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Ot aBTOpOB

loporue ceMuKIacCHUKH!

BrI cienanu cepb€3HBIN IIAT B CBOEH KHM3HH: PEIIHJMN IIPOJOJIKATE 00-
pasoBaHUe B Kjacce ¢ YIVIYOJIEHHBIM H3y4eHUeM MareMaTUKu. MbI mosapas-
JisieM BacC ¢ 9TUM BbLIOOPOM M HaJleeMCs, UTO Bbl He paszodyapyeTech B CBOEM pe-
HIeHUH.

YuuThcAaA B MaTeMaTH4YeCKOM KJacce He mpocro. Hamo OwITE HacToH4H-
BbIM U YBJIEUYEHHBLIM, BHUMATEJNLHBIM U aKKYPATHLIM, [IPHU 5TOM caMoe IJIaB-
HOe — He ObITh De3pas3jIMYHBIM K MaTeMaTUKe, a JIOOUTHL 9Ty KPacUBYIO
HaYRY.

Bb1l HaunMHaeTe U3y4aTh HOBBLIH IIKOJILHBIM IpeaMeT — ajreopy.

Anrebpa — oueHb JpeBHAA U Myjpas Hayka. C eé azaMu BaM IIpeJcTo-
UT MO3HAKOMHTHECA. SHATH aJiredpy upe3BbluaiiHo Ba:kHo. [[o-BupuMoMy, HeET
CerofHA Takoi objacTH 3HAHUI, B KOTOPOH He NPUMEHAJINCH ObI JJOCTHKEHUS
ATOM HAYKHU: (PUBMKHA U XUMHUKU, ACTPOHOMBI U OHOJIOTHA, reorpadbl U 3KOHO-
MUCTBI, Jaxe SA3bIKOBeJbl 1 UCTOPUKHN UCIIOJBL3YIOT «ajiredpanyecKUil MHCT-
PYMEHT» .

Anrebpa — He TOJIBKO MOJIe3HBIH, HO U O4YeHb MHTEPECHBIN IIpeaMer,
pasBUBAKOIIUN cOO0OPasUTENBHOCTE U JIOrMYecKoe MblluieHue. M Mbl HajeeM-
cs, YTO BBl B 9TOM CKOpPO ybeguTech ¢ IIOMOILIBI0 yYeDHUKA, KOTOPBLIH NepiKuTe
B pykax. IlozHakombTech, moxaayiucra, ¢ ero CTpyKTypou.

YueOHUK pas/ielieH Ha NATH IVIaB, KadJasd U3 KOTOPLIX COCTOUT U3 Iapa-
rpacgos. B nmaparpadax musnoxeH Teoperuuecknii marepuasi. Ocoboe BHHUMA-
HUe oOpalaiiTe Ha TeKCT, BEIAeIeHHBIH sKMPHBIM mpudTom. Takixe obpalmaii-
Te BHUMaHUE HA CJIOBA, BhIJIEJIEHHBIE KYPCUBOM.

Kax npaBuio, HM3/J10KeHHEe TeOpPeTUYeCKOro MaTepHaJia 3aBepllaercs
IIpUMepaMHy pelleHus 3aja4d. JTHU 3allUCH MOKHO pacCMaTPHBATL KaK OJUH U3
BO3MOJKHBIX 00pasiioB opopMIeHUS pelleHusd.

K kaxmomy nmaparpadgy nogobpaHbl 3ajla4yu JIJI CAMOCTOATEJBHOTO pe-
HIeHUs, K KOTOPbIM MbI COBETYeM IPUCTYIATH TOJLKO II0CJIe YCBOEHUS Teope-
TU4ecKoro marepuaja. Cpeau saflaHuil ecTh KAK IIPOCThIe U CPeJHUE I10 CJI0HK-
HOCTH YIIPayKHeHUs, TaK U TPYJHble 3ala4ui.

Kpome Toro, B yueOHUKe Bbl CMOKETe HPOYUTATH PACCKA3BI 00 UCTOPUH
anaredpsl.

HepszaiiTe! Henaem ycnexal



YcnoBHble 0003Ha4YeHMA

¢
IIpocTeie 3anaun
\ 2R
3ajauyy cpelHero VPOBHA CI0MKHOCTH
. A A
CrnoxkHble 3aga4du
et |
3aa4yi BEICOKOH CJIOHOCTH
_ OKoHUaHHEe JOKa3aTeJbCTBAa TeOPEMBI
_ OKoHUYaHMe pelleHnA 3aJaun

1 3Bazayy, KOTOPbIe MOMKHO PelIaTh ¢ IIOMOILI0 KOMIIBIOTEDA
1.7. 3BamaHusa OJis YCTHOH paboThI

1.11. 3aganusa, peKOMeHJOBAHHLIE AJA JoMAalllHeill padoThl



BBegeHue B anrebpy

Anredbpa — 5T0 HOBBIH JJIS Bac IIKOJLHLIA npeaMeT. TeM He MeHee BbI

ViKe 3HAKOMBI ¢ «a30ykoil» aToil Hayku. Tak, Korjga BbI 3allUChLIBATIH (hOPMY-
JIbI 1 COCTABJSANN YPaBHEHUS, BAM IIPHUXOAUIOCE 0003HAYATE Yucaa OyKBaMH,
KOHCTPpYUpPYS OyKBeHHBbIe BhIpa:mkenusa. Hanpumep, sanucu a2, (x + y)?,
+z

X = i
2({? + b}, Ty . .‘.’Ib[ﬁ, — ABIAKTCH 6YHBEHHHMH BEIpaKeHHUAMH.

H
IToguepkHEM, UTO He BCAKAA 3allMCh, COCTOAIAA M3 4YHce), OVKB, 3HA-

KOB apu(MeTHYeCKHUX JeHCTBHI U CKODOK, ABIAAeTcsA OVKBEHHLIM BbIpajKeHH-
eMm. Hanpumep, sanucek 2x + ) — ( npexcrasiaseT coboil beccMbIcIeHHBIA HabOp
CUMBOJIOB.

BripaxkeHue, cocTaBIeHHOE M3 ONHOI OVKBBI, CUMTAIOT OVKBEHHLIM BbI-
pasKeHHueM.

Paccemorpum 6ykBeHHOe BhIpaxkenue 2(a + b). Bel 3HaeTe, 4TO ¢ €ro 1mo-
MOIIBI0 MOMKHO HAITH IepUMeTp IPAMOYTOJbHHKA cO cTopoHaMu a u b. Ecan,
Hanpumep, OVKBLI ¢ U b 3aMeHUTH COOTBETCTBEHHO YMcjaaMu 3 U 4, TO IOJy-
YHUM YHCJI0BOe Bhipa:kenue 2(3 + 4). B aTom ciayuae nepuMeTp OPAMOYIoJb-
HUKAa Oymer paBen 14 eguHunam AauHbl. Yuciao 14 HA3BIBAIOT 3HAYEHHEM
YHCJI0BOI0 BhIpa:kenus 2(3 + 4).

ITouATHO, YTO BMeCTO OVKB @ B b MOMKHO IOACTABJATL U APYrHe YHUCa,
IMoJy4yass KamIblil pasd HOBOE YHUCJIOBOE BhIpasKeHUe.

ITockonbKy OYKBBI MOKHO 3aMEHATH IPOU3BOJIBHBIMH YACJIAMU, TO ITH
OVKBBI HASBIBAIOT MEePEeMEeHHbIMH, a caM0 OYKBEHHOE BhIpakeHHe — BhIpajke-
HHEeM ¢ NepeMeHHBIMH (MJIK ¢ TepeMeHHOM, ecJIM OHA OJiHAa).

PaccmorpuMm Beipaxkenue 2x + 3. Eciinm mepemMeHHYIO X 3aMeHHTh, Ha-

1 1
IIPUMEp, YHUCJIOM —, TO MOJYUYHUM UHCJI0BOE BhipaskeHue 2-— + 3. Ilpu atom
2 2
]. o
rOBOPAT, YTO 5 3HAUYeHHe IIepeMeHHOI X, a YHCJIo 4 — 3HaYeHHe BhIpazke-

HHUA 2X + 3 TIpHu x:%.

YHucioBele BEIpaeHHHdA M BhIpa:eHHA C IlepeMeHHBIMHM Ha3bIBAKOT aJi-
FEGPHH‘IECRHMI{ BhIpaKeHHAMHA.

Ajredpandeckue BhIpasKeHUs

,// x

HucnoBwle BeEIpaMeHHuA BLI[JELHCEHHH C nepeMeéHHBIMH




PaccvmoTpum aBe rpynnsl ajredpandyecKux BblpasKeHUH.

I rpynima II rpynna

1
x -y —
Y X
a ab

4 (a + b)?
Lyt n

n+3

mn X

o 5_ —

7 y?

BreipamkeHHsa KasKI0H T'PYIIILI COMAEP:KAT TAKHe JeHCTBUA: CI0KeHHe,
BBEIUHTAHHE, YMHOKeHHUEe, BO3BeJeHUe B CTelleHb, AeleHue. OQHAKO BhIpaske-
HUS [IepBOM I'PYIILI HEe COAEpP:KAaT NeJIeHHs HA BhIPAKEHHUS C IepeMeHHBIMH.
Hx Ha3bIBAIOT 1[eJIbIMH BhIpaKeHHUAMH. BbipaskeHNA BTOPOM IPYIIILI IIeJILIMHA
He SIBJIAITCH.

B kypce anredopsl 7 Kjiacca Bbl OyaeTe U3Y4aTh lleJibie BbIPatKeHH.

Npumep. 3HaueHUA IepeMeHHBIX d, b M m TakoBbl, 4T0 @ — b = 4,
m = —5. YeMy paBHO 3HAYeHHe BhIpaxkeHus Thm — Tam?

PeweHune. HMcmons3ys pacnpemeMTeIbHOE M COYETATEILHOE CBOMCTBA
VMHOKEHHUS, I0JydaeM:

Tbm — Tam=Tmb -a)=T . -(-5) - (-4) =T - 20 = 140.

OTBet: 140. m

? 1. Kak MHa4ye Has3biBalOT DyKBEHHbIe BbipaXxeHua?
2. Kakune BbipaxxeHWA Ha3biBaloT anrebpanyeckumn?
3. Kakne anrebpanyeckue BbipaxeHWa HasblBalOT LeNbiMn?

- O
® YnpaXHeHUA g ommm

1.1. Yewmy paBHO 3HAYeHUE BbIPpasKeHU:

1y185 -7 419 17 2,
12 12 21 72 3

2) (53_51;1ﬂ),£;
4 8 32 ) 11



3) (_1:42 - {_3!22)} : {_054] + (_6} ’ (_Garr};
o (5 m) ()
18 12 48

5 (3L -2l ]. (5210
12 15 20
BrrumcianTe sHaYeHUEe YUCJIOBOTO BhlIpameHHnH:
147 33 .28 411
15 23 27 D 6

2) (5§ : 1E+11)~i;
9 36 4 ) 21

3) (-3,25 - 2,75) : (-0,6) + 0,8 - (-7);

1) (—1§—2i] 52

8 12 12

CocTaBbTe UMCI0BOE BhIPAJKEHHEe U HAWJUTe ero 3HaueHue:

1) nponssenenne cymmel unucesa —12 u 8 u uucna 0,5;

2) cymma npousBenenud yuces —12 u 8 u uucna 0,5;

3) yacTHOe CYMMBI M pa3HocTH yucena —1,6 u —1,2;

4) kBagpar cyMMmsbl uncea —10 u 6;

2) cymma kBagpaToB uncea —10 u 6.

CocraBbTe YMCI0BOE BhIpasKeHHEe U HAWJUTe ero 3HauyeHue:

4 5! 14
1) yacTHOE OT JeJeHUsI CYMMBI YUCe] 9 H ~8 Ha 4YHCJIO0 ~97 H

2) pasHOCTh IPOU3BeAeHnA uncea —1,5 u 4 u yncia 2;
3) mpousBeeHNe CYMMEI ¥ pasHocTH yucea —1,9 u 0,9;
4) Ky0 pasHocTH yuces 6 u 8.

Haitgure 3HayeHHUe BbIpasKeHH:
1) 2x — 3 mpu x = 4; 0; -3;

2) %H-Fib npu a = —6, b = 16;
3)3m-5n+3kupum=-7,n=1,4, k=-0,1.

BerumcinTe 3HaY€HHUE BBHIPAMKEHHA:
1) 0,4y + 1 upu y = -0,5; 8; —10;

2) gc—n,z’d mpu ¢ = —28, d = 15.

Kakwne u3s JAaHHBIX BLIpEI.H{EHHfI ABIAKTCHA LEeJIEIMIL.

1) 7a + 0,3; 3) atb, 5)3??%&.
&

3m’

2) 5,1’(;;—%); 4]”1’{’; 6) 9x—5y+1?
£



1.8.

1.10.

1.11.

1.12.

1.13.

HCHDHLBYH TEPMHHEl «CYMMa», <«pPas3HOCTBb», <«IIpOH3BelleHHEe», <«4YacT-
HOE», HpD‘IHTE_ﬁTE EUII"EGPHH‘{ECEHE.‘ BbhIpaMeHHA WM VEaXEHTe, KaKkHe H3
HHX ABJANTCH INeJIBEIMEH:

1)a - (b + ¢); 4) 2m — 10; 7) ac + bc;
. a,c. _a .
2) a + bc; 5}!;+a” 8];;+4’
3) x—Z, 6) (a + b)c; 9) (a — b)(c + d).

£
SalUIINTe B BUJIe BRIPAMKEHUNA:
1) unciio, IPOTUBOIIOJIOMKHOE YUCLY ¢}
2) unciio, odOpaTHOE YHCHY a;
3) cyMMYy 4YHCeN X U Y,
4) yucyio, obpaTHOe CyMMe YUCe X U I;
9) CYMMY YUces, 00paTHBIX YHCJIaM X U If;
6) cymmMy 4HclIla @ M ero KBajpara;
7) yacTHOE OT JeJIeHUsl YMCJIa d Ha YHUCJI0, IIPOTUBOIOI0OMHOE YUeay b;
8) npoussejieHne cyMMbI yuces ¢ U b 1 yuciaa, o6paTHOTrO YHCIY C;
9) pasHOCTBL IPOM3BEJEHUS YUCEJ M U 71 U YaCTHOTO YUCeJ P U (.
IIo ycioBuio 3afjauil COCTABLTE BBIPAMKEHUA C IePEeMEeHHbIMH.
Kapanpgam crour x p., a Terpajibs — ¥ p.
1) Crkonbsko cToAT 5 KapaHjgaleii u 7 rerpageit?
2) Ha ckoabKo GoJIbIle HANO 3aILIaTUThL 3a ¢ TeTpajeil, yem 3a b xapan-
malrei?
ITo yciaoBuio 3afjaui COCTABLTE BRIPAMKEHNE C IIePeMeHHLIMMU.
Pabouemy BbIZanM 3apaboTHVIO ILJIATY OAHOH KVHIOPOH HOMHHAJOM
1000 p., a kymopamu HoMuHANIOM 500 p. u b kynwpamu o 100 p. Ka-
KVIO CYMMY JIeHer MoJyuug padboumii?
IIo yciaoBuio 3aavyi cOCTABLTE BhIPAaMKeHHE C IIePeMeHHbIMM.
W3 aByx ropojios, paccrosgHue Me:kaAy KoTopbiMu paBHo 300 KM, Bbhiexa-
JIM OJHOBPEMEHHO HaBCTPeYy APYTr APYIrY JABa aBTOMOOHJIA CO CKOPOCTS-
MK M KM/4 1 17 KM/4. Yepes3 CKOJBKO YACcOB MOCJI€ HAYAJA JIBHKEHU
OHU BCTpeTATcs?
ITo yciaoBHUIO 3ajaui COCTABLTE BBIPAMKEHNE C IIePeMEeHHBLIMM.
W3 aByx céi, paccTosHUe MeXIy KOTOPLEIMKA PABHO S KM, OJHOBPEMEHHO
B OJJHOM HAINPABJIEHHUH OTIPABUIHCH IEIIeX0[] M BeJOoCHUIIeducT. depes
CKOJILKO YaCOB IIOCJIe HAuajla JBUKeHUS BEeJIOCUIIeIUCT JOMOHUT IIelle-
X0/la, ecJIM Iellexof IIéJ BIepedH CO CKOPOCTHIO @& KM/4, 4 BeJIOCHUIIe-
IHUCT eXaj coO CKOpPoCThio h KMm/4?

BrelunciuTe 3HAUYeHHEe MOJYYEHHOT'O BhBIpaskeHUs npu a = 4, b = 12,
s=12.



1.14.

1.15.

1.16.

SanuinuTe B BUJE BhIPAKeHUA:

1) yrpoeHHOe MpoHU3BeJeHNe PASHOCTH UUCe]d d U b U UX CYMMBI;

2) cyMMy TpEX IOCJed0BaTeJNIbHBIX HATYPAJbHBIX UHUCEJ, MeHbIllee U3
KOTOPLIX PaBHO M;

3) npousBeieHUe TPEX MNOCHEeNOBATENBbHBIX YETHBIX HATYPAJbHBIX YH-
ceJi, DoJIblIee U3 KOTOPBIX PABHO 2Fk;

4) 4ucio, B KOTOPOM @ ThICAY, b COTEH U € eIHHUIL;

5) KOJIMYeCTBO CAHTUMETPOB B X MeTpaxX M I CAHTUMeTpPax;

6) xKonmuecTBO CeKyHJ B M 4Yacax, 7 MHUHYTaX U p CeKyHJaxX.

SanuinuTe B BUJE BhIPAKeHUA:

1) npousBeileHUe UYETHIPEX IIOCJIENOBATEJbHBIX HATYPAJNBHBIX YHCEJI,
DoJblIee U3 KOTOPBLIX PABHO X;

2) pa3HOCTL IIPOUBBEAEHUA ABYX IIOCJEeNOBATEJbHBIX HEYETHEHIX YHCeJ
1 MEHBIIero U3 HUX, ecjii OoJiblIee YUCJIO paBHo 2k + 1;

3) KOIM4YeCcTBO KUJIOIPAMMOB B ¢ TOHHAX U b LeHTHepax.

CocTaBbTe BbIPAKEHUS JJIsI BLIYUCICHUSA JIJIMHEI 3€JIEHON JIMHUUA U ILJI0-
maau pUrypbl, KOTOPYyK OHA orpanuuusBaet (puc. 1.1).

c d c d ¢ d «c¢
c _/
b b
b
d
[ f a
a 6 B
Puc. 1.1
1.17. CocTaBbTe BRIPpAMKEHHA A BLIUYMCICHHAA NJIUHBI 3€JIEHOH JUHUHU H ILIO-

maau pUrypbl, KOTOPyIo oHa orpaHuuyusaer (puc. 1.2).

Puc.

il
i [ C C
d d d d b
: >
b
a )
[
1.2 a 6




1.18. 3HaueHHns nepeMeHHLIX @ U b TakoBEI, uTO a + b = -8, ¢ = 4. Yemy pas-
HO 3HAUEHUE BHEIPAMKEHUA:
Ya+b-c 2) 0,5(a + b) + c; 3) 3ac + 3bc?

1.19. 3HaueHHs IIepeMeHHBIX 71 U M TAKOBLIL, 4TO M — 1 = 5, k =—-2. YeMmy pas-

HO 3HAYEHHE BRIPAMKEHHI:
1) (n — m)k; 2) 2m — 2n + 3k?

N
YnpamHeHVs ANA NOBTOPEHVA gum

1.20. (3adaua us pycckoezo ¢hoaviiopa.) MenbHUK Gepét 3a paborty % CMO-

JOoTOoM MYKH. CKOJBKO MYKH HAMOJIONHA KPECThbAHHHY, €CJH JOMOH OH
noés 99 nymnoB MyKu?
1.21. B cTos0BYyIO 3aBe3/IM KalycTy, MOPKOBL M KapTodeiab. KamycTel ObLIO

5}
64 KI'y MacCa MOpPHKOBH COCTaBJIAILA g MacChl KaIlyVCThI, a Macca KapTo-

thenss — 180 % maccwl MmopkoBU. CKOJIBKO BCEro KMJIOIDAMMOB OBOIIE
3aBe3JId B CTOJIOBYIO?

1.22. UsBecTHO, 4TO @ 1 b — HaTypalbHbBIE YHUCIIA, 4 YHCIIO ?‘T — HpaBUIbHAasA
nIpobb. Mo#HO K YTBEPKAATh, YTO: ’
1)a-5b>0; 2]—}1 3) 49
b’ b
u
" mw

KOrgA CAENAHBI YPOKU 4

KHWra o BocCTaHOBNEHUU U NnPOTUBONOCTAaBNEHWH

Brbl 3HaeTe ocHOBHBIE cBOMCTBa ypaBHeHH. [IpumeuaresnbHo, 4TO ¢ OJ-
HUM M3 3THX CBOICTB CBA3aHO IIPOMCXOKIEHNAE CJI0Ba «ajaredbpar.

B IX B. Beigaomuiica yueabii Myxammen nou Myca ans-Xopesmu (4To
odHauaer Myxammen, cblH Mychl, u3 Xopeama) HAIUCAJl TPAKTAT O cliocobax
pelleHud ypaBHeHHil. B Te BpeMeHa oTpHIlaTe/ibHbIe YHCJIA He NMPHU3HABAIU
M HA3LIBAJIM HEBO3MOMKHBIMH, JIOMKHBIMH, abcypaHbiMu. [losTomy ecim npm
pelleHu YpaBHEHUN IMOABIAIOCH «JIOMKHOE YHUCI0», €ro MpeBpallaiu B «Ha-
cTosilllee », IIePeHOoCcA B APYIVIO YacTh ypaBHeHus. Takoe nmpeobpasosanue My-
XaMMeJl aJb-XO0pe3MH HasBajJ soccmanosienuem (mo-apabCKH — «allb-
mxabp»). YHUUTOXKEHHEe OJMHAKOBBLIX YJIEHOB B 00eMX YacTAX YPaBHEHUsS OH
Ha3BaJl npomueonocmasicnuem (mo-apabckm — «aiab-Mmykabanar).

CaMm TpakrarT HOCHT Ha3BaHue «KpaTkasa KHura o0 McUHMCJIIeHUH BOCCTA-
HOBJIEHHA U NPOTHUBONOCTaABIeHUA» (mo-apadbcku — «Kurabd ann-myxracap ¢u
xucab anp-mxadp Ba-aab-Mykadamzar»).

10



Myxammepq anb-Xopesamu (IX B.)

Apabckuin maTeMaTuK, acTPOHOM U reorpad, B Ha-
Y4HbIX paboTax KoToporo Bnepeble anrebpa pac-
cMaTpuBanack Kak camMocToATeNbHbIN pa3gen marte-
MaTUKMN.

CinoBo «anb-mxabp» cO BpeMeHeM IIPeBPATHJIOCh B XOPOIIO 3HAKOMOE
BCEeM CJIOBO «ajredpas.

B XII B. Tpyapel anb-XopesMH OLLIN NIepeBeleHbl Ha JIaTeIHL. B cpenHe-
BekoBoil EBpome umsa anb-XopesMu 3aluchiBaitu kKak Algorizmi, m MHOTHE
IpaBUjia U3 ero TPYA0B HauuHanuch ciaoBamu Dixit Algorizmi (« Anropusmu
ckasas»). ITocTeneHHO cTaJIH IIPUBBIKATH, UTO ¢ 3THX CJIOB HAYMHAKIOTCA MHO-
rue IpaBmia, a cioBo Algorizmi nmepectanu cBA3LIBATL C HMeHeM aBTopa. Tak
BO3HHK TePMHH «aJTOPHTM», KOTOPLIM 0003HAYAIOT IPOIECC, JAIOMIHI 3a KO-
HEUHOEe KOJHMUYECTBO IIAaTOB PellleHHe 3aJad.

C TakuMH NpolecCaMM BhI IIOAPOOHO MO3HAKOMUTECE HA YPOKAX UHOOP-
MATHKH.

11



F Naesea -ﬁ.
[
EE N

JinvHenHOe ypaBHEeHMe o
C O1HON NepeMeHHOM

O B 3Ton rnaBe Bbl NOBTOPUTE CBOWCTBA YpPaBHEHWI, CMOXeTe YCOBEpLUEH-
CTBOBaTb HABbLIKW pelleHWs YypaBHEeHWI W 3afay Ha CoCTaBleHue ypaBHe-
HW.

O Bbl y3HaeTe, 4TO HEKOTOPLIE M3BECTHbIE BaM YPaBHEHMA MOXHO obbeam-
HWTb B O4WH Knacc.

s n JinHenHOe ypaBHeHMEe C OQHOM NepeMeHHON

PaccmorpumMm ypaBHeHus: 2x = -3, 0x =0, Ox = 2.

Yucao —1,5 sBndeTca eIMHCTBEHHLIM KOPHEM IIePBOT0 YPaBHEHM.

ITockonbKy MpousBeJeHHe J00ro Yucjia Ha HyJb PaBHO HYJIIO, TO KOp-
HEM BTOPOrO YPaBHEHHU SIBJIAETCS JII00oe YHCIIOo.

Tperbe ypaBHeHHE KOPHEH He MMeeT.

HecmoTpAa Ha CcyLIeCTBEHHOE Pa3jNYKe MOJVUYEHHBIX OTBETOB, IIPHBE-
NEéHHBIe YPaBHEeHUs BHEIIHEe II0X0KHU: BCe OHM UMeIOT BUJI ax = b, rue x — 1ie-
peMeHHAasA, @ U b — HeKOTOpbIe YHCJIA.

s=s) YpaBHeHue Bupa ax = b, rge X — nepemenHan, a n b — Hekotopsbie uncna,
Ha3bIBaAOT NUHEMHBIM YpaBHEeHUEeM C OQHOWN NepemMeHHON.

IIpuBenéM npuMepsl TUHEHHBIX YPaBHeHUI: %‘r =T;-0,4x=2,8; —x = 0.

3ameTuM, uTO, HANpUMep, ypasHeHus x2 =0, (x — 2)(x - 3) =0, |x|=5
JIMHEeHBIMU He SABJISAIOTCH.

Terer, BBIJeJIEeHHBIN KHPHBIM HWPUEPTOM, PA3BIACHAET CMBLICI TepMU-
Ha «JUHelHOe YpaBHEeHUe ¢ OJHOU NepeMeHHOU» . B MaTeMaTUuKe npeasoxe-
HUe, pacKpriBallee CYyTh TepMUHA (MOHATUA, 00beKTa), HA3BLIBAIOT OIpe-
JeJIeHHueM.

Hrak, Mbl cOopMYyJIUPOBATN (MM TOBOPAT <«TajiM») olpelesieHUe JIHU-
HEHMHOI'o YpaBHeHHUs ¢ OJHOM IMepeMeHHOM.

* Ecnu a # 0, To, pasgenus obe yacTu ypaBHeHHUA ax = b Ha a, MONYyIUM

X = E) Orciona caenyer: ecau a # 0, mo ypasuenue ax = b umeem eoun-

. . b
CMBEHNBII KOPEeHb, PABHLIIL — .
a

e Ecan a = 0, To nuHeilHoe ypaBHeHue npuHumaer Taxkoil sun: Ox = b,
Torna BosmMoskHbI ABa cayuaa: b =0 uau b 2 0.
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B mepBom ciyuae moayuaem ypasBHeHme Ox = 0. Orcroma: ecau a = 0
u b =0, mo ypasuenue ax = b umeem 6eckoneuno mnozo KopHeu: a0boe
YUCTO ABCNACMCIA €20 KOPHEM.

Bo Bropom ciyuae, korga b # 0, npu n1060M 3HAYEHUH X IIOJNYUYUM He-
BepHOe paBeHcTBO Ox = b. Orciopa: ecau a =0 u b # 0, mo ypasnuenue ax = b
He umeem KopHel.

I[TogBeném UTOr NIPUBENEHHBLIX PACCYXKIEHUN B cleAyIolleld Tadbauie.

Buauenunda ad u b a#0 a=0,b=0 a=0,b#0
Kopuu ypaBHeHuA b .
X =— X — nwboe uncao Kopreii Her
ax=>b a

Mpumep 1. Pemure ypaBHeHHE:

1) (3x + 2,1)(8 — 2x) = 0; 2) |5x — 6| =4; 3) ldx + 2| = |3x - 1|.

PeweHue. 1) Brer 3Haere, 4T0 NpPOU3BEIeHHE HECKOJIBKUX MHOMKUTEIeH
PaBHO HYJIIO TOTAA, KOTMa XOTA Obl OUH U3 MHOMKHTEJIeH paBeH HYJIO, U Ha-
obopoT, eciu XoTA ObI OAUH U3 MHOMKHUTeJell paBeH HYJII0, TO U IPOU3BeleHHe
paBHO HyJ10. IToaTOMY A/ pelleHHs JaHHOTO YPABHEHHUA JOCTATOUHO PEIIUTH
KasKJI0e U3 YPaABHeHUIl:

3x+2,1=0,8-2x=0.
Orcropa x = -0,7 nnu x = 4.
2) YuursiBas, 4TO CYIIECTBYIOT TOJBKO IBa 4ucaa, —4 m 4, MOAYIH KO-
TOPHIX PaBHEI 4, IMOJIyUYaeM:
2x — 6 =4 unu 5x — 6 = —4.
Orcioga x = 2 nau x = 0,4.
3) Moayiu ABYX YHCeJ PABHEI B OJJHOM M3 JIBYX CJAYYAeB: KOIJA 3TH UHC-

Jla paBHBI WJIM KOT[a 3TH YHCJa SABIAITCA IPOTUBOIIONOKHELIMU. [Tonyuaem:
4y +2=3x—-1 umu 4x + 2 =—(3x — 1).

Orciofa x = -3 UIH X = —%.

Oteer: 1) -0,7; 4; 2) 2; 0,4; 3)-3: —%.-

ObpaTuTe BHUMAHWE HA TO, YTO PACCMOTPEHHBIE YPDABHEHUA HE ABJIAIOT-
cA JIUHEeNHBIMH, OJJHAKO PellleHue KaXKJIO0r0 M3 HUX CBOJUTCA K PEIlIeHHI0 JIU-
HEeHHOro YpaBHEHU.

Mpumep 2. Pemure ypaBHEeHHE:
1)(a—-1)x=2;
2)(a+9)x=a+9.
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PeweHwne. 1) IlIpu a = 1 ypaBHenune npunumaet sujg Ox = 2. B aTom ciry-
2
a-1"
2) Ilpu a = -9 ypaBuenune npurauMaetr Buj Ox = 0. B atom cayuae Kop-
HEM VpaBHeHHUA fABJIAeTcA Jiodoe uncio. IIpu a # -9 nonyuyaem: x = 1.
OTBeT: 1) ecin @ = 1, TO ypaBHeHHE He MMeeT KOpHei; eciau a # 1, To

yae KopHeil HeT. IIpu a # 1 monyuaem: x =

2
X = —1; 2) ecin a = -9, To x — na1000e ynCcH0; ecIn @ # -9, Tox=1. 8

? 1. Kakoe ypaBHeHWe Ha3biBalOT NIMHEMHbLIM ypaBHEHWEM C OfHOMW Nnepe-

MeHHOWN?
2. CKONbKO KOPHEN MMeeT NMHENHOe ypaBHeHWe ax = b, ecnu:
1) az0; 2)a=0,b=0; Na=5b=0?
- N
® YnpaXXHeHVA g umem
2.1. Kakue U3 JaHHBIX VPaBHEHUH ABIAKTCA JIMHEHHBIMU:
1) 3x = 6: 3) A2 = 4; 5) L= 2. 7) x = 0;
X
2) x = 4; 4) |x|=2; G)ixzz; 8) Ox = 8?
2.2. Pemure ypaBHeHUe:
1) 18 — 16x =-30x — 10; 4) 6x — 19 = -2x — 15;
2)-Tx+2=3x-1; 5) 0,2x + 3,4 = 0,6x — 2,6;
3)10 — 2v =12 + x; 6)%x+12:ix—2.
2.3. Haiiagure KopeHbL YpPABHEHU:
1) 10x+ 7=8x-9; 3)2,7+1,9xv=2x+1,5;
2) 20 — 3x = 21 — 45; 4 Bri13= L xss
18 12

2.4. [loxa:xure, 4TO:
1) xopuem ypaBHeHHA 4(x — B) = 4x — 20 asasgercda gobdoe YHCIIO;
2) ypaBHeHue 2y — 8 = 4 + 2y He UMeeT KOpPHeH.

2.5. Pemwure ypaBHeHHUEe:

1) -3(x —4)=5x—-12; 3) 26 — 4x = 3x — T(x — 3);

2) (16x - 5) — (3 — 5x) = 6; 4) -2(3 — 4x) + 5(2 - 1,6x) = 4.
2.6. Pemure ypaBHeHUe:

1) 4(13 — 3x) — 17 = —bHx; 3)14 —x=0,5(4 — 2x) + 12;

2) (18 — 3x) — (4 + 2x) = 10; 4) 4x — 3(20 — x) = 10x — 3(11 + x).



2.7.

2.8.

2.9.

2.10.

2.11.

2.12.

2.13.

2.14.

2.15.

2.16.

Pemunre ypasHeHue:
1) 0,8 — (1,5x — 2) = 0,8 + 4,5x;
2) 0,6x — 5(0,3x + 0,2) = 0,5(x — 1) — 0,8;

1(7 3(2 7V 1.
9 350 7)- 15 15) -1
D B 4 B
1) —-(5.4-81y) = 0,03+ (6,8 - 3,4y).

HaiinuTe KopeHb YpaBHEHHUA:
1) 0,9x — 0,6(x — 3) = 2(0,2x — 1,3);
2)-0,4(3x—- 1)+ 8(0,8x - 0,3) =5 — (3,8x + 4);

3) %(0,56 —4,2y)+ 0,4 = %{0,52 —6,5).

Peliure ypaBHeHHe:

1) 8(7x — 3) = —48(3x + 2);

2) 4,5(8x + 20) = 6(6x + 15).
Yemy paBeH KOpEHb YPABHEHUA:
1) —36(6x + 1) = 9(4 — 2x);

2) 3,2(3x — 2) = —4,8(6 — 2x)?
Peiure ypaBHeHHe:

1) (4x — 1,6)(8 + x) = 0; 3) (3x — 2}(4 + %1) - 0;

2) x(5 — 0,2x) = 0; 4) (2x + 1,2)(x + 1)(0,7x — 0,21) =
Pemure ypaBHeHHE:

1) (1,8 — 0,3y)(2y + 9) = 0; 2) (5y + 4)(1,1y — 3,3) = 0.

Pelure ypaBHeHHe:

S5y -4 _16x +1 y+33 _17T+y

1 ; 2
) 2 7 ) 3 2
Haitnure KopeHb VpaBHEHUA:
1) 3m+5:5m+1; 2) 53:+3:3:—5_
4 3 5 8

Hemy paBeH KOpeHb YpaBHEHUA:
1) 2X 5% _ g3 g)y3x_4 _x.

3 4 10 15 6
z)ﬁ_"_"f:i; 4)£+3~r‘1:£?

6 8 36 7 14 3
Pemnre ypaBHeHUe:

6 18 27 8 12
2)§+£:E; 4) 2J'+3_|_3.r—1:21,‘

7 4 14 5 2

0.
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2.17.

2.18.

IIpu kakoMm 3HAYEeHHUH IepeMeHHOM:

1) suauenue Beipaxkenuda 4x — 0,2(8x — 7) pasuo —22,6;

2) Beipaxxkenusa 0,2(3 — 2y) n 0,3(7 — 6y) + 2,7 npuHUMAIOT paBHBIE 3HA-
YeHH;

3) snauenue BeipaskeHus 0,6y Ha 1,5 OoJnblle 3HAUYEHUS BbLIPAYKEHUS
0,3(y — 4);

4) sHAueHHe BhIpa:KeHUs 5X — 1 B b pa3 MeHbIIe 3HAUEHUS BhIPAasKeHUs
6,5 + 2x7?

IIpn xakoMm 3HaYeHHUU NepeMeHHOM:

1) Beipazkenusa 6 — (2x — 9) u (18 + 2x) — 3(x — 3) IPUHUMAIOT paBHLIE
3HAUYEHUA;

2) snauenue Boipa:xkenusa —4(2y — 0,9) va 2,4 meHbIle 3HaYeHHUA BbIpa-
seHuda 5,6 — 10y7?

2.24.

® ¢
2.19. Pemiure ypaBHeHUe:
1)31_21'+3:1'+6; 4) 83:—5_41‘+3+2—9J::_3;
2 3 3 4 2
gy 6x-7 B3x+1_11-x. 5) 8x® —8x 6x%+1_ 4
5 6 15 16 12
3) oxr -3 4x +3 —x-1;
9 6
2.20. Haiijure KOpeHs YPABHEHU A :
1)1_7x+1:4x+3; 3) 21‘+3_51‘+13+5—21':6;
8 4 3 6 2
gy 2641 3r+l o 1) 4x® +5x  10-2x* _ o
6 7 14 7
2.21. Pemure ypaBHeHUe:
1) [x|+6 =13; 5) |9 + x| =0; 9) Bx-2|=|x+1];
2) |x| - 7T=-12; 6) |[x —4|=-2; 10) [x + 4| =[x - 6|;
3) T|x|-3=0; 7) [8x +4|=2; 11) ||x| - 3| = 5.
4) |x - 5| =4; 8) 2x+ 1|+ 13 =14;
2.22. Peminre ypaBHeHHUe:
1) |x| - 8 =-b; 4) |8 — 0,2x| = 12; T |lx|-2|=2;
2) |x|+5=2; 5) [2x—1|=0; 8) Bx+ 2|=|x-1|;
3) |lx+12|=3; 6) [10x — 7| — 32 =-16; 9) |[x-5|=|x+1]|.
2.23. IIpu KakoM 3HAYEeHHUU d YpPaBHEHUE:

1) Sax = —45 uMeeT KOpeHb, PABHBIN YHUCAY 3;

2) (a —4) x =-ba + 4x — T UMeeT KOpPeHb, PaBHLIN unciIy —67
IIpu KakKoM 3HAYEHUU (I YDABHEHUE:

1) 3ax = 12 — x uMeeT KOpeHb, PAaBHBII uucay —9;

2) (ba + 2) x =8 — 2a uUMeeT KOpeHb, PABHLIN yucay 27



2.25.

2.26.

2.27.

VraxuTe Kakoe-1ub0 3HaueHUe H, IPU KOTOPOM OVAeT IeJbIM YHUCJIOM
KOpeHb YPABHEHHUS:

1) 0,1x = b; 2) bx = 21; 3) 1;lr::b;, 4) by =1,
CocraBhTe ypaBHEHHE, KOTOPOE: 6 6

1) uMeeT eIMHCTBEHHBIN KOpPeHL, PABHBIN uKucay —4;

2) uMeeT DECKOHEYHO MHOI'0 KOpPHEH;

3) He UMeeT KOpHel.

ITpn kaxux sHayeHUAX b yuciao 3 ABNAETCA KOPHEM YPaABHEHUA
(b+2)x-1)=2(x+b-1)?

. R R 2

2.28.

2.29.

2.30.

2.31.

2.32.

2.33.

2.34.

2.35.

2.36.
2.37.

2.38.

Haiigure Bce mesible 3HAUEHUS 71, IIPH KOTOPLIX KOPEHbL YPABHEHUS SB-
JISIeTCs LIeJIBIM YHCJIOM:

1) mx = 3; 2) (m+ 4)x = 49.

HaiiguTe Bce ILiesible 3HAYEHUS #, IPH KOTOPBIX KOpPeHb YPABHEHHSA SB-
JIsieTcA HaTypajJlbHBIM YHCJIOM:

1) nx = -5; 2) (n — 6)x = 25.

IIpu KakoMm 3HAUeHUH D YypaBHEHHS MUMEIOT OIUH U TOT K€ KOPeHb:

1) 7-3x=6x-56 ux— 3b=-35;

2)2y—9b=Tmu 3,6 +5y="71,2-y)?

IIpu KakoM 3HAYEHHH C YPAaBHEHUS MUMEIOT OJUH U TOT e KOPeHb:

1) Ax+1)—(Tx+2)=xml12x—-9=c+5;

2) %L’I:I-Fﬂ ub-—32x—4)=-8x+ 4?7

HpH KaKOM 3Ha4YeHHH d YpaBHeHHe He MMeeT HGpHEfII

1) ax = 6; 2) (3 — a)x = 4; 3)(a-2)x=a+ 2?7
IIpu KakoM 3HAYEHUHU I JII0DOE UUCIIO ABNSAETCA KOPHEM YPaBHEHUA:
1) ax = a; 2)(a-2)x=2-a; 3) a(a + d)x=a+ 5?
IIpu KaKux 3HAUYEHHUAX ¢ YpaBHEHHEe UMeeT eJUHCTBEHHBIN KOpPeHb:
1) (a — 5)x = 6; 2)(a+TNx=a+ 77

Peinre ypaBHeHue:

DBH+1)x=9; 2) (b% + 1)x = 4.

Pemnte ypaBaenue (m + 8)x = m + 8.

KaxkuM BeIpakeHHeM MOKHO 3aMeHHUTh 3BE3J0UKY B paBeHCTBe 6x + 8 =
= 4x + %, 4TO0BI HOJYYNIOCHE YPABHEHHUE:

1) He uMelOlIee KOPHE;

2) umeroniee 0eCKOHEYHO MHOT'0 KOPHeIi;

3) UMelolee OJUH KOPeHbL?

B paBencrse 2(1,5x — 0,5) = Tx + * 3aMeHHUTe 3BE3J0YKY TAKHUM BhIpae-
HHUEeM, 4TOOBI IOJYYHBINEeecs YpaBHEHHUE:

1) He UMeJIO KOPHEI; 3) UMeJI0 OAMH KOPEHb.

2) umesio OECKOHEYHO MHOI'0 KOpPHEIl;
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2.39.

2.40.

2.41.

2.42.

2.43.

2.44.

Pemnre ypasHeHUe:
1) |x|+ 3x=12; 3) 2(x — 5) — 6|x| =-18;

2) |x|-4x=19; 4) |[x[=1]= [x - 1].

Pelrure ypaBHeHHeE:

1) 2x — |x|=-1; 2) T|x| - 3(x + 2) = -10; 3) ||x|-2|=|x+ 2]
ITpu KaKUX IeJIbIX 3HAUYEHUAX @ KOPeHb YPABHEHUS :

1)x -2 =a; 3)2x—a=4;

2)x+ Ta=09; 4)x+2a=3

ABJIAETCA IEJbIM YHUCIOM, KOTOpOe JeJIUTCA HalesJo Ha 27
IIpM KaKUX HenblX 3HAYEHUAX H KOpeHb VPABHEHHU:

1) x+ 3 =b; 2 x-2=0b; 3)x-3Hb=8
ABJIAETCA IeJbIM YUCIOM, KOTOpOe JeJIUTCA HalesJo Ha 37
IIpu KaKux 3HAYEHUAX H KOpeHb YpaBHeHUs MeHbIIe, 4yeM b:
1) 3x = b; 2) x = 2b?

IIpu Kakux 3HAYeHUAX  KOpeHb ypaBHeHUs Goablle, yeM d:

1) 4x = d; 2)?:4?

I N
YnpaxHeHUs ANA NOBTOPEHUA gum

2.45.

2.46.

2.47.

2.48.

OpuH pabDOTHHMK MOJKET BBIIIOJHHUTHL 3ajaHue 3a 4D 4, a IPYyromMy s
1
ATOr'0 HAJO B 15 pasa MeHbIlle BpeMeHH, YeM IIepBOMY. 3a CKOJLKO Ya-

COB OHH BBIIIOJHAT 3TO 3ajaHHe, pEI.ﬁDTH_H BMecTe? REI_H}’H] HacThs 3aja-
HHA IIPH 3TOM BBIIIOJITHUT Ra}i{,ﬂﬂﬁ U3 HUX?

. 8 "
3a 1e PBBIH [eHBb Baca opoYyHuTana E CTpaHHl, KHHI'H, 3a BTOPOH —
5] ’
E CTpaHHI KHHI'HM WM 3a TpeTHH OeéHb — OCTaBlIIHecH 12 CTpaHHII.

CKONBKO CTPaHHIL B 9TOH KHUre?
H3BecTHO, UTO 7 — HaATypaJbHOE 4YHCcI0. KaKUMM YHCcI0M, YETHBEIM HMJIH
HEYETHEIM, ABJAETCA 3HAYEHHEe BBIPAKEeHHUA:

1) 4m; 2) 2n - 1; 3) n(n + 1)?
Bepuo s11, uTo Opu JII000M 3HAUEHHUU «:
1) 2a > a; 2) 2|a| > |al?

s H PeweHue 3apayd c NOMOLUbIO ypaBHEHHITl

Bawm HeOJHOEDPATHO IIPHUXOIHJIOCE PEHIATE 3a0a4YH C [IOMOIIBLID COCTaBJIE-

HUsA ypaBHeHUI. PasHooOpasue pelIéHHBIX 3aja4 ABJIAETCSA JYYIIUM II0J-
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TBep:xAeHueM 2(PPeKTUBHOCTH U YHUBEPCAJbLHOCTH 2TOr0 MeToxa. B uem xe
3aKJII0YAETCA CeKPeT ero CUJbl?

Ilejio B TOM, 4TO VCJIOBUSA HEMOXOXKHUX JPYr HA APyra 3ajmad yaaéTcs 3a-
IMUCATh MATeMAaTHYeCKUM sA3bIKOM. [JollyueHHOEe YypaBHEHHEe — 3TO Pe3yJbTaT
IIepeBo/ia VCIIOBUS 3aJlaull ¢ PYCCKOIo A3bIKA HA MATeMATHYECKUIA.

Hacro ycaoBue 3aauyd npejicraBisgeT coO00M onmHUcaHUe KaKOU-TO pealib-
HOIl cuTyanuu. CocTaBleHHOE 110 YCJIOBUK YpaBHEHUE HA3LIBAIOT MAaTeMAaTH-
YeCcKOol MOJeJabl0 CUTYAI[HUHU.

KoneuHo, 4TO0BI MOJYYUTH OTBET, YPABHEHHE HAN0 pPelINuTb. s aToro
B ajredpe paspaboTaHbl pas/iMYHbie MeTOAbl U IIpUéMbl. C HEKOTOPBIMH H3
HUX BbI ViK€ 3HAKOMBI, MHOT'HE [IPYrHUe BaM eIlé MPeaCTOUT U3YYHUTh.

HaiigeHHBIA KOpeHb YpaBHEHUSA — 3TO ellé He oTBeT 3amauu. Ciemyer
BBIACHUTh, HE NPOTHBOPEYHT JM IIOJYYEHHBIH pPe3yJabTAT peajbHOM CHUTYya-
IIMM, OIIMCAHHOI B YCJIOBHUH 3aJauM.

PaccmoTpuM, HanpuMep, TaKHUe 3aJadM.

1) 3a 4 u cobpanu 6 Kr Aroj, IpuU4YEéM KasKIblil yac coDUpAIK OJJUHAKO-
BOE II0 Macce KojauuecTBO Aroj. CKoNbKO Aroja codupaau 3a OJJUH yac?

2) Heckoabko ManbuHuKOB coOpanu 6 kr aron. Kamaeiili 3 HUX coOpaur
1m0 4 Kr. CKOJIbKO MAJIEYHKOE cOOHMpAaIu Aroabi?

IIo ycnoBUIO 2THX 3a/lady MOMKHO COCTABHTHL OJHO M TO K€ YpaBHEHHE
4x = 6, KopHeM KoToporo asjserca uyuciao 1,5. Ho B mepBoii 3amade oTBeT
«II0JITOPA KWJIOTPAaMMa Aroj] 3a 4ac» ABJAETCA IIPUeMJIeMbIM, & BO BTOPOM OT-
BeT «Arofbl cODMpAJH HoJTOpa ManbuuKa» — HeT. [loaTomy Bropas 3amaua
He UMeeT pelleHHd.

IIpn pemreHMH 3ajla4 Ha COCTABJIEHHE YpPaBHEHUIl YJIODHO NPUIEPHKHU-
BAThLCA TAKOM IIOCJIeJOBATEILHOCTH JIeUCTBUM.

lli 1. Mo ycnoBuio 3apadM COCTaBUTbL YpaBHeHUe (CKOHCTpyupoBaTk Martema-
TUYECKY0 Mogenb 3aga4n).
2. Peuntb NnonyveHHoe ypaBHeHMe.
3. BbIACHUTb, COOTBETCTBYET NV HaNAeHHbIN KOPeHb CMbICNY 3agaYn, M 3a-
nucartb OTBeT.

ITY MOCJIeJ0BATEIBHOCTh HeHMCTBHIl, COCTOAIIYIO U3 TPEX IIAT0B, MOMKHO
HA3BATh AJTOPUTMOM pellleHHd TeKCTOBBIX 3a/ady.

NMpumep 1. PaGouunii noaskeH ObLI BRINOJHHATE 3aKa3 3a 8 gHell. OgHAaKoO,
U3roTaBJINBaA exXelHeBHO 12 nmerasieill cBepxX HOpMBI, OH yiKe 3a 6 nHeil pabo-
Thl He TOJLKO BBIIIOJHWUJ 3aKa3, HO M H3rOTOBMJI JOIOJHUTENBLHO 22 HeTallu.
CKOJIBKO AeTanel eXeIHeBHO U3TOTABJIHBAJ pPadoumii?

PeweHuKe. IlycTs pabounit u3roraBJauBaJ exeagHeBHO x feraneii. Torma
II0 ILJIAHY OH JOJIKeH OBLII M3roTaBIMBaTh exxenHeBHO (x — 12) meraseii, a Bce-
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ro UX JOJIHO ObLIO OBITH U3TOTOBNEeHO &(x — 12). Ha camom nene oH U3roro-
BUJI 6Xx neraneii.
Tak Kak I10 YCJI0BHIO 3HAYEHHE BhIpaxeHUs 6.x Ha 22 OoJiblle 3HAUEHUS
BeIpaxkenus 8(x — 12), To mosyuyaeM ypaBHEHHUE:
6x — 22 = 8(x — 12).
Torna
6x — 22 = 8x — 96;

OtBeT: 37 neraneii. m

Mpumep 2. Benocuneguct mpoexat 65 km 3a 5 u. HacTh OIyTH OH exal
co ckopocThio 10 KM /4, a OcTABIIKICA IIVTE — €O CKOPOCThIO 15 KM /4. CKOJIb-
KO BpeMEeHM OH eXajJ co ckopocThio 10 KM/4 M CKOJIBKO — CO CKOPOCThLIO
15 xkm,/u?

PeweHue. IIyeTs BesocuequeT exana X 4 co ckopoctbio 10 km/u. Tor-
na co cCKopocThio 15 KM/4 oH exan (5 — x) 4u. [lepBad yacTh IyTH COCTABJIA-
er 10x KM, a BTOopags — 15(5 — x) Km. Bcero BejocumegucT IIpoexal
10x + 15(5 — x) kM. IlocKoABKY Bech IYTH cocTaBUJ 65 KM, TO Iojaydaem
ypaBHEHUE:

10x + 15(5 — x) = 65.
Orcroma 10x + 75 — 15x = 65;
—5x =-10;
x = 2.
CnenoBarensHo, co ckopocThio 10 KM/4 0oH exan 2 4, a CO CKOPOCTBLIO
15 km/u — 3 4.
OtBeT: 24, 3 4. m

- O
® YnpaXXHeHVA g4 meew

3.1. Harama xkyouiaa 24 rerpagu, OIpUYEM TeTpajed B JHHEHKY OHAa KYIIIa
Ha 6 Ooabine, yem Terpageil B KiaeTKy. CKOJIBKO TeTpajeil Kamaoro BUAa
kymmiaa Harama?

3.2. C aByx jgepeBbeB cobpanu 65,4 Kr BUILEH, IPUYEM C OJHOI'O JepeBa co-
opanu Ha 12,6 Kr MeHsblle, yeMm co BToporo. CKoJIbKO KUJIOIPDAMMOB BHU-
el co0paliu ¢ KaxJaoro aepesa?

3.3. Ilepumerp nmpAMOyroJibHHKa paBeH 7,8 c¢M, a OJHA M3 €ro CTOPOH HA
1,3 cm Gonsbiie apyroii. HaiiguTe cTOPOHBI NPAMOYTrOJbHHUKA.

3.4. OpnHa H3 CTOPOH NPAMOYroJabHHMEA B 11 pas mensbiie apyroii. Haiigure
CTOPOHBI IPAMOYTOJBHHUKA, €CJIM ero nepuMeTp paseH 144 cm.



3.5.

3.6.

3.7.

3.8.

3.9.

3.10.

3.11.

3.12.

3.13.

3.14.

KRanar pgnuaou 30 m paspesanu Ha Tpu 4dactu. IlepBaa gacth Ha 2 M
IIUHHEee BTOPOH M Ha 4 M OgauHHee Tperheil. HalauTe NIINHY KammIoi
YacTH KaHAaTA.

Tpemsa kpynHeidmumu ozepamu Poccum asasioTces o3epo Baitkan, Jla-
no:kckoe 03epo u OHesxckoe ozepo. OOl 06BEM BOILI, colepsKalleics
B 3TUX 03épax, cocraBiser 24 808 km?, npuuém 06BEM BOJLI, COepKa-
meiica B Jlagoxckom osepe, Ha 22 T07 kM® MeHbIIe, ueM 00BEM BOJLL
ozepa Baiikan, u Ha 623 km? 6onbiie, ueM 06bEM Boabl OHEIKCKOT'O O3€-
pa. CKoIbKO KYOMYECKHUX KUJIOMETPOB BOALI CONEPIKHUTCA B KAMKIOM H3
ATUX 03Ep7

B mome 160 KBapTHp TpEéxX BHUAOB: OJHOKOMHATHEIE, ABYXKOMHATHBIE
1 TPEXKOMHATHBIe. OMHOKOMHATHLIX KBAPTHP B 2 pasa MeHbIIe, 4YeM
IBYXKOMHATHBIX, M Ha 24 MeHbIlIe, 4eM TPEXKOMHATHBIX. CKOJIBKO B J0-
Me KBapTHP Kaskaoro Buja?

Tpoe paboumx uarorosunu 96 meraneit. IlepBBIi M3 HHX HM3IOTOBHII
B 3 pasza OoJipllie JeTajeil, ueM BTOpPOM, a TpeTwii — Ha 16 neraei
Doabiie, yeMm BTopoii. CKOIBKO AeTajei M3roTOBUJI KaxKIblil padoumii?
B Tpéx nexax saBopa paboraer 101 uemosek. KomuuecTBo pabounx mnep-

4
BOT'0Q IIeXa CoCTaB/aAeT E KOJIHYeCTBa pﬂﬁ'U‘IHK TpeThbero 1mexa, a KoJHu4ie-

crBo pabouux BTOporo mexa — 80 % kosuuyecTBa pabouyux TPeTLETO.
CronbKO uesioBeK paboTaeT B mepBoM 1exe?
BenocuneaucTsl YVYACTBOBAIK B TPEXIHEBHOM Besonpobere. Bo BTopoi

wr 4
M TPeTHii IHW OHHU IIpoexaau cooTBeTcTBeHHO 120 % u < paccTOAHHNA,

KOTOpPOE OHH IIPEOOJIeJIH 3a IEePBBIA JeHb. KaKoil IyTh OHU NpoeXau
B IIEPBLIA NEeHb, €CJIH JJHHA Bcero Mapmpyra cocraBuader 270 xm?

B 6 Gonpmux u 8 MaJeHbKHX AINUKOB pasnaokunn 232 Kr sdJIOoK.
CKOJBKO KHJIOrPaMMOB A0JIOK OKAa3aJ10Ch B KaXKJI0M AIIUKE, €CJIH B KaXK-
IOM MAJIEHBKOM SAIHEKe ObLIO HAa 6 Kr A0JI0K MeHBIIe, 4eM B KaXIOM
bonpiom?

B nByx sanax kumHoTearpa 534 Mmecra. B ogHOM 3ane 12 ogqHHAKOBBIX
PAI0OB, a B APYroM — 15 OJMHAKOBBIX PAJ0B. B KaKI0M pAOY IepPBOIO
3ajia Ha 4 Mecra 0OoJibllle, YeM B KasKJIOM psany BToporo. CKOJIBKO MeCT
B KasKJOM 3aJie KHHOTeaTpa?

Paccrosinue Me:xAy ABYMSA IOpoJaMM MOTOIHMKJIHCT IIpoexan 3a 0,8 4,
a Besocumnenuct — 3a 4 4. CKopocTh BeJocHIIeTUcTa Ha 48 KM /4 MeHb-
II1e¢ CKOPOCTH MOTOIUKJIHCTA. HaliiuTe CKOPOCTh KAMIOT0 U3 HUX.

3a 2 Kr KoH(eT oJHOTO BHIA 3alJIaTUIH CTOJBKO e, CKOJILKO 3a 3,5 KT
KoH@eT apyroro Bujsa. KakoBa ImeHa KayJoro BHAAa KoH@eT, ecan 1 Kr
KOH(peT 1mepBoro Buna Ha 48 p. mopoaxe 1 Kr KoHder BTroporo Buja?
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3.15.

3.16.

3.17.

3.18.

3.19.

® ¢

KumorpaMm orypmos Ha 4 p. JelleBjie KHjaorpaMmMa nmoMugopoB. CKoJIb-
KO CTOUT 1 KI IOMHJIOPOB, €CJHU 3a 3,2 KI' IOMHJ0POB 3allJIATHJIA CTOJIb-
KO JKe, CKOJIbKO 3a 3,6 Kr orypuos?

B ognom Oake ObLIO B 3 pasa Ooibilne BOAbI, ueM B Apyrom. Korma
B nepBLlid 0ak monuau 16 g Boasl, a Bo Bropoit — 80 1, To B oboux Oa-
Kax BOJBI ¢TaJ0 NOPoBHY. CKOJLKO JHTPOB BOJALI OLIJIO CHAaUYaJIa B KaxK-
nom bare?

Ha omnoii monke ObL10 B 4 pasa Doibllle KHHUT, 4yeM Ha Apyroi. Korma
¢ MEePBOH MOJKH B3AJIH D KHHI, a HA BTOPVIO IIocTaBUJIN 16 KHHUI, TO Ha
00eux IoJKaX KHHUI CTaJ0 MOPOBHY. CKOJMBKO KHHUI OBLIO CHadaja Ha
KasKJI0H MmoaKe?

Ceituac oty 26 jer, a ero ceiHy — 2 rozia. Yepes CKOJBLKO JIeT oTell 0y-
IIeT B D pas crapiue chiHa?

Ceftuac marepu 40 ger, a eé nouepu — 18 mer. CKOIBKO JeT TOMY Hasa
IoYyb ObLIA B 3 pasa MOJIOJKe MaTepu?

3.20.

3.21.

3.22.

3.23.

3.24.

3.25.

3.26.

Insa mroabHOM Oubamoreku npuobpenu 50 opdorpadhuuyecKux U TOJIKO-
BEIX cJIOBapeil pycckoro A3sika Ha o0myio cymmy 11 000 p. Croabko
OBLJIO KYILJIEHO cJIoBapeil KasKJIoro BUAa, eciau opdorpaduuecKUil clio-
Bapek cTouT 200 p., a TonkoBelil — 250 p.?

IIpegnpunumarens nono:xua B 6anx 300 000 p. ma nBa pasaIHYHBIX
BKJIAZla, MPUYEM II0 OJHOMY BKJAaAy eMy HacuyuTbhIBANIH 7 % IOJ0BBIX,
a mo apyromy — 8 % ronoseix. Yepes rox o noayuuia 22 200 p. npudbi-
an. Kakasa cymMma Obliia BHeCeHA HA KaXKIbI U3 BKJIALOB?

B kacce 65110 19 MoHeT 110 2 p. ¥ o 5 p. Ha 001IyI0 cyMMmy 62 p. CKoIb-
KO MOHEeT KajkJoro Buja ObLIO B Kacce?

B nByx xpanunumnax 010 OfUHAKOBOE KOJIUYeCTBO yIvisd. Korna us nep-
Boro xpanunuiia Beisesaun 680 T yrusa, a us sroporo — 200 1, To B mep-
BOM OCTAJIOCH B O pa3 MeHbIle YIiid, 4eM Bo BropoM. CKOJILKO TOHH YIUIs
OBLIIO B KaXKJIOM XPaHWIHILE cHAYasa?

¥ Ileru u Bacu Obl10 mopoBHY jAeHer. Korga Ha mokynky KHUr Ilers
norparui 120 p., a Baca — 180 p., To y IleTu ocranock B 2 pasa 00Jb-
me geHer, yem y Bacu. CKonbKo JeHer OBLJIO ¥V KamKIOro MaJbUYUKA
cHavamna?

B ogHom Mmemke ObL10 B & pas Oonblie MykKH, yeM B apyrom. Korma us
IIEPBOr0 MeIIKa mepechinaiyu 12 Kr MyKH BO BTOPOW MEIIOK, Macca My-

5]
KH BO BTOPOM MelIEKe COCTaBHJIa ? MAacChbl MYKH E IIepBOM. CKONBKO KH-

JIOTPAMMOB MYKH OBLTO B KaXKJIOM MeIIKe cHaudaja?
B ognom koHTeiliHepe ObLIO B 3 pasa Oojblie yrid, yeM B apyrom. Korma
U3 MepBOTo KoHTeiiHepa mepechinanan 300 Kr yris Bo BTOpPOH KOHTeli-



3.27.

3.28.

3.29.

3.30.

3.31.

3.32.

3.33.

3.34.

Hep, TO Macca VIyia B IepBoM KoHTelHepe coctaBuiaa 60 % maccel yris
BO BTOpoM. CKOJIBKO KMJIOIPAMMOB YIJIA OLLIO B KaMKJIOM KOHTEilHepe
cHauaa?

OnuHomy pabouemy Hajzo ObLIO H3roToBUTE 90 neraneii, a npyromy — 60.
IlepBrpiii pabouunii eXKeJHEBHO M3roTraBiuBajJ 4 gerajan, a BTOpPOil —
o neraneii. Yepes CKOJNBKO JHel MepBOMY pabodyeMy OCTAHETCA U3TOTO-
BUTH B 2 pasa OoJbllle geraneil, yeM BTOPOMY, €CJH OHHM Hadayu pabo-
TaTh B OJUH JIeHb?

B omuoit nucrepue Ob10 200 1 Boabl, a B gpyroit — 640 n. Korma us
BTOPOIl IHCTEPHBI MCIIOJL30BAJN B 2 pasa 0oJIbIle BOALI, YeM U3 IIep-
BOH, TO BO BTOpPOi ocTajiochk B 3,0 pasa OoJblle BOALI, YeM B IEepPBOIl.
CKOJILKO JILTPOB BOJALI UCIOJL30BAIH M3 KAMKION IUCTEPHEI?

W3 nByx ropofios, paccTossHHe MEKIY KOTODBIMH PaBHO 385 KM, Bblexa-
JU HABCTpeuy APYI APYIY JerkoBou M rpy3oBoil apromodunaun. Jlerkosoiu
aBTOMODOMIbL exasl co ckopocThio 80 Km/4, a rpysoBoid — 50 Km/d.
CKOJIBKO BpeMeHH eXaJl 0 BCTPEeYH KasKIblil U3 HUX, eCJH I'PY30BOil aB-
TOMOOHJIb BbIeXaJl Ha 4 4 I103Ke JIETKOBOro?

W3 nmepBoro ceJjia BO BTOPOE BhIIIEJ IEeHIexX0 cO CKOPOCThI0 4 KM /4, a ue-
pe3 1,5 u mocJie 9TOT0 M3 BTOPOrO CeJia HABCTPEUY eMY BhIeXAJ BeJIOCH-
IeJUCT CO CKOpocThio 16 KM /u. Yepes CKOMBKO MHUHYT IIOCJIe BLEIE3La Be-
JIOCHUIIeJUCT BCTPETHJICS C IIeIeX00M, eCJI PACCTOSAHUE MeMIy CeJlaMu
paBHO 14 KM?

Paccroanue Me:xay ABYMs ropojJaMy II0 peKe Ha DD KM MeHbIIe, YeM [0
miocce. Paccrodanue MexAy ropogaMH TeILIOXOJ IIPOXOJHT II0 PeKe 3a
6 u, a aBTOOYC 110 mocce — 3a 3 u 30 muH. Haligure ckopocTu aBTodyca
1 TEILIOXO0[Aa, eCJIM CKOPOCTh Telioxona Ha 30 KM/4 MeHbIIe CKOPOCTH
aBTobyca.

Tennoxon npoirén 4 4 Mo TeUeHUIO PEKM U 3 U MPOTUB TeueHUA. I[IyTh,
POHAeHHBIN TEILIOXOAOM II0 TedeHUIo, Ha 48 KM OoJbllle IyTH, MPOM-
IeHHOT0 MPOTHUB TeuyeHUsa. HallguTe CKOPOCTh TEILIOX0[Aa B CTOSYEl BO-
e, eCJIM CKOPOCTh TeYeHUA paBHa 2,0 KM/4.

TypucT naela 5 4 Ha IUIOTY 0 TEYEHHIO PeKH U 1,5 4 Ha MOTOPHOH JIOJ-
Ke IIpoTuB TedyeHHA. CKOPOCTh JIOAKHM B cTOsA4Yell Boje paBHa 24 KM/d.
HaiiguTe CKOpPOCTh TeUEHHS, €CJIM IIPOTHB TeUeHUS TYPHCT NPOILILLI HA
23 kM OoJiblIe, 4eM I10 TeUYeHHIO.

B nByx amukax ObL1o 55 Kr nmeuenbsa. Korga U3 mepBoro siuka mne-

L 1 e
PeJOdHUJIHM BO BTOPOH E MAaccChl coepialleroca B HeM IIeYeHbH, TO

B IIEePBOM AINUKE OCTAJOCH HA 5 KI' 00JIbIIe IedYeHbS, YeM CTAJO BO
BTOpoM. CKOJIBKO KHJIOrPaMMOB IIe4eHbA OBLIO B KamKIOM AINUKEe CHA-
yamna?
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3.35.

3.36.

3.37.

3.38.

3.39.

3.40.

3.41.

3.42.

3.43.

B nByx xop3uHax 0b110 24 Kr rpyui. Korna us nepBoi KOP3UHEI IIEepeJsIo-
3 "
MU BO BTOPYIO - MAcChl COAEPIALMXCA B Hell IPYII, TO Macca rpyl

BO BTOPOH KOp3HHE cTaja B 2 pasa 0oJbIlle Macchkl I'PYII, OCTABIIHXCS
B I1epBoii Kop3uHe. CKOJBKO KIIOIPAMMOB I'PYII OBLIO B KaXKI0MH KOP3U-
He cHayaja?

. " 4
Ha TpeX IIOJKaX CTOAT KEHHUI'H. Ha InepBoH NMoJIKe CTOHUT E BCeX KHHWI,

Ha BTOopoit — 60 % Bcex KHUr, a HA TPeThell — Ha 8 KHUT MeHbIle, YyeM
Ha nmepBoii. CKOJIBLKO BCero KHUT CTOUT HA TPEX IMOJaKax?
B uersipe OugoHa pasauan MoJoko. B mepselit 6ugon Hanunu 30 % Bee-

s 5 L] L]
ro MoJioka, BO ETOPDOHM — E TOTO, YTO B IIePBELIM, B TPeTHH — Ha 26 1

MeHbIIIe, YeM B IIepPBblii, a B 4eTBEépThIi — Ha 10 J1 6oabine, 4yemM BO BTO-
poii. CKOJIBKO JIUTPOB MOJOKA Pa3IMIA B YeThIpe Oumona?

Ha 6asy npuexanu typuctsbl. [Ipu pacceiieHUHM TYPUCTOB B IIAJIATKH OKA-
3aJI0Ch, UTO €CJH B KaXKAVI0 IAJATKY IOCEeJUTHL 6 TypHCTOB, TO 5 TYpH-
CTAM MeCTa He XBATHUT, 4 €CJIA pPaccelsaTh 1o 7 TypucTos, To 6 MecT ocra-
HyTCA cBOOOAHLIMU. CKOJIBKO TYPUCTOB IIpHexaso Ha 0azy?

IIpy moAroToBKEe HOBOTOJHHX IOJAPKOB IJd yUyallluxcsa 7 KJacca oKasa-
JIOCh, UTO €CJIM B KaKJBbIH IIOJapoK IOJOKHTH 0 4 amenbcHHa, TO He
XBATHUT 3 alleJbCHHOB, 4 €CJH MMOJOKUTH 10 3 aleIbCHHA, TO OCTAHYTCH
JUIIHUMHU 25 anejlbcUHOB. CKOJIBKO MMeJOCh AlleJIbCUHOB JIJIA IOATO-
TOBKH IOJAaPKOB?

Pabouunii minaHupoBaJ exeIHeBHO U3roraBnuBaTh no 20 gerasneii, 4ToObI
BOBPEMs BBIIIOJIHUTEL HPOU3BOACTBEHHOE 3ajiaHue. Ho 0H M3roTaBJIHBAJI
KamJIbIi JeHb Ha 8 meTaneil OoJblie, YeM ILIAHUPOBAJ, M YiKe 3a 2 JHA
0 OKOHYAHHA CpPpoKa padoThl OH M3roTOBHMJ 8 meTajeil cBepxX ILIaHAa.
CKOJIBKO AHEH IMIaHUPOBAJ pabdouyuil BHIIIONHAThL 3agaHue?

FoToBsACH K 9K3aMeHY, VUEHHUK IIJaHUPOBAJ exkeJHeBHO pemiaThk 10 3a-
nad. Ho oH KamILIA AeHb pelran Ha 4 3ajauyn 0oJblle, IO3TOMY ViKe 34
3 IHA 10 PK3aMeHa eMy OocTajgoch pemnTh 2 3agayu. CKOJIBKO BCero 3a-
Iad IMIaHUPOBAJ PEUIUTh VUeHHK?

B nBy3HauHOM YHCJe KOJHYECTBO JECATKOB B 8 pasa 0oJbllle KOJIHYEeCT-
Ba eguHHUIl. Ecin mudpsl yncia nepecTaBUTh, TO IMOJYIEHHOE YUCIIO 0V-
netr Ha 54 MeHbIIe gaHHoro. Haligure qanHOe ABY3HAUHOE YHUCJIO.

B nBy3HAUHOM 4YHCJIe KOJHYECTBO AECATKOB Ha 2 MEHLIIEe KOJIHMYecTBa
enuHuI. Eciau nudpel 4yuciaa mepecTaBuTh, TO MOJYYEeHHOe YHCIo Oyaer

3 o
B 1 Z pa3a DoasbIIe JaHHOTI'O. HEI_H,[[HTE JaHHOe IBY3HAYHOEe YHCJIIO0.
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3.44.

3.45.

3.46.

W3 aBYX ropojoB, paccTOAHUE MeXJY KoTopbiMu paBHO 270 KM, BbIexa-
JIM OJJHOBPEMEHHO HaBCTpeuy APYr Apyry ABa asromoOumas. Yepes 2 u
IocJie HAavyaJja JBMKEeHHSA PAcCTOAHHEe MEXKJY HUMH cocTaBIaAIo 30 KM.
HaiiguTe CKOpOCTEL KasKI0r0 aBTOMOOMIA, €CJIM CKOPOCTL OJHOI0 U3 HUX
Ha 10 KM/4 DoJbllle CKOPOCTH APYIroTo.

Eers nBa cmrasa Mmenu u nuHKAa. IlepBriil crias cogep:ut 9 %, a BTO-
poit — 30 % nuuKa. CKOJIBKO KMJIOIPAMMOB KaKJI0ro cILIaBa HaJl0 B3ATh,
4TOOBI IIONYYHTE ciiaB maccoil 300 kr, cogepxxammuii 23 % nuuaka?
Ecth aBa BOmHO-coJieBhIX pacTBopa. Ilepselil pacTBop cozep:xutr 25 %,
a Bropoit — 40 % conn. CKOJIBKO KHJIOIPAMMOB KasKJIOI'0 PACTBOpAa HAJO
B3AThb, UYTOOBI IOJYYUTEL PAcTBOP Maccoil 50 kr, comep:xamuii 34 % comu?

3.47.

W3 aByx cén, paccToAHNE MeKNY KOTOPLIMHA PABHO 7 KM, OJJHOBPEMEHHO
Ha4yaJl¥ JBUKEHHe Ielnexon U Bejocunenuct. CKOpocTh Ielexona pas-
Ha 3,6 KkM/4, a Bejmocunenucra — 12 km/4. Hepes Kakoe BpeMs II0CJIe
Havajla IBUKEeHUs paccTossHue mexny Humu oyuger 1,4 km?

N
YnpaxHeHus ANA NOBTOPEHVA gum

3.48.

3.49.

3.50.

BriauciauTe 3HAYEHHUE BheIpaseHHnd.
1)-9,6:12 — 29 : (-5,8) + 4 : (-25);
2)-3,4-(4—4,6)+ 12,4 . (-0,8 — 2,2):

3) (0,4 . 1] 621,75 [—73];
20 3 8

4) (6,3 : (—%) _26: (—%D - (-%) ~0,6:(-0.36).

HaiiguTe sHaueHHUe BhIparkeHUA:
1) 14 — 6x, ecan x = 4; —-2; 0; —0,3;

3.
8 3

2)a?+ 3, ecmuna="T;-2;0; 0,4; —1%;

3) (2m — 1)n, ecnu m = 0,2, n =-0,6.

SamoJHUTe TabJauIly, BEIYHUCIUB 3HAUEHHEe BhIpasKeHUusa —3Xx + 2 IJis JaH-
HBIX 3HAYEeHHH X.

X -4 -3 -2 -1 0 1 2 3 4

-3x+ 2
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3.51. RKakyw uudpy Ha0 IPUIUCATE CJIeBA U clipaBa K YHCIAY 37, YTOOBI I10-
= JIY4eHHOe YHCJO0 JeJIMJI0Ch Haleo Ha 67
3.52. Umeer nu ypaBHEeHUE KOPHU:
1) x* = 0; 3) |x|=x;
2) x? = —1; 4) |x| =-?
B cinydae yTBepAUTEIBHOTO OTBETA VKAMKHUTE UX.
3.53. MoikeTr U OBITEH LEJILIM YHUCJIOM 3HAUEHUE BhIPAXKeHUd:

1. Y o
1) x’ 2)35:+1'




JInHeMHOe ypaBHeHUE ¢ OQHON NepeMeHHON
YpaBHeHWe Buaa ax = b, rge x — nepemMeHHas, a U b — HekoTopble
4YMcna, HasblBatdT NMHEMHbIM ypaBHEHUEM C OAHOW NepemMeHHOoMW.

PeweHue NUHENHOro ypaBHEeHUNA ¢ OQHOMN NepeMeHHON

Buavenuda d u b a#0 a=0,b=0 a=0,b#0
K .
OpPHHU ypaBHEeHHA . b x — mwoboe Kopeit mer
ax=>b a YHCII0

Cxema pelueHMUA 3afa4y Ha COCTaBNieHue ypaBHeHUN
1. Mo ycnoBuio 3agayn COCTaBUTb ypaBHeHWe (CKOHCTpyMpoBaTh Ma-
TemMaTU4eckyo Mogenb 3a4a4u).
2. PeluMTb Nony4yeHHoe ypaBHeEHMe.
3. BbIACHWUTL, COOTBETCTBYET MM HaWAEHHbIN KOpPeHb CMbICNY 3aauu,
M 3anucaTb OTBET.
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2 Lienbie BbipaXXeHuna

O B 3ToW rmaee Bbl HAY4NTECH YNPOLWATE BbiPaXeHuns, Mo3HakoMuUTecs ¢ hop-
MynaMu U Npuémamu, nomoralwmmm obneryute paboty no npeobpaso-
BaHMIO BbIpaXKeHWN,

O Bbl y3HaeTe, 4TO BO3BefeHWe YMCIa B KBaapaT M Kyb — 4yacTHble ciydam
HOBOro apudmMeTU4ecKoro AeUcTBUS.

O Bbl Hay4uTeck knaccuuuMpoBaTes anrebpanyeckue BelpaxeHus.

s n ToxxpecrBeHHO PaBHble Bblpa)XeHWUSA. Toxxpecrea

PaccmoTpuM aBe mapbl BhIpasKeHUH:

1) x° — x u 5x% — 5u;

2)2(x—-1)-1wu 2x - 3.

B cuaepgyromux tabauilax nNpUBeJeHbl 3HAYEHUA ITUX BHIPAKEHUHN MPH
HeKomopsbLX 3HaUeHUAX IIepeMeHHOoM x.

x -2 -1 0 1 2
X5 - x -30 0 0 0 30
5x3 — 5x -30 0 0 0 30
x -2 -1 0 1 2
2r-1) -1 -7 -5 -3 -1 1
2x -3 -7 -5 -3 -1 1

MgpI BUAHM, YTO 9TH 3HAYEHHA COBIALAIOT JJIdA KamI0H OTIeJbHO B3ATOMI
napsl BeIpasKeHun.

CoXpaHUTCA JIX 3Ta 3aKOHOMEPHOCTD IPHU J00bLX Opyzux 3HAYEHUAX X7

I BeIpaKeHuil, 3alIUCAHHBIX B IIepBOU Tabnuie, oTBeT HA I9TOT BO-
IIpOC OTPHUIATEJBLHBINA: ecy, Hampumep, X = 3, To x° — x = 3° — 3 = 240,
abx?—5bx=5.3"-5.3=120.

A 3HAYeHHUsA BLIPAKEHUI, 3allMCAHHBLIX BO BTOPOH Tab/MIe, COBIAJAIOT
IIPH 210ObIX 3HAYEHHAX X, JlIoKaMeM 3TO.

20 —1)-1=2x-2 -1 =2x — 3, T. e. IocJie VIPOIIEHUS BbIpaKkeHHe
2(x — 1) — 1 «<npespaTuoch» B BhIpakeHHe 2x — 3.
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=) Onpepenenne
Bbipa)eHusn, COOTBETCTBEHHbIE 3HA“eHWSA KOTOPbIX pasHbl NpM NOOLIX
3Ha4YeHWAX BXOAALWMX B HUX NepeMeHHbIX, Ha3biBalOT TOXAECTBEHHO paB-
HbIMMW.

Hanpumep, Beipamenns 2(x — 1) — 1 u 2x — 3 — TOMXAeCTBEeHHO PaBHLIE,
a BBIDAMKEHHUS X° — X U Hx® — 5x TOMKIeCTBeHHO PABHLIMU He SBJISIOTCSH.

[Ipumepsl map TOMKIECTBEHHO PABHLIX BhEIPAMKEHUI:

Ta+b)yu Ta+ Th;
3x+y uy + 3x;
m’np n nm?p;
a-(b+cyunua->b-ec.

Paccmorpum pasenerso T(a + b) = Ta + Th. B enny pacupeeidTeabHO-
o CBOMCTBA VMHOMKEHHUSA OTHOCUTEJILHO CJI0EHHA OHO BEPHO IPH JIIOObIX 3HA-
YeHUAX IIepeMeHHBIX a U b,

»usp OnpepeneHue
PaBeHcTBO, BepHOoe npu NoObIX 3HAYe€HUAX BXOQALWMX B Hero nepemeH-
HbiX, Ha3bIBaKOT TOMAECTEOM.

M3 napbl TOMKAECTBEHHO PABHBIX BLIPAMEHUN JIEIKO IIOJYVYHTEH TOMKJE-
CTBO.
Hanpumep, paBeHcTBa
3x+y =y + 3x;
m?np = nm?p;
a-(b+c)y=a-b-c
ABJIAIOTCA TOMIECTBAMMU.
3aMeTHM, 4YTO ¢ TOXKJIECTBAMHU BbI BCTpPeYaJaHch U paHblle. Tak, paBeH-
CTBa, BRIpAMKAIOIHe CBOMCTBA CIOMEHUSA M YMHOMKEHHUSA YHNCe], ABIAITCH
[IpUMepaMU TOMXKIECTB:
a+b=>b+a;
(a+by+c=a+(b+co);
ab = ba;
(ab)c = a(bc);
a(b + ¢) = ab + ac.
Haiiném snauenue BeIpaskeHusa 1la — 3a + 2 npu a = % . KoHeuHo,

1 "
MOMHO Cpa3y B 2aTO BhIpadeHHe IIOJCTAaBHTE BMECTO ¢ YHUCJIO g H HaWUTH 3HAa-

YyeHHEe YHUCJIOBOT0 BhIpaskenusa 11 - %— 3- é + 2. OgnHako ropasgo yno0Hee cHa-
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Jajda INpHUBEeCTH IIDII;DﬁHE[E cilaraemMblie, 3aMeHHE JTaHHOE BhIpaXeHIIe 11a —

— 3a + 2 Ha ToEJecTBeHHO paBHoe: 8a + 2. Ilpu a = % nuMeeM: 8 - %-l- 2 =3.

3aMeHy OJHOI'0 BBIpa’KEeHHSA APYIHM, TOKIECTBEHHO PaBHBIM €My, Ha-
3bIBAIOT TOSKAECTBEHHBIM IpeoOpasoBaHUeM BbIPaKeHUs.

[IpuBenenue MOmMOOHBIX cjaraeMbIX M PACKPBITHE CKODOK — IIpUMEpHI
TOMJeCTBEHHBIX Npeodpa3oBaHUil BbIpaXeHUU. YIOpollasd BbhIpazKeHUe, MbI
(haKTHUECKHN 3aMeHsieM ero Ha 0oJiee IpPoOCToe, TOMXKIECTBEHHO PABHOE eMYy.

s roro 4rodbsl H0KaszaTh, UTO JAaHHOE PAaBEeHCTBO SIBJSAETCS TOMIe-
CTBOM (MUJIHM IOKA3aTh TOMKAECTBO), UCIOJIBL3YIOT TAKUEe IIPUEMEI (MEeTObI).

m --. » TopgecTBeHHO npeobpa3yoT ogHy U3 YacTen AaHHOro paBeHcTBa, nony-
Yyan Apyryr 4Yacrb.
* TopaecTBeHHO NpeobpasyioT KaXayo U3 YacTeil 4aHHOro paBeHCTBa, No-
nyyv4asa ogHoO U TO e Bblpa)eHHe.
* Nloka3bIBalOT, YTO Pa3HOCTb IEBOW M NPaBON YacTen AaHHOro paBeHCTBa
TOMAEeCTBEeHHO paBHa HYNIo.

Mpumep 1. JlokaKuTe TOMXKIECTBO:

1) 2(3a + 4b) + 3(a — Tb) — 7(2a — 7b) = —ba + 36b;

2)0,6(x—5)+0,4x+1)=0,8(x+ 2)+ 0,2(x — 21);

3)a(b—-c)+ b(c —a)=c(b - a).

PeweHune. 1) YupocTuM JeBYyIO YaCTh PABEHCTBA!

2B8a+4b)+ 3(a—-Tb) - T(2a - Th)=6a + 8b + 3a — 21b — 14a + 49b =
= —ba + 365,

ToxxmecTBo HJOoKasaHO.

2) YopocTHM JIeBYIO B IIPaBYIO YACTH PABEHCTBA:

0,6(x-5)+0,4(x+1)=0,6x-3+0,4x+ 0,4 =x — 2,6;

0,8(x+2)+0,2(x-21)=0,8x+1,6 + 0,2x — 4,2 =x — 2,6.

IMonyuunu ogHO U TO Ke BeIpaskeHue. ClieJoBaTeILHO, TOMKIECTBO JOKA-
3aHO.

3) PacecmoTpuM pas3HOCTE JIeBOM M IIPaBOi YacTe:

alb—-c)+blc—a)—cb-a)=ab - ac+ bc— ab — bc + ac = 0.

ToxmecTBo JoKaszaHOo. M

Mpumep 2. Jloka:xure, uTo paBeHcTBo (a + 2)(a — 3) = a? — 6 He aABIgeT-
Cs TOMKIAECTBOM.

PeweHwne. Yrobsl n0Ka3aTh, YTO PABEHCTBO He SBJIAETCA TOMIECTBOM,
NIOCTATOYHO MPUBECTU KOHMPRPpUMEP: YKa3aTh Takoe 3HAYeHUEe MepeMeHHOM
(mepeMeHHBIX, €CJIM WX HEeCKOJIbKO), IIPH KOTOPOM JaHHOE PaBEHCTBO HE BHI-
IIOJTHAETCA.
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Hanpumep, npu a = 1 umeem:
(a+2)(a-3)=(1+2)(1-3)=-6;a°-6=1-6=-5.
CiemoBaTelbHO, JaHHOE PABEHCTBO He SIBISIETCA TOKJEeCTBOM. M

1. Kakune BbipaXXeHUs Ha3bIBalOT TOXAECTBEHHO paBHbIMU?

2. 470 Ha3bIBaAKOT TOXOEeCTBOM?

3. YTo Ha3bIBalOT TOXAECTBEHHbIM Npeobpa3oBaHMeM BbipaxXeHus?
4. Kakune ToXaecTBeHHble npeobpa3oBaHnA BbipaXeHWN Bbl 3HaeTe?
5. Kakne npnémbl MCNONb3YyOT ANA AoKa3aTenbCTBa TOXAeCTs?

- ]
® YnpaXHeHVA g4 weew .
4.1. HKaxwue cBoiicTBa apudMeTHYECKHX AeHCTBUM JAIOT BO3SMOXKHOCTh VTBEP-
JKJIATH, UTO JAHHLIE BHIPDAMKEHUA ABJIATCA TOMXKIECTBEHHO PABHBIMU:
1) ab + cd n c¢d + ab; 4) (x+ 2)x+ 3) u (3 + x)(2 + x);
2Q)(a+1)+bua+(1+Db); 5) T(a—4)u Ta — 287
3)a - 4b u 4ab;
4.2. jlBngercs nU TOXIECTBOM PABEHCTBO:
1) 2x—12 = 2(x - 6); 7) 3a—a=3;
2)a—-b=-(b-a); 8) 4x + 3x = Tx;
3)3m+9=3(m+9); Na-(b+c)=a->b +c;
4Y(a+b) - 1=a+b; 10)m+n-k)=m+n-~k;
5)(a+b) - 0=a+ b; 11) 4a — (3a — B) = a + 5;
6) (a —a)b+b)=0; 12) (a-5)Na+3)=(5—-a)(3 + a)?
4.3. SBasiorcs JIA TOMIECTBEHHO PABHBIMH BhIPasKeHUS
1) 8(a— b+ c¢c)u8a—8b + 8¢;
2)2(x—-4)u -2x — 8;
3)(ba—-4)-(2a—-T)u 3a—- 117
4.4. CpaBHuTe 3HAYEHUS BhIpaxeHuit a’ u |a| nupu a = —1; 0; 1. MoxkHO JH
YVTBePIKJATh, YTO PABEHCTBO a = |a| saBnsercsa TomaecTeoM?
4.5. Kakomy M3 [aHHBIX BBIPDAKEHUHN TOKIECTBEHHO PABHO BhIPDaKeHHeE
—-3a+ 8b—a—-11b:
1) —4a + 3b; 2) —3a + 3b; 3) —d4a — 3b; 4) —-3a — 3b?
4.6. Cpenu Beipazkenuit —10a + 7; —10a — 7; —14a + 7; —14a — 7 HalijuTe BbI-
paxkeHue, TOXJIECTBEHHO paBHOe BeIpaxkeHuio —12a + (7 — 2a).
4.7. [lora:xure TOXRIECTBO:

1) —5x — 6(9 — 2x) = Tx — 54,
2) %(12 ~0,6y)+ 0.3y = 0,1y + 4;

3)3(7T—a)— T(1 —3a)=14 + 18a;
4)(bx—8)—-H6x—(4 - 9x)=10x - 12;
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2) a(2,1m —n) - 0,9(7Tm + 2n) = —4,8n;

6) 3(—§I+GJ—1(24—111) ~ 0.
3 3 6 2

4.8. Jlora:xure TOMXIECTBO:
1) -0,2(4b - 9) + 1,4b = 0,6b + 1,8;
2) (ba — 3b) — (4 + ba — 3b) = —4;
3) 5(0,4x - 0,3) + (0,8 - 0,6x) = 1,4x — 0,7;
1 1 1
4) 5(3;; 27) Z(Ey 1,5) = Ey.

® @

4.9. Kaxue U3 JaHHBIX PABEHCTB ABIAKTCA TOMIECTBAMM:
1) (2a — 3b)? = (3b - 2a)?; 5) |a?+ 4| =a®+ 4;
2) (a - by =(b - a)® 6) la+b|=|al+ |bl;
3) la+5|=a+5; Nla-1|=l|al-1;
4) la-b|=|b - al; 8) a? — b? = (a — b)*?

4.10. 3anuniuTe B BUJle PABEHCTBA YTBEPKIeHHUE:

1) cymMMa IIPOTUBOIIOJIOMHBLIX UHUCEJ PaBHA HYIIO;

2) npousBeeHHe NAHHOTO YHcJa U yueaa 1 pasHo 1;

3) npousBeqeHUEeM JAHHOTO YHCJA U YyHca —1 ABasgeTcsa 4UCI0, IPOTH-
BOIIOJIOYKHOE JAaHHOMY;

4) MOAYJIH IIPOTHBOMOJJOMHBIX YHCEJ PABHbI;

D) PasHOCTb IIPOTHUBOIOJIOHLIX YHCEJ PABHA HYJIIO.

Kaxue 13 aTHX paBeHCTB ABJAIOTCA TOMXKIAECTBAMU?

4.11. [lora:xkure TOXKIECTBO:
1)4(2—-3m)— (6 —m)— 2(3m+ 4) =—1Tm — 6;
2Ya+ b —-10ab = 2a(3 — b) — 3b(a — 2) — 5(ab + a + b);

3) 6(ba — 3) + (10 — 20a) — (6a — 4) = ba — (3a — (2a — 4)).

4.12. [loxa:xKuTe TOXRIECTBO:
1)(3m-T7)-0,6-0,8(4m—-5)—-(-1,7-1,4m) = 1,5;

2) Ta(3b + 4c) — 3.9{:’} + %L] — 9a(2h + 3¢).

4.13. [lorka:xkuTe, 4TO He ABJAAETCA TOMIECTBOM PABEHCTBO:
1)(a+3)¥°=a*>+9; Nc+1¥P=c3+1;
2Y(b-1)b+1)=(D-1b+1; 4) |m| - |n|= |n|- |m|.

4.14. [loxa:xure, 4TO He ABJISAIOTCA TOMKAECTBEHHO PABHBIMU BhIPDAKEHU:
1) 4 —m? u (2 — m)%; 2) |-m| u m; 3) m® + 8 u (m + 2)(m? + 4).

N
YnpaxHeHua gna NnOBTOPEHUA gy m
4.15. IlaccammupcKuil moes[ IMPOXOIUT PACCTOAHHE MeMXIY IBYMSA CTAHIIMAMM

3a 12 u. Eciiu ofHOBpeMEHHO C STHX CTAHIHH BBIHAYT HABCTPEYY APYL



IPYTy MacCa’KUPCKUU U TOBAPHBIU I10€31a, TO OHU BCTPETATCS Yepes3 8 4
IocJie Havyajia JBUKeHUA. 3a KaKoe BpeMs TOBapPHBIMA MOe3]] MOMKeT IIpe-
0JI0JIETh PACCTOSIHUE MEMIY CTAHIIHAMM?

4.16. @epMep BBIPAIIUBAJ IPEUMXY HA ABYX ydacTKax oOIIeil ILI0LIaJbio
24 ra. Ha ogHoM yuacTke oH cobpaJ mo 8 I rpeduxu ¢ reKTapa, a Ha BTO-
poMm — 1o 9 11 ¢ rekrapa. CKOJIBKO BCEro IeHTHEPOB I'PeduxXu codpa
(pepMmep, ecsid cO BTOPOTO YUaCcTKa OH codpas Ha 46 11 rpeuynxu OoJiblle,
yeM ¢ nepsoro?

4.17. UssectHo, uto a > 0, a + b < 0. CpasHure:

1) b u 0; 2) lalu |b

4.18. Ileny ToBapa cHavana ysBeaumuuam Ha 50 %, a moToM YMEHBIIHJIH HAa
00 %. VBenuuuiiach UM YMEHBIIWJIACHE U HA CKOJIbBKO IIPOIEHTOB HAa-
YyajabHAadA IleHa ToBapa?

4.19. Ha cKOJBKO NPOLEHTOB yBeJIMYuJiock B PoccuH KOJIMYEeCcTBO JIeTCKUX

— TEeaTPoOB M TeaTpoB Horo spuread c¢ 1995 roga mo 2008 rom, ecnm
B 1995 rogy takux TearpoB Owblmo 138, a B 2008 rogy — 161? OtBer
OKPYIJIUTE 10 AecAThIX IIPOIeHTA.

s H CreneHb ¢ HaTypalbHbIM NOoOKa3saTenem

Kak Bl sHaeTe, B MaTeMaTHEe IIPHMIVMall croco0 KOPOTHO 3allUCBEIBATE
IIpoH3BeeHHEe, BCE MHOMHUTEIH KOTOPOTO PABHEI.

3
Hanpﬂmep, 1+11 — 1 .
2 2 2 2

3
1
BHDHH{EHHE ) HAa3bBIBAKOT CTelleHBH, YIICIO E — OCHOBaHHeM CTe-

S

1
2
IMeHH, a YHUCJI0 3 — IMoKa3aTeJieM CTeIlleHH.
==sp OnpeneneHuve

CreneHblO YMCNa d € HaTypanbHbLIM NokKasarenem M, 66nbwum 1, HasbiBa-
IOT Npon3BegeHMe 7 MHOXXUTENen, KaXXabii U3 KOTOPbIX paBeH d.

CreneHs ¢ OCHOBAHUEM ¢ H IIOKasaTesJeM 7 0003HAYAIOT " M 4YUTAIOT:
«d B n-i cTeneHn» . CTelleHN ¢ MOKa3aTeJaIMH 2 U 3 MOXKHO IPOYNTATL HHAYe:
3aluch @2 UUTAIOT: «d B KBajpaTe», 3allUCh d° — «a B Kybe».

ObpaTuTe BHUMAHNE, UTO B OIpPeJeJIeHUH CTeIIeH! HAa II0OKA3aTeJIb ¥ Ha-
J0:KeHo orpaHudenue # > 1. M 5T0 NOHATHO: BeJb He IPUHATO PACCMATPUBATL
IIPOU3BEIeHHEe, COCTOAIee U3 OJHOIO MHOMKUTEI.

A MoskeT JM IOKasaTeNb CTelleHHW ObITh paBHBIM 1?7 OTBeT Ha 3TOT BO-
IIPOC JAéT clefyIollee olipeeeHue.
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susp Onpegenenue
CreneHblo Ynucna d ¢ nokasarenem 1 Ha3bIBalOT CAMO 3TO YMCNIO.

Jameyanue. ITo onpeaesieHHe I03BOJAET J000e YUC/I0O CUUTATEL CTelle-
HBIO C ITOKasaTesem 1.

Hrak, U3 npuBeleHHLIX OIpelleJIeHUH caeayeT, 4To

a® = aa-...-a,rnen > 1,
k_"’_-’lu
H MHOMHITEIeH
al = a.

Jlerko BBIUMCIHTH, 4TO, Hanmpumep, 2° = 32. B TakoMm ciaydae roBo-
pPAT, YTO YHCJIO0 2 BO3BeJIM B NATYK CcTelmeHb U moayumiau 32. Takxe
MOKHO CKAa3aTh, YTO BBIMNOJHUJHN JeiiCTBHE BO3BeJeHHHA B MATYIO CTeIlleHb
ypcaa 2.

Pasencreo (—3)? = 9 o3HauaeT, 4TO YUCIO —3 BO3BEJIH B KBAJpaT U I10-
ayunnau 9, a paseHcTso (—3)° = —27 o3HauaeT, YTO YHMCJIO —3 BO3BEJH B Ky0
u mmoayuman —27.

3aMeTHM, 4YTO ajJredpandecKoe BhIPaKeHHe MOMKeT ObITh IIOJYYEHO C [10-
MOIIBIO HE TOJBKO CJIOMKEHHUA, BEIUUTAHUA, VMHOMXKEHUA W JeJIeHHs, HO U Jeil-
CTBUS BO3BeJeHHUS B CTEIIeHb.

QueBunHo, uto ecau a > 0, ro a” > 0; ecan a =0, o 07 = 0.

HUrak, mpu 6038edeHUU HEOMPUUAMEIbHO20 HUCTAA 6 CMEeneHs
noJaYyHaemM HeOMpuUUamejalbHoe HUC0.

IIpu Bo3BeJeHMH OTPHIATEJLHOI0 YHCJIAa B CTEeINeHb BO3MOKHBI JBa
cJaydas.

1. Ecniu nokasaTejlb CTEIIEHM — 4YETHOE YKUCI0, TO HPH BO3BEIEeHHH
B CTEIEeHb MHOMKUTEJH MOMKHO pasOUThL HA HNAPEI.

Hanpuwmep, (-2)° = ((-2) (-2)) - ((-2) (-2)) - ((-2) (-2)).

2. Ecnn nmokasarens cTeIeHH — YHCJI0 HEYETHOE, TO OJUH MHOKUTEIE
ocTaHeTca Oe3 mapshl.

Hanpuwmep, (-2)° = ((-2) (-2)) - ((-2) (-2)) - (-2).

I[TockonbKy KaJble ABAa OTPUIATENIbHBIX MHOMHUTEIA B IPOU3BEIeHUH
AT IIOJOMKHUTEILHOE YHCIIO, TO BEPHO CJeAVIONee YTBep:KIeHHe.

s=sp [pu BO3BEAEHUU OTPULATENBHOrO YUCNa B CTeneHb ¢ YETHbLIM NoKasarte-
nem nony4aem nonoXuTenbHoe YUCo, a Npu Bo3BeAeHUN OTPpULlaTeNnbHO-
ro 4Yucna B cTeneHb ¢ HEYETHbIM NoKasarenem nony4Yaem oTpuuaTesNibHoe
Yyucno.

Mo:KHO U, HAIIPUMEP, YHUCJIO0 D BO3BeCTH B cTeneHb () min B crerneHs —27
Mo:xnao. Kak aTo cnenath, Bel Y3HAETE B Kypce alaredpsl 8 Kiaacca.



Mpumep 1. Pemure ypasuenne (x — 10)° = 1.

PeweHne. Tak kaxk IpH BO3BEeNEeHHH B CTEIIEHL C YETHLIM IIOKA3aTeIeM
nwboro uucia, kpome 0, moaydyaem HOJOKHUTENIbLHOE YACIO, TO JAHHOE YPaB-
HeHHe He UMeeT KOpHeH.

OTBeT: KopHeii HeT. W

Mpumep 2. [loxaxure, yro sHaveHne puipakenus 102°° + 2 nenurca Ha-
1eJIo Ha 3.

PeweHue. 3anucs 3uHauvenus seipakenus 102°° cocrour uz nudpper 1
u aeyxcotr nudp 0, a sanuck 3Havenus Boipakenus 1020 + 2 — u3 nuope 1,
nudpsl 2 u cra gesaHocra AesaTd nudp 0. CiregopareasHo, cymMma nudp yuc-
1a, ABJIAIIErocs 3HaYeHUeM JaHHOI'O BhIPpAa:KeHUs, paBHA 3. SHAYUT, CAMO
9TO YMCJIO JeJUTCA Halleso Ha 3. W

Mpumep 3. JlokakuTe, 4TO 3HAUEHHE BhIpaxeHusa 9" — 1 nenurcsa Hale-
no Ha 10 npu a000M 4ETHOM 3HAYEHUH 71.

PeweHwne. Eciiu 7 — 4yéTHOe YHCJIO, TO BhipaxkeHne 9" MOMKHO IpeicTa-
BHUTH B BUJle TIPOU3BEIeHUA, COAEPIKAIIEr0 Y6éTHOE KOJUYECTBO AeBATOK. Torma
MO3KHO 3anucatrb 9" =(9 - 9)(9 - 9)...(9 - 9). ITockoabky 9 - 9 = 81, To mocues-
Hell mudpoi 3HadeHna BeIpaxeHHsa (9 - 9)(9 - 9)...(9 - 9) apnsgerca eIUHHILA.
[Tosaromy mocienHeil mudpoil 3HaYeHUA BbIpaxeHUA 9" — 1 ABIsgeTCcA HYJIb.
CrnemoBaTelibHO, 3HaUeHUe BhIipaxeHua 9" — 1 genxutesa Hanenao Ha 10 npu miro-
OoM 4éTHOM 3HAUYEHUHU 77. W

? 1. YTo HasbIBaIOT CTENEHbLIO YMCNa a C HaTypanbHbIM Nokasartenem 72, 6onb-

wum 1?

2. Kak yuTtaloT 3anuck a”; a

3. Y10 Ha3bIBAKOT CTENeHbK YK1cia a ¢ nokasartenem 17

4. Yemy paBHO 3Ha4eHWe BblpaxkeHus 0” npu ntobom HaTypanbHOM 3Ha4e-
HWUW 11?

5. Kakoe yncno, nonoxurtenbHoe Unu otpuuarensHoe, nonyyatoT Npu Bo3-
BeOeHMK B CTeneHb NOoNoXMUTenbHoro ymucna?

6. Kakum 4ncnom, NonoxuTenbHbIM UK oTpUUaTeNbHbIM, ABNAETCA 3Ha4ve-
HWe CTeneHn oTpuuaTenbHOro Ynaa, ecnn rnokasartenb cTeneHn ABnaeT-
Cfl YETHbIM YMcNoOM? HeYyéTHbIM Ymucnom?

2; ﬂﬁj

. r
® YnpaXHeHUA g umam .
5.1. Hpﬂ‘lHTﬂﬁTE BeEIDaXEHHE, HA30BHTE OCHOBaHHE H IIOKa3aTeJIb CTEIIeHH.
1) 95 3) 0,3% 5) (-0,6)%; 7) 73%;
2) 2,47; 4) (-8)% 6) (-a)''; 8) (3p)™.
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5.2. YIII}DCTHTE BhlpaxieHHe, 3aMeHHB NpoH3BeleHNe OJMHAKOBBIX MHOMH-

TeJleld CTeIleHBIO:
1)5.5.5.5;
2) (=T) - (=T) - (=T)s

3)a-a-a-a-a;

4)2m - 2m - 2m - 2m - 2m;

5) 22 . x% . x%. 2%
6) y-y-..-y;

et
10 muoswTenei

7) 0,4-0,4-...-0,4;

8 c¢c-c-...-C.
"_\'I,._-'I
M MHOMHTeTeH

k muOmuTeRR]

5.3. HOHLG}’HCL oIlpegesqeHeM CTelleHH, IIpedcTaBbkTe B BHOE IIPOH3BeIEeHHA

CTelleHb: )
pus (-1 5 e
2) 0,14 4) (5c)3; 6) (a + b)°.
5.4. Haiiagure sHaUYeHUe BLIpAXKeHU:
1) 2°; 3) 1,53 5) 112,
2) 0,6%; 4) 0°; 6) (-1)'%
5.5. BrinojgHuUTe BO3BeJeHHE B CTelleHb:

1) 72

2) 0,55;

3) 1,22

4) (-1)5
5.6. 3amonHuTe TabIUITY.

5] {_0’8}3;

4
oft]

-2

10

-10

0,1

b | =

b | =

5.7. 3BamnoaHHTe TAbIHIY.

-6

0,4

0,4

0,03

D | =

10a?

(10a)?




5.8.

5.10.

5.11.

5.12.

5.13.

5.14.

5.15.

5.16.

5.17.

5.18.

5.19.

5.20.

ILnomans octposa Caxanuu — camoro doasiioro ocrposa Poeceuun — co-
crasiaser 7,64 - 10* km?. Beipasure aTy ILTOLAAb HATYPAJIBbHBIM YHCJIOM
B KBaJIpATHBIX KHJIOMETpPax.

Paccrossaue or 3emau po Cosnuna pasao 1,495 - 10! m. Beipasure aro
paccToAHNe HATYPAIbLHLEIM YHCJIOM B METpax.

ILnomaas MaTepUKOB M 0cTpoBOB 3emuu cocrabiaster 1,49 - 10% xm?,

a miIomanb okeano — 3,61 - 108 km2. BeIpasure sTH ILIOIIAgM HATY-
pPaJIbHBIMH YHCJAMH B KBaJPaTHBIX KUJIOMETpAaXx.

Brraucaure:

1) 82 - 119 3) (4,2 - 3,8)* . 25%;

2) 0,3 - 2% 4) (63 : 200 — 0,42) - 0,23,

Brraucnaure:

1) 42 + 35; 2) 0,63 — 0,43; 3)0,12 . 54,

Haiigure 3HaueHue BhIpaKeHUA:
1) 2% — 23, ectu x = 0,1;

2) 1542, ecnn a = 0,4;

3) (x — y)°, ecniu x = 0,8, y = 0,6;
4) a?b®, ecniu a = 0,6, b =0,5;

5 (X2 -y?):(x—y),eciux=25,y
6) (% - yg} X—1,ecIux =25,y =
T) x? — y (x—y),ectmx =5, iy =
8)x?-—y?:x—y,ectux=5,y=
Hailigure 3HaYeHNe BBIPAKEHU

1) 16 — 3, ecan ¢ = 2; 3) a®bh?, ecin a = 10, b = 0,1;
2) (16x)%, ecan x = 0,125; 4) 4a* — a, eciu a = 3.

He BBINIONHAA BLIYUCIeHUI, CPABHUTE!

1) (-5,8)2 u 0; 3) (-12)" u (-6)%; 5) (—17)5 u 176,
2) 0 u (-3,7)% 4) -8% u (-8)%; 6) (-34)° u (-39)°.
He BBITTONHAA BLIYUCIeHU, CPaBHUTE:

1) 0 u (—1,9)!°; 3) (=0,1)!2 i (~12)25;

- 7 9 9
2) 0 u (~76)'5; 4) (—45] ( 5HJ

CpaBHHTe ¢ HYJEM 3HaueHUs BeIpaxkeHuit 2100; (-2)100; —2100. _(_2)100,
EeTh U cpei HUX BBIPAaKeHHUs, IPUHUMAIOIINe PaBHbIe 3HAUeHUA?
CpaBHHTe ¢ HYJEM 3HaueHUs BeIpaxkenuit 5101; —5101; (_5)101, _(_5)101
EeTh M cpeiu HUX BBIPAKeHHUs, IPUHUMAIOINEe PABHbIe 3HAUeHUA?
BepHO 11 paBeHCTBO:

1) 32 + 42 = 7%, 3)12+3%2+5%2+72+92=13%

2) 52 + 122 = 132 4) (1+2+3)2 =15 + 23 4 339

IMokaxxkure, uro 12 + 22 + 42 + 62 + 82 = 112,
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5.21.

5.22.

5.23.

5.24.

5.25.

5.26.

5.27.

5.28.

5.29.

5.30.

5.31.

5.32.

Pacniono:xure B InmopAaKe BO3PaCcTaHHMA 3HaUYeHWA B]:;]pEI.H-EEHHfI:

1) 0,3; 0,32%; 0,3%; 2) -0,4; (-0,4)?%; (-0,4)3.
CpaBHUTEe C HYJIEM 3HAUEHHE BLIPAKEHUS:

1) (-4)" - (-12)% 3) (-14)* - (-25)'%

2) (-5)% - (-17); 4) (-7)? - 0°.

CpaBHHTe C HYJIEM 3HAYEHHE BBIPAKEHUA:

1) (=2)* - (-3)1% . (-4)'5; 2) (-5)'7 - (-6)* . (=T)'".
SalnuIInTe:

1) uncna 16; 64; 256 B Buge creneHH ¢ OCHOBaHHEM 4;

2) yucna 0,09; 0,027; 0,00243 B Bujge crenenu ¢ ocHosanuem 0,3.
IIpexncraspre uncao: 1) 10 000; 2) -32; 3) 0,125; 4) —0,00001; 5) —3%23
B BHJEe CTENeHH ¢ IIoKasaTrejeM, 00JbIIHMM 1, 1 HAMMEHBLIINM II0 MOOY-
JII0 OCHOBaHHEM.

CocraBbTe YMCJIOBOE BhIpaskeHle U HaUJHUTe ero 3HaueHHe:

1) kBagpaT pasHOCTH YHCEJ 7 U D;

2) pa3HOCTh KBAJPATOB YHUCEN T U D;

3) Ky0 cyMMBI yncea 4 u 3;

4) cymma Ky0oB uncen 4 u 3.

