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BeepgeHue

O KHMre OJadA yYuTeJ d

Hamnasg KHUra nOpefHa3HaUYeHa IJd y4yuTesei, padora-
IOMUX II0 y4eOHUKy «Ajrebpa, 9» cepuu «MI'Y — 1mkose»
(aBroprer C. M. Huxroasckuii, M. K. Iloranos, H. H. Pemrer-
HUKOB, A. B. IIleBKuH). ITOT y4eOHUK SBJISETCSI UYaCTBIO
y4yeOHOTO KOMILIEeKTa Iad 7—9 KjJaccoB, PEeKOMEHIOBAHHOTO
MunucrepctBoMm obOpasoBaHuA U HayKu Poccuiickoii Pemepa-
UM, OH IIPONOJKAeT YUeOHUKHU TeX JKe aBTOPOB «Axredpa, 7»
u «Ausreopa, 8» cepum «MI'Y — 1KoJse».

B yueOHBIIT KOMILIEKT nad 9 KJjacca BXOIAT:

e Anarebpa. 9 xjgacc: yueOHUK OJsa 00IIfeoOpasoBaT. Opramu-
sanuit / C. M. Hukounbckuii, M. K. Iloranos, H. H. Pe-
mieTHUKOB, A. B. IlleBkun. — M.: IIpocBemnienue, 2014—

2015;

e Anrebpa. [umakTtuueckme wmarepuaybl. 9 Kijgacc /
M. K. IloramoB, A. B. IlleBkurn. — M.: IIpocseienue,
2010—2015;

e Aurebpa. Temaruueckue tectbl. 9 Kaacc / II. B. Hynkos,
T. C. CrpyxoB. — M.: IIpocerenue, 2010—2015;

e Anrebpa. Meromsunueckre pexomeHganuu. 9 Kjgace /
M. K. Iloramos, A. B. IlleBkua. — M.: IIpocselrenue,
2015.

B mammo#l KHUTe PacCMOTPEHBI KOHIIEIIINUS YUeOHUKOB aJi-
rebpel cepuu «MI'Y — mIKojge» M CTPYKTypa yUYeOHUKA O
9 KJlacca, TPUBeJEeHO NPUMEPHOe TeMaTHYecKoe IJaHupoBa-
HUE, JaHbl MEeTOAUUYECKNEe PeKOMEeHIAalluu 10 M3YUYEeHUI0 OCHOB-
HBIX TeM Kypca ajaredpbl 9 Kjgacca 1 KOMMEHTAPUU K PEIIeHnI0
HEKOTOPBIX TPYIAHBIX 3aJadu. 37ech Ke MJaHbl PeKOMeHIaIluu
0 KCHOJIb30BAaHUWIO MUAAKTUYECKHX MaTepuasoB. IIpaktuue-
CKU IJIs1 BCeX NMYHKTOB yueOHWKA B KHUIe MMEIOTCA PYOpPUKU
Pemenusa u kovMmeHTapuu u IIpoMeskyTOUHBIH KOHTPOJIb, K
HEKOTOPBIM IIYHKTaM HaéTcsA PyOpHKa 3aJgaHus IJA HMOBTOpe-
HUA. B mepBoii M3 HUX IIPUBEAEHBLI YCJIOBUA MHOTHX 3aaad
u3 yueOHUKA W WX pPeIleHUsd WU JaHbl PeKOMEHJaIniu, Kak
HaWTU pellleHue C IMOSCHEHUAMH, MIOMOTAaIOIUMU OOYUEeHUIO
IIKOJBLHUKOB. BO BTOpPO#l pyOpumKe maHLI HOMEPa CaMOCTOS-
TeJbHBIX U KOHTPOJIBHBIX PadOT IO AUAAKTHUYECKUM MaTepua-
JaM, a TaK:Ke HOMepa TecTOB N3 COOpPHMKA TeMaTHUYeCKUX Te-
cToB. B mocaenueit pyOpruKe MIPUBOAATCSA HOMEpPA YIparKHEeHUNA
u3 pasgesia «3aJaHuUsa OJS HOBTOPEHUSA» yUueOHMKA, KOTOPbhIE
MOKHO WCIIOJIb30BATh IIPU MU3YUYEHUU MAaHHOTO IIYHKTA.

Craenyer oOpaTuTh BHUMAaHMNE HaA TO, UTO B IOCOOMU MJIs
yuuTesieli (KaKk M B yYeOHUKE) pPacCMOTPEHBLI BOIIPOCHI 00yue-
Hua aarebpe B 9 KJjacce Kak B o0mieo0pasoBaTeJbHBIX KJac-
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cax, TaK M B KJlaccax C yrJyOJEéHHBIM H3ydYeHUeM MaTema-
turku. IIpu sToM cHauajga OOCYIKIAIOTCS BOIPOCHI AJISA OOIIfe-
o0pas3oBaTeJbHBIX KJIACCOB, 3aTeM MJs KJAaCCOB C YIIyOJEH-
HBIM M3yYeHHEeM MaTeMAaTUKMN.

B KoMMeHTapuAX IJis YUYUTEJNs He BBIJEJAI0TCS Heobssa-
TeJIbHBbIE 3aJaHUs, TaK KaK B YyUeOHUKE eCTh COOTBETCTBYIOIIE
obosHauenus. Ilpu sTomM He 00Cy’KIaeTcs BpeMs, OTBOIMMOE
HA M3yUYeHUe NYHKTAa, TAK KaK IIPU Pa3HBIX BapUAHTAX MJIAHU-
pOBaHUS MOTrYT OBITH Pasinuuusi. Bo MHOIMX HYHKTAX KHUT'K
IS yYUTeJIs MeTOAnUYecKre KOMMEeHTapuu AAaHbI B pacuéTe Ha
BO3MOJKHO 0oJiee TiIy0OKOe M3yUYeHUe BOIIPOCa, II0ITOMY IIPU
MOATOTOBKE K YPOKY YUUTEJNb MOJMKEH O0ToO0paTh IJIaBHOE, UTO
OymeT M3JI0KEHO ydallluMCs Ha YPOKe, PeIlluTb, KaKUM OyaeTr
3aKpeIlJIeHre MaTepuaja B KJjlacce W JAoMa, Korja U KaKUM
OymeT KOHTPOJb M3y4UeHHOTOo. IIpu 5TOM He HAIA0 CTPEMUTHCS
ITOHECTH OO YUaIllUXCsS BCe HMOAPOOHOCTU UM TOHKOCTH M3ydae-
MOr0 MaTepuaja, eCJaHu ydallluecs CYIIeCTBEHHO OTPaHUYEHBI
BO BpeMEHU M3YUYEeHUs TEeMBI.

06 yueoHukax maremMaTtuku cepuu «MI'Y — mkose»

B cepun «MI'Y — mikoJe» mamatesbcTBO «IIpocBelrrenue»
usgaér yueoHurku «MaremaTuka» mjasa 5 m 6 Kjgaccos, «Aure-
opa» masa 7, 8 u 9 Kiaccos, «Anrebpa u HauaJia MaTeMaTHUe-
ckoro a”Haamsa» aad 10 m 11 xiaccoB (aBTopsl C. M. Hukousb-
ckuii, M. K. IToramos, H. H. PemerauxoB, A. B. IlleBxkuH).
ITH yYeOHUKU IIOJIHOCTHIO OTBEUAIOT TpeboBaHuAM Pemepasib-
HOTO TOCyJapCTBEHHOTO oO0pasoBaTeabHOTO cranmaprta. OuHu pe-
KOMEHIOBaHbl MUHHCTEPCTBOM B KaueCTBe YUeOHUKOB IJIS JIO-
OBIX THUIOB 00IIe00pa3oBaTeJBHLIX opranmsanuii. Ix mamanue
ABJIAETCA COCTAaBHOM YacTbio mporpamMmbl «MIY — 1mIkKoge»,
paspaboTaHHOM II0 MHHIHATHBE peKTopa MOCKOBCKOI'O I'oCy-
IapCTBEHHOI'o yHuUBepcurera akagzemuxa B. A. CagoBHuuero u
HalleJIeHHOM Ha CoXpaHeHWe U Pa3BUTHE JYUIINX TPaguITail
OTEeUeCTBEHHOTO MATEeMATUYECKOTO0 00pas3soBaHUs.

ABTOopaMu yueOHMKOB paspaboTaHa KOHIEIIIUS MHOTO-
YPOBHEBBLIX YUeOHHMKOB MaTeMaTuKHu. [IpuBeqéM OCHOBHBIE IIO-
JIOYKEHUS 9TOW KOHIIEIIIIUN.

e MaremaTuKa enguHa ¥ MOMKET OBITH W3JIOKEHAa B OIJHOM
yueOHuKe A paboThl Mo pasHbIM mporpammam. Coxmep-
JKaHMe yuYeOHUWKa MOJKHO COOTBETCTBOBATL HAYUYHOI TOU-
Ke 3peHus Ha M3ydaeMble BOIPOCHI.

e VueOHUK [OOJKEeH coueTaTh B ce0e HAYYHOCTb, CTPOM-
HOCTh, 9KOHOMHOCTb 1 JIOTMYHOCTH HBJIOMKEHUSI MaTepua-
Ja ¢ AOCTYIHOCTBIO JJIs yUaIlMXCs ero yYeOHBIX TEeKCTOB.

e VueOHUK He JOJKeH OTPaHMUYMBATLCS WHTEPEcaMHu Cpem-
Hero yueHUKa, OH JOJI?KEeH yIOBJIETBOPSATH MHTEPecaM BCeX
yuamiuxcs — OT cJabbIX M0 CHUJBHBIX — [IJsd obecreue-
HUS UX WHIUBUAYAJIbLHON 00pasoBaTeIbHON TPAEKTOPHUU.



e YueOHUK HOJKeH ObITHL IIPUTOJeH IJsd OpraHm3anuu gud-
depeHIIuPOBAHHOT0 00yUueHus 1 obeclieunBaTh JIIO0OH Ke-
JaeMbIli ypOBEHb TJIYOMHBLI N3YUEHUA MaTepuaia ¢ yI4éToOM
YCTOMYMBBLIX ITO3HABATEJNBbHBIX MHTEPECOB.

e Cmoco6 wu3JoKeHus MaTepuaja B yuyeOHUKe, OpraHH3a-
MU y4eOHBbIX TEKCTOB UM CHUCTEeMbl YHPAKHEHUHN TOJKHBI
obecmeunBaTh NOCTUKEHNE PAa3HBIX IlejJell o0ydYeHUs IIpHu
paboTe mO pasHBIM IPOTPaMMAaM.

Crpykrypa yueOHuUKOB cepuu «MI'Y — 1mIKose» m ux me-
TOAUUYECKUH almapaT OTBEUYalOT ITOJOKEeHUAM 3TOH KOHITEIII[UU.

YuebHuku cepunu «MI'Y — mIKoJe» COCTaBJISIOT TPU He-
3aBUCHUMBIX IUKJa — Aada 5—6, 7T—9 m 10—11 Kmaaccos.
OO0yueHUe B KaKJIOM IHKJIE MOYKHO HAaUMHATL HE3aBUCHUMO OT
TOTO, MO KaKuUM yUYeOHHMKaAM YUYWUJIUCH ITKOJBHUKU B IIPEIbI-
IyIliye TOABI, TaK KaK B IIEPBOM yYeOHUKEe KaKIOT0 ITMKJA
OPOBOAUTCA IIOBTOPEHINE U CHUCTEeMaTHU3allusd HN3YUeHHOTO 3a
OpeabIayIe TOIbI.

VYuebuuku aja 5—6 KJIacCOB OPHMEHTUPOBAHBI Ha pas-
BUTHE HHTepeca K MaTeMaTHKe B IIpollecce O0OyUYeHUs, B HUX
MHOTO MAaTepuaja, HaIlleJIEHHOTO Ha IIOBBIINIEHHBIN YPOBEHb
MaTeMaTUUYeCKOH TOATOTOBKU.

YuebHUKNM 1nnsa 7—9 KjgaccoB mOpenHasHAUeHBI KaK IJIs
o0mieo0pa3oBaTeabHBIX KJIACCOB, TaK U IJA KJIACCOB C YIJIyO-
JEHHBIM M3yYeHHEeM MaTeMaTUuKU.

Yuebuuxu aada 10—11 KaccoB 0XBaTBhIBAIOT COJEPIKaHUe
Kypca anreOpbl U HavaJ MaTeMaTHYEeCKOTO aHajamsa IJs BceX
npoduseil cTapiieil IMTKOJbI.

ABTOpBI yUeOHUKOB yBepeHBI, UTO He CJIelyeT YIPOIIATh
o0yueHUe 3a CUET COKpAaIlleHUs YHCJa M3ydaeMbIX BOIPOCOB U
HeoO0XO0IMMO COXPAHUTh (PYHIAMEHTAJIbHOCTL W3JIOMKEHUS Teo-
pum B yueOHHKAX, OCTABJASA 3a y4YHUTeJeM IIpaBo 0oJiee MJIU
MeHee TJIYOOKOTO M3JI0KEeHUsS TEeOPEeTUUYEeCKOTo MaTepuaia Ha
YpPOKe B 3aBUCHUMOCTH OT YPOBHsA IMOATOTOBKHU KJjacca U Iie-
Jeii o0yueHus. B yueOHMKAX KOPOTKO, SICHO M AOCTYHHO, 6e3
IOJITMX BBEIEHUM wuajaraercs CyTh Bolrpoca. MoTuBuUpOBaTbH
HOoABJIeHWE TeX WJU WHBIX HOHATHUI, OIpelesieHUN IIPpU Heoo-
XOAMMOCTH TOJI)KEH yUYUTeJdb, TaK KAaK B PasHBIX KJaccaxX 39TO
HaJ0 AeJaTh HO-pPa3sHOMY.

Yuebuurku cepuu «MI'Y — I1IKoJe» HMMEIOT BBICOKUM Ha-
VUYHBIN ¥ MeTOAWYEeCKHH moTeHIuas. OHM OTJIHMYAIOTCS PACIIO-
JOoKeHrneM yueOHOTO MaTepuwaja B eCTeCTBEHHOU JIOTMYeCKOU
oCJIeJOBATEeIbHOCTH, TO3BOJIAIOINIEN M3araTh MaTepuaJs oojee
ri1y0OKO, PKOHOMHO U CTPOTo. B cooTBeTcTBUU C TpeOGOBAHUI-
mu PI'OC yueOHMKMN He TOJBKO HalleJeHbl Ha (OpPMUPOBAHUE
HaBBLIKOB, HO M yuaT JIelcTBOBaTh oco3HaHHO. OOLIUHO oOyue-
HUe 0OJbIIle OPUEHTUPOBAHO Ha BOIPOC «KaK?», Ha HelicTBUSA
mo o0Opasiy, TpedyeT MHOTOKPATHBIX ITOBTOPEHWI MIJId TIOX-
IepsKaHusA HaBBIKOB. B yueOHumKax cepum «MIY — 1mkoje»



yaejseTcsa MOCTATOUYHO BHUMAHMUS BOIIPOCY «IIOUEeMYy?», KMe-
[oreMy OOJBIION Pa3BUBAIOIIUNA HOTEHIIWAJ OIS MOCTUMKEHUI
JUYHOCTHBIX pe3ysabTaToB ocBoeHuss OOIl ocHOBHOro obiie-
ro o0pasoBaHUs. YUEOHHUKHU MIO3BOJAIT HWHTEHCU(DUIIUIPOBATH
nporiecc o0y4eHUs, UTO B YCIOBUAX YMEHBIIIEHUA YuUcaa ydued-
HBIX YacoB 0coO0eHHO BayKHO. OHM IOJHOCTHIO 00eCIIeYuBaIOT
o0yueHmre TeX IMKOJbHUKOB, KOTOPBIE XOTAT U MOTYT O00yYaTh-
Ccs OCHOBaM HayK.

T'nmaBHBITI MeTOOWYECKUN IIPUHITUI, HOJOKEHHBIA B OCHO-
BY WUBJIOKEHUS TEeOPEeTUUECKOro MaTepuaja, 3aKJuaeTcsa B
TOM, UTO YYeHUK 3a OJMH pas3 [IOJKeH IIpeojojieBaTh He 00-
Jee oxHoU TpynHocTu. IlosTOoMy Kakmoe HOBoe moOHaATHE (op-
MUPYeTcs, KasKJoe HOBOe yMeHUe oTpabaThIBaeTcs cHauajia B
YMCTOM BHJIE, 3aTE€M TPYIHOCTH COBMEIAIOTCS, UTO ITO3BOJISET
yyamimMcss KOHTPOJIUPOBATh MPOIlecC U pes3yabTaT yueOHOIl me-
ATEJIBHOCTH.

AHajIOrnyHO BBICTPOEHA U cucTeMa ynpakHeHuin. Ciuiosxk-
HOCTHh 33JJaHUUA B Ka'KJIOM IIYHKTE HapacTaeT JUHEWHO: y4u-
TeJb OIpPEeAeJseT caM, Ha KaKOU CTYIeHbKe JIECTHUIILI CJIOMK-
HOCTU OH MOYKET OCTAHOBUTHCA CO CBOMM KJIACCOM WMJM C KOH-
KPEeTHBIM YUYEeHUKOM.

Onma u3 0COOEHHOCTEH CHUCTeMbI YIPasKHEHUN B yueOHU-
KaX B3aKJII0YaeTCd B TOM, YTO IJIA Ka'KJIOTO HOBOTO NEeHCTBUSA
WIN TpUéMa pelleHuda B yuYeOHMKaX HMeeTCd OJOCTaTOUHOe
YUCJ0 YHOPaKHEeHUU, KOTOPble He mepedbmBaloTCA yIpPasKHEHU-
AMU Ha Apyrue TemMbl. TOJIBKO TOT/Aa, KOTJa HOBBLINM MaTepuas
OCBO€H, MOJKHO TOAKJIIOUATH 33JaHWA Ha COeIUHEHUEe DTOTO
MaTepuajia ¢ paHee M3YUYeHHBIM, 3aJaHUA Ha IIOBTOpPeHUe, He
CBA3AaHHBLIE C HOBBEIM MaTepuaJjioM, B uTore (opMupyercd yme-
HHEe KOHTPOJMPOBATH IIPOIECC W Pe3yabTaT y4uyeOHOI MaTeMa-
TUYECKOU eATeIbHOCTU.

BaxxkHyio posb B (QOPMUPOBAHUU MHEePBOHAUATIBHBIX IIPEN-
CTaBJI€HUI O 3apoKIeHUU ¥ PA3BUTUM MaTeMaTHUKU UTPaioT
HCTOPUUYECKIE CBEeIeHNs, 3aBepIlamIue KaKAyio IIaBy ydueo-
HHUKOB. IJTOT MaTepuay crocobcTByeT (POPMUPOBAHUIO IIPEX-
CTaBJIEHUA O MaTeMaTUYECKOIl HayKe Kak cdepe UeIOBeUeCKOM
IeATeJILHOCTH, 00 3Talax e€ CTAaHOBJIEHHS, O €6 3HAUYUMMOCTU
IS PasBUTHUA IUBUIM3aINUU. Pabora co cTapuHHBIMU 3ajava-
MU — OJHA U3 CUJIBHBLIX CTOPOH YUEOHUKOB, OHA MOKET MHOTO
IaTh B BOCHUTAHUM YBaKeHUS K TPAAUIUAM U HCTOPUU, B
pasBuUTHUU OOIeyUeOHBIX YMEHWI.

Yuebuuku cepuum «MI'Y — 1Koje» IIOJHOCTBIO obeciie-
YUBAOT OOyUeHMHe TeX IIIKOJbHUKOB, KOTODPbIe MOTYT U XO-
TAT yYUThCA OcHOBaM HayK. OHU HalleJeHBbI Ha IMOBBINTEHHBINA
YPOBEeHb MATEMATHUYECKOUW IOATOTOBKHU YUAIUXCA. Y UEOHUKU
MOKHO HCIIOJIL30BATHL U B KJIaccaX C OOBIUHOII IIpOTrpaMMoii Mo
MaTeMaTuKe, €CJIU He M3yJYaTh CBEPXIIPOrPAMMHBIN MaTepuaJt
¥ IIPONYCKATh CJOYKHBIE 3aJaud, a TaKyKe BBIOUPATh yPOBEHb
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IOJHOTHLI M3JIOMKEHUA TEOPETHUUECKOro MaTepuajia Ha ypoKe U
YPOBEHDb MPeNbABJICHUS TPeOOBaHWUII K 3HAHUAM W YMEHUIM
yuanmmuxcdad B COOTBETCTBHHM C IIOCTABJIEHHBIMM IeJIAMMN 06yqe-
HUSI M BO3MOJKHOCTSAMIN KOHKPETHOI'O KJIacCa, OCTABAsCh IIPU
5TOM HA YPOBHE He HUMKe 00A3aTe/JIbHBIX TpeboBaHUII K Ma-
TeMaTHYeCKON IOATrOTOBKE ydalnuxcsd. IIpy TakoMm mogxoie y
CUJIBHBIX ydYaIlluxXcs OyZeT BO3MOYKHOCTL C IIOMOIILIO yueOHU-
Ka OoJiee TiIyOOKO pasobpaThcsa B JIOOOM BOIIPOCE, UYEr0 OHU
YacTO JIMIIIEHBI, eCJIM YUYeOHUK HAIIMCAH B PAacuéTe HA CPEISHEro
YUYeHUuKa.

OcHoBHBIE uUaen Kypca aaredopsl 7—9 Kiaccos

Ajrebpa urpaer B MaTeMaTuKe OOJIBIIYIO POJIb, Tellephb
CYIIIeCTBYeT Aa’Ke TeHAEHIMA «ajredpamsanuu» MaTeMAaTUKHU.
Hapangy ¢ dyHmaMmeHTaIbHON POJIbI0 BHYTPU MaTeMATUKU aJl-
rebpa mMeeT W HPUKJIAAHOe 3HaueHHe. J[[O0CTATOYHO OTMETUTH
€€ BBIXOJBI B (PUBUKY, KUOEPHETUKY, MaTeMaTUYECKYI0 9KOHO-
MukKy. IlosTomy mayueHue ajareOpbl B IMTKOJE SABIAETCA BasK-
HOI 4YacThio (PyHAAMEHTa eCTEeCTBeHHO-HayUYHOTO 00pasoBaHUA.

g yueOHMKOB ajreOpbl BO3MOMKHBI JBa cIlocoba pac-
mpemeeHus y4yeOHOro marepuajia IIo rogam obOyueHus. Ilep-
BBIM — B KaKIOM KJacce OAI0T MOHEeMHOMKKY OYKBEHHBIX BbI-
pa'KeHU, ypaBHeHUI, HePaBEeHCTB, PYHKIIUII 1 T. I., TaK KaK
IeTAM SKOObI CKYYHO JOJITO M3yYaTh OAHU W Te€ YK€ BOIIPOCHI.
ITpu mcmoab3oBaHMM TaKOTo ciiocoba pacmpeesieHus ydueOHO-
ro MaTepmaJia CTpPamaloT HaydYHas aKKypPaTHOCTh U CTPOTOCTH
U3JI0KEeHUS, TMOSBIAIOTCA MOPOYHBIE JIOTUUECKUEe KPYTU, Hemo-
MOJIBKM M HECYpPasHOCTU, UTO B IIEPBYIO ouepelb CKa3bIBAETCH
Ha O0yYeHUMN ¥ BOCIUTAHUU CHUJIBHBIX yUAIIUXCH.

Tak TpPOMCXOOUT, HAIIpUMEP, Korjga AefcTBUTEJIbHbIE UHU-
cjla pacCMaTPUBAIOTCS IIOCJIe M3YyUYeHUA TOMKIECTB, PYHKIIUHA U
ux rpadpuroB. Peammsaiusa sTOro mepBOTO MOAXOJa K IIOCTPO-
eHUIO0 Kypca ajredpbl B Ipollecce OOyUeHHsS dallle OPHUEeHTUPO-
BaHa Ha (DOPMUPOBAHNE HABBLIKOB.

Ho ecTs u BTOpOIi cmoco® pacmpeneseHuss yueOHOTO MaTe-
puaja 1o rogzamM OOydYeHUs, OCHOBAHHBIM Ha ero BHYTPEHHEeH
goruke. OH QUKTyeT MOCJIEJOBATEIbLHOCTD IOABJIEHUS B ydued-
HUKE TeX WJU WHBIX BOIPOCOB, ITO3BOJIAET B KaXKIOM yuebd-
HOM TOIy CTaBUTHL TJIABHYIO 3amadyy. OTOT CIIOCO0, MPUHATHIH
B yueOHuUKax cepum «MI'Y — 1mIKoJie», I03BOJsAeT M3JaraThb
MaTepuaJl B CTPOTO JIOTMUYECKOU IOCJIeJoBaTeJIbLHOCTU, 0e3
HEeHYKHBIX IOBTOPOB W HEIOMOJIBOK, UTO [ejlaeT U3JIOKEeHUe
IasKe CJIOMKHBIX BOIIPOCOB SICHBIM W MOCTYIHBIM. ¥ UeOHUKU ce-
pun «MI'Y — mkoje» o0ecHeuyrBalOT CHUCTEMHYIO IIOATOTOBKY
oo mpeaMeTy, TPeOyoT MeHbIe, ueM OOBIYHO, BPEeMeHH!, IIOo-
3BOJISIOT OPMEHTUPOBAThH IIPoIlecc 00yueHUs Ha (popMUpPOBaHIE
pe3yabTaToOB OOYUEHUsI U OCBOEHUS COAEp)KaHUsA Kypca, Tpeoy-
embix @I'OC. Kak mokasbIBaeT ONBIT PabOThI II0 HUM, MHTEPEC



K IpeaMeTy BO3HHKAET y ydYalluxXcs He OT MHOrooopasua u
YacTOro 4YepeqoBaHUSA TEM, a OT TOr0, UTO ydaIl[uecs HNMEIOT
BO3MOJKHOCTDb «BJKUTBCSI» B KaKIbIA DJIEMEHT COIEePyKaHUsd,
MOCTEIeHHO YIUIyOJsisd ero moHmMmaHwue. VajoxkeHme marepua-
Jla B yuYeOHUKAX CBSI3HOE — IIOAPSAM M3JIararoTcs OOJIbIINe Te-
MbI, HET UePEeCIIOJIOCUIILI MEJIKUX BOIIPOCOB, HAPYIIAIOIIUX JIO-
TUKY M3JIOMKeHUS KPYIHBIX TeM. OTO II03BOJIAET KaKIbIN pas
COCPEeIOTOYNBATHLCA Ha OJHOM BOIIPOCE U IIO3TOMY M3YUUTH €ro
OoJiee TJIyOOKO M B TO JKe BpeMsa OoJiee sKOHOMHO. OTIesibHbIE
TeMBbI IIPOTPaMMBbI M3ydYaloTCs OOWH pPa3 WM B IIOJHOM OOBEMeE,
9YTOOBI IIOTOM K HUM He BO3BpAI[aThCsS B TEOPETUUYECKOUN YacTHu
yuebHmKa. JlajbHellee 3aKpellieHre U IIOBTOPeHNe, a WHOTAA
¥ pa3BUTHE M3YUYEHHOI'O BeAYTCA Uepe3 JMHUIO YIIParKHEeHUMH.

Cogmep:xanue Kypca ajreOpbl AUKTYeT MHOPSAOOK WN3JI0MKe-
HUSI OCHOBHOIO y4eOHOI'O MaTepWajia: cHadajaa JOJIKHBI W3-
y4aTbCA YNCTO AajredpamyecKre BONPOCHI (ajredpandeckue
BbIpaKeHUs) Kak OoJjiee HOCTYIHBIE B 9TOM BO3pacTe, a YK 3a-
TeM (QYHKIIMOHAJILHBIE BOIpPOCkl. IlosToMy mMaTepmas 7 Kjaacca
HOCBAIIEH ajiredOparnvyecKMM BBIPDAKEHUAM, a u3ydyeHue (QyH-
KN HavYMHaeTCs JUIIL B 8 KJacce.

IIkonbHBIN Kypc aiaredpbl 7—9 KJjaccoB Ha caMOM [ejie
JINIIIL HATIOJIOBUHY SABJISAETCA ajaredpoii, Apyras ero moJIOBHHA
OPUXOAUTCSA Ha BOIPOCHI MaTeMATHYECKOro aHajamsa, uayda-
eMble TPaAAUIOHHO B Kypce aJyiredpbl (AJuHA OTpe3Ka, Heii-
CTBUTEJbHBIE UMcJa, PYHKIUN). jJKelaTeabHO pasainyaTh 5TU
COCTaBJIAIOINE U M3JaraTh ajredpandecKre BOIIPOCHI ajarebdpa-
nuecKuMu Metomamu. Hampumep, K OYKBEHHBIM BbIPAKEHUSIM
YacTO HOAXONAT KaK K QYHKIIUSIM MHOTUX IIepeMeHHBIX ((pyHK-
IIUOHAJBbHBIA IMOAX0J), XOTsSI €CTeCTBeHHee TOBOPUTH O HUX KaK
0 MHO’KeCTBe OOBEeKTOB, IIOAUYMHEHHBIX SBHO BBIIHUCAHHBIM
3akoHaMm (anrebpamueckuii moaxon). IlosTomy IIpu u3I0Ke-
HUU TeMbl «AJjrebparuecKue BBIPA’KEHUA» aBTOPHI CUUTAIOT
HEOOXOAMMbBIM OCTABATHLCA HA UMCTO ajJredOpamuyecKoil TOUKe
sperusi. OQHOUJIEH OIpefeseTcsa KaK IIPOM3BeIeHNe HEKOTO-
pBIX umcea U OYKB, MHOTOUJEH — KaK CyMMa OJHOUJIEHOB,
anrebpanyeckas Apo0b — KaK OTHOIINEHINE MHOTOUYJeHa K He-
HyJIeBOMYy MHoOrouJeHy. IIpmBomaTcA mpaBmja, KOTOPBIM OHU
nmomumHeHbl. Hampumep, B OZHOUJIEHE MOKHO IIOMEHATHL Me-
CTaMMX MHOMKHUTEJINM, B MHOTOYJIEHE MOXHO IIPMBECTHU HO,Z[O6HBI€
UJIeHBbI, aJredpandyecKyo Apo0b MOYKHO COKPATHUTh HA HEHYJIe-
BOWl MHOTOYJIEH WM T. J. OTH CBOMCTBA MOTUBUPYIOTCS IIO0 Mepe
UX BBEJEHUS, OTMEUAEeTCs, UTO IIPU 3aMeHe OYKB UHCJIAMU B
paccMaTpuBaeMbIX OYKBEHHBIX paBeHCTBAX MOCJEIHNIE IIpe-
BpAaIlalOTCs B BEePHBLIE UMCJIOBBIE PABEHCTBA (34 MCKJIOUYEHUEM
cJiyuyaeB JleJIeHUS Ha HYJb).

B yuebHuMKax mas 7—9 KJgaccoB JOCTATOYHO BHUMAHUS
yAeJIeHO PeIleHnI0 YPaBHEHUI, HEPAaBEHCTB U MX CHUCTEM, IIO-
CTPOEHUIO TPAPUKOB dJIeMEHTAPHBIX (DYHKI[HI, PEIIeHUI0 TeK-
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CTOBBIX 3aJadY, B TOM UHNCJE B OOIeM BHIE, YTO HEOOXOIMMO
IS W3yUYeHUsA KYypPCOB reoMeTpuu U (PUIUKMU.

Yuebuuku aJjarebpnl cepuu «MIY — ImKoJe» comepskar
Bech MaTepHaJl IporpaMM KaK IJs KJAacCOB C OOBIUHOII IIPO-
rpaMMoO# 10 MaTeMaTHUKe, TaK M IJA KJACCOB € YIIyOJEHHBIM
H3yuYeHrMeM MaTeMaTUuKH. ABTOPbl CUHUTAIOT IPUHIIMINAJIBHO
BayKHBIM MMEThL OOIIMiI YUeOHUK OJS BCeX DTUX KJIACCOB, UTO
MO3BOJISIET YUYAIHUMCS IIePEeXOAUTh 0e3 0COOBIX TPYAHOCTEH C
OJHOM mporpaMMbl OOyUeHHA Ha LAPYIyi0, a YUUTEJIIAM IPO-
BOOUTL YPOBHEBYIO mAud@epeHINANNI0 OOyUeHMS KaK O
PasHBIX KJIACCOB, TaK M IJA OTHeJbHBIX yuarmuxcsa. Taxoii
yu4eOHUK II03BOJISET CUJILHOMY ydYaIlleMycs OOBIYHOIO KJacca
pasobpaTbcsa B JIOOOM BOIIpOCE, M3YUYHUTHL MaTeMaTHUKY BILIOTH
IO YPOBHA YIJIYOJEHHOTO M3yUYEHHA. Y UUTEJb, PAOOTAIOIIMIA
B KJaccaxX C pas3HOil IOATOTOBKOM, Belsd OOydYeHIMe IO OJHO-
My yueOHUKY B paMKaX OJHOM aBTOPCKOUW KOHIIEIIIIUU, MOKET
JUIIb MEHATHL B 3aBUCUMOCTH OT KJacca TVIyOMHY IIOTPYKeHUS
B TeopeTHMYeCKMe UM TeXHHUYeCKUe IIOAPOOHOCTH.

B o61mieo0pasoBaTebHBIX KJIacCaX MAOIIOJHUTEJIbHBLIE Ma-
Tepuasbl M CJOMKHBIE 3aJjJaud OOBIYHO HE paccMaTPUBAIOTCA.
Ecau xe yuurenb mmMeeT HOCTATOUYHO UACOB W €r0 KJIACC IIPO-
ABJISIeT WHTEpec K MaTeMaTuKe, TO 3a cuér JlomoaHeHUIT K
rjaaBaM y4YeOHMKOB, a TaKsKe IIYHKTOB U OTHEJIbHBIX 34444 CO
3BE3I0YKOII, Heo0sa3aTeJIbHBIX B OOBIUHBLIX 00II[e0o0pasoBaTe Ib-
HBIX KJIaCcCaX, MOYKHO PACIINPUTL U YIVIYOUTH COLepIKaHNIe 13-
y4yaeMoTo MaTepuaJia 0 00béMa, MPeJyCMOTPEHHOTO IIporpam-
MOI [AJIs KJIACCOB C YIVIYOJIEHHBIM HN3yUYeHHEeM MAaTeMATUKH.

006 yueoHUKEe «Aaredopa, 9» cepuu «MI'Y — mikoJse»

Yuebuuk «Anrebpa, 9» comep:kKUT OATH TJIAB:

1. HepaBeHcTBa.

2. Crenensb umcJia.

3. IlocisieqoBaTeILHOCTH.

4. TpuronomerpuuecKkme (OPMYJIbI.

5. 9IeMeHThl NPUOIMKEHHBIX BBIUNCJIEHUN, CTATUCTUKU,
KOMOMHATOPUKY U TEOPUUM BEPOATHOCTEIA.

B mepsBom maparpadge riaBbel 1 paccMaTpuBaiOTCS JHHET-
Hble HEePaBEHCTBA U CUCTEMBI TaKWX HEPABEHCTB, a BO BTOPOM
maparpadpe — HepaBeHCTBA BTOPOM cTemeHu. lIpu pemrenun
JUHEHHBIX W KBaApaTUYHBLIX HEPABEHCTB HPUBOAUTCA Trpadu-
YyecKasa UX WJLIIOCTPAaIUA.

ITaparpad 3 ruaBel 1 TOCBAINEH PENIEHUIO PAITMOHATBHBIX
HEePaBEHCTB, MOAPOOHO paccMaTpPUBAIOTCA METO]] MHTEPBAJIOB U
pellieHMe CHUCTEM palloOHAJBHBIX HepaBeHCTB. OTMeTUM, YTO
COTJIaCHO HOBBIM CTaHJapTaMm, YTBepPXKIEHHBIM MwuHucTepCT-
BOM 0OOpasoBaHUS W HAYKW, pallMOHAJbHbIE HepaBEHCTBA SB-
JIAIOTCA Heo0A3aTeJbHBIMU JJI BCEX y4YalIUXCA, OHU IepeHe-
CeHBbI B crapinyio Irkoisy. IlomuepkHEM, UTO B 9TOI IJjaBe B
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OCHOBHOM peIIaloTCA CTPOTUE HepaBeHCTBa. PeIleHui0 HecTpo-
TUX HEPABEHCTB NOCBAIMIEH JIUMIb ITOCJeTHUN MyHKT. MBI cum-
TaeM, UTO pPeIlleHre HECTPOTUX HEPABEHCTB OOJI’KHO COCTOATH
u3 IBYX BTamoB: 1) pellleHWe ypaBHEHUWA; 2) pellleHUe CTPOTO-
ro HepaBeHCTBa. A 3aTeM B OTBeTe HAJ0 O0beOUHUTH PelleHusa
YPaBHEHHUA U CTPOTOro HepaBeHCTBA. IIOMBITKM OTONTH OT 3TO-
ro mpaBuJja U IPOCTO 3AIUCATh PEIlleHre HeCcTPOroro HepaBeH-
CcTBa KaK pPeIIeHWe CTPOroro, TOJHBKO C 3aMEeHOU WHTEePBaJIOB
Ha OTPEe3KM, UacTO MPUBOAAT K ommbkam. MeToq MHTepBaJIOB
000CHOBBIBAETCA CBOWCTBOM [IByUYJIeHAa X — @, UTO He TpeOyer
ABHOTIO o0OpaleHusa K HeIPepPBIBHOCTU (MDYHKIIWN.

B kauectBe [HomosHeHUI K 5TOM IJlaBe paccMaTpPUBAIOT-
cA JTOKAal3aTeJbCTBA YHMCJIOBBIX HEPABEHCTB U IIOHATHE ITPOU3-
BOJHOM JWHENHOU M KBagpaTuuyHOu (GyHKIu. IIpomsBogHbIE
BBOJATCA AJIA MHOTOUYJIEHOB C ONOPOM HAa WHTYUTWBHOE ITOHSA-
THe IIpefeJia, UX BBeJeHNE CBA3AHO C TeM, YTO ITPOU3BOJHBIE
HeoOXOIVMBI IPU U3YyYEeHUU Kypca QU3UKU.

B pesyisbraTe maydyenma riiaBbl 1 yuarmecd MOJKHBI Ha-
YUUTHCA peliaTh JMHENHbIe W KBaJpaTHble HEPABEHCTBA, CU-
CcTeMBbI HEPaBEHCTB.

B rimaBe 2 B OCHOBHOM m3y4YaeTcsd KOPEHb CTEIeHU N1 U
ero cpoiictBa. CiemgyeT OTMETHUTb, UTO COTJIACHO HOBBIM CTaH-
IapraM B OCHOBHOM IIIKOJIE OCTABJIEHO JIHIIL KU3y4YeHUEe KBa-
IPATHBIX U KyOWYECKMX KOPHEl, M3yueHWe OCTaJbHBIX KOpP-
Hell HaTypaJbHOM CTEIEeHHU 7 IIePeHEeCeHO B CTapIIyIo ITKOJY.

B kauecTBe HOIIONHEHUS K 9TOI IJjlaBe IIPUBENEHO IIOHSA-
THEe CTeleHW C paluoHaJbHBIM IOoKaszareaeM. OTMeTHM, YTO
CYIIleCTBOBaHWE W €JMHCTBEHHOCTH, B YAaCTHOCTU, KOPHA Tpe-
Thell cTeneHM U3 JIIOOOTO AeHCTBUTEJBHOT'O YMCJIA IIOKa3bIBa-
eTcs B 9TOU riiaBe rpadMyecKM, C ONOpPOIl HAa HEIPEPBIBHOCTH
rpapuka QyHKIUU Yy = x3.

B pesyabrarTe wu3ydeHUs TJIaBbI 2 yUallluecs TOJIMKHBI
OBJIAJIETH TIOHATHEM KOPHA CTEIIEHUW 71 ¥ YMETh IIPUMEHATH ero
OCHOBHBIE CBOMCTBA.

T'smaBa 3 mocBdAIlleHa B OCHOBHOM H3Y4YeHUIO apuMeTuye-
CKOII U reoMeTpPHUYecKOo# mnporpeccuii. CHauajsa BBOAUTCA IIO-
HATHUE YUCJIOBOM IIOCJEIOBATEJIBHOCTH U PACCMaTPUBAIOTCA €€
CBOMCTBA, 3aTeM M3yd4alOTCA apu(MeTUUECKUe U IeoMeTpude-
cKue mporpeccuu, GopMyJbl 00Iero ugeHa, hOpMyJabl CYyMMbI
IepBBIX 7 UJIEHOB W CBOICTBa IIPOTPECCUI.

B kauecTBe Heo0A3aTeIHLHOIO MaTepHajia paccMaTPUBAaET-
ca OecKOHeYHO yOBIBAIOINAsI reOMeTPUYECKas IPOTPECCUs.

B [omosHeHMAX K STOM IjaBe pasbupaeTcs MeTOJ MaTe-
MaTUUYEeCKON MHIYKIIUU. JDTO CBA3AHO C TE€M, UTO MOKA3aTeJsb-
ctBa (PopMyJa Aad apuPMeTHUecKOW M TeOMEeTPUUYECKON MPo-
rpeccuii TpebyeT mpuUMeHEeHUs JaHHOTO MeToja.

B pesynbrare wm3ydeHuUs TJIaBbl 3 yUallluecs TOJIMKHBI
OBJIAZIETh IOHATHUAMMN apu(@METUUYECKONl U TeOMeTPHUUYECKON
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OpoTrpeccuii M yMeTh NMPUMEHATHL WX CBOMCTBA HPU PEIeHUU
3azad.

I'maBa 4 mocBsIllleHa M3yYeHUIO CUHYcCA, KOCHHYcCa, TaH-
reHca ¥ KOTaHTeHca JIIO00ro yrja. YToJ BBOAUTCA KakK IIO-
BOPOT BEKTOpa, paccMaTPUBAIOTCS TpaAycHad W paguaHHAA
Mephl yIJla, W TOrAa KaKIAOMY JIeHCTBUTEJIHLHOMY YHCIY CO-
OTBETCTBYET YTOJI, TPagycHas WJIMU paguaHHAsI Mepa KOTOpPOTO
paBHA dTOMY umcay. Ilocsie 5TOro BBOAATCA HOHATUS CHUHYCA,
KOCHUHYyCa, TAaHTeHCa U KOTaHTeHca JII0OOTO yrjia M BBIBOASATCS
OCHOBHBIE (POPMYJBI Ojad HuX. B JlomooHeHMAX K 9TOU TIJiaBe
OPUBOAATCA (POPMYJIBI CUHYCOB M KOCHHYCOB CYMMBLI YTIJIOB,
IBOWHBIX U IOJIOBUHHBIX YTJIOB.

OTMeTHM, YTO COTJIACHO HOBBIM CTaHJapTaM BeChb MaTe-
puaJi dTOW TJIaBbl HEePEHECEH B CTApPIIyI0 IIKOJIy, HO OH IIO
TpamguIluU U3ydaeTcsa B 9 Kjaccax ¢ yrayOJEHHBIM HM3yUYeHUEM
MaTeMaTuKu. ABTOPBI yUueOHMKA CUUTAIOT, UTO MATEPUAaJ ITOI
TJIaBBI JKeJIaTeJIbHO U3y4YuTh B 9 KJjacce, TaKk KaK 3TO CYIIECT-
BEHHO OOJIETYUT ero m3ydyeHUe B cTapiueil mroJse. Kpome To-
ro, TPUTOHOMETPUYEeCcKre (QOPMYJbl JAIOT IPUMED ITOCTPOEHUS
aireOpPhl CO CBOMMHU IIPaBUJaAMM HpeoOpasoBaHUs OYKBEHHBIX
BBbIpaKeHUM, UTO IOJIE3HO B IIJIaHe OOINMero pasBUTUSA NIKOJIb-
HUKOB.

B pesynbrare m3yueHus Tr1JaBbl 4 yUalmuecsa TOJKHBI
OCBOUTH IIOHATHE yIJia C JIO00W TIpagyCHON HJAW pPaJguaHHOU
Mepoii, 3HATh OIIpelieJieHle 1 CBOMCTBAa CHMHYCOB, KOCHHYCOB
¥ TAHTEHCOB JIOOBIX YIJIOB, YMETh IPeo0pasoBhIBATH TPUTOHO-
MeTpUUecKle BhIpasKeHUs U JOKa3bIBaTh TPUTOHOMETPUUYECKUEe
TOKJECTBa ¢ IIpuMeHeHueM (OopMY.JI.

I'smaBa 5 saMBIKaeT JIMHUIO WU3YyUYEHUSA UYNCE] B OCHOBHOU
mikose. B Hell peub MAET O NPUOIMIKEHUSAX UYUCEJT, BBOIATCH
HOHATUA a0COJIIOTHOM M OTHOCUTEJBbHOII IIOTPEIIHOCTeH IIpHu-
OMMIKEeHUA YKCJa W TOHATHUA NPUOJMIKEHUS UYuCcJIa C TOUHO-
CTHIO O YKA3aHHOTO paspsafa IIocje 3amAToi Jubo KO0 KaKoiu-
TOo 3Hauarneii mudpsl. [lagee mayuaroTcss BOIPOCHI OIUCATEb-
HOHM CTaTUCTUKU, KOMOMHATOPUKU U TEOPUU BEPOATHOCTEH.

B HomosHeHUAX K STOM TIJIaBe PacCMaTPUBAIOTCA OUMHOM
HrioTona u TpeyrombHuUK Ilackaisa.

B pesysbTaTe mM3ydyeHUA TJABLI 5 ydalimecd MOJKHBI Ha-
YUYUTHCA TPUMEHATHh NpaBuUja NPUOMMIKEHHBIX BBIUUCJIEHUN,
HOJIYUYUTDL TIPEeJCcTaBJIeHIe O CIIoco0ax 3aJaHUs UMCJIOBBIX TaH-
HBIX W UX XapaKTepPUCTUKaX, HAYUYUTHCA DPeIlaTb HEeCJIOXKHBbIEe
KOMOMHATOPHBIE 33JaYM M 3aJlauyd Ha BBIUNCJIEHUE BEPOATHO-
cTeil.

IIpu opranmsaiuu MOBTOPEHUS Kypca aaredopsl 71—9 KJjac-
COB HeoOXommMO o0paTuTh ocoboe BHUMAaHWe Ha HamboJiee
TPYAHBIE TeMBLI Kypca, IMOCTapaThbCsd yUYecTb WHAUBUIYATbLHBIE
npobeJibl yualuxcsa W IPeACTOAINyI0 B KOHIle 9 KJacca rocy-
IapcTBeHHYI0 UTOroByio arrecraiuio (I'MMA).
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Ilpu moBTOpeHHU Teopuu HEOOXOAWMO BBIAEJISATH OCHOB-
HbIe TeopeTuuecKkue (paKThl, M3yudeHHbIe B 7—9 Kjaccax, ma-
Bas WJLTIOCTPAIIMM WX IPUMeHeHUsA Ha Hanbojee XapaKTepPHbBIX
npuMepax. IIpu 9ToM MOKHO HCIOJIL30BATH 3aJauu U3 pasje-
Ja «3agaHus OIS TOBTOPEHUS».

Cucrema ympakHeHHUII B yuyeOHMKe IIOCTPOeHa B COOT-
BETCTBUHU C IIPUHIUIIOM «OT IIPOCTOTO K cioxkHOMy». Ilocie
Ka)KJoTo yueOHOTO TeKCTa WHAYT BOIPOCHI II0 M3yUYEHHOU Te-
opuu, 3aTeM YIPa’KHEHWSA TO HOBOMY MaTepuany, KOTOpbIe
He IepeOMBAIOTCA 3aJaHUAMHK Ha IIOBTOPeHWEe. ¥ IpasKHeHUS
HalleJIeHbl Ha OCBOEHUWe M3Y4YeHHOro, (DOpMUPOBaHWE YMEHU,
OpeayCMOTPEHHBIX CTaHZapTOM. B Kypce ajireOpbl MHOTO 3aja-
HUIi, BBIMIOJHAEMbBIX II0 00pasiaM, PeKOMEHIOBAHHBIM B yuel-
HUKe WU y4uTejieM, HO B 9 KJjacce Hamo 06OJIbIlle BHUMAaHUSA
yaeauTb (popMUpPOBaHUIO 0oJee CIOKHBIX YMEHUH, CBs3aH-
HBIX C JOKA3aTeJbCTBOM U HccjaemoBanueM. COOTBETCTBYIOIIIE
yIIpasKHEeHUs BbIJEJeHbI B 0coOble PyOpuKm «J/loKasbiBaemM» u
«Uccnenyem».

YMeHHe MOKa3bIBATH OCOOEHHO BaYKHO IIPHM OOYUEHUU IIO
mporpaMMe C yrJyOJEéHHBIM M3yUYeHUEeM MaTeMaTUKW, II03TO-
My, KPOMe BOIIPOCOB TEOPHWH, CBA3BAHHBIX C JOKa3aTeJIbCTBAMU,
HaJIo 00paTUTh BHUMAHNE HA 0oJiee CJIOKHBIE YOPaKHeHUS U3
pyopuru «JlokaspiBaeM». PaboTa ¢ aTUMU 3aJaHUAMU CIIOCO0-
CTBYeT MJOCTMIKEHUI0O TaKHX MeTalpeaIMeTHBIX pe3yJIbTaToB,
KaK yMeHNe CcO3IaBaTh 0000IeHNsA, yCTaHaBJINBATh aHAJIOTHU,
ycTaHaBJAWBATh IIPUYUHHO-CJIEACTBEHHBIE CBS3U, CTPOUTH JIO-
TUYeCcKUe PacCy:KIeHUS, YMO3aKJIIOUEHUA W OejaTh BBIBOI.

Muorue samanusa us pyopurm «HMcciemyem» CBS3aHBI C
HDOMCKOM 3HAUeHWU IlapaMeTpa, IIPU KOTOPBIX BBIIIOJHEHO
HeKoTopoe ycjoBue. TeM caMbIM y ydamiuxcsa (POPMUPYIOTCS
BasKHbIe YMEHHS MCCJeNOBaTh CHUTyaIlMIO, OIIMCAHHYIO B 3a-
gade, B 3aBUCHUMOCTU OT 3HAUEHUA BTOU BEJUYUHBI. TepMuUH
«IIapaMeTp» B y4YeOHHKE CO3HATEJNbHO HE WCIIOJNb3YyeTCs, HO
moapasyMeBaeTcs, a ydaluecs (paKTUUeCKU perralT 3agauu,
KOTOPbI€ BLIHOCSTCS HA UTOrOBBIH KOHTPoJb I'MMA-9 u EI'9-11,
BCTPEUYAIOTCA B JOHOJHUTEJbHBIX WCIBITAHUAX IPH IIOCTYILIE-
HUU B By3bl. Pasz0op pelleHuii 9TUX 3agad IIO3BOJHUT IIOATO-
TOBUTH YUYAIUXCA K PEIIeHUI0 OJUMIOUATHBIX 3a7adu, a TaK-
'Ke OyIeT cmoco0CTBOBATH (DOPMUPOBAHUIO KOMIIETEHTHOCTU B
OpoBeIeHUN yueOHO-MCCIeToBaTeIbCKOM meaTeabHOCTH. O6CYy-
JKJIeHUe PellleHWi 3TUX 3aJad IIoMoraeT O0OOIIeHWI0 3HAHUMN U
COTPYAHUYECTBY CO CBEPCTHUKAMMN N y4YuUTeJeM. BbIIoJHEeHUe
3aJaHUl JaHHOW PYOPUKH IIOMOXKET ydYaIlMMCSI B PasBUTHUU
TAaKUX MeTalpeIMEeTHBIX YMEHUU, KaK yMeHUEe CAMOCTOATEJNb-
HO TJIAHUPOBATHh IIYTU MJOCTHKEHUS Iiesieii, OCO3HAHHO BBI-
ouparh HamboJsee >P(PeKTUBHBIE CIOCOObI PeIIeHus YUeOHBIX
3a7au; yMeHHNEe OCYIIeCTBJIATh KOHTPOJb CBOEU IesaTeabHOC-
TH, OIIPEIEJATHh CIIOCOOBI MeMCTBUUM B PaMKaX HPEAJIOKeHHBIX
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ycJoBuii 1 TpeboBaHUM, KOPPEKTHUPOBATHL CBOU AEMCTBUS B CO-
OTBETCTBUM C M3MEHAIOIENCcA CUTyalliel; yMeHue OIleHUBATh
OPaBUIbLHOCTL BBITIOJHEHUS YUYeOHOM 3amaum, COOCTBEHHBIE
BO3MOJKHOCTH €€ peIlleHus; yMeHHe CO3[1aBaThb, NPUMEHATb U
OpeoOpasoBBIBAThL 3HAKW W CUMBOJIBI, MOJEJNU U CXEMBI IJId
perieHus: yueOHBIX M IIO3HABATEJIbHBIX 3ajadu.

PasBuTuio cmocoOHOCTel yualluXxcsa HCKaTh U MCIIOJIb30-
BaThb WMHQMOPMAIINIO, CBA3SAHHYIO C H3yUYaeMBbIM MAaTepHUaJIOM,
OyayT cIocoOCTBOBATL 3amanus pyopuru «Uimem wumHGOpPMA-
nuio». YacTh W3 STUX 3aJaHUUA MOYKHO BBIIOJHUTL B BUIE
HeOOJIBIITNX COOOIeHUN (IOKJIANOB) AJISA OJHOKJIACCHUKOB WJIU
IIOMECTUB B MaTeMaTUYEeCKUe ras3eThl.

00 HCHOJb30BAHUM AHUIAKTUYECKHMX MAaTEPHAJIOB M COOP-
HHMKA TeCTOB

JugakTuuecKkue MaTepuaJjbl COAEP:;KAT TPU pasmesia:

I. MarepuaJybl IJd HOATOTOBKU K CAMOCTOATEJIBHBIM pa-
6oram.

II. CamocToAaTenbHBIE PAOOTHI.

III. KouTpoabHblie paboOThHI.

B paszesie 1 pasoOpaHBI pellleHns 3aJaHWUil, MOXO0MKUX Ha
3aJaHUA U3 CAMOCTOATEJbHON PabdOThI WM TOTOBAMIUX yYaIlUX-
csd K BBINIOJIHEHUIO COOTBETCTBYIOIIeir paborhl. IIpakTmka Imo-
KasbIBaeT, YTO ydallluecsd He JIO0AT YuTaTh y4eOHUK, IIoJia-
rasgch Ha TO, UTO IIOHSJU BCE, UTO TpebyeTcs, M3 paccKasa
YUYHTEJIsI, a HOATOTOBKA K CAMOCTOATEJIHLHOM paboTe II0 IMepPBOii
yacTu AUJAaKTUUECKUX MaTepuajioB, pasdbop pelneHuii 3amad,
HOXOKUX Ha B3aJaHUsA U3 CAMOCTOATENbHON paboThI, dalOT
IIaHC OBJAaJeTh yMeHHeM UYUTATh MAaTeMaTUYEeCKYIO JuTepa-
TYypy ¥ IOBBIIMIAIOT PE3yJbTATHUBHOCTH paborsl. Kpome Toro,
Takas padora XOTdA ObI AJIS YaCTH yYallluXCs YMEHBIIUT BpPemn-
HYIO TATY K IIOMCKY TOTOBBIX NOMAIITHUX 3aJaHWI.

JugakTudecKkre MaTepUasbl MCIOJL3YIOTCA OJIs TpoMe-
JKYTOUHOTO KOHTPOJIS II0 TeMe W WTOTOBOII KOHTPOJLHOI pa-
6orei. Cilemyer ydecTb, UTO IIPOBECTU BCE CAMOCTOSTEJIbHBIE
paboThI C BBICTABJEHMEM OTMETKU CO BCEM KJIACCOM, CKopee
Bcero, He yJacTcs, Ia 3TO U He Tpedyercsa. Hekoropble u3 pa-
60T MOJKHO MCHOJIb30BATh KaK JOMAaIITHUE 3aJaHusd Ha OTMETKY
WIW KaK JONOJHUTEJbHBbIE 3aJaHus AJd Haubojiee 3aMHTepe-
coBaHHBIX yuaruxcsa. CaMocTosATe/bHBIE PAa0OTHI OTHECEHBI K
COOTBETCTBYIOIIIMUM TeMaM, HO MOT'YT HCIIOJIb30BATHLCA U ITIPU
U3yYeHUUW APYTrux TeM (HAmIpuMep, AJs OpraHus3aliiyd II0OBTO-
peHus M3yUYeHHOI'0 Uepes3 HEeKOTOPBIM IIPOMEKYTOK BPEeMeHM).

B o00s3aTesbHYI0 YacTb CAMOCTOATEJbHBIX PaboOT Ha OT-
MeTKY MOKHO BKJIOUATHL He BCe 3aJaHus, OPUEHTUPYsACh Ha
YPOBeHb IIOATOTOBKU KJiacca W Ha OTBOAMMOE I PabOThI
Bpems. HeoOsizaTesibHBIe 3aJaHUs MOYKHO OIEHMBATBL JIOIIOJI-
HUTEJbHON OTMETKOM.
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B o0bruHOM KJIacce B 00s13aTeIbHYIO UYACTh KOHTPOJBHBIX
paboT MOKHO He BKJIOUATH IIOCJEAHee 3aTaHue.

Buabl KOHTPOJIA MOJIE3HO PasHOOOPa3uUTh. [ 5TOTO MOMK-
HO WCIIOJIb30BaTh COOpPHUK «Ajrebpa. TemaruuecKue TeCThI.
9 kJmacc» astopoB II. B. Uyakoma, T. C. CrpykoBa. Tecro-
BBI KOHTPOJIb MHTEPECEH HEeOOJILINION 3aTpaToil BpeMeHU Ha
€ro MPOBeJEeHNE M ONEePATUBHOCTHIO IMOJIyUYEeHUSA MHOOpMAIU
0 KauecTBe 3HAHUN WM YMEHHHN IMKOJILHUKOB. TecThl ymoOHO
WCIIOJIL30BATh AJIS OPraHW3aIlUM TeKYIero MOBTOPEHU, A
IOIIOJHUTEJIBHOTO OIIPOoca YUAIUXCH, KeJaloIUX WNCIPABUTH
OTMETKM II0 U3YyYEeHHO! TeMe WJIU B YEeTBEPTHU.

O pellleHHH TEKCTOBBIX 3amad

B yuebunuke <«Anarebpa, 9» pellleHme TEKCTOBBIX 3aaayd
OpU IIOMOINM PAIMOHAJBHBIX ypPaBHEHUH U UX CUCTEM IIPO-
BOAUTCS TOJBKO IIPH TEKYIleM U UTOToBOM IoBTOopenmu. Oc-
HOBHOM IIeJIbIO PelleHusaA TeKCTOBBIX 3a/au SBJISETCSI Pa3BUTHE
y ydammuxcsa YMEeHUsS MOJAEJIUPOBATH C IIOMOIIBI0 YpPaBHEHUSA
WJIN CHUCTEeMbl YpaBHEHUIl CUTyallnio, ONMCAHHYIO B 3ajmgaue,
IejiaTh JIOTUYECKY NpPaBUJbHBIE BBIBOALI HA OCHOBE aHAJIM3a
MMEeIUXCA AJAHHBIX 3aJaud W HCIIOJbB30BATH 3TU MAaHHBIE A
eé pelrleHus. Peltasg TeKCTOBBLIE 3afgauiu, ydallldecs ydaTcs
IJIAaHUPOBATH CBOIO PabOTY, BBIMIOJHATH €€ COTJIaCHO HaMeueH-
HOMY ILJIaHY, MPOBEPSATHh MOJYUYEHHBIH OTBET HAa COOTBETCTBUE
YCIOBUAM 3aZauu. ITU YMEHUSA SBJISIOTCA MeTallpeaMeTHBIMU,
IercTBUA, WX (PopMHUDPYIOIUe, HA3BIBAIOT YHUBEPCAJIbHBIMU
yu4eOHBIMHU OeHUCTBUAMNU. ITUM OeHCTBUAM yIeJseTcs ocoboe
BHUMAaHNe B HOBBIX CTAaHAAPTAX IO MaTeMaTHKe.

ABTODPBI CYUTAIOT, UTO PeIlleHre TEKCTOBBIX 3ajau ABJIAET-
cAa Hambosee sMPEKTUBHBIM CIIOCOO0OM PA3BUTHUA JIOTUYECKOTO
MBIIIJIEHUA W PEUYU YyUalllUXCs, MOBBIIIAEeT Pe3yJIbTATUBHOCTH
o0yueHUA MaTeMaTUKe U JPYTUM MpeaMeTaM.

O6paTuM BHMMAaHNWE Ha TO, UTO PeIleHre TEeKCTOBBIX 3a-
Iad SBJsSETCS Ba’KHBIM BUAOM yUeOHOU AeATeIbHOCTU IMKOJIb-
HUKOB, yMeHUdA, (GopMUpPyeMble IIPU PEIIeHUN TEKCTOBBIX 3a-
Iay BBIHOCATCA Ha MTOroBbIM KoHTpoab ('MA, EI'9). B ka-
JKJIOM KJacce padboTa ¢ TEeKCTOBBIMU 3ajJadyaMu OyAeT BeCTUCH B
CBOEM TeMIIe, IIOATOMY €€ HeJb3dA 3apaHee CILJIAHUPOBATH IJId
BCeX KJIACCOB U MaTh PeKOMEHIaITNH II0 MCIIOJb30BAaHUIO 3a7au
IO BCeM IIYHKTaM. B ¢BA3U ¢ 9THM pPEeKOMeHAAIIUU mo pabdore
C 3aJauaM¥U pPasHBIX BUAOB JaHbI B KOHIIE AAHHOTO IIOCOOMA.
IIpenmosaraercss, 4To yuuTedab caM OyIeT ILJIaHUPOBATHL MO-
MEHT BKJIIOUEHUS PabOThI C TEKCTOBBLIMU 3aJadyaMU B yUeOHBIH
IpoIlecc MO Mepe OCBOEHUA YYAIIMMUCS TEKYIIero MaTrepuaJia
U C YUETOM UX YCIEXOB B paboTe C 3amadaMmu.

31ech MOXKHO JaTh TOJBKO OMHUH COBET, KOTOPOMY IIOJIE3HO
ciaemoBaThb. PaboTa ¢ TeKCTOBBIMHU 3aZjayaMU Ha IIOBTOPeHUE He
IOJIXKHA BKJIWHUBATHCA B M3YyUeHUE HOBOTO MaTepuaja [0 TeX
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op, IIOKa OCHOBHLIE YMEHMHs II0 3TOMY MaTepuanay He cdop-
mupoBanbl. JKemaTenbHo, 4TOOBI 3Ta paboTa OBIIa cBA3aHa C
TOBTOPEHUEM H3YUEHHOTO, KOTOPOE ITPOBOAUTCS ITOJA PYKOBOX-
CTBOM YUYMTEJs, U IIOATOTOBKOM K HTOTOBOII aTTecTalluu. 3a-
Iauyu JOJIKHBI PasHO0OpasuThb (POPMBI yUeOHOUW AesATebHOCTH,
IejiaTh M3ydYeHHe MaTeMATHKU 0oJiee KMBBIM W MHTEPECHBIM.

O pabore B KiIaccax ¢ YriayOJEHHBIM HM3yYeHHEM MaTe-
MaTHKHA

B yuebuuke «Aureopa, 9» cepuum «MI'Y — mikosge» mare-
puaj, nmpefHa3HAUEHHBIN TOJBKO IS KJIACCOB C YIIyOJEHHBIM
u3ydyeHrMeM MaTeMaTHuKH, CHeI[MaJbHO BbIfeJeH. ITO OoKasa-
TeJIbCTBA HEKOTOPBLIX TEOPEM, AOIMOJHUTEJIbHbIE BOIPOCHI, H3-
JIO}KEeHHbIe B IIYHKTaX, OTMEUEHHBLIX 3BE3mouKaMu u B I[omoJ-
HeHUAX K TJIaBaM yueOHWKa, a TaKyKe 0ojee CIOKHBIEe 3aauu.

B Kiacce ¢ yriiyO/IéHHBIM M3yUeHHMEM MaTeMATUKU MCIIOJIb-
3yIOTCS U AUAaKTHUUYeCKUe mMartepuaiabl. IIpu sToM Bce 3amaHUs
CUMTAIOTCSA 00s13aTEJbHBIMU TOJIBKO IJS KJACCOB C YIJIyOJIEH-
HBIM M3yUYeHHeM MaTeMaTukKu. Kpome TOro, B AUIAKTUUYECKUX
MaTepuajiaXx UMEIOTCS CaAMOCTOATEJbHBbIE PAa0OThI, OTMEUEHHBIE
3BE3IOUYKAMU, KOTOPbIe MpemHasHAUYEeHBI TOJBbKO MIJA KJAacCOB
C yriyOJIEHHBIM M3yUYeHHEeM MaTeMaTUKH.

B kiacce ¢ yriyOM€HHBIM M3yUYeHHEM MATEMATUKU CJIEIY-
eT 0OJIbllle BHUMAHUS YAEJATHL PEIIeHUI0 3aJau M3 OJUMIINAL
M KOHKYPCOB, YUYaCTHIO YUAI[UXCs B PA3JUUYHBLIX TYpPHUPAX.
Huke K psAgy OYHKTOB CAeJIaHBI CIIEIUAJbLHBIE 3aMEUAHUA O
paboTe ¢ TaKMMHU 3agadyaMmu.
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MpumepHoe TemaTUyecKkoe NMaHMpoBaHue pPaGoThl
no y4e6Huky «Anrebpa, 9»

W3 nByxX BaApUaHTOB TEeMATUUYECKOTO IIJIAHUPOBAHUS Ba-
puaaT I (3 u B Hememo, Bcero 102 u) mpemHasHauyeH s
KJaccoB, paboTarolux II0 OOBIUHON IIporpaMme, a BapuauT Il
(4 u B Hemeso, Bcero 136 1) — naJsd KJIACCOB C YIJIyOJIEHHBIM
usyueHueM maremaTuku. CmpaBa oT maparpada MJaIu ITYHKTA
yKasaHOo YHMCJIO YacoB, OTBEJEHHBIX Ha ero Ma3yueHue I KarK-
IOTO BapuaHTa IIJIaHUPOBAHUSI.

I II
T'maBa 1. HepaBenctBa 31 36

§ 1. JIuHeiliHble HEPABEHCTBA ¢ OOTHUM HEU3BECTHBIM 9 10
1.1. HepaBeHCTBa TePBOM CTENEeHU

C OTHUM HEN3BEeCTHBIM 2
1.2. IlpumeHeHUEe Ipa@UKOB K PEIIeHUI0 HepaBeHCTB
IepBOM CTEIeHU C OJHUM HEeN3BECTHBIM 1
1.3. JluHeliHble HepaBEHCTBA C OJHUM HEM3BECTHBLIM 3
1.4. CucremMbl JUHEHHBIX HEPaBEHCTB

C OOHUM HEH3BECTHBLIM 3
1.5*%. HepaBeHcTBa, coiepikalliue HEN3BECTHOE
oM 3HAKOM MOXYJIS

§ 2. HepaBeHCcTBa BTOPOIl CTEIeHHU

C OOHMM HEU3BECTHBIM

2.1. IlouaTue HepaBeHCTBa BTOPOI CTENEeHU
C OJHUM HEU3BECTHBIM

2.2. HepaBeHCTBa BTOpPO¥ CTeIleHU

C TOJIOMKUTEIbHBIM AUCKPUMUHAHTOM

2.3. HepaBencrBa BTOPO# CTeleHU

C IUCKPUMUHAHTOM, PaBHBIM HYJIIO

2.4. HepaBeHcTBa BTOPO# CTelleHU

C OTPHUIIATEJbHBIM AUCKPUMUHAHTOM

2.5. HepaBencrBa, cBOAAINHECSd K HepaBeHCTBaAM
BTOPOU CTemeHU’

KouTtponbuas pabora Ne 1

§ 3. PanuonajsHbIe HEPAaBEHCTBA

3.1. MeToa mHTepBaJOB

3.2. Pertenue paiuoHaJbHBIX HEPaBEHCTB

3.3. CucreMbl panMoOHAJbHBIX HEPABEHCTB

3.4. HecTporume HepaBeHCTBa

3.5%. 3ameHa HEMB3BECTHOTO TPU PeIeHUU HepPaBEeHCTB
KouTtponbuas pa6Gora Ne 2

Jomomnenus k riaase 1

1. JToxasaTeJIbCTBO YMCJIOBBIX HEPaBEHCTB

2. IIpousBogHbIe JUHEHHONH W KBaAPATUUYHOIN
GYyHKIIIHI

3. Hcropuueckue cBeJleHUSA
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I'maBa 2. CremeHnr uuciaa

§ 4. Oyaruusa y = x"

4.1. CsoiicTBa u rpaduk QyHKIUU Yy = X" b, X >0
4.2. CBOI/I(irT{Ba u rpaduky QyHKIUN y = x2m

5. Kopens crenenu n

1. ITouAaTHe KOPHSA CTEIeHU 7

2. Kopuu 4éTHOII M HEUETHOM CTelleHeil
.3. ApupmeruuecKuii KOpeHb CTEIEHU N
4. CBolicTBa KOpHEI CTeIleHUu n

5
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5.6%. KopeHb cTelleHM n M3 HATYPAJLHOTO UYICJA
5.7%., ppanuoHajlbHble ypaBHEHUA
Kourposbuasa pa6ora Ne 3

JlomomHeHuss K riaase 2

1. IlousaTue creneHu cC panmyoOHAJIBHBIM IIOKa3aTeJieM
2. CBoiicTBa CTEIEHUW C PaIMOHAJbHBIM IIOKas3aTejaeM
3. HcropuuecKue cBemeHUSA

T'nasa 3. IlociaemoBaTeabHOCTH

§ 6. YuciaoBsle IMOCIEIOBATEJIbHOCTH M MX CBOMCTBA
. IToHATHEe UYMCIIOBOM IIOCJIELOBATEIHLHOCTU
CBoIiCcTBA UMCJIOBBIX IIOCJIEOBATEIHLHOCTEHN

Apudmerunueckas mporpeccus

. IloraTue apuMeTnUeCcKOl Iporpeccuu

7 2 CyMMa mepBBIX N YJ€HOB apu@MeTUdecKoi
IpoTrpeccuu

Kourponsuasa pabora Ne 4

§ 8. 'eomeTrpuueckasa mporpeccus

8.1. IlouaTme reoMeTpUYECKOl TPOrpeccuu
8.2. CymMa IIepBBIX N UJEHOB I'eOMETPHUYECKOM
Hporpeccun

8.3%. BeckoHeuHO yOBIBalOIlasd reoMeTpuUYecKas
Iporpeccus

Kourposnbuasa padora Ne 5

JomoaHeHUA K riaBe 3
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10.1*. Ompenenenne cuHyca M KOCHHYyca yrJja —
10.2*, OcHoBHBIE (POPMYJBLI OJA Sino M COSO —
10.3%*. TaHreHc m KOTaHTeHC yrJa —

Jomonnenuss K riaase 4 —
KocuHyc pasHOCTHM M KOCUHYC CYMMBI ABYX YTJIOB  —
DopMyabl OIS AOMOJHUTEIHHBIX YTIJIOB —
CuHyc CyMMBI U CHUHYC Pas3HOCTU IBYX YIJIOB —
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11.3*. IIpubau:KeHUsa CyMMBbI U Pa3HOCTH

11.4%*. Ilpubau:KkeHrne TPOU3BENeHUSI U UACTHOTO
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rnAaeA 1

HEFPABEHLCTEA

IlepBaa ryiaBa IOCBSAINEHA WN3YYEHUIO METOHOB PeEIIeHUA
panuoHAIbHBIX HEPaBEHCTB C OJHUM Heu3BecTHbIM. CHauasa
usyJvaroTcs JHUHEeNHble HepaBeHCTBa, 3aTeM HepaBEeHCTBAa BTO-
poii cTelleHW M, HAKOHEI], palMOHaJbHbIE HEPaBEHCTBA.

Muorue ynpaskHeHUSA JTaHHOI! IJIaBbl PeIIaroTCsa Pa3HBIMU
crrocobaMu, UTO ITO3BOJISIET Pa3BUBATh KPUTUYHOCTH MBIIILIE-
HUA, GOpMUPOBATh KOMMYHUKATUBHBIE KOMIIETEHIITUN B 00ydUe-
HUU, yMeHUre (popMyJUPOBATh CBOU MBICJIU, apTyMEHTHUPOBATH
WX, OTCTAaWBATh CBOIO TOUKY 3pEHUA.

Ienp mayyeHma raaBbl 1 — OCBOUTH METOABI DPeEIIEHUA
JUHEWHBIX HEePaBEHCTB, HEPABEHCTB BTOPOI CTENEeHU U UX CHU-
cTeM, KpoMe TOT0, OCOOEHHO B KJaccax ¢ yIrJIyOJIEHHBIM M3yde-
HUEeM MaTeMaTHuKU, HAayYHUTbhCS peIllaTh XOTA Obl HeCJIOMKHBIE
panuoHaIbHbIe HepaBeHCTBA.

§ 1. JluHeliHble HEpABEHCTBA
C OAHMM HEU3BEeCTHbIM

OcHOBHOEe HasHaueHHe IIepPBOro maparpada — oOydeHUe
IIIKOJIBHMKOB PEIIIeHNIO JNHEeNHBIX HEepaBeHCTB M MX CHCTEM.
CHayajia mM3y4aloTCd CIIOCOOBI peIleHUus HepaBeHCTB IIEPBOU
CTEeIIeHW C OJHUM Hem3BeCTHBHIM. IloKasbIBaeTcA IIpHUMeHEeHUe
rpaMKOB K PeIleHUI0 HepaBeHCTB. 3aTeM BBOIATCS IIOHATUA
JWHEWHOTO HepaBeHCTBAa M PaBHOCUJIBHOCTU HepaBeHCTB. Ha
npuMepax AeMOHCTPUPYETCA pellleHre JUHEHHBIX HepPaBeHCTB.
Haxkomnern, mayuatorcssi cucTeMbl HepaBeHCTB. B KauecTBe He-
00s3aTeJIBHOTO MaTepuajia IJad KJAcCOB € YIJIyOJEHHBIM W3-
yUYeHMeM MaTeMaTUKU paccMaTPUBAaeTCA pellleHVe HepaBeHCTB,
comepialllnux HEerM3BEeCTHOE 1104 3HAKOM MOAYJIA M CBOOAIIINXCHA
K PeIIeHHnIo JINHENHBIX HEePaBEHCTB N HNX CHCTEM.

1.1. HepaBeHcTBa mepBOil cTEeNeHU
C OJTHUM HEU3BECTHBHIM

Ilepens msyueHmeM 5TOr0 HMYHKTA KeJIATEJBHO IIOBTOPUTH
MaTepuaJ 7—8 KJacCcoB, CBA3AHHBIN C HMOHATHMEM MHOTOUYJIeHA
IepBOM CTelleHW, MOHATHE KOOPAMHATHON ocu, M300pakeHUe
YHCJIOBBIX IPOMEKYTKOB Ha KOOPAMHATHOM OCH, 3aTe€M BBIIOJI-
HUTH 3amaHusa 1—3.

Crour oTMeTHUTH, UYTO HepaBeHCTBO Bujga kx +b >0
(kx + b < 0), rne k£ # 0, Ha3LIBAIOT HEPAaBEHCTBOM IEePBOU CTe-
IeH’, TAK KaK B ero JIeBOM YacTH HaXOAUTCA MHOIOUJIEH IIep-
BOW CTeleHU.
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B o6bruHOM KJacce ydalliuecs TOJIKHBI OCBOUTH IIpejJa-
raeMbplii B mpumepe 2 y4eOHOTO TeKcCTa cmocold pelleHuA He-
paBeHCTBa TepPBOM CTeleHW, IMOHWMAaTh, UTO TaKoe pelleHue
HepaBeHCTBAa, UTO 3HAUUT PEIUTL HePaBEeHCTBO.

B kJacce ¢ yruiyOJIEHHBIM U3yUeHUEM MaTeMaTUKU MOKHO
TpeboBaTh O0OCHOBAHUSA CIOCO0A peIlleHUsd HepaBeHCTBa, KaK
9TO cAejaHO B mpuMepe 1 yueOHOro TeKcTa. ITOT CIOCO0 TOKa-
3aTeJIbCTBA HA3BIBAIOT PACCYKIEHUAMM C YNUCJIOBLIMHU 3HaUe-
HUSAMHN — OH HCIOJIb3YEeTCS U IIPU PEeIeHUU CJIOKHBIX 3amad.

PewweHna n kommeHTapum

9. MoxHO 1 yKasaThb:

a) HaumMeHbIIlee pelleHre HepasBeHcTBa x > 0;

B) HaUMeHbIIIee IIeJioe pellleHre HepaBeHCTBa X > —5;

r) HauboJbIllee Iiejoe pellleHre HepaBeHcTBa x < 1?

Pemenue. a) Hammenbiiee permreHue HepaBeHcTBa X > 0
yKasaThb HeJb3sd. Kcam yualuecs CUUTAOT WHaUe, HAAO BbIA-
CHITH, KaKoe pellleHre OHU CUNTAIT HaWMEHbIINM (HaIpu-
mep, 1), MOKasaTh, UTO €CTh OECKOHEUHO MHOIO APYIuUX pelle-

HUI, MEHBINIUX yKasaHHOTo. B HalieMm cJyuae 0‘2"1 =1

2
HOBO€ DpellleHrne HepaBeHCTBa (Hpouecc HaXOoXIaeHusda KOoop-

OUHATBI CepequHBbI OTPE3Ka MOKHO IPOI0JIKATh OeCKOHEUHO).
B) HauMeHbIIIM IIeJbIM peIIeHHEeM HepaBeHCTBaA X > —H
ABJISIETCA YUCIO —4.
r) HaubGosibimuMm 1eJibIM pellieHneM HepaBeHcTBa X < 1 aAB-
aserca ymciio 0.

3ameuvaHue. 31ech U gajiee MOYKHO IPUIAEPIKUBATHCS Ta-
KOro TOpPsAKaA paclipelesieHUs 3aJaHWil Ha KJacCHble W [0-
MallliHue. B KJjlacce pelraioTcs 3agaHusd a), B), O), ... (depes
OyKBY), a OoMa — OCTaBIIMecs 3aJaHusa. PasymeeTcs, ecu
TpebyeTcsi, TO U3 STOTO HpaBUJa AeJaIOTCA MCKJIIOUEHUS.

11. a) Pemure HepaBencTtBo x — 1 > 0.

Pemenue. a) x — 1 > 0, | +1

x>0+1,

x> 1.

Oteer. (1; +00).

3ameuaHue 1. Popmyaupysa IPaABUIIO «IIE€PEHECEM cJjara-
eMoe...», ydaluecs NOJIKHBI IMOHMMATb, UTO STUM KPATKUM
o0bsCHEHNEeM OHUM 3aMeHSIoT (pasy «copaBa W cjaeBa Ipuba-
BUM YMCJO...». UTOOBI JOOUTHCA MOHMMAHUSA MMEHHO BTOPOTO
00'bsICHEeHUs, IMOJIE3HO (PUKCHUPOBATHL CIIpaBa OT HepaBeHCTBAa
BBIIOJIHSIEMOE [eficTBUe (nmasee OyAyT U ApPyrue JIeHCTBUA).
Kpome mpouero, sTo ImOMOKET ydalllUMCS BOCCTaHaBJIWBATH
HOPSAMOK PEeIIeHUs IO CBOUM 3alUCIM.

