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] | rJIABA( I zi
T MPOCTBALME DYHKLIM
KBAAPATHbE KOPHM

§ 1. YHKUHH U TPA®PHKH

1.1. YnchoBule HepaseHCTBA

JelcTrBuTeAbHbBEe YHCAA MOAMHHEHB CACAYIOUWIHM MPAaBUJIAM:

flpasusc {. Ana nwbpix AeHCTBHTENbHBIX 4MCeN @ H b Hmeer
MeCTo TONBKO OAHO H3 COOTHOWEHHH

a="b a>b, a<b.

Hanpumep, ans uucen 6 u 10 BepHo HepaBeHcTBO 6<C 10, HO He
BepHul paBeHcTBo 6 =10 u nepapenctso 6= 10.

3aMeTHM, UTO ecnn a>>bh, To b<"a.

Hepanenctsa ofHOrMO 3HAKA HA3BIBAIOT OGHOLMENABLMU, HATIPH-
Mep HepaBeHcTBa —2<C5 u 3«1l oaHouMennbie, —5> —10
H 10> —3 opHOHMeHHbBIE,

fTpasusro 2. Ian mwbptx peACTBATENbHBIX HHCen a u b, Ta-
KHX, u4T0 a<<b, Haiipgercs Takoe ALHCTBHTEALHOE YHCAD €, 4TO
a<Zc u ¢<Zb, HAN, UTO TO Me caMoe, a<-c<_b.

Hanpuwmep, ana uncea 1,2 n 1,3 cymecreyer uucsio 1,22, ta-
Koe, uto 1,2<71,22<71,3.

fipasusro 3. Aag 1oGuX AEHCTBATEIbHBLIX YHCen &, b H ¢ H3 He-
PaBencte a< b u b<Ic chenyer HepaBeHcTBO a < ¢ (cBoHicTBO TpaH-

3HTHBHOCTH HEPABEHCTR).
8 4 8 4
Hanpumep, ua Hepasencrs §<l H l<§ crefyer, uto o<l-.
flpasuro 4. 1na mo6ux geHcTBATEAbHBIX YHCen a, b H € H3 He-
paBencrea a << b caeayer Hepapencreo a+c<<b}c.
3To 03HaUaeT, YTO 3HAK HEPABEHCTBA HE HIMEHHTCH, eCJIH K Npa-
BOH W nepoil yacTAM HepaBeHCTBA NPHOABHTL OAHO H TO Ke YHCAO.
Hanpumep, npu6aBum Kk npaBoil W NeBOil UaCTAM BEpPHOrO Hepa-
Beterea 6<C11 no —4, noAyYyHM BepHOe HEpPAaBEHCTBO
6—4<<11—4, nan 2<7.

1= Anrebpa B knacc.



a) fipaguaro 5. DAan 5w06uX AeficTBuren,.
HbtX unces @ K b r wboro NONOKHTEN bHg.
O YHCAA £ M3 HEPABEHCTBA a<7 b chaeayer
HEpaBeHcTBO ac << be.
3TO 03HAUYAET, YTO 3HAK HEPABEHCTEA ye
H3IMEHHTCA, €CtH NIPaByl0 H JEBYI0 Yacry
HEPaBEHCTBA YMHOXKHTb HZ OAHO M TO xe
6) TIOJIOXKHTE/BHOE YUCAO.
b Hanpumep, yMHOXKHM NpaBylo W nesyio
el <la 4acTH BEPHOTO HepaBeHCTBA —6<I2 ua 3
NONYYHAM BepHOe HepaBeHCTBO —6-3<C2.3
al-e|l<|b-d nan — 18 <6.
W3 nepeuncnennbix Bbille NATH Npasua
BHITEKAIOT CJAeAYWUME <C80HCTéa Hepa-
Prc. 1 T

Caolicreo [. Ecan uncna a, b, ¢ u d va-
KOBH, 4T0 a<b n c<d, 10 atc<b+d.

310 03HauaeT, YTO BEPHbie OAHOMMEHHLIE HEPABEHCTBA MOMXHO
MOUNEeHHO CKAaAmBaTh (puc. 1, a).