CocTaBbTe UYMCJIOBOE BhIpasKeHUe U HaWAHUTe ero 3HaueHHe:

1) cymma KyDa yMcaa 5 4 KBajgpata yHcaa 8;

2) Ky0 pasHocTH ynces 9 u 8;

3) cymma kKBajapaToB uucea 2,5 u 0,25;

4) KBajpaT cyMMbI uncen 7,8 u 8,2.

CrkonbKO B 1 KM cOep:KUTCA:

1) meTpoOB; 2) caHTHUMETPOB; 3) MUILIUMETPOB?

OTBeT 3alIMIIIATe B BHe cTeneHH uueaa 10.

CropocTs cBeTa B BakyyMme pasHa 300 000 km/c.

1) SBanuimuTe 3Ty BeJHUUHY, UCIIOJIbB3VA cTelneHb uncyaa 10,

2) BripasuTe CKOPOCTH CBETA B METPaxX B CEKVHAY; 3allHIINTe PEe3yJIbLTAT,
HCIIOJIL3YA cTenenb umnca 10.

Cronbko B 1 M? cogepxurecs:

1) kBagpaTHLIX AEIUMETPOB; 3) KBaJIpaTHBIX MUJIJIUMETPOB?

2) KBAJIpATHBIX CAHTHMETPOB;

OTBeT 3anuiInTe B BUe cTeneHy unesaa 10.

Kaxue us uucen -3, -2, -1, 0, 1, 2, 3 aBaA0TCA KOPHAMHA YPpaBHEHUd:

1) x* = 16; 3t +x=2;

9) 2% = —243; 4) 23 + 22 = 622

IIpy KaKOM 3HAYEHHU X PaBHO HYJIIO 3HAUYEHHe BhIPAKeHH:
1) (2x — 3)?%; 2) (x + 4)%4 3) (6x — 1)°?



5.33.

5.34.
5.35.

Pemure ypasHeHue:
1) 219 = -1; 2) (x - 5)* = -16.
IIpu KakKMX HATYPAIbHBIX 3HAYEHHUAX 7 BepHO HepaBeHcTBo 8 < 3" < 857

I[Ipy xKakmx HATYpaJbHBIX 3HAYEHUAX M BePHO HePaBEeHCTBO
0,07 <0,4™ < 0,57

L R R

5.36.

5.37.

5.38.

5.39.

5.40.

5.41.

5.42.

5.43.

5.45.

5.46.

IMokasxuTe, uTo BhIpazenue x> + (xr — 1)2 npuHUMAET TOJBKO IIOJIOMKH-
TeJIbHbIe 3HAYeHHUS.

IMokasxuTe, uro BeIpazkenue (x + 1)? + |x| npurumaer Tonbko nmomosxxu-
TeJIbHbIe 3HAUeHHS.

HokakuTe, 4TO He UMeeT IIOJOKUTEeIbHEIX KOPHell ypaBHeHHNe:
1)2x%2+5x+2=0; 2D at+3x3+4x2+3x+1=0.

HokaKkHuTe, YTO He UMEeT OTPHUIIATEJILHLIX KOPHEeH ypaBHeHHe:

Dt -5 +6x2—-Tx+5=0; DB+t +1=a"+23+ .

[Ipn KakuXx 3HAYEHUAX X U Iy BEDHO PABEHCTBO:

1) a2+ y?=0; 2) (x -1+ (y+2)°=0?

[Ipy KaKuX 3HAYEHUAX X U Iy BEPHO paBeHCcTBO X° + (i — 3)? = 0?

I[Ipy xakoM B3HAYEHHUH IE€PEMEHHOH [JaHHOE BBIPAKEHHE NPHHHMAEeT
HalMeHBbIIee 3HAUeHHe:

1) 2+ T; 2) (x-1)* + 162

IIpy xakoM 3HAYEHHH IEePEMEHHOH [JaHHOEe BBIPAKeHHEe NPHHHMAaeT
HauboJbIIee 3HAUCHHE:

1) 10 — x% 2) 24 — (x + 3)%?

. ,[[DH&HCHTE, HTO 3HaYYeHHe BhIDaKeHH !

1) 101191 + 1039 genures Haneno Ha 2;

2) 167 + 15% — 11? penurca naneno ua 10;

3) 101° — 7 genurcsa Hauenao Ha 3;

4) 6" — 1 penuTca HaleJIO Ha D OpH JTHOOOM HATYPAJIbHOM 3HAYEHUH 1.
IokamuTe, 4TO 3HAYEHUE BhIPAKEHUA!

1) 10'%° + 8 menurcsa Hameno Ha 9;

2) 111" — 6 genuTcs HALEJO HA O IPH J1000M HATYPAJIbHOM 3HAUYEHUH 1.
Yucna a, b, ¢ u d ornuueel or Hyas. BepHo nu, 4yTo cpean 3HAYeHUH
BeIpaxkenuit —ab, —bc, cd, —da ects Kak nonoxuTeNLHBIE, TAK U OTPU-
IaTeJbHbIe?

=

5.47. Pemure pedyc:

=) 1) M3 = KVB; 2) CM? = KYBUK.
5.48. PemuTe pebyc:

=1 1) CE = PEKA; 2) COM2 = Ororo.
5.49. BoccranoBuTe 3anuch AAAA = wdiidions,
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_ I
YnpaXXHeHUs ANs NOBTOPEHUA gy m

I5.50. Beruuciure 3HaYeHUe BbIpasKeHUA:
[31+1,3—7,2+i—9,1 .35 ) 2
3 27 5

5.51. K cautky crnaBa maccoit 400 kr, comepsxaiero 15 % mean, nobaBuIn
25 kr mexau. KakuM cTajio IIPOLEHTHOE COJEP:KAHHE MeJH B HOBOM
CIAUTKe?

5.52. B ognom memke ObL10 80 Kr caxapa, a B aipyrom — 60 kr. 113 nepsoro
MeIllKa B3sAJU B 3 pasa OoJibllle caxapa, 4eM U3 BTOPOr0, IOCJe 4ero Bo
BTOPOM MeIIIKEe OCTaJIOCh caxapa B 2 pasa OoJbllle, 4eM B II€PBOM.
CKOJIBKO KHJIOIPAMMOB caxapa B3sJH M3 KayKI0oro Memka?

5.53. Pemure ypasHeHUe:

1) 9(2x — 1) — 5(11 — x) = 3(x + 4); 2)bx — 26 =12x — T(x — 4).

5.54. M3BecTHO, YTO OJHO U3 YUCe] d, b U ¢ MON0XUTEeIBLHOE, BTOPOe — OTPH-
HaTeJbHOE, 4 TPEThe PABHO HYJIO, npuuéM |a| = b*(b — ¢). Yeranosure,
Kakoe M3 4YHcelsl ABJAETCSA IMOJOMKUTENLHBIM, Kakoe OTpUIATEe]bHBIM
1 KaKoe PaBHO HYJIIO.

s n CBOMNCTBaA cTeneHm ¢ HaTypanbHbIM NOoKa3zatTenem

PB_CCMDTPHM IpoH3BeJleHHe IBYX cTereHeu ¢ OMMHAKOBBEIMH OCHOBaHIIA-
MH, HallpUMep ﬂ'gﬂs. Jro BeIpaxeHHe MOMHO IIpelCTaBUTEL B BHEe CTelleHH

C OCHOBaHHeEM 1.

a’a® = (aa) - (aaaaa) = aaaaaaa = a’.

Suauur, a?a® = a?*°.
Ananoruyso jerko ybeaurscss B TOM, 4TO, Hanpumep, a° - a2 = a®*?2 =
— @B a-a=a'*t? = a.

IIpocnexunBaercsa 3aKOHOMEPHOCTL: a™a” = a™* ", rne m U 1 — NPOU3-
BOJIbHBIE HATYPAJIBHEIE YHUCJIA.

OnHako HUKaKoe KOJMYEeCTBO KOHKPETHBIX IIPUMEPOB He MOMKEeT rapaH-
THUPOBATh, YTO HPHUBEAEHHOE PABEHCTBO BEPHO IJA J100bIX HATYPAILHBLIX 771
U 1. MCTUHHOCTL ero MOMKHO YCTAHOBUTH TOJIBKO IIYTEM J0Ka3aTeJbCTBA.

B maremaruke yrBep:xleHNe, CIIpaBelJIMBOCTE KOTOPOI'0 yCTAaHABJIUBA-
eTcsl ¢ IOMOIILIO T0KAa3aTeJIbCTBA, HA3LIBAIOT TeOPeMO.

susd) Teopema 6.1
Ana mobGoro Yuncna @ v NBLIX HaTypanbHbLIX YMcen M U N cnpaBefyIMBoO
paBeHCTBO:
ama® =am+n,



IloKa3aTenbCTBO.
Humam >1un > 1 numeeM:

m o= — — m4+n
a"a =(aa-...-a)laa-...-a)= aa-....a =a )
s, o N > ] ‘_'v_"'
M MHOMNTERe § MHOSHTEIeHd M+ H MHEOHHTeIeH

Ecau, nanpumep, m=1un > 1, To:

a-a"=a-laa-...-a)= aa-..-a =a"*.
—_— —
¥ MHOMHTeNeH 1 + 1 MHOMHATeeH

Cnyuau, Korga m > 1 mn =1 niam Korjga m = 1 = 1, pacCMOTPHTE caMo-
CTOATEJIBHO. W

TomxpgecTBo aa" = @™ * " BeIpasKaeT OCHOBHOE CBOMCTBO CTEIIeHH.

AnajoruyHoe CBOUCTBO UMEET MECTO IJA NMpOU3BeJeHUs TpPeX u DoJiee
crerneneil. Hanpumep,

32.33%. 3'?':{32 . 33] . 37=-32+3 ., 37T_-3(2+8)+7 _32+3+7 _ gl2

HUrak, npu ymuozxcenuu cmenenel ¢ 00UHAKOBbIMU OCHOBAHUAMU
noxazameJiu cKaadvi6aiom, d 0CHO8AHUE OCMABIAIOM NPEHCHUM.

Paccmorpum Beipaxkenue a’ : a*, rme a # 0. OHO ABIsgeTCA YACTHBIM
IBYX CTelleHell ¢ OZMHAKOBLIMH ocHoBaHuAMH. Tak kak a' - a°® = 4, To no
onpejie/leHUIO YACTHOI'0 MOXKHO 3anucatb a”:a*=a% 1. e. a’: a*=a 1. Dror

IIpHMep IMIOOCKa3blBaeT, 4TO HMeeT MeCTO CJeVIOIIad TeOpeMa.

=) Teopema 6.2
Ana noboro Yynucna d, oTNIMYHOro OT HYNA, U NIOObIX HaTypanbHbIX YMcen m
M 11 TAaKUX, YTO 1 > M, cnpaBeffIMBO PaBeHCTBO:
am . ai‘i‘ — am — "

[loka3aTenbCTBO.
PaccmoTpum nmpousBenenue crenedeil a” u a ~ ", Mcnoab3ys 0CHOBHOE
CBOMCTEO CTeleHUd, UMeeM:
A’ ght N =gt tim—n) — gntm—n — gm
Torga mmo onpeneneHU0 YACTHOTO
am . ﬂn — am—n_ .

M3 aToil TeopeMbl cie/lyeT TaKkoe IIPaBUJIO:
npu desteHuu cmenemnel ¢ 0OUHAKOBBIMU OCHOBAHUAMU U3 NOKA-
zameJta cmenenu 0elUM0z0 8blMuUumalom noxazamejbv cmenenu oei-
meJjisi, d OCHOBAHUE OCMABJIANOM NPEHCHUM.
PaccmoTpuMm BhIpaxkeHue {H3)4. OHO ABIsAETCA CTEIeHbID ¢ OCHOBAHHUEM
a® 1 nokasareyem 4. IloaTomy
{ﬂ3}4 —Batadad = g3 t3+3+3 = g3 4= 412

a1



JTOT opuMep IojcrasblBaeT, YTO CIpaBeldJIHBa CIedViOollad TeopeMa.

=usp Teopema 6.3
Ansa moGoro uncna a v nobbIX HaTypanbHbIX YMCen M1 U 11 cnpaBefIMBoO

BEHCTBO:
pa {am}n = g™,

[loka3aTenbCcTBO.
OueBUAHO, YTO AJd 72 = 1 JOKA3LIBAEMOE PABEHCTBO BEpPHO.

Ina n > 1 umeem:
N caaraeMbix

o o—

(am )” — 191f.mam C amJ —gmtm+ et =a™. m

L
11 MHOGHUTEIEN

W3 pToil TeopeMbl clefyeT TaKoe IIPABUJIO!

npu 6036edeHUU CMeNneHU 6 Chenelb NOKA3IaAMmeu NepemMHoNCa-
1om, a OCHOGAHUE OCMABIAIOM NPEIHCHUM.

Hanpumep, (37)2 =37 2= 314, (x*)3 = 2k 3 = 13k,

IToxa:xeMm, KaKk MO:KHO IIpeobpasoBaTh CTelleHb IIPOM3BeJeHHs, HAIlPU-
Mep Belpaskenue (ab)?:

(ab)? = (ab) - (ab) - (ab) = (aaa) - (bbb) = a®b3.

B obmem cayuae cripaBeJinBa CleIyIONias TeopeMa.

sud) Teopema 6.4

Ona mob6bix uncen a n b n nlboro HarypanbHOro YMcna 711 cnpaeBefnBo

PaBeHCTBO:

(ab)” = a"b".

[loka3aTenbCTBO.

OueBHIHO, 4TO ANA 17 = 1 JOKa3bIBaeMoe paBeHCTBO BepHo. Haa n > 1
HMeeM.

(ab)* = (ab)-(ab)-...-(ab) = (aa-...-a) (bb-...-b) =a"b". m

1 MHOGHHTEIeH 1 MHOMUTENeH I MHOMMHTeNe]

AHaJIOruyHOE CBOMCTBO UMEeT MECTO U JIJs IPOU3BeleHUs TPEX MIH 60-
nee mHOxuTeneit. Hanpumep, (abc)' = ((ab) - ) = (ab)* - ¢ = ab"c",

Urak, npu 6038edenHuu npouieedenuss 6 cmenetsv Kandcovlit MHO-
Hcumeib 603600AM 6 CMENEHb U NOJAYUEHHBLE Pe3YTbMambl NEPEeMHO -
carom.

Mpumep 1. Yopoerure suipasenue: 1) (a°)? - (a%7; 2) (-a*)?; 3) (—a*)d.

PelwneHune. 1) [IpuMeHHUB Nocje0BaTeIbHO IPABIIO BO3BeJeHUS CTeIle-
HU B CTelleHb M NPABUJIO YMHOMKEHHA CTelleHell ¢ OJUHAKOBBIM OCHOBaHUEM,
OJIYYHM:

a2



(QS)E . (ﬂﬁ}? = all . g% = g4°2,
2) Tak kax —a*=-1 . ﬂ‘l, TO, IPDHMMEHHEB IIPaBHUJIO BO3BEeAeHMWA IPOH3Be-
JeHHUA B CTelleHb, IMOJIYIMM:
[_ﬂ.rl}ﬂ — {_1 ) a4)9 — (_1}9 ) (Hé]g - 1. HSG — _QBE_
3) Umeem: (—a*)®=(-1-a)® =(-1)%a*)® =1 a2 =a*2. n

Mpumep 2. IIpeacraBbTe B BHje cTeneHu Belpazkenue 216a3hH8,
Pewenune. Umeem: 216a3h% = 6° - a® . (b?)3 = (6ab?)*. m
)9

rewsne. (13 (3] - (5 (8] (5 - (43 (1 - (& -

i
Mpumep 3. HaliguTe 3HaYeHHE BhIPAMKeHUs [1%) - (

W | Q2

Mpumep 4. CpaBHHUTe 3HAUEHUSA BhIPAKeHHH:

1) (1) . (-11)® u (~11)'6; 3) 530 11 920,

2) (=12)!° u (—12)'5; 4) 16% u 652,

PeweHue. 1) Umeem: (-11)1 . (-11)3 = (-11)'7. Bamerum, uro (-11)17 < 0.
Bmecre ¢ Tem (—11)16 > 0.

CnemoBarenbHo, (—11)M . (-=11)3 < (-11)!6,

2) Tak rax |[(-12)!?| > |(-12)'°|, a cpaBHHBaeMble YHMCJIA OTPULATE]Ib-
Hble, To (—12)1? < (-12)1°,

3) Tax kax 530 = (53)10 = 12510 11 920 = (92)10 — 8110 q¢ 530 > 920,

4) Umeem: 163 = (42)3 = (43)? = 642, CnegosarenbHo, 16% < 652, m

Mpumep 5. Kakoil nudpoit okanunpaeTcs 3HaueHHe BhIpaskenus 21007

PeweHue. Unmeem: 2190 = (24)%5 = 162°. ITockonsky 6 - 6 = 36, To mpous-
BeJleHHe JII00bIX YMCces, OKAHYHBAKOMIUXCcA Ha 6, ABIsgeTCS YMCIIOM, IIOCJEN-
HAA nudpa KoToporo pasHa 6.

IToaTomy eciim YyMca0 OKaHUMBaercsa 1udpoi 6, To modaa ero cremneHb
OKaH4YHUBaeTcd Mudpoi 6. |

Mpumep 6. CpaBHUTe 3HAUeHUS BhIpa:keHuit 12723 u 51318,

PeweHune. Unmeem: 12723 < 12823, Banumenm: 12823 = (27)23 = 2161, Mme-
em: 2161 < 2162 Bappmen: 2162 = (29)18 = 51218, Umeem: 51218 < 5138, Cneno-
BaTeJbHO, 12723 < 5138, m

? 1. 3annwwure TOXAECTBO, BblpadXaoulee OCHOBHOE CBOWCTBO CTEMEHM.
2. Kak YMHOXWTE CTEeneHn ¢ OaMHaKOBbLIMUA OCHOBaHWAMWM?
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3. Kak pasgenvtb cTeneHn ¢ oAMHaKOBbIMW OCHOBaHUAMM ?
4. Kak BO3BECTKM CTeneHb B cTeneHL?
5. Kak Bo3BecTn nponseefneHne B cTeneHb?

o |
® YnpaXXHeHV g s eem
6.1. IlpejacraBeTe B Bujie cTelleHU IIPOU3BeJeHUEe:
1) m*m?; 5) 13y y?; 9) xtaxtla?;
2) xx’; 6) c¥cc; 10) (ab)® - (ab)'®;
3) ada’; (b -) (b -0)b 11) (2x + 3y)® - (2x + 3y)'4;
4) 68 . 63; 8)112.114. 116 12) (—xy)? - (—xy)" - (—xy)°.
6.2. IlpencrasbTe B BUjle CTelleHU BhIpasKeHUeE:
1) a’a?®; 3) a’a; 5) (m+ n)'3 . (m + n);
2) a’a?; 4) aa’*a?; 6) (cd)® - (cd)'® - (cd).
6.3. SBamMeHHTe 3BE3JOYKY CTEIeHbI0 C OCHOBAHMUEM ¢, YTOObI BBIIIOJIHIJIOCE
paBeHCTBO:
1) ab . % =a'%; 2) % .a%=da"; 3) al®. % .a%=a'd.
6.4. IlpejcraesTe BhIpazkeHue a'? B Bujile IpoU3BeleHUs ABYX CTelleHel ¢ oc-
HOBAHUAMM I, OJIHA U3 KOTOPBIX paBHAa:
1) ab; 2) a*; 3) a?; 4) a®; 5) a.
6.5. IlpejacrasBbTe B BUjie cTeNeHU YACTHOE:
1) a'? : ad; 2) b8 : by 3) ¢ : b 4) (a + b)® : (a + b)*.
6.6. Haiigure sHaueHUe BhIpaskeHUA:
1) 77: 75 3) 0,6° : 0,66;
5 3
2) 108 : 1014; 4) (—1 l] : (—1 1) .
8 8
6.7. BrinmoaHwuTe gesieHHEe:
1) m'% : m?; 2) % aty 3) y'® : yb.
6.8. IlpejacraBbsTe B BUjle cTelleHU ¢ OCHOBaHUEM 171 BhIparKeHHe:
1) (m®)?; 2) (m*)%; 3) (m*)M)% 4) (m")* - (m*)°.
6.9. IlpejacraBbTe B BUjle cTelleHU ¢ OCHOBAHUEM /1 BhIpasKeHUe:
1) (n*)%; 2) (n%)% 3) (7)) 4) (n')* . (n*1)%.
6.10. IIpejacraBeTe cTElleHb B BUJle IIPOU3BEIeHUA CTelleHeu:
1) (ab); 3) (30)7; 5) (-0,2cd)%;
9
2y 0B 62k
6.11. IIpejacraBeTe cTElleHb B BHU/e IIPOU3BEeHHUA CTeleHeMr:
1) (ax)?; 2) (xy2)'% 3) (Tm)®; 4) (-0,3bc)".

6.12. YupocTtuTe BhIpakKeHHe:

1) —x - % 2) (=) - x; 3) —x - ()% 4) (—x) - (=x)* - ().



6.13.

6.14.

6.15.

6.16.

6.17.

6.18.

6.19.

Yﬂpn CTHTe BhLIDaMEeHHE.

1) (-a)* - a® 2) —a? - a’ 3) a* - (-a)’; 4) —a? - (-a)’.
YopocTure BhIpazkeHHe:
1) (-a®)% 2) (—a®)%; 3) (~a")" - (-a®)°.
YopocTure BhIpakeHHe:
1) ((-a®))% 2) ((-a')?)’.
IIpejcraBbTe B BUe CTelleHU BhIpajkKeHUe:
1) a®b?; 3) 9m®n?, 5) —ﬂcgfﬁ;
343
2) —-m"; 4) 6423y 6) 0,0001%k%p*.

IIpencraBsTe B BUIe CTEIIEHU BEIPAMKEHUE:

1) x'2y12; 2) —125m3n3; 3) 32p°¢q°; 4) 1 000 000 000a°H°c°.
IIpencraBbTe BhIpaskeHHe B BHJIE CTEINEHH M BBLIYHUCJIUATE €ro 3HAUYEHHE
(mpu HEOOXOAMMOCTH BOCHOJIbL3VIITeCh TAOMHIEeH cTelleHel yucen 2 U 3):

9
1) 23. 24, 4) 0,512 . 212, 7) (%) .99
2) (3%)%; 5) 212 : 28; 8) 2,55 . 40,
3) 0,2 -0,2%.0,2% 6) (3%)° : 319

IIpencraBbTe BhIpaskeHHe B BHJIE CTEINEHH M BBLIYHUCJIUATE €ro 3HAUYEHHE
(mpyn HEOOXOAMMOCTH BOCHOJIbL3ViIITeCh TaDIHIEH cTelleHel yuces 2 U 3):

9
1) 22 . 23, 3)32.3. 33 5) 79(&);
2) (22)3; 4) 0,3%: 0,3% 6) 12,53 . 83,
6.20. Haiigure B JaHHBIX IIpHUMepax OUIHOKM:
1) a*a® = a'?; 4) 32. 52=154%; 7) 3. 43=123;
2)a - a=2a; 5) 22. 73 =145 8) a'b” = (ab)'?;
3) (a®)? = a* 6) (2a)* = 8a?; 9) a®b? = (ab)b.
6.21. BmecTo 3BE€3M0YKH 3alUIIUTE TAKOE BblpaskeHUe, YTOObI BBIIIOJHAIOCH
paBeHCTBO:
1) (%)* = c*; 3) (%) =
2) (%)? = ¢! 4) (*)7 = ¢™, rme n — HaTypaJIbHOe YHCJIO.
s 2R 4 |
6.22. IIpejcraBbTe CTelleHb ' B BU/e IIPOU3BeJeHUs ABYX CTelleHeil ¢ ocHOBA-

6.23.

6.24.

HUEM d BCEeMU BO3MOXKHBIMHU cIlocobaMu.

IIpencraBeTe B BUlle CTEIIEHU BhIpaXKeHUeE:

1) .[1”515; 2} aa’; 3} 613&:1; 4} (HS}H; 5] {an}z . {QE) n
rape N1 — HaTypaJbHOE YHCJIIO0.

IIpencraBpTe B BUe CTelleHU BbhIpaskeHUe:

1) 24. 24, 2) 24 + 24, 3) 27 . 2n, 4) 2" + 2n,

roe 1 — HaTypaJlbHOE€ YHCJIO0.
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6.25.

6.26.

6.27.

6.28.

6.29.

6.30.

6.31.

6.32.

6.33.

6.34.

6.35.

6.36.

6.37.

6.38.

6.39.

IIpencrasbTe B BHjle CTEelleHU BhIpaskKeHUe:

1) 3° + 3% + 35; 2) 4% + 4% + 4% + 4% rne k — maTypasbHOE YUCIIO.
Jokasxkure, 4TO ecJiM CTOPOHY KBajJpaTa YBEJHUYHUThL B 17 pas, TO €ro ILIo-
manab yBeJuduTca B 12 pas.

Bo ckonbko pas3 yBeamuuTcA o0bém Kyba, ecnin ero pedbpo VBEIHUYHUTH
B 1 pas?

3anuinuTe B BUJe CTEIeHHU C MOKa3aTejleM 2 BhIpajKeHue:

1) a?bb; 3) xtyl0z18, 5) 81c0d32p,

2) a8y, 4) 4m'?n's;

3anuIIuTe B BUJe CTeIleHH C [IOKA3aTeleM 3 BhIpajKeHHe:

1) a®bhb; 2) x%yts; 3) 8x12y18z24; 4) 0,001m3*°n*,

IIpencrasbTe B BHe CTEIIEHH ¢ OCHOBAHHUEM 5 BhIpakeHHe:
1) 12568; 2) (25%)2.

IIpencrasbTe B BHE CTEIIeHH C OCHOBAHHEM —d BbIpaKeHHe:
1) 625°; 2) ((-25)?)3.

IIpencrasbTe B BHIE CTEIIEHH ¢ OCHOBaHHEM 2 BhIpakKeHHe:
1) 89 . 43; 2) 32 . 16% . 643.

Haiigure 3HaYeHHe BhIpaxKeHUd:

513
1) (6% : (6% g LT 5 BT
’ (73}6 .72 ’ 2]_rir ’
253 1252 59 . 45
2) 83 : 44 4) T; 6) 506"
Berauciure: )
1) 100° : 10002; 2) w- 3) M- 4) ﬂ
) ! (35 )4 .3 ! 212 ! 53 _319

Brrauciaure 3HayeHue BhIpa#eHHnuHAd:

9 10 51 8
1) (11] [E) : 2) 514 . 0,212; 3) (—11] [EJ
6 7 3 4

HaitpuTe sHaueHUe BhIpayKeHUA:
15

1) 10°. 0,17, 2) 1,914 -(E] .

19
CpaBHHTe 3HAYEHUS BBIPAYKeHUIl:
1) (=5)*' - (-5) u (-5)*%; 3) (-8)° - (-8)'u (-8)%
2) (=78 - (=7)u (-7 4) (-6)? - (=6)? u (-6)'.
3aMeHUTe 3BE3JOYKY CTeleHBI0 TaK, YTOOL! BHINIOJIHAIOCHL PABEHCTBO!
1) 8 . % = 25
2)a" - % =a®*" "2, rme n — HATYpaJIbHOE YHUCJIO.

Januinure BhIpa:eHHe 324 B BHI€e CTelleHH ¢ OCHOBAHHMEM.
1) 33 2) 312; 3) 9; 4) 81.



6.40. Banumure BeIpaxkenue 2'° B BUJle CTEIeHU ¢ OCHOBAHUEM:
1) 24; 2) 216; 3) 8; 4) 64.
6.41. Pemiure ypaBHeHUe:
1) x7 = 614; 2) x* =512,
\ 2 A 2
6.42. CpaBHUTE 3HAYEHHA BLIPDAKEHHNI:
1) 2800 y 3200, 3) 2720 1 1139,
2) 4% u 189 4) 31°. 58 u 15°.
6.43. CpaBHUTE 3HAUEHUS BLIPAKEHUI:
1) 10*° 1 10 00119 3) 812 u 5965;
2) 124* u 512, 4) 614 » 216 . 312,
6.44. YMHOXHUIN KBAJApaT HATYPAJALHOI'O YUCIa HA KyD HATYpaJIbHOIO YHCJIA.
Moria i MOJYYHUTHCA IIECTasdA CTEeIeHb HATYPAJbHOrO YHCcaa?
6.45. l3BecTHO, uTo cymMMa 625 + 625 + ... + 625 pasua 5%, Crosbko caara-
eMBbIX B 9TOl cymme?
6.46. 13BecrHo, uTOo cymMmMa 8 + 8 + 8 + ... + 8 pasHa 4%7. CKoIbKO claaraeMbIx
B 9TOH cyMmme?
6.47. Kakoii nudpoil okaHYMBaeTCA 3HAUYEHHUE BLIPAXKEHHUS (71 — HATYPaJb-
HOEe YUCJIO0):
1) 41(}(}; 2} 34:1; 3} 4n; 4} 3:1; 5] on  3n+19
6.48. Kaxoii nmudpoil okaHYMBaeTCsA 3HAUEHHE BRIpAMKeHHUA (7 — HaATypajb-
HO€e YHCJ0):
1) 921'?; 2) Tén; 3) TEH; 4) Qn+2  n9
6.49. [loka:xkuTe, 4TO 3HAUYEHUE BhIPAKEHUA:
1) 178 + 19 genurcs Haneso Ha 10;
2) 645 — 1 penurca Haneno Ha 5;
3) 34" + 14, rme n — HaTypalbHOe YHUCJO, JeJUTCH HaIelo Ha 5.
6.50. [loxa:xkure, 4TO 3HAYEHUE BhRIDAMKEHU:
1) 440 - 1; 2) 200417 4 17712004
IeJUTCA HAIeJlo Ha d.
= .
6.51. IIpencraBsre unciao 171 B Buge apobu, YHCIANTENIs KOTOPOH ABJIAETCS
IeBATOM CTelleHbI0 HATYPAJBLHOI'O YACJIa, A 3HAMeHaTeJlb — JecsATOMH.
6.52. [loxa:xure, 4To J100OE HATYPAJILHOE YHUCJIO MOMHO IIPEJCTABUTL B BUJE
nIpo0u, YHUCIUTENb KOTOPOH ABJSETCA YeTBEPTOH CTelleHbI) HATYPAJIb-
HOT'O YUCJa, a 3HaMeHaTelb — MATOMU.
6.53. CyiiecTByeT JIM TaKoe HATYPAJIbHOE YHCJIO, IIPH YMHOMKEHHH KOTOPOIo

Ha 2 OyIeT moJy4YeH KBaJpaTrT HATYPAJbHOTO YHCIA, OPH YMHOMKEHHH
Ha 3 — Ky0 HATYpPaJbHOIO YHMCJa, IPH YMHOMKEHHUH Ha D — mATas cre-
IIeHb HATYPAJIBHOTO Yucja?
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6.54.

6.55.
6.56.

6.57.

CpaBHUTE 3HAYEHUS BLIPAKEHUM:
1) 12612 u 24'5: 9) 3111 51 1714,
IMoxasxure, uro 4823 < 34417,

1 " . u
YHucao W SallicaJ B BHOE HOHEeYHOM JeCATHYHOM ,I[pl]ﬁH. Hamnnure

IMoCcJIeJHIOW MU(PY 9TON 3alUCH.

CyiiecTByIOT JU 4YeThbIpe TAKMX HATYPAJbBHBIX YHCJIA, UTO KajKI0e U3
HUX He JeJIUTCHS HAIEeJ0 HY HA OJHO U3 OCTAJILHLBIX, 4 KBAJAPAT KaXKI0ro
U3 9TUX YUCeJ JeJUTCA HalleJI0o Ha KayKJI0oe U3 OCTAJbHBIX?

_ 1
YnpaXXHeHUs ANs NOBTOPEHUA gy m

6.58.

6.59.

6.60.

6.61.

6.62.

§

(3adaua uz pyccxoezo ¢hoaviiopa.) Kym UBan cupocus y kyma Cremna-
Ha: «Cronbko yv Teba yrok?» Kym CremaH OTBeTHJ: «YTOK YV MeHS
CTOJIBKO, YTO KAK BBICUAAT OHU MHE eIllé CTOJbKO YTAT, Ja ellé KYILIIO
ONHY VTKY, Ja eIlé TPUIMKABLI KYIJK CTOJNBKO, CKOJbLKO 3THUX YTOK
u yraT, To Bcero oyaer ux y mensa 100». CKolIbKO YTOK OBLIO ¥V KyMa
Crenana?

OnuH Maldap MOMKeT NOKpacHTh KoMHATy 3a 6 4, a gpyroi — 3a 4 4.
CHauana nepBbld mayisgp paboran 2 4, a IOTOM K HEMY IIPHCOEIUHUJICH
BTOPOM MajAp. 3a CKOJLKO 4acoB ObLIA MOKpallleHa KoMHAaTa?

OT npucTaHU MO TEYEHUI0 PEKH OTIpPaBMUJIAChH HA JIOJKe IPYIINa TYpPH-
CTOB, PACCYMUTHIBASA BepHYThcA uepes 4 4. CKOpoCTh JIOAKHU B CTOAYEN
Bosie cocraBiaser 10 KM/u, a ckopocTh Teuenus — 2 Km/u. Ha kakoe
HauboJbIIee PACCTOSTHUE TYPUCTBI MOTYT OTILILITH OT NIPUCTAHH, €CJIU
OHU XOTSAT Iepeji BO3BpallleHHueM ClIeaTh OCTAHOBKY Ha 2 u?

Peliure ypaBHeHHe:

1) 2,6 —3x=3(x - 2,5) — 2;

2)17(2 - 3x) — 5(x + 12) = 8(1 — Tx) — 34.

B mrectusHayHOM 4Mclie mepBad W 4YeTBEpPTAas, BTOpas M MATasd, TPeThs

U mecrad MUudpPbl OJHHAKOBLI. J[oKasKuTe, YTO 9TO YHCJI0 KPATHO YHC-
adam 7, 11 u 13.

n OaHoOuYNeHbl

PaccmorpuM BelpaskeHusi: 20; %:Lyz; —ab; m?® - 3k%; (3,14) pg? - (-7) r*t.

E:&HC,I[DE H3 HHUX IOpeacraBjadaeT coboit IIpoHu3BeNeHHe YHUCeJ, IlepeMeH-

HBIX M UX cTeneHer. Takue BhlIpameHHdA Has3bIBAIOT OJHOYW IEeHAMM.



lloropopuyivch TaKiKe CUHUTATh OJHOWIEHAMH Bce 4HCJa, JIIOble Iepe-
MeHHBIe U UX crTeneHu. Hanpumep, offHOUJIeHAMH SABJIAIOTCH:
-5; 0,3; x; 12 28,
3aMeTHM, UTO, HAIPHMEP, BhIPAKeHUs
2a+byx-1;a:b; y?> +y -2
OZHOWIEHAMH He SBJSIOTCH, TAK KAK OHM, KPOMe YMHOXKeHUS H BO3BeJeHUs
B CTelleHb, COJEPIKAT U APYyTHe HAeiiCTBHAI.

2
HpH BalAalde Ha OIJHOYIIeH 3ab3 [—E ab¢c BO3HMKAeT ecTecTBeHHOE
HellaHHe eTro VIIpDOCTHTE. Hmeem:

3ab? - [—%]abc =3 (—%Jaabsbﬁ: = —2a%bic.

HGHY‘IEHHHﬁ OOHOYJIEH COOEepPEHUT MoOoALKO 00U YUCTOBOU MHONCU-
meb, OMAUUHBIU OMm HY A, CH’IDHH{ME} HdAd NePeoM Mecme. Bce ocTanbHBIE
MHOMHUTEJIHN — 3TO CTelleHH ¢ PaA3iuyYHbiMid OCHOBAHUAMMA. Tarou B OOHO-
YjaeHa Has3bIBAIOT CTAHIAPTHBIM BHIOM OJHOWIEHA.

HpHMEpLI OOHOYJIEHOB CTaHIAPTHOI'O BMOA.

—%xy; 2,8a®; Txyz%c.

OTMeTHM, 4TO, HAIPpUMED, Belpaxenus a® - 2b% u —3xxy?® ne apnsaloTCA
ONHOYJEHAMH CTAaHIAPTHOTO BHJA. JleliCTBHTENIbHO, XOTS IepBOe M3 HHUX
U UMeeT eJJMHCTBeHHBIN YHCI0BOH MHOMKHUTEIb, HO OH He CTOUT HA IePBOM Me-
cre. Bo BTOpOM — CTeIleHBb ¢ OCHOBAHUEM X BCTPEUAeTCS JBAMKIbI.

OmHAKO 5TH OIHOWIEHBI JIeIKO IPHBecTH (IIpeo0pa3oBaTh) K CTAHAAPT-
HOMY BUJYV:

a? . 2b* = 2a%b® u —3x%xy® = -323y3.

K ogHOUYJIeHAM CTAHAAPTHOTO BUA TAKMKE OTHOCST YUCJA, OTIIMYHBIE OT
HYJs, lepeMeHHble U ux crenenu. Tak, —2; 32; x; b — ogHOUNIEHEI cCTAHAAPT-
HOTO BUJA.

Yucmao 0, a Tak:Ke OJHOUIEHBI, TOKIECTBEHHO PaBHBIE HYJII0, HAIIPUMEP
0x%, 0Oab u T. 11., HA3BIBAIOT HYJb-OJHOWIeHAMH. VX He OTHOCAT K OJHOUJIE-
HaM CTAHJAPTHOTO BHJA.

susp Onpegenenue
YMCNOBOW MHOXUTENb OQHOUMEH]A, 3aNMCAHHOro B CTAaHAAPTHOM BuAae, Ha-
3biBalOT Ko3chPpuyMeHTOM ofgHOUNEHa.

Hanpumep, koaddunuenTs: ogHouwtenos —3a2bc u 0,07x cooTBeTcTBEH-
HO paBHBI —3 1 0,07,

Boo0Oie, g000H OZHOYJIEH CTAHAAPTHOIO BHAA HMeeT KoM HUIHeHT.
Hamnpumep, y OAHOYJIEHOB X2y U —mn, NPU 3aUCH KOTOPBIX YUCIO0BOM MHO-
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JKUTeJIb He HCIIOJIb3yeTces, KoadduiimeHTaMu ABJAAOTCA yucejga 1 u —1 coor-
BeTcTBeHHO. M aTO NoOHATHO, BeJb xzy =1-. rzy, —mn =-1 - mn.

PaccMoTpuM OIHOYJIEHBI %xayz u —2zx%y. ¥ HUX OJUHAKOBEIE OYK-

BeHHBIE YacTU. Takue oJHOYJIeHBI HA3LIBAIOT MOJo0HBIMHE. K mogo0HEIM 0f-
HOYJIEHAM TaKXe OTHOCAT u umcia. Hanpumep, 7 U —5 — mnomobHBIE Of-
HOYJIeHBI.

ObpaTuM BHHMaHWE HA TO, YTO, HAIIPUMEpP, V OJHOUJIEHOB gxsyzz

" —22.)."3 i ﬁyHEEHHLIE JacTH HeOJHMHAKOBLI, XO0THA I COCTOAT M3 OJHHUX M TeX e
InmepeMeHHBIX. HGBTDM}’ OHH He ABJIANOTCH HD,[[DﬁHBIMH.

==sp OnpeneneHue
CreneHbl0 ogQHOMNEHa Ha3bIiBalOT CYMMYy NoKa3satenewm creneHev Bcex ne-
pemMeHHbIX, BXogawMx B Hero. CreneHb ofHoOuYNeHa, KOTOPbIA ABMNAETCA
YMCAOM, OT/IMMHbIM OT HYNA, CYUTAIOT PaBHOW HYNIO.

Hanpuwmep, cremneds oguounena —3,8m?xy’ pasua 10, a crenenu ogHoO-
4JIeHOB X° 1 9 paBHBI cooTBeTcTBeHHO 3 u 0.
CuuTamT, YTO HYJIbL-OJHOUWIEH CTeIIeHH He HMeeT.

PaccMoTpuM jBa OfHOUYJIEHA %m’ﬁ u 10abx. Onnounen %abg - 10abx

ABJISIeTCS UX NIPOU3BefeHUeM. YIIPOCTHM ero:
%abS -10abx = (% , 10)(&&)(;’)3&)3: = 2a%b*x.

Urak, npoussedenue 0syx oonouienos — amo odumounen. Ero, Kak
IPABUJIO, BAIIHUCHLIBAIOT B CTAHJAPTHOM BHJIE.
IIpu BO3BeZeHUH OJHOUYJIEHA B CTEHNEHb TAKIKe IIOJYYal0T OJHOYJIEH.

" " 1 .
Boaseném, HanpumMmep, B UETBEPTYIO CTEIEHb OJHOUJIEH — 3 xy3z2. Umeem:

1 § 1Y s |
[_E yazz] :(_E] 114_{9,3) (22) =Ex4y1323.

Mpumep 1. Vopoerure serpamenue 0,2a2b* - (—bah)?.

PewueHue.

0,2a2b* .- (-5a?b)? = 0,2a2b* - (-5) - (a®)?h? = 0,2a?b* - 25a5h? =
= 0,2 - 25a2a®h*h? = 5a®h®. m

Mpumep 2. 3HayeHHUs nepeMeHHBIX @ U b TakoBbl, uTo 4a3b* = 7. Haii-

2
NIUTe 3HAYeHHUe BbIPAKeHUs — ?aﬁbs.



PelleHWe.

—gaﬁbs = —i-lﬁaﬁbS = —i-(alagb“ }2 = —iﬁ’g —i~49 =—
7 56 514) H6

1. Kakune BbipaxeHus Ha3blBalOT ogHOUYNeHamm?

2. ObbACHUTE, KaKoW BUf OHOYNEeHa Ha3biBalOT ero CTaHgapTHbIM BUOOM.
3. 4Tto Ha3biBalOT KO3 PULMEHTOM ofgHoUYneHa?

4, Kakme ogHO4YNeHbl Ha3bliBalOT NOAOOHLIMI?

5. 410 Ha3bIBAKOT CTENeHb ogHo4YneHa?

= O
® YnpaXHeHVA g4 weew
7.1. isnsercsa nu ofHOYJIEHOM BhIpajKeHHUe:
21,3
1) 5xy; 4) 8; 7) %; 10) 3(a? - b?);
1lla
2) — % a’bic; 5) 0; 8) b?; 11) -2 % aa’b3bs;
1 1Y’

3)m + n; 6) ?pﬁe“; 9) m*m; 12) (—1 5] xox3yz10?
71.2. VYramure, Kakue U3 OJHOYJIEHOB 3allUCAHbI B CTAHAAPTHOM BUE:

1) 5mnm?; 3) =73 . 4r°; 5) % x8y?;

2) 1,4ab’c?; 4) —abc; 6) mSn* . 10.
7.3. SfBnsrorcsa au DogoOHBIMH OJHOYJIEHBI:

1) ba u Ta; 3) 8x%y* u 8x%y>; 5) %m%g " %?}"IEHT;

2) 3a?b3c n 6a?bic; 4) 3y? u 2y3; 6) —0,1a°5'° u 0,1a°h°?
7.4. 3anuiiure OJHOYJEH, MOJOOHBLIA AaHHOMY, K03((IHUIHNEHT KOTOPOro

B 4 pa3a OoJblie K03 duilneHTa JaHHOTO OJHOYJIEHA:

1) 1,4x3y7; 2) cAd'"p?; 3) 1%&5&-5(:9.
7.5. IlpuBemguTe ogHOYJIEH K CTAHZAPTHOMY BUAY, VKa:KUTe ero Koahhumu-

eHT U CTelleHb:

1) 9a*aab; 3) Ta - (-9ac); 5) =% - 0,1x%y - (—2y);

2) 3x - 0,4y - 6z; 4) —3%?}15 - Omn?; 6) ¢ - (—d) - 8.
7.6. IlpejncrasbTe OJHOYJIEH B CTAHZAPTHOM BHe, OA4YepPKHUATE ero Koaddu-

IIUEeHT:
1) 66D 3) —0,8u* . 473 . (-217);

2) 1,5c3d* - 8c2dP; 4) 4.5a%bc” ~%a3bﬁc.
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1.7.

Hanagure 3HaueHHe oJHOYJIeHA:
1) 512, ecnu x = —4;
2) -4,8a'h®, ecim a=-1, b =

[
¥

3) 0,04c3d°, ecin ¢ = -10, d = 2;

bo | =

4) %m%ng, ectum=-3,n=>5,p=-1.

7.8. Hailinure 3HaYeHHe OJHOUYUJIEHA:

1) 83m?, ecaun m = —3;

2) iazb"‘, ecam g = -1 , bh=2;

16 7

3) 0,8m2n2k, eciu m = 0,3, n = % .k = 2000.
7.9. BreinogHuTe YMHOMeHHEe OJHOYJIeHOB:

1) 0,6a'h? . 4a?b; 4) 0,7x%y% . 0,3xy;

_ 25 6. -3 a5 40 g o,

2) —2,8x%y° - 0,5x%y5; 5) oo PP0° o PP

3) 13c¢%d - (—3cd); 6) —6 % mn®p'! -3 % mond.
7.10. YopocTure BeIpaKeHUue:

1) 124? - 5a®b7; 4) 56x°y' +$xzy;

2) —4m? . 0,25mb; 5) —épz (=27k) - 5pk;

3) 3ab - (-17a?b); 6) 2 i b%cod? - [—3 % b3ctd” )
7.11. IIpeoGpasyiiTe B OMHOUIEH CTAHJAPTHOIO BHAA BhIPAKeHUE:

4
1) (3a®h)?; 3) (-10m2y®); 5) (—%cﬁd J ;
6

2) (=0,2x3y1)3; 4) (16x54728)2; 6) (%aﬁbg) .
7.12. BrinosgHUTe BO3BEJeHHE B CTElleHb: s

1) (-6mnd)s 3) (0,5a12b14y; 5) (~3%° |

2

2) (-7x%y1%)?; 4) (3ab*c®)%; 6) (2 %aﬁbs] .
® ¢ |
7.13. IIpeacraBbTe JaHHOE BhIpAaKeHHE B BUJe IIPOU3BEJIEHHS IBYX OJIHOUJIE-

HOB, OUH U3 KOTOPBIX paBeH 3a2hb:
1) 3a5h®; 2) —-12a?bh'?; 3) -2,7a%h"; 4) 2 % a?°h30,



71.14.

7.15.

7.16.

7.17.

7.18.

7.19.

71.20.

7.21.

Kakum OOHOYJIEeHOM HAal0 3aMeHHUTH BBE‘B,H,D‘:IRY, YyTOOBI BBINOJHAJIOCH
PaBeHCTBO:

1) % - 3b* = 1255;

2) —5a®bh? . « = -20a8b®;

3) —Ta*h? . + = 4,2ah'?;

4) 23a'2h'6 . « = —23a2°h'7?

Brinonuure VMHOMXeHHue OOJHO4YJIeHOB, I'le m M N — HaTypalbHLIE
HHCIa:

1) 2§an+2bm+3 _iaﬁu—dhzm—l;

6 17

2) -7 lazn— lbﬂn—l ,1iau+653n+ 1_
3 11

HDEII:CTH_BI:-TE B BHe KBaJApaTa OJHOYJIeHa CTaHIapTHOIO BEHOa BEIPa-
AHeHHe.

1) 4a'?; 2) 36athH?; 3) 0,16a'*H5; 4) 289a2°h3°c10,
IIpencraBbTe B BUje Kyba ofHOU/JIeHA CTAHJAPTHOTO BUA BhIpasKeHHe:
1) 84%; 2) —272%%; 3) 0,001x2y18; 4) - 222 by,
IIpencrasere oguouwiter 64a®h'? B Buse:

1) npousBeeHUs ABYX OJHOUYIEHOB, OJUH U3 KOTOPBLIX paBeH 2a2b’;
2) KBaJipaTa OJHOYJIEeHA CTAHJAPTHOIO BUJA;
3) KyDa ogHOUWJIEHA CTAHIAPTHOI'O BUJA.

IIpexcrasere oguouwier 81m*nl® B Buje:

1
1) nponsBeleHUA ABYX OJHOYJIEHOB, OJUH U3 KOTOPBIX PaBeH — 3 mnld;

2) KkBagpaTa ofHOWIeHa CTAHIAPTHOTO BUIA;
3) 4eTBEPTOI CTeIeHU OJHOUJIEHA CTAHAAPTHOrO BUIA.
YIpocTUTe BhIpaKeHHe:

1) 2a® . (-ba*h®)?; 4) -1 % mn? - (— % mn?® T;
1

2) (—x%y)? - 11x%y; 5) 1%,1’7_1;2 : (gxzygj .

3) (-0,6a®b°c®)? . 3a®c?; 6) —(—2¢2d> )" (—%c“df* T.

VipocTuTe BhIpaskeHHe:

1) 2048 - (9a)?; 4) (0,2x7y®)? . 6x%y?;

2) (-b®)* - 1255, 5) (—%ab‘* )3 (448 )%

3) (3mbn3 )4-(—ngn]; 6) (—gxzyjﬁ(—ghwzf.
81 3 4 -
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\ 4

7.22.

7.23.

71.24.

7.25.

71.26.

71.27.

3aMeHUTe 3BE3M0YKH TAKHUMH OJHOUJIEHAMM, UTOO0LI BBIIIOJIHAIOCH pa-
BEHCTBO:

1) (#)? - (2)° = 9a?b3c’; 8) (+)° - (#)2 = —72m®n'Y;

2) [‘J:]3 . (*}4 — lﬁa?bﬁﬂﬁ; 4} (*}2 . {w)ﬁ — 32:t“29y2129.

3aMeHUTe 3BE3M0YKH TAKHMH OJHOYJIEHAMH, YTOO0BLI BBIMOJHAIOCH pa-
BEHCTBO:

1) (#)* - (¥)° = 72m"n'Y;

2) (*)3 . (*)4 — _Slxlﬂyl'?’zlﬁ;

3) (%)2 . (¥)° = —288ah'1c12.

SHAUYCHU S epeMeHHBIX X H If TAKOBLI, YTO 5X2y4 = 6. Haiigure 3Haue-
HHe BhIpaiKeHHA:

1) 1,5x%y%; 2) 25x'y8; 3) —25x5y12,

SHAYeHU A mepeMeHHBIX  H b TAKOBEBI, 4TO 3ab® =4, Haiipure sHaueHue
BEIpaKeHHA:

1) -1,2ab: 2) 2743h°; 3) —gazbﬁ.

3HaueHUA ITepeMeHHBIX ¢, b U ¢ TakoBEL, uTo 2a%h = 7, a’c? = 2. Haiinu-
Te 3HAYEHHE BHIPAKEHU:

1) 6a’bc?; 2) a'b?c?; 3) 2%.{1%.:‘4.

1
3HaueHUS IepeMeHHBLIX 7, N U P TAKOBBI, uro m®n? = 3, EHS; 2 =5,

HaiipuTe sHaueHUe BhIparkeHUA:
1) m®*n°p?; 2) 2m3n®pt; 3) —0,4m'2nt1p?.

1
YnpaXHeHUs ANA NOBTOPEHUA gum

7.28.

7.29.

7.30.

Hexoropoe uucao cHauana ymeHbinuiau Ha 10 %, a morom pesyabrart
yeeauuunu Ha 20 %. Ilocae sToro moay4duIm YHCJIO0, KOTOPOE HA
48 6onblle nanHoro. Halinure fanHOe YUCIIO.

(adaua us pyccxozo ghoavknopa.) Jlerena cras ryceit, a HaBcTpedy ei
JEeTUT OJHMH I'yCh M T'OBOPHUT: «3ApaBCcTBYiiTe, cTo ryceiil» «Hac He cTo
ryceii, — OTBe4YaeT €eMy BOXKAK CTau, — ecJid Obl HAC OBLLIO CTOJIBKO,
CKOJIBKO CeHuac, Ja eIé CTOJbKO, 4 MOJICTOJbLKO, /Ia YeTBEPTh CTOJLKO,
Ia elé Thkl, I'VCh, TOrma Hac ObLIO OBI cTO ryceil» . CKOIBLKO OBLIO B cTae
ryceii?

3aMeHHTe 3BE3J0UYKH TaKUMHU I[H(ppamMu, YTOOLI:

1) uncao *5% geaunoch Hamesno Ha 3 u Ha 10;

2) uncio 13 *2+% genumnock Hamesno Ha 9 u Ha 5;

3) unciio 58* menuaoch HaleJa0 Ha 2 U Ha 3.

HaiiauTe Bce BO3ZMOMKHBIE pellleHMs.



MHoro4dyneHboli

B npegsigyigeM naparpade BBl Y3HAJIHN, UTO IIPOU3BEeHHe OJHOUICHOB
Bcerjia sABJdeTcda ogHowileHoM. MHade oOCTOMT me0 ¢ CYMMOM OJHOYJIEHOB.
Hanpumep, soipaxenus 2a + b? u 2a — b? ue ssnsrores ognounenamu. Ilep-
BOE U3 HUX IIpejcTaBiser coboil cyMmy ogHounenos 2a u %, a Bropoe — cyMm-
MYy OJHO4YJIeHOB 2a u —b2.

snsgp OnpegenenHme
BbipaeHue, KOTOpoe ABNAETCA CYMMOWN HEeCKONbKUX OAHOUMEHOB, Ha3bl-
BalOT MHOIOYNIEHOM.

IIpumepbl MHOT'OUJIEHOB:

Txy+y—-11; x* =23+ 5x2 —x+ 1; 83a —a + b; 11x - 2x.

OnHoW/IeHbI, U3 KOTOPBIX COCTABJIEH MHOIOWIEH, HA3BLIBAIOT WIeHAMH
MHOrouneHa. Tak, wieHaMyu MHOTo4JIeHa Txy + i — 11 ABaf0TCA OLHOYJIEHDI
Txy, y u —11.

MuorouneH, COCTOAILINN U3 IBYX
YJeHOB, HAa3bIBAIOT ABYWIEHOM, a M3
TPEX YWIeHOB — TpéxuaeHoM. [[oroso-
PHJIMCh paccMaTpPUBaATh OJHOYJIEH Kak
YacTHBRIN caydail mHOrodjgeHa. Cuura- Odnounernvl
0T, YTO TAKOM MHOIO4YJIeH COCTOUT M3
OJHOTO 4JIeHa.

CBsi3u MexKAy MHOMOYJIeHAMH,
OJIHOYJIEHAMH U UX YACTHBIM BUIOM — o
yHCcJIaMU HILTICTPUPYeT cXeMa Ha pu- Puc. 8.1
cyuke 8.1.

Eciau cpeaud ogHOUYJIEHOB, COCTABIAIOIIUX MHOT'OYJIEH, €CTh IOJ00HBIE,
TO UX HA3BIBAKOT NMOJAO0OHBIMH WIeHAMH MHOroujieHa. Hanpumep, B MHOTOYJIE-
He Ta’h-3a+4—-a*h—1+ a+b nogobHble YIeHB HOAYEPKHYTHI OJMHAKO-

BBIM KOJIMYECTBOM YEPTOYEK.

Hcnonb3ysi OPABUJO NPUBeJeHHS [OJOOHBIX CJIAraeMbIX, VIPOCTHM

3TOT MHOTOYJIEH:
Ta’hb-3a+4-a’b-1+a+b=6a*hb—-2a+b+ 3.

Takxoe ynpoleHMe HA3ZLIBAIOT IMPHBEJeHHEM IOJOOHBIX YJIEHOB MHOTO-
yaeHa. J1o npeodpasoBaHUe I03BOJSAET 3aMeHUThL MHOT'OYJIEH Ha TOMIeCTBeH-
HO PaBHBIH eMy, HO 6ojee IPOCTOH — ¢ MEHBIIUM KOJHYeCTBOM YJIE€HOB.

PaccmorpuM MHorowited 2x3y — xy + 1. 9TOT MHOrO4JIeH COCTABJEH H3
OQHOYJIEHOB CTAHAAPTHOI'O BHAA, CPeJX KOTOPHIX HeT MOJ00HBIX.
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=) OnpepeneHue
MHorouneH, cocrosilMn U3 OAHOUYNEHOB CTaHOAPTHOrNo BMAa, cpean KoTo-
pPbIX HET NOAODOHbLIX, HAa3bIBAIOT MHOMOYIEHOM CTaHAAPTHOrO BMAa.

Muorowtnensl xy? + x%y, 2a’b, 5 ABAAIOTCA MPUMePAMU MHOTOUWIEHOB
CTAHJAPTHOrO BHJA.

3amMeTuM, uTo MHOTOWIeH 3bab? +a - 5 + a - 2b® — a He ABAAeTCA MHO-
ro4JIeHOM cTaHjapTHoro Bupa. OgHako, 3anucas B CTAHIAPTHOM BHUJE OIHO-
YyJeHbl, U3 KOTOPBIX OH COCTABJIEH, a 3aTeM IIPUBeIs HNOLO00HBIE YIeHbI, €ro
MOJKHO IIPeodpa3oBaTh B MHOTOUYJIEH CTAHJAPTHOTO BUA.

Nmeem: 3bab® +a-5+a-2b* —a =3ab? + 5a + 2ab® — a = 5ab® + 4a.

PaccMOTpHM MHOTOWIEH CTaHAapTHOrO Buja 2x°y — x2y? + bady + y — 2.
On cocrasieH u3 OfHOUYNEHOB: 2x3y, —x?y?, Bx%y, y, —2, cTeNeHU KOTOPLIX
COOTBETCTBEHHO paBHBI uucjaaMm 4, 4, 3, 1, 0. Hauboabinaa u3 aTHX cTeIle-
Hell paBHa uucay 4. B TakoM ciaydae roBOpAT, YTO CTelleHb MHOTOYIEHA
2%y — x%y? + bx%y + y — 2 pasua 4.

»usp Onpepenenue
CreneHbi0 MHOro4YfieHa CTaHQapTHOro BMAa Ha3biBalOT Hanbonblylo us
cTeneHei OQHOU/IEHOB, N3 KOTOPbIX COCTAB/IEH 3TOT MHOMOUJIEH.

IIpuBeném eureé npumepsl:

cTerneHb MHOTOWIeHa 3x% — xy + Hy? pasua aByM,

cTerneHb MHOrowreHa 3x*y? pasua mecru,

CTeIleHb MHOTOUJIEeHA 3 paBHAa HYJIIO.

Paccmorpum mMHOTOoWwIeHB! 3x — 3, by? — 3y + 1, a* + Ta® —a + 2, 2b° —
— b3 + 2b? — 3b. Bce oHH ABIAIOTCS MHOTOYJIEHAMH CTAHJAAPTHOTO BHIA € OJ-
HOH rnepeMeHHoU. J[r0O0H MHOro4JieH 7-# cTelleHU ¢ OJHOU NepeMeHHOM, rie
M — HATYPAaAJIbHOE YHUCJI0, MOMKEeT ObITh IIPeICTABJIEH B BHJIE

ax"+a, x'""l'+a X" + . +ax+a,, (*)

rae X — IepeMeHHas, d,, d, Ay, ..., @, ,, A — HEKOTOPbIE YUCJA, [IPUUEM
a, #0.

Ecaun MmHOTrOYIEH 12-U CTelleHH ¢ OJHOHN IepeMeHHOM, rie ¥ — HaTypajb-
HOe YUCJIO, NIpeJicTaB/ied B Buje (%), TO 4Yucia da,, d,, d,, ..., d, ,, d, Ha3bIBa-
0T Ko3(p(puueHTaMH MHOTOUJIeHA C OJHOM NmepeMeHHOU. Hucio @, HasbIBa-
I0T CTapuIuM Ko3(hdUIHMEHTOM, a YUCJIO ¢, — CBOOOJAHBIM UJIEHOM.

Hanpumep, Koo duuueHTs! MHOTOYIeHA 2X — 3 TAKOBRI: 4, = -3, a, = 2.
Koaddunuentsr MEHOTOWIeHA 5% — 3y + 1 TAKOBBI: a,=1,a,=-3, a, =5.

Yrobsl HaiiTH KoddUIHeHTHI MHOrowreHa x! + 7x® — x, npexcraBuM
ero B Buge (*), 1. e. rak: x* + 7x® + 0x* — x + 0. Torga @, =0, a, =-1, a, =0,
a,="7,a,=1.



YHYucao U, d Tarxe MHOOYWIeHbI, TOMIEeCTBEHHO paBHLIE HYJIHO {HB_IIpH‘

mep, Oa + 0b, x — x u T. 11.), HA3BIBAIOT HYJb-MHOro4wIeHaMmu. X He oTHOCAT
K MHOTOYJIEHAM CTAHJAPTHOrO BUA.

r4

CIIHTEII{}T, YTO HYJAB-MHOI'OYJIEH CTelleHH He HMeeT.

. YTO Ha3bIBaAlOT MHOro4YNeHoMm?

. Kakon mMHorouyneH HasbiBaloT ABy4neHom? TpéxuneHom?

. HUTo HaseIBalOT NoAobHbLIMU YneHaMuU MHoro4yneHa?

. Kakon MHorouyneH HasblBaloT MHOMOYNeHOM CTaHfapTHOro Buaa?

. YTO HasbiBalOT CTeneHbld MHOro4YneHa craHgapTHoro emaa?

. Kak HanTn koadduumeHTbl MHOroYneHa n-M CTeneHn ¢ oAHOU nepe-
MeHHOWU?

SN WNa

. O
YnpaXXHeHUA g uumm

8.2.

8.3.

8.4.

Ha3zoBuTe 0JHOYJIEHBI, CYMMOM KOTOPBIX ABJSETCA JaHHBIH MHOTOYJIEH:
1) -ba*+3a?—-a + 8;

2) 623 — 10x%y + Txy? + y®;

3) 3+ 32— 4r + 5;

4) 1,8a3%b — 3,7a%b? + 16ab?® — b.

Haiigure sHaveHWe MHOTOYJIEHA:

1) 2x% + x — 3 mpu x = 0,5;

2) 2 + bay npu x = 3, y = —2;

3) a® - 2ab + b?> upu a = -4, b = 6;

4y y* + Ty® — 2y?> — y + 10 upn y = -1.

Haitaure suauenue Maorounesa 2y° — 3y? + 4y — 6 npu:

Dy=1; 2)y=0; 3) y =-5.

IIpeobpasyiiTe MHOrO4YJIeH B MHOI'OYJIEH CTAHZAPTHOIO BHUA. YKAMKUTE
ero CTerneHb:

1) 4b% + a® + 9ab — 18bH% — 9ab;

2) 8m?® — 183mn — 9n? — 8m?® - 2mn;

3) 2a?b — Tab? - 3a?b + 2ab?;

4) 0,9¢* + 1,1¢? + ¢* - 0,6¢%;

5) 3x%2+ 6x -5 —a2 - 10x + 3;

6) b3 — 3bc + 3b3 + 8bc — 4b3.

IIpeobpasyiiTe MHOTrO4YJIeH B MHOTOYJIEH CTAHZAPTHOIO BUJA. YKAMKUTE
ero CTerneHb:

1) 5x% — 10x + 9 — 2x2 + 14x — 20;

2) —m® + 2m?* — 6m® + 12m?® — 18m?3;

3) 0,243 + 1,4a® - 2,2 - 0,94® + 1,8a® + 3;

4) 6x%y — xy? — 8x%y + 2xy? —xy + 7.
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8.7.

IIpuBenure nmomoOHBIe YWIeHBI U HAUJAUTEe 3HAYEeHUE MHOTOYJIeHA MIPH
VKa3aHHBIX 3HAYEHHUAX IepeMeHHBIX:

1) -3a® + 4a® + Ta® — 10a® + 12a, ecnu a = -2;

2) X%y — 3xy? — 43y + 8xy?, ecniu x = -1, y = -3;

3)0,8x? - 0,3xr —x2+1,6 + 1,1x — 0,6, ecau x = 5;

4) %azc + gacz + %az.{: +1,25ac?, ecnin a = -4, c = 3.

IIpueeguTe momobHble YIeHBI M HAAUTe 3HAYEHMEe MHOTOYJIEHA IIPU
VKA3aHHBIX 3HAYEHUAX IepeMeHHbIX:

1) 2a® + 3ab — b? — 6a® — Tab + 2b?, ecnin a = 2, b = —6;

2) mn — 6mn? — 8mn — 6mn?, ecimu m = 0,5, n = -2;

3) 10xy? — 12x%y + 9x%y — 9xy?, ecnu x = % ,y=9.

8.8. W3 opguounenos 4a, —-3ab, Ta?, —8a?, 9ab, 5a BbIGepUTE HECKOILKO
1 COCTABbLTE U3 HHUX:
1) MHOroO4JIeH CTAHJAAPTHOI'O BUJA;
2) MHOTOUYJIEH, COAePallHil mogo0HbIe UJIeHE];
3) IBa MHOrO4JieHa CTAaHIAPTHOTO BHUJA.
8.9. Haiiagure xoadPpUIMeHTsE MHOTOUIEHA ¢ OJHOM MepeMeHHOH. YKamKuTe
cTaplIni KoagdHuIIneHT B ¢cBOOOAHBIH Y/IeH:
1
1) —3x* + 2x3 — E,'v(‘°4+:1:"—5; 2) 4a® + 1; 3yt +y.
8.10. Haitgure koapduimeHTsl MHOTOYJIEHA ¢ OJHOH IlepeMeHHOH. YKamuTe
crapuui Koag@dUIHeHT H cBOOOIHLIN YIeH:
9
1) §J:3+x2 —x — 4; 2) -0,7H% + 2b; 3) m.
N
YnpaxHeHua gna NnOBTOPEHUA gy m
8.11. Kouders! nenoit 70 p. 3a 1 Kr cMemagu ¢ KoHderamu neHor 95 p. 3a
1 kr m moayuunu cmecsh meHoit 80 p. 3a 1 kr. Kakaa macca KoHpeT Kax-
IOT0 BUJa comep:UuTca B 1 Kr cmecu?
8.12. Ha nmoute npomaércsa 20 pasHbIX KOHBEePTOB U 15 pa3Hbix Mapok. CKoOJIb-

KO CYIIEeCTBYeT BAPDUAHTOB IIPUOOpPeTEeHUA KOHBEPTa ¢ MapKoi?

s n Cno)xeHve u BblMMTaHUE MHOIro4J1eHOB

[IycTs HamO CIOMHTL JABa MHorowrleHa 3xy’ + bx%y? — Txy + x + 11

u —2xy? + x%y? + 2xy + y — 2. Jlns aTOro BO3bMEM HMX B CKOOKM U IOCTABHM
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MeXJY HUMHU 3HAK «ILII0C». daTeM pacKpoeM CKODKHM M IIpuBelieM [10J00HLIe
cJiaraemsie.
Hmeem:
(Bxy? + 5x%y% — Txy + x + 11) + (—2xy? + 2292 + 2xy + y — 2) =

2

=3xy? +5x?y? —Tay + x +11-2xy? + 12y + 2ay +y — 2 =

=xy? + 6x%y% — bay + x+y + 9.

[TosyuyeHHbIH MHOIOWIEH SABJIAETCS CYMMON ABYX AaHHBLIX MHOTOUJIEHOB.

[TycTh Tenepsb TpebyeTcs U3 MepBOro U3 AAHHBIX MHOTOUJIEHOB BLIYECTD
BTOPOii. J[JIsT BTOr0 KasKAblil U3 MHOTOUYJIEHOB BO3bMEM B CKOOKU M MOCTABUM
nepe/ BHIYUTAEMbIM 3HAK «MUHYC». 3aTE€M PACKPOeM CKOOKH U NMPUBEIEM I10-
nobHbIe caaraemsie.

Hmeem:

(Bxy? + 5x%y% — Txy + x + 11) — (—2xy? + 2292 + 2xy + y — 2) =

=3xy? +5x%y? —Tay + x + 11+ 2xy? — x2y?

—2xy—-y+ 2 =

= bxy? + 4x%y? — 9y + x — y + 13.
[lony4eHHBI MHOTOYJIEH ABJISETCS PAZHOCTBHIO ABYX AAHHBIX MHOTO-
YJICHOB.
Boob1we, npu cromcenun u uiuumaniuil MHOZOYIeH08 6cezia Nnoayud-
emest MHOZOULEN.

Mpumep 1. JTokaxkuTe, 4T0 Pa3HOCTh JBY3HAYHOI'O YHMC/JIA M YHCIA, 3a-
IUCAHHOIO TeMHU e nudpamMu, HO B o6paTHOM IOpsAKe, NeJUTCA HAlle-
0 Ha 9.

PeweHue. IlycTh faHHOE YHCIO CONEPKUT a gecATKoB u b egunui. To-
raa oHo passo 10a + b.

Yuco, 3alHcaHHOE TeMH :Ke IudpaMu B o0paTHOM MOpPAAKe, PABHO
106 + a.

Paccmorpum passoers (10a + b)) — (106 +a)=10a + b — 10b — a = 9a —
—9b = 9(a - b).

OueBuaHo, uTo yncao Ia — b) nenurcs Haneno Ha 9. B

3amnuck ﬂ!b ABJIsAeTc 0003HAUEHHEeM OJBY3HaAYHOI'O HHUCJIa, Codepialllero

a necatkos u b equnani, T. e. ab=10a + b.
Ananoruuyso sanuck abc siBiasiercss 0603HAYEHHEM TPEX3HAYHOIO UHC-

14, cojlep:Kallero a cored, b necATKOB U ¢ eJJUHUIL, T. €. abc=100a + 10b + c.

Mpumep 2. Jloxaxxure, 4TO Pa3sHOCTh (ab + ac + be) —(ba + ca + E) ne-
JIATCA Halesio Ha 18.
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Pewenue. Umeem: (ab +ac + be) —(ba +ca+cb) =(10a + b + 10a + ¢ +
+10b +¢) - (10b + a + 10c + a + 10c + b) = (20a + 11b + 2¢) — (20c + 11b +
+ 2a) =20a + 11b + 2¢ — 20c — 11b — 2a = 18a — 18¢ = 18(a - ¢).

OueBupHO, 4TO YMcio 18(a — ¢) genurcsa Hanegao Ha 18. m

Mpumep 3. JlokakuTe, 4TO CYMMAa YETHIPEX IIOCJIETOBATEIBHEIX YETHBIX
HATYPAJIbHBIX YHCEJ He JeJHUTCS Haleso Ha 8.

PeweHune. IlycTs nepBoe M3 3THX YHCeJ PaBHO 271, Ille # — IIPOU3BOJIb-
HOe HaTypaJibHOe uuncio. Torga cleAyIOIMMH TpeMsd UYHCIAMH SABISAITCS
2n+ 2, 2n+ 4, 2n + 6 cCOOTBETCTBEHHO.

PaccmarpuBaemas cymma umeeT BUA 271 + (2n + 2) + (2n+ 4) + (2n + 6) =
= 8n + 12.

IlepBoe cnaraemoe 8n cymmbl 81 + 12 menurcs Hameno Ha 8, a BToOpoe
ciraraemoe 12 — He genurcsa. CiuemoBarenbHo, cymma 8n + 12 He genuTcs Ha-
1ejio Ha 8. W

= O
® YnpaKHeHUA g ommm
9.1. Ha#naure cyMMy MHOTIOYJIeHOB:
1) -5x? — 4 u 8x? - 6; 2) 2x + 16 u —x? — 6x — 20.
9.2. HaitiauTe pasHOCTh MHOTI'OYJIEHOB:
1) x2 + 8x u 4 — 3x; 3)4x?2 - Tx+3ua?—-8x+11;
2) 2x2 + bx u 4x2 — 2x; 4)9m? —b5m+4u-10m+ m? + 5.

9.3. YOpocTuTe BhIpaKeHUe:
1) (5a* + 3a?b — b3) — (3a* — 4a?b — b?);
2) (12xy — 1042 + 9y?) — (-14x2% + Yxy — 14y?);
3) (Tab? — 8ab + 4a?b) + (10ab — Ta?b);
4) (2¢2 + 3¢c) + (—c? + ¢) — (c? + 4c - 1).
9.4. YupocTure BhIpaKeHUe:
1) (322 — 2x) + (—x2 + 3x);
2) (4¢? — 2¢d) — (102 + 8cd);
3) (12m? — Tn — 3mn) — (6mn — 10n + 14m?);
4) (3n® — 2mn + 4m?) — (2mn + 3n3).
9.5. HKaxoii aByuyieH Hag0 NpubaBUTh K JAHHOMY JABYYJIEHY, YTOOBI UX CYM-
Ma ObLja TOMAEeCTBEHHO PpaBHA HYJIIO:
1) a + b; 2)a - b; 3) —a— b?
9.6. Pemwure ypaBHeHUe:
1) 3x% — (2x2 — 8x) — (&% - 3) = x;
2)12 — (6 — 9x — x?) = a2 + bx — 14;
3) 4y® — (4y® - 8y) - (by + 3) = T;
4) (y* -4y - 17) - (6y* -3y - 8) =1 -y - 55°.



9.7.

Pemure ypasHeHue:

1) (5x% — 3) — (2x + 5) = 5%
2D)x2-(x+1)-(x®-Tx+32)=3;

3) (P +3y—8)—(by —y*+ 7)=2y% - 2y — 15.

9.8. J[lora:xuTe TOMXIECTBO:
D(@+b2-c)-b*+c2-a®)+(c*-a®)=a?-c%
2) (4 -3a®) - a®+ (7T + 24 - (-2a® + 11) = 0;
P +4x) - (x+6)+ (1 +x—2%) =422 - 5.
9.9. Jloxa:xure TOXIECTBO:
1) 4a? — (6a? — 2ab) + (3ab + 2a?) = bab;
2) (945 — 4x%) — (¥ —9) — (BaF — Ha®) =ab + 9.
9.10. Haiigure 3HaYeHUe BhIpasKeHUA:
1) (5a® — 20a?) — (4a® — 18a?), ecnu a = —3;
2) 4b% — (7H% - 3bc) + (3b? — Thc), ectu b = -1,5, ¢ = 4.
9.11. BriuuciuTe 3HaYeHUe BbhIpasKeHU:
1) (5,7a? - 2,1ab + b?) - (3,9ab - 0,3a® + 2b?), ecnu a = -1, b = 5;
2) (bm®n — m?) + Tm® — (6m?® — 3m?n), ecniu m = —g, n= % :
9.12. [lora:xkuTe, 4TO 3HAYEHUE BbIpa:KeHUS He 3aBUCHUT OT 3HAUEHUs Mepe-
MEHHOM, BXOAsIIeil B Hero:
1) 1,6 — 7Ta® - (0,8 — 4a?) + (3a® - 0,7);
2) 3x% — 9x — (8 — 5x% — (9x — 8a2)).
9.13. Jloxka:kure, uTo 3HauYeHue BoipakeHus (2¢2 — 3c) + 1,8 — ¢ — (¢? — 3¢ - 2,2)
He 3aBHCHUT OT 3HAUYEHUA NepeMeHHOM, BXOLAIel B Hero.
9.14. Kakoii MHorouaeH Hajo npubaBUTh K TpéxuneHy 2a% — ba + T, 4T0OBI
cyMmMa ObLiIa paBHA:
1) 5; 2) 0; 3) a?; 4) —2a?
9.15. Kakoii MHOrouJyieH HaJ0 BhlUecThb U3 ABy4iaeHa 4a® — 8, uToOBLI pasHOCTE
OblJIa paBHA:
1) —4; 2) 9; 3) —2a?; 4) 3a?
» 2R 4 |
9.16. BMecTo 3BE30UKH B3AlHIINTE TAKOH MHOTOYJIEH, YTOOBI HOJYYHJIOCH
TOMIECTBO:
1) % — (3x? — dxy + 2y?) = 922 + y%;
2 a®-6a’+2a—(¥)=a>+2a*>-1.
9.17. BMecTo 3BE3IOUKH 3AIlUIIATE TAKOH MHOTIOYJIEH, YTOObLI MHOJYUYHUIOCH

TOMJ[eCTBO:
1) (222 — 14x + 9) + (*) = 20 — 10x;
2) (19a? — 17a%b + b?) — (¥) = 20a* + 5a?b.
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9.18.

9.19.

9.20.

9.21.

9.22.

9.23.

9.24.

9.25.

9.26.

9.27.

9.28.

9.29.

9.30.

9.31.

9.32.

9.33.

BmecTo 3B€30UYKHM 3aIUIIIHUTE TAKOM MHOI'O4JIeH, YTODBI [MOCJe IIpUuBee-
HHUA II0J00HBIX YJIEHOB IIOJYUYEHHBIM MHOTOUYWIEH He COJepsKall IepeMeH-
HOH a:

1) 4a® - 3ab + b + 8 + *; 2) 9a® — 9a + Tab? + bc + bm + *.
BMmecTo 3BE3IO0YKH 3alIUIIINUTE TAKOU MHOTOYJIeH, YTOOBI IOCJe puBeje-
HUS MOJ0OHBIX WIeHOB MHOTOUJeH 3x2 + bx?y + Tx — 8y + 15 + * He co-
Iepa:

1) ueHos ¢ x2;

2) 4JIeHOB ¢ MepeMeHHOMH X;

3) 4JIeHOB C IepeMeHHOH Y.

IIpencraBepTe B BHJe MHOIOYJIeHA YHCJIO, COCTOSAIIEE U3:

1) 4 coreH, x NeCATKOB U I €UHUIL;

2) a teicsay, b coreH, 5 NeCATKOB U ¢ eJMHMUII.

IIpencraBbpTe B BUe MHOTMOUYJIEHA BbhIpaKeHUe:

1) cha; 2) abc — ab; 3) a0c + ac.
[IpejcraBbTe B BUje MHOIOYJIeHA BhIpasKeHHe:
1) cab + ca; 2) abc + bea; 3) ab9 + Ta.

IokaxkuTre, 4To 3HaUYeHHe BeipaxeHusa (9 — 18n) — (6n — 7) kparuo 8 npu
JH00M HATYpPaAJIbHOM 3HAYEHUH 7.

IokaxkuTe, 4TO 3HaYeHHUe BhIpaxkeHusd (6m + 8) — (3m — 4) kpaTrHo 3 nIpH
J00M HATYpPaIbHOM 3HAYEHHUH 7M1.

HokaxuTe, 4TO NPH JIOOOM HATYpaIbHOM 3HAYEHHUH 7 3HAYEHHEe BbIpa-
KeHus (bn + 9) — (5 — 2n) npu geneHuHn Ha 7 HaéT OCTATOK, PABHLIN 4.
YemMy paBeH OCTATOK NPH JeJeHUH Ha 9 3HAUeHUA BHIPAKEHUSA
(1612 + 8) — (7n + 3), rme n — MPOMU3BOJLHOE HATYPAJIbLHOE YHCJIO?
IIpencraBpre MHOTOWIeH 3ah + 8a® — 6a + 12b — 9 B BUJle CYMMEI JIBYX
MHOPOYJIEHOB TaK, 4TOOBI OJ[UH U3 HUX He COJep:KaJl nepeMeHHon b.
IIpepcraspre MHOTO4WIeH 4mn® + 11m?* — Tm® + 14mn — 9n + 3 B BUge
PasHOCTH ABYX MHOTOYJEHOB € MOJOKUATEIbHBIMH K03(dUIIHeHTAMH.
IIpeacrasbre MHOrOWwIeH 6x2? — 3xy + 5x — 8y + 2 B BUe Pa3HOCTH IBYX
MHOT'O4JIEHOB TakK, YTOObI OJJMH M3 HUX He COJepPiKall IepeMeHHOHU I.
IokakuTe, 4TO 3HAYEHHE pasHOCTH ABy4YJaeHoB 13m + 20n u Tm + 2n,
rae m W 71 — [OPOM3BOJIbHBIE HATYPAJIbHbIE YHCJA, JEJHUTCA HALEJI0
Ha 6.

Ioka:;xkuTe, 4TO 3HAYEHME CYMMBI AByuiaeHoB 16a — 6b u 27b — 2a, rue
a1 b — Npou3BOJIbLHBIE HATYPAJbHEIE YUC/IA, JAeJIATCA HalleJlo Ha 7.
IIpeacraBpre MHOTOWIeH X2 — 6x + 14 B BUJle pA3HOCTH:

1) ABYX ABYVUJIEHOB; 2) TpéxuJieHa U ABYYJIEHA.

IIpencrasbre MHOTO4WwIeH 3x2 + 10x — 5 B BHAe pasHOCTH ABYWIeHA
1 TpexdJeHa.



9.34.

9.35.

9.36.

9.37.

IMoxkamxure, uro Beipaxkenue (2x* + 4x — 1) — (x* + 8 + 9x) + (bx + x* — 3x%)
IIPUHUMAaeT OTPHUIATeILHOE 3HAUeHHe IIpU JodoM sHaueHuu x. Kakoe
HauOoJIbIlIee 3HAUEHHE IPUHUMAET 9TO BhIPAXKEHUe U INPHU KAKOM 3HaUe-
HUH X7

IoxkaxuTe, uro BeIpaskenue (7y> — 9y + 8) — (3y? — 6y + 4) + 3y npuUHU-
MaeT IOJIOKUTeJbHOe 3HAaYeHHe Npu jodoMm 3HaveHuu y. Kakoe mawm-
MEeHbIIlee 3HAUEHHE IIPUHUMAET 3TO BbhIpajKeHHe M IIPH KAaKOM 3HAa4e-
HUH Yy?

IHokaxure, 4yTO:

1) cyMMa OATH OOCJIeI0BATENbLHELIX HATYPAJLHBEIX YMCEJ Je/JIUTCA Halle-
JIO Ha 5

2) cyMMa TPExX mocjiefOBATeIbHBIX YETHBIX HATYPAJbHBIX YHCEJ JHeIHT-
cs HalleJio Ha 6;

3) cyMMa 4YeThIPEX IIOCJeNOBATENbHLIX HEYETHBIX HATYPAJIbHBIX UHCEJ
IeJUTCA HALeJo Ha 8;

4) cymMMa 4eThIPEX MOCHe0BATEIbLHBLIX HATYPAJILHLIX YHCEJ He JIeJHUTCS
HaleJo Ha 4;

D) OCTATOK OT AeJieHHMA Ha 6 cyMMBI IIeCTH HOCJeIOBATeNbHBIX HATY-
pajlbHBIX YHCEJ paBeH 3.

IHokamure, 4TO:

1) cyMMa TpPEX MOCJeI0BATEIbHBIX HATYPAJIbHBIX YHCEJ KpaTHa 3;

2) cyMMa ceMH II0CJe0BATEe/IbHBIX HATYPAJILHLIX UHCEJ JeJUTCS Halle-
JIo Ha T3

3) cyMMa 4eThIPEX MOCJIeI0BATEJIbHBIX YETHBIX HATYPAJIBLHBIX YHCEe Jie-
JHATCA HaleJao Ha 4;

4) cyMMa OATH IIOCJe0BATEeIbHBIX YETHBIX HATYPAJIbHBIX YHCEJ JeIHUT-
cs Hateso Ha 10.

A 4

9.40.

9.41.

IHokaxure, 4yTO:
1) cymma uncen ab, bc u ca menurca Haneso Ha 11;

2) pasHocTb yucen abc u chba penurca Hameso Ha 99.
Hokraxxure, 4TO:

1) cymma uncen abe, bca n cab kparna 111;

2) pasHocTb yucia abc u cymmbl ero mudp geaurcs Hauesao Ha 9.
IokaxuTe, 4TO HE CYIIECTBYET TAKMX BHAUEHUHN X U Y, IIPU KOTOPBIX
MHOrOWIeHsl H5x% — 6xy — Ty? u —3x2 + 6xy + 8% ogHOBpEMEHHO IPUHU-
Maju OBl OTPUIIATE/ILHBIE 3HAUCHUS.

IokaxuTe, 4TO HE CYIIECTBYeT TAKMX 3HAUEHUN X U I, IPU KOTOPBIX
MHOrouweHsl —5x% + 3xy + 4y? u 6x% — 3xy — y? ofHOBpEeMEeHHO IIPUHU-
Maju GBI OTPUIIATEbHBIC 3HAYCHUS.
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9.42. PaccrasbTe CKOOKHM TaK, YTOOBI pABEHCTBO CTAJIO TOMIECTBOM:
D -2x+1-2a2-2x-1=2;
a2 -2x+1-a%2-2x-1=-2;
Na?-2x+1-x2-2x-1=0.

= .

9.43. HarypanbHble UMCIa 7 U ¥ TAKOBLI, UTO 3HAUYEHUE BLIpAKeHUA 3m + 4n
menuTcss Hameao Ha 171. JokauTrTe, 4TO 3HAUYeHHEe BbIpaKeHH:
177m + 1791 Takxke neaurcsa Haleso Ha 171,

9.44. Ilensle yucaa a, b 1 ¢ TAKOBBI, YTO 3HAYEHUs BhIpaxkeHuit @ — b + 101,
b —c+ 101, ¢ — a + 101 aBasiroTca TpeMs IIOCJEJOBATEIbHBIMM HATY-
panbHBIMH YyHciaaMu. Haligure aTH HATYpaJbHbIE YHCJIA.

N
YnpamHeHVs ANA NOBTOPEHVA gum

9.45. Hexoropoe uucno cHauayua yBenuuunu Ha 20 %, a moToM YMeHBIIHIH

- pesyabTaT Ha 20 %. YeranoBuTe, O0JbIIE UM MeHbIIIEe HCXOJHOTO MOJIY-
YeHHOe YMCJIO U HA CKOJBLKO IPOLIeHTOB.

9.46. Yepes nepByio TpyOy OacceilH MOKHO HAIIOJHHUTEL BOMOH 3a 3 4, a 4epes
BTOpYI0O — 3a 6 u. CHauyana 2 4y ObLIa OTKPBITA epBadA Tpyba, IOTOM eé
3aKpPBLIH, HO OTKPBLIK BTOPYIO. 3a CKOJBKO 4acoB ObLI HalloJHEH Dac-
cerH?

9.47. M3BecTHO, UTO B IIapKe % IepeBLeB COCTABJIAIOT KAIITAHEL, a % — De-

péanl. CKOJILKO BCEro JIepeBLeB B Iapke, ecoid ux Goiusire, yem 100, HO
MeHblIe, yem 2007

9.48. I13 cena B HaNpaBJeHMH CTAHIMH BEIIIEJ IelIeX0J CO CKOPOCTHIO
4 gM/4. Yepes uac u3 cena co ckopocThblo 10 KM/4 BbIeXasl BeJIOCHIIe-
IHCT, KOTOPLIH npubela Ha cranmuio Ha 0,5 u panbsiie nemexona. Kako-
BO PACCTOAHHE OT ceJia 0 CTAHIUN?

s m YMHOXeHue ogHo4YNIeHa Ha MHOrouvneH

YMHOMKUM OfHOUYIEH 2x Ha MHOrousleH 3x + 2y — 5. Ilyia aroro sanuuiem
npousBenenue 2x(3x + 2y — 5). Packpoem ckoOKu, IPUMEHUB paclipejeaun-
TeJbHOE CBONCTBO YMHOMKeHHUsA. MMeem:

AL %
2x(3x + 2y — 5) =2x - 3x + 2x - 2y — 2x - 5 = 6% + 4xy — 10x.
[Tonyuenusrit muorounen 6x% + 4xy — 10x ABAsETCA IPOU3BEIEHUEM O/I-
HO4YJIeHa 2X U MHOTo4YJIeHa 3x + 2y — 5.
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HDH VMHOMEeHHM OJHOYJeHa Ha MHOI'OYWJIeH BCerga InoJay4daeTcs MHO-
I'O4YJIEH.

= I' Y106BI YMHOMMTE OgHO4YNEeH Ha MHOIMo4YNeH, HY)XHO YMHOMWUTb 3TOT OQHO-
yneH Ha I(.al'l(anITl 4YyneH MHOroudneHa 1M nony4vdeHHble Npon3eegeHNA cno-
MNThb.

,[[J'IH IIpoH3BeJeHHNA OJHOYJIeHa H MHOIr'OYJeHa CIIpaBeqJIMEO I1epeMeCTH-
TeJIbHOEe CBOMCTBO VMHOMEHHA. HGSTDMY HpHBEI[éHHOE InIpaBuJIO MO3BOJAET
YMHOMXATE MHOTOYJIEH Ha OJHOYJIEH.

Mpumep 1. Yopocrure Boipasenue 6x(x — 1) — 3(2x% — 8x + 4).
PewweHune. Umeem:
6a(r —1) - 3(2x* - 8x+4) = 62° -6x - 62> +9x-12 =3x - 12. m

Mpumep 2. Pemurte ypasuenue 0,5x(3 + 4x) = 2x(x — 2) — 11.
PewmeHue. Umeem:

1,5x + 2x% = 2x2 — 4x — 11;
1,50 + 2x%2 — 222 + 4x = -11;
5,ox=-11;
x =—2.
OTtBeT: —2. m

ox+4 x+3 _9
12 8
PeweHWe. YMHOKUB 00€ YaCcTH JAaHHOTO YPABHeHHWs Ha 4ucJo 24, ABJIs-
leecs HAMMeHbIIHM 00IIUM 3HaMeHaTe/eM Apodeil, coep:KAIUXCA B 9TOM
VPaBHEHUU, MMOJIVIAEM:

Mpuvmep 3. Pemure ypaBHEeHHE

{5.r+4_x+3]_24:2124_

12 8
Orciona 24 -2X+4 94 ¥+3 _4g.
12 8

2(5x +4) — 3(x + 3) = 48;
10x + 8 — 3x — 9 = 48;
Tx —1=48;
x="1.
OTtBeT: 7.

Mpumep 4. loka:xkuTe, 4YTO IPH J0O0M 3HAYEHUU IIePEMeHHOH ¢ 3HAYe-
Hue BelpaxkeHus 3a(a? — 4) — 2a®(1,5a + 4a*) + 6(2a — 1) aBaserca orpuna-
TeJbHBIM YHCJIOM.
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PeweHnwne. 3a(a® — 4) — 2a*(1,5a + 4a*) + 6(2a — 1) = 3a® — 12a — 3a® -
~ 8a%+ 12a — 6 = —8a® - 6.

Bripa:kenune —8a® npu m060M 3HAYEHHUM @ NPUHUMAET HEIOJOMHTe b
Hoe 3HayeHue. CiaeloBarTeJbHO, 3HaUYeHNE BhIpaxkeHus —8a’ — 6 asnserca or-
pHIIATEebLHBLIM YHCJIOM IPHU JI060M 3HAYEHUU . B

Mpumep 5. OcraTok npu gejieHUH HATYPAJIBHOrO YHcJIa m Ha 6 paBeH d,
a OCTATOK IPH JeJeHHH HAaTypPaJbHOTO uncja 7 Ha 4 paseH 2. JlokaKuTe, 4To
3HAUEHHE BBIpAKeHUsA 2m + 31 JeJUTCS HAIEJO HAa 4 U He JeJHUTCS HAIeJIo
Ha 12.

PeweHwe. IlycTe HemosHOe YacTHOe MpH AejqeHHMH m Ha 6 paBHO a,
a npu geneHuu n Ha 4 pasuo b. Torna m = 6a + 5, n = 4b + 2.

CnenosatenbHO,

2m+3n=26a+5)+3(4b+2)=12a+10+12b + 6 =12a + 12b + 16.

Kasxmoe ciaraeMoe mMoJy4eHHOM CYMMEBI I@JIUTCSA HAIEJ0 HA 4, IT03TOMY
U CyMMAa JeJIUTCA Harexo Ha 4.

IlepBhie ABa ciaaraeMbIX AeJisITCA HAalleJo Ha 12, a TpeTbe — He JEJHT-
csa. [TosTomy 4 cymMMa He JeJIUTCA HaleJao Ha 12. W

? Kak yMHOXWUTb OHO4YNEH Ha MHOro4NneH?

. [
® YnpaXHeHUA g puumm
10.1. IIpeobpasyiiTe B MHOIOUJIeH IIPOKU3BeJeHUE:
1) 3x(2x + 5); 7) (4y® — 6y + 7) - (-1,2°);
2) 4x(x% - 8x — 2); 8) 0,4x%y(3xy? — bxy + 13x%y°%);
3) —2a(a® + a — 3); 9) (2,3a®b — 1,7b* — 3,5b) - (-10a?b);
4) 5b%(3b% - Th + 10); 10) —4pk3(3p%k — p + 4k - 2);
5) mn(m?*n — n®); 11) %mnz (6m — 1,8n + 9);
6 3_ 9,2 2\. 1.(3.5_1.2 71 m]
) 2ab(a® — 3a®b + b?); 12) 1=cd| =c c2d d |.
7 o] 24 4
10.2. BrinnoJIHUTEe YMHOMKEHHE:
1) 3x(4x? — x); 4) 3% - a2+ Tx - 1);
2) -5a*(a? - 6a — 3); 5) —2c2d (4c? - 3d + 5dY);
3) (8h%2 - 10b + 2) - 0,5b; 6) (5m®*n — 8mn? — 2n%) - (—dm?n®).

10.3. ¥Vupocrure BeIpasKeHUe:
1) 8x — 2x(3x + 4);
2) Ta® + 3a(9 - 5a);
3) 6x(4x — 7) — 12(2x% + 1);
4) 2m(m — 3n) + m(bm + 11n);



10.4.

10.5.

10.6.

10.7.

10.8.

10.9.

5) c(c® — 1) + c%(c - 1);

6) 8x(x® + y?) — 9x(x® — y?);

7T) 5b%(2b — 3) — 2,5b%(4b — 6);

8) x(5x2 + 6x + 8) — 4x(2 + 2x + x?).
VipoceruTe BhIpakeHue:

1) Tx(x — 4) — (6 — x);

YupocTuTe BhIpakeHHe M HaiUTe ero 3HAUeHUe:

1) 3x(2x — 5) — 8x(4x — 3), ecnu x = —1;

2) 2x(14x% — x + 5) + 4x(2,5 + 3x — Tx?), ecsim x = T;
3) 8ab(a? — 2b%) — Ta(a?b — 3b?), ecnu a = -3, b = 2.
YupocTuTe BhIpakeHHe M HaWATe ero 3HaYeHHe:

1) 6x(6x — 4) + 9(3 — 4x), ecniu x = —%;
2) 2m(m — n) — n(3m — n) — n(n + 6), ecnu m =-4, n=0,5.
Pemnure ypaBHeHUe:

1) 5a(3x — 2) — 15a(4 + x) = 140;

2)1,2x(4 + 5x) =3x(2x + 1) - 9;

3) 6x(7x — 8) — 2x(21x — 6) = 3 — 30x;

4) 12x — 3x(6x — 9) = 9x(4 — 2x) + 3x;

5) Tx? —x(Tx—5)-2(2,bx+1)-3=0;

6) 8(x% — 4) — 4x(3,5x — T) = 20x — 6x2.

HaitpjuTe KopeHs YpaBHEHUA:

1) 0,4x(5x — 6) + 7,2 = 2x(x + 0,6);

2) x(3x + 2) — 9(x2 — Tx) = 6x(10 — x);

3) 12(x® — 2) — Tx(x® — 1) = 5x® + 2x + 6.

ITokaxuTe TOMKIECTBO:

1) ab(b - ¢) + ac(c = b) — a(b? - 3bc + c?) = abc;

2) 4a(a + b) — a(3a — 4b) — 8ab = a?;

3) ala + 2b) + b(a + b) = b(2a + b) + a(a + b);

4) a(b + ¢ — be) — b(a + ¢ — ac) = (a — b)c.

10.10. [oxa:kuTe TOMIAECTBO:

1) a(a + b) — b(a — b) = a® + b?;
2) b(a — b) + b(b + ¢) = b(a + b) — b(b — ¢).

10.11. [Hokaxkure, 4TO €CJIM:

VYa+b+c=0, 10 albc—1)+ b(ac — 1) + c(ab — 1) = 3abc;

2) a? + b2 = 2, ro c(ab — ¢) — b(ac — b) — a(bc — a) + abc =0,

10.12. [loxka:;kuTe, 4TO 3HAUEHUE BhIPAKeHUA

a(12x + 11) — 2%(x% + 8) — x(11 + 4x — x®)

He 3aBHMCHT OT 3Ha4YeHHHA HEDEMEHHGEI.

3) xy(2x — 11y) — x(xy + 14y?);
2) 5ab(4a + 3b) — 10a?(2b - 4); 4) 5c3(4c — 3) — 2¢%(8c¢? - 12).
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10.13. [loxa:kuTe, 4TO 3HAUEHHUE BhIpaKeHU
6x(x—3)- 9(%12 —2x + T]
He 3aBHCHUT OT 3HaYeHU S NepeMeHHOI.

10.14. [lokamxuTe, 4To OpH JWOOBIX 3HAYEHUAX X 3HAYeHUEe BhIpasKeHU:A
4(x%2 - 2x + 4) — 0,5x(6x — 16) ABngeTCA MONOKUTETLHEIM YHCIOM.
10.15. [Toxaxkure, uro BeIpaxenue 3x2(3 — 4x) — 6x(1,5x — 222 + x®) npunn-

MaeT HemoJOMUTeIbHbIe 3HAYeHUA IPHU BCeX 3HAYeHUAX X.
10.16. [Toxaxxure, uto Beipaxkenue Ta*(a + 3) — a®(21a + Ta? — 3a®) npunuma-
eT HeOTpUIlATeJbHbIe 3HAUeHUS IIPHU BCeX 3HAUYEHUAX d.
» 2R 2 |
10.17. 3aMeHUTe 3BE3N0UYKHM TAKMMHU OJHOUJIEHAMM, YTOOBI IIOJYUHJIOCH TOMK-
IeCTBO:
1) % - (a — b + ¢) = —abc + b%c — bc?;
2) % . (ab — b?) = a®b — a®b?;
3) —3a%(* — *) = 6a® + 15a.
10.18. 3amMeHHUTe 3BE3N0OYKM TAKHMMH OJHOUJIEHAMM, YTOOBI IIOJYYHIIOCH TOMK-
IeCTBO:
1) (x - y) - * =x%* - 2Py;
2) (F9x% + %) -y = + Yy
3) (1,4x — %) - 3x = % — 0,6x3;
4) #(* — x%y° + 5y®) = 8233 + 5a%y® — =,
10.19. YopocTure BhIpazKeHUe:

1) 15a- 454 119422224,
3 6

2) 24{:3_c2+2c—3_18{:2_c3—c2+2_

¥

-~ ; _2y
3) 34x -~ 7 —45y.——= _ y(6y - 5x).
) 34x - — Yy —5 Y6y -5x)
10.20. YopocTuTe BhIpaskeHUe:

1) 652 5b* - 4 2b®

+20b+%_—;
4

2) 14m-m;”—m8‘”-16n—2(m2+n2}.

10.21. IIpu xaxoM 3HaYEeHUM NepeMeHHOH 3HaYeHHe BhIpa:xeHus y(y — T)
Ha 15 OoJsble 3HaueHuA Beipaxkenus 2y(4y — 10,5)?

10.22. JIiMHA OIPAMOYTOJILHHKA B 3 pa3a 0oJblle ero MHUPHHBIL. Ecau mupu-
HY IPAMOYTOJbHHKA YMEHBIIUTE Ha 6 cM, TO ero Ijiolajlb YMeHbIIHTCS
Ha 144 cm?. HaliguTe NCXOOHYIO IIUPUHY IPAMOYIOJIbHUKA.



10.23. [ITupuHa OpAMOYVIOJbHHKA Ha 8 ¢M MeHBLIIEe ero AJANHBLI. Ecau nIuHy
IPAMOYIOJbHHKA VBEJIUMYHUTHL HA 6 cM, TO ero IIomaab VBEJIUUYHUTCA HA
72 cm?. Haliiure nepuMeTp JaHHOT'O IPAMOYIOJbHHKA.

10.24. 3a 3 gua typuct npomeén 108 kM. 3a BTOpoi JeHb OH IIPOIIEa Ha 6 KM

" " 2 s
60.1’1]:-]1[&, UeM 34 IMepBbBIM, a 3a TPEeTHH — ﬁ pPacCTOAHHUA, IIPOHUJEeHHOI'D

3a mepBbIX ABa AHA. CKOJMBKO KMJIOMETPOB TYPHUCT MPOIIET 3a KasKIbIi
U3 3TUX JHeH?
10.25. Tpu Opuraasl pabounx u3roToBUIH 3a cMeHy 80 geraneii. ITlepsasa 6pu-

" 3
rajga H3roToBHJIa Ha 12 JeTajnlel MeHbIle, YeM BTOpafd, a TpeTbA — F

KOJUYeCcTBa JeTajieid, U3TOTOBJEHHBIX IepBOM U BTOPOM OpuUragamu
BMmecTe. CKOJIBKO HeTajieil U3roTOBUJIA Kaxaaa Opurama?
\ 2 A 2
10.26. YupocTuTe BbhlpasKeHHe:
1).).”“' 1(_:t.r:+6 _ 1} —.th‘”"‘g{.l’“-"ﬁ —.?63};
2) At 2(_1:.2 _ 3} _ J.’“(.Z‘E"HJ’ 2 _ 342 _ 1},
rine 77 — HaTypaJbHOEe YHUCJO0.
10.27. YopocTuTe BhIpaskeHUe:
1) 2" * 1 + 2x) + x(3x" — a2+ 3);
2) x(4x" 1 4 2" - )+ x4 + 222 — 1Y),
rine 7 — HaATypaJdbHOEe YHUCJO0.

10.28. OcraToK NpH JeJIieHUH HATYPAJILHOIO YHCJAa @ HAa 3 paBeH 1, a ocTaTok
IIpH JeJIEeHUH HATYpAaJbHOTO uncaa b Ha 9 pased 7. Jlokasure, 4To 3HA-
yeHHe BeIpaykeHusa 4a + 2b penurca Hameso Ha 3.

10.29. OcTaToK IIpH AeJeHHH HATYPAJILHOIO YHCJIA 77 Ha D paBeH 3, a OCTATOK
P JeJIeHHHW HAaTYPAJbHOTO Yhciaa 1 Ha 3 paseH 2. [lokaxuTe, 4To 3HA-
YyeHHe BhIpaykeHusa 3m + Dn He HenuTcA Hameso Ha 15.

=

10.30. CyumiecTByIOT JM TaKHe MOMNAPHO pas3jiuyHble yucaa d, b u ¢, 4ro

a(b — c) = b(c — a) = cla — b)?

N
YnpamHeHVs ANA NOBTOPEHVA gum

10.31. Ob0maa miromaabk Tpéx mojeil paBHa 46,4 ra. Ilnomans BTroporo moJjs
B 1% pasa MeHbllle ILIOIAAN IepBOro, a ILUIoIaJb TPeThbero Mmojis co-

craBjger 72 % nmomaau nepsoro. Hafigure miomans Kamaoro moJjs.
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10.32. 3a nepselil gens Calna IIpoYnTAI % CTPaHUWI[ KHUTU, 32 BTOPOHM —

64 % ocraBmmuxcda, a 3a TPeTHl — ocTajlbHbie D4 cTpaHUIbl. CKOJIBKO
CTpaHUI] B KHUre?

10.33. KakoBa BepOATHOCTEL TOI'0, YTO NPHU OPOCAHMH MI'PAJILHOIO KyOHUKA BbI-
majer:
1) HeuéTHOE YKCJIO;
2) uKMcy0, KOTOpOe JeJlHUTCS Halleslo Ha 3;
3) 4MCcJIo, KOTOPOe He AeJIMTCA HaleJao Ha 37

10.34. BenocunenucT npoexas IMepPBYIO IIOJOBHHY IYTH 3a 3 4, & BTOPYIO —
3a 2,0 4, TaKk KaK YBeJIHYHJ CKOPOCTh Ha 3 KM,/4. Kakoe paccrosHne
IIPOEeXajl BeJIOCUIIeTHUCT?

10.35. Ha oxnom ckiname ObLio 184 T MUHepanbHBIX yaoOpeHMii, a HA BTO-
pom — 240 7. IlepBbIil CKIa] OTIIYCKAET eKeIHeBHO o 15 T yaoOpeHuii,
a Bropoii — mo 18 T. Uepes CKONLKO JHEHl KOJIUYECTBO yIOOpeHMIi,

2
OCTABIIHXCH Ha IIepBOM CEKJIale, GF,E[-ET COCTaBJIATH E EOJIHNYecTEa Yﬂﬂﬁ‘
pEHHﬁ, OCTABIIMXCA Ha BTOPOM CRJIE[HE?

s m YMHOXeHue MHOro4sieHa Ha MHOrouvneH

ITokaxkeM, KAK YMHOMKUTL MHOI'OYJIEH HA MHOI'OYJIeH, Ha IIpUMepe IIpPo-
ussegenus (a + b)(x — y — z). O6o3HauuM BTOpoOil MHOKUTENL OyKBOil c. Torma
[oJiyyaeM:

(a+ b)x—-y—2z)=(a+ b)c=ac+ bc.

Temeps B BeIpaskeHUH dc + HC TOACTABUM BMECTO ¢ MHOTOWIEH X — If — Z.
Sanuiiem:

ac+bc=alx—y—-2)+ blx-y—-2)=ax— ay — az + bx — by — bz.

IHonyyeHHBIN MHOTIO4YJIEH U SABJAETCH UCKOMBIM IIPOU3BeJeHHueM.

ITOT Ke pPe3yJIbTAT MOKHO IMOJYUIUTh, €CJIU IPOU3BEJeHUe HAXOIUTh 110
cxeMme:

AT )
(a+b)(x—y—2).

T
ChopmyaupyeM INpaBUJI0 YMHOKEHUA MHOTOUJIEHA HA MHOTOYIEH.
-] -i I'I'I'ﬂsbl yMHﬂﬂlHTh MHOro4YneH Ha MmHorodneH, MoxHo Ka]ﬂﬂhlﬁ YyneH ﬂﬂHﬂ"

ro MHOrouneHa yMHOMWUTb Ha KaX bl YNeH Apyroro U nonyvyeHHble npo-
M3BEeOEeHNA CNOXMUTD.



Taxum GﬁpE_BGM, Ipx yMHOMEHHH MHOI'O4WJIeHa Ha MHOT'OY/JIeH BCerga
Inojaydyaen MHOI'OYIEH.

Mpumep 1. Yonpocture Beipaxkenue (3x — 4)(2x + 3) — (x — 2)(x + 5).
PeweHwne.

(Bx —-4)2x+3) - (x - 2)(x + 5) =
=6x2+9x—-8xr— 12— (x® + ba — 2x — 10) =
= 612+E—8_,T—12—£2—£+£+10=51‘2—2,1{—2..

Mpumep 2. IIpeacraBbTe B BUJE MHOIMOYJIEHA BhIpasKeHHe
(a + 2)(a — 5)(a + 3).
PeweHnue. (a + 2)(a — 5)a + 3) = (a? — ba + 2a — 10)(a + 3) =
=(@®*-8a—-10)a+3)=a® +3a*> - 3a* —9a—-10a - 30 =a® - 19a - 30. m

Mpumep 3. Haiigure deThipe mocieqoBaTeNbHBIX HATYPaJbHBIX YHCJIA
TAKHX, UTO IIPOH3BeJleHHEe TPETHero M 4eTBEPTOro U3 HUX Ha 38 Ooiblle Ipo-
H3BEJIeHUs [IePBOT0 U BTOPOTO.

PeweHwue. IIycTh MeHBIIIEe U3 3THUX UKMCEJ PABHO X, TOrAa TPHU CJIEIVIO-
IIUX 34 HUM yKcaa OyayT paBHel X + 1, ¥ + 2, x + 3. Tak Kak 1o yCcJI0BHIO IIPO-
ussegenue (x + 2)(x + 3) ua 38 doablne, yeM mpousserenue x(x + 1), To:

(x+ 2)(x+ 3) —a(x+ 1) = 38.
Orcioga x2 + 2x + 3x + 6 — x2 — x = 38;
4y = 38 — 6;
x = 8.
CrnenoBaTelbHO, HCKOMBIMHY YHCJIAMU ABAAIOTCA 8, 9, 10 u 11.
OtBet: 8,9,10u11. m

Mpumep 4. JlokaxkuTe, 4YTO 3HAYEHHE BbIpayKeHU s
(n+39)(n—-4)—(n+ 31)n - 3)
KPAaTHO 7 IPU BCeX HATYPAJIbHBIX 3HAYEHUAX 1.
PeweHwne. Beinonaum npeodpa3oBaHUe:
(m+39)(n-4)—(n+31)(n-3)=
=n?—-4n+39n - 156 — (n2 - 3n+ 31n - 93) =
=n? -4n+39m—-156-n? +3n-31n+93 =Tn - 63 =T(n - 9).

