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Beepexue

IMoco6ue MpeaHa3HaYeHO IS MOATOTOBKM K OCHOBHOMY rocyaapCcTBEHHOMY 3k3aMeHy (OI'D) mo
MaTteMaTuke. OHO MMOMOXET CUCTEMATU3MPOBATh 3HAHUS IO MPEIMETY, CKOHLEHTPUPOBaTh BHUMaHHE
Ha HauboJjiee BaXHbIX BOIPOCAX, BHIHOCMMBIX Ha UTOTOBYIO aTTECTALUIO.

ConepxaHue ITOcO6MS COOTBETCTBYET KOAU(MPUKATOPY IJIEMEHTOB COAEpXKaHUS MO NnpeaMery. B no-
cobue BKJIIOYEH MaTepual 1o apu¢MeTHKe, airebpe, TeOMETPUU, TEOPUU BEPOATHOCTEN M CTAaTUCTHKE.

B mepBHIX omMHHAALATH Iaparpadax B cxkaToil ¢opMe COAEpXAaTcsl TEOPETHUYECKUE CBEICHUSA IO
OCHOBHBIM COIEpXaTeIbHbIM JMHUIM Kypca. 31ech IpencTaBlieHbl OCHOBHBIE OINpEAEICHUS, (PaKThl,
YTBEPXKIECHHS, TEOPEMEI. 31eCh Xe pa3OMpaloTcsl NMPUMEPHI pelleHus 3aa4y ¢ NMPpUMEHEHHEM paccMo-
TPEeHHBIX (PaKTOB — Kak 6a30BOro ypoBHs (IepBas YacTb 3K3aMEHAlIMOHHOW paboTHI), TaK M IIOBHI-
LIIEeHHOTo (BTOpasi 4acThb). ABTOPBI CTAPAIUCh IIPH 3TOM OOpaTUTh BHUMaHUE Ha HEKOTOpbBIE «TOHKHE»
MOMEHTBI, JaTh COBETHI 110 BHIOOPY CIIOCODOa pelleHHs, Mo IpUéMaM caMOKOHTpossi. Kaxnplid 3a-
KOHYEHHBIM (parMeHT TEOPETHUYECKHUX CBEICHUI 3aBepllaeTcs HeOONbIIMM HaboOpOM TPEHHPOBOY-
HBIX YIIpaXHEHUU M 3agad, pa3OUTBHIX Ha JBe IPYIIIHI — Ha 3agaHusl 6a30BOro ypoBHS U 3aJaHUS I10-
BBILIEHHOTrO YpoBHsS. KO BceM 3agaHUsIM TMPUBOIATCS OTBETHbl, @ K HEKOTOPBHIM €LIE YKa3aHUS WIH
peLLeHUs.

Heo6xonuMo o6paTtuTh BHUMaHHE Ha TO, YTO Iocobue MOXHO MCIIONB30BaTh MPU paboTe Mo JIIo-
OoMy y4eOHMKY, TaK KaK MaTepuajl B HEM IIpeACTaBJIcH B «UTOTOBOI» (POpME M HE 3aBUCUT OT IIO-
CJIEAOBATENBLHOCTH M3YYEHHS] U METONUYECKHUX ITOAXOHNOB, IIPUMEHSIBIIUXCSA B Y4EOHOM IIpollecce.

[Mocaenuuit maparpad (§ 12) conepXUT OeCATH TEMATUYECKHX ripOBepO'-[HbIX paboT ST CaMOCTOSI-
TEJIBHOTO PELIEeHUs. 3alaHUsl B HUX aHAJIOTUYHBI 3K3aMEHAIIMOHHBIM M I10 CONEpPXaHHUIo, U TIo ¢opMe
NpeabsBIEHUA — C BHIOOPDOM OTBETa, ¢ KPaTKMM OTBETOM, Ha COOTHECEHME, C Pa3BEPHYTHIM OTBETOM.
YT1o6BI YMTaTENb MOT MOJIYYUTh OTYETIIMBOE IIPENCTABICHHE O TPeOOBAHUSX, MMPEIbIBIsAEMbIX Ha 3K3a-
MEHe, B paboTax sBHO BBIAEJEHBI 0a30Basl 4acTh M 3alJaHHUs IOBBIIIEHHOTO YPOBHS (3aJaHHsl, OTHO-
CAIMECS K 3TUM IBYM pa3sHbIM YPOBHSIM, pa3deficHbl YepToi). BBIMOIHUB 3TH pabOThI, MOXHO ITPO-
BEPUTH ce6s1, HACKOJIBKO YCBOEH MaTepHal TeMbl, KaKhe BOIPOCH TPeOYIOT AOIMOMHUTENBHOM Ipopa-
OOTKH. '

B INpunoxeHun npuBeneHb! MpUMeEPBI 3aJaHU BBICOKOrO ypoBHA. ITomoGHbIe 3a1aHUs B 3K3aMe-
HallMOHHOM paboTe [aloTCsl MOCIEAHMMHM B KaXIOM M3 Moayiei «Anrebpa» u «[eomerpus». Kak
M OCT@IbHBIE, OHU HE BBIXOMAT 3a paMKHU CONepXaHWs, MPefyCMOTPEHHOTO CTaHIAPTOM OCHOBHOM
IIIKOJIBI, OMHAKO WX BBITIOJIHEHHE TpeOyeT CBOOOMHOrO BJIaICHUS] MaTepUalloM Kypca, 3HaHUSI HEKOTO-
PBIX CIIEUHAIBHBIX [IPUEMOB, BJIAJEHHUS IOBOJIBHO IITHPOKMM HAabOpOM crocoboB paccyxaeHuit. Oxomno
KaXxJI0ro HoMepa B CKOOKax ykasaH pasliell Kypca, K KOTOpOMY OTHOCHUTCSI AaHHoe 3amaHue. K 3aga-
HHIO @) B KaXIOM HOMEpPE NPUBOJUTCS pellleHHe, KOTOpOoe PeKOMEHAYeTCs pa3obparh ¢ JIMCTOM Oy-
Maru U py4ykoil B pykax. 3agaHue 0) INpemHa3HA4eHO [UTSI CaMOCTOATEILHOIO PEIIEHUS U CHAbXeHO
OTBETOM.

ITocobue MoXeT ObITh MCIIOJIB30BAHO OOYYAIOIIUMHUCS I CAMOCTOATENILHOM moarotosku K OI'D,
a TaKXe IpernoaaBaTe/lsiIMA OCHOBHOM MLIKOJIbI U PEMETUTOPAMM IIPH OpraHU3aluM OOy4YeHUs!, ITOBTO-
peHUs U 0000IIeHUsT Kypca MaTeMaTHKU.



§ 1. Uucna n BbiuHCNEHHA

YT0 HAOO 3HATH M YMETh:

s [CHUMATE U UCMOWIB30BATE TEPMMHE, CBA3AHHBIE € AENHUMOCTBI0O HATYPAMBHEIX YMCEN; TIPHMEHATL B XOde
DEIIeHHA 3344 IIPHIHAKM W CBOHCTBA ASMUMOCTH, PEWIATE 33Aa¥H, [PEANONArakdUHE BBINOIHEHUE NEICHUS
C OCTATKOM W CONEPAKATENLHYI0 WHTEPIPETALIMIO TIOAYMEHHOMO PE3YARTATA;

s MpPelCTARTATE OOBIKHOBEHHbIE APOOU JECATUYHLIMH W 3AIUCBIBATE JA€CHTHUHBIE APOOH B BHIE ODHKHOBEH-
HBIX; CPABHHBATL H YITOPAMOUHBATE PaUHOHANBHHIC YHCIA; BRIMOAHAThE BRYUCACHUA ¢ NONOKHUTEABHEIMH H OT-
pHUATENbLHEMH YHCIAMU;

s BAAJCTH TMOHSTHEM «MPOLEHT»; PellaTh 3aJa4H Ha IIPOLSHTHI, B TOM YHCAC ¢ KOHTEKCTOM H3 peanbHol
HU3HH; '

s  PEUIATL 330aYH, TpebyIollNe BAAEHMUS NMOHATHEM «OTHOUIEHHEs, a TAKXe MOHATHAMM NpaMoil 1 o0paTHOl
MPOIIOPUHOHATEHON 33BUCHMOCTH,;

s  BIANETL NOHATHSMH «CTEleHb C LeNbIM IIoKa3aTelleMs, <«KBaAPaTHLIH KOpeHbs; OLIEHUBATE KBAAPATHRIE
KODHM, HAXOOUTh UX AeCATHYHbIE NPUBIHXeHUs; BBYHCISITH 3HAYEHHA BLIDAXKEHUH, colepXallMx CTeneHH, KBa-
IpaTHLIE KOPHH, NOHWUMATE H HUCIONEIOBATE B XON¢ pelicHUA 3a0a4 3aMNCh DONBUIMX M MaJikiX YHCEN B CTaHIApT-
HOM BMIC

s 3HATh COOTHOIIEHWA MeXJy PAMIMYHLIMH NOIMHOXECTBAMH MHOMECTBA NEHCTBMTENBHBIX YHMCEN, TIOHH-
MAaTk H HCNOJIR3IOBATE COOTBETCTBYIOLIME TEPMHUHOMOMHIO H CHMBO/IHKY; HAXONWTE AeCATHUHBIE NIPUOIHXEHHUS pa-
UHOHANLHELX H HUPPAllHOHANEHLIX YHCEN, CPABHHEBATL H YTTOPAACUMBATE DAIfHOHANBHBIE H HPPAITHOHANTLHLEIE YHC-
Ma; MOHUMATL U MCTIONb30BaTh B X0A¢ PeIleHHS 3aI1a4 COOTBETCTBME MeXay AeHCTBUTENBHLIMU YUCIAMH H TOY-
KAMH KOODAHHATHOM MNpPAMONH, MOHMMATE W HHTEPIPETHPOBATE OYKBEHHYIO 3ariuchk CBOHCTE meficTBMA Haj
YHUCIAMH.

1.1. JemuMocTh HATYPAJIBHBIX YMCE

TeopeTHueCKHE CBEICHHA

Jenumesn ¥ KpaTHHE

[IycTe @ ¥ b — HATYpaTbHBIE YKCAa. YHCI0 g JeANTCH HA YHCTo b, ecliH CYLISCTBYET HATYPAILHOE THC-
J0 ¢ TaKoe, 910 a= be.

Hanpumep, 60 fenutcs Ha 15, Tak kak 60 = 15 - 4. A Bot Ha 16 uKcno 60 He aenutca. B camom mene, 16+ 3 < 60,
a 16 - 4> 60, 3HAUYMUT, HET TAKOIO HATYPAILHOIO YHC/IA, KOTOPOE B NMPOW3BEAEHMH ¢ vHcaoM 16 pagr 60.

Ilpumep 1. JlokaxeMm, YTO cYMMa TPEX MOCHENOBATENBHBIX HATYPANBHBIX YHCEN ACAHTCH Ha 3.
3anuineM cyMMy TPEX NMOCASAOBATENbHBIX HATYPATEHEIX uucel M npeobpaiyem e€:

n+in+D+(n+2)=3n+3=3(n+1)

PaccMaTplBaeMasa CyMMa PaBHa MPOH3IBEIEHUIO YHCHA 3 H HEKOTOPOro HATYPAIBHOIO yucaa, caefosarenbHo,
OHd JelUTCH Ha 3.

Ecnu YHeA0 d JENHTCA HAa YHeao b, To aMeno 5 HAHBAOT ASMTEeIeM YHCTA @, 3 YHGI0 4 — KPATHRM
aqueaa b, Harnpumep, 60 zenurca na 15, 3Hayur, 15 — fnenmrens yncna 60, a 60 — xparHoe umcna 13.

Ipumep 2. BeUICHHM, CKOMBKO HeMHTeRAeH MMeeT YHCno 24,
BocnonpsyeMca MeTonoM Nepebopa. ByleM BBIMHCHIBATE ASTHTENH MEPAMH. OTHICKAB OAMH AEIHTCAL, Cpaly
Ke 3amMideM M IPYToH, ABASMOIKACH YacTHLHM OT OefeHUsa yucna 24 Ha HAOCHHEI AeNHTells:

1 2 3 4
24 12 8 6

Takum obpaszoM, ynciao 24 Beero HUMeeT 8 delMTeNei.

BB HEKOTOpOC HATYPANBHOC YHCILO, MOXHO HaliTh gce ero aenutean. MHaue o6CTOMT A0 ¢ KPaTHBIMH.
PaccMOTpHM KpaTHuie uncna 24. Jlia otoro 6yfieM YMHOXATh 24 Ha 1, 2, 3, 4, 5 1 T. A. TIoNyUHM TMOC/ISAOBATENb-
HOCTE KpaTHEIX, 24, 48, 72, 96, 120, ... . Dra nocneaoBaTenbHOCThL DecKonedHa, Booblie, y siofoeo HamypaivHo-
20 HUcia DErKoNeHHDd MHOZ0 KDAMHBIX.

TIpy peeHUH MHOTHX 3334 TIPUXOIMTCA HaXOANTe OOILHE AETUTEIH H ODLLHE KPATHBIC ABYX H Bonee YHCen,
B 9aCTHOCTH, HARGOILIMI OOOIHI AennTens U HaMMmenbwee obmee kpartHoe (cokpawi€nHo HO u HOK).
HOJ1 u HOK uncen a u b obosHavalor cootsercrseHHo HOM (a; b) 1 HOK (a; £).



Ipumep 3. C KoHeuHOH OCTAHOBKM M0 IIBYM pa3sHbIM MapLupyraM OTHOBPEMEHHO BbIE3XKAIOT JBa apTObYyCa.
[Mepsbiit BO3BpalnaeTca Kaxkabie 30 MuH, propoil — Kaxanie 40 muH, Yepea kakoe HAMMEHEHIEE BpeMS OHH CHO-
B2 OKAXYTCA BMECTE HA KOHEYHOH ocTaHoBKe?

Pewe Hue: TIpOMeXyTOK BPEeMEHH, YEPe3 KOTOPbii aBToOYCH MEPBbIH pal oKakyTcs Ha KOHEUHOH OCTaAHOB-
K€ BMecTe, OOJI#eH OBITh KpateH M 30, ¥ 40, T.e. GbITh HX HAHMeHbIIHM OOMMM KpaTHBIM, YT100B HaHTH
HOK (30; 40}, byaem nepebupaTh YMcna, KparHbie 40, H npoBepaTs, oeadartca au ouy HA 30. TTonyunm: 40; 8(;
120; ... . Tak kak 120 — nepsoe yuclo B psay Ynced, kpaTtHeix 40, koTopoe Aeauted Ha 30, To HOK (30; 40) = 120.
TakuM 0Gpa3zoM, aBTOOYCH CHOBA OKAKYTCH BMECTE HA KOHeUHOH ocTaHoBke yepe3 120 MMH, T.e. yepes 2 4.

Yucna npocToié H COCTABHLIE

Onpeanenenve. HarypaapHoe YACIO HAILIBIETCHA NPOCTLIM YHCIOM, €CJH OHO HMMeer TOIBKO 1Ba
Aenvrean: 1 u caMmoro ceda.

ITepBbIM#H MPOCTBIMYM YHCNAMH ABAAIOTCA Yucma 2, 3, 5, 7, 11, 13, 17, 19, 23, 29, ... . HanMeHbillee mpocToe
YHUETO — 5TO YUCAO 2. DTO eAUHCTBEHHOE YETHOE MpPOCTOS MHCIIO, BCE OCTANLHBIE TMPOCTHIE YHCIA HEYETHBIE.
TlpocThX yHcen OeCKOHEUHO MHOTO.

OnpeaeneHue. HatypaasHoe 4ucio, uMemnuee Gonee ABYX JeHTeleH, HASHIBACTCA COCTABHBIM.

Hanpusep, uHeIo 6 cocTaBHOE: OHO AETMTCHA HE TONBKO Ha 1 ¥ Ha 6, HO ewd M Ha 2, W Ha 3,

Yucne 1 MMeeT TONBKO ONHH AENHUTENIL — CaMO 3TC YHcAo. [loITOMY OHO He ABIAETCH HH NPOCTBM, HH CO-
CTABHBIM YHCIIOM.

BesAkoe cocTaBHOE YHCIO MOXHO NMPEACTABUTE B BHAEC NMPOM3IBEASHHA MIPOCTHIX YHCE, WIH, KaK FOBODAT, pa3-
AoNCHMS KA npocmbie muoxcumerd. Hanpumep: 90=2-32-5,

TakuM oOpa3oM, Kakoe BBl HATYPAABHOC YNCIO (KpoME 1) MBI HH B3SUJIM, OHO JHOO SBIAETCA IIPOCTHIM, JTHOO
MOXET ObITh PAINOKEHO HA OPOCThIE MHOKHUTEIH.

[Tpn3nakn JTeaHMoOCcTH

Hucno aeurea Ha 10 B TOM H TONLKO B TOM CJIyMAE, €M OHO oxanuusacres wmppoii 0. Hanpumep,
yreno 48 920 gemuTea Ha 10, a yucno 48 902 Ha 10 He AeNHTCA.

YHcno AeIMTCA HA S B TOM H TOTBKO B TOM CIVUAE, €C/TH OHO okawaHBaeTcA umdpoii 0 wam mmep-
po# 5. Hanpumep, uncna 14 805 » 14 850 zenarcsa Ha 5, a yucno 14 858 Ha 5 He menwTesd.

Yucao JeJUTCcH Ha 2 B TOM H TOJIBKO B TOM CiiyMae, eC/IH OHO OKAHMHBAETCH 4érHoi undpoin (T e.
uudpoin 0, 2, 4, 6 unu 8). Hanmpumep, wncna 32 960, 32 984, 48 616 menarca Ha 2, a uncna 47 901, 10:003 Ha 2
HE JeHATCA.

UHcHao JeANTCA HA 3 B TOM H TOIBKO B TOM CIvYae, €cJH cyMma nndip 3Toro 4WHcaa AeHTca Ha 3.
Hanpumep, yucno 1545 aenurcs Ha 3, a gucno 2638 Ha 3 He Jenmntca.

Yncao JeauTca Ha 9 B TOM H TOIBKO B TOM CIY4ae, €Can cymma nndp 31oro auciaa aenwrca na 9,
YbenuTech caMOCTOATENBHO, YTO YHeno 2 143 503 genurca Ha 9, a yvcno 123 456 Ha 9 He OemMTes.

IIpumep 4. JdokaxeM, 910 9ucIo 153426 nenurtes Ha 8.
B caMoM nene, 3TO YMCAO OKAHYMBAETCA YETHOM Mdpoit, 3HAYHT, OHO Aeadtcs Ha 2. Cymma undp 37010
yHena paeHa 18, a 3HauuT, OHO AeaHTed Ha 9. OTcloaa M clenyeT, uTo STO YHCIO JenHTed Ha i8.

Obob1eHMeM PACCMOTPEHHOTO TIPHMEPA CIYAKMT CAEAYIOUIEE YTREDXIACHHE: €CJAH YHCIA & H b — BIaNMHO
NPOCTLIE H OHH ARJAKTCH JEIHTEIAMH 9HMCIA ¢, TO JeNHTeNIeM 9ACIA ¢ ARIAETCA TAKXKE H HX Npousse-
aeHue ab.

B3aMMHO MPOCTBIMH HA3BLIBAIOT YHCIA, KOTOPHIE HE UMEKT 0Bux acauTeneii, ommunex o7 1. Ecau yenosue
OTCYTCTBUA OBIIMX IDEUTENEH ¥ YMCEN g U b, OTAMUYHBIX OT 1, He BBIHOMHAETCA, TO NPOHIBEACHHE ab MOXET
H He ObITE AenuTeneM yncna ¢. Hanpumep, yncno 210 genutesa Ha 6 u Ha 10, Ho Ha 60 QHO He AeNHTCA.

JenHMOCTb CYMMEL H NPOH3IBEACHHA

Caoficreo |. Ecan B NpoHIBEIEHHH OfMA M3 MHOKHTENEH JEJHTCA HA HEKOTOPOE HCIO, TO H CAMO
NPOH3IBEACHHE DEAHTCA HA ITO YHCIO.

HanpuwMep, npouapeineHune 63 - 115+ 128 nenuren Ha 7, Tak KaK MHOXWTENb, PaBHbIN 63, Aeiutcs Ha 7. (Jo-
KaXHTE CAMOCTOATEABHO, YTO 3TO [IPOH3IBEACHHE TaKoKe AeNAWTCA HAa 5, Ha 2, Ha 3 M Ha 9.)

CpoiicTeo 2. EciH B cyMMe KaKNo€ CJAraeMoe JENHTCA HA HEKOTOPOE UHCIO, TO M CAMA CYMMa
AeTINTCA HA 3T0 YHCID.

HanpuMep, B cymMme 1248 + 356 + 402 Bce cnaraeMble — 4éTHble yncna. [loatoMy M cama cymma siBIfeTca
YHCAOM YETHBIM.



CsolicTpo 3. Ecin B ¢yMMe OAHO H3 CHAraeMBIX He JEAHTCA HA HEKOTOpPOE YHCI0, A OCTANLHEIE
AEJIATCHA, TO CYMMa H3 ITO YHCIQ He JeIHTCH.

Hanpumep, cymMa 548 + 426 + 719 ecTb uMC/Io HEYETHOE, TaK KaK cnaraeMble 548 W 426 Ha 2 gensrcs, a 719
Ha 2 He JenuTcs.

O6paTHTe BHIMAaHHe: YTBepXKIeHHe «eclii HH OMHO CllaraemMoe He JeJMTCA Ha HEKOTOpOe YHCAO, TO W CyMMa
HE DEAUTCH HA 3TO MUC/I0» HEBEPHO. DTO AErKO MTOKA3aTh, IPHBEAA KOHTPNPpUMED: TaK, HH 0AHO W3 ukcen 4] u 84
HAa 5 He JeNMWUTCH, 4 WX CyMMa, paBHas 125, menuTcs Ha 5.

I[Epumep S. TlpoBepum, He BBITIOSTHAA AefeHMH, ABIAeTCH MM dHcno |1 aequrenem ancna 1353,
TIpeacraBuM 4ucno 1353 B BHNe KakoH-NUBo CyMMBI Tak, YTODH BOMPOC O OSNHMOCTH Ha 1l Kaxooro W3

craraeMeIx GBUT oueBUIeH, Hanpumep: 1353 = 1100 + 220+ 33. Kaxaoe cnaraeMoe NesTUTCA Ha 11, a 3HAUUT, H CyM-
Ma, pasHas 1353, genuTca Ha 11

[Ekpumep 6. BRISSCHUM, JeAUTCS TH Ha 4 CyMM2 UeTHIPEX NOCISICBATENBHBIX HATYPATLHEIX YHCET.
3anMineM CyMMY YeThIPEX NOCASACBATENbHEIX HATYPANBHBIX YHCeN U NpeobpasyemM eé:

A +{n+D+n+D+(r+3)=4n+06.
HepBoe caraeMoe JefnuTCcH Ha 4, a BTOPpOE HE ACIHUTCAH. 3Ha‘-IHT, paccMaTrpuBacMas CYMMa Ha 4 He OeNHTCH.

Jenenne ¢ ocTATKOM

B ofuemM ciyuae mpH OeleHHHM OTHOTO HATYPARBLHOTO YHCAA Ha ApPYroe NMojayvaeTcs ocraToK. Harnpumep, npu
meseHnK yHeaa 1000 Ha 45 moayviyaeTea HEMOAHOS YACTHOE, paBHoe 22, u 0cTaroK, paBHBed 10. (Yoeoutecs B 3ToM
CAMOCTOSITE/ILHO, BRINGAHHE AgieHHe yroskom.) Mostomy auncno 1000 MOXHO TpeACTABUTS B BHAS CYMMBI CIETY-
wIIHM obpazosm: 1000=45.22 + 10.

Boofiuge, ecay mpM OeAeHHH YHCNA d Ha MHCIC b NMOJIydaeTcs HENOMHOE YacTHOE § M OCTATOK 7, TG BEPHO
PAaBEHCTBO @ = bg + 7, NPH 3TOM MHUCIO #, KAK OCTATOK OT NeleHHS Ha b, Bcerla MeHbuE b.

B ToM ciydae, KOrda 4HCIO @ KPATHO YHCY &, CMpaBSIIMBC PABEHCTBO @ = bg + (), MOSTOMY MOXHO CYHTATD,
YTO B CJIYYde ASIEHHS HALENO MOAY4aeTcsl HYIEBOH OCTATOK.

TOBOPHTE O AcNeHHM € OCTATKOM MOXHO M TOLAa, KOIAa NefTHMOe ¢ MeHblle nenutens b. [lycts, Hanpumep,
a=3 u h=4, MOXHO CYUTATb, YTO HEMWIHOE YACTHOS paBHO (), a OCTATOK paBeH 3, W 3anucatk: 3=4-0+3.

TakuM o6pazom, AnS J00LIX ABYX HATYPAJIBHBIX YHcel g H & cnpaseninpBo pasencred & = bg +r (30eCh
g — HaTypansHoe YHchao MnH 0, # — HaTypanbHOe Yueno, MeHblee b, wan 0). MHbIMKM CTOBaMM, BCAKOE HATY-
PATBHOE HHCAO MOXHO PA3IelIHTh Ha JModoe Ipyroe HaTypajibHOe YHCIO C OCTATKOM.

Ipumep 7. MoTopHas NoaKa NOMKHA TepeBe3TH rpynAny M3 (8 venoeek Ha Apyrod Ocper pekM. 3a Kakoe
MHHHMAJBHOS KOJHYECTBO PEHCOB TO MOXHO CIENAaTh, ECiTH JIOJKA BMEUIAET BMECTe ¢ pPylIeBbiM 3 Yelosek?

Peumenue: 3a onMH peic MOXHC NEpegesTd 4 TYpHCTOB. A Tak Kak 1¥8=4-44 2, To npuiérca caeiats He
MéHee 5 peiicoB: 33 4eThHipe pelca NepeBeITd 16 MaccakMpoB K ellé OOUH peiic BRIMNOAHHTH A1 2 OCTaBLUMXCS
acCaxXupos.

Ilpumep 8. B kade nMeercs HekoTOpOe KOIMMECTBO YaAHBIX Joxek. Koraa Mx MepecuyHTasin ICCATKAMU, TO
IO NOITHOTO IeCATKH HEe XBATHIO 2 JOXKEK, KOroa WX MnepecydTand alxXWMHaMH, TO ¥ JIOXEK DCTANMCh JIHILHHMM,
CKQUIBKO BCEro JOXEK, eCMH M3BECTHO, YTO HX UHCIO He npesocxoauT 1007

Pemenne! M3 ycnoBHA SCHO, UTO TIPH MepecuéTe JIoKEK KAk JeCATKAMM, TaK M AKKKHAMH OCTAIOTCS JIMLI-
HHMH 8 noxek. DTO 03HAYAET, YUTO NPH AeJeHHM 4Hcaa noxkek W Ha 10, u va 12 nonyvaercs OIMH U TOT XKe
OCTATOK, paeHHl 8. Ecid 8 noxex ybpaTh, TO OCTaBIUEECH YMCTO JIOXKEK OyaeT kpatHo W 10, W 12, npy 3TOM OHO
He momKHO mpepocxonuts 100, C nmoMowpo nepebopa Nerko MOJYYHTL, MTO TAKOE YHCI0 TONLKO 0IHO — 310 60.
«Bo3BpaTHR» § 10keK, NOAVYMM, 4To Becero umeerca 08 mowek. (IIpopepere CaMOCTOATENEHO OTBET HA COOTBET-
CTBHE YCIOBHKY.)

OcTATOK OT NejieHHs OB13aTeNbHO MeHbIle IeTHTENS — TOMLKe B 3TOM CiIydae AeleHMe 3akaHusBaerca. Ilpu
neeHHM HA 2 B GCTATKe MoryT OuiTh dyucna 0 M 1, Ha 3 —uuena 0, 1, 2, Ha 4 —umena 0, 1, 2, 3 ¥ 1. 8. Koauue-
CINEO GOIMONCHBIX OCHIAMKOE PARHO OeAUMEnr.

Mo ocTATKaM OT AefeHUS HA HEKOTOPOE YMCIC MHOXECTBO HATYPAIBHBIX YHCEA MOXHO paidumb Ha kaaccet;
ux ByIeT CTONBLKO Xe, CKOMLKO M OCTATKOR., Hampumep, mo OoTHOINEHHIO K 4McHy 2 BCEe HATYPalbHbiE YHCIA pas-
GUBAIOTCA HA KIace YETHHIX MMCEN W KIACC HEUYETHBIX YMCEN:

2,4, 6,8, 10, 12, ... — npn AeneHuu Ha 2 gawT B octaTke 0;
1,3,5 7,9, 11, ... — npd meneHWH Ha 2 maloT B ocTaTke 1.

[0 OTHOLIEHHIO K YHCAY 3 MHOXKECTBO HATYPATBHBIX YHCEN paibMBacTCsd Ha TPH KNAacca:
3, 6,9, 12, 15, ... — pH hesieHuu HA 3 JaloT B octartke { (yucna, KpaTHbie 3);



1, 4,7, 10, 13, ... — npH AeneHHUH Ha 3 JaT B OCTaTKe I
2,5 8, 11, 14, ... — npu feneHud Ha 3 Jal0T B OCTaTKe 2,

OGpaTMTe BHHMAHHE: eClTH BHIIIMCHBATE NOAPAN HATYPAIbHBLIE UMCIA, TAIOLIHE NMPH ACLICHHH Ha HEKOTOPOE
YMCI0 OOHH H TOT X& OCTATOK, TO NoJyvaercs apudmMeTHuecKad Nporpeccid. PaccMOTPHMTE NPUBEIEHHLIE BHIILE
APOTPECCHU M B KAXIOM CTydae VKOXKWUTE TEPBHIA YWieH M Pa3HOCTh NPOTPECCHHM, a 3aTEM 3aNMIIMTE (HOpMYITY
7-To YUfeHa. {(3anoMHWTe GOpMYTY HETHOMG YMc/Ia, (GopMYTy HEUETHOTG YHMCHA, A TAKKE YUCIA, KParHoro 3.)

I[Ipumep 9. Buscaum, Kakod LHPPOH OKAHYMBALTCA YMCIO, ABNAIOWCCCH 3HAYEHHEM BBIDAXCHUSA 21%6,

MocMoTPHM, &CTh JTH KaKad-HAGYAL 3AKOHOMEPHOCTE B TOM, KAK MEHAETCA NOCHEARs IHdpa yncia ¢ uz-
MEHEHHMEM TIOKAAATENA 7}

=2 2=4,B=8, 21=16, 25=32, 26=64, 27=128, 28=256, 2°=512 n . .

MEl BHAMM, YTO NOCAEAHSA ITA(DPA MEPUONMYECKH NOBTOPACTCA, MPUHEM MOBTOPAIGIIYIOCH IPYIIY UHbp
ofpasyior yeTHpe LHbpsH: 2, 4, 8, 6. 3HauuT, nocnenuas uudpa crenenn 2126 oNpeaENIETCA TEM, Ha KAKOM MeECTe
ITO YHCJIO CTOMT B COOTBETCTBYIOLIEH yeTBEPKe. YTOOH y3HaTh 3TO, HalAEM OCTATOK OT AeleHus uMcna 126 Ha 4.
Tak kak 126 =4- 31 + 2, TO B ¢cBOcH YeTBEPKS YUCIO 126 CTOHT Ha BTOPOM MECTE, a 3HAYMT, YHCITO, ARIAKIIEECH
aHayeHueM cteneHd 2'26, okanumpaetcs undpoii 4.

TpenHAporoUHDbIE 3a0AHHA

3A0AHWA BA30OBOIO YPOBHA

. Kakoe u3 ycen He ABIAETCA OENWTENeM YHCHA a, eciM a=2-3.5.77

1 42 2) 35 3) 30 4) 20

2. Kakoe H3 yKasaHHHIX YHCEN He Ae/HTCA Ha 37

1) 12 852 2) 1143 3) 20293 4) 7239

3. Kakoe W3 yKazaHHEIX vMcen AenMTCeH Ha 67

1) 12 852 2) 21436 3) 20193 4) 16 666

4. Ha xaxoe u3 JaHHBIX YMCeS OeadTca cymma 520+ 2257

1) Ha 3 2)Has5 3)Ha 2 4) Ha 4

5. H3BecTHO, 4T0 @ H b — HeuETHEIE YHcna. Kakoe H3 clIeayiolIiHX YKHCeT TAKKe ABRNACTCA HEYETHRIM?
Iya+b 2) 2ab Da+d+1 Hia+1) b

6. MapecTHo, 9TO g ¥ b — uéTHHE yHca. Kakoe H3 CReayoldx YHCen TakKe SBaAeTed YETHHM?
NDa+b+1 2y{a+ ) b Jab+1 HNi{a+1){h+1)

7. M3BecTHO, YTO POBHO ONHO H3 AAHHBIX YHCEN ARBNACTCA NMpocThiM. Kakoe ato uwmcnoe?

1) 3326 2) 3325 3) 3321 4) 3307

8. Kakue yTRepXieHHsA HEBEPHLI?

1) Yvcno 3 740 mesirrea Ha 5 M He AenMTea Ha 3.

2) PaznoxeHHeM uuciaa 1800 Ha NpocThie MHOXHTEIH SBRIASTCH rpou3sencHune 23 . 32. 52

3) Yucno 315 kparHo udcay 35.

4) Ecnu B cyMMe NIEYX YHCE/I KAKAOE cllaraeMoe He JenuTtca Ha 10, To ¥ cyMMa He nenwrca Ha 10.

9. Kakoe 3 JaHHBLIX YTBEpXKACHHH BepHO?

1) Bce NpocThIe YMeNd — HEeYETHRIE.

2) Bce Hedy€THRIE YHCIA — MPOCTHIE,

3) Bce npocTtee uMcna, DOMBMIAE 2, — HEYETHRIE.
4) Bee Heyé€rHEE yncna, SOAbUINE 2,— COCTaBHEIE.

10. ¥kaxure BEpHOE YTBEpkacHHe. [l HeBeDHBIX YTREDXKIEHHMH npUBEIUTE KOHTPIPUMED.

1) Ecnu cyMMa AETHTCA HA HEKOTOPOE YHCIO, TO M KAXKAOE CHATAEMOS ASHHMTCH HA BTO YUCIO.
2) Ecav npoH3aBeIcHHE ACNHTCE HA HEKOTOPOE YHCIO, TO M O0MH M3 MHOXKHTGICH ACIMTCH HA 3TO YHCIO.



3) YéTHO® UMCIO MMEET TOJLKO YETHHIE DEMHTENHN,
4) Ecnaun uuchio OejMTCa Ha 9, To OHO OETUTC W HA 3.

11. Hadoure: a) HOK (12; 18); 6 HOQ (12; 18); ) HOK (60; 72); r) HO (60; 72).

12, na rpynnbl TYpUCTOB M3 27 YenoBeK 3aKa3biBAOT uyeThPExMecTHhie Gaitmapku. Ckonbko norTpebyercs
Garpapok? CKONLKO ellé YeNOBEK MOXHO B3ATH B Ipynny?

13. Tenjoxon paccunTad Ha 750 naccaxupos M 25 unenos xomanap. Kaxnas cnacaTenbHast LLIONKa MOXET
BMecTHTE He Gonee 70 yenoeek. Kakoe HaMMeHBblIce YUCIO LWIONOK J0UKHO OBITh HA TEILIOXOME, YTOOH B Cly-
4ae HEeOOXOIHMOCTH B HMX MMKHO OO pa3MEecTHTb BCEX NaCCAXKHPOB M BCEX WICHOB KOMAaHIhi?

14. B BEICOTHOM JIOMC OWH NOTBE3N, HYMepalMsa KBAPTHP B HEM HaunHaercs ¢ |. Ha kaxmom »taxe 6 kpap-
THp. Ha KakoM 3Taxke HaXOOUTCd KBapTHpa Homep 1167

3AJAHKA NOBbLILLEHHOIO YPOBHA

15. Ha Kakoe M3 Jall(bIX YUcen JefNTCA MpousseleHUe 123 - 707
1) Ha 4 2yHaé D Hao 4) Ha 25

16. WiapecTHO, 4TO 4YHCIC @ NPH ZefAeHMM Ha 3 maér octaTok 4. Kakue W3 yreepkieHMit BepHb?
13 Uucno @+ 1 genutcst Ha 5,

2) YUHcrno a 4étHoO.

3 Yucno g —4 menntcst Ha 5.

4) Uucno 2a npu petenuM Ha 5 ga€t octaTtok 8.

17. Ckoneko menuTeneit y 1ucna ab, eclii @ 1 b — HpOCTLIe YyMcIa U g = H?

18. Ecny Taua packianspaeT MMEIOLUMECs ¥y HEE KapaHdawH B KOpoOku no 12 xapaHgamei, 1o y Heé oCTa-
€rcAd | Kapampall, a ecid B KOpoGkH 1o 9 kapanganieil, To 3 xapadnauieit He xparaeT. CKOIbKG KapaHIalliel
y TaHH, ecaIM H3BECTHO, UTC HX He Oomee 507

19. B motke 10 M TecsMbi. OT Heé orpesdalor kycku miuHoei 35 M. Cronsko Takux kyckoe noaydurca? Ka-
KOBA JJHHA OCTABLIETOCHa KycKa?

20. Kakoll nudpoil okaH4MBaeTcs Yucno 320109

21. CKonbKO B OXTADPE BOCKPECEHMH, €CnM W3BECTHO, YTO MEPBOE OKTHOpPA — matHHua?

22, NokaxuTe, YTO CYMMA JIBYX NOCIENOBATETLHBIX HATYPAILHLIX YUCEN €CTh HHCRO HEUETHOE,

23. Jokaxmre, 94TC MPOH3BCICHHE ABYX NOCTENOBATEbHLIX HATYPANBHEIX YHCEN €CTh YHCIIO YETHOE.

24. HoxaxuTe, YTo A0boe TPEX3IHAYHOS YHCIIO, 3AMTMCAHHOEC OJHHAKOBEIMM UM(ppaMH, IenrTca Ha 37.

25. Tlpu geneHHW Ha 7 uncno @ ga€t B ocraTke 3, uucno b n1aét B ocratke 4. [JOKaXUTE, YTO YHUCIO a4+ b
JAeAUTCA Ha 7.

PelneHlss H OTBEeTHI

1.4.2,. 3.3 1.4.2.5.36.27.48 1u4 9 3 10.4;1)9+ 1 =20, yucno 20 pennrca na 2, a9 u 11
Ha 2 He genstes; 2) 9-4=36, yucno 36 gearten Ha 12, HO 9 u 4 na 12 He pensites; 3) yétHoe uucno 12 umeer
HeusTHMA xenureaes 3. 11, a) 36; 6) 6; B) 360; r) 12. 12. 7 Barmapox; emé ogHero yenoseka., 13, 12,
14. Ha 20-m. 15. 2. 16. 1 n 3. 17, 4, »ro uncna 1, ab, ¢ »n b. 18. 13 wmn 49. 19, 28 xyckoes, 20 cm. 20, Und-
poi 9. 21, {latk. Pewenue, B oxradpe 3! genn, Hegena paBHa T anam, Tax kak 31 =7-4+4 3, 1o B okTADpE O~
NEPAKHTCA 4 TIONHBIE HETENH M elé 3 1Hd. YeThipe Henelu {KaX1as ¢ TMSMTHHLE 1O YeTRepr) Aat0T 4 BOCKPECeHbA.
CreIylomas HEMmoMHaA HEOEAA TOXE HAYHMHAETCA B IATHHLY M UTHTCA TPH JHS. 3HA4YWT, ITOCNEIHWA IeHb OKTHGC-
pi — BOCKpeceHbe. TakuM 006pa3oM, BCCro B OKTHOpE, HAYHHAICMCA © [SITHHLL, 5 BOCKpeceHHH. 22. Pewe-
nue, M3 aByx NOCTENOBATENMBEHBIX HATYPAJBHLIX YMCEN] QUHO METHOE, APYroe HedeéTHoe. Tak Kak B CyMME OIHO
YUCAO ACIUTCA Ha 2, A IpYroe — He JeUTCS, TO M cyMMA HA 2 He MeNUTCA. JHAYUT, CYMMA CCTh YHCIO HEYETHOE.
23. Vrazauue, Cv. pemwieHne No 22, paccyxnail ananormiro. 24. Pewenue. [lycTe B TPEX3HAYHOM YMCAE g CO-
TCH, @ JECATKOB, & ¢IMHHIL. Torpa ero MoxXHo 3anucath B BHae: 100a + 10a + a. TlpeoGpa3oBaB 3TY CYMATY, MOIy-
uum: 100e+ 10a +a= 111g=37-3.a. Tak xak npousseneHue 37-3-a genurcs Ha 37, TO ¥ TPEXSHANHOE HHCIO,
B KOTOPOM 4 COTCH, @ [OCCATKOB, @ €IWHMU, Aenutca Ha 37, 25. Pewenue. a=7¢g+3; b=Tp+d;, a+b=
=(Tg+3)+(Tp+ D=7 (g+p)+7=T (g+p+1).



1.2. BoMHCICHAA ¢ PALMOHAILHBIMHA YHUC/IAMH!

TEOPETH"{L‘CKHE CBEICHHA

CpaBHeHHe M YHOPAZOYHBAHHE PAURCHANBLHBIX YHCEA

MuoxecTBo pauMoHaIBHBIX Yuces 0BpalyIoT Leaple uMcIa (HAaTypaibHBIE, TPOTHBONOIOKHLIE UM GTpHla-
TENBHBIE YHC/IA M YHCIO HOMb) W APOOHEIC MHUCAA (NOIOKHUTENbHbIE M oTpHuaTenbbe), Cylectsylor ase GopMbl
3alIACH APODHLIX PALMOHANBELIX YUUCET — DhbiKHOAERRbEe Opobu N dechminsie Opobu, N BAXKHO 3HATH O BO3-

MOXHOCTH HEPEXQIA OT QAHOMH GopMel K ApyLoit.
27

Jdecaruunyd apobr Bcerna MOXHO NPEICTAaBHTE B BHae obnikHoneHHoil. (Hanpumep: 0,02?2—1@; 1,3=

= :3 .} Ho He Beakyio obuklioBeHnyw IpoBh MOXHO NPefCcTABMTE B BUAE ASCATHUHOH (TOUHee, KoHeUHoil fecH-

THYHO# ApoGH).

Y1o6el PCITHTE BONPOC O BOAMOXKHOCTH 06palllcHua OBBIKHOBEHHOM NpOGH B ASCATHUHYID, €€ MpPEXAE BCelo
Ha10 cOKpaTHTh. HecokpaTHMYO OOLIKHOBEHHYK) Ap00b MOXKHO MPE/ACTABUTL B BHIE KOHEIYHOH JeCATHIHOH
Apo0H, ecIH €€ 3HAMeHATeAb Heé MMeeT NMPOCThIX AejauTeNci, OTAWYHBIX oT 2 m 5. B npoTtuBHOM cryuse
TAKOe IPeICTABISHHE HEBOIMOXHO,

Tax, B BUAE KOHCUHOH ASCATHYHON NpOOGH MOXKHO 3anmHCcaTh OOLIKHOBEHHYKO APOBGL CO 3HAMEHATEIAMH 2, 5,
8, 20, 25, 40, 30, COCTOSIIUMMH TONBKO H3 «IROSK» M «MATEPOK». Takyo IpoOb BCErNa MOXKHO MPHBECTH K 3Ha-

MCHATE 0, KOTOPBIN 3anucelBaeTesd ennHALeR ¢ Hyngsvmu. Hanpumep: % = % = '1_%6 ={,075.

2 5 & N
A Ipobn 37 3 B KOHCYHEIC JECATHYHLIE HE Oﬁpal.l.laIOTCH. Ecian memuth YTOOKOM YHCIAHTENh TAKOH IIpOGH
H& 3HAMCHATCNb, TO JCIEHMC HHKOIIA HC 3AKOHYHTCH W NOAYIMTCA OECKOHEHHAR OSCATUYHAA dpoﬁb HanpnMep:

2_
3= 0,606... .

s 0BRIKHOBEHHEIX M ASCATHUHLIX Ipoebeli CyllecTRYIOT CBOU NPAaBKAa CPaBHeHUA H BLITTOTHEHWA AeHCTRHIL.
JecaTHuHele ApobH cpaBHMBAIOT TTopaspsiaHo. Hanmpumep: 0,364 < 0,463; 1,095 > 1,1104. [IBe ODLIKFOBEHHEIE JPO-
61 MOXHO CPABHHTDB, NIPUBEIS UX K oblleMy 3HameHaTemo. M3 apyx apobeii ¢ 0IHHAKOBBEIMH 3HAMEHATENAMH
DonbIue TA, ¥ KOTOPOH uHeIUTeNs Doabme, :

5

I[Ipumep 1. BuiacHuM, Kakas H3 AByX Ipobeil — WIH ;;-— ooaeire. HauGonsiuii oGuiMii 3HaMeHaTeNb

5_15 7_14 . 15 _ 14 5.7
3THX Ipo0el pasen 18 : ~ = = . Tak kak = > --, TO =->—.
ap p 6 18" 9 I8 A 875 P g7
HHorna, onHako, 1Be oOBIKHOBEHHEE APOOH YIAETCA CPABHUTE M 6G¢3 MPHUBEACHMA MX K OOIICMY 3HAMCHATS-
MO, 3 IeHiCTBYR «M0 CMBICTY?. N4 3TOTO NOAEIHO NOMHUTL CIEIVIOIINE JIPOCThIE (PAKTHI:

1 | | 1 |

R T Rt R e L Oonblle YHCHo JofAeH, TeM MeHblle HO0A;
| 2 3 8 9 .
33 St E g —€ NpHOTHXeHHEM K | OpoH yBeAWIMBAKOTCH,
* BCAKAR HENpPaBHIIbHAA 1poOb O0bLIE NPaBHUABHOH, HATIPUMED: E > 1;;
* W3 OBYX Apobed ¢ ONHMHAKOBBIME YHCAHUTENMMH Gonble Ta, ¥ KOTOPOH 3HAMCHATENbL MEHbILe, HanpHMep:
5.5
375"
IIpu cpasueHuu ABYX ApobBeid HHOMIA MOXKET [MOMOYbL MPUEM CPABHCHUA € <TIPOMEXYTOUHBIM uscnom». Cpas-
HHM, HATIPUMED, JpOOH % H ﬁ Kax1aa U3 Hux Dnuika x apotwu 5 HO AErko [OHSATh, UTO %<%, a %)%;
4 6
SHAUUT, =< 7.
Ilpamep 2, Hablaém nanmenbitee n3 yncen 0,7; %; ;; %.

MoxHo GpL10 6B MpeAcTaBHTE Apo6hb (1,7 B BHIE OGBIKHOBEHHON H 3aTéM NPUBECTH BCe APOBH K obinemy
. ., 9
3Hamenateo. Ho ecte Gonee npoctoit cnocob pewenwst 3Tol 3amayn. Tipexae Beero UekmodaeM apobn . oHa

boneuie 1, a ocTanbHble udcra MeHslie 1. [Ipobs % o0palaeTcsd B JeCATHIHYIO: : =0,8. Tak xak 0,8> 0.7, 10

! COOTBETCTRYIOIME 3a0AHNA KAK CAMOCTOSTENbHBIC BITIOUAIOTCS TOALKO B NEPBYIY YacTb PaGoThl.



4 . 7
YKCAO 3 TOXe HcKmMovaeTest, Ocraérea cpaBHUTL yHena 0,7 u 3 s aroro zanuiuneM yucno 0,7 g Brae oOuIK-

, . 7 ? 7
HOBReHHO#i apobu: 0,7 = " Tax Kak o < 3 TO HAHMEHDBIIHM ABIAeTca 9MciIo 0,7,

B paccMOTpeHHBIX MpHMepax Mbl HMETH HeNIO TOABKO C [MOJIOKHTENEHEMH YuchaMi. Eciu ke cpeam umcen
€CTh OTPHLATENBHBIE, TO CACAYET NOMBIOBATLCA OGLUMMM ARAEUAGMIU CDASHEHUS NONONCUMEAbHEX [ OMPULa-
MENBHBIX HuCed.

* IO0OE OTPMUATENILHOE YHCAC MEHBINE HYIA H J1000r0 NONOKHTENLHOTO YHCIA (HanpuMep,

—100 < 0,01);
* M3 ABYX OTPHMIATEIBHBIX WHCE]T MEHBIDE TO, ¥ KOTOPOre MOOYIbk Golbine, T. €. TO, KOTOPOE HA KO-
OPAMHATHOH NPAMOA PACTIONIOKEHO RAMABIIE OT HyAAa (Hampumep, —1,5<-0,5).

BoinonHeHne aputbMeTHYECKMX AEHCTBMHA C PALUHOHANBHBIMH YMCNAMH

ITpH BBIMOMHEHWH AeHCTBHI ¢ OOBLIKHOBESHHBIMM APODAMH DYKOBOACTEVIOTCA CIEOYIOLIHMH TPABUIAMH {OHH
MpeacTaplcHsl B BYKBEHHOM BHIOG):

+ = E

ad
e

>
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o
&
AN
-
gla
s
Bl

TIpumep 3. HaitnéM npouspeneHne ducen 2; u 35

UToGH BOCMONAL3OBATLCHA COOTBETCTRYIOIINM MPaBWAOM, NPENcTaBUM KOXILIH U3 MHOXMUTEIEH B BHOC Jpobu:
4 18 35 _ 18-35
2?'35=T'T=?=18'5=90‘

{C1oxeHNe, BRIMMTAHHE U YMHOXEHHE NCCATHUHBIX Apo0Oed CBOAMTCH K COOTBETCTBYIOUIEMY AEHCTBMIO ¢ HA-
TYPATbHBIMH YHCIAMH, HYXHO TOJIBKO B PE3YILTATE OTIPEOe/IHTE NONOXKeHHE 3anmaTod. Tak, OBe JeCATHYHRIE ApO-
6H MepeMHOXaAIOT, He ofpalllasa BHMMAHHA Ha 3anATHIS, A 3aTeM B TIPOM3BEASHHH OTAEAAIOT CTQILKO 3HAKOB
ClpaBa HAMEBO, CKONBKO [OCCATHYHBIX 3HAKOB COOCPXUTCA B ofoux MHoxutenax BMmecte. (Hanpumep,
1,4-0,7=0,98)

Hnaye oGCTOMT AEO © OENeHHEM IEeCATHYHEIX apobeit. Heno B ToM, 4TO YAcTHOE ABYX HATYPASBHBIX YHCEN
M JECATHYHEIX Apofeit He BCeTna MOXeT ObITh BhPAXKEHO KOHEUHOH AecATHYHOW NpoGhio. [ToatomMy, ecan tpedy-
€TCA BBMHCAWTE YACTHOE NECATHHHBIX ApobeH, nyuile cpa3ly nepcHTH K OOBIKHOBEHHBIM ApoGAM. 2TO MOXHG
CIeNaTh MO-PAIHOMY, HANPUMED:

g1_ 5.3 _ 520 .2, _ 305 _0530_5_ 2
0,5:03=2:5=20=12 wm 05:03=2=rm=3=13.

=

—
(%)

Ecny cpeaM YHCel, ¢ KOTOPBIMH TPeGYETCH BHIIOAHHTL, apudMerHueckue JeHCTBUs, €CTh M 0OBIKHOBEHHLIE
1
6

MOXHO BLIMMCIHTh TOIBKO B OGBIKHOBEHHEIX OpoGAX, 4 CYMMY %+0,4 — KdK B OORIKHOBEHHHIX, TAK U B IECH-

npoBy, U ACCATHYHBIC, HX HAAC NPUBECTH K KaKoi-HHOYAbL oaHoi w3 atnx dopM. Hanpumep, pasHocts 0,6 —

THUYHbIX.

Jna BHIMOAHEHWA NEACTBHH ¢ YHCIaMH Pa3HbIX 3IHAKOB CYLIECTEBYIOT CHELHATbHBIE NMPAaBH/Ia, B KAXKIOM H3
HHX BLLIETSIOTCA NBA ofg3aTeNLHbIX MoMeHTa: 1) croco® onpeleneHHs 3HAKA pe3yasTaTta; 2) cnocod HaxoxneHus
MOOY/IA Pe3yneTaTa.

IIpumep 4. Berumcnum npowusseacHue —0,01 - (=2,5).
IMonbayack NPaBAIOM «MHHYC HA MHHYC JA8T [LIKC», TONY1aeM, YTO [IPOM3BENCHHE AOTKHO ObITh TOTOXKH-

TejpHbIM. UToObB HafiTHM MOOYAbL [IPOM3BEOSHHS, HYXKHO IEPEMHOXHTL MOIYJIM BXOAAWMHX B Heéro 4YHCEM:
0,01 -2,5=10,025. Takum obpazom, —0,01 - (-2,5)=0,025.

Ilpumep 5. Haiin€m 3nauenHe pasHocty 1,7 — 2.5
1,7-25=1,7+(-2,5=—2,5+1,7y=-0,8.

PelieHHE COCTOMT M3 CIAEOYIOLKMX L1AroB;

1) zamenmnu pasHocTh 1,7 —2,5 cymmoit 1,7 +(—2,5) (47066 BHMECThH H3 OIHOTD YHGIA APYTO€, HYMKHO
K YMEHBIUIAEMOMY MPUOABUTL YUCNO, MPOTHBOMOIOKHOE BEMHTAEMOMY);

2) MocTaBWAH B PE3VIETATE 3HAK «MHHYC» (CYMMa JBYX YMCEN pa3HbIX 3HAKOB HMEET 3HAK TOro CJIaracMoro,
¥ KOTOPOro MoAyns SoNnsle) U 3aNHCANH B ¢KOOKax pa3sHOCTb MoAynel (YTOOH HAATH MONYL CYMMBI JABYX YHCEN
pa3HbIX 3HAKOB, HYKHO K3 OOblIENe MOAY/IA BBIMECTE MEHBUIHA),

3} BBIYMCIMAH 3HAYEHME BBIPAXKEHHS B CKOOKAX.



Ilpumep 6. Haitném 3HaueHwue soipaxenus —1,7 — 2,5
—L7-25=-174+(-23=-(25+1,7)=-4,2.

NpoxomvenTupyiTe KaxObii war pewiedns, [Mons3yiiTech Tem, 4ro:
*  CYMMA ABYX GMCET OMHOIO 3HAKa MMCCT TOT XXe 3HAK, YTO M CAAraeMble;
*  MOIYAB CYMMBI YHCE] OJAHOTO 3HAKA PABEH CyMMe MOoaynelt cnaraeMbix.

TpeHHpoOBOUYHbIE 3ATAHHA

3AAAHKA BA3OBOIO YPOBHH

1. CooTHecuTe 06BIKHOBCHHLIE APOOU ¢ NeCATHUHBIMH.

5 3 1 1
A, 5 b. 55 B. 2 T, 50
1) 0,5 2y 0,02 3) 0,12 4y 0,625

2, Kakwve M3 ZaHHBIX Ipobeil MOXHO NPUBECTH K sxaMeHartemio 1007

3 24 7 ] 11
b 3 ) D5 4 3 55
3. PacnonoxuTe B nopsaake yopisanua ducta 0,072; 0,0723; 0,23,

4. B TatiHue nNpHeencHbl pesynsratsl sabera va 200 M IecTH yMacTHHKOB IUKOSIBHBIX COPER)

HoMep aoposkkn 1 11 11 v vV Vi

Pesynvrar (B ¢) 30,2 27.8 24.9 28.5 24,3 27,4

INo kakoit gopoxke DEXAN WKONBHUK, MOKAIABIINNA JAYMIUMEA pPE3yILTaT?
1 IToT 2) Mo ¥ 3) No IV 4) Tlo Tl
5. Kakuve yTBCpRIeHUH SBIAOTCH HesepHbIMu?

1} Opobs % 6onbwe 0,5.
2) HepapeHCTBO §-<O,9 BEpHO.
3y N3 ygucen % H 0.4 GoabuuM asadeTcs .4

4) dpobn %, %, -g— pPAcno;IoXKeHBl B MOPSAKE BOIPACTAHHA.
2 3 3
-3 -3 HAHOOMLILHM ABIAECTCH -1

5) Cpean uncen —%, 3

6. ¥kaxure HauGonbinee W3 yucem 0,5 %; —;-; 0,78.

1) 0,5 2) 2 3) % 4) 0,78
7. 3naueHue KAKOIO BHIPEXKEHMs MeHme |7

83 1 4 5 1 1
1} TR 2) Tty 3) 0’455"'5 4) 0,99+;
8. 3naeHue kKakol cyMMel fonbiie 1?
1} 0,709 +0,2 3) 0,527 + 0,509
2} 0,89 + {0,098 4) (3,49 + 0,495
9. Hafinute 3nHavyeHHe BbIPAXKESHHA:

L, 1 _na 4 e 1.

a) 0,5+?, o) 23 0,3 B) 5 2.8 I) 23.0,?.

10. ¥YkaxuTe HOMepa TeX BBIYMCACHHN, KOTOPBIE BEUTOMHEHE BEPHO.

1) 1:%:% 2) 1,2-2=08 3) .;E+0,4=1,2 4 2 _¢2



1. CooTHecHTe BHIpAXKEHUS H HX 3HAYUCHMS.

A -15+2.9 b.-15-29 B.15-29 . L5+29

1} -1,4 2) 1.4 344 4y 4.4

12. ¥kaxuTe HOMEpA Tex BLIPAXKEHWH, IHAUeHMWe KOTOPLIX PaBHO —3.

1) —4-1,25+10 2) 4.(-1,25)-10 N4-(-1,25-10 4)4.125-10

Pemenuss H OTBETHI

1. A4, B3, BL, 12. 2. 2 u 5. 3. 0,23; 0,0723; 0,072. 4. 2. 5. 3u 5 6. 4. 7. 3. 8. 3. Peruenue. B 1) n 2) no-
CTATOMHO OMNPEReNHTh NMEepBYIe UMppy MOCHe 3anaroii — 310 9; B 4) 08a caraeMelX MeHbiue (1,5, 3HAYUT, UX CyM-

Ma MeHble 1; B 3) oba caaraemerx Gonewe (0,3, 3naunt, WX cymMma 6onewie 1, 9. a) %; 6) 2%; B) 1,6; 1) 3%.

10. 2 v 3. 11. A2, B4, B1, 3. 12. 2 1 4.

1.3. IMpoueHTHI
TeoperHueckHe CBeNeHHS

Qnpeacncare. [IpoueHTOM OT HEKOTOPOH BEIMYPHLI HAILIBAETCA OJHA CoTaA €€ uacte: 1% — 3710

T;"ﬁ - [MosToMy, uToOL HaiiTH | % OT HEKOTOPOH BeUYHHEL, HYKHO 3TY BeTHYMHY pa3nenuts Ha 100. Hampuwmep,
1 % ot 3000 p. pasen 30 p.; 1% o1 2 kr pasen 0,02 kr,
s Toro 4to6bl CBOGOIHO MOIL30OBATHCH 3THM [IOHATHEM ITPH PElIEHHWH 3A0a4 W BLIMOAHEHUH MPOLIEHTHHIX
pac4ETOB, HYXHO YMETh MEPEXOOUTh OT Apo0ek K MpoueHTaM H HaoGopoT. BuipainM, Hampesep, 0,04 wkonbHO-
4
ro Go¥eTa B ripoueHTax: 0,04 = o e 0,04 — 2o 4 %.

MOXHO TONB30BATECH CACOYIOIIMM NPABUNOM: YTODB 4ACTh BEAMUMHLI, IANUCAHHYI0 AecATHUHOH Apo-
Obi0, BHPAINTL B NPOUEHTAX, HAJO NEPEHECTH JAUATYI0 HA JBA IHAKA BRPARO W NPHNHCATL K NONYYEH-
HOMY 9HCTY 3HAK o '

0,52 HeXOTOPON BEIHYMHBEL — 3T0 52 % 3TOH BEJIMUHHBI,

0,125 HeKOTOPOH BEAMYMHHEL — 310 12,5 % 3TOI BEJMUMNIILI;

1,7 HEKOTOPOIH BeNHYHHB — 3T0 170 % 3TOH BEAMYUHBIL.

JIna oOpaTHOMO Mepexons 3aniTy HYXKHO MEPEeHECTH B NMPOTUBONOIOKHOM HalNpasieHHH: 9To0R 9acTh BeE-
JAMYHABI, IAMHCANHYI0 R NPOLEHTAX, BHIPA3ATDL JECATHYHOH ApoGbI0, HANO B MHCIE, CTOAIEM fAepel 3HA-
KOM %, NEpEHECTE 3ANATYI0 HA NRA IHAKA BAERO:

32 % HeKoTopoi# BeIMYHHLL — 370 0,32 370l BEIHUMHEL,

17.5 % HeKoTOpoH BeAHYIHHBI — 570 0,175 3TOA BEMMYMHBL,

150 % HekoTOPO# BETMYMHBI — 3TO 1,5 2TOH BEMHYMHBL

Ecnn 9acTh BeTMMHUHBLE 3303Ha ODBIKHOBEHHOH IpOobbIo, TO, YTO6DL! BLIPA3UTL 3TY YAaCTh B NPOLEHTaX, YI0BHO

JAMHCATE ApoDOE B BHIES ZeCATHYHOH (TOUHO UMM NpHOmLkEHHo). HanpuMep, %: 0,625, 3HauwmrT, g — 3710 62,5 %.

IMone3no MOMHWTE HEKOTOpPLIE COOTHOLUEHHS MEXOY NPOUEeHTaMH H APoOsMH (cM. Tabnully). 3TO MO3BOIUT
BO MHOTHMX CNY9AfX YINPOCTUTL BHIYHCHEHMS,

[MpouesTHI 50 % 25 % 75 % 10 % 20%

3
Apobn 2 4 4 10 3

Ipumep 1. B Havane rona uucio aboHeHTos MHTepHeT-KoMMaHHH «CeBep» cocTapnswio 200 ThIC. YenoBek,
a B KeHle roga ux crano 210 teic. Ha ckoabko NpouEeHTOR YBEMMYMNOCEH 32 Mofl YUeI0 a00OHEHTOB 3TOl KOMNaHHH?
Pemenue: CHauana HaiiméM, HA CKOJBLKQ ThHICHY YeMOBEK YBEIHUMAOCH YHCID ABOHEHTOB X KOHHY TOAa:
210 Thic. — 200 TEIC. = 1{} THIC. Tenepbh HaIEM, CKOJBKO NPOLUEHTOR COCTARIACT 3Ta pasHULla OT MEPBOHAYANBHOTO
yucna aGoHeHToB. JI18 2TOT0 yiHaeM, Kakyio YacTh oT 200 Thic, coctamisiior 10 Teic., M BBIpA3UM NONYGEHHYIO

0
Ipo0bh B NpOLICHTaX: ;ﬁ = 0,05, T.¢. 9MCN0 aGOHEHTOB ¥BEIMYHIOCHL Ha 5 %.
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Ilpumep 2, CTOMMOCTb AKUMH [PH OTKPLITHH MpeANpUATHS cocTaBisna 80 p., a depes NATe JeT €& UgHa
po3pocia Ha 30 %. Kakoma HOBas meHa akUHH?

Pewenue: Crocod 1. CHavana Haiiném 30 % ot 80 p. Tak kax 30 % — 210 0,3, 10 Hago 80 p. yMHOKMTL Ha
0,3 u nonvunte: 80-0,3=24 (p.). Hoeas ueHa akuvu pasHa 80+ 24 =104 (p.).

Crocob 2. TlepBoHAYANEHYIO CTOMMOCTL aKUMH TIpUMeM 3a 100 %. Yepes maTh JIET €€ CTOMMOCTS YREIHYK/IAC
Ha 30 % u cocrasuna 100 % + 30 % = 130 % nepeoHavanbHOM HeHbl. Beipazum 130 % jecarwiHoil apobbio: 3to
1,3. 3uaunt, HoBag LgHa B 1,3 pasa Gonpiie McxoaHoi. YMmHOXMB 80 Ha 1,3, momyduM TpebyeMoe HHCIO:
80-1,3=104 {(p.}.

Hpumep 3. 3a aoctasky mkada nokvnareas jamnatin 216 p. CKolbko ¢TOUT Ikady, eciid cTOMMOCTL A0-
CTABKH cocTaBisieT 3 % cTtoMmocTd ToBapa?

Pemenue: Pewmm a1y 3314ty cHavana apudmMerHyeckuM ciiocoboM (1o JeiicTBHsIM), a 3aTem aftrebGpavye-
CKHM (COCTaBHM YPaBHEHMHE).

Crnocod 1. Buipaznm 3 % apoGeio: 3 % — 310 0,03, UToBbHI HAWTH YHCIO MO H3BECTHOM IO 4ACTH, BhIPAXKEH-

HOH Apob6blo, HAIO 3TY YACTh PA3NC/ANTH Ha AAHHYX ApoGH: % = 7200 (p.).

Crocof 2. 3Ty xe 3a047y MOXKHO DELUHTDL, COCTABHEB YPaBHEHHME (TaKoi cnoco® IS MHOTHX NPencTaRTaeTed
fonee MPOCTEIM H ecTecTBeHHBIM). OD03HAYHM ¢TOHMOCTL WKada 6vKeoit x. Tak Kak 0,03 3To#l ¢TOMMOCTH co-
216
0,03

3a1auM «HAa KOHLEHTPALMI0, CMECH U CINABLI» YIOOHEE pelllaTh, COCTARISA YpaBHEHHeE,

cTaenseT 216 p., TO0 MMeeM ypaBHeHMe: 0,03x =216, x = = 7200. 3uauur, wkag crour 7200 p.

Ilpamep 4. Ckolbko rpaMMoB Bodbl HYXHO 100aBuTE K 600 r caxapHore cupona, KOToprii coaepxut 20 %
caxapa, 4To0Obl KOHUEHTpAalMA caxapa B HEM cocTapnna 12 %?

Pewenne: CHavana BRIACHHM, CKOJIBKO IPaMMOB caxapa conepxkuTesa B 600 r caxapHoro cupona, Jna aro-
ro HaiaéMm 20 % maccel cupomna: 600 - 0,2 =120 r. Janee 6ydeM GOCTABIATE YpaBHEHHE.

TMycTh x T — mMacca goGabBneHHol Bofbl. Torma Macca nonydeHHoro cupoia cocrasur (600 +x) 1, a Mmacca
caxapa, CONCKALLErocH B HeM, cocTaBuT 9,12 - (600+x) .

Tocne ao6GarneHHWA BOAKI H3MEHWIACh KOHUEHTPALMA CaXapa B ¢Hpole, a MAcCa ¢axapa He HaMeHHnach. [o-
ITOMY MOXHO COCTABHTE ypasHenue: 0,12 - (600 + x) = 120.

Pewne ero, momyaum, uto x =400, Takum obpaszom, HyKHO TobapuTe 400 r BoObl.

3ameyanue. B naHHO# 3a1a4e TIPH BHIMHCJASHMM MACCHI Caxapa B CHPOTIE MOXHO OBUIO BOCTIONB3OBAaTBCHA TEM,
yro 20 % — 270 ndTas 49acTh BENHYHHBI, [OITOMY, 4ToObl HaiiTh 20 % ot 600 r, MoxHO npocTo pasmenuts 600
Ha 5.

TpenupoBounble 3aaaHus

3A0AHWA BA30OBOIro YPOBHA

1. CodepxaHue BHTAMWHOB rpynnkl B B TaOGneTke cocragnser 7,5 %. BripaauTe 3Ty 4acTe OECATHYHOW Jpo-

05O,
1y 7,5 2) 0,75 3 0,075 4) $,0075
2. CooTHecHTe IpOBH H MNPOLEHTH.
f 3 7 |
A. 3 B. 1 B. 3 r. ]?
1Y 75% 2) 125 % N20% 4) 87,5 %

3. B oByx OxOIMOTEKaX OMHHAKOBOS KOMHYECTBO KHHr. Yepes rod B meppoil HUBNIHOTEKE YHCIO KHHI YBEH-
ydnock Ha 100 %, a Bo Bropoit — B 1,5 pa3a. B xakoit GUBIHOTEKe KHHr ¢Tano Gonwiie?

1} B nepBoit OHOMLOTeKE 3) KHHT ocTaioch MOPOBHY

2) Bo BrOopoi OHOIROTCKE 4) JIns oTBeTa He XBATAET AAHHEIX

4. B 9-x knaccax mxonel 79 yyalnuxcd, 45 IeBATHKIACCHUKOB MOEEYT JETOM B CIIOPTMBHEA narepb. CKOIbKO
TIPOLIEHTOBR MeBATHKNACCHHKOB MOCAYT B CHOPTHBHEIN sareph? (OTRET OKPYINUTE A0 LIEALIX.)
1) 6 % 2)18% NN % 4176 %

5, IIpH MOKYTIKE CTHPATHHOH MAIIWHBI CTOMMOCTEHY 6500 p. MOKYNaTenk IpenbABHI BEPE3AHHYIO M3 raseThl
pexlamy, Sarulyio npaBo Ha 5 %-10 ckuaKy. CKOAbKO OH 3afLTATHT 33 MaumiMHy?
1) 325 p. 2) 3250 p. 3 6175 p. 4) 6495 p.
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6. Toponcko#t OromxeT cocTaBMneT 45 MIH p., 2 PACXOABl HA OTHY M3 ero cTaTeit cocTasuan 12,5 %. Ckonbko
pyOneh morpaueHo Ha 3Ty CTaTbld Q1OLKCTa?

1)y 50 625 000 p. 3) 5362 500 p.

2) 5625000 p. 4) 562,5 p.

7. CpeIHuil BEC MANBYMKOB TOrO X Boapacra, yro M HBan, pascH 48 kxr. Bee Weana cocrasascT 120 %
cpeaHers reca. Ckoneko BecuT Mpan? :

1) 57.8 xr 2} 576 kr 1) 40 kr 4) 9,6 Kt

8. a) Topap Ha pachpogaxe YHUcHWIM Ha 20 %, NpHM 3TOM OH ¢Tan cToMTh 680 p. CKONBKO CTOWA TOBAap IO
pacnpomgaxu?

1) 136 p. 2) 700 p. 3) 816 p. 4) 850 p.

6) Tocne ysenuucunn Ha 20 % nercus coctapuna 4800 p. Kako# ObL1a neHCHs OO vBenWdeHHS?

1) 5760 p. 2) 4600 p. 3) 4000 p. 4) 3840 p.

9. Pesvnprarsel pailOHHOM KOHTpONbHOR paboThl no anrefpe B 9-M Knacce MPEAcTaBHAM B BHAC AMATPAMMBL.
CKOMbKO YHALLUXCA IMOTYIHAR OTMETKY «2», £CMM Beero paboTy nucany 320 aceATUKIACCHUKOR?

OTMETKA

«d»

OTMETKA
«5»
1) § yuawmxcH
2) 16 yuaumxen
3) 64 yuyanvxcs
4) 160 yyamruxcs

OTMETKA
«2n

OTMETKA
«3»
10. B Tabnniue npupeieHa CTOMMOCTE paboT 110 YCTAHOBKE HATHXHBIX NOTQ;TKOB,
Ilena B py6. 3a 1 mM? (B 3aBUCHMOCTH OT NICIUAAN)
Llper noroaxs
g0 10 m? or 11 no 30 m? or 31 a0 60 M2 ceoiue 60 m2

bennilt MaTOBBIK 1350 330 700 600
LBeTrHON MATOBBIH 1200 1000 950 850
benniit raHUEeBBIH 1370 1150 970 860
HacTHON mAHuEBR i 1570 1300 1220 111¢

Hna AeTckof KOMHATBI 34Ka3aH LBETHON LIAHOEBBIH HATAKHON MOTONOK NAowansk 14 m2, Ckonbko NpH-
AETCA 3arUaTHTE 3a 3aKa3 npH ckuake B 10 %7

11. M3 0GbaBneHUs HUPMEL, TIPOBOMAIISH 00YYaOlIUe ceMMHAPhl: «CTOUMOCTE YJAeTHS B ceMuuape — 3000 p.
¢ JenoBeKka. [pymnnaM OT opraHH3auMii MPesoCcTaBIAMOTCA CKUIKH: oT 3 1o 10 yenopek — 5 %; Gomnee 10 yeno-
BeK — 8 %», CKOABKO AOMAXHA 3aiUTaTMTh OPTAHM3ALHA, HANPABMBILAA HA CeMUHAp IPyTNay W3 4 denorex?

1} 11 400 p. 2) 2850 p. 3) 600 p. 4) 12000 p.

3AJ0AHWA NOBbILWEHHOMO YPOBHA

12. Tlpu LOCTYMNEHKHH TOBAPa C OUTOBOMO CKNEJa B MAraswH €ro CTOHMOCTh Oblla yBenwdeHa Ha 20 %, a 3a-
TeEM BO BPeMH CC30HHONH DACIPONAXHN CTOMMOCTL Obina yMeHblleHa Ha 20 %. Kakoe yTBepxaeHHe OTHOCHTENALHO
CTOMMOCTH TOBapa BEPHO?

1) CToMMOCTh TOBapa CHOBA CTana pAaBHA Cro ONTOBOH CTOMMOCTH.

2) MNMocne asyx M3MeHeHHH CTOMMOCThE YMEHBIUUNACE Ha 4 %.

3) INocne AByx MIMEHEHMH CTOMMOCTL BO3pocha B 1,5 paza.

4) He 3HaA ONTOBOMH <TOMMOCTH TOBapa, HUYEro CKa3zaThb O ¢€ MOCACAYHOLUKMX MIMEHEHHAX HEJb3A.



13. Ckonbko rpamMmoB BOObl Haoe LoGaBHTh K 180 r cupoma, comepxamero 25 % caxapa, UTOGH MOMYYHTD
CHpOIl, KOHLIEHTPaLlMA KOoToporo pabHa 20 %7

14, Knmenr suéc 3000 p. Ha ABa BKNana, OOHH K3 KOTOpBIX NAET rogoBoi aoxon, pabHbii 8 %, a apyroi —
10 %. Yepes roa Ha apyx cdeTax y Hero 6eUlo 3260 p. Kakyio cyMMy KIHeHT BHEC Ha Kaxawlf sxoan?

15. B sHBape KOHAWTEpcKas (GHpMa NpoBena akiMIo 1Moa AeBU3oM «25 % OecrinatHo». Bo BpeMs 3To# akuMH
Macca Mme4yeHbs B YIIAKOBKe OpUIa YBENMUEHA Ha 25 %, a ueHa octapieHa npexHell. Ha ¢konkko NpoLEeHToB No-
AELIEBEN0 NeYeHbe?

PemieHust U OTBETHI

1.3.2, A3, B1,B4,12. 3. 1. 4. 3.5. 3. 6. 2.7, 2. 8. 0)4,6) 3. 9. 2. 10. 16380 p. 11. 1. 12. 2. Peiucnue.
IlycTe CTOMMOCTR TOBapa Ha CKiade ObUla X p., TOIN& €r0 CTOMMOCTE B MarasHHe¢ cHavama coctapuaa 1,2x p.,
a Ha pacnpogaxe 1,2-0,8=0,96x p., ur0 cocrasnger 96 % mnepBOHAYATEHOHM (ONTeBOM) CTOMMOCTH; T. €. OHa
yMeHBIIAch Ha 4 %. 13, 45 r. Pewenue, CHpon colepxut 25 % (uIW ueTeepTh) caxapa, 4TO B IpaMMax co-
cranigeT 180 :4=45 r. 3TH 45 r B HOBOM CHPONE A0DKHBI COCTARIATE 20 % (IATYI0 49acTb), 3HAUMT, obluas Mac-
ca cupora 6yaeT pasHa 45 - 5 = 225 . 3Ha4yMT, BOOH Haxo DoBaBuTh 225 — 180=45 1. 14. Ha 8 %-it Bxnar 2004 p.,
Ha 10 %-i exian 1000 p. Pewenue. [ycTh HA MepBHA BKIAL BHeceHO X p., Torma Ha bropoi — (3000 -x) p.
Yepes roa Ha nepeoM Biiaae byaer 1,08x p., Ha Bropom — 1,1 (3000 —x) p. CocraBHM ypaBHCHME, YYHTBIBAS, YTO
BCETO HA ABYX Biutanax cranc 3260 p.: 1,08x+ 1,1 (3000 —x) = 3260, orkyna x =2000. 3Ha4yHT, Ha MEPBLHIH BIUIAK
pHeceHo 2000 p., Ha Bropoi 3000 — 2000 = 1000 p. 15. Ha 20 %. Pewenue. TIycTh yNIaKOBKa IICYCHBA MAaccOi x

KI CTOHTa ) p., T. €. CTOHMOUTL TMCYCHDBA COCTABIs;NA k4 p./xI. Bo Bpema npoBeaeHHMA AKLUH MACCA YIIAKOBKH
X

cTana pasHo#t 1,25x, a CTOMMOCTL NeveHbst —>— p./kT. HaitagM, BO CKONBKO pas U3MEHIIACH CTOMMOCTh NEYEHBS:

1,25x

HENPY S =0,8, T e oHa yMeHbUWHNachL Ha 20 %.
1,25x "'x 125 8

1.4. OrHomienusn. [IponopuHMOHAIbHOCTL BEJIHYHH

Teopernyeckne CBeICHHA

OtHoOweHHE

OTHOomMEHHe ABYX YHCEN — 3TO APYNOE HalBaHMe MX YacTHOTO. (JTHOMIEHHWE JBYX NOVIOMMTEILHBIX HHOEA
NOKA3LBAECT, B0 CKOJIEKO Pa3 OHO THEH GONblie APYTOro, WIH E3KYW 9aCTh OTHO YHCIO COCTABINAET OT
apyrore. Hanpumep, B NpOLLIOM ToAY B TOPOACKGH MaTeMaTHUECKOH GMMMOHane ydacTBopano 450 yuamrmxcs,

a B 3TOM rogy Wx crano 720. OTHoleHME 4YHCAa YYACTHHKOB 3TOMO Tofa K YUCAY YYACTHHKOB MPOLULIOTO TOOA

720
PaBHO 50 = 1,6, T. €. IO CPABHEHMIO C FIPOHUILIM NOJIOM YHCJI0 YIACTHHKOB MATEMAaTHYLCKOH OMIMMIIUAALEL YBE/IH-

umnoch B 1,6 paza. O6paTHoe OTHOMIEHHE YMCAA YYACTHHXOB (POUUIONO NOAa K YHCIY YYACTHHKOB 3TOTO roda

5 5
pPaBHO 3 HIH 0.625, T. €. YHCIO YIAaCTHHKOB B IIPOLLUICOM IOy COCTAB/IAIO 3 TJHCa Y1aCTHHKOB 3TOIC roja.

YacTo B 3a8a4ax W B [IPAKTHKE UCTIONB3VETCHA «HEBHIYHCIEHHOEs OTHOHIEHWE. Tak, A MpHBeAEHHOTO IIPH-
Mepa MOXHO CKA3aTh: YHCITO VIACTHHKOB ONMMITHA/IRI 2TOMO TOA2 OTHOCUTCA K UYHCAY YYACTHUKOR TIPONLIore Noaa,
kak 720 :450, unu nocne «CokpalieHus» — Kak 8 ; 5.

{OTHOWIEHNE OAHONMEHHBIX BEIWHHH (ANKHH, NMAOWAIEH, Mace H T. 4.) BEIpaxaercs YHcAoM. TIpH BRIYHCIEHHH
OTHOIUCHHUSA B TAKHMX CAYYASX BAXKHO CHEIHMTH 33 TEM, YTOObl BEMWMHMHLI BbINH BEIPAKEHB B OAHMX W TEX X &IH-
Huuax. Tak, HanpHMep, oTHOWEeHHEe 25 ¢M K 20 M paBHO He 25 0 20, a 25:2000=1: 80.

Ecay HaxoZWTCA OTHOINEHHME PA3HOMMEHHBIX BEJIMYKMH, TO MONYMAETCH HOBas BenwuynHa. Tak, oTHoileHue
IIYTH KO BPEMEHH — 3TO CKOPOCTh. ECNH NyTh M3MESpEH B METpaX, 4 BPEMA B MMHYTaX, TQ CKOpOCTE GVIET Bhi-

40w _ 240 M _ gq M/MHH .
3 MHH 3 mun

HpHMBPOM NMPaKTHYCCKOIO IMpHMEHEHHA OTHOIUEHHWA BCMHYHWHH ARIACTCH Macmmaﬁ. Macm’raﬁou Ha3LIBAIOT
OTHOWICHHWE OAMHEI OTPE3Kd HA Kapre (FU'IaHC, HepTeEXKe U ﬂp) K JAMHE COOTBETCTHYHIILSIO OTPE3KA B PCaNbBHOCTH.

Macmtat of6BYHO JaIIHCHIBAIT B BHIE CTHOLICHMA, MEPBBIH WieH KoToporo pased 1. Ecnu, nanpumep, Ha
KapTe ykKajaH macwTab 1: 10 000 000, to 1o 03Hayaer, YTe 1 ¢M Ha kapre H3oOpaxaer 10 000 000 cm Ha mect-
HoctH, T. €. 100000 M wom 100 xm.

paxeHa B MeTpax B muHyTy. Hanpumep;
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Ilpumep 1. PacctosnMe Mexay cTaillOHOM W aBTOBYCHO#H octauioskod pasHo 30 M. Ha maaHe sTo paccros-
vue pasno 2 cm. Halizgsm macwitab naana.

CHavana BLIPA3MM JUTHHbI B O0HHX CUHHHIEN, HAMPHMEP B CAHTHMETPaX. a 3aTcM HANIEM OTHOLIEHWE pac-
CTOAHNA MEKIY CTaAMOHOM W OCTAHOBKOH Ha MlaHe K COOTBETCTRYIONEMY PACCTOAHMID HA MECTHOCTM:
50 m=35000 cm; 2:5000=1":2500. Takum obpazom, MacwTab 1nata pased | 2500,

Ipusiep 2, CTponuTenbHas 1L10WANKA IPAMOYFOTbHOM GOopMbl K3o6GpakeHa Ha raHe B macwTaGge | 100,
CTopoHbL OPAMOYTONBHUKA Ha NnaHe pasHb 30 ¢v v 40 o, KakuMy 6YIVT CTOPOHBL NPAMOYTONLHHKA Hd APYIOM
s1ane, macitab Kotoporo 1 : 807

PemeHnne:

Crnocot 1. CHayana HalogM peanbHbie WIMHB CTOPOH Maouwlagkd. Tak Kak peanuuele paccronumst B 100 paa
SonbIWC, YoM HA TUIAHC, TO PAIMEPbl MAOIHAAKH COOTBETCTBCHNO paBHul: 30 - 100 = 3000 (cm) =30 (M), 40 100 =
= 4000 (cm) =40 (M), Tenepsb BHIACHUM, KaKMMW OYAYT ANMHLL CTOPOH NJOWAAKM Ha Naale ¢ Macwtabom | 8.

3
Jlin 2TOTO pasieTuM peanbHse paiMepst Ha 80, noayyum: Zg% =375 {(cMm), 4—22—0 =350 {cmM).
Crocofi 2. 1lpy 3amene maciutaba 1: 100 Ha 1: 80 pasMepel 06bEKTa MEHSIOTCS B OTHOLLEHMM, OHPATHOM
orHomteHuio 100: B0, 1. e, B oTHowenny 80: 100. Hailném nobole paiMepbl, COCTABHE IIDOLOPIIHN, E:%,
4]

S0 s ey O B 10000
a= " 37.5 (cm); N |00‘b 5 , B=350 {cMm).

JleneHue B AaHHOM OTHOWEHUH
ECJ'IH Mbl JETHM TY WIH WHYIO BEJHMHHHY Ha YACTH, OTHOWEHHE KOTODBIX PABHO 3aJdHHOMY OTHOWICHHIO, TO
ropopaT, YTO Mbl deaum €€ 68 GaHHOM OMNOWEeHNUY .

IIpamep 3. B TaHUCBATLHOH CTYAMU YHCTO MANBYHKOB OTHOCHMTCH K YHCTY JEBOUYCK, Kak 7 : 8. BhiacHMM,
CKONBKO [AP, KaX2asg M3 KOTOPBLIX COCTABIEHA W3 MAIBMHKA M JSBOYUKH, MOI'YT TAHUEBATL ONHOBPEMEHHO, €C/H
B CTYOMH 3aHMMacTes 60 uenosek.

TToHATHO, YTO TAHUEBANBLHLIX NAP OYACT CTONBKO, CKOMBKO B CTYIHHM MIbYHKOB {TaK Kak WX MeHblie). Haii-
AEM, CKONBKO B CTVIMH MaleIMKOB. L4 3TOro peiium NpocTyr apudMeTHYCCKYI0 3aiady Ha JacTH. Huoio soox
YYACTHHKOB CTYIAMH COCTOHT M3 7 — 8= 15 papHelx yacTedl. Ha kaxayw yacts npuxoautrca 60: 15 =4 yenoseka.
Mostomy wasibyeKoB B cTyAun 4 - 7 =28, Takun 0BpaioM, 0AHOBPECMCHHO MOIYT TAHULBATL 28 nap.

MporopynoHanbHOCTL

Onpeacinenne. /Ise BeAUUHHB HAILIBAIOT NPAMO NPOBOPUHOHAJBHLIMH, €CJHH NPH YBEIHYEHHH OOHOH
M3 HHX B HECKO/JIBKO pa3, ApYrad YBEAHYHBACTCA BO CTOABKO Ke pas.

BOT HECKONEKO [PHMEPOB NPAMO NPONOPUAOHAILHBIX 3aBMCUMOCTEN: MPH PaBHOMEPHOM IBHXEHWH [IPOH-
AEHHOE PAaCcCTOAHKMC NIPHMO [MPOTIOPUHOHATTBHO CKOPOCTH MIPH [NOCTOAHHOM BPCMCHH; CTOMMOCTE TOBApa ItDH [0~
CTOSHHOH UCHE 11PAMO NPONOPUHOHANBHA CFO KORHYECTBY, OOhéM BEINOINCHHOR padoTel NP NOCTOAHOA npo-
H3BOUWTENBHOCTH MPAMO [PONOPUMOHANEH BpeMeHW pabGorsl. [1psaMO NPONOPLUOHATLHEA 3aBUCHMOCTL MEXKIY
NMepeMEHHbBIMKA BRIpAXACTEH POPMYIOH BUAA ¥ = &x, B KOTOPOH OYKBAMK X W ) 0003HAYCHDLI NEPCMCHHLIC BUNM-
‘MHEBl (TAK, B MEPBOM W3 MPHBENEHHBIX TIPUMEPOB 3TO CKOPOCTh v M PACCTOAHME §), @ K — 3TO Ta BEJHUYWHA,
KOTOpas MPHHSITA 3a NOCTORAHHYK (B AaHHOM cayuae — Bpemst 7). Koadubuuuent & HaseiBaeTed KodipUUNEHTOM
NPONOPIHOHANLHOCTH.

Onpeaenevue. Jlpe BEAUWYNHbL HAZLIBAKOT OOPATHO DPONCGPUHOHAILHLIMHA, ECAN NPH YBEAHYEHUM O-
HOIl H3 HAX B HECKOJBKO pPa3, Ipyrafd YMeHblaeTcd BO CTWIBKO XKe pas.

NpuseaéyM HECKOIBKO NpUMepos 0BpaTHO NPOROPUHMOHANLHLIX 3aBACHMOCTEN. BPeMsl JIBMKCHUA OOpPaTHO
NPONOPUHOHANBHO CKOPOCTH [PH NOCTGAHHOM PAcCTOSHHH (B Cly4ae PAaBHOMEPHOIO IBIAKEHWNA), KOIHYECTBO
TOBAapa [IPH CIo MOCTOSHHOH CTOMMOCTH OOPATHO MPOINOPUUOHAIBHO [eHe, Bpems paboThl NPH [IOCTOHHHOM e8
00nEMe o6paTHO NPONOPUHOHATEHO NPOWU3BOAMTENLHOCTH. O0paTHO NPONOPUHOHANBHAA 3aBUCHMOCTE MEXKIY

*
TEPEMCHIBIMH BhipaxaeTcd GopMyaoil BUIA y =~ (MK B IPYIOM BUNE XY =K}, (1€ X W ¥ ~— NCPCMCHHBIE BETU-
X
yHHbL {HATIPUMEDP, BpeMs ABHXEHWA ¢ K CKOpPOCTh v}, a & — HocTosHHas (pacCTORHKE ).
IIpumep 4. Cpean cleayiompx yepxkagnii 1aitaéM BepHhIe:
1) Tlnowaib kpyra NMpsamMo NPONOPUHOHANLHA €T0 pamnycy.
2) BeaudMHAa OAHOTO M3 CMOKHBIX YOIoB 00paTHO NPOMOPUKOHANIBHA BEIHUMHE APYTOre YIId.
3y CTOMMOCTE MCEKIYTOp(IHEro TeAchOHHOTO pasroBopa NpW OOHOR M TON Xe efo NPOAOIKHMTENBHOCTH
[PAMO IPUNOPLHOHANbHA CTOMMOCTH OOHOW MWHYTBH pPasrosopa.
4y CKOpoCTb ABHAXCHWI 0OPATHO NPOMOPUMOHANbBHA BPEMEHM ABHKCHHS [IPH O4MOM H TOM JKC DACCTORAHHH.
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BepHbiMu aBaaioTen yTRepxOcHUA 3 v 4. JelCTBUTENBHO, ONMIUEM KaXAyED M3 3aBHCUMOCTEN HOpMYION.

1) Mopmyna miowaan kpyra S=aR? Tlpn yeennyennn paauyca B 2 pasa TUTolAnb YBEMMYHMTCS B 4 pasa.
Takast 3aBHCHMOCTb He SBAAETCA NPAMOH IIPOMOPLHOHATBHOCTRIO.

2) OBG03HAYHM REJTMMMHY OIHOIo M3 CMEXHBIX YTIOR (B Tpajtycax) Oykroit x, Ipyroi — GykBoit y. 3aBUCHMOCTE
¥ OT x BHIpaxaeTca popMmynocit )= 180 — x, KoTopaa ue upnsgeTca GOpMyITod oGpaTHOW NPONOPUHOHAILHOCTH.

3) OGo3HauuM GvkBoi C CTOMMOCTE Pa3roBopa, OYKBONR ¢ CTOMMOCTL OAHOH MMHYTH, BYKBOIH ¢ — Bpema
pasrosopa. TorIa 3aBHCUMOCTE C OT ¢ MPH NOCTONHHOM 3HauYeHUM ¢ BhipaxaeTcs dwpmynroit C=/tc, KoTopas
apngercsd QOpMyIod OpAMOH NPONOPUHOHANLHOCTH (30eck C — 3T0 ), € — 3TO X, + — 310 k).

4} @opmyna mytH y= vi. [IpH NOCTOAHHOM I1YTH MPOM3BEIACHHE COOTBETCTBEHHEIX 3HAYEHMHA v M ! MNOCTOMH-
HO, 3H3YHT, 3TH BEAHUUHLI OOPATHO MPONOPLUMOHANLHE.

Ilpumep 5. Jnr kiacca KyNWIA OIMHAKOBBIE TeTpadM, 3aratee 3a Hux 1200 p. Cxonbko npuuLtocs 6l 3a-
NJ1aTHTh 33 TAKOE JKe KOMKMYECTBO TeTpanei, UeHa koropbiX B 1,5 pasa medbme?

Tak xak CTOMMOCTb TETpaicil MPH [OCTOAHHOM WX KOJMHYECTBE MpOTOpPLMOHANBHA LiEHe OAHOW TeTpanm,
TO YTOOBI OTBETUTH Ha Bompoc, Hamo 1200 pasgenuts Ha 1,5, monydyum 800. 3HauMT, 3a TeTpaau NMpUIETCS 3a-
maatuth 800 p.

ITpumep 6. BenocunenucT npoexan pacCTOSSHUE MEXAY ABYMS MyHKTamH 3a 3 4. CKOpOCTb MOTOLIMKJIUCTA
B 6 pa3 6oJbllie CKOPOCTH BEJOCHAEAMCTA. 3a KaKOoe BpeMsl MOTOLMKIMCT CMOXET MPOEXaTh 3TO Xe pacCTOsTHUE?

PeweHue: Haitném BpeMsi, KOTopoe NoTpeGyeTcss MOTOIMKIMCTY, YTOObI MpoexaTh TO Xe pacCTOSHUE, KO-
TOpOE BeJOCUNENUCT mpoexal 3a 3 4. Tak Kak BpeMsl IBUXEHHUS OOPATHO IMPOIMOPIIMOHAIBHO CKOPOCTH IIPU Of-

HOM U TOM X€ PACCTOSIHUM, TO MOTOLIMKIIUCTY MOTpebyeTcs % 4 = 0,5 y=30 MHH.

TpeHHpoBOYHBIE 3aIaAHMA

3A0AHUA BA30OBOIrO YPOBHSA

1. CooTtHecuTe hUIYpy M OTHOLIEHME 3aKpaLUeHHON YACTH TPEYTOJbHHKA K HEe3aKpallleHHOM €ro 4acTy.

A. " ! b. B. 3

"

1)5:3 2)3:5 3)2:1 4)1:1

2. Tect mo MateMatuke coaepXuT 30 3amaHuii, U3 KOTOpPBIX 18 3amaHuil 1Mo anredpe, OCTaNbHBIE — IO reO-
MeTpUH. B KaKOM OTHOLLIEHUM COAEpXKaTCs B TECTE ajirebpaudyeckue U reoOMeTpuYecKue 3aJaHust?
1)3:2 2)2:3 3)3:5 4)5:3

3. Ha noct npeacenaresiss LIKOJIBHOIO COBETa NPETEHAOBAIM ABAa KaHAWIATA. B rojlocoBaHUU MPHUHSUIA yda-
crue 120 yenoek. [onoca Mexny KaHIMOATaMK paclipeaenainch B oTHOUIeHUM 3 : 5. CKOJBbKO TOJIOCOB MOy
nobeauresnas?

115 2y 24 3) 45 4) 75

4. AXUWH TIpeATIPUATHA pachpeneieHbl MeXaY TocyUlapcTBOM H YACTHBIMM JMUAMH B OTHOWEHUH 3:5. 06-
Wax OpHELLTL MPEANMpPUATHA 3a rol coctasviaa 32 MaH p. Kakas cyvMa u3 310H mpubbUIM NOMAHA MOHTH Ha
BBITUIATY YaCTHBLIM akKl[MOHepam?

1) 4 000 000 p. 2) 12 000 000 p. 3} 20 000 000 p. 4) 6 400 000 p,

5. lMocne npuéMa CTYAEHTOB HA MEPREIN KYPC KONJIEKa OKA3ATOCk, YTO YHCIO IOHOLIEH OTHOCHTCA K YHCITY
aeByllek, K2k 3 2. Cxoasko MpoOLEHTOB NEPBOKYPCHUKOB COCTABIAIT AeBYlIKK?
13 20 % 240 % 3% 4y a0 %
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6. Ut npUroTOBNIEHS OTBApa M3 NEKAPCTBEHHEIX TPAB B3AIM LIBETKH POMALUKH M KANEHIY/Ib B OTHOUICHHK
4: 5. TIpuMepHo Kako# NPOUSHT B 3TOH CMECH COCTABIZIOT LBETKH POMAIIKH?
1) 40 % 2) 44 % 3) 56 % 4) 80 %

7. PaccrosHKe Mexay ropogaMi pasHo 600 kM, a Ha KapTe — 12 cM. Haligure mMacmutab xapTh.

8. Maket 3paHus, MMeomero GopMy NPAMOYTOIBHOIO MAapalLie/entneia, BuMoaHeH B Macuitabe 1 : 350, Pas-
MEpBl MaKeTa 30aHHR. RTHHA — 9 oM, WHPHHA — 5 cM, BbicoTa — 25 cM. KakoBbl pasMeprl 30aHHsA? '

9, Cpenu crellyiOIuMX YTEEPXISHHH HalIuTe BepHLIE.

1) [lhowagh KBagpaTa ApPAMO NPONOPUHOHANIBHA ATHHE Er0 CTOPOHEL

2) TlepumeTp KBagpata NpaMO NPONOPLHOHANMEH LIHHE €rQ ¢TOPOHHL.

3) HaxHa onHOH H3 CTOPOH NPAMOYTOIbHHKA HAHHOW IVIOWANH 0BpaTHO MpOIOPLUMOHANbHE IHHE APYroi
ero CTOpOHEIL.

4) BenyuMHA OOHOIO H3 CMEXHBIX YINIOB 00paTHO MPOIIOPLUHOHANABHE BEIHYHHE APYTOro,

10. Kons or moMa 10 ozepa MAET nemwkoM 1 9 40 MuH. 3a Kakoe BpeMA OH MPEOJoTIeeT 3TO pacCTOSHHE Ha
BENIOCHTIENE, €CNIU €0 CKOPOCTE NpH 3ToM OyneT B 2,5 pa3a Gonewie?

1. B xkakoM caydae BeMHMHA f MPAMO MPONOPLMOHANEHA BETHYHHE k7

D r=m oy ek D f=miE 4 r=2

3AAAHWA NOBBHUEHHOIO YPOBHSA

12. Buipazure: a) B M/MHH CKODOCTB aBTOMOGIUIA, paBHYK 120 ¥v/4; 6) B M/c CKOpOCTh BEPTONETA, DABHYIO
540 KMm/u.

13. B 3conapke xkupyT L0 umxeit, vkel H exeil. OTHOLIEHME YHCNa YMXKEH K YMCAY YKeH pasHo 5: 4, a yHc-
7a ykel K auciy exeil pasHo 2 : 1. CKOMBKO B 300NapKe YMAKEH, CKOMBKO YXKEH M CKOIbKO exeil?

14. Mama Moxet Habpate 10 crpannu Teketa 3a | 4, Tana — 4 crpannun 32 nondaca, 4 Ona — 3 CTPaHHIIE
3a 20 mun. Kak JeBoukam pacnpeaeuts 34 cTpaHHUbl TEKCTa Mexay coBoit, utolsl kaxgan paborana B TcueHue
OOHOIO M TOrO Xe BpemMeHH?

15. Kak u3BecTHO, CHJa TOKA B ICKIPHYECKOH UCIH MPAMO IIPONOPLHOHANbHA HATIPAXEHHIO H obpaTHO
MPONOPUHOHANbHA COMPOTHEAEHU0 NpoboAnnka (3akoH Oma). HanpsixeHue ysenvuunu Ha 20 %. Ha ckoneko
MPOLIEHTOB HAAO0 YMEHLLIHTh CONPOTHRAEHHE, YTOGK CHJa TOKa Boipocna Ha 100 %7

Peumiernsa ¥ oTBETHI

1. A3, B4, B2, T1. 2. 1. 3. 4. 4. 3. 5. 2. 6. 2. 7. 1:35000000. 8. Tauna — 31,5 m, winpvua — 17,5 M, BeICO-
ta-— 87,5 M. 9. 21 3. 10. 3a 40 mun. Pewenue. Bpema oGpaTHO NpONopLUMOHATLHE CKOPOCTH IBHAXEHUS; Bpe-
M8 B NyTH nemwxkom paBHo 100 Muu, a Ha Benocuneme B8 2,5 pasza Meubiue: 100:2,5=40 (MuH). 11. 2.

12. a) 2000 m/mu: 6) 150 M/c. Pewernue. a) 120 xm/fu— ”?:’“ = '22[‘):‘:3” — 2000 M/Mun . 13. 50, 40 1 20, Pe-

aienie. TTyCTh B 300TIADKC X CXKCH, TOIOA YHCIO yXeid paBHO 2x (Mx B 2 pa3a OonblIe, UeM ¢Xei), a Ywkell — 2,5x

(ux B 5:4=1,25 pas Gonbille, 4eM yxei). Beero ux 110, coctasum ypasHenue: x+ 2x+ 2,5x = 100, orkyna x=20.

DTO HHCHD eXei, COOTBETCTBEHHO yxkel — 2-20=40, wuxeit —2,5-20=50. 14, Mawe — 20 crpannu,

Tane — 16 cTpaHull, One — 18 cTpanl. Pewenue. CKONBKO CTpaHHU HaOHMpaeT KaXaad M3 JCBOUCK 3a eOHHHILY

BpeMeHd — 3a 1 9? Mama — 10, Tana — 4:.2=8, Ong — 3. 3=9. Cocrasum orHomenne: 10: 8 :9. Beero 3a vac

OHH HabepyT 10+ 8+ 9 =27 cTpaHull, 3HAYHT, Ha OOHY 4acTh TIPHXOAMTCA 54 : 27 =2 crpaHuubl. CleleBaTeibHoO,

PACOPEISAMTL CTPAHMLUB OHM JOmkHBI Tak: Mame — 10-2=20 crpannu, Tawe —8-2=16 crpanun,
U

One — 9-2=18 crpanun. 15, Ha 40 %. Pewenue. | =% HanpsskeHKe yBenuulid B 1,2 pa3a, a cuiaa Toka,

NpAMO TNPONOPUHHOHATIBHAA HAMNPAXKCHHKS, NOM¥HAa BO3pPACcTH B 2 paza. 3HAYMUT, B X pa3 HAOO H3MEHHTb COMNpO-

'f =2, x=10,6. 3T0 03HAYALT, YTO COMPOTURACHHE HAA0 YMCHBUINTE HA 40 %.

THUBJICHHE:
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1.5. CreneHn U KOpHHA

TeopeTHuecKkne CBENCHHA

CreneHe C UenbM nokaslarenem

Crenersio HA3LIBAIOT BHIPAKEHHE BUOA @*, 1€ d ¥ B — HEKOTOPbIE YHCHA; & — HAIBIBAKT OCHOBGHUEM CMe-
nexu, n — noxaiameseMm cmenenit. CMbIC] BhIPAXEHHH " A PATMYHBIX 3HAYEHWH 71 DACKPBIBACT clieayoliee
OMpPCACICHUES: '

* eC/M N — HATYPAJLHOE 4HCiIo, Doakmee 1, To a" —a-a-...-a;
aliunliubiihes

» nonaraoT a'=g; @®=1 (upn a=0) " pas

*  eQiM N — Heloe OTPHUATENEHOE THcao H a2 (), To a” =
a-'ﬂ

tampuco: 1) = 5] = (5 =1 (5] -

OOpaTHTE BHHMAHHE: CTH NOKAATENb CTeNeHH # — HATYPANBHOE YHCIO,
TO OCHOBAHHEM MOXET ObITh TGO YHCTO — NONOKHTETEHOR, OTPULIATENEHOE,
0; eciin MoKkasaredb paBeH  WIH ABISETCA LeNBIM OTPUL{ATENBHEIM YUCIIOM, TO
OCHOBaHHEM CTeIIeHH MOXKeT OLBITEh J1000e 4ucio, KpoMe 0. Takue BHIpaAKeHUHH,
kar 075, 09, cMBICIA HC MMEOT.

3Haqe1-me CTellEHH C 1IIOJOXHMTENBHBIM OCHOBAHHEM TAKXKE €CTh YHCIIO T10-
NOKUTENLHOE. A IPH BOIBCAEHHH B CTEMNCHE OTPHUATEABHOO YHCIA B PE3VAb-
TaTe MOXET TMOAYYHMTBCH KAK IMOTOXKUTEALHOS YHCNO, TaK U OTPHLEATENBHOE.
BTO 3aBHCHT OT TOTO, YETHLIM MNWA HeYETHLIM HBAMETCH MOKA3ATENh CTETIeHH.

Hanpumep: (-2)4 = ﬁ =>0 ()= ﬁ: - % <.

Creness ¢ OTPHUATENILHLIM OCHOBAHMEM NOIOKHTEALHA, €CTH MOKa-
3aTelb CTENEHH — YUCI0 YETHOE, H OTPHHATEIbHA, €CJIH I0Ka3aTelb CTre-
NMeHd — YHC0 HeuérTHOoe,

Ha pucynke 1.1 uacOpaxedn rpadukyn PyHKUHA =X, y=x2 u y=x> 14
x 2{), 3TOT pHCYHOK HUMOCTPHPYCT CASIYIOLCE CBOKCTBO CTEIEBHH: ectu x> |,
Tox<x?«<xd; ecnn B<x< |, TO x>x2> x5

Ecn# ocHosaHHe cTeneHH Oonbme 1, TO ¢ yBelHdMeHHEM MOKAATEIA CTeNeHb YBEAMUMBACTCA; eCciH
OCHOBAHHE CTENEHH — MOJOKHTENbHOC YHCAO0, MeHbIee 1, TO ¢ YB&IHUCHHEM OKA3ATETA CTENEHL YMEHb-
waeTcH.

Ilpumep 1. PacnonoxHM B mOpaike BodpactaHms amcna: 1,2; —1,2; (—1,2)%; (-1,2)3; —1,22,

CHavana B apyx coTyvyanx u3basumes oT ckobok: (—1,22= 1,22 u (-1,2)* =-1,2°, Tenepp yropsao4uM oTpHLA-
TenbHble yucna —1,2, —1,2%, —1,22. Tak kak 1,2<1,22< 1,2}, 10 ~1,2>-1,22-1,23, 1.e. =1,23< 1,222 -1,2. Tanee
CPABHHM NOTOXMTEIbHBC unciaa 1,2 » 1,22, Mmeenm: 1,2 < 1,22, OKOHYATEABHO NOAYEHM;

-1, <-1,22<~12<1,2<1,22, e (-1,2)*<-1,22<-1,2< 1,2 < (-1, 2)%

CraHpapTHbIA BHA uMChHA

Onpenenenue. CTAHIAPTHLIM BHAOM THCIA HAILIBAIOT €r0 3anuch B BUIe NMpoviBedenud «- 107, roe
1€a<10 u n — penoe uneno. Iokazatens CTCMEHH 7 HA3LIBAIOT Mopsdicom YUCa.

Hanpumep, macca 3emiu 4 Macca aToMa BOAOpOaad, 3alHCaAHHBIE B CTAHIAPTHOM BHIE, COOTBETCTBEHHO PAB-
HEl 3,98 - 102 kr v 1,67 - 10727 kT,

Uncna, 3anMcaHHEIE B CTAHOAPTHOM BWIC, JACTKO CPABHHMBATE. ¢CMH TODAOKK YHCET PA3THYHEL, TO OOABIIHM
ABACTCA TO M3 HUX, DOPAA0K KOTOPOTO BBHIUIE, CCAH XKe HOpAAKH OIUHAKOEB, TO DOMbLUINM ABIAECTCA TO M3 HHX,
¥ KOTOPpOro MHOXHTENb 4 Donbiue.

INpumep 2, HUssectrn paccrosnus ao Conuua tpéx naaner ConseuHoit cuctembl Benepe — 1,082 - 108 gkm,
Mapca — 2,280 - 10% xm, Mepkypus — 5,790 - 107. Kakas v3 9THX MnaHeT 6mike Beex K CONHIlY, a Kakad — AATb-
e Bcex?

Pewieune: ¥ yncna 5,790 - 10° mopsaok caMblil HU3KMH, 3HAYHT, Gauxe Beero K CONHIYY HAXoAMTCA Mep-
KypHid, ¥ gucen 1,082 108 1 2,280 - 108 nopsaoky OQMHAKOBEl, OJHAKO MHOXHTENb 2,280 Goabiue 1,082, 3HauuT,
Adnbine BeexX oT CONHIA M3 9THX TTaHET Haxomutea Mapc.
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yh KeappatHmii xopexb
Ounpenencuue, Yncao § HAILIBAIOT KBAAPATHEIM KOPHEM HI YHC-
Aa a, ecan b2=a.
1l Ecan @ — MONOXMTENEHOE YHCIO, TO CYIIECTBYIOT OBA KRAJAPATHEHIX
KODHA M3 . BTH KOPHH — YHCIA NPOTHBONONOXKHBbIE. Tak, ona a = 36 Kkea-
y=a APaTHRIE KOPHU - 4HCNa 6 U —6; B camom Aene, (—6)2 =36 u 62=136. Ksa-
APATHBEIH KOPEHBL W3 HYIA PaBeH Hymo. KBaapaTHulit KOopeHb M3 OTpHLA-
TEJMLHOIO YMCIA HE CYIIECTBYET; TAK KaK HET TAKOIO YMC/a, KBANPAT KOTO-
poro 6eL1 6bI PABEH OTPHLATENBHOMY YHCTY.
Heotpuuarensubli KBaAPaTHEIA KOPEHE M3 YUCIA @ HA3BIBAKOT apug-
2 MEMUMECKEUM Keaopamubim xkoprem uz a. VIHEIMH cnosaMu: apHdpMeTH-
QeCKHil KRAXPATHLIH KOpPeHb H3 YHCJIA 4 — 9T0 HEOTPHLUATENLHOE UHC-

-

JI0, KBAPAT KOTOPOTQ paBeH a; 0D03HAYAIOT Va. 3uak ¥ HasmBaoT
FHAKOM KEaOpamuOze KOpHA WNMU padurxasom; YUCIO @ — NOOKOPEHHLIM
yucaom. Uucno, NpoTHBONONOKHOE aPHPMETHIECKOMY KBAIPATHOMY KOP-
HIO U3 @, 0603Ha4al0T — Ja. TakuM 06pa3oM, KBaapaTHbie KOPHH U3 TO-
TIOXHTENHHOTO YMCHA @ 3AMMCHIBAIOT KAK va M — Ja.

Ha pucyHke 1.2 u300paxEH rpacux dynkumum y=x W nposencHa FOpU3OHTANBHAA NpsaMas y=a (a> 0).
IIpamas nepecekaer napaGory B ABYX TOYKAX. AGCIIHCCHI TOUEK MepecedeHMSI — 3TO MPOTHROMONOKHEIE MHCNA,

Puc. 1.2

KRaJIpAThl KOTOPHIX PABHBL @, T. €. Ja u - a.

H3 omnpeneneHysa apudpMeTHIecKoro KgaapaTHOTO KOPHS CNelyeT, YTO, HAlIDHMED, J100 = 10: umcno 10 — He-
orpuuatensHoe H 102=100. A Bor 3ammcarh, yto 100 =—10 GBI GH HEBEPHO, TAK KAK ONHO M3 YCIOBMH
ONpEAcICHUA ApHMPMETHYECKOIO KBAAPATHOTO KOPHA B 3TOM Cliydae HapymeHo. OHeBHIHO, HTO Jo =0. Kpome
TOTG, HeoBXOAHUMO TIOMHHTBL, YTO TAKHE BRIPAKSHMUA, KaK V=100 cMbicna He HMeloT: KBapaTHBIH KOpeHL W3
OTPHALATENLHOTO YHCTA HE cymHecTeyeT. Boollue, enparcenue Ja umeem cmoien npu az0.

Hpumep 3. Haiiném 3HaveHue BrIpaxeHHs /23,04, Bocnonb3obaBliMch TaOMHMLESH KBAnpaToB, HAKAEM, 4TO
2304 = 482, 3HaunT, 23,04 =482 =48,

B paccMOTpeHHOM FIpHMEpe Mbl 3aMeHWTH BhipaxeHHe /23,04 ero sHaueHueM — umnciom 4,8, WIH, Kak ro-
RODAT, Wzgaerii keadpannsii Kopers U3 23,04, OnHako U3knedbh TOUHO KBALPATHBIH KOpeHb YIAETCH JANEKo He
BCerga, lax, BAM H3BECTHO, YTO HET HHW LENOT0, HH OpPOBHONO uMcna, KBaspaT KOTOPOre paBeH 2, T.¢. Bhipa-
KeHue 2 HeIb3s IPeACTABHTb B BHIAE DALHOHANBHOTO YHCNa. OHO OTHOCHTCA K MHOXECTBY TaK Ha3LIBAGMBIX
UPPOLUGRATOHBIX THCEN.

Yucen, oBnanamwlHY TAKHM X€ CROHCTBOM, OMCHE MHOMO IAKE Cpeld HATYpanbHeX. Bece WX MOXHO nony-
YUTh, ECNH W3 HATYPAJIBHOIO PAfa MCKIIIOUHTh KBAAPaThl LeAbIX YHcea. Torma ocTaHyTea YHCaa, IIPH H3RNEYEHHH
KBAAPATHHIX KOPHEH W3 KOTOPhIX MOAYHAIOTCS WPPaLHOHAJIBHBIE YUCTA:

V2,43,V5,Y6, V7, V8,410, V11,412, ...

KBanpaThl 3THX 4MCEn COOTBETCTBEHHO paBHuI 2, 3, 5, 6 M T. &

V2R =2,(/32=3,(J5P =5(6)2=6,....

H Roobllle, ecsiH MONOXUTENBHOE YHCAO ¢ He ARLIETCA KBAAPATOM HATYPANBHOTO WM ApoOHOTG HMCHE,
TO Ja — YMeno MPPALMOHATBHOE.

Ha mpakTHke MppalMOHANBHBE KBAIPATHEIE KOPHH 3aMCHSIOT HX GECRMUMHBIMU HDUOAUNCCHURMIL.

Ipwmep 4. Ksamgpat, mowailk KOTOpOro pasHa 36 cM?, BOMCaH B KpYT
(puc. 1.3). Haitaém paauyc Kpyra.

Cropona kBadpata pasHa 6 oM., [lo Teopeme Tludarcpa (2/)2=62+67, 1. e.
r =18, r= Jﬁ .

MEI HAIILTH TOYHOS 3HAYCHHE DAAMYCa KPyra, OH PaBcH V18 M. JIna Harsa-
HOCTH BhIpPa3HM palvyc NpHOAHMXEHHO JecATHUHOH ApoOLIO ¢ OOAHHM 3HAKOM ITOCHE

JANATON, T. €. HAWAEM AecATMYHoe NpUbaMxerue +/18 € TOYHOCTBIO [0 JECATHIX.

JLng 3Toro cHauana oueHMM 18 aAByMa NOC/ACIOBATENBHBIMH LEMbIMH YHcnaMu. Tak

KaKk #<18<52 10 4< V18 <5. Yncma 4 1 5 — NpuONHAEHHBIE 3HAYEHHA COOT-
Puc. 1.3 BCTCTRCHHO ¢ HEMOCTATKOM M C M3OBITKOM C TOYHOCTBIC AC SAHHUILEL.
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Yro6Hl MOMYYHTD CASHYIOLlee NPpUGAKKeHHe, 18 6yeM 10CNea08aTelbHO BO3BOAHTD B KBaApaT uHcia: 4,1;
4,2, 4,3, ..., IOKA He NoNYyYHM Hucno, Gonbiiee 18: 4,12=16,81; 4,22=17,64; 4,32 =18,49. Tak KaKk 4,22 < 18 < 4,32,

10 4,2 <18 «4,3. Yucna 4,2 u 4,3 — npubnuxEHHBIe 3HAYEHAS I8 COOTBETCTBEHHO € HEMLOCTATKOM M C M3-
DLITKOM ¢ TOYHOCTEI a0 0,1

Yrobbl y3HaTh, Kakoe u3 uncen 4,2 u 4,3 Guxe K gucny 18, cpapuum 18 u 4,25 — xoopanHaty cepenH-
HBI OTpe3Kka Mexay sucrmamH 4,2 o 4,3, Umeem: 4,252 = 18,0625 > 18, 3Ha4yuT, YHCIO J18 Gmxe x 4,2, Takum

obpaizom, V18 = 4,2, W ¢ TOUHOCTBIO N0 DEcATRIX # = 4.2 ¢M.
BaxHo yMeThb GBICTPO OLICHMBATH MPPAIIMOHANBHBIE KOPHH NEMBIMH YHcnaMu. TloneizHo NMOMHHTE NpubAm-

KEHHBE IHAYEHUH HEKOTOPLIX YaCcTO BCTPEYAIOLUIMXCA KOPHe#, HanmpHMep: \52 1,4, Jg =17, J§== 2,2.

TpeHupoBOUHbIC 3AXAHMS
3A0AHUA BA3OBOIC YPOBHA

1. M3pectHo, yro uHciao m — oTpHuatenbHoe. Ha xakoM H3 pHCYHKOB TOYUKM C KOOPIOHHATAMM m, 2m, m?
PACHOECXKEHB] HA KOOPAWHATHOMN NpsiMOl B NPaBIWILHOM IOpAAKe?

p 2m m m 3y m m 2m
' ' X i i X
2 2
p_ 7o o_m_m m o
X X
2. PacnonoxuTe B nopaidke BospacTaHuAa yucna: —1,5; (—1,5% (~1,5)3; -1,54
DL f oy
3. Pacronoxure B MOpAOKe yORIBAaHMS YUCAA 33 (—5] : ('E) .
4. Boyncnure:
5
) -10- (0305 6) (51 (-0.2)% B (4 [-4]
5. ¥Ykaxare umcno, pasHoe 3 900 000 000.
13 3,9.101¢  2) 3,9.10° 3) 3,9- 108 4) 3,9 107

6. YkaxuTe udcno, pasHoe 0,00056.
1) 5,6-10%  2) 5,6- 109 3)56.10°% 4) 5,6- 105

7. ITnowans Tepputopun CLIA cocrasnser 9,6- 106 kM2, a Pyaraer — 2,6 - 104 xm?. Bo ckoapko pa3 mnowank
Tepputopuu CIHA Goasme, yeM mnowmank Pyanne?

1} [MpumepHo B 370 paz 3) NMpumepro B 3,7 paza

2) lTpumepno g 37 pas 4) lMpumepro B 27 paz

8. Macca JIyurl pagHa 7,35 - 10#% kr. Bripazute Maccy JIVHH B MJIH TOHH.

1Y 7.35- 100 pon 7 D 735101 Mo T

DTS- 0B man T 4H735-109Mau T

9. Pasmep Monekybi Heixa ansbymuua cocTasasieT 4,3 - 104 cM. BeipasuTte 3Ty BEIMYMHY B MMTMMETpAX.
1) 0,0000043 MM 2) 0,000043 MM 3) 0,00043 MM 4} 0,0043 mm

10. Kaxoe u3 BaHHBIX YHCEA HE BXOAMT B 0ONACTH ONpEHENSHHA BhIpaKeHUA VO —x7?

1 -2 D0 36 4) 8

11, Berancnure: a) y1,69;  6)0,0009; 1) /0,0256,
12. KakoMy H3 NMPOMEXYTKOB NMPUHATMEKUT UNCNTO J79

1) {1,5; 2] 2) 12; 2,5] 3) [2,5; 3] 4) [3; 3.5]

13. Kakoe H3 4HceN ABAACTCA AVYIINM NpHOMKeHHEM YHCa J117?

13,1 2) 3,2 3313 4) 34

14. Kaxue Lennle YACHa 3aKITIOYEHBL MEXIY YHCAMH V40 u m?

141, 42..., 69 2)6,7, 8,9 36,718 HT7Tus

15. Kakoe n3 uncen 121000, 0,9, 1|'4—2-15 HE ABIACTCA HPPaUHOHAIbHEM?

1) V121000 2) J0.9 3) 1/4% 4) Takux uHcen 3aech HeT
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16. Kakoe u3 uncen 14,4, 0,4, 1 l!; ABNAETCA pauHOHANLHEIM?

1y 14,4 2) Jo4 3) 11‘E 4) Takux 4aucesn 34ech HET

17. [Lnoulafs MpAMOYTONBHOIO paBHODEAPEHHOTO TPEYTOJIBHMKA paBHa 5. YeMy papHa ero cropoHa?

PelmieHuss H OTBEThI

2 3
1. 1 2. —1,5% (-1,5)% —1,5; (=1,5)% 3. %(-‘5] ;(-%] ;ﬂ%. 4.2)-0,9;6)—0,2:8) 2. 5. 2. 6. 2. 7. 1. Pewe-

Hue. ig'ﬁ:%w?u 8. 2. Pewenue. 7,35-102kr = 7,35-10°T7= 7,35-10"+10°T= 7,35- 10w 1. 9. 4.

10. 4. 11. a) 1,3; 6) 0,03; B) 0,16. 12. 3. 13, 3. 14. 4 15. 4. 16. 3. 17. 10 .

1.6. JelicTBHTEIBHBIE MHC/IA

TEODBTH'-IECKHQ CBCACHHH

MHOXeCTBO AEHCTBUTENbHBIX YHCEn

Yuena 1, 2, 3, 4, ..., yroTpeGaseMble npH CuéTe MPEIMETOH, HA3BIBAT HAMYPAAGHBMU HUCIaMU, MHOXE-
CTBO HaTYpPaIbHEIX 4Mcen obo3HauanT OyKeOH V. CyMMa H NPOH3IBEISHME OBYX HATYPAIBHBIX HCE] TAKKE siB-
JIAITCA YHCaMK HATYPATbHBIMKE. ONHAKOQ, OCTAaBadAch B MPeienaXx MHOKECTRA HATYPAILHEIX YHCEeN, BEIYHTAHHE H
AeneHe yoaéTcd BHITOMHHTbL HE BCeraa.

HaTtypaneHble 4Mcia 1,2, 3, 4, ... , IpOTUBOIOI0XHEIE HM OTpUUATENbHBIE YHcHa —1, —2, —3, 4, ... H ydcao O
COCTABNAIOT MHOXECTBO UeabiX Hices, ¢10 0003HavaloT OyKBOH Z. B MHOXECTBS UeABIX YHCENT BHITIOJIHHMEL YKE
TPH AeHCTBUHA — CAOXEHHE, BBIYMTAHME, YMHOXKCHHE., (OIHAKO YACTHOE HBYX HEIBIX YHCET Yallle BCETO LISTBIM
YHCIIOM HE ABIACTCA.

JApoOHBIE 4Hend, KaK W LUEABIE, MOTYT BbITh H MOJNOKUTEABHBEIMH, U CTPHMLIATEIBHEIMUA. BMecTe ueine u apo6-
HbIE YNCIA COCTABIANT MHOMHCECMEO panuoHadenbx wucet, ero obosHavawT 6yksolt @, Bcakoe pauMoHanbHOS

YHCAO MOXHO TIPEACTABUTE B BHAE OTHOLIEHMA ABYX ueawix 9ncen. Hanpumep, 0,4 = -;:] = %; 15= -1-15-; —3; = _3£
B MHOXeCTBe pallMOHATIBHEIX UHCEN BHINOAHAKTCA BCE YETBRIDE aPHMETHUSCKHX LIeACTBHA: CYMMA, Pa3HOCTh,
NPOoY3BEIEHHE U YacTHOE NBYX PALHOHANLHBEIX YHCEN (KpoMe JefeHHA Ha () ecTb YHCTO paUMOHANLHOE.