HeficTBuTentHO, H3 YCaOBUA a <7 b Ha ocHOBAHHK Npasuna 4 cae-
ayer, uto atc<<b+4¢, a U3 yenosua c<<d Ha OCHOBAHHUM TOro Xe
npaeuna 4 caegyer, 4ro b4 c<<b-+d. Tenepb, npuMensan npaeuao
3, noayvaem g+t c<<b4d.

3]
>[R[
+
W

Ceolicrao 2. ECAH NON0XKHTEAbALIE YRCAA 4, B, ¢ ¥ d TaKoBH, 4YTO
a<<b w c<d, o ac<<bd.

3710 03HAUAET, YTO BEpPHHE ONHOHUMEHHHE HEPABEHCTEBR, NPABble
H JIeBble YACTH KOTOPbIX NOJAOXKHTENIbHE, MOMHO NOYJIEHHO NepeMHOo-
Mate (puc. 1, &)

HeficTBuTEALHO, AJA NONOMKHUTEAbHBIX YHCEA @, b, ¢ H d HA OCHO-
BaHUH npaBuaa b u3 ycJoBuA a < b noayvyaem ac << be, a H3 yCAOBHA
¢<<d noayuaem bc<Zbd. Teneps Ha ocHOBaHWH NMpaBuaa 3 noayua-
eM ac<Zbd.

Ceoiicteo 3. Ecan uucaa @ w b vakosu, uT0 @ << b, T0 —a> —b.
B camom geae, npuGaBHB K AeBoil H NpaBofl YacTAM HepaBeHCTBA
a<<b wacao (—b—a), Ha OCHOBZHHH NpaBHAa 4 noayuuM

at(—b—a)<b+4(—b—a),

OTKyAa chaegyeT, 4To —b< —a, uan —a> —b.

Csoiicteo 4. Ecn ¢ — oTpHLATEALHOE YHCHO W YHcha @ u b Ta-
KoBbl, uTo @< b, T0 ac>bc.

9T10 03HaYaeT, UTO 3HAK HEPABEHCTBA M3MEHHTCH HA TPOTHBOMO-
JOMHBIA, ecad ofe yacTH HEPABEHCTBA YMHOXHTh HA OLHO W TO Xe€
OTPHLATENbHOE YHCIO,

HefcTeuTeNbHO, M3 HEPABEHCTRA g << b caegyer, 4to —a > —b.

YMHOXHR 5TO HEPABEHCTBO HA NOJOXKHTEALHOE UACAG — ¢, MOJAY-
YHM
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(—a)(—c)>(—=b)(—0)

oTKyAd ac¢>>be.
Csotictéo 5. ECAN nonoXuTenbHbe WHCA2 @ H b TakoBwl, uTo
11
a<b, T0 ;>3.
B caMOM €€, YMHOXHE HepPaBeHCTBO @< b Ha NONOXKHTeNbHoe
QHCAO ——, TIONYUHM Ha OCHOBAHMH NpaBhAa 5 nocae cokpauieHu
a

HYXHOE HepaBeHCTBO

| 1 | 1
PR it &

Caoticrao 6. Ecaw nonoxnveabnuie 4ncaa a w b takosm, uto
a<b, 10 &< bt

3710 cBOACTBO cAefyeT U3 CBOUCTBA 2 NPH YCAOBHU £=a H d=0b.

Buiiwwe ynoTpeGARAHCE 3HAKH paBeHCTBA (=) M CTpororo Hepa-
geHeTBa (<< Kn>>). MHoraa BoaHWKaeT HeoGXOAMMOCTb B HECTPOTrHX
HepaBEHCTBAX.

fTpumep. B 31y 3uMy TeMnepatypa B MockBe He onycKanach HH-
we —30°C. Ecan remnepatypy oboanauutt Gyksofi ¢, To B A06ofi
AeHb 3UMBb AHOo > —30°C, aubo = —30°C, uTto 3anHchHBaIOT
rak: { = —30°C.