IlaHHOe BBRIpAKeHHEe IIPEeICTABJIEHO B BHJe IIPOU3BENeHU JBYX MHOMKH-
TeJieil, NepPBLIH U3 KOTOPRIX PaBeH 7, a BTOPOH NPUHUMAET TOJBKO IeJible 3Ha-
yenus. CirejoBaTe/IbHO, IPH JIOOOM HATYPAJILHOM /1 3HAUEHHE JaHHOI'0 BREIpAa-
JKeHUs HALeJO JeJUTCa Ha 7. W

? Kak yMHOXWUTb MHOro4neH Ha MHoro4neH?
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® YnpaKHeHMA 4 s umm
11.1. BeinnoJiIHUTe YMHOMKEHHE:
1) (a — 2)(b + 5); 7) (-2m — 3)(b — m);
2) (m + n)(p — k); 8) (5x? — x)(6x2 + 4x);
3) (x — 8)(x + 4); 9) (—c — 4)(c® + 3);
4) (x = 10)(x — 9); 10) (x = 5) (a2 + 4x — 3);
9) (c + 5)(c + 8); 11) (2a + 3)(4a® — 4a + 3);
6) (3y + 1)(4y — 6); 12) a(ba — 4)(3a — 2).
11.2. IIpeobpasyiiTe B MHOTOUJIEH BhIpaskeHHUeE:
1) (a + b)(c - d); 6) (3y — 5)(2y — 12);
2) (x — 6)(x — 4); 7) (2x% = 3)(x* + 4);
3) (a - 3)a + 7); 8) (x — 6)(x% - 2x + 9);
4) (11 - o)(c + 8); 9) (5x — y)(2x2+ xy — 3y*);
5) (d + 13)(2d - 1); 10) b(6b + T)(3bh — 4).

11.3. ¥YopocTure BeIpaskeHue:
1) (x + 2)(x + 11) — 2x(3 — 4x);
2) (a+ 5)a—-2)+ (a— 4)a + 6);
3) (¥ —9By -1)-(2y + 1) 5y - 7);
4) (4x — 1)(4x — 3) — (2x — 10)(8x + 1).
11.4. Yupocrure BeIpasKeHUe:
1)(a—-2)a—-1)—ala + 1);
2) (b - 5)(b+10) + (b + 6)(b — 8);
3) (2c + 3)(3c + 2) — (2¢ + T)(2c — T);
4) (3d + 5)(5bd — 1) — (6d — 3)(2 — 8d).
11.5. ¥opocrTure BbolpazkeHue U HAMJJUTe ero 3HAYEHUe:
1) (x+ 2)(x—-5)— (x — 3)(x + 4), eciu x =-5,5;

2) (y + )y — 2) + (3 — )(6 + by), ecu y = —1%.

11.6. Yupocrure BeIpasKeHHe M HAUAUTE ero 3HAYEHUE:
1) (a+3)a—-10) - (a + T)(a — 4), ecin a =-0,01;

2) (8¢ + 12)(3¢ — 1) + (3¢ + 2)(=5¢ — 6), ecom ¢ =1 %
\ 2R 4

11.7. Pemure ypasHeHUe:
1) (2x — 3)(4x + 3) — 8x? = 33;
2) (2x — 6)(Bx + 5) + (3 — 4x)(3 + 4x) = 55;
3) 21x% — (3x — 7)(7Tx - 3) = 3T;
HDNx+Dx+2)—(x—3)(x+4)=12;
D)(dx+1)(x-1)—x=(5-2x)2x+3) - 17.



11.8. Pemure ypaBHeHHE:
1) (2x — 1)(15 + 9x) — 6x(3x — 5) = 87;
2 (1dx - 1)(2 +x)=(2x — 8)(Tx + 1);
3)(x+10)(x—-5)—(x—6)(x+ 3)=16;
4) (Bx+ N(Bx +1)=(6x - T)(4x — 1) + 93x.
11.9. BrinosiHUTe YMHOMKEHUE:

1) (x + 2)(x — 1)(x — 4); 4) (a + 2b — c)(a — 3b + 2¢);

2) (2x + 1)(x + 5)(x — 6); 5) (a + b)(a® — a®b + ab? — b?);

3) (¥ - 2x + 3)(a? + 2x — 3); 6)(x— 1Dt + 23+ 22+ x+1).
11.10. IIpeodpasyiiTe B MHOT'OYJI€H BhIpaxKeHUe:

1) (a + 1)(a - 2)(a — 3); 3) (a® — 2a + 1)(a® + 3a - 2);

2) (8a — 2)(a + 3)(a — 7); D (a+1)Na*-ad+a?—a+1).

11.11. 3aMeHHUTe CTeleHL IIPOU3BENeHHEM, a 3aTeM IpPou3BeJeHHe Ipeodpa-
3yiTe B MHOTOUJIEH:

1) (a + 5)%; 2) (4 — 3b)% 3) (a+ b+ ) 4) (a — b)3.

11.12. [loxka:kure, 4T0 IpHU J1000M 3HAYEHUH IIepeMEeHHOM 3HaYeHUe BbIpaske-
aus (x + 3)(x% — 4x + 7) — (x% - 5)(x — 1) pasHo 16.

11.13. [lokaxkure, 4To 1IpH JIHOOOM 3HAUEHUH IlepeMeHHOM 3HaYeHUe BhIpake-
aus (x — 3) (% + 7) — (x — 2)(x%? — x + 5) paBro —11.

11.14. BagyManu deThbipe HATYPAJbHBIX 4YHCJIA. Bropoe umcino Ha 1 Goibiie
IIepBOro, TpeThe — Ha 9 HoJIbllle BTOPOro, a 4YeTBépToe — Ha 2 0oJblle
Tperbero. Haliaure sTU 4yucaa, ecjad OTHOLIEHHe NOepBOro 4YHUCJIa
K TpeTbeMYy PaBHO OTHOLIEHHUIO BTOPOI'O YHCJIA K YeTBEPTOMY.

11.15. 3agyManu Tpu HATYpPAJbHBLIX uKcja. Bropoe uuciio Ha 4 Oojblile mmep-
BOro, a TpeThe — Ha 6 Ooxablie Broporo. Haligure aTu 4yucja, €CJIH OT-
HOIIeHUEe MePBOro YUCJIa KO BTOPOMY PABHO OTHOIIEHUID BTOPOr'O YHUC/Ia
K TpeTbeMy.

11.16. Haiijure deTbipe HNOCJEQ0BATEILHBIX HATYPAJbHBIX YHCJA TAKUX, YTO
IIPOU3BEIeHHEe YeTBEPTOr0 U BTOPOTO U3 3TUX YKces Ha 17 Oosblile mpo-
U3BeJleHUs TPeThbero U nepBoro.

11.17. Haiigure Tpu nociegoBaTe I bHbIX HATYPAJBHBIX YHCIa TAKUX, YTO IIPO-
U3BeJeHUe BTOPOTI0 U TpeThero ua aTux yuces Ha H0 Oosblie KBajaparta
I1epBoro.

11.18. CropoHa KBajpara Ha 3 CM MEHLIIIEe OJHOH N3 CTOPOH HNPAMOYIOJLHU-
Ka 1 Ha D ¢M OoJibllle ero Apyroii cropouel. Haiiiure cropoHy KBajgpara,
ecJU ero IJIomAkbL Ha 45 ¢M? GoJblle IJIOMALM JAHHOIO IPAMOYIOJIb-
HUKA.

11.19. Ilepumerp npamoyroibHUKa paseH 60 cm. Ecam ogHy ero cropouy
VMEHBIIUTL HA D €M, a APYry0 VBeJIWYHTh HA 3 CM, TO €ro ILIONIAlb
ymeHbInuTea Ha 21 em?. Haiigure cTOPOHBI IPAMOYTOILHUKA.
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11.20. /I1MHA DpAMOYIOJIbHHEKA Ha 2 c¢M OOoJbllle ero MHUPHUHBI. EcCIH IIHHY
VBEJIMYUTh Ha 2 ¢CM, a MHUPHHY YMEHBIIATL HA 4 ¢M, TO IJIOMIALbL IIPA-
MOyTOJbHHKA yMeHbIIuTca Ha 40 ecm?. Halinure ucxonusle JIUHY U IITH-
PUHY NPAMOYTOJIbHUKA.

11.21. [JokasKuTe TOMIAECTBO:

Da2-8x+T=(x-1)(x-"T7)
2) Yy - Ny + 2) = y* - 5y° - 14y%;
3)a® -8 =(a-2)a®+ 2a + 4);
4)(a-1)a+1)a®+ 1) =a*-1;
5)(a*—a?+ 1) a*+a?+1)=a®+a* + 1.
11.22. [loxa:kure TOMHIECTBO:
1

1) 3a%2 +10a + 3 = 3(a+3)(a+§);

2) (a + 1)a? + 5a + 6) = (a® + 3a + 2)(a + 3);
Na+1)a*-a?+a®>-a+1)=a®+1.

11.23. IIpu Bcex /M HATYpAaJIbHBIX 3HaAYEeHUAX 7 3HaAUYeHUEe BhIPaKeHU:A
(r+ 9)m + 11) — (n + 3)(n + 5) kpaTHo 127

11.24. lIpu Bcex U HATYPAJBHBIX 3HAYEHUSAX /1 3HAUEHUE BBIPpAKeHUS
(n+29)(n+3)—(n+ T)(n+ 1) kpaTHo 8?7

11.25. 3aMeHUTe 3BE3N0UYKHM TAKMMHU OJHOUJIEHAMM, YTOOBLI IIOJYUYHJIOCH TOMK-

IecTBO:
1) (a — 2)(* + 6) = a® + * — =; 2) (2a+ T)a - *)=*++— 14.
11.26. SaMeHUTe 3BE3M0OYKH TAKHMU OJHOYJIEHAMHM, YTOOBI MOJYYHIOCH TOXK-
IecTBO:
1) (x + 3)(* + 5) = 3x2 + # + ¥; 2) (x — 4)(x + %) = % + * + 24,
\ R A .

11.27. Bribpanu HeKOTOpPEIEe YeThIpe MOCJeJ0BATEILHBIX HATYPAJNIBHBIX YHUCJIA.
SaBUCHT JIK PA3SHOCTD IIPOU3BEAEHUSA BTOPOr0 U TPETHEro U3 9THX YHCeJ
U IIPOU3BEJeHHUS IIePBOr0 U YeTBEPTOTO OT BbIDOpa uuces?

11.28. Bribpanu HeKoTOpble TPU IOCJENOBATEJIBHBIX HATYPAJBHBIX YHCJIA.
SaBUCHT JIM PA3HOCTH KBAJPATA BTOPOI'0O M3 3TUX YKCE] U IIPOU3BEIeHUS
IIePBOTr0 U TPeThLEero oT BelDopa uucesn?

11.29. Jloxkaxxkure, 4To 3HadyeHHe BeIpaxkeHua ab-ba—ab penurecs Hanemno
Ha 10 He3aBUCHUMO OT 3HaUeHUi a u b,

11.30. OcraTok IpH JeieHUH HATYPAJILHOIO YKcjaa X Ha 6 paBeH 3, a 0CTATOK
IIpH JleJIeHU W HATYpaJbHOro yucyaa i Ha 6 pasen 2. Jlokamure, 4To Ipo-
U3BeJleHUe YHCeJ X U i NeJUTcA Haneao Ha 6.

11.31. OcraToKk npH JejieHHMH HaTYPAJIbHOIO YHCJA @ HAa 8 paBeH 3, a OCTATOK
IpU JeJeHUu HaTypaiabHoro uyuciaa b Ha 8 pasen 7. Jloxamkure, 4TO
OCTATOK IPH JeJIeHUU NPOousBeleHUs yuces a u b Ha 8 paseH 5.



11.32. OcTraToK OpH AeJIeHUH HATYpaJdbHOTO uHcaa m Ha 11 pasen 9, a octa-
TOK IPH JIeJJeHUH HaTypaJabHOTo uicaa 17 Ha 11 pasen 5. [lokamure, 4T0
OCTATOK MPH JeJIeHUH NPou3BedeHus yucea m 1 17 Ha 11 pasen 1.

11.33. JJoxamkure, uro ecau ab + bc + ac = 0, To
(a-b)a—-c)+(b-c)b-a)+(c—a)c—b)=a®+ b*+ .

11.34. [lokaskuTe TOMHIECTBO:
(a+b+c)a?+b%+c?—ab-bc-ac)=a®+ b3+ - 3abe.

= .

11.35. Ha gocke 3anucassl gBa ABydwieHa X2 + 2 u x + 1. Paspemaercs 3amnu-
ChIBATHL CYMMYV, PA3SHOCThL HJIK IPOU3BeIeHHUe JIOOLIX IBYX 3allMCAHHBIX
MHOI'04JIeHOB. MOKHO JIH ¢ HOMOIILI0 TAKHX ONepanuid MOJYIUTE MHO-
rouieH x° + 2?

11.36. Borpa:kenue (4x'® + 3x — 6)!° npegcraBuiu B BUle MHOTOYJIEHA CTAH-
mapraoro suaa. Haigure cymmy KoaddHUIIUMeHTOB 2TOI0 MHOIOYJIEHA.

_ 1
YnpaXXHeHUs ANs NOBTOPEHUA gy m

11.37. JIBoe pabouyux usrorosuiu BMmecte 108 meraneii. Ilepsoiit pabounii pa-
boran 5 4, a Bropoit — 3 u. CKOJIBKO JeTajieil H3roTaBJIHBAJ €KeUYacHO
KaKIbli pabouunii, ecnu BMecTe 3a 1 4 oHM UarorasBiauBamT 26 geraneit?

11.38. Cvemanu 72 r 5%-ro pacreopa conu u 48 r 15%-ro pacreopa coJu.

= Haiigure IIPOIEHTHOE COJePsKaHte COJIA B IMOJIYVUEHHOM pacTBOpe.

11.39. Pemure ypaBHeHHe:

1) 1x + 2x = x6; 2) x4+ x8 = 1x2.
11.40. [loxka:kuTe TOMHIECTBO:
1) 1816n — 198n 912:1; 2) T8 — 99R/4n 6252”,

rige © — HaATypaJlbHOe YUCJIO.

11.41. (Cmapunnas zpeueckas 3adaua.) [lemoxap! 4eTBEPTYIO UaCTh KU3-
HU IPOMUJ MAJBYHUKOM, ISATYIO 4YaCTh — IOHOIIeH, TPeThbl 4acTh —
3peJbIM MY:KUYMHONH M 13 Jer — B rogax. CKoJBKO JeT npo:xuia [e-
moxap?

s Pa3znoxeHne MHOro4JieHOB Ha MHOXXUTeNnW.
BbiHeceHuUe DGI.I.I,EI'D' MHOXXMTENA 3a CKOOKu

YMHOKHUM MHOTOWIEH 2Y — 1 Ha MHOro4wieH x + 1. Mmeem:
Cx-Dx+1D)=2x2+2x-x-1=22+x-1.

1 Memoxap (IV-III BB. 10 H. 5.) — ApeBHErpeYeCcKHil TOMHTHE, OPATOD H HCTODHE.
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IMonyunau Toxaectso (2x — 1)(x + 1) = 2x° + x — 1, KoTOpOE MOMKHO
ganuearh U tak: 2x2 + x — 1 = (2x — 1)(x + 1).

O Takoii 3ammMcH roBopsAT, 4YTO MHOroujleH 2x2 + x — 1 pasJosKHIH HaA
MHO:KHUTean 2x — 1 u x + 1.

Boobiuie, npeacTaBieHHe MHOTO4YJIeHA B BHIEe IIPOU3BEAEHHS HECKOJb-
KHUX MHOTOYJIEHOB Ha3bIBAKOT PAa3JIOsKeHHeM MHOr0OYJIeHA Ha MHOKHTEIH.

PasnosxeHne MHOro4YJieHA HA MHOMKHUTENH ABIAETCS KJIKNYOM K PelIeHH 0
MHOrux sagau. Hanpumep, kammgoe us ypaBHenuii 2x — 1 =0 u x + 1 = 0 pe-
IIIUTH OYeHb JIEI'KO, a BOT ypaBHeHUe 2x2 + x — 1 = 0 BBI IOKa pelmaTs He yMe-
ere. OlHAKO eCJIM BOCIIOJIL30BATLCH PAa3JIOMKeHHeM MHorodjeHa 2x2 + x — 1 Ha
MHOMKUTENH, TO ypaBHeHUe 2x2 + ¥ — 1 = 0 MOKHO 3alMcaTh Tak:

(2x — 1)(x+ 1) =0.

Orcioga 2x — 1 =0 unm x + 1 = 0. McKOMBIMH KOPHAMH VpPaBHEHUS SB-
nawnTed yueaa 0,56 n —1.

Takum obpasom, pasioKeHHe MHONOUYJIeHA HA MHOMKHTEJHN II03BOJIIO
CBECTH pelleHHe CI0MKHOI0 VPABHEHHA K PelleHHI0 ABYX DoJiee IIPOCTHIX.

CyirecTByeT HeMaJ0 IPHEMOB PAa3JI0MKeHMSA MHOIOYJIEHA HA MHOMKHUTe-
au. CaMblil IpOCTON U3 HUX — BhIHEeCeHHe 00IIero MHOKHTEJA 3a CKOOKH.

JT1o npeobpasoBaHHe BaM y:Ke sHakomo. Hanpumep, B 6 Kiacce sHaue-
HHe BeIpaskenusa 1,62 - 1,08 — 0,08 - 1,62 maxoguan rak:

1,62.1,08-0,08-1,62=1,62(1,08 -0,08) =1,62.

31ech UCIOJL30BAHO paclpelelnuTe/IbHOe CBOMCTBO VMHOMEHHSA OTHO-
cuTebHO clioxeHnus c(a + b) = ac + be, 3anucanHoe cupaBa HaJeBO: ac + be =
= c(a + b).

Bocnoabayemcs aToil Haeeil O pellleHUs CJAeIVIONUX IPHMEDPOB.

Mpumep 1. PaznoxuTe Ha MHOMHUTEIH:

1) 8a?b? — 12ab?; 2) 10a® - 5a°.

PeweHwne. 1) Ecan koaddUuIHeHTHEI MHOTOUJIEHA — IeJIble YKCesa, TO 34
CKOOKH ODBIYHO BLIHOCAT HAUOOJBIINI OOIIUI JeluTe/lb MOAYJIed 3THX K03(d-
bunuenTos (B HalleM npuMepe sro uuciao 4). Ognounens: a?b? u ab?® cogep-
JKAT Takue obume MHOKHUTeNU: 2, b, ab, b*> u ab?. JIoboit U3 3TUX MHOKUTE-
Jeil MOYKHO BBIHeCTH 3a cKoOkH. Ho 00BIYHO 0DIIMII MHOKHUTEIbL BhIOHPAIOT
TAK, YTOOBI YWIEHBI MHOMOYJIEHAa, OCTAlollerocsa B cKoOKax, He UMeau 0o0Iero
OYKBEHHOr0 MHOMKUTeJA. Takue cooOpakeHHMsA IOACKA3BIBAIOT BBIHECTH 3a
CKOOKM 0bOuIMit MHOKUTENIEL ab?:

8a?bh? — 12ab® = 4ab*(2a — 3b).
2) 10a® - 5a® = 5a’(2a® — 1). m

YHrobsl OpoBepHUThL, BEPHO JH pPa3jlodxHIM MHOI'OYJIEH Ha MHOXHTEIHN,
Hafgo MmepeMHOXHTh NOJIVUEHHBIE MHOMMUTEIIH.
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lipyumep 2. IlpencraBsTe B BUe NPOU3BEAEHUSA MHOTIOYJIEHOB BhIPA-
KeHHe:

1) a(m — 3) + b(m - 3); 3) 6x(x — T) — (x — 7)2.

2) x(c — d) + y(d — c;

Pewenune. 1) B ganHoM cayuae oOM[MM MHOMKHUTEJIEM SBJIAETCA MHO-
roujies m — 3:

a(m— 3)+ b(m — 3)=(m - 3)a + b).
2)x(c—d) +yd — ) =x(c~d)+y - (-1) - (¢ — d) = x(c — d) — y(c — d) =
= (c - d)(x - p).
Nbaxx —NDN-(x-T7P=(x-TN6x —-(x-T)=(x—-TO6x —x+7) =
=(x—T)Bx+ 7). m

Mpumep 3. BriHecuTe 3a CKOOKH OON[HII MHOMKHTEIb B BbIpa’KeHHH
(12x — 18y)>2.
PeweHue. (12x — 18y)? = (6(2x — 3y))? = 6%(2x — 3y)? = 36(2x — 3y)’. m

Mpumep 4. Pemure ypaBHeHHE:
1) 4x? — 12x = 0; 2)Bx—-TNx+4D+(x—-1)(x+4)=0.
PeweHwe. 1) Pasino:uB JIeBYIO YaCTh YPABHEHHA HA MHOMKUTEJIH U IIPH-
MEHHB yCJ0BHE, COINIACHO KOTOPOMY IIPOH3BEeJeHHe PABHO HYJIIO, IIOJyYaeM:
4x(x —3)=0;
4dx=0umux -3 =0;
x =0 wummx = 3.
2)Bx—Nx+4)+(x—1)(x+4)=0;
(x+4)Bx-T+x-1)=0;
x+4=0munmm4x — 8 =0;
x=-4 wmmx=2.
OtBeT: 1) 0; 3; 2)-4; 2. m

Mpumep 5. Jlokaxure, uro 3HadeHUe BhIpaskeHusa: 1) 87 — 47 genurca
Hameso Ha 14; 2) 203 — 4* genures Hanesno Ha 121.

PeweHue. 1) IIpencraBum Buipaxkenus: 8’ u 4° B Buje creneseil ¢ ocHo-
BaHHEM 2 W BbIHECEeM 33 CKOOKM o0Iuii MHOXKHUTeIb. [Toayamm:

S? _ 49 — (23)7’ _ (22}9 — 221 _ 218 — 2]8{23 _ 1) — 218 . (8 _ 1] — 218 LT =
=217.2.7=217. 14,

IlamHOe BEIpaKeHNe PABHO IPOH3BEIEHHIO JBYX HATYPAJIbHBIX UYUCe],
ONHUM K3 KOTOPBIX ABagerca 14. Orcroga cieayer, 4TO 3HAUEHHE BbIParKeHUs
87 — 49 nenurcsa naneno Ha 14.

2) Umeem: 203 — 44 = (5 - 4)3 — 44 =53 . 43 — 44 = 43(5% — 4) = 43(125 —
—4) =43 .121.

CnemoBaTesbHO, 3HaUYeHHE MNAHHOIO BBIPAXKEHHUA IEJIUTCA HAIEJI0 Ha
121. m
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lipumep 6. IIpu kakom sHaveHUH a ypasHeHUe (¥ + 2)(x + a) —x(x + 1) =

= 3a + 1 nmeer DECKOHEYHO MHOI'0 KOpHeH?

PewwseHne. taxr+2x+2a-x2—x=3a+1;

ax+x+ 2a=3a+ 1;
ax+x=a+1;
(a+1)x=a+ 1.
IIpu a = —1 nocnenHee ypasHenue npuHuMaeT Bug Ox = 0 u umeer Gec-

HOHe4YHO MHOI'O EDpHEﬁ.

BELMETHM, qTO ecJIH a + —1, TO YpaBHeHHe MMeeT E,H,HHCTBEHHLIfI KOpeHB

x=(a@+1):(a+ 1), paBusrii 1.

7

OTtBeT: npu a =-1. ®

1. lMNoAcHUTE, YTO Ha3bIBAKOT pa3noXeHMemM MHOINro4neHa Ha MHOXWTENK.
2. Kakoe cBOWUCTBO YMHOXEHWA MCNONb3YKOT NPW BbIHECEHKA OELI.I,EFD MHO-
XUTensa 3a ckobku?

. O

® YnpaHeHV g puumm
12.1. BrigecuTe 3a CKOOKH OOIIMII MHOKHTENb:

1) am + an; 8) ax + a; 15) ab — a?;

2) 6x — 6y; 9) 7c - T; 16) b% + b8,

3) 4b + 16¢; 10) 24x + 30y; 17) Tp3 - 5p;

4) 12x — 15y; 11) 10mx — 15my; 18) 15¢%d - 3cd;

5) —cx — cy; 12) x? + xy; 19) 14x%y + 21xy?;

6) 4bk + 4bt; 13) 3d? — 3cd,; 20) —2x° + 16x5;

T) —-8a — 18b; 14) 4a® + 16ab; 21) 8a'h? — 36a®h’.
12.2. Paznomxure Ha MHOMKHUTEH:

1) 3a + 6b; 5) 5b — 25bc; 9) 9x — 27x%;

2) 12m — 16mn; 6) 14x2 + Tx; 10) 18y° + 12y%;

3) 10ck — 15¢p; 7) n1° — nd; 11) 56a'°H% — 32ah?®,

4) 8ax + 8a; 8) mb +mT; 12) 36mn° + 63m?2nS.
12.3. BeiunciuTe, UCIOJL3Ys BEIHECEHHE 00I[ero MHOMKHUTEIA 3a CKOOKH:

1) 1732+ 173 . 27; 2) 214 .- 314 — 2142; 3) 0,43 + 0,42 . 0,6.
12.4. Haiigure 3HaYeHUe BhIPpAKEHMUS:

1) 5162 - 516 - 513; 2) 0,73+ 0,7 . 0,51; 3)0,2¢-0,2%.1,2.
12.5. BeruucianTe 3HauyeHMe BbIpajkKeHWs, IIPeJBAPUTEILHO PAa3JIOKUB ero Ha

MHOKUTEJIN:
1) 6,32x — x2, eciu x = 4,32;
2) a® + a’h, ecru a = 1,5, b =-2,5;

3) m3p — m?n?, ecru m=3, p==,n=-3.

1
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12.6. Haiigure 3HaUYeHHe BLIpAKeHU:
1) 0,74x2 + 26x, eciu x = 100;
2) X%y — XPy?, ecmm x = 4, y = 5.
12.7. Pemure ypaBHeHHE:

1) y* — 6y = 0; 4) 13x2 + x = 0;
2) x2+x=0; 5) 9x2 — 6x = 0;
3) 4m? — 20m = 0; 6) 12x - 0,322 = 0.
12.8. Pemure ypaBHeHUe:
1)x2-x=0; 3) 5x2 - 30x = 0;
2) p?> + 15p = 0; 4) 14x? + 18x = 0.
12.9. Paznoxure HA MHOKUTENU:
1) 2x(a + b) + y(a + b); 7) b(b — 20) + (20 - b);
2) (a—4) - b(a - 4); 8) 6a(a — 3b) — 13b(3b — a);
3) ba(m — n) + Tb(m — n); 9) (m — 9)% - 3(m - 9);
4) 6x(4x + 1) — 11(4x + 1); 10) a(a + 5)? + (a + 5);
5) al(c — d) + b(d — ¢); 11) (m? — 3) — n(m? - 3)%
6) x(x — 6) — 10(6 — x); 12) 8c(p — 12) + Td(p — 12)2.
12.10. IIpencraBbTe BhIpa:keHue B BUJle NPOU3BeleHUA MHOTOYJIeHOB:
1) c(x — 3) — d(x - 3); 5) 4x(2x — y) — Sy(y — 2x);
2)ym(p — k) — (p — k); 6) (v + 1)* — dy(y + 1);
3) m(x — y) — n(y — x); 7) 10(a? - 5) + (a® - 5)%;
4) x(2 — x) + 4(x - 2); 8) (a — 2)% - 6(a — 2).
® @
12.11. Pasnoxkure HAa MHOMKUTEJIU:
1) 2a°b? — 4a®b + 6a2b?, 4) 9x3 + 4x2 — x;
2) mn® + bm?n? — Tm?n; 5) —6m* — 8m® — 2mb;
3) xy® + x*y — xy; 6) 42a*b — 28a*b? — T0a°b3.
12.12. BroiHecuTe 3a cKOOKH 00IIMI MHOMKHUTEJIb:
1) m?n + mn + n; 3) Ta*h? — 14a*b* + 21a?b>;
2) 3a% + 6x° — 1514 4) 20b5¢® — 45b5¢% — 30b°c°.
12.13. Hailisqure 1 ucnpasbTe OIIUOKK B paBeHCTBaX:
1) da + 4 = 4(a + 4); 3) —5x — 10y = —5(x — 2y);
2) 6ab — 3b = b(6a — 2b); 4) x5 — xt + 2% = 2222 - 22 + x).

12.14. Jlokaskure, 4TO cCyMMa Ji000ro HATYPAJBLHOIO YHCJIA U ero KBajJpara
SIBJISIETCS YETHBIM YHCJIOM.
12.15. Pasnoxxure Ha MHOMKUTEJIU:
1) a(2a + b)(a + b) — 4a(a + b)?;
2) 3m%(m — 8) + 6m(m — 8)%;
3) (2a + 3)a + 5) + (a — 1) a + 5);
4) (Bx+ )4y — 1) — (4y — 1)(2x + 10);
5) (bm — n)3(m + 8n)? — (bm — n)’(m + 8n)3.
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12.16. lIpencrassTe B BHe NPOU3BEleHUS MHOTOYJIEHOB BhIpaKeHHe:
1) (x — 6)(2x — 4) + (x — 6)(8 — x);
2) (% - 2)%3y + 5) - (2 - 2)(y + 12);
3) (4a — 3b)(ba + 8b) + (3b — 4a)(2a + b);
4)(p—9D'2p + 12+ (p-9)32p + 1)L
12.17. Peniute ypaBHeHUe, UCIIOJIb3YA Pa3jioKeHUe HA MHOMKUTEJIN:
Dx-3)x+T)—(x+ T)x—-8)=0;
2)(Ax—9)(x—-2)+ (1 —x)(x—2)=0;
3) 0,2x(x — 5) + 8(x — 5) = 0;
) T(x-T) - (x—-T)2=0.
12.18. PeniuTe ypaBHeHHe, UCIIOJL3YS PA3JIOMKEHHNe HA MHOMHUTEJIH:
1) 2x—9(x+6)—a(x+6)=0;
2)(Bx+4)(x—-10)+ (10 —x)x—-8)=0;
3)3(Bx+ 1) -4(3x+1)=0;
4) (9% — 12) — x(9x - 12) = 0.
12.19. BriHecuTe 3a CKOOKM 00IIMH MHOMKHTEIb:

1) (2x — 6)% 5) (6x — 9y)*;
2) (5y + 5)% 6) (a® + ab)?;
3) (36x + 30y)?; T) (=7a — 14ab)?;

4) (2x + 4)%; 8) (3¢t - 6c3)4.
12.20. BriHecuTe 3a cKOOKM 001U MHOMKHUTEb:
1) (4x — 4y)% 4) (a® - 9a)*;

2) (18a + 27b)?; 5) (16x2y + 40xy?)?;
3) (8m — 10n)3; 6) (22x* — 28x%?)°.

12.21. [Joxka:xkure, 4TO 3HAUEHHUE BLIPAMKEHU:
1) 195 + 19* kparuo 20;
2) 810 — 89 — 88 gkparno 11;
3) 87 + 21 kparno 5;
4) 2 . 32006 4 5 . 32005 4 7. 32004 pharao 10;
5) 274 — 95 kparHo 24;
6) 121 — 45 gparno 130.
12.22. /lokaskuTe, 4TO 3HAYEHUE BhIPAKEeHUA:
1) 25%° — 25%* genurcs Haneno Ha 12;
2) 16* + 8° — 47 genures Haneso Ha 10;
3) 36° + 6 menurca Haueno Ha 42;
4) 105 — 57 gesurea Hanesnao Ha 7.
12.23. HaiiguTe npejnociefHion qudpy 3HaueHUs Beipaenus 9108 4 9109,
12.24. [loxka:KuTe, 4TO €CJIH:
1)a+b=2, 10 a®b+ ab? - 2ab = 0;
2) 3a + 4b = -2, 1o 12a®b + 16a?b? + 32a?b = 24a°b;
3)a+ b=c, toa’b3c + a’bic — a?b3c? = 0.



12.25. [loxa:kurte, 4TO €CJH:

1)a+b+c=0, ro a®b3c? + a’b*c? + a?b3c® = 0;

2)a? - b% = 2ab + 1, to a®h* - 2a°b® — a'*b® = a'b?;

3)a - 2b =3, to 2ab® — a?b + 3ab = 0.
12.26. Pemute ypaBHeHUe:

1) 8x%2 - 3(x—4)=12; 3) 4x — 0,2x(x + 20) = x3;

2) 523 — x(2x - 3) = 3x; 4) 9x(x - 3) + (x — 4)(x - 5) = 20.
12.27. Haiiijure KOpHU YpPaBHEHUS:

1) (Bx—2)Bx+2)—(2x - 5)(B8x —3)=4x — 19;

1 3) = 1,2
2)3{12+x} 9~ + 4,

12.28. VupocTure BeIpaskeHue, UCIIOJIbL3Ys BhIHEeCeHHUe 00IIero MHOMKUTENA 34
CKOOKH:
D(a-1Wa+2)—-(a-2)Na+2)+(a—-3)a+2)—(a—4)a+ 2);

2) (8a — 2)(5H* — 4b + 10) + (2 — 3a)(bb? — 6b + 10);
3) (4a — 7b)(2a? — 4ab + b?) — (4a — Tb)(2a® — 4ab — b?).

12.29. YupocTuTe BeIpaskeHHue, HCII0JIb3YVs BbIHECeHHUe 00Iero MHOMKHUTEA 34

= ckobku:

1) ab(a? + ab + b?) — ab(a® — ab + b?);

2 (a+b)a+1)-(a+ b1 -5b)+(b+a)b - a).
12.30. Pemure ypaBuenue 4x2 — 1,2x = a, ec/ii oJjuH U3 ero KopHeii pasex 0,3.
12.31. Pemute ypaBHeHMe 5x? + 81 = @, eciu OJMH U3 ero KOpHeil paBeH

-1,6.

12.32. BruiHecuTe 3a CKOOKHM ODIIUU MHOMKUTEJB (72 — HaATYpPaJbHOE YHCJIO):
l)ﬂn+1+aﬂ; 5}2!’1+3+3+2H+2_5_2ﬂ+1;
2)(’;‘”—.3)”_3,??}3; 6} 9ﬂ+1+3n+2;

B)CH+E+EJT—4,H>4; 7)49;:+2_Tn+3;
4) d2n _ d”; 8} 64n+2 _ 32r¢+2 + 16”"‘2.

12.33. PasnoxEuTe Ha MHOMKUTENHN (17 — HaATYpPaJbHOE YUCJI0):
1) Ir_,In+2 _ aﬂ; 3) 32;: + 162ﬂ+1;

2)3bﬂ+2_zbﬂ+1+bﬂ; 4)27ﬂ+1+9ﬂ+1_31?+1'
12.34. 3uaueHHUe IePEeMEHHOM i/ TAKOBO, UTO 3HAUEHME BhIpaxKeHus y? — 4y + 2
paBHo 6. Halifure 3HaAUeHHE BLIPAMKEHUA:
1) 5% — 20y + 10;
2) Y*(y* - 4y + 2) - (y* - 4y + 2);
3) 3y? — 12y + 8.
12.35. 3HaueHHe IIepeMeHHOI ¢ TAKOBO, UTO 3HAUYEeHUe BhIpaeHnud a + 2a — 5
paBHO —4. HalignTe 3Ha4ueHUe BLIPAYKEHH:
1) —-2a® — 4a + 10;
2) a¥(a? + 2a - 5) + 2a(a® + 2a - 5);
3) 4a® + 8a — 16.
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12.36. IIpu KakoM 3HAYEeHUU @ He UMeeT KOpHel ypaBHeHUe:
1) (x + 1)(x — 3) — x(x — 3) = ax;
2)x(bx —1) - (x — a)(bx — 1) = 4x — 2a;
3)(2x—B)x+a)—2x+3)(x+1)=4?

12.37. lIpu KarkoM 3HaYeHUH @ UMeeT DeCKOHeYHO MHOI0 KOpHel ypaBHeHHe:
1) (x —4)x+ a) — (x + 2)(x — a) = —6;
2) x(3x —2) — (x + 2a)(3x + 2) = ba + 6?

: -l :

12.38. Yucna a, b u ¢ rakoBsl, uto (@ +b)a+b+¢c)=5,(b+c)a+ b +c)=6,
(a + c)a+ b+ c)="T7. Haiigure (a + b + c)?.

12.39. Haiigure BCce IBY3HAYHBIE YHMCJIA, PABHLIE IIPOU3BEIeHUIO CBOUX NU)P,

= yBeJIMUeHHbIX Ha 1.

12.40. 3nayeHHe epeMeHHON X TaKoBo, 4To 3x% — x = 3. Haligure 3HaYeHUe
BRIpasKeHHus 6x2 — 2x + 7.

12.41. 3HayeHHe [lepeMeHHOIl X TakoBo, 4To X2 — Tx = 5. Haligure 3HaueHHe
BeipaxkeHusa x! — 7x? — 35x — 1.

12.42. Jlokaxkure, 4To 3HaueHne Beipaxkenusa 1 111 111 111 — 22 222 asna-
eTCs KBaJIPATOM HATYPAJBHOTO YMCJIA.

12.43. HaiijuTe Takue HaTypaJbHBIE YHCJa 1 U 1, uTo 2™ — 2" = 240,

_ I
YnpaXXHeHUs ANs NOBTOPEHUA gy m

I1 2.44. YupocTuTte BblpaskeHUe:

3 1 3 ?

1) 0,42ac? +1Ea4{:3; 3) —25??12?‘13?3 -(?H,U“] ;
ol 5 6. l,zas,ﬁ,sz

2) 1,2xy:z Zﬁxy, 4) (lzly ) gr X

12.45. Conep:kaHne COJIH B MOPCKOIl Boje cocraBasgeT o %. CKOIBKO KHJIO-
rpaMMOB IIPECHOMN BOALI HAMO H00aBUThL K 30 KI MOPCKOI BOALI, UTOOLI
cojlep;KaHHUe COJIU B MOJIVUEHHOM pacTBope cocTaBuiio 3 %?

12.46. [Ina peMOHTA HMIKOJLI KYIUJIM KpacKy. B nepeblil feHb NOTPATHIMN HAa
2 DaHKH KpacKH 0oJbIle, YeM IOJOBHHA BCell KpacKH, a BO BTOPOH —

5 wr o
g KoJIn4yecTBa DAHOK KEpackKH, IIOTpAYEHHOH B IIEPELIA I€Hb. Ilocne aTo-

ro ocranoch 2 0anku. CKOJIbKO DAHOK KPACKU KYIITHJIN?

12.47. B xopoOke jnexxar 2 KpacHbIX, 4 3ejénblXx ¥ 10 cMHUX KapaHIallIei.
KaxoBa BepOsITHOCTh TOTO, YTO Hayraj BRIHYTBII KapaHaall Oyaer:
1) KpacHBIM; 2) 3eNeHBIM; 3) He 3eJIeHBIM?
Kaxoe HauMeHbIlIee KOJIMYECTBO KapaHJalleil HaJ0 BEIHYTh, YTOOBI cpe-
I HHUX 00A3aTe/IbHO OBbLI CHHHUH KapaHmal?



12.48. CyulecTByeT U IBYy3HAYHOE YHCJIO, B KOTOpOM IUudpa necATKOB Ha 4
DosbIe IHGPLI eAHHKL], 8 PASHOCTb MEMAY JaHHBIM YHCJIOM H YHCJIOM,
3allCaHHBIM TeMHU e I[udpaMu, HO B oOpaTHOM HmOpsAAKe, paBHa 277

s Pa3znoxeHue MHOro4JIieHOB Ha MHOXXUTEeNN.
MeTop rpynnupoBKu

Muorounen ax + bx + ay + by He ymacTcs pasioKUThL HA MHOMKUTEH
METO/J0M BbIHECEHHA 3a CKOOKH 00Iero MHOMKHUTENA, TAK KAK MHOMKHUTENA, 00-
Iero AJs Bcex ciaaraeMbix, Her. OmHaKO YWiIeHBI 9TOr0 MHOTOYWIEHA MOMKHO
00BbeIUHUTL B I'PYIIILI TAK, YTO CJAaraeMble KasKIoi I'PYIIIbl OyAYT UMETh 00-
NN MHOMHUTENb:

ax + bx + ay + by = (ax + bx) + (ay + by) = x(a + b) + y(a + b).

MbI ONYUNUIHA BRIPAMKEHHE, B KOTOPOM 00a cllaraeMbIX MMEHT MHOMKH-
Tesb (a + b). BoiHeceM ero 3a CKOOKU:

x(a + b) + y(a + b) = (a + D)(x + y).

JlaHHBIII MHOTOYJIEH VIAJOCH PASJIOKHUTE HA MHOMUTEJH 0JIarogapa To-
MV, UTO MBI VA0OHBIM cIIOc000M 00BEIHMHUINA B I'PVIIILI €ro 4ieHbl, Onucan-
HBIHA IIPUEM HA3LIBAIOT METOJAOM I'PYHNITHPOBKH.

Mpumep 1. PasnosxuTe Ha MHOKHUTETH MHOTOYJICH:
1) 2ac + 2bc + bam + bbm; 2) x* — 2x® — 3x + 6; 3) xay — 12 + 4x — 3y.
PeweHne. 1) CrpynnupoBas 4jieHbl HJAaHHOT'O MHOIOYJIEHA TAK, UTOOLI
claraeMble B KaXKIOU IpyImmne HMean o0IMUil MHOMKUTEI b, ITOJTYUMM:
2ac + 2bc + bam + bbm = (2ac + 2bc) + (bam + 5bm) =
= 2c(a + b) + bm(a + b) = (a + b)(2¢ + bm).
JTOT Ke pe3yJIbTAT MOMHO IIOJIYYUThL, €CJIU CJIaraeMble CIPYIIHPOBATH
IPYTUM CIIOCODOM:
(2ac + bam) + (2bc + 5bm) = a(2¢ + 5m) + b(2¢ + bm) =
=(2c + bm)(a + b).
DAt -2 -38xr+6=(x"-2)-Bxr-6)=23(x - 2) - 3(x - 2) =
= (x — 2)(x2 - 3).
3)axy —12+4x -3y =(xy +4x) + (12 - 3y) = x(y + 4) — 3(4 + y) =
=(y+4)(x—-3). m

Mpumep 2. Paszno:KuTre HA MHOMKUTEIU TPEéxXuIeH x2 + 6x + 8.
PeweHwne. IIpeacraBus ciaaraemoe 6.x B BUje CyMMBI 2X + 4.x, IPUMeHUM

MeTOJ TPYIIIUPOBKH:
2+ 6x+8=x2+2x+4x+8=(x%+2x)+(4x +8) =
=x(x+2)+4x+2)=(x+2)(x+4). m
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® YnpaKHeHMA 4 s umm
13.1. PasnoxuTe Ha MHOKUTEJN MHOTOYJIEH:
1) ma + mb + 4a + 4b; 5)a—-1+ ab - b;
2) 3x + cy + cx + 3y; 6) xy + 8y — 2x — 16;
3) 5a — 5b + ap — bp; 7) ab + ac — b - c;
4) Tm+mn+ 7+ n; 8) 3p — 3k — 4ap + 4ak.
13.2. IIpexpcraBrTe B BUje IIPOU3BeJeHUSI MHOI'OYJIEHOB BhEIpAKeHUe:
1) ay — 3y — 4a + 12; 4) 8x — 8y + xz — yz;
2)9a+ 9 — na — n; D)mn+m-—n-—1;
3) 6x + ay + 6y + ax; 6) ab — ac — 2b + 2c.
13.3. PasjiioxuTe Ha MHOMKHUTEJ MHOTOYJIEH:
Va*+a®?+a+1; 5) a? — ab + ac — bc;
2) x° — 323 + 4x? - 12; 6) 20a®bc — 28ac? + 15a?h? — 21bc;
3) c® — 10c¢* — 5¢2 + 50; ) 2%y% + xy + axy + a;
4) y3 — 18 + 6y? — 3y; 8) 24x5 — 44x'y — 18x%y® + 33y°.
13.4. PaznoxuTe Ha MHOKHUTEIH MHOTOYJIEH:
1) 8¢ — 2¢2 + 4¢ - 1; 4) 8a? - 2ab — 4ac + bc;
2) X%y + x + xy? + y; 5) 2b% — Th%c — 4b + 14c;
3) 9a?b — 3a? + 3b* - b; 6) 62° + 4x?y? — 9Py — 6°.
13.5. Haligure 3HaueHUe BbIpaXKeHWs, Pas3jIOKHUB ero InpejBapUTesIbHO HAa
MHOKUTEeJIU:

1) 2a® — 3a® — 2ab + 3b, ecniu a = 0,5, b = 2,25;
2) xy + y? — 12x — 12y, ecoun x = 10,8, y = -8,8;

3) 2723 — 36x2% + 6x — 8, ecain x = 11
w0 3
13.6. Hailinure 3HaueHUe BhIpasKeHUs:
1) 2a + b + 2a® + ab, ecnu a = -3, b = 4;

2)3x3 — a2 -6x+ 2, ecin x = 2.

13.7. Brruucnure: 3
1) 3,74%2 + 3,74 - 2,26 — 3,74 - 1,24 — 2,26 - 1,24;
2)58,7-1,2+36-3,02—-34,7-1,2- 2,32 - 36;

3)224.32.12.28+22%.32,12.229.
9 7 T 9 7 7

13.8. Haiigure sHaYeHHe BLIpaKeHUs:
1) 34,4 - 13,7 -34,4 -8,7-15,6 - 8,7+ 13,7 - 15,6;
2)0,6-2.0,62.0,8+0,6.0,82-2.0,8%

® ¢

13.9. PaznoxuTe HA MHOKHUTEJIU MHOTOYJIEH:
1) ax? + ay — bx? — by + cx? + cy;




2) a*b + a + ab® + b + 3ab + 3;
)P -2+ 2%y +x—xy+uy;
4)ymn+mn—5—5m+n— bm?;
5) &% — 2x° + 423 — 8x% + 5x — 10;
6) a®b + ab?® — abc® — a’c — be + .
13.10. lIpencraBbTe BhlpaskeHHe B BHe NPOU3BeleHUsT MHOTOYJIEHOB:
1) ab + ac + ad + bx + cx + dx;
2)Tp—-Th—-px+kx+k-p;
3) x°%y3 — x%y? + xy — 6 + 6xy — 6x%y?;
4) a® — a*h + a®b? — a?b® + ab* - b,
13.11. PasnouTe Ha MHOMKUTEJIN BhIpamKeHue (12 — HaATypaJlbHOE YUCJIO0):
Da'*t'+a"+a+1; 3) 3y"*3 —3y? -5+ by"* L.
2) bn+2 _h -1+ bn+1;
13.12. PaznoxuTe HAa MHOXKUTEJH (2 — HaTYPaJbHOE YUCJO0):
1).).’"?+2+I‘”—3."2—1; 2)4yn+4+yn+2+4y3+y_
\ 2 AR |
13.13. PasnoxuTe HAa MHOMKHUTEJIH TPEX4YJeH, MNpelcTaBHUB HpelBapUTEIbLHO
OIUH U3 ero YIeHOB B BUJIe CYMMBI NOJAO0OHBIX ClaraeMbIX:

1) x% + 8x + 12; 3) x% + Tx + 8; 5) 2x% —x - 1;

2) x? - 5x + 4; 4) x? — 4x — 5; 6) 3x% + 4x + 1.
13.14. PasznoxuTe HA MHOMKUTEJ N TPEeX4dJeH:

1) x% + 4x + 3; 3) x? + 3x - 18; 5) by? — 6y + 1;

2) x? — 10x + 16; 4) x? — 4x — 32; 6) 622 — 5z + 1.

13.15. [loxka:kurte, 4TO NPHU BCEX HATYPAJIBLHBIX 3HAUEHUAX M 3HAUEHHE BLIpa-
skenus 175 + 3n2 + 2n pmenurces Haneso Ha 6.

13.16. JlokaskuTe, 4TO OPH JOOOM HATYpaJbHOM 3HAa4YeHHUH 7, Oojabmem 1,
sHavYeHHe BpIpazkeHus 3"+2 — 27+2 4 37 — 2" nejureda Hanesno Ha 10.

13.17. [lokaskuTe, 4YTO OPH JOOOM HATYPAJIBHOM 3HAUYeHUH #1, OojblieM 1,
sHauyeHHe BpIpazkeHus 77+2 - 5"+2 4 57 + 7" nesured Hanesno Ha 50.

=

13.18. 3HaueHUs MEPEMEHHLIX X M I/ TAKOBBLI, YTO BBHIMOJHAETCA PABEHCTBO
x? + y? = 1. Halinure snauenue Beipamkenus 2x* + 3x%y% + y* + 2.
13.19. UzeectHo, uto a? — b? = 2. Haitnure 3HaueHue Beipakenus a’® + a*h? —
— 2a?b* — 6a*b® — 4b2.

13.20. Ilenrle yucaa a, b u ¢ rakossl, uro ab + bc + ac = 1. Jloka:Kkure, 4ro
sHadyeHue BeIpaskeHud (a2 + 1)(H2 + 1)(c? + 1) aBnserca KBajgpaToM Le-
JIOTO YHUCIA.

13.21. Ilensle uyncna a, b u ¢ rakossl, uTo a + b + ¢ = 1. Jloka:xkuTe, 4TO 3HA-
yeHKe Beipaxenud (a + be)(b + ac)(c + ab) sBnsercs KBaApaATOM I[EJIOTO
YHCJIA.




_ I
YnpaXXHeHUs ANs NOBTOPEHUA gy m

13.22. (3adaua u3 pycckozo ¢oaviaopa.) IlacTylmok NpUrHaI HA TOJAHY
ogell. Ha monsiHe ObLIM KOJMBIIKH. ECIH K Ka)I0MYy KOJBIIIKY OH IIPH-
BSJKET I10 OBIle, TO JIJI OJJHOU KOJIBIIIKA He XBATHUT. Eciin Ke K KaiKIo0-
MY KOJIBIIIKY OH IIPUBSKET I10 ABe OBIIbl, TO OJAUH KOJLIIIEK OCTAHeTCs
cBoOOAHBIM. CKOJBKO OBEIl IPUrHAJ MMACTYIIOK?

13.23. Pasauunble unciaa a, b 1 ¢ rakossl, uTo a?(b + ¢) = b*(c + a). Jokaxu-
Te, uro a’(b + ¢) = c(a + b).

13.24. [léTp u JIMUTPHI MOrYT IPOIOJOTE Oropoj, paboras Bmecre, 3a 2,4 4.
I[IéTp MoxeTr ceaaTh 9TO caMOCTOATEJbLHO 3a 4 u. CKOJIBKO BpeMeHH I10-
Tpedyerca [IMUTPHIO, UTODLEI CAMOCTOATENILHO IIPOMOJIOTH OTOpo?

13.25. B oguom OmnpoHe ObLIO B 4 pasa Oosablie MOJIOKAa, 4eM B apyrom. Korma
13 nepBoro ougoHa nepeanan 10 g1 MoJg0kKa BO BTOpPOii, TO 00BEM MOJIO-

2 ..
KEaBO BTOpOM 6H,I[0H'E COCTaBHII E o0BEMA MOJIOEKA, OCTaABIIETOCA B IIep-

BOM OugoHe. CKOJBKO JIMTPOB MOJIOKA OBLIO B KayKJI0M OMJ0He cHavaaa?

s m MpousBegeHue pa3HOCTU U CYMMbI ABYX BblpaXKeHUA

Hepeakxo B MaTeMaTHuKe, MOMHMMO 3HAHHA 00Iero 3akoHa (TeopeMbl),
yI00HO MOJB30BATHCA NPaBUJIAMU, IPUMEHUMBIMH B YaCTHBIX (0COOBIX) CIIy-
yaax.

Hanpumep, eciau HAA0 VMHOXKHUTE JeCATHUYHYIO npods va 10, 100, 1000
U T. 1., TO HeT HeOOXOAUMOCTH HCHOJBL30BAThL OOIMUI AJIMOPUTM YMHOMKEHU S
B CTOJNOUK, a ropasio yaodHee NIPUMEHUTh IIPABUJIO MIepeHOCA 3alATOM.

Ocobble cUTYallMi BCTPEYAKTCA U MPU YMHOMKEHUH MHOIOYJIEHOB.

PaccmoTpuM 4dacTHBIN cay4dail, KOTjla B IPOM3BEeJeHUM JBYX MHOIOYJIEe-
HOB OJIMH W3 HUX IIpeAcTaBJsgeT coDOH pasHOCTH ABYX BBIpa:KeHHWI, a Ipy-
rol — X CyMMmy.

HNmeem:

(a —b)a+ b)=a?+ ab — ba — b? = a® — b2,

[Honyuuau TOMIECTBO

(a - b)a+ b)=a?-b?

Teneps Npu YMHOMEHUU PA3HOCTH BbIPaKeHUM HA UX CYMMY MOKHO CO-
KpaTuTh pabory, cpasy 3anucaB pPes3yJIbTaT — Pa3HOCTh KBAJPATOB 3THUX BbI-
paxkenuil. IloaToMy Tarkoe TOMXIeCTBO HA3LIBAIOT (POPMYJIOH COKPAILEHHOTO
yMHO:KeHus1. Eé BrIpaxkaer cieiyrollee IpaBuo.



Mpou3zBegeHne pazHOCTU U CYMMBbI ABYX BbipaX{€HMWA PaBHO pPa3HOCTM
KBaapaToB 3TUX BblPaXeHWUNA.

[Mpumep 1. BrinoaHuTe VMHOM¥eHHe MHOI'OYJIEHORE.

1) (2a — 5b)(2a + 5b);

2) (¥* + 3x)(3x* - y?);

3) (—4dmn — p)(dmn — p).

PeweHue. 1) (2a — 5b)(2a + 5b) = (2a)? — (5b)? = 4a? — 25b2.

2) (* + 3aM)(3x* — y?) = (Bx* + yH)(Bx* — y?) = (3x)? — (y*)? = 9x® — .
3) (-4mn — p)(dmn — p) = (—p — 4mn)(-p + 4mn) = (-p)* — (4mn)* = p* -

— 16m?n?. m

Mpumep 2. YupocTuTe BhRIpasKeHHUE:

1) (b-3)b+3)—(2b+ 1)2b-1);

2) —2x(x + 5)(5 — x);

3) (a® - 2)(a® + 2)(a® + 4).

PeweHue. 1) (b -3)b+3)-2b+1)2h-1)=b*—-9 — (4b%> - 1) = b? -

—9—4b% +1=-3h% - 8.

2) —2x(x + 5)(5 — x) = —2x(25 — x?) = —50x + 223,
3) IlpumeHuB ABasKAbLI (POPMYJIY IPOU3BEIEHHS CYMMBI U Pa3HOCTH

NIBYX BbIPaKeHWH, TTOJYIUM:

(@®-2)a® + 2)(a® + 4) = (a® — 4)(a® + 4) = a'®> - 16. =

Mpumep 3. Halinure 3HaYeHUE BhIpasKeHUs:

(2 + 1)(2%2 + 1)(2% + 1)(28 + 1)(2'6 + 1)(2%2 + 1) — 254,

PeweHue. OueBuHO, YTO JaHHOE BhIPAKEHNE PABHO TAKOMY:
(2-1)2+1)2%2+1)(2%+ 1)(2% + 1)(2'6 + 1)(232 + 1) — 264,

IMonyuaem: (22 — 1)(22 + 1)(2% + 1)(28 + 1)(2'6 + 1)(232 + 1) — 264 =

=2 -D(2*+ )22+ 1)(2% +1)(2%2+1)—284= . =264 1 264 =1,
OTBeT: —1. §

1. 3annwute dopmyny NpomM3BefeHUs PasHOCTU U CyMMbl ABYX Bblpa-
HKEeHUN.
2. Yemy paBHO npousBefeHue pa3sHOCTU ABYX BblpaXKeHUA U UX CYMMBbI?

| H
® YnpaXHeHUMA g uumm
14.1. KakoMy M3 JaHHBIX MHOI'OYWIEHOB TOMeCTBEHHO PABHO IIPOHU3BeJleHHE

(Ta — 2b)(Ta + 2b):
1) Ta? - 2b%; 3) 49a? — 4b?;
2) Ta? + 2b%; 4) 49a* + 4H*?
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14.2.

14.3.

14.4.

14.5.

14.6.

14.7.

14.8.

14.9.

BrinmonHuTe YMHOMEHNE MHOTOUJIEHOB:

1) (m — n)(m + n); 6) (4a — D) b + 4a);

2) (x — Dx + 1); 7) (5L + 1)(1 - 5b);

3) (9 —y)9 +y); 8) (3x — 3y)(3x + dy);

4) (3b — 1)(3D + 1); 9) (13¢c — 10d)(13¢ + 10d);
5) (10m — 7)(10m + 7); 10) (8m + 11n)(11n — 8m).
IIpencraBbpTe B BHEe MHOIOUJIEHA BhIPAKEHUE:

1) (¢ = 2)(c + 2); 9) (x + )T — x);

2) (12 — x)(12 + x); 6) (ba — 8b)(ba + 8b);

3) (3x + y)(3x - y); 7) (8m + 2)(2 — 8m);

4) (6x — 9)(6x + 9); 8) (13¢ — 14d)(14d + 13c).
BrinmonHuTe YMHOMKEHUE!
1) (a® - 3)(a® + 3);

2) (5 + b*)(b* - 5);

6) (11a® + 562)(5b% — 11a3);
7) (7T = ay) (7 + xy);

3) (3x — 2¢%)(3x + 2¢?); 8) (Sa% -~ % ab? J [8:13?} + %abg ];

4) (10p3 — TRY(10p® + Tk); 9) (0,3m° + 0,1n°%)(0,3m® — 0,1n3);

5) (4x2 — 81%)(4x2 + 81/°); 10) (%azg _ 1,4&4][1,41;4 + %azc].

Brinmonuaure YMHOMEeHHEe!

1) (22 + 4)(22 - 4);
2) (ab — c)(ab + c);
3) (x — yH)(y* + x);

5) (6a® — 8b)(6a® + 8b);
6) (5n* — mY)(5bn* + m?);
7) (0,2m® — 0,81°)(0,2m® + 0,8n°);

2 3 . 2 7,450\ 410 2 1
4) (3m? — 2¢)(3m?® + 2¢); 8) (T‘H +11!'=: )[11;{ =P ]

Vipoerure BhIpaskeHue:

1) (2a — b)(2a + b) + b?;

2) 1022 + (y — bx)(y + 5x);

3) 64m? — (8m + 9)(8m — 9);

4) (4x — Ty)(4x + Ty) + (Tx — dy)(Tx + 4y);

9) (a—-2)a+ 3) + (6 —a)a + 6);

6) 3a(a — b) — (3a + 2b)(3a — 2b).

Yipoerure BhIpakeHue:

1) (9a — 2)(9a + 2) — 18a?; 3)(b+ TWH—4)+ (2b - 6)(2b + 6);
2) 25m? — (5bm - T)(bm + 7); 4) 4x(3x — 10y) — (4x + y)(4x — y).
Ha kakoe BhIpaskeHue HaA0 YMHOKUTE AByuwieH 0,3x% — xy?, urobsl npo-
ussegenue 66110 paBHo AByuieny 0,09x% — x2y*?

Ha kakoe BhIpaskeHHe HAJ0 YMHOMKUTL MHOrowieH Tt' + 9p®, uToOwI
npoussefieHue 6bLI0 paBHO MHOrouwIeny 4972 — 81p107?



14.10. Kaxue oIHOYNEHBI HAJO [IOJCTABHTHL BMECTO 3BE3J04YeK, YTOObI BBIIIOJI-
HAJOCH TOMJIECTBO:
1) (+ — 12a)(* + %) = 9h? — *;
2) (% — 5co)(* + 5c) = 16d? — +;

3) (0,7p +#)(x—0,7p) = %ms —0,49p%;

4) (3m? + #)(* — %) = 9m* — nb?
14.11. lloncraBbTe BMECTO 3BE310YEK TaAKHEe OJHOUYJIEeHbI, YTOObI BBIIIOJIHAJIOCH
TOMJecTBO:
1) (8a?h — *)(8a?bh + *) = + — 25c5;
2) (:+ _L_ﬁyﬁ ](Lﬂz N $] D e Lxsym_
12 15 225 144

14.12. llpencraBbTe B BHle MHOTOYJIeHA BbhIpasKeHUe:

1) a(a - 2)(a + 2); 4) (c — d)(c + d)(c? + d?);

2) -3(x + 3)(x — 3); 5) (2a — 1)(2a + 1)(4a? + 1);

3) Th*(b + 4)(4 - b); 6) (¢ — 5)(c® + 5)(c® + 25).
14.13. BuinosiHuTEe YMHOKEHUE:

1) 56(b — 1)bH + 1); 3) (m — 10)(m? + 100)(m + 10);

2) (c + 2)(¢c — 2) - 8¢ 4) (a? + 1)(a? - 1)(a* + 1).

14.14. Buinonnure yMHOMKeHHUE IBYUJIEHOB (7 — HATyYpaJbHOE YHCJO0):
1) (@" — 4)(a" + 4);
2) (bzn + EEH)(bQﬂ _ ‘.:3!2};
3) (x:m + yn+ 2)(9,:14 2 _ x:lr:);
(@1 -b""YWa"*t+ b ), n> 1.
14.15. YupocTure BhIpazKeHUe:
1) (8a — 3)(8a + 3) — (Ta + 4)(8a — 4);
2) 0,6m(2m — 1)(2m + 1) + 0,3(6 + 5m)(6 — 5m);
3)(7T—-2xX)7+ 2x) — (x — 8)(x + 8) — (4 — 3x)(b + 3x);
4) —b2%c(4b — ?)(4b + c?) + 16b'c.
14.16. YopocTuTe BhIpazkeHUe:
Dx+1)(x-1)—(x+5)(x—=5)+(x+ 1)(x—5);
2) 81a® — (3a? — b®)(9a* + b%)(3a? + b?).
14.17. Pemiute ypaBHeHHe:
1) 8x(3 + 2x) — (4x + 3)(4x — 3) = 9x — 6;
2) Tx—4x(x—5)=(8 — 2x)(8 + 2x) + 2Tx;
3) (6x+ T6x—T)+ 12x=12x(3x + 1) — 49;
4) (x - 2)(x + 2)(x% + 4)(x* + 16) = 2% + 10x.
14.18. Pemure ypaBHeHUe:
1) (x = 17)(x + 17) = x? + 6x — 49;
2)(1,2x - 4)(1,2x + 4) — (1,3x — 2)(1,3x + 2) = 0,5x(8 — 0,5x).
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14.19. [loka:kurte, 4TO 3HAYEHUE BhIPpAKEHUSA He 3aBHCUT OT 3HAYEHUSA Iepe-

MEeHHOI:
Dx—-—9Nx+9)—(x+19)(x—19);
2) (2a — b)Y 2a + b))+ (b —c)b + ¢) + (c — 2a)(c + 2a).

14.20. [loka:kure, 4ro npu J000M HATYPANILHOM # 3HAUEHUE BbLIPaMKeHUs

— (7Tn + 8)(Tn — 8) — (6m + 10)(51 — 10) penurca Haneso Ha 12.

14.21. [lokakure, 4TO He CYIIECTBYeT TAKOI'0 HATYPAJBLHOI'O YUCIa 71, IIPU KO-
TOPOM 3HaueHHe BhipazkeHUus (47 + 3)(9n — 4) — (6n — 5)(671 + 5) — 3(n — 2)
IeJUTCA HAIleJo Ha 8.

14.22. [loka:kurte, 4To mOpH J10O00M HATYpalbHOM # 3HAUY€HHE BbIpamKeHUNs
(971 — 4)(9n + 4) — (8n — 2)(4n + 3) + 5(6n + 9) genuTcsa Hamea o Ha 7.

\ R A 2

14.23. Halinqure 3HaYeHUe BbIPaKeHUs:

1) 320 . 620 — (181° — 2)(181° + 2);

2) (5 + 2817)(5 — 2817) + 1434 . 234,

3) 736 . 812 _ (1418 4+ 3)(14!® - 3);

4) (32 - 1)(3%2 + 1)(3* + 1)(3% + 1)(3'% + 1)(332 + 1) — 354,

14.24. YeMmy paBHO 3HAYEHUNE BbLIPAYKEHUS:

1) 811% . 820 — (639 + 1)(63° - 1);
2) 524 — (5% — 2)(53 + 2)(5°% + 4)(5'2 + 16)?
14.25. CpaBHHUTe 3HAUEHUA BbhIPAKEeHHI, He BRIYUCIAA HUX:

1) 415 - 425 u 426 - 414; 2) 1234 567 -1 234 569 u 1 234 5682,
14.26. CpaBHNUTe 3HAYEHUSA BhIPDAMKEHUN, He BRIYUCIAA UX:
1) 253 - 259 u 252 . 260; 2) 987 6542 1 987 646 - 987 662.

14.27. UsBecTHO, uT0o 2 = b + 1. Yupocrure BhlpameHue:
(a + b)(a® + b?)(a* + bY(a® + b¥)(a'® + b1%)(a®? + b3?).

14.28. [loxaxurte, 4TO:
(1-2+2%)(1—-22 + 24 (1 — 24 + 28)(1 — 28 + 216)(1 — 216 + 232) =
14232 4264
= - )

14.29. JToxaxkure, 4ro 3HadeHUe BeIpaxkeHus 1000 - 1002(10012 + 1) + 1 as-
JseTcsl 4eTBEPTOU CcTelleHbI0 HATYPaJbHOT'O YUCJIA.

N
YnpaxHeHus ANA NOBTOPEHUA gum

14.30. Ot cena go craguuu Konda MoxeT JoeXxaTh Ha BeJIOCUIlelle 3a 3 4, a JOH-
TH DemKoM — 3a 7 4. CKopocTh ABMKeHHA NEelIKOM Ha 8 KM,/4 MeHbIIIe,
yeM CKOpPOCTh ABMKeHHA Ha Bejocuieme. C Kaxoil cKkopocThio e3nut Ko-
a5 Ha Begocunene? Ha KakoM paccTOSHHUHM HAXOLHUTC CEJI0 OT CTAHI[UH?



14.31. B onnoMm memke Ovr1o 60 Kr caxapa, a B apyrom — 100 kr. RKorna us
BTOPOTO MEINKa B3AJHA B 4 pasa DoJibllle caxapa, YeM M3 IIepBOro, TO
B I€PBOM OcCTajioch B 2 pasa OoJibllle caxapa, yeM BO BTopoM. CKOJIBKO
KHJIOTPAMMOB Caxapa B3AJH U3 KarJI0ro Melrka?

14.32. OguH aBTOMOOHUJIL MOJKET IIepeBe3TH COOpaHHEBIA C IOJA YPOoxKail 3a
10 4, gpyroit — 3a 12 4, a Tpetuit — 3a 15 4. 3a CKOJILKO YacOB OHH
CMOI'YT IIepeBe3TH ypoxkaii, paboras sBMmecTe?

14.33. (Cmapunnasn ezunemckas 3adaua.) ¥ Kamaoro u3 7 4eJIOBEK eCThb 10
7 romek. Kaxknaa Komka chefgaer o 7 MbIIIeH, KasIasa MBIIIb 3a OJ-
HO JIETO MOMKET YHUYTOMKHUTDL | AYMEHHBIX KOJOCKOB, a U3 3EpeH 0JHOr0
KOJIOCKA MOJKEeT BbIpacTH 7 ropcreil AuMeHHoro sepHa. Macca omHOIl
ropcta 80 r. CkoabKo ropcreil 3epHa e:KeroJHO cliacamnT OJarogaps
komkaM? CKOJIBKO 3TO cocTaBiseT ToOHH 3epHa? OTBeT OKpPYyIrJIHTE 0
COTBIX.

14.34. Pemiure ypaBHeHHE:

3x -2 2x+1 SH5-x

1) 4x—1_3x+1:I+1; 2) '
12 8 9 6 3

s E Pa3HOCTb KBagpaToB ABYX BblipaXXeHUN

B! yixe 3HaeTe ABa crocoba pasjodeHUs MHOIMOYJIEHOB HA MHOMKHUTEJIH:
BhIHECEHHE OO0Iero MHOMHTEJs 3a CKOOKHM M MeToJ IpynnupoBKu. Paccmo-
TPUM ellle OfUH cIrocol.

Dopmyny (a — b)(a + b) = a®? — b? 3anumem rax:

a?—-b*=(a- b)a+ b)

ITO TOMKIECTBO HA3LIBAIOT (DOPMYJION Pa3HOCTH KBAJIpPaTOB JABYX BhIpa-
SKeHHH.
Teneps MO:XKHO c(ODOPMYJIHNPOBATE CJIeAVIOlee IIPaBHJIO.

---l PazHoCTb KBappaToB ABYX Bblpa)XeHWW paBHa NPoOW3BefeHMIO Pa3HOCTM
3TUX BbIPa)X{€HUA U UX CYMMbI.

IIpuBegéMm npumepsl NPUMeHEHUSA 9TOM (POPMYJILI IJS PasjIOKeHUs
MHOT'O4YJIEHOB HA MHOYKUTEJIN.

Mpumep 1. PaznoxuTe HA MHOKHUTEIHN:

1) a® - 4; 2) 36m? — 2 %ng; 3) —a?b® + 1.

Pewenune. 1) a? -4 =a? - 22 = (a - 2)(a + 2).
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2
2) 36m2 — 2%?:8: 36m? — %nﬂz (6m)? — (%4] _

_ 5 4 2 4
—(Bm 3?? ](6m+3n )

3)-a?bb+1=1-a?b%=(1 - ab®>(1 + ab?®). m

Mpumep 2. PazioxuTe Ha MHOMKUTE]N, UCIONL3YSA GOPMYIY PA3SHOCTH
KBaJIpATOB JBYX BhIPAKeHUI:

1) 100 — (a + 5)%; 2) (2a + 3b)? — (3a - b)>.

PeweHue. 1) 100 — (a + 5)2 =102 - (a + 52 =(10 — (a + 5))(10 + (a + 5)) =
— (10 —a - 5)10 + a + 5) = (5 — a)(15 + a).

2) (2a + 3b)? — (Ba — b)? = ((2a + 3b) — (3a — b))((2a + 3b) + (3a - b)) =
=(2a + 3b — 3a + b)(2a + 3b + 3a — b) = (4b — a)(ba + 2b). m

Mpumep 3. Pemute ypaBHEHHE:
1) x? - 36 = 0; 2) (2x - T)>-81=0.
PeweHwe. 1) [IpumeHuB (popMyay pa3zHOCTH KBAJPATOB U YCJIOBHEe pa-
BEHCTBA NPOU3BEIeHUSA HYJI0, ITOJYUNM:
(x — 6)(x+6)=0;
x—6=0wumux+ 6 =0;
x =6 unu x = —6.

2) Umeem:
Cx-T-9)2x-T+9)=0;
(2x — 16)(2x + 2) = 0;
2x—16 =0 nnu 2x + 2 = 0;
x=8 mmu x =-1.
OTBeT: 1) -6; 6; 2)-1; 8. m

Mpumep 4. [lokazxuTre, 4TO IPH J0OOM HATYPAILHOM # 3HAYEHHEe BhIpa-
xeHus (6n + 7)2 — (2n — 1)? genurca Haneso Ha 8.

PeweHue. (61 + 72 - 2n-1P2=6r+T7-2n+1)6n+7+2n—-1) =
=(4n+ 8)(Bn+6)=4(n+ 2) - 2(4n + 3) = 8(n + 2)(4n + 3).

JlanHOe BhIpazKeHUe IPeJCTABICHO B BUJe IIPOU3BeeHUs TPEX MHOMH-
Teseil, OAUH U3 KOTOPLIX paBeH 8, a ABa JPYrux — HaTypaJbHble yuciaa. Or-
clojia cle/lyeT, 4YTO 3HAaYeHHe JaHHOrO BhIpasKeHUA JeJIUTCA HalleJo Ha 8 IpH
11000M HATYPAILHOM 11, W

? 1. 3annwmTe hopmyny pasHOCTU KBafpaToOB [BYX BblpaKeHWUMN.
2. ChopMynupyirTe NpaBuno pasnoXeHns Ha MHOXUTENW PasHOCTN KBafj-
paToB ABYX BblpaXeHWMW.



- O
® YnpaKHeHMA 4 s umm

15.1. KakuMm M3 JAaHHBIX NIPOM3BEIEHHUIN MHOIOYJIEHOB TOMIECTBEHHO paBeH
MHOroujeH a’ — 144:
1) (a — 12)?; 3) (12 - a)(12 + a);
2) (a—-12)(a + 12); 4) (12 — a)(-12 — a)?
15.2. Kakoe 13 JaHHBLIX PABEHCTB ABJIAETCSH TOKIECTBOM:
1) —49 + b2 = (7 — b)(T + b);
2)-49+ b2 =(b - T)b + T);
3) -49 + b% = (7 - b)%
4) —49 + b% = (b — 49)(b + 49)?
15.3. Moxuo nu, npumensas GopMyJay pasHOCTH KBaJpPATOB, Pa3JIOMUTHL HAa
=]  MHOMXUTeNIU BRIpayKeHUe:

1) a® - 9; 6) 16a> — b?;
2) b? + 1; 7) 81 + 100p?;
3)4 - c% 8) 81 — 100p?;
4) 25 + x%; 9) m?n? — 25;
5) 1 — y% 10) —m?n? — 252

Ecnu M03HO, TO BBIIIOJHHTE Pa3Jio:KeHHe Ha MHOMHTEIIH.
15.4. PaznoxuTe HA MHOMEKUTENH:

1) b% - d?; 7) 900 — 81k42%; 13) a?b?*c® - 1;
2)x? - 1; 8) 162 — 121y%; 14) 100a? — 0,015%;
3) —x% + 1; 9) h2c? - 1; 15) a* - b?;
4) 36 — ¢2; 10) ixﬁ - %gﬁ; 16) p22 — 0,36k2d2;
5) 4 — 25a?; 11) —4a?b? + 25; 17) y'° - 9;
6) 4942 — 100; 12) 144x%y? — 400; 18) 4x12 — I%ylﬁ.
15.5. PasnoxuTe Ha MHOMKUTEIA:
1) 16 — b?; 5) 4x2 — 25; 9) 4a?c? — 9x%y?;
2) c? — 49; 6) 81c2 — 642, 10) x%* — %2
3) (0,04 — a?); 7) 0,09x2 — 0,252 11) -1600 + a'%;
4) x?% - E;, 8) a?b* — cbd®; 12) a'® - 49
9 64
15.6. Pemure ypaBHeHHe:
1) 22 — 49 = 0; 3) 22— 0,01 = 0;
zyi—zﬁzﬂ; 4)9x2—4=0.

15.7. Pemiure ypaBHeHUe:
1) c2-0,25=0; 2) 81x% - 121 =0; 3) —0,09 + 4x? = 0.
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15.8. PasznoxuTe HAa MHOMKHUTEH, [OJIb3YACH OPMYJION PA3BHOCTH KBAJPaTOB:

1) (x + 2)* - 49; 6) (8y + 4)* — (4y — 3)%;
2) (x — 10)? — 2512 7) (ba + 3b)? — (2a — 4b)%;
3) 25 — (y — 3)% 8) 4(a — b)? — (a + b)%;
4) (a — 4)* - (a + 2)% 9 (2 +x+1)2-(x2-x+2)%
5) (m — 10)% — (n — 6)%; 10) (=323 + y)? — 1625,
15.9. IIpeacraBsTe B BUjle IPOU3BeJeHUS BLIpaKeHUe:
1) (x — 2)% — 4; 4) a* — (7b — a??;
2) (b + 7)2 — 100¢?; 5) (4x — 9)2 — (2x + 19)?%;
3)121 - (b + 7% 6)(a+b+c)—(a-b-c)

15.10. Haiiqure sHayeHUe BbhIpasKeHU:
1) (9x — 4)%2 — (Tx + 5)?, ecsin x = 1,5;
2) (5x + 3y)?> — (8x + by)?, eciu x = 2,1, y = 1,9.

15.11. Haiigure 3uauenue Belpaxkenus (2,5a — 1,5b)? — (1,5a — 2,5b)?, ecnu
a=-1,5, b=-3,5.

L K 2

15.12. Hemy paBHa mJaomasb 3akpalieHHOu QUIry-
pel Ha pucyHKe 15.17 BriuncianTre 3HauyeHHE
IMOJIYYEHHOTO BhIpasKeHHA Ipu a = 7,4 cM,
b= 2,6 cm. b v-nI

15.13. [IBe OKpY:KHOCTH, pPajgUychbl KOTOPBIX paB-

= me1 Rur (R > r), umelor obmuii nesTp. BeI-
pasuTe uyepes N, R u » Iwromanb (QUIYPEI, - 7]
OrPpaHUYEHHOM 3TUMHU OKPYHKHOCTAMH. BbI- )
YHCJIUTE 3HAYEHHEe MOJYUeHHOTO BhIPaKeHHU s FPHC. 15.1
npu R =15,1cm, ¥y=4,9 cMm.

15.14. lIpencraBsTe B BHUle IPOU3BEIeHUA TPEX MHOMKUTEJel BbIpaskeHue:

1) m* — 625; 3) 2% — 16, rme n — HaTypaJbHOE YHCJIO;
2) x16 - 81; 4) ¢ — 12,
15.15. PasznoiuTe HAa MHOMKUATEJIU:
1) a® - b8 2) a'® - 256; 3) a® - 220,
15.16. Peniure ypaBHeHHe:
1) (3x — 5)2 - 49 = 0; 3)(a-12-(2a+92%=0;
2) (dx + 7)2 - 92 =0; 4) 25(3b +1)2 - 16(2h - 1)2 = 0.
15.17. PemiuTe ypaBHeHHe:
1) 16 — (6 — 11x)% = 0; 2)(Tm —13)2 — (9m + 19)2 = 0.

15.18. [loxkaxkure, 4TOo 1Ipu JHOOOM HATYPAJILHOM /1 3HAYEHUE BBIPAMKEeHUd:
1) (7Tn + 4)%2 — 9 pesurcsa Haneno HA T;
2) (8n + 1)?2 — (3n — 1)? genurca nmanesao Ha 11;
3) (83n + 7)? — (3n — 5)? genurca Haneno Ha 24;
4) (Tn + 6)%2 — (2n — 9)? genurcsa Haneno Ha 15.



15.19. [loxka:kure, 4TO NpH NH0OO0OM HATYPAJNIBHOM /1 3HAYEHUE BhRIPDAYKEHUA:
1) (5n + 4)? — (5bn — 4)? nenurca Haneso Ha 80;
2) (9n + 10)2 — (91 + 8)? menurcs Haueno Ha 36;
3) (101 + 2)% — (4n — 10)? pennrcsa Hanesno Ha 12.
15.20. [lokaxkure, 4TO:
1) pasHoOCTh KBaJpaTOB JABYX IIOCJIENOBATE/NbHBIX HATVPAJBHBIX UHCEJ
paBHA CYMMe 3THX YHCEeJ;
2) pas’HOCTbL KBAJIPATOB JABYX I[IOCJIEI0BATEJIbHBLIX YETHBIX YHCEJ JeIHT-
cs Haneso Ha 4.
15.21. [loxkaxxkure, 4TO:
1) pa3HOCTL KBAJPATOB JIBYX IIOCJIEIOBATEIbHBIX UETHBIX UYHCEJI paBHA
VABOEHHOU CyMMe 9THUX YHCeJ;
2) pa3HOCTh KBAJpaTOB JABYX IIOCJIEeNOBATENbHBIX HEYETHBIX YHCEJ Je-
JUTCA HalleJao Ha 8.
\ R A
15.22. [loxkasKuTe TOMIECTBO:
(m?® — n®)%(m?3 + n®)?2 — (m® + n%?2 = -4mns.
15.23. PazHocTh KBaJApaTOB JABYX IBY3HAYHBLIX 4YMCeJ, 3allMCAHHBLIX OJHUMU
U TeMH ke nudpamu, pasHa 693. Haiinure atu uucia.
15.24. OcTaToK OT AeJeHud Ha T OJHOr0 HATYPAJILHOI'0 YUCJIa paBeH 4, a apy-
roro — 3. Jloka;uTe, 4TO PA3HOCThL KBAJAPATOB 3TUX UHCeJl KpaTHAa 7.
15.25. IIpu kaxkom sHavyenuu b ypasuenue (b? —4)x=5b — 2:
1) umeerT DECKOHEYHO MHOI'O KOPHEH;
2) He UMeeT KOpHell;
3) UMeeT OAUH KOPeHb?
15.26. [Ipu kakoM 3HaueHUU a ypaBHeHue (a? — 25)x = a + 5:
1) nMeeT DECKOHEYHO MHOI'0 KOPHEeH;
2) He UMeeT KOpHel;
3) UMeeT OOHUH KOpeHb?

i
" 1 1 1 1
15.27. Haiinure 3HaYeHHUE BhIPAKEHHA [1 — —)(1 — —)(1 — —] (1 — —J
4 9 16 144

N
YnpaxHeHus ANA NOBTOPEHUA gum

15.28. Jlogka gBuramsachk 2,4 4 mo Te4eHHUIO peKH M 3,6 4 IPOTHUB TeUYeHH .
Paccrosaume, npoiieHHOE JOAKOH II0 TedeHWIO, Ha H,4 KM Ooablle pac-
CTOAHHUS, IPOHJEHHOTO NPOTUB TedeHHA. Haligure coOCTBEHHYIO CKO-
pPOCTBH JIOJKH, €CJIHU CKOPOCThL TEYEHH cocTaBJadeT 2,5 KM/ /4.
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15.29. 3a 3 gus npopanu 130 Kr anenscuHoB. Bo Bropoii qeHs Ipogaimn % TO-

ro, 4TO IIPOJAJH B IEPBLIH JeHb, & B TPETHH — CTOJIBKO, CKOJILKO B IIEp-
Bble ABa aHsA BMecTe. CKONBKO KHJIIOTPDAMMOB AallelbCHHOB IIPOJAJIH
B IIE€PBLIA NeHb?
15.30. B nocnegoBarensuocT™ ..., a, b, c,d, 0,1, 1, 2, 3, 5, 8, ... KayKg0e yuc-
JIO PABHO CYMMe JIBYX OpeAbAyIIuX. YeMy paBHO YHCJIO a?
15.31. Pemiure ypaBHeHHe:
2x -1 x+2 _

1) =3 £ "

2) 3(2x + 3) — 2(3x + 5) = -1.
15.32. [lna ramaoi napsl BeRIpAKEeHUH HAWIUTe BCe 3HAYEHUSA d, IIPU KOTO-
PBIX 3HAYEeHHE BTOPOr'O BHIPAKEHUA B 3 pasa 00JIblIe COOTBETCTBYIOILE-

ro 3HAYeHUs [IePBOT0 BhIPAMKEHU!
1) a u 3a; 2) a®u 3a?; 3)a’+1wu3a®+ 3.

s KBagpaTt cymmMmbl U KBagpaTt pa3HOCTU
OBYX BblpaxeHu. KBagpat cymmbl
HeCKOJIbKUX Bblpa)keHUN

IIpeo6pasyemM B MHOroujeH Bhipamenue (a + b)?. Umeem:
(a+ b =(a+bla+b)=a?+ab+ ba+ b?=a?+ 2ab + b2
Hrak,

(a + b)Y =a®+ 2ab + b?

JTO TOMKIECTBO HA3LIBAKOT (pOPMYJIOH KBaJpaTa CyMMbI JBYX BhIpa-
SHeHWH.
Teneps MOKHO chOPMYJIHUPOBATE CJeAVIOllee IIPaBUIIO.

--1 KBagpar cymmbl ABYX Bblpa€HWUWA paBeH KBagpaTty NepBoro Bblpa)eHuA
nnoc yasoeHHoOe Npou3BefeHne NepBOoro U BTOPOro Bbipa)XXeHWIA MNoc
KBagpaTt BTOPOro Bbipa)eHus.

IIpeobpasyem B MHOroujeH Buipaxenue (a — b)?. Umeem:
(a—b)Y=(a-b)a->b)=a?—-ab - ba+ b®=a® - 2ab + b2
Mer nonyuuaun popmylly KBaapara pasHOCTH ABYX BhIPAKeHUH:

(a - b)Y =a? - 2ab + b?




mm 1 KBagpat pazHocTu ABYX BEblpa)X€HWUN PaBeH KBagpaTty NnepBoro BbipaXeHus
MMHYC YABOEHHOE MNpou3BefeHue Nepeoro U BTOpPoro BbipaXeHUW nnc
KBagpaT BTOPOro Bblpa)XeHUA.

3aMeTuM, 4To GOPMYJY KBajJpaTa pPasHOCTH JBYX BLIPDAKEHWIl MOMKHO
MMOJIVIUTh ¢ IOMOIbI0 (POPMYJIBI KBaJipaTa CyMMbI JBYX BbIpaKeHUI:

(a — D)2 =(a+ (- Db)?=a?+ 2a(- b) + (- b)? = a®? — 2ab + b>.
Bosseném B kBaapar Tpéxunes a + b + c. Umeem:
(a+b+cP=(@+b+c)a+b+c)=a?+ab+ac+ab+b?+ bc+ac+

+bc+c?=a?+b®+c?+ 2ab + 2bc + 2ac.
Mg! noayuyuau popMyay KBaapaTa CYMMBI TPEX BhIpaKeHWH:

(a+b+c)Y=a?+b%+c?+2ab+ 2ac+ 2bc

m -1 KeagpaTt cymmbl TPEX EbIpaXXeHUW paBeH CyMMe KBagpaToOB 3TUX Bblpaie-
HUWA, CNIOXEeHHOW € CYMMOW YABOEHHbIX Npou3BefeHUN KaxabiX ABYX Bbl-

pameHUN.

Paccy:xnada aHaJIorM4HO, MOKHO IMOJIVYUTE (POPMYJY KBajpaTa CyMMBI
yeTbIpex U OoJiee Beipaxkenuid. Hanpumep, sanuirem GopMyay KBajpaTa cyM-
Mbl YeThIPEX BhIpAXKEHUMN:

(a+b+c+diP=a?+b>+c2+d?+ 2ab + 2ac + 2ad + 2bc + 2bd + 2cd.

C noMonbIo MoJIY4eHHBIX (DOPMYJ MOMKHO IIPOIIEe BO3BOJAHUTL B KBAJIPAT
CYMMY HECKOJLKEMX BhIpa)KeHHIl, HEe HUCIIOJb3YA NPaABUJIO YMHOMKEHUS ABYX
mHorounenos. IlosTomy ux oTHocAT K dopMyaaM COKpaAIEHHOr0 YMHO-
AHEeHU.

Mpumep 1. IIpeacrasbTe B B¢ MHOT'OYJIEHA BhIpaKeHUe:

1) (3H — 4¢)?; 2) (a® + ba)?; 3)(a+b-c)

PeweHune. 1) Ilo dhopmysie KBapaTa pasHOCTH JABYX BLIPDAMKEHU MOJY-
yaeM:

(8b —4c)?> =(38b)*> - 2 - 3b - 4¢ + (4¢)? = 9b? — 24bc + 162,
2) ITo dhopmyne KBajgpaTa CYMMbI ABYVX BLIPAKeHHIH [IOJIVUAEM:
(a®+ 5a)y’ =(a®?+2.a® ba+ (5a)?=a® + 10a* + 254°.
3) IIpeacraBum gaHHOe BhIpaxkeHHe B Buje (a + b + (—c))?. Teneps Mmox-
HO BOCIIOJIL30BATHLCA (POPMYJION KBajgpara CYMMBI TPEX BhIpa:keHuul. Mmeem:
(a@a+ b+ (—c))2=a?+ b+ (—c)®+ 2ab + 2a(—c) + 2b(—c) = a® + b? + ¢ + 2ab -
— 2ac — 2bc. m

Mpumep 2. ITpeobpasyiiTe B MHOTOUYJIEH BhIparKeHHUE:

)(-a-0)  2)(=x*-6).
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PeweHwne. 1) Umeem: (—a — b)* = (-a)* — 2(-a) - b + b* = a* + 2ab + b=.
DTOT IPHUMep MOKHO PellUTh APYTUM CIIOCOOOM.
Tak kak (—a — b)2=(-1 - (a+ b))2 =(-1)? - (a + b)? = (a + b)?, r. e. BrIpa-
xeHud (—a — b)? u (a + b)? romaecTBeHHO PaBHEI, TO:
(—a — b)? = (a + b)? = a® + 2ab + b>.
2D (2 -6 =(x%?+62=x"+12x%+ 36. m

Mpumep 3. Pemure ypasaenune (x — 10)2 = (x + 7)% — 17.

PeweHwne. X2 — 20x + 100 = x2 + 14x + 49 — 17;
x2—20x —x% - 14x =49 - 17 - 100;
—-34x = —68;
x = 2.
OTtBeT: 2. B

Mpumep 4. Jloka:kuTe, 9TO OCTATOK IPHU JeJIEHHH KBajapaTa HaTypaJb-
HOT'0 YHcJia Ha yuciao 3 pased 0 wau 1.

PeweHune. IlycTs 7 — HeKOoTOpOe HATYypalbHOE YHCJI0. PaccMOTPUM TPH
caydas.

1) Yucno n kparuo 3. Torna n = 3k, rne k& — HaTypaJbHOE YHCIIO,

Unmeem: 12 = (3k)% = 942, 3nauenue Beipaxkenus 942 kparuo 3, 1. e. ocra-
TOK IIpH fejenun n? na 3 pasen 0.

2) OcraTok npu genleHHH Ha 3 yucja # paseH 1. Torma n Mo:KHO IIpen-
CTABUThL B BUfie n = 3k + 1, rme &k — HaTypaJbHOE YHUCJIO,

Hmeem:

n?=Bk+1)> =9k +6k+1=3(3k*>+2k)+1=3p+1, tme p=3k%+2k —
HeIloJIHOe YacTHOe IIPU JleleHHH 7% Ha 3, a4 0CTAaTOK IIpHU 2TOM paBeH 1.

3) OcTaTok npu JereHHU Ha 3 uucyaa n paseH 2. Torma n = 3k + 2, rue
k — HarypanbHoe uncio; n°=(3k+ 22 =9k%2+ 12k +4=(9k2 + 12k +3) + 1 =
= 3(3k% + 4k + 1) + 1. OueBUgHO, YTO U B DTOM CJydae OCTATOK IIPH Jeje-
Huu 1° Ha 3 paBen 1. B

? 1. Kakoe ToxpaecTso Ha3biBaloT OpMynon KBagpata CyMMbl ABYX Bblpaxe-
HUN? Tpéx BbipaxeHun?

2. ChopmMmynupy1Te NpaBuMno BO3BedeHWA B KBagpaT CyMMbl ABYX Bbipa-
XKEeHUN.

3. Kakoe ToxaecrBo Ha3sbiBaloT (hopMynon KBagpaTta pa3HOCTW ABYX Bbipa-
XeHun?

4. ChopmynupynTe npasmno Bo3BeAeHWUA B KBagpaT CyMMbl TPEX Bbipa-
XKEHUN.

5. ChopmynupynTe npasMno Bo3BeAeHUA B KBaApaT pa3HOCTM ABYX Bbipa-
XKEeHUN.



- O
YnpaKHeHMA 4 s umm

® |
16.1. KakoMy M3 JaHHBIX MHOIOYWIEHOB TOMJIECTBEHHO PABHO BhIpasKeHHe

(5a + 3)%:

1) 25a? + 15a + 9; 3) 25a® + 9;

2) 25a% + 30a + 9; 4) 5a® + 3?2
16.2. Kakoe U3 JaHHLIX PABEHCTB SIBISIETCS TOMIECTBOM:

1) (12a — b)? = 144a? - b%

2) (12a - b)? = 144a? + 24ab + b?;

3) (12a — b)? = 144a? - 24ab + b%;

4) (12a - b)? = 12a? - 24ab + b??
16.3. IlpencraBbTe B BUJle MHOTOYJIEHA BhIpaXKeHUe:

1) (a + x)% ) (7 + 6)%; 13) (b2 - 11)%

2) (x + 2)%; 8) (8x + 4y)?; 14) (a® + 4b)?;

3) (y — 1)% 9) (0,4m — 0,5n)% 15) (x* + y®)%;

2

4) (5 - p)%; 10) (3& ; % b] ; 16) (a® — 4b)2;

5) (4 + k)% 11) (y — 13)%; 17) (a? + a)?

6) (3a — 2)?; 12) (13 — y)% 18) (3H% — 2b°)2.
16.4. BroinosiHuTe BO3BeAeHUe B KBajpar:

1) (a + 8)% 6) (4x — 3)% 11) (¢* - 6)%

2) (b - 2)% 7) (bm — 4n)?; 12) (15 + k%)%

3) (7 + ¢)%; 8) (10c¢ + 7d)?; 13) (m? - 3n)%;

2

1) (6 - dy 9) (4x-1y s 14) (i~ n)

5) (2m + 1)?; 10) (0,3a + 0,95)%; 15) (ba®* — 2a")?.
16.5. ¥Yopocrure BelpazkeHue:

1) a? + (3a - b)?; 6) 3m(m — 4) — (m + 2)%;

2) (4x + 5)* — 40x; ) (y - 9)* + (4 - y)y + 6);

3) 50a? — (Ta — 1)?; 8) (x — 4)(x + 4) — (x — 1)%

4) c? + 36 — (¢ — 6)% 9) (2a — 3b)? + (3a + 2b)?;

5) (x — 2)% + x(x + 10); 10) (x = 52— (x - T)x + 7).
16.6. Yupocrure BeIpaskeHHe:

1) (x — 12)? + 24x; Dy+7DP+w+2)y -7

2) (x + 8)? — x(x + 5); 5) (a+1)a-1) - (a+ 4)%

3) 2x(x + 2) — (x - 2)% 6) (x — 10)(9 — x) + (x + 10)%
16.7. Pemmure ypaBHeHUe:

1) (x — 8)2 — x(x + 6) = -2; 3) (2x + 1)2 — (2x — 1)(2x + 3) = 0;

2) (x+ 7)2 = (x - 3)(x + 3); 4) x(x - 2) — (x + 5)* = 35.
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16.8. Pemnure ypaBHeHUe:

D(x+9?2—x(x+8)=1; 3) (x —4)(x+4)—(x+6)=-16;
2) (x-11)2 = (x - D(x - 9); 4)(1-3x)2-x(9x-2)=5

16.9. 3amenuTe 3BE3MO0YKH TAKMMH OJHOUJIEHAMIE, 4T00bI 00pa3oBaioch TOMK-
IeCcTBO:
1) (% + )% = % + 4ab + b?%; 3) (% — bc)? = = — 20bh%c + 25¢%;
2) (4x — %)% = 16x2% — % + 100y?; 4) (Ta? + %)% = % + « + 9b85,

16.10. BameHuTe 3BE3J0UYKH TAKHMH OJHOYJIeHAMHU, UTOOBI 00pPas30BAJIOCH
TOMJECTBO:
1) (+ + 6b)2 = + + 24ab + *; 2) (% — %)% = 9mt — 42m?nd + =,

16.11. [Joraxure Toxgecrso (a — b)? = (b — a)?.
16.12. IIpeodpasyiiTe B MHOT'OWIEH BhIpaxKeHUe:

1) (—x + 1)%; 3) (-5a + 3b)?%; 5) (-0,7c — 10d)?;
2
2) (=m — 9)%; 4) (—4x — 8y)%; 6) (—4&2 + %ab) .
16.13. BuinosinuTe BO3BeJleHUE B KBaJparT:
1) (-3m + Tn)%; 3) (=% - y)*;
2) (-0,4x — 1,5y)% 4) (—a?b? + 192,
® 9
16.14. BrinosiHUTe Bo3BeJeHUe B KBajpar: ,
1) (10a? - Tab?)?; 5) (léazb + Eiabz ) ;
1 9 ’
2) (0,862 + 0,2b%c)?; 6) ( xdy? — = 1;3.1’) ;
3 14 -
2
3) (30m3n + 0,04n2)%; 7) (15m9 + gnﬁ) ;
16 ?
4) (0,5xy° — 20y5)%; 8) (3 a8yt + — o5 ’zyﬁJ .
16.15. IIpeobpasyiiTe B MHOrO4ieH BbhIpasKeHUe:
1) 6(1 — 2¢)?; ) 6) (2x + 4)%(x — 8);
2) —12[I+%y) : T) (a — 5)%(a + 5)%
3) a(a — 6b)%; 8) (8x + 4y)*(3x — 4y)%;
4) 5b(b* + Th)?; 9) (x +y — 1)%
5) (a + 3)(a — 4)% 10) (a? - b — ?)2.
16.16. IIpencraBbTe B BUle MHOrO4YJIeHA BbIpaskKeHUe: ,
1) (0,02p3k + 20p2k4)2; 3) —15(% a- %b) ;
2
2) (11?}"??‘? - imzni') : 4) Tx(x® - 2x)%
6 21
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5) (5y — 2)*(2y + 1); 7) (m — 2n + 3)=.
6) (10p — £)*(10p + k)%

16.17. YupocTure BhIpazKeHUe U HAUAUTE ero 3HadyeHUe:
1) (a +3)2 —(a—9)a +9), ecizt a = -2,5;

2) (5x — 8)% — (4x — 3)? + 26x, ecniu X = —%;
3) (32 + 4) + (312 — 4)2 — 2(1 — 3y2)(1 + 342), eca y = —

2
16.18. Yupocrure BhIpazkeHUe U HAUAUTE ero 3HaYyeHUe:

1) 2m(m — 6)2 — m%(2m — 15), ecau m = —4;

2) (2x - 5)2 —4(x + 1)(x - 7), ecau x = -3,5.

16.19. lIpu xKakoM 3HaYeHUH IepeMeHHOM 3HaYeHHUEe KBajipaTa JIBy4YJieHa
x4+ 12 ma 225 Oonblle 3HaUEHUA KBajapaTa ABy4ieHa x — 137

16.20. Pemute ypaBHeHUe:

1) (x — 12)(x + 12) = 2(x — 6)% — x%;

2) (8x —1)2 + (4x + 2)%2 = (bx — 1)(bx + 1);

3) (6x —1)2 — (3 — 8x)(3 + 8x) = (10x + 1)%;
4) 5(x + 2)2 + (2x — 1)2 - 9(x + 3)(x — 3) = 22.

16.21. Pemiure ypaBHeHHe:

1) (Bx+2)2+ (4x — 1)(4x + 1) = (bx — 1)%;
2) (dx + 1)%2 = (1 - 3x)(1 + 3x) = (bx + 2)%;
3)2m+1)2+3(m—-1)2-5(m+1)(m-1)=—4.

16.22. HaiinuTe cTOPOHY KBajpaTa, €CJH IPH VBEJHUYEHHH eé Ha D CM II0JV-

= qures KBaJpar, IJomaab KoToporo Ha 95 cm? 6oablne miomagu JaH-
HOT'O.

16.23. Eciu cTOpOHY KBajJpaTa YMEHBIIHUTL Ha 8 ¢cM, TO HOJYYHUTCA KBaJapar,

= mmomane xoroporo Ha 352 cm? Menble IIOmAamu gaHHoro. Haitmure
CTOPOHY IAHHOI'O KBAJIPATA.

16.24. Haiijure Tpu mocjegoBaTe/IbHLIX HATYPaAJbHBIX 4YHUCJIA, €CJIU YIBOEH-
HEBIII KBazpaT OoJiblllero U3 HUX Ha 79 OoJabllle CYMMEBI KBaJpPaTOB JABVX
IPYTIUX YUCEeJ.

16.25. Haiijure dyeTbipe IOCJeJOBATEIbBHBIX HATYPAJNbHBIX YHMCJA, €CJIH CYM-
Ma KBAJPATOB BTOPOr0 M YETBEPTOro U3 HUX Ha 82 DoJiblle, 4eM cyMMa
KBAJIPATOB MEPBOT0 U TPETHLErO.

16.26. [Ipu KaKux 3HAYEHHUSX ¢ U D BepHO paBeHCTBO:

1) (a + b)? = a® + b?; 2) (a — b)? = (a + b)*?

16.27. [loxka:KuTe TOMIECTBO:

1) (a + b)Y + (a — b)? = 2(a? + b?);

2) (a + b)? — (a — b)? = 4ab;

3) a®+ b%=(a + b)? - 2ab;

4) (a? + b*)(c? + d?) = (ac + bd)? + (ad - bc)>.
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16.28. [loxa:KuTe TOMIECTBO:
1) a® + b? = (a — b)? + 2ab;
2) (a — b)? + (ab + 1)? = (a® + 1)(H? + 1).

16.29. [lokaskuTe, 4TO 3HAUEHUE BbhlIpasKeHUs He 3aBUCUT OT 3HAYEHUA Ilepe-
MEeHHOI:
1) (x =32+ (x + 3)2 — 2(x — 6)(x + 6);
2) (4% + 52 + (222 = 1)2 = 4(522 + 4)(22 + 1).

16.30. [Toxaxxure, uTo 3HauYeHue BulpaxkeHus (6x — 8)2 + (8x + 6)2 — (10x —
— 1)(10x + 1) He 3aBHUCUT OT 3HAYEHUA II€PEeMEHHOI.

16.31. Kakum uMca0M, YETHLIM UM HEUETHBLIM, ABJIAETCA KBAJpPAT HEUETHO-
ro HATYPAJbHOT'O YucJaa?

16.32. [IpeHerpeveckuil yuensli Esxang (111 B. 1o H. 9.) foraseiBan popmy-
Jbl KBaZpaTa CYMMBI M KBaJIpaTa PasHOCTH JIBYX BhIpasKeHUH reomMeTpu-
yeck#. [lonssysack pucyakamu 16.1 u 16.2, BoccTaHOBUTE €ro JoKasa-

TeJILCTBO.
16.33. C nomomsio pucyHKa 16.3 mokaskute opMyJIy KBaJpaTa CYMMBI TPEX
BhIPDAMKEHUI.
A [ ) *
= = L‘Ir
Y Y A
A =
i
= A
S
S
| Y ¥
- a e b . a » b . cl b lc
|
Puc. 16.1 Puc. 16.2 rFuc. 16.3
\ A R

16.34. YUemy paBeH ocTaTOK IIPH JleJIeHUU KBaJpaTa HeYeTHOr'0 HATYPaJbHOIO
yucyaa Ha 87

16.35. BuigacHuTe, KaKoil OCTATOK MOMKeT JaBaTh KBAJAPAT HATYPAJNLHOI'O YHC-
Jia Ipu AeJieHUU HA 4.

16.36. [lokaskure, 4TO pasHOCTL CYMMBI KBAJIPaTOB JBYX IOCJIEeI0BATENbHBIX
LeJIbIX YUCeJ U UX YABOEHHOI'0 IIPOM3BeIeHUs He 3aBUCUT OT BhIOOpA
qucell.

16.37. JlokasKuTe, YTO €CJIHM OCTATOK IIPH JeJeHHM HATYPAJbHOTrO ynciaa Ha 16
paBeH 4, TO KBaJpaT aTOro 4ucja JeJuTcA Haleso Ha 16.
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16.38. JlokaKuTe, YTO €CJIH OCTATOK IIPH JeJeHHM HATYPAJIBHOTO YHCIa HA 25
paBeH H, TO KBaJgpaT 9TOr0o YHcja KpaTeH 29.

16.39. OcraTok nNpH JeJeHHH HeKOTOPOro HaTypPaJbHOIO 4yHcjaa Ha 9 paBeH 5.
YeMy paBeH OCTATOK IIPH JeJdeHHH Ha 9 KBajgpaTa aToro uucjia?

16.40. OcTaToK IIpH JHejlIeHMH HEKOTOPOro HATypalbHOro yucaa Ha 11 pa-
BeH 6. Uemy paBeH ocTaTok npu AedeHnud Ha 11 KBajgpara aToro
yuca?

16.41. HMcnoab3yda (popMyJIbl COKPAIIEHHOI0 YMHOMKeHU A, IIPeICTABLTE B BUJIE
MHOTI'OYJIEHA BbIpajKeHUe:

D(a+b+c)a+b-c)
2)(a+b+c)la-b-c)
N(a+b+c+d)a+b-c—d).

16.42. Mcnoab3ysa (popMyJIbl COKPAIIEHHOI0 YMHOMKEHU, IIPeICTABLTE B BUJIE
MHOTI'OYJIeHA BbIpasKeHUe:

D(a-b-c)a+b-c) D(a-b+c+dia-b-c-d).

16.43. [Ipu KaxkoMm 3HaueHUH a ypaBHeHHe (6x — a)? + (8x — 3)% = (10x — 3)?
He UMeeT KopHei?

16.44. IIpu kaxoM 3HaueHNHU a ypaBHeHHe (2a — 3x) + (x — 1) = 10(x — 2)(x + 2)
He HMeeT KOpHei?

16.45. [lokaskuTe TOMIECTBO:

(2n+ 12+ (2n%+ 2n)° = (2n® + 2n + 1)~
IlanHOEe TOMIECTBO SBJAAETCS MPABHJIOM BeJIHKOI0 JpeBHErpedyecKoro
yuénoro lludgaropa (VI B. 10 H. 3.) IJId BBIYHUCJEHUS 1EJOUNCIEHHBIX
3HAYEHUI JIJUH CTOPOH IPAMOYIOJBHOTO TpeyrojbHUKa. 1Ipu ogHUX
A TeX Ke HATYPAaJbHBIX 3HAYEHHWAX # 3HAUYEHUS BbIpaskeHui 2n + 1,
2n? + 2n, 2n% + 2n + 1 aBasgioTca AJIMHAMU CTOPOH IIPAMOYIOJBLHOTO
TPeyroJibHUKA.

=

16.46. [loxa:kuTe, 4TO CYMMa KBAJPATOB IIATH IIOC/Hel0BATENIbHBIX HATYPAbL-
HBIX YHCEJ He MOKeT SABJAThCA KBaJIpaTOM HATYPAJBHOTO YHMCJIA.

N
YnpamHeHVs ANA NOBTOPEHVA gum

16.47. B KopHeILIOZaX caxapHoil CBEKILI cogep:kuTcsa 25 % caxapa, B TO Bpe-
Ms KaK B CTeOJISIX caXapHOro TPOCTHUKA — TONbKO 18 %. CKOJILKO TOHH
caxapHOTro TPOCTHUKA HAJO0 mepepaboTaThb, YTOOLI MOJYUYHTE CTOJLKO Ke
caxapa, ckoabko u3 3600 T caxapHOI CBEKJIBI?

16.48. B marasun npusesnun 740 kr amejabcuHOB B DaHaHOB B 80 AlMHKax.
B ogHOoM simuke 6bL10 10 Kr anebcuHoB UK 8 Kr 6aHanos. CKOJIBKO
KHJIOTPAMMOB Ale/IbCHHOB IIPUBE3JIH B MarasmuH?
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16.49. B nepsou KopoOke 0ObLIO 45 1MIapoB, U3 HUX 10 DelbIxXx, BO BTOPOU —
75 mapos, U3 HUX 2D 0eJIbIX, B TpeThell — 24 0eabIX U 48 KpacHBIX Ia-
pOB, B YETBEPTOIl — MOPOBHY OeJIbIX, KPACHBIX M 3€JEHBLIX Iapos. U3
KaKoil KopoOKHU 0oJibille BEPOATHOCTE HAYIaJ BEIHYTEL OeJiblil map?

16.50. Kakoe HauMeHbIIee 3HAYEHME U IIPU KAKOM 3HAUEHHUHU IIepeMeHHOMH
MOKeT IIPUHHUMATL BhIpasKeHue:

1) a2 2) x? - 16; 3) (x + 4)% + 207

16.51. Kakoe HauOoJ/iblllee 3HAYEHUE U IIPHU KAKOM 3HAYEHHUH IIepeMeHHO0Il Mo-

JKeT IPUHUMAThL BhIpasKeHue:
1) —x?; 2) -2 + 4; 3)12 — (x — 1)2?

16.52. IIpu KakoM 3HaAYeHUH MMepPeMeHHON BBINOJHAETCS paBeHCTBO:
1) (x-1)2+(x+1)2=-10;
2)(x—-1)2+(x+1)2=0;

32 -12+(x+1)2=0?