CyIUeCTBYIOT YUCHIA, He ARIAKINMECH PALUMOHANBILIMU. TAK, ITMHY THATOHATH KBAIpaTa, CTOPOHA KOTOPOro
paBHa |, HEMb3A TOYHO BBIPAZWTE HU LEABIM, HH APOGHHM YKCAOM, OHA ABAACTCA YHUCIOM UPPDALLUOHATbHLIM

M 0BO3HAMACTCH CHMBOIOM 2. HWppaunoHaTLHEIMH, HATIPHMED, ABIAIOTCA BCE KBAIPATHLIE KOPHM U3 HATYpaNb-

HBIX YHCEN, HE SBIAIIMXCA TOYHBIMK KBaapataMK (3,5, V8, V10 M 7. 1.); ux MHOTHE apUOMETHYECKNE KOM-~

DHHaLNK (\5+\5, 25 u T.2); 9ucno n, BblpAXAIOLUIee OTHOHIEHHE [LTMHBL OKPYXKHOCTH K €8 NHaMerpy.
PAllHOHAMEHBIE W HPPAUMOHANBLHEIE YHCAA BMBCTE COCTARISIOT MHONCECHE0 OeHCMauimeivHoly Hucet:

PALHOHANBHBIE YHCIA — 3TO TaKHe ACHCTBHTEIBHBIC YHCAA, KOTODHIE MOXHO 3allMCaTh B BHAS OTHOLICHWS -‘;1,

IAE 7 U g — UeMble YUCIA, A HPPaUuHOHATPHEIE — 2TO AeHCTBHTEIBHEIE YHC/1A, KOTOPBIE B TAKOM BHAE IIPEOCTaBUTD
Henbin. MuoxecTBo JelcTBUTENLHBIX uMCe) MTPHHATO 0603HauyaTh OykBoi R.

Bes mpaktudeckan AcATENBHOCTE M€IOBEKA, CBA3AHHAA ¢ MAMEPEHUAMH, 0BeCneUnBaeTed ACHCTBHTENBHBIMY
ycaaMu, HMEHHO oHH WCNONB3YIOTCH 119 K3MEPEHMA pPealbHBIX, NPEeXIe BCErG FEOMETPHYECKHAX H DU3NYESCKHX
BETIWIHH — [UTHH, [mAowaneH, o6u€MoB, cxopocTeil, Mace, ¢ | T. A. bnaropaps BeeAeHUO MUppPALIMOHATBHBIX
yHCeN MOKHO [OBOPHTE HE TONBKO O TOUHOM JTMHEe MoGOre oTpeska, 10 U 0 ToYHOI macce Moboro Tena, TouHOH
CKOPOCTH ABHXEHHMSI M T. 1.

Uecnonansys o603HAUEHMA YHCTIOBBX MHOKECTE, a TAKKE JHAKY HpUHAOAEHCHOCHTK € W @KArowenus < , MOX-
HO KPATKO 34MUCBIBATL HEKOTOPBIE YACTO YMOTpeOmsteMble BRIPAKEHHA MATEMATHUECKOTO f3bika. Hampumep, 3a-
muchk 2e N o3HadaeT: «Uuemo 2 NpUHANTERUT MHOXECTBY HATYPATbHEIX YHCET» WM «2 — YHCIO HATYPATEHOE.
A 3aTHCE 2 € Q UnTaeTca Tak: «UMcio 2 He ABNAETCA pALMOHANEHEIM», TOT GakT, 4TO MHOXECTEO HATYPAIL-
HEIX 41ce1 /N BKIIIOMACTCS B MHOKCCTBO MEIBIX YHCen Z, Ha CHMBOJIHUCCKOM S3BIKS 3AMHCHIBACTCS CUISIYIOIHUM
obpazoM: N c Z, [lpoyMTaTh 3TO MOXKHO elIé M TaK. «BCAKOE HATVPAMBHOE YHCIO ABAAESTCA UHCIOM LIETBbIMs.
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YKazaHHOE COOTHOUICHKE MEXIY MHOXECTBAMM HATYPAAbHLIX YHCcEn N M LleNbIX YH-
cen Z npol/LIoCTpHpoBato Ha pueyHke 1.4, Bul BuauTe, uTo Kpyr N LIENHKOM pac-
TIONOXEH BHYTPH Kpyra Z.

JlecATHUHbIE NPEeACTABNGHNA QERCTBHTENBHBIX YHCEN
O™ 0603HAYCHHEM N BCCX PALIMOHATLHLIX HUCen ABIACTCA Jpobe £, toe
q

P H g - uensie urcha. CyuiecTeyeT oBIMA cnocod npelcTaBIeHUsa W AnA OeHCTBH-
T&TbHLIX YHCEN, M CBA3&H OH C JeCATHYHOHN 3amMCbIO.
Hexotopble apobHele uHena MOryT GbiTh 3alIMCAHBLl B BHAE KOHEYHBLX JECHTHY-
13

HblX apobel. Hanpumep: 2%-:0,45; - E——Z,BZS; 11%=1],43?5. Urobm momy-

Pue. 1.4,
YHTb 3TH ASCATUUHBIC Ap06i, JOCTATOUHO B KAXIOM CTydae PasgeiuTh YHCIUTENb

w 5
IpoOH Ha 3HaMeHaTeTb. EcnH Xe BO3BMEM, HanpuMep, apobb 17> KOTODYIO He/b3sl MPENCTABHTE B BUIE KOHEYHOI
OECATHYHOH Hpo0M, H ByneM JE/IMTb €€ YUCIHMTEb HA 3HAMEHATENb, TO 3TOT [PONECC HUKOMA HE 3aKOHTHTCA H
B YACTHOM BO3HHKHET 3anich (,454545... , 1.¢e. % ={),454545... Taxymo 3amuch HA3bIBAIOT BECKOHEYHOE decamity-

Holl dpober. MHOrOTOUME 3[0£Ch 03HAUAEST, UTO, NPOLOJIKAN AeNieHUe, Mbl MOXCM, B IIPHHLUMIE, Y3HATh JHO6YI0
UHbpyY YACTHOTO,

Beakoe npoGHoe 4HCAO MOXHO MDEACTABHTL NHOO B BUIE KOHEYHOH AecATHUHOI npo0H, nwbo B BHAe Gec-
KOHEeYHOH necaTHYHOH ApobH. OOHAKO K JMI060H KOHEUHOR OeCSTHYHOH ApobH U K TI060oMY IIEIOMY THCITY MOX-
HO MPHUMHCATL CIIPaBa «XBOCT» W3 DBeCcKOHeUHOW TnocnenopaTersHocTH Hyned (manpumep: 0,38 =0,380000...,
54 = 54,00000), mo3TOMY MOXHO CUMTATD, UTO .1/000€ PAuUOHAIBHOE HUCAD W300parcaenics beckonedHold decs-
mMu4HOl Opolnio,

Beakoe MppauKoHaNsHOE YMCHO TAaKXKe M300paxaeTcsa GecKoHedHOI AgcATURHON npobniw. BozsméMm, Hanpu-
Mep, yicao 2. Haxons npyONmkeéHHbIE 3HAYEHUS V2 ¢ HemOCTATKOM € TOMHOCTBIO IO 1, oo 0,1, oo 0,01, oo
0,001 ¥ T. a., ByaeM NOAYHaTh NOCAEACBATENLHOCTE JECATHUHBIX Apofeil, KOTOPYIO MOXHO NpoHoKaTh 0ecKoHed-
Ho: 1; 1.4; 1,414; 1,4142; ... . B pesynsTate MBI OyocM HaxoNUTh BcE HOBRE W HOBBLIe UHbpL DeckoHeUHOH geca-

THYHOR ApoGH, KOTOPYIO M CUHTAIOT ASCATHYHOM 3anHChio YHCNIA V2142 =14142....

JlioGoe AeHCTBRTENBHOR YHCAO0 MOXKET OBITh NpeAcTABICHO B BHAe OeckoHednoil JecAaTmanoi apobu,
BepHo ¥ ofpaTHoe: BeAKAA OECKOHESHAA AECATHYHAA APOGP NPeICTABNACT HEKOTOPOE JCiiCTBHTE/ILHOE
YHCIIO.

FlonoXUTEILHBIC OCHCTBUTEABHBIC YHCA, 34TIMCAHHBIC B BHE GeCKOHEUHBIX JECATHYHBIX Apobei, KAK M KO-
HEUHBIE NecsATHYHBbIE Apobu, cpaBHUBaOT nopaspanHe, Hanpumep: 1,023023... < 1,023024.

(3aMeTHM, YTO PacIIpOCTPAHEHHE 3TONC NpPaBHIa HA BGecKOHEYHBE JeCITHYHbIE APOBH MPUBOANT K TOMY, YTO
H3 PACCMOTPEeHUA NPUXOIUTCA MCKAIOUUTD APodH, B KOTOPBIX, HAYHHAS C HEKOTOPOIO pa3pAia, COLEPKUTCA TOMNb-
ko uutpa % Hanpumep, Takue, kak (,59999... )

Ipamep 1. CpaBHHM YKcha % n 0,428,

TEpencTaBuM ¢ NOMOLUIBIO ASNeHH YTOIKOM YHCIO % B BUJe GECKOHEYHON JeCATUMHOM IpoSH, BBITHCIHE CTOMb-

KO ¢€ 3H4KOB, CKOJIIBKO HEOOXOOHMMO LA NMOAyYeHHA oTBeTa. [aK Kax% =0,428..., 10 _3;-> 0,428. (Ludpy pazpsana

JECATHUTBICAYHBIX BEYMCIATE HCOOXOAMMOCTH HET, TAK KaK CaMO HaJlWYHC Pa3pAIoB, CNSIYIOLIHX 34 ThICAYHBIMI,
TOBOPHT © TOM, 4TO OecKOHeYHas AecATHYHad npodb 0,428... Gonblie KOHeYHOH aecAaTUYHONH apodu 0,428.)

HachpaxeHne eHCTBHTEABHBIX YHCEN TOMKAMH HA KOOPAMHATHOR NpAaMol

Kaxnoe paumonaibHOe YHCID MOXHO W30DDAIHTEL NreOMeTpHYECKH — TOYKON HA KOODAMHATHOR TIpAMOA, NpH
STOM YHCNO HAIBIBAKOT KOOPAUHAmMOo# COOTBETCTBYIOMeH TouKH. Ecnu npencrapnts cebe, yTo 8ce pauMoHanbHLEe
YHCIA HAHECEHb! HA KOOPAMHATHYIO TIPAMYIO, TO HEKOTOpbIE TOYKH
OpAMOM OKAXYTCH CBOOOIHLIMH, HE WMEIOUIHMH KOOPIHHAT. OTIOKHM, 1
HAMPUMED, OT HAYAABHON TOUKM @ HA KOOPAHMHATHOM TpAMOH OTpeloK .
A — nuaroHane KeampaTa ¢o ¢TopoHoi | (puce. 1.5). Kak Bsl 3HaeTe, \
AMWHA 3TOTO OTPE3Ka HE BLIPpAXAETCA PallMOHANBHHM YHCAOM, ITO3TOMY ] A
TOYKH A He OydeT ¢peam OTMeYeHHBIX.

\ /
A DefCTBHTENEHBIX YMCEN YXKE NOCTATOUHO, YTOGBI 3aMNOJHHTL BCIO it —
KOOPAHHATHYW MpAMyl. Kaxmol Touke KoOpaMHATHOW nNpAMOH co- o 1 A 2
OTBeTCTBYET HEKOTOPOE JSHCTBHTENBHOE THCA0, H HAOOOPOT: Kam- Puc. 1.5,
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A0¢ AeliCTBHTEIbHOE THCIQ MOXKHO H300DASHTRE TOYKOH HA KOOPIMHATHON npaMofi. Kak roBopsat, Mexmy
MHOXECTBOM JSHCTBHTE/IBHBIX YHCE/T M MHOXECTBOM TOUSK KOOPOIMHATHOH MpsIMOH CYILECTBYET B3aHMHO ONHO-
3HAYHOE COOTBETCTBHE.

Ipumep 2. Ha xkoopaMHATHOHN npsiMoit ToukaMH A, B, € u D (puc. 1.6) oTMeYeHH YHcIa: % , T, %n: u V18 .

YeTaHOBMM COOTBETCTBHE MEXIY JaHHLIMHM YHCHAMH H OTMEYEHHBIMHM TOYKAMM.
A B

u(“)
0!:,

e

Puc. 1.6, 0 1 2 3 4 5

"y

OueBHIHO, YTO TOYKE A COOTBETCTBYET Npobb % papHag 1,3, a Touke B — yHCno T, KOTODOE NPHMEPHO
papHo 3,14, 3Has, 4yTo T = 3,14, MOXHO MNOACYUTAThL, UTO 37“: 4.7, T.e. 3—2“ > 4,5, 3HAYHT, YKCTY 37“ COOTBET-

CTBYET TOUKA [), KOTOpas pACNONOKEHA B TIPABOH YacTH OTpe3Ka MEXIy JuciaMu 4 W 5. ¥YBenumcHa, 4TO YHCTY

+18 COOTBETCTBYET TOUKA, PACTIONONKEHHAA B NEBOH YAacTH 3Toro orpeska. Jnsa »toro cpaBuuM 18 wu 4,5. Tax
2

Kak (-JIS) =18, a 4,52 =20,25, To V18 <4,5. 3nauut, yncny +18 coorBercTBYET TOUKa .

TpeHHpPOBOYHBIC 33TAHHA

3A0AHWUA BA30B0OT0 YPOBHA

1. BribepHTe BEepHLIC YTBEDKISCHHS.

1) Besikoe HATYpanbHOE YHCIO ABAACTCH LC/THIM.

2} Besikoe pallMOHANBHOE YUCAO ABMAESTCH IPOGHBIM,

1) He Besikoe UPPaLMOHANRHOE YHCIO SRIAETCA IeACTBHTENBHEIM.
4} He BCAKOE PALMOHAILHOE YHUCIO ABIAETCA LISBIM.

2. Kakoe M3 JaHHBIX YTBEPKACHUN ARIACTCA BepPHEM?
4
1} H3 umcen K 0,4 6onpuIvM ABIgeTCH 0.4,

2} Apobs ;0 MOXHO MPEICTABHTE B BU/Ie KOHEUHOW JeCATHUHOH Npobu.

3 Opobs % NPHHAUIEKHT OpoMexXyTKy [3; 4].
4} INpu obpaweHHN ApOGH g B NeCATUYHYIO nMomyyaeres 0,625,
3. B xakom cmyuae umcna 0,0303; 0,03333 1 0,3 zanucanbl B nopsagke yOEIBaHUA?

1) 0,0303; 0,03333; 0,3 3) 0,3; 0,0303; 0,83333
2) 0,03333; 0,0303; 0,3 4) 0,3; 0,03333; 0,0303

4. CpaBHUTE YHCIA: a) ; u 0,713; 6) ; u 0,2229

5. Kakyo U3 maHHEX Apofeil HeMn3d MPEOCTABHTL B BHIE KOHEYHOH JecATHHHON Opobu?

I3 15 39 4

6. Ha XoOpAHHATHOH NMpAMON oTMeueHsl yncna g, b v ¢. Kakoe w3 yreepxaeHHit HepepHo?

: t F -

a 0 b ¢ X
1) ab<0 ) b=« Hb-a<0 4} abe <)
7. OOHA M3 OTMEHYEHHBIX HAa KOODOWHATHOH NpAMoOi Touek M, N, P, (J COOTBETCTBYET YHCITY Jﬁ Kaxaa
3TO TO4KA?
M N P Q
7 8 9 10 1l x
1} Touka M 2) Touka N 1) Touka P _ 4} Touka
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8. IpM XaKoM 3HAUCHHH M3 3HAYCHHE BBIPAXCHHS 12 —m RWIAETCH YMCAOM MppALMOHAIbHBIM?
D16 2) 12 3)9 4) -4

9. KaxoMy H3 JAHHBIX MPOMEKYTKOB IIPHHALICAKNT YHCIO %?

) [0,1;0,2] 2) [0,2; 0,3] 3) 10,3; 0.4] 4) [0,4; 0,5]

3AAAHWA NOBLIWEHHOFO YPOBHA

10. ¥cTaHOBUTE COOTBETCTRME MEXAY JAaHHBMH YHCIAMH H TOMKAMM, OTMEUCHHBIMHM Ha KOCPOWHATHOM IIpst-
MOi:
AR C D

0 i 2 3 4 x

A=
rr| b
A
w| M
A
w5

6) \/g J1.69, % 3

11. Haiiaourte anGnmkéHH(Je IHAYEHHE JE C TOUYHOCTLIO O ACCHTHIX.
12, CpaBHHTE YHCHA: J5+47 u s

13, HallZHTe Kakoe-HUOYIR pALIHOHANLHOE YHCIO, 3aKMIOYEHHOE MEXIY YHCTaMK V2 u J¥2.5.

PemeHus ¥ OTBETHI

11142, 43,442 3>0713;6) 2<022209.5. 46,37 3.8 39210 a)A(“) 8(%),

C[%n], Dm); 6) A(ﬁ), B(M) [ ] D(ﬁ) 11. 4,4. 12, J5 +47 < 8. Pemenue. 3anumem

Kakoe-1uh0 HepaBeHCTBO, caﬂamnamlﬂee 3ITH YUCTIA, HATlpUMep: J5 +47 > 5. BoenEM 06e 4aCTH HEpaBeHCTRA
B KBaJApar, NOJyuYUM: (J_+J_] =54+2J3547=12+2435; 1242435 > 25, «YequuuM» PagHKaN, nepeHecst Yuc-
A0 12 ¢ NPOTHBONONOXKHEM 3HAKOM B IPAaBYiC 4ACTh: 2435 > 13. Bo3BenéM obe YacTH HepaBEHCTBA B KBaJpar,
nomyuuM; 140> 169, Tak Xak NOAyYeHHOE HEPABEHCTBO HEBEPHO, TO HEBEPHO M HMcxogHoe. (CIEAOBATENBHO,

5 447 < 5. 13, Hanpumep, 1,5. Pemenue. 2 < 2,25 < J2.5, 2,25 =1,5.



§ 2. Anrebpanveckue BbipaXkeHWa W WX npeobpasoBaHuA

Yro uazo 3HATh H YMETh:

* [OHUMATE H HCIOJIb30BATh TEPMWHBL «BLIPAKCHMUE», «3HAUCHME RBIPAXKEHHA», «00NacTh Onpene/leHUA BhI-
paXeHHSA», PACO3HARATL Ue/Ele U APOGHBIE BHIPAXKEHHS, PALMOHANLHLIE W HE ABMAKLIHECH PAUMOHAIL-
HEIMH; HAaXOOWTE OGJIacTh ONpele/ieHHA PaUuHOHANEHOTO BRIPAXCHUS M BLHIDAXEHHS, CONEpXalllero nepe-
MEHHYK) NOfl JHAKOM KOPHSH, BBIMHMCIATE 3HAYEHHE BRIPAXKEHUA C [IEPEMEHMAMH (palMOHANBHOIO, IpO-
CTeALIero HPPALHOHANBHOIG) MPH YKalaHHBIX 3HavCHHAX TEPCMEHHBIX;

s BRIIOJAHATL PaboTy ¢ GopMyNaMK: BEIMHCAATE N0 OpMyNaM; BEHIPAXATE U3 (ROPMYIIBL OAHY BEIIMUHHY Yeped
JPYTHE; COCTaBAATE HOPMYALL (WM OYKBEHHBIE BEHIPAXEHHWS) NO YCIOBUAM, OIIMCAHHEIM B 3auade, 3auaH-
HBIM DHCYHKOM,

* MOHKMATh H MCIOAB30BATL TEPMHHE! «TOXIECTBO®, «TOXKISCTBEHHO PABHLIC BLIPDAXKEHHS», PACITIOIHARATH
TOXIAECTBEHHO pPaBHhle BhIpAXeHUd, OITHPAdch HA OCHORHEIE TOXASCTRA W MPaBWNA MpeobpazoBaHUs BhI-
PAXEHU; JOKa3kIBATh TOXAECTBA;

* BRIIOAHATH NPcoBPaZOBAHUA BHIPAaXEHHI, COOEPXKAIIMX CTENEHU C HATYPAILHEMHI M OTPHUATEIBHEIMH Le-
NRIMH TOKA3ATENSIMHY;

"  BBIOJHATE NpeoOpazoBaHus UEIbIX W APOGHBIX BRIpAXCHUI, MPHMEHNA TNMpaBHAa ACHCTBMA HAZ MHOTO-
IeHaMM M IpobAMHE;

* BBLIIONHATE PaljlOXEHHE MHOTOYIEHOB HA MHOXUHTENW, MCIIONLIYS BhIHECEHMe oOliero MHOXKUTENRs 3a
CKOOKM, TPYNNHPOBKY, POpMYNbl COKPAIIEHHOIO YMHOXEHMH, 4 TAKKE KOMOWHALIMIO YKAZAHHBIX NIDHEMOB;
packnagbiBaTh Ha MHOXMTENH KBAPATHLIA TPEXWIeH;

¢ BHIOJHATL NPeoBpa3OBAHUS JHCIOBLIX BHIPAXEHWH, COMEKAIIMX KBAAPATHLIE KOPHH.

2.1. AnrefpamgecKne BblpaKeHHA
TeopeTHuecKkMe CBeIeHAA

Buau anreGpanueckux BoipameHHi

AnreOpavdecKHE BhIDAXEHHWA COCTABBIIOT H3 4HCel M OVKB (IepeMEHHEIX) ¢ MOMOWBI CKOBOK H 3HAKOR
neAcTBHI. ('1HCIa H OYKBBEI — 3T0 HCXOAHBE NPOCTEHLINE anrebparuccKie BripaxeHus,) Ecan B anrebpandeckom
BEIDaXCHHH COAEPXKATCA TONBKO APHMETHYSCKHE ASHCTBHA — CIIOKEHHE, BHIMHTAHHE, YMHOXCHHE H HAEICHHE, TO
€N0 Ha3hIBafoT PAUNOHAIBHMM BhIpaAxXenHeM. {PAllUOHAIEHOEC BhIPAKCHHME MOXKET, B YACTHOCTH, COIEPXKATh
H CTENEHE ¢ HATYPAIbLHBIM WM LENWM OTPHUATENbLHEIM NOKazateneM.) Ecnn Ke B anreSpaHyYecKoM BBIPAKEHHH
xora 6wl ogHa Oykea (NepeMeHHasA) HAXQAMTCH MO 3HAKOM KBAKPATHOTO KOPHS, TO €r0 OTHOCAT K TaK HalhiBae-
MBIM HPPAUHOHAJMBRHEIM BhipauKeHHAM. B Kypce anreGpel Bl M3yIAIH palHCHANBHEE BPAXEHWS, A MPPaLHO-
HA/LEHbIE BEIpaKEHMA OYIyT moapobGHO pacCMaTpHBaTbCA B CTAapiuMx KnaccaX. Ho TeM He MeHee yXe ceidac cie-
yeT pasNUyaTh TAKUC BRIPAXCHWA, KK, HanpuMep, 10 +x KW 10++x . TNepsoe U3 HHX — paLHOHANTBHOE, @ BIO-
poe PAlIMOHATBHAIM HE ABASETCH,

PaunoHaibHOE BHpaXKEHME, B KOTOPOM OTCYTCTBYET AgfeHHe Ha DYKBEHHOE BRIDAKCHHE, HA3LIBAIOT MEIbIM

BupaKeHHeM. B NpoTHBHOM ciyyae Takoe PalMOHANBHOE BRIDAXKEHHWE HAIWBAIOT ApoiHbaM. HarnpeMep: %’,

ab L
al-pm' o

(@*bh)5, 2a*-5a2b, (a+b~c) (a— b+ c) — Uensle BRIPAXESHUI, :‘—f, ai+ 0h, +a¢ — APOBHME BhIpaXe-

HHHA.

Obnacte onpefleneHHn anreSpanyeckoro seipaXeHns

B BHIDAXKEHHE SMECTO NEPeMEHHBIX MOXHO IIOGCTABIATE YHCIA. an 3TOM HEODXOMMMO CREAMTD 3a TEM, YTO~
6Ll He NMPHATH K HEBLITOAHHMOH OnepauH — K JICJCHHK) Ha HYJAbL HIH K H3RNEYCHHK KBAOPDATHONO KOPHA M3

OTPHUATENBHOTO YHCIA. Tak, BEpaxeHHe il CTAHOBHTCA GECCMBIC/ICHHEIM NDH @ = |, a BoIPAKEHHE ¢ TepseT
as

CMRIC]T [IpH M06OM OTPULATENIEHOM C.

3HayeHUA T[EPEeMEHHLIX, MPY KOTOPHIX BbIPAKEHHE MMEET CMBICH, HA3BIBAKOT donycmimuimi. WIHOXKeCTBO
BCEX JIOMYCTHMAX 3HAMEHHH NMEPEMEHHBIX HAIMBAKT O0ONACTHIO ONpeNeeHHA BbIPAMEHHA.

CnenyeT NOMHMTD:

* 1IENO€ BEIPAKCHHE OMPEAENeHO MPH MIOOKX IHAYCHHAX BXONAINMX B HETO [EPCMEHHEIX,
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* yTtobel HAaHTH O6JMacTb onpenenenus APOHHONO BHIDAXEHMSA, HAOO M3 MHOXECTBA BeeX ASHCTBHTENBHLIK
YHCEN MCKIHOUUTE T IHAYSHMA NEPEMEHHEIX, TIPM KOTOPHIX o0pallalTcad B HYIb COIcpXKaillHecs B BHpa-
XEeHUH JeluTelH;

*  ©C/IH MEPEMEHHAA COMSPXKHMTCA MOJ 3HAKOM KBAAPATHOTO KOPHA, TO C/ICAYeT YYHTHIBATH, YTO KBAJPaTHOTO
KOpHA M3 OTPHUATENABHOTO YHCIA HE CYLIECTBYET.

x=1

Mpumep 1. Hatiném obnacts onpemeneHua apocu G e

YToBH HalTH 3HaYeHHA MEPEMEHHOHN, NpH KOTOPHIX 06pallaeTcs B HYIh 3HAMEHATeIb JAHHOW Ap0o6u, HYXHO

PElIKTE ypasBHeHue {2x — 1} (x + 3) = 0. 3TOMY ypaBHEHHIO YRIOBNETBODAIOT TE 3HAYCHHSI X, TIPH KOTOPBIX 2x — 1 =0

WM x + 3 =0. Ionyyaem: x, = 0,5, x, =-3. TakuMm o6pa3oM, 3HaMeHaTellb apobU Ox x])_{l 3 obpailaeTca B Hylb
X — X +

npv x=10,5 ¥ x=-3. OTr 3HaYEHHA NEPEMEHHON M HALQG MCKIIOMHTh U3 MHOXECTBA BCEX ACHCTBHUTEABHEBLY YHCEN.

Oreet x# 0,5 u x3 -3, {OTBET MOXHO 3aMUCATL ¢ UCTOAB30BAHUEM TEODETHKO-MHOXECTBEHHOH CHMBOH-

KH: {~o0; =3) U (-3; (,5) U (0,5; +o0)).

2x

TTpumep 2. Haitngém ofnacTe onpeneiaeHHs: apobu Triic

YpaBHeHpe xI+x+ | =0 KopHell He MMEEeT, IHAYUT, ¥ APOOU HEAONYCTUMBIX 3HAYEHHH X HeT. MHsI-

2x
x+x+l
MH CIOBAMH, AONYCTHMEIMH ANIAIOTCA JIOORIE 3HAUEHUA MEPEMEHHOM X.
OTtBeT X — moboe yucno, {(Mnn HHave: (—oo; + co)).

IIpumep 3. Haidingm o61actk cnpeagneHta BuIPAKSHHSA i—t;

06pallAeTca B HYABL NPH X = y. 3HAYNT, 06AACTLIO ONpelene s BHIpAXKEHHA %

3HameHatens gpobn
x-y

ty

-¥

CIYXWT MHOXECTBO BCEX Map 3HauUeHWH X U J TAKHX, YTO X+ V.
OTBET: X#).

O0paTMTe BHMMaHHe: HaXxoad o0JacTh ONpeacieHHA DALHOHANBHOID BBIPAKCHHA, Mbl CHAYAJA BbHICHAMM,
KakMue 3JHAYCHMA NEPEMEHHBIX Heé AeAMOmCcA DOMYCTUMBIMH, @& 33TéM BCE OCTAMLHBIC 3HAYEHWA OOBSBNSAIM KO-
NYCTHMBIMH. [/ 3aMHCH AOMYCTHMBIX 3HAYEHHH NMEepeMEHHBLIX HCIOAB30BANCS 3HAK # (He paBHO). A ecan Bn
B NMpuMepe 1 OblMa IOCTABNCHA 3addya HAXOMACHHS 3HAMEHMH MEpeMEHHLIX, IPH KOTODLIX BHIDAXKEHHE He oHpe-
desenp, TO pPELIEHNE BHIMMAEEIQ Obl TAK XKe, HO B OTBeTe HYXKHO Oblno Obl 3anucaTh paseHeTBa x={,3 H x=-3.

IIpumep 4. HaiinéM oOnacTb onpeaclieHUA BuIpaXxeHHd Yx—2++x+2.

JlaHHOE BBHIPAKEHUE WMEET CMBICT B TOM M TONBKO B TOM CTyiae, KODOA MMEKT CMbICA ©0a ciaraeMslx, T. €.
x—-2z0,

Hal-
x+220,

KOIZla BRIMOJIHAIOTCA ¢pajy OBa HepaBeHcTBa X— 220 u x+ 220, PellluB cHcTeMy HepaBeHCTB {

O8Mm, 9TO x 2 2.
OreeT: x2 2. (Mnn unaue: [2; +o0)).

Hucnoeoe aHaueHue anreSpanueckoro sbpaXeHHs

Ecnu B anrebpasueckoe BRIPAKSHHUE BMECTO MEpeMeHHBIX MOACTABUTL YHCAA U3 oB1acTH OHpPEReNeHMA 3TOTO
BEIPAKEHHA U BLIMOIHMTL BCE YKAJAHHLIE B HEM AEHCTBHA, TO MOJY4MUTCA YKUCNO, KOTOPOS HAIBIBAIOT IHAYEHUEM
BBIPAJKEHHS TIPU JAHHBLIX 3HAYEHHAX BXOMAUIMX B HEro hepeMeHHLIX. BakHOo akKypaTHO M IPaBWIbHO Bbi-
MOJTHATE YHCIOBLIE TIOACTAHOBKH, 8 UMEHHO:

*  OIHHAKOBbIE GYKBBI 3AMEHATH ONHHM H TEM Ke UHCIOM,

* TpPH NOACTAHOBKE OTPHMLATEILHOTO YIICAA NMPH HeoOXOODMMOCTH 3aKMIOUATH 3TO YMCNO B CKOOKH;

* B NOJYYHMBIIEMCS YUCIOBOM BLIPAKSHHH «BOCCTAHABAWBATEH», [I& 3TO HEOOXOMMMO, 3HAK YMHOXEHHS.

ITpumep 5. HaififéM 3HAuEHNE BbIPaXeHHs :yTz npu x=4, y=-2, z=-8. BbINOIHHB NOOCTAHOBKY, O-
AVHUAM:
Xz _ 4.(-2-(-8) _ 64 :6_4_=64
xty—z 4+(2)-(-8 4.-2+8 10

Yacto MPUXOOHUTCH PEILUATh H oﬁpaTHy!o 3ajaqdy. HAXOOHUTE SHAYCHHUA TIEPCMCEHHLBIX, IIPH KOTOPBIX BEIPaXCHHMC
NPHHUMACT YEKa3aHHOC 3IHAMCHHE, Takaa 3agaya B oOwem CAy4ac CBOIAHTCA K DCIUCHHIO YPABHCHHA.
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TIpumep 6. BLifAcCHHM, MOXET JH BHIpaXKEHME NpHHKMATE 3HaYeHue: a) paeHoe 10; 6) pasHOe 2.

-4

=10. INoayuum:; 2x=10x - 40, x=15. B zagaye §) nmeem

3anava a) cBOQOUTCA K PEIICHHID YPaBHEHMSA 12_::4
2x

ypaBHeHHe =, = 2, oTKyma 2x = 2x — B. OueBHAHO, YTO 3HAYEHMS IIePEMeHHOM X, IPH KOTOPOM BHIpakKeHUA 2X
.

2x

H 2x— 8 NpUHHUMAIOT OIHO H TO XE 3HaYeHHe, He CywWecTByeT. Takum obpaioM, ypasHEHHe < =2 KOpHeH

HE HMEET.
OreeT: a) ga; npu x=35; §) HeT.

7
ITpamep 7. JiaHo BoIpaXeHME —a INMpu KakHx 3HaYCHHAX MEPEMEHHOM £ 3TO BBIPLKEHHE TPHHHMAET
n

I&NEe 3HaYeHun?

PeimeHUe: JHaueHHe Apodu -14 OyZer Le/IBIM YUCNOM MPH TeX M TONBKO TeX 3HAYEHHAX 71, MPH KOTOPHIX
"

qUQJIKMTENE Apo6H KpareH eé dHamenaTemwo. Yueno 7 umeer werwipe genwmrenda: 1, —1, 7, —7. Pemme ypaBHeHHA

n+d=1 n+d=—1, n+4=7 n+4=-7 HaJAEM 4YeToIpe 3HAYEHHS M, a HMeHHO: #=-3, n=-5, n=3, n=-1L
Oreet. nipu n=13, n=-5, n=-11,

Hpamep 8. HalinéM HaumeHblIee 3HaYEHHE BeIpaXeHUs (g — 0)2+ (b +4)2 + 10 U oNpenennM, MpH KaKKx 3Ha-
YEHWAX 4 H b OHO BOCTHraeTCA.

Pemenue: Kaxnoe ua seipaxeHuii (a4 — 6)2 W (b + 4)? IpUHHMAET TONLKO HEOTPHLIATENLHEIE 3IHAYEHHA. 3Ha-
YHT, cyMMa (& — 6)2+ (A + 4)2 + 10 npUHUMaeT HauMeHblllee 3HAYEHHE B TOM W TOIBKO B TOM CNiydae, KoTna nep-
Bhie B4 CIIAraeMhlX OJHOBPEMEHHO 0bpalualTed B HYIb.

OreeT: 10; npn a=6 u b=-4.

Ta + 3¢

Hpamep 9. H3BeCTHO, Y4TO BbIpaXeHHE NpH HEKOTOPBIX IHAYCHWAX MEpeMeHHDbIX @ H ¢ NMPHHHMAET

3HaueHue, paBHoe 8. HaifnéM 3HaueHHe BRIpaXeHHs o'

Ta+5¢c

NMPH TeX K¢ IHAYCHHAX a H C.

Pemenne: Jano, uto =§. Io onpeneneHHio yacTHoro, 7e+ 5¢=8a, orcioma a=>5¢. [MomcTaBum

Sa+7c
c

B Apobs BMECTO ¢ BEIPaXCHHE S¢:

Tt =22=3),
[ c

Dopmyn

Koroa Mul roeopuM ¢ dopMynax, To 0OhIMHO MMEEM B BUAY PABEHCTBA, OIIMCHIBAIOMIHE 3aBHCHMOCTL OIHOH
BEMTMYHHRE OT OPYIOH (MNH HecKoNBKHMX ApyTHx). Tlpasas yacTh TAKOIO PABEHCTBA — 3T0 anredpanvecKkoe Bblpa-
XKEHHE, NO3BOAAIIIEE BEMHCIATE 3HAYEHHA OAHOH BEMHYMHEI NIPH Pa3fiHYHELX 3HAYCHMAX APYTHX BeawyuH. Ha-
NpPUMED: 3ABUCHMOCTE MEX/IY NEPHMETPOM TPAMOYTOJNbHHKA £ H INTHHAaMH €ro CTOpPOH 4 H b Bhipaxaetca dop-
mynoft P=2(a+ b}; 3aBHCHMOCTE TIYTH § TIPH PABHOYCKOPEHHOM ABMKEHMH OT YCKOPEHHA @ U BPEMEHH JBMHXKE~
HMA ¢ BeIpaxaeTca dopMynod s = %3.

Kaxmas nepeMeHHas B (bOpMyIIE HMEET CBOE MHOXECTBO JOMYCTHMBIX 3HaudeHui, Tak, B ¢opMyne nyTH npu
PABHOMEDHOM ABHXEHHH § = vf TIepeMeHHbIE MOTYT TIPUHHMATE TOILKO [MONOXKUTENLHEIE 3IHAYEHWHA, [PUYEM 3TH
JHAUEHMUSA HAXOOATCA B OTPAHHMYEHHOM IIpoMexyTke. Hanmpumep, e¢iM peds MAET O ABYOKEHHH MelIexold, TO 3Ha-
YeHMA CKOPOCTH Vv HE TPEBOCXOAAT 6—7 KM/U.

IMpu BeMUcNeHUAX No hopMynaM HeoDXOOHMO CIAENHTEL 34 TEM, YTOOL eIHHHIILI, B KOTOPLIX BHIPAKEHB BXO-
OALIHEe B HUX B&AAYMHEL, ObL1H COMAacoBaHbl MeXIy COOOI.

IIpumep 10. ABToMOOWIE €1eT co ckopocTbin 80 xM/4, Kakoe paccTOAHUE OH MpoeieT 3a 15 MHH?
Y1o6u BOCNONB30BAaTECH QOPMYIOH §= v, CIAEOYET BRIPA3MTh BpeMs B dacax. Tomyuyum: 15 mun= %

| N T
_Zq,s—S{]m/; Ell—20KM.

OTteeT: 20 KM

qy=

Omnepasch Ha GpopMylTy §= vI, MOXHO HAUTH He TONMBKO MPOHAEHHBIH TTYTh, HO H 3HAUYeHHe ABYX IPYTHX BXO-

IAIUMX B Heé BeNWYMH, HanpuMep BpeMeHH 7 JIs 3TOro cnesyeT BRIDA3MTE f 4eped s U v: f =2 . B manHom
v
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Cy4Yae BLIPAIWTE ONHY W3 BENWUIUH, CONEPKAUIHXCHA B NPaBOM 4YacTH GHOPMYALI, Yepel ADPYFHE HECIOXHO; NOCTA-
TOYHO BCTIOMHHTb, YTO OJMH M3 MHOXMTENEH paBeH NMPOW3BENeHHIO, TENEHHOMY Ha JPYroil MHOXHTeNb. OnHako

4acTo 3TO TPeOGyeT NPOoLeTYPE B HECKOILKO IIATOB,

2
IIpsmep 11. Hapectna dopMyna IyTH npH paBHOYCKODEHHOM ABHKEHHH §= "—; Ho mna pemnenus sagaq,
OTHOCHIIMXCA K MAaIeHHIO Tell, NoMe3Ha Takke (opMyia, MO3BOMAIOLIAN BEIYHCAHTE Bpems nafenusa f. Bupazum

U3 GoOpPMYIE BpeMsa i:

* TaK KaK JAEIUMO¢ PABHO JEIUTENK), YMHOKEHHOMY Ha HacTHoe, To afl=2s;
. . 2
* TaK KAK MHOXHTETb PABEH [POH3BEICHUIO, NENEHHOMY HA IPYTOd MHOXMTAIb, TO #2 = f;

* Tak KaK BpeMA / — BeIHMHHA NMOAGKHUTEIEHAA, TO [ = Jg
T
TpeHupoBOUHbIE 3A1AHHUA

3AAAHHWA BA3OBOIO YPOBHA

1. Hafinute 3HaueHHe BhipakeHHs v2x+1 mpu x =—-%

1) ? 2) % 1 4) Ipu x:—g BLIDAXKEHHE HE MMEET CMBICNA
Haiinute 3HaueHHe BRIpaXeHus (Ne 2—7):

2. J;—;,l; npu x=0,25; y=0,09, 5. j;i npn a=-0,4 u x=-0,5.

3. %f; npu a=—-+2 . 6. 1,5x3-0,8x mpu x=-1.

4, 1+3y— 1002 npu y=-0,1. 7. ;Tc npu a=2.4; b=-09; ¢=0,7.

8. Kakoe M3 BRIpaXeHHd He UMeeT CMbicaa Ipu x=2 n x=—5?

x+5 x—2 (x+RNx-2 2
D x—2 2) x+5 3) 2 ) {x+5(x-2

9. Kakoe M3 NaHHLIX YHCEN IIPHHAINIEXHUT OOJNACTH ONpeNeicHUs BHpaXeHUs x—2 ?
No 2)2 3) =2 4) -1

10. Kakoe M3 uyncesa He BXomMT B 001acTh ONpedeneHHA BRIPAXeHHsA 4 —x ?
1) -6 Ho N4 4H 8

11. CooTHecuTe Kaxnoe BREIPpAXKEHNE C MHOXECTBOM 3HaYeHUH HGpCMCHHOﬁ X, TIPH KOTODHIX OHO HMEET
CMEICJT.

Bupamenne JHaveHHe nepeMeHHOH
A Xx+Dx-1) Hx=#-1

B. m 2 x# 1

B. Xt Hxeluxe-l

r. >} 4) x — moboe qucao

x+1
12. U3 dropMynnl yaenbHOR TEUTOEMKOCTH € = % BRIpAa3UTE Maccy M.

1) M=cC ) M=7 3 M=S 4y M=

13. Ha dopmynw Q =cm (43 —4) BLIpa3nTe ¢,.
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14. U3 dopMyan 1= ;——% BHIpA3UTE TTEPEMEHHYIO b.
[ a

1y b= 2) b=X H a=" 4) b= =

_a+c a-c ac Cc—a

15. a) PaccrosHMe s (B M), KOTOpOE NpOJIeTAST TENO, HE HMEMOUICe HAYaATBHON CKOPOCTH, 32 ! CEKVHMA IpH
CBOGOIHOM TMAAEHUH, MOXKHO MPHGIHXEHHO BBIMHCAHTL 110 (hopMyne s=35#2 3a Kakoe BpeMs KaMeHb, YIIABLIHH
€ BHICOTH 125 M, HOCTHI'HET 3eMIH?

6) BeicoTy # (B M), Ha KOTOPOH 4epe3 # ¢ OKAXKETCH TeMO, OpPOLIEHHOES BEPTHKANLHO BBEPX C HAYAILHOH
CKOPOCTEIO V M/C, MOXHO MIPUBTMKERHO BHYKCAHTE N0 GopMyte A = vl — 572 Ha cXoAbKO BbIlle B3METHT 32 | ¢

Teno, noadpolleHHOe BEPTHKAIBHO BBEPX, MPH HAYAIBHOH cKopocTH 15 m/c, wem npH

k HayaneHOH ckopocTu 10 M/c?

16. B baxe apToMobuaa 60 1 GensuHa. Ha Kaxoslit kmnoMmerp DYTH IMo (Iocce aBTO-
mMobmwie B cpegHem pacxoayer 0,07 1 GensuHa. CocTaBbTe BHIPAXCHHE LA BBIYHCICHHS
KOMuuecTBa BEHIUHA, DCTAKUIETOCA B HaKe Macie 2 KM IYTH.

Z

==

~

% m 0,07

% 1) 0,07n 3) 60- 2

% 2) 60-0,07n 4y 60— "

% 007

= 17. CocTaBbTe BHIpaXKEeHHE AT BBIYHCIEHHS MAOUEAAM 3alITPUXOBAHHON YacTH nps-
= MOYTOJIBHHKA.

3ALAHWA NOBLILLEHHOIO YPOBHA

18. [Ina pasMepoB 00YBU, MPUHATEIX B HEKOTOPBIX AHIIOS3BEMHLIX CTPAHAX, CYIUECTEYOT (POPMYITLI, NO3BONA-
I0lIHE OTPEnENUTE HYXKHEIH paiMep No IJIMHe cTonel, Hanpumep, ans Myxckoit o6ypu 510 dopmyna s= 3/ — 26,
rie s — pasmep, ! — UIMHA cTombl B Awimax. Kakoi paiMep nomoiaéT Hukomnaio, ecid y Hero AiHHA CTOIM
38 cm? (1 nwitM = 2,5 cM.)

19. 3a BpeMs { MeNOBeK, MIHHA 1WAara KOTOPOro paBHa /, caenan x# mares. CocTaBeTe GOpMVITY, BEIPAKAWLILYIO
3aBMCHMOCTE ETO CKOPOCTH v OT nepeMeHHbX ¢, { v #. Hajioute no 310 dopMyne CKOPOCTh MENIEX00a, RBPA3ZHB
e B KHIOMETpax B 4ac, eClIH MIMHa ero wara 60 cM u 3a 5 mMuH oH caenan 700 uiaros.

|

XAy
v piel’

+1

20. Hadignre obnacte onpeneneHus BLIpakeHHA

PemicHUA H OTBETHI

1. 2. 2, -1,7. 3. -8. 4. 0,6, 5. —é‘ 6. 0.7.7. -1.5.8.4.9 2 10, 4 11. A4, B3, B2, TL 12. 1
13. 4 =r2—£‘ 14. 4,15, a)za Sc; ) Ha S M. 16. 2. 17. m (n— k), win mn—mk. 18, Pazmep 20. 19, v="Tn;

ch

MPUMEPHO 5 KM/M; 20, x # —v.

2.2, IlpeoOpaszoBaHHe e/ IbIX BbIPAXKEHHH
TeopeTHuecKne CBElIeHHA

AOﬁCTBHH CO CTENEHAMM C HATYpPanbHbBIMH NMOKa3aTenaAMH

HanoMmuumM, YTO onpeacieHHe CTENEHH ¢ HATYPANABHBIM MOKA3ZATEMCM BKAIOMACT CASTYIOUINE CTYYaH:

* eClH 71> 1, TO @' — 3TO NPOH3IBEACHHE # MHOXMTENEH, KAkl U3 KOTOPBHX pPaBeH ;

« ek H=1, TO a"=a.

TIpapnia, KOTOPBIMH TMOAB3YIOTCH NMPH BbIIOJIHEHHH JCHCTBHH CO CTEMEHMMH ¢ HATYPATEHBIMKU TTOKAIATENSA-
MH, MOKHO pa3bHTb Ha ABS TPYIIMHL.

30



JeHCcTBHA €O CTeNeHAMM ¢ OAHHAKOBLIMH OCHOBAHHMAMH;

* NPH YMHOKEHHH CTEIIEHEH C ONIMHAKOBEIMH OCHOBAaHHMAMH MOKA3aTe- am-g'=qm*n
JH CTeneHeH CKAAanLBaiT, a OCHOBAHWE OCTARITIOT NPCKHMM;
* TNPH OCJICHHH CTENEeHEH ¢ OMUHAKOBRIMH OCHOBAHMSIMH M3 NOKA3laTe- avia"=a” ", (m>n)

N CTENEHW [EAMMOIO BBLIMHMTAIOT MOKA3aTelb CTENCHH NEMHTENS,
A OCHOBAHHME OCTABMIIOT TPEXKHHM;

* [PW BO3BCOCHHMH CTENEHH B CTCMEHE NIOKA3ATENM CTENEHEH NepeMHo- | {a@™)"=a™1
XaloT, 3 OCHOBaHHE OCTABIAIOT MPEKHUMH

Hanpumep: x » x2+x3=x6; (x2)% =x8: x10: x5 =5 szl‘
X X

OO0paTHTE BHUMAHHWE: NPH YMHOXCHUH CTEMEHEH M NPH BO3BEIEHHM CTETIEHH B CTEMEHB BAXHO HE ITYTATh,
KOLIa NMOKA3aTeINn CKTALKBAKOT, 4 KOTla MepeMHOXaloT, HampuMep: x- x3=x3*2= x5 Ho (x})2=x3.2=x8

JeilCTBHA €O CTCOEHAMH ¢ OJMHAKOBLIMM MOKAZATE/AAMH:

* TIpH YMHOXEHHH CTEMEHEeH ¢ OAMHAKOBBIMM TIOKA3ATENAMM HX OCHO- | gn.br=(g- b)n
BAHMA MMEPEeMHOXAIT, 3 TIOKA3ATeTh CTEMEHH OCTARMAIOT TIPEXKHUM;
¢ NpH IefICHHH CTeMeHefl ¢ OAMHAKOBBIMH [OKA3aTe/AMH MX OCHOBA- | g7: pr=(a: by

HHA OEAAT, a4 NOKa3aTeE CTEIMNEHH OCTARMAIOT IPEeXHHUM

5
. . xj X
Hampumep: x3: y¥={xp)% s=13)
PageHCTBAMH, BRIDAXKAIGIUMMY MPaBHiIa JSHCTBHE CO CTEMEHAMH, MOXHO IOMB30BATLCH, UHTAA MX «CIIpaBa
HANIEBO», gt h=qgm.gn: gm =g g% (m>n); a™ ={a™)"; (a- b)t=a- b*, (a byt=aq" . p".
Bocnonrayemes, HanpuMep, TIPABWAOM g™t # = g™ - g7, yToGbl BHIYMCNMTL YCTHO 3HaY¢HHe cTelenn 238:
28=25.23=32.8=256.
[IpaBumo am™ ={a™)" Mone3Ho TeM, 4TO FO3BOASET NPEACTARAATL CTEIIEHH B BUIe KBAZpaTOB H KyboB, 4YTo
BAXKHO NMpPH pamIoKEHHH HA MHONMTETH, HaNpUMep: 4t =(a®)?=(a?).

AelicTenn ¢ oaHOusEHaAMH

OnpeaecneHue. Buipakenne, COCTABIEHHOS W3 GUCEN H OYKB ¢ BOMOIILI) TONEKO JeHCTEHA yMHOXKE-
HMA, HasHBaeTcH oanowLienoMm. QAHOYASH MOXET COOSPXKATE H CTEMEHE ¢ HATYPAIBHRIM NMOKAIATEAEM, TAK KaK
CTEMe¢Hb — 2TO KPATKasA 2afkck nponspcIcHWs:. OmoHo uHCNe WM oaHa OykBa ToXe CUMTAIOTCH OJHOWICHAMM.

Bripakenue 2,5a28 - (-3} - 10e2 — 310 onHowneH. Ero MoXHO 3anMcaTh B Gojee NPOCTOM BHAE, BOCNONb-
30BaBUINCh MEPEMECTHTCIBHEIM H COYETATCILHEIM CBOHCTEAMH YMHOXCHHA, a TAKKC NPaBHIOM YMHOXCHHA CTe-
NeHeH ¢ OAWHAKOBLKIMYK OCHORaHMAMM:

2,5a%h - (=3)b2%c - 10c? =-T75a2b%c,

B noayuauMBIlieMcs POW3BEAeHHK TOABKO OOHH YKCIOBOH MHOXMTENb, H OH 3aNHCaH Ha nepeBoM mecte. Kax-
Oad NMepeMeHHaa B COOTBETCTBYIOWSH CTeICHH COLEPXMTCA B NPOH3BEISHNH TOXKE TOABKO OOHH pas, Taxoi oz-
HOWICH HA3KBAOT OAHOWICHOM CTAHAAPTHOIO BHAR, 4 €ro HHCAOBOH MHOXHTENL HA3BIBAIOT KOMMDHIIHEHTOM.

OIHOWNEHM MOXHO MEpEMHOXKATE H BOIBOIHUTE B CTENEHE. B PE3VALTATE CHOBA [MOIYYHACTCS QIHOYACH, €TI0
NPHHATO 34AMMTHCHBATE B CTAHAAPTHOM BHIC.

MNpumep 1. TIpencraBumM BoipaxeHune (—yz)?: (=2yz)? - 0,5z B BUAE ONHOWIEHA CTAHIAPTHOIO BHIA.
Peutenue: (—yz)2-(-2y2)3-0,5z=p%z2- (83273 - 0,5z=—8 - 0,5 y2 T 3z2 ¥ I+ 1 = 4526 (OGRACHUTE KAWITBIH
Lar B Iienovyke NpecbpailoBaHHE.)

OnHOWIEHE CTAHIAPTHOTO BHAA, HMEIOIUIHE O/IHY M TY Xe OYKBEHHYIO 14acTh, Ha3HBawT moxobnnive. Hanpu-
1
MEp, OOHOWIEHS a?h, —a2h, 3 a2h — nNopobHLI, 3 oaHOWIeHK 3a%h 1 3aH? NoNOCHBIMH He SIBASIOTCA.
[Mono6Hele OOHOUNEHR MOXHO CKMAABIBATE H BRIYHTATh, B PEIYNETaTe OLAThH MOJIYMHUTCS ofHOWIeH. UToba

HAHTH CyMMYy (PATHOCTE) NOTOGHNWX OAHOWIEHOB, HYKHO CHOMUThH (BLMECTH) HX K03bdHuHeHTH M MpH-
IHCATL 0BINYI0 DYRBEHHEYI0 4ACThb,

IIpumep 2. ¥Ynpocrum BuipaxeHHe 3,5ab —2abh + ab.
JaHHOe BBIPaXCHHE COCTARNEHO M3 NOZOOHBIX OOHOWICHOB ¢ MOMOWEIY NEHACTRMA CAOXKEHMS M BRIYH-

TaHWA. BeINONHHMM yKXazaHHBE OEHCTBHA Hal KO3(PHIMWECHTAMH OIHOWIEHOB: 3,5—2+1=25. 3Hauwur,
3,5ab - 2ab+ ab=2,5ah.



AleicTBHA C MHOTOYREHAMH

OnpeicneHne. BupaKenne, COCTABICHHOES U3 OJHOWIEHOB ¢ NOMOWILIO TONLKC ACHCTBHI CROKCHHA
H BBIMHTAHHA, HA3LIBAETCA MHOroWwWieHoM. KopoTKO FOBOPAT TAK: MHOIOWIEH -— 3T0 AAredpaHYecKan cCymma
OHOYIEHOB.

EciM Bce WIEHB MHOTOWIEHA HRAAIOTCHY OAHOWIEHAMH CTAHAAPTHOTO BMA4A M CPESM HHX HeT NoNo8HBIX, TO
TAKOH# MHOTOWIEH HAa3blBAaIOT MHOTOWICHOM CTAHIAPTHONG BMAA.

Yro6bl CNOKHTH fIBA MHOTOYNEHA (WM YTOObL M3 ONHONG MHOTOWIEHA BLIYECTH APYTOH) HYXKHO 34NHCATL HX
CyMMY (PA3HOCTE), PACKPLITE CKOOKA U €C/TH eCcTh MOZOGHEIC CraracMble, TO MPUBECTH UX. Pe3ynsTaToM CHOXEHHA
H BBIYMMTAHMS MHOTOWIECHOB OIMTATE ABISETCA MHOTOWIEH.

Ipumep 3. TpcoBpasycM B MHOTOMICH anrcbpanyeckylo cymMmy P— Q+ R, me P=2x2-x -1, Q=x? - 2x,
R=x-1,

Pew¢nue: [NoactaBuM B BeipakeHHe P— {0+ R coOTBETCTBYIOIMUC MHOIMOWIEHLI H BBINIOIHHM YKalaHHble
JeHCTRUS:

P-Q+R=(2—-x-D-(x-2)+{x-D=22-x—1-x+2+x-1 =x2+2:x- 2.

Ecnu nepen anrebpanyeckiiM BbIpRKeHUEM TTOCTABHTD 3HAK «—», TO [TONYYHUTCS BhIpAXeHUE, eMY NPOTHBOMNO-
noxnoe. Hanpusep, BHIpaxkeHWe, TPOTHBOMOIOXKHOE 4 — b, ecTk —(@— h). Tak kag {a-M=-a+b=5h-a, 10
MOHATHO, YTO [MPOTUBOIIOIOKHOE BBIPAKEHHE NOMYYAETCA M3 NCXOAHOIO 3aMEHO¥ 3HAKOB ¥ BCCX WICHOB Ha Npo-
TUBOIOIOXHBIE.

Yr1o6bl NOKAYATh, YTO IBA MHOIOWIEHA NPOTHBONOAOXKHBI, NOCTATOMHO YOEAMTBCA, YTO MX CymMa panHa 0.

IMpumep 4. JokaxeM, 4To MHoTOUIeHB! 2X — 3y 4 57 u 3y — 2x — 5z TIPOTHUBOIMOTOXHEI.
Haitném nx cymmy: {(2x—3y+ 520+ By~ 2x~5z) = Zx -3y + S5z+ 3y —2x - 5z=0.

JeiteTBUe YMHOXEHHSA ONHOWIEHA HA MHOTMOYAEH BRINOTHATCA HA OCHOBE DPACNPEISTIHTENRHOMD cBOCTRA:
yTo6H YMHOXHTE OJHOWIEH HA MHON'WIEH, HATO YMHOXKHTL ITOT GJHOWIE€H HA KAKALIA WIeH MHOTOWIe-
HA H MTOTYIEHHME HPOH3BEIACHHA CJTOMKHMTE,

CxeMaTHUECKH 3TO TIpaBIo INA Caydas YMHOXEHHWA] OIHOYIIEHA HA TPEXWIEH MOXHO NPEACTABUTE TAK:

XA+ B+ O =X-A+X-B+X-C

O0paTHTC BHUMAHKE, SCAH MHOTOWICH He CONEPXKaT NoZobHBIX WICHOB, TO MPH YMHOXCHHHM £ro Ha oboi
OIHOWIEH NOMOOHBLIE WIEHB! HE TOSBSITCS.

IIpumep 5. IpeobpasyeM B MHOTOWIEH npoM3BeleHMe —2a? - (3¢ — 3a +4).
B cOoOTBCTCTBHU ¢ cPOPMYNHPOBAaHHBIM NTPABWIOM MOAYYUM:

-2a?- (5a*-lJa+4)=-2a%-5a° - 20’ (-3a) - 2a’- 4=—-10a° + 6a’ — 8a’.

ITpy yMHOXEHHM MHOTOUNCHOR NONB3YIOTCH CICIVIOUIHM MPABMIOM: YTOOEE YMHOMMTE MHOFOWIEH HA MHO-
rouAeH, HAA0 KAXIMH 4ieH OIHOrO MHOrOWIEHA YMHOXHTL HA KasKIBIH WieH ApPYrore MHOMOYJIEHA H
MOIYYECHHBIE TIPOHIBEACHMA CNOaHTE. [locne NpUMeHeHHWs NPABHIA NOAYYUBLIWACT MHOTOUIEH CAEAYET [IpH-
BECTH K CTAHAAPTHOMY By, CXeMATHYECKH 3TO MPABHIO AIA CAYYAS YMHOXKEHMS ABYWIEHA HA JIBYUNEH MOKHO
NpeacTaBHTL TakK:

A+ B - (X+N=A-X+A-Y+B-X+B-Y.

OavH COBET, NO3BOIAKWWA NPSIYTIPEAMTE MOABASHUE OIMOOK NPH YMHOXEHHMH MHOFOYICHOB: YTOOB ybe-
IMTBCA, YTO HHKAKOH WIEH NpOH3BEIeHWA HE NPOTYUIEH, MOXHO 10 NPHBEIeHHSA MOIOOHBIX CIATACMBIX COCUM-
TaTb YHCNO TOAYYMBLUMXCS OQHO4YIeHOB. Hanpumep, npd yMHOXEHWH ABywieHAa HAa NBYWISH MX JOIKHO OBITh
2-2=4, a NpA YMHOXEHHWH [IBVWICHA Ha TPEXWISH MX A0LKHO TNOAYYHThcA 2-3=06. Boobue, ccnm B oaHoMm
MHOTOYIEHE M YNCHOB, 4 B APYTOM 2 YWIEHORB, TO NPOHU3BEACHHE NO/LKHO COASpXKATh MR ICHOB.

ITpumep 6. [Mpeobpazyem B MHOTOWIEH NPOM3BCACHUE (a — 28) (@ — 2a2h — 3ab?).
CHavana KaXIbld 4IeH MHOToWicHa @’ - 2a?h - 3ub? yMHOKMM Ha a, 4 3aTeM Ha —2& (BCCTO DOKHO MOTY-
yuTbCHA 6 clIaraeMelx):
(@ —28) (@} - 2a’h - 3ab?) = a* - 2a’b - 3a2b? - 2a’b + 4a’b’ + bab3=a* - 4a°b + alb? + 6ab’.
QopmMyn COKPaAUERHOIO YMHOXEHHA

IIpH YMHOXeHHMH MHOIOUIEeHOB BCTPEYANOTCA HeKOTOpHle 0coDble CIy4aM, 3HAHHE KOTOPBIX NO3IBOJISET Bbi-
OOJHATL TpeoBpa3joBaHuA Kopode. Huxke npusencHsl [IDABMIA BbINOIHEHHMA 3TUX AedCTBWHA, OpeACTABASHHBIE
8 ByKBEeHHOM BHJIE W B €MoBecKoOil (hopMyTHPOBKe.

1) @opmyna KBaapara cymmei: {a + b} =al+ 2ab + bl.
KBsagpaT cyMMEI IBYX YHCET PaBeH KBAAPATY MEPBOTO YMCIA ILTHOC YABOEHHOE MPOM3BEIeHHE MEPBOrO YHLIA
H4 BTOpOE IUTKOC KBAaApaT BTOPOIO YMCIA.
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2) Mopmyna keagpata pasmocru: (@ — bP=a? — 2ab + b2,

Ksagpar pasuoctn IByxX 4HceJd PABEH KBALDATY [EPBOTC YMCIAa MHHYC VIBOSHHOC NPOM3BCISHHME NEPBOTO
HYHCTAa Ha BTOPOC ILNKCC KBAAPAT BTOpPOTNQ 4YHCAA.

3) ®opmyna pasmoctu KBaapaton: (a — b)Y (a + b)=a? - b2,

[Tpon3senenne pa3HOCTH IBYX YMCEN HA MX CYMMY DABHO PasHOCTH KBAAPATOB 3THX 4Mcel.

Hpumep 7. [peobpalyeM B MHOPOWICH Beipaxeuue (3x +y) (v — 3x).

Pewmenne: [laHHoe BEIPAXEHME — 3TO TMPOUIBEIEHHE DAZHOCTH BRIPAKEHMEI ¥ M 3x M HX CYMMBI, [103TOMY
Bocnonb3yemesa dopmynoii (g — b) (@ + b) = a? - B2, Tlonyaum:

Gx+» (r=3x)=(-30) v+ 3x)=32- Gx)=p? - .

KoHneuHo, H]JHBCH,EHHI:.IC pacCcy#NeHUs BLIMOAHAKTCA «B yYMes. OQOHAKG BAaXHO MOMHMTL, 4TO NOpPHAI0OK 34-
TMHCH BRIPAKEHHU B Pe3vALTATe IOIACH OBIThL TAKMM Xe, KAK H B MROXWTE]Ie BHAA & — b.

Ipumep 8. llokaxeM, 4TO cyMMa KBAAPATOB [ATH NIOCIACAOBATENbHLIX HATYPANBHBIY YHCE] NEIHTCA Ha 5.
Pemenne: O603HaYMM NEPBOE HATYPATLHOC YUCIO Yepes M, JanvuieM CyMMY KBanpaTos [I9TH OO0CTeloBa-
TEMbHBIX HATYPATBHBIX YHCEN H BOCMOALIYEMCT GOpMYION KBAAPaTa CYMMEI:

A+ 124+ 2P+ r+ 32+ (n+ 42 =52+ Qn+4n+ 6+ 81) + (1 +4 + 9+ 16) = Su?+ 20m + 30.
Kaxnoe crnaraemoe B cymme 37+ 20m + 30 menutcs Ha 5, 3HAYWT, M CaMa CyMMa JCAMTCA HA 3.

3aMETHM, HTO €CITH HCPBOS YHCHG oB03HAYUMTD Yepes (k + 2), To pemeHye GyneT npoue:
n=-22+(n- 124+ nl+(n+ 1) 2+(n+2)2=512+10.

Ykaxem €lWE nbe GopMyAbl COKPalEHHOIO YMHOKEHHA, KOTOPBIE XOTH M HE OTHOCATCA K YMCIY 00A3aTelib-
HBIX 1A 3dlIOMUHAHHA, HO MOTYT OKA3JATLCH MOJME3HBIMH.

DopMynsl KyGa cyMMbI H KYOa Pa3HOCTH.

(a+bP=a’+3alb + 3ab+ b — xy6 cyvMbI OBYX uMcen paBed KyOv NepBOro Yucaa IC YTPOSHHOE Tpo-
U3BEIeHHE KBAIPATa MEPBOTO YUCAA HA BTOPOE TUTIOC YTPOEHHOE MPOM3BEISHHE [EPBOT0 YHUCHd HA KBaIpaT BTO-
Poro ¢ Ky BToporo umMcnal

(a-bY¥=a’-3albh+ 3ab* - b3 — ky6 pa3HOCTH ABYX YMCeNn paBeH KyGY MepBOTG HMCAA MMHYC YTPOEHHOe
MIPOU3BEAEHHE KRAIPATA MEPBOFO MMCTA HA BTOPOE TULKGC YTPOEHHOE TPOM3BENEHME MEPHOrO YMOIA HA KBAAPAT
BTOPOrO MMHYC KY6 BTOpPOro WHCAA.

MoHATHe ToxpecTea. MpuMeHeHHe TOMABCTBEHHHX NPeobpaiIoBaHKA K pelleHHIo 3azaM

EcnH 0aHO BbipaxkeHHe MOXKET OBITh MOMYYEHO M3 JPYTOro ¢ NOMOUIBID aareOpaMyecKMX nmpeolpazo-
BAHMWI, TO TAKHE BBIPAKEHHA HAIBIBAIT TOXIECTBEHHO PABHBIMH (UTH NpPOCTo pashbimit}). PaBeHCTBO, B Jle-
BOH M NPaBOH YaCTH KOTOPOIO 3aMHCAHLI TOXISCTBEHHO PARHLIE BLIPAKEHHS, HA3LIBAIOT TOKIECTROM.

Haopumep, paBeHCTBO 2c (x — 3y —57) = 2cx — 6y — 10cz — 370 TOKAECTBO, TdK KaK BTOpOE BhIpAXEHHE [10-
JIVUEHO M3 AEPBOTO HA OCHOLC TPABWIA YMHOXEHWS OOHOYCHA Ha MHOTOMITEH. TOXIeCTBOM TAKXKe HBIIET-
cl paBCHCTRO (@— b)? = (b~ a)?, TaK KaK B NPaBoi ero YacTH BBIPAXCHHC TOA 3HAKOM KBaApaTa 3aMEeHEHO Ha
MPOTHRONONOXHoe, (Kak M3BeCTHO, KBAIPAThl APOTHBOIIOAQAKHLIX YMCEN PaBHbL.) A BOT TAKOE PABEHCTHO, KAK
{c—D{e—3)=(1-¢){c—3), ToxIecTBOM He ABNAcTCA. ECaM Obl MBI XOTENH 3aMCHHUTEL BeIp@XCHUC (¢ — 1) {c - 3)
PABHLIM €My MNPOM3BeIcHHEM, TO CIEI0BANT 6bl BOCMOML30BATECA, ApaBIOM: @ - H=—{(—a) - b (nu ab=-a- (-b},
Wik ab = (—a) {(—b)) v 3anmcare: (c— 1) {c -3 =—(1-¢c) (c—3). .

3amyceIBas LeNoYKy NpeoBpa3oBaHMi, MBI NIOCNeAOBATEIBHO 3AMEHSAEM OJHO BBIPAKCHUCM APYTMM, PABHLIM
eMYy BhipaxkeHHeM. BecsAkoe npeofpa3opaHie BBHINO;IHASICA B COOTBETCTEMH C 3apaHee NOCTABIEHHOR ueiwlw. Bol
YACTO 110YYAIM TAKOE 3ANaHHe: «VAPOCTUTE BRIpakeHUer. EcaM pevn MAET 0 LEIOM BHIPAKCHUH, TO 3TO O3HAYA-
CT, 4TC AAHHO¢ BBIPAXXEHHE HYXHO NMPEOCTABHTEL B BHIE MHOIOWIeHa ¢TaHIAPTHONY BHAA.

Ipumep 9. ¥YnpocTuM seipaxkeHue (4+a)? —a (8 +2a).

Pemenwne: (d+a)-aB+2a)=(l6+8a+a))—(Ba+2a)=16+8a+a’—8a—2al=16—a

HekoTopele THNHYHBLIE OWHOKK, KOTOPBIE BCTPEYAIOTCA TIPH BLINOIHEHNH TAKOIro npeobpasoBaHHA:

1) mpn npeobpa3oBalidK BeIpaXeHHA & (8 + 2a) yMHOXAKOT HA ¢ TONBKO TEPEOE ClaraemMoe, a BTopoe 1abbl-
BAlOT, M NHIUYT: Ba + 2a;

2) TipM BO3BefleHHH B KBARPAT NBYWIeHA 4 + g MUWYT: 16 + a? (T. e. 3a0p1BaOT 06 YIBOSHHOM MPOU3BEReHMH)
unu 16 +4ag+a? (1.e. He YMHOXKAOT NPOMIBENEHHME WIEHOB IBYYIeHa Ha 2);

3) npH pacKpuITHU CKOBOK B BREIPAXCHHH —{8a + 2¢?) y BTOPOTO CNArdeMoro oCTasMioT 3HAK «+», T. . TUINYT:
—(8a + 2a%) =—8a + 242,

HacTto B a.nreﬁpe CTABUTCA 330A4a; «10KAKHTC TOKISCTRO». ITO Tpeﬁoﬂau HEe MOXHO chopmMyl HPOBATh B pdl-
BEPHYTOM BMME. «ROKAXKMTE, YTO PABEHCTBO SABIACTCA TOXKASCTBOM» WAM «JOKAXKHUTE, YTO JIEBBIE M IpPaBble YaCTH



PaBEHCTBA — TOXAECTBEHHO PABHEE BHIPAXeHHS», BCMOMHUB cPOpMYTUPOBAHHbBIE BHILUE OTIPEIENeHUs, BLI NOA-
MéTe: B TAKOM cyvae Tpedyercd NMOoKa3aTh, YTO OOHY YacTh paBeHCTBA MOXHO TIQMY$EHMTL M3 APYTOH ¢ IOMOLILK)
anrebpalyeckux npeodbpasoBaHHit.

Mpumep 10. JoxkaxeMm ToxdecTBo {(x — 32+ (x+¥)2 =2(x =y) {(x+ ) =H~

EcTecTBEHHO JIEBYIO YACThL NpeoBpa3oBaTh B IPABYI0. DTO MOXHO caeiaTk «B Jiof», packpelB ckobku. Ho ects
6onee KPACUBOE PellicHHE. BripakeHNe B ACBOI 1acTH MOXEHO Npeobpa3losaTh N0 Gopmylie @’ —2ab+ bl={a— b
amech a=x—y n b=x+y. Humeem:

x-YP+x+yP-2x-p) (x+y)=((x-¥) -(x+y))2=(x—y—X—y)2=(—2y_)2=4y2-

Mpumep 11. HoxkaxeM, 410 TpéxwieH x2 —4x + 5 He MoxeT IPUHUMATL OTPULIATENLHEIE 3HAYEHHA.

Pewenue: Buenim B TPEXwIEHe KBAAPAT ABYWIEHA: X2 —4x + S=(x1-2x- 2+ 4)+ 1 =(x - 2)2+ 1. Tak Kax
mpn A06oM 3HAYEHHH X BLIMOMHAETCA HepaBeHCTBO (X —2)220, To cyMMa (x—2) 1+ 1 npu moGoM X HONOXH-
TenbHA.

TIpamep 12, Cymma aByx uncen pagHa 10, a ux npoHasenecKHe paBHO 4. TpebyeTcA HAHTH CYMMY KBAApaTOB
3ITHX YHCEN.

3amaya KakeTcd [pPOCTOH. MOXHO OO003HAYMTE YHCAA OykBaMMd X W ¥, PEWMTE CUCTEMY ABYX YpaBHeHUH
x+y=10 v xy=4, a paavilie BLIMHCAUTL CYMMY KBAIpATOB HAHAEHHBLIX dMcen. OmHAakKe Taxoe peudeHue Oyaer
OUeHb TPYAOEMKNM, ([Jeo B TOM, 4TO YKCHa X H ¥ — UPPALIMOHATTBHKIE.)

Opyroit AyTh — 3T0 TOXKIECTBEHHEE NpeoBpa3oBaHWA. YToObLI HAHTH 3HAYEHHE BRIDAXEHHA X2+ 32, Mpeo-
pasyeM ero, BOCNOALIOBABLINCE (POPMYAOH KBAApATA CYMMBI:

XRryr=(x+y)?-2xp=102-2-4=100-8=92,
Paznoxenne MHOrOUNEHOB HA MHOMXCHTERH
PasnoXWTh MHOTOUWACH HA MHOXWTECIM — 3TO 3HAYMT MNPEICTABUTL €ro B BHAC TIPOM3BEACHMS [BYX MAHK Bonee
MHONOWIEHOB {CpeIH KOTOPBIX MOIYT ObITh W oadowieHb). B xypce aareGpbl paccMATPHBAIIMCh HECKOABKO TPH-
EMOB BHIIIOJIHEHHS 3TOTO NpeoOpa3loBaHHA.
BriHeceHHe 001Mero MHONMTENs 3a CKOOKM. Bhinolnsercss Ha OCHOBE paclpefelUTeLHOIO CBOHCTEBA, KO-

TOpoe MPUMEHHETCA Cnpapa HaaeBo. CxeMaTH4YecKH 3TOT coco0 palTOXeHHS Ha MHOXKHTEIM WA chydad TpEx-
YNEHAd MOXHO TPeacTaBHIe Tak: X- A+ X- B+ X- C=X-(A+ B+ ),

IIpamep 13. Painoxum Ha MHOXHTeNM Asywied 13ab? — 12ab: 15ab? — 12a2b=3ab (5b - 4a).

[Toche BoIHECEHHA 00NENC MHOXKMTEIA 33 CKODKM MOME3HO 18 CAMONPOBEPKM YCTHO BBINMOJIHHTE OGpaTHOE
JeHcTBUe. OOpaTHTE BHUMAaHMe: B CKOOKAX OCTAICA MHOTOWIEH, UeHbl KOTOPOTO YKe He HMeloT oB1nux OyxBeH-
HBIX MHOXHUTENEH, 3 HX KO3PDOUUHEHTh — BIAMMHO NPOCTEE yucnd. Takoi oreer, kak 3a (562 — d4ab), cunrancs
OB HeBepHBIM. 3aMeTHM, YTO 33 CKOOKM MOXHO ObU10 OBl BBIHECTH M MHOXHTENb —3ab, TOrma NOIYIIIM ORI
15ab? — 12a2b = —3ab (4a — 5b).

OdnHit MHOXKHTENb, KOTOPBIA BELHOCHTCA 3a CKOOKH, HeobA3aTeIbHO A0/LKeH OBITh OMHOWIEHOM. OH MOXeT
BLEITh U ABYWIEHOM, W TPEXWIEHOM.

IIpumep 14. a’(a—-b)-2abla—b)y+ b a-by=(a- b (a2 -2ab+ by =(a-b) (@a-b)=(a-b)3.

Cnocob rpynnuposky. "ieHn MHOrouneHa rpyNiMpyIoT ¢ TAKMM pPacy&rcM, 4ToObl B 3THX TPYHIIAX MOXHO
OLUIO BEIOENUTh OOIUMH MHOXWUTEAR, A TNOTOM 3ITOT OGIUMI MHOXHTENE BEIHOCAT 3a CKOOKH.

Ilpumep 15. ax—bx—ay+ by=(ax - bx)—(ay— ) =x(a—b) —yla— b)=(a - b) (x ~y).

PacnpoctpaHéHHasa omubka: NpuMEHIn ¢Nocol TPYNNHPOBKH, OCTAHABIHBAIOTCA HA MPEANOCASIHEM LIAre,
T. €. HA BbpaxeHuu x (a—bH)—y (a—b). Hano noHUMATb, 4TO UETb PA3NOXKEIHA HA MHOXHTENW — ITO [pei-
CTABMCHME BLIPAKCHHSA B BWIS TPOM3IBEOSHMSA, B TO BpeMA KaK Ha NPCONOCACIHEM Are [OSY4YHIach pa3HOCTD.

Mpumep 16. PaznoxuM Ha MHOXUTEAR MHOTOWIEH 2a? + Sab + 252

Y1obm NpUMEHUTL IPYNIIUPOBKY, palobeémM cnardemoe Sab va npa onHouneHa: Sab = ab + 4ab. Torma
2a2+ 5ab + 202 = (Qal + ab) + (4ab + 261y = a(2a + b) + 26(2a + by =(2a + b) (a + 25).

IMpumenenne GopMyT COKPAMEREOTO YMHOKeHHA, Dopmyabi a? + 2ab + b2=(a+ b2, a2 - b2 =(a - b) (a + b),
3AMUCAHHBIE CMPARA HAAeBO, AAIOT HaM TIPABHAA PASIOKEHHUA MHOTOWIEHOR HA MHOXIETENH.

Ipumep 17. at - HF=(a?)2 - (A =(a?- D) (@2 + B =(a- B (a + &) (a2 + ).

Kpome dopMyn KeanpaTa cymMbl {pa3HOCTH) M Pa3HOCTH KBAPaTOB, Y94CTO MPUMEHAOTCA (GOPMYIL CyMMBI

M pa3locTH KyDOoB:
BrP=(a+b(al-adb+b), a3-b=(a-b)(al+ab+b).
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[Tepsas u3 HMX cnopamu uMTaeTcd TaK: cyMma KyGOB ABYX YMCEN PaBHA [EPOH3BENECHHIO CYMMEI 3THX YHCEN
M HEMONHOTO KBajpaTa WX pasHocTH. (HenonHpiM xBagpaToM pasHoCTH HasblBalOT BrlpaxkeHue a? —ab + #.) Tlpo-
UHTATE CaMOCTOATENRHO cllosaMu (bOpMyNy pazHOCTH KyGoB.

IIpumep 18. PaznoxumM Ha MHOXHTENU BhIpaxeHue 27a% — 8H3,

JaHHOE BRIpAXEHHWE MOXHO TPEICTaBHTh B BHAE PA3HOCTH KYBOBR U Ranee BOCMOABIOBATHCHA COOTBETCTBYIO-
miedt thopmynoiis  27a% — 863 = (3a?)? — (2b) = (3a? - 2b) (9a* + bah + 45?),

Yacto i paziokeHHs MHOTOWIEHA HA MHOXMTEIM TPHXOIHTCH [MOC/IENOBATENEHC TPHMEHATL HEeCKOIBKO
npuéMos. Hukakux obuiMx npasui, noMOTaioli yCTAHOBUTE, KaKMe ¢Nocobbl M B KAKOM TIOPAIKE CienyeT [DH-
MEHATB, He cylecTByeT. OHAKO HEeKOTOPLIX peKOMEeHIallHH BCE Ke CNlegyeT TPHIOEDXKHBATLCT:

1} ecny MOXHO BBIHECTH 3d CKODBKH OOMIMI MHOXMTENs, CIeNaiiTe 3To;

2) TNOCMOTPMTE, HEMb3S MM BOCIONLIOBATRCS KakKol-1ubGo (GopMynoii:

— ECIN MMEETCA JIBY'LAEH, TO NPOBEPHTE, HENb3isd JTH NPHMeHHTh (GOpMYTY PasHOCTH KBAIpATOB WM Xe
(hopMyTy pailHoCTH {CyMMBI} KyOOB,
— CIU MMeeTcs TPEXWIEH, TO (IPOBEpPLTE, HEAB3S W CBEPHYTE 810 R KBAADAT ABYUNIEHA,

3) ecnu He ¥Ia€TCA NMPUMEHNTH GOPMYIL COKPAIIEHHOIO YMHOXEHHSA, TO NMONBITAHTECh BOCMONB3OBATBCA
crocoboM IPYIIMTUPOBKH,

4} KOria Bl 32KOHYMKIH PA3eKEeHHe HA MHOXUTENU, MOIe3HO NPOBEPHUTE C MOMOIIBIC YMHOXEHWS, TIOAYYSH
N RAMM BEPHBIA PE3VILTAT.

TEipumep 19, PaamokuM Ha MHOXUTETM MHorowteH 3a2h— 126, HayHéM ¢ BBIHeCeHMS 3a cKoOKM 061lero
MHOXHTENA 36; 3aldb - 126 =3b(a?—4).

Hanee npuMeHMM thopMyJTY PasHOCTH KsaxpaTtor: 3b(af—4) = 3b(a -2} (a + 2).

TakumM obpaszom, 3aZb-12b=3bla- 2){(a+2).
Tipamep 20. Pa3ioxuM Ha MHONMTENH MHOTOWIEH 25 — a2+ 2ab — b2,
EcTecTBeHHO CTpyNIMHpoBaTh NOCAEIHHE TPH ClaraeMbIxX:

25—a?+2ab-b1=25-(a?-2ab+b)=25-{(a- b))~
Terneps MOXHO BOCTIONB3OBATECH OPMYNCI PAIHOCTH KBAADATOB:
B5-(a-by=5-(a-b6)Y=(5-(a-){S+(a-b))=(5-a+b)(5+a-b)
Hrak, 25 —a@?+2ab—-p:=(5—-a+by(5+a-bh).

PainoxKenHe Ha MHOXKWUTEIH KBRApATHOTO Tpéxuaena. PaznoxuTh HA MHOXHTETH MOXHO TOJNBKO TOT KBa-
IPATHBIA TPEXWIEH, KOTOPHIA HMEET KOPHU: €CJIM X, H X, — KOPHMU KBAPATHOTO TPEXWIEHA ax’+ bx +c, TO ax’
+dx+c=a(x—-x){x—x;).

KBpaapaTHeIH TPEXWICH, HE WMERIIIHI KOPHEH, HA NMHEHHBIC MHOXMTEAH DAINONKUTE HENb3S.

Ipnmep 21. Pastoxum Ha MHOXMTENTH KBAIPaTHBI TpéxwicH —dx? + 11x + 3.
Haitaém kopuu TpéxuneHa; aisi 31010 pemuM vpasHeHne —4x2 + 1lx+3=0; 4x2— 1lx - 3=0; x, :—% , Xy=3.
Ho thopmyne ax? + bx + ¢ =a (x - x|} (X — x3) NOAYIUM:
—4x2 4 x4+ 3=—4(x+ %) x—N=—@x+1) (x-3=(x+1) (3-x).
[Mpumep 22, PaznoxyM HAa MHOKHTEIH TPEXWieH x* — 5x? + 4.
Breaém zaveny x2 =y, torma x* — Sxi+4=y? Sy +4.
To topMyne pasnoxeHHa Ha MHOXHTENH KBAJpATHOIO TPEXWIEHA NMOMyurM: w2 —Sy+d4=(y - 1) (y—-4).

BepHYBINUCE K MepeMeHHoH x, GyneM HMeTh:
=Sl =( -2 - D= x~-Dx+ D{x—D (x+2).

TpenupoBouHbie 3aJaHUA

3AJAHUA BA30BOIMO YPOBHSA

I. Kaxue 13 gJaHHBIX PABEHCTB SIBIATCA TOXKNSCTBEHHBLIMU?

DY al-a*=a’ 4) Q@) = 23qn
2) 16act = (dac?)? 5)25.52 =102
3) (@) = (a365)? © 6)a%ht = (ab?)
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2. B kakoMm chyuae npeoOpazoBaHue BbINOIHEHO HEBEPHO?

1)0”—1 .an+I:a2» 3)a"+':a”—'=02

2 a-(2a)? - 3a)’ = 10845 4) 6458 : (202 =853

3. YKawHTe BHIPAXCHHE, He paBHoe npousseleHMio 27-3°-43.87.93,

1) 28.3 2) 6.2 3) (4.8).(3-9Y 4) 120
4. KaxoMmy M3 BHIpaXeHHH paBHO NpouiBeacHue 4. 277

1) 4n-12 2) v+l 3y 22 4) 87

5. INpeacraBbTe BLHIPAXEHHE B BHAC OAHOWICHA CTAHJAPTHOIO BMIA:

a) (-2 (P (-2]'; 6) (~ab)* - (-2ac)?- 0,5¢

6. Kakoil MmHOrowied Hago NpubaBHTE K MHOTOWIEHY —3a + 48 —c¢, 4ToObl UX cymMMa GhTa paBHa HyMIO?
N 3a-4b-c 2y =3a-4b-c }) la+4b-c 4) 3da—4b+c

7. B KakoM ciydae Npeodpa3oBaHHe BLINOAHEHCQ BepHO?

DD2@-56y=2a-> N@a@+2)¥2=a’+da+4

D (a-bP=a2-b 4 2+a)(e—2)=4-a?

8. B xaxkoM cnyuae npeobpaloBaHHe BEINOJAHEHO HEBEpHO?

) xy—3p=(x3)y 3) Y -xt=(x+y) (¥ —x)

D I-6x+x2=(3-x)° 4) x2+y2=(x+y)?

9. B BhIpaXeHHH 6x2 — 9xy BRIHECAH 3a CKOBKM obiumit MHOAMTeNbL —3x. Kakoit asywieH octaica B ckoOxax?
1) -2x 3y 2y 3y —2x 3) -3y 49 3y+2x

10. ¥YKax#re NPOH3BEACHNE, TOXISCTBEHHO paBHOE MHorowieHy 6a — 8ab.

1) -2a{(3-4b) 2) —2a (3 +4b) 3 -Z2a{4b-3) 4) 2a (-3 -4b)

11. ¥KaxXuTe BHIpaXcHHE, TOXACCTBEHHO PaBHOE MPOM3BeacHHID (x —4) (1 — 2x).

1) (4-x) (1 -2x) Nx-Hx-1)

2Yd-x){(2x-1) 4 -(4-x)(2x-1)

12. Kakoe U3 BuipaXeHHi HENL3s npecbpazosats B npouaseienve (4 — )22 - y)?

D=-(-4y-2) 2) - (4-»Hy-2) H-9H2-y) 4 (-4 (-2)

13. ¥TIpOCTHTE BbIpaXeHHE!

a) (c+ 5y —-c (10-3c); g (m+3P—(m-2y{m+2),

6) (a—-3)>-3a (a-12); e) y-H+4)-(-3)}

B) 2c{c— 3} - (c+ 4% K} {a—3Iita-T7)-2a {3a- 3),

N 3ala-3—-(a—2)% 3) 26 B3a-D—(a—-2{a+3)

14. Paimoxute Ha MHOXHTENH:

a) 25x2— 0y ) 16— b2; B) a—-ab+3-3b; 0 (a—2)2-5a (a-2).

15. Pa3moxXMTe Ha MHOXMTETH MHorowreH 2x? — 8x.

16. PaigoxuTe HA MHOXHUTEM KBAAPATHBIN TpexXwieH 2x2 +4x — 6.

1} 2{x+1) (x-3) )2 x-—1){x-3) D2x-D{&x+3) $H2(x+1)x+3)

17. Kakoe BHIpaXeHHEe HANO TOACTABHThL BMECTO MHOTOTOUMS B paBeHCTBO 4x?— llx—3=4(x-3) - (...)?

18. KakoH M3 cAeqyouHxX KBaAPATHLIN TPEXWIEHOB HEIb3S PATOXKHTE HA MHOXHTETH?
D x2+4x+4 2) x2—6x+ 10 P xI-2x-13 4) x24+4x+2

3AAAHUA NOBbLILLEHHOIO YPOBHA

Paanoxute HAa MHOXHUTeaH (Ne 19—21):

19. a) xly-xp-x?+x; 6) x2y—y-xt+ 1
20. a) atb—-abl-ac+ab+bec—c;
6) Ox!—13x2 + 4,

B) a2y — 5x%y —4x2— 2+ 5y — 4.



21, a) 4¢t—20ac+25a2+5a-2c; 6) a?-4b2 +46-1; B) 2x?—20xp+50y2-2.

22. oxaxute Toxaectso: (@-D(a+ D@ +)(@* +1y=a*—1.

PelnleHHa B OTBETHI

1. 2,3 n6. 2.4 3. 3. 4.2 5. a) —3—92xy5; 6) ~2a%%1. 6. 4. 7. 3.8.49.2.10. 3. 11, 2 12, 4,

13. a) 4c2+25;6) —2a?+9; B) ¢2—14c-16; 1) 202 -5a—4; p) bm+ 13; e) 6y —25; x) 21-5a?; 3) 522 -3a+6.
14. a) (5x-3y)(5x+3y}); 6) (2-5) (2+5) (4+b2; B) (1-b){a+3); 1) -2a-D(2a+1). 15. 2x(x—2)(x+2).

16. 3. 17. x+%. 18, 2, 19, a) (x-Dx(y-1). Pemenue. x2y—xy—-x1+x=xy{(x-D-x{x-=x-Dxy-1)

6) (x-1)(x+1}{y-1). 20. a) (a—b+1)(ab—c). Yiasanue. Crpynnupyiite craraeMme Tak: NEPBOE, BTOPOE M
4eTBEPTOE (ITH C/laraeMEIe HE CONEPXAT ¢), TPpeThe, NAToe M wecToe (conepkat ¢); 6) (3x—2)(3x+2)(x—1}(x+1).
Yiasarnue. Haunute ¢ 3ameHn x2=y; 8) (x~1){x+1)(y—4)(y—1). Pewenue. x3y? —5x2y+ 4t -y + 5y 4=
= -D)-5r (-1 +4{32-1)=(x2~ 1) (y2— 5y +4); NepBLIii MHGKUTETb PAsEGKUTE MO dOpMYIe PasHOCTH
KBaApaToB, BTOpoil — Mo GopMyie ax2+bx+c=a (x—x)x—-xy). 21. a) (2c—S5a)2c—5a—1). Yxazanue.
CrpynnupyiiTe Nepebie TpU ¢laracublx; ©) (a— 1+ 2b) (a+ 1 — 2b). Yeazanue. Crpynnupyitte TpH NOCTEOHHX
cmaraeMblx; B) 2 (x -3y - 1) (x —Sy+ 1). 22. Pawenue. (a- }{a+ 1)@+ D{a*+ DN=(a?- D@2+ 1) (a*+1)=
=(@- 1)@+ ) =ad— 1.

2.3. IlpeoGpazosanne APOOHBIX BLIPAIKEHHH

TeopeTuuecKHe CBENCHHSA

Mpeobpasoparne anreBpanuecknx gpobdeii ¢ NOMOWBIO OCHOBHOrO CBOKCTBA APOLN
AnreGpaHuecKol ApoObID HA3BEIEAIOT BHPAXEHWE BHIA g , e Pu Q — muorounenw (@#0, T. e. He sanser-

CA HYJNEBLIM MHOTOWICHOM).

OcHoBHoe cBoitcTBO anrebpandeckoi ApolH: eCAHM YHCAMTETh H 3HAMEHATE L anrebpauaeckoi apobH
YMHOMKHTD HJIH Pa3de/IMTh HA OOHH H TOT XK€ HEHYIeBOH MHOTOWICH, TO NOJYMHTCA Apobb, paBHAA OaH-
HO#.

B GyxseHHOM BHAE OCHOBHOE CBOHCTBO MOXHO 3ANMCATH TaK:

A_A4C e C#0.
B B.C
ChaeacTpHa OCHOBHOIO CBOHCTBA:
* 2CNHM H YHCIMTENb, M 3HaMeHaTelb anredpavuyeckoit T1pobU 3aMEHHTE HAa NPOTHBOMIONMKHEIE BbIPAXEHUE,

TO MOMYYHTCS Apodb, PABHAA DAHHOM: %: -4,

B’
*  ECIIH YHCIAHWTENLR WIH 3HaAMCHAaTelnb a.nreﬁpauqecxoi'{ I[pOGH 3AMCHHTE Hd MNMPOTHBOIIOMNOXHOC BEIPpAXKCHHE
H IIPH 3TOM OMEHATH 3HAK Heped Apobblo, To NOMYYHTCS Apoldb, paBHAA HAHHOH: %= —% = —% .

OcHOBHOE CBOHCTBO UCIIONB3VETCH A NMPpHUBEIEHUSA JIpDﬁH K HOBOMY 3JHAMECHATEMIO H AMA COKpAUIeHWA Jpo-
oeil. Urolnl BLIACHHTL, MOKHO JIH Opods COKPATATL, HEOOXOIHMO NPEXkIe BCSI0 PATIORNTL M YHCIHTENS,
M IHAMEHATEIL HA MHONMTEM. Ecan PATTOKEHHES HA MHOKHTETH YHCIHTE/IA WIH 3HAMEHATENH HEBO3-
MOKHO, TO APpOHh COKPATHTL HEAbIA.

2
Mpumep 1. CokpatM 1pobb ‘;"Jf‘
—a
a_z__+3a _ ala+} _ a

Pemenue: “.- 7 =. 2% 00 = 2.,
9-g2  (+a)l-a) 3-g

ObpaTvTe BHUMaHHe: IBYWIeHH @+ 3 H 3 +a PABHE, 3TH CYMMB OTIIHYAMOTCHA TONBKO MNMOPHAAKOM CNAracMEeIX.

Taxkum obpazomM, NOCTe PayIokKeHUs Ha MHOXKMTENH OKASATOCH, MTO ¥ MHCIHTEAA ¥ 3HAMEHATENs e¢Th OOLIHH
MHOXHTENS, HA KOTOPKit Mhl ApoSh U COKpaTHIH.
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2x-3x?
InT4+Tx-6
Painoxum Ha MHOXWTETH YHCJIHTEIb M 3HAMeHaTelb JAHHOH IpOoOH:
1) 2x—3xi=x (2 - 3x);
2) 3x2+Tx—6=0; x,=-3, x,= -%; 2+ 7x-6=3 (x+P(x~ %)z(x+ 3) (3x-2).

Janee monyuum:

Ipumep 2. Coxparny apodb:

-3 x(Q-3 _ _ x(3x-2) _ x

i+ Tx -6 (x+)(x-2)  (x+H(3x-2)  x+3°

Muosxwrrenu 2 —3x ¥ 3x~2 He paBHB, 5TO NPOTHBOMOJOKHKIE BhipaxeHUs.. Ho nerko BbUTo coenaTs Tak,
qTOGbLI ¥ YHCAKMTENA M 3HAMEHATEIA OKa3aics OOIWA MHOKHMTEND: JOCTATOYHO ObLIO 3AMEeHHTh B YMCAHTENAE OBY-
yieH 2 — 3x Ha NPOTHBOMIOAMKHBINA, T. €. Ha 3x— 2, U MOCTABATE 3HAK «—» TIeped ApobhIO.

a? - 6ab+952 4
(2-a+3hia+3+2)°
s PAa3IONEHNH HA MHEKUTEAH YHIIANTEIA BOCIIONb3yoMCA crocofoM PYNIHPOBKH.

al—6ab+9b—4=(a2 - 6ab+9P) -4={a- 3P -2P=(a-3b-D(a-3b+2).

Hpumep 3. Cokpatum apobs

H npanee:
{e-3b-N(@-35+2) :_(a—Sb—Z){a—3b+2) - _a=3+2
(2—a+3)a+36+2) a=-3b-2{a+36+2) a+3+2’

(O6bsACHNTE, KakMM 08pa3oM ObU1 BbIENEH O8MMEH MHOKHMTENb B YMCIHTENE W 3HaMeHaTele ApoGH.)

Aedctena ¢ anrebpanieckumu apobamu

ChoxeHde H BLMHTAHHE aarebpanuecKHx Ipofield ¢ 0AUMHAKCBLIMH 3HAMEHATEIAMH BBINTOIHAETCA 1O TIpa-
BHAAM!
A, B_A+B A _B_A-B
¢ C c '¢c ¢ c
Eciau 3HaMeHaTenw gpofel pasiMuHel, TO CHAYala MX HYXKHO MPHBECTH K OOLIeMY JHAMCHATENI), MIPU 3TOM

XKenareJpHO, 4TOObL 3TOT O0WMA 3HAMEHATENb ObL1 MPOCTEAIUNM U3 BO3MOXHDIX.

Elpumep 4. BunonHum clloxeHue apobei 1 l

lac " 40l
O6Guwmit 3HaMeHaTeab Opobeil NO/DKEH AeIMThCA M HA 3dc, W HA 4a’c. DTOMY VCNOBHI® OTBEYAET OJHOWIEH
12a%c, npu4EM OH ABIAETCA MPOCTEANIMM M3 BOZMOXHEIX 0BLIMX 3HAMeHaTeNnel (oBpaTHTe BHUMaHHE: ET0 KOB(h-
HIHEHT ABNSIETCA HAHMEHBIIUM OGIIMM KpPaTHBIM Yncel 3 H 4).
Haitném RONMonHUTEILHBIH MHOXMTEND MUIA Kaxiod aApobu: 12a%c:3ac=4a u 12alc: 4a%c=3. Takum ob6-
pa3oMm:

L S, P S, e I
ldac  dalc ldacda  daled 12aic

mtn _ mi+n?

IIpumep 5. TpeoGpaivenm B apo0b pa3HOCTE o S 2

men __ mlenl  _omen-—(mendy _ 2mn
m—n (m—-mim+n (m— ) {m+n} mi—pd’
{TTpOKOMMEHTHPYHTE KAaXABI AT B UelodKe Npeodpa3oBaHuM. )

PeulieHue:

2
TIpumep 6. BeinonHuM OeHCTBHE: %— .

BLIMOMAHHTL BBIYHTAHHE MOXHO [10 TIPABITY BHIYHTAHHA Apobei. Jlns aToro HyxHO, 4TaObl BHMpAXEHHE S5q
TOXKE OBLTO 3aNnHCaHO B BHaAC ApO0H. DTO MOXKHO COETATh TakK:

15a2 _ Sa _ 15a> _ Sa(3a-2) _ |5a>-Sa3a-2) _ 104
-2 1 -2 3a-2 da-2 3a-2°

VYMHOXKEHHE H DeeHHe aﬂmﬁpauqccxnx HpOﬁCﬁ BRIMTOIHACTCH TI0 NIPpABHIIAM!

A4.¢_4C A.C_A D _4-D
B D B-D B'b B C B8.C

Bol BuauTe, 9T0 meneuue apobeil cBoaMTes K yMHOXEHHIO Ha Jpo0b, 00PAaTHYIO ASTUTENIO.



al-ge a—c

IIpamep 7. Haiiném wacruoe gpobeit

e? '
2_ _ _ 2 et
Pemenue: 2 “:“—25:‘3(‘l A, _maaet e
c c c a-¢ ¢+ (a—¢c)
x2—6x+9

Ipumep 8. BrinonHuM gefeHue: (x—3); ~+3

PewreHue: [IpencrasyM aenumMoe B BHIE ApoOH H BOCNONE3IYEMCH TIPABWIOM NEJIEHHA Ipobeil:

x+3 I x-32 x-3  x-3

(x-3): xP-6x+9 _ x-3 x+3 _(x-N(x+Y _ x+3

PaccMmorpennbie npasiwia ogiicTBHH ¢ atrebpardeckiMH ApOoGAME TIO3BOISIIOT NpeoOpa3oBHBATH TI0O0E pa-
LHOHANLHOE BhIpaXeHHe, KaxuMM Ohl CTOXHBLIM HHM ORIJIO 3TO BBIPAKCHHE, €r0 BCEIIa MOXHO YIPOCTHTH, T. €.
NPEeACTABHTL B BUIE HECOKpAaTHMON anreOpauteckoit gpobH (B YaCTHOM CAyYae — E BHAE LIETONQ BhIPAKEHHA).
3anuck npeofpa3oBaHHA PALMOHATBLHOTO BHIPAKCHHS MOXHO BECTH KaK UEMTOMKOM, BLIMOMHAA NPH HEOGX0IHMO-
CTH B CTOPOHE BCTIOMOTATENBHLIE BLIMUCAEHMS, TAK H MO AeHCTBHAM.

Tpumep 9. YIIPOCTHM ReIPaXEHUE (3 +54 2) :(-‘5 - -‘i) .
[ g [ a

) £_|_£_'_2=1:32+c2+2m:_(.:;r+t:]-2 .

¢ a ac T ac
2) g_f__,,zw‘,z.

c a ac
3) (a+f)2_a2—c2_(a+f)2_ ac _ (a+c)-ac _ a+c

ac  ac | ac (a—c)(a+c)_acA(a—c)(a+c)_a—c'
Oteer; 27€,

a-c¢

Ipn . B ( g __oad ) -6)2.
pumep 10. VIIPOCTHM BHIpaXcHHE ~aard  2—3ail 3a-6)

MoxHo DeHCTROBATE CTAHOAPTHO! YNIPOCTHTE PA3HOCTh B CKOOKAX, a MOTOM BHIMOAHWTE YMHOXeHHe, OfHAKO
ECTh IPYTOMl MYTh pelleHUA, OCHOBAHHAIH HA TMPHMEHEHMM PACTIPSACTHTEABHOIO CBOHCTEA. YMHOXKE KAKIYIO
apobk Ha (3a — 6)2, momyduM:

a . al (r_ = 33— @-1)-9@-22 _o_ _ - =9g- =
(a2~40+4 a2—3¢1+2) (3a -6y = (a-2? (a-1)a-2) =da-3(a-2)=5a-3a+18=18.

O6paiaeM BHUMAHHE HA BO3MOXHYIO OLIMOKY: B BhpaxeHuu (3a — 6)? 3a ckobKH HafO BHIHOCHTL He 3, a 32,
TaK KaK (3@ —6)2=3a—-6) Ba—6)=3{a-2}-3{a—2)=9(a—-2)~

JleHCTRMA CO CTENeHAMM € UenbiMM NOKAIATeAAMH

OnpefeneHHe CTENEHU ¢ LENBIM TOKA3ATENEM JOTIOIHACT ONPENeNeHHE CTSTMEHH C HATYPAJIEHEIM NOKA3aTeNeM
PaILICHEHHEM CMEICIA BRIPRXEHHA g” [Uid n=0 W It LeJ0ro OTPULATENEHOIO A:

Decnn =01 az20, 7o g"=1;

2) ecnv m — LIeNToe OTPHUATENBHOE YACIO H g# 0, To 4” = a]T"

DTH OMpefencHHs NO3BOAKIOT PACTIPOCTPAHHTE MpaBHIA NEACTBHH CO CTETEHAMH C HAaTYypPalbHbIMH I10Ka3a-
TEIHAMH HA CTENEHH C J'IIOGBIMH HENBIMH NOKAIATCTAMHA, A HMeHHO!

* ecnu a#0 U m U n — NoOLIE Lenkle YHCNa, TO
am. gt=gn+n- amigt=gm-n (am)n=amn—
1 - Al 1
o« eonm a=0 u b=0 1w n — M060C LCAOE TUCTO, TO

at-=(a- b a”: b =1(a:bn

TIpumep 11. Haiiaém 3HaueHne BolpaxeHus (¢ 2% 15 mpy c=
PemeHHe YNpocTUM BhipaxeHue (¢ 2)bc 15:
(26 5=cl?. 15 = 3,

b | —

HaiigémM 3H3YeHMe ¢35 NIpH ¢ = 0

:
-~
2
e
a
il
r—
|
s S
e
|
——
(LS
T
R
|
b
L)
|
o
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alva+g?
e +al+a
l_[onpoﬁyeM YHCAHTCN: H 3HaAMeHAaTellb ,IIPOGH Pa’dIOkKHTLE Ha MHOXHTCIH Tak, qToDE ﬂOJTy‘[HBHIHeCH HPOHB-

BeleHHA COoOepXand OOWMH MHOXMTenb. B 3HameHaresie IpobH ecTeCTBCHHO BBIHECTH 34 CKOOKM &, IOMYYHM:
@ +at+a=a(a®+a+1). 3T0T pe3yabraT MOACKA3ZBIBACT, YTO B YHCANTENE HYXKHO BHIHECTH 3a CKOOKH @3 M noay-
auts ¢ ' a2+ a3=a3{a? + a+1). (CaenaiiTe npoBEpKY, BNOIHUE YCTHO obpathoe gefictBue,) Takum odpazom,

Iipumep 12. CokpaTiM Apo6b

al+als ?—3. — aldia+a +1) _ - _3 =gi-l=g-*t.
atat+a al@t+a+l) a
Jn-3 42n-1
IIpumep 13. Cokpatum apodsn %—
PemeHmue:
32n-3,92n+2 32n . 3=3 . 92n 92 Q. 2)2» .33 (62}"‘ L33 1
Crocof 1. = = = =33 = _
4. 36" 4367 kit It 3 27
2m-3 32n+12 (32)» 232 gn3loan (gLgyr.3d 1
Crocob 2 : - = = =33=__.
T4 3en 4.361 g 367 3 27

TpeRUPOBOUYHDbIE 3aTAHHA

3A0AHUA BA30DBOI0O YPOBHA
Coxparute apobe (Ne 1, 2):

4-h2 b+ 6b
1. a) 8h 442 ° 6) b 36 "
— 9 2_2
2 a q 64+ 6 P2
) Tgi-3¢ ’ ) pZ—4p+4
3. ¥kaXuTe BbIpaXeHHe, TOXISCTBEHHO DaBHOE IpoGu r=b
iI=XxX
1y -2 2 - ) P ) 22
a-x xX—a x—-4a a-X
x2.y2
4, BRINONHHTE YMHOXEHHE: =
v ap-ye
2
5. BoinonHuTe penenne; — > X
¥i-xy 3142
n 22 n X 3y ¥ 4y *t7
) xX+y ) y—1 ) X ) Rid
6. BRINOIHHTE OeHCTBHE:
4 2
a) __+_ 6) —“2‘ B) 031 sla—c); r) [ ] (@—&

7. [IpencTaBeTe BRIPaKEHWE B BHIc JApobu:

_7md 2
m Ja-2

— Sa.

¥npocTtHTe BEIpaxeHune (Ne §—15):

& B+c? | a b Lt
E e +'E 9. (;+;—+2)m
10. (l_ ! ).£ 11 (_"___"_)."b”’z
¥ x+y! x a-b a+ék a
12 al-p a 13 m-n _ miinl
Y 5gl T 3gidh T mta o mi-al
2 2_
4. ¥ Y 15. (a+3) -2 =2

v+ xd x2-y?



16. Hana apo6s f . BHITIONHHTe MoACcTaHOBKY @ = % , b= xiy 7 M YMPOCTHTE NOMYSCHHOS BHIPAXCHHUE.
1 L
l)x+y 2) = N x+y 4y x—y

X+ ¥ Hb xX—¥

17. TloacraBrTe a = PP = » B BBIDAXEHHE ¢ — & VI YIIDOCTHTE €ro,

18. Beruucaute (342 - 33
1

(
1y =27 2) -9 3)5 4) ~ o0
19. B KaKoM BHIE MOXHO TIPENCTABMTh BHIpakeHue 2%—37
n X
1) 24— 2y 4 3 = 4y (2ky2
2 23

20. HailauTe 3HadyeHHe BBEIPpAXEHHA!

L,

a) (cb¢=3y! npu e = 3 I

6) ‘xl—T‘F npa x=-2.

a—4
21. ¥Ynpocrtare npobh S

-8, 10
22. TpencraBsTe BHIPAXEHHE —— - B BHMAE CTENEHH ¢ OCHOBAHMEM X.

1) x2 2) xb 3) x 4) xb

23. MpexacraBete 3Hadenue BuIpaxeHud (2,1 - 10-1). (4. 10-2) s Bume aecaTuyHOR ApoHu.

3A0AHUA NOBBILWEHHOIO YPOBHA

5x2-3x-2 ) 6al-a—1

24, Cokpatite Apoln: a) T .

¥npocTHTe BRIpakeHHe (Ne 25—27):

25, (2n_6)2,(n2n+2 _ n )

—n—6 ni-6n+9

2. = ¥ _ 2y 12y
Top-8% y—6 I 12y+36 y—6"
77 _B:1007
RTINS T

28. Cpennuii paguyc 3eMau pasen npamepHo 6,37 - 10° kv, Hajioure ruiomans noBEPXHOCTH 3€MIH, BEIPA3HB

e€ B piIH km?. (Popmyna naomann noepxHocTH cdepsl S = 4nR? | BOCTOMB3YiTeCh KATBKYIATOPOM.)

PemleHns U OTBeThI

1. a) “b P 6) . 2. a) 12 = 6)— 3.1L4. x+y. 5. 4. 6. a) l;6) ﬁ;n) ::;r) a:bb‘
7. a) - 6) 'U“z 8. 9. 2 g0, o a2 oot a3 14 2 45 a3
16. 3. 17. ;j%f 18. 3. 19. 2. 20. a) 27; 6) —32. Pewenue. %xgz x-xt=x5; (<2 =-32.
21. @2.22. 1. 23. 0,0084. 24. &) =15 6) 321 Pewenve. Sa“:‘;a;‘ .= _(.gi‘.‘_‘lﬂ(i“(l*_‘)za) =((2;a—_'l))((i“_+;;:

3(y2 .42
_3a+1 _ B 2n-2 gaon PRI pmon G g
= . 25, =12, 26, —y. 27. 4-5*"2, Peutenue. T 35 = T T = T g = L T3t =4. 500,

28. 510 maH xml,

4]



2.4. IlpecOpa3opanne BLIPAKEHHH, CONEPKAIMHUX KBAAPAaTHble KOPHH

TeopernyecKHe CBENEHHA
{IpeoOpa3zoBaHHE BHIPAXEHHHA, COOSCPXKAUIUX KBaApaTHLIE KOPHH, OCHOBAHO Ha CNEIYIOLUHX mpasiiiax:

«  KBaJpaTHBIA KOPEHb H3 MPOM3BSACHHUA PaBeH MpOM3- Jab =Ja-Jb , (@20, b20)
BENEHUIO KBAIPATHHIX KOPHEH M3 COMHONKUTEENH;
# KBAIPATHBIA KOPEHL W3 Y4CTHOTO JBYX YMCEN DABEH JE = U‘E , (@20, b>0)
YACTHOMY KBaJPATHEIX KODHEH M3 ITHX YHCeNT; b b

m
« TIpd M3BJIEUEHWH KBAAPATHOIO KOPHS M3 CTENEHH Io- Jam = a1 (@20, m—uETHOEe HaTypaNbHOE
Ka3aTenk CTEeHH JeMHMTCH Ha 2. YHENO)

3
4

Hanpivep: V81-16 = V8116 =9-4=36; J5L =\E=§g=§= 2l J1024 =20 =2 =32,
ByKBCHHbIe paBeHCTBa, C TIOMOILU LD Kompblx JanHucaHbI y‘!(aaaHﬂ‘bIE l'IpaBHJTa, MOXKHO HpHMEl—lﬁTb CnpaBa Ha~

JIEBO; TOTHA OHHM BYOYT BHPAXKATH [PaBld YMHOXEHHA H OeNMEHHS KOpHEH: Ja-Jbp=VJab u % = E .

Hanpumep: v5-v45=45-45=/52-9=5.3=15.
KpomMe Tor0, BaXHO 3HATH H YMETH MPHMEHATL ellé ase (GOpPMYIE, HETOCPEICTBEHHO BEITEKAWONINE M3 OTpe-
AeneHHA apHpMeTHYECKOro KBagpaTHOTO KOPHA:

aP=a (@>0)u Ja? =|a| (¢ — moGoe uncio).

HampuMep: 2/3.J3= 2(\@)2 =2.3=6; (ﬁ—\@)? = |\E—J§| =J3-42. (3ameTHM, uTO nocneaHww Gop-
MYJTYy BAM NDHEETCH UCTIONE30BATL TOAERKO NPH BBIMOJHEHHH 338aHHIA NOBBILUIEHHOTO YPOBHS.)
PaccMOTPHM OCHOBHBE EHAB Npec0pa3oBaHH BHIPAXEHHMH, COAEMKAIMX KRAADATHLIE KOPHU.

BoiHeceHHe MHOXKHTEAS M3-N0J 3HAKA KOopHA

IIpumep 1. YIIpoOCTHM BBIpAXEHHE 45 +J45 .

Bropoe cnaraeMoe B 3Toil CyMMe MOXHO MpeoBpa3’opaTh ¢ [MOMOIIBK TIPABWIA O KODHE M3 MIPOH3BEieHUS:
J45=49-5 =95 =3/5.

Takue BRIpaXeHHA, KaK 5nu 3J§ HA3LIBAOT NoGobHbiMYu paduxaramu (¥ HHX OIUHAKOBBIE TIOOKOPEHHbIE
BhipakeHHa). K HuM NpMMEHUMO TpaBWIO TIpHMBEAeHHH MOAOGHBLIX ChaaraeMuIx: 45 +3J5 =75 . 3uauur,

45 + 35 = 745,

Baecenne MHOMHTENA NON 3HAK Kopnsg

ITpumep 2. Cpasunm uncna 2410 u 41 .
[IpencTapuM B BURe KBaapaTHOro KopHst 4yncIo 2V10 . 310 MOXHO CASTaTh, BHECA MHOXKHTEAL 2 MOA 3HAK

KODHS U BOCTIONBIOBABIUCE IPABKIOM YMHOMEHUS KODHEJ: 2410 = ¥22 .10 = /4-10 = V40 . Tak kak V40 <41 )
To 2J10 <41 .

Tlon KOpPCHB MOAHO BHOCHTE TOABKO MOMOXKHUTENBHRIH MHOXHTEND, & €CTTH MEpEA KOPHEM CTOHMT OTpHILIATCIb-
HOE YHCIO, TO 3HAK «—» TaM H JODKCH OCTATbhbCA. HaanMep:

T0 =% 10 = 310 = 0.

Ocpob0XKISHRE 0T HPPALUHOHAJBHOCTH B 3HaMeHatese Apobn, Taxoe 3agaHHe 4acTe CTABWUTEH, €C/IH
B 3HAMCHaTeNe OpoOH CONEPXATCA KBaJparHbie KODHM M 3Ty Apo0b HyXHO npeobpasopaTh B pabBHYIO ¢H ApoGSb
¢ PALMOHATLHBEIM 3HAMEHATENEM.
Hpumep 3. OcpoboauMen OT HPPALMOHAIBHOCTH B 3HAMEHATENE JPpobH -f% ,
3l
KeanpaTHEIil XKOPeHb «HCUE336T> [PH BO3BCACHHH B KBaapar. ITo3ToMy YMHOXMM YHCIMTENL H 3HAMEHATE/IL
ApodH Ha J7 . Monyanm:
3 = 3 ﬁ = 3 ﬁ = ﬂ = ﬂ
W7 T T T W T 2T T e

42
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Ilpnmep 4. OcBoboauMest OT HPPALHOHAIBHOCTH B 3HAMEHATENE APOHH

(IIpOKOMMCHTHDYITE KAXKIEIA 1IAT B 3TOH HENOYKe NMpeobpajoBaHMii.)

Hcenoas3zopanne GopMyl cOKpALIEHHONG yMuOKeHHA. [Ipumep npumeHeHua GopMyNbl pazHOCTH KRaapa-
TOB paccMOoTpeH Bhilce {cM. [Ipumep 4).

TIpumep 5. Haiaém sHauenue Boipaxenusi @ —6J5a—1 mpy a=+5+4.
Pemeune; BunoaHHM YHCAOBYIO MOACTAHOBKY M YIIPOCTHM TIONYYHBLISECH BhiDAKEHNE:

@ —6J5a—1=(5+42—6J5 - (V5+ 4 -1= (V572 +2W5-4+42 —6(J5)2 245 -1 =
=5+8/5+16-30-24Y5 _1=-10-16Y5 .

IIpumep 6. Jokaxkem, 4To V17-1242 =3-242.

Pewenue: Crocofi 1. Bocnonblyemca oifpefeneddeM  apMpMeTHUSCKOIO KBaAparTHOIO  KOPHA:
(Wa=byeb20 nb=a.
D3-22=V9-V820 ; 2) G-W2)=9-12J2+8=17-122.

Criocot 2. Beizenum B BeIPpAKCHUH 17-1242 KBaapar ABYYAeHa W BOCIIONb3YeMca HopMynoi Ja? = |aj :
171242 =32 -2-3- 22 + 2¥2)2 = 3 - 222,
J17-1242 = J3-2¥2¢ =[3-242| =3-243.

Bropoit crocob, koHewHo, TpyIHee, TAK KAk NOTpefoBANOCH ONPEICIEHHOS HCKYCCTBO NpecOpa3oBaHHMA M
Aoraaka.

TpeuupoBouHblie 3a7aHUA

3AH0AHWA BA3OBOIC YPOBHA
1. CpaBHuTe yncAa: a) 5¥2 u V32:6) 121 6/5: B) 34 u 443.

2. PacionoxMTe B MOPAIKE BO3PACTAHKMA YHCJA:
a) 5,5, ¥30; 33, 6) 43, 3V5 u 7.

Hafinute aHayeHue BRIpaxeHHsT (Ne-3—5):
3. %xy npux:\fﬁ,y:\/g.
4. 413 .42.5J26 .
3 10
g

6. BHIHCCHTC MHOXWTENb K3-TIOI 3HAKA KOPHsSl B BbIPAXCHHH 27:50-72.

wh

(24692
%

D 2 2) 2 3| 44

7. ¥npocTHTe BRIpaXEHHE

8. Kakoe U3 AaHHBIX BbIpAXEHHI HE paBHO J% ?

9. BuibepyTe BLHIpAaXGHUE, 3HAMCHHE KOTOPOTO — HPPALMOHAIBHOS YHCAO,
1) (2J3) 2) 32 3 V318 4) ??-2-
43



10. ¥npocTHTe BLIpaXkeHHE:

a) V12+5V3; 6 V18 - 542 +3; B) '.IaJ.l_;jzr; r mﬁ_ﬁs‘g'

11. a) HailauTe IUIOLAAE KBAAPATA CO CTOPOHOH J§ -1.
%) HaiinuTe miouaas NpAMOYTOIBHOIG TPEYTONEHMKA, KATEThl KOTOPOrc paBHbl (7——\5) CM M (7+J§) M.

12. OcBoGoauTeCE OT HPPALWOHANEHOCTH B 3HAMEHAaTeNe apobu:

N2 ¥5—+3
o o min-

3AJ0AHWA NOBDLIWEHHOTO YPOBHA

13. Haaure 3HaueHne BopaxeHna a2 +4a—7 npm a= 5-42.

14. YnpocTuTe BRIpaXeHUE :"E—}% —%{-}r—%.

15. Kakoe u3 umcen Sonelie: 3+ Jg HIH J§+Jg?

16. MoxaxuTe, 4To ¥21—-1243 =23 -3.

. a—Ja-2
17. Cokpature apotn: v

Peulienusa H OTBETHI

1. a) 52 <52 . Pewenue. 542 =30 <32 6) 12< 645. Pewenue. 65 =+180; 12=+144 <180 ;
B) 3W4 < 43, Pewenue. NA=36; 43 =48, J36 <Ja8. 2. a) 3V3; J30; 55; 6) 35 443,7. 3. —§-

4,520.5. 7.6, 18043.7. 1.8, 4.9, 3. 10, a) W3;6) ¥3-2J2; n)%; 1 —2.11. a) 6-25; 6) 22.

ﬁ(ﬁ+ﬁ) _JE+(5)2
12. a) V6 + 2 . Pewenue. (ﬁ-ﬁ}(ﬁ+.ﬁ)_ 33

H 3HaMeHaTeIh ApobH Ha 5 —3.13. 40-142 . Pewenue. (5—ﬁ]z+4[5—ﬁ]—7=25—10\5+2+20—4\5—-7 =

o 2
= 40— 14v2 . PEIIHTE MOXHO ¥ HHAYE, BELIENME [IOMHEI KBAIPAT B HCXONHOM BHPAXKEHUH: af +4a—7 = (@+2) -11

2 2
_ 5-d3) =[J5+43
M yXe€ B HEro mNoAcTaBUTh 3HaueHHe . 14. =2J15. Pewenue. %ﬁ%-—‘f:f = (f f)ﬁ-gfhf) =

_ (5-215+3)(5+2415+3) :*“;E:-NE. 15. V8 +J6. Pewenue. (3+J§)2=14+6~/§; (J§+J€)2:14+8J§;

2
TaK KaK 65 =180 < V192 =83, 10 3++/5 < V8+6 . 16. Ykasanue. TIpoBepbTe, YTO NMpaBas YacTb PaBeH-
cTBa GONbIE HYNA, W BoaBeAuTe eé B kBaapat. 17. —va —1. Vikazgxue. PainoxuTe BHpAXeHWE B YHCAWTENE HA
MHOXMTE/H, CHENAB 3aMeHy VJa = x .

= Jg+2 :0) 4—JE . Mkazanue. YMHOXKETE W THUCAHTEND,




§ 3. YpaBHeHus ¢ opHOH nepeMeHHOM

UT0 HANO 3HATH M YMETh:

* 3HATH U MOHMMAaTb TEPMHHBI «YPABHEHHE», «KOPEHb YPABHCHHS», CMBICH TPeOHOBAHHA «PEIMHTE YPABHE-
HHEx»;

* 3HAThH H NPUMEHSAThH AJITOPHTMbl PElIEeHHA OCHOBHRIX BHOOB YPABHEHWI ¢ ONHOW MepeMeHHOHN: peulaTrh
NHUHEeHHbIE YPABHEHHA; TIONHLIE H HEllOMHbIEC KBaaPaTHbIe YPAaBHEHHA | ypaBHeHHA BHAA (ax + b) (cx + )y = 0;
ApoOHO-PALIHOHANIPHBIE YPAaBHEHMSI, PEUIaTh LeNbie W NpobHble ypaBHEHHA, MPUMEHAA aarebpavdeckue
npeodpa3oBaHus;

¢ MNPOBOAMTH HCCNENOBAHHE JHHEWHBIX W KBAAPATHBIX YPABHCHHH, B TOM YHCAE CONSPXAHMIMX OVKBCHHBIS
KOXPPUIUEHTEI;

* MHCIIO/AB30BATh B HECTOXKHLIX CIydasdx Ipadmky QyHKUMEA Ana MccAeqoBaHus ypaBHEHHI, A NPHGNIKEH -
HOTO HAXOXICHHUA KOpHEH;

* pelaThk TCKCTOBLIE 337ayd anredOpandyecKuM MeToAOM, COCTARIAA YPABHEeHWe ¢ OAHOA NEepeMEeHHOM.

3.1. Lleanie ypaBHeHMs

TeoperHueckHe cBeleHMS

OcHOBHME NOHATHA

Onpenenenve 3HavuenHe nepeMeHHol, NPH NOACTAHOBKE KOTODPOH B YpaBHeHHE NOIYYAECTCA BepHOE
HHCAOBOE PABEHCTBO, HAZMBAETCA KODPHEM YPABHEHHA.

Hanpumep, yncno | aangerca xopHeM ypaBHeHMA x3+2x2—x —2=0, a uMcno 2 KOPHEM 3TOTO YPaBHEHHA He
ABNAeTCH. (YOSOHTECh B TOM, TOICTABHB KAXMOe U3 yKalaHHBIX YHCET B JIEBYID YacTh YPaBHEHHSI H BEIMOJIHHE
COOTBETCTBYIOIIHE BHIYHCICHHA,)

YpaBHEHHE ¢ OAHOH TIEPEMEHHOM MOXET MMETH OIHH KOPEHb, ABa KODHM, HECKONBKO KopHei, GeckoHeyHo
MHOTO KOPHeH WiH BooGIie He MMeTh KopHeil. Tak, ypapHeHMe X2 = 25 MMEET /1Ba KOPHS: dcaa 5 M —5. A ypas-
Henwe (x + 1)+ (x—2)2 =0 KopHeil He MMeeT. B caMom flesie, cyMMa KBATPATOB ABYX BBIPRXCHHH PAaBHSAETCHS HYIHO
B TOM M TOABKO B TOM cJly4ae, KOFIa 00a claraeMelx obpamarwTcd B HYIb;, OIHAKC TAKMX 3HAYCHHH X, MPH KOTo-
PHIX OAHOBPEMEHHO PABHBEI HYJIK W BhipaXeHHe (x+ 1), M BeipaxeHHe (x—2)2, He CYMIECTBYET.