[Npuseaem onpeneaeHusl HECTPOrHX HepaBeHcTs a<c b H aZ2b.

Yucnosoe HepaBeHCTBO @< b Boipaxaer, uro aAubo a<C b, aubo
a==»,. HepepHo oHO AHwWwb B cayuae a>>b.

3anuck a<Cb YHTAWOT HAH «a He Gonblie b», HAH «a MeHbllle HJH
paBHe b».

Ynecaosoe HepaBeHCTBO @ == b Bhipacaer, uto Aubo a>>b, aubo
a=~s.

Zzanuf:b 2 22 b unTaloT <@ He MeHble &> Han «a GoMblue HAK paB-
HO b,

Hanpumep, nepasenctsa 56 u 4222 o6a BepHLIe, 2 HepaBeH-
ctBa 9.7 u 3224 ofa HeBepHbie.

Jdan HecTporux HepaBeHCTB CnpapBeadHShl NPUBENCHHBIE Bbillle
npasuna 3—5 U ceodictea 1—6, eCAN B HHX 3HAK CTPOrOre HepaBeH-
CTBa 3aMEHHTb HA 3HaK HecTpororc HepabeHcTBa. Ciopmynupyem
OLHO W3 CBOWHCTB.

Caoiicrao 6*, Ecan nonomuTelbHbie 9ucaa & W b Takosu, 4T0
a< b, vo a*<<H

Mbl yKe oTMeYaNH, 4TO eCAH a<Ch U b<c, To NUWYT a<<b<c.

[Mono6ubiM oGpasom, ecnH a<C b H b ¢, To THWYT a < b < c; ec-
M a<bubc, To IHYT a<Cb<Cc; ecan a<C b W b< ¢, TO NHWYT
as b,

HepageHerBa a<<b<Cc, ascb<Cc, a<<b<c, a< b<{¢ vasbina-
KT Ogodiubimu KepasexcTaamu.



Kakue HEPABEHCTBA MOXKHO!

a) CKJaAbIBATE; 6) nepeMHOXaTh?
2%, B kakoM cayyae HepaBeHCTBO a3z b:
a) BepHO; 6) HepepHO?
3. Cpasnure:
a)buy; 6) —5u —9 B) 2,5:4 u 10;

10.

r) 1,2 1 1,(2); a) —67 u 1 e) —5,(4)n —54,

. ¥YKaxHTe YHCHO, 6oNblI€E OAHOTO U3 ARHHBIX YHCEN Y MEHb-

wee apyroro. OTBeT sanHwHBTe B BUXe ABONHOTO Hepapey.
cTBa:

a)3 u b 6) —25 u —29;

B) 2,5 u 2,6; r) 2,4 u 2,(4);

1) —371 0 —37% ) 0(5) u 0,(6).

. CaenaiiTe BLIBOL HA OCHOBAHHH ABYX BE€pPHBIX HCDABEHCTB.

Hanpumep, 3<<15 u 15«20, snavur, 3<20.
a) —5<<0 w02
6) —2<<0u 0<%
B) 2>1 u >0
r} 2,(1)>2 u 2>1,(6);
a) =3(N>—4u —4>—T7,
e) 0,(5)<<0,(6) n 0,(6)<<0(67),
X) %{l H l{g;
7 1 1 8

3) E.{E H E<E

. A3 paunuoro BEpHOro HepaBeHCTBa NOJAYYHTE HOBOE BepHOE

HepaBeHCTBO, NPHGABHB K 0GeWM 4acTAM HepaBeHCTBa OAHO
H TO e YHCAO:

a) 15<20; 6) b>4; B) 2,6<3;

r) 1,112 1) 1,3=1.2; e) Hh<h.

. M3 panHOro BepHOro HepaBeHCTBA NOJAYYHTE HOBOE BEpHOE

HepaBeHCTBO, YMHOXKHB 00e YaCTH HepaBeHCTBA Ha CAHO H
TO e MOAOKHTENbHOE UYHCAO:

a) 15<20; 6) b>4; B) —25«3;

r) 1,1<1,2; A 1,312 ) —5<6.

