgoBaTtenbckas paboTa 50
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IITxana mepeBosa peUTUHTOBLIX 0AJIJIOB B 5-0a/IJIbHYIO CICTEMY OIleHIIBA-
HUA.

PenTuHrosbin 6ann, OuerHka
% oT obLen cymmbl Gannos t
85—100 5
70—84 4
55—69 3
<55 2

PeliTunrosas cucreMa mIO3BOJIAET:

* OIIPeNeJINTh YPOBEHD MOATOTOBKH YUaIlIUXCH II0 ajiredpe Ha J000M sTa-
e yueOHOT'O IIpoIllecca;

* KOHTPOJIIPOBATh MHANBUAYAJILHYIO PA00OTy yUalluXCcs HA YPOKe U BO
BHEYPOUHOI JesTeIbHOCTH;

- HanboJiee 00'beKTUBHO OIleHNBATh 3HAHUSA yUaIIUXC;

* CTUMYJINPOBATH Pa3BUTHE II0O3HABATEJIHLHOTO MHTEPEca K IpeaMeTy;

* pa3BUBaTh MaTeMATHUYECKYI0 KOMIIETEHIIIO;

* CO3aTh YCJIOBUS, YUUTHIBAIOIIEe NHANBUAYAIbHEIE CIIOCOOHOCTU yUa-
MIUXCS, OJIS YCIEITHON peajlns3aliny mejieit o0yueHus.



MeToaMueckue pexomMmeHpaaLum
no chopmupoBaHMIO
MNMKT-KOMNETEeHTHOCTH YUYalluXCcH

NKT-KOMIIETEeHTHOCTH yUYalUXCcd — YMeHUe CaMOCTOATEJbHO paboTaTh
c na(opMaIueli, CltocCOOHOCTh PelnaTh yueO0HO-TT03HAaBaTeJbHbIE 3aJaUl, VIC-
mousrb3ysda cpencrea UKT.

HNKT-KOMIEeTeHTHOCTh YUYUTENsSI — yMeHUe, CIIOCOOHOCTh M TOTOBHOCTH
pemiaTh nmpodeccuoHaIbHBIE 3a/]aUll, UCIIOJb3yA PACIIPOCTPAHEHHBIE B JaH-
HOI npodeccuoHaJ bHOM obsacTu cpeactsa UKT.

C neanio popmupoBanusa MKT-KOMIeTeHTHOCTH YYAIIUXCSA IIPU 00yUe-
HUU ajarebpe ucioab3oBaTh cpencrsa UKT MmorkHO:

+ Ha YPOKaX ayireopsl;

* BO BHEYPOUYHOH JeATEJTbHOCTH;

* B yueOHO-HCCJIeJOBATEIbCKOM 1 IIPOEKTHOM AesATeJIbHOCTH;

* IIPDU U3MEPEeHUY, KOHTPOJIE U OIleHKe IIJIAaHUPYEMbBIX Pe3yJIbTATOB.

151 TOro YTOOBI BHAUNTEIBHO PACIIIUPUTD TUAAKTUUYECKE BO3MOKHOCTH
YpOKa ayire6pbl, yUNUTEJIb MOMKET HCIIOJIb30BATh cienyolue cpencresa UKT:
MYJIbTUMEeAUHbIe (PparMeHThl TEOPETHUECKUX MaTepPUajoB, DJIEKTPOHHBIE
INIaKTUYEeCKUe MaTepUaibl, MOAEJIUPOBAHNE ITeOMeTPUUEeCKUX (pUryp, roro-
BBbIe IPOTPaAMMHBIE IPOAYKThI (KOMIIBIOTEPHBIE TPeHAKEDPHI, MHTEPAKTUBHBIE
Kypchl, kKosutexkiuu SOP u ap.). B moMoIs yuuTesio npeajaaraeM TeXHOJIOT -
YeCKyI0 KapTy ypoKa (IIpujaokeHne), Ha KoTopom ucnoabdyorcd UKT.

HJis yCIeIrHOTO OCYINECTBIEeHUsI BHEYPOUHOM, yUeOHO-MCCIeI0BATEIhb-
CKOI ¥ TPOEKTHOU AeATEJIbHOCTH yUallleca OCYIIeCTBIAIOT ITOUCK He06X0-
auMoii mHGopmanuu B cetTu VIHTepHET, paboTy C dJIeKTPOHHBIMU YUeOHUKA-
MU U TPUJIOMKEHUSAMHU K HUM, CO3JAIOT U PEJaKTUPYIOT KOMITbIOTEPHBIE TIpe-
3eHTAIluN, Be0-CTPaAHUIILI.