OnpencneHue. ¥YpaBHEHHE ¢ OAHOH NepemMeHHoH HAIMBAKT UEihM YPABHEHHEM, €CIH 00€ ero Jacru
ABMAIOTCA HENLIME BREIPAKEHHSIMH.,

[IpHMepbl LeAMX ypaBHEHWH:

G+ D+ =3xx-2y TXoxtlay o Lo oy

X
x-1
EBIDAYKEHUE, 2 BTOPOE YpaBHEHHE BOOOINE He HBIHETCH paLMOHATBHEIM.

Bcakoe pnenoe YpaBHeHHe ¢ OAHOH NEPEeMEHHOH MOMKHO Npeodpa3loBaTe B PABHOCHILHOE €My ypaBHe-
HHe BHAa P(x) =10, tae P¢x) — MHOFOWIEH CTAHAAPTHOINO BHAA.

YpapHeHHA + % =4 1 2x =x—1 UeIEMH He ABAAIOTCA. Y MepBOT0 U3 HUX JeBasd YacTh — ApolHoe

HanoMHuM, 4Te paBHOCHALHBIMH HAILIBAIOT YPABHEHHA, HMCIOMINE OOHO H TC K€ MHOMKECTBO KOpHEil.
VpaeHeHMe MOXHO Npeo(paioBate B PABHOCHILHOS, TIONb3YACE CIASTYIONMMH MIPaBIIAMH;
* YICHL YPaBHEHHS MOXHO NEPESHOCHTR H3 OJHOH €ro YacTH B APYTYIO, MEHAA IIPH 3TOM HX 3HAKM Ha
MPOTHBOTIVIONIIbIE;
* 00¢ YacTH YpABHEHHA MOXHO YMHOXATb WM JENHThE HA OOHO H TO XK€ YHCAO, OTIHYHOE OT HYJA.

Iipumep 1. INpeobpasyem ypaeHenMe Zx (x3 — 8) =x? — l6x— 4 B ypanuenue Buga P{x) =0, rme P(x) — MHO-
TOWIEH CTaHIAPTHOTO BHUAA. JLNg 3TOro MnepeHeceém WieHhl YPABHEHMH M3 MPapoi YacTH B JIEBYID M 3areM f1peos-
pazyeM B MHOTOWIEH LENOE BHIPAXKEHME, 321IMCAHHOE B JIEBOW YacTH NOJIyYHBLRIErocd ypasHeHus. ByneM uMeTh:

2x (x3-8)-x?+ 16x+4=0, V-l —x2+16x+4=0, 2x*-x2+4=0

HanGonpiinii nokasaTenb CTEMEHH, B KOTOPOi EpeMEHHAA COMCPXUTCA B MHOTOUNeHE 2x% — xZ +4, paBeH 4,
3TO MHOTOWIEH YeTBEPTON cteneHH. [TosTomy ¥ ypasHenne 2x* — x2+ 4 =0 — 3T0 ypaBHEHHe YeTREpTOH CTene-
HM, A UIs ypaBHEHHH 4eTBEPTOH CTEMNEHM TaKOrNo BHAA €CTh CIIELMATBLHEIR AMTOPHTM pellucHUA.
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OIUMH W3 OCHOBHBIX NMPHEMOB PEIlIeHHS L&IBIX YPABHEHHI ¢ OMHON MepeMeHHON 3aKII04aeTCs B CIEIYIOLIEM:

» ypaBHCHWE NpeoGpa3oBLIBAOT B PAPHOCHILHOE ypaBHeHHe Buaa P {x) =0, rae P (x} — MHorowneH craH-
MApTHOrO BHAA; _

*  PACTIOZHAIOT BHA MOJYIMBIIETocA YPABHEHHS W [IPHMCHAKT COOTBETCTBYICLIMHA allOPHTM PELUEHHHA.

PeweHne ypagHeHWH NepecH cTeneHH

OnpeneneHuve YpaBHEHHEM NEPBOH CTENEHH HAIKMBAeTCA yYpaBHenue ax +b=0, rae a u & — npona-
BOJILHBLIE YMCAa, MpHYEM a = (.

f " . .. b
ypaBHeHIflﬁ! nepnoh CTEMNEHH € OJHOH MEPEMEHHOH BCErAd UMEeT COMHOTBEHHBLIM KOPCHL X = - .

Ipamep 2. PelunnM ypaBHEHME §= 1+ -235.
[Mpexne Bcero W3GaBUMCA oT NpoOHBIX K03( hunueHToB. (Benb onepupoBars ¢ LEABIMU YUCIAMU TIPOINE, YEM
¢ ApoOHBIMH!) Jns 3Toro yMHOXMM 00e 4acTH YpaBHEeHHS HAd HaWMeHbiuee obulee kpaTHOE 3HaMeHaTteneld npo-

Ge, T. e, Ha 12, ToNnyuum:
§-12:(1+2;)-12, Ix=12+8x, =Sx=12, x=-24.
{OOBLACHHTE KaXIBIA AT B LUSMOYKe NMpeodpaioBaHHi ypaBHEHWA.)

Ipumep 3. ano ypaBHeHue x3 +d4=x+ m, The x — NepeMeHHan, M — HeKoTopoe yucno. INpH kaxux 3Ha-
YeHHAX m ypaBHEHUE UMEeT MONOXHTSIBHBIH KOpeHb!
CrpynnupyeM unedsl, cOAEpPXallMe NMepeMeHHYIO x, B JIEROH YACTH YpaBHEHHS, a CBOOOIHBE WICHBI Iepe-
HeCEM B [papyro 4acTe, [ogayvyum:
xﬁ—x=m—4, x(\/g—l):m—él, x= —"%_—4]-
-

—4 -4
Tak kKak 3 > 1, To 3HaMcHATEIbL OpodH i,”3——] MONOXMUTEIEH. A 3HAYHT, Npolhb %—] OVIET MONOXHUTEIbBHA
W= -

B TOM H TOIbBKO B TOM CAYYAae, KOIMa BBIIIOIHASTCA YCJIOBHE M —4 3"0, T. €. TIPH m>4,
OTBET: VPAaBHEHHE HMEET MOMOKHTETLHBIA KOpEHs [IPA nbom m >4,

¥paBHeHHe NepBOi CTEIIEHH OTHOCHTCA K TAK HA3LIBAEMBIM JMUHEHHEM VYpasnerusim. JINHEHHBIM YPABHEHH -
€M ¢ OAHOM NepeMenHOH Ha3hIBAT YpaBHeHMe BHIA ax+ b=0, rae 4 v & — mobble YuCHA.

Ecaim a=0 w H =0, To nMHeiHOE ypaBHEHHE He MMeeT KopHei. Hanpumep, He MMeeT kopHei ypaBHeHHe
Ox+6=0. B camoM nene, npd 11060M X JCBasg YacTh paBHa b, a B [MpaBoi 4acTH cToMT 0.

Ecmm a=10 v =1, ToO KOpHEM NMHEHHOrD YpaBHEHMH SBIAAETCH MOGOE YMLMD.

Ecad a# 0, TO ypaBHEHME UMCCT CAMHCTBCHHBIA KOPEHB, paBHEIA -—% .

PeweHne KBAAPATHMX YPaBHEHHRA

OnpeacncHuc. KpaaparupiM ypaBHeHHeM Ha3BIBAETCA VpaBHEHHE BHAA axl+bx+c, TAe @, b H ¢ —
nPoMIBOLHLIE YUCTa, npuuém g = 0.

Uncna a, b u ¢ — 370 x03thPHMUHEHTE] KBAAPATHOIO YPaBHEeHHA; YHCIO @ HAIRIBAIOT NMEPBRIM (ITH CTAPIUHM)
koatpunueHToM, b — BTOpEIM KO3 (hOHUHEHTOM, ¢ — CBOGOIHBEIM WieHoM. KbafdpaTHoe yYpaBHCHME, NCPBLIA KO-
3¢dULHEeHT KOTOpOro paBeH |, Ha3bIBAWOT ApugedéHuoim, TIpnBeléHHOEe KBaapaTHOe YpaBHeHME B oblieM BHIe
MIPHHATO 3aMUCLIBATE TaK: x2 + px +g= ().

s KBaIpaTHOrC YPAaBHEHHA CYLUSCTRYET GopmMyda KopHed.

x= :bja‘w , e D=b— 4ac.

CyuwiecTBoBaHKME KOpHEi yparHeaks axZ+bx+ ¢ =0 W HX YUCIO 3aBHCHT OT 3HAKa Bhlpaxkenua D=5 —dac
{er0 HA3BIBAIOT QUCKPUMUHAHIMOM KBALPATHOTO YPaBHCHuA):

ecan D> 0, 70 ypannenHe MMeeT BA KOPHA;

ecn D=0, To YparHeHHe HMeeT OOHH KOpeHb;

ecaH D <0, To ypagHeHHe KOpHEH HE MMeEeT.

[MpK peUrHHH KBAaIpParHOTO YPaBHEHHMA OGBbIYHO CHaM@la BBIYMCIAIOT OMCKPHMHHAHT H CPaBHUBAIOT €ro
¢ ayaéM. [locne 3Toro AHOO HAxXOOAT KOPHH, AHOO JEMA0T BLIBQI 00 MX OTCYTCTBHH.

Ilpumep 4. Pciiuym yparHeHne 0,2(2x—1)=0,3x2 -0, 1x.
NpecbpaizyeM JaHHOe ypasHeHUE B pABHOCHIABHOE YPABHEHME Buua axi+ bx+e=0:

202x— 1) =3x1-x, 4x-2-3x +x=0, A2+ 5% -2=0, 3x2-5x+2=0.
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Hajiném muckpuMuHanT: D=52-4.3.2=1>0. (1o dopMyne KopHe# Monyunm:

x= S—J‘fﬁ‘-ﬁ = 5:!_; x=1; 2= x.

OTBeT X, =1; x;= %

O6patiTe BHMMaHKe. 9ToOEl M30aBUTLCA OT Apobeil, Mbl YMHOXMAM 00 4acTu yYpPaBHCHMA Ha 10 (MomHuTe,
YTO BHIYHCAEHHA C LIEAbIMU YHCIAMHE TIPOILE, Y€M ¢ IpoBHBIMM). KpoMe Toro, oAyYHB ypasHeHne —3x2+5x - 2=10,
MBI TIOMCHSUTH 3HaKH BCCX ¢TI0 WICHOB HA NPOTHBONOMOXKHEIE, COBCTYCM NOCTYIATEH TAK BCETAA, SCNH IIPHXOAHT-
€Al pelaThk YPABHEHHE ¢ OTPHLATSIBHBIM TIEPBbIM KO3gWDUIIUEHTOM.

Ecnu propofi koadUIIMEHT KBAAPATHOTO YDARHEHHH ARIACTCH HETHBLIM YMCIOM, A TAKXKE B APYIHX CAy4YasXx,
Koraa koaddHuHeHT b yooOHO NpedcTaBATE B BHAE 2k, YEOOHO NMOMb30BATHCA HOPMYITON:

-Eiu"ﬁ 1
x=—"1——;me D= [g] - ac,

Bripaxenne D — 310 cokpauénnniil Quckpumunanm. TIOHATHO, UTO YpaBHEHHME UMEET KOpHH, ecnn D, 20,
U HE MMeeT KopHer, ecu D, < 0.

Tpumep 5. BIACHHM, MMEET K KOPHM ypaBHeHue X2+ 2xV3 + 14=—4x.
IMpuBeas ypaBHEHME K CTAHOAPTHOMY BHIY, ITONYUHM!

x14+2(f3 +2)+14=0, D=(¥3 +22-14=3+43 +4-14=43-7.

OnpenenuM 3HaK pasHOCTH 43 -7

443 - 7= 48 -J49 <0.

OTBEET. ypaBHEHHE KOPHEH HE HMECT.

Jw6oe KBaapaTHOE YPABHEHHE MOXKHO PELIHTH, BOCTIONB3OBABIUKCE (hopMynoil kopHel, OnHako B psie ciy-
YaeB 3TO YAAETCA coenarh ¢ MOMOUbly BOoMee MPOCThix MPHEMOB. DTO NpPEXiAe BCETO OTHOCHTCH K TaK HA3bIBag-
MBIM HEHOAMbIM KEaOpAmHbiM YDAGHEHUAM,

OnpengeneHue, Knagparuoe ypaBHEHHE HAILIBAELTCHA HENOAHBIM, caHM XOoTA On1 oaMH #H3 K03dduINK-
€HTOB b H ¢ paBeH HY.IW.

Henoanoe xpaapaTHoe ypaBHenne puaa ax? + bx = ) pelraoT myTéM pasiokeHHs ero JeBoil YaCcTH Ha
mHOxuTeaM. OHO Brerga MMeeT ABA KOPHA, NPAYEM OJUH H3 KOPHEH paBeH HYmo.

TIpnmep 6. Pelinm ypasueHue 5x2+2x=0.
BriHeceM B JIEBOH YACTH YPABHEHMSA X 33 CKOOKE, nonydum: x(5x + 2) =0. PaBeHCTBO HYIO NPOM3BCAEHMIH
X(3x + 2) o3HauacT, uto x=0 wnu 5x+2=0, T.e. x,=0, x,=-0,4.

Henoanoe KBaapaTHoe ypasHeHle Buaa ax’+ ¢ = 0 aubo ne wmeer xopHeii, 1n60 HMeeT ABa KoOpHs,
KOTOPLIE ARISAOTCA NPOTHBOINIOKHBIMH THCTIAMH,

[Ipumep 7. Peunm ypasHenmust 2x2 — 10 =0 u 2x? + 10=0. [TpcobpasycM Mepboe ypaBHEHHE CREIyOLIKM 06-

pazoMm: 2x?=10, x2=5; OHO HMEET IBA KODHA: x=—~5, x;= J-S- BHINMOIHHE aHAMOTHYHBIE IpeoOpa3oBaHHA
BTOPOTD YpaBHEHWH, TIONYYHM YPaBHEHHME X2=-5, KOTOpOE KOpPHEH HE WMEET.

Mexay KoadbHlUHEHTOM NIPHBEIEHHOTO KBAAPATHOTO YDaBHEHHA x2+px + g =0 1 €ro KopHAMM CyLIECTBYIOT
CBfI3HM, KOTOPBIC BRIPAXAIOTCS meopemoi Buema: :

CyMMa KOpHeil npHPeIEHHOIC KBAAPATHOrG YPaBHCHHA PABHA BTOpoMYy Koaxdypmumenry, BIATOMY
¢ OPOTHROMOVIOKHBIM 3HAKOM, A NPOH3BEICHHE KOpHeHd PaBHO CBOGOANOMY WIEHY.

ITO 3aITHCHIBAETCH TAK: X, + X, =—P, X| X, =4.

dopmynel BueTa mo3pondioT, He pelas ypaBHEHUE, NOJYYUTE HEKOTOPYI0 HHPOPMALMIO O ere KopHax. Boss-
MéM, HanpumMep, ypaBHeHHe xI—3x— | =0. Tak kak ¢< 0, To £>{, a 3HA4UT, ypaBHEHHC UMCCT ABa KopH4, ITo
teopeme Bueta: x, +x,=3, x,:x,=—1. Tak Kak npousBeaeHHe KOPHEH OTPHIATENLHO, TO OHM MMEICT pa3Hbie
3HaKH. A H3 TOro, 9TO CYMMa KOpPHeH MHOMOXKHTENbHA, C/ACHEVET, UTO YV MOJOXHTEIBEHOMD KODHA MOOYRb HOALINC.
Paccyxas Takum o6pazoM, BAKHO HE OIIMOMTECH, TAK, K KBAIPATHOMY VpaBHeHHMIO X2 — 5x + 14 = 0 nomoGHoe
PACcCYyXIEHHE HE NPUMEHKMMO, Jle1io B TOM, UTQ y 3TOTO YPABHEHHUA OTPHLIATENBHEIA AKCKPHMUHAHT U KOPHEH OHO
HE HMEeT.

CrnipaseinBa TakKe Teopema, obpaTtHasa TeopeMe Bruera:
Ecan 4yucna m » 12 TAKOBBI, STO m+nr=—p, & mir=¢, TO ITH THCIA ABIAIOTCA KOPHAMH YPABHEHHSA
x2+px+g=40,
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ChopMynupoBadHoe YTBepXIeHHE NMO3IBONAET B NPOCTHIX CAYUYAAX HAXOAWTH KOPHH KBaNpaTHOMC YPABHCHHA
nonBopoM. BozbMEM, HanpuMep, ypaBHeHKE X2 +x — 6 =0 U noabepémM ero KopHHU, KOpHAMU NO/DKHE! BbITE YKC-
na, ¢yMMa KOTopbix paBHa —1, a npousmpeaeHwe pasHo —6. Jlerxko ccoGpasuts, 4TOo 3To -3 M 2. B caMoM
pene, —3+2=-1u-3-2=-6.

Ipumep 8. INpu KaKMx LedbiX 3HaveHUsx Ko3(hhULKeHTa g YPABHEHHKE X2 + px + |15 =0 MMeeT ueidble KopHu?
C noMoUlsH nepefopa HaWAEM BCEROIMOXKHBIE NAPhl TAKWX LUEILIX YHCEN, IPOH3BEIEHHE KOTOPHIX paBHO 15,
TTonyuum:
Il 3us -1wnw-=15-3u-5
[ns kaxnoil napbl HARAEM cOOTBETCTBYIOWIEE 3HayeHWe KoadbuuuerTta p. Tak xak p=-(x, + xy), TO noay-
yaeM 9ucaa; —16; —8; 16; 8.
OTBeT: ypaBHeHKe X2+ px + 15=0 UMeeT Uenble KopHU OpH p=-16; —8§; 16; 8.

PeweHne YeNWX ypaBHEHHH METOROM BBEAEHHA HOBOH NEPEMEHHOH

HekoTopbie LeNbie YPaBHEHMA TpeTheil M 4eTBEPTOH cTencHU YOaéTCA PELIMTh ¢ TMOMOILBID [ONCTAHORKH,
KOTOPasA NO3BONACT MEPETH K YPABHEHMIO, cTeeHs KOTOPOTO HUKe. TAK 06CTONT OeN0 ¢ dukeadpamuoim ypae-
HEMUEM.

OnpeaeneHve, BARKBaZpaTHBIM ypaBHEeHHEM HA3BIBAIOT ypaBHenuwe puia axi+bx2+c=0, mme a, b u
¢ — mobe uneaa n g =0, TlpucrtaBka «Ou-» yKasblBaeT Ha TO, YTO TAKGe YPABHEHHE ABMACTCS KBAMpaTHBIM
OTHOCHTENIBHO X7,

TIpumep 9. PeluuM ypasHenue 2x% — Ox? +4 =0,
Obosvauny x? OykBoOil p, T. €. BOCNONB3IVEMCS MMOACTAHOBKOH y=x?2. [lonyydm KRagpaTHOE YypaBHEHHE

2y2 — 9y +4=0. KopHH 3TOr0 ypaBHeHUA ¥, =4 1 y,= . Teleps HALC PelUNTL ABA KBAAPATHLIX ypaBHerud x? =4

n_V2

]
2
H x2= M3 ypapHenus x?=4 wuaxoumm x, =2 M Xx,=-2; U3 ypaBHEHWs XxI= HAXO, = f=
[ 2 : yp MM X3 = 5 =5

u|‘,f;] o] —

x4:—\g=—?. Mtak, ypasHenme 2x* — 9x2 + 4 =0 UMeeT YeThpe KopHA: +2 ¥ +

Jna GMKBAIPaTHOTC YpPaBHEHMA MOACTAHOBKA ¥ =x? NOACKAIBIBAETCH CAMMM e€ro BMAOM, B apyrux cayuasx
HAWTH NOAXCIAWYI NOICTAHOBKY ObIBACT CUIOAHCE.

IIpumep 10. PeuuyM ypabHenue (x2+x+ 1) (x24+x+3)=15.

Y1obbl CBECTH YpAaBHEHHE K DOnee npOCTOMY, MOXHO BOCTIQNb3OBATBCA Pa3HBIMM NMOACTAHOBKaMH. Mkbl BBe-
Aém obo3nayermne: x2+x+ 1=y, Torna x2+x+ 3=y+ 2. TonyyaeM ypaBHEHWE C MePEMEHHOH y: y (¥ +2) =15,
YV+2y-15=0,y,=-5 y,=3.

Hdatee Hano pelMTh ORA YPaBHEHHA (¢ NepeMeHHol x): x2+x+1=15 n x2 4+ x+ |1 = 3. MNeproe ypaBHEHHE
KOPHCH HC MMCET; KOPHAMH BTOPOTO YPaBHEHNS ABNAIOTCA yuena —2 u 1. McxonHoe ypaBHCHHE MMEET 1Ba KOPHA:
-2ul

PeweHHe ueAbix ypaBpHeHHH C NOMOWLIC Pa3fIKEHHA HA MHOXHTENH

PaccMaTpuBaeMbtil IpHEM ocioBad ua cnenyowem yreepxkieHnn: Iponzsenenne neyx n Gomee MHOro4-
JIEHOB PABHO HY/0 NMPH TEX H TONBKO TE€X IHAYCHMAX NEPEMEHHONH, MPH KOTOPLIX XOTH Gl OOHH H3 MHO-
KHTENeH paBeH HYIW.

Ipumep 11. PcoiuM yparHeHHe (x2—4) {(x2— 35x+6) =0.

Pamenctso uymo nponseesenns (xX—4){x?— Sx+6) osHayaeT, yTo x2—4=0 unn x2 - Sx+6=0. UcxomHoe
ypablieHHe pacnatock Ha ABA KBaZPaTHBIX YpaBHEHMA. PelilMM Kaxnoe W3 HHX:

Dxl-4=0;x1=4, x,=-2, x,=2;

) x-5x+6=0, x,=2, x,=3.

OtpeT -2; 2} 3.

Tlpumep 12. Penium ypabHeHHe (3 — 2x) (6x — 1) = {2x -~ 3)2,

Ecni nepenectu BripakeHue (2x — 3} B Nesyo 4acTh YPABHCHMA, PACKPBITE CKOOKW U OPUBCCTH OONODHBLIC
YWieHBl, TO NMOIYYHTCA KBAAPATHOE YPAaBHEHHE, a JANee MOXHO DYIeT BOCMONB30BATLCA M3BECTHON (Gropmynoil,
(AHaKO ecTb MEHee rPOMOIIKHH TMyTh PEIUElHA, B OCHOBE KOTOPOIO — PasNOXeHHE 1Ha MHOXMTENU H YCIOBHE
PABEHCTEA HYMIO NMPpOH3BeaeHUA. PazfepuTe NpuBeAfHHOE HHXe PEUIEHHE M MPOKOMMEHTHPYHTE €10 LATH!

(3-2x)(x—1)—(3—2x)2=0Q, GB-2x)(6x—1- 3-2xn=0,
(3-2xpibx—1-3+2x)=0, 3-2)(8x-4)=0,
I-2x=0 um 8x-4=0, x,=15wmx,=0,5.
Oreet; 1,5; 0,5
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IIpumep 13. Pemyim vpapHeHHe 2x3 —x2 —8x+4=10.
Paznokum Ha MHOXMTENW MHOIMOYIEH B N€BOHA YacTH ypaBHeHH#A. 1 3TOI0 BOCTIONB3YEMCH ¢nocoboM rpyn-
[IMPOBKH:
20— x2=Bx+4=x2(2x= 1) =4(2x - )= (2x =1} (x2=4) = (2x = 1) (x =2} (x + 2).
Tenept HYXKHO PEIIHATE ypaBHeHHE (2x— 1) (x— 2} (x + 2y =1.
Hoseanre pemenue A0 KOHLA CaMOCTOSTENLHO.

OTBeT: 5 ;25 2
IIpumep 14. Pewunm ypaenenme x? — 25x2+ 60x — 36=10.

HEBYIO YACTbh YPaBHCHHA MOXHO PaiNQXHWTh HA MHOXKHTENH, NTPEICTABHE eé B BHOE Pa3HeCTH KBAApPAaToB:

— {252 - 60x+36) =0, (xXD2-(5x—-6)2=0, (2—5x+6)(x2+5x-6)=0.
Joseayre pelieHUe A0 KOHLE CAMOCTOMTENLHO.
Orteet: =6; |; 2; 3.

TpenupoBouHbIC 3a0aAHNA

3A0AHWA BA3OBOIro YPOBHA

1. Kakoe 13 uncen He ABAsieTcs KOPHEM ypaBHeHMS x° — dx? + x + 6=0?
133 2) 2 Y| 4y —1
2. Petunteé ypaBHeHHS!

a) 5 -3x+D=4-5;  6)02x- D=6-04(x+2; ) T-3=-3.

3. Kakoe H3 ypaBHeHMt He HMeeT KopHei?

D x2+3x+1=0 N x2+2x-3=0
Dx24+2x+1=0 Hx2+x+3=0
4, YcTaHoBMTE COOTBETCTBHE MEXKIY YPaBHECHHEM M YHMC/IOM €T0 KODHeit:
A x2+2x+5=0 1) oMMH KOpPEHb
B. 25x2-10x+1=0 2) aBa KOpHH
B. 12x'+x-6=0 3) xopHeit Her
I X2 +14x+49=0
Pemrute ypapHeHHe (No 5, 6):
5. a) 3x*-3x-2=0 ) x2-4x-12=10;
6) 3Ix*+8x-3=0; I) §x1+x—6=0.
B) 2x1-2x-1=10;
6. a)Ix+xi=0; B) 2x? —
6) x2-21=0; r) %x3—12=0.
7. Kaxnoe ypapHeHHe CODTHECHTE ¢ MHOXECTBOM €ro KOpHel.
‘YpaBHeHHE MHOXKECTBO KOpHEH YpaBHeHHA
A x1=2x Y0 u-2
b. x2=-2x 2)0u2
B.x1-4=0 H2n-2
&. Kakoe M3 HaHHBLIX YPABHCHHH WMEET KODHH, DABHbIS X, = —2% , X, =12
1) 3x2+4x+7=0 3) 3xZ+4x-7=0
2) 3x2-4x-7=0 4) 3x2-d4x+7=10
9. Kakoe 13 clegyloiux YPaBHCHWIH HMEET MPPALIMOHARBHBIC KOPHH?
1) x2-3x-4=10 3) x2—4x+5=0
2) xt-4x-3=0 4) x1-4x+4=0

10, Hanaute xopHH ypaBHeHus (2x+9)5-x)=0
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3AlAHHA NOBBLIWEHHOIO YPOBHA

11. BLisicHHTe, HMeeT A KOPHH ypaBHeHHe x2 +2xy/5+4x=-18.
12. IIpH KaKMX 3HAYEHHSX p ypaBHeHUe x? + px + 4 =0 uMeeT Jra xKopHA?

13. 3amuniute B 061HeM BUAE YpaBHEHHE, KOPHAMM KOTOPOTO SRIAIOTCS: 8) NPOTHBOIIONOXHEBIE Yicaa; §) B3a-
MMHO 0OOpPATHEIE YHCHA.

14. HaflzuTe KOpHM ypaBHenns 2x*—17x2-9=10,

Peminre ypaBHeHMe (INe 15—17):

15. (3x—4) = (4-3x)5x-2).

16. x3—6x2—-4x+24=0.

17, (4x* = 2x+ 1) (2x +1)=8(x? - 1}(x - 2}.

8. BuISICHHTE, HMEET 1M KOPHU YDABHEHHE Xx—6Jx -27=0, ¥ ecau Za, TO HANOHTE WX,

19. Peurnte ypapHenue (x2 —3x)(x? —3x—8)=20.

Pelnenus M OTBRETHI

1. 3.2.2) 2,5 6) % 8) 10. 3. 4. 4. A3, BL, B2, [L. 5. 9)-0.41;6) =3 L: n ‘;2‘?’-; ‘*f 1) 6 -2 M) 3;
6. 6. a) 0; -3; 6) 21, —21; 8) 2, -2, 1) 6; -6. 7. A2, B, B3. 8. 3. 9, 2. 10. x,=5, x,=—4,5. 11. Kopuen
HeT. 12. pe(—oo;—4]U(4;+oo). Pewenye. YpaBHeHMEe MMEET J1Ba KOPHA, ecim D >0; D=p?—-4.4=p2_16>0
mpn pE4 m ps—4.13.8) X-mi=0;6) x2— "t xi1-0, m=0. 14. x,=3, x,=-3. 15. 215 16, =2;

m

2, 6. Pewenue. PaznoXHM Ha MHOXMTENH NEBYK) MACTh YPABHEHHUs, NOMYYHM: x2(x—6)—4x-6)=0, Te.
(x—-6){x? - =0, x-6=0 wmn x2—4=0. 3Ha4YHT, ypaABHEHHE MMEET KopHu: —2; 2; 6. 17, %; —li. 18. Hme-

er, x=8l. Yiasanue. Bocnonwsyiitece moactaHopxoil y=+vx. 19. 1; 2; -2, 5. Pewenue. Bpeném 3aMeHy
x?=3x=y, mony4nM y (¥ —8)=20. KopHHU 3TOr0 ypaBH¢HUS: ¥, =-2, y,= 1{). BepHYBIIMCE K MEPEMCHHOM X,
nonyyuM ABa ypaBHeHus: x2- 3x=-2, x?-3x=10, win x2-3x+2=0, x2—3x— 10 =0. Kopuu nepeoro 1 n 2,
KOpHH BTODOIO —2 H 5.

3.2. JpoOHO-palHOHAIBHBIE YPABHEHHUS
Teopernueckue ceaeHUs

Pewenne Gpo6GHO-PAYHOHANBHOTO YPABHEHMA NYTEM NPHBEAEHHA K L@ADMY BHOY

Ecan ofe vactu ypasHeHMS — pPallHOHATBHLIE BHIPAXKEHMS W Cpely WIEHOB YPaRHEHM: ecTh ApoBH ¢ nepe-
MCHHOH B 3HAMEHATeNle, TO TAKOC YPABHEHME HA3BIBAT APOOHO-PANMOHANLHLIM Ypasnenmem. Hanpumep,

x 6 xt-x  x+1

YpaBHEHME — + — =
AepKHT ApOGH, HO ¥ ITHX APoDeH YMCAOBLIE 3HAMEHATENH, MO3ITOMY 3TO YPABHEHHE ABAASTCA LENBIM.

[TPHHUMNHANBHOH OCOOEHHOCTLIO APOOHO-PAITMOHATBHOTO YPABHEHHS SBNAESTCA TO, YTO TIPH ero PellicHHH
MOTYT [IOABHTLCA TAK HA3HIBACMbIE NOCTOpoHNHE Kopun, HoaToMmy pemedne apo0HO-paLMOHAABHOTD YPaBHEHHS
B KauecTse 00A3ATENLHOTO ATa JOJDKHO CONEpXAaTh NPOBEpKY TOTO, HET JIH Cpelu HaHISHHBIX YHCEN MOCTOPOH-
HUX KOpHel.

AMTOPUTM PELIEHNA APOOHO-PALIMOHATBHONO YPABHEHHS NYTEM NPHMBEACHHA YPABHEHHMS K IIE/IOMY BMAY:

* HaxomdaT oOWMHA 3HaMeHAaTens OpoGeil, BXOAAIUNX B YPABHEHHE,

= YMHOXAaT 00e YacTH YpaBHEeHWA Ha OGUIMHA 3HAMEHATeNb,

* DPEWAIDT MOJIYYHUBLLIECCA LIEIOE YDPAaBHEHHE;

*  [ONCTAB/IOT KAKIBIH KOPEHL LGNOIO YPABHEHHA B oOwmil sHaMeHaTenb Opobeit; ecnd 3HaMeHarTenbs 06-

paulacTcsd B H¥Ib, TO KOPEHbL OTOPACHIBAIOT.

=4 — ppofHo-pallnoHansHoe. O6paTUTE BHUMAHME: YPAaBHEHUE =1 TOXE CO-



x+2 Ix _ 2
x-5 (1-D(x-% x-2
(x-5){x-2). VmMHOoXUM o6e uyacTH ypaBHEHHA Ha (x — 3) (x - 2); momyymm ypaBHeHue: (x+2){x-2)-3x=
=2(x ~ 5). Tlocne npeoGpasoBaHMil IONYYMM KBanpaTHOE VPaBHeHME: X2 — S5x + 6 =0. Ero KOpHM: X, =2, x,=3.
ITpH x =2 aHameHarenb (x-3) (x—2)=0, 1. e, yncio 2 — NocTopoHHWH KopeHb. [Mpu x =3 3Hamenarens He
PABEH HYAK, T. €. YHCHO 3 He ABAACTCA MOCTOPOHHHM KODHEM.
OTtBeT: 3.

IIpumep 1. Pemum ypasHeHue . O6nH 3HaMeHaTens apobeil — npou3penetue

Pewenne Apo6HO-PAUMOHANEHOrO YPABHEHHA Ha OCHOBE YCNOBHMA PABEHCTBA APOSH HYMIO

Jl1060e ApoGHO-paLMOHAIbHOE YPABHEHHE MOXHO 3AMEHUTh PABHOCHIBHBIM YPABHEHHEM BHAA % =0, e
X
£ (x) 1 Q (x) — nuenbie BBIPAXKCHHA. A 3TOMY YPaBHEHHIO YOORIETBOPSIOT TE it TONBKO T€ 3HAYMEHHH TIEDEMEH-

P{x)=1,
Q{x)y=0.
OTC10fa BBITEKAET CACSAYIOLHMIA ANrOPHTM PElieHHA IPOBHO-PALMOHANEHOTO YPaBHEHMS:
* TIEPEHOCAT BCe WIeHH YPABHEHHS B JIEBYIO YACTE!

HOH X, IpH xotopeiX £ (x)=0 1 @ (x)#0, T. e. OHO PABHOCWIIBHO CHCTEME {

» 1Ipeobpa3yioT MEBYI0 YACTh YPABHECHUS B HpOo6h, T. €. IPEICTABISIOT HCXOAHOE YpaBHEHHE B BUAS -g-((f))- =0,
. X
roe P (x) u O (x) — ueable BhIpAKEHUA:
s pewawT ypasBHeHue P (x)=10;
* U KAXIOTO K3 HAWAeHHBIX KopHeH ypaBHermsi P (x) =0 npoBepdAioT BuINONHEHHE YCIOBHA O (x) =0
W OTOpaceIBaOT Te 4YKMCia, ARS KOTOPBIX 3TO VCIOBHE He BLINMO;THAESTCH.

4 x-1 _ 2 Plx) _
TIpamep 2. PelnuM ypaBHEHHE ys e ke v sl S [Mpencrasum ypasHeHHE B BUAe 0 \
4 5 R 4x - (x-DEx-D-2xQx+D _ 4
Qx-D2x+1) x2x+1) 2x-1_ ~° x{2x-D(2x+1) ’
) —6x? + 5x— 1 _ : 6x2_Sx+1 -
x2x -1 2x+1) Y x{2x-D{2x+ 1
PemuB ypasuenme 6x? - 5x + 1 =0, naliném, yro x| = %, X, =; .Tlpu x= ; ycnoBHe x {(2x - 1) (2x+ 1) =0 He

BEIMTOJIHHETCHA.
1
OTBeT: 3

3aMEeTHM, 4TO DACCMOTPEHHBIE AITOPHTME pelieHHA APOOHO-PALIMOHANBHBLX YPABHEHHHA BECbMA CXOJHbI, Bbi-
TIOJIHAEMAsE TeXHUYeckKasa paboTa MpakTHYeckW 0FHa ¥ Ta ke, IToaroMy ocoBnIx IpeHMyIlecTB KaKoi-nubdo U3 HUX

HE MMEeT.

TperupoBouHbIE 3aAaHHA

3A0AHUA BA3OBOIQ YPOBHA

Jx—1Hx+2) _na

l. Kakue 13 yucen -2; -1; 1; 2 He SBRNAIOTCH KOPHAMH YPABRHEHMS D

2. g Kaxaoro ypasHEHHA W3 NEepBOR CrpoOKY YKAXUTE MHOXECTHO £ro KOpHeil BO BTOPOH CTpOKe.

{x—24x~=-3) _ (x=2)x=3) _ {(x=2){x=3) _
AT 0 B0 B> =¢
1)-2;2;3 2)2;-3; 3 3)2; 3 4) 2 5) 3

Pewinte ypasHeHue (Ne 3—7):

2 _g. 1.3

3. a) x+?—8, 6) x =3
x—1_ 3 . x _ 3
4.a) X5 x-1" 6) 2x-3  x

5l



1 1

4 4 _ 1. =
5. 2) x-1_x_+’1'_l’ 6) Ix-1 2x+1

X2 -lex+4 _ o, x2-6x-7 _
6. a) 2x— 4 =0; )x2+12x+11

Ly % 4a=0; 1. 7. -18
T.8) —+ +4=0; 6) ——— .

3A0AHUA NOBLIWEHHONO YPOBHA
Pewnute ypaBHeHHe (MNe 8—I12):

[ 2 3 1__ 3 I
8. a) ;+x+]_x[x+l)’ 6) X x(x+l)+x+] 0.
X+ 3 x _ 50 2 X _ 4
9. a) F"s+'x+5_x1—25’ 6) IcZede+l x+1 3x+1°
' 1 x+18 | 2 11x=9
10. a) 1_2—3:_5::2—21]’ 6) 3—x+2x2—18_l
6 12

1. ——— =

1
x2-2x xI+2x x’

].2- ;i_—l+x2=5

PemieHMst H OTBETHI

$3._43

1.-1;2.2. A5, B4, B3.3.2) 2,66 -1;2. 4. -2 7,6 3.5. 2 % -3 6 3;-2.6.2) 2,6 7.

7. a} l; ~%; 6} '5; %. 8. a) E; 6) 1; -2.9.a) 2,5, 6) —%. 10. a) -2,8; 6) —12- 11. 4; —10. Pzruerue. YMHOXHM

obe yacTH ypaBHeHMH Ha 001MiA IHaMeHaTens apobeit x (x — 2) (x + 2), nony4um ypaeHenue 6 {(x+ 2} - 12 (x-2) =
= x2 - 4, [locne npeobpaloBaHHil ypaRHeHUe NpUMeT BUR x? +6x —40 = 0. KopHH ypaBHeHus 4 u —10. Hu onHo
M3 3TMX YUCES He oOpalllaeT B HylbL aHaMeHaTenb x (x — 2} (x + 1), aHauuT, nocTopoHuux kopHeit ver, 12, -2; 0; 2,
Viazanue. HyxHo cIenaTs 3ameHy, Hanpumep, x? =1.

3.3. I'padmyaeckuit cnocod pemeHns ypaBHEHHM ¢ OXHOM HEPEeMEHHOH

Teoperueckue cBe/ICHAN

I'padbiieckie NpeacTaRNeHHS YACTO MO3BONAIT CASNATE HEKOTOPHIE KAUECTBEHHEIE 3aKTHOUCHMA O KOPHSX
YPABHEHHWH: MPOBEPHTE HAIMYHE KODHEWN; ONPEIeIHTE UX YHCIO; YKA3aTh NPOMEKYTOK, KOTOPOMY IIPHHALIEKAT
KOpHH; HafTH ¢ HEBLICOKOH TOYHOCTBIO NPUONHXEHHEIE 3HAYCHHA KOPHel, a HHOTIA JaXe HAHTH TOYHOE 3Haue-
' HHE KOPHHA.

Jna toro uyroGel rpatdhHuyeckHM cnocoGoM HANTH KODHH ypaBHEHHA
BHIa [ (x} =g (x), HykHo!

. B ONHOH W TOH Xe CHCTeMe KOOPIMHAT MOCTPOMTH rpadukn hyHK-
uai y=F (x} u y=g (x);
. HafiTH abclMcch TouYeK TepeceueHHs rpagpHKoB.

1
1
4
1
4
1
4
A
1
4
I
d
1
..

[pumep 1. Peummm npubamxEnno  rpaduueckd  ypaBHeHHe
X+05x-4=0.

3anuuesM JaHHoe ypasHeHHe B BHAE Xx° = —0,5x + 4. [IocTPOHM B OTHON
M TOW Xe cucTeme Koopauuar rpacdhukd yukuuit y = x> 1 y=-0,5x+4
(puc. 3.1).

Ipacduku nepecexaloTcA B OJHOI TOYKe, 3HAYMT, YPABHEHME HMMEET
eIHHCTBEHHHMH KOopeHb. AGCLHCCA TOUKH NEPECEYEeHHA, T. €. KOPEHb YpaB-
HEHUA, HAXOIHTCA B NMPOMEXYTKe Mexny uncaamv 1 u 2. A no rpaduky
BHOHO, 9TO OH NPHOAW¥EHHO paBeH 1,3,

OTrBeT: X = 1,5,




d
|

Ilpumep 2. BeisicHpM, CKOMBEKO KOPHEH MMeeT YPaBHEHHE

4
—=6-x7,
X

PO RPN S SRy T N /I U SNt S TR A O O JOO S

[
P [ P [
[ R

[
SR R TR N R SO |

[MocTpormM B OTHOH M TOI XKe CUCTEME KOOPIHHAT rpapuku dyHk-

, 4
LUHH y= P H y=6-x2 (pue. 3.2). K3 puHcyuka BHAHO, 4YTO rpauxku
nepecekawTed B Tpéx Toukax., CrnenoBaTensHo, ypaBHEHHME HMeEET
3 kopHA.

OTBeT TpH KOpHA.

b

PucyHok w3 npumepa 2 no3eonser coelaTh W OPYTHE BBIBOObI
O KOpHAX ypapHeHHs. Hampumep: omMH KopeHbh OTDHUATENLHBIN,
a ABa KODHA TMONOKHTENbHBIE, OTPHUATENBHHI KOPEeHb 3aKTIQUEH
B TPOMEKYTKE MeXIy -3 H —2; GONbLUHH MONOKHTENBHHH KOpeHh
B TOUHOCTH PaBeH 2 (B 3TOM JIETKO YOEAMTBLCA © [OMOLUBID ITOACTA-
HOBKH}.

N U A S 5, WS S SO

I
[

TpeHnpoBOYHbIE 3AAAHHA

3AJAHUA BA30BOIrO YPOBHA

. CooTHecHTe ypaBHEHHE M DHCYHOK, H4 KOTOPOM IPHBEACHO €ro rpadiyeCKoc pCIueHHE,

A L--x2 B x2=-1L B. =2
X X x

1)

—q——r-

A

=T = =TT T T

2. Hcnomsaya rpaduku QyHKUM y=x u y=2x+4, pemure
YpaBHEHHE X* —~ 2x —4 =0 (puc. 3.4).

3. C moMowBI0 Tpa(@HXOB ONPEISNIHTE, CKOMbKO KOpHel HMeeT
YPaBHECHHE:

a) x3-x-1=0; 6) x2+%—5=0.

4. Ha pucynke 3.5 (cM. c. 54) u3oGpakedrl rpadHKH GyHKUMEH
y=8x H y=-x?+9. Kaxkoe YTBEpXACHHE © KOPHAX YpPaBHEHHS
8x=-x2+9 ABIACTCA HEBEPHBIM?

1} ¥paBHeHHe HWMeeT IBA KOpHS.

2) KopHH ypaBsHEHHS MMEKT PA3HBIC SHAKH.

3) KopHH ypaBHeHMS — NPOTHBOMOIOKHbIE YHCIA.
4) TTonoXWTeNnsHbH KOpeHb MeHblEe 3.

5. Caenas cxcMaTHYeCcKHH pHCYHOX, COOTHECHTe VYpaBHeHMe
C YHCIOM €00 KOpHEei.

A X3 =—% 1} oaMH KOptHB




v B. Jx=x 2) 1pa KopHs
B. x3=3x 3) Tpu KOpHS
4 - 4) HeT KOpHeH
X
6. Kakoe 13 ypaBHEHMIA HMeeT EAMHCTREHHBIH KOPEHb U 3TOT KOPEHE NOAOXKH-
»  TCABHEIA?
0 x
D Vx=x2+1  2) Jx=—-x 3) =10-x 4 ~=Vx
7. B KaKOM M3 JaHHBIX NPOMEXYTKOB HET KOpHA ypaBHeHus x?-—4 :%?
N [-2-1] 3 [12]
2) [—1;0] 4 [2;3]
8. Kakoe U3 JaHHBIX YPABHEHWI{ He HMeeT OTPULIATENbHBIX KOpHEit?
B
D Llox 3) X+ x2+1=0
X
Puc. 3.5 2) +x2-1=0 4 _i=x2_3

3AJAHWA NOBLILLEHHOIG YPOBHA

9. Haiiaure npufAMXERHO ¢ MOMOWBK TPAQMKOB KOPEHE ypaBHeHua X3 +x — 5=0.

2
10. B KakoM NPOMEXYTKE HAXQIHTCA KODEHB YPABHEHHA Ix=- Gx+5'?

D 1g11] 2y [11312] 3) [12:13] 4y [13;14]
11. Buifiepute MPOMEXYTOK, B KOTOPOM JIEXHT KOpeHb ypaBHeHMs x* =1—x?.
D [06:07] 2) [0,7:0,8] 3) [0,80,9] 4) [0,91]

12. Pewunre rpadHYecKd ypaBHeHHe x2—2x=+x -2,

Peunienuss v oTBeTHI

1. A2, b4, Bl, I'3. 2. x=2. 3. a) OnuH KopeHb; 0) TpH XKopHA. Ykaszaunue. a) [lpenctaBbTe ypaBHEHHE
B BMOE X =x+ 1 n sarem uzobpasute rpadHxy OVHKLME y=Xx3 M y=Xx+ |; 6) [IpercTaBsTe YPaBHEHHE B BUIC

x1-5= % 4. 3. 5. A4, Bl, B2, T3. 6. 4. 7, 3. 8, 2. ¥Yazanue. [Ina pelueHMa ¢agaiTe cxeMaTHYeCKMe rpadky.

TIpu 3TOM ypaBHEHME B OTBeTe 2 HaAo0 rpeofipa3oBaTh K DAY X3 =—x2+1, a ypaBHeHHe B OTBETE 3 — K BMIOY
X3=-x?-1. 9. x=15. 10. 2. ¥Ykazanue. Onpeaeaure HCKOMBIi NDOMEXYTOK, IOCTpoMB rpadmuxu. 11. 2.

12. x,=1, x,=1,5. Yxasanue. TIpupenure ypaBHeHHE K BUIY X’ -2x+2= Vx . Yéenurech ¢ MOMOWEBIO NoAcTa-
HOBKM, YTO KOpeHb, PABHLIA 1, TOUHBLIMA.

3.4, PemieHne TEKCTOBBIX 33734 aAreOpanHvIecKHM MeTolo0M

TeopeTHuecKne CBeICHHSE

B LesoM npoucce pelieHHA 3agayd anrefpandecknM cnocofioM COCTOMT B NepeBode YCIOBUS 334a4d Ha Ma-
TEMATHIECKHH S3LIK (B pe3yiLETaTe MOXeT ObITh MOMVYEHO YPaBHCHWE WM CHCTEMA yPaBHEHMIl, HEpaBEHCTBO,
BRIpAXEHHE), MOCMEAYIUEM DEUISHHH MOMYIEHHOTO YPABHEHHA (CHCTEMbI YPABHEHHHA H IIp.) M MCCNESIOBAHHH
NOAYYEHHEIX pelUeHHH Ha UX cOOTBETCTBME YCIOBHIO 3adaud. B 3ToM paszene paccMOTpuM pellleHHE 3alad ¢ Mo-
MOLIBIO YpaBHEHUH,

Boobuie, He cyiliecTByeT obwere cnocofa cOCTaB/IeHUsS ypasHeHUA MO YCIOBHIO 3amayd. Kaxnulil paa tpedy-
€TCA HAWTH 3TOT CcNocol, NMPOAHATH3MPOBAE AAHHBIE YCIOBHS H YCTAHOBHB 3aBHCHMOCTH Mexay HUMH. PaccMot-
PUM IIPHMEPEL.
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3agmaua 1. AptoGyc Bblexan M3 MyHkTa 4 B NyHkT B. Yepes 1,5 4 Bcen 3a HUM M3 TIYHKTa A BhIEXal aBToO-
MOGMIL, KOTOPLIA NpHexan B ItyHKT B OQHOBpeMEHHO ¢ aBTOGycom. YeMy paBHO PAcCTOAHHE MeXIy ITYHKTAMH
A ¥ B, echu u3Bectno, Y10 aBTOGYC exan ¢o cKopocthio 60 KM/4, a aBTOMOOWIE — €O CKOpOCTRIO 80 EM/u?

Pemenue: Oty sagady MOKHO DElIHTH apnbMETHYSCKH, HO NPOLLE PEIATD €€, COCTABMB ypaBHeHHe, O6o-
3HAYUM DAcCTOSIHWE (B KHIIOMETpaX) MeXay NmyHKTamum A u B Oykpoit x. Torma BpeMs ABWKEHHA arToOyca Gymer
paBHO % KM/4, 4 BpeMs IBHXEHWS aBTOMOGWIS % KM/Y. VpaBHEHUE NErKo COCTaBHTb, ECTH HEPedopMyalpo-
game yciogue 3aoasu: aBTobyc 3aTpatwa Ha nyTh W3 A B B Ha 1,5 u Gonanlle, 4eM ABTOMOGHIL. Teneps MOXHO
COCTaBHTL YPARHEHHE, MPH 3TOM ¥IOOHO YHCAO 1,5 npencTaBuTh B BHAE OOKKHOREHHOH JpOLH:

Peitns ypapHeHHMe, oayaum x = 360.
OreeT: 360 M,

Cheayer MOMHUTE, YTO LIPH PELUCHHH OLHOM H TOH Xe 3aJa4M MOTIYT GLITh COCTARMEHbI pa3sHbIE ypaBHCHHA,

HanpuMep, IIPH ONMCAHHOM XO[€ DELIEHMS MOXHO GHUIC 3AMHCATh YPABHEHHE H NO-APYTOMY: %+% -_~% WiH

x_3__{:_

. O4eBHIHO, YTO OHHM DPABHOCHIBHBL YpaBHe-

60 2 80 A C B
HHK}, COCTABACHHOMY CHauana.

MOXHO COCTABMTE M <«HEMIOXOXEE» YDAaBHEHHE, echU * »
CHAYana BBEIACHWTB, KaKOE paccTosHMe OyaeT mnpolifeHo 90 1cm x — 90 Kku
aBrofYCOM K TOMY MOMEHTY, KOIrJa M3 IIYHKTa A OTIIpaB- x
AeTcA aBTOMOOHAs. B aTOM Ciaydyac yAoOHO HayepTHTH
CXEMATHYEeCKHMH pHCYHOK (pHc. 3.6). BooGlie, pucyHox
YACTO MOMOTaeT COCTARUTE YpaBHEHHE,

K MoMeHTy Brieaga aBromMo0iia aprobyc npoitnér pacctosinie AC, pasHoe 60 1,5=90 (km). H ccaM, Xak o
B MpeisiaylleM pelleHHH, OyKBoM x 0003HAYUTL paccrosHue AR (B KM), To aBTOGYCY OCTAHETCA MPOeXaTh
(x—90) xv. Ha 3T0 paccTofiHHE ¥ HETO YHNET CTONBKO XE BPEMEHM, CKOJARKO HA BECh YTk ¥ aetomMobwias. Co-
CTaBbTE CAMOCTOATE/IBHO YPABHCHHE HA OCHOBE 3TOre yoaoBus. ITOHMTHO, YTO NMPH €10 pellucHMHW DOTKEH OWITh
NMOMY4EH TOT X€ OTEET.

Puc. 3.6

CoBceM He ofGR3ametbho 0603Hawame GyKeol eetuduny, 0 Komopoli zogopumca ¢ sonpoce 3adauu. Ecnm,
HaNpUMeEpP, B JaHHO#A 3agate o003HaYMTL OYKBOI X BpeMA ABMCKCHUA aBTOMOOMAH (B 4), TO NOMy4HM Bojiee nipo-
croe ypaBHeHHe: 80x =60 (x + 1,5). Peuture ero. BaxHo He 3a0wTh, YTO, HCOIWIL3YH HANACHHOE 3Ha4YEHHE X, HAOO
el€ HalTH paccTOAHHE MEXIY ropolaMH.

3anaua 2. Mopckas Boga conepxut 5 % conu. CKOMBKO NMpecHOH BOOE HyXHO n06aBuTh K 30 KT Mopckol
BOOBl, YTOOM KOHLEHTpauus coan cocraewna 1,5 %?

PemeHne: 310 Tak Ha3bBacMad «331a4a Ha KOHUSHTpaiiHio». [IpH cocTapneHHHM YpaBHEHHA B 3TOH 3jagade
HCITONE3YETCA YCIOBHE, YTO MAcca COH B PACTROpPE He MIMEHAETCA MpH A00aBICHMH TIPECHOH BOMEL.

O603nauny GYKBOH X Maccy NpecHOM BOAH (B KT), KOTOPYIQ Hamo mobaeuTs. Mmeem:

Macca NOMYYEHHOTO PacTBoOpa

Macea MOpCKO.ﬂ BOOBL MOpCKOﬁ BOObI

\‘\-“—-_________..-—'/
30 30+ x
Macca COoHn Macca colld
B 30 Xr MOpCcKoi BOOR B MONY4CHHOM PAacTBOpE
"‘\.._____‘_“__‘_-'—_-._-_‘__,_.p"' = ""-L___\-_-__-_-—__.__’___..ﬂ"'
300,05 {30 + x) - 0,015

Pempm ypasHenne (30 +x) - 0,015 =30 - 0,05. ¥npocTuM ero, «HibasuBIINCE> OT Apobell yMHOXeHHEM 00eux
yacreil Ha 1000, a 3aTeMm <coxpameHieM» obeHx dacreit Ha 15, MoMyuKrM:

(30+x)-15=30-50, 30+x=2.50, x=70.
OTreet 70 kT
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TpeHHPOBOUHEIE 32AAHUSA

3AAHUA BA30BOTO YPOBHA

1. TlpounTaiiTe 3amady:

CKOpocTb aBTofyca Ha 25 KM/4 MeHbLE ¢KOPOCTH aBTOMODMIS. PaceToanue oT ropofa no Tocénka asTobyc
NpOc3KaET 3a 3 4, a anToMobuab — 3a 2 4. KakoBo pacCTOAHUE MEXay ropoioM H nocénkoM?

IIycTb PACCTOSHHME MEX/Y [ODOAOM M MocEnkoM paBHO X kM. Kakoe ypaBHeHHE COOTBETCTBYET YCAOBUIO 3a-
gaqH?

1) 3x=2x+25 2) 3x=2x-125 3 I=2+25 4 $=3-25

2. INpountadite 3anavy:

Ot TypHa3pl OO aBTOCTAHIIHU TYPHCT AOEXAN HA BETIOCHTIEE 32 2 u. Y1ob6n1 npoiiTH 3T0 pPacCTOAHHE TMELIKOM,
eMy NoHaao6HA0Ch 651 6 4. U3BECTHO, YTO MOET OH CO CKOPOCTHIO, HA 4 KM/4 MEHbLUEH, YEM SIeT Ha BENOCHUIIE-
oe. Hawgute neinexofHyo CKOpPOCThH TYPHCTA.

BuiGepuTe ypasHEHHE, COOTBETCTBYIOUIEE YCIOBUIO 3a1a4y, eCad OyKBOW X ofoiHaueHa CKOPOCTb (B KM/4),
C KOTOPO# TYPHCT HIET MELUIKOM.

1) 6x=2(x-4) 2) 6x=2(x +4) 3) 2x=6(x —4) 4 y-5=4

3. Mpoyutafite 3agavy:

PacCTOSHME MEXIY ABYMs NpuuaiaMd 1Mo pexe 14 kM. Ha nyTe 0T oOHOro npiyana Ao APYroro NPOTHB Te-
YeHHS MOTOPHAA NOAKA 3aTpaTwia Ha | u Gonbile, YeM Ha oGpaTHEIA NyTh Mo TeyeHHw. HakauTte cobeTreHHYIO
CKOPOCTDb JIOOKH, €CNMM CKOPOCTb TEHYEHHA PEKH 2 KM/,

MycTe Bykpoi x 0603HaYeHa cOOCTREHHAA CKOPOCTh JIouKH {B kKM/4). Kakoe ypaBHEHHE COOTBETCTBYET YCIO-
BHIO 33Ja4H?

rerhtrrtd 3D 14 (x+2) -l (x 2= 1
) -1 4 14 (x=2) —1 = 14 (x +2)

x+2 x-2

4. Bee HMeomMecs KapaHaaliK MOXHO PasToxHTe B 3 OonblMe KOpoOKH WAK B 5 MateHbKHX. B ManeHBKYO
KOpoOKy moMellaeTess Ha 6 KapaHaaieil MeHeuie, YeM B Gonbinyio. CKOMBKO BCEro UMeeTosl KapaHgaiuei?

IMycTs OykBOH X 0003HAYSHO YHCNO KapaHiamed B MaleHskoH KopoOke, BubeprTe ypaBHeHHE, COOTBETCTBY-
IolIee YCTOBHIO 3amadyu,

i) %—%:6 2) Ix=5{x—-06) 3)5x=3(x+6) 4) 5x=3{x-6)
5. ©ororpadvie TPEMOYIGILHOH (OopMEL, pasMepsl Ko1opoi 9 x 13 cm, Haxiew d Ha Denyio Oymary Tak, 4T0

BOKpYT Bce# (roTarpadiiy monyvyunach Gelas oxaH1oBKa ONHOA A To# Xe IWMpHHLL. [11010adbL, KOTOpYIo 3aHHMA-
eT ¢ororpadus ¢ OKaHTOBKOH, paBHa 221 cMm2. KakoBa mupuHa OKaHTOBKM?

x CM BriGepute ypaBHEHHE, KOTOPOE COOTBETCTBYET YCIOBUIO 3a1ayH.
1) 117+9x-2+13x-2 =221 3) (13+2x)-9=221
2) O+x)(13+x)=221 4) 9+ 2x)(13+2x) =221

9 cM
X CM

6. Iy OT MOCEéaKa OO0 XeJIe3HOOTOPOXHON CTAHLIMU BEJIOCUMEIUCT IpO-
3 cM exan 3a 2 4, a melexon npoweén 3a 4,2 4y. Haitaute OMuUHY MyTH OT MOCENKaA
[0 CTAHLIMM, €CJIM U3BECTHO, YTO CKOPOCTb BEJOCHIIEIUCTA Ha 5 KM/4 GojibllIe
CKOPOCTH Ielliexona.

CocTaBbTe ypaBHEHME 10 YCJIOBUIO 3ada4yu, 0003HAYMB OYKBOH X: 1) CKOPOCTh BEJIOCUNENNCTA; 2) IJIMHY ITYTH
OT MocéjiKa IO CTaHLIHH. .

7. 3 rpsAMOYTOJIBHOIO JIUCTa KapTOHAa, pa3Mephbl KOTOporo 56 ¢cM u 32 cM, Hago caenarh KOpobky 6e3 Kpblll-
Ku. A 3TOro Io yriam JHcTa BbIpE3aloT OZMHAKOBbIE KBaapaThl M 3aruba-

= = 10T Kpas BBepx. YeMy momxHa ObITh paBHAa CTOpPOHAa BBIPE3a€MOro KBajapaTa,
é o % YTOGbI THO KOPOOKM MMeJo Iuiowans 640 cm2?
| CocraBbre ypaBHEHHE IO YCJIOBHIO 3alayM, 0003HaYMB OYKBOW X IJIMHY
| 1‘ CTOpPOHBI BhIpE3aeMOro KBagpaTa (B CM).
= ~ = = =
d _
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Pewnte 3amaswy (Ne 8—13)

8. Ot ropona 1o nocéaka aeroMofuns Aoexan 3a 3 u. Eciu 6 BOAMTENb YBENHYKW CKOPOCTL Ha 25 KM/4, To
3aTpaTwi Gul Ha 3TOT NyTe 2 4. YeMy paBHO PaccTOAHHE ©T ropogd A0 nocéika?

9. Jlogka NpomnBIA OT ONHONA NPHCTAHM N0 JAPYTOH N0 TEUEHHIO DEKM 3a 3 4, a OBpaTHBIM NMYTL NMPOTHB
TeyeHus ¥ Heé 3aHan 4 u. Hajinute coOCTBEHHYIO CKOPOCTL JIOAKH, €CIM CKOPOCTh TEMEeHUd PEKH paBHa 2 xm/u.

10. Noaka nnbL1a 5 4 NPOTHE TEYEHKS peKH M 3aTeM 2 4 [0 TedeHWIo. Beero oHa npoiumsuia 40 kM. CkopocTs
TEMEHHA pekH paBHa 3 kM/4y. Yemy paBHa coDeTBeHHAA CKOPOCTL noAKH?

11. YeMy paBHbL CTOPOHBI IIPAMOYIOALHHKA, ¥ KOTOPOIO O0HA M3 CTOPOH Ha 6 ¢M Gonblue APYTOR, a TIonaib
paBHa 91 ¢cm2?

12. Kopép npaMoyToabHol QOpMBl CO CTOPOHAMH 4 M H 2,5 M IMOKpBIBaeT % IUIOHIALH KOMHathl, Kakosa

TUIOWATE KOMHATHI?

13. B nakere 700 1 cMecH cyxodpyKToR, cocTosineH W3 sbnox, Hiloma M YepHocauba, AGnok B Hel B 3 paza
MeHbile, YeM M3loMa, W Ha 100 r Gosblie, yem depHocaupBa, CKONLKO ABIOK B JaHHOH TMOPLNAH ¢MecH?

3A0AHKA NOBLILWEHHOIO YPOBHA

14. M3 myrkToB 4 u B, paccTosSHUE MekAy KOTOPBIMH 19 KM, BEIULTM OAHOBPEMEHHO HABCTPEUY APYD APYTY
184 TYPHCTA M BCTPETUNWCh B 9 KM OT MyHKTa A. HafinuTe ckOpOCTb KAXIOrQ, eclMd MIBECTHO, YTO TYPMCT, Bhl-
IIeAMMI M3 YHKTA A, WEN cO CKOPOCThIO, Ha 1 KM/Y Gonblieit, YeM Apyrofl TYPHUCT, H clendl B MyTH 30-MuHyT-
HYH) OCTAHOBKY.

15. [pynra TYpUCTOB OTNPABAAETCA HA JIOAKE OT JIarepsi 10 TEYSHHIO PEKH ¢ HAMEPEHHEM BEPHYTBCA 06pat-
HO uepes 5 4. CKOPOCTb TeYeHMA PeKH 2 XM/, CKOPOCTE JOAKHM B cTosueit Boge & kM/4. Ha xakoe nanGonbiiee
PAcCTOSTHUE 110 PEKE OHM MOTYT OTILIbITh, €CIH NEPEA BO3IBPALICHHMEM OHHU ILIAHHPYIOT NpOOBITh Ha Bepery Iyq?

16. Ans caga BLLIEMMAH TIPSIMOYTOIBHEIA y9acTOK 3¢ MIIH. JINMHA M3ropony OKakeTcs MeHbUIE, CCAM YYACTOK
IpH TOH %€ nnolaid GyaeT MMeTs KsaapaTHyo dopwyy. na 3Toro Hafo OIHY CTOPOHY y4ACTKA YBEINMUTE Ha
48 M, a JpyTYIO YMEHBLIMTL Ha 60 M. KakoBa M1nMHA CTOPOHLI KBAIPATHOIO Y4acTKa?

17. 13 myHKTa 4 B DYHKT B, paccTosiHHE MEXIY KOTOPLIMU 80 KM, OMHOBpPEMEHHO BblgXanu asa aprofyca.
Bo Bpems nyTit oaMlil K3 apTo0ycoB CleNan OCTAHOBKY Ha 15 MMH, HO B NMyHKT B npubbui Ha 5 MMH paHbLe
sroporo, Hispectno, yto ero ckopocts B 1,5 pasa Gonsle ckopocTH Apyroro. HaliuTe CKOPOCTh KaXAOro asTo-
Oyca.

18. 3a onpensnéHHOE BpPeMsA Ha aBTE3aBOJE JOKHBI GbLNM cOOPATh 160 apToMobiueit. Ilepbpie 2 4 BBINOI-
HsIack YCTAHOBAGHHAA [TQYACOBAA HOPMA, a 3aTEM CTAMM KaXAbA Hac cobupars Ha 3 aBroMoGUIs Gonpille. B pe-
aymbTate 3a | 9 go cpoka 0bUio cobparo 155 asTomMoGuned. Ckoilbko aBToMO6MICH B Mac TUIAHHPOBAIHN cobUpaTh
NepBOHAYANBHO?

19. CKONBKO [PAMMOB CaxapHOTO CHPOINA, KOHIEHTpauds KoToporo 25 %, Hame Z0GaBUTb K 200 r Bonpr,
yTOGH B HOMYYEHHOM pacTBOpE colepXaHHe caxapa cocTaBwic 5 %?

20. BAaXHOCThL CBEXHX rpHOoB 90 %, a cyxHX — 15 %. CKOIBKO CyXHX rpuGoB nomydures u3 1,7 K& CBEXKHX?

Pemienna m oTBeThI

[pu BEHIMONHEHMU 3aXaHMH 1—7 3amauy peliaTh He TpeGYETCs, HYXHO TONbKO COCTABHTh YPABHCHME. TIpn
3TOM JiKE B 3a0aHHAX ¢ BLIGOPOM OTBETA UeneconbpasHo HelOCPEACTBEHHO COCTABUTL YPABHEHME IO YCIOBHIO
330444 M 33TeM YXKE MCKaTh 3TQ YPABHEHME WIH PaBHOCHALHOE &MY CDENH NMPEUIOKSHHBLX.

1.4 2.2. 3.1 4. 3. 5. 4. N3 pucydKa BUAHO, YTO CTOPOHbL MPAMOYTONLHOIO NHcTa Gymark Ha 2x 60/b-
lle COOTBETCTBYIONIMX cTOpoH drotorpadur v pasunl (13+2x) oM H (9+2x) cm. Tlonyuyaem ypaBHeHME!

(13+2x)(9+2x)=221. 6. 1) 4.2 (x—5) 2x. 2) ’2‘ - 5=-:—2. 7. (56 —2x) (32 — 2x) = 640. [pu peweHHH ITOH 3a-

Ja49H YACTO JOTYCKAIOT OmuGKy, MY KOTOPOH M3 TUTOWAM BCETO NMCTA KapToHa BhIYUTAOT 4x2. Ha camom nene
IAA COCTAWICHMS YPABHEHHH HAI0 HAWTM TUIOMAAh MaAeHLKOIO NPAMOYTONBHUKA, M300paxaionlero MHO KO-
pobkun. Kaxpas u3 ero ctopon Ha 2x MEHbIIE COOTBETCTBYIOIEH CTOPOHBI HONBIIONO NPAMOYTONBHUKA, MOITOMY
ero maoHAIs paBHa (36 — 2x) (32— 2x). 8. 150 xM. Pewenue. [ycTh ckopocts aBTOMOGHIA paBHa X KM/i.
MonyuaeM ypaBHeHUe: 3x=2(x + 25), orkyfa x = 50. Tak Kak ckopocTk aBToMobuna 30 KM/4, a MyTk OT ropona
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oo nocénaka O TipodenaH 3a 3 4, To AMMHA Beero HyTH paBHa 50-3=150 (xmM). 9. 14 xM/u. (YpamHeHne:
3x+2) =4(x—2), r1e x — coGeTBEHNAA CKOPOCTE JOAKH B kM/1.) 10, 7 km/u. (YpaBueHue: 3{x— 3) + 2(x + 3) =40,
e x — cOOCTBEHHAA CKOPOCTh NOAKH B KM/4). 11. 7 cM 1 13 cm. 12, 24 M2, Pewte Hue, 3amauyy MOXHO DELURTE
apMdMETRIECKH, HO Jerie HAlTH OTBET ¢ MOMOWILO YpaBHeHUs. ITyeTh Muoiladk KOMHATH X M2; TaK K4k Tno-

ifaAk KOBpPA COCTABIACT % ILTOLIANTH KOMHATE], TO OHa paBHa %x ML Tloayyaem ypaBHeHwe: ]—Z-x=4-2,5.

13. 160 r. (YpaBHeHue: x + 3x+ (x— 100)=700.) 14, 6 xv/9 u 5 xM/u. flodckaska: U3 YCNOBHA CIeyeT, YTO
0 BCTPEYH MePBBI TYpHCT 61Ul B IyTH Ha 0,5 4 mojbine, veM BTopoi. 15. Ha 7,5 kM. flodcrkasxa: Haoo onpe-
JeIUTh CHaYand, cKONMLKO BPCMCEHH OOJDKHO YHTH COBCTBEHHO Ha ABMXCHHE MO TeueHMi0 M obGpatHo. 16, 240 M.

17. 80 xm/u ¥ 120 kM/u. flodekaska: BRACHHTE, KaKok aproGyCc GBUT ODONBIIE B ITYTH M HAa CKOJBKO MMHYT.
18. 20 apromMobuneii B yac. 19. 50 r. 20, 200 r cyxix rpubGoB.



§ 4. YpaBHeHUs ¢ aBYyMA NepeMEHHBIMH W MX CHCTEMBI

YTo HaK0 3IHATH H yMeTh:

* 3HATk W NOHMMATh TEPMUHBL «YPABHECHHE € ABYMS NEPEMEHHBIMH», «pPCLICHUE YPABHEHUS C OBYMS TICpe-
MEHHBIMH», «DEIICHHE CHCTEMBI YPABHEHMA C ABYMS MEPEMEHHRIMU», «TpadHK YPABHEHHUS ¢ ABYMS Mepe-
MEHHBIMH»; TIOHHMATh 3KBHBANCHTHOCTE POPMYIHPOBOK «Tlapa 4Mcen (x; y} ABAIETCA PElleHMEM YDPABHE-
HMA» W «TOYKA (X; }) NMpHHAAIEXKUT rpadHKy YpaBHEHUS»

* HAXOOWTL PEIIEHMA YPABHEHHS C ARYMS TEPEMEHHBIMH,

* DPewarh CHCTEMB! ABYX JIHHEHHBIX YPaBHEHUM ¢ ABYMS NMePeMEHHBIME M CHCTEMBI, COMEPXALUME HEJIMHE -
Hhle YPaBHEHMA,

* HCTIONTB30BATh TpadyMuecKHe NPEACTABNEHUS A1 ONPENe/eHHs YHCIa PelEHH CHCTeMb] YPABHEHUH ¢ ABY-
MS nepeMeHHBIMIU, :

* OTBeYaTk HA BOTMPOCH], ¢BA3AHHBIE ¢ MCCASTOBAHHUEM YPABHeHMWH M CHCTEM YpaBHEHWH, B TOM YHCHe ¢o-
Jepxalux GykeeHHbIe KOMDOUIMEHTEL, HCIONL3YA MPH HEGOXOIUMOCTH rpaMyecKre NpeicTapIe HU;

* PpeulaTh 33A34YH reOMETPUYECKOTO CONepXAaHUI HA KOOPAHHATHON IUIOCKOCTH € HCNONB3OBAHMEM anredpa-
HYEeCKOIo METoIa U ¢ ONOpoil Ha rpathuueckye MpeacTaBNeHHA;

* CTPOMUTE rpaduKH ypaBHeHUH ¢ ABYMS NEpeMeHHBIMH!

* DEIIATH TEKCTOBLIE 331a4M ajrefpanyeckuM MeTOLOM, COCTABNASA CHCTEMY YpaBHEHMIA.

4.1. YpasHenue ¢ IBYMS IepeMeHHbIMU
TeoperHueckHe cBeIeHHS

Pewennn yPasHeHHA C QBYMA NEPEMEHHBIMNA

Jlioboe paBeHCTRO, codepxallee ABe MepeMeHEHble, Hanpumep 2x -y =8 xy =12, x2 +y?=9, =10, mox-

b
— % —
x y
HO PaCcCMATDHMEBATh KAK YDAaBHEHHE C JBYMA MEPEMEHHBIMH,

OnpefeneHue, PemleHHeM ypasHeHMs ¢ ABYMSA NepeMeHHLIMH HAZLIBAETCA Napa IHAYLHMIT nepemeH-
HBIX, KOoTOopas ofpalaer 3m0 YPABHEHHE B BepHOE JHCJIOBOE PABEHCTBO.

Hamnpusmep, pelieHHeM ypagHeHMs x( — 4) = 6 aengeTcsa napa x=2, y=7. B camoM nene, 2+ (7 -4)=6 — pep-
HO¢ paBeHCTRBO. MOXHO vKazaTh ellé CKOMBKQ YTOOHO pelleHHH 3Toro ypasHeHHS. 1% 3Toro bIpazuM U3 ypas-

HEHMS y 4epes x: y = %+4 . BriGupas x OpoM3BONBHO (BMECTO X MOXHO MOICTABIATh T060e YHMCIO, Kpome (),

ByIcM HaXOUTH COOTBETCTBYIOLIME 3HaueHus y. Kakmas takag mapa — 3To pellieHMS ypaBHeHUs x(y —4)=6.

Boobuwe, ypapHeHHE ¢ ABYMS NepeMeHHBIMM, KaK NpaBuioc, WMEeT DECKOHeuHOe MHOxecTBO pelieHuii. Ho
MOTYT BCTPETUTRCH M MCKIIOYEHMS. Tak, ypapHeHue x2 + y2={ umeer eauncTeeHHoe peweHue (0; 0), a ypabue-
HMe x2+ y2=-] pelleHHil HE HMEET.

TMapy uucen, ABBIIOMUXCA PEIUSHIHEM YPABHEHHA C IBYMA NepeMeHHBIMM, MOXIO 3aNCLIBATL H B BHAE IBYX
PABCHCTE x=4a, V=5, ¥ B BHOe (g, &) KaKk KOOPAWHATH TOUKH HAa IWIOCKOCTH. [IpH 3amHMCH pellleHHs B KDYLTbIX
CKOOKAX Ha MepBOM MecTe 00R3aTENbHO CTABAT 3HAYEHMUE TOH IepeMeHHOMN, KOTopad IMo andgaBUTY HIET MepRoi.
3anuchL 3HAYEHWI NepeMeHHHX B NPYTOM MODANKe NMPUBOOHT K owubke. Tak, napa (=2; 1) ssnsercs pelueHueM
YpaBHeHMA x(y —4) =6, a mapa (1, —2) pelileHHeM 3TOr0 YPaBHEHMA HE SBJIACTCA.

IMpumep 1. Moxaio nu 140 Aum pa3naexkMTs B KOPODKH ABYX BUNOB, no 10 wrtyx M no 12 wiryk, Tak, Yrodsl
CBODOIHEIX fiUeeK B UCMOMb30BAHHEEX KOPODOKaX He oCTAIOCh?

PemexHue: Tycts na Takol packiaaku tpebyerca x Kopobok s 10 suit ¥ y Kopoboxk o 12 auu,. IMpu-
XoOUM K ypaBHenuio 10x+ 12y = [40. Ecan Ham yioacTca HallTH peIleHHs 3TOro YpPaBHeHHMA (OOHO IWIM HECKONb-
KO), KOTOpLIE COCTARMEHBI M3 HATYPANLHBIX YHCET, TO OTBET Ha BOMPOC 3aNayM 6yOeT YTBEPIMTENBHBIM.

PaznenuM oBe yacTH ypaBHeHHa HA 2 U BHIPA3uM OIHY NMepeMeHHYIO depes OpYyryio, HanpuMep, x ueped y.

70-6
x=—= Y

Hanee socnonbsyemca ¢nocoboM nepebopa: 6yJeM NOACTABIATH B (ODMYMY 3HAYEHHA ¥ W BEMHCAATE COOT-
BETCTRVIOUIMe 3HaueHUS X. [TOHATHO, YTo Hamo Opath Takee 3HaueHWHA Y, TPH KOTopbix 70—6y>0 u 70 -6y
nemurcs Ha S. Tonysum fBe Takue napel: eciu y=5,To x=8; ecmut py=10, TO x=2.

OTBeT: MOXHO; clelyeT B3aTk & kopoGok mna 10 auu 1 5 kopoGok ana 12 auu unn 2 kopobru g 10 auu
u 10 gopoGok mna 12 ami

59



Ipaduk ypaBHeHHA ¢ JABYMA NEpPEeMEHHbIMH

JioGoMmy ypaBHEHHIO, CBS3IBIBAIOLIEMY [IEPEMEHHBIE X U V, COOTBETCTBYET HEKOTOPOe MHOXECTBO TOUEK KO-
ODIHMHATHOM TUIOCKOCTH — 2paghiix 3moz0 YPasHerus,

Touka ¢ KOOPAMHATAMH X H J OPHHAMIEKHT rpadHKy YpasHeHHA C ABYMA NEPEMEHHMBIMA B TOM
H TOJABKO B TOM caydae, KOTIA napa 4ucesr (x; y) 9BI1sAeTcA pelleHHEM 3TOre YPABHEHHA.

IpachukoM NUHEHHOTO YPaBHEHHA ax + by=c, rae Ko3thpUUMEeHTE g U & He PaBHH HYIKD ONHOBPEMEHHO,

£
aensgerca npaMan. Ecnn a=0 n1 6+ 0, To ypaBHEHHE NMPUHHMAET BUI A¥=cC, T.€. ¥ = % » W TIPAMAs ApALIeLHA

ocd x. Eciu a # 0 m =0, To ypaBHEHHe TIPHHMMAET BHI GX=¢, T. €. X =— , H [PAMasi MAPALIENLHA OCH J.

r
[/}

Ha pucyHke 4.1 u3obpaxensl rpadHkd ypaBHEHHH 2x + 3y =6, 2y=5H %x =-1

T
I
'

r
[
-
I

b
=

=)

P

Puc. 4.1

Jlioboe ypasHeHue Buda ax+by =c, tae b # 0, MOKHO PEIINTL OTHOCHTENbHO TiepeMeHHOM y. TIpu 3ToM mo-
Ay4aeTcsl YpaBHeHHe BHga ¥ =Kkx+/, e k u / — Hexoropuie yicna. Hanpumep, ypasuenne 2x + 3y = 6 sanuumeT-

CA Kak y=--§«x+2.

Ot 3HaueHns k 3aBMCHT YTOJI, KOTOPhIH TpAMan — rpadMK ypaBHEHHS y=/kx+/ — 00pasyeT ¢ IOMOXHTE k-
HErM HanpasieHHeM ocd X. T10aToMy & wasnIBaloT yeaoass Koaggunuenmon npamoii y=kx + I, KoadbuumeHt
/ — 370 opAMHATa NepeceueHns NIPAMON C OCBIO ¥, TIOITOMY €10 HA3LIBAIOT HAYANGHOG OpOUHAMOIL.

Npu 5=0 ypasnenne npuHMaer BUR ¥ =kx. B 3ToM ciyyae rpadMK NPOXORWT Yepe3d HadYano KOOPIWHAT.
IIpu & >0 mpamas NpoOXOIHT Yepes Nepselii M TPeTHH KOOPRHHATHBIE YINIBL B «IIOAHHMAETCA BBEpX»; NpH & <
NpAMAs! TIPOXOANT YEPE3 BTOPOH M YeTBEPTHIA KOODIMHATHBIE YI/ILI W «OMYCKAETCH BHH3» (puc. 4.2). Uem Goaplue
[k, TeM xpyde mpamas (puc. 4.3).

Puc, 4.3.

Ecim nBe npamMbie MMEOT OIMHAKOBLIE YIIOBble Ko(hhHUHEHTHI, TO 3TH OIPAMBIEC NMAPALTICIALHBI; €CAH
ABE TPAMBIE HMEOT DAIHEIEC YLAOBuE KoMbOHUHEHTH, TO 3TH NpsAMbe NepecekawTca. Tak, MpIMuie
y=-2x+1 n y=-2x+5 NapwUICNbHbI, & NpsIMBle ¥y=-2x+1 ¥ y=2x - | MepecexkaTcs.

¥YpaBHeHHE NPAMOI B BrIe ¥ = kx + { yI0GHO TEM, 4TO OHO TIO3BOJSET Gea NOCTPOSHHA rpadvka NpeicTABHTL
MONCXEHHE NMPAMOH B KOODAHHATHOH IUIOCKOCTH. B pgie cnyyaes 3TOTO GuIBaeT AOCTATOYHO NS peineHHs 3a-
NAYH,

IIpumep 2. BLUICHUM, B KaKOM KOOPIMHATHOM YINy HAXOAHTCS TOYKA [epecedeHUs NPpAMBIX ¥=—Tx+6 H

1
=——X.
Y 3

OTBeT nomyuaeM ¢ MOMOLIBIO CxeMaTH4Yeckoro pucyHka (puc. 4.4). Ilpamas y=-7x+6 nepecekaer och y
B TOUKE, PACTIONIOKEHHON B BEPXHEH TOMYIUIOCKOCTH, H «MAET» CBEpXY BHM3. IlpamMas y = ~%x MPOXOIHUT Yepes
Ha4allo KOOPAMHAT M PACIIOIOKEHA BO BTOPOM M Y€TBEPTOM KOODEMHATHBIX YIIaX. 3HAYHT, TOYKA NEpPECEUCHMUS
NPAMBIX HAXOINTCA B YETBEPTOM KGOPAMHATHOM YITTY.
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Puc, 4.4, Puc. 4.5 Puc, 4.6.
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Ipemep 3. 3amuineM ypaBHeHWe npPAMON, NapannenbHoil npamoi
X+ 2y=135 K npoxofqiein depes Touky A(1; 3,5).

BripasuM U3 ypaBHeHHA X + 2y =5 NepeMeHHYI0 y yepes x: y=-0,5x+2,5.

3HauMT1, MCKOMOE YpaBHEHUE MMeeT BHI y =—0,5x + /. TojcTasum B 310
YpaBHEHHE KOOpAMHATH TOYKM A. IMomyuum: 3,5=-0,5+1, I=4.

OTBeT: v = -0,5x+4, wm x +2y=8.

HTO NpelcTARILIOT cofoi rpadMKi HEXOTOPKIX APYTHX YPaBHEHHRA?
» Tpadmkom ypasHeHus y=ax?+ bx + ¢, mie g = 0, apnsercs napabona.

* [padukoM ypapHeHHA y = ; e k#0, cryxur runepbona.

» TpacduxoMm ypapHeHHA x2+3y2=r2, e r>(, ABIAETCA OKPYXHOCTD
¢ LEHTPOM B Haddie KOOPOIHHAT M PAIHyCOM, PABHEIM 7.

HyxHo yMeTh pacliosHaBaThk YpaBHeHUs NapabGon W runepbon U B cay-
yagx, KOTHA IepeMeHHas y HE BbipaXeHa sfBHo. Hanpumep, ypaBHeHHeM

xI- % ¥y =2x 3alaérca mapabona. B caMoM Jeite, Bhipa3up y Yepes X, MOAYIHM ypaBHeHHe y=2x? — 4x (puc. 4.5).
A ypapHeHMeM xy=—4 3agaérca runepbona; eé MOXKHO OIHCATE YPABHEHHEM ¥ = —;- (puc. 4.6).

TIpwmep 4. TMocTpouM rpadux ypaBHeHHA y2 —x? =1,
Peire H He: PA3OXKMM JIEBYI0 YacTh YPABHEHHA Ha MHOXMTEIH H BOCIONBL3YEMCH YCIOBHEM DARCHCTBA HYMK

MPOMN3BEICHMWA:
-x)p+x)=0
OTCIONA ¥y =X WIM Y= —x.
3Ha4uT, rpahukoM CIYXKHMT 0ObeIMHEHHE TIPAMEIX ¥ =X H ¥ =—X {pHc. 4.7).

TpenupoBouHbie 3aJaHHA
3A0AHUA BA30BOIO YPOBHA

1. Kakas 13 JaHHBIX Nap YHCell ABAASTCA pelleHueM ypabBHeHMs x (v + 3) =22

Dx=2 y=3 D x=2, y=-3 N x=~2, y=—4 Hx=—4, y=-2
2. TpachMKy KAKOTO M3 HaHHRX YPABHEHHMH TOYKA A(%; %) He IPHHALIEXHT?

D y=2x-3 ) 1+1=5 3) 6y—12x2=-1 4 x2+y?=13
3. 1A Kaxaoro ypaBHEeHMS YKaXHTe HA3BaHWe ero rpadHka.

A y= 1;? 1} nopAMan

b. y=1-10x 2) mapabona



B. x2+y?=100 3) runepboa

I. y=10x? 4} OKPYXKHOCTH

4. VYpapHeHMs1 PAMON, Napabo/ibl U rHnepGo/bi 3aMCAHEBl IBYMS crocobaMui. YKaXuTe 3TH Naphl.
A. 3x+2y=7 D y=-=

b x2-1y=T7-x ) y=-1,5x+3,5

B. xy+7=0 3 y=2I+2x — 14

5. Kakas M3 JAHHBIX IPSMBIX NepecedéT npaMyto y = 100 B Touxe ¢ MeHbLIEH aGCuccon?

D y=01ix N y=%x 3 y=3x 4) y=10x

6. Kakoe yTBEpXKIEHME OTHOCHTENBHO NMPAMBIX y=2x +5 1 y = 2x— 5 BepHo?
1) TIpsamele nepecekawored B Touke (0, 5).

2) MpaMuie nepecekawTes B Todke (0; —3).

3) TMpamule napanaelbHbl ApYT APYTY.

4} TlpaMble MapavieNbHE IPAMONE 3 =5x + 2.

7. Ha KOOPAHMHATHOM IUTOCKOCTH OTMeueHH Touku P u (. Kakoe ypaBHeHHE 3a8aéT NpiaMYIo, MPOXOIAIYIO

yepe3 5TH TOUKH? S i e S
1) x +y=36 bordobodomto oot g
. SERRSRERAE s vk 1V
2) x + y=46 bl
% r

— L] 4 H ] ] N ] I I |
Nx-y=4 A A e
L] _-:_“i - I__I - I__i__ e
Hx-y=3 Fodmopodemtodotoroa)
Lodogodoododndont oo
LELZTI;LQ;A__;_L_{__{!

1 1 i r I 1 1 )
_d_ &b _ L1+ __§__}

8. YxaxyTe ypaBHeHHe TpsMoll, KOTOpasAs MmeeT MBe OOIIKE TOUKH ¢ napabomnoil y=x2 +!.

1) y=-10 2y y=0 Hy=1 4y y=10
9, Kakasa u3 naHHBEIX Mapabon nepecexaer och adcrmcc?
) y=x2+7 Dy=—>x2-8 Ny=xt—x+7 4y y=xl-8x +7

10. Kakas W3 NpaMbIX nepecexaeT rpatUK ypaBHEeHUA ) = —% B ABYX TouKax?
1) p=-3x 2y y=2x 3y y=-5 4y x=4

11. Moxno an paznoxuth 132 kapanmalna B KopoBku no 12 wTyk ¥ 1o 18 wTyk Tak, 4TeOLl BCe XKOpOBKH
OBLTH 3anCAHeHE!?

3AQAHUS NOBLILLEHHONO YPOBHA

12. dupmMa NpefoCTABNALST B apeHLY MUKPOABTOOYCH BMeCTHMOCTBIO 9 M 12 naccaxupos. CKONLKO aBToOYCOB
KAXIOI0 BHAA HANO 33K4as3aTh MUEA NEPEBO3KM 117 venoBek, 4ToObl ¢BOOOMHBIX MECT B ABTODYCcax He ObUIO H KO-
JAWYECTBO aBTOOYCOB ObLIC HAHMEHBIIHM?

13. OKpYyXHOCTbh C LIEHTPOM B HAYane KOOPAMHAT MPOXOAUT vYepe3 ToUKy A(—1; 3). TIPDOXoaUT MM 313 OKpyX-
HOCTb Uepe3 TouKy B( S22y

14, TTapaGona y =ax? +bx +¢ ¢ BeplinHo#i B Touxe A(0; —3) mpoxoanT depes Touky B(6; 15). B xakux Tou-
xax 37a napabofia MepecexaeT och x?

1 .
15. M3BecTHO, uro mapaboma y = ax?+ bx+ ¢ NPOXOOHT Yepe3 TOuKY B[];—Z W €& BepIUMHA HaXOIHWTCH

B Hauyalle KOOPAWHAT., 3alMIIHTE ypaBHEeHWEe napabofibl W ONpEACHKTE, B K2KUX TOUKAX OHA [EPeceKacT MpIMylo
y=-9.
16. TlocTpoitTe rpaduk ypapHeHHA xI-4dxy+4y2 =1,
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Pemenun u orBerni

L. 3. 2. 4. 3. A3, Bl, B4, I'3. 4. A2, B3, Bl. 5. 4. ¥xazanue. Hiobpasute cxemarmyeckue rpadiixu.
6.3.7.3.8.4.9.4 10. 1. 11. Moxuo; 2 Kopobk# no 12 WwTyK (ManeHekue)} ¥ 6 mo 18 (Gonpwue), 5 ManeHb-
KHX KOPOOOK H 4 GONBUINX, 8 ManeHbXMX H 2 Gonbuinx. 12. Omeerm: OIHH JeBATHMECTHHIH M 9 IBEHAZLATH-
MECTHRIX aBTOOYCOB. Peuenue: I1yeTh X — KONMUYECTBO JAEBATUMECTHBIX aBTOBYCOB, ¥ — KOJIMYECTBO ABEHAILIATH-
MeCTHRIX aBrobycos. CocTaBUM ypaBHeHue: 9x + 12y = 117 wnn noche peneHna oBeHX ero YacTei Ha 3 3x +4y=139.

BhIpasum H3 Hero yo y =2 (li_"}

. Bynem uckaTb peureHnsi ypaBHeHMH, B KOTOPLIX X H y — HATYPaILHBIE YHCAA
AIH OAHO M3 HHX PaBHO HY/IO (B 3TOM CHIYYac 3aKasbIBAOTCA ABTOOYCH! OHOrO BMAa). Beero moiyymm uerthipe
napei: x=13, y=0; x=9, y=3; x=35, y=6; x=1, y=9. B nepeomM cTydae mmeem 13 aBToOyCOB, BO BTOPOM
9+ 3 =12 apro6yCoB, B TpEThEM 5+ 6 = |1 aBTOOYCOB M B 4eTBEPTOM 1 + 9 =10 apTobycoB. BrGUpaem nocaexHuit
cryqyaid. 13. ITpoxoaut. Viazanue. CocTaBbIe ypaBHeHue okpyxkuoctr. 14. (O;V"E] H (0;~J5). Pewenue. Tag
KAK BEPMIMHA Napaboibl HAXOAWTCHA HA OCHM } B TOYKE C OPAMHATOR —3, e€ ypaBHeHHE MMeEeT BHI: ¥ =ax?—3:

Hal{iIéM @, NOJCTABMB B HETO KOOPAWHATH Toukk B: a-36—-3=15 a= -;- Peluns ypaBHeHne 'Ex2 —3 =0, HAHJEM,

4TO TMapafoia NepecekaeT OCb X B TOUKAX X = +J6. 15. y= —‘-ll-xz, (-6; -9), (6; -9). Pewenue. YpaBHeHHE ma-

pabonsl MMEET BUI: y = ax?; HaikoéM 4, NOACTABHB B HErO KOOPAMHATH TOMKH B a =-:]1-. Toukm nepeceyerns

napadoikl y=—%x2 ¢ npaModt y=-9 Haiiném uz ypapHeHHs —%xz =-9; x=16. 16. [padukoM ypaBHeHHH
SIRTAIOTCS OBE MapajUIe/ibHBie NpaAMble X — 2y =1 U x -2y = —1. Pewenue. TlpedcTaBumM A€By10 4acTh ypaBHEHHS

B BHAe (X —2y)%, MONYYHUM YpAaBHEHME ¢ JBYMS nepeMeHHBMH (x—2y)2 =1, Orciona x -2y =1 mwm x—2y=-1.
JHauuT, rpadMKOM CayKHT oOBEIHHEHHE NpAMBIX X— 2y =1 H x-2y=-1.

4.2. CacTeMbl YpaBHeHMH € JBYMS NEepeMEHHbLIMH

TEOPBTH'IECKHE CBECIEHHA

OcHOBHNE NOHATHA
B Tex cmyuasx, KOIMa HYXKHO HaiiTH OOlUHe pellcHUs ABYX win DGonee ypaBHEHMi, rosopar, 4To Tpebyercs
PELULPL CHCMEMY YPAGHEHU,

Onpeaenenne, Ilapy wmcen, xoropas O0OpAIIALT HAKNOE YPABHEHHE CHCTEMB! B BEpHOE YMCI0BOE
PABCHCTEO, HAZBMBAKT pelleHHeM CHCOTEMBE.
xy=-b,
x+y=-l,
ercd. (B nocnenHem ciyuae napa yNOBIETBOPAET TOMBKO NMEPBOMY YPABHEHHIO CHCTEMBI.)

PeniuTe cucTeMy ypaBHEHHH — 3TO 3HAYMT HaliTy Bee €€ pelleHVsd WM yDeauTbes, YTo HX HET.

Hampumep, napa (2; —3) Aapnserca peileHUeM CHUCTEMK { a napa (3; —2) e€ pelleHHEM HE SIBSI-

TpathHyYecKan HHTEPNPETALUHA CHCTEMbI ABYX YpaBsHEHHH € ABYMA NepemMeHHBIMU

Kaxnasa Toduxka nepeceueHus rpadMKOB YPABHEHWH, BXOOALIMX B CHCTEMY, A4€T HAM Napy YHCe] — pElleHHe
cuctemul. CKoIbkO ¥ rpathvkoB ODLIMX TOUEK, CTONLKO pELIeHMI HMeeT
CHCTEMA. '

Ha puc. 4.8 uaobpakeHs rpathMkd ypaBuenunin y=x2— 2x, y=5x,
y=05—4, U3 pucyHKa BHIHO, UTO:

¥y =5x,

0.5 4 HMEET CAHHCTBCHHOEC PCLICHHE,
y=Uix—-

CHCTEMAZ YPAaBHEHHH {

y=x?-2x,
y=05x-4

CHCTEM2 YPABHEHHH Jl HE HMEET pelreHUi;
y=x2-2x,
y=15x
nepece4eHusl napatoskl M NPAMOA NPOCTO HE AOOMECTUNACE HA PUCYH-
K¢, Ho nmapabona, koTopas <pacTéTe BhICTpee, 06A3aTENBHO <«JOTOHMT»
IPAMYI0).

CHCTEMA YPAaBHEHHI { HMeEET JBa PelIeHHA (OMHA TOYKa




y+x=2
{Zy +2x=4

PV E= TN 2= &

071 \ X 1\\ X 1 X
a) 5) g) Pue. 4.9

[papuueckiie cooOpaxeHus MO3BOIAIOT, B YACTHOCTH, HCCIASADRATL BONPOC ¢ YMCAE PELNEHHME CUCTEME JBYX
JHHEAHBX YP3BHCHMH ¢ IBYMS IeépeMeHHBIMH. BO3MOXHH TPH Ciydas;
* &CIIH IIpAMEIE — r‘pa(bHKPI ypaBHeHHﬁ CHCTEMBE — NMEPECEKANTCHA, TO CHCTEMA HMEET CAMHCTBEHHOE pe-
HICHHE,
¢ ECJIH MPAMEEC ITAapaNaciibHbI, TO CHCTEMA HE HMEET pe[[leHHﬁ;
*  @CIH MNPAMBIE COBMANaloT, TO CHCTeMa UMeeT BeCKOHeYHOEe MHOXECTBO pelleHHEH.
Bce o1 ¢/iydad TpOMWUIIOCTPUPOBAHEL IIPUMEpPaMH Ha pHc. 4.9,

—_—
—_—

::-_/“:

A

AnreGpanyeckoe PeuleHHE CHCTEM [BYX YPaBMEHMH C ARYMS NepeMeHHbIMMK

BaM M3BECTHEL ABa OCHOBHEIX cNocoBa peuieHns CHCTEM YPABHEHHI: crocod caokeHUs U chocod modcma-
#ogxu. CyTh KAXIAOIO M3 HUX COCTOMT B TOM, YTOGKI MCKIIOYHTb KAKYIO-NTHGO NepeMeHHYH M MOTYUUTh YPABHe-
HHE, COASPXAIUEe TOIBKO OOHY TIEPEMEeHHYIO,

CucTeMy ABYX NMHEHHBIX YPAaBHEHRI ¢ OBYMA NepeMeHHBIMH MOXHO, BOOBUIE TOBOPS, PEIINTh JIIOOHM H3
3THX Ccrnocobos, HO Donee yIOGHBIM ARALTCA CIIOCOG CMOXKCHHA.

HYTo6H PEelTh CUCTEMY IBYX YpaBHEHHH C IBYMS TEPEMEHHBIMH CrIOCOBOM CNOXKEHMA HYXHO!

* MpeoOpa3’nBaTe YPABHEHUI, Moq00paB COOTBETCTRYIOMME MHOXHTEIH TaK, YTO6L K03 OHULIHEHTH TP Ka-

KO -THO0 H3 NMepeMeHHBIX CTATH IPOTHBONONOKHBMH YHCIAMU,

* CNOXMTE NIEBHE H IPABLIE YACTH YPABHEHHH;

* PELMNTL MOAYUHMBUIEECA YPABHEHHE ¢ CAHOH NepeMeHHOI;

¢ HANTH COOTBETCTBYIOILME FHAYEHHA HTOPOH MepeMeHHOM.

IIpamep 1. Pewum cucteMy ypaBHeHHH {ij:g;’fg' Hcxmounm nepemerHyto x. JIna 310ro yMuoxum obe
6x+9y =18
YacTH TIEPBOTO YPABHeHHMA Ha 1, a 00¢ 4acTH BTOPOrG ypasHeHWs Ha —2. [1omyunm: - 10 1. 1 TTocre
X — y =—14,

CNOXCHHA YPABHEHHH MONYYHM: ¥ =—2. 3HauyeHHWe X HAMIEM M3 MEPBOre YpaBHEHHS: 2X—6=6, x=6.
OteeT: x=0, y=-2.

Cnocot NMoaCTaHOBKM HCIIO/NBIYIOT, €CAH W3 KAKOTO-NHEO YPABHEHHS CUCTEMbI MOKHO BRIPA3MTL OOHY Tepe-
MEHHYK 4epe3 OPYTyio. B 4acTioCTH, OH NPUMCHMM B TeX CyuanX, KONIA OMHO M3 YPABHEHMI CHCTEMB SBASET-
CH JHHEWHBIM.

Hro6r peluuTh CHCTEMY BYX YPAaBHEHHH C ABYMs MEPEMEHHBIMH CIIOCOGOM TOICTAHOBKH, HY¥XHO:

* BBIPA3MUTL M3 KAKOTO-NNBO ypaBHEHHA OIHY TIEPEMEHHYIO YEpE3 APYTYHO,

* MOACTABHTE IONYYEHHOE BHIPAXKEHHE BO BTGDOE YPABHEHHE,

* DEUINTh MONYYMBINEECS YPABHEHHE ¢ OAHOH TepeMeHHON;

* HaWTH COOTBCTCTBYIOLUME 3HAYEHMS BTOPOH MEPEMCHHOH,

x-y=17,
X1+ 32 =9-2xy.

BrIpasum H3 ypaBHeHHS X — y =7 MepeMeHHYI0 X M NOACTABHM BMECTO X BBIPAXEHHE 7 + ¥ BO BTOPOE YPan-
HEHHE CHCTEMDI, MOMYYUM YPAaBHEHMC: (7 +))2+ 32 =9 -2y (7 + y). (J/loBenuTe pellledue O0 KOHLA.)

Otser: x;=35, y ==2; x;=2, y,=-5.

Ipamep 2. Pemidm CHCTEMY YpaBHEHHH {

4x+ 3y =~1,
Ilpumep 3. Peuium cucTeMy ypaBHEHHI 5 i
Ixt—y =11,
B naHHOM chyyae LenecoOBpPasHO BBIPA3NTH MEPEMEHHYIO V' U3 BTOPONC YPABHEHHS: y=2x1— 11, [MTocne nog-
CTAHOBKU BMECTC y BLIpaXeHusi 2xZ— 11 B nepBoe ypaBHEHHE TIONyuUM YPABHEHME C OAHOH NepeMeHHOM;

4x + 3 - (2x? — 11) = —1. BLINOAHHB NPOCTHIE TPECOPA30BAHMA, TIPHAEM K KRAAPATHOMY YpaBHEHHIO 3x2+ 2x — 16 =0,
(losenuTe pellleHHe 00 KOHLA.)

Otser: x; =2, ¥,=-3; x,= —2-; , ¥ = 3%‘
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ObpatuTe BHMMaHHe: ecnp GBI MBI BLIPAXKETH KAKYI-HHOYIb NEPEMEHHYIO M3 AMHEHHOTO ypaBHeHUs, TO
.aa.l}bmc HaM HPHULIOCH Ol MMETDb ACI0 ¢ APOGHBIMY KO3(MDHIIHCHTAME U TIPeoBpa3oBaHus GuITH Bbl Gonee TPY-
DOEMKUMHE.

MHorza crnocobel COXKEHUS M NOACTAHOBKU IIPUMEHAIOT HE A MCICTIONCHHS KAKOH-AHGO nepeMeHHOoM,
a 11 3aMeHbl HCXORHOR cucTeMbl Bonee npocTol. B npHBenéHHBIX HHXe NpuMepax NpeUTaraeTea Maea pelleHHA
H Ja€TCA OTBCT, a JOBECTH PELUSHHE O KOHILA B KaKIOM CIIyMae HYXKHO CaMOCTOATENLHO.
xy—-y=1,

Xy+x=4,

ITY CMCTEMY, B NIPHHIMIIE, MOKHO PELIHTh METOAOM TMOICTAHOBKH, BLIPA3HB, HAPHMED, NEPEMEHHYIO ¥ M1
NePBOro ypaBHeHMA, Ho TOTAA MOTOM NPUIETCs pelnaTh APOGHOE YpaBHEHHWE, [103TOMY BOCTIONBIYEMCA METOROM
~xy+y=-l
Y+x=4,

IIpumep 4. Pemmvm CHCTEMY ypaBHEHHIA {

CIIOKEHHA M UCKMIOUMM MPOH3BEIEHHE XV { noxyyuM: x+ ¥ =3. Jlance MOXHO peuIuTh CIOCOGoM

xy—-y=1

xty=3 ' B KOTOPOI ONHO U3 YpaBHEHHH ABANETCS AnHelHbIM. (Bpipasute x ycpes y.)
Bt

NMOICTAHGBKH CHCTCMY {

Otper: x=2,y=1
x+y=17,
(x2 - y2)(x—y)y=175.

Ecnn cpasy npubertiyTh K MONCTAHOBKE, BHIPA3HB KaKyW-HHOYIb MEPCMCHHYIO H3 NMEPBOTO YPABHEHUs, TO
3TO NPHBERET K CPpOMO3IKNM Npcodpa3oBaHusaM. [lo3ToMy mepenuuieM BTOpOS YPABHEHMC CHCTEMBI B BMIE
{x+¥) (x—y)?=175. [{OACTABMB BMECTO CYMMBL X + ¥ g€ 3HAYEHHE — YKUCAD 7, IO;TyYMM ypaBHeHHe 7(x — y)? = 175,
x+y=7,
(x-y) =25
3Ta CHCTeMa «pacnamacTcs» Ha JBe CHUCTeMBl NWHeHHBIX ypaBHeHHH,

Orper: x,=6, 3, =1, x,=1, y,=6.

Ilpn pelleHHH CHCTEM YPaBHEHHH, TaK Xe KaK W NpH pelleHUH YpaBHEHMHA ¢ OOHOH nepeMeHHOW, ORIBaeT
TIONIE3EH MEMOG 3aMeHbi NePEMEHHBIX,

IIpumep 5. Pewum cuctemy ypasneHui {

T. €. {x— 1) =25 [puxoaum K cHCTEME! { Tak Kak (x—y»¥ =25, eClH X—¥=35 WM x— y=-5, To

Sx+ ¥+ 2xy=-19,
x+3xp+y=-35

Sa+2b=-19, DTa CHCTEMa THHEHHBIX YPABHCHHH
a+3b=-35 P

Ipumep 6. PewvM cucteMmy ypaBHEHHH { 3mecs ya106HO BBECTH TaKyly 3aMEHY:

x+y=a, xy=~5. [MonyduM CHCTEMY ¢ NepeMeHHBIMH g H b: {

x+y=1,

HMeeT 0QHO peweHue: a =k, H=—12. Jlanee ro3mpaniaeMcs K NePEeMEHHLIM X H y U pelllaeM CHCTeMy { 1
xy =-—l2.

OreetT: x;=4, y,=-3 x,=-3, y,=4.

LI ]
- ¥
IIpumep 7. PellluM CHCTEMY ypaBHEHMIt f '_:
;:‘ - ; = 9.
Beeném samMeny 1 =aq, 1 =5 Toma TTOTYIHM 2a+b=4, Orcoaa a=3, h=-2. TloaTomy x = l, y= -1
x ¥ a—3b=9 3 2

|

OTBeT X =3

=1
y=-3

TpennpoBouHbie 33 1aHUA

3A0AHWUA BA30OBOIQ YPOBHA

2x+7y =4,

. ¥xaxute napy umcen, siBISIOLIMXCA PeNleHHEM CHCTEME! YpasHeHHH { 2 .
x+2y=—1.

O -2) 2 -1 N5 4)(2; -3)
2. PenicHHeM KakoH M3 DaHHBIX CHCTEM YPaBHeHM#E sBNseTCA napa uMcen {-1; 3)7?

Ix—y=0, x+y=1, Ix+y=6, Ix—y=1,
2 {x—yz—-’-l- 3 {x+2y:5 2) {—x+3y=]0 b {3x+2y:3
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7. Ucnonn3ya pucyHOK, YKAKHTE CUCTEMY ABYX YPaBHEHHId ¢ ABYMS TIEPEMEHHEIMH, PelleHHeM KOTOPOH AB-

JACTCA rnapa oTPMHATENbHBIX YWCE.
R

I {3}’—x:0, o ' 3” —_f—-'r—1'—~;——r--
3y—x =0,

2) {2y—x=-—6
2y—x =6,

3){2y—x=~6

4} Takoit CHCTEMBL HET

8. Ilns Kaxkno# cucTeMBl YPaBHEHUU OIpeENE/IUTE YUCIO €€ pelleHMit (MCIOMb3yiiTe rpacdHyeckue U3006pa-
XKEeHUS).

-5 _6 6
A PE® B. ¥ x B. Y7
y=—x2 y=-3x y=3x

1) OoHo peureHue 2) [Ba peleHust 3) HeTt pelieHuit

9. Kaxnyio U3 JaHHBIX CUCTEM YPaBHEHUM COOTHECHUTE C YMCIOM e€ pelueHuil. ([ pellieHust UCMOJIb3yiTe
rpaduky; rpadUK ypaBHEHUA X2+ )2 =4 U300paxEéH Ha PUCYHKE.)

x4yt =4 HESE7 SRERER
A - BiEN

{y=x1+1 1) OaHo peleHue 5

2) Ba pemeHus IR

B. {x2+{2 =24, 3) Tpu pelenus 50 ;:\\

y=x- 4) Her peuienwuii - Q_ng |
g, (¥ ¥3=4 R

y=x2+4 bt -

Peinute cuctemy ypasHeHuit (Ne 10, 11):

4x — 3y =10, 2x+y=1, Ix—y=8,
10.
2) {x—2y=5 ) {5x+2y=0 B) {x—4y=—-l
2 _ [ 2 =
1. 2) x° =3y =-9 6) {x 2y =4,
y=13 x—y=12

3A0AHUA NOBBIWEHHOINO YPOBHA

PeurnTte chcTeMy ypaBHeHUE (Ne 12, 13):

Xyl v 1
12. a) i, 5 : X+y ’ 6) {iz_"'yz“_v-]f’_}’2 = _7 B) {Yz_ 5,2
Tte="4 x?—y2 =21
(x—DHQy+hH=0 =8 1 _1__2
13. a) YEO=N o 5 TS B) {x ¥ 3
W+ x—y=7 x1+ =20 x-y=2

xt+yt=a?,

14. TIpH KaKWX MONOXKHTEABHBIX SHAMCHASIX YMCTd ¢ CUCTEMAa YpasHeHWH { 5
y=-x+

HMMEET NRa DENIEHNA?



Pelrenss 1 OTBETbI

1.3 2.3 3.4 4. 1.5.2.6.3. 7. L. 8. Al, B3, B2. 9. A2, B3, B4. 10. a) (1;-2); 6) (-2;5): B) (3; 1)
11. a) (0; 3), (=3; 6): 6) (0; ~2), (Z; 0). 12. a) (1; =3); 6) (3; =), (-3; -8); B) (27; J7), (-247; ~V7). a) Yka-
sanue. UTo6l M3BaBUTECH OT NpoBei, Meppoe YPABHEHUE YMHOXLTE Ha 13, BTOpOe — Ha 6. 13. a) (1; 2), (1;-1,5),
(x-DRy+1)=0,

Ha ocHoBanWM YCNOBHSA PABEHCTBA MPOM3BEACHHMA HYIIO [TONYYHM:
232+ x—y=17.

(6:—0,5). Pewenue. {

2yt x—y=7 2+ x—-y=T

BMB 3TG 3HaYeHHWe X BO BTOPOe YpaBHEHHe, NONyYMM ypaBHenue: 2y —y—6=0. Ero xopuu: y, =2, y,=-L5.
TIONMYSHIH OBa PElUCHHA CHCTEME ypasHenmii: (1; 2) u (1; ~1,5). PeutuM BTopyo cUCTEMY. Ha nepporo ypapHeHHA
uMeeM: ¥ =—0.5; n0ACTABHB 3TO 3HAUEHHE }¥ BO BTOPOE YPABHCHME, MOIYYMM YPABHCHHE: 0,5+x+0,5=7, x=6.
Honyuiwny ewé ofHo, TPeThe pPelleHMe cHCTeMbl ypasheHuwi: (6; —0,5); 6) (4; 2), (—4; -2), (% 4), (-2; —4);
B) (3; 1), (-1;=3). 14, a > 2. Peuwenue. ToncTaBuM BRIpAXKEHHE 114 ¥ B NCPBOE YpPasHEHHE M NOAYYHM KBa-
apatHoe ypabheHMe: 2xZ—4x +4— o?=0. YpaBHe¢HHMe MMeEeT AB2 PELUCHWS, KOIMa OMCKPHMHHAHT TMONOXHTCIEH:
16— 8 (4-a?) >0, oTkyna a>+2 >0. ToT ke peaynETaT NOMyMUTCA TPAPUUECKHM METONOM.

{x_l o MM {2y+ -0 PewuM nepsyio cucremy. M3 neproro ypapneHus wmeem: x=1; noacta-

4.3. 3axa9m Ha KOOPAHMHATHOM ILTOCKOCTH

TeoperHuecKkHe CBeACHHA

3neck paccMaTpUBAOTCS 3aaUH, B KOTODHIX anaredpanyeckuil anmnapar NpUMeHAETCd LA OTBETa Ha BOIIPOCH
TEOMETPMYECKONO CONCPKAHUL: AT BLIUMCIEHHS KOOPIHHAT TOUEK NMEepecedeHus NMHUM (NPaMix, mpaMoil o na-
pabonsl, AByX napabom u T. A.), WA OUPEASNeHUs B3aMMHOFO TOJIOKEHHA NMHUA B KOODOMHATHOH TUTOCKOCTH,
ANs COCTARIEHMA YPABHEHMS JUHHU (MPpAMOI, napabonki} no 3aJaHHLIM YCIIOBUSM H Ap.

3apaua 1. B kakoil Touke nepecekalorcd npsiMuie 2x — y=3 ¥ dx + 3y = 157
Ix—y=13,
4x +3y=-15.
TOYKA TepeceueHHA MPAMBIX — 3TO HX o0liasd ToYKa. JHAUMT, €€ KOOPAHHATEI ZOKHE YAORJIETBOPATh KAKIOMY
H3 OBYX ypaBHEHHI, T. ¢. ABMATLCHA PEILEHUEM YKAIAHHOW CHCTEMBI.

Bocnonbayemes CNOCOGOM CIOKESHWA: YMHOXHM 00¢ 4acTH ITEPBOIC YPABHEHHSA HA 3 M CIOKHMM JICBBIE H
6x—3y =9,
dx + 3y =-15,

Pemenune: 3amaya croaAMTCA K PElISHUI) CHCTCME! JIHHEHHBIX YpaBHEHHI: { B camom pene,

MpABRIE YAaCcTH ypaBHEHHN. [lomyunm: { 10x =—6, x=-0,6. HajigéM cOOTBETCTBYIOLIEE 3HAYCHHUE )

M3 ypaBHEeHHH 2x —y= 3!
y=2x-3=-12-3=-+4,2,
OrBeT: x=-0,6, y=-42.
OBpareTe BHUMAHKNE: TPADHYECKOS PELIEHHE TTYTEM [IOCTPOSHUs] NPSAMEIX B KOOPIMHATHOMN TUToCKOCTH GbUIO
Gbl Goslee TPYAOEMKHM, a [NABHOE, TI0 UePTeXY KOOPNUHATH MOXKHO HalTH TOIBKO MPHOAHXEHHO.

3anaqa 2. Javul Touxkm A (12; 3), B(14; 7) v C (~5; =28). JIcxKaT 11 OHM HA ONHOH NpAMoii?

Pewenne CocraeuM ypaeHeHHe NPAMOH, npoxogsuieil uepel Toukd 4 U B. B ofueM BUie ypaBHeHUe
NpaMON 3anHCcHBAeTCAd Kak ¥ = kx + b, 3HAUMT, HYXHO HAWTH KO3DdULMEHTE & U b,

IMpaman npoxonut yepes Touxy A (12; 3), 3HauuWT, BepHO paBeHCTBO 3 = 12k + /. TouHo Tak Xe: NpAMad Npo-
XOMHUT qepe3 Touky B (l4; 7), nosromy BepHO paBeHcTBO 7 = 14k + b. TNpuxoauM k cHcTeMe YpaBHEHMH C Iepe-
12+ 5 =3,
14k +b="7.
ypaBHeHMeM y= 2x — 21

BriackuM, IIPpUHALIECKHT U 3ToH NpaMoi Touka € (—5; —28). [ToacTasnp ¢€ KXOOPOMHATH B YPABHCHWE, MOQ-
IydHMM HEBEPHOE paBeHCTRO; —28=2-(-5)-21.

Oreer: Touxy A, B u { He nexar Ha oOHOH NpPAMOI.

MEHHLIMH & H & { Pemns e, HatiaM, uto k=2 u b=-21. Taxum obpazoM, NpuaMasn AB zagaéres

3anava 3. TMapaGona, nomyueHHas CABMIOM BAOIb OcH y napaGoawm y=2x2, mepecekaer OCs X B TOYKe
(—Jg; 0). INepecekaeT nu >ra napabona npamyw y=-9?7
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Pewenue: Ipexae ncero coctasum ypapnenme napabonnl JA 3TOT0 YyMMTRIBAGM CAEOYIOUIME JAHHBIC 3a-
Jag:

1) Iapabona nonyyena capurom mapaGoam y = 2x? BEOAL GCH Y. 3HA4HT, OCh ¥ — €€ OCH CUMMETPMH, M Ha-
paGona 3aaaéTcA ypaBHEHHMEM BMIa ¥ = axi + c.

2) Tak Kak cMenlanach mapabona y =2x2, TO B YPaBHEHHH ) = ax? + ¢ H3BeCTEH KO>DPHUMEHT a= 2. YpapHe-
HHME HMEET BHI y = 2xZ+ ¢,

3) Ilapabona MNpoXoaMT 4Yepe3 TOUKY (—Jg; 0), a 3HAYHT, KOODAMHATHL ITOHK TOYKH HABIANTCA pelleHHEM
ypaBHeHnsT y = 2x2 + c. Wa paBencTBa 0=2- (~ 5 )2 + ¢ Haxomum, yto ¢=—10.

Takum obpasoM, napabona 3a0aérea ypasHeHHem y = 2x2 — 10. OTBeT Ha BOTIpOC 3aAauM MOMyuaeM W3 rpadi-
YeCKUX cooGpaxeHHH: HiDkHAA Touka napabGonpl — sepluuHa {0; —10); e seTBM HanpaBlIeHH BBEpX. JHAYMT, Ma-
paGona nepecexaer npamyio y=-9. (Cnenaltte cxeMarudeckHit pICYHOK.)

TpenuposoaHble 3a0AHHUS

3AJJAHWA BA30BOro YPOBHA

1. BexcnnTe KOOPIHHATH TOMKH IepeceueHHs npamux 4x+3y=—11 u Ix-6y=0.

2. BrYHCAHUTE KOOPAWHATH TOUYKU B. i
y
T1 /
; —-
Q ! X
x=2y=6
B
x +y=—8

3. B KaKo# KOOPIMHATHOM YETBePTH HAXOIHTCS TOUKA NEPECEUYeHMs UpaMbix x+7y =5 W x+2y=07?
4, BuMrcIUTe [UIONALs TPEYTOAbHHKA, OOPa30BaHHOTO NPAMBIMH ¥ =0,5x , x =6 n ocCplo abcmmcc.
5. B xakux Toukax npsmas y= 16+ x nepecekaer napabony y =x2— 5x7?

1y(-2; 8) u (14; 24) NE - u (24 14

2)(8; 24y u (-2; 14) 4)(24; 8) u (14; —2)_

6. BoauenuTe KOOPAHMHATHL TOUEK MEpEce4eHHs napadoiL

3) y=xl—4 u y=-x*+4

6) y=x1-2x m y=x2+2%

B) y=x-2x M y=—-x2-2x

N y=x2-3x u y=-x*-35x

3AJAHWUA NOBBIWEHHOIO YPOBHA

7. lana npsmas y=2x+4. 3Ty OpAMYIO OTOGPAa3AM OTHOCHTENBHO OCH abCuuce, OCM OPOMHAT H Havana
KOOPIHHAT. ¥CTAHOBHTE COOTBETCTBHE MeXNY oTo6paXeHHAMH M YPABHEHHAMH IOMYIHBIINXCH NPAMBIX.

Orobpasenue VYpapHenne HPAMOH
A. OTHOCUTEeNIBHO ocH abcuMce y=2x—4

B. OTHOCHTENBHO OCH OPIHMHAT Dy=—-Ix-4

B. OTHOCKTENILHO HAYaNa KOOpIMHAT I y=-2x+4
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8. Ha pucyHke H3oOpaXeHE! OKPYKHOCTE, 3alaHHad yPaBHCHHEM (x+ 42 +y?=10, » rpadpuk Gynxuum y= x1.
Briuncaure KOOPIWHATEL TOMKH B.

|

&
=
‘ﬁ{“

. 3
9. BHIMMCIUTE KOOPAMHATHI TOYKH Tepecedexns mnapabosel y=x2 +3x— 1 u runepGone y = =

<
10. MapannenorpaMM orpaHUdeH OCBIO abcUMce, nNpaMmoit y =4, IpaMof ¥y = 2x + 4 1 NpsAMOI, NEpeceKaeh
ock y B Touke ((; 10). Haianre niomans napaiieiorpaMma.

11. TIp¥ Kaxux NOJIOXHTEILHBIX 3HAYEHHAX ¢ OKPYXHOCTh X2+ 32 =8 H npAMas X+ ) =c¢ UMEIOT IBe o0lIMe
TOUKMU?

12. Tlapabona y=ax?+ bx+ ¢ ¢ BeppHOi B Touke D (% 4) NEPCCEKAEeT OCh ¥ B TOYKE ¢ OPOMHATOH —3.

3anMInyTe ypaBHEHHE 1APaOOILL.