16.53. IIpu Kakux 3HAYEHHUAX IIePEeMeHHBIX X U I/ BBHIIOJHSAETCS PAaBEHCTBO:

1) (x+2)2%+(y-6)P°=-1; 2) (x + 2)% + (y — 6)2 =07

s Npeobpa3zoBaHme MHOro4neHa B KBagpar CyMmMbl
WM Pa3HOCTU ABYX Bblpa)XXeHU nnbo B KBagpar
CYMMbI HECKOJIbKMX Bblpa)K€eHUW

SanumnieM (OopMYyJabl KBAJApaTa CYMMbI U KBaJpaTa PasHOCTH ABYX BhIpa-
KeHHUH, IOMEHAB MeCTaMM HMX JieBble M IpaBble YACTH:

a’+ 2ab + b? = (a + b)?
a® — 2ab + b? = (a — b)?

B makom Bume aTH (GoOpMYJILl B PALE CAVYAEB IMO3BOJNAIT «CBEPHYTH»
TPEXUJIEH B KBAJAPAT ABYUJICHA.

TpéxuneH, KOTOPBLIH MOMKHO HPEJCTABUTL B BHIE KBajJpaTa IBYUYJIeHA,
HA3bLIBAIOT MOJHBIM KBAJIPATOM.

SanunieM OopMyJay KBaJpaTa CYMMBI TPEX BhIDAKEHUH TaK:

a’+ b%+c?+ 2ab + 2ac + 2bc = (a + b + ¢)?

Jra (popmyJia B pAlle CJAYYaeB IIO3BOJIAET IIPeodpPa30BbIBATH MHOTOUIEH
B KBaJpPaT TpéxuJIieHa.

Mpumep 1. [IpeacraBbre TPEXUJIEH B BUAe KBaJpaTa JBydJeHA:
1) 22 + 10x + 25;
2) 945 — 42a3h? + 49H*.




PeweHme. 1) x* + 10x + 25 =x*+2 . x -5+ 25 = (x + H)=.
2) 9a% — 42a3b? + 49b* = (3a®)? — 2 - 3a® - Th? + (Tb?)2 = (3a® - Th?)°. m

Mpumep 2. Haiinure, Noabp3yAch Ipeodpa30BaHUEM BbIparkeHUS B KBaJ-
par ABy4JeHa, 3HAUeHUe cyMMEI 5,22 + 10,4 - 4,8 + 4,82,

Pewenwe. 5,22 + 10,4 - 4,8 + 4,82=5,22+2 .5,2. 4,8 + 4,82 = (5,2 +
+4,8)2=10%2=100. m

Mpumep 3. Pemute ypasHenue 4x? — 12x + 9 = 0.
PeweHue. IIpeacTaBum JIeBYI0 YACTh YPABHEHUA B BHJIEe KBajJparTa pas-
HOCTH:

(2x - 3)2 =0.
Tak rkax 3HaYeHHE KBajlpaTa paBHO HYJIIO TOorjga M TOJBKO TOroa, KOIIa
€0 OCHOBaHHe PDAaBHO HYJIK, TO IIOJyYaeM:
2x -3 =0;
x=1,5.
OtBeT: 1,5. W

Mpumep 4. [loxkakure, uTo 3HaYeHHe BbIpaskeHHA (2x + 1)2 — 2(2x +
+ 1)(2x — 5) + (2x — 5)? He 3aBHUCUT OT 3HAYEHUS IIePEeMeHHOIL.

PeweHue. (2x +1)2 - 2(2x+ 1)(2xr - 5)+ (2x - 52 =((2x+ 1) — (2x - 5))? =
—(2x+1-2x+5)2=62=36.m

Mpumep 5. JTokaxxuTe, 4TO IIpH JH0O0M HATYPAJILHOM 71 3HAUYEHHE BLIpA-
meHnA n(n + 1)(n + 2)(n + 3) + 1 apagercsa KBaApaToOM HATYPaJIbHOIO YHCJIA.

PeweHue. n(n + 1)(n+ 2)(n+3)+ 1 =(n(n+ 3))(n + 1)(n + 2)) + 1 =
=2+ 3n) (M2 +3n+2)+1=(n2+3n)?+2n*+3n)+1=n2>+3n+1)>%nm

Mpumep 6. [loka:kuTe, 4TO BEIpasKeHHe X2 — 4x + 5 IpUHUMAaeT OO U-
TeJIbHBIe 3HAUEHHS IIPH JNIO0BIX 3HAUYEHHAX X. Kakoe HaUMeHELIIee 3HAUYCHHE
IIPUHUMAET BhIpaskeHUe U IPH KAaKOM 3HAYEHUH X7

PeweHue. IIpeobpasyem JaHHOE BhIpajKeHUe:

2—dx+5=x-4x+4+1=(x-2)%2+1.

IIpencraBieHne BREIPAKEHHUS B BHJE CYMMBI, OJHMM M3 CJIaraeMbIX
KOTOPOil SABJIsAETCA KBaJpaT HEKOTOPOro BEIPAKeHHA (B HalleM IIpHUMepe
oT0 (x — 2)?), HA3LIBAIOT BBIJieJIeHHEM II0JHOr0 KBajpaTa U3 JaHHOT'O BhIpa-
KeHU .

Tak kax (¥ — 2)2 > 0 npu M0OOBIX 3HAYEHUAX X, TO BhIpAKEHUE
(x — 2)2 + 1 npuHEMAaeT TOJBbKO IIOJIOKUTeIbHbIe 3HAUYeHU:A. Tak:ke MOHATHO,
uto (x — 2)2 + 1 = 1. Orcloga HauMeHbllIee 3HAYeHUe, paBHOe 1, JaHHOe BhIpa-
’KeHHe IIPUHUMAEeT Npu X = 2. |
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lipumep /. Ilpn kKakux 3HaA4YeHMAX X MU I 3HaA4YeHHEe MHOroO4WIieHa
x? + y? — 12x + 4y + 40 paBHO HYI0?

PeweHne. x? + y? — 12x + 4y + 40 = 22 — 12x + 36 + y? + 4y + 4 =
=(x—-6)?+ (y + 2)°

MpbI IpeACTABWIM JAHHBI MHOTOUJIEH B BHJE CYMMBbI JBYX CJIAraeMbIX,
KOTOpbIE MOTYT IIPUHUMATHL TOJILKO HEeOTpUllaTe/bHbIe 3HAaueHus. X cymma,
a CJIeJIOBATEILHO, U JAHHBLIA MHOTOUWIEH OYIYT IPUHUMATE HYJIEBOE 3HAUEHUE
TOrJa M TOJBKO TOrJa, KOIZla Ka)kAoe M3 ciaraeMbIX OyJeT DPaBHO HYJIIO,
T. e. Korma x =6 u y = -2.

OtBeT:x=6,y=-2.1

Mpumep 8. Yucna a, b u ¢ rakossl, 4T0 @’ + b? + ¢2 =12 u ab - ac -
— be = 2. Hatigure 3Ha4YeHHe BeIpaxkeHus a + b — c.

PeweHue. Umeem: 2ab — 2ac — 2bc = 4. Torna a? + b2 + c? + 2ab — 2ac —
— 2bc = 16. 3anumenm sro paBeHeTBo Tak: (@ + b — ¢)2 = 16. Orcona a + b —
—c=4uma+b-c=-4.m

. O

® YnpaHeHVA g4 s uem .
17.1. KakoMy u3 JaHHBIX BbIPa’KeHHH TOMKIECTBEHHO pPaBeH MHOTOYJIEH

a’ — 18a + 81:

1) (a - 3)% 3) (a —9)a +9);

2 a-9; 4) (a — 9)*?
17.2. Kakoe 13 JAHHBIX PABEHCTB SABJISAETCA TOMKIECTBOM:

1) a? + 8ab + 16b% = (a + 8b)?; 3) a® + 8ab + 16b? = (ab + 4)%;

2) a? + 8ab + 16b% = (a + 4b)?; 4) a® + 8ab + 16b% = (a + 2b)??

17.3. IIpencraBbTe MHOIOWIEH B BUJIE KBAJIpaTa CYMMBI MJIA KBAJ[PpATA PA3HO-
= erm IBYX BEIPAKEeHUH:

1) a® + 2a + 1, 7) bt — 2b%c + ¢%

2) x? - 12x + 36; 8) m® + m*n? + i nt;

3) y> — 18y + 81; 9) 36a’bh? — 12ab + 1;

4) 100 — 20c¢ + ¢%; 10) x* + 242 + 1;

5) a® — 6ab + 9b%; 11) %x“ - 2x2%y3 + 16y5;

6) 942 — 30ab + 25b%; 12) 0,01a® + 256 — a*h’.
17.4. lIpencraBsTe TPEXUJIEH B BUJle KBaJpaTa JABy4dJeHAa:

1) b% - 2b + 1; 5) 9x2 — 24xy + 16y?;

2) 4 + 4n + n?; 6) a® — 2a® + 1;

3) x% — 14x + 49; 7) 36a’® — 84a®b® + 49bH'7;

4) 4a® + 4ab + b?; 8) 81x'y® — 36x%y*z5 + 4212,
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17.5. Hailgure 3HaYeHUe BbIpa:KeHH:A, IIPeJICTABUB ero npeBapUTeJbHO B BU-
e KBajpaTa JIBy4JeHa:
1) y* — 8y + 16, eciin iy = —
2) ¢? + 24c + 144, ecnu ¢ = -10;
3) 25x% — 20xy + 4y?, eciu x = 3, y = 5,5;

4) 4942 + 84ab + 36b2, eciu a = 1%, b= 2%.
17.6. Haiiqure 3HaUeHUe BLIPAXKeHU:
1) b2 - 30b + 225, ecnn b = 6;
2) 100a? + 60ab + 9b%, ecnu a = 0,8, b = —
® |
17.7. Kakoil ogHOYJIEH caeAVeT MOJCTABUTHL BMECTO 3BE3J0YKH, YTOOBI MOMKHO
OBLIIO IIpeACTaBUTL B BUE KBajpaTa ABy4YJeHa BhIparieHHe:

1) + — 56a + 49; 5) a?b? — 4a®b® + *;
2) 9¢? — 12¢ + *; 6) 1,44x%y* — *y + 0,25y°5;
3) « — 42xy + 491%; 7) 64 — 80y?° + #«y*?;
4) 0,015% + * + 100c2; 8) %aﬁbﬂ — @b + 2
17.8. 3aMeHUTe 3BE3J0UYKU TAKHMH OJHOUYJIEHAMH, YTOOBI BBIIIOJHAJIOCH TOMK-
IecTBO:
1) n? + 601 + * = (* + 30)%; 3) 225a? — # + 64b* = (% — *)?;
2) 25¢2 — % + % = (% — 8k)%; 4) 0,04x% + = + % = (% + 0,3y%)>.

17.9. IlpencraBbTe, €CJIH 9TO BO3ZMOMKHO, B BUJle¢ KBaJpaTa ABYUIeHA NN B BU-
e BBIpAMKEeHUS, IIPOTHBOIOJIOKHOTO KBAJIPATy ABYUJICHA, TPEXUJICH:

1) -8x + 16 + x%; 5) 81c¢2 — 54b%c + 9b%;

2) a® + 4a*bh?® + 4b5; 6) b1 — a?b® + 0,25a?;

3) 2x — 25 — 0,0412; 7) %xz — oy + 4y

4) 25m? — 15mn + 9n?; 8) —% n® — 3mn® — 16m?n*.

17.10. IIpexncraBbTe, eciid 9TO BO3MOMKHO, B BHAe KBajapara IBy4dJeHa HJIH
B BHJIe BbIpasKeHHs, IIPOTUBOIIOJI0KHOI0 KBaJIPaTy ABYYJIeHA, TPEXUJIeH:

1) —a* — 0,84° — 0,16a5; 1) 22 25 a® —10a*hs + 49h'2;

2) 121m? — 44mn + 16n?; 5) 80:1:‘2; + 16x2 + 25y%;

3) —ab + 4a3b — 4b?; 6) b1 - ; bo¢ + ; c2.
17.11. IlpencraBbTe B BUJe KBajlpaTa ABYyUYJleHA BbIpaxKeHUe:

1) (4a + 3b)? — 8b(4a + b); 2) (10x + 3y)? — (8x + 4y)(8x — 4y).
17.12. IIpeoOpasyiiTe B KBaJIpaT JABYy4JieHA BbIpaskeHUe:

1) (3m — 2n)? + 5m(4n — m); 2) (9x + 2y)? — (8x + 3y)(4x — 4y).
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17.13. llonw3ysace npeodOpazoBaHveM BbIpaKeHUH B KBaJIpaT CYMMbI UJIH pas-
HOCTH JIBYX YHCeJl, HAUJUTe 3HaUYeHHe JaHHOTI'0 BhIpasKeHHA:

1) 1,022 -1,02 - 1,96 + 0,982; 2) 242 + 96 - 38 + 762,
17.14. Brruucaure:
1) 2032 - 406 - 103 + 103%; 2) 1,582 +1,58 - 2,84 + 1,422,

17.15. Kaxoe uucio Hazo npubasuTh K MHorowiteny 81la?h? — 36ab + 9, uro-
OBl MOJYVUYEHHOEe BhIpakeHue OBLIO TOMKAECTBEHHO PABHO KBaJIpaTy
nByuJIeHa?

17.16. Kakoe yucio Hago npubaBurh k¥ MHorouwreny 100m! + 120m? + 40,
4yT00BI MOJYYEHHOE BhIpAXKeHHe ObLIO TOMKIEeCTBEHHO PaBHO KBaJpary

IByUJIeHa?
17.17. Peniure ypaBHeHHE:
1) x%2 — 16x + 64 = 0; (-1 +(x-2)2=2(1-2)(x-2).

2) 81x% + 126x + 49 = 0;
17.18. PemiuTe ypaBHeHHe:
1) x%2+12x + 36 = 0; 3)(x+3)¢+(4—-2x)P2=2(x—-4)(x + 3).
2) 25x2 - 30x + 9 =0;
17.19. Hdeasgercsa AU TOXRIAECTBOM PABEHCTBO:
(a - 2)(a - 3)(a+ 3)a+ 2) + a?=(a® - 6)*?
17.20. [loxkasKuTe TOMIECTBO:
D(a-1¥+2(a-1)+1=a%
2) (a + b)? — 2(a + b)(a - b) + (a — b)? = 4b?%;
3) (a—-8)Y+2(a—8)3-a)+ (a- 3)°=25;
4) (x" = 2)%2 = 2(x" - 2)(x" + 2) + (1" + 2)%2 = 16, rme # — IPOUZBOJILHOE
HaTypajJbHOE YHUCJIO.
17.21. [loka:kure, 4TO 3HAYEHUE BLIPAKEHUS He 3aBHCUT OT 3HAYEHUS Iepe-
MEHHOM:
1) (3x + 8)2 — 2(3x + 8)(3x — 8) + (3x — 8)%;
2) (4x — 7)% + (4x — 11)%2 + 2(4x — T)(11 — 4x).
17.22. [loka:kuTe, 4TO YypaBHEeHHE HEe UMeeT KOPHel:

1) x%2 - 14x + 52 =0; 2)4x2-2x+1=0.
17.23. [loxka:kuTe, 4TO YpaBHEeHHE He UMeeT KOpPHeM:

1) x2-8x+17=0; Da2-x+1=0.
® e

17.24. [loka:Kurte, 4TO JaHHOEe BhIpaXkeHHUe NPUHUMAET MOJIOMKUTeIbHEIe 3HAa-
YeHUS I[IPU BCEX BHAUEHUAX X. YKaAKUTe, KaKOe HauMeHblllee 3HAYeHUe
IIPUHUMAET 9TO BbhIpakKeHUe U IIPU KAKOM 3HAYEeHUU X

1) x% — 6x + 10; 2) 16x2 + 24x + 25; 3)x%+x+ 1.
17.25. Mo:xeT U NIPpUHHUMATEL OTPUIIATEIbHBIE 3HAUYEHUA BhIDAKeHHe:
1) x% — 24x + 144; 2) 4x2 + 20x + 287
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17.26. [loka:xkuTe, 4TO JaHHOE BhIpaskeHUe INPUHUMAaET OTpHIlaTe/IbHbIe 3HAa-
YeHHU A [IPH BCeX 3HAYEHUAX X. YKaKHUTe, KaKoe HauboJibllIiee 3HAYEHHE
IMIPUHUMAET 3TO BhIpa)keHHe W IIPU KaKOM 3HAYEeHHH X

1) —x? + 4x - 12; 2) 22x — 12122 - 2; 3) —56 — 3622 — 84.x.
17.27. MoxeT U NIPUHUMATL [MOJIOKUTENbHbIe 3HAYEHUA BhIpaxKeHUe:
1) —x? + 20x — 100; 2) —x%2 — 10 — 4x?

17.28. Kakoe HauboJiblllee 3HAYEHHUE U MPU KAKOM 3HAYEHUH IIepeMeHHOM
IIPUHUMAaeT BhIpaKeHUe:
1) —x2 — 16x + 36; 2) 2 — 16x2 + 24x?

17.29. Kakoe HauMeHbIIee 3HAYEHHE M IIPH KaKOM 3HAYEHHUH IIepeMeHHOM

IIPUHUMAET BhIPAKeHUe:
1) x% — 28x + 200; 2) 9x% + 30x — 257

17.30. IIpencraBsTe MHOIOYJIEH %.’(’4 +y3 —g_rzy“ B BHIe IIPOU3BeIeHUS

KBAJIPATOB JIBYX JBYUJIEHOB.

17.31. Jloxaxure, uro Beipaxkenue (a — 3b)(a — 3b — 4) + 4 npuHUMAaeT HEOT-
pUIlaTe/IbHbIe 3HAUEHHUS ITPU JIIOOLIX 3HAUEHHUAX NepeMeHHBIX.

17.32. llpencraBbTe B BHe CYMMbI KBAJAPATOB ABYX BhIPpAKEeHHUN MHOT'OYWIEH:

1) 2a? - 2a + 1; 4) 10x2 — 6xy + y?;
2y a® + b* + 2a + 2b + 2; 5) x% + by? + 4dxy — 4y + 4;
3) x% + 6x + y? — 2y + 10; 6) 2a? + 2b2.
17.33. llpencraBbTe MHOroO4YJIeH B BUE CYMMbLI KBAJIPpaTOB ABYX BblpasKeHHI:
1) a* + 17a% + 16; 3) 2x2 — 6xy + 9y? — 6x + 9;
2) 1022 + 2xy + y%; 4) 2% + y? — 10x + 14y + 74.

17.34. Ilpu Kakux 3HAYEHHUAX X U Iy PABHO HYJIO 3HAYEHHe MHOIOYJIeHa:

1) 2% + y% + 8x — 10y + 41;
2) x% + 3Ty? + 12xy — 2y + 1?

17.35. CyliecTBYIOT JIM TaKHe 3HAYEHUA X U I/, IPH KOTOPBLIX PABHO HYJIO 3HA-

YeHHe MHOTOUJIeHAa:
1) 22 + 4y? + 2x — 4y + 2;
2) 9x? + y? — 12x + 8y + 21?

17.36. 3HaueHus NepeMeHHBIX d U b TakoBwl, uTo @ + b =T, ab = 2. Haiigure
sHavyeHHe BeIpaxeHus a’ + b2.

17.37. UzgecrtHo, uto a? + b? = 37, ab = 6. Haiigure 3HaueHue BbIPAKeHUs
a-—b.

17.38. [lonoxuTrenbHble 3HAYCHUS IIePEMEHHBIX ¢ U b TAKOBBI, YTO BBLIIIOJIHS-
1ores paBeHerBa a? + b? = 34, ab = 15. Haiigure 3HaueHUe BhIPAMKEHUS
a+b.

17.39. OrpunarejabHble 3HAYEHUS ePeMeHHBIX @ U b TAKOBBI, UTO BBIMOJIHA-
1orcsa paBeHeTBa a’ + b? = 68, ab = 16. HaliguTe 3HaYeHHe BhIpaKeHUA
a+b.
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17.40. [loxaxkure, 4T0 BeIpa:keHue (7 — 1)(m* — 1) MOKHO IIpeACTABUThL B BU-
Ile pa3HOCTH KBAJPATOB JIBYX BhIDAMKEHUH.

17.41. [loxka:kure, 4TO IIpoU3BeJJeHUEe NBYX YHCEJ, KaxJoe U3 KOTOPLIX SABJISA-
eTcsl CYMMOM KBAJAPATOB ABVX IEJBIX YHCEJ, MOMKHO IIPeJCTABUTL B BU-
e CYMMBI KBAJIPATOB JIBYX IEJLIX YHUCEe.

17.42. IlpencraBbTe uncao 24 B BHOE CYMMBI TAKHX JBYVX YHCEJ, YTOOBI HX
IpoH3BeJeHHe ObLI0 HAUOOIBIIM.

17.43. Haiinure CTOPOHBI NPAMOYVTIOJBHHUKA, HMEMIIEro HAWOOJBIIYIO ILIO-

1Ak U3 BCEX IPAMOYTIOJbEHHKOB, IePUMETP KaKI0ro U3 KOTOPLIX PaBeH
20 cMm.

2
17.44. Yucna a u b raxkoBsl, uro b? + % =1, ab=38,a >0, b>0. Halinure

3HaueHUe BhIpazkeHus a + 2b.

17.45. Yucana a, b u ¢ Takossl, uro a? + b? + ¢? — ab — ac — bc = 0. Yemy pas-
HO 3HAYEHMe BhIpaxeHUus a + b — 2¢?

17.46. BriunciauTe 3HaueHUe BuIpamenus a’ + b? + ¢
uab + bc + ac=-5.

17.47. UzgectHo, uto a? + b? + ¢* =30 u a — b — ¢ = 4. [lokamxure, 4ToO
bc — ab — ac = -T1.

17.48. NzBecTHO, uTo a® + b% + ¢2 =26 u ab — ac — bc = —11. Haiinure 3naue-
HUe BeIpaskeHus a + b — c.

2 eecma+b+c=T

=

17.49. Pasno:xuTe Ha MHOKUTeIH BelpaxkeHnue a’ + b? + 3c¢2 + 2ab + 4ac + 4bc.

17.50. Pasio:xuTe Ha MHOKUTENU BhIpaxkenue a? + 8b% + ¢2 — 6ab — 6bc + 2ac.
17.51. CyuiecTByeT JiH Takoe HATypaJlbHOE YHCJIO 77, IIPH KOTOPOM 3HAYEHHE
BeipazkeHus 2% + 211 + 2" gpisgercsa KBagpaToM HATypaIbHOro 4uca?

17.52. Jloka:xkure, uro 3HadveHue Buipazkenus 10002 + 10002 - 10012 + 10012
ABJIAETCA KBAJPATOM HATYPAJLHOI'O YMCJIA.

17.53. JlokakuTe, 4To 3HaUYeHHe BhIipaxkenusa 999 . 1001 - 1003 - 1005 + 16
ABJIAETCHA KBAJPATOM HATYPAJBLHOI'O YMCJIA.

1 .
17.54. JloxaskuTe, 4TO ypaBHeHHe X+ — x + i 0 He UMeeT KOPHeH.

17.55. Jloxaxure, yro ypasHenue x* — 4x + 5 = 0 He uMeeT KOpHeIi.,

17.56. Haiinqure Bce HaTypajibHbIe 3HAUEHUS /1, IPU KOTOPLIX 3HaYeHUE BHI-
paxxeHus n> + 3n ABIgeTCS KBAAPATOM HATYPAILHOTO YHCJA.

17.57. HarypalbHOe 4YHCJIO # TAKOBO, YTO MOCJeaHAsa HU(ppa sHaAaYeHUS BhIpa-
skeuus n(n + 8) pasua 4. HaliguTe npeanociaefHion mu@py 3HadeHH
ATOT0 BbIpasKeHUsd.
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_ I
YnpaXXHeHUs ANs NOBTOPEHUA gy m

17.58. B nepsrlii geus TypucT npoexana 0,4 Bcero myTH, BO BTOPOH — g oc-

TaBIIErocsa, a B TpeTuit — ocrajbHbie 20 kM. Halinure qiuHy myTH.
17.59. O0maa miomaab JBYX YYACTKOB, 3aCeAHHBIX KYKYpy30il, paBHa

100 ra. Ha nepsomM yuacTke cobpanu mo 90 T 3eIéH0H Macchl KYKYPY3bI

¢ 1 ra, a Ha Bropom — mo 80 1. HaliguTe miomanb KasKJIoro y4acTka,

ecJIn ¢ mepBoro ydyactka coopaau Ha 2200 T OoJbIlle, 4eM cO BTOPOTO.
17.60. PaznoiuTe HA MHOMKUATEJIU:

1) 2ab — 3ab?; 4) 2a — 2b + ac — bc;
2) 8xt + 2x3; 5) m?2 — mn — 4m + 4n;
3) 12a2b? + 6a%b® + 12ab?; 6) ax — ay + cy — cx — x + y.

17.61. IIpu HeKOTOPOM 3HAUEHUH X 3HAUEHHUe BhIpa:KeHUd 3x2 — x + 7 pas-
o 10. Kakoe 3HaueHMe NPUHUMAET BeIpaskeHue 6x2 — 2x + 7 npu srom
JKe 3HAYeHHH X7

17.62. (Cmapunnas boaezapckas 3adaua.) CeMb pbIDAKOB JIOBUJIU Ha 03€pe
peidy. llepBbiil JOoBUI peIOY eXMeOlHEBHO, BTOPOM — dYepes leHb, Tpe-
TUH — 4epe3 2 AHA U T. 1., celbMoit — uepesd 6 nueii. CerogHa Bce PbI-
PaKM NPHILIN Ha o03epo. Uepe3 Kakoe HaUMeHbIlIee KOJHUYECTBO THeu
BCe ceMb PLIDAKOB cobDepyTcss BMecTe Ha ozepe?

s m Cymma n pa3HOCTb KyOOB ABYX BbipaXXeHUMN

YMHOKUM ABy4WIeH a + b Ha TpéxuneHn a’ — ab + b?. Ionyuum:
(a+b)a? —ab+b?) =a® —a?b + ab® + a®b — ab? + b = a® + b5,

TeM caMbIM MBI JOKA34AIH TOXIeCTBO

a® + b3 = (a + b)(a? — ab + b?)

JTO TOKJIECTBO HA3BIBAIOT (hOPMYJI0OH cYMMBI KYOOB JIBYX BBIPpAKeHHI.

Muorounen a? — ab + b?, croamuii B npaBoil 4acTH, Ha3LIBAIOT HEILOJI-
HBIM KBaJpaToM pa3HocTH. Takoe HaszBaHHEe 00BACHAETCA €ro BHEIIHHM
CXOJ[CTBOM ¢ MHOTowieHOM a2 — 2ab + b?, koTopslil paBeH KBajipaTy pasHOCTH
anb,

Termeps MOKHO C(hOPMYJIMPOBATL TAKOE IIPABUIIO.

m -i Cymma KybOoB ABYyX BbipaXXeHUW paBHa NpoOM3BefeHUI0 CYMMbI 3TUX Bbipa-
MEeHMA M HEMOMNHOMo KBagpaTta MX pa3sHOCTH.
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PasnoxuM Ha MHOKUTEJNIH BeIpaxkeHue a° — b*. Umeem:
a® — b =a®+ (-b)? = (a + (-b))a® - a(-b) + (-H)?) =
= (a — b)(a? + ab + b?).
MBI JOKAa3a/IH TOMAKIECTBO

a® — b3 = (a — b)(a® + ab + b?)

3aMeTHM, 4YTO 3Ty (POPMVJIY TaKyKe MOXKHO JOKa3aTh, IePEeMHOMKNB MHO-
rodjieHbl, CTOSAIME B IIPaBOi YacTH.

JTO TOMKJIECTBO Ha3LIBAIOT (hOpMYyJIoM pa3HOCTH KY0OB JABYX BhIpa-
SKeHHH .

MuorouneHn a? + ab + b? Ha3BIBAIOT HENOJHBIM KBAJPATOM CYMMBI.

Teneps MOKHO chOPMYJIHUPOBATE TAKOE IIPABIIO.

--i PasHOCTb KyOOB ABYX BbipaXeHWW paBHa NPOM3BEAeHMIO PAa3sHOCTU 3TUX
BbipaMXeHMIA U HEMNOJIHOro KBagparta X CyMmbl.

Mpumep 1. PaznokuTe HA MHOMKHTEIH:

1) 8a® + 27bh3; 2) a5 — 3.

PeweHue. 1) IIpencraBuB AaHHBINE MHOTOWJIEH B BHJE CYMMBI KyOOB
IBYX BBIpaKeHHUH, OJYUUM:

8a® + 27b3 = (2a)® + (3bH)® = (2a + 3b)(4a? — 6ab + 9bH?).

2) IlpeacTaBuB JaHHBIA MHOTOYJIEH B BHJE PA3HOCTH KyDOB IBYX BhIpa-
FHEeHUM, MOJIYIUM:

20—y’ = () - (%) = (- )t + 2+ ). m

Mpumep 2. Yupocrure Beipamenue (4y — 1)(16y% + 4y + 1) u naiigure

1
ero sga4venue 1npu iy = E

PeweHue. (4y — 1)(16y% + 4y + 1) = (4y)* — 1 = 64y° — 1.
IIpun y = 1.
pu Yy 5"

1) 1
643;3—1:64-(5) —1=ﬁ4+§ —1=8-1=7.1

Mpumep 3. IIpescraBeTe B BUEe NPOU3BefeHUs Bhlpamkenue (m — 4)% +
+ 216.

PeweHue. IIpumenus GopMysIy cyMMEI Ky0OB, ITONYYNM:
(m—4)>+216=(m—-4)>+6%=(m — 4 + 6)((m — 4)* — 6(m — 4) + 36).
Orciona (m — 4 + 6)((m — 4)2 — 6(m — 4) + 36) =
=(m+2)(m?-8m+16 —6m + 24 + 36) = (m + 2)(m? — 14m + 76). m
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Mpumep 4. Jlokaxkure, 4TOo 3HAYeHUe BhIpaxkeHua 25° — 1 menurcsa Ha-

mejo Ha 24.

PeweHue. [Ipumenuns popMyny pasHoCTH Ky0OB, IIOJIYUNM:
253 — 1 =(25 - 1)(25% + 25 + 1) = 24(252% + 26).
JlaHnHoe BbIpasKeHUe IpeCTaB/IeHO B BHJe IPOU3BeleHus, OUH U3 MHO-

JKUTEJeH KoToporo paseH 24, a Apyroii — HarypajbHoe dyucyo. ClemgosaTeib-
HO, 3HAYEHHE 3TOr0 BhIPAYKEHHUs JNEeJIUTCA Haleao Ha 24. W

r4

1. Kakoe ToxaecTBoO HasbiBaloT (hopMynon cyMmmbl KyboB?

2. Kakou MHOro4neH Ha3biBaloT HENOJNHbIM KBaApaToOM pa3HOCTU?

3. ChopMynupynTe NpaBuNO pasnoXeHUs Ha MHOXWUTENU CyMMbl KyboB
ABYX Bblpa)keHWM.

. Kakoe ToxpecrBo HasbiBaloT popmynon pasHocTu kybos?

. Kakon MmHoro4neH Ha3biBaloT HEMONHbIM KBagpaToM CyMMbl?

. ChopmynmpynTe NpaBuno pasnoXeHUs Ha MHOXWUTENWU pasHoOCTU KyboB
ABYX Bblpa>eHuM.

aownhk

- O
YnpaKHeHMA 4 s umm

18.1.

18.2.

KakoMy M3 JaHHBIX BBIPpAKeHHI TOKJECTBEHHO paBeH MHOTOYJIeH
a® - 27:

1) (a — 3)(a® + 6a + 9);

2) (a - 3)(a* - 9);

3) (a — 3)a? - 3a +9);

4) (a - 3)a? + 3a + 9)?

Kaxoe U3 JaHHBIX PABEHCTB SABISAETCA TOMIECTBOM:
1) m3 + 8n = (m + 2n®)(m? + 2mn? + 4n?);

2) m? + 8n® = (m — 2n?)(m? + 2mn? + 4n?);

3) m? + 8n® = (m + 2n?)(m? - 2mn? + 4n?);

4) m® + 8n® = (m — 2n?)(m? — 2mn? + 4n*)?

. Pasznomxure Ha MHOMKHUTEIH:

1) a® + 8; 9) m3n® + 0,001;

2) ¢ — 64; 10) 64 3 125 n3;
343 216

3) 125 — b3 11) 8mb + 27n?;

4) 1 + 2% 12) m®n?® — p1%;

5) a® + 1000; 13) 0,027x% + 0,12542%;

6) 27a® - 1; 14) 0,216 — 8¢%7;

7) 10003 — 216; 15) 1000a'2h® + 0,001c845.
8) a*h® - 1;
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18.4. PaznoxuTe HA MHOMEUTENH:
1

1) x* - 15 4) gﬂg + b3; ) a® — b15c18,

2) 27 + a®; 5) ab — 8; 8) 125c3d3 + 0,00855;
3. 353 _ 3. 64 3 27 4

3) 216 — y%; 6) a*b® — c3; 9) 759" ~Tooo V-

18.5. IIpeacraBeTe B BHle MHOIOYJIeHA BhIpaKeHHe:
1) (x — 2)(x2 + 2x + 4);
2) (2a — 1)(4a? + 2a + 1);
3) (a® + 1)a* — a® + 1);
4) (0,5xy + 2)(0,25x%y% — xy + 4).
18.6. BrinmosiHUTe YMHOMKEHUE:
1) (b — 4)(b® + 4b + 16);
2) (2a + 3b)(4a? — 6ab + 9b%);
3) (22 + 6y2)(x® — 62%y? + 36y7);
4) (la —lb) [iaz + L ab+ LFJEJ.
4 5} 16 20 25
18.7. ¥upocTture BeIpaskKeHHe M HAUJAUTE er0 3HAYEHUE:

1) (9a® + 3a + 1)(8a — 1), ectu a = %;

2) (5y — 2)(25y% + 10y + 4) + 8, ecnu Y = —%.
18.8. Haiinqure 3HAUYeHUe BLIPAXKeHU:

1) (1 — b3 (1 + b? + bY), ecin b = -2;

D23+ 7T -(x+1)(x2-x+1), eciim x =-1.

® ¢
18.9. Paznoxure HA MHOMKUTENU:
1) (a + 6)° - 27; 4) 1000 + (y — 10)%;
2) (2x — 1) + 64; 5) (x + y)* — (x — )%
3) 8a% — (4a — 3)3; 6) (a — 2)3 + (a + 2)3.
18.10. IIpencraBbTe B BUe IpOM3BeleHUA BhIpaKeHUe:
1) (b - 5)% + 125; 3) (a — b)® + (a + b)%;
2) (4 — 3x)® — 8x%; 4) (x + 3)® — (¢ — 3)3.

18.11. YnpocTuTe BhIpa:KeHUe:

D+ D2 -x+1)+ (2 -x)(4 + 2x + x2);

2) (x — 4)(x% + 4x + 16) — x(x — 5)(x + 5);

3) ala — 3)* — (a + 3)(a® - 3a + 9);

4) (a - 1)a+ 1)a? - a+ 1)(a®? + a + 1)(a® + 1)(a'? + 1).
18.12. YnpocTuTe BhIpaKeHUe:

1) (a — 5)(a? + ba + 25) — (a — 1)(a® + a + 1);

2) (¥ - 3)y*+ 3y +9) - yly - 3)y + 3) - (v + 3)%

3) (a — b)(a + b)(a* + a?b? + bY).

114



18.13. llocraBbTe BMeCcTO 3BE3J04YeK TaAKHe OJHOYJIeHbI, YTOObI BBINIOJHAJIOCH

TOMIECTBO:

1) (Tk — p)( + # + ) = 343k% — p?;

2) (% + #)(25a* — = + 36b%) = 125a® + 216H3;
3) (mn + #)(% — + + k%) = m®*n® + k°.

18.14. PemuTe ypaBHeHHe:
Dx-Dx2+xr+1)+22=x%(x+1) - 2x;
2)(Bx — 1)(9x2 +3x+ 1) - 9x(8x2 - 4)=1T;
3)(x+4)(x%2—4x+ 16) —x(x — (x+ 7) = 15;

4) (x + 6)(x? — 6x + 36) — x(x — 9)? = 4x(4,5x — 13,5).

18.15. Pemiure ypaBHeHHe:

1) (x+2)(x%2-2x+4)+ 32 =x%(x + 3) — 2x;

2) (7 — 2x)(49 + 14x + 4x2) + 2x(2x — 5)(2x + 5) = 43;

3) 100(0,2x + 1)(0,04x% — 0,2x + 1) = 5x(0,16x2 — 4).
18.16. [loxka:kure, 4TO 3HAUEHUE BhIPAKEHUA:

1) 4563 — 1563 nenurca naneno na 300;

2) 2543 + 238% nenurcsa Haneno Ha 123;

3) 17% — 1 genurca Haueno Ha 36.
18.17. [loxa:kurte, 4TO 3HAUEHUE BhIPAKeHUA:

1) 3413 + 1093 penurcs nauneno "Ha 90;

2) 215 + 33 genurca Haneao Ha 35.

\ R 2 |

18.18. Vka:xkuTe HaUMeEHbIIee HATYPAJbHOEe 3HAYEHUE /1 TAKOe, YTOObI BHI-
pamernue x>" — y®" MOXKHO OBLIO PA3JOKUTL HA MHOMKUTENIH KAK IO
(hopMyJie pasHOCTH KBAJPATOB, TAK U I10 (pOpMYJe PasHOCTH KyO0OOB.
Paznoxure monydyeHHBIM MHOT'OYJIEH HA MHOMKHUTEJH MO0 3THUM (op-
MYyJIaM.

18.19. lIlpuaymaiiTe MHOTOYJI€H, KOTOPBIM MOMKHO PA3JIOMKUTE HA MHOMKHUTEIH
Kak 1o ¢opMylie pasHOCTH KBAJPaATOB, Tak U 1o popMyJie pa3HOCTH KY-
DoB. Pasimo:kuTe NpUAYMAHHBLIA MHOTOYJEH HA MHOMKHTENH II0 9THM
hopMmyIam.

18.20. Mo:xHO K YVTBEPHKIAATH, YTO €CJIM CYMMAa JABYX HATYPAJIBHBIX YHCE Je-
JUTCA HAIleJJO HA HEKOTOpOe HaTypaJibHOe YHCJI0, TO Ha 3TO YHCJIO Je-
JUTCSH HAIEJO:

1) pasHOCTL UX KBaJPATOB;
2) cyMMa UX KBaJpaToOB;
3) cymma ux xKyooB?

18.21. JlokasKkuTe, 4TO cyMMa KyDOB ABYX IIOCJEI0BATEJIbLHBIX HEUETHBIX HA-
TYpPaJbHBIX YHCeJ NeJIUTCA HalleJao Ha 4.

18.22. [loka:kure, 4To cymMmMa KyDOB [ABYX IOCJefOBaTelbHBIX HATYpPaAlbHBIX
YHCceJ, HA OJHO U3 KOTOPBIX HE KPATHO 3, NeJIUTCA Haleao Ha 9.
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18.23. M3BecTHO, YTO YHCIA X U }f TAKOBBI, YTO xX° + yg = 1. Haiigure 3Hade-
Hue BeIpamkenus x° + 3x2y? + yb.

18.24. l3BecTHO, 4YTO YUCIA X U If TAKOBLI, UTO xd - yz = 2. Haligute 3Ha4e-
Hue BeIpaxkenus x? — 6x3y? — /5.

18.25. [loka:kure, uro ecau 2a — b = 1, to 8a® — b® = 6ab + 1.

18.26. [loxkaxxure, uto ecau a + 3b = 2, to a® + 27H% = 8 — 18ab.

18.27. loxaxure, uro ecnu a@ + b + ¢ = 0, To a® + b® + ¢ = 3abec.

18.28. lcnonw3ysa pesyiasrar 3ajgaun 18.27, pasiioxuTe HA MHOMKHUTENU BbI-

paxxernue (a — b)? + (b — ¢)® + (¢ — a)’.

I N
YnpaxHeHUs ANA NOBTOPEHUA gum

18.29. B ognoMm Aumke 0bL10 Ha 12 Kr ab6g0K Doablile, yeM B apyroMm. Korma
M3 IIePBOr0 ANMKA MEePEJOKUIHA BO BTOPOH 4 Kr A0JI0K, TO 0KAa3aj0Ch,

51
4yT0 Macca s10JI0OK BO BTOpOM AINIHEEe COCTaBHJIA E MAacchbl A0JOK B mnep-

BoM. CKOJIBKO KHJIOrPaAaMMOB A0JIOK OBLJIO B KaMJIOM SILIUKe cHauaa?
18.30. Kakas nocnennas nudpa sHadeHus: spipaxkenus 316 + 7169
18.31. HajiiuTe 3HAYeHHEe KaKIOr0 M3 CJHEAVIONMX BhIpaseHHMHA npu a = 1

ua=-1:
Va+a®?+a®+a*+...+a” + a'%; 3) aa’a*a’...a*®a'"?;
NDa+a’?+a®+a*+... +a”®+ a%, 4) aa’a*a’...a*®a.

s m Ky6 cymmbl n KyOG pa3sHOCTM ABYX Bbipa)XXeHUN

IIpeo6pasyem B MHoroujseH Beipaxenue (a + b)3. Umeem:
(a + b)2 =(a+ b a+b)=(a®+ 2ab + b*)(a + b) =
=a®+ a’b + 2a®b + 2ab® + b*a + b? =
= a® + 3a?bh + 3ab? + b3,

(a + b)? =a®+ 3a?b + 3ab? + b?

JTO TOKJIECTBO HA3BIBAIOT (hopMYyJIoH KyDa CYMMBI ABYX BhIpasKeHHH.
Termeps MOXHO ChOPMYJIMPOBATE TAKOE IIPAaBHIIO.

--1 Ky6 cymmbl gBYyX Bbipa){eHUA paBeH KybOy nepBoro Bbipa)eHUs NNHOC
yTpOoeHHOe NpoM3BeAeHMe KBagpaTta NepBoro BbipaXeHWA U BTOPOro Bbli-
paXeHUa NNOC YyTPOeHHOE NpoM3BeAeHe NepBoOro BbipaXeHUa U KBagpa-

Ta BTOPOro BbipayeHWn MMoc KyG BTOPOro BblpaXXeHus.

IIpeo6pasyem B MHorouseH Beipaxenue (a — b)3. Umeem:
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(a — b)* =(a—- b)(a - b)=(a* - 2ab + b*)(a - b) =
= a® — a’b — 2a®b + 2ab® + b%a — b? = a® - 3a®b + 3ab? - b®.
Mp!1 monyyuau (popMyay Kyd0a pasHOCTH JBYX BhIpasKeHHH:

(a — b)? =a® - 3a?b + 3ab? - b?

Teneps Mo:xKHO chOPMYJIUPOBATh TAKOE HMPAaBUIO.

--1 Ky6 pasHocTu aByX Bbipa)XeHUA paBeH KyOy nepBoro BbipaXeHUA MUHYC
yTpoeHHOe NpoM3BegeHne KBagpaTta NepBoro BbipaXeHUA U BTOPOro Bbi-
pameHUa NNoc yTPOeHHOoe Npou3BefeHUe NepeEoro BbipaXeHUa n Keagpa-
Ta BTOPOro Bblpa)XeHUA MUHYC Ky6 BTOpOro BbipayeHUs.

BameruM, uTo (hopMyay Kyba pasHOCTH ABYX BbIPAKEHHH MOIKHO IOJIY-

YUTH ¢ MOMOIIBIO (OPMYILL Ky6a CYMMBI ABYX BhIpasKeHUI:
(a — b)? =(a+ (-b))® = a?® + 3a*(-b) + 3a(-b)? + (-b)? =
= a® — 3a®b + 3ab?* - b3.

C noMOIIBI0 HOJTYYeHHBIX (DOPMYJI MOMKHO IPOIIe BO3BOJUTEL B Ky0 cyM-
My J160 Pa3HOCTH JTIO0BIX JBYX BHIPAXKEHUIl, He UCIIOIb3YS IIPABUIIO YMHOMXe-
HHUA MHOTOYJeHOB. I[05TOMY MX OTHOCAT K (JOPMYJIAaM COKPAILEHHOIO YMHO-
AHeHUS.

Banumem GopMyabl Kyba cyMMbI U Ky6a pasHOCTH ABYX BbIDAMKeHMUIl,
IIOMEHAB MeCTaMH HUX JeBble M IIPaBble YaCTH:

a® + 3a?b + 3ab? + b® = (a + b)?
a® — 3a?*b + 3ab? - b® = (a - b)?

B takom Bujge aru (GopMysibl MO3BOJAKT B PANe CIYUYAeB «CBEPHYTL»
MHOTrO4YJIeH B KyD JBy4JieHa.

Mpumep 1. IlpencrasbTe B BUJle MHOTOYJIEHA BhIpasKeHUe:

1) (2x + 3)3; 2) (m? - 2n)3.

PeweHwue. 1) Ilo dpopmyae Kyda cyMMBI IBYX BbIPaKeHHH [IOJYYAEM:

Cx+32=(2x)*+3-(2x)2-3+3-2x 32+ 3%=8x%+ 36x% + 54x + 27.

2) ITo popmysie KyDa pasHOCTH ABYVX BEIPAXKEHHI IOJIyUYaeM:

(m?2-2nP=m?>> -3 -(m?? - 2n+3-m?.-(2n)?> - (2n)® = m® — 6m'n +
+ 12m2n? - 8. n

Mpumep 2. Yucna x 1 ¢ TakoBEIL, uTo X° + 1y® = 65, 2%y + ay? = 20. Haii-
nAUTe 3HAYCHUE BHIPAIKEHUA X + V.

PeweHune. Umeem: 3x%y + 3xy? = 60. C yuérom Toro, uro x° + y® = 65,
nonyuaem 3x%y + 3ay? + 1* + y® = 60 + 65. Orciona (x + y)® = 125. Torna
x+y=5.1
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Mpumep 3. Paznoxure HA MHOKHUTEIHN MHOro4dIeH 2x° + 3x° + 3x + 1.
PeweHue. Umeem: 2¢° + 32+ 3x+ 1=+ + 32+ 3x+ 1=
=3+ (r+1)P=(rx+x+ D -—xx+ 1D+ (x+1)?)=
=2x+ D2 -2 -x+x24+2x+1)=
=2x+ 1% +x+1). =

1. Kakoe Toxpaecrso HasbiBaloT popmMmynon Kyba cymmbl ABYX BblpaxeHWn?

2. ChopmMynupyirTe NpaBuno BO3BeAeHWNA B KyD CyMMbl ABYX BblpaXXeHWM.

3. Kakoe ToxpgecTBo HasbiBaloT ¢opmynon Kyba pasHocTM AByX Bbipa-
XeHun?

4. ChopmynupyinTe NnpasBuno so3sefeHus B Kyb pasHoOCTU ABYX BblpaXeHUN.
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® YnpaXXHeHVA g umem .
19.1. KakoMy #M3 JAaHHBIX MHOTOWIEHOB TOMIECTBEHHO PABHO BhIPAXKEHHE

(a + 2b)3:

1) a® + 8b3; 3) a® + 6a?b + 12ab? + 8b3,

2) a® + 3a?b + 12ab? + 8b3; 4) a® + 6a®b + 3ab? + 8b3?
19.2. Kakoe 13 JaHHLIX PABEHCTB ABJIAETCA TOMKIECTBOM:

1) (Bx—1)3=272% - 1; 3)(Bx—1)3=27x3 - 27Tx% + 9x + 1;

2)(Bx -1 =272+ 1; 4)(Bx—-12 =272 -27x2+9x - 1?
19.3. IIpeacraBeTe B BUJle MHOIOYJIeHA BhEIPpAKeHUE:

1) (a + 1)3 3) (a + 2b)?; 5) (-2 + 3x)%;

2) (m - 3)%; 1) (3 - n)®; 6) (-3 — 2y)°.
19.4. IIpeacraBsTe B BHUe MHOIOYJIeHA BhIpaKeHUe:

1) (b + 2)% 3) (3D + ¢)%; 5) (-3 + y)%;

3 3
2) (c — 1)%; 4) (u—g); 6) (—4—1m).
3 3

19.5. BrinnosiHuTe BO3BedeHHEe B Ky0:

1) (212 _ yS)E; 2) (.Z‘E"H + yﬁr:)E; 3) (2H+ 1_ 3.”?}3,

rie /m U 1 — HaTypaJibHble YHUCJIA.
19.6. BrinnosinuTe BO3BegeHUE B Ky0:

1) [31.4 + 2y2}3; 2} (H:}:m _ bSH}S; 3} (3_,,3 + 4m - 1}3’

rie /m U 1 — HaTypaJibHble YHUCJIA.
\ 2R |
19.7. 3aMeHUTe 3BE3MOYKH TAKMMH OJHOUWIEHAMH, 4T00BI 00pa3oBaloChk TOXK-

IecTBO:

1) (x + #)3 = % + 21x% + * + *; 2) (¥ — 2a)® = 2Tm® — * + * — =,
19.8. BamenuTe 3BE3M0YKH TAKMMH OJHOUJIEHAMIE, 4T00bI 00pa3oBaioCh TOMK-

JeCTBO:
1)(.k+y)3:ﬁ+*+12y2+.‘a;; 2)(3(’}—?:)3: * — % + % — 64a3.



19.9. [lokamuTe TOMXIECTBO:
1) (x+y)? — a3 — y® = Bay(x + y);
2)(Bx+ 1) - 9x(3x+1)=271%+1;
3) (2 +y?)® — 42 + 3y*) = y"(6 + y?);
4) (2" - 373 - 8"+ 27 =-3 .- 6"(2" — 3"), rme n — HATypaJIbHOE YHUCJIO.
19.10. [Joxka:KuTe TOMIAECTBO:
1) 2% — y® — (x - y)® = Bay(x - y);
2) (6x — 1)% — 21622 + 1 = 18x(1 — 6x);
3) (b2 + 3)3 - 27(b% + 1) = bYH% + 9);
4)(3"-2)*-27"+8=2.3""1(2 - 3"), rme n — HaTypajlbHOE YUCJO.
19.11. Pemiure ypaBHeHHe:
1) x® - 622+ 12x -8 =0;
2) 216x% + 10822 + 18x + 1 = 0;
3) 272 + 54x%2 + 36 + 8 =0.
19.12. Pemiure ypaBHeHHE:
1) 2% + 922 + 27x + 27 = 0
2) 125x% — THx? + 15x -1 =0;
3) 643 + 144x% + 108x + 27 = 0.
\ 2 A 2 |
19.13. [lokaskure, 4ro mnpu Ja0bOOM HATypalbHOM # 3HAY€HHE BbIpamKeHMNs
(2n — 1)3 — 4n® + 2n + 1 genurca Hameso Ha 16.
19.14. PasznoiuTe HA MHOMKUTEJN MHOI'OYJIEH:

1) 2% + 3x%y + 3xy? + 2% 2) Ta® — 12a® + 6a — 1.
19.15. PazimoxuTe HA MHOKUTEIN MHOTIOYJIEH:
1) 28a® — 3a?b + 3ab? - b?; 2) 63x3 + 48x% + 12x + 1.

19.16. Yucna x u i TakoBbl, uTo X° — i3 = 7, ¥’y — xy? = 2. Haiigure 3uade-
HUe BBIPAYKeHUs X — .

19.17. Yucna x u y TakoBsl, uTo x(y? + 3x?%) = 26, y(y? + 27x%) = 109. Haiigu-
Te 3HAYEHHUE BBHIPAIKEHUA 3X — 1.

19.18. Yucna x u i TakoBbl, uro x(x? + 12y2) = 32, y(4y? + 3x?) = 16. Haitgu-
Te 3HAUYEHHUE BhIpasKeHUs X + 21.

=

19.19. JToxaxkure, uro 3HaueHue Bpipaxkenus 1002 - 10042 — 1003 - 10013 AB-
JsieTcsa Ky0OoM HATYPAaJbLHOTO YHCJIA.

N
YnpaxHeHus ANA NOBTOPEHVA gum

19.20. B amuxke aexxart 36 xapTouek, IpoHYMepPOBaHHLIX uncjaaMu ot 1 go 36.
KakoBa BeposATHOCTBL TOr0, YTO HOMED HAyraj BeIOpaHHOH KapTOYKH 0y-
IeT KpaTHBIM 4Hcay 97
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19.21. O6bem Daka aBroMoDUIIA cocTasisgeT 40 J1, a pacxoJ TOILIMBA HA KaxIble
100 km — 10 5. Kakoe HanMeHbIIee KOMTHYECTBO Pas BOJUTEIIO IIPUIAETCS
3alpaBUTh TOIJIMBOM ABTOMOOHIIb, €CIM €My HeoOXOAHMMO MIpOexaThb
1300 kM, a 6aK B MOMEHT HAYAJIa JBUKEHU 3al0JIHEH HAIIOJOBUHY ?

19.22. UssectHo, uTo 2a + b = k. Yemy paBHO 3HAYEeHUE BhIPpAKEHUS
4a? — b? + k(b - 2a)?

19.23. JlecaTs aBTOOYCHBIX OCTAHOBOK PAaCIIOJIOXKeHBI HA NPAMOM YJIUIle Tak,
YTO PACCTOAHHUA MEHKAY JIOOBIMH COCEJHUMH OCTAHOBKAMHM OJUHAKOBEI.
Paccrosaaue Me:XOy mepBoil U TpeThel OCTAHOBKAMM cOCTaBasgeT 1,2 KM.
KakoBo paccTosgHHe MeKIV IePBOH U IoclaeJHel ocTaHOBKAMM?

19.24. Paccrasbre uncaa 21, 22, 23, .., 2° B KIeTKax KBafpaTHOH TaOIMIIbI
3 X 3 Tak, 4ToOBI MPOM3BEJAEHUSI YHCEJ, CTOAIIMX B KasKI0i CTPOKe,
B KasKJIOM cTOJIOIle M Ha KaxKA0W AUaroHayu, ObLJIY paBHBEI.

s m "pHMEHEHHE PAa3JINYHbIX cnocoobos pPa3noXxXeHunA
MHOrodyneéHa Ha MHOXMUTenn

B npegpiayimux naparpagax Mbel pacCMOTPeJIN TaKue cIoco0bl pasiioke-
HUA MHOTOYJIeHA Ha MHOMUTEJIH:
* BhIHeCeHUe 001ero MHOMKUTe S 3a CKOOKU;
* MeTOJ I'PYHIIMPOBKU;
* npuMeHeHUe (GOpPMYJI COKPAIIEHHOI'0 YMHOMKEeHUA.

OmHako B MaTeMaTHUKe MPU PEelleHUH MHOI'MX 3aJlad 4acTo IMIPUXOJUTCH
HUCII0JIL30BAThL HECKOJLKO IIPUEMOB, OPUMEHSAS WX B HEKOTOPOUl MocJjenoBa-
TeJbHOCTU. B yacTHOCTH, €CTh eIkl Pl MHOIOYJIEHOB, JJIA Pas3JjoKeHUus Ko-
TOPBIX HA MHOYKHUTEJH HAJ0 IPUMEHHUTh HECKOJBKO CIIOCODO0B.

BosaukaeT ecTecTBeHHBIN BOIPOC: KaKHUe CIOCOOBI U B KAKOU IIOCJIENO-
BATeJIbHOCTU HAJ0 IPUMEHATH IPH Pa3JIoKeHUW MHOTOYJIeHA HA MHOMKHUTEH?
YHUBepcaJbHBIX PEKOMeHJalluil He CYIecTBYeT, BCE 3aBUCUT OT KOHKPETHOI'O
MHorouneHa. M Bce e n1aguM HeCKOJIBKO ODIIUX COBETOB:

1) ecaiu 9TO BOSMOIKHO, TO Pas3JIoKeHHe HAJ[0 HAYMHATDL C BEIHEeCeHUsA 00-
11ero MHOKUTEJISA 3a CKODKU;

2) npoBepUTh, MOMKHO JIU IIPUMEHHThL (POPMYJBI COKPAIEHHOI0 YMHO-
AHEeHUS;

3) eciiu He yIAaéTCA TPUMEHHTHL (POPMYJIBLI COKPAIIEHHOTO0 VMHOMEHU,
nonpodoBaThL BOCIIOJIL30BATHCA MeTOLOM I'DYINIHUPOBKHU.

Mpumep 1. Pasznokute HA MHOKHTENH MHOTOUJICH:
1) 8a?b — 12b; 3) 24m* + 3m;
2) —5x? + 30xy — 45y2; 4) 3a® + 21a® — 6a’b — 42ab.
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PeweHwe. 1) IIpumeHuB nmocienoBaTeJbHO BEIHECEHHE 00IEro MHOMKH-
TeJs 3a CKOOKM U (QOPMYJIY Pa3HOCTU KBaJIPATOB, IOJIYYHUM:
3a?b — 12b = 3b(a® — 4) = 3b(a - 2)(a + 2).
2) IlpyuMeHUB MOCJIELOBATEIBHO BbIHECEHHE OOIIero MHOMUTENA 3a
CKODKU ¥ opMyJIy KBaJpara PasHOCTU, [MOJTYUUM:
—5x2 + 30xy — 45y? = —5(x® — 6xy + 9y?) = —5(x — 3y)?.
3) BruiHeceMm 00IIMII MHOMHUTEbL 32 CKOOKHM M MPUMeHUM (HOPMYJIIY CyM-
MBI KyDOB:
24m* + 3m = 3m(8m® + 1) = 3m(2m + 1)(4m? — 2m + 1).
4) KoMOMHMDYA MeToJ] BLIHECEHHU A 00IIero MHOKHUTENA 3a CKOOKH U Me-
TOJ I'PYIIUPOBKHU, ITOJYUUM:
3ad + 21a? — 6a?b — 42ab = 3a(a® + Ta — 2ab — 14b) =
= 3a((a® + Ta) + (-2ab — 14b)) = 3a(a(a + 7) — 2b(a + 7)) =
=3ala+ T a - 2b). m

Mpumep 2. TIpencrasbTe B BUJe IPOU3BEICHUS MHOTOYJIEHORB:

1) 216 - 1; 2) al? — b12,

PeweHue. 1) x -1 =3 -1+ D =*-D*+ 1%+ 1) =

= -1+ 1)+ DB+ 1) = (- D)+ D)2+ Dt + D(a® + 1),

2) a'?2 — b2 = (ab — b%)(a® + b%) = (a® — b3)(a® + b3)(a® + bO).

MbI TONYYUIIU TPU MHOMUTEJSA, OJUH U3 KOTOPLIX SABJAAETCS PA3HOCTLIO
KyDOB, a IBa IPYrux — cyMmoii Kybos. Mcnonsaysa cooTBeTCTBYIONHE (hOPMY-
JIbl, TOJIYUUM:

al? — b2 = (a - b)(a?® + ab + b?)(a + b)(a? — ab + b?)(a? + b?)(a* — a?b? +
+ b*). m

Mpumep 3. Paszno:kuTe HAa MHOMKHTEIH:

1) m? — 16n% + 2m — 8n;  2) x? + 4xy + 4y? — 16.

Pewenune. 1) m? — 1612 + 2m — 8n = (m? — 16n3) + (2m - 8n) =

=(m — 4n)(m + 4n) + 2(m — 4n) = (m — 4n)(m + 4n + 2).

2) x? + dxy + 4y? — 16 = (x? + dxy + 4y?) — 16 = (x + 2y)? — 16 = (x +
+ 2y —4)(x+ 2y +4). m

Mpumep 4. Pemure ypaBHenue x° + x2 — 4x — 4 = 0.
PewuneHue.

x+1)-4x+1)=0;
(x+ 1)(x2—-4)=0;
(x+ Dx—-2)x+2)=0;
x+1=0,umux—-2=0, uiu x+ 2 =0;
x=-1, mwmu x = 2, niu x = —2.
OtBet: -2; -1; 2. m
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Mpumep 5. Paznoxure HA MHOMKUTENIN TPEXUIeH x° + 8x — 9, BeIgeIuB
IIpeABapUTe/ILHO KBAJIPaT JBYUJIEHA.

PeweHue. Eciu k cymme x? + 8y npubaBuTh yucjo 16, To noiydeHHOe
BpIpakenue x2 + 8x + 16 MOKHO «CBepHYTbL» 10 (GopMyJle KBajpaTa CyYMMEL
I[TosTomy, npubaBUB K JAHHOMY TPEXWIeHY 4yuca0o 16 u BeIuTa u3 Hero 16, mo-
JIYUHM:

2 +8x—-9=22+8x+16-16-9=(x+4)>-25=
=(x+4-5)x+4+5)=(x—1)(x+9). m

Mpumep 6. Paznoxure Ha MHOMKHTEJIH MHOTOWIeH x*! + 4y,

PeweHune. Tak rak x* = (¥?)?, 4y* = (2¢?)?, To, npubapisasa K JaHHOMY
MHOrouwieny 4x2y? (yaBoeHHOe MPOU3BeJeHUe OJHOWIeHOB X2 u 2y%) u BeIuM-
Tasg U3 HEro Takoi ke OfHOWIeH, IMOJYIHM:

xt + Ayt = at + 4xfy? + Ayt - A%y = (% + 20%)? — Axty? =
= (2% + 2y? - 2xy)(x? + 2y? + 2xy). W

Mpumep 7. Pazno:xure Ha MHOMKUTEIU TPEXUIeH a° + a + 1.
PewueHune.
I criocod.
aA+at+l=a+at-a*+adP-ad*+a?-a*+a+1=
—a’+at+add-at-ad-a+at+a+1=
=a¥a?+a+1)-a(a*+a+1D)+a*+a+1=
=(a®+a+ 1)(a® - a®+ 1).

II eniocod.
a+a+l=a*-a?+a?+a+1=a*(®-1)+(@@®+a+1)=
=a¥a-1)Na?+a+ D)+ (@®+a+1D)=(a®>+a+1)a®-a’+1). m

- |
® YnpaKHeHMA 4 s umm
20.1. PasznoxuTe Ha MHOMKHUTEJIH MHOIOYJIEH:
1) 2a? - 2b%; 4) 3ab? - 27a; 7) x* — 1%
2) cx? — cy?; 5) % — 4x; 8) 0,09+ — ¢5;
3) 3x2 - 3; 6) 2y° — 18y; 9) gazb“{ﬁ — b2c3.
20.2. IIpejacraBeTe B BUJie IIPOU3BeIeHUS MHOTOYJIEH:
1) 12H% — 12¢%; 3) 5a? - 20; 5) Ty? — Ty;
2) 2a%c - 2b%c; 4) 3mn? — 48m; 6) a® — ad.
20.3. PaznoxuTe HA MHOMKHTEIH:
1) 83a? + 6ab + 3bH%; 4) -Tb% — 14bc — Tc?;
2) 5m? + 5n? — 10mn; 5) 2%y + 1dxy? + 49y°;
3)-3x?+12x - 12; 6) —8a3b + 56a?b* — 98ab’.
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20.4. PaznoxurTe HA MHOKHUTEH:

1) 8x% + 16xy + 8y?; 3) —12b% — 12bh% — 3b;
2) —-2a® + 24ab - 72b%; 4) 48m®*n — 72m?n + 2Tmn.
20.5. IIpencraseTe B BUjle IIPOU3BeIeHU MHOTOYJIEH:
1) a* - b 2) ¢t - 81.
20.6. PaznoxuTe Ha MHOMHUTEIIN:
1) x* — 16; 2) y® - 1.
20.7. PaznoxuTe HAa MHOMKHUTEH:
1) 4a® — 4b3; 3) T+ 7b% 5) 2a* — 250a;
2) 2m? — 16; 4) —xt + 27x; 6) 9a° — 942,
20.8. IIpejacraBeTe B BUjie IIPOU3BeIeHUSA MHOTOYJIEH:
1) 322 + 3y?; 2) 5m* — 320mn?; 3) 6¢° — 6¢8.
20.9. PaznoxuTe Ha MHOMKUTEIU:
1) a” + abb; 2) % — yb; 3) ¢b - 1.
20.10. PaszinoxuTe HAa MHOMKHATEJIH:
1) b + ¢ 2) m® — n% 3) a® - b,
20.11. IIpeacrasbTe B BU/ie IPOU3BEAeHUA MHOTOYJIEH:
1) 3ab + 15b — 3a — 15; 5)a®+a®>—-a-1;
2) 84 — 42y — Txy + 14x; 6) 22 — 2xy? — 8a? + 8y?;
3) abc + 6ac + 8ab + 48a; 7) 5a? — 5b? — 15ah + 15ab?;
4) m® — m?n + m? — mn; 8) a?h?* -1 - b? + &>
20.12. Pazio:xuTe HA MHOXKUTEJIN:
1) 15¢x + 2cy — cxy — 30c; 3) 2 + 1%y + 2% + xy;
2) 35a? — 42ab + 10a*b — 12ab?; 4) mn* — n* + mn® — nd.
® @
20.13. PazinoxuTre HA MHOKUTEJIU:
1) (a? + b?)? — 4a?b?; 5) 9a? + ¢ + 6ac — 9;
2) 81 — (x? + 6x)%; 6) a® — b? - 10b - 25;
3) a® + 2ab + b? - ¢%; 7) 49 — y? + 12 — 14x;
4) c? + 4c + 4 - k% 8) mn? — m?® - 12m? — 36m.
20.14. IIpexncrassTe B BUjie IIPOM3BeieHUs BhlpaskeHUe:
1) (m? - 2m)? - 1; 4) 64x? + 48xy + 9y? — 144;
2) 16 — (m? + 4m)?; 5) ¢2 — a? + 22a - 121;
3) x? — 18xy + 81y? — 2% 6) 100 — 252 — 60x2y — 36x™.
20.15. Pazioxure HA MHOXKUTEJIH:
1) a® - b? — a — b; 6) a® — 10a + 25 — ab + 5b;
2)x -y — a2+ y% 7) 8mp + 8np — m? — 2mn — n?;
3) 4m? — 9 + 2m + 3n; 8) a® + b® — a?b — ab?;
4) c? - d? + 4c - 4d; 9) m3 — 8n® — m? + 4mn — 4n?;
5) by — bay? — x% + y% 10) a® — 4a® + 4a - 1.
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20.16. Paznoxure HA MHOKHUTEJIH:

1)y m?2 —n?—m+ mn; 5) 49¢% — 14c + 1 - 21ab + 3a;
2)yc+d-c+ d% 6) ax® + ay® + x* + 2x%y° + y*;
3) 16x? — 2512 — 4x — 5y; T) 27¢% — d® + 9¢? + 3cd + d?;

4) 12a%b® + 3a®b* + 16b2 — a?; 8) b3 —2b% - 2b + 1.

20.17. PasioxuTe HA MHOMKUTEJIN:
1) x%(x — 2) — 18x(x — 2) + 81(x — 2);
2) 4x(y® - 9) + 4°(y* - 9) - 9 + y%
3)bHa+1)—a’b + 1)
4) (a — b)(b? - c?) — (b — c)(a® - b?).
20.18. IIpeacraBsTe B BUjie IPOU3BeIeHUs BhlpaskeHUe:
1) x%(x + 4) — 20x(x + 4) + 100(x + 4);
2) a? — 36 — 2a(36 — a?) — a%(36 — a?);
3)ai(b-1)-b¥a - 1);
4) (m - n)(n® - p*) — (n — p)(m® — ).
20.19. Pemiure ypasHeHuUe:

1) 2% —4x=0; 5) 2% — 10x% + 25x = 0;

2) xt - 2% =0; 6) x*+ 2x? — 9x — 18 = 0;
3) % — 3643 = 0: 7) 2% — Ba2 + 4x — 20 = O
4)9x3 —x =0; ' —xt—x+1=0.

20.20. Pemure ypaBHeHHUE:

1) 2 —x=0; 4) 4923 + 1422 + x = 0;

2) xt+ 2% =0; 5 +a2-x-1=0;

3) 1t — 82% = 0; 6) 13 — 422 — 251 + 100 = 0.

20.21. fBngercsa JU TOXKIALCTBOM PaBEeHCTBO:
D (a-1¥-9a—-1)=(a - 1)a - 4)(a+ 2);
2) (2% + 1)% —4x® = (x — 1)%(x + 1)2?
20.22. [loka:KuTe TOMHIECTBO:
1) (a + 2)% - 25(a + 2) = (a + 2)(a + T)a - 3);
2Da?+2ab+ b2 -c2+2cd-d?=(a+b+c—-d)a+b-c+d).
20.23. Paszio:xuTe BeIpaxKeHUe HA MHOMKUTENHN ABYMSA cliocobaMu:
a) npuMeHUTe (POPMYJIY Pa3HOCTH KBAJIPATOB;
0) packpoiiTe CKODKM U MPUMEeHUTE MeTO] I'PYVIIINUPOBKH:
1) (ab + 1) — (a + b)?; 2) (a + 2b)? — (ab + 2)°.
. A R 4

20.24. [loka:KuTe TOHIECTBO:
D(a+b+c)P-a®-b*-c®=3(a+b)b+c)a+c);
2)(a—-b)P+(b-c)—(a-c)=-3a-b)b-c)a-c).

20.25. Pas3ioxuTe HAa MHOMKHUTEJH BhIpaKeHUe:

1) (x—y)x+y) + 2(x + 3y) — 8;
2) (2a — 3b)(2a + 3b) — 4(a + 3b) — 3.
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20.26. IIpeacrasbTe B BUAe MPOU3BEAEeHUA BhIpasKeHUe:
1) (5x — y*)(bx + y?) — 2(15x — Ty?) — 40;
2) (3m — 2n)(12m + 5n) + 3m(3n + 4) — 2(3n? — 20n — 12).

20.27. PaznoxuTe HaAa MHOMKHUTENHM TPEX4JieH, BBIJAEJUB NpeJBapHUTeIbHO
KBajJpaT ABY4JIeHAa:

1) x2 — 10x + 24; 4) 4a® — 12a + 5;

2) a® + 4a — 32; 5) 9x? — 24xy + Ty?;

3) b? - 3b — 4; 6) 36m? — 60mn + 21n>.
20.28. Pa3ioxuTe HA MHOMUTEJIHU MHOTOUJICH:

1) x% — 4x + 3; 4) x? + x — 6;

2) a? + 2a — 24; 5) ¢ + 8cd + 15d?;

3) y? + 12y + 35; 6) 9x2 — 30xy + 1642

20.29. 3HaueHHA IepeMeHHBIX X, ¥ X, TAKOBBI, UTO BBINOJHAIOTCA PaBeHCTBA

X, — X, =8, x,x, = 5. Halinure 3HaUeHHe BBIPAKEHUA:
2 2. . 2,
1) x5 —a7x,; 3) (x; + x,)%
2 2. 3 _ .3
2) x7 + x5 4) x7 — x3.

20.30. 3HayeHUA NEePEeMEHHBIX X W I TAKOBBI, UTO BBINOJIHAIOTCA PaBeHCTBA
x+y =06, xy =-3. Halinure 3HaueHUEe BbIPAKEHUA:
1) X*y” + Xy 2) (x - y)% 3) xt + yt.
20.31. Pazioxure HA MHOXKUTEJIH:
1) x* + 423 + 422 - 9;
)y -yt + 4y - 4
3)(x+2y)x+ 2y +2) - (y — 1)y + 1).
20.32. Paszioxure HA MHOMKUTEJIN:
1) x* + 823 + 16x2 — 25;
2) (a + 3b)a + 3b — 6) — (b + 3)(b — 3).
20.33. O noJIo:KUTeNbHBIX Yncaax @ U b usBecrHo, uro a® + b = b? + a. Bepno
au, uro a = b?

=

20.34. PazioxkuTe HA MHOMKHUTEJIN MHOI'OYJIEH:
1) 2% + 2x — 9% + 12y - 3; 3) a?b?* + 2ab — ¢% - 8¢ - 15;
2) x? — 4y? + dx + 4y + 3; 4) 8a® — 12a + 2ab — b? + 4.

20.35. Pazioxure HA MHOMKUTEIN:
1) 2% + 2x — % + 4y — 3;
2) x*y? + 2x%y — 2% + 6x — 8;
3) 3x2 — dxy + y? + 4x — 4.
20.36. PazioiuTe HA MHOMKUTEIN:
1) a3 + 2a® - 3; 3) a3 — Tx — 6; 5) m®+m*+ 1;
2) b3 + b? + 4; 4) a® — 2ab? - b?; 6) 2%+t - 2.
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20.37. Paznoxure HA MHOKHUTEJIH:

1) 2% - 3x + 2; 3) 2% + a2 + 18; 5) 3 +x"+1;
2)x3 - 3x% + 2; 4) a® — 3ab? - 2b3; 6) x* — Tx% - 18.
20.38. Paszioxure HA MHOMKUTEJIH:
1) x* - 522 + 4; 3) 4x* — 12x2 + 1; 5) at + 4.
2)xt+ %2+ 1; 4) x* + 9x? + 18;
20.39. IIpeacraBsTe B BUjie IPpOMU3BeieHUs BbhlpaskeHUe:
1) x* + 522 + 9; 2) x* — 8x? + 4; 3) n* + 64.

20.40. [loka:xkuTe, 4TOo OpH JHOOOM HATYPAJIBHOM 3HAYEeHUHU #, OTIUYHOM
or 1, sHavenue Beipaenus n® + n' + 1 gaBasgeTcs cOCTABHBIM YHCIOM.

20.41. JJokaxkure, uro sHauveHue Bpipamenus 219 4+ 512 gpngerca cocraBHBIM
YU CJIOM.

I N
YnpaxHeHUs ANA NOBTOPEHUA gum

20.42. [lansl TpH 4YHCJIa, U3 KOTOPBLIX KaimKjoe cieayioilee Ha 4 Oosbllle 1pe-
neigyinero. Haigure aTu 4Mciia, ecliv IIPOU3BeleHHe MeHbINero u 00Jb-
11ero U3 HUX Ha 88 MeHbllle MPOU3BeleHUs OOJIBIIEero U CpeJHero.

20.43. [lersa cHauaa DOAHAJICA HA TOPY CO CKOPOCThIO 2,5 KM /4, a IIOTOM CITy-
CTHJICA II0 JAPYroii mopore co ckopocTsio 4 kM/u. Halfigure obmuii nyTh,
npoiigenuslil Ilereit, ecau gopora Ha ropy Ha 3 KM KOpoue JOPOTH C ro-
pblI, a BpeMs, MOTpaueHHOe Ha Bech IIYTh, COCTaBIALT 4 4.

20.44. Pemiure ypaBHEeHUE:

1) [Tx - 3| =4; 3) 4(x - 2) + 5|x| = 10;
2) ||x| - 10| = 8; 4) |x| =3x - 8.

20.45. [loka:xuTe, 4TO CYMMAa TPEX3HAYHOIO YUCJIAa U VABOEHHOU CYMMBLI €ro

nU@dp gJeJIUTcA HAIEJ0 Ha 3.

s dopmMynbl Ansa pasno)XXeHUs Ha MHOXXMTenNun
Bbipa)keHu Buga a” — b" n a” + b*

BaMm Xopol1o 3HAKOMEI CJIeAyIoLue JBe (POPMYJIbI:
a? — b? =(a - b)a + b), (1)
a® — b? = (a - b)(a® + ab + b?). (2)
PazyoxuM Ha MHOMKUTEU JByuied a* — bt. Umeem:
at — bt = (a? — b?)(a?® + b®) = (a — b)(a + b)(a?® + b?) = (a — b)(a® + a®b +
+ ab? + b3).
CrnenoBaTenbHO,
a* — b* = (a - b)(a® + a*b + ab? + b®). (3)
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B crpykrype dhopmya (1) — (3) MOMHO 3aMeTHUTh ONpelle/]IEeHHYI0 3aKOHO-
MEPHOCTb: eCJH CTelleHW OJHOYJIeHOB B JIeBOil YacTh (POPMYJbLI paBHBI 77, TO
paBasi Y4acTh — IIPOM3BeJleHue AByYIeHa ¢ — b U MHOro4JieHa, COCTOAIIEro U3
BCEX OJHOYJIEHOB cTeneH! 77 — 1, Koa(UIHeHThl KOTOPbIX PABHBI €IUHUIIE.

MoO:KHO IpPeAIoJIOM AT, YTO (POPMYJIA pas3Io:KeHUs AByuJIeHa a° — b°
BBITJISITAT TAK:

a® — b® = (a — b)(a* + a®*b + a®?b? + ab® + bY).

Hrobbl JO0Ka3aTh 9TO TOMKAECTBO, NOCTATOYHO MNEePEeMHOMKUTHL MHOro4Je-

Hbl, 3allUCAHHLIE B IPABOM YACTH:
(a — b)(a* + a®b + a?b? + ab® + bY) =
=a’ + a*b + a®b* + a?b3 + ab* -
—a*b — a*b? — a?b3 — ab* - b° =
=a’ — b°.

PacemoTpenHble npUMepbl MOACKA3bIBAIOT, YTO (hOpMYyJa IJIA pasjioie-
HUA Ha MHOMKHTE/JIH Pa3HOCTH 77-X CTeIeHeH JBYX BhIpaxkeHH (1 > 1) BuIrIA-
OUT TaK:

a’"—b"=(a-b)a""'+a"" th+a" *h*+ .. +ab" "2+ b"" )| (4)

¥bequmcs B copaBelJIMBOCTH 3TOI0 TOMXAECTBa, NePEeMHOMKHUB MHOTroO4Je-
Hbl, 3allUCAHHLIE B IPABOM YACTH:
(a—b)a" " t+a*2b+a" 3b%+ ... +ab" 2+ b" )=
—a"+a* " b+a" b+ a3+ . +ab" 1 -
—a" " b—-a" % —-a" 3 — ... —ab" 1 - b=
=a" - b".
Eciau B dopmyne (2) 3ameHuTs b Ha —b, To monyuuM GopMyJay AJId pas-
JOKeHUA Ha MHOMUTEJN CYMMBbI KyDOB:
a’ + b3 = (a + b)(a® — ab + b?).
Bocrnonbayemes sToil uaeeil A pasjloiKeHHUs HAa MHOMKUTEU NBYYJIeHa
a” + b", rie n — He4ETHOe HATypalbHOe uyuciao. Mmeem:
a"+ b"=a" - (-by' =
=(a—- (b)Y a* '+ a" " %=-by+ a" (=D + .. + a(-by" %2+ (=b)"~ 1) =
=(a+b)a" '-a" b+a* " 3b*— ... —ab" "2+ b 1),
Hrak, ecsin n — HedyéTHOe HATYpaJIbHOEe YUCJ0, DoJsblnee 1, To cripaBej-
JUBa Tarkas (popmy.ia:

a*+b'=(a+b)a" '-a" b+a""3b* - ... —ab" 2+ b" 1)

Mpumep 1. HHoraxkure, 4TO IIpH J10O0M HATYpPAJIBLHOM 1 3HAYEHUE BbIpa-
xeHHs 32 . T" — 2°" xparno 31.

PewueHne. 327 . 7n — 9251 — (32)1? . (25}.*1 —Qn., Tn_ 39n — g3n — 39n —
— (63 —32)(63"1+63"2.32+ ... +63.327-2432"-1),
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IlepBriit MHOMKHUTENbL NOJYYEHHOI'O IIpoOU3BelleHUA paBeH 81, a BTO-
poii — BheIpakeHHUe, IPHHUMAOIIee HaTypaabHble 3HaueHuA. ClieloBaTeIbHO,
3HAUEHHE JaHHOT'0 BhIpaMKeHUA KpaTHO 31. W

Mpumep 2. Pemure ypaBrenue (1 + x4+ .. +ax)(1+x+ ... +x°)=(1 +
+x+ ... + 292
PeweHue. IIpoBepKoil yeraHaBIuBaeM, 4TO YUCJIO 1 He ABIdeTcH KOp-
HEM JaHHOIO YpaBHEHHUS. YMHOKHUM 00e 4YacTH ypaBHEHHUS Ha BLIpAKeHHe
(1 - x)2%:
1-014+x+ . +2aNQ1-2)Q+x+ .. +2)=((1 -1 +x+ ... + %)%
(1-2%) (1 -x%=010-x9%
1-af—2F+aM4=1-2x"T+ x4
8 —2xT+ a5 =0;
2% - 1)%2 = 0;
x=0umumx=1.
IIpoBepkoii 6LLIO YCTAHOBJIEHO, YTO YHCJ0 1 He ABIsSeTCsS KOPHEM JaH-
HOT'0 YPABHEHHH.
Oteet: 0. m

? 1. 3annwwute hopmyny Ana pasnoxeHUa Ha MHOXWUTENU Pa3HOCTU 1-X CTe-
neHewn ABYX BblpaxXeHWN.
2. 3anuwuTe Gopmyny Ana pasnoxXeHUs Ha MHOXMUTENN CYMMbl HEYETHbIX
1-X CTeneHeun ABYX BblpaXXeHWn.

. |
® YnpaXHeHUA g puumm
21.1. Paznoxure Ha MHOMKUTEH:
1)a " b7, 3) Y -1, 5) y° — 32; 7) xTy' + 1;
2)a’ + b 4) x° + 1; 6) m!'% + nd; 8) a’b'® + ¢1°,
21.2. Pazno:xuTe Ha MHOKHTENH:
1) a® + b5; 2)all - 1; 3) y" —128; 4) m™n'1k3 + 1.

21.3. Jloxka:xkuTe, 4TO NPH JIOOOM HATYPAJILHOM /1 3HAYEHHE BbhIPaKeHUd:
1) 7" — 1 kpaTHO 6;
2) 1922+ 1 + 1 gparso 20;
3) 16" — 11" xkpaTHO 5.

21.4. Jloxka:xkuTe, 4YTO NPH JIOOOM HATYPAJILHOM # 3HAUEHHE BhIPAKeHUA:
1) 17" — 1 kpaTtHo 16;
2) 2327+ 1 1 1 gparHo 24;
3)13%2"+1 + 1 gparno 14.
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21.5. Jloka:xkuTe, 4TO OPH JIOOOM HATYPAJILHOM 1 3HAUEHUE BLIPAKEHUA:
1) 15" + 13 xkparHo T;
2) 9" + 5" — 2 kpaTtHO 4;
3)5-25"+ 13 - 132" gparno 9;
4) 21" + 4"+ 2 gparuo 17.
21.6. JloxaxkuTe, 4TO NPH JIOOOM HATYPAJILHOM 7 3HAYEHHE BhIPAKeHUA:
1) 27" + 12 xpaTtHo 13;
2) 17" + 15 kpartso 16;
3) 8" + 15" — 2 kpaTHo T;
4)3-9"+ 7. 7?" kparno 10.
21.7. Jloka:xkuTe, 4YTO NPH JIOOOM HATYPAJILHOM # 3HAUEHHE BhIPAKEeHUA:

1) 227 . 5" — 327 gparno 11; 2) 7" . 33" — 227 xparHo 37.
21.8. [loxa:xure, 4YTO YHUCJIO SIBIAAETCH COCTABHBIM:
1) 21234 4 1, 2) 1000...01.
16 myaei
\ AR AR 2

21.9. Jlora:xkuTe TOXIECTBO:
D+t + 3 +24+x+1=(x+1D)2+x+ 12 -x+1);
D+t + 2+ 22+ x4+ 1) =1 +x+ 22+ 23+ A +x+ 22+
+ 2% + xt + x5 + 49).

21.10. YopocTuTre BeIpa:KeHHUe:
1) 399 +398.2+397.22 4+ . +3 .29 4 29 4 2100,
2) 420 —419.3 +41%.32 - | —4 .31+ 320,

21.11. U3BecTHO, 4UTO 7 U @ — HaTypaiabHble uucyaa (1 > 1), a 3HAUEHUE BbI-
paxkenus a” — 1 apiaserca npocteiM uncaoMm. Halinure a.

21.12. U3BecTHO, UTO 3HAYEHHE BhIpakeHus 2" + 1, rme n — HaTypajlbHOE
YUCJI0, ABASETCA IMPOCThIM uucyioMm. Jlokaskute, uro jqudo n = 1, nubo
1 — cTelleHb yucaa 2.

21.13. Jlokaxkure, 4To 3HaUeHHe BhIpaskenusa 1101 + 2101 4 3101 4 30101 ge-
JUTCA HANeJgo Ha 31.

=

21.14. Pemiure ypasHeHUe:
DA+x+2)Q +x+22+232+ ) =1 +x+ 22+ 2%)%
D(14+x+22+2) Q1 +x+22+ . +2) =1 +x+ 22+ 23+t + 25)°
21.15. Hoxrkamxure, 4To npu JwOOM HATYPAJILHOM /1 3HAUEHUE BhIPpAMKeHU:
1) 7. 5%"+ 12 . 6" genurca Haneso Ha 19;
2) 7"+2 4+ 827+ 1 nenuresa Hameso Ha 57;
3)13"*2 + 14"+ nenurca Hauesno Ha 183;
4) 32n+2 4 267+ 1 nenuresa Hameso Ha 11.
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_ I
YnpaXXHeHUs ANs NOBTOPEHUA gy m

21.16. B sAmuKe 1eXKUT HEKOTOPOE KOJHUYECcTBO sA0J0K. VX MOXKHO BBLIOMHUTE
B D ONMHAKOBLIX PANOB, UIK B 8 ONHHAKOBLIX PANOB, U B 12 oquHaKO-
BEIX pAnoB. Kakoe HaUMeHbIIee KOJIUYECTBO SA0J0K MOMKET HAXONUThCS
B ALUKe?

21.17. MammMHHUCT IaccaXUpPCKOro moesna, MIeIIIero co CKOpocTeio 96 KM/,
3aMeTHJI, YTO BCTPEYHBIN TOBAPHBIN I10€3]], KOTOPBIH IIEJI CO CKOPOCThIO
34 xM/4, npomeéna MEMO Hero 3a 15 ¢. Kakosa gnmuua ToBapHOro moes-
na?

21.18. 3enéHbIil, KEJITHIH U KPACHLIH CUIHAJLI cBeTodOpa rOpAT HOCJIeL0Ba-
TeabHO D0 ¢, 5 ¢ 1 20 c. B HeKOTOpBIII MOMEHT BpeMeHH 3aropesics 3e-
JéHbplil curaa. Kakoil curuasa 0yaer ropeTh yepe3 8 MHH?

21.19. OnpenenuM omepanuio A Tak: eciu @ U b — HaTypalbHBIe YHCIA, TO
aAb=a"’+ b*. Haiigure sHaueHue BoipaskeHuda (2 A 3) A 2.

21.20. Jokaxkure, 4yTo 3HadeHUe BeIpaxkeHus 50 + 4 — cocraBHOE YHCIIO.

KOroA CAENAHBI YPOKU g

A13bIK, MOHATHLIA BCEM

B,H,'ECL Ha Tpé}{ BOCTOYHBIX HA3bBIKAX — EI.])EIECHGM, KUTAHCKOM H HEBpPH-
Te — 3allHCaHO XOpOIIIo M3BeCTHOe BaM CBOMCTBO: OT InepeMeHbI MeCT CJlarae-
MBIX CYMMa He MeHAeTCH.

daglll sy s oslel Jaad peadl A

e WAL BoaveFa it X

WA APRI NYRT Q02 a7R M2WN PN ,0°7000 P 0°Hann TWRD

Ho denoBek, He BIaJeOUUN 3TUMH fA3bIKAMM, TAKOEe [IPOCTOE MpPeJio-
JKeHHue He [oMMeT.

Torga Ha MOMOILIL MPUXOAUT WHTEepPHAIMOHAJBLHBIN MaTeMaTU4YeCKU
s13bIK. Ha HEM mepeBOI BBITVIAIUT TAK:
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a+b=>b+a.

Kax u jmio000ii apyroii si3elk, OH UMeeT CBOil axdaBHT — MaTeMaTU4e-
CKHMEe CUMBOJIBI. JTO HU(pPbI, OYKBbI, 3HAKH MaTeMATHYECKHUX AeilCTBUIL
U T. 1. A3 HUX COCTABIAIOT «CJI0BA» MATEeMATHUYECKOI'0 A3bIKA, HAIIpUMeED BLI-
pasKeHus.

Kaszajmochk 0bI, 4ero mnpoime — MHCIOJNL30BATH MaTeMaTU4ecKyio (hpasy
«2x = 4» nnA 3anucH JUHeHHoro ypasHeHusa. OQHaKo nae BeIUKUI aib-Xo0-
peamu! 3anmuchIBAJI 3TO MpeIJIOKeHUe IPpoMOo3aKo: «J[Ba KOpHA paBHBI 4 TUp-
xeMaM<». 9TO CBA3aHO ¢ T€M, UTO BO BpeMeHa aJib-X0pe3Mu MaTeMaTu4ecKoi
CUMBOJIMKU el]é He CYILIeCTBOBAJIO.

CrasaHHOe He 03Ha4YaeT, 4To A0 [X B. y4éHbIe He MpPeJINPHHHUMAJIUN I10-
IIBITOK CO3/1aTh MaTeMaTUYeCKHUl S3bIK.

Emeé B I B. rpevecknit maremaTuk 'epon AnexkcangpuiicKkuii Hauaa 00o0-
3HAYaTh HEU3BECTHYIO BeJIUUYHHY OYKBOil ¢ (curma). Cnemyromuii mar B cosja-
HUM cuMBoauku caenas B II1 B. [luodanr Anekcanapuiickuii. B cBoém 3Hame-
HUTOM Tpyle «ApudMeTuKra» OH BBEJ 0003HAUEHUSA HE TOJBKO IJA HEHU3BECT-
HOUM BeJIMYMHLI, HO U JJId HEeKOTOPBIX €€ cTeleHel.

Ilepeas creneHb o]

AY (oT Auvvolle — «JAHOHAMHC», YTO O3HAYAET «CHJA»,
Bropas crenens

«CTEeIIeHL» )
TpeTba cTeneHs K" (or Kupoc — «ryboc», T. e. Ky0)

[ pasencTBa [luodaHT npuMeHA] 3HAK 10 — I[IepBble 1Be OYKBBL CJIO-
Ba 100G — «HCOC», T. €. PABHBIN.

Bpanx nu cumBoauky [IuogaHTa MOMKHO CUUTATL VIOOHON M HATJISTHOIL.
Hanpumep, oH He BBEJ HUKAKUX CHENHUAJBHBLIX CUMBOJIOB [1JIs1 0003HAYEHUS
CHIOKeHUA U yMHO:KeHUA. O003HAUeHHe BCEX HEHM3BECTHBIX BeJHYHH ONHOII
OYKBOM ¢ TaK:Ke CHJIbHO 3aTPYIHSAJIO 3alUCh PelleHud 3ajla4, B KOTOPBIX (pu-
rYpUPOBAJIM HECKOJIBKO IepeMeHHBIX.

C 3akaToM 3mOXu aHTUYHOCTH ajirebpaudeckasi cumBoauka Iluodanra
IIpaKTHYecKH ObLiia 3abbITa.

BozobHoBIIeHUe IIpOIlecca co3laHus anredpandyeckoil CUMBOJIMKNA CBA3a-
HO ¢ TPYIaMH TalaHTIUBOro Hemenkoro yuénoro XIII B. Mopanana Hemopa-

1 Mgl pacckaseiBanu o HéM Ha ¢. 10—11.
2 JlupxeM — crapuHHAA apabckas cepefpAHAS MOHETA.
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pHUs, KOTOPBIH BO3POAWI B eBPOIIeCKOM MaTeMaTHKe Uel0 OYKBeHHOM CUMBO-
JTAKH.

B XV B. mmupokoe pacnpocTpaHeHHUE MOJYYHJIA CHMBOJIBI, INPHUMe-
HABIIHMECS BBIJAKIIUMCA HTAJIbAHCKMM MaTeMaTukoMm Jlyko# Ilauuonu
(ok. 1445 — oxk. 1515).

Hemauno cienanu Oy cOBEpIIEHCTBOBAHUSA MATEMATHYECKOI0 A3LIKA He-
Mmelgne MmateMaTHKy X VI B. An Bugman u Agam Puse.

CospmaTeneM OYKBeHHOH CHMBOJIMKH II0 NPABY CYHTAETCSA KPYIHEHIIWI
(pparnysckuit maremaTnk XVI B. @pancya Buer. On mepsulil 0003HAYMI 0Y-
KBAMH He TOJbKO HEU3BeCTHBIEe, HO U JaHHbIe BeJIMYMHbI. BUeT mpeniosur:
«croMble BeIMYHHEBI OyiaeM obosHadaTh OyKBo# A mam apyroit rimacHoi, [,
I, O, U, a nauapie — oykBamu B, D, G 1 1pyruMu corjiacHeIM#A» . Takue 00o-
3HAYEHUA MO3BOMUJIM Buery He TONBKO pellaTh OTAebHble YpPaBHEHHS, HO
U MCCJIe[JOBATh IPOIlecC pelleHus cpasy IeJioro Kilacca ypaBHeHuit. Hampu-
Mep, Oaarogaps cuMMBOJHMKe Buera Bce JIMHeliHbIe YPABHEHHS MOMKHO 3alH-
caTh B BUjie ax = b, a cieoBaTeJbHO, IOCTPOUTE IIPOILECC PelleHus ypaBHe-
HUA B 00IeM BHJIe TAK, KAK MBI 3TO clenanu B § 2.

®dpancya Buer (1540-1603)

dpaHUy3CKMIA MaTeMaTUK U KOPUCT, OCHOBOMOJOX-
HUK COBpPEMEHHOW BDYKBEHHOW CUMBONMKN.

Y4yacTBOBANM B CO3JAaHUM SA3BIKA MATEeMATHUKHU U DPOCCHUUMCKUE YUEHBIE.
Jleonapy Jilyep BBEI 3HAKHU # («He paBHO»), 2. («cymmanr), () («cKoBKH», cO-
BMmecTHO ¢ I, JleiitbENIIEM) B Apyrue 0003HAUEHH A, 0 KOTOPBIX BBl CMOYKETe V3-
HATh B Kypce BbICIIEH MaTeMaTHKH. Jiljiep HCIIONb30BaJ B CBOUX TPYAax 000-
3HAYEHU A, NPeAJIOKeHHbIe IPYIUMH VYeHbIMU (HallpuMep, o603HaAYeHHe YHC-
Ja T, BIepPBBIe BBeJAéHHOe YuiabAmMoMm [lxoncom B 1706 r.). Bmarogaps
ABTOPHUTETY U IIHPOKOMY PACIIPOCTPAHEHHUIO TPYA0B Jilaepa UCIIOIL30BAHHEIE
UM 0003HAUEHUS 3aKPENUJIUCE B MATEMATUUYECKOM SA3BLIKE.

A3LIKM MHOTMX HApPOJOB HNPOJOJAKAIOT padBuBaThes. He cocrasiisier uc-
KJIIOUeHUsA U MaTeMaTUdYeCcKUil A3bIK. HoBble OTKpPLITHA NPUHOCAT B MaTeMa-
TUKY HOBbI€ CUMBOJILI 1 TEPMHUHBI.
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NeoHnappn 3nnep (1707-1783)

MaTtemaTuk, MexaHuK, acTpoHoM poaunca B Leein- ‘\
wapmuun. C 1727 no 1741 r. n ¢ 1766 no 1783 r. pabo-
Tan B CaHkT-lNeTepbypre.

=4
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ToxpgecrBeHHO paBHble BblpaX{eHWNA

Bblpa}l{EHHﬂ, COOTEETCTBEHHbBIE 3Ha4YeHWA KOTOPbLIX paBHbl MpKA nNko-
BbIX 3Ha4YeHMaAX EXOOAWNX E HUX NEpeEMEHHBIX, Ha3bIBAOT TOXAECT-
BEHHO pPaBHBEIMW.

ToxpecTBO

PaeeHcTBO, BEpPHOE MpK nobbix 3HaYEeHUAX BXoOoAuWKMX B HETO nepe-
MeHHEIX, Ha3blIEAOT TOXOECTEOM.

Npuémebl AoKa3aTeNnbCTBa TOXAECTB

* ToxagecrBeHHO MpeobpasyloT OAHY M3 YacTeld AaHHOro paBeH-
CTBa, Nnosny4as gpyryr 4acTb.

* ToxpecrBeHHO NpeobpasyoT KaXay U3 YacTel QaHHOro paBeH-
CTBa, Nosy4yas O4HO U TO Xe BblpaXeHue.

¢ [loka3blBaloT, YTO Pa3HOCTL NEBOW W NPaBOW YacTel gaHHoro pa-
BEHCTBA TOX/AECTBEHHO pPaBHa HYMIO.

CreneHb C HaTypanbHbIM NOKa3aTenem

* CreneHblo Yncna a ¢ HaTypanebHEIM NOKazaTenem 71, BonbLWUM 1,
Ha3bIEaAOT NMPOU3BEAEHWE 7T MHD)I(I.-“ITEHEH, Ka)l(ﬂ,hll::i N3 KOTOPEIX pa-
BeH d.
* (CTeneHblo 4Yyumcna a ¢ nokasatenem 1 Ha3bIBAlOT camMo 3TO
HYMCNo.

3HaK cTeneHn

[Mpwn BO3BEAEHMM OTPULLATENBHOIO YUCa B cTeneHb ¢ YETHbIM NoKa-
3atenem nonyd4aem nonoxurteneHoe YUCNO, a NP ecieeJeH OTpK-
LaTenbHOro 4ucna B CTeneHb ¢ HeYeTHbLIM nokasaTenem nony4aem
oTpuuaTenbHOE 4YHNCNo.

CBOMCTBaA CTEeneHn ¢ HaTypanbHbIM NOKa3saTenem

* (OcHOBHOEe CBOWMCTBO CTEeNeHw
Ona noboro yncna a v nobbiXx HaTypanbHbIX YMCEN 71 U 1 CnpaBeg-
NMBO PaBEHCTBO:
amﬂn — ﬂm +n
* [na nwoboro Yncna a, OTAMYHOro OT HyNs, KU NBbLIX HAaTypPanbHbIX
Yucen m u 1 TaKUx, 4To m > N, CcNnpaBeannBO PaBeHCTBO:
aﬂ‘! s a!’! — aﬂ‘! -
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« [na noboro 4mcna a v NbbIX HaTypanbHbIX YACen m WU 1 crnpa-
BeANMEO PABEHCTBO:

(ﬂﬂl‘)ﬂ‘ — ﬂmn
*  [na mobbix yncen a u b n moboro HaTypanbHOro Yucna # cnpa-
BeANMBO PABEHCTBO:

(aby' = a"b".

OaHo4YneH
BelpaxeHune, npeacraenawouwee cobor npoussegeHue 4ucen, nepe-
MEHHbLIX U MX CTEeNeHen, Ha3bIBaloT OAHOYNEHOM.

KoacpcdmumeHT ogHouneHa
YncnoBon MHOXWUTENb OAHO4YNEeHa, 3anucaHHOro B CTaHOAapPTHOM BM-
ae, Ha3blBaloT KO3 dUUMEHTOM OgHO4YNEHA.

CreneHb ogHOUYNeHa
CTteneHbto ooHo4YneHa Ha3blBAaklOT CYMMY rnokasaTteneu cteneHewn Bcex
nepemMeHHEelx, EXOOAWWNX B HETO. CreneHb ogHO4YNeHa, I(DTprIFI AB-
NAeTcqa YUaIom, OTNUHHEIM OT HYNA, CHUTAKOT pEEHDﬁ HYNHO.

MuHoro4dneH
BoipaxeHune, koTopoe fABNAETCcs CYMMOW HECKONbKUX OAHOYNEHOB,
Ha3bIBAKOT MHOMO4YNeHoM.

MHorouneH craHgapTHoOro Buga
MHorouneH, cocToawmMM N3 OAHOYNEHOB CTaHAAPTHOrO BMAa, Cpeau
KOTOPbIX HET MofobHbIX, Ha3blBalOT MHOMOYNEHOM CTaHAapTHOro
BMAA.

CrteneHb MHOro4dneHa
CTeneHblo MHOMOYMIeHa CTaHAapTHOrO BUAa Ha3blBaloT HaunbonbLyo
N3 CTeneHen OHOYNEHOB, M3 KOTOPbIX COCTaBNeH 3TOT MHOIOYNEeH.

YMHOXeHUe ogHoYNeHa Ha MHOrouneH
Y1obbI YMHOXWTE OQHOYNEH Ha MHOro4yneH, HyXXHO YMHOXWTE 3TOT
OAHO4YNEH Ha KaXAblW YNeH MHOro4neHa v nony4eHHele Nponseene-
HWA CNOXWThb.

YMHOXeHUe MHOro4neHoB
Y1obbI YMHOXWUTE MHOMo4YNneH Ha MHoro4neH, MoXxHo KaxXablk 4yneH
ooHOro MHoro4neHa yMmHOXWTe Ha Ka)Xablkh 4neH apyroro 1 nony4eH-
Hble NpoON3BEdEHWMA CNOXWMTh.
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NponsBegeHne pa3HOCTU U CYMMbI ABYX BbipaXeHUNA
MpousseaeHMe PasHOCTU U CYMMbl ABYX BblPaX€HWW paBHO PasHO-
CTW KBAApaToOB 3TUX BblpaXeHUN.

(a — b)a + b) = a® — b?

Pa3zHOCTb KBafpaTOB ABYX Bbipa)XeHUIA
Pa3HOCTb KBaApaTOB ABYX BbipaXeHWI paBHa NPOU3BEAEHUIO Pa3HO-
CTW 3TUX BblpaXXeHUM N UX CYMMbl.

a’—b%=(a—-b)a+b)

Ksagpar cymmbl ABYX BbIpa)KeHUWIA
KeagpaT cyMMbl ABYX BblpaXXeHWUIA paBeH KBaapaTy Nepeoro Boipaxe-
HMA MNIOC YABOEHHOe NPOW3BedeHWe NepBOro U BTOPOro Bblpaxe-
HUIA MAKC KBaApaT BTOPOro BblpaXeHUs.
(@ + b)? =a® + 2ab + b?

Keagpar pa3HOCTM ABYX BbipaXKeHUNA
KeappaTt pa3HOCTM ABYX BblpaXXeHWW paBeH KBagpaTy NepBoro Bbipa-
XEHMA MWUHYC yABOEHHOEe Npou3BedeHWe NepBoro M BTOPOro Bblpa-

XXEHWUI NAC KBagpaT BTOPOro BblpaXeHus.
(a — b)Y =a? - 2ab + b?

KeBagpar cymmbl TPEX BblpaXXKeHUN
KBagpaT cymMbl TPEX BblpaXX€HWUM paBeH CyMMe KBafpaToB 3THX Bbl-
paxeHWK, CNOXeHHOW C CYMMOW YABOEHHbLIX NPOU3BeAeHWN KaXabIX
ABYX BblPaX>XeHWN.
(@+b+c)=a?+b%+c?+ 2ab+ 2ac + 2bc

Cymma KkyOoOB ABYX Bblpa)XeHUM
Cymma KybOOB ABYX BblpaXeHW paBHa NPOM3BEAEHUIO CYMMbl 3TUX
BblpaXXeHWIN M HENONHOIo KBagpaTta UxX pa3HOCTK.
a® + b® = (a + b)(a? — ab + b3

Pa3sHOCTb KyGOB ABYX BbIpaXKeHWUI
PazHocTb KyBOB OBYX BblpaXXeHWIA paBHa MPOW3BefeHUI0 Pa3HOCTK
3TUX BbIpaXeHUI U HEMONHOro KBagpaTa MX CyMMbI.
a®* — b® = (a — b)(a? + ab + b3
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Ky©6 cymmbl ABYX Bbipa)XeHWA
Kyb cymMbl ABYX Bblpa)XeHWI paBeH Kyby NepBoOro BblipaxxeHua Mg
YyTPOEHHOE NPoMn3BeAeHNe KBafpaTa NepBoro BblipaXxeHua U BTOPOro
BblpaXXeHWUA MC YyTPOEHHOEe MPOW3BEAEHWE MEPBOro BbipaXeHWs

1 KBaapaTa BTOPOro BblpaXeHus nntoc Kyb BTOporo BblpaxeHus.
(a + b) = a® + 3a?b + 3ab? + b?

Ky© pa3HoOCTM OBYX Bblpa)XeHUIA
Kyb pa3HocTn OBYX BblpaXeHW paBeH KyDy nepBoro BblpaxeHws
MWHYC YTPOEeHHOe MNpoun3BedeHMe KBajpaTa NepBoro BbipaXXeHus W
BTOPOro BblpaXxeHWsa NiC YyTPOeHHoe Npou3BeaeHue Nepeoro Bbl-
paXeHMa 1 KBagpaTa BTOPOro BblpaXeHua MUHYC Kyb BToporo Beipa-

KeHUS.
(@ —b) =a® - 3a?b + 3ab? - b?

dopmMynbl ANA pa3noXeHUsa Ha MHOXXUTENW BbipaXKeHWUN!

Bupga a® — b*wn a® + b"
a*—b'=(a-b)a" 1+a* 2b+a" b + .. +ab" "2+ b"" 1), rpe
N — HaTypanbHoe 4Yucno, bonbwee 1
a*+bt'=(a+b)a" ' -a* 2b+a" " 3bh*—..—ab" "2+ b" 1), rpe
1 — HeYETHoe HaTypaNbHoe Ynucio, bonbwee 1
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3 DOyHKUMMN o

O B atou rnaee Bbl Bygete M3lyyaTb CBA3M MexXAy BenudynHamu. No3Hakomm-
TeCb C 0CcODbIM NPaBMNOM, onpeaenaoWmMmM 3TK cBA3u, — dyHKUnen. M3y-
YMUTe OCHOBHblE CNocobbl 3afaHma BYHKLUMN.

s E MHOXeCTBO M ero 3/IeMeHTbI

Pacemorpum cioBocodyeTaHUA: KOCAK pbld, cTasg NTUIL, PO HYEJ, KOJ-
JeKIHA MAapoK, coOpaHMe KapTHH, HAOOpP pyuek, OYVKeT IBETOB, KOMMIAHHS
npys3eii, mapKk MalllH, OTAPA OBEIl.

W3 c10B 9THX CIOBOCOYETAHUHN MOMKHO COCTABUTEL HOBLIE: HAIIpUMep, Oy-
KeT 0apaHoB, KOCAK KapTUH, KOJUJIEKIHUS ApPY3eil, HO OHU MOJYYWIHCHL Helle-
IIEIMH. B TO Xe BpeMs TaKHe CJIOBOCOYETAHHUS, KAK KOJUIEKIUA PLI0, KOJLJIeK-
LU IITHL, KOJJIEKI[UA KAPTHH, KOJIeKIHA Py4YeK, KOJLIeKIIHA MAIIIHH, HMelOT
cMmbIcJ. [les10 B TOM, 4TO CJI0OBO «KOJUIEKIHUA» YHUBepcaabHoe. OqHaKo B MaTe-
MATHEKE ecTh DoJiee EéMKOE CJI0BO, KOTOPLIM MOMKHO 3aMEHHTH Jilo0oe U3 Imep-
BbIX CJIOB B MIPUBEJEHHBIX Hapax. JTO CJIOBO MHOMKECTBO.

IIpusenem elle HECKOJBKO IPUMEPOB MHOMKECTB:

* MHOKECTBO VUEHHKOB Balllero KJacca;

e MHOKecTBO ILIaHeT CoJIHeUHOII CHUCTEeMEI;

* MHOKECTBO UETHBIX UHCeJ;

* MHOKECTBO TOUEK, JIeKAI[UX HA ONHOH NpsaMOil;

* MHOKECTBO HATYPAJbHBIX YHCeJ, KoTopoe 0003HauaT OyKBOil V.

Kax npasuio, MHOeCTBa 0003HAYAIOT NPOMHUCHBIME JATHHCKUMH OVK-
Bamu: A, B, C, D u r. 1.

O0BeKThI, COCTABJAIOIINE HaHHOE MHOMKECTBO, HA3bIBAIOT 3JeMEHTaMH
aToro MHo;ecTBa. OOBIYHO 3JIeMeHThl 0003HAYAKOT CTPOYHBIMHU JIATHHCKHUMH
6yksamu: a, b, ¢, d n r. 1.

Ecau a npuHagnexuT MHOecTBY A, To mumyT a € A (4uraor: «a npu-
HAJJIeKUT MHOecTBY A»). Eciu b He npuHANNEKUT MHOMKECTBY A, TO IMUAIITYT
b ¢ A (uuraior: «b He NIPUHAMJICKUT MHOXKeCTBY A»).

Hanpumep, 12 € N, -3 ¢ N, g ¢ N.

Ecau muOMecTBO A cocrouT uM3 TPEX »dJEMEHTOB a, b, ¢, TO IHIIYT
A=la, b, c}.