3ameuaHue 2. O6paTuM BHUMaHMWe Ha (POPMY 3aIllUCHU OT-
BerTa. B yueOHUKe IMpaKTUUYECKU BCe OTBETHI 3allMICAHBLI B BUIE
YUCJOBBIX ITPOMEKYTKOB. HO eciin yYeHUK OCTaBJIAET OTBET B
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Bume x > 1 (saganme 11, a), TO 9TO HEAb3A CUUTATH OITUOKOM.
B mammHOM moco6um MBI OyIeM HCIIOJB30BATH 00e (DOPMBI 3aIlu-
CU OTBETAa, UYTO PEKOMEHAYEeM JAeJIaTh UM B TeTPalAX YUallluXCsd.

14. 6) Pemure HepaBeHCTBO X + % < 199.

Pemenne. 6) x + % <199, |- %
1

x < 1994 i

x < 1983.

OtBer. x < 198%.

16. a) Pemure HepaBeHCTBO 2x > 4.
Pemenue. a) 2x > 4, |: 2

x > 2.

OtBer. x > 2.

25. a) Pemure HepaBeuctso 0,3x — 20 < 0.

Peurenue.

a) 0,3x—20<0,|+20 90\ 200

O,3x<20,|:0,3 20 : 03—————66—
0,3 3

x < 66%.

OtBer. x < 66% .

3ameuaHne. Briunmciienusi, HeoOXOAUWMEBIE [IJSA PeEINeHUd
HepaBeHCTBA, MOJKHO JejlaTh CIpaBa OT CTOJOIIa C 3aIluChIo
pellleHus, OTAEJUB UX BEPTUKAJBHOMN UepTOoi.

1.2. IlpumeHeHue rpa(MKoB K pelIeHUIO0
HEepPpaBEHCTB HepBOﬁ CTeIIeHNu C OJHMM HEeMU3BEeCTHBIM

Ilepen wmayueHMEeM MaHHOTO IMYHKTA JKeJaTeJIbHO IOBTO-
pUTH mOCTpoeHUWe rpadmKa JIMHEHHON (PYHKIIUUM B AeKapPTOBOU
crucTeMe KOOPAMHAT II0 ABYM TOUYKAM, BBIIOJHUTL 3agaHusa 26
u 27. KenateabHo, UTOOBI yUaIl[eCsd OCBOUJIU U0 PeIleHUs
HepaBeHCTB f(x) > 0 u f(x) < 0 moKa mya JUHEHHON (GQYHKIUU
f(x). 9To mMOMOKeT B maJIbHEIHIIIeM OCBOUTH IIPMMEHEHUue rpa-
(GUKOB K pEIIeHUI0 HEePaBEeHCTB U OJA APYrux (QpyHKIui f(x).

3apaHua ana noBTopeHus. Ilpu usyuyeHUu JaHHOTO ITYH-
KTa MOKHO HCIoJib3oBaTh 3amanua 1010, 1015 (a—s).

PeweHns n kommeHTapum

29. PemuTe HepaBeHCTBO, HCIIONL3YSA IpaduK JTUHEHHOMN
QyHKIUU:

e) —%x+5<0; %) 400x + 100 > 0.
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a) ¥4 6) yi/
100
~ /
50 T~ 1/
~ 4
(0) 5 110 15~ % (0) x
HREN /
Puc. 1
Pemenune. e) Iloctpoum rpadpmk (GyHKIUU Yy = —lx—l- 5

3

no aeym Toukam (0; 5) m (15; 0) (puc. 1, a). Onpemenum 10
rpadpury, uro y < 0 mpu Bcex x > 15.
sk) ITocTtpoum rpadur dysarnuum y = 400x + 100 mo aBym

Toukam (0; 100) u (—i; 0) (puc. 1, 6). Oupenenum 1o rpadu-

Ky, uTo y > 0 mpm Bcex x > —i.

OtBert. €) (15; +0); k) (—i; +00).

3ameuanuve. B saganuu 29 nokasaHo NpuUMeHEHUE IIPAMO-
YTOJILHOII NEKapTOBOUM cucTeMbl KoopamHaT (cMm. puc. 1, a) u
OPAMOYTOJBHOM CHUCTEMBI KOOPAWHAT, KOTOPAas He SABIAETCSA
mexaproBoit (cMm. puc. 1, 6). B o6oux cayuasgx ocu KOOPAHU-
HAT NEePIeHAUKYJADPHBI, Hauaja oceil KOOPAWHAT COBIIAAAIOT,
HO B IIEPBOM CJIyYyae eIWHWYHBIE OTPEe3KU II0 OCSAM paBHBI, a
BO BTOPOM HET.

1.3. JInueiinbie HepaBeHCTBA C OTHUM HE€HU3BECTHBIM

B maHHOM OyHKTE BBOAUTCA IMOHATHE JIMHEHHOTO HepaBeH-
CTBA C OJHUM HEM3BECTHBIM X — OTO HEPaBEHCTBO, JeBasd U
mpaBas YacTH KOTOPOTO MHOTOUJIEHBI CTEIIEHU He BBIIE IIEePBOM
uau yucyaa. [losaToMy cHavaJja HaAO MMOBTOPUTH IMMOHATHE CTeIe-
HU MHOTOUYJIEHA, PACCMOTDPEB, HAUPHMep, MHOTOWICHbI 3x +5
(nepBas cremens), 3x> + bx — 7 (Bropas cremens), Ox + 2 (Hy-
JieBasi cTemneHb). HaloMHUM, YTO CTEIleHb HyJIEBOTO MHOTOUJIe-
Ha, T. e. unciaa 0, He ompexmenena (0 = Ox' = 0x? = ...).

Jlajee BBOAATCA TOHATUS UYJeHA HEPABEHCTBA, PEIIeHU
JUHENHOro HepaBeHCTBa. B 00BIUHOM KJiacce OyaeT mgocTa-
TOYHO, €CJU ydJalllhuecs B3aloOMHAT W OyAyT HPaBUILHO MPU-
MeHATH ImpaBuja 1—4 1nis pellleHUs] HEPABEHCTB, a B KJacce
Cc yriyOoJEéHHBIM M3YUEHMEM MaTeMATHUKHN YYalllhuecs JOJIMKHBI
HAYYUTHhCs 000CHOBBIBATH 9THU IIPABUJA C IIOMOIIBIO PaCCYsKAe-

HHUI C UMCJIOBLIMHM 3HAUEHUAMH! (KaK IIPU pPeIleHruy HpuMepa
1 u3 m. 1.1.).
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Wror mayueHuss SAHHOTO IIYHKTA HOJIMKEH OBITh TAKOB:

JIro00e snHEHOe HepaBeHCTBO IIOCJe IIpeodbpasoBaHus Oy-
IeT UMeThb BUJ

1) kx +b >0 unu 2) kx + b < 0.

Ecnu k£ # 0, To HepaBeHCTBO SABJISIETCS HEPaBEHCTBOM IIep-
BOM CTemeHU M pellraeTcs, Kak ImokasaHo B m. 1.1.

Ecau k=0 u b =0, To ob6a HepaBeHcTBa 1) u 2) He uMe-
IOT pPeIleHunH.

Ecau k=0 u b > 0, To g1000e X sABJIsIETCS peIlleHreM He-
paBeHcTBa 1), a HepaBeHCTBO 2) He MMeeT PeIleHUN.

Ecam k=0 u b <0, To HepaBeHCTBO 1) He MMeeT pelie-
HUIi, a pellleHueM HepaBeHCTBa 2) ABJAETCA Ji00oe X.

B kjacce ¢ yrayOJ€HHBIM HM3ydYeHHEeM MaTeMaTHuKU Halo
00 IUAAKTUYECKHM MaTepuajaM HayUYUTh yUYaIllUXCA pelaTh
JuHeNHbIe HepaBeHcTBa ¢ mapamerpom (C—2%).

3apaHua anga noBTopeHusa. Ilpu naydyeHUM TaHHOTO ITYH-
KTa MOYKHO HCIIOJIL30BaTh 3amanue 997.

PewweHnsa n kommeHTapum

42. a) lokakuTe, UTO JaHHOE HEPABEHCTBO PaBHOCUJILHO

JUHEeMHOMY HepPaBEeHCTBY, M HaWINTE BCe €ro peIlneHud:
x(2 —x)< (B —x)(3 + x).

Pemienne. IlpumMeHUM K JaHHOMY HEpPaBeHCTBY IIpeobpa-
30BaHUA, B Pe3yJabTaTe KaXKJOT0 M3 KOTOPBIX ITOJydYaeTcd He-
PaBeHCTBO, PABHOCUJIBHOE HCXOTHOMY.

x(2—x)<(3—x)(3+ 2

2x — x2 < 9 — x?,

2x < 9,

x < 4,5.

JluneiiHoe HepaBeHCTBO X < 4,5 U PaBHOCUJIBHOE €My HUC-
XOJHOe HepaBEeHCTBO MMEIOT MHOMKECTBO pelleHuii (—o°; 4,5).

OtBet. (—©; 4,5).

3ameuvaHue. B mpuBe€HHOI BBIINIE 3alIMICU KaXKJ0€ CJIEAY-
IoIllee HEPABEHCTBO PABHOCUJIBHO BCEM IIPEABIAYIIIUM HEpaBEeH-
CTBaM, CJIelOBAaTeJIbHO, IIOCJIe[HEe HEPaBEHCTBO PABHOCUJIBHO
MCXOOAHOMY. 3IeCh MBI CUMTAEM, UTO PABHOCUJIBHOCTH TAKUX
mepexomoB MoKa3aHa paHee. Ho mokasaTelbCTBO MOKHO IIPO-
BecTu 6e3 CCBLIKM Ha paHee M3yYeHHBIE (PAKTHI C ITOMOIIIBIO
pacCcyXAeHUN C YMCJIOBLIMU 3HAUEHUAMMU.

1) Ilycte umcao x, — pellleHUe HMCXOAHOTO HepaBeHCTBA,
TOT[Ia BEPHO UYMCJIOBOE HEPABEHCTBO

xo(2 — xp) < (3 = x0)(3 + xy).
B o6enx 4acTsX BEPHOI'0 YMCJIOBOIO HEPABEHCTBA IIPUMe-

HUM pPAaCIpeIeNTeJIbHBIA 3aKOH, IOJYYMM BEPHOE UYHCJI0BOE
HEPaBeHCTBO

2x— x5 <9— xp. |+ x2
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CnpaBa 1 cJjieBa HpI/I6&BI/IM OOHO W TO € YHUCJIO xg, II0-

JIydUM HOBO€ BepPHOE YHCJIOBOEe HePaBeHCTBO 2x, < 9.

Hakomner, pasgejuM o00e Y4acTH BEPHOI'O UYMCJIOBOTO Hepa-
BEHCTBA Ha 2, MOJYYUM €II€é OJHO BEpPHOE UMCJIOBOE HepaBeH-
cTBO X, < 4,5.

Wrak, eciu x, — pellleHHe KHCXOALHOI'O HEPAaBEHCTBA, TO
OHO ABJISETCA pellleHueM HepaBeHcTBa X < 4,5.

2) IIpoBensa paccy:kIeHus B OOpaTHOM MHOpPAAKe, yOemmuM-
csd, UTO eCJIM YHCJIO X, — DpellleHWe HepaBeHcTBa X < 4,5, TO
9TO UYWCJIO ABJIAETCA PellleHreM HCXOAHOTO HepaBeHCTBA.

Urak, a1060e pellleHre MCXOJHOT'O HEPaBEHCTBA SABJISETCS
perreHueM HepaBeHCTBa X < 4,5, a Jro06oe peleHWe HepaBeH-
crBa x < 4,5 sABJAeTCA peIlleHHeM MCXOLHOTO HepaBeHCTBA,
CJIeIOBATEJIbHO, 9T HEPABEHCTBA PABHOCUJILHBI.

43. a) Pemmre mepaBenctso *— 1 < 1.

Pemenue. % <1,|-3

x—-1<3,]+1
x < 4.

OtBer. (—00; 4).

44. MosxeT i1 HEPaBEHCTBO IEPBOU CTENEHU C OAHUM He-
W3BECTHBIM: a) OBITh BEPHBIM IPU JIOOOM 3HAUEHUU HEU3BECT-
HOT0; 0) He MMETh pPeIleHUi?

Pemenue. a) HepaBeHCTBO mepBOIl CTeleHU C OOHUM He-
MU3BeCTHBIM X mMeeT Bugng kx +b >0 uau kx + b < 0, 3mecs
k # 0. Cuauasma paccMmoTpum caydair k& > 0.

HepasenctBo kx + b > 0 (kB > 0) paBHOCUJIILHO HEPaBEHCT-

b .
BY X > _; . Ho aTo HepaBEeHCTBO II€PBOM CTEIIeHNW C OJHNM He-

W3BECTHBIM, OHO He MOMKeT OBITh BEepHBIM IIpu Jirobom x. Ha-

b
IIpuMep, YMUCJIO —% — 1 He ABIAETCA €ro penieHnueM.

HepasenctBo kx + b < 0 (¢ > 0) paBHOCUJIBHO HEpPaBEHCT-

b .
By X < e Ho sT0 HepaBeHCTBO mepBOH CTelleHU C OQHUM He-

W3BECTHBIM, OHO He MOJKeT ObITh BEPHBIM Ipu JgoboMm x. Ha-

b
npuMep, YHCIo — - + 1 He ABJAETCA €ro pPelIeHUEM.

AHaJorMYHO MOMKHO paccy:kngatb m npu k < 0, ciemosa-
TeJbHO, HEPABEHCTBO IIEPBOU CTEIIEHW He MOJKET ObITb BEPHBIM
Oopu Jir000M 3HAUEHWUM HEW3BECTHOTO.

0) N3 paccy:kIeHU#l B 3aJaHUU a) CJEAYET, YTO HU IIPHU
Kakux b m k # 0 HepaBeHCTBO TEPBOM CTEIEeHU He MOKEeT He
UMeTh PEeNIeHnH.
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45. MoskeT Jii JIUHEHHOe HePaBeHCTBO C OJHUM HEN3BeCT-
HBIM: a) OBITh BEPHBIM IIPU JIOOOM 3HAYEHUU HEU3BECTHOTO;
0) He MMeThb peIleHun?

Pemenne. a) JIuneiinoe HepaBEHCTBO MOYKET OBITH BEPHBIM
nopu JiroboM B3HaueHHMM X. IIpuBeném mpumMep: HEPaBEHCTBO
Ox > —1 BepHO IIpu JIIOOOM 3HAUYECHUU X.

0) JIumeiiHmoe HepaBeHCTBO MOJKET He HNMETL pPeIleHUi.
ITpuBeném nmpumep: HepaBeHcTBO Ox > 1 He mMeeT peIlIeHUN.

ITpome:xyTounblii KOHTpOoab. C—1, C-2%,

1.4. CucTeMbl JUHEHHBIX HEPABEHCTB
C OJHUM HEU3BECTHBHIM

B manmHOM NIyHKTE BBOAUTCS IOHATHE CHUCTEMbI JIHHEH-
HBIX HEPaBEHCTB C OJHUM HEM3BECTHBIM X U OOBICHSETCH,
YTO 3HAYUT PEHIUTh CUCTeMY (HaliTM MHOYKECTBO BCEX perle-
Hull gaHHOI cucTteMbl). Ilepen o0bscCHeHMEeM HOBOT'O MaTepua-
Jla TI0JIe3HO TOBTOPUTH M300pakKeHUs YMCJIOBBIX MHOYKECTB Ha
KOOPAMHATHON HOpAMOI M HaXOMKIEeHUEe IIepeceueHUus UUCJO-
BBIX TPOMEKYyTKOB. sKesaTesibHO, UTOOBI KasKIBIN ydaluiica
HAYYMJICS PelIaTh CHUCTEMBI JUHENHBIX HEPABEHCTB.

B kJsacce ¢ yrayO0JaE€HHBIM M3YyUYeHUEM MaTeMATUKU HAIO0
HAYYUTH YUAIUXCA PeIlaTh CUCTeMbl JIMHENHBIX HEePaBEHCTB
¢ mapamerpom (C—4%).

3apaHua ang noBTopeHus. Ilpu nsydyeHUM TaHHOTO ITYH-
KTa MOYKHO MCIIOJIb30BaTh 3amaHme 1082.

PeweHna n kommeHTapum

56. a) HaiimuTe Bce X, OIS KaKIOTO M3 KOTOPHIX 3HAUEHIE
dyHrIun y = 2x — 3 OoJibllle 3HAYeHUA PYHKOUU Yy = —x + 4.
Pemenue. PemntuB HepaBeHCTBO

2x — 3 > —x + 4,
7 7
HOJYyYHM, UTO X > 3 Wrax, masa xakgoro x > 3 SHauenue

dyarIUn y = 2x — 3 OoJibllle 3HaUeHUA QYHKOUM y = —x + 4.
57. a) Halizure Bce X, Iad KaKIOTO M3 KOTOPBHIX (YH-
Knuu y = 3x u y = 1 + X ofHOBPeMEHHO NMPUHUMAIOT OTPHUIIA-
TeJbHble 3HAUEHUS.
Pemenue. PenmuB cucremy HepaBeHCTB

3x <0,
1+x<0,
HOJIyUYMM, YTO €€ pelreHusaMu OyayT Bce x < —1. Urar, mada

Kaxxgoro x < —1 ¢pyurnuu y = 3x u y = 1 + x 0qHOBpPEeMEeHHO
OPUHUMAIOT OTPUIlAaTEeJIbHbIe 3HAUEHU.

ITpome:xkyTOouHBIiT KOHTPOJab. C—3.
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1.5. HepaBeHcTBa, comepskaliie HeM3BECTHOE
MO/, 3HAKOM MOYJISA

B pmamHoM mIyHKTE pasoOpaHO HECKOJbKO CIOCO0OB pe-
IIeHns HEePaBEHCTB, COMEPIsKAIUX HEM3BECTHOE II0J 3HAKOM
moxnyas. Ilepen oO0bsiCHeHMEM HOBOTO MaTepuaja II0JEe3HO II0-
BTOPUTHL OIIpeJeieHrne MOAYJs UMHCJIa, MOCTPOeHHe rpaduKoB
dyarmuit y = |x|, y =|x —a|, y = |x — a| + b. lamee B yuebun-
Ke paccMaTpPUBAIOTCS HNPUMEPhI PeIleHus HepaBeHCTB (0T mpo-
CTOTO K CJIOJKHOMY):

lx| <8, |x|>5, |[x—38/<4, [2x—-38|>3, |2x]-5|<4,
lx + 2| < 0,5x + 4.

3apaHua onga noeTopeHud. Ilpu usyueHnu SAHHOTO IIYH-
KTa MOKHO HCIIOJIb30BaTh 3azaHusa 1075—1078.

PeweHns n kommeHTapum

67. Pemure Hepasencrso: a) |2|x| — 3| > 5; B) |2|x| — 3| < 5.

Pemenune. a) I cnoco6. MHOXKeCTBO peIlIeHWIl HepaBeH-
ctBa |2)x| — 8| > 5 ecTh MHOMXecTBO Bcex X, Y/IOBJIETBOPS-
IOIUX MaKM HepaBeHcTBY 1) 2|x| — 8 > 5, mam HepaBeHCTBY
2) 2|x| — 8 < —5. PemuB HepaBenctBa 1) u 2), Hamo o0benu-
HHUTh MHOYKECTBA WX PEIIeHUIA.

HepasencTso 1) paBHOCHJIBLHO HepaBeHCTBY 2|x| > 8, mHo-
JKeCTBO €ero pellleHuil ecTb Oo0bequHEeHUEe IIPOMEKYTKOB
(=00; —4) n (4; +0).

HepasencTBo 2) paBHOCHMJIBHO HepaBeHCTBY 2|x| < —2, ko-
TOPOEe He MMeeT PeIleHUH.

CiemoBaTesibHO, BCe PEIleHus MCXOJHOI'0 HepaBeHCTBa CO-
CTaBJIAIOT MHOMKECTBO (—00; —4)U (4; +00).

IT cnoco6. Tloctpous rpadpuru Gyarmuit y = |2|x| — 3| u
y = 5, HaliéM Bce 3HAUYEHUS X, IJA KaXAOIO0 U3 KOTOPBIX
TOUKHN IIePBOTO TrpadUKa PacIoJOKeHbI BBIIIIEe TOUEK BTOPOTO

rpadpukra (puc. 2, a). Ilomyuum TO Ke MHOMKeCTBO (—o0; —4)U
U (4; +0).

AN\ | || [Yhy=[2ld-3] | N\ | | ¥4 y=]2lx-3]
y=5 y=>95
3 3
1 1
1 ol 1 1 x | -4 ol 1 1|
Puc. 2
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B I cnoco6. MHOXeCTBO peIlleHUI HepaBeHCTBAa
|2/x| — 8| < 5 ecTh MHOKeCTBO BceX X, Y/IOBIETBODPAIOIIUX
IBOHHOMY HepaBeHCTBY —b < 2|x| — 8 < 5, mam, uTo TO e ca-
Moe, cucTeMe HepaBeHCTB:

2|x| - 3 > -5, O
2)x| - 3 <5.

Cucrema (1) paBHOCUJIBHA CHUCTEME
|x| > -1,

2] < 4. @

Pemmenuem mepBOro HepaBeHCTBA CUCTeMbI (2) sABJIsAETCS
g060e YUCJIO0 X, MHOYKECTBO peIleHUU BTOPOTO HepaBeHCT-
Ba cucteMbl (2) ecth umHTepBaa (—4; 4). IlosTomy MHOKecCT-
BO pelleHuii cucrtembl (2) U PaBHOCHUJIBHOTO €il HepaBeHCTBa
|2lx| — 8| < 5 ecTs mwHTEepBaN (—4; 4).

II cnoco6. Tlocrtpous rpabuku Gysxnuit y = |2|x| — 3| u
y = 5, HaléM Bce 3HAUEHUS X, I KaKIOTO U3 KOTOPBIX
TOYKHN IIEPBOTO TpaduKa PACIOJIOKEHBI HUMKEe TOUEK BTOPOTO
rpaduka (puc. 2, 6). ITonryuum To Ke MHOXKecTBO (—4; 4).

Oteer. a) (—©; —4)U (4; +00); B) (—4; 4).

68. PemiuTe HepaBeHCTBO:

a)lx—38/>x+1;B) |x—3 <x+1.

Pemenue. IIpu pemreHnm Ka'kaOro HepaBeHCTBA PaCCMO-
TPUM TPU CJIayYasd:

x=3,x>3, x<3
u 00beIMHUM BCe HalifleHHbIe PeIIeHIsd.
a) OueBUAHO, UTO YUCIO 3 He SBJIAETCS PeIleHueM HCXOJ-
HOTO HEepaBEeHCTBA.
Bce ocraabubie penmieHnsda HMCXOAHOI'O HepaBeHCTBa dABJIA-
IOTCS PeIeHUsIMU:

x > 3,

Uau cucreMmsl 1) {x 3> x+1

x <3,

UJIN CHUCTEeMBI 2) {—x +3>x+1

Cucrema 1) He mMeeT penieHuil, cucreMa 2) UMeeT MHO-
JKeCcTBO pelreHui (—oo; 1).

CienmoBaTeabHO, MCXOJHOE HEPABEHCTBO MMEET MHOKECTBO
pemreHu#i (—oo; 1).

B) OueBUHO, UTO UMCJIO 3 SABJSAETCSA PEIIeHWeM MCXOIHO-
To HepaBeHCTBA.
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Bce pemenua x # 3 MCXOAHOTO HEPABEHCTBA SBJIAIOTCA
peleHusIMn:

x >3,
x—3<x+1,

x < 3,
—x+3<x+1.

WIN cucTeMbl 1) {

UJIN CUCTEeMBbI 2) {

Cucrema 1) mmeeT MHOIKECTBO peleHui (3; +00).

Cucrema 2) umeer MHOKecTBO perrnenuii (1; 3).

O0begUHUB Bce HalileHHbIE PEIIeHUs, MOJYUYUM, UTO HC-
XOJHOEe HepaBEeHCTBO MMeeT MHOKecTBO permeHui (1; +o0).

OtBet. a) (—o0; 1); B) (1; +00).

3ameuvanue. ToT Ke pe3ybTaT MOKHO MOJYYUTD, UCIIOJIb-
3ya rpaduku Gynrmuit y = |x — 3| u y = x + 1.

69. Ilpu Kakmx 3HAUEHUSAX a4 HEPABEHCTBO:

a) |2x — a] < x + 1 He umeer pemeHuii;

6) [3x — al > 83 — 3x umeer mMHOMecTBO pemrenuii (1; +00)?

Pemrenne. a) Pasgenum obe yacTy MCXOJHOTO HEPABEHCTBA
Ha 2, IOJYYUM PABHOCUJIBHOE €My HepPaBEHCTBO

a1 1
| 2|< ST 5.

Cuavajsia moctpouM rpadur ¢QyaRIIu Yy = g(x), rIOe

g(x) = %x + %, OH IepecekaeT ocbk Ox B Touke c abOcIiimccoin
x=-1 (puc. 3, a). 3arem mnocTpouM Trpadur G(yHKIUU
y = f(x), toe f(x) = |x — §| IS % =-1, 1. e. g1a a = —2 (cM.

puc. 3, a). B aToMm ciiyuae MCXOZHOE HEpPaBEHCTBO HE WMeEET
peleHui#, TakK KaK [Jsd J00T0O X BepHO HePaBeHCTBO
f(x) > g(x).

Ecnu a < —2, To BepiImHa yria, ABJISIONIErocsa I'PadUKOM

dyurnum y = f(x), HaxoauTcsa Ha ocu Ox jgeBee TOUKU X = —1

a) | Yl 6) Y] ) [ |94 [ ] ]
y = f(x), y=1(x), y=1[(x),
a=-2 a<-2 a> -2

1 1 1

y= )
y=8(x) y = g(x) Y gj(;,
1ol | | [x “1 o] | x ~1]0 x
Puc. 3
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a) yr 6) Y B) 28 EN
1 1
o] 1 x ol I\ «x o] I\ |«
Yy = 8(x) y =8(x) y=g(x)
Puc. 4

(puc. 3, 6). B saToM ciaydae MCXOAHOEe HEPaBEHCTBO He MMeEeT pe-
IMIeHU#, TaKk KaK IJd JI000ro X BepHO HepaBeHCTBO f(x) > g(x).

Ecau e a > —2, TO BepIIMHA yrJja, SIBJSOIIEroca Ipa-
durom dpysrnuum y = f(x), Haxomurcsa Ha ocu Ox mpaBee TOU-
ku x = —1 (puc. 3, 8). B aTrom ciyuae McxXomgHOe HepaBEHCTBO
HMeeT peIlleHns — BCe X, 3aKJIOUEHHBIE MEXXIYy abcliuccaMu
TOUeK IepeceueHuss rpaduxkoB. HaxomauTs 5TH pelieHus He
TpebyeTcs.

Hrak, mpu a < —2 HepaBeHCTBO |2x — a| < x + 1 He uMeeT
peIeHuni.

0) Pasmenum obe yacTu MCXOAHOTO HEepaBeHCTBa Ha 3, IIO-

a
JyYMM PaBHOCUJIbHOE eMy HepaBeHCTBO |x — §| >1-—x.

Crauasia mnoctpouMm rpadur QysHKIIU Y = g(x), TrIe
g(x)=1—-x, ou mepecekaeT ocb Ox B TOUKe C abOCIIHCCOI
x =1 (puc. 4, a).

3arem moctpoum rpadukr GyHKmum y = f(x), rme f(x) =
=|x— §| TS % =1, 1. e. n1a a = 3 (cMm. puc. 4, a). B sTom
caydae HCXOAHOE HEPaBEeHCTBO MMeeT MHOKECTBO peIleHUH
(1; +o0), Tar Kak guaa Job6oro x > 1 BepHO HepPaBEHCTBO
f(x) > g(x).

Eciu a < 3, To BepiiuHA yrJja, ABJIAIOIIETOCA IPa@UKOM
dbyuarmuu y = f(x), HaxoxzuTca Ha ocu Ox jeBee TOUKH X = 1
(puc. 4, 6). B sToM ciriyuae mMeIOTCs peIlleHUs HepaBEeHCTBA
f(x) > g(x), He BxXomsamue B wuHTepBan (1; +00), Hanpumep

a 1
YymceJia U3 IPOMEXKyTKa (E + 35 1}

Ecnu e a > 3, ToO BepIlMHA yIJja, ABJISIOINIETOCSa rpadu-
KoM dyuKnuu y = f(x), Haxogurcsa Ha ocu Ox TpaBee TOUYKU
x=1 (puc. 4, 8). B sTOoM ciyyae wHCXOIHOE HepPaBEHCTBO
f(x) > g(x) BBIIONMHAETCA OJisA JIIOOBIX X, T. €. MHOYKECTBO pe-
IIeHU# MCXOJHOTO HEepaBEeHCTBA — WHTEpBaJ (—00; +090),

Wrak, JuII, TPU a = 3 HepaBeHCTBO |[3x —a|> 3 — 3x
nMeeT MHOKecTBO perrmeHuit (1; +00).

Oreer. a) Ilpu a < —2; 6) ipu a = 3.

IIpome:xyTOUHBIiT KOHTPOJIb. C—4%,
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§ 2. HepaBeHcTBO BTOPOM CTENEHMU
C OAHMM HEU3BECTHbIM

OcHoBHOEe HasHaueHMe BTOPOro maparpada — obOyueHue
IIKOJbHUKOB PEINeHNI0 HEePABEHCTB BTOPOI CTEIEHW C OJHUM
HeusBecTHbIM. CHauajia BBOAHNTCA IIOHATHE HepaBeHCTBa BTO-
pOﬁ CTelleHn C OJHMM HEeN3BECTHBIM, IIOKa3bIBa€TCdA IIPMMEHEe-
HUe rpapUKOB K PEIIeHUI0 HEPABEHCTB. 3aTeM II0CJIeI0BaATEIb-
HO H3y4YaeTCdA pPellleHre TaKMX HePaBE€HCTB C IIOJIOKHUTEJbHBIM
OUCKPUMUHAHTOM, AUCKPUMWHAHTOM, PAaBHBIM HYJIO, OTPU-
aTeJbHBIM AUCKPUMUHAHTOM. Jlajee paccMaTpUBAIOTCS He-
DaBeHCTBAa, CBOAAIIMECS K HEPaBEeHCTBAM BTOPOIl CTEIeHU C
OOHUM Heus3BecTHBIM. Ilo-mIpesKHeMY paccMaTPHUBAIOTCS TOJIb-
KO CTpOTue HepaBeHCTBA.

2.1. IloHsATHE HEepaBEHCTBA BTOPOIl CTENEHU
C OJHUM HEU3BECTHBIM

B sToM myHKTe BBOAUTCA IIOHATHE HEPaBEHCTBA BTOPOM
CTEeIIEHW C OJHUM HEM3BECTHBIM. JTU HEPABEHCTBA HA3BIBAIOT
TaK TOTOMY, YTO B JIEBOM WX YACTU CTOUT MHOTOUJIEH BTOPOI
CTeIleHW ¢ HeudBeCcTHBIM X. OTMeTHMM, YTO 39TU HepaBeHCTBAa
Ha3bIBAIOT eIlé KBaApaTHBIMU. BBomuTcsa HeoOXxogumas Tep-
MUHOJOTHUSA, O0OBACHSETCS, UTO 3HAYUT PEIIUTL HepPaBEHCTBO
BTOPO¥ CTEIlEHW C OOJHUM HEM3BECTHBIM, COOOIIaeTcs, YTO IIPU
pelieHruy HEPABEHCTB BTOPOM CTEIIEHU HCHIOJIB3YIOT YTBEPIKIe-
HuA 1—4, chopmynupoBanHbie B m. 1.3. B 0OBIUHBIX KJac-
cax 9TOT (PAKT IPOCTO COODIAeTCs, B KJacCe C yIJIyOJIEHHBIM
u3yuyeHueM MaTeMaTHWKH! 5TO HAAO0 AOKasaTb. 3[IecCh Ke IoKa-
3BIBAeTCs, UTO JIf000e HepaBeHCTBO BTOPOI CTEIeHW C OTpHUIla-
TeJTbHBIM KO3(MMUIMEHTOM IPHU X° PABHOCUIHHO HEPABEHCTB
BTOPOU CTEIEHU C MOJOMKUTEJIbHBIM KOd(MUIIMEHTOM HpU X°,
YTO TO3BOJAET B AaJbHEHIIeM paccMaTPUBATHL TOJBKO Hepa-
BEHCTBA BTOPOI CTEIeHUW C ITOJOKUTEJIbHBIM KO3(p(HUuIImeHTOM
opu x°.

3apaHua ana NoBTOopeHus. Ilpu usyuyeHUHM TaHHOTO IIYH-
KTa MOMKHO HCIIOJIb30BaTh s3azanusa 1053, 1054, 1056, 1057.

PewweHna n kommeHTapum

73. a) BpruucianuTe ZUCKPUMHUHAHT HepaBEeHCTBA

x® - 7x + 10 > 0.
Pemenne. BeruncauM AUCKPUMUHAHT HepaBEeHCTBA
D=b"-4ac=49-4-1-10=09.

76. a) Hamuimure HepaBeHCTBO C IIOJOKUTEIBHBIM K03(h-

duIMeETOM NIpU X°, PABHOCUIbHOE HEPABEHCTBY

—x2+5x+7>0.
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Peurenne. YMHOKUB MCXOJHOEe HepaBeHCTBO Ha (—1), mo-
JYYUM PABHOCUJIBHOE €My HEePaBEHCTBO C IOJOYKUTEJIbHBIM KO-
appunuentTom npu x%:

—x>+bx+7>0, ]| (-1)
x> —5x—7<0.

77. a) Hanummure HepaBeHCTBO ¢ Koa(pduiirmenTom 1 mpu
x%, paBHOCHUIbHOE HEPaBEHCTBY —%xz +3x—-5>0.

Pemenue. YMHOXUB HCXOMHOE HepaBeHCTBO Ha (—2), mo-
JYy4YUM DaBHOCUJBHOE €My HepaBeHCTBO ¢ KoaddummeHTom 1
mpu x2: 1 s
—5 X +3x-5>0, |- (-2)

x2—6x+ 10 < 0.

2.2. HepaBeHcTBa BTOPOI CTENEHU
C IOJIOKHUTEJIbHBIM NUCKPUMHHAHTOM

Ilepen wmsydyeHmeM OAaHHOTO TYHKTA CJEIYeT HTOBTOPUTH
n3o0paskeHre YHCJIOBBIX IIPOMEKYTKOB Ha KOOPAWHATHOM ocu
u rpapuK KBaApPaTUUYHON (PYyHKI[WH.

B manHOM myHKTe paccMaTpuBaeTcd pellleHle HepaBeHCTB

Dax*+bx+c>0 u 2 ax*+bx+c<0

upu ycaoBuax a > 0 u D = b% — 4ac > 0. IIpu stux ycaoBHAX
JIeBYIO YaCTh HEPABEHCTBA MOJKHO PAa3JIOKUTh HA MHOYKUTEJH,
a Tak Kak a > 0, To HepaBeHcTBa 1) 1 2) PaBHOCUJBHBI COOT-
BETCTBEHHO HepaBeHCTBaM

(x—x)x—x)>0 m (x—x)(x—x,)<0,
roe X; U X, — KODHM TpéxuieHa ax® + bx + c.

YuursiBasg, 4TO cJaydail X; = X, HEBO3MOXKEH, TaK Kak
D > 0, ormeTuM KOpHU X; U X, Ha KOODAWHATHON ocu (cyu-
Tag, 4To X; < X,), OIIPeNeJINM 3HAK JEeBOU YaCTH HepaBEeHCTBA
Ha KajKJAOM U3 MHTepBaJOB (—0; x,), (X5 X,), (x4 +00) u 3a-
noumnieMm orBeT. OTMmeTHM, UTO Aysa a > 0 uepegoBaHUEe 3HAKOB
«+, —, +» Ha MHTepBajax OOBACHSIETCS TEM, UTO:

1) ectu x > x5, TO U3 HEPABEHCTB X > X, U X, > X; CJe-
ayeT, 4To x > x4. lloaromy (x — x{)(x — x,) > 0;

2) ecmu x; < x < x5, TO W3 HEPABEHCTB X < Xy U X > X3
caenyet, 9To (x — x{)(x — x,) < 03

3) eciim x < x;, TO U3 HEPaBEHCTB X < X; U Xx; < X, CJe-
oyeT, uTo X < X,. lloaTomy (x — x{)(x — x,) > O.

Hajee mokasbIBaeTcs IpUMeHeHUWe rpaduKoB KBaapaTUy-
HOIl (PYHKINM K PeIIeHnI0 HepaBeHCTB 1) u 2).

3apaHua ana NnoBTopeHus. Ilpu usyuyeHUu JaHHOTO IIYH-
KTa MOJKHO HCIIOJIb30oBaTh 3amanue 1084 (a, 6, m, e).
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a) + - + PeweHua U KOMMeHTapuu

82. CocraBbTe HEpaBEHCTBO
BTOPOM CTEIleHW C OJHUM HEeU3-
BECTHBIM, BCE€ PeIleHuA KOTOPOTO
B) | B N OTMEYEHbl Ha PHUCYHKe 5 1mrpu-

XOBKOIA.
Pemenue. a) HepagBesncT-

-3 -1 BO MOJKHO 3alucaTbh WJIN B BUAE

Puc. 5 (x - 2)(x—-5)<0, umu B BUAE
- 7x + 10 < 0.
B) HepaBencrso MO}KHO 3anucarThb Ui B BUIE

(x = (=3)(x - (1)) > 0,

x2+4x + 3> 0.

88. a) Pemure mepasenctso 0,5x% — x < 0.
Pemelme. HcxonHoe HepaBeHCTBO PABHOCUJIBHO HEpPaBeH-
cTBY x° — 2x < 0, KOTOPOe MOIKHO IIE€PelncaTh B BUJE

x(x —2)<0,
MHOK€ECTBO PeIlleHnil IIOCJIeTHEero HepaBeHCTBA €CTh MHTepPBaJl
(0; 2). CmemoBaTesIbHO, MCXOJHOE HEPABEHCTBO HMEET Te JKe
peleHus.
Oteer. (0; 2).
91. a) PemruTe HepaBeHCTBO
0,25x* — 4x + 12 > 0.

PemeHue. HcxomHoe HepaBeHCTBO PABHOCUJILHO HEpaBeH-
ctBy x2 — 16x + 48 > 0, KOTOpPOE MOJKHO IepenucaTb B BUZE
(x —4)(x — 12) > 0, MHOXKeCTBO peIIeHWil IOocJIeqHEero Hepa-
BEHCTBA €CTh O0beqUHEeHNe HMPOMEKYTKOB (—00; 4)U (12; +00).
CremoBaTelbHO, MCXOMHOE HEPABEHCTBO MMEET Te Ke pelle-
HUA.

OtBer. (—00; 4)U (12; +00).

3amevanue. O6paTuM BHUMAaHWe HA TO, YTO MHOTHE ydya-
Irecs pelnralT HepaBeHCTBA CTPOTO II0 aJITOPUTMY: BBIUYMCIUM
D, mHaliféM KOpDHU TPEXUJIEHA X; U X,, PA3JIOKUM JIEBYIO YacCThb
HepaBeHCTBAa HA MHOMKHUTEJIW U T. O., HO HAXONATCA U TaKUe
ydaiuecs, KOTOPble B IIPOCTBIX CJIAydYadX YMeET IIOAOupaTh
KOPHHM MHOTrOUYJeHa, HCIIOJb3ys TeopeMy, OOpaTHYIO TeopeMe
Buera. Bpag squ Hy:KHO TpeGoBaTh, YTOOBI OHU IIOAPOOHO CJie-
AOBaJI OIIMCaAHHOMY BBIIII€ QJITOPUTMYy, HO YTO HYXHO [JeJiaThb
o6sas3aTenbHO (BO mu30e:kaHMWE OIMMOOK), TaK 9TO IIPOBEPATH
MPaBUJIBLHOCTh PA3JIOMKEHUS MHOTOUJIEHA Ha MHOMKHUTEJIU pac-
KPBITHEM CKOOOK.

93. a) VkakuTe Bce 3HAUEHUS X, TPU KaKJOM U3 KO-
TOPBIX KBaapaTuyHad (PYHKIUA Y = x? + 1,5x — 1 mpuHUMaer
MOJIOMKUTE/IbHBIE 3HAUEHUS; OTPUIlATEIbHbIE 3HAUEHMUS.

/

RY

nJIn B BHUOE
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Pemrenne. KBagpaTHBIN TpEXUIEH x + 1,5x — 1 wumeer
KOpHHU x; = —2, x, = 0,5. PyHRIUA Yy = x2+1, 5x — 1 npunu-
MaeT MOJIOKHUTEJIbHbIe 3HaUeHUs Ha mHTepBagax (—o0; —2) u
(0,5; +00); orpuliaTesbHble 3HAUEHUS HA WHTepBaJe (—2; 0,5).

OtBer. y > 0 mpu x € (—o0; —2)U(0,5; +00); y < 0 mpu
x € (=2; 0,5).

94. Haﬁqm'e 3HaUeHUWe k, Ipu KOTOPOM HepaBEHCTBO:

a) x2 — 3x + k < 0 BepHO TONBKO mis x € (1; 2);

6) —x2 + x + k > 0 BepHO TOJALKO IJA X € (-2; 3).

Pemenne. a) HepasercrBo x — 3x + £ < 0 BepHO TOJIBKO

naa x € (1; 2), ectu x; =1 1 x, =2 — KODPHU KBaJPaTHOI'O
TpéxXuIeHa —-3x+k Bmece a=1>0), T. e. mpwm
k=1-2= 2

0) YMHOKUB HEDABEHCTBO Ha (-1), moayYuM paBHOCUJIbL-
HOe eMy HepaBeHCTBO X2 — x — k < 0. DTo HepaBeHCTBO BePHO
TOJIBKO JJd x € (—2; 3), eciim x; = -2 U X, = 3 — KOPHU KBa-

ApaTHOTO TpéxuieHa x> — x — k, T. e. npu —k = —6, k = 6.
OtBer. a) k= 2; 6) k= 6.

2.3. HepaBeHCTBA BTOPOH CTENEeHU
¢ TMCKPMMWHAHTOM, PABHBIM HYJIIO

B AJAaHHOM ITYHKTE pacCMaTpuBaeTCda pelieHre HepPaBEeHCTB
Dax>*+bx+c>0u 2)ax’*+bx+¢c<0

upu yeaoBusax a > 0 u D = b? — 4ac = 0, TakyKe IOKa3bIBAET-
cd IpUMeHeHMre Tpa@rKOB KBaApaTUUYHON (PYHKIUU K perle-
HUIO HepaBeHCTB 1) u 2).

YuaiuMcsa MTOJe3HO IOMHUTh, uTo ecau D = 0, To mpu
a > 0 KBaapaTHBIN TPEXUJEH ABJISIETCA IIOJHBIM KBaJIpPaTOM.

3apaHua anga noBTopeHus. Ilpu umaydyeHUM MaHHOTO ITYH-
KTa MOJYKHO HCIIOJIb30oBaTh 3amanue 1055 (a, 0, m, e).

PeweHns n kommeHTapum
98. Cym;ec'rBon'r JIU X, IPU KOTODPBHIX BBIpA’KeHHUe: a) —X7;

B) (2 — x)? mpuHHMaer TI0JIOXKUTEIILHO® 3HaueHue?

Pemenne. a) Tax xak x° > 0 mpu J1:000M 3HAUEHUH X, TO
—x% < 0 upu mg060M 3HaueHHE x. II0STOMY HeT TAKHUX 3HAUe-
HUA X, IIPU KOTOPBIX x2 > 0.

B) Tak kak (2 — x)? > 0 mpu JTI060M 3HAUEHHUU ,X> TO Cy-
II[ECTBYIOT TaKue BHAUEHHUA X, IpH KoTopbix (2 — x)? > 0. Dro
Bce x # 2.

101. Peminte HepaBeHCTBO:

a) x2—4x +4>0; B)x +10x+25<0
Pemenue. a) Tax Kak x2—4x +4= (x - 2) , TO ICXOJHOEe
HEpaBeHCTBO MMeeT MHOKECTBO peIIeHuii — Bce X, Kpome

x=2,T. e (—00;2)U(2;+00).
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B) Tak xak x2 + 10x + 25 = (x + 5)2 > 0 upu 1r060M 3HA-
YeHWH X, TO HepaBeHCTBO x> + 10x + 25 < 0 He mMeeT pelre-
HUHA.

OtBer. a) (—o0; 2)U(2; +00); 0) pellleHU HET.

3ameuanue. KemaTelbHO TaKyKe IIOKAa3aTh PellleHHe Hepa-
BEHCTB C HCIOJIb30BaHHEM I'PApUKOB KBaAPaTUUYHON (PYHKIIHNA.

104. Haiinure Bce 3HaueHUA k, IIPU KaKIOM M3 KOTOPBIX
HEePABEHCTBO:

a) x> — 24x + k > 0 BepHO IpH BCex X, KpoMe x = 12;

6) 64x% + kx + 9 > 0 BepHO IIpH BCeX X, KPOME X = —%.
Pemenue. a) 3mech Tpebyercsa HaWTH 3HaUeHUe k, Opu
KOTOPOM HEepaBeHCTBO MOXKHO 3amucaTh B Buae (x — 12) > 0.
YceaoBuioo 3amaum yaOBJIETBOPAET JUIIL k = 144.
0) 3mech Tpebyercsa HaiiTu 3HaueHue k, IPU KOTOPOM He-
PaBeHCTBO MOMKHO 3alucaTh B BUE

64(x + %)2 > 0.

YceaoBuio 3amaum yAOBJIETBOPSAET JUIL k = 48.
OtBer. a) £ = 144; 0) k = 48.
105. a) Haiigzure Bce X, mpu KaXJAOM U3 KOTOPBIX HeBep-
HO HepaBEeHCTBO
x*+ 8x + 16 > 0.
Pemnrenue. PemmmB HepaBeHCTBO
x>+ 8x + 16 > 0,
IOJIYyYUM, UTO OHO BEPHO IIPU BcexX X, Kpome x = —4. Ciemo-
BaTeJIbHO, 9TO HEPABEHCTBO HEBEPHO JUINb IIpu X = —4.
Orser. —4.

2.4. HepaBeHcTBa BTOPOIl CTENEeHU
C OTPHMIATEJBHBIM TUCKPUMHUHAHTOM

B maHHOM TyHKTE paccMaTpUBaeTCA pellleHre HePaBEeHCTB
Dax>+bx+c>0 u 2 ax’+bx+c<0
mpu yeaoBusax a > 0 u D = b? — 4ac < 0, TakKe IIOKa3bIBAET-

cs IpUMeHeHHe IpapmKoOB KBaApPaTUUYHON (PYHKIIMU K pelle-
HUIO HepaBeHCTB 1) u 2).

3apaHua gna noBTopeHusd. Ilpu nsyueHnn JaHHOTO IIYH-
KTa MOJYKHO MCIIOJIb3oBaTh 3amaHusa 1086 (a, 6), 1088, 1089.

PewweHna n kommeHTapum

110. a) Pemure mepasenctso 0,2x* — x + 100 > 0.
Pemenune. Tak kak a = 0,2 >0uD=1-4-0,2-100 < 0,

TO JIf000€ UYMCJIO ABJSIETCS PeIlleHrueM JaHHOTO HepaBeHCTBA.
OtBer. (—00; +00).
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112. HaiinuTe Bce 3HAUEHUS M, IPU KaKIOM U3 KOTOPBIX
HEPABEHCTBO BEpPHO IpU J1000M SHAUEHUM X'

a) 2x%—x + m > 0; 6) 3x%+ 2x + m > 0.

Pemrenne. a) Taxk kak a = 2 > 0, To, 4TOOBI HEPABEHCTBO
OBLJIO BEepHO IIpHW JIOOOM 3HAUEHUMW X, AUCKPUMHUHAHT D 10JI-
"KeH ObITh orTpunateabHbiM: 1 — 4 -2 - m < 0. CiremoBaTeiabHO,

1

YCJIOBUIO 3aJauM yIOBJIETBOPAIOT BCe 3HAUEHUA m > 5"

6) Tak xax a = 3 > 0, TOo, YTOOBI HEepPaBEeHCTBO OBLLIO Bep-

HO IIPpU JII0OOOM 3HAUEHUHU X, AUCKPUMUHAHT D I0JIKeH OBITh

orpunarejbHbIM: 4 — 4 - 3 - m < 0. CiemoBaTejbHO, YCJIOBUIO
1

3amayy yooOBJIETBOPAIOT BCe 3HaAUEHUS m > 5 .

OtBer. a) m > %; 0) m> %

B kiaccax ¢ yriyOJIEHHBIM M3yUYeHUEM MAaTeMATUKU CJie-
IyeT 0o AUJaKTUUYECKUM MaTepuajaM Hu3yuuThb Temy «Hepa-
BEHCTBA BTOPOM CTEIeHW C IIapaMeTPOM», 3aTeM IIPOBECTH ca-
MOCTOATEJNbHYI0 pabory C—6%.

ITpome:xyTounblii KOHTPOab. C—5, C—6%*,

2.5. HepaBeHcTBa, CBOOAIIUECS
K HepaBeHCTBAM BTOPOM CTeNeHH

B manHOM myHKTe paccMaTpHBaeTCs PeIlleHre HEPABEHCTB,
00e yacTu KOTOPBIX MHOTOUJIEHBI M KOTOpPBbIE PABHOCUJIBHBIMU
npeoOpasoBaHUAMYM, OTMEUYEHHBIMU paHee, CBOAATCA K Hepa-
BEHCTBY BTOPOW CTEIleHU.

PewweHna n kommeHTapum

115. HpI/IBeL[I/I’I‘e HepaBeHCTBO:

a)7>3x—5x' 6)2x> -3 + 2x?
K BUAY ax’ + bx + ¢ >0 uwmm ax® + bx + ¢ < 0.

Pemenue. a) Ilepeneca Bce ujieHbI HePaBEHCTBA B JIEBYIO
YacTh, TOJYUYUM HEepPaBEHCTBO

5x> - 3x+T7>0,
PABHOCUJIbHOE MCXOIHOMY.
0) IlepeHecs Bce 4JieHBI HepaBeHCTBA B JIEBYIO YacTh, IIO-

JYYMM HepaBE€HCTBO
—2x2+2x+3>0,

PaBHOCHUJIbBHOE€ MCXOJHOMY HeEpaBEHCTBY. aTo HepaBeHCTBO
MOXMHO IIepenuncaTb TaKXe B BH/E

2x% - 2x -3 < 0.
122 PemuTe HepaBeHCTBo:

8) (x—ll)g)x—z) . x—5i-1_

w|R
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Pemrenne. a) IlepeHecss Bce uieHbI HEPABEHCTBA B JIEBYIO
YacTh, YMHOKUB o00e UYacTu HepaBeHcTBa Ha 15 um mpuBens
moM00HbIe UJeHBI MHOTOUJIEHA, MOJYUYUM HepPaBEeHCTBO

3x% + 5x — 20 < 0,
paBHOCUJIbHOE ucxomzuomy. Taxk kak a =3 >0 u D = 265 > 0,

~5-265 . _ -5+265
6

Xy = 6 » Xg , TO MHOJKECTBO BCEX pelIe-
HHfI HNCXOOHOTO HepaBeHCTBa eCThb NHTepBaJ
[— 5-1265, — 5+ \/265)

6 b 6 0

B) IlepeHecsa Bce uJjieHBI HEPABEHCTBA B JIEBYIO YaCTb, YM-
HOXXKHMB 00e uacTum HepaBeHCTBA Ha 15 u mpuBensa IIOAOOHLIE
YJIeHbl MHOTOUYJIeHA, IIOJIyYUM HePaBEeHCTBO

xX-x-1<0,
paBHOCUJIBbHOE HcxomHomMy. Tak Kak a=1>0u D=5>0,

_1-45 _1+.5 .
Xy = T, X3 = ——>—, TO MHO)X€CTBO BCeX PelIeHui UCXOz-
1-5 1++5
HOTO HEPaBEHCTBA €CTb MHTePBAN |~ — |
- 5265, — 5+ 42 -
Oteer. a) ( 5 5 65; 5 5 65); B) (—1 2\/5; 1 +2\/5j.

123. PemuTe HepaBeHCTBO:

a) |x* — 6x + 8| < 3; B) 4 < |x* — 2x — 4| < 11.

Pemenue. a) I cnoco6. icxonHoe HepaBeHCTBO PABHOCUJIb-
HO CHUCTeMe HEepaBEHCTB

Y

x?2 — 6x +8< 3,
x2 - 6x +8>-3.

\ /

\ /

\ / IlepBoe HepPaBEHCTBO CHUCTEMBI
\ | uMeeT MHOKecTBO pereHuit (1; 5),
8 BTOpPOE HEPaABEHCTBO — (— 00 ; +00),
cjemoBaTeNbHO, CcHUCTeMa, a 3Ha-
/ YUT, U PABHOCUJbHOE €il MCXOmHOoe
/ HEPABEHCTBO WMEIOT MHOYKECTBO
\ / pemenuit (1; 5).

3| \y=28) II cnoco6. IlocrpousB rpadu-
K QyHrnui y = f(x) u y = g(x),
\ / rne f(x) = |x* — 6x + 8 u g(x) =3
(puc. 6), HAOAEM Bce X, OJIA KayK-
ol 12 | 45 ¥ ~IOOTO W3 KOTODPBIX f(x) <g(x2, mo-
JYyYUM MHOMKECTBO peIlleHUH wuc-
Puc. 6 xomHoro HepaseHcTsa (1; 5).

//
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B) I cnoco6. Bce perienus uc- uh [T T 1]
XOZHOTO HEPaBEHCTBA ABJSIOTCA 11 ¥ =h(x)
HNJIN PemIeHnAMM CHCTEeMBbI

1 x* - 2x —4 <11, \\
X% —2x — 4 >4, \

\

\

y=1rx) [

——

nJjin pelnieHnusaMU CHUCTeMBbl

~(* - 2x — 4) <11, 1
—(* —2x - 4) > 4. \ 1/ \ |

2)

Pemus kasxkgyo us cucrem 1)

1 2) U 00beIVHNUB BCe IOJyUeHHBIe -3-2 |0 2 | 4 5x
pellleHUs, IOJYYUM BCe peIleHus
HUCXOJHOTO HepaBeHCTBA. Puc. 7

Cucrema 1) mmeeT MHOKECTBO
pemtenuii (—3; —2)U (4; 5), cucrema 2) MMeeT MHOKECTBO pe-
meauii (0; 2), mosToMy MCXOAHOE HEPAaBEHCTBO MMeeT MHOKe-
ctBO perrenuii: (—3; —2)U (0; 2)U (4; 5).

II cnoco6. IToctpous rpaduru GyHKIUi y = f(x), y = g(x)
u y=~hx), roe f(x)=x*-2x—-4|, gx)=4 u h(x)=11
(puc. 7), HAaligEéM Bce X, OJA KayKIOTO M3 KOTOPBIX

g(x) < f(x) < h(x),

OOJYYMM MHOMKECTBO peIIeHuil MCXOJHOTO HepaBeHCTBa
(—3; —2)U (0; 2)U (4; 5).

OtBer. a) (1; 5); B) (—3; —2)U(0; 2)U (4; 5).

124. Haiigute o6JiacTh ompeaeaeHUd (PYHKI[UN:

4 x2—4x_

a)y=§, P)y=2—,

x° -4
1

Hc) y = —2-
V8x -2 - x

Pemenue. a) ®yHKIIUA ompeneseHa OJA JIOOBIX X TaKUX,
yro x # 0, ciemoBaTeslbHO, 00JIACTH OIpeAeaeHus (YHKIIUU
ecTh MHOKecTBO (—0; 0)U (0; +0o0).

r) DPyHKOuA ompeneaeHa mIJd JIOOBIX X, TaKHUX, YTO
x*—4 > 0. PemuB 5TO HEpaBEHCTBO, IOJIYIHM, UTO OOJACTH
ompeneneHusa (GPYyHKIIUU eCTh (—o0; —2)U (2; +00).

) CDQIHKIJ;I/M ompeneseHa OJs JIOObBIX X, TaKWUX, YTO
3x — 2 —x° > 0. PemuB 3T0 HEepaBeHCTBO, MOJYYHUM, YTO 0O0-
JacThb ompenesieHns (PYHKIMU ecTh MHOKecTBO (1; 2).

OrBer. a) (—20;0)U(0; +0); 1) (—00; =2)U(2; +0);
xK) (1; 2).

IIpomeskyTouHbIii KOHTPOJb., K—1.
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§ 3. PaumoHanbHble HEPABEHCTBA

OcHoBHOEe HasHAUeHMWe OSTOro Iaparpada — obydeHue
IIKOJLHUKOB DPEIeHNI0 PAIMOHAJBHBIX HEPABEHCTB U WX CHU-
crem. CHavaJjia paccMaTpUBAETCsI METOJ WHTEPBAJIOB PeIIeHUs
HepPaBeHCTB BUJA

A(x) >0 um A(x) <0, 1)
rae A(x) — MHOTOUJIEH OTHOCUTEJNBHO X. 3aTeM ITOKa3bIBaer-
cs, UTO pelreHue JO0TO CTPOTOTO PAIlMOHAJILHOTO HepaBeHCT-
Ba cBOAUTCA K pernieHnio HepaBeHcTBa Buma (1). ITociie aToro
paccMaTpUBAIOTCSA CUCTEMBI PaIlMOHAJbLHBIX HEPaBEHCTB.

Bce mepaBeHcTBa, mpuBoAuMble B maparpadax 1—2 u B
nyukTax 3.1—3.3, aBaawTrca crporumu. B n. 3.4 paccmarpu-
BaeTcs pellleHWe HEeCTPOTUX HepaBeHCTB. B 3akjioueHue Ia-
parpada pasbupaercs CIOCO0 IIPHUMEHEHNsS 3aMeHbl Hen3BecCT-
HOTO IIPUW PeIleHuHN pPalnoHaJbHBIX HEPABEHCTB.

OrmeTuM, uTO TeMa «PaluoHaJbHbIe HEPaBEHCTBAa» B IIPO-
rpammy 9 o6I1eo6pas3oBaTeIbHOr0 KJaacca He BXOIUT, IOITOMY
B OOBIUHBIX KJaccax IMYyHKTHI 3.1—3.4 MOKHO M3y4aTh TOJBKO
OPUMEHUTEeIbHO K JWHEHHBIM HepaBeHCTBAM U HepaBeHCTBAM
BTOpPOIl CTeIleHW U peIlaTh 3aJaHus, KOTOpbIe He OTMeUeHbI
3BE3M0UKOI. MaTepuaa 9TOT JOCTATOYHO MIPOCT, a ero OCo3Ha-
HUEe CYIIeCTBEHHO DPACIINPUT IIPEICTAaBJIEHUS IITKOJIHLHUKOB O
pellleHuu HepPaBeHCTB, MMO3BOJUT C(HOPMHUPOBATHL HEOOXOAUMBIE
YMeHHuA 10 paccMaTpPUBaeMOU TeMe.

B xiacce ¢ yrayO6JéHHBIM H3ydYeHUEM MaTeMATHUKHU CJie-
IyeT M3YUYUTh BeCh MaTepuasl IOJHOCTHbIO, HOOABUB K 39TOMY
u3ydyeHUe MO AUOAaKTUUYecKMM MaTepuasaMm (paszaen I) coxmep-
KaHUs pador 7—12. 9TO HmOMOKET ydamiumcs ObITh OoJjiee
VCIIEIIHBIMU B PA3JUYHBIX OJUMIIMALaX WM KOHKypCax.

3.1. MeTox mHTEpPBAJOB

B sToM myHKTe paccMaTpuUBaeTcCs pellleHre HepPaBeHCTB

BUIA
1) A(x) >0 u 2) A(x) <0,

rae A(x) — MHOrouJieH OTHOCUTEJILHO X.

s pemeHus Jir000ro M3 HepaBeHCTB 1) m 2) Hamo Haii-
T KOPHU MHOTOuUJIeHa A(X) M OTMETUTh UX Ha KOOPIAWHATHON
oCcU, B KaKIOM U3 IOJYUYWBIIUXCSA UHTEPBAJIOB OIPEAEIUTH
sHak MHorouseHa A(x). Torma obbeguHEeHMEe BCeX MHTEPBAJIOB,
rZle MHOTOUJIEH IIOJIOYKUTEJIeH, COCTABUT MHOYKECTBO PeIleHUH
HepaBeHcTBa 1), a oO0beguHEHHe BCeX HHTEPBAJIOB, I'Jleé MHO-
TOYJIEH OTPHUIIATEJIEH, COCTABUT MHOKECTBO PEIeHUI HepaBeH-
cTtBa 2).

B npumepe 1 moapobuHO pasbupaercs pellleHue 3THUM CIIO-
coboM HepaBeHCTBa

(x+2)(x-3)x*+1)<0,
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IJI pellleHUusd KOTOPOTO HAaJO0 «BPYUYHYIO» ONPEAeINTh 3HAKU
MHOTOWJIeHa Ha KaKJAOM U3 TPEX UHTEpBajIoB (—00; —2),
(=2; 3), (3; +0).

Hanee orMeduaeTcs, YTO BO MHOTHUX CJydYasdx IIPOIeCC pe-
IIeHusa HepaBeHCTBA MOYKHO YIIPOCTUTH, AEHCTBYSA IO IpPaBU-
Jy, Ha3bIBAEMOMY METOJOM WHTEPBAaJIOB.

B kauecTBe mpuMepa paccMaTPUBAETCS MHOTOUJIEH

A(x) = (x — x)(x — x3) ... (x — x,),

e xX; < Xy < ... < X,.

Jia BBIBOJA IIpaBHMJa IIPOBOAATCA OOOCHOBaHHBIE paccy-
SKIEeHHUsA, ONMPAIOIIUecs Ha CBOMCTBO JBYy4YJIeHA X — X, KOTO-
poe 3aKkJiovYaeTcA B CIEAYIOIEeM: ABYYJIEH X — X, PaBeH HYJIIO
Opu X = X, HOJIOJKUTEJIEH IIPU X > X, W OTPHUIlaTeJeH MIpu

x < Xy

Jajiee Ha ocH X OTMeEUYAIOTCA UMCIA Xi, Xg, ..., X,, 3aTeM
HaJ IIpaBbIM HHTEPBAJOM CTABUTCA 3HAK «+» U, HAUWHaA C
HEro, 4epeayroTcad 3HAKU «+», «—», «+», «—», ... HQJQ UHTEP-

BaJIaMU CIIPaBa HaJEBO; 3aTeM 3alMchIBaeTcsa oTrseT. MeTomom
WHTEPBAJIOB pelllaeTcsa mpumep 2.

3areM o0CyKIAaeTcs Heo0s3aTeIbHBIA AJId OOBIUYHBIX KJIac-
COB IIpuUMep 3 pelleHus HepaBeHCTBA

(x—1)Px - 2%(x-3)(x-4)<0
u QopMyJMPYeETCA OOIMIl MeTOJ HMHTEPBAJIOB [JIs PeIlNeHUud
HepaBeHCTB Buma 1) mam 2), ecau

Adx) = (2 = 2)" (2 = x,)"2 e (2 — )™,

npudéM x; < Xy < ... < X,, 1 X0TsA Obl OOHO U3 yucemn k; > 2.

Ha ocu x ormeuaroTca 4umciaa X, Xg, ..., X,, 3aTeM Haj
IIpaBbIM MHTEPBAJIOM CTABUTCA 3HAK «+», 3aTeM IIPHU Ilepexofe
Jepes JIr00oe Xx; COXpaHAeTCA 3HAK, eClIU k, Y6THO, U MeHAeTCH
3HaK, eciau k; HEUETHO.

Manee sTuM MeTOJOM pelllaeTcsa Ipumep 4.

B 00bI4HBIX KJaccax AOCTATOYHO, eCJIU ydalllecs 3aIlloM-
HAT MeTOJ WHTePBaJIOB M HaydaTcd ero IPpUMeHATb. B Kuiac-
cax ¢ yriiyOJ€HHBIM H3yUeHNEeM MaTeMaTUKH yJalluecs LOJIK-
HBI YMeTh OOOCHOBBIBATL OOIMHUI METOJ WHTEPBAJIOB, a TaKiKe
MeTOJl pelreHus HepaBeHCTB 1) m 2) nnda

A(x) = c(x - xl)k1 oo (x = xm)k'” (xz + px + %)
(xz + p,x + qn),

roe ¢ > Om KBaapaTHBbIE TpéX‘{HeHbI HNMEIT oTpuIilaTeJIbHbIE
AUCKPMMMWHAHTBI, 1 IIDMMEHATh UX OJId PEIlIeHNsdA HepPaBEeHCTB.

3apaHuna pna noBTopeHusa. Ilpu nsyyenun JaHHOTO IIYH-
KTa MOJKHO HcCIIOJb3oBaTh 3amanue 1083 (a, B, ).
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PeweHns n kommeHTapum

134. a) Pemure HepaBeHCTBO METOAOM HMHTEPBAaJIOB:
(x — 1)(x — 3)(x —5) > 0.

Pemenne. Ormerum kKopHu MHorousena'! 1, 3, 5 Ha Ko-
OPAMHATHOM OCHM M PacCTaBUM 3HAKHU IO METOAY HHTEPBAJIOB.
PemenusiMmu HepaBeHCTBa OyAyT 3HAUEHHUS X U3 TeX WHTEPBAa-
JIOB, HaJ KOTOPBIMH CTOUT 3HaK «+» (puc. 8).

HNrax, ncxonmnoe HepaBEeHCTBO MMeeT MHOYKECTBO PeIIeHnI
(15 3) U (55 +0).

OtBet. (1; 3)U(H; +0).

135. a) Pemure HepaBeHCTBO METOJOM HHTEPBAJIOB:

(x? + x)(bx — 5) < 0.

Pemenue. CHauaJsia pasjiosKUM Ha JHUHEHHBbIE MHOMKHUTEIN

MHOTOYJIEH, 3aIllMCAHHBLIA B JIEBOM YacCTH HEPaBEHCTBAa

5(x + 1)(x — 0)(x — 1) < O.

OrMeTuM KOpHM MHorouaexHa —1, 0, 1 Ha KoopaumHATHONI
OCH UM pacCTaBUM 3HAKM II0 METOJIYy MHTePBAJIOB. PeleHumsMu
HepaBeHCTBa OyAyT 3HAUEHUS X U3 TeX WHTEPBAJOB, HAJ KO-
TOPBIMU CTOHUT 3HaK «—» (puc. 9).

Wrak, ncxomHoe HepaBeHCTBO MMeeT MHOKECTBO PerieHun
(=005 =1)U(0; 1).

OtBet. (—00; —1)U (0; 1).

139. k) Pemure HepaBeHCTBO METOJAOM WHTEPBAJIOB:

(—x® + 6x — 10)(x® — 5x + 6)(x — 2) > 0.
Pemrenue. Pasmoxus Ha MHOMKHUTEJIN TPEXUJICH
x? — 5x + 6, mepemuUIIeM HEPABEHCTBO B BUIE
—(x® — 6x + 10)(x — 2)*(x — 3) > 0.
9To HepaBEeHCTBO PABHOCUJIHLHO HEPABEHCTBY
(x? — 6x + 10)(x — 2)%(x — 3) < 0.

Tak KaK JUCKPUMHHAHT TpéxuiaeHa x> — 6x + 10 orpuma-
TeJIbHBIHN, TO 9TOT TPEXUJIEH He MMeeT KopHeii. Ero xKoahduiiu-
€HT IIPU CTAPIIeM UYJieHe MOJIOMKUTEJbHBIN, MOdTOMY IMIPHU JIO-
00OM BHAUEHHUN X BTOT TPEXUJEH MPUHUMAET IIOJIOMKUTEIbHBIE

3HauyeHns. K TOMY ke BBIBOJY MOYKHO IPHUITH IPYTHUM IIyTEM:
x2—6x+10=(x—-3)2+ 1 >0 mpu 11060M SHAUEHUU X.

-+ - + -+ - +

ot
RY
RY

1 3 -1 0 1
Puc. 8 Puc. 9

!MTasee BMecTO CIIOB «KODHM MHOIOUYJIEHA, 3aIIMCAHHOIO B JIEBOM UACTH
HepaBeHCTBa» OyJeM mucaTb KOPOTKO: «KOPHU MHOTOUJIEHA».
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/4 &
2 3 x 3 5 a
Puc. 10 Puc. 11

RY

OTMeTM KOPHH MHOrouJeHa 2 m 3 Ha KOOPAHWHATHOM
ocu, oIpeleuM 3HAKM MHOTOUJIeHA HA MHTepBajgaxX, MOJIyUUM,
YTO 3HAK «—» CTOMT HaJ AByMA mHTepBasamu (—o0; 2) u (2; 3)
(puc. 10).

WUrak, ncxoqHoe HEPABEHCTBO UMeeT MHOYKECTBO PeIleHud
(=005 2)U(2; 3).

OtBer. (—00; 2)U (2; 3).

140. a) IIpu KaKuxX 3HAUEHUSX 4 MHOKECTBO pPeIleHui
HepaBeHcTBa (x — 3)(x — 5)(x — a)? > 0 cocTouT M3 ABYX WH-
TepBajioB? W3 TPEX MHTEPBaJIOB?

Peurenune. 1) Ecau a > 5, To MHOTOUJIEH UMEET TPU KOPHA:

3, 5 u a. OTMeTuM 3TU KOPHU MHOTOUYJIEHA Ha KOOPAMHAT-
HOII ocu W, MPUMEHUB OOIMUII METOJ MHTEePBAJOB, OIPEemesIiM
3HaK MHOrouJieHa Ha uHTepBajax (puc. 11). Ilomyuwmm, uTo
MHOJKECTBO PeIleHUH MCXOTHOTO HEPABEHCTBA COCTOUT M3 TPEX
WHTEPBAJIOB.

2) Eciu a =5, TO MCXOMHOE HEPABEHCTBO IIEPEMUIIIETCH
B BUe

(x — 3)(x — 5)* > 0. (1)

OTMeTuM KOPHH 3 WM 5 MHOIOYJeHa Ha KOOPAHMHATHOM
ocHu ¥, IPUMEHHUB OOIIMII MeTOJ MHTEPBAJIOB, OIpPeIeJUM 3HAK
MHOTOWJIeHa Ha mHTepBasax (puc. 12). ITosmyuum, 4yTOo MHOXKe-
CTBO pellleHul HepaBeHcTBa (1), a 3HAUUT, U UCXOAHOTO Hepa-
BEHCTBA COCTOUT 13 ABYX HHTEPBAJIOB.

3) Ecau 3 < a < 5, To MHOrouJieH HMeeT TPU KOPHA: 3,
a nu 5. OrMeTuM 5TH KOPHM MHOTOUJIeHA HA KOOPAMHATHOM
ocHu ¥, IPUMEHHUB OOIIMII MeTOJ MHTEPBAJIOB, OIpPeIeJUM 3HAK
MHOTOWJIeHa Ha uHTepBadax (pumc. 13). Ilomyumm, yTO MHO-
’KEeCTBO peIlleHnii HepaBeHCTBA COCTOUT M3 JIBYX HMHTEPBAJIOB.

4) Ecau a = 3, TO HMCXOAHOE HEPABEHCTBO MEePEHUIIIeTCs
B BUe

(x — 3)%(x — 5) > 0. (2)

OTMeTuM KOPHH 3 WM 5 MHOroOuYJeHa Ha KOOPAMHATHOM
ocHu ¥, IPUMEHUB OOMIMII MeTOJ MHTEPBAJIOB, OIpPeIeJUM 3HAK
MHOTOWJIeHa Ha wuWHTepBajmax (cm. pumc. 12). Iloayuwmm, uTo
MHOJKECTBO pellleHUN HepaBeHCTBa (2), a 3HAUUT, U UCXOJHOTO
HepaBeHCTBA COCTOUT M3 ABYX HMHTEPBAJOB.

- - - + - - +
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Puc. 14 Puc. 15

5) Eciu a < 3, TO MHOTOYJIeH MMeeT TPU KOPHA: a, 3 U
5. OrMeTHM 5THM KOPHU MHOTOUJIeHA Ha KOOPAWHATHOM OCH W,
OPpUMEHUB OOIWII MEeTOJ, MHTEePBAJIOB, OIPeAeJNM 3HAK MHO-
rouseHa Ha mHTepBasiax (puc. 14). ITomyuum, 4YTO MHOIKECTBO
pellleHn MCXOMHOTO HepPaBEHCTBA COCTOUT M3 TPEX WMHTEPBa-
JIOB.

O0benuHAS BCe PACCMOTPEHHBIE CAydYau, 3aluIlleM OTBeT.

OrBer. Eciiu 3 < a < 5, TO MHOYXECTBO pEIIeHUI HCXOJ-
HOTO HEPaBeHCTBa COCTOUT M3 ABYX WHTEPBAJOB; ecau a < 3
Wik a > 5, TO MHOYKECTBO DEIIeHUU WHCXOJHOTO HepaBEeHCTBA
COCTOUT U3 TPEX WHTEPBAJIOB.

3.2. Pellenue panmuoHAJBHBIX HEPaBEHCTB

B pamzHOM myHKTE, IMOJIB3ysACh MOHATHEM PABHOCUJIBHOCTU
HEepaBeHCTB, pPeIIeHue JII00Or0 CTPOTOro PAaIMOHAJBHOTO He-
paBeHCTBa CBOAUTCA K pellleHuio HepaBeHcTBa A(x) > 0 wmam
A(x) < 0, rne A(x) — MHOTOYJIEH OTHOCUTEJIBHO X.

B 00bIuHBIX KJIaccax HamO, UTOOBI OTH HNPUEMBI yUAII[HECs
OCBOWJIM Ha IIPOCTBLIX IpumMepax. B KJjaccax ¢ yriay0JEéHHBIM
u3ydyeHHMeM MaTeMaTUKH! ydallluecs OJIXKHbBI yMeTh OO0OCHO-
BBIBATH AJITOPUTM PeIIeHUsA PalMOHAJIbHBIX HEPaBEHCTB U Pe-
miaTh panuoHaJbHbIe HEpPaBeHCTBAa, B TOM uYmcje 0Oojee TPYA-
HbIe, OTMEUYEHHbIe B yUeOHHKe 3BE3LOUKOIA.

3apaHua gna noBropeHma. [Ipu nayyeHnn JaHHOIO ITYH-
KTa MOJKHO HCIIOJIL30BaTh 3amganusa 1092 (a—r), 1093 (a, 0),
1094.

PewweHna n kommeHTapum
146. PemuTe HepaBeHCTBO:
x—1)x+ 2 x+ 1) (7 - x
o GoEe2 e
x-3 (8 + x)(x - 5)
Peurenune. a) McxonHoe HepaBeHCTBO PABHOCUJIBHO Hepa-
BEHCTBY

< 0.

(x = (=2))(x — 1)(x — 3) > 0. 1)

OrMeTuM KOpPHH MHOTrowiIeHa —2, 1, 3 Ha KOOpAUMHATHOI
ocu U, IPUMEHUB MeTOJ WHTEPBAJOB, PACCTABUM 3HAKU «+»
U «—» HaJ MOJYYeHHBIMU WHTepBajsiamMu (puc. 15).

ITosmyuum, uro HepaBeHcTBO (1), a 3HAUUT, U PABHOCUJIbL-
HOe eMy MCXOJHOE HePaBEeHCTBO MMEIOT MHOMKECTBO peIlleHNH
(—2; 1)U (3; +00).
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Puc. 16 Puc. 17

B) McxomHoe HepaBeHCTBO PABHOCUJILHO HEPABEHCTBY
(x = (=8)(x — (1))(x — 5)(x — 7) > 0. (2)
OrmeTuM KOpHU MHOroujgena —8, —1, 5, 7 Ha KoopauHAT-
HOM ocM W, IPUMEHUB METOJ WHTEePBaJOB, OIpPeNeJnM 3HaKU
MHOTOWJIeHa Ha umHTepBajax (puc. 16). Ilomyuwmm, uyto Hepa-
BEeHCTBO (2), a 3HAUWUT, ¥ PABHOCUJBbHOE €My HCXOJHOe Hepa-
BEHCTBO HMMEIOT MHOMKEeCTBO pemieHuin (—o0; —8)U(—1; 5)U
U (7; +00).
OrBer. a) (—2;1)U(@3; +0); B) (—o0; -8)U(-1; Hu
U (7; +0).
2 —x+2
150. a) Pemure HepaBencTtBo —5——— < 0.
x“ —Tx+6
Pemenue. McxonHoe HepaBeHCTBO PaBHOCUJILHO HepaBeH-
CTBY
(x? — x + 2)(x — 1)(x — 6) < 0. 3)
Tak Kak [OUCKPUMUHAHT KBaApPaATHOTO TpEXUJeHa
x% — x + 2 orpumaTenbHbIH, a KO0d(PQHUIMEHT IPU CTAPIIEM
YJjIeHe 9TOT0 TPEXUJIeHA ITOJIOKUTEJIbHBIN, TO IIPU JIIOOOM 3HA-
YEeHWU X ITOT TPEXUJEH NPUHUMAET IIOJOXKUTEJIbHbIe 3HaUe-
Husg. OTMeTUM KOPHHM MHOTOWwIeHa 1 m 6 Ha KOOPAMHATHOM
ocHU, OIpefeiMM 3HAK MHOTOWJIeHa Ha KalKJOM U3 IIOJIyYeH-
HBIX WHTepBasioB (puc. 17).
ITonyuum, uTo HepaBeHCTBO (3), a 3BHAYUT, U PABHOCUJIHHOE
eMy MCXOJIHOe HepPaBEeHCTBO MMEIOT MHOKecTBO pernenuii (1; 6).
Oreer. (1; 6).
x® - 6x + 4
153. a) Pemure HepaBeHCTBO 1 > 0.
Pemenue. cxomHoe HepaBeHCTBO PABHOCHUJILHO HEPABEH-

(= (8- B))(x -~ 1)(x - (3 + V5)) > 0. )

OTMeTHM KOPHU MHOTOYJEeHa 3 — \/5 ,1u3+ \/5 Ha KO-
OPAUWHATHON OCU, HIPUMEHUB METOJ HHTEePBaJIOB, PACCTaBUM
3HAKMW «+» U «—» HaJI IMOJyUYeHHBLIMU WMHTepBasamu (puc. 18).

ITomyuum, uTOo HepaBeHCTBO (4), a 3HAYUUT, W PABHOCUJIb-
HOe eMy MCXOJHOE HePABEeHCTBO MMEIOT MHOKECTBO peIleHud

B-+V5;1)U@B+ V5; +0).
Oteer. (3 — V53 1)U
U@B + b +o0).

CTBY

+ - +

3-45 1 3+45 X
Puc. 18
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Puc. 19 Puc. 20
155. Peminre HepaBeHCTBO:
(x +1)(x - 2)
(x + 3)°

(x +1)(x + 2)°

> 0; r) x+ 3

> 0.

Pemenue. a) VcxomHoe HepaBEeHCTBO PaBHOCUJIBHO Hepa-
BEHCTBY
(x + 3)%(x + 1)’(x — 2) > 0. 5)

OTMeTM KOPHHM MHOTowIeHa —3, —1 m 2 Ha KoopauHAaT-
HOM oOCu, OPUMEHUB OOIIWiI MeTOJ WHTEPBaJIOB, PaCCTaBUM
3HAKMU «+» U «—» HaJI IOJyUYeHHLIMU HMHTepBasamu (puc. 19).