WcnonssoBanue cpeacts UKT npu oO6yuenun aaredpe ciioco6CTBYeT:

* IIOBBIMIEHUIO UHTEPeca K IpeJMeTy, MOTHBAIUu O0ydeHUs, IMO3HAaBA-
TeJBHOTO UHTEPEeCa;

* PACIIMPEHMNIO BO3MOYKHOCTEH MCIIOJIB30BAaHUA HMCTOYHUKOB MH(MOPMA-
Iuu;

* CO3TAHUIO BO3SMOKHOCTEMN Ayid nuddepeHIInpoOBaHHOT0, UHIANBUAYAJb-
HOT'0 U INYHOCTHO-OPUEHTUPOBAHHOTO O0YUeHU;

* IIOBLIIIEeHNIO (P (PeKTUBHOCTHU aHAJIN3a Pe3yJIbTaTOB O0OyUeHU .

IIpumenenne cpenctB KT B oOyuenum ajnrebpe gopmupyer MKT-
KOMIIETeHTHOCTD yUaIlliXCs, B Pe3yabTaTe Uero ydariuica HayduTCs:

* MCIIOJIb30BATh KAJIBbKYJIATOP /ISl BEIUUCJICHUI;
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* OCYIIECTBJIATDH PeIaKTUPOBaHNe U CTPYKTYPUPOBaHIe TEKCTA, UCIIOJIb-
3y CPeACTBa TEKCTOBOTO PeJaKToOpa;

* CO3JaBaTh U PEIaKTUPOBATH TAOJIUIILI, UCIIOJIB3Ysl CPEICTBA TEKCTOBO-
ro peflakTopa 1 peJaKTopa TabJIuIl;

* co3zaBaTh PAlJMUHbIe TeOMEeTpUUYeCKre OO0BEKThI C MCIIOJb30BAHUEM
BO3MOXKHOCTEH CIIeIUAIbHBIX NHCTPYMEHTOB KOMIIBIOTEPHBIX IPOTPAMM;

- cos3maBaTh rpaduuecKre 00beKThI;

* OCYIIIeCTBJSATH ITOuCK uHdopmaruu B IHTepHeTe;

* cobJrrogaTh TPeOOBaHUA TeXHUKU 0e30IIaCHOCTHU IIpU padoTe ¢ yCTPOii-
crBamu UKT.

TexHonornyeckas kapta ypoka Ne

Tema ypoka

Tun ypoka

bopmupyemsbie MpepmMeTHble:

pe3ynbrartbl
JINYHOCTHbIE:
MeTa npegmMmeTHble:
lMnaHnpyembie
pe3ynbTatsl
OCHOBHbIE
MOHATNSA

Cpegcrea VKT,
ucronb3yemsoie
Ha ypoke

lMporpammHoe
obecrneyeHne

Obpa3oBarenbHble
MHTEPHET-

pecypcbi

113



OpraHu3anuoHHasA CTPYKTYpPa YPOKa

DTanbl
nposeaeHUs
ypoka

®dopma
opraHusauumu

va

3apaHus, BbIMOJIHEHME KOTOPbIX
NpUBEAET K JOCTUXXEHUIO
nnaHMpyeMbiX pe3ynbraToB

CpepcTBa
NKT

YyebHukK

PaGouas
TeTpaab

AnpakTtnyeckmne
Matepuarnbl

1. OpraHmM3auMoOHHbIN 3Tan

2. MoctaHoBKa hopMUpyeMbIX pe3yNnLTaToB U 3afady ypoka. MoTusaums yuebHom
LesiTeNIbHOCTM yYalumxcs

3. AkTyanusa-
LA 3HAHUN

4. N3yyeHne
HOBOro mare-
puana

5. NepBun4Hoe
3aKpernseHune
HOBOro mMare-
pvana

6. Itorn ypoka

7. NHdopma-
uMs o gomMalu-
HeM 3aJaHum




MeToanueckue peKomMmeHaauum

Nno OpraHvu3almMm
y4eOHOo-uccnefoBaTeNibCKON

M NPOEKTHOM A eATeNbHOCTM YYaLUMXCH

IIpoexT — 9TO BUJ yueOHOM AeATeIbHOCTH, HAIPABJICHHBIN Ha pellleHne
KOHKPETHOH yueOHO-II03HaBaTeJIbHOI IIP0o0JIeMbl, ¢ 3apaHee 3alJIaHNPOBaH-
HBIM Pe3yJIbTaTOM.