PemieHus 1 OTRETHI

1. (-2; =-1). 2. (-2; —4). 3. Bo Il yetkeptH. 4. 9. fTodcxasxa. Chenaiite 4epTéx. 3TO MPAMOYTONBLHBIA Tpe-
YIOMBHUK ¢ KaTeTaMu, PaBHBIMM 6 M 3. 5. 2. 6. a) (2, O) u (=25 0); ©) (0; 0); B) (0; 0) 1 (2; 0); 1) (0; 0) m (-1;
4). 7. A2, B3, BL. 8. B(-1{; 1). 9. (-1; =3), (-3; 1), (1; 3). 10. 12. Pewenue. Cnenaitite yepréx. Yersépras
npsaMas y =jkx+ b napaienstHa NpaMoil y=2x + 4, 3HAYMT, k=2, ¥ NEPeCceKaeT OChk ¥ B TOUKE ¢ OpIMHaTol 10;
3HauuT, b= 10. YpapHeHuUe 31Ol npamoit y=2x+ 10. Tlpamaa y =2x + 4 nepecexkaer ock abcUuce B TouKe ¢ ab-
CUHCCOH x=-2, npsaMan y=2x+ 10 nepecekaeT och abcuMce B ToUKEe x=-5 . M3 yeprexka BHAHO, YTO BHICOTA
naparienorpaMMa paeHa 4, 4 OCHOBAHMeE, K KOTOPOMY MNpoBeaeda BbicoTa, pasuo 3. [Inowdae napannenorpaM-
mMa paBHa 12. 11. O < c < 4. Peuwerite. BoIpazuM y U3 YPABHEHHA X + ¥ =¢ ¥ NOICTABUM €0 B YPABHEHHE OKDYX-
HOCTH: X2 + (¢ —x)2 =8, KOTopoe nocne npeobpa3zeBaHmii MPUMET BHI 2x2 — 2¢x + (2 — 8) = 0. OKpYKHOCTE M Nps-
Masl MMeIoT ABe ODIHe TOUKHM B TOM M TONBKO B TOM CJIyUae, KOIOAa 3TO YPaBHEHHE HMMEET JBA KOPHH, T. €. TIpU
D3>0, Taxum obpasoM, HAIO HaHTH TaKHe 3HAYEHMA ¢, TIPH KOTOPBIX TUCKPUMMHAHT YPAaBHEHWS MOIOMKHTETEH.
Umeem: Di=c? — 2 (c2 - 8)=-2+16; -2+ 16 >0, ¢ — 16 <0, 4 < c<4. Ycrosuio 3a0a4H M3 3TOT0 MHOXECTBA
YOORISTBODPSAIOT 3HAYCHHA (< ¢ < 4. BoamoxHO M reomeTpHucckoe peleHue. [lpamMad x + y =0 mepecexaer okpyx-
HOCTB € UEHTPOM B HAuLIE KOOPOMHAT H PaIMyCOM J8 B JByX TOUYKaX, a MapauleibHasd el KacaTeabHad
¥=-X+¢y— B OOHOH TOYKe. YCIOBHIO 3aladyH YAOBJCTBODAIOT Bee ¢ U3 mHTepBaia (< c< ¢, Hamaém ¢, Kaca-
TENBHAA ¥V = =X + ¢, OTCEKAET NMPAMOYTOAbHBII PABHOOGEIPEHHBIA TPEYTONBHUK C BEPLUMHOH B Havajle KOOPIWHAT
¥ GOKOBBIMH CTOPOHAMU, paBHEIMU ¢0. Paguye, nposengéHHbIA B TOUKY KACAHMS, HBJISETCH BLICOTOH M MENHAHOH
3TOTO TPEYIOAbHUKA, CIEAOBATEIbHO, M0 THITOTEHY3a paBHa 2v8 , OTKYAa KaTeThl paptul 4. 12, y=—28x2+ 28x — 3.
Pewenpe. 3a0aqy MOXHO PELIUTE, COCTABUEB CHCTEMY YPAaBHeHHH. TIpH 2TOM HANO VUMTBIBATE, YTO ¢ = -3, MOITO-
My YpaBHeHHe WMeeT BUI vy =ax?+5X —3; xOOPAHHATHL OIHOH W3 TOYEK, NpuHALIeXamx napabone, naHb!
B YOIOBHM — 3T0O KOOPIWHATH BEPIUMHBL; €wi OOHA TOYKA, KOODPAMHATBEL KOTOPOR MOXKHO HAWTH, — 3TO TOYKA
(1; =3), cummeTpr4Haa Touxe (0; —3) OTHOCHTENTBHO OCH CUMMETPHU napabosisl. EcTe v apyroe, Bonee mpoctoe
peleHHe, Tak Kak BeplIMHA Mapatonbl HAXOGHTCA B TOUKE (%;4) , TO ypaBHeHHe 3TOfl Napa®oabl MOXHO 3alUCcaTh

]

: 2
1
B BHIE y:a(x—E] +4. TogcTtaguB B 3TO YpaBHEHME xoopauHaThl TOUKM (0; —3), HAXOOHMM 3HAUYEHHE @, OHO

: 2
paBHo —28. Hanee noactarased —28 B ypaBHeHUe Y =4 [x— %) +4 H NPUBOOHM €I K CTAHIAPTHOMY BUIY.

-



4.4. PemieHne TeXCTOBBIX 321349 AITeGpanvdecKuM MeToIoM

TeoperHueckue ceexeHus

YacTo 414 pellleHns TEKCTOBOM 3aAaud COCTARISIOT He YPaBHEHHE, a CHCTEMY YPaBHEHHH, 118 METO BBOISAT
He OfiHY OYKBy, a ZBe MK Jaxe Gonblle.

3amaua 1. Ilepumerp npaMoyronnnuka pasen 7{} cM, a ero AMaroHatb paBHa 25 ¢M.
Haiin#re mIMHLI CTOPCH NPAMOYrofEHHKA.

Pemenne: TlycTe INMHBL CTOPOH NPAMOYTONEHHKA PaBHHL X CM M ¥ cM {pHC. 4.10).
Ilepumerp mpamoyronsHMka paben 70 cM, nonydaeMm TNepBOe ypaBHeHHe: 2 {x + ¥»)=T70.
Bropoe ypaBHenne cocTaBuM, HConb3ya teopemy ITudaropa: x2 + 32 =252 Mmeem cHcre-

MY YpaBHEHwii: {2("“’ =70 pewmum cé: o y
T x4 pr =252 '
X+ty= 35,
x4+ y? =625,
Y= 35 - X,
X
x2+(35-x)2 =625,
Puc. 4.10.
2x2— 70x + 600 =0,
x? —35x + 300=0. Kopuu ypapHeHus x, =20, x,=15,
M3 ypapHeHHs ¥ = 35— x nomydaeM: y, = 15, y,=20. Takum o0pa3oM, CHCTEMa MMEET IBa PellieHUA: {;‘ ifg’

x =15
{yl B 20’ IMosnyyeHHEIE 3HAYCHHA X W ¥ 3a0alOT PAaBHBIC MPAMOYTOABHHKH, MO3TOMY 3ajadya MMeeT OFHO pe-
1= +

1EHKE,
OTBeT. CTOPOHL [IPAMOYTOJLHHKA paBHEI 20} ¢M ¥ 15 oM.

3anawa 2. B nponutoM rody Ha [Ba CAMLIX MOMYIAPHBIX (PAKyNETETa YHHEBEPCHTETa GMAC nomaHo 1100 3a-
ABAEHHE, B 3TOM romy 4Mca0 3ad4BNeHHH HA NMEPBHIA W3 3THX PaKyIbTeTOB YMEHBIIWIOCh Ha 20 %, a Ha Apyroi
yBenHunnock Ha 30 % M crano paBHEM 1130, Ckoneko 3adBAeHUA NOJAHO HA KaXABIH H3 3THX GaxynbreToR
B 3TOM T1omy?

Pemienue: Ecan o003HauMTE DYKBAMH YHCIO JadBNeHMil, NOAAHHBIX B ITOM IOy, T. €. TO, O YEM Crpaniu-
BaeTcAd B 3adaue, ypaBHeHMA OyneT cocTaBHTh TpyaHo. [TosToMmy BBedéM OVKBH LA NPOILUIOTOAHUX AAHWHEIX.
TlycThs B IMpomaoM rofy Ha nepeblid dakyasTeT GLUIO NOIAHO X 33ABNEHHIE, a2 HA BTOpOH — ¥ 3aMBIEHHA; HMEEM
ypaBHeHHe x +y = 11{H}. Yucao zanenennit na nepssiit akyaprer cocrapwio 80 % or yvena sasusnenuil Iponno-
Io roga v ctano pasHeiM {,8X; yncno 3ageneHHi Ha BTopoi Gaxynster coctawio 130 % or mpouuioronHerc
yuciia ¥ CcTaio paeHeiM 1,3y, WUmeem ypaBHenue 0,8x+ 1,3y =1130. Takum oOpazom, noIydacM CUCTEMY:
{x+y=1|00, x+p=1100,

0,8x + 1,3y = 1130, 8x+ 13y =11300,
E€ pewenne: x==600, y =500, Dro emé He oTeeT 3agauM, TpebyeTcA BHIMHCAHTE YMCTO 3aARICHHN, IMOJAHHLIX
B 3TOM rOgy Ha Kaxaeii M2 pakyneTetos: 0,8x =480, 1,3y =650.
OTeeT: HAa nepeul gakynsTeT nojgaHo 480 zanapTeHHil, Ha BTopoil — 650 3asgBACHHH,

YMHOXKMB ot 4acTH BTOpOIO ypaBHeHUA Ha 10, MONYyYHM CHCTeMY: {

TpeunpoBouHbBIE 3a0aHHA

3AL4AHWA BA30BOIO YPOBHA

1. NpouyuTaiiTe agayy:

B wnacce 25 ywanuxesa. [p Nondeke nepeBpeB B IIKOIBHOM Caiy KaXOA® AEBOUKA MPHMHECTE no 2 peapa
BOMEI, 4 Ka¥ALIH MankduK — NO 3 Beapa. Beero 6buio npuHeceHo 63 Benpa Boabl. CKONLKO B KNACCE MAUIBYHKCE
H CKOJILKG JEBOYEK?

Hycm B KJNAaCCE X MAJIBMHKOB H ¥ OICHOYCK. Kakas cherema YPABHEHHH COOTBETCTBYET YC/IOBHIO 3amaun?

Xty=125 x+y=125 g fety=25 x+y =125
%+%=63 i;.+§=63 ) 3x+2y =63 ) 2x+3y =63
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2. MpouuTaiTe 3a1a4y:
OmHAa H3 CTOPOH MpPAMOYTONBHEKA Ha Ll oM Gonbuwie Apyrod, a ero miomiassk pasHa 620 cm?. YeMy paBHBI
CTOpPOHbI 3TOTO TIPAMOYIOABLHHKA? )
TlycTb SaHHA GOMBLICH CTOPOHBI NIPIMOYTONBHHKA X CM, MeHBUIER — ¥ CM. Kakas cucTeMa ypaBHEHHWH CooT-
BETCTBYET YCIORHIC 3amaun?
) {2x+ 2y = 620, 2 {x+y=620, 3 {xy:GZO, 4 {xy=620,
x-y=11 x—y=11 y—x=11 x—y=1I
3. Mpouuraiite 3agavy:
B wxoneHOH CTONOBOH B MOHETICALHHK BBUIO OpofaHo 56 KekcoB W 20 OyTeLioK Boasl Ha 1280 p., a Bo BrOpP-
HHK — 50 kekcos u 35 6yThinok Boaw Ha 1700 p. Onpenenute LigHY OMHOTO KEKCA H OOHOH GYTBUTKH BOMIBI.
OfosuaeTe LeHY Kekea (B p.) DykBo#H x, a OyTLIIKM BOABL — OYKBON ¥ W COCTABETe CUCTEMY YpasHEHHUH Mo
YCIIOBMIO 3a7a4H.

4. TlpouwnraitTe 3a0a4y:

B komunke 82 p. nByxpyOnEBbiMU M naTupyOIEBEIMY MoHeTaMH, Beero B Hell 26 MoHeT. CKOMBKO NByXpyGié-
BbIX H CKOABKO TATHPYOIEBLIX MOHET B KOnwike?

O0o3HAULTE TMCNC ABYXPYONEBLIX MOHET GyKBOW X, a MATHPYOMEBRIX — GYKBOH ¥ M M COCTaBLTE CHUCTEMY
YPaBHeHHH nNo YCNOBHEO 33/1a4H.

Peuture 3amauy (Ne 5—8):

5. B 2 Gonbllve W 3 ManeHbKHe KOpOGKH rnoMelnaercs 38 Kapangatieid, a2 5 3 GonbliMe n | MaleHBKYKY —
36 xapanaaweit. CkonbKe Kapanjauici B HoablIoH H B MaJcHBKOH Kopobkax BMecTe?

1) 10 2) 12 3) 16 4) 18

6. Kymwnn 120 TeTpaneit B KMeTKY W B JIMHeiiKy, 3aniaTie 3a Nokynky 1170 p. CKonbKko Kymuaum Terpaded
KaX/I0ro BHAA, €CHM TETPanb B KIETKY CTOMT 15 p, a B AuHefiky — 6 p?

7. InuHa orpaXaeHust BOKPYT NETCKON MnoWmazkH, HMEWIEH hopMy NPAMOYTONbHUKA, paBua 110 M, a 1wio-
LIafb, 3aHUMaEMan N1oiankoi, pasHa 750 M2, Kakylo DIAHHY M ILHPYHY MMeeT TUongmka?

8. Mwmewtca 84 KapToOuKM, KOTOpble BHIKJIANBIBAIOT HA CTO/IC OAMHAKOBBIMH II0 JUIMHE psoaMu. MoXHO i
BLLTIOXMTE BCE 3TH KAPTOHYKH TaK, 4YTOOH pAgoB ObLIo Ha 3 Bonblie, yeM KapTodeK B KOKAOM paay’

3A0AHUA NOBLILLEHHOIO YPOBHA

9. B roponcko#t ayme 3accpano 60 ICMyTaToB, NPEACTAaBISIOLIMX ABE MapTum. Tlocae OUCPENHEIX BHIOOPOB
4YHUCIIO ASITYTATOB OT MEpBOH NAPTHH YBENWYHIOCh HA 15 %, a oT BTOPOil NapTMM yMeHBIIMIOCE Ha 20 %. CKOMhb-
KO ACITyTaTOB OT KaKOOH MapTHH 0Ka3aloch B FOPOICKOI MyMe Noche BEIGOPOB, ecld Beero 6uuto BuGpalio 55 ae-
MYTATOB OT 3THX ABYX TApTHIt?

10. Bonenbuyk xO4eT YCNeTh Ha CTAIMOH K Hauyaty MaTya. Ecau oH MOMIET M3 A0oMa nelnxkoM co CKOPOCTLIO
5 KM/, To omoanacT Ha 10 MMH, a €ClT NOEAET HA BEIOCUIIENS CO CKOpOCThIo 10 KM/4, To mpuemeT 3a 20 MuH
OO0 navana mara. Yemy paBHO paccTOAHHE OT MI0Ma A0 CTATMOHA M CKOJNBKO BPEMEHM OCTAIOCH 10 MaTua?

11. Hopora or QKO 10 CTATMOHA COCTOMT U3 ABYX y4acTKoB — 600 M nombéma n 300 M cnyeka. Hopora or
HIKOJbl 00 CTAdWOHA 3aHuUMaeT ¥ Braga 17 MHH, a OT CTAOMOHA 10 WIKOILI — |6 MMH. Onpetennte, ¢ Kakoh ¢ko-
pocThio HIET Braa Ha nooséMe, W ¢ KAKOH — Ha criycke.

12. 1Ba oncpaTopa, paboTas BMeCTe, MOrYT HabpaTh TeKeT raleTh ofbssaeHMit 3a 8 4. Ecmu MepBLId onepa-
Top OyneT paboTaTh 3 4, 2 BTOPOM 12 4, TO OHM BHIMIOMHAT TOALKO 75 % Beeit paGoTHl, 3a KaKoe BpeMs MOXET
HalpaTk BeChb TEKCT KaXIBIA onepatop, paGoTas oTaeABHO?

PeumieHUA M OTBETHI

56x+ 20y = 1280, {x+y=26,
50x+35y=1700.  |2x+Sy=82
BME 3amdvyl pe3yIbTaTa HC IaxyT. HyxHo HenocpeicTBeHHO peINMTb 3a0ady, COCTABHB CHCTEMY YPABHEHMI.
6. 50 Terpaneid B XMeTKy u 70 Terpaned B nuHeliKy. Pewenue. TycTb KynieHo x TeTpaaeit B KIETKY W y TeTpanei
B MTHHEHKY. TaK Kak Bcero kyrieHo 120 Terpamedt, 1o x + ) =120. CocrasnseM BTopoe ypaBHeHMe: 3a TeTpaau
B KJIETKY 3alTaTiiM 15x p., 33 TeTpaau B JMHedKy 6y p., Bcero samnarwid 1170 p., nosromy 15x + 6y = 1170.
x+y=120,
15x + 6y = 1170.
IlycTs nAuHBL CTOPOH HeTcKol maowagku x M W y M. dauna orpaxaenus 110 m, nostoMmy 2 (x + y) = 110; nno-
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1. 3. 2. 4, 3. { 5. 3. Modckazxa: TToNBITKH NMOACTARILTEL OTBETHl B YOIIO-

HmeeM cucTeMy ypaBHCHWUIL { Peruns c€, monyuum; x=30, y=70. 7. 30 M 1 25 M. Pewsernue.



X+ y =135

Xy = 750, Cucrema

Waab, saHUMaeMad owaIkoi, 750 M2, nostomy xy =750. MMeem cucremy YPaBHEHHH: {

x; =30, " x; =25
n=12 ¥ =30,
X M y 321310T paBHbie npamMoyronbHuky. 8. Henpza, Peurenue. COCTaBUM CHCTEMY YpaBHEHMIT, 0603HATHE ByK-

HMECT JIBa DCLIEHWA: { HO 33J3a4a MMEEeT ORHO PeIleHHe, TAK KAK MOIYYEHHLIE 3HadeHHA

BOH X YMCIO pAAOB, OYKBOH ¥ — YHC/IO KAPTOUEK B KaXKIOM pAxy. Tak Kak Bcerc uMeercss 84 KapTouku, TO

xy =84,
—p=3
BeipasHB M3 BTOPOTO YPABHEHMS MEPEMEHIYH) ¥ M IIONCTABUB 3TO BLIDAKEHHE B TMEPBOC VPABHEHHE, MONYUHM

Jﬁ

KBaapaTHOe ypaeHeHue x?—3x—84 =0. Kopun ypasHcHuUs: X2 = . OueBHIHO, “TO HET HEOBXOIMMOCTH

xy = 84; TaK KaK pALoB NOMXKHO OBITH Ha 3 GOMbILE, YCM KAPTOYEK B PALY, TO X — ¥ = 3. PElINM cUcTeMy {

PelIaTh CHCTEMY JAMBINE: H3 YCIOBHA 3a0a4ud CACIyeT, YTo cf pemeuunmu MOTYT GBITL TONBKO HATYPankHhIE YHC-
na. 3HAYMT, ONUCAHHAA B 3a/a4e CHTYauns HCBO3MOXHA, 9. 23 demyTara oT nepsoil naprum n 32 pemyrara ot

BTOpPOil MapTHH. Pewenue. Ilycte B ayme paboTaic x JeNnyTaToB OT NEpBOH apTHH M ) OENYTATOB OT BTODOH
x+ y =60,

MApTHH, TIOTYYaeM CHCTCMY: |15y 40,8y =S5, Pelanp ef, nonyuynm: x=20, y=40. Terepb HaWOEM, CKOJIbL-

KO BHOBL M30paHO ZenyTaroB OT Kakiod mapThum: 1,15-20=23, 0,8.-40=32. 10. 5 xm, 50 mun. Pemenue.

(Qfo3HaunMm OYKBOM X paccTogHMe {B KM) OT J0Ma IO CTAIMOHA, GVKBOA ¥ — BpeMmst (B 4), OCTABIIeecHd A0 MaTya.

Ecnuv SonenbUulMK HAST NELIKOM, TO A0pOora 3aimMéT y Hero %q, YTO Ha %q Sonble, ueM J; MMeeM YpaBHeHUe

1

X
. AHANOMMYHO COCTARIAEM YPABHCHHE LA cAv4Yasd, KOrma DonejBIUMK e1eT Ha BEeIocHTIene: ﬁ: Y- 3

C.'\Il—‘

|k

=y+
:y+€,

|
=y 3

UmMeem cucTemy: Pewtup c&, nomyunm: x=3, y—a TakuM o6pa3oM, paccTOSHHE oT IoMa 1O CTa-

Slw el

5
IHOHA PABHO 5 KM, Bpemd, OCTABLIESCH IO MAaTya, PABHO 5 9 WA 50 mud, 11, 30 M/MUH 1 60 M/MHH. Peue-

rue, lemecoobpa3Ho CIenaTk CXCMATHUYSCKMH PHCYHOK.

600 M 300 M

IlyeTe ckopocTs Bnana Ha nogkéMe pasdHa x M/MuH, a4 Ha coycke v M/MHH. Torga oopora oT UIKOMH OG

;
CTAMMOHA 3aHHMAET ¥ HEIO (60—0+@) MHMH, a 0OpaTHBLIA NMYTh 3aHHMAET Ler @) MHH. [lony4aem cHcTeMy
x v x ¥

60 , 300

=17
. 1 2a+b= 17, -
YPABHEHMH: 1 - Y TTonoxumM ﬂ =4, 300 _ b, MOJIYIUM CHCTEMY: PeitiennemM 310 CHCTE-
300, 80 _ e ¥y a+2b=16.
x ¥
S y . 300 _ 300 -
MBI CAYXHT napa usces: =06, 5=3. BepHEMcA K NicpeMeHHBIM X H y, MOTydHM: —— = = 50; =5 y=60.
X

12. Ilepeuiit oneparop — 3a 12 4, BTOpOi — 3a 24 4. Peusensse. T1YCTL NEPBRI ONMEPATOD MOXET BbmcmHuTb BCIO

paboTy 3a x 4, BTopeH — 3a y 4. Torza 3a 1 4 paGoThl nepeLIH CNEepaTop BHIMONHAST ¢€ YacTh, PABHYIC l, BTO-
X

poit — l, a BMecTe — (1 + l), 4TO COCTABJIAET ;- Beel pabotel. MMeeM ypaBHeHHe LI =é. 3a 3 Yy mepBhIi
¥ x ¥ x ¥

3 - k2
OTEepaToP BHINOJIHHT YACTh paboThl, PaBHYIO —, 3a 12 4 BTOPOH OIEpaTOp BHITOJHHT 4acThk pabdoTH, PaBHYO —-,
x ¥

a 3a BCE BPcMsi GYNCT BHIMIOTHEHA 44CTh, PABHAS (i + E), UTO COCTABINCT 73 %, Wnu % Beeit pabote. [Monydaem
X ¥

! i 1
—F —_= -,
L3123 x ¥ 8 1 1
BTOPOE YPABHCHUE. —+ —=- H CHCTEMY PewvM 3Ty CcUCTEMY, BBeAS 3aMCHY, —=a4, --= b
x y 4 3 + 12 _ 3 X i
X ¥

B pesynbrate moavium: x =12, y =24,



§ 5. HepaseHcTBa

Y10 HaA0 3HATE H YMETh:

+ MOHMMATEH H TIPHMEHHTE TEPMUHOJIOTHID K CHMBOMHKY, CBA3aHHBE C OTHOLICHHEM HEDABCHCTEA; NOHUMATD
CBOWCTBA YHCTOBRIX HepaBeHCTB, MPUMEHATh HX B XOA€ peileHHAA 3a1ad;

s pewaTh AHHEHHLIE HEPABEHCTBA C ONHOH NMEPeMEHHOH M HX CHCTEMBI, MPHUMEHATH NONYMEHHEE YMCHHA
ANy pelreHHA 3alad;

+ pellaTh KBAIPATHBIE HEPAaBEHCTBA C ONOpoM Ha rpaduyecKHe NPEACTABIEHHS, MPUMEHATL NMONYYCHHKIE
YMEHHA 51 PeNIeHWs 3anad.

5.1. OGmMe cBOMCTBR HEPABEHCTB

TeopeTHYECKME CBEACHHA

W3 0Byx ukcen @ U b CrPaBeAiHBO ONHO H3 CIGOYIOILMX COOTHOWEHHI: a> b, a<b, a=b.

Qnpeneneduve. EcaM paidocTrs a — b MOMOXKHTENbHA, TO 4> 5, ecad pajHOCTD @ — b oTpHEATEeNnBHA,
TO a< b; ccIH PAIHOCTE a — b pasHA HYAWO, TO a=b.

BTOMY ONPEICIEHHID MOXHO HaTh TEOMETPHYECKYIO VILTIOCTPALIMID: W3 ABYX 4HCEN @ M b OOJBIINM ARIAETCA
TO, KOTOPOMY HA KOODIMHATHOMW MpAMOH COOTBETCTBYET TOYKA, PACNIOVIORCHHAA NpapBee, M MEHBIUHM TO, KOTO-
POMY COOTBETCTBYET TOUKA, PACNOAGKEHHAA NEBEE.

HepaBeHcTBa @ > H M g < b Ha3IBIBAWT CTPOTHMH HEpaBeHCTBAMH. PacCMATpHBaOTCA Takke HECTpOrMe HE-
DaBEHCTEA !

HEPaBEHCTBO d 2 b, YHTAKT «g CONbLIE WIH PABHO b», WIH «ad He MeHELWE H»; ITO HEPABEHCTBO BEPHO, €CIH
a>bum a=bh,

HEPABEHCTBO 4 < A, UMTAWOT «& MEHBIIC WIH PaBHO b», MW «g He OOMbIHE H»] 3TO HEPABEHCTBO BEDHO, ECAH
a<bum a=>.

HanpuMep, BEPHBIMH SRAAKTCA HepaBeHcTBa 722, 727, 5€6.

CrpaBeaniBel CASOVIOIIHE CBOWCTBA HEPAREHCTR ;

{l) ecnue a>b, 1o b<a,

{Decm a=>b u b>c, T0 a>c (mpanzumugnocms HEPABSHCTBA);

{3) ecim a>b U ¢ — moboe YHCHo, TO A+ > b+

decina>buc>0, To ac>be; ecnd a>d H ¢ <0, 70 ac < be;

{SYecmma>buc>d, Toa+e>b+d,

B)ecima>bue>dua, b, ¢, d — nonoxuTeILHLEIE YUCTA, TO ac > bd.

CBOMNCTBO (3} YHTAIOT TAK: K 0feuM RaCMAM HEpAACHCMEd MONCHO Hpubaaums mobioe yucio. CloBo «MOX-
HO» 30eck (M Janee) O3HAUAET, 4TO MPU TAKOM NpeoOpasoBaHUM MOMYYaeTCsd HepaBEeHCTBO, PABHOCIIBHOE JaHHO-
MY, T. €. OHO OyeT BEPHLIM, €C/IU JaHHOE HEPABSHCTBO OLLIO BEDHBIM, H HEBEPHBIM, ECAH HCXOOHOE HEPaBEHCTBO
OLulc HeBepHLIM. M3 3Toro cBOMCTRA chegyeT, YTo JwHoe cAaraeMoe MOMXKHO NEPEHOCHTL HI OOHOH 9acTH
HEPABEHCTRA B JAPYIVIO, HIMEHHE 3HAK 3TON CIATAEMOrN) HA NPOTHRONOIOMNHBIN,

CpolicTBO (4) uMTAeTCy Tak! ofe TACTH HEpaABEHCTBA MOXKHO YMHOXKHTL HAH DAJETHTL HA OAHO H TO
We NONOKHUTEILHOE YHCTO, OCTABHE 3HAK HEpPABEHCTBA (e3 HIMEHeHHA; 06€ TACTH HepaBEeHCTBA MONHO
YMHOXKHTE HWIH PA3JEIHTh HA OJAHO0 H TO Ke OTPHIATENLHOE YHCIO, NOMEHAR 3HAK HEPAREHCTBEA HA RPO-
THBOTIONOXKHLIH. B 4acTHOCTH, ecau MOMEHATh 3HAKHM OGEHMX 4acTedl HepaBeHCTBAa Ha NMPOTHBOMONOXHBIE (T.e.
YMHOXHTE 06€ YaCTH HepaBeHCTBa Ha —l}, TO HANO 3aMEHHTh HA MPOTHBOMOIOXHBIE H 3HAK HepaBeHcTBa. Ha-
NPUMED, MOMEHNUB 3HAKH oOenx wacteit HepaBeHeTRa —10 < 2, momyuum 10> -2, Tlone3Ho TakkKe yMeTh paboTaTh
C IBOWHBIMH HEpABEHCTBaMH. NPH W3MEHEHHM 3HAKOB BCEX TpeX yacTel AnOMHONO HepaBeHCTBa 0ba 3HaKa He-
PaBEHCTEA JAMEHSIOTCA Ha MPOTHBONONDKHBIE. Tak, 3aMEHHE 3HAKM B ABOHHOM HEPABEHCTBE a K b < ¢, NMOAYYUM
—a z-b>—c, Wik B 6oNee NPUBBEIYHON 3anMcH < —b < —a

Ceoiictia (5) 4 (6) UHTAIOT TAK: HEPABEHCTBA OAHONO IHAKA MONHO MOWLIEHHO CKIAILMBATL, HEPABEHCTEBA
OAHOM? 3HAKA ¢ MOJAOOEHTEIBHBIMH “L1eHAMH MOXKHO MOWISHHO YMHONKATL.

AHANOTHYHBIE HEpPABEHCTBA CIPaBEUTMBW H AN

b a JHAKOB >, <, 2, <.

IMpumep 1. Ha kKoopanHATHOH nNpaAMoi oTMEYeHB
Pur. 5.1 qMcaa @ U b (puc. 5.1).



BriGepure U3 crenylommx yTBepXIeHMit BEPHOE.

)a-b<0 2)a-b<-2 Na-b>-2 4)a-b>2

[Ipu BBINOSHEHMM 3a1aHUSI MCIIONB3YETCS ONpeeieHUe MOHATHI «BOble» U «MEHbIIE» U CBOMCTBO TpaH-
3uTuBHOCTH. I3 pUcyHKa BHIHO, 4TO @ > b. Otciona a — b> 0. 3HauuT, HepaBeHCTBa | U 2 He ABNSAIOTCA BEPHBIMHU.
Paccmotpum HepaBeHcTBO 3. Tak kak a—~bh>0 u 0>-2, T0 a—b>-2, T. e. 3T0 YTBEPXIEHUE BepHO. Ybenumcs
Ha BCAKMH Ciy4ail B TOM, YTO HEPABEHCTBO IO HOMEPOM 4 He ABJseTCS BEpHBIM. JIeHCTBUTENBHO, U3 @ —b >0

HE CJIeayeT, uTo @ — b > 2, Tak Kak, HanpuMep, Nipu a=1, b=0 pasHOCTb @ — b paBHa |, T. e. MeHblle 2.
OrBerT: 3.

IIpumep 2. U3ssectHo, uTo X > 10, y >20. Kakue U3 CledylOLIMX HEPABEHCTB BEPHBI MPH JIIOOBIX 3HAYEHUAX
X My, YIOBJIETBOPSIOUIMX 3TOMY YCJIOBHIO:

I. xy>200 II. xy> 100 II1. xy > 400?

DIull 2) Tulll 3) I u III 4) 1, IIulll

Bce uieHB! IBYX DaHHBIX HEPAaBEHCTB — MOJOXWTENbHbIE YHCIA. [lepeMHOXMM TOWIEHHO 3TH HEPaBEHCTBa,
noay4yuM xy > 200. Utak, HepaBeHCTBO | gBisiercs BepubiM. HepaBenctso 11 cienyet u3 HepaseHcTBa I Ha ocHo-
BaHHWM CBOMCTBA TPAH3UTUBHOCTHU: xy > 200, 200 > 100, 3HauuT, Xy > 100. HepaBeHctBo III mpu HeKOTOpBIX 3Ha-
YEHMSX X U Y, YIOBJIECTBOPAIOIINX 3aJJaHHOMY YCJIOBHIO, BBITNIOJHSIETCS, a PY HEKOTOPBIX HET, HAIIPUMEDP, OHO HeE
BBINOJIHAETCS Tpu x= 11 U y=21.

OTBeT: 1.

Ipumep 3. OueHUM pa3HOCTb @ — b, €CIM U3BeCTHBI I'paHULBl @ U b: 10<a< 11, 4<b<5.
HepaBeHCTBa OOMHAKOBOTO CMBIC/Aa MOXHO CKJIaJbIBaTh, IO3TOMY 3aMEHHUM pa3HOCTb CYMMOH: a+ (—b)
M HailA€M rpaHMubl ukcaa —b; —4 >-b>-5, win -5 <—-b <—4. Tenepsb CIOXUM NMOWICHHO NBONHbIE HEPABEHCTBA:
10<a<1l u -5<-b<—4, nonyuuM S<a-b<7.
IIpumep 4. JoKaxeM, 4TO €CIM d U b — MOJOXMUTE/bHBIE YHCIa, TO a?>h? B TOM U TOJBKO B TOM Clyyae,
Korma a > b.
BocnonsayeMcst anreGpandeckoil TpakTOBKOM OTHOLIEHMST «Gobuie». CHayala JOKaXeM, 4To eciu a>b >0,
TO a?> b2. JIns 3TOro paccCMOTPUM PasHOCTh a2 — b2:
al-bl=(a-b) (a+b).
O6a MHOXMTENSA B NPaBOil YaCTH PAaBEHCTBA MOJIOXMUTEIbHBL: a —b >0, Tak KaKk a>b; a+ b >0, Tak KaK @ U
b — NONOXUTENbHBIE YKCIa. 3HAUMT, a2 — b? >0, oTcioma cieayer, 4ro a? > b2. Tenepb qokaxeM oO6paTHOE YTBEPX-
nenme: ecam a>0, b>0 u a?> b2, to a>b:
a’—-b2=(a-b) (a+b).

U3 toro uto a?> b2, cnenyer, uto a? — b2 > 0, 3HAYUT, NIPOU3BENEHHE B NIPABOI YaCTH MOJOXUTENbHO. Tak Kak
a+b>0, To BTOpOil MHOXHTENDb ad — b TaKXe IOJOXHTENEH, T. €, a — b > 0. CnenosarenvHo, a > b.

IIpumep 5. CpaBHUM uKcaa J6+410 u 3+47.
ITocTaBUM MeXxmy 3THUMH 4YHCIaMH KaKOM-HHUOyOb 3HAaK HepaBeHCTBAa, HaNpUMep, 3HAK >, TOJYyYUM:

J6 +V10 > 3++y7 . M1 He 3HaeM, BEPHO 3TO HepaBeHCTBO WIH HeT. Ho, MpuMeHss CBOICTBA HEPABEHCTB, MBI
npuaéM K Oojiee MPOCTOMY, OUEBHAHOMY HepaBEeHCTBY. ECiiM OHO OyZeT BEpHBIM, TO BEPHO M 3allMCaHHOE HaMH
HEPaBEHCTBO, a €C/AM HEBEPHBIM, TO 3allUCAHHOE HEPABEHCTBO TOXE HEBEPHO M BEPHO HEPABEHCTBO C MPOTHBO-
MOJIOXKHBIM 3HAKOM.

Bo3BenéM obe YyacTH HEpaBEHCTBA B KBaapaT:

(V6 +VI0)' > (347"
Ipumenum dopmyiy (a + b)%
6+10+2V60>9+7+6y7, 16+2J60>16+6+7.
BrruteM U3 00eux yacTeil HepaBeHCTBA 16 u 3aTeM pa3meiMM oOe 4acTH HEpaBEHCTBA Ha 2:

J60 > 3/7.

Bo3BenéM obe yactu HepaBeHCTBa B KBaAparT:
60 > 63.

[TonyyeHHOE HepaBEHCTBO HEBEPHO, CIEHOBATE/ILHO, HEBEPHO M HEPABEHCTBO J6 +4J10>3+7 , 4 BEpHO
HEPaBEHCTBO TPOTUBOIIOJIOXHOIO CMBICIA J6 +410 <3+4/7.
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3aMeTHM, YTO ec/IH OBl CPABHMBAEMBLS THCIA BMECTO 3HAKA «FMIOC» CONEPXKAMH JHAK «MMHYC», TO IOCHIE TOTO,
KAK COCTAB/ICHO HEPABCHCTBO, HANPHMEP V7 =45 =413 411 , HAIO «M3IDABUTECA» OT MMHYCOB, [TEPEHECH WICHH

HEPABEHCTBA M3 ONHOM YacTH B Apyrvio: V7 ++11 >13 +45.

TpeHMpoOBOYHbIE 3aJaAHHA

3ALAHUA BA30BOIO YPOBHA

1. Ha xoOpIMHarHOi NpAMOH OTMEMEHB Yuciaa x, ¥y U Z. Kakad M3 caeayiolyx pazHOCTeH NMonoXuTenpHa’?

- -
X y Z
) x-y Hy-z 3Hz-y 4 x-z
2. Ha xoopaMHaTHOH NpsSIMOA OTMedeHBl Yucia c, m U n. Kakas U3 cneqylolnx pasHocrei OTPHOATENBHA?
* - - -
c m n
yn—m Dm-¢ Wn-c $ye-m
3. UssectHo, 4to @ > b. Beinnure HoMepa HEPABCHCTB, KOTOPBIE CAGIVIOT M3 3TOIO HEpaBeHCTRa!
1Ya-b<0 Da-b>-3 M bh-—ua<-5 4)yb-ag<5
4. O uucnax a, b, ¢ M d U3BECTHO, YTC a < b, b=c, d>¢. CpaBsurre uncna & u g.
d=a Nd<a
Nd=a 4) Ins cpaBHeHHS He XBAaTAaeT LAaHHBIX

5. O uncnax a, b, ¢ u d u3BecTHO, 4TO @ > b, b=c, d>c. CpasHHTe uncna o U a.
d=a Vd<a
Dd>a 4) JIna cpaBHEHHS He XBaTaeT OaHHBbIX

6. Kaxoe M3 ceIylolmMx HepaBeHCTB He creayeT u3 HEPABCHCTBA ¥ — X > z?
Dy»>x+z N z+x—y<l
Dy-x-z<0 ) y—z>x

7. O uMcnax @ M ¢ M3BECTHO, 4To g < c. Kakoe u3 CHEAYIOIIHX HEPAREHCTE HEeBepHo?
1

lya-3<ec-3 2Ya+5<ec+5 k)| 410':2‘: 4) —gq—

z
2

8. Hamecrho, uto a <20, b< 10. Kakue ua CHENyHOUIMX HEPABEHCTB BEPHB! NMPH MIOGLIX 3HAUCHMAX  H b,
YAOBIETBOPAIOWIHA 3TOMY YCIIOBHIO!

l.a+b<30 Il. a+h<15 HI. g+ b < 507
DDInil 2)In Il 3) I u III H L IIulll

9. H3pectHoO, yro O<a<s, 0<h< 10. Kakue uz CIIeAYIOLIMX HEPABEHCTB BEpHH NMPH NIOOBIX 3HAYEHMX
a H b, YIOBIETRODAINNX 3TOMY YCHAOBHIO !

I ab< 350 IL. ab < 100 1. ab<30?

NI Mulll 2) I ulll HuIl 4)Iull

10. Kakne U3 CRemyioliux HepanReHCTB BepHbI NPH BCEX IHAYEHUAX X MV, YROBICTROPAIOIMX YCIHOBHIO X > (),
y < (0? (BRIHWHTEe HOMEpa BepPHBIX HEDABCHCTE. )}
Dy-x>0 2y x—y=»0 Hy-xy<0 4 (x=-y)y<0

11. HM3BecTHB Ipavuubl (B €M) CTOPOH MPAMOYTOALHHKA: 3l<a<3,2; 51 <bh<52. Ouenure nepumerp P
3TOTC NPAMOYIOIbHUKA,

12. H3BecTrHb rpaHnLBl (B CM) KATETOB MIPSEMOYTONLHOIC TPEYTONBHHKA: 3 <a <4, 6 <b< 7. Ouennre wio-
mwanb & 3TOMO TPEYTONEHHKA.
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3A0AHUA NOBLILWEHHOMNO YPOBHA

13. OnpenenuTe, B KAKOM Cy“1ae M3 AAHHOIO YCNOBUA CREAYET, UTO YUCNO 4 — NONOXHTEIBHOC.
Ba-3<b-3 u b<-10 3) BSax>-%mn bs0

Dl-a<l-b u b>1 4)%a<]§bnb210

14. MizpecTHD! rpaHHLUBbl (B CM) KATETOB NPAMOYTOABHONO TpeyroakHHKA: 3,1 <a< 3,2; 5,1 < b < 5,2, OucHuTe
nIoWadk § 3TOre TPEYroAbHMKA, YKa3aB IPaHMLUB ¢ OMHMM 3HAKOM MOCHE 34NATOM.

15. Ouennre pasHocTs X~ ¥, ecnd 20 <x < 21, 35 <y < 36.
16. CpasHure uncna V15 + 17 u 8.
17. Kakoe us uucen 6oneure: V11 ++13 win 4+ 2427

18. Kakoe uz umcen Mensiiie: 14 —~ V11 wnu 10 =772

i I E T
2 2 7

19, CpaBHHTEe 4MCHa

Peuienusa U OTBeTHI

1. 3. 2. 4. 3. 2, 4. 4. 2. ¥xazarue. B kauecTBe onoph UeNccoobpasHo MCNIONB30BATH KOOPIHHATHYIO IIps-
My, 5. 4. Vkazanue. B KauecTBe OMOPH TENECcOOBPAIHO MCMOAL30BAaTh KOOPIHHATHYIO NMPAMYKY; 3IECh TOMO-
¥eHHe TOUKH d HeolpeaeNEHHOE. 0HA MOXET HAXOMMThCs KAK MEXIY ¢ M ¢, TaKk M npasee a. 6. 2. 7. 4. 8. 2.
9.4 10, 2, 4, 11. 164<P< 16,8 12, 9<S<14. 13. 2. Pemenue. 1)y Uz a—-3<bd -3 cnenyer a< b. Tak kak
a<hbn b<-10<0, To a<0, T.e. g — yncno orpuuarensHoe. TakuM xe oBpa3oM, IIPUMEHSS CBOHCTBA YHC/IO-
BbIX HEPABEHCTB, PAacCMaTPHBAIOTCA CAeMyIclIde MyHKTH 3amanma. 14. 15,8 <.85<16,7. 15, -l6<x—-y<—14.
16. V15 + 17 < 8. Pewenue. TocTaBum MEXIY 3alaHHBIMH YHMCJIAMH 3HAK HEPABEHCTBA, HATIPUMEp 3HAK <, IO~
JYIEM 15417 < 8. Mocne uenoukn npeoBpasosanuit momyvaumM 15 - 17 < 162, Tlonyuennbie Boipakenns 15 - 17
H 162 MOXHO cpaBHHTb, He BRIMOAUSH YMHOXKEHHMA, a BOCIOABL3OBABIIMCH OPMYIOH DA3HOCTH KBANPATOB:
(16— 1D {16+ 1)< 167 162—1 < 162. HepaBeHCTBO BepHO, CISAOBATENbHO, BEPHO M COCTaBNSHHOE HEPAaBEHCTBO.

17. V11+13. 18. V14 -V11. Ykazanue. Cocrasbre HEPABSHCTEBO J14-411 < M—ﬁ, NePeHECHTEe “WISH

CO 3HAKOM «MHHYC» B IIPOTH BONOJIOKHBIE YACTH HEPAREHCTBA, YTOOL H30aBUTBCA OT MUHYCOB: V14 + J7 < V10 + V11,

(15 J3-41T

Janee nelcTryliTe, Kak B npuMepe 5. 19. e Rt i Viasanue. CrHayanla u3baBkTechs 0T qpobei, a 3aTem

OT 3HAKOB «MHHYC».

5.2. HepaBeHcTBa nepBoOii CTENEHH H MX CHCTEMbI

TeoperHueckHne creaeHMn

OcHOBHLIE NOHATHA

HepaseHncTsa ¢ 0HON TlepeMeHHOM pellaioT MOYTH TaK Xe, KAK W ypaBHeHus. JHaueHHe MepeMeHHOH, npu
TIOACTAHOBKE KOTOPOH B HEPABEHCTBO MOJYYAETCs BEPHOE YHCMTOBOE HEPaBEHCTBO, HA3KBACTCH pPEIIEHHEM He-
paBeHcTBa. PenldTh HepaBeHCTBO — 3TO 3HAYHT HAMTH BCE €ro PEellIeHHA WIM NOKd43aTh, Y4TO MX HET.

HepabeHeTBa, ¥ KOTOPBIX MHOXECTBA PCIICHHA COBMANAIOT, HA3KIBAKOT PABHOCHIBHLIMH. [IpH peweHMY He-
PABEHCTE MONBIYIOTCHA CIAEAYHLWIMMK NPABHIAMH, KOTOPHIE MO3BOMIOT 3aMEeHATh OAHO HEPABEHCTBO APYIHM, eMy
PaBHOCH/IBHEIM:

* YWIeHBi HEPABEHCTBA MOXHO TIEPEHOCHTh M3 OAHOMN ero 4acTH B APYTYIC ¢ TTPOTHBOMONOXHKIM 3HAKOM;

« o0c YacTH HEpAaBEHCTBA MOXKHO YMHOXATE WIH OOIHTE HA OLHO H TO Xe TOMGEHMTENLHOE 4HCIO;

+ o0e yacTH HepaBEeHCTBA MOXHO YMHOXATEH WM ASTHTE HAa OAHO H TO X& OTPHUATENBHOE YHCIO H 3aMEeHATE

MPH 3TOM 3HAK HEPABEHCTBA Ha NMPOTHBONOJIQXHLIN.

PaccMOTpuM, HanpHMep, HepaBeHCTBO 3x(x + 2) — 20> bx + 7. 3aMeHHM ero 6ofee MPOCTHM PABHOCIVIBHBIM
eMy HepaBeHCTBOM:
I+ 6x—2056x+7,

I +6x-20-6x-7>0, -
IN2-27>0,
x1=9>0,
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CHauaia MBl PAacKpbLTM CKOOKM B JEBOM HACTM HEpaBEHCTBA, 33TeM W3 NPaBCH 4acTH B JIEBYIO TEPCHCCTH
CNAracMBble ¢ MPOTHBOIIONOXHBIMH 3HAKAMM, NGCe TPUBENeHN NOAoOHEIX pajnelniu obe yacTy HepaBeHCTBa Ha
ONHO H T¢ Xe NOIoKUTeNbHoe uMcno 3. Ilonyumnu ksaapaTHO: HepaBeHCTEBO (CIOCO0 pellgHHs Takux Hepa-
BEHCTB B CienyolleM maparpade).

PewgHne HepaBeHCTs NePEOH CTEReHM

HepaBeHCTBa NEPBOH CTETCHH — TO HEPABEHCTBA BHAA ax+b>0 wm ax+b 20, ax+ b <, ax+5<0, roe
a=0. Hanpumep, Hepasewersa 2x—3>0; 0,3+ 1, 2<0; 5- 10x < (} ABnA0TCA HEPABEHCTBAMH NEPBOH CTENEHM.

Pewum, HApHMeED, MOCASOHEe H3 3THX HepaBeHeTB: 5 — 10x € 0. KoagpuiMeHT npH nepeMeHHOR x OTpHLA-
TensHBIL, M BCERNa MOJE3HO CHaYa1a «M36aBHThCA» OT OTPHUATENBHOTO Koa(prurenTa apu x. JL1g 3TOro MOXHO
YMHOXMHTD 06€ 4aCTH HepABEHCTBA HA —1 M Ht 3a0HITh 3aMEHWTH 3HAK HEPABEHCTBA HA NMPOTHBONOMOXHLL. [To-
avuum: 10x - 5= 0. (MOXHO NOCTYNIMTE H MHa4e — OepeHecTH —10x B npasyio 44cTL C TIPOTUROIONOKHBIM 3HA-
kom: 55 10x.) Hanee: 10x 25, x 20,5, TlocnenHee HepaBeHCTBC MOXHO CYUHTATh OTBETOM, Tak KaK OHO BIIOJHE
ACHO OMMCHIBAET MHOKECTBO BCEX 3HAYEHMIl X, ABDAIOUIMACE €70 pelucHHAMHU. MoXHo Takke 3anucarh pelleHHe
HEPABEHCTBA B BHAE YMCNOBOTG NpomexyTka: [0,5; +00). Ha KoOpaIHHATHOH NpAMO#H (pHC. 5.2) MHOKECTBO DEIHE-
HHH 3TOTO HEPABEHCTBA MOXHO [MOKAa3aTh TAK!

i
0,5 Pue. 5.2

i}

MHOXKECTBOM PEIHEHHH HEepaBEHCTEA MEPROA CTENEHH BCEraa ABIACTCA YHCTOBOH J¥YY — HJIH € NPpUHAANeKa -
NIHM EMY Ha4dalOM, KdK B AaHHOM Cly4ae, WIH € HENMpPHHALTCKAIIHM {B cayuae crTporore HepaBeHCTBa).

IMpamep 1. OnpemenuM, B KAKOM CIydYae HA KOOPIHHATHOH npamMoi (puc. 5.3) naobpaxeHo MHOXECTBO pe-
nieHWit HepaBeHeTBa 19 — 7x>20-3 (x - 3).

1 3 o
) } I

¥ n|-

2) NN . 4)

|
'S

—4 Puc. 5.3.

Camas NpaBWIEHaA CTPAaTEIMA MOKMCKA OTBETA Ha BOTIPOC COCTOMT B TOM, YTOOL! NPOCTO PELINTL HEPABEHCTBRO,

19-7x>20-3 (x-35), 19 —7x> 20— 3x + 15,
- 4x> 16, dx <16, x<—4,
OreeT 2.
2x=7 Tx-2 l-x

ITpumep 2. PellliyM HepaBeHCTBO =t £ -5

CHavana «H30apuMcsa» 0T apodheit, YMHOKME 0Ge JacTH HepaBeHCTBa Ha oOUIMA 3HAMEHATeb Apobeit — YHuc-
no 6. [IpH 3ToM Hado 6bITH BHHMATEALHLIM H HE 3a6BITh YMHOXHTE HA O MEpPBOS CNaTacMOE B IPABOH YacTH:

(2x~7)-6  (x-2-6 o5 ¢ (1-x)-6

& 3 2 ’
(2x~T)+(Tx—2)-2< 18— {1 ~x)- 3.

Mocne mpeobpazopaHUi NOAYUNM: X £ 2.
OTpeT x € 2.

ITpumep 3. Pewum HepapeHcTro 9 (6+ 2x) < 45 6+ 2x).
[Ipeofpa3zyeM HEPABEHCTBO CNEMYHOUIHM COpasoM:

9(6+2x)-4/5(6+2x) <0 .

Tenmepb BbIHECEM 3a CKOOKH ot_iumﬁ MHOXHTEND 6+ Zx_ nomvuuM: ¢+ 2x}(9-4 \E) < (. OnpenenTnM 3Hak
pPa3HOCTH: 9 — 443, Tak kak 9= 481 . 45 =80 u J3I > J80, 10 9 — 45 > 0. Pasgenus obe yacty HepaBeHCTRA

Ha TMOJIOXHMTENBHOE YKHCITO 9—4J§, nonydaeM HepapeHcTso 6+ 2x < (. Orcwga x < -3,
OTtBeT x<-3.

PeweHUue cHCTeM HepageHCTB nepsoﬁ cTENeHH

Korma Tpe@yercs HalTH MHOMECTBO 3Ha4EHMH MepeMeHHON, VAORISTROPSIOUINX OAHOBPEMEHHO ABYM HIH
HECKONBKHM HEPABCHCTBAM, TOBOPAT, YTO HAJO PEIIMTh CHCTEMY HepaBeHCTB., OOLIHI NPpHEM pPeIISHHA CHCTEMEBL
HEPABEHCTE COCTOHMT B CAEOYIOLIEM. CHadYana PEllacM KaXA0€ HEePaBEHCTBO OTASIbHO, d 3ATEM HaxOOWM MHOKE-
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CT80 UX ObmMX peilenuid. [Ipn HaxoXaeHHH MHOXecTBa OGHIMX pelleHHH HETECOOOPA3HO NMONLIOBATHCA KOOp-
JAHHATHON MPAMOH Kax ONMOPHKM 0o6pa3oM — 3TO MO3BOAMT BO MHOTHX Clydadax M3Gexarh olUHOoK.

x-1<Tx+12,

Hpumep 4. P
p p eLTHM CHCTEMY HEpaBeHCTE {] Ix+13>x+3.

Pelrnp nepBoe HepapeHCTBO, MOTYYHM, 49T0 X >—0,5, PElIMB BTOpOE
HEPABEHCTBO, NOMYYUM, 4YTO X >—1.

H306pa3nM Ha XOOpIHHATHON NPAMOH MHOXECTBO pelleHH KaXIo- | ~0.5
ro HepaeeHcTBa (puc. 5.4). '
U3 pHcyHka BHAHO, YTO OGLICH HYACTHIO 3THX ABYX Jydell CIyXKHT Puc. 5.4.

MHOXeCTBEO uMced, Gomsinux —0,5.
OT1BeT (-0,5; +o0).

IIpamep 5. HalnéM MHOXECTBO pellieHHH JBOMHOMO HEpAaBEHCTPA —2 < 4 — 3x < 10.
Pewnte apoiiHoe HepaBeHCTBO —2<4-3x< 10— 3T0 TO ¥e CaMoe, YTO pPENIMTh CHCTEMY HEPABSHCTR

4-3x>-2, ]
4-3x <10 -Bbl MOXeTe clenaTh 3T0 CAMOCTOATENbHO. Ho MOXHO BECTH 3afIHCh PEIICHHA U C MOMOKILIO JBOH-
HEIX HEpPaBeHCTR!
-2 «<d4-3x<10, -2-4<-3x<10-4,
—H<-3x<6, 6> 3x > -6,
—6<3x<8, 2ox<2,

Orteet: (-2; 2).

TIpumep 6. Pewnm 3amauy; «BokoBas cTopoHa paBHOGEAPCHHOIO TPEYTONBHMKA paBHa 13 M, a ero nepw-
MeTp Oonelue 44 cM. Kaxkylo ATHHY MOXET HMeTh OCHOBAHHE TPeYTONbHHKA?»
IR pelueHHSA COCTABHM II0 YCJIOBHIO 3aladM CHCTEMY HEPABCHCTB, MCMOAB3IYA HEPABEHCTEO TPEVIOABHHKA.
ITycTe AMHHA OCHOBAHMS TPEYNONLHMKA paBHa x CM. TOrma NMepuMeTp TPEYroneHWKa paeed {(x+26) cM u B
COOTBETCTBHH € YCIIOBHEM X + 26 > 44,
JnuHa RaxzoH CTOPOHLI TPEYTONLHHKA MEHBINEe CYMMEI JUTHH ABYX APYTHX cTOpOH. [1o3ToMy MOXHO cocta-
BMTEL €HlE OBa HEpPaReHCTBEA, KOTOPRIM IOMKHE! YIOBIETBOPAThL UCKOMEIE BEMHYKHE: x < 26; 13<x+ 13,
x+26>44,
TlomyyaeM CHCTEMY HCPABCHCTB. { X < 26, Pellup e€, noaydanM, 4To 18 < x < 26,
13« x+13.
OreeT: (18; 26).

TpenupoBoUHBIC 3aJAHUA

3AIAHKA BA30OBOIO YPOBHA

I. a) Ha xkakOM M3 pHCYHKOB NPHBeIeHa rpadudeckas WUTIOCTPALMA pelleHds HepaBeHcTBa 3 —x = 3x + 57

1) AR, LA 3) L £ -
=2 —-0,5
W/ ALY W77 ”

2 —3 9 075

2. PeurMte HepabeHCTBO 5-4 (x —2) <22 -x.
1) (=3; +o0) ) (—oo;—%) 3 (—%;+oo) 4) (—oo; -3)
3, PeliMTe HepaBeHCTBO:

2) 8-x>0; 6) —1x+12<0.

4. a} TIpH KaKuX 3HAUCHHAX X 3HAMCHHA BRIpAXKeHHA 3 +X He MeHbllIE 3HaYeHHH BuopaxeHus 5+ 6x?
0) TIpH Kakux 3HAYEHMSX X 3HAYCHUA BHIpaXeHus 10— 7x He Gonbine 3Ha4YeHUH BhIpaxeHms 3x + 87

79



x+1250,
5. a) Ha xaxoM M3 PUCYHKOD NMOKA34HO MHOXECTBO PEIISHWUH CHCTEMBl HEPABEHCTE 1< 59
x - — .
1) & - 3 -
3 2
2 7 AI 7SS - - APl s -
2) ~a 4 —4 3
y Ix+920,
6) Ha xakoM M3 pPMCYHKOB TOKa3aHO MHOXKECTBO PELUEHHH CHCTeMbl HepaBeHCTB 4 1< 39
x— 1< 37
1)
1 3 -3
7 e AP P -
2) 0 3 3 1

6. L ka0l cMcTeMbl LIEPABEHCTE YKAXKMTE HOMEpP BaDUAHTA PUCYHKA, HA KOTOPOM HIODPAKEHO MHOXKE-

CTBO ¢ pCIISHHH.

Cucrema HepapecTs MuoaecTBO pelleHHil cucTeMB
xz-1 1 . ¥ -
A {3 -x20 ) -3 1
x5l
2
B. {x +3<0 ) -1 3
xz=3
BN 3
B {1 -x<0 ) 1
4)
-3
7. PewwTe cucTEMY HEPAaREHCTB:
) 3x>12+11x, ) x—1>3x-6,
Sx-1<0; Sx+1=20,
8. PewluTe CHCTEMY HEPABEHCTR:
¥—-x) =1, Sx=2x+15),
2) {4x-1g0; 9 21-x>1.

9. HaiigWTe MHOXECTBO pelleHdii JBOHHOTC HepaBeHCTIBa'

a) l<10-x<9; ) -7<3I-5x<5.

10. Onpenenure, BO3MOXHA JIM ONUCAHHAA CUTYAITMS:

1) OauH nokynarens Kynuit 4 terpagy no 20 p. 1 10 0IMHAKOBRIX LAPHKOBLIX PYYEK M 3aILIaTII 3a MOKYII-

ky Ooaewe 400 p. dpyroit nokynarenapb 3a OIHY TAKYI0 Xe TeTpanb ¥ 12 Taxux Xe py'ex 3alartii MeHpme 400 p.

2) Oannx nokynarens Kynun 3 kr orypuos no ueHe 40 p. 3a KWIOTPAMM H 2 KT MOPKOBH, ADYTOH KYTIMI 2 KT

TaKMX Xe Orypuos ¥ 3 Kr Taxoil xe Mopkobu. Ilepebiil samnarun medpine 200 p., a propoit 6onbiwe 140 p.
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dx+13  54+2x 6-7x
10 _4';"20_ ).

11. PeliuTe HepaBeHCTBO

“_52" n % NONOKHTE/IBHA.

12. Hainute HauboNblIee 1e0e 3HAYEHHE X, IPHM KOTOPOM CymMma apodei

32x-5)-3@x+3)22(2x-1),

13. Peurure cucte epa
" MY HEPABEHCTB {2(]3_5x)g5(3x+8)—10(3x—1)‘

Ixn > l4x + L7
2 a
14, Pemure cUCcTeMy HepaBeHCTH v2x _ Sedx 2
4 10 5’
15. Pente HepaBeHCTBO:
a) (V3-1903-2x)>0; 6) (f6 -2,5)(10-3x) < 0.



Pemnenunss u orsers!

1. 3. 2. 1. 3. a) x<64; 6) x>48. 4, a) npu x=2-0,4; 6) npn x=0,2. 5. a) 2; 6) 4. 6. A2, b4, B3,
7.a) x<-1,5;,0) 02<x<2,5 8, a) x<0,25, 6) 10<x<20. 9, a) | «<x<9; 6) —0,4€ x<2. 10. 1) Her; 2) BO3-

MOXna, Vicazanue. CocTaBeTe No YCIOBHIO 348a4M CUCTEMY MepaseHeTB. B samave 1 mogyumMm x> 32 M x < 31%

(rIe x — CTOMMOCTE pY4KH), CHCTEMa He MMEeT pelueHMii; B 3azaue 2 IleHa MOPKOBH X HAXOOWTCA B Mpeneiax
20 <x<40. 11. x > -3. Yeazanue. CHauana HANO NpUBECTU HEPABEHCTEO K «LEAOMY» BHAY. JIIa 3TOI0 YMHOXHM
obe 4dcTH HepapeHCTBA Ha OBINHMIT 3HaMeHarens 20, nmonyuuM: 2{dx+ 13)-5(5+2x)26 -Fx-20. 12. x=2.
11-2x i-2x

5+2

. 9
PaBCHCTBA. X < ZH HaubonsiuuM  uenbiM YUCNOM, IPHHALISKAUIMM 3TOMY MHOXECTBY, SABAAECTCH 4YHCID 2.

Yiazanue, Tlo yCNOBHK 3a0a4K COCTABIAETCS HEPABEHCTBO > 0. MHOXECTBO PELUIEHHA ITOFQ He-

13. x<-2.2. 14. x<-1,7. Tlocne npeoGpa3oBaHUA (YMHOMEHHMA KOKIOH QACTH HEPABEHCTBA HA HAUMEHBLIMA
4x > 14x +17,

. 1¢
SO+ 2x)<2(544x)_8, 15 A X<IE0) x<7

o0Mi 3HAMEHATEND) [IONAYYAETCA CHCTEMA {

5.3. Pewienre KBaAPpATHLIX HEPABEHCTR

Teo PETHYCCKMEC CBCICHHA

Onpenenenue. Hepasencreo smaa ax?+bx+c>0, tae ga# (), HaAILIBANT KBAAPATHLIM HepaBeH-
CTBOM.

[MoHATHO, YTO BMECTO 3HAKA > MOTYT CTOSTh M APYTHE 3HAKM HEPABEHCTBA: <, 2, .

MHOXecTBO pellicHHH KBaApaTHOTO HEPABCHCTBA JIETKO HANTH, MCTIONB3YA rpacduK PYHKUHH ¥ = ax? + bx + c.

Ha pucyHke 5.5 msolpax€H rpabunk ¢GyHKuMH y=x2-2x - 3. IpadHK nepecekaeT oCb X B OBYX TOYKaX,
abcuucchl KOTOPBIX paBHbl —1 ¥ 3, T. €. pu Xx=—1 ¥ x =3 3HauyeHUs HYHKUUH y=Xx2— 2x — 3 paBHBI HYJIO.

IIpu -1 <x < 3 rpaduk pacnojoxXeH HUXKE OCH X, T. €. 3HaueHUs YHKLIMM Ha 3TOM MPOMEXYTKE OTpHLIATENb-
Hbl. MHBIMU clTOBaMM, MHOXECTBOM pelleHHUii HepaBeHCTBa y < sIBisieTCSI MPOMEXYTOK —1 <x < 3.

IIpu x<-1 1 x>3 rpaduk pacmoyioXeH BHIIIE OCH X, T. €. 3HAYECHHUS (QYHKIHUHM MOJOXUTEAbHB. WUHBIMH
CJIOBAaMM, HEPABEHCTBO X2 — 2x — 3 > 0 BBINIONIHSIETCH NIpU X <—1 1 x> 3.

[Ipu pelieHun KBagpaTHBIX HEPABEHCTB MOXHO OTPAHHUYUTHLCS CXEMAaTUYECKMM DPHCYHKOM, IMOKa3bIBaIOLLMM
MOJIOXEeHUE rpa¢uKa OTHOCHUTEIBHO OCH X, TaK KaK KOOpPAMHAThl BEPIUWHbI B JAHHOM BOIIPOCE 3HAYEHUS He
HMEIOT; MOXHO TakXe He M300paxaTh OCh y. .

Ecau TpebOyeTrcsi pelliuTb KBagpaTHOE HEPABEHCTBO C OTpULA- | . [ .
TEJbHBIM KO3(PHUIIMEHTOM @, TO BCEraa LeiecooOpa3HO MEPETH K :
PaBHOCWUJILHOMY HEPaBEHCTBY C IOJIOXKUTEIbHbIM NMepBbIM KO3 bU-
LIMEHTOM, YMHOXHB 06e yacTH HepaBeHcTBa Ha —1. Hanpumep, Bme-
CTO HepaBeHCTBa S + 4x — x? < 0 pewath HepaBeHCcTBO X2 —4x— 52 0.

e o i o e o

IIpumep 1. Pemunm HepaseHcTBO x2—x—6> 0. f !

BrisicHuM, nepecekaeT Jiu rpa¢uk dyHKIMH y=x2—x — 6 oCb X. / / - //
Hns storo pemmm ypasHenue x?—x—6=0. Ero xopun x;,=-2 n |
Xx,=3. CnenosarenpHo, napabona (rpapuk yHKuMH) nepecekaer
ock x B Todkax ¢ abcumccamu —2 u 3, e€ BeTBM HanpaB/ieHbl BEEPX.
[TokaxeM cxeMaTH4YeCKM PpacrojioXKeHHe TMapadolibl OTHOCHTEILHO
ocH x (puc. 5.6).

Puc. 5.5.
M3 pucyHka BuaHo, 4TO mapaboiia pacrnojiokKeHa BhILIE OCH X
npu x < -2 ¥ x> 3. O6LeINHeHHE ITUX NPOMEXYTKOB M COCTARISIET
MHOXKECTBO PEIIeHU HepaBeHCTha X2 —x — 61,
OTBeT MOAKHC 3aMHCaTbh NO-PasHOMY:
) x<=-2; x>3;
2) (oo} =2) U (3; +oo). »-
-2 3 X

INpnmep 2. PeuiuM HepaBeHCTBO X (3 — 2x) > 2.
PackpoeM ckOOKH M NepeHecEM BCE CNATAEMLIE B JIEBYIQ 4YACTh,
noayduM: —2x2+ 3x - 2> 0. Tenepb 3aMEHWM HEPABEHCTBO PaBHO-
CWIbHbIM HEPABCHCTEOM C NONOKHTCIBHBIM REPBHIM KO3 bUIIHEH- Puc. 5.6.



w Y

Puc. 5.7

TOM (H18 TOTO YMHOXMM Ofe YacTH HEPABEHCTBA HA —| M 3aMEHMM 3Hax HE-
pABEHCTBA Ha MPOTHBOTIONOXKHBIA): 2x? — 3x +2 < 0.

BoisicHNM, MepeceKaeT T4 napabona — rpaduk GYHKIMH y=2x2 — 3x +2 —
ochk x. Haligém AMCKPUMWHAHT KBaAPaTHOTO TPEXWIeHa 2x2—3x +2, a MMeH-
Ho: D=9-4.2-2=9-16<(0. Tak KaKk AMCKPHMMHAHT OTPHUATENLHHH, TO
KBagpatHeIl TpéxwieH He UMeeT KOpHeR ¥ napabofla He TMepecekacT OCh X.
Hzo6pasmM 3Ty Dapabomy cxeMaTuueckn (pHc. 5.7):

Mpu Beex 3HaueHHAX x Napabona PacTONOXKEHA BHILE OCH X, 3TO O3HAYA-
€T, YTO HeT TAKWX 3IHAUEHWN X, [PH KOTOpBIX (pvHKUMA y = 2x?—3x+ 2 npw-
HHMAET OTPHLATSIBHME 3IHAYEHMHA, JHAUMT, HepapeHCTRO 2xI— 3x+2<{( pe-
IIEHHH HE HMEET.

OTBET MOXHO 33[IHCHTH NTO-Pa3HOMY:
1) HepaBeHCTBO PENIGHHA HEe WMeET;

2) @.

BoCTIONE3yEMCH 3TUM KE PHCYHKOM, YTOOEL PEHIUTE HEPABEHCTBO —2x2 + 3x — 2 < (0. 3aMEHUM €ro paBHOCHIE-
HEIM HepaBeHCTBOM 2x2 — 3x 4+ 2= 0. B 2ToM cinydae moboe YMCno AANAeTCs pellicHHEeM HEPABEHCTBA, TAK XaK TIPH
BCEX 3HAMEHUSAX X QYHKIMA ¥y = 2x2 — 3x + 2 NPHHHMAET NOIOXHTEIbHRE 3HAYeHHA. OTBET MONHO 3alMCATh NO-

pazHoOMY :
1) x — moboe uucno;
2) (—co; +w0).

Ecny HepaBeHCTBO HECTPOIOe, TO HE Hajo 3abMBATH BXIIOMHTE B MHOXECTBO pelleHHE 3HAYSHHA IepeMeH-
HOH, NMPHU KOTOPHX KRPATPATHHHN TpéxwieH obGpaulaercd B HYJEL.

IIprmep 3. Ha#iném obnacts onpenesieHHsS BPAKEHHA: J4+8x—3x2

xf—] )

O6nacTe onpeneTeéHHA BLIDAKEHNS 3a0aETCH YCTOBHAMH!

—4+8x—3x220,
x1-1#0.

PCUTHB KaXOO€ M3 HEPABEHCTB, IOMYIHM:
1) 4+ 8x— 3x?=20; Ix2-8x+4<(; x,z%, Xy=2; xe[%;Z:I;

D xt-120; x=t 1.

ChenacM cxeMaTH4ecKMH pucyHok (pHc. 5.8):
H3 PHCYHKA BHAHO, MTO MHOXKCCTBOM pCl]_[eHHﬁ CUCTEMEI HEPABSHCTE HARIACTCA [IPOMEXYTOK OT

%,uo 2 (exmouan 3TH uyucna) Ges udcna 1.

OTBET MOXHO 3AMUCATE GO-pa3HOoMYy.

1)§Sx<n1<xsz

)
] 3v2

Puc. 5.8.

1. Ha pucyuke naobpaxeH rpadpuk hyHkmm y =xI + 2x - 3. Ucmonassys pUCyHOK,
pelUINTe HepaBeHeTno x4+ 2x -3 <0,

1) -3<x<1
2y -3<x<]
Nx<-3Imwmx<l

x<s-3mwmHxz1
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% 2) [3-1)u(1; 2]

TpeuuponogHbie 3aJaHHA

3ALLAHUA BA30OBOIo YPOBHA
b




2. Ha pucynke uzo6paxén rpapmk GyHKumMu y=x2 + 4x — 5. Ucnonn3ysa pu- yi
CYHOK, pelINTe HepaBeHCTBO X2+ 4x— 50, 14
=5 0 'S'c
—54
3. Ha pucynuxe H3oOpakéH rpapuk ¢yHxumn y=x2+ 2x. Hcnonssysa pucy- ‘P
HOK, DeilIHTe HepaBeHCTRO x2 > —2x, Y
1) (=25 0)
2) (—o0; =2) U (0; +c0)
3) (-0 -2) 2 0 x
4) (0; +o0)
4. Ha prcyHke nzobpaxéH rpauk dyHKUUK y =x2 + 3x. Henonesys pucy- vh
HOK, PCLUMTE HEPABCHCTBO X2 < —3x,
3. Pemuute HepaBeHCTBO: a) X2 +x-2%<0; 6) x2+4x-5<1.
6. Penrure HepaBeHcTBO:! a) x2—9<0; 6y x2—-2520.
7. a) YKaxuTe HePABEHCTBO, PElICHHEM KOTODOTO ARMALTCH Moboe HHCTO. -3 0 g
1 x2+9<0 3)x2+9>0
2) x2-9<0 4) x2-9>0
0) YKaXKUTE HEPABEHCTBD, KOTOPOE HE UMEET pelleHHH.
NDxT-4>0 xl-4<0
D x2+4=0 4y x2+4<0
8. llns Kaxnoro HepaBeHCTBA YKAXKUTE MHOXGCTEBO Cro DEeilleHMH.
HepareHcTBO MuoxecTBO peHICHHH HepaBeHCTRA
A x24+ 360 1) {—co; —6) U (6, +o0)
B. x2+35<0 2} (-00; +00)
B. x2-36>0 3) (-6; 6)
rx2-36<0 49

3ALAHNUA NOBBIWEHHONO YPOBHA

9. [lpn Kakux 31adeHUAX X TpousBedcHMe (6 — x) (x + 5) npUHMMaeT 3HadeHWs, MeHbuxe 107

1lx-4
-

2
10. Peruute HepaBeHCTBO %f-;

2 -
11. Hafinure BCce pellleHMst HEPABEHCTRA 3% < 4—25—x—, IpUHaLIeXalie TIPOMEXYTKY [-1; 1].

12. Hafoure obnacTb onpeleNeHUs BRIPAXCHMA:

2 gl
_\‘1'3.? 8x+_:4__ 6) yal+2x—3x i

) Ty W=7

13. Peminte cucremy HepaseHCTB:

2) Sxt-14x+8<0, 6) 5x?+12x -9 <0,
6x—5>0 Ix—1<0.
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14. a) HafilKTe HaHMeHBIIEe NENTOE 3HAYEHHE TIEPEMEHHOH &, TIPH KOTODOM HMEeT CMECHI BhlpAXeHHe
J2ai +11la+12+10-3a—a?. |

6) Halgure Haubonbluee Uenoe 3HAYSHHE [MMepeMEHHOW 4, NPH KOTOPOM HMEET CMEICT BbIpaXeHHe
V24 +5a—-a? +v2a? —19a +35.

PenieHMsa U OTBETHI

1. L. 2. x<-5, x< 1. 3. 2. 4. (-3; 0). 5. a) [-2; 1); ©6) [-5; 1). 6. a} [-3; 3]; ©) (—oo; =5] U [5; +c0} 7. @) 3;
6) 4. 8. A2, B4, Bl, I'3. 9. Ilpn x<-4 u x>5. Pewenue. 3afadya CBOAMTCI K PEUICHMID HEpaBeHCTBa
{6 —x) (x+ 5) < 10; packprpaeM cKobkH —x2+ x + 30 < 10, orxysa x? —x — 20 > 0. KopHH¥ COOTBETCTRYIOILETO YPAB-
HEHWA paBHH X, =5, x; =-4. HepareHCTEO BRIMOIHAETCS NPH X <—4 M NpPH X >3, OTBET MOXHO 3alllcaTh U B
pine: x € (—oo; —4) U (5; +c0). 10. 0,4<x <4, Peenne. YMHONB obe yacTH HepaBeHCTBA Ha 10 M BBINONHWB

npectpazoBaHia, NOMYYMM HepaBeHCTBO: 5x?—-22x+8<0. 11. [-]; %]. Pewenue. PellHB HEpABEHCTBO, TOTY-
yuM: 4 <x < % Haitrn pelieHns, NpHHANNEKAIIWE 3aNaHHOMY [IPOMEXYTKY, MOXHO C ITOMOLULI0 KOOPHHHAT-

Ho#H npsMoi. OTBeT MOXeT OHITH JaH ¥ B BUAe ABOHHOTO HepabBeHeTba. 12, a) (—oo;-3)U(~3;%]U[2;3)U{3;+oo).
3Ix2-8x+420,
x2-9%0,

3x2-8x+42>0: cCOOTBETCTBYIOINHE KOPHH PaBHB! X, = %, 2, =2; MHOXECTBOM pellleHUs HEpaBEeHCTBA ARISIOTCS
NPOMEXYTKH (—m;%] H [2; +00). H3 yonoeuna x2 - 920 uMeem x#13. Orcrona: x e (—oo;—B)U(—3; %}U[Z; 3)u

Pewenue. QbIacTh oONpedcfieHHUS BHIPAKCHUS 3anaéTcA  YCIOBHAMH { PemrMM HepaBeHCTBO

U{3; +o0}; ©) [—2—};2%)U[2%;3J. 13, a) %<x<2 . Pewenue. MHOXeCTBO DeilieHMii MEPBOIO HEPABEHCTBA!

0,8 «x«<2; MHOXECTBO DELIEHHI BTOPOTO HepaBeHCTHA: x>%. C moMOLIBKD KOOPAMHATHON MpPAMOil HaXomuM

MepecedcHME STHX MHOXKECTE; 6) —3 < x < % . 14. 3) a = -5; Pewenue. Bupaxeuune +2a?+1la+12 ++10-3a - a2

HMEET CMBCH B TOM H TOMLKO B TOM ciydae, xoraa ofa cnaracMbIX HMewT cMBIcT. TakuM obpa3zom, 4tobH HaH-
TM BCe 3HAYEHHA TIEPEMEHHONW, NPH KOTOPBIX BRHIpAXEHHEe MMEET CMAIC], HAlo DELUHTE CHCTEMY HEpPaBeHCTB
{2a2+11a+12>0,

10-3a-ag2=0.
pOrc HepaBeHCTBA: —3£ag<2. C MOMOWLK KOODAMHATHOH NPAMONW HAXOAHM [EPECEYEHHE 9TUX MHOMECTB:
[-5; -4 U (-1,5; 2). HauMeHBIDMM LIEABIM MHCIOM, MPHHALIEXKANIAM 3TOMY MHOXECTBY, SBIAETCA YMCTO —5;
6) a=48.

MHoxecTso pelleHHH Nepsoro HepaBeHCTBa: @< —4, a 2 —1,5, MHOXECTBO PEMIEHHHA BTO-



§ 6. PyHKuMK ¥ rpacduku

UTo HAaOo IHATE H YMeTh:

* HCNOJABIOBATL M [OHMMAaTh (YHKUHMOHATLHYIO TEPMHHOMOLHIO M CUMBOIHKY: APTYMEHT, 3HaYeHHe dYHK-
UMM, obnacTe onpedeeHnd GYHKUWHU, rpadux GyHKINH, oboaHayeHue f (x)';

* HaXQMUTh 3HAYECHHMA (PYHKIMH, 3a0aHHOH dopmynoit, rpadukom, Tabanieit; peniate 06paTHYO 3a1a4yy: Mo
3aJaHHOMY 3HAYEHHIO (PYHKIIHH HAXOAWTL 3HAUEHHE APTYMEHTA, NOHUMATh rPpadHyeCcKyI0 HHTEPIIPETALHID
CBOHCTE PYHKLMH, WUHOCTPHPOBATE 3TH CBOMCTBA CXEMATHUECKH € MOMOILBID IPadiKoB;

* pAcno3sHaBaTh rPa@UKH MIYYEHHLIX PYHKUMEH, COOTHOCUTL HX C (pOPMYIAMH, 330410 I(AMH GYHKIHUY, 3HATE

0CODEHHOCTH PACTIONOXKEHUA B KOOPAWHATHOH NNOCKOCTH rpadukos GyHKLIMY y=kx+P H ¥y = X B 3a-
X

BUCHMOCTH OT 3HA4eHHSA KO3 OdHUMeHTOB, BXoAAUMX B dopmymy, dyHKUHH ¥ = ax?+ bx + ¢ B 3aBHCHMO-
CTH OT 3HAKOB @ U f);

*  CTPOHMTE rpadKkH M3YIEHHBIX GYHKIWI;

* YNTaTh IPAQUKH peaIbHBIX 3aBHCHMOCTel, 3amasaTh ¢ NMoMomple GOpMyIe HAH rpadHKa 3aBHCHMOCTH
MEXTY BelHMHHAMH.

6.1. OCHOBHLIE TOHATHA

TeoperHuyecKHe CBEICHHSA

Ecnu aBe BEIHYHHBL CBA3AHB! HEKOTOPOIH 3aBHCHMOCTLIO, T. €. ¢ H3MEHEHHEM 3HadeHHH OTHOHN BeIHYHHSI
MEHSHOTCA 3HAYEHHA APYTOH, TO NEPBYI0 HAJBIBAIOT HE3ABHCHMOH BENHUHHON (HAH He3aBUCHMOH NepeMeHHOH),
4 BTOPYIO — 3ABHCHMOH BelHMYMHHOH (MM 3aBHCMMOMN MepeMeHHO). B Tex cayuasx, KOrja Kaxaomy 3HAYEHHIO
HE3ABHCHMON MepeMEHHOH COOTBETCTBYET OAHO BUOAHE ONPElcfEHHOE 3HAaYeHMe Ipyro# NnepeMeHHON (3aBHCH-
MOH), TOBODAT, YTO BTOpas NEPeMCHHAR ABIAETCH (hyHKuWeH nepsoi. [na He3aBUCUMOH NEPeMEHHOH B ITHX
CTY4asX MCHONE3YETCS TEPMHH ApPryMeHT. MHOXecTBO 3HaYeHHI mepeMeHHOH, [JIA KOTOPBIX PAacCMATPHBAETCH
YHKLNA, HA3BIBAOT 0GAACTRIO onpefenenus hynkuyH.

PyHKkunA MoxeT ObITh 330aHA PAZHEIMH CllocobaMH — OonucaHuem, Tabauuei, dopmynoil, rpadbukomM, B Kyp-
ce anreBphl OCHOBHEIM CROCOO0OM MABIIETCHA 3alaHHe hyHXUHH ¢ Tomombio dopmynsi. Hanpumep, dopmyna
y=x? KOKIOMY 3HAYCHHIO HEIABHCHMOM NepeMeHHON X CTABHT B COOTBETCTBHE ¢€ KBaIpart.

Ilpu 3a7aHuK PYHKLUHY ¢ TOMOWBIO GOPMYNB NOApa3yMeBaeTcs (eciM HE CAC/IAHO HHMKAKHX OTOBOPOK), YTO
ofinacTs onpereneArs HYHKUHH €CTh MHOKECTBO JIORYCTHMBIX 3HA9€HHi aprymenTa. Tak, obnacte onpeae-
AeHHA GYHKUHH y=x1 — 3T0 MHOXKECTBO BCex ASHCTRHTENbLHBIX 4YHCENl. A 001acTbio onpemseneHsa QYHKUHH

2 "
= -1 ABJACTCHA MHOXKECTBO BCEX OCHCTBHUTCIIBHBIX THCCH, KPOME L.

IMpH pacCMOTPEHMM 3aBUCHMOCTER MEXAY PeaJbHBIMH BEJWYHMHAMH 00/1acTh onpeaeneHUs QYHKIMK YacTo
CYXKACTCA ¢ CPABHEHHMIO ¢ ¢€ «eCTECTBEHHOH» obnacTeio onpeacieHna. HanpHMep, cenu B dopMyie y =x? mepe-
MEHHAA ) 03HAYaeT NJOIIalb KBalpara, ARIAIIYIocA MyHKIMEH CTOPOHM KBaipaTa X, TO OGnacTei ONpenene-
HUA 3TOH QYHKLIMH CIYXHUT MHOXECTBO TIGNOXMTEAbHLIX TCHCTBUTEABHBIX YHCEN.

TIpaBuno, No KOTOPOMY KAKIOMY 3HAYEHHMK) APCYMEHTA CTABUTCH B COOTBETCTBUE 3HAuYeHHE (DYHKUMH, [IpH-
HATO 0003Ha4YaTh OyKBOH f (HAM Kakoi-nubo Apyroi OykBod - p, g W Ap.). 3a04ch y =jf (x) 03Ha4YaeT, YTO Nepe-
MEHHad y ABLAETCA (PYHKUHEH NMEPEMEHHOR X W 3HA4YeHMS NEPEMEHHOM ¥ MOMYYaoTCd H3 3HaUcHMH aprymeHTa X
no npasuay f. 3HaUYeHHe (PYHKIUH, COOTBETCTBYIOLLES KOHKPETHOMY 3HAYEHHIO apFYMeHTa a, obosHavaloT f (a).
HanpuMep, ecnn naHa GyHKUMA v=f (x), tae f (x) =x2, To f (-3)=(-3)2=9.

[Mpumep 1. Yncno gHAroHATEH p BLITYKAOIO MHOTOYROAbHHKA SIBAACTCA (hyHKIIMEH YMCTa 7o BepllUdH A.
3amanum 3TY OQYHKUHIG GOpMYIOH W YKaXeM e obnacTb onmpeneneHms.

Kaxxyio M3 # BepLIMH MHOFOYTOJBHNKA MOXHO COEIHHHMThL JHATOHANBIO C (# — 3) IPYTHMH BEPINMHAMH (BhI-
YUTAKTCA CaMa COCIHHACMAas BEPIUHHA W J1BE COCEAHHE), B pelyjLTarte dero nouydarcs # {(n — 3) otpeikos. Ho
TAKHUM OOpa3OM KXKABIH OTPE30K MOCYHTAH OBXKABI HANPHMED, O0Tpe30K AC MOCUMTAH KaK COSIHHSAILIME Bep-

HIHHY A ¢ BepIUuHOH C ¥ Kak oTPe30K, coenuHAomHl C ¢ A. [Mo3roMy molydeHHOEe NpOM3BeNeHNe Halo pas-

neauth Ha 2. Bcero nmonyuuTtca —"—92_—3] AunaroHaneit. [Moayuaem dopmyny: p= f‘(";")

GYHKUMH: e N, n2 4 (YMCI0 AMATOHANEH BBRIPAXAETCA HATYPATLHBIM YMCIOM, W YeThIPEXYTOILHHK — <MNep-
Bblil» MHO[OYIOJIBHUK, HMEIOUIRA IHATOHAIH).

. OBnacTe onpegeneHAA

! HDDB&DHCTCH OIIOCPEOCBAHHD B X0IC€ pDCUIEHHNA 3afNay, COOTBETCTBYIOIUWX ZPYTHM YMEHMSAM HAHHOIC pPA3nena.
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e ""FHT“T; TV Tpumep 2. Hana dyukuus f (x) =1 — 2x3. Hasaém f(-3).
F ! I I 1 ] 1
it S Sl S A IR S IMoacTaBHE B QepMyly 3Ha4EHUS X = —3, MMOAYYHM:
4 L L ] | | ! I |
¥ [ E 1) __I_____‘_I”_ _,i M_wld‘_“l —_ 3_
o R R R R i kS F=3=1-2.(-3=355.
1 3 ] 1 b | H ! I
S ] s T O S S Tpadmkom dyyHKIHM Ha3LIBAETCH MHOKECTBO BCEX TOYEK KOODAUHAT-
Lo ioddo.b il i 11 HOM MNOCKOCTM, KOOPAMHATaMM KOTOPEIX SABIANOTCS COOTBETCTBYIOLIME
T R 1 1! 3HayeHHA apryMeHTa M (PYHXUMHK. JHAMEHMS apryMeHTa X OObIMHO OTKia-
T S I “PTTIYTT IBIBAIOT 110 TOPH3OHTANBHOH OCH (0CH aGCIMCC), 3HAYEHMs HYHKIMN — No
v ] | i | | ! ! | a
beqeArod-espre i o ——3-—-  peprTukanpHoii {6cH opnuHat). Ha pucyHke 6.1 u3zobpaxeHw rpaduxu
5 I | + | | ! | |
: 1 I t 1 1 1 I 1 x .
Feeet oy T dyHkumi y=x242x (puc. 6.1, ¢) ¥ y= -3 (puc. 6.1, ).
! | ' | fi | | |
TN Ao v T ; IMpumep 3. OnpepennM, Kakasg H3 3afldHHBIX TOYEK TIPHHAWIEKHT
: L (- :
;me---f-»—-!M---+~--:w-+m: rpadpuKy GYHKLHMH y =6 — 3x:
| t ! ! | I

a) Loosoiodoao | 1A (-1; 3) 2)B(8;-18) 3) C (=520 4) D(6; 12)
g e g — g Touka MpUHATIEAKUT rpabuky DYHKUHUM, ecM NPH NOOCTAHOBKE €€
M U ‘ 3 L j :L ! KOOpAMHAT B (hOopMYTY, 3a0al0WYIC (PYHKUMIO, MONYIAETCH BEPHOE PAaBEH-
Im —— sk as swpm e om o o e —— - _-—— —_—
rr o TV creo. TloacTasnss MO O4ePEIM KOOPAMHATH 3aIaHHBIX TOUEK B (opmyny
e fro g s e sbeedeenbe o4y =6 3x, NONYYHM, YTO TPadMKY 3TO# yHKIMH IPHHALIEXKNT TO4KA B:
1 ! 1 1 i 1 1 § B . -
A ! N S N aa 6-3 '8=6—24:—18.
1 | | | I l s
1 I I I 1 I 1 1 i)
- : ——L——-‘i‘-t'--ww;:“‘*w‘r*" ‘:”?’ - ‘ JTw6oit rpadiK, KaxXoyio TOYKY KOTOpOTo rnepecekaer He foiee OAHOH
HE R M S '_j MPRAMOH, MApaMENsHoR OCH OPIWHAT, MOXHO pacCMaTPHBATD Kak rpadmk
R | 11X  cynaxkuun. Tak, KpuBasi, H3oBpakéHHAd Ha PUCYHKE 6.2, 3adalT HEKOTO-
E""T"T T 'E I’“ ! I" I pym gyHKIM0O ¥ =f (x) ¢ 0oGnacTei0 onpenenenun [—4; 4}
i*' *:*--Jr—-f}-*-*-*J:““iL“"g”--:‘““J: C nomoniske rpadHKa LI KaOKIOTQ 3HAYCHHA apryMeHTa MOXHO HaH-
bt oodbododqeeebodoooio-d TH COOTBETCTBYIOLLEE MY SHAUCHHE QYHKLMH H, HA0BODOT, W14 KAXIOTO

6) L.l bt 3HAaveHns (BYHKUMM YKa3aTh 3HaYCHHE apIyMEHTd, KOTOPOMY OHO COOT-

Puc. 6.1 BeTcTBYeT. Tak, mpH x =3 3HavyeHHe (YHXUMM paBHO —| (3anuchBacTeA:
c. O.f. .

F(3)=-1); 3Hauecnune GYHKUNHK paBHo 3 npu x=-2 u x=0 (3anvcLiBaeT-
ca f(x=3npux=-2 nux=0).

Tpacdhuk QYHKUMH HALAAOHO OTpaxaeT MHOTHe ¢€ cBolicTea. Pyukuna y =f (x), rpadrk KoTopoi nzobpaxéH
Ha pUCYHKe 6.2, BO3pacTaeT Ha NIpoMeXxyTKe [—4; —1] u ybrisaer Ha nmpomexyTtke |—1; 4]. Tlpu x=-1 dwHKuna
MIPMHUMAET HaHOGOJAbLEee AHATEHHE, paBHOS 4. 3HadeHNe dyHKUMM pasHO O Mpu x=-3 W x = 2; 3Ha4YeHHs apry-
MEHTA4, [pM KOTODBIX 3HAYcHUH (FWHKUMK pPaBHK HYMO, HA3BIBAIOT Hynamu (Pyaxumn, 30auut, -3 1 2 — Bynu
dbyuxuuy y=1 (x). Tlpu 4 <x<-3 u 2 <x<4 byHKUHA NMPHHEMACT OTPHUATEALHBIC IHAMEHHA, NPH —J<x <2
thyHKUHA TPUHHMAET HOJMOKHTENbHBEC IHAYCHHA,

C noMoeer rpadMKoB 4acTo 3a0a0T (PYHKUMM, ONHCHIBAKUIHE PeatbHEIE 3aBHCHMOCTH MEXIY BelIHYHHAMH.
Takue rpadMKH TO3BOIAIOT MONYYMTL PAZTHIHYKD UHGOPMAUHIO 00 HCCeIyeMoi 3aBHCHMOCTH.

IIpumep 4. Ha rpaduxkax (puc. 6.3) nokazano, Kak BO BpeMs TENCBH3MOHHLIX Je0aTOB MEXTY KaHiWIaTaMmu
A u b TeneapuTeny rolocoBaId 3a Kaxnore Ui HuX. [1o ropn3odTaakHoOi OCH OTKNALLEBACTCS BpeMs, Mpollieaiee

Yucno ronocos, 4 i 1 1 0
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Puc. 6.3,



C HAYaIa rojiocoBaHus (B MHHYTAX), [0 MODH3OHTANBHOH — YMCI0 NOJAHHEIX K 9TOMY BpeMeHH TOJIOCOB {B ThIC.
rJTOCOR).

a) CKONBKO BCENG TEASIPHTENEH MPOroJIocoBano K 35-# MuHyTe nebatos?

6) 3a koro M3 KaHaAMAATOR GRLNG NMoAaHo GoJabiue ronocoB K 60-3 MuHyTe 06aTOB K Ha CKOIbKO Bosbime?

W3 pucydka auaHO, 4To K 35-i MHUHYTEe KauaHAaTel TOJYMMAN PpaBHOE YUCTIO MOocoB — NMo 20 ThIC., 3HAYHT,
BCEIO K 3TOMY BpeMeHH nporogocosano 40 teic. tenespureneit. K 60-it MmunyTe anaupoean kanamoat b — 3a Hero

6sU10 DofaHo 50 THIC. rOnOCOB, a 3a KaHgMpata A — 40 Telc., T, e, 3a KaHingata b nporonocoBano Ha 10 Thic.
Tene3IpuTedei Oonblie,

TpenupoBouHBIE 3ATAHHA

3AJAHUA BA30BOIO YPOBHA

2_
1. Pyuxuus 3agaHa GopMynoH y = ’;—_;. Haiiaute 3HadeHHe GyHKUMM npd x = L

2. OnpedenuTte, IpH Kakux 3HAYCHHAX apIyMEHTa 3HauYeHWe GvHKUHH y=Xx!— 3x— 10 pasHo 18,
3. @Oyuxumn zagada Gopmynoll y=f (x), tae f {x) =2x? + 3x . Haitawre £ (0,5).
4. BmectumocTs BeH3obaka aBroMoOnna 60 n. TIpu ABMXeHMH N0 LIocce pacxomyercda 0,7 n OeH3MHa Ha

kaxneie 10 kM nytv. KomsuecTBe DeHIvHA v (B nuTpax), ocrawerocs B Gake, ArngeTca dyHKIMell paccTOAHMA
x (B xunoMeTpax), OpoiiieHHOro aBToMoGIeM. Kakasn u3 crexyrommx (GopMynt 3anaét 3Ty GyHkumio?

=602 = =60 — 6019
1) y=60) o 2) y=Tx+60 PDy=60-7x 4) y==60 o7

5. M3 sanonHeHHore Boaol 6aka BMecTHMOCTERIO 100 1 Yepe3 OTKPHTHIN KpaH BOAA BRITEKAET CO CKOPOCTHID
4 1 B MHHYTY. KoasuecTso y (B anTpax) ocTamomeics B Gake oA ARAAeTcA GYHKUMEH BpeMeHH X (B MHHYTax),
B TeYeHHE KOTOPOro BRTEKACT Boja. 3anaite 3Ty GYHKUMIO OPMYION H YKAKHTE 06nacTy ONpeIeNeHAA QYHKIIHH,

6. YKaxuTe TOUKY, KOTOpas MpuHaanexut rpadmky GYHKIHK p = %,

1y A (1; -3) HyYBR@ 0 3) C (-6; —4) 4) D (4 6)

7. Yepes KAKYIO M3 YKA3aHHBIX TOUYEK NPOXOIWT rpadpuK PyHKUMH y = ;“:24 ?

) A (1 -3) 2) B 0) 3) C (-6 —1) M D (4 -3)
8. I'paduk Kakoll H3 3a3aHHbBIX (DYHKLUHH HE NPOXOIMT “EPe3 HAMAKO KOOpPAHHAT?

) y=2x-x2 2) y=2x 3 y=-2x 4 y=2

9. I'padMx Kakoi U3 3aJaHHBIX PYHKURH NPOXOIMT YePe3 HAYANO KOoopaHHAT?

1) y=xt-3 2) y=x+3x Ny=x+3 4) y=-%

10. ©yuxuus 3agaHa GopMynoi y = xx—_ls VYkaxure 06AacTh onpedeleHHA QYHKIIHH,

y:

DDx+3 2) x#-3 Dx#0 4) x — boe Yueno
11. Haiinure 0oGnactb onpeseteHns GYHKIMKA, 3agaHHoi popMynoil A Y SO A S A A
x +4 ;——--E--—L— el E PR Y E..-.-I—__Jal.__...i
X2 R -
R o
12. Ha pucyHke MiobGpaxéd rpaduk byHxuped y =1 (x), obmactuio bobNL iy AN
onpedefeHNs KOTOPOoH ARIsAeTCA npomexyTok [—3: 6]. Kakoe U3 cnemy- Py Ao
1 I ] 1 3 1 |
INUIMX YTEEPXIEHUH HeBepHo? bbb S R
Lo A
1) Hymu ¢ynaxkuun — yucna —1; 4 — i + é i;'f
b TR . B3
D/ (=2 npw x=0
5790 npu x>0 T R
4) QyHKUHA BO3pacTaeT Ha MPOMeXYTKe [2; 6] NS S U N IO NS N NN NSO

=]
et |



13. Mot mwrnBET no pexe. Ha prcyHke H3oOpaxkéd rpadHK ere ABH- S, kn
KeHMs! MO TOPH3IOHTAJBHON OCH OTKJIANLIBACTCA BPEMS IBHAKEHHHA [, MO
BEPTHKANBHON — PACCTOAHHE 5, KOTOPOES TPOIUIBLI TUIOT.

a) Ha KakoM yuacTKe NMYTH CKOPOCTh TeueHWd pexl HauMeHblnasn?

1)or Ao B HDor Cuo P
2yor Bno © 4)yor Do E
6) Ha kakoM y4acTKe MYTH CKOPOCTb TEUeHHA PeKH HanGOIbLas?
YorAmo B HorCao D
Dot Bao C 4yor Do E

14, TypucT BbILIEN M3 nareps, JOIUEN A0 O3epa H, NMPODHB TaM HEKO- 1
Topoe Bpemsi, BepHyica obpatHo. Ha pucyHke uzobpaxkéd rpaduk ero A
IBIDKEHHUA (110 TOPH30HTATBHOM OCH OTKIAILIBAETCA BpeMA, 10 BEPTHKANB-

HOI — PaccTOstHHE, Ha KOTOPOM TYPHUCT HAXOJWUTCS OT nareps).

T R AR LR e e PR R P

e qmmmmmm g

|- -+

0 10 20 30 40 50 60 70 80 90 100 7 mmuH

a) HailnuTe cxopocTh TYpHCTa HA NYTH K 03Py, BRIPA3UB €€ B KWIOMETPax B Yac.
0) Haiinure ckopocTs TypucTa HA OBpaTHOM ITYTH, BHIPA3HB ¢€ B KWIOMETpax B 4ac,

15. TenedonHas koMINaHuA npemnaraeT abOHEHTaAM ABE Pa3Hble CXeMbl HAMHCISHMS exXeMeCTYHOH TAaTel 3a
PA3rOBOPLI: T

¢xeMa | — He3s mepBOHAYANBHOID B3HOCA; : S

cxeMa Il — ¢ nepBoHaYanbHBIM B3HOCOM, HO C MEHBIEH CTOUMO-
CTbIO MHHYTH pasropBopa.

Jna HAIAOHOCTH 3TH cXeMbl W30GpaxeHb! rpaduuecKy.

a) Hpn kakMx nraHHPYeMBX E€XEMECAYHEIN PAcXofax Ha Tele-
thoHHBIE PA3rOBOPBI ADOHEHTY BLINOOHEE BOCMOMNB30BAThLCA cxeMoi [?

1) 400 p. 3) 300 p.

2y 350 p. 4) 200 p.

6) Ipu kaxoH AAWUTENBHOCTU TenePOHHBIX pasroBOPOB B MECHL
aGOHEeHTY BLITCIHEE BOCHONMb3IoBaThCA Ccxemon 117

1) 180 MuH 3) 60 Mun 0 60 120 180 240
2y 120 muH 4) 20 MuH Bpems pasroBopob, MUH.

50011
400%- i
00 | L,
ol T
wol.i

CToyMOCTh pasroBopos, p.

3AL0AHMA NOBLIWEHHOIC YPOBHA

2 _
16. @ynxuus y=/f (x) 3a0aHa YCIOBHAMM: F(x)= x4-2 e x <1, Cpasdure £ (—3) u f (3).
2—x2, ecmn x > 1.

17. Ha pucyHke uzobpaxenwsl rpadnxu byHkimi: 1) yzﬁ » 2) y:(x—;n? . 3)y=;2]T]-. Hns xaxaoro

rpadpuka ykaxure GopMyny, 3a1Q10Ly1I0 3Ty QYHKIHIO.
a) a) &)yt




i8. Ha pucynke usobpaxéd rpaduk GyHKUHH v =4x* —5x2 +1. y
Haiiaure koopauuarst Touex K, L u M.

PenieHnss 1 OTBETbI
L3 2 Mppx=4 ux=7 3 2. 4. 1. Peuwenue. Ha Kamanie

10 kM pacxomyerca 0,7 1 GeHInHa, a HAa x KM Gyaer M3pacxoloBaHo 0 -
0,7-% 11 6eH3una. B bake npu 3rom octanerca 60— % N GeH3HHA. L M X

5. y=100-4x,02x225 6. 3. 7.4, 8. 4.9 2 10. 1. 11. x=+0.
12. 3. 13, a) 1; &) 2. TInoT OBMXKCTCA €O CKOPOCTBIO TCUSHH DEKH.
3agaqy MOXHO DELIATH «BIPAMYIO», BRYHCIIAA CKOPOCTh IBHKGHHA ILTOTA HAa KAXIOM YIAaCTKE IO JaHHBIM, CYH-
TAHHBIM ¢ Tpadwika. HanpuMep, HA ydacTKe oT A 0 B fnHoT NMPOMALUT 3 KM 3a 2 4, 3HAYHT, CKOPOCTh TEUEHHA
pekn papHa 3:2=135 (kM/u). Ho MoxHO HMCNOAb30BaTh TOT (aKT, YTO HAUBOMBINEH CKOPOCTH COOTBETCTBYET
HauBonee KpyToil OTpelok, a HauMeHblIel — HauMeHee kpyToi. 14. a) 6 kMm/u; 6) 4 xMm/u. Pewenue. 6) 3a

45 MHH, T. €. 3a % Y TYPUCT NPOMWED 3 KM, 3HAYMT, 338 4ac OH NPOHIET 3:%24(](1\4). MoxHo paccyXIatbh H

HHaye: 3a 45 MUH TypHeT npowén 3 KM, 3HaYMT, 33 15 MUH o npoweén | km, a 3a 9ac npoiuér 4 xm. 15, a) 4;
6) 1. 16, F(-3)>f(3). 17. A3, Bl, B2, ¥xazanue. llenecoobpaino MATH oT GopMyn K HCNOAL3IOBATE PA3HLIC
¢nocobsl noucka rpadHKa, COOTBETCTBYIOLIENO 3T0H dropmyne. HanpuMep, BIMHCIUTE TOYKY IIEPECEYECHHA € OCBIO
OPAHHAT, HAHTH 06nacTe onpencacHns dyukunw. 18, K(0; 1), L(-0,5; 0), M(1; 0). Yxazanue. Touku, KoOpAH-
HaTbl KOTOPBIX CAedyeT HAHTH, ABIAIOTCA TOYKAMH NepecedeHHd rpadika © OCHMH KOOpPAHMHAT, MO3TOMY 3ajava
CRQANTCA K BRSMCICHHI) KOODAMHAT TOMEK, B KOTOpEIX rpadMK NepecekaeT ok ¥ H OCb X, H MNOCISLYIOWCMY
BBIDODY CPEeIM TOYEK IIEPECEUYCHHS C OCBIO X HYAHBIX IBYX TOYEK.

6.2, YucnoBble PYHKIUMH, UX TPAPHKH H CBOHCTBA

TeopeTrnueckue cCBeNeHHs

JinHe#iHan pyHKUHMA

MyHKUNA, KOTOPYH) MOXHO 3aJaTh (opMyiol BHOa y=kx+ &, e & U b — HEKOTOPLIE YUCNA, HA3BIBACTCS
aunelinol. TpapHKoM TMHelHON DYHKUMH IBIsAETCA ApAMas. T1pu &k > 0 nuHeliHasd (GyHKLUHMA ABARSTCH RO3pac-
Taowei (puc. 6.4, a), nopu k<0 — yOrmatowei (puc. 6.4, 0).

Mpu b=0 dopmyna npuHHMaeT BUI ¥ = kx. I'padukoM (QYHKIHH
y=Kkx ABNAETCY NpAMANA, NPOXOLALIAA YepPpe3 HAYANIO KOODAMHAT a) y
(pmc. 6.5, a).

IMpu k=0 dopmyna nuHEHHOI dyHkunKM nmeer Bua y=5H. OHa
NPUHMMAET OTHO H TO X€ 3HAYCHMC, paBHOC b, NpH BCCX 3HAYSHMAX b= kx, k>0
apryMmeHTa. Takas GyHKUUE HA3LIBACTCH MOCTOAHHOH WK KOHCTAR~ y=kx, k< )
1o, Tpachukom OOyHKUHM y =5 ABIsACTCHE NpAMAA, NAPANLIEABHAA
ocH aGcumce (puc. 6.5, 6). 0

aj aj}
N y" &) 'Y

y=kx+h, k>0 y=kx+b, k<0 y=h 520

“y
=)
/|
=
=¥

0 /
/ Puc. 6.4 Puc. 6.5,

y=b, 6<0

89
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IIpsvep 1. [locTpoum rpaduk dyHxmK y = %x—l

Y1o6n nocTpouTh rpadMK nHHEHHON GYHKIIMH, HAZo HAHTH KOOPAWHATH
KaKHX-HuOyas aByx Todek rpaduka. B HaHHOM crydae B KadecTee ONHOH H3
HHMX YHoGHO B3ATh TOUKY, B KOTopoil rpadMk nepecekaeT ockb y: (0; —2). Hai-
OEM KOOpAMHATH BTOpO# TOYKM; yRofHO Oparbh Takoe 3HadueHHe X, KOTOpPOC
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NpH YMHOXCHHH Ha % JAET LET0e YHCRO, Hanpumep x =4, NONYYUM TOUKY
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(4; 0). Tpaduk u3o6paxén Ha pUCYHKE 6.6.

TlonesHo JUISS CAMOKOHTDOUS, MIPEXAE YeM CTPOWTh rpaduK NHHEHHOM
$GVHKUMH, TpeACTABHTL cebe pacNoNOXEHHE NPAMON B KOOPAHMHATHON MiOC-
¥KocTK. B naHHOM cayuae: Tak Kak &k >0, To ¢hyHXuMA BO3pacTaoWan; TaK Kak
b=-2, To npsIMadA NEPECEKAET OCh ¥ B TOYKE ¢ OpOMHATOM —2. 3Ha4MT, rpa(HK
yi JO/DKEH MMeTh MPHMEPHO TaKoil BMJI, KaX Ha pucyHke 6.7:

1 1 ] H
R SURSUN SN SRR SURPI PRSI W P S

Puc. 6.6.

x-35x+6

/ Ipumep 2. IToctpoum rpadux GyHXuUMM y = e

#  KAKHX 3HAYeHHAX apTyMeHTA (GYHKLUMA NPHHUMAET [TONOXKHUTEILHEIC JHAYCHHA.

1_ Mk —
5 ®dyukuna He onpeaeneda npu x=2. Tak xak = zf’;'”s:(“ _j’_“; L

/ = _X=DE-Y 13 1o rpadMKOM MCXONHOH (YHKLMH SAIAETCH MPAMAs

x—2
y=-x+ 3 6e3 touxn, abcuncca Kkoropoil paeHa 2. {Ilocrpofite aToT rpadHK.)
Mo rpaduky. onpeaenaeM, uro ¥ =0, ecnm x <3 u x # 2.

. BRIAICHHUM, 1IpH

Puc. 6.7

Tlpumep 3. INocrponm rpadmk DYHKUMA ¥ = |x].
x, ecl x 2 0,
~-x, ecnd x<1.
a Ha NMpOMeXyTKe (-o00; 0) — rpaduk GYyHKIMK y=—x. [HonyauM rpadmk, W30GPaKEHHBI Ha pUCYHKe 6.8,

QOnpelleNc HHE MOTYIR: |x| = { Ha npomexytke [0; +00) nocrponM rpadHk GyHKUHM y =X,

Ksagparuunan yHxumMn

PyHKuMs, KOTOPYI0 MOXHO 3a1aTh QOopMYI0i Buaa ¥y =ax? + bx + ¢, rue g, b u ¢ — HekoTopuie uncia u g# 1),
Ha3LBacTcs KBAApATHYHOM ¢vHKUHeH. IpadukoM Keagpatmunol ¢yHKUMH ABaserca napadoma. Ha pucyn-
ke 6.9, @ usobpaxkéH rpaduk GyHEINH y=x2 - 2x — 3, Ha pucynke 6.9, 6 — rpadbux dyHkunH y=-x2 -~ 4x+ 5.

BetBu mapa6onm y =ax? + bx + ¢ npu @ > ) HanpapaeHH BBepX, NpH @ < 0 — pHK3. BepuwinHa napaGons MMe-
€T KOOPOMHATH X = —% ., ¥= % OCbi0 CHMMETPHH NMapabosbl ABNSETCS BEPTHKANLHAA TIpAMAas X = —% .
KopHH KBaapaTHOro TpéxufieHa ax?+ bx+ ¢ ABIAIOTCR abCUMCCAMHM TOMEK MEPECEUCHHA MApaboin C OChI0 X,
a CEOOOOHBINA WICH ¢ — OPAMHATON TOYKH NEpeceueHMA nmapaboiel ¢ OCEI Y.

Mpu 5=0 u ¢=0 ¢opmyna KpaapatHsHOH QYHKUMM TIPHHHMAET BHO y=ax?. IpaduxoM GysEkuHd B 3TOM
QTyyac ABAACTCA mapa6osa, BepliMHA KOTOPOHM PACTIONOXKEHA B Hayafle KOOpIHHAT {puc. 6.10) (cM. ¢. 91).

Ipabnk dbyHxuuy y=ax?+ bx + ¢ MoXeT GHITE NoaydeH M3 rpadhuka GYHKUHH y=ax? ¢ NOMOLILK Tapan-
RENLHBIX [IEPEHOCOB BAOAL OCel KoopauHaT PaccMoTpUM pajHbie clnydad.
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a>0

a<0

Puc. 6.10. Puc. 6.11.

Ipadhmk dyHkuMu y=ax?+n nomyyaetcs W3 rpaduka GYHKUMHM y=ax? MepeHOCOM €ro BIOME OCU ¥ Ha
7 eXMHMI BBEPX, ¢cau m>0, u |4 emuHUIl BHU3, ¢cnm A< 0. Bepiumna napaGonsi y=ax?+n pacrnonoxeHa Ha
OCH y H HMeeT koopauHaTel (0; n). Ockio cMMMeTpHH mapaGonbl coyxuT ock y. Ha pucynxke 6.11, g uzobpaxéu
rpaux yHKUMKN p=x2— 1.

Ipaduk dyuxunn y=a (x+m)? norydaerca u3 rpadrka GYHKUKHK ¥ = gx? MEPeHOCOM Ero BIOAb OCH X Ha
m eOMHHU BJIEBO, eciu » >0, M Ha |m| eIMHWML BOpaBo, ecin m< (. BepiiMHa mapabojel B 3TOM cayyae pac-
TIONOXEHA HA OCH X U uMeeT KoopauuaTte (—m1; 0). Ha pucyHke 6.11, 6 u3obpaxéH rpaduk by y=-2 (x — 1)2.

[padux OYHKUHKM ¥ =a(x+m)’ +n noayuaeTca U3 rpaduxa GyYHKUMH ) =ax? COOTBETCTRYIOINMU Nepe-
HOCaMH €ro BIONL ocell KoopAMHAT. Bepwivua napaGonsl y=a (x + M) + 1 HAXOANTCA B TOYKE C KOGPMHHATAMMU
(—m; n). Tak, rpapuk HYHKUHH ¥ =x2 — 2x — 3, M306paxEHHBIA Ha PHCYHKe 6.9, a (cM. c. 90), MoayueH W3 rpa-
tbuxa PyHRUMKM ¥ = x? NIepeHOCOM €ro Ha OAHY eOHHMILY BIIPABO BAOIL OCH X M HA 4 €NHHMUIEI BHA3 BAOJIB OCH V:
Tak Kak x2—2x—3=(x1=2x+ 1) =3 - 1 = (x — 1)2 — 4, To OYHKINA MOKeT 6BITH 3a0aHa DopMyIoit ¥y ={x — 1)1 -4,

Tlpumep 4. OnpeneinuM, nepecekaet A rpaduxk GyHKIIVY, 3axaHHOl HOpMYNoi, och X:
a) y=15x2+7, 6) y=-3x2+12; B) ¥=3 (x— 142 -10.

OTBETHTE Ha BOMPOC [MOMOCYT CXEMATHYECKME PMCYHKHU rpadiMKoB, KOTOPBIE MOXHO CAEAaTh, YIHTLIBAA Ha-
MpaBAeHMe BeTBeil napaBodbl H KOOPIHHATHL € BepiliyHbl. (ChenaiTe caMH TakKHe pUCYHKM.) [1o pucyHKY zena-
€M BBIBOI: a) rpadMK He repecekacT ock X (ReTBM Mapabonbl HANPABNEHB! BEEPX, BEPIUWHA PacTONOXEHa BhIle
oCH X — B Touke (0; 7)); 0) rpadHK nepecexaeT oCb X (BeTBH Napadosibl HanpapRleHsl BHM3, BEpPUIMHA pachono-
XeHa Bblllie ocH X — B Touke (0; 12)); B) rpacdhMk nepecekaeT ocbk X (BeTBH Mapabosikl HANPaBASHE BBEPX, BEp-
LIMHA PacmONoKCHA HIKe ocH X — B Touxe (14; —10)).

Ytobe! nocTpouTE rpadmk QyHKUME y = @x? + bx + ¢, Ha/lo ONpeNeTUT: HanpawIcHUC BeThel mapaGonbl, Hai-
TH KOOPRIHHATHL eé BEPOIHHE H BEMMCIHTE HECKOARKD TOYEK, [MPHHAILNCKAMIMX napaﬁoneA R JACTHOCTH, €CIMTH
NO3BONAET MAciuTad, HaOO ONMPEeneINTE CPIHHATY TOYKH nepecedeHusA rnapadoskl ¢ OCBK ¥ U HANTU KOOPOWHATH
CHMMET}'JH'—IHOF[ el TOYKH. KOODHHH&TH BEPHIHHEBI napaﬁoﬂu MOXHC HaXOAHTE paJHBIMH criocobamMu. Moxdo
npHBecTH GopMyIy, 3a1a101yie OyHKUMIK, K BHILy y=a (x + m)? +n. Ho npollle Bocnons3osatbes GOpMYyIaMH,
IIpHBE,[[EHH]:IMH BLILIE.

TIpumep 5. TlocTpoum rpadmk dyHxUKn y = %xi —2x+ 5. ¥KakeM HaMMEHbBIIEE 3HAYEHHE 3TOH (DYHKUKH.

[padux — napabona, BeTBH KOTOPOH HampaBneHb! Beepx. Haitném abcuMe-
CY BEpILIMHbL Mapabonkl no GopMyiie: X, = —%; X, = f = 2. TloacTasMe 3Haue-
HUE X, B Gopmyny =%x2—2x+5, HainéM 3HaYeHHe OPIUHATHL BEPILHHEL
Py :%..4-44,5:3‘

OTMeTHM TOUKY (2; 3} B KOOPAMHATHOH TUTOCKOCTH U NIPOBEIEM OCh CHMME-
TPHH tapabonbl — NpsaMyo x =2 (puc. 6.12).

BbEMHUCITHM KOOPNMHATH €LIE HCCKOIBKMX CHMMMETPHYHEIX TOUCK rpadhmka;
Q; 5) u (4;5), (=1; Hu(5;7), (=2; 10) u (6; 10}, OTMECTHM 3TH TOYKHM B KO-
QPAHHATHOI TLUTOCKOCTH M DIPOBENEM Yepes HWX TUTaBHYIO JMHMIO, [Tonyunm na-

I
pabony y= 5x2 —2x+ 3. Mo rpaduky HAXOAWMM HAMMEHDLUCE 3HAMEHME (DYHK-

IIMH, OHO paBHO 3.



o
=Y

a) a)

=Y
=Y

Puc. 6.14.

Ipumep 6. Ha pucynke 6.13 H306paxéH rpaduk dyHxumm y = ax? + bx + c.
OnpenesinTe 3HaKH Ko3(hPHIMEHTa @ U JUCKPUMHHAHTA D KBaApaTHOTO TPEX-
qieHa.

Iya=0, D=0 Na<0, D>0

2Ya>0, D<) 4y a<(, D<0

BersH mapafGonm HanparleHel BHHS, CNenoBatelbHo, a < 0. TlapaGona me-
peceKaeT OCh X B JABYX TOYKAX, O5TO 3HAYUT, 4YTO KBAOpATHBIA TpExuneH
y=ax?+ bx + ¢ UMeeT 1Ba KODHA, T. €. AMCKPUMHHAHT I nonoxuteneH. [Ipa-
BWIbHLEA OTBET 3.

k
X k
dyHkuuio, KoTopad 3asaHa GopMynod y = = e k # 0, "HasuBRawT 00-

Pynkyua y =

. &
PATHOH NPONOPUHOHANBHOCTBIO. OONaCTHIO OTIPEAENCHAA DYHKUHH y=-

&
ABRNSETCA MHOXKECTBO Beex uHcel, KkpoMe 0. Tpadsikom yHIAIMM y = = ABAA-
x

ercA runepdona. Tlpn &> ( peTBn runepbosinl PAcIOAOKREHDl B [IEPBOA H Tpe-
Thel KOOPAMHATHBIX YETBEPTAX, NpH k< 0 — BO BTOPOH M 4eTBEPTOH KOODIH-

HaTHbIX YeTBepTax. Ha pucynke 6.14, g waodpaxén rpapuk GyHKUHH y = 5,
X

Ha pUcyHKe 6,14, & — rpadvk byHkumMna y = —%.

Mpn k>0 QpyHkums y =ii YOLIBAET 112 KAaXIOM M3 ABYX [POMEXYTKOB 006J1acTH onpeaenenus. [lpu k<0

k
qJYHKl.IHSI y= P BO3PACTAECT Ha KaXIOM H3 3THX NPOMCKYTKOB.

DOyHxuun y=x3, y=Jx

I'pabuk dyHKUMH ¥y =X n306pakéH Ha pUcyHKe 6.15.
QyHKIuA y =Xx3 sBnsAeTcs Bodpacraoieit ynkumeit. I'paduk eé npoxoauT Yepes HAYAIO KOODIMHAT.
Ha pucyske 6.16 u3oGpaxén rpadmk dyHkun y = Jx.

Puc. 6.16.

»i
5o

4+

O6nacTtbio onpeneneH!a GyHKUUN y = Jx saBnsieTcs MHOXecTBO HeOTpULATEIbHBIX yucen. OyHKuus y = Jx
SIRNISIETCST Bo3pacTaiouieit. M3 rpadrka BHAHO, YTO BO3pACTaHHE «3aMEIIAETCS» C yBeJUYEHHEM 3HAYeHWH apry-
menta. Ho MHOXecTBOM 3HavYeHHiIT PYHKLIMHU SIBJISIETCS MHOXECTBO BCEX HEOTPHMLATEIBHBIX YHMCEN, TO3TOMY Ipa-
duk nepecekaet Mo0OyI0 TOPU3OHTAIBLHYIO MpsAMYIO Yy =c, tae ¢ = 0.
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TpenupoBouHble 3anaHHA

3AN0AHUA BA30OBOIO YPOBHA

1. Ha pucynxe HaoGpaxéH rpaduk dyHkune y=kx + b, Onpenenure 3HakH KoddbduunerTon & u b.

i

1) k>0, 5>0 y' 1) k>0, b>0 yt

2) k>0, b<0 D k>0, b<0

3 k<0, >0 3) k<0, b0

4) k<0, b<0 0 x v

/ 4) k=0, b<0 g
/| \\

a) &)

2. a) Ilocrpottve rpaduk GYHKUMM ¥=—3x+6 ¥ yKaxnTe, IPH KAKHX 3HAYCHHAX X QYHKIMA MPHHHMACT
NOIOXHTEBHBIC SHAYCHMS,

6) INocrpofite rpaduk HYHKLHH y = 5 X+ 1 ¥ ykaxwre, npyU KakKuX ZHAYESHHAX X (BYHKUMT NMPHHUMAET OT-
pPHLIATEIBHEE JHAYSHMS.

3. DyHKIMH 3a0aHBL GopMYIaMiu:

a) y=25x— 10 B) ¥v=0,15x+2

6) y=—20x+ 15 r) y=—"0,35x-1

Kakue M3 HUX SRISIOTCS BO3PACTAIOIINMH?

1)a, 6 2)o6, B 3as 4)a, 6,8

4. Dyaxuuy 3a0aHH QOpMyNaMH:
1y y=1,1x 2y y=—04x+1,5 3 y=-02x 4 y=-03x-1 Nyv=13x-1

Kakue M3 HUX SestioTes youlBalolMH? ( BEINHIIHTE COOTBETCTBYIOLIHME HOMEDA.)

5. Kaxnyw $yakunio, 3aaadiHyio GopMynoif, cooTHecHTe ¢ € rpatdhHKoM.
A y=3x b. y=-3x

L AR SR

-r

1

| 1
RS SR SN Pl

6. Tpaduk kaxoil U3 MepeYNCNEHHHWY HIDKEe GYHKUMHA H3006paXEéH Ha pHCYHKe?

F
|
'
I
e
i
1
b
1
I
[

by 05— Dyosxez  CTTETIRT
BN S R
2) y=-0,5¢—3 p) SRR YO S A
R SUPERY JpUIN [ SRR NpEDY SR S S |
3) y=-40,5x+3 Hy=05x-2 :_"5_,_5__4:_,\_',_ | X 'Mi“j
4) y=0,5x+3 4) y=—05x+2 DN e
u\\i IRRES
RN RER R
a) o}



Kakaa 43 repeddciaeHHsIX $opMyn 3a1aér 31y GyHKuUMIO?

C noMollisio Tpathuka OnpeJeNnTs, KAKoe U3 CAenyIolNX yTEePXICHH HeBepHo:

7. Ha pucyHke H300paxéH rpaduk KBaJpaTUYHOH (GYHKIIHH. i

) y=x2-x-6
) y=x2-2x-6

2 :
) y=x2+2x-3 |
4) y=x2+x-6
=6
8. I'padumk xako# M3 MepeducNeHHBIX HHUXe (YHKUHH M306paxEH Ha pucyHKe?
1) y=x2+4x
Dy y=—x2-4
) y=—x?—4x
4) y=x?+4
9. OYHKUMH 3a5aHbl hopMyaaMHu:
a) y=x2-2 6) y=—xt-2  B)y=x%+2 r) y=—x%+12
Ipadmxm Kakux H3 3THX GYHKUHA He MepecekaloT ock x?7
Da, B 2)B, T neo,r 40, B
10. PyHKIHN 3a0aHBF GOpMYIaMHE;
a) y=2x2-1 6) p==2x2+1 B) y=-2x¢—1 Ny=2xt+1.
TpadmkH KakuX M2 I3THX OYHKUHW MepecekawT ochb x?
Da, r 2)a, 6 Hor 40,8

Il. Ha pucyHke H300pax€H rpadux KeampaTueHoH GYHRUMM p=F (x). 77773 47

1} dvuxima ybrBaeT Ka npoMexyTke [2; +oo)
2) HamOosblIce 3HAYCHUE (PYHKIIUM paBHO 8
3 f(x)<0nmpu x<-2 ux>6

4) f (0)=-2

12. Ha pucyHke u306pax€H rpacdux kBagpatuyHoil ¢byHKuuM y=f (x). Beinuuiure HoMepa BEpPHBIX YTBEPX-

HEeHHUN.
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1) f(=3)=0 SRR AR
2)f(x)>0 mpu —3<x<1 \ /
3) ¢byuxuMsg Bo3pacTaeT Ha npoMexyTtke [-1; +o0) += {l] ] *
4) HauMeHblllee 3HaYeHHe (DYHKIHMHM paBHO —6
SHfM<f (A
6
18




13. ¥xaxwure npaMylo, KoTopad MMeeT OBe obLIMe TOUKU ¢ rpahukoM QYHKUHH p=-x2— 1.

1) y=-1 2) y=-10 Hy=0 4 y=10

14. Ykaxute npAMYIc, KOTOpad He HMEET oOLMX TodeK ¢ rpadmkom dyHKuMH y=x2—4,
1) y=-15 2y y=0 3)y=4 Hy=15

15. I'paduk xakoit u3 3agaHHEX GYHKIHA NMpoXomWT depe3 HAYAI0 KOOPAMHAT?

D y=1 2) y=4x—1 3) y=dx—x? 4) y=4-x2

16. Ipadmk xaxoik us sanaHHbix yHKUM HE MPOXCOHT Yepes HAYANO KOOpAMHAaT?

1) y=3x-3 2) p=3x 3) y=-3x? 4 y=3x2+ 3x

17. Kakad u2 npAMEX nepecekaer rpadMy pyHKIIMM ¥y =—% B IBYX TOYKAX?
1) x=-6 2 y=2 3 y=—bx 4) y=5x

18, Kakad n3 npaMux He nepecekaer rpagux QyHxuMu y:% ?
1y y=4 2) y=—4x 3) x=-2 4 y=2

3AAAHUA NOBLILLEHHOTO YPOBHA

19. TocTpoiire rpadux (PyHKITHH y=i;i. Ipu KakuX 3HAYEHHSIN APTYMEHTa BHIIQUIHAETCH HEPABEHCTBO
O0<y<4?

x—4, eciH x> 2,

20, IlocTpoiite rpaduk QyHKUHKN y = {_ Ly ecmn x €2 YKAXKHTC NTPOMEXYTOK, Ha KOTOPOM (PYHKUMA YORI-
™ = L.