Hanpumep, ecniu M — MHOKeCTBO HATYPAJbHEIX HenuTelieil uuciaa 6,
to nuinyt M = {1, 2, 3, 6}. MHokecTBO HAaTYpaJIbHBIX JeJuTe el yncia 6, AB-
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JNAIIUXCA COCTABHBIMY YHCJIAMHM, BBINIAAUT Tak: {6}. 9To npuMep oxHOIe-
MEHTHOI0 MHOKeCTBAa.

3ajaHue MHOMKEeCTBa C MOMOIIbI0 (DUTI'YPHBIX CKOOOK, B KOTOPBLIX VKa3aH
CIHCOK ero 3JIeMEeHTOB, VI00HO B TeX CIy4asxX, KOrga MHOMKEeCTBO COCTOUT U3
HeDOJIBIIIOr0 KOJUYECTBA dJIeMEHTOB.

»usp OnpepeneHue
Muoxecrtea A n B Ha3zbiBaloT paBHbIMW, €CN OHN COCTOAT U3 OQHUX U TeX
e 3MIeMEHTOB, T. €. Ka)XKAbliA 3NIeMeHT MHOXecTBa A npuHagnexuT mMHo-
wecresy B n HaoGopor — Kampabiin 3nemeHT MHOXecTBa B npuHagnexur
MHoecTBy A.

Ecau muoxkectBa A u B paBHEI, To numyT A = B.

W3 omnpenesieHUs CIeNYeT, YTO MHONCECME0 00HOZHAYHO onpedeiis-
emcs CEOUMU FTeMeHMmamMil.

EcJin MHOKeCTBO 3aIIMCAHO C IIOMOIILIO (PUI'YPHBIX CKODOK, TO HOPAIOK,
B KOTOPOM BBLINHCAHEI €r0 3JIeMeHThI, He UMeeT 3HAaueHUs. TaK, MHOMKeCTBO,
cocTosdlee U3 TPEX 2JIeMeHTOB d, b, ¢, JOIYCKaeT LIecTh BAPUAHTOB 3aIlHCH!

{a, b, ¢}, {a, ¢, b}, {b, a, c}, {b, c, a}, {c, a, b}, {c, b, a}.

I[TockonbKY U3 ompefe/ieHUA PABHBIX MHOMKECTB CJeAyeT, UTO, HAIPH-
Mmep, {a, b, ¢} ={a, a, b, c}, To B fanpHeiem OygeM paccMATPUBATL MHOMe-
CTBa, COCTOAIINE U3 PA3HBIX 3JiIeMeHTOB. Tak, MHOKecTBO OYVKB CJIOBA «KOC-
MOApPOM» MMeeT BH]I {K, 0, C, M, JI, P}.

3amerum, uTo {a} # {{a}}. IleiicTBUTEILHO, MHOKECTBO {c} COCTOUT H3
OIHOI0 3JIEMEeHTAa ; MHOKEeCTBO {{a}} COCTOMT U3 OJHOI0 3JIeMEeHTa — MHOKe-
cTBa {a}.

Yaiie Bcero MHOMKECTBO 3aJal0T OJJHHM H3 JABYX CJIEIVIOUIUX CIIOCODOB.

Iepewiii cnocod COCTOUT B TOM, YTO MHOKECTBO 3aJal0T YKasaHueM (me-
peyucIeHeM) BeeX ero sjaeMeHTOB. MBI yiKe MCIOJIL30BAJH ATOT crocob, 3a-
IIACLIBASA MHOKECTBO C IIOMOINbI0 (DUT'YPHEIX CKOOOK, B KOTOPBIX YKA3LIBAJIH
CIIMCOK €ro 3JIeMeHTOB.

flcHO, 4TO He BCAKOE MHOMKECTBO MOMKHO 3a7aTh TaKHUM criocobom. Ha-
IIPUMEP, MHOKECTBO YETHBIX UHCeJI TaK 3aJ]aTh HEBO3MOXKHO.

Bmopoti cnoco6 cOCTOUT B TOM, UTO YKA3LIBAIOT XapPaKTePHCTHUECKOE
CBOMCTBO 3JIeMEHTOB MHO€ECTBA, T. €. CBOIICTBO, KOTOPEIM 00JIaZal0T BCe 2Jie-
MEHTEI JAHHOI'0 MHOXKeCTBA M TOJILKO OHH. Hampumep, CBOMCTBO «HATYpPAaJb-
HOE YHCJIO IIPHU JleJIeHNH Ha 2 JaéT B OCTATEe 1» 3aJaéT MHOMKECTBO HEUETHEIX
qyuceJ.

Ecnan 3agaBaTh MHOMKECTBO XAPAKTEPHCTHYECKHM CBOHCTBOM €ro aJe-
MEHTOB, TO MOMKET OKa3aThbCd, YTO HHU OJUH 00BEKT aTHM CBOMCTBOM He 00J1a-
naer.
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Obparumcs Kk IpuMepam.
e MHOXKeCcTBO TPEYroJIbHUKOB, CTOPOHBI KOTOPBIX IIPOMOPIIMOHANBHBI YHC-
maMm 1, 2, 5.
M3 HepaBeHCTBA TPEYroJbHUKA CJIEIYeT, UYTO 3TO MHOMKECTBO He Cojiep-
JKAT HU OJHOT'O 3JIeMEeHTA.
e MuoxecTBo A y4YeHUKOB Balllero Kjacca, sBISIONIUXCSA MacTepaMu
CIIOPTA IO MIaXMaTaM.
Mo:xeT OKasaThCs, YTO MHOMKECTBO A TakiKe He COJAEpP:KUT HHU OJHOTIO
2JIEMEHTA.
 PaccmaTpuBasi MHOMKECTBO KOPHEH MPOU3BOJLHOTO YPABHEHUA, CIIEyeT
IpelycMOTPEeTh CUTYaIlUI0, KOTla YpaBHEHUe KOPHel He MMeerT.
[IpuBenéHHbIE IPUMEPEI VKA3bIBAIOT HA TO, YTO YA00HO K COBOKYIIHOCTH
MHOKECTB OTHECTH ellé OJHO ocoDeHHOe MHOMKeCTBO, He coepsKalllee HU O]-
HOro 3ajieMeHTa. Ero HA3LIBAIOT MYCTHIM MHOKECTBOM ¥ 0003HAYAKT CHUMBO-
aom .
3aMeTHM, 4TO MHOXKecTBO {(J} He aABadAercA NycThIM. OHO COIEPAKUT
OJIIUH 3JIEMEHT — IIYCTOEe MHOXKECTBO.

? 1. Kak 0bo3HaualoT MHOXECTBO U ero 3nemMeHTbl?
2. Kak 0603HavaloT MHOXEeCTBO HaTypanbHbIX Yncen?
3. Kak 3anucarb, 4TO 3nemMeHT npuHagnexut (He NnpuHaanexwuT) MHOXe-
crey A?
4. Kakme MHOXecTBa Ha3blBalOT paBHbIMK?
5. Kakune cywecrtBytoT cnocobbl 3agaHunsa MHOXeCTB?
6. Kakoe MHOXeCTBO Ha3bIBalOT NycTbiM? Kak ero obo3HayaoT?

o O
® YnpaKHeHUA g uumm .
22.1. Kak Ha3bIBAIOT MHOKECTBO TOYeK VyIJja, PaBHOVIAJEHHBIX OT €ro
CTOPOH?
22.2. Kak Ha3blBAIOT MHOYKECTBO BOJIKOB, HNONYUHSAKI[MXCA ONHOMY BO-
Kary?

22.3. HazoBuTe Kakoe-HUOY/b MHOMKECTBO YYEHUKOB Ballleil IIKOJIbI.
22.4. Kaxk HA3BIBAKOT MHOMKECTBO YUHTe/Ieil, padoTalluX B OJHOH IHIKOJe?
22.5. IlocraBeTe BMECTO 3BE3MOUYKH 3HAK € HUIHU € TaK, YTOOLI IIOJYUYMUIOCH
BepHOe YTBep:KIeHue:
1) -8 = N, 2) 0,2 = N; 3) 7 * N.
22.6. IIycte M — muo:xecTBO Aenureneit yuciaa 8. IloctaBeTe BMecTO 3BE3-

JOYKH 3HaAK € WJIH &€ Tak, YTOOBI MMOJVUIHUJI0CEHL BEPpHOE YTBepMHIEeHHE.
1)1+ M; 2) 3 * M; 3) 4 * M.
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22.7. Kaxkue U3 cleqyIOINX VTBEP:KIeHHII BEPHDIL:

1)1 e {1, 2, 3}; 3)1{1} € {1, 2}; o) D e {1, 2};

2)1e {1} 4) {1} € {1}}; 6) D e {O}?
22.8. SanuuiuTe MHOECTBO KOPHEH YpaBHEHU:

1) x(x — 1) = 0; 3) x = 2;

2) (x — 2)(x% - 4) = 0; 4)x2+3=0,

22.9. 3agaiiTe ¢ TOMOIIbLIO MEPEYHCICHUA 2JeMEHTOB MHOMKECTBO:
1) npaBUALHBIX ApobeH co 3HaAMeHaTeJIeM 7;
2) npaBUJIBHBIX Apobeil, 3HaMeHaTeJ b KOTOPBIX He Dojblie 4;
3) OVKB cI0Ba « MATEeMATHKA» ;
4) nudp yucia 5555.
® 9
22.10. PagHpl 11 MHOXecTBa A u B, ecau:
1) A={3, -2}, B={-2, 38};
2) A =1{0}, B = {{0}}?
22.11. PagHrel 11 MHOecTBa A u B, ecau:
1) A — MHOMKecTBO KOpHeill ypaBHeHHs |x| = x, B — MHOMeCTBO HeOT-
pHIlATEILHBIX YHCEeJ;
2) A — MHOXeCTBO TPEeYroJlbHUKOB, YV KOTOPBLIX BCe YIJILI paBHEI; B —
MHOKECTBO TPEYTIOJIbHHUKOB, ¥ KOTOPBIX BBICOTBEI COBIAJAIOT ¢ OHCCEK-
TpUcaMH?
22.12. Kakue U3 cJaeVIOIUX MHOKECTB PABHBI IYCTOMY MHOMKECTBY:
1) MHOKeCTBO TPEYIroJIbHHKOB, CYMMa YIJIOB KOTOPBIX paBHa 181
2) MHOKeCTBO TOPHEIX BepIIuH BhicoTOl Oosee 8800 m;
3) MHOKeCTBO IIap CMEeHBIX YIJIOB, PA3HOCTE KOTOPELIX paBHa 1';
4) MHOeCTBO KOpHeil ypaBHeHus |x|+ 5 =12

_ I
YnpaXXHeHUs ANs NOBTOPEHUA gy m

22.13. Kupunny tpebyerca 30 muH, uToObl goOparhcd OO CTAAHOHA H Bep-
HYTLCA JIOMOM, €CJIN 0 CTAAUOHA OH WUJET IelIKOM, a BO3BpAalllaeTcsA Ha
asrobyce. Eciu ke oH efer Ha aBrofyce B o0a KOHIIA, TO HA Bechb IIYTh
garpaunBaeT 12 muH. CKOJIBKO BpeMeHH eMy noTpedyercsi, 4ToOBI mpe-
0JI0JIETh MYTh JI0 CTAJUOHA U 00paTHO MemKoM?

22.14. Ka:xjgoe TpeThe JepeBO B caay — sA0JIOHA, a KakJoe BOChMOe — I'Py-
ma. Onpenennre, CKOJbKO JiepeBbEB PACTET B cajlly, €CJIM U3BECTHO, YTO
nx MeHbire 100, Ho 6oasiae 80.

22.15. Pazio:xure HA MHOKUTe U MHOTOWIeH 27x% — 18x%y — 12xy? + 81/°.

22.16. JJoka:kure, uro 3HadeHue Beipaxkenus 4 + 610 + 320 gpnserca kBagpa-
TOM HATYPaJbHOI'O YHCJIA.
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CeaA3n MeXxxay BennumHammn. OyHKumsa

Yuurens nuurer Ha gocke. [Ipu aToM MeHAOTCA IJIMHA MeJIOBOT'O cJeja,
Macca, 00béM U Jaxe TeMIlepaTypa KycodKa MeJa.

Paboraer mkosibHasA croJoBasg. B TedeHHe NHS MEHAITCS KOJHYECTBO
IMOCETUBIINX €€ VYeHHKOB, PACXO0/bl BJIEKTPOIHEPruy U BOJLI, JIeHeKHasd BhI-
py4YKa M T. II.

Boo6uie, B IpoHUCXOASANIMX BOKPYI HAC IPOIECCAX MHOT'HE BeJIUYNHLBI
MEeHSAIOT CBOH 3HAUeHU . [[oHATHO, YTO HEKOTOPhIE U3 9THX BEJIMUHUH CBA3aHBI
Me:xay coboil, T. €. UBMeHeHHe OJHOM BeJUYUHELI BJAeYeéT 3a cod0i U3MeHeHUue
IPYTOH.

Muorue HayKH, TaKHe Kak (DU3HKA, XMMHS, OHOJIOrUSA U JPYrHe, HCce-
IVIOT 3aBUCUMOCTH MexXOy BeauunHamu. M3ydaer aTv cBA3M M MaTeMaTHKa,
KOHCTPYHUPYS MaTeMaTHUYeCKHe MOJeNH pPeajibHbIX mnpoieccoB. C moHATHEM
MATeMaTHYeCKON MOJe/I BBl ViKe BeTpedaauch B § 3.

PaccMOTpUM HECKOJIBKO IIPUMEPORB.

Mpumep 1. Usmenserca cropoHa kBajgpara. [loHATHO, 4TO IpH 3TOM OY-
neT MeHATLCA U ero nepuMerp. KEciu gauHy cTopoHbl KBajpara 0003HAUUTS d,
a mepumerp — P, TO 3aBUCMMOCTb 3HAYEHUA [MepeMeHHOoi P oT 3HaueHUA Iie-
peMeHHO#l a (KOPOTKO IrOBOPAT: «3aBHCUMOCThL IIepeMeHHOH P oT mepemen-
HOU @») 3agaerca opmyJion

P = 4a.

Jra (popMyJa ABIAAETCA MATEMATHYECKOH MOJeJIbI0 CBA3H MEXKIY TaKH-
MU BeJIMUMHaAMU, KaK JJHUHA CTOPOHBI KBajilpaTa U ero lepuMerp.

C nmomombo 3Tl (hOpMYJIBI MOKHO, BbIOPAB IIPOU3BOJILHYIO JJIUHY CTO-
POHBI, HAWUTH COOTBETCTBYIOIee 3HadYeHHe NepuMmerpa Keajapara. Iloatomy
B 9TOM MOJleJI4 ITepeMeHHVI0 ¢ HAa3blBAlOT He3aBUCHMOM NepeMeHHOH, a nepe-
MeHHYI0 I — 3aBHCHMOM IepeMeHHOI.

Iloguepruém, uTO 2Ta QopMyJaa 3aJaeT NPABUJIO, ¢ IIOMOIILID KOTOPOIO
10 3HAYEHHIO He3aBUCHUMOH IIepeMeHHON MOMKHO 00HO3HAauHO HAUTH 3HaYe-
HUe 3aBUCUMOU epeMeHHO. W

Mpumep 2. Cemba monoxkuiaa B 6ank 100 000 p. moxm 10 % romgoBBIX.
Torna uepes roja Benuuuna M — cyMMa JeHer Ha CUéTe — CTAHET PABHOM

M =100000 + 220 333 10 110000 (p.).
Yepes 2 roga aTa cymMMa COCTABHUT
M =110000 + ”“fsg 10 121000 (p.).
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AHATOTUYHO MOMHO VCTAHOBUTB, UTO Yepes o rojga M = 133 100 p., ue-
pe3 4 roga M = 146 410 p., gyepesa b ner M = 161 051 p.

B Tabnune nmokasaHo, KaK 3aBUCHT CYMMAa J€Her, HaXOQAIINXCA Ha CUE-
Te, OT KOJIMYECTBA IPOIIEJIINX JIeT.

KonuuyecTro ner, 1 1 2 3 4 51

Cymma gener

. 110 000 121 000 133 100 146 410 161 051
ua cuére, M, p.

Jdra Tabauna ABIAETCA MATEeMATHYECKOH MOEeJbI) 3aBUCHUMOCTH BeJIN-
yuHbI M OT BeJIMYUHBI 1. 3/Iechb 71 BBICTYIIAeT B POJIU HE3aBUCUMOI IepeMeH-
HO#, a M — 3aBHCHMOI IepeMeHHOIA.

I[MoguepkHéM, uTo 3Ta TabaUIla 3aJaéT NPABUIIO, C MOMOIILI KOTOPOTO
10 3HAYEHHUID HEe3aBHCHUMOM IIepeMeHHON MOMKHO 00HO3HauHO HAUTH 3HaUe-
HUe 3aBUCUMOU repeMeHHO. W

MpumMep 3. Ha pucynke 23.1 uzobpakés rpahux 3aBUCHUMOCTU TeMIIe-
paTyphl BO3AYXa OT BpEeMEHH! CYTOK.
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Hcnonwaysa aToT rpaduk, MOKHO, BEIOpAB NPOU3BOJbLHLIA MOMEHT Bpe-
MeHH {, HAlITH COOTBETCTBYIOIYIO TeMuepaTypy Bo3ayxa 1 (B rpagycax Ileas-
cus). Takum oOpasom, BeIMUYNHA [ ABJIAETCSA He3aBUCHMOM IIepeMeHHOil, a Be-
ATUYHHA I — 3aBHCHMOIM.
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JTOT rpad@UK MOMKHO paccMaTpHUBaTh KaK MaTeMaTH4YeCKYI0 MOJeJb 3a-
BHCHMOCTH BeJIHYHHBI | (TeMIlepaTyphbl) OT BeJIUYHUHEI { (BpeMeHH ).

IloguepkHEéM, 4TO 3TOT rpaUK 3ajaéT NPaAaBUI0, C IMIOMOIILEID KOTOPOTO
[0 3HAYEHHIO HE3aBUCUMOM IIepeMeHHON MOMKHO 00HO3HAYHO HANTH 3HAUe-
HUe 3aBUCHUMOM IMepeMeHHO. W

HecmoTpsa Ha cyliecTBeHHbIE pa3jiHYMA MOJesieil 3aBUCHUMOCTEMH, OIIH-
CAHHBIX B 9TUX TPEX IIpUMepax, UM BCeM IIpUCYIle cllefyiollee: YyKa3ano npa-
BUN0, C NOMOULLIO KOMOPOZO NO KANCOOMY 3HAUEHUIO HEe3ABUCUMOL Nepe-
MEHNOU MONCHO HAUMU eOUHCmEeNHoe 3HAUEHUE 3ABUCUMOU NePeMeHHOU.
Taroe npaBuIo HA3LIBAIOT (PYHKIMEH, 4 COOTBETCTBYIOUIVIO 3aBUCUMOCTEL OJ-
HOM IMepeMeHHOH OT Apyroil — (pyHKIITMOHAJLHOM.

Hrak, npaBuia, onucaHHble B npumepax 1, 2 u 3, gBiaAwTcA (DYHK-
IHAMH.

He Bcakasi 3aBUCMMOCTD OJJHOM HNepeMeHHOM OT APYro aBjasgeTca QyHK-
nuoHadbHOM. Hanpumep, mycTs AaMHA MaplipyTa aBroOyca paBHa 15 KM.
CrouMoOcCTh IIpoe3/ia olpeaelseTca ciaeAyiolleil Tabauiei.

CroumocTs mpoesaa, p. 30 60 90

JlIMHEA TYTH, KOTOPEIH IIpOe3ixKaeT

naccasxup, KM o 5 Ot 5 5o 10 Ot 10 mo 15

flcHo, 4TO MepeMeHHbIe BEJIMYUHBI «CTOMMOCTE IIpoe3ga» U «IJIMHA IIy-
TH, KOTOPLIM IpOe3:KaeT Iaccaykup» CBA3aHBI MexAy coboil. OgHAKO ecsiH
CYHUTATH CTOMMOCTBH IIPOe3/la He3aBUCUMOM IIepeMeHHOM, TO ONUCcAHHAA 3aBU-
CUMOCTBL He ABJAeTcA MYHKIHUOHAIbHOU. [leficTBUTeIbHO, ECJIH IIaccakup 3a-
mwiatua 30 p., ToO HeNb3A 0OHO3HAUNHO YCTAHOBUTEL JJIMHY IYTH, KOTOPLIA OH
ImpoexadJ.

Eciu B ipumepe 3 remueparypy I c4uTaTh He3aBHUCUMON IepeMeHHOH,
TO He BCerja BO3MOXKHO II0 3HAYEHHIO BeJIMUUHE] 1 0dHO3Hauno HANTH 3HAUe-
HUe BeJIMuuHbI 7. [ToaToMy IpuBeféHHAA 3aBUCUMOCThL BpEMEHH [ OT TeMIlepa-
Typbl 1 He ABJIAeTCA PYHKIUOHAIBLHOM.

PasbACHUTh, 4YTO TaKoe (GPYHKI[UA, MOMKHO C IIOMOILIO MIOHATHA MHO-
JKecTBA.

IHycmv X — muoxncecmeo 3nauenutl He3asUCUMOU Nepementon, ¥ —
MHONCECMBO 3HAUECHUU 3ABUCUMOU nepemernotl. Dynuxuuas — 2mo npasu-
0, € NOMOUBIO KOMOPOZ0 N0 KANCOOMY 3HAUEHUIO HEe3ABUCUMOL NepemMet -
HOU U3 MHoNcecmea X MONCHO HAWUMU eOUHCMEEHNOe 3HAUCHUE 3a6UCUMOT
nepemenmnou u3 muoxcecmasa Y.



IpyruMu ciaoBaMu: PyHKULUS — MO NPABUI0, KOMOPoe Kaiwdomy
anemenmy muoxcecmsa X cmasum 6 coomeemcmeue eOuncmeeHHbli de-
Menm muoxcecmasa Y.

Hanpumep, nyerh X — MHOMKECTBO y4YallMXCA Balllero Kiaacca, Y —
MHOKEeCTBO, 2JIEMEHTAMH KOTOPOT0 ABJIAITCA OIHHM Hemenau. Kaxxmomy ydaiie-
MYyCs IOCTABMM B COOTBETCTBHE JIeHb HelelH, B KOTOPbI OoH poauica. Omu-
CAHHOE INPABUJIO MO3BOJIAET 10 KaXKJIOMY 3JIEMeHTY MHOMecTBa X HAUTH eUH-
CTBEHHEIN ajaeMeHT MHOKecTBa Y. ClemoBaTelbHO, 3TO MPABHJIO ABJIAETCA
byHKIAEH.

OOBIYHO He3aBUCHUMYK NepeMeHHYI0 0003HauawT OYVKBOH X, 3aBHUCH-
Myl0 — OyKBO# i, yHENUIO (IpaBuiao) — Oykeoit f. Ecau mepemeHHass y
(byHKIIMOHANTBHO 3aBUCUT OT NepeMeHHOM X, TOo 3aToT (hakT 0003HAYAKOT TaK:
y = f(x) (4uTa0T: «UrpeK paBeH 3@ OT MKC»).

HeszaBucumyio nepeMeHHVIO elllé Ha3bIBAIOT apryMmeHToM (DYHKI[UH.

Bce 3Hauenusa aprymenTa o0pas3yioT MHOMKeCTBO, KOTOpOe Ha3bIBAalOT 00-
Jacteio onpemenenus ¢pyarmuu. Tak, B npumepe 1 obrnacTsio onpeeleHUsd
(PYHKIOHHU SBJAAETCA MHOMKECTBO MOJOKHUTEIbHBIX YHCe]I; B IpuMepe 2 — MHO-
#xectso {1, 2, 3, 4, 5}; B npuMepe 3 — MHOKECTBO HEOTPHIATEJLHLIX YHCE],
He IIPeBOCXoAAIux 24.

3HaueHHe 3aBHCHMOII IIepeMEeHHOI ellé Ha3bIBAIOT 3HAYeHHeM (PyHK-
uuu. 3HaUueHHe QYHKIUU f, KOTOPOE COOTBETCTBYET 3HAUEHHIO X, apryMeH-
Ta X, 0003HAYAIOT f(_:rﬂ). Hampumep, f(7) — 2To 3HaueHue (PYHKIHUH TIPU
x="T.

Tak, ecan Kaxaoe U3 NpPAaBUJ, ONUCAHHBLIX B npumepax 1, 2 u 3, obo-
3HAYUTH OYKBOiIl f, To B mepBoM mpumepe f(2) = 8, Bo BTOpOM IpuMepe
f(2) =121 000, B Tperbem mpumepe f(2) = 0.

Boobie, 3anuck f(a) = b o3HauaeT, 4TO 3HAYEHUIO @ APTYMEHTA COOT-
BETCTBYeT 3HaueHUue b PYHKIUH.

Bce sHaveHns 3aBUCUMOUN NmepeMeHHOU 00pa3yoT MHOMKeCTBO, KOTOpoOe
Ha3LIBAIOT 00MACTHH 3HAYEHUH (PYHKI[UH.

B npumepe 1 obaacTh 3HAYEHHUH (QYHKIIMH — 3TO MHOMKECTBO IOJIOMKH-
TeJbHBIX YHCeJI, B npumepe 2 — muHOo:kecTso {110 000, 121 000, 133 100,
146 410, 161 051}, B npumMmepe 3 — MHOKECTBO BCEX YHCEJ, KOTOpble HeE
MeHbIIIe —D U He DoJbiie 7.

? 1. Kakoe npaBuno Ha3biBaloT QyHKUMEN?
2. Kakyto 3aBUCMMOCTb OAHOW NepeMeHHOW OT ApPYron Ha3blBaloT YHK-
UMOHanbHoOW?
3. Kak uuTatot 3anmck i = f(x)?
4. YT1o Ha3bIBalOT aprymeHToM (yHKUMWK?
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5. Uto Takoe obnactb onpegeneHuns GyHkuun?

6. 410 HasbIBaOT 3HAYeHUEM (DYHKUMN?

7. Kak ynTaiot 3anuck f(a) = b n 4to oHa o3HavaeT?
8. Uto Takoe obnactb 3Ha4YeHUN PyHKUUN?

- O
YnpaKHeHMA 4 s umm

23.1.

23.2.

23.3.

23.5.

23.6.

23.7.

146

CeaAzaHbl U MeKAy co0OM MepuMeTp PaBHOCTOPOHHEI'0 TPeYroJbHUKA
u ero cropoua? Eciiu cropoHa TpeyrojibHUKa paBHa a, a mepumerp — P,
TO Kakoii GopMyJIoi 3aaéTcsa 3aBUCUMOCTE IlepeMeHHoil P oT nepeMeH-
HOll a? fABngercs nu 9Ta 3aBUCUMOCTDL (PYHKIIHOHAILHOM?

CesA3aHbI I MexAY co00ll Iomanb KBajgpaTa u ero cropona? Eciu cro-
pOHA KBaJpaTa paBHa d, a Iiaolnaab — 5, To Kakoi opMyJioil 3agaercs
3aBUCHUMOCTL IIepeMeHHOH .S or nepemeHHol a? SBnserca gy ara 3aBU-
CHMOCTH (DYHKIIMOHAIBLHOM ?

ABTOMOOHIIL ABHIKETCA co cKopocThbio 60 Km/u. Kak saBucHT miaIuHAa
MIPOMIEHHOT0 UM IIYTH S OT BpEMEeHHU JABUKeHU 1?7 3amaiTe aTy 3aBUCHU-
MocTh (popmyJroii. fBnadercsa nu 3Ta 3aBUCHMOCTL (PYHEIIHMOHAJIBHON?
B cayuae yTBepAUTEJILHOTIO OTBETA HA30BUTE ApPryMeHT COOTBETCTBYIO-
e GyHKIIUN.

B nucrepre 0110 300 11 Boabl. Yepes OTKPBITHIN KPpaH KaMKIAyVI0 MUHYTY
U3 I[UCTEPHLI BBELIUBAETCA 2 J BOJALI. 3afaiiTe (opMyJioil 3aBUCHMOCTE
obbéma V BOABI B IUCTEPHE OT BpeMeHU f, B TeYeHHEe KOTOPOro U3 Hee
BbLIMBaeTcs Boja. SBiasgercsa Ju npasBuiio, ¢ HOMOIIbI KOTOPOT'O I10 3HAa-
YEeHHIO IIePeMeHHON [ HaxXoIAT 3HaueHHe nepeMeHHon V, dpyHKIHeH?
B caydae yTBepauTe/IbLHOTO OTBETa YRamxuTe 061acTh onpeaesieHUs U 00-
JIACcTh 3HAYEHUU 3TOM (PYHKI[UHU.

IIyers a — piauna pebpa xkyba, V — ero odowém. 3agaiite dopmyJioi 3a-
BHCHUMOCTEL IlepeMeHHOM V oT mepeMeHHOI a. fIBadercsa U 9Ta 3aBHCHU-
MOCTB (PYHKIIMOHAIBLHOM ?

AsroMobuib npoexaa 120 KM co ckopocthio v. Kakoil dopmynoi 3ama-
€Tcs 3aBUCHMOCTb BpEMEHH NBHUKEHUA [ OT CKOPOCTH ¢ aBTOMOOMIA?
fABnsierca nu aTa 3aBUCHMOCTh (PYHKIMOHANbHOM? B ciayuae yreepmu-
TeJILHOTO OTBeTa VHKa’KHUTe, 4YTO SABJISETCS apryMeHTOM COOTBeTCTBYIO-
e QyHKIIUN.

IIycTs rpasycHble Mephl ABYX CME@MKHBIX YVIVIOB paBHBI 0 u [3. Samaiire
(dopmysI0il 3aBUCUMOCTE 3 oT . fABiAeTCA JU 9Ta 3aBUCHMOCTL (QYHK-
UoHaNbHOU? B caydae yTBepAUTEJIbLHOI0 OTBETA YKAKUTE, YTO ABJIAET-
csA apryMeHTOM COOTBeTCTBYIOIeil (GyHKIUMU, eé¢ obJacTh onpeneeHUs
U o0acTh 3BHAYEHUH.



23.8. B Bamiem Kiacce ObLia IIpoBeJleHa KOHTPOJLHAaA paboTa 1Mo MaTeMaTHKe.
1) KaxxgoMy yYeHHKY IIOCTABUJIH B COOTBETCTBHE OIEHKY, KOTOPYIO OH
ITOJTY Y.

2) Kaxxknoii olleHKe IIOCTABUIN B COOTBETCTBHE YVUEHHKA, KOTOPLIH €€ 1mo-
JIYUHIL.
Kaxoe 13 aTuUX npaBUJ ABJIdeTcA GYHKIIAE?

23.9. PaccmoTpuM TIpaBUJIO, COTJIACHO KOTOPOMY Ka:KIOMY HATYPAJTIbLHOMY
YHCJY COOTBETCTBYET IIPOTHUBOMOJIOMKHOE eMy YHUCJI0. fBisgercsa Ju Ta-
KOe nMpaBUIo PYHKIHeH?

23.10. Ka:xxgoMy HEOTPHUILIATEJIBHOMY YHCJIY [OCTABUJIM B COOTBETCTBHE CAMO
ATO UMUCJIO, 4 KAMKJIOMY OTPHIATEJIBHOMY YHCJIY — YHCJI0, eMY IPOTHBO-
IOJIOXKHOe. fABiseTcs U Takoe NPaBUJIO (PYHKIIUEH?

23.11. PaccMoTpHUM HpPaABUJIO, 10 KOTOPOMY KaXKIOMY HATYPAJIBHOMY YHCIY
CTABUTCH B COOTBETCTBHE MepBas cjeBa udpa ero 1ecATUYHON 3alUCH.
ABnsercsa mu aTo npasuao pyHEIHerR? B cayyae yrBepIuTeIbHOIO OTBE-
Ta YKayKUTe 00JIaCTh €€ 3HAUeHUWH.

23.12. KaxxkaoMy panioHAJIBHOMY YHUCAY, OTJHYHOMY OT HYJIS, COOTBETCTBYET
obOpaTHOe eMy YHCJIO0. fABIsgeTcs IU Takoe MPaBUIO (DYHKIIHEH?

23.13. Ha pucyuke 23.2 uzobpaxkéH rpa(puk M3aMeHeHHS TeMIepaTyphbl pac-
TBOPAa BO BpeMf XMMUYECKOI'0 OILITA.

1) KakoBa OblIa HadyaJbHas TeMOepaTypa pactsopa?

2) Kaxoii Obl1a TemmepaTypa pacTBopa depes3 30 MHH mocjie Hadalia
onbiTa? Yepes moaropa vaca?

3) Kakoii ObL1a caMasa BBICOKAas TeMIEpPATYypa PACTBOPA M Yepe3 CKOJb-
KO MHUHYVT IIOCJIe HAa4yaJa oIbiTa?

4) Yepes CKOJBKO MUHYT IOCJIe HAYAJIA OILITA TEeMIIepATypa pacTBOpa

beL1a 35 'C?
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e
& 40
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0 20 | 40 100
Bpems, mun
Puc. 23.2
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CocraBbTre 110 rpad@uKy TAdIUIY U3MEeHEHUS TeMIIepATYpPELI pacTBOpa 4e-

pe3 Kasabie 10 MUH B TeueHMe IePBLIX JIBYX YACOB [1OCJ€e Havajia ONbITA.
23.14. Ha pucyuke 23.3 nszodpakéH rpaduk U3MeHeHUs TEMIePATYPhI BO3IY-

Xa B TeueHHue cyToK. [lonb3ysack 3TUM rpaduKoM, olpeeauTe:

1) kakoii 6bL1a Temueparypa Bosayxa B 2 u? B 8 u? B 12 u? B 16 u?

B 22 u?

2) B KOTOpPOM Yacy TeMIieparypa Bosayxa oeraa —3 'C? —4 "C? 0 °C?

3) Kakoil ObLIa caMasa HU3KasA TeMIlepaTypa U B KOTOPOM 4acy?

4) rkaxoii ObLIa caMasA BBICOKAA TeMIlepaTypa U B KOTOPOM 4Yacy?

D) B TeUYeHHEe KaKOro IIPOMe;KyTKa BpeMeHH TeMIlepaTypa Bo3ayxa ObLia

Huzxe 0 C? Beime 0 "C?

6) B TeueHHe KAKOTr0 IIPOMEKYTKA BpEeMeHH TeMIlepaTypa BO3[yXa I10-

Belnasack? [loamxanacs?

CocraBbTe 110 rpadguky Tabiauny UsMeHeHHA TeMIepaTyphbl BO3AYVXa B Te-

YeHHe CYTOK Uepes3 KamJble 2 4.

5—3’5‘
©
>4
ET
Ty
=19
2 [
[ |

I
0 2 4 (i} 8 10 [ 12 | 14 16/ 18 | 20 A2 24
g / Bpemsa, u
= 4

"

4
6
g /

Puc. 23.3

» 2 4 |

23.15. MoTOIHMKIHUCT COBEPIINJI IIOe3IKY OT JoMa J0 Aauyd U oopatrno. Ha pu-
cyHEKe 23.4 n3obpaxkéH rpaduK U3MEeHEeHUA PACCTOAHUA B 3aBHUCHUMOCTH
oT BpeMeHH (zpadghux dsucenuss momovukaucma). Ilonbayscek rpacdu-
KOM, OIIpeIesInTe:
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1) kakoe paccTossHHe NIpPoexXaj MOTOLUKIUCT 34 IIePBbIA Yac JBUEeHUA !
2) Ha KAKOM PacCTOAHHH OT AoMa HaxomuTcsa mada? CKOJIBKO BpeMeHH
MOTOIIMKJIMCT HAXOJAUJICA Ha aade?

3) Ha KaKOM PACCTOAHHH OT JOMA MOTOIIMKJIHCT CAEJAT OCTAHOBKY HAa
obparHoM nyTu? CKOJIBLKO BpeMeHH MPOA0JIKAIACE 9TA OCTAHOBKA?

4) Ha KAKOM PACCTOSHHH OT JAO0MAa OBLI MOTOIMKJIUCT Yeped 5 U IocJe
HAuaIa ABUKeHUNA?

D) C KaKOH CKOPOCTBHIO JBHUIaJICA MOTOLMKJIHCT IIOCJeqHue modaca?

R
[
o

am
"

)

]

Pwuc. 23.4

23.16. Ha pucynke 23.5 usobpaxkén rpaUK IBUKeHUA TYPUCTA.
1) Ha kakoMm paccToAHHUU OT JoMa ObLT TypucT yepesd 10 u mocae Hauya-
JIa IBUMKeHUud?
2) CKOJIBKO BpeMeHH OH IIOTPATHJI HAa OCTAHOBKY?

S, KM A

[
(w13

[
(W !

[ o]

iy
P

Puc. 23.5
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3) Hepes CKOJBKO 4aCOB OCJe BBIX0JAAa TYPUCT OBLII HA PACCTOAHUH 8 KM
oT noma?

4) C KakKoil CKOPOCTBIO LIEJT TYPHUCT A0 OCTAHOBKH?

5) C Kakoii CKOPOCTBIO IIEJI TYPHUCT Hocieguune 2 u?

23.17. KaxkgoMy 4YHCJIY IIOCTABUJIH B COOTBETCTBHE PACCTOSHHE OT TOUYKH,
n3odpaxkaloue 9To YUCJI0 Ha KOOPAUHATHON IIPAMOI, 10 HAYAJIA OTCYe-
Ta. [logcHuTe, mouemMy onucaHHoOe MIPABUJIO ABJseTcsa QPyHKuuei. Haii-
nuTe eé oOsacTb ompeneneHus M oOnacTh 3HavyeHuii, OD0O3HAYUEB BTY
dyurnuio o0ykeoit f, naitgure f(2), f(-5), f(0).

23.18. Paccmorpum yHKIIUIO £, 3aJaHHYIO CJIeIYIONUM IPABUJIOM: KaXKIOMY
OJHO3HAYHOMY HATYpPaJbHOMY YHCJY IIOCTABUJIM B COOTBETCTBUE I10-
caeaH0 nudpy ero KBagpara. Haiagure: 1) obiacTh onpemeneHUs
u obnacts 3HaveHU# pyurnuu; 2) g(7), 2(3), g(1), £(9), g(4).

23.19. PaccMoTpuM npaBuio, mo KoropoMy uuciay 0 craBATCA B COOTBETCTBHE
BCe YETHLIE YHMCya, a yueay 1 — Bce HeuéTHLIe unucia. fBasercsa Jau aTo
IIpaBuiIo QPyHKIUeii?

23.20. PaccMOoTpuM TPaBUJIO, 10 KOTOPOMY KaXKIOMY HATYPAJIBHOMY YHCIY
CTABUTCSH B COOTBETCTBHE CyMMAa LU@P ero AecATUYHOM 3anucu (ogHO-
3HAYHOMY YHCJY COOTBETCTBYET CAMO 3TO YMUCJI0). ABasgeTcs JU 9TO mpa-
B0 (pyHKIMeH? B caydyae yTBepAUTEILHOI'0 OTBETA VKaMKHTE 00JIaCTh
ee 3HaYeHUu .

23.21. [Ipugymaiite dyHKIUIO [, 00JIaCThI0 ONPeeIeHUA KOTOPO# SBJISAETCS
MHOJKECTBO HATYPaJbHBIX YHUCeJ, a 00/1acThI0 3HAYEHUH — MHOMKECTBO
{0, 1, 2}. Haitgure f(7), f(15), /(101).

23.22. PaccMOTPUM TPABUJIO, 10 KOTOPOMY KaxKJIOMY HATYPAJIBHOMY YHCIY
IIOCTABUJIH B COOTBETCTBHE OCTATOK IIPH JeJIeHUHU ero Ha 7. ABisierca nu
ATO mpaBuno (pyHKIUei? B ciayuae yTBepIUTEJLHOIO OTBEeTAa HAWIUTE
o0nacTe onpenesieHUsa U 00JIaCThL 3HAYEHUI 9TOI (PYHKIIHH,

23.23. B Tabnune npuBeaeHbl U3MePEeHUSA TeMIepPATYPhI BO3/IyXa B TeYeHUE
cYTOK uepes Kamabli yacl. ITocTpoiiTe mo aTHM JaHHBIM rpa@HUK H3Me-
HEeHUs TeMIlepaTyphbl.

Bpemsa
CYTOK, 4

Temnel?a- 9 3 1 0|l -2]|-3|-=5|-4|-=21o0 1 4 7
Typa, C

1 B NpHBeJEHHOH TADIHIE 3HAYeHHEe APIVMeHTAa B KaMKJ0oM cJedyiomemM cToabie Ha 1
DoJbIDe 3HAYEHHWA APTYMEHTa B OpeALayIOeM cToxbme. B Takux cayuasdx TOBOPAT, UTO
TabJIHUIa cocTaBJIeHA ¢ wiazom 1.
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Bpems 13 | 14 | 15 |16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24
CYTOK, U

Temmnepa-

rypa, °C 8 9 7 5] 1 3 2 1 0 -2 | -3 | -6

Ilone3yack rpapukoM, HAAUTE, B TedyeHHUEe KaKOro BpeMeHU TeMIlepa-
Typa HOBBIIIAJNACE U B TeUeHUe KAKOr0 BpeMeHU ITOHUKAJACh.

23.24. BenocunegucT BhIeXaJ M3 Joma Ha nporyiaky. CHadamia oH exan 2 4 co
CKOpOCThIO 12 KM/4, IIOTOM OTHOXHYJ 1 4 ¥ BepHYJICA JOMOH CO CKOPO-
cThio 8 KM/4. ITocTpoiiTe rpauk NBUIKEHN BEJIOCHIIEIHUCTA.

23.25. B rabnune npuBeeHsbl faHHbIe 00 YPOBHE BOALI B PeKe 110 OTHOLIEHHIO
K opauHapy (cpeaHeMy YPoBHIO BoAbkl) ¢ 1 mo 15 mas.

IHocTpoiiTe rpaduk M3aMeHeHUA YPOBHA BOJbI B PeKe 3a YKa3aHHBIN I1e-

pHon.
YpoBeHEs BOJHI, ¥YpoBeHE BOJHI, YpoBeHB BOJHI,
Hata oM Hata . HaTta on
1 8 6 20 11 4
2 10 7 18 12 0
3 12 8 14 13 -3
4 15 9 10 14 -5
51 16 10 8 15 —6

23.26. B mauaye HarpeBaHus reMmueparypa okl 0sl1a 6 'C. Bo Bpems Harpe-
BAHUSA TeMIepaTypa BOJbI MOBLIIIANACE KaKAYI0 MUHYTY Ha 2 C.
1) Sanumure GopMyay 3aBUCUMOCTH TeMIepaTrypbkl 1 BOILI OT Bpeme-
HU [ eé HarpeBaHUsd.
2) CocraBbre Tabnuny sHadyeHUil Gpyuknuu 1(f) 3a BpeMs HarpeBaHUHA
or 0 muH no 10 MuH ¢ marom 1 MuH.
3) IlocTpoiiTe Tpad®uK M3MeHEHUA TeMIIePATYPhI BOJbI B 3aBHCHMOCTH
OT U3MEHEHHUs BpeMeHH HarpeBaHUA B TeyeHHe nepBbix 10 MmuH.

23.27. lIpamonuneilHas Jopora OPpoXoAUT MUMO TYpPHUCTHYeCcKoro Jarepsa. Ty-
PHCT, HAXOAACh HA PACCTOAHHU O KM OT Jareps, HA4YaJ JBHUTATHCA IO
ATOU JlopoTe CO CKOPOCThI0 4 KM/4, YIAJNAACH OT Jareps.
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1) Haugure paccrosHue s OT jJareps, Ha KOTOPOM Dy/eT HAXOAUTHCHA TY-
pHCT Yepes [ 4 Iocjie Havajla JBUKEeHUA.
2) BamonHuTe TAOIAIY 3SHAUYCHUIH S.

t,d 0 0,25 0,5 0,75 1 1,25 1,5 1,75 2

S, KM

3) Ilonp3ysack 3amOoMHEHHOH TaOMMIEeHd, MOCTpoiTe rpaduK 3aBHCHUMO-
CTH PacCTOAHHUA [0 Jareps OoT BpeMeHH IBUKeHU.

23.28. B 5KOHOMHWYECKHX HCCJeJ0BAHUAX YACTO MCIIONL3YVIOT KPHUBYIO CIIpoOca.
Kpuesas cnpoca — 3t1o rpad@uk, MoKasblBalOMIN, KaK 3aBUCUT CIIPOC
Ha TOBap OT ero meHbl. B Tabnuine npuBemeHa 3aBUCHMOCTBL CIIpOCa HAa
Kaprodesb B HEKOTOPOM peruoHe (B ThICAYAX TOHH) OT LieHBI 1 KI' Kap-

Todens.
Ilena 1 kr kaprodens, p. 12 14 16 18 20 22
Copoc, TeIC. T 15 12 10 6 4 1

[IpencraBbTe maHHbIE, IIPpUBENEHHBIe B Tadbiuile, rpadgudecku. Coemu-
HUB MOJIYyYeHHbIe TOYKH OTPe3KaMu, IIOCTPOMTe KPUBYIO CIIpOoca Ha Kap-
Todeib.

23.29. B ropoackom coBere COJIHEUHOr'0 ropoja NpPeICTABJIEHEI JBe IIAPTHH:
naprusa 3Haiiku uw naprua Hesuaiiku. Becero B ropojickom cosere
20 mect. B Tabnune nmpuBeieHO KOJHUYECTBO JEIYTATCKUX MECT, MOJIY-
YeHHBIX IMapTHeil 3HAWKHN B TeueHUe & MOocJIielTHUX BbIOOPOB.

Bri6opsl 1 2 3 4 5 6 7 8

KoanuecTBo AdedyTaTob

- 14 12 10 16 18 15 14 10
OT NAPTHU 3HAHUKH

1) CocraBbTe aHANOTHUYHYIO TAOMUIy A napruu HesHallky.

2) B ogHO# cucTeMe KOOPAHHAT IPEACTABLTE NJAHHLIE KA JIOH TaOIHIbI
rpapuuecku. CoeJUHUB IMOJYUYEHHBLIE TOUKH OTPE3KaMHU, IOCTPOMTE
«KpUBLIE IMOMYJISAPHOCTHU» KaxKI0M IMapTUH.

23.30. B baxe Opw10 8 1 Tonnausa. Kamayio MUHYTY B 0aK BIUBaeTcs 4 JI.

1) Banumure 3aBUCHUMOCTb KOJHUYECTBA } JIUTPOB TOILMIMBaA B Dake OT
BpeMeHH X, B TedyeHHUe KOTOPOoro TOIIMBO 3aJIMBAJIOCh B DaK.

2) Haueprure rpacduk nsmeHneHnus y, npunasaa x 3advenusa or 0 go 10.
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3) llonbsysacek rpathurkom, onpenenure:
4) CKOJBKO JUTPOB TOILIMBA OVIeT B Dake yepe3 3 MUH, Yepe3 D MHH;

0) yepes CKOJBKO MUHYT B Oake Oyger 40 a1 Tomnusa.
4) Yepes CKOJIBKO MUHYT OakK OyaeT HANOJHEH, ecli ero éMKocTsb 80 ?
23.31. Ha cknage 6010 100 T yruia. ExxenqaeBHO HA cKaan mpuBos3uiu no 20 T

VIS,
1) BripasuTe (hopMyJioil 3aBUCHUMOCTh KOJHUYECTBA M YIVIA HA CKJIAJE OT

BpeMeHH .
2) HauepTture rpadHK 9TOil 3aBUCHMOCTH.

23.32. Kakoii U3 ganHblX rpaduros (puc. 23.6) HIIIOCTPHPYET 3aBHCHMOCTD
IepeMeHHOH I OT [IepeMeHHOH X, IIPUBEeJIEHHYI0 HUMKe:
1) crouMocTh mpoes3na B aBToOyce BO3pacTaeT Ha O P. Yepes KasKble
10 kM nyTH (¥ KM — [QJIWHA IIYTH, I/ P. — CTOMMOCTH IIpOe3/a);
2) MeTaNIHYeCcKVI0 MNPVKHUHY PACTAHYIM M OTIYCTHIU (X ¢ — Bpemd,

Y CM — JJIMHA NPYIKUHEL);
3) 1neHa KNyOHUKHU HA PhIHKE B TeUeHUEe MaAd — MIOHA (¥ [Hell — BpeMs,

Y p. — 1ena)?

I A Y Lk
e B
U ﬂ
—l
0 x 0 s 0 X
Puc. 23.6 a o B
N

YnpaXXHeHUs ANs NOBTOPEHUA gy m

|23.33. PemuTe ypaBHeHHe:
1)-1,2x+ 7,2 = 0; 3) 3x + 1,56 =-2,5;

2)—%1’—6:0; 4) 6 — 0,5x = 16.

23.34. Pa3iioxuTe HAa MHOMKHUTEJH BhIpaKeHUe:
1) 2022 + 3xy — 15xz — 4yz;
2) 0,027a'2 + b°,

23.35. Hangure Takoe HaMMeHbIllee HATYPAJIbLHOE 3HAUYeHHUE ¢, IPU KOTOPOM
BhIpazkeHue X2 — 4x + 24 NPUHHUMAET IOJ0KHTe/bHble 3HAYEHUs [IPU

J1000M 3HAYEHHH X.
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23.36. (3adaua uz «Teopemuueckozo u npaxmMuuecKkozo Kypca yucmou ma-
memamuxuy» E. Boumsaxoeckozol.) Kanuran Ha BoIpoc, CKOJILKO V He-

o 2 2
ro B KOMaH/e JIOJei, OTBETIL, TO  €ro KOMaH/bL B Kapayie, — — Ha
1
paGore, § — Boasapere u 27 4yeoBeK B HaIUuYuu. Bopoc: CKOJIBKO

YyeJIOBeK ObLJIO B ero RDMB_H,I[E?

s m CnocoObl 3apaHuna dpyHKUMKM

IIpumepsl, paccMOTpeHHLIe B IpeablAylieM naparpadge, IoKasblBaioT,
yTO (PYHKIUIO MOKHO 3a/1aBaTh PasjiMYHbBIMU CIIOCO0aMU.

Dynukyus cuumaemcsi 3a0anHoOll, eciu YKazamvl eé¢ o00aacmv onpe-
denenusi U npasuio, ¢ NOMOWbHIO KOMOPO2ZO MONCHO NO KANCOOMY 3Ha-
YeHUN) HE3ABUCUMOU NEePeMEeHHOU HAUMU 3HAYCHUE 3ABUCUMOU Nepe-
MEHHOU.

Bam He pas npuxoguioch (popMyJaHpoBaTh pasjauyHble npasuia. llo-
CKOJIBKY DYHKIUA — 5TO IIPaBUJIO, TO €€ MOMHO 3a/laTh cJoBaMHU. Tako# cIio-
cob 3agaHuA PYHKIUU HASLIBAIOT ONHCATEILHBIM.

IIpuBeneém HeCKOJBKO IPUMEPOB.

Mpumep 1. IlycTs He3aBUCHMAaA NMepeMeHHAaA IPUHUMAET J00ble 3Ha4Ye-
HUA., JHAYEHUA 3aBUCHMOM MepeMeHHOM HAXOMHUM II0 TAKOMY IIPaBUIIY: Kai-
noe 3HaYEeHUe He3aBUCUMOM MepeMeHHOM YMHOMKHUM Ha [Ba U U3 MOJIYYEeHHOIr0
IIpOU3BeIeHUuA BbluTeM eauHUIy. O4eBUIHO, YTO TAKUM CIOCODOM 3HAYEHUE
3aBHUCUMOM MepeMeHHOH HAaXOMUTCs ofHo3HauHo. ClaenoBaTeIbHO, MBI 32141
HEKOTOPYI0 QYHKIHIO [, 00JIaCTBLIO ONpeesieHUs KOTOPOi ABJSETCS MHOKe-

cTBO Bcex yucen. Hampumep, f(2) =2 - 2 — 1 = 3, f(%):%ﬂ—l:{),
f(-18,4)=-13,4-2-1=-27,8ur. 0. 0

Mpumep 2. IIycTs He3aBUCHMAaA NepeMeHHasA IPUHUMAaeT Jio0ble 3Hade-
Hus, kpome 0. CooTBeTcTByIONIME 3BHAUEHUA 3aBUCUMOM 1 HE3aBUCHMOI Ilepe-
MEHHBIX — B3aMMHO 00paTHBIE YKCIA. 37ech 3ajana GyHKnua f, obaacTs om-
peJieJieHUs KOTOPOil — MHOKeCTBO Beex unces, kpome 0. Hanpumep, f(1)=1;

f(3)=é;f(—%]=—2 UT. 0.

1 E¢um Bofitaxopcknit — poccmitckuit maremarnk-negaror XI1X 8. Ero «Teopernueckmnii
H OPAKTHYECKHH KVPC YHCTOH MATEMATHKH» BRIIEeDIKAN MHOI0 H3JAHHH H B TeYeHHE
40 mer OBLT OMHUM H3 CAMBIX PACTPOCTPAHEHHEIX TOCOOMIT JJIA NIKOJ TOTO BPEeMEeHH.
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PacemorpuMm caMbId pacnipocTpaHeHHBIN cIitocod 3ajaHusd (YyHKIIMKA: 3a-
naHue (PYHKIUK ¢ MMOMOIIbIO (DOPMYJIBI.

Ecau B npumepe 1 He3aBHCHMYVIO MepeMeHHYI0 0003HAYUTHL OVKBOH X,
a 3aBUCUMVYI0 — OYKBOH ¥/, yKasaTh 00s1acTh ope/ie/IeHUs — MHOMeCTBO BCeX
yuces, To popmyna iy = 2x — 1 3a71a€T BBIIIEONUCAHHYIO (QYHKIIHIO.

[TonaTHO, YTO (DYHKIUIO U3 IpUMepa 2 3ajaer dopmyna y = 1 , TIe x —
nwbdoe uucio, kpome 0. *
Jamevyanue. Ecnin pyHKIMA 3agana ¢opmysaoil, npaBas 4YacTh KOTO-
poil — IeJioe BbIpaskeHue, W MIPU 9TOM He YKasaHa obaacThb omnpefiejieHUsA, TO
CYUTAIOT, 4TO 0DJIAaCThbIO OlpejleJlIeHUs TaKoW (PYHKIUK ABJISAETCA MHOMECTBO
BCEX YHCeJ.
x-3 9

Hanpumep, dbopmynsl iy = x2, y = 5 Yy=x

1K, 0DJIACTBIO OINpele/IeHUs KaI0i U3 KOTOPEIX ABIAETCS MHOMKECTBO BCeX
yuceJ.
Ecnu, Hanpumep, GyHKIUA 3anana GopMyJoi i = X3, To roBopsT, 4TO
zaflaHa PYHKIUA i = X°. ]
Ecnu xoraT nogyepkHyTh, 4TO, HAIpuMmep, Gopmyna y =5 —% 3a7aeT
X

HEKOTOpYIo pyHKIuIo f, To mumyr f(x)=5— 3

Ecau xoTAT MOAUYEPKHYTH, 4YTO, HAnpumep, popmyna s = 107 + 2 zagaér
(byHKIIUIO ¢ apryMeHTOM [ U 3aBHCUMOUN IepeMeHHOH S, TO NUINYT S(f) =
= 10z + 2.

Paccmorpum pyHEOUIO [ (x) = x — 222, 06/1aCTHIO ONIpefiesIeHusl KOTOPO

— X + 2 3a7a0T QVHK-

ABIAETCH MHOMKECTBO {—L 0, % 1, 3}. HNmeem:

f(=1)=-3; f(0) = 0; f(%] =0; f(1)=-1; f(8) =-15.

IlonyuyeHnHble pe3yabTaThl 3aHECEM B TAOIHILY.

x 1 0 1
2

S @) -3 0 0 -1 -15

MHuoxeCcTBO BCeX YuCeJl, 3allMCAHHBLIX B IIePBOM CTPOKe BTOM TabJIMIILI,
ABJIsIeTCs 00JacThIO ONpeiesieHUs qaHHoi GyHKuuM /. Tabiauia mo3BosseT Io
VKa3aHHOMY 3HAYEHHUIO apryMeHTa HAWUTU COOTBETCTBVIOIIee 3HaYeHUe QYVHK-
nuu. CiaexosarenbHo, 9Ta Tabauna — emé ogquH crnocob 3aganusa GyHKIUA f.
Ero Ha3piBaoT TAOJIHYHBIM.
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JTOT CIIOCOD }?,E[USHO HCIIOJIB30BATE B TeX ClAVUaAX, KOrIa o0J1aCcTh oIrpe-
JelleHHA QJYHHU,HH nmpengcrasjadgeT coboi MHOMeCTBO, COCTOAlEE U3 HECKOL-
EHX YHCeJlL.

Mpumep 3. Dyuknuusa 3agada popmyoi iy = dx + 2. Haligure sHayenue
ApryMeHTa, IIpyu KOTOPOM 3HaueHHe (PYHKIMUHN paBHO 12.

PeweHue. ITogcraBus B hopmyny iy = ox + 2 BmecTo iy yucyao 12, nomny-
yaeM ypaBHeHHe bx + 2 = 12, oTKkyaa x = 2.

OTteeT: 2. B

MNpumep 4. dyuknua f 3agana TakuMm obOpasom: f(x)=x+ 7, ecaum
x<-1,u f(x) =2, ecnu x > —1. Haiigure 3HaueHuss PyHKIUMU [, COOTBETCT-
ByIolue aprymenram: 1) —2; 2) —-1; 3) 1.

PeweHue. 1) Tak kak —2 < —1, To 3HaYeHHE (PYHKIUH BLIYHUCIAETCA 10
opmyie f(x) =x + 7. CnegoBarennHo, f(-2)=-2+ 7 =5.

2) Tak kak -1 < -1, To f(-1) =-1 + 7 = 6.

3) Tak kax 1 > -1, To (1) = 2.

s saganuda faHHOM (PYHKIUK MCIIOJAL3VIOT (DOPMY 3aIllHCH ¢ IOMOIIbIO
(hburypHoil cKOOKH:

¥+ T,ecnmuxy < —1

f(x)={ ‘.

2, ecaun x > —1.

Mpumep 5. @ynrknuu 3anane! hopmynamu y =4x+ 1 uy=2x - 7. Ilpu
KAaKOM 3HAYEHHH apryMeHTAa 9TH (DYHKINH IPUHUMAIOT PABHEIE 3HAUYEHHA 7

PeweHune. UToOkI HAMITH HCKOMOE 3HAUEHHEe apI'YMeHTa, PellliM ypaBHe-
Hue 4x + 1 =2x — 7.

HNmeent:

4y — 2x=-T7 - 1;
x =—4.
OTBeT: npu x =—4. W

? 1. Y710 Hapo ykasaTb, YTOObI BYHKUUA cYMTanacb 3afaHHOM?
2. Kakne cnocobbl 3agaHna dyHKUUK Bbl 3HaeTe?

- O
® YnpaHeHV g puumm

24.1. IIpounraiiTe ClIeIVIOUIYIO 3alIUChL, VKAMKUTE APryMeHT (PYHKI[UHU U 3aBU-
CUMYIO IIepeMeHHVIO!

1) s(2) = 70¢; 3) V(a) = a%
2) y(x) = -2x + 4; 4) f(x) = x% - 4.

24.2. Oyuknua sagana opmysoit y = 10x + 1. Haltigure sHayenue iy, ecyiu:
1) x=-1; 2) x=3; 3) x:—%; 4)x=1.
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24.3.

24.4.

24.5.

24.6.

@yHKIUA 3agaHa hopmyaoil iy = x% — 3. Haiigure sHaueHue iy, ecm:
1) x = 5; 3)x=0,1;
2) x =—4; 4)x=0.

DOyHKIMUA 3a7aHa QOPMYJION I = — % x + 2. Haiimure:

1) sHaueHus QPYVHKIUH AJA 3HAYEHHH apryMeHTa, paBHbIxX 12; 6; —6; 0;
1; 2; —4; -3;
2) 3HaUeHHEe apryMeHTAa, IPHU KOTOPOM 3HAUeHHe (PYHKIHUU PABHO:

a) 4; 0) 3; B) 0; r)—1.
DyuKIUa 3aJaHa popmyJioi f(x) = 3 — 4x. BepHo Jiu paBeHCTBO:
DfeD=-5 B /(3)-n /@=L 9/D=T2

DyuKIuA 3agana popmyaoi f(x) = 2x — 1.
1) Hﬂf[,H,HTE f(3)! f{_4): f{o}r f[_O!S): f{3!2)'

2) Haiigure 3HaueHue x, nmpu rKoropom f(x) = 7, f(x) = -9, f(x) =0,

f(x)=-2,4.

3) BepHo su pasenctso: f(5) =9, /(0,3)=0,4, f(-3) =-7?

24.7. Oyurnua 3agana popmyaoi y = x(x + 8). 3anonaure Tabiuny.
x -3 -2 -1 0 1 2 3
Y
24.8. Oyuxnua 3aja"a GopMmyaou y = —gx. 3amnoJHHTEe TadIuIy.
X -9 —6 -3 -2 -1 0 1 2 3 6
Y
24.9. KaxgoMy 4YMCIy M3 MHOKECTBA HATYPAJbHBIX YKMCEJ, KOTOPbie 00Jb-

nie 10 u mensmie 20, mocTaBUIH B COOTBETCTBHE OCTATOK HPH JeJeHUH
ATOro uucsaa Ha 6.

1) Kakum crrocobom 3amaHa aTa QyHKIUA?

2) Kakosa o0JiacTh 3HAYEHHIT 9TOH (DYHKIIHI?

3) BapgaiiTe 3Ty (PYHKIIUIO TAOJHUYHLIM CIIOCODOM.

24.10. ObnacTh onpeie/leHUS HEeKOTOPOl (hYHKIIMH — MHOMKECTBO OJHO3HAY-

HEBEIX HATYPAJIbHBIX YHCEJI, 4 3HaYeHUA (PyHKIUH B 2 pasa DoJbIlle cOOT-
BETCTBYIOIIUX 3HAYEHUIN apryMeHTa.

1) Kakum crmocoboM 3ajaHa aTa GVHKIHAA?

2) BapaiitTe 3Ty QYVHKIHIO (hopMYJI0H U TaOJHMYHBIM cIOCODOM.
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24.11. 3apaiite (hopmynoil PYHKIUI, €CJIH 3HAYCHUA (DYHKI[MH:
1) OpOTUBOIIOJIOMHEI COOTBETCTBYIOMIMM 3HAUEHUAM apryMeHTa;
2) paBHBI YTPOEHHLIM COOTBETCTBYIOI[UM 3HAUEHHUAM apryMeHTa;
3) Ha 4 OoJbllle KBAJAPATOB COOTBETCTBYIOIIHUX 3HAYEHUH apryMeHTa.
24.12. 3agaiiTe hopMya0oi PYHKINIO, €CJIH 3HAUCHUA PVHKI[UH:
1) Ha 3 MeHbIIe COOTBETCTBYIONIEr0 3HAYEHUA apryMeHTa;
2) Ha 5 OoJblile YIBOEHHOI'0 3HAYEHUSA COOTBETCTBYIOIIETr0 apryMeHTa.
24.13. CocraBbTe TabIUNY 3HAYEHUN GQYHKIMH, 3agaHHON GopmMyaoil
y =x% + 2x, roe -1 < x < 3, ¢ marom 0,5.
24.14. CocraBbTe TabIUIY B3HAUEHHUHN QYHKIMHK, 3agaHHON GQopMyaoi
y=x%-1, e -3 < x < 2, ¢ marom 1.
24.15. ©yuknusa 3agana popmyston y = 0,2x — 5. 3anosauTe TabiHIly COOT-
BETCTBYIOLIUX 3HAYEHUH X U Y.

X 4 -1,5 -3

Y 2 -1,4

24.16. [lana ¢pyurnusa y = 8 — % X. 3amoJHUTE TabIuIy.

X 14 -1,4

Y 0 9

24.17. [ane! pysrun g(x) = ? -3 u h(x)=8 - 3x. Cpasuure:

1) g(1) u £(1); 2) g(5) u h(2); 3) g(-2) u h(6).
—2x+1, ecsoiut x < -2,
24.18. Jlana pyuxuus [(x) =4 x2, ecan —2 < x < 3,
6, ecau x = 3.
Haiinure: 1) /(-3); 2) /(=2); 3) /(2); 4) /(3); 5) f(2,9); 6) /(8,1).
X, ecaimi —3 < x =1,

24.19. [lana pyaknus f(x)=42x -1, eciim 1 < x < 2,
x2 -2 ecau2< x <3,

CocraBbTe TabMUNY B3HAUeHHUN (PYVHKIHHA IJA IEJbIX 3HaAaYeHHUII ap-
r'yMeHTa.
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—-2x +4, eciux >0,
24.20. Haiinure 3HaueHUus GpyHKIUH ¥ =

COOTBETCTBY-
0.1x -5, ectu x <0, Y
I0IIHe apryMeHTaM:
1) 3; 2) 0,001; 3) 0; 4) -8.
24.21. OyHKIUSA 3alaHa ¢ IOMOIIbLI0 TAOIUIIbI.
X 2 4 6 3
Y 5 7 9 11

1) Kakue uuciia cOCTABJIAKT 00JIACTH OIpPeeeHHus 3TOH (PYHKITUM?
2) BapaiiTe 3Ty (DYHKIIUIO OIMMKCATENBHO U (DOPMY.JIOM.
24.22. ODyHKIUS 3alaHA ¢ IOMOIILIO TAOIUIILI.

X 1 3 5] 7 9

Y 0,5 1,5 2,9 3,9 4,5

1) Kakue upciia cOCTABIAIOT 00J1aCTh OoNpeleNeHHA aToN GpyHKImn?
2) BapgaiiTe 3Ty GYHKIIAIO OIMIKCATEIEHO U (DOPMYJIOH.

24.23. Or KBagpaTHOrO JucTa KapToHa pasmepoMm 40 X 40 cm oTpesanu moJjo-
CKY IIUPUHOMK X cM (puc. 24.1). Sanumure GopMyiy, 3aJal0yio GyHK-
IIHOHANBHYIO 3aBUCHMOCTS ILJIOIIAAH S OCcTaBIIeHCA I0JOCEl KAPTOHA OT
x. Haiigure o6acTh onpegeieHUA 9TOH (DYHKIHH.

24.24. B yriax KBaJpaTHOTro JHUCTa KecTH pasMepoMm 1 X 1 M BeIpesasin KBaj-
paTsl co CTOPOHOH X cM (puc. 24.2) U U3 MOJVYEHHOH 3arOTOBKM COTHY-
JU KOpoOKYy B (hopMe NpAMOYIOJBHOTO Iapajuieseluiiesa. SanuiinuTe

B
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40 em |
]
" &
I
| 5
1 =
| -
1
1
! ¥
X CM |
[ I Ell
| &
X I :i‘: "
X CM

Puc. 24.1
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opmMmyay, 3aa0IY0 (YHKIMOHAJIBHYIO 3aBUCUMOCTE 00beMa V KopoDb-
k1 oT x. Hafigure obsacTh onpeaeieHUA 9TOH PYVHKIHHA.

24.25. Jlana yuxnus [ (x) = 3. Bagaiite popmyroil GyHKIMIO, BCe 3HAUCHUS
KOTOPOM MIPH TeX Ke 3HAUeHUSAX apryMeHTa:
1) ua 7 Gousbllle 3HAUEHU QYHKIHHU [
2) paBHBI KyOy 3HAYEHUIT QYyHKIUH [,

24.26. @yaxknuu 3afaHel popmynamu y = x2 — 8x u y = 4 — 8x. IIpu Karux
3HAYEHUSAX apryMeHTa 3TH (PYHKIUH IPUHUMAIOT paBHLIe 3HAYEHU S ?

24.27. ®yuknua sagana dopmysoi f(x) = 3x + 5. IIpy KakoM 3HAUEHUH X
3HaYeHHe (PYHKIMU PABHO 3HAYEHHIO aprymeHTa?

24.28. Oyuknusa 3agana gopmynoi y = x° + 2x — 1. IIpu KaKuX 3HAYEHUAX X
3HaYeHHUEe (PYHKIMHU PABHO VIBOEHHOMY 3HAYEeHUIO apryMmeHTa?

24.29. IIpugymaiiTe Kakyo-HUOYAb QYHKIHIO f, 006JIaCThIO OMpPEJeJeHUA KO-
TOPON ABJAETCS MHOMKeCTBO HATYpaJIbHBIX Yuces], a o0jacThio 3Haye-

Huit — mHOMkecTBO {0, 1, 2, 3}. Haiigure /(9), /(18), /(39), /(1000).

N
YnpamHeHuVs ONA NOBTOPEHUA gy m

24.30. Kakoe u3 cleyIOIIUX YpaBHEHHII: a) MMeeT OJHH KOpeHb; 0) mMeeT
IBA KOPHA; B) UMeeT DECKOHEYHO MHOT'0O KOPHeM; I') He UMeeT HH OJHOI0
KOPHS:

1) 3,4(1 +3x)—1,2=2(1,1 + 5,1x);
2) 2x-1|=17,3;
3)3(|lx-1|-6)+21=0;

4) 0,2(7 - 2x) = 2,3 - 0,3(x — 6)?

24.31. Jlausl TPH 4YHCIa, U3 KOTOPLIX Kaxaoe cieayioulee Ha 10 dojbiile mpe-
neiayuiero. Haiigure sTH uwMcia, ecld NpPoU3BelleHUe HAMOOJIBIIEro
U cpexHero u3 HuUX Ha 320 0oJibllle NpoON3BedeHHU A HAUOOJBIIEro U HAU-
MEHBIITero U3 9TUX YHUCel.

24.32. Jloxa:xkure, 4To ecian a + ¢ = 2b, to a® + 8bc = (2b + c)>.
2
24.33. M3BeCcTHO, UTO X + Y = %, Yy +z=—-a,x+z=1. [lokaxure, 4TO BbIpa-

JHeHHe X + If + z IPHHUMaeT TOJBKO HeOTpHIIaATeJIbHbIEe 3HAYEeHHUA.

s E pPachmk pyHKUMN

Paccmorpum QyHKIuo i = x2 — 4x, rme —1 < x < 4, 1. e. 06J1aCTHIO OlIpe-
neJeHnA 9TOH (PYHKIIUHA ABJAETCA MHOMKECTBO BCeX UHCeJ 0T —1 10 4 BKJIKYHU-
TesibHO. CocTaBUM TAOJMHIY 3HAYEHHHA 3TOH (MYHKIHH IIPH LeJblX 3HAUYEHUAX
apryMeHTa.
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y 5 0 -3 -4 -3 0

PaccmorpuM mapsl 4YMces, 3amd-
CaHHBIE B KayJIOM CTOJIOIle 2TOi Tabau- 7h
I[bl, KAK KOOPAUHATEL (X; I/) TOUEK Koop-
OTUHATHOU miockocTH. IIpu sTom 3Haue-
HHe apryMeHra sABJsercsa abcruccoil
TOYKH, a4 COOTBETCTBYIOIIee 3HAUYEHUE
(bVHEKIUN — e€é OPAMHATOIM.

JTH TOYKH HM300paxeHbl HA PUCYH-
Ke 25.1. ol x

QueBuaHO, 4YTO, OpHAAaBad apry-
MEHTY JApyrue sHadyeHUs (OTIHUYHBIE OT
IeJbIX) M3 00JIaCTH OIpeleleHUs W Ha-
XO/I1 COOTBETCTBYIOIIME 3HAUYeHU A PYHK-
IUH, MOXKHO OTMETUTh BCE OOJbIllle U
DoJbllle TOUEK HA KOOPJAHHATHOMH ILIOCKO-

'-I.

|
cru (puc. 25.2, 25.3). Puc. 25.1
74 7i
1 I
Puc. 25.2 r Puc. 25.3

MuoxecTBO TOYeK KOOPAWUHATHON MNJOCKOCTH, KOTOPBIE MOMKHO OTMEe-
THUTh, JeHCTBYA TaKHM crnocobomM, odpasyeT rpacHuK pyHKIMH,
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susp Onpepenenme
Npacdukom pyHKUMM [ Ha3bIBAIOT reoMeTpUUecKyio Urypy, cocrosiulyio us
BCEX TeX U TONbKO TeX TOYeK KOOpAWHATHOM nnockocty, abcumccbl KoTo-
pPbIX paBHbI 3HAYEHUAM aprymMeHTa, a opAuHaTbhl — COOTBETCTBYIOLWWUM 3Ha-
YeHuam pyHkuum f.

OueBHIHO, YTO OIIMCAHHBIN METOJ NOCTPOeHUsA rpadura (GpyHKIHHU
y = x2 — 4x Ha IPAKTUKE Pean30BaTh HEBO3MOXKHO. BeJlb TOUeK, KOTOpEIEe cJIe-
nOBaja0 Obl OTMETUThL, OeCKOHEUHO MHOro. OIHAKO €CJH OTMEeTHThL JOCTATOUHO
MHOI'0 TOYeK, a 3aTeM COeJUHHUTh MX IJIABHOW JIMHUEM, TO IMOJYYeHHASd KPH-
BadA (puc. 25.4) OymeT TeM MeHBIIe OTIHYATLCA OT MCKOMOTIO rpadmuka, 4yem
DOJIbIIIE TOYEK Mbl OTMETIM.

IlockonbKky onuMcaHHBIE MeTO[ IIOCTpoeHUA rpadura PyHKIUHA TpedyerT
3HAYUTENbHOI TeXHUYEeCKOM paboThl, TO CYIIECTBEHHYIO €€ YACTh MOYKET B3ATh
Ha cebsa koMmnbioTep. B HacTosInee BpeMs CyIIecTBYeT MHOI0 OpoOrpaMM,
npeaHA3HAUEHHBIX [JIA IMOCTpOoeHUs rpaduroB. Tak, Ha sKpaHe MOHHTOpPA
(puc. 25.5) uzobpaxén rpapur GyHrnuu y =13, roe -2 < x < 2.

e e Bpe Freene Nooss
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\ / |
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-‘-!:I ;!;‘ﬂ :Qw A N o AR i e e frer e =it L
||
Puc. 25.4 Puc. 25.5

IlogueprkHéM, 4TO ecJiM Karas-To ¢uUrypa spasgercs rpadpuroM QyHK-
U¥ f, TO BLINOJHAKOTCA ABA YCAOBUA:

1) ecnu x, — nexkomopoe snauwenue apeymenma, a f(x,) — coomsem-
cmeyiowee snavenue Gynkuuu, mo mouxa ¢ xoopdunamamu (x, [(x,))
obsi3amenvio npuHadiencum zpaduxy;
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2) ecau (x, Y,) — Koopoumamvl NPou3BOIbHO EblOPANHOU MOUKU
zpagpuxa, mo xX,u i, — COOMEBEMCMBYIOUUE SHAUCHUL HEIABUCUMOU U 30~
suUCUMOU nepemennvlx pynxyuu f, m. e. y, = f(x,).

I'padburom (pyHKIMH He 00A3aTe/IbHO ABIsgeTcda JuHHA. Ha pucys-
Ke 25.6 n3obpakén rpadpur GyHKIIMHE, 3agaHHON TabauIe.

X 1 -2

Y 3 9

OH COCTOUT M3 IBYX TOYEK.

PaccmoTpum npumep nocrpoeHus rpaduka GyHKIIMK, 3aJJaHHOM OIUCca-
TeJBbHO.

Obnactes onpeneneHUA MaHHOW (DYHKIMM — MHOMKECTBO BCEX 4YHCell.
Insa Kaxaoro MOoJIOKHUTEILHONO apryMeHTa sHaueHHe QYHKIUM paBHo 1; mis
KaKJI0r0 OTPUIATEILHOT0 APIrYMEeHTa 3HaUueHue (PYHKIUU paBHO —1; ecau ap-
ryYMEeHT paBeH HYJI0, TO 3HaYeHUe (PYHKIUH PaBHO HYJIIO.

I'pathur sToil GVHKIHH H300pakéH Ha pucyHKe 25.7. OH coCTOMT M3
Tpéx yactei: Touku O (0; 0) m ABYX JIydei, Vv KaiKJ0ro U3 KOTOPBIX «BBIKOJIO-
TO» Ha4aJo.

He Bcarasa ¢urypa, nzobpaskéHHas HAa KOOPAWMHATHOM IJIOCKOCTH, MO-
AHeT ABAAThCA rpadukoM (GyHEIMU. Hanpumep, oKpy:KHOCTH HE MOMKET SB-
NAThCA rpa@uKoM (PYHKIUH. 3aech 10 3aJJaHHOMY 3HAYEHHWIO IIePeMeHHOH X
He BCerga OJHO3HAYHO HAXONUTCSH 3HAYEHUE IlepeMeHHOoH y (puc. 25.8).

77
7R 7k 211770 | I\
[ 3
1
1 _ \ /
0 X Y, ____\ _ﬂ_,/
- 1
0 ] X - .
0 X X
Puc. 25.6 r Puc 25.7 » Puc. 25.8

durypa, usobpakéHHad HAa KOOPAMHATHON ILIOCKOCTH, MOKET ABIATh-
cA rpaukoM (MYVHKIIMHA, ecaH Jobasd npAMas, NepHeHIUKYyJIApHas ocH abc-
[cc, UMEeT ¢ 3TOM (hurypoil He 6osiee ogHOIT 0O TOYKH.
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Ilyere X' — muHOMKecTBO abciucce Todyek Takou (urypel. MoxHo roso-
PHUTHL, 4TO aTa (purypa s3ajgaétT GyHKIHUIO ¢ obaacThio oupenenenna X. Takoi
criocod 3agaHus GYHKIIMK Ha3blBalOT rpaduyecKum.

Ecau pyHknusa f 3aganHa rpa@uuecKku, To 3HAYEHUE QYHKIUU 110 3aLaH-
HOMY 3HAUEHHUIO X, API'YMEHTa MOKHO HAWUTHU I10 CJIeAyIONleMy IMIPaBUIY: Yepes
TOUKY (X,; 0) mpoBecTu NpAMYyI0, MepPHEHAUKYIAPHYI0 ocu abcuuce, a 3aTeMm
HAUTH OPAUHATY TOUYKMU IepecedyeHUs 3TOM npamMoi ¢ rpadpurkom. Hailinenunasa
opauHara pasHa f(x,) (puc. 25.9).

HA
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2
Puc. 25.9 .Pnc. 25.10

Pucynok, cxema, dororpapusi kakoro-to od0beKTa UM OpPOLEecca TAaioT
0 HEM HAIJIAJHOE mpejcraBieHue. Ty JKe pojib UrpaeT AJsd (PYHKIHU eé rpa-
(puk. Mayuasa rpadpuk GyHKIHU, H300paKEHHBIN Ha pucyHke 25.10, MoxKHO,
HaIlpuMep, HANTH:

1) obnacte onpeneneHuss (PYHKIUHU: MHOMKECTBO UUCEJ] X TAKHUX, UTO
-3 < x < 6;

2) obsacTy 3HAYEHHN (MYHKIUH: MHOMKECTBO YHUCEJ }/ TAKUX, YTO
-2 y< 4

3) 3HaYeHUsA apryMeHTa, IPH KOTOPBLIX 3HAYeHHe (DYHKIIUU pPaBHO HY-
M0 X =—8 Wi X = 13

4) 3HaYeHUs ApryMeHTa, IIPU KOTOPBIX (DVHKIUA MPUHUMAET ITOJIOMKU-
TeJIbHbIe 3HAYEHUSA: MHOMKECTBO YMCeJ X Takux, uto 1 < x < 6;

D) 3HAUEHUS APryMeHTa, IIPH KOTOPBIX (DYHKIUA IIPUHHMAET OTPHIA-
TeJIbHbIe 3HAYEHUS: MHOMKECTBO YMCeJ X TaKux, uTo —3 < x < 1.

I[Tocne m3yuyeHuss MaTepuasia aToro maparpada CTaHOBUTCHA MOHATHO,
II04YeMy B TeXHHKe, MeJUIMHe, 9KOHOMHKEe U MHOTHX IPYrux cdepax dejose-
YecKOU MeATEeNbHOCTH TAK IIHUPOKO MCIOJb3YIOTCA KOMIILIOTEpPHBIE IIPOTrpaM-
MBI, KOTOpbIE IMO3BOJIAIT CTPOUTH IpadUKH PA3JUYHBIX (PYHKIHMOHAJIbHBIX
3aBUCHUMOCTEM.
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lpymep 1. lIpuragne:xuT au rpadury QYHKIIUH, 3alaHHON (DOPMYJIOH
y=x—6, roura: 1) A (8; 2); 2) B (2; 4)?

PeweHwne. Yro0b! yCTAHOBUTH, IPHUHAJIEKUAT JH TOYKA rpadUKy QyHK-
UK, HaleéM 3HaueHWe (PYHKIUU OPU 3HAYEeHUM apryMeHTa, paBHOM abciuc-
ce maHHO# ToukKM. Eciu sHaveHue (PYHKIUM OyIeT PABHO OpPAHHATE NAHHOI
TOYKH, TO TOUKA OPUHAMJIEKUT rpadHUKy, B IPOTUBHOM CJyuyae — He IIPHUHAJ-
JI@KUT.

1) Ilpu x = 8 umeem y = 8 — 6 = 2. CiegoBaresibHO, TOYKA A NpuHAaATIe-
AT rpadUKy JaHHON QYHKI[HH.

2) IIpu x = 2 umeem iy = 2 — 6 = -4 # 4. 3gauur, Toyka B He npuHaIIe-
KUAT rpa@ury GyHKIuu iy = x — 6. |

Mpumep 2. He BLINOJHASA IOCTPOEHUA, HANIUTE KOOPAUHATHLI TOUEK IIe-
peceueHHs rpapuka QyHKIUU i = x2 — 4 ¢ 0CAMHU KOOPIUHAT.

PeweHue. Touka npuHaie:xuT ocu abcuuce Tornga U TOJbKO TOrga, Ko-
raa eé opauHaTa paBHa HyJwo. [losTomMy njisi HAXOMKJIEHUA KOOPAUHAT TOUYKH
nepecedyeHus rpa(puKa NJaHHOW (PYHKIMHM C OCbI0 abCIHCcC HAN0 PeNIHuTh YpaB-
HeHue X2 — 4 = 0. Yuena —2 u 2 apasiores ero kopasamu. CleoBaTelbHO, I'pa-
(UK maHHOH (PYHKIIMM MMeeT ¢ ocbio abcmmcce aBe obmme Toukm: A (2; 0)
n B (-2; 0).

Touyka NpUHALIEHKUT OCH OPIUHAT TOrAAa M TOJBLKO TOT/a, Korma eé adc-
mucca pasHa HyJo. [loaTomMy asna HaXoMKIeHUA KOOPAWHAT TOYKHU Iepecede-
HUA rpadpukra QYHKIIUHU ¢ OCBI OPAMHAT Ha/l0 HAUTH 3HAYEHUE JaHHOHU (PYHK-
nuu npu x = 0. Umeem iy = —4. CnenoBarensHo, rpaduk GyHKIUYN IIepeceKaeT
ock opauHat B Touke C (0; —4). m

Mpumep 3. dyuknusa f, 06J1aCThIO ONPeIeJeHUS KOTOPOM ABISIOTCA BCE
yucJia, odiamaer caelyOMUMU cBoiictBaMu. s mwoboro x:

1) f(x) — mesoe 4ucIO;

2) f(x) < x3

3) f(x) >x -1,

Haiigure f(3,2), f(5), f(—3,2). Haiigure obnacTs 3Ha4eHU QyHKIUHA [
ITocTpoiiTe eé rpaduk.

PeweHwue. 113 cBoiicTB 1-3 cienyer, 4To PYHKIUA / — 3TO MPABUJIO, II0
KOTOPOMY KaMKJAOMY YHUCJIY X CTABHUTCH B COOTBETCTBHEe HaWboJIbIIee IeJioe
uKcyio, He npeBocxogsiiee x. Orcioga, nanpumep, f(3,2) = 3, f(-3,2) = —4.
ITousaruo, uro f(5) = 5, f(-2) = -2, f(0) = 0. Boobuie, ajsa a0bOro 1eIoro
qyucJIa ¢ HMeeT MecTo paBeHCTBO f(c¢) = ¢. W3 aroro ciaexyer, 4To 00JIACTHIO
3HAYCHUI (DYHKIUU [ ABJIAIOTCA BCe IEeJbIe YHNCa.

ITocTpoum rpacduk pyHKmuu /.

ITycrs 0 < x < 1, Torma f(x) = 0.
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[Tycrs 1 < x < 2, Torga f(x) = 1.
IIyers 2 < x < 3, Torma f(x) = 2. rY
IIycers -1 < x < 0, Torga f(x) =-1. 4
ITyers -2 < x < -1, Torma f(x) = -2.
Boobe, ecitu m < x < m+ 1, rne m — 1ie- 1
J0e 4Hucyo, To f(x) = m. A\ -
Ipadbuk GyHKIUN / ©300pakéH HA PUCYH- O 1 *
Ke 25.11.
s aToll PYHKIUU HUCOOJIB3YVIOT 0003HA-
genue f(x) = [x]. Banuck [x] uuTaoT: «Ueaaq -
4acTh YHcaa X». B Puc. 25.11

Mpumep 4. HMssecrtHo, uro Touka A (X,; Y,) NPUHALIEKHUT TIpadUKy

byurnuu y = f(x). Hokaxure, uto Touka B (x, — 5; y,) npuHALTEKUAT TPadu-
Ky QyHRIuH i = f(x + 5).

PeweHune. Tak kax Tourka A (x,; y,) IpuHALIEKUT IrPpadUKy PyHKIMN

y = f(x), To 3BHAUEeHHE DTOI PYHKIUH IIPUA X = X, PABHO ¥, T. €. f(:rﬂ} =Y,

Haiiném smavenue GyHKmuu y = f(x + 5) opu x = x, — 5. Hmeem:

f@y =5+ 5) = f(x,) = .

Orciona monyuaem, uto Touka B (x, — 5; y,) HNpUHALIEKUT IpaduKy

byuxnuu iy = f(x + 5). W

D

1. Yto Ha3blBalOT rpaukom pyHKLMK?

2. Kakne aBa ycnoBuA OONXKHbI BbIMONAHATLCA, YTODLI purypa boina rpapu-
KoM yHKUMM f?

. MoxeT nu rpadpmk dyHKUMN COCTOATbL U3 OOQHOW TOYKMK?

. Bcakas nu gpurypa moxert ABNATLCA rpaprukom MyHKUMA?

.Mpueegnte npumep Gurypbl, KOTOpas He MOXET ABNATLCA rparKom
DYHKLUUN.

6. CKONbKO OBLMX TOUEK MOXET UMeTb ¢ rpadukom byHKUMK niobas npa-

Maf, nepneHAuKynapHasa ock abcuncc?

Vi & Ww

. N
® YNpaXHEHVA g ueew .
25.1. ITonb3ysack rpadpukoM GyHKOUU y = f(x), n300paKEHHLIM HA DPHUCYH-

ke 25.12, zamonuauTe TabIHUIY.

-2 -1 0 1 2 3 4 3] 6

/@)
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L~

=Y

Puc. 25.12

25.2. Ha pucyuke 25.13 usoOpaxéHn rpadur Hekoropoili pyHEIuH. [Tonssy-
sch rpauKoM, HaUIUTE:
1) snauenue y, ecnu x = —3,9; —1,5; 2; 4;
2) 3HaueHUdA X, KOTOPBIM COOTBETCTBYIOT 3HaYeHU:A iy = —3; —1,5; 2;

Y
4

Bo

Bo

W

Puc. 25.13
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25.3.

J) 3HAUYEeHUSA apryMeHTa, IPU KOTOPLIX 3HAYeHUe (PYHKIIMU PABHO HYJIIO;
4) obiacTh onpege/ieHUA U 00JIacTh 3HAYEHUHN (DYHKIINH;

D) 3HAUYEHUSA APIYMEHTA, HPH KOTOPBIX 3HAYEHUSA (DYHKIIUU ITOJIOHH-
TeJbHBbIE;

6) sHAUeHUS aApryMeHTa, MNPH KOTOPLIX 3HAYEHHA (PYHKIHUKU OTPHIA-
TeJILHbIE.

Ha pucynke 25.14 uzobpaxkén rpapur ¢pyurnuu y = /(x). Ilonbaysach
rpad@uKoM, HAMgUTE:

1) f[_4)s f{—2,5], f(055}! f(Z},

2) 3HaueHus X, Npu KOTopbeixX f(x) = 2,5; f(x)=1; f(x)=0;

3) obiacTh onpege/ieHUA U 00JIacTh 3HAYEHUH (DYHKIINH;

4) 3HAYeHHs apryMeHTa, IIPH KOTOPBIX 3HAYEHHUA (YHKIHUH IIOJIOHH-
TeJbHBIE;

D) 3HAUEHUS APryMeHTa, IIPH KOTOPLIX 3HAUEHUA (PYHKIMH OTPHUIIA-
TeJILHbIE.

YA
4

Qo

Bo

[

Puc. 25.14

25.4.

25.5.

25.6.
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[IpuHamIeRkuT 11 rpa@uky GyHKIUM i = X2 + 2 TOUKAa:

1) A (05 2); 2) B (-1; 1); 3) C (-2; 6); 4) D (-3; -7)?
HazoBuTe KoOpAUHATHI HECKOJIBKUX TOYEK, NPUHAHJeRKANUX I'paduKy
(pyHKIIUMU:

1)y =Tx - 4; 2)y=x%+1; y=4-|x|
IIpurannesxur au rpapury GyHKIUNA ¥y = —% TOYKA:
1) A (9; -3); 2) B (6; 2); 3) C(-1; 3); 4) D (-12; 4)?



25.7. Kaxkue u3 puUryp, u3odpaxeéHHBIX HAa PHCYHKe 25.15, MoryT OBITH rpa-
huxoM QyHKIHNA?

i A
0 X I Q Y
a r
Puc. 25.15

25.8. Kaxkue u3 ¢puryp, us3odpaxeéHHBIX Ha pHCcYHKe 25.16, MoryT ObITH rpa-
huxoM QyHKIHNA?

Puc. 25.16

25.9. Ha kaxkom u3 pucyHEKOB (puc. 25.17) 3agana GVHKIHOHAJIbHASA 3aBUCH-
MOCTD:
1) nepeMeHHO# i OT MepeMeHHOH X;
2) nepeMeHHOM X OT IepeMeHHOH Y;
3) mepeMeHHOM i/ OT IepeMeHHOH X U IIepeMeHHOl X OT nmepeMeHHOH y?

N A
'U'-/;r Q_/l 0 X /U x

Puc. 25.17
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25.10. I'padpukom HeKoTOpOH (MYHKUUM sABIsercA jJomanas ABCD c Bepuu-
Hamu B Toukax A (—3; 6), B (-1; 2), C (3; -2), D (9; 0).
1) ITocTpoiiTe rpaduk JaHHON (QYHKIIHH.
2) Haiinure 3HayeHue (DYHKIUU, €CJU 3HAUEHHE apryMeHTa paBHO: —2;
0; 2; 6.
3) Haiinure 3HayeHHMe apryMeHTa, HIPH KOTOPOM 3HAYeHHe (PVHKIUH
pasHo: 1; —1; 0.

25.11. Mo:xxet nu tomanasa ABC 0bITh rpadUKOM HEKOTOPOH (DYHKIMH, €CJIH:
1) A (-4; -1), B (1; 2), C (2; 4);
2)A (-4;-1), B (1; 2), C (1; 3)?

25.12. 'pacdhukoM HeKOTOpOH (GYHKIUMN ABIderca JgomaHaa MKE, rne
M (-4; 1), K (2; 4), E (5; -2).
1) ITocTpoiiTe rpaduk JaHHOH QYHKIIHH,
2) Haiinure 3HayeHHue (DYHKIUU, €CJU 3HAUEHHEe apryMeHTa paBHO: —2;
0; 3.
3) Haiinure 3nayenue x, npu koropoMm y = —2; 0; 2.

25.13. ®yuknusa 3agaga Gopmysoit iy = x% — 1, e -2 < x < 3.
1) CocraBbTe TAONMUIY 3HAYEHHUH (PYHKIUHU C marom 1.
2) IlocrpoiiTe rpaduk PYHKIUU, IIOJAB3YACH COCTABJIEHHON TADIUIICH.
3) Iloawp3ysacek rpapukoM, HaliguTe, NPH KaKHMX 3HAYEHHAX apryMeHTA
3HAYeHUA PYHKIIUU MeHbllle HYJIA U IIPU KAaKUX — OoJIbllle HYJIA.
4) Ilonpayack rpadpuxkoM QVHKIHH, VKaKATe ob0jlacTh 3HaYeHHH
(DYHKIUHA.

25.14. ®yuknusa 3agana popmysoi iy =4 — x2, rne -3 < x < 2.
1) CocraBbTe TaONMUIY 3HAYEHHUH (PYHKIUH ¢ marom 1.
2) ITocTpoiiTe rpaduk MYHKIIUH, I0JB3YACHE COCTABIEHHOI Ta0MHIe.
3) Ilonwaysick rpadukoM, HAIUTEe, IPU KAKHUX 3HAUEHUSAX apryMeHTAa
3HAYeHUA (PYHKIIUY MeHbIIe HYJISA U IIPY KAKUX — 0oJibllle HYJIA.
4) Ilonp3ysack rpaduKoM (QVHKIHNH, VKaXHUTe 00JacTh 3HAUYEHHH
DYHEIAH.

25.15. Baauenue pyHknuu i = f(x) paBHo 0 Mpu 3HAYEHUAX aPryMeHTa, paB-
HeIX — 1 4. Kakoe u3 ciielyionux yTBep:KJIeHNil BepHO:
1) rpaduk pyHKIIUKM HMeeT ¢ OChbK opauHAT JABe 00mue Touku (0; —5)
u (0; 4);
2) rpaduK (PYHKIUN HUMeeT ¢ ochkio abOciucc aBe obumue Touku (—5H; 0)
u (4; 0)?

25.16. He BBINIOJMHAA NOCTPOEHUSA, HAUANTE KOOPAUHATEI TOUEK IIepecedeHns
C OCAMHU KOOpAUHAT rpaduKa QyHKIUN:
1) y = 2% — 16x; 3) y =x°— 9x; 5) y = |x| + 3.
2)y=|x|-2; 4) y = 0,8x;
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25.17. He BBINIOJHAA DOCTPOEHUSA, HAUANUTEe KOOPAUHATEI TOYEK IIepecedeHns
C OCAMHU KOOpAUHAT rpaduiKa QyHKIMN:

1) y = 36 — 9x; 2) y =%+ x; 3) y =49 — x% 4) y = |x| - 3.

25.18. 3anana ¢pyurnua y = 1 — x, 061acThIO OIIpeiesieHUA KOTOPOU SIBJIsIeTCS
MHOJKEeCTBO BCeX OJHO3HAYHBLIX HATypaJdbHbIX uucel. [locrpoiiTe rpa-
(UK 5TOM PYHKIIUHA.

25.19. ITocrpoiiTe rpadpuk dyurmuu f(x) = 1,5x + 1, o6aacThio oupeneaeHUs
KOTOPOM ABJSAETCSA MHOMKECTBO LeJIbIX YHceJl, YIOBJIeTBOPAWIIUX Hepa-
BEHCTBY —4 < x < 2.

A R |

25.20. Kamgoit abcuucce Touku rpadura ¢pyHrimuu /(x) = 3x + 1 craBurcs
B COOTBETCTBHE CYMMa KOOPAUHAT 3TON TOUKHU. fABasercs Jin 3TO mpa-
BUJIO (pyHEKINHeir? B caydyae yTBepAHUTEJLHOI'O OTBeTa 3ajaiiTe 3Ty
pYHKIHUIO hOopMYJIIOH.

25.21. Kaxjgoit abenucce Touku rpadura dyaxnuu f(x) = x% + 1 crasurcs
B COOTBETCTBUE IPOU3BeJleHHe KOOPAUHAT 3TOMU TOYKU. SBasieTca JIU 2TO
npasuiio (pyEKOUe? B ciayuyae yTBepAUTENILHOIO OTBETA 3ajaiiTe aTy
(pYyHKIIHUIO HOPMYJIIONM.

25.22. UssecTHo, urTo Touka A (x,; y,) IPUHALIEKUT IpadUKy (QYHKIIUHU
y = [(x). dorka:xkure, uyro TouKa B (X, Y, — 3) IPUHANIEKUT I'PaPUKY
dyurnumn iy = f(x) — 3.

25.23. UssecrHo, uro Touka A (x,; ¥,) TpUHALNEKUT rpadUKy (QYHKIUU
y = f(x). Jokaxure, 4TO TOYKA B (x,; 2y,) npunannexur rpapuxy
byHKIMH i = 2/ (x).

25.24. UssecrHo, uro Touka A (x,; ¥,) TPUHALNEKUT rpadUKy (PYHKIUHU
y = f(x). Ookaxkure, uto Touka B (2x,; y,) TpUHAJLIEKUT IpaPuURy-

GyHEIUY Y = f(%r)

25.25. IlocrpoiiTe rpaduk pyHKIIMK, 00MaCThIO onpegeJeHus] KOTOPOM ABJISA-
eTCs MHOMKECTBO HATYPaJbHBIX YHCEJ M KOTOopas HNPUHHMAaeT 3Hade-
Hye 1 Npu YETHRIX 3HAYEHUAX apryMeHTA U 3HAUueHHe —1 NpH HeUETHBIX
3HAUYEHUAX apryMeHTa.

25.26. llocrpoiiTe rpadur GYyHKIHUM, €CJIU HU3BECTHO, YTO [Jd BCEX IeJIbIX
3HAUEeHUH apryMeHTa 3HaYeHHe (DYHKIMH paBHO 1, a IJIda HelleJbIX paB-
HO —1.

I N
YnpamHeHVs ANA NOBTOPEHVA gum

|2 5.27. YupocTure BhIpasKeHUe:
1) (¢ + 2)(¢ — 3) — (¢ + 1)(c + 3); 3) 3(x — 5)% — (8x2 — 10x);
2y (p+4)p-11)+ (p + 6)% 4) T2y — 5)? — 2(Ty — 1)
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25.28. [lokaxure TOMIECTBO:

1) (4a? + 3)? + (7 — 4a®)? - 2(4a? + 3)(4a® — 7) = 100;
2) (a® — 6ab + 9b®)(a? + 6ab + 9b?) — (a® — 9H%)? = 0.

25.29. Jlorkaxure, 4To nNpu Jw0OOM HEeYETHOM 3HAYEHUU 1 3HAYEHUe BhbIpake-
Hus (4n + 1)2 — (n + 4)% kparuo 120.

25.30. Haiigure Kakue-HHOYAbL TPH HATYPAJNBLHBIX 3HAYEHHUA MEePEeMEHHOH X
TAKUX, YTOOBI BhIpasKkeHHe @ — 2X MOKHO OBLLIO Pa3JIOKUTL HA MHOMCH-
TeJH 1Mo (popMyJie pasHocTH KBajpaToB. [losyueHHbIe BhIpaKeHUA pas-
JOKHUTE HA MHOKUTEJIH.

25.31. (3adaua bxacxapwvt I1'.) Ecte Kagamba LBETOK; HA ONUH JIEIIECTOK
IIYEJOK MATaA 4YacThk ceaa. PagoMm pociia BeA B [BETY CUMeHAra, U Ha Hel
TPEeThs YacTh pasMecTHJIack. Pa3dHOCTE UX Thl HAWIMU, 3aTeM TPHMKILI €€
CJ0XHU, HA KyMau 9TUX IMYes nocaau. ToNMbKO IMYEJIKa O/lHA He Hallljla ce-
De mecTa HHIme, BCE JIeTaja Tyja U CIOJa, 3alaxoM I[BETOB HacCJaxKIa-
gack. U cka:ku MHe Tenepb, CKOJIbBKO ITYEJIOK BCEro 3/ech cobOpaoch?

s E JinHenHaa pyHKUMA, eé rpadmK N cBOMCTBA

PaccmoTpuM nBa npuMepa.

Mpumep 1. B 6acceitHe 6610 200 1 Boabl. B TeueHHe ¢ MHH B DacceliH
Kakavio MUHYTY moctynajo 80 a Boawl. Torma o0wém V Boawl B DacceiiHe BEI-
YHUCJIAeTcA 1o (hopMy.Jie

V' =80¢r+ 200, roe ¢ = 0.
Jra hopMyiia 3aJaeéT GPYHKIMOHAIBHYIO 3aBUCHMOCTS IIepeMeHHoi V oT
nepeMeHHou £. W

Mpumep 2. IlepBasa 6puraga codbpana 25 AMMKOB A0JI0K, a KaxIblil pa-
Oouuii BTOpoit OpuUrajbl codpaJ mo 2 AujuKa.

IIyecrs BO BTOpoil Opurajge Obuio x padounx. O003HAUMM UHCJIO BCeEX
ANIUKOB, cOOpaHHBIX JByMs Opuragamu, OykBoil . Torna saBucHUMOCTE IIepe-
MEeHHOH Y OT IlepeMeHHOH X BeIpaxkaercsa opMyJoun

y = 2x + 25, roe x — HATypaJbHOE YHUCJIO0. M

B aTHX npumepax MBI CKOHCTPYHPOBANN (MYHKIMH, OIMUCLIBAIOIIHE JBe
pasHble peanbHble cuTyaruu. OgHAKO 5TH PYHKIIUY ITOX0MKHE TeM, UTO hopMy-
JBI, UX 3ajaloliue, UMeT Bun i = kx + b.

1 Bxackapa II (1114-1185) — uaamiickUil MATEMATHK ¥ ACTPOHOM, ABTOD TPAKTATA
«Bewen cucteMbl» (oK. 1150 1.), B KOTOPOM CONEP:KHUTCA HIMOMeHHe MeTOMOB PeIIeHHA
paxa anrredpamdecKHx 3agad.
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susp Onpegenenue
DYHKLMIO, KOTOpPYIO MOXHO 3apath ¢opmynon Bupa i = kx + b, rge k
n b — HexkoTopble uucna, X — HezaBUCUMan NepemMeHHas, Ha3bIBaloT Nn-
HEWNHOMWN.

IIpumeps: MMHEeHMHBIX QYVHKITHHA:
y=—2x+1Ly=1-x;y=>5x; y =2.
3aMeTHUM, 4TO 001ACHbI0 ONPeOeaeHsl TUHEHUHOU PYHKUUL SA8151em -
CS MHOMNCECMBO BCEX UUCEN.
ITocTpoum rpacdux pyHrnum iy = —2x + 1.
CoctaBuM TabMHUIY 3HAUYEHHUH 2TOH (PYHKIUH J1A HEKOTOPLIX 3HAYEHUM
aprymMeHTa.

X -3 -2 -1 0 1 2 3

7] 7 51 3 1 -1 -3 -9

Touku A (=35 7); B (=25 5); C (=15 3); D (0; 1); E (1; -1); F (2; -3);
GG (3; —5) npuHamIe:xkaT uckoMomMy rpadukry (puc. 26.1). Bee aTu ToukH Je-

JKAT HA OJHOU NPAMOI, KOTOpas U ABjisgercda rpapurom dyHknum iy = —2x + 1
(puc. 26.2).

FERREL 7
i \
C
L 1
of 1] | * o] \I s
F
G
Puc. 26.1 r Puc. 26.2

173



B kypce reomerpun 9 Kiacca Bbl JOKayKeTe, YTO 2pAPUKOM JAUHEUHOU
Pynxuuu aeaaemca npamas.

3aMeTHM, YTO ITA OpPAMAA He MOKeT ObITh BEPTUKAJILHOM, T. €. IIpsA-
MO, IepHeHgUuKYJIApHOHi ocu abcuuce. [[eficTBUTEIEHO, BEPTHKAILHASA IIPA-
MaAd He MOYKeT CAYXKHUTL rpaduroMm GpyHEIUH (cM. 3ameuanue B § 25).

I[HockonbRY NpAMAas OJHO3HAYHO 3a/aéTcs JOLIMUA IBYMS CBOUMM TOY-
KaMM, TO AJs IIOCTPOeHUA rpaduKa JUHeMHOM GYVHKIIUN JOCTATOYHO BRIOpPATH
IBa MPOMU3BOJLHLIX 3HAYEHHUS apryMeHTa M COCTABHThH TAOMUIY 3HAYEHHI

(bVHEIHH.

Mpumep 3. ITocTpoiiTe rpaduk GyHruum y = —3x + 2.
PeweHwne. CocraBum Tabauily 3HAYEHH NAaHHOH (PVHKIHUH IJA JIBYX
IIPOU3BOJILHBIX 3HAUEHHUI apryMeHTa.

X 0 1
Y 2 -1
OTMeTMM Ha KOOPAHHATHOH ILTOCKOCTH TOYKH
(0; 2) m (1; -1) ¥ npoBeséM uYepe3 HUX IPAMYIO \ly
(puc. 26.3). Ora npamMasa ABiageTca rpadUKOM JIHHEH-
HOU pyHKIUU iy =—-3x + 2. W \
1
B dopmyne y = kx + b, 3amaomeil JTUHENHYIO \ >
(PYHKIUIO, He UCKJIIOYeHBbI cjayuyau, Korga £ = 0 uau Of \i |
b =0.
PaccmorpuM cay4yait, korma b = 0 u k # 0. Torna \
dopmysia npuHuMaeTr Buj i = kx. OTciofa s Bcex He

pPaBHBIX HYJIIO 3HAYEHUN apryMeHTa MOYKHO 3aIlMCATh, erc- 26.3

aro L = k. Dra (opMyJia MoKas3sIiBaeT, 4YTo A GyHKIuUM y = kx, toe x # 0,

X
OTHOIIIeHHEe COOTBETCTBYVIOIITHMX 3HAYEHMH 3aBHCHUMOM M He3aBHCHMOMI nepe-

MEHHBIX OCTAETCHA MOCTOAHHLIM U PaBHO k.

HamoMHMM, 4TO B Kypce MareMaTUKH 6 Kiacca BBl yiKe IIO3HAKOMH-
JUCH C IMOAOOHBIMM 3AaBUCHUMOCTAMM Me:XAy BenluduHaMmMu. Takyw 3aBUCH-
MOCTBL HA3bIBAIOT NPAMOH IPONOPHHUOHANBLHOCTBLIO. IlosTOMY JHHENHVIO
GYHKIUIO, KOTOPYIO 3amaoT GopMyoil i = kx, rae k2 # 0, Ha3bIBAIOT IPAMOI
MPONMOPIHOHAIBHOCTEIO.

DYHKIUU Y =2X, Y =X, iy =—X, Y = — % X — IpHUMepPbl OPAMBIX IIPOIOP-

IIHOHAJIBHOCTEH.
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HHockonbky npAmas nNponopLuo-
HAILHOCTMD — YACMHBLU CAYYAU AUHEU -
HOU hpynKyuu (3TO WILIIOCTPUDPYET cXeMa
Ha pucyHke 26.4), mo eé zpajdpux —
npsimasi. Oco0eHHOCTBI0 3TOH NpAMON
ABJIAETCS TO, YTO OHA IpU JroboM & mpo-
xoauT yeped Touky O (0; 0). IeiicTBu-
TeJIbHO, ecJu B dopmylse iy = Rx IoJO- rP“C- 26.4
KUTh X = 0, To monyuum y = 0. ITosaromy
IJISI IIOCTPOEHUSA rpadHKa MPAMOM NPOIMOPIIHOHAIBHOCTH JOCTATOYHO VKA3ATh
KaKYVIO-HHOYIb TOYKY rpadHKa, OTJIMYHYIO OT HAaYajla KOOPJAUHAT, U IPOBECTH
IPAMYIO 4epes aTy Touky 1 Touky O (0; 0).

Ha pucyuke 26.5 m3o0paeHbl rpa@HKH OPAMBIX IPOHNOPIHMOHAIBHO-
cTeii, KOTOpPbIe IIPUBOJHUIKCE BhIIIE B KAYECTBE IIPHUMEPOB.

Juneunnte hynrunu

lpawmwe nponop-
UUOHATBHOCTU

N N

4

/
<

%,
E.

Y
i
!
ke
N

J
LL

/

=¥

/ AN

AN

Puc. 26.5

PacemoTpum elle ofvMH 4YaCcTHBIN cay4dai JUHeHHOU QYHKITUN.

B popmyne iy = kx + b monoxkum k = 0. Ionyuum i = b. ficHo, uTO B 3TOM
cliyuae 3HAUYeHHA (DYHKIIUU OYAYT OCTABATHCA HEM3MEHHLIMH IIPHU JIIOOBIX U3-
MeHeHUAX 3HAUEeHUU apryMeHTa.