YuebHO-UCCIIe[oBaTeIbCKasaA paboTa — 3TO pellleHne NUCCJIeI0BATeIbCKOMN
3aavu Cc 3apaHee HEM3BECTHBIM Pe3yJIbTaTOM, IIPeICTaBJISIOINee CO00 caMo-
CTOATEJBbHYIO, TBOPUECKYIO Pab0Ty, UMUTHUPYIOIYIO HAaCTOAIIee HayUHOe HC-
ciaemoBaHue (B YaCTHOCTH, YUAI[ECA YUaTCA BBIABUTATh M'IIOTE3bI 1 IpeIjia-
raTh CII0COObI MX MPOBEPKH, IJIAHUPOBATEL 1 PaboTaTh II0 ILJIAHY, NCKATh OI-
THMAaJIbHbIe 1 HeCTAHIapPTHBIE PeIleHns IIOCTaBJIeHHON 3aaul U Ip.).

YuebHO-HCCIEeOBATEeIbCKAA U IPOEKTHAS AeATeIbHOCTh HA YPOKAaX aJi-
reOpBI HAITpaBJIeHA:

* Ha IOBLIIIIEHIE NHTEepeca yualuxXcs K IpeaMeTy, MOTUBAIlK YUeOHO
IeATeJbHOCTH, PA3BUTHE II03HABATEILHOM JesITeIbHOCTH;

* PasBUTHE KOMMYHUKATUBHBIX YMEHMIIT;

« (popMUpPOBAHME MCCJIELOBATEILCKNX YMEHHI: BBIABIATH IIPOOJIEMY,
CTaBUTh IeJIU U 3a4a4l MCCJIeLOBAHNA, BbIIBUIATh I’MIIOTE35I;

« (popMuUpoOBaHUEe yMEHUII OCYIIECTBJATL MJaHUPOBAHUE, CAMOKOH-
TPOJIb, pe(pIeKCHIO I cCAMOAaHAJIN3 CBOEH NesATeIbHOCTH].

ITpu BuITOTHEHU M YUeOHBIX ITPOEKTOB II0 ajiredpe yualuiicsa HayUYnuTCs:

+ aHAJIM3UPOBATh (hparMeHThl PabOT YUEHBIX-MaTeMATHUKOB;

* OIIMCHIBATH NCTOPUIO MATEMaTUUECKUX OTKPBITHIA;

* OI[€eHUBATDH BKJIAJ BBIJAIOIUXCSA YUEHBIX-MATEMaTUKOB B Pa3BUTHeE Ha-
VKH;

* IPEACTaBJATD PE3yJIbTaThl U3MEPEHUN C IIOMOIIbIO TAOJIUI], IPAPUKOB
U BBIABJISATH HA 9TOM OCHOBE SMIUPUUYECKILE 3aBUCUMOCTIH;

* paccMaTpPUBATh IIPAKTUUYECKIE IIPUJIOKEHUA MAaTeMaTUUeCKIX 3HAHMIT;

* IPUMEHATH MaTeMaTHUYeCKe 3HAHNU B OBITY 1 B TEXHUKE;

* aHAJIU3UPOBATH CBA3H AJIreOpPhI ¢ APYTUMHI €CTEeCTBEHHBIMY HAYKAaMMU.

KpuTepunm oueHKM NpoeKTHOMN
N yuebHO-nccnenoBaTeNbCKOW AEATENBHOCTU YHaLLMXCS

1. O6ocHOBaHMe HMpPoOJEeMbI IpoeKTa (MCcaeqoBaHNA) U IJIaHUPOBAHIE
CcI10c000B €€ pelleHus.
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2. ITocTanoBKAa IeJiell 1 3a7ad HCCJIEeAOBAHUA, IIyOMHA PACKPBLITUSA Te-
MBI IpoeKTa (uccaeqoBaHMA).