BacT.

-x?+6x~8

e Mpy KaKuX 3HAYEHMSX APrYMEHTa QYHKUMA NPYHHMAcT

21, TTocTpoire rpapHk byHkuun y=
OTPUIATENLHBIE 3HAYEHHA?

22, MocTponTe rpadwmx GYHKUHKA y= 0,552 + 4x + 6. YKaXWTc HauMeHEBLIEe 3HAYCHME TOH QyHKunM.

23. Ipaduk dyHxIMM y = 22 + ¢ [IEPECEKAET OCh X B TOUKE (—\E ; 0). Haiamre 3HaueHMe ¢ M OIPEREIHTE,
nepecekacT NH 3107 rpabuk npamag y=-10.

x{x+32), ecmn x =0,

INpn Kakux 3HAYEHHAX X 3HAYCHHS# QYHKLUMH He-
—x(x+2), eciu x<0.

24, TlocTpoire rpadMk QyYHKUMHK {

OTPHUATEbHbLI?

PemeHuss H OTBETH

l.a)2: 00 4. 2. a)ymppx<2;6) mpr x<-2.3.3.4.2,3,4.5.A2,B3,Bl.6.a)1;6)2.7.1.8.39. 4.
10. 2. 11, 4. 12, 1, 3,5.13. 2. 14. 1. 15, 3. 16. 1. 17. 3. 18. 2. 19, [paduk w3obpaxéH HA pUCyHKe; O<y<4
npH —2<x<6.

o ey o = e g g g i

a5



20. I'padux M300paxeH Ha pucyHKe; PYHKIUHMA yORIBAET Ha IIPOMEXYT-
ke (—o0; 2].

21, y<0 npu x<2 u 2<x<4. (OrBeT MoOxkeT ObITH 3aMWCAH W NO-
JPYTOMY, HanpuMep, Tak: y<0 mpu x<4 u x # 2.) Pewenue. Ecan x = 2,
el _ .
TO —leﬂ =x — 4, noatomy QYHKIEMIO MOXKHO 381aTh GOpMYTOH y =x—4,
- X
rae x # 2. E& rpathvxoM gBIgeTea rpaMad y=x — 4, M3 KOTOPOH «BBIKOAOTA»
TOYKA (2; -2).

22. [padux HI0BpaAKEH Ha PHUCYHXE, HaHMeHbIlee 3HauYeHHEe GYHKUMMH
paBHO —2.

23. ¢=-6; He nepecekaeT. Pewenue. [loocTaBHM KOOPAMHATB! TOUXM
(—\6; 0 B dopmyny y=2x2+¢, nonyuuMm: 0=2-3 +¢;, ¢=—6. Bepmnna
napafonel y=2x?—6 umeeT KoopauHathl (0; —6), BeTBHM eé lampamRIeHH!
BBEpX, CIeI0BATENbHO, IpAMas y=-—10 He HMeeT oBLUMX Touyek € Tlapabo-
a0ii. OTBET HA BONPOC MOXKHO TAKKE MOJYUHTh, ITOCTPOHB CXeMATHUSCKMH
PHCYHOK.

24. Tpadux nicdpaxeéH Ha pucyHKe; y 2 0 npu x € [-2; +o0). OTBeT Ha
BOINPOC MOXeT ORITh 3aNHCAH MHAYe, NMpH X = -2,




§ 7. NMocnepoBaTenbHOCTH H NpOrpeccUy

10 HAZO IHATHE M YMETh:

* 3HATH TEPMHHEL «TIOCAEIOBATEILHOCTE», «IeH MOCNeNOBATENLHOCTH», «H-H YAeH NOCASA0BaTeNbHOCTH»;
NMOHUMATE M HCIONB30BAThL WHIAEKCHbBIE OBO3IHATIEHUS; HAXOIUTE WISHB! MOCAEIOBATENLHOCTU, 3aAAHHOMN
HOpMYIOH #-T0 uleHa HIH PEKYPPEHTHLIM CIOCOGOM;

* pacro3HaBaTh apUPMETHUECKHE H TEOMETpUUECKMe TTPOrPECCUH TIPH PadIHMYHEBIX CITOCOBAX 3aMaHUA, Nepe-
XOOHTE OT OOHOrO Crocoba 3anlaHUA NPOrpeccHH K IPYTOMY;

*  MPUMEHATE POPMYAEL #-TO YWIEHA U CYMMBI NEPBRIX H WWICHOB apU(METHYECKOd W TeOMETPHYSCKOH Npo-
TPecCHi A pelleHUA 3a1a4, B TOM YHCe M3 XUIHEHHON IIpakTUKH.

7.1. TMocaeaoBaATEIBHOCTH

TeoperuyecKkne cBeaeHMs

B WKOAEHOM Kypee PacCMATpHUBAKITCS TONBKO YMCAOBRIE nocienosaTenbHocTH. Hanpusep:

1; 2; 3; 4; 5; ... — NoCnenoBaTelbHOCTh HATYPATBHLIX YHCET;
1; 3; 5,7, 9; ... — NOCAEAOBATENLHOCT HEYSTHBIX YMCET;
1; 4; 9; 16; 25; ... — MOCAEIOBATENLHOCTE KBAAPATOR HATYPAILHBIX YHCEIL

YaeHrl MocaeqoBaTeNbHOCTH B oBleM coyuae 0003HayaloT BYKBAMM € MHIEKCAMUM, YKAULIBADLIMMU [1ODHI-
KOBBIH HoMep uneHa. HampuMep, a,; dy; @i @4 as) ... .

YeH noc1eioBaTENLHOCTH € NPOH3BOIBHEIM HOMEPOM /1 0003HAYAI0T CUMBOJIOM @, W HAILIBAKIT A-M YIEHOM
nocaedoeamensrocny. Torna a, | U a,, | — COOTBETCTBCHHO WIECHB! NMOCIENOBATENBHOCTH, TMPELLIECTBYIOLIHA
A-MY WAEHY H CASIYICLIHE 33 HUM. CaMy TNoCIeIoBaTeNbHOCTh 0B03HaYaT Tak: (4,,).

TMocheaopaTeNLHOCTE 3adaHa, ¢CIH H3BECTEH CTocoh, MO3BOTMONIHN HAalTH Mob0# ¢& uneH. Bul B OCHOBHOM
MMENH 1810 ¢ ABYMA cnocoBamMu 3anaiua NOCNgnoBaTelbHOCTEH: ¢ NOMOLLBI (POPMYIIBL #-TO WIEHA H ¢ NOMOILIO
PEKYPPEHTHOH (POpMWIEL.

L +
IMpumep 1. TlocnenopaTeAbHOCTH (¢,) 3a0aHa OPMYIOH #-TO WieHa c,,:-"-l--n--‘r?-. Dta GopMyia mo3BOAAET

BBIHCIHTE N0GoH YNeH NOCIeIeBaTeABHOCTH 1o ero HoMmepy. HaitnéMm, nanpumep, ¢y [loxzcrasus B dopmyny

#n =30, nonyuuM: oy = m[gi =35,

Ilpumep 2. PaccMoTpum nocneNoBaTeLHOCTL (a,), 3a0aHHYIO YCIOBMAMM: ¢,=1, a,,,=2a,,, 3Ta 0o-
CNeOBATENBHOCTD 3a/aHa C MOMOLILI) PEKYPPECHTHON (HOPMYAE!, KOTOPAS YKA3HIBAET TAKOH cNocod BBIYMCIEHHSA
YIEHOB TOCIETOBATENLHOCTH: YTOGH TIOMYYHTD CEAYIOUIMA YWieH, HYXHO NPEbUIYIIHi YICH YMHOXHUTL Ha 2 M K
pe3ynasTaty npuGasuTh | 3HaA MEpBRIA WICH, MOXHO TG 3TOMY NpaBUay HaWTh BTOPOH WICH; 3HAA BTOPOH uneH,
MOXHO TOUHO TAK XKE& HAATH TPeTURA, W T. I.:

ay=2a,+1=2-1+1=3;

a;=2a,+1=2-3+1=7,

a,=2a;+1=2-7+1=15 u T. n.

A uTo6bl TIpK TaKoM cnocobe 3aAaHUA HalTH dy,, MPUAETCA [OCIEN0BATENRHO BHIMHCANTL BCE MPEIbLLAYLIHE
SfIEHRl Co 2-T0 [0 29-f BKIKYHTENbHO.

TpennpoBouHbIe 3aTaAHHA

3AJJAHKUA BA30OBOIO YPOBHA

1. ¥CTaHOBHTE COOTBETCTBHE MEXIY MOCAEAOBATENBHOCTEIO H QOPMYIOH €€ n-F0 4ieHA.

IMocaenoRATENLHOCTE DopmMyna 7-ro wWieHa
A. YETHBIX ‘IMCEN )a,=7n

b. kBAOpaToB HATYPAIBHBIX YHCEN Db, =02n- 1)2

B. uuce), KpaTHEIX 7 3 c,=2n

[. KBagpaTOB HEW&THRIX YUCET 4 d,-n?
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2. TMocaenoparensHocTs (@,) 3aaHa pekyppeHTHRIM cnocobom: a, =1, a,=2, a,, = 2a,~a,_,, i nz?
BHNHIOATE NEPBREEC BOCEME YACHOB 3TOH NMOCHENOBATELHOCTH.

3. NocnegoBaTeLHOCTE 3a1aHa YCAOBHAMA: b, =4, b, =~ bl -. Haiioute b,.
]

1
4. MocaenoBatensHOCTh {€,) 3a1aHA C NOMOLILID hopMyabl #-TO WieHa c,,:l-—m. BLIMMIIKUTE NEPBBIC

LIECTh YASHOR 3TOH MOCNEA0BATENbHOCTH.
-1

. CpaBnute a5 u 50.

17
6. MocaeaopateneHocTe (b,) 3anaHa ¢ MOMOINBID GOpMYH A-TO WieHa b, :(T}' KakHe U3 AaHHED BRI-

. n
3. IMocnenoBatensHoCTE @, 3aJaHa dopMyntoll a, =

CKa3blBAHKH OTHOCHTENBHO 3TOH NOCAEA0RBATEABHOCTH BEPHLI?
1) Bee eé uneHnl — ApoGHBIE YHCHA.
2) Eé uneHsl ¢ YETHLIMHM HOMEpaMH ROMOKUTENBHEL, ¢ HEUETHRIMH HOMEPAMH OTPHLIATCILHBI.
3) Bce wieHBl NOCASIOBATEILHOCTH TIPUHANIEKAT OTPe3Ky [—1; 1]
4) Kaxaopl¥ ¢legylollivi IneH nocaeloBaTeEHOCTH MEHEIIE NPeaAbLIYIIETO.

7. Kakast 13 GopMy/ 3anaéT nocneqoBaTeNbHOCTh YHCEN, KOTOPbIE MPY AEIEHUU HA 5 B OCTATKe JAKOT 37
Da,=5n 2 b,=3n 3)¢c,=5n-2 4 d, =3n+35

" 1 .,
8. lNMocnenoeatensHoCTh {2,) 3a%aHa dopMmynok a, = n—il CKONBKO YWIEHOB 3TOH MNOCAEN0BATEIBHOCTH GOJib-

me 1?
112 21 3) 10 4y 9

9, CkonbkO OTPULIATENBHEIX ‘WICHOB B [TOCNEN0BATEILHOCTH (C, ), 3a0aHHol dopmynoi ¢, =2n— 177

Pemenuss 4 OTBETHI

1. A3, B4, BI, 2. 2. 1,2,3,4,5,6,7,8.3.4.4. L2321 3¢ 5 45 <50 6.213.7.3.8.3.9.8

7.2. Apndmernueckasa H reoMeTpHYecKasi IporpeccHH

TGOI)ETH‘IECKHE CREQCHHA

OnpepenerHun u obo3naueHmus

Onpenencuve. ApudmerHuecKoi nporpeccHell HAZBLIBAKT HOCAEIOBATENLHOCTH, KAKNLIA wWaeH
KOTOPOH, HAYMHHAA CO BTOPOro, NOAY4aeTrcn npHiABNeHHEM K NpPELIAYUIEMY YieHY OJHOr0O H TOro Xe
aMCIa.

B apu¢mMeTHUecKoil [IPOrPEcCUR PA3HOCTh MEXOY NIOGBIMH OBYMS COCEAHHMM WIEHAMH ONHA W Ta Xe. D1y
PA3IHOCTh HA3KIBAIOT PAIHOCHB dapuimemuneckoli npozpeccuu W obosHaualor 6ykeoit . Mpasuno, no Kotopo-
My 06pazyioTca “MAeHBl ApHDMETUYeCKOH NPOTPECCUM, MOKHO 3AMNMCATE B BHAE PEKYPPEHTHOH HOPpMyNbI:
a,,,—a,=d. Unu unave: a,, =a,+d.

IIpamep 1. B apudmerHueckoit nporpeccun 1: 3: 5; 7; 9, 1) ... pa3HOCT nonoXHTeeHa: d=3-1=2,
B 510 MOCHenoBaTENBHOCTH KaXiblil CNETYIONIMIi 4wieH BOoAblIE NMPeabUIyLIErD; TAKYIC MOCAS10BATENLHOCTL HA-
3LIBAIOT QOIPACHIANOIYEl.

Tlpumep 2. B apudmeriueckoit uporpeccnnu 100; 90; 80; 70; 60; ... pazHocTs oTpdnaTensHa: d =90 — 100=-10.
Kaxan#t creayroMIHi MACH 3TOH MOCISOOBATENLHOCTH MEHEBLUE [IPEIblAYILSIQ, H TOITOMY MOCISIOBATEIbHOCTL
HA3KIBAKOT YOMBRIOUEH.

IIpamep 3. [NocaezosateabHocTb 5, 5; 5; 5; 5; ..., BCe WieHBt KOTOPOH paBHbL Mexay coboit, TOXe AB/SET-
cqd apudMeTnueckoil nporpeccHeif, Tak KaK pPa3’HOCTh MeXIY MOGBIMH OBYMA ©€ WICHAMH OOHA W Ta Xe:
d=5-5=0.

CroficTBO apudmMeTHyeckoil nporpeccun. Jioboi wien apumpMeryueckoil nporpeccHn, HATHMHAR
€O BTOPOTC, PABEH CPEIHEMY APHEMETHYECKOMY NPEILIAYIIETe H NOCHEAYHMUETD YWICHOR:

— -1+ 8y

5 .Tne n=2.

ay



OnpenenecHuc. leomerpudeckoii nporpeccHel HA3LIBAIOT NOCIEIOBATEIBHOCTE, KAKALLL WIEH KOTO-
poil, HAYHHAN CO BTOPOID, PaBeH NPEILINYIHEMY WIEHY, YMHOMEHHOMY HA OOHO H TO Ke Hé PABHOC WYJII0
yueno. (Tlepseld UneH TeOMeTPHYECKOI MPOrPCCCHM TAKKE He MOXET ObITh PaBEH HYIIIO.)

B rcoMeTpuyeckol nporpeccuu OTHOWEHHE JOBOTO WIEHA, HAYHMHAA CO BTOPOro, K IMPeAblayIIEMY <WICHY
PaBHO GIHOMY W TOMY XK€ YHCIY. DTO YHCNO HaZBIRAT ZHAMEHAMENEM 2eoMempuuecKoli npozpeccuu U ob6o-
3HavaloT GykeoH g. [IpaBMno, No KOTOPOMY GOPA3YIOTCA WIEHB MEOMETPHUECKOH MPOTPeccCHH, MOXHO 3aNHCaTh

" . lt’n+1
B BUIe PEKYPPEHTHOH (ropMyNEL: “h =q. Um: b, =59

IIpumep 4. Ilycth b, =1 1 g=3. [NonydaeM reoMeTpuueckys nporpeccuio: 1; 3; 95 27; 81, 243; ... 310 Bo3-

pacTanIlas nocjaei0BaTelbHOCTS.

TIpumep 5. TlveTe b, =5 U g=-2. B 310M cayuae 3Haxy y 4ieHOB NpOTPECcCHH depeayloTed: 3; —10; 20; —40;
80; —i60; 320; ... . D70 NOCIEAOBATENBIIOCTE HE ABIASTCS HH BO3pacTawoiieil, HU yORIBAIGILCH.

leoMeTPHUSCKAA NPOTPECCHA, UTeHbl KOTOPOH — NONGKHTENBHBE TUcTa, odaagaeT cBoiicTBOM: N000H eé
4neH, HAYHHAA CO BTOPOrQ, PABEH CPeJHEMY FeoMeTPHYeCKOMY NpeJblIYUICTO H TOCTeIVIOHIEro “JIeHOB,

T.e Bb,=. B, 18441 ,10e n22.

Q®opmynb) 1-ro uneHa apuMeTHHeCKOH H TEOMETPHYECKON NporpeccHi

Mopmysia #-TO YieHa apMhMETHUECKOI nporpeccHi (@,), NepRbiit YIeH KOTOPOH PaBeH @, U PASHOCTE paB-
Ha 4"
a,=a;+dn-1).

Popmyita #-ro WieHa TEOMETPUYECKOH Tmporpeccuu {5,), mepBblit 4ieH XOTOpoH paBeH b, a 3HaMEHaTe/Ib
PaBCH ..
_ L
b,=b -q" L

Kaxgas dopmyna conepkuT YeTsipe neépemMcHHble, Ecad W3IBeCTHBI 3HAYSHHA TPEX M3 HUX, TO MOXHO Bbl-
YUCIHTB M 3HAYeHHWe MeTHEPTOH. YOCOMTCCh B 3TOM, PeIUMB CNIEAYIOUINE YETRIpE 3aNayu (B KAKAOM cnydyae yKa-
HHTE, KAKUE NMEPEMCHHBIE H3BECTHBI, U NOTMYYUTE OTBET):

1. B apudmerrnycckoit nporpeccuu a =2 u d=13. Hailaute ag;. (Otset: 194)

2. B apudmeTnueckoi nporpeccu ay, = 100 M o = -4, Hakaute a|. (Otser: 440.)

3. B apudMeTndeckoi nporpeccHu a, =65 1 a, =-55. Haliante 4. (OtBer: —6.)

4. B apudsernieckoit nporpeccin a, =1 1 d=4. Haloute Homep YneHa, paBHOTO 397 (Otser: 100.)

{IpHMeEphl AHAMOTHYHBIX 32]1a4 MOXKHO TIPHBECTH U LJIA TeOMETPUYECKON NPOTPECCHH, OOHAKO JANEKO He JH0-
6¥I0 M3 HUX BBl ceiiyac CMOXETe DENIHTh, HeoBXONMMEBIe AN 3TOT0 3HaHHA OviyT AdHEl B CTApUIMX Khaccax.

TIpumep 6. Nana apudMeTHUeckasn nporpeccus: 1,5; 4,5; 7.5; 10,5; ... . Hauunas ¢ xakoro HOMEpa WIEHE
ITGH MporpeccHy npesocxodst 10007

B aaunoi nporpecenr a; =15 u d=4,5-1,5=3. CoctaBumM GopMyTy #-ro ‘meHa: ¢,=15+3(n—-1), T e
a,=3n—1,5.

HaiinéM 3HaveHdss n, TIpH KOTOPLIX BBHINOMAHAETCA ycnosde g, > 1000. [laa 3T0ro pewruM HepaBeHCTBO
3n — 1,5 > 1000; # > 333, Takum oBpaioM, WIEHB NaHHOH mporpeccHd npepocxonar 1000, HaunHas ¢ wacHa, HO-
Mep kotoporo pase 334. (1A caMOMPOBEPKY MOKHO BBHIUMCAMTD 33,0 HMEEM diyy =3+ 334 - 1,5=1000,5).

IIprmep 7. B apudmeruaeckold nporpeccHu a =40, @, = 5. Haltném as,.
Crnocob 1. Berpasus a5 M a,, 4epe3 g, ¥ d, COCTABHM CHCTEMY YpaBHEHHH:
a +14d = 40,
a + lgd = 5
Pewnn eé, Hainém, gro a, =138, 4 =-7. ([lonysure 3TOT pe3yapTal CaMOCTOATEIbHO.) BOCMOMB30BABLWIHCE
$opMYIION A-TO WICHA, HAWAEM @3, @ HMEHHO: gy = 138 -7+ 29 =63,

Crocof 2. BripasuM ay, Yepes a5 W & ay=da s+ 5d. TToncTanus sHaucHUA @y H @ g, TOMyuHm: 5 =40+ 5d,
otkyia d =-7. Tenept HalaEm @y, 2TO MOXHO COENaTh, HAMPHUMEP, TAK!

@y =Gy + 10d=5-7.10=-65.
[MpK peuwieHiH 3a7a4d BTOPLIM CHOCOBOM MB!I BOCMTOJB3IOBAINCE NMPHEMOM, OCHOBAHHBIM HA CSIYIOLLNM
YTREDHUICHUW: ecau nociedosametsnocms (a,) — apwhmeTHIeCKas NPOrPpeccHs, TO MIH JIWOBX HATYPaib-

HbIX 7t H /M1 BEPHO pPABEHCTBO.
a, =am+ (ﬂ' -—m}d
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Ecau pel 2Ty dopMyTy 3a0y0eTe, TO B KAKIOM KOHKPETHOM C/YUa€ MOXKHO BRIPA3MTE ONMH WIEH NpPOrpeccur
gyepes ApyToi, BHINOIHUE HeCloKHHe npecdpalopanust. HanpuMep, BBIDA3IHM d,, Yepes d.’

@y =a,+ 19d = (a, + 4d) + 15d = a  + 15d.

AHANOrHYHOE YIBCPKOECHHE CNpPABEITIHBO H ANA I'BOMETPH‘{CCKOF[ nporpeCcH1. QM NoOCIeqOoBaTe/IbHOCTE
(b,) — reoMeTpHYecKas MPOrpeccHA, To AnA MOOHIX HaTYpanbHBIX f/# W # BEPHO PaBeHCTBO: b, =b, - g" ™.

Ipumep 8. B TEOMETPHYECKOR Nporpeccuu b3=—%, b, =4. Haiiném b ,.
Tak kak by=b4-¢% 10 ¥ = % =—8. Hanee umeem: b, =b, - g*=b;- (¢} =4-(-8)?=250.

HzobpameHne uneHOB aputMeTHUECKON M reOMETPHUBCKOH NPOrPecCHil TOUKAMM HA KOOPAWHATHOR Nao-
CHOCTH

YieHb]! YHCTOBOH MOCTEAOBATEIEHOCTH MOKHO HIOODAXKATE TOUKAMM Ha KOOPAHHATHOH IUIo¢KocTH. Jns ato-
ro 10 NOPHIOHTAIEHOW OCH OTKMANLIBAIOT HOMED WIEHAa, A NQ BEPTHKANBHON — COOTBETCTBYIOUIHI WieH Tocie-
HOBATEIBHOCTH.

Ecnu nocneaoBaTenbHOCTE — apudMeTHUECKA] NPOIrPECcCH, TO TOUKH, H300paxalbie eé WIeHk, JeXaT Ha
onHoH npAMci. Jemo B ToM, 4T 34BHCHMMOCTb M-TO “WieHa apudMETMHYECKOH TMPOTPECCHM OT HOMEPAa ‘“WicHa A
ARNAETCA THHeHHOH. B caMoM aene:

a,=a +d(n-1)=d, +{(a -1

Hanpumep, eciu B apudMeTHueckoii nporpeccuy ;=1 ud=3, 10 4,=1+3(n— 1), T.¢. a,=3n - 2. 3Hauur,
TOYKH, H30DpAKAIOIIME WIEHB! 3TOH NPOIPECCHH, NexXaT Ha npaMoi y = 3x -2 (puc. 7.1).

HUameHeHHe WieHOB apUMETHIECKOH NPOrPEcCHH MPOMCXOANT PABHOMEPHO! ¢ KaXKMUbIM LIATOM IO TOPH3OH-
TAILHOH OCH H300paXarlinue HX TOYKH TOTHHMAKTCA HIIH OMYCKAITCA Ha OTHO H TO Xe YHOIC SNMHHL BAONL
BEPTHKAALHOH OCH.

Hruave obGeTOMT neo ¢ reoMeTpHUECKOH mporpeccrei. Ha pucyake 7.2 Tou-
KaMH H300pakeHbl HECKOMBKO YNEHOB TeoMETPHIECKOH Nporpeccy (b,), B KOTO-
poit & =1, g=2; 3ma nporpeccua sagaéres dopmynoi b =27-1,

CxopocTb e pocTa BCE BpeMs YBEJHYHMBAETCA, M TOMKH, COOTBETCTBYIOIIHE €6
WICHAM, PEsKO «yxoIAT» BBepX. Bce OHH NexaT Ha KpHBO, KOTOpas HOCHT Ha-
3BAHME IKcnarenma. YleM Bblllle MOTHHMAETCA IKCIIOHEHTa ¥ = 2%, TeM Kpyde OHa
CTAHOBHTCH,

DopMynsl CyMMBl NEPBLIX 17 YNCHOB APHPIMETHIECKON H reOMETPHUECKON
NporpeccUi

Apupmeraeckaa nporpeccua. Ecal vasecTHbl fepBbI W MOCHEIHMI W3
CYMMHUDYEMEIX 9TEHOB, TO YA0DHO NMONb30RATLECA (POPMYIONH

S, = L‘L*i@_{

IMpumep 9. Haiinénm cymmy Beex HATYPaNbHBIX umcen oT 1 go 1000.
Cnaraemble B cyMMe 1+2+3+...+ 1000 obpasylor apudMETHYECKYIO TpO-
rpeccuro. Iloactaeus B dopmyay cymmbl @, =1, a,=1000, n= 1000, monyaum:

St = M’[lg)_'@ﬂ’_ = 500 500.

PopMyITYy CyMMEI NIEPBLIX # WIEHOB apHMETHYECKON NTPOTPECCHH MOXHO 3a-
MUCATL B JPYTOM BUiE, BLIDAIHB 5, 4epe3 @, d W

Sn=2"'l_+d(”_1).n_

.

ITpumep 10. HaiinéM cyMMy BCex ABY3HAYHBIX YUCEN, KDATHBIX 3.

HocneposarensHocTs 12; 15; 18; ... ; 99 smisetca apudMeTHUECKoi Nparpec-
CHel, B KoTopoi a, =12, a,=99, d=13. Haiiném nomep nociearero wiena. Ioa-
cTaBHB B QOpMYITY &, =da, + d{(n— 1) 3HadeHus a, =12, a,=99 u d=3, Noayuum
ypaBHeHHe 99 = 12 + 3(n — 1). PewuB ero, HaigeMm, 110 1 = 30. Teneps MOXHO Bb-
YHCTIMTh HCKOMYIO CYMMY:

S = P20 1665,




Teomerpuueckas nporpeccnst. Ecan g=1, To §, = 21@ 210
g-1
3aMerHM, u4To ecin D <g<1, To ynoGHee noNb30BaTHCH (GOPMYNOH CYMMbI, TPEOCTABICHHOM B BHIe:
_ biil-¢")
3, = =g
Ecnu g=1, To Bee wWieHH MPOTPECCHH PaBHEI Mexay cofoil M S, =nb,.
1 l

- 3 1
IIpumep 11. Haiigém cymmy ]+§+2_2+F+"'+'2_15'

Crnaraembie B 3TOH CyMMe — “WICHDI reOMeTPHYeCKOH MPOrpeccHH, Nepebili WIeH KoTopoil paseH |, a 3HaMe-
HaTeNlk PaBeH ]5 Bcero cymmupyercesa 11 uienop. MMmeem:

Su=b|[l—qn)=|—[%]“=2_(1_ ] ):2—L:2— 1 _ o2

l-g 1 1o 1024~ 1024
2

%]

Ilpumep 12, HafigéM cyMMy NepBBIX BOCBMH WIEHOB MeOMETPHYSCKON IPOrpeccHH, BTOPOH WieH KOTOPOH
paBeH 5, a YeTBEpPTRIA pamen 24.

Tak kak g% = % =4, Tog=—2umg=2 Ecnug=-2,10 f = _%:—3; B 3TOM CTydae Sy =%ﬁ}’:"”=(—2)3—1:
=256—1=255 Ecnn g=2,10 = g =3; B 3TOM cnyuge S§; = 3% =3(256-1)="765. Taxum obpaioM, 3a-
Iadya WMeeT ABa pelueHuA: S =255 unu 5; =765,

TpeHHpoBOYHbIe 32TARHA

3AJAHWA BA30BOIro YPOBHA

1. Kaxgod mocnesopareTbHOCTH, 33MaHHOH (GopMynoll n-1o WieHa, NMOCTABLTE B COOTBETCTBME BEPHOE yT-
BEDXNEHME.

PopMyIA H-TO LICHA VisepxaeHne

A. x,= "‘T“ 1) HocnenosaTenbHOCTE — apUPMETHUECKAA TTPOTPECCHs

b.y,=2n+35 2) TlocnenoBaTeALHOCTL — TEOMETPHIECKAT IPOTpeccHA

B.z,=2.5""1 3) ITocnenoBareqpHOCTE He ABIAETeS HH apudMeTHUYeCcKoil OporpeccHed, HH

TeOMETpHYECKOH Nporpeccheit

2. Kakas W1 caeayminmx NOCHEIOBATENBHOCTER SBISeTCa apHbMeTHNecKol nporpeccueii?
1) NnocnenoBaTEILHOCTL HATYPAMBHLIX CreneHeit uucna 3

2) MmocnenoBaTeNnbHOCTE KyDOB HATYDPATIBHEIY YHCen

3) HOCAEROBATENHHOCTE YHCEN, 0OPATHBIX HATYPaNbHEIM

4) MoCNeREBATENIBHOCTE HATYPANBHBIX YHCE, KPaTHLIX 5

3. MocnenoBaTenbHOCTH 333aHK HECKOMBKMMH [EPBMMH YieHaMH. OnHa H3 HMX — apHdMeTHMECKas Npo-
TpeccHs. YKaXHTE cé.

D1 235 .. D248 .. HLBLSET. 4H 1 ;; i, i

4. TeomeTpHueckaa nporpeccns (b,) 3amana ycaoeuamu: b, =1, &, . | = b, - 5. Kakoe H3 ZaHHBIX YHCEA ABA-
€TCA WIEHOM FFOH TporpeccHH?

1) % 2) 6 3) 1004) 125
3. BrinucaHo HecKONbKO MOCAENOBATENBHLIX YIEHOB TeoMeTpWdeckol nporpeccun (b ): 125; 25; 5; ... . Haii-
oure b,

6. Apndmermveckue nporpeccun (x,}, {y,) v {(g,) 3amaHn dopmynamn n-ro wieHa: x,=2n+4, y, =4n,
Z,=4n+ 2. YKaxuTe Te U3 HUX, ¥ KOTOPBIX pajHOCTL paBHa 4.

Dix,) niz,) 2) (v n(z,) 3 (x), ) K (Z,) 4y (x,.)
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7. leomeTtpyyeckas nporpecca (c,) 3alaHa YCIOBHAMH: ¢ :—;-, Cp oy = 2€,. 3aNHWHTE HOPMYTY #-TO 4UIEHA
ITO MpOTpeccHi.

8. M3 apuidmeTHUECKUX DPOTPECCHi, 3aTaHHBIX GOPMYTION M-TO neHA, BeIBEPHTE TY, A1 KOTOPOH BLITION-
HAETCS YCJIOBHC @, <.

1ya,=2n N a,=-2n+100

2y a,=-2n+50 4 a,=2n- 100

9, Hadaure cothiil wieH apupmerwyeckoid nporpeccuu 4; 7; 10; .. .

1

o G=-2, B KAaKOM ¢Nyuae IIpM CPABHEHWH 4JIEHOB 3TOH [porpec-

10. B reoMeTpuiecKoi nporpecciu &, =
CHH 3HAK HEPABEHCTEA MOCTABICH HEBEPHO?

1) &y < by 2} by = By 3 b, < by 4) by < b,

11, M3 cnptex BLIKJISALIBAKT KBAIPATh, KAK NOKA3AHO HAa PUCYHKE. CKOMBKO BHUIOKEHO CHMYEK, ecl Noy-

aunock 25 ksaaparos?

[ 5 L 5 [ == @ LC g

& n‘

- - - ) REEEEERE L
1) 25 2) 76 3) 79 4) 100 S 1

12. AeTomobunuct nomkeH sannatuth wrpad 300 p. no onpe- P P ':
ZelEHHOrO cpoKa. 3a KaXIblit pocpoueHHsI MeHb cyMMa mtpada | | A R B A T
yBeauyusaetrcsi Ha 10 p. [lo xakoit ¢dopmysne MOXHO BBIYHCIMTh i
cyMMy witpada Npu 3alepxKe ero BbIILIATHI Ha 1 THEH? 10 I - -

1) 290 + 10n 3) 310 + 10~ Lol AN N N SN N S

2) 300 + 10n 4) 290-10n ol b

b o 1
1 1
[ 2
.
i
i

13. Ha pucyHKe M306paxeHbl TOYKAMH MEPBBIE CEMb WIEHOB - f i foofoonfoo]
apudmeTnyeckoil nporpeccuu (a,). Haitnure a, u d. - o

3AJAHMA NMOBbIWEHHOIO YPOBHA

14. Jana nocienoBatensHocTb uncen: 0,1; 0,33; 0,15; 0,17;... . Kakoe yTBepXIeHHE OTHOCHUTEIHHO 3ITOM MO-
CAEAOBATENILHOCTH HEBEPHO?
1) 3Ta NocNeNoBaTCNEHOCTE — TEOMETPHYECKAS] NPOrpecchd.
2) Mokazatenn crenedn oGpasyioT apUEMETHYECKYIO TIPOTPECCHED.
3) [MaruaecaTriii unen 3TOH NOC/EIOBATEALHOCTH papeH 0,149
4) CyMMa MATHACCATH NMEPBBIX YMceEn MOCNENOBaTeNbHOCTH paBHa 0,10101...01.
LTS
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15. TIaTelit 4ieH apupMeTHYECKOH MPOrpeccHH parcH 8,4, a fecaTolii Wied pased 14.4. Haitnure natHanua-
ThlH WIEH 3TOH NOCNeIoBATENEHOCTH.

16. CymcctsyeT a1 apudmeTHdeckas Nporpeccus, B KOTOpo# a,= 14, ay; = 20 u a,,=28?

17. B reoMeTpHHCCKOR NPOrpeccHH CYMMA NEPBOro M BTOPOIo WIEHOB paBHa 120, a cymMa BTOpOro M TpeTLe-
ro WIeHOB paBHa 72. HaliiuTe MepBble TP WieHa 3T0H MPOrpeccHH.

18. HaiinuTe cymMmy Beex HATYpaTBbHBIX YMcel, He npepocxolsiiux 90, KoTophle He AensTcs Ha 3.
19. Yemy paBHa cymMMa BCeX OTPHLUATENLHLIX *UIEHOB apM(MeTHYecKoH Liporpeccun —8,7; =7.9; .7

20. Mexury uncnaMy 6 u 17 BCcTaBbTe UYeThIpe YMCHa Tak, YToBbl BMECTE ¢ AAHHBIMM 9MCAAMM OHH 0GpaloBa-
M apudMeETIHUECKYID NPOrpecCHIo.

2]1. Kaxye 1P siMcna MoXHO 3aMHCATh MEeXIy UYHCIaMM —1,5 0 —24 Tak, YyToObl BMECTe ¢ AaHHBIMM YHCJIAMH
OHHW O0Pa30BaiH [EOMETDHUYECKYIC MPOTpeccHio?

22, CymecTBYeT JIH réOMeTpHYECcKas Nporpeccua, B KOTOpoi &, =-6, b, =48 u b,=192?
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PemeHua 1 oTBeTHI

1. A3, B, B2 2. 4.3. 3. 4. 4. 5. Bg=2.. 6. 2. 7. ¢,=2"-2 8. 4.9.29 10. 3. 1L 2. 12. 2.
13. a=3,d=-1. 14. 3. 15. 20,4. 16. He cywsecTtiyet. Pewenue. PaccMoTpuM apudMETHIECKYIO TIPOTPECCHIO,
B KOTOpO# a@g= 14 u a);=20. Haitaém pasmnocts atoit nporpeccum: d = A0=% D=1 _ |5, Buunennm nrect-
HARUATHH WIEH: @ =d; +d{16-10)=20+1,5-6=29, T.e. a);#28. 17. 75, 45, 27. Peuienue. CyMMa NEPBOFO

M BTOPOTO WICHOB paBHa b, + byg = b (1 + ¢) = 120, BTOpOTO M TPETHErO — B g2 + b1g= b g{g + 1) =72. TloacTasus
3
5
by=75 b =75 % =45, b =45 % =27. 18. 2700. Pewenue. ITycTh § — HckoMas cymma; Torda S=S, - .§,, e

S| — cymMMa BCeX HaTYPAIbHBIX YHCEN, He npeBocxomsulx 90, .5, — cyMMa BceX HaTYPaIbHBIX YMcel, KPaTHbIX 3

JHaYeHHe NEPBOTO BhIPAXKEHHA BO BTOpoe, mojaydHM 120g=72, otkyaa ¢=>. W3 nepeore ypaBHeHHA Haioém

M He npesocxomsux 90. Hafagm 5 no dhopmyne: S = ! +290 -90=91-45. [lna nocnenopaTeNbHOCTH (4, )} YHCET,
KpaTHHIX ] ¥ He npepocxomatuux 90, UMeeM a; =3, a, =90. HalnéM 4dcio 4WieHOB 3TOH NMOCIEOOBATCILHOCTH.
Tak xak ona 3anaércsa ¢opmyno# a, = 34, To 3, =90, n = 30. Teneps Haiiaém S, no dopmyne: §; = I+ .30=93-15.

2

Moayuum: §=5,-.5,=91+-45-93-15=15.(173-94) = 2700. 19. -51,7. Pewenue. [0 AByM NEPBLIM WIEHaM
HaloéM, uto d=0,8. Torza a,=-8.7+0,8(n-1)=0,82-9,5 Pemum HepaercTBo 0,87-9,5<0; nonyyum
n<ll ; . JHAYHT, B apMPMETHMNECKOH TPOrpecCHH OAMHHAAUATE OTPHUATENBHBIX WISHOB (NOCHGIHHIA paBeH

—0,7). Ax cyMma paeHa 18‘72" 07

d1=-517. 26, 8,2; 10,4; 12,6; 14,8, Pewenue. PaccMOTPUM apUdhMeTHYECKYIO

NPOTPECCHI0, B KOTOpOH 4, =6 u a, = 17. Hafiném e€ pasHocTh: o = aﬁ—;a' =2,2 . Hanee nocnefOBaréibBHBIM NPH-

GapneHHeM HaXOAHUM TIPOMEXYTCUHBIE YAEHB: g,=0+2,2=82 u . o. 21. -3, -6, —-12 wnu 3, -6, 12. Pewenue.

TTycTh B reoMeTpideckoil nporpeccHu b, =~1,5 H b=-24. Toraa ¢* = % = :f; =16. Orciona g =+2. Ecan g =2,
TC BCTaBVIAeM umcaa -3, -6, —12, ecnn g=—2, To BeTawiAeM uncaa 3, —6, 12, 22, Cymecteyet. Peutenue. Pac-
CMOTPHM TEOMETPHYSCKYIO TIPOTPECCHIO, B KOTOpoR b;=—6, b;=48. Haliném ef aHaMeHaTelh: q3=%=—8,

4 3HaYMT, ¢ =—-2. BhMMCIHM CefbMOH WIeH: b;, =bs g°=48-4=192,



§ 8. KombuHaTopHka.
3neMeHTBl TEOPUU BEpPONTHOCTEW U CTATHCTHKH

Y10 HADO 3HATH H YMETh:

» penaTh KOMOHHATOPHBIE 3a0a4M Ha HaxOKIEHHS YHCTa ODBLEKTOB MIH KOMOWHALIMI, NMpPUMEHAS MPHEM
nonHore nepefopa BAPUAHTOE U KOMOWHATOPHGE NpaBHI0 YMHOXKEHHA, PAaclo3HaBaTh 3aJaYH HA OMNpeac-
NMeHHWE UHUCIa MePecTaHOBOK W BBINGNHATE COOTBETCTBYIOIIHE BRIYHCIEHMSN,]

*  HaxOOMTb OTHOCHTENMBHYIO HACTOTY W BEPOATHOCTE CIyH9aHHOIO COOBITHA, HCTIONAL3YS TOTOBLIE CTATHCTHE-
CKME JAHHLIE; PELIAThL 34424 1Ha HAXOXKICHHE BEPOATHOCTER COOBITMH B 3KCIEPHMEHTAX C PABHOBOIMOX -
HBIMM KHCXOIAMH,

+  HCNOAB3OBATE TPOCTEAIINE CIOCOOR MPEACTABIeHHS U AHANH3A CTATHCTHUECKMX JAHHBEX: HIBJIEKATh HH-
GOPMaTIHIo W3 TaOAHUEB!, KHTEPNPETHPOBATE et; NPeICcTaBIATE HHPOPMALNO B BHAe NHHEHHON, cTonbua-
TOM WM KpPYroBOH AMarpaMmbl; WHTEPHpeTHPOBaTh AaHHBIE, NPEACTARIEHHBIE HA MHarpaMMe; HaXOIHTh
CpedHHE 3HAYEHHA M pa3Max YHCICBHIX HAGOPOB, OTBCYAThL HAa NMPOCTEHIIME BONPOCHN CTATHCTHUECKOTO
XAPAKTCPA.

8.1. KomOMHATOpHKA

Teopernueckue cBeleHHA

Yro nayuaeT xomOHHaTOPHKA

KoMBHHATOPHKA M3y4YaeT pasNHyHble BUAbB KOMOHHAIIWHA, cnocodLl HX MepetHcleHHMA U nogcyera. CaMo cilo-
BO «KOMOWHALMH» 1TPOUCKXOINT OT JATHHCKOrG combine — coeavHalo. JefdcTBUTEABHO, NPH MOAYYEHWH JTI0G0H
KOMOGHHALIAM MbI COCTABNSICM eé M3 OTASIBHBIX 3TEMCHTOB, MOCAENOBATENLHO COSOMHAN HX OPYT © ApyroM. Yaiie
BCETO 9TH 3MEMEHTEL BHIOHPAIOTCH W3 HEKOTOPOrD KOHEUHOTO MHOXKECTRA.

KoMGKuaTopHBIE 3a0a4H MOTYT BCTPEUAaThCA KaK B UMCTOM BUAE, TaKk U B 3a0a4aX, KOTOpPBIE BO3HUKAIOT B ali-
rebpe, rCOMETPHH, TEOPHH BEPOSTHOCTSH H APYTHX PAzaeiax MATCMATHKU. YToOB layuWTLes peluars KoMOMHa-
TOPHBIE 3a0a4H, HY)KHO OWIAASTh CAEOYIOIINMHE HABLIKAMM:

» nepeypcanme (MepebUpaTh, BEIMUCLIBATh) 3aJaHHBIC B 3alaye KOMOHHAUWH, HCNOAB3Yd 1A 3TOTO Onpeie-

NEHHYIO CHCTEMY,
. nadcuumueamb KOMHYECTBO KUMﬁﬂHaLlHF{, HLTIOTBIYH ONTH 3TOrO CleuvanbHbIE KOMﬁHHﬂTDth[ﬂ [IpaBKNa
(NMPanRMJIO YMHOXEHW, TIPABUIO CAOXEHHA U Ip.).

NepeuncneHrne KOMBHHAUWN
Jwboe HATYPANBHOS YNCA0 MOMNMHO PACCMATPHBATH KAK KOMOHHALHIO H3 UHEP.

TIpumep L. TlepeuuciuM Bee aBY3HaYHEIE YMCIad, KOTOPBIE MOKHG COCTABMTE M3 undp 0, 1, 2:
10, 11, 12, 20, 21, 22.

Jierkec nOHATH, YTO APYIUX XOMOKWHALMI HeT: MCKOMBIC IBY3HAYHBLIC YMCIA MOTYT HauyMHATBCA Ha | (TAKMX
yrcea tpu — 10, 11, 12) wiK va 2 (ux toxe tpu — 20, 21, 22).

Emwé omrH 3HaXOMEBIK BaM NmpuMep KOMOWHALIMM — CIIOBA, KOTOPBIE COCTARNAKT 13 Gyks. Tonbko B KOMOH-
HATOPUKE, B OTIMYHE OT [OBCEIHEBHOW XM3HH, CNOBOM HA3BLIBAWOT MIOOYID KOMONUAUMIO M3 OYKB, HCIABHCHMO
OT TOIrQ, WMEET JIM OHA KAKOH-TUH0 CMBICT MAH HE WMEET,

Tipumep 2. BoinuiieM Bce YeTHIPEXDYKBCHHBIC CNOBA, KOTOPLIE MOXHO COCTABHTL, HCNOABIYA TOILKO BYKBLI
An b

AAAA, AAAB, AABA, AABE,

ABAA, ABAB, AGBA, ABEBE,

BAAA, BAAB, BABA, BADBD,

BBAA, BBAB, BBBA, BEBEEB.

Ha 21oT pas koMOMHAUMA Moayuunoch ropa3ao 0ofblle, W NPH HX HepedHcIeHHH ObUIO OMEHB JIETKO 3ammy-
TATbhCH, Hanp}imep: BLIMHCATE KaKOﬁ—HHﬁyﬂ.h C/IOBO NOGBTOPHO HIIW, ITO ELI.IJE Xy#&E, KaKOe-TO CTOHO NpoONyYCTHUTb
poece. YTOOBL 2TOTO He CAYYWIOCH, BAXKHO YCTAHOBMTh HEKOTODOE NPABHAO, NG KOTOPOMY NEPEYHCITIOTEH KOM-
OuHauMKH. CaMoe YHHUBEPCATBHOE MPABHIO — BRMIHCEIBATh BCE KOMONHALHY NO NOPAIKY.
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Lt uMcen «Io NOopsaKy» O3HAMAET «[0 BO3PAcTAHWIO», a A ClOB — «f1o andasuty». Ecnu 66l Bce 16 cios
U3 NpUMepa 2 CONEPXKATHCE B PYCCKOM S3BIKE, TO HMEHHO B 3TOM nopsake onM Beuin 6B NepeunchcHsl B opdo-
rpadHMyecKoM CIORApeE.

Bo MHOFMX 3amayax npuXodMTCA MMETE ACJIO ¢ KOMOUHALMAMM, B KOTOphIX moban Gyxna (umdpa) Moxer
HCTIONBLIOBATHCH He Gosee omHoro pala. INepeyucncHuc Takux koOMBMHAIME MOXET OKa3aTbCA BONCE CIOXKHOM
3apauei.

TMpumep 3. TlepeurcauM Bce TPEXIHAYHBIE yYMCNa, KOTOPHIE MOKHO COCTaBHTh M3 Iudp 0, 1, 2, ucronssyn
KAXKAYK) H3 UMpp He Hosee onHoro palza. byaeM BLIMHCHLIBATE MMCTa B AOPSLIKE BOIPACTAHMS:
102, 120, 201, 210,

ITpumep 4. [lepeudcinM BCe YETHIPEXIHAYHBIE YHCAA, KOTOPHIE MOXHO cocTaBuTe w3 nudp 0, 1, 2, 3, He-
MOAB3YS. KOXAYIo W3 uydp He Bonee onHoro pasa. CHOBa BRITMCBIBACM B NOPALKE BO3IPACTAHWA. CHAYAla HbIMNHW-
IEM BCE YHCNA, HauHHaowHecd ¢ uudpel 1, 3ateM ¢ nudpel 2 1, HakoHew, ¢ UXgpPE 3:

1023, 1032, 1203, 1230, 1302, 1320,

2013, 2031, 2103, 2130, 2301, 2310,

3012, 3021, 3102, 3120, 3201, 3210,

Ecnan koMGHHAIMH HYKHO COCTABAATH W3 PEANBHBIX HPEIMETOB, TO MCIIONb3YIOT HX KOAHPOBAHHE ¢ MOMO-
Wb O¥YKB Wian nugp.

TIpamep 5. M3 Kanyrk B Mocksy 1 n3 Mockssl B Kanyry Moxho To6paThea 3 cnocofaMu: Ha aBTofyce, Ha
SMEKTPHYKE H Ha Takcd. [lepeuncnuM Bee Cocobbl, KOTOPBIMH MOXHO COBEPINHTE noc3aky W3 Kamyru s Mockey
H obpaTHo.

OB003HaYNM KaXIBIH U3 UCTIONB3IYEMBIX BHAOB TPaHCIIOPTA COOTBETCTBYOUIEH eMy Gyksoit: A, 3, T. Toma
Kax;10H noe3ake tvaa U obpaTtHo OYAET COOTBETCTBOBATL ABYXOYKBEHHOC CIOBO!

AAL A3D, AT, DA, D3, 9T, TA, TD, TT.

Iipumep 6. IMpuexaminie B MOCKBY Ha 3KCKYPCHIO [IKOJIBHMKM COOMPalOTCA NOCETUTL TPeThAKOBCKYIO Fa-
Jiepero, cxonUTh B [lapk KyJABTYPH M OTABINA M NCPEeKyCHTH B Kade., BoiinweM Bee ¢1moco0bl, XOTOPBIMH OHU
MOTYT 3TQ cHefaTh.

O603HAYHM KaKAOe H3 MeCT, KOTOpBEIE XOTAT MOCeTHThL LUKONBHUKH, cooTseTcTBylower Oykpoii: T, I, K.
KixnoMy crocoby OyIeT cOoTBETCTEOBATL CJIORO W3 TPEX Gyks, B KOTOPOM BCe OYKBBI pajHele (T. €. cloBa ByoyT
OTNHYATECH OPVT OT Ipyra TOABKO NMOPAIKOM CleloBaHMsA OVKB):

TNK, TKII, IITK, TIKT, KTTI, KIIT.

Jo cHX nop ™Mbl PacCMATPHBAIM KOMOMHALIMHM, B KOTODHIX [IOPAIOK CJACI0BAHMSA 3J&MEeHTOB HMen IHave-
Hue. B camom fene, yncna 12 U 21 —3To pasHBle udcna, XOTS U COCTOAIMe W3 OQMHakoeoro Habopa wudp,
a ABBA 1 BABA — 370 pa3isle crnosa. OaHako ecTh 3afa4M, B KOTOPBIX 3TOT MOPAROK HE BAXEH, MOATOMY NMpPH
nepeyucIeHHH KOMOUHaIIUA ero YUMTBIBATE HE HYXKHO,

Ipumep 7. M3 A9TH HHOCTPAHHBIX A3LIKOB (AHINTMACKME, HEMEUKHHA, ppadLy3CKNH, MCOAHCKHIA W UTANbAH-
CKHIA) cTYIeHTaM Opeataraetca spGpath 414 u3yueums mobble gpa. IlepeuucnumM Bce ¢crnoco®el, KOTOPEIMHM OHU
MOryT COenarTh csoil BLibop.
O603HauYHM KaxbIH U3 ITpennaraeMeIx S3aslkKOB ¢Boei Dykeoi: A, H, @, U, T (ans UTanBAHCKOrO MTPULLTOCH
peiGpats Gvkey T, mockoneky M yxe 3avaTa mcnmancxem). Toraa kaxmomy BeIOOpPY GVIYT COOTBETCTBORATH JTIOOBIS
ABe OyKBEI H3 3THX NATH, NPHYEM TIOPAACK CNSIOBAHWA BblOPAHHBIX OYKB He HMeEeT 3HAUeHHA:
AH, AP, AU, AT,
Heb, HH, HT,
¢H, OT,
HT.
3amMeTUM, 4TO NP BBITTHCEIBAHHH KAXIOIO CNOBA MBI BHIMHMCHIBAMN BCe €ro GYKBBl 1O BOIpAcTaHHIC — 3TO
NO3BONHIIO N30EXKATh TIOBTOPEHNA OIWHAKOBBIX KOMOHHALNM, OTIHYAOUIHXCA TOIBKO MIOPAAKOM CAeICBaHHA OYKE.
B kauecTee entd ouxoro cnocofa MepeuMcicHHs KOMOHHALMA MOXHO WUCIONBIOBATE TAK HA3LIBACMOE Aepe-
B0 mepedopa wid aepeso sapnantos. Urolb HAPDHCOBAaTh TAKOE JEPEBO, HYXKHO;
= OTMETHTb TOYKY, KOTOPad OYAET CNVAKHTh 8ro KOPHEM;
* OT 3TOH TOYKH TIPORECTH BCE BOIMOXHBIE OTPE3KM (RETBH), Ha KOHLAX KOTOPBIX OTMETHTH TIEPBHIE AMe-
MEHTBl KOMOWHALIMHA;

*  OT KdX/10TO H3 3THX KOHLIOB HAPHCOBATh BCE BO3MOXKHBIE OTPE3KH (BETBH), Ha KOHIAX KOTOPBIX OTMETHTD
BTOPLIC 3NMEMEHTBl KOMOMHANLMIA;

* W T I, NOKa Bcd KOMOWHALMA He OyacT cocTapneHa.
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TTony4MTCA PUCYHOK, KOTODEI OeHCTBUTEILHO HATIOMMHAET AepeBo (pasia, Aexamee Ha O0OKy wid BooOe
«BHH3 [OI0BOM»). JIBUTAACH OT KOpHSA IO BETBAM TAaxoro fepesa, MOXHO NOCHEJOBATEIbHO NPOUYNTATE JI0OYI0 H3
LIOJY4EHHEBIX KOMOHHAaNHHA.

IIpumep 8. CocTaBHM AepeBo Nepebopa ans Beex KOMOMHALHHA W3
npHuMepa 2 — YeTHpEXOYKBEHHEIX CNoB M3 Oyks A U B: A
PHMED A~k

Moacuér ROMBHHALMI /

Bropasa paxueiimian 3agada KOMOHMHATOpPHKH — Hodcuém iombu-
nauuid. VHOTIA NOACYET MOXHO CBECTH K MEPEUHCIEHHIO: BhINHCATL A A
BCe KOMBHHAIIMH U MTOCNE STOT0 MX NepecuyHTaTs. Ho Halle scero takoi \
Cnoco6 OKA3ZLIBAETCH HEBOAMOXHBLIM H3-3a CIHITKOM OOJBLIOr) XOIH-

yecTBa KOMOGHHANMA. B 3T1OM cnyyae ansd nomcyéra MCMoOMbIyIoT Cneun-
anbHEIE XOMOWHATOPHEIE MPAaBHIA.

Npaenno ymHomennus (AnA KOMBWHALWA W3 QBYX 3NEMEHTOB).

Ecnu mepswii 3neMeHT B KOMOMHAUMH MOXHO BeIOpaTh g Crioco-
HaMH, NOCTe 4ero BTOpoi aTemeHT — b cnocobamMu, To obllee YHCHO
KOMOHHaLMP K3 NpyX 3eMeHTOB GymeT a - b.

Ipumep 9. CKONBKO ABY3HAMHBIX YHCET MOXHO COCTABHTDL, €CAH
UCNOAbL30RATH TOABKO UHGpH 0, 1, 2?7

IMomcynTaeM HX KOIHMECTBO MO [IPABHITY YMHOXEHHS: TIEPBYIO LW~ T A
py JUIS TAKOTO YHCIA MOXHO BHGpaTh 2 cnocoGamu — | wiM 2; mocne B“““HB
3TOre BTOPYK 1IH(PY MoXkHO BEOpaTs 3 ciocobamu — 0, | wru 2. Bee-
ro TakWx kOMOMHAlM#M Gyaer 2-3=6. (Bce OHM nepedUcieHkl B MIPH-
mepe 1.)

Ipamep 10. Uz Kanyrn 8 Mocksy 1 13 Mockpe B Kamyry MoxHo goOpartees 3 cnocofGamMu: Ha apTody-
ce, Ha DJNEKTPHUYKE H Ha TakcH. CKOMbKHMH CrocofamMH MOXHO COBEPUINTE NMoe3ddxky M3 Kamyrv B Mocksy H
obpatHo?

BHOBBL BOCTIONbL3yeMCSH NpaBMNoOM YMHOXeHHd, [ToexaTh n3 Kanyry B Mockey MoxHO 3 cniocobaMu (asrobyc,
IEKTPHYKA, TAKCH), BEPHYTHCA TIOCHE 3Toro ofpaTHo MOXHO Takke 3 cnocobamu. Beero Takux KoMBHHALWA
6vaeT 3-3=9. (Bcc OHH NepeYNCICHB B TIpHMEpe 5.)

TMoKa MBL CTIEHANEHO NPUBOAKAH YKE PaCCMOTPCHHBIC paHEe APUMEpPBl, B KOTOPBIX KOIHYECTRO KOMOGMHA-
UM MOXHO OLUIO IOCUHMTATH H HANPAMYIO, NEPEYHCIHE OOWH 34 APYIKM BCE BAPMaMThl. PacecMOTpUM cuTyaudn,
rage 3To ¥YX€ HEBO3IMOXHO.

IMpumep 11. B knacce u3 30 yueHUKOB HyxHO BRIOPATH CTAPOCTY H ero 3aMecTUTeNA. CKONbXHMY criocoba-
MH OTO MOXHO COENATh?

Crapocty MOXHO BHOpark 30 c¢nocobamn, nocle dero 3aMecTHTes — 29, Beero KoMOMHauuit Gymer
30-29=870.

Tpuwmep 12. M3 kracca, B kOTOPOM ydHTCq 15 mepoyek M 10 MATRYHMKOB, HYXHO BHIOPATL ASBOMKY H Malb-
yuka LS Toro, YToDb pecTd HoBoronHuit Beuep. CKONBKMMH cniocefaMM 3T0 MOXHO CIeaTh?

JeBouKy MoxHO BEIOPaTs |5 cnocoGamu, Manpuuxa — 10, Beero koMOMHauMi Gyaer 15 10=150.

TIpaBWIC YMHCXEHHA PACIIPOCTPAHAESTCS M Ha OOMIMA CIy4aH, KOIla KONHYECTBO IEMECHTOB B KOMOHHALIMHK
Oonplle IBYX.

Mpasuno yMHOMEHUA.

EcaH nepBulil 2IeMeHT B KOMOMHALMH MOXHO BHIOpATh @ cnocobaMH, [OCHe 4ero Bropoil sneMeHT — & cno-

cobaMH, TPETHH IACMEHT — ¢ ¢IIocO0aMH M T. 0., IOCNSAHKH 2MeMEHT — Z criocobamMu, To obilee yMcao KoMOH-
Hauuit Oyner a-b-c-... - Z

Hpumep 13. B ueMnuoHaTe PoccHU Mo ¢dhy1bony y4acTeyoT 16 xoMaua. CKOMBKHMH CTOCOOAMH MOFYT pac-
LpefeNHTECH TPH NPHIOBEIX MecTa?

[TepBoe MeCTO MOXET 3aHATL mwbas uz 16 womana. INocnae Toro Kak 4eMIHOH ebifpaH, cepebpsiHoro npH-
3épa MoxHO BHOpaTe 13 cnocobamu. [locne storo OpoHsoBoro — 14 cnocobamu. Beero xomGuuauui GyneT
16 - 14 =13360.

Ipumep 14, B koMnbloTepe kax bt cuMpon {Gykea, uudpa, cHeHANBHBIA 3HaK) KOOHPYETCd MOCIEI0Ba-
TEJTBHOCTEK H3 BOCkMH 0 M 1, HanpuMep:

01000110 -— xon 6YKBH «F»;
00110010 — xon uMdpr «2» U T. 4.
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CKONBKO pasHYHLIX CHMBOJIOR MOXHO 3aKOAMpOBaTh TakkM obOpazoM? IpyruMu cloBaMH, CKOABKO CYLLE-
CTBYCT ABOHMYHEIX KOAOB [NMHHEI 87

Ilepsyrw undpy Koda MOXHO BIGpats 2 criocofamu, Nocne Yero BTopykr nMbpy — Toxe 2 criocobaMy M T, 4.
Beero monmydaem 2-2 -2 ... - 2=2%=256 pasAMYHBIX JBOMYHBIX KOIOE.

Eciu nparinoc yMHOXKEHHST HCIIONBL30RATD A8 MOACYETA KOMBHHALNH, B KOTODBIX MOPSACK CICLOBAHMS 2Je-
MEHTOB He BAXEeH, TO MOAYYEHHBIH PE3yAbTaT OYoeT olHOOYHBIM: Bellb B TAKHX KOMOMHAUKAX HE HYKHO YUHTHI-
BaTh, KAKOH 3/MEMEHT Gbll BBIOPAH MEpBLIM, Kakoll — sTopelM M T. 4. 1A NpaBHABHONO OTBETA B TAKHMX CAYYAsX
HYXHO HCOORB3OBATH MPABUAO JEHEHHA: cCHH [P MOACYETEe KOMOMHALME MO Tipasuny YMHOXEHHA Kaxiad M3
HHX BbL1A MOCYWTAHA A pa3, TO NonyderHul pe3yibTaT HYXKHO NOISAHTL HA K.

THOHYHBIL IpUMep TAKOH CHTYAUWH — NOZCIET HEVIOPAIOUEHHBIX Tap.

IIpumep 15. M3 knacea, B KOTOPOM yuuTea 25 YenoBeK, HYXHO BEIOPaTe IBOUX N4 YIACTHA B ONMMNMWaze
Nno KpaegeneHHIo. CKOABKMMH CNOCOBaMH 3TO MOXHO cioenaTs?

[TepBoro yuenuxa moxuo euiGpats 25 cnocobamu, nocae yere Bropore — 24 crniocobamu. Beero Takux crio-
coboB OyaeT 2524 = 600. OnHako npu BeIGOpe Maphl YMEHHKOB [AA YYaCTMS B OMHMMITHAAE MX NOPSIOK B Iape
He WMeeT 3HaveHus. [lonyvaeTcs, UTO KaxXIylo Mapy Mbl MOCHUMTATH IBaKIbl, NMOITOMY NPaEBHIBHBIM OTBETOM

6yacT 25'214 =300

Ipumep 16. U3 1] dbyeOonucToB, YIACTBOBABIIMK B MaTye, HYXHO BbIOpaTh TPOWX IS NpOBEIeHUd aHTH-
AONMHTOBON 0pofbl. CKONBKMMH CIOCOOAMM 3TO MOXHO CcHeTaTh?

Ilepsoro Hrpoka MoxHO BeiOpaTs 11 cnocobaMu, nocne yero sroporo — 10 U Tperhero — 9 cnocobamu. Bee-
ro Takux crnecobos fynet 11 - 10 -9 =990. Oanako npu BHGope TPOHKH GyTHONUCTOB NOPANOK UX CAENOBAHHA He
HMMeeT 3HaYeHus. [ToayyaeTcd, YTO KAKIVIO TPOAKY Mbl NOCUUTANU 6 pas (Tpoux BuIBpAHHRIX dyTOOMUCTOR MOX-
HO YTHOPAAOUHTL 6 ¢TiocofaMH — Nerko A0KA3aTh TI0 NpaBUiy YMHOXEHHH), [TO3TOMY IpaBWILHLM OTBETOM GyIeT
11-10-9
— = 165.

Ho ©HIBAIOT CUTYaUMK, B KOTOPEIX NPaBUI0 YMHOXCHHS He TOMOTAET NaXe B COYETAHHH € [MPABHIOM Nele-
HHMA, B HUX nmocne Bei0opa OOHOTO M3 OOBEKTOB B KAa4ECTBE TICPBOTO MMEMEHTA KOMBWHAUMH HEMb3S ONAHO3HAYHO
CKAa3aThb, CKOMIBKMMM CNoco0aMHU MOXHO BeIOPATh BTOPOH 3MEMEHT, — 3TO 3ABMCHT OT TOIC, KAKOH MMeHHO Jie-
MEHT ObL1 BbiGpPAH NMEpBLIM. PAaCCMOTPHM TaXyl CHTYALMED Ha TIpUMEpe.

TIpamep 17. TloncuuTtacM KOAHMYECTBO ABY3HAYHBIX YMCEN, KOTOPBIE MOXHO COCTAaBUTh M3 wudip 1, 2, 3, 4
Tak, uToGhI NepBas uKdpa ObUIA MCHBLWES BTOPOR.

Ha nepsoe mecTe uHGpPY MOXHO BHOpaTk 4 CocoBaMM, a BOT Ha BTOPOE MECTO TOCNE 3TOro:

* 3 cnocoBamy, ecy nepeod undpel 6buta suibpana 1;

* 2 cnocobBamp, ¢oH nepBod uudpoih Geuta BuiOpaHa 2;

* | cnocoGoM, ecnu 3;

« {} cnocoGos, ecnn 4.

Beero nonyuaeTcs 6 yMcel.

3acch APHILNGCE NPHMEHHTD KOMOWHATOPHOE NPaBMIO CIOMKEHMA: pa3bNTh Bece KOMOMHALMH Ha Henepe-
CeKaIinecs KI4cchl, MOICYHTATh KOAHIECTBO KOoMOMHAUMI B KaXkOoM xinacce (HallpuMeD, MO NMPaBUIy YMHOXE-
HH#), a 3aTeM CAOXHTb 3TH KONMHUECTRA.

[MpaBni1o KAKETCH HACTGABKO TIPOCTEIM M OYEBHAHBIM, YTQ €r0 JaXe HeyIOOHO HA3BIBATE npasmwnoM. OaHako
MCTIOAB30BAHME 3TOR MpOCTOH HAeH «pa3neldail {Ha KJACChl} M BNACTBYH» OKA3BIBACTCA YPE3BLIYAMHO MOAE3HBIM
NpH peilleHuy 3aaad.

IIpumep 18. Cronbkumu CocofaMH MOXHO MOCAAXTL § ILKOMbHMKOB Ha CKAMEHKY Tak, 4ToGel Koas ¥ Onst
OKaianHchk panom?

ByaeM CYMTATH, YTO HA cKaMeitke 6 nycTeix Mect, [locanuTh Ha oaHO K3 HUX Konio MOXHO 6 pasnuuHbBIMH
cnocofaMu, Nnocne Mero MoCaiuTh PSIOM ¢ HMM ONI0 MOXKHO... 1 WIH 2 paznMyHbiMHU crocobaMH. DTO 3aBHCHT
OT TOTO, Kyda MMeHHO Ml nocaguin Komo — Ha kpafiHee MecTo WIN HeT. CamMoe BpeMst NPHMEHWUTE NpaBHAC
cnoxeHuna. Pa3zobbeiM BCC MCKOMBIC KOMOWHAUMH HA 2 KIacca:

1-i4 knace: Kot cuanTt Ha Kpaw, Ond paooM ¢ HHM,

2-# wiacc: Kons cuaur rae-to B cepeande, Oas psaaoM ¢ HUM.

3aMeTHM, 4TO 3TH KIacChl OCHCTBMTEIBHO HE TNEPECEXalOTCs M HCUYEPIBIBAKT BCE KOMOMHALIMWM — Beidb,
B KOHLUE KOHLOB, Kofst cuaHT nubo Ha kpawo, MMGO rme-T1o B cepeaHHe. ITocunTaeM YHCNO KOMOMHALMA B 1-M
KJTacce: MecTo ¢ Kpaw nnd Kond moxHo seifpathk 2 cnocobaMu, nocne vero O MOXKHO NMOCATHTD PALOM ¢ HHM
ToAeKQ 1 cnocobDoM, OOCIE 4Yero ocTaBUIMECHd 4 MecTa MOXHO 3aHATh 4-3-2-1 chnocobBamu. 3HAUMT, B 3T0M
knacce Oyaetr 2+ 1-4-3-2-1 =48 xoMOHuHalInii.
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IMocunraeM yMcao KOMOHHAIIMK BO 2-M KJIAcce: MECTO B cepelUHe CKAaMeMKH mia Koiau Moxho subpate 4
criocoGamu, noche vero O MOXHO NOCATHTL PAOOM ¢ HHM 2 chocobamu, nocie 4ero octabliecs 4 Mecra
MOXHO 3aHATE 4 - 3- 2+ 1 cnocobaMu, 3HAYUT, B 3ToM knacce 6ynet 4-2-4-3-2- 1= 192 xombuaauuu. Hroro no
NpaBiAYy CAOKeHHUA: 48 + 192 = 240 cniocoGos,

CyuiecTByeT H YeTHEPTOE KOMOMHATOPHOE MPABIIC — NPABHIC BLIMHTAHHA. TaK Xe, KaK H IPaBWIO CIOXKE-~
HH#, 3TO CKOPES NPAKTHYECKMH COBET IUIA PElUEHHS HEKOTOPBIX KOMOHHATOPHLIX 33434 NPH Molcyére KOMOH-
Hauuii, obAagamiuwX 3aJaHHBIM CBONCTBOM, MHOTAA Mpolle Ha#TH KOAHYECTBO KOMOMHALMH, KOTOpbiE 23THM
CBOWCTBOM HE 0BJafalT, M BEMNECTh €M0 M3 06IUEr0 KOMHYECTBa KOMGHHALIMIA,

Hpumep 19, HaiinéM KoMuecTBO TPEX3HAYHBIX YHCEN, B 3aMACH KOTOPbIX ecTh X0TA Owl omHn 0.

Bocronk3yeMCs NPaBIIOM BRIMHTAHHA: HAMAEM KOMHMECTBO 6c€X TPEX3HAYHBIX “MCCH, a MOTOM BRIYTEM H3
HEro KOIHYECTBO YHCEN, KOTOpHE HE codepXAaT Hynel. KonHyecTBO BCEX TPEX3HAYHBIX HYHCEN MOXHO HAHTH Mo
IIpaBHIY YMHOXEHHA — 9. 10+ 10=900, a MoX:H0 1 O3 BCAKHMX KOMOBUHATODHLIX Npagum: 999 —99=900. Teneps
HAHOEM M0 NPAaBHIY YMHOKEHMS, CKOABKO 3 HUX HE COOepXAaT HH 0mHoro {; Ha Meproe MECTO MOXHO TNOCTaBHTb
moayie U3 9 uudp, Ha BTOpoe — MOGYIO N3 9 M U HA TpeThe — MoOYVIe H3 9 IMdp (KaKnsiil pa3 UCKMOYaeM
0). Bcero no nmpapuny yMHOXeHHs Oyaer 9-9 -9 =729 BapuaHToB. A Teneps HAWAEM OTBET MO MPABMIYy BRYHTA-
HHA: 900 — 729 = 171 — ¢TONBKO TPEX3HAYHBIX YHUCET coaepxaT xoTd 6ul oguH 0.

Tpenuporounbie 3aJaAHHA

3A0AHMA BA3OBOrO YPOBHA

. Ecam BEIMUCATE B [MOPHAKE BO3PACTAHMM BCE TPEX3HAYHBIE YMCIA, B 3alIHCH KOTOPBIX HCMOMb3YIOTCH TOMB-
ko 0, 2, 4, 6, To Kakoe YHCIQ GyaeT ChaenyionM 3a 4267

2. EcjiM BRIMMCATH MO BO3PACTAHHIO BCe TBOMMHEIE KOOBI UTHHH 8, TO Kakoil ko 6ymeT cnemoBaTh 3a KOAOM
101010117

3. Ecam BHITEMCATD MO BO3pacTaHHI) BCe ABOHYHBIE KOAH LNWHBI §, TO XaKOH koA OyAeT MPelIecTBOBATE KOLY
100010007

4. W3 knacca, B KOTOpOM yuuTcss 13 Aepodex W 10 MANMBYHKOB, HYKHO BHIOPATL ACBROYKY M ManBIHKA JUIS
ECOEHHH LIKONBHOMO Bedepa. CKONBKHMMH CIOCO0aMH 3TO MOXFHO CIenaTh?

5. B gemnuoHare ropofa no ¢yroony Hrpaer 10 xomann, CKOIBKHMM CHOCOOAMHM MOTYT PaclpenciuThCR
3 npu3oesix mecra?

6. B MeHIO WKOREHOH CTOOBOA 2 pasHRIX CyTa, 4 BTOpRIX G002 H 3 BiHAa coka, CKOMBKO MOXHO COCTABHTH
BapyHaHToB abeqa M3 Tpéx Bmon?

7. Ha nenosywo BCTpedy NMpHIILTO 5 denobex. Kaxaelil ¢ KaxabiM oOMcHANCA pyKonoxaTueM. CKONBKO BCEro
pyKonexatuil ObO copepilieHo?

8. B xondepeHiny yuacteoBa1o 30 Yenopek. Kakapi ¢ KaxopiM 0OMEHAICA BU3HTHOH KapToukoi. CKoabko
BCETO MOHAZODMAOCH KapTouek?

9. B pacnHcaH#H YpPOKOB Ha BTOPDHHK IIA 7-T0 Kjacca AOMXHCO OHITh 5 ypoXoB: anreOpa, pycCKMid f3bIK,
JUTEpaTypa, reorpadpud, GM3KyasTypa. CKOTBKMMH CNOCOGdMH MOXHO COCTABHUTHL PAaclIMCAHHE Ha 3TOT JeHL!

10. CKONMBKO TPEXIHAYHBIX YHCEN MOXKHO 3aMHCATh, HCTIONB3YA Tonbko HUdph 0, 2, 4, 67

11. Morety nogbpachiBawor 10 pa3 noapsa U KaxOwil pa3 3aMMCHIBAIOT, YTCO BHRIIATO — OPE] WIH pPEIIKa.
CKONbKO pa3sHBIX MOC/EIOBATCIBHOCTEH M3 OPJIOB M PElTeK MOXET NPH 3TOM TOJIYYMTHCH?

3A0AHUA NOBLIWEHHONO YPOBHSA

12. B aBromMo6une 5 MecT. CKORBKMME cliocofaM¥ 5 YeNOBEK MOTYT 3aHATh B HeH MecTa A NyTEluecTBHS,
ECAH BOJIUTL MAIMMHY MOTYT TONBKO 3 u3 HHX?

13. B pacnHcaHMy ypoKOB Ha cpedy Juf 4-To KAacca JONKHO OBITh 4 ypokKa: 2 ypokKa MaTeMaTHKH, UTeHHe
H QH3IKyIETYpa, CKONBKUMY CrOcoDaMH MOXKHO COCTABHTL PAaclUCaHUe HA ITOT ACHB?

14. B pacnidcaHMH YPOKOB Ha Cpeny J1a 4-ro Kjacca A0XHO ObITh 4 ypoka: 2 ypokKa MaTeéMaTHKM, KOTOpbIe
NOIIXHBI CTOATh PALOM, YTeHHE H (PUIKYIBTYPA. CKOJBKHMH CHOCOGAMHM MOXHO COCTABUTb PACHHCAHHE Ha 3TOT
neHs?
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15. B pacniucadHH ypokoB Ha cpeny Afs 7-ro Kiacca JOIXKHO ObITh 5 ypoKoB: adrebpa, PYCCKHMI A3BIK, JTHTE-
parypa, reorpagua u qu3kyneTypa. CkOMBKHMH <nocoGaMM MOXHO COCTABMTDL PAacTiMCaHME Ha 3TOT ACHB, EC/H
PYCCKMHA A3BIK H ANTEPATYpa AOKHEL CTOATh PHAOM, 8 (PHIKWILTYPA — ObITh [OCHCIHUM YPOKOM?

16. TMocne xOKKEHHOrO MATHA KAXAbli UTPOK OIHONH KOMAaHAB MOXAJI PYKY KAXAOMY MIpoky Jpyroi. Ckoab-
KO BCETO MTPOKOR NMPHCYTCTBOBAIO Ha TUIOLIAAKE, €CIM ObLLUTO COBEpIICHO 323 pPYKOMOXATHs?

17. U3 Heu€THEIX UMdpP COCTABMAIOT BCE BO3MOXHBIE YHMCAA, colepxkanie He 6oaee 4 wupp. Ckonbko cyme-
CTBYET TAKHMX YHcen?

18. CKoABbKO CUrHAMOB MOXHO MOAHSATH HA MavTe, ec’Id MMceTcd 4 pasHbIx dlara M KaKObli CUTHAN JOJDKeH
COCTOATH, N0 KpafHe#n mepe, W3 2 dnaro? (CurHanel, COCTaRMNeHHBIE M3 (WIATOR, BIATHIX B PAIHOM MOPHAKE,
CYHMTAIOTCH Pa3THUHBIMH. )

19. HoMepa nacniopToB cocTodAT H3 6 undp. CKoMbko TAKHX HOMEPOB ABAMIOTCA IIAAMHADOMAMH, T. €. YHTa-
KOTCHA B 00€ CTOPOHL oanHakoBo (Hanpymep: 08993017

20. Homepa nactiopToB cocTodT M3 6 rdp. CKONbkO M3 HUX COASPXAT XOTA 6kl 2 OOWHAKOBEIE LIHGPE?
21. HoMepa nacuopror cocToaT u3 6 undp. CKoMeKe M3 HUX CONEPXAT, o KpaliHel Mepe, 2 ayna?

22. Y13 12 dunbMOB, HOMHHHPOBAHHBIX 34 JIYYILYKY PEXMCCEPCKYD paGoTy, XKiIopH KMHOOMECTHBANA AOMKHO
oTobpark 3 drHaMcTa, CKONbKHMHU CrocofaMH 3TO MOXHO caenaTh?

Pemenuss 1 OTBETHI

1. 440. 2. 10101100. 3. 1000011t. 4. 130. NpuMeHHM NpPaBIC YMHOXEHHS: AEBOMKY MOXHO BRGparh 13 cno-
cobaMH, Manpuika — 10 criocofamu, mapy «MansMuk—aepouka» — 13- 10= 130 cnocoGamu. 5. 720. Ha nepsoe
MECTC MOXHO MOCTaBUTh 106y U3 10 koMana, Ha BTopoe — J1GYyI0 H3 9 OoCTaBIIHXCH, HA TPEThe — MOOBYIO U3
8 ocrabuinxca. o npapuay yMiloxeHus obuiee YUCIO cnocofos, KOTOPLIMH MOXHO pacnpelenyTh 3 MecTa, pas-
HO 10-9.8=720. 6. 24. Cyn MoxHO BeIOpaTh 2 criocobaMu, Bropoe Griono — 4, tpetea — 3. Beero papuau-
TOB 06ela Mo NpaBUlly ymHoxeHus Oyner 2-4.3=24 7. 10. Kaxnoe pyKonoxaTHe — 310 HeynopsnoueHHas (1)
napa, KOTOPYI0 MOXHO COCTABUTE M3 5 uclloBek, Ha neproe MCCTO B Mapé MOXHO TOCTABUTHE MOGOro Uz 5 yeno-
BeK, Ha BTOpOoe — JI060r0 K3 4 OCTABIOMXCA. YIIOPATOUYEHHLIX Tlap IO NpaBRIY YMHOXCHHA Oyner 5.4 =20, Tlo-
CKOJIbKY B PYKOTIOKATHAX TOPALOK JIIOAel YUHTBIBATE HC HAA0, TO IIYUEHHBIH Pe3yILTaT HYXKHO MOASTHTh Ha 2:

5:2—4= 10. 8. 870. Kaxnapiii W3 30 yuyacTHHKOB KOH(epeHLIMH paiman 29 Kaprouek. JHAUMT, Beero OLUIO PO3NaHO

30 - 29=2870 xapTouek. 9. 120. [lepBbIM YPOKOM MOXHO TOCTABHTL AO00MH U3 5 NIpeIMETOB, BTOPEHM YPOKOM — JIIO-
6ol 13 4 OCTAaBIIUXCA H T . [lo NpaBimy yMHOXeHUA nonyyaeM 5-4-3.2.1=120 crocobos. 10. 48. lepayio
undpy TPEXIHAUHOTO YUCAA MOKHO BHIGPaTE 3 cnocobavi (0 BRIOGUPaTh HENB3A), BTOPYIO — 4 criocoBaMK M Tpe-
T — Tarkxke 4. Beero cnocofos no npaewny ymMHoxeHua Gvner 3-4-4=48. 11. 1024. Kaxnyio Takyio nocieao-
BATENBHOCTE MOXKHO PACCMATPHMBATh KaK AecaTHOYKBeHHOE CNOBO, cocTaBneHHoe 3 GykB O u P. Beero taxmx
CMOB MO TPaBWIY YMHOXeHHS Oyaer 2-2-...-2=210=1024. 12. 72. Bocronb3yeMcsa NMpaBHIOM YMHOXEHUA: 3a
PYIb MOXHO TOCATHTL JIOGOrO U3 3, KOTOpHIC YMCIOT BOOHTL MALIMHY, HAa (Jeaylollee MecTo — moboro us 4
OCTABIIAXCH, HA cleayowmee — moboro 3 3 ocraemmxca U T. 4. Beero nomyuaem 3-4.3.2.1=72 crnocoba.
13. 12. YreHHe MOXHO MOCTAaBHTb Ha No6oit M3 4 ypokob, HHIKYABTYpY — Ha moboil u3 3 ocrasluxcg. Iocne
3TOTC A5 2 YPOKOR MATEMATHKH OCTAETCSl eNWHCTBeHHbIH cnocod IMOCTABHTL MX B paciHcaHue. Ilo mpapumy
YMHOXeHWd o0tlee wueno cnocoboB 4 -3 .1 =12 14, 6. BeibpaTh MecTO 111 2 ¢NapeHHBIX YPOKOB MaTeMaTHKW
MOXHO 3 cnocofamu, nocng 3Toro YTeHHe MOXHO NMOCTABHTE Ha MIOGOH H3 2 OCTABIIMXCH YPOKOB, (MM3KYIETY-
DY — HA ¢NHHCTBEHHBIH oCcTaBIUMHCH. TIlo npaBuny yMHOXeHHA 00lllee UHCIo criocofos pasHo 3-2-1=6. 15, 12.
MusxyNbTYpY cpa3sy MOCTARBHM HA MOCTEOHEE MecTo M yke He DYIeM yYWTHBAaTh — OCTAHETCH PACCTABHATL 4 npen-
MeTa Ha 4 ypoxa. JBa cocegHHX MecTa 1A PYCCKOTo A3BIKA M JIMTEPATYPbl MOXHO BLHIOpaTh 3 cmocoGamu. Ilo-
CTABHTE HX Ha 3TH BLIGpaHHLIE MecTa MOXHO 2 cniocobamu. ITocne sroro anrebpy MoXHO 1HOCTABUTE Ha Jloboe
M3 2 ocTaBLIMXCA MecT, a reorpaduio — Ha ¢OMHCTBeHHOC ocTapBlicecs, IMo TpaBHmyY YMHOXKCHHSA IOMVI3EM
3.-2.2.1=12. 16. 36. [lycTs B NepBOil KoManae ObLLIO M HIPOKUB, 2 BO BTOPOH — n urpoxos. Toraa Beero
OBUTO COBEPLICHO MO NPaBWIY YMHOXEHHT #4 - #2 PYKONOXKATHA. TlogydaeM YpaBHeHHe ¢ JBYMS HEH3IBECTHLIMM,
KOTOPOE HYXHO PEWMTE B USTIbix 4ucnax: m - #=323. [locKOABKY #1 M 1 He MOTYT pPaBHATBCE 1 (B XOKKeHHOIH
KOMaHOe He MoXeT ObIThb OTWH HUIPOK), TO YPABHEHWE UMEET BCETO JIBA pPelIeHHA {IpYTHX CIIOCOBOB PainoXHTh
323 Ha ABa MHOXMHTENs HeT): m=17, n=19 unu m=19, n=17. B mobom cayuac Wx cymma pasHa 36. 17. 780.
Heuétumx umdp nate: 1, 3, 5, 7, 9. QOueBKMIHO, OMHO3HAYHBIX YHCEN MOXHO COCTABHTL 5. KonMuecTBo nBy3Hau-
HBIX, TPEX3HAYHBIX M YCTHIPEX3HAYHBIX YHCE] MOXHO HAWNTH MO [IPABWMAY YMHOXCHMI JBYXIHAUHBIX — 5« 5=23;
TPEXIHAYHBIX — 5+ 5 5=125; YETHIPEX3HAYHBIX — 5:5:5-.5=625. OTBeT HainéM no nNpaBuAy CIOXCHMUA!
5+254+125+625=780. 18. 60. Kax w B npennuayileil 3agade NMpHMEHMM TIPABWIA CIOKCHHA M YMHOXCHUA:
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4.3+4.3.2424=60. 19. 1000. Maruuapom 3 6 undp OIHOZHAYHO ONpedenscTes NEPBRMU 3 uMppamu, Kax-
JYI0 H3 KOTOPBIX MaxXHO BbiOpats 10 crioceGamu: 10- 10 - 10= 1000. 20. 848 800, BocrionbayeMcsa MpaBUIOM BBI-
guTaHKMA. KOTHYECTBO BCEX HOMEPOB MO NPABIUly YMHOXeHUA Gyner pasHo 108, Kouu4eCTBO HOMEDOB, B KOTOPBIX
pce wndpsl pazible, — 10-9:8.7.6.5; KonM4ecTBO MUCKOMBIX — 106 —-10-9-8-7.6-5=848 800. 21, 114 265.
BocronbiyeMcsl NpaBIIOM BbINUTaHHS. KOMMYeCTBO BCex HOMEPOB MO Npasuly yMmliOKeHHst Gyner pasBHo 106;
KOJINYECTBO HOMEPOB, B KOTOPHIX HET Hyaeil, — 96, KOJTHYeCcTRO HOMEPOE, B KOTOPBIX POBHO GIMH Hymb, — 6 93,
KOMIMYECTBO HCKOMBIX — 106 - 96— 6 -95 =114 265. 22. 220. TlepsoTro HOMHHaHTa MOXHO BHOpaTe 12 cnocobavu,
proporo — 11, Tpetbero — 10, Beero no npaswily yMHoxeHus nonydaem {2+ 11+ 10 = 1320 cnocobos BeGpath yIio-
PAICYEHHYIO TPOMKY HOMHHAHTOB, Ho MO yCAoBWIO 3iaun HYXKHO TOCUUTATE KOTHUECTBO HEYTIOPHIMEHHbIX TPO-
€K, [03ToMYy [QAYYeHHBIH PE3yJIETAT HYXKHO NOLEAMTL Ha § (TPH 21eMEHTa MOXHO YNopsgouuTs 6 crocoBaMu).

12010 = 220,

8.2. Teopus BepoaTHOCTEH

TeopeTHuecKHe CREICHHSA

Y1o M3yyaey TeOpHA BepOATHOCTEH

TeopHst BepOATHOCTEH HIVUAET MArMeMamuueckue Modeat Maccoebix cayyaiinoix aereruii. K TaKuM apie-
HUAM OTHOCATCS, HATIPMMED, KOAe0aHHA LIEH HA pLIHKE, MOCTYTUIEHME 3aKAa30B Ha NpHodpeTeHHe TOBAPOR, RCE-
BOIMOKHBIE N0TEpeH, 3BOHKH Ha TelepOoHHYIO CTAHLHMIO, MacCOBOE MNPOHM3BOICTBO TOGOH MPOAYKUHHU, U3MEHEe-
HUSA TIOTOAHLIX YCIOBMH, PEe3YABTATH CMIOPTHBHBIX COCTH3aHMA M T. A.

Ha nepBblil B3rSLO NepevyucIeHHBIE ABNEHHS HACTONBKO HENPEACKAIVeMBbl, YTO [PHUMEHSTh K HHM ai0fbie
MmaTteMaTHueckKue pacuéTel Decrioneidno. TeM He MeHee ecid HAbIOOATeE 3TH SBIEHWUHA MHOTOKPAaTHO, TO M B HHX
HAUHHAIOT NPORBNATECA OIIPEAeNEHHEIE 3AKOHOMEPHOCTH. M3yUeHHEM 3THX 3aKOHOMEDHOCTEH M 3aHUMAETCH Te-
OpHA BepOATHOCTEH. '

OCHOBHBEMM OHBEKTAMH W3YYEHHUA B WIKOABHOM KYpCe SBAsSHTCS:

«  SIYYadHLEH IKCIIEPHMENT H ClIyYalnbie COOLITHA, KOTOPLIE B HEM NIPOMCNOANT,

« BEPOSITHOCTH CIAYYAaHHBIX COOBITHH U UX OLEHKA MO 4aCcTOTe, C KOTOPOH 3TH COOLITHA [POUCXONAT,

s BEMHCTEHME BEePOATHOCTEH B ONBITAX ¢ PABHOBOIMOXHBIMH HCXOIAMH.

CaydaliMbiil IKCNepHMEHT H CAYUalHBle cobbiTun

Curyauns ¢ HEOPEICKAZYCMBIM HCXOOOM HA3BIBAETCH CAYYAMHBLIM IKCNEPHUMEHTOM WIH SIYyYAHHLIM OIbI-
ToM. B Teopuu ReposiTHOCTEH paccMAaTpPHBAlOTCA TONIBKO TaKHe IKCIEPHMEHTHI, KOTOPHIE MOTYT MHOCOKPOMHO
HOSMOPAMbER & OAHUX U mex Hce yeaosudx., CIydakHble 3XKCIMTEPUMEHTB MOKEM TPON3IBOAMTD Mbl CAMM, KTO-TO
ApYTOH WM cama MpUpona.

TIpumep 1. [loa6packmBaHue UrpatsHoTo KyOuka. [ToutH BCe M3 BAaCc HEOOHOKPATHO CTABWAM ITOT
SKCIEPUMEHT, KOTIAa HTPATM B HACTOMbHbLIE UIPHI.

Ilpumep 2. MaccoBoe HNPOUM3IBOACTEBO AeTaleil. 320l eXeOHEBHO MPOM3IBOINT GOALWIVIO MAPTUIO
NeTaned, mapaMeTphl KOTOPbIX KOmeOmiorca. B 4acTHOCTH, Cpeld NPOMIBENEHHBLIX AeTantel ecTh BPAKOBAHHBIE.
31ech B pOAK «NOCTAHOBIIHKOB 3KCMEPHMEHTA» BHICTYNAIOT pabouMe 3TOTO 3aBoja.

IIpumep 3. Norona Ha yauue. IorogHele yCIOBMA NOIBEPKEHLI CAYYAHHBIM H3IMEHEHHAM, NMA IIpeml-
CKAa3laHHA KOTOPLIX CO3JAHLI Lebie CJI)’)KGLI MU HAYYHLIE MHCTHTYTEL. 10T SKCTNIEPHUMEHT CTaBHT 3a HacC MpMdpoaa,
4 4eNoBeK BLICTYIAET B pO/IH HabnlomaTens.

JaMeTuM eTU€ pa3, uTO BO BCeX MEpPeYHCIeHHbIX MPHMepax

=  BO-MEPBLIX, HEJB3SL TOYHO [IPENCKA3aTh, KAK 3aKOHUMTCA 3KCMEPHMEHT: HAa KAKYIO TpaHb BblNadeT KyOHK,
KaKOBa Oyaer noag OpakoBIHHBIX JeTadel, 10 CKONBKUX FPagycoB TPOTPEeTCA BO3AYX HAa YIUIIE]

* ROQ-BTOPLIX, MOXKHO JI€IK0 NPEACTARHTh, UTO IKCTNIEPHMEHT 110BTODHUTECS €lle M ellE pas.

IIpu 3amaHuvu CIv4alHOro >KCNEpHMCHTA TPCOYCTCA ONMCATh HE TONLKO CUTYALUMIO, B KOTOPOH OH TIpOHC-
XONMT, HO H T PelyisTaThl, KOTOpbIE MBI cobHpacsMcs dHkcKposaTh. HanpuMep, npe nondpackiBaHWKH WIPATBHO-
M0 KyBHKAa HAC MOXET WHTEPECOBATh, CKONBKO OYKOB BHIIANOD Ha €ro (PaHH (Hallle BCEro MMEHHOD 3TO H I10Apal-
YMEBAETCHA), 8 MOTYT MHTSPECOBATh KOOPZHHATHL TOUKH, B KOTOPOH OH OCTAHOBHTCHA, (PH HAGMIOOeHUAX 3a T10-
oo Mbl MOXEM DHMKCHPOBATE TEMIIEPATYDPY ROZAYXA, 4 MOXEM — BIKHOCTL MM AaIeHHE (A MOXEM — M BCE
BMECTE).
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B 3aBUCHMOCTH OT TOrO, KaKOil PE3YAETAT MBI JOrOBOPMAIUCH BHKCHDPOBATH B IKCIIEPHMEHTE, MBI MOMydacM

TO WIH HHOC MHOMECTBO ITEMEHTAPHLIX UCXOMOB, TO €CTE BCEX MBICTHMbBIX HCXOIOB IKCNIEPHMEHTA, KOTOPRIMH
OH MOXECT 3dKOHYMTHCH.

Hpumep 4. ITon6pacoiBaHHe HrpalbHOrO KybBuka. bByneM pHKCHpPOBATH YHCIO OYKOB, KOTOPOE Bbi-
nano Ha Kybuke. Torna MHOXECTBO BNIEMEHTAPHBIX HCXOLOB GYAET

{1, 2, 3, 4, 5, 6.

IIpumep 5. Maccoroe NpPOU3IBOACTBEO MeTajlell. ByneM cuMTaTe, YTO HAC MHTEPECYET A0OIA Opaka
B MIPOM3BCAEHHOR NApTHM AeTaNeH, BMpaXeHHas B npoueHTax. Torma MHOXECTBOM 3eMEHTAPHBIX HCXOIOB Ovaer
OTPE30K HHCNIOROH ocH oT 0 a0 100. 3ameTnM, 41O HCxomaMH ONBITA MOTYT GbITh H APOGHEE YHCIA U3 3TOFO OT-
Pe3Ka, MO3TOMY MHOMXECTBO BCEX BOIMOXKHLIX HCXOA0B B 3TOM ONbITE GECKOHEHHO.

Ilpumep 6. [Torona Ha yauue. ByaeM U3MepsuTs TeMnepaTypy BO3IYXA HA YIMLE B MOTISHb € TOUHOCTEHIO
Ao 1°C. DreMeHTapHBIMY UCXOHaMH OYIYT Lenble Yucia — KaK NONOXUTENLHBIE, TAK M oTpHuatensHuie. He Tak
MPOCTO ONPEISAUTE HX AMATIA30H — MM 3TOR0 HYXHO 3HATH aDCOMOTHBIE MUHUMYM M MAKCUMYM TeMeparyp. Ja
M B 3TOM cliyvae MH DUCKYeM OWHOHTBCA — TEMIEPATYPa MOXET OIYCTHTh HHXKe aBComioTHOrO MHUHHMYMA WIH
NIOAHATECA RHILIE A0COMIOTHONO MakchMyMa (BcnoMHKm neto 2010 rona). Tpoine Bcero B 3Tod ¢HTyaLMu BHIGpaTh
OHANa30H ¢ 3amacoM, HanpuMep oT —50 °C ngo 50 °C. TMonyaum 0] aneMeHTapHBIR Hexon,

DieMeHTApHbIE MCXOABI OMBITA HAIBIBAIOT EILE MEMEHTAPHLIMH CoOhrTHaMa. Ux 3neMeHTapHOCTD 03HAYACT,
YTO OHH B KAKOM-TO CMEIC/IC HENEAHMbBL, HX HENB3A paibWTh Ha Gongc Menkne, HEBO3MOXHO JETATH3MPORATD.

CayaafivbiM coOBITHEM HasbIBAIOT 0G0e COOBITHE, CBA3AHHOE CO CAYYANHBIM HKCNEpHMeHTOM. «Cyvaii-
HBIM» CHC Ha3bIBHETCH JIOTOMY, UTQ OO 3aBePIUCHHMA 3KCMCPHMEHTA, KaK MPaBAIO, HEAL3S OTHOZHAYHO CKA3aTh,
NPOH30HAET 11 3T0 COBBITHE WIH He NpoH3cHZET. Cayuaitible coBumus uatue Beero 0603HAYAINT GOABLIMMU
JATUHCKHMH OYKBaMH,

Npumep 7. TlonGpacuBaHHe HrpalwHoro KyOGHKA. B pe3ynsTaTe 3Toro ONbpiTa MOTYT TPOHIOHTH
MM HE NPOH30HTH, HANDHMEP, TaKkHe COOBITHA: '

A = {BbIIaAeT YETHOE YMCIO};

B ={prmmaner HeYy€THOE YHCIO};

C = {pbINageT YHCIo, Gonble 4};

D ={BbInager uncno 2}.

Ilpamep 8. MaccoBoe NPOM3BOACTBO AeTancid. [IpuMepsl coyYaHHEIX COGBITHA:
A={nons Gpaka OymeT BRUNE 5 %}

B ={nona 6paka Gyner Hixe 0,01 %}:

C={nong Gpara Gyaer paena 0,1 %},

D ={aonsn 6paka 6ymet ot 1 % no 2 %}.

Ilpumep 9. [Torona Ha ynuie. CIyIaMHBIMH COBBITHAMH IUTA STOTC SKCIACPHMEHTa OyIOyT, HANpHMEpD:
A = {TemmniepaTypa 6yaeT OTpHUATENBLHOMH);

B = ltemmneparypa Oyaet pasna () °C};

C = {remneparypa G6yget Hike 30 °C};

D = {remneparypa Gyaer ot —40 °C no 40 °C}.

DReMeHTapHBIE CODLITHA ABMAIOTCH, B YACTHOCTH, CIYYaHHBIMH: OHH HACTYTAIOT, KOLOA 2KCNEPHMEHT 3aBep-
LMAETCH COOTBETCTRYIOIEMM 3MEMCHTApHBIM McxonoM. Tak, cnyvaliupie coberTus D w3 npumepa 7, € U3 npHmepa
8 u B u3 npuMepa 9 ABIHIOTCA 3NEMEHTAPHBIMH,

CayualiHoe cOOBITHE MOXHO PacCMaTPUBATE KAK COBOKYNHOCTH AEMEHTAPHHMIX HCXO0X0B, NMPH KOTOPMX
OHO HACTYRAET. JITH HCXOALI HAZRIBAOT MATONPHATHRIMHA (MNH GNaroNpHATCTRYICWHMK )} A AAHHOTO COORITHA.
Ha MaTemMaTHueCkOM S3BIKE MOKHO CKas3aTh, YTO J0b0e CMydaiiHoe cOGBITHE — 3TO HNOODMHOMECTBO B MHOME-
CTBE JNIEMEHTAPHMX HCX0A0B ONLITA.

IIpumep 10. ToaGpaceiBalHue HIPaAbHOro KyOuKa. 3anvueM ¢ayiailHuee COOBITHA M3 MpHmepa 7
B BHJAE NOOIMHOXECTE:
A={2, 4, 6}; B={1, 3, 5} C=1{3, 6}; D={2}.

Ilpumep 11. Maccosoe npoH3IBoACTBO AeTaneii. Kak moAMHOXKeCTBA MCXONOB, CNYUANHBIE COBBITHA
H3 NpHMMepa 8 3anuilyTcs B BHAE PANIMYHBIX MMCIOBHIX NOAMHOXecTR orpeska [0; 100]:
A=(5; 100]; B=[0; 0,01}, C=1{0,1}); D=11; 2].
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Tpumep 12. TMoroga na yauue. [TepesenéM Ha AILIK MHOXECTB ClyJaitHbIe cobbiTHA U3 npAmepa 9

A=1{-50, 49, ..., -2, -1}

B=1{0K

C=1{-50, 49, ..., -2,-1,0,1,2, ..., 29, 30}
D={-40, -39, ..., -2, -1, 0, 1,2, .., 39,40}

BO MHOTHMX CAYYAAX A3BIK TEODHU MHOXECTB OKa3blBASTCH WIS 3aMMCH CAYYaHHBIX cOBBITMA YIOOHBIM. Tax,
HATIPUMED, CPA3Y CTAHOBATCA BHAHEI EMEHTAPHBIE COOBITHA: ITO MHOXECTBA, COCTOAINNE M3 OIHOTO INCMEHTA.

Jlna a060oro CNy4alHOTO COBRITHA A MOXHO ONpEAEenHTh NPOTHBONOIOKHOE K HeMy coDbITHE A: 3710
€OObITHE, KOTOPOE COCTOMT M3 3IEMEHTAPHLIX HCXONO0B, HeGIArONPHATHBIX ILIA A, JpyruMu ciosami, B A
BXOAST BCE MCXOAbI, KOTOpbie B 4 He BXogAT. Ha A3bIKe TEOPHH MHOKCCTE A HaspiBaeTca AonoanenmeM K A.
3aMeTHM, UTO MPOTHBONMOIOKHDBIM K A Byaer cHoBa A.

Ipamvep 13. NonbpacHBaHue HrpaibHOro KyGuUKa. Hainém cobuimvs, 1POTHBONONOKHEE COOBI-
THaM A, B, C, D w3 npumepos 7, 10

A ={swmaneT HeuéTHoe uucno} = {1, 3, 5);

B ={pulnaner yéTHoe uucia}l = {2, 4, 6};

C ={BEIMancT YHCAO, MCHBWG HNM paBHoe 4} ={1, 2, 3, 4};
D = {Buinager wucno, He pasHoe 2} =11, 3, 4, 5, 6}.

Cpeny cayyafHbLIX cOBBITHH BBLINETAOT qBA OCOOLIX BHAA CODLITHA: NOCTOBEPHLIE M HEBO3MOXKHBIE. JocTo-
BepHBIM Ha3biBaeTCA COBBITHE, KOTOPOE B Pe3yNLTaTe CIYYaiiHOTO 3KCrnepuMeHTa ofs3aresisHO npodcxonuT. He-
BO3MOMKHBIM HazbiBaeTcs coBbITHE, KOTOPOE B PE3YNBTATE CNy4YallHOI'O 3KCMEpUMEHTa He MOXeT npousoiTH. He-
CMOTPA HA TO YTO <3MEMEHT CNYYaHHOCTH» ¥ JOCTOBEPHBIX M HEBO3MOXHLIX COGLITWH OTCYTCTBYCT, MX TakoKe
CHHTANOT cnydaiHeIMK. JOCTOBEpHOE COBBITHE BRIHOUAET B &6 BCe BOIMOXKHBIE MCXOMOB OMLITA, 4 HEBO3MMKHOE,
HAoGOpOT, He CONEPXMUT HH ONHOTO, TO GCTh SBAHCTCS MYCTHIM MHOXKeCTBOM. [TpOTUBOMOMOKHLIM K AOCTORCP-
HOMY CODBITHIO BYAET HEROIMOXKHOES, a MIPOTUBOMONOKHLIM K HEBO3ZMOKHOMY — JI0CTOBEPHOE.

MOXeT BOZHHKHYTh BOMNPOC: 334CM PACCMATPHBATE TAKHE CTPAHHBIE COBRITHS, N3 €LE CYUTATD WX CIIydail-
HeMU? Bo-repehlx, B MaTeMATHKE 3TO BOOBIUE TUNHYHAA KAPTHHA (MBI X¢ TGBODHUM, HaNpHMEp, «y HETo OCTa-
nock U pybneii»); BO-BTOPBIX, OAAEKO He BCCOAA CPA3Y OMEBMIHO, YTO YKA3aHHOE CIy4ailHOe COBRITUG AOCTOBSPHO
MM HEBO3IMOXKHO.

IIpumep 14. [TonOGpaceBande NBYX KyOHKOB. PACCMOTPHM 3KCIEPUMEHT, B KOTOPOM NMOIODAaCKIBAIOT
YK€ HE ONHH, a IBA MIPATbUBIX KyGuka. bymem rKcHpOBaTh YMCTO OUKOB, BBITIABILEC HA MCPBOM KYDHKE, H YHC-
o OYKOB Ha BropoM. Toraa MHOXKECTBOM BCEX BO3MOXHKIX MCXOAOB ONbiTa ByAeT MHOXCCTBO map (a, b) |, rie a
U b —uucna ot 1 no &

(L1, (1,2), (LL3), (1.4), (1,5), (L,6),

(2,1),(2,2), (2,3), (2,4), (2,5), (2,0),

6,1), (6,2), (6,3), (6,4), (6,5), (6,6).

KonuyecTBo Takux nap JeTKa 110CYMTaTh (10 NPABHAY YMHOXKEHMs — HX OyneT 36. PaccMoTpuMm crenyiouide
cryqalHbIe COOBITHA;

A={cyMma odkoB Ha kyOGuKax pasHa 11};

8= {npousBencHne OUKOR Ha Kybukax pasuo 11);

C ={cymMma 09KOB Ha KyOukax Gonpuie 1};

D= {nponsseaeHne oukop Ha KyGHKax Gonbuie 1}

EcTb U cpedd 3THX cOOBITHA HEBO3MOKHBIE HIMH JOCTOBepHBle? OTBETHTb CPa3y Ha 3TOT BOIPOC HE Tak
npocTe. PaccMoTpHM Mo MOpSUIKY Bee COOBLITHS.

CobsiTHe A. ITOMY CODHITHIO GNaronpuATCTBYIOT 2 HMcxoaa U3 36: A ={(5,6), (6,5)}, 3HAYHT, OHO He ABISET-
CH HH HEBO3MOMHBIM, HH JOCTOBEPHLIM.

CobeiTie B. Yucno |l — npoctoe. OHO eqMHCTBEHHBIM 06Pa30M (C TOYHOCTHID [0 MOPANAKA COMHOXHTENEH)
packnasblBacTcA B NMPOH3IBEAcHHE OBYX HATYpPalibHBIX 4YHCeT: 11 =1+ 11. Ho Ha KyDHKe He MOXeT BbINAcTh 11 o4-
KRB, [NO2TOMY cobbiTHE 8 — HEBO3IMOXHOC.

Co0OpiTHe C. MHHHMMAaNBHOE 3HaYeHME CYMMBI DABHO 2 — OHA MOXEST GLITh NOJTYYEHdA TOMALKO NPH HCXoMe
(1, 1). llpxn BCcex OCTANBHRIX MCXGAAX cyMma OyaeT Ooablic 2, a 3HAYUT, W Dosbiie 1. CacaoBatensHo, coObITHE
C — I0CTOBEPHOE.

CobbiTe {). 310 cOGEITHE MOXeT Kak NpousoiTH (ucxon (1, 1)), Tak M He nponsoiTH (T06o# apyrofi wexom).
3HAUKNT, OHO HE ABAAETCA HH HEBO3MOXHBIM, HH JOCTOBEPHBIM.,
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Yacrora cobeitvn u sepoarHocTs

MBI yxe ToBOpWIH, 9TO TEOPHSI BEPOATHOCTEN PACCMATPUBAET TOQJABKC TAKKE 3KCMEPHMEHTHI, KOTOPLIE MOXHO
MHOIMOKDATHO HOBT?D)ITb B OLHHX W TEX Xe¢ yCNnosusiX. [IoroBopuMca nocne Kaxkaore 3kcnepuMedTa GuKCHpoBars,
TIPOU3CILIO M B HEM MHTEPECYIOLIEC HAC cOBbITHE A MU He npousouwo. Nposens cepuio Ha N TakuX oMbITOB,
MBl MOXEM [IOCYHTATh, KAKO¢ KOJMYECTRO ONLITOB 3aBePIIMIOCh HACTYILIEHHEM coObITHH A. O803HaYuM 310

M
KonuyecTBo uepes M. Torna oTHOLIEHHE > fyneT NoKasblBaTh, HACKOIBKO YacTO MPOMCXOAMAO B ITOH CEPHM

COOBITHE A: Uem O/Xe OHO K |, TEM Yalue NPOHCXOAKD COBHITHE, YeM Gnuxe K 0, TeM pexe. [lna gocroBepHo-
ro coBbITUSL ITO OTHOLIEHHE 6YNeT BCerla paBHO 1, AMA HEBOIMOXHOTO — (, AN BCeX OCTANbHBIX Oynet JIeXaTh
Mexay 0 m L

Yacmomoii cayuaiinoeo codoimus A B cepuy U3 N CIy4aiHBIX OMBITOB HA3LIBAIOT OTHOLIEHHE YMCAA OIbi-
TOB M, B KOTOPLIX COGBITHE A MPOW3ONLUTO, K 0BII1EMY YNCAY ONLITOB N

YacTora cay4aiinoro coburna = ":

Ilpamep 15. TloaBpacwBaHWe WrpanbHoro KyOGHKa. bhina nposegeHa cepusa w3 100 onbiToB
¢ MIPanbHBIM KyOMKoM. [Tocae Kakioro M3 HUX 3AlMCLIBAICA HCXGI, KOTOPbIM 3aBEPUIMICS OIMbIT, a MO 3aBep-
IMEHUM Beel cepud Obila COCTaBAEHA CNCAyioLEa TadIHua:

Hexon 1 2 3 4 5 6

KonuyecTBo onbITOB ¢ 3THM HCXOA0M 17 15 18 15 19 16

Haiiném no pesynbrataM 3TOH CEPHU YACTOTY KaXIOTO 3MeMEHTAPHOTO MCXona:

Hcxoa 1 2 3 4 5 6

1 _0,16

Yacrora nexoaa 17 017 B _o15 | Loois | B=o15 | 2L=p19 T

100 0 00 00 woa

OTMETHM OO OYEBMIHOE, HO OYeHb BAKHOE CBOHCTBO! CYMMA 4ACTOT BCEX IEMEHTAPHBLIX HMCXOIOB
pasHa 1,

IIpumep 16. [ioabpacwsadde HrpaasHoOre KyG6uka. HaioéMm Tenepe no pesyintatam Toli ke cepun
H3 NpHMepa 15 yacTOTY cnydalHbIX COOBITHHA, NepedyncneHHLX B Tabaule:

ColbiTHe Yactrora coGWTHA
A = {Bbmaner u€THOE YMCAO} %}E = 0,46
B = {BuinaneT Hey€THOE 4HCIIO} % =054
C = {BBINazeT YHcao, Sonplie 4} '9“‘}'0'6 =0,35
D ={BuInager uncio 2} %ﬁ =015

YacTory nioDoroe ¢oDBITHS MOXHQ TIOCUHMTATE JBYMA CrIocobDamu:
1) mocuUTaTh, CKOIBKO Pa3z OHO MOBTODMIIOCE, H NMOLEIHTh HA KOWIHYECTBQ 3IKCIEPUMEHTOE!

5+15+1
YACTOTA COORITHA A = J3rls+le 0,46;

100
2) CIOXKHTE YACTOTHL HIEMEHTAPHBIX HMCX0OO0B, M3 KOTOPBLIX 3TQ CODBITHE COCIOMT:
13 15 16
JACT T =4+ "~ 4+ __—_= = .
actora cobmTHa A o0 T 100 T 0,15+0,15+0,16 = 0,46

Tloayyminn enné oaHO CBUMCTBO! MACTOTA NKNHOr0 COORITHA PABHA CYMME “ACTOT 3NMEMEHTAPHBIX HCXOTOR,
M2 KOTOPLIX OHO COCTOMT., M ¢l OAHO! YACTOTY NMPOTHBONOIONKHOrO CODRITHA 4 MOKHO NMOJYUHTh, ECJTH
na 1 sn4ecTs 9ACTOTY CAMOrO cobLiTun A,

W3 onpeneneHHa YacTOTH CEIYET, YTO OHA 3aBMCHT OT PE3IYILTATOB KOHKPETHOH CEPHH H MOXeT HIMEeHSIThCA
OT ORIHOH cepuH K Apyroi. Eciu Mel nposeném emé 100 TakMx e ONbITOB, TO Y4acTOTHI, CKOpee BCEro, OKaXYTCA
HHLIMU, TeM He MeHee uMeeT MeCTO (OYHAAMEHTAALHLIN Gakm cmabuiulguuu wacmom: NMpH MHOTOXPATHOM
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NOBTOPEHHH CNYHafHOTO OMbITA YacTOTa JI0GON0 CAY4aitHOTO cobOLITUA A cTabnHIMpyeTcs ¥ Konebiercs oKoIo
OMHOMO W TOTO X¢ (A5 aHHOFO cOBBITHA) YHCAA, KOTOPQE HA3EIBAETCA BEPOATHOCTLIO Cayqainoro cobpiman A.

TakWM 0OGpa3oM, BEPOATHOCTb ABAAETCA OOBEXTMBHOH MEpOH npasaonogobna cnydaiHoro cobeITHa: uqeﬂu
GONBIIIE BEPORTHOCTb, TEM Yallie 3TO COBHLITUE MPOMCXKOAMT H Tem Oonee NpaBRONOROOHO, YTO OHO TMPOHIOWACT
B OYEpEeNHOM HCTBITauuK. BepoaTHocTh ciaydaiiHoro c¢obermna A obosHawaeTes P(A) — or thpaHUYICKOIO
probabilité — BePOATHOCTS.

M3 cBOMCTE YaCTOTHI BLITEKAET HECKONLEKO QUEBHIHEIX CBOMCTB BEDOATHOCTH:

» 115 HeBO3MOXKHIOre cobbraa P (A =10;

*» ans aocToBepHore cobwrhna P (A)=1;

o i A0ore caysaiHoro codpmHa O<P (A< 1.

Ha BEpOHATHOCTb TNEPEHOCHTCS M Gl TPH OTMEYEHHBIX paHee CBOJCTBA YacToT:

» CYMMA BEPOATHOCTEH BCEX NIEMERTAPHBIX MCX010B pasha 13

* BEPOATHOCTD JIOGOr0 cOfRITHSA paBHA CYMME BEPOATHOCTCH IMCMEHTAPHLIX HCXOAOB, H3 KOTOPHX

OHO COCTOMT; 3
+ 118 xoboro cayuaiinoro cobwitua P(AY+P(A4)=1.

IIpemep 17. MoabGpacuiBaHue WMrpanbHoTo Ky6uxa, OueHMM BEpOATHOCTH COOBITHA W3 nMpHMepa
16 O HMX YACTOTAM, DGIYYCHHBLIM B CEpHH M3 100 omneToB:

Codprrae BeposTHOCTE cOGLITHA
A= {BuIMageT YETHOE YHCIIO} P(A)=0),46
B = {puinageT Hew€THOE YHCNG} P(B)= 054
C = {BBl11adeT yHcno, Gonuiue 4} P{Cy=10,35
D ={smnaner uncno 2} P(D)=0,15

OTMeTHM elllE pa3s, YTO U KOHKPETHOTO ciyqaHHOro COBGHITHR BEPOATHOCTE PABHA BIIOMHE ONpencléHHOMY
YUCTY, HO HalTH TOUHOE 3HAYCHHE BepOATHOCTH, OTIMPAAChH TOMLKO HA IKCMEPHMEHT, HEBOIMOXKHO! KaK BBl 101~
TO MEl €1¢ HH NPOBOIKIU, HET [APAHTHMH, YTO MONYYEHHAA 4aCTOTa CTARd paBHa BeposTHOCTH. Bor nodemy ansm
BCEX BEPOATHOCTEH B IpUMepe 16 mbl Hanuca NpubMLKEHHOe paBeHCTBO. TeM HE MEHCE €CTh CHTYAIMH, B KO-
TOPLIX BEPOSITHOCTH CIydalHBIX COOBITHH MOXHO BLIYHCIWTL ADCONIOTHO TOUHO, AaXe He MpHOeras x 3KCIepH-
MeHTy. 00 3TOM NoiNET peur B CNEAYIOMIEM MYHKTE.

Knaccuveckan BepORTHOCTHAR MOAEND

MbI paccMOTPHM 34€CE MOAEb CAYYAHHONQ JKCMEPUMEHTa, B PAMKAX KOTOPOH BEPOATHOCTE TINOOIG ¢OOBITHA
MOXHO BEMHCIATH D€3 [MPOBEAZEHHSA OTbITA, HAa OCHOBAHUM YMUCTO TEOPETHUECKHX COODPaKeHHIH.

IIpumep 18. [MonBpackiBaHue MrpanbHOro Kybmuxa. BepHEMca K pesynbTaTaM, MOAYYESHHBIM B TIDU-
Mepe 17. CpaBHHM TIOmMyYeHHEIE MPUOTHXEHHBIE OuEHKHM BepOSTIOCTER ¢ HAIUMH MHTYMTHEHLIMU OpencTanne-
HHUAMH O TIPaBAONCAGOHH.

Hauném ¢ cobbrruit A u 8. Ha iuecty rpadsix KyGHKAa Hanucanbl 3 Hew&THBIX YWCAa M 3 Y8TIBIX, KYGHK
CHMMETPHYAHLIA — 3HAYHT (TAK NOACKA3KIBACT 30paBblii CMEICA!), CODBITHA A M B 00MHAaKOBO NpaBaomonoGHEI,
TIO3TOMY M BEPOATHOCTH ¥ HHX NOKHBI ObITh OAHHAKOBHMH. KpoMe TOTO, 3TH COOBLITHA JAOMOIHSIOT APYT Kpyra:
€CJIH He NMPOHCXOIMT A, TO NPOHCXOAHT B, U HaoBopOoT, MOITOMY CYMMAa HMX 4acTOT, a 3HAYHT, H BEpPOATHOCTEH

. 1
Bceraa pasHa 1. MonyuaeTes, YTo BepOSTHOCTH 3THX COOBITHH IO/IiFBl ObITH TIO E:

P(A)=P(B)z%.

YacToThl, NOAYYEHHBIE B JKCNEpHMEHTe, paBHE 0,46 1 0,54 — 9T0 mocraTodHo Dnu3ko x 0,5,

OGparumMed K cOOBITHIO £). OHO ABIAETCH JIEMEHTAPHLIM, TAK KAaK COCTOHT H3 OTHOIC 3XeMeHTAPHOIG He-
xoda, CHOBA HCIONL3IVEM CHMMETPHI0 KYOHKA. BhinageHue yHela 2 — OOMH M3 HIECTH JISMEHTAPHLIX HCXOIOB
Haliero oneiTa. O HUYGM HE Xyxe (W He Jydille) JpYyTHX NATH MCXOACB, MOTOMY UMEET TY K¢ BEPOATHOCTh, YTO
H Bce octanbHeie. C Apyroil CTOPOHE, CYMMa BEPOATHOCTEH 3THX mecTH ucxonor pasHa 1. OTcona RepOATHOCTH

KR ooro — 1o %I

P(D)=é,
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Ocranoch cobritne C. OHO cocToMT M3 ABYX HexomoB: C={5, 6). UToGbt HaiTh ero BEPOSTHOCTh, HYXKHO
CIOXKNHTE BEPOATHOCTH BXOIAIIHX B Hero ucxonor: P{C)= 16 +é % = %

CoopMynrpyem Teneps 0BIUYIO CUTYALMIO, B KOTOPOiH MOXHO BHIYHC/IATH BEPOATHOCTH BCEX COOBITHIH OMMW-
CAHHBIMH BbIIIC MeTONaMH, Oe3 oOpameHns K onbiTy. PaccMOTPHM CayyalHBI IKCTIEDUMEHT, KOTOPLIA MOMKeT
3ABEPUIHTLCA OQHHM M3 1 JIE€MEHTADHBIX HCXOAOB, NPHIEM BCE 3TH HCXOObl PABHOBOIMONKHBI, T. €. HET
HHKAKHX OCHOBaHWH CYWTATh OAWH HCX0A npaBaononobnce npyroro. [1ycTh pOBHO m H3I 3THMX ## MCXOIOB SB-
AAOTCA ONATONPUATHBIMH 151 COGLITHA A, TO eCTh IPUBOIAT K Cro HACTYIUIEHH0. TOMIa BEPOSTHOCTb Clydai-
HOTG COBBITHA A MoxeT GbITh HalioeHa ro Qopmyne

PA=".
(="

ﬂCﬁCTBHT&HbHO, CCNH BCE HCXOOBI PABHOBO3ZMOXHLI, 4 BCETO HMCXGOOB 7, TO BEPOATHOCTE KaXIO0ro HCXMIa —l .
n

CoObiTHE A COCTOMT M3 #1 MCXOOB, CIOKHB HX BEPOATHOCTH, NOAYUUM BEpOATHOCTL A:

Po=L+14 4il=nm
n Fi n A
_ w pa:
OO6paTHTe BHHMaHHE, 4YTO PABEHCTBO 3AECh YXKe TOMHOE, a He NpHOmuxkéHnoe, Finé pa3 noBTopuM: BaxHei -
UM YCAOBHEM NPHMEHHMOCTH 3ToH GopmMynbl sBaseTcs TpedoBaHNE PABHOBOZMOXHOCTH BCEX 3/JIeMEATAPHBIX
HCXOA0E, OcHoBaHHeM ANA 3TOrO CAOYXKWUT ‘[alle BCETO CHMMETPHA OG“bCKTﬁ, KO’TOpb[ﬁ YHACTBYET B QNLITE.

ITpumep 19. KopoGka ¢ wapami, M3 kopoSku, B KOTOpO#l 5 KpacHEIX, 3 XENTBIX H 4 3enéHBIX Wapa,
He MIAAf, BRITACKHMBAKOT OAMH map. s KAKIOro H3 CIeIyionMX coObITHH HAalIEM €ro BepOoATHOCTD!

A ={BHTAHYT Kpacuwi wWap},

B = {BLITAHYT XREATHA WAp};

C'= {BuITAHYT 3enéublfi Wwap};

D= {BHTAHYT He KpacHEIH wap}.

OnNMBIT MOXET 3aKOHYHMTBCA OTHUM M3 =5+ 3 + 4= |2 snemeHTapasix nexonos. Cnosa «He maas» JaloT Oc-
HOBEHHE CYHMTATH ACE 3TH MCXOABl PABHOBOIMOXHEIMH, CAEAOBATENEHO, MOXHO WUCIOAB3OBATh KIACCHYECKVIO Re-
POATHOCTHYIO Mozenb., Ina ¢oOuTHA A GRaronpHATHEIA HCXOA — MoGoH M3 5 KpacHBIX LUApOB, 3HAYHT, w1 =35
5

_m_
H ‘P(A)"F_E‘

Ina cobpiTna 8 GRaronpUATHLIA Mexon — moboi w3 3 wEnTex mapoe: P(B) = 3.

T cobbiTH C —

arobon u3 4 senéupx: P(C)= % = %

BeposiTHOCTb CODBITHA [ MoXHO HaWTH apymsa criocofamu. YHcno HmaroNpHATHRIX UCX0Nos Aas cobeitua D

Bymetr m=3+4="7, nosromy P£{D)= %
5 _ 7
12712

IMpumep 20. Korooa kapt Konoay vz 36 urpanbHBIX KapT XOpOIUO IMEpPeTACOBATIA M BBITAHYIH W3 HeE
OOHY KapTy. JJIA XaXaoro U3 cielyloux coObITHH HaHOEM ero BEpPOATHOCTL:

A ={BBITAHYT KPacCHYIO MacCTh},

B ={BLITAHYT NINKH};

C = {BRITAHYT KPAcHYK> NMHKY};

D= {BHTAHYT Damy};

E = {BRITAHYT AaMy NHK}.