Mpumep 4. ITocrpoiiTe rpaduk QyHRINHA I = 2.

PeweHune. Kak u gnsa mocTpoeHus rpaduka jgwob00i JUHEHHON (GVHK-
UM, HYXHO 3HATH [Be INPHHAIJIEKAIHe eMy TOYKH. JTH TOYKHA DYAVT UMEeTh
OJMHAKOBbIE OPJAUHATHI, paBHble 2. X abciuccsl BbIOEpeM IIPOU3BOJIBLHO, HA-
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npumep pasHbie —2 u (. IIposenem npamyrw depes Touku A (—2; 2) u L (0; 2)
(puc. 26.6). Ora npamas napaJLieJbHa ocH adciucc. W

3aMeTuM, uTO zpaguxkom Gynkyuu y = 0 seisemcs ocv adcuucce.
Ipagpuxom pynxuyuu y = b, zde b # 0, seisemca npamas, napaiienvHas
ocu adcyucc.

Mpumep 5. 3apaiiTe popMynoil THHEHHVI0O GYHKIIUIO, rpapUK KOTOPOM
n300pakéH Ha pUcyHKe 26.7.

PeweHWe. I'padhur gaHHON (QVHKIHUH IIepeceKaeT ocb OPAHHAT B TOY-
ke (0; 4). IlogcraBHB KOOPAUHATEI ATOM TOYKH B popmyay i = kx + b, monyua-
em4=F-0+b, orkyna b = 4.

Tak kaxk gaHHbIM rpadHK nepecekaeT ochk abciucc B Touke (3; 0), To,
MOACTABUB €€ KOOPAMHATHI B dopMmyay iy = kx + 4, nonyuum: 3k + 4 = 0;
p 4

3

OTBeT: i/ = —%X—i— 4. m

Mpumep 6. Ha pucynre 26.8 nzobpakén rpacduk pyaknuu f(x) = ax + b.
Haiignre sHaueHne BhIpamKeHUs b — a.

A A
A
U A
B 4 R
A . . iy -~
- A /P/ »
0f 1 A ) N\ A~10] 1 x
- |
0 ]l. $ X
Puc. 26.6 = Puc. 26.7 er:. 26.8

PeweHwune. Umeem: f(—1)=a - (-1) + b = b — a. Ilo rpadukry onpezess-
eMm, utro f(—1) = 0. Cnenosarensuo, b —a=0.m

? 1. Kakyo pyHKUMIO Ha3biBalOT NMMHENHON?
2. Yto aBnsaeTca rpauKom NMHeMHOWN yHKUMN?
3. Kakyo GyHKUMIO Ha3biBalOT NPAMOW NPONOPUMOHANbHOCTLIO?
4. YTto aensetca rpadmMkoMm NpaAMON NPONOpPUUOHaNbHOCTU?
5. Yto sBnsetca rpadukom pyHkumun iy = b?
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6. [padpmkom Kakon GyHKLWM ABNAETCA ocb abcymcc?
7. CywecrsyeT nu yHKUMA, rpadMKOM KOTOPOW ABNAETCA OCb OpAMHaT?

. [
® YnpaXHeHMA g uumm
26.1. Asnsgerca nu TuHeMHOU (PYHKIUA, 3aaHHaAsA POPMYJIIONM:
y=3v-2;  4)y=2+2 N y=3;
T
2)y =8 - Tx; 5) y = 2x% + 4; 8) y =—4;
8) y=2+2 6);;:12”54‘8; 9) y = 02
B cayyae yTBepAHUTeJLHOI'O OTBETA VHKAKHUTE 3HaAYeHUsA KoadhduIUeH-
ToB k 1 b,
26.2. ABnsiercsa MM NpsAMOM NPOINOPIMOHANIBHOCTBI (MYHKIMA, 3aJaHHaA
hopmytoi:
1) y = 4x; 8) y =71 5) y = —4x;
4 T
2) y==; 4) y =0; 6) y=-37
B cnyuae yTBepAMTENILHOI0O OTBeTa VKaKHUTe 3HaYeHUe KoahhUuIueH-
Ta k.
26.3. JIuneiinaa dpyHknua sagana popmymnoi y = 6x — 5. 3anonuuTte Tabauny.
X -3 -2 -1 0 1 2 3
Y
26.4. Dyuknua 3agana popmysion y = —2x + 5. Haiigure:
1) sHauenue (HYHKIHH, eClIM 3HAYEHHe apryMeHTa pasHo: —4; 3,5; 0;
2) 3HaAYeHHe apryMeHTa, IIPH KOTOPOM 3HavyeHHe (PYHKIMHM paBHO: 9;
-5; 0.
26.5. Dyuknua zagana ¢opmynoit y = 0,3x — 2. Haitgure:
1) 3HaueHue PYHKIUU, eC/IH 3HAUEHHE apryMeHTa paBHo: 5; —2; 0;
2) 3HAueHHe apryMeHTa, IIPHU KOTOPOM 3HaueHHe (PYHKIUKM paBHO: 1;
-11; 0,8.
26.6. IlocTpoiiTe rpad@UuK QYHKIIUN:
1) y =x - 5; 3);;2—%:#:—2;
2)y=3x+1; 4) y = 0,4x + 3.
26.7. IlocTpoiiTe rpad@uK PYHKIUNA:

1)y=4—x; 2) y=—-4x+ 5; 3) y =0,2x - 3.
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26.8. DyuKIUA 3agaHa GopMyJIOH Y = %I. Haitgure:
1) suauenue y, ecnu x = 6; —-3; —3,2;
2) 3HaueHUe X, IPU KOTOPOM ¥ = —2; é; 12.

26.9. ©yuknua 3agana opmysoi y = 1,2x. Haigure:

1) snauenue y, ecau x = 10; 0,6; —5; —4;

2) 3HaueHUe X, IpU KOoTOpoM ¥y = 3,6; —2,4; 6.
26.10. IlocrpoiiTe rpaduk nNpAMON IIPONOPIUOHAIBHOCTH

1) y = 3x; 2) y = —2x; 3) y =—0,6x; 4) y = %r
26.11. IlocrpoiiTe rpaduK QYHKITUHN:
1) y = 5x; 2) y = 0,8x; E)y:—%x.

26.12. DyHKNUOHAJIbLHASA 3aBUCHMOCTEL IIePEeMEHHOU I OT IepeMeHHOU X fAB-
JAeTcs MIPAMON IMIPONOPIIMOHAIBHOCTBIO.
1) SamonuuTe TabIUILY.

b | =

2) BapaiiTe JaHHVIO PYHKIINIO (JOPMVJIOH,
3) ITocTpoiiTe rpaduk aTol DYHKIHH.

26.13. IlocrpoiiTe B oaHOll cucTeMe KOOpPAUHAT rpadHUKM JUHEUHBLIX (DYHK-
muii: y = 3; y =-95; y = 0.

26.14. Ilocrpoiite rpadur pyurnum y = 2x — 3. Ilonbaysace rpadpukom, Hail-
auTe:
1) sHauenue (pyYHKIMH, €CJIM 3HAYEHHe apryMeHTa pasHo: 4; —1; 0,5;
2) 3HavyeHHe apryMeHTa, IIPH KOTOPOM 3HaYeHUe (PYHKIUH paBHO: 1;
-1; 0;
3) 3HaUYeHUs apryMeHTa, IIPU KOTOPBIX (DVHKIUA MPUHUMAET ITOJIOMKU-
TeJibHble 3HAYEHUS.

26.15. Ilocrpoiite rpadur pyuknum y = 2 — 3x. Ilonbaysace rpadpukom, Hail-
nUATe:
1) sHauenue GyHKIHUHU, eCJIM 3HAUeHHe apryMeHnTa pasHo: 1; 0; —2;
2) 3HavyeHHe apryMeHTa, IIPH KOTOPOM 3HAYeHHe (DYHKIIUU paBHO: —4;
-1; 5;
3) 3HaYeHUsA apryMeHTa, MPU KOTOPBLIX (DYHKIMA NPUHUMAaET OTPHILA-
TeJibHble 3HAYEHU.
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26.16. llocrpoure rpadur dpysxknuu y = 0,ox. llomesysace rpaduxkom, Hau-
ITATE:
1) 3HaueHue PYHKIUM, eCIH 3HAUEHHE apryMeHTa paBHo: 4; —6; 3;
2) 3HAUEeHHEe apryMeHTa, IIPHU KOTOPOM 3HaueHHe (DYHKIIMH paBHO: 2,5;
-2; 1;
3) 3HAUEHHUSA APryMeHTAa, IPH KOTOPBLIX (PYHKIMUA NPUHUMAET OTPHUIA-
TeJbHble 3HAUEHUS.

26.17. llocrpoiite rpadbuxk dyHruun y = —4x. Ilonesyack rpadpuxomM, Haii-
nIuTe:
1) sHauenue (HYHKIMH, eCJIM 3HAYEHHe apryMeHTa pasHo: 2; —1; 0,5;
2) 3HaYeHHe apryMeHTa, IPH KOTOPOM 3HavyeHHe (PYHKIHHA pPaBHO:
—4; 2;
3) 3HAUEHHS ApPryMeHTAa, IPH KOTOPHIX (GYVHKIHA NPUHUMAET IIOJIOHM-
TeJbHbIe 3HAUEHUS.

26.18. He Brinonusasa nocrpoeHusd rpaduka @yaknuu iy = 1,8y — 3, onpenenu-
Te, yepes KaKHe U3 JaHHBIX TOUEK IPoXoauT atoTr rpadguk: A (-2; —6,6);
B (1; 1,2); C (0; =3); D (5; 7).

26.19. He BrInmoaHAA HDOCTPOEHHUA, ONpelesuTe, NPUHALJIEHKUT JHU IpadURy
dyHKIUY i = 8x — 14 TouKa:
1) A (-1; —6); 2) B (2; 2).

® 9

26.20. IlocTpoiiTe B ogHOI cUcCTeMe KOOPAUHAT rpaduKu GyHKIui iy =x — 1

1 "
Hl=—X+ 2 n HalIuTe KOOPIHHATEI TOYKH HX IlepecedeHHd.
4

26.21. IlocTpoiiTe B 0HOI cucTeMe KOOPAUHAT rpaduKu GyHKIUHR i = dx — 6
uy=-2x+1un HalluTe KOOPAMHATELI TOUKHU UX llepecedyeHus.

26.22. He BBIIIOJMHAA NOCTPOEHUSA, HAUANUTE KOOPAUHATEI TOYEK IlepecedyeHus
¢ OCAMHU KoOpAUHAT rpadUKa QyHKIUN:
1) y=2,5x+ 10; 2) y = 6x—4.

26.23. He BbINIOJMHAA NOCTPOEHUA, HAUANUTEe KOOPAUHATEI TOYEK IIepecedeHns
C OCAMHU KOOpAUHAT rpaduiKa QyHKIMN:
l)yzgx—fl; 2)y=T7-3x.

26.24. He Brinonusa nocrpoeHusa rpadpuka GpyHrmuu y = 2x — 9, maiigure
TOYKY 2TOr0 rpaduka, y KOTOpO:
1) abciucca paBHa OpJAUHATE;
2) opauHaTa Ha 6 DoabIle abCIHCCHI.

26.25. He Brinonusg nocrpoeHud rpaura GyHrnuum y = —7x + 8, Haiaure
TOYKY 2TOTO rpaduka, y KoTopoi abciucca M opauHATa — TPOTHBOIIO-
JIOJKHBIE YHUCJIA.
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26.26. He BhINOJIHAA MOCTPOEHUA, HAUAHUTE KOOPAUHATHI TOYEK IepecevyeHus
rpad@ukoB pYHKIIWM:

Ny=3,Tx+10uny=1,4x - 13; 2)y24—$xny:%x+26.

26.27. He BRINTONHAA NOCTPOEHUA, HAUAUTE KOOPAUHATHI TOUEK MepecedyeHus
rpaukoB pyHKUul iy =4x — 7T u y = —-2x + 11.

26.28. [Ipu KakoM 3HAYeHHUHW MepeMeHHON X (QyHKIuU [f(x)=4x -3 u
g(x) = 3x — 2 npunumalor paBHble 3HaYeHua? IlocTpoiiTe Ha OHON KO-
OPAMHATHOM IJIOCKOCTH rpadukn GyHrmuii / u g. OnpenenuTe, IpHu Ka-
KUX 3HAUYEHUAX X!

1) f[(x) > g(x); 2) f(x) < g(x).

26.29. IIpu KaKOM 3HAYEHUHU HE3aBUCUMOI IepeMeHHoM GpyHKnuu [ (x) =5 — 2x
U g(x) = 2x — 3 npuHUMalOT paBHble 3HadyeHUs1? [loeTpouB Ha OHOU KO-
OPAUMHATHOH IJIOCKOCTHU rpad@UKH NAaHHLIX (YVHKIUK, YVCTAHOBHUTE, IIPH
KAaKUX 3HAYEHUAX X:

1) f(x) < g(x); 2) f(x) > g().

26.30. 3agaiite opMmynaoll GYHKIHIO, ABIAKIVIOCA NPAMOI IIPOIOPIHO-
HAJIbLHOCTBIO, €CJIH €€ rpaduk npoxoaut depesd Touky M (2; —5H).

26.31. Sagaiite dopmynoil (GYHKIHK, ABIAKIIYVIOCA IPAMOIl IPOIOPIHO-
HAJILHOCThIO, €CJIH e€ rpauk npoxoqur yepes Touky M (3; —2).

26.32. Haiigure suauenue b, mpu kotropoMm rpaduk GyHKIHUH I = —%x +b

IIPOXOoaUT Yepes Touky A (—27; 4).

26.33. IIpu kakoMm 3HauYeHUH k rpaduk DyHKIUHU i = kx — 15 npoxoguT yepes
Touky B (3; —6)?

26.34. T'padur GyHKIUU i = kx + D mepecekaer OCH KOOPAUHAT B TOYKAX
C (0; 4) u D (-8; 0). Haiigure 3aayenus k u b.

26.35. 'padur GyHKIUU iy = kx + D mepecekaer ocH KOOPAUHAT B TOYKAX
M (3; 0) u K (0; —1). Haiigure suavenus k u b.

26.36. Bce Touku rpadpuka QyHKIUM I = Ry + b UMEIOT OJUHAKOBYIO OpAUHA-
Ty, paBHyio —6. HaiinuTe sHauenus k u b.

26.37. I'paduk dyHknuu iy = kx + b nmapasuienes ocu abcIUCcC U MPOXOIUT Ye-
pes Toury A (—2; 3). Haiigure 3nauenus k u b.

26.38. Ogun 13 rpaduKoB Ha pucyHEe 26.9 orobOpaskaeT npoiiecc HAIIOJIHEHUA
omgHOro 6aka BOJOI, a IPYroil — BbITEKAHUA BOJABLI U3 Apyroro daka.
1) Kakum mpoijeccaM COOTBETCTBVIOT rpadukn Ha pucyHKe 26.97
2) CKONBKO BOABI OBLJIO CHAYANA B KaxKJaoM Dake?
3) CKOoNbKO BOALI OBLLIO B KaxaoMm Dake uepes 2 MHH MOCJE OTKPBLITUS
kpanos? Yepes 6 Mmuu?
4) Yepes CKOJIBKO MUHYT IIOCJIE OTKPBLITHA KPAHOB B KayKa0M Oake OBLIO
o 30 s BogwI?
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5) CKOJMBKO JIMTPOB BOAbI Ka:KAVIO MHHYTY HAJIHMBaeTcA B OIUH Oak
U CKOJILKO BBLIMBAETCA U3 APYIroro?
6) BagaiiTe (hopMyJI0H 3aBUCHMMOCTh KOJHMUYECTBA BOIBI B KayKJIOoM Oake
OT BpEeMEeHH.

26.39. Kakasa u3 npaMmpix Ha pucyHKe 26.10 apiasgercsa rpaduKoM QPYHKI[HHA:

1) y = x; 2) y = 4x; 3];;2%.1’; 4];;2—%1?
26.40. Kaxasa u3 npsaMbeIX Ha pucyHKe 26.11 apiasgercsa rpad@UKoM (PYHKI[HHK:
1) y = —x; 2) y = 3x; S]yz—%:r; 4) y = —2x7?

vk [k ; » Uk 7,

— A/ — /
““‘“--..._______ - T 1
=0 T~ it 0 X

Puc. 26.10 rPuc. 26.11
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26.41. [lokamuTe, 4TO HEe CYLIECTBYET TAKOI'0 3HAYEHUS ¢, IIPHU KOTOPOM IIps-
Mad I = ax — D IPOXOJUT Yepe3 HAYAJIO KOODAUHAT.

26.42. SanaiiTe dhopMylaMH KaKHe-HHOYIb IBe JUHeilHble QYHKIIUKN, Irpadu-
KH KOTOPBIX IPOXOAAT Yepes3 TOUKY:

1) A (0; 4); 2) B (1; 3).

\ R A |

26.43. I'papurn pysrnuit y = 0,5x — 3, y = —4x + 6 u y = kx mepecekawTCA
B ofHO# Touke. Haiinure sHauenue k. IlocTpoiiTe B OOHOH cHCTeMe KO-
OpAUHAT rpadUKH 2TUX QPYHKIHIA.

26.44. TIpu xkarom 3HayeHnuw b rpaduru pyurnuit y = 1,5x - 3, y =2,5x + 1
u i = bx + b nepecekaroTcs B OTHOH TouKe?

26.45. Touka C npuHaAmIE:KHUT oTpe3Ky AL, panHa Koroporo pasHa 8. JlnuHa
orpeska AC paBHa x, nnuHa orpeska BC — y. IlocrpoiiTe rpaduk 3aBu-
cumocTu i oT x, 0 < x < 8. OrmernTe Ha 3TOM rpauKe TOYKY, COOTBET-
CTBVIOIIYIO ciay4daio, korga C — cepenuna orpeska AB.

26.46. [lepumerp npamoyronsHuka ABCD pasen 12, AB = x, AD = y,
0 < x < 6. IlocTpoiiTe rpadpuk 3aBucUMOCTH I oT X. OTMeTHTEe HA 9TOM
rpapuke TOYKY, COOTBETCTBYIOIIVIO CJIYVYaK, KOrga OpAMOYIOJbLHUK
ABCD aBaserca KBagpaToM.

26.47. llocrpoiiTe rpaduk GyHKIITUHK:

3, ecau x = 2;

x—4, ecau x =0, JZ, ecam X # 2,
1) y= .
—2x — 4, eciu x < 0;

3}5":[

2x. ecau x < -1,

3x -2, ecaux =1,
2) y=
1, ecau x > 1;

4];;:[1, ecau X = —1,
I.r+3, ecau x > —1.

26.48. IlocrpoiiTe rpaduk GyHKIIAN:

-3x, ecau x = -1,
jfi—:rj ecau ¥ < 3,
1) y =43, ecoun —1 < x <1, 2);;:[

x+1, ecau x > 3.
2y +1. eciun x = 1;

26.49. IlocrpoiiTe rpaduk GYHKIIUHK:

1) y = |x|; 2)y = |x[+x; 3) y =4x— |x|+2.
26.50. IlocrpoiiTe rpaduK QyHKITUHN:
1) y =—|xf; 2)y=x— |x|; 3) y =3x+2|x|.

26.51. 3apgaiitTe hopmyJioi TUHEHHYIO (PYHKIHIO, rpad@HUKOM KOTOPOH ABIAET-
cd npAMas Ha pucyHKe 26.12: 1) a; 2) b.

26.52. 3apgaiiTe hopmMya0H JHHEHHVIO (PYHKIHIO, rPpadHUKOM KOTOPOH ABIAET-
cA npsMas Ha pucyHKe 26.13: 1) m; 2) n.

182



A A
Yy / y "
m
M,
)
1 \'\. 1
1T S L ]
0 X 0 X
1
b .
"“h\ \
Puc. 26.12 rPuc. 26.13

26.53. Ha pucynke 26.14 uzobpaxkén rpapuk dpyakuuu f(x) = ax + b. Haii-
IHTe 3HAYEHUE BhIPAXKEHHA a + b.

=

26.54. Ha pucyuke 26.15 uzobpakeHsl rpapukn JTHHeHHBIX GyHKIHHA. MoryT
JIU 3TO OBITH rpaduKku QyHKOUE i = kx + b u y = bx + k?

26.55. Ha pucynke 26.16 uzobpakén rpadur pyurnuu iy = kx + b. Ha Toii ke
KOOpPAMHATHON ILIOCKOCTHA M300pasure rpapuk GyHruuu iy = bx + k.

{1 YA YA
\. | - //
Puc. 26.14 .Pm:. 26.15 er:. 26.16

26.56. I'padurn pyarumit y = (2k + 3 —1-2kuy=kx+k+ 2, rne k> 0,
IepeceKkalT ock opaAuHAT B TouKax A u B coorBercrBeHHO. Touky mepe-
ceueHMs ATHUX rpagukos oboszHauumnu OvkBoi M. MoKkHO JIH, cTepeB
0CH KOOPAUHAT U IrpapUKH, BOCCTAHOBUTHL CUCTEMY KOOPAWHAT I10 TOY-

kam A, B u M?
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26.57. I'paduru pyukuuit y =ax+buy=bx+a, tnea > 0u b > 0, nepe-
CeKaloT och OpAMHAT B Toukax A um B coorBercTBenHo. Touky mepeceue-
HHUA 3TUX rpadukos obosHaunamu oyksoi M. MoxHO 11, cTepeB 0CH KO-

OpAuHAT U rpadUKHU, BOCCTAHOBUTL CUCTEMY KOOPAMHAT IO TOYKaM A,
B u M?

N
YnpamHeHuVs ANA NOBTOPEHUA gy m

IZG.SB. Hailigure sHaueHUe BhIPAMKeHUS:
1) (2+ 3a)b—-a)—-(2-3a)b+a)opu a=-1,5;

2)(8a + b)? - (3a - b)> upu a =-3 %, b=0,3.

26.59. PemuTe ypaBHeHHe:
1) (bx + 1)(2x — 3) =(10x — 9)(x + 2);
2) (Tx = 1)(x+ 5)=(3 + Tx)(x + 3).

26.60. JloxkaxuTe, 4TO cCyMMa KyDOB TPEX IOCJIeJOBATEIbHBIX HATYPAJIbHBIX
quceJ JeJIMTCA HAIleJo Ha 3.

26.61. B n1Byx kagkax ObLI0 HIOPOBHY BoJbl. O0BEM BOEI B IIEPBOil KaJKe CHA-
yana yeeanuusu Ha 10 %, a norom ymenbinuiau Ha 10 %. O0béM BOMIbI
BO BTOpPOH Kajke, Haobopor, cHauana ymeHblmiuau Ha 10 %, a morom
yeenuuuin Ha 10 %. B Kakoit kagke BoJbl cTaio 6oJiblie?

26.62. MssecrHo, uTo X2 + 12 = @, xyy = b. Yemy paBHO 3HAYEHUE BLIPAKEHUS
xt + 2%y? + y*?

26.63. JlokaxkuTe, 4YTO IpU JIOO0M 3HAUEHUHU X 3HAYEHUE BLIPAMKEHUS |x| — x
GOJIBIIE COOTBETCTBYIONIEr0 3HAYEHUs BhIpameHus 2x — x2 — 2,



PaBHble MHOXecCTBa
MuoxectBa A u B Ha3biBaloT paBHbBIMK, eClIT OHKW COCTOAT M3 OOHWX
N TeX Xe 3NeMeHTOEB, T. €. Ka)l(ﬂbll:l 3nemMeHT MHoXecTBa A npuHagne-
HKUT MHOXECTBY B n HED6DPDT — KEI)K,E[bIl:I 3nemMeHT MHoXxecTBa B
npUHagnexXmT MHOXeCTBY A.

OyHKUMA
MDyHKUMEN Ha3biBalOT MPaBuNo, C MOMOLLLID KOTOPOro Mo KaXaomy
3HaYeHMI0 He3aBUCUMOW NepeMeHHOoM N3 MHoxecTBa X MOXHO HaWl-

TU eQUHCTBEHHOe 3HayeHWe 3aBUCMMOW NepemMeHHOM M3 MHOXecT-
ga Y.

OGnacrTb onpepeneHns (PyHKLMN
Bce 3HayeHMA aprymeHTa obpasyioT MHOXECTBO, KOTOPOE Ha3blBatoT
obnactblo onpeneneHna GyHKLMMA.

Obnacrtb 3HaveHn PyHKLMM
Bce 3Ha4yeHUs 3aBMCMMON NepeMeHHON 0bpa3syioT MHOXEeCTBO, KOTO-
poe Ha3blBalT 0ONacTbO 3HAaYEeHUI QYHKL M.

Npadpmk byHKuMn
Mpacdmkom yHKUMW [ Ha3blBalOT reoMeTpUYeckylo urypy, cocros-
LYK M3 BCEX TeX M TONbKO TeX TOMeK KOOpPAMHAaTHOWM NnockocTn, abe-
UMCCbl KOTOPbIX paBHbl 3Ha4YeHUsAM apryMmeHTa, a opaguHaTbl — COOT-
BETCTBYIOLLMM 3HAYEHUAM yHKLMK /.

NMuHenHana dyHKUMA
DyHKUMIO, KOTOPYIO MOXHO 3adaTh opmynoi Buga y = kx + b, rpe
k v b — HekoTopble YyMcna, X — He3aBUCUMan NepemeHHas, Ha3blBa-
T NMHENHOWN.

Npadpnk nuHenHon pyHKUMN
pahrkomMm nMHeMHOW YHKLNKW ABNAETCA NpamMas.

MNpamaa NnponopuuoHanbHOCTb
NuHenHyto GyHKUMIO, KOTopyto 3aaatoT dopmynon iy = kx, rae k # 0,
Ha3bIBalOT NPSMOWN NPONOPLNOHANBHOCTbIO.
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rnasa .‘l
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CucremMmbl NIMHEMHDbIX YPABHEHUM o
C ABYMSA NEepemMeHHbIMM

O B 3Tow rnaBe Bbl NO3HAaKOMWUTECh C YypaBHEHUAMW C ABYMSA NepemMeHHbIMU
M UX cuctemamu. M3yumTte HeKOTOpble MeTOoAbl UX pPeLleHUs.

O Bkl y3HaeTe, 4TO ypaBHEHME C ABYMA MepeMeHHbIMU MOXET CNYXUTb MaTe-
MaTu4eckon Mogensto peansHou cutyauuun. Oenageete HOBbIM 3 dekTUB-
HbIM METOAOM pelLleHUA TeKCTOBbIX 3adau.

s E YPEBHEHHH C ABYMA nepemMeHHbIMA

PaccMoTpuM HECKOJIBKO IPUMEPOB PEAIbHBIX CHTYAI[UIA.

Mpumep 1. Paccrosaane mexay Mocksoit u Caukr-IlerepOyprom pasHO
634 kM. M3 MockBbl B Cankr-IlerepOypr co cKOpPOCTBIO X KM/U BhIeXAJ aBTO-
moOuab. Yepes 1 u HaBcrpeuy emy us Canikr-IlerepOypra co CKOpPOCTBIO
Y KM /4 BpleXaJl BTOpOoM aBToMo0uib. OHU BCTPETUINUCE Yepesd 3 4 II0CJIe Bhles-
Ia BTOPOr0 aBTOMOOMIA.

[TocTpoum MaTeMaTH4YECKYI0 MOJEJb 9TOM CUTYaI[UH.

IIyTh, mpoiifeHHbIN BTOPBIM aBTOMOOMJIEM 10 BCTPE4YU, paBeH 31 KM.
ITockoynbKy nepBbIii aBTOMOOMIL HAXONWJICA B IIYTH Ha 1 4 JOJbllle BTOPOTO,
T. €. 4 4, TO OH 0 BCTPEUYH Mmpoexay 4.x KM.

Bmecte aBromobOuau npoexanu 634 km. Orcroaa

4x + 3y = 634.

JTO PABEHCTBO C JBYMS NepEeMEHHBIMH SABJISETCA MaTeMaTH4YeCKOH MO-
oeJIbI0 BHILIEONNCAHHON peallbHOH cuTyanuu. |

PB_CCMDTI]HM Ell[é HECKOJIBKO IIPpHMEepoOB GHTYH]_[HZE[, MaTeMaTH4YeCEMMH
MOOeJAMHM KOTOPBIX CIAVAT PaBEHCTBA C IBVMHA IIepeMeHHBIMH.

Mpumep 2. ITnomane KBagpara co croporoit 10 cM paBHa cyMMe ILIOIIA-
meil IBYX APYTUX KBAJPATOB.

ILnomans kBagpara co croponoii 10 em pasma 100 em?. Ecau gimub
CTOPOH JBYX APYI'UX KBAJAPATOB 0003HAYMTHL X CM H I CM, TO IIOJYYUM pa-
BEHCTBO

x?2+y?=100. m

Mpumep 3. Jladn NpAMOYIoJAbHBINA TPEYTOJbHUK.
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Ecnu rpagycHble MepbI ero OCTPLIX YIVIOB 0003HAYUTE X U I, TO MOYKHO
3anucaTh
x+y=90.m

Mpumep 4. JlaH NpsaMOVroIbHUK, ILIOIIAJAL KOTOporo paBHa 12 cm2
O6o3HaYNM AJIUHEL €T0 CTOPOH X ¢M U i cM. Torma
xy=12. m

Mpumep 5. Kyouam 5 pyuek u 7 Terpageil. 3a BCIO IMMOKVIKY 3aILIATHIH
290 p.
Ecam omHa py4ka cTOUT X p., a OfHA TeTpajb — Y pP., TO
bx+ Ty =290.m

Kak Bugum, KaxkJ1oe U3 MOJYVYEHHBIX B IpuMepax 1—5 paBeHCTB

4dx + 3y = 634,
x? +y? =100,
x+y =90,
xy =12,
ox + Ty = 290

COZIEPIKUT [0 [Be MepeMeHHbIe X H i. TaKkue paBeHCTBa Ha3LIBAIOT ypaBHe-
HUAMM C JIBYMSA IePeMeHHbIMH.

Ecnu, nanpumep, B ypaBHeHUe xIy = 12 BMeCTO X U i NOJCTABUTEL YUCJIA
2 u 6, To mosyuuM BepHoe paBeHCTBO 2 - 6 = 12. B aroM ciydae ropopsarT, 4To
rnapa 3HauYeHUH NepeMeHHBIX X = 2, y = 6 yqoBieTBOpseT JaHHOMY ypaBHe-
HUIO0 HJIA UTO 3TA IIapa ABJIAEeTCA pellleHHeM JaHHOTO YPABHEHHS.

==y OnpepeneHne
Napy 3HaYeHM NnepemMeHHbIX, oOpaljaoulyio ypaBHeHNe B BepHoe paBeH-

CTBO, Ha3bIBalOT pelleHeM ypaBHEHUA € ABYMA NepemMeHHbIMM.

Tak, nna ypasaenus x2 + 2 = 100 kaxknas us map 4uce

x=28,y=6;
x=-6, y=28;
x=10,y=0

SBJSIeTCA ero pelleHHeM, a, HAIpUMep, Hapa X = 5, ¥ = 9 ero peuleHHeM He
SABISIETCH.

OOpaTuM BHEMAaHHE HA TO, YTO JAHHOE OIpee/IleHHe IMOX0Ke Ha onpeje-
JIeHHe KOPHS YpaBHEHUs ¢ OAHOI IepeMeHHOI. B ¢BA3H ¢ 3TUM paclipocTpa-
HeHa OIIHOKA: HA3BIBATH KaXKJ0€ YHCJIO Maphl HJIA caAaMy IIapy, ABIAIOIYIOCT
pellleHHeM, KOpHEeM ypaBHEHHA C IBYMSA II€PEeMeHHBIMH.
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Tor axr, uto napa x = a, y = b ABIsAeTCA pelleHHeM YPaBHEHUs, IIPU-
HATO 3allUCLIBATEL Tak: mnapa (a; b) asnsercs pelleHueM ypaBHeHus. MuHorma
sanuck (@; b) HA3LIBAIOT YIOPAJOYEHHOH MAPOM YHCeJI, TeM CAMBLIM IOXYEp-
KHBasfA, YTO MOPANOK CJIeIOBAHUA OVKB ad U b uMeeT 3HaueHue. B ckodkax Ha
IIepPBOM MecTe MHUIIYT 3HAUYeHHe IMepeMeHHO# X, a Ha BTOPOM — 3HA4YeHHe Ie-
pPeMeHHOH Y.

Eciu mepeMeHHBIe B ypaBHeHMM 0003HAUEHbI OYKBAMU, OTIMYHBIMH
OT X U I/, TO, 3AIIMCHLIBASA pellleHUe B BHJle [Iaphl, HANO JOTOBOPUTHLCS, 3HAYE-
HIe KaKoil MepeMeHHOIl CTaBUTCH HA IIePBOEe MecTO B Iape, a KaKoil — Ha BTO-
poe. Kak nipaBujio, npUHUMAaeTCs BO BHUMAHHE MOPAN0K OVKB JIJATHHCKOTO aJI-
(paBuTa. Ucnonbaysa Takoe obo3HaYeHHe, MOKHO, HAIPUMEpP, 3alHCATb, YTO
Kaxgas us nap uuced (9; 85), (40; 50), (560; 40) apngercsa pelleHHeM VpaBHe-
Huda x + y = 90.

Tpu ykazaHHBIe ITapPhl HE HCUYEPIILIBAIOT BCE PEIleHHs 3TOTO YPABHEHH .
Ecnu BMecTo mepeMeHHOR I MOACTABJIATL B ypaBHeHHe X + i = 90 nio0ble eé
3HAYEHHUA, TO OyJeM IMOJyYaTh JINHEHHLIEe YPABHEHUS C OJHON IepeMeHHOI,
KOPHSAMH KOTOPBIX OYAYT COOTBETCTBYIOIIME 3HAUEHUA nepeMeHHOR x. [TousAT-
HO, YTO TaK MOKHO IMOJYYUTL OeCKOHeYHO MHOTO Iap YUCeJ, ABJISIONUXC pe-
HIeHUAMHI ypaBHeHU:A X + iy = 90,

YpaBHeHHE ¢ JBYMsA IepeMeHHbLIMHU He 00sg3aTe/IbHO HMeeT 0eCKOHEeYHO
mMHOro pemenuii. Hanpumep, ypasuenue |x| + || = 0 umeer ToibKo ofiHO pe-
menue — napy uucen (0; 0). [leficTBuTeIbHO, MOCKOABKY |x| = 0 u |y| = 0, To
npu x # 0 uian iy # 0 eBasd 4acTh YpaBHEHUSA NIPUHHMAET TOJLKO MOJIOKUTEIb-
HbIe 3HAUeHUA. YpaBHeHUe X2 + y? = —2 pemeHuil He UMeeT (JOKaKUTe TO ca-
MOCTOSATEJILHO).

3aMeTHM, YTO MBI PEIIMIHM Kayioe M3 ypaBHeHHI |x| +
x? + y? = -2, a ypaBHeHue x + iy = 90 HaMU He peIIeHO.

=0 u

Y

wusp OnpepeneHue
PewnTb ypaBHeHMe ¢ ABYMS nepemMeHHbIMM — 3TO 3HA4YMT HAWUTKU BCe ero
peleHna UM NoKasaTb, YTO OHO He MMeeT pelueHU.

Tak:ke MOKHO CKasaTh: pelliIMTh YpaBHEeHHE C JABYMA epeMeHHbIMH —
3TO 3HAYMT HAWTH MHOKECTBO ero peuieHui.

CgoiicTBa ypaBHEHHUIl ¢ JABYMS IIePEMEHHLIMU 3AlIOMHHUTEL JIEIKO: OHH
aHAJIOTUYHBI CBOMCTBAM YPABHEHUI ¢ OJHOI IIepeMeHHOH, KOTOphIe Bbl HU3Y-
yaJIi B Kypce MaTeMaTUKH 6 KJiacca.

sy * Ecnn K 00emm vactam gaHHoro ypasHeHus npubaButb (Mnnm M3 obemnx

YacTeil Bbl4ecTb) OQHO U TO JKe YMCMO, TO NONYYMM ypaBHEeHWe, UMeloLee
TO € MHOMECTBO pelueHU, YTO U AaHHoe.
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* Ecnn Kakoe-nmbo cnaraemoe nepeHecT M3 OQHOW 4YacTU YpaBHEHMUA
B APYryio, U3MeHMB NpW 3TOM €ro 3HaKk Ha NpPOTHMBONOMOXHbIW, TO Nony-
4YMM ypaBHeHMe, MMeloLlee TO e MHOXECTEO pPelueHU, YTO U flaHHoe.

* Ecnu ob6e yacTn ypaBHeHMA YMHOXUTb (pa3aennTb) Ha OQHO U TO JKe OT-
NUYHOE OT HYMA YUCNOo, TO NONYYMM ypaBHeHUe, UMeloLllee TO e MHOoXe-
CTBO pelueHuiA, YTO U AaHHoe.

Paccmorpum ypasHenue x? + y? + 2 = 2x — 2y. IIpeoGpasyem ero, uc-
IMOJIL3Ys CBOMCTBA yYpaBHeHUH. MMeem:

x2-2x+y?+2y+2=0;
x2-2x+1+y?+ 2y +1=0;
(x—12+y+1)2=0.

[Tockomnbry (x — 1)2 2 0 u (y + 1)? = 0, To JeBas yacTh ypaBHeHUs obpa-
I[AeTCA B HYJIb TOJBKO IPH 00HOBPEMEHHOM BBITIOTHEHUHN yeaoBuii: x — 1 =0
uy+1=0.Orcroga cnenyer, uro napa yucei (1; —1) — eguHCTBEHHOE pelle-
HUe NJAaHHOI0 YPaBHEHUS.

HMayuasa Kakoil-ToO 00'bEKT, MBI CTPEMHMCS He TOJBKO OIHUCATEL ero CBOMCT-
Ba, HO M COCTABUTL 0 HEM HAITIAAHOe IIpeacraBieHne. I'padpur GyHEIMH — Xa-
pakTepHBI ToMy npumep. [lockonbKYy pellleHWeM ypaBHEHHS C ABYMsA Mepe-
MEHHBLIMHU ABJIAETCA Iapa yuces, Hanpumep (a; H), To coBepiIeHHO eCTeCTBEHHO
1300pasuTh 9T0 pemenue B Buge Touku M (a; b) Ha KOOpAUHATHOM I1JIOCKOCTH.
Ecinu n3obpasuTrh Bce pellieHUs YpaBHEHUA, TO MOJYYUM rpadMK ypaBHeHUs.

susp Onpegenenue
pacthmKom ypaBHeHMA ¢ OABYMA NepemMeHHbIMM Ha3biBalOT reomMmetpude-
CKylo (hUrypy, cocTosillylo U3 BCeX TeX U TONbKO TeX ToYeK KoopauHaTHOM
NNOCKOCTH, KOOpAWHaTbl KOTOpbIX (Napbl 4ucen) ABAAIOTCA pelleHUAMM
AAHHOro ypaBHeHMA.

Hanpumep, paccMOTpeHHOE BBIIIIE YA
ypaBHenue x2 + y? + 2 = 2x — 2y umeer
eguHcTBeHHOE pemenue (1; —1). IToaTomy
ero rpaMKoOM ABJIAETCA eIMHCTBEHHAA
rouka M (1; —1) (puc. 27.1).

Ha pucyuke 27.2 uszoOpaykéH rpa- >
pur pyurnuu y = 2x — 1. Ilockoabky 10 M *
hopmysa, 3agawinag JUHeUHYID (PYHK-
110, ABJAETCA YPaBHEHUEM C JByMs IIe-
peMeHHBIMH, TO TaKiKe MOKHO CKasaThb,
yTOo Ha pucyHKe 27.2 nsodpakén rpadpuk
ypaBHeHHUs iy = 2x — 1. erc- 27.1

1)
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IloguepkHEéM, 4YTO eciu Kakasi-mo Quzypa sAeraemcs zpauxom
YpasHeHust, mo 8biNOJHAIOMCA 08a YCA0BUSL:

1) sce pewenus ypasnenus A6ASA0OMCA KOOPOUHAMamu mouex, npu-
Haonecauux zpaduxy;

2) koopdunamunt 1060HU MOUKU, NpuNHadIeldcauwell zpaguKy, — amo
napa yucen, Komopas sAeiAaemcs peulenuem 0annozo yYypasHeHus.

I'pathuru ypaBHeHH oueHb pasHooOpas3Hbl. Co MHOTHMHM M3 HUX BBI I10-
3HAKOMHUTECHh B Kypce anredpsl. Hanpumep, B Kypce ajiredpsl 8 Kiacca Bbl y3-
HaeTe, 4TO rpa(PMKOM pacCMOTPEHHOTO B Havaje naparpada ypaBHeHUSA
xy = 12 aBnaerca ¢urypa, uszodpakénnasa Ha pucynke 27.3. Eé HasbIBaioT

S

=t

er:. 27.2 r Puc.27.3

runepooaoii. A B kypce reomerpuu 9 Kjiacca Bhl CMOJKeTe JOKa3aTh, UTO rpa-
dukroM ypaBHeHUs X2 + 12 = 4 ABIsSETCS OKPYKHOCTD (puc. 27.4).

Mpumep 6. ITocrpoiiTe rpaduk ypaBHeHus xy + 3y = 0.

PeweHue. 3anuinem nanHoe ypaBHeHue B Buze y(x + 3) = 0. Orcrozna
y=0wmx+3=0.

CnemoBaTenbHO, pellleHHAMH JAaHHOIO YPaBHEHHUSA SABJIAKTCA BCe IAPBI
ypcen Buga (x; 0), rme X — NDPOM3BOJIBHOE YHCJO, M BCe IIaphl YHCEJ BHUJA
(—-3; y), rie y — NPOU3BOJIBLHOE YUCJIO.

MHOKecTBO TOYEK, KOOPANUHATEI KOTOPBLIX umMmerT Buji (x; 0), rme x —
IIPOU3BOJLHOE YHCI0, 00pasyioT ock abciuce.

MHOKeCTBO TOYEK, KOOPAUHATLEI KOTOPBIX UMeloT Bux (—3; y), roe iy —
IIPOHU3BOJBLHOE YHCJI0, 00pa3yIT NpAMYI0, IPOXOAAINIVID Yyepe3d To4Ky (—3; 0)
Imapasie/ibHO OCH OPJAUHAT.

CnemoBaTenbHo, rpauKoM JAaHHOI0 YpPaBHEHHA SBJIAETCA [apa Ips-
MbIX, H300paKEéHHBIX HA PUCYVHKe 27.5. B

190



Yh
=
/ \ > >
| O 1) X -3 O 1 X
NP4
rPuc. 27.4 r Puc.27.5

Mpumep 7. Kakaa purypa asiagercsa rpauKoM YpaBHEHHU:

1) |x|+ |y — 2| =0;

2) 2+ y=y+ 2?7

PeweHne. 1) Tak kak |x| = 0 u |y — 2| = 0, To neBasa yacTh ypaBHeHUS

Oyner paBHa HYJIK TOJBKO NPH OJHOBPEMEHHOM BBLIIOJHEHHH YCJIOBHIL:
x=0wuy—-2=0. Orcroga napa uucen (0; 2) — eguHCTBeHHOE pellleHUe JTaH-
HOro ypaBHeHHA. ClenoBaTelbHO, HCKOMBIM I'paUKOM SIBIAETCA TOUKA C KO-
opaunaramu (0; 2).

2) ITousarHo, uyro abas napa (x; ) ABJIseTCA pelleHHeM JaHHOI'0 ypas-

HeHMsA. CJIE,I[GB&TEJILHG, ero I‘pﬂﬂ]HRGM ABJAETCA BCA HKOODAHMHATHAaA ILJIO-
CHKOCTL. W

?

1. YTo Ha3biBalOT pelleHeM ypaBHEeHUA C ABYMA NepeMeHHbIMK?

2. 4T0 03Ha4aeT pewunTb ypaBHEeHWE € ABYMA NepeMeHHbIMN?

3. ChopmynupynTe CBOUCTBA YPaBHEHWM C ABYMA MepemMeHHbIMMW.

4. Y710 Ha3bIBAOT rpatPMKoOM ypasHEeHUs C ABYMA NepemMeHHbIMn?

5. MoxeTt nu rpaduk ypaBHeHWA C ABYMA NepeMeHHbIMW COCTOATL TONLKO
M3 OQHOW TOYKK?

6. Kakas ¢wurypa sasnaetca rpadmkom ypaBHeHUsa i = kx + b?

— O
® YnpaHeHV g umen
27.1. Kaxkue U3 JaHHBIX YPABHEHHUI SABIATCA VPABHEHUAMHM C ABYMs IIepe-

MeHHBIMI.

1) 2x + y = 8; 4) a® — 3b = 8c; 7) 2% — 8x = 100;
2yx+y+z=0; 5) xy +1=2; 8) x* — 8y = 100;
3)a®-3b=8; 6) 5m — 3n = 6; 9) x* — 8xy = 100?
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27.2. Asnsaerca nu napa yucea (—2; 3) pelnreHHeM YpaBHeHUA:
1)dx + 3y = 1; 2) X% + 5 =y 3) xy = 62

27.3. Kaxue us nap uucen (0; 1); (5; —4); (0; 1,2); (-1; 1); (1; —1) apadAmTcA
pelleHuAMKY YPaAaBHEHUA:

1) 2% + 5y — 6 = 0; 2) xy +x=07?
27.4. Ilpunagnexut nu rpabury ypasaenus 2x2 — y + 1 = 0 Touka:
1) A (-3; -1T); 2) B (2; 9); 3) C (-2; 9); 4) D (-1; 4)?
27.5. loxaxure, uro rpaduk ypaBHeHUs xy — 12 = 0 He IpPOXOAUT uepes
TOUYKY:
1) A (3; —4); 2) B (-2; 6); 3) C (75 2).
27.6. IIpoxonuT U yepe3 HAYAJIO KOOPAUHAT rpadUK YpaBHEHUS:
1) 12x + 17y = 0; 2) x%2—xy +2=0; 3) a3 — 4y = y? + 3a?
27.7. YRamxuTe Kakvue-HHOYIbL TPH pellleHUs VpaBHEHUA:
1) x —y = 10; 2) x = 4y; 3) 2x% + y = 20.
27.8. YramuTe Kakue-HHOYIb TPH pelleHUs VpaBHEeHUA:
Dx+y=1; 2) bx —y = 2.

L 2 2 |

27.9. I'paduk ypaBHenus 4x + 3y = 30 npoxoaut uepesd Touky A (6; H). Hemy
paBHO 3Hauenue b?

27.10. 'pacuk ypaBHeHusa 7x — dy = 47 npoxonut uepes Toury B (a; —1). He-
MY paBHO 3HaueHue a?

27.11. IIpu kaxKoM 3HAUEHUHU @ mapa yucen (—4; 3) ABIsgeTCA pelleHueM YpaB-
HEeHU:
1) 3x + by = a; 2) ax + 5y =197

27.12. IIpu kaxkoM 3Ha4YeHUU @ rpaduk ypasHenusa 11x — 13y = a + 6 npoxo-
IUT Yepe3 HavaJi0 KOOpPIUHAT?

27.13. He BBINIOJIHAA NOCTPOEHUA, HAUANTE KOOPAUHATEI TOUEK IIepecedyeHns
C OCAMHU KOOpPAUHAT rpadpUKa ypaBHEeHU:
Dx+y=2; ) x2+y?=9;
)P -y=1; 4) |x| -y =5.

27.14. He BBINIONHAA NOCTPOEHUA, HAWNHUTEe KOOPAUHATEI TOYEK HNepecedyeHuns
C OCAMHU KOOpPAUHAT rpadpuKa ypaBHEeHU:
1) 2x — 3y = 6; 2) %+ y =4; 3) x|+ |y|=T1.

27.15. CocraBbTe Kakoe-HUOVIL YPABHEHHE C JBYMSA IePpeMeHHBIMH, PelleHH-
eM KOTOpPOIro SIBJISAeTCs apa dyuces:
Nx=1,y=2; 2)x=-3,y=25; 3)x=10, y = 0.

27.16. CocraBbTe Kakoe-HUOYAb YPaABHEHHE C JIBYMS NepeMeHHbIMH, rpadHUK
KOTOPOI'0 IIPOXOAUT Yepes3 TOYKY:

1) A (-2; 2); 2) B (4; -1); 3) C (0; 0).
27.17. llpugymaiiTe TpHu YypaBHeHUs, rpapUKH KOTOPLIX MPOXOJAT Uepes ToY-
ky M (6; -3).
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27.18. lIpungymaiiTe TpHu ypaBHeHUs, rpapUKH KOTOPLIX MPOXOJAT Yepes To4-
ky K (0; 4).

27.19. IIpunajie:xar au rpad@uKy ypaBHeHHUA X! — iy = —2 TOUKH, UMEIOIIHE
OTPHUIATENbLHYI0 OPAUHATY ?

27.20. IIpoxoaur jsu rpaduK ypasHeHus x + y? = —4 depes TOYKHU, UMEIOIIUeE
IIOJIOKUTEJIbHYI0 abcrucey?

27.21. Umeer Jin pellleHUs ypaBHeHUE:

1) y? = x%; 4) x? + y? = 25; T x|+ ly|=1;
2) y? = % 5) &% + y? = -25; 8) |x| + |y|=0;
3) xy = 0; 6) x* — y* = -9; 9) x|+ |y|=-1?

B cinydae yTBepAUTENIBHOTO OTBETA VKAMKHUTE IIPUMEpPhl PelleHHid.
27.22. Pemiure ypaBHeHUE:

1) a2+ y?=0; 2) (x + 2)2 + (y — 3)* = 0; 3) x* + b = 4.
27.23. CKOJBKO pellleHUi UMeeT YpaBHeHHe:

a2+ (y—2)2=0; 5) xy = 2;

2) (x + 3)% + (y — 1)* = 0 6) |lx+ 1]+ |y|=0;

3) 922 + 1642 = 0; 7) x* + |y| = -100;

4) (2 + y*)y = 0; 8)x+y =27

27.24. IIpuBenure npuMep ypaBHEHUSA ¢ IIePEMEHHBIMU X U U:
1) uMerwIero oJlHO pelleHue;
2) He UMEIOIEro pelleHunii;
3) uMmelonero 6eCKOHeYHO MHOI'0 PelIeHnil;
4) pelnrteHHEeM KOTOPOro ABJISIeTCS JiloDad mapa 4uceJ.

A B 2
27.25. Yro npencrasisier coboil rpapuk ypaBHeHUA:
1) (x-1)2+(y+5)*>=0; 3)dx +y =y + 4x;
2) [x+9|+ |y-8|=0; 4) (x — 1)y + 5) =0?
27.26. IlocrpoiiTe rpathuK ypaBHEeHMHS:
D (x+2)2+y2=0; 3) xy = 0; 5) xy — 2y = 0.
2) |x|+ (@ -332=0; ) (x+ 1)y -1)=0;
27.27. llocrpoiiTe rpathuk ypaBHeHU:
1) lx—4|+ |y —4][=0; 2) (x—4)(y - 4)=0; 3)xy +x=0.

27.28. Haiinure penreHre ypaBHeHUs ox + 3y = 24, ABIdAOleeca apoi pas-
HBIX YUCeJI.

27.29. Haiigure pemrenue ypaBHeHus —12x + 13y = -100, asasiomeecsa napoii
IIPOTUBOIOJIOMHBIX YHUCE.

27.30. HaiinuTe Bce napsl (X; i) HaTYPAIbHBIX YHUCEN, ABIAAIOIIUECH PelleHH-
MU YPABHEHU !
1) 2x + 3y = 5; 2) x + 5y = 16.

27.31. Haitnure Bce mapb! (X; I) LeNBIX 4YHCeN, SIBIAIONHECA pelleHUsAMU
ypaBHeHUs |x|+ |y|= 2.
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27.32. Haiinure Bce mapb! (Xx; I) LeNLIX 4YucCel, SIBIAION[HECA pelleHUsAMU
ypaBHeHUus X2 + y? = 5.

27.33. Kare Hamo 3anaaTuTh 3a Opouropy 29 p. ¥ Heé ecTh TOJBKO MOHETHI 110
2 p. u o 5 p. CKoJIBKUMU criocoDaMHB OHa MOMKET PAcCUMTATBCHA 3a I10-
KYIKY, He Imojy4yas caauu?

27.34. YuenukaM 7 KJjacca Ha MaTeMATHYECKOM KOHKYpPCe IPeIJOKHIIH pe-
IIUTh 3aJauyl Mo ajredpe U 1o reoMeTpUH. 3a KaKIVIO IIPaBUJILHO pe-
MIEHHYIO 3alauy mo ajredbpe Hauucasaock 2 0ana, a 3a 3aj1auy Mo reo-
MmeTpuu — 3 Oamra. MakcuMabHOEe KOJIMYEeCcTBO HAOpaHHBIX 0aJLIOB
Momio coctaBUTh 24. CKOJNBKO OBLIO NMpeAJjoKeHO 3aJa4d OTAeJbBHO MO0
ajqredbpe U Mo reoMeTPHUH, €CJIU M0 KAXKJIOMY U3 3TUX NpPeaMeTOB ObLIa
xoTsa Obl opHa 3agauya? Haiigure Bce BO3MOKHBIE OTBETEI.

27.35. Pemure ypaBHeHUE:

1) 2% + y? + 4 = 4y;

2) x%2 + y% + 2x — 6y + 10 = 0;
2+ yP+x+y+0,5=0;
4) 92 + y? + 2 = 6.

27.36. Pemiure ypasHeHuUe:

1) 2% + 10y + 30 = 10x — y2 — 20; 2) 4x? + y? + 4x = 2y - 3.

27.37. I'padpurom ypasaenus (x? + y? + y)? = x% + y? aBnsercs Kpusas, KOTo-
pyIo HaseIBaIOT Kapduoudot (puc. 27.6). Haiiqure KoopAUHATEI €€ TO-
YeK IepecedeHus ¢ OCAMU KOOPAUHAT.

2 2

X
27.38. I'padpuKoM ypaBHEeHUS 55 + ?_6 =1 ABIfeTca KPUBAA, KOTOPYIO HA3LI-
BaloT aaauncom (puc. 27.7). HaliguTe KOOpAUHATEI €€ TOUEK Iepecede-

HHMA ¢ OCAMHA HKOOpPIHHAT.

YA YA

D,

Puc. 27.6 rPuc. 27.7

=Y

N

N
YnpaxHeHus ANA NOBTOPEHVA gum

27.39. B émKocThb, comep:xamynw 150 ma 8%-ro pacTBopa KHCJIOTEI, J00ABH-
au 90 v Boael. UemMy paBHA KOHIEHTPAIMA KHUCJIOTHI B IOJYYEHHOM
pacTBOpe?
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7.40. B memke 7 kpacHbix, 10 zenenbix u 12 xenreix aAdmoxk. Kakoe nau-
MeHblllee KOJIMYecTBO s0JIOK HaJ0 BBIHYTH, He 3arjsJblBasgd B MENIOK,
4TOOBI C BEPOATHOCTBIO, paBHOM 1, cpeid BBIHYTHIX A0JOK XOTA ObI O{HO
OBLIIO 3€JMEHBIM?

27.41. HaiijuTe KOpeHb YpPaBHEeHUS:
1) 4x+1_2x—3:f_4; 2) 3¥ -5 dx—2

5 3 4 3

27.42. U3 ropoaa A B ropon B oagHOBpeMeHHO BbleXaJl JErKOBOH U I'PY30BOi
aBromobuau. Jlerkosoii aBToMo0UAL NpHOLLT B ropon B depes 3,H 4 mo-
cJie BbIe3lla, a 'PYy30BOMY OCTAJIOCH ellé npoexaTth 77 km. Haiimure pac-
CTOAHHUE Me:xJy ropojlaMu, ecJIi CKOPOCTh I'PYy30BOI0 aBTOMOOMIA
B 1,4 pasa MeHbIlIe CKOPOCTH JIETKOBOTO.

27.43. Mo:HO JIM VTBEePMXIATh, YTO MNPH JHOOOM HATYpPaIbHOM YETHOM 3HAYE-
HUU 71 3HadyeHHe BhIpaxkeHus (Hn + 10)2 — (2n + 4)? penurca Haleso
Ha 847

27.44. 1U3BecTHO, YTO IPU HEKOTOPLIX 3HAYECHUAX M1, N U k 3HAUeHUE BhIpae-
HuA 3m®n paBHo 2, a 3HaYenue BeIpaxkenus n2k? pasuo 3. Haligure npu

Tex ke CAMbIX 3HAYEHHUSX M, 1 U k 3HAUeHHe BLIPAKeHU:
1) (3m2n2k?)?; 2) (—2m?nk?)3 - (0,5n2k)2.

=x+0.

s JiInHeHOe ypaBHeHUEe C ABYMSA NepeMeHHbIMU
M ero rpajdpuk

=usp OnpepenexHue
JIHeAHbIM ypaBHeHWEeM ¢ ABYMS NepemMeHHbIMM Ha3bIBAOT ypaBHeHue
Bupa ax + by = ¢, rae x U iy — nepemeHHble, 4, b, ¢ — HekoTopble Yncna.

YpaBuenusa 4x + 3y = 634, x + y = 90, 3HaKOMbIe BaM I10 IPeJbIAYIIEMY
naparpady, ABIATCA JUHeHMHBIMH. BoT eme npumepsbl JUHEHHBIX VpaBHe-
Huil: x + y =3; Ox + Sy =-1; -3x + Oy = 5; Ox + Oy = 0; Ox + Oy = 2.

Beisicuum, Kakasi purypa Asiasercsa rpaUKOM JIMHEHMHOTI0 YpaBHeHUs.
Il71st aTOr0 pacCMOTPUM TPH CJOAYYAas.

Cnyyawn 1. I[Iycres 3agano JiuHeiiHOe ypaBHeHUe ax + by = ¢, B KOTOPOM
b # 0. 9To ypaBHEHHE MOYKHO TPeodpPa30BaTh TAK:
by = —ax + c.
[Tockonwkry b # 0, To, pasnenus obe YacTH MOCJAEIHEro ypaBHeHUs Ha b,
{l C
x4+ =

b b’

MOJMAYyUYHUM: If = —
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o &l 8
Beeném obo3HaYeHHA: 5= k, 5 =P Termeps MOKHO 3anUcaTh
J }
y =kx + p.
Mb1 nmonyuuau gopmyily, 3aJamilyio JuHellHyI0 GyHENIHI. 'padu-
KOM JIMHEeHHOH (PYHKIIUU ABJISETCS HeBePTUKAJIbHAA NIpAMasa. SHAYUT, 2pPdA-
Gdurxom ypasnenus ax + by = c, zde b # 0, ssraemcsa HesepmMuUKaIbHAaAs

nPAMAas.

Mpumep 1. ITocrpoiiTe rpaduk ypaBHeHuda x — 3y = —2.

PeweHune. I'papukoM sTOro ypaBHeHUs aABIdeTca npamasa. IloaTomy
IS IIOCTPOEHUSA JOCTATOYHO OIPEAeNNTh KOOPAUHATEI ABYX JTI0OBIX €€ TOUeK.
Nmeem: ecniu x = 1, To y = 1; ecniu x = -2, o y = 0. Teneps uepe3 ToukH
M (1; 1) u N (-2; 0) nposeném npamyio (puc. 28.1). Ora npaMas U ABIAETCS
HCKOMBIM IpauMKOM. W

Cnyyam 2. [IycTs 3aiaHo JuHeliHOe ypaBHeHUe ax + by = ¢, B KOTOPpOM
a+0, b=0. Ilonyuaem ax + Oy = c. ITocTpoenne rpadpuka ypaBHEHHS TAKOTO
BHJla PACCMOTPHUM Ha IIpUMeEpe.

Mpumep 2. ITocrpoiite rpacduk ypasHenus 3x + Oy = 6.
PeweHwne. Jlerko HalTH HECKOJBKO peIIeHUI 3TOro ypasHeHusA. Bor,

HAIIpUMep, 4eThIpe ero pemrenuda: (2; —1); (2; 0); (2; %J ; (25 —100). fAcHo, uTo
nobas napa suga (2; t), roe { — NPOU3BOJILHOE YHCII0, ABIAETCA PelleHHeM.
CrnegoBaTeibHO, HCKOMELIH I'paUK COAEP:KUT BCe TOUKH, ¥ KOTOPLIX abcijuc-
ca paBHa 2, a opauHaTa — Ja00oe unciio. Bece 9TH TOUKH IMPUHAIJIEKAT IIPA-
MOIl, MeprIeHAHKYJIAPHONH ocH abciucc M Ipoxoasainei depe3 Toukry (2; 0)
(puc. 28.2). IIpu sTOM KOOpPAHMHATEI JHO00H TOYKH 3TOH IpAMON — mapa 4u-
cell, ABAAKINAACA pellleHHeM NaHHOTO ypaBHeHHA. A 3HAUYHUT, YKasaHHAas
IpAMasa U ABIAETCA UCKOMBIM rpadgukom. N

7Y Tk
M
1 1
N
vt -
T 0f 1 . 0] 1 |2 X
Puc. 28.1 r Puc. 28.2
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Paccyxpasa aHajoru4Ho, MOMKHO IIOKasaTh, YTO I'paUKOM ypaBHEHHS
ax + 0y = ¢, rne a # 0, ABIAsieTcs BePTUKAJbHAS NpPAMAsd.

Tenepb MOMKHO CHEJIATH TAKOUN BHIBOJ: 6 KANCOOM U3 06YX CAYHAEE:
1)b#0;2)b=0ua+0— zpajdpuxom ypasnenus ax + by = c aenaem-
ca npamas.

Yacro, HAIpUMeEpP, BMECTO NPEJIOKEHUs «JaAHO YPaBHEHUE I = 2X» ro-
BODAT «JaHA NPAMASA Y = 2X».

Cnyyam 3. [TycTs 3asiaHo JuHeiiHOe ypaBHeHUe ax + by = ¢, B KOTOPpOM
a=>b=0. Ameem: Ox + Oy = c.

Ecau ¢ # 0, To 3T0 ypaBHEeHHEe He UMEeT PellIeHuil, a cjeoBaTeJbHO, Ha
KOODAUHATHOM! IJIOCKOCTH He CYIIECTBYEeT TOYeK, KOTOPbIE MOTJIH ObI CIAYKHUT
rpaMKOM YpaBHEHUS.

Ecau ¢ = 0, To ypaBHeHHe IPUHUMAET BUI:

Ox + Oy = 0.

Jliobass mapa 4Hcesn ABISETCA ero pelleHHeM. 3HAYUT, B 9TOM CJIyYae
rpaduK YpaBHEHUS — BCS KOODAHHATHASA ILJIOCKOCTh.

Cnepyroomasa Ttabauna IOLBITOMKUBAET MATepPHAJ, PACCMOTPEHHBI
B 9TOM maparpade.

YpaBHeHUe 3uauenud a, b, ¢ I'padur ypaBHeHUHA

ax + by =c b #0, auc— nobere HepepTHKAaILHAA OPAMAA
ax + by =c b=0,a+0, c — nwoboe BepTHKaILHAA OIpAMAA
ax + by =c a=b=c=0 Bea KoopIuHATHASA ILIOCKOCTE
ax + by =c a=b=0,c#0 -

Mpumep 3. Bripasure us ypaBHeHUs 3x — 2y = 6 mepeMeHHYIO X Yepes
IIepeMeHHYI0 iy U HAUAUTe KaKUX-HUOYIb IBa pPelleHUuA 3TOr0 ypaBHEHUS.
PeweHune. Umeem: 3x = 2y + 6;
2y +6
B

2
X==-y+2.
3
[IpugaBas nepeMeHHOH i/ IPOU3BOJIbLHBIE 3HAYEHUA U BBIYUCIAA 10 MO~
" 2 .
Ay4yeHHOH dopmysie X = 3y 2 CcoOTBeTCTBYMOILHE 3HAYEHUS IepeMeHHOH X,

MOKeM HalTH OecKOHeYHO MHOTO pellleHWil JaHHOro ypaBHeHuda 3x — 2y = 6.

197



Hanpumep,

ecau iy = 6, To I=§+6+2=6,

ecyau y =—2, To IZ%'(_2)+2:§‘

ITaper yncen (6; 6) u (% —2] ABIAIOTCA PelIeHUIMH JaHHOTO YpaB-

HeHHsa. B

Mpumep 4. CocraBbTe NTHHEIIHOE YpaBHEHHE C ABYMSA II€PEMEHHBIMH,
rpaEKOM KOTOPOr0o ABJIAETCA MpAMAas, MPOXOAAIlas depe3 Hadyalo KOOpAH-
HaT 1 Touky A (3; —12). ITocTpoiiTe rpathuk sTOro ypaBHEeHHU.

PeweHne. Tak kak rpauk MCKOMOTO
ypaBHeHusaA npoxoaut uepes Touku (O (0; 0)
u A (3; —12), umeronue pasHbie adCIHUCCHI, TO
OH ABJIAeTCS HeBepTUKAJIBbHOU npamoii. Torna
ypaBHEeHUE BTOH NpPAMON MOMKHO B3aIllHCATh
B Buje iy = kx + b, rne kR u b — HeKoTOpEIe
yucJaa.

U3 Toro, uro rpauk IpPOXOJUT Yepes
Hayajao Koopauuart, ciaeayer, uro b = 0. Tak
Kak rpadHK Ipoxoaut depes Touky A (3; —12),
to —12 = 3k, orkyna k = —4.

SHAUYKUT, UICKOMOE YPaBHEHUEe UMEeT BU/J
y =—4x unu 4x + yy = 0. 'paduxk aroro ypasHe-
HUA U300paskéH Ha pucyHke 28.3.

OtBeT: 4dx +y =0. 1

m
MEeHHLIMWK?

=Y

rPuc. 28.3

P 1.Kakoe ypaBHEHME Ha3blBalOT NUHEWHbIM ypaBHEeHWEM C ABYMA Mepe-

2. Yto sBnsieTcs rpadmkomM ypaBHeHusi ax + by = ¢, ecnn b # 0 unn ecnu

b=0una=+0?

. Y10 siBnAeTca rpadpmkom ypaBHeHus ax + by =cnpna=b=c=0?

3
4. Mpu Kakux 3HaveHuax a, b n c ypaBHeHue ax + by = ¢ He umeeT pe-

WeHnn?
. O
® YnpaHeHVA g umen
28.1. HAsnsaerca 11 TUHEMHLIM YpaBHeHHE ¢ JIBYMSA IMepeMeHHBIMMU:
1) Tx + 11y = 36; 3) 12x - 17y = 0;
2) x? + 4y = 6; 4) —3x + ay = 10?
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28.2.

28.3.

28.4.

28.5.

28.6.

28.7.

28.8.

28.9.

Kaxme u3 map uucen (7; 1), (0; -2), (8; 2), (-7; -5), (10; 3) apasioTca
pelleHuAMM ypaBHeHUuA 3x — Ty = 147?

PemenneM KakKuX ypaBHEeHHH sABJIdeTca mapa uncena (3; —2):

1) 4x + 5y = 2; 2)3x -2y =25; 3) 0,2x - 0,5y =1,6?
WNsBecTHo, uTo mapa uducea (—5; y) ABIAeTcA pelleHUEeM ypPaBHEHUS
2x + 9y = 17. Haitnure 3Ha4YeHHe Y.

HM3BecTHO, uTO mapa uucea (x; 6) aBasgerca pelleHHeM YpaBHEHUSA
8x — 3y = 22. Haiinure 3Ha4YeHUE X.

I'paduky Kakoro u3 ypaBHeHUH mpuHamiexuT rouka M (1; 4):

1) 4y — 2x = —4; 2) 6x + 11y = 507
IIpoxomut nu rpaduk ypaBHeHHUA 3X + i = —1 yepe3 TOUKY:
1) M (-3; 10); 2) N (4; -13); 3) K (0; -1)?

BreipasuTe U3 JaHHOTO YPABHEHUSA MEePEMEHHYIO X Yepesd IepeMeHHYIO ¥
U HAlAUuTe KaKue-HUOYAb TPU PELIeHUs 3TOTO YPABHEHHA:
)ax+y=12; 3) 2x + 8y = 16;

2)x— Ty = 95; 4) —6x + Sy = 18.

BreipasuTre U3 JaHHOIO YPABHEHUS MEePEMEHHYIO i Yepesd IlepeMeHHYIO X
U HaliauTe Kakue-HUOYAb [IBa pellleHUus 3TOro YpaBHeHUH:

1)dx -y =1, 2) 2x+y=11; 3) 5x — 3y = 15.
28.10. Haiigure kakue-HUOybL TPU pellleHU YPABHeHUA:
1) x —y =10; 2) 2y — 5x =11.
28.11. Haiigure Kakue-HUOYIbL TPU pellleHUA YPaBHEeHUS:
1)bx+y="T; 2) 2x — 3y = —4.
28.12. IlocTpouiTe rpaPuK YypaBHEHU:
Dx—-—y=4; 3) x — dy = 5;
2)4dx+y =3; 4) 3x + 2y = 6.

28.13. IlocTpoiiTe rpahuK YpaBHEHUA:

1) x+y=-3; 2) bx+y =0; 3) 2x — 3y = 9.

28.14. Kakue napsl 4yHce]I ABIATCA PEIIeHUAMHA VPaBHEHH:

1) Ox + 4y = 20; 2) 3x+ 0y =277

28.15. IlocTpoiiTe rpachuk ypasHeHUA:

1) 4y = -8; 2) 1,2x = 3,6.

28.16. IlocrpoiiTe rpachuk ypasHeHUA:

1) -0,2x = 1; 2) 0,5y = 2.

28.17. B kaxkoii Touke npsmas 7y — 3x = 21 nepeceraert: 1) ocs x; 2) ock y?
28.18. Hailigute KoopauHATBEI ToueK nepecedenus npamoit 0,3x + 0,2y = 6

C OCAMH KOOpIHHAT.

28.19. CocraBbTe KaKoe-HHOYIbL JUHeHHOEe YpaBHEeHHEe C JABYMSA IIepeMeHHBLI-

MH, pellleHHeM KOTOPOro ABJadeTcs mmapa uucea (—2; 1).

28.20. CocTraBbTe KaKoe-HHOYIb JHUHEHHOEe YpaBHeHHE ¢ JBYMSA IepeMeHHBI-

MH, PelleHHeM KOTOpPOro sBJsdeTcd mnapa uucen (3; d).
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28.21. Haiinure penrenue ypasHeHnus 7x + 8y = 30, cocrosuiee U3 AByX pas-
HBIX YU CeJ.

28.22. Haiigure pemenue ypaBHeHuda —12x + 17Ty = —87, cocrosauee U3 JByX
IIPOTHBOMIOJOHBIX YUCEeJI.

28.23. IIpu kaxkoM 3HAYEHHUH a mapa unce (a; 2a) ABIdAeTCA PelleHueM ypaB-
HeHusa 2x + Ty = 167

28.24. IIpu xaxoM 3HaAYeHUH @ napa yucel (—4; 2) ABIAeTcA pelleHneM ypaB-
HEeHU:
1) 3x + 5y = a; 2) ax + 5y = 187

28.25. IIpu kaxkoM 3HAYeHUU a rpacduk ypasHeHus 11lx — 13y = a + 4 npoxo-
IUT Yyepes HavyaJao KOOpaAuHAT?

28.26. IIpu KakoM 3HaYeHHH a Yyepesd TOUKY A (5; —3) npoxogut rpaduK ypas-

HEeHU:
1) 4x — 9y = a; 2) bx — ay = 157

28.27. IIpu xaxkoM 3HaYeHUH @ rpaduk ypaBHeHus ax + 4y = 0 npoxoaur ue-
pes TO4YKYy:
1) A (12; -4); 2) B (0; 2); 3) O (0; 0)?

28.28. IIpu kakom 3HaueHuun b rpaduk ypasHenus 5x + by = 0 mpoxogur ue-
pes TOYRYy':
1) M (—4; -10); 2) N (0; 1); 3) K (-2; 0)?

28.29. I'padpuKOM KAaKUX YpABHEHUHM SABISAETCS Ta e IMpAMasi, 4To U rpaduk
ypaBHEeHUA 2X — Oy = 3:
1) 4x — 10y = 6; 3) 2x — 5y = 6; o) x — 2,5y = 1,5;
2) 4x - 10y = 3; 4) Sy — 2x = -3; 6) —0,4x — y = 0,67
28.30. CocTaBbTe YpaBHEHHE C ABYMA IIePeMEHHBIMU 10 TAKOMY VCJIOBHIO:
1) pnuHa NpsAMOYroJbLHUKA PABHA X M, IIMPUHA — Y M, HePUMETp —
18 m;
2) aBToGyc exas 4 4 CO CKOPOCTBIO X KM/4 U 3 4 — CO CKODOCTBLIO
Y KM/4, ipoexas Bcero 200 Km;
3) TeTpagb CTOMUT X P., & py4yka — Y p., 2 PYYKH JOpPOKe D TeTpajeil Ha
12 p.;
4) KYCOK CILIIaBa Maccoil x Kr, comep:kamuii 12 % Memgu, M KYCOK CILIA-
Ba Maccoil i Kr, cogepxammuit 20 % Menu, crjiaBUiIN BMecTe W MOJYYH-
JIM HOBLIH CILIAB, COmep:KaImuil 9 Kr meau;
5) B ojHOM fAlUKe ObLIO X KI' KOHQeT, a B ApYyroM — 2/ KI} IIOCJie TOTo
KaK U3 NepBOro AMMKA MepeoUIM BO BTopoi 8 Kr koHder, B o6oux
ANUKAaX KOH(DET CTAJI0 IIOPOBHY.
28.31. CocraBbTe ypaBHEHHE C ABYMA II€PEeMEHHBIMH II0 TAKOMY YVCJIOBHIO:
1) boxkoBadA cTopoHa paBHOOEIPEHHOr0 TPEYTrOJAbLHUKA PaBHA (I CM, OCHO-
Bauue — b cM, nepumerp — 32 cM;
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2) OIUH aBTOMODOUJb IMPOEXaj cO CKOPOCTBIO X KM,/4Y 3a 6 4 Ha 32 KM
MeHbllle, 4YeM JPYyroil aBToMOOHJIEL CO CKOPOCTLIO i KM/4 IIpoexaJ 3a
T ua;
3) B ojHOM MarasuHe ObLIO X II A0JIOK, a BO BTOPOM — I 1I; 3a JeHb
B mepBOM Marasuse npogaau 14 % sabdinok, a Bo Bropom — 18 % s6J0K,
IIPUYEM BO BTOPOM MarasmHe npopanu Ha 1,2 11 A0/I0K MeHbIIe, dYeM
B IIEPBOM.

28.32. [loxaxxkure, 4yTo npamele oy —x =6 u 3x — Ty = 6 nepecexaloTca B TOY-
ke A (9; 3).

28.33. [loxaykure, uro npamele 4x — 3y = 12 u 3x + 4y = —66 nepecexarorcs
B Touke B (—6; —12).

28.34. CocraBbTe JIMHEHHOE YpaBHEHHE ¢ JBYMsA INEePeMeHHBIMH, Ipa(uKoM
KOTOPOro SABAsETCHA NOpsAMas, MPOXOAAIIAs 4Yepes3 Ha4Yalo KOOPAUHAT
1 TOUYKY:
1) A (2; 8); 2) B (-6; 15).

28.35. CocraBbTe JIMHEHHOE YpaBHEHHE € ABYMS IEepeMeHHbIMH, IrpauKoM
KOTOPOro SABJASETCH NpAMAas, MPOXOAAIIAA 4Yepes3 Hadalo KOOPAUHAT
n Ttoury C (8; —12).

28.36. [loxa:xuTe, 4TO He CYIIECTBYeT TAKOT0 3HAYEHUS ¢, IPU KOTOPOM IIps-
Masa ax — 3y = 12 npoxoauT yepe3 Ha4aJa0 KOOPAUHAT.

28.37. [Ipu xakoM 3HAYEHUM ( TOYKA IlepecedyeHHus NpAMbIX 2x — 3y = —6
" 4x + iy = @ npuHaAIeRuT ocu abecuucc?

28.38. [Ipu kakoMm 3HaueHHU b TOUYKa mepecedyeHHs MPAMBIX 9x + Ty = 35
u x + by = —20 npuHANJIEKUAT OCH OPIHUHAT?

28.39. IIpu KaKux 3HAYEHUSAX @ U b npamasa ax + by = 24 nepecexkaer ocu Ko-
opauHaT B Toukax A (-6; 0) u B (0; 12)7

28.40. IIpu Kakux 3HaYeHUNAX @ u b npamasa ax + by = 21 nepecexkaer ocu Ko-
opauHaT B Toukax A (3; 0) u B (0; -7)?

28.41. Ha xkaxkoMm m3 pucyHKOB 28.4, @ — 2z u300pakéH rpadpux ypaBHeHHU
x+y=37

A :i/ \Iﬂ )\
/. 3/ NN
0 3\'&" _3Y

=Y

=
N\
-
=
=Y

Puc. 28.4
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28.42. Ha kaxom u3 pucyHKOB 28.5, @ — 2z m3obpakéH rpadHkx ypaBHeHHU
x—-y=-95?

AN
N
o[ \s

0 ~ A 0
_5//5 H _5—5

Puc. 28.5

28.43. Kakasa U3 NpsaMbIX, H300paKEHHLIX Ha pucyHKe 28.6, ABIAeTcsa rpa-
(bMKOM ypaBHEHMS:

1) Ox + y = -3; 3) 3x + Oy = 6; 9 bl N
2)2x—-y=1; 4) x + 2y = 0? /
28.44. CocraBbTe JIMHEHHOE YVpaBHEHHE a

Cc ABYMs IIepeMeHHBIMH, rpadHuK KO-
TOPOro IMepeceKaeT OCH KOOPIAHHAT
B TOUKAaX:

[y

=¥

1) A (—4; 0) u B (0; 2); 0
2) C (0; =3)u D (5; 0).
28.45. CocraBeTe JHHEHHOe YpaBHEHUE d
¢ ABYMs IlepeMeHHBLIMH, I'padUuK KO-
TOPOr0 IIPOXOJAUT Uepe3 TOYKH g
M (6; 0) u K (0; 6). Puc. 28.6
28.46. CocTaBbTe ypaBHeHMdA, rpadMKH KOTOPBIX H300pakeHBI HA PUCYH-
ke 28.7.
d m | Y4 /a N " Yk m/
- b

[
[H
=t
e —
IA"“

=Y

JXHT

Puc. 28.7 rPuc. 28.8
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28.47. CocTraBbTe ypaBHeHMdA, rpadMKH KOTOPBIX H300pakeHBI HA PUCYH-
ke 28.8.

. A R 4 |

28.48. IIpunagnes;xur au rpadury ypasHenus 13x + 17y = —40 xorsa Ob1 oxHAa
TOYKA, ¥ KOTOPOi 00e KOOPAUHATHI — IMOJIOMKUTEIbHbIE Yucyia?

28.49. IIpunagne;xur gu rpadury ypasHenus 4x — 8y = 7 xors Ol ofHA TOY-
Ka, V KOTOpoii 00e KOOpAUHATLI — IieJibie Jmciia?

28.50. CKOJIBKO CYIIECTBYET Map IMPOCTBIX Ymces (X; ), ABIAININXCA pelle-
HUSAMHU ypaBHeHHUA dx — 6y = 37

N
YnpaxHeHus ANA NOBTOPEHVA gum

28.51. JIBe Opuransl uarorosuau 840 meraseii, npuuyéM ogHa OpHrajga MaroTo-
suia Ha 80 % Ooubline metaneii, veMm apyras. CKOIbKO JAeTajeil U3roTo-
BUJIA Kaxgasa opuraga?

28.52. JloxakuTe, 4TO 3Ha4YeHHe BbIpazkeHHs 236 + 4100 _ 232 _ 498 gparHo
qucay: 1) 15; 2) 240.

28.53. Pemiure ypasHeHue:
1) (x—8)2 - (x—4)(x+4)=0;
2) (4x — 5)(4x + 5) — (4x — 1) =9 — 2x.

28.54. Pazinoxure Ha MHOKHATEJIH:
1253 mn?

1) 6% — 8x% + 3xy — 4y 3) 57 61

2) x* — 6x%y + 9y° — 16; 4) ¢* - 2¢ - b? - 4b - 3.
|

" mn

KOrgA CAENAHBI YPOKU 4

Kak ctpounu moct mexgy reometpuen n anrebpou

HUpes koopauuar 3apojuiiachk oueHb JaBHO. Belb yie B JpPeBHOCTH JIIO-
I U3YYaau SeMIK, Habaoaalu 3Bes/bl, a 110 Pe3yabTaTaM CBOMX HCCJIen0oBa-
HUIM COCTaBJIAJNUA KApThl, CXeMBI.

Bo II B. 10 H. 3. fpeBHerpeYyeckuil y4eHbl ['UIIapX BlIepBbIe UCIIOJIB30-
BaJl U0 KOOPAHMHAT JJs OlpelieJIeHUs MeCTONOJOXKeHUsI 00beKTOB Ha I10-
BEPXHOCTH 3eMJIH.

JIums B XIV B. ¢dpannysckuil yuéuelit Huxkona Opem (ox. 1323-1392)
BIIEPBbIe IIPUMEHUJI B MaTeMaTHKe ujel ['unnapxa: oH pa3dui IJIOCKOCTb HA
KJIeTKM (ImogodHO TOMY, KAaK HA KJIETKH pacuepyeH Ball TeTPANHBLIN JIUCT)
U CTAJ 3a1aBaTh IIOJIOMKEeHUe TOYeK UIUPOTOU U JOJATOTOH.

OgHako OorpoMHbIe BO3MOMKHOCTH NPHMEHEHHA dTOH Haen OBLIN pac-
KpBITEI TOJMbKO B XVII B. B paborax BhIgaomuxca (ppaHIy3CKUX MaTeMaTH-
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Mbep ®epma (1601-1665)

D paHLUy3CcKUM MaTeMaTUK, MO CNeUnanbHOCTM KPUCT.
OaWH 13 ocHoBaTenen TeopuM Yyucen. ABTop psja
BbIAAIOLWNXCA TPYAOB B pa3Hbix obnactax matema-
TUKW, KOTOPbIe OKa3anu 3Ha4yuTenbHoe BNMAHME Ha
AanbHeullee pasBUTUE MaTeMaTUKW.

PerHe [lekapTt (1596-1650)

MdpaHuy3ckKun maTemaTuk, dunocod, U3k, cosga-
TeNnb aHanUTUYECKOW reoMeTpuM N COBPEMEHHOM
anrebpanyeckon CMMBONUKMK, aBTOP UENOro psja
Hay4YHbIX OTKPbITUA B MEXaHUKE MU ONTUKE.

KoB IIbepa @epma u Pene [lexkapra. B cBoux Tpyaax 5TH y4Ye€Hble MOKa3aJiu,
Kak 0Jaromapsa cucTeMe KOOPJAUHAT MOMKHO IIePeX0JUTh OT TOYeK K YHCJIaM, OT
JUHUM K YpaBHEHUAM, OT I'eOMeTpUU K ajredpe.

Hecmorpss Ha To uro II. @epma onyOJIHMKOBAJ CBOE COYMHEHHE T'OILOM
pasbiie, yem P. Ilekapr, Ty cucreMy KOOPAHUHAT, KOTOPOM MBI CeTOJHSA M0OJIb-
3yeMcs, Ha3bIBAIOT JeKapPTOBOii. ITO cBA3aHO ¢ TeM, uTto P. JlekapT B cBoeil
pabore «Paccy:kjaeHusa o MeTofie» M300pPEJ HOBYIO YIOOHYIO OYKBEHHYIO CUM-
BOJIUKY, KOTOPOU ¢ HeDOJNBINMMU U3MEHeHUSIMU Mbl HUCIIOJIb3YeM U CerojHsd.
Bceuen 3a HUM MBI 0003Ha4YaeM HNepeMeHHEIe IOCJIeJHUMU OYKBaMH JIATUHCKO-
ro andgasuTa X, I, z, a KOaHUIHEHTH — NepPBLIMU: a, b, C, ... . [[pUBBIYHBIE
HaM 0003HAYEHUA cTelneHen x2, x5, yﬁ U T. 1. Tak:ke BBea P. Ilekapr.

s CucremMbl ypaBHEHUN € ABYMSA NepeMeHHbIMM.
Mpacdhumuyeckmnin metop pelieHNs CUCTEMbI
OBYX NNMHEMHbIX YPaBHEeHUN C ABYMSA NepeMeHHbIMU

Jlerko mpoBepuTh, uTO mapa umcena (—2; 0) sBadercsa pelnieHHeM Kak
ypaBHeHUs X2 + y? = 4, Tak U ypaBHeHUA iy = x° — 4. B Takux ciaydyasx roso-
pAT, uyTo napa yucena (—2; 0) — oduniee pemeHHe YKasaHHBIX YPaBHEHHIA,
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Ha pucyure 29.1 unzobpamxens! rpagu-
KHA ypaBHeHHH —6x + Sy = 9 u 4x + 3y = 13.
Ouu nepecekaroTcss B Ttouke M (1; 3). Ora
TOUKA MNPUHAMIEKHUT KarKJIOMy U3 JaHHBIX
rpaukos. CienoBarelibHO, mapa uyucen (1; 3)
sABJAeTCA OOIUM pellleHueM HaHHBLIX Ypas-
HEeHUH.

Ecnu mocraBineHa 3ajgadya HaWTH CTO-
POHBI MPAMOYTOJILHHUKA, MJIOMIAAL KOTOPOTO
pasHa 12 cm?, a nmepumerp 14 cm, To HamO
HallTH OOllee pelleHWe ypaBHeHUU xy = 12
u2x+2y=14, rie x cM U iy CM — JJIAHEBI CO- PPHC.EBJ
CeIHUX CTOPOH NMPAMOYTOJNIbHUKA.

Ecau Tpebyercsa HAlTH Bee 00II[He PEIIeHUS HECKOJBKUX VPABHEHU I, TO
rOBOPAT, UTO HYKHO PEIIUTH CHCTEMY YpaBHEeHHIi.

CucreMy ypaBHEeHUI 3allUCBLIBAIOT C IIOMOIIbI0 (GUTYPHOH CKOOKH.

PaccmoTpuM 3anuch

—6x +5y =9, 1
4x + 3y =13. ()
JTO MaTeMaTHYeCcKasa MOJeJIb 3aJaul O IIOMCKEe KOOPAUHAT 00IIHUX TOYEK
IBYX NpAMBIX (cm. puc. 29.1).
Samnuch
xy =12,
2x +2y =14
ABJAETCA MaTeMaTUYeCKON MOIe/Ibio 3ala4y O IIOHMCKe CTOPOH IIPAMOYTOJIbHU-
Ka, IJI0Ianb Koroporo pasHa 12 cm?, a nepumerp 14 cm.
Oba ypaBHeHHA cucteMsbl (1) aBiaaoTca JuHeilHBIMH, [losTOMY JaHHYIO
CHUCTEMY Ha3bIBAIOT CHCTEMOH JABYX JIHHEMHBIX YPABHEHHMH ¢ JBYMSA IepeMeH-
HBIMMH.

susp OnpepeneHue
PeweHnem cucrembl ypaBHeHUN € ABYMSA NepemMeHHbIMW Ha3biBaloT napy
3HaYeHU NepeMeHHbIX, OOpalwjalolWyo KaXaoe ypasHeHue B BepHoe pa-
BEHCTBO.

W3 npumepa, IpUBeIéHHOr0 B Hauaje mnaparpada, ciemyer, 4To mapa
yucesi (—2; 0) ABngeTCA pellleHueM CUCTEMbI

xZ+y? =4,
y=x2-4.
OpHako 9TO He 0O3HAYAeT, YTO JAaHHAS CHCTeMa pelleHa.
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=) OnpepeneHue
PewnTtb cuctemy ypaBHeHMA — 3TO 3HAYUT HAUTUN BCe e pelleHns unum go-
Ka3aTb, 4TO pelleHU HeT.

Taki#e MOMKHO CKa3aTbh: PelIMTh CHCTEMY YpPaBHEHMH — 3TO 3HAYMUT
HANTH MHOKECTBO eé pelleHHH.

IIapa umncen (—2; 0) He HcUepHIbIBAET BCEX PeIIeHUI IIOCHeNHel cHcTe-
mbl. Hanpumep, mapa uucen (2; 0) — Toxke eé pelreHHe. ITY CHCTEMY, Kak
U CHCTEMY, IMOJIVUeHHYIO B 3ajlade 0 NPAMOYroJbHUKe, Bl HAYYUTECH PellaTh
B Kypce ajredpsl 9 Kiacca.

A BOT cUCTEMY

JJ{'E +y? = -4,

[y =x2 -4
MBI MOKEM PeIluTh yike ceiiuac. OueBUIHO, UTO I€PBOE YPaBHEHUE ITOil cuc-
TeMBI PellleHUil He UMeeT, a 3HAUUT, He CYIIeCTBYeT U 00IIero pelieHus ypas-
HeHWl, BXOAAIMX B cucTeMy. OTCIONa MOKHO CHEJIAaTh BEIBOJ: JaHHAA CUCTe-

Ma pelleHud He UMeerT.
Tar:xe MOMHO CYUTATHL PELIEHHON CHCTEMY
J—G‘r +5y =9,
|4x + 3y =13.
HelicTBUTEIBHO, TPAGUKHA YpaBHEHHUI CHCTEMbI IepeceKalTcsa B TOYKe
M (1; 3) (cm. puc. 29.1). Eé xkoopauHATBEI ABIAIOTCA pPeIIeHHEeM KAaiI0oro
ypaBHEHUS CHUCTEeMbI, 4 3HAYUT, U caMol cucTeMbl. J[pyrux obniux Touex rpa-
(pMKU ypaBHeHUII He MMEIOT, a cJiefloBaTeJbHO, HEe UMeeT JPYIHX pelleHuit
1 caMa cucTema. BeiBoa: napa uuce (1; 3) — eZUHCTBeHHOE pellleHue JaHHOIT
CUCTEME.
OnucaHHBIN MeTOJl pellleHUs CHCTeMbl YpaBHEHHI Ha3bIBaloT rpacuye-
CKHM.
Ero cyThb cocTOUT B cleyIoleM.

m -1 YTo6bI pewnTs CUCTeMy NIMHEMHBLIX YPaBHEHUA € ABYMSA NepeMeHHbIMU
rpacpu4ecKUM MeTOAO0M, HYIKHO:!
1) NOCTPOUTL Ha OAQHOM KOOPAWMHATHON NNOCKOCTU rpacPMKKM ypaBHEHUN,
BXOAALWMX B CMCTEMY;
2) HANTU KOOPAWMHATbI BCEX TOYEK NepeceyeHUs NOCTPOEHHbIX rpathMKoB;
3) nony4YeHHbIe Napbl 41cen U dyayT NICKOMbIMM pelueHUAMM.

He Becaryiwo cucreMy ypaBHeHHU yao0OHO pelrarsk rpadgudecku. Hanpu-
1 36 .
Mep, ecJHd Iapa (ﬁ; T ABJAETCA pellleHueM KaKoM-TO CHUCTeMbl, TO I10-
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HATHO, YTO YCTAHOBUTH ATOT (PAKT rpaduyecKHd KpalHe CI0KHO. A IOTOMY
rpauyUecKUil MeTo 00BLIYHO NIPUMEHSAIOT B TeX cJay4dasx, Korja pelleHue J10-
CTATOYHO HANTH NpUOJMMKEHHO. A TO, 4yTo napa uucen (1; 3) aBndercs peiie-

J—G.x' +5y =9,
|4x + 3y =13,
AIaeT HemocpeJACTBeHHAaA IIOJACTAHOBKA
ATOM mapkl B KasKJ0e M3 YpaBHEHHU CH-
CTeMBLI, T. €. IPOBEPKA.

I'padpuueckuin metros apeKTUBEH B
TeX cJydasax, Korga Tpebyerca ompejue-
JUTh KOJUYECTBO pelreHuit cucreMbl. Ha-
IIpuMep, Ha pucyHKe 29.2 M300parKeHbI
rpad@uKN HEKOTOPBIX QYHKIUN 1y = f(x)

HHeM CHCTEéMEI IHoaTreep-

y=f(x)

FPH{:. 29.2

u Yy = g(x). Jauubie rpadUKky UMEIOT TPU OOIHE TOYKU. ITO MO3BOJAET YT-

y = f(x),

BepEIaThk, UTO CHCTEeMa HMeeT TPH pellleHHnA.

y = g(x)

BrisicHUM, CKOJIBKO pElIIEHHﬁ MOMeT HMeTh CHCTeMa IBVX JUHEeHUHBIX

ypaBHEHHWI ¢ ABYMS MepeMeHHBIMH.

Ecnu odno us ypﬂﬁﬂﬂ?iﬂﬂ CUCITNEMBL He UMEETN pEMEHHE}, mao 68CH CUC-

memda EJE‘IUEHHEE HEe HMeeNn.

PaccMmorpuM cnydaii, Korja KaskIoe U3 YPABHEHHUH CHUCTeMbl HMEEeT pe-

eHMnsAd.

Ecnu zpaguxom 001020 u3 ypasHenuil cucmemvl SA6AAEMcs 6CS NIAOC-
KOCMb, MO 0UeBUOHO, UMO CUCMEMA UMeem OeCKOHEeUHO MHO20 peuleHUu.
HelcTBUTEBHO, IJIOCKOCTL U IIPOBeIEHHAA HA Hell mpaAMas uMelor Dec-

KOHe4YHO MHOI'O DﬁlL[HK TOUEK.

Ox +0y =0,
Hanpumep, cucrema
2x -3y =15

1MeeT 0eCKOHeYHO MHOI'0 pEI_LIEHHfL

sy Ecnu rpapmkamMmm ypaBHeHU, BXOOAWMX B CUCTEMY JIMHEMHbIX ypaBHe-
HWUWA, ABMAIOTCA NpPsAMbIe, TO KONUYECTBO pelleHUX 3TOWU CUCTeMbl 3aBUCAT
OT BE3aMMHOIO PacnonoXeHUs ABYX NPAMbIX Ha NMOCKOCTM:
1) ecnu npaMbIe NepeceKaloTcd, To CUCTeMa UMeeT eiMHCTBeHHOoe pelueHue;
2) ecnn npsaMble COBNagaloT, TO cUMCTeMa MMeeT BeCKOHEeYHO MHOro pe-

WeHWUN;

3) ecny NpaAMbie NnapannenbHbl, TO CUCTEMA pPelleHUA He UMeeT.

HpHMEp, COGTBETCTBY}DLLIHZE[ CJAy4darw, Korjga CMCTeMa HMeeT eJUMHCTBEH-

HOe pellleHHe, MBI Ve pacCMOTpPeEJIH BLBILIE. ITo cHUcTeMa

—6x + 5y =9,
4x + 3y =13.

207



Teneps obpaTHUMcsaA K IDpUMepaM, KOTOpPble WJJICTPHUPYIOT CJAVYaH
2u 3.
Tak, ec1u B cucreme

J%—y:L

l.x' -2y =2
ofe yacTu MepPBOro ypaBHEHUs YMHOMKHUTHL HAa 2, TO pelleHHs 3TOT0 ypaBHe-
HUS, & 3HAYUT, U BCell CUCTEeMBl He H3MEHATCH.

HUmeen:
j.r -2y =2,

[;r -2y =2,
OueBUAHO, YTO PelIEHUA ITON CUCTEMBI COBIAJAIOT C PEIIeHUAMU YPaBHEeHUA
x — 2y = 2. Ho aTo ypaBHeHMe uMeeT OECKOHEYHO MHOTO PelleHUil, a clieloBa-
TeJIbHO, I paccMaTpuBaeMas cucTeMa UMeeT D@CKOHEeYHO MHOI'0 PelleHMH.
IIpuBenéM npuMep CUCTEMEI, KOTOPas He UMeeT DelleHH:

J%J'er = 2,
12,1:4-3;; =1T.

JefcTBUTEIbHO, VMHOMKHUM 00€ YacTU IIEPBOr0 YpPaABHEHHSA CHCTEMbI
Ha 3. IHomyumm:
jz:r + 3y = 6,
|2x+3y =1

I[TonaTHO, YTO He CyLleCTBYeT TAKOW Iaphbl 3HAYEHWUH X U Iy, IPU KOTO-
PBIX BhIpaskeHHe 2X + 31 OJHOBPeMeHHO IpUHUMaeT 3HaueHus u 6, u 7.

B 3aBepuienue noguepKHEM, UYTO UMeHHO rpapuuyecKUil MeTOo] ] HaM I10]-
CKas3aji, 4YTo He CYLIECTBYET CUCTEMLI JIMHEeHHLIX YPaBHEHUI, UMeIolle, Ha-
IIpUMEpP, POBHO 2, HJIK POBHO 3, uiau poBHO 100 1 T. n. pelreHunii.

? 1. B kakom cny4yae roBOpAT, 4TO HAAO PeWUTb CUCTEMY YypaBHeHWN?

2.Y710 sBnfieTcAd pelweHuWeM CUCTeMbl ypaBHEHWW C ABYMA MepemeH-
HbIMW?

3. Yto o3Ha4aeT pelwnTb CUCTeMY ypaBHeHUN?

4. B yém cyTb rpauyeckoro MeToga pelleHns CUCTeM ypaBHEHUN C ABYMS
nepeMeHHbIMKU?

5. CKONbKO pelleHn MOXeT UMeTb cucTemMa ABYX NMHEWHbIX YpaBHEHUN
C ABYMS rnepemMeHHbIMn?

6. KakoBO B3avMMHOe pacnofoxXeHue MpAMbIX, ABNAKOLWMUXCA rpadpukamm
OBYX NMUHEWHbIX YpaBHEHWUW € ABYMA NepeMeHHbIMU, COCTaBNAIOLWUX CUC-
TeMy ypaBHEHUWN, eCnu:

1) cuctema MmeeT eAUHCTBEHHOE peLleHKe;
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2) cuctemMa He MMeeT pelleHUnn;
3) cuctema nmeet HECKOHEYHO MHOIO peLleHunii?

o O
® YnpaXHeHVA g ummm
29.1. Kakaa u3 nap uncexa (-2; 1), (2; —1), (6; 4), (8; —4) aBasdeTcsa pelieHHEM
CHUCTEMbl YPaBHEHU
3x — 8y =14,
4x + y = 28?
29.2. PemenneM KaKHX CHCTeM ABIdeTcA napa ducen (—d; 2):
Tx + 2y = 31, 2) 3y — 2x =16, 3) x -2y =-9,
4x — dy = -30; 6x + 7Ty = —16; 10y — x =15¢?
29.3. OnpegenuTe KOOPAUHATEI TOUKH IIepeceueHUa IPAMBIX, H300paKEéHHbBIX
Ha pucyHKe 29.3. S3anuininuTe COOTBETCTBYIOIIVIO CHCTEMY YVpPaBHEHWIT,
IIPOBepPbLTe HaHJeHHOe pellleHHue CHUCTeMBI, II0JCTABUB KOOPAUHATELI TOY-
KU IIepecedeHUs NPSAMBIX B YPABHEHUA CUCTEMBI.
1\ A ~
= /Q
3
7 t:: f\if
\ Li‘\ \1\.‘ 1 /
& o[t
1 -
0 1 \:'i'x
= /
\
Puc. 29.3 d o

29.4. Pemnre rpau4ecKu cUCTEMY YpPaBHEHUM:

x—y=1, 2x + 3y =6,
1) 4

X+2y =T, 3x—y=29

+ :'[1J 254‘ :8,
Dlartyon ey oo

-+ :—55 T,_ —3 :_26,
3) {: / 6){ Y

X —Y=—0; y—2x =8
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29.5. Pemure rpathudyecku cUCTeMY YpaBHEeHHUI:

x+ 2y =0, xX—2y =1,
1) ) 3) ‘

5x +y = —18; Yy—x=-2

2x — by =10, X+ 1y =-3,

dx —y = 2; r—y=-1

\ 2R |

29.6. CocTaBbTe KAKVIO-HUOYAL CHCTEMY ABVX JIMHEHHLIX VPABHEHHUI C ABY-
Ms IepeMeHHbIMHU, pellleHueM KOTOPOH sBJsgeTcs mapa 3Ha4YeHUH me-
peMeHHBbIX:
Nx=3,y=2; 2)x=-4,y=1; 3)x=5,y=0.

29.7. CocrasbTe KaKyH-HUOVIL CHCTEMY JIBYX JIMHEHHEBIX YPaBHEHHI ¢ IBYMs
IepeMeHHbIMH, pPelieHueM KOTOpPOil ABJIseTcA Iapa duceda (2; —2).

29.8. Ilapa uuces (6; 4) ABnIAeTcA pelieHHEM CHCTEMBI YPABHEHHH

ax + 2y = 26, 5 5x + by = 6,
4x + by = 14;
Haitgure suavenust a u b.
29.9. IIpu KakuX 3HAYeHUAX a U b mapa uyucea (—2; 3) ABiadeTcsa pelleHUeM

ax + by = 0.

. lax -3y =-13,
cCUCTeMbl YpaBHeHU {71’ v by =17
29.10. MmMmeer U1 pellleHUe CHUCTEeMa YPABHEHUH:
2x - Ty =6, 9 2x +y = -2, 3 x+2y =0,5,
{8;{—289‘ = 24; {ﬁx+3y =9 ) {21’+4y =27
29.11. UmMmeeT 11 pellleHUe CUCTEeMa VPABHEHUH:
1 {x—y =4, 2) {x—l,ﬁy = —4, 3) {9,1 +9yi18,
3x — 3y = 6; 3y —2x = 8; X+y=2°

29.12. K ypaBHenuo 2x — 3y = 6 nmondepure BTOpOe JNMHEHHOE ypDaBHEHUE
TaK, 4YTOOBI IOJYUYUJIACE CUCTEMA YPaBHEHUI, KoTopasd:
1) uMeeT eIUHCTBEHHOE pelleHue;
2) umeer OECKOHEYHO MHOI'0 PeIleHUIl;
3) He UMeeT pelleHHil.
29.13. K ypaBHeHUIO X — Iy = 2 nofdepure BTOpoe JIMHEIIHOe ypaBHEHUEe TaK,
4TOOBI IIOJIYYWUJIACE CHCTEMA YPABHEHHI, KOTOpasd:
1) uMeeT eIUHCTBEHHOE pellleHue;
2) uMeeT DECKOHEUHO MHOTO pelleHNil;
3) He UMeeT pellleHHI.
29.14. IIpu KakuxX 3HAYEHUAX « He HMeeT pelleHUH cucTeMa YpaBHEeHHH

8x+9y =T,
8x + 9y = a?
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29.15. llpu kKakoMm 3HaAYeHUU a UMeeT DECKOHEeYHO MHOI0 pellleHUH cHcTeMa

VPABHEHMH:
X +5y =4, 5 3x +ay =12,
4x + 20y = a; 9x — 15y = 367
29.16. [Ipu KaKuX 3HAYEeHUAX d CHCTEeMa YpPaBHEHMI:
Tx —12y = 14, .
He UMeeT pelleHU;
Tx-12y =a
6x + ay = 4,
- HMeeT 0eCKOHEeYHO MHOTO pelleHui?
3x —by =2
A A 4 |
29.17. IlogGepure Takue 3HAYEHUSA ¢ U D, IPH KOTOPBIX CUCTEMa ypaBHeHUH
X —2y =3,
ax + 4y = b:

1) uMeeT DECKOHEYHO MHOI'O PeIIeHHIi;
2) uMeeT eJUHCTBEHHOE pelleHue;
3) He UMeeT pelleHHI.
29.18. Ilogbepure Takue 3HAUEHUA M U M, IPH KOTOPLIX CUCTeMa YpaBHEHUH

X+y=>5,

3x —my = n:
1) uMeeT DECKOHEYHO MHOI'O PeIIeHHIt;
2) uMeeT eJUHCTBEHHOE pelleHue;

3) He UMeeT pellleHHI.
29.19. Pemure rpadpuyecKkd cucTeMy YpPaBHEHMIA:

xl—y=0, x| =0,
1) {|r| Y 3) {y+|r|
X —y=—4; X+y=2
xl-y =0, (x —|y| =0,
2) x| -y 4}41’ Y|
X+ 3y =4 2x -y =3.
29.20. Pemnre rpadpuyecKkd cUCTEMY YpPaBHEHMI:
2 _y2 =, Ny —2 =3, x2 - 2; 2 -4
1y 1Y gy 1% —24] g) | ¥ T2y
X+ 2y = 3; x -2y =0; |x+y|=2.
I B

YnpaxHeHus ANA NOBTOPEHUA gum

29.21. Kycok cmiaBa MeIH ¥ 0JIOBA Maccod 5,0 Kr cogep:xut menu Ha 20 %
Dosblne, yeMm osioBa. HaliguTe Maccy MeqH B 3TOM CIIJIaBe.
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29.22. I3 llepmu B ConmukaMcK, paccTodHHe MeKIV KOTOPBIMHA pPaBHO
200 kM, Bpiexas aBToOyc. Yepes 32 MHH mocJie OTIPaBIeHHA aBTodyca
HagcTpeuy emy m3 CollMKaMcKa BbIeXal aBTOMOOMJIb CO CKOPOCTBHIO HAa
20 KM /4 DoJiblieii, yeM cKopocTh aBrodyca. C Kakoil CKOPOCThIO JIBUIA-
ca aBToOyc, ec/Jii OHM BCTPETHJHCH 4yepe3 1,2 u mociie OTOpaBIeHUS
aBromMobmusa?

29.23. HanguTe deThipe MOCHeAOBATEILHBIX HEYETHBIX HATYPAJIbLHBLIX 4YHCJIA,

] CcyMMa KBaJpaTOB KOTOPEIX paBHa 164.

29.24. Jlokaxure, yto eciu X + y=a — 1, roax+x +ay +y + 1 = a>.

29.25. OcTaToK npH JeJeHHH YUCJa ¢ Ha D paBeH 4, a OCTATOK IPH JeJeHUHU
Ha 5 uyuciaa b pasen 3. Jokamure, 4TO 3HaUYeHHe BhIpamkeHus a’ + b2
KpaTHO 5.

s m PelleHne cMCTEeM NUHEWNHbIX YpaBHEHUNA
MEeTO4OM NOACTAHOBKM

Ecian maremaTmKaMm BCcTpedaeTcs HOBafd 3ajlauya, TO, KaK IIPAaBUIIO, OHU
MBITAIOTCA €€ pelleHle CBeCTH K yi:Ke 3HAKOMOM 3ajave.

ITokaxkeMm, KakK pellleHHUe CUCTEMbI JIMHEHHBIX YPABHEHUH ¢ ABYMSA Iepe-
MEHHBIMHA MOYKHO CBECTH K PelIeHHI JHHeMHOTr0 YpaBHEHHs ¢ OJHOM mepe-
MEeHHOIi. A IOoCJIeIHIO 3a/lauy Bbl YMeEeTe PellaTh.

PemuM cucreMy ypaBHeHUH

2x —y =8, (1)
3x + 2y = 5.

13 nepBOro ypaBHeHUs BLIPA3UM IE€PEMEHHYIO I Uepe3 IIepeMeHHYIO X:
Yy =2x — 8.

ITopcTaBUM BO BTOpOE YpaBHEHHUE CUCTEMbl BMECTO IIepeMeHHOI I/ BhIpa-
weHue 2x — 8. Ilonyuum cucremy

2x —y =8, @)
3x +2(2x — 8) = 5.

JTa U UCXOJHAS CHCTEeMbLI HUMEIOT OJHHM H Te Ke PelleHHus, T. €. MHOMKe-
CTBa MX pelleHUil copnagaior. [flokaxmeM aTo.

[Tycrs mapa (x,; y,) ABnsgerca peumteHuem cucremsl (1). Torma BepHEI
YHCJIOBBIE paBeHCTBa 2X, — i, = 8 u 3x, + 2y, = 5. 13 nepBoro paseHcrsa 1o-
JaydaeM, 4To Y, = 2x, — 8. 3aMeHUM BO BTOPOM PaBeHCTBE YHCJIO Y, Ha paBHOe
emy uncyo 2x, — 8. [Tomyuum: 3x, + 2(2x, — 8) = 5. CiregosaTeNbHO, BBIIOJIHA-
I0TCA JBa paBeHcTBa: 2x, — iy, = 8 u 3x, + 2(2x, — 8) = 5. IT0 O3HAUAET, UTO
napa (x,; ¥,) ABJAseTCA pelleHneM cucreMsl (2).
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IlycTs mapa (x; y,) ABNAeTCA pelieHueM cucteMbl (2). Torna BepHbI Ync-
JI0OBble paBeHCTBa 2x, — iy, = 8 u 3x, + 2(2x, — 8) = 5. 3 nepBoro paseHcTBa
IoJIy4aeM, 4To ¥y, = 2x;, — 8. 3aMeHHM BO BTOPOM paBeHCTBe yucyo 2x, — 8 Ha
paBHOe eMy 4uco y,. Ilonyuum: 3x, + 2y, = 5. CrenoBaTelbHO, BBIIOJIHAIOT-
cA ABa paBeHcTBa: 2x, — I, = 8 u 3x, + 2y, = 5. IT0 03HaUaeT, 4TO napa (x,; y,)
ABIsSIETCS pelleHueM cuctemsl (1).