ITonyuum, uTo HepaBeHCTBO (H), a 3HAUUT, U PABHOCUJIB-
HOe eMy HCXOJHOe HePaBeHCTBO MMEIOT MHOKECTBO peIleHUi
(2; +00).

r) McxommHoe HepaBeHCTBO PABHOCUJIBLHO HEPABEHCTBY

(x + 3)(x + 2)%x + 1) > 0. (6)

OrmMeTyM KOpPHUM MHOTrowIeHa —3, —2 m —1 Ha Koopau-
HaTHOII OCH, IPUMEHHUB OOIIMI MeTOJ MHTEePBAJIOB, PACCTABUM
3HAKMW «+» U «—» HaJA MOJIlydUeHHbBIMU mHTepBasamu (puc. 20).

ITosnryuum, uTo HepaBeHCTBO (6), a 3HAUUT, U PABHOCUJIb-
HOEe eMy HCXOJHOe HepaBeHCTBO MMEIOT MHOJKECTBO peIIeHUI
(—3; —2)U (—1; +00).

Otreer. a) (2; +0); 1) (-3; —2)U(-1; +00).

156. a) Ilpum xKaxuxX 3HAYEHUAX 4 MHOYKECTBO PeIleHNH
(x + 5)(x - 3)

HepaBeHCTBa > 0 cocrouT M3 ABYX WHTEPBAJIOB?

2
X — a)
u3 TPEX MHTEPBAJOB?

Pemenune. IIpu 000M 3HAUEHUN @ MCXOLHOE HEPaBEHCTBO
PaBHOCHMJIBHO HEPABEHCTBY

(x + 5)(x — 3)(x — a)® > 0. (7N

1) Ecaiu a > 3, To MHOTOWJIeH MMeeT TPU KOpH#A: —5, 3 u

a. OTMeTUM STH KOPHH HA KOOPAMHATHON OCH 1, HPUMEHISA

O0IIMII MeTOJ MHTEPBAJIOB, PACCTABUM 3HAKHU «+» M «—» HaJ
OoJyYeHHBIMU mHTepBasamu (puc. 21).

ITonyuum, UTO MHOXKECTBO pe-

+ - + + mmeHU# HepaBeHcTBa (7), a 3HAUUT,
> U HCXOOHOTO HEPABEHCTBA COCTOUT
-5 3 a X  u3 TPEX WHTEPBAJIOB.
Puc. 21
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Puc. 22 Puc. 23

2) Eciu a = 3, ToO MCXOAHOEe HepPaBEHCTBO IIePEeIIUIIeTCs
B BUIe
(x + 5)(x — 3)3 > 0. (8)

MHuoroujeH uMeeT ABa KOpHA: —5 1 3. OTMeTHUM 3TH KOP-
HU Ha KOOPAWHATHOII OCHU U, IPUMEHsSA OOIIMUH MeTOJ WHTep-
BaJIOB, PACCTABMM 3HAKU «+» M «—» HaA IOJYyYEHHLIMU KH-
TepBasmamu (puc. 22).

ITonyunm, UTO MHOKECTBO peIlleHUil HepaBeHcTBa (8), a
3HAUYUT, U HCXOJHOTO HEpPaBEeHCTBA COCTOUT U3 ABYX WHTEP-
BaJIOB.

3) Eciim —5 < a < 3, TO MHOTOUJIEH MMeeT TPU KOPHA: —H,
a u 3. OrMeTM 5T KOPHHM Ha KOOPAMHATHOM OCH U, IpPUMe-
HASA OOIIUIM METOoJ WHTEPBAJIOB, PACCTABUM 3HAKU «+» M «—»
HaJ HOJYyYeHHBIMU wnHTepBajsamu (puc. 23).

ITonyumnm, 4TO MHOJKECTBO pellleHuil HepaBeHcTBa (7), a
3HAUUT, U HCXOJHOTO HEpPaBEeHCTBA COCTOUT U3 ABYX HUHTEP-
BaJIOB.

4) Eciu a = —5, ToO MCXOOHOE HEPABEHCTBO MHEPEHUIIIeTCS
B BUeE

(x + 5)%(x — 3) > 0. (9)

MuorousieH uMeeT ABa KOpHA: —5 m 3. OTMeTHUM 3TU KOp-
HY Ha KOOPAMHATHOW OCH U, IPUMEHsS OOIMUuii MeTon HMHTep-
BaJIOB, PACCTABUM 3HAKU «+» M «—» HaA IIOJYyYEHHLIMU KH-
TepBasamu (cMm. puc. 22).

ITomyunm, UTO MHOKECTBO pelleHU HepaBeHcTBa (9), a
3HAUUT, ¥ HCXOJHOT'O HEPABEHCTBA COCTOUT U3 ABYX WHTED-
BaJIOB.

5) Eciu a < —5, To MHOTOUYJIeH MMeeT TPpU KOpHA: a, —H
u 3. OTMeTuM 3TU KOPHU HA KOOPAWHATHOIN OCU U, IPUMEHA
0o0IIIMiTI MeToJ WMHTEPBAJIOB, PACCTABUM 3HAKU «+» U «—» HaJ
nmoJayuYeHHBIMU mHTepBasiamMu (puc. 24). Ilosyuum, 4TO MHOMXKe-
CTBO pellleHU# HepaBeHcTBa (7), a

3HAUYUT, U KMCXOTHOTO HEPaBEHCTBA + + - +
COCTOUT M3 TPEX MHTEPBAJOB. o >

O0benuHASA BCe PACCMOTPEH- a -5 3 *
HbI€ BBIIIE CJyYaud, MOKHO 3aIlu- Puc. 24

caTb OTBET.
OtBer. a) Ecaiu —5 < a < 3, TO MHOYKeCTBO PeIleHU uc-
XOJZHOTO HEPaBEeHCTBA COCTOUT W3 [IBYX WHTEPBAJIOB; €CJIU
a < -5 uam a >3, To MHOKECTBO DPeIleHNi MCXOAHOTO Hepa-
BEHCTBA COCTOUT U3 TPEX WHTEPBAJIOB.
IIpomeskyTounbIii KOHTPOJb., C—7, C—8%,
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3.3. CucremMbl panMoHAJbHBIX HEPaBEHCTB

JlaHHBI ITYHKT OOJIYKEeH OBITh M3y4YeH B KaKIOM KJac-
ce — OOBIYHOM U C YIJIyOJEHHBIM H3YyUYeHHEM MaTeMaTuKu,
TaK KaK 3/ech paccCMaTpPUBAIOTCA IMPaKTHUYECKU TOJIBKO 3aja-
HHUS C KBaApaTHLIMU HepaBeHcTBaMu. CuHcTeMbl paoOHAJIb-
HBIX HEPaABEHCTB, OTMEUEHHLIe 3BE3I0UYKOIi, HEe CJOXKHBI, HO
pellleHre TaKMUX pPaIUOHAJbHBIX HEPABEHCTB CUNUTAETCS He-
00s13aTeIbHBIM [IJIS 00IITeo0pas3oBaTeIbHBIX KJACCOB.

3apaHua ana NoBTopeHus. Ilpu usyuyeHUHn TaHHOTO IIYH-
KTa MOMKHO HCIIOJIb30BaTh 3amzanue 1096.

PeweHus v KommeHTapum

162. a) Pemure cucteMy HepaBeHCTB
(x - 5)(x + 1) >0,
(x - 10)° > 0.

Pemenne. IlepBoe HEPABEHCTBO CUCTEMBI MMEET MHOIKECT-
BO pemeruii (—oo; —1)U (5; +00). Bropoe HepaBeHCTBO cucCTe-
MBI UMeeT MHOKecTBO perreHuii (—oo; 10) U (10; + o0 ). Ob1eit
YacThbI0 3THUX MHOMKECTB SBJIIETCA MHOMKecTBO (—00; —1)U
U (5; 10)U(10; +00). 9TO U ecTh MHOXKECTBO PEIlIeHU cucTe-
MBI HepaBeHCTB (puc. 25).

OtBer. (—o0; —1)U(5; 10) U (10; +00).

163. a) Pemure cucteMmy HepaBeHCTB

(x—2)(x—3)>0,
x + 2 0
(x—4)(x+4)

Pemrenne. McxomHas cucTeMa HeEPaBEHCTB pPaBHOCUJIbHA
cucreme

(x— 2)(x— 3) >0,

(x + 4)(x + 2)(x — 4) > 0. M
IlepBoe HepaBeHcTBO cucTeMbl (1) MMeeT MHOIKECTBO pe-
mieHut (—o0; 2)U(3; +00) (puc. 26, a). Bropoe HepaBeHCTBO
cuctemMbl HepaBeHCTB (1) w®MeeT MHOMKECTBO peITeHUH
(—4; -2)U (4; +o0) (puc. 26, 6). MHOKeCcTBO pellleHUil cucTe-
Mbl HepaBeHcTB (1), a 3Hauurt, u

PABHOCUJIBHOM €M MCXOMHOI CHCTe-
/Dy S MBI HepaBeHCTB ecTb (—4; —2)U
-1 5 10 ¥ U4; +0) (puc. 26, 8).
Puc. 25 OtBer. (—4; —2)U (4; +00).
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-4 -2 4 X -2 2 5 X
Puc. 26 Puc. 27
2 _
XZ 1 > 0’
164. B) Pemure cucremMy HepaBeHCTB { ¥ _+54
~ L <0
2 -

Pemenue. VcxomHasa cumcTeMa HePaBEHCTB PaBHOCUJIbHA
crucreme

(x + 1)(x - 1)(362 + 4) > 0,
(x + 2)(x - 2)(x - 5) <O0.

IlepBoe HepaBeHCTBO cucCTeMbI (2) MMeeT MHOYKECTBO pe-
mieHui (—oo; —1)U (1; +o0) (puc. 27, a). Bropoe HepaBeHCTBO
cucteMbl (2) mMeeT MHOKECTBO pemreHU#d (—oo; —2)U(2; 5)
(puc. 27, 6). MHOXKeCTBO pellleHUU cucTteMbl (2), a 3HAYUT, U
PABHOCUJIBHOUW €Ilf MCXOIHOM CHCTEMBI ecThb (—o0; —2)U(2; 5)
(puc. 27, 8).

OtBer. (—o0; —2)U (2; 5).

IIpomeskyTouHBIiT KOHTPOJb. C—9.

(2

3.4. Hectporue HepaBeHCTBa

JlaHHBIII IIYHKT AOJIXKeH OBbITh M3yUYeH B KaKJIOM KJac-
ce — U B OOBIYHOM, M C YIJIyOJEHHBIM HU3yUEeHHWEM MaTeMaTU-
Ku. B 00OBIUHBIX KJaccax »KeJjIaTeJbHO mpopadoTaTh II0 AUIAK-
TudyeckuM Marepuasiam 1. 10 u IIpoBeCTH CaMOCTOSTEIbLHYIO
pa6ory C—-10.

B xijaccax ¢ yruiyOJIEHHBIM H3yUYeHUEM MaTeMaTUKU cJie-
IyeT paccMOTPETh eIlé B3aJaHus CO 3BE3MOUYKON U mpopado-
TaTh II0 AUAAaKTHYECKUM MaTepuajaM . 11 um mpoBecTu ca-
MoOCTOATeaAbHYyI0 pabdory C—11.

OTMeTHM BaXHYIO0 OCOOEHHOCTL PeIlleHNs HEeCTPOrux He-
paBeHcTB. [yis pelmeHusd, HanpuMmep, HepaBeHcTBa A(x) = 0
mpeaJjiaraeTcsa CcHauajia peImnuTh ypaBHenue A(x) = 0, sarem
cTtporoe HepaBeHcTBO A(x) > 0, mocie uero oO0BEIUHUTHL BCE
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HalileHHbIe DeNIeHUA YpPpaBHEHUS M HepaBeHCTBa. Takoil mom-
xon obecriedmBaeT OCO3HAHWE YUYEHUKOM OTJIUYUSA HECTPOTOTO
HEpaBeHCTBA OT CTPOTOT0, TMOHMMAaHWE, YTO yMeHWe peIlaTb
HeCTpOroe HePaBeHCTBO OIIMpaeTcd Ha yMeHHA peliaTh ypaB-
HEHUA U pelraTh CTPOrMe HepaBeHCTBA.

Ecnu xe yuamiuecsa pemraiT CTPOrve U HECTPOTHUE Hepa-
BEHCTBa II0 OJHOUM M TOM JKe cxeMe, 3aKpaliuBasg BO BTOPOM
clydyae TOUKM Ha KOODAUHATHONM OCH U CTaBA KBaJpaTHBIE
CKOOKM BMECTO KPYTJIBIX, TO TaKOe CJIeJOBAHWE eJUHOMY aJ-
TOPUTMY [AJIsI PA3HBIX II0 CBOEIl NPUPOJEe HEPaBEHCTB HEPEIKO
OPUBOAUT K OIIMOKAM.

Ocoboe BHUMaHUE CJIEAYeT YAEAUTh TOMY, YTO, HAIIPUMED,
HepPaBeHCTBO i—; =20 He paBHOCUJIILHO HEPABEHCTBY

(x — 1)(x — 5) 2 0, Tak Kak umcJyo 5, obpalraollee 3HaAMeHa-
TeJb Apo0U B HYJb, He ABJIAETCA PeIleHrueM IIePBOTO HepaBeH-
CTBa, HO SBJSETCA pellleHreM BToporo. IlosTomy Henab3s Ha-
YMHATH pellleHre HEeCTPOroro HepaBeHCTBA C IIepexofa K paB-
HOCUJILHOMY HEPaBEHCTBY C MHOTOUWJIEHOM, KaK 5TO [IeJIajJoCh
OpU PeIIeHUU CTPOTMX HepaBEeHCTB.

IToce m3yuyeHUsA HECTPOTMX HEPABEHCTB MOYKHO HCIIOJb-
30BaTh JJisi KOHTPOJSA 3HAHUM UMW AJIA IIOBTOPEHUS Uyepe3 He-
KoTopoe Bpemsa TecTbl T—1, T—2 u3 cOOpHHKA TeMaTHUUECKUX
TECTOB.

3apaHusa gna nostopeHus. Ilpu usydyeHnu JaHHOTO IyH-
KTa MOMKHO HMCIoJb30BaTh 3amanua 1083 (r, x, e), 1084 (B, r),
1085 (B, r), 1086 (B, r), 1092 (m, e).
PeweHus n kommeHTapum
167. a) Pemure HepaBeHCTBO
x® —12x + 32 <0.
Pemenne. CHayaja pemuM ypaBHEHUE

x*—-12x +32=0, 1)
OHO mMeeT KOPHU x; =4 m x, = 8 (puc. 28, a).
a) 3areM peIlIuM HepaBeHCTBO
. . - x*—12x + 32 <0, (2)
4 8 OHO WMeeT MHOJKECTBO peIleHuin
0) (4; 8) (puc. 28, 06).
- O0befuHUB MHOKECTBa pe-
4 8 X meunit ypaBHeHusa (1) um Hepa-
BeHcTBa (2), IMOJyYWM, YUTO MHO-
B) SKECTBO peIllleHNiI MCXOJHOTO He-
y/ o > paBeHCTBa €CTb OTpPe3oK [4; 8]
4 8 *  (puc. 28, 8).
Puc. 28 Orser. [4; 8].
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171. a) PemnTe HepaBeHCTBO —— T

Pemrenne. OueBugHO, YTO YpaBHEHUE = 0 KopHe# He

uMmeeTr. Pemium HepaBeHCTBO > 0, OHO MMeeT MHOKECTBO

-1
pettenuii (1; +00).

CiemoBaTesibHO, MHOMKECTBO PeIleHWil HNCXOMHOI'o Hepa-
BeHCTBa ecTh mHTepBaJya (1; +00).

OtBer. (1; +0).

2
x“ —4x + 3
2— > O-
x“ -9

Pemnrenne. CHauajyia pemimM ypaBHEHUeE

172. a) PemuTe HepaBeHCTBO

2 —4x+3
S8 o, 3)
OHO HMeeT eIMHCTBEHHBIII KopeHb Xx; = 1 (puc. 29, a). 3arem
pemimM HepaBeHCTBO
x® —4x + 3
S22 s, )
OHO pAaBHOCHJIBHO HepaBeHCTBY (x + 3)(x —1)(x—3) >0 u
uMeeT MHOXKecTBO pemieHuin (—o0; —3)U(1; 3)U(3; +o0)
(puc. 29, 0).

O0benuHUB MHOMKECTBa pellleHuil ypaBHenus (3) u Hepa-
BeHCTBA (4), TOJYUYUM, UTO MHOIKECTBO PEIeHUN MCXOTHOTO
HepaBeHCTBA ecTh (—o0; —3)U[1; 3)U(3; +0) (puc. 29, 8).

OtBer. (—o0; —3)U[1; 3)U(3; +0).

3ameuaHue. CToOUT 00pAaTUTh BHUMAHUE yUaIlUXCsS Ha He-
00XOAMMOCTDh CJIEJOBAHUSA YKasaHHOMY B . 3.2 aJITOPUTMY
pelieHus paIlMOHAJBHBIX HepaBeHCTB. Hampumep, wuHOTAA
yyaiiuecsa HaxXoAAT 0oJjiee 9KOHOMHOE «pellleHre» HepaBeHCT-

Ba, uem IpUBEAEHHOE BBIIIIE. Onu HEPaBEHCTBO

x2—4x+3>0 (x—l)(x—3)>0 _

=———— > 0 mepenuceIBalOT B BHJIE ;———=v— = = 0, CO

2-9 (x + 3)(x - 3)

KpaIiamoT anreGpamueckyio )

IpoOb B JIEBOUM YacTH HepaBeH- >

crea: X=1 >0, a sarem - 1 *
: 3 , pemra- )

IOT TOJIyYeHHOe HepPaBeHCTBO, /4

CUNTasA, YTO OHO PABHOCHUIBLHO -3 1 3 X

ucxogaomy. Meskay Tem mosry- B)

YeHHOe HepaBeHCTBO HEe PaBHO- J 74

CUJIBHO WHCXOJHOMY, TaK Kak -3 1 3 x

uMeeT pelnieHue 3, KOTOPOTOo

HCXOJHOe HepaBeHCTBO He MMe- Puc. 29
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175. Pemure HepaBeHCTBO:

a) |x* — 6x + 7| > 2; 6) |x*— 9x + 19| < 1.

Pemenue. a) Bce pemnreHus MCXOIHOTO HepaBeHCTBA SBJIS-
IOTCA WM pelleHMaMU HepaBeHcTtBa 1) x% — 6x + 7 > 2, uan
pellleHUsAMH HepaBeHcTBA 2) x° — 6x + 7 < —2.

HepasencTBo 1) mmeeT MHOKECTBO perneHuit (—oo; 11U
U[5; +00).

HepaBeHncTBO 2) paBHOCUJIBHO HEPABEHCTBY

(x —3)*<0,
OHO WMeeT eqWHCTBEHHOE PeIleHure
/4 & x, = 3.
1 3 5 x O0befUHUB MHOKECTBaA perlie-
HUIl HepaBeHCTB 1) u 2), moaydum,
Puc. 30 YTO MHOYKECTBO DPEIIeHUuN UCXOmI-

HOTO HepaBeHCTBa ecTh (—o0; 1]U
U{3}U[b; +o0) (puc. 30).
0) Bce pelreHus MCXOLHOI'O HEPABEHCTBA ABJIAIOTCS U pe-
IMIeHUSIMU HepaBeHCTBa
x*—9x +19<1,
" pelnieHunuAMMN HepaBEeHCTBa
x®—9x + 19 > -1,

a) T. e. HCXOJHOe HepaBeHCTBO
PaBHOCUJILHO CHCTEMe Hepa-
J /N
3 6 X  BEHCTB
0) 9
% Y x° —9x +19 <1, (5)
4 5 x | -9x+19>-1
B)
y y y IlepBoe HepaBeHCTBO cu-
s " 4 3 >  CTeMbI IIePEeHuIlieM B BUE

(x —3)(x—6) <0,
Puc. 31 OHO HMeeT MHOKEeCTBO peIlle-
"Huii [3; 6] (puc. 31, a).
Bropoe HepaBEeHCTBO CHUCTEMBbI IIEPENUIIIEM B BUJE
(x —4)(x—-5) >0,
OHO UMeeT MHOXKECTBO perreHui (—oo ; 41U [5; +00) (puc. 31, 6).
Cucrema (5) m paBHOCHJIBHOE €Wl HCXOJIHOE HepaBEeHCTBO
uMeloT MHOKecTBO perenuii [3; 4]U[5; 6] (puc. 31, 8).
OtBer. a) (—o0; 1JU{3}U[b; +20); 6) [3; 4]U[5; 6].
178. n) Pemmure cucreMy HepaBEeHCTB

(x+1)(x2—x—6)20,
(x — 1)(«* — 5x + 6) <0,

o~ (x +8)(«* — 4) > 0.



Pemenue. Ilepenumiem cu- a)

cTeMy B BHe % W
(x+2)(x +1)(x - 3) >0, 5 2t 3 x
(x = 1)(x —2)(x = 3) <0, (6) L

— > 1 2 3 X
(x +3)(x+2)(x-2)>0 2
IlepBoe HepaBEHCTBO CHCTe- W 74

MBI MMEET MHOYKECTBO PeIleHuN -3 -2 2 x

[-2; —1]U[8; +©) (puc. 32, a). T)

BTopoe HepaBeHCTBO CHCTEMBI _

“MeeT  MHOXKECTBO  pellleHHit 9 3 x

(—o0; 11VUI[2; 3] (puc. 32, 0).

TpeTbe HePABEHCTBO CHCTEMBI Puc. 32

nMeeT MHOJKECTBO  PeIleHUHn
[-3; —2]U[2; +o0) (puc. 32, 8). O6IIasg YacTh 9TUX TPEX MHO-
JKEeCTB COCTOUT W3 ABYX uuces —2 u 3 (pmc. 32, 2).

Orser. {—2; 3}.

AdononHutenbHoe 3ajaHue

1. (I[Io0zomoska k¥ K—2.) [lokaKkuTe, 4TO OJIA JIOOBIX UU-
ceJl X CIIPABEIJINBO HEPABEHCTBO:

a)x 20x + 101 > 0;
6) x* +2x—2|x+1|> -2.

HaiiguTe Bce 3HaueHUs X, OJIs KOTOPBIX JieBas 4YacTb He-
paBeHcTBa 0) paBHa TpPaBOIi.

Pemenue. a) Ilepenmumniem mcXoqHOE HEPABEHCTBO, BBIJE-
JIUB TOJIHBII KBaApaT B JIEBOIl ero 4acTu:

(x—-10)2 +1>0,

rak Kak (x — 10)® > 0 gua m060r0 X, TO IMOJyUeHHOe HepaBeH-
CTBO CIIPaBEIJIUBO AJsA JIOOOTO X, UTO M JOKAa3bIBAaeT UCXOIHOE
HepaBeHCTBO.

0) IlepenumnieMm mMcxXOqHOE HEPABEHCTBO B BUIE

lx+1F-2x+ 1]+ 1 >0,
nJIMn B BUOE
(x+ 1] - 1)> > 0.

Tak Kak IocjefHee HEPABEHCTBO CIIPABEIJIUBO [IJS JIO-
foro umcia X, TO U HUCXOLHOE HEPABEHCTBO CIPABEIJINBO MIJIA
J000TO YmMCaa X.

JleBaa yacTh MCXOMHOTO HepaBEHCTBA PaBHA IIPAaBOM, €CJIU
lx+ 1 =1, r. e. mpu x = 0 u npu x = —2.

HpOMeHQyTO‘{HBII/I KoHTpoas. C-10, C-11*, T-3, K-2
(oOBIYHBIE KJIACCHI).
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3.5. 3ameHna Heu3BECTHOIO
IIPpM pelieHUN HEePaABEHCTB

B mamHOM TIyHKTe Ha IpUMepaX ITOKal3bIBAeTCsA pelleHue
panuoHAIbHBIX HEPaBEHCTB CIOCOO0OM 3aMeHbI HeM3BEeCTHOTO.
ATOT ONYHKT He SABJSEeTCA 00sg3aTeJbHBIM AJA OOBIUHBIX KJAac-
COB, HO B KJjlaccax C YIVIyOJIEHHBIM H3yYeHUWEM MaTeMaTUuKU
OH JOJIKeH OBITH XOPOIIIO ImpopadoTaH, TAaK KaK 3aMeHa Heus-
BECTHOTO [OBOJHLHO YACTO NPUMEHAETCA IIPU PerieHuu 0OoJiee
CJIO’KHBIX 3ajad.

B kimaccax ¢ yruiyOGJEéHHBIM HM3yUYeHHMEeM MAaTeMaTUKUW HaIo
npopaboTaTh IO IUIAKTHYECKHMM MaTepuajamM m. 12 u mpo-
BECTH caMocToATeJbHYI0 pabory C—12, a 3aTeM KOHTPOJIBHYIO
pabory K-2.

PeweHns n kommeHTapum

179. PeIIII/ITe HEPaBeHCTBO:

a) (x—3) - 5(x—-32+4<0;

B) (x + D' - 5(x+ 1) +4>0.

Pemenne. a) Bensa HOoBoe HemsBecTHOe ¢ = (x — 3)2, mepe-
OUIIeM HCXOJHOe HepPaBEeHCTBO B BU/E

- 5t+4<0. (1)

HepaBencTBy (1) ymoBiieTBOpAOT Bce ¢, TaKue, YTO
1 <t < 4, I09TOMYy MHOYKECTBO DPEeIIeHUN MCXOJHOTO HepaBeH-
CTBa €CTh MHOKECTBO PEeNIeHUI NTBOWHOTO HepaBeHCTBAa:

1< (x-3)2<4. (2)

JlBoiiHoe HepaBeHCTBO (2) mMeeT MHOYKECTBO peIIeHU
(1; 2)U 4; 5), ClIe[I0BATENBHO, U MCXOJHOe HEPABEHCTBO MMeeT
TO K€ MHOJKECTBO pPeIlleHul.

B) BBegs HOBOe HemsBectHOe t = (x + 1)?, mepemumem wuc-
XOHOEe HEepPaBeHCTBO B BUE

—-5t+420. 3)

HepasencTBy (3) ymoBiaeTBOPAOT Bce t, Takme, uto ¢ < 1
wiu t > 4, MOITOMY BCE€ PeIIeHusA WNCXOIHOT'O HepaBeHCTBa

ABJIAIOTCA WM PElIeHUAMYI HepPaBeHCTBa 1) (x + 1)?< 1, win
PeIeHNAMI HepaBeHCTBA 2) (x + 1)% > 4.

MHuoskecTBo pelrieHuit HepaBeHcTBa 1) ectb [—2; 0], a MmHO-
°KeCTBO peIlleHunii HepaBeHCTBA 2) ecTb (—00; —3]U|[1; +00).

CrnenmoBaTesbHO, MHOXKECTBO DPeEIIeHWH KCXOZHOTO Hepa-
BeHCTBA ecTh (—o0; —3]U[-2; 0]U[1; +00).

Oter. a) (1; 2)U (4; 5); B) (—oo; —3]U[-2; 0]U[1; +00).

181. a) Pemure HepaBeHCTBO x4+ 4x -2 - 2& < 0.

x° + 4x

Pemenue. Beegsi HOBoe HemsBecTHOe ¢t = x° + 4x, mepernu-
IIeM MCXOIHOe HepaBeHCTBO B BUE
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t—2—%<o. (4)

HepasencTBy (4) yIOBIETBOPSAIOT BCe f, TaKue, 4TO ¢ < —3,
a Takyke Bce t, Takue, uto 0 < t < 5, mMOSTOMY BCe pPeIeHUs
HCXOJHOTO HepaBEeHCTBA €CTb WJIM pPeIlIeHusd HepaBeHCTBa
1) x*+4x< -3, wuIum pelleHHs [BOHHOTO HePAaBEHCTBA
2) 0 < x% + 4x < 5.

HepaBenctBo 1) mMeeT MHOMKecTBO pemrenuit [—3; —1],
IBOMHOE HepaBeHCTBO 2) wuHMeeT MHOYKECTBO peIlleHni
[-5; —4) U (0; 1], cregoBaTesibHO, UCXOAHOE HEPABEHCTBO MMe-
eT MHOKecTBO pelenuinn [—5; —4)U[-3; —1]U (0; 1].

OtBer. [—5; —4)U[-3; —1]U (0; 1].

182. a) Pemure HepaBeHcTBo |x + 4[> — T|x + 4] > 0.
Pemenue. a) Beensa HoBoe HemsBecTHoe t = |x + 4|, mepe-
OUIIeM HCXOJHOe HepPaBEeHCTBO B BU/E

2 — Tt > 0. (5)

HepaBeHcTBy (5) yIOBJIETBOPAIOT JUIIH Bce {, TaKWeE, UTO
t <0, a Tak:Ke Bce t, Takume, UTO t = 7, IOSTOMY BCe peIle-
HUSI MCXOJHOT'O HEPAaBEHCTBA €CTh WJIM PeIlleHUus HepaBeHCTBAa
1) |x + 4/ < 0, unu pemenus HepaBeHcTBa 2) |x + 4| > 7.

HepaBenctBo 1) mMeeT eIMHCTBEHHOe DpellleHMe X, = —4,
HEepaBeHCTBO 2) WMeeT MHOMKeCTBO pelneHUi (—o0; —11]U
U[3; +00), caemoBaTesbHO, WCXOJHOE HEPaBEHCTBO WMeEeT
MHOMecCTBO perreHuii (—oo; —11]U{-4}U[3; +00).

Oteer. (—00; —11JU{-4}U[3; +00).
x2—3|x|+2>0,
_10 >
3 - |4 )

184. a) PemuTe cucremy HepaBeHCTB

Pemenne. Beegs HOBoe HeusBecTHoe t = |x|, mepemuiem
HCXOJHYIO CHCTEeMY HepaBeHCTB B BHUJIe

t? —3t+2>0,
10, (6)
3t
Cucreme (6) yAOBJIETBOPAIOT JIUIIL Bce t, TaKue, UTO
t <1, a TakKe Bce t, Takme, uTo 2 < t < 3, IIOITOMY BCe pe-
MIeHnsd HCXOMHOM CHUCTEMbl €CTh WJIN PeIleHUsd HepaBeHCTBa
1) |x| < 1, mnu pemernus nBoiiHoro HepaseHcTBa 2) 2 < |x| < 3.
HepaBencTBo 1) mmeer mMHOMKecTBO perreHuii (—1; 1), He-
paBeHCTBO 2) MMeeT MHOMKeCcTBO perteHuit (—3; —2)U (2; 3),
cJaeqoBaTeJbHO, MCXOJAHOE HEePABEHCTBO MMEEeT MHOYKECTBO pe-
meauii (—3; —2)U (—1; 1)U (2; 3).
OtBer. (—3; —2)U(-1; 1)U (2; 3).
IIpome:xyTouHbIii KOHTpPOAb. C—12%, C-13%.
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AononHeHua Kk rnaee 1

1. /loka3aTeJabCTBO YMCJOBBIX HEPABEHCTB

B mamHOM nmyHKTe cHayaJla NPUBOAATCSA W3BECTHHIE eIIé
u3 Kypca 8 KJjacca OATb CBOWMCTB YMCJIOBBIX HEPABEHCTB, KO-
TOpBIE B MajbHEHIeM OyAyT MIPUMEHATHCA MIPU MTOKA3aTEJbCT-
Be JPYTUX YUCJIOBBIX HepaBeHCTB. [lasee pasbmpaeTcss MHOTO
OPUMEPOB Ha JOKA3aTeJIbCTBO UYMWCJIOBBIX HEPABEHCTB, B TOM
qucjae AOKa3aTeJbCTBO HepaBEHCTBA MEXKIYy cpefHUM apudme-
TUYECKUM ¥ CPeJHUM IeOMeTPUYECKUM ABYX ITOJIOKUTEIbHBIX

1
yurceJ M JOKal3aTeJbCTBO HepaBeHCTBa X + < 22 (gaa x > 0).

Cienyer mpemocTepedb yUallUXCsa OT OMIMOOUYHBIX JOKasa-
TeJIbCTB, HAIPUMEP OT TAKOrO «I0KAa3aTeJIbCTBA»:

Jlokaskem, 4TO AJIs JIFOOBIX UMcCesl a U b cIpaBediNBO He-
paBeHCTBO

2 2
% > ab. 1)
W3 mepaBenctBa (1) ciaegyeT HepaBEeHCTBO
a® + b% > 2ab. (2)

U3 HepaBeHcTBa (2) ciexyer HepaBeHCTBO a’ + b? — 2ab > 0,
KOTOpOEe MOJKHO IIepelrcaTh B BHUE

(a — b)? > 0. 3)

Tak kKak HepaBeHCTBO (3), OUEeBUIHO, CIIpaBeAJINBO (KBa-
IpaT 4Yucjga HeOTPHUIlaTeJIeH), TO CIIPAaBeJJINBO Y HEPaBEHCTBO
(1).

YueHUKHN OOBIYHO YAUBJISIOTCS, UTO HPUBEAEHHOE «I0KAa-
3aTeJIbCTBO» OOKasaTeJabCTBOM HepaBeHcTBa (1) He saBjdeTcCd.
Ha camom mese mokasaHO, YTO M3 CIIPABEAJMBOCTUA HEPABEHCT-
Ba (1) ciemyeTr cipaBemJiMBOCTL HepaBeHCTBa (3), HO Beob He

Tpe6GoBasoch HOoKasaTh, uTo (a — b)? = 0.

IIpuBenénnoe paccyskAeHne BCEro JININb «aHaJIU3», IO0-
MOTrawIuil HAWTHU OyTh AOKasaTeibcTBa. Hacrosliee mokasa-
TeJILCTBO TPedyeT IIPOBEIeHUs PAaCCYKIEHUI B OOpaTHOM IIO-
pAOKe: pacCMOTPUM HEPaBEHCTBO, CIIPaBeAJIMBOE OJIA JIOOBIX
yucesg a u b:

(a—-b?>0,

npuMeHUM (QOpPMYJy KBaJpaTa Pa3HOCTU:
a? - 2ab +0b%>>0,

B IIOJJYYEHHOM BEPHOM HEPaBEHCTBE IMPUOABUM K KaKAOU ua-
cTtu umciyo 2ab, MOJIyYMM HOBOE BepHOE HEPaBEHCTBO

a? + b% > 2ab.
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PasgenuB obe uacTu HepaBeHCTBAa HA IIOJIOMKUTEJIbHOE UHU-
cJI0 2, TOJyYMM BepHOe HepaBeHCTBO

2, 22
A b,
2
YTO U TPeboBaJIOCh MOKAa3aTh.

JloKkasaTeJabCTBO MOMKET COAEPIKaTh IPUBEAEHHBIE BBIIIE

mIarum: s

a+b s ab, 4)

2
a? + b% > 2ab,
a® - 2ab + b* >0,

(a-b)>0, (%)
HO TOTJa OHO JOJI:KHO 3aKaHuuBaeTcs (pasoil «paccyskaas B
o0paTHOM IIOpPAAKEe, M3 CIPaBeIJINBOCTH HepaBeHCTBa (9) IIo-
JYyYUM CIIpaBeIJINBOCTb HepaBeHcTBa (4), uTo u TpebGoOBaJIOCh
IOKa3aTh».

JlaHHBIN TYHKT 00A3aTebHO M3yUaeTcsa B KJlaccax C yrJy-
OJIEHHBIM H3yUYEeHHWEM MAaTeMaTUKM, HO M B OOBIYHOM KJiacce
ObLTO OBI ITOJIE3HO MOKAasaTh ydallumMcs OOKasaTelbCTBa He-
CKOJIbKNX HEpPaBEeHCTB.

Kax ormeuaercss B yueOHHKe, He CYII[eCTBYeT OOIIero me-
TOoHa IOKas3aTelbCTBA HepaBeHCTB. IlosTomMy IIpu mOKAa3aTesb-
CTBe KaKJOT0 MaHHOTO HEepaBEeHCTBA HYKHO CHeJIaTh HECKOJIb-
KO IIOIBITOK MOKA3aTeJbCTB PA3HBIMU CIIOCO0AMUW ¥ B KOHIIE
KOHITOB BBLIOpPATh TO [AOKA3aTeJIbCTBO, CIIPABEIJIMBOCTH KOTO-
poro He BbI3bIBaeT coMHeHuii. IIpu sTOM wHMHOrZA MTOMOTraeT
«aHAJIN3» BO3MOJYKHOI'O [IOKA3aTEeJbCTBA, KAK B IIPUBEIEHHOM
BBIIIIe TIpUMeEpe.

PeweHna n kommeHTapum

185. [Toka:xuTe HEepaBeHCTBO, I'Ie a, b, ¢ — melCTBUTEb-
HbIEe YucCJia.

6) a® + b > a’ + ab® (a + b > 0);

r) % +a<-2(a<0).

lokazaTtenbcTtBo. ©0) IlpuBemém mgokasaTelbCTBO He-
paBeHCTBa, He IIPOBOAA <«aHAJIU3». PaccCMOTPUM pPa3HOCTh
A=a®+b®—(a’ + ab?). Tax xax A =a®-a’ + b - ab® =
= a%(a — b) — b%(a — b) = (a — b)(@a® - b*) = (a — b)’(a + b), O,
yuntsiBasg, uto (@ — b)2 > 0 aisa a06bIX @ U b U IO YCIOBUIO
a + b > 0, monyuum, utro A > 0. CiemoBaTejabHO, TOKa3aHO He-
paBercTBO a® + b® — (a?b + ab?) > 0.

IIpubaBisaa K o0emM dYacTAM BTOT0 HEpPaBEHCTBA UYUCJO
a®b + ab?, monyumM, UTO CIpABEAINBO HEPABEHCTBO

a® + b® > a®b + ab?,

4YTO U TPebOBaJIOCh HOKAa3aTh.
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3ameuaHue. Brillle 3ammcaHo JOKas3aTeJIbLCTBO HEPABEHCT-
Ba 0) Tak, KaK ero MOYKHO ObLIO ObI OOCYKJaTh C yUallluMU-
cs. 3anmcaTh JOKa3aTeJbCTBO HEPaBEHCTBA B TETPALAX MOKHO
Kopoue:

CHauyaJjia IIPOBEIEM «aHAJN3», IIOMOTAIONINII HAWTU MOKa-
3aTeJIbCTBO HepaBeHCTBa. VI3 HepaBeHCTBA

a® + b® > a®b + ab® (€))
cijaenyeT HepaBeHCTBO

a®—a’v+ b2 —-ab? >0,
KOTOpO€ MOHO IIepelirucaThb B BHIE

(a — b)*(a + b) > 0. (2)

«Ananus» sakonueH. Ilepeiimém K mokasaTejabcTBY. Tak
Kak (@ —b)?>0 u a+b >0, To gIa MOGBIX TAaKUX a@ U b
cipaBeasinBo HepaBeHCTBO (2). Paccy:xkmas B oOpaTHOM IIOPSAMI-
Ke, U3 COPaBEeJJIMBOCTH HepaBeHCTBA (2) MOJyYMM CIIpaBeIJIU-
BOCTh HepaBeHcTBa (1), UToO u TpebOBAJOCH MOKa3aTh.

r) CHauajia IPOBEIEM «aHAJIM3», IIOMOTAIONINNA HAUTHU O-
KasaTeJbCTBO HepaBeHCTBA.

Ilepenecs Bce uJjieHBI HePAaBEHCTBA B JIEBYIO UAaCTh, IOJIY-
YUM HEPaBEHCTBO

%+a+2<& (3)

HpI/IBe,ZIH ,leO6I/I K OGHIeMy 3HaMeHaTeJ, IIOJIYyYUuM Hepa-
BEHCTBO 9
+ 2a +
a 2a + 1 <o0.
a

(4)

ITpumenasa dopmysy KBagpaTa CyMMBbI ABYX YUCeJ, IOJY-
YMM HepaBeHCTBO

(a + 1)2

a

<o0. (5)

«Ananus» szakomueH. Ilepefigém K AOKA3ATEIHCTBY . Pac-
cyskmaeM B oGpaTHOM mopsanke. Tak kak (a + 1)2 > 0 gusa mro-
6oro ymciia a u 1o ycaoBuio a < 0, To gia a < 0 cupaBegaImBO
HepaBeHCTBO (5).

IIpumensas gpopmysy KBagpaTa CyYMMBI IBYX UKCEJ, IIOJIY-
YUM, YTO CIIPABEAJMBO HepaBeHCTBO (4).

Tarc Kak a #0, TO, pasmgeauB YJIEHBI MHOTOUJIEHA
a’®+2a+1 Ha a, IOJIy4YuM, UYTO CIpaBeAJuBO HepPaBeHCTBO
(3).

IIpuGaBisaa K o06emM dYaCTAM OSTOr0 HepaBEeHCTBA UYMCJIO
—2, MOJyYUM, UTO CIPABEAJINBO MCXOTHOE HEepPaBEHCTBO, UTO
U TpebOBaJIOCH TOKA3aTh.
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3ameuaHue. HepaBeHCTBO I') MOYKHO [I0KasaTb, CChLIASCH

Ha paHee JOKas3aHHOe HePaBEHCTBO % +b>22 (b>0).

1
VMHOKHB HEPaBEHCTBO 5 +b 2> 2 (b > 0) ma orpuraTesb-
HO€ dYHCJIO _1, IIOJIyYMM, 4YUTO CIIpaBegJinBO HEPaBEHCTBO

—ib + (—b) <=2 (b > 0). O6o3HauuB a = —b, HmepemnuIlIeM I0JIY-

1
UeHHOe HePABEeHCTBO B BHUIE - +a< -2 (a <0), uro u Tpe-

00BaJIOCh NOKAa3aTh.
186. [ToxkaxxkuTe HepaBeHCTBO, I'le a, b, ¢ — He’CTBUTEIb-
HBIE 4YMCIa:

2ab
> .
a) VJab P (a >0, b>0)

r) 2a® + b® + ¢ > 2a(b + o).

JlokazateabcTBo. a) IIpoBemém «aHaIM3», IIOMOTAIOMIIUIA
HaUTH [OKal3aTeJbCTBO HepaBeHCTBa. llepeHecéM Bce YJIEHBI
HepaBeHCTBA B JIEBYIO YaCThb, IIPUBEAEM APOOM K OOIeMy 3HAa-
MeHAaTeJI0, BLIHECEM B UHCJIUTEJEe APO0M OOIIMII MHOYKUTEJIb
3a CKOOKM W IpmMeHUM (QOpMYyJy KBaJpaTa PasHOCTH:

\/E > 2ab (6)

a+b’

\/E_ 2ab >0,

a+b
\/E(a+b)—2ab>0
a+b
\/E(a+b—2\/ﬁ)
=0
a+b

Jab(Ja - \b)

2
>
a+b 0. D

b

«Ananus» s3akouuex. Ilepeiigmém K mokKasaTeJbCcTBY. llpu
yeaoBuax a >0 mw b > 0 mepaBeHcTBo (7) cIpaBenImMBO, TaK

2
KaK \/E>0, a+b>0 mu (\/7—\/5) > 0. Paccyxmaa B

o0paTHOM IIOPAAKEe, IIOJYYMM, UYTO IIPHU yCJoBuUAX a > 0 u
b > 0 u3 cmpaBegiamBocTH HepaBeHcTBa (7) ciemyer clpaBepn-
JUBOCTH HepaBeHcTBa (6), uTo m TpeboOBaJOCh HOKAa3aTh.

r) IIpoBeném «aHaIM3», IMOMOTAIONINI HAUTU JOKal3aTellb-
CTBO HepaBeHcTBa. llepeHecéM Bce UJieHbI HEpPaBEHCTBA B Je-
BYIO 4acCTh, PACKPOEM CKOOKHU M IpuMeHuM (opMyJIy KBagpara
pasHoCcTH:
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2a + b2+ ¢? > 2a(b + o), (8)
2a +b2+c—2a(b+c) 0,

+b +c—2ab—2ac 0,
(a—b)+(a—c)>0. 9)

HepasernctBo (9) cmpaBemanBo, Tak Kak (a —b)? >0 u
(a — c)2 > 0. Paccy:xgass B oOpaTHOM IIOPAIKeE, IIOJYYUM, UTO
W3 cIpaBeIuBOCTH HepaBeHcTBa (9) ciexyeT cupaBeAiMBOCTh
HepaBeHcTBa (8), uTo U TpebOBAJIOCH AOKA3aTh.

187. [loxaxuTe HepPaBeHCTBO, T'le @&, b, ¢ — HeHCTBUTEJb-
HbIe YmCcJa:

a) a2+b2+c2>ab+ac+bc;

6) © +b+7 za+tb+ec (a>0,b>0, c>0)

B) —\/_<a+b<\/§,ecm/1a2+b2=1;
r) 9a+4>12 (a > 0).

JoxkazareabcTtBo. a) IIpoBeném «aHamm3», ITOMOTAIOITUIA
HaWTHU [OKAa3aTeJbCTBO HepaBeHCTBA. llepeHecéM Bce UYJE€HBI
HepaBeHCTBA B JIEBYIO UYaCTb, YMHOKHM 00e YacTu HepaBeHCT-
Ba Ha 2 um mpuMeHUM (GopMyJay KBagpaTa PasHOCTH:

a2+b2+c ab+ac+bc, (10)
a—|—b +c—ab—ac—bc 0,

2a? +2b2+2c 2ab — 2ac— 2bc 0,

(a—b) + (b - c) +(a—c) (11)

«Ananus» sarkonueH. Ilepeiimém K mokasareabcTBY. He-
PaBEHCTBO (11) CIPABE/IUBO A J1I06LIX a, b u ¢, Tak Kak
(@-b>>0, ®-¢)*>0 u (a—c)?=>0. Paccym,z:aa B oOpar-
HOM TOPAIKE, MOJYUYNM, UTO M3 CIIPABEAJMUBOCTHA HepaBEHCTBA
(11) crexyer cupasemamBocTh HepaBeHcTBa (10), uTo um Tpebo-
BaJIOCh JTOKAa3aTh.

0) IIpoBeném «aHan3», IMOMOTAIONINN HAWUTH HOKa3aTellb-
CTBO HEpaBEeHCTBA. Y MHOXKHUM JIOKas3bIBAEMOE HEPAaBEHCTBO Ha
MOJIOYKUTEJSIbHOE Yuceao 2abc:

ab yac L% >0+ b+c, (12)
c b a

2a%b? + 2a2c? + 2b%c? > 2a’be + 2ab’c + 2abc’.

Ilepenecém Bce uJieHBI HEPABEHCTBA B JIEBYIO YaCThb U IIPU-
MeHuM (OPMYJIy KBagpaTa PasHOCTHU:

(ab — ac)® + (ab — be)? + (ac — be)? > (13)
«Aunanmus» 3aKOHUYEeH. Hepen,z:eM K /IOKasaTeJIBCTBy

HepaBeHc'rBo (13) CHPaBE/UINBO, TaK KaK (ab — ac)®* >0,
(ab — bc)? > 0, (ac — be)? > 0. Paccysxzpasa B o6paTHOM IIOPSZ-
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Ke, IOJIYYMM, YTO M3 CIPaBeIJIMBOCTH HepaBeHcTBa (13) cie-
IyeT CIpaBemJnBOCTL HepaBeHcTBa (12), uTo m TpebGoBasoCh
JIOKa3aTh.
B) Paccmorpum A = (a + b)2. Ilpumensas dopmyay Ksa-
Ipata CyMMbI, TMeeM
A= (a+0b)?’=a”+ 2ab + b><a®+ b>+ 2a|b.
IIpumeHsasa HepaBeHCTBO MeKIy CPeIHUM apudMeTude-

CKMM " CPeJHUM TeOMEeTPUYECKHM OIBYX HEOTPUIIATEJIbHBIX
YunceJs, MOJYyUUM, UTO

a® + b > 2Va’p® = 2|a|jb

OTKyJa CJeLyeT, UTO

b

A < 2(a? + bd).
Tak xak a® + b> =1, To HoIy4aeM, UTO CIPaBeIHBO He-
paBeHcTBO (a + b)? < 2. IlepemuireM 9TO HEPABEHCTBO B BUE

la + b - (ﬁ)2 <o0.

Ilpumensasa ¢opMyay pPasHOCTH KBAAPATOB, IIepPeIunIlieM
9TO HEPaBEHCTBO B BUIE

(a+8 - v2)a+8+ V2)<o. (14)
Tax Kak A1 T06bx a u b mmeeM |a + b + V2 > V2 >0,
TO W3 CIpaBemJInMBOCTU HepaBeHcTBa (14) ciaemyer, 4UTO
la + b - V2 <o.
ITocientiee HEPABEHCTBO MOYKHO II€PeIrCcaTb B BU[E
la + b < V2
WJIN, WCIOJIb3YS OIpe[esieHre a0COJMIOTHOM BEJUUYUHBI UMCIA,

B BHUE
V2 <a+b< 2,

YTO U TPeOdOBAJIOCH NOKAa3aTh.
r) VI3 HepaBeHCTBA MEXKIY CPEeAHUM apuOMETHUUECKUM U
CPeIHUM TeOMETPUUYECKUM cJenyer, uto ecam a > 0, Tto muasa

4
IMOJIOMKUTEJNBHBIX urcesl 9a M — CIOpaBeJUBbI COOTHOIIIEHU:
a
4
9a + —=>29a-=, T. e. UTO CHpPaBeIJMBO HEPABEHCTBO
a

9a +

IS

212, uro m TPebGoBaATIOCH NOKA3aTh.

188. [loxka:xuTe HepaBeHCTBO, T'le a, b, ¢ — melCTBUTEIb-
HBbIE YuMCJIa.

a) la + b <la| + [b]; 6) la — 8| < a| + [b];

B) [la| —[b] <la - b].
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JokasareascTBo. a) [lokaskeM CIPaBeAJIMBOCTH HEPABEH-
CTBa B KajKJOM U3 PACCMOTPEHHBIX HIKe CIyuaes.

Ecit a>0 uw b>0, 10 a+b >0, mosromy |a+ b=
=a+b=|al + b

Ectu a<0 u b<0, TO a+b 0, mosTomMy |a + b =
= —(a + b) = —(-la| - b)) = |a] +

Eciu a>0 u b<0 u >bl, To |a+ bl=|al—-p|=
= la| — |l <a| + b].

Ecin a>01/1b<01/1|a|<|b|, o |a+ b =|al - |p| =
= (6] = la]| = I - |a| lal + [8].

ctu a<0 b>0 u la| > b, 0 |a+ b =|-a|l + |p|| =
= lla|_— 1ol = la| - |b! la| + bl
a < >0 u |a|<|p|, To |a+ b =|al+p|

can u
= [b] = lall = Ibl lal < la| + [p].

Takum o0pa3oM, BO BC€X PACCMOTPEHHBIX CJAyYadX AOKa-
3bIBaeMO€e HepPaBEHCTBO CIIPaBEmJIMBO.

0) I3 HepaBeHCTBaA, MOKA3aHHOTO B 3aJaHUU a), CJEIyeT,
uTo

la = b = la + (=b)| < |a| + |-b] = |a] + |b],

4TO W TPeOOBaJOCh MHOKAa3aTh.

B) [loxaxeM cCHpaBeAINBOCTL HEPaBEHCTBA B KaKIOM U3
paccMOTpPEeHHBIX HUMKe cnyqae

Ecin a >0 u b >0, To b=a—b|
Eciim a <0 u <0, To ||la| — b| =|-a =la - b
e a>0 mw b<O0 m a|> b, ToO ||a bl = la| — |b] <

Ec
< llal + bl = la — &|.
Ectm a>0 u b<0 nu ||a| < |p|, To ||a| bl = [|b| — |a| =

= bl —lal < [b] + |a| = [lb| + lal = |-b + a| = |a
Ecit a<0 uw >0 u |a| >|p, To ||a| bl = |a| — |b] <
<la| + [b| = |la| + bl = |-a + bl =]a — b

Ectm a<0 u b>0 u }a| <|bl, o |a| - b= b -l|a| =
= |6l = la| < la| + |b] = [la| + &] = =

TaxuMm 0o6pasoM, BO BCeX PACCMOTPEHHBIX CJIyYasaX AOKa-
3bIBaEMO€ HEPABEHCTBO CIIPABEJJINBO.

189. Hoxkaxure, 4uTO:

a) cymMa KyO0OB KaTeTOB HPSAMOYTOJBHOTO TPEYTrOJbHHKA
MeHbIIIe fcy6a TUIIOTEeHY3HI;

6) a” < b"*, ecim n — HarypaabHoe umciao u 0 < a < b.

JokazarenbcTBOo. a) Iliaa kKaretoB a, b u TUIOTEHy3bl €
IPAMOYTOJIBHOTO TPEYrOJIbHUKA BEPHO PAaBEHCTBO a’ + b = c?
YMHOKUB 006e YacTH OTOTO PABEHCTBA HA ¢, HONYIHM HOBoe
BepHoe paBeHCTBo a’c + b’c=c3 Tak kak a<c u b<e¢, TO
a® + b2 < a’c + b%. Us cnpaBe,zmeoc'rH BTOI‘O HepaBeHCTBa
clefyeT, UTO CIpaBe[IMBO HepaBeHcTBO a° + b® < ¢, uro m
TpeGoBajJoCh AOKAa3aTh.

6) I cnoco6. Tak xak 0 < a <b u

b"—a"=0b-a)d" ' +b" %2a+..+ba"" 2+a" ),
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TO OTCIOZA CJELYeT, UTO CIpaBeIJINBO HepaBeHcTBO b" — a” > 0.
ITpubaBisga K o0erM UYACTAM IIOCJELHEr0o HEePABEHCTBA UYMCJIO
a”, ToJIy4uMM, UTO CIpaBeIJIUBO HepasBeHCTBO b" > a", uto n
TpeboBAJIOCh MOKA3aTh.

II cnoco6. [TokaskeM HepaBeHCTBO IIPU IIOMOIIU CBOMCTBA 3
YMHOMKEHUSI ONHOMMEHHBIX HEPABEHCTB C IMOJIOMKUTEIbHLIMU
yirenamu: ecau 0 <a <bu 0<c<d, To ac < bd.

VMHOMKHUB IBa OSHOMMEHHBIX HEPABEHCTBA C HOJIOKUTeNb-
HBIMU JICHAMH a <b u a<b, nonyunm a® < b?. yMHOJKI/IB
HepaBeHcTBo a® < b? Ha a < b, mosyuuM HepaBeHCTBO a’ < b3,
yMHO)KI/IB HepaBeHCTBO a® < b° Ha a < b, HOJIYIUM HepaBEHCT-
Bo a* < b* u T. A. Beimonaus (n — 1) pas omepamuio yMHOMKe-
HusA, noayuum a” < b", uTo m TpeGOBATIOCH NOKA3aTh.

3ameuaHue. 31ech IIPOBEIEHO HOKAa3aTeJIbCTBO HEPaBEHCT-
Ba IJd HEKOTOPOTO KOHKPETHOTO HATypaJbHOTO uucjaa n. Jo-
KasaTeJbCTBO CIIPABEAJIMBOCTU STOr0 HepaBEHCTBA AJIS JII0OOTO
HATYpaJbHOI'O 4ucjaa n OyJaeT IPUBENEHO I03Ke C IIOMOIILIO
MeTOJa MaTeMaTUUYeCKOM WHIYKI[UH.

191. Badauva Esrxauda (IV 6. 0o H. 3.). IloKaKkuTe, 4TO
ecau a, b, ¢, d — HOJOMKUTEJbHBIE YNCJIa U @ — HauboJIbIIIee
YUCJIO0 B MPOIOPIIUU % = %, TO BEpHO HEPaBEHCTBO
a+d>b+ec.

HokasarenbcTBo. Tak Kak mO YCJIOBHUIO 3aJadyud @ > C, TO

U3 BEpPHOI'0 paBeHCTBa @ = C ° % caenyer, 4TO % > 1, oTKyza

moJsiydyaem, 4to b > d. AHAaJOTMYHO MOKAa3bIBAETCHA, UTO U3 BEP-

C
HOTO paBeHCTBa a = b *  CUleAyer, uro ¢ > d.

VMHOKUM 00€ dYacTu BEpHOTO YHMCJOBOTO HepaBeHCTBAa
b > d Ha TOJIOKUTEJIBHOE UYUCJIO ¢ — d, TOJYYUM BEPHOE He-
DaBeHCTBO b(c —d) > d(c — d), xoropoe TmepenuIiieM B BUIE
bc + d*> > dc + bd. BaMeHHM B 5TOM IIOCIeLHEM HEPAaBEHCTBE
npousBefeHre bc paBHBIM eMy Opou3BeleHUEM ad, MOJydYuM
HepaBeHCTBO
ad + d* > dc + bd.

Pasgesnum 006e yacTu 9TOr0 BEPHOIO HEPABEHCTBA HA II0JIO-
JKUTEeJbHOE YMcJio d W TOJYYUM BEpHOE HEePaBEHCTBO

a+d>c+b,
4YTO U TPeboBaJOCh HOKAa3aTh.

3ameuanue. Bo Bpemena EBkianga muorue (paKThl B MaTe-
MaTUKe JOKAa3bIBAJUCh reoMeTpUUecKuM cmocobom. ITpuBemém
UBAIHOE TEeOMETPUUECKOe [TOKAa3aTeJbCTBO TOTO K€ HepaBeH-
cTBa.

Ha orpeske AD, pimHa KOTOpPOTOo paBHa a + d, oTMme-
™M TOuKy M Tak, utobsl AM =a, DM = d. Iloctpoum
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OKPY/KHOCTL ¢ guamerpom AD
(puc. 33). Tak Kak a >d, TO
meHTp O OKPYsKHOCTH TIPUHAIJIE-
Kut orpesky AM. Tax xaxk a > b,
TO, TOCTPOWB HOBYIO OKPYKHOCTH
¢ meutpoM M u pamzmycoMm b, mo-
Jy4YUM TOUYKY B Ha OKpPYXHOCTH,
b BM = b. Ha mepeceueHumn IIPsIMOIA
BM c mepBOil OKPYKHOCTBIO IIOJIY-
yum TOouKy C. VI3 TeopeMbl O mepe-

B CEeKaIoIUXCA XOpPAax CJeAyeT, UTO
Puc. 33 ad =b+MC, a u3 yciaoBus 3ama-
um cijenyeTr, 4to ad = bc, mosToMy

MC = c.

Tax Kaxk OJIWHA XOPIbl, He IIPOXOIAIINEeH uepe3 IEHTP
OKPYJKHOCTH, MeHbIlle eé aumamerpa, 10 AD > BC, T. e.
a+d>b+c, uro u TpebOBAIOCHL AOKA3ATh.

IIpomeskyTOUHBIIT KOHTPOJAb. K—2.

2. IIpousBogHbIe JUHEHHON M KBAJAPATHYHOM
dpyHEIMI

B mamHOM IIyHKTEe HNPWBOAUTCA MaTepHasl, KOTOPBIA HYK-
HO paccMaTpuBaTh TOJBKO B KJjaccax C yIJIyOJEHHBIM U3yde-
HUEeM MaTeMaTuKH’, ecJii dTO TpedyeTcs s uaydyeHus (pusu-
KH.

Ha KoHKpeTHBIX HpuUMepax BBOAATCA NTOHATHUS CPeIHe
CKOPOCTH, MI'HOBEHHOI cKopocTu. [loHATHE MTPOMBBOAHON BBO-
IUTCA C OMOPOH Ha WHTYUTWUBHOE IIPEACTABJIEHWE O IIpeiese
(GYHKIIUU, TPOM3BOJHBIE BBLIUMCIIAIOTCA MO OUPEeAeJIeHUIO IJIs
JUHENHOW ™ KBaapaTwudyHON GQyHKOuii. BBogmTca mnoHATHE
mepBooOpasHoil (GpYHKIHUM OJId JUHEHHON (PpyHKIIHHN.

3. HcTropuueckue cBegeHUS

B mamHOM TOyHKTe paccKasaHa KCTOPUS BOSHUKHOBEHUS
HOHATUII paBeHCTBA M HepaBeHCTBA YNCeJI, IPUMeHeHUs 3Ha-
KOB paBeHCTBa M HePaBEHCTBA.

VcTopuuecKkue cBeleHUs UTPAIOT BA)KHYIO POJIb B popMu-
poBaHWU IEPBOHAYAJBHBIX IIPEACTABJIEHUN O 3apOKIEHUU U
PasBUTUU MaTeMaTHUKU. ITOT MaTepuaj CIIocoOCTByeT (opmu-
poOBaHUIO TPEACTABJIEHUSA O MaTeMaTHUecKOU HayKe Kak cde-
pe 4eJ0BEUEeCKOH HeATesSIbHOCTU, 00 sTamax eé pasBUTHUA, O €€
3HAUMMOCTU AJIA PasBuUTuA IuBuiamsanuu. OH moMoOraeT Tak-
JKe (QOPMUPOBAHUIO II€JOCTHOTO MUPOBO33PEHUsI, OOBACHIET
POJb pasHBIX HAPOJOB B MCTOPUU MATEMATUKU, BOCIUTHIBAET
yBasKUTEJIbHOE OTHOIIIEHWE K Pas3HBIM HapojaM MUpAa.
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rnaeq E

CTEMNMEHDbD Y NMCNA

Bropasa riaBa mocBAIleHa B OCHOBHOM U3YUYEeHUIO KODHEN
creteHM n wus uuciga. CHayajla paccMaTpuBaiOTCA (QYHKIUU
y = x", roe n — HaATypaJbHOE UMCJIO, UX CBOMCTBA U I'Pad)UKHU.
3aTreM BBOOUTCA IIOHATHE KOPHSA CTEIEeHU 71 W3 Yucia U AJIA
«JOKa3aTeJbCTBa» CYIIeCTBOBAHUSA KODHeEH u3 4Yucjaa U BEBI-
ACHEHUS WUX KOJUYEeCTBa IIPUMEHSIOTCA Tpadpmru (GyHKIUU

y = x". Ilocse uero maydarmTCs CBOWCTBAa KOPHEH, paccMaTpu-

BaeTcsa PYHKIUA Y = '\‘/; U pellleHre MPpaIioHaJbHBIX ypaB-
HeHuii. B JlomosHeHMAX K TIJjlaBe paccMaTpPUBAETCsS CTeleHb
ypcJia ¢ paluoHAJbHBIM ITOKasaTejieM W e€ CBOMCTBA.

Ilpy wmsyvyeHWMUM DaHHOTO MAaTepHaJia MOJEe3HO IIPUYUYaAThb
MIKOJbHUKOB K CAMOKOHTPOJIO, C IIOMOIIBI0 KOTOPOTO MOIKHO
O0HAPYKUTH MOMYINeHHbIe OIMMOKU. [T 9TOTO HYMKHO IIPO-
BepATH, MeHCTBUTEJBbHO JU HAWJEeHHOe YMNCJIO0 ABJIAETCA KOp-
HeM CcTemeH! N 13 JaHHOTro umucja. Vcmoab3oBaHme IIpeodpa-
30BaHUI U YHOPOINEHUN BBIPAKEHUN CIOCOOCTBYET Pa3BUTHUIO
MBIIIIJIEHUST yYallluXcsd, OOYUEeHUI0 UX MJAaHWPOBAHUIO CBOEH
IeATeIbHOCTH, OCOBHAHHOMY BBIOOPY HamboJiee s3(PpPeKTUBHBIX
CII0cO00B peIeHus.

Ilens mayuyeHUA raaBbl 2 — OCBOUTH MOHATHE KOPHS CTe-
neHu n ua 4ymejia (XoTdA Obl Ay n = 2, n = 3) U HAYYUTHCA
WCIIOJIB30BATh CBOMCTBA KOPHEU MOJis NpeoOpas3soBaHUA YMCJIO-
BBIX U OYKBEHHBIX BBIPDAKEHUI.

IIpu yray0iéHHOM H3yYeHUUM MaTeMaTHKU MaTepuasl M3-
yyaeTcsa 0e3 orpaHmYeHuA n < 3.

§ 4. PyHkuua y = x"

OcHOBHOe Ha3HauUeHMWEe YeTBEPTOro maparpada — o0ydYUTH
IIIKOJIbHUKOB CTPOUTDL I'pa@uKM (PYHKIUN y = X" C HCIIOJIb30-
BaHMHEM CBOMCTB 5TUX QpyHKIuUi. ®yurnuu y = x" (n > 2) cHa-
yaJjia udyvarorca aiasa x > 0, sarem giaa x € R.

4.1. CpoiictBa u rpadur pyHrmuu y = x", x >0

B nmamHoM mnyHKTe (QOPMYJIHUPYIOTCA U JOKa3bIBaIOTCH
cBolicTBa, 00OIMMe A (GYHKIUA Yy = x°, y=x°, y = xt .,
paccMaTpuBaeMbIX Ha TpoMe:KyTKe [0; +00), mpu aTtom 060-
CHOBBIBAETCA MX B3aMMHOE PACIIOJIOYKEHMEe IIPH N300paKeHuu
B OJHOII cumcTeMe KOOpJAMHAT.

3apaHug ona noBTopeHud. Ilpu mayyenum JaHHOIO IIYVH-
KTa MOXKHO HCIIOJb3oBaTh 3amaunusa 1030, 1031, 1034 (a—s).
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PeweHns n kommeHTapum

213. a) Jlana @pysrnua y = x* (x > 0). IIpu KaKkux 3Hade-
HUAX X 3HaveHus (GpyHKnuu paBubl 0; 1; 16; 817

6) Mama pyuKIua y = x° (x > 0). IIpy KaKUX BHAUEHUAX
x 3HaueHusa QPyHKIuu pasBubl 0; 1; 8; 647?

Pemenne. a) y =0, ecimu x = 0; y =1, eciu x = 1; y = 16,
ecau x = 2; y = 81, ecau x = 3.

0) y=0, ecitu x=0; y=1, ectmu x=1; y=28, ecan
x=2; y==64, ecntu x = 4.

214. IIpu xakux 3HaueHusax Xx (x > 0) BBIIOJIHSAETCS He-
PaBeHCTBO Y,(x) < yy(x), ecmm:

a) yy(x) = x°, y,(x) = x% 6) yi(x) = x%, y,(x) = x°?

Pemrenne. a) y,(x) < yy(x) mpu x > 0, eciu x € (0; 1), Tax
kaxk a11a 0 < x < 1 nmeem

() = yyx) = 28 — ¥ = 22 - 1) =
=x3(x - 1)x®+x+1)<0.
6) y,(x) <yy(x) mpu x 20, ecim x € (1; +°0), Tak Kak

mIs x > 1 nmeem
Y(x) = yy(x) = 2* — x° = 2*(1 - x°) =
=x%(1 - x)(x®>+x+ 1)< 0.

4.2. CpoiicTea u rpaduru bysrmmii y = x>™ u

y = x2m + 1

B mamHOM myHKTe QYHKIUK y = X" pacCMaTpPUBAIOTCA HA
Bceii 06J1acTH CBOEro CYIIeCTBOBAHUA, T. €. Ha R, BbIABIAETCS
pasnauume TpaGumKOB (PYHKIUU AJIA YETHOTO WM HEUYETHOTO 1,
HaXOOATCA TPOMEKYTKM BO3pacTaHUA ¥ YObIBAHUS IJIA UET-
HOTO ¥ HEYETHOTO 7.

Bospacranue QyHKIuii y = x>" u y = x*""1 ma mpome-
KyTKe [0; +00) obocHOBBIBaercsa B 1. 4.1. M3 uérHocTu QyH-

Kinuu y = x° ciemyeTr, 4TO Ha IIpoMexkyTKe (—oo ; 0] ata QyH-
2m + 1

KIusa yoniBaeT. M3 HeuéTHOCTH (DYHKIIUU Y = X cienyer,
yTo Ha OpoMekyTKe (—o0; 0] sra QyHKIIUA BO3PACTaer.
IokasaTeabCTBO BO3pacTaHusA QyHKIuM y = x> ! ma

IPOMEKYTKe (—00; +00) O0OBIYHO BBI3LIBAET 3aTPYAHEHUA Y
yuamuxca. IlosTomy npuBeném ero (st KJIAcCOB C YIIyOJaeH-
HBIM H3YUYEeHUEM MaTeMaTUKM).

2m + 1 2m + 1
Iycts x; < x,, TOKaskem, uTto X, = < X5
2m + 1 2m + 1
Ecam 0 < x; < x,, TO HEpPaBEHCTBO X; = < X, [;OKa-

3aHO B 1. 4.1.
Ecnm x; < x, < 0, T0 |x,| > |, > 0, mosTomy mo moxasan-

|2m+1 > |x2|2m+1 2m + 1 2m + 1 .

HOMY |x, , T. e. X < X
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om +1
Ecau x; < 0 < x,, To IO JOKa3aHHOMY BBIIIIE " <0
2m + 1

n 0< x , OTKyJZa II0 CBOMCTBY TPaH3UTUBHOCTU Hepa-
2m + 1 2m + 1
BEHCTB CJeayeT, UTO Xj < x"

Taxk xKax paccMOTpEeHBbI BCe CcCjiydau, TO HepPaBEHCTBO
2m + 1 2m + 1

X < X JOKa3aHo AJA JIIOOBIX X; < Xj.
3apaHug ona noBTopeHua. Ilpu nsyyenuu JaHHOIO IIYH-
KTa MOMKHO HCIIOJIb30BaTh 3azanmsa 1036, 1037.

PeweHus n kommeHTapum

231. a) CpaBHHUTe 3HAUeHUSA QYHKIUH §y = X U y = X° 1Ipu
sHaueHnax aprymenTta 0 < x < 1.

Pemenue. ECJII/I 0<x<1, Tox>x° rmak Kax

x—x=x(1-2)(1+x)1 +x%>0
oaa 0 < x < 1.

MosxkHO paccy:xkaath maHaue. Ecam 0 < x < 1, To, yMHOKUB
HepaBeHCTBO 1 > X HA MOJIOKUTEJbHOE UHCJIO X, IIOJYUUM,
yro x > x°, Hajee, IIOCHELOBATEIHLHO YMHOKAS IIOJIYdIaeMbIe
HEPABEHCTBA HA IIOJIOKHTEJILHOE HUCIO X, HOJNYUUM X > x2,
x> x®, x> xt, x> K , TIOBTOMY TIO CBOWCTBY TPaH3UTUBHO-
cTHu HepaBeHCTB nuMeeM X > X

3ameuaHue. BEBIBOABI TIpU peEIIeHWN PACCMOTPEHHOTO 3a-
ITaHUsA MOJKHO JejlaTh M3 B3aMMHOT'O PACIOJIOMKEHUA IrpadUKOB
PYHKINN, TaKk KakKk OHO obocHoBano B m. 4.2. B Kiaccax c
yrayOJEHHBIM M3ydYyeHWeM MaTeMaTUKU MOYKHO ITOIPOCUTH J0-
KasaTh HepaBeHCTBa 0e3 CChLIKU Ha rpadmrm (QPyHKIIUHA, Kak
9TO caesamo B 3amanuu 231(a).

233. llama dyuxnua y = x'2. Cpasuute: a) y(1) u y(2);
6) y(-2) u y(-1).

Pemenue. a) Tak kKak QYHKIIUSA y—x BO3pacTaeT Ha
npomeskyTKe [0; +00), uncoa 1 u 2 mpuHaAJIeKaT 3TOMY HPO-
mMexkyTRYy 1 1 < 2, To y(1) < y(2).

06) Tax Kak (GYHKIUSA Yy = X - yObIBAeT Ha IIPOMEKYTKE
(=00; 0], yncama —2 u —1 TpUHALIEKAT STOMY TPOMEKYTKY U
-2 < -1, To y(-2) > y(-1).

3ameuaHue. B 3afaHun 0) MOKHO pacCysKJIaTh mHaue: Tak
Kak (GyHKIUa y = x'? uéTHAA, TO y(—2)=y2) > y(1) = y(-1),
a HepaBeHCTBO Y(2) > y(1) moxazaHO B IIYHKTE a).

234. Nana QpyaKnua y = x°. CpaBHHUTE:

a) y(-=1) u y(1); 0) y( 2) u y(O) B) y(4) u y(-95).

Pemrenne. a) y(-1) = -1, y(1) = -1 < 1, ciemoBaTeib-
Ho, y(-1) < y(1).

6) y(-2)= (- 2)° < 0; y(0) = 0°=0, ciegoBaTeIbHO,
y(=2) < y(0).

12
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a) Y/ | 6) Y
|
|
1 -3
(0 2 x 1 o x
/
/

Puc. 34

B) y(4)=4°>0, a y(-5)=(-5)° <0, cregoBaTeasHO,
y(4) > y(-95).

AononHutenbHoe 3apaHue. Ilocrpoiite rpadur GyHK-
Un:
a) y = (x - 2)% 6) y=(x+3)" - 1.

Pemenne. a) I'papur QysHROUN Yy = x% mepenecém Ha 2
eIUHUNBI BIpPaBO, HnosydyuM rpaduk GYHKDum y = (x — 2)3
(puc. 34, a).

6) I'padur GyHKIuUE y = x* mepeHecéM Ha 3 eZUHUILEI
BJIE€BO M Ha 1 eOWHUILY BHU3, OOJYUYUM TpaduiK (GyHKIUU
y=(x+3) -1 (puc. 34, 6).

§ 5. KopeHb ctreneHu n

OcHOBHOe HasHaAuUeHMe IIATOro Iaparpada — HaAYUYUTH
MIKOJIbHUKOB MOJb30BAThCA CBOWCTBAMU KOPHEM CTEImeHW .
CHauajia BBOAUTCSA HOHATHE KOPHS CTEIeHU 71, 3aTeM paccMa-
TPUBAIOTCA KOPHU UYETHOM UM HEUYETHON CTeleHel, BBOAATCSH
obo3HauUeHUA KOpHEH, M3y4yaloTcs CBOMCTBA apUPMeTHUYEeCKUX

KOpHell cTelmeHu n, paccMaTpuBaeTcss QOYHKIUA Y = Y
(x =2 0), obOcy:xkmaeTcsa BONPOC W3BJEUEHUS KOPHS CTeIeHU N
W3 HaTypaJbHOTO YMCJia, HAaKOHeIl, pa3buparoTcs MeTOObl pe-
IIeHUsI UPpParuoOHaAJIbHBIX YPaBHEHUI.

OTmeTuM, UTO IIO AEHCTBYIOIEH IIporpaMMe B OOBIYHOM
KJlacce JIOCTATOYHO M3y4YaThb KOPHU 2-U m 3-i cremenen. On-
HAKO 37Iech Ke TpebyeTcda HAYUYUTHCA pelllaTh YPaBHEHUS TH-
ma x" = 2. KaxxeTcs CTPpaHHBLIM, UTO YUEHUK OCHOBHOM IITKOJIBI
JOJZKEH yMETH DEIlaTh yDaBHeHHT x*=2 u x®*=2, a ypas-
HeHue x° = 2 — Her. IlosTomy B mamHOM maparpade msyua-
IOTCS KOPHU CTeIlleHW n > 2 U UX CBOWCTBaA 0e3 OrpaHWYEeHUS
n < 3. YuuTeJb B KOHKPETHOM KJacce caM pelllaeT, M3ydaThb
JI1 BeChb MaTepuaj, UJIU O0TOOpPaTh TOJBKO TO, UTO OTHOCHUTCA K
KBaJpaTHBIM U KYOMYEeCKMM KOPHAM. B OOBIYHOM KJIacce Tak
MOKHO HOCTYIIUThH, HO HamO ObI MBYUUTH XOTA ObI mmr. 5.1-5.3.

66



B kiaccax ¢ yriyOGJEéHHBIM M3yYeHHEM MaTeMaTuKU CJie-
IyeT M3YyUYUTh BeCh MaTepuaJl 9Toro naparpada, a Tak'Ke mMare-
puan [omosHeHUI K ryaBe 2, TaK KaK 3TO 00JIeTYUT oOyUeHUEe
B CTapIIMX KJaccaxX, I'le ImporpaMMa IeperpyskeHa IIocje Iie-
peHoca TyJha TPUTOHOMETPUM UM N00aBJIE€HUA 5JIEeMEHTOB CTATU-
CTUKN ¥ TEOPUU BEPOATHOCTEH Ha (POoHEe yMEHBIIEHUA YUCJIa
yueOHBIX YacoB. Kpome Toro, maydyaeMmblii B JaHHOM Ilaparpa-
de mMaTepmas TPAAUIIMOHHO BXOJUT B MHPOTPAMMy KJACCOB C
yrayOJEHHBIM M3yYeHUWEM MAaTeMaTHUKW, OH OKaKeTCA IOoJIe3-
HBIM [OJIA y4YacTHsS B OJUMIIMALAX W APYTUX COPEBHOBAHUSIX.

5.1. IlonaTue KOpPHA CTENEeHHU N
5.2. Kopau 4€THOII M HEUYETHOW CTeIleHU

B nyukTe 5.1 mNpuBOAUTCA CJIOBECHOE OIpelesieHre KOPHS
creiean n (n € N, n 2 2) us uyuciaa. C MOMOIIBIO OIpezee-
HUSA BBIYUCJISAIOTCA KOPHU CTEIeHW N1 U3 HEKOTOPhIX YHCEJI.
9TU mpUMephl MMOKAa3bIBAIOT, UTO HAMO pPacCMaTPUBATh IBa CJIY-
yadg: n — YETHOE UYHCJIO0 W N — HEeUYEeTHOoe uucjo. V3 mpwu-
BEeIEHHBIX IIPUMEPOB, IIOJIyYaeTCs BBIBOL:

a) HeT KOpHel YETHOM CTeHeHU M3 OTPUIlATEJbHOTO UKCJa;

0) cyllecTByeT eAWHCTBEHHLINI KOPeHb M3 Yucjia HYJIb,
PaBHBIN HYJIO;

B) CyLIeCTByeT POBHO JBa KOPHA UYETHOW CTENEHW U3 II0-
JIOKUTEJIbHOTO YWCJA: OAWH IIOJOKUTEJbHBIH b,, Apyroil or-
punareiabHbI b, (b, = —b;);

I') CYIIeCTBYeT eIWHCTBEHHBLI KOPeHb HEUETHOI CTeIleHU
U3 JI000T0 HefICTBUTEIHLHOTO YUCJIA.

B m. 5.2 sTOoT BBIBOA AOKA3bIBAETCA I'PaUUECKUM METO-
oM.

3aTeM BBOAATCA O0O3HAUEHWA OJsA KOPHA CTEIIeHU 7 U3

yucaa a: Q‘/E. Ilo ompenenenwuio:
1) o6Gosuauenue %la WCHOJL3YIOT TOJBKO masa a = 0, mpu-

. 2 2
uyéMm ecau a = 0, To (“/6 =0, eciiz a > 0, To oB6ozHaueHue 4a
HUCIOJB3YIOT TOJIBKO A IOJOKUTEILHOrOo umcyaa by, Takoro,

2k 2k,
uro b, = Va, HO Torma b, = —a;

2k + 1 .
4 WCIIOJBb3YIOT IJs JII000T0 meificTBuU-

2) obo3HaUeHUIE
TeJIHLHOTO YHCJA d.

ITosb3ysAch OLpegeeHHeM U 0GO3HAUEHUAMU [JI KODPHS
CTEeIIeHW 71, MOKHO HAIIMCATH PeIIeHUs CJIeqyIOIIMX ypaBHe-
HUHA:

1) ypaBrenue x** = a (a > 0) uMeer 1Ba KOpHA: X; = %a ,

28 .
X, =—ANa;

2) ypaBmenue x>

= a (a — namboe UYMCI0) UMeeT eqUH-

o 2k + 1f
CTBEHHBIM KOPEHb X; = a .
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JKemarenrHo, 4TOOBI 3TU IIOHATHUA U O0O3HAUEHUS OBLIN
YCBOEHBI yUaIlllIMMCS B JIOOOM KJiacce.