. Croxure BEPDHLIE YHCAOBLI€ HepaBeHCTBa:

a) 14>11 n 10>9; 6) —2> —3 u 3>2
B) —6< —5u 2<3; ) —8<0 n 89

. l'lepennomh're BEPHbLIE YHCAOBBHIE HepaBeHCTBA:

a) 14>10u 2>1; 6) 5>3 n 6>5;

B) 6<<7 n 2«3; r) 89 u 1«2,

W3 nanHOro BEpHOro HepaBeHCTBa NOAYYHTE BepHOE HEPa-
BEHCTBO, B KOTOPOM Ka)10€ YHCI0 3aMEHEHO Ha NpPOTHBONO-
noxHoe. Hanpumep, tax kax 19>13, 1o —19< —13.
a) 3>0; 6) 5> —1; B) —9< —1;

r -5« —1; 4} 9= —2; e) 03,



12,

13.

14*,

15%,

16.
17.

18*%,

¥muoxbTe 06€ YaCTH BEePHOro HEPaBEHCTBA HA OXHO H TO XKe
OTPHUATENbHOE YHCAO:

a) 1<<2; 6) 5>4,5; B} 6,5<6,9;

r} 5L,1<1,2; a) 1,32=12; e) 56

BepHo AH noaydeHHoe HepaBEHCTBO?

3anuiHTe HepaBeHCTBO, KOTOPOE MOJSYYKTCS, €CAH Yucaa B
JeBod H NpaBofi 4acTAX HepaBeHCTBA 3aMeHHTb Ha obpat-

wwe. Hanpumep, rax rax 5<<6, ro —é-::%.
a) Tak xak 6>3, 10 ..; 6) Tak Kak 710, 10 ..

B) TAK Kak 2<4, 10 .. r) rak kak 11<12, 10 ..;
n) tak kak 132212, to ..; e} Tak Kak 1526, 1o ...
Bepno AW noayueHHoe HepaBeHCTBO?

CpasHHuTe:

a) 2’ u 9% 6) 5° u 6%

8) 4 u 10% r) 1,3 u 1,5%

a) 7,287 u 8,37% e) 5,4 n 4,5

x) (—2F uw (—3)% 3) # v (—4)%

u) (—4P u 1% K) (—1) u (—1,4)%

A (—4,97 n (—7% M) 4 u (—5)%
Horaxure, yro:

a)ecin a>>b v ¢c>d, 70 a—d>b—c (puc. 2, a);
G) ecniM a<<b W c<<d, TO a—d<<b—uc.

a} 6)
a>£ a>b
¢ > d c)><d
a-d >b-c¢ a, b
d c

Puc. 2

Hoxaxute ANMA NONOKMTEABHBIX 4ucesn a, b, ¢ W d, 4T0:
a) ecan a>b u c>d, 10 %‘}-z- (pue. 2, 6);

6) ecan a<<b u c<<d, 10 %<%.

Hokaxure, uro ecnn a<<b<<0, To a’>>b.
Bepro au mepapencrao:

a) 6,7272<6,(72)<6,7273;

6) —0,3131 < —0,(3)< — 0,3132?