Wrak, Mbl MoKas3aiH, 4TO KaxJoe pelleHHe cucteMbl (1) sBIsieTcs pe-
HeHueM cucTeMbl (2) 1 Ha00OpPOT — KaKIoe pellleHHue cUCTeMEl (2) sBsgeTcs
pemeHuemMm cuctembl (1). CiaemosBaTellbHO, MHOMKeCTBa pemieHHii cuctem (1)
U (2) coBIIagaror.

SHAYHUT, YTOOLI pelInuTh cucTeMy (1), JocTaTOYHO pPelIUTh cucTeMy (2).

Bropoe ypaBHeHHe cHcTeMbl (2) ABIAeTcA ypaBHEHHEM C OJHOI Iepe-
MeHHOM. Pemmum ero:

3x + 2(2x — 8) = 5;
3x+4x -16 = 5;
Tx = 21;

x = 3.

ITopcraBuM HalileHHOE 3HAYEHUE IIepeMeHHOM X B ypaBHeHue iy = 2x — 8.
[Honyuum:

y=2-3-8;
y =-2.

ITapa uucen (3; —2) — HCKOMOeE pellleHHe.

OnucaHHBIN 3ech cI0CO0 pelleHHs CUCTEeMbI Ha3bIBAIOT METOIOM IIOJ-
CTAHOBKH.

--* YToObI pewnTts cucTemMy NIMHEMHbIX YpaBHEHM MeTOAOM MNOACTAaHOBKW,
HYMHO:
1) BbIpasuTe U3 NWGOro ypaBHeHUA CUCTEMbl OAHY NEepeMeHHYI Yepes
APYryio;
2) noacTtaBMTbL B ApYyroe ypaBHeHWe CMCTeMbl BMECTO 3TOW nepemMeHHOWN
BbipaXeHue, nony4eHHoe Ha NepBOM Liare;
3) pewnTb ypaBHEeHWEe ¢ OOHOWN NepemMeHHOW, NonyyYyeHHOe Ha BTOpPOM
ware;
4) noacraBuTb HaWeHHOe 3HaYeHUe NnepemMeHHOW B Bblpa)keHuUe, nony-
YeHHOEe Ha NepBOM Liare;
5) BbIMMCAUTL 3HAYEHWE APYroA NepemMeHHON;
6) 3anwucaTb OTBeT.

3’[‘}? IMoCJIeI0BATELHOCTL JeHMCTBHH MOMKHO HA3BATEH AITOPHTMOM pellle-

HHNA CHCTeMBbI IBVX JHUHEeHBIX }’pﬂBHEHHﬁ C IBYMA IHepeMeéHHBIMHW MeTOMdOM
IIOACTAHOBEHM.
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YnpaKHeHMA 4 s umm

214

\ 4
30.1. Pemure cucreMy ypaBHEeHWM:
1 y=3x—-1, 2x +y =10, . 15—-x =2y,
) 2x+y =9; dx - Ty = 2; ) 4x — 3y =27,
2) X =2y -8, 5) S5y —x =8, S5x —y =6,2,
x—4y = 4; Sx —4y = 23; 0,8x + 3y =13.
3) x = 6y, 3x + 4y =0,
X + 5y = 88; 2x — dy = 46;
30.2. Haitgure pellleHue cUCTeMbl YPABHEHUH:
4x+y =12, 4y —x =11, 5) X+y="1,
Tx + 2y = 20, Sx — 2y =17, Oy — 2x = -25;
2) X —2y =5, 6x —y=-1, 6) ox -3y =0
3x +8y =1; 2y -3y =-11; 15x + 2y = 55
30.3. Pemure cucremy ypaBHeHUI:
4x — 3y = 15, S5y —6x =4 5a —4b = 3,
1) 3) 5)
3x — 4y = 6; Tx —4y = — 2a-3b=11;
2x — 3y =2, 4x + 5y =1, 8m—-2n =11
2) ’ 4) 6)
ox + 2y = 24; 8x — 2y = 38; O9m + 4n = 8
30.4. Pemture cucreMy ypaBHEHUM:
ox + 2y =15, 3) 8p —Hq =
8x + 3y = 20; op—4q =
5 Tx +4y =5, 6u — 5v = 38,
3x + 2y = 3; 2u+Tv =22.
® @
30.5. Haiigure pelreHue cuCTeMbl YPABHEHUIA:
6 5(x —y) = Tx + 4y, 6y —5x =1
1) _ . 3 ix-1 3y-x 3
3(x +1)—(6x + 8y) =69 + 3y; - =—-4—;
i 2 4 4
E_E—z 1,5J'c3’—3+'i’—83;}r:31
2) <2 3 ’ 4) -
5x — y = 34 2*55‘3"2—2”6*1_ ~0,5.



30.6. Pemure cucreMy ypaBHeHUM:

I-l‘-y I,'—y'_
6x + 3 = 5x — 4(5y + 4), 5 | 8 t—— =4
3(2x - 3y)—-6x =8 — y; 31'+y_237—5y:5
..r+3_*¥_4:1 4 3

2) 1 2 7 ’
6y —x = 5;
Il N

YnpaxHeHus ANA NOBTOPEHUA gum

30.7. B mxomae 50 % yuammxcsa 3aHUMAIOTCSA B CIIOPTUBHEIX CEKI[HUAX, M3 HHUX
6 % motoT B xope. CKOJIBKO IPOLIEHTOB YYaAIIUXCA LIKOJbI OJHOBPEMEH-
HO 3aHUMAIOTCA COOPTOM H IOIOT B Xope?

30.8. ®yuknusa 3agana opmy.ioit iy = 6 — kx. IIpu kakom 3HaueHnu k rpaduk
(GVHEIIMHN DpoxXoguT depes3 Touky A (4; —2)?

30.9. [lokamxuTe, 4TO 3HaAYeHUe BhIpamenusa 24 — 1 genurcs Haleno Ha 5 Opu
JIH000M HATYPATIbHOM 3HAYEHUH 71.

30.10. Haitgure Tpu nocaenaue MU@pbl 3HaAYeHUA BhIpaKeHU
23763 + 162432,

s m PewleHMe cUCTEM NUHEMHbIX YPaBHEHUN
METOAOM CJTIOXEHUA

PaccMmoTpuM ellé oJuH criocod, IMo3BOJAIOIINN CBeCTU pellleHHue CUCTe-
MBI IBYX JUHEHHLIX YPABHEHUH ¢ ABYMA [epeMeHHBIMH K pellleHUI0 JINHeHHO-
ro ypaBHeHHs ¢ OOJHOM IepeMeHHOM.

Pemum cucreMy ypaBHEHHUH

2x -5y =T,
4x + 5y = 5.

ITockonbky B aTOll cucTeMe K0a(hHUIIUEeHTEI IIPU [IepeMeHHON iy — IIpo-
TUBOIIOJIOKHEIE YMCJIA, TO YPABHEHHE ¢ OJHON NepeMeHHON MOMKHO IIOJIYYUTh,
CJIOXKUB IOYIEHHO JeBble H INPAaBble YACTH YPABHEHHIH CHCTEMbIl. SAlHIIEeM:

2x - by +4x+ 5y =T+ 5;
bx=12;
x = 2.
ITogcraBuTh HAHAEHHOE 3HAYEHHE IIePeMeHHOH X MOMKHO B Jiioboe M3

ypaBHeHuil cucremsl. ITogcraBum, HanpuMep, B nepeoe. [lomyumnm:
2.2-5y=";
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—oYy = 3;
y =—-0,6.
HUrak, pelnieHueM cHUCTeMbl ABJIseTcA mapa yuces (2; —0,6).
OnucanHbIil cmoco0 pelleHrusa CHCTeMbI Ha3LIBAIOT METOMOM CIIOKeHH.
ITOT METOJi OCHOBAH HA CJEIYIONIeM YTBEPKAHUU: eCai 00HO U3 YPas-
HEHULL CUCMEMBL 3AMEHUMb YPAGHEHUEM, NOAYUEHHBIM NYMEM CIONCEHUS
AEBHLIX U NPABHIX UACMEU YPABHEHUL CUCMEMbL, MO NOAYUEHHAS CUCMEeMdA
bydem umemv me ine peuwlenus, ¥mo U Uucxoonasl.

jZ:r— 5y =1,

MBI 3aMeHWUJIH ee CHCTeMOH
lf-lx + 9y = 5,

Tak, pelias cucremy

2x -dy+4x+0y =T +5,
2x -5y =T.
MHoXecTBa pelleHu 3TUX JBYX CUCTEeM COBIIALAIOT.

B mpeappigyimemM mnaparpadge IpH pacCMOTPEHHMH MeTOJa I0JCTAHOBKH
OBLJIO TOKA3aHO COBIAJleHHe MHOMKECTB PelleHuil IByX cucreM. Bocoib30BaB-
IIUCh M3JIOMKEHHOH TaM HIeel, NOKAMKUTe CAMOCTOATEJIbHO, YTO MHOMKeCTBAa
pellleHUil paccMaTpUBaeMbIX CUCTEM COBIIANAlOT.

Pemmum eine ofHY CHCTEMY:

jz:r -3y =11,
lﬁ:r + 5oy =19.

Ecin MBI CJIOMKHM IIOYJIEHHO JIeBble U IIpaBble 4YacTU ypaBHeHUI cucre-
MbI, TO BHOBB ITOJIVYUM ypaBHeHUe ¢ ABYMA nepeMeHHbIMU. [laHHaa cucrema
ellleé «He roToBa» K IPUMEHEeHUI0 MeTO/a CJI0MKEeHM .

YMHOKHM 00e YacTH HepBOro ypasHeHus Ha —3. Ilomyuum cucremy,
MHOKECTBO pelleHHH KOTOPOH COBIAaeT ¢ MHOMKECTBOM pelIeHUH HUCXOIHOU
CHCTEeMBI:

I—ﬁ_r + 9y = -33,
[ﬁx + oy =19.

Ins Tako cHUCTeMbl METOH CJHOMEeHHUS yiKe sBageTcda 3(hdeKTUBHBIM.
HNmeem:

—6x + 9y + 6x + Sy =-33 + 19;
14y = -14;
y=-1.
IlopcraBuM HallleHHOE 3HAYEHUE i B [IepBOe YpaBHEeHUe MCXONHOU CHC-
TeMmbl. Ilonyunm:
2x -3 - (-1)=11;
2x =
x = 4.

h
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Ilapa yucea (4; —1) — UCKOMOe pellleHHe.
Paccmorpum cucTeMy, B KOTOPOM Cpasy JBa YPaBHEHUA HYYKHO IIOAT0TO-

BWUTH K [IPDUMEeHEHHWUIKD MeTOda CJIOeHMA:

Tx+8y =9,
3x+5y=".
YT0b6B! UCKIIYHUTDL IEPEMEHHYIO I, YMHOXKHM 00e YacTy IepBOro ypas-

HeEHHMHA Ha YHMCJIIO 5, 4 BTOpOI'o — Ha YHCJ0 —8. HUHY‘[HM CAeIVIOIIVID CHC-

TeMY:

35x + 40y = 45,
—24x — 40y = -56.
CouM IIOYJIeHHO JieBble M IIPaBble YACTH YPABHEHHN 5TOH CHCTEMBI:
35x + 40y — 24x — 40y = 45 — 56;
11x=-11;
x=-1.
IToncraBuB HallfeHHOEe 3HAYeHHe X B IIepBOe ypaBHeHUE JaHHOI cucTe-

MBI, TOJIYYHM:

-T+8y=9;

y=2.
CnenosarenbHo, napa uuces (—1; 2) — penreHue JaHHOH CUCTEMBI.

YTOoObl pewnTh CUCTEMY NUHEWHbLIX YPaBHEHUW MeETOAOM CNOXeHUA,
HYMHO:

1) nogoOpae «BbIrogHble» MHOXWTeNW, npeobdbpaszoBars ogHO unu oba
YPaBHEHMA CUCTEeMbI TaK, Y4ToObl Ko3dpULMEeHTbI NP OQHON U3 NepemMeH-
HbIX CTany NPOTUBOMNOMIOXKHbLIMMK YUCNamMu;

2) CNOXWUTb NOYNEHHO NeBble WU NpaBble 4YacTU YPaBHEHUN, NONYy4YeHHbIX
Ha NepBOM Liare;

3) pewnTs ypaBHeHMe C OQHOM NepeMeHHOW, Nnony4YeHHoe Ha BTOPOM
ware;

4) noacTaBuUTb HaNJEeHHOE Ha TPeTbeM Liare 3HavyeHMe NnepemMeHHON B Nio-
60e U3 ypaBHeHMIA UCXOQHON CUCTEMBbI;

5) BbIMMCAUTL 3HAYEHWE APYroA NepemMeHHON;

6) zanucaTb OTBeT.

BT}? ocJIeJOBATENBLHOCTD IeMCTBUH MOMKHO HA3BATH aJAr'opuTMOM pellie-

HHA CHCTEeMBI IBVX JUHEeUHBIX }’pﬂBHEHHﬁ C IBYMA HHepeMeHHBIMH MeTOOOM
CIIOJHeHM .
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® YnpaKHeHMA 4 s umm
I31.1. Pemure cucreMy ypaBHEHHMM METOIOM CJIOMKEeHHA:
{x+y:6, 4]{—61+y:16,
X—y=28; 6x + 4y = 34;
2){3x+y:14, . {8x+y:8,
ox —y =10, 12x + y = 4;
N {2;{—9@;:11, 6 {?x—5y=29,
Tx + 9y = 25; Tx + 8y = -10.
31.2. Pemure cucreMy ypaBHEeHUUH METOAOM CJIOMKEHUS:
1 {4;{—;;:20, 3) {—5I+7y:2,
dx +y =12; 8x +Ty =15
{9x+1?y:52, 4 {9:1:—6;;:24,
26x —17y =18; 9x + 8y = 10.
31.3. Pemure cucTeMy ypaBHEHUH MeETOAOM CJOMKEHU:
) {I—By:& . {31’—4};216,
4x + 9y = 41, Sx + 6y = 14;
0 {10:«: +2y =12, 6 {Zﬁr + 3y = 6,
—5x + 4y = —6; 3x + 5y = §;
{3.1’ -2y =1, . {ﬁu —Tv =24,
12x + Ty = —26 Tu+ 6v = 2;
{3;{ + 8y =13, 3 {0,2:{’ +1,5y = 10,
2x -3y =17; 0.4x - 0,3y =0,2.
31.4. Pemiure cucreMy ypaBHEHUU MeTOAOM CJIOMKEHUS:
{5I+y=7, " {51—4;{;:10,
Tx -4y =-1; 2x -3y = -3
0 {61’ -5y = 23, . {4& +6b=09,
2x — Ty =13; 3a -5b = 2:
{5;&:—23; =16, {9?}?—13?‘: =22,
3) 6)
8x + 3y = 38; 2m+3n=-1.
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31.5. Pemure cucremy ypaBHeHUI: )

X_Y_g
2(4x —5)-3(3+4y) =9, 3) 2 3 @
76y —1)—(4+3x) =21y — 86; £+@_4
L4 6
(1 +2 y—3_1
—-22x+1)+ 2,5 =3(y + 2) - 8x, 4) 6 15
8—-5(4—x)=6y—(5-x); x+25 y+3 _ 1
L9 6 3

31.6. Pemure cucreMy ypaBHEeHUM:

15x -3y 3x+2y 3
{QZX—a3wy+1y:L& 2 i 8 2

3(x+1)+3y =2y - 2; 3x+y x -3y
3 2
31.7. Haiigure pellleHue cUCTEMbI YPaBHEHMIA:

(x—3)2 —4y = (x +2)(x +1) - 6,

(x—4)(y+6)=(x+3)(y—T)+3;

(x —y)x+y)—x(x+10) = y(5-y)+15,
2) . .

{(I-F]_}E' +(y—-12 =(x +4)* + (y + 2)* - 18.

31.8. Pemiure cucreMy ypaBHEeHUM:
{(21’ +1) - (2x - y)(2x + y) = (y + 8)(y - 10),

= 6.

4x(x —5)—(2x — 3)(2x — 9) = 6y — 104,
9 (I—Z)(IQ + 2x + 4) —x(x —4)(x +4) = 20 - 20y,
) (3x —2)(4y + 5) = 2y(6x — 1) — 58.
31.9. Haiinure, He BLINOJHAA IIOCTPOEHUA, KOOPAUHATHLI TOYKH IIepecedeHns
MIPAMBIX:
Yy=2-3xux+3y="1;
2) bx + 6y = -20 u 2x + 9y = 25.
31.10. Haiigure, He BBINOJHAA IIOCTPOEHUSA, KOOPAWHATHEI TOUKH Iepecedye-
HUSA OPAMBIX:
1)2x -3y =8u Tx — dy =-5;
2)9x+y=3u8x+ 3y =-10.
31.11. IIpu kakux sHadYeHUAX a U b rpadur ypaBHeHUA ax + by = 8 mpoxo-
nuT yepesd Touku A (1; 3) u B (2; —4)?
31.12. IIpu kaxkuxX 3HaAUYEHUAX M U 1 rpaduk ypaBHeHUs mx — ny = 6 mpoxo-
nuT yepesd Touku C (2; —1) m D (—6; 5)?
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31.13. BanumuTe ypaBHeHUe NPAMOI i = kx + b, mpoxojsuieil yuepes TOUKHU:

1) M (2; 1) u K (-3; 2); 2) P(-4;5) u @ (4; -3).
31.14. 3anuunuTe ypaBHeHUE IPAMOIl i = kx + b, npoxojsIieil yuepes TOUKHU:
1)A (3; 2) u B (-1; 4); 2) C(-2; -3)u D (1; 6).
31.15. UMeeT U pellleHUE CHUCTEeMa YPABHEHUH:
2x + iy =95, 2x + 3y = -1,
1) {3x —4y = 24, 2) «3x+5y =1,
x -2y =09, 5x +9y = 5?
31.16. Pemiure cucremMy ypaBHEHUI:
6x + by =10, x-2y =1,
1) < 8x -5y = 32, 2){2x+y =",
3x +10y = T, 4x +y = 14.

31.17. 3anuuiuTe CHUCTEMY JUHEHHBIX YPABHEHUIH C JBYMSA IIepeMeHHBLIMU,
rpaMuKHa KOTOPLIX N300paskeHsl Ha pucyHKe 31.1.

YA A
\>(
o[ | X = of | x
a B
A \ YA
~
N \ T
B \ ~_
\\' 0 7 E 0 1 E
\\
. \
\
Puc. 31.1 6 r
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31.18. BanumuTe cHUCTeMY JUHEeHHBIX VPABHEHHUH C JBYMA IIepeMeHHBLIMH,
rpadMKH KOTOPBIX M300paskeHbl HA pUCYHEKe 31.2.

YA

yl/

/

[

[y

=Y

=Y

%

Puc. 31.2

. R R 2

31.19. IIpu KakoMm 3HAUEHUU £ TIpAMas y = kx + 2 IPOXOJUT UYepe3 TOUKY Iie-

peceyeHUs MPAMBIX 3X + oy =5 u Tx — 4y = 437
31.20. [Ipu KakKoM 3HaAYEHUU @ UMeeT pellleHre CUCTeMa YpaBHeHH!:

31.21. Pemiure ypaBHeHUE:
D(x+y)P+x-3)P2=0;

8x - Ty =21,
5x — 3y = 20,
ax + 2y = 24?7

2) (x + 2y — 3)? + x% — 4xy + 4y* = 0;
3) |lx -3y — 6|+ (9x + 6y — 32)2=0;
4) 2+ y? + 10x — 12y + 61 = 0;

5) 2542 + 1042 — 30xy + 8y + 16 = 0.

31.22. Pemiure ypaBHeHUE:

1) (x - 2y)* + (y - 5)*=0;

2) (4x+ 2y — 52 + [4x — 6y + 7| = 0;

3) 50x2 + 4% — 28xy + 16x + 64 = 0.
31.23. Pemure cucTeMy VPaBHEHUH:

1) 4

2,13 15

x oy

2
Y

5] 10

+ =
2y -3y 3x -2y

20 15

3x — 2y C2x - 3y B

3,

1.
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31.24. Pemnre cucTeMy VPABHEHUH:

(1 7 9 6

L B _ -9

x oy x+4y bBx -y |
1)<2 3 2) 3 18

— + = = 46; + =1.

E x+4y dx -y

I B

YnpaXXHeHUs ANs NOBTOPEHUA gy m

|31.25. Haiinjure 3HaueHUe BhIpAMKeHUA:
1) (@2 +1)?+(a—-1)a®+ 1) — a?, ectu a = -2;

2)(a-1)a?+ 1)(a+ 1) - (a®+ 1), ecin a = %

31.26. Ha mareMaTH4YecKOH OMMMOHAJEe YUYACTHHKAM OBLIO NpPeAJOKeHO pe-
muTh 12 3aza4. 3a KamIy0 NPAaBUIBHO PEIIEHHYIO 3aja4y HaYUCJIAIN
D DalIoB, a 3a HEPEeIIEHHYI0 — cHUMAaAn 3 Dayuia. CKONIBKO 3ajgau pe-
IIAJI IPAaBUIBLHO yUaluiica, MoJy4YUBIINI Becero 36 Gammos?

31.27. (3adaua u3 nemeurxozo (poavkiopa.) 3a Kakoe BpeMs JieB, BOJK U CO-
Daka MOI'yT C'bECTh TPEX OBEIl, eCJIH JIeB OJJUH MOJKET C'becTh OBIIY 3a 1 4,
BOJIK — 3a 3 4, a cobaka — 3a 6 u?

31.28. [loxa:muTe, 4TO PA3HOCTE KBaApaTOB IBYX IPOHU3BOJBHBLIX HATY-
paJibHBIX YMCeJ, KaMJ0e U3 KOTOPLIX He JeJUTCS HalleJio Ha 3, KpaT-
Ha 3.

31.29. JIlepeBseB B caay Oousbine, yuem 90, Ho meHbmie, yeM 100. Tpers Bcex
nepeBbeB — A0JIOHU, 4 YeTBepPTh BeeX JIepeBbeB — CJAUBbI. CKOJBKO Jie-
peBLEB B camy?

31.30. Kakoe 13 BRIpa:KeHHII IPHHHUMAET TOJLKO OTPHIATEIbHbIe 3HAUYEHHUS

npu n060M 3HAUYEHUH X
1) —x% — 4x + 6; 2) —x? + 16x — 64; 3) % + 8x — 18?7

s PeweHue 3apa4 ¢ NOMOLYbIO CUCTEM
NMIVHEMHbIX YPaBHEHUN

PaccmoTpuMm 3ajauyi, B KOTOPBIX CHUCTEMBbI JIBYX JUHEMHbIX YpaBHEeHUM
C IBYMs IIepeMeHHBIMU MCHOJb3VIOT KaK MaTeMaTH4yecKrue MOJeJ N peasibHbIX
CUTYaI[HIA.

Mpumep 1. Ha nomus 1 niaaTtesa u 4 000K Douao 9 M TKaHM, a Ha 3 Ta-
KHUX e IIaThd U 8 Takux e 1000k — 21 M TkaHu. CKOJIBKO TKAHU HANO NI
nomusa 1 maarea? 1 wboku?
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PeweHune. Ilycrs Ha 1 maTtebe ujgeT ¥ M TKaHu, a Ha 1 100Ky — iy M. To-
raa Ha 1 nnatee u 4 100kU uaet (x + 4y) M TKAHU, YTO IO YCJIOBHUIO COCTABJIA-
et 9 m. CnenoBarensno, x + 4y = 9.

Ha 3 nnares u 8 1000k Hano (3x + 8y) m Tkanu, unu 21 m. 3Havwur,

3x + 8y = 21.
CocTaBUM cHUCTeMY YpPaBHEHUIL:

xX+4y =9,

3x + 8y = 21.

Pemus sty cucremy, nonyuaem: x = 3, y = 1,5. CiegoBarensHo, Ha 10~
mmuB 1 mrateksda UAET 3 M TKaHU, a 1 100k — 1,5 M.
OtBeT: 3 M, 1,5 M. B

Mpumep 2. U3 ropoma A B ropox B, paccrogHHe MeXIyV KOTOPBIMH
264 KM, BhIeXaJ MOTOIMKJIMCT. Yepes 2 U mmocje 3TOro HaBCTpedy eMy M3 I'o-
poma BB BeIexaJs BeJIOCHUIIeAUCT, KOTOPBIH BCTPETUICA C MOTOIIHKJIHUCTOM Yepes
1 4 mocae cBoero orupasiaeHus. HalijiuTe cKOPOCTh KamIoro U3 HUX, €CJaH 3a
2 4 MOTOLMKJIHUCT mmpoesskaeT Ha 40 KM Ooablle, 4eM BeJOCHIIEIUCT 3a O 4.

PeweHwme. IIycTh CKOPOCTh MOTOIMKIUCTA PABHA X KM /4, 8 BEJOCHIIeIH-
cra — y KM/4. Ilo BcTpeyn MOTOLMKJIMCT ABUTANCA 3 U M IpoeXal 3X KM,
8 BeJIOCUIIeUCT COOTBeTCTBeHHO — 1 u u y kM. Beero onu npoexanu 264 k.
Torpa 3x + y = 264.

Benocunenuct 3a 5 4 mpoes:kaeT 5y KM, 8 MOTOLMKJIHCT 3a 2 4 —
2x KM, uto Ha 40 kM Oosblre, yuem 5y kM. Torma 2x — Sy = 40.

Ilonyuunu cucreMy ypaBHeHUI:

3x +y = 264,
2x — by = 40,
pelleHreM KOTOPOH ABIsgeTcsa nmapa uyucen x = 80, y = 24.
CnemoBaTelbLHO, CKOPOCTE MOTOLMKJINCTA paBHa 80 KM/4, a BeJocHIIe-

nucra — 24 KM/,
OTBet: 80 km/4, 24 KM/4. B

Mpumep 3. Cron u cryn cromwnu Bmecte 4100 p. ITocne Toro kak croxa
mogerresen Ha 20 %, a crya mogopo:xkan Ha 10 %, OHM CTAIH CTOUTH BMECTE
3670 p. Hajijgure mepBOHAYANLHYIO II€HY CTOJIA M II€PBOHAYAIBLHYIO IEHY
cTyia.

PeweHue. IIycTs mepBOHAYANLHAA [[€HA CTOJIA COCTABJSAIA X P., 4 CTY-
na — y p. Torga oo yenosuio x + y = 4100.

Hosasa nena crona cocrasnser 80 % nepeonavansHo# u pasHa 0,8x p.

Hosasa nena cryna cocrasuser 110 % nepsonavansHoil 1 paBHa 1,1y p. Torna
0,8x+ 1,1y = 3670.
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Ionmyumnu cucremy ypaBHeHUH:
jx + 1 = 4100,

10.8x + 1,1y = 3670.
Pemenunem aroit cucrembl spngercsa napa x = 2800, y = 1300.
CnenoBaTennHO, IIepBOHAYAJIbHAA LieHa cToja obina 2800 p., a cryma —

1300 p.
OTBert: 2800 p., 1300 p. =m

Mpumep 4. Crkonbko rpaMMoOB 3%-T0 U CKOJIBKO rpaMMoB 8%-ro pacTBo-
POB COJIH HAJ0 B3ATh, 4TO0EI moayuuTs 500 r 4%-ro pacrBopa?

PeweHue. ITycTe mepBoro pacreopa HaJo B3SITh X I', a BTOPOTO — ¥/ T.
Torma no ycnosuio x + y = 500.

B 3%-m pacrBope cogep:xurcs 0,03x r conu, a B 8%-m — 0,08 y r co-
au. B 500 r 4%-ro pacrBopa cogep:xurca 500 - 0,04 = 20 (r) conu. CinenoBa-
TenbHo, 0,03x + 0,08y = 20.

CocTaBUM cUCTEeMY YpaBHEHUIA:

jﬁr +y = 500,

10,08x + 0,08y = 20,
j:«: = 400,
| ¥ = 100.

3uaunt, Haao B3ATh 400 r 3%-ro pacreopa u 100 r 8%-ro pacTsopa.
OtBeT: 400, 100 r. m

PEeIIUB KOTOPYIO IMOJYUUM

Mpumep 5. V¥V Ilerpa 66111 MoHeTHI IO 2 p. ¥ 1o 10 p. OH rosopuT, 4TO
KyInua KHury 3a 240 p., ornas 3a Heé 30 moHer, a Bacuanii roBopuT, 4TO Ta-
KOro OpITh He MoskeT. KTo npas?

PeweHwune. IIycts y Ilerpa 6b110 ¥ MOHeT mo 2 p. u iy mouHer no 10 p.
Torma

J_r + 1y = 30,
| 2x + 10y = 240.
Pemeanem aTo0il cucTeMbl sBiasgercsa mapa (7,D; 22,5), 4To He cOOTBerT-
CTBYET CMBICJY 3aJIa4M, TAK KaK KOJHMYECTBO MOHET MOKeT OBITh TOJBKO HATY-

PAIBHBIM YHCJIOM.
OTBeT: npaB Bacuiuii. W

- O
® YNpaXXHeHVA g4 wpew

32.1. Haiigure aBa umcia, ecJid UX cyMMa paBHa 63, a pasHocth — 19.
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32.2.

32.3.

32.4.

32.5.

32.6.

32.7.

32.8.

32.9.

HaiiguTe nBa 4ucJia, eCIM X PA3HOCTh paBHa 23, a cyMMa YABOEHHOI'O
DOJIBIIIEro U3 3THX YHCEJ U BTOPOro YHcja pasHa 22.

(Badaua usz paccxaza <Penemumops»> A.Il. Yexosa.) Kynen Kynui
138 apmuH! yépHoro u cuHero cykHa 3a 040 p. CopammnBaercs, CKOJb-
KO apIIUH OH KVIIMJI TOTO U APYroro, ecii CHHee CTOLJIO O P. 3a apIliuH,
a yépHoe — 3 p.?

I'pynma n3 46 TypucToB oTnpaBuiaack B noxona Ha 10 Jogkax, 4acTh M3
KOTOPBIX OBLIH YeTHLIPEXMECTHLIMH, 4 OCTAJILHBIE — IIECTUMECTHLIMH.
CKOJNBKO OBLIO JIOJOK Kamaoro suua?

Yrob6bl HakopMuUThL 4 nmomaneit u 12 xKopos, Hamo 120 Kr ceHa B JieHb,
a yTo0bl HaKOpMHUTEL 3 Jomaneit 1 20 kopoB — 167 kr cena. Haiigure
ITHEeBHYI) HOPMY CeHa JJIS JOIIAAHA U IJIS KOPOBHI.

B nepBbIii feHb 2 I'YCEHUUYHLIX TpakTopa U 1 KonécHbI# Benaxaau 22 ra,
a4 BO BTOPOH JeHb 3 I'YCeHHMUHBIX U 8 KoJécHbIX — 72 ra. Haiimgure,
CKOJIBKO MeKTapoB 3eMJIH oOpadareiBall exxeqHEeBHO 1 I'yCeHHYHBIA TpaK-
TOP M CKOJNBKO — 1 KOJIECHBIIA.

IIBoe paboumx uaroroBunu 135 geraneit. IlepBriii paboumit paboran
T nueil, a BTopoilt — 12 mHeii. CKOJBKO JeTajleil M3TOTABIUBAJ €XKeIHeB-
HO KaxKIblil pabouuii, ec/iM IIePBbIil 3a 3 AHA cHeJaJ Ha 3 JeTaau 00Jb-
e, 4eM BTOpOi 3a 4 aHA?

IlBe Opuraasl padoranu Ha cbope A0J0K. B nnepBbIil feHL ofgHA OpUrama
paborana 5 u, a apyrags — 4 u, npuuém BMecTe OHU cobOpanu 40 1g
ssonok. Ha cnenyronuii neHb Opurajasl padboraiu ¢ TOH ke IIPOU3BOAU-
TeJILHOCTLIO Tpyla, NpUYéM IepBad Opurajga cobpana 3a 3 4 Ha 2 11
Dosbie, yeM BTopas 3a 2 4. CKOJIBKO IIeHTHEePOB A0J0K co0upasia Kam-
nas opuraga 3a 1 4?

3a 6 Kr xoH(peT 1 5 Kr nedeHbs sanaaTuau 1440 p. CKoabKko cToUT 1 KT
KOH(pEeT B CKOJIbKO — 1 KI Ile4YeHbsl, ecJIH 3 KI KoHper gopoike 1 Kr me-
yeHbs Ha 300 p.?

32.10. 3a 11 rerpageii n 8 pyuek sanaatunu 309 p. Ckoasko crour 1 TeTpannb

U CKOJNbKO — 1 pyuka, ecid D Terpajeil 1opoxe, yeM 4 py4uyku, Ha 3 p.?

32.11. U3 Bpsasncka u CMoJeHCKa, pACCTOAHHE MeKIY KOTOPhIMU 256 KM, BbI-

exaji OJHOBPEeMEeHHO HABCTPeuy APYr APYry aBTodyc U aBTOMOOHIL H
BCTPETUJIHCEL Ueped 2 4 mocjie Hauajna aBmxkeHnda. Haiigure ckopocThb
KaKJIoro M3 HUX, ecikd aBToOyc 3a 2 4 npoes:xaeT HA 46 KM Oosblie, yem
aBToMOOMJIbL 3a 1 4.

32.12. C aByX cTaHIUii, paccTosaHue Mexay KoropeiMu 300 KM, OZHOBpEeMeH-

HO HABCTPEUy APYT APYIY OTIPABUINCH NACCAKUPCKHI U TOBAPHLIN I10-
e3/1a, KOTOpPhLIe BCTPETHJIHNCH Yepes 3 U Ioc/ie Hadajla ABW:KeHHA. Eciu

1 Apmue — cTapHHHASA Mepa JUIHHEL, paBHasg 71,12 cM.
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DBl macca:KUPCKUU IMoe3]] BeIleJ Ha 1 4 paHsblie, 4eM TOBaApHBIN, TO OHU
BCTPETHUJIHCH OBl yepes 2,4 4 mocje BhIX0oJa ToBapHOro noesza. Haigure
CKOPOCTh KasKJoro moesjia.

\ 2R |

32.13. 13 cesna BhIIIEN IeILIeX0[ X OTHpPaBHUIICA Ha craHiui. Yepes 30 mun
13 9TOr'0 CeJjia BbleXaJl BeJIOCUNIEeJUCT U JOTrHAaJ Iemiexona yepes 10 Mmun
nmocJie Bele3na. Halijure CKOPpOCTh KayI0ro U3 HUX, €CJH 3a 3 4 Ielle-
XoJ npoxoauT Ha 4 KM 0oJjibllle, YeM BeJOCHUIIeUCT IIpOoe3KaeT 3a I0JI-
qaca.

32.14. U3 Kypcka B MocKBY, paccToaHNe MeXKIY KOTOPhIMH 536 KM, BhIeXall
asromobuab. Yepes 2,5 4 mocse Hayajaa ABHMKEHHUSA IEPBOro aBTOMOOH-
JIsi HaBcTpeudy eMy 13 MOCKBBI Bbl€XaJl BTOPOl aBTOMOOWJIb, KOTOPBIM
BCTPETHJICA ¢ IIePBBIM 4Yepes 2 4 IMocJie cBoero ormnpasieHus. Haitgure
CKOPOCTh KaXJI0ro aBTOMOOMJISA, ecJIM NepBLIH 3a 2 4 mpoes3’KaeT Ha
69 kM MeHBIIE, YeM BTOPOIi 3a 3 4.

32.15. B aByx 0umoHax 0ObLI0 MOJIOKO. Eciiu u3 mmepBoro 0uaoHa nepeiuTb BO
Bropoit 10 1 Mmonoka, To B 00oux OMIOHAX MOJIOKA cTaHeT ImopoBHY. Ec-
JIM U3 BTOpOro OUIOoHA ImepejuTh B nepBbiil 20 1 MoJioKa, TO B IepBOM
cTaHeT B 2,0 pas3a 00JIbIlIe MOJIOKA, YeM BO BTOpoM. CKOJIBKO JIMTPOB MO-
JIOKAa ObLIO B KaxKaIoM Oumone?

32.16. Korga B nnepBhIil BaroH aJeKTpoIoesaa BoILIM 4 mmaccaskupa, a U3 BTO-
poro BaroHa BBINLIK 4 NaccaskUpa, To B 000MX BaroHax maccaKMpoB CTa-
Jio mopoBHY. Eciu Obl B IIepBbIil BATOH BOLLIK 2 Macca)XUpa, a BO BTO-
poii — 24 maccaskupa, TO B II€PBOM BaroHe CTAJIO ObI B 2 pa3a MeHbIIe
maccaskKupoB, yeM BO BTopoM. CKOJBKO MOaccaXKHpPoB OLLIO cHauaja
B KayJOM BaroHe?

32.17. MoTopHada JoAKa 3a 3 U ABH)KEHUSA IIPOTUB TeUeHUS PeKH u 2,5 4 1o
TeueHUI0 npoxoxutT 98 kM. Haiinure coOCTBeHHYI0 CKOPOCThH JIOAKH
1 CKOPOCTh TeYeHHs, eCJIM 3a D 4 ABHIKEHHUA 10 TeYeHUI OHA IIPOXOIHUT
Ha 36 KM OoJble, yeM 3a 4 94 IPOTHB TEYeHHUA PEKH.

32.18. Karep 3a 5 4 ABMIKEHHUA 110 TEYEHHUIO PEeKH IPOoXoAuT Ha 70 KM 00JIb-
e, YeM 3a 3 4 JBUMKEeHHs IIPOTUB TedeHus. Halinure cKopocTh KaTe-
pa B cTOAYEH BOJie U CKOPOCTH TeYEHUs, eCJIH 3a 9 4 IBUKEeHHS 110 03e-
PV OH HPOXOJHUT CTOJBKO, CKOJLKO 3a 10 u JBUKeHUA IPOTUB TEUEHUS
pPeKH.

32.19. (3adaua u3 zpeueckozo goavkaopa.) Océn u MyJ UAYT PAJOM C TPy-
3oM Ha cruHe. OCEN KalyeTes Ha HeIOCUJILHYIO HOIIIY, 4 MYJI OTBEYaer:
«Yero TeI :manyembesa? Benb eciu s BO3bMY OIUH TBOII MEIIOK, TO MOS
HOIIIA CTAHET B JBa pasa TAxelsiee TBoeid. A ecJiM Thl BO3bMEIIbL OJHH MO
MEIIIOK, TO TBOA MOKJAaxKa cpaBHUTcA ¢ mMoei». CramuTe ke, MyJpble
MATEMATHKH, CKOJIbKO MEIIKOB HEC OCEJ U CKOJIbKO HEC MYyJa?
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32.20. (3adaua u3 undutickozo ¢poavkiopa.) OguH roBoput apyromy: «Jlait
mHe 100 pynuii, 1 s Oyay Basoe boraue teda». JIpyroit orBeuaer: «A ec-
Jau Tel gamb MHe 10 pyouii, To A crany B 6 pa3 6oraue Tebsa». CKOJIBKO
neHer ObLIO YV Kamaoro?

32.21. Cria 6 Jger ToMmy Has3ajg ObLI B 4 pasa mJjajlle oTia, a yeped 12 jer oH
oyner maamiie oria B 2 pasa. CKOJIBKO JIET OTIY U CKOJBKO CBIHY?
32.22. baoymka 6 ner Tomy Hasaj OblIa B 9 pas crapiue BHYYKH, a 4 roga
TOMY Haszag — B 7 pas crapure. CKoJbKO JeT 0abyHIKe M CKOJBKO

BHYUYEKe?

32.23. J]IBe MacTepCKHe NOJIKHBI OBLIM CIIMTHL 79 KocTioMoB. Korma mepsast
MacTepckas Beinonuauna 60 % sakasa, a sropag — 50 %, To okazanocs,
yTO IepBas MacTepckas cirmia Ha 12 KocTioMoB GoJbIIe, YeM BTOPAs.
CKOJIBKO KOCTIOMOEB [0JI2KHA ObLjIa CIIHUTL KaKIas MacTepcKasa?

1
32.24. ¥ Muiu u I'anu 66110 BMecTe 1500 p. Korna Muma uerpatia 3 CBO
WX JeHer Ha mpuobpeTeHHe MaTeMaTH4YeCKOro CIIpaBOYHHUKa, a [anda —
1
5 CBOUX JeHer Ha npuoOpeTeHUe CIIPABOYHUKA 110 PYCCKOMY SA3BIKY, TO

OKasayochk, uro Muma ucrparun Ha 50 p. 6oakie, yem Iansa. CKoIbKO
IeHer OBLIO yV KaMI0T0 U3 HUX cHauvamua?

32.25. U3BecTHO, uTO 4 Kr orypuoB U 3 Kr nomugopos crouau 240 p. Ilocie
TOrO Kak orypisbl nogopo:xkanu Ha 50 %, a moMHU0ophlI MoJelNieBesId Ha
20%, 3a 2 Kr orypuoB u 5 kr nomugopoB s3amnatuau 250 p. Haigure
IIEPBOHAYAJIBHYIO IeHY 1 Kr oryproB ¥ 1 Kr IIOMHI0OPOB.

32.26. U3BecTHO, uTO 2 0AaHKH Kpacku B 3 0auku onudsl cronnau 320 p. Ilo-
cjie TOro Kak kKpacka nojeunieBesa Ha 30 %, a onuda nogoposxkalia Ha
20%, 3a 6 DaHOK Kpacku 1 D OaHOK onudsnl 3anaatunan 660 p. Haii-
IHUTe MepPBOHAYAJBHYIO IeHY OJAHOH OaHKM KpacKH M ONHOH DaHKHU
oM (dbI.

32.27. Branaguuk nomnoxkus B 6ank 21 000 p. Ha nBa pasHbix cuéra. [Io mep-
BOMY M3 HUX OaHK BblILIauuBaer 4 % rogoswix, a mo sropomy — 6 % ro-
noBbIX. Uepes rox BRIAIUUK moayuui no mnpoimentam 1020 p. Cxkonbko
py0Jieil OH IMOJIOMKHJI HA Kam bl CcUeT?

32.28. Bxnaguuk moyo:kua B 0ank 30 000 p. Ha aBa pasHbIX cuéTta. I[lo mep-
BOMY M3 HUX DaHK BbIILIauuBaeT d % rofoBbIX, a 10 Bropomy — 7 % ro-
noBbIX. Yepes roja BKIaAYHUK IOJYYUI 10 epBoMYy BKJIaay Ha 60 p. mpo-
IIEHTHBIX JeHer 0oJiblle, 4eM II0 BToOpoMy BEKJIaAy. CKoNIbKO pyOJieil oH
IIOJIOMKUJ HA KasKJIbIH cYeT?

32.29. lUssecTHO, uTo 60 % uncna a Ha 2 6osbuie, yem 70 % uucna b, a 50 %

1 w
yucna b va 10 6oable, yem 3 yucsa a. Haiinure yucna a u b.
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32.30. U3BecTHO, uTO 25 % omuoro umciaa pasuo 20 % agpyroro ducia, a %

nepsoro yucJa Ha 4 menbire 40 % gpyroro. Haligure nannele yucia.
32.31. Umeerca nBa ciiaBa Meau u nuHKA. OawmH criaB couxep:kut 9 %,

a apyroii — 30 % muuakKa. CKOJIBKO KHJIOTPAMMOB KaKJ0T'0 CIIJlaBa Ha-

0 B3ATb, YTOOBI MOJVUYHTEL ciiaB Maccoil 300 kr, comep:xamiuii 23 %

IMHUHEKA?
32.32. lIMmeercsa aABa BOAHO-COJIeBbLIX pacTBopa. IlepBblil pacTBOp COLEPKUT
25 %, a Bropoit — 40 % conun. CKONIBKO KAJIOTPAMMOB KAaKJJIOr'0 pac-

TBOPAa HAJ0 B3ATh, 4T00BI moayuuTh o0 Kr pacTBopa, coJep:kallero
34 % conu?

32.33. Cymma nugp ABy3HAYHOrO yHcsa pasHa 15. Eciiu moMeHATH ero mudg-
pPbl MECTAMH, TO MOJYYUM YHMCJIO, KOTOpPOe MeHbIlle JaHHOoTo Ha 9. Haii-
IUTEe TaHHOE YHCJIO.

32.34. IlepumMeTp NpAMOYVIroJdbHHEKA paBeH 28 cMm. Ecau gBe IpoTHBOIIOIOMK-
HbI€ CTOPOHBI YBEJIUMYUThL Ha 6 cM, a ABe Apyrue YMeHbIIHThL HA 2 CM, TO
ero maonank yeeanuurcsa Ha 24 cm?. Hafigure cTOpOHBI JaHHOIO IIpS-
MOVTOJBHUKA.

32.35. Eciu KasKIyio CTOPOHY IPAMOYIOJbHHUKA YBEJIUYHUTHL HA 3 CM, TO €ro
IIomaAs yBeauuured Ha 45 cm2. Ecau JBe IPOTUBOIOIOMKHBIE CTOPO-
HBI VBEJIMYUTEL HAa 4 ¢M, a [Be Jpyrue YMEHBLIIUTL HA D ¢M, TO €ro ILJIOo-
majab yMeHbIIuTesa Ha 17 em?. Haiigure cTOPOHBI JaHHOTO IPAMOYIOJIb-
HHUKA.

32.36. 3 aBYX c€J, paccToSHHE Me:KIy KOTOPBIMH paBHO 45 KM, oJHOBpe-
MEHHO HaBCTpedy ApPYr APYIY OTHPABUJINUCH BEJOCHIIeJHUCT U MelleXo/l
1 BCTPETWINCH Uepe3 3 4 IIocJie Havajla ABu:KeHuA. Eciau Obl Bejocuiie-
IHCT Bhlexasa Ha 1 u 15 MHH paHbIlle, UeM BBIIIeJ Iellexod, TO OHH ObI
BCTPETHUJINCEL Yepes 2 U Iocje OTIpaBieHud neirexona. C Kaxkoil cKopo-
CTBIO IBUTAJICA KAXKIbII U3 HUX?

32.37. U3 nyukToB A u B, paccToAgHNe MeX Iy KOTOPLIMHA paBHO 24 KM, OJHO-
BpPEeMEeHHO HaBCTpeYy APYT APYIY BBIILIN ABa TypucTa. Yepes 2 4 mocie
Hayajia JBUKEeHUs OHU elllé He BCTPeTHJIUCh, a PpacCTOsIHUE MeKay HU-
MH cocTaBisano 6 kM. Eié yepes 2 4 ofHOMY M3 HHX OCTaBAJIOCh MPOI-
TH 0 OyHKTa B Ha 4 KM MeHbIlle, 4yeM JApyromy mo nyakra A. Haiigure
CKOPOCTh KayKJI0ro TYypUCTAa.

\ 2 AR |

32.38. BesocuneaucT mIpoexas U3 NyHKTa A B NyHKT B 3a 3anj1aHUpOBAHHOE
BpeMs, NBUTasgcCh ¢ HEKOTOPOH CKOPOCThIO. Eciin 0bl OH YBEeJIUUYUIT CKO-
pocTh Ha 3 KM/4, TO NpUOLLI ObI B NVHET B Ha 1 4 paHblle, a ecJaH ObI
OH mpoes3:kaj 3a 1 4 Ha 2 KM MeHbIIIe, To IpuObLa 061 Ha 1 4 moa:xke. Haii-
IIUTEe CKOPOCTH BeJIOCHUIIeIUCTA.
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32.39. I'py3 nepeBessid HA HEKOTOPOM KOJHUYECTBEe MAIIHMH ¢ OMHAKOBOU I'py-
300 BEMHOCTBIO. Heim OBl Ha KamIoM MalluHe rpys3a ObLio Ha 1 T
DoJibIlle, TO MANIMH ITOHATOOMJIOCHE OBl HA 3 MeHBbIIe, 4 ecJIW Obl HA 2 T
DoJIbllle, TO MAIINH IMOoHAaL00MI0Ch ObI HAa O MeHbIIe. HalifuTe Maccy me-
peBe3EHHOro rpysa.

32.40. Paccrosinue Me:xIy ABYMSA CTAHIIUAMU IMACCAXKUPCKUM IMOe3] IIPOXOJHUT
Ha 3 u ObICTpee, YeM TOBapHLIN, a moesi-akcipecc — Ha 1 4 OwICTpee,
yeM naccakupckuii. CKOpocTs TOBAPHOrO Ioe3fa Ha 25 KM,/d4 MeHbIIe
CKOPOCTH IaCCAXXHUPCKOr0, a CKOPOCTHL 3Kcipecca Ha 15 KMm/u GoJblie
CKOPOCTH naccaskupckoro. Haligure cKopocTh Ka)KIOT0o IOe3fa U pac-
CTOSTHUE MEKY CTAHI[MSIMHA.

32.41. AsTo0yCc 1 MapUIPyTHOE TAKCH BbIE3:KAIOT €KeJHEeBHO HABCTPEUyY APV
IPYry II0 PACOHCAHHIO B 8 4 U3 ropojaos Bumuésoe u fAdnoHesoe, pac-
CTOAHUE MeXIY KOTopbIMH 18 KM, u BeTpeuaroTeda B 8 u 10 mun. OxHa-
JKJIBI aBTOOYC BBIEXAJI 10 PACIIMCAHUIO, 4 TAKCH — C OII0O3JaHueM, B 8 U
9 muH. ITosTomMy B TOT JleHb OHH BeTpeTwauch B 8 4 15 muH. Haiigure
CKOPOCTH aBTOoOyCca U MapuIpyTHOI'O TAKCH.

32.42. 13 ropona Conueunslii B ceao Becénoe B 9 u b Mmue 1 B 9 4 45 MUH BBI-
exajii ¢ OJMHAKOBOI CKOpocThio aBa aBrobyca. M3 Becémoro B Conneu-
HEIM B 9 u 30 MHH BhIeXajl BeJOCHIIEAHUCT, KOTOPLIH BCTPETHJICA C IIep-
BEIM aBTOoOycoM B 9 u 45 MuH, a co BropeiM — B 10 u 15 mun. Haitgure
CKOPOCTH aBTOOYCOB M BeJOCHIIEAUCTA, ecJaH paccrodnue me:xny Col-
HeuHbIM U Becénbim paBHO 36 KM.

32.43. Macca cMecH, cocTosAIllell U3 ABYX BemlecTs, cocrasiana 800 r. ITocie

. 5}
TOr0 KaK U3 Heé BhIIeJTHUJIN P nepsoro semecrsa u 60 % BTOporo, B cMe-

CH OCTAJIOCH IIEPBOr0 BelllecTBa Ha V2 I MeHbIe, yeM BToporo. CKoJIbBKO
rpaMMOB KasKJOr0 BelllecTBa ObLIO B cMeCcH cHadaJa?
32.44. B KycKe cmaBa MeIM M IIMHKAa OocJefgHero ObLI0 Ha 48 Kr MeHsble,

8 o
yenM Mengi. Ilocne Toro Kak M3 cIiuiaBsa BLITEJINIJIH E colepaBIlIeUCsHda

B HEM Menau 1 80 % muHKa, Macca cmiasa crasia pasHoid 10 kr. CKolbKO
KHJIOTPAMMOB KajKI0ro BelllecTBa ObLIO B CILIABE IIePBOHAYAJIBHO?
32.45. Cymma nudp ABY3HAUHOrO YHCJa paBHa 9, npuuém nudpa B paspsamue
necaTKOB Oosblie Mugpsl B paspaae equaul. [Ipu genenuun panHoro
YyHCJIa HA PA3HOCTL ero Mudp moayuyuJu HeloJiHoe yacTHoe 14 u ocra-

ToK 2. Haligjure faHHOE YHUCJIO.

32.46. PasHocTh nudp ABY3HAYHOIO 4YHcJa paBHa 6, npuyéM 1mudpa B pasps-
e IecATKOB MeHbIne IUdpPLl B paspdaie earuHull. Eciau ke pasneuTb
IaHHOe YHCJIO0 HAa CYMMY ero Imudp, To MOJYYHUM HEMNOJHOEe YACTHOe 3
U ocTaTok 3. Halinure maHHOE YHCIO.
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32.47. B ogunom Oake Owlito 12 g Boawl, a B Apyrom — 32 j. Ecau nepshlid
DaK JOJHUTHL JOBEPXY BOAOH M3 BTOpoOTo Daka, TO BTOpoi Dak ocTaHeT-
cA HaAIIOJHEeHHBIM HA IOJIOBHMHY cBoero oobwéma. Ecau BTOpoiil bak mo-
JHUTL AOBEPXY BOJOH H3 IIepBOro, TO NepBbIi 0aK ocTaHeTcsA HAIOJ-
HEHHBIM Ha IIeCTYVI0 YacTh cBoero odbéma. Haligure 00BEM Ka)Kaoro
paka.

32.48. B aByx 6oukax éMmKocThi0 40 1 1 60 J1 OBLI0 HEKOTOPOE KOJIUYECTBO BO-
aul. Eciy B MeHBIIYVI0O OOYKY AOJUTEL AOBEPXY BOAbLI M3 OOJbIIEH, TO

. 51 .
B Douiblileil ocTaHeTcA - KOJMYECTBa BOALI, KOTOPOe ObLTO B HEl cHava-
ga. Eciu B 60sb1IyI0 O0UKY MOJMUTH AOBEPXY BOJbLI U3 MeHbIIel, TO
L8] 5 r
B MEHBILIEH OCTAHETCA - KONMYECTBA BOABI, KOTOPOe OBLJIO B Hell cHa-

qaja. CKONBKO JUTPOB BOJBI OBLIO B KajKA0oW Douke cHauyama?

32.49. CyuiecTByer JIM ABY3HAYHOE YHCJIO, VIOBJIETBOPAIOIEe TAKUM YVCJIOBU-
AM (B cJy4ae YTBepPAUTEJIBLHOIO OTBETA VKaKHUTe 3TO 4YHCJ0): nudpa
B paspsfane NecATKOB 3TOro 4yuciaa Ha 2 Oojiblile IUMPLI B paspsle ero
eIUHUI], & PA3HOCTh MEXKJIY 3TUM YHUCJIOM WU YUCJOM, 3AITMCAHHBIM TeMH
sKe Mudpamu, HO B oOpaTHOM mopAnke, pasua: 1) 20; 2) 18?7

32.50. (3adaua JI.H. Toaicmozo.) Beinina B moJsie apreib Kocapeii. OHa mom-
HA BBIKOCHUTL ABa Jyra, M3 KOTOPBIX OAMH B 2 pasda OoJblle Apyroro.
[Tongua BeA apTesb Kocujaa OOJBIINN JIVI, 4 HA BTOPYIO MOJOBUHY JIHA
apTesib pasiesuiach MOIMOJaM, U OJHA MOJOBUHA OCTAJNACH JOKAIINBATL
DOJIBINME JIVI, a BToOpas Hadajla KOCUTh MeHbIIHM, Jlo Beuepa OOJBIIOM
JIYVT OBLT CKOIIIEH, & OT MEHBIIIEro OCTAJICA YYaCTOK, KOTOPBIM CKOCHJI Ha
CJEAVIOIUHA NeHb OJUH Kocaphb, paboTaBuiuii nenasiit neHb. CKOJIBKO KO-
capeii ObLIO B apTeu?

N
YnpaxHeHus ANA NOBTOPEHUA gum

32.51. B pasencrse 4(0,5x — 3) = 3x + * 3aMeHHUTe 3BE3/I0UKY TAKUM BbhIpajke-
HUeM, 4T00bI 00pa3zoBaloch YpaBHEHHE:
1) He UMelOIIee KOPHEH;
2) uMmeroniee DeCKOHEYHO MHOT'O KOPHEIl;
3) uMeloIee OJJHH KOPEeHb.
32.52. IlocrpoiiTe rpaduk GyHKIIAN:
1) y = (2x — 1)(4x% + 2x + 1) — 8x3;
2)y =(x+ 1)(x+4) - (x+3)%
3) y = (0,5x + 2)2 — (0,5x — 1)(0,5x + 1).
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32.53. IIpeacraBbre Bhipaskenue 12ab B BUe pa3HOCTH KBAaJPATOB JABYX MHO-
rousieHoB. CKOJILKO pellleHuii umeeT 3agaua?

32.54. Jlokaxxure, 4TO IIPH JIIOOOM I[eJIOM 3HAUYEHUH ¢ 3HAUEHHE BbhIPAKeHUHA
(a — 3)a? — a + 2) — ala — 2)* + 2a penurcsa Halea0 HA 3.

32.55. JJokaxkure To:xaectso (a — bc)? — 2(b%c? — a?) + (be + a)? = 442,

32.56. MsBecTHO, 4TO X + ¥ = a, xy = b, x2 + y2 = ¢. Haligure 3aBMCcHMOCTB
Mexny a, b u c.

32.57. Touku A (2; 3) u B (5; a) npunagnexar npamoii iy = kx. Haligure 3Ha-
yeHuUe d.

32.58. HaiifuTe Takue 3HauyeHUd X, IPU KOTOPLIX BhIpaxeHue (a — 1)° +
+ 4(a — 1) — x MOKHO OBLIO OBI PA3JIOKUTE HA MHOMKHUTENH 0 GopMyie
KBaJpaTa CyMMbI.

32.59. 'paduku pyuknuit y =ax+ 12 u y = (3 — a) x + a nepecexkalTCA B TOU-
Ke ¢ abcruccoit 2. Halijure opiuHATY TOYKHA UX IIepPECeUYeHU.
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PeweHne ypaBHEHUA C ABYMSA NepemMeHHbIMMA
Mapy 3Ha4YeHWM NepemeHHbIX, obpallaollyo ypaBHEHME B BEPHOE
pPaBEHCTBO, Ha3blBalOT pPeWeHWeMm ypaBHEHWUs C ABYMA MNepemeH-
HBIMM.

PewunTtb yYpaBHeHMNe € ABYMA NepemMeHHbIMW
Pewnte YpaBHeHWe C AByMA nNepemMeHHbIMIM — 3TO 3HaYAT HaWUTK BCe
ero peweHus UK NokKas3aTte, 47O OHO HE MMEET pELLIEHIr"‘II:i.

CBOICTBa YpaBHEHWIA C ABYMSA NepeMeHHbIMW
* Ecnn kK obenm Yactam gaHHoOro ypaBHeHuWsa npubasuTb (Mnn w13
obeunx yacren Bbl4ECTb) OJHO U TO Xe YUCIO, TO MONy4YnuM YypaBHEHME,
MMeloLLee TO e MHOXECTBO PeLleHKI, YTO 1 AaHHOe.
* Ecnu kakoe-nnbo cnaraemoe nepeHecTy M3 ogHOMN YacTu ypaBHe-
HUA B OPYryi0, NU3MEHUB NPU 3TOM ero 3Hak Ha NPOTUBOMOJIOXHbIN,
TO MOAYYMM ypaBHEHUE, UMelOLLEee TO XXe MHOXECTBO peLlleHU, YTo
N faHHOe.
* Ecnu obe yactn ypaBHeHNA YMHOXWUTb (pa3aenvTb) Ha OAHO U TO
Xe OTNNYHOE OT HYNA YUCNO, TO NONy4YuM ypaBHEeHWe, NMEKoLLee TO
€ MHOXECTBO peLleHWNI, YTO U JaHHOoe.

Npacpuk ypaBHEHNA ¢ ABYMSA NepeMeHHbIMW
MpabrKoM ypaBHEHMA C ABYMA NepeMeHHbIMWU Ha3blBaloT reoMeTpu-
Yyeckyio hurypy, COCTOALLIYIO M3 BCEX TEX M TONbKO TEX TOYEK KOOpAMW-
HaTHOW MMNOCKOCTWU, KOOPAWMHAaTbl KOTopbiX (Napbl Yyucen) ABNAKOTCA
pelweHnAMI1 0aHHOTO YpaBHeHWS.

JInHeHOe ypaBHEHME C ABYMSA NepeMeHHbIMW
NTMHenHbIM ypaBHEHWEM C ABYMS NepemMeHHbIMW Ha3blBaloT ypaBHe-
Hue BUAa ax + by = ¢, rae x u y — NepemeHHble, a, b, ¢ — HekoTo-
pble Yncna.

PewleHne CUCTEMbI YPaBHEHWMA C ABYMS NepeMeHHbIMW
* PeweHWeM cUCTEMbI YpaBHEHMW C ABYMA NepemMeHHbIMW Ha3blBa-
IOT Napy 3Ha4eHK NnepeMeHHbIX, obpallarouyo Kaxaoe ypaBHeHUe
B BEPHOE pPaBeHCTBO.
*  PewunTb cUCTEMY YpaBHEHWIA — 3TO 3HAYUT HAWTKU BCe eé pelle-
HMA MNWN QOKa3aTbk, YTO PeLeHU HerT.
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PeweHne cucremMmbl ABYX NUHEWNHbIX YpaBHEHUNA

C ABYMSA NepemMeHHbIMU rpapuyecKum MeToaoMmM
HToObI peWwnTb CUCTEMY NMHEWHbIX YpaBHEHWK rpadmnyecknm meTo-
OOM, HYXHO:
1) nocTpownTb Ha OAHOW KOOPAWHATHOW MNOCKOCTU rpaduKn ypas-
HEeHWW, BXOAALMWX B CUCTEMY;
2) HaUTU KOOpPAWHAaTbl BCEX TOYeK nepecevyeHWs NOCTPOEeHHbLIX rpa-
(hnKoB;
3) nony4eHHble Napbl Yacen 1 ByayT MCKOMBIMU pPeLeHUaMN.

Konuyecreo pelwieHnn cMCTeMbl IMHEMHbIX YPaBHEHUIA
Ecnu rpadpumkamn ypaBHeHUW, BXOAALWMNX B CUCTEMY NMHEWHBIX ypaB-
HEeHWI, ABNAKOTCA NPSAMbIE, TO KONMYECTBO pelleHU 3TOW CUCTeMBI
3aBUCUT OT B3aUMHOIO PacnofioXXeHUa ABYX MPsAMbIX Ha NNOCKOCTU:
1) ecnu npsiMble NepeceKkalTcs, TO cUcTeEMa UMeeT eAUHCTBEHHOe
pelweHwve;
2) ecnu npsamble coBNagatoT, TO cucTteMa MmeeT BECKOHEYHO MHOro
pelweHunn;
3) ecnu npsiMble NapannentHbl, TO CUCTEMa PELUEeHU He UMEeET.

PeweHne cucTeMbl NIMHENHbIX YPaBHEHUA METOAOM NOACTAHOBKMW
YToObl pewnTb CUCTEMY NMHENHbIX YPaBHEHWIA METOAOM MOACTaHOB-
KW, HYXHO:

1) BblIpasnTb U3 NbOOro ypaBHeHNA CUCTEMbI OAHY NEPEeMEHHYIO Ye-
pe3 Apyryto,

2) noAcTaBuTb B Apyroe ypaBHeHWe CUCTeMbl BMECTO 3TOU NepemeH-
HOW BblpaXeHWe, Nony4eHHoe Ha NepeoM Liare;

3) pewwuTb ypaBHEHWe ¢ OAHOW MepeMeHHOW, Nony4YeHHoe Ha BTO-
poOM Lware;

4) nopcraBUTb HanfeHHoe 3HaYeHWe nepeMeHHOM B BblpaXeHwue,
nony4yeHHoOe Ha NepBOM Lare;

5) BblMUCIWUTL 3HaYeHUe ApYyron NepemMeHHou;

6) 3anwncaTb OTBET.

PewieHne cuCTeMbl NIMHEAHbIX YPaBHEHWUA METOA0M CIIOXXEHWS
HToObI peWwnTb CUCTEMY NMHEMHbIX YPAaBHEHWUIA METOLOM CNOXEHWS,
HY>XHO:

1) nopobpae «BbIrOAHLIE» MHOXWUTENW, Npeobpa3oBaTe 0AHO WU
oba ypaBHeHWsA CUCTEMbI Tak, YTODObl KO3HUUMEHTbI NPU OAHOWN U3
NnepemMeHHbIX cTany NPOTMBONONOXHBIMU YUCIaMK;
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2) CNOXWTb NOYNEHHO NeBble U Npasble YacTW YypaBHEHUM, NONyYeH-
HbIX HA NepBOM Liare;

3) pewwuTb ypaBHeHWe C OAHOW NepemMeHHOW, Nony4yeHHoOe Ha BTO-
pOM LWare;

4) noAcCTaBUTb HaMAeHHOe Ha TPeTbeM LWare 3Ha4YyeHue nepemMeHHoM
B ntoboe M3 ypaBHEHWN UCXOAHOM CUCTEMbI;

5) BbIYMCNIWUTL 3HaYeHWe APYrou NnepemMeHHOM;

6) 3anwucaTb OTBET.
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DNeMEeHTbI I{OMGHIIHTQPHKH
M onNMcCaTeNnibHOM CTaTUCTUKM

O B aTon rnase Bbl NMO3HAKOMWTECE C ABYMS KNIOYEBLIMKA NpaBunamm, no-
MOralWMmMmn pewaTe KOMBUHaTOpPHLIE 3aaYun, € Ha4YanbHbLIMW CBeleHUNS -
MW O CTaTUCTUKe, y3HaeTe o cnocobax cbopa, npeacTaBneHMa U aHanmsa
OAaHHBbIX.

s m OcHOBHBbIE npaenna I{DMGHHETDPHI{H

CrolbKUMHU crocobaMB YYEHUKH Balllero Kjacca MOTYT CTATh APYT 3a
npyrom B ouepenu B Oyder? CKoIbKUMH criocobaMyU MOKHO BhIOpATh B BallleM
KJlacce crapocTy U ero samecturensa? CKOIBKUMH cliocobaMu MOT'YyT paclipe-
neJIUThLCSA 30JI0ThIe, cepedpsAHbIe U OPOH30Bble MENAJM HAa YeMIIMOHATE MUPAa
1o yrodosy?

OTBeyass Ha ®TH BOIPOCHI, HAJO NOJACYUTATEL, CKOJBLKO Pa3/IMYHBIX KOM-
OuHanuii, 00pasoBaHHLIX II0 ONpPeLeJEHHOMY IPABHJY, MOXKHO COCTABHUTL U3
AJIEMEHTOB JAHHOI0 KOHEeYHOro MHoiKecTBa. OOmacTh MaTeMaTHKH, KOTOpas
3aHUMAaeTCsA pelleHrueM IMOoJo0HBIX 3a/la4y, HA3LIBAIOT KOMOMHATOPUKOH.

B ocHoBe peleHus OonbIIMHCTBA KOMOMHATOPHBIX 3ajad Jie:kaTr JBa
IIpaBUJIa: MPABHUJIO CYMMBI 1 MPAaBHJIO MPOU3BEeHHA.

Pacemorpum rakoit npumep. Typucera 3auHTepecoBail 5 MaplipyToB I10
Kapenuu u 7 mapumpyros o Kaskasy. BeISsCHUM, CKOJBKHMHU cIIocofaMu OH
MOKeT BbIOpaTh MapuUIpyT, UMes BpeMs TOJIbKO Ha OJUH.

[TockonbKy Becero umeercss D + 7 = 12 pasIMYHBIX MApPIIPYTOB, TO OJHUH
13 HUX MOKHO BeIOpaTh 12 cmocobamu.

O6ob1IeHUeM 3TOro MpUMepa ABJAETCA CleAyIollee MPAaBHIIO,

m -i Mpaeuno cymmbi
Ecnu mHoxecTtBo A coctomt u3 m anemeHToB, a MmHOXecTBOo B — u3 k ane-
MEHTOB, NPUYEM 3TU MHOXECTBa He MMeloT ODLWMX 3nemMeHTOB, TO BbIOOp
«a vwnm b», rpe a € A, b € B, moxHo ocywecreutb m + k cnocoGamm.

[IpaBuno cyMMBI MOXKHO 0000IIUTEL AJIA TPEéxX U Oojiee MHO:KecTB. Ha-
npumep, eciu muoxcecmea A, B u C cocmosim coomeemcmeenio u3 m, R u
N AAEMEeHMOo8, NPUUEM HU Y KAKUX 0BYX U3 IMUX MHOICECME Hem 00UUX
anemMenmos, mo evioop <a, uau b, unu c», 2zde ae A, b € B, c € C, moacro
ocyuecmaums m + kR + n cnocobamu.
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Obparumcsa cHOBa K IIPUMepy ¢ BbIDOpoM mapupyTa. Eciu y Typucra

ecTh BpeMs Ha JIBa MapILIpPyTa U OH Xo4eT mobbIBaTh cHavyana B Kapenuu, a 3a-
TeM Ha KaBKase, TO OH MOKeT OPraHM30BATh CBOM OTALIX 39 crocobammu. [leit-
CTBUTEJILHO, €cJIi BRIOpaTh oguH MapiipyT no Kapenuu, To napoii K HeMmy Mo-
2KeT OBITH J000iT U3 cemu mMapupyToB o Kaskasy. Tak Kak MapluipyToB 1o
Kapenuu naThb, To KonuvecTBo nap (mapmpyT o Kapeauwn; mapuipyT mo Kas-
Kagy) paBao T+ 7T+ 7+ 7+ 7=7T.5 = 35.

ITH pacCyxIeHUA ULIICTPUPYET clenyoomasa Tabauna.

MapmpyTs: 10 Kagkaay

1 2 3 4 5 6 7
1 (I; 1) | (1;2) | (1;3) | (1;4) | (1;9) | (1;6) | (1;7)
2 g 2 (25 1) | (252) | (2;3) | (254) | (2;9) | (26) | (257)
g % 3 (3;1) | (3:2) | (3;3) | (3;4) | (3;9) | (3;6) | (357)
gﬁg 4 (451) | (452) | (43) | (454) | (439) | (46) | (457)
2 (55 1) | (552) | (553) | (554) | (559) | (556) | (557)

Ob6ob1eHeM 3TOr0 IpUMepa ABJIAETCA cJeVIiollee IIpaBUo.

Mpaeuno npon3iBegeHnn

Ecnu 3nemMeHT d MOXHO BblIDpaTh M cnocobamm U nocne Kaxaoro Takoro
BbiGopa anementT b mowHo BbIGpath £ cnocobamu!l, To BbLIGOP «a u b»
B YKa3aHHOM nopsagKe MOXHO ocyllecTBUTbL MRk cnocoGamu.

IIpaBuio npousBeleHUs TaK:Ke MOKHO 00001IUTS.

Ecnu 3nemMeHT d MOMXHO BbiOpatbh m cnocobammu, nocne Kaygoro Takoro
BbiGopa 3nemeHT b MmoxHO BbIGpaTh k cnocobamun, u nocne Toro, Kak Bbi-
GpaHbl 3nemeHTbl @ U b, 3nemeHT ¢ MOXXHO BbIGpaTh 7 cnoco6ammn, TO Bbi-

G6op «a n b n c» mowHo ocywecreuts mkn cnoco6amn.

Mpumep 1. M3 kiacca, B KOTOPpOM y4yuTcsa 28 4Yel0BeK, HAJ0 BLIOpATh

TPEX Me:KYPHBIX — I[I0 OJHOMY Ha KarKIblil U3 TPéx sTameil mroabpl. Kakum
KOJUYEeCTBOM CIIOCOD0B 3TO MOIKHO CAeJIATh?
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PeweHue. Cyiecreyer 28 criocob00B BbIOpaTh JeYPHOTO II0 IEePBOMY
ara:y. Ilocnme Toro Kak aToT BeIOOpP Oymer chenaH, ocraHeTcs 27 YYEHHKOB,
KaKIblil 13 KOTOPBIX MOMKET CTATh JeKYPHLIM 110 BropoMy aTtaKy. Ilociie BbI-
Dopa JesKypPHBIX JJIs IePBOr0 U BTOPOrO aTaKeil JeKyPHOro II0 TPeTheMY 3Ta-
JKYV MOMKHO BEIOpaTh 26 crmocobaMu.

Takum obpazom, 10 IMPABUIY IIPOU3BEIEHUA KOJUUYECTBO CIIOCOOOB BBI-
Dopa Tpéx mexypHBLIX paBHo 28 - 27 - 26 = 19 656.

OteeT: 19 656 crioco0oB. B

Mpumep 2. Ha pucyHke 33.1 nmokasaHa
cxema Jopor, BeAyinux U3 ropona A B ropox B.
CrONBKMMH cHocoDaMH MOMKHO IIpOeXaThb U3
ropoga A B ropona B? A

PeweHwne. Bocnonb30BaBIINCE IPABUIOM
IIPOU3BEIEHHsA, VCTAHABIUBAEM, 4YTO U3 I'OpO-
na A B ropon B uepes ropog M MOKHO IIOIIACTH
3 - 2 =6 cnocobamu, a uepes ropog N —
4 .3 =12 cnocobamu. Torga mo npasBuJay CYMMBI 00Iee KOJHUUYECTBO CIIOCO00B
paBHo 6 + 12 = 18 cmocoboB.

OTBeT: 18 crmocoboB. W

rFuc. 33.1

? 1. ChopmynupynTe NpaBuno CyMmmbi.
2. ChopmynupynTe NpaBmMno npousseneHus.

. N
® YnpaXHeHMA g uumm

33.1. T'opoga A u B cBs3aHbI 4UeTBIPLMSA JOpOraMu. ABTOMOOUIIL TOJIZKEH IIPO-
exaTh u3 ropoga A B ropon B u BepHyThCA obpaTHO B ropopa A. Crolb-
KUMH cIToco0aM¥U MOKHO OCVYIIECTBUTHL BLIOOD MapmipyTa?

33.2. Ha myiocKocTH OTMETHJIH IIATH TOYEK KPACHBIM KapaHJallioM M TPH TOY-
KM — cHHUM. CKOJBKO MOKHO IIPOBECTU OTPE3KOB, KOHIIbI KOTOPBIX
COBIAJAIOT C OTMEYEHHLIMHA TOYKAMHU U MMEIT pasHbIH 11BeT?

33.3. CKOJIBKO pPa3JIUYHBIX TPEX3HAUHBIX YHCEJ MOXKHO COCTABHThL U3 IIU(P:
1)1 u 2; 2)0ul
(LudpLI MOTYT HOBTOPATLCS)?

33.4. 13 ropona A B ropox B BenyT 4 noporm,
a us ropoga B B ropox C Beayt 3 poporu
(puc. 33.2). CronbKHMH cIocobDaMu
MOJXHO IpoexaTs U3 ropoaa A B ropon C? erc- 33.2

A B C
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33.5. Kade npegnaraer B MeHIO 3 IepPBBIX 0110718, 6 BTOPBIX OJII04 M D TPEThHUX
oaog. CKoIBKO cyIIecTBYeT crnocoboB BeIOpaTh 0ben U3 Tpéx 0maron (1o
OJHOMY OJIONY Kaskgoro Buaa)?

33.6. PaccmoTpuM cioru U3 ABYX OVKB, epBasi U3 KOTOPLIX ABJISETCA corjac-
HOII, a Bropasd — raacHOil. CKOJIBKO TAKHUX Pa3/IMYHBIX CJIOIOB MOMKHO
COCTAaBHUTH M3 OYKB CJIOBA:

1) Mocksa; 2) KpacHosapck?

33.7. CKONIBKO YeTBIPEX3HAUYHBIX YHCEJ, BCe NHMPLI KOTOPLIX PA3JINYHEI,
MOJKHO CcOCTAaBUTL M3 nudp 1, 2, 3, 4, ecau 3TH YymMcIa TOJKHB HAUU-
HaTbeA: 1) ¢ mudpsl 4; 2) ¢ 3anucu «23»?

33.8. CKoJIbKO TPEX3HAUHLIX YHCEJ MOMKHO 3amucaTh ¢ nomonisio mudpp 0, 1,
2, 3, 47

33.9. CKOJIBKO CYIIeCTBYeT ABY3HAUHBIX YHCEJ, BCce IU(PPhl KOTOPBIX YETHEIE?

33.10. CKoIBKO CYIIECTBYET ABY3HAYHBIX YHCEJ, BCe IIUMPHI KOTOPBIX He-
yéTHbIe?

33.11. Mosnery nogdopacsiBaoT 3 pasa. CKOJBKO PasJMYHBIX IIOCIEI0BATEIb"
HOCTEH OpJIOB U PellleK MOMKHO IOJYYHUTh?

33.12. Urpaabublii KyOuK OpocaioT 3 pasa. CKOJIBKO PasIMYHBLIX IOCJIEL0BA-
TeJILHOCTEH OUKOB MOMKHO MOJYYHTh?

33.13. Kaxxayo KieTky kBagpaTa 2 X 2 MOMHO PACKPACHTh B CHUHHH HJIH
KpacHbli 1BeT. CKOJNBLKO CYINeCTBYeT CIIOco00B PACKpPacCKH STOr0 KBaJ-
para?

33.14. CroJbKUMHU cIiocof0aMM MOKHO BbIOpDATH HA IIAXMATHOM JOCKe Deyio
U YEPHYIO KJETKH, He JIeXKallue Ha OJHOH U TOU Ke BEePTHKAJIHN U I'OpH-
30HTATH ?

. A A 4 |

33.15. CKoJIBKO CYIIECTBYET IIATH3HAYHBIX YHCeJ, IIPOU3BeJeHHe ABYX II0-
cJAeJHUX (P KOTOPBIX paBHO 87

33.16. CKOJIBKO CYIIECTBYET ISATH3HAYHBIX YHCeJ, IIPOU3BeJeHHEe ABYX II0-
cJOeJHUX IHMP KOTOpbIX paBHO 217

33.17. ¥ omHOro KOJIEKIMOHepa ecTh ans odmeHa 11 mapok u 8 MoHer,
y apyroro mjusa oomMeHa — 9 mapok u 7 MoHeT. CKOJIBKHMH CIIOCODaMH
KOJUIEKIIMOHEPEI MOI'YT COBEPIINTL OOMEH MapKa HA MapKy WM MOHETAa
HA MOHETY?

33.18. CKOJIBKO CYIIIECTBYEeT IIATHU3HAYHLIX UMCeJ, BCe IIU(PPbl KOTOPbIX HMe-
0T OJJMHAKOBYIO YETHOCTL?

I N
YnpaxHeHus ANA NOBTOPEHUA gum

33.19. Pemmure ypaBHeHue |x — 2|+ |[x%2 —4|=0.
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33.20. hakoBa BepoATHOCTE TOT'O, YTO IIPHU OJHOM DpOCKe UTIPaJIbHOI'0 KyOUKa
BhIIazeT He OoJiee 4 OUKOB?

33.21. HekoTopsiil ToBap aBaxabl nogopo:xkan Ha 10 %. Ha ckonbko mmpoieH-
TOB VBEJIMYUJIACEH €0 I[eHA 10 CPABHEHUIO C IIePBOHAYAIBHO ?

33.22. Pas3iiouTe HA MHOMXKHUTEJH BhIpaKeHHe:
1) 4ken + 6ak + 6an + 9a%; 3) y*(x? + 8x + 16) — ab;
2) b5 — 4bh* + 12H% - 9; 4) 9x2 — 6x — 35.

33.23. Yucna X ¥ I TAKOBBI, 4TO X — 2y = 2, xiy = 4. HeMy paBHO 3HaYeHUE
BBIpaKeHUA X + 2y?

s m HayanbHble cBegeHMA O CTaTUCTUKe

KakuMm Tupaskom cielyeT BBINYCTUTh VueOHUK o anredpe mis 7 Kiaacca?

CrouT M ONpeeIEHHOMY IOJMHTHKY BBIJJBUTaTh CBOIO KAHAUJATYPY HAa
ouepelHbIX BeIOOpax mapa?

CKOJIbKO KHJIOTPAMMOB PLIOBI 1 MOPENPOAYKTOB MOTpediiserT B cpegHeM
3a roj OAUH XKUTelb Poccun?

BrirogHo nu a7 KOHIlepTa JaHHOTO apTUCTA ApeHA0BaTh CTaJUOH?

Ha sT11 1 MHOrue Apyrue BOIIPOCHI IOMOTAET OTBEYATh CTATUCTHEA.

susp OnpeneneHme
Cratuctuka (OoT natmHcKkoro cnoBa sfatus — «COCTOSHME») — 3TO HaykKa
o cOope, oOpaboTke U aHanM3e KONU4YECTBEHHbIX AAHHbIX, KOTOpble Xa-
PaKTepU3yIoT MaccoBble ABMEHUN.

CraTucruueckoe HCcclaeloBaHMe COCTOMUT M3 HECKOJNBKHX 3TAIIOB.

COop maHHBIX

Y

OOpaboTka JaHHBIX U UX
npenacraBiaeHue B ynobHou gopme

Y
AHanNU3 TaHHBIX

Y
BEeIBOABI B peKOMeHIALIAN

OcraHoBuMCA OTHe/IBHO Ha KaxdxIoM aTalle.
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Coop naHHBIX

Bel s3HaeTe, 4To BpelHbIe IPUBLIYKH, HeIPpABUJIbHOE IUTAHUE, MAJIOIIO/L-
BUJKHBIN 00pas JKU3HU IPUBOAAT K CepAeYHO-COCYIUCTBIM 3ab00JieBaHUIM.
K TakoMy BBIBOJY Bpauu IIPUIILIH, HCCJIEI0BAB, KOHEUHO, HE BCeX JIIO/Ie 1ia-
HEeTBHI.

I[ToHATHO, YTO MCCIEOOBAHUE HOCHUIIO 8bIOOPOUHDIIL, HO MACCOBBIU Xa-
pakTep.

B crarucTHKe COBOKYIHOCTL 00'BEKTOB, HA OCHOBAHUHU KOTOPBIX IIPOBO-
OAT UCCe0BaHNe, HAa3bIBalOT BHIOOPKOIL.

B nmanmHoM npumepe BBIDOpDKaA COCTOsJIAa U3 HECKOJNBKHUX MUJJIMOHOB
YyeJIOBeK.

Cnenyer oTMeTUTh, YTO CTATUCTUYECKUH BBIBOJ[, OCHOBAHHBIN JIMIIbL HA
YHUCJIeHHOCTU BbIOOPKH, He Bcerjga nocrosepeH. Hanpumep, eciu Mbl, uccie-
Oys MONYJAPHOCTE AapTUCTA, OIPAHUYUMCS OIIPOCOM JIIOJeil, NpUIleJIlnX Ha
ero KOHIEePT, TO MOJY4YeHHbIe BLIBOJbI He OYAYVT O0beKTUBHBIMU, Belb 3TH JIIO-
U IMPUILJINA HA KOHIIEPT UME@HHO MOTOMY, YTO 3TOT apTUCT UM HpaBuTcs. Cra-
TUCTUKM T'OBOPAT, YTO BbIODOpPKA JOJIKHA OLITHL penpe3eHTATHBHOU (0T paH-
I[Y3CKOT'0 CJI0BA représentatif — «I0oKa3aTeJIbHBIN» ).

OnHauM U3 yCJIoBHU (POPMHUPOBAHUSA PENpe3eHTATUBHON BLIOOPKU ABJIA-
eTcs cJOyYailHBIN BLIOOpD eé sireMeHTOB. IIpu sToMm moikHa ObITH oDecHeueHa
OIMHAKOBAA BEPOATHOCTH IONAJAHUA B BLIDOPKY 100010 00beKTa M3 MHOMKE-
cTBa ucclefyeMbIX. Tak, Bpauu, usydas (paKTOphbl pUCKa BOSHUKHOBEHUS cep-
Ie4YHO-COCYAUCThIX 3aloJjileBaHUI, HCCAeNOBajJd JIIOJeld pasHOro Bo3pacra,
npodeccuil, HAIIMOHAJIBHOCTEH U T. I., IOA0OUPAsA dJIeMEeHTEI BLIOOPKH CJIy4daii-
HBIM 00pasoM.

CrnenoBaTenbHO, cOOP OAHHBIX O0JNHCEH OCHOBBIBAMbCSA HA MACCOBO-
cmu U penpezenmamusnocmu ebloopxu. Horga BEIOOPKA MOYKET COBIANATE
C MHO:KeCTBOM BceX 00beKTOB, HCCJeLOBaHHEe KOTOPBIX HmpoBoauTcA. Torma eé
Ha3bIBAIOT reHepaJibHON COBOKYMHOCTHIO. IIpumepoM Takoro mucciiegoBaHUsA
ABJIIETCS [IpOoBeJleHUe eJUHOI0 rocylapCcTBEHHOI'0 3K3aMeHa I10 MaTeMaTUKe
IJs1 BRINYCKHUKOB 11 Kiaccos.

Cnoco0sl npeacTaBieHus JaAHHBIX

Cobpannyoo HH(MpOPMAIMK (COBOKYVIHOCTL NAHHLIX) yI00HO mHpencTaB-
JNATH B BUje TabauIl, rpaduKkoB, JUarpaMm.

PaccMoTpuM HECKOJIBKO IIPUMEPOB.

Mpumep 1. B rabauie npejcraBieHbl Pe3yabTaThl BBICTYILJIEHUH poc-
CUICKHMX IIKOJBPHHKOB HA MEXKIVHAPOJHBIX MATEMATHYECKHX OJHUMIIMALAX
B Teuenue 1995-2012 rr.
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MeeTo KonmnuecTBo Mmepamneil
T'on
TPOBECHIA S0JI0OTEIE Cepebpanbie BpoH30oBEIE
1995 Kanana 4 2 0
1996 Hunua 2 3 1
1997 ApresTuna 3 2 1
1998 TaiiBaHb 2 3 1
1999 Pymbiana 4 2 0
2000 O:xuaa Kopes D 1 0
2001 CIITA 5] 1 0
2002 Benurobpurauua 6 0 0
2003 Anonus 3 2 1
2004 I'penna 4 1 1
2005 Mekcuka 4 2 0
2006 CroBenus 3 3 0
2007 BrerHam 5] 1 0
2008 Hcenanus 6 0 0
2009 Il'epmanusa D 1 0
2010 Kazaxcran 4 2 0
2011 Hupepnagasl 2 4 0
2012 ApresTuna 4 2 0

H!}H‘HET{HHME. EDMEI_H,ELH_ VUACTHHHKOB Ha MeXIVHAPOIHBIX MaTeMaTH4e-
CEKHX OJIMMIIMagaXx COCTOHT He DoJiee ueMm u3 6 wesr0BeK. W

Bo MHOrux ciayyaax JaHHBIEe YI0OHO IIPEACTABIATL B BHIE CTOJOUATOM
nquarpaMmbl, KOTOPVIO €IIé HAa3bIBAIOT THCTOIpPAMMOM (0T IpedyecKHX CJOB
histos — «cTonb» u gramma — <«Hanucanue»). Takaa uHGOPMALUA JIETKO
BOCOPUHUMAETCA U XOPOIIO 3alIOMUHAETCA.
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Hudopmanuio Tak:xke MOMKHO IPeACcTaBJATL B BUJe rpauKoB.

MpumMep 2. Ha pucynke 34.1 nzobpakés rpauk e;KeroJHOro mpoieHT-
HOI0 pocTa KOJHUYecTBa HoJb3oBaTeneid MHTepHera B Poccuu B TeueHHe
2002-2011 rr. m

2 46 iﬁ
544 -
£m42 3@,
Eggg 36 _#
o 5 36
=i 0
= B 30 aa
»:unEJ'Efi 20 e
5 5 29 A
£ 220 16 A
i.]
= 16 12/
5 14
1
8 o
6
4
9
=% T 2% 2 £ % 3 3  ITom
= = = o] = = = = — —
= = = o = = o = o =
i | [ [ | [ [ | i | ™ =] = [

Puc. 34.1

CronbuaTble TUATPAMMEBI U IrpaUKU 0OBIYHO MCIOJB3VIOT TOrIA, KOTIA
XOTAT TPOAEeMOHCTPHUPOBATh, KaK ¢ TeUEHHEM BpPeMeHH M3MeHSeTCA HeKOTO-
pasd BeJHUYHHA.

MpumMep 3. Ha pucynke 34.2 npuBeeHO pacipejesieHue 30J0ThIX Meaa-
e, 3aBOEBAHHBIX POCCHHCKHMH IIKOJBHUKAMH HA MeXKAYHAPOAHBIX OJHM-

MaTemaTuka

duzuka

XUuMHA

HMudopmaTnka

leorpadpmusa

JIMHTrBHUCTHEA

Puc. 34.2 . EcrecTBeHHBIE HAVKH
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nuagax no MareMarTuke, (pH3HUKe, XUMHUH, UHQOpPMATHEe, reorpaduu, JUHTBU-
CTHKe, ecTrecTBeHHBIM HaykaMm B 2011 r. JI[na aToro Mcioab3oBaHa KPyroBasd
aquarpaMma: KpPyr MOpeJCcTaBiisgeT o0llee KOJHYECTBO MeJalieil, a KamIoMy
IIpeJMeTy COOTBETCTBYET HEKOTOPBIM CeKTOp Kpyra. |

Mpumep 4. Ha pucynke 34.3 npencrasieHa nHGOPMAIIUA O KOJINYECTBE
npodeccuoHANBHBIX TeaTpoB B Poccuu (nmepuop ¢ 2003 mo 2008 r.). m

594
592
590
288
586
584
582
580
578
576
274
572
570
568
566
564
262
260

KomuuecTBo TeaTpoOR

Tomer

2003
2004
2005
2006
2007
2008

Puc. 34.3

AHanu3 MaHHBIX, BRIBOALI H PeKOMeHIaIlHH

CraTHcTHUYECKHEe CBeJeHHs IIOCTYIAalOT HU3 pasHBIX obJacTell 3HAHHI
A JIeATeJIbHOCTH YeJIOBeKa: DKOHOMHKHM, MEIHIIMHEI, COI[MOJIOIHH, AeMOorpa-
(hpuH, ceJIbCKOro X03dMcTBa, METEOPOJOTHH, cropTa U T. 4. OgHaKO cTaTHCTH-
yecKHe MeToabl o0paboTKu (aHaAIH3a) JaHHBIX, HECMOTPA Ha pasHooOpasHe
obiacTeil MIpUMeHEHUs, UMeT MHOro obuero. O3HaKOMHUMCA C HEKOTOPBIMH
13 HUX.

Obparumca Kk npumepy 1. IIpuBenénHas TadlHIla IO3BOJIAET Y3HATD,
CKOJILKO B CpPeJHeM 30JI0TBIX Mejajiell B rojl 3aBO€BbIBAJIA INMKOJLHUKU Poc-
CUM HA MEKIYHAPOJAHBIX MaTeMaTHYeCKUX oluMIInanax. [Ias sToro Hag0 Ko-
JIUYEeCTBO BceX 30JI0ThIX Mejajieil, MOJYYeHHBIX HAa NPOTSKEeHUH paccMaTpH-
BAEMOT'0 Nepuoja, Pas/ieJiiTh Ha KojaudecTBO JerT. Hanpumep, 3a Immepuo
2000-2012 rr. umeemMm:

2+0+6+3+4+4+3+5+6+H5+4+2+4 56

=— =~ 431.
13 13
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Tax kak 3a rojg MOXXHO 3aBOeBAThL He Dosiee b Memasnen, To cpejHee 3HA-
yenue 4,31 cBUeTEILCTBYET O TOM, 4TO KoMaHaa Poccuu BhICTYyIAeT HA 3TOM
IpecTHAKHOM (popyMe ¢ DONBUIUM YCIIEXOM.

B crarucrudyeckoil MHpOpMALUKM cpellHUe 3HAYEHUS MOJYYEeHHOU co-
BOKYIIHOCTH JaHHBLIX BCTpevYawTCcA HAOBOJIbHO 4yacTo. Hanpumep, npuse-
ném Tadbauiy norpedieHus msaca B Poccum (B KHUJIorpaMMax Ha 4YejOBeKa
B TOx).

Ton
HaumeHoBaHUe npoAyKTa
2007 2008 2009 2010
T'opaguHa U TerdATHHA 17,3 18,6 16,8 16,6
CBUHHHA 17,9 19,8 19,2 19,9
Msco Opoiinepoe 18,6 20,1 21,2 21,0

Takyio TabJAUIy MOTYT HCIOJAL30BATHE 9KOHOMHUCTEI H JHETOJIOIH B CBO-
UX HCCJEeJOBAHUAX, BhIBOJAX U PEKOMEHIAIUAX, KPYOHBIE IIPOU3BOIUTEHU
M TOCTABI[UKHM CeJbXO3NPOAVKIIMHM NPH NJIAHUPOBAHHUU CBOEH JesATelIb-
HOCTH.

OpHako cpegHee 3HaUeHUe He BCerjga TOYHO (aJeKBaTHO) oTobOpakaeTr cH-
rvanuw. Hanpumep, ecjid B cTpaHe A0XOAbl PA3HBIX CJIOEB HACEJIEHUA OYeHb
pasauyalTca, TO CPeIHUHN JOXO0J Ha OJHOI0 YeJOoBeKa AJdA OOJLIIHMHCTBA HH-
TeJIed MOKeT He oToDpakaTh X MaTepHaJIbHOE COCTOAHHE.

Honycrum, B Kakoii-to crpane 100 :xuremeii — odyeHs Oorareie, a oc-
TaJlbHBIE D MJIH — o4YeHb OejgHbIe. Torga mokasaTelb CpPeJHEro J0X0[a MOMKET
OKasaThCs He HU3KHM, a cJeJoBaTelbHO, He OyIeT ajJeKBaTHO oToOpaxkaTs 00-
VIO OeJHOCTh HACEJEeHM .

B nomobHBIX clIyuaax IJis aHAJHW3a JaHHBIX MCIIONL3VIOT APYIrHe Xapak-
TePUCTUKH.

C momoinsio npuMepa 1 coctaBuM TabJIHUIY, 0TOOPAXKAIOIIVIO KOJIUYECT-
BO MejaJiell KasKIoro BUA, 3aBOEBAHHLIX POCCHUHCKMMH INKOJbHHKAMH HA
MEeXKJIVHAPOJIHBLIX MAaTeMATHUYECKUX oJIUMIHUanax B reduenve 1995-2012 rr.

S0JI0TEIE MeJalH CepebpaHble Meganu BpoHzoBEIe Memanu

71 32 5]




Takyro Tadauiy Ha3bIBAIOT YACTOTHOM, a YMClla, 3allMCAHHLIE BO BTOPOH
CTPOKEe, — YaCTOTAMH.

Yacrtora 71 mokasblBaeT, YTO POCCHICKHE IIKOJbHHUKHU Yallle BCEro 3a-
BOEBBIBAJIN 30JI0Thle Mejdayu. Ilokasaresb «30JI0ThIe MeJalW» HAa3bIBAIOT
MO/JOM ITOJYYeHHBIX JaHHBIX.

JTO CJI0BO BCEM XOPOIIO 3HAKOMO. MBI 4aCcTO rOBOPUM «BOWUTH B MOIY »,
«BBINTH U3 MOJbI», «J1aHb MOJe». B moBceHEeBHON KU3HU MOJ4 03HAUYAET CO-
BOKVIIHOCTb B3IVIAJ0OB WU IPUBLIYEK, KOTOPLIM OOJIBIIHMHCTBO OTHAET IIpenIroy-
TeHHe B JaHHbLIM MOMEHT BpeMeHH.

HMvmenHO Moja sABAseTCS BadkHeHlIed XapaKTepUCTHKOM Torma, Koraa
IMOJYyYeHHAS COBOKYIHOCTL JAHHBIX He SABIAETCA YHCJIOBBIM MHOMKECTBOM.
I[IpomemMoHCTPHPYEM 5TO HA TAKOM IIpHUMeEpe.

Onua pupma, MIAHHPVIONAA IIOCTABJATE JXKHUHCH B Poccuio, mmposena
OIIPOC penpe3eHTATHBHOMH BEIOOpPKH, cocrosAileil us 500 uenosek. B pesyiabra-
Te MOJYUYMUIU TAKYI0 YACTOTHYIO TAOJIUILY.

Pasmep mxuHCOB XS S M L XL XXL XXXL
YacroTa 61 104 111 108 64 43 9
DeBi i it 12,2 | 20,8 | 22,2 | 21,6 | 12,8 8,6 1,8
gacrora, %

B Tperbeit cTpoke aToM TabMUIIBI 3AallMCAHO OTHOIIEHUE COOTBETCTBYIO-
I[eil YacTOThl K BeJIMUMHE BBIOOPKHU. ITO OTHOILIEHKEe, 3alHCAHHOE B IIPOIEH-
TaX, HA3LIBAIOT OTHOCHTEJIbHOH yacTtoToii. Hanpumep, ana pasmepa XS ume-

2L 100 =12,2 (%).

Mopga nanHoil BbIDOpKH — oT0 pasmep M, u eil cooTBeTCTBYeT OTHOCH-
TeabHas yacrora 22,2 %.

Tem cambiM (upma monydyuiaa HHGOPMAIIMI, YTO HAHUOOJIBIIYID YACTh
00BEMOB mocTaBOK (0K0J0 22 %) MOMMKHBI COCTABIATDL AKHUHCHI pasMmepa M.

3aMeTHM, 4TO ecJii Obl B TAONMHIE JBe YACTOThHI OBLIM PABHBI U NPUHH-
MaJid HauboJblIHMe 3HAYeHUA, TO MOJOM ABJAANHUCE ObI IBA COOTBETCTBYIOI[UX
pasmepa.

s BeIpabOTKM cTpaTerdu CBoed AeATe/IbHOCTH (pupMe Ba*KHO 3HATH
He TOJILKO MOJAY BbLIOODKH, HO U «CKOHIEHTPUPOBAHHOCTBL» JAPYIUX HAaHHBIX
BOKpPYr moabl. Tak, B HallleM IpUMepe YacTOThbl, COOTBETCTBYIOIUE pasMe-
paMm S u L, He cuibHO (II0 CPABHEHHIO ¢ APYTHMH) OTJIMYAKTCA OT YACTOThI
pasmepa M.

eM.
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Ecnu sra unpopmanua He Oyger ydTeHa, TO (pUpMa MOMKeT MOHECTH
yOBITKHM OT HEpPACHPOJAHHBIX JKHHCOB HEXOJOBBIX PAa3MepPOB WUJIM CO3daTh Jie-
(b1 T XOMOBBIX PAa3MepOB.

Breillie MBI IPUBEJIN IIPUMEP, KOTAa cpefHee 3HAUeHHe HeTOYHO oTodpa-
AMAET MAaTEePHAJIbHOE COCTOSHHEe JIojled B cTpaHe. Bojiee IMONMHYI0 XapaKTepu-
CTHKY MOJKHO IIOJIYYHUTh, €CJIM cPeJHUe 3HAUEHUS JOIMOJHHUTL Pe3yJbTATOM Ta-
KOTI'0 UCCJe0BAHUA.

DOopMUDPYIOT pelpe3eHTATUBHYIO BbIOOPKY, COCTOAIIYVIO K3 KUTeJel
TaHHOM CTpaHbl, U MOJYYAIOT COBOKYIIHOCTL NAHHBLIX, COCTABIEHHYIO U3 JIOXO-
nos. [lamee B COOTBETCTBHUH CO IIKAJIOH, OIIpeNeAIONied YPOBEHL [T0XOI0B
(HUB3KHI, cpeJHUIl, BLICOKHUI), pa3sdUBaIOT IIOJNYVYEHHBIN PAJ JaHHBIX HA TPH
rpynnbi. CocraBadaT TabMHUIY, B KOTOPYIO BHOCAT 3HAYEHUS YACTOT U OTHO-
CUTEeJbHBIX YaCTOT.

¥YpoBeHB NOXON0OB Huzxui Cpennui Bricoruii
YacTora m n ke
OrHocuTenbHAA YacTOTA, Yo P q r

Mopga Takoil COBOKVIIHOCTH JaHHBIX MOMKeT XapaKTepH30BATH YVPOBEHbL
IOXO0/I0OB B CTpaHe.

HccnenoBaHue COBOKYIHOCTH MNAHHBIX MOMKHO CPaAaBHUTH ¢ paboToi
Bpaua, CTaBAIIEro JHAr{Hos3. B 3aBHCHMOCTH OT »Kajg00 mamueHTa UM BHIH-
MbIX CUMIITOMOB Bpau BblOUpaeT onpelielIEHHYVIO MEeTOJAHUKY IMOUCKA OPUYU-
HbI Oosie3HU. IToHATHO, YTO METOABLI MCCJIeJOBAHUSA ONPENeS AT TOUHOCTL
nuarosa. Tak 1 B cTATUCTHUKE: B 32aBUCUMOCTU OT coOpaHHON uHpOpMAaIUU
1 ciocoba e€ MOoJYYeHHUs INPUMEHAT pasjHYHbIe MeToAbl eé 00paboTKH.
JTH MeTOJbl MOTYT JOIOJHATE APYT APyra, Kaxkoi-To U3 HUX MoKeT DoJiee
TOYHO (afeKBaTHO), YeM JApyrue, OTpamKaTh KOHKPETHVIO cHUTyauuio. Tak,
AHAJIUBUPYS BBICTYIJIEHMA POCCHHCKHUX HIKOJIBHHKOB Ha MeMXIVHAPOIHBIX
MaTeMATHYECKMX OJUMIHAAAX, MOMKHO VCTAHOBHUTL, YTO CTATHCTHYECKHE
XapaKTepUCTHKN — cpejlHee 3HaYeHMe M MoOJa — VIAa4YHO COYEeTarTCH.
A B mpumepe, onpeiensilleM X040B0i pasMep AKHUHCOB, Hauboee IIpUueM-
JIeM ITOMCK MOJEBL.

Yem Ooraue apceHasl METOIUK 00pabOTKM NaHHEIX, TeM 0oJee 00BLEKTUB-
HbI BLIBOJ MOYKHO ITOJNYYUTD.

IlozmakoMuMcs ellé ¢ OJHOM BaXHOH CTATHCTHYECKOM XapakTepH-
CTUKOMH.

CeMbs, NPHHAB pelIeHHe CcleJaTh PeMOHT Ha KyXHe, HHTepecyercsd,
CKOJIBKO CTOMT MOJIOMKHUTL OJAMH KBAJAPATHBIH MeTp KepaMUYecKOM ILIUTKH.
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H3yuus nperckypaHTsl 11 crpouTebHBIX GUPM, NOJYYUINA TAKVIO HHPOpPMA-
1110 (LleHbl 3allMcaHbl B pyOJIAX B IIOPAJKe BO3PACTAHHA):
270, 280, 300, 300, 310, 350, 540, 550, 860, 890, 1400.

S3aMeTHM, YTO IOJYYEHHBIH psAJ JaHHBIX MMeeT OOJIbIIOH pasMmax,
T. €. DOJBIIYID PA3HOCTh MEKAY HAHOONBIIMM U HAUMEHBLIIUM 3HAUYEHUSAMU
naHHoil BeIOOpKU. OH paBen 1130 p.

CeMba XoueT BEIOpaATh (pHPMY CO CPeIJHHMU I€HAMH.

CpenHee 3HaueHHe IIOJIYUYEeHHON COBOKYIIHOCTH JaHHBIX paBHO 550 p.

OnpHako HoJMy4YeHHBIE JAaHHBIE ITOKA3LIBAIOT, uTo HeHY 550 p. cKopee
MOKHO OTHECTH K BBICOKHM, UM K CpPeJHUM.

ObpaTuM BHMMaHHe HA YHCJIO0, KOTOPOE CTOUT IOocepeluHe 3alHCAHHOI
VIOPAJ0YEHHON COBOKYIIHOCTH JaHHBIX. JTO0 4ucao 350. Ero HaseiBawT me-
MUAHOH 9TOH BEIOOPKH. B aTol cUuTyaniuy UMeHHO MeJuaHa IIoMoraeT BelOpaTh
(hupmy co cpemgHuMH IeHamu. llelicTBUTENbHO, B IIOCJIEI0BATEJILHOCTH H3
11 unces ecTh IATH MeHBINUX, 4yeM 350, 1 OaATE O0aBIINX, YeM 300.

Temepsr paccMOTPHUM YIOPAIOYEHHYIO COBOKVIIHOCTH NAHHBLIX, COCTOS-
VIO U3 YETHOI'O KOJMMYECTBA YHCeJI, HATIPpUMEP U3 BOCBMM:

1,4,4,7, 8, 15, 24, 24.

31ech «CepeauHOIi» BEIOOPKHU ABIAKTCA cpady ABa uucya: 7 U 8. Cuunra-

I0T, 4TO MeJHaHa TAaKOil BLIDOPKHM paBHA HX cpejHeMY apU(pMeTHYeCKOMY

T+8:?,5.
2

CpE,I[HEE dJHadveHHue, MOAYV M MelIHaHY HA3BIBAKT MepaMH uenrpanhuoﬁ
TeHTeHIIHH IIOJIY‘[EHHGE COBOKVIIHOCTH OaHHBIX.

? 1. Kakylo Hayky Ha3biBalOT CTaTUCTUKOWN?
2. VI3 Kaknx 31anoB cOCTOUT CTaTUCTUYEeCKoe uccnegosaHue?
. YUto B cTaTnCTMKe Ha3biBalOT Bbibopkon?
. Ha yém ponxeH ocHoBbIBaTbCA cOOp AaHHbIX?
. Kakune cyuwecryioT cnocobbl npeacraBneHns gaHHbIX?
.MpueeanTe npumepbl NpUMeHeHWA CTaTUCTUYECKOW WMHGopMaLnn
B dopmMe cpegHNX 3HaYEeHUN.
.MpuBeguTe npumepsbl, Korga cratmcruyeckas uHpopmauyma B (popme
CpefHUX 3Ha4YeHMU HeToYHO oTobpaxaeT cuTyauumio.
8. OnuwwuTe YyacTtoTHYO Tabnuuy.
9. OnMwuKnTe, YTO TaKkoe mopaa.
10. OnuwunTe, KaK HaANTKU OTHOCKUTENbHYIO YacToTy.
11. Kakoe 4ymcno HasblBalOT MeguaHoW ynopago4yeHHon BbIbopkun?
12.4Y710 Ha3biBalOT MepaMu UeHTpanbHOW TeHAEHUMWU COBOKYMHOCTU
faHHbIX?

aounhw

~]
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- O
YnpaXHeHVs 4 puumm

34.1. Hcnone3ysa guarpaMMy, Ha KOTOPOH 0TOOpakeHo, CKOJBKO IOCEIeHN

My3eeB B rog B Poccum mpuxomurcsa Ha 1000 uenoBek HaceJdeHHs
(puc. 34.4), onpegenure:

1) B Kakoii U3 paccMATPUBAEMBIX I'OJ0B IIOCEIIAeMOCThL MYy3eeB OLLIA
HauboJblIe; HAUMEeHBbIIeH;

2) Ha CKOJILKO YeJOBEK BhIpocJia moceniaemocTb MyseeB B 2007 r. mo
cpaBuenuio ¢ 2004 r.;

3) Ha CKOJIbKO IPOILEHTOB BO3poca mocenaeMocTs myseeB B 2008 r. 1o
cpaBueHuio ¢ 2003 r. (oTBET OKPYIVIKTE 10 JEeCATHIX).

KonndecTBo noceneHnit Myseen

Ha 1000 genoBek B roj

569

Tonkr

2003
2004
2005
2006
2007
2008

Puc. 34.4

34.2. Yuamuecda 7 KJAacCOB 3aHMMAlOTCA B Pa3HBIX Kpy:KKax. Mcmoabays

248

nuarpammy (puc. 34.5), gaiiTe OTBeThl HA BOIIPOCKI.

1) Kaxkoil Kpy:KoK noceiaeTr 00JbIlIe BCero CEMHUKJIACCHUKOB?

2) Kakue Kpy:KKH IIOCellaeT OJHHAKOBOE KOJHUYECTBO CEMHMKJIACCHU-
KOB?

3) Kakyio 4acTh OT KOJIMYECTBA YYEHHWKOB, 3aHUMAIONIUXCA B KPYIKKe
KOMITBIOTEPHOI'0 JU3aiHa, COCTABIAET KOJUYECTBO YYEHUKOB, 3aHU-
MAaIOIIUXCA B KPYKKEe PUCOBAHUSA?