3apaHuna gna noBTopeHuva. Ilpu n3yuyeHun JaHHOIO ITYH-
KTa MOYKHO HCIIOJIb30BaTh 3amaHusa 865—868.

PeweHus n kommeHTapum

248. IIpoBepbTe, ABIAETCS JIU UHCJIIO:
a) 6 KopHeM IIlecTOil cTemeHW u3 uucaa 46 656;
0) —3 KopHeM ceabMoOil cremeHu u3 umcyga 2187;

B) —3 KOpHEM ceAbMOU cremeHm u3 ymcaa —2187;

r) —0,4 KopHeM IATOHA CTeleHW U3 YUCTA %

Pemrenne. a) Tak kak 6 > 0 u 6° = 46 656, To 6 aBageTca
KOPHEM IllecToi crereHu mua ymcia 46 656.

6) —3 me ABJIAAETCA KOPHEM ceIbMOW CTEIeHM M3 4YucJa
2187, Tak xax (—3)° < 0, a 2187 > 0.

B) Tak xax (-3)7 = —2187 TO —3 ABJISETCS KOPHEM Celb-
MOH CTemeHU U3 Yucja —2187.

r) —0,4 He saABIseTCA KOpHeM OATON CTEeNeHW W3 4YHucJja

32 —0.4) 32
3105 TaK kak (-0,4)’ <0, a 3125 > 0.

261. BepHo 1 paBEHCTBO:

2 4727 = 3; 5) 476 = —2; ) Y675 = 57

Pemenne. a) PasenctBo %—27 = -3 BepHO, Tak Kak
(-3)® = —27.
6) PaBencTBO V-6 =-2 HEBEPHO, TaK KaK BBIpaKeHUe

Y-6 He umeer cmbIcia (KOpEHb UETHON CTEIEHH U3 OTPHILA-
TeJBHOrO YMCJa He CYIIeCTBYEeT).

a) Yl I 6) y ‘ 5|

\
/ | v-x

[0}
/

—~——_
w

Puc. 35
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r) PaBencrBo V625 = —5 meBepHO, Tak Kaxk v¥625 >0, a
-5 < 0.

266. Pertute yPaBHEHUE, HCHOIb3YA rpaduK QPYHKIIUU:

a) x° = 8; B) x%=-27.

Pemrenmne. a) IToctpoum rpaduku GyHRIUN [ = 2 n y=28
(puc. 35, a). OHu mepecekalTCA B €IWHCTBEHHOII TOYKe C
adcruccoit 2 (22 = 8). ITosroMy ypaBHeHHe HMeeT eIUMHCTBEH-
HBIH KOpeHb Xx; = 2.

B) Iloctpoum rpadukm GQYHKIUA y=2x>° u y=-27
(puc. 35, 0). OHI/I IIepeceKarTCsa B EeIUHCTBEHHOM TOUKe C
a6cunccon -3 ((—-3)® = —27). IosToMy ypaBHEHHE NMEET eXMH-
CTBEHHBI KOPEHBb X, =

-3.
275. Beruucaure: a) 5 + \/_ B) e - 1; n) Y27 - 481.
PemeHne.a)5+\/_=5+1=6;B)\/_—1=2—1=1;

m Y27 - 481 =3-3=0.

5.3. Apu¢pMeTnuecKuii KOPpeHb CTEeHHu N

B maHHOM IIYyHKTE BBOAUTCS IIOHATHE apU(PMeTHUECKOro
KOPHA: HEOTPUIlATEeJbHBIN KOPEHb CTeIleH! 7 U3 HeoTpHulia-
TeJBLHOI'0 YICJa d HAa3LIBAIOT apu()METHUYECKUM KOPHEM CTele-
HU n u3 uyucaa a. llajgee IPUBOAATCSA CBOMcTBa apudMeTUde-
CKux KopHeli. KesaTenbHO, UTOOBI STH CBOICTBA 3HAJIU BCe
yuaiuecs. sKeaaTeJlbHO TaKsKe, UYTOOLI BCe ydall[Mecsl YCBOU-

. 2k + 1 2k + 1
JI1 CBOICTBO J—a = —-"""Ja, cupaBemimuBoe OJs JIOO0OTO
IelCTBUTEJIBLHOTO UMCJIa d.

3apaHug pona noBTopeHud. Ilpu nayyenuu JaHHOIO IIYVH-
KTa MOKHO MCIIOJIL30BaTh 3amaHue 872.
PeweHns n kommeHTapum

280. fBaserca gu ciaemyiolias 3aluch 3amuchio apudme-
TUYECKOTO KOPHS:

o) ¥-2; 6 -4B; » -2 Y3
Pemenue. a) 3amnuch -2 He sBasercs samuchbio apudme-

THUYECKOI'0 KOPHiA, TaK KaK 3TO OTpHIIaTeJbHOE€ YMCJIO.

4
0) 3anucso —\/§ He ABJAETCA 3aUNCHhI0 apU(PpMeTUUecKOro
KOpHs, TaK KaK 5TO OTPUIATEIHHOE UYUCJIO.

2
B) 3amuch 3(—2) ABJISAETCA 3aNUChi0 apud)MeTHUECKOro
KOPH#A, TaK KaK 9TO KOPEeHb U3 IIOJOXKUTEeJILHOTo umcia 4.

3
r) 3amnuch ,4/(—3) He SABJAETCS 3aIllUChI0 apu(pMeTUIecKo-

To KOPHA, TAaK KaK 9TO BhIPAa’KeHNE He MMeeT cMbIcja (KOpeHb
YETHOU CTEIeHW U3 OTPUIATEeJIbHOTO YMCJa He CYIIecTBYEeT).
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281. Beruuciute apudmMeTrudecKre KOPHU:

2 {8 o Y10000; ) Y316: 1) Y9-8,
Pemenue. a) W — %64 = %/473 =4,

6) 410000 = 410" = 10;

) Y216 = {2 = 2,

r) 4981 = ¢33 = ¢3° = 3.

287. BoiHecuTe MHOKUTEIb M3-TI0J 3HAKA KOPHA: a) % ;

6) ¥-64.
Pemrenwue. a)ﬁ/_—\/38 —§/_’§/5=2’§/5=2§/3;

6) ¥-64 = _3fr 2= % - 32= 232,

3
288. BhiHecuTe MHOKHUTEIb W3-TIOJ 3HAKa KOPHS: a) f/g ;

250
B) 3_W .
3 3
Pemenue. a) 32 = ﬁ = \/§
8 3fg

B) 250 3 250 125 _5
\/ 16 \16 \/ 3°

289. BroiHecuTe MHOMKATENb W3-I0f 3HAKA KOPHS: a) V32 ;
6) v243.

Pemrenme. a) 432 = 416 -2 = 416 - 42 = 242,

6) 4243 = 4/81-3 = 4/81 - /3 = 343

3ameuaHue. 31ech u gaJsiee, QopMUPYA yMeHUA IIpeodOpa-
30BBIBATh YMCJIOBBIE U 6yI-CBeHHI:Ie BhIpAXE€HUudA C KOPDHAMM, HE
HYKHO CTPEMUTHCS OBICTPO IEPEeHTH K YCTHOMY BBIHECEHUIO
MHOJKHUTESI WU3-II0J 3HAKa KOPHSA WJIN BBIMOJHEHUIO YCTHO
npyrux omneparuii. ITogpoOuble 3amucu, IPUBEIEHHBIE BBIIIE,
IMO3BOJIAIOT yYaIllUMCSA OCMBICJIEHHO IPUMEHSTH CBONWCTBA KOP-

Heﬁ, YTO IIOBBIIIIAET Haﬂé?}CHOCTL YCBOEHHA HOBOI'O MaTepuaJia.
295. YupocTuTe BbIpakeHUe:

) 348 — 750 + 36 + 3162; ¢) 3oi/g+g\/g+5\3/144,
Pemrenme. B) 348 — 3750 + 36 + §162 =
—38-6-3125-6+3%6+327-6 =

— Y8 -36- %125 - %6 + 36 + 327 - ¥6 =

— 236 - 5%6 + ¥6 + 336 = U6 ;
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1 7 /2 3 -
e) 30§/g+§\/;+5\/14 -
- 30§/I+3§/8-i +5§/123.i -
_30\/7 7f \/7+5\/123 \/7
=30§/:+_-2-§/:+5-12-§/7—97\/7
12 2 12 12

296. YupocTuTe BBIpasKeHUe:

B) (x—l)z,ECJII/I x < 1; r) (l—x)z,ecmxl x > 1.
Pemenue. B) Eciuz x < 1, To x — 1 < 0, moatomy
(x—1)2=|x—1|=1—x.
r) Ecim x > 1, to 1 — x < 0, mosromy
(l—x) =1-x=x-1.

a) JoxaxkuTe, UTO 3HaAUYeHUE  BbIPAKEHUS

300.
V17 - 1242 - V2 apnsmerca IIEJIBIM UMCJIOM.

Pemenne. 17 — 122 - V2 =

~fo-2-3-2/2+8-2 - y3-242) -2 -

— 322 -2 = 2-22+1-2 -

(V-1 -v2 = [\a-1]-V2 = V2 -1-V2= -1

IleJI0€ YUCJI0, UTO ¥ TPeGOBanoCh J0KA3ATS.

302. a) Pemure ypaBuenue x' — 3x% — 4 = O

Pemenue. BBensi HOBoe HEMBBECTHOE ¢ = X2, HmepelnuIleM
HCXOLHOE ypaBHeHUEe B BUIE

t?—3t—4=0. (1)
VYpaBHenue (1) umeer nBa KopHa: t, = —1, t, = 4. Cue-
/IOBATENBHO, BCE KODHM HCXOIHOTO YDABHEHUS eCTh o0 benu-
HeHue KopHeil ypaBmenmii: 1) x> = -1 u 2) x? =4. Tax Kak
ypaBHeHHEe 1) He mMMeeT KOpPHEH, a ypaBHeHHe 2) mMeeT aBa
KOpDHA Xx; = —2, X, = 2, TO U HCXOAHOe ypDaBHEHNUE KMeeT Te
JKe IBa KOPHA.
OtBer. —2; 2.

303. yK%JKI/ITe BCe 3HAUYEHU A, IJA KaXKIOI'0 M3 KOTOPBIX
ypaBHEHNE X~ = g UMeeT ABa KOPHSA; UMeeT eJUHCTBEeHHBIH KO-
PeHb; He MMeeT KOpPHeH.
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Pemenne. Eciz a > 0, To ypaBHeHme x* = a umeer nBa

KODpHHA: X, = \/; Xy = Ya .

Eciu a = 0, To ypaBHeHHe X' = a WMeeT eIMHCTBEHHBIH
KopeHb X, = 0.

Ecnu a < 0, To ypaBHeHMe X* = a He MMeeT KOpHeil, Tak
kak x* >0, a a < 0.

5.4. CBoiicTBa KOpPHEIl CTENEeHU n

B mamHOM myHKTE IIPUBOLOATCSA HOMOJIHUTEJbHBIE CBOMCTBA
apudMeTnUeCcKUX KOpHeii. Bce sTm cBo¥CcTBA MOMKHO He U3-
yu4aTh B OOBIYHOM KJiacce, OZHAKO nBe (POPMYJIbI, CIpaBeAJIN-
BbIe JJIA JIO0OTO UmcJia @, KejaTeJbHO 3HATh Ka'KIOMY yda-
IeMycs:

2k

Zka =|a|I/I 2k+1[a2k+1 —

3apaHua ana NoBTopeHus. Ilpu usyuyeHUHn TaHHOTO IIYH-
KTa MOMKHO HCIIOJIbL30BaTh 3amaHusa 873—875.

PeweHns v kommeHTapum

309. BrimecuTe MHOMKHUTEJIb W3-IOJ 3HAKA KOPHSI:

e) Y16c°d° , eciu ¢ >0, d > 0;
x) Vbx', ecam x < 0.

Pemrenne. e) Tax Kak ¢ >0, d > 0, TO
16c°d® = ¢(2ca)’ - Yea? = |2cd|Yea? = 2caicd® .
&) Tak Kax x < 0, To Vbx* = ‘\1/3674 - 45 =|x|‘\*/5 =—x‘\‘/5 .

2
4|0°x

313. r) Buecure MHOMKHUTEJb IIOJ 3HAK KOPHSI: 7 —
a

ecau b > 0.
Pemenue. Taxk xaxk b > 0, To 7 >0 (a#0, Tak KaK B

3HaMeHaTeJie IIOJKOPDEHHOIO BBIPDAYKEHUS He MOXKeT ObITh
HYJIb), U IIO3TOMY

4
@ e _ ffa) . _ fdd . P _ Jd® pPx
b\ q" b a’ bt a’ bt 4
_4a8b2x=4ﬂ
Nt p?

JdononHutenbHoe 3apaHue. BHecuTe MHOMXUTEIL IO

a b’x
3HAK KOPHSI: 74—7 , eciu b < 0.
a
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2 2
Pemenne. Tax kax b < 0, TO %<0, a %7>0 (a #0),

" IIO3TOMY

ﬁi/ﬂ =_(£ji/ﬂ _ ﬁﬂi/ﬂ =_§/E.4b2_x _
b\ o7 LY _ 7 B P

= —4f£ P 4’“ \/E

b4 a7 b4 7 b2

320. YmpocTuTe YMCJIOBOE BBIPAKEHUE:
ry 2Yaa ;s ) 282 8202 o) Y3242 - \244¥s
Pemenue. r) \/2\4/4\/_ = \/\l4 2' 4.2 = Y2 - §128;
0 242 : 22 - {202 J ) _ ¥i6: 98 - ¥2:
o) Y3242 - \24a¥fa = Y8 - a4f2 - Y2t - 41 =
=§/§.§/4‘\1/§.§/26.§/Z =2.§/44/44.2 .%/26.322 _
=2.1\2/2_9.8,§/W _ 9.12[09 . 24020 _

:2.1229.12210:2.1229.210:2.12212.27:

=2.12212 .1227 =2.2.1227 =41227.

84345

326. a) YupocTure BBIpaKeHHe 3 o -
27a “b
8x3y6 2acy2 ¥ 2acy2

Pemenue. 3 =3 =
27a'%p° 3a'p? 3a'p?

327. Hcmoab3ysa cBOMCTBA KOPHEHN CTelleHU 71, 3alUIINTe
YKCJIO TaK, YTOOBI IO 3HAKOM KOPHS OBLIO I[eJI0€ UYICJIO:

a) ‘{/I°B) 5;{,/5

24 424 2
3 3
) 53/2:@/%:5-%:5-@=2,5-%.

328. VmpocTture BbIpasKeHUeE:

a) (%—1)(%4'1); B) (%—%)(%4‘%)

73



Pemenue.

o (Ya - 1)(a +1) - (4 ~1=4F ~1=Ja -1,
o) (¥ — )4 + Ym) — (¥ — Yo (¥ + )
= () — (¥m) = Ym® .

IIpome:xkyTounsiii KoHTpOoab. C—14, C—-15%.

5.5. ®dyHKIUA Yy = 4’/;, x>0

B mamnomM myHKTe paccMaTpuBAIOTCA CBOMCTBA (PYHKIIUN

y= Q/; , rme n € N, n > 2, oupege/JIéHHOA Ha IIPOMEXKYTKE
[0; +0), u eé rpadpuk. ABTOPHI HEe BBOOAT HMOHATHE OOpaTHOM
GYHKIIUU, TOSTOMY IJs JOKas3aTelbCTBA HEKOTOPBHIX CBOICTB
9TOM (QDYHKIIUU U TOCTPOEHUs e€ rpaduKa HCIOJbL3YIOTCS CcJe-
IYIOIe PacCysKIeHUs.

PaccmaTpuBaerca MHOMKECTBO TOUEK KOOPAUHATHOM IIJIO-
ckoctu xOy, KOTOpPOE MOKHO 3aJaTh ABYMS CIIOCODaMM:

1) {y =¥, x>0,y>0| u2 {x=y",x>o,y>0}.

BropeiMm cmocoGom 3agaHa (GyHKIuA X = y”, KOoTopas B
KoopAuHATHOI miaockocTu yOx pna y > 0 mmeeT HempepbIB-
HBIN rpaduk (puc. 36, a). Tak KaKk B mepBOM cJydae 3ammuca-

Ha QYHKIUA Y = {l/; (x 2 0), To 9Ta PyHKIUA B CHUCTEME KO-
opauHaT yOx mMeeT TOT Ke rpad)UK, UTO Ha pUCYHKe 36, a.

Uz csoiicTB QyHKIMU x = y" ciaenyer, 4To PYHKOuUA Y = VX
(x 2 0) aBadeTcsa HeNPepPbLIBHONW M Bo3pacTalollieil Ha IIpoMe-
KyTKe Xx € [0; +00) guHMeii. OgHAKO cucTeMa KOOPAWHAT

a)xl 6) y
/x=yn y=%
y P (x > 0)
>0 a
1
—1 -1
- | >
o 1 y ol 1 x
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pacmojioskeHa HEIPUBLIYHO: OCh X HaIIpaBJieHa BBEPX, a OCb
Yy — BIIpaBOo. ITO HEYIOOCTBO JIETKO YCTPAHUTH. BBITOJIHUM
OCEeBYI0 CUMMETPHIO CHUCTEMBI KOOPAMHAT W rpad)uKa OTHOCH-
TeJBHO OCHU Y = X, MOJYYUM cuctemMy KoopamHaT xOy u rpa-

dukr TOW Ke (GYyHKIUU Y = (‘/; (x 2 0) B Gojsee TIPUBBLIYHOM
pacmosiokeHun (puc. 36, 6).

3apaHua ana NnoBTopeHus. Ilpu nsyuyeHUM MJaHHOTO ITYH-
KTa MOMKHO HCIIOJIb30BaTh 3amaHmsa 1025—1027.

PeweHus n KkoMmmeHTapum

334. Ussectro, uro: a) Ja >1; 6) Ya < 1.
Bepuo su, uTo a GoJibllle eIMHUILI? OOJIbIIEe HYJIs?
Pemenue. Paccmorpum rpadpuku GyHKOIU Yy = 3/; (x =2 0)

n y=1 (puc. 37). Tax kax GpyHKIUA Y = %/; BO3pacTaeT Ha
npoMexkyTKe [0; +00), TO BHaueHume y =1 oHA NIPUHUMAET
Jauillb B omHOI Touke x = 1. ua x > 1 rpapur GyHKIUU

y= Yx nesxur BLIIE mpamoit y = 1, a gua 0 < x < 1 rpadpuk
byHKIIUN Y = Yx nesmur mumme npsmoi y = 1. 9To osHauaer,

qTo%>1aﬂaa>1n0<§/a_<1nnﬁo<a<l.
OtBer. a) Bepuo, uto a > 1 u uto a > 0; 6) HeBepHO, UTO

a > 1, u meBepHO, uTO a > 0, Tak Kax % =0 gaa a = 0.
337. Iloxaxkute HepasencTso: a) Y10 > 2; B) /7 > ¥16.

Pemenne. a) B cusny Bospacramumsa QYyHKIUU Y = Yx ma
npome:KkyTKe [0; +c0) m3 HepaBenctBa 10 > 8 ciuexmyer, uTO

310 > 38 = 2, T. e. UTO CIIpABeJINBO HepaBeHCTBO ¥Y10 > 2,
uTO U TpeGoBaTIOCh AOKA3aTh.

B) 3aMeTuM, 4YTO ‘\1/1_ = \/Z B cuny BospacraHua ¢QyH-
KIUu Yy = \/; Ha mpome:kyTKe [0; +00) u3 mepaBeHcTBa 7 > 4,
caemyeTr, 4TO JT > V4 = 416 , T. €. CIIPABEJJINBO HEPABEHCT-
Bo 7 > 416 , UTO U TPebdoBaJIOCh

AOKa3aTb. YA

338. CpaBHuTe umcia: a) 2 u

3 4 y=3x
ﬁ; 0) 12 u 2.

Pemrenne. a) Tak kak 2 = %/g
un ¥8 > %ﬁ, TO u3 BospacraHma 1

RY

bysKIIN Y = 3x ciaemyeTr, dYTO o| 1

2> 7. Puc. 37
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6) Tax xKax 2 = VY16 u V12 < Y16, o us BospacranuA
byHKIUT Yy = ‘\1/; cienyeT, 4To Y12 < 2.
339. a) Haiimure aBa moc/iegoBaTelbHBIX HATYPAJIbHBIX

3
Yucia, MEeXAY KOTOPBIMHU 3aKJIOUEHO YMCJIO 33 .
Pemrenne. Tax kKak Osmikaiiiue K YuCIy 3 KyObl HATY-

panbHBIX uncenr — 310 1 =12 u 8 = 23, 10 B cuny Bospacra-
HUA QyHKRIUU Y = %/; Ha mpoMme:kyTKe [0; +00) u3 HepaBeH-
crBa 1% < 3 < 2% crexyer mepaBencTBO 1 < Y3 < 2.

340. CpaBHure HaTypajdbHble ynucia m (m =2 2) u n (n 2 2),
ecyu:

a) %5 > 5, ) 20,2 > 40,2,
Pemenue. a) IlepenuiiieMm HepaBeHCTBO B BUE

Tak Kax QYHKOUA Yy = ™ BO3pacTaeT Ha IIPOMEKYTKe
[0; +00), TO wmHepaBeHcTBO (1) BBITTOJIHAETCH, TOJBKO €CJIHU
5" > 5™ T. e. ecam n > m.

B) Ilepenuiiem HepaBeHCTBO B BUE

mplg, 2" > malo,2m | (2)

Tak Kak QyHKmuA y = "X BoapacTaeT Ha IPOMEKYTKE
[0; +00), TO HepaBeHCTBO (2) BBINOJHAETCH, TOJBKO €CJIHU

0,2" > 0,2™, 1. e. ecsiu n < m.
341. a) CpaBHuTe ¢ eAMHUIEH MTOJJOKUTEJIbHOE UNCJIO d,

ecJu % >‘\1/E.

Peunrenue. HepenI/IH_IEM HepaBEeHCTBO B BHUE
12/ .4 12/ 3
Ja* > Wa® . 3)

— 12
Tak Kak (QyHKIua Y = X Bo3pacTaeT Ha IIPOMEIKYTKE
[0; +00), To HepaBeHCTBO (3) BBIIIOJHSAETCS, TOJBKO €CJIU
at > a®. Tak kak a > 0, To, pa3mesuB HEePABEHCTBO a’ > a® Ha

a®, momyuum, uro a > 1.

Otser. a > 1.
342. a) KakuMm mMo:keT ObITH HaTypaJbHOe uucio n (n = 2),

ecom V16 < 4?
Pemenune. Ilepenuiiiem HepaBeHCTBO B BUE

Y2 < W (4)

76



Tax kKaxk QYHKIUA Y = YxX BoszpacTraeT Ha IIPOMEXKYTKE
[0; +00), TO HepaBeHCTBO (4) BBITIOJHAETCH, TOJBKO €CJIU

42 < 4", 1. e. ecau 2 < n.
Oreer. n > 2.
343. Haiigure obsacTh ompeaeneHUa QYHKIINU:

a) y=+3x; 6)y= 5.

Pemrenne. a) Tak xaxk (pyHKRIuUA y = \/Z (t = 3x) ompege-
JeHa HA MHOJYKECTBEe HEeOTPUIATEJIbHBIX UHCEJ, TO CIIPABEIJIN-
BO HepaBeHCTBO 3x > 0, KOTOpoe MMeeT MHOXKECTBO PeIlleHIHi
[0; +00). CiuemoBaTenbHO, 00JIACTb ONIpENEJEHUA QYHKIIUU

y = V3x ecTb mpome:kyToK [0; +00).

6) Tak Kak GQYHKIUA Yy = ‘3'/? (t = —5x) ompezesiena Ha
MHOJKECTBE BCeX HEOTPHUIIATEJbHBLIX UMcCeJ , TO CIpPaBeIJInBO
HepaBeHCTBO —5Hx = (0, KoTopoe mMeeT MHOKECTBO pPeIIeHNH
(—o0; 0]. CiemoBarenbHO, O00JIaCTh oOIIpeneeHuss Q(YHKIUU

y = ¥-5x ecrs mpomexyTor (—oo; 0].

5.6. KopeHns cremeHu n U3 HATYypPaJbHOTO YHCJA

B maHHOM TIYHKTE NMMPUBOAUTCS IPUMEP BBIUMCIEHUSA KOP-
HA TpeTbell cremeHu u3 uywmcaa 17, yKasbplBaeTcsa cmocob, IIo
KOTOPOMY MOJKHO HaWTH J1I000€ KOJUUYEeCTBO 3HAKOB IIOCJEe 3a-
OATOM B AECATHUYHON 3alllCH STOrO UMCJIA.

dopmyaupyeTcss yTBep:KIeHNe: apu(MeTHUeCKUuil KOPeHb
creneHu n (n 2 2) U3 HATypPaJbHOTO YNCJIa MOMKET OBITH WJIU
HATYPaJbHBIM YMCJIOM, WJIU UPPAIMOHAJIBHBIM UKCJIOM.

B yuebHUKe He MPUBOAUTCS MOKA3aTEJIHCTBO 3TOTO YTBEP-
JKIIeHUS, HO B IIPOCTBIX CAyYaAX ydaluecd MOJKHBI HAYUUTh-
csd ero AOKasblBaTh. Hampumep, O0KasbIBAThH HPPAINOHAb-

HOCTH umcia 92 (samanme 351, a). Ho cam yuuTteab DOJKEH
BJIQIETh U OOIIMM [IOKAa3aTeJIbCTBOM JTOr0 YTBEPIKIeHUA (OHO
OpuBeIeHO HU:Ke B 3aMeuaHuHU K 3amaHuio 351).

JlaHHBIN ITYHKT IIpeJHasHAYeH MJIs KJAacCOB C yIrJyOJEH-
HBIM M3yUYeHHUeM MaTeMaTUKM, HO M ydalluecsi OOBLIYHOI'o KJiac-

ca JOJIKHBLI 3HATL 0e3 [JOKa3aTeJIbCTBa, YTO \/3, 33 y eee —
uppanuoHaJbHbIe YHCAa.

3apaHug ong noBTopeHud. Ilpu nmayyenum JaHHOIO IIYH-
KTa MOKHO HCIIOJIL30BaTh 3azaHusa 876, 877, 893.

PewweHna n kommeHTapum

351. a) [lokaKkuTe UPPAIIMOHAIBLHOCTL YHCJIA 3/5 .

JorazarenbcTBo. IIpeAInosoKuM, UTO UUCIIO {2 pauwmo-
HaJIbHOE, T. €. IPeAIIOJIOMKUM, UTO CYIIleCTByeT HecOKpaTuMas
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p

3
higelelar PE TakKad, UTO CIPaBeJJINBO PaBEHCTBO \/E , TIoe

Q |

p € N, g € N. Torna cipaBeiJinuBO PaBeHCTBO

2¢° = p°. 1)

Tax Kak JeBas udacTb paBeHcTBa (1) menautca wa 2, To U
mpaBas YacTh paBeHCTBa, T. €. p°, meautca Ha 2. [loxkakem,
YTO eCcJun p3 IeauTcsa Ha 2, TO W p AenuTca Ha 2.

Yucao p mpu geseHWH Ha 2 MOKET HWMEThb TOJbKO JBa
ocrarka: 1 uau O.

ECJII/I p=2n+1, rge n € N, 1o paBeHcTtBo 2¢° = 8n® +
+ 12n% + 6n + 1 He BBIMOJHAETCH HHU IPH KAKOM HATYDPAJIb-
HOM ¢, TaK KaK JieBasd ero 4acTh AeJUTCA Ha 2, a mpaBas HeT.
CremoBaTeIbHO, UMCJIO p OPU AeJeHUU Ha 2 He MOKeT MMEThb
ocraTtok 1, T. e. p menurca Ha 2.

Ecnu p = 2n, roe n € N, To paBeHcTBO (1) mepemnwuiierca
B Bufe 4n° = ¢°. AHaJIOTMYHO MMOKA3bIBAETCH, UTO UHCJIO ¢ IIPHU
IeJIieHNU Ha 2 He MOXKeT MMETh OCTATOK 1, T. €. M OHO JEJINT-
ca Ha 2.

CremoBaTesbHO, KasKJoe M3 UKCEJT p U ¢ OeJuTcsa Ha 2.
ITonyuuaoch mpoTmBOpeUMe C MIPENIOJIOKeHrueM, UTO B PaBeH-

cTBe 3’/5 =§ Ipo0L f — Hecokpatumasda. CiemoBaTeabHO,

IIPEeaIrtoJoKEeHrne HEBEPHO, a BEPHO YTBEPXKIAEHME, YTO YHNCJIO

3/
2 — wuppanuoHaIbHOE.
3ameuaHue. J[[0Kas3aTeqbCTBO UPPAIMOHAIBLHOCTUA YKCJIA

%/E TEM K€ CIIOCOOOM OKaKeTCcsA T'POMO3JKUM, TaK KaK IIo-
TpebyeTcs pPaccCMOTPEeTh He ABa ciaydas, KaK B OPEIbIAYIIeM
sagaauu, a 29. IlosTomy mpuBenéM APYroil ciocod mgoKasa-
TeJIbCTBA MPPAIMOHAIBHOCTH KOPHEM CTeIleHU N U3 HaTypaib-
HBIX UHNCEeJ, He SBIAIOIIUXCSI N- CTEeNeHbI0 HATYPaJIbHOTO
qucJia.

Teopema. Eciu HaTypaabHOe UMCIIO M HE ABJIAETCA Nn-U
creneHbio (n € N, n 2 2) Kaxoro-inb0 HATypaJbHOTO YHCJA,

TO \m — HUppanuoHAJILHOE YKCJIO.
JlokaszaTenbcTBo. IIpeAmnmosoKuM HPOTUBHOE, T. €. TPEH-
MOJIOKKM, UTO A/m — UHWCJIO PalMOHAJIBHOE. JTO O3HAUaeT,

YTO CYIIeCTBYeT HecOKpaTmMas IpPo0b £ (p € N, g € N), ra-
Kasd, 4To \/_ . Ho Torma cnpaBennmBo paBEeHCTBO

q"m = p". (2)

Ecau ¢ = 1, To m = p", 4TO IPOTUBOPEUYUT YCJIOBUIO TEO-

peMbl, ciegoBaTeabHO, ¢ > 1.
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Ecau p=1, to p" =1, mo Torma us pasBeHcTBa ¢"'m = 1
ciaenyeTr, YTO IIPOM3BEJIEHUE NBYX UMCEJ, KasKIoe M3 KOTOPBIX
6oJspmie 1, paBHO 1, uero ObITH HE MOJKET, CJIELOBATEILHO,
p>1.

Ecau p > 1, TO o OCHOBHOII TeopeMe apU(PMETUKU UUCTO
P pasiaraercs Ha IPOCTbIe MHOYKUTEIHN

— o o2 )
pP= Db P Py, 3)
TO€e D> Dg» +++» Pp — DABJIUYHBIE IIPOCTBIE UMCJA, O, Oys ...
0, — HaTypajJbHbIEe YHCJA.
Taxk kak uyucjo g > 1, To oHO umMeeT HeauTenab d, Tne
d — mpocrtoe uuciao. Ho Tak Kaxk ApoOb 2 HecoKpaTuMasi, TO
q
cpenu 4wucey Py, Py, ..., Pp HET yncia d.
W3 pasencTBa (3) ciaenyer paBeHCTBO
n o __ nul n(x2 nak
P = D1 P2 e P (4)

ITo ocHOBHOM TeopeMe apU(PMEeTHKU Pa3JIOKEHNe KaiKI0ro
HATYPaJbHOIO UYMCJIAa HA IIPOCThIe MHOMKHUTENN eIUHCTBEHHO.
ITosTomy mpaBassi uacth paBeHcTBa (4) ecTh (eZMHCTBEHHOE)
pasyiosKeHMe umciaa p" Ha IPocThble MHOMKHTean. Tak Kak cpe-
OV 49ucel Py, Py, ..., P, HET umciaa d, To p" He genurca Ha d.
Torga ms paBeHcTBa (2) cileayeT, UTO €ro JeBas YacTh JeJUTCS
Ha IpocToe umciao d, a mpaBas HeT.

ITosryueHHOE IPOTHMBOPEUNE O3HAUAET, UTO CAEJIAHHOE Ipes-

OJIOJKeHIe HEeBepPHO, T. €. W — HPpPAaIOHAJIHLHOE UICJIO.
354. Haiigure npubIMKEHHOEe 3HaUYeHME KyOMUeCKOro

KOpPHA ¢ TouHOCThIO mo 0,1 u3 cne,z[yfomux yucesa: a) 3; 0) 6.
Pemenue. a) Tax xax 1,43 = 2,744 < 3 < 1,5% = 3,375, TO

1,4 < \/_ < 1,5. 3amerum, uro 1,4 — mpubIMKEHHOE 3HAUE-
HUe umcjaa 98 ¢ TOYHOCTBIO mo 0,1 c¢c memocraTtkom, a 1,5 —
npubJAMKEHHOE 3HAaUEeHUWe 4YuCcJa i)’/g ¢ Tounoctho o 0,1 c

u30BITKOM. B KauecTBe MPUOJIMIKEHHOTO 3HAUEHUS UMCJIA §/§
MOJKHO B3SATH JiIoOoe um3 umces 1,4 m 1,5, OHM OTJIMUAIOTCS OT

3
yncya V3 He GoJsiee uem Ha 0,1. AHajJOrMYHO paccysKAasi, IIO-

ayuum, uyro 1,44 < Y3 < 1,45, mosTomy 06oJiee TOUHBIM ITPU-
OJM)KeHueM U3 ABYX qnceﬂ 1, 4 u l,5 HBJIHeTCH yucio 1,4.
6) Tax kax 1,83 =5, 832 <6<1,9=6,859, TO

3 ..
1,8 < V6 < 1,9. 3amerum, uto 1,8 — npubimxéHHOe 3HAUe-
Hue yucaa Y6 ¢ roumoctsio mo 0,1 ¢ memocraTkom, a 1,9 —

OpubIMKEHHOE 3HAUEHMWE Yuca 36 ¢ rounocrnio mo 0,1 c
N30BbITKOM. Anajsoruuxo paccy:knad, TOJIYyYUM, uTOo

1,81 < % < 1,82, mosTomy 0o0Jiee TOUHBIM IIPUOIMIKEHIEM U3
aByx umcena 1,8 m 1,9 aBiaserca uwmcio 1,8.
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5.7. UppanuoHajabHble ypaBHEHUS

B mamHOM myHKTE BBOAUTCA MOHATHE UPPAIMOHAJIBHOTO
ypaBHEHHUsS W HAIIOMHHAETCs MOHATHE ypaBHEHUSI-CJIeICTBUS,
Ha KOHKPETHBIX NpPUMepax MOKa3bIBaeTCsd pellleHUe HUPPaliuo-
HaJIbHBIX ypaBHEHUUM MepexoJoM K YpaBHEHUIO-CJIEICTBUIO,
00BACHAETCS, UTO €CJU IIPU PeIlleHNN yPaBHEHUSA ObIJ BBITOJI-
HeH Iepexoj K ero CJeACTBUI0, TO TPpebyeTcs MPOBEPUTH, BCE
JV KOPHU yPaABHEHUA-CJEICTBUSA SBJISIOTCA KOPHIMU UCXOMI-
HOT'O ypaBHEHHUs. ITOT METOJ y:Ke ObLJI pacCMOTpPeH B 8 KJjacce
B APYI'UX CUTyalluAX.

B komie myHkKTa pasbupaeTrcs IPUEM peIleHus ypaBHe-
Huit Buga f(x) *+ g(x) = 0, rme xoTa ObI omHa u3 (GyHKIUHA f(x)
u g(x) comep:KUT HEeM3BECTHOe II0J] 3HAKOM KOPHI.

3Iech CTOUT paccMoTpeTh H. 13 AuAaKTUUYECKUX MaTepua-
JIOB, B KOTOPOM IIPHMBOJAUTCS HPUMEP PeIIeHus UPPaIrOHAIb-
HOT'O ypPaBHEHUA IIPU IIOMOIIU 3aMeHBbI HEeU3BECTHOIO.

JlaHHBIHI TYHKT TpeJHAa3HAUeH JJsd KJACCOB C YTJIYyOJIEH-
HBIM HN3y4YeHHeM MaTeMaTHuKM.

3apaHua ona noBTopeHuvsa. Ilpu nsyueHun JaHHOTO IIYH-
KTa MOYKHO HCIIOJIB30BaTh 3azaHusa 991, 996.

PeweHna n kommeHTapum
362. a) Pemure ypaBHeHume vox +11 = x + 1.

Pemrenue. Bo3Beném mcxomHOe ypaBHEHNE B KBaapar, IIO-
JYYUM €ero CcJIeACTBUE:
5x + 11 = x% + 2x + 1. 1)

Ypasuernue (1) umeer ABa KOpHA: x; = 5 u x, = —2. IIpo-
BepKa IIOKa3bIBAaeT, YTO YHCJIO X, ABJIAETCS KOPHEM HCXOJHO-

ro ypaBHeHusi, Tak Kak V9 5+ 11 =6 u 5+ 1=6, a x, =e
ABJIFETCA, TaAK KaK /9 ° (—2) +11 =1,a -2+ 1=-1. Caego-

BaTeJIbHO, MCXOJHOE€ ypaBHEHNE MMeeT eI[I/IHCTBeHHI:Jﬁ KOpPEeHb
Xq.
Oteer. 5.
363. a) Pemure ypaBHeHUE V3x -7 =+2x-5.
Pemrenue. BosBeném mcxomHoe ypaBHEHIEe B KBaapar, MO-
JYYUM ero cJieICTBHUE:

3x — 7=2x - 5. (2)
YpaBHeHUe (2) uUMeeT eIUHCTBEHHBIH KOpPeHB: x; = 2.
IIpoBeprka moOKasbIBaeT, UYTO YUCJIO X; He ABJIAETCA KOPDHEM

WCXOLHOI'0O ypaBHEHHA, TaK KaK BbIpaxkeHnune 32— 7 me
umeeT cmbicaa. CiaeqoBaTeJbHO, MCXOQHOE YPaBHEHIE He MMe-
eT KOPHeM.

OreBer. HeT xopHeii.
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364. a) Pemure ypaBHeHUE Jx -2 +Jx+3=3x+7.
Pemenue. Bo3Beném mcxomHoe ypaBHEHHE B KBaapar, IO-
JYYUM €ro CJIeICTBUE:

x—2+2Jx —2Jx+3 +x+3=3x+"1. 3)

VYpaBHenue (3) paBHOCUJIBHO ypPaBHEHUIO

2Jx — 2Jx +3 =x + 6. 4)

BosBeném ypaBHenue (4) B KBaaparT, IMOJYYNUM €T0 CJIENCT-
BUE, a 3HAUUT, W CJEICTBMUE MCXOJHOTO ypaBHEHUS:

4x® + 4x — 24 = x* + 12x + 36. 5)
VYpaBHeHUe (5) MMeeT ABa KOpHA: X; =6 u x2=—%.

HpOBepRa IIOKa3bIBaeT, 4YTO YMCJIO X, fABJAETCA KOPHEM IC-

XOZHOTO ypaBHEHMs, TaK Kak V6-2+V6+3 =5 u
N3:6+7 =5, a x, He ABIsAETCA, TAK KaK BHIPasKeHUe

10
1[—? — 2 ge ummeer cMmbIicaa. CaemoBaTelbHO, NCXOLHOE ypaB-

HeHue mMeeT e,Z[HHCTBeHHI:IfI KOPEHb xl.
OTBer. 6.
365. Pemure ypaBHeHUe:

B) V3x +1 =[2x — 1; ) Yx -1 =x-1.

Pemenue. B) BosBems mucxomHoe ypaBHEHHe B KBaapar,
HOJIyYUM €ro CJIe/[CTBHUE:

3x +1=4x>—4x + 1. (6)
YpasHeHue (6) umeer aBa KopHa: x; = 0 u x, = —. Ilpo-

NP

BepKa IIOKas3bIBaeT, YTO 00a Ymcjaa X, U X, ABIAIOTCS KOPHS-
MU HCXOAHOTO ypaBHeHHus. CaemoBaTeJbHO, MCXOIHOE ypaBHe-
HUEe MMeeT TOJIbKO STH OBa KOPHI.

) BosBens mcxomHoe ypaBHEHNE B HEUETHYIO TPETHIO CTe-
IeHb, IIOJIYYMM PaBHOCUJILHOE eMy ypaBHeHUe:

x—1=(x-1)3
KOTOpOe TepenuiineM B BUIE
(x — 1((x—-1)*)-1)=0. (N

YpaBHenue (7) umeer Tpu KopHA: x; =0, x,=1 u
X3 = 2, CJIefOBATEJbHO, U PAaBHOCUJILHOE €My HCXOLHOe ypaB-
HeHIEe HNMEeT Te Ke TPU KOPHI.

OtBer. B) 0O; %; o) 0; 1; 2.
366. Pemure ypaBHeHUe:
a) Va2 +2x +10 + x® + 2x + 17 = 7;

) 1 + 2 =2.
J2 —6x+10 x® — 6x +13
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Peurenue. a) YpaBHeHUHE MOYKHO pPEIIUTH IIEPEXOIOM K
YpPaBHEHUIO-CJeACTBUIO. I[JIs 5TOTO HAZO ONWH M3 KOPHEU Ie-
peHecTH B IIPABYIO YaCTh ypPaBHEHUS:

V¥ +2x +17 = 7 —x* + 2x + 10, (8)

3aTeM BO3BECTH B KBaapar:
22+ 2x + 17 = 49 — 14Vx® + 2x + 10 + x* + 2x + 10,

B MOJYyYeHHOM yPaBHEHUU HAAO IIPUBECTU I1OAOOHBIE UJIEHBI,
YyeIVHUB KOPEHb B JIEBOM YaCTH YPABHEHUA U PAa3AEJUB IOJTY-
yeHHOe ypaBHeHme Ha 14:

Jx® + 2x + 10 = 3. 9)

BosBenga ypasuenue (9) B KBaaparT, IMOJYYUM €ro CJIEICT-
BUe, ABJAIOIIEECS TaK)Ke CJIEICTBUEM HCXOJHOI'0 YPaBHEHU!:

x4+ 2x +10=09. (10)

YpaBuenue (10) mMmeer eZWHCTBEHHBI KOpPeHBb: x; = —1.
IIposepkoii yOexxmaemMcs, UYTO OH SABJSAETCA M KOPHEM MKMCXOJ-
HOro ypaBHeuus. CiaeqoBaTesibHO, MCXOAHOE YpPaBHEHIE MMeeT
eIUHCTBEeHHBIA KOpeHb —1.

3ameuaHue 1. Ilpu pelrteHun ypaBHEHUS U3 3aJaHUS
366 (a) MOKHO IIPUMEHUTH ABa Pa3SHBIX cnoco6a 3aMeHbl He-
M3BECTHOrO, 0603HAYMB OYKBOH ¢ wmam x° + 2x + 10, wman

Ja? + 2x + 10,

B mepBoM ciyuae mpuAéM K yYpaBHEHUIO Jt + At + 7

2 o
a BO BTOPOM — K ypaBHeHuio t + vt° + 7 = 7. Bropoii cmo-
cob mpenmouTHTENbHee, TaK KaK HOTpedyeTcA JIUIIL OOUH pPas
BO3BOIUTH yYpaBHEHUE B KBaJpar.

3ameuanue 2. OTmeTuM, 4yTO Oojiee s(d(deKTHOe pelleHe
STOT0 ypaBHEHUA IOJIYUUTCA y HAOIIOJATEJBHBIX yUYalllUXCH,
KOTOpbIe IEepenuIllyT HUCXOAHOe ypaBHeHUe B BUe

\/(x+1)2 +9 +\/(x+1)2 +16 =7, (11)

Temeps oueBUAHO, UTO IIpu X = —1 00a KOPHSA JOCTUTAIOT
CBOUX HAMMEHBITNX 3HaueHUil 3 u 4 cooTBeTcTBeHHO. Tak Kak
npu sToMm ypaBHenue (11) oOpaliaeTcss B BepHOe UKCJIOBOE pa-
BEHCTBO, TO YUCJO X; = —1 — KopeHb ypaBHeHusa (11) um uc-
XOOHOTO ypaBHeHUs. [[pyrux KopHeil ypaBHeHme (11) He ume-

2
eT, TaK KaK IIpu X = —1 BepHbI HEpaBeHCTBA (x + 1) +9 >3,

Je+1) 116 sam J(x+1f +9 + J(x+1) +16 > 7.
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n) B sTomM ypaBHeHuMHM JIyUllle He IIepeXOAUTh K ypaBHe-
HUIO-CJIEICTBUIO, TaK KaK ero pelleHue OyAeT TPOMO3IKUM.
IIpuBeném GoJiee IIPOCTOE peIlleHIe.

HepeHI/IH_IeM NCXOOHOE ypaBHE€HUE B BUJE

1 + 2 -2, (12)

2 2
\/(x—3) +1 \/(x—3) +4
Temepb OueBUAHO, UTO mpu X = 3 ypaBHeuume (12) obpa-
ImaeTcsa B BepHOE YHCJIOBOE PABEHCTBO, T. €. UMCIO X; =3 —
KopeHb ypaBHeHus (12) m wucxomHoro ypaBHeHUs. J[pyrux

KOpHell ypaBHeHUe He MMeeT, TaK KaK Ipu X # 3 BEepHO He-
paBeHCTBO

1 + 2 <2,
Jx-37+1  Jx-8f +4
OtBer. a) —1; 1) 3.
367. a) Pemmute ypaBHEHUe (xz - 4)(\/x +1 - 2) = 0.

Pemenue. YpaBHeHUE
x*-4=0
uMeeT ABa KOPHA: X; = 2 U X, = —2. VI3 HUX TOJBKO A YU-
cjla X; WMeeT CMBICJI BTOPOM MHOMKHTEJNb B JIEBOH YaCTU MC-
XOIHOTO ypPaBHEHUS, CJIENOBATEIBHO, X; — KODPEHb HCXOJHOTO
ypaBHEHUdA, a X, HeT.
YpaBHeHUE

Jx+1-2=0

UMeeT €JUHCTBEHHBIH KOpeHb: X3 = 3. Ilpm sroM BHayeHUH
X TIEepBBIM MHOMKUTEJNb B JIEBOM YacCTH HCXOMHOTO YPaBHEHUS
UMeeT CMBICJ, CJIeLOBATENBHO, X3 — KOPEHb HCXOJHOTO ypaB-
HEHUS.

Hrak, uCcXoAHOe ypaBHEHHe HMeeT JBa KOPHA X; U X.

OTtser. 2; 3.

368. a) Pemure ypaBHeHHE

13x + 3 x+ 3
,[— + 2 ,/— - 10=0.
x+ 3 5 13x + 3 0 0
B /13x +3
Pemenue. Beegsa HoBoe HeusBecTHoe t = 13 mepe-
nuileM ypaBHeHUE B BUJE
t+%—10=0. (13)

YpaBaenue (13) mMeeT eNWHCTBEHHBIA KODeHBL: t; = 5,
cJIeqoBaTeJbHO, BCE KOPHU WMCXOJHOTO YPaBHEHUSA SABIAIOTCS

KOPHAMU yPaBHEHUSA
18x +3 _
N panralis 5. (14)
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BosBena ypaBuenue (14) B KBaaparT, IIOJYYUM €TI0 CJIEICT-
BUeE, ABJAIONIEECA TaK)Ke CJIEICTBHEM HCXOJHOIO YPAaBHEHUA:

13x + 3
—— = 25. (15)

x+ 3
YpaBuenue (15) mMeeT eZWHCTBEHHBIN KOPeHb: Xx; = —6.
CremoBaTeIbHO, MCXOJAHOE ypaBHEHUE MMeeT TOT Ke KOPEeHb.

OtBer. —6.
IIpome:xyTounblit KOHTpoab. C—13%, K-3.

AononHeHua K rnase 2

1. IlouaTHe cTemeHM C PAIMOHAJIBLHBIM
MoKa3aTesieM
2. CBoiicTBa CTENEeHH C PAIMOHAJIBHBIM
MOKa3aTeJieM

B nyuxTe 1 [omonHeHWI BBOAUTCA HOHATHUE CTEIEHU IIO-
JIOMKUTEIHHOTO YHC/IA ¢ C PAIMOHAIBHBIM IIOKasaTeleM L, rme
q
p — I1IeJoe YUCJ0, ¢ — HATypaJbHOE YUCJIO0, ¢ > 2, U C IIOMO-
IIbI0 CBOMCTB KOPHA CTeNeHU ¢ AOKAa3bIBaIOTCA IIepBBLIE CBOM-
CTBa CTelleHU C PalMOHAJbHBIM IIOKa3aTejleM:

P 1\P P pk

1) a? =|a’ |, 2) a” =a” (k € N),

§ 24
3y a’ =a? (g€ N, qg> 2).
PaccmorpuMm «mokasareabcTBO» coduaMa «—1 = 1»:
1

1= (1= (1) = ((—1)2)% =1 =1

ITommpocuTe yuamuxcs HaWTH OMIMOKY B PACCYIKICHUIX.

OrBer. 3mech IIepexon IIOCJe BTOPOro 3HAKA pPaBEeHCTBa
COBEPIIEH HEeBEePHO: OIpeleJsieHNe CTelleHU C PalMOHAJbLHBIM
mokasaTejieM IIPUMeHeHO IJis OTpHuIllaTeJbHOoro umcyaa —1.

IloguepkHEM, UTO palmoHAJbHASA CTENEeHb UWCJIia a4 OIIpe-
JeJeHa TOJIbKO [OJId IIOJIOMKUTeJbHOro umciaa a. OgHaKko eciau
panuoHaJIbHOE UMCJIO 7' IMOJIOKUTEJIbHO, TO, IIPUMEHUB K HEMY
oIpenesieHlle CTeIleHM C PAIMOHAJbHBIM IIOKasaTejieM, IOJY-

UM, UTO »
0 =07 = Yor = 4o =o.

HamomuwnwMm, uro samucu 0° u 077 (r > 0) He UMEIOT CMBI-
caa. Takske He mMeer cMmbIciaa 3ammuch a', e a <0 u r —
panuoHaIbHOE UMCJIO, He SBJAIOIIeeCS IeJIbIM YHCJIOM.
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IIpu BBITTOSTHEHUUW 3amaHuA 378 HCIOJIB3yeTcA 5TO 3aMe-
yaHue.

B nyukTe 2 DOKAa3bIBAIOTCA TEOPEMbI O CBOICTBaX CTeIle-
HU C palioHaJbHBIM IIOKasaTeleM, M3 KOTOPBIX CJeAyeT, UTO
CBOMICTBA CTelleHell, M3BeCTHBLIE paHee IJis IleJbIX IIOKasaTe-
Jeit, cupaBeIJIiUBLI U AJIA PaIllMOHAJBHBIX ITOKa3aTeJiei.

PeweHunsa mn KOMMEeHTapum
376. Boruuciaure:

2\ % (49 % -1 -0,5
p— . —_ . 2 . k4
a) (7) (25) ; 6) (0,01) z - (6,25) .
_9 1 2
Pememe. ) (z) .(@)2 _ (z) . [s9 _ 497 _ 343,
7 25 2 5 4 5 20’

6) (0,01)‘5 - (6,25)"° = (L)_5 : (%)%z 1002 - (i)% _
4.

—10-2_
5

—

378. Ilpu Kakux 3HAUEHHAX a ypPaBHEHUE (ax)§ = 3/;:

a) UMeeT eIMHCTBEHHBINI KOPEHb;
0) umeeT OGeCKOHEUHOEe MHOKECTBO KODHeEI;
B) He MMeeT KOpHe#?

Pemenue. 1. Ecau a = 0, To mius aro6oro x € R nmeem
1 1
(0x)s = 03,
1 3o — .
TAK KaK 3 >0, m Y0 =0 mo ompezesieHNI0 KOPHA TpeThbell
crenenu. CiiegoBaTe/IbHO, B 9TOM cJjydae Joboe umcio X € R

ABJISETCA KOPHEM HCXOOHOTO ypaBHEHUsA, T. €. ypaBHeHUe
nMeeT OGeCKOHEUHOe MHOKECTBO KODHeIi.

2. Ecau a >0, ToO Ya > 0. Ons mroboro x < 0 mmeem
1
ax < 0. ITosTromy 3amuch (ax)3 He MMeeT CMBICJA, T. €. CPeau

x < 0 HeT KopHell mcxomHOTOo ypaBHeHusa. Hasa x = 0 mmeem
1
ax=0mu (ax)p =0= Ya >0,
T. e. x = 0 He ABJgETCA KOPHEM KCXOTHOTO ypaBHeHuA. [lasa

aoboro x > 0 mo ompenesieHHMIO CTEIIeH! C PAIlMOHAJLHBIM IIO-
KasaTejeM IIepeluilneM ypaBHeHHE B BUJE

Yax = ¥Ya
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nJINn B BHUIE
Ya - Yx = Ya, (1)

OTKyJa CJeAyeT, 4To nadA Jiboro a > 0 ypaBHenue (1) umeer
eIMHCTBEeHHBINI KOpeHb x; = 1.

3. Ecaum a <0, TO 3’/5 < 0, a JjeBasg YaCThb MCXOJHOTO
YpPaBHEHHUS OTPHUIATEJILHON ObITh HE MOJKET, TaK KaK B II0JIO-
JKUTEJIbHYIO PAIlMOHAJIBLHYIO CTEIIeHb MOXKHO BO3BECTU TOJBLKO
HeoTpuIllaTeJbHOe Ymncyo ax. IlosTomy B sTOM ciiydyae ypaBHe-
HUe He MMeeT KOPHEe.

CiemoBaTesbHO, MCXOJHOE ypaBHEHME: a) MMeeT eIUHCT-
BEeHHBIN KopeHb 1 mia xaskgoro a > 0; 6) umeer GecKoOHEUHOE
MHOJKEeCTBO KOpHell s a = 0; B) He mMeeT KOPHeH IJIsd KayK-
moro a < 0.

384. e) Brruucaure 3

2 1 2 2 1 1)\

33 + 73|93 — 33 .73 + 493

Pemenne. Ilpeo6pasyem pmaHHOe BBIpa’KeHHEe, IIPUMEHUB
dopMyay cyMMbl KyOOB U CBOMCTBaA CTEIIEHUW C PAIlMOHAJbHBIM
IoKasaTejieM:

3
2 1 2 2 1 1)\ )4

33 +73 (93 —33-73 +493 || =

23 1y?
—||33| + |73

> | o

3 1 3

- (32 + 7)3 =164 = | (16)1 | =8.

389. VimpocTure BbIpasKeHUe:

a) \Ia\/a\/a -a%; 6) 1\ x\x x\/; :xi%.

Pemrenne. a) CHauasna mpeobpasyeM BhIpasKeHUe \Ia\/a\/g ,

IIPMMEHUB OIIpeaesjieHue n CBOICTBA CTEIeHU C pPanmnoOHAJIBHBIM
1

oxasarejeM, 3aTeM YMHOMKUM IOJIyYeHHBII pedyiabTarT Ha a8 .

2 2

DO | =



DN | =

1
12
6) Taxk Kak \X\X\yxJx = |x-|x-|x* x2 =

Do | o
Do =
N | =
[
DO | =
[
=1
DO | =
N |-

D | =

15 15
=|lx°'x — x8 — x16

3 E_(_i] 18 9
1o x16 : ¢ 16 = x16 (16) — 416 — 48
ITpome:xyTOUHBIiT KOHTPOJIb. C—16%.

3. HcTropuueckue cBegeHHUA

B mamHOM IIyHKTe mM3Jjaraercs NCTOPUA M3YUYEeHUA KOpPHEH
W CTENeHU C PaIMOHAJbHBIM IOKAa3aTeJIeM.

I9TOT MaTepuaJ CIocoOCTByeT (OPMUPOBAHUIO OTBETCT-
BEHHOTO OTHOIIEHUA K YUYEHUI0, TOTOBHOCTHM U CIIOCOOHOCTHU
ydammxcad K CaMOPasBUTHIO M CaMOOOpPa30BaHUIO Ha OCHOBE
MOTHUBAIlMM K OOYyYEeHWI0 WM MO3HAHWIO, BBIOOPY MmajbHEMHIIero
o0pasoBaHus Ha 0a3e OPUEHTHUPOBKU B MUpe IpPodeccruoHab-
HBIX IIPEAIIOYTEHNII, OCOBHAHHOMY HOCTPOEHUIO MHANBUAYAJb-
HOII 00pasoBaTeJbHOI TPAEKTOPUHU C YUYETOM YCTOMUUBBIX IIO-
3HABATEJbHBIX WHTEPECOB.
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rnAsA 3
NMOCNEAODESATENBHOLCTH

B »sT0ol1 riaBe BBOAUTCA TOHATHME UYMCJIOBOM IIOcCIeLoBa-
TeJIbHOCTH, Pas3dupaloTcsa OCHOBHBIE CIIOCOOBI 3aMaHUSA UMCJIO-
BOII IIOCJIeOBATEeJIbHOCTH, TJIABHOE BHUMAaHUIE yAeJAeTcs pac-
CMOTPEHHNIO IBYX BUIAOB UYHCJIOBBLIX IIOCJEIOBATEJIbHOCTEH —
apu(dMeTUUYEeCKO U TeOMEeTPUUYECKOl IIPOoTrpeccuii.

B marepmanax Oy KJaaccoB C YIVIYOJEHHBIM H3yUYEeHKEM
MaTeMaTUKN PacCMaTPUBAIOTCA OECKOHEUYHO yOBbIBAIOIas I'eo-
MeTpuUYecKas IIPOrpeccus M MeTOJ MaTeMAaTUUYeCKON WNHIYK-
MUY, WCIIOJb3yeMbIA [JA [JTOKAasaTe/JIbCTBa MaTeMaTHUUeCKUX
YTBEPKIEHUM.

Ilenp maydyeHUA TJIABBI 3 — JOOOUTHCA, UTOOBI yuaImecs
OBJIAZIEJIN IIOHATUAMUN: UMCJIOBAs IIOCJIeHOBATEJIbHOCTh, apud-
MeTHUYecKasl IIPOTPecCHus, TeoMeTpuuecKas MIporpeccusa — u
HAy4YUJNUCH II0JIB30BATLCA OCHOBHBIMU (popMyJaaMu IJs apud-
METHUYeCKOl UM TreoMeTpUYecKoM mnporpeccuii. Kpome Toro, B
KJaccax ¢ yrJIyOJEHHBIM H3yYeHMeM MAaTeMaTUKM ydaIllulecs
IOJIXKHBI OCBOUTH JOKA3aTeJIbCTBO MaTeMaTHUUYECKUX YTBEPIKIe-
HUHA C TOMOIIBIO METOJAa MaTeMaTHYeCKONU WHAYKIIUN, UTO CIIO-
COOCTBYeT HOCTMIKEHMIO TaKUX MeTallpeIMeTHBIX Pe3yJIbTATOB,
KaK yMeHMe co3JaBaTh 0000IIeHNsA, YCTaHABJINBATh aHAJOTHUU,
yCcTaHaBJIWBATHL IIPUYMHHO-CJIE/ICTBEHHbIE CBSA3U, CTPOUTH JIO-
TUYecKoe paccy:KAeHle, YMO3aKJIOUeHNe U JeJIaTh BBIBOIBI.

8§ 6. Yucnoeslie nocnenoBATENILHOCTU
M UX CBOMCTBA

B stom maparpadge cHauasa BBOAUTCA IIOHATHE YUCJIOBOM
OCJIEOBATEJILHOCTY, a 3aTeM M3y4YaloTCs €€ CBOICTBA.

OcHoBHasA IleJib H3YyUYEeHHS IecToro mnaparpada — Ha-
YVYUTH IIKOJbHUKOB IIOHUMAaTh, YTO TaKOe YMCJIOBAA IIOCJIEHO0-
BaTeJbHOCTh M KAKOBBI CIIOCOOBLI €€ 3amaHudA.

6.1. IToHATHE YHCJIOBOM IIOCJIEIOBATEJIHLHOCTH

B pgamHOM DnyHKTe JaioTcda OIpelesieHUs YNCJIOBOI II0-
CJIeJ0BaTeJbHOCTHU, UJEHOB IIOCJIEJOBATEJIHLHOCTH, €€ OO0IIero
YjieHa, NPUBOAATCA IIPUMEPhI UHCJIOBBIX IIOCJIEIOBATEIHHO-
creii. [[aa KJlaccoB ¢ yryyOJEHHBIM HM3ydYeHUEeM MaTeMaTHuKU
paccMaTpuBaeTca IIPUMED PEeKYPPEHTHOro crocoba 3amaHmsa
IocJaen0BaTeJIbHOCTH.

3apaHua gna noBTopeHuvsa. Ilpu nsyueHnn JaHHOIO ITYH-
KTa MOMKHO HCIIOJIb30BaTh 3amzanue 1097.

88



PeweHns n kommeHTapum

409. 3anuminuTte GopMyay OOIIEro 4YJjeHa IIOCIefOBATEb-
HOCTH:

H) 11 _17 1: _17 1’ _1’ cees e) _1, 17 _11 ]-a _11 1,

Pemenue. n) OOmIMii 4YJjeH IIOCJeAOBAaTEILHOCTH WMEET
Bug a, = (—1)" "1

e) OOmuii uJeH I[IOCJeSOBATEeJILHOCTH KMeeT BH/
b, = (-1)".

411. HaiiguTe cyMMy II€pPBBIX IIIECTH UYJIEHOB IIOCJIEIOBAa-
TeJIbHOCTU, 3aJaHHOM (OPMYJOI 0O0IIero ujaeHa:

a) a,=3n + 2; 6) a,=(-1)"
Pemrenue. ITo gopmysie 0o6Iero ujeHa IIOCJIEI0BATEIbHO-

CTU HaNAEM INeCTb IMEePBBIX UJEHOB IIOCJIEA0BATEJIbHOCTH, 3a-
TeM BBIUNCIUM UX CYMMY:

a)a,=5,a,=8, a;=11, a, =14, a; =17, a5z = 20,

5+8+ 11+ 14 + 17 + 20 = 75;
6) a,=-1,a,=2,a;=-3, a,=4, a;=-5, ag=06,
-1+2-3+4-5+6=3.

412. YwucaoBasg mOOCIeIOBATEJIBHOCTH 3a7aHa (OPMYJIOi
obmero uneHa x, = 10 + 2n.

a) Haiigure x;, Xy, X190

0) 3amuiInTe MOCJEAYIOIINIT M TPEeIBIAYIIMUHA YJIEHBI I
x, (n =2 2).

B) 3alUIlINUTe UYJEeH I[IOCJEeJOBATEJILHOCTUA, NMEIOINN HO-
Mep n + 2.

Peurenue. a) Ilo dopmyse o6Iiero ujeHa mOCJIeqOBaTEb-
HocTH Haimém x; = 12, x,, = 30, x,,0 = 210.

6) x,,;,=10+2(n + 1) =12 + 2n;
x, =10+ 2(n —1) =8 + 2n.

n—

B) xn+2 10 + 2(n + 2) = 14 + 2n.

414. TlociemoBaTelIbHOCTh 3aJaHa MNEePBBIMHU uJeHaMu: 1,
5, 9, ... . Sanumure (GpopMyJay €€ oOIIero ujieHa.

Peurtenne. YuuThiBasi, YTO UJEHBI IIOCJIEIOBATEJIbHOCTU
yBeJanumBaoTCA Ha 4, MOKHO COCTAaBUTH (POPMYJy OOIIero
yjieHa TaK:

=1+4(n-1),
uian
x, =4n — 3.

ITo sToii hopmysie 3amuinieM IepBbIe MATH YJIEHOB IIOCJIEOBA-
TegpHOCcTH: 1, 5, 9, 13, 17.

OpHako 5TO He eAWHCTBEHHOE pelleHue. 3aMeTHM, UTO
HepBLIA M TPETHi YUjJeHbl — KBaapaThl umces 1 m 3 (HOMEpOB
wjieHoB). s 9TUX UJEHOB IIOAOIILIA Obl (popMyJia OOIIero
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4jleHa X, = n?. Uro6bl He MeHATHh 3HAUEHUA IIEPBOTO U Tpe-

Thero UjieHa W yBeJWYUTHh BTOPOH ujgeH Ha 1, mobaBuUM B 3Ty
1+ (-1)
2

HO 1, myia HeuéTHBIX HOMepOB n ouo pasHo 0. Urak, dopmyna
0o0IIlero ujeHa C TeMHU Ke TpeMs IePBLIMU UJIeHAMU HMeeT
BUJ

dopmyay ciaraemoe . asa n = 2 sro ciaraemoe paB-

n
x, = n® + #

ITo sToii popmysie 3amuiieM IepBble TATH YJIEHOB IIOCJIE-
mosareabHocTH: 1, 5, 9, 17, 25.

JIBe ImoCTpOeHHBbIE IIOCJIeq0BaTEILHOCTH PA3JIMUYHbBI, HO TPU
mepBble UJieHa Y HUX COBIIQZAlOT C TPeMs IePBBIMHU UJeHaMU
3aIaHHOI TOCJIeJ0BATEIbHOCTH.

415. a) ITociemoBaTeIbHOCTh 3aJaHA PEKYPPEHTHBIM CITO-
cobom: a, = 2, a,,,; = a, + 3. 3anuInuTe NepBble IATb €€ Yje-
HOB.

Pemenune. IToncraBnas B dopmyny a,,, = a, + 3 BMecTo
n yucia 1, 2, 3, 4 u 3aMeHUB @, YUCJOM 2, IMOJIYUYUM UJEHBI
IOCJIESOBATEIbLHOCTH CO BTOPOT'O II0 IIATHII, BBIIUIIEM IIepPBbIe
IATHL YJIEHOB JTOM IocjiegoBareibHocTH: 2, 5, 8, 11, 14.

416. a) ITociemoBaTeIbHOCTh 3aZaHA PEKYPPEHTHBIM CIIO-
cobom: a, =3, a,,.;=a,+ 2. SajgaiiTe mocIerOBaATEIbHOCTH
dopMyJION n-TO UJieHa, BLIYMCJIUTE IIePBbIe IIATH €€ YJEeHOB.

Pemenne. IloacraBiasa B ¢dopmyny a,,, = a, + 2 BMecTo
n yucna 1, 2, 3, 4 u 3aMeHHUB @, YHUCJIOM 3, IMOJIYUYUM UJIEHBI
OCJIESOBATEIBLHOCTH CO BTOPOT'O II0 IIATHII, BBEIMHUIIEM II€pPBbIE
IATL YJIEHOB JTOU IIocjiemoBaTeJbHOCcTH: 3, 5, 7, 9, 11. Yunm-
ThIBasd, YTO YJEHBI IIOCJIeJ0BAaTEJILHOCTH YBeJINUYMBAIOTCA HaA 2,
MOJKHO COCTaBUTH (hOpMYyJIy €€ n-ro UjeHa:

x,=3+2(n-1),
uin
x,=2n+ 1.

419. YwucaoBasa mocjaegoBaTeJIbHOCTH 3afaHa (OpMYyJoi
n-ro ujaeHa:

a) a, = 5n; 0) bn=27'(%) .

3azaiiTe IOCJIeN0BATEIbHOCTh PEKYPPEHTHBIM CIIOCOOOM.

Pemenne. a) IloacraBnaa B dpopMmyny a, = dn BMeCcTO n
yucaa 1, 2, 3, 4, ..., IMOJYyYUM UJEeHBI MOCJIEIOBATEIHLHOCTH:
5, 10, 15, 20, ... . Tak Kaxk KaKAbIH CJEAYIOIIUN UJEH II0-
CJIeJOBATEJbHOCTU MOMKHO IIOJYUYUTH U3 MPEbIAYIIero MIpu-
0aBJIeHMEM YwMcIa 9, TO TOCJIEAOBATEJIBHOCTH MOKHO 3aJaTh
PEeKYDPPeHTHBIM cIlocoboM: a; =9, a,,;=a, + 5.
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n
6) IloxcraBnsaa B popmyay b, = 27 - (%) BMECTO 71 4uCcJa

1, 2, 3, 4, ..., moJayuuM UJEHLI IIocjefoBareabHocTH: 9, 3, 1,

1 . "
g, ... . Tark kak KaXabIn CJHIEeOYIOIINM YJIeH IIoCjJenoBaTeJib-

1
HOCTH MOJMHO IIOJIYUUTBH U3 IIPEeAbIAYIIEro YMHOMEeHHEM Ha g 5

TO TOCJEeIOBATEJIbHOCTh MOJKHO 3aJaTh PEKYPPEHTHBIM CIIOCO-
1
3

420. a) ITocmegoBaTebHOCTH 3amaHa (HOPMYJION 7n-TO YJie-
Ha a, = 177 — 3n. CKOJBKO IIOJIO’KUTEJIbHBIX UYJEHOB y 9TOH
IOCJIEJOBATEJILHOCTI 7

Pemenue. Haiiném Bce HaTypaJbHBIE UHCJIA 1, OJIA KasK-
Ioro U3 KOTOPBHIX a, > 0. Jljga sToro pemuM HepaBeHCTBO

177 -3n > 0.

9To HepaBeHCTBO PABHOCUJIBbHO HepaBeHcTBY n < 59. Cie-
IOBATEJbHO, YV 3TOH IIOCJELOBATEJIBHOCTH D8 IMOJIOKHUTEIbHBIX
YJICHOB.

423. a) Halinure HamMeHBINHI YJeH IIOCJIeLOBaTeIbHO-
CTHU, 3aJaHHOI (POPMYJION O0OIIero ujaeHa

a =n?-19,8n + 113.

n
Pemenue. PaccmoTpuM (QPYHKITHUIO
y=1x>-19,8x + 113 = (x — 9,9)* + 14,99,
KOoTopad IPU HATYpPaJbHBIX 3HAUEHUAX X IIPUHUMAaeT 3HaUe-
HHUSA, COBHAJAIONIME C WJIEeHAMM JaHHOMW MOCJIeJ0BATEJIbHOCTH.
dra QYHKIUA HTOCTUTAaeT HAWMEHBIIIETO0 3HAUEHUSA B TOUYKEe
x,=9,9. Tark rak umcao 9,9 e HarypanbHoe u 9 < 9,9 < 10,
TO HaWMEHBIINM YJEeHOM IIOCJIeJOBaTeJIbHOCTH OyZeT WU d,

oom: a;, =9, a,,.,=a, "

UIa Gqq.
Tak Kax
a,=9*-19,8-9 + 113 = 15,8,
a
a,,=10>-19,8-10 + 113 = 15
u 15 < 15,8, To 15 — HaMMeHBIINH UYJEeH IIOCJIELOBATEIbLHO-
CTH.

424. a) HaliguTe Bce 3HAUEHHUA A, IIPU KAXKIOM M3 KOTO-
PBIX IIOCJIeIOBATENBHOCTD, 3aJaHHas (OopPMYJIOM 00Iero ujieHa

y,=n?-20n + 100 — a,

nMeeT eOIUHCTBEHHBIN OTPHUIlATEJbHBIN UJIeH.
Pemenue. 3anumiem (opmyJy oOIero ujgeHa B BUIE

y, = (n—10)* - a. (1)
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T el [ [l [ [l [ ]
a<0 a=0 0<a<1 a=1 a>1 |
\ /1 / \ /

\_ |/ \ / .

N _ _ \10,‘ 10 \ 10 /‘

10 | x 10 | x N | x x L fx

N

Puc. 38

I1a Kaskgoro 3HaAUEHUA a paccMOTpuUM (PYHKIIUIO
y=(x—-10)°-a,
KOTOopas IIPM HaTypaJbHBIX 3HAQUEHUAX X IIPDMHHMAaEeT 3Haude-
HUsS, COBIIQJAIONINE C UJeHaMM JAaHHOW IIOCJeZ0BaTEeJIbLHOCTIH.

OrpunarejibHble UYJE€HLBI B 9TOH IIOCJIELOBATEJIbHOCTH OYIyT
TOJIBKO B CJIy4ae, €CJM BbIIOJHEHO HEePaBEHCTBO

(x — 10)? < a. (2)
Paccmorpes mgia dpyarnuu Buga y = (x — 10)2 - a cayuan:
1) a < 0 (puc. 38, a);
2) a = 0 (puc. 38, 0);
3) 0<a<1 (puc. 38, 8);
4) a =1 (puc. 38, 2);
5) a > 1 (puc. 38, 9),

ompenesrM, UTO HPU HATYPAJbHBIX 3HAUCHUAX X QPYHKIIUASI
nMeeT eQUHCTBEHHOE OTpPHUIlaTeJbHOe 3HAUeHMEe TOJbKO B CJIY-
yagx 3) u 4). CiemoBaTelbHO, OaHHAS IIOCJIELOBATEILHOCTH
uMeeT eOUHCTBEHHBIN oTpuilaTeJbHBIN ujleH npu 0 < a < 1.

OtBet. 0 < a < 1.

426. a) JlokasKkuTe, UTO IJs JIOOBIX HATYPaJbHBIX 71 IIO-
cienoBaTesbHOCTh umcen PuboHauum {u,} obsamaer CBOICT-
BOM:

ugtuy+ ... tu,=u, ,— 1. 3)

JlokasareascTBo. IlociemoBaTenbHOCTh unces PuboHAUYN

3a/laéTcAd PEeKYPPEHTHO CJIeAYIONIMM 0o0pasoM: u; = U, = 1,
Up+a = Up 1 T Up (4)
rne k=1, 2,3, ... .

ITogcraBum B paBeHcTBO (4) 3HaueHus k or 1 mo n, mo-
JYYUM 7l PaBEHCTB:

Ug = Uy T+ Uy,
Uy = Ug + Uy,
Us = Uy + Ug,
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CJI0KUB 9TH N PABEHCTB U BBIUTSA M3 00€MX UaCTeM II0JIy-
YeHHOTO PaBeHCTBA OJAWHAKOBBIE cJjlaraeMble, IOJIyYUM BEPHOE
pPaBeHCTBO:

U, 9=Ug+ U tu,+us+...+u,_;+u,. (5)

3aMeHUB B IIpaBOil UacTu paBeHCTBa (D) UmMCIO U, Ha 1 u
BBIUTSA U3 00emX uacTeil paBeHcTBa (5) mo 1, mosryuymM BepHOe
pPaBeHCTBO:

U,,s—1=u,tu,+tus+..+u,_;+u,
YTO U JOKas3bIBaeT paBeHCTBO (3).

6.2. CpoiicTBa 4YHCJIOBBHIX IIOCJEXOBATEJIHLHOCTEH

B pamHOM IIYHKTE [JalOTCsA OIpefeieHUsI MOHOTOHHOM
IOCJIELOBATEILHOCT ¥ OTPAHMUYEHHOI IIOCJIeJ0BaTeJIbHOCTH,
OPUBOAATCA HPUMEPHI MOHOTOHHBIX M HEMOHOTOHHBIX IIOCJe-
IOBATeJbHOCTEI, a TaKsKe IPHUMepPhl OrpaHMUYEHHBIX IIOCJIENO-
BaTeJIbHOCTe. BBOAUTCA MOHATHE KOHEUHOI IIOCJIeLOBaTeJIb-
"Hoctu. OTMeTuM, UTO Jir00as IIOCJIEeLOBATEJILHOCTL OECKOHeu-
Ha, HO eCJIH PacCMaTPUBAIOTCS TOJHKO HECKOJBbKO €€ MepBbIX
YJIEHOB, TO B 9TOM CJy4Yae TOBOPAT, UTO IOCJIEAOBATEIbLHOCTH
KOHEeUHA U y Heé eCThb HOCJEeIHUN YJIeH.

HNsyuenue sToro martepuaja IOMOKET OOIeMYy Pas3BUTHIO
yualuxcs, a TaksKe 00JIerdMT IMOHMMAaHHNEe aHAJOTHMYHOI'O Ma-
Tepuaga Aad QPYHKI[UMA.

3apaHua pna noBTopeHusa. Ilpu nayuenuu JaHHOTO IIYH-
KTa MOYKHO HCIIOJIb30oBaTh 3amanue 1098.

PewleHna n kKoMmmMmeHTapuu
435. a) ITociemoBaTeIbHOCTDL 3ajaHa (POPMYJIOI n-ro uje-

n-—1
. I[oxaxcn’re, qTO IIOCJHIenOBaATEJIBbHOCTDb ABJIAETCHA

Ha a, =

BO3pacTaloIleil M OrpaHuYeHHON’.
Pemenue. [[yiss g1000r0 HATypaJbHOTO 7 HAWIEM YJIEHBI
OCJIeN0BATEJIbHOCTY C HOMepaMu n u n + 1:

_n-1 _n
G = T Gt T T

Boeruuncium Pa3HOCTb:

a —a = n _n—-1 _ 1
n+1 n n+1 n n(n + 1) ’

Tarx kKak AJIA JI000T0 HaATypaJIbBHOT'O n 3Ta pPa3HOCTHb IIO-
JIOKHUTEeJIbHa, TO an +1 > an AJIA JIFO00TO HaTypaJbHOI'O n, T. €.
IIO OIIpedeJIEHHIO 9Ta IIOCJIeaO0BaTeJIbHOCTHh BO3pacTaroInas.

Tak Kax

n—-1 _ 1-— 1
n n
IJIA JII000T0 HATYyPaJIbHOTO 7, TO BBHIIOJIHAETCA ABOHHOe Hepa-
BeHCTBO 0 < a, < 1.
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CiemoBaTesIbHO, IIOCJIEL0BATEJIbHOCTh ABJIACTCA U OIPAHU-
YEeHHOUN CBEPXY, WM OTPAHWUYEHHOUN CHU3Y, IIO3TOMY 3dTa IIOCJEe-
IOBATEJbHOCTD SIBJISIETCS OIPDAHMYEHHOM IO OIIpeIeJIeHUIO.

438. YkakuTe BCe 3HAUEHUs b, IPU KOTOPBIX IIOCJIEIOBA-

. 1999n + b
TeJIbHOCTh, 3aJaHHas (opMyJioi a, = 000, ° fBAAercs:
a) Bo3pacTalolleii; 0) yObIBaloIIei.
Pemenne. Tax Kak nad J000T0 HATYPaJbHOTO N BEPHBI
-b

1999 + b —
2000  2000n m2000n(n + 1)’
IIOCJIeOBATEJILHOCTh OyZeT Bo3pacTraroliei, ecium a,.; —
—a, >0, . e. mpu b < 0; mocaesoBaTeJbHOCTL OygeT yObIBa-
fomeit, ecaim a, ., —a, <0, 1. e. ipu b > 0.

Ecau xe b = 0, To mocienoBaTeIbHOCTh HE SBJIAETCS HU
BO3pacTamlIleii, Hu yObIBaioIileii, Bce €€ UWjieHbl COBIIAJAIOT.

Otger. a) Ilpu b < 0; 6) mpu b > 0.

IIpome:xyTounbIiit KOHTpPOaAb. C—17.

paBeHCTBA @, = ua,, -a TO

§ 7. ApudpmetTunueckas nporpeccus

B sTom maparpade cHauajsia BBOAUTCA MOHATUE apu(MeTH-
YeCKOl Iporpeccuu, 3aTeM M3y4YaloTCs e€ CBOICTBA.

OcHoBHasA TIieJb U3YUYEeHUsS ceapMoro maparpada —
OBJIQIETh TOHATHEM apu(@MeTHUYEeCKOU IITPOTPEeCcCCrui, U3YUUTh
eé CBOICTBAa W HAYUUTHCA UX HCIOJH30BATh.