3. BapuaTuBHOCTEL IIPEACTABJIEHHBIX MCTOUYHHKOB MH(MOPMAIK, METO-
JIOB HUCCJIETOBAHUSA, 11eJIECO00Pa3HOCTh UX MCIIOJIb30OBAHUS.

4. Ananus xoma padoThl, (POPMYJIHUPOBKA BEIBOJOB U OI[€HOK, BEISABJIEHIE
MIePCIeKTUB JaJbHEMNIIIero uccjaeJ0BaHnI .

5. OpuruHaJIbHOCTDH BHICKA3aHHBIX Uell, peajlusaliusa PallioHAIbHBIX 1
HeCTaHIAPTHBIX PEIleHnN.

6. OdopmiIeHre TPOEKTHOT'O IIPOAYKTA (Pe3yabTaTOB HCCJIEeIOBAHMU),
KauecTBO IIPOBEAEHNS IIPe3eHTaAIlA.

7. IIpakTuyecKkas HaIlPaBJIEHHOCTD IIOJYUEHHBIX Pe3yIbTaTOB.

IIpu omeHKe mpoeKTa (UccaeloOBaHNI) CAeayeT OIPele ATk, IPeKae Bce-
ro, KauecTBO PabOTHI B I[eJIOM, a TaKiKe IMPOSABJIEHHBIE IPU ITOM YMEHUS
IIPOEKTUPOBATh YUEOHYIO AeATeIbHOCTh. OTMETHM, UTO YUYHTEJb MOJKET
yCTAHABJIMUBATDL U APYrre KPUTEPUM HA OCHOBE CBOEI'O OIIbITA M MaTeMaThue-
CKOIi ITOJITOTOBKY YUAIIIUXCH.
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TexHonorus OopraHunsaunmn v npoeegeHUA
yqe6HO-MCCﬂe,D,OBaTeﬂbCKOﬁ n I'IpOEKTHOVI neAaTesibHOCTU

Ha3aHune rnpoekKTa

Uenu npoekta

lMnaHupyembie MpeameTHble:

pe3ynbratbl
JINYHOCTHBbIE:

MeTanpe,qmeTH ble:

O61as XxapaKTepUCTHKA IMIPOEKTa

Tun npoekTta

Buabl fesatenbHOCTU

ydalnxcs

Popma opraHuzaumm

npO,qOﬂ)KMTeﬂbHOCTb

BbIMNMOJIHEHNA

Pe3ynbTaTt (MPOAYKT)

AeATesIbHOCTU




TexHOJOTUYECKASI KapTa MIPOEKTa

dT1an

CopepxaHue 3Tana

JeaTenbHOCTb
yyawmxcs

JeaTenbHOCTb
yuutens

1. OpraHusal,

na neaTenbHoOCTn

Morpyxe- OnpepeneHune OOGcyxpatoT TeMbl MoTuBuMpyeT y4a-
Hue B Npo- TeMbl U Lenen npoekTa B rpynne LMXCS HA NPOEeKT-
eKT npoekTa. (rpynnax) v c yunTe- | Hyto AeSTENbHOCTb.
dopmupoBaHue nem PacckasbiBaeT, 4TO
rpynn (rpynnbi) Takoe MpoeKkT U Me-
To[, MPOEKTOB.
MNomoraeT B nocra-
HOBKe NMpobsieMbl.
NMomoraeT popmu-
poBaTb rpynny
(rpynnbi)
MnaHunposa- | OnpepeneHne obb- | PacnpepensioT o6s- | Oka3biBaeT HeOO-
Hue éMa paboT And Kax- | 3aHHOCTU BHYTPWU XOAVMYIO OpraHu-

o rpynnbl (4ne-
HOB rpymnMbl).
CocraBneHue nnaHa
paboThbi:
onpepeneHne uc-
TOYHUKOB UHPOP-
Mauumu;
ornipeperneHue cno-
coboB cbopa gaH-
HbIX;
ornpeperneHue cno-
coba npepncrasne-
HUA pe3ynbraTa;
ornpeperneHue Kpu-
TepueB u perna-
MEHTa OLeHKM
paboThbl

rpynnebi.
Kaxxpas rpynna Bbl-
OupaeT Temy pabo-
Tbl N UCTOYHUKM
nHpopmaumn.
CocTaBnsioT MnfaH
paboTbl Hag Npoek-
TOM.
BblpabatbiBatoT
KpuTepuu perna-
MeHTa U OLLeHKM
paboThbl