OnbIT MOXET 3aKOHUHTBCA OIHHM M3 7 = 36 3MeMCHTApHBIX MCX0A0B., Cl0oBa «XOpPOMo NepeTacoBaii» NaoT
OCHOBRHUWE CYHTATH BCE HTH MCXOAbl PABHOBOIMOXHBIMH, CRENOBATEAbLHO, MOXKHO WCNOIb30OBATE KIACCHYECKYID
BEPOATHOCTHYIO Mofiens. [lna coOuiTHs A BaaronpuaTHEIW Hexon — mwobad Kapra kpacHol macTH. B konome

CobuiTHe D sipisiercsi MpOTUBONOIOKHBIM K COObITHIO A, nosToMy P(D=1-FP (A =1-

18 xapt kpacHoOii MacTH, aHauuT, m=18 u P(AH="= % = % Hnaa cobrtist B GaaronpHaTHei Hexox — modas
n
nuKa. Taknx Mcxoilos 9 {CTONLKO B KONONE KapT MHMKOBOA MacTd). Otcrona P(RB) = % = %. CoBeplIeHHO aHAMO-

THYHC HaXOAHM YHCNo DAATONPUATHBIX MCXOA0B H BEPOSATHOCTH IAd OCTAaBITHXCA CODBLITHH:
PO)=2=0, P()="=); P(B)=_.
36 9 36
PaccMOTPEHHBIE BhIlIE CAYHAWHBIE IKCIIEPHMEHTBI ObUIM NPOCTHIMW: OpOCANH OAWH KyOMK, BHITACKHRAIH

OIMH 1IAp UNK OMHY KapTy. Bonee uutepecHsle cCUTYallMU BO3HMKANOT, 2CTM MEPEHTH K CIIOXHEIM 3KCOEPUMEHTAM:
OpocaTs oBa KyOuKa (MnM OOMH KyOWMK — ABaxkOEBl}, BEITACKWMBATh HECKONBKO 1IAPOB MM KapT.

115



Ilpumep 21. [log6pachiBanie OBYX KYBMKOB. PACCMOTPHM IKCTIEPHMEHT, B KOTOPOM NOIOPACHIBAKT
ABa MTpalbHHIX KyOHka, KakoBo Hanbonee BeposTHOE 3HaUeHWE CYMMEbl OYKOB, BHIMABIIMX Ha Kybukax?

B npuMmepe 14 Mbl yXe BBIACHWIH, YTO 3MEMEHTADHLIMM HCXOOaMM ITOTO ONLITA 6yoyT mapwl {(a, §), roe
awnb—uauciaa ot 1 go 6. Beero Takux nap 36, M U3 CUMMETPHY KYOHMKOB BCC OHH PABHOBO3MOXHBI, Yrobhl 0T-
BETUTH HA BOIPOC 3a0a4M, HYXHO BLIYMCTHTL BEPOATHOCTH (TO €CTb HANTH KOMHYECTEO OJIarGIMPHUATHLIX MCXOOOB)
IUTA BCEX BO3MOXKHBIX 3HAYEHUIl CYMMBI W CDABHMTH WX Mexay cofod. Hapucyem [U1A HanIero ONbITa Tabnuiy
pamMepoM 6 X 6, CTPOKM M CTONGLE XOTOPOH 3aHYMEPYEM YHMCIAMU OT 1 1o 6. Torga Kaxkaoi Kaerke 3Tol Tabnu-
s 6YAET COOTBETCTBOBATL CBOH 2MEMEHTAPHBIH HCXON (HATIPMMED, KJETKe BO 2-H CTpOKE, 4-M CTOI0LE — HCXOL
{(2,4)). A B KIETKH 3TO¥M TabAMIH BRUILEM COOTBETCTBYIOLLIHE 3TUM HCXONAM CyMMbI OYKOB.

2 ryom 1 2 3 4 5 6
1-i xyGuk

1 2 3 4 5 6 7
2 3 4 5 6 7 8
3 4 5 6 7 8 9
4 5 6 7 8 9 10
5 6 7 8 9 10 il
6 7 8 ) 10 11 12

Tt‘:ﬂepb NETKO MOCYHTATE KONHYECTBO OJIATCIPHUATHLIX WCXONOB LTI KAXIOH CyMMBI:

Cymma 23|45 |6]|7 |8 |9 10 7 11 | 12

Ko/1-Bo GaronpHATHEIX HCXONOB 1 2134516154 3 2 I

H3 nocienHeit Tabavunsl HAXODHM, YTO CaMOe€ BEPOATHOE 3HAYEHHE CYMMEl paBHO 7, @ €10 BEDOATHOCTE PaB-

6 i
HA — ==,

6 &

Hcnonb3oBaHdbIi 30€Ch TIPHEM — MTEPEYMCIEHHE BCEX WIEMEHTAPHLIX HCXOHOB ONBITA K CBA3aHHBIX ¢ HAMH
BEJIMYMH B BHAE TADAHUEBI — yOOOHO HCIIONB3I0OBATL BO BCEX 3AMAYAX, [A€ YUACTRYIOT ABA OOBEKTA WAH HpPO-
M3BOOATCA JABA JEHCTBHA. B CTPOKAax NepevyMciseM BOIMOXHBIC Ppe3ynpTarhl fAepBoro AciicTend, B cTonb-

LaxX — BTOpROTro. Toroa xaxzas KIeTka TaORHLI — ONTHH K3 BO3MOXHBIX MCXOMOB BCErQ OMLITA.

IMpumep 22, IeykpaTHoe noabpacoisaHne Kybuka. Urpanwauiit kybuk bpocawT geaxas. C xakoi
BEPOATHOCTEIC BO BTOPOM OGDOCAHHH YMCIO OYKOB O6vaeT Oofblle, 4eM B NepBOM?

3dech TOMOXKET Ta Xe TabiIuua, uTo H B npHMepe 4. ToabKO Ha 3TOT pa3 €€ KIETKM MOXHO JaXe He 3anof-
HATE, @ JHILb NOMETHTEL Te U3 HUX, B KOTOPLIX BTOPOE YMCIO GoNblle MEpPBONa:

il B 2 3 4 5 6
1-H xyOux
1 v v v
2 v v v
3 v v
4 v v
5 v
6
BAaronpHUATHLIX UCXOM0B OKA3AN0Ch 15, IHAYHMT, MCKOMAs BEPOSTHOCTE PABHA -f% = %
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Ipumep 23. e MoHeThH. Bpocalor ase MoreTh. C KaKoH BEPOSTHOCTBIO OHM YTIAAYT HA OIHY CTOpPOHY?

B onuite yyactmyroT nBe MOHETHI, TIOITOMY IIA NEPEMMCNIEHUHS €M0 HCXONOB YIOGHO COCTABMTBL TABIHLY
(O — opén, P — peluka):

2-1 MoHeTA
1-1 MOHeTa

0 v

4 v

B Tabnuue 4 xoreTku — 3T0 4 PaBHOBO3MOXHEIX HCXOOa Hamero oneita: 00, OP, PO, PP. «[TTHakaMu» Mbl
MOMETHIH IBa Wcxoaa, SMatonpHATHLIX A5t coOBITHA « MOHETH BEINGNAHM Ha OOHY CTOpOHY». OCTaéTcsa HallTH Be-

2t . . .

POSITHOCTE! = . HHTepecHo, 4TO BeMHKHUH dpaHuysckuii yuéHnit Janambep, pewas sty 3afnady, ollMben: oH
CYHTAA, YTO B ITOM OILITE TPH 3TMEMEHTAPHBIX HCXOAA:

* 00e MOHETH BLITIANYT Ha OpJa;

* 00¢ MOHETH BHINAXYT HA PELIKY,

* ODHA MOHETa BRIMALET Ha OpNa, a [PYras — Ha pelky;

2

¥ MOTYYMR OTBET 3. Owubka Tanambepa cocTosna B TOM, TO OH HE Pa3’lHYai MOHETH, H MOCIETHUH (TpeTHH)

HCXOM TIOAYYHICA B €0 MOISIIH HEIeMEHTAPHBIM: OH CONSPXKHT B cebe apa ucxoda — OP n PO
PaceMOTpUM elié oauH nprMep Ha 3TY TeMmy.

IIpumep 24. [Ipa Wwapa B3 YeTHIPEx. M3 KopoOKY, B KOTOpOil 2 GebiX ¥ 2 YEPHLIX WNAPA, BLITACKKBA-
10T APYT 3a OpYTOM IABa wiapa. KakoBa BepOATHOCT, YTO OHH OKAXYTCA OIHOrMO uBeTa?

HepepHoe peniedMe. U3 kopobxku BHITACKHBAIOT IBA LWApA, MO3TOMY IA NEPSUNCIEHHA €10 HCXOIOB
ynobHo cocraBHTb Tabmuuy (b — Genblit, Y4 — w€pHriit};

2-# wap
1-# map b H

B v
Li | v

FRTe

Y onbta 4 Hexoma (Mo MMCIY KIeTOK B Tabauie), apa GJaronpHsaTHEIX OTMedeHbl, OTBeT: %

BepHoe pemeHHe. M3 KOpoODKM BBITACKMBAIOT AR4 LIAPA, HOITOMY AN MEPEUHCIEHHS €ro HCXOMOR ya00-
HO COCTABUTEL TAGmuiuy. Jna Kaxaoro H3 4YeTHIPEN LIApOB, HAXOOAIMXACS B KOpoOKe, BEemEéM 0003HAYEHHE: 51 H
B, — 6ennte maper, Y, u Y, — yépurre.

2-if ma
1=i map P El Bz lll ql
B, v
B, v
4, v

Knetku, Haxonsmuecd Ha THAMOHANH, HYXKHO Cpa3y MCKIIOUMTE! HM He COOTBETCTBYeT HHKakol vexom onbi-
T4, TAK KdK MBI H¢ MOZKEM BLITALUHTE OJHH H TOT e 1ap ABAXKab. [1o3TeMy NOAydacM, YTO ¥ 3TOMO OIITA

He 16, a Tonmeko 16 —4=12 aneMeHTapHBIX HCx0a0B. Bre OHM PABHOBO3MOXHEI, [TOCKONBKY IIApbl BHIHHMAIOT

4 1

Hayran. Orcioga BepOATHOCTb, YTO WApbl 6YAYT OAHOTO uBeéTa, PABHA B=3
INpoanaAn3MpyeM HCTOMHHK CLIHOKH B MEPBOM PEILcHHH. MEl 3a0BL1M, YTO 3KCIIEPHMCHT NIPOBOAHTCA € Ye-
TBIPbMA LIADAMH, M HMEHHO wapel (8 He UX 1BeTal) UMEIOT OIHHAXOBBIE IIAHCH] OKAa3ATHCH BHIHYTHIMH H3 KOpOG-
KH. BO3MOXHO, Hac BRena B 3a0MykKIeHUE el M MOMHAd CHMMETpHs: 2 Gebix, 2 YépHBIX, 2 1Iapa BRITACKMBAEM.

Tem He MeHee BHGpaHHbIC HCXOObL HE 6}’,[[}’1" HH 3JEMEHTApHBIMHM, HH DABHOBO3MOXHLIMH. Ha camom mence st
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YyeTBIpe MCXOOA SABMAIOTCA CTYYaHHBIMM COOBITHAMM, KOTOPLIE HECAOKHO BRIPA3HTL Yepe3 MMEMEHTAPHLIE HCXOIBI
peineHHs 2:

Eb={(b,, by}, (B;, By}

BY = {(B), 4}, (B, Uy, (B,, 1)), (B, Y3)};

Yb={(4}, B)), (4, By}, (My, By} (Y3 By

Y4 ={(";, 9y), (1, Yk
M JaXe HaHTH WX BEPOITHOCTH:

2 _ L, 4 _ 1

PBB)= P(UY) =5 = P(BY)=PAHb) = TS

BepoAaTHOCTH [MOAYYHIMCh PA3HBie, YTO MOATBEPKAACT OLIHOOYHOCTh BBIGpAHHOH B NEPBOM PELICHHH MOAC-
au. CywWwecTBYeT M €lé oauH cnoco® pellienns 3TOM 3anavn — COBCEM KOPOTKHMH, HO HECKOABKO OTCTYnaromi
OT NPHHATEIX CXEM,

Fuwé onNHO pelneHHe, TTycTh Mbl VX€ BBITALIMUIM MEPBbI [Wap U3 KopoOku. Torna, meaasscuMo OT TOTO,
KAKOr'o OM OKA3a/ACA uBeTa, B KopoOKe OCTAIOCh TP 1apd, U3 KOTOPBIX POBHO ONWH TOIO XK€ UBCTA, YTC U Bbi-

" " 1
HYTBIH. BﬂpOHTHOCTb BBITAUIHTE TOT OIHH LIAap W3 TpCX 6}’}16'{‘ 3

OTBET: %

TakHe KOPOTKME K KPACHBBIE pelUeHMA YAaCTO BCTPEYAIOTCHA B TCOPMH BEPOATHOCTEH, HO TpedyloT yxe He-
KOTOPOI'O OMALITA M Pa3BHTOH BEPOSTHOCTHOH MHTYWiIWH.

HTax, Mbl pacCMOTPEAH MHOIO NPHMEPOB, B KOTOPBIX YYaCTBYET YXKE HE OHH, @ JIBA «HCTOYHHKA» CoydalHoH
CHTYaUUH. ECTM 3THX MCTOUHHKOB eilé Oonbllie, HA NOMOUWb NPHXOIMT KoMOMHATOPUKA.

BepoatHocTs W KOMEHHATOPHKaA
B cnoxHBIX IKCIICPHUMCHTAX AT noncy&Ta KOMHUECTEd MCXQIOB HCTIGAR3YIOT KOMﬁHHamDHbIe MCTOIEI.

IIpumep 25. [lonGpacriBaHHe TPEX MOHET PaccMOTPHM 2KCMEPHMCHT, B KOTOPOM MMOOGpPachIBaiOT
TPH MOHeTB. C Kako$i BEPOATHOCTHIO BCE OHM BLITIAAyT HA 0AHY CTOpOHY?

Terneps MBI HE CMOXEM HCTIOAB3OBATH LI NIPSACTARASHHA BCEX BO3MOXHBIX MCXOMOB ONbLITA TabiWily — OHa
mony4dTea TpéxMepHoi. ITonpodyeM Memone3oBaThE KOMOHHATOPHKY: KaXAblH WCXON HALIETO OMBITA — 2TQ KOM-
OMHALFA (¢MoBo) H3 OVKE O H P miunawl Tp. TlepedyrciKM Bee TakHe CaoBa B al(haBHTHOM TIOPAIKE:

000, COP, OPO, OPP, POO, POP, PPO, PPP.
Momyuran 8§ ucxonos, U3 HHUX 2 GnaronpusaTabix: OO0 U PPP. BeposTHOCTL paBHa %: :i'
IIpumep 26. IlonbpaceiBanne NecaATH MOHeT. Teneps nmomdpaceipaeM cpasy 10 moHer. Bompoc Tor
XKE: ¢ KAKOHW BEPOATHOCTBIO BCE OHM BLIMAXYT Ha OLHY ¢TODOHY?
[MepeuncINTE BCe BO3MOXKHBIE HCXOAbl, KaK B MPUMEpE 25, YKE HEBOIMOXHO (HMX CAMILKOM MHOIO), HO HX
MOXHO [OCHMTATE, HCTIONB3YA KOMOMHATOPHOE MPABWI0 YMHOKEHMS, KaXabwii HCXod onbTa — 3T0 CIORO JIUHbI
10, cocrarieHHoe u2 OByX 6ykB O U P. [To npaBu1y YMHOXEHHMA TaKMK CJAOB OyAET

2:2....2=20=1024.
gL 7L
10 pas

H3 3THX MCX0I0B [To-NpexHeMY ToNbke OBa OnaronpuaTHeIX; 00...0 n PP...P. BepoATHOCTE paBHa 2 -

024 512’
Ilpumep 27. [lonb6paceibaHue TpEX KyOGukos, [NonGpackBawT TpH KyOHka. C Xakoil BEPOATHOCTHIO

Ha HHUX BBITIAAYT OIHHAKOBBle YHcTa?
CHOBa BOCHIONB3YEMCH ITPABIIOM YMHOXeHHS. Kaxaplit Hexol onulTa — 310 TpY uudps! or [ Ao 6 (MoxHe
CKA34Th — TPEXIHAYHOE 4Mcio ua uddp ot | 10 6), [To npasuny yMHOXeHMA TAKMX Yncen Oyaet 6«6 6=63 =216,

M3 sTUx HexeloB GaarolpusTHeIMK GynyT wects: 111, 222, 333, 444, 555, 666. BeposTHoCTh paBHa é= %.

Ipumep 28. KoMmaxT-aucKu. PaboTas 3a KOMIIBIOTEPOM, YISHHK MCIOMB30OBAN 4 PA3SHBIX KOMITAKT-IHC-
Ka, KOTOpbie MO OKOHYaHUM paboThi, He TAsuls, cnoxun B Kopobku. C Kakol BepOATHOCTLIO

a} KaXIbli IHCK Nenal B CBOID KOpPoOKY;

©) HM OIMH JMCK HE Tonan B CBOK KOpoOKYy:

R) XOTA O OIHMH JUCK OKAa3lancs B CBOocH Kopolke.

ObosHaunM aucku uudpamd 1, 2, 3, 4. HcxogaMM onbiTa BYIYT BCE BO3MOXKHBIE KOMOHHALIHH, KOTOpBIE
MOXHO IIOMYyYMTb, MEpPECTABNAA 3TH LMppur Mexay coboit. Hanpumep, koMbuHauua 2413 ojnadaeT: B mepBoi
kapobke — auck N2, Bo BrOpoit — anck Nod u 1. A, Konuaectso Takux kKoMGHHAaUMA HaiaéM Mo mpaswiy yMHO-
KEHHA: HA [IEPBOE MECTO MOMXHO TOCTABHTE NOGYI0 M3 4eThipéX nMdp, Ha BTopoe — A00YI0 M3 TPEX OCTABLUIMXCH

118



H T. 8. Becero nmomyuyaem 4-3-2-1=24 papHOBOIMOXHRX Hcxoma. Bce nuckm OKa3HIBAKTCA B CBOMX Kopobkax
TONLKO B OOHOM ciyuae: 1234, Hu oaun gMcK He MOnagaeT B CBOIO KOPOOKY B CIEHYIOLIHX CITydadX (NMEpeuyHCIUM
MX BCE IO BO3IPACTAHUIO);

2143, 2341, 2413, 3142, 3412, 3421, 4123, 4213, 4312, 432}

— pecero 10 uexonos. UTo6h! He NepedHCRaTh BCE HCXOALI, GMArONpUATHLRIE 1S COOBITUA B), BOCTONB3YEMCH TEM,
YTo cOOLITHE «XOTA BRI OOWH AHUCK OKA3WICA B CROeH KopoOKe» DyleT IPOTHMBOMONOXHBEIM K cOBHTHIC «HKu otnH
OHCK He nofMai B cBoio KopobKy». BRYUCTIHM BepOATHOCTH!

0 __ 5, 7

5 _
24&6’ B) l_’ﬁ—l—z-.

1

a) 5

Ilpumep 29. Konoaga kKapT Bei nosgytaeTe 4 kapThl H3 MEPETACOBAHHOH Konoawl. KakoBa BepOSTHOCTE,
YTO CPeIH HUX eCTh XOTH OBl OftHH Ty3?

INocuHuTaeM KOJTUYECTRO BCEX BOZMOXHEIX MCXOMOB ONLITA TI0 NMPaBWIY YMHOXeHHA. IlepBoi MOXHO BHTAHYTh
mobyo 13 36 KapT, BTepoii — mobyio 13 35 ocTaBlINXCA, TpeThell — mobyio W3 34 U yeTBépToil — Niobyio U3 33
ocTablinxca. Obnee Komu4ecTBO MCXoqob n =36 - 35. 34. 33, Obo3HauMM coBBITHE, O KOTOPGM HAET pedhb B 3a-
naue, udepes A H HalOEM BEpOATHOCTh NPOTHBOIOMMKHOTO COOBITHSA

A= {cpenM YeThIPEX BHIHYTRIX KApT HET HU OQHOTO Ty3a).

BnaronpuatHeiMy 2 4 GYTyT KOMEMHAUMK, KOTOPhie HE COREPXAT Ty30B. [1epBbIi 3MeMeHT TaKol KoMBH-
HAINHMH MOXHO BEIOpaTh 32 crniocobamu {roawtca miobas kapta, kpome 4 Tys3oB), BTopod — 31 cnocobom (mwodad,
KpOME 4 Ty30B M yxe BHOpaHHOU) W 1. 4. Beero mo npaswny ymHoxeHus Oyner m=32.31.30-29 ucxonoe,
GraronpUATHLIX BN A . Tenepb MOXHO HAHTH BEPOSTHOCTH'

< 32313029 _ el OEl
PA)= 56735, 34 53 0,61; P(A) =1-0,61=0,39

Boofuie 3amoMAnTe, YTO BO BCEX 3a7avaXx, IHE B YCIOBHM MPUCYTCTBYET $pasa «xoTa 6l OBHH...», [POIIE
HAWTH OTBET Yepe3 BEPOATHOCTH [IPOTHBOICAGKHOID COOBITHA — «HH OLHH...».

Ilpamep 30. CnyuaiiHoe ¢n0BO. M3 4 KapTo4eK, Ha Kaxnoi M3 KOTOPHIX HanWcaHa HeKoTopas Gyksa,
COCTARNEHO cNoBO. KapTotKH MepeMeInBaloT H CIydaiiHpiM 00pa3oM BbIKAAALIBAIOT B PAL. KakoBa BEpOSTHOCTD,
4YTO MONYYHTCA TO Ke caMoe ciopo? Pelivm 3Ty 3amady AnA ¢roB

a) MBLITO; 6) PAMA; B) MAMA.

DNEMEHTADHLIMA HCXOOAMH B 3TOM SKCMEPUMEHTE JUIA BCEX NMPHBEAEHHBIX CJIOB SBAIOTCA BCE BO3IMOXKHBIC
MepecTaHoBKA U3 4 KapTouek, MIX KONWMECTBO, KaKk M B npHMepe 28, nerko HalTH MO NAPaBATY YMHOXEHMA:
4.3.2.1=24. A 0T KOJMUSCTBO GIATOTIPHATHBIX MCKOIOB WIS KAXIOTO cnosa Gyzer ceoum. s crosa MbLTO
CYILECTBYET TOABKO ONHA NMEPECTAHOBKA KAPTOMEK, KOoTopasi KaéT 3T0 cnoBo; s cnoBa PAMA -— aBe Takux nepe-
CTAHOGBKM (MOXHO MOMEHSTh KADTOYKM ¢ OykBaMM A MectaMM); nast c1oBa MAMA — yeTHIpe MepecTaHOBKH

{MOXHO NMOMEHATEL KapTOuKM ¢ 6YKBaMH A M KapTodkHu ¢ Gyksamu M). Orcioga nomyyaeM BEPOATHOCTH:
r I ) 4 1

a) _.l.,‘ _—r = -
24° 24 12’

2476

Ilpuvep 31. Buaetni B TeaTp. Cpean COTPYIHHKOB Aa0OPATOPHH, B KOTOPOH paBoTaloT 5 MYX4YUH n
3 KEHILMHBI, PasbITPHIBAIOT MO kpeGuio 2 6wmwrera B Tearp. C Kakoi BEPOHTHOCTBIO B Tearp MOMAYT MyXHHHa
M XCHIIKHHA?

JKpeBUil COCTOMT B TOM, YTO W3 B COTPYAHHXOB caydaiiHo BeiGupaoTca 2. TakuM oGpasoM, 31¢MCHTaApHRMH

-7
HMCXOOaMH ONbITA SBASIOTCA HEYMOPAAOYEHHBIe Mapbl M3 8§ snemeHToB. KonMuecTBo TaKMX map paBHO T=28.

[MocuMTaeM KOJHUYECTBO Map, B KOTODBIE BXCAWT OBMH MYXYHHA W OOHA XEHINMHA! MYACIHHY MOXHO BHOGDATh
5 cnocobaMu, XeHIuHHy — 3. Beero Takux nap no npasway yMHoxenus Oyger 5-:3=15. Orciona BEpOSTHOCTH
15
ABHA —.
P 28
IIpamep 32. Konopu il 3aMok. Ha nogbeane ycraHOBNCH KOLOBBHI 3aMOK ¢ uHGpaMi OT 0 oo 9. On ot-
KDPBIPEeTCH ONHOBPEMEHHBIM HAKATHEM Ha ONpeneTéHHble TPM LH(PE. C KaKOH BCPOATHOCTBIO, HE 3HAA KoAa
3aMKa, Ero MOXHO OTKPBITE ¢ NMepBoro paza?
Mcxoaamy onbiTa SBISIOTCA BCE BOZMOXKHBIE HEYIOPANOYEHHbIe Tpoliku ukcen or | go 10. HX xonuyectso
MOXHO HARTH, GCIH UCMOIL3OBATh NIPABUN0 YMHOKEHHS W NpaBiio AeleHus (cM. Apumep 16 n3 paspena «Kom-

OHHATOPHKA» ), -]-_?';"IE =120. braronpHATHOR H3 HHX ABIACTCA TOJIBKO O0HA KOMBMHANHA — MCTHHHBIA KO 3aMm-

1
Ka. [Moayvyaem, YTO HCKOMAA BEPOSTHOCTE PABHA 0"
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TpeuunpoBounbie 3anaHuA

3AJ0AHUA BA30OBOMQ YPOBHA

1. Jons 6paka 1pM NPOH3BQACTBC Npoueccopos cocTabaaeT 0,05 %. C kakoil BEPOSTHOCTRIC NTPOLIECCOP TOJB-
KO YTO KYIUIEHHOTO KOMMOLIOTEPA OKAXKETCA MCNPABHEIM?

1) 0,05; 2) 0,95; 3) 0,0095; 4) (19995,

2. U2 kopobKy, B KOTOpO#H @ Gefibix H & 9ipHBmX WApOoB, Hayral BEIHUMAKOT OAMH 10ap. BepoATHOCTE, YTO OH

OymeT OenbiM, paBHal

a . &, ' b
l) Ea 2} ____ - 3) e 4) -

a+b a a+ .b ’

3. M3 caosa SK3IAMEH caygaiineiM 06pa3oMm BeIGHpacTes ogHa Gykea. Kakosa scpOATHOCTE TOMG, YTO OHE
OKaXeTCs NMacHOMH?

4. W3 wiacca, B KOTOPOM v4aTtcs 15 Maneamkos u 10 JeBouek, BEIOHPAIOT MO XpeOHIO OOHOIO ISXKYPHOTO,
Kakora BEpOATHOCTB, YTO 3TO BYAET JNEBOYKa?

S. Tlon6pacriBaoT ABa KyOuka. KakoBa BCpOATHOCTh, YTO B CYMME BRITIAACT MeHblIe 6 0YKOB?

6. [onbpackiBawT 18a Ky6HKka. Kakopa BeposTHOCTE, 4TO 064 YHCIA OKAXYTCA MeHbwe 57

7. B sitmke 3 KpacHmIX ¥ 3 cHHuX wapa. M3 Hero, He MIsAs, BLITACKWBAIOT APYT 3a APYroM ABa wapa. Ka-
KOBa BEPOATHOCTH, 'ITO OHM OylyT OAHOTO LiBeTa?

8. Kaptouxy ¢ uudpami 1, 2, 3, 4, 5 nmepeMelIMBaloT M BHIKTAOBIBAIOT B pAA. KaxoBa BepOATHOCTH, 4TO
MOAYYUTCA YETHOE YHCTO!

9. bykebi ciosa AKTEP nepemelunpaoT H ciyualibiM 0bpa3oM BbIKIanbiBaioT B pad. C Kakoil BeposATHO-
CTBIO MPH 3TOM Hoxy4dMTCs croso TEPKA?

10. BykBrt ciiosa KYGHK nepemMeliupaiot U cny4aliHBIM OGPA30M BRIKJIAABIBAIOT B psia. C Kakoil BEposTHO-
CTBIO CHOBA MOJAYUUTCH JTO KE CAMOE CI0BO?

11. M3 HatamMHOTO KAaccd, B KOTOPOM 25 VUeHUKOB, NO Kpebuio BebOUpadT AByX JeXypHelx. Kakosa repo-
ATHOCTE, UTG OHA OYAeT MeXYPHUThL?

3A0AHUA NOBBILLEHHOIO YPOBHA

12. [IBa yejnoBeKa cANNTCA B MIEKIPHUKY, B KOTOpoit § BaroHoB. C Kakoil BepOATHOCTLIO OHKM OKAXYTCA B pas-
HBbIX BaroHax, CCNH KaXKOBIH W3 HUX BhICHpaeT BaroH ciaydaiiHbiM obpasom?

13. Jlpa MaTpuMKa M NBE JeBOYKH PA3BEIPHIBAIOT M0 Xpeluio apa OMmera B KMHO. € KakoH BEpOATHOCTHIO
B KMHO NOHAYT MaJIbIHK H ASBOYKa?

14. B ypHe 10 wapos 6enoro  yépHore tseta. BepoATHOCTE, UTO CPEIH 1BYX OJHOBPEMEHHO BBIHYTBIX W3
" . i
He€ 1WapoB oba OyoyT 4€pHble paBHa 5" Ckonbko B ypHe Geabix wapos?

15, OnHorpeMenuo GpocaloT 3 MoHeThl. C KaKoH BEPOATHOCTBIO BBIMAOET XOTA OB OAMH op&a?

16. JJByM MyXUMHAM W ABYM XeHUIHHAM JOCTATHCEH XENE3HOAOPOXHbIE GUMETHE B ONHOM UETLIPEXMECTHOM
Kyrc. C kakoif BEepOATHOCTBI) KCHIUIMHBE OKRKYTCA Ha HIDKHMX NOAKAX, a2 MYXUMHE Ha BepXHHX, €ClIM MecTa
B OHJIeTax paclpeenAanTesa cayyaiHo?

17. Homepa nacmopros coctoAaT u3 O 1Mgp. € Kakoid BEPOATHOCTBIO CNyJYailHO BHIOpaHHEBIA HOMep GyieT
MATHHAPOMOM, T. €. Oy/leT 0JMHAKOBO YHMTAThCA B 0GC¢ CTOpoHBL (HanpuMep: (89980)?

18. HoMepa nacnopToB coctodaT u3 O uuchp. € Kakoil BEPOATHOCTBIG B CTyYaHHO BbIOPEHHOM HOMEDE XOTS
OHl ABE LMGBPBI COBMATAIT?

PeiieHMda U OTBEThI

1. 4. 2. 2. OnbIT HMEET @ + 5 PABHOBO3IMOKHBIX MCXOMOE (118POB), M3 KOTOPhIX 4 DRaronpuaTHBIX (Hennix).
3
7

3 2
MPHATHBIX (MMACHBIE OVKBEI). [103TOMY BEPOATHOCTL PaBHA 7 4. %, OnsiT HMeeT 25 paBHOBOIMOXHEIX WCXONOB

5
(y4eHUKOB), U3 KOoTopbIX 10 GnarcnpusaTHbIX (Tesouek). [1oaTOMY BEPOATHOCTE PAEHA % = % . 5. %. ONBT UMe-
eT 36 paBHOBO3IMOXHBIX HCX0A0B. [as HX npeacTaBIcHHUS COCTABMM TaGnHOy, B KJIETKH KOTOpOit BOHINCM COOT-
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BETCTEYIOIUME 3HAYECHUS CYMMBI OUKOB {CM. Tabmmuy w3 npumepa 2i). B 10 knetkax u3 36 cymMa 8ymeT MeHbline 6,

0 _ 5
NO3TOMY MCKOMasd BEPOATHOCTL PABHA %= 1§ 6. %. Pewtenue 1. OnpT nMeeT 30 paBHOBO3MOXHBIX HCXOMOB.
Ina vx npeactasneHun cocTaBum Tatauuy (CM. TIpuMep 22), B KOTOPOM MTOMETUM OIATONPUATHLIE MCXOMB — MX
6ynet 16, [Nonyuaem, uTo BEPOATHOCTL PABHA %-2_ =. Pewernue 2. Tlo npaBuny yMHOXEHHA ONBIT MMeeT 36 pas-

HOBO3MOXHBIX vcxoaoB. YToObB nomyariacs HnaronpusTHLIA HCX0Q, HA MepBOM KyYOHKE MOMXHO BBIOACTL JHOOOE
yHCIo OT | 1o 4 (4 BapHaHTa) U Ha BTOpOM KyDHKe — Joboe 4Yucto or 1 g0 4 (4 BapuanTta). Beero no npaewiy
16 _ 4 -
YMHOXeHUS 4 -4 =16 GMaronpHATHBIX UCXOZoB. OTClona BEPOATHOCTL pPanHa % =35 7. 3. Pewennue 1. Bpeugm
ANS WAPOB CNEAVIOWHAC 0D03HAUEHHS: K), Ky, Kj, €|, €, ¢ (K — KpACHBIH, ¢ — CHHHI). ﬂ..rm NepPeUHCIEHHA Boex
BO3MOXHBIX HCXOMOB ONbITA COCTABUM Tabmuuy 6x 6, AHANOrHUHYIO TABMUIE J18 nRYX KYOHKOB, TOIABKO BMECTO
umpp ot 1 g0 6 Henonbayem 0GO3HAYEHHA, BbleaHHme ana wapoe. KneTkM Ha IMAroHa M MCKIKMUM, TaK Kak
BBIOOP NMPOM3BGIHTCA 0e3 BedBpalllelins. baaronpuaTHhie Mcxonbl oTmeTHM. [lomyuaem 36 —6 = M) paBHoBO3-
1 2
MOXHBIX MCXOIOB OMBITA, W3 KoTOpsIX 12 Baronpuariinix. Mckomaa sepoaTHOCTE paBHa % =< Peuwrenue 2. Ko-
JNHECTBO BCEX BO3MOXKHBIX HCXOAOB ONMbITA HAHIEM NO OpaBUNY YMHOXEHHHA: NepBplM MOXHO BBIHYTH J060A W3
6 mapos, BTOpbIM — A0GOM M3 3 OCTaBIIMXCA, BCETO HCXOAOB MOIvIHICT 6 -5 =30. BaaronpusaTHeIMHA GyOyT
KOMOUHAUMH, B KOTOPBEX WIAPBI UMEIOT OAMHAKOBBIH LUBeT. HaiinéM #x Ko/lH49ecTBO CHOBA N0 TIPAaBHIY YMHOXE-
HHS: NEPBBIM MOXHO BLITALLHTE JIO00H M3 6 [LAPOB, MOC/AE YETO BTOPHM HYKHO BBITALUMTDL OIMH M3 2 OCTABIINX-
CA WAPOB TOTO Xe UBETA; BCEIO TAKWX KOMOMHAUMH Oyvaer & - 2=12. Mckoman BepoaTHOCTS paBHa -;% = % Peuie-
Hue 3. TIyCThe MBbl Ve BHITAlMAK Nepsuiil wap u3 KopoOKU, TOTNA, HeIQ8UCUMO DM 020, KUKOZ0 OF OKATLACH

yeema, B KOpobke OCTa.r[DCb hBa Lu'i]‘Ja M3 [IATH TOTrO Xe caMmoro upera. IostoMy BeposSTHOCTL BRITALUUTE BTODOH
AP TOMO Xe useTa GyﬂcT =, 8. I, Pewenue I. Mcxomamu onbiTa OyayT MEPECTAHOBKM W3 5 undp, KOMMYUECTBO

KOTOPHIX JETKO HAHTH no HpaBPLT[y yMHOXeHHA: 54 .3 - 2. | =120. Urobbl nonyudTs BAATORPMATHLIR HCXOX (T. €.
nepecTAHOBKY C “ETHON 1Mippofi HA KOHLE), HYXKHO TIOCTABHUTH HA NOCAeHEEe MecTo NbYIo U3 gBYX “ETHHIX
nudp (2 BapuanHTa}, Ha NpeanocneqHee — TOOYIO U3 HeTHPEX OCTABIIUXCA (4 BapMaHTa), meped Held — ndylo 13
Tpéx octasmuxcs (3 BapuaxTa) v T. A, Beero no npapuny yMuoxeHus 2-4-3- 2. 1 =48 6naronpHATHBLX HCXOAOB.

48 2 w .
OTcofa BepoOsSTHOCTs paBHA e Peowenye 2, TMockoNeKy 4ETHOCTh YHCNA 3aBHCHT TONBKC OT MOCAENHEH
uydpel, To OvieM BHIKIANHBATL Hallle YMCIO MMEHHO C Heé. BepOsTHOCTH BHITAILMTE M3 5 undp 1, 2, 3, 4, 5

. 2 . .
YETHYI0 UH$PY paBHA 3 DTC ¥ BYIET UCKOMON BEPOATHOCTBIO, TAK KaK OT GCTAMBHBIX YETHIPEX LH(pp YETHOCTE

YHCHA YAC HE 3aBHCHT. 9. Onwr uMeer 5-4-3+2-1 =120 paBHOBO3MOXHLIX HCXOI0OB — 2TO NEPECTAHOBKA

<
120°
1

U3 5 6ykB, baaronpusaTHas U3 HMX ToAbKO oxHa — TEPKA. TloaToMYy BepOATHOCTb DaBHA E 10. w0 OnbiT
umeeT 5-4-3.2.]1 =120 paBHOBOIMOXHbLIX HCXOOOB — 3TO MEPECTAHOBKM M3 5 OyKB. Ecnu 651 Bce GykBBI ObIIM
pPAaNIHYHLIMK, TO GMaronpuATHBIN HeXoa 6ui Obl Tonbke caud. Ho nockonbky Aese Oykepl K coBnarawt, 1O npH
[BYX PA3HBIX OEPECTAHOBKAX OONYYUTes 0aHO H TO ke cnope KYBHK. Takum obpasom, BraronpusTibix HCXOAOR
GVIET NBa, TIO3TOMY BePOATHOCThL PaBHA |;n ‘ n 11. 225 Peienne 1. VcxonaMu oneiTa GyneM CYMTATE YTIOPS-
JOYeHHBIE Naphbl, KOTOPbIE MOXHO COCTABMTh M3 25 yenoBekK. MX KOIM4ECTBRO NO NMpaBHIY YMHOXCHWA OydeT
25-24=600. BraronpuATHEIMY HcxoxaMu OyayT napuel, B koTopbsle BxoouT Hatawa. bharomnpuatieix nap ¢ Ha-
Taied Ha nepBOM Mecte Oyaer 24 v ¢ Hatawei Ha BTOpoM MecTe — Toxe 24. [103TOMY HCKOMasi BEPOATHOCTb

M+24 _

5594 25. Pewenue 2. Ucxonamn onbita ByaeM cHUTATh HEYTIOPSAOUEHHBIE NAPB, KOTOPHIE MGXKHO CO-

paBHa

25.24

CTAaBHTE W3 25 4denosek. Beero takux nap Oyaer = 300. BAaronpUATHBIMHA UCXOMAMH DYIYT HEYIOPSHAQUEH-

HBle Mapel, B KoTopble BxoAMT Hatama. Takex map 24 (Hatamy MoxHC TOCTABUTE B mnapy C JOObBIM W3 24 eé

2 7
OOHOKNACCHHKOSB). TIo3ToOMY MCKOMas BEpOATHOCTh paBHa % =25 12. 3 Pewenue I, ONBT OpencrapisneT co-

GOl BLIGOp ARYX BATOHOB W3 BOCLMU C TIORTOPEHHMEM: NEPBhIH YEADREK MOXET BRIGPATE M0G0 N3 8 BArOHOB, BTO-
PO YeNOBEK TOXKE MOXeT BolGpaTes N060H H3 8 BaroHob. Ofllee KOMMYECTBO HCXOIOB paeHo § - 8, UToGH Hexon
HbL1 GNATONPUATHEIM, NEepBBI UeN0BEK MOXeT cecTh B a06oil u3 8§ Barolios, a BTopoil — B A060H W3 7 ocrae-
7
ITMXCA, NO3TOMY KOMWYECTBO BIAIONMPHUATHRIX HCXOA0B paBHO 8 - 7. OTCH1a HCKOMaA BEPOATHOCTE DyAeT i—s =%.
Petwenue 2. TlycTb MepBelfl YENOBCK YA€ cell B Kakoi-HWOyAbL BaroH. Ecnu BTOpo#l Yenosex BuOMpaeT BaroH
Hayrafg, TO ¥ Hero OCTaETCH 7 wayicoB U3 8 BubpaTh ero Tax, yToObl HE ROMNZCTL B TOT Xe BAarod. [losTtomy mBe-

2 - .
POATHOCTE paBHa —. 13. 3 Peutenue 1. Beeném mna neteli ciemyouine oB0O3HAYEHHA: M, My, O, O; (M — Malk-
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YUK, I — AcBodka). Jna [epeumcieHds BCeX BO3MOXHBIX HCXOJOB OMBITA COCTABUM TabiHuy 4 X 4 {¢M. peleHHe
3amgaud 7). KmeTkH Ha DIHATOHATH HCKTIOUHM, Tak KAK ONHH # TOT Me YellOBEK Heé MOXKET NOJydHTb ABa buieTa.
braronpuATHBIE HCXOABL OTMETUM. [TonywaeM 16 — 4 = 12 paBHOBO3MOXHBEIX UCXOLOB ONbITA, M3 KOTOPHX 8 Gaa-
rornpuATHLIx. HCKoMas BEPOATHOCTE paBHa % :i Pewenue 2. Hexonamu onuta 6YNEM CYHTATh YIIOPAIOUEH-
HEIE Maphl, KOTOPhIE MOXKHO COCTABHTE M3 4 yenobBek. Beero TakHx map nmo npasuwty yMHOXeHHA Oyoet 4-3=12.
BraronpyaTHuMY OyAYT NApel, B KOTOPLIX A€TH WMeT pasHeit non. Ha nepsoe MecTo B TakKoM Nape MOXHO
NOCTABHTE MoBoro H3 4 gerei, Ha BTopoe — moforo H3 2 jereit NPOTHBONONOXHOTC Nona. [lo NMpaBWITY YMHO-
2
XKeHUA OaronpHATHLIX KOoMOHHamuil b6yner 4-2 =28, HcxoMana BepOATHOCTE PABHA %=§. Pewienue 3. by-
JeM CHHMTAaTh, 4TO JABYX «CYACTIABYHKOB» BHIOHPAIOT IOCHENoBaTeNbHO. ITOCIC TOTO KaK BBIOPAAH TEPEOID, Cpe=
IIH OCTABLIMXCA TPEX AETEH OCTANOCH ABOE JETeH NPOTHBONOI0KHOTO nona. [MosroMy HCKOMad BEpOATHOCTL pak-

Ha % 14. 7. QObo3HaUNMM HEM3IBECTHOE KOIHYECTBO YEPHLIX LIApos B ypHe deped x. Mcxoaamu omwita Gymyr

BCEEOIMOXHEIE HEYITOPSAOYEHHLIE TAPE, KOTOPhLIE MOXHO COCTABMTL H3 10 TAYIB. KonuuecTBo TaKMx nap paBHO

":'._2'9 =45, BIaronpHATHBIMM GyIYyT BCEBO3IMOXHEIE NMAPBl, KOTOPLIE MOXHO COCTABHTB H3 X YEPHBIX luapoB. Ko-

NMYECTBO TAKHX Nap PaBHO w 3HayMT, BEPOSTHOCTL BHITAIMTE 2 YEPHBIX wiapa U3 TAKOH YPHHI paBHA
Mx-1) _ 1
x;"ﬁ” MMonydaem ypaBHEHME, KOTOPOE HYXKHO PEelIdTh B HATYPANLHBIX MCAaX: = {;{} .}.=]_5., x-{x-1)=6,

x=23. 3HayuT, B ypHe 3 4EpHbIX wWwapa H 7 Geiaprx. 15. %. Pewtenue 1. Bununiiem B andaBHTHOM MOpAAKEe BCe

BO3MOXHEBIE HCXOABI onwiTa: OO0, O0OP, OPO, OPP, POO, POP, PPO, PPP. Homyuyunu 8 Hcx0a0B, M3 KOTO-
pEIX 7 coAepkaT XOTs Ohl oAHOTC opna. [Tomywaem, 4r0 BEPOATHOCTE DABHA % Pewenue 2. ONBIT UMceT 2° =8
PABHOBO3MOXHBIX HcxodoB., BMecto coOuiTHA A = «BeinazeT xora Obl OOHH OpPEN» pacCMOTPHM IIPOTHBOIIONHK-

Hoe eMy cobpnTie 4 =<«He BpmaneT HU ogHoOTO opnar. Ho »To O3HAYAET, UTO BRINAAYT BCE TPH PEILKH. TaKHM
obpazoM, 1na A uMeeM eOMHCTBEHHELH GnaronpusaTHHA Hexoa: PPP. Orcloma P(A)= %, CAeIOBATEILHO,

- ‘? ar
PlA=1-P(A)= 3 16. %. [lepedopMyupyeM 3amady: U3 OBYX MYy#4HH H JBYX XKCHIUMH ClydaitHo BRIOHpaeMm
IBYX 4YENOBEK, KOTopble OYOYT CMaTh HA HMXKHHX monkax. C Kakoil BEpPOSTHOCTBIO 3TO OVIYT IBE XeHIMHHEL?
IMoayuuiy cHTYaLuio, KOTOpas yxe paceMarpibanack B 3agade 13, 17. 0,001. QObuiee KORHYECTBO MCXONOB PABHO
105, TIanMHAPOM M3 wecTH LGP OIHOZHAUHO OIpenenseTcd MEPBLIMU TPEMA UH(BPAMH, KAKAYID M3 KOTODRIX
MO)KHO BuIpaTh 10 criocofamm, MOITOMY KONMHYECTBO GIAMONPHATHRIX HCXONOB pasHo 10°, MckoMas BepOSTHOCTD!

05 =0,001. 18. 0,8488. llycte A — TpebyeMoe B ycnoBrun cobnTie (ecTh coBnanaiomMe wiudgpe). Haiiném pepo-

STHOCTE NPOTHBOMONOXHOIG COOBTHA A = <«Bce UM(PH B HOMEPe MACTIOPTZ padHbier. OBLIEE KONHYECTBO UC-

xomoe pasHo 105 KosnuyecTBo HOMEpoB, B KOTODBIX Bce UWMpPB pasube, — 10-9-8.7.6-5, orciona

P(A)= %?ﬂ =0,1512 u P(4)=1-01512 =0,8488.

8.3. CraTucruka

Teoperuueckne cBeIeHHS

Yro Haydyaes CTATHCTHKaA

TeopHs BEPOATHOCTEH HIYUaeT MATEMATHYECKME MOJICIM MACCOBEIX CIyYaiHBIX ABIeHMI (cM. 8.2). Ho or-
Kyda 3TH MOACAH 6epyTesi? B HEKOTOPRIX CTyuasix MOAETb MOXET OBITh IOCTPOEHA YMO3DUTEIBHO, HCXOAA, HANPH-
Mep, H3 DABHOBOIMOXHOCTH BCEX HCXOLOB IKCMepHMcHTA. MUMEHHO Tak oOCTOMT Ieno B ONHTAX ¢ MOHETOI,
KyGHUKOM H OpYTMMH WIcaAbHBIMH obbkexTamMy, Ho B Gonee CHOXHBIX pPEAIBHBIX CHTYALMAX MOCTPOEHME MOLENH
MPOHCXOAWT TOAbKO ITOCIE TIUATEIbHORO aHANH3A DOABUIOTO KOMHMECTBA IKCTICPUMEHTAIBHEIX NaHHBIX.

CHopom, cHCTEMATH3AUMEH B AHANHIOM 3THX JAHHBIX 3AHWMACTCH CTATHCTHKS. CTATHCTHKA B GOnbIUeii
CTEIEHH, YEM TEODHS BEPOATHOCTEH, CBH3aHA ¢ MPEAMETHOH O0MACTBIO, K KOTOPOH OTHOCATCH CTATHCTHYECKHE
AaHHme, [To3ToMy CTATHCTHKA ObIBA¢T 3IKOHOMWYECKHA, MESIMIMHCKON, Jemorpadiueckiii W T. A.

HIkoABHEA Kypc MaTeMaTHKH OIPAHHYHBAETCH NOHATHAMH H METONdMM ONHCATEILHON CTATHCTHKH, KOTO-
pas 3aHHMAacTCH NepBMYHOR 0OpaboTKoR cTatucTHYeCKOH HHGhOPMALMH:

* TIpeACTaBiACHHEM €€ B BHIC YIODHO uMTaeMBbiX TaGMIL,

* H300pPaKEHHEM Ha JMarpamMmax;

* BbIYHCNEHHEM HauOO/Mce MOKA3ATENBHEIX YHC/IOBRIX XapaKTEPHUCTHK,

122



bonee TOHKMMH WCCIENOBAHMAMM — OIEHKON HEHIBECTHLIX MapaMeTpoB, MPOBEPKOM THIOTE3, U3YYEHHEM
CTATHCTHYECKHX CBA3eH M 3aBHCHUMOCTEN — 3aHMMAETCA MATEMATHYECKAM CTATHCTHKA, M3VIEHHE KOTOpOii He
BXOIMT B mporpaMMy obnicoOpazopatenbHo IKOMK.

Tabnuusi w gHarpaMmbl

CraTHCTUYeCKNX JaHHEIX BCErOa HYXHO MHOTe. YToOml He YTOHYTE B 3TOM MOpe UMD, HX NpEncTaBis-
10T B YAOBHOM s YenoBeka buae. HanGonee npocras v ynmorpebuTensHaa GopMa TAKoro npeicTaBieHs — Tab-
AHLR.

B ¢amoMm npocroMm cayuae TabnMua JeMUTCS HA CTPOKH H CTOI0NBI (MHOIMA MX HA3ILIBAIOT KOIOHKAMM).
Yaine Bcero Kaxmeifl cTOMOCI UMeeT HA3BAHME, KOTOPOS yKA3LIBAETCA B BepXHell KneTke Kaxnoro cronbua. Oyens
YAcTe K OOBBIYHBIM CTpOKaM M cTonbiaM B TAOMMLAX HODABMAIOTCS TAK HA3LIBAGMhIe HTOMOBRME CTPOKH MHIH
cToI0LL. O otMedaioted cnoBaMd BCETO uimy UTOTO U conepxaT cyMMAPHEBIE 3HAYEHUH COOTRETCTRYKIIMX
suecK TaOIMLLL.

Ilpumep 1. Hacenedue mupa. B tabnuue npupeaeHa AMHAMMKA DOCTA HACEIEHMS HA KAXIOM H3 KOH-
THHEHTOB M YACTEH CBCTA:

Hasnanue {E‘?.u:ﬁzl; 1950 1960 lgiacNEH:;;;m“ qeﬂlzgﬂ 2000 201

0
Adpuka 30,4 224 282 364 4580 637 821 965
KOxHag Avepuka 17,8 168 220 288 364 444 523 572
CerepHaa AMepHKa 24,5 172 204 232 256 284 36 139
A3NA 43,8 1411 1704 2139 2636 3181 3705 4030
Eppona 10,2 548 605 657 693 721 729 731
ABCTpAIHA 7.6 13 16 20 23 27 il 34
AHTApKTHAA 13,7 — — — — — — _
HUTOrO 148 2535 3032 3699 4451 5295 6124 6671

Tabnuila NOIBONSET OTBETUTE HA MHOIHE BOIIPOCH:

1) Kaxasa 13 yacTeil cBeTA UMeeT MaAKCUMAIBLHOE HaceaeHHe?

OTBeT: A:ms_l.

2) Kako#l 3 MaTepHKOB HMEET MHHHMATBHYIO MAoans?

Oteet: ABCTpaNuW4.

3) Ha xakoM M3 MaTepHKOB WJIH YaCTeil CBeTAa HA JaHHEIA MOMCHT MaKCMMAaNBHAd MIOTHOCTE HACEIEHHUAT
LA oTBeTa Ha 3TOT BONpoc K Tabnuue nNpuaETcd NPUCTPOUTH JONONHUTENBHEI CTONDEL], B KOTOPOM HeoOXOIH-

MO MOCYHTATh MIOTHOCTE HACENEHMS, T. €. OTHOLUCHKUE HACCACHHUA K ILTOLHAIN:

Haamsanuwe ILnomane (MaH KM2) Hacesensne {MIH uen.) TLnoTHOCTR
Adprka 30,4 965 31,74
KOxHan Amepnka 17,8 5372 32,13
CeBepHas AMepHKa 24.5 339 13,84
A3us 43,8 4030 92,01
Espona 10,2 731 71,67
ABCcTpanA 7,6 34 4,47

OTBeT: A3Nd.

4) Kakyio 4yacTh 3eMHOM CYIIM JAHMMAET ARcTpanua?

6
(Oreer: a8 0,05,
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5) Kaky1o yacTb HaceneHHA 3eMiH COCTaBIAET HaceneHyue AdpHKH?

. 965
Oreer: & 014,

6) Ha ckonbko NMPOLEHTOB BO3POC/IO 3a MOCHEOHHE NojiBeKa HaceaeHHe Esporbi?

OrBer: %-wo% ~21%.

Tabsmisl MO3BOJSIIOT NPEACTABUTh CTaTUCTHYECKYIO0 MHGOPMALIMIO B KOMITAKTHOM M YIOOHOM Ui BOCIpHS-
THA dopMe. Ei€ 6osce HaIIAOHBIM CIOCOOOM IIpeacTaBieHUS MHGbOpPMaLHH SBISETCA IpadUUECKHIA.

IIpumep 2. Hacenenue mupa. [locMOTpUM Ha pUCYHKH, MOCTPOEHHBIE MO JaHHBIM M3 NpuMepa l.

ITo pucyHky 8.1 ynob6HO mpociexmnBarh JMHAMUKY MU3MEHEHMS] HACeJeHHs C TEYEHHEM BPEMCHM, IO PUCYH-

Ky 8.2 MOXHO CpaBHMTb HaceJleHMe KOHTMHEHTOB, a 10 PUCYHKY 8.3 — COOTHOHIEHUE MEXIY 3aHMMAEeMbIMH UMM
TEPPUTOPUSIMH. DTH PUCYHKHU Ha3bIBAIOT JAMArpaMMaMHM.
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JuarpaMma Ha pHcyHke 8.1 — 370 obbyHbI Tpaduk KycouHO-nHHeHON GyHKIMKH. Takoro poma AHarpaMMbl
YACTO HCTIONB3YIOT, YTOGR IOKA3ATh M3MEHEHHE KaKoH-TMGO BETHYMHBI ¢ TEUEHHEM BPEMEHH. HA TOPH3OHTANb-
HOIl MPAMOH OTMEYAINT AAThI WIH MOMEHTH BpeMeHH, a [0 BEPTHKAH OTKIANKBAIOT 3HAaYEHHS M3y4YaeMoll Be-
NMYHHLL (B HAlIEM TIPUMEPE — HACEMEHNE, HIMEPAEMOE B Max veq1.). [IoTOM COeAMHAOT NOAYHEHHHIE TOYKH N0~
MAHOH JIMHHEH.

Juarpamma Ha pucynke 8.2 HaswiBaeTcd CroabuaTost (Win crondukoso#). [lo ropusoHTany paccTaBASIOT
METKH ¢ HAsBAHMAMM KaKWX-THO0 06REKTOB (B Halllem Clydae — KOHTHHEHTOE WIH YacTeH cBeTa) M Hal KaKAoii
METKOH DHCYIOT cTONOHK, BBICOTA KOTOPOTO paBHA MHTEpECYIOLIEH Hac BenHuHHe (HaceneHuio). Ha croabukoBoi
AMarpaMMe XOpPOINO BHIHBL KOMHIECTBEHHbIE COOTHOIIEHHS BENHYHH ApYT ¢ APYroM. IIpH 2TOM MOXHO mocTpo-
WThL ABa U GoJee pANOB Ha OAHGH AMarpamMwse (B Halues NpHMepe TEpBuI pan cooTeetcTeyeT 1950 rogy, a BTO-
poi — 2010-Mmy).

HdnarpaMmMa Ha pucytke 8.3 — kpyrosas. PpaHilyibl Ha3HIBAKT €€ «kaMaMGepOM», NIOCKONBKY OHA ACHCTBH-
TEMbHO HAMOMMHAET MONOBKY 3HAMEHHTOTO (DpaHUY3CKOro Chipa, pa3pe3aHHylo Ha OOMbKY. Kaxman gonpka cooT-
BETCTBYET OOHOMY M3 PACCMATPHMBACMBLIX 00LEKTOR (KOHTHHEHTY WIH 49acTH cBeTa), a €€ pa3Mep NpOTOPLHOHANEH
MHTEPECYIOUICH Bac BeIMYHHE (IUiollagH). YToOm nocTporTh KDYTOBYIO JHArpaMMy, HYAHO NOICTHTH BECh KpyT
Ha CEKTODH! TaK, YTOOBLI WX YIMOBBIE MEDhH OKAa3aJHCh B TOM K€ COOTHOLIEHMH, YTO H NpeICTaBIcHHLIE HA OHa-
TPaMME BEITHYHHEL. '

FeHepanbHan COBOKYNHOCTB W cAyvadHan swbopka

OCHOBHEIM METOAOM CTATHCTHKHW ABNAETCE BHIGOPOUMBIH Metod. CyTb €ro COCTOMT B TOM, YTO B PEaIbHOM
ONLITE MBI HAOMIOA3EM HE BCKO COBOKYTNHOCTL SABJIEHHH HIW ODBEKTOB, KOTOPBIE XOTENH 6bl H3YUMThL, a JHIUIbL
KaKyI0-TO MX 4yacTb. Hampamep, NpH oNnpeaeneHHH YPOBHA POIHWYHEBIX LUEH HA OEHIWH MpaKTHYECKH HEBOIMOX-
HO BBIACHWUTH LEHHE HA BCeX DEHIOKOMOHKAX, TMO3TOMY MPOBOIAT BhIGOpPOYHOE OGCNENOBAHHWE JIMIUL MATIOM MX
YACTH.

Bca COBOKYIHOCTH SIBAEHHI WM 00BLEKTOB, NOAMEKAUTAX CTATHCTHYECKOMY HCCIEI0OBaHHIO, HA3LEIBAETCA re-
REPANBHOH COBOKYNMHOCTLIO. DIeMEHTAMH TeHEPANbHOM COBOKYIIHOCTH MOTYT OITH HeOnylleBnéHHEIE npeame-
Thl, KHUBLIE MIOOH, NPUPOAHBIE SBJIEHUA, QUIHYECKHE IKCNEPUMEHTR U T. 1. O0HAKO B KAXI10M KOHKPETHOM MC-
CNenoBaHHH TeHEePAIIbHAA COBOKYITHOCTL JOMKHA DLITh NOCTATOMHO OJHOpOAHOH - no xpaiiHed Mepe, B OTHOWE-
HHU TEX XAPAKTEPUCTHK, KOTOPBIE MBl COBMPAeMCA HMIydaTh. B 2TOM Cayvae Kamahil 3IEMEHT TeHepanbHOR
COBOKYITHOCTH OIIMCHIBAETCA OTpedeléHHBM HabopoM IpH3IHAaKoB, NOBEISHHE KOTOPHX HM3ydyaeTca. B mpocteii-
UIHX CUTVALMAX 3TOT NPU3HAK BCEMO OJUH W ONMUCHIBAETCH LICTBIM WAH ACHCTBHTEABHBIM YHCITIOM.

[Ipnmep 3. UeHbl Ha OeH3WH. [eHepaibHad COBOKYIIHOCTh — BCe OeH3IOKONOHKH PoccMM (WIH Kakoro-
nubo pervoHa). McenenyeMulii MpU3HakK — weHa Ha 92-H GeH3anH,

[Ipumep 4. CocTaB ceMbH. [eHepalbHAs COBOKYMHOCTh — CEMBH POCCHAH (FUIH KaKasi-TO KaTeropus Ta-
KX ceMed). MccnenyeMBlil NIPHU3HAK — KOMHYECTBO YENOBEK B CEMLE.

H B TOM W B ApYTOM NpHMEpe MPakTHYECKH HEBO3MOXKHO NOABEPIHYTH ODCIEA0BAHHIO BCKY COBOKYIIHOCTh
ABMEHUII UAH O00LEKTOB — 3TO WM CIHLUIKOM AOPOro, WiIH BoODIE HeBoIMOXKHO, [103TOMY M3 Beeil reHepanbHOi
COBOKYTIHOCTH Ana obciegosaHWA BrOHPpaloT HeDonbioe (0 CPABHEHWIO ¢ TeHEpPATBHOH COBOKYIHOCTBIO) KO-
HEYHOE MHOXECTBO INMEMEHTOB, KOTOPLIE COCTARNNIOT CAYHAHHYI0 BRIBOPKY. DTH 3IeMEHTLI H3YYAIOT, BLISBIHIOT
Pa3THIHBIC XAPAKTEPHCTHKH M 33KOHOMEPHOCTH, 4 3aTeM IepeHOCAT NMOMydeHHEIE pe3yabTaThl Ha BCIO FeHEpalb-
K¥I0 COBOKYIHOCTE. B 3TOM M cOCTOMT ¢yThb BRIOGPOUHOTO METOAA — MO Pe3y/ILTATAM, NOJYYeHHBIM B BHIGOPKE,
MOTBKTATRCA  CASNAThk BbIBOOH 000 Bceli reHepambHeil coBOKynHOCTH. EciM BeIGOpKA penpezenmamuena
{I0-pyccKH — MPEACTABUTENBHA)Y, TO TAKOH METOA OKasHBAETCHA BIOIHE YCIIELIHbIM,

IIpumep 5. Brubopu mM2pa. [enepanbHas cOBOKYTIHOCTb — BCE KHTENH TOPOAA, AOCTHTILHE H3GHUpaTeTh-
Horo Bospacta. Ilepea BeGopaMKM NpoBenH BHIOOPOYHBIN ONPOC [N TOTO, YTOOB! ONPEIEAHTD, CKOMLKO YCNOBEK
MPHAET Ha H3DUpaTenbHEle YYAaCcTKHM B JeHb Bbibopos. Ma 2000 onpowennnix B850 genoeex 3aseunwm, 4to npuayr
Ha Boibopal. Crofibko MIGHpaTeNncH cacayeT 0XMAaTh Ha YYaCTKax, eCJH B ropoae okoto 350 Teic. XMTene, do-
CTUTTMX N3BHpaTEeIsHOTO BO2pacTa?

Bocnoapayemca BIGOPOHMHBIM METOOOM H [EPEHECEM JaHHEIC, NOMYYEHHEIE B BLIOOPKE, HA BCIO TEHEPaNbHYIO
850 17 .
COBOKYITHOCTE: - o = L_n — TaKOBa 001 B BLIDOpKE Tex, KTO MPHAET Ha BRIGOpL;, oTcloda 350 000 - % =148750 —
TIPUMEPHO CTOALKO NIoAEH CICOVeT OXHIATh Ha WIOMPATENBHBIX YYACTKAX.
B cTaTHCTHYECKOM MCCNENOBAHHMH KAXALIH BMeMEHT NeHepanbHOM COBOKYITHOCTH MPEncTaéT KaKk Habop ompe-
JACTIEHHBIX, Hallle BCEro YHCMOBBIX, XapaKTEPUCTHK, HOITOMY, KOIIA JEI0 IOXONHT 10 0BpaboTKH PE3YILTATOR Bhi-
BOpKY, OT NPeAMETOR, NIOISH WM ABRNEHHH OcTaloTcs TonbkKe Ydcna. C 3Tol TOYKH 3peHUs BHIBOPKDH MOXKHO

CIHTATH HaGop GHCEN, NONYYEHHKH B PE3VIRTATE CTATHCTHYECKOTO HAOMIOAEHWA.
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Ifpumep 6. lleurr Ha GeH3un, IIpn BLIGOPOYHOM HCCAEIOBAHMH POSHHYHBIX UCH Ha 92-i GeH3MH GbUTa
noNy4YeHa cleqyriias BuBOpKa:

22.4; 22.8; 22.4; 23,0; 22,5; 22,1; 22,5; 22,4; 22.95; 22,6,

Ot 10 6¢H3IOKOI0HOK, TIOTIABIIKX B BLIDOPKY, OCTANHCh TONBKO 10 uucen — HeHbl Ha 92-( GEH3MH, BHIPAKEH-
HBIE B PYOILIX.

Tipumep 7. CocTap cembu. Cpean YYEHHUKOB, NMOCEMAKIINX KPYKOK M0 COMMONOMMM, GBUT MPOBedEH
ONIPOC: M3 CKOJIBKMX YENOBEK COCTOAT MX CeMBM? B pesynrTate ObUia nonydeHa Caenyiollas Beifopka:

22333342332323232432232452332432343323533

3neck KaXAOS MHCIO O3HAYAET KOMMYCCTRO YENOBEK B CEMBE COOTBETCTBYIOLIEID YJeHMKA.

MNocne Toro kak nposeaeHo nwGoe BHICOPOuUHOE 0BCNenoBaHME, BCTAET npobnema 0GPabOTKH MOMYMEHHBIX
pezynptato. [leperiii Wiar, KOTOPbhIA MOXET 3HAYHTEABHO OOAErYHTb paboTy ¢ DBONBIMMMH MACCHMBAMM JaH-
HEIX, — 5TO X YTIOpAIoUYEHHe. VNopaioduM YHCIa, NOTYYEHHBIE B HaUieH BHIGODKE, MG BO3PACTAHHIO!

2222222222222233333333333333333334444455

Hucnosoft HaGop, B KOTOPOM Bce MIEMEHTHI YNOPAAOYEHB MG BOZPACTAHHIC, HALIBACTCH PAIGKHPOBAHHBIM.
Jnst ananu3sa oH ropasgo ynoOHee: Temeph MBI ICHO BHIMM, YTO MHHHMAIBHOE 3HAYEHHME B HEM paBHO 2, a Mak-
cumMansHoe — 5. BruaHo, Kak 4acTo NOBTOpAETCA Kaxgoe M3 3HadeHWH. [pasna, nocneaHee 3aMeyaHWEe cIpaBe-
JHBO TOABKO GNarogapA TOMY, HTO BBITMCAHHEIA HaGop COAEpXHT HE OYeHb MHOTO MHMCEI. A YTO NelaTh, €CIH
ATHX YHCel COTHH WM ThicH4n?

CoBeplIEHHO QYEBUIHO, YTC Taxkoi Habop MOXHO NPEACTABHTH 00Me¢ KOMIAKTHO, €CTH YKAibIBaTh TOMBKO
Pazaudibie 3HAYEHUA, BCTPEYAIOUIHECA B HA0O0PE, H KOJHYECTBO NOBTOPEHMM Kax10r¢ U3 HUX. CoOTBeTCTBYIO-
ad TabJMuila Ha3EIBACTCH YACTOTHOH TAOmHUeH vwiu tabnHuel pacnpeneneHns 4acToT:

CocTas ceMpu Konuyectno cemeit Yacrora
2 14 0,35
3 19 0.475
4 5 0,125
5 2 0,05

IlepBBifl cTeAbE1 4aCTOTHON TAOIMLBI COTEPKUT PAVIANHEE 3HAYEHUA HabniofaeMol BelWYMHLL, YNOpHEAO-
YeHHBIC 10 BOIPACTAHHUIO, BTOPOH cTonlell — CKOABKO pa3 3T0 3HAYSHHE MOBTOPIUIOCE B BEIOODKE, a4 TPETHIT — Ka-
KYIO JOTI0 3TH 3HAYEHHA COCTABIAKT OT BCeH BRIOOPKH, T €. HX YACTOTY.

Yucnoesie xapakrepucTuku Habopa uucen

AHrmHHCKMi cTaTtHCTHK P. ©Hinep nucai: «CTaTHCTHKA MOXeT ObITh OXapaKTepH30ORaHA KAK HayKa O COKpa-
WeHHH W aHAIHIe MaTcpHala, MONYYeHHOro B HabmiomeHuaxs, B mpeIbUlyliMx MyHKTAX Mbl Hay4HJIMChL ITpen-
CTaBAATh CTATHCTHYECKME AAHHLIE B BHAS TaDAHMLL M NHAarpaMmM. MOXHO NOHTH ewé Aanbuie W 3aMEHUTh BCIO
COBOKYITHOCTE JaHHBIX, MOJYYEHHBIX B BEIBODKE, OMHUM-ABYMS YHCIGBBIMH MApaMeTpaMH, KOTOpele OVIOYyT CBOE-
o0pa3HONi XKBWHT3CCEHLIMEH BCcero Habopa uwncen.

Cpenrne XapaKTePHCTHKH OTIHCEIBAOT MOTOXEHHE BCETO YHCIOBOTO HAb0pa B LIENOM Ha YHCIOBOH TIPAMOIA.
HanGonee M3BSCTHOH W yNOTpeOMTENBHON TAKOH XapaKTepHCTHKOW ARIAETCA cpenHee apHpMeTHuecKoe, KoTo-
poe MOXHO TOAYYHTh, ¢CIH PAVISIHTE CYyMMY BCeX YHCGT HAa WX KOMUYeCcTBO. B cTaTHCTHKE 3TY BeIHYUHY Ha-
3LIBAIOT £IIE CPeIHHM 3HAYEHHEeM WIH BHIOOpOYHBIM cpelHHM. Ecnu Habilonaesas npM 3TOM BeJHYHMHA ofo-
3HauaeTca BYKBOH X, TO cpeldHee apMdMeTHYeCKoe — .

B B0ABITHHCTBE PeanbHBIX MCCIISNOBAHHA HMEHHO cpeaHee aputMeTHUECKOE HecEr Haubosee BaxHyw (HO,
pasymeeTcs, He BCIO!) HHGOPMALHIO 00 HM3ydyaeMOM ABIeHHH. JIOCTAaTOYHO BCIOMHMTB BBIDAXKEHHA <«CDELHHH
Bamwis, «cpendas 3apIulaTas, «CPEAHHNA JOXOA», XODOLUO 3HAKOMBIE U NOHATHEIE GOJIBIIUHCTBY AKMIEH, NanéKUX OT
MATEMATHKH.

IIprmep 8. OTMeTKH no anre6pe. ITycTe YHEHHK NOIYIWI B TCUYCHHC TNCPROA ydchHOH YETBEPTH Clie-
NywinMe OLeHKH no axredpe:; 5, 2, 4, 5,5, 4,4,5,5,5
Hadiném ero ¢cpenaui Gann, T. €. cpeaiHee apHGMETHYECKOE BCEX OLICHOK:

5+2+4+5+5+4+4+5+5+5 =44,

X = 10
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HMMenHe 5Ta BenH4uHHa, CKOpee BCero, 6yAeT mMaBHRM OPHEHTHPOM U YYMTENA TPH BLICTAB/ISHHH YeTBEpPT-
HOH OLEHKH. 3aMeTETe, YTO CpeldHEee JHAYEHHE 4UCI0BOre Habopa BIIO/IHE MOXET HE COBIMAJATE HH ¢ OJHMM H3
ero yucen B Haiem npuMepe cpeaHMi Gann noayunncs 4,4, XOTH BCE OLEHKM BHIPAXAIMCH LIENIBIMM YHCAAMH.
Cllenys NONy4eHHOMY PE3Y/LTATY H H3BECTHOMY BaM INpPABHAY OKDYI/IEHUN, YYEHHKY NPHIETCA MTOCTABHTD 4.

Ho MOXHO MpHBECTH BeCOMEIE ApTYMEHTHRI B MOAL3Y JPYroil WTOrOBOH OLEHKM — NATEPKHM. Belbk HMMeHHO
TAaKylD OLEHKY Y4eHHK ITONYYan B TEMEHHE YEeTBEPTH dalle Bcero, Taxast YHUCAoBas XapaKTEpMCTHKA HA3BIBACTCS
B CTATHCTHKe Momoil. Monmoit unucnoBoro HaGopa HA3BIBAIOT YKHCIO, KOTOPOE BCTIPEYAcTCH B 3TOM Habope Ham-
Donee Yacto. MoOX3i0 CKa3aTh, YTO OHO B 3ToM Habope caMoe «MoaHoe». 1A Hallero nNpUMepa Moga pagHa J.
B omINYHe OT cpeaHero apH{@MeTUYECKOro, KOTOpOe MOXKHO BRIMUCIMTL AMM JTI0G0Oro YMHCAoBoro HaGopa, MOX
moxeT Boodie He ObiTh. Hanmpumep, MycTh TOT Xe y4€HHK MMOAYYHI MO PYCCKOMY AIBIKY CASAYIONINE OTMETKH;

4,2, 3,5

Ka%1aa oTMeTKa BCIpedyaeTcs B 3ToM HaGope TOABKO ONHH pa3, H CPedH HUX HET 4MCAd, BCTPeYarlIerocs
qamme ApyTHX. 3HAYHT, ¥ 3TOro Habopa HeT MOMLL.

Ewé oaHo#l Baxuoil cpefHell XapakTepUcTUKOW YucnoBoro Habopa SABNSETCA €10 MeHaHa — YHCAO, KOTOpOoe
IENHUT Bech HAGOD Ha JBe PABHHE N0 KOAHYECTRY YHCeN YAcTH. Bosee TouHO, Menmanoil ducaoBoro Habopa Ha-
3BIBAIOT YHCAO M3 3Tore Habopa (MM NoTyCyMMY ABYX Ero uHce), CNeBa M CIpaBa OT KOTOPOTO Ha YHMCNOBOW
NPSMOH JIEXUT OMMHAKOBOE KONHUECTBO YHCen W3 3Toro Habopa. Urobbl HaAHTH MeadaHy 4UCIOBOro Habopa,
HYXHO CHauana yNopAgouYNTh €r0 10 BO3PacTaHHK. B HalleM NIpHMMepe ¢ OLEHKAMH 3TO BHIGIAAMT TakK:

2,4,4,4,5,5 55,5, 5.

Ecnin Ha®op coagpXKUT HEYETHOS YHCIO YHCEN, TC HYAKHO B3ATH YHC/IO, KOTODOE HAXOIWTCA POBHO NOCEpe-
nune. Ecnu Habop comepkHT YETHOE YHMCAO YHcen (KaK B HallleM TPHMEpPE), TO HYXHO BIATh OBa cPEMHHX YUCTa
U HAHTH HX TIONYCYMMY: -5;—5 =35.

OTMETHM BAXHBIE CBOHCTBA CPEIHEN0 apHGMMETHUECKONO, MOAE M MEIHAHK, BMTEKAIOUIHE H3 MX OMpeaene-
HHA

* BCE CPEIHHE XapaKTEPHCTHKM MOMNaJanT HAa OTPE30K OT MUHUMAaNLHOTO 10 MAKCHMANBHOTO 3HAYCHHA YMC-

noporo Habopa;
* JIpH YMHOXEHHM BCceX YHceNl HaGopa HAa OfHO M TO K& YHMCAC BCE CPEeAHME XApAKTEPUCTUKH YMHOXAOTCS
Ha 3TO K& YMECIIO;

* [pU NpUOABIEHHH KO BCEM YUCAAM HADOpa OOHOTO H TOTO XKe YHCIA KO BCEM CPEIHHM XapakKTepHCTHKAM
TIpUGaBNASTCA ITO Xe YHCIIO;

* MeIMaHa gpagercs GoMee YCTOWUMBOW, 4YE€M CpelHee apHMeTHeckoe, XapakTePUMCTHKON 10 OTHOLIEHHIO
K UCXONHMM AAHHBIM {3 31AMHT, H K OIUMOKAM B 3THX HaHHEIX).

ITocnenHee cBOHCTBO O0BACHHM Ha NpHMeEpe.

Ilpumep 9. enn Ha Oc¢HauH, Hafaém cpeaHee apudmMerHueckoe H MeIHMaHy LeH Ha GeHIHH, npuBe-
JAEHHHX B npumepe 6:
24+ 228+ 2244234+ 3254220+ 22,5+ 224+ 2295+ 226 _ 22565 _ 22,565

X= =
10 10

YT1oOK HaHTH MemMaHy, YMOPSACUNM LIeHbl 110 BOIPACTAHUID:
22,15 22,4; 22,4; 22.4; 22,5; 22,5; 22,6; 22,8, 22,95; 23;

OTKYAA MeIuaHa paeHa 22,5.

IMpeacraprM cebe, YTo NPH TEPEMUCHIBAHHK (WIH TIPH BBOAE B KOMNBIOTEP) B HallY BHBGOPKY BKpanachk J0-
calHafd OTUIOLHOCTE: NPH 3alMCH ONHOIMD H3 YHCEA MEI IIPOIIVCTHAM AeCHTHYHYIO 3amsaTylo U BMecTo 22 8 Ha-
nucany 228. Toroa cpenHee apudMeTYeCKOE pe3yiLTATOB BO3PACTET ¢ 22,565 mo 43,085 (moyTH B ABa pazal),
a MedHaHa OyldeT no-mpexHeMy 22,5 pyGis.

Cpeanee apMOMeTHUEC KOS, MEIMaHA ¥ MOda NO3BOAAIOT OUEHATE NMOBSIEHME YHCIOBORO HaboOpa B CpeHEM.
IToHATHO, 4TO 3TO JANEeKo He BCEFAa Aa€1l TMOMHOE IPEACTABREHME O NOBEIEHHM M3ydaeMoil BenuyuHber. Hanpu-
Mep, Ha [aHete MepkypHH cpellixa temnepatypa +15°, Mcxons M3 3TOTO CTATHCTHYESCKODO MOKAIATENA, MOXHO
MoOyMAaTh, YTO Ha Mepxypun yMepeHHB KaMMarT, vIOOHRIH Id XHIHH mofel. OAHAKO Ha CaMOM Jelie 3TO He
Tak. TemnepaTtypa Ha Mepkypun kojefnerca ot ~150° o +330°, 3xauur, 4ToOB NOJYYHUTH NPEICTABACHUE O TO-
BCACHMHN HaOModacMOH BENMHYHHRBI, [TOMHMO CDENHMX XapaKTepHCTMK Halo 3HaTh XAPAKTEPHCTMKM pasdpoca
WK PACOEAHMSA, [TOKA3BIBAIOIIHE, HACKONBKO 3HAYEHHR B HAbBope pasIMJYaloTcs MeXAy coOoi, KaK CUALHO OHH
pa3bpocaHbl, paccesHbl BOKDYT CPEIHHX.
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IMpocreineii Takoll XapakTEpPHCTHKON ABNseTcsa pa3Max. Pasmax — 3T0 pasHOCTL HAHOONBILETO W HAUMEHb-

tirero stlatet it YcAoBoro Habopa. Jns TemepaTypel Ha MepkypHn, HanpuMep, pasMax pasel 350° — (—=150°) = 500°,
KoHeuHo, Takoro nepenafa TEMIEPAaTYp YENOBEK BLLAEPKATh HE MOXET.

IIpumep 10, lleHt Ha Oew3auu. HalingM paivax ued w3 npuMepa 6 (W 9:
23-22,1=0,9.

IMouATHO, YTO YeM MEHBILUC pa3MAX 1eH, TeM YCTOHYHBee PMHOK. PaiMax oueHb MPOCTO BLIYUCIACTCHA, HO HE
BCEra HecET OOCTOBEPHYID WHGOOPMAUMK), TAK KAK HA €0 BEJHYHHY MOXKET CHIbHO MOBJIMATL KaX0e-To OAHO
{BOIMOXHO, 0IUHOOYUHOE) JIHAYeHMe BhIDOpKK. Ecan cHOBA BEpPHYTLCH K NPUMERY 9 M NPELAOAGKHTE, YTC B HALIH
AaHHbIE BKpanack OILW0Ka, TO pa3Max yeenuuutea ¢ 0,9 go 228 — 22,1 =205,9 (Bonee yeM B 200 pa3!). Bor no-

4YcMY B PEATbHBIX CTATHCTHHECKHX MCCMEA0BAHWAX YAlle MCOOMb3YIOT APYTHE XapakKTepUCTUKH pa3bpoca, HO OHM
OyayT pacCMaTPHBATRECA TONLKO B CTapilieli UIKOME.

TDEHHDOBO‘IHIJ]E JalaHnn

3AAAHWUA BA3OBOTO YPOBHA

1. B tabnuue npHBeneHbl AaHHBLIE OIPOCA, KOTOPLIH NMPOBGIWICA CpelH AeBATHKIACCHHKOB, O KOTHYECTBE
AeTeH B HX CeMbax:

Konnyectso nereit [ 2 3 4 5 u bonee

KonuuectBo cemeit 31 12 5 0 2

KakoBa nonst MHOTOACTHRIX (TO eCTE MMEIOLIMX 3 W Ooaee geTed) ceMcil CpeaH ONpPOLICHHBIX?

2. llepea BaMH dakHbie PocctaTa ob obecnedeHHOCTHM RacelleHMs BpadamHd B YeThlpEx obnactax Poccunu
c 2000-ro no 2005 roa {komuyecteo Bpaveil Ha 10 000 venceek):

OBJIACTE 2000 2om 2002 2003 2004 2005
Benropoockas 38,2 38,3 39,2 38,9 39,2 39.6
bpaHckas 36,6 36,5 363 36,9 371 36,3
BhaaumMupckan 36,2 35 35,5 34,8 34,6 34
Opnosckas 36,7 36,9 37,3 37,6 37,5 371

Kaxkoii M3 4eThIpéx 00JacTeil COOTBETCTBYET ChAedyiolllas aharpamma?

2000 ' 2001 | 2002 = 2003 = 2004 2005

3. UseecTHO, 4TO ABCTpa/iMA 3aHKMMaeT 0Xono 5 % Bceit semHoi cywm, Asua — 30 %, Amepuka — 29 %, AH-

tapkTiaa — 9 %, Adpuka — 20 % u Espona — 7 %. Kakas u3 clenymolvx KpyroBbiX AHArpaMm I0OKassiBaeT pac-
npenencHume 3eMHOH CYVIIIH MeXny 4YaCTAMH ceeta?
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1)

3)

4. lepen Bamu

H B H I Is In o
Pean 6 4 1 1 15 7 13
Munan 6 2 3 | B 7 9
Mapcenn 6 2 1 3 10 10 7
Liopnx 6 1 1 4 5 14 4

{1 — xonmuuectBo urp, B — smurpeimeit, H — auusux, I1 — nopaxenwii, I3 — 3a6uTthix ronos, I'm — nponyilueH-
HBIX [OOB, O — HabpaHHbX 04KoB.) CKONBKO TONOB 3a0MBanock B CPeIHEM 3a O/HY WDy B HTOH rpynne?

5. B TabauMie yka3aHo KOMMUECTRO KHWT, TIPOYHTAHHBIX KAXKAHIM W3 YYEHWKOB 38 NETHHE KAHUKYbI

Ang Bura Hrops Ona IleTn Karn Jena Cama

3 10 6 1 0 8 5 3

Hainute cpeatice apudMETHYECKOS, MEIHAHY MU MOXY 3TOro Habopa wucen.

6. YueHHK 3acekal B TeYEHMUE HENENA BREMH, KOTOPOE OH TPATHT Ha [OPOrY B WIKOMY M M3 UIKOILL

Henn I BTt Cp e iy IIT Ca
B wmixomy {MHH) 19 20 21 17 22 24
M3 muxonel (MHH) 28 22 20 25 24 22

Ha CKONMBEKO MHHYT B CPERHEM OOpora H3 KoLl AofabslUe 10pord B ].I.IKDJ'I)J?
7. B TeueHne yerBepTH TaHA MONYYHNA CIENYOLUIME OIMETKH [0 (UIMKE: OOHY ¢2s, ECTE «3», TPH «d»
U NaTk «5», HainuTe cpegHee apudMeTHUSCKOE H MOIY €8 OLUSHOK.

X. Npe3ngeHt xoMnaHHY nony4daer 3apruiaty 100000 p. B Mecdil, YeTREpO ero 3aMecTHTeNncH TeIy4aT 1o

20000 p., a 20 cmyxalWX kKoMTNaHHH — o 10 000 p. HaiimuTe cpendee apHdMLTHYECKOE M MEIHaHy 3apiular
B KOMIIAHHH.
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0, Kakoe U3 CIeaylonINx YTBEPXKICHWH HerepHO:

1) ecid HABDOP COCTOMT M3 OIHHAKOBLIX YHCE]I, TO €ro pazMmax pased (;

2) ecan Habop COCTOWT U3 OJMHAKOBEIX YHCE, TO €ro cpenHee apudMeTHEECKoe H MelWaH4 PpaBHbI;
3) ecnn paimax Habopa paeeH 0, TO OH COCTOUT M3 OJMHAKORLIX YMCEN;

4) ecau cpeaHee apHdMeTHIECKOE U MeAHAHA HAGOpa PaBHbI, TO OH COCTOMT H3 OAHHAKOBHIX YUMCEN.

10. CpeaHMH BO3PAcT YYaCTHHKOB LIKOABHOTO XOpa cocTaBmseT 14 ner. KakHxX YMACTHHKOEB B xope QoJbllue:
crapie 14 ner unu Mnanuie 14 ner?

1) crapue 14; 3) noposHy;

2) maaaume 14; 4) HEBOZMOXHO OTBETHTb IO 3TMM AAHHEIM.

11. Cpeanee apHMeTHYCCKOe YMCnoBore Habopa pasHslock 10, MeoMaHa 12, pasmax 5. Bee yncna Hafopa
YMHOZIUIM Ha 3, MOCAE vero NpHOABHIM K KaxaoMy M3 HuX 5. UeMy ¢Tano paBHO cpelHee apudMeTHYecKoe,
MeIMaHa, pasMax NoJrydeHHoro Hatopa?

3ALAHKMA NOBLIWEHHOINO YPOBHA

12. 3aBod A0 NPOM3BOACTBY KOMHOAKT-IHCKCB B TeyeHHe pabodeil meaenu (5 aHell) npoBoaun npoBepKy Ka-
4ecTBa CBOCH NponyKUMH. L1 3T0ro exelHeBHO TecTHpoBantock 200 ciiyyaiHo OTOGPAHHBX AHCKOB. B Kaxobri
U3 NSTH OHel 610 oOHapyXKeHo COOTBETCTBEHHO 8, 12, 5, 7, M) OpakoBaHHEIX AMCKOB. CKOIBKO OpakoBAHHLIX
HHCKOB MOXKHO OXMIATE B napTHH K3 10 000 auckoe?

13, B Tanuue mokKasaHnl cpelHMii 6a7 M KONHYECTBO YYACTHHMKOS BRITYCKHOI'O 3K3aMEHA B KAXKIOH M3 MATH
LIKOA ropoaa:

Ikona 1 2 3 4 5
KoaHuyecTRO YYacTHHKOB 60 70 30 50 70
Cpeanyin Hann 60 54 68 72 54

Ha#aure cpeqHHid BALT BEIMYCKHOTO 3K3aMEHA MO BCEMY ropoay.

14. [Toezna NpUOLIBANH HA CTAHUHIO METPO CO CAESAYIOLIMMH HHTEDBAIAMM!
2mMui 8 c; 1 M 58 ¢; 2 Mun 10 ¢; | MuH 57 c; 2 mun 12 c.

Haitaute CpcOHe: apHOMETHYECKOE W MSAMAHY MHTEPBAMOB JIBHKCHHA Nnee3nos,

15. Cpeannii rospact 11 urpoxos dyrGonpHoro KTyba «JAMHaMo», BHLIEAUTHX Ha MIPY, cocTasma 26 Jer. Io-
CJie 3aMEHBI OAHOIO H3 HIPOKOB CPelHMIT BO3pacT YMCHBIUMACH ¥ cTal paBeH 25. Ha CKoAbKO NET MIpoOK, BhI-
WETUIMA Ha 3aMeHy, MJaile Wrpoka, YINEMIero ¢ mos?

16. Ynciiopod HaboOp COCTOMT M3 BeeX OBY3HAYHBIX HEYETHHIX YHCEN:

11, 13, 15, ..., 97, 99.

Haitoute ero cpenHee apHMETHICCKOE H MEIHaHY.

17. CpenHmii pocT B 9 «A» knacce coctasaser 156 oM, a Meauana — 154 oM. Kakoe H3 ceayolIHMx yTBEpXK-
NeHHH cnpaBeaineo?

1) B ki1acce 0643aTENBHO €CTh YUEHKK ¢ pocToM 156 oM;

2) B knacce 006A3aTeNIbHO €CTH YUEHHMK C pocToM 154 cM;

3) B Knacce 0GA3ATEABHO €CTh YIEHHK ¢ POCTOM MeHee 154 oM

4) B Knacce o0A3ATEABHO eCTh YYEHHMK ¢ pocToM Oonee 156 cM.

18. IIpH Kakux 3HA4ECHHAX o B YHCNOBOM Habope 1, 2, 3, 4, a
a) MenuaHa OyaeT paABHATHCS 37

6) cpenHee apudmeTHuecKoe GyaeT paBHATECR 37

B) cpenHee apHdMerHucckoe GyieT cOBRNAATE C MEAWAHOI?

19. TpH IEBATEIX KJIACCa NHHCANH MTONOBYI KOHTPOMBHYIO paboTy no MaTeMarnke. TTocne BLICTABICHMA OLE-
HOK GhITH NOCYWTAHB! YKCIOBLIE XAPAKTEPHCTHKM [MONYYEHHBIX YKHCAOBLIX HAaGOPOB M 3aHECEHB! B TaOJMHLLY.
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Knacc Cpennee Moaa Meanana Pasmax

9 «A» 42 4 4 3
9 «b» 4 4 4 2
9 «B» 34 3 4 2

OueBHIHO, YTO MOTHOCTEIY BOCCTAHQBHTL YHCIOBBE HADOPH MO 3THM JAHHBIM HEBO3IMOXHO. A MOXHO fH
ONPEIENNTb, B KAKHX Kjaccax OwUIH JBOHKKE, a8 B KaKHX He ObUo?

PemeHna ¥ OTBETHI

1. 0,14. Yro6bl HaAWTH A00K> MHOMOAETHBIX CeMell, MOMENHM KOMMYCCTBO MHOTOACTHRIX ceMell Ha WX obllee

S5+0+2 7 . 1
" rvTe ="' =114, 2. .3.3. 4, 3 . Y1068 H4HTH cpedHee KOMIHUYECTBO ro-
T 50 2= 50 0,14, 2. Bnanumupckoit. 3. 3. 4 p d pei

JIOB 34 MIPY, HYKHO M0/ HTh 0dllee KOIMYECTBO IJIOB Ha KOAW4ecTBO urp. Kaxknas koMaHaa cerpata no 6 urp,

KOMHYeCTBO!

. 6-4
BCETo KOMAaHI 4, B KaKIOH HIpE YYACTBOBAIO 2 KOMAHIH, NO3TOMY KOJIWYECTBO MID PaBHO - = 12, YUtobo
HAHTH KOTMYECTBO [OJIOB, HYXHO CIOXKMTL 4HeiIa B cronbue «[E: umm «[n» (HO HE To U mpyroe Bmectel):

15+ 8+ 10+ 5 =38. CpcaHee KONHYECTBO TOI0B 3a HIDY — % = 3%. 5. 5,125; 5,5; 8. CpenHee apH(PMETHYECKOE =

= Arl0r 6-f!£-9-’12—+h—3—5% =5,125. YTo6m HaWTH Memnany, “HcIa HyXHo yropsaounts: 0, 1, 3, 5, 6, 8, 8, 10.
KonnyecTso Yuceil 4ETHO, NOITOMY HYXHO B3STh CpedHee apHdMOTHHCCKOC ABYX YHCEA, CTOALIMX B 1IEHTPE PANA:
MenHMaHa paBHa -5—-;6 =35,5. Moga — 3T0 4HCNo, xOTOpOE NOBTOPACTCH Halle OCTANBHBIX, T.€. 8. 6. 3. Haliggm
EXETHERHYIO PAZHOCTE MEXKIY DOPOrOH M3 IIKONL M B IIKOIY, a 3aTeM BbIUHCIHM cpenHee apHpMeTHYECKOe 3THX

9+2-1+8+2-2_ 18

pa3HOCTEH: — o= 3.
el Itn BT Cp Yt IIr Cb
B wxony {MiH) 19 20 21 17 22 24
M3 wmkonewl (MMH) 28 22 20 25 24 22
Pasiocts 9 2 -1 3 2 -2

7. 3.8; 3. Kaxaylo U3 OLEHOK HYXHO B3ATh B TOM KOMMYECTBE, CKOJTbKO pal oHa nowTopsuiack! CpenHee
apUMeTHHECKOE PABHO % - % = % = 3,8, yanie BCero NOBTOPSLIACH OLEHKA «3», TO3TOMY MOIA PaB-
Ha 3. 8. 15200; 10000. Kak U B npeAbIYIIEd 3amate, KaKIyIO 3apTUIaTy HYKHO B3ATb ¢ €8 KpaTHOCThO. CpegHee
apHMMETHUSCKOE PABHO 100000 --tg-?gggi%g 10000-20 w =15200. YroCbl HAWTH MenMaHy, NPeiCTABHM, YTO BCE
25 3apriaT BHIMMCAHB! [10 BO3PACTaHW0O. Torma B cepelMHe, O4EeBUIHO, OKAKYTCH 3apuiatel mo 10000 pydiici,
nosTOMY MeénHaHa paeHa 10000. 9. 4. JTio60# cCHMMeTPUUHBI psa oDlagaeT TaKMM CBOHCTBOM, HampuMep: 1, 2,
3, 4, 5. Cpeanee apudMeTHUecKOe PaBHO MeaMaHe W pasHo 3. 10, 4, Bo3MOXHBL BCE TPH CHTYAIIMH, HALPUMEP:
€C/TH BO3PacTa YYACTHHKOE paBHbl 12, 14, 15, 15 net, To Bonbilie Tex, KTo cTapiie 14; a ecny Bospacrta pasusl 13,
13, 14, 16, To Gosbilte Tex, kTo Miamwe 14; a ecau Bospacta paBHbl 13, 14, 15, To nopoeny. 11, 35; 41; 15, [Mocte
YMHOXEHHS Ha 3 Bce XapakTEPHCTHKM TOXE YMHOXMIMch Ha 3: 30, 36, 15. MNocne npubaBneHUA YHCIa 5 cpeiaHee
apHMeTHYECKOE H MEIMAHA YBEAWYMAHMCH Ha 5, a pasMmax He H3MeHHaca: 33, 41, 15. 12. 420. HainéMm monw
8+12+5+?+10=£

200-5 L0t
mate 10000 - 0,042 = 420 opakopanHwbX. 13. 60. UToOR HAHTH cpeaHee MO ropony, HYXHO B3ATE CpeOHHMHA Gaw no
60:60+ 5470 + 68-30+72-50+54-70 _ 16800 _ o1

60+ 70+ 30 + 50+ 70 280
14. 2 muH 5 c; 2 MuH 8 ¢. McxoaHslil HaBop He coBceM YHCTOBOH: KaXAblii HHTEPBAN BLIPAXKEH B CMENIdH-
HEIX CAMHHLIAX — MUHYTaXx K cexkyHEax. [lepesenéM ece MHTepBaIB B cexyHasl 128, 118, 130, 117, 132. Teneph

128+ 118+ 130 +117+132 _ 625 "
5 === 125 ¢. MoXHO CHOBA NEepeiTH K CMEITAHHLIM eJMHU1IanM:
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OpdKOBAHHBIX CPEAH BCEX OTOOGPAHHEIX: = 0,042, B naptun u3 10 000 IHCKOB CNETYET OXH-

KKUOH WKOME € KPaTHOCTHIO, DABHOW YHCHy €€ BLINYCKHWKOR:

HaiaéMm cpeaHee B CEKYHIAX:




cpeaHee apupMerHIeckoe paBHo 2 MMH 5 c. Menuana papHa 2 mun 8 ¢. 15, Ha 11. Ecan obo3Haunts yepes x
BOBPACT HIPOKA, YIIETHIENO € MOAsK, a Yeped ¥ — BRILUCAUIETO Ha 3aMEHY, TO PA3HOCTE CPEIHUX ApHEMeTHIECKHMX
40 zaMeHH M Tocne OymeT paeHa % Io ycnoBuio 3amady »Ta pa3HocThk paBHa 26 —25=1. Orciona x—y = 11.
16. 55; 55. JadHnit Habop odpasyer apudpMETHIECKYKD [IPOTPecCHIO ¢ MePBRIM WieHoM 11 i pasHocTsw 2. Beero

B Habope 45 umcen. [NocepennHe Ha 23-M MecTe HaxoaMTca uMcao 55 (23-# wieH nporpecciu). CyMMY BCEX UH-

cell Habopa MOKHO HaWTH KakK CyMMY api()MeTHUECKCH MpOrpeccH: 11+99

2
METHYECKOE PABHO %= 55; Mennana pasHa 55, 17. 4. YtoOH MOKa3arh, MTO YTBEPXIcHHA |—3 He o6A3aTenb-

- 50 =2750. Orcioga cpeaHee apud-

HO AODKHBEI BHIOAHATRCH, [PHBEIEM COOTBETCTBYIOUIHe TpuMepsl: 1) 154, 154, 160; 2) 153, 153, 155, 163;
3) cMm. npuMep WA 1). A BOT yTBepXAcHHe 4 OYNST BHIMOMHEHO: €CAM B KACCE HET YYEHHMKOB Bhle 156 cM, To
MX CPeHHH POCT MOXET PAaBHATHCH 156 CM TONBKO B TOM COydae, €M BCe OHM MMeEloT Takoi pocT. Ho Torma w

MmeauvaHa Oyaer pasHa 156, a He 154. 18, a) g 2 3. Ilpn a < 3 MeauaHa GydeT paBHATBCH 2 WM a; B) ¢ =5, Tak

KaK w =3, Toa=5, 8) a=0, a=2,5; a=35. Meanana npueeséunoro uncnosoro Habopa paeHa: 2 npu

a$2, anpi 2<a<3, 3 ope a3, Cpennee apHpMETHUECKOE PABHO b+213+4+a

. MomydaeM TpR ypaBHeHHA

]+2+3;+4+a =2 (@22 1+2+35+4+a 1+2+35+4+a=3
(@ 2 3). x xopHH u 6yayT otBeToM. 19, 9 «A» — Gruml, 9 «B» 1 9 «B» — He Gu0. OOBACHHM OTBET ANA KaX-

JOTo Kiacca: 9 «As. ecnM pazMax 3, To obs3aTensHO Onin 2 M 5; 9 «b»: mockonsky pasMax 2, TO BCE OLICHKH
nexaT nubo ot 2 1o 4, 1160 o1 3 o 5 (npHyéM KoHuUbl AHANA30HOB 0BA3ATEALHO NMPHCYTCTBYIOT). ILisi aHanaslo-
Ha OT 2 10 4 cpelHee He MOXET PABHATHCA 4, MOITOMY BCE OLEHKH JIEKAT OT 3 10 5; 9 «Bs: NOCKONEKY pa3max 2,
TO BCE OLICHKM jacxat anubo ot 2 Ao 4, aubo oT 3 10 5 (npHYéM KOHUEBI AUATIAZ0OHOB OOA3ATEABHO NIPHCYTCTBYIOT).
INpeanonoxum, Iro 3T0 AMANA30H OT 2 Ao 4; TOrOAa YeTBEPOK AOIKHO BEITh Oonblue MOMOBHHE BCEX OLCHOX (Belb
4 — MeKaHa, a NATEPOK B 3TOM CAyyae HeT Booblle), HO TOrIa 3 He MoOXeT OhITh MOMO — MPHIINH K NPOTHBO-
peunio. JHauUMT, BCE OLEHKW Jiexar ot 3 1o 5.

C COOTBETCTBYIOLUNMMH YCIOBHAMH Ha 4. =a (2<a<d);



Yro Hapgo 3Hare u ymertb (§ 9—11):

* PaCNoO3HABATh reoMeTpHuecKHe GHTyphl (NIOCKHE M NPOCTPAHCTBCHHEIE), PpaiIHYaTh HX B3AHMHOE pac-
MOACOKEHHE; H30DpaXaTh TEOMETPUYECKHE (DUryphl; BRHIIOIHAThH YEPTEXRM IO YCAOBHAM 3anad;

¢ BBIYUCAATH JHAYEHHUA ISOMETPHUYECKMX BEMWYUH (JUTHH, YIJIOB, IWIOMIaneH, 00BEMOB), HCTIONB3YA HM3BECT-
HbIE OPMYJIBI;

e PpEIlIATL FEOMETPHYECKHE 3aJadM Ha BBMHCACHWE TeOMETPUYECKHX BENWYHH, ONMpAsich HAa HU3VICHHEIE
CBOMCTBA (DMTYp H OTHOHIEHMH MeXAy HMMM, NPHMEHSIA ACTIOJHUTESIbHBIE TOCTpOeHMA, anrebpaumye-
CKHH W TPHIOHOMETPHYCCKMH anmnapat, cooBpaXeHHA CHMMETPHH;

¢ [POBOJMTHL KOKAIATENBLHBIE PACCYAXREHHA NIPH PELECHMM 33034, MCIONE3YSA HU3BECTHRHIE TeopeMu, obHa-
PYAHBAS BOIMOXHOCTH 1A HX HMCIIONEB3OBAHNS,

¢ IMPOBOIMTL ONEPAlMH HAAN BEKTODAMH, BBIYHUC/IATH [UIHHY H KOOPIWHATH BEKTOPa, YION MeXIy BeKTO-
pamy;

¢ HCMOMNL30BATE NPUOOPETEHHEIE IHAHHMA ¥ YMEHUA [T ONMCAHHA pealbHBX CHTYaLHH HA 93bIKE reoMeT-
PHH, 02 pPEUIEHMS NPAKTHUECKHX 32044, CBA3AHHLIX ¢ HAXOMASHHEM TeOMeTPHYECKHX BeIHYHH (Mc-
MONAL3YS TIPH HEOOXOAMMOCTY CNIPABOYHHKM M TEXHHUYSCKHKE CPEACTBa).

§ 9. NTeomerpuueckne uryps U UX cBoicTBa

9.1. [IpaMbie U Yraki

TeopeTHYecKHE CBEACHHA

BepTHransHbie v cMexxHbie yrab. Buccexrprca yraa. MapanneavHmie W NePeCceKAOWHECH NPAMbIE

[Ipn nepecedeHWH MAPALIEABHBIX IIPAMEIX TPEThEH NMPAMOH BHYTpeHHHME HAKpECT JeXallKWe VIJIBl pPABHEI.
00paTHO (TIPM3HAK MAPAUICABHOCTH): €CH BHYTPEHHHE HAKPECT JIeXallde YTk, 00paiopaHHEE TPH fIepeceye-
HHH ABYX IIPAMBIX TPeTheH, PaBHBI, TO 3TH MpAMble NapaeNbHel. [IpsMee, napaiienbHble TPEThed IPAMOI,
TNapaLIe/bHBL.

BHccekTPUCOR yrna HA3bIBAETCH YUY, BHIXOAAUIMH H3 BEPLIMHBL AAHHOTO YT7Ia H Pa3GHMBAKOIIHA €ro Ha IBa
paBHBIX yra. Toyka MPHHALIEKUT OHCCEKTPUCE TOMAA M TOABKO TOrAA, KOrNd OHA PABHOYAAIEHA OT CTOPOH JNAH-
HOroD yria.

3anaua 1. Ha npamoil @ B3ara Touka A, a Ha napamieabHoM el npamod & — touxn B u € Tag, 410
ZABC =130°. buccextpuca yma £ ABC nepecexaer npamMyo @ B Touke D). Haiigute yron #ADBE,

Pewenwne: V3 onpeneneHnn GHccekTpuchl caenyer, uto £ CBD = % £CBA=065° Ho £ADB=-CBD, rak
BHYTPEHHHE HAKPECT JICKALHE NPH NapAUIENAbHBIX TIPAMBMX @ U &, 3HaUHT, LADB = 65°,

Cywma yrnos TpeyronsHHKa, cBOHCTBO BHELWHEro YrAa TPeyroAsHHKa
CyMMa YIJIOB TpeyronbHHKa pasHa 180°. BHelUIHMi yTONM TpeyroJbHMKA PABEH CYMME BHYTDEHHMX YTIIOB,
€ HUM HE CMEKHBIX.

3apawa 2. Ha cropoHax A8 u BC tpeyronbHuxka ABC B3AThl COOTBETCTEEHHO Toukn [} u E Tax, 4rto
LZADE=110°, #/CED=140". Haliante yron ZABC.

Pewenne: ¥ron ZBDE=180° - ZADE =70°, Kak cMeXHMH ¢ YoM £ADE. Tak xe #BED = 180° - ZCED =
=40°. WckoMulit yron HaxoOWM U3 tpeyroaviuka DBE: #DBE=180°— /A BDE— /BED = 180° — 70° — 40° = 70°.

Hpyroe peiredne HCTIOMLIYET CBOMCTBO BHewHero yrna. Ilocne Tore Kak Onl1 BwmuncneH £ BDE=70°,
NO CBOWCTBY BHELUHErO yraa noaydaeM: LDBE=DEC—- ZBDE = 140°-70° =70°,

Tpeuuponoquue 3a0AHHA

3AJAHUA BA30OBOrO YPOBHSA

1. Ilpaman c mepecekaeT npambie @ H b, obpasys ¢ HUMH yrawl B 90°. MOXHO JIM YTBEPKOATH, YTO MPAMAIE
@ H b napaienbHmM?

2. MMpaman ¢ mepeceXaeT NpsAMble @ U b, 06palya ¢ HUMH yIAR B 60°. MOXHO /M YTEEPXIATh, 4TO npAMbIe
a W b TIapa/ienbHbl, ec/IM YKA3AHHME YIAbI SBAKIOTCA:
a) BHYTPEHHUMH HAKPCCT eXaIlHMH?
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0) BHYTPEHHHMH GEHOCTOPOHHHUMMH?
3. Ha croponax AB n BC tpeyronbhika ABC e3aTel cooTBeTcTBeHHO Toukd Dy E Tax, yto DE || AC. Haii-
ante yron LARC, ecnu £ BAC =30°, # BED = 4(°,

3A0AHUA NOBbLILLEHHOIO YPOBHA

4. Yron npu sBepuiMHe B oCTPOYroAbHOro TpeyroiabHiKa ABC paser 70°. Kakme yriel obpasyioTcs IpH Iepe-
CEYEHHMH BBICOT TPSYTOJIEHHKA, NPOBENEHHBIX W3 BeplIHH A 1 7

5. M3 Touku P, nexaleid mexny napaulcAbHBIMM MPAMEBEIMKM & H b, IPOBEOCHLI ABA yya, [EpeceKaloiie:
MEPBLIH — NIpAMYI0 @, o0pasya ¢ Helt vron B 30°; BTOpOI — NpAMyio b, 00pasya ¢ Helt yron B 40°, Kakoii yron
0Bpa3yioT HaHHble 1yun? (PaccMarpuBaloTea yIibl MEHbLUE Pa’lBEPHYTOTO.)

PelnieHUs ¥ OTRETHI

1. Moxuo. Pewenue. 310 CeqyeT U3 TCOPEMBL. €CJIM NpAMad NEPIICHAMKYNSIPHA ABYM [IPSAMLIM, TO 3TH [psi-
MBIe TapaulenbHEl. B HameM mpumepe ¢ L @ u ¢ L 5. 2. a) Moxno; 6) Henp3a. B n. a) yTeepxieHHe caeayeT w3
TIPU3HAKA [ApaMNeNbHOCTH NPAMBIX, CPOPMYIHpPOBAHHOMC B Havade naparpada. B n. 6) BHyTpeHHHE HaKpecT
Jiexallue yIasl, o6palyembie NpAMOi ¢ U NPAMBIME ¢ U b, IBAAIOTCA OOUH — YTIoM B 60°, apyroit — yrmom B 120°
(cMexHbIH ¢ yraoMm B 60F) u He SRIAIOTCA paBHEIMM. (B AcHCTBHTETBHOCTH AdHHBIE TPH TIPAMBLIE COEEPXKAT CTO-
POHBI PABHOCTOPOHHEND TPEYrOABHUKA.) 3. LABC = 110°. Pewenue. V3 mapanneasHocTd npamex DFE w AC cie-
oyeT, uro LBCA=/BED=40° Torna LABC=I180° - /BAC - /BCA == |80° - 30° - 40° = 110°. 4. 70°, 110°.
Pewenue. Ecmu AP U CQ — yKalaHHble BHICOTH, H — TOUKA UX MepecedeHUA, TO H3 NPAMOVTOILHOMD THEYTONh-
HUuKa BAP umeem: ZBAP=90°-£LPBA=20°. Ho Toroa M3 npAMOYTOALHOIO TpeyroabHuka AHQ nonyqaem:
ZAHQ=90° - £QAH =90°-20°=70°. ¥onel, cMexkHble ¢ ZAHQ, pasHnl 110°. Kosmenmapurii, DAKTHYECKH Mbl
AOKA3anu cpOCTBO! YITIH ¢ COOTBETCTBEHHO MepNEHIMKYISIPHBIME CTOpOHAMM THOO paBHEI, MTHOG B CYMMe OaioT
180°. 5. 70° unu 170°. Pewenue. TipopenéM yepes TOYKY P BHYTPH DPAcCMATPHBAEMOro YTia JIyd, NapaniebHLIA
JAHHBIM MPAMBIM & K b, 3ToT My4 pa3oOLET pacCMATPUBAEMEIH YOI HA ABA YTJIA, Ka¥ILIH M3 KOTOPBLEX ABIASTCA
AUBO BHYTPEHHMM HAKPecT AekalluM, JHOO BHYTPEHHMM OOHOCTOPOHHHM C IaHHBIMH yraaMu B 30° u B 40°.
3HayuT, ero 3HayeHHe ecth AUbDO cymMMa 30° + 40° =70°, nubo cymma 30° + 140° = 170° (B ocTATBHBIX CAYYAAX MO-
AydaeM yrol, GOABIIMA PaiIBE pHYTOro).

9.2. TpeyroisHUK

Teopernueckne CBeACHUS

MpH3HAKK PABEHCTBA TpeyroabHUKoB. PasHobeapeHHbIE TPEYrOABHHKH

IlepBeiii MPHIAAK: €CTH JBS CTOPOHBI H 3aKNHOUEHHBIA MEXKIY HUMH YTGI OIHOTO TPEYTONBHMKA PABHH ABYM
CTOPOHAM H 3aKIIOYEHHOMY MEXIY HUMH YTIY APYTOTro TPEYTONBHMKA, TO 3TH TPEYTONBHMKH PABHEI.

Bropodi npH3HaK: eClU CTOPOHA M TIPWIETAIOIME K HEH YIIbl OHOTO TPEYrofbHMKA PABHBI CTOPOHE M MPH-
JIETAIOUIUM K HeH yIlaM IpYyToro TPEYTOJbHHKA, TO 3TH TPEYTONbHHKH PABHEL,

Tperxii npUaHAK; ecH TPU CTOPOHLI OOHOTO TPEYIOIEHWKA PaBHB TPEM CTOPOHAM IPYIOro TPEYTOMLHMKA,
TO 3TH TPEYroIbHWKH PaBHBIL :

EcIM AB¢ CTOPOHHI TPEYTOJIBHUKA PABHH, TO TakOH TPEYTONLHUK HA3BIBACTCS pABHOGEXpeHHBIM. BlccekTpH-
ca yilla, 00pa3oBaHHOTC ABYMA PABHLIMKM CTOPOHAMEK PABHODEIPEHHONO TPEYTOILHHKA, ARIACTCA OHOBPEMEHHD
BLICOTOH W MeAHMaHOW NaHHOTO TPEYTOILHUKA.

3amaya 1. B pasHobeapeHHoM TpeyToibHHKE ABC (A8 = BC) nposenena sbicota AH. Haowre yron ~BAC,
ecnn L HAC =2/ HARB.

PemcHue: Mvete £HAB=q, 1orna £ZHAC=21o, 3dHayut, £BAC=30. Ho ZBCA=./BAC, 32HaumrT,
£ BCA=30. M3 npaMoyroasHoro TpeyronbHHKa HAC nomyaaeMm: ZHAC+ ZHCA=90°, 1.e. 5¢0=90°, o =18°,
Oo3stoMy £ BAC =30= 54,

CpeaHAs AWHWA TpeyronbHuka. Teopema Paneca. MNoacbue TpeyronsHukos. [puaHaxky nogobua tpey-
ronkHHKOB
CpEJIHﬂH JTHUHHA TPEYIONBHHKA nNapanjieipHa OCHOBAHHIO H paBHa €ro IMOM0BHHE.

134



3anaua 2. B tpeyronsuuke ABC mposeacHel Buicota BH u menuaHa CM. Hafmure amuny otpeska HM n
nepuMeTp TpeyronsHuka ABC, ecom AM=3, AH=HC=2.

PeineHue: M3 ycnopusa cnenyer, uro AR =2AM = 6. TpeyrofisHHK ABC — pasHobeapennni {48 = B(C), Tak
Kak BH ofHOBpeMeHHO ARAZETCA AAA HETNo BHICOTOA M MeaHaHoi. TloatoMy BC =6 v nepHMMeTp TpeyrobHM-

xa ARC paseH 16. Orpesok HM — cpeitsay nuHus tpeyronbHuka ABC, nostoMy HM = %BC =3.

Teopema Maneca. EciM Ha ofHOM CTOPOHE Y8 OTIIOXEHB PABHRIE OTPE3IKH M 4EPE3 MX KOHLL MPOBEOCHB
NApaLTeNbHue MPIMBE, TO 9TH ITPAMBE BHICEKAIOT Ha JpYroH ¢TOPOHE YIJIa TAKXKE pPaBHLIE OTPEIKH.

Ilepabiii NpHIRAK BOAOOMA TPEYTOALHHKOB. ECIM OBa ¥IMa OAHOTO TPEYTOJABHHMKA DABHElL ABYM YTJIaM ApYy-
rorQ TPEYToALHMKA, TO 3TH TPEYTOJIEHMKM NOA0OGHHL.

BTOopoi nNpH3HAK NOA0OHA TPEYTONBHHKOB. Ecid ABe CTOPOHB OJHOIO TPEYTOJABHHKA NPONOPLHOHATEHE
ABYM CTOPOHAM APYTOID TPEYIOIBHMKA, & 3AKIIOUEHHBIE MEAAY ITUMH CTOPOHAMH YITIK PAaBHEL, TO 3TH TPEYTONL-
HHMKH NOIOOHLL.

Tpetnii NnpMaHaKk noacOHa TPEYTOULHHEOER, ECaM TPH CTOPOHLI QAHOTO TPEYTONBHMKA NPONOPLUHOHATLHEI
TPEM CTOPOHAM APYTOND TPEYTONLHHUKA, TO TH TPEYTOJILHUKH NONOGHK.

3anaua 3. lNpsimas, napamnensHas ocHOBaHHIO AC TpeyronsHHKa ABC, nepecexaer GOKOBbIE CTOPOHH AB
M BC cOOTBETCTBeHHO B Toykax M u N. Hainure mainnHy cTopoHkl AC, eciH CN=MN=2, BN=1,

Pemenue: TpeyronsHHKH ABC v MBN noao6un no nepBoMy npuaHaxy. ZBMN=2ZBAC, £BNM=2BCA

B CHY NapaJLIeIbHOCTH OpaMbX MN U AC, Koapuument nogobns &k = g—fr =3 MostoMy AC=k - MN=3.2=6,

Teopema MNudaropa. TpuronoMmerpuueckue pynkuum yrnos, PopMmynn npusefeHus. Pewenne npamoy-
ronabHaro TpeyronsHHKa. TeopeMol KOCHHYCOE W CHHYCOB

Ocuonnble GOpMYILI NPABCACHHA:
sin {(90° —ag)=cos o, cos (90° —a}=sin o,
sin (180° —a)=sin o, cos {180° — &) =cos o

Teopema ITndaropa. B npamoyroibHoM TpeyrolsHHKe (pHc. 9.1) KBaApaT THIMOTEHY2E]
paBeH CYMME KBafpaTOB KAaTeToB: 2t + bh2=¢2, CMHYCcOM YIIa ¢ Ha3blBAETCA OTHOMIEHHE MPo-

. &
THBOICKAINCTO KATCTA K [HIIOTCHY3E SN ¢ =;, KQCHHYCOM ¥IJIda O Ha3WBaCTCd OTHOUIEHMC b ¢

NPHNCKALLENo KatéTa K rMINoTeHy3e COsS O = E.
¢

CooTHOLIEHHA MCAKTY CTOPOHAMH H YTAAMH [IPpAMOYTOJBLHONO TPEYTOMBHHKA NMO3BANAIOT,

3HaA OdHY M3 CTOPOH TPEYTONBHUKA H OCTPHIA YTON, HaXOAWTh JABS APYTHE CTOPOHAL, 3HAA [BE “
CTOPOHEI, HAXOAWTE OCTPLIE YITbl, HHAYE TOBOPA, PEINATH NPAMOYTOJILBHRIE TPEYTONLHHKH. a
Hanpumep, kaTeT, npoTHBOASXAIUHA YTy O, paBeH NPOM3BEIECHHIO BTOPOI0 KATETa HA Puc. 9.1.

12 q.

3anawa 4. Haifaure HEM3BECTHLIE CTOPOHBL M OCTPHIE YIVIbI NPAMOYTONBHOTC TPEYTOILHMKA, ECHH CIO KATEThI
paBHBI @ M av3.

Pewenne: HaifoéM runoteHy3sy NpAMOYTONLHONO TPEYIOAbHHKA Mo Teopeme IIndaropa. Oua pasHa
va? +3a? = 2a. TiycTh KaTeT, ATHHA KOTOPONO @, NPOTHBONEXMT yry . Torna sin o paBeH OTHOUIEHHK) KATETa

. 1
g K THIOTeHY3e 2q. sin o 23 = 7’ T. e. o =30°. Orcrona Bropoi oCTpHR YTON TpeyrolkHuka pasen 60°,

Teopema KocHHYCOB. EciH @, & U ¢ — IAUHK CTOPOH TPEYTOXLHHKA, (€ ~— YIWI, JEXAUIUHE MPOTHE CTOPOHEI
¢, TO BHITIONHACTCA PABEHCTBO ¢=a? + H? - 2ab cos .

3anaqa 5. Haitnure pnHny Measanbl BM tpeyronbuuka ABC, ecn ZBAC=60°, AB=3, AC=4.
Pewenwne: Umcem: AM = %AC =2. TIpuMeHHM TeopeMY KOCHHYCOB K TPEVTOJIBHHKY ABAM:

BM2= AB2+ AM?2 _2AB. AM -cos ZBAM =9+4-2.3.2.1 =7
2

3Haunt, BM = V7.

Teopema cunycor. Eciu g, b ¥ ¢ — JIMHEI CTOPOH TPEYTONBHHKE, & O, [, ¥ — COOTBETCTBEHHO YIJILI, JICKA-

a b c -
UHe [OpOTHB 3TUX CTOPOH, TO =2 =_° M _ -
po P Sna = Snf = sny (IMpu4éM 3TH OTHOLUEHHUS paBHH 2R, roe R — panuyc okpyx

HOCTH, OIIHCAHHOMH OKOJIO 3TONO TPEYTONbHMKA.)
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3anaqa 6. Jlau papHoOGeapeHHUt TpeyronsHUK ABC: AB=BC= \5 LABC = 120°. Haiaute anuuy BHec-
ceKTpuchl AL W yron ZRBLA.

Pemenue: (ITpocToit Bonpoc o bennuuHe yria £ BiLA SBIsteTca MOACKAIKOH K peiueHHm 3anayM.) B Ttpe-
yronsHuke BAL wmeem: LABL = 120°, ZBAL =15°, nostomy £BLA=45° Tlo TeopeMe CHHYCOR U3 TPeyTOML-

AB AL J2 AL . I , . f:
= T = Ho sind5° =, sin120°=sin 60° = % oTCHIa

H¥KA 8AL nomyvyaem: - = , T. e = .
sin ZBLA  sin £ARL sind5°  sin120° N

AL =43

TpennpopoyHble 3a1aHUA

3AJ0AHUA BA30BOIC YPOBHA

1. ¥ron npu pepiuHe 8 paBHoGeApeHHOTo TpeyronbHHKa ABC (AB= BC) papeH 80°. Kakue yrau obpaiy-
KOTCH TIPH [epecedyeHHH OHCCEKTPHCH!, NIPOBENEHHOW M3 BEPIUHHBI A, €O cTOopoHoi BC?

2. B tpeyronviuke ABC toukn M, N, K — coorsercTBeHHO cepenMHb cTepoH A8, BC u CA. Haiiante
nepHUMETP TpeyronbliKa ABC, ectH mepuMeTp yerThipéxyronbauka KASB/N paseH 10 m AC=4.

3. B pasHoGenpenHoM tpeyroasHuke ABC (AB= BC =10) mnHa sbicothl AH pasHa 6. Hailoute 1iMHY oc-
HopauHa AC,

3AH0AHMA NOBbLILWLEHHOTO YPOBHA

4. Yron Mmexay GUCCeXTpUCOH M BLICOTOIH paBHODESIPEHHOIO OCTPOYTOABHOIO TpeyTonbHuka ABC (AB= B(),
npoBeagHHBIMH W2 BeplIHHEL A, paped 18°. Haitaute yonwl Tpeyroneduka ABC,

5. Ha ctopone BC tpeyronbnnka ABC ewbpasa touka £ Tak, uto ZBEA = ZBAC. HainnTte LIMHY OTpes-
kda BE, echinm AB=4, BC=8§.

6. B papHoBenpeHHoM Tpeyroisiuke ABC (AB = BC) nniuda GuccekTpucel Bl pagHa R, a AMMHA OCHOBa-
HuR AC paBHa 12. HailnuTte anuHu Meanadbl AM W BbicoThl CH 3TOro TpeyroidbHHKA.

Peniensia H OTBETHI

1. 757, 105°. Pewenue. Buauale BLIMUCAHM YIibl npu BepuwmHax A w  C  TpeyroneHuka ABC:

LA=2C = %(lSU" -ZB)= IE(I 80° —80°)=50°. Tlostomy ecnum AL — BuccekTpuca TpeyroiabHHKa ABC, TO

ZBAL = /CAL = %ZBAC =25% Toma £ZBLA=180°—-<BAL - Z/ABL = 180° - 25°-80° = 75° 2., |4, Pewenue.