7.1. IllorsaTue apudmMeTnyecKol MpPorpeccuun
7.2. CyMmMa mepBbBIX 7T 4JIEHOB
apudMeTHUECKOil IIPOrpeccuu

B nyukre 7.1 parpoTca ompeaesieHUs apu@MeTHUYECKON
mporpeccuu, eé pasHOCTH M PacCMaTPUBAIOTCA OCHOBHBIE CBOIi-
ctBa apudmeruueckoit mporpeccumn. Ciienyer oOpaTUTh BHU-
MaHMe Ha 3aJady, C IIOMOIIbI0 KOTOPOH BBIBOAUTCS (opmMyJia
IPOCTHIX IIPOIEHTOB.

B nyukTe 7.2 mpuBeneHa opmysia CyMMBI IIEPBBIX N UJie-
HOB apu(pMeTHUYeCKOH MHporpeccuu. ITUM MaTePUATIOM IJOJIMK-
HBI OBJIAJeTh BCe ydall[uecsd.

O6paTuM BHHMAaHNE HA TO, UTO PACCYKICHUS B TEKCTe
yueOHMKAa JIUIIL IIOABOLAT K T'HUIIOTE3e O (opMyJax n-ro dje-
Ha apu(pMeTUUYeCKOil HPOrpecCuU U CYMMbI II€PBBIX 711 UJIEHOB
apu(MeTHUYECKON IIporpeccuu (9THU pacCy:KIeHUsS YaCTO IIPU-
HUMAaIOT 3a JOoKasaTejabCTBa). IloJHBIE IOKa3aTeIbCTBA BTUX
dopMyJT MOKHO MPOBECTHM B KJacce C yIrIyOJEHHBIM H3yde-
HHEeM MAaTeMaTUKM I[I0CJie M3YUYeHUs MeTOola MaTeMaTHUUeCKOH
UHIYKI[UN.

3apaHuna gna noBTopeHua. [Ipu n3yuyeHun JaHHOTO ITYH-
KTa MOXKHO HCIOJb3oBaTh 3amanua 1101—1106.
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PeweHns n kommeHTapum

443. fdBnsierca au apudMeTHUYECKON IPorpeccueil ImocJie-
IOBATEIbHOCTD:

a) —5; —2; 1; 1; 4; 7; 10; ...;
1 1 1 1 1
— . = . z. s 2. 2
B) 12, 13, 14, 15, 16’

Pemenune. a) Tak kaxk a; —a, # a, — ag, TO IOCJIeLOBa-
TEeJBbHOCTh HE SABJIAETCA apuMMETHUUYECKON IPOTPEecCUei.

B) Taxk xak a, — a; # a; — a,, TO IOCJIENOBATEJIbLHOCTH HE
ABJSAETCA apu(PMeTUUIECKON IIPOTpeccuei.

444. 3anumniuTe IepBbie UEThIpe UJeHa apudMeTUdecKoi
nmporpeccuu, ecau a, = 2, d = —3.

Pemrenue. ITo onpenenenuo apudmMeTnyecKOd Iporpeccuu
nMeeM

a,=a,+d=-1, a3=a,+d=-4, a,=a3+d=-7.

Otser. 2, -1, -4, —7.

447. [Torkaxkure, 4yTo B apudMeTUUeCKOil mporpeccuu {a,}

a, —a

pasHocTh d MOJKHO BBIUYUCJAUTL MO (opmyne d = - kk
m—
m # k.

Pemenue. Ilo hopmysie n-ro ujseHa apu(MeTUUECKON TIPO-
TPeccum UMeeM

b

a,=a, +(m-1)d,
a,=a, + (k- 1),
a,—a,=(m-1—-k+ 1)d =(m — k)d.

m

Tak kak m = k, To d = % , UTO U TpebOBaJIOCL JOKAa-
3aTh. m

451. fAsasterca sgu uwmcao 12 umeHoM apudMeTHUUECKON
HPOTPECCUM:

6) —11; —8; —5; ...; r) 44,5; 43; 41,5; ...?

Pemenue. 6) CHauaya HaigéM pasHOCTh apupMeTHUEeCKOI
IPOTPECCUU:
d=-8—-(-11) = 3.
Eciu 12 aBiaserca ujeHOM apu(MeTHUYECKON IPOTrpPecCHuu
C HOMEpPOM 7, TO BEePHO PaBEHCTBO

12=-11+(n-1) - 3,
N3 KOTOpOoro cJjeanyer, 4YTO 1 = 8% . Taxk xax HOMEDP 4YJIeHa

apuMeTUUYEeCKO IIPOrPecCHr — UYHCJI0 HaTypaJbHOEe, TO UH’-
cio 12 He ABIAETCA UJIEHOM DTOH apu(pMeTHUECKOH IIporpec-
cuu.
r) Crmauana HaiiiéM pPasHOCTb apU(MeTUUecCKOU IIporpec-
cum:
d=43 — 44,5 = -1,5.
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Ecau 12 aBasercsa wieHoM apu()MeTHYECKOH IIPOTPecCcruu
C HOMEPOM 711, TO BEPHO PaBEHCTBO

12=44,5+ (n - 1) - (-1,5),

2
u3 KOTOPOTr'o CJIenyeT, 4YTO n = 225. Tak Kaxk HOMep UJeHAa

apu(pMeTUUYEeCKOM MPOrpecCUy UYHCIO0 HATypPaJIbHOE, TO UMCJIO
12 He ABJAETCA UJIEHOM apuU(PMETUUYECKON IIPOTPECCHUH.

453. a) CKOJIbKO IOJIOMKUTETbHBIX YJIEHOB MMeeT apudme-
Tu4yecKas mmporpeccus 3,8; 3,5; 3,2; ...?7
Pemienune. CHauasia HaWJZEM PpasHOCTh apu(MeTHUUYECKO
IPOTrPECCUM:
d=3,5-3,8=-0,3.
IIo dopmyrnae n-ro uigeHa apu@MeTHUUECKON IIporpeccuu
nmMmeem

a,=38+((n-1):(-0,3)=4,1-0,3n.
Haiigém Bce HaTypajbHBIE 7, OJA KOTOPBIX BEPHO Hepa-
BeHCcTBO 4,1 — 0,3n > 0. Pemus 5T0 HepaBeHCTBO, IMIOJIYUNM,

2
uTo n < 13§ . Tax kKak penieHnusaAMMU 9TOI'O HepaBEHCTBa ABJIA-

I0TCs JIUIIL HATypaJbHBIE umciaa or 1 mo 13, To sta apudme-
THYECKas MIporpeccusi nMeeT 13 MOJOMKUTENbHBIX UJIEHOB.

455. JlokaKuTe, UTO MOCJIEI0BATEIbHOCTh, 3aJaHHas (op-
MYJIOH O0OIIero ujeHa:

a)a,=3n—- 7, 6) a,=-3n+5,
ABJdAeTCA apudMeTUUeCKOHN IIPOrpeccueii.

Pemenne. a) Taxk Kak [IJd JaHHOM IIOCJIEeL0BATEJIbHOCTH
{a,} nna ma060ro HATYypaJBHOIO N PA3HOCTH

a,,.;1—-a,=3n+1)-7-Bn-"T7)=3
YKMCJIO IIOCTOSHHOE, TO ©Ta IIOCJIeAOBATEeIbLHOCTh SBJIAETCS
apu(dMeTHUECKO IIporpeccueil ¢ pasHocTbio d = 3.
0) Tak Kak AJd JaHHOU IIOCJIeOBATEJBHOCTH {a,} AJIA JIIO-
60ro HATypaJIbHOTO 7. Pa3HOCTD

a,,,—a,=-3(n+1)+5-(-3n+5)=-3
YUCJIO IOCTOAHHOE, TO 9Ta IIOCIEJ0BATEJIbHOCTh SABJAETCS
apudmMeTnUecKoii mporpeccueii ¢ pasHocTbio d = —3.

457. IlpennpuHUMAaTe b B3AJ B 0OaHKe KPEIUT HA CYMMY
a p. IpU YCJIOBUU, UTO B KOHIIE KaXKIOTO MeCAIA ero MOJIT Iie-
pen 6aHKoM OyAeT yBeIWUUBATHCSA HA p% OT CYMMBI B3ATOTO
Kpenura. IlpennpuHuMaTelb BEePHYJ OeHbBI'M OAHKY CIIOJIHA B
cymme b p. uepes n MecCAIEB.

a) Kakyio cymmy mpeamnpuHHUMAaTe b BEPHYJ OAHKY, €CJau
a =500 000, p=2, n=107?

6) Ha kakyo cyMMy OpeAlIpUHHMATENb B3SJ KPEIUT,
ecim p=2, n=12, b =992 000?
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B) Yepe3 CKOJBKO MeCAIEB MIPeAIIPUHUMAaTE/Nb BePHY.JI
6aHKy geubru, ecau a = 600 000, p =3, b= 852 000?

r) ITog KaKoii IPOIEHT B MeCAIl NMPeAHPUHUMATEIb B3I
Kpenur, ecau a = 700 000, n =6, b =910 000?

Pemenue. a) IIpegnmpuaumarens Beprya 6auxky 500 000 p.
u emfé mo 2% oT 5ToM cyMMBbI 3a KaskAbli u3 10 mecsres, T. e.

500 000 + W = 600 000 (p.).

6) Tak xkak 3a 12 mecsAleB IpeANTPUHUMATEIb BBITLIATHII
momoaHuTeabHO 12 - 2 = 24 (%) B3ATON B KPEAUT CYMMBI, TO
992 000 p. cocraBaser 100 + 24 = 124 (%) B3ATOI B KPEAUT
CyMMBI, KOTOpas paBHa

992 000 - 100 _
— i 800 000 (p.).

B) Tax rak 852 000 p. or 600 000 cocraBiAiOT

852 000 - 100 o
600 000 142 (%)
B3ATON B KPEAUT CYMMBI, TO 34 IIOJIb30BAHNE KPEJUTOM IMIpe-
OpuHUMATEJb BepHyJa Oanky 142 — 100 =42 (%) BsaToil B
KpeauT cyMMbl. IlpeanpuHuMMAaTe]b BEPHYJ KPEIUT dYepes
2 : 3 = 14 (mecsariesn).
r) Tak xax 910 000 p. or 700 000 cocraBisaIOT

910 000 - 100 o
700 000 130 (%)
B3ATOM B KpPEAUT CYMMBI, TO 3a IIOJb30BaHUE KPEIUTOM
npennpuHuMaTeab BepHya Oamxy 130 — 100 = 30 (%) Ba4a-
TONl B KpeauT cymMMbl. IIpegnpuHumMaTesab B3SAJ KPEOUT IO,
30:6 =5 (%) B mecqrr.

Oteer. a) 600 000 p.; 6) 800 000 p.; B) 14 mMecsIes;
r) 5%.

458. TlokakuTe, KaKk OTBET K KaKJIOU 3agaue U3 HPEIbI-
IYIIIero HOMepa MOMKHO IIOJYYHUTH C HOMOIINbI0O (POPMYJIBI 00-
mero wjieHa apudmMeTUuecKOl TPOrpeccuu.

Pemenue. ITocae mmepBoro mecsia goJir npeanpnﬂumaTeﬂﬁ

YBEJIUYUTCA Ha % p. ¥ cTaHeT PaBHBIM @ + — 100 p. CyMmMbI

JoJITa B KOHIIE Ka'KIOr0 MeCSAIla o6pa3yro'r apudMeTUUECKYIO

IIPOTPECCHIO C IIePBBIM YJIEHOM a; = a4 + W (p.) ¥ Pa3HOCTHIO
a

1%—0 p., IO3TOMY IIOCJIe 1 MeCAIeB CyMMa €ero [I0Jira MOJKET

OBITH IIoJIy4yeHa KakK n-ui 4JjeH sTou Imporpeccuu, T. €.

-y = _ - 2. = pn
b=a,=a;,+(n-1)d=a+ 00 "= (+100) (p.).

— pn
Takum obGpasom, b = a( + 100) (p.).
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Ilamee B KaskOoM M3 3aJau MOPeIbIAYIIEro HoOMepa II0 U3-
BECTHBIM 3HAUEHUSAM TPEX BEJIUUYUH MOKHO TOJYUYUTH 3HAUE-
HUE YEeTBEPTON BEJIWUYMHBI.

464. a) OnpenenuTte cymMmMy mepBbIx 40 YETHBIX HATypaIb-
HBIX YHCeJ.

6) OmpepenuTe CyMMYy BCeX TPEX3HAUHBIX HATYPAJIbHBIX
yuceJ.

Pemenne. a) 3mech TpebOyeTcs OIpeNelnTbh CYMMY IIep-
BBIX YJIEHOB apu(MeTHYeCKOU Iporpeccuu, y KOTOpoH a, = 2,
d = 2. Ilo ¢popmyse cyMMBI HEPBBLIX 71 UJEHOB apumMeTmye-
CKoIi mporpeccuun ajasa n = 40 mmeeMm

2a; + (40 - 1)d :
a + ( ) 40 _ 413892

S = 5 > - 40 = 1640.
Urax, cymma mnepBbIix 40 UYETHBIX HATYPaJbHBIX UKCEJ
paBHa 1640.

6) 3xmechr Tpebyercs ompeneauTh cymmy uuncesa ot 100 mo
999, 1. e. cymmy mnepBbix 900 useHOB apu(MeTHUECKON IIPO-
rpeccuu, y Koropoi a,; = 100, d = 1. ITo popmyse cyMMBI mep-
BBIX N1 4IeHOB apudmermueckoin mporpeccuu (n = 900) umeem

2a; + (900 - 1)d 900 —

2
- 2015992900 - 494 550,

Uraxk, cymMMa BcCeX TPEX3HAUHBIX HATYPAJbHBIX YMCEJI
paBHa 494 550.

Oteer. a) 1640; 6) 494 550.

466. CiroKuam HECKOJbKO IIePBBIX UJIEHOB apudmermue-
ckoil mporpeccuu {a,} u noxyuniau 430. CKOIBKO YJIEHOB CJIO-
JKUIU, ecan a; = —7, d = 3?

Pemenne. IIpumeHasa popMyJly CyMMBI IE€PBBLIX 11 UJIEHOB
apu(pMeTUYEeCKON IIPOrPecCui, MMeeM

Sgo0 =

2a; +(n - 1)d -14+(n-1)-3
Sn=u-n _M+(e-1)-8 — 430.
2 2
YpaBHeHUE
-14+(n-1)-3
—————— ' n =430
2
uMeeT JBa KOPHA: n; = ~141 , ny = 20. Tak Kaxk HOMep UYJeHa

3
apupMeTUUYEeCKOH MPOTrpPecCUy MOXKET OBITH TOJBKO HaTypasb-
HBIM YMCJIOM, TO CJOXKujaum 20 YJIeHOB apu(pMeTUUYeCcKON HpPo-
rpeccuu.

Otser. 20.

471. na apudMeTHUecKoOd IpOrpeccuu {a,} BBIYUCIIUTE
Ss001> €CIU G199 = 2000.
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Pemenue. ITo ¢opmysie cymMmMBbI TepPBBIX 71 YJIEHOB apud-
MeTH4YecKoil mporpeccuu mjada n = 2001 mmeem

2a; + (2001 - 1)d
Spoor = —2 (2 M . 2001 —
= (a; + 1000d) - 2001 = a,,,; * 2001 =
= 2000 - 2001 = 4 002 000.
Otrser. 4 002 000.
473. 3adaua u3 nanupyca Axmeca (XVIII—XVII as.

00 H. 3.). Pasgenute 10 mep xmeba Ha 10 uesoBek, ecau pas-
HOCTHL MEXIY KOJHMYECTBOM XJeba y KasKIOoro uesioBeKa W eMy

1
IPe/IIeCTBYIOIET0 COCTABIAET o Mephbl.
Pemenue. CHauasia HaWAéM NTepBBIA 4YJieH apudmermue-
o o 1
CKOU mporpeccuu, y Koropoii 10 uneHos, d = g U cymma fe-

catu wienoB paBHa 10. ITo ¢popmysie cyMMBbI IEPBBLIX 71 UJIEHOB
apudmMeTnUyecKkoii nporpeccun jasa n = 10 umeem

2a, + (10 -1)- 1

S, = 8'10=(a1+%)-10.

2

YpaBueHue 0
+ =1]-10 =10
(“1 16)
uMeeT eJUHCTBEHHBIII KOpPeHb a, = 16"
Wrax, mepBomMy HaIo IaThb % Mepbl, a KamKIOMY CJIeny-

IOIeMy Ha % MepbI OoJIbIIIe.

474. B apudMeTuuecKoll IIPOTPECCUM CyMMa IIEPBBIX M
YJIEHOB paBHa CyMMe IePBBIX n WieHOB (m # n). JokasKure,
YTO CyMMa HepBbIX (m + n) 4JeHOB paBHa HYJIIO.

HokazareascTBo. Ilo ycioBuio 3amaum cymMMa MePBBIX M
YJIEHOB pPaBHA CyMMe IIEPBBIX 1 UWJIeHOB (m # n), T. €. BEPHO
paBeHCTBO

2a, + (m —1)d 2a, + (n —1)d
a*(m-1d  _2mt-d -
2 2
13 KOTOPOTO IOJyYHM, UTO
(m —-n)(2a; + (m +n—1)d) =0.
Taxk xKak m # n, TO, pasgejlB IIOCJeJHee PaBEHCTBO Ha
m — n # 0, DoIy4yuM, UTO

2a, + (m + n — 1)d = 0. 1)
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IlpumenuB ¢opmMyJsy CYMMbBI HepBBIX (m + n) YJIeHOB
apuPMeTUUYEeCKOH TPOTPECCUU, TOJYUUM

S =2a1+(m+n—1)d-(m+n). @)

m+n 2

N3 pasencrBa (1) ciaemyer, UTO YHCJIUTEJIb ApoOu B pa-
BeHcTBe (2) paBen 0, ciaemoBaTesbHO, S = 0, uTo u Tpebdo-
BaJIOCh TOKAa3aTh.

m+n

AononHutenbHoe 3apaHue. Cymma 4yieHOB apudmeruye-
CKOM IIPOT'PECCHH CO BTOPOTO IIO IMecToi Ha 15 0oJibllle CyMMbI
YJEHOB TOH :Ke MIPOoTrpPeccum C MHepBOro mo maThii. Hatigure
Pa3HOCTh 3TOI apupMeTUUEeCKOU IIPOrPEeCcCHu.

Pemenue. I cnoco6. Ilo ycaosuio
a,tay,+as+a,+a;+15=a,+a;+a,+ a;+ ag,
cjlefoBaTeJNIbHO, ag — a; = 15. Tak xak a; = a; + 5d, TO U3

paBeHCTBa
a,+5d—a; =15
Hamgém, uro d = 3.

II cnoco6. Kamaplii dujleH CyMMBI a, + ag+ a, + a; + ag
Ha d O6OJbIlle COOTBETCTBYIOIETO WJeHA CYMMBI a; + a, +
+ as + a, + a;, mosTomy

5d =15,
OTKyZa Haumém, uto d = 3.
Oteer. d = 3.
IIpomeskyTounsbrii KoHTpPOab. C—18, K—4.

§ 8. NleomeTpuueckas nporpeccus

B sTom maparpadge cHauasia BBOAUTCS HOHATHE Ie€OMETpPI-
YeCKO#l Iporpeccuu, 3aTeM H3y4YaloTCs e€ CBOIiCTBA.

OcHoBHasA IieJb U3YYEHUsS BOCbBMOTO maparpada —
OBJIAJIETh MOHSATHUEM TeOMETPUUECKOI MPOorpeccuu, U3YyUUTh €€
CBOMCTBA M HAYUYUTHCSA UX MCIIOJIb30BATh.

B xmaccax ¢ yriyOJI€EHHBIM M3yUYeHWEM MAaTEeMATUKU CJie-
IyeT U3YUYNUTh 0ECKOHEUHO YOBIBAIOIIYIO IeOMETPHUUYECKYIO IPO-
I'peccuio.

8.1. IlousaTHE TreoMeTPHUYECKOH IPOTrpeccuu
8.2. Cymma mepBBIX 7 YJEHOB
reoMeTPUYECKOil IPOTrPeCcCUuu

B nyukTe 8.1 maioTcss ompenesieHNs MeOMETPUUECKOMN IIPo-
rpeccuu, eé 3HaMeHaTeJsd U PaccMaTPUBAIOTCS OCHOBHBIE CBOIi-
CTBa reOMeTPHUEeCKOoil mporpeccunu. B nyHKTe 8.2 IPUBOLUTCS
dopmMysia CyMMBbI IIEPBBLIX 71 UJIEHOB I'eOMeTPUYECcKOIl IIporpec-
cuu. ITUM MaTepuajioM IOJI’KHBI OBJIAZEeTh BCE yualllHecsd.
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Ocoboe BHUMAaHNWe HAZO OOpaTHUTh Ha 3aJady, ¢ IIOMOIILIO
KOTOPO# BBIBOAUTCSA (POPMYJa CJIOMKHBLIX IIPOIEHTOB.

Crenyer IOOUEPKHYTb, UTO CYIIECTBYIOT J[ABa cIIocoda
IIPOIIEHTHOT'O pocTa — MO (popMyJie MPOCTHIX IIPOIEHTOB W IO
dopMysIe CIOMKHBIX HPOIEHTOB, U OOBSACHUTH, UeM 3TH CIIOCO-
Obl pasamnuarTcsa. Ilpu sToM yualruecs OOJIMKHBI TOHUMATD,
YTO ecJi, HaIpuMep, BKJIAAbIBATh OeHbIM B OaHK MOA OAUH
U TOT K€ NIPOIEHT W Ha OAWH U TOT e CPOK, TO IPUPOCT
BKJaga 1o (GopMmyJie CJI0KHBIX IIPOIEHTOB OyAeT OOJIBIINM 3a
C‘-IéT IIPOIIEHTOB Ha IIPOII€HTHBLIE€ NJE€HBbI'H.

JeficTBUTENIBHO, €CJAW HPU BKJAAEe Ha IIPOCTBbIE ITPOIEHTHI
mocJie 1 MeCsIleB BKJAA B a4 P. moA p% B MeCSI[ IPeBPaTUTCHA

B a(l + nd) p., rne d = m , TO IPU BKJIAQJe Ha CJOKHBIE IIPO-
IIeHTHI OH IIPEBPATUTCA B (n-1)
n\n —
a(l +d)" =a(l + nd + T-d2 + ...+ dM p.

3mech B ckoOKax sammcano pasioskenue (1 + d)" mo dop-
myJsie ouHoma HbioroHa (cm. IlomosiHeHUsT K TJiaBe 5).

O6paTuM BHUMAHHE Ha TO, YUTO PACCYKIEHUSA B TEKCTe
yueOHUKa JIUIIH IIOABOAAT K TUIOoTe3e 0 hopMyjIax n-ro djaeHa
TeOMEeTPUYECKOH MPOTPECCUU M CYMMBI IIEPBBLIX 7 UJIEHOB Te€O-
METPUYECKON TPOrpeccuu (9TU PACCYKAEHUS YACTO IIPUHUMA-
IOT 3a JoKasaTelbcTBa). IIoIHBIE MOKa3aTeabCTBA STUX (HhOPMY.JI
MOJKHO IIPOBECTM B KJacce C yIrJIyOJIEHHBIM M3yUYeHUEeM MaTe-
MATUKM TOCJIe U3YUeHUs MeToJa MaTeMaTU4YeCKON WHIYKIIUU.

3apaHug pna noBTopeHusa. Ilpu nsyyennu JaHHOTO IIYH-
KTa MOJYKHO HCIIOJIb30BaTh 3azanmsa 1118, 1120, 1123—1125.

PeweHns n kommeHTapum

478. fBiasercda UM TeoOMeTPHUUYECKOIl IIporpeccueil IIocJe-
IOBaTEeIbHOCTD:

a) 1; 8; 15; 21; 26; ...; 6) 4; 2; 1; 0,5; 0,25; ...?

Pemenne. a) Tak kak a, : a; # a5 : a,, TO IOCJIENOBATEIb"
HOCTh He ABJIAETCA IeOMEeTPUUYECKO! IIPOTpeccUueit.

6) Tak Kak

ay,:a,=0a3:a,=a,:0a3=as:a,=0,5,

TO IOC/Ie/[0BATETBHOCTE MOMKET fABJIATHCH reoMeTPUUECKO
mporpeccueit co sHameHateaem ¢q = 0,5, ecau IOCJIe/y IO He
YJIeHBbI Iporpeccuu OyAyT moaydarbesa mo popmyte 4 - (0,5)"

482. [lambl TpU MOOCIENOBATEJbHBIX UJEHA r'eome'rpnqe-
CKOU TpOTpeccuu:

a) 7; x; 63. Haiinure x, ecau x > 0;

0) 2; x; 18. Haiigure x, ecau x < O.

Pemrenue. a) Ilonb3ysach CBOWCTBOM TeOMETPHUUECKOH IIPO-
TPeCcCuM C IOJOKUTEJIbHBIMU UJIEHAMH, TMeeM

=4a, a,., =A~N7-63 =21, 1. e. x=21.
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6) Tak kKax OJd reoMeTPUYECKON MIPOrpeccuu C MIPOU3-
BOJIBHBIMU YJIEHAMY BEPHO PABEHCTBO @, , 1 : A, =G, 9 : Q, ;1>
TO UYMCJIO X SABJIAETCA KOPHEM ypaBHeHHA X : 2= 18 : x. 910
ypaBHeHUe uUMeeT ABa KOpPHA: x; = —6, x, = 6. Taxk kax x < 0,
TO X = —6.

Orser. a) 21; 6) —6.

483. a) Haiinure a, u q reomeTpryuecKoii nporpeccun {a,},
ecau ay — a, = 18 u a; — ag = 36.

Pemenne. IlepenumieM gaHHBIE paBeHCTBA, MCIOJb3YS 4,
g 3 4 2

a.q° —a,q =18 u a,q" — a,q° = 36.

s pelieHus: 3agayu HAAO PEIIUTh CUCTEMY IIOJYUYEHHBIX
VPaBHEHUI ¢ HEU3BECTHBIMU @, U ¢. BBrIHeca 3a CKOOKH ¢ BO
BTOPOM ypaBHEHUM U 3aMeHUB a,¢° — a,q 4uciaom 18, moy-
yuM ypaBHeHme 18¢ = 36. OHO MMeeT eIUHCTBEHHBLIN KOPEHb
q = 2. Temnepb, IMOACTABUB BMECTO ¢ UHCJO 2 B IIEpPBOE ypas-
HeHUe, IIOJYUYUM ypaBHeHUe 8a;, — 2a,; = 18, xoTopoe umeer
eINHCTBEHHBII KOpeHb a; = 3.

OTtBer. a, = 3, q = 2.

484. a) [loxkaxure, YTO AJIA JIIOOOH TreOMETPUUYECKOM IIpPO-
bo T ho _ b t by
by + by by +byy

HoxrasareascTBo. Ilepemuiiiem JoKasbIBaeMOe PaBEHCTBO,
ucmoJsb3ya b, u q:

bg® + g’ _ bg" + byg"! )

big® +bg®  bg® + b0
Tak kak b; # 0 u ¢ # 0, To APo6L B JIeBOIl YacTU paBeH-
crBa (1) MOXKHO COKpaTHUTh Ha blqﬁ, a apoOb B IpaBOM dYac-

rpeccun {b,} BEpHO pPaBEHCTBO

TH — Ha blqs. IlonyuuTcss paBeHCTBO
+d _ ¢+ @)
1+ q2 1+ q2

Tax rark paBeHCTBO (2) BBINOJHSAETCA IJdA JIOOBIX (¢, TO,
paccy:xaas B oOpaTHOM ITOPAAKeE, U3 CIIPaBeIJIMBOCTU PABEHCT-
Ba (2) moJaydyuMm, UTO CIIpaBeaJuBO paBeHcTBO (1), uTO m Tpe-
60OBaJIOCh MTOKAa3aTh.

487. a) 3adauwa H. Hviomona (1643—-1727). Hausl ue-
TBIPE TOCJeAOBATENbHBIX UJieHa I'eOMEeTPUUYECKOH HPOTPECCUU.
CyMMma OBYX KpaliHUX YJeHOB paBHa 13, IBYX CpegHHUX paBHA
4. OnpenenuTte STU UJEHBI.

Pemenue. IlycTh paHbBl ueThbIpe uJieHAa TI'eOMeTPUYECKOM
mporpeccuu: a,, @, .1, @, .9, 4,3 1lo ycioBuio 3amaum Bep-
HBI IBa paBeHCTBA:

an+a’n+3: 13 u a’n+1+an+2:4’
T. €. s )
a,+a,qg°=13 u a,q +a,q° = 4.
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Jisa perteHusa 3ajady HALO PEIIUTh CUCTEMY ITOJYUEHHBIX
ypaBHeHHUI ¢ AByMA HeU3BeCTHbBIMU a, U . llepemumiem sTu
YpaBHEHUSA B BUIE

a,(1+q(1-q+q¢*)=13 u a,q(l + q) = 4.
Tax kak ¢ # 0, To, Haliga W3 BTOPOTO YpPaBHEHUS CHUCTe-
MBI, 4uTO @,(1 + q) = %, U TOJACTABUB B IIepPBO€ ypaBHEHUE %

BMecTO a,(1 + q), mosyuuM ypaBHeHUe
4(1 —g+ q2)
—FF =13,
q
uMeloIiee JBa KOPHA: ¢, = 4, ¢, = i,

Eciu ¢ =4, TO M3 BTOPOro ypaBHEHUS IOJYUYUM, UTO

a, = %, T. €. NMCKOMBI€ YJIEHBbI FEOMeTpI/I‘IeCKOfI IIporpeccum:
1 4 16 64
55 57 5°

Ecinu q = i, TO M3 BTOPOIro ypaBHE€HHUA IIOJIYUYMM, YUTO
n = %, T. €. UICKOMBI€ YJI€EHBI I"eOMe’I‘pH‘IeCKOfI IIporpeccum:

64 16 4 1
57 5757 5°

MbI mOJyUYMJIN B ABYX CIAydYasgX OOHU U Te »Ke UJIeHBI, HO
OHU PAa3JIMYAIOTCS IIOPAAKOM: B IIEPBOM CJIIydYyae OHU SBJISIOTCS
yjIleHaMM BO3pPacTaloIleil Iporpeccuu, BO BTOPOM — YOBIBAIO-
Imen.

OTser. 1, é, E, %4 ym %, E, a1

5" 5 5 5 5 5 57 5

488. B Hauyase Mecdlla BKJIAOUUK IIOJOMKUJI HA CUYET B
6aHKe a p. IIPU YCJOBUU, UTO B KOHIlE KaKXJOT0 MecsdIlla Ha
ero cuér OymeT HAYUCAATHCA p% OT TOM CyMMBI BKJAaga, KOTO-
pas OyaeT HAXOAWTHCSA HA €ro cuéTe B HaUaje STOTO0 MeCAIla.
Briaaguuk He cHEMAJ JeHBIM CO CUETa 11 MeCSIeB, a B HauaJje
(n + 1)-To MecsIia CHSAJ CO CUuéTa BCe NEeHbBIM B cymMme b p.

a) Kakyo cymMmMy BKJQOUUK CHSJI CO CUY€Ta, €ecJu
a =600 000, p=1, n=2?

6) Kakyo cymMmMy BKJAQAUYUK MOJOKHUJI HA CUET, ecJu
b=530 604, p=2, n=3?

B) Iloka)kuTe, Kak OTBET K KayKJIO0I M3 3amadv a) 1 0) MOIK-
HO IIOJIYYUTH C IIOMOIILI0 (POPMYJIBI OOIIero 4jeHa IreoOMeTpH-
YEeCKOM HPOTpPEeCcCUu.

Pemenue. a) B kouie mepBoro mecsama cymma 600 000 p.

—60100%00 = 6000 (p.) u nupeBparuTrca B8 600 000 +

+ 6 000 = 606 000 (p.). B komme BTOpPOTrO MecsAma cyMma

YBEJIMYNTCA Ha
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606 000
100
csa B 606 000 + 6060 = 612 060 (p.), T. e. BKJIAAUUK CHSAJ CO

cuéra 612 060 p.
6) B KoHIle mepBOro mecsdlia cymMMa @ pP. YBeIWUYUTCS Ha

606 000 p. yBemuuuTcsa Ha = 6060 (p.) u mpeBpaTuT-

a:-
100

T. e. yBesauuurca B 1,02 pasza. B KoHIle BTOPOTro MecsIlla CyM-
ma 1,02a p. YBEJIUUUTCS Ha 2%, T. e. B 1,02 pasa, u mpe-
BPaTUTCA B 4 ° 1,022 p. B KOHIle TpPeTbEro MecAIa CyMMa
a - 1,02% p. yBeaumuurca emé pas Ha 2%, T. e. B 1,02 pasa,
u mpesparurca B a - 1,02% = 1,061208a p., 4TO IO YCJIOBUIO
dagauu paBHO 530 604 p. V3 ypaBHeHUdA

1,061208a = 530 604

HaliiéM ero efMHCTBeHHBIN KopeHb a = 500 000, T. e. BKIamg-
ynk moJjoxkua Ha cuér 500 000 p.

B) Cymmbl Ha cuére B Havamge 1-ro, 2-ro, ..., n-ro,
(n + 1)-To mecsaIEeB 0o0pPasylOT reoOMeTPUYECKYIO nporpeccmo c

= 0,02a (p.) u mpeBpatutrca B a + 0,02a = 1,02a (p.),

OmepBBIM YJIEHOM a U 3HameHarejeM ¢ = 1 + —— 100 TaK Kak
KasKaad cjaeayrollias cyMMa OoJibllle mpeabiayimeit B 1 + —— 100
pasa:
p 1 p 2 1 n
1+ 1+ = + .
( 100) ’ a( 100) » oo a( 100)

B saganusax a) m 6) cymMmy b p. CHAJHU Yepe3 1 MecsdAlleB,
T. e. B Hauajyie (n + 1)-ro MecsIa, IIO3TOMY BePHO PaBEHCTBO:

b=alt+ ). &)

Jajee B KaKIAOM M3 NYHKTOB a) U 0) O M3BECTHBIM 3HAa-
YeHUAM TPEX BeanWUYWH u3 paBeHcTBa (1) MOKHO IOJYyYHUTH
3HAUEHVE YEeTBEPTON BEJWUYMWHBI.

493. a) Buiuncanute cyMMy MEPBBIX OECATU UJIEHOB reoMe-
TpuuecKou mporpeccuu —32; 16; —8; 4;

Pemenne. CHauana HalAéM 3HaMeHaTesJ b ¢ TreoMeTpHUUe-
CKO#l mporpeccuu {a,}:

q=a2:a1=16:(—32)=—%
Tenepb BBIUMCJIMM CYMMY:

o =0,

Sy = = =221
1-¢ 1+% 16
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496. CymMa TIepBBIX JECATH YJIEHOB T€OMETPUUYECKOI IIPO-
rpeccum paBHa 64, mpousBeJeHUE TEPBOTO U MECATOTO UJEHOB
pasHo 16. HaiimmTe cymMmy umces, OOpPaTHBIX STHUM JECATHU
yjieHaM TeOMeTPUUECKOH HPOTPECCUU.

Pemrenune. Ilo ycnoBuAM 3amaum [Jid TeOMETPUYECKON
nmporpeccuu {a,} COCTaBUM J[Ba paBEHCTBA:

2 3 4
a; +a,q9+aq +aq +aq +
5 6 7 8 9 _
+a,¢° +a,¢° +a,q" + a,q° + a,q° = 64,
. 9 _
a,*a,qg = 16.
BoiHecem B JIeBOWl YacTu IIEPBOTO PaBEHCTBA 3a CKOOKU

2 9
qucygo a,q :

L+ L+ L+ L Ly 4 b 141 10x
aqq aqq a@q Qg Qg aQq Qg Qg Mg 0
X a;q’ = 64,

2 9
3aTeM, 3aMEHUB B MOJIYyUYeHHOM paBeHCTBe @ Ha 16 u pas-
IeJIUB IIOJyYeHHOe paBeHCTBO Ha 16, mepemuiiieM ero B BHE

R ETIND LIS RIS RIS DA NS RIS I DR
Q0 a9 ag a ag as ay as a 3
Wrak, malijeHa cyMMa OEeCATH YNCeJ, OOPaTHBIX IIePBBHIM

IEeCATH YJieHAM TAHHON reoMeTPUUYECKOUN IIPOrPeCCHUM.
Ortser. 4.

IIpome:xkyTounsiii kKouTpoab. C—19, C-20%.

8.3. BeckoneuHo yObIBAaIOIasi reoMeTpUUYECKAsd
nporpeccus

B manmHOM HyHKTe BBOISATCS IIOHATUSA OECKOHEUHO yObIBa-
IOIIell TeOMeTPUUECcKOU mporpeccuu U eé cyMMmbl. IlpuBomsarcsa
OpUMepPbl BBIUMCJICHUSA CYMMBI OECKOHEUHO YyOBIBAIOIIEH Ieo-
METPUUYECKOI ITPOTPECCUN.

MaTepuaJy 9TOro IIyHKTA NOpeIHasHAUYeH IJs KJACCOB C
yriIyOJEHHBIM M3yUYeHHEeM MaTeMATHKM, OSHAKO IIPU HAJUUYNN
BpPeMeHHU XOTs ObI YacTh 3TOTO MaTepuaJja MOKHO pas3odpaTh u
B OOBIUYHOM KJacce. [[esijo B TOM, UTO HEKOTOpbIe 3aJaHUS Ha
BBIUNCJIEHIIE CYMMbBI OECKOHEUHO YOBIBAIOIIE reoMeTpPHUUYeCcKOM
Oporpeccuy MMEIOT HarJISAAHbIEe WJIIOCTPAIMN U JOCTYIIHBI B
OOBIYHOM KJIacCe, a BBIUMCJIEHMNEe CYMMbI OECKOHEUHOT'Oo pi-
Ja — HOBBIM IAr B IIOCTMKEHUHN MATEMATHUKN, WHTEPECHBIN
BCEM ydYallliMCH.

3apaHung ona noBTopeHuda. Ilpu nmsyuenun JaHHOTO IIYH-
KTa MOMKHO HCIIOJIb30BaTh s3amanmsa 1137, 1138, 1140.
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PeweHns n kommeHTapum

499. O6paruTe B OOBIKHOBEHHYIO APOOL OECKOHEUHYIO IIe-
PUOAUMYECKYIO JecATHUYHy0 apoob: a) 0,(3); r) 0,(13).

Pemenune. a) Tax kax 0,(3) = 0,3 + 0,03 + 0,003 + ... —
cyMMa 0E€CKOHEUHO YOBIBAIOIell TeoOMeTPHUUYEeCKOM MTPOTpPeccuu
{a,}, y roropoit a, = 0,3, ¢ =0,1, To

r) Tak kax 0,(13)=0,13 + 0,0013 + 0,000013 + ... —
cyMMa 0eCKOHEUHO YOBIBAIOIell TreoMeTPHUUYeCKOM MTpPOTpeccuu
{a,}, y koropoit a, = 0,13, ¢ = 0,01, To

g @ _ _013 _ 13
1-¢ 1-001 99°

500. 3adaua II. @Pepma (1601—1665). [Moraskure, UTO
s OecKOHEUHO YOBIBAIOIIEH TIeOMeTPUYEeCKOU IIPOTpeccuu

_q

{a,}, umeroieit cymmy S, BBHINOJIHSAETCA DPABEHCTBO P
2

Pemrenue. Bripasum JieByl0 UacTh JOKA3LIBAEMOTO PaBeH-
cTBa Uepes a, U ¢, 3aTeM 3aMeHUM @, Ha 4,

4
s __1-g -4
S-—a &4, a-all-q ag
1-4¢
YTO U TPeOdOBAJIOCh MOKAa3aTh.
501. a) Haiigzure cymmy OecKOHEUHO YObIBAIOIIEeH reome-

TPUYECKON TPOTPEecCUm:
V3 +1 c 1 V3 ~ 1 .
\/g 1 9 9 \/g +1 9 eee

Pemrenue. CHavasa HalifiéM s3HaMeHaTeJb ¢ TreoMeTpUYe-
CKO#1 mporpeccuu {a,}:

_ a _ _

!
0
as

=, : Ao = @ . 1 = M
q =72 341 J3+1®
Tenepb BBIUUCIUM CyMMY OECKOHEUHO yOBIBAIOIEell reome-
TPUYECKON HPOTPECCUM:

V8 +1 V3 +1
g 4 _ _3-1 J3-1 _ 5+343
1-g¢ 1_J§_1 2 2
\/§+1 \/§+1
OTBGT.#.
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502. a) au ocTpblii yroJy, BeJUYMHA KOTOPOTO paBHA O.
Ha ero cropomne Ha paccTrogHuu [ OT BEPHINHBI OTMETUJIU TOY-

Ky A,. I3 He€ npoBeau NepHeHAUKYIAD
A;A, KO BTOpOII CTOpDOHe yrja, U3 TOU-
K1 A, TpoBeau INIepHeHIUKyJadAp A,Ag
K TepBOi cTopoHe u T. na. (puc. 39).
ITonryunnacey JjomamHas ¢ OECKOHEUHBIM
YHCJIOM 3BEHBLEB. BbIUumciiuTe €€ mJINHY,
eciu [ =1 M, o = 45°.

Pemenue. I cnoco6. B mpaMoyroJjib-
HBIX TpeyroJbHUKax A A,A;, AAA,, ...
UMEIOTCSI OCTpble YIJIbI, PaBHbIE YIJIY
A,AA, (ocTpble yIVIBI C B3auUMHO IIep-
OeHAUKYJIAPHBIMU CTOPOHaMu). BrwIpa-
3UM CYMMY

S=AA,+AA; + AA, + ...
yepe3 [ m o

S=1-sina+1-sina-cosa +1-sina - cosZa + ... .

Temeps BBIUMCINM CYMMY O€CKO-
HEYHO YyOBIBAIOIIEN TIeoMeTpUYecKon
Oporpeccuu CO 3HAMeHaTeJeM ¢ = COS O
u TepBBIM uieHoM [ - sina (jg| < 1, Tak
KaK yTroJI O OCTPBIi):

S— _“ _ l-sina _ 1-sin45° _
1-¢g 1-cosa 1- cos45®
V2
N S
L o
2

II cnoco6. W3 BepiuHbl yria A
OpOBENEM [OBa Jyda, MEePHeHIUKYJIAp-
HbIe CTOPOHAM [JAHHOTO yrJjia, W IPO-
MOJIKMM 3BeHbdA JIOMAHOII 1O Iiepece-
yeHUA ¢ dtuMu Jgiyuamm (puc. 40).

Tak Kaxk IepHeHAUKYJIAPBI, IIPO-
BEeIEHHbIe K OJHOI IIpAMOIi, mapaJ-
JeJbHBI, TO O00pa3yoTcA Iapajiesio-

rpammbr A,A,C,Cq, AA;B,B,, ... . Ilo
CBOMCTBY IapajlleJorpaMMa HMeeM
AA,=C,C,, AA;=DBB,, ... . Bce

3BeHbA JIOMAHOHW OTJOMKATCA Ha IIO-
CTPOEHHBIX JydaX, U JJINHA JIOMaHOH’ C
0ECKOHEUHBLIM YKCJIOM B3BEeHBEB paBHA
cyMMe JJIMH ABYX OoTpe3koB AB, u AC,,
npuuém AB, =AA; +AA + ... 1§
AC, =AA, + AA,+ ... . Torga B npa-

Al
A3
A
&
A A, A,
Puc. 39
1
02 A,
C3 A3
A5
o
A4 A2
B3
B2
Bl
Puc. 40
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MOYTOJIBHOM TpeyrojbHuKe A;AB, ¢ ocTpeIM yriyom B, pas-

l 1
HBIM O, AB;= — = —— =1, a B IpAMOYroJIbHOM Tpe-
tga  tg45
yroasHuke A,AC, ¢ octpelM yriaom C,, paBHBIM O,
l 1
AC1 = = = o \/§ s
sina sin45

T. e. S =AB, + AC, = V2 + 1 (w).

Otser. 2 +1 (m).

3ameyaHune. Eciu pemmuTs 3amady BTOPBIM CIOCOO0OM B 00-
IieM BHMAE, TO IIOJYUYUTCS Pes3yJbTaT

l- (1 + cosoc)

S = - ,
sina
KOTOPBINI HETPYAHO IIPUBECTHU K BUIY
l-sina
S = L sma
1- cosa’

9YTOOBI yOEAUTHCS, UTO IOJYUMJCA TOT K€ OTBET.
IIpomeskyTOUHBINI KOHTPOJb. K—5.

AdononHeHusa K rnase 3

1. MeTog MaTeMaTHYECKON MHIYKIIMHU

MeTomom MaTemMaTHUYeCKOUW WHAYKIIUM Ha3bIBAIOT CIIOCO0
IOKAa3aTeJibCTBA MCTUHHOCTHU AJIS JIIOOOTO0 HATYPAaJIbHOTO 1 He-
KOTOPOT0 YTBEPsKIEHUsS. ITOT CIOCOO0 OCHOBAH Ha IIPUHIIUIIE
MaTeMaTU4YeCKOH WHAYKIINU, CPOPMYJIUPOBAHHOM B ydUeOHOM
TexcTe. IIpeskae UeM IPHUCTYINUTL K OOCYKIEHHIO cIIocob0a mM3-
JIO’KEeHUS MaTepuaJia Ha ypoKe, IIPUBEAEM NIYTOUHBIA IpPUMED,
o0cy:KIeHre KOTOPOTO HOMOTaeT ydYalluMCsS IIOHATH CYThb HO-
BOTO MeTOJa JOKa3aTeJbCTBa.

IlpeacraBbTe, UTO BBHI IIOAONLIN K KHHOTEATPY W BUIU-
Te OTPOMHYIO OUepenb  KeJallnxX KYIuTh OMJIeT Ha HOBBIH
¢uapM. Bbl cTaHOBUTECh B KOHEIl ouepeau, M K BaM IIOJXO-
IUT YeJIOBEK cOo cjoBaMm: «$I mpoIésa oT Hauajia odepenu A0
KOHIIA W 3aMETHJI, YTO B OUEpemU II0CJie KaKIOU KEeHIITMHBI
CTOUT JKeHIMuHa». MOKHO JIM Ha OCHOBAHUM YCJBIIIIAHHOTO
YTBEPKIaTh, UYTO B OUepedr CTOAT OAHU KeHIIUHbI? OOBIYHO
yyaliuecs JeTKO CIPaBJIAIOTCA C STHUM BOIIPOCOM, OTBedad,
YTO IJisI MCTUHHOCTU YTBEp:KAeHUA «B ouepeny CTOAT TOJb-
KO "KeHIIMHBI» Hamo ObITH YBEPEHHBIM, UTO II€EpBas B ouepenun
JKeHIMMHA. Torma mocje KaKIOW KeHIIMWHBI CTOUT »KeHIITMHA
U yTBep:KIeHUHe «B ouepeam CTOAT TOJMBKO KEHIIIUHBI» OyIeTr
UCTUHHBIM. HO ecsim mepBLIM B OUEepeard CTOUT MYIKUYMHA, TO
9TO yTBEpP:KAeHUE OyAeT JIOKHBIM.
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BropbiM mpuMepoOM, KOTOPBIM MOXKHO IIPeIBapUTL 00b-
sSICHeHMe HOBOI'0 MAaTepuaja, MOMKeT OBITh pPasbop perreHus
sagauu 516.

516. Ha ommu m3 TpExX MITHIPLKOB HacaKeHbI 1 Pa3jany-
HBIX KOJIEIl TaK, UTO OOJIbIllee KOJIBIIO JICXKUT HUKE MEeHBIIIeTO
(Ha pucyHKe 41 n = 3). 3a ofWH XOA pasperraercsa IepeHecTu
OJTHO KOJIBIIO C OJHOTO INITHIPbKA HA APYTroii, IPpU 9TOM He pas-
pertaercss 6oJbIllee KOJBIIO KJacTh Ha MeHbImee. Joxakure,
YTO HAMMEHBIIIee YKCJI0 XOIAOB, 3a KOTOPOE MOXKHO IIepPeHeCTU
BCe KOJbIA C OJHOIO INTBIPhKA HA ApPyroi, pasuo 2" — 1.

Ecam ycaoBue »sTOii 3amaum yuuTeJb cOpMyJaupyeT 0e3
HocJaeSHero MIpPenJoKeHusi, T. e. 0e3 (Qopmyasr 2" — 1, BBI-
paskalolieil 3aBHMCHMOCTL UHCJA XOOOB OT UMCJa KOJeIl, TO
y yuamuxcs OyaeT BO3MOYKHOCTh IMIOYYACTBOBATHL B IIOUCKE
sToit (opmyabl. B Ipoitecce o6CyKAeHUS OHU yOerKITaroTcs,
YTO MOTYT IIPOBEPHUTH CIPABEAJUBOCTE (POPMYJIBLI JIUIIEL [IJIS
HECKOJIbKUX IEePBBIX 3HAUEHUHN N1, HO He MOTYT OOKal3aThb eé
I Ji000T0 HATYpPaJbHOTO 1, TaK KaK HATYPaJbHBIX YMCeJ
0eCKOHEUYHO MHOTO.

Paccy:xaeHnss MOXKHO IIPOBECTH TakK.

OpHo KoJbIlo (2 = 1) MOKHO IIepeHeCcTr Ha HOBBIN IITHIPEK
3a 1 xox.

JBa Koabita (n = 2) MOKHO TIepeHecTu 3a 3 Xoma — IIep-
BOe KOJIBIIO TIEPEeHeCTH Ha BTOPOH MITBIPEK, BTOpoe — Ha Tpe-
TUii, 3aTeM IIepBoe — Ha TPeTHi.

Tpu kKoabma (n = 3) MOXKHO mepeHectu 3a 3 +1+3 =17
XOI0B, IIepeHecs CHauaja ABAa BEePXHMUX KOJIbIIA 3a 3 Xo4a Ha
BTOPOM INTHIPEK, IIOTOM HHKHEEe KOJbII0O 3a 1 xom Ha Tpe-
TUI IITBIPEK, IMOTOM CHOBA ABA KOJbIIA 3a 3 XOIa Ha TPeTU
MITBIPEK (puc. 42).

AHajormuyHo MOKHO 1epeHectu 4, 5, 6 KoJuerm 3a
T+1+7=15, 15+ 1+ 15 = 31, 31+1+31—63 xXoma co-
OTBETCTBEHHO.

HabGurogaTeabHble yualliecsi MOTYT 3aMETUThb, UYTO OJISI 1
KOJIEIT YMCJI0O XOJOB MEHbBIIle Nn-ii CTeIeHUW uucja 2 Ha eTUHU-
my, T. e. BeIpaskaerca Qopmyiaoin 2" — 1.

CremoBaTesibHO, IOJIydYeHA THUIOTEe3a O BBIPAKEHUHU YMCcJa
XOIOB uepes 7, KOTOPYIO eIlé HY:KHO I0KasaTh AJs JIF00OTO
HaTypajabHOoro n. Ho uro 3HauuUT mOKas3aTb (pOpMYJIy AJSA JIO-
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6oro HarypaiabHOoro n? OueBMIHO, UTO IPOBEPUTH UCTUHHOCTDH
dopMyabl A BCeX N HeBO3MOXKHO. Heobxommmo coriaiienue,
IO3BOJISAIOIIEEe CUNTATH, UTO IIPU BBIMOJHEHUN HEKOTOPBIX yC-
JIOBUM AOKAa3bIBaeMOe YTBEP:KIEeHNE CUUTAETCA MCTUHHBIM A
JII000T0 HATypaJbLHOIO .

ITocie ob6cy:xaeHUS PACCMOTPEHHBIX IIPUMEPOB yuallluecs
OyAyT IMOATOTOBJEHBI K TOMY, UTO €CJU HCTHUHHOCTHL HEKOTO-
poro yTBep:KIAeHUs, 3aBUCAINEr0 OT HATYPAJIbHOIO 1, YCTAHOB-
JeHa nasa n =1 ¥ JOKa3aHO, UTO W3 HCTUHHOCTU JTOTO YT-
BEeP)KIEHUs IJisi HEKOTOPOTO N = k cjefyeT MCTUHHOCTH 9TOTO
YTBEPKIEHUA OJA CJIeAVIONiero 3HaueHus 1, pasBHoro k + 1,
TO CUYHTaeTCs, UTO OTO YTBEP:KAeHWe HNCTUHHO AJA JIF000TO
HaTypaJabHOro n (9TO coTrJallleHre ¥ Ha3bIBAIOT MPUHITUIIOM
MaTeMaTUUYeCKOM WHIYKI[NN).

IIpumep 1 m3 yuebHOTO TeKcTa (HOKAa3aTh IO WHIYKIIUH,
uro 0" = 0 gaa a000ro HATYPAJLHOIO 1) JOCTATOYHO IIPOCT,
4YTOOBI, HE OTBJEKAsCh HA TEeXHUYECKUE CJOKHOCTU, OCBOUTH
UIe0 JOKA3aTeJbCTBA METOJAOM MaTeMATHUYeCKOM WHIYKITHHI.

B apyrux mpumepax IIOKasbIBAaIOTCSA JOKa3aTelIbCTBA Me-
TOOOM MAaATEeMATHUYECKON WHAYKINK PasJuYHBIX PABEHCTB U
HEPaBeHCTB, 3[eCh Ke HPUBOIATCS JOKA3aTeIbCTBA (hOPMYJIbI
o011ero ujeHa apu@MeTUuUecKoil mporpeccuu U QOPMYJIbI CyM-
MbI IIE€PBBLIX 71 UJIEHOB I'€OMETPUUECKON HPOTPEeCCUU.

ITosiesHo OoTMETUTH, UTO HENOIIYCTHMO HPONYCKaTh JI000I
u3 IBYX IIIArOB B JOKAasaTeJbCTBE METOJOM MaTeMaTHUYeCKOMH
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WHOAYKIIUK, W paccKasaTb 00 OmmOKaxX, K KOTOPBIM MOXKET
IPUBECTH TaKOW HPOMIYyCK.

XoTsa MaTepuaj JAHHOTO MYHKTA IIpeIHasHadeH AJd KJac-
COB C YIVIYOJIEHHBIM M3y4YeHMeM MaTeMaTHuKM, HO 1 B OOBIYHBIX
KJaccax IIOJIe3HO Ha IIPOCTBIX IIpHMepax IIoKasaTh IpHMeHe-
HMe MeTOoJa MATEeMATHUYECKON WHAYKIINU, YTOObI yuall[hiecs
3HAJIMN, KAKUM METOJOM MOMKHO JOKA3aTh (POPMYJIBI 711-TO UJje-
Ha ¥ CYMMbI IE€PBBLIX 1 UJEHOB apu(pMeTHUECKOH M IreoMeTpH-
YeCKO! TIPOTPEcCHUii.

PewweHns n kommeHTapum

507. B) Jloka:XKuTe METOIOM MAaTeMaTHUUYECKON WHIYKIIUH,
YTO IJisI JIFOOOTO HATYPAJbHOTO 71 BBIMOJIHSETCS PaBEHCTBO
1+3+5+...+@n—-1)=n?

NoxasareasctBo. IIpu n = 1 copaBegauBo pasencTso 1 = 12,

IIpeamosoxuM, UTO AJaA HEKOTOPOTO HATYPAJBHOIO UKCJIa
n = k cupaBeminBO PaBEHCTBO

1+3+5+...+((2k—1)=F, (1)
U OOKasKkeM, uTo mJjisg n = k + 1 Torga cupaBeZinBO PaBEHCTBO
1+3+5+..+R2k—-1)+ 2k +1)=(k+ 1)%. (2)

HUcnonnsysa paseHcTBo (1), umeem
1+3+5+...+R2E-1)+QRE+1)=
=k + 2k +1)=(k+ 1)
YTO M JOKa3bIBaeT paBeHCTBO (2).
CorjyiacHO IPUHIIUIY MaTeMaTUUYeCKON MHAYKIIUMN, PaBeH-

CTBO
1+3+5+...+@2n—-1)=n?

CIIpaBeqJinBO OJId J1000T0 HaTypajJbHOT'O n.

3ameuvanue. Ilpu obcyxgennu 3saganuma 9507 MoOXKHO
YIIOMAHYTb, UYTO BBbIHAIOMIUNCA MaTeMaTuK XX CTOJIeTUudA
A. H. KoamoropoB (1903—1987) emé B meTcTBe IIPOABJIANI
HEeOOBIKHOBEHHLIE MaTeMaTHudecKue ciocobmoctu. B Boapa-
CcTe MATH JIeT OH yCTaHOBMJ, uTo 1 + 3 = 22, 1+3+5= 32,
1+83+5+7=4%ur. 1., T. . BEIABUHYJ THIOTE3Y, YTO CYM-
Ma IMepPBBLIX 77 HEUYETHBIX HATypaJbHBIX UHMCeJI paBHa n-.

508. IloxaskmuTe METOAOM MaTeMaTHUYECKONH WHIAYKIIUU,
YTO IJis JIIOOOTO HATYPAJbHOTO 7 BBITOJHSAETCA HEpPaBEHCTBO:

a)1+2+3+..+n<n% 1g)4">Tn-5.

,Zgorcasa'rem,c'mo. a) IIpu n = 1 cupaBeninBo HepPaBEHCTBO
1<1°
IIpenmosokuM, UTO AJaA HEKOTOPOTO HATYPAJIBHOTO UKCJIa
n = k cupaBeIJnBO HEpPaBEHCTBO

1+2+3+...+Ek<E 3)
U JOKaKeM, UTO Tormaa AJid n = k + 1 cupaBeainBO HepaBEHCTBO
1+2+3+...+k+(+1)<(k+ 1>~ 4)
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Wcnonbsysa HepaBeHCTBO (3), mMeeM
1+2+3+..+k+(+1D)<E+((Ek+1)<(k+1)>

YTO U JOKa3bIBaeT HepaBeHCTBO (4).
CorylacHO TPHHIIMITY MaTeMaTUYECKOW WHAYKIIMU, Hepa-
BEHCTBO
1+2+8+..+n<n?

CIIpaBeAJINBO IJIA JIIOOOTO HATYpPaJbHOTO 7.
n) Ilpu n = 1 cupaBemyinBO HEPaBEHCTBO 4' > 7 - 5,
Ipu n = 2 cIopaBeIIHBO HepaBeHcTBo 42 > 14 — 5.
IIpenmosiosKumM, 4TO AJA HEKOTOPOIr'o HATYPAJbLHOrO YKCJA
n =k (k > 2) cupaBeqiuBO HEPaBEHCTBO

4% > Tk — 5, (5)
U OOKaKeM, UTO Torga njsa n = k + 1 cupaBenaimBO HepaBeH-
CTBO
4 1 S 1k + 1) - 5. (6)
Ucnonbsysa HepaBeHCTBO (H), umeeM
4%t =4k . 4 > (Tk — 5) - 4 = 28k — 20 =
=7k + 1) -5+ (21k — 22).

Wrak, n1sa k > 2 BepHo HepasenctBo 4 71 > 7(k + 1) — 5.
Tem campiMm HepaBeHCTBO (6) mokasamo mas k = 2.

CorylacHO TPUHIIUIY MaTeMATUYECKOW WHAYKIIMU, Hepa-
BeHcTBo 4" > Tk — 5 cmpaBemmBo [s JIO6GOT0 HATYPAIHHO-
ro n 2 2. Tak Kak oHO BepHO W mpu n = 1, TO HepaBEeHCTBO
CIIPABeAJINBO JIsA JII0OOr0 HATYPAJILHOTO 1.

3ameuanue. IIpu moxasaTesibcTBe HEpPaBEHCTBA 1) OBLI HC-
HOJb30BaH 0OoJjiee OOIIMII METOJ MATEeMATUYECKON WMHIYKITHHU.
OH 3aKJI0OUEH B CJIEIYIOIIEM.

Eciu cBoiicTBO, 3aBucAIee OT HATYpPaJIbHOTO 71, BO-IIep-
BBIX, BepHO Ipu n =n, (ny, > 1) 1, BO-BTOPBHIX, U3 IpPEJIO-
JIOKeHUdA ero BepHocTu npu n =k (k > n,) ciegyeTr, 4TO OHO
BepHO mIpu n =k + 1, TO CUMUTAIOT, UTO BTO CBOMCTBO BEPHO
JJIs JIIO00TO HATYPAJIbHOTO 1 = n.

510. JlokaKkuTe, 4YTO AJd JIIOOOTO HATYPAJIBLHOTO 77 BBITIOJ-
HAETCA PaABEHCTBO

2 2
n“(n+1
13+23+33+...+n3=%. @)
HokasareascTBo. Ilpm n =1 cnopaBegaImBO pPaBEHCTBO
13 _ 12 . 22
T

IlpenmonoskuM, UTO AJIA HEKOTOPOTO HATYPAJBLHOI'O YHCJIA
n==~k CIIpaBeJJINBO PAaBEHCTBO )
Kk +1
13+23+33+...+k3=¥, )
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U JOKaskeM, UTO Torga IJsd n = k + 1 cupaBeIinBO PaBEeHCTBO

(k + 1)°(k + 2)°

13+22+3+..+E+E&+1)°= 1 . 9)
Wcnoapsysa paBeHcTBO (8), mMeeM \

BE+1
13+23+33+...+k3+(k+1)3=—( ) +(k+1)7° =

4
(k+ 1)2(1?:2 + 4k + 1)) (k + 1)2(k + 2)?
4 4 ’

YTO U JOKasbiBaeT paBeHCTBO (9).

CoryiacHO HNPUHIIUIIY MaTeMATUYEeCKON MHIYVKIIAM, PaBeH-
ctBo (7) cmpaBeIJiMBO IJsA JIOOOT0 HATYpPaJbLHOTO 7.

512. 3adaya anv-Kawu (XIV—XV e6.) Horakure, 4TO
IS JII000T0 HATYPAaJbHOTO 71 BBIMOJHSETCS PaBEHCTBO

1P+ 2043+ .. +nt= %(6715 + 150t + 1008 — n).  (10)

HoxasarenscTBo. Ilpu n = 1 cnpaBeaIuBO paBEHCTBO
4_ 1 _
1 30 (6 +15+ 10 — 1).

IIpenmosiosKumM, 4TO AJs1 HEKOTOPOTO HATYPAJbHOT'O UHCJIa
n = k cupaBeIJinBO PaABEHCTBO

1+ 24+ 3+ ...+ k= %(6]@5 + 15k* + 10k3 — k),  (11)
U JOKakeM, UTO Torga IJs n = k + 1 cupaBeinBO PaBEeHCTBO
1+ 20+ 3+ L+ R (B D) =
= %(6(]3 + 1)+ 15k + 1)* + 10k + 1) — (B + 1)). (12)
Ucnonbsysa paseHcTBo (11), mmeem
1"+ 2+ 3+ .+ R+ (B ) =
= %(Gki‘ + 15k + 108° — k) + (k + 1)* =

= o5 (6k° + 15k" + 10k® — k + 30(k* + 4K° + 6k + 4k + 1)) =
B %(Gk5 + 45k* + 130k° + 180%® + 119k + 30).

Yo6enumcsa, uTo mpaBas dacTh paBeHcTBa (12) mpeobpasy-
eTcsa K TOMY K€ BUILY

%(G(k +1¥ + 15+ D*+ 10k + 1)2 — (B + 1)) =
= %(G(kf’ + 5E* + 10E® + 10k + 5k + 1) +
+ 15(k* + 4k + 6k* + 4k + 1) + 10(E®* + 8k* + 3k + 1) -k — 1) =
= %(6125 + 45k* + 130E3 + 180%% + 119k + 30).
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Wrak, paBernctBo (12) mokasaHo, cjeZoBaTeIbHO, COTJa-
CHO NIPHHIIUIIY MaTeMaTUYeCKOW WHAYKIUU, paBeHcTBO (10)
CIIPaBeJJINBO JJIsA JIIOOOTO HATYPaJILHOTO 7.

Bameuanue. MHorga mpu gOoKasaTeJbCTBEe paBeHCTBa (He-
paBeHCTBa) HPUXOAUTCA OTHEJbHO IPeo6pa3OBLIBATH €r0 Jie-
BYIO U MPAaByI0 4YacTWU, YTO U CAEJAHO Ipu pasbope 3amaHus
512.

514. JlokasKuTe, YTO IJA JIIOOOTO HATYpPAJIbLHOTO 7:

a) 5" + 3 menurca Ha 4; B) 4" + 6n — 1 genurcs ma 9.

JokazarenbcTBo. a) IIpu n = 1 yucao 5 + 3 = 8 meaurcsa
Ha 4.

IIpenmonoxum, 4TO IJIsi HEKOTOPOI'O HATYPAJIbHOT'O YMCJA
n =k uucno 5° + 3 menurcsa Ha 4, W HOKAKEM, UTO TOTAA IJIST
n=~k+1 uncmo 5! + 3 menurcs ma 4.

Iepenumem uucao 5° "1 + 3 B Buge

5-5"+3=5-(5"+3)-12.

Tax xax uwmcia 5 - (5" + 3) u 12 gensarcas Ha 4, TO uUX
pasHocTs — uwmeao 5% 11+ 8 — rakoxe menumrca Ha 4.

CinemoBaTeJbHO, COTJIACHO IIPUHIIMIIY MaTeMaTHUYEeCKOI
UMHIYKINUMU, ynciao 5" + 3 genurca Ha 4 ajad a1000ro HATypaib-
HOTO 7.

B) IIpu n =1 uucao 4 + 6 — 1 =9 genurca za 9.

IIpeamosoxum, UTO AJIA HEKOTOPOT'O HATYPAJIbHOIO UMCJIa
n = k umucio 4 + 6k — 1 nenmres Ha 9, ¥ ZOKaKeM, 4TO TOTIA

g n=~Fk+ 1 uncao 4* 71 + 6(k + 1) — 1 genurca Ha 9.
Iepenumem uucao 4° 71 + 6(k + 1) — 1 B Buge

4-4"+6k+5=4-4"+6E-1)- 18k +9 =
=4-4"+6E-1)-9-(2k-1).
Tak xax uuciaa 4 - (4" + 6k — 1) u 9 - (2k — 1) genarca Ha

9, To ux pasHocTh — umciao 4* 71 + 6(k + 1) — 1 — Taxxe ge-
aurcd Ha 9.

CiemoBaTejbHO, COTJIACHO IIPUHIIMIIY MaTeMaTHUYeCKOIl
UHAYKIUuMU, ynciao 4" + 6n — 1 genurca Ha 9 naa goboro Ha-
TYpPaJbHOTO 7.

Ilpuseném mokasaTeJbCTBO METOLOM MaTeMaTUYeCKO HH-
ayxkunun popmyasl 2" — 1 us zaganua 516.

JokazatenbcTBo. IIpu n = 1 ¢opmysa crupaBensinBa, Tak

KaK OJHO KOJBII0 MOJKHO IIepeHecTH 3a 2! -1 =1 xox.

IIpeamosmoxuM, 4TO IJIss HEKOTOPOTO HATYPAJIbHOTO YMCJA
n =k «nupamupy» u3 k Kojel, MOXKHO mepeHecrtu 3a 2F — 1
XOMI0B, U AOKaKeM, UTO Torga «maupamunay» us (k + 1) xoabia
MosxHO meperectu 3a 2" 7! — 1 xomos.

Ilo wmamemMy mIpeAONIOMKEHUIO, <«IUPaAMUAY» U3 k KO-
Jlel, MOXKHO ImepeHect: 3a 2" — 1 X0I0B Ha BTOPOM IITHIPEK.
Huxuee (kB + 1)-e KoabIIo MOMKHO mepeHecTu 3a 1 xop Ha Tpe-
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TUH MITBIPEK, IMOTOM CHOBA HNUPaAMUAY U3 k KOJEIl MOMKHO IIe-
perecru 3a 2 — 1 xomoB Ha TpETHH IITHIPEK.

Bcero ansa mepenoca «mnupaMuabl» u3 (kE + 1) Koabiia 1mo-
rpeGoBamocy (2F—1)+ 1+ (2F-1)=2*"1-1 xomoB, uro m
TpeboBAJOCh MOKAa3aTh.

CorslacHO TpPHUHOUIY MaTeMaTU4YeCKOW WHIYKIUW, Ha-
MMEeHbIIIee YHCJIO XOJO0B, 3a KOTOPOE MOYKHO IIEPEHEeCTU BCe
KOJIbIla C OHOTO IITHIPhLKA HA Apyroiu, pasuo 2" — 1.

2. UcTopuuecKkue cBeaeHUd

B sToM myHKTE IpuBeleHa HCTOPUA H3YyUYEHUs IIporpec-
cuii, U3BeCTHasA 3amada-JereHa o IMaxMaTHON JOCKe U ApyTrue
daxThl, CBA3AHHBIE C IPOrPECCUAMU. JTOT MaTepuaJj CIIOCOOCT-
ByeT (POPMHPOBAHUIO OTBETCTBEHHOI'O OTHOIIEHWS K YYEHHIO,
TOTOBHOCTH U CIIOCOOHOCTHU YUAINUXCA K CAMOPA3BUTUIO W ca-
MOO0OpPAa30BAaHMIO HA OCHOBE MOTHUBAIIMM K OOYyUYEHWIO U IIO3HA-
HUIO, BBIOOPY AaJIbHEHIIero oopasoBanus Ha 0ase OPUEHTUPOB-
Ku B Mupe npodeCCHOHAJIBHBIX MPEAIIOUYTEHUI, OCOSHAHHOMY
TOCTPOEHUWIO0 MHAUBUAYATIbLHON 00pPa30BaTEJIbHOU TPAEKTOPUH C
YUYETOM YCTOMUYMBBIX ITO3HABATEJNLHBIX MHTEPECOB.

115



rnAEeA 4

TPAFrOHOMETPHYECKHNE
POPMYNb)

B aroii riiaBe uayuarorca (GopMyJabl OJis CUHYCOB, KOCUHY-
COB, TAHT€HCOB UM KOTAHTE€HCOB JIIOOBIX yrioB. CHauayia 0006-
maeTcss M3BECTHOE M3 TeOMETPUU MOHATHE YIJa, BBOOATCA
rpagycHasi U paguaHHas Mepbl yIja, HaéTcsa olpenesieHue CU-
Hyca, KOCUHYyCa, TaHTeHca U KOTAHTeHCa IPOU3BOJILHOTO YyTIJia;
n3yJarloTcsd UX OCHOBHBIE CBOICTBA.

B JlommonHeHUAX K TJiaBe IPUBOAATCA (POPMYJIBI A CUHY-
COB M KOCHHYCOB CyMMBI M Pa3HOCTH ABYX YIJIOB U (hOPMYJIbI
IS CYMMBI, PA3HOCTH U NPOU3BEIEHUA CUHYCOB M KOCHUHYCOB.

Ilens msyueHuUsA TJaBbl 4 — MTOHATH, UTO TaKOe YroJ B
TPUTOHOMETPUU, UTO TaKOe CHUHYC, KOCHHYC, TAHTE€HC U KO-
TaHTeHC JII000Oro yria.

CrnenyeT OTMETUTDH, UTO MaTepuas dTOH TJIaBLI HePEeHECEH
u3 9 Kaacca B 10 Kiaacc m He BXOIUT B UTOTOBBIA KOHTPOJIb
(TA), HO TIO TpamWIIUU OH M3ydYaeTcsa B KJaccax ¢ yriayOJéH-
HBIM H3yUeHUEM MaTeMaTUKU.

ABTOpPBI CUMTAIOT, UTO AasKe Oeryioe M3ydeHUe ITOTO Ma-
Tepuajia B OOBIUYHBIX KJIacCaX PAaCIIUPUT KPYrosop ydaliux-
cs, JacT UM NPUMEp «Apyroii» aiaredpbl, B KOTOPOW CKOOKHU B
BbIpasKeHuu sin (x + y) «pacKpbIBalOTCA» COBCEM HE TaK, KaK
KajKeTcs HEKOTOPBHIM ydamumca. Kpome Toro, Takoe mpenBa-
pUTeNbHOE U3yUeHUe TPUTOHOMETPUHU ITO3BOJIUT MOBBICUTH (-
dexTuBHOCTL e€ mayuenusa B 10 Kiacce.

8§ 9. Yron un ero mepa

B mamaOoM maparpade cHayajia BBOAUTCA IIOHATHE yIJja II0-
BOpOTa, 3aTeM H3y4aloTCA ero rpajycHasd U paguaHHasd Mephl.

OcHoBHaA 1esb U3yUeHUA naparpada — yCBOUTH HOHATUE
yrjia KaK II0OBOpPOTa IOABUYKHOI'O BEKTOPa, OCBOUTH I'DAaJyCHYIO
¥ paguaHHYIO0 MephI JI000TO yrJja, HAyUYUThCS IIEPEeBOIUTH Be-
JUYUHBI YTJIOB U3 OOHOW MephI B APYIYIO.

9.1. Ilonarue yria
9.2. 'pagycHas mepa yria

B nyakTe 9.1 BBOmATCA MOHATUA IIOABUIKHOIO BEKTOPA,
IOJHOTO 000pOTa, IIOJOMKUTEJIbHBIX M OTPUIATEJIbHBIX YIJIOB,
HyJIeBOTO yrja. Eciu B reoMeTpuu paccMaTPUBAJINCh HEOTPHU-
maTeJibHbI€ YIJIbI, MEHbIINE Pa3BEPHYTOIO, TO TeIeph paccMa-
TPUBAIOTCS TaKiKe YIVIbI, OOJbIIINEe PasBEPHYTOr0 M OTPHUILA-
TeJbHBIE.
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B nyukTe 9.2 BBOAUTCA HOHATHE TI'PALyCHOII Mepbl yIJja.
ToBopsaT, uTto rpagycHas Mepa yria paBHa 1 rpaaycy (1°),
€CJIV TOABUIKHBIA YIOJl COBEPIIINJ IIOBOPOT, PABHBIM ﬁ oJI-
HOTO obOopoTa. YTBep:KIaeTcs, UYTO OJIS JIIOOOTO IelCTBUTEJIb-
HOTO YHcJia O CYIIeCTBYyeT, M IIPUTOM eIWHCTBEHHBIH, yTroJ,
rpagycHasi Mepa KOTOPOrO paBHA 5TOMY YHUCJIY O.

Jajee TpUBOAATCA IPUMEPhI IIOCTPOEHUS YTIJIOB, MMEIO-
MINX Ty WJIX UHYIO TPAgyCcHYI0 Mepy. 3[ech yA00HO HCIOJIb30-
BaTh OKPY:KHOCTH eIUHUYHOTO pagnyca, KoTopas B myHKTe 9.3
OyIeT HasBaHA €IUHUYHON OKPY'KHOCTBHIO. YUaIIUMCA CJIEAyeT
HmoKas3aTh HPHUEM IIOCTPOEHUSA «TabJMUYHBIX» yrioB (30°, 45°,
60°, 90°) 1 cBA3BAHHBIX C HUMHU YIJIOB 0e3 TPAHCIOPTHUPA, UTO
TO3BOJUT B JaJibHEHIIeM ObICTpee HAaXOAUTh 3HAUEHUS CUHY-
COB, KOCMHYCOB, TAHT€HCOB M KOTAHTEHCOB YIJIOB, CBOAUMBIX
K WX 3HAUYEHUAM OJA «TaOJWUHBIX» YTJIOB.

ITokakeM, KaK 9TO MOYKHO CHAeJIaTh. YdUaluecs JOJIKHBI
cHavaJla HAYYUThCA OTMeYaTh HA eIUHUYHON OKPYIKHOCTHU
TOYKU, COOTBETCTBYIOIIHE:

a) yramam 0°, 90°, 180°, 270° (Touku Jie;KaT Ha Ilepeceue-
HUU Ocell KOOPAWHAT C eIUHUYHOM OKPY:KHOCTHIO) (puc. 43, a);

0) yraam 45°, 135°, 225°, 315° (Touku JeskaT Ha Iepece-
YeHUU OMCCEKTPUC KOOPAUHATHBIX YIJIOB C €AUHUYHON OKPYIK-
HOCTBIO) (puc. 43, 0);

B) yraam 30°, 150°, 210°, 330° (TouKkmu JiekaT Ha Iiepece-

YEHUU MPSAMBIX [ = % uy= —% C eQVHUYHON OKPY>KHOCTHIO)
(puc. 43, 8);
B
B
A A A
[0) x (@) x o) x
r) i ) yA
B
A A
(0] x Cl x

Puc. 43
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r) yraam 60°, 120°, 240°, 300° (TouKm JeKaT Ha Iepece-
YEeHUU IPAMBIX X = % ux= —% C eIVHUYHON OKDPYKHOCTBHIO)

(puc. 43, 2).

YMes CTpPOUTH YKasaHHBIE TOUYKM, JIETKO IIOCTPOUTH CO-
OTBETCTBYIOII[ME MM YIJbl U TE€M CAMBIM BBIIIOJHUTH 3aJaHUE
526. IIpu sTOM HYKHO OTMETUTH TpedyeMble YIJIbI AyramMu
(kax Ha pPHUCYHKaxX B yuYeOHUKEe) MJIH, 0003HAUMB IIOCTPOEH-
HbIe TOUKU OyKBaMM, cAeJaTh IOACHSAIOIME 3aIlliCU B BUJE
ZAOB = 90° (cm. puc. 43, a).

Yro6BI 000CHOBATH, UTO TOUKa B, M300pakEéHHas HA PU-
cyuke 43, 8, coorBercTByeT yriay 30°, mOCTATOYHO OIIYCTUTH
u3 sToii Touku nepuneHAuKyaap BC ma ochy Ox (puc. 43, 0).
Torma B mpsamoyroabHOM TpeyroabHuke BOC karer BC paBeH
moyioBuHe rumnoreHy3sl OB, mostomy yroa COB, nemxaiimii
IPOTHUB ATOTO KareTa, paBen 30°. AmasormuHo maérca oOOCHO-
BaHMe IJsd puUcyHka 43, e.

3apaHua ana NoBTopeHus. Ilpu usyuyeHUM TaHHOTO IIYH-
KTa MOYKHO MCIIOJIb30BaTh 3amanus 1, 2 u3 pyopuru «3aza-
HUS OJS CAMOKOHTPOJISI».

PeweHns n kommeHTapum

527. YKaXuTe HECKOJbKO IOJOKHUTEJbHBbIX M OTpHILA-
TeJbHBIX YIJVIOB, OOPA30BAHHBIX TAKMMU IIOBOPOTAMM, IIPU Ka-
SKIIOM M3 KOTOPBIX YIr'oJI MEXAY HAUYaJbHBIM M KOHEUHBLIM IIO-
JOKeHNeM IIOABUIKHOTO BeKTopa paseH 30°, —45°, 60°, —90°.

Pemrenne. 1) 30°, 30° + 360° = 390°, 30° — 360° = —330°,
30° + 360° - 2 = 750°, 30° — 360° - 2 = —690°;

2) —45°, —45° + 360° = 315°, —45° - 360° = —405°,
—45° + 360° - 2 = 675°, —45° —360° - 2 = -765";

3) 60°, 60° + 360° = 420°, 60° — 360° = —300°,
60° + 360° - 2 = 780°, 60° — 360° - 2 = —660°;

4) -90°, -90° + 360° = 270°, —90° — 360° = —-450°,
-90° + 360° - 2 = 630°, —90° — 360° - 2 = —810°.

528. VYKakuTe HAWMMEHBIINH II0 aOCOJIIOTHOII BeJIUUYMHE
yroa cpemu pamubix yriaos: n) 400° + 360°-n, rme n € Z;
e) —700° + 360° - n, rme n € Z.