3aLMOHHYIO U KOH-
CyNETaLNOHHYHO
rMomollb

2. OcyuwiecTBneHve gesTenbHOCTMU

C6op nH-
dopmaumm

C6op nHbopmauum
PasnUYHbIMU METO-
JaMu: MeToj onpo-
ca, HabnogeHue,

BbinonHsoT paboTy
Hap NpPoeKTOM

NomoraeT B U3y4e-
HUU NHpOopMaLUN.
HabniopaeT, cose-

TyeT.
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OKoHYaHue

OeatenbHOCTb HeatenbHOCTb
dtan CopepixaHue 3Ttana
yyaimxcs yuuTtens
n3yyeHme JOKyMeH- AHanusupyeT rpyn-
Tauum N T. A. noBble B3aMMOOT-
HowleHuda

O6006LeHre | AHanu3 nonyyeH- AHanusupyioT no- KoHTponupyerT, Ha-
pe3ynbTa- HOM MHpopMaLmK, Ny4yeHHyto nHoop- Ontopaer, coBeTyeT
TOB, BbIBO- NOAroToBKa K eé Mauuto, BbIMOMHSA-

nbl

npeacraBneHUIo

10T opopMneHne
npoeKTHow paboTbl

3. NpepcraBneHvie pesynsTaToB U UX OLEHKA

Mpe3eHTa- OTYET y4aCTHUKOB MpepcragnsioT CnywaeT, npu He-

ums npoekTa o nNpopje- npoekT obxopaumocTu 3apa-

NlaHHoM paboTe &T Bonpockl, 0606-

LaeT, KOMMEHTUPY-
€T BbICTYMNJIEHUS

OueHka OueHka koHe4yHoro | OueHuBatoT paboTy | YyacTByeT B KON-

npouecca pe3synbraTa Konnek- | KaXAoro YneHa NeKTUBHOM aHanum-

M pe3ynsTa- | TUBHOW geaTenb- rpynnbl (kaxaomn 3e N oueHke pe-

TOB paboThI

HOCTW.
AHanus goctmxe-
HWUA NOCTaBNeHHOM
uenu.

Pednexkcusa

rpynnbi).
AHanusunpytoT, Obl-
na N foCTUrHyTa
noctaBneHHas
uenb.

MposopaT pednek-
CUIO CBOEW JesiTelb-
HocTu (cM. BnaHk
pednekcnm)

3ynbTaToOB NpoOeKTa.
MposoaunT pednek-
cmto.

OueHunBaeT cBOO
hefTenbHOCTb No
negarormyeckomy
PYKOBOACTBY Aesi-
TeNbHOCTU aeTen
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Kapra oieHKM IPOEKTHOM JesATeJI-HOCTH

Ha3BaHune rnpoekKkTa

Ipynna

MapameTpbl

Camo-
oueHkal

B3aumo-
oueHkal

OueHka
yuntens'

CpepHun
6ann

BbinonHeHme paboTbl No
NnpoeKkTy

MaTemaTnyeckas TOYHOCTb

OdopmneHue pe3ynsratoB
npoekTa

Ka4vectBO npeacraBneHus
pe3ynsTaToB
(aHanu3 BbICTYyNNEHUS)

NTorosbivi 6ann

1 OueHunBaeTcs no 5-6annbHoM cucTeMe.
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Baank peduexcuu

Bonpoc

OTtBeT

1. NMoHpaBMNOCk 1M BaM y4acTBOBATb B MpPO-
eKTHOWN geATenbHOoCTU?

2. Kakow 3Tan paboTbl Hag NPOeKTOM oKa-
3ancs gns Bac caMblM MHTEPECHbIM?

3. Kakow 3Tan paboTbl Hag NPOEKTOM OKa-
3ancsa gfs Bac caMbIM CJIOXHbIM? Novemy?

4. Kakve 3HaHMS Bbl Mony4Yunu B xoge pabo-
Tbl Hag NPOeKToOM?

5. [JoBONbHbI NN Bbl CBOUM y4acTnem B pabo-
Te rpynnbl (ecnu HeT, To noyemy)?

6. Kak Bbl oLleHBaeTe B3aMMOOTHOLIEHNS B
Ballen rpynne Bo BpeMsi paboTbl Hag Npoek-
TOM?
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