Otpeszkn MK u NK — cpennve auHMu TpeyronsHMka ABC, nostoMy BC=2MK u AC=2INK, cnenoBaTeJIbHO,
AB+ BC =1 (MK+ NK). C npyroit ctoponst, uereipéxyroibiuk KMBN — napanneiorpaMm, Tak KakK CpeiHsAs
IUHHA TPSYTOALHMKA Mapaineibia CTOPOHE, KOTOPYK) OHAa He nepécexacT. [IpOTHBOMONOXKHBIC ¢TOPOHL Mapani-
NENorpaMMa PaBHBL, IOITCMY €0 [IEPUMETP PABEH YABOCHHOM cyMMe COCENHMX cTopoH. 3HauuT, 10=2 (MK + NK).
Torza nepumerp TpeyrojibHuka ABC ecth AC+(AC+ BO)=4+10=14_ 3, J40 = 2J10. Pewernue. Vs npamMo-
YIOABHOTO TpeyTonbHHKA ABH no tecopeMe Mudaropa naxonuM BH? = AB? — AH? = 100 — 36 =64, aHauut, BH =8,
Torma CH= [0~8=2, n n3 Tpeyroneiuka ACH nonydaem: AC2 = AF2 + CH2=36 +4=40. 4, 48°, 48°, 84° mnu
72°, 72°, 36°. Pewenue. [1ycTh 2¢t — BeNMUMHa YA A, Torma £C=2a, /B = 180° — 4, noatomy BhicoTa AH 06-
pasyeT co ctopoHod A8 yron, paBHMA 90° — (180° — 4a) = 40— 90°. Buccektpuca AL obpasyer co ctopoHoit A8
yroA, paBHwi o. [MoatoMy o — (dot—90°) = 18° wim (4o — 90°) — o= 18°. B nepwom ciryyae oo =24°, BO BTOPOM —
a=736° 5. 2. Pewenue. TpeyronbHHkn CB4 n ABE nonobHel no [epsoMy NpH3HAKY MOOODMS, TAK KAK ¥ HHX
¢CTh OBIIMH yron B M BLIMONHAETCH PABEHCTBO LBFA=4BAC. Torna BE:BA=BA.BC, 1¢, BE:4=4:8,
oTkyoa BE=2. 6. AM = J97 . CH=19.6. Pewenue. B paBHOOEIpeHHOM TPeYTOMbHKKe DHccekTpUca BL aenser-
CH OJHOBpPEMEHHO MeIHAaHOW M BbICOTOH, NMoaToMy (L =6 u BL 1L AC, OnycTHM W3 Touku M nNEpneHInkynsp
MP ua cropouy AC. Toraa orpe3ok MP — cpenHaas THHMA TpeyroabHuka BCL, Tak kak MP u BL — nepncH-
JMKYIPLL K OJHOH NpaMoil AC, a 3HAYMT, TAPATIETLHE, KPeMe TOro, Touka A — cepenmHa cropoHst BC Ttpe-

yroabHWKa BCL, Otciona MP = %BL =4, LP= ; £C =3 . Torna no teopeme lNudiaropa us tpeyronviuka AMP
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nosyaem: AM =AP?+ PMI=(6+3)2+42=97. [Ins HaxoxaeHus BeicoThl CH 3aMeTMM, YTO TpPeyronbHUKY
CHA n Bl A nonobHE No NepBoMy NipH3Haky, nostomy CH : BL = CA: BA. Berancanm ctopoHy AB No TeopeMe
Mudaropa: AB2=AL?+ L.B?=36+64= 100, otkyna AB =10, ganee nonyyaem: CH:8=12:10, . e. CH=9,6.

0.3. YeThIpéXYroJibHHKH H MHOTOYTOJBHHKH
TeopeTHuecKHe CBEIAEHUA

Napannenorpamm KW ero cBoicTBa. NMpH3naky napannenorpamMma. PoM6, NpAMOYTonsHUK, KBagpar

IMapannenorpaMm — 3T0 YeThIPEXYIONBHHUK, ¥ KOTOPOTO NPOTHBOTIONGKHBIE CTOPOHBI MapaieibHbl, CBOk-
CTBa! NMPOTHBOIONOKHLIC CTOPOHE MAPAUIENOrpAMMA PABHBL, NPOTHBOMGIOKHBIE YITIH APANIENI0rPaMMa DaBHbl,
IMATOHAMM NapaUieforpaMmMa TOUKOH mepeceteHud Jendarcs rnononaM. TIpe3Hak MapauienorpaMMa; ecian Idaro-
HATH METHIPEXYTONBHHUKA MEPECEKAOTCH M TOUKOH nepececyeHts AENATes MoTo;aaM, TO JITOT YETHIPEXYTOILHHK —
MapaIneIorpaMM,

Pom0 — nmapannenorpaMm, BCC CTOPOHBI KOTOPOro paBHbIL. JIHarOHAnH pomba nepleHIHKYAAPHBL H ABIIOTCS
BHcceKTPHUCAMH YIIOB, M3 KOTOPHIX OHH [POBCACHSL

IIpAMOYTONBHHK — NapauleorpaMM, BCe YIIB KOTOPOro NOpsMble. JIHaroHanW MpaMOYTOILHMKA DABHEL
CrneacTBHe: MenHaHa TIPSAMOYTOJIbHOFG TPEYTOBHWKA, NPOBE1tHHAA H3 BEPUIMHL! TIPAMOTO Yrna, paBHA NTONOBHHE
CUTIOTEHY3bL

3aaava 1. JuaroHann napauwienorpaMma ABCIH nepecekalorcs B Touke O, AC=4, BD=2 /A08=60°
HaitnuTe nepuMeTp Nap:UinelorpaMma.

PeuteHue: U3 tpevroishnka AOB, B koTopoM AQ z%AC =2, BO= l,l'i‘ﬂ: 1, ZAOB=60°, no TcopeMe

[ 2¥]

KOCHHYCOB HaxoauM AB? = A2+ BO?-240-B0O.cos ZAOB=4+1-2. 2-1%: 3, oTkyna A8 = V3.

M3 tpeyroneHuka AGD, B KoTopom AQ =2, DO=1, LAOD = 120°, no TeopeMe KOCHHYCOB HaXOOHM
AD = AD? +D02—EAO—DO-cosAAOD=4+1—2-2-l-(—%}:?,
otkyna AD = J7. 3HAYMT, EPHMETP NApAIICI0rPaMMa paBeH W3I+207 .

3aaaua 2, Bepwuna M pomba AMND aensercsa ¢epenuHoi ctoporsl BC npaMoyroneHnka ABCD, Hakan-
Te OTHOINGHHE NEPHMETPOB MpPAMOYIQNLHNKA W poMba, a Takxke yrae pomGa.

Pewenne: [lycte BM=a, Toraa v3 ycnoBua BC =2a, otciona AD=2a. 3naant, croposa poMba HMeer
JUTHHY 24, ero nepuMerp paseH 3a. TlosToMy B npAMoOyroibHoM TpeyroasHike A4 BM xkater BM B nBa pa3a meHs-
e runoteHysol AM. Orciona £BAM=30°, 3Hauut, LMAD =00° 1. ¢. vinp poMba pagHpl 60° 1 120°. Kpome
TOro, M3 TpeyroibHuka ABM nonydaem A8 = a3, MoITOMY MEPUMETP NPAMOYTONEHHKA paBeH 2(2a +a\6} . OTt-
HOUIEHHE NepHMEeTPOB NPAMOYTOMbHHKA H poMba paBHO 2t ?E.

Tpaneusun W eé cBoHCTBA

Tpaneunsn — 3710 4eTRIPEXYIOABHUK, ¥ KQTOPOINQ IBE [IPOTHBOMNOIOKHLIE CTOPOHBI MMAPANNETLHEL, a ABE Apy-
FHE — HE MMapajUIebHb.

[ycTh AMaroHann npousBonbHoi Tpancuuu ABCH (AD | BC) nepecexawtca B Touke (). OCHOBHBIM CBOIi-
CTBOM TpaneiuH sABnsgeTca Noaobdbue tpeyrofsnukop 40D u CORB. [Ipyroe Baxnoe CBOHCTBO: CpefHssA MWK

TpaneluHu (OTPe3OK, COSMUHAIIHI cepelUHBI ¢¢ GOKOBLIX CTOPOH) napanieNbHa ¢€ OCHOBAHMSIM M paBHA X
MONYCYMME,

Tpaneuusa HasLBACTCH PpABHOOOKOH, cOTH THEB ¢€ GOKOBLIX CTOPOH paBiibl, B paBHOGOKOH TpaneLMH yrmbl
npHu GZHOM OCHOBAHHMW DABHE], ANMTWHB] ,U,Hal"OHa.'Ieﬁ PABHEI.

3aaauya 3. B pasHoGoko# Tpaneuwn ABCD ocuosauue AD mipoe Gonelle ocHoBaHua BC, a AMATOHATH
MEPIeHIUKYIAPHB U HMeioT Anully 3. Haliaute nepuMeTp TparneuHH,
Pemenne: [lyers O — Touka mepeceyeHna avaroHatedl. Torza w3 noapobua tpeyronbHHKOB AOD n COB

c xoachdmumenTom k = ;—? = 2 cngayet, uto ACQ: OC=12, otkyna AO=2, OC=1, AdanorwunHo, BO=2, OBR=1.

Tenepp ne Teopeme [ludaropa HaxoouM LIMHBL cTOpoH TpaneunH: AB=CD=v4+1= V5, BC=V1+1=42,
AD =2v2. 3uaunur, MEPHMETP Tpaneund paBeH 275 + 3v/2.
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3anaqa 4. TpH CTOPOHBI TpaneUHH MMEOT ATMHY 2, a OHO M3 ocHoBaHMit — pauHy 4. Hafoure IAMHB
AHATOHATIEH TpaneuHH.

PeweHnHe: 30eck Mbl BOCIIONL3YEMCH CBOMCTBOM pagHOOOKOH TpaneuuH {papeHCTEO DOKOBBIX CTOPOH che-
A¥eT W3 YCNOBWA): BLICOTHI, NPOBCOEHHLIE M3 BEPUIMH MEHBIUEIO e€ OCHOBAHMA, OTCEKAKT OT pasHOOOKOH Tpa-
[EUMNA ABA PABHBIX TPEYTWILHHKA (¥ 3THX TPEYFONLHUKOB DABHW OCTPbIE YIVIBI — YIVIbI APH OCHOBAHMH M [MIIO-
TeHy3nl — G0KOBue cTopoHbl TpanelH). Htak, nyers ABCD — pavnag tpaneunsi u AD=4, AB=BC=CD=2.
Mycte BM n CN — Boicotel Tpaneuuu. Tornma MBCN — npAMOYroabHHK, mostomMy MN=EBC=2. Ho Ttorma

AM = DN = ;—(AD—MN') =1. 3HauMT, M3 TpeyronbHHKA ABM nomyuaemM BM =+4-1= J3. Kpome TOTmO,
DM = DA~ AM=3. Teneps U3 TpeyroiteHuka BDM nonyyaemM BD=3+9 = 2J3. Inaronane AC umeer Takyo
Xe LIHUHY.

CyMMa yrnop BuNYKNOro MHOrOYronbHUKa. NpasuabHMe MHOTOYTONbHHKH

CyMma yrAOB BRITIYKIIOND #-YTOMBHHKA pasHa 1807 - (v —2).

IpaBunpHbIil MHOTMOYTOMLHMK — 3TO BHITYKALIH MHOTOYTONBHHK, ¥ KOTOPOID BCE CTOPDOHB PABHBLI MEXKTY
coboi H BCE YIIIBI paBHB MeXIy coboi.

3apaua 5. Yron NpaBUILHOTO m-yroibHUKa paseH 162°. Haiaute .

PeweHue: TTOCKOMLKY BCe YIJIL HPABWILHOIO MHOTOYTOABEHMKA DaBHBI, Nomy4aeM: 162 = =12 oTKyda
n=20.

180 (1 - 2)
”n

TpenvpoBoYHbBIE 321AHHUA

3A0AHUA BA3OBOIO YPOBHA

1. Hasiaute miepuMerp pomba, TUTHHEL THaroHaneil Kotoporo pasHel 10 v 24 e

2. Haiinure nepuMerp APAMOYTOAbHWKA, GIHA M3 IMAroHanei KkoToporo vMeet AmnHy 10 1 obpasyer c apyro#
IHAaroHanew yron 60°.

3. Haitaute ZTMHLEL uarokancii pasHoboxoii Tpaneumun ABCD, ZauHBI cTOPOH KOTOpOH paBHul AB=BC=
=CD=35, AD=11

4, B NpaBHIBHBIA WECTHYTONBHHK ABCDEF Bnucad TpeyronbHux KLAM, seputunel K, L, M xoToporo sie-
NSAOTCA COOTBETCTBEHHO CepelHHaMKH CTopoH AF, BC, DE wectuyronbHuka. HaHouTe mepUMETP LIECTHYTO/Ib-
HMKa, eCIH MEPAMETP TPEYTroJibHHKa paseH 18.

3AJAHWMA NMOBBILLEHHOMO YPOBHA

5. B tpeyronsHuke ABC nposeneHa GuccexTpuca BL, a TpAMBIE, TIPOXOMAIIME Meped TOUKY L MapanienbHo
CTOpPOHAM TPEYIONBHHKA, MEPECEKaloT CTOpoHy AB B Touke M, cropony BC B Touke N. Hadiante AM, ecnn
LM=0, NC=9.

6. Cymma yrnoe npu ocHoBanun AL tpaneunn ABCD pasna 90°, a pasHOCTh LMHH OCHOBAHWIA TpameuHu
paBHa 4. Haiiaute nnnuy oTpeska, COeNMHAOLIEND CEPEIHHBLI OCHOBAHHH TPalei{HH.

7. B MpaBMALHOM BOCBMMYTONEHHKE ABCDEFGH waiianTe oTHOUIeHWe SHaroHaaw AE K nwaronann CE,

Pemenyss M OTBEThIL

1. 52 oM. Pewerne, Quaronanm pomba Nepre HAMKYIAPHEL W ASISITCA TOYKOH NepeceyeHUd NonomaM, nosro-
MY CTOpOHa poMba — IHIOTEHY3a NPAMOYTO/ILHOTG TPEYTOIBHNKA ¢ KAaTeTaMH MUIMHBI 5cm u 12 cM. Tlo Teopeme
[Tudaropa HaxonHM @ =% +12% = J@ =13 (cM). AnvHsl cTopoH poMGa paBHEL, HO3TOMY €F0 MEPUMETP PaBEH
4.13=52 (cm). 2. 10+ 10Y3 . Pewenue. Nycts O — Touka nepecedernd AHaroHaned AC U BD NpAMOYroAEHHKA
ABCD, £AOB=60°. [IluaroHaay npaMOYTOJBHUKA PAaBHL H ACTATCA TOUKOH MEPECeYEHH NOToNaM, MO3TOMY
AO= BO =5, Torla U3 paBHOCTOPOHHETO TpeyronbHuka AOB naxonuM AB=3. CropoHy AD HainéMm u3 Tpe-
yronpHuka ABD no teopeme [Mudaropa: ADP= BD?-AB8?=100-25=75, otkyma AD= ¥75 =543, Iosromy
TMepUMeTp PaBeH 2.(5+5¥3). 3. 4J5. Pewenve. BOKOBBIE CTOPOHBI PABHOGOKD# TPAIelMyi PaBHEI, TIO3TOMY WX
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MIMHA paBHa 5, sHauuT, BC n AD — ocHOBaHMA Tpaneuwd. OMycTHM neprneHIUKYAAPH BP u CQ Ha AD. Toroa
TPEYTONEHHKY ABP u DC(Q) paBHbl, cnegoBatensuo, DO = %(AD— BC)=3 Torma AQ=AD - DQ =38, u 13 np4a-

MOYTOUIIBHOIC TpeyroabHuka DCQ nomyuaeMm: CQP=CDI - DOT=16. Tenepb K3 NPAMOYTOMBHOIG TPEYTOMBHH-
xa ACQ Haxogum: AC?=AQ?+ CQ*=80. 4. 24. Pewenue. Otpesox KL — cpemwas mvnus tpanenvn FABC,

ocHoBaHHe FC xoTopoil RoRoe Gonblue ocHoBaHHA AR, otkyma K = %a, rne @ =AB. Tpeyroneumk KLM — pas-

HOCTOPOHHMK, IHAYWT, €TO NEPHUMETP pareH 3- ia =18, otkyma a=4. 5. 4. Pewennae, YeThpExyroinnnk LMABN —

pOMﬁ, TdK KdK OH TO I'IOCTpOCHH]O rlapwmenorpamm, d e J1aroHaIbL _B_L ACTAT ¥Yroj IMpH BEPLIWHE B NoNnOJIAM.
Torna LM=LN=6. Otpesok AM naiizéM Teneps U3 noaobus TpeyroibHHKoB AML n LNC, MMEIOILMX COOT-
BETCTBCHHO NApPAUIEIBHEE CTOPOHE: AM [ LN =LM: CN. 6. 2. Pewenue. Iycth M — cepenvHa MEHBIIETO OC-
Hopanus BC tpaneuun ABCL, N — cepennHa apyroro ocHobaHuA. [IpoBeméM yepes Touky M npsaMunie, mapan-
JNenbHble HOKOBBIM CTOpOHAM TpanelwH., OHHM nepecekyT oCHoBaHWe AD B Toukax P um ( T1ak, yto ABMP u
DCMQ — napannenorpammel. Torma AP=BM= MC= DQ, nosromy PN=NQ. Kpome TOro, cymma yrios
NMpH OcHOBaHWM P TpeyroAbHHKa PMQ pasna 90°, Tak Kak OHAa paBHa CyMMe VIJIOB NpHM BepliMHax A4 U D
Tpameuuu. 3Haaut, MN — MeoHaHa [PIAMOYTOALEOMD TPEYTOALHHKA, TNPOBENEHHAY K TUIOTEHYie, OTKyAa

MN=—'2-PQ=%{AD—AP— DQ):-:'-!(AD—BM—CM), sHaanT, MN = é(AD—BC)=2. 7. V2. Pewenue. Pac-

cMOTPHM TpeyTonbHUK ACE. OH — pasHobGenpecHHLIH B ¢y paBeHeTBa auarcHanci AC u CE. C Opyroi ctopo-
HET, TI0B0A NPaBUABHBIH MHOTOYTOJBHHK MOMXHO BIOMCATb B OKpYXHOCTE, [Tostomy ZACE=90°, KaKk yron ¢ Bep-
IIMHON HA OKPYXKHOCTH, ONUPAIOUIMiCA Ha IUaMETp, 3HadnT, AE?=AC? + CE2=2CE?, otkyaa AE = J2CE.

9.4. OKpYKHOCTh M KpYT

TeopeTHueckue CBEIEHHA

OxpyxHocTh W Kpyr. LlenTpaneHbiA, BNIUCAHHBIH Yyron; BEnHMWHA BMHCAHHOrO yraa

B 3toM paspene conepxkarcd cpa3ly HECKONbKO BAXKHEWIIHX TEOPEM [LIAHHMETPHH.

BenvuMHa uesTpauibHOTO yima (yina, 06pasoBaHHOTO MBYMS PaJMYCaMW OKPYXKHOCTH) PaBHA TPANYCHOH Mepe
IYTH, H& KOTODYK) OH OINHMpAETCA (AYTH, 3aKIMIOYEHHOM MeXTY KOHLAMH panuycoB). BeJw4yMHa BIMCaHHOTO yria
{(yTna, oBpaloBAHHOIO IRYMS XOPOAMM, BEIXOAAINMMH M3 OIHOHW TOYKW HA OKPYXHOCTH) PABHA TIONOBHHE rpaagyc-
HOH MEPH AYTH, HA KOTOPYIO OH OMMpacTCA (IVTH, 3aKJIIOYEHHOM MEXIY KOHUaMHu Xopa). CneacTBue: BIMCAHHBLI
YO, ONUPAXHACA Ha AHAMETD OKPYXHOCTH, — NPAMOiA.

3anaua 1. BepluMHbl TPeYTOJIbHMKA Pa3bMBaiOT OMHCAHHYK: OKOIO HEMO OKPYXHOCTh Ha TPM NYyTH, OTHOIIE-
HME IpalyCHbIX Mep KoTOpbix paBHO 1: 2 : 3. HailowTte yIianl TpevrosibHHKE.

PemeHue: IpamycHaa Mepa OKPYXHOCTH pasHa 360°, [03TOMY yKazaHHBIE OYTH WMET COOTBETCTBEHHO
smepy 60°, 120°, 180°, A onHpalomuecs Ha 3TH OYTH YIAL TPEYTOABHHKA PaBHBI COOTBETCTBEHHO 30°, 60°, 90°,

3anaga 2. TpM TOYKH NEpPeceycHUS MPOMOAKSHUA OHCCEKTPUC TPEYTONBHMKA C OMUCAHHOW OKOMO HEro
OKPYAHOCTBIO ACHAT 3TY OKPYAKHOCT HA TPH OYTH, OTHOILEHHE IPalyCHBIX MEp KOTOpbIX pasHo 2 : 3 : 4. Haitaun-
T€ YAkl TPEYIOIbHHKA,

Pewenwne: [lycte 4, B, C — BeplUIHHbl Tpcyronbduka, A, B), C; — TOuXM Ie€pecedeHMs BBIXOWHLIMX M3
3TUX BEPLUMH GUCCEKTPUC ¢ OMUCAHHOM CKPYNMHOCTEHIO, AHANOTHYHO MPeOpayined 3anaue MoayuaeM, YTO TOYKH
pa3biiIn OKpYXHOCTL Ha ayru 80°, 120°, 160°, MoXeM CUMTATh, 4TO 210 nyth A\ B, B,C, n C|A,. Toraa cymma rpa-
nychabix Mep ayr A, C u CB, pasHa 80°, 3uayuT, cyMMa ymoB £ZA AC u £ B BC pana 40°. Ho 3T yTaiBI cocTab-
JISTHOT TIONOBHHBL OT YIMok A 0 BrpeyronbHuka A BC, 3HaunT, £A + £LB=80°. HoToraa £C = 180° - (LA + £ By = 100",
AHATOTHYHO LB+ £ C= 120°, ZC+ £ZA=160°, noaroMy 24 =60°, £ B=20°.

BzauMHOE pacnonmKeHHe NPAMOH H OKPYKHOCTH, ABYX OKpPYXHoCTeH. KacatenbHan v CeKyWan K OKpyx-
HOCTH, HX CBOWHCTEA

IIpAMand HA3bIBACTCH KACATEABHOW K OKPDYXKHOCTM, eC;IM OHAa MMeeT ¢ HeH pPOBHO OIHY o0l1yIo TOUKY (3TO
Toyka KacaHua). [pamas, nepecekaras OKpPyXHOCTE B OBYX TOUKAX, HA3BIBAeTLs cer)ufeli. [ipaMas, npoxons-
LIaA 4epe3 TOMKY Ha OKPYKHOCTH, ABMACTCA KACATLJIBHOM TOTHA M TOABKO TOIDA, KOTO4 OHA [EPIEHAHKWIAPHA
pagMycy, NPoBEUEHHOMY B 3TY TOUKY.

Janaqa 3. Tlpamasa kacaeTcA OXpyxHOCTH B Touke K. Ha npsiMoil pubBpana touka 4 tak, 9to AK=13. H3-
BECTHO, 4T0 AL =3, tie KL — nuamerp okpyxocty. Halaute paccToaHUC OT TOMKM A 00 LUCHTPa OKPYXHOCTH.
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Pewenne: Us npaMoyronbioro tpeyronbhuka AKL (orpesok LK — gnaMerp, 4 MOTOMY TPOXQAMT 4epe3
LeHTp O OKPYXHOCTH, NoaToMy LK | AK) waxomum LK =+25-9 =4, Torna OK = %LK = 2. Teneps U3 nps-

MOYTOJIBHOTO TpeYTOAbHHKA OKA nonyuaem: 4O =9+ 4 =13, D10 — nckomoe PACCTOAHUE.

Ecan u3 Touku A npoBeneHbl Kacatensible AKX W AL K onHo# OKPYKHOCTH M CEKYIUAd, NEPECEKAIOAd 3TV
OKPYXHOCTE B TOUKaX B U C, T¢ BEIIOJHAKTCA PABEHCTHA:

ay AK=AL;

6) AKZ=AB AC,

Japaua 4. OKpYXHOCTh, AHAMETPOM KOTODOH ABNfAETCa KareT AB MpAMOYroibHOIO TPEYTONbHUKA, Nepece-
kaeT ero runoreHysy AC B Touke P. HaliauTe paguyc OKDYKHOCTH, eclH AP=35, CFP=4.
Pemwrenue: [pamas CF nepneHnukyiapHa guamMeTpy AB OKPYXKHOCTH, MOSTOMY ABMIETCH KacaTelbHOR.
3Haunt, CB2= CA- CP=(4+ 5} -4 = 36. CnepoparcasHo, CB=6. U3 npaMoyTonbHoro Tpeyronsunka ARBC Haxo-
ENE

oMM AB=+81-36 = 3Y5. Panuyc OKPYXHOCTH DABEH 3=

[Be OKpYXHOCTH HAa3BIBAKOTCA KACAWILHMHCA, CCIH OHH HMCIOT OAHY 00ulyi TOYKY (Touka kacanufa). Ecau
OHA M3 OKPYXHOCTEH TMPH 2TOM JIEXHT BHYTPH OpYTOH, TO TAaKoE KAacaHHE HAalbiBaeTCs BHYTPEHHHM, cCITH
HET — BHECIIHMM. TOYKA KACAHMA OKPYXKHOCTCH AEKMT Ha JHHHH UCHTPOB, T. C. HAa NPSAMOW, NMpOXOIALIEH 4epes
LIEHTPBl THX OKpYXHocTeH. Hnst Toro 4rolbl OKPYXHOCTH KacalWch BHEIMHMM o0pa3om, HeoDXoaHMMo H oocTa-
TOYHO, YTOOBI PACCTOSHHE MEHIY HMX LEHTPaMHM DABHANOCL CYMME PagUYCOB OKPYXHOCTEH, ANA BHYTPEHHETO
KacaHWA — Pa3HOCTH pajguycoB (M3 DOAbILIErD BLIUMTASTCA MeHBIMUA pajuyc).

Jasaua 5. TpH OKpyXHOCTH CGIMHAKOBOIO pamgvyca R nonapHo KACAKTCA ApPYyT OPyTa, T. €. PACTIOMOKEHBI
TaK, YTO KaXaas KacaeTcd OByX Apyrux. Hailaure mepumerp TpeyroibHHKA, 06pa3oBaHHOIO TOYKAMH KacaHHs
STHX QKPYXHOCTEH.

Pemerue: Kax cremyeT M3 TeopeMbl, KaX1das CTOPOHA TPEYTOAbHHEKA ¢ BEPUIMHAMHM B [IeHTPAX 3THX CKPYX-
HOCTEH MMeeT IIHHY 2R, 4 TOUKM KacaHHs ABAAI0TCSH CepelrMHAMH CTOPOH TaKOro TPeyraiibHMKa. 3HAYMUT, CTOPO-
HBl HCKOMODO TPEYTONIBHHKA — CpeAHHe NHHUH TPeYTOAbHUKA CO CTOPOHAMH 2R, M ux 1nuHa papHa R. llepumerp
TPEYrONLHYKA paBeH 3R,

TpenupoBoutbie 3alaHuA

3AAAHWA BA3OBOTO YPOBHA

. HaiauTe pajuyc OKpYXKHOCTH, B KOTOPYX) MOXHO BITMCATE MPAMOYTOIBHHK CO CTOPOHAMHM AJTMHLI 10 1 24.
2. IpaMad, NPOXOAAINAA Yeped TOUKY .4, Kacaercs OKpyxXHocTH pagnyca 3 B Touke K. Hainure paccroaHue
OT TOukH A 0o Omixkaduled K Hel TOUKM OKPYXHOCTH, conn AK=4,

3. OTpeskH, COEAHHAIOIHE CEPEAMHBI NPOTHBONOMOXHBIX CTOPOH KBaJApaTa Co CTOPOHOH 4, JEnsT ero Ha
YeTblpe paBHBIX KBagpaTuka, HafanTe paccTossHHe MeXAy LeHTpaMHM OKPYXHOCTEH, BIIMCAHHbIX B ABA KBAAPATH-
Kd, HEe HMEIOIHMX obuIel CTOPOHLL

3ALAHMA NOBBLILLEHHOTO YPOBHA

4. Jlpe OKpyXHOCTH OOMHAKOBOrO pagWyca MepeceKawTca B Toukax A M 8. KacaTenbHee K TepBoil oKpyx-
HOCTH, NPOXOOHLIME Yepes TOMKH A H B, nepecekakrcsa B Touke C, JexXalugl Ha BTOpoH okpyxHocTH. Haitamte
yron ACH.

5. JIBe OKpYXHOCTH PAnMYCOB 2 # 3 KaCalTCA BHEIWHHUM o6pazom. O6WHe BHENIHHME KACATEALHEIE K OKPYXK-
HOCTSIM TNepecexanTes B TouKe 4. Hailoure paccTosiHMe OT TOYKH A A0 NEHTPOB OKPYXHOCTEH M JUIMHB! Kacd-
Te/NbHEX, MPOBEdéHHLIX H3 TOUKH A K 3THM OKPYXHOCTAM.

Pemiennsa M oTBETHI

1. 13. Pewenue. JHaroHaIb MPSAMOYTOIBHHKA — AHAMETP OKDYXHOCTH. JIHArGHANb BHIYMCIHM MO TeopeMe
Hudaropa: d2=102+242 =676 =262, otkyna o = 2R =26. 2. 2. Pewenue. [lycth G — ueHTp okpyxHocTH. Torma
o CBOMCTBY KacaTenbHOl ZOKA=9)°, mostoMy OAZ=0K?+AK2=9+ 16=25, otxyaa OA=75. bauxaliimas
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K A TOUKa OKPYXRHOCTH — 3T¢ Touka P mepeceueHua orpeska A ¢ OKPYRHOCTLID. 3HAUMUT, HCKOMOE PACCTOAHNE:
AP=AO-OP=5-3=2. 3. 2. Pewenue. MonyyeHHble YeTHpPE KBALPATHKA HMMEOT CTOPOHBl AMHHOH 2.
LeHTpH paccMaTpHBaembiX OKPYXKHOCTeH ABIAIOTCA HCHTPAMM ABYX MPOTHBONEKAIINX KBRIDATHKOB, MOSTOMY
PACCTOSHHE MEXIY HMMH DABHO YIBOCHHOH CyMME MOJOBMH MHATOHANECH 3THX KBAIPAaTHKOB, T. €. PaBHO JIHAIO-
HanmH xBaapatHka. 4. 60°, Pewenue. Ecmu O, v O, — UeHTPH OKpYXKHOCTeH, To £AO B=/A0,8. C npyroi

cTOpoHEl, ZACH = % ZACLB (nmepBRI YyTON — BIHCAHHLIN, PTOPOit — IleHTpanbHEIR). MTak, ecmu of — HCKOMEIH

yroi, 10 ZAQ B=2a. B uetnipéxyronsiuke O\ BCA npa yrna — npameie (O 4 n OB — paguycel, MpoOBEREHHEIE
B TOYKH Kacanud), aHauut, LACB+ ZAO B=180°, T.e. 30=180°. Kommenmapui. Bonee mpocroe pelleHHE
MOAYUUTSSH, €C/IM BOCTIONb3OBAThCA TeOpeMOl 06 W3MepecHMH yIia ¢ BepllHHOH BHE OKPYXHOCTH (OH paBeH
TIONYPAIHOCTH TPadyCHOH MCPRl OYT, BEICEKacMBIX CTOPOHAMM YIJIa Ha OKDYXKHOCTH). 5. 10 n 15, 4J6 u 66.
Pewenue. Tlycte O; n (; — LeHTPH OKPYXKHOCTEH pagayca 2 M 3 coorsercrBeHHo. Torga ycnoBue BHELIHETO
KaCaHHA OKPYXHOCTEH o3Hadaer, uto (,0;=2+3=3. [lycTs oAHa U3 OOLIMX KACATENBHEIX KACaeTCH OKPYXHO-
CTed COOTBETCTBEHHO B Toukax K, U K. MMonoxnm: AO, =x. Torma u3 Mogo6usi MPAMOYTONLHEIX TPEYTONEHHKOB
ALK, n ALK, (pagnyc, mnposenéHHRIA B TOYKY KacaHMA, NEPNEHAWKYIADEH KACATENBHOH) TNOIy4aeMm:
AC, AO =K, : O4K;, T.¢. x:{x+5)=2:3, orxyna x=10. Orpesku AK, U AK, BEMHCIAIOTCI 1O TEOpeMe
Mudaropa: AK} = AO; -, K? =100—-4 =96, otkyna AK =96 = 4/6. IIpa npyrux oTpeska, AQy 1 AK;, Haxo-
aATca 13 onobun TpeyronkHUKoB AO,K, u AO;K,, a uMeHHo AK; = 6\»@, AO,=15.



§ 10. U3MmepeHHe reoMeTpHuUEeCKHUX BENUHHH

TeoperHieckHe cBeleHMs

(Inowaan nnockux ¢mryp. Mnowapae npamoyroabHuika. MAcwags napannenorpaMMa, TPEYroAbHHMKa W
TpaneyHu (ocHOBHbE opMynn)

DTOT pasaen MOCBHUIEH QOHOMY M3 KTIOYEBLIX NOHATHI NAHMMETPHH — TUIOHIATH LIOCKOH dhuryps. OcHos-
Hbi¢ (hOpMYNbL TUICWALL NIPAMOYIOIbHHKA PaBHA TIPOM3BEIEHHIO LUTHH €r0 COCEIHWX CTOPOH; MAOHIALL Napasne-
JorpaMMa paBHA TIPOM3BEACHWIO IIMHEL €10 CTOPOHB HA PAcCTOSHME OT 3TOH CTOPOHBI 0 MAparienbHol e
CTOPOHBI (BLICOTLL MApasienorpaMmMa); IOIAAL TPAEIMM PaBHA NMPOU3BENEHHIO &€ BRICOTHI Ha TIOJYCYMMY OC-
HOBAHHH; IUIOWAAL TPCYTOIBHHKA PABHA TOJOBMHE NMPOW3BENEHUA €10 BBICOTHI H2 IUTHHY CTODOHBI, K KOTODOI
3Ta BHCOTAa MPOBEICHA.

3anaua 1. Ha cropoHe AB tpeyronbHuka ABC B3sTa Touka K Tak, 9to AK; KB=12: . Yepes Touky K npo-
BEAEHBl APSMbBIE, TAPAULIEAbLbIE CTOPOHAM TREYroAbHUKA. OQNHa U3 HUX nepecexia cropoHy BC B touke [, BTo-
pas nepecekna cropoHy AC B Touke N, Hadourte mmomwans yerbipéxyronsinka KLCN, cenM mWNowaas Tpeyroik-
Huka ABC papHa 36.

YetoipéxyronbHHK KLCON — napanaenorpaMm, M3 nofobus TpeyroneHukos KBE v ABC Haxoaum, ©to
KL :AC=BK:BA=1:3,1.e. KL= %AC. KpoMe Toro, ecnu # — ANMHA BHICOTH TpeyroasHHKa ABC, npoBeiéH-

" h
HOW M3 BepLUHHH B, TO BLICOTA TpeyronbHHKa KBL pasHa 3+ M TOrIa BBICOTA MapajnenorpamMma KLCN, npo-

BeNEHHag K oOcHoBaHMlo CN, paBHa h-%zz—;’_ 3HayMT, TUIcIIAdbL —TapaienorpaMMa  pasHa

-;-AC-Z; :gAC'—h=%—36=16, Tak KakK M0 YCIOBUIO %AC-thG.

JIpyroe pellleHde 3anadyd MOTYYaeTcs W3 CBOHCTBA MONOOHBIX (DUIYP: OTHOWEHHE MX IICWAAEH PABHO KBAa-
IpaTy OTHOUWIEHHMA HX KoagdHuucHTa monobus. IS TPEeyroAbHHKOB 3TO CBOHCTBO Cpaidy CASOyeT M3 TOro,
YyTO B NMOAOOHBIX TPEYTONBHUKAX OTHOIICHHE OCHOBAHWM, a TAKKE OTHOLUEHHE MPOBENEHHDLIX K HHM BBICOT PaB-

1
HO KoapPHLHUCHTY nogodus. OTciona MoAyYacM, 4TO MN0INAAb TpeyroibHHUKA BKI coctasnser — rowaid Tpe-
9

yroneHuka ABC, 1. . paBHa 4, a ITowane TpeyroabHMKa AKN cocrasnaet 4 macEaId Tpeyrofibbngka ABC, T. e.
9
papHa 16. Torza mwiowans nNapaiaeaorpaMMa ecth 36— 4 — 16 = 16.

3anaua 2. BricoTa Tpaneunn ¢ OCHOBAHMAMM MIMHBI 3 u 5 papna 4. Onpenciaute TAoidany Jactel Tpane-
LIMH, HA KOTOpPRIE OHA pa3bMBacTCA CpenHel THHHER.

JAMHA cpelHeH JTHHHAH PaBHA NMOJMYCYMMS [LTHH OCHOBaHHH, T.e. 4. KpoMe TOro, cpeaHsid NMHHSH NEiMT Tpa-
MEeLMIo Ha IBe TPAaTElMM (OHa MapanieibHa OCHOBAHHMAM) M NeNuT BLICOTY TpaneUuHH MOToiaM. 3HAYHT, HacTH,

0 KOTOPBIX HIET pedb, — 3TO TpamnelWs ¢ OCHOBAHWAMM 3 M 4 M BLICOTOH 2, a TAKXe C OCHOBaHMAMH 4 U 5 W

" : 3I+4 4
BeicoTol 2. Ilo dhopMync ricwagu TPamcUMH TNMOTYYacM OTBET: 5 = -—;-—-2 =7, 8= ;5 -2=9,

3anagya 3. B tpeyroneuuke ABC meanana AM U GuccekTpuca BL ncepncHInKynspHEl. OnpeleanTe ILToa-
U YacTeit, Ha KOTOpLIE TPEYTONLHUK PA3OMBAETCH ITHMH MenHaHoH 1 GuccekTpucoit, ecy ero IUolanks pagHa 3.

3aMevyaHHe: NPUBEIEHHAA 3a1a4a ABTASTCA CNOXKHOH, HO B HEW CONEPKATCH CpPasy HECKONBbKO TOJE3HLIX
HIen.

[Mycte H — Touka nepeceuyeHHs MenHansl AM M GuccexkTpucul BL. Torna 8 — ooHoBpeMeHHO DHCCEKTpHCA
1 BBICOTa TPCYTOIBHUKA ABAM. 3HauuT, OH — PABHOGEADPCHHEBIN, MOJTOMY TpeYTGIbHHKM ABH v MBH paBHb,
4 3HAUUT, PABHOBENHKH (PABHOBENHKHMH HA3BIBAKTCH (MUIYPE!, MMCIOILHE paBHBIC TUIOMIANK). 3aAMCTHM, YTO Me-
JMaHa TPEYTOALHWKA BCErIa NENUT ero IUIONIaAb HOMofaM (ASiCTBUTENLHO, HANPHMEp, ¥ TpeyroabHukos BAM
u CAM oblasa BeICOTA, NPOBEIEHHAS U3 BEPIIMHB A, 3 LMMHBEI OCHOBAHWKH paBHBl (BAM = CM). 3uauur, ccau

8
[owWans tpeyroidbHHKa ABC pasHa S, T0 maowaas TpeyronbHuka ABM papHa S+ @ MUIOWANN TPEYTONLHUKOB

ABH v MBH paBHH %. Tenepb BOCIOAb3YEMCA CBOHCTBOM OMCCEKTPHUCHI TPEYTONbHHMKA, KOTOPOC INMACHT, MTO

GHCCEKTpPHCa ACIMT OCHOBAHME TPEYro/bHMKA B OTHOLUCHHH, PABHOM OTHOILIEHHWIO BOKOBLIX CTOPOH. Ho3ToMy

AL CL=AB: BC=1:2, Tax kak AB= BM=MC. Ho Tora OTHOLIEHHKE TUIOIIANEH TPeYTONEHUKOB ABL u CBL
5

Taxoke pasno 1:2 (y HAX o0uiag BHICOTA), 3Ha4wWT, [LIOLAAL TPEYTONLHUKA ABL paBHa 3 [Nozromy miomanb

TpeyTonskHKMKa AHL ecTh %—i—‘ :%. HakoHcl, means yethpéxyronsinka AL CM pabha %“S-—-'i- = %
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Dopmynsi, BeipaskaoliHe ANOLaRb TPEYTOABHHKA: YEPE3 ABE CTOPOHM W YIO/ MEXAY HHMH; Yepes nepu-
METP W PAAMYC BNWCAHHOK OXpyXHocTh; hopmyna Mepona

Cnpageiniesl crenyioilne HopMyIsl ILTOMALH TPEyROABHHKA: 5 = %a -b-sinvy, rie @ ¥ b — IJTHHBL ABYX CTO-
POH TPEYTOIABHMKA, ¥ — YIOJ%, 3AKNIOUEHHBIA MEXIY ITHMH CTOPOHAMU;, S'=p - r, INe p — NOMYTIEPHMETD TPEYTONb-

HUKA, ¥ — PaXuyc BIHCAHHOH B BTOT TPEYTOJALHHK OKPYXKHOCTH, § = Jp (p-ay(p-by(p-c),rtac a, b, ¢ — nNU-
HH CTOPOH TPEYTONbHUKA, p — €10 noaynepimerp (popmyna Fepowna).

3axaga 4. OnpenendTe painyc OKpyXKHOCTH, BIIHCAHHOW B TPEYTOALHHK CO CTOPOHaMH JUIMHE 13, 14, 15,
IMonynepumerp TpeyronbHHka paseH 21, noatomy mno dopmyae [epoHa, erc TIUioulank pabBHa
§=421Q1-13)(21 - 1421 —15) = J3-7-8-7-6 =3-7-4=84. 3nauur, 84=p-r=21-~, oTkyma r=4.

Janaga 5. MennaHa npAMoOYroOABHOMO TPEYTOIBHHKA, IPOBSAEHHAT K FHAOTEHY3e, MMeeT MIHHY 1 U obpasy-
€T ¢ THIOTeHY30i yrom 60°, Halimure miowmans 3T0ro TpeyrOABHHKA,

MenunaHa NpAMOYTOALHOIO TPEYTOABHHKA PABHA MOAOBHHE TUITOTCHYIBI, 3HAMMT, OHa pa3buna HCXOOHEIR Tpe-
YTONBHUK HA OBa paBHODEAPEHHBIX ¢ DOKOBBIMM CTOPOHAMM ANHHBI |, ¥ ONHOMO M3 KOTOPBIX YTOJ NPH BeplIHHE

pasen 60°, y npyroro — 120°. Tlnowank mnepporo TPEYTOJBHMKA HaWméM 0o NepBoil ¢opMyne pasnena:
V3

&= %-l-l-sinGO" ===, Bropo#l TpeYTroNbHHK HMEET TAKYK) XK€ ILTONAnb (MOXHO HCIIONB30BATh TY X (hopmyy

4
W AN BTOporo TpeyronsHuka). Mtak, HckoMad mnoimans paBHa -‘1;3

Mnowaas Kpyra

Tlnomane Kpyra BEYHCAACTCA 10 dopmyte S=mr, e # — PAIMYC OKPYAKHOCTH, 7T — KOHCTAHTA, PAaBHAs OT-
HOIWEHUIO JIMHE OKPYXHOCTH K o€ JuaMeTpy. E€ 3HadeHume npubnuxenHo paeHo 3,14 {n=131415...).

TpennposodyHbie 3aTAHMS

3A0AHUA BA3OBOIrO YPOBHA

. B tpeyronbauke ABC wniBecTHH AnuHBL OByX cTopoH; AB=6, BC=8, a AnrMHA BHICOTBI, TPOBEOEHHOH
K ctopoHe BC, paBHa 3J3. Haitaure JHEY BLICOTH, MPOBEAEHHOMH K CTOpoHE AB,

_ 2. HaiiouTe miolnans MpsMOYronsHOM TPaneHWH, ¥ KOTOpoH MHMHA MeHblIeH GOKOBOH CTOPOHBLI paBHa 4,
a IUHA cpeaHed AMHHW paeHa 15.

3. TNpsamas, napaanenbHas QCHOBAHHIO TPEYTOJABHWKA, ASMHT €ro maomajib (oIonaM. B Kakom OTHOIIEHHH
9Td NpAMad AT BLICOTY TPEYNOIbHHMKA?

3A0AHUA NOBBILLEHHOTO YPOBHA

4. B ocTpoyroasHoM TpeyronbHuke ABC W3BECTHLI INAHHEL JBYX CTOpOoH: AB=6, BC=28, a n11MHa BLICOTHI,
npoeenéHHOM K ctopoHe BC, pasHa 343, Haitanre AJTHHY BBICOTHL, NIPOBEREHHOM K cTopoue AC.

5. BricoTa MpAMOYTONBHOTO TPEYTOBHHKA, TIPOBeagHHAsA K3 BEPLIHHBL MPAMOT0 YIjaa, JCAWT ¢TO HA ABA Tpe-
yronpHMKa wiowany 12 v 27. OnpensenuTte LIMHY 3TOH BBICOTH H IUIMHY THNOTEHY36 TPEYIOABHHKA.

Pemenna U oreerbl

1. 43, Pewenue. Uz dopMyaEL TUTOLIAAN TPEYTOIBHMKA NonydaeM: 28=Fh,- BC=h, - AB, tae k, 1 k; — co-
OTBETCTBEHHO LTHMHEL BBICOT, NIPOBEAEHHBIX K C¢TopoHaMm BC u AB, orkvma i = A -% yT.e = 3\/‘3-%= 443,
2. 60. Pewenie. B NpAMOYIONBHOH Tpameldu MeHBIIVIO JUTHHY HMeeT DOKOBAad CTOPOHA, NepleHAHKYNAPHAaA
&€ OCHOBAHMIO. 3HAYMT, BLICOTA TpanenWW papHa 4. CpenHas NHHHA TpaneuHdd MO JIMHE PaBHA MOTYCYMMeE
AJIHH ¢€ OCHOBAHMIL, 3HAYMT, TIOTyCyMMa AIHH oCHOBaHHI paBHa 15. B To xe BpeMs IUutolwadbs TpaneuMy paBHa
NPOH3BCICHHMIO €€ BBRICOTLI Ha MOJIycYMMY ocHOBaHHH, T.e. S=4- [5=60. 3. (\5 +1):1. Pewenue. 3 yenobns
CemyeT, YTO TIpAMAaA OTCEKAeT OT AaHHOTO TpeyronbHuka ABC monoOHBN eMy TpeyronbHHK MBN (MN|AC),
IJIOWAAEL KOTOPOrO PaBHa NOAOBHHE TA0anH TpeyrolbHvKa ABC. Ho B nonobHbiX TREYrolbHHKAX UTHOUIEHMWE
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.. 1
mnolane paBHO KBagpaTy Ko3ddpHUMeHTA 11oaobus, oTKyda k=j§. OMHOLICHME BLICOT MOXOBHBIX TPE-
YIOUIEHHKOB paBHO KoxduuuesTy MX nogoOMsa. 3HAUWT, OTHOIISHHME BLICOT TPEYTOIbHHWKOE AMfBN w ABC

1
PaBHO [IO3TOMY [IPAMARA AeMT BLICOTY Ha MAcTH, OTHOLIEHHME KOTOPBIX [aBHC ;%:(l——%): 1:(+2-1=
W

=(J§+l): (ﬁ—l}(ﬁ+l] =(v@+l):l. 4, 12\,@. Pewenue. Tlyets AH — BrICOTA TpeyTonbHHWKA ABC, mnpo-
13

penénnan Kk cropode BC. M npsamoyronsHore TpeyronsHuka ABH no teopeme Tludaropa nomyuaem:
BHI=AB' - AH?=36-27=9, T.¢. BH =3 — KaTeT TpPeyTonbHMKA, BABOE MEHBIUWI rUmoteHyssl 4B, [Mosromy
£ BAH =30° Torna £ ABH = 60°, M no Teopeme KOCUHYCOB U3 TpeyToNibHuKa ABC nonyuaem: AC? = AB? + BC? -

w2-AB»BC-c0560°=36+64—2-6-8-% =52, T.e. AC=+52. Tenepn, MOBTOPUB paccykacHWs!, NpPUBEIEHHbIE
B peUIeHHH 3afadyy 1, ronyqdacm: /3 = A, -i—g =3J§-:;§—2- = —1}%. 5. 6 ¥ 13. Pewenue. llycte CH — BHICOTA AaH-
HOIO TpevroibHuka ABC, n tpeyroneHuk ACH n BCH uMe©T CoOTBeTCTBeHHO ILwTowiand 12 uw 27. Toroa
%CH-AH=12 it %CH—BH=27. IlepeMHOXHE 3TU paBeHCTBa, MMOJNYYaEM: (%CH-AH]-[%CH-BH):
=12.27=4.81, otxyna CH!.(AH-BH)=16-8]. [lo CBOICTBY BbLICOTEI TIPAMOYIOJALHOIO TPEVTOJIBHHKA
CH =Jm, cnegoBaTenbHo, CH*=16-81, T.e. CH=2-3 =6. Tenepb H3 papeHCTBa %CH-AH =12

HaxonHM AH = 4, U3 papeHCTBA %CH - BH =27 naxonvumM 8H =9 Haxonen, runorenysa AB=AH+ HB=4+9=13.



§ 11. KoopauHarpl ¥ BeKkTOpDI

11.1. Koopamnatsi

TeoperuuyeckHe CBeJAeHHA

YpaBHeHne npamoi

JIuHelHOE ypaBHeHHe y=kx+ b 3a0AET Ha KOOPOMHATHOH TNOCKOCTH Oxy (Ox — ock abeuuee, Oy — ock
OpIMHAT) OPSMY0. JTa npaMan 00paisyeT ¢ [MONOKHTEIBHLIM HATIPABIEHHEM OCH abCLHCC YT0i, TAHIEHC KOTOpO-
TO paBeH k (tg a=k). B ciyuae k = 0 3ta npsaMaa ropusoHTansHa. [Ipu noboM & npaMas mepecekasT OChb OPIHHAT
B TouKe ¢ koopmunaramu (0; b). llpamme y=kx+ b » y=4kx+ b, B céiydae &k, # k, nepecekaloTcs, B cryyae
k =k, n b, # b, napannenbHBl, HaKoHEL, B caydae &k, =k, u b = b, copnagaior. BepTukanpHas npaMas sanaérea
y'paBHeHHEM X=cC.

[psaMas OAHO3IHAYMHO ¢CTPOMTCA TIO ABYM TOUKAM.

3anava 1. Hanviwure yparHenue npamoit, mpoxoaawer depes touku 4 (2; -3 u B (5; 3).
Pewewne: [lycte ypaBHeHHe McKOMOR npamol y =Ax + b. TloacTaBUB B Hero KOOpAHHATHL TOUYCK A U B,
=3=2k+5,

3=Sk+h, pELIMB KOTOpPYIO, MoyTyuaeM k =2, #=—7. [IpamMasd ume-

noayJaeM CHCTEMY JHHEHHBIX YPABHEHHHM: {
ET YpaBHEHHE y=2x— 7.

3anaua 2. Hanviwure ypaBHEHHE MOPH3OHTATLHON NpAMON, npoxoasuiel veped Touky A (2; -3).
Pemrenue: Ipaman nMeeT ypaBHEHHE ¥y = b, T. €. y=-3, TaK KaK OpAMHATA TOYKH A papHa -3.

3agava 3. Hanmuwurte ypaRHeHHe NpaMoil, Mpoxomauieil yepea Touxku A (2; -3y u B (2, 7).
Pewenue: Dra nmpsaMasa — BepTHKANbHas {(abCUMCCHI ABYX TOYEK MPAMON CORNANAOT), OHA 3a0aéTCA ypaB-
HeHHEM x=c. B Halllem npuiMepe ¢ = 2, NMO3TOMY npAmasn A8 HMeeT ypaBHeHHe X =2,

3anaua 4. Hanuumre ypasHeHWe npsiMoii, NPOXOMmIlIeH vepes TOUKY A (2; —3) H napauienbHol NpsaMoit
y=—4x+2.

Pewenue: B cuny napauienbHOCTH 3Ta NpAMan 3adaéTcsd ypaBHeHHeM y=—4x + b, IMoacTasus B 3To ypas-
HEHHE KOOPOHHaThl TOMKH A, 1lonydaeM -3=-4-2+p, oTKyma b=35, a HcKoMasd ripAmas HMEET ypaBHeHWe
y=—4x+35,

KoopauHatet cepeHHb OTpeaka

CepeayHa OTpe3ka, KOHUBI KOTOPONO MHMEWT KOODAHMATEL A (x;; 7). B (xs y,), HMEET KOOPIMHATHI

XAt X +
C( 12 2;y‘12m)_

3azaua 5. Hanumwwure ypaBHeHMe NPAMbIX, OPOXOQAWMX Yepe3d Touky C (3; 2) M paBHOYAAIEHHEIX OT TOMEK
A{2; =3)u B(5; 3).

Pewenne: Ecnn toukn A u B pacnionoxXeHsl no oaHy CTOPOHY OT MCKOMOM Npsimoii @, 1o a | AB. Tps-
man AR umeer ypaBHenue y=2x—7 (cM. 3adayy 1), Nno3ToMy @ MMeeT ypaBHeHMe y=2x + &. [TonctaBup B 3T0
YPABHEHME KOOPAMHATHI TOYKH C, HaxoouM 2=2 -3+ 5, orkyaa h=—4. Ecnu ke TOUKH A M B pacnonoxedHsl no

pa3Hble CTOPOHBI OT HCKOMOH NPSIMONH b, TO npsiMas b [pOXOOMT Yepe3 cepeluHY oTpe3ka AB. Dra cepenvHa

245, 343
22

ue 1, naxomum eé ypasHeHue: ¥y =—4dx + 14. UTax, MCKOMBIMH ABAAIOTCS IpAMBIE y=2x—4 H y=—4x+ 14.

HMeeT XKOOpaAMHaTH M[ ), T. €. OpsaMas b npoxomouT yeped ToukH M (%;0) u C(3; 2). Kax 1 B 3a1a-

Dopmyna paccToAHWA MeXAY ABYMS TOUKaMM. YpaBHEeMHe OKPYNHOCTH
PaccTossMue Mexoy TOYKAMM € KOOpPIMHataMH A (x.:y,) H B (x,, ¥,) BHMUCageTca no  Qopmyre

AB = \j(xz -2+ 0 -0
OKPYXKHOCTE ¢ UEHTPOM B TOYKE O (Xp; ) M panvycoM R MMeeT ypasHeHue (X — o) + (v — yo)? = R

3anaua 6. Hanuiunre ypaBHeHMe OKpPYXHOCTH Cc UEHTPOM B Touke C (3;2), mpoxonsinel YEpe3 TOUYKY
A(2;-3).

Pemrenue: BHavane Halaém panuyc okpykHocTH: R=AC = J{) =M+ (-3-2)2 = J26. Teneps MOXeM Ha-

TIHMCATh YPaBHEHHE OKPYRHOCTH: (x—3)2+(y-2)2= [Jﬁ)z .
HcxoMoe ypasnenne (x — 32+ (y — 2)2=26.
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3anaga 7. YcTaHOBMTE B3aMMHOE PACTIONOKEHHNE NPAMEX ¥y =X, y=X—2 1 y=x+ 3 ¥ OKpyXHOCTH X2 + 32 =12,
Pemrenne: LleHTp oxpyxHOCTH MMeeT KoopauHatel € (0; (), a neppas npaAMas OPOXOAMT 4epe3 Touky O,
3Ha9uT, neppad NpAMas MepeceKacT OKPYXHOCTh M CONEPXHMT e€ nuameTp. HalingéM TouxH nepecedyeHHA BTODOH
x1+yi=

pmx—2 2 PeluMB 3Ty CHCTEMY METONOM IIOACTAHOBKM, NOAYYAEM EJHHCTBEHHOE pe-

MPAMOH M OKPYXKHOCTH! {

x2+yl=2
y=x+3
HE HMeeT PELIEHHI, MOTOMY TPEThA NpAMAS He NMEPEceKaeT OKPYXKHOCTh (HAa KOOPIMHATHOH IUIOCKOCTH OHa
pacImo/iokeHa BRI OKPYXHOCTH).

33,113‘{}’ MOXHO ObLl1O PEIUATE H I‘Da(bl'l'-ICCl{H, HSOGDEIBHB Ha KOOPI[HH&THO“ TINOCKOCTH 3TH NMPAMbLIE H OKPYXK-
HOCTB.

weHne x=1, y=-1. IHauuT, npgmas kacaeTed OkpyXHoCTH B Touke K (1, —1). HakoHeu, cucrema {

3anaga 8. HanuiuMTe ypapHeHMR OKPYXHOCTEH ¢ LEHTpOM B TOUke A (2;-—3) Tak, 4TOOHl IepBasg OKPYX-
HOCTB Kacanach NpaAMoii x =5, a Bropasd — npAMoit y=x -7

Pewenue: Ileppan npamag — sepTHUKATEHAR, M PACCTOAHHE OT TOUKH A 10 HeE ecTh pasHOLTRE 5-2=3,
Ho 310 u ecTh paguyc OKpyXHOCTH, MO3TOMY IlepBasi OKPYXHOCTh HMEET ypaBHeHHe (x —2)2+ (¥ + 3)2=132. Pa-
IMYC BTOPOH OKPYKHOCTH BLWUHC/ITHM anreOpamdeckn. YpasHeHHe OKPYXKHOCTH uMeeT Bux: {x —2)2 + (¥ + 3)2 = R?,

(x-22+{+307 =R,

M OHa MMEET eIMHCTBEHHYI0 OGIUYI0 TOUKY C NpAMON y =X — 7. 3HAYHT, CHCTEMA yox—7 AOMK-
HAa HMETh EIMHCTBeHHOe pemeHHe, Hmeem: (x—2)2+(x—7+32=R2, 2x?-1x+20-R?=0. Orcioma
? =62-2(0-R)=2R?2-4=0,1.¢e. R=:/2. (OrmeTum, uT0 ypaBHeHHe R?=2 umeeT Takxe pelieHue R = -2,
HO OHO — MOCTOPOHHEE, TaK PATUYC R HE MOXET TIPHHHMATH OTPHMLATEALHBIX 3HaueHHH.) MTaK, BTOpas OKpYX-
HOCTh MIMEET YpaBHEHWE (X —2)2+ (y + 3)2=2,

TpeHHpOBOYHBIC 3AJJAHUA

3AJAHUA BA30OBOIC YPOBHA

1. Hanuuiure ypaBHEHHE pAMOI, TapaUieIsHON NMpAMOl y =—dx + 5 U Npoxongimei yeped cepeAnHY oTpes-
Ka ¢ koHuamu A (2; =3) u B (6; -1).

2. Hanumre ypaBHEHME BEPTUKANLHON TIPAMON, YIATEHHON o1 ToMKU A (2; —3) Ha paccrognne 5. CkonbKo
OTRETOB HMeeT 3aaada?

3, Hanmmwte ypaBHeHHE OKpYXRHOCTH ¢ meHTpoM O (2;35), npoxogamei uepel LEHTP OKPYAHOCTH
X2+ 2x+yi-6y=11,

3AJAHMA NCOBbLILWEHHOIO YPOBHA

x+2y=1,
4, TIpH KakHX 3HAYEHUSX NapaMeTpa g cucrema <3x—y =17, HMEEeT DEIEHHS?
x—ay=2a*+5
5. Hampmsme ypaBHEHHSI OKPYXHOCTEH, MpOXOAAILHX deped Touku A (2; —3) n B(10; -3), pagHyc KOTODBIX
paBeH 5.

Peuiensia ¥ OTBETHI

1. y=—dx + 14. Pewtenue. CepenmHa M otpeska AB ¥MeeT KOODAMHATR M (2%6#) Hckoman mpamas

WMeeT YypaBHeHMEe y=-4x+d, noacTapisd B 3TC YPaBHEHME KOOPIMHATRL ToukH M (4; -2), momyvyaem:
—2=—4.4+d, otkyga d=14. 2. /Iee npamnie x=—-3 ¥ x="7. Pewernue. BepTHKanoHadA NMpAMaa 3a0aéTCAd YpaBHe-
HHEM Xx=a, @ DACCTOAHHE OT TOYKM P (X ¥} 10 npamMod x=g euaucisetca mo dopmyne r=lx,-al.

146



3. (x—2)2+ (- 5)2=13. Pewenue. Bulienup NOMHBIE KBAOPATEL, NOIYYACM, UTO BTOpas OKPYXHOCTb UMEET YPaB-
HeHHe: (x2+2x+ 1)+ (2 —6y+9)=11+1+9=21, r. e. {(x+ 1)+ (¥ — 3 =21. E€ ueHTp nmeer KoopauHaTh O (-1,
3). McKoMas OKpYyXKHOCTb HMEET ypasHeHHe (x —2)2+ (y— 5)2=R? TlogcTaBHB B 3TO YpaBHEHHE KCOPIMHATEI
Toukn (2, naiuéM paunyc oKpyxHoCTH: (-1 -2)2+(3-5)2=R?, otxyna R?=13. 4. a=0wu a=2. Pewenue. Ypan-
HEHHMA CHCTEMBl ABTAIOTCA YDABHEHUAMH APAMEIX Ha KOOPAWMHATHOH IiockocT. Haingm Touky nepecedcHusn
TepBBIX IBYX W3 HWX. BEIpa3uB M3 NEPBOTr0O YPaRHEHHA X W NOJACTABMB BO HTOpoe, nomygaem: 3 (1 —23)—y=17,
oTkyaa y=-2. Torna x = 5. UTak, CHCTEMa HMEET PEIeHM, eCITH [pAMas X —av=d? + 5 NpoxodUT Yeped TOUKY
P (5, =2), T . BBINIOTHACTCA PABEHCTBO S—a:{(—2)=a2+5, BepHoe TpH a=0 u a=2. 5. (x-6)2+32=25u
(x—6)2+ (¥ +6)2=25, Pewenvie. LleHtp KaxaoH H3 OKPYXKHOCTEH NEXUT HAa CEpEIMHHOM NEPNeHOHKYIApE K OT-
pe3xy AB, napamiensHomy ocH Ox, MOTOMY OH JIEXWT HA NpaMmoii, mapamiensHoil ocn Oy W npoxogsileli yepes
cepenudy M orpeska AB. Touka M umeeT koopanHarel M (0; —3), moatoMy ueHTp ' OKPYXKHOCTH JIEXMT Ha
npsMoit x=6, T.e. Touka C uMeeT KoopauHate C (6; yy). Torma 5= R= AC= J(6—2)2 + (3 —(-3)?, oTkvna
(vp+3)2=9, Te y,=0 UM y,=-6. YCIOBHIO YIOBIETBODAIOT IBE OKPYKHOCTH: (x—6)2+y?=25 n
(x -6} +{p+6)2=25

11.2. BekTopnl

TCOI)CTH‘IECKHE CBCIOCHHHA

[Anvua sekvopa. KoopapnHate Bekropa

IlycTe 3amaHa ynopsmoYeHHAs mapa TOYEK HA TNocKocTH: A M B, OHH 3a53i0T HanpasleHBLIH OTpe3oK AB,
¥ KOTOpOro Touka 4 — Havano, ToMKa 8 — koHew. 3TOT HANPABTEHEBIR OTPE30K HA3BIBAETCA BEKTOPOM M 060D-
auauaercs AR . Lnua otpe3ka A8 HazugaeTcs LTHHOMH BeKTOpa AB w obo3HauaeTcs monyiem: | AR} Jsa sek-
TOPa HA3BIBAIOTCA PABHBIMH, €CiIH OHM JIEXAT HA MApa/UIeNBHBIX NPAMBIX, WUMEIOT OOWHAKOBYIO INMHHY M COHa-
npamieHsl. HanmoMHMM, 9T0 ABa MapaUTe/IbHBIX Ty4a HA3LIBAIOTCA COHATIPABICHHBIMH, SC/IH OHH PaclOIOXEHEl B
0AHOH MOJIYIVIOCKOCTH OTHOCHTENBHO TIPAMOM, NMpoXOQaiieh uepes ux Havana. B cmydae, korna touku A4, B, C He
JEeXaT Ha OAHOH NMPAMOH, BEKTODH A_f? H C_l’J paBHEI TOTIA M TOALKC TOCIA, KOrAa YeThIpEXYTONRHUK ABDC — na-
pauiciorpamMsm, QO003HAYEHHE: AB = CD. Ecin asa BEKTOPA DAaBHBl TPGThGMY, TO OHH paBHBL MeXIy coOoii.
MHOXeCTBO paBHBIX MexIy coOOH BEKTODOB TAKKe HA3HIBAKOT BEKTOPOM (WIH cBODOAHBIM BEKTOPOM) M, KAk
npasuno, obo3HaYalwT 4, 5, €y.nny b, ..., HE VKAILIBAS €00 HAYANO M KOHEL, T. €. NOAYEPKUBAA TO 0OCTOATENLCTBO,
YTO BEKTOP MOXET HAYMHATLCA (3aKAHYHBAThLCA) B OGO TOUKe TIOCKOCTH. EciM Hayamo BeKTOpa COBMAIaeT
€ €ro KOHUOM, TO TAKOH BEKTOP HAIBIBACTCH MVieeoim (0003HAYACTCH 0).

Ilycts A (x); y), B (X y;) — KOOpAMHATE Ha4anra W KOHLA BEKTOpa AB . KoopauHaTaMH BeKTopa /Té Ha-

—_—
3bBacTCs Mapa uucem: AB={a;b}, mie a=x,—x,, b=y,—y,. PaBHEe BEeKTODH HMEIOT PABHBIC KOODAWHATHL.

—
JtvHa BexTOpa BEIYMCIACTC MO TOM XKe (GOpMyNe, YTo U LTHHA OTpe3ka, T.e. | AB| —.AB—J( Y-+ -2,
mniﬁ|=¢az+b2‘

3anaua 1, Haligure anuny BEKTOpa AB , ecmn A (2; =3) u B (5; 3) — ¥oopaHHATHI €To HAYala M KOHUA.

Pewenue: Mo dopmyrte moayuasM: | AB | = (5-2P+(3-(-3)1=35 .

3anauwa 2. Haiiaute XoOpOHHATH TOYKH D, eciau AB = C_.D, rne A (2; -3), #(5: 3), C (3; 2) — xoopauHa-

Thl OCTAIBHBIX TOYEK.
. B

PeweHne: HanuéM BHauale KOOPAMHATH BEKTOpa AR, a uMeHHo: AB={5-2,3-(3)}={3;6} . i3 pasen-
ctha AB - CD cheayeT, 4To ecau Touka D) mmeeT koopnuHaTel D (x: v), TO E—D:{x—S,y—Z}z{B,ﬁ} . Orcrona
x=6, y=8, xoopauuars Toukn D ecte D (6; B).

YMHomeuue neKtopa Ha ‘I-HCIIO, C‘y“"a Belﬂ'opoﬂ. Pa;nomeuue BeKTOpa. no ﬂﬂyﬂ HEKQHHHHGRPHHH BE&K-
TOpaM

JBa HEHYNEBBIX BEKTOPA HA3BIBAYOTCA KOJLIMHEAPDHBIMM, €CIM OHH JIEXAT HA NMAPAINENBHBIX [PSMBIX WAM Ha
ONHOM TpAMOi. BexTop 5 MONYyYeH M3 BEKTOPAa & YMHOKCHHUEM HA YMCNO &, UTO OGOIHAUACTCA PABCHCTBOM

, BEKTOpLL @ W b COHanpapBfeHbl,
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ecmu k <0, ¥ NPOTHBOMOIOXHO HATIPABIEHH, ecny k < 0. O6paTHO, M1 MOBKIX ABYX KOWTHHEAPHEIX BEKTOPOB &
¥ d# 0, HallméTCA, NPHTOM EIHHCTBEHHAA, KOHCTAHTA k Takas, 4yT0 & = Ad. TIpH yMHOXeHMH BEKTOpa Ha MHCIO

NOIY4YACTCA BEKTOP, KOOPIHHATH KOTOPOIO NOJIYYCHB H3 KOOPIHHAT HAYalBHOIO BEKTOPAa YMHOXEHHWEM HAa 3TQ
JHCTO.

—_—

3anaua 3. Hausl Touxu A4 (2; -3) v B(5; 3). Haitaure xoopnuna’rm BekTOopoB AC = 2AB n & =-34B. Haii-
auTe KoopauHaTh Touku C.

PemeHue: Bexrop AB mMeeT koopauHarth: {3; 6}, nostomy AC = {2-3;2-6}={6,12}, &={(-3)-3;(-3)-6} =
= {-9 —18} Touxa C uMeer koopauHathl C(2+6;,-3+12), r.e. C(%;9).

BekTop AC HasmBaercs CYMMOMN BEKTOPOB AB u BC oBGoaHaueHue: AC = AB+ BC. CyMMOH IIpOH3-
BOJILHEIX BEKTOPOB ¢ H b HazmBaetcs BEKTOp € TaKoii, uTo € = AC , ecny Toukd 4, B n C ppISpaHEl Tak, 4yTo
AB= a, BC =b. O603HaucHue; ¢ =a+b. TIpH cnoXeHNH BeKTOPOB HX KOOPAWHATH CKIANBIBAIOTCH.

3anaus 4. Jauer Bextopw d = {-%4} u b ={3;—1}. Haitaure koopmuHaTh BexTopa d =3d +2b.

Pemenue: Umeem: &=3{-24}+2{%~-1}={-612}+{6,-2} ={0; 10}

Pasiioxennem BeKTOD2 @ MO JBYM HeHyIeBbIM BEKTOpaM @ H b HA3BIBACTCH €IO MPEACTABJICHHE B BHIE
CyMMEL ABYX BEKTOPOB, KOJUIMHEAPHBIX BEKTOPAM @ M b, T. . TIpencTarneHne & =od+Pb, rae o u p — HexoTo-

pric Yncaa. Ecnu BexTOpEL 4 R b HEKO/UTHHEAPHE!, TO M0O0H BEKTOP PACKIAZEIBASTCH IO BEXTOPAM 4 H b .
NPUTOM €IHHCTBEHHBIM ofpaioM. [ApyTHMY ClOBaMH, AJIA A00ON0 BEKTOPA # MOXHO HAHTH, NPHTOM cOHHCTBEH-

HYIO0, [mapy 4sucen ¢ » P Takywo, uTo ﬁ=a&'+[55.

3anaua 5. Hafumme pasnoxeHue BekTopa & ={-13;11} mo Bextopam @={-24} n b={3-1}.

Pewenue: Bo-NepBbiX, 3aMETHM, 9TO BEKTOPH @ W © HEKOLIMHEAPHH, TAK KAK MX KOOPAMHATH He SBIIf-
IOTCA  TPOTIODLAOHANLHEIMM: (=2) ;3 = 4:(—1), mOITOMY HCKOMOE pailnoxeHHe MOXHO HaHtu. [loacrammag
B PABEHCTBO & =u§+[55 KOODAMHATEI BEKTOpPOB, Momyvaem: {—13; 11} =af{-2; 4} + B (3; -1} = {20 + 3f; 4o - B},
otkyaa —20 + 3p=-13, da—P=11. Peluns MOMyueHHYI0 CHCTEMy YPABHCHHH, HaxomnMm: =2, B=-3. 3Haumur,
i = 24 - 3b — NCKOMOE PazNOXeHUE.

CranspHoe NpoMlsefeHHe BEKTOPOB
Yrnom Mexaly ABYMS HeHyneBuMH BEKTOpaMH d W & HaspiBaercs yron o= ZAKB, rae Toukn A, K, B Bbl-

GpaHbl Tak, 4TO KA = a, KB=5.
CKaARpHWM npousgedetiltémM NBYX HEHYIEBHIX BEKTOPOB HA3LIBASTCA NPOHIBEICHWE HMX UIMH Ha KOCHHYC

yIa MEXAY 3TMMH BekTopaMmit: é - b =|d|-|b|- cos @. B2 HEHyNeBBIX BEKTOpPA MNEPEHANKYIAPHE! TOCE M TONBKO
" TOroa, KOTHA MX CKAMAPHOE TIPOMIBEAEHHE PABHO Hynlo, ECAM M3BECTHHM KOOPOHMHATH BEKTOPOB B GEKAPTOBOH
cueteMme xoopmuHar: @ ={x;n}, b= {x2; 7}, TO MX ckanApHO® NpOM3BeNEHWE BRMHCHAETCS MO (hopMyle
a-b=x-xn+y . _

Ecin oaMH M3 BEKTOPOB @ WM b paBeH HYMO, TO HX CKaTADHOE MPOM3BEICHHE [ONAralOT PABHBIM HYIIO.

3anawa 6. Haiiaure yron Mexay Bekropamu d ={-2:4} n b={3-1}.

Pemenue: [to PopMyne cxalapHOe NPOH3BENEHUE PAaBHO

d-b=(23+4.-(-)=-

C apyroi cropons:, 7= (-2 +4 =20, |b|=y3 +(-1¢ = J10.
Mosromy é-b = |&|-‘5‘-cosa = V20 /10 - cosat = 1042 cosa.
Qrciona coso =1;0~l.% =—:,l§, 3HaYMT, HCKOMEIH yrom o= 135°,

3agaaa 7. JaHu ToukH A (2;-3) u B(5;3). Hailaute xoopaMHaTe Takoi Touxkn C Ha mpaMoi y=3x+2,
yro LABC=90°

Peurenmne: M3 ycnoBua chnenyet, YTO BEKTOPE AB = {3; 6} u BC MePrIeHIMKYASDHE, TTO3TOMY UX CKalAp-
Hoe MpOM3BeacHue paBHO Hymw, Ecan C (x; ) — KOOPAWHATH MCKOMOi TOYKH, TO BC = {x -5y —3}, MOATOMY
AB-BC = 3.(x—5)+6-(y—3)=3x+6y-33=0, T e. x+ 2p— 11 =0. Toacrarngs 310 B ypaBHeHHe ¥ = 3Ix + 2, no-
myuaem: x=1, y=35.
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Tpeuuposoanbie 3alaHUA

3ALAHKA BA30BOIC YPOBHA

1. Janwer Touxku A(12;-1) nu B(4,5). HalnuTe KOOpAMHATH BEKTOpa & JMJHHMH S, COHANpaBJeHHOTO

BEKTODY AB .

2. JlaHbl HeKo/UTHHEapHRIE BeKTOpH @ M & . Hatimure pasioxeHue BeKTOpa & + ¥ 1o BeKTOpam @ M b, e
d=2d-3b, v=3ad+4b.

3. Onpesenxre yros, KOTopel# ofpasyeT BeKTOp & ={—l; Jg} C TIONOAKUTENBEHBIM HanpapieHHeM OCH Ox.

3AJ0AHHA NOBLILIEHHOIO YPOBHSA

4. Hanwr Touku A (2;-1), B(10;9) 1 C(7; 3). Halinure muHy orpeika AD, rie Touka D genut otpezok BC
B. OTHOUIEHWH 2 : |, cYMTasd OT BeplUMHB B.

3. Man tpeyroneuuk ABC ¢ BepiumHaMmH A (2; —1), B (10; 6), C(7; 3). Hajlante xooporHaTel Touku H, roe
AH — BricoTa TpeyronsHuka ABC,

Peumienus H OTBETHI

1. d={-4;3}. Pewenue. Bexrop AB nmecT Koopuuaathi AB ={4-125-(-1)}={-8,6}. Ero mmua pasxa
10 J(-8)2 +62 =10, 3uaumT, @ = %XE = {—4; 3}. 2. i +V=>5a+b. Pewenue. IIpx cNOXeHHH BEKTOPOB Ko3ddhH-
LIHEHTB! MX PAsIOXEHMI 110 BEKTOpaM cKnaanBaioTcd, [1oaroMy &+ =23 —3b+3G+4b =53+ 5. 3. 120°, Pewe-

nue. Yickomullf yron paBeH yrry, obpadyeMOMY BEKTOPOM &4 C BEKTOPOM b ={l; 0}, coHanpasNeHHbBIM MONO-
XKHTETBHOMY HanpamieHHlo ocH Ox. Tlo ¢opMyne CcKalsIpHOE NMpPOUIBEIACHHE DABHO fi-b:(—l)-l+~f§-0=—l.

C OpyroH CTOPOHHI, J&|=\/(—l)2+(\f§)2=~f4—:2, ‘5‘:1. Mosromy d-b=|d|-|p

b
OT1crona cusu:%], IHAYHT, HCKOMBIA yrom o=120° 4, 6v2. Pewenue. Wz VCIOBHSA CICOYET, YTO

"BB:;E_C:%{?-I&,3-9}={—2;—4}, nostomy AD=AB+BD={10-29-(-)}+{-%-4}={6;6). Mmuua
BEKTOpa AD ¥ €cTh MCKOMas AIHHA otpeaka AD: |AB|=VJ62+6? =62 . 5. H(g;—%}. Petuenue. TloncTa-

BHMB KOOPIMHaTe Touyek B W C B ypaBHeHHe y=kx+ b nopamoit BC, momygaem: 6=10k+bh u 3=7k+ b,
oreyia k=1, b=—4. 3uaumt, npamaa BC uMeeT ypabHeHMe y=x—4, ClefoBaTeibHo, Touka H HMeeT Koop-
mumaTs H(x; x—4), nostomy AH ={x-2x-4-(-D}={x-2%x-3). Mo ycroswio Bextopm AH ¥
E={7—10;3—6}={—3;—3} MepIlcHOMKYIAPHEI, 3HAYHT, MX CKABIPHOE MPOHM3BeAeHME PaBHO HYIIO:

wcosa=2.1-cosot =2 cos c.

E-B_C:=—3-(x—2)—3-(x—3)=—6x+15=0, OTKYNA x=—;—. 3HayuT, Touka H UMeEeT KOODIHHATHI H(;;%—4).



§ 12. MposepouHblie paboThl ANA CAMOCTOATENBHOrO peLleHHA

B arem pasgene colepxHTcA 10 TeMaTHIeCKMX NPpOBEPOUYHBIX paGoT Mo KaXIoMy W3 naparpadob, IpeocTap-
JIeHHBIX B JaHHOM nocotnu. PaboTel mawTcs B AByX papuaHTax. BapuanTt | nmoapoGHo pasobpan. INo xaxaemy
33JaHUK TPHBOOWTCA OTEST, @ BO MHOIHX CAYYAAX — PellicHUe, a TAKKE KOMMEHTapHH U COBETBL 10 HX BEIMON-
HeHHIO. PexoMeHayeM BHUMATC/IBHO NPopadoTaTh BADHAHT | «¢ OyMaroil M pydkoi B pyker, YNTad KOMMEHTapHH,
o0palad BHHUMAHME HA COBETHI, KOTOPBIE B HEM nNpHBOMATCA. M €cnM B HEM NPEANaraloTeA pasHBE COOcoOBI
peLIcHMA, TO TIOOpoOYHTe NPUMEHMTE 3TH ¢MOCcOoOB. BapHaHT 2 BBRIMOJHHTE CAMOCTOATS/ABHO H NPOBEDBTE Cebd
To TIPUBEIEHHEIM OTBETAM.

FPaGoTsl He1¢co0OPaA3HO PEIIATh B KOHLE [TOBTOPCHHA BCETO YYEOHOTO MaTepHanta, YTOOk! OLIEHUTDh, HACKONb-
KO BEl OpPMEHTHPYETECE B TOH WIM MHOH TeMe, eCTh JIM ¥ Bac KAKHe-IHO0 npobelbsl B €€ YCBOCHMH, HACKOJBKO
BRI TOTOBHI PELUATEH 34JaHWsS N0 JAHHOM TeMe, NMpeanaraeMble Ha 3K3aMeHe, Ho MoxHO Taioke ofpalllaTecd K HUM
M HENMOCpenCTREHHO TMOCHE NOBTOPeHMs MATEpHAIa xaxaoro naparpada. 3To He MOMEINAeT BaAM MPH HeoDXOIH-
MOCTH BEPHYTHLCH K HMM Ha 3aBeplarolueM 3Tarle.

Patora Ne 1. YUCJIA M BBIMUCJIEHUA'
Bapmuanr 1

1. ¥kaxure HauboNBLICE H3 NAHHBIX YHCET: %; %; 0,6; 0,58,

5

= 2
D 3 )

Omeem: 1)

3
= 3) 0,6 4) 0,58

Kommenmapuii. MoxHo 3anucate Bce 9yucia B 00LIEeM BHUAE — ASCATHYHBIMH MNK OO0BIKHOACHHEIMH ApoOA-
MM M HaiTH HauGonbluee M3 HMX. Ho uHOrma apoOM yoa€rTcd CpaBHHTH Donee KOPOTKHM nyrém. s 3toro
Haao MOMHUTH HEKOTOpHE (akThl {cM. ¢. 9, npumMep 1). JelicTBMTENBHG, JETKo YBHIeTh, ¥ro 0,6 > 0,58, a yncia

5 3 . 1
g 1, HETPYIHO CPaBHHTb IIYTEM CPaBHCHMS KAXIOIO ¢ 4HCMOM 3 (CPABHEHHEC C NPOMEXYTOYHLIM YHCIOM):
% > %, a % < %, AHAYUT, % > % Tereps ocTaercs cpaBuuTs 0,6 1 —; Bripaaum g OeCATHYHO Ipo0kio; % =0,62....

HeobazarensHo aopoovTh OgNeHHe A0 KOHIA, TAK KAK OMCBHIHG, YTO NOMy4cHHasA OecATHYHaA npobb 6oAblie,
uem 0,6,

2. 3dayeHHe Kaxoil cyMMElI MéHEIe 17
1 0,503+ é 20,37+ % 3) 0,495+ 0,49 4) 0,627+0,4
Omaem: 3)

Kommenmaputi. 3nech TalOKe COBCEM HeoO43aTeNBHO BLINOAHATL BLIUMCIEHMS, KOTODLIE JAHHMMAIOT MHOLC
BpeMeHd. Kak M B NpefbUIvIieM 3amaHHi, HAN0 YBHIAETh HYyXHhe DCoGeHHOCTH craraeMux. [Ipy 2ToM Halo Mo-
HUMATh, YTO MOYTH BCEINA MOXHO TIPHIMTH K OOHOMY W TOMY Xe BEIROIOY, PAcCyXias TMo-pasHomy. Hanpumep,

3

B BapMaHTe OTBeTa |) o4eBHAHGC, ¥To 0,503 > % noatomMy 0,503 + % > 1. B BapvanTte 2) MOXHO 3AMEHMTD

Ha 0,75 W OLEHHTL CYMMY JeCATHUHRIX Apobeil. A MOXHO HCNOAB3OBaTh TOT (akT, uto 0,37 >0,25= i, H one-

HUTb ¢ymMMmy O©OOBIKHOBEHHBIX Apcbeii. B Bapuadte 3) mmeem: 0,495< 0,5, 0,49<0,5, chegosaTeibHo,
1,495 + 1,49 < 0,5 + 0,5 = 1. OTReT HalACH, I03TOMY MOXHO YXKe He paccMarpHsatb BapHaHT 4). Ho ois camonpo-
BEDKHW TIOJE3HO BCE e YOeAMTBCHA B TOM, 4YTO 3Ta cyMMa Gonblie 1.

3. H3gecTHO, UTO 4 — YUCAO 4ETHOE, H — YMCI0 HeudTHOe. Kakoe M3 COeHyHLIHX MUCe ABIMETCH YETHbIM?

Da+b+2 2yab+1 3N{a+ 1Mp+ 1) 4)(a+ )b
Omaem: 2)

i JIauHBIA MaTepHan TIPOBEPAETCA TOIBKO HA BA30BOM VDOBHE.
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Kommenmapuii. B xope paccyXAeHHS HyXHO ONMPATLCA Ha TPH3IHAKHY H CBOWCTBA JGNMMOCTH M HX CEI-
cTBHA {cM. ¢. 5, 6). MckoMoe y€THOE YHMCNO NpEACTABIEHO B BapHAHTE OTBETa 2 K HEYETHOMY YHCHY ab npu-
bapngeM 1, momyvaem uétHoe yncio. He 3abmpaiire, uTo 414 CaMOIIPOBREDKH TGJIE3HO PACCMOTPETh H CIIELYIOUIHE
MYHXTE, YTOOB yYOeaWTECA B NMPABHILHOCTH BLIGPAHHOIO OTBETE, HAM X¢ OOHAPYXHTL OUIMGKY B CROMX DAacCyX-
JEeHHAX,

4. CooTHecute pobH, KOTOPAE BHPAKAIT JCMH HEKOTOPOt BEIMYHMHE, H COOTBETCTBYIOLUME HM.II]}GL[CH'IH.
A) 3 B) 3 B) 0,9 I) 0,09
1) 9% 2) 90 % % 4) 40 %

Omeem: Al, B4, B2, I'l

Kommenmapuii. Boamoxen nwbo#d noaxon — BRIpa3HTh Apo0HM B NpOUEHTAX WIM MNPeACTaBHTh npoucmﬁ

apobaMu. Ho ecnv MOMHHTLE HEKGTOpbLIE IMoJle3Hble (aKTh (—;; — 310 50 %; % — 3710 20 %, 3HauMT, —;1 — 370
40 %), TO 3ITO HEMHOTO YCKODHT BhINIONTHEHHE 3aMaHHA.

5. Ioaurpadpmueckan ¢upma «Jloros BHIIOMHAET HAHECEHHE PAa3HOUBETHHIX HANNHCEH H PUCYHKOB Ha MO-
NHU3THIEHOBEIE MAKETH, B Tabaulic NpHMBEACHHN pacLicHKM Ha paGoThl B 3aBACHMOCTH OT B&AMYHHEI 3axada. [lpu
neyaTH Ha JBYX CTOPOHAX MaKeTa LIEHa yBenuuumpaeTca Ha 20 %.

Iena B pyGnax 3a neaate na 1 nakere (n mnncmoc‘ﬁu 07 BEJIHIHAL 3AKAIA)
KoIM4ecTRO HBETOR
Menee 300 Ot 301 a0 500 OT1 501 a0 1000 Ot 1001 a0 2000
QANH UBET 0,45 p. 0,40 p. 0,35 p. 0,30 p.
JBa uscra 0,55 p. 0,50 p. 0,45 p. 0,40 p.

CKONMLKO APUAETCA 3afUIaTHTh 3a 3aKas, eclH YMCNOo [MaKeToB paBHO 3{H), pMCYHOK OBYXUBETHBIA Ha ABYX
cTopoHax maketa?
Omeaem: 432 p.

Kommenmapuii. B moboil TEKCTOBOH 3a0ade Hal0 BHHMATEIBHO YHTAThL YCIOBHE, YTOOH He YMYCTMTH KaKobi-
uubynk daxt. [TousTHo, yTo B Tabanue uMeeTca DOMbIHE NAHHBIX, YeM noHaaobutca rokynatemo. CooTHOCHM
3aHavy, CTOALIYIO TIepel NMOKYTATEIeM, ¢ JaHHBIMH Tabnnuu, Tpebyetcs «noznucatb» 300 nmakeToB B OBA LIBET4,
MO3TOMY LieHY HaJ0 CMOTpeTh B 3-M cTonbiie, BO BTOPGH CTpoke. Burgucius cTOMMOCTL, He 3abyobre ewé OZHO
YCNOBHE — NOBBIIeHUe CTOMMOCTHM Ha 20 % npy HagmucH Ha MaKeTe Ha OBYX CTOPOHAaXx.

6. Tect no MareMmatuke comepxMt 30 3amaHuil, U3 KoTopbix 18 3amaHuit no aireGpe, ocTankHble — MO Te€O-
MeTpHH. Kaxoe U3 yTBEDXKIEHWH HepepHO?
1) Anrebpanieckie U reoOMETpHMECKHE 3aJaHMA COAEPXATCA B TECTeé B OTHOIMEHHH 3:2

2) AnrebpamyeckHx 3agaHui B Tecte B 1,5 pasa Gonnuie, yeM reoMeTpHYECKIX

3) leoMeTpuyeckie 3a0aHHA COCTABNSIOT BCEX 3aJaHUi TecTa

4) AnrefpadvyecKHe 33AaHHS COCTARMSOT BCEX 3aAaHUH TecTa

Ll

Omeaem. 3)

Kommenmapuii. B 3anaHuy NpeaiaraeTcsa cpeny NpeiioxeHHBIX yTBEPXIeHHNA HalTH Hesephoe. Kak npaeu-
710, TakOTO poga TpeDoBaHHA — «HEBEPHOE», <HE CASAYET®, «HE SBAHETCH» U M. — BblILNeHbl, YT0bn obpaTHTh
Ha 370 pawe BHMMaHHe. Ho MoryT M He OHTP BHMOEACHE!, MOPTOMY BCETIa BHUMATEIBHO THTAHTEC YCIEQBHE.

7. OpHa U3 TO4YEK, OTMEYEHHBIX HA KOOPAMHATHOMN TIPAMOM, COOTBETCTBYeT wMcmy +52. Kakag ato Touka?

1) Touka A 3) Touka C A B C D
2) Touxa B 4) Touka D 6 '? )

9 x

et

Omeaem: 2}

Kommenmapuii. Tak Kak 3agada pelraercd 6e3 HCIMONL3OBAHHA KAIbKYIATOPA, TO CHOCO0 pelieHHT — olleH-
KA 4Mcaa v52. CHauana ONpemeiuM HHTEPBRAN, B XOTOPOM HAXOOWTCA 3HaYeHHEe KOpHA, AJIA 3TOrO OUEHHM ero
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UeAbME YnucaaMu: 7 <52 < 8. Ho 3agava emé He peweHa, TAK XaKk B JAHHOM HHTEpPBane AB¢ TOYKM H HAAO
BHIOpars OmHY M3 HHUX — B win C. 4 570ro Hallo onpele/MTh, B JEBOH MM B NPaBoil NOMOBUMHE WHTEpPBaIa

HaxoAuTea 3To 4yueno. dua 3Toro cpaBHHBaeM 52 M 7,5 — KOOPOMHATY CepeiMHEl AAHHOrO MHTephana. Cpas-
HEHHE MOXHO TIPOBECTH MO-PA3HOMY: CDaBHHTSH KBAJPAThl ITHX YHCEN WIX KBANPATHBE KOPHH V52 n 7,52.

8. Bemucaute: 0,16+ 0,09,

Omaem. 0,5

9. Kakoe W3 ynHcen 14400, /0,04, 1’l% ABNACTCA HPPALHOHATBHEIM?

1) 14400 2) Jo,04 3) 1% 4) HH oIHO M3 3THX 4Hcen
Omeaem: 3)

Kommenmapuii. Hano BCITOMHHTB, B KAKOM CIy4ae KBaApaTHBIA KOPEHB H3 MONOXHUTEIBHOIO YHCIa ABAAST-
CH PALHOHAILHBEIM “MHCIOM, a4 B KAKOM CIYYae HeT, T. €. ARIMETCT YHMCIOM HPPALHOHATHHMM H MOXET ObITh M3-
BIeYEH TOABKO NMPUGTUREHHEG (eM. ¢. 20, 22).

. 24 1y
10. Boruncnure: 1+ (-4) '(_E) .

Peunienue. 1+(—4}2-(——;~)3: I+l6-[—é] = lvgz-l.
Omeaem: —1

Kosmemenmapuii. HyxHo GpiTh BHHMATEILHBIM — He 3a0bITh 3HAK «MHHYCe» TpH BO3BEASHHU OTPHLATEABHOTO
qUCAa B He4ETHYIO CTENMEHb.

11. Hacenenne ®paHnun cocrapndaer 6,1 - 107 yenonex. CKkoAbKO MWLIHOHOB YeJIOBEK NpoXHBaeT Bo Mpau-
uuu?

1) 6,1 MIH 2) 61 maH 3) 610 man 4} 0,61 mau
Pewenue. 6,1-107 =6,1-10-106 =61.10° = 61 MAH uyeToBeK
Omegem: 2)

Kovmmenmapuii. BoaMoxeH Ipyroi cnocol pelleHus — NMpeicTaBHTh KaX10e U3 YHCEN, NPELTOXEHHLIX B Ba-
PHAHTAX OTBETOB, B BMAES MpOM3BedeHMA uHcia 6,1 W cTeneHH yvcna 10.

12. B xaxom ciydae wucno 0,00097 zanucaHo B cTaHZapTHOM BuAe?
19,7106 2 9,7.10% 3)9,7-10-4 4) 9,7 - 1032

Omeem: 3)

Kommenmapuii. MoXHO paccyxJaTh No-pasHoOMY. 3alaHHOe YHCIO B CTAHIAPTHOM BHHE AOMXKHO BLIMISAAETD
Tak: 9,7-107; urobb1 13 umcna 9,7 nomyunte 0,00097, Hano ero pasfenuTs Ha 10* wim, 4TO TO Xe camoe, yMHO-

XHUTL Ha 1074, BOIMOXHO MOCTYNIHTL H HHade. HaliTH 3HAYEHUs NMPOM3BEIEHH, MPEIIOKEHHRX B BapHAHTax
0TBETa, U BEIOpaTh M3 HUX TOT BAPHAHT, B KOTOPOM pe3yiabTaT okKasaiucs pasHbIM (,00097.

Bapuanr 2

1. ¥KaxuTe HaMMeHblHee M3 4HCET 3;—; %; %; 0,7

4 9 7
1) 3 ) 2 3 3 4) 0,7
2. Hainure cyMMy, 3Ha4eHHEe KoTOpoit Gonbile 1.
! 2 r. 1.2
)] 0,6+3 2) 3+0,51 3 stets 4) 0,3+0,29+0,28

3. H3ecTHo, wT0 g — HeuérHoe yncne. Kakoe M3 c/leayiomux 4Mce TAKOKE ABIAETCHS He4ETHBIM?
1) a-1 2y a2+l 3) 10a 4 a+l0
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4. CooTHeCHTe NPOLICHTH! U COOTBETCTBYIOLIHE MM ApobH.

A) 80 %
1) 0,6

B) 75 %
2) 0,06

3)%

B) 60 %

6%
4
4 %

5. Gupma «JIpUHT» BHITIONHAET HaHeceHue TevaTH Ha GyTeonKd K Malikd, B Tabnuue npuBeseHsl pacileHKH
B 33BMCHMOCTH OT BEIMYHHL 33Ka3a. MHHWMANLHELN 3aka3, MPUHAMaeMblil dupmolt, — 10 ¢yrbonok. Tlpu 3a-
Kazi¢ cTOMMOCTHIO Dontemie 4000 p, — ¢ckMoka B 15 %.

CronMocTe B pyOAnAX 32 meYaTh HA 00HOK yTOonke
KonnuecTso {B 3aBHCHMOCTH OT BEIHIHHBI 3AKA3AR)
LBETOR
Ot 10 30 20 wryx Or 20 a0 50 mmyx OT 50 no 100 wryx | O7 100 g0 200 Ty
OouH uper 230 p. 115 p. 46 p. 42 p.
JEBa 1BeTa 270 p. 135 p. 54 p. 59 p.

CrioprisHas 1ikosaa saxazeiBaerT 80 dyrdonox ¢ HaHeceHHeM IedaTH B ABa LiBeTa. {CKOMbKO TIPHOETCA 3d-
TITATHTE 34 3TOT 3akaz?

6. B cxeepc 60 aepenses, 24 v3 Hux Gepéspl, OCTaNbHBLE — KIEHE, Kakoe H3 clenyioliux yTBepKICHHA ne-

BepHo?

1) KnéHbl COCTARTAIOT % BCEeX IepeBbEB CKBepa

2) OtHolueHHe uncta Oepés K YHCAY KIEHOB paBHo 2 @ 3

3} bepé€abl COCTABIAIOT % BCEX JePEBLEB CKBEpA

4} bepéa B cksepe B 1,5 pa3za MCHBLIG, YeM KIEHOB

7. OnHa M3 TOYEK, OTMEUYCHHBIX Ha KOOPIWHATHOWN NPSiIMOH, COOTBETCTBYET uMcny v28. Kakasa 310 Touxa?

Hr
4 0

8. Boiumcaure: 70,75,

9. Kakoe H3 uncen +/9000, 4900, 0,009 sapaserca pauHOHATEHEIM?

1) Y9000

2) 900

3) 0,009

M

N PO

4y HU OJHO M3 ITHX YMCEN

10. Buiuucaure: 100-(—0,2)° —10-(-0,2)2 + 1.

11. MNnowans tepprTopun Pocoun cocragmier 1,7:107 km?, a Hoprerun — 3,23-105 kM2 BO CKOABKO TIPH-
MepHO pa3 MIoaak TeppuUTopUH PoccHM Ooibllle ILTOLAIH TeppuTopMu Hopeermn?

1) B 53 paza

2} B 530 pa3

3) » 1.9 pa3a

4) ®» 5,3 pasza

12, OnTuyeckMii MHKDOCKOIl JaeT BO3ZMOXHOCTh pamindarb o6BeKThl 00 2,5-107 ¢M. B KakoM cnydae 310
BEIHYHHA BbIDHKEHA B MHJUIHMCTan?

1) 0,0025 Mm

2) 0,00025 Mm

3) 0,000025 Mm

4) 0,0000025 MM

Oveersr: 1. 4). 2. 2) 3.4) 4. A4, B3, BL, I25.3672p.6.3)7.3)8.259.2)10. 0,2 11. 1) 12, 2)



PaGora Ne 2. AITEBPAMYECKHE BbIPAXEHHNA U UX ITPEOBPASOBAHNUA

Bapwnant 1
1. Az dhopMyliH v = v, + af BRPA3HTE MEPEMEHHYIO 7.
. _ _ WV s - @
1y r=a(v—vy 2) = p E) I " 4) ¢ —
Omeem: 3)

Kommenmapuiz. Ytobu mabexath olIHO0K, Uenecoolpa3HO PE1ATE B HECKOARKO LIANOB, QNHMPAasch HA npa-
BI/IA HAXOXOeHWSE HCHWIBCCTHRIX KOMIIOHCHTOB JCHCTBHIAL
— BHIPA3HM CJAraeéMOe @i, MIA 3TONO BRINTEM M3 CYMMKI Vv BTOPOE ClaracMoe: af =v—v,;
— BHIpAa3sHM MHOXHTENL {, MNA ITOM0 DA3ISNHM 3IHAYCHHE NMPOM3BCACHUS (v—1V;) HA BTOPOH MHOXHTETh:
v-h
P

=

2 L3
2. Haitaute 3HaueHMe BolpaxeHust 1— *_x npy x=—1.
2 3

P = i o R U A 11
Pewenue, I_T_T_I“T_T“I_E*("”) -1
5

Omaem: :

Kommenmapuis. HacTo NpM MoOACTAHOBKE YHCAOBLIX JAaHHLIX B GYKBEHHOE BHpaX€HHE H BLIITONHEHHM BHI-
YHCAEHHH JOMycKaeTcd OIHOKa B 3HAKAX, YTO [PHBOIMT K HeBepHoMy oreery. [losromy uerecooGpasHo nenaTh

moApOOHYIO 3A0IHCh.

3. [Tepron KOACOAHHA MATCMATHYECKOTO MATTHHKA (B CeKYHIAX) MPpUONHXEHHO MOXHO BHMHCIHTE 110 Gop-

Myne T = ZJ? , oie { — naMHa HHTH (B MeTpax). Ha ckofbKo NpUMEPHO CEKYHA NEPHOA KONEOaHKA MAATHHKA MMPH
DMHHEe HUTH 9 M Gonblie, 4eM NpH ATHHE HUTH | M?

Omaem: Ha 4 ¢

4. 3a 3 4 penocUneIMcT NpoeXxan a KM, CkopocTh NMellleXoga B 3 pasa MeHBIe CKOPOCTH BENOCHNEAHCTA.
Kakoe paccTosmHHe NMPOWIET mewexos 3a 2 47

2a 9 2 a
])gKM Z)Qam 3)aKM 4}3KM
Pewenue. 1} 93- KM/4 — CKOPOCTE BEJIOCHIIEAHCTA,;

P} % KM/4 — CKOpPOCTE TElIexoma;

3} %- = 2—;'» KM — pacCcTOdHHE, KOTOpOoe NMPOoRAET meurexon 3a 2 4.
Omaem: 1}

Kommenmapuii. 310 o6RMHAA TEKCTOBAA 3akaY¥a HA CKOPOCTL, BPEMsA, PACCTOAHHE, HO ¢ GYKBCHHBIMHM JaH-
HEIMH. Tlo3TOMY HAAO BRITONHSTL Te ACHCTBHA, KOTOphIe BRIIONHAIOT, €CIH BCe JAHHKE SBIBTIOTCS YUCIOBLIMH.
Ipy 3aTPYAHEHWAX MOXHO B YME 3aMeHHMTE BYKBY (3AeCh ¢ KM) KAKMM-HUOYAL YHCAOM, HanpuMep, 30 kM.

5. g Kaxnoro BRIPAXKCHHS K3 BepXHeil CTPOKHM YKAXKUTE PABHOE EMY M3 HIDKHE.

sV

A) (a%a’)? B) (—4] B) (a%)73-a

1 at 2) a2 3) a?’ 4) a”?
Omeem: A2, b4, B3

Kommenmapud. O0paTHTe BHHMAHK®E. B NEpBOH CTPOKE 3 BRHIPAXEHHA, a4 BO BTOPOH — 4, T. €. OOHO JHIIHEE,
HE BCE OHH AO/KHE OBITh HCIOAL3IOBAHE B OTBETE.

6. BruMcIHTe 3HaueHHWE BHIpAXCHUSA J% . \E - /15,
Omaem: 5

Kommenmapuii. Jnq npeofpaloBaHHa BRIDAXEHMA HCNOMBIVATE NMpaBHia ReHCTBHIE ¢ XKBAagpaTHRIMH KOPHSI-
MHE (cM. c. 42, 43).
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7. B kaxoM cmyvae npeobpaszopanpe Bipaxenus (b —2)2 — 26(5b — 2) BrINONHEHG BepHO?
1) 962 +4 2) 962+ 8b+4 3)-9b2-8b+4 4) 962 -6b+4

Omegem: 1)

Kommenmapuii. Yactaga ommbka, KOTOPYIO XOITYCKAKT IIPpH NMpeoGpasoBaHHH TAKMX BRIpaXeHUH, — Henpa-
BWIbHOE TIPHMEHEHHE (OpMyN KBaapaTa Osy4neHa, Ecny He ysepeHBl, YyTo NOMHUTE 3TH (GOPMYTIEI, MOXHO I10-

CMOTPETEH B CNpaBoiHOM MATEPHANE, TPEOOCTABNSEMOM HA 3K3aMeHe. JIpyras omnbka — HeBHMUMATEIBHOCTE TTPH
PACcKpPhITHH CKODOK, Tepel KCTOPHIMH CTOMT 3HAK «MHMHYC», U B DR3VABETATE OWMOKA B 3Hakax. YTobsi M36exaTh

e€, MOXHO BECTH 3anUCh TOAPOBHO: (b—2)2 —2h(5b—2)= b2 —4b+4 —2b(5h) —2b(-2) =... .

8. B xakoe n3 BpipaxeHHi HeAB3d npeodpasopath npouaBeneHue (x — 1)(2 - x)?
) —x—-1)x-2) 2 x-Dx-2) N{l-x}x-2) 4) (1 -x}{2-x)
Omeaem: 2)

Kommenmapuii. UenecooBbpazHuii criocoG pelleHns: nonpoboparTs MpeoOpa3loBaTh KAXIOE BhIpAXEHHE,
TUPEACTABIEHHOE B BAPHMAHTAX OTBETOB, B 3aJAHHOE B YCIOBHMH BhIPAXEHHE.

9. PailokuTe Ha MHOXMTEIH KBAAPATHRIA TpéxuneH dx?— 1lx + 6.
Omsem: (x-2)(4x-3)
Kommenmapuii. CHagana BLINHCINTE AMCKPHMHHAHT KBaOpATHOIC TPEXWICHA, YTOOBI YOGNHTRCH, 4TO KBa-

OpaTHBIA TpEXWIcH MMeeT XopHHU. Mmuelite B BMay, 49TO COOTBETCTBYIOWIAA (OpPMYIa HMEETCH B CIIPABOYHOM Ma-
TepHaIe, [IPefoCTABISEMOM Ha 3KIAMEHE.

1_
10. B kakoM crnyvae cokpalleHue Ipotu XI 3; BHITIOJTHEHO BEPHO?
-
X X X X
D 3 2) 3 3 x=3 4 x+3
Omasem: 4)

Ynpocture Bhipaxehue (Ne 11—13):

1, 2243,

-4y
Pewenue 12y2 3y = 12p2+3ril-4y) _ 12pf+3y—-12yf 3y
T o1-4y Y 1-4y 1-4y 1-4y -~
3
Omeem: —%
| -4y

Kommenmapuii. Tlpy npeobpasoBaHHK BeIPAXEHWA HAI0 HE 33OLIBaTh [PEACTABUTH LIEN0E BRIPAXEHUE B BHIE

12 Y
Apobu: 1_4y+ L

2?-2a+1 a’+a-2/ @a-22°

12. a a+2 i 1

Peenue,
1) BrinoaugeM neficTBHe B cxobkax. Pa3znoxyM Ha MHOXHTETH 3HaMeHaTeaH: a-2a+1=(a-1)?;
a’+a—2 ; KOpHH KBaJpPaTHOTO TPEXWIGHA a; = -2, a; =1, oTcioma a’+a—2=(a+2)(a-1).

a _ a+?2 _ a _ a+2 _ a _ 1 _a-lg-1) _ a-a+l = I
al-2a+1 al+a-2 (@a-12 @+D@a-1 {a-12 a-1  (@-1Rk  la-1P -2
y L _Qa- _de-)E

(a—1) " (2a-2)2 (a—1)? (@12
Omeaem: 4

Kommenmapuii. UacTto BhIHECEHHE MHOXHTEIA 3a CKOOKH B TaKUX BHIPAKEHHAX, Kak {(2a—2)2, BHIIONHAIOT
HEBEPHO, BEIHOCA 34 CKODKH TOJIBKO MHOXWTeNb 2. UTOOH He OIIMOWUTBCH, IIOJIEIHO BECTH MOAPOODHYIO 3aMMHCh;

(20—2)2 =(a-2)(2a—2) = Aa-1)-2a—1)=#a—1)2. Kak Bbl yXe 3aMEeTHIH, TAKid BHHMATEIbHOCTE H AETajb-
HOCTh [OTE3HH U BO MHOMHX IPYTHX CIIYYaAX, CBS3aHHRIX C Npeobpa’oBaHHAMH BbIpAXcHHH.

155



Jio - 2-¥10+2

13.

Ju

Wo-2-Viorz _ Jd0-ad/G+2 _ f10-4 _ 6 _JE_JI_l
Pewtrenue. Tt = T3 = Er T mcV{n Va7
Omeem: % '

Kommenmapuii. [lpy nipeofpazoBaHMH BRIpRXEHUSA (Jﬁ —2)(@ +2) Hamo OeHCTBOBaTh, KAK ¢ TIPOM3IBEAS-
HHeM (@—-bYa+ h), tne a= Jﬁ, b =2. TOUHO TAK Xe, KOIAa BHIPAXECHHA ¢ KOPHAMH No (hopMe HANOMHMHAIOT
thopMynE COKPalWEHHOMO YMHOXEHHSI, HANPUMED, (sﬁ - .J'j)z , HaIO NPHMEHATE COOTBETCTBYIOLIYIO GopMyry:
W3-V = (F)2-2/3 Y2+ (2

14, Paznoxurte HA MHOXUTenu byl + 4By — cp? — dey — de + 45,

Pewenue. by? +dby —cy? —4dcy —4dc+4b = (by? + dby + 4B} —(cy? + Ay + 4¢) = by + 4y + 4)—c(pr +4p+ 4) =
={y +4dy+4H-c) = (y + 27 -c).

Omaem: (y+22(b-¢c)

Kommenmapuii. 1acTo IpH pasioXeHHWH MHOIOWICHA Ha MHOXMTEIM CNOCOOOM IPYNIUPOBKH BO3MOXHGI

pasTHYHHNE BApMAHTR TPYNIUPOBKM  CRAaraeMiIX. 3XeCh, HanpHMep, BO3MOMCH Takofi  BapHaHT:
(by? + 4by)y—(cy? + dey)—(dc - 4b).

Bapuaunr 2
1. Brpa3ure B3 HopMynel 5= 5+ V! CKODOCTh V.
= s—-——'m— = f = i—_&' ) = —_
iy v p Dy Ppry By ; 4H v=1s—5)

o x4 x3‘
2. Haitoure 3HauYeHME BLIDAXKEHHWH T +1 npu x=1,
3. BpeMma (B cexyHAaX), 32 KOTOPOE NMPOIETAET TENO NpH CBOSOZHOM NAJeHMM ¢ BRICOTHI 5 (B MeTpax), NMpU-
GNIKEHHO MOXHO BHIYHCIMTE TIo (hopmMyne ¢ = E . Ha ekonkko Soubile BpeMeHU GyaeT JeTeTh KAMEHE € BRICO-

TE 80 M, YeM C BHICOTH 45 M7

4. 3a g 4 newexod npowén 1k kM. CKOPOCTh BEIOCHNEIHCTa B 4 paza OOJbUIe CKOPOCTH Mewexona. Kakoe
PACCTOAHUE NPOCAST BENOCUNERNCT 3a b 47

O L T

8. oA xawioro BRPAXEHHS M3 BEPXHEH CTPOKH YKAKUTE DABHOE EMY BLHIDAXSHME HI HUXKEHCH.

3
A) [31) B) (a'a)? B) a*(a’)?

a2
1) a4 2) al? 3) ql0 4) a

6. BruHcnuTe 3HaUCHHME BhIPAXKEHHA %3_{33'—;;"-;_&.

7. B kakoM cioyyae npeofpazosanune supaxerdns (b + 52 —b(10 - 3b) BRINOIHEHO BepHO?

1) -262-5h+25 2) 262 —10b+25 3) 4p2- 106+ 25 4) 461 +25
8. B kaxoe U3 BhIpaxeHWH HeMb3H NpeodpA30BATE TPOHIBEISHUE ‘;:: ?
5-a a—35 5-a 5—a

l) T3-a 2) Ta-3 3) T a-3 4) a-3

9, PaaoxuHTE 1A MIOXKMTEIH KBagpaTHEI Tpéxwient 2x2 + Tx— 4.

2_
10. B xakom ciiyyae cOKpalleHHe gpobu % BBINOTHEHO BepHO?
a [ a I

1) a-2 2) a+2 3) 2 4) 2
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¥npoctute RepaXeHue (Ne 11 — 13).

6('2
1. -3

at? _ a . _ &2
12. (ke s a0
1 J54

3. W5 +3-N5-3

14. PasnoxuTe Ha MHOXHMTERM axi-—2ax-—-bx!+2bx—-b+a.

Ommernr: 1. 1) 2, -é 3. Halcd4 2)5. A2, Bl, B3 6. 6 7. 4) 8 3) 9. (x+4Q2x-1) 10. 2) 11.

12. 12 13. 3 14. (@—-b)x—1)

e
2-3



PaGota Ne 3. YPABHEHMSA C OJTHOM NMEPEMEHHOMN

Bapuant 1

1. Kakoe M3 uKCesl He ABASETCH KOPHEM ypaBHeHHA x3 —4x2+x+6=0?
1y -1 2y 1 K 43
COmeaem: 2)

Kovmenmaputi. O6patuTe BHHMaHME: B 3TOM 3aJaHHHM OT Bac He TPEGYeTcda PElINTh JaHHOE YpaBHEHHE.
Y100Bl QTBETHTE HA BOMIPOC 32448K, AOCTATOMHO MMOMCTABMTE JAHHBIC YHCIA B ypaBHEHWE M TakuM obpaloM Haii-
T HyxHoe 9uciao. Emié pa3 obpaulaeM BHHMAaHHE: €CTH 3aAaHHE PEIUaeTeA NMYTEM NMPOBEPKH KAXKAOIO OTBETA Ha
COOTBETCTBHE NMOCTABRAEHHOMY B 3d1aHMH BONpPOCY, TO leNecocOpa3Ho MPOBEPHTL BCe TIPEAIOXKEHHHE BAPHAHTHI
OTBETOB, YTOOBI M30eXKaTh CMydaiiHOM OIIHOXH.

+1

X
2. Pemunte ypaBHeHHE =TT =

._
LR R

Omeaem: x=3

Kommenmapuii. TlepBblii IIar, KOTOPEI clenyeT clenark, — «0CcBoBomuTeCa» oT Apobeit. Jia 3toro yM-
x+1 Sx _ 3.

HOXbTEe 0be vacTv ypaBHEeHMHM Ha obuwiMii 3namenaTens. JenaiiTe npu 3T1omM noapobHYW 3aMHCE: > Ty

(x+1D-12_ 5x-12 _ 3-12, 6 Sy =1.3
b Tl (x+1)-6-5x=3-3; ...

3. Kaxnoe YpaBHEHUE COOTHECHUTE ¢ MHOXKECCTBOM €ro KOpHEH.

YpasHeHHe MuoxecTpo KOpHCH
A) x2-9=0 1D 0w -3
(x—3) 2Y 0,3, 9
B) = =0
) x-9 3)3u -3
B} x?=—3x 4)0u3

Omeem: A3, B4, Bl
Kommenmapuii, PaUMOHANBHBH CITOCOS pellEHHUA B 3TOM CIydae — HAMTH KOPHM KAXJ0FO YPABHCHHA.

4. Pemiyte ypapHeHHe Ix2 -~ Tx +2=0.

Omagem: 2 u %

5. INpouyrTaiTe 3a7a4y:

CKOPOCTE TepBoro newexomga Ha | xM/4 HoMbIIE CKOPOCTH BIOPOIO, NMOITOMY OH NPOLENT paccCTOfSHHE, Pap-
HOe 3 KM, Ha 15 MuH GbicTpee BTOpOro. OrpeneniTe CKOPOCTH TENIEX0I0B,

ITycTe x kM/4 — CKOPOCTE BTOPOTO Neluexoma. Kakoe W3 cIedyiolux YPABHEHHHA COOTBETCTBYET VCIOBHIO 3a-
naqu?

505 1 55
D x"i ST

1) %—i=15 4) S(x+ 1)~ Sx=15

x+1

| —

Pewenue. Ecnu x KM/ — CKOPOCTB BTOPOTO NELIEX0AA, TG CKOPOCTE HepBoro — (x+1) kM/u. Bpems B myTH

5 5 3 5 1
O nenexoaga BHO — Y B —_— . e - —— =
BTOpOTG NS Ja pra , 4 MEPBOro 1 q ypaBHCH L N

Omeem: 2)

Kommermapuii. IIpH cocTasmeHUM ypaBHEHHS HEO0OXOAMMO TIPOCASANTD 338 COMTACOBAHHOCTBIO COHHHIL CKO-
pPOCTE flaHA B KWAOMETPax B YA€, 3HAYHT, H BpEMS HYXKHO NEPEBECTH B 4achl — % 4, a He |5 muH. YT106B1 NeTue
COCTaBHTE YPaBHeHHE, MOXKHO nepedopMynHpoBaTh YCIOBHE 330aUH: nepbhifl Nemlexod 3aTPATHI HA BeCh OYThH
na % Y MEeHEIe, YéM BTOPOM,

MoryT ObITb COCTABICHE U APYIHE <«[DABWAbLHEIE» YPABHEHMS, OTBEYAIOLWHME YCIOBHMIO 3a8a4M, HAMpUMEp,

E—% =i] . B TAKMX ChayvadXx Hado Haf‘lTH B ApEANard€MbiX BapHaHTax OTBETOB ypaBHeHHe, paBHOCPUII:HDC £0-
x X+
CTARICHHOMY.
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6. ITnomane npsMoyronbHuka paeHa 120 cM2, npH 3ToM oaHA W3 CTOPOH Ha 14 cMm Gombine Apyroi. Uemy
PaBHBl CTOPOHEl 9TOID [IPAMOYIOILHHKAE?

Omeaem: 6 cm U 20 oM

7. Pemivre ypasHeHHe It — i3xZ+4=0.
Pewenue. BocnonesyeMcad TMoOACTaHOBKO# x%=y, nomyuum: 3y?—13y+4=0. KopHH 3roro ypasHeHHs

1
yi=4u y= 3 Tenepe pelInM IBa KBAIDATHEIX YpaeHeHMS x?=4 W x? = % Ha ypasneHua x? =4 Haxoamum:
X; =2; X =-2. Uz ypasuenns xlzé HAXOAUM: X, = JI; X4 =—J%_A
Omaem: 12; i\g

Kommenmapuii. Byapre BHEMATEIRHEL He 3a6YALBTC NPONOIKHTL PERICHHE MOCAE TOTO, KAK HallIcHH KOPHH
»nH .
8. OouH U3 KOpHel ypaBHeHMS 5xI —2x+ 3p =0 paper |. HailnwTe pTOpO#H Kopedb H cBOGOOHLIN WieH.

Omeem: —%; -3

Kommenmapuii. 3pech uenonesyeM qopMynkl Buera. [IpH 3TOM HYXHO NOMHHTH, 410 dopMynn Buera npw-
MCHHMHI TONLKG K NPUBSIEHHOMY YPABRCHHIO, IIO3TOMY NMpeXie BCETo Halo NpeobpaiobaTk YpaBHEeHHE, pasdeIHB
BCE €r0 WICHH Ha KO3(pHUHEHT NpH X2,

2- [} 1

9, Pewnre ypapHeHue * 4+ = .

xZ+3x x2-9  x-3

2- 6 1
Pewienue. x2+§x+ 29" %3 YvuoxmM ofe wacTH YpaBHeHHA Ha o0mmMit 3HamMeHarens IOpobeit

x(x—-3)(x+3), noayuuM: 2-x)x-N+6x=x{x+3}; 2x2+8x—-6=0; x2-4x+3=0; x =3, x;=1.
FEom x=3, 10 2(x—3x+3)=0, cnenoparefibHo, 3 — NOCTOPOHHHME KOpEeHb.
Ecmm x=1, 1o x(x—3)(x+3) 20, ciegosarenrsHo, 1 He ABIACTCA NOCTOPOHHMM KOPHCM.

Omsem: |

Kommenmapuii. [Ipy peltleHHH Apo0HO-PAlMOHATLHLIX YPABHEHHH MOIYT TIOAEMTLCH MOCTOPOHHHE KOPHM.
ITostoMy pelleHMe APOCHO-PANHOHANLHOIC YPABHEHHA 00S2aTeNLHO NO/GKHO BKIIONATE NMPOBEpPKY HaldeHHRX
YUCE] H3 HATHIHE CPpefiH HUX MOCTOPOHHHX KOpHeil.

Bapunanr 2

1. Kakoe M3 4nce] ne¢ ABIACTCH KOPHEM ypaBHeHHA x> —2x2 —Sx+6~=07

1 2 -2 3 -3 43
2. Peimre ypapHEHHE %E—XT'J =2
3. Kaxugoe ypapHeHHe COOTHECHTE C MHOXECTBOM ero KOpHed.
YpanHeaHe MHoXecTBO permeHNH
A) x(x+5) _ o D 0; -5 10
x-10 2)5u-5
B) x?=5x H0wu-5
B) x2-25=0 $H0mus5

4. Pewrdte ypaBHeHHE %xl +x—-6=0.

5. JIskHUK OT 03epa A0 JEPEeBHH IIEN cO CKOpOcThio 15 xM/4, a 06paTHO — co ckopoctsl 12 xM/4. CKoub-
KO BPEMEHH Y HETO VIILIO Ha oOpaTHYIO AOpoTy, SCJIHM HA Bech MyTb Tyda H oOparHO oH 3arpaTtHi 3 4?
Ilycte x 4 — Bpemsd, 3arpadeHHoe Ha ofipaTHyIO opory. Kakoe ypaBHeHHE COOTBRETCTBYET YCIOBHIO 3a0aun?

D 156 -x) = 12x 2 By 12 _3 3) 15x+123-x)=3 4) 15x=12(3-x)

x J3-x
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6. ILiomans npAMOYTONBHOIO TpeyrosbHMKA paBHa 28 cm?. OouH M3 KateroB Ha 10 CM MeHbIle APYTOTO.
YeMy paBHbI KATETHL STOrO MPAMOYTOJIIEHOTO TPeyrolbHUKAT?

7. Pemnte ypaBHeHHe 2x* —19x2+9=10.

8. Onun M3 Kopuel ypasHewus 3x? +5x+2p =10 paseH —1. Haiinute BTOPOil KOpeHb H CBOBONMBIL WIEH,

4 x—1 2
2 _

9. PemnuTe ypaBHeHHE ye =

1 2x+x  2x 1°

Orservi: 1. 3) 2. -9 3. A3, B4, B2 4. —6; 3 5. 13 6.4 cm K 14 cm 7. 71-2-;—315;3;—3 8. -%; 29 %



Pabora Ne 4. YPABHEHHA C IBYM3 IIEPEMEHHBIMH 1 UX CUCTEMbI

Bapuanur 1

1. Kakas u3 npaMbix NPoxoauT 4epe3 Toukn A (5; 7 u B(-1; —5)?
D 2x+y=17 D x~-2y=9 Iy 2x-y=13 4) x+2y=20

Pewtenue. EcN¥ KOOPNHHATHL TOUKH YIAOBICTBOPAIOT YPABHEHMIO MPAMOH, TO MPSMas MPOXOIHT 4Yepes 3Ty
TouKy. byneM MocnenoBaTebHO MONCTABIATL KOOpAMHATHl ToUueK A U B B ypaBHEHWA MPAMBIX H HAailagM cpeau
HHX TY MPAMYIO, A KOTOPOH KCOPAMHATH 0BCHX Todck ofpallaloT ypaBHEHHE B BEPHOE PAaBEHCTRO.

1}y Touka A(5; 7). 2-5+7 =17, paBeHCTBO BEPHO, NPAMAaA IMPOXCONT HEPEI TOUKY A,

Touka B{—1; =5); 2:-(-1)=5=#17, npsmas He npoOXOIHT Yepe3 ToUKy B.
2y Touka A(5; 7): 5-14= 9, npaMas He MPOXOIHT depes TOUKY A.

3y Touka A(5; 7). 2:5-7 =23, paBEHCTED BEPHO, [IpAMan [IPOXONMT uYepel TouKy A;
Touka B(—I; =5). 2-(-1)+5=23, papeHCTBO BepHO, pAMas NPOXOIUT HEpe3 TONKY B.