Pemenue. n) Ilpu n = -1 ummeem 400° + 360° - n = 40°.
IIpu yBenuueHUM WUJIN yMEHBIIIEHHUUN 4Yucjaa 7 abCoJIIOTHAS Be-
JUYMHA yIja YBeJINYNBAETCsd.

e) Ilpu n = 2 umeem —700° + 360° - n = 20°. Ilpu yBeau-
YeHNU WJIM YMEHBIIEHUN YKCJa 71 a0COJIOTHAS BeJIWUYMHA yIJja

YBeJINUNBAETCS.

529. IlpexncrasbTe cienyiolnue yribl B Buge o + 360° -
roe 0° < o < 360°, n — HEKOTOpOe IeJIoOE YMCJIO: B) 600°
r) —900°.

Pemenune. B) 600° = 240° + 360° - 1
r) —900° = 180° + 360° - (—3).
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9.3. PaguanHas mepa yria

B mamHOM TyHKTe BBOAUTCA NOHATHE PAAUaHHOU MephI
yria. ['oBopsaT, UTo paamaHHas Mepa yrja paBHa 1 paguany,
€CJIV MMOJBUKHBIN yTOJI COBEPIIINJ TAaKOW IMOBOPOT, UTO €Tr0 KO-
HeYHas TOYKA TMPHU ABUKEHUHU II0 OKPYKHOCTH olmcasia Ayry,
IJIMHA KOTOPOM paBHA pPaaUyCy OKPY:KHOCTU. ¥ TBEP:KIAeT-
csd, YUTO IS JII0OOTO AeHCTBUTENBLHOTO UHMCJA O CYIIecTBYeT,
W IIPUTOM €eIWHCTBEHHBIW, yroJ, paguaHHas Mepa KOTOPOro
paBHA 3TOMY UYUCIY Ol.

Jajee mpUBOAATCA TPUMEPHI IIOCTPOEHUS YTIJIOB, MMEIO-
MUX Ty UJIW WHYO paguaHHyio mepy. Hakomell, BhIACHSETCS
CBA3b MEXKIY TPaagyCHOU UM paguaHHON MepO.

IIpu m3yuyeHMmM AaHHOW TeMbI OOBIYHO HabOJIOHAaeTCA He-
TOTIOHMMAaHNWe yYallUMUCSA HeoOXOIMMOCTH BBhIPAaYKaTh paauaH-
HYI0 Mepy yrJja uepes Yucjio ©. UTOoOBI CHATHL BCIKME COMHe-
HUSA Ha 9TOT CUET, MOYKHO HPOBECTU TaKOe PaCCYyKAeHUE.

OTMeTM Ha €IWHUYHON OKPYIKHOCTHM TOUYKHU, COOTBETCT-
Byromue yryam B 1, 2, 3, 4, 5, 6 paguan. [Iaa sToro Hamo
OTKJIAABIBATL OT TOUKW A B HAIPaBJEHUHU IIPOTHUB YaCOBOI
CTpeJIKM Ha OKpyskHoctu 1, 2, 3, 4, 5, 6 pas myry, ajauHa
KOTOPO# paBHA pagmycy OoKpyskKHocTu. Tak Kak AJMHA OKPYIK-
HOCcTH panmyca 1 paBHa 271 = 6,28, To MOJIHBIZZ 000POT comep-
KUT Oosibilie 6 paguan (puc. 44, a).

Eciu mpomoi:KuUTh OTKJIAAbIBAHWE B TOM K€ HalpaBJIeHUU
Ha 9TON OKPY!KHOCTU IyT OJuHON B 1 paamyc, TO BO3HUKAET
WJLIIO3UA, UTO uepe3d HeKOoTopoe (BO3MOXKHO, OOJBIIIOE) UMCJIO
IIaroB HOBOE JieJieHNe Ha OKPY!KHOCTH, COOTBETCTBYIOIIee yIJIy
B HEKOTOPOE UMCJIO PaJuaH, COBIAAET ¢ KAKMM-HUOYIh U3 OT-
MeUeHHLIX paHee gejennii. OQHAKO 9TOr0 He MPOU3OUIET, KaK
OBl MOJITO MBI HU IIPOMOJIKAJTN OTKJAABIBATH B TOM Ke Ha-
OpaBJeHUU dTU Ayru. JoKasKeM 5TO METOJOM OT IPOTHUBHOTO.

ITpegmososkuM, YTO Ha n-M IIare MbI OTMETHJN Ha
OKPYKHOCTH TOYKY N, COOTBETCTBYIOIIYIO YIJIy B 1 pajauaH,
n — HaTypaJbHOe umcio (puc. 44, 0). 3aTeM TPOIOJIKUIU OT-
KJagbIBaHWe B TOM JKe HampaBJIeHUU AYT IJAWHON B 1 paauyc

a) A 6) A B) YAz
2 N 2

Puc. 44
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¥ Ha KaKOM-TO Illare OOHApy’KUJIM, UTO TOUYKA, COOTBETCTBY-
oIasg yrjay B m paamaH, COBIIAJIa C YK€ OTMEUEeHHOM TOUYKOMH
N. [Insa storo mpuriijiochk caenath k (B # 0) momIHBIX 060POTOB.
Torma crmpaBeayinBoO paBeHCTBO

m—-n=2kn, R €N,

m—n

U3 KOTOPOTO CJeAyer, uTo T = —.— .
ITosryuyeHO TPOTHMBOpPEYME: UHCJIO T OKAa3aJ0Ch PaBHBIM
00bIKHOBeHHOM npobu. Ho, KaK m3BeCTHO, YMCJIO T — wHUppa-

IMOHAJBHOE UMCJIO, T. €. OHO He MOXKeT OBLITh PaBHBLIM pa-
muoHaJbHOMY uwncay. CiemoBaTelbHO, IIPEAIOJIOMKEHNE, UTO
Ha KAaKOM-TO IlIare HOBOE [eJIeHHe, COOTBETCTBYIOIIee YIJIY
B m paguaH, COBIAAET CO CTApbIM [IeJIeHHWEeM, COOTBETCTBYIO-
UM yIJIy B n paguad (m W n — HaTypajJbHBLIE YKCJA), He-
BepHO. Takoe paccyskIeHNe MOXMXHO IIPOBECTH MPHU PeIleHNN
sagaHus 555.

3ameuyaHue. B mpuBef€HHOM pacCCy:KIeHUN MBI HUTJE He
HOJIb30BAJINChL TE€M, UTO /M W N — HATypajJbHbIe UYNCJA, T. €.

1
ecqu Touka N ToJiyueHa IIPW OTKJAALIBAHUU P Pas3 — YaCTU
q

ayru B 1 pammaH, TO OHA He MOJKET COBHACTh HU C KaKou

. . . 1
OPYTO¥ TOUYKOW, MOJYUEHHOU HPYW OTKJAABIBAHUU ' pa3d — Ua-
S
r
ctu ayru B 1 paguman (£ # —, Thne p, q, ry, S — HaTypaJIbHbIe
q S

yucJa).

Temepb CTAHOBUTCS SICHBIM, UTO IIPM MHCIIOJB30BAHUU Pa-
OMAaHHOI MephbI 0e3 umcjia T U ero aoJjieii 000HTHICH HEeBO3MOIK-
HOo. Ha pucyHke 44, 8 moKasaHbl TOUKMN, KOTOPbIe Ha PHUCYHKEe
43, a coorBercTBoBasau yriaam B 0°, 90°, 180°, 270°. Temeps
3n
2
HAHUIO 9TUX YIJIOB (M CJHEAYIOIMUX 34 HUMI) IIOMOTaeT «CUu-
TaJIOUKa»: MOKa3bIBasd TOUKMN HA OKPYIKHOCTH, IOBOPHM: «pas
Oy Ha ABa, ABa IIM Ha IBa, TPU IH HA OBA, ..». AHAJOTMUHBINA
OPHEM IIOMOTAeT IIPU IIOMCKE TOUEK, COOTBETCTBYIOIIUX yIJIaM

m2n _n 3n dm _
4’ 4 2" 4 4

Temneps, ycraHoBuB pasercTBo 180° = m paagman u pasne-
JIUB ero cHauaja Ha 7, moroM Ha 180, moJyYnuM COOTHOIIIEHU,
KOTOpBIE HAJL0 3aIIOMHUTH:

T
OHU COOTBETCTBYIOT yIJaM B _, T, , 2n pamuaH. 3alOMU-

T, ... (paguan).

180° . o_ T
—— =1 paguas; 1° = — pazguas.
b 180
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C uxX IIOMOIIBI0 MOKHO II€EPEeBOAUTH T'PAAYCHYIO Mepy B
pagumanHyio u Haobopor. Hampumep,

135° =135 -1° = 135 - -~ bpaguan = %Tn baanan;

180
(¢}
1 paguan = %ﬂ . % = 150°.

sr

51
& banmam = —

6
B sTux paBeHCTBaxX CJ0OBO «paauaH» OOBIYHO OMYCKAIOT U
OUIIYT KOPOTKO:
3n 51
135° = =, — = 150°.
4’ 6
3apaHua ang noBTopeHusa. Ilpu nsydyeHUM NaHHOTO ITYH-
KTa MOMHO MHMCIIOJb30BaTh 3ajJaHUe 3 us DYGDHKI/I <<3&,HaHI/IH
AJId CaAMOKOHTPOJIA» .

PeweHns n kommeHTapum

532. BrIpasuTe B pagmaHax BeJUUYNHY yIJja, rpagycHasd
Mepa KOTOpPOTo paBHA:

a) 360°, 180°, 90°, 270°, 0°; B) 60°, 120°, 240°, 300°.

Pemenue. a) 360° = 2n, 180° =mn, 90° = g, 270° = 32_75,
0° = 0;
0_1800=£ o=2_75 o=4_7r o=5_n
B) 60° = 3 3,120 3,240 3,300 3

533. Bripasure B rpagycax BeJUUYUHY yIJia, PaguaHHAA Me-

T 3 5t Txn T b Tn  1llx
pa xoroporo pasHa: 06) —, In, 2 1 r) -, 5’ 6° 6
n _ 180° .. 3n _ o bm _ o
Peurenne. 0) 1 n 45°, 1 135°, n 225°,
=~ 315°
n _ 180° Lo HBm _ o Tm o 1llm o
1")6— 6 = 30°, 6 150°, 5 210°, 6 330°.

IIpome:xkyTouHbIii KOHTpPOAb. C—21%, C-22%,

§ 10. CuHYyc, KOCMHYC, TAHreHc
M KOTOHFEHC yrna

B manmom maparpade cHavaJia OIpeessaioTCd CUHYC U KO-
CUHYC yIJla W M3Y4YalTCA WX CBOMCTBA, ITOTOM OIIPEAEISIOTCS
TAHTEeHC W KOTAHTEeHC yIJjla U TaKsKe M3yJaloTCsd WX CBOMCTBA.
KenarenbHo, YTOOBI 3TU IOHATHUS YW CBOWCTBA OCBOMJU BCE
yualuecsi, TaKk KaK 9TOT MaTepuaj OymeT B JaJbHEHNIIIeM ucC-
MOJIb30BaThCS UMHU IIPU OOYyUYEHUHU B CTaPIIEH IIKOJIe.

OcHoBHAA IleJib M3yUeHUs maparpada — OBJIAAETH MMOHA-
TUAMU CUHYCa, KOCHHYCa, TaHTeHca W KOTaHTeHca yrja, u3-
VUUTHh MX CBOUCTBA WM HAYUYUTHCA IMPUMEHSTH UX.
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10.1. OmpenesieHue CUMHyca M KOCHHYCa yrJja

B mamHoM myHKTe BBOAUTCS €IWHUYHAS OKPYYKHOCTh, Ha
Hell OTMeUalT TOUYKY, COOTBETCTBYIOINAS YIJIy O, KOPOTKO:
Touky o. Torma opamHATY TOYKH O, HA3bIBAIOT CHUHYCOM YyTJia
o, a abcIuccy — KOCHHYCOM yrIJja O.. OTH OIIPeIe/IeHUa HYIKHO
MOTUBUPOBATDH, CBA3aB MX C M3BECTHBIMHU ydYaIlllUMCA U3 Kypca
reoMeTpPUU OIIpefeIeHUsIMU CUHyca ¥ KOCHUHYyca yrJa, He IIpe-
BOCXOJSINEro PasBEPHYTOrO.

W3 ompepmenenns cMHyca M KOCHHYyCa yrjia MOXKHO CIeJIaTh
BBIBOJIBI:

a) aasa Jo00To yriaa o CYIIecTBYeT Sino, IPUTOM eIquH-
CTBEHHBI;

0) masa gob0ro yrja o CyHIIecTBYeT COSOl, IIPUTOM eInH-
CTBEHHBIN.

Ianee pasbuparmTcsa IPUMEPHI BBIUNCIEHUS CHHYCOB U
KOCHUHYCOB YIJIOB, IIPWUBOAUTCA TaOJMUIla 3HAUYEHUN CUHYyca U
KOCUHYyCa «TabJUUYHBIX» YTIJIOB IIEPBOII YeTBEPTU. ITU 3HAUE-
HHUS ydaIlirecs OOJIXKHBI BBIYUUTh, OMMPASCh HA PUCYHOK 45.

Eciu yuariuecss BbIydYaT 9TU 3HAUEHHS, TO C YUETOM 3HA-
KOB CHMHyCa U KOCHHYCA OHM OYIYyT JIETKO HAXOINUTh 3HAUEHUS
CUHyCa M KOCHHYCA [JisI YIJIOB, CBA3AHHBLIX C TOUKAMM, OTMe-
YeHHBIMHM Ha PUCYHKax 43, a—e.

3apaHua ana NoBTopeHus. Ilpu usyyeHUun TaHHOTO MIYH-
KTa MOKHO WCIIOJIb30BaTh 3amaHme 4 u3 pyoOpuKu «3aJaHusa
JJIsT CAMOKOHTPOJIS» .

PeweHus n koMmmeHTapum

553. BepHo i1 paBeHCTBO:

in [-Z) = —sin Z- L o
a) sin ( 2) sin o3 0) cos ( 4) cos o7
I I
2 1 2 o
3 3
ORG 5
s N T
6 /'\6
0 0
1.42.48 L8421
O, 2’ 2’2’ 1 1’ 2’ 2,2’0
sina cos o
Puc. 45
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. T
Pemrenue. a) sin (—5) — 9TO OpAMHAaTa TOUYKU B egmHMY-

o . T
HOIl OKPYIKHOCTH, & Sin 5 — 9TO OPAMHATA TOUKH A enuHUY-

HOII oKpysKkHOCcTU (puc. 46, a), paBeHCTBO BEepPHO, TaK KaK op-
OIUHATHI Pas3jINJaloTCA TOJIBKO 3HAKOM.

T o
0) cos (_Z) — 910 abcrucca TOUKU B eqUHNUYHONI OKPYIK-
T o
HOCTH, & COS 7= — 9TO abciucca TOYKN A eIMHUYHON OKPYIK-

"HocTHu (puc. 46, 0), paBeHCTBO BEpPHO, TaK KakK abCI[MCCHI paB-
HBI.
556. Onpenenure 3HaK uucaa: a) sin 4; 6) cos :%

Pemenue. a) Tax kak
3n
n<4< o5

TO TOuKa 4 TPUHAAJIEKUT TPEThbell YeTBEePTH, II0ITOMY
sin 4 < 0.

6) Tak kKak
< 3n <T
2 4 ’

3n o
TO TOUYKAa n IPUHALJIEIKUT BTOPOHl UETBEPTH, II03TOMY
3n
cos v < 0.

557. BrimosHsieTcss U PaBEHCTBO COSOL = sino IIpW Ka-
KoM-HuOYynb o? IlpouanaiocTpupyiiTe CBOE pellleHre HA PUCYH-
Ke.

Pemenne. PaccMoTpuM TOUKM O ¥ [3 €IMHUYHON OKPYIK-
HOCTHU, Jexxarque Ha 6uccekTpuce I u III werBeprein (puc. 47).
KoopauuaThl TOYKHM O pPaBHBI, II03TOMY BEPHO pPaBEHCTBO
coso = sina, KOOpPAMHATBHI TOYKU [} PaBHBI, II09TOMY BEPHO
paBeHCTBO cos 3 = sin f3.

a) 0)
Yy AY

A Yy

A
a
> N,

(0] x (0) x 4 0 ;
B

B B

Puc. 46 Puc. 47
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Bce yrabsl o MmoykHO 3amaTh (HOpPMYJIOH

= % + 2nk, roe k — 1eJoe 4YuCIIO.
Bce yrabl B mokHO 3amaTh (hopMysIoit
B= 37: + 2nk, roe Bk — 1eJ0e 4HCIO.
Bce yrabl o u B MOMKHO 3azaTh (OPMYJIOi
T
a=7 + nk, Toe k — 1ieji0e 4UMCJIO.

559. Yto GouibIre:
a) sin 40° uau sin %;
0) cos g uau cos 60°;
) sin (—300°) mau cos 120°;
3) cos 18 ymwm sin (—E)?
4 2

T
Pemenue. a) Yrubsr 40° u 7 [PUHAIIexaT I uerBepTH,
rIe ¢ yBeJIWUeHHEM yrJjla CUHYC yBeamuumBaeTcs. Tak Kak

40° < 45° = %, To sin 40° < sin %
0) Yrubl g u 60° paBHBI, IIO9TOMY COS g = cos 60°.

k) Tak Kaxk Ha eIWHUUYHOIN OKpPy:KHOCcTH ToukKu —300° u
—-300° + 360° = 60° coBmagmaror, TOo sin (—300°) = sin 60° > O,
a cos 120° < 0, moatomy sin (—300°) > cos 120°.

3) Tak Kak Ha eIWMHUYHON OKDPYKHOCTU TOUKHU

137w _ 5n
== — 27 = — COBIIaJaloT, TO

4 4
13n 51 2
COS T =CO0S —/— = ——,

131
— u

i (=7} — — _NZ2
51n(2) lu 2>1,

137 . n
II03TOMY COS e > sin 3]
IIpomeskyTOUHBINI KOHTPOJb. C—23%.

10.2. OcHoBHBIE (HOPMYJIBI IJIA Sin o U €OS O

B mamHOM myHKTE Cc Oomopoii Ha paHee M3yUeHHBbIe (DAKTHI
(ypaBHEHTE OKPYKHOCTU, CBOMCTBA KOOPAMHAT TOUEK €NUHNY-
HOM OKPY:KHOCTH, CUMMETPUYHBIX OTHOCUTEJIbHO ocu Ox, OT-
HOCHUTEJIbHO Hauajla KOOPAWHAT) NOKa3bIBaeTcs OCHOBHOE TpPU-
TOHOMETPUYECKOE TOKIECTBO

sina + cos®o = 1 (1)
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u (popMyJIbI

sin (—a) = —sina, (2)

cos (—a) = cosa, 3)

sin (o + 2nk) = sina, k € Z, 4)

cos (o + 2nk) = cosa, k € Z, (5)

sin (1 + o) = — sina, (6)

cos (T + a) = — cosa. (7

Hexkoropsie apyrue ¢opmysasl, HampuMmep sin (1 — a) =

=sin o, cos (T — o) = —cosa, MOTYyT OBITH [OOKal3aHbI Kak
caenctBus Gopmya (2)—(7) (samauue 586).

Hanpuwmep,
sin (r — o) = sin (7 + (—a)) = —sin (—a) = sin o.

VMeHUe mOoKa3bIBATH TPUTOHOMETpHUecKre (hopMyJabl IIPo-
BepseTcsa B camMocTosaTeabHoli padore C—24. Kpome Toro, tam
OpoBepAeTCcs yMeHUe IMTKOJbHUKOB HAaXOAUTh 3HAUEHUS OMHOM
u3 3aJaHHBIX (PYyHKIHI (sino mam coso) mo 3agaHHOMY 3HAa-
YEeHUIO APYTOoifl M BBLINOJHSTH YIOPOIEHUS BBLIPAKEHUUN C IpU-
meHeHmeM Gopmya (1)—(7).

3apaHua ang noBTopeHusa. Ilpu nmaydyeHUM HaHHOIO ITYH-
KTa MOYKHO HCIIOJIL30BaTh 3ajaHue 5 u3 PyOpuUKHU «3amaHusd
IS CAMOKOHTPOJIS» .

PeweHns n kommeHTapum
568. CymiecTByeTr Ju TaKOH yroa o, AJsI KOTOPOTO:

. 4 .3 4
a) sina = —1, cosa = 3; B) sina = 57 coso = E?

Pemenue. a) Tax kax sin®o + cosa =1 + % > 1, To Ta-

KOU yroJ o He CYIIeCTBYeT.

B) Tax kak sin’a + cos’a = 2% + % =1, To Takoii yroJ

O CyIIIeCTBYeT.
569. Bo3MOYKHO Ji1 PaBEHCTBO:

a) sinoc=—\/§; 0) cosa = \/§ - 17
Pemenne. a) Tak kak [sino| = J3 > 1, To Taxoe paBeH-

CTBO HEBO3MOXKHO.
6) Tak xakx |cosal = V3 — 1 < 1, To Takoe paBeHCTBO BO3-

MOSKHO.
570. a) Boruucaure sino, ecam coso = i, O0<a< g
s 2 2. _ __ 15

Pemenue. Tax xak sin“a=1-cos“a =1 — =16 U

h‘a;b_.

0<ac< g, To sino > 0. ITosTomy sino =

==
&5
|
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3ameuaHue. IIpu BBHIDOJHEHUU 5TOTO 3aJaHUA JydUIlle U3-

. / 2
Oerats 3ammcu: sina = tV1l — cos“a, Tak Kak, HUMes OIBIT
BBIUKCJIEHISI KOPHEH KBaApPaTHOrO ypaBHEHHus II0 QopMy.Je
—bt\JD
—5, ’ YUAIUecs MOTYT NOAYMATb, UTO MMEETCd 1Ba 3Haue-

HUA sin o, OTBEUAKOINMUX YCJIOBUIO 3agadu, a 9TO He TaK.

577. Ecaiu 0 < o < g u sino =1 + b, TO KaKue 3HAUYEHUS

MoOKeT mpuHuMaTh b? OupemesnuTe cosOl.
Pemrenme. Tax kax 0 < o < g, o 0<sina<1, 1. e.

1+b<1, orkyma ciaemyer, uto —1<b<0. Tax kak
o

<
< <g,'rocosoc>0n

cosa = V1 —sinfa = 1 - (1L+b) = -2 - b,

582. a) PacmosokuTe B IIOPAAKEe BO3PACTAHUSA UMCJIA
sin (—55°), sin 600°, sin 1295°.

Pemenne. Bripasum cuHyCBI HaHHBIX YIJIOB Uepe3 CUHYC
YIJIOB W3 IIEPBOM UYETBEPTH’:

sin (—55°) = —sin 55°,
sin 600° = sin (240° + 360°) = sin 240° =
= sin (180° + 60°) = —sin 60°,
sin 1295° = sin (215° + 3 - 360°) = sin 215° =
= sin (180° + 35°) = —sin 35°.

Tax rkaxk yrasl 55°, 60° u 35° mpuHamIeKaT IIepPBOil uerT-
BEPTU, B KOTOPOU OOJBINIEMY YIJy COOTBETCTBYET OOJIBIITHIA
cunayc, To sin 35° < sin 55° < sin 60°.

Ho Torgma —sin 35° > —sin 55° > —sin 60°, moaTomy

sin 600° < sin (—55°) < sin 1295°.

583. a) CpaBuure sin 91° u sin 92°.

Pemrenne. 91° u 92° — yrubl BTOPO¥I UeTBEPTU, B KOTO-
poii GoJIbIlIeMy YIJIy COOTBETCTBYET MEHBINUU cuHyc. Tak Kak
91° < 92°, To sin 91° > sin 92°.

584. a) Cpasuure cos 101° u cos 157°.

Pemenne. 101° u 157° — yrael BTOPOI 4YeTBEpPTH, B KO-
TOPOH OOJIBIIIEMY YIJIy COOTBETCTBYET MEHBINUHN KocuHyc. Tak
rkak 101° < 157°, To cos 101° > cos 157°.

585. a) Cpasraure cos 1,6m u cos 1,687.

Pemenue. 1,6t u 1,68n — yranl 4eTBEPTOIl UYeTBEPTU, B
KOTOpPOIi 060JbIIIeMYy YIJY COOTBETCTBYET OOJIBIINIT KOCHUHYC.
Taxk rkax 1,6n < 1,68n, To cos 1,6m < cos 1,68m.

IIpome:kyTOUHBIIT KOHTPOJab. C—24%,
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10.3. TaHreHc U KOTAaHTeHC yrJja

B AAHHOM IIYHKTE yq66HHKa BBOAATCA IIOHATHUA TaHT'€HCaA
N KOTaHIreHCa YyIJia O KaK OTHOIIIeHMHsA CHHYCOB M KOCHHY-

sina cosa
CcoB aTOrO yrija: tgo = —— mu ctgo = ——, BBINUCHIBAIOTCA
cosa sino

YIJBI O, MJIA KaKIOTO0 M3 KOTOPBIX HE OIpeneseH tgo uiam
ctga. IlomuépKkuBaeTcs, UTO AJA TeX YIJIOB O, OJA KOTOPBIX
ompeneséH tg o, OH eIWHCTBEHHBIN; OJd TeX YIJIOB O, IJSI KO-
TOPBIX OIpeneseH ctgo, OH eTMHCTBEeHHBIH.

3mech, Kak M IIPU BBeJAeHUHN CHUHyca M KOCHUHYyca yrJa,
JKeJlaTeJIbHO HauvaTh C OompenaeJeHUi tgo m ctgo mis ocTtporo
yrja IpsMOYTOJbHOTO TPEYroJbHUKA, HOJYUYHUTH BCE «Tabamu-
HbIe» 3HaUeHUA tgo um ctgo mgaa ocTtporo yriaa d.

Eciu yuamimecs BbIyYaT 3THU 3HAUEHUSA, TO C YUETOM 3HA-
Ka TaHTeHCa M KOTaHI'eHCa OHU OyAyT JIeTKO HaXOAUThH 3Haue-
HIS TaHTeHCa M KOTaHIeHca IJIs YIJIOB, CBA3SAHHBIX C TOUKA-
MU, OTMEUeHHBIMU Ha PUCYHKax 43, a—a.

C moMoIIbIo OIIpeJesieHU TaHreHca W KOTaHreHca yrJja
¥ CBOMCTB CHHYCa M KOCHHYyCa yIJjia HOKal3bIBAIOTCA OCHOBHBIE
CBOIICTBA TaHTeHCa M KOTaHTeHCa yrJa:

tgo - ctga = 1, o # %,kez,

tg (-a) = —tga,
tg (o + mn)=1tga, n € Z,
ctg (—a) = ctga,
ctg (a0 + n) = ctga, n € Z.
CpoiicTBa
1

tg?a +1= ——, a# = + 1k, k € Z,
cos”a 2

1

sin®a

MOJKHO MOKAas3aTh IIPU BBLINOJHEHUU 3amanHus 598.
KemarenbHO, UTOOBI MaTepuraJj 9TOTO IIYHKTA YCBOUJIMN BCe
y4yariiuecs.
3apaHua ana nNnoBTopeHus. Ilpu usyuyeHUU JaHHOTO ITYH-
KTa MOKHO WCIIOJIb30BaTh 3amaHue 6 um3 pyOpuku «3amaHusd
IS CAMOKOHTPOJISI» .

ctg®o + 1 = ,a#nk, k€ Z

PeweHus n KkoMmmeHTapum
597. a) OmpegennTe 3HAK BHIPAYKEHUA:
tg 71° tg 139° tg 235° tg 304° tg (—393°) tg 1000°.

Pemenue. tg 71° > 0, Taxk Kak 71° — yroJs mepBoii uer-
BEPTU, T'Ie TAHTEHC IIOJIOKUTEIbHBIN;

tg 139° < 0, Tark kax 139° — yroJ BTOpOIi YeTBepPTHU, T'Ae
TaHTEeHC OTPHUIlATEJbHBIN;
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tg 235° = tg (235° — 180°) = tg 55° > 0, Tak Kak 55° —
yroJI IEePBOM YETBEPTU, I'le TAHTEHC IIOJIOKUTEJIbHBIN;

tg 304° = tg (304° — 180°) = tg 124° < 0, Tak Kax 124° —
yroJl BTOPOM YEeTBEPTU, I'le TAHTeHC OTPUIIATEIbHBIN;

tg (-393°) = tg (-393° + 2 - 180°) = tg (—33°) =
= —tg 33° < 0, Tak xKak 33° — yroJ mepBOil UEeTBEPTHU, TIe
TAHTEHC IOJIOMKUTEIbHBIN;

tg 1000° = tg (100° + 5 - 180°) = tg 100° < 0, TaKk Kak
100° — yroJ BTOpPOH UETBEPTHU, I'le TAHTEHC OTPUIlATEILHBIN.

IIpousBegeHue comep:;KUT 4 OTPUIATEIBHBIX MHOMKUTEIISI,
OCTaJIbHbIE IIOJIOYKUTEJIbHBIE, CJeJOBAaTEJIbHO, IIPOM3BENeHUe
TOJIOKUTETBHO.

. 3n
599. B) BorumcauTe sina, tgo u ctga, ecau n < a < >

u cosa = —0,6.
Pemenne. Taxk xax cosa = —0,6, To sina = 1 — cos?a =

=1-0,36 =0,64;

3n .
Tak Kak 7T < o < ~ » To sina < 0, mosTomy

sina = —4/0,64 = -0,8;

_ sino _ -08 _ 4,
tgo = cosa -0,6 3’
_ 1 _3
ctgo = teo e

3ameuvaHue. 3gech TakiKe JyuIile wu3berarb 3alucHU
. 2 o
sino = £v1 — cos®a 1o ommcaHHOI BBIIIE NIPUYMUHE.

601. YopocTure BhIpakKeHUe:

) tgo + tgh 3 cos?a — ctg2oc
ctga + ctgp’ sina — tgzoc )
tgo +t sino | sin cosa , €os
Pemenue. x) g eb _ + b Rl Pl —
ctgo + ctgP cosa cosf sina  sinf
_ sinacosP + sinffcosa | sinfcosa+ sinacosp
cosa cosf ’ sin asin B

(sin acosf + sinf cos oc) sinasinf3 sin asin B
= - - = =tg o - tg B.

coso cosf (sm acosP + sinf cos a) cos o cosf

2
2 1
2 2 coso, — 295 % cos a(lf — j
3) cos“a — ctga sinZa sin“a) _
) - -2 -
sin“a — tg%a sinZo - Sin‘a sinZo. (1_ 12 j
cos?a cos“a

cos?a (sinzoc - 1) cos®a cos*a (—coszoc) 6
_ _ _ cosa _ tg6 o

sin?a (coszcx— 1) sin®a sin‘a (—sinzcx) sin®a
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605. a) Yupocture BBIpasKeHUE
sin (2n - (x) sin (OL - TE) cos(ot - 2n)
cos(Zn - (x) ctg(27t - OL) tg (3Tc - cx) :

P s1n(2n - a) sin(a - 7) cos(a — 2x) B
ememHme. os(2m — oc) ctg(2n - o) tg(3n - o) N

el oo (s,
cos( )ctg( ) ( ) cosa - 1 ‘

606. YopocTuTe BBhIpasKeHUe:
a) 1 - cos*a — sin*a . 6) cos®a — sin®a
sinfo — 2sin%a + 1~ 1 + sinacosa

1 — cos*a — sina _
Pemenne. a) —; — =
sin*a — 2sin“a + 1

2 2 \2 4 4
(sina+cosa) — cos o — sin"a ) 2 .2
2sin“o. cos“a 2sin“o 9
_ — = ) = — = 2tg”a.
(1 — sin a) cos o cos“a

3 .3 (cosa — sin a)(cosza + sinocosa + sin2a)
6) cos’o — sina  _

1+ sinocosa 1+ sinacosa

(cosa — sin a)(l + sino cos OL) .
= : = COS O — sind.
1 + sinacosa

ITpome:xyTounblit KOHTpOoab. C—25%, K—6.

AdononHeHus K rnase 4

1. KocuHyc pa3HOCTHM M KOCMHYC CyMMBI IBYX YIJIOB
2. @opmyabl AJaA TONMOJHHUTEIBHBIX YIJIOB
3. CuHyC cyMMBI U CHHYC Pa3HOCTH IBYX YIJIOB

B Tpéx mepBbIX myHKTax [lomosHeHUN K riaaBe 4 TOKa3bI-
BaroTCcA (QOPMYJIBI CHUHYCOB W KOCHUHYCOB PA3HOCTHM U CYMMBI
IBYX YTJIOB.

OTMeTHM, YTO OCHOBHOU (OPMYJOi, U3 KOTOPOH II0-
JYy4aioTCsA OCTaJIbHBIE, dABIdAeTcA (opmyna cos(o — ) =
= cosa cosf + sina sin . OHa gOKas3bIBaeTCA C IOMOIILIO CKAa-
JSAPHOTO IIPOU3BEeIeHUsI BeKTOPOB. [[oKaszaTesbcTBO 2TOM (op-
MYJIBI JOCTATOYHO CJIOYKHOE, eT0 CJEeNyeT pPas3odpaTh C KJIACcCOM
M MOJKHO He TpeboBaTh OT yUaIMXCsA €ro BOCIPOU3BEIEeHU.
Ona morasarenbcTBa GOPMYJIBI cos (0 + ) ZOCTATOUHO BBIIIOJI-
HUTH npeobpasoBaHue cos(a + ) = cos(a — (—p)), 3arem mpu-
MEeHUTL (POPMYJIy KOCHHYCa PA3HOCTH ABYX YTJIOB WM CBOIMCTBA
cuHyca M KOCHUHYCA.
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OcTaHOBUMCSA Ha CIIOCO0e 3allOMHUHAHUSA dTUX ABYX (pOpMy.JI:
cos(o — ) = cosa cosfP + sina sin 3, (1)
cos(a + B) = cosa cosfP — sina sin f. (2)
Eciu o6paTtuTh BHHMAaHWE yUYaIllUXCA HaA UepedoBaHUe
dyHKIHI' «KOCHHYC-KOCHHYC, CHHYC-CUHYC» B IIPABBIX JACTAX
dopmya (1) u (2) 1 HA TO, UTO 3HAKKU B JIEBBIX U B IIPABBIX
JacTaAX 3TUX (HopMYyJ Pa3JIUUYHBI, TO 9TO IIOMOKET 3allOMHUTH
(OpMYJIBL.
3aberass BIEpEn, OTMETUM, UYTO Ha dYepemoBaHue QyH-
KU MOKHO OyIeT OnupaTbCs MPU 3alOMUHAHUU (HOPMYJIBI
cos 20. = cos?o — sino, KoTopas mosyuaercsa u3 GOpPMyIsl (2)
3aMeHOU 3 Ha dO.
CnencrBuamu gopmya (1) m (2) aBiasarorca QOPMYJIbI A
IOIIOJHUTEIbHBIX YTJIOB:

T
- —
COS (2 )

. s
——
o 5 - o)

Nx pmokasaTenbCTBO MPUBOAUTCA B IyHKTe 2 JlomoHEHMW.
AT QOPMYJLI OUEHb YACTO HCHOJL3YIOTCS B dajbHeHIem.

B nmynkTe 3 ¢ mcnosb3oBanueM ¢opmya (3) u (4) moka-
3pIBaroTCsA (POPMYJbI CHHYCA CYMMbBI M CHHYCA Pa3HOCTU IBYX
YTJIOB:

sin a, (3)

cos O.. (4)

sin (o0 — ) = sina cos} — cosa sin f3,
sin (o0 + B) = sina cos + cosa sin f3.
Ecnu sTtm opmysibl 3anmmcaTh B BUIE
sin (a0 — B) = sina cos — sin P cosa, (5)
sin (a0 + B) = sina cos P + sin P cosa, (6)
TO, O0paTUB BHUMAHWE ydYaIllliXCs Ha uepemoBanue (PyHKITMIA
«CUHYC-KOCUHYC, CHUHYC-KOCHMHYC» B MPAaBBIX dYacTAX (Gopmysa
(5) u (6) 1 HA TO, UYTO 3HAKU B JIEBLIX W IIPABBIX UacTAX (op-
mya (5) u (6) omMHAKOBBI, MBI OOJIETYUM 3allOMUHAHUE BTUX
¢popmyi.
3aberas BHepEén, OTMETHM, UYTO Ha uYepegoBaHue QPYyHK-
Uil MOMKHO OyAeT OmMpaThbCcsd MOPU 3aloOMUHAHUU (HOPMYJIBI
sin 20 = 2sina cos o, Koropas mojgiyuaercsa us3 QGopmyJabl (6)
3aMeHOI [} Ha q.
HomosHUTeIbHO K MaTepHajaM y4uyeOHUKA 10 AUTAKTHUE-
CKUM MaTepuajaM MOKHO M3YUUTH (DOPMYJILI IPUBEACHUS TSI
cunyca u Kocuuyca (C—27).

! TlousiTie «TpUTOHOMeTpHUYECKAS (QYHKIUA» OyZeT BBEJEHO TOJHKO B
10 kJjacce, HO IJisg YIPOINEHUS PEUM IIPABOMEPHO HMCIOJIb30BATH TEPMUH
«OYHKIUS», TaK KaK, HAIPUMED, Ka’KIOMY YIJIYy O COOTBETCTBYET €[VH-
CTBEHHOe 3HaueHUe sin a.
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PeweHns n kommeHTapum
608. a) Brrumciure, He IOJB3Yysch TAOJIUIEH MIN KaJlb-
KyJsiTOpoM, cos 15°.
Pemrenune. cos 15° = cos (45° — 30°) = cos 45° - cos 30°+
+ sin 45° - sin 30° = NERR] +£ L _J6+y2
5 .

2 2 2 4
613. JlorkaKkuTe cCIpaBeIIUBOCTH PaBEHCTBA:

a) cos (3?“ — o) = —sin a; 0) cos (32—”" + o) = sin a.

Pemienue.

3n 3n .. 3w .
a) cos(? — o) = cos -5 - cosa + sin - " sina

=0-:cosa + (1) - sina = —sina.

3 3 .. 3 .
0) cos(77t + a) = cos ?n - cosa — sin 7“ *sina

=0-:cosa —(-1) - sina = sina.
618. a) Beruucaure cos 75° + cos 15°.

Penrenue. cos 75° + cos 15° = cos (45° + 30°) +

+ cos (45° — 30°) = cos 45° * cos 30° — sin 45° - sin 30° +

+ cos 45° - cos 30° + sin 45° * sin 30° = 2cos 45° - cos 30° =
5. 32 . 3B _ 6

2 2 2’
619. YopocTtuTre BhIpaskeHUe:

a) cos(% +0L)'COS(% —a)—sin(g —oc)-sin(% + a);

0) cos (2—; + oc) + cos (2?“ - oc) + cosa.

Pemenue.
T T . T . Y
a) cos(Z +0c)-cos(z —oc)—sm(z —oc)'sm(z +a)=

- i T o_ = r_
—COS(4+(X+4 a) cos 0.
2n 27 2n
0) cos ?-FOL + cos ?—OL +cosa=cos§-cosa—
—sinz—;-sinoc+cos%n-cosoc+sin2?n-sinot+cosa=
= 2 cos %ﬁ -coso + cosa =2 - (—%) -cosa + cosa = 0.

627. IIpuBeguTe UMCIOBOE BBHIPaAYKeHME K BUIY CHHYyCaA
nJIU KOCHHYCA IIOJIOKUTEJILHOTO yIJja, He IIpeBhInIaiInero 45°:

0) sin 70°; B) cos 82°.

Pemenue. 6) sin 70° = sin (90° — 20°) = cos 20°;

B) cos 82° = cos (90° — 8°) = sin 8°.
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628. IIpuBexuTe UYHMCIIOBOE BBIPpAKEHME K BUAY CUHYCA
WIN KOCUHYCA IIOJIO)KUTEJBLHOTO VYIJIA, He IIPEBBIIIAIONEero

T, T, . 51
4.6)0083,3)31n at

T T_m) _gin X,
Pemenue. 6) cos 3 — cos (2 6) sin =3

B) sin 5T _ gin | X - (—3—nj = cos (—3—nj = cos 3—“.
7 2 14 1 14

635. YopocTuTe BhIpakeHUe:

a) gsina - %cosa; 0) g(cosa — sina).
Pemenue.

J3 . 1 _ T ..0W _
a) ~—sino — = cosa = cos g sina —sin Zcosa =
= sin (a - %);

V2 V2

0) ﬂ(cosoc —sina) = ~=cosa — ~—sina =
2 2 2
T . T . T
— z — = = =+ al.
cos o coso —sin - sina = cos (4 )
IIpomeskyTOouHBIiT KOHTPOAb. C—26%, C-27%,

4. CymMa U pa3HOCTh CMHYCOB U KOCHHYCOB
5. @opMyJIbl AJisi JBOMHBIX M NMOJOBUHHBIX YIJIOB
6. IIpousBeeHNe CHHYCOB M KOCHUHYCOB

B Tpéx mociaemHux TyHKTax J[lomosiHeHW K TjaaBe 4 10-
KasbIBaOTCA (DOPMYJbI CYMMBI, PA3HOCTH W IIPOU3BENEHUS CU-
HYCOB U KOCHHYCOB, a TakyXe (POPMYJBLI IJIA ABOWHBIX U IIO-
JIOBUHHBIX YTJIOB.

B nyukTe 4 mpuBOAATCA HOKas3aTelbCTBa (POPMYJI:

B OL_B. (1)

. . . o+
sina + sin3 = 2 sin —5 C0s ——;

2
sina — sinf3 = 2 sin OL;ﬁcos a;LB; (2)
cosa + cosP = 2 cos O‘Tﬂicos OL;B; (3)
cosa—cos[}=—2sina;ﬁsina;B. 4)

g grydiero sanoMuHaHUA 3TUX POPMYJT HAZo oOpaTUTH
BHUMAaHNE y4YalIuXcA Ha TO, YTO B JIEBOM YACTU KaXKION U3
HHUX CTOAT CYMMBI UJIM PA3HOCTU OJNHOMMEHHBIX (PYHKIIUH OT O
u 3, a cupaBa — yABOEHHBIEe ITPOU3BEAEHUS ABYX (GYHKIIUI OT
HOJIYyCYMMBI WUJIM IIOJIyPAa3HOCTU 3TUX YIJIOB. BocmmpoumsBoguTh
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ot (opMyJbl OyAeT Jierde, ecjau ydaIluecs 3allOMHAT HOAEI0
UX JOKasaTeJbCTBa: HAAO CJOKUTH WUJIU BBIUECTHh sin (x + y)
u sin(x —y) unu cos (x +y) u cos (x —y). B mepBom ciy-
Yyae IMOJIYYMM YepenoBaHMe (PYHKIUUA «CUHYC-KOCUHYC» U TIPU
CJIOKEeHUU, U IIPU BBHIYUTAHUU, & BO BTOPOM CJIydYae MOJYUUM
yepenoBanme (QYHKIUN «KOCHUHYC-KOCHUHYC» IIPU CJIOMKEHUU U
«CUHYC-CUHYC» IIPpU BBIYUTAHUMU.
B mpasoii vactu Kaxkgout u3 dopmya (1)—(4) 3HaK Mex-
Iy o U B B UMCJIHUTeJe IIEePBOTO apryMeHTa COBIAJaeT CO 3Ha-
KOM MeXOy (pyHKImAMH B JeBou uactu (opmyabsl. He pexo-
MeHJyeM IIpaByi0 YacTb (Gopmyabl (4) mucath 0e3 MuHyca:
. B-a .. atP
2sin —— sin ———. Yuamuecsa JOKHBI 3allOMHUTD, YTO 3HAK
2 2
«—» B mpaBoii uactu (¢opmya (1)—(4) craBuUTCA TOJIBKO IPU
BBIUMTAHNUN KOCHHYCOB.
B nyakTe 5 mokasbiBaroTcsa (hOpMYJIbI:

sin2a = 2sina cosa, (5)
cos2a = cos?a — sina, (6)
.20 _ 1--cosa
sin” 3 — (7)
2a _ 1+ cosa
cos” —s - (8)
VYuamuecsa o0A3aTelIbHO MOJMKHBI HOHATL U0 JOKasa-
TeabcTBa opmya (5) u (6) — B dopmysnax aaa sin (o + ) u

cos (o + ) Hamo 3aMeHUTH 3 HA O, TOTAA, IOMHSA YepeJOBaHIE
dbyurmuit gua dopmysa sin (o + ) u cos (o + B), oHU JerKo 3a-
noMHAT (opmyay (5): ABa pasda «CHHYC-KOCUHYC» U (QOPMYJIY
(6): «KOCHMHYC-KOCMHYC MUHYC CHUHYC-CUHYC».

He pexomenayem ¢gopmyasl (7) u (8) mucarb B BHUIe

.o 1 - cosa o 1+ cosa
S1n — =+ |[—= COS — =4 |[—————=
2 2 ’ 2 2 ’

TaK KaK ydalquecda MOI'yT IIogyMaTbhb, UTO OJIA KaKIOoro o Cy-

I[eCTBYeT ABA 3HAYCHUS sin% uan cos% , & 9TO He TakK.
B nyakTe 6 mpuBOZATCA AOKA3aTeJbLCTBA TPEX (GOPMYJI:
sina cosf = %(sin (o + B) + sin (a — B)),
cos o cosfP = %(cos (o0 + B) + cos (a — B)),
sina sinf = %(cos (o — B) — cos (o + P)).

9t POPMYJbI OTHOCATCSA K TaKKUM, KOTOPbIE IIPOIEe BBI-
BeCTH 3aHOBO, €CJIM OHHM He 3allOMHHJINCL HanexHo. W 3mech
3alloMuHaHNI0 (POPMYJI CIOCOOCTBYET OIlOpa Ha uepegoBaHUe
QYHKIUNA OJIS CHHYCAa M KOCHHYCA CyMMbI MJU PA3HOCTU ABYX
YIJIOB.
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PeweHus n kommeHTapum
644. a) [lokaxuTe COpPaBeaINBOCTL PaBEHCTBA
sin 50° + sin 10° — cos 20° = 0.
HoxrasareascTBo. sin 50° + sin 10° — cos 20° =
= 2sin 30°cos 20° — cos 20° = 2 - —cos 20° — cos 20° =

= cos 20° — cos 20° = 0, uTo U TpPebOBAJIOCH AOKA3aTh.

645. a) [lokakuTe COpaBeIINBOCTL PaBEHCTBA
51 n

cosﬁ + coS 15 = 0.

ﬂORaSaTeJILCTBO.

51 n T s T
om m _ 9 n -l —92.0- (__j =0,
cos 12 oS 15 cos 2 cos( 12) 0 - cos T 0

uTo n Tpe6OBaJIOCI:> AOKa3aThb.
75" COos E
2 2

Pemenue. 3ameTuM, UTO HaHHBIE YIJIBI MOKHO IIpeCTa-
BUTHh B BUJE HOJYCYMMBI 1 IOJIiypasHocTu yrjos 45° u 30°:

646. B) Bhruuciaure: cos

75°  45° +30° 15° _ 45° — 30°

2 2 > 2 2
Bocmoabs3yemcsa (GopmMysaoil cyMMBI KOCHHYCOB:
75° 15° 1 1,42 3
2 = = 45° + °0y = = (X2 4 N9y =
cOs — - cos — 2(cos 5 cos 30°) 2( 5 5 )
_ 2+
T

651. a) [JokaxuTe cIpaBenJINBOCTbL PAaBEHCTBA

(sino + sinB)? + (cosa + cosP)? = 4cos®Z ; i
JlokasaTeabCcTBO. (sinoc + sinB)? + (cos o + cosB)? =
=(2sina+Bcos ) + (2cos — +B —B)2=

2 2 2
= 45in2 2P cos2 2 P + AlcoszoL—Jchosz(x—_[3 =
2 2 2
= élcoszcx_ﬁ(sinzm;FB + cosza;rﬁ) =
= 4cos22 3 o-B -1 = 4cos?2 ; B , 4TO W TpeboBaJioCh HOKa-

3aTb.
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657. a) Beruucaure sin2a, ecam sino = %, O<a< g

Pemenune. Taxk Kak 0 < a < g, To cosa >0 u

2
cos o, = V1 —sin®a = 1—(1) =£,

2 2
sin2a = 2sina cosa = 2 - % . g = g

661. Ecau 0 < a < g, TO UTO OOJIBIIIE:

a) cos2a mam 2cos o; 0) sin2o mam 2sino?
Pemenue. a) Taxk kaxk 0 < a < g,TOO<20L<7tI/IOL<2(X.
C yBenumuenuem yryia or 0 mo ©m 3HAUeHUsS KOCHUHYCA YMEHb-

IIAI0TCSA, IIOITOMY COS20 < COSO, a TaK Kak coso < 2coso, TO
mna 0 < o < g CIIPaBeIJIMBO HEPABEHCTBO cos2a < 2cCOoS O.

6)TaRRaRO<(1<g,TOO<SinOL<1,0<COSOL<11/I

sin20 = 2sina cosa < 2sina * 1 < 2sina,
T. e. sin2a < 2sin a.
662. CyIiiecTByIOT JIX YTIJBI O, AJS KOTOPBIX BBIMOJHSIET-
ca paseHcTBO sin2a = 2sina (0 < o < %)?

Pemenue. Taxk Kak sin2o = 2sin o cos o, TO paBeHCTBO
sin20 = 2sin o
BBITIOJIHAETCA JIUINb IIPU YCJOBUHM COSO = 1. 9TO BO3MOYKHO
TOJNBLKO mJsi yriaa o = 0.

679. B) [JoxkaxuTe cupaBenINBOCTbL PAaBEHCTBA
sin2a (sin2a + sin2p) + cos2a (cos2a + cos2fB) =
= 2cos?(a. — P).
Jdoka3zaTeabCcTBO.
sin2a (sin2a + sin2p) + cos2a (cos2a + cos2fB) =
= sin®?2a + sin2asin2P + cos?20. + cos20cos2P =
=1+cos(20—2B)=1+cos2 (o — B) =
=1 + cos®(a — B) — sin®(o. — B) = 2cos?(o — B),
4YTO U TPebOBaJOCh HOKAa3aTh.

2 4
680. a) Boruucaure: cos g cos ?n cos ?n .

Pemenue. [[1a pelteHus sTON 3agauu YMHOMKUM U pase-

. T
JM OaHHO€ BBIPDaXXEeHUe Ha 8sin 5 u npeoﬁpasyeM IIOJIy4Y€eH-
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HYI0 Apo0b, TMIpUMeHdAA TPU pasda (GopMyJay CHHYyCA ITBOWHOTO

yrJa:
Z(Z(ZSinﬁcosE)cos2—”)0054—1I
COSECOS2—7‘:COS4—TE= 9 9 o 9 =
9 9 9 8sin *
9
2(2sinﬁcosﬁ)cos4—7t 2Sin4_ncos4_n sing—TE
9 9 9 _ 9 9 _ 9
8sin * 8sin X 8sin X
9 9 9

.. 8t . _m) _ ..m
Tax xKax s1n? =sin| T 9 = sin 9’ TO

COS z COos Z—TCCOS4—Tc = l
9 9 9 8"’

IIpumeHeHME PAcCMOTPEHHOTO MPUEMA B CJHELYIOIIEM 3a-
IaHWU He TaK OYEeBUIHO.

21 . 3m
JdononHutenbHoe 3apaHue. Briumciaure: cos— — sin—

5 10°

Pemenne. CHauaJyia mIpuBeAéM TaHHOE BhIpaskKeHue K pas-
HOCTU OAHOMMEHHBIX (DYHKITWIA:

cos2E —sin3® —gin[Z-20| —sin3® —gin™ —sin 3"
5 10 2 5 10 10 10°

Temnepb, TpUMeHUB QPOPMYJTy PA3HOCTU CUHYCOB, IIOJYUUM

sin ~ — sin3—7c = Zsin(—l)cosE = —2sinlcosz—n
10 10 10 10 10 10°

YMHOXUM U pa3gejanmM IIOJYyUYEeHHOe IIpOomM3BeJeHNe Ha
i .
ZCOSE U TIpUMEHUM [ABa pasda (opMyJay CUHyca IBOWHOIO
yraa:
2(2sin£cosl)cosz—7c
27 10

2sin -=cos & = 10 10 _
10 10 2cos =
10
T 2n 47
2sin —cos — sin —
_ 0 10 _ 10
2cos— cos -~
10
3aMeTuB, 4TO
sin4—7c = sin(E - L] = cos =
10 2 10 10’
nMmeem
cosZt —gin 3t = -1
5 10 2
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qaTo

682. a) IIpeo6pasyiiTe B CyMMy WJXA Pa3HOCTh:
cos 3o cosa.

Peurenne. cos 3acoso = %(cos (Ba + a) + cos (Ba — a)) =

= %(cos 40 + cos 2a) = %cos 40, + %cos 20.

683. a) [loxaxkure, 4UTO

sm—cos5—7c - sin@cos— = - — =gsin—
28 28 35 35 2 2 5
JlokazaTebCTBO.
sing—ncosﬂ — si 6—ncosl =
28 28 35 35
_1,. . 9¢n 51 o9 5w
= 5 (sin(5g + 5g) +sin(Gg = 55))
1,. ,6n i . 6% b -
E(Sm(ﬁ +£)+s1n(£ g))—
1, . = . T 1, . = . T 1 1 . =n
= =(sin- +sin—-)— =(sin—- +sin—- )= - — =sln—,
2 ( 2 7 ) 2 ( 5 7 ) 2 2 5

n TpeﬁOBaJIOCB AOKa3aThb.

IIpome:xkyTounblii KOHTpOab. C—28%, C-29%*, C-30%, K-7.

7. UcTopuueckue cBedeHHUA

B mamHOM IyHKTE paccKasbIiBaeTcsa 00 MCTOPUM BO3SHUKHO-
BeHus tpuroHomerpuu — ot Kiaasaus Iltonemes mo JleoHapma
ditnepa. ITOT MaTepuaJs CIOCOOCTBYeT (GPOPMUPOBAHUIO IIPEH-
cTaBJIEHHS O MaTeMaTHUYEeCKOIl HayKe KaK cdepe ueioBeUuecKOil
IeATeIbHOCTH, 00 sTamax e€ PasBUTUSA, O €€ 3HAUMMOCTHU IJIA
PasBUTHUA IIUBUIN3AINN, O BKJIAZe PasHbBIX HAPOLOB B €€ pas-
BUTHE.
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rnAen 5

SNEMEHT B NMPHBENMXKEHHDBIX
SLIMNCAEHNA, CTATHCTHKNA,
KOMBENMHATOPNKN N TEOPHN
SBEPORTHOCTENA

Ilaras raaBa TOCBAINEeHA M3YyYEHUIO MPUOTMIKEHHBIX BbBI-
YHCJEHUN, CTATUCTUKN, KOMOMHATOPUKN W TEOPUU BEPOATHO-
cTeli. 3Mech pacCMaTPUBAIOTCS Pa3JIMUYHBIE CIIOCOOBLI ITPEJICTaB-
JIEHUS YMNCJIOBBIX MAaHHBIX C IOMONIBIO TaOJUIIBI, KPYrOBOU U
cTos0uaToil AuarpaMM, BBOASATCSA HOBBLIE HOHATHUA W CIIOCOOBI
pellleHUsI 3ajlad B TEOPUU BEPOATHOCTEMH.

Brimonnenue samanuii, TPUBENEHHBIX B MaHHOU TJaBe,
IOMOKEeT YYaIlMMCA B PasBUTHM TaKUX MeTallpeIMeTHBIX
YMEHUM, KaK yMeHNe CaMOCTOATeJbHO IJIAHWPOBATh IIYTHU IO-
CTUIKEHUS Ilejiell, OCO3HAHHO BbIOMpaTh Hambojsiee s3hPeKTUB-
HbIe CIOCOOBI pellleHusa yUYeOHBIX 3aJau; yMeHMe OCYIIeCTB-
JATH KOHTPOJIb CBOEH [OeATeJIbHOCTH, OIIPeeJIsTh CIIO0COObLI
geficTBUII B paMKaxX MOPeAJIOKEeHHBIX YCJIOBUII M TPeOOBaHUIA,
KOPPEKTUPOBATL CBOM OEMCTBUS B COOTBETCTBUM C H3MEHSIO-
mieica cuTyalmei; yMeHNe OIleHWBaTh NPABUJIBHOCTH BBIIIOJI-
HeHUA yueOHOII 3aJauu, cOOCTBEHHBIE BO3MOYKHOCTHU €€ pellie-
HHUs; YMEHHE CO3JaBaTh, IPUMEHATh U HPeoOpa3oBbIBAThH 3HA-
K ¥ CHUMBOJIbI, MOJEJU 1 CXEMbl IJA PeIleHUsA yIeOHBbIX U
IO3HABATEJbHLIX 3a1ad.

Ilens m3ydeHUs raaBbl 5 — OCBOUTH METOIBI ITPUOJIMIKEH-
HBIX BBIUYUCJEHUN U PeIleHus 3aJady KOMOUMHATOPUKU U Teo-
pUU BepPOATHOCTEM.

§ 11. NpubénuxxeHns uucen

OcHOBHaA IIeJIb U3YUYEHUsI JaHHOro maparpada — yCBOUTH
TOHATUA abCOJIIOTHON M OTHOCHUTEJNIbHOM HOT'PENTHOCTel, OIeH-
KU IIOTPEIIHOCTH.

11.1. AGcoaroTHAA MOTPEITHOCTHh NMPHOJINMKEeHUS

B mamHOM IyHKTE BBOAATCA IMOHATHUA MIPUOIUIKEHUS UUC-
Ja, abOCOJIIOTHOW IIOTPEIHOCTHU NPUOJUIKEHHOTO pPaBeHCTBA

a = a (3To 4mcJIo |a - C_l| ), OIEHKHU IIOTI'PEIHOCTY HPUOJIMIKE-

HUA (BCsAKOe Takoe uucjao h, uto h > |a — &| ). Ilamee mpuBo-
OATCSA TPUMePhl IPUMEHEHUSA dTUX IMOHATUH.

3apaHua ana NoBTopeHus. Ilpu usyuyeHUM TaHHOTO IIYH-
KTa MOJKHO MCIIOJIL30BaTh 3aJaHue 7 u3 pPyopuru «3agaHus
IS CAMOKOHTPOJIS» .
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PeweHns n kommeHTapum

690. VYraxuTe aOCOJIOTHYIO IIOTPEIIHOCTh IIPUOJIIMIKe-
HUA OJIS CJeAyIoIIero npuoOJM:KEHHOrO paBeHcTBa: a) 2,7 = 3;
6) 5,789 = 5,79.

Pemenue. a) AOCoIIOTHAS HOTPENHIHOCTh HPUOJIMKEHHOTO
paseHncrBa 2,7 =~ 3 pasna [2,7 — 3| = 0,3.

0) A600JIIOTHa51 MOTPENTHOCTh ITPUOJMIKEHHOTO DPaBEHCTBA
5,789 = 5,79 pasna |5,789 — 5,79 = 0,001.

694. anmn're Ha KOOpAWHAT-

HOH ocu Bce NPUOIMKEHUSA UHC- a) y / y

a 2,185 ¢ TouHocThIO mO: a) 1; i >

g) 0,1. TOTHOCTRIO A ) 1,185 2,185 3,185 x
Pemenue. a) Vckowmble mpu-

OIMKeHNn A aTo Bce umcaa x, O) y / y

IS KOTOPBIX BEPHO HEPaBEHCTBO
|x — 2,185/ < 1. Pemms 310 He-
PABEHCTBO, MOJYYHUM MHOXKECT-
Bo ero pemremmii: [1,185; 3,185] © Pve. 48

(puc. 48, a).

0) I/ICKOMbIe npubInKeHnus — 9TO BCe UMcJa X, OJA KO-
TOPLIX BEpHO HepaBeHCTBO |x — 2,185/ < 0,1. PemuB »sTo He-
PaBeHCTBO, IIOJYYMM MHOKECTBO ero perreHuii: [2,085; 2,285]
(puc. 48, 0).

3ameuaHue. Broimosnsas samanuve 694, yuaiumeca MOTYT
He pelraTh HEPABEHCTBO, a OTCTYINTL HA KOOPAMHATHOM OCU
BIIPaBo u BJeBO OoT umcJjga 2,185 ma 1 mau 0,1 cooTBeTCTBEHHO.
Torga a0060€ YMCI0 X M3 00PaA30BABIIIErOCs YMCJIOBOTO OTPE3Ka
oraudaercsa or uwmciaa 2,185 He OGosee wem Ha 1 um 0,1 coor-
BETCTBEHHO.

2085 2,185 2.985%

11.2. OTHOCHTEBbHAS TOTPENIHOCTh NMPHUOJIUKEHUS

B JAHHOM IIYHKTE BBOJMNTCSA IIOHATHE OTHOCUTEJIbHOM! IIO-

TPEIIHOCTY MIPUOIMKEHHOI0 pPaBeHCTBA 4 = 4 (9TO UMCJIO
@ 4

o
HOTPENIHOCTH, (POPMYJIUPYIOTCA IPABUJA OIMEHKN OTHOCHUTEJIb-
HOM TIOTPEITHOCTU TPUOIUIKEHUA:

1. Ecau 3aMeHUTh MOJIOMKUTEIbHOE YMCJIO eT0 IIPUOJIUKe-
HIEeM C TOYHOCTBIO OO k-1 3HauaImeid Hu@pbl ¢ HEeZOCTATKOM,
TO OTHOCI/I’I‘e.HBHaH MOTPENIHOCTh 9TOTO MPUOJIMIKEHUA He IIpe-
Beimaer 107¢ ~ D,

2. Eciiu 3aMeHHUTDH IIOJIOMKUTEJIbHOE UKCJIO ero Ipubamixe-
HIEeM C TOYHOCTBIO OO k-U 3Haualneil MuU@pPhl ¢ OKPYyIrJIeHUEM,
TO OTHOCUTEJbHAS IOTPEITHOCTh 9TOTO MPUOJIMIKEHUS He Ipe-

), IIPUBOAATCA IIPMMEPHhI BBIUYMCJIEHMNA OTHOCUTEJILHOM

BBIIIIAET % -107°* - D,
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Ianee pasdoupaioTcsa IPUMEPHI OIEHKN OTHOCUTEJIBHOI II0-
TPEITHOCTU OKPYTIJIEHUs, MOATBEPIKAAOIINE STH IIPaBUJIA.

3apaHua pna noBtopeHus. Ilpu wusyuyeHmm TaHHOTO
OYyHKTa MOYKHO ICIIOJL30BaTh 3amaHue 8 m3 pyOpuru «3ama-
HUS OJS CAMOKOHTPOJIS».

PeweHus v KommeHTapum

698. Ompenenute abCOMIOTHYIO U OTHOCUTEIHHYIO IIOTPEII-
HOCcTU mpubam:keHusa: a) 127 = 130; 6) 17 = 20.
Pemenue. a) AOcojioTHas HTOTPEITHOCTh ITPUOIUIKEHUS
paBHa |127 — 130| = 3, oTHOCUTeNbHAA MOTPEITHOCTb IPUOIM-
3
JKeHUs paBHA ——.
P 127
06) AOcosoTHass IIOTPEINHOCTL IIPUOJMIKEeHUs paBHA
[17 — 20| = 8, oTHOcuUTenbHAA IOTPENIHOCTh NPUGIMIKEHUS
3
aBHA — .
b 17
699. Oxpyriure 4mcao OO0 OXHOIM IM(PhI IOCJE 3aIlsaTOI
U ompenesnuTe abCOJIOTHYI0O WM OTHOCUTEJIbHYIO IIOTPEITHOCTU
npuban:xkenus: a) 0,48; 6) 1,324.
Pemrenne. a) 0,48 = 0,5, abcosroTHasA W OTHOCUTEJIbHAA
TOTPEITHOCTH OpUOIMIKEHU T paBHBI COOTBETCTBEHHO

002 _ 1
0,48 24 °
6) 1,324 = 1,3, abcosoTHAsI U OTHOCHUTEJbHAaS HOTPEIIHO-
cTu MpubIMKeHns PaBHBI cOOTBeTcTBeHHO (1,324 — 1,3| = 0,024
0,024 _ 6
1,324 331°
700. OmeHuTEe OTHOCUTEJIHHYIO ITIOTPEITHOCTL ITPUOJIUKEH-
HOI'0O paBeHCTBa:
a) 23 392 = 23 000; 1) 0,000578 = 0,0006.
Pemtenne. a) Yucao 23 392 zameHeHO TPUOIMIKEHUEM

23 000 = 2,3 - 10* ¢ TouHOCTBIO 4O 2-# BHauameil MUPPHL C
OKpPYIJIEHHEM, II09TOMY IO IIPABUJIYy 2 OTHOCUTEJNbHAS II0-

|0,48 — 0,5/ = 0,02 u

1 . q02-D_

T'PEITHOCTD STOTO MPUOJIMIKEHUS He IIPeBBIIaeT 5 10 =
1
20°

r) Yucao 0,000578 zameneno npubaum:xkenumem 00,0006 =

=6-10"* ¢ TounocTsio m0 1-ii BHauarmeil IU@PLI C OKPYIie-

HHEM, II09TOMY [0 IIPAaBUJY 2 OTHOCUTEJbHAS IIOTPEIIHOCTh

1 . jp@-v_1

9TOT0 MPUOJUIKEHUS He TIPEeBHIIIaeT 5 10 =5

IIpome:xkyTOouHBIiT KOHTPOJab. C—31%.
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11.3. IIpubauskeHne cymMMbl M1 Pa3HOCTH

B manHOM TYHKTE MOKAa3bIBAIOTCA TEOPEMBI O HPUOJIMIKe-
HUU CYMMBbBI U PA3HOCTHU ABYX YKCEJI U O MPUOIUIKEHUU CYMMBI
KOHEUYHOTO YMCJa cjaraeMbIX, pasouparTcAd TPUMEPHI IIpUMe-
HEeHUSA BTUX TEOPEeM.

3apaHua ana noBTopeHus. Ilpu usyueHuu JaHHOTO ITYH-
KTa MOJYKHO MCIIOJIb30BaTh 3amaHua 9, 10 usz pyopuxu «3aza-
HUS IJI CAMOKOHTPOJIS».

PeweHus n koMmmeHTapum

705. a) Omenure abCONIIOTHYIO HMOTPEMHIHOCTh IIPUOIMIKEH-
HOT'O PaBEHCTBA
123 784,5 — 3897 =~ 124 000 — 4000 = 120 000.

Pemenune. Tax Kax aOCOJIOTHAsS IIOTPEIIHOCTH TAHHOTO
OpuOIMKEHHOTO PaBEHCTBA He IIPEBBIINNIAET CYMMBI a0GCOJIOT-
HBIX IIOTPENIHOCTel NMPUOJMKEHHBIX PABEHCTB:

123 784,5 = 124 000 u 3897 = 4000,
TO MCKOMAasi a0COJIOTHAS IIOTPEIIHOCTL He IIPEBBINIAeT CYMMbI
|128 784,5 — 124 000| + |[3897 — 4000| =
= 215,5 + 103 = 318,5.

710. Kaxoe oxpyraenume uwmcea 0,378561; 2,235622;
3,789012; 4,251617 HeoOXOAMMO IPOBECTHU, UTOOBI MX CyMMa
Oblia moJydyeHa ¢ TouHocThbio mo 0,1? BruImosiHUTEe cJ/ioKeHUe
IaHHBIX YMCeJ IIPUOJMIKEHHO ¢ TOUuHOCTBhIO 1m0 0,1.

Pemenue. OKpyriuM cJjaraemble OO IMePBOi Iu(pPhI IIOCTIe
3amATOM:

0,378561 = 0,4; 2,235622 = 2,2;
3,789012 = 3,8; 4,251617 = 4,3.

ITo TeopeMe O TOTPEITHOCTU NPUOIMIKEHUS CYMMBI KO-
HEUHOTO UMCJIa CJaraeMbIX, IIOTPEITHOCTh HPUOJMIKEHHOTO pa-
BEHCTBA

0,378561 + 2,235622 + 3,789012 + 4,251617 =
~0,4+2,2+3,8+4,3=10,7

He IIPEBBIIIAeT CYMMbLI IIOTPEIHOCTel cjaaraeMbIX:
|0,878561 — 0,4| + [2,235622 — 2,2| +
+ 13,789012 — 3,8| + |4,251617 — 4,3| =
= 0,021439 + 0,035622 + 0,010988 + 0,048383 =
=0,116432 > 0,1.

OKpyramm cJjiaraeMble [0 BTOPOU ITU(MPBI IIOCJIE 3aIlsTOMN:
0,378561 =~ 0,38; 2,235622 = 2,24;
3,789012 = 3,79; 4,251617 = 4,25.
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ITo TeopeMe O MOTPEITHOCTU HPUOJIMIKEHUA CyMMBbI KOHEU-
HOTO YKCJIa CJaraeMbIX, MOTPEITHOCTh HPUOIUIKEHHOTO PaBeH-
cTBa

0,378561 + 2,235622 + 3,789012 + 4,251617 =
~ 0,38 + 2,24 + 3,79 + 4,25 = 10,66
He IIPEeBBIIIIAaeT CYMMBbI IIOTPEIHOCTell cilaraeMbIX:
|0,878561 — 0,38| + |2,235622 — 2,24| +
+13,789012 — 3,79| + |4,251617 — 4,25 =
= 0,001439 + 0,004378 + 0,000988 + 0,001617 =
= 0,008422 < 0,1.

Wrax, maHnHble cilaraeMble HAZO OKPYIJIUTHL OO0 ABYX 3HAa-
gamux nu@p. Cymma stux nudp mTpubIUKEHHO C TOYHOCTHIO
mno 0,1 pasma 10,66.

711. Ilon KomHATBI cocTrouT u3 17 MOCOK, INUpHHA Ka-
JKIOM M3 KOTOPBIX 35 cMm ¢ TouHocThio nmo 0,5 cm. Kakyio
BO3MOKHYIO OIIIMOKY MBI cHejlaeM, ecJid OymeM CUUTaATh, UTO
MIMpUHA KOMHATHI (B HAMpaBJI€HWU IIMUPUHBI JOCOK) pPaBHA
npubamxénuo 35 - 17 cm?

Pemenne. Ilo TeopeMe O MOTPEHIHOCTH IIPUOIMIKEHIA
CYMMBbI KOHEUHOI'O UMCJIA CJaraeMbIX HOTI'PEIIHOCTh IPUOJIMIKE-
HuA 35+ 17 K ucruHHOU mupuHe pasua 0,5 - 17 = 8,5. Omrub-
Ka MOJKEeT COCTaBUTL 8,5 CM.

11.4. IIpubGauskeHne NMpPou3BeAeHUSI M YACTHOTO
11.5. Ilpub6aun:kéHHbIe BBIYUCICHUSI U KAJBKYJIATOP

B nmyukTe 11.4 moKasbIBalOTCA TeopeMbl O MPUOIMIKEHUUN
OpOW3BEeIEeHUSA M YaCTHOTO [ABYX YHCEJ, Pa3duparTcs IIpu-
Mepbl IpPUMeHeHUus dTux TeopeM. OkasbIBaeTcd, 4TO OTHOCHU-
TeJbHAsA IMOTPENIHOCTh IIPOM3BeJeHUs (YacTHOTO) ABYX UYMCEJT
He TPEBBINIAeT CYMMBI OTHOCHUTEJIBHBIX MOTPEITHOCTEN BTUX
ynces. IIpm 3TOM OTHOCUTEJIBHBIE IIOTPEITHOCTU YHCEJ Hamo0
cTapaThbCs clesiaTh PAaBHBIMMU.

B nyukre 11.5 Ha npumepe KaJabKyJsSTOpa ¢ BOCBMHUPAas-
PAHBIM [OUCILJIEEM pacCKasbIBaeTcs O TOM, KaK HAaJ0 IMOJIb-
30BaThCA KaJBbKYJIATOPOM NPU BBIIOJHEHUU IIPUOIUIKEHHBIX
BbIuucyaeHuii. Ha mayueHme 3TOro IyHKTa CcJeAyeT OOpPaTUTh
ocofoe BHUMAaHWE, TaK KaK ydyaIllmecs, IOJb3YACh KaJbKYJIA-
TOPOM, OOBIYHO IIOJAraioT, UTO BCce IU(PHI HTOJIYUAEMBIX WMU
pesyJIbTaTOB BepHBIE, a 9TO He Bcerjga Tak.

3apaHua ang NoBTopeHus. Ilpy usyuyeHUW TaHHOTO IIYH-
KTa MOKHO MCHOJIb30BaTh 3amaHme 11 u3 pyOpuru «3amaHusa
IS CAMOKOHTPOJIA» .

PeweHns n kommeHTapum

713. a) Borumcanre OPUOJIMIKEHHO C OTHOCHUTEJILHOM IIO-
rpelrHocTbio, MeHbIrein 0,001, npomsBemeHiie IBYX UHCEJI
0,12345678... u 2,(7).

142



Pemenue. OKpyriamM KasKIOe€ UYMCJIO OO YeTHIPEX 3HaUa-
mux nudp:
a =0,12345678... = 0,1235, b = 2,(7) = 2,778.
Torma a - b = 0,1235 - 2,778 = 0,343083 = 0,3431.
OTHOCHUTEIbHAS IIOIPEIHOCTh HANAEeHHOI'0 IIPOU3BeNeHUd

HE IPEeBOCXOLUT % -10¢%-D 4 % -107°“ -V =0,001.

716. a) Beruucaure NOPUOIMKEHHO C OTHOCUTEb-
HOIl IIOrpelnHoCTbI0, MeHbIneilr 0,01, yacTHOoe IBYyX 4YMCEJ

0,12345678... u 2,(17).
Pemenue. OKpPyriuM KajKaoe YIHCIO OO0 TPEX 3HAUAIIUX

nudp:
a=0,12345678... = 0,123, b = 2,(17) = 2,17.
Torma a : b = 0,123 : 2,17 = 0,05668... = 0,0567.

OTHOCI/ITeJIbHaH HOI‘pemHOCTB HaﬁﬂeHHOI‘O YJacTHOI'O He
IPEBOCXOTUT % £10°G-D +% £107¢-D = 0,01.

IIpome:xyTOuHBIiT KOHTPOJIb. C—32%.

§ 12. OnucarenbHas cTaTMcTUKaA

OcHoOBHaAA IIeJIb WM3y4YeHHsA AaHHOro maparpadga — ycBo-
UTh CIIOCOOBI NPENCTAaBJIEHUSA PABIUYHBIX YMCJIOBBIX XapaKTe-
PHUCTUK.

12.1. Crioco6bI mMpeacTaBIeHUS YHCJIOBBIX JAHHBIX

B mamHOM TYHKTE paccMaTPUBAIOTCA CIIOCOOBI IIPEACTaB-
JeHUs YHCJIOBBIX NaHHBIX C MOMOIIBIO TAOJIWIILI, KPYTOBOW U
cToJIOUaTOl JuarpaMM. OTOT MaTepPHaJ OOJIKEeH OBITH XOPOIIIO
3HAKOM y4YalllIMCS M3 NPEILIAYINX KJIACCOB U JUYHOI'O OIbI-
Ta (yuebHasa Jsutepatrypa, CMUN).

3apaHua ansa noBTopeHus. Ilpu usydyeHUu JaHHOTO IIYH-
KTa MOYKHO WHCIIOJIb30BaTh 3ajaHme 12 m3 pyOpuKu «3amaHud
JJIsT CAMOKOHTPOJIA» .

PeweHus n KkoMmmeHTapum

720. Ha pucyuke 49 XUPHBIMH TOUKAMU IOKasaHa IleHa
0JIOBa HA MOMEHT 3aKPBITUA OUPIKEBBIX TOPTOB BO Bce paboume
g ¢ 12 mo 28 mosabpa 2007 r. Ilo ropusoHTa M yKasbIBa-
IOTCA YHCJIa MecAlla, M0 BEePTUKAJNM — IleHa TOHHBI 0JIOBA B
moanapax CIIA. Jlyis HATAATHOCTH KUPHBIE TOYKU HA PUCYH-
Ke coemgmHeHbl JuHHei. OmpemennTe II0 PUCYHKY:

a) HAMMEHBIIIYIO IIeHY 0J0Ba Ha MOMEHT 3aKPBITHS TOPTOB
B YKa3aHHBIN IIepUO;

0) IeHb, B KOTOPBLIA IIeHA 0JI0BAa HA MOMEHT 3aKpPBbITUS
TOPrOB B YKa3aHHBIN Ilepuok Obljaa HaMOOJbIIIel;
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B) JIeHb, B KOTOPBIH IleHa OJIOBA HAa MOMEHT 3aKPBITUA
TOPTOB CHUBWJIACH II0 CPABHEHUWIO C MPEeNbIAYINUM THEM Ha
HanOOJIBITYI0O BEJIUUYUHY.

Pemenne. a) HauMeHbIIaa 1meHa oJioBa Ha MOMEHT 3aKDPbI-
THS TOPTOB B YKasaHHBIN mepuon coctaBuya 16 000 mosiapos
3a TOHHY.

6) 13 moabpa 2007 r. meHa 0J0BAa HA MOMEHT 3aKPBITHS
TOPTOB B YKAa3aHHBIM mepuon Oblia HaMOOJBIITEH.

B) 19 mosa6pa 2007 r. meHa oJioBa Ha MOMEHT B3aKDPBITHUA
TOPrOB CHU3UJIACH II0 CPABHEHUIO C IPEIBIAYIIIMM JHEM Ha
HAMUOOJIBIIIYIO BEJIUYUHY.

724. B HeKOTOpOM IIapCTBeE,
B HEKOTOPOM TOCyJapCcTBe B XOJe
BBIOOPOB B HapJjaMeHT II0 TeJeBU-
JIeHUWI0 TOoKas3ajJu HTOTU T'0JIOCOBAa-
HUS B OZHOM U3 uU3OUPaATEJTbHBIX
okpyroB (puc. 50). O6GBsacHure,
ITapTus cBo6oOAHI... 26,3% moueMy IIpeAcTaBiieHHas UHQPOP-
Haprus cuactba.... 59,7%| Mausa O 4YHCJe T0oJIOCOB usbupa-
HapTI/Iﬂ Hapoza..... Teﬂeﬁ, IIOJAHHBIX Sau IIaprTumu, He
SABJISIETCS JOCTOBEPHOIA.

Pemienne. CyMmMa TIPOIEHTOB
Puc. 50 roJIOCOB, OTHAHHBIX 3a BCe MapTUH,

moskHa ObITH paBHa 100, a 3mech

17,4 + 26,3 + 59,7 + 21,8 = 125,2 > 100.

IloaTomy mpencraBiaeHHas mHQGOPMAIIUA O UYUCJIE TOJIOCOB
usbupareseli He ABIAETCA AOCTOBEPHOI.

ITapTun IIporenT
TOJIOCOB
uszbupareaein

ITapTus pagoctu... 17,4%

12.2., XapaKTepHMCTHKU YHCJIOBBIX TAHHBIX

B mamHOM myHKTe HA KOHKPETHBIX I[IPHMepax paccMa-
TPUBAIOTCSA CJEAYIONINE YMCJIOBBbIE XapaKTEPUCTUKHU: CpeIaHee
apudmMeTUecKOoe TaHHBIX YHCEJ, MOJA, pasMax, MequaHa U
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nucrepcus. IlpuBoaATcsa NpUMepPhl IIPUMEHEHUSA STUX ITOHA-
THUHA.

3apaHua ana noBTopeHusa. Ilpu usyuyeHUU MJaHHOTO IIYH-
KTa MOKHO HCIIOJIb30BaTh 3ajaHme 13 m3 pyOpuku «3amgaHusd
UL CAaMOKOHTPOJIS» .