4) CKOJMIBKO TPOILIEHTOB COCTABJAET KOJHUYECTBO VUEHHKOB, 3aHUMAalO-
IUXCA B KPYiKKe JIENKH, OT KOJUYecTBa YUYEHUKOB, 3aHUMAKOI[HUXCH
B KPY’KKe pPaJguoOTeXHUKH?



Eit]E
50
40
30

20 :

KonnuecTBO VIEHHUKOB B KPVIKKe

10 ;

Puc. 34.5

LX)

KoMmnboTepHBIi

H

A3
Pucosanue

Jlemka

Pesnba
10 IeEpeBY

Pagnorexamnka

HEpyxrn

34.3. Hcnoabaya TabJAUIy CPeJHEeroJoBBEIX TeMIIepaTyp BO3AyXa B OTHAe/b-
HBIX Topojgax Poccuu, mMocTpoiTe COOTBETCTBYIOUIYIO CTOJMOUYATYIO HHA-

rpaMMy.

Topop, Temneparypa, C Topox Temneparypa, C
ExaTepunoypr 2,7 Openoypr 2,0
Kazans 4,1 ITepms 2,3
KpacHopgap 11,4 Tyna 2,2
MypmaHCK 0,3 Xabaposck 2,2
Huxuuil Hoeropop 4,4 Yenaduuck 2,9
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34.4. Hcnonsaya tadbauny passuTuda MocKoBcKoro merpomoauTeHa B 1940

2010 rr., nocTpoiiTe rpaUK VBeJHYEHNA KOJIUYECTBA €r0 CTAHI[HM,

Tom KonudyecTBOo cTaHmuit T'og KonnyecTBo cTAaHIHIEI
1940 22 1980 115
1950 35 1990 143
1960 26 2000 161
1970 89 2010 182
34.5. Onpepgenure, ABIAAETCA JHU pPeNIpPe3eHTATUBHON BLIOOPKA.

34.6.

1) YrobBI y3HATH, KAK YACTO KUTEJIHA ropoja B BbIXOAHBIE JHH OLIBAIOT
Ha IIpUpoje, ObLIN ONPOIIEHb] YIeHbl TPEX CAaJ0BbIX KOOIEPATUBOB.

2) B nensax BbIICHEHUS 3HAHUSA CEMHKJIACCHHMKAMH TBOPYECTBA
A.C. IIlymkuua ciayyaidHbIM obOpasom Oblnu ompoinedbl 5000 cemm-
KJAaCCHUKOB B Pa3HBIX perunoHax CTpaHbI.

3) Ilnsa onpeneneHHsA NPOLEHTa MoJb3oBaTesnaeil MHTepHeTa oT 001ero
Hacejnenus Poccuu ciayuaiiHeiM oOpasoMm ObLtn onpoireasl 1000 mock-
BUYEH.

4) IIna BbIACHEHUA PEHTHHra MOJIOJEKHOH TeJlellporpaMMbl cJaydaii-
HBIM oOpasoM ObLiu ornpourenbl 10 000 oHOIIeH M IeBYIIEK B BO3pacTe
ot 15 no 20 neT B pa3HBIX peruoHax.

B mkone uamepunu poct 90 1miecTUKIACCHUKOB ¢ TOYHOCTBIO 10 O CM.
PesyabraThl U3MepeHHH oToOpasHMiIM B BHAe CTOJ0YATOH JHATPAMMEL
(puc. 34.6). YraxkuTe MOJY JaHHOH BBIOOPKH.

a0
e w
= g
2 = 920
=
= =
gr
< = 10

0

120 125 130 135

Pocr yuamuxcs, cm

Puc. 34.6
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34.7. Ha rpacduke (puc. 34.7) oroOpa:keHbl 00BEMBI IIPOJAKH MTUPOKKOB
B IIIKOJIBHOM Oy(eTe B TeueHHe ofHON Hegeu. CKOJIBKO B CpeJHEM IIPO-
IaBaJHU MHPOKKOB 34 OJHUH JeHb?

: /

-~

P

P

% E 120
£ 115

s £ 110

2 £

5 & 105

E = 100

Puc. 34.7

TTonepensuns BropHui

| | | |
Cpena Yeregepr Ilartauina

HOuu vepenu

34.8. Ha rucrorpamme (puc. 34.8) oroOpaskeHbl 00'bEMBI IIpOJAX YUeOHH-
KOB II0 MaTeMaTHKe B TeYeHUe IIATU MecCALeB B OJJHOM U3 Mara3suHoOB.
CronbKOo yueDHHMKOB II0 MaTeMaTHUKe MpOJaBajlu B cpeJHeM 3a OJUH

MecsI?
120
=
]
5 100
w
[ ]
é’ 80 -
]
= 60 -
o
2
D 40'
[ui]
E
S 20
=
]
= 0 -

Puc. 34.8

Agryer

CenTsdpnb
Oxradps
Hoabpe
Iexadpsb

MecAanb!
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34.9. Hauagure cpenHee 3HadyeHHe, MOJY, MelHaHY U pasMaxX COBOKYIIHOCTH
JTaHHBIX:
1)3,3,4,4,7,7,7,7, 8,8, 10;
2)12, 13, 14, 16, 18, 18, 19, 19, 19.

34.10. Manpuuku 7 Kjacca HA Ypoke (PU3KYILTYPERI CAABANIN 3aUET 110 MPBIM-
KaM B BBICOTY. YUHUTeJb 3aIlIMCAJ TAKVIO [IOCJIeJOBATEeJbHOCTh Pe3yJIbTa-
ToB: 105 em, 65 em, 115 em, 100 em, 105 em, 110 em, 110 em, 115 cmM,
110 cm, 100 cmM, 115 cm. Hailigure cpejnee sHaueHHe, MOAY, MeLUaHy
1 pasMax II0JYYeHHBIX NAHHBIX.

\ 2 4 |

34.11. KnaccHBIN PYKOBOJHUTENb 7 KJacca BeAET YVUYET MOCeIeHHA YJUall[MI-
cs 3aHATHI. B KoOHIle HejeJIM ero 3alMcH BBITVIAJEIH TaK.

IHeHs Hemenn IlonenenbHUEK Bropuuk Cpena YeTrepr IIaTauna
KomnnuecTBO
OTCYTCTBY- 3 2 51 4 8
12001105 5:4

1) Haiigure, CKOJBKO yHalUXCA OTCYTCTBOBAJIO B CPEeJHEM B JIeHb B Te-
YyeHUe 9TON HeleJIH.
2) Haiinure Moay NOJYYEHHBIX JaHHBIX.

34.12. B 7 knacce, B KOTOPOM YYHUTCA 23 YYeHHKA, IIPOBEJIA OHPOC: CKOJIBKO
npubIU3UTENILHO YaCOB B [IeHbh TPATUT CEeMUKJIACCHUK HA BLIMOJHEHUE
nIoMalmHUX 3aganuii. OTBeThl ydalluxcs NpPeJCTaBJIeHLl B BHUIE T'HCTO-
rpamMMmel (puc. 34.9).

KoaudecTBO CeMHUKIACCHUKORB
S = bW ok U1 =1 00

1 2 3
BpeMms, 3aTpadeHHOe HA BHIIIOJIHEHHUE
JOMAIIHWX 3aJlaHui,

Puc. 34.9

252



1) SamnosHUTe YACTOTHVIO TADIUILY.

BpeMms, 3aTpaueHHOe Ha BBIMOJHEHHE
JNOMAINHWUX 3aJaHW, U

YacToTa

OTHOCHTENBHAA YyacToTa, %

2) CxoJIbKO BpeMEeHH B JIeHb B CPEJIHEM y4al[Uuicsa 3TOro KJiacca BbIMOJI-
HaeT goMainHee 3aganue? (Hafignre cpegHee 3HaYeHHe pAga JaHHBIX.)
3) CxoJbKO BpeMeHH BBIMOJIHAET JoMalllHee 3aJaHue DOJbIINHCTBO yYe-
HHUKOB aToro knacca? (Haiagure Mooy psiga JaHHBIX.)
34.13. B Tabaune npuselleHO pacnpefeileHue [0 BO3PACTY OTAbIXaKI[UX
B MOJIOJIEKHOM CIIOPTUBHOM Jiarepe B OJIMH M3 JIETHUX MeCAIEeB.

yacrora, %

Bospacr, ner 16 17 18 19 20 21 22 23 24 25
TR 12 | 21 | 20 | 32|20 | 20 | 19 | 24 | 15 | 17
OTABIXAFOITHX
OTHOCHUTENLHAHA

1) 3anoJHUTE TPETHIO CTPOKY TAOIHIILL.

2) Haiingure Moy U cpeiiHee 3HAYEHUE ITOJYYEHHBIX JTAHHBIX.

34.14. Yuamuxcd OJHOM MNATUTOPCKOM IIKOJIBI OIIPOCUJIM: CKOJILKO Pa3 OHU
Jeranu Ha camosiére. IlonyuenHble fanHLle IPUBeIEHEl B TadnmuIe.

KonnuecTBO IIOJETOB

0

4

KonuuectBo YUHalnHuxcd

280

92

26

38

20

14

OrHoCcHUTEeNBHAA YacTOTa, Yo

1) 3anosHUTE TPETHIO CTPOKY TaOJIHIIEI.
2) IIpencraBbTe MOJIYUEHHBIE JaHHBIE B BUIE CTOJIOUATON JUarpaMMBl.

3) Haiinure Mony U cpeiHee 3HAYEHUE IIOJYYEHHBIX TAHHBIX.

4) IMoacHUTEe, MOMKHO JIU CUHTATHL PACCMATPHUBAEMYIO BBRIDODPKY perpe-
3eHTATHBHOM JJIs BBIBOJOB OTHOCHUTEILHO BCEX IIKOJLHUKOB ropoja Ils-

THTOPCEKA.
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34.15. B redyenue nepBbIX JecATH JHeHd Mas TeMIepaTypa Bo3jayxa B b 4 yrpa
obL1a Takoit: 16 'C; 14 °C; 12 °C; 16 'C; 15 °C; 15 °C; 13 °C; 15 °C; 17 °C;
14 'C. HaiinuTe Mepbl LHEeHTPANBHON TEHIEHIIMH MHOJYYEHHON COBOKYII-
HOCTH JaHHBIX. SANOJHUTE YACTOTHYIO TaOIHILY.

TemnepaTtypa Boagyxa, C

YacToTa

OTHOCHUTENBHAA YacToTa, %o

34.16. B rabnuie npuBegeHO paclpejejieHde COTPYIHUKOB eTCKOT0o cajga co-
OTBETCTBEHHO CTayKy padoTHI.

Crazx paboTel, neT 3 6 10 12 15 16 20

KonuyecTBO COTPYIHUKOB 2 4 4 3 2 4 51

HaiiapuTe Mony M cpelHee 3HadeHHe BLIOOPKH, IIOCTPOHTE COOTBETCT-
BYIOIIYIO TUCTOTPAMMY.

34.17. Y 24 nerxoBbIX aBTOMOOMJIEH cIesaJH 3aMephbl pacxoia ropodyero Ha
100 KM OyTH ¥ DONYVYWIHN PAL AaHHBIX: 8 1, 9 1, 7,5 1, 9 1, 10 1, 8,5 1,
9n,8n, 7,50n,9n 10n, 7,501, 9 n, 10 n, 7,5 n, 8,5 1, 8 n, 7,5 1,
8,5m, 100, 8,50, 9 1, 8 n, 7,5 1.

1) CocraBbTe HACTOTHYIO TADIUILY.
2) Haiigure cpeiHee 3HAUeHHUE U MOJY JAHHONW BBIOOPKH.
3) ITocTpoiiTe COOTBETCTBYIOIIYIO THCTOIPAMMY.

34.18. Bo BpeMsa TecTHUpPOBAHHUA II0 airedpe 25 yueHHMKOB 7 Kjaacca clejajau
caeayiollee KoaudecTso omubok: 4, 3, 3,1, 3, 4,4,5,3,0,1, 4, 4, 4,
5,3,0,4,0,4,1, 4, 2, 2, 3.

1) CocTraBbTe 4aCTOTHVIO TAOIHILY.
2) Haiinure cpefHee 3HaUeHHe U MOJAY JAHHON BBIOOPKH.
3) ITocTpoiiTe COOTBETCTBYIOILIVIO THCTOIPAMMY.

34.19. BrinuiuuTe Bce BaAlllK OllEHKU 110 ajiredpe, mojiyueHHBIe B TeYeHUE I'O-
na. HaliguTe cpenHee 3HaueHUe, MOAY M MeJUAHY IMMOJYUEHHOrO psmga
IAaHHBIX.

34.20. [Tupexrop pupmsl noaydaer 120 000 p. B mecsll, ABa ero 3aMeCTUTEJIS
o 80 000 p., a ocranbHele 17 padboTHuKOB hupmer — no 20 000 p. B me-
cal. Haigure cpenHee sHaueHUe, MOOY, MeAMaHy 3apaboOTHOM ILIATEHI
B 9TOU (hupMe.
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34.21. llpourure oTpeiBOK U3 cTuxoTBOopeHusa A.C. Ilymkuua.
YusLias nopa! Oueit ouapoBanbe!
IIpusiTHa MHe TBOA MIpoIAJIbHAA Kpaca —
JIr0b/10 A NeIITHOE IPUPOALI VBAlaHbE,
B barpen 1 B 30J10TO 0ojieThIe Jieca,
B ux ceHsax BeTpa IIyM H cBeyKee JIbIXaHbe,
W mrioil BOJIHUCTOK NOKPBITHEI Hebeca,
W peaxuil conHna Jay4, U nepBele MOPO3EI,
H oTnanéenHble celoil 3UMBI YIPO3EI.
CocTaBbTe 4aCTOTHYIO TADJIUIY HATHUYUA OVKB «a», «€», «M», «0», «H»,
«0», «p», «V», «@», «d» B JaHHOM cTHXO0TBOpeHuu. Onpemennre MOay
IMOJIYYEHHBIX JaHHBIX.
34.22. [locrpoiite paxa: 1) U3 NATH Yucesa; 2) U3 IIECTH YUCces, Y KOTOPOoro:
a) cpeliHee 3HAYEHHe PABHO MeJUaHe;
0) cpenHee 3HAYEHHE OOJIbIIE MeIUAHLI.

N
YnpaxHeHus ANA NOBTOPEHVA gum

34.23. YeTbipe OAMHAKOBBIX AKCKaBaTopa, padboras BMecTe, BBIPBLIH TpaH-
miero 3a 12 4. 3a kaxkoe BpeMa 6 TaKMX JKe dKCKABaTOPOB, paboTasa BMe-
CcTe, BBIPOIOT 3 TaKHe TpPaHIIen?

34.24. Ka:xaplil OyKeT coCcTOMT H3 2 KpacHBIX M 3 Oexnbix po3. Kakoe Ham-
DoJiblllee KOJIUYECTBO TAKUX OVKETOB MOYKHO cOCTAaBUTh M3 40 KpacHBIX
u 50 benwix pos?

34.25. Yucna a, b u ¢ rakoBsl, uto a + b + ¢ = 0. Jloka:xkure, uro a® + a’c —
—abc + b%c + b? = 0.

34.26. JlokaxuTe, 4TO 3HAYeHUE Bhipa:keHnuda 444 444 + 1111 — 666 — xksaj-
pPaT HATYPAJILHOI'O YHUCJIA.
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MpaBuno cymmbl
Ecnu MHoXecTBO A cOCTOUT W3 171 3NeMEeHTOB, a MHoXecTBo B — 13
k 3nemMeHTOB, MPUYEM 3TN MHOXeCTBa He MMeloT 0bLWKnX 3NeMeHTOoB,
TO BbIBOP «a unu b», rae a € A, b € B, MOXHO ocylwecTBUTb 1 + &
cnocobamu.

NpaBuno npov3BeneHUnA
Ecnu anemeHT @ MOXHO BbibpaTb m cnocobaMK M nocne Kaxporo
Takoro Bbibopa 3nemeHT H MoxHo BbibpaTb £ cnocobamu, To Bbi-
bop «a n b» B ykazaHHOM MopsaKe MOXHO OCYLLEeCTBUTb 7k cnoco-
Bamu.

CratTucTUKa
CtaTucTuKa (OT NnaTUHCKOro cnoea status — «COCTOAHME») — ITO Ha-
yka o cbope, obpaboTke M aHann3se KONMYECTBEHHbIX AaHHbIX, KOTO-
pble XapakTepu3yT MacCoBble ABNEHWUA.

JTanbl CTaTUCTUYECKOro uccnenoBaHna

Cbop aaHHbIX

.

ObpaboTka AaHHLIX N UX
npeacraeneHue B yoobHon dopme

‘

AHanum3 gaHHbIX

‘

BblBOAbI U pekomeHaauumn

256




NMpoexTHana pabora

JTa pybpuka agpecoBaHa Nnpexjie BCero Tem, KTO Xo4eT Hay4MnTbcsa npuob-

PeTatb 3HAHWA CAMOCTOATENBbHO, TBOPYECKKN MbICUINTD, EIDDPMMPGEETI:, BblpaXxdTb
M OTCTAaNBATb CBOKO TOYKY 3pPEHNA, BbIABUIATE TMNOTE3bl, HAX0ONTb Hanbonee pa-
LMNOHalbHbIE U HECTAHOAPTHbLIE PELWEHWNA.

nEpEbIM warom, KOTDPI:II;‘.I MOXET NOMO4Yb B peanmiaymn 3Tux LI,E'J]EI:I, ABNA-

eTca ydactme B NpoekTHoW pabore.

ﬂpneuT — 3TO CaMOCTOATENBHOE NCCNeJOoBdaHKME MO Eblspa HHOM Teme, Ko-

TOpOE MOXET BbINONHATLCH KaK MHOWBWUAOYANBHO, TaK X rpynnoﬁ YUALWMXCH.

,[I,a,qnm HECKONBLKO COBETOB Mo OpraHW3aunun pHEDTbI Hal TMNpoeKTOM

M Oq)DpMJ'IE'HHI'D pe3yneratoe MCCNejOBaHKA.

1.

Mpu BbIbOpE TeMbl HEOBXOAMMO YyYUTbIBATL €€ aKTyanbHOCTb, Hannuue mc-
TOYHWKOB UH(pOpMaUnK B NUTepaType U MHTEPHET-pecypcoB. 34eCb BaXXHO
Ballie xenaHve NposBuTbL cebs B kayecTBe uccnegosartens B paborte nmeH-
HO Hap BbibpaHHOM TeMou.

Pabota HauMHaeTca ¢ cocTaBneHWs npegBapuTeNbHOro nnaHa, B KOTOPOM
OTpaXatoTca 3amMbICeN U 3Tanbl peanu3aumu 3agymMmaHHoro. [locne 3Hakom-
CTBa C OCHOBHbLIMW UCTOYMHMKaMM U NUTepaTypon Npu NOMOLLWM PYyKOBOAMU-
Tens npoekTa CoCTaBnAeTcsl OKOHYaTeNbHbIN NNaH.

BaxHo 4éTko chopmynupoBath Lenn uccnegoaHms. OHM MoryT BbiTh 3a-
NcaHbl B TakoW hopme: U3yyuTb, onucaTb, NpoaHanmM3npoBaTb, 0OKA3aTh,
CPaBHUTL U T. M.

Pabota 3aBepliaetca nogeefeHUeM UTOrOB MUCCNefoBaHUA, AeNaloTCs Bbl-
BOJbl, HAMeYaloTCa NepcneKTUBbl JanbHenWwero U3y4yeHns Tembl.
MprmepHbIN 06BEM paboTel — 10-15 crpaHuu. JononHUTENbHO MOXeT
npunaraTbCa UNNKOCTPATUBHBLIM MaTepuan.

Pabota moxeT BbiTb 0OdopmneHa B Buae pedepara, goknaga, KomneoTep-
HOW Npe3eHTaunu.

Huxe nprBoAnTCA pekoMeHOyeMblW CNUCOK TeM, KOTOpPble MOryT DbiTb Bbi-

BpaHbl gna npoekTHOW paboTsi.

1.

1)
2)
3)
4)

5)

N.®. Marumykuin n ero «Apucdpmerukar»

PekomeHgyemble nuTepaTypa U MHTEpPHeT-pecypCbl:
http://virtmuseum.aonb.ru/z6/z6_arifm.html «Apudmetnka» MarHuukoro.
lananun /[./[. Mariuukun n ero apudmeTurka. Bein. 2. — M., 1914,
Kamenesa T .H. K nctopuun nsganmns «Apmdmetnkmn» Marnuuykoro. Wecne-
AoBaHusa n matepuanel. — M. : KHura, 1984.

HTuxman A1l Neatenn oTe4yecTBEHHOW UCTOpUK. Bruorpadpuyecknin cnpa-
BOYHUK. — M., 1997.

http://ru.wikipedia.org/wiki/ MarHuuknu JleoHTUrU @unrunnosuy.
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7)
8)

1)
2)
3)
4)
5)

6)
7)

8)

1)
2)
3)
4)
5)
6)
7)

8)

1)

2)

258

Boaxos A. ApnpmeTtnka Jleontus MarHuuykoro // Keant. — 1991, — Ne 7.
dHumknoneagusa ana geten. T. 11: MatemaTtuka. — M. : ABaHTta +, 2003.
http://www.kvant.info/ HayyHo-nonynapHbin duU3mMKo-maTeMaTuyecknum
XypHan anf WKONbHUKOB U cTyAeHToB «KBaHT».

. ANMKBOTHbIEe apobn

PekomeHpyembie nuTepaTypa U MHTEpPHET-pecypcbl:

Buvizoockuie M .A. ApudmeTuka v anrebpa B JpesHem mupe. — M. : Ha-
yka, 1967.
Paux A.E. O4yepkn no ucropmn matemMaTukm B ApeBHOCTU. — CapaHcK :

Moppoeckoe roc. usg-eo, 1977.

http://ru.wikipedia.org/wiki/ Manunpyc Axmeca.

http://ru.wikipedia.org/wiki/ Ernnetckne gpobu.

http://www.kvant.info/ Hay4yHo-nonynapHbin puU3MKO-MaTeMaTUyeCKnn
XypHan Anf WKONbHUKOB U cTyaeHToB «KBaHT».

Jlesumac Il HectanpapTHble 3agaym no matemartuke. — M. : UJTIEKCA, 2007.
laspunosa T./[. 3aHnmarenbHaa matemaTtuka. 5-11 knaccel. — Bonro-
rpag : Yunutens, 2008.

Daproe A.B. Marematmnyeckme onumnuagsl B wkone. 5-11 knaccbl. —
M. : Anpuc-npecc, 2005.

. CucTeMbl cuMCneHMA

PekomeHgyemMbie nuTepaTypa U MHTEPHET-pecypcbi:
http://sdo.uspi.ru/mathem&inform/dopoln/dop_lek3/dop_lek3.htm Cucre-
Mbl CHUCNEHUSA.

http://pmi.ulstu.ru/new_project/sistsch/ist.htm
http://umk.portal.kemsu.ru/uch-mathematics/papers/posobie/r1-1.htm
@Domun C.B. Cucrembl cuucnexHmns. — M. : Hayka, 1987.

Hznom H.M. Cncrembl cuncnenus // Keant. — 1970. — N2 6.
@akynsTaTUBHbIK Kypc No matematuke. 7—9 / coct. N.J1. Hukonbckan. — M. :
Mpoceewenune, 1991.

lanxkun E.B. HectaHpapTHble 3aga4ym no maTtematuke. — YenabuHck :
B3arnan, 2005.

http://www.kvant.info/ HayyHo-nonynapHbin huU3mMkKo-maTteMaTuyecknm
XYPHan ans WKONbHMKOB M CTyAeHTOB «KBaHT».

MUrpbl n cTtpaternn

PekomeHayemble nuTepatypa n MHTEpPHET-pecypcbl:

Casun A.1I. Matematnyeckme muHuatiopbl. — M. : [leTckaa nutepaTtypa,
1991.

Marusa uncen n duryp / aeT.-coct. B.B. TpowwmH. — M. : Thobyc, 2007.



Tenxun C.A., Hmenoepz U.B., @omun /[.B. leHnHrpagckme maremaTu-
Yyeckue Kpyxkun. — Kupos : ACA, 1984.

http://www.kvant.info/ HayyHo-nonynapHbin (pu3nKo-maTeMaTUYeCcKnin
XYpHan ana WKoNbHMKOB WU CTYAeHTOB «KBaHT».

http://www.edu.ru/ Poccuinckoe obpasosaHue. PegepanbHbi nopTan.
http://school-collection.edu.ru/ EgnHaa konnekuwns undposbix obpa3osa-
TeNbHbIX PeCcypCcoB.

Illens A. VIrpbl n ctpaternm ¢ Toukun 3peHnsa matematukmn. — M. : MUHMO,
2007.

MaremaTnyeckmne copmambli

PekomeHayembie nuTepaTypa U UHTEPHEeT-pecypcbi:

SHumknonegua ana geter. T. 11: Matematuka. — M. : ABaHTta +, 2003.
http://www.math.ru/lib/ SnekTpoHHas bubnmorteka KHUr No maTemaTuke.
Madepa A.I'., Madepa /[.A. MatemaTnyeckme codmambl: npaBgonogob-
Hble paccy>XaeHws, nNpusBogsaluMe K OWnbo4YHbIM yTBEepXaeHMaM. — M. :
MpoceeweHne, 2003.

http://school-collection.edu.ru/ EguHas konnekumsa uudposbix obpasosa-
TeNbHbIX PecypCoB.

Kondgoposuu A.I. Matematunyeckme copusmbl U napagokcbl. — Kues :
Papg. wk., 1983.

MaremaTnueckme pokycbi

PekomeHayemble nuTepatypa M MHTEPHET-pecypCbl:

Jonze b. Matematuyeckme gokycbl. — M. : ACT : Actpens, 2006.

Casun A1l Matematnyeckme muHunatiopbl. — M. : leTckaa nuteparypa, 1991.
Marwnsa yncen u duryp / aBT.-coct. B.B. TpownH. — M. : Thobyc, 2007.
http://www.kvant.info/ HayyHo-nonynapHbin hU3MKO-MaTeMaTUYeCKNI
XypHan anf WKOoNLHUKOB U CcTyaeHToB «KBaHT».

SHumknoneagua ana geten. T. 11: Matematuka. — M. : ABaHTta +, 2003.
Iaponep M. Matematuyeckue dokycbl u ronosonomku. — M. : Hayka, 1978.
http://www.math.ru/lib/ SnekTpoHHaa bubnmoTteka KHUr No MmaTemaTuke.
http://trick.fome.ru/main-5.html Matematuyeckue dokycsi.
http://goodmagic.ru/category/fokus-matematicheskie/ ®okycbl n Tprokn.

. NMpuHUMN Oupuxne

PekomeHayemble nuTepatypa M MHTEPHET-pecypCbl:

Anopees A.A., lopenos I''H., /ionee A.U., Casun A.H. MpuHumn Ou-
puxne. Boin. 1. — Camapa : MNudarop, 1997.

Jdemuuxos A.B. MNpuHuun Oupuxne. — Wxesck : M3g-so YgmypTckoro
yHuBepcuTeTa, 1992.
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Cnusax A.B. Matematunyeckun kpyxok. 6—7 knaccel. — M. : MUHMO,
2011.

lopbaues H.B. COOpHUK onumnuagHbIx 3agay no matematuke. — M. :
MLIHMO, 2004.

lenxun C.A., Umenbepz H.B., @omun /[.B. leHWHrpagckne marematm-
yeckune Kpyxku. — Kupos : ACA, 1984.

Aopenxo M.H. MpuHunn Oupuxne n ero npumeHeHne. — Kues : Buwa
wkona, 1985.

bonmsrnckuir B.1. WecTtk 3anues B natu knetkax // KeaHT. — 1977. — Ne 2.
http://www.develop-kinder.com/ Matematuka — ana pasBuTua aeTeun.
http://mmmf.msu.ru/ Manein mexmat MTY.
http://problems.ru/articles/216.php NMpuHunn Oupuxne. 3apayn.

Jlornyeckune zapgaun

PekomeHgyemMbie nuTepaTypa U MHTEPHET-pecypcbi:

Juxmapnuxos JI.M. 3apaun myapeuos. — M. : lpoceeleHue : YyebHan
nutepaTtypa, 1996.

Bbauiug 2K.-K. Nornyeckune 3agaun. — M. : Mup, 1983.

lopbaues H.B. COOpHUK onumnuagHbIx 3agay no matematuke. — M. :
MUHMO, 2004.

Cumanauan P.M. Annca B ctpaHe cvekankn. — M. : Mup, 1987.
http://www.develop-kinder.com/ MartemaTtuka — gnq passuTus geTew.
http://mmmf.msu.ru/ Mansin mexmat MTY.

http://nazva.net/ 3apaun.
http://www.braingames.ru/?path=category&catname=Ilogic 3apaun, 3arapn-
KW, nornyeckmne urpsl, pebycel, matemaTtumka.

MpuHUMN KpallHero

PekomeHgyemble nuTepaTypa U MHTEpPHET-pecypcbl:

lenxun C.A., UHmenbepz U.B., @omun /[.B. leHWHrpagckme matematm-
yeckmne Kpyxkun. — Kupos : ACA, 1984.
http://bars.na.by/teachers/extremal.html| MpuHunn kpanHero.
http://school-collection.edu.ru/ EguHas konnekuusa umndpoebix obpasosa-
TeNbHbIX Pecypcos.

lopbaues H.B. COOpHUK onumnuagHbIx 3agay no matematuke. — M. :
MUHMO, 2004.

http://www.kvant.info/ Hay4yHo-nonynapHbin puU3MKO-MaTeMaTUyeCKnn
XypHan ana WKoNbHUKOB U CTyAeHTOB «KBaHT».

Ilpaconos B.B. 3apayv no nnaHumetpun. — M. : MUHMO, 2006.
http://www.problems.ru/ 3agaym 13 pasHbix pasgenos maTeMaTUKK.
http://mmmf.msu.ru/archive/20062007/29-10/21.html MpuHUKN KpanHero.
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. TarHbl NPOCTbIX Yncen

PekomeHgyemble nuTepaTypa U MHTEpPHET-Pecypchbl:

lanxkun E.B. HectaHpapTHble 3agayvM no maTematuke. — YenabuHck :
B3arnapg, 2005.

http://www.edu.ru/ Poccunckoe obpasosaHue. degepanbHbi nopTan.
http://school-collection.edu.ru/ EgnHas konnekuua ungposbix obpasosa-
TeNbHbIX PecypcoB.

Casun A.JI. Matematuyeckme muHuatiopbl. — M. : leTckaa nuteparypa,
1991.

lenxun C.A., Hmenbepe U.B., @omun /[.B. leHWHrpagckme matematu-
yeckune Kpyxku. — Kupos : ACA, 1984.

lanvnepun I'A. Npocto o npoctbix yncnax // Keant. — 1987. — N¢ 4.

Bacunves H.B., [ymenmaxep B.JI. ApndpmeTrka n npuHumnnel nogcyéeta //
KeaHT. — 1983. — N° 1.
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HPY)I(IIM C KOMNbIOTEPOM

N3yyan matemaTtuky B 5 U 6 Knaccax, Bbl y>Ke NoNb30Banmcb KOMMNbLIOTEPOM
W, HaBEPHOE, OLLeHWUN, KaKUM HafEXHbIM MOMOLLHWUKOM OH MOXeT ObiTb. lMomo-
XET KOMMNbIOTEP U B N3y4eHnU anrebpoi.

Bbl yxe ymeere:

* MNONb30BaThC KaNnbKyAATOPOM /15 BbIYUCIEHUM;
» HabupaTtb U opopMNATL HECNIOXKHBIE TEKCTHI B TEKCTOBOM pefaKTope

(Hanpumep, Microsoft Word),

« COCTaBNATL Tabnuubl ¢ NOMOLbLI pegakTopa Tabnuy (Hanpumep,

Microsoft Excel);

« pucoBaTh C NoMoubio rpacduyeckoro pegakropa (Hanpumep, Paint);
* nonb3oBaTbcsA rnobanbHon ceTbio UHTEpHET — uckaTb B HeW MHGOP-

MaLuio.

Bce 3T ymeHus Bbl DygeTe coBeplleHCTBOBATb M MPWU M3YyYeHUW an-
rebpbl.

CywecTByloT crneuymanusMpoBaHHble MaTemMaTUMyecKme nakeTbl, KOTopble
NOMOratoT WKONbHUKaAM U CTYyAeHTaMm BbINONHUTbL TeXHW4Yeckylo paboTty npu pe-
WweHWn 3agay. 31o, Hanpumep, MathLAB, MathCAD. Ecnu Bbl xoTuUTe B Dyayuiem
cTaTb MatemMaTUKoOM, NPorpamMMnUCTOM, UHXEHepPOoM, T. e. LWWMPOKO MCNONb30BaTb
mMaTeMaTuKy B cBoel paboTe, To Bam DyaeT nonesHo OCBOUTb Takue NakeThbl.
Tak>xe BaXHO HayunTbca paboTaTh C rpadmMyeckumMm pegakTopom, € MOMOLBIO KO-

Mathcad - [Tpadgwk] ESREER
ﬂmaﬁ!n Mpaexa Bwan Bcraska Copmar WHoTpymentsl CumBonbHble onepauwn Oxro  Cnpaexa - | F ]
Constants + | Times New Roman v(10 v| B 7 U | 2 S A HONE .k VR
kG FEA I ET R BRE W =1::952:-=‘-l-".‘."ﬁ|=-‘=!—t-—tfx=fﬂ§':ry
D~FE@ SRV | IBE|v " | MP=|% |10 | B | [EFE=TEE3 «f &
Moii Be6-yzen v| Peo [ K ' 14 G A A e 8 B
6 o
5 Kanskyaatop
sin cos tan In log
i<l "
o ()X
mn 7T B 9 -~
15 4 5 B = -
el 1s lo 5 i + 12 3 +
= . 0 — =
._6 o
=& ix -]
4 |l 3
Haxmure F1, yTobsl OTKDEITE CODABKY. ABTO CrpanHmua l |
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TOporo MoxHo paboTtaTb ¢ reomeTpuUyeckMMK UrypamMm U CTPOUTb YepTexu.
NMpumepamu Takux pegaktopoB moryT 6biTb CorelDraw, Visio n 1. n.

Type aduestion for help =

Drdainig i@ P arewns 2B AAH.. - Morasalt Wik

FE] e £t Wem [mot fomst Took Shepr Winde  Hep -8
-l ID-EBHOS SR VR L G X L‘J-[‘é-lﬂv']_vﬁ.-{ﬁlm-iﬁl
i

e

[E

PFags 111 o

A ecnn Bbl 3axoTUTe cgenaTtb AoKNnag UNW MHTepecHoe coobuleHwe, To
yaobHO nonb3oBaTbCcAd NPOrpamMmon Afif NOCTPOeHUA npeseHTauun (Hanpu-
mep, PowerPoint). C eé nomolLbio MOXHO caenatb MynsTUIbM C MaTeMaTuye-
CKMM CHOXXETOM.

Kpome 3TOro, cyuwecrsyet MHOro nporpamm, cosfiaHHbIX cneumanbHO ans
LWKOMbHUKOB. 3TW MporpamMmbl TOXe MomMoratoT B U3y4eHUM matemaTmku. Bot
CCbINKW Ha HEKOTOPbIE U3 HUX:

http://www.pcmath.ru/ KomnesioTepHbie nporpammsl N0 matemaTuke

http://obr.1c.ru/catalog.jsp?top=3 Obpa3soBarenbHble Nporpammsi No Marte-
MaTuKe

http://school-collection.edu.ru/ EguHaa konnekums umdppoBbix obpasosa-
TeNbHbIX pecypcoB

KoHeuyHO, 3TO faneko He BCE, YTO eCTb Ha npocropax MHTepHeTta. Nwmn-
Te, UHTepecynTechb, oblanTecs CO CBOUMMU CBEPCTHUKAMM, U Bbl HANAETE MHOTO
WHTepecHoro. A MOXeT, CTaB MocTaplue, Bbl U caMmWn pa3spaboTaeTe nonesHble
nporpamMmmbl, NoMoratoLue ny4ylle ocBanBaTb MaTemMaTmKy.
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3ajaHMA C dNIeMeHTaMM IlIICIIIIpI’HIEI'I'III(IiI

B aTom paspene npuvBefeHbl 3a4aHnA, KOTOPbIE Bbl CMOXeTE BbIMNONHATH
C MOMOLLBIO KOMMbIOTEPa MO Mepe U3yYeHWA COOTBETCTBYIOWNX TeM. HekoTopble
M3 3TUX 3afaHUN — NPOAOSIKEHME U pa3BUTHE YyNpaXHeHUW 3Toro yyebHuka, Ko-
Topble Bbl ByaeTe pewatb Ha ypokax 1 goma (Takve ynpaxHeHusa B TekcTe yyeb-
HVKa oTMeYeHbl 3Haykom (). B aTom pasgene ykasaH HOMep COOTBETCTBYIOLLE-
ro 3agaHus.

Ha ypokax nHgopmaTtukum Bbl bBygete nsyyaTe aneMmeHTbl NporpamMmMmupoBa-
HuA. [NaBHOe B NpOrpaMMmMpoBaHUM — 3TO CO3AaTb anropuTMm, T. €. NocnefoBa-
TEeNbLHOCTb Waroe, ¢ NOMOLLbIO KOTOPOW M3 BXOAHbLIX AaHHbLIX MOXHO MONYYUTH
BbIXOAHble AaHHble. B 3Tom pasaene Bbl HavaeTe MHOMO TakuxX 3ajaHuW. 3TK 3a-
AaHnsA He aBnaoTcA obasatenbHbiMK ans BbinonHeHwsa. OHKM B NepBylO o4yepedb
afpecoBaHbl TeM, KTO y)Xe 03HaKOMWIICS € 3NeMeHTamMu nporpamMmuposaHua. Ho
CO BpeMeHeM no mepe npuobpeTeHns HOBbIX 3HAaHWW Ha YpoKax MHPOPMaTUKK
MHOIMe 13 3TUX 3afaHNN Bbl CMOXETE BbINONHUT.

A ecnu Bbl yXXe ocBaMBaeTe Kakol-To A3blK NPOrpaMMMUpoBaHnsa, To MoXe-
Te He TONbKO NpuaymMaTb anroputM, HO U HanucaTb NporpaMMy Ans ero peanu-
3auun. Ecnm Bbl nobute nporpammMmupoBaHne, NocrapanTechk caenatb 3TO ANS
BCEX 3aaHWM JAaHHOro pasfena, XoT CpeAn HUX ecTb U JOBONBHO CNOXHBbIE.

3apaHus, B KoTopbix TpebyeTca ncnonbsosaHne kakoro-nmbo A3bika npo-
rpaMMUpPOBaHUs, OTMeYeHbl 3Hakom *.

K § 1 «BBegeHune B anrebpy»

Kak ncnonb3yloTca nepemeHHble Mpu cocTaBneHuM anroputmoBs? Moyemy
MCNOMb30BaHWE NepPeMEHHbIX NO3BONAET PELNTb He OfHY-eANUHCTBEHHYIO
3apady, a uenyio rpynny aHanorMyHbix 3agay?

Ecnu BblpaXxeHue COAEPXMUT AeneHWe Ha NepeMeHHYH, TO BCerga il OHo
MMmeeT cMbicn? Kak Hafo y4ecTb 3TO Npu COCTaBAeHUMU afirfOPUTMOB U Hamnm-
CaHUK nNporpamm?

K § 2 «JIuHenHOe ypaBHeHUe C OgQHOW NepeMeHHON»

3anuwnTe anroputm, AN KOTOPOro BXOAHLIMW AaHHbIMUW ABNAIOTCA 3HaYe-
HWA Yncen a U b, a BbIXOAHBIMU — pelleHWne IMHENHOro YypaBHEHWUs ax = b,
Kakue cnyyam Hago npegycMoTpeTb, YTODbI 3TOT anropuTtm BbigaBan Bep-
HbIW OTBeT Ana Nobbix 3HaYeHun a u b?

K § 3 «PewleHMe 3aga4 ¢ NOMOLLbIO YPAaBHEHUAY

HEKDTDPI:IE‘ 3add4M 3T1Oro naparpad:a MOXOXW. ITO SHA4Y T, 4TO X MaTEMAa -
THHeCKad MOgenbt OMHaKOEAQ.
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3.51.

4.19.

HanguTte Takue 3agayn. Cosgante gns HUX MaTteMaTU4ecKyo MOAenNb N Ha-
NULWINTe anropuTMm Ana ux peweHuns. Kakue sennuuHel byayt ans storo an-
ropuTMa BXOAHbIMW AAHHBIMW, @ Kakue — BbIXOQHbIMU?

Bbl 3HaeTe, YTO NoNy4YeHHbIW OTBET Hafo NPOBEPUThL Ha COOTBETCTBME YC-
nosuio 3agavyn. MoxeTte nu Bbl 3anMcaTb YCNOBMSA, KOTOPbIM AOMXEH COOT-
BETCTBOBATb OTBET ANA AAHHOIMo TUna 3apad?

Y710 Hapo caenath, ecnv B OTBETe NonyyaeTcs gpobHoe yncno? PaccmoTtpu-
Te 3Ty CUTyauuio ANA pasNnyHbIX TUMNOB 3ajau.

HekoTopble 3aga4n nerko pelwartb nepebopom, T. e. noacTaBMe BMeCTo ne-
peMeHHOW BCe BO3MOXHbIe € 3HaYeHUA U NPOBEepPUB NONYYEeHHbIN pe3ynb-
TaT. 3anuwuTe anropnuTM ANA pelleHus 3Ton 3agadun nepebopom. CkonbKo
BO3MOXHbIX 3HA4YeHUW HaJo NPOBEpPUTL?

K § 4 «ToxaecTeeHHO paBHble BblpaXeHUA. Toxxaecrea»

MOXHO N1 € NOMOLLBIO KOMMNbIOTEPA AoKasaTb TOXAeCTBO, Nnepebpas Bce
BO3MOXHble 3HaYeHWMA BXOAALLMX B HEro rnepemMeHHbIX W BbIYWUCIUB MPWU
3TUX 3HaYeHUAX NepemMeHHbIX 3Ha4YeHWA NeBOM M NpaBoOu YacTen Toxae-
cTBa?

3anuwunTte anroputM, C NOMOLLbLIO KOTOPOro MOXHO pelluTb 3Ty 3agady.
CocTaBbTe ellé HecKonbKo 3afay, KOTOpble MOXHO peLlnTb C UCNONb30Ba-
HMWEM 3TOro e anropuTmMa.

K § 5 «CreneHb ¢ HaTypanbHbIM NoKasaTtenem»

3anuwnTe anropuTM, BXOAHbIMWU AaHHbIMK AN KOTOPOro ABNASIOTCA OCHO-
BaHWe CTeNeHWn a U NoKasaTenb CTENEHW 7, @ BbIXOAHBIMW — CTeneHb Yuc-
na a c nokasatenem n. [N Kakoro 3Ha4YeHua nokasaTens Hajo paccMoT-
peTb oTAenbHbIN cny4an?

5.47, 5.48. 3anuwiunTe anropuTmsbl, ¢ MOMOLLBLIO KOTOPbIX MOXHO pewwmnTb 3TK 3a-

5.49.

LEET
Kak MOXHO mcnonb3oBaTbh KanbKynatop ana obneryeHns TeXHMYeCKoW pa-
BoTbl Npu peweHUn 3Ton 3agaymn?

K § 6 «CBOMCTBaA cTeneHn ¢ HaTypanbHbIM NoKasarenem»

Hanuwwute nporpammy, KoTopas UNNOCTPUPYeT OAHO U3 CBOWCTB CTeNeHu
C HaTypanbHbIM MokKasarenem.

MpounniocTpupymnTe CBOWCTBA CTEMNeHN € NOMOLbIO KanbkynaTtopa. Moyve-
MYy NPU ManeHbKUX 3Ha4YeHUAX OCHOBaHWA W NokKasaTens cTeneHn pesynb-
TaT nonyyaeTca HarnagHbIM, a ecnn YBeNu4uTb UCXodHble AaHHble — TO
HeT?
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K § 7 «OgHOYNeHbI»

Kak Ha A3bike nporpammuMpoBaHUsl, KOTOPbIA Bbl M3y4YaeTe, 3anvcaTb Of-
HouneH? Yto ans 3Ttoro TpebyeTtca, Kkpome yumcen n nepemeHHbix? Kakosa
nPUHUMNMaNbHaa pasHuua Mexay 3anucblo OfHo4YNeHa B MaTemaTuke
W B NporpaMmmMmupoBaHnn?

Mpuaymante kakon-HmMbyab ogHouneH. Hanuvwurte anroputm Ans BblYMC-
neHUsa ero 3HadyeHus. Yto bygeT BxogHbIMW JAHHLIMUW ANA 3TOW NMporpam-
Mbl, @ YTO — BbIXOAHbLIMWK?

CocTtaBbTe nporpammy no 3ToMmy anropuTtmy. Belumcnute 3HayeHue ogHo-
4yneHa NPy HeCcKONbKUX 3HaYeHUAX NepemMeHHbIX BPYYHYH U € NMOMOLLbIO
nporpamMmmei.

Kak 3anucaTb B TekcTe nporpammbl 0bbiIkHOBEHHYIO Apobb?

3anuwuTte anropuTM, C NMOMOLLbLIO KOTOPOro MOXHO peluTb 3Ty 3agady.
CocTaBbTe elleé HeckoNbkKo 3afay, KOTOpble MOXHO peluTb € UCnonb3oBa-
HMeM 3TOro e anropuTma.

3anuwuTe anropuTM pelleHus 3TOW 3ajadvun Ana nepemMeHHOro Konu4e-
cTBa yBennyeHnn (yMeHblUeHMW) Ynucna Ha pasnuyHoe KONn4yecTBo Mpo-
LLEHTOB.

K § 8 « MHOrodneHboi»

3anuwunTe anropuTm Ans onpegeneHus creneHy MHoro4vneHa.

Kak Ha fi3bike nporpamMmmMupoBaHuns, KOTOPbIM Bbl U3y4YaeTe, 3anMcaTb MHO-
rouyneH?

MpugymanTe Kakon-HNMByab MHOrouneH. HanuwuTe anropuTMm Ans BblYUC-
NeHnsa ero 3Ha4YeHus.

MHorouneH npepcrasnset cobon BbipaxeHue. B kakom nopsgke BbiNon-
HAKOTCA onepauvu NpW BblYMCIEHUW ero 3HavyeHus B matemartuke? A Ha
BblOpaHHOM BamMu f3blke nporpammupoBaHna? Kak Hago 3T1o yyecTb npu
coCTaBNeHUn nporpammeoi?

3anuwunTte anroputMm npusegeHus MNPouM3BONbHOIMO MHOroyneHa K CTaH-
papTtHomy Buay. Kak Hapo npeacraBuTb MHOro4vneH, 4Tobbl No 3Tomy anro-
PUTMY € HUM MoOr paboTtaTb He 4enosek, a KoMnbioTep? Kakasa cTpykTypa
AaHHbIX NS 3TOro HyxXHa?

K § 9 «CnoxeHne v BbiMMTaHME MHOIMO41eHOB»

Kak ncnonb3yiotca ckobku B BbiBpaHHOM BamMu A3bike NporpaMmMupoBa-
HUA? Kak OHM BAWAIOT Ha NOPAAOK BbIYUCIEHNA BbipaXeHUn?

3annuwute anroputMm Ang CnoXeHus (BblYMTaAHWA) OBYX MPOU3BOJbHbIX
MHOrouneHos. MOXHO NM Ana 3TOro anropuTMa MCNONb3oBaTb CrMocob
npeacTaBneHna MHOrOYNeHOB, KOTOPbIM Bbl NpUAayManu ana npueegeHuns
MHOTO4YNEeHOB K CTaHAapTHOMY BMay?



9.38.

9.45.

11.38.

12.29.

12.39.

12.48.

B sToi 3apaye vcnonb3syetca ¢opma 3anucu abe. 3anuwnte anropuTm,
AN KOTOPOro BXOAHbIMW AaHHbIMW ABAAIOTCA 3Ha4Ye€HWA MNepeMeHHbIX

a, b, ¢, a BBIXOAHBIMWU — 3Ha4vyeHue yncna abc.

Hanuwute anroputm, AN KOTOPOro KONM4ecTso uudp B 3Ton 3anucm by-
AeT nepemMeHHbIM.

MoXHO N1 pewunTb 3Ty 3agady ¢ NOMOLLbLIO anropnuTMa, coctaBNeHHoro Ba-
MW 4NA peweHuns 3agadvmn 7.287

K § 10 «YMHOXeHne ogHOouYNeHa Ha MHOrou4neH»

Kak 3anucatb B BbIBpaHHOM BaMu f3blke NporpaMmmMupoBaHns npouseege-
HWe OJHO4YNIeHa U MHOoro4yneHa?

3anuwute anropmTM N8 YMHOXeHWA OABYX OHOYNEHOB W MpeacraBfieHus
pe3synstata B BUOE OfHO4YNeHa cTaHgapTHOro emaa.

K § 11 «YMHOXeHMne MHOoro4dsieHa Ha MHOrou4YneH»

Kak 3anucatb B BbIBpaHHOM BaMu f3blke NporpaMmMupoBaHns npouseege-
HMe ABYX MHOro4neHos?

Kakmm obpa3om CTpPOAT CNoXHble anropuTMbl, WMCMNONb3ys B KayecTBe
«KMpnu4ukos» Bonee npocrbie? O3HaKoOMbTECh C MOHATMEM NOAMNpPoOrpam-
Mbl. KaKk MOXHO € MOMOLLLIO 3TOro NMOHATUA NMPeacTaBuTe anropuTM YyMHO-
EHWA MHOrOYNEeHOoB, NUCMOoNb3ysA OTAENbHble anropuTMbl YMHOXEHWUA of-
HOYNEHOB, CNOXeHWUA MHOroYneHoB W nNpuBegeHUA MHOro4yneHa K craH-
AapTHOMY BMuay?

3anuwunTe anropuTM ond yMHOXeHUa ABYX MHOMo4YneHoB 1 npegcrasneHuns
pesynbrata B CTaHOapTHOM BUe.

ChopmynupynTe 3Ty 3agadvy B obuem smae. Kakme gaHHble ABNAKOTCA ANS
3TOW 3afa4M BXOOHbIMM, a Kakme — BbiXxogHbiMMn? Co3gante matemaru4e-
CKYO MofJenb 3TOW 3afiayv. 3anuwuTte anropuTM pelleHusa 3TOW 3ajauwm
B 0bOwwem Bupe.

K § 12 «PaznoxeHne MHOro4neHoOB Ha MHOXXUTenu.

BbiHeceHMe o0LwWero MHOXUTENA 3a CKOOKU»

Ynpoctute BblpaxeHue, NpuBefEeHHOE B 3TOM ynpaxHeHun. BeibepuTe ka-
Kne-HMbyab 3HaYeHUs nepemMeHHbIX. Bblumcnute ¢ NOMOLLbIO KanbKynaTo-
pa cHayana 3HayeHuUe NCXOQHOro BbipaXeHus, 3aTeM — 3HayeHue ynpo-
WEHHOro BblpaxeHuA. HackonbKo yrnpouieHne BbipaxeHus obnerynno pa-
BoTy No BbIYUCNEHUIO ero 3HavyeHua?

3anuwnTe anropuTM OnNA pelleHMs 3TOM 3ajayvm nepebopom Bcex ABY-
3Ha4YHbIX YKucen.

3anuuwnTe anropuTM AnA pelleHMs 3TOM 3ajayvm nepebopom Bcex ABY-
3Ha4YHbIX YKucen.
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K § 13 «PaznoxeHne MHOrouneHoB Ha MHOXXUTenu.
MeTopn rpynnMpoBKU»

13.24. Chopmynupynte 3Ty 3agady B obuwem Brnae. Kakme gaHHble sBNAOTCA ANns
3TOW 3apa4u BXOAHbLIMM, 8 Kakue — BbiXoAHbIMKW? Co3fganTe MmaremMaTuye-
CKYIO MOfJenb 3TOW 3afjayu. 3anuuiuTe anropuTMm pelleHus 3TOW 3apauu
B obwem Bupe.

K § 14 «MponsBegeHne pasHOCTU U CYMMbI ABYX BblpaXXeHUn»

* 14.20. Hanuwute nporpammy ansl Bbl4MCNeHUA 3Ha4YeHUA BblpaXeHwus, Npuee-
A€HHOro B 3ToM 3agaye. MOXHO N1 € NOMOLLbIO 3TOW NMporpaMmmbl goka-
3aTb yTBepXaeHue 3agavun’?

K § 15 «Pa3HOCTb KBagpaToB ABYX BblpaXXeHWUN»

15.3. MoxeTe nu Bbl ChopMynIMpoBaTh anropuTM, KOTOPbLIM MOMb30BaNUCL NPU
peleHun 3Ton 3agadn?

15.12. 3anuwnTe anropnTM ANa peLweHns 3TOW 3agayn.

15.13. 3anuwmnTe anropuMT™m Ana pelleHns 3ton 3agadu. Kakmum obpasom Bbil 3a-
paguTe Yyuano mt?

K § 16 «KBagpar cymmbl U KBagpaT pa3HOCTU ABYX BblpaXXeHUN.
KBagpar cymMmMbl HECKONIbKMX BbipaXXeHUN»

16.22, 16.23. MoXHO nu ans 3TUX 3a4a4y co3aartb oDy matemaTuyeckyto Mo-
Aenb? 3anuwmnTe obWwKMn anropuTm pelleHus 3agau.

K § 17 «lMpeoOpazoBaHMe MHOro4YneHa B KBagpar CyMmmbl
WM Pa3HOCTU ABYX Bbipa)keHUn nubo B KBagpar cymmbli
HECKONbKUX BbIPaXXeHNA»

17.3. MoxeTe nu Bbl chopMynMpoBaTh anropmuTM, KOTOPbIM NOMb30OBaNuch NpU
pelweHUn 3Ton 3agayn?

17.51. MoXHO N1 COCTaBUTb anropuTM ONa pelleHus 3Tou 3agavyn nepebopom?
Mouemy?

K § 18 «Cymma n pazHOCTb KyOOB ABYX Bblpa)KeHUN»

18.3. 3annwwuTte anropuTm, C NOMOLLLIO KOTOPOIro MOXHO Pa3noXmTb Ha MHOXW-
Tenn CyMMy UNU PasHOCTb ABYX O4HOYNIEHOB C MOMOLLbIO GOPMYN CYMMbI
MNu pasHocTu KyboB ABYyX BbipaxeHWU. Kakme BxofHble AaHHble Hago
npegycMoTpeTb, 4Tobbl 3TOT anroputm paboTtan gna kak MoxHo bonee
pasHoobpasHbIX Of4HOYNEeHOB?
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23.4

K § 19 «Kyb cymmbl n KyD pazHOCTU ABYX BblpaXeHM»

3anuwuTe anropuTM ANA BO3BeAeHUs ABy4YneHa B Kyb U npegcraBneHus
pe3ynbTaTa B BUAE MHOro4fieHa ctaHaapTHoro Buaa. Kakue yxe co3fiaHHble
BaMW aifOPUTMbl MOXHO UCNOMbL30BaTb B KayecTse nognporpamm?

K § 21 «®opmynbl Ana pa3noXXeHUMA Ha MHOXXUTENU BbipaXeHUM
Bupaa" —-b"unua"+ bhb"»

3anuMwuTte anropuTM AN pasfoXeHWs Ha MHOXWTENW BblpaXeHuWn Buaa
a” — b" v a” + b". Kak Hago npeactaBuTb BXOAHbIE AaHHbIe? [ns Bcex nu
BXOAHbIX AaHHbIX MOXeT BbITb NonyyeH pesynsrat? Kakme npoeepku BXoq-
HbIX JAaHHbIX B CBA3M C 3TUM HaOO BbINONHUTbL?

K § 22 «NMHOXeCcTBO N ero 3fieMeHTbI»

[MycTe 3apaHO HeKoTOpOe MHOXEeCTBO 4Yucen. Hanuwute anropuTtM, KOTo-
pblﬁ no 3agaHHOMY 4oy onpeaendet, ABNAETCA 1M OHO 3/1EMEHTOM faH-
HOro MHoxecTtea. Kakyio CTpyKTypy AaHHbIX Bbl MCNONb3yeTe Ans npeacras-
neHna mMHoxecrtea?

K § 23 «CBfAzn mexay BennunHamn. @yHkuma»

Hanuwwurte anroputMm, UNNIOCTPUPYIOWMA npumMep 2 3Toro naparpadga. Ka-
KMe BXOAHble AaHHble Hago NpedycMoTpeTb, 4TOBbl 3TOT anropuTtm Obin
Kak MOXHO bonee rubkum (T. e. ero MOXHO BbIno Obl NPUMEHATL ANA Kak
MOXXHO bonee wmMpokoro Kpyra cny4aes)?

B ynpaxHeHuax 3Toro naparpada onucaHbl pa3HoobpasHble ¢yHKUMO-
HanbHble 3aBUCMMOCTU MeXay BenndMHamun. [nsa Kaxgon s 3Tux 3aBucK-
MOCTeN onpegenuTe He3aBUCUMYIO NEPEeMEeHHYI U 3anuiunTe anropuTM,
AN KOTOPOro BXOAHbIMW AaHHbIMW DyayT 3HauyeHMs He3aBMCUMMOW Nepe-
MEHHOM, a BbIXOAHbIMW — 3HA4YeHUsA 3aBUCMMOMW NepeMeHHOMW.

3anuwuTte anropuTtM Anfa BblYUCIEHUS 3aBUCMMOCTM obbéma V Bopbl
B UMCTepHe OT BpeMeHW £, B Te4yeHMe KOTOpPOro 13 Hee BbiNUMBaeTCa BoAa.
Kakon oTBeT gonxeH BblAaBaTb 3TOT anropuTM nocie Toro, Kak BCA BoAa
M3 UMCTepHbl BbinbeTca? Caenante BbIBOA: Kak Haao Npu cocTaBNeHUn an-
rOpUTMOB Yy4uTbiBaTb 0bnactb onpegeneHns MyHKUWNA.

K § 24 «CnocoObl 3agaHna pyHKUMN»

Co3panTe B TeKCTOBOM W (Mnu) TabnuuHom pepaktope Tabnuuy, Kkotopas
3afaeT HeKoTopYyo (YHKLUMUIO.

N3y4ynTe MHCTPYMEHTbI 3TOro pefakropa, KOTopble NO3BONAIOT 3aN0NHUTD
Tabnuuy ¢ nomouwpbio ¢opmynbl, 3agaowen dyHkuMio. BeinonHuTe, wUc-
NONb3yA 3TU MHCTPYMEHTBLI, KakMe-HMbyab 3agaHna gaHHoro naparpada.
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K § 25 «papnK pyHKLMNM»

Kakne nsobpaxeHus Hago pa3mecTUTb Ha 3KpaHe KOMMbloTepa, YToDbl
NONy4nUThL rpauk pyHKUMN?

OcBOUTE MHCTPYMEHTblI TekcToBoro u (nnu) TabnuuHoro pepaktopa ans
nocrpoeHusa rpaguka ¢yHkuuKn, 3agaHHou TabnuyHo. Kakue 3nemeHThl
ogopmMneHmns NO3BONAOT caenartb rpauk HarnAgHbIM?

3HaeTe N Bbl KakMe-To KOMMNbIOTEPHbIE NPOrpaMmbl, KOTOPbIE MO3BONAIOT
NOCTPOUTL rpadmrK NPOU3BONLHOW DYHKUUN?

N3y4an nporpammupoBaHue, Bbl CMOXeTe HanwmcaTb CBOK NporpamMmy, pu-
cylowyto rpaduk Npon3BoNibHOM GYHKLUMM Ha 3KpaHe KomnbioTepa. Kakune
MHCTPYMEHTbI NpOorpaMMuUpoOBaHMa Bam Hafo ANna 3TOro OCBOUTL?

K § 26 «JinHeitHaa pyHKUMA, eé rpadunK n cBOMUCTBa»

3anuwuTe anropuTM, KOTOPLIN MO BXOAHLIM AaHHbLIM 2 n b onpepenurt, ka-
Kaa npamMas aBnaeTca rpacukom pyHKUMK i = kx + b: ropusoHTanbHas unm
HEeropusoHTaNnbHan, NPOXoaalLan Yepes Havyano KoopaAUHAT UK HeT.
Co3panTe B TeKCTOBOM U (Mnu) TabnuyHom pepaktope Tabnuuy, Kotopas
3a0aéT Kakyl-nmbo nuHenHyo GyHkumio. C nomMowbio CpeacTs 3Toro pe-
AakTopa nocrpouTe rpadumk 3Ton GyHKUMMN.

K§ 27 «YpaBHeHMA ¢ gBYMA NnepemMeHHbIMU»

MpegnonoXxum, 4TOo y Bac ecTb NoAnporpaMmma, BXO4HbIMW JaHHbLIMWU ONS
KOTOPOW SIBNAETCH napa 4Ymcen, a BbIXOAHbIMU — OTBET, ABNAETCA NU 3Ta
napa 4ucen peleHMemMm HeKOTOPOro ypaBHeHMA C ABYMA NepemMeHHbIMW.
Kak, ncnonesys 3Ty nognporpammy, Hanucatb anroputm Ana pucoBaHUs
rpamka 3TOro ypasHeHMUs Ha 3KpaHe KoMmnbioTepa? YTo euwe Hago 3Hath,
4TobbI rpadmk nony4ynnca MHGopmaTUBHBLIM?

K § 28 «JlInHeitHOe ypaBHeHMe C ABYMSA NepemMeHHbIMW

M ero rpacdpuk»

3anuwuTe anropuUTM, KOTOPbLIA NO BXOAHLIM AaHHbIM @, b u ¢ onpepgenser,
Kakasa ¢urypa senaertca rpadmkom ypaBHeHms ax + by + ¢ = 0.

K § 29 «Cucrembl ypaBHEHMM € ABYMSA NepeMeHHbIMMW.
Npadpuyeckmin metoq pelieHMA CUCTEMbI ABYX NMMHEWHbIX
YypaBHEeHUN ¢ ABYMSA NepemMeHHbIMU»

OcBouTe cpeacTBa rpaduyeckoro pegakropa, nossonatoume niobpasnTth
TOYKY € 3afjlaHHbIMW KOOpAMHaTamMu. Hayuutecs NpoBOAUTL NPAMYIO Yepes
ABe TO4YKW. BbibepuTte Kaky-nnbo cucreMy ypaBHEHMN M3 JAHHOIO NYHKTA
N NPOVNNIOCTPUPYNTE €€ pelleHue rpauyeckMMm MeToAOM € MOMOLLUbLIO
3TOro MHCTPYMeHTapus.

29.23. 3anuwunTe anropuTm ANf peleHna 3ToW 3agaym metogom nepebopa.
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K § 30 «PewlueHne cncrem nMHEeMHbIX ypaBHeHUA

MeToA0M NOACTAaHOBKMU»

OnuwunTe BXOAHbIE W BbIXOAHbIE AaHHble ANA anropuTMa pelleHUs cucre-
Mbl U3 ABYX NMHEWHbIX ypaBHEHUW C ABYMA nepemeHHbIMU. Monb3yack 3Tu-
MU [aHHbIMMW, 3anuiIUTe anropuTM pelleHUs TakorW CUCTeMbl MeTOAOM
NoACcTaHOBKKW. Kak 3TOT anroputMm fonxeH npegycMoTpeTb cuTyauum, Ko-
raa cMctema He nmeet peweHU? MimeeT 6eckoHeYHO MHOrO pelleHni?

K § 31 «PewseHne cucrem nMHEeMHbIX YpaBHEeHUA

METOAOM CIOXKEeHUA»

OnuwuTe BXOAHbIE M BbIXOAHbIE AaHHbIE ANA anropuTMa pelleHus cucre-
Mbl U3 OBYX MMHEWHbLIX YPaBHEHWIN C ABYMA NepemMeHHbIMU. MNonb3yack 3TK-
MW OaHHbIMUW, 3anNUWINTE anropuTM PpelleHUs TakoW CUCTeMbl MeTOAOM
cnoxeHusa. Kak 3TOT anroputm JOMKeH NpegycMoTpeTb CUTyauuu, Korga
cMctema He MMmeeT peweHnn? MmeeT beckoHeYHO MHOMo pelueHnin?

K § 32 «PewueHue 3apa4y € NOMOLYbIO CUCTEM JNIMHEMHbIX
YypPaBHeHUn»

[Mpegnonoxum, YTo 3afaHbl KOOPAMHAaTBLI HEKOTOpPbIX ABYX Todek A 1 B Ha
KOOPAMHATHOW MNOCKOCTU K Yepes 3TM TOYKKM NpoBegeHa npsamasn. 3agaert-
ca abcumcca HekoTopoun Toukn C, N ckasaHo, 4To Touka C NexuT Ha 3ToU
e npaMon. Hannwwurte anropuTM, KOTOPbIM HaxoauT opauHaty Toukn C.
Bcerga nu 3toT anroputm «cpabortaer»? Kakyro cuTyauuio Hago paccmoT-
peTb OTAENbHO MU KaKylo NPOBepKY AN 3TOoro Hago BbiNonHUTL? Kakwne Bbi-
XOAHble AaHHble ANnA 3TOW CUTyauuW AOMXKeH BblAaTb anropuTm?
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OrTBerbl M YKazaHnAa

4 1 1 3 1
1.1. 1) l?ﬁ, 2) 11, 3) —0,3; 4) —15, 5)1.1.2.1) 115, 2) 11, 3) 4,4;
4) —%. 1.20. 110 noynos.

Mmaea 1.2.5.1) 3; 2) g; 3) KopHell HeT; 4) KOpHEM YpaBHEHHA ABJIAETCHA JII0-
boe uucao. 2.6. 1) 5; 2) 0,8; 3) KopHeM ypaBHeHHUS SABJIseTcCHA J000e YUCIIO;
4) xopmeit mer. 2.7. 1) 0,6; 2) %; 3) —10; 4) -0,9. 2.8. 1) 44; 2) %; 3) -5,2.
2.9.1) —2—1; 2) KOpHEeM ypaBHeHUS ABJAercda Jiwoboe uucao. 2.10. 1) —14—1;
2) xopueit met. 2.11. 1) 0,4; —8; 2) 0; 25; 3) %; -12; 4) -0,6; —1; 0,3. 2.12. 1) 6;
-4,5; 2) -0,8; 3. 2.13. 1) 10; 2) -3. 2.14. 1) 1; 2) -1,4. 2.15. 1) 12; 2) 4%;
3) 2: 4) 3. 2.16. 1) %; 2) 2: 3) 4,8; 4) 1; 5) %. 2.17.1)-10; 2) 3; 3) 1; 4) 0,5.
2.18.1)-12; 2) -0,2. 2.21. 7) —g; -2;8)0;-1;10)1; 11) 8; —-8. 2.22. 4) —20;
100; 6) 2,3; —0,9; 7) 0; 4; —4; 9) 2. 2.23. 2) 55. 2.24. 2) % 2.27. b — moboe
yucao. 2.28. 2) —-53; —11; -5; —3; 3; 45. 2.29. 2) T7; 11; 31. 2.30. 1) 14;
2) —%. 2.31.1)-17; 2) 3,5. 2.32. 2) 3; 3) 2. 2.33. 2) 2; 3) -5. 2.34. 1) a # 5;

2) a+#-7.235.1) Ectu b # -1, To x = %; ecnu b = —1, To KOpHeil HeT;
2) x = - 4 . 2.36. Ecotu m # -8, To x = 1; ecsinnt m = -8, To x — n10boe uuc-

b? +1
mo. 2.39. 1) 3; 2) -1,8; 3) —1; 2; 4) xopHeM ABJsAeTCA J1I000e HEOTPHUIATEIb-

1 oy
Hoe uuciao. 2.40. 1) _E; 2) KopHeil HeT; 3) KOpHEM ABJIAETCA J000e HEeloJIo-

KUTenbHOE unucao. 2.41. 1) a — uérHoe uwncio; 2) @ — HEUYETHOE YUCJIO;
3) uucno a kpatHo 4; 4) Takux 3HaYeHHU He cyulecTByeT. 2.42. 1) Yucmuo b
KpaTHo 3; 2) uuciao b TAKOBO, UTO OCTATOK IPU JeJleHUH yucyaa b Ha 3 paseH 1;
3) Takux 3HayeHUil He cymecrsyer. 2.43. 1) IIpu b > 0; 2) upu b < 0,
2.44. 1) IIpu d < 0; 2) upu d > 0. 2.45. 1) 18 u; nepsblil pAGOTHUK BBIIIOJIHHAT

% 3alaHUA, a BTOPOH — g gamanud. 2.46. 240 crpanun. 2.47. 1) YérHbiM;
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2) HeYeTHBIM; 3) yeTHbIM. 2.48. 1) Her, 2a < anpu a < 0 u 2a = a npu a = 0;
2) mer, 2|a| = |a| upu a = 0.

Maea 2. 3.5. 12 m, 10 M, 8 M. 3.6. 23 615 xm?, 908 xm?®, 285 xm°.
3.9. 20 yenosek. 3.10. 90 kM. 3.11. 20 kr, 14 kr. 3.12. 264 mecra, 270 mecT.
3.13. 12 km/u, 60 km/u. 3.14. 112 p., 64 p. 3.15. 36 p. 3.18. 4 ropa.
3.19. 7 ner. 3.20. 30 crnosapeii, 20 caosapeii. 3.21. 180 000 p., 120 000 p.
3.22. 11 momnetr, 8 moner. 3.23. 800 7. 3.24. 240 p. 3.25. 40 Kr, 8 kKr.
3.26. 600 kr, 200 gr. 3.27. 5 gueinn. 3.28. 40 1, 80 n. 3.29. 4,5 u, 0,5 u.
3.30. 24 muu. 3.31. 50 ¥Mm/4, 20 km/u. 3.32. 30,5 Km/u. 3.33. 2 KM/4.
3.34. 45 xr, 10 xr. 3.35. 14 xr, 10 gr. 3.36. 60 kmur. 3.37. 160 .
3.38. 71 rypuct. 3.39. 109 anenbcunos. 3.40. 8 gueit. 3.41. 100 3amau.
3.42. 93. 3.43. 24. 3.44. 55 ¥m/u, 65 Km/u mau 70 Km/u, 80 KM /4.
3.45. 100 xr, 200 kr. 3.46. 20 kr, 30 kr. 3.47. Eciu BeJloCHUIIeJUCT U IIEIIeXO0]

NBUKYTCA HABCTPEUY APYT APYIY, TO Yepes % 4 U % Y; €CJIA BeJIOCUIIEUCT

NOrOHSAET IIelIexXo/ia, TO Yepes % yu 1 uy. 3.48. 1) 4,04; 2) —-35,16; 3) 1%;

4) —6 % 3.51. 4. 3.52. 3) x — mwboe HeoTpHUIlaATEIbHOE YHCI0; 4) X — mw0boe

HeIoJIoKUTeIbHOe Yncao. 4.15. 24 4. 4.16. 206 1. 4.17. 1) b < 0; 2) |a| < |b|.
4.18. Ymensimuiack Ha 25 %. 4.19. 16,7 %. 5.11. 3) 16; 4) 115. 5.12. 3) 75.
5.34. 2; 3; 4. 5.35.1; 2. 540. 2) x=1uy =-2.542. 1) x =0; 2) x = 1.
5.43. 1) x=0; 2) x =-3. 5.44. 2) Vkazanue. [lokaxure, 4T0 IMOCNEIHASA I[HD-
pa 3HaueHHUA BbhipakeHud paBHa 0; 3) Vkazanue. 3HaueHHe BbhIpaKeHUA —
aTO 4YHWCJO, MOCJeNHAA NMudpa KOTOpPOro paBHa 3, a ocTalibHble — 9,
5.45. 1) Vkazanue. Jokaxkure, 4To cyMMa [U(P 3HAYEHUS BhIPAKEeHUs PaB-
Ha 9; 2) Vkazanue. oraxure, 4To nociaeqHsasa nudpa sHaYeHUS BblparKkeHUsd
pasHa 5. 5.46. Jla. Viaszanue. Paccmorpure npoussenenane (—ab)(—bc)(cd)(—da).
5.47. 1) 8% = 512; 2) 43% = 79 507. 5.48. 1) 7* = 2401; 2) 2642 = 69 696.
5.49. 333% =36 926 037. 5.50. 3. 5.51. 20 %. 5.52. 60 xr, 20 xr. 5.53. 1) 3,8;
2) KopHeii Her. 5.54. @ — oTpHUIATEJbHOE YUCI0, b — MOJOMKUTEILHOE YHC-
1o, ¢ = 0. 6.24. 2) 25; 3) 22%; 4) 2"+ 1, 6.41. 1) 36; 2) 125; —125. 6.44. [la.
Vxasanue. Pacemorpure npoussenenue a®h®. 6.45. 577, 6.46. 2171, 6.47. 1) 6;
2)1;3)4unmun 6;4) 1, wmu 3, unu 7, uin 9; 5) 8. 6.48.1) 1; 2)1; 3) 1 unu 9;
4) 9. 6.49. 1) Yxkaszanue. Ilocaemueit nudpoit crenenn 17° sBaserca 1;
2) Vikazanue. Iocnenueil nudpoit crenenu 64% asnserca 6; 3) Yiasanue.
ITocnenueit udpoii creneru 3% = 81”7 apnaserca 1. 6.50. 1) Ykasanue. Ilo-

ciaenpueil mudpoii crenenu 410 apnserca 6; 2) Viaszanue. Iocnegueit udpoii

919
crerienn 2004171 gpnserca 4, a cremenu 1712994 — 1, 6.51. 171 = ((17;3;1{].
171
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6.53. Cymiecrsyer, manpumep 21 - 32V - 524, 6.54. 2) 31" < 174, Vkazanue.
3111 < 3211 = 255 < 256, §,55. 482° < 4925 = 750 < 751 = (73)17 = 34317 < 3447,
1 21[}!] 21Uﬂ

— = . CHE,ILGBEITE]ILHD, HCEKO-
51!]!] 51[}[} . 21!]{] lolﬂﬂ

6.56. 6. Vxazanue. NUmeem:

Mad nudpa paBHA IocjefHeil mudpe sHavenusd Beipazkenus 20, 6.57. Ila.
Hanpumep, 27 - 34, 26 - 35, 25 . 36, 2¢ - 37, 6.58. 12 yrok. 6.59. 3,6 u.
6.60. 9,6 kM. 6.61. 1) 2; 2) KopHeM ypaBHEeHUA sABIdeTCA J0boe YHCIO.
6.62. Yikazanue. Ilannoe unciio Mo:KHO npencraBuTh B Buae 1000a + a =

~ 1001a. 7.24. 3) —43,2. 7.25. 3) —%. 7.26. 2) 24,5; 3) 30. 7.27. 2) 1350;

3) —486. 7.28. 600. 7.29. 36 ryceii. 8.11. 600 r, 400 r. 8.12. 300 BapuaHTOB.
9.6. 3) 5; 4) xopHe# Her. 9.7. 2) 6; 3) KopHeM YpaBHEHH: ABIAETCA JI00O0e

yucao. 9.10. 1) —45; 2) 24. 9.11. 1) 11; 2) % 9.26. 5. 9.34. -9 npu x = 0.

9.35. 4 ipu iy = 0. 9.39. 1) abc + bca + cab = 100a + 10b + ¢ + 100 + 10c¢ +
+a+100c+10a+b=111a + 11156+ 111c = 111(a + b + ¢). 9.40. Vrxazanue.
PaccMoTpuTe cyMMY JaHHBIX MHOrOWIeHOB. 9.43. Viazanue. (177Tm + 179n) —
— 171(m + n) = 2(3m + 4n). 9.44. 100, 101, 102. Vkazanue. (a — b + 101) +
+ (b — ¢ +101) + (¢ — a + 101) = 303. 9.45. Meubie Ha 4 %. 9.46. 4 u,
9.47. 144 nepesa. 9.48. 10 kM. 10.7. 1) -2; 2) -5; 3) —0,5; 4) kopHeM ypaBHe-
HUA SABIsAeTcA Jiodoe uucao; H5) KopHel Her; 6) 4. 10.8. 1) 2; 2) 0; 3) 6.

10.20. 1) 756%; 2) 0. 10.21. —%. 10.22. 8 cm. 10.23. 64 cm. 10.24. 36 KM,

42 kM, 30 kM. 10.25. 22 neranu, 34 neranu, 24 geranu. 10.26. 1) x" 2 — x"+1;

2) x4 — 22 4 7, 10.27. 1) Bt L 2) a2 42 — Tx. 10.28. Viasanue. U3 ye-
JOBUA ciaenyer, uro @ =3n+ 1, b =9m + 7, rme m u n — HaTypaJbHBIE YHC-
na. 10.30. He cywmectsyior. Viazanue. Cnepyer zamerurs, uro a(b — c) +
+ b(c — a) + c(a — b) = 0. Iro oznauaer, uro a(b — ¢) = b(c — a) = c(a — b) = 0.
10.31. 20 ra, 12 ra, 14,4 ra. 10.32. 210 crpanun. 10.34. 90 kM.
10.35. 8 gmeii. 11.7. 1) -7; 2) -2; 3) 1; 4) —1; 5) KopHeit Her. 11.8. 1) 2;

2) —%; 3) 6; 4) kopHeM ypaBHeHUSA sABIsgercda Joboe uucao. 11.14. 6; T;

12; 14. 11.15. 8; 12; 18. 11.16. 7; 8; 9; 10. 11.17. 16; 17; 18. 11.18. 15 cm.
11.19. 18 e, 12 em. 11.20. 14 cm, 12 cm. 11.35. Heawzsa. Vikaszanue. Ilocne
KaKJ0ro 1iara nojydaeM MHOTOYJIeH, KOTOPBIM IIpu X = —1 NpUHHMAaeT 3Ha-
yeHHe, KpaTHoe 3. MHorounaeH x® + 2 TakuM cBoilcTBOM He o6Jajaer.
11.36. 1. Vkazanue. Cymma k02 (pHUIHEeHTOB MHOTOUYJIeHA ¢ OJHOI IlepeMeH-
HOI X paBHa 3HaueHHI0 MHorouwreHa npum x = 1. 11.37. 15 meraneir, 11 gera-
neii. 11.38. 9 %. 11.39. 1) 3; 2) 9. 11.41. 60 ner. 12.15. 1) —a(a + b)(2a + 3b);
2) 3m(m — 8)(3m — 16); 3) (a + 5)(3a + 2); 4) (4y — 1)(x — 3); 5) (bm — n)*(m +
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+ 8n)%(4dm — 9n). 12.16. 1) (x — 6)(x + 4); 2) (x° — 2)(2y — 7); 3) (4a — 3b)(3a + 7b);
4) (p — 9°2p + 1)*(8p — 8). 12.17. 1) -T; 2) 2; 2%; 3) 5; —-40; 4) 7; 14.
12.18. 1) -6; 9; 2) 10; —6; 3) —%; %; 4) 1%; 1. 12.19. 7) 4942(1 + 2b)2;

8) 81c'%(c — 2)%. 12.20. 5) 64x%y*(2x + 5y)?; 6) 32210112 — 141°)°. 12.23. 1. Via-
sanue. 918 + 9109 = 9108(9 4 1) = 9108 . 10, CnegoBaTenbHO, HCKOMas IUdpa

paBHa nocienHeil nudpe uncaa 9108, 12.26. 1) 0; g; 2) 0; 0,4; 3) 0; -0,2;
4) 0; 3,6. 12.27.1) 0; 6; 2) 0; % 12.28. 1) 2a + 4; 2) 6ab — 4b; 3) 8ab? — 143,

12.29. 1) 2a2b?; 2) 2ab + 2b%.12.32. 1) a"(a+ 1); 2) b" ~3(b3 - 1); 3) "~ 4(c® + 1);
4) d* (d" —1); 5) 27+ 1- 5; 6) 3"+2(3" + 1). 12.33. 1) @ (a® — 1); 2) b" (3b% — 2bh + 1);
3) 257 (1 + 231 +4), 12,34. 2) 24; 3) 20. 12.35. 2) —4; 3) -12. 12.36. 1) 1; 2) 0,8;
3)5.1237.1)a=3; 2) a= —%. 12.38. 9. Vkazanue. Cno:xure JaHHBIE pa-
BeHerBa. 12.39. 18. Viasanue. Ilyers nannoe uncao ab. Torga ab =10a + b =
= (a + 1)(b + 1), orciona 9a = ab + 1, a(9 — b) = 1. Orcioga a = 1, b = 8,
12.40. 13. Vkaszanue. 6x2 — 2x + 7= 2(3x% - x) + 7. 12.41. 24. Vrasanue. x* —
— Tx% - 3b5x — 1 = x%(x% — Tx) — 35x — 1. 12.42. Vxasanue. J[lanHoe BbIpase-
Hue pasao 11 111(100 001 -2)=11111-99999=9(11 111)%. 12.43. m =38,
n =4. Vkazanue. Umeem: 2"(2™ " - 1) =16 - 15. 12.45. 20 kr. 12.46. 28 0Ga-
nok. 12.48. Her. 13.7. 1) 15; 2) 72; 3) 25. 13.8. 1) 250; 2) -1. 13.11. 1) (a”" +
1)@ +1); 2) (b+ 1)(B" 1= 1); 3) (" * 1 — 1)(3y2 + 5). 13.13. 1) (x + 6)(x + 2);
2)(x—4)x-1);3)(x-Dx+8); ) (x+ 1)x-5).13.14. 1) (x + 1)(x + 3);
2) (x — 2)(x — 8); 3) (x + 6)(x — 3); 4) (x — 8)(x + 4). 13.15. Vxasanue. n® + 3n® +
+2n=nm’+3n+2)=n@?+n+2n+2)=nnn+ 1+ 2(n + 1)) = n(n +
+ 1)(n + 2). 13.16. Vraszanue. 3"+2 — 27n+2 4 37 = 3%(32 + 1) — 2%(22 + 1) =
—37.10=-27"-5=3"-10 — 2”—1 -92.5=23n. 10_2”—1 - 10 = 10{3:&_2”—1}.
13.18. 2. Vkasanue. 2x* + 3x%y? + y* + y? = 22t + 2x%2 + 2 %y% + Yyt + y? =
= 2x%(x? + y?) + y?(x? + y?) + 2. 13.19. 8. 13.20. Vxaszanue. B pacemarpusae-
Moe IpoussefeHue BMecTo 1 mopcrasere ab + be + ac. 13.21. Vrkaszanue.
Bocnonwsyiitech rem,uroa=1-b-c,b=1-a-c,c=1-a—-b. 13.22. 4 0B-
mel. 13.24. 6 u. 13.25. 40 1, 10 x. 14.12. 5) 16a* — 1; 6) ¢'?2 — 625.
14.13. 4) ¢® — 1. 14.14. 3) >+ 1 — x®%; 4) @2+ 2 — h?'~2_14.15. 3) 422 + 3x + 93;
4) b%c®. 14.16. 1) x2 — 4x + 19; 2) b'2. 14.17. 1) —1; 2) kopHeil HeT; 3) KOPHEM
ypaBHeHUA ABaderca Jjgioboe uwmcao; 4) —-25,6. 14.18. 1) -40; 2) -3.
14.23. 1) 4; 2) 25; 3) 9; 4) —1. 14.24. 1) 1; 2) 256. 14.26. Vkazanue.
2563 - 259 = (256 — 3)(256 + 3), 252 - 260 = (256 — 4)(256 + 4). 14.28. Vrkasa-
Hue. YMHOMKBTE U pasfelIiTe BeIpaskeHue, CTosdllee B JeBOH YacTH paBeHCTBA,
Ha 1 + 2 + 22, Jlanee BocmosbayiiTeck TeM, utTo (1 + a? — a)(1 + a®> + a) = (1 +
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+ a® + a*). 14.29. Yxazanue. O6o3auum uucyo 1001 6yksoit n. Torga nan-
HOe BbIpa)keHue npuHumaer Buf (7 — 1)(n + 1)(n2 + 1) + 1. 14.30. 14 kM /4,
42 kM. 14.31. 20 kr, 80 kr. 14.32. 4 4. 14.33. 7° = 16 807 ropcreii, 1,34 .

14.34. 1) —1%; 2) 6%. 15.10. 1) -150; 2) 12,8. 15.11. —40. 15.14. 4) (¢° —
]

— 3)(c® + 13 + y°). 15.15. 1) (a — b)(a + b)a® + b?)(a* + bY); 2) (a? -

_ 9)(a? + 2)(a* + 4)(a® + 16). 15.16. 1) 4 —g; 2)-1; —7; 3) -10; —2%; 4) —1%;

_1 2,10, 5y 46. _3 2 _ 2 _
o5 1517.1) =5 55 2) -16; — 2. 15.21. 1) (2n + 2)* — (20)* = (2n +

+2-2n)2n+ 2+ 2n)=2(4n + 2). 15.23. 43 u 34. 15.25. 1) h=2; 2) b = -2;

3) b 2 unb =+ -2. 15.27. g Vxaszanue. Jlannoe BbIpakeHHe PpPABHO

22 -1 3*-1 4*-1  12*-1

5 5 T " e >—- 15.28. 8 xm/u. 15.29. 45 xr. 15.30. a = -3.
2 3 4 12

15.31. 1) —%; 2) KOpHEeM ypaBHeHU:A ABJIdAeTcA giodoe uncao. 15.32. 1) a > 0;

2) a # 0; 3) a — nwoboe umcao. 16.19. 5. 16.20. 1) 9; 2) -0,6; 4) —5.
16.21. 1) —%; 3) 7. 16.22. T cm. 16.23. 26 cm. 16.24. 12; 13; 14. 16.25. 19;

20; 21; 22. 16.34. 1. 16.35. 0 num 1. 16.39. 7. 16.40. 3. 16.43. a = 1.

16.44. a = —%. 16.46. llyctb n — TpeThbe U3 JAHHLIX YHCeJ, TOrIA JaHHBIE
YyucJia paBHBLI cooTBeTcTBeHHO 1 — 2, n — 1, n, n+ 1, n+ 2, rne n > 2. [loka-
JKUTe, 4YTO CYMMa KBaJpaToB 3TUX yucea paBHa 5(n2 + 2). Yrob6wl nmoayueH-
HbII pPe3yJIBTAT MOTI' OBITH KBAJPaTOM HEKOTOpPOT0 HATYPAJbHOIO YHCJIa, 3HAa-
YyeHUe BhIpaMKeHUs 12 + 2 J0JIHO ObIThL KPATHBIM 5, T. €. ero mociaeasei mud-
poil mom:xHa ObITH Hudppa 0 mam nudpa 5. Tak Kaxk mociaemgHeidl NUdpoH
3HAYeHUA BbIpaskeHUsA n? MokeT ObITh ogHa u3 nudp 0, 1, 4, 5, 6, 9, To 3Ha-
YeHHe BhIpAKeHHUA 12 + 2 He MOKeT okaHYMBaThes nudpoi 0 uiu nudpoi 5.
16.47. 5000 1. 16.48. 500 kr. 16.49. Ogunakosada. 16.52. 2) Takux sHAUEHUH
"e cymecrsyer; 3) x = —1. 17.11. 1) (4da — b)?; 2) (6x + 5y)?. 17.12. 1) (2m +
+ 2n)%; 2) (Tx + 4y)2. 17.13. 1) 0,0016; 2) 10 000. 17.14. 1) 10 000; 2) 9.

17.17. 2) - %. 17.18. 2) g 17.22. Viasanue. x> — 14x + 52 = 12 — 1dx + 49 +

+3=(x-T72+3.17.24. 1) L upu x=3; 2) 16 npu x = —g; 3) g npu X = —%.

17.26. 1) -8 npu x = 2; 2) -1 npu x = %; 3) -7 npu x = —%. 17.28. 1) 100

npu x = =8; 2) 11 opu x = g 17.29. 1) 4 npu x = 14; 2) -50 nopu x = —g.
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1731. (a - 3b)a—-3b —4) + 4 =(a - 3b)* — 4(a - 3b) + 4 = (a — 3b + 2)-.
17.32. 6) Vkazanue. 2a® + 2b* = (a® + 2ab + b?) + (a® — 2ab + b?). 17.33. 1) (a® +
+ 432+ (3a)% 2) (x + y)* + (31)% 3) (v — 3Y)2 + (¥ — 3)% 4) (x — B + (y + ).
1734. 1) x=-4,y=5;2)x=-6,y=1.17235. 1) x=-1, y = 0,5; 2) rakux
3HaYeHHI He cymecTByeT. 17.36. 45, 17.38. 8. 17.39. —-10. 17.40. Vxaszanue.
ITocne pacKpbITHs CKODOK mpubaBbTe H BhiuTUTe 2mn. 17.42. 24 = 12 + 12.
Yrxazanue. Ilyerh oqHO U3 ciaraeMbIX paBHO X, TOTJa BTopoe paBHO 24 — X,
a uX npousBegeHue: (24 — x) = 24xr — 2 =122 - 122+ 2 - 12x — 2% = 144 —

2 2
- (12 — x)%. 17.43. 5 cM, 5 cm. 17.44. 4. Yxaszanue. b? + % =bh? + % +ab -

2
—ab = [b + %) —ab. 17.45. 0. Vxazanue. JlanHOe B YCI0BUU PABEHCTBO IIpe]-

crasere B Bue (@ — b)2 + (b — ¢)? + (a — ¢)> = 0. 17.46. 59. 17.48. 2 uwim 2.
Vrasanue. (a+ b — c)® = a® + b% + ¢ + 2ab — 2ac — 2bc. 17.49. Yxaszanue.
a’+ b%+ 3c% + 2ab + 4ac + 4bc = a® + b? + 4¢? + 2ab + 4ac + 4bc — . 17.51. Cy-
mecTByer, Hanpumep n = 12. 17.52. Vkazanue. O6oznauum 1000 = n. Torga
IaHHOE BhIpAaKeHUe npuHuMaet Buj n2 + n?(n + 1)2 + (n + 1)2. Ilokamure, 4To
[IOJYYeHHOEe BhIpaskeHue TOKAeCTBeHHo pasHo (12 + n + 1)2. 17.53. Ykasanue.
Ob6osnauum 1002 = n. Torma manHOe BeIpakeHHe HpuHUMAaeT BUL (171 — 3) (1 —
— 1)(n + 1)(n + 3) + 16. IloxakuTe, YTO MOJYUYEHHOE BhIpaKeHHE TOMKIe-

cTBeHHO paBHo (12 — 5)2. 17.54. Vikaszanue. x* — x + %: xt-x%4 %4‘ X2 —x+

+ i 17.55. Vikazanue. x* —4x + 5 =2 — 4x + 5 + 4x2 — 4x2. 17.56. 1. Viasza-

Hue. n?+2n+1<n?+3n<n?+4n+1,r.e.(n+1)2<n?+3n<(n+ 2> Ec-
JIM BBITIOJIHSAETCS cTporoe HepaseHeTBo (17 + 1)2 < n? + 3n < (n + 2)?, 1. e. 3Ha-
yeHHNe BhIpAMKeHHUs 72 + 371 HAXOLHUTCH MeKJY KBaJpATAMH JBYX IIOCJIEL0BA-
TeJILHBEIX HATYPAJbHBIX UYMCEJ, TO 3HAYEHHEe HTOr0 BEIPAMKEHHA HE MOMKET
OBITH KBaJpaTOM HaTypaJbHOro uucia. Ocraércsa paccMOTpeTh ciayuali, Korma
(n+1)2=n?+ 3n. 17.57. 8. Vxazanue. n (n + 8) + 16 = (n + 4)2. 3uaueHue BLI-
paskenus (n + 4)® okanuusaercs Ha 0 1 ABIAeTca TOYHBIM KBagpaTroM. Cireso-
BaTeJIbHO, OpennocjenHaa nudppa ero sHadeHua toxke 0. 17.58. 100 xm.
17.59. 60 ra, 40 ra. 17.61. 13. 17.62. 420 ngueii. Yxkazanue. Yrobbl y3HATH,
yepes3 CKOJBKO JHell pel0aKHM CHOBa co0epyTcsa HA o3epe BMeCTe, HaJ0 HANTH
HOK (1, 2, 3,4, 5,6, 7). 18.11. 1) 9; 2) 25x — 64; 3) 6a%+ 9a — 27; 4) a®* - 1.
18.12. 1) -124; 2) —? + 3y — 36; 3) a® — H®. 18.14. 2) 0,5; 3) —1; 4) 8.
18.15. 2) 6; 3) —5. 18.21. Vkazanue. IlycTh nanHble yucaa paBHBRI 21 — 1
u 2n + 1. 18.22. Vkazanue. 3t uncjia MOKHO NPeACcTaBUTh B Bujae 31 + 1
u 3n + 2, roe 1 — Npou3BoJbHOe HaTypanbHoe uyuciao. 18.23. 1. Vkaszanue.
x5+ 3x%% + iy = (% + )t — x%y? + y?) + 3x%y%. 18.24. 8. 18.27. Vrasanue.
IMockoasky ¢ = —(a + b), To gocraTouHo AoKasaTb, uTo a® + b® — (a + b) 3 =
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= —3ab(a + b). JIpyroe pelnieEne MO¥KHO IIOJYYHTH, €CJHA BOCIOJIB30BAThHCHA

pesyabraToM 3amzaund 11.34. 18.29. 18 kr; 6 xr. 18.30. 2. 19.11. 1) 2; 2) —%;
3) —%. 19.12. 1) -3; 2) %; 3) —g. 19.14. 1) Yxazanue. x* + 3x%y + 3xy® + 2° =
0

=(r+ )3+ 7% 19.16. 1. 19.17. 5. 19.18. 4. 19.19. Vxazanue. Ilycrs 1002 = a.
Torma 1004 =a + 2, 1003 =a + 1, 1001 = a — 1. Teneps A0CTATOYHO JOKA3ATh
ToxxgectBo al(a + 2)° — (a + 1)(a — 1)% = (2a + 1)3. 20.19. 6) -2; -3; 3; 7) 5;
8)—-1; 1. 20.20. 5) -1; 1; 6) —5; 5; 4. 20.25. 1) (x —y + 4)(x + y — 2); 2) (2a -
— 3b — 3)(2a + 3b + 1). 20.26. 1) (5x — y? + 4)(bx + y* — 10); 2) 4(3m -
— 2n + 3)(3m + 2n — 2). 20.27. 4) (2a — 5)(2a — 1); 5) (3x — Ty)(3x — y);
6) 3(2m — n)(6m — Tn). 20.28. 4) (x + 3)(x — 2); 5) (¢ + 3d)(c + 5d); 6) (3x —
— 8y)(3x — 2y). 20.29. 1) —40; 2) T4; 3) 84; 4) 632. 20.30. 1) 54; 2) 48;
3) 1746. 20.33. Hesepno. Vxazanue. PaccMoTpuTe pasHocTh JIEBOH U IIPAaBoil
yacreit pasercrsa. 20.34. 1) Vkaszanue. x? + 2x — 9y? + 12y — 3 = 1% + 2x —
— 92+ 12y +1-4=(?+2x+1)—- (9y? - 12y + 4) = (x + 1)*> — (8y — 2).
20.36. 5) Vrasanue. m> + m* + 1 =m®> + m* + m® —m?®+ 1; 6) (x — 1)(x +
+ 1)(x? + 1)(x* + 2). 20.37. 5) Vkazanue. x¥® +x"+ 1 =28 +x" + a0 —af — ° -
— 2+t + -2 +1.2038. 1) (x - 1)+ 1)(x - 2)(x+ 2); 2) (x2+x+
+ 1)(x% —x + 1); 3) (222 — 4x + 1)(2x2 + 4x + 1). Vrkazanue. 4x* — 12x2 + 1 =
= (dx* + 4x% + 1) — 162%; 4) (&2 + 3)(x? + 6). Vrasanue. x* + 9x% + 18 =
= x?+ 622+ 9+ 32+ 9; 5) (% - 2x + 2)(a? + 2x + 2). Vrkazanue. x* + 4 =
= x?t+4x?2 + 4 - 4x%. 20.39. 1) (12 —x + 3)(x% + x + 3); 2) (% - 2x — 2)(a? +
+ 2x — 2). 20.42. 14, 18, 22. 20.43. 13 kM. 20.44. 2) -2; 2; —18; 18; 3) —18; 2;
4) 4. 21.5. 3) Vkazanue. 5+ 25" + 13 - 132" = 52n+1 4 1327+ 1. 4) Vkazanue. 21" +
+4"+2=21" - 4"+ 17 - 4". 21.8. 1) Vkazanue. 2'%3* + 1 =(2%)%17+ 1. 21.9. 1) Vxa-
3anue. YMHOMbBTe BBIDA)KeHHs, 3allMcaHHble B 06eMX 4yacTAX paBeHCTBA, Ha
Beipazkenue x — 1. 21.10. 1) 31°°, Vkazanue. YMHOXKBTE JaHHOE BhEIPpAKEHUE

421 + 321

Ha 3 —2=1; 2) — 21.11. a = 2. 21.13. Vkazanue. Ilepenuiiure nan-
Hoe BeIpaskenme Tak: (1191 + 30101 + (2101 4 29100y 4+ | 4+ (15101 + 16101,
21.14. 1) 0; 2) 0; -1. 21.15. 1) Yxasanue. 7- 52" +12-6"=T7- 25"+ 12+ 6" =
=T-25"-T7-6"+ 19 - 6".

Mmasa 3. 22.8. 2) |-2,2}; 4) @. 22.9. 4) {5}. 23.20. J[[la. MHOXeCTBO HATY-
panbHBIX yncea. 23.35. a = 3. 23.36. 420 uenoBek. 24.23. 5S(x) = 40(40 — x).
ObsacTe ompelesleHUsA: MHOMKECTBO YHCeJ, VIOBJIETBOPAKINAX HEPABEHCTBY
0 < x <40.24.24. V (x) = (100 — 2x)? - x. O61acTb onpefie/IeHUs: MHOMKECTBO
yuces, VIOBJeTBopaAwInuX HepaBeHcTBy 0 < x < 50. 24.31. 12, 22, 32.
24.33. Vkaszanue. Cnoxure JeBble M IIpaBble YACTH JaHHBIX PaBeHCTB.
25.20. y = 4x + 1. 25.21. y = x® + x. 25.25. Pucynok 1. 25.26. Pucysox 2.
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Y4 7§
1+ . ] . 1
— >
1‘3 1 2 3 4 5 6 * o ; X
Puc. 1 rPuc.z
25.31. 15 muén. 26.25. A(%;—%). 26.26. 1) (-10; -27); 2) (-14; 8).

26.27. (3; 5). 26.32. 1. 26.33. 3. 26.34. . = 0,5, b= 4. 26.35. k = é, b=-1.
26.40. 1) n; 2) k; 3)y m; 4) p. 26.43. k=-1.26.44. b =11.26.51. 1)y =x+ 3;
2) y=-0,0x—-1. 26.52. 1) y = —gx; 2) y = 2x — 4. 26.54. He moryr. Vkasa-

Hue. PaccMoTpuTe 3HAYEHU NAHHBIX GyHKIMI npu x = 1. 26.55. Viaszanue.
W3 pucyHKa BUAHO, 4TO £ + b = 0. D10 3HAUUT, 4TO rpaduk GyHKIUHA i = bx + k
nmepecekaer ock opauHat B Touke (0; —b). 26.56. Moxuo. Vrxazanue. Ilo-
Kaskure, 4To npum Jgwobom k£ rpaduru nepecekaiorca B Touke M (—1; 2).

26.58. 1) -39; 2) -12. 26.59. 1) %; 2) 1,4. 26.60. VYxaszanue. IlyeTrs BTOpOE

13 STHUX YHCEJ PAaBHO 7, TOrJa IepBoe Yucjo OyaerT paBHO # — 1, a TpeThbe —
n + 1. PaznoxuTe HA MHOMKHTEJIH CYMMY Ky0OB IepBOI'O U TPETHEro 4Yucell.
26.62. a’ — b?. Yrkaszanue. x* + X*y? + y* = x* + 22%% + y* — 2%y? = (% + y?)? - 22
26.63. I3 onpefesieHuss MOAYJIA CIeAyeT, 4To |x| = x, mosromy |x| —x = 0.
BmecrecrteM 2y — a2 - 2= +2xr-1-1=—-(x-1)*-1<0.

Mmaea 4. 27.9. 2. 27.10. 6. 27.13. 3) (-3; 0); (3; 0); (0; =3); (0; 3); 4) (5; 0);
(—5; 0); (0; —5). 27.28. (3; 3). 27.29. (4; —4). 27.30. 1) (1; 1); 2) (1; 3); (6; 2);
(11; 1). 27.33. 3 cuocoba. 27.34. 9 zajgau o aaredpe u 2 M0 reoMeTpHUH, HIHU
6 zamau mo anredbpe u 4 Mo reoMeTpuH, UIX 3 3aJadyn Mo aarebpe u 6 mo reo-
metpun. 27.35. 1) (0; 2); 2) (-1; 3); 3) (-0,5; —0,5); 4) pemreHH# HerT.
27.36. 1) (5; —5); 2) pemrenuin Her. 27.37. (0; 0); (-1; 0); (1; 0); (0; -2).
27.38. (0; 4); (0; —4); (53 0); (—5; 0). 27.39. 5 %. 27.40. 20 abnok. 27.41. 1) 6;

2) —5. 27.42. 269,5 km. 27.44. 1) 12; 2) —%. 28.37. -12. 28.38. 4.

28.39. a = -4, b =2.2840.a =7, b =-3. 28.43. 1) d; 2) c; 3) b; 4) a.
28.44. 1) y=0,6x+ 2; 2) y = 0,6x — 3. 28.45. x + iy = 6. 28.50. 1 napa (3; 2).
28.53. 1) 5; 2) 3,5. 28.54. 2) (x — 3y — 4)(x — 3y + 4); 4) (c — b — 3)(c + b + 1).
298.1)a=3,b=-2,5:2)a=4,b=-6.299.a=2,b=5.2914.IIpun a # 7.

279



29.15. 1) 16; 2) —o. 29.16. 1) llpu a # 14; 2) npu a =-10. 29.19. 1) (-2; 2);
2) (—2; 2); (1; 1); 3) pemennii Het; 4) (1; —1); (3; 3). 29.20. 1) (1; 1); (-3; 3);
2) (2; 1); (=25 -1); 3) (2; 0); (=2; 0); (0; 2); (0; -2). 29.21. 3 kr.
29.22. 60 xkm/u. 29.23. 3; 5; T; 9. Vkazanue. Obo3HaybTe HAMMEHbIIIEE K3
aTUX uucesa 2k — 3, rme £ — npousBoJIbHOE HATypalbHOE YHCJIO, GoJbiree 1,
30.3. 1) (6; 3); 2) (4; 2); 3) (1; 2); 4) (4; —3); 5) (=5; —=T7); 6) (1,2; -0,7).
30.4. 1) (-9; 20); 2) (-1; 3); 3) (-2; —1); 4) (-3; 4). 30.5. 1) (0; —6); 2) (8; 6);
3) (=5; —4); 4) (4; -3). 30.6. 1) (1; —1); 2) (-2; 0,5); 3) (14; 2). 30.7. 3 %.
30.9. 2% - 1=(29) " -1 =16" — 1. ITocaenueir nudpoii crenexu 16" apiger-
ca 6. Torma mnocinemHell nH@PON MAHHONO BbhIPAMKEHHA ABIAETCI .
31.3. 1) (8; 1); 2) (1,2; 0); 3) (-1; —2); 4) (7; —-1); 3) (45 —1); 6) (6; —-2);
7)(2; -2); 8) (55 6). 31.4. 1) (15 2); 2) (35 —1); 3) (45 2); 4) (65 5); 5) (1,55 0,3);

6) (1; —1). 31.5. 1) (=3; —4); 2) (1; -0,5); 3) (53;—3]; 1) (2; -2).
31.6. 1) (-0,6; —3,2); 2) (1; 3). 31.7. 1) (1; 1); 2) (=3; 3). 31.8. 1) (~20; —0,5):

2) (-2; 3). 31.9. 1) (—%; 2%); 2) (-10; 5). 31.10. 1) (-5; —6); 2) (1; —6).
31.111. a=5,6, »=0,8. 31.12. m =9, n = -12. 31.13. 1) y = -0,2x + 1,4;
2)y=—-x+1.31.14. 1) y = 0,5x + 3,5; 2) ¥y = 3x + 3. 31.16. 1) (3; —1,6);
2) pemenuii mHer. 31.19. -0,8. 31.20. 2. 31.21. 1) (3; -3); 2) (1,5; 0,75);

3) (4; -gj; 1) (-5; 6); 5) (-2,4; —4). 31.22. 1) (10; 5); 2) (0,5; 1,5);

3) (-8; —28). 31.23. 1) (0,2; 1); 2) (1; —1). 31.24. 1) (%: 1]; 2) (2; -2).
31.25. 1) 6; 2) -2,5. 31.26. 9 zagau. 31.27. 2 4. 31.29. 96 1epeBbeB.
32.3. 63 apmuHa CHHero cykHa 1 75 apmuH 4épHoro. 32.4. 7 4eTbIPEXMEcCT-
HBIX JIOJOK U 3 IecTHMecTHBIX. 32.5. 9 kr, 7 kr. 32.6. 8 ra, 6 ra. 32.7. 9 ne-
taneii, 6 meranei. 32.8. 4 u, 5 m. 32.9. 140 p., 120 p. 32.10. 15 p., 18 p.
32.11. 58 km/u, T0 kM /4. 32.12. 60 xm/u, 40 km/u. 32.13. 4 kM/u, 16 KM /4.
32.14. 84 km/4, 79 km/u. 32.15. 80 1, 60 n. 32.16. 28 nacca:xxupos, 36 mac-
caxxupos. 32.17. 18 km/u, 2 KM/ /u. 32.18. 25 Km/u, 2,5 kM/u. 32.19. 5 meur-
KOB, 7 memxoB. 32.20. 40 pynwmii, 170 pyouit. 32.21. 42 roga, 15 ner.
32.22. 60 ner, 12 ner. 32.23. 45 roctiomoB, 30 kKocriomon. 32.24. 600 p.,
900 p. 32.25. 30 p., 40 p. 32.26. 100 p., 40 p. 32.27. 12 000 p., 9000 p.
32.28. 18 000 p., 12 000 p. 32.29. @ = 120, b = 100. 32.30. 12; 15.
32.31. 100 xr, 200 kr. 32.32. 20 kr, 30 xr. 32.33. 87. 32.34. 6 cm, 8 cwMm.
32.35. 5 cm, 7 cm. 32.36. 3 kM/u, 12 Km/u. 32.37. 5 ¥M/u, 4 KmM/4.
32.38. 12 km/u. 32.39. 60 7. 32.40. 50 Km/u, 75 EM/u4, 90 KM/u, 450 KM.
32.41. 48 gkm/u4, 60 km/4. 32.42. 48 EMm/4, 16 km/u. 32.43. 320 r, 480 r.
32.44. 63 xr, 15 kr. 32.45. 72. 32.46. 39. 32.47. 24 n, 40 n. 32.48. 28 1,
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42 n. 32.49. 1) Takoro yucaa He cyuecTByeT; 2) Jwdoe NBY3HAYHOE YHCJIO,
y KoToporo 1udpa aecaTkoB Ha 2 DoJiblile HTU(PBI eAUHKIL, Ha 18 0oJblile duc-
Ja, 3allHCAHHOrO TeMH e 1udpaMu, Ho B obpaTHoMm nopaike. 32.50. 8 Koca-
peit. 32.56. a®> = ¢ + 2b. 32.57. 7,5. 32.59. 8.

Imaea 5. 33.1. 16 cunocodos. 33.2. 15 orpe3kos. 33.3.1) 8; 2) 4. 33.4. 4 - 3.
335.3:6-5.33.6.1)4-2; 2)4- 3. 33.7. 1) 6; 2) 2. 33.8. 100. 33.9. 20.
33.10. 25. 33.11. 8. 33.12. 6°. 33.13. 16. 33.14. 32 - 24. 33.15. 3600.
33.16. 1800. 33.17. 11 - 9 + 8 - 7. 33.18. 5° + 4 - 5%, 33.22. 2) (b® — 2b% +
+ 3)(H3 + 2% — 3); 4) (8x — T)(3x + 5H).
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