YeTsépToe YPABHEHHE MOXHO HE [[POREPHITE.
Omeem: 3)

Kommermapuii. BOIMOXKHBI W ADYrHe cnocobel paccyxaeHuid. Hanpumep, takoi. Touka A HaxoAuTca b nep-
BOl KOOPOWHATHOH YCTBCPTH, TOUKa B — B TpeTbel. ChellaeM CXeMaTHYECKHE PHCYHKH NPSIMBIX. N5 3TOro Mox-
BO TPEACTABMTE KAXK/0€ YPARHEHHE B BUAE ¥ = kx+/, 3 MOXHO «NIPUKHHYThy DACNOIOXEHHE NPAMONA, HCNONbL3YA
eé TOUKM NepeceueHMHs ¢ ocaMH. TXEMAaTHYSCKMH PUCYHOK [TOKAXET, UTC YEpes NepBEYI0 M TPETHI0 KOOPHMHATHBIE
YeTBEPTU RpoxoasT npaMele (2) x=-2y =9 n (3) 2x—y=3. M yxe 3aTeM nMpoBCPHTH NOACTAHOBKOK KOOPIMHAT,

KaKad H3 3THX ABYX MPAMBIX TIPOXOAHT Yeped obe 3anaHHbie TOYKH.

2. ia Kaxnoro ypasHEHMS! VKaXKMTE HalpaHue ero rpaduka.
A) y=2x? B) y=-10x B) xy=-15
1) nmpsMas 2) mapaborna 3) runepbona

Omeaem: A2, b1, B3

3. Ha koopnuHaTHOH IJIOCKOCTH MOCTPOeHB! rpadUKH ypas-
HeHUH y=5—-4x —x? u x+y=1. Ucnone3ys 2TH rpadukH, pelln-
y=5-4x-x?
x+y=1.

1) (-4;5), (0; 1) 3)(5:-4), (0; 1)
2) (-4;5), (1;0) 4) (5;-4), (1;0)
Omeem: 2)

Te CHCTEMY YpaBHEHHH {

Kommenmapuii. Kaxnas Touka nepeceyeHusi rpa)MKoB ypaB-
HEHUI, BXONSAIUUX B CUCTEMY, JAeT HaM Mapy YMCE, SIBJISIOLIYIOCs
pellieHHEM cUcTeMbl. Bynsre BHUMaTenbHbI: B Tape Yucen Ha mnep-
BOM MecCTe OJDKHA CTOSITb KOOpAMHATa X, HAa BTOPOM — ).

4. Mcnonb3ysi pUCYHOK, ONpPENEUTE, PelICHUEM KaKOH U3 CHU-
CTeM ypaBHeHUH siBisieTca napa uucen (1; 4).

x-3y=1, 3y—5x=7,
1 3
){x+y=5 ){x—3y=1
2) {3y—5x =7, 4) Takoi# cacTeMbl HeT
xty=35
Omeem: 1)

Kommenmapuis. 3anaua croauTca ¥ TOMY, YTODBl HaiTH Ha
PHCYHKE B¢ IIpAMLIE, KOTOpHIE IepecekawTced B Touke (1; 4).
YpaBHeHMA DTHX [PAMBIX H COCTABAT HYXKHYQ CHCTEMY YpaBHE-
HHIA.

debed b
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. Jx+3y=-5
5. PemmTe cCHCTEMY YPAaBHEHHIA {4x+ y=2.
Omeem: (1; -2)

Kosmmenmapuii. 3Ty CHCTEMY YPaBHEHHA OIHHRKOBO YA00HO pellaTh cnocoOOM CI0XeHHs K criocofoM noa-
CTAHOBKH.

Tak, 4YToORl OHA HMeNa JBa

+x2=4
6. M3 nauHLX ypapHeHWI moaABepHTe BTOPOE YPABHEHHE CHCTEMH {y ’

perterns. (Mcnonesyitte rpadbrdeckne npeacTaBieHMA.)
)y x=4 2y y=4 Hy=x 4y y=x+6
Omeem: 3)

. |2x+ pr =8,
7. Peminre cHcTeMy YpaBHEHHH {x+y _3
Omeem: (3, 0), (1; 2)

Kommenmapyii. OD4HO cHCTEMY, B KOTODOH ECTh YPABHEHHME BTOPOH CTEINEHH M NHHEHHOEe ypaBHeHMe, pe-
maiT cnocoboM nmoactaHoeky. IpH TOM B KaXaoM KOHKPETHOM CHYYac XKEIATeAbHO CMOTPETh, KAKYIO Tepe-
MEHHYI0 U HA KAKOTO YPABHEHHA IenecoodpasHe BRIPa3UTh, YTOOR NpecbpazopaHuda OuutH nmpomie. Tak, B gaH-
HOM ciayyae NnenecoodpasHO BHIPA3HTh MEPEMEHHVIO X M3 BTOPOrO YpaBHCHHA.

8. Onpegenure, B Kakoi KOOPAMHATHON YETBEPTH HAXOOMTCA TOMKA NEPEcedeHHMS NPSIMBIX, 394aHHWX YPaB-
HEHHAMM Sx+dy=14 1 3x—-4dp=2,

1) B | 4eTBEpTH 2) po Il yetBepTH 3} B III yerBepmH 4) B TV yerBepTH

' 5x+4y =14,
Ix—4y=2.
B naHHOM cAy4ae NpeanouyTUTeabHee cnocod caoxeHHd. KoopaMHatwl TOYKH mnepeccucHus (2; 1), 3HAYMT, OHa
HAXOMUTCA B MEPBOA YECTBEPTH.

Peweernue. HalineM XOOPTHHATH TOYKH MEPESCCHUCHHA TMPAMEIX, DEIIME CHCTEMY YpaBHeHWH {

Omaem: 1)

Kommenmapuii., MOKHO TNPUMEHHTb APYIOH Ccrnocof pelieHMS — ¢ MOMOLIBIO CXEMATHYECKOTO PHCYHKA.
3,]16(‘:]: Oponie BEACHHTL PACTIONOXKEHHE ﬂpﬂMOﬁ, HaK A% ed TOUKH NEpeCceYcHHA € OCAMH. PHC}"HOK MOKAKET, UTO
MpSMBIE TIEPECEKAIOTC] B TOUKE, HAXONAMEHACSH B MepBOi 4eTBEpTH.

9. INpouwraiTe 3ana4dy:

B Tecre 25 3apanuii no amrebpe ¥ reomeTpuM. 3a MpaBKAbHO PEIIEHHYID 3amaqy no anrebpe HauMoIgeTcs
2 Ganna, o reoMeTpid — 3 6anaa, MakcHManbHeli 6ann, KOTOpHH MOXKHO TIOAYYHTE 33 BRIMONHEHHE TecTa, pa-
ped 60. Ckoneko B TecTe 3adanwuit no wirebpe ¥ CRONBKO 10 1eOMeTpHH?

Onpeaenure, Kakas CUCTEMa YPABHEHHMA COOTBETCTBYET YCIOBHMIO 3a4a4H, €cni BykBoH x 0603HaueHO 4HCno
3alaHHi 0o anredpe, a OyKBOH ¥ — YHCNO 3a0aHHH 1O MEOMETPHH.

) x+y =125 ; x+y=25 x+y=25 ) x+y=25,
¥ =60 2x+3y =60 2,2 =60 3x+ 2y =60
23 32
Omeem: 2)

10. Ha rypBaszec |5 ManaToxk — YeTHPEXMECTHBIE M LIECTHMECTHBIC, BCero B HHX MOXHO PA3MECTHTL 72 ye-
AoBeka. CKonbko Ha Typbale 4eTHPEXMECTHRIX Iu1aToK?

Omeaem: 9 NanaTok

11. Pemure cHCTEMY ypaBHEHMHH {x—y= [

x2+yr+2xy=9.
Pewenue. TlpuBenéM BTOpOE ypaBHenue cucTemn K Bday (x+y¥ =9. Orcioza x+y=3 wmm x+y=-3.
x-y=17, " {x—y:?;
x+y=3 x+y=-3
x =15 y=-2, pTOpoit —mapa x =2, y=-5,

Omaem: (5; -2}, (2; -5)
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Kommenmapuii. CrcteMy MOXHO PELIMTH APYTHM, GoNee CTAHAAPTHHIM CIIOCOGOM — BHIPAIXThE H3 NEPBOTO
YPaBHEHUMA KaKylo-HUOYdb M3 MepeMEHHBIX U TIONCTABHTEL €é BO BTOpOe ypaBHeHHe. B maHHOM ciyvae 3TOT Cfio-
cob HeckonbKo Gofee TPYZOEMKUH.

L xy =4,
12. C noMoIubD rpahMKOB ONPEICAUTE, CKONMBKO pelleHHi HMEST CUCTEMA YPABHEHHA pext =6
Pewenue. TpeacTasyM MEPROE YPABHEHUE B BHIE V= i, BTOpOE — B BHAe ¥y = —x? +6. [loctpons rpadukn
X
YPABHEHH|, MONYIMM, YTO OHU HUMEIOT 3 TOUKH [MEpeCeueHMA.
Omaem: 3 pelleHus

Kommenmapuin. Tak KaK 3a0a4a COCTOMT B TOM, YTQGH NPUMEHHTE rpadimeckuii cnocod pemeHns, rpadH-
XM B PEIUEHWH A0/IXKHbI [TPUCYTCTBOBATh. JJOCTATOMHO CXEMATHYECKOTO PHCYHKA, €CAM OH OVIeT cAenaH akkKypaT-
HO H Ha HEM OyOyT oTMedeHBH HEKOTOpbIe KTIOYEBhle TOYKH (HANPHMED, KOOPIHHATH BEPLIHHDI Tapadonbl, TOH-
KH MnepecedeHus napaGoasl ¢ oChlo X).

Bapuanr 2

1. Kakas u3 npsiMbix Ipoxonut yepe3 Touku 4 (1; 3) u B (4; 0)?
1) 7x-5y=-8 2) x+y=4 3) x-2y=4 4) 3x-2y=12

2. JIns XaXmoro ypaBHEHHUSI YKaXXWUTe Ha3BaHMe ero rpaduka.

A) y=2 B) 3x-y=0 B) x2—y=0

X
1) npsamas 2) nmapaboJja 3) runep6ona

3. Ha koopavHATHOI TUIOCKOCTH TOCTPOEHBI rpadukM ypas-
HeHuit y=x2-2x-3 wu 2x+y=I1. HUcnonabaya ath rpadukm,
peluTe CHCTEMY YPaBHEHUIH {y =802 ~3

2x+y=1.
D (5-2,32)
2) (5-2),(%-3)
3) (=%3),(=32)

4) (-%5),(Z-3)

4. Ucnonp3ysa pHCyHOK, OTPESENUTE, PEILIEHHEM KaKoW U3 CH- SRR A

H I I3

CTEM YpaBHeHHUI dpaseTcd mapa umcen {—2;—-1). | 'E

1 {x—3y=1 -ore

= /S T R D O R S S

xty=>5 AN NN

Iy—5x =7 77 : T I ;!

— x = __'__:',__f__l _4'.__;__ -

2) { Y RN

x+y=3 s

Iy=-5x=7 :

3) _ 3

x—3y=1 ;

1

., 1

4) Takoll CMCTEMEBI HET -

i

| N [ I o -:

. [2x—y=13 o | N S S i e

5. Penrdte cMCTEMY YpaBHEHMit {2 +§ 9 ST YO UL VU0 DRSNS OO WS O HO WP W
x+3y=9

_ y xy=1,
6. W3 aaHHbIX ypaBHEHHA noabepuTe BTOpoe ypaBHEHWE CHCTEMLI TAK, YTCDbI OHA HE MMENa pellie-
HHH. (MCMORB3IYVIATE rpadu4ecKMe NMPeICTABICHHSN).
) y=-x 2) y=x 3) y=x 4) y=-x
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2— -=
7. Peusure cHcTeMy ypaBHEHHH {i 3y 3 %
—y=3.

B. B xaxoil KOOPHMHATHON YeTBEPTH HAXOAUTCH TOUKA MepeceYeHHs NPAMLIX X +5y=—-7 W 3x+2y =57

1) B [ uerBepTH 3) & Ifl yerBepTH
2) Bo If uerseptH 43 B IV yetBepTH

9. B xnacce 18 yyaurmxca. IIpy 3aknagke IDKOABHONO Cada KaxXzaasd JeBOYKA TMOCAAHNA MO 2 KycTd, 8 KaX-
AbI MansdHMK — Mo 5 Kycros. Brero 6nuio nocaxeHo 37 xycrop., CKONBKO B KMacCe JSBOYESK H CKONBKO Mallb-
4yHKOB?

TiycTs B KIACGCE X ICBOMEK WM ¥ MaAbMHKOB. Kakasi CHCTEMA YpaBHEHMIt COOTBETCTBYET YCNOBHIO 3agaqiH?

b {x+y=18, ) {x+y=18, {x+y=13s {x+}'=18,

- = x ¥ L.
Ix+5y =57 Sx+2y=57 2+5_57r 54.2_57

10. B nse GonpluMe KOpOOKM H B 3 MasicHBKHMe NoMellaeTca 38 KapaHnameH, a B 3 Donplude H 2 MaaeHBb-
Kie — 42 Kapaupawa. Cko/AbKo KapaHjauiell B GonblIoi U ManeHbKoH KopoGkax pmecte?

x+y=7,

11. Pemure crereMy ypaBHeHHi {(xz -y )x-y)=175.

12. C noMoubi0 rpadMKOB ONPEACAWTE, CKOIBKO PELICHUN HMEET CHCTEMa YPaBHEHMit {gfy_z_ s
Orsersa: 1. 2) 2. A3, B1, B2 3. 4) 4. 3) 5. (6;-1) 6. 1) 7. (0;-3), (3;0) 8. 4} 9. 1) 10. 16 11. (6; 1}, (1;6)
12. 3



Pabora Ne 5. HEPABEHCTBA

Bapuant 1
1. Kakoe M3 cNeAyOIIHX HEPAaBEHCTB HE CAEAYET H3 HEpPaBeHCTBA X — 2 <y?
Dzzx—-y D x<y+z Ny-x+z<0 4y x—-y—-2z2<0

Cmeaem: 1)

Kommenmapuii. UcnoneayoTes 18a cBONCTBA HEPABEHCTB: NEPEHOC CJIaraéMBIX M3 OTHON YacTH HEPABEHCTBA
B IPYTYHD € MEpEMEHOH 3HakKa CHAAraeMoro; YMHOXEHMe oDEMX 4JacTell HepaBeHCTBA HA OTPUUATENLHOE YHCIO
¢ 3aMeHoll 3Haka HepaBeHcTBa. Hago nmombiTaThed mpeofpa3loBaTh HUCXONHOE HEPABEHCTBO MOCASOOBATENBHO
B KAXIOE M3 HEPABEHCTB, NPEICTABICHHBIX B BApPHAHTaX OTBEeTOB (MM Haobopot). Hanpumep, 3): x-z<y;
x-z2-y<0, —x+z+y>0. HepabeHCcTBO TOo HOMepoM 3) He cledyeT M3 AaHHOTC B YCIOBHM HepPaBeHCTBA,
(CroicTBa BepaBeHcTs CM, Ha ¢. 74, 75.)

2. O gydenax p K ¢ HIBECTHO, 4T0 p > g, Kakoe M3 cielyiolllMX HepaBeHCTB HEBEPHO?

Né+p>b+gqg 2 -£<-1 Hp-4d4>qg-4 4 £<1%

Omaem: 4)
Kommenmapuii. Ucnons3vioTesl CBORCTBa: NpHOapneHUe K 0OCHM YacTAM HEPABCHCTBA (WIH BhIMHMTAHHE M3
obcHX YacTeH HEepaBeHCTBA) OAHOrO M TOTO X UYHCAA; YMHOXCHME ODEHMX YacTeil HEPABEHCTRA Ha MOMOXHTCIb-

HOE YHCIIO; YMHOXKCHHEe OOEHX 4acTeil HEpABEHCTRA HAa OTPHIUATENBHOE YHCIO C 3AMEHOM 3HaXKa HEepaBEHCTEA
{cMm. ¢, T4).

3. O yuenax x, ¥ M 7 UIBECTHO, 4YTO X >y > 7. Kakoe M3 cnemylomimx 4ucen MOoNOKUTENBHO?
y—-x Nx-z Nz-y 4) 7—x
Omsem: 2)

Kovmmenmapui. Ucnons3yiorcsl CBOHCTBO TPAH3HTHEHOCTH H ONpeAeNieHHE MOHATHH «0oJXble» M «MEHBIIE»
(cM. ¢, 74). Hanpumep, 4); Tak KaK x>y > Z, TO X > Z, CleIOBaTeNnbHO, 7 —x< (.

N "

[ToneaHo caenaTh cXeMaTHUECKMH PUCYHOK: t y x L
z
4, MseectHo, uto x< 20, y< 10. Kakie M3 cieaylolidx HepaBeHCTE BEpHEI MPH JHIOOHIX 3HAYEHMAX X M Y,

YAOBIETBOPAIOLIIWX ITOMY YCIAOBHI:

I x+ <30 II. x+y<15 L x+y< 357
DIull 2 Iulll H1ull 4) I, Tl u HI
Omeem: 2)

Kommenmapuii. VcnoAb3yioTcs CBOMCTBO NOMNEHHOTO COXCHHHA HepaBeHCTB ORHONG 3HakKa (CM. C.74)
M CBOACTBO TpaH3uTHBHOCTH. Hampusep: Tak kak x< 20 ¥ x < 10, To x+ y < 30 — HepapeHCTBe | BEPHO; Tax Kak
x+y<30 w 30<35 10 x+y<35— uepageHcrso 1l BepHo. [anbHeilluMe paccyXIeHWA INPCOBOISITCA aHalO-
THUHO.

5. Hainonre HAMMEHBIIEE UEI0E YKUCIO, YAORIETBODAICIES HEPABEHCTBY 2x — 3(x + 4) <x+ 12,

Pewsenue. inn 0TBETa HA BOMPOC PRIIMM HepaBeHCTBO 2x —3(x+4) < x+12; 2x—Ix-12<x+12; -2x< 24;
2x>-24; x>—12. Tak kax yncno —12 He BXOOWT B MHOXECTBO pDelleHHH HepaBeHCTBA, TO HaMMeHbIlee Ueloe
YyUCAO — 310 —11.

Omeem: —11

Kommernmapuii. Ecnn nocne npeofpasoBaHuA HepaBeHCcTBa ko3(pdHIIMEHT NMpPH IepeMeHHOH X MOMy4aecTca
OTpHua‘T\BJ'ILHHﬁ, TO BLETOa NOTEIHOD «HA0ABMTLCA» OT HEIO. ,[lJHl 3TOrO MOXHO YMHOXKHTE obe vacTu HepaBeHCTEA
Ha (—1) U He 3abHITh NOMEHATH 3HAK HEPABEHCTEA HA MPOTUBOMONOXHEA. e B TakoM caydae MOXHO Nepe-
HECTH CIaraeMoe ¢ INepeMeHHoH B MPabBylo YAcTh ¢ MPOTHHBOIIONOXHBIM 3HAKOM.

6. PellluTe cHCTEMY HepaBCHCTB {x+ I>0,
5-3x=2x.
1) (15 1] 2) {003 1) 3) [ +e0) 4) [-1; +oo)
Omeem: 1)
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Kommenmapuii. Hano noMuuTh, yto OBMIMIA NPHEM PELICHHS CHCTEMbl HEPABEHCTB OTIHYRETCH OT NpHEMA
peweHHs CHCTeMB ypapHeHMl. CHayama pelllaeM KaXOoe HEPABEHCTBO OTISABHO, & 3aTéM HaXOIQUM MHOXe-
CTBO WX oBux pemedHi. [pHM 3TOM NONE3HO M HACMOHOCTH BOCTIONBIOBATLCA KOOPIMHATHOH TNIPAMOR,
CXeMaTHMEeCKH NOKA3aB HAa Hell MHOXECTBO pelleHUH KakIoro HEPAaBEHCTBA, DTO MOMOXKET MibexaTh OlNbOK.

B e K T

7. Ha pucyrke n3oGpaxér rpadnk dyHkunH ¥ =x2+4x — 5, Hcnoneays pucyHOK, ?:_(:__1.__5 oyh
pewuTe HepaBEHCTBO X2 > 5— dx. . '

Omeem: x<-5 WK x> 1

Kommenmapuiz. UToOn MOXHC OBUIO BOCMOIBIOBATECR rpadHKOM, NepeHecéM
cjaraeMble U3 MPaBOil YACTH B JIEBYIO, TMOMYyHIMM: x2 +4x — 5> 0.

8. YKakHTE HEPABEHCTBO, PEIIEHUEM KOTOPOIO ARIAETCH NG0e YHCIO.
DBx2-3>0 3)x2+3<0
xl-3<0 dHx+3>0

Omeem: 4)

Kommenmapuit. JJocTaroHO NOKA3aTh CXEMATHMECKH HAa KOOMIMHATHOM IUIOCKOCTH MOidoXeHHe mNapaboi
y=x?-3 U y=x2+ 3 OTHOCHTENBHO OCH X. PUCYHOK OKAXKET, UTO MHOXECTBOM DPEMIEHHA HepaBeHeTBa X2+ 3> 0
ARIACTCA MHOKECTBO BCEX YHCER.

9. Pemnre HepapeHCTBO (2 — 3xHx — 1) <4,
Pewenue. PackpoeM ckobki, Nocte NpeobpasoBaHUil MOAYUMM HEPABEHCTRO 3x2— 5x — 2> 0. HaMaém KopHU

KBagpaTHoro TpéxdieHa, pelllus ypapaeHue 3x2 — Sx — 2=1{), oHHW paBHbl 2 U —%. HepaBeHCTBO BHINOMHASTCA NpH
x< —% Hx>2,
Omeaem: (—oa— %) U(2; +c0)

Kovmenmapuii. [lpu pelneHnn KBaapaTHONO HEPABEHCTBA LieNecoobpaszHo DEMaTh CXEMATHUECKUH PHUCYHOK.
Korma tpebyeTesi pelllHTh KBagpaTHOS HEPABEHCTBO, B KOTOPOM KO3 MHUMEHT ¢ B KBAAPATHOM TpéxunceHe

axi+bx+c OTPHUATENEHEIA, Halo BCETAA 3aMEHMThL 3TO HEpaBeHCTEO HA PEABHOCHABHOC, YMHOXHB ofe vacTu

HEpABEHCTBA H& —1, H3MEHHB 3HaK HEPABEHCTBA HA IIPOTHBOIIOACKHBIH.
-6
10. Pewnre HepaBeHCTBO ———— >0,
(3 - XM + 2x)

Omeaem: (—oo;—4,500(3; +00)

Kommenmapui. Tak Kak UHCINTENL OpOOH — OTPHUATENBHOS YHUCAO, A 3HAUeHHE APOdU MOAOKUTEIRHO, TO
3HaMeHaTeNlb, TAK XK€ KAK H UHCIHTEIb, OTpHUATENeH. 3HaUHT, HAJO PellWTh HepaBeHCTBo (3— x} Y+ 2x) < (). 3a-
MEeTETe, YTO NaHHOS TPOMU3BEIcHHUE eCTh PAMIONKEHWe Ha MHOXMTENH HEKOTOPOro KBAAPaTHOIO TPEXuieHa C OT-
PHUATERBHEM KO3O@HIIMEHTOM MU X2 1 KOPHAMH 3 U —4,5. D10 vKe MO3BOAAET [I0KA3aTh CXeMaTHUYECKH pac-
nofoxeHUe napabolikl B KOOPAHHATHOH IMNOCKOCTH OTHOCHUTEILHO OCH X, H HeT HeoDXOIHMOCTH NepeMHOXATh
JABY'WICHEL.

V10 + 13x — 3x¢

11. HadinuTe ofi1acTh ONpPeneNeHNs BuIPAKCHHS s
X<~ 4

J10+ 13x — 3x2
x2-4

u x?—4=20, DTH OBa YCIOBHA JODKHE! BbIMTOJAHATRCA OIHOBPEMCHHO, PelllMM KaXIO¢ M3 HEPABEHCTE:

Pewenue. HailnémM obnacTb onipeieneHUs BRHPaXEeHUA . OHa 3apaétcst yorosramu: 10+ 13x ~ 3x22 ()

1) 10+ Bx - 2220, 3¢~ 13x— 10<0; x, =2 x,=5; xe[-25)
2y x2-4#0;, x 212,

Ilo CXEMATHYCCKOMY DPHCYHKY BHIOHO, HTO o0nacTeIO onpeacneHua BbIpA-

L |

KeHMA ABASAETCH NPOMEXYTOK OT —% o0 5 (Brmoyas 3Tv 4Hcna) Gel yMena 2. 5
Omaem: [—%;2)U(2; 5] 3
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Kommenmapuii. OdopMHATE pellleBHe MOXHO MO-pazHoMy. Tak, YMMTHIBasA, 4TO 0ONAcTh ONpeAcNeHUA Bbi-
PaKeHHA 3a38Tcd ONHOBpPEMEHHRMH yeaoBHsaMM 104 13x— 3xi20 u x2— 420, MoXue COCTaBUTL M peILMTL
10+ 13x-3x2 =0,
xi-4z0,

EcsM HepaBeHCTBO HECTPOroe, Kak B RAHHOM CNIYYAE NICPROE H3 HEPABEHCTB, TO HAAo He 3a0bLIBATH BIIIICMHTL
B MHOXECTBO PelIeHHN «KpaiiHHes 3Ha9eHMS NepeMeHHON, MPH KOTOPRIX KBaJpaTHRIH TPEXWICH paBeH HYIO.

CHCTEMY HEDPABEHCTB {

Bapunanr 2
1. Kakoe H3 CNeayIoliux HepABEHCTB He CHeNyeT M3 HepaBeHCTBA d—6>c¢ ?
1) b<a—c D a=b+c N e—a+b=0 & b+te—a=<l
2. HssecTHO, uTO %a = %b. Kaxoe H3 CHeayIonMX HEpPABSHCTE HEBEpHO?
1) da>3b 2 a<h 3) —a<-b 4y a-1>bh-1
3. HssectHo, yTo a > &, Kakoe H3 NPHBEISHHBIX HHXE HEPABCHCTE SBIAACTCH BEPHRIM?
1) b—a>0 2) b-a>1 NDa-b>-3 4y g-b< =2

4. H3BecTHO, YTOo Xx>35 M )y >15. Kakde U3 cIeyioliMX HEpABEHCTB BEPHEL NPH JTIOOLIX 3HAMCHMAX X H ),
YIAOBRICTBOPAIOLIHX TCMY YCIOBHIO?

. x+y>20 II. x+y>10 . x+y=>25

DIull 2) I u Il 3 1ulll 4) 1, 11 u III

5. Hajtare HaHGonbllice HEIOE YHCTO, YIOBICTEROPAICIIEE HEpaBeHCTRY 2x —2(3x—4) =4+ x.

6. PeimTe cHCTEMY HEpaBEHCTB 3+2x<0
2-3x>-4,
1) x<-25 2) x<2 D -25<x<l 4)
7. Ha pucynke M306paXEH rpadmuk QYHKUMM y = x%+2x -3, Hcnoneiys pHCYHOK, pelINTe HEepaBeHCTBO
x242x>3.
yh
1) “dex<l
2) 3<x=l

D x<-Iumx>1
4) x=-3wmxz]

8. YKaxHTe HepaBeHCTBO, He HMEKLIEe PeLICHHIH.

D x2+9>0 3 ol /1 x
2) x2-9>0 ' /

H 2+9<0 —3

4) x2-9<0

9. Pemunre HepaBeHcTRO (3x — 1M1 -2x) 2 -2,

10. Peunte HepabeHCTBO 1—540
(1-4x)(x+2)
11. Hatiante ofnacTs oNpeneteHHs BRIPAKEHHA J@. y

Oreersa: 1. 3)2.2) 3.3)4. 1) 5.06. 1) 7. 3) 8. 3) 9. [-%;1] 10. (—oo;—l)U(%;+oo) 11. [-%;i]u(%;z]



Patora Ne 6. DYHKIINHA U IN'PAPUKH

Bapuanr 1
1. ©OyHkuua 3agaHa dopMyroit y =F(x), ae f(x) = 6 + 12x —x2. Haiignre f (—%) .

Pewenue. f(—%]: 6+ lZv(—%)—(—%Jz :6—4—% :I%.

Omeaem: | %

2. MOTOLMKIHCT eNeT ¢ OCTOAHHOM CKOPOCTLID M3 OIHOTO [OPGIA B APYTOi, PACCTOAHHE MEKEY KOTODBIMH
300 xm. Bpems apuxeHus f asafeTcs GYHKUUEH CKOPOCTH v, ¢ KOTOPOM ¢ACT MOTOUMKAKCT. 3anaiite »1y dhyHK-
1110 GOPMYIONH.

Petuerue. PopMmyna, BHIPAXa0NAg 3aBUCHMOCTD PacCTOAHHA, CKOPOCTH M BPEMEHH: 5= VI, 0TKyma f=>.

v
TMpu s =300, ::%.

Omeem: t = s
v

3. Ha pucyHke usobpaxéH rpaduk dyukuuu y=ax?+ bx+c. BbIMUIIUTE HOMEpPA BEPHBIX YTBEPXNICHHIA.
D) £(0)=-6 -
2) f-1) <f3) =gl
3) DyHKIKA BO3PACTAET HA nipoMexyTke [1; +oo) |
4) HauMeHblIee 3HaYeHHE DYHKIMK paBHO —6
5) Mpu -1 <x <3 3HaYeHHA (DYHKIIUM OTpHLIATENbHBI

Pewernue. 1) f(0) =—6; yTBepXIaeHHE BEPHO;

2) yTBEpXIEHHUE HEBEPHO, TaK Kak f(-1)=0 u f(3)=0, T.e. f(-1)=f(3);

3) yTBEepXIEHHME BEPHO — Ha IPOMEXYTKE [1;+ oo) C BO3pacTaHUEM X 3HauYCHUE y
BO3pacTaeT;

4) HauMeHbliee 3HaueHWe (YHKIIMM paBHO —8; YyTBEpXIEHHE «HaUMeEHblIee 3Haye- ,
HHMe QYHKLUMU PaBHO —6» HEBEPHO; (i1 |

5) npu —1 < x < 3 rpaduK JeXUT HIKe ocH Ox, ClIeNOBATENLHO, 3HAYECHUST (PYHKLINU
OTPHMLATEIbHbI — YTBEPXKICHHE BEPHO.

Omeem: 1, 3, 5

4. Kaxablit rpa@uK Ha PUCYHKE COOTHECHUTE C COOTBETCTBYIOLUEH €My (GOpMYJION.

1) y=x2-2 2) y=-2x I y=-x+2 4 y=2

Pewenue. Ha pucynke nioGpaxeHsl: npsiMad, runepbona M mapabosia M gaHel GOpMYIEL, 3amamouime: 1) na-
pabony; 2) upumyw; 3) upsmyx; 4) runepbony. @opmynel 1A napaGolkl K FUNepGoibl ONPEOCAAIOTCH OIHO-
3HAYHO. YpaBHCHMA MPAMO (PUCYHOK A) cofepxkarcs B oTserax 2) v 3). Ho oTtBer 2} He NOAXOOMT, TaK Kak
dopmylTa y = ~2x 330a€T NPAMYIO, [POXOIANLYIC Yepe3 Hau a0 KOOpAMHAT. [To3ToMY HA PUCYHKE TIPAMAR ¥ =—x + 2,
i COOTBETCTBYET OTBET 3).

Omeem: A3, B4, Bl

Kommenmapuit. MoXHO NOCTYMHTE H NO-ApYTOoMY. [101CTABHTE KOOPAMHATE KAKOH-HHBYIE «XOPOLWUEH» TOY-
KM, IIPHHALIEXAMER NpsMoR, 5 ypasHedus 2) 1 3) W TakuM o0pa3zoM ReIGpaTh M3 3THX 1BYX YPAaBHEHHIH HYXHOE,
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5. Tpaux  KakoH W3 NepeyUCTEHHBIX HHKe QYHKUME H300pAXEH Ha pHUCYHKe?

o

B I H
| | |

I | .

D y=x?—4x 3) y=x2+4x Lo I

D y=xi-4 4 y=xt+4 JNRN
Pewrenue. Tlapabona, MIOOPAKEHHAA HA DHCYHKE, MEpeceKaeT ock OX B TOUKaX ‘:, 1?1 —
(—4; 0) n (0; 0), €€ BETBH HATpPaBNEHDbl BBepX. Bee Mpemnaraemble hopMyNbl COOTBET-  © | : S

CTBYIOT napabosiaM, BETBH KOTODHIX HAMpaBleHb! BeepX. [IpeobpasyeM U mpoaHatMau- L.l . L
pyeM GopMYILL Lok 44 :
1) y=x?dx = x(x — 4); 3) pm x4 A= x(x + 4); S R

Dy=xt-4=(x-Dx+2) 4y y=x2+4.

Tlapatona 1} nepecexaeT ock Ox nMpM x=4 W x=0; napadona 2) nepecekaer ock Ox NpH x=-2 U x=12;
mapaGona 3) nepecekaer ock Ox npr x=—4 1 x =0; napatona 4) pacrnonoxeHa BelUe OCH O,

Omaem: 3)

Kommenmapuidi. Booblue, 30eCh BO3MOXKHB HECKONRKO CIIOCOGOB paccyxIcHUA. MoxXHo, HanpHUMep, OpocTo
NOJCTABUTE KOOPAMHATH TOYEK [epeceycHus napabonsl B NpeicTamIeHHBIE YDAaRHEHUS N HalTH HyxHoe. Jpyroit
BAPHAHT — MOICTABUTH B ¢OpMYyAbl KOOpIHHATHI BeplUMHBL. EmE OOWH croco® — MOXHO cpa3y HCKIIOYHTh M3
PACCMOTPEHHA BApHMaHThl 2) U 4), TaK KakK COOTBETCTBYIOUIME MM 112pado/ibl CHMMETPHHHEI OTHOCHTENLHO OCH ¥,
M NPOBEPHTE TONBKC BapHaHTH 1) U 3).

6. B Kakoil U3 ykasaHHBIX TOUEK PAcMONOXKeHa BepllHHa napabonsl y= 3x2— 12x + 57
1) (4; 5) 2)(2; -1 3) (0; 5) 447
Pewsenue. BHIMMCIUM KOODAMHATB! REPIIMABI NMAPAGONBL Xy =—o-=—_—_=12; }=3-22-12.245=-7.

TaxymM oBpa3oM, BEPIIHHA HAXOAMTCS B Touke (2;—7).
Omaem: 2}

Kommenmapudi. UToObl HE OIIMOHTECA NMPH BBIYMCICHHUAX TONE3HO AeNaTh Npeobpa3soBaHHs YHCIOBHIX BbI-
paXcHHR Gosee noapodHO, PEKOMEH/LYEM 3aNHCh Lenodkoit. Jlervye GyueT npoBepsiTh.

. I
7. Kaxasg n3 JaHHLIX napaGon WMeeT ¢ THIepbonoil y =— TpH oGLHe TOYKKU?
x

1) y=-—x? 2y y=x1+100 N y=xi-1 4y y=xt- 100
Pewrenue. NauHasi runiepbona pacnonoxena & 1 u 111 xoop-

AHHATHEIX 4HeTBepTsx. CoenacM CXEMATUHSCKHE PHCYHKH, [MTONY- y

UMM
1) IMapabona y=—x? pacnosioxkeHa B 3-it U 4-ii koopIuHaT- y=x{+100

1 .
HEIX YETBEDTAX, OHA IepecekaeT runepbony y =B 3-1 yeTBep-

TH; 06uIasA TOYKa OJHA.

2) MapaBona y=x2+ 100 pacnonoxeHa s 1-id u 2-H 4eTBED-
THAX H TiEpecekaeT I'Mnepdony B |-H 4eTBepTH; ooHa oblnas TOYKA.

3) Ilapa6ona y=x? — | pacno/iokeHa BO BCEX YETBEPTHX, BET-
BH HAIlpaRTeHbl BBEPX, BepllHHA napaboasl pacnofioKeHa B ToY-
ke (0; —1); napaGona NpoxooMT BHIIE H NPABES RETRH TMIepHo-
Jbl, paclIONOKEHHOH B 3-H YETREPTH, W TISpPECceKacT TOJbLKO BETRb,
PAcHCIOKEHHYI B 1-J1 4eTBepTH, oAHa obulan Touka.

4) Tapa6Gona y=x2— 100 pacnionoxeHa BO BCEX YETBEPTAX,
BETBU HalpaRieHbl BBEpX, BEPUIMHA NMapabosiel pacIoIOXeHa
B Touxe (0; —100): mapaGona nNepecekaeT BETBE TMITEpOONIBE, pac-
MOAQKEHHYIO B 3-H YETBEPTH, B OBYX TOUKaX H NEPeCEKAET BETBE,
PACTIONTORKEHHYHY B |-H YeTREepTH, B O4AHOW TOo4Ke;, TpH oDmmKx
TOYKH,

Omeent: 4)

v

8. BenocuneancT BbleXal M3 IOMA, A0eXaT A0 MOYTH U, Npo-
OBIB TaM HEKOTOPOES BpeMs, BepHYICa AoMO., Jopora or noma o
MOYThl UNET O NMpAMOIMHEHHOMY wocce. Ha pucyHke H3obpa-
*En rpadux aswxeHuA senocuneancTta. (ITo ropuzoHTATEHOM
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OCH OTKI3JHBaerTcAd BpeMs, [0 BCPTHKANBHON — PacCTOHHE OT
IOMa, HA KOTOPOM HAXOJMTCA BEIOCHIEIHCT.) YKakuTe HepepHoe
YTBEPAKICHHE,
1) Benocunenuct npobua Ha noute 1} MHUH
2) OT goMa [0 TMOYTH BEOCHIEAHCT eXal CO CKOPOCTHIO 15 KkM/M
3) O6paTubiii IYTH 33HLT ¥ BEMOCHNEIMCTA HA 5 MMM Goblle,
YeM ITYTE OO MOYThHI
4} Becero pemocuneauct npoexan 10 kM

Pewenue. TIpopepsiem yTBEDKISHHA.

1} Benocunenucet mpodelt Ha noute 30— 20 = 10 MHH; yTBEpXK-
OEHHE BEPHO

2y Or noMa go MOYTHL BeOcHNeAMcT exat 20 MHH= § q

H IIpoexan 5 kMm; ero ¢KOpoCTh paBHA 5:%= 15 (kM/u); yTREepXiIe-

HHE BEPHO

E
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H : '
i ' ! ! |
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3 Tyt 1o mouTsl 3amsn 20 MHH, A 0OpaTHEIN NYTH 3aHAT Y BETOCHNEAHCeTa 45 — 30= 15 MuH, yT0 Ha 5 MHH

MCHBILIE, YeM TIYTH 00 NOUTH; YTBEPKACHHE HEBEPHO

4) Bcero BenoCHNEAMCT Mpoexal 3+ 5= 10 kM; yTBepKIcHHE BEPHO

Omegem: 3)

9. Tloctpotite Tpaduk dyuxuum y= %x2—3. Onpenenvre,
TpY KAKHX 3JHAYEHHAX X (PYHKIUI TPUHUMAET IONOKHUTENbHEIE
3HAYeHHH.

Pewenue. [paduk pyrxkuun npoxoaur uepes Touxu (0; -3) —
BepliMHa mapaboisl; npapas me—(l;—Z%), (2;-1), (3;14]5),
(4; 5); nAeByX0 BETBbL CTPOMM CHMMETPHYHO OCH OpIHHAT, PyHK-
uus y=%x2—3 NMPUHHUMAST MOAOXHTENBHEIE 3HAYCHHA 1NpH

%x2—3>0. Pewaem HepaBeHCTBO X2—6 >0, (x—v6)(x++v6) >0,

x<—vb m x> \/E
Omeem: QyHKIHAA TPHHUMACT NOMOKMUTCALHBIC 3HAYECHHS Ha
MHOKECTBE {—00; —JE)U(JE; + 00)

e o S S EE SR S

.

'
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1
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1 |
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1
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|
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3
¢

[ 1 2

e e i iy ik S

Kommenmapuii. BoamoxeH apyroit ¢nocof paccyxaenna. Hadom aGeuncesl Touex, B kOTOPHIX napadona
TIEPECEKAET OCh X: 1x2-3=0; x2-6=0; X=—vb H X3= J6. [None3ysace rpadMKOM, OMpEIcaAsieM TIPOMEXYTKH,

2
HA KOTOPBIX 3HaYEHuyu (PYHKUUM ITOJOKHTEIbHH.

10. Ha pucyHke u3obpaxéd rpagHk yHiamu v = —9x* +10x2 - 1.
Haiigute xoopauHathl Todek A, Bn C.
Pewenue. Haitngém xoopouHathl Touxy B

x=0; y=-9x+10x2-1=-1; B{0; -1).

Y1o0Ll HAATH KOOPIMHATH TOYEK, B KOTOPHX TrpadHK nepeceka-
€T OCb X, H4ZO DEelIHTL ypaBHeHHe —9x?410xZ2—-1=0. YMHOXUB
ofe uacTn Ha -1, momyuum: 9x?! —10x1+1=90. Dm0 GukBanpaTHOE
YyPABHEHME, BBOOHM 3aMeHy x2=z: 9z2—-10z+1=0, Ero xopum:

1
Z;;“l, Zz=§-

Hmeem: 1) x2=1; x,;=zI1; 2) x?=

Omeem: A(=1:0), B(0; 1), c[lB;o)
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Kommenmapuii. Ilpy pelieHnH ypaBHeHMH He Hano 3a0bBaTh «U30aBIATECA» OT 3HAKA MHHYC ¥ CTapLuero
wieHa TYTEM YMHOXEHMA ofeUX JacTell ypaBHeHun Ha —1, 3710 AenaeTcs, YTOOH H3GEKATh AHIIHHX BLIYHCIHTENb-
HblX OwuOoK. TIpu pelieHHN KBRAPATHHIX YPABHEHHI C YETHBIM BTOPBIM KO03GDPHUUEHTOM B LIS/AAN YIPOLUEHMS

2
-2 (4] -ac
2 2

BBIYHCACHHH NO/NE3HC BOCITOABIOBATECH (BOPMYN0M X,2= a

Bapunanr 2
1. ©yukuma 3anada qopMmyiol y=,(x}, roe f{x} =6+ 12x - x2, Haﬁnmcf(%).

2. MOTOLIMKNKCT edeT ¢ MOCTOAHHOH CKOPOCTEIO H3 OOHOMO Iropola B APYTol, PACCTOAHWE MEX/TY KOTOPBIMH
250 kM. Bpema npukeHus f Apasercd YHKIHEH CKOPOCTH v, ¢ KOTOpOH efeT MOTOLMKNMCT. 3aiaiite 3Ty (QyHK-
K0 HOpMYIION.

3. Ha pucynke nszobpaxén rpapuk GyHkumn y = ax? + bx + ¢. Bunumure Ho-
Mepa BePHBIX YTBepXKICHMUI,

D fO)=1

2) f(=5)=/()

3) MyHKUHMS BO3PACTAET HA NMPOMEXYTKE (—00;—2]
4) Hanbonbuiee 3HauyeHUe (GYHKLHN paBHO 5

5) IIpn -5 <x< | 3HavyeHMsa PYHKUMH NMONOKMTEIBHbI

[ It S Sl St A St A R MR MY S M A
A) [ T T A D :y‘[ Pt B) B)

S S SN SV T SIS S PR S I o
[ T S T T R B R T (A
. [
[Riad St el et bty St allobs bl shales 599~ sihe il dealed
[ I S S S T B [
ol bed o Lo doitodo PR U S S
YT T T T T T T ¢ [
Py ¢ P
[ ks e R et I v e e o
[N I [ I R [
| KU SUSON W i U SUNPE B NP RO TP R
¢ [ i 1
H !
|

1

|

W ol v e i e 5 e S e R W e e E e (oot sttt btk it |
| i i [ i | | '

Tt o o e i B i i i e Kt

1) y=—x+4 2) y=-2x-4 3) y:%x+4 4) y=2x+4
5. I'pauK Kakoi W3 nepeyucIeHHbIX HMKe (pYHKUHH M300paxeéH Ha pucyHke?
) y=-x*+4x
2) y=x?+4x
) y=—xt+4
4) y=x?-4

6. B KakoWi M3 YKa3aHHBIX TOYEK pACMOJOXEHA BEpHIMHA MAapaGoskl
y=2x2-10x+57?

1) (25 5) 2) (2;-7) 3) 2.5, -7.5) 4) (2,5 7)

7. Kakasa u3 nanHbix napabon MMeer ¢ runepbosioi y = ~i TpH of1Ke TOYKH?

1) y=—x? 2 y=x2+100 3) y=x2-1 4) y=x?—100
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8. BenocumemHeT BRIEXan M3 IOMa, O0€Xad OO TI0YTH H, NpOOLIR
TaM HEKOTOpO¢ Bpems, BepHyIca momoflt. dopora or nomMa n0 MOYTEL
HIET Mo npAaMoNHHeHHoMY occe, Ha pHeyHke Hao0paxén rpadmx
ABMxeHHA senocuneaucta. {Ilo ropu3acHTaneHOW OCH OTKIagLiBASTCH
BpeMs, N0 BEPTHKATLHOH — PAacCTOAHWE OT HOMAa, HA KOTOPOM HAXO-
AWTCH BENOCUTIENUCT.) YKAKUTE HEeBEPHOE VTBCpKICHHE.

1) Benocunenuct npobbin Ha noure 0 MUH
2) Or nouTsl Z0 OOMA BENOCHMEMUCT €Xan ¢O CKOPOCTRIO 15 KM/4

3) TlyTe OT AOMAa IO TOYTHI 34HAT ¥V BEAOCHIICAMCTA HA 5 MHUH GO0Mb-
me, deM oOpaTHH# NMYTh
4) Becero BenmocHenHeT OLUT B Moejake 45 MHH. :

H H H :
| H 1 1 i | :
Bt ETOTT JEETHUY W TIPS SRR P
' : ' ' ' .

Lo : L
; I ; .,
1 ! i ] T [ it}

10..0.20.1.3D ;4D ! 5Dt Mvn

[N IO R,

B
: : ' v
b 1 1 ] 1
[T TR R S St S DU ST S Y N

9. locrpoiite rpaduk dbyHkunH y=-x?+3. Onpenenute, NpH KaKMX 3HAYCHUAX X YHKUMA NpHHHMaET
HCOTPHUATENBHAIC 3JHAMEHHAA,

10. Ha pucyHke H306paxén rpaduk dyaxuuy y=x’-x2-4x+4, vk
Hajiaute koopauHATH ToucK A, B u C.
B
Af 0 C ]
Orsersa: 1. 97 2.1=223.2,3,54. A3, BI, B2 5. 3) 6.3) 7. 4) x

1 xe [V3; V3] 10. A (=2; 0), B(0; 4), C(2;0)




Pabora Ne 7. IIOCIIEAOBATEJIBHOCTH. APHOPMETHYECKA#A
A TEOMETPHUYECKA{A IMPOIPECCHHA

Bapuanr 1

n+l
-1
1. Kaxoe u3 YKa3aHHsIX YHCel He ABASCTCA WICHOM NMOCISAOBATENEHOCTH 4, = (—’)' ?

1 1 |
1) 7 2} I HI 4) -3
Penienue. Kaxnuii 1ieH nmocnenopaTeNbHOCTH — 3T0 Apobb i €O 3HAKOM <IUIIOC» HIH «MHHYC», TLe /1 — ITQ

HOMEP 'WIeHA MOCACAOBATEThbHOCTH. EC HOMep wieHa MocneaobATENbHOCTH YETHRIH, TO MHOXITENb (—1)1+! = 1,

a ¢ClM He4ETHBRIH, To (—1)"*' =1, T. &. 4ETHBIC YWICHH OTPHUATE/BHRI, HEYETHRIE ITOMOXHMTEAbHDL. Uncra 1L7 ul

- ]
ABIAIOTCA YNEHAMH MOC/IEIOBATENBHOCTH, TAK KaK OHH HEYETHRIC H NOMOKHTENBHH, Uncio - He aBaAeTca wie-
HOM MOCAEAOBATEIEHOCTH, TAK KAK YACHLI [IOCNEAOBATEBHOCTH ¢ YETHRIMKM HOMEDAaMH OTpHUATENbHb. YHcro
1
—3 TOMY YCNOBHIO YIORNCTBOPSICT.

Omaeaem: 2)
Kommenmapuit. DopMyly MOXHO NEpPeMHCaTh TAKUM 08pa3oM: 4, = L (=1y*+1. VI3 Heé ACHO BHAHO MPAaBHIIO
H

KOHCTPYHPOBaHUA WICHOB MOCAEJOBATENIBHOCTH, H 3T0 MOXET NOMOYb MPOBECTH ONMHCAHHOE PacCyXACHHE.

3anauy MOXHO pematk H JPYrEM crocofoM, BEIMHCAB HEMOCPEACTBEHHO MEPREIE HECKOTbKO WIEHOB TN
NOCNEeNOBATENbHOCTH. B xynmeM crrygae npuaéres eeinMcath 17 gucen. Ho mpu 3TeM cyimecTByeT GonblIad Bepo-
SITHOCTD, YTO OMMCAHHAS BHILIE 33KOHOMEPHOCTH OYAET 3aMEveHa paHbIue,

2. Kaxnooii mocnemoBaTeNbHOCTH, 3aJaHHOH (GOpMYIOH K-T0 WieHa, MOCTABLGTE B COOTBETCTBHE BEPHOE YT-
BEpXACHHE.

TIocnen0BATENLHOCTE YTRepXKAcHHE

A) z,=5" 1) TlocnenoparensHOCTE — ApHPMETHYSCKAS IIPOIPECCHs

b) x, =n’ 2) TlocnenopatebHOCTE — NEOMETPHYECKAS IPOIPECCHA

B) y,=5n—-1 3) TNocnenoBaTeNbHOCTL He ABIASTCA HM apudmMeTndeckol, HU reoMerpiyeckoi
IIPOrpECcCHen

Pewenue. ApuMernueckas NPOrpeccHa — 310 JMHeRHasd (QYHKUYVA, 3a0aHHAd HA MHOXECTBE HATYPAIBEHBIX
YHCces, TOITOMY NOCHEAOBATENBHOCTE ¥, = Sn—1 — apuMeTnueckan nporpeccun. leomeTpHdeckas Tporpec-
CHSL — 3TO IKCIIOHCHUMANbHAS (QYHKUMA, 33MAHHAA Ha MHOXECTB¢ HATYPAIBHRX ynceda (&, = bg" '), mostomy
MOCACIOBATENBHOCTE 2, = 5" — reoMerpHyeckan nporpeccha, OCTaBIIAaRCA MOCACAOBATE/IBHOCTE 3aaaHa dopMmy-
JIOH, OTNWYHOM M OT MEPBOA, M OT BTOPOM; OHA HEe ARIAETCA HH apH{PMETHUYCCKOH, HH reOMETPHYECKOH npo-
IpeccHei,

Omeaem: A2, B3, Bl

Kommenmapuii. BoamoxeH Honee npaMol ¢croco® perenuds 3agayd. Mcnonnaya naHHBIE B YCIIOBHM 33fadH
($OpPMYABL, BEIMHCINTE [IEPBME HECKOABKO WISHOB KAXKICH IMOCASIOBATEIEHOCTH,

3. Oana M3 JaHHBIX NOCHEIOBATEALHOCTEH sARNAeTCA apudMeTHUSCKOH MporpeccHei. OnpeienTe KaKas.
5 5 3 11 L1

1) 5, '5, Z, E, e 2) 10, 6, 2, _2, e 3) ]., 2, 3, 5, v 4) E, E, Z, E’cna

Pewenue. 1) Kaxaplil cnegyiomwMi WieH NOWIEA0BATENBHOCTH TONMYYAETC H3 NPeabIyRiero YMHOXEHHEM €r0
Ha % 3JTO reoMeTpHYECKass MPOrpeccHs.

2} Kaxpniit creayiommil WieH mocneaoBaTeNbHOCTH MOMYYaeTed M3 NpelbAVINere BRMHTAHMEM H3 HETO YuC-
na 4 (win npubarneHneM dnciaa — 4). D10 apupMeTHIecKan NporpeccH:.

3) 1 4) Hu ogHa M3 5THX mporpeccuii HE MOXeT BLITh MOAYYEHA NMOCACIOBATENHHEIM YMHOXEHHEM HA OOHO
¥ TO Xe JHCNIO WIH NpHOaBIeHHeM OJHOrC M TOro XKe 4HCHa.

Omeem: 2)

Kommennmapuii, BADHARTBI OTBETOBR 3} M 4) MOXHO HE «MCCIEAOBATL», €CNIH Bhl YBEPEHEI B CBOEM BhIGOpE

oreeta 2). Ho BCE Xe, KaK yXe OTMEYANTOCh, TAKA# [IPOBEPKA YPesBHMAHHO NOMe3Ha H HE 3aHMMAET MHOIO Bpe-
MEHH.
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4. TeomeTpuueckad nporpeccus (b,) 3afgaHa ycaosuamu: by =1, b, , =5, - 2. YkaxuTe dopmyay #-ro wieHa
ITOR MPOTrPECCHH.

) b,=2n ) b,=2n 3) b,=2n-1 4) b,=2n-1)
Pewenue. Gopmyna b, =1, b, = b, -2 33138T HAM NEepBIl WIEH IEOMETPHYECKGH NPOTPECCHU U e8 3HaMe-
HaTenb g. 3anninem GopMyay A-ro WieHa A/iA JaHHOH reoMeTpPHUYecKod mporpeccnu: b, =g~ =1.27-1=2-1
Omeaem: 3}

5. B nepBoM pagy KMHO3ana 25 MECT, @ B KAKIOM CNEAyiUEM Ha 2 mecta Dofblile, YeM B NpeIblayLLEM.
CKONBKO MECT B PALY C HOMEPOM #7

1y 23+ 2n 2} 25+ 2nm D27+ 2n 4 In

Pewenue. MMeeM aeno © apudmetuyeckolt nporpeccueit {a,), B koTopoi a, =25, d =2. 3anumem dopmy-
JIy #-TO YNeHa 3ToH NporpeccHu: a,=a;+d{n—1y=25+2(n—1)=23+ 2n.

Omeaem: 1)

6. B reomerpryeckoit niporpeccuu b =243, g= —%. B kakoM ciydae npd CpaBHEHHH WICHOB 3TOH mnocne-
AOBATE/TBHOCTH 3HAK HEPABCHCTBA MOCTABICH BCpHD?
1) by> by 2} by< b, 3) by < by 4) by < b,y

Pewenue. MOXKHO BHIHWCINTL NMEPBBIE CEMB WIEHOB 3AMdHHOM TEGMETPHUECKOM TPOrpeccHM U NPOBEPHTH
HCTHHHOCTB KaXIOrMd U3 JAHHBIX HEepPaBEHCTB.

Omeaem: 3)

Kommenmapuii. Moxno pellaTs 3alavy MHa4de, ¢ MOMOILBIY TAKOro paccyxacHA. [lepeulii uneH reoMeTpu-
YecKOH NMpPOrpeccHH MONOKHMTENbHBIA, 3HAMEHATEN: OTPHUATENEHBINA, 3HAYHT, 3Ta NMPOTPeccHd 3HAKOUYSPEIYIOmA-
SICA, MIPHUYEM YfeHbl ¢ HEYETHBIMH HOMEpaMH DOMLILE HYNA, A ¢ YETHHIMH — MEHBIIE HYNS.

[} & =5 HeBepHo, Tak Kak &y <0, by >0

2) & < B HewepHo, Tak Kak & >0, by <0

]
3) by < b BepHo. I[IpM NOCNEIOBATENLHOM YMHOXEHHH Ha —3 WICHB MOCNEA0BATENLHOCTH N0 MOIYMIO

yMeHslaTed. Ho Tak kax oba uneHa OTpHUATENbHBI, TO By < &
4) b < b HeBepHo. CHTyallnsl, Kak B NpPenbiAyUIeEM MyHKTe, HO 003 WieHa TONOXHTENLHEL, MOITOMY & > b

7. B reomerpuieckoit nporpeccHu by, = 3%, by, = 3. Haitaure b,.

b 31?
Pewenue. by =B, g orciona q2=bﬂ=3]—5=32=9. 3uaunt, ¢=3 v g=-3. Wmeem: b, =bg'l;
12
b 8 315
by=—2; b="—=3 wm b=—_ =-3"
g 31 -3

Omegem: b =3 win b =-3*

Kommenmapuii. Ana HaxoxoeHuA &, Mbl BOCTIONB3OBIHCH 3HAYEHHEM 5[5, HO TOUYHO TaK XKeé MOXHO BOC-
FIONIL30BATLCH M 3HAYSHHEM & ,.

8. Ckoabxo oTpHUATEABHBIX WIEHOB B NOCTEAOBATENLHOCTH (c,), 3aRaHHOA GopMyno# ¢, =3n — 257

Pewenue. Halllem 3HaYCHHUA R, NP KOTOPBIX BLIIIONHASTCA YCAOBHE C, < 0. JINA 3TOrO peliNM HEPaBSHCTBO
In-25<0; n< 8% «< 0. Taxum oOpaloM, WieHb! JaHHOH apupMETHYECKOH NMPOTPecCUH CTAHOBATCA DONBLIE HY/A,
HAYUHAA C 9-To WNeHa, T. €. B MPOrpeccHy 8§ OTPULIATEIBHEIX YIEHOB.

Omeem: 8

Kommenmapui. llenecooGpasHo A1 CaMONPOBEPKH BBIYMCIIHTD €y, YTOOB! yOEAUTBCA, YTO 2TO YMCHO HEOT-
PHLIATEIILHOE,

9, Apumeruueckasi nporpeccs cogepxMt 10 uneHos. CyMMa YNeHOB, CTOAILWX HA YETHLIX MEcTax, paB-
HA 55, a cyMMa WIeHOB, CTOSIUMX HA HEUETHRX Mectax, pasHa 40. Haliqure nmepBuiif uneH M pasHOCTH [IpOrpec-
CHH.

Pewenue. ODO3HAUMM NMEPBBIA WIEH IaHHOH apudMeTHUYecKoR Oporpeccuy g, U e€ pasHocTL — Oyksol d.
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TocnenoBaTenbHOCTE WIEHOB ¢ HEYETHMMH HoMepaMH ¢ 1-1o no 9-i apasercsd apuPMETHIECKOR TIporpeccH-
¢H ¢ pasHOCTRIO 2d M cofepAMT 5 UieHOB. TOYHO TaK Xe IIOCAEOOBATENHHOCTE WIEHOB C YETHRIMH HOMEpaMH
co 2-ro o 10-# apaserca apudMeTHUYECKOH MpoIPeccHeil ¢ PasHOCThI0 2d M COAEPXHT 5 4ncHOB. 3amHiueMm
GopMYNH ANS BRMHCISHHA CYMMEBI KaXA0H M3 3THX ABYX TOCAENOBAaTENbHOCTEN (5] — Ana HeuETHBRIX HOMEPOB,
8, — 1A 4ETHBIX):

_ l2aj+2d{n-1)

A 5

-x. Ilocne rpeoGpazoBaHuil monyunM ypasHeHHe: 40 =5a, +204.

B Hay+di+2d(n-1)

AY) 5

-n. Ilocne npeobGpaszoBannit nomyyuM ypasaeHune: 55 = S5a; +254.

40 = 5a, + 20d,

55 = 5a, +25d. Pewenne cucreme: a, =4, d =3.

CocrapiisieM CHCTEMY: {

Omeem: a,=-4,d =3

BapuanT 2

1. TTocaenopaTensHocTh 3adaHa hopMynoll ¢, = (—1)" - n. Kakoe U3 yKazaHHBIX dHce/l He ABAAETCA YWICHOM
3TON MOCNEAOBATENLHOCTH?

1y -1 2) -3 KIS 4y =7

2. Kaxnoi mociaenoBaTelbHOCTH, 3aAaHHON GOpMYIONR 2-ro 4i¢Ha, [MOCTABLTE B COOTBETCTBHE BEPHOE YT-
BCDXACHHE,

ITocaedoeamensrocms Ymaepxcoenue

A} ¢, =3.20-1 1) IlocnenoBaTeNbHOCTh — APH(PMETHNECKAA TIPOTPECCHA

B) y,= 1 2) TlocaeaoBaTeNbHOCTD — TEOMETPHYECKAS TIPOrPecCHs
n

B) z,=2n+35 3) TocaeaoBaTenBHOCTL HE ABMASTCH HY apH(pMETHIECKOM,
HM MeOMETPHYECKON NporpeccHeR

3. OnHa U3 JAHMBIX [TOCAETOBATEILHOCTEH SRNACTCH TEOMETPHYCCKOM MporpeccHeii. Onpenenure Kakas.

1 ;%;%;... 21;35 7, .. 312,48, ... H; 235 ..

B | =

4. Tl'comeTpryeckan nporpeccus (b,) 3anana ycnosuaMu: b =2, b, = b, - . Yraxure opMyry n-ro wieHa

1
3
3ITON TPOTPECcCHH.

1) =2 2) by= 3) b=

2 -1
e o2

5. 3a nepBrIf Yac Ha ABTOCTOAHKE Hano araruth 150 p., a 3a KaxAeli cneayiolliMil 4ac B TEYCHHE Cy-
ToK — 112 10 p. MeHbuie. CXOABKO MPHAETCH 3anJaTMTh ARTOBAZHENBILY, €CMH EI0 ARTOMOOMNL MPOCTOAN HA CTO-
gHKe 12 u?

6. B reomeTpuyeckoil porpeccHd b, =64, g = —%. B xakoM cniyyae npH CpaBHEHHH WIEHOB ITOH TIOCHeno-

BATCABHOCTH 3HAK HEpPaBCHCTBA ITOCTABICH BCPHO?

1) b>b 2) b<b 3) by > b 4) b> b

7. B reoMeTpHyeckoii mporpeccuu by =2-'2, b =2"14. Haitgute b,.
8. CxolbKo MOTOKHMTENABHLIX WIEHOB B NOCASIOBATENBHOCTH, 3a0aHHOM GopMynoi 4, = —4,6m+ 927

9. ApundmMerHueckas nporpeccHa comepxHT 12 wieHop. CyMMa WIeHOB, CTOSIIMX Ha YETHBIX MECTAX, Pab-
Ha 78, a cymMMa WIGHOB, CTOSIMX HAa HEYETHRIX MecTax, pasHa 90. Halinute mepBelif uneH M pa3HOCTH TIPO-
TPECCHH.

Orserm: 1. 3) 2, A2, B3, Bl 3. 3)4.3)5. 1140 p. 6. 4) 7. b,=2"° unn b =-2"° 8.199. a,=25,d==-2
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Pabora Ne 8. DJIEMEHTBI CTATUCTHKH
U TEOPUH BEPOATHOCTEN. KOMBUHATOPHKA

BaEHaHT 1

1. Ha ctonGuKoBo# auarpaMMe MOKa3aHO KOJHMYECTBO TONOCOB, KOTOPOE MOJYYMI KaXablid U3 (huibMoB de-
CTUBA/IA AHHMAUMOHHOIO KHHO B KOHKYDCE 3PMTEIBCKMX CHMITATHIA:

120}
100 |-
80
40}-§
20|-{/

0

Pewenue: Ha ctondbukoBoii nuarpamMme 6 ctoa6uoB: asa o 20 rojsocos, aBa 1Mo 30 rojiocoB, 3TO MaJ€eHbKUE
ctonbuku, onuH — 80 ronxocoB (cpemHHit) U oouH — 95 rojocoB (Gonpiloi). MaleHbKHE CTONGUKM TIPUMEPHO
B 3 pasza MeHblle GOJIBILIOTO U B 2 pa3a MEHbLIE CPELHETO.

byneM uckaTb KpyroBylo [uarpaMMy, COOTBETCTBYIONUIYIO TAKOMY pacHpeNeeHHIO.

Ha nnarpamMme 1) Tpu GonblIMX U TPU MajeHbKMX CEKTOpa — OHa He momxoauT. Ha awarpamme 2) deTbipe
NPUMEPHO PABHBIX OONBLIIMX CEKTOpa U [1BAa MAJEHBKUX — HE MOAXOOHUT. JluarpamMMa 3) MoOaXoguT nox TpebyeMoe
pacnpenenenue. IlpoBepuM auarpammy 4): Ha Hell OOUH GOMbIIOH CEKTOP, COCTAB/ISIOUIMI MPUMEPHO TOJOBUHY
Kpyra, TpY paBHbIX, 3HAYUTEJIBHO MEHBLUIUX OOJbLIEro, U ABA MAJICHBKUX CEKTOpPAa — HE IOIXOIUT.

Omiaem; 3)

Kommenmapuli. MOXHO NOCTYNUTE MHaYe: NPAMO HA KAXAOW KPYTOBOM IMarpaMMc HaAIIMCaTh KOJNMHECTBa
TOIOCOB A KAXKA01o (ribMa, HaHIeHHLIE NC CTOTOMKOBOM JHArpaMMe, H MCKaTh 1IPOTHBOpeuus. HanpuMmep,
TAKKWM TIPOTHBOPEYUEM MOXET OhiTh CIEMYIOLLSE: PABHLIM 3HAYEHHAM COOTBETCTBYKOT HE PABHBIC CEKTOPLL.

2. Ha WroroBoH KOHTpONbHOH paboTec no MaTeMaTHKE B ABYX 9-X Kniccax GbiH NONyYeHbl CASTYIOILHE
QUEHKH:

94A» — oHa «2», BOCEMB «3», CEMB «d»;

9«b» — ueThIpe «3», OIUHHAALATE «4», OATh «5»,

HaiiauTe cpendec aprpMeTHYIECKoe, MOIY M MEIHaHyY COLEHOK B KAXKIOM M3 KJIACCOB W MO MBYM KACCaM
BMeCTe.

Omaem: Cpenn. apupmM. Moaaa Meanana

O «As

% «B»

BMmecTe

Pewenue: HayHeM 3amonusts tabnuuy 10 crogbuamM.
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Yt0o6Bl HailTH cpenHee apudMETHYECKOE YHCIOBOTO Habopa, Halo pasdeluTh CyMMY BCEX YMCeI Ha UX KOJIH-
YECTBO.

Ons 9«A» cymma paBHa: 2+8-3+7-4=2+24+28=>54, Bcero uncen 1+8+7=16, cpenHee apudmernye-
ckoe paBHO 54 : 16 =3,375. 3aHocum 3,375 B cromben «CpenHee apudMETHUECKOE» U B CTPOKY 9«A» TaGIIHIIBL.

Hnsa 9«b» cymma paBHa: 4-3+11:4+5-5=12+44 +25=81, Bcero uncen 4+ 11 + 5=20, cpenHee apudme-
Tyeckoe paBHO 81 : 20=4,05. 3aHocum 4,05 B cronben «CpenHee apudmMeTHyecKoe» U B CTPOKY 9«bB» Tabmuuebl.

Monoii yncmoBoro Habopa Ha3bIBAIOT YKHCJIO, KOTOPOE BCTPEYAETCS B 3TOM Habope Haubosee yacto. s 9«A»
aro uucio 3 (nosropsierca 8 pas), wis 9«b» — 4 (nosTopsierca 11 pa3). 3amonHseM aBe sTdeHKH cTosbua «Moma».

MenuaHoit ynciaoBoro Habopa Ha3bIBAIOT YUCJIO M3 3TOro Habopa (WIM TOJXYCYMMY ABYX €ro 4Yucesn), cjieBa
U crpaBa OT KOTOPOTO Ha YHUCIOBOHM MPSIMOM JIEXHUT ONWHAKOBOE KOJIMYECTBO YHCeN U3 3Toro Habopa.

3anuimeM psg oTMeTOK 9«A» knmacca: 2333333334444444, Bcero oTMeToK 16, B cepellMHe CTOAT IBE TPOMKH,
clleioBaTebHO, MenuaHa paBHa 3. 3aHocuM 3 B cronderr «MeouaHa» U B CTPOKY 9«A» TaOGIUUBL.

3anumeM psn otMeToK 9«b» Kiacca: 33334444444444455555, Bcero otMeToK 20, B cepeInHe CTOSIT ABE YeET-
BEPKHM, ClleIOBaTeJIbHO, MearaHa paBHa 4. 3aHocuM 4 B cTtonbell «MenuaHa» U B CTPOKY 9«b» TabIMLBI.

IIponmenaeM Bce BLIYMCIEHMS [UIA «€IMHOTO» Kjuacca. B aTtoM psamy 16 + 20 = 36 oTMeTOK.

CyMMa oTMeTOK paBHa 54 + 81 = 135 (Mcrnosb3yeM paHee BbIIOJTHEHHBbIE BBIYMCIEHHUS), CpedHee apUGMeTUYe-
ckoe paBHO 135:36 = 3,75. 3aHocum 3,75 B cTonben «CpenHee apuMeTHYECKOE» U B CTPOKY «BMecte» TabnuIh.

B o0benHEHHOM HaGope Yallle IPYTHX BCTpedyaeTcss Yuciao 4 (oHo Bcrpevaetcs: 7 + 11 = 18 pa3), 3HauuT, Mona
3Toro Habopa paBHa 4. 3aHocuM 4 B cTonbel «Mona» u B CTPOKY «Bmecte» Tabnuiibl.

3anumieM psanx Bcex OoTMETOK: 233333333333344444444444444444455555. B cepenuHe psiia, Ha TO3ULIMAX
18 n 19 cTosiT YeTBEPKH, ClIEAOBATENbHO, MeoWaHa paBHa 4. 3aHOCHM 4 B ctonbeni «MemuaHa» U B CTpOKY «Bwme-
cTe» TaOJMILBI.

Omeem: Knacc Cpenn. apudm. Moga Meauana
9 «A» 3,375 3 3
9 «b» 4,05 4 4
Bmecre 3,75 4 4

Kommenmapuii. MoxHo NMOJHOCTBIO 3alOJHATH TAGIMILy MO CTOJOLAM WIM Xe Mo crpokaM. Bce 3aBucUT oT
TOro, KaK yIoOHee NMpOmBHraTbCs: HAMTH BCe TpeOyeMble XapaKTepHCTHMKM IJIs OOHOro Habopa 4yucesn, a 3aTeM
MEePEXOIUTh K JIPYTOMY HaGopy, WIM Xe BBIYMCIMTL OIHY XapaKTepMCTHKY VISl pa3HbIX HabopoB, a 3aTeM mepe-
XOOUTH K APYTOf XapaKTEpUCTHKE.

BoruucieHuss nydnie HE BBINOJIHATH YCTHO, a 3allMUCBHIBATh BBIPAXEHUSI, YTO AACT BO3MOXHOCTb IPOBEPUTH
BBIYMCJICHMS.

JJist BBIYMCNIEHHSI MeIWaHbl He 00MA3aTebHO BHITMCHIBATL HAaOOp, MOXHO BBIYHUCIUTL HOMED YHCa (YHCen),
pAaCIIONIOKEHHOTO B cepeAiMHe Habopa, Y, UCIOJIb3ysl BEIMMCAHHBIE I MOACYETA CPeAHEr0o apu(METUYECKOTrO BBI-
paxXeHHUs, OINpeNe/INTh, KAKOe YUCIO CTOMT Ha JaHHON HO3MLIMH.

3. CeMbsi U3 YETHIPEX 4YEJIOBEK — IMalla, MaMa, ChbIH M J04Yb — TIPOXOAUT Yepe3 MOCT MachoOPTHOTO KOHTPOJIS.
CKoJIbKO HOMEpPOB OymyT colepxKaTb TOJIBKO HEUYETHBIE LIUPpPHI?

Pewernue: TlepBbIM MOXET UATH OOWH U3 PONMTENEI — ABa BapMaHTa, BTOPbIM — BTOPOIl U3 pogUTeNieid, Tpe-
TbUM — OIWH U3 JeTei (IBa BapHaHTA), YETBEPTBHIM — ocTaBluiica pebeHok. Utoro; 2-1-2.1=4,

Omeem: 4

Kommenmapuii. PaccyXxnaTb MOXHO M TakK: B «IPyIIlie» POOUTENEH €CTh ABE NeEpecTaHOBKM (MaMa-Tiama u
ramna-mMaMa), aHaJJOTUYHO U B IPYIIIE «IETH» ABE IEPECTaHOBKU (CHIH-IOYb U JO4Yb-ChIH). LISl Kaxmoil mepecra-
HOBKH M3 IIEPBOI I'PYIIIIBI €CTh IBE NEPECTAHOBKU H3 BTOPO, T. €. 00IIee KOJIMYECTBO BAPUAHTOB paBHO MX IpO-
U3BeleHUIO: 2 - 2 =4, CaMM NepecTaHOBKH BHIITUCBIBATh HEe 0053aTeIbHO, OQHAKO OHU IOMOTYT U30€eXaTh OILIHOOK.

4. HoMepa Xene3HONOPOXHBIX OMWIETOB COCTOAT U3 7 LMpp. CKOJIBKO HOMEPOB GYIyT comepXaTh TOJBKO He-
YETHBIE LUUPPHI?

Pewernue: Bcero HeuétHbix uudp — 5 (1, 3, 5, 7 u 9). Bcero HOMEPOB, COCTaBIEHHBIX M3 3TUX LMDp, —
5-5-5-5.5.5.5=57,

Omeem: 57

Komeﬂmapuﬁ. HpOI/ISBCIleHl/IC MOXHO U HE 3allUCBIBATh, a Cpa3dy 3aIllMCaTb B BUIEC CTCIICHMU. CJ'IC,E[YCT BCeria
06pa111aTL BHMUMAHHUE HaA TO, MOTYT JHN LIPI(I)DI:I B YHCJIC TIOBTOPSATBCA WJINW HET, a 3TO 3aBUCHUT OT YCJIOBUS WIHN
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KOHTeKcTa 3a8aui. KpoMe Toro, ecyid no ycREOBHIO UCTIONE3YIOTCA YETHRIE OH(PH, TO HEOOXOXUMMO NOMHHTE, ITO
0 — uértHas undpa, oNHAKC OH HE BCELIAa MOXET CTOATE HA MEPBOM MECTe.

. Kaxaei uz oayx npyseit noxasnigaer Ha pyke chyyaiiHoe KonwdectBo namelep ot | go 5. C xakoH Bepo-
ATHOCTBIO B CYMM¢ TIOAYYHTCH dMcao 87
Peuenue: Obwce IUCAQ MCXOA0B paBHO 5-5=25, BIaronpHITHRIME COGLITHIO <«IONMYYHTCH B CYMME YHC-
a0 B» Bymyr ucxonwul: 3+ 5, 5+ 3, 4 + 4. BeposrHocTe cobuTHa pasua 1/25=0,12.
Omeem: 0,12

Kovmmenmapuil. Cnegyet painyuath Ibe KOMOMHAIIMH, KOrga omMH M3 Apyiel mOKajkiBaeT 3 manwlia, a opy-
rodl § nansues. OTBET MOXHO 3aNMCATH KAK OGHKHOBEHHOH ApOGBIO, TAK M ASCATHYHOH.

6. B uaitHoM cepBu3e K3 6 vallex Be YAWIKH ¢ TpeuMHoi. IMepen JaenmWTHEM MaMa B CTydaliHOM Topsiike
paccTapngeT & YAINeK 3@ KPYIMHM cTomoM. C KaKoil BepOATHOCTBIO 2 YAlUKH ¢ TpeMHHOR oKaxyrea psimom?

Perrenue: ECIM 3aHYMEDOBATE BCE YAIIKK YMCAAMH 0T 1 Ro 6, TO PABHOBOIMOXHEIMH HCXOIAMH OMBITA oyavT
NMEPECTAHOBKM W3 © ducen. Becero taxux ucxomoB — 6!=720, Ytobm noayyuts
ORarornpHATHLIN HCXOH, HYKHO

X1 X

* BO-NepBLIX, BHIOPATE ABa MECTa PAZOM A Yalllek ¢ TPeLMHAMH — 3T0
MOXHO ¢Aenats O cnocoGamMu, YKa3aHHBIMH Ha pPHCYHKE: ' X |1 X
* BO-BTODHIX, PACCTABHTE Bee 6 Halllek B COOTBETCTEHM € 3THM BEIGOpOM
{YaIIKH ¢ TPENIMHAMH OOJCKHN OKA3aTbeA Ha TOMEYEHHBX KPeCTHKaMH
MEeCTax) — 3T0 MOXKHO cfenate 2-4! =48 cmocobamm. x| x

Bcero nomyyaem 6-2-4!= 288 GnaronpusaTabix vcxonoB. Mckomast seposiT- ' X

X
6:-2.41_ 2

6! 5 X X

HOCTb paBHa

Omeaem: 2

Kommenmapuii. Moxuo paccyxaats uHaue, TIoCTaBMM MEPBYIO YAIKy ¢ TPeHIMHOH Ha mo6oe U3 6 MECT.
JLia BTOpOH YalIKW C TPeWMHONM OCTAETCA 5 BOZMOXHBIX MECT, H3 KOTOPHX pPOBHO 2 0J4aronpHSTHHIX, T. €. Ha-
XOOAILMXCA PRAOM ¢ OepROH (He3aBHCHMMO OT TOLO, HAa KAKOM MECTE OKA3AIACh MepBad YallKa)., 3HAYMT, HCKOMAas

BEPOATHOCTE paBHA % B sroMm PEIICHHH MOTYT BOIHHKHYTh HEKOTOPRIC COMHCHHA: a TIOYEMY MB HMMECM NPABO

HaTHHAaTh pacCTaHOBKY HMCHHO C TpCeCHYTHIX qarrek? )]\JIH COMHEBAKILHXCHA — CM. [IEPBOE PENIECHHE,

7. Ilapoas pnax BXOAZ B MpOTPaMMy COCTOMT U3 8 LH¢p. Boka 3HaeT, 4To Bee 1MQphl B Mapoie pasHHE H HAYT
no Bo3pacTaHnio, CKOABKO NOMRITOK eMy NMPUIETCA caeaars, 4Tofhl HABEPHAKA BOHTH B [IpOTpaMMy?

Pewenue: Nockoneky Boe IMGPH B Maposie pa3Hbe W HOYT MO BO3PACTAHWIO, TC M0G0H Mapoib ONHOIHATHO

onpenensierca BuOopoM Tex 8 umdp m3 10 BO3MOXHBIX, KOTOpPBIE €N0 COCTABAAIT. UHCHO TAKHX BHOOPGE PABHO

yHeay codeTadui ua 10 mo 8: Cm = % =45,

3HaudT, B XynuieM caydae 3a 45 nonwTok Bopa moabepér mapoib (eC/iM, KOHEYHC He BYIeT MOBTOPATE ONMH
M TOT X€ BAPWAHT IO HECKOABKY pas).

Omaerm: 45

8. Ha xaxInoM W3 IByX KyOMKOB 2 rpaHM OKDallUeHhl B KPAcHLIH LIBET, 3 — B XENTHI ¥ OfHA — B 3¢IEHBI.
C KaKoH BEPOATHOCTBIO NP noaOpacHEaHWH ABYX KyYOWKOB HA HHX BRINTATYT OXMHAKOBEIC I[BETA?

Pewenye: Onur ¢ AByMa Ky6HKaMu HMeeT 62 =36 paBHOBOIMOXKHBIX HCXOAOB. BlaronpuartHele HCXomnsI
MOXHO MOCUHTATh, KOMOMHHPYA NpaBuia CIOXeHHS M ymHoxeHwa: 22+32+412=14 (T.e. 2? Mcxomos ma AByX
KPAacHHIX rpaHeii, 32 MCXONOB IUTA ABYX XKENTHIX rpaHeit u 1 ucxon ans aByX senéumx). O1CK01a UCKOMAS BEPOST-

: 14 7
HOCTb paBHa - = o
Omeem: .

18

Bapuant 2

I. Ha cTonGuxoBoi nHarpaMMe MOKA3aHO KO/MHYECTBO TOACCOB, KOTOPOE NOJIYUKA Kaxaui u3 GuwisMoB de-
CTUBANA AHWMALMOHHOTD XMHO B KOHKYPCE 3DHTENBCKHX CHMMaTvi:
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DunbMu

KonH4Y€eCcTBO rolocoB

Kakast U3 KpYroBbIX AMarpaMM COOTBETCTBYET MOJYIEHHOMY PACIIPEHCIIEHHIO TojI0oCoB?

2. Ha wuroroBoi KOHTpO/JbHOH pafoTe Mo MareMaTHKE B ABYX 9-X Kiaccax ObUIA IONYYeHBl C/ELyIOLIHe
OLIEHKH:

9«A» — nBe «2», HIECTh «3», BOCEMb «4», YETHIpE «5»;

G«b» — YeThIpe «3», OAMHHAOUATE «d», JEBATE «5».

Haiinute cpenHee aprMETHMECKOS, MOMY H MeOWaHY OLEHOK B KAKIOM W3 KAaCCOB M NO JEYM Kiaccam
BMECTE.

Omeaem: Knace Cpean. apHgm. Moaa Menuana

Q0 «A»
9 «b»

BMecTe

3. [se aeBywikn v TpM TpOe OHOIIEH cagaTcA B aBTo0yc. Ckonbko crocobOB MOCamKH y HUX CYLIECTBYET,
€C/IH IOHOILIM 3aX0AfT MOCIe ASBYLIEK?

4. CKONBKO CEMUIHAYHLIX MUCENT COCTARIEHB] TOMBKO M3 YETHLIX uubp?

5. Kaxawi U3 npyx Apyled NOKa3kIBAeT HA pyke cnydailHOe KOMHYEeCTBO naibieB oT | go 5. € kaxoit Bepo-
ATHOCTHIO B CyMMe NOAyIHTCA Yncio 77

6. KoMmaHus U3 5 MyXUUH M 2 KEHLIWH CnydalHEIM 00pPA3OM YCaxuBaercsa 3a KPYDTHH ¢rol. C kakoi
BEPOATHOCTEID 2 KeHIUMHE! OKAKYTCS PRAOM?

7. Kona 3amyMan 6-3HaYHOS YHLIO, B KOTOPOM Hce LUM@PHL HIYT MO Bo3pacTaHHo. C Kakoil BeposTHOCTHLIO
BoBa yragaeTt ero ¢ nepBoii NONBITKH?

8. Ha nepsom ky0uke 4 rpaHi OKDALWIEHEL B KPACHBIH BBET M 2 — B 3eJEHLIA, a HA BTOPOM KyOHKe 3 — B Kpac-
HH M 3 — B 3enéHnlid. C Kakoil BepOATHOCTLIO MIPH MOAOPACHIBAHUH ABYX KYGUKOEB Ha HHX BLIMATYT ONHHAKOBbIE
ugeta?

Oteersi: 1. 1) 2. | Knace |Cpenn. apnibm. | Mona | Mennana| 3. 6 4. 4. 56 5. % wn 0,16 6.% 7. 5‘; 8°]E

9 «A» 7 4 4
9 «b» 4,16 4 4
BuMecte 3,96 4 4
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PaGora Ne 9. TEOMETPUYECKHUE ®UT'YPhl U UX CBOMCTBA

Bapuanr 1

1. Buccexrpuca yrna BAC obBpa3syer ¢ IponoDkeHHEM CTOPOHE AR 3a Touky A yron B 110°. HalauTe senp-

ypHy yrna BAC.
o
Pewenye. Ilyete AO — OGuccexrpuca yvima BAC, AM — nmpoaomkeHne

cropoHsl AB yrna 3a touky A,

o yenopuio ZOAM = 110°. Yron BAQ pononuaer yron OAM a0 pas- B
BEPHYTOIO, 3HauuT, ZBAO =180° — 110°=70°, ~BAC=2-70°= 140°,

Omeem: 140°

Kommenmapuii. 0043aTeIbHO CIEAYET HAYATE € YepTeXAa! HAYEPTHUTH A C
yron BAC, npoBecTH ero GHCCeKTpHCy, TNOKA3ath pPaBHEIE YTTIR, 3aTeM
NpPoBECTH MpoIomKeHUe cToponsl AB 3a Touky A H 0003HAYHTE NMOIYYNB-
mniica yron. MoXHO Ha uepTexe HaamHcaTh BENHYHHY 3Toro yraa. Janee

MOXKHO ODO3HAYMTEL NMOIOBMHY yTna BAC Gyksoil ¥ M COCTABUTH YpaBHE-
HHE. M

2. B paBHoDenpenHoM TpeyronsHHKe ABC (AB = B(C) npobeleHa BbI-
coTa AH. Hatinute nepumerp tpeyronkHHKa ABC, ecnyn BH =3, AH=4. B

Peutenue. TpeyronbHUK ASBH — npaMoyroabHeifl, M — npsaMoit,

AB — minotendysa. [lo teopeme [IIudaropa ABZ=32+42=9+ 16=25, 3

AB=3.
Tak kak AB=BC, To HC=BC-BH=5-3=2. H
TpeyroneHuk AHC — npgMoyronbHelil, 2~ H — nipaMmoit, AC — runore-

uysa. ITo teopeme IMudaropa AC?=22+42=4+ 16=20, AC= 24J5.
IMepumeTp TpeyronsHuka ABC paeen 5+ 5+ 245 =10+ 2J5. 4 '

Omeem: 10+ 245

Kommenmapuii. ByspTe BHHMATENLHBI, BbIMONHAA 4yepTéx. Tlposepere: 1) ABR= B, 2) npoBeagcHa BHICO-
Ta AH. OTREeT MOXHO OCTAaRMTE B BHAe 10+ +/20.

3. Ha croponax BC u DA npaMoyrolbHHRAa ABCD NOCTABAEHH COOTBETCTBEHHO TOMKHM M W N Tak, uro
AMCN — poM0. Haliiute OTHOLISHME NePUMeTPOB NPEMOYNOJIEHUKA U pOMDa, eclH YIoa MpH BeplidHe A poM-
6a papeHn 60°.

Pewenue. Tlyete AM = x. Torna nepumerp pomba AMCN pasen 4x. B A C
Tak kak ZMAN=60°, To ZMAE=30°. B npaMoyronsHoM Tpe-
yTolbHHKE ABM yron, nporuBonexaiidi yrory B 30°, paBeH IMOJNOBHHE

1
THIIOTEHY3Hl, CNeToBaTenbno, M = Ex.

2 '
Mo Teopeme IMudaropa AR =x2- xT = 3%, AB= XT‘E

IMepuMeTp npaMoyronbHuka ABCD papen x3+3x. A4 N D
HaitnéM OTHOIIEHHE TIEPHMETPOB TPAMOYTOJIBHHKA H  poMOa:
Ix+xV3 _ 34 V3
4x 4

b

I+

Omaem: 1

Kommenmapuii. OrHoLIcHUE MOXHO 3anKcaTh B BHge (3+ Ji): 4. Yepes x MoOXHO OOO3IHAYHTE U JUTHHY OT-
peaka BM.

4. Yron Mexny AByMs KacaTeJbHBIMH K OKDYXHOCTH @, [IPOBEIEHHBIMM H3 TOUKH 4, paBeH 60°, a paccTodHMe
OT TOUKM A [0 LEHTPA OKPYXHOCTH ® PAaBHO 4. HaiiouTe paavyc OKPYXHOCTM @) H PACCTOAHHE MEXIY TOYKaMH
KacaHwus,

Pewenue. Tlycte BO =x. AQ — 6uccextpuca ytna BAC, aHauut, £O0AR = 30°.
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TpeyronsHHK ABO — npaMoyTonbHHIE, £ B — npamoil, AQ — THno- B
teHy3a. Karer BO nexut nportue yrma B 30° u paseH nojloRHHEe runo-
TeHY3H, BO =2,

Haitném BC — paccrosHHE MeXTy TOYKAMH KACAHMSA.

BC — nepneHnukynapeH A(Q, 3HauMT, TpeyronbHux BHO — npamo-
yronekblil, £H — npamoi, BO - ranorenysa. U3 tpeyroasiuka ABQO
ZAOB=90° - 30° = 60°. TpeyroneHnkn ABRO u BHO nonoGHL 10 TpEM
yraaM, oTciona A0 : AB= BO : BH. U3 1peyroasnuka AR no Teopeme C
Tndaropa AR =AQ? - BO?=42-22= 12, AB= 2\/3.

y.]
BH= 2223 c=23. o
Omesem: 2 n 23 H
Kommenmapuii. Enie ogua cnoco®. Tpeyroabuuk ABC pasnobe- A
apeunbifi (AB=AC), yron, npoTuBofexanMii ocHoBaHHw, paBeH 60°,
CenoBarenbHo, TpeyronabHUK ABC — pasHocTroporHnii w BC=AB.
AB naxonum no teopeme [Mudaropa ua Tpeyronbiuxka 4BO. C

5. HaliauTe paaryc OKpPYXHOCTH, MNPOXOAAIlUeH uepe3 BepLIHHBI \A
C ¥ D nmpamoyroneHol TpaneuMu ABCD (£C=2D=90°), ecnu H3-
BECTHO, YTO OKPYXKHOCTE Kacaetcs NpsMoi 48 B Touke B W oiuHHE Go-
KOBBIX CTOPOH TparelHHd pasHu 5 U 4.

Pewenpe. Tyers H — Touka Nepecevedus cekymen 47D ¢ okKpyxHo- H .}
cTeio. £C=90°, cnegoparentHo, DB - AHaMeTp OKDYXXHOCTH. AHaNo-
rHuHo HC — AHaMeTp OKpYXKHOCTH. TouKa HMX [epeceueHHS — LEHTD
OKDYXKHOCTH,

Anaronann uerwipéxyronsiuka BCDH paBHbl ¥ TOYKOH nepeceue-
HHS [EJATCA TIONONAM, CIEIOBATEILHO, 3TO NpSMOYTONbHMK, (TKyma
HEB=4, a TpeyrontHHK ABH — npaMoyroneHuit. [1o Teopeme Iudaro-
pa AH?=52—41=9 AH=3.

Ilo Teopeme o cexymel M KacaTelbHOH K  OKPYXHOCTH

DA-HA = AB?. Tlyets DH=x, Toma (x+3)3=5, x="2, D 4 C
Ito Teopeme IMudaropa

DB = DH? + HB = %4»16:16%, DB=43;5=&, OB =

10
Omeaem: Y

Kosmmenmapuii. Moxno socnonbioBaTbcs nogobreM TpeyronbHHKoB AHB u BHD.

Bapuant 2

1. buccektprca via BAC obpasyer ¢ npono/okeHHeM CTopoHH AR 3a Touky A yron B 150°. Hailaute Benu-
YyHHY yrna BAC,

2. B paBHoGeapensoM tpeyronsHuke ABC (AB= BC) npoeenena anicota AH. Hainure nepumerp tpeyrone-
uuka AHC, ecnu AB=5, AH=3.

3. Ha cropouax BC u DA pomba ABCD nocraenensl cooTBeTcTBeHHO TOMKHM M u N tak, yto AMCN — nps-
MOVTOABHHE. HalizuTe OTHOIIGHHE MEPHMETPOB NPAMOYTOALHHKA M poMDa, eClH YTOI TpH BepiliHe B pomba
pasex 60°,

4. K oKpYXHOCTH 0 H3 TOUKH A NpOBSIcHB ABe KacaTefAbHble, YIOA MeXIy PaguyCcaMH OXDYAKHOCTH, TIpO-
BEOEHHBIMH B TOYKHM KacaHHdA, paseH (20°, HaliauTe paccTosiHME OT TOYKHM A 10 LUEHTPa OKPYXHOCTH O W pac-
CTOAHHE MEXIY TOYKAMH KacaHHA, eciAH paguyc OKPYKHOCTH paBeH 4. _

5. Paanyc oXpyXKHOCTH, NPOXOOALUSH Yepes pepuivubl C M D npamoyronbHo#t tpaneuvn ABCD (£C=2£D=

3413 .,
=90°), paBeH -‘—:]—. H3BecTHO, YTO OKPYACOCTb KacaeTcsl IIpAMOA A8 B Touke B M OTpelokK KacaTenbHo# AR

pascH 5. HaliauTe nepuMerp Tpaneiiny,

Orsersi: L. 60° 2. 4+2V2 3. ‘*f 4. 81 43 5. 16,5
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PaGora Ne 10. UBMEPEHHUE TEOMETPHYECKHWX BE/IHYHUH

Bapuanr 1

1. Haiumume riomans TPEYTONEHHKA, THHEL GOKOBSEIX CTOPOH KOTOPOTO PaBHH 3 H 7, a [IJIMHA BHICOTH, APO-
BEOEHHOM K ero OCHOBAHMIO, paBHa 2.

Pewenue. S=%BH-AC. AC=AH + HC. Tpe- :

yroNbHHKH ABH v BHC — npaMoyTOMBLHBIE. 7 3
AHY= AB? - BH?=49-4 =45 AH =35. 2
HC?=BC?-BH'=9-4=5 HC = /5.
AC= 35+V5=4J5. §=1.2-4J5=45. A H C
Omeem: 45

Kommenmapuii. bynbre BHUMATENBLHbL NaHb JJIMHE BOXOBBIX CTOPOH TPEYTOJABHHMKA K BHICOTHI, NPOBEOEHHOH
H3 HX ODIUeH BEPUIMHEL ¥TOM NpPH BEpUIMHE TPeyTOABHHUKA — TYNOH.
BrIYMCAMB [UTHHY OCHOBaHHS AC, MOXHO BOCNONb30BATECA (hopMyTioit Tepona: S = p(p—a)(p -} p —c),

e p=%(7+3+4\6)=5+2\6, a=4J5, b=7, ¢=3.
S=J[5+2J§)(5~2J§)(2J§-2)(2+2J§] = JC5 20020~ 4) = 4V5.

2. Onpenennte pagHyc OKPYXKHOCTH, ONKCAHON OKONG NPAMOYTOALHOIC TPEYTONbHHKA ¢ KATeTAMH LIHHOM
5u i

Pewenue. THnoTeHy3a NPAMOYTOABHOTO TPEYTOMBHHKA ¢ KaTeTamk 5 M 12 pasHa +25+144 =169 =13. Pa-
JUYC OKPYXHOCTH, OIIMCAHHOM OKOJIO 3TOrO TPEYroJbHHUKa, paBeH 13:2=6,5.
Omeem: 6,5

Kommenmapuii. LIleHTpOM OKpYXHOCTH, OIMCAHHOM OKOJIO NMPSAMOYTOJBHOTO TPEYTroJIbHUKA, SIBJISIETCS cepe-
JIVHA ero FMIOTeHY3bI.

3. OxpyxHOCTb ¢ LEeHTpoM B Touke P (5; 3) kacaercsi ocu Oy.
Onpenenure IUIMHY OTpe3Ka, BBICEKAEMOrO OKPYXHOCThbIO Ha ocu Ox.

Pewernue. Cnnoco6 1. Paccrosguue 1o ocu Oy, a 3HAYUT, U paInyc
OKPYXHOCTH paBHbl 5, paccrosiHMe Ao ocu Ox paBHo 3. U3 npsimo-
YTOJILHOTO TPEYTOJIbHUKA C MMITOTEHY30H 5 M KareToM 3 HaXOOAUM UTHHY
BTOPOrO KareTa, OHa paBHa 4. DTO IMOJOBMHA OTpE3Ka, BbICEKAEMOIO
OKPYXXHOCTBIO Ha ocH Ox. JITMHa MCKOMOIO OTpe3Ka paBHa 8.

Omeem: 8

Kommenmapuii. PuCyHOK He 0ofsi3aTe/leH — ero MOXHO CIeIaTh CXe-
MaTUYHBIM (€ciM HeoOXoauMa BM3yaiM3aliMsi) WIM He JejaTh BOBCeE.

Cnoco6 2. Ecnu oKpyXHOCTb ¢ LIEeHTpoM B Touke P (5; 3) kacaeT-
cq ocu Oy, To €€ paguyc paBeH 5. YpaBHEHHE 3TOIl OKPYKHOCTH HUMEET
Bul: (x—35)2+(y—3)? =25. OKpyXHOCTb niepecekaer ock Ox npu y=0:

(x-52+9=25, (x-5?2=16, x—5=4 u x—5=-4, otkyna x=9 u x=1. PaccrossHie MeXIy 3THMH TOYKaMHU
paBHO 9—1=38§.
4. Haitnure yron Mexny MeaMaHaMu AM w BN TtpeyronbHuka ¢ BepiinHamu A (0; 1), B (3; 0), C(3;5).

Pewernue. M — cepenuna CB, M(L;’ 9;—5) = M(3; 2,5). AM = {3;1,5}

N — cepemtia AC, {222 122 N(153). BN ={-15 3},

AM - BN =3-(=1,5+3-1,5=0. Yroa mexny BeKTOpaMd paBeH 90°, crenoBaTebHO, MeIHaHbl AM Y BN Baa-
HMHO TIEpreHIMKYISpPHLL

Omeem:; 90°

5, Jlavbl paBHOCTOPCHHHH TpeyrodbHUK ABC W Kpyr pannyca r, KacawlHAcA NMpAMBX H4 U BC B 104-
Kax A v C cOOTBETCTRCHHO. HalaHTe TLIOIIANDL MACTH KpyTa, MeKANEH BHYTDH TpeyroabHHKa ABC.
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Pewtenue. Thiomane xpyra papHa mre, ZAOB=/BAC=60°, Tak _ B
KAK yIibl 06GpaloBaHhl B3aUMHO TNEPNEHAMKYISPHHMH  IIPSIMBIMH
(OB nepnennukyisapia AC, a AOQ nepueHpukymapHa AB). ZAQC=
=2LA0B =120°.

2
Inomans TpeyronbiHixa ACQ paBHa ~12—Jr'z 5in 120° = ?.

Inomane wacTH Kpyrd, OrpaHMMeliHbE panmycamMH OA4 H OC,
2
paBHa WT

IMnomage 4acTH Kpyra, JeXauleil BHYTPH TpeyronbHHKa ARBC,
viﬂ:,z(z_ﬁ)

paBHa —— 34 )

3 4
g

Omegem: r? (% -

Bapuanr 2

1. Haftaure mwioilals TpeyroAbHKHKA, LMMHE GOKOBEIX CTOPOH KOTOpPOrc PAaBHE 3 H 6, a IUTMHA BHICOTH, TIPO-
BeIEHHOH K ero OCHOBAHMIO, paBHa 1.

2. OnpenenuTe paguyc OKPYXKHOCTH, ONHCAHHOM QKOO ITPAMOYTOALHOIO TPEYTONEHHKA, C KATETAMH IUTHHOM
I5n 8.

3. OxpyxHoCTb ¢ HEHTPOM B Touke P(4;5) Kacaercsa ocH Ox. Onpesenvre INMHHY OTPe3Ka, BHICEKAEMOIO
OKPYAXHOCTBIO Ha ocH (.

4. Haiinute yrom Mexny MeanaHaMM AM u BN TpeyronsHHKa ¢ BepuinHaMi A (4; 1), B(1; ), C(2; 5).

5. Jaubpl paBHOCTOPOHHHE TpeyronsHHK ABC W Xpyr pamuyca r, Kacawmmiicss apaMux B4 v BC B Todkax
A u C cooTBercTBeHHO. HaltiuTe 11o1Haas YacTH TpeyronsHHKa ABC, nexaieil BHe Kpyra pagdyca r.

Omsern: 1. 2/3(/5+1) 2. 8,5 3. 6 4. 9° 5. r2(V3-7]



Hpunoxwcenue

MpumMmepbl pelleHna 3aAa4 BbICOKOrQo YPOBHSA

3ahauu, KOTOpPLIE NPEACTABACHE B 3TOM pasziene, OTHOCATCA K YHCITY TeX 3aJaHWH, KOTOPbIE B HK3aMeHAlIW-
OHHOM paGoTe NMOoMELIaloTes] Ha IBYX MOCNSIHHX MecTax., Kaxnoe jamaHue COOEp:KMT NMYHKTHL a) M 6). B myukre
a) paércd 3apaya ¢ pa3o0paHHBIM pellleHUEM, B Nyiikre §) NMpellaraercesd OySIHPYOLIAa 331393 Q18 CaMOCTOS-
TEABHOTO pPElIeHUs.

1. (Bupaxenun ¥ HXx npeoGpazoBanns.)

a) Hafimure HauMenbwee 3HayeHHe BhIpakeHUa (4x — 3y + 2)2 + (5x — y — 3)? M 3HAYEHMS X H y, [IPH KOTODBIX
OHO OOCTMIaeTes.

Pewenue. TIpn 100X 3HAYEHUSX X H V BBRITOAHAETSH HePaBeHCTBO (4x - 3y + 2?1 + (Sx—y—3)2 2 0. 3Have-
HMe, paBHoe (), JIOCTHTAETCS B TOM H TOJBKO B TOM clyyae, Korda 4x -3y +2 U Sx - y— 3 paBHB HYIIO OOHOBpPE-
MEHHO.
4x—-3v+2=0,
Sx—y~-3=1.

Taxsun o0pa3oM, HaHMEHBIIEE IHAYCHUC BhIDAkKeHUS (4x — 3y + 2)2+ (5x — y ~ 3)? paBHo (), OHO MOCTUTACTCA
nmpu x=1, y=2.

OrteeT: 0; npu x=1, y=2

0) HaliauTe HauMeHblIee 3HaveHWe BeIpaXeHHMs (5x+ 6y — 92+ (3x + 2v— 7)2 M 3HAYEHMA X U ¥, NPU KOTO-
pHIX OHQ JOCTUTACTCH,

OTbeT: O; P x=3, y=-1

CocTaBHM CHCTEMY YpPaBHeHWH { Pewmrus eé, momyuum: x=1, y=2,

2. (¥YpaBpHeHHA M CHCTeMbl ypaBHeHMId.)

a) Pemnre ypaBHeHMEe (2 —x+ 1)1+ 2x(2x—1)= 1.

Pewenue. lpenctaBiM ypaBHeHHE B BUAE (2x2 —x + 1)2 + 2(2x2 — x) = 1. BeenéMm zameny 2x2 —x+ | =y, mony-
uMM ypaBHeHME ¥ +2(y—1)-1=0, T.€. ¥+ 2¥ —3=0. Ero KopHd y, =-3, Y=L

Ypapuenne 2x?—x+ | =—3 KopHell He uMeeT, yparHeHue 2x2 -~ x+ 1 =1 umeeT KopHH 0 U %

3aMeyarne. BO3MOXHBI ApYTHE 3aMeHBl, HATIpUMep, 2x? - x = . Toroa NoAyyaeTcs ypabHeHHe (v + 1)2 -2y —1=0,

OTtBeT: =0, x, = 1
2

6) Pewnrte ypapHene (x2-5x+ 7)1 -(x-3px-2)=1
Oteet: X, =2, xy=13
3. (YpapHeHHA U CACTEMBHI YPABHEHMEL.)

2 =
a) Pewure cuctemy ypapHeHHH i+ x+p=1,
Cx+1}y+2D =10,
Pewenue.

Ha ocHopaunu YCJAOBHA DABCHCTBA MPOUIBEISHMA HYIK MOJAYYHM.:

x+1=10, y+2=0,
HIH Peurtum mepevio cucteMy. M3 neproro ypaBHEHHA HMeeM x =-{.5:
2%+ x+y=1 X+ x+y=1.

IIOJCTABHB 3TO 3HAYEHME X BO BTOpPOE YpaBHEHHE, MOJVUHM v = |. TIOMYIHAH MepRoe pellieHHE CHUCTEMBI YpaBHE-
Huii: (-0,5: 1).

Pewtum Bropyio cucteMy. Mz nepeoro ypabHeHHd MMeeM y =—2; NOACTABHB 3TC THAYEHME y BO BTOPOE YPAB-
HEHUE, MOAYYIWM ypaBHeHHe 2x2+x—3=0. Ero xopHu: x;=1, x;=-=1,5 TlonyynM ew€ ABa PelIeHUA CHCTEMBI
ypaBueuwnii: (1; =2) u (-1,5; -2).

OrneT: (-1,5; -2), (I; -2), (-0,5; 1)
2v3—3y--x=3,

(x+ 12y —1)=0.
OreeT: (—1; 2), (-1; -0,3), (—4; 0,5)

6) PemvTe cucTeMy ypaBHEHHE {

4. (Heparencrsa.)
bx —3 € 5+4x,

HMeeT pelleHHA?
3x—-mz2+2x

a) HDH KAKHX JHa4YcHHAX MM CHUCTEMA HEPABCHCTB {
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x < 4,
xz22+m
BhLIBOAY JIETKO TIPHIITH C NOMOLHBI0 KOOPIUHATHON npamMoit.) OTciona m < 2.

Pewerue. TIpuBenéM CUCTEMY XK BHIY: { CHucreMa MMeeT peuieRHs, ecid 2+m<4. (K 31OoMYy

OTBeT: Ipu Mm< 2
Ix+7<2-2x,

He UMeEET peleHuit?
4x-3c>3x+5

6) INpu kakux 3HaYEHHUSIX ¢ CUCTEMa HEPABEHCTB {
OTBeT: NpH ¢ = -2

5. (PyHKUMH.)
a) Ilpu Kakux 3HaYEHMSIX p MpSIMasl y =p UMEET POBHO ONHY OOIIYyI0 TOUKY ¢ rpadukoMm dyHkuuu y=f (x),
x(x-2), ecin x = 0,
rae f (x) = ( ) o
x(2-x), ecmu x <0? P Iz
x(x-2), ecmu x 20, S R B A R
x(2-x), ecin x <0. i
M3 pucyHKa BMAHO, 4TO TIpAMas y=p UMEET OIHY ODIIYyK TOYKY C rpa-
¢drkoM byHKuMM ipu p<—1 u p> 0.
OTBeT: npu p<-1 u p>0 (oTBeT MOXHO 3aMHCAThL U B JPYTOM BUJE: .
p € (=005 ~1) U (0; + o) 0 1
6) IMpu Kxakux 3HAYEHHAX p TIpIMas y=p UMEeT Tpu 0Ollue TOYKHU C rpa- s et
x(x+2), ecnu x 20,

-x(x+2), ecnu x <0?

Pewenue. Tloctpoum rpadpuk GYHKLUHH y = {

i e e

.

thuxom dyuxuum y=f (x), roe f (x) = {

OrBeT: mpu 0<p<|1
6. (KoopauHaTsl M rpadyHku.)
a) Haitnure BCce 3HayeHUs @, NPU KOTOPLIX TOYKA NMepecevyeHUs: NpAMBIX y =4+ %x H Y =a-2x HaxoourTcsd

B NEpPBOI KOOPAHHATHOM YETBEDPTH.
Peiwernue. HalingéM KOOpPNIMHATHL TOUKH NiepecedeHHs JTHX NPAMBIX:

1 la—12 2{3a-12)  a+24

4+ x=a-Aemx=—w@yzag-————"=——,
3 7 7 7

Touka nepeceyeHHs NPAMBIX A0JDKHA HAXOOUTHCA B | HeTRepTH, CIIEIOBATENRHO, NIEPEMEHHAA d NOJDKHA YIOB-

JETBOPHTE CHCTEME HBpaBeHCTB:
3z -12
>{
7 o a4
a>-24

a4,

a+24

—=0
7

3aMeuanue. 3aiauy MOXHO pelidTh rpaduuecky. LIS 3TOrO0 HAZO MOCTPOUTL HApAMYI0 y=4 + %x, MPAMYIQ

y=—2X H «llepeMellaTh» NPAMYH V= —2x DapaUIeBEHO caMOid cebe, HAGII0OANA, KAK MEHAETCH TIOJIOXEHHME TOYKH
nepeceteHnn npaMeix. [Ipy ¢ =4 Touka nepecedeHHs OKAKETCH HAa OCH ), 3HAYMT, HPH d >4 oHa OyaeT Haxo-
JMTECA B | UeTBepTi.

OTBeT: @>4 {OTBET MOXHO JaTh B LpYroM Bule: @ € (4; +00))
6) Hafiaute Bce aHaueHWA g, NDPH KOTOPLIX TOYKA MepeceyeHHs NpaMbix y=1-— %x H Y =a+ Ix Haxonurcs

po IT xoopauHarHoli ueTBepTH.
OTtBeT- a>1

7. (KoopauHatet u rpadhuku.)

a) Mapabona y=ax2+ bx + ¢ npoxonut yepesz Touikn A(0; —6), B(l; -9 w C(6; §). Hatinnte xoopauHaTe! €&
BEPILIHHEL

Pewenue. 1y Haiagém koaddnumentol @, # U ¢ B ypaBHeHUH TiapaBonbr ¥ = ax? + bx + c.

Ttapafona npoxoouT Yepes Touky A(0; —6), aHauur, ¢ =~4. NoacrasuM koopanHaThr Tovex B w C B ypanHe-
a+b=-3

36 +6b =12 Orcioma; a=1, b=-4. ¥pasHeHHe TapabGOkl

HHe y=ax?+ bx — 6, IOMYIUM CHCTEMY YPaBHEHHIL: {

UMeeT Bul: y=x? —dx -6,
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2) Halli€M KOOPIMHATH BEPUIMHEL Xo =30 =2, yy=22~4-2-6=—10.

OrtreT: (2; -10)

6) Napabona npoxonHT Hepes Touky K (0; 2), L (—5;-3), M (1, 9). Hafaure KOOpAMHATH ¢ BEPIIMHLL.
OTteer (-3; —7) unu x=-3, y=-7

8. (ApudmeTHIecKas H reOMETPHIECKAS HPOTPECCHR.)

a) CyMMa NepBhRIX MATH YNEHOB apu)METHIECKOH Nporpeccun pagHa 27,5; cyMMa CAEOVIOIIHX IATH 68 YWIeHOR
pasHa 90. Haligire cymMMy 4ieHOB 3TOH nporpeccHy ¢ 11-ro mo 15-# BXTOUHTEIBLHO.

Pewtenue. Cnioco6 1. M3 ycrosus MasecTHo, wto S,=275 u §,=275+9%0=117,5. Bocrons3opapuince
dopMyNolt cyMMH IEpBRIX 7 WIeHOB apHdMeTHISCKON NPOrPecCHH, COCTABHM CHUCTeMY YpaBHeHUI:

Parg 8=,

Qord 910 _y 5o TOUMB CHOTOMS, atid, w70 4, =0,5 u d=2,5.
2 L

Hanee: 5|5 = M =270, a cymma 4neHoB ¢ 11-ro no 15-#i sxmiouuTentHo pasHa 270 — 117,53 = 152,5.

Cnocof 2. CyMMH WieHoB nporpeccHd ¢ 1-ro o 5-ii, ¢ 6-ro no 10-i, ¢ 11-ro oo 15-# Taxxe oGpasyor
apHdMeTHYeCKYI0 IIporpeccHio. B caMoM Iene, KaXaull wieH BTOpoH CYMMEl OTIHYAeTCH OT COOTBETCTBYIOLUEND
yjleHa IEPBOit CyMME! Ha 5d, TOUHO TAaK Xeé KAKITLIN UieH TPeThel CyMMbl OTIMUAETCH OT COOTBETCTBYIOUIEND Yjle-
Ha BTOPOH CyMMHI Ha 54. HalaéM pa3sHoCcTb 210t nporpeccHu: 90 — 27,5=62,5. Orciolla g, + @, + @3+ a + a5 =
=90 +62,5=152,5.

OrpeT: 152,5 _

6) CyMMa MepBRIX ACCATH 4ieHeB aphbMeTHYeckoil nporpeccHu pasua 95, cyMMa clepyiomMx OecatH e
yieHoB paBHa 295. Halimute cymMMy 4ieHOR 3TOH NMPOTPeccHH ¢ 21-ro nmo 30-7 BKMOYHTEILHO.

OTBeT: 495

9, (Texcronmie 3a037H.)

a) ABTOMOGHNE efeT cHayana 2 MMH C Iopel, a 3aTeM 6 MHMH B ropy. OOpaTHRIH TyTh OH Mpoae/kBaeT 3a
13 MuH. Bo ckoabko pa3 CKOpPOCTH ABTOMOOHJIA TPH ABIOKCHMH ¢ rOphl OoONblI¢, 96M CKOPOCTh TIPH JBHXEHHH
B ropy? (CuHTaifTe, YTO CKOPOCTE INPH ABHXEHHH ¢ ropH (B ropy) OIMHaKoBa B 000X HAIlpapicHHSIX.)

Pewenue. TIYCTb CXOpOCTE aBTOMOOWISA TIPDH JBWKEHHHM C TOPH PaBHA X KM/MHH, 8 MPH JBMXCHHH
B ropy — ¥ xM/MuH. Torna Ha mMyTH TyZa aBTOMOOMIB €0ET ¢ ropk 2X KM, a B ropy — 6) kM.

1)
- Ha oOparHoM nyTH paccTosHHE 6y KM (T. €. IYTh C rophl) ARTOMODHMIE TPECIONEBAET 3a Ty MHH, a paccTo-

2x
qHHE 2x KM (T. €. IyTh B Iopy) —2a —— MHH. Bcero oOpaTHHRIH OyTh 3aHMMaeT 13 MHMH. MMeeM ypaBHeHue
¥

NS
x Y

H3 aroro yparRHEeHYA HYXHO HAWTH OTHOIIEHHE i Bbens 3aMeHy %= {, IOIYIMM YpaBHeHHE ¢ OIHOH mepe-

MCHHOIZ: 2r+$=13. PemmB ero, HaiigéMm, uto £, =6, #,= . Tak Kak CKOpOCTh aBTOMOOHIA IIpM ABMKEHHUH

1
)
C rophl Gonbllle, YeM NIPH ABHKCHHH B TOpY, TO NOOXOLMT TOALKC KOPeHb #, =6. TakuM obpasom, —y’f= 6.

OTteeT: B 6 pas

6} MOTOUMKITHCT efeT cHayata 3 MHH B ropy, a 3aTeM 4 MHE C TopH. 2TOT Xe& YYacTOK JOpOTH B 0OpaTHOM
HarnpaBfieHMH CH npoe3xaeT 3a 13 muH. Bo cKoMBKO pa3 CKOPOCTh MOTOIMKIIMCTA NIPH ABRMXEHWH B TOPY MEHLLIE,
YyeM npH OBHXeHWH ¢ roprl? (Cumralite, ¥10 CKOPOCTh NpH IBWKEHMH C IopH (B ropy) OOMHAKOBa B 00OWX Ha-
NpaBneHHIX. )

OTBeT B 3 pasa

10. (Tekcropwe 3a0a74.)

a) Ha ayxuMone omgHa KapruHa Owlna IMpogaHa ¢ NpHGLUBIO 20 %, a Apyrad — ¢ MpHOBRIbLI0 50 %. O6mas
NpUORIIE OT MPOSAKHM ABYX KapTHH cocraBmna 30 %. V Kakoil KapTrHhl NMepBOHAYAIbHaA LeHa Oblta BhllIe H BO
CKONBKC pa3?
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Peitenue. Tlycts TepBOHAYaNIbHAS CTOMMOCTS TIEPBOM KAPTWHEL X p., BTGPOH — ¥ P., TOLMA HX ofas nepBo-
Ha4albHAY CTOMMOCTE COCTARNATA X + ¥ P,

[lepmag xapTuHa GLUTAa npoaada 3a 1,2x -p., BTOpad — 3a 1,5y p., ¥ BMecTe 33 HHUX BeIpyudnm 1,2x+ 1.5y p.
Tak KakK DOXOX OT [IPOJaX#| IByX kapTHH coctaBun 30 %, TO npu mpoaake 3a HUX BeIpYIHTH 1,3(x + ) p.

CocTapuM ypasHeHue 1,2x+ 1,5y =1,3(x+ v}, Otcrona 0,2y =0,1x; Zy=x.

OTBeT: NMeEpBOHAYATIBHAA CTOMMOCTE NEPBOA KAPTHHEL B 2 palza Boiblile, 4eM BTOpPOit

6) 3a rol YMCTIo MallbUMKOB B LIKOJBHOM CeKLUHM caM00 YBEIHYHIOCH Ha 25 %, a 4Hoio gepodek — Ha 20 %,
B pesyasraTe YHCIO 3aHHUMAIOIIMXCA <am0o ypeamumiock Ha 24 %. Koro 6suto Gonbwie B cekuuu cambo B Ha-
qajne ropa — ASBOYEK WIH MalbYHMKOB, ¥ BO CKONBKO pal?

OTBeT ManbuHKOB, B 4 pa3a

11. (OkpyXKHOCTL U KPYT.)

a) OcHOBAHHA TpanelHH, BIHCAHHOH B OKPYXHOCTD, PaBHH 7 H 9, & ITTHHA XOPIbl OKPYXKHOCTH, NPOXOITILEN
yepes CepearHpl GOKOBHIX CTOPOH TpanclUMH, pasHa 10. HaiauTe paguyc OKpyXHOCTH.

Pewenue. BnincanHan Tpaneursa AnIneTca paBHoOOKOH, TAK KaK HapaUieNbHBIE XODABL {(OCHOBAHMA Tpane-
UHH) BRCEKAMXT Ha OKpYXKHOCTH paBHule MyTH. [lycre ABCD — naHHas Tpaneums, AD=9, BC=7, MN — xopia

TMHOH 10, cofepxawas cpetdioln THHUI0 EF, tne EF = %‘E =8. Torona MFEF=FN = EZ;§ =1. Tlo Teopeme
0 nepecekaomwmxcs xopaax F4- EB=EM- EN, 1.e. EA’=1.9=9, orkyia £EA=13. 3nauut, navHel 60KOBBIX CTO-
POH TpaneuMH paBHEL 6. Berumcaum seicory CH tpanenuu: CH!=CD?-DH?=CD? —(%)2 =36-1=35,
orkyna CH =35. Teneps u3 tpeyronshuka CAH: CA2= CH?+ HA?=35+64=99. Tliowans S TpeyroJbHHKa
ACD papna § :lzCH-ADz LJ35.9, Paguyc onucaHHOH OKOJIO TpaneUuWHd OKpPYXHOCTH €CTh pagdyc OKpyX-

y _ abe . . p_V9%-6-5 811

HOCTH, OMACAHHOH oKono TpeyraneHuka ACD, Tlo dopmyne R = s HaxolMM eg paauyc: R = TS s s
911
TBET: =
0 T 35

@) [Ipamas, npoxonsimag vepes cepedvHel Af 1 N cropoH AB v BRC tpeyroneHuka ABC, nepecexaer onu-
CAHHYIO OKOJNO TpeyralbHuka ABC okpyxHocTe B Todkax K U L. Hailnute panuye OKpPYXHOCTH, €C/H H3BECTHO,
yro KM=1, MN=4, NL=35.

Oreer: 5

12. (KoopauHaThl.) _

a) Hafaute paccTosHHEe MeXOy LEHTPAMH BIIMCAHHON M ONHCAHHOH OKDPYXHOCTEH TPEyTOINBHHUKA €O CTOpPO-
HaMM IUTHHOH 3, 4, 5.

Pewenue. [Iycte ABC — naHHWHA TpeyroabHHK, AB=3, BC=4, CA=5. JaHHH}! TPEyroJbHUK — NPAMO-

YIOAbHBIH {(CA2= AB2+ BC?), Mo3TOMY €ro Inomanb ecth § = %3-4 =6. Ilo tdhopMmyne r= E, [oe p — noyne-
J

PHMETP TPEYTONBHHKA, HAHAEM PANUYC BIIMCAHHOW OKDPYKHOCTH. & = 6

——— =1. BpeaéM NMpAMOYTOIBHYKY CH-
5{3+ 4+5)

CTeMy KOODOHHAT, DACIIONIONKHE €& Havalo B ToYKEe B M HanpaBuB ocH no aydamM BC u BA, Toroa Touxa { — ueHTp
BMUCAHHOH OKPYXKHOCTH GyaeT UMeTh KoopauHatel #(1; 1), TaK Kak e€ paccTOAHHA A0 KOOPIHUHATHMIX OCeil pas-
HEl PaIuycy BNHUCAHHOH OKPYXKHOCTH. ToukKa (O — LEHTp ONHCAHHOH OKPYKHOCTH ABJACTCA CEPCIMHON THIIOTE-
HY3bl TPEYTOIbHMKA, NO3TOMY e€ KOOPIWHATBI PABHLL MOAYCYMME KOOpOHHAT Todek C(4; 1) u A(0; 3}, 3Ha4uT,
Q(2; 1,5). Ilo thopmyne paccTOAHUA MEXITY TOUKAMH HA KOODPAHHATHOM IUIOCKOCTH HAaMIEM HCKOMOE PACCTOAHHE:

10=JE- T (15-17 = 2.
5

OTBeT: =
2

6) Haliaute paccTOAHHE MEXIY TOYKAMH TepecedeHHs GHCCeKTPMC W MEIHAaH TPSYTONBLHHKA CO CTOPOHAMH
wHHOH 0, 8, 10,

OTtBeT: %

13. (PopMynsl MICIAAK.)

a) Kakyw HanGonbluyio wionais MOXET HMETh TPEYTONBHMK, ¥ KOTOPOTO AJHHA OCHOBaHWA paBHa 2\5,
d Yyroa np BepllMHe paBeH 120°7

187



Pewenue. Cnocod 1. IlycTh g u & — nnuHB! GOKOBLIX CTOPOH TpeyroabHHKa. TOrIa M0 TeopeMe KOCHHYCOB

2
(2J§) =a? +b2—2abcos120°= a2+ b2 +ab. A romann TpeyronbHUKA PaBHa S = %ab sin120° = ab-‘:i. U3 He-
2
paBeHcTBA @?+ b2 2ab, KoTopoe cilelyeT W3 HepaBeHCTBa (@ — £)? 20, nomyyaem: (2\[?_’) = g? + bt +ab = 3ab,

OTKyaa al <4 K, 3HauMrt, S =ab~‘? £ +/3. HawBonbluasn nnomans S =+3 AOCTHraeTcsd, Korga HecTporoe Hepa-
BeHCTRO 00OpalaeTcn B PABEHCTBO, T. €. B ciiydae 4 =b =2 (1A paBHOGEIPeHHOTO TPEYTONLHHMKA).

Cnoco6 2. MHOXeCTBO TOYEK, H3 KOTOPHIX JAHHBIH OTPE30K BEAEH MNOA JAHHHM YITIOM, €CTh IYTa OKpYX-
HocTU. IToaToMy BEpIIHHA TPEYTONBHMKH C TAHHBIM OCHOBAHUEM JIMHON 23 nexur Ha Iyre OKPYKHOCTH, JUIA
KOoTOpo# naBHBIHA OTpe3oK ABMeTes xopAolk. HaubGo silylo MIolans: TPEYTONLHUK BYIET HMETh, €C/iM ero BRICOTa
HMEET HapOoNbIIYIO ITHHY. A Haubonee YIANEHHOH OT XOpABI TOYKOH DYIY ARIACTCH €€ CEpCAMHA. JHAYMT, Tpe-
YTONEHYK — papHOOSIpeHHMA, W U3 TeOpeMEl KOCHHYCOB, KaK M BEIULE, HAXOAUM a=h=2,

Oteer V3

6) Kaxyio HaubBonpiIyio IIoLaab MOXET HMETE TPEYTOILHHK, ¥ KOTOPOID ANMHA OCHOBAHKA paBHa 2, a 1iH-
Ha MEIHaHbl, NPoBEIEHHON K OPYroi cropoHe, pasHa 3?

OtBeT. 6
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