Connar NOCTPOUAH HE NO POCTY, HO C YETKHM pasieieHueM
Ha pAAbl H KONOHKH. B kaxaom pRAY BblﬁpaJ'lH CaAMOro Bbi-
COKOrg, 8 M3 BCEX BbLICOKHX — CaMOro HH3IKOro. B kamaoi
KOMNOHKe Bblﬁpa.ﬂl'l CAMOrc HHAKOING, @ H3 BCEX HHU3IKHX — Ca-
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Moro Bhicokero. KTo xe Bhille pOCTOM: CaMblfi HH3KuA yg
BHICOKHX HJIH CAMBIl BbICOKHH M3 HH3KHX?
¥ kasauue Paccmotpute cnydan, KOCAA ABA BHGpay.
HBIX CONAATa CTOAT: |) B 0AHOM PAAY; 2) B OAHOH KoAOHKe:
3) B pasumx PRIAX M KOJOHKAX. '
19. Cpasuure, 3anwuTe Pe3yabTaT B BHAE HePABEHCTBA U yKa-
JKHTE HAa KOOPAHHAaTHOH OCH 4Mcaa:
a) —5 n 031; 6) 15,75 u 5,176;
B) —m u n% r) —5% u 4,01.
20. ¥Yxaxute xoTs Ob TPH YHC/A, HAXOAAIWHECE HA KOOPAHHAT-
HOH OCH MeXAy YHCJaaMu:
a) 3,11 » 3,12; 6) 2,082 u 2,081;
3 r) 35 m 35
21. a) CKOJBKC YHCEA HAXCAHTCH MEXAY ABYMSA HePARHbLIMK
YHC/AMH Ha KOOPAHHATHOM ocH?
6) KaxnoR AM TouKe KOOPAMHATHON OCH NMOCTABJEHO B CO-
OTBETCTBHE 4HCAO?
B) KaxaoMy NH uydcAy NocTaBAeHa B COOTBETCTBHE TOYKa
KOOPAHHATHON OCH?

B)%H

1.2. MuoxecTsa uyKcen

[Tycts AaHB KOOPAHHATHAR OCb X M [Ba ACHCTBHTENbLHBIX YHCAA
a H b, ynoBIeTBOpPSAIONIHE HEPABEHCTBY 2 << b. Uncha a u b MoXxHo pac-
CMaTPABaTL KaK KOOPAHWHATH ABYX PasfHuYHBIX TOYEK OCH X, KOTO-
pole Mbl YCJOBHJHCH TAaK)Xe Ha3piBaTb TOUKaMH a M b (puc. 3).

MHoXecTBO TOUEK DCH X, COCTOsLILEE U3 TOYEK @ H b M BCeX Touek,
HaxXOAfLWHXCA MeXAY HHMH (CM. puc. 3), HA3LIBAWT OTPE3IKOM OT 4
a0 b n ofoanavamwr [a; b).

/.Zd%/ g
a b x

Puc. 3

Takum oGpasom, orpesok [a; B] — aro mnoxcecrao scex deilcT-
BUTEABMbEX HUCEA X, YyOOBACTBOPAIOWUX OBOUNOMY HEpABERCT8Y

assx<Ch.

Touxu a u b nasmaarr konyamu orpeska [a; b). Konun orpeska
[a; 6] nprHannexar sromy OTpesky.

Ecan us orpeaka [4; &] uckamounts 06a ero KoHuUa, TO MOJAYUHM
MHOXKECTBO TOYEK, KoTopoe 0603HavaloT {a; &) H Ha3biBalOT HHTEPBA-
JioM oT g 1o b.

Takum oGpasom, watepsaa (a; b) — aro muoxecrao scex ded-
CTBUTEABABLY HUCEA X, YOOBAETHOPRIOULY TBORHOMY HepaseHTTsY

a<x<h.




Ecnu U3 oTpe3ka [a; b] HCKAIOYUTE TOURY b, TO NOAYUHM MHOXKe-
cT80 TOYEK, KOTOpoe 0603navaioT [a; b) M HA3BIBAOT 1OJSYHHTEPBA-
noM oT & 10 b, BKAwyas a.

TakhM oGpa3om, nosayuurepeaa [a; b) — sto mromecrso acex
JelcTBUTEADHBIX HUCER, YOOBALTEOPRIOWUX F60AROMY HEPABEHCTEY

assx<b,

a noayunrepBan (a; b] ecro muoxecrao scex dedicraurestnux wu-
cen, ydosaersoparouux OsoliHOKY HepaBEHCTSY

a<<x<b.

fipunep 1. Orpesok [ — 1; 3] — 310 MHOXeCTBO BCeX JeRCTBHTENb-
HBIX YHCEN, YAOBJAETBOPRIOIIUX ABCAHOMY nepaBencTBy — | <[ x<]3
(phc. 4, a)

a) 6)
W//71.77/7.7777.77777 R NN / 7/ /S
-1 0 1 2 3 * 0 1 *

Puc. 4

[Tpunep 2. Untepaan (0; 1) — 310 MHOXeECTRO BCeX AeficTBHTENB-
HbiX YHCEN X, YAOBJAeTBOPAOUWHX ABofinoMy Hepapencrsy 0<Cx<I1
(puc. 4, 6).