PewleHns n KkommeHTapum

725. 3a mepBuIii yac ObBLIN IPOAAHBI MY:KCKIUE PyOaIlIKu
HOBOM KOJLJIEKIIMHU CJEeNYIOIIUX IIBETOB: PO30BLIil, OeibIii, 3e-
JIEHBIN, 3€JIEHBIN, OeJIbIil, ToJy00li, roay0oii, O6eyblii, ToJay0oI,
6enbrii. OmpeneauTe MOAY STOU COBOKYIIHOCTH.

Pemenue. Tark xak OeJbIii IIBET BCTpeUaeTCs dUalle IPY-
TUX IBETOB, TO O€JIBIH IIBET — MOJa AAHHON COBOKYIIHOCTIH.

Orser. Beubrii.

726. OmpenesinTe cpejHee YMCJIO OYKOB, BbINAMAIONINX Ha
uUrpaJbHOM KyOMKe, Ha KOTOPOM TOUYKAMM OTMeUYeHbI uucja 1,
2, 3, 4, 5, 6. Kakaa u3 xapaxkTepucTuk (cpemmHee apud)MeTH-
yecKoe, MOJa, MeIuaHa, pa3Max) yKasblBaeT Ha 9TO UMCTI0?

Pemenue. MHTYUTUBHO SCHO, UTO IPHU JOCTATOUYHO O0OJIb-
IIIOM YMCJIe UCHBITAHWN KaKIoe YMNCJI0 OUKOB, M300pasKEHHOe
Ha I'paHSaX <«IIPaABUJIBHOTO» KyOWKa, BbhIIagaeT OJUHAKOBO dYa-
cro. Ob6ozHauum 5TO0 uymcyio n. Torma cpegHee YHMCIIO OUKOB,
BBIITAJAIONINX B OJHOM HCHBITAHHUN, PAaBHO

1‘n+2-n+3-n+4:-n+5-n+6-n - 35
6-n >
Tor Ke pe3yabTaT maéT cpemHee apudMeTUUecKOe IIEeCTH
1+2+3+4+5+6 _ o .
quceJ: 5 = 3,5. MeguaHO# JaHHOI COBOKYII-

HOCTH ABJsAETCA cpenHee apudme-

3+4
THYEeCKOe ABYX umcesnr: —— = 3,9, Jmeo . 207
6 IIpecTyILJIeHNA
Pasamax 6 — 1 =15 He ykasbIBaer B OKpyTe
Ha cpefHee UMCJIO OYKOB B OZHOM 198

WCIILITAHUMN.

730. Illepud moOIUINU, TOJb-
KO BCTYIUBIIUN B [OOJYKHOCTD,
YIOMAHYJ O PEe3KOM pOCTe IIpe-
CTYIIHOCTHA B OKpyre TpPU CTapoM

miepude u OaA yOeaUTEeSTbHOCTH |
moKasaJ guarpaMmy d4Yucja Ipe- - =
CTYILJIEHUH 3a [ABa Tofa, IIpen- ]
IIECTBYIOIE €ero Ha3HAYEHMIO

uc. 51). JIleficTBUTEJIILHO JIU IIpe-
(® )- 1 b 20... 20... T'oxwr

CTYIHOCTL PEe3KO Boadpocia?
Pemenue. Illepud mnoaunun ToA rox
SABHO CIyCTHJ KpAacKM, TaK Kak
Y PacKH, Puc. 51
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poCT IIPEeCTyHmHOCTH Ha W'IOO% ~ 4,5% Bpag au

MOJKHO Has3BaTh PEe3KMM. A pasHHUIIa B BBICOTE CTOJIOIIOB ObLIa
ObI COBCeM MAaJIeHbKOIi, ecJu Obl OHU ObLIM M300pakeHbl 0e3
paspbiBa.

732%. JloKasKuUTe CBOMCTBA MUCIEPCUMU:

a) ecaW BCe YHCJIOBBIE 3HAYEHUA COBOKYIHOCTU YMEHb-
mIuTh (YBeJIWYUTH) HA OAHY U TY K€ IOCTOSTHHYIO BEJIUYNHY,
TO AUCIEPCUs OT ITOTO HEe U3MEHUTCH;

06) ecau Bce UYHCJIOBBIEe 3HAUEHUS COBOKYIHOCTU YMEHb-
miuTh (YyBeJIUYUTH) B kB pas3, TO AUCHepCcUud yMeHbIIUTcA (yBe-
auuuTcsa) B k° pas.

JlokazarenbcTBOo. a) Ecam Kakayio BeJWUYUHY YBEJIUUYUTH
Ha b, TO cpenHee apudMeTHUECKOE TaKyKe yBEJIWUYUTCS Ha b:

(a1+b)+...+(an+b)=a1+...+an+n-b=a1+...
n n n

HOBTOMy OTKJIOHEHMNSA BEJNYMH OT CpegHero 3HadYeHud He
N3MEHATCA:

(a +b)—(—"’-l+'r'l'+"" +b)

CiemoBaTesibHO, He M3MEHUTCS U TUCIEPCUSI.
0) Eciu KasKOayio BeJUUYNHY YBEJIUYUTh B k pas, TO cpem-
Hee apu(pMeTUUECKOe TaKiKe yBeJIUUYuTcA B k pas:

+an+b.

g t..ta,

i

n

kay + ...+ ka, _ k(o + ..+ a,) _ p.ateta
n n n
TlosTOMy OTKJIOHEHWE KAaKAON W3 BEJUUYUH OT CPEIHEero
3HAYEHUS TaK/Ke YBEJUUUTCS B k pas, KBaapaT KayKIoro OT-
KJOHEHHUA yBeJIuuuTca B k° pas, mMosToMy U Aucmepcus (Cpez-
Hee apudMeTHUYECKOe KBaJpPaTOB BCeX OTKJIOHEHUN) YBEJIUUUT-
ca B k2 pas.

§ 13. Komb6buHaropuka

OcHOBHasA IeJb U3yYeHUA JaHHOTO maparpada — YCBOUTH
HOHATUA U CIOCOOBI peIllleHus 3aJady B KOMOMHATOPHUKE.

13.1. Sagauu Ha mepedOpP BCEX BO3MOSKHBIX
BapUAHTOB

B mammHoM TyHKTe paccMaTpWBAIOTCS IIPUMEpHI 3ajau, B
KOTOPBIX TpedyeTcsa OCYIIEeCTBUTL IIEPEOOP BCEX BO3MOYKHBIX
BapUAHTOB UJU IIOJCUUTATH MX uucjo. sKejaaTelbHO HAYUYUTh
BCeX IMMKOJbHUKOB PEIIeHNI0 TAaKUX 3a7ad.

3apaHua ana NoBTopeHus. Ilpu usyuyeHUU TaHHOTO IIyH-
KTa MOYKHO HCIIOJIb30BATh 3amaHue 15 m3 pyOpuku «3agaHusa
IS CAMOKOHTPOJIS» .
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PeweHns n kommeHTapum

737. Yernipe apyra Kynuiau 4 omiaera B KuuHO. CKOJIBKU-
MM Pas3JNYHBIMU CIIOCO0AMU OHHM MOTLYT 3aHSTHL CBOM MeECTa B
3puTEeJbHOM 3aJje?

Pemenue. NMmeerca 4 cmocoba 3aHATL IIepBoe MecTo (ero
MOJKET 3aHATh JI000M M3 UYeTBIPEX IIPUATeJell) U B KayKIOM
u3 HUX — 3 cmocoba 3aHATHL BTOPOe MecTO (ero MOKeT 3aHATH
JI000¥ M3 OCTaBIIMUXCS TPEX HpPUATesei), Bcero — 4 * 3 cIo-
coba. B KakgoM M3 HUX TPEThe MECTO MOXKHO 3aHATHL IBYMS
criocobaMu (ero MOJKeT BaHATH JIIOOOW M3 OCTaBIIUXCS NOBYX
npusTeieii), Bcero — 4 +3 -2 cmocoba. Hakomer, mocien-
Hee MeCTO MOKeT 3aHATH OAWH OCTAaBIIUICA MPUATEIb OTHUM
crmoco6oM. IlosTomMy uYmMCIO CIIOCOOOB 3aHATH 4 MecTa PaBHO
4-3-2-1=24.

OtBer. 24.

739. Bpocunu nBa urpajdbHbIX KyOumka. CKOJIBKUMU pas-
JUYHBIMU CIIOCO0AMU MOTYT BBITIACTH OUYKM HA 9TUX KyOMKax?

Pemrenne. Ha mepBoM KyOMKe OUKM MOTYT BBIIACTHL IITe-
CTBhIO Pa3JUYHBIMU CIIOCO0AMU, B KasKIOM M3 HUX HA BTOPOM
KyOMKe OYKM MOTYT BBIIIACTH TAKJKe IIeCThI0 cImocobaMu, BCexX
crocob6oB 6 - 6 = 36.

OtBer. 36 cmocobamm.

740. a) Ha oxpy:xkHOCcTH oTMeTuau 7 ToueK. CKOJIBKO TO-
JYYUTCS OTPE3KOB, €CJAU COEIUNHUTHh KAXKAYIO TOUKY C KarKIOH?

Pemenue. M3 Ka:xmoii u3 7 TOUEK MOKHO IpoBecTu 6 oT-
peskoB. Tak Kak KaKAbIli OTPE30K OTHOCUTCS K ABYM TOUKAM,

76
TO YHCJO OTPE3KOB PABHO —— = 21.

Pemum 3azauy BTOpBIM crocobom. V3 mepBoil TOUKM IIPO-
BeZleHO 6 OTPe3KOB, M3 BTOPOM TOUKU — H HOBBIX OTPE3KOB,
u3 Tperbeii — 4, u3 ueTBEPTON — 3, M3 MATOM — 2 OTpe3Ka,
u3 mectoii — 1, U3 cebMOl TOUKMU yiKe HeJb3A IIPOBECTU HU
OJHOTO HOBOTO OoTpes3ka. MrToro, mmeerca 6 + 5 +4 +3 + 2 +
+ 1 = 21 orpesoK.

OtBer. 21 oTpesoK.

742. a) BerpeTuinch HECKOJIBKO APYy3ei, KarKIbIN ITOMKAJI
PYRY Kakaomy. BoBa BecesoB ObLI TakK paj BcTpede, UTO IIO-
JKaJI PYKY OBaYKIbl HEKOTOPBIM M3 CBOUX APYy3eil, HO He BCeM.
Bcero 6bn10 30 pykomoskatuii. CKOJIBKO APYy3€il BCTPETUJIOCH?

0) Berperuinchk HECKOJABKO APyseil, KaKIBIA HOXKaJI Py-
Ky raxxgomy. Ilocmemuaum mpuinéin Ilera YrpiomoB, OH IIOMKaJ
PYKY He BceM cBoMM ApPy3bsaM. Bcero 6b110 30 pyKomosKaTHii.
CKOJIBKO Ipy3eii BCTPETUJIOCH?

Peurenne. a) Ecau Obl Apyseil ObLIO 7 U KaXKIBIN ITOKAJ
PYKY KaKkaoMy M3 Apy3ell IIo oAHOMY pasy, TO BCEro PyKOIo-

7-6

JKaTuii OBLIO ObI 5 = 21. Haxe ecaum BoBa moskan pyku
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BCeM IpPy3bAM IIO ABa pasa, TO 9TO A00ABUT 6 PYyKOHOKaTHI,
a ux obOiee uncgo Oymer meubine 30. CiemoBaTelbHO, YHCJIO
apyseil 6osabie 7.
Ecau On1 gpyseii 0b110 8 M KasKABIN IIOMKAJ PYKY KasKIo-
My U3 Apys3eii M0 OJHOMY pasy, TO BCEro PYKOIIOMKATUMN ObIIO
8-7

OBI 5 = 28. Tark kax o0Ijee YHCJIO PYKOIOMKATHUH Ha

30 — 28 = 2 GoJablile, TO MO ABa pasa BoBa moikaa PYKYy OBYM

apysbsaM. To ecTh UMCIIO APYy3eil MOTJIO OBITH PaBHBIM 8.
Ecam Ob1 gpyseit 061710 9 M KasKABIN ITOXKAJ PYKY KaKIo-

My H3 OPYy3eH II0 OJHOMY pasy, TO BCEero PYKOIIOMKATHUil ObLIO
9-8

OBI 5 = 36, uro Goabiie 30. CiemoBaTesIbHO, YHCJO APY3eil

MeHbIe 9.

6) Ecau 6bI apyseii ObLI0 8 M KaKIBINA IIOXKAJ PYKY KaikK-
IOMY 13 OPy3ei II0 OJHOMY pa3y, TO BCEero PYKOIIOMKATUM ObI-
JIO0 OBI 8—27 = 28. Tak kak Ilera moskays PyKy He BceM OpPY-

3bSM, TO YHCJIO PYKOHOKATUIl MOJIMKHO OBITh MeHbIle 28. Cie-
IOBaTeJbHO, UYMCJIO APy3eil O6ojabiile 8.

Ecau gpyseii 0bL10 9 M KaMOBIN IIOMKAJI PYKY KaKIOMY
U3 Opy3ed II0 OAHOMY Pasy, TO BCEro PYKOIOMKATUN ObLIO ObI
9-8

5 = 36, uto Ha 36 — 30 = 6 Goanie, uem 30, ciaemoBaTeab-

HO, IIIeCTU U3 CBOUX BocbMUu Apy3ei Ilera He mokanm pyry. To
€CTh UMCJIO APY3€eil MOIJIO OBITh paBHBIM 9.

Eciu 6w1 gpyseii 6bp110 10, To maske 6e3 IleTumHBIX PYKO-
mosKaTuii  o0Iee YMWCIO0 PYKOHOoMKaTuili ObLI0 OBl pPaBHO
9-8

5 = 36, uro Ooasbime 30. CiemoBaTesIbHO, YHNCJIO IPy3eil

menbIne 10.
Oteer. a) 8 nmpyseit; 6) 9 npyseii.

13.2. KomOuHaTOpPHBIE NMpaBUJIA

B pamHomM myHKTe BBOOUTCS IIOHATHE KOMOMHATOPHON
3aJjaud ¥ pacCcMaTPUBAIOTCA KOMOMHATOPHBIE IPaBUJIA CJIOMKEe-
HUA N YMHOMEHN. KemareanHo Hay4YuTh BCe€X IIMKOJIBHUKOB
pellleHn0 TaKuUX 3amad.

3apaHua ana NoBTopeHus. Ilpu usyyeHun TaHHOTO MIYH-
KTa MOXKHO HCIIOJIb30BATh 3amaHue 15 m3 pyOpuru «3agaHusa
IS CAMOKOHTPOJISI» .

PewweHna n kommeHTapum

743. Ha Tapeake JeXUT 5 MaHIapuHOB U 4 amejlbCcUHA.
CKOJIBKUMHU CIIOCO0AMM MOXKHO BBIOpPATH WM MAHAAPUH, WJINA
anebCcuH?
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Pemntenune. Ilo mpaBuay CJOOKeHUS OOUH (PPYKT MOKHO
BbIOPaTh 5 + 4 = 9 cmocobamu.

OtBer. 9 cmocobammu.

744. Ha rapeisike JIe)KUT 5 MaHAZApWHOB U 4 aleJbCUHA.
CKOJIBKEMHU cIIocO0aMM MOJKHO BbIOpPATh OAWH MaHZAPUH U
OJWH aleJbCHuH?

Pemnrenue. ITo mpaBuiay yMHOMKeHUSA BLIOpATh mapy «MaH-
JapuH W alejJbCuH» MOMKHO 5 4 = 20 cmocobamu.

OtBetr. 20 cmocobamm.

746. B ksnacce 12 manpuukoB u 15 meBouek. Hy'XKHO BBI-
OpaThb cTapocTy KJacca m ero samectureisi. CKOJIbKUMU CIIO-
cobaMy MOJKHO OCYIIECTBUTH BBIOOP, €CJAH 3TO MOJIMKHBI ObIThH:

a) IBa MaJIbUYMKa;

B) MaJbUMK-CTAPOCTA U JEBOUYKA-3aMECTUTEIb;

I) MaJIbYUK U AeBOUYKa (CTapocToil MOKeT OBITh U MAaJib-
YUK, W JeBOUYKa)?

Pemrenne. a) Crapocty u3 12 MaJsbuuKOB MOYKHO BBIOPATH
12 cmocobamm, B KasKIOM M3 HUX H3 ocTaBmimxcsa 11 maub-
YUKOB MOYKHO BBIOpaTh omHOTO 3amecTtureas 11 cmocobGamm.
IlosTomMy BBIOpATH CTapoCTy KJacca M ero 3aMecTuress mud 12
MaJbuYnKOB MOKHO 12 - 11 = 132 cmocobamu.

B) Crapocty u3 12 MaJIbuMKOB MOKHO BbIOpaTh 12 cioco-
6amMu, B Ka)KJAOM 13 HUX 13 15 meBoueK MOKHO BBIOPATH Of-
HOrOo 3amectutess 15 cmocobamu. ITosTomy BBIOpATH MaJbUU-
Ka — CTapoCTy M [AEeBOUKY — 3aMecTUuTelsd u3 12 MaJlbumKoB
u 15 geBouex mosxuo 12 - 15 = 180 cmocobamm.

n) Eciu crapocra MajibuuMK, a €ro 3aMEeCTUTEJb JeBOYKa,
TO umcyio cmocoboB paBuo 180 (cm. 3amanme B). Ecau crapocra
IIeBOYKa, a €€ 3aMecTHUTe]b MAaJbYUK, TO, PACCysKIas aHAJO-
ruyHo, moayuuMm 15 - 12 = 180 cmoco6oB. A Bcero cmoco0oB
180 + 180 = 360.

Oreer. a) 132 coocobamu; B) 180 cmocobamu; x) 360 cimo-
cobamm.

747. 6) CronpKuMU crocobaMu 3 YejloBEKa MOTYT pasMe-
CTUTHCA HA YeTHIPEXMECTHOM cKaMmelike?

Pemenune. Imeerca 4 cmocoba oCcTaBUTL OLHO MECTO CBO-
0OMHBIM, B KaKIOM M3 HUX 3 UeJOBeKa MOTYT 3aHATHL OCTAaB-
mecsa 3 mecra 321 =6 cmocobamu. A Bcero cmoco0OB
4-6=24.

OtBer. 24 cmocobamu.

748. CKOJIBbKO Pa3JIUUYHBIX aBTOMOOUJIBHBIX HOMEPOB MOMK-
HO IIOJIYUYUTb, WHCIOJb3yA TPu OyKBbI um3 30 OYKB PYyCCKOro
anpasura (6e3 b, B, bI) U UETHI-
pe u3 gecaru nudpp (or 0 mo 9),
ecau nU@PLI ¥ OYKBBHI IOBTOPSATH AAA OOOO
He paspelnaeTcsi W HOMED HOJ-
JKeH WMeTh BHUJ, KaK Ha PUCYH-

Ke 527 Puc. 52
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Pemenune. NMmeerca 30 - 29 - 28 = 24 360 cmoco00B BEHI-
opath 3 OYKBBI 0e3 IOBTOPEHMUA, B KaKIAOM M3 HUX KMMEeTCS
10-9:-8 -7 = 5040 cmoco6oB BBIOpaTh 4 1MUMPHLI 63 TOBTO-
peHUsi. A Bcero cmoco0OB IOJYYUTH ABTOMOOUJILHBIE HOMeEpa
24 360 - 5040 = 122 774 400.

Oter. 122 774 400 HOMEpPOB.

750. B rkade mpemsararmoT aBa mepBBIX OJroma: OOpII, pac-
COJbHUK, YeThIPe BTOPBIX OJIOAa: TYJIAII, KOTJIEThI, COCUCKH,
meJbMeHU W TPU TPeThbuxX Ojioma: uaii, kode, komMmoor. CKOJIb-
KO BapMaHTOB o0enxa IpeiyaraioT B xKade?

Pemrenue. Imeercsa 2 cmocoba BbIOpaTh IepBOe OJIIOOO, B
KaKJIOM u3 HuX mMeeTca 4 cmocoba BbIOpaTh BTOpoe O0JII0n0,
T. e. uMeetrca 2 -4 = 8 cmoco00B BLIOpATh IEepBOe U BTOPOE
oamoma. B Kaxkagom m3 HuUX mMeeTca 3 cIocoba BIOpaATh Tpe-
The O0JI040. A Bcero cmoco0OB BhIOpaTh 00en M3 TPEX OJIION
8-3=24.

OTtBet. 24 cmocoba.

751. a) CKOJIbKO pelleHu#l B HATYPaJbHBIX UNCJIAX UMEET
cucreMa ypaBHEHUI

a—+b=4,
c+d=05?

Pemenue. IlepBoe ypaBHeHHe CHUCTEeMbl MMEET 3 PEINeHUs
B HaATypaJbHBIX umuciaax: a=1, b=3; a=2, b=2; a =3,
b=1. na Kaxg0oro u3 HUX BTOPOE ypPaBHEHWE CUCTEMBI HMMe-
erT 4 pellleHUs B HATypaJbHBIX umciaax: c=1, d=4; c = 2,
d=3; c=3, d=2; ¢c=4, d=1. IlosTromy cucremMa uMeeT
3+ 4 = 12 perieHuii.

Oteer. 12 perrennii.

13.3. IlepecTtaHOBKM
13.4. PasmMmelueHusa
13.5. Coueranusa

Marepuan nyHKTOB 13.3—13.5 0OBIYHO BBIBBIBAET 3a-
TPYOHEHUS Y VYUAIUXCA, KOTOPbIe IIJIOXO MTOHWUMAIOT, YeM
pasmMelieHnsA U3 7 BJIEMEHTOB II0 kB OTJIMYAIOTCS OT COUETAHUH
u3 n siaemMeHToB mo k. Cienyer OTMETUTH, UTO [OJsI IEPBBIX
BajsKHa II0CJIe0BATEeIbHOCTh BBIOPAHHBIX £ 9JIEMEHTOB, a AJIA
BTOPBIX dTa IIOCJENOBATEJILHOCTL He BaskHa. lIpu sTOM MOK-
HO BOCHOJIB30BATHCA IIPUMEpaMU, JAIONIMMU 3aTIOMUHAOIIIe-
csi 00pasbl:

P, — KoJym4yecTBO MeJIOAUN, KOTOpPble MOYKHO CHIT'DATh,
WCIOJb3yA 4 pasjinuHble HOTHI (0e3 IIOBTOPEHU);

4 .

A; — KOJIMUYEeCTBO MeJIOAUIl, KOTOpble MOYKHO ChII'DAThH,
WCIOJIb3yA 4 pasjnyHble HOTHI M3 JaHHBIX ceMu HOT (0e3 Io-
BTOPEHU:A);
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C;1 — KOJHMYEeCTBO aKKOPAOB, KOTOPBbIE MOJKHO CBII'DATbh,
WCIOJIb3yA 4 pasjuuyHble HOTHI M3 JaHHBIX ceMu HOT (0e3 IIo-
BTOpeHus). HoThl B aKKOpZe 3BydYaT OJHOBPEMEHHO, IIOPAI0K
cIeqOBaHUA HOT He BasKeH.

YTo0BI IIOATOTOBUTH YUAIIIMXCA K BBEIEHUIO OIpeaesIeHuri
u QopMyJI IS BBIUKUCJICHUS UHCIa IIePeCTaHOBOK U3 711 dJje-
MEHTOB, YHCJIa pa3MeIleHnd W3 N 3JIEMEeHTOB II0 k, YHCJa Co-
yeTaHUMN U3 N IJIEMEHTOB II0 k, HEOOXOAUMO, CJenys yUeOHU-
Ky, PelIuTh NPUBeIEHHbIe B YUeOHOM TEeKCTe IPOCThIe 3amauu
C IByMs, TPeMs, YeThIPbMS 3JeMEeHTaAMU.

Hanpuwmep, ¢opmysia moacuéra umcjia IepecTaHOBOK U3 N
5JIEMEHTOB MOKeT OBLITh IoJiyueHa cHavaJja I8 HeCKOJbKUX
qyuces 1.

Hnsa n =3 paccy:kaeHrne MOXKHO BecTH Tak. Ha mepBoe
MECTO MOJKHO IIOCTABUTHL JIIO0OW m3 TPEX sjJeMeHTOB (3 BO3-
MOKHOCTH). ECaIM OAWH 3JEeMEHT MBI YK€ IIOCTaBUJIU Ha IIep-
BOe MECTO, TO Ha BTOPOE MEeCTO MOKHO IIOCTABUTHL OMWUH U3
IBYX OCTaBIIUXCA 3JieMeHTOB (2 Bo3MO:KHOCTU). Torga mepBbie
IIBa MecTa MOJKHO 3aHSATH IIecThio cnocobamu (3 + 2 = 6), B Ka-
JKJIOM W3 KOTOPBIX OCTaBIIIeecs TPEThe MeCTO MOYKHO 3aHATH
OJHUM CIIOCOOOM OJIHUM OCTaBIIHMCHA dJeMeHTOM (1 BO3MOK-
HOCTh). Torma YMcJ/IO ImepecTaHOBOK M3 TPEX 3JIEMEHTOB PABHO
P, =3-2-1=6. IlpuBegéaHoe paccysKkleHHUe ydalllueca JIeT-
KO IIPUMEHAT [OJd YeTBIPEX 5JIEMEHTOB UM MOI'YT BBIABUHYTH
TUIIOTEe3Y, UTO CIIpaBeajuBa (opMyJa

P=n-n-1)(n—2)-...:3-2-1=nl
ATy TUMOTE3y MOKHO MTOKAa3aTh METOJOM MaTeMaTHUYeCKON
NHAYKIIWN.
3apaHua ang noBTopeHusa. Ilpu naydyeHUM MaHHOTO ITYH-

KTa MOYKHO MCIIOJBL30BaTh 3amaHuda 16—19 us pyopurxu «3a-
MaHUsA OJIS CAMOKOHTPOJISI».

PeweHns n kommeHTapum

756. Ilpoxkasuuma-Mapreiunka, Océn, Kozén ma Kocoaa-
Obiii MUIIIKA 3aTesAJN ChIrPATh KBapTeT. BBLIACHUTE, CKOJbKU-
MU cmocobaMy OHM MOT'YT CE€CTh CO CBOMMU HHCTPYMEHTaMU
HAa 4YeThbIpe MecTa.

Pemenue. Yucio ciroco00B PaBHO UMCJIY II€PECTAHOBOK M3
4 3JeMeHTOB:

P,=4-3-2-1=24.

OrBer. 24 cmocobamu.

759. a) Beruucaure P, : P,.

10-9-...-1

o1 10

Pemenne. P, : Py, =
Otser. 10.
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760. Y kaccupa aBTOOyCca MMEIOTCA IJA OPOJANKU OmJe-
Tl Ha aBTOOyCc ¢ HOMepamu oT 000000 mo 999999. CroabKo
HOMEpPOB OMJIETOB M3 STOT0 Habopa samucaHbl udppamvu 1, 2,
3, 4, 5, 6 06e3 moBTOpPEeHUA?

Pemenne. Yucio Takmux OGUJIETOB PABHO YMCJY IIePeCTaHO-
BOK U3 6 5JIeMEHTOB:

P;=6:5-4-3-2-1=720.
Otser. 720.
n!

763. Iloxaskure Qopmynay: AF = m.

JoxrasareasctBo. [lnsg 1 < k < n umeeMm
Al =n-n-1)-...-n—-k+1)=
n-(n—l)-...-(n—k+1)~(n—k)-...~1 n!

(n—k) .- 1 _(n—k)!'

n!

Hus k=1 gpopmyrna A,f = Fl)' = n BepHA.

Ilna k= n, Kak mokasaHo B yueObHUKe, A, = n!. UTo6BI

3amnucaTh Tpedyemyo (opMyay Ojas kB = n, IPUHATO CUUTATD,
yro 0! = 1. Torma dopmyia

BepHa.
Tem cambIiM Gopmyaa mokaszaHa aada 1 < k < n.
764. a) CKOTBKUMHN Pa3JUUYHBIMU CHOCOOaAMU MOIKHO pac-
OpeaeanTh MEyKIY IIIeCTbI0 JHUIAMHK JIBEe Pas3Hble IIyTEBKU?
Pemenne. Yumcao cmoco0OB pacIpelesuTh [OBe pasHbIe

OYyTEBKU MEXKAY IIIECThIO JUIAMU PABHO

Al =6-5=30
(mepByIO0 TYTEBKY MOIKHO PaCIpe/ieIUTh IIeCThI0 crmocobamu; B
Ka)KJIOM 13 HUX BTOPYIO IMIYTEBKY MOKHO PACHPEIENIUTDH IIATHIO
crocobaMu cpeau JIUIl, He IMOJYUYUBIINX IIEPBYIO IYTEBKY).

OtBet. 30.

766. Y OujeTHOro Kaccupa MMeEIOTCS IJd IPOogaku OuJie-
Tel Ha aBToOyc ¢ momepamu ot 000000 mo 999999. Croabko
HOMEpPOB OMJIETOB M3 3TOT0 HAOOpa 3alucaHbl PAa3HBIMU ITUQ-
pamu?

Pemrenne. IlocTtaBuB ogHy u3 AecaTu mudp Ha IIepPBOe Me-
CTO, Ha BTOpPOE€ MeCTO MOMHO IIOCTaBUTH OJHY M3 OCTABIINXCHA
neBatu nudp, ..., HA IIECTOE MECTO — ONHY M3 OCTaBIITUXCS
AT nu@p, DI0dTOMY PasHbBIMU HNUu@pPaMU MOYKHO 3alucaTb

A% —10-9-8-7-6-5= 151 200 HOMEpOB.
Oteer. 151 200 mOMEPOB.

152



767. Y OujIeTHOro Kaccupa MMEIOTCS IJA MPOLaki OuJie-
Tl Ha aBTOOyCc ¢ HOMepamu oT 000000 mo 999999. CroabKo
HOMEPOB OMJIETOB M3 3TOT0 Habopa 3ammcaHbl 0e3 HyJei?

Pemenue. ITocraBuB onuy u3 aeBATH Hu@p (HYJIU HUCKJIIO-
YeHbI) Ha IIePBOE MECTO, Ha BTOPOE MECTO MOYKHO IIOCTaBUTh
OHYy W3 OCTaBIIMXCS BOCBMU HUMP, ..., HA IIECTOE MECTO —
OTHY M3 OCTABIINXCA YETBIPEX HUQPP, TOITOMY PA3HBIMU HUQ-
paMu MOKHO 3aIucaThb

Al =9-8-7-6-5-4=60 480 HOMEPOB.
OtrBer. 60 480 HOMEpPOB.

. ko n!
771. Horaxure popmyry: C, = FCEnR
HokasareasctBo. [Insg 1 < k < n umeeMm
g n-(n-1)-..-(n-k+1)
G = k! B
n(n-1)-c(n-k+1) (k) .01 n!
B El-(n—Fk)-..-1 Rl (n- k)T
Hiaa k=1 umeem
1 n _n(n—l)!_ nl
Go=1-n= Umn-1)r  1(n-1)°
Husa B = n umeem
n n(n-1) - ... - (n-n+1)
Cn = Py = 1.

Yro6bI HamucaTh Tpedyemyio (Gopmysy Oasa k = n, IpUHI-
TOo cuurarb, uro 0! = 1. Torga nusa k = n umeem
n n(nfl)-...~(nfn+1) n!
cr = -

n! n!(n - n)! '

Tem cambIiM (popmysa mokaszaHa aaa 1 < k < n.
772. Ilokaskure, uro C¢ = C* * . Borunciure:

9 10 1997
a) Cio; B) Cip; e) Cigos -
!
Tlokazareascrso. s 1 < k< n umeem Cr = m =
_ n! _ Cn—k 6
= —(n k)R = C, ", uro u TpeboBaJIOCh NOKAa3aTh.
9 _ A10-9 _ A1 10! _10-9! .
a) G, = Gy =Gy = 1!(10 — 1)! T 10;
- ! 12-11-10!
c _ l2-10 _ o2 _ 121 _ _ .
2) 12 2 2112 - 2)! 2- 10! 66;
1997 1998 — 1997 1 1998 - 1997!
e)Cigos = Cigos = Cigo3 = m =
1998 - 1997!
= “igem 1998
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773. a) CKOJIBKUMU CIIOCO0aMU MOKHO PACIPENETUTDH IBE
OMMHAKOBBLIE MYTEBKU MEKAY IATHIO JUIAMU?

Pemrenue. a) Yumcao cmocobOB pacmpenesnuTh OBE ONMHA-
KOBBIe IYTEBKU MEXKAY HATHIO JUIAMU PaBHO C52 = % =10
(oHO B 2 pasa MeHbIIIe UMcJa CIIOCO00B pacupeneiiTh ABe pas-
Hble MYTEBKU MEKAY MATHIO JUIAMU, TaK KaK MOPAIOK IIOJY-
YyeHUA IIYTEBOK HE BayKeH).

OtBet. 10 cmocobamu.

775. N3 27 yuammxcd KJiacca HYKHO BBIOpaTh IBYX [Je-
KYPHBIX. CKOJIBKHUMHU CIIOCOOAMM 3TO MOKHO CIeJaTh?

Pemrenne. Uuciao cmmoco0OB BBIOPATH ABYX AEKYPHBIX U3
27°26 _ 351,

27 yyamuxcsa paBHO 0227 = 51

OtBer. 351 cmocoGom.

§ 14. BeepeHue B Teopuio BEpPOSATHOCTEN

OcHoBHaA IeJib U3YyUYEHUS JAaHHOTO Iaparpada — yCBOUTH
HOHATUA U CHOCOOBI PEIeHWA 3aJayY B TEOPUM BEPOSATHOCTEH,
HAYYUTHCA TPUMEHATDH MOJyUYeHHbIe 3HAHUSA B JKU3HEHHBIX CU-
TyanuaxX, IPUBOAANINX K BEPOSTHOCTHBIM 3aauaM.

14.1. CayuaiiHpie COOBITHSA

B mamHoM myHKTE BBOAATCA IOHATUSA CJAYYaHOIO OIIBLITA,
PABHOBO3MOMKHBIX HCXOJ0B, CJYUYAHHOIO0 COOBITHS, dJIeMeHTap-
HOTO COOBITUA, HCXOHa, OJIATOIIPUATCTBYIOIETr0 COOBITHIO A,
HEBO3MOJYKHOTO COOBITUSA M JOCTOBEPHOT'O COOBITHA.

Hajsee pasbuparoTcsa MTPUMEpPbl NPUMEHEHUS JTUX IIOHS-
Tl U MaTepuasl, HOCBAIEHHBIN OOCYKIEHUIO BBEAEHHBIX II0-
HATUHN Ha S3LIKEe TeOPUU MHOKECTB.

3apaHua ona noBTopeHuvsa. Ilpu nsyueHnn JaHHOTO IIYH-
KTa MOXKHO HCIIOJIL30BATh 3amanme 20 m3 pyopuKu «3agaHus
IJIsI CAMOKOHTPOJIS» .

PeweHna n kommeHTapum

781. B ombITe mmogbpaceiBaloT aBe MOHeTbl. CKOJIBKO BCEro
ncxomoB B 9ToM onbiTe? CKOJBKO MCXOAOB 0JIATONPUSATCTBYET
COOBITHIO:

a) A — «BBIIAJIO aBa repbdar;
0) B — «BBIIAJIO JIBE PEIINKU»;
B) C — «BbIajgu repb u perrxa»?

Kaxue wmcxoawsl ombiTa 6JATONPUATCTBYIOT KasKIOMYy U3
coowiTuii A, B, C. Kakme u3 9TuUX COOBITUU ABJSAIOTCSI 3Je-
MEHTAPHBIMU COOBLITUSIMU?

Pemenue. B sTom omwiTe 4 ucxogma: (O, O), (P, P), (O, P),
(P, 0).

a) CoObITuI0O A 6JIAaTOIIPUATCTBYET OOHO COOBITHE C MCXO-

mom (O, O).
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6) CoObiTuo B 6/IarOIIPUATCTBYET OOHO COOBITHE C KCXO-
nom (P, P).

B) CobObiTuio C OJarOIPUATCTBYIOT IBa COOBITHUSA C HCXO-
mramu (O, P), (P, O).

CobpiTust A 1 B — sjJeMeHTapHbIe, KaXKIOMY U3 HUX 0OJa-
roupuATcTByeT onguH ucxon. CooviTue C He ABIAETCA dJIEeMEH-
TapHBIM, eMy OJIarOIPUATCTBYIOT ABAa MCXOA.

782. B ombITe M3 KO0JIoAbI B 36 KapT M3BJIEKAIOT ABE Kap-
Tbl. CKOJIBKO MCXOJ0B 0JIATOIIPUATCTBYET COOBITHIO:

a) A — «u3BJeUYeHBI ABe KapThl YEPHOU MACTH»;

B) C — «u3BJIeUeHBI IBe KapThl: OJHA YEPHOW MacTu, APY-
ras KpacHOii»?

Peurenue. a) I3 18 kapr uépHOIl MacTH M3BJIEUYb IBE Kap-
1 MOkHO B3 =18+ 17 = 306 crmocoGamu.

B) M3 18 xaprt uépHOM MacCTU U3BJE€Yh OIHY MOKHO
18 cmocobamu, m3 18 KapT KpacHOII MacTH K3BJI€Yb OIHY
Mo:kHO 18 cmocobamu. Ilo KoMOMHATOPHOMY IIPABUJIY YMHO-

sKeHusa cobbiTuio C 6aarompusaTrcTByeT 18 - 18 = 324 cobbiTUA.
OtBet. a) 306; B) 324.
783. CKOJIBKO COOBITHMII MOYKET IPOMBOUTU B OMNBITE IIOH-
OpachIBaHUA HUTPAJIBHOTO KyOuKa?
Pemenne. B sTom ombiTe 6 MCXOmOB, CJIeZOBATEIHHO, MO-

JKeT IIPOM30UTU 2% = 64 cobbrTu.
OtBetr. 64 coObITUA.

14.2. BepoATHOCTHh CIY4aWHOTO COOBITHS

B maHmHOM NOyHKTE BBOIATCS IIOHSATHE PABHOBO3MOMKHBIX
COOBITUM, 0003HAUEHUS MOJS OOCTOBEPHOTO M HEBO3MONKHOTO
COOBITUM, OJIsTI HECOBMECTHBIX COOBITHII M BEPOSATHOCTU COOBI-
Tusa. Iamee mompoOHO pasdbupamTCA NTPUMEPHI BBIUYMCIEHUS
BEPOSATHOCTEIl COOLITHIA.

3apaHua ana nNnoBTopeHus. Ilpu nmsydyeHUM TJaHHOTO ITYH-
KTa MOKHO HCIIOJIb30BaTh 3amanme 21 m3 pyOpuku «3amgaHusd
JUIST CAMOKOHTPOJIS» .

PeweHns n kommeHTapum

784. Bana, Mama u Ilera xordar KynuTh Tpu Omiiera B
KHMHO Ha cocexume Mecrta. KakoBa BEepOATHOCTH TOTO, UTO Me-
cro Mamu okaskeTcs mocepeqwHe, €CJIM OHA BBIOEPET OAUH
OmjaerT m3 TPEX caydallHBIM o0paszom?

Pemnrenune. Yucao Bcex PaBHOBO3MOMKHBIX HMCXOIOB PaBHO
P;=3-2-1=6. Yucso ucxonoB, 0JAaronpUATCTBYIOIIUX CO-
opiTui0O «Marmria oxrakerca mocepenuHe», paBHo 2 (BMII,

1

IIMB), moaToMy BepOATHOCTH 3TOTO COOBITHSA PaBHA

3

o N

1
OtBer. =.
3
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785. Tpu raprei: Bajer (B), mama (), xoposasb (K) — me-
peMelnansu ¥ TOJIOMKUIN B PAN «pybamikoii» BBepx. KakoBa
BEPOATHOCTH TOTO, UTO IIOCJIe TIePeBOPAUYMBAHUSA KapT:

a) oHU OKaxKyTcsa B mopsaake BIIK;

0) Ha mepBOM MecTe oKakercsa [1;

I') Ha BcexX TPEX MecTax okxaykercs [1?

Pemrenue. Yuciio Bcex PaBHOBO3MOMKHBIX MCXO/IOB B OIBI-
Te paBHo P;=3-2-1=6.

a) Yumcao ncxomoB, 0JIaronpuATCTBYOIINX COOBITHIO «Kap-
Thl OKa)KyTcsaA B mopanke BIIK», paBHO 1, mosTomMy BepoAT-

1
HOCTb 9TOT'0 COOBITHS PaBHA 5

6) Yucao mMcxXomoB, OJIATONPUATCTBYIOIIUX COOBITUIO «HAa
mepBoM MecTe okakerca [», paBuo 2 (JIBK, IKB), mosTomy
2 1
BEPOATHOCTEL 9TOTO COOBITHS pPaBHA s " 3
r) CoObIiTHEe «Ha BCceX TPEX MecTaX OKaskercsa [I» HeBO3-

MOMHOE, eMy 6JIaPOHpI/IHTCTBYIOT 0 NCXO0a0B, IIO3TOMY BE€pPOAT-

0 _
HOCTb 9TOT'0 COOBITHS PaBHA e 0.
Otser. a) %; 6) %; r) 0.

789. B iorepee mpeniaraercsa yragaTh n uucea us k.
Ompemennre, B KaKOH JOTepee BEPOSTHOCTh BBIUTPHIIIA 0O0JIb-
mre: B jorepee «6 m3 49» mam «5 m3 36».

Pemenne. BrisicHUM, CKOJIBKO CYIIIECTBYeT CIIOCOOOB yra-
matb 6 umcen us 49 (cobbiTume A). Tak Kak HOPAIOK yramaH-
HBIX YKCeJ He BarKeH, TO MCKOMOE YKCJIO CIIOCOO0OB PaBHO

49! 49 - 48 - 47 - 46 - 45 - 44

cs — = — .

19 643! 6:-5-4-3-2-1 13 983 816

AHaJIOTMYHO YMCJIO cIIoco00B yragath 5 umuces us 36 (co-
opiTue B) ecTh uucao couyeranuin u3 36 mo 5. OHO paBHO

36! 36 -35-34-33-32
C5 = = = .
3 5.311 5-4-3-2-1 2 235 552

B mepsom onrwiTe BosMo:kHBI 13 983 816 mcxomos, Bce sTu
MCXOIbl PABHOBO3MOJKHBI, W TPeOyeTCs OIpPeAeJUTh BEPOsST-

1
13983816 °

Bo BTOpoM omrbITe BosMo:KHBEI 2 235 552 mcxoma, Bce sTu;
HCXOAbI PABHOBO3MOJKHBI, M TpebyeTcs OIpPeneUTh BEePOAT-

1
HOCTB coObITUsA B, mostomy P(B) = 5985553 °
1

1
Tak kak 13933816 < 5235552 > TO BEPOATHOCTD BBRIMTDBIIIA

OoJibIlie B JioTepee «5 u3 36».
OtBer. BeposaTHOCTH BBIMTDHINIA OOJIBIIIE B JIOTEPEE «H U3
36».

HOCTB coObITUA A, mostomy P(A) =
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790. B HeKoTOpPOM IIapCTBE, B HEKOTOPOM IOCYAapCTBe pas-
OOMHWKA IIPUTOBOPUJIN K CMEPTHON KasHH’, M OH HOJAJ Ijapio
mpolreHne o0 momMuoBaHuu. [oOpbIii 1apb, OOJIBIION 3HATOK
TEOPUU BePOSATHOCTEM, ckasaid: «J/loBepuMcs ciydyai, IYCTh
Pas0oOHMK caM PeIINT CBOIO cyanOy. BbigaliTe eMy MEIIOK C
TOJIHBIM Ha00pOM KOCTeii AJOMHWHO W JBe UTrpPabHbIe KOCTHU.
IIycTh OoH BBITAIIUT M3 MeITKa He TJSAAS OOHY KOCTh JTOMU-
HO uJau OPOCUT JBe UT'PaAJbHBIE KOCTHU — II0 CBOEMY BBIOODY.
Ecin monyuyeHHas B 9TOM HCIBITAHUUN CyMMa OUYKOB OKa’KeTCs
paBHOI YMCJIy, KOTOpPOe OH HA30BET OO0 Hauajga WUCIBLITAHUA,
TO OBITH II0 CEMY — IIYCTh KHBET». KaxKoil BUI HCIBLITAHUS
IOJIKeH BBIOpaTh pasOOWHUK M KaKyl CyMMY Ha3BaTh, UTOOBI
BEPOATHOCTH OCTATHCA JKUBBIM OKasajlach HAMOOJIBITIeH?

Pemenue. B monHom Habope KocTeil JoMmHO 28 KoOcCTei,
OATOMY YKCJIO BCEX PABHOBO3MOJYKHBIX MCXOJOB OIBITA «BBI-
HYTb M3 MeIlKa KOCTb NOMUHO» paBHO 28. CoObiTuio A —
«BBIHYTH KOCTb C CYMMOII OYKOB 6» OJaronpusiTCTBYIOT
4 ciaydasi, a KaKJIOMYy U3 COOBITUHN «BBIHYTH KOCTH C CYMMOIi
OYKOB n», I'Ie n # 6, 0JIaroOIPUATCTBYEeT MEHbIIIe CJIydyaeB, II0-
5TOMY BEPOATHOCTb COOBITHUS A HambOJIbINAsA B STOM OIIBITE,
OHa paBHAa A -1

28 7

IIpu 6pocannu ABYX UTPAJBbHBIX KOCTel nmeerca 6 - 6 = 36
PaBHOBOBMOKHBIX HCXOIOB OMNBITA «OPOCUTH JBe UTPAbHBIE
Koctu». CoObITHIO B — «IOJyYUTh CyMMY OYKOB 7» OJjaro-
OPUATCTBYIOT 6 ciydaeB, a Ka'KJOMY U3 COOBITUH <«IIOJYUYUTh
CyMMY OYKOB n», rae n = 7, 0JaronpusATCTBYeT MeHbIIe CJIy-
YyaeB, IIO9TOMY BEPOATHOCTH COOBITHSA B HamboJIbIIasg B 9TOM

1

6
OIIBITE, OHAa aBHaA — = —.
’ p 36 6

1 1 o
Tak Kak s > 70 T Pas0oHUK OOJIKE€H BbIOPATH OMBIT C

IBYMS UTPAJbHBIMU KOCTAMU M Ha3BaTh 4ucyo 7. B aTom ciy-
Yyae BEPOATHOCTh COXPAHUTDL KU3HL OOJbINIE, UeM B OIILITE C
KOCTSAMU JOMUHO.

14.3. Cymma, mpousBegeHne U Pa3HOCTh
CIIyYaWHBIX COOBITHH

B mamHOM IIyHKTE BBOAATCA IOHATUA CYMMBbI, IPOU3Bee-
HUSA ¥ Pa3HOCTHU ABYX CIYyUYaWHBIX COOBITHI, a TaKKe MOHATUS
COOBITHSA, IIPOTHBOIIOJIOKHOIO COOBITHIO A, ¥ IIPOTUBOIIO-

JIOJKHBIX CcOOBITHUII A m A, ycTaHaBJIWBaeTCsA UX CBOICTBO
A+ A =Q (cymMMa OPOTHUBOIIOJOKHBIX COOBITHUH €CTH AOCTO-

BepHOe CcOOBITHE), a TaKiKe CBOMCTBO BEPOATHOCTEN ITPOTUBO-
TOJIOKHBIX COOBITHI (CyMMa WX BeposTHOCTell paBHa 1):

PA) +P(A)=1.
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3apaHua ana NoBTopeHus. Ilpu usyuyeHUUW TaHHOTO MIYH-
KTa MOXKHO HCIIOJIbL30BATh 3amaHue 22 m3 pyoOpuKu «3agaHusa
JJIST CAMOKOHTPOJISA» .

PeweHna n kommeHTapum

793. CHoopTUBHBIN KOMMEHTATOP OIeHUJ BEPOATHOCTD
mobenpr ablkHUKaA VBamoBa B 90% . KakoBa BepoATHOCTH (IO
OIleHKe CIHOPTHUBHOIO KOMMEHTATOPAa) TOro, uTo VBaHOB He IIO-
oenuT? _

Pemenne. CoObiTust A — «mobegutr MBaHoB» u A — «He
nobegur MBaHOB» IIPOTHMBOMOJIOYKHEIE, IIO9TOMY CyMMa MX Be-

. 100
poaruocteii paBHa 1 (——). Tak Kak BepOATHOCTL COOBITHUSI A

100
90 _ 90 10
aBHA ——, TO BEPOATHOCThL coObITMA A paBHa 1 — — = —,
b 100 p b a 100 100
OrBer. 10%.
795. B ombiTe OpocaroT MrpajbHbI Kyouk. Kaxkosa Bepo-

ATHOCTL COOBITHA:

a) M — «He BBIIAJO IIPOCTOE UKCJIO OUKOB»;
06) N — «He BBIIIAJIO YMCJO OYKOB, KPaTHOE 3»;
B) K — «He BBIIIAJIO YKCJIO OUYKOB, KpaTHoe 2 W’ 3»?

Pemrenue. Yuciio Bcex PaBHOBO3MOMKHBIX MCXO/IOB B OIBI-
Te paBHO 6.

a) CoobiTuio M — «BBIIAAET IIPOCTOE UHCJIO OUKOB» OJa-
rompusaTcTByer 3 ucxozxa (2, 3, 5 OUKOB), cjaeqoBaTeJIbHO,
r 3 1
P(M)= == =.
(M)=7¢ =5
Torza BepOATHOCTDL IIPOTUBOIIOJJIOMKHOTO cOObITHA M paBHA
1 1
1-===.
2 2
6) CobGbiTui0 N — «BBINIAJET UYUCJIO OYKOB, KpaTHOoe 3»
b6sarompusTcTByeT 2 ucxoxa (3, 6 ouKoB), ciegoBaTeJIbHO,
N 2 1
P(N)= = = =.
(N)=75 =3
Torza BepOsATHOCTh IIPOTUBOIIOJIOKHOTO cOObITA N paBHA
1 2
1-===.
3 3
B) CoObiTuio K — «BbBIOAAET YMCJIO OYKOB, KpaTHOoe 2

unu 3» OaarompusaTcTByer 4 mcxoxa (2, 3, 4, 6 oukoB), cie-
JIOBaTeJLHO,

Toraa BEPOATHOCTBb IIPOTHUBOIIOJIOMHOT'O coobiTuss K paBHa

1_2_1
3 3

OtBer. a) %; 0) %; B) %
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14.4. HecoBMmecTHBIE COOBITHUSA.
HeszaBucumseie cooObITHSA

B maHHOM TYHKTE BBOAWUTCA NOHATHE HECOBMECTHBIX CO-
OBITHUI, yCTaHaBJIWBAIOTCS CBOMCTBA:

1) mpousBeseHUEe HECOBMECTHBIX COOBITUN A u B aABideTcA
HEBOBMOYKHBIM COOBITHEM;

2) BepOATHOCTH CYMMBLI HECOBMECTHBLIX coObITuii A m B
paBHaA CyMMe BEpPOSTHOCTEH 9THUX COOBITHIMA:

P(A + B) = P(A) + P(B). 1)
dopmyna (1) aABIAeTcA UYACTHBIM ciaydaeM OoJiee 00IIeit

GOPMYJIbI OJA BEPOATHOCTH CYMMBbI coObITHii A m B, He aB-
JISTIOIIUXCA HEeCOBMECTHBIMU COOBITHUAMMU:

P(A + B) = P(A) + P(B) — P(A - B). (2)
Hanee BBOOWTCA IOHATHE HE3aBUCUMBIX COOBITHUI, T. €.
coOnITUL A 1 B, TakuUx, 4TO
P(A - B) = P(A) - P(B). 3)
3aMeTuM, YTO IIPU PEIIeHUU NPAKTUYECKUX 3a4ad PedKo
OPoOBepPAIOT paBeHCTBO (3), a OOBIYHO IIOJIB3YIOTCSA MHTYUTHUB-
HBIMM COOOpaKeHUSIMU, OCHOBAHHBIMU Ha omnbiTe. [loaTomy B
OPaKTUYECKUX 3a7auyaX He3aBUCHMOCTBL COOBITHH 3apaHee Oro-
BapUBAIOT.
3apaHua pna noBTopeHusa. Ilpu nsyyennu JaHHOTO IIYH-
KTa MOYKHO WCIIOJIb30BaTh 3ajaHue 23 u3 PyOpuKu «3aJaHudA
IS CAMOKOHTPOJIS» .

PeweHus n koMmmeHTapum

798. B ombiTe u3 KoJomwsl (36 Kapr) ciayudaiinbiM oOpa-
30M HMBBJIEKAIOT KapTy. PaccmarpuBaroTca coObITmA A — «u3-
BJE€UEH KOPOJb» m B — «us3BjeuéH BajerT». OmpemeauTe Be-
posaTHOCTh cobbiTusa C = A + B.

Pemrenne. Tax Kak coObiTuss A u B HeCOBMeCTHBIE U

P(A) = P(B) = % = %, To o gopmyae (1) mmeem
P(A+B)=PA)+P(B)= ¢ + ¢ = 2.
ToT :Ke pe3yabTaT MOKHO IOJYYUTH 0e3 dopmyabr (1).

Tak Kak BaJieTOB U Ty30B BMeCTe 8, TO BEPOATHOCTH BBIHYTH

8 2
OOHY M3 3THUX KapT paBHA % = 5.

801. B omnbiTe M3 HEMPO3PAYHOTO MeEIIIKA HayAady BBIHU-
MaloT KOCTh AoMHUHO. PaccmarpuBaioTcs coObITUA A — «uU3-
BJIeueHa KOCTb C CYMMOM OUKOB, KpaTHOH 2», B — «wusBie-
YyeHa KOCTH C CYMMOI OYKOB, KpaTHoi 3», C — «u3BJIeueHa

KOCThL C CYMMOI OYKOB, KpaTHOi 6». OmpezeanTe BepOsSTHO-
ctu cobwiTuii A, B, C. Hcnonb3ysa HalijeHHble BePOATHOCTH,
BBIUMCJINTE BEPOATHOCTb COOBITUSA ) — «H3BJIeUeHAa KOCThb C
CyMMOUM OYKOB, KPATHOI WMJU 2, UIU 3».
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Pemenne. V3 28 KocTeli JOMMHO CYMMY OUYKOB, KPaTHYIO

2, umeroT 16 KocTeii, cyMMy OUKOB, KpaTHyo 3, — 10, cymmy
OUYKOB, KpaTHyi0o 6, — 6. ITosTomy
16 _ 4 - 10 _ 5 -6 _ 3
PA =5 =7 P(B)= 5 =11’ PO= 55 =1

Taxk xkax coObiTuss A m B He SBIAIOTCA HECOBMECTHBIMI
(MOXHO BBIHYTh KOCTH C CyMMOM 6 OYKOB, KpaTHOU u 2, U
3), cobeiTue C ecTh IIpousBenmeHne coObITHil A 1 B, a coObITUe
D ectb cymma cobbiTuii A u B, Torma mo opmyJe (2) mmeeMm

P(D)=PA + B)=PA)+P(B)—-PA-B)=
5 3 5

= P(A) + P(B) - PC)= 2 + & - 2 = 2.

14.5. YacTroTra caydaWHBIX COOBITHI

B pmaHHOM TIyHKTE BBOAUTCA IIOHATUE OTHOCUTEJIHHOM
4acToThl coObITUA A, paccKasbiBaeTcs 00 ONBITHOM OIIpene-
JIEHUY OTHOCUTEJBbHOM YacTOThI BBLINAaMeHUsA repda B OIBITAX
JK. Bropdoua u K. IlupcoHa m Ha sTOM IIpUMepe yTBep:KIa-
eTcs, YTO OTHOCUTEeJbHasdA dYacToTa BBHIIIaQJaHUA Tepba MaJio
OTJINYaeTCs OT BEPOATHOCTHU BBINANAaHUA repba B yKasaHHOM
9KcIIepuMeHTe, paBHou 0,5.

Yuarmuecsa OOJKHBI TOHHUMAaTh, YTO He Bcerga yoaéTrcs
OMpPENIeINTh BEPOSITHOCTL P COOBITHSA, KAK 9TO MMEeT MECTO C
OpocaHuMeM MOHETHI WJW WUTPAJbHOU KocTu (Hampumep, 0es3
OObITA HEBOSMOJYKHO OIPENeNIUTh IIPUOIUIKEHHO BEPOATHOCTH
TOrO, YTO KHOIIKA, IIOAOPOIIIEHHAs BBEPX, YHALET OCTPHUEM
BBepx). Ho ecim BOBMOYKHO OOBIT IMOBTOPUTH 7 Pas3, TO IPU

m
OOJIBIIIOM 71 OTHOCHUTEJIbHAS YacTOTa COOBITHS — MOXKET pac-
. n
CMATPUBATLCA KaK IPUOIMKEHHOE 3HAUEeHHE BEePOATHOCTU
m
(— = p) aTOrO COOBITHUA.
n

IIpu GOJBIIIOM KOJHUYECTBE OIBITOB OTHOCUTEJIbHAA Ya-
CTOTa COOBITHSA, KaK IPABUJI0, MAJO OTJIUYAETCS OT BEpPOAT-
HOCTH 3TOr0 COOBITHSA.

ATy 3aKOHOMEPHOCTHL HA3LIBAIOT CTATHCTHUUYECKOM yCTOIi-
YUBOCTBHI0 OTHOCUTEJILHELIX YAaCTOT.

3ameuaHuve. Eciau OTHOCHUTEIBHYIO YAaCTOTY COOBITUS IIPU-
HATH 0 OIIPe[eIeHUI0 3a IPUOIMNIKEHHOE 3HAUEHNE BEPOATHO-
CTH 3TOr'0 COOBITHS, TO IOJYYNM TAK HA3hIBA€MOE CTATHUCTHUE-
CKOe oIlpefiesieHre BePOATHOCTH.

Jamee B yueOHUKe O0BACHSETCS Pas3HUIA MEXKIY KJIACCHU-
YeCKUM ¥ AaKCHOMATHUYECKHM OIpeAeeHuAMN BepPOsATHOCTU,
JIeMEeHTapHOII 1 o0IIell Teopuell BepPOSATHOCTEI.

3apaHua gna noBTopeHmsa. [Ipy nayueHuu JaHHOTO ITYH-
KTa MOYKHO HCIIOJIb30BaTh 3amaHue 24 u3 pyOpuru «3amaHus
IJISI CAMOKOHTPOJISI» .
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PeweHns n kommeHTapum

805. Ilarepo yuamimxca npu Opocanum MoHeTbl 50 pas
OOJIyUYUJIV JaHHbIE, IPUBENEHHBIE B Ta0JIUIIE:

v YHucio YHucio OTHOCUTEeJbHAA YaCTOTa
YeHUK . .
OpocaHUil | BBIIaZaHUil repda BBINAaaHUs repbda

1 50 27 0,54

2 50 28 0,56

3 50 23 0,46

4 50 26 0,52

5 50 24 0,48

BerumncinTe OTHOCUTEILHYIO UACTOTY BhIHagaHUsA repba BO
Bcex 250 ompITax.
Pemrenne. OTHOCHTeNIbHAA 4YacTOTa BBINAJAaHUI repba BO
27 + 28 + 23 + 26 + 24
= 0,512.
250

AonosHutenbHoe 3apaHue. OnpenennTte MTPUOIUIKEHHOE
3HAUEHUE BEPOSATHOCTU COOBITUS «KHOIIKA, IIOAOPOIIeHHA
BBepX, YIaJET OCTPUEM BBepX», MomOpocuB KHomKy 50 pas.

Hroroserii kKoHTpOAHL. K—8.

Bcex 250 ombITax paBHa

AdononHeHua K rnase 5
1. Buaom Hsrorona. Tpeyroasauk Ilackamsa

B sToM myHKTe paccMmarpuBaioTca (popmyasl (a + b)" mias
n=1, 2, 3, 4, 3aTeM pacCKasbIBaeTCs O CIIOCO0e IIOJyUYeHIs
Koo dumrmeaToB MHOrouieHa (a + b)" ¢ HOMOIIBIO TPEYIOJb-
Huka Ilackana um nmpuBoxuTcsa dopmynaa 6unHoma HbioToHa:

(@+b)y'=a"+Ca" b+ ...+C tab" '+, (1)

k o
rme Cn — YMCJIO COYeTaHWil m3 n mo k.

2. HUcTropuuecKkue cBeaeHHST

B sToM myHKTe paccKasbIBaeTcs 00 MCTOPUU IPUOIUIKEH-
HBIX BBIUMCJIEHUI, CTATUCTUKU U TEOPUUN BEPOATHOCTEI, O poan
POCCUIICKUX YUYEHBIX B PasBUTHU STUX HayK. JTO CIIOCOOCTBYET
BOCIUTAHUIO POCCUMCKOM I'PaKIAaHCKOM HIEHTUYHOCTHU: yBasKe-
Hue ¥ OTeuecTBY, 3HAHUE HMCTOPUH, KYJbTYPhI CBOEr0 HApoOaa,
OCHOB KYJBbTYPHOT'O HacjJenus HapomoB Poccum u uyejoBeuecT-
Ba. MarepuaJy, IIpeACTABJI€HHBIH B JTAaHHOM ITYHKTE, IIOMOTAaeT
Tak:Ke (POPMUPOBAHUIO I[EJIOCTHOTO MUPOBO33PEHUSI, O0BACHAET
POJIB PaA3HBIX HAPOAOB B HMCTOPMHN MaTe€éMaTHKM, BOCIIMTHEIBaAeT
VBAKUTEJBHOE OTHOIIEHWE K PasHbIM HApoiaM MUpa.
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OBYYEHNE PFPEWMEHIUO
TEKCTOESEbLIX SAAAY

Onucanme padOTBI ¢ TEKCTOBLIMU 3aJaduaMM IIOMEIeHO B
KOHEeIl JaHHOM KHUIM, TAK KaK 3aTPYIHUTEJIBHO «Pa3JIOKUTH»
IO TIYHKTAM YYeOHHKa pPeKOMeHIAIlMH II0 MCIOJb30BaHUIO
TeKCTOBBLIX 3aJau IIpU U3yUYeHuU ajaredpbl B 9 Kjacce: pasHbIe
YUYHTEJsI B PaA3HBIX KJjlaccax MOTYT MHO-PasHOMY IIJIAHUPOBATDH
9Ty paboTy, TaK KaK KJIACcChl MOT'YT HMMETh Pa3JHNUYHBbIE cTap-
TOBBbIE BO3MOJKHOCTH B Hauaje yd4eOHOro roja.

B 9 kiacce pellleHne TEKCTOBBIX 3a[au CIENUAJILHO He
n3yUdaeTcs, BCE <«IIKOJbLHbIe» MNPHUEMBI PeEIIeHUs TeKCTOBBIX
3a7au yiKe M3yYeHbl B IMPEALIAYINHEe T'OAbl, K HOBBIM MOIKHO
OTHECTH TOJIbKO peIlleHle HEeKOTOPBIX 3ajJayu Ha II0oCcJemoBa-
TEeJIbLHOCTH.

Pelrtenne TeKCTOBBIX 3amadu Pas3IMUYHBIMI CIIOCOOAMM IIO-
3BOJISIET YUYAIMMCS CAMOCTOSTEJbHO ILIAHWPOBATH AJIbTEPHA-
THUBHBIE IYTU IOCTUKEHUs Ilejieii, OCO3HAHHO BBIOMpPATL HAU-
6oJsiee a(heKTUBHBIE CIIOCOOBI pellleHusi. PaboTa ¢ TeKCTOBBIMU
3aJjauaMy pas3BUBaeT yMeHIe IIOHMMATh M MCIIOJIb30BAaTh MaTe-
MaTHYeCKUe CPeACcTBa HATVIATHOCTH (UepTerKH, CXeMbl W OpP.)
OJIs WJLIIOCTPAlM, MHTEPIpPeTan, apryMeHTaInn.

BoigeauM HECKOJIBKO THUIIOB TEKCTOBBIX 3akau, IPUMEPHI
KOTOPBIX MOYKHO HAWTH B METOAMYECKHNX PEKOMEHIAIUIX IJIs
7 1 8 KJaccoB M KOTOpPBIE ITOJIE3HO MOBTOPUTH CO BCEMU yua-
IIIUMUCSA. ITO 3aqaum:

Ha YacTu;
Ha HaXOMKOeHINe ABYX YMCeJ II0 MX CyMMe K Pa3HOCTH;
Ha Opoou;
Ha COBMECTHYIO paboTy;
Ha IBUJKEHUE II0 peKe;
Ha JIBU)KEHIe;
Ha OejieHHe Yucja Ha YacTH, IIPOIOPIIMOHAJIbHBIE TaH-
HBIM YMCJIaM;
Ha IIPOIOPIIMM M Ha IPOIEHTHI;
Ha cMecUu U CILIaBbI;
e Ha IIpUMeHeHUe JUHENHOTO ypaBHEHUS WJIU CHUCTEMBI
JUHEHHBIX yPaBHEHUI;
e Ha IpUMeHEeHNe PalHMOHAJbHOIO YPaBHEHUS UJIU CHCTE-
MBI PaIfMOHAJLHLIX YpPaBHEHUI.

HeobOxomumMo MOOBTOPUTH HEKOTOPBIE «HECTAHIAPTHEIE»
CIIOCOOBI peIlleHus 3aJad, OHM OKaXKYTCS IIOJIE3HBIMHU IIPU pPe-
IIIeHUW OJUMNOMAAHBIX 3amad u 3azad us I'MA-9 u EI'o-11:

e 00paTHBIA XOm;
nepedopMyJIMPOBKAa 3amadvul;

MCIIOJb30BaHMe BCIIOMOTaTeIbHBIX OYKB (HeM3BECTHBIX);
pellleHne 3amadyy B OOIIeM BUIE;
MeTO/[ II0J00M.
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IIpuBeném peleHUsI HECKOJBKMX WHTEPECHBIX 3aaau U3
pasgmena «3aJaHUSA OJA MMOBTOPEHUS» B «XPOHOJOTUUECKOM»
nopAaKe, He TPYINNUPYSA WX MO METOJAaM DPelIeHud.

1182. U3 «Apupmemuru» J. @. Maznuyrkozo. BepéBKoii
mpauHoo 5 apmuH cBasanu 100 konuii. CopammuBaeTcs, CKOJIb-
KO TaKUX Ke KOIUN MOXKHO CBA3aTh APYroil BEepEBKOM IJIu-

1 .
HOIO 75 apiuimHa (npe,u;nonarae’rcn, 4UTO IIYYKU KOIINN 00BsA-

3BIBAIOT BEPEBKOU II0 OKPYIKHOCTH).
Pemenue. IlycTh pagmyc mmepBOMl OKPYKHOCTHU 7', TOTA €é
IAuHAa 27r, a IJoIaAb KPyra, OTPAHUYEHHOTO 3TOM OKPYIKHO-

cThio, nre. Eciu IIMHY OKPYsKHOCTH YBEJIUYHUTH B 7% :5=1,5

pasa, To e€ paguyc yBeamuutcsa B 1,5 pasa, a miomanb Kpyra
yBesmunutcss B 1,52 = 2,25 pasa. Ecim mepBas OKpY’KHOCTB
Bmemiasa 100 Komuii, TO BTOpasd OKPYsKHOCTHL BMeIIlaeT
2, 25100 = 225 komnwmii.

OrBer. 225 Komuii.

1183. MoryT iu Tpu dUesiOBeKa MPEOI0JeTh PACCTOSHUE
36 KM He Oojsiee ueMm 3a 6 U, ecam CKOPOCTH Ilelllexoja paBHAa
5 KM/4, HO y HUX UMeeTcs BeJiocuiiel (PacCUUTAHHBIN TOJBKO
Ha OJHOIO YeJIOBeKa), Ha KOTOPOM MOYKHO II€PeIBUTATLCS CO
cKopocThio 15 kM/u? Ecim MOryT, TO IOKasKUTe KaK; €CJIU
HET, TO OO'BbACHUTE IIOUEMY.

Pemnrenune. 3ameTum, 4TO ecau pasOUTL Bech IyTh (36 KM)
Ha TPU PaBHBIX oTpe3ka (Mo 12 KM) M KasKIbIli 4YeJOBEeK [IBa
OTpes3Ka IMPOUAET IMEeNIKOM M OJWH OTPe30K IpoeleT Ha BeJIo-
cumene, TO KayKIbIA M3 HUX 3aTpPaTUT HA BeCh IIYTb
24, 12
5 15

IIycTts Bce Tpoe OSHOBPEMEHHO OTIPABJAITCA B OYyTh —
IBOe IIEIKOM, TPeTHUH Ha Bejiocunene. lIpoexaB IIepBBIN OT-
Pe30K, YeJIOBEK MOJIOKUT BeJOCHUIIe]] Ha AOPOTY C TaKUM pac-
4EéTOM, UTOOBI CJIEAYVIOIIMII OTPE30K BTOPOM UeJIOBEK IIPOexXaJl
Ha BeJIOCHUIIeJle, TaK ‘Ke U TPEeTHil UeJOBEeK HOJKeH IIpoexaTb
TpPeTuii OTPE30K IIyTH.

OtBer. MoryrT.

OTmMeTuM, UTO KaKAbIil pas, Korga 3amady ymaéTcs pe-
IIUTh HECKOJbKMMHN METOJaMHt, 3TO Haao o0s3aTelbHO ¥HC-
HOJIb30BaTh, TAK KaK peIlleHure 3aJadyl HEeCKOJbKUMHU CIIOCO-
6aMM HaAMHOTO TOJie3Hee PeIlleHUA HEeCKOJbKUX 3aJau OJHUM
MeTomoM. BoT mpumep Takoil 3amauu.

1186. 3adaua II. JI. Hebviwésa. Manbuuk ckasai: «Eciu
mue ganyt emié 40 opexoB, TO y MeHs OyIeT CTOJBKO JKe,
CKOJIbKO y Moero Opara. A eciau mue manyT 90 opexoB, TO y
MeHsI CTaHeT B 2 pasa 0oJibIlle, ueM y mMoero Opata». CKOJIBKO
OpexoB y Kaskaoro?

= 5,6 (u), T. e. MmeHbIIe yeM 6 dU.
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Pemtenune. I cnoco6 (apudpmermueckuii). Ecau mManpuuky
manyt 40 opexoB, TO y HEro CTaHeT CTOJIBKO OPeXOB, CKOJLKO
y Opara. A ecau manyt ma 90 — 40 = 50 opexoB 0ojbIlle, TO y
Hero crameT B 2 pasa 0OJIbIlIe OPexoB, ueM y OparTa, 3HAYUT,
y 6para 50 opexos, Torma y maiabuuka 50 — 40 = 10 opexoB.

II cnoco6 (anrebpamuyecKuii, cocCTaBJeHUEe YpPaBHEHUd).
Eciu y mambumKka x opexoB, To y ero 6para (x + 40) opexos.
Tak xkax (x + 90) opexoB — »5TO B ABa pasa 0oJbIlle, UYeM Y
6paTa, TO COCTaBUM ypaBHEHUE

2(x + 40) = x + 90.

OHO wmMeeT eOWHCTBEHHBIN KopeHb x = 10, moatomy Yy
maapunka 10 opexoB, a y ero 6para 10 + 40 = 50 opexos.

III cnoco6 (anrebpamuecKwuii, COCTaBJIEHUE CHCTEMbI
ypaBHeHuii). Ecam y maspumka x OpexoB, a y ero opara y
OpexXoB, TO MOYKHO COCTABUTH ABa ypaBHeHUs: x + 40 =y u
x + 90 = 2y. PemuB cucreMy 5THX ypaBHEHUI, MOJYyUYUM €€
enuHCTBeHHOe pemteHue: x = 10, y = 50.

CinemoBarenbHOo, y Manbuuka 10 opexoB, a y ero OGpara
50 opexoB.

OtBer. ¥ manpumka 10 opexoB, y 6para 50 opexos.

1187. Cmapunnasa 3adava (Kumail, I 6.). Coobia moxry-
maoT Bellb. Kcau Ka)XAbIA UYe/IOBEeK BHECET I10 8 (IeHe)KHBIX
eIHNIL), TO N30BITOK paBeH 3. Ecam KasKILIA UeJIOBEK BHECET
mo 7, To HegocTtaTOK paBeH 4. CoparuBaeTcsa KOJIUYECTBO JIO-
Ieil 1 CTOMMOCTH BeII[H.

Pemtenne. I cnoco6 (apudmermuecKuii, mnepedopMyau-
poBka 3amaum). IIpeacraBumM, UYTO cHayaja KaKIbIH dUeJio-
BEeK BHecér mo 7 u HemocTaTOK paBedH 4. Ecam mocie sToro
KaKObIi [OOABUT II0 OJHON [JEeHE)XHOM eJuHUIle (3HAUUT,
BHecéT mo 8), To m3OBITOK Oymer paBeH 3. CiiemoBaTesbHO,
mobaBjieHre KasKIbIM UYeJOBEKOM OJHOM [JeHe)KHOM emIuHU-
bl yBEJUUYMBAET COOpaHHYI0O CcyMMy Ha 3 +4 =7 »OeHex-
veIX enuHuI. CiaemoBaTesbHO, OLLIO 7 UEJOBEK, Belllb CTOMJIA
7-8 — 3 =53 meHexXHbIe eIUHUIIBI.

II cnoco6 (anrebpauyecKuii, COCTaBJIeHWE ypPaBHEHUS).
IlycTs OBLIO X UeJOBEK, TOTAA Belllb CTOWMJIA UIU 8X — 3, UIN
Tx + 4 neHexxkHble eguHUIbI. CocTaBUM ypaBHeEHUE

8x —-3="Tx + 4.

OHO uMMeeT eIMHCTBEHHBIN KOpPEHb X = 7, MOITOMY OBLIO
7 4yeJOBeK, Bellb cromyaa 7 8 — 3 = 53 meHe)KHbIe eJUHUILI.

III cnoco6 (anredbpanuecKuii, COCTaBJIeHNE CHCTEMbI ypPaB-
"Henuii). Ilycts OBLIO X YeJIOBEK M Bellb CTOMJIA Y JEeHEKHBIX
enuaun. CocraBuM nBa ypaBHeHUsa: 8x =y +3 u Tx = y — 4.
Pemus cucremy 9TUX ypaBHEHHUII, HOJYUYUM €€ eIUHCTBEHHOEe
pemtenue: x = 7, y = 53.

CiiemoBaTeIbHO, OBIJIO 7 UEJOBEK, BEIllb CTOMJIA D3 JeHEeMK-
HbIe eJUHUIIHI.

OtBer. 7 ueyioBeK, 53 IJeHe)KHbIE €JUHUILLI.
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1192. YuacTHUKAM IITKOJbHON MaTeMaTUUYeCKON BUKTOPU-
HBI ObLIO IIpeaaokeHo 30 BompocoB. 3a KasKIbIl IIPaBUILHBINA
OTBET 3aCUMTHIBAJIIOCH 7 OUKOB, a 3a HENIPABUJbHBIN CIMCHIBA-
Jock 12 ouxkoB. CKOJBKO BEPHBIX OTBETOB JaJI YUACTHUK BUK-
TOPUHBI, ecJau OH Habpan 77 oukoB?

Pemtenne. IlycTs OBLIO X BEepPHBIX OTBETOB, TOrAAa HeBep-
HBIX oTBeTOB ObLIO 30 — x. CocTaBUM ypaBHEHIE

Tx —12(30 — x) = 77.

OHO MMeeT eJUHCTBEHHBIN KOpPeHb X = 23, II09TOMY OBLIO
23 BepHBIX OTBeTA.

OtBer. 23 BepHBIX OTBETA.

1193. Cymma Tpéx umcesa paBHa 254,772. Eciu B ogHOM
W3 Yncesl MepeHecTH 3alsaTyio Ha ABe Iu(PhLI BIIPaBO, TO IO-
JyUYnUTCsa OOJIbINIee M3 YKMCEJI, a €CJIM IMePEeHEeCTU 3aIATYI0 B TOM
JKe umese Ha omgHy mudpy BJIEBO, TO MOJYUYUTCS MEHBIIEe K-
ciro. Hatimure stu umcia.

Pemenue. Ilycts x — cpemmee uwmcjo, torma 100x —
6oabmiee ymcyao, a 0,1x — wmenbinee umciio. CocraBuM ypas-
HeHUe

x + 100x + 0,1x = 254,772.
OHO mMeeT eOWHCTBEHHLIA KOpeHb Xx = 2,52, Tpu umcia

TaKOBBI:
0,252; 2,52; 252.

Otser. 0,252; 2,562; 252.

1195. Ha rtepmomerpe Ilenbcuda TemmepaTypbl TagHUA
JbJla ¥ KUIEeHUA BOABI 0003HAUaIOTCA cooTBeTcTBeHHO 0° m
100°. Ha TepmomeTpe PapeHreiTa 5T TeMOepaTypbl 0003HA-
YyeHBI coOTBeTCTBeHHO —32° m 212°. Ilpu Kakoil TemIiepaType
o0a TepMoMeTpa OYAYT IMOKas3bIBATH OMMHAKOBOE UHCJIO T'PaLy-
coB?

Pemenue. IlycTs uckoMasd TeMIlepaTypa COCTaBJIAET X
rpagycoB. O6e IIKaJbl TePMOMETpPa SABJIAIOTCA KOOPAMHATHBI-
MU OCSAMHU C PABHOMEPHBIMU IIKaJaMM, IO9TOMY TOUKU D u
K npenar orpesku AB u MN B OJHOM M TOM K€ OTHOIIIEHUU

(puc. 53). CocTaBUM ypaBHEHUE > B
100 - x _ 212 -«

x—-0 x —(-82) " 0 x 100 T °C

OHO mMeeT eJMHCTBEHHBIN KO-

| >

peHp x = 22%, IIO9TOMY HCKOMAS M II( ].V
TeMIIepaTypa paBHA 22% rpagyca. ~—32 x 212 T°F
Ortser. 22% rpazgyca. Puc. 53

1196. a) O6Hapy:xkuB B 64 M OT ce0sa YyIIOJIBAIOIIYIO Yyepe-
naxy, Axuiiec HauaJa eé mpeciemoBaTb. CoKpaTuB paccTos-
HUe 0 uepemaxy B 8 pa3 M OCO3HAB CBOE IIPEBOCXOJICTBO, OH
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npexpaTui morouo. Kaxkoil myTh mpogesaas AXuijiec ¢ Hauaja
IOTOHU, €CJIM ero CKOpPoCTh B 15 pas 06o0JbIlle CKOPOCTU Uepe-
maxu, IPUYEM ABUMKeHMe AXUijieca W Yepernaxu MPOUCXOIUIIO
0o TIPSAMOIM?

Pemrenne. 9To 3amaya KOHKYPCHOro okK3amMeHa B MIY
nponiabix Jer. Tak Kak ckopocTh Axwuijgeca B 15 pas 00Jib-
II1e CKOPOCTH uepemaxiu, TO 3a OJHO U TO Ke BpeMs OH IIPO-
Ge:xas myTh, B 15 pas GoJsblnmii, uemM depemaxa. IlycTh IyTh
yepemaxm X M, Torga myTh Axwuianeca 15x m. Paccrosmme ot
HaAYaJbHOTO IIOJIOKEeHUsS AXujjgeca M0 KOHEUHOTO IMOJIOMKEeHUSI
yepernaxum PaBHO

15x +64 : 8 =15x + 8, nmam 64 + x M.
CocTaBuM ypaBHEHIE
15x + 8 = 64 + x.

OHO MMeeT eIMHCTBEHHBIN KOpPeHb X = 4, cjeIoBaTeJabHO,
Axunnec mpozenan nyts B 60 M.

Oreer. 60 M.

1198. Ilox moceB MIIeHHUIIBI OTBEAEHO 3 ydyacTKa MAalllHU,
o0Iias IJIoIagbh KOTOPBIX B 3 pasa 0oJIbIlle IIJIOINALM BTOPOTO

2
yuacTKa. 3a JeHb ObLJIM 3acesHbl II0JIOBUHA IIEPBOrO, 3 BTO-

poro m Bech TpeTu#l ydacTok. lliomianb, ocraBIiasica He3ace-
AHHOM, B 2 pada MeHbIIle IIJIOMIaAN TPeThero yuactka. Kakyio
YacTh OTBEAEHHON IIOJ ITOCEB ILIOINAAU COCTABJISET IJIOINAIb,
3acessHHAsI 3a JeHb?

Pemrenne. Tak Kak IJIoOmagh TPEX yYacTKOB B 3 pasa
0oJibIlle, YeM ILJIOIIAAh BTOPOTO ydYacTKa, TO CyMMa ILJIOIa-
el IepBOTO W TPEThEro yJyacTKOB B 2 pasa 0oJibIlle IIJIOIIaau
BTOPOTO ydYacTKa.

IIycts miromiagb MTEepBOTO ydyacTKa X, BTOPOTO ydYacTKa
Y, TOraa ILIOLIaAh TPEThero ydacTka paBHa 2y — X, ILJIOMIAIb
TPEX y4acTKOB 3y (ILIomaau M3MepPAIOTCA OSJHUMU U TEeMU Ke
eqInHUIIaMHU).

3a meHb ObLIN 3aCesdHbI IIIeHuIlei

Lyt gy + 2y —x)= §y - (ex. muroranm).
2 3 3 2
Ocranuch He3aceAHHBIMU
8 1 1 1
- Cy-zx)=Zx+ - . ,
3y —(gy — 5X) = 5x+ gy (en. mnomann)

yTo B 2 pasda MeHbIe, uem 2y — x (em. miuommanm). CiaemoBa-
TeJIbHO, CIIPAaBEIJIMBO PaBEHCTBO

1 1
2(§x+ 5y)=2y—x.

2
W3 sTOoro paBeHCTBA BHIPA3UM X Uepe3 YJ: X = 3V
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Tpebyercsa HalTHU 3 3 .
Yy
8., _ 8,1
s/ 9" _ 3" 3 _ 7
3y 3y 9°

7
OtrBer. —.
9

1199. Besocumnenuct mpoexaj paccToAHUE OT TyHKTa A 1O
OyHKTa B 1 00paTHO C MOCTOSHHOW CKOPOCTHIO. MOTOIIUKJINCT
npoexas paccrosaune AB co CKOPOCTBhIO, B 11 pasd OoJibIlleii, yeM
cKopocTh Bejocunenucrta. OH OCTaBUJ MOTOIIMKJI B IIyHKTe B
M BepHYJICAd B MYHKT A IEIIKOM CO CKOPOCTBbIO B 71 Pa3 MeHb-
e, ¥eM CKOPOCTh Bejocuileucta. KTo M3 HUX OBII TOJbIIIE
B IIyTH W BO CKOJIBKO pas, ecau: a) n = 2; 0) n =57

Pemnrenue. IIycTh cKOPOCTh BeJsiocumenqucTa U KM/4Y, a pac-
CcTOAHNEe MeXXAy nyHKtamMmu A m B paBuo s. Torma Ha nyTh

2s
TyZa M OOpaTHO BEJIOCHUIIELVCT IIOTPATHI {; = - (1), a moTO-
s

s(n2 + 1)
UKJIUCT t, = — + E = —
o 2 nv v nv

().
Ilokaxem, uTo t, > t; upu Jbom n # 1. [lelicTBUTeIbHO

2 2
s(n + 1) ( _ 1)
2s s\n
ty—ty,=———+ - —=——">>0mpun=# 1
2 1 nv v nv > p ?
T. e. i, > ¢, upu n # 1, ciremoBaTelbHO, P n # 1 MOTOIIU-
KJucT OyzeT B IIyTH AOJbIIe Bejocunenmucra. OnpepesnM, BO
CKOJBKO pas:

2
s(n +1).§=n2+1
nv ) 2n
n?+1
a) Ilpu n = 2 umeem o 1,25;
2
0) mpu n = 5 umeeM nz_:l—l = 2,6.

OtrBer. Moronukiuct; a) 8 1,25 pasa; 6) B 2,6 pasa.

3ameuanue. Ilo cmbicay 3agaum n > 1. OgHaAKO MHTEPECHO
IOIIOJIHUTEJIbHO paccMoTpeTh cutyamuu: 0 < n <1 u n=1.

Ecam 0 < n <1, ToO OTBET OCTAHETCA TOT Ke: «MOTOIUK-
JUCT», XOTsS CUTyalllsd OKAaYKeTCsd HeOOLIYHOI: MOTOIUKJIMCT
npoexajy paccrosuue AB cO CKOPOCTBHIO, MEHBIIEH, YeM CKO-
POCTH BEJIOCUIIENICTA, a BEPHYJICA MEITKOM B MMYHKT A CO CKO-
pocThio, OOJIBINIEl, YeM CKOPOCTh BEJIOCUIEAMCTa; XOTS €eCJu
OH XOpOIIW¥ 6GeryH W IIJIOXO €eJeT Ha MOTOIMKJIe, TO TaKasd
CUTyalusi BO3MOKHA.
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Ecam e n =1, T. e. BeJOCHUIEIUCT, MOTOIUKJUCT Ha
MOTOIIMKJIE€ M MOTOIIUKJIUCT IEITKOM MMeJN OJWHAKOBYIO CKO-
pocTh, TO OHU OBIIW B IIyTH OJHO U TO K€ BpeMsd.

1200. JIaTyub cocTOMT W3 MeAu W ITMHKA. KyCOoK JaTyHu
Becom 124 r, mOrpy:X€HHBIII B BOAY, TepseT B Bece 15 r, a
Kycok Menu BecoM 89 I, MOTpY’KEHHBIN B BOLY, TepsieT B Be-
ce 10 r. Kpome TOro, M3BeCTHO, YTO KYCOK IIMHKA, IIOTPYKEH-

o 1
HBI B BOAY, Tepder . Beca. OnpenmennTte, CKOJIBKO MeIu U

CKOJBKO IIMHKAa coiep:kurca B 124 r jaryHwu.

Pemenne. IlycTb B JaTyHU CONEPIKUTCA X T MEOU U
(124 — x) r nuuka. Torga mpu TOTPy’KEeHUU B BOAY MeAb U
IUHK TepAIT 10x oy 124-x

89 7

me cocraBisger 15 r. CocraBuM ypaBHeHUE

I' COOTBETCTBEHHO, UTO B CyM-

10x + 124 —x _ 15.
89 7

JTO ypaBHEeHUEe MMeeT eIUHCTBEHHBIN KOpeHb X = 89, cie-
JoBaTeabHO, Menu Oblio 89 1, a mumukKa 124 — 89 = 35 (1).
OtrBer. 89 r mMenqu u 35 r IUHKA.

1201. HapucoBaau poMObI M OpAMOYyroJbHUKU. PoMOOB B
2 pasa OoJibille, YeM IPAMOYTOJbHUKOB. Hucao pombOOB, He
ABJIAIONIUXCA MTPAMOYTOJbHUKAMU, B 3 pasa OoJbIlle UuCcIa
OPAMOYTOJBHUKOB, He SABJIAIONIUXCA poMOaMu.

a) OmpenennTe HaMeEHbBIIIee BO3MOKHOE UMCJIO (GUTYP.

6) Bo ckosbKO pas3 KBagpaToB OBLIJIO MEHbIIIE, YeM POM-
60oB?

B) CKOJIbKO KBaJapaTOB HApHCOBAaJM, €CJIU BCEro HaPUCO-
Basu 20 ¢uryp?

Pemenne. IlycTs OBIIO X MOPAMOYTOJbLHUKOB, HE SBJIS-
oImuxcsas pomMbaMu, ¥ Y HOPAMOYTOJbHUKOB, SABJIAIOINIUXCSA
pombamu (To ecTh KBamparamu). Torma 6b110 3x pomMO6GOB, He
ABJIAIONIUXCA IpaMoyrodbHuKamu. CiaeqoBaTeabHO, BCeTo (Qu-
ryp 6bL10 4X + Yy, cpeau HUX OBLIO X + J IPAMOYTOJbHUKOB U
3x + y pomboB. Tak kax pomOOB B ABa pasa OOJIbIlle, YEM
OPAMOYTOJbHUKOB, TO BEPHO PABEHCTBO

3x +y=2(x+y),
u3 KOTOPOTrO CJIEAYeT, UTO X = Y.

a) HammenbIiiee BO3MOIKHOE YHUCJIO0 (PUTYP IMOJYUUM ITPU
x =y = 1. 9ro uncyo paBHO 4x + y = 5.

6) KsagpaTtoB, T. €. OPAMOYTIOJbHUKOB, SBJIAIOIINUXCS

pombamu, ObLTO Y, a Bcero pomboB 4x. KBagpaToB ObLIO B
4x _ 4x _

——= = —= =4 pasa MeHbIIle, YeM POMOOB.

y X
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B) Eciu Bcero HapucoBamu 4x + y = by = 20 duryp, To
KBaJapaToB HapucoBaiu 4.

OtBer. a) 5; 6) B 4 pasa; B) 4.

1202. I'pysoBas MallinHa BblexXaJjia M3 IMIYHKTAa A B IYHKT
B. Coycra 2 u u3 nyEKTa B B nyHKT A BhIeXaja JerkoBas
MallliHa, KOoTopas Npubblia B NMyHKT A Ha uYac MO3Ke, UeM
rpysoBas MaminmHa B OyHKT B. CKOJIbKO 4acoB Obljia B IIyTU
rpysoBas MaIlliHa, €CJU K MOMEHTY BCTpPeUYM OHa IIpoexaJia

2 ?
3 Beero myru’

Pemrenue. I cnoco6. Ilycts rpysoBas MaIlIumHa exajga mo
BCcTpeun ¢ U, TOrJa BABOE MEHBIINI MHyTh OHA IIpoexaJa 3a

t 3t
E v 1 ObljIa B IIyTu ? y, JlerkoBasa MaIlirHa exaJjia A0 BCTpe-

ym (¢ — 2) u, Torma BABOE OOJBIIMUA NHYyTh OHA Hpoexaja 3a
2(t — 2) u u 6b11a B iyt 3(¢ — 2) 4, uTo Ha 1 U MeHbIIIe Bpe-
MeHHN IBUMKEHUs Ipy30Boi Mamuubl. CocTaBUM ypaBHEHNE

L se-2=1,
OTKyza t = % Bpems aBu)KeHUSA TI'PY30BOIl MAaIIMHBL PABHO

3t
=5 ().

II cnoco6. Bocmosnbsyemcsa meromoM momobusi. ITocTpoum
rpaduku aBuskenusa mamua OF u GCD (puc. 54). Ilycts rpy-
30Basa MaminHa ObLta B nmytu x 4. Torma OE = x, OD = x + 1,
CF = x — 2. U3 momobusa tpeyroabuukoB OMD u FMC cie-
IyeT, UTo

OD _ MK
CF MN’
MK _ 2 . .
HO - = 7 (aTO OTHOIIIEHUWE PACCTOAHUIN, MPOUTEHHBIX TI'DPY-

30BOM ¥ JIETKOBOU MarmnmmHaMu a0 BcTpeuu). CocraBuM ypas-

HeHue
x+1 2

x-2 1’
OTKyJZa X =5, T. e. BpeMs ABUXKe- S/
HUSA T'PY30BOM MaIlIMHBI PaBHO 5 U.
OTtBer. 5 4. G
1204. 3adaua JI. H. Toacmoezo.
Ha 100 p. xymumam 100 ckoTuH — M
TEJAT IO IIOJITHUHE, KOPOB IO 3 p.,
6pik0B 1o 10 p. CKOJBKO KYIUJIHN
TeJAT, KOPOB U OBIKOB B OTHAEJIBHO-
ctu? (0] K ED
Pemrenue. Ilycts Kynmuau x ObI-
KOB, y kKopoB u 100 — x — y Teudr. Puc. 54

2 C N F

o~
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CocTaBUM ypaBHEHUIE:
10x + 3y + 0,5(100 — x — y) = 100,
KOTOpOe TepemnuiiieM B BHUIE
19x + 5y = 100.

Pemmum sTO0 ypaBHeHUME B HATypaJbHBIX uHcaax. Tak Kak
npu Jjobom y umeao by menurcda Ha 5, To 19x = 100 — 5y me-
auTca Ha 5. A Tak Kak uwmcio 19 He geaurTca Ha 5, TO YHCJIO
X OeJuTcs Ha 5.

Eciu x =5, o moayuum y = 1. Ecau x > 5, To 3Haue-
HUS Y He ABJIAIOTCSA HATYpPaJbHBIMU, T. €. YpaBHEHUE HMeeT
eIUHCTBEHHOE peIlleHre B HaTypaJIbHBIX ymciaax: x = 5, y = 1.
Torma 100 — x — y = 94. Urak, Kynuaum 5 ObIKOB, 1 KOpOBY u
94 reséHKA.

OrBer. 5 ObIKOB, 1 KOpoBY U 94 TejnéHKA.

1212. Cpenu aOUTYPUEHTOB, BBLIAEPIKABIINX MPUEMHBIE
9K3aMeHBbI B BY3, OIEHKY «OTJMYHO» IOJYUYUJIU: IO MaTeMma-
Tuke — 96 aburypueHTOB, 0 (pu3MKe — 74, IO PYyCCKOMY
A3bIKYy — 84, mo maremaTtuke uiau pusuke — 150, mo mare-
MaTUKe MU PYCCKOMY A3BIKY — 152, mo usuKe UIU PyCCKO-
My A3BIKY — 132, mo Bcem Tpém mpeameram — 8. CKOJBKO
a0UTYyPHUEHTOB IOJYyUYUJIU XOTsA OBl oAHY HATEPKY? CKOIBKO
cpeny HUX MOJIYUYUBIIUX OAHY HATEPKY?

Pemeune. Ilonyuynain «OTIUYHO» POBHO IO ABYM IIpeaMe-
TaMm:
1) 96 + 74 — 150 — 8 = 12 (abuTypueHTOB) — IIO0 MaTeMa-
THUKe U (pu3mkKe;

2) 96 + 84 — 152 — 8 = 20 (abuTypmeHTOB) — II0 MaTeMa-
TUKE U PYCCKOMY SI3BIKY;

3) 84 + 74 — 132 — 8 = 18 (abuTypueHTOB) — II0 (PUBUKE
U PYCCKOMY S3BIKY.

ITonyunanm xoTsa ObI OGHY IATEPKY:

4) 150 + 84 — 20 — 18 — 8 = 188 (abutypueHTOB).

ITonyunnm ogHy (POBHO OHY) IATEPKY:

5) 188 - 20 -12 -18 — 8 = 130 (abuTypueHTOB).

OtBet: 188 aburypueroB; 130 abuTypueHTOB.

1214. [{na mpoms3BOACTBA ONHOTO DJIEKTPOABUTATEJNA TUIIA
A ucmnojsbdyercsa 2 KI ciiaBa, cogepq:kaiiero 20% cBuHIA U
80% wmemu. [yis mpPOM3BOACTBA OJHOTO 3JIEKTPOABUTATENSA THU-
na B wmcmosib3dyercss 2 Kr cmiiaBa, cozepskaigero 60% cBuHIla
u 40% wmenu. IIpubGbLIbL OT TPOM3BOJACTBA OJHOTO 3JIEKTPO-
IBUraTesssi Tuma A maum Tuna B cocTaBiigeT COOTBETCTBEHHO
8 p. uiu 12 p. CKOJIBKO HYYKHO U3TOTOBUTH 9JIEKTPOABUTaTE eIl
KasKJoro Tuia, uroosl moayuuTh 1000 p. mpubblam, m3pacxo-
IoBaB mpu sToM He Oojsee 84 Kr cBuHIIA M He Oosiee 111 Kr
menu?

Pemenne. [[151 TpoM3BOCTBA OJHOTO SJIEKTPOJBUTATEA THU-
na A ucnoassdyerca 0,2+ 2 = 0,4 xr cBunma u 0,8 - 2 =1,6 Kkr
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menu. [y TPOM3BOACTBA OJHOTO 3JIEKTpOABUTATENSA TUNa B
ucmoJsbsyercsa 0,6 - 2 = 1,2 kr cBunma u 0,4 - 2 = 0,8 xr me-
nu. IIycTs HYKHO M3TOTOBUTH X 3JIEKTpPOABUTaTeN el Tuna A u
y saexTponBuraresieil tTuna B. CocTraBUM ypaBHeHUe

8x + 12y = 1000.
Breipasum x uyepes y:
x =125 - 1,5y.

YTo6bI OBLIO M3pPacxoZoBaHOo He 0Oojee 84 KI CBUHIA U
He Oosiee 111 Kr Menau, HOJIMKHBI BBIMOJHATHCS HEepPaBEHCTBA:

0,4x + 1,2y < 84 u 1,6x + 0,8y < 111.

ITogcTaBMB B 9THM HepPaABEHCTBA BMECTO X BBIpaKeHIe
125 — 1,5y, moayyum pOBa JWHEUHBIX HePaBEHCTBA OTHOCHU-
TEJIBHO Y:

0,4(125 -1,5y) + 1,2y < 84 u
1,6(125 - 1,5y) + 0,8y < 111.

Perrus CHUCTEeMYy 9THUX OBYX HEPABEHCTB, IIOJIYUYMM, 4YTO

55,625 < y < 56 §

I9ToMy ABOWHOMY HEpPaBEHCTBY Y/IOBJIETBOPSET e€IWHCTBEH-
HOe IeJioe 3HaueHue y (YMCJIO MOTOPOB He MOKeT OBITh ApPO6-
HBIM), 3TO0 Yy = 56. Temepb HaAEM COOTBETCTBYIOIIlee 3HAUE-
HUEe X:

x=125-1,5-56 = 41.

WUrak, Hy:XHO mM3roToBuTh 41 sjeKTpoaBurartenp tuna A
u 56 sjgeKTpoaBurareaeil tuma B.

OtBet: 41 sgexTpoaBurareapb Tuima A, 56 sjgeKTpomBura-
Teyieii Tuna B.

1222. Illectr MaAIbUYMKOB M YeThIPE MAEBOUKU OPTraHM30-
BaJIM TYPHUP IO mIalrkaM. KasKAbIi yYaCcTHUK TYpPHHPA ChbIT-
paj ¢ KasXKAbIM II0 OQHON HapTHH. 3a BLIUTPHINI IPUCYKIAIN

2 ouka, 3a HMYbI0O — 1 ouKo, 3a mpourpsiin — 0 oukoB. [le-
Bouku BMecTe HaOpaau 40 ouxoB. KTo BBIMTpas GoJibIlle OY-
KOB: MaJIbUMKHMN Yy [J€BOUEK MNJN [J€BOYKHN Yy MAJIbUMKOB — U1

Ha CKOJBKO?
Pemenue. YuacTHUKOB TypHupa ObL1io 6 + 4 = 10. Onn

chIrpaan 109

— = 45 (mapTuii)
u Habpaan

45 - 2 = 90 (ouKOB)
He3aBUCHUMO OT HMCXOIOB OTAeNbHBIX mapTtuii. Ilo ycioBuio 3a-
maun geBouku HaOpaaum 40 oukKoB, Torga MaJbUMKMN HaOpaaun
90 — 40 = 50 (oukoB). YUTOOBI OTBETHUTH Ha BONPOC 3ajgauwu,
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paccMoTpUM «TYPHUP B TYPHHUPE» — WUTPHI AeBOUEK MEKIY
coboii. B HUX cwIrpaHo

% = 6 (mapTuii)
u HabpaHo

62 =12 (oukoB).

Ocranbuable 40 — 12 = 28 (0YKOB) [eBOUKHU BBIUTDAJTIN y MaJib-
YUKOB.
AHaJIOTMYHO MaJbUMKU B UIpPaxX MeXKAy coboii Habpaaiu
30 0uKOB, 3HAUUT, MAJbYUKM BBIUTPAJN Y IdEeBOUEK
50 — 30 = 20 (oukoB).
WUrak, neBOYKU BBIUTPAJU Y MaJIbUYMKOB Ha
28 — 20 = 8 (ouKOB)

0oJIbIlle, YeM MaJIbYMKU Y JeBOYEK.

OtBer: [eBOUKM BBHIMTDAJU Yy MAJbUYMKOB Ha 8 OYKOB
GoJIbIIIe.

1237. MarepuanbHasgi TOYKa IBUMKETCA C IIOBEPXHOCTU
3eMJIM BEPTUKAJBHO BBEPX C HadaJbHOW cKopocThio 20 m/c.
CKOJIBKO BpPeMeHN TOouKa OymeT HaXOOUTLCSI B ABUIKEHUU U
Ha KaKyI0 BBICOTY OT IIOBEPXHOCTHU 3€MJIM OHA HOTHUMETCA?
CompoTuBJIEHMEM BO3AyXa IpeHeOpeyb.

Pemenue. IlycTs mMaTepuasbHasdg TOUYKA ABUIKETCS BIIOJIb
KOOPAWHATHON OCH, HAaNPaBJEHHON BEPTUKAJIbHO BBEPX, TOTAA
eé KoopauHaTa h ompemnessdeTrcs mo (opMyJie

2
h=hy+vgt — £,

a CKopocTb v — 110 opmy.Jie
Smecy hy =0 M, v, =20 m/c, g =10 M/Cz, IO3TOMY

2
h=20t—%z20t—5tz, v~ 20 — 10t.

Tax Kak B HAWBBLICIIIEH TOUKE TPACKTOPUU ABUIKEHUS Ma-
TepruaJbHO TouKu U = 0, TO Ha HaWMOOJBIIYIO BBICOTY TOYKA
mogHUMeTcsA Ipu t =~ 2 ¢, u 3Ta BbicoTa Oyzer paBHa h = 20 M.

Otser. 2 c; 20 M.

1239. Cmeseosor s BBIACHEHUS TIJIYOMHBI IIOA3€MHOM
moJIoCTU Opocus BHU3 0e3 HadyalbHOW CKOPOCTH KaMeHb. 3BYK
OT TaJieHusd KaMHsS Ha JHO IIOJIOCTU AOIIMEJ IO cIlejieoJiora ue-
pe3 3 c. KakoBa riybmHa IIOA3€MHOM IIOJIOCTH, €CJIN IIPUHATH
CKOpocTh 3ByKa paBHOu 330 M/c m mpeHeOpedYb COIPOTHUBJIIE-
Huem Bosayxa? Cuurarsh, uto g =~ 9,8 m/c”.

Pemenue. IlycTs uepes ¢ ¢ KaMeHb JOCTUT AHA IIOI3€MHOM
TOJIOCTH. 3a 9TO BpeMsA OH IIPoJieTeJ PACCTOSHUWEe, paBHOEe
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2
¢ ..
LNV 3BYK OT IaJeHus KaMHs Ha SHO IIOJOCTH OOIIEJ] 10

2
2
cmeJieosiora uepes t + %0 C, UTO IO YCJOBUIO 3aJauy PABHO
3 c. CocraBuM ypaBHEHUE
2
t+ 8L =3,

660

9TO ypaBHEHHE HMeeT eIMHCTBEHHBIN II0JOMKUTEeIbHBIN
2
¢
KopeHb t =~ 2,88, mjJsg KOTOPOTO g? ~ 40,6, T. e. ruybuHa

HO3eMHOM ToJocTH MpubAM:KEHHO paBHa 40,6 M.

Otser. =~ 40,6 M.

1240. IlapamnrroTucT MOKUHYJ JETAINUN caMOJIET Ha BBI-
core 3 KM u uyepe3d 3 MuH npusdemiauiacs. OmnpepennuTte Bpe-
Ms ero CHMMKEHHUSA M0 PACKPBITHUA HapalliTa U ¢ PACKPBITHIM
MapalmoTOM, €CJIH CPeAHAs CKOPOCTb CHUIKEHUS C PACKPBI-
TBIM TaparroToM paBHa 6 wm/c. CompoTuBIeHHEM BO3AyXa
Opu CHUKeHWM O0e3 maparlirora npeHeOpeub. CuwmTaTh, UYTO
g~9,8 m/c?

Pemenne. IlycTh mapalroTHCT CHUIKAJICA OO PACKPBITHUA

2
mapaimoTa ¢ ¢ U IPOJIeTes % M, TOTZA C PACKPBITHIM Hapa-
mrroToM oH cHmkaica (180 — ¢) ¢ u mpoaeren 6(180 — ) M.
CocTaBUM ypaBHeHUE:

2
T
% + 6(180 — t) = 3000.

STO YpaBHEHHUE HMMeEeT e,Z(I/IHCTBeHHBIﬁ IIOJIOHCI/ITEJIBHI:IfI
Kopeus t = 20,4, ciemoBaTelbHO, BPEMs CHUKEHUS IIapaIllio-
THCTaA OO0 PacKpbITusa mnapaimioTra paBuHo 20,4 ¢, a ¢ paCKPBITHIM
IIapalrnToM

180 — 20,4 = 159,6 (c).

Otser. = 20,4 c; = 159,6 c.

1245. KosouHa cojamaT AJUHON [ M OBHXKETCA CO CKOPO-
cThi0 X M/MuH. V3 KOHIIa KOJIOHHBI B €€ HAUaJI0 OTHPABJIA-
eTcsA Cep:KaHT CO CKOPOCTHIO Y M/MWH, 3aT€M C TOH Ke CKO-
POCTBIO OH BO3BpalllaeTcsi B KOHEI[ KOJIOHHBI. Ha myTs Tyma u
00paTHO CEpPIKAHT 3aTpaTUJl ¢ MUH.

a) Breipasure ¢, [, x, y yepes3 OCTaJbHbIE BEJIUUYUHEI.

6) Beruucaure ¢, ecau [ = 510, x = 70, y = 100.

Pemienune. a) Ilo cmblcoy Bagaum y > x, Torga BpeMsd
t OBU:KEeHUs cepsKaHTa B o0a KOHIIa PaBHO

Loy L - 22yl 5 (Mun).
y—x y+x Yy - x

173



W3 paBeHcTBaA

BbIpa3nMM BE€JIMYMHBI l, X, Y 4UYepe3 OoCTaJIbHbI€ BEJIUYUHBI:

2 2
[ — t(y x) e 21y L P+ 2P
- 2y s X =LY Tay_ ¢ .

6) Ecau [ =510, x = 70, y = 100, To

p= 2 = 2:100:510 _ o4 (yyy),
Yy - x 100 — 70

Oreer. B) 20 muH.

1246. KosouHa cosigaT AJUHOMN | IBUMKETCs C IIOCTOSIHHOM
CKOPOCTBIO II0 Itocce. Kypbep uM3 KOHIIA KOJOHHBI OTIIPABUJICS
B eé HauvaJyio. JlocTUrHYyB Hauajia KOJOHHBI, OH TYT K€ II0OBEP-
HYJI 00paTHO U MOIIEJ B KOHEI KOJOHHEI C TOH K€ CKOPOCTBIO.
3a 5TO BpeMs KOJIOHHA IIpoIjia paccrosume s. Ompemenute
paccTosiHre, KOTOpOe IIPOIIEN Kypbhep B o0a KOHIIA, €CJIH:

a) [ =400 m, s =300 wm; 6) L =300 m, s =400 M.
Pemenue. IlycTh CKOpPOCTH KOJOHHBI paBHa X M/MUH, a
CKOpOCTH Kypbepa — y M/MuH (y > x). Torga Bpems aBuxe-
HUS Kypbepa B o0a KOHIIA PaBHO
2yl
R S 2y2(MI/IH).
y—x y + x Yy —x
2yl 2xyl
Sa 5TOo BpeMsA KOJOHHA IpoILIa — 5 * X = 5,
y —x y —x
unu s M. CocraBuM ypaBHeHUE
2xyl
——— = S. 1
. (1)
Kypbep 3a Bpemsa ABUKeHUs B 00a KOHIA IIPOIINET HYTh,
B ¥ pas Goabmnii, uem s, T. e. -2 M. UToGbI HaliTH ITY Be-
b X
JUYUHY, HY:KHO M3 ypaBHeHus (1) HaiiTu g,
X

Bseném HOBOE Hem3BECTHOE n = Yy mepenuIineM ypaBHe-
X

"Hue (1) B Buze onl

n® -1

=5 (2

UJU B BUIE
sn® — 2nl — s
n? -1

YHucaurenasb Apodu B JIeBOUM uacTu ypaBHeHUs (3) obpara-

=0. 3)

1+ - s

€TCsA B HYJIb IIPU 1y 3 =
’ S

,aTaK Kak y > x, Ton > 1
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U 3HaMeHaTeJb APoOM B JieBOM dYacTu ypaBHeHusA (3) B HYJIb
He oOparaercs. YpaBHeHue (3), a 3HAUUT, U ypaBHeHue (2)
UMEIOT €IUHCTBEHHBIA TOJOMKUTEJIbHBIN KOPEHb

LR+ §P
1_—I
S

Torza MCKOMOe PacCTOAHUNE PaBHO
[z .2
LANE* s ls+s s =1+ NP+ 5 (m).
a) Eciu [ =400 M, s = 300 M, To Kypbep IPOIIES B oba

KOHIIa
400 + v400® + 300> = 900 (m);

6) eciu [ =300 M, s =400 M, To Kypbep IIPOIIET B oba

KOHIIA
300 + \/300% + 400> = 800 (m).
Oteer. a) 900 m; 6) 800 M.

3ameyaHne. UToObl m30e:xaTh BBEIEHUS TPETHETO HEMS3-
BECTHOT'0, PAaBHOT'O OTHOIIEHWIO IBYX YK€ BBENEHHBLIX HEU3-
BECTHBIX, MOYKHO 4epes 7 0003HAUNTL UYMCJO, IIOKa3bIBAIOIIlee,
BO CKOJIbKO Pa3 CKOPOCTh Kypbepa OOJIbIIIE CKOPOCTH KOJIOH-
HBI.

IIycTh CKOpPOCTH KOJIOHHBI paBHA X M/MHH, a CKOPOCTh
Kypbepa B n pas 6oJbllle CKOPOCTH KOJOHHBI, T. €. 11X M/MUH.
Torga BpeMs ABHXKEHUS Kypbepa B 00a KOHIIA PaBHO

l + l 2nl

= MWH).
nx — x nx + x x(nz—l)( )

3a 3TO BpeMdA KOJIOHHAa IIpoIlja IIyThb
2nl 2nl
(m),

x(nz—l) * n® -1

YTO IO YCJIOBUIO 3aJayul pPaBHO S M. [lajee cocTaBUM ypaBHE-
Hue (2), pelruB KOTOPOE OTHOCUTEJIBHO 1, MHOJYUYUM TOT IKe
pesyJjbTar.

1253. IlpormenTsl comepskaHusa (IO Macce) KpacUTeJd
B TpEX pacTBOpax oO0pPasyoT TeOMEeTPHUUECKYI0 HPOTPECCHUIO.
Ecnu cmemrats 1mepBbIiT, BTOPOW M TPETUM PaCTBOPHI B OTHO-
mienuu 2 : 3 : 4, TO MOJYUYUTCS PACTBOP, comepsxaiuii 32%
Kpacuread. Ecam ke cmernath umx B oTHolneHuu 3 : 2 : 1, To
MOJIYYUTCS PacTBOpP, comep:xamuii 22% xpacuresnda. CKOIbKO
IPOIEHTOB KPACUTEJISI COAEP KUT IIePBLIII pacTBOP?

Pemenue. IlycTs B mepBOM, BTOPOM W TPEThEM PacTBOpPaAX
cogepxkurcsa (mo macce) p%, pq%, pg % KpacuTens COOTBET-
CTBEHHO.
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Eciu cmemars 2x, 3x, 4xX OSMHAKOBBIX E€IUHUI[ MACCHI
epBOTO, BTOPOTO W TPETHETO0 PACTBOPOB COOTBETCTBEHHO, TO
cofep:kanmne Kpacuteias coctaBuT 32% . CocTaBuM ypaBHeHUe

(L-2x+ﬂ-3x+p—q2-4xJ-100
100 100 100
2x + 3x + 4x 82
KOTOpOe MepernuilineM B BHUIE
2p + 3pqg + 4pq2 = 288.
Ecau cwmemats 3y, 2y, Yy ONUHAKOBBIX EIWHUI[ MAaCChI

IepBOTO, BTOPOTO M TPETHET'0 PACTBOPOB COOTBETCTBEHHO, TO
comepskanme Kpacurenas coctaBuT 22% . CocTaBuM ypaBHeHUe

2
p pq pg
L3y PL .9y 4 PT .y 100
[100 Y100 %Y " 100 y]

3y +2y+y

2

= 22,

KOTOpOe TepenuiineM B BUIE
3p + 2pq + pq® = 132.

PemuB cucremy nOByX ypaBHEHUU OTHOCUTEJIBHO p U (,
HOJIYYUM €eAWHCTBEHHOE IIOJOKUTEJIbHOEe peIieHue 3TOoi cu-
creMbl: p = 12, q = 2.

Otser. 12%.

1254. JIBa merrexojla OJHOBPEMEHHO BBIIIJIN HABCTPEUY
IPpYyT OPYyTy U3 MYHKTOB A u B, paccTosHMe MeXIy KOTOPBIMU
34 xM. B 4 KM oT myHKTa A IepBbIH Ielnexol (BBIIIEAITNI
u3 nyukTa A) cmenan ocranoBKy Ha 1 u 30 mun. ITocsie ocra-
HOBKM OH YBEJIMYMJ CKOPOCTHh Ha 2 KM/Y U BCTPETUJ BTOPOTO
merrexona B 18 kM or myHKTa B. Eciu Obl IEepPBBIN IIEIIEXO[
He JeJiaJl OCTAaHOBKHU U IIIEJI BCE BpeMs C IIePBOHAYAJILHON CKO-
POCTBIO, TO TEIMIeXOAbl BCTPETUJINUCH Obl Ha moJmnyTu. Ompeze-
JIUTE CKOPOCTH BTOPOTO IIEIIeXOoka.

Pemenue. Eciiz ObI mepBBIN HeIIexo]l He Aejajl OCTAHOBKU
U IIEJI BCE BpEMA C IePBOHAYAJIHHON CKOPOCTHIO, TO TEIIeX0-
OBl BCTPETUJNCH ObI HA IOJITTYTH, CJAEeAOBATENIbHO, OHU IILJIU C
OMMHAKOBBIMHU CKOpocTsaMu. IIycThb CKOPOCTH KasKIOTO IIelre-
Xoa B Hauaje IIyTH X KM/d.

Berpeua merrexomoB mpowumsomniia B 18 KM or myHKTa B,
IO 9TOM BCTPeYW BTOPOM melnexojn ObLI B IIyTU % 4, a mep-
BbII (C YUYETOM OCTAHOBKU)

44154 34-18-4
x x+ 2
CocraBUM ypaBHeHUE
44 95434-18-4 18
x x + 2 x
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PemuB 310 ypaBHeHUEe, TOJYYUM €ro eIMHCTBEHHBIN IIO-
JOXKUTEJbHBIA KopeHb X = 4. CiiemoBaTesbHO, CKOPOCTbH BTO-
poro meimexona paBHa 4 KM/d.

OtBer. 4 KM/4.

1256. IIposuBHOI HOKAL JMUJI HECKOJbKO YACOB IIOLPL.
Korga o HamoJHHI HEKOTOPYIO YacTh OTKPBITOro OacceiiHa,
BKJIOUNJIM HACOC mJIs OTKAuKM Boxbl. OH oOTKauaj BOAY 3a
5 u, HA TPOTAXKEHUN KOTOPBIX MOXKIb IIPOLOJKAJI JUTh. Ecau
ObI BMECTO IIEPBOT'0 HACOCA BKJIIOUHJIN BTOPOIl, MOIIIHOCTHL KO-
TOpOTO B 2 pasa 0OoJIbIlle, TO OH OTKaudaJl ObI BOAYy 3a 2 u. 3a
CKOJIbKO YacOB OTKadaJiu ObI BOAY JABa HAacOCa IIPU COBMECTHOM
pab6ore? CumraiiTe mpollecchbl HAIIOJHEHNs OacceiiHa WM OTKau-
K1 BOJABI PABHOMEPHBIMIH.

Pemrenne. IlycTh 1m0 BKJIIOUEHMsI Hacoca B OacceiiHe OBLIO
X J BOAbl, 3a 1 u HanmmBajoch B OacceifH y J BOABI, 3a 1 u
HepBbI HAacOC OTKauuWBaJ M3 OacceiiHa 2z J BOABI B Yac, JABa
Hacoca OoTKauaJju ObI Bogy u3 Oacceiima 3a t 4. Ilo ycaoBusm
3a7jaud COCTaBUM CHCTEMY yPaBHEHUMN

x + 5y = bz,
x+ 2y =2- 2z,
x+ty=t-3z.

B moayumBIieiicss cucTeMe HEM3BeCTHBIX OOJIbIIe, UYeM
YpaBHEHUU, IIOITOMY BCe €€ pellleHus HaWTu He yoacTcs, HO
5TO 1 He Tpebyercsi. BroIpasum ¢ m3 TpeTbero ypaBHEHHS CHU-
CTEMBI:

X

3z—y’

Berurem BTOpOe ypaBHEHUE M3 IIE€PBOrO, IOJYYUM 2 = 3Y.
W3 mepBoro ypaBHeHUSA mMeeM

x =5z — by,
ciaenoBarenbHo, x = 10y. Tenepr BBIUUCIUM t:
_ x _ 10y  _ ll
3z-y 9y — y 4"

CiemoBaTesIbHO, ABa Hacoca OTKavyaioT Boay 3a 1 u 15 muH.

OtrBer. 3a 1 u 15 muH.

1257. a) Ha ayry pacrtér TtpaBa. 20 KOPOB CBHeASAT BCIO
TpaBy 3a 21 nmeub, a 30 KopoB — 3a 7 mHeil. 3a CKOJIBKO THEH
BCIO TpaBy Ha JIyI'y MOIVIK Obl CheCTh 22 KOPOBBI?

Pemenue. IlycTs mepBoHauYa bHBINE O0BEM TpaBbl Ha JIYTY
t ex., TpaBa PacTET PaBHOMEPHO, T. €. eXKeJHEeBHO IpHUpacTaeT
OIVH U TOT Ke O0BEM TpaBbl X en., KaKkJasd KOopoBa cbhenaa-
€T B JIeHb OAUWH U TOT Ke O0BEM Y en. TpaBbl (OOBEM TpPaBBI
usMepsaeTcAa HEKOTOPOM OO0Iel AJisi BceX BEeJIMUUH eIWHUIIEH).
A 22 KoOpoBBI CheIAT BCIO TpaBy Ha Jyry 3a d HHEMH.
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CocraBUM cuUCTEMY ypPaBHEHWUIi:

t+21x = 21-20 -y,
t+7x=30-7-y,
t+dx=22-d-y.

YMHOXUM IIepBOe ypaBHeHUE cucTeMbl Ha —1, BTOpoe —
Ha 3, CIOKUM IIOJyUYeHHbIe YPaBHEHUS:

2t = 210y,
orkyma t = 105y. Temepb m3 BTOPOTO ypPaBHEHUA MMeEeM

1
x =30y — - t,
ciaemoBaTesbHO, X = 15y. VI3 Tperbero ypaBHEHUSA HOJIYUUM
105
d= —t— = Y_ —15.

22y — x 22y — 15y

CinemoBareabHO, 22 KOPOBBI CHEIAT BCIO TPaBy Ha JYry
3a 15 nmmeii.
OrBer. 15 nmHeii.
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SAAAHNA gNft NCCNEAOSAHNA

Hu:xe mpuBeneHbl YCIOBUA 3a7adu Ha HCCIeqOBaHUEe, CBSA-
3aHHBIX C YpPaBHEHUAMH’, CHUCTeMaMU ypaBHEHUIl, HepaBeHCT-
BaMH1; TeKCTOBbIe 3aJaun: Ha HPOIEHTHI, HA ABUKeHNe II0 pe-
Ke, Ha COBMECTHYIO pPaboTy; 3aJjauu Ha HCCJEJOBAaHUE CBOICTB
HOBOT'O 00'beKTa (4éTHBIE M HEUETHBbIe (DAKTOPUAJILI).

Oco60 BbBIZeINM 3aJau¥ C M3MeHeHHeM BeJUUYMHLI Ha He-
CKOJIbKO TPOIEHTOB. JTa TeMaTHKa 3agau TpebyeT OCHOBAa-
TeJLHOTO 3HAHUA IIPOIEHTHBIX pacuéToB. Takme 3amauu BCTpe-
YyaJuch W B IPEeNBbIAYINUX KJaccax, HO 3Iech clejlaH yIIop Ha
COUeTaHMU TNPAKTUUYECKON HaIpPaBJIEHHOCTU PACUETOB C uUmeeit
pelieHus: 3ajau B OOIleM BU/Ee, UTO IIO3BOJIAET He TOJHKO 3a-
TPOHYTH TeMATHUKY 3aJa4, BBIHOCUMBIX Ha UTOTOBBIA KOHTPOJb
B I'MMA-9 u EI'9-11, HO u chopMyampoBaATh HECKOJLKO 3agau
I uccjaenoBanus. IIpu peleHun 3amady MHOTJA OKas3bIBaeTCA
YIOOOHBIM HEe BECTH PACUETHI C JaHHBIMU 3HAUYEHUAMU BeJIUYUH,
a 0003HAUUTH A9TU 3HaUeHUs OyKBamMu. CaMOCTOATENbHBINA TO-
WICK DpeIlleHnil IMpeAiosKeHHBIX 3a7au U pasbop UX pelneHuil B
KJiacce ITO3BOJIAT MOATOTOBUTD YUAIIIUXCA K UTOTOBOMY KOHTPO-
JI0 U K yYacTHIO B OJUMIIMAZAaX, a TaKsKe OyIeT crocoOcCT-
BoBaTh ()OPMUPOBAHMUIO KOMIIETEHTHOCTH B TPOBeIeHUU yued-
HO-HICCJIeIOBATEJIbCKON nedaTenbHOCTH. OOCy:KIeHNe peIlleHui
STUX B3ajau CIIOCOOCTBYeT OOOOINeHWI0 3HAHUN U COTPYAHU-
YeCTBY CO CBEPCTHHUKAMHN W yUYUTeJeM. BbIIOSIHEeHUWe 3aJaHui
TaHHOW PYOPUKM TOMOKET ydJalllUMCS B PA3BUTHUU TaKUX Me-
TalpeqMeTHBIX YMEHUI, KaKk YMeHHe CaMOCTOATEJIbHO MJIaHU-
poOBaTh IIyTU AOCTHUIKEHUS Iiejieil, 0COBHAHHO BbhIOMpPATh Haubo-
Jee 3(ppeKTuBHBIE CIIOCOOBLI pellleHus yUeOHBIX 3aau; YMeHUue
OCYIIeCTBJIATh KOHTPOJHb CBOEH JesdTelbHOCTH, OIIPEeNeIATh
CIIOCOOBI AEeHMCTBUI B paMKaXxX IIPeIJIOKEeHHBIX YCJIOBUM U Tpe-
0OBaHU, KOPPEKTHUPOBATL CBOU JIEHCTBUSA B COOTBETCTBUU C
u3MeHSIIelcsa cuTyalueii; yMeHue OlleHUBATh IIPABUJIBHOCTD
BBITIOJIHEHUSA y4YeOHOU 3aJauym, COOCTBEHHBIE BO3MOYKHOCTHU €€
pellleHusi; YMeHIEe CO3JaBaTh, IPUMEHATh U IIPE00pPa30BLIBATDH
3HAaKW W CUMBOJIbI, MOJEJN W CXeMBbl NJA PelleHuA yueOHBIX
¥ II03HABATEJNbHBIX 3a7adu.

1. a) HaiiguTe Bce 3HAUEHUS @, IPU KAXKIOM M3 KOTOPBIX

ypaBHeHUIe )
ax“—(4a+ 1)x +9a=0

uMeeT eIWHCTBEHHBIM KOpeHb; MMeeT ABAa PA3JIUYHBIX KOPHH;
He MMeeT KOPHeI.

Pemenue. Ecim a = 0, To ypaBHenue mmeer Bujg —x = 0,
OHO MMeeT eINHCTBEHHBIN KOpPEeHb.

Ecau a # 0, To KBampaTHOEe ypaBHEHNE MMeEET AVUCKPUMMU-
HaHT

D = (4a + 1) — 3642
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YpaBHeHUe uMeeT eOUWHCTBEHHBIN KopeHb, ecau D = 0,
T. e. eciu a = —0,1 uau a = 0,5. YpaBHeHue mMeeT ABa pas-
JUYHBIX KOpHH, ecau D > 0, T. e. eciu a € (—0,1; 0)U (0; 0,5).
YpaBHeHUe He wuMeeT KoOpHeii, ecau D <0, T. e. eciau
a € (—o0; -0,1)U(0,5; +00).

Oteer. a) EnuncTBeHHBIN KOopeHb Tipu a = —0,1, mpu a = 0
u npu a = 0,5; nBa pasauuHBIX KopHA npu a € (—0,1; 0)v
U (0; 0,5); He umeeTr KopHel mpu a € (—o0; —0,1)U(0,5; +00).

2. HaiizuTe HauMeHbIlee 3HAUYeHHe CYMMBbI x° + y?, ecim

(x; y) — pellleHUE CUCTEMBbl ypaBHEHUU
x — 3y = a,
3x —y=a+ 2.

IIpu KakoM 3HAYEHWH @ [OOCTUTaeTCd 9TO HaWMeHbIIIee
3HaueHme?
Pemtenne. [Iyis gi060ro 3HAUEHUS @ CHUCTeMa ypaBHEHUMN

nMeeT pPeIleHMrd:
_a+3 _ —a+1
X = »y Y = T .

HaiinéM HamMeHbIllee 3HAUEHUE CyMMBI x> + y*:

a®> +6a+9 a®> - 2a+1 a® +2a+5
I A T T 8 B
(a+17 +4
3 .
IIpu a = —1 BepHO paBeHcTBO x> + y?= 0,5, mpu a # —1

BEPHO HEPABEHCTBO X2 + y2 > 0,5.

Orser. 0,5; npu a = —1.

3. Hatinure Bce 3HaueHUus a, OJA KayKIOT0 M3 KOTOPBIX
HepaBeHCTBO

ax’*—2a+1Dx+a>0 1)
HEe UMEET PEeIIeHUn.

Pemenue. 1) IIpu a = 0 HepaBeHcTBO (1) mMeerT Bupj
—x > 0. 9To HEPaBEHCTBO MMeEET PEIIeHUs.

2) IIpu xaxkgom sHaveHuu a # 0 mCXOaHOE HEPaBEHCTBO
ABJSAETCA KBAaJAPATHBIM U MUCKPUMUHAHT KBaJPaTHOTO TPEX-
yjeHa paBeH D = 4a + 1.

a) Ecou a > 0, To D = 4a + 1> 0 u ucxomHoe HepaBeHCTBO
uMeeT peIleHusd.

06) Ecim a <0 u D > 0, To ucxoaHOe HEPABEHCTBO WMEET
perieHus.

B) Ecii a < 0 u D < 0, ToO nCcXOoQHOE HEPABEHCTBO He IIMe-
eT peIIeHui.

r) Ecaiu a < 0 u D = 0, To uCXO4HOEe HEPaBEeHCTBO He IIMe-
eT peIleH’i.
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a) 6) B) r)
; PN N

WUnntocrpanuaMu s IPUBENEHHBIX OTBETOB CJIYIKaT
rpadmKM KBaAPATUUYHBIX QYHRIUNA Y = ax®* - 2a+ Dx +a
(puc. 55).

CrnemoBaresbHo, npu a # 0 uHCXOAHOE HEPABEHCTBO He
nMeeT PelIeHUHN TOJbKO IJisI TeX 3HAUeHWil a, KOTOpble YIOB-
JIETBOPSIIOT CHCTEME

Puc. 55

a<o0,
4a +1 <0,

T. €. TOJBbKO OJA a < —

=

OtBer. Ilpu a < —i.
4. a) Ilpu KakuxX 3HAUEHUAX @ CHCTEeMa HEePaABEHCTB
4x — 4a > 2ax — 5, @)
6x — 2a < 3ax + 5,
uMeeT pereHund?
Pemenue. Ilepenurmiem cucremy (2) B BuUIe
(4 - 2a)x > 4a — 5,

3
(6 — 3a)x < 2a + 5. )
1) IIpu a = 2 cucrema (3) He MMeeT pellleHUi, TaK Kak
mepBoe HepaBeHCTBO cucTeMbl Ox > 3 He mMeeT peIleHNA.
2) Ilpu a < 2 cucrema (3) umeeT BUJ

>4a—5

4 - 2a’
4)
x<2a+5.

6 — 3a

4a - 5 2a +5
4 — 2a 6 — 3a
(puc. 56). PemuB 5TO HepaBeHCTBO, IIOJYYHM BCE €ro perle-

Cucrema (4) wumMeeT peIlleHUsA, €CJIU

HUS: @ € (—00; 2)u(3%; +00), u3

XXX o
SRRRRRRRXKXERRRRY

- x
KOTOPBIX YCJOBHIO @ < 2 yZOBJeET- 4a-5 2a+5
4 —2a 6 —3a
BOPSAIOT JHUINb Bce a € (—o0; 2).
Puc. 56
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3) IIpu a > 2 cucremy (2) mepemnuiiieM B BUe

4a — 5
4-2a’
2 + 5 ()
6 -3a’

x <

x >

2a +5 4a — 5
6 — 3a 4 — 2a

(puc. 57). PemuB 5TO0 HEepaBeHCTBO, IIOJYYHM BCe €ro pele-

Cucrema (5) umeeTr pellieHHe, €CJIU

HUA: a € (2; 3%). Bce onm ymoBieTBOPSIOT yCJIOBUIO a > 2.
WUrak, cucrema (2) mmeer pemieHus npu a € (—oo; 2)U
U (2; 3%).
Otser. Ilpu a € (—o0; 2)U(2; 3%).
5. a) IIpy KaKux 3HAUEHUAX @ CUCTEMa HEPABEHCTB
9x — ba > 3ax + 2,
{Gx + 2a < 2ax — 7 (©)

HE MMeeT peIlleHuii?
Pemenue. Ilepenurniem cucremy (6) B BuIe

{(9 — 3a)x > 5a + 2,

(6 - 2a)x <—-2a-—-"1. D

1) IIpu a = 3 cucrema (7) He mMeeT peIlleHUN, TaK KakK
mepBoe HepaBeHCTBO cucTeMbl Ox > 17 He mMeeT pelIeHUI.
2) ITpu a < 3 cucrema (7) umeeTr BUJI

5a + 2

9-3a’
—2a —a7 (8)
6—2a "
Cucrema (8) He mMeeT peIllleHU#, ecau
—2a -7 < 5a + 2
x
6 — 2a 9 - 3a

(puc. 58). PemuB 5TO HEpaBeHCTBO, IIOJYYUM BCE €r0 pelle-

x >

x <

XXXKR XXX
RRERXLXERKERER, -

2a+5 4a-5 x —2a -7 5a + 2 x
6 —3a 4—-2a 6 — 2a 9-3a
Puc. 57 Puc. 58
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Hus: a € [f16 3), Bce OHH YIOB- 50t 2 a7 x
9-3a 6 —2a
JIETBOPSIOT YCJIOBUIO a < 3. Puc. 59
3) Ilpu a > 3 cucrema (7) umeer
BUT
x < ga +32
Toa (9)
x > “2a -7 7.
6 — 2a

Cucrema (9) He mMeeT peIleHU, eCau
5a + 2 < —2a — 7
X
9 - 3a 6 — 2a

(puc. 59). PemuB 5TO HepaBeHCTBO, IIOJYUYHM BCE ero pelie-
HUusA: a € (—o0; —%]U(S; +00), M3 KOTOPBIX YCJOBUIO a > 3

YIOBJIETBOPSAIOT JUIIbL Bce a € (3; +00).
I/ITaK cucrema (6) He  wuMeer pemeHnﬁ npu

a € [— ;3) U{B}U(3; +0), T. e. pu a € [— 3 +0o0).
OTBeT. IIpu a € [_ﬁ; +00),

6. B mepuox 6ypHoro pocra 1eH ¢ 1 oxkTa6Ops 1993 r. sa
XpaHeHne neHer Ha aemo3uTHOM BKJame COepbamx Poccuu B
Teuenre 12, 6 m 3 MecdAlleB BBIILIAUMBAJ JOXOJI B pasMepe
150%, 130% um 120% romoBeIX coOTBeTCTBeHHO. Kakoii moxon
MOKHO OBIJIO HOJIYUYUTEL 3a TOZ:

a) Ipu ABYKPATHOM BJIOJKEHUU AeHer Ha 6 MecsAIleB;

0) Tpu YEeTHIPEXKPATHOM BJIOJKEHUM JAeHer Ha 3 MecAna?

Pemenue. Eciu Ha cuér mOJIOKUTH a pP. Ha 12 mecsiies
moxg 150% romoBBIX, TO Uepe3 TIOJ HA CUETe OKaKeTcd

150
1+ . .
( 100) p., uau 2,5a p

a) Ecam Ha cuér mosoXuTth a p. Ha 6 mecarner mox 130%
romoBeIX (mpum »TOM 3a 6 MecCAIlEeB BHIILJIAYUBACTCA TOXOI
130 : 2 =65%), To uepes rox (3a 2 cpoka 1mo 6 MecsdAIeB) Ha

2
CUéTe OKaKeTCsd a(l + %) p., uam 2,7225a p., 4TO OOJIbIIIE

2,5a p. MHoxoxm cocraButr 2,7225a —a = 1,7225a p., wnin
172,25%.

6) Eciu Ha cuéT mOJOKUTH a pP. Ha 3 Mecara mox 120%
TOmOBBIX (P STOM B3a 3 Mecslla BBIMJIAYNBAETCA TOXO
120 : 4 = 30%), To uepes rox (3a 4 cpoka mo 3 MecsdAIa) Ha
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4
CUéTe OKaYKeTCH a(l + %) p., nau 2,8561a p., uTo GOJbIIIE

2,7225a p. Hoxonx cocrasur 2,8561la —a = 1,8561a p., uin
185,61%.

Orser. a) 172,25%; 6) 185,61%.

7. KakuM HamOOJBININM IeJbIM UYHCJIOM X IOJKEH BBI-
paskaTbCs IIPOIEHT TIOJOBBIX [JIsI JEHO3UTHBIX BKJIALOB HAa
6 MecsmeB, UTOObI ABYKPATHOE MCIIOJIH30BAHME STOTO BKJIALa
NPUHOCUJIO OOXOJ MEHbBINWH, yeM BKJan Ha 1 rom moxm p%
romoBbix? Kakum HamMOOJBITUM ITEJIBIM YUCJIOM I JOJIKEH BBI-
pPasKaTbCs IPOIEHT IOLOBLIX IJIA BKJIALOB Ha 3 MeCsAIla, UYTOOLI
IBYKpPaTHOE MCIIOJIL30BaHIE 3TOr0 BKJAAA IIPUHOCUJIO SOXOI
MEHbIIINN, 4yeM BKJaJ Ha 6 mecanes?

Pemure 3amauy B 00IlleM BHIe, IIPOBEAUTE PACUETHI IJIS
p = 150.

Pemenne. OupenennM HambOoOJbIee IIEJ0€ YHCIO0 X, KOTO-
PBIM OOJIKEH BBIPAXKATHLCA HPOIEHT IOAOBBIX OJIs BKJIAZOB HAa
6 MecsAIeB, 4YTOObI ABYKPATHOE MCIIOJIb30BAaHME 3TOr0 BKJIAIA
OPUHOCUJIO OOXOX, MeHbIuii p% .

Ilycts B Hauajie roga IIOJOMKUIU @ P. MOA p% TOLOBBIX.

100

a p. mox x% TromoBBIX Ha 6 MecAIeB, MOJYUYEHHYIO Yepes II0JI-
x

2
100

B xomme roma mosyuatr cymMmy a(l + L) p. Eciau mosmoskuiu

roga cymmy a|l + p. elé pas IOJIOKUJIU Ha 6 MecsIes,

2
x

2

B KoHIle roza moayuar a|ll + 00

p. Ilo ycioBuio samauu

ImepBasd CyMMa OOJIXKHAa OBITH OOJIBbIIIE BTOpOfI, T. €. OOJIX)KHO
BBITIOJIHATBCA HEPaBE€HCTBO 2

a(1+L)>a1+L ,
100 100

KOTOpOe IIepemnuileM B BUIe
x% + 400x — 400p < 0. (10)

BelumcInM —Teleph KOPDHM KBaJpPATHOTO TPEXUIeHA
x% + 400x — 400p.

Tak xax % = 40000 + 400p = 400(100 + p), To
x; =-200 - 204p + 100, x, =-200 + 204/ p + 100.

ITosTomy pemmenusa HepaBeHcTBa (10) cocTaBiaAOT ITpoMe-
JKYTOK
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—200 — 204/p + 100 < x < —200 + 204/p + 100 .

YcaoBuro 3agadyu yaoBJieTBOpAeET HauboJbIlIee HaTypajab-
HO€ YucJio 7n, TaxKoe, 4To

n < —200 + 204/ p + 100 .
IIpu p = 150 umeem

x < —200 + 204p + 100 = -200 + 20v250 = 116,2...,

OTKyZa HamboJIblllee IleJioe 3HaueHme X paBHO 116.

OTmMeTuM, UTO ABYKPAaTHOE BJIOKEHUe JeHer Ha 6 MecsIeB

116 Y’

nox 116% romoswix yBeanuuT BKJiazg B | 1 + % = 2,49... pa-

3a, T. e. meHbIe, uem Ha 150%, a moxm 117% romoBbIX yBe-
2
117

JauyautT BKaag B |1 + % = 2,51... pasa, T. e. OoJbIIe, YeM

Ha 150%.

IlycTts Temeph M3BeCTHA MIPOIEHTHAsA CTaBKa X II0 BKJa-
maMm Ha 6 mecamnesB. OmpenesuM HaubOOJIbIlIee I[eJI0€ YUCIO Y,
KOTOPBIM [OJIXKEH BBIPAMKATHCA IIPOIEHT T'OMOBBIX [IJA BKJIA-
IOB Ha 3 MecsdAma, YTOOBI ABYKPATHOE WCIIOJIb30BAHUE 3TOTO
BKJIaJla TPUHOCUJIO HOXOJ, MeHbInuii x% . [lanbiiie MOMKHO
MOJHOCTBIO IIOBTOPUTEL IPUBENEHHBIC BBIIIE PACCYKICHUS U
HOJYUYNUTL JBOMHOE HEPABEHCTBO

—-400 — 20V2x + 400 < y < —400 + 20~/2x + 400 .

YcioBuio 3amadym yaooBJIETBOPAET HanboJIbIIIee HaTypajJab-

HOe 4YHCJIO n, Takoe, uto n < —400 + 20+2x + 400 .
IIpu x = 116 umeem

y < —400 + 20v232 + 400 = —400 + 20632 = 102,7...,

OTKyJa HauboJbIllee Iiejoe 3HaueHume y paBHO 102.
OTmMeTuM, UTO ABYKpaTHOE BJIOJKEHNE AeHer Ha 3 Mecdlla
2

102
nox 102% romoBeIX yBeanmuuT BKJazn B | 1 + % = 1,57... pa-
116% _ oo o
3a, T. . MEHbIle, 4eM Ha — — = 58%, a moxg 103% romoBbIX
103 Y
yBemunuT BKaag B |1+ % =1,581... pasa, T. e. GoJblle,

uem Ha 58%.
Otser. [Ina p = 150 umeem x = 116 u y = 102.
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3ameuanue. OTmeTuM, uTO, Hampumep, npu p = 300
x < —200 + 20+4p + 100 =-200 + 20v400 = 200,

cJeI0BATEJIbHO, YCJIOBHUIO 3a4auu yaoBJeTBopsaer x = 199.

Ecam 6b1 B ycaoBuUM 3aJauyl BMECTO CJIOB «JOXOJ MeEHb-
I, YeM...» OBIJIO HANMCAHO «JOXOJ He OOJbIINMA, UYeM...»,
TO OTBET BBIpa)Kajcs ObI (popMYJIOH

n= [—200 +20p + 100].

8. s myHkTa A B OyHKT B II0 TeueHUIO PeKU HAAO OT-
OyKcHpOBaTh ABa IIJIOTa C IIOMOIILIO KaTepa, COOCTBEHHAA CKO-
pocth Koroporo 20 xMm/u. Halimure HamMeHbIllee BpeMsd, 3a
KOTOpOe MOXKHO OTOyKcupoBaTh oba 1miora u3 A B B, eciau
CKOPOCTh TeueHHs peKu 3 KM/4, a paccrodHume AB paBHO
58 KM.

Pemrenne. Haumenbiiiee BpeMss OYKCUPOBKHU IIJIOTOB OymeT
TOJBKO B TOM cJjyuae, ecju oba mora NpubyayT B IyHKT B
OJHOBPEMEHHO, TaK KaK TOJbKO B JTOM cJydae OymeT Mak-
CHMAaJIbHO MCIIOJIb30BaHA <«IOMOINb» peKu. UToObI ABa IJIOTA
OpubBIIM B IMIYHKT B ONHOBPEMEHHO, KaTep MOJKeH OyKCHupo-
BaTh KaKABIM TJIOT ONHO U TO Ke BpeMsa — Xx 4. IlycTh Ha
BO3BpallleHe KO BTOPOMY ILIOTY (Iocjie GYKCHPOBKU IIEPBOTO)
KaTep 3aTpaTuT y 4, Torga 3a (X + y) 4 BTOPOU ILJIOT yIOaJIAT-
ca or nyHkrta A Ha 3(x + y) KM, a Karep 3a TO ’Ke BpeM:A
ymamuTcsa ot myHKTa A Ha (23x — 17y) kM (cHavaJsa yoaJguTCsa
Ha 23X KM C IIePBBIM IIJIOTOM, IIOTOM BO3BPATUTCA 3a IIep-
BBIM IIJIOTOM, COKpalrad 9To yzajgeHue Ha 17y km). Tark Kak
B MOMEHT HauaJjia OYKCHUPOBKM BTOPOTO IIJIOTA KaTep U BTOPOIL
IJIOT OBLIM yAAJeHBI OT A Ha OZHO W TO K€ PACCTOSHUE, TO
COCTaBUM II€PBOE ypaBHEHUE

3(x +y)=23x — 17y. 11)
Tak Kak BTOpPON IJIOT MPOILJIBLI 0e3 OYyKCUPOBKU
3(x +y) kXM m ¢ OyKcHpPOBKOU 23x

s KM, a paccroauue AB paBHO 58 KM,
TO COCTaBUM BTODPOE YpaBHEHUE

c 3(x + y) + 23x = 58. (12)

PemmuB cumctemy ypaBHEeHUU
I (11) u (12), maiigém, uto x =y = 2.
Torma HaumMeHbIllee BpeMsa OYK-
I _Np CHPOBKM 00OOMX IIJIOTOB DaBHO
x+tyt+x=6 (a).
Al x C, y D, x Et 9To pellleHWE MOKHO IIPOMJIIIIO-
CTPUPOBATh TIpapUKaMU JBUIKEHUS
IByX TmIoToB u Karepa: ACE —
Puc. 60 rpapuk IOBUIKEHUA II€PBOro ILJIOTA,
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ADE — rpadpur aBu:keHus BToporo miaorta, ACDE — rpadukx
IBrKeHusa karepa (puc. 60).
OtBer. 6 4.

9. a) Temmoxonm mo TeueHHUI0 peKum or A mo B wumér
a 4, a or B no A oum umér b u. Paccroanme AB pas-
HO 36 KM, CKOPOCTh TedeHUA peKu paBHa 3 Km/4. Ecianu
3 < a <4, To KakoOMYy YMCJIOBOMY HPOMEKYTKY MPUHAAJIEKAT
3HaueHus b?

Pemenue. CKOpPOCTh TEILIOXOJA IIO TEUEHHIO PEKH paBHAa

36 36
o KM/4Y, OIPOTUB TEeUEHUA — 5 KM/4, TOrga CKOPOCTBL Te-
1 1
YeHUs paBHA (% - 3?6) 2= 78 - 78 (kMm/u), maum 3 Km/4. U3
aBeHCTBa 18 _18 _ 3 moJyumM, YTO 6_6_
p a b y ? b a
Tax kak 3 <a < 4, To g < g < 2, OTKyZa cJlenyer, 4UTO
o 1 6 o
BEpHO JBOIHOE HEPABEHCTBO < i 1 < 1, a TakKe gBOIHOE
HepaBeHCTBO 1 6 o4
2 b )

Bce pemrenmsa aToro HepaBeHCTBa ecThb b € [6; 12].

Oreer. b € [6; 12].

10. a) Ilemexoxm w™moKeT mnpolTHM paccroaHme AB 3a
a 4, a BEJOCHUIIEIUCT MOKET IIPoeXaTh TO K€ PACCTOAHUE 3a
b u. OgHa’XIbI OHM OTIPABUJNCHL OJHOBPEMEHHO HaBCTpe-
yy Opyr AOpyry — Tmemiexon u3 A, Bejgocumenuct us B —
u BcTperujauch uepes t u. Ecau 20 <a <24, 5<b <8, To Ka-
KOMY YHCJIOBOMY ITPOMEKYTKY HPUHAIJNEKAT 3HAUeHUSA {7

Pemenue. Paccrosnume AB memiexoJ MOKET MIPOUTH 3a
a 4, a BeJIOCUIIEIUCT MOXKET IIpoexaTh 3a b U, cjaeqoBaTesbHO,

1
3a 1 u merexo[ IPOXOAUT — paccToaHusa AB, a BeJIOCUIELUCT
a
1
IPOE3)AeT o PACCTOAHUA AB. A BmecTe 3a 1 u oMU mIpeomo-

1 1 1
JeBaiOT — + 5 WM _ PaCCTOAHMA AB, mosTOMYy BEPHO pa-
a

BEHCTBO

1 1 1
_+_=—. 13
a b t ( )
Tark kax 20<a <24, 5<b <8, TO
111 111 . 1_.1.,1_1
24 a 20 8 b 5 6 a b 4
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1 1 1
CiaemoBarTeyibHO, — < = < =,
A 6 ¢t 4
Bce pemrenusi saToro HepaBeHCTBa ecTh t € [4; 6].
OtBer. t € [4; 6].
3ameuvanuve. Ecau ms paBenctBa (13) BBIpasuth f, TO u3

dopmyasl ¢ = monyuyurcs OoJsiee rpybas olleHKa IJsd t:

a+b
t € [3,125; 7,68].

Hasosém uérHbiM (hakTOpmMasomM umciio n!! — mpousBene-
HUEe BCeX YETHBIX HATYPAJbHBIX UHCEJ, HE IIPEBOCXONAIIUX 71,
a HeuyéTHBIM (arTopuamaom uucio nll! — mpoussemeHue Bcex
HEUETHBIX HATYPAJbHBIX YHCeJ, He ImpeBocxoaAnux n (n > 4).

Hampumep, 6I!l=2-4-6 =48, 6il=1-3-5=15,
M=2-4-6 =48, M =1-3-5-7=105.

11. Ompepenute mocaenHIOI TUAPY B B3alKUCU YHUCIA
2007,

Pemrenne. 3anucu Bcex MHOKuTeseir umcaa 2007!!! oxan-
YUBAIOTCSA HEUETHBIMU ITU(PpaMu U cpefu HUX eCTb 5, II03TOMY
sanuch umeaa 2007 oxamuwmBaercsa mudpoi 5.

Otser. 5.

12. OmpegnenuTre, CKOJBKO HyJieli B KOHIIE 3aIllMCU YHCJA
100!!.

Pemrenue. B mpoussemenuu 100!! mHOKUTENEH 2 OOJBIIE,
yeM MHOMKUTEJel 5, I09TOMY UMCJIO HYJell B KOHIIe 3alNCHU YU-
ciaa 100! paBHO umciay MHOMKUTEJNEl 5 B MPOMU3BENEHUN UNCEJI:

10-20-30-40-50-60-70-80-90-100.

IATO mpousBeAeHNE COAEPKUT 12 MHOMKUTEJIEH S5, TOITOMY
B Kouie sanucu umciaa 100!! poro 12 HyJieii.

OtBer. 12 HyJeii.

13. OmpenenuTe TOCIEAHIOI OTJIUYHYIO OT HYJSd ITUPPY B
sanucu uwucaa 30!!.

Pemrenue. BygeM mocaemoBaTe/NIbHO OMPENENATh IIOCITEN-
HIOIO OTJIMYHYIO OT HyJA nudpy B npoussenenuu 30!!. Huxe B
epBOU CTPOKe 3ammcanbl MHOKHUTenu unciaa 30!, a Bo BTopoit
3ampcaHa IIOCJeNHSS OTJANYHAS OT HyJA Iudpa, IMOIydeHHAs
mocje YMHOMKEHUS Ha DTOT MHOMKUTENb:

2:4-6-8:-10-12-14-16-18-20-22-24 26 - 28 - 30.

8 84 4 8 2 2 6 2 4 6 6 8 4

Orser. 4.

Hoxkazxkurte (14—18):

14. n!! - n!!! = n!, ecau n — HaTypajJbHOE UYHCJIO U N > 4.

JlokasareascTBo. n!! — 3TO mpousBemeHNEe BCEX UYETHBIX
yuces, He IPeBOCXOomAIux n, a nl!! — 9To mpousBeneHmne Bcex
HEUETHBIX YMNCEJ, He IIPEeBOCXONAINUX 7. B sTUX ImIpomsBeie-
HUAX MHOYKHUTEJU He IOBTOPAITCH, mosromy nl! - nlll — sro

Ipou3BeAeHNe BCeX UETHBIX 1M BCeX HEUETHBIX UHCes, He IIpe-
BOCXOJIAIIUX 7, T. €. 3T0 n!, 4To 1 TPeboBaJIOCh AOKAa3aTh.
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15. Eciu n — d4érHoe umcio, 6oaslnee 4, to n!! > nlll.

JokazarenbcTBo. Tak Kak n — YHUCJIO YETHOE, TO
nl=2-4-6-... n,
nl=1-3-5-...-(n—-1).

B sTuX mpomsBeLeHUSIX PABHOE UMCJIO MHOMKHUTEJIEH, Kask-
ILIII MHOMKUTEJb IIEPBOT0 IIPOU3BEAEHUsI OOJIbIIE COOTBETCTBY-
IOI[er0 MHOMKUTEJSA BTOPOI'O IIPOM3BEAeHUs, mosTomy nl! > nlll,
YTO U TPeOGoBAJIOCHh MOKAa3aTh.

3amevyaHne. YTBep:KIeHUE <«eCJU OABa IIPOU3BEIEHUSA CO-
Iep)KaT paBHOE UMCJIO MHOMKHUTENEH M KaMKIbIA MHOMKUITEJIb
IepPBOro IIPOM3BENEHUA OOJIBbIIE COOTBETCTBYIOIIEr0 MHOMKITE-
JII BTOPOTO NIPOM3BEAEHUs, TO IIepPBOe MIPOU3BeAeHHe O0O0JIbIIIe
BTOPOTO» KasKeTcs OUEeBUIHBLIM, HO B CTapIINX KJaccaxX 3TO
yTBEep:KIeHNe Ham0 JOKas3bIBATh.

16. Eciiu n — HedyérHOe umcao, Ooiablree 4, To nll < nlll.

JokazarenbcTtBo. Tak Kak n — UYMUCJIO HEUYETHOE, TO
nl=2-4-6-...-(n—-1),
nM=1-3:-5-... n.

Bo BTOpOM IpoM3BeIeHMM Ha OAWUH MHOXKUTEJNL OOJIbIIE,
HO eCJIU IepenmucaTb MX TaK:
nl=2-4-6-...-(n—-1),
nM=3-5-7-... n,
TO B 3TUX IIPOM3BEAEHUAX PABHOE UMCJIO MHOMKUTEJEN, KarK-
OB MHOMKUTEJb IIEePBOTO IPOU3BEJeHUA MeHbIIIe COOTBETCTBY-
IOII[ero MHOXKUTEJIS BTOPOTO IIPOU3BEIeHUsI, moaTomy n!! < nlll,
4YTO U TPeboBaJOCh HOKAa3aTh.

17. Ecau n!! > n!!! u n — HaTypajJabHOe YmucJio, n > 4, To
n — YETHOEe YWCJIO.

HokazareascTBo. (OT mpormBHOro.) Ilpenmososkum, YTO
YUCJI0 N — HeUYETHOe, TOrJa M3 JOKa3aHHOTO BbIIIe (3amaHue
16) ciaemyer, uro BepHO HepaseHcTBo n!! < nlll, mporusBopeua-
Imee yCJOBUIO, CJIE€NOBATEJIBHO, I — UYETHOE HATypaJIbHOE UU-
CJI0, YTO W TPebOBAaJIOCh MOKA3aTh.

18. Ecau n!! < n!!! u n — HaTypajJabHOe 4mucjo, n > 4, To
n — HeYETHOoe HaTypaJbHOEe YMCJO.

HokazareabcTBo. (OT mpormBHOro.) Ilpeamososkum, YTO
YHCJIO I — YETHOe, TOTJa M3 JOKas3aHHOTOo BbIle (3amanue 15)
ciaenyeTr, 4TO BepHO HepaBeHcTBO nl!! > nlll, mporuBopeualee
YCJIOBUIO, CJIeJOBaTeIbHO, N — HEUETHOE HATypaJbHOE UHCJIO,
4YTO U TPebOBaJOCh HOKAa3aTh.

19. Ckoubko Jjer Bace, eciiu 4éTHBIN (PaKTOPHAT €ro BO3-
1024
231

pacra Oojbllle HeUYETHOTO (haKTOpHajga ero Bo3pacTra B
pasa?

Pemenue. Ilycts Bace wucmoanmiocs n JieT, TOTaa
1024 _ n!t 1024

—— = — , Tark kKax

231 o 231 > 1, To n!! > n!, Torga n — uér-
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HOe umucio (cMm. 3amanue 17). Tak kak umcio n!l! He comep:KUT
.. . nl!
4ETHBIX MHOXKHTeNeH, To Ha 2 Apo0b —- He COKpaljanach u
nil
BCe MHOMKHUTEJU 2 W3 PasioKeHUdA uucia nl! Ha mpocTbie MHO-
PKUTENM CONEPIKATCHA B PABIOKEHUU HA HPOCTHIC MHOMUTENH
yucaureada apoou 1024 = 277, CocraBuM mIpousBeleHUE UET-
HBIX YMCeJ, B3ATBIX IIOAPAL, HAaUuMHASA ¢ 2, u comepskairee 10
MHOKUTeJeir 2:
2-4-6-8-10-12.
CinemoBarenbHO, n = 12.
OtBer. 12 jer.
20. Croapko Jer [Iyce, eciiu HeUYETHBIN (daKTOpHag €€
3003
1024

Bo3pacTa OoJibIlle UETHOTO (aKTopuajia e€ Bo3pacTa B
pasa?
Pemenue. Ilycts [lyce wmcmosHmMJIOCH n JeT, Toraa

3003 nil! 3003 ..
— = = Tak kak —— > 1, to n!!! > nll, rorna n — Heuér-
1024 nn 1024 ~ > A

Hoe uuciyo (cMm. 3amaunue 18). Tax rkak umcio n!l! He comep:KUT
, . nl

9ETHBIX MHOXKHTeNeH, To Ha 2 Apo6b —- He COKpaljanach u
ni

BCe MHOMKHUTEJU 2 u3 pasjiokeHus uwucaa n!! Ha mOpocTbie

MHOJKHUTEJIN COHepsKarcaA B  PAl3JIOXKEHHWM Ha  IIPOCTHIE

MHOKHUTeIN 3HaMeHaTesns apobu 1024 = 2'° Cocrasum mpous-

BeJleHNe UETHBIX YMNCeJ, B3ATHIX IOAPAL, HauuHasA C 2, U

comep:xairiee 10 MHOXKUTe Ielr uucaa 2:

2-4-6-8-10-12.

CaenmosaresbHO, n = 13.
Orser. 13 Ier.



OrnaesneHue

BBEMEHIE . .ot e e e e e e e e 3
IIpumepHOEe TemMaTUUeCKOe MJIaHWpPOBaHUEe PabOTHI
mo yueOHUKY «Ajrebpa, 9».................... 16
T'maBa 1. HepaBeHCTBA . ... ..vvvvveeeeenneeeneeaa. 19
T'maBa 2. CTEHEHD UHMCIIA v v v v v v v v oo e neeeneennenns 63
I'maBa 3. ITocieqoBaATEIBbHOCTH . . e e vveveeeeeeeeeee... 88
I'nmasa 4. Tpuromomerpuueckue GOPMyJabl............ 116

T'maBa 5. OmeMeHTHI TPUOJUKEHHBIX BBIUUCJICHUH,
CTATHUCTUKM, KOMOMHATOPUKN U TEOPUU BEPOATHOCTEH 138

OOyueHUe PEIINeHUI0 TEKCTOBBIX 38089 . ............. 162

SaTaHUA IJISA VICCIICHOBAHIIS « v v v o o o o e v oo oo oo eeeenns 179



YuyuebHOe ma3gaHue

Cepusa «MTI'Y — wkone»

IToramoB Muxaunn KoHcTaHTHHOBUY
IlleBknu Anekcannap BiragmmupoBuu

Aareopa
MeTroauueckne peKOMeHIAIMHN
9 kaacce

ITocobue mnsa yuureseir o0Ieo0pasoBaTEJIbHBIX OpraHU3aIUil

ITenTp ecTecTBEHHO-MaTeMaTUUYECKOTO OOpasoBaHUSA
Penaknuma mateMaTuku u MHQPOPMATUKU
3aB. pemaknueit T. A. Bypmucmposa
Pemaxtop T. I'. Boilnokosa
Muagmuit pegaktop E. A. Andpeenrosa
Xynoxxauk O. II. Bozomonosa
XynosxecrBeHHBIN pemaktTop O. II. Bozomonosa
Komnbeiorepuasa rpadpuxa A. I. BblOHUKO0BCKOLL
TexHHUUECKOe pPeJaKTUPOBAHWE W KOMIIbIOTEDHAs BEPCTKA
H. A. PazsopomHesoil
Koppexropsr O. H. Jleonosa, A. B. Pydakxosa

HajoroBasi sprora —  OOGuiepoccuicKuil  Kjaaccu@UKATOP IPOAYKIUH

OK 005-93—953000. U3a. saur. Cepus I/IIL Ne 05824 ot 12.09.01. ITomnu-

cano B meuars 20.03.14. ®@opmar 60x90! /16- Bymara rasernasa. I'aprutypa

SchoolBookCSanPin. Ileuars odcerHas. Yu.-usn. a. 0,00. Tupaxx 2000 ska.
3akasz Ne

OTKpBITOE aKI[MOHEPHOEe OOIIeCTBO «I/Is,uaTeJIbc'rBo «IIpocBeriernue» .
127521, MockBa, 3-i1 mpoesn MapbsuHO# porrnu, 41.
Orneuarano B (Quinane «CMmoieHCKuUil mnosurpaduyecKuii KOMOMHAT»
OAO «HMsparenscTtBo «BrIcmrasa mikosa». 214020, r. Cmouenck, yia. Cmo-
abaHuHOBa, 1. Tem.: +7(4812) 31-11-96. Parc: +7(4812) 31-31-70.
E-mail: spk@smolpk.ru http://www.smolpk.ru



	Blank Page