3amevanne KoHus npoMexkyTKoB, BXCAALIHE B PAaCCMaTpH-
BAaEMOE MHOKECTEO, OTMEYAIOT YeDHBIMH TOYKAMH, a He BXOAALLHE —
KPYKKAMH.

flpumep 3. Ylonyuurteppan [1; 2) — 3T0 MHOXECTBO BCEX NEHCTBH-
il"e.ﬂbﬂlgx q)ucen, YACBACTBOPAIOLWHX ABOHHOMY HepaBeHCTBY < x<C2
puc. 5, a).

a) 6)

Puc. 5

IIpumep 4. NMoaynurepsan (—1; 1] — 3To MHOXecTBO BCcex Aeii-
CTBHTE/NbHBIX uHCeN, YAOBIETBOPHICIIHX ABOWHOMY HEpaBeHCTBY
—1l<<x< 1 (puc. 5, 6).

Ecan rouka x aBHKETCA NO KOOPAHHATHON OCH X B NOJOMXHTEN!b-
HOM Hanpap/ieHHH H NPH 3TOM ee KOOPAHHATA MOXKeT NPHHHMATb
CKOMb yrogno 60AblIWe 3HAYEHHA, TO TOBODAT, UTO 3Ta TO4Kd CTpe-
MUTCR K naroc Geckonewnocru, B o603HAYAIT X — + 0.

ANanorauno ec/i TOYKA X ABHXKETCA NO KOOPAKHATHOMR OCH B OT-
PHUATeIbHOM HANPABJEHHHM H [IPH ITOM ee KCOPAHHATA X TaKOBa,
9T0 4Kcho | x| MOXET GbiTh CKOIb YIOAHO GOAbLLIHM, TO FOBOPAT, YTO

3Ta To4KG CTpemuTca K Munyc OeckoneunocTs, W o06Go3navaloT
X— — o0,



Bbille CYHTANOCH, YTO @ H & — yuCNa (HJAH TOUKM OCH X}, HO Tep-
MHH «MHTEPBAaJ» NOHHMAIOT TaKkKe B 60Jee WHPOKOM CMbICTE, 3aMe-
HA9 @ HA — o0 WAH & Ha + oo.

Hurepaaa (a; + o), 20e a — GAHROE HUCAO,— ITO MHONECTBO
gcex OelicTBUTEABHBX WUceA X, YOOBAETBOPRIOWNX HEPABENCTOY
X>>d, HAH MHOMCECTAO BLEX TO4YEK OCU X, UMEOWUX Koopduna-
TH X>4.

Hurepeas ( — oo; a), 2de a — dannoe 4UCAO,— 3TO MHONECTEO
geex Oedcrautessrolx ducesr x, yOOBRETEOPAIOWYUX HEPABEHCTAY
X<Z@, UAH MHOKECTBO 8CeX TOHEK OCH X, UMEIOWUX KOOPOUHa-
™ x<Ia.

Haxoney, unrepaas (— oo, 4 oo) — 370 MHoMecTso scex deli-
CTOUTEABHRBIX HUCEA HAH MHOMECTBO BCeX TOUeK ocu X.

a) 6) B)
NI/ /77777777 /77777777 SRR / //// 1/ 7///4%%
-3 x -2 x x

Puc. 6

Hanpumep, Ha pucyuke 6, a nokazas uureppana ( —3; 4 oc), va
pucYyHKe 6, 6 — unTepBaa ( — co; —2), Ha pucyHke 6, 8 — HHTEpBaa
(—oo; +o0)

Takum o6pazom, nrTepsan (a; b) MoxeT OGbITh KOHEUHLIM, €CH
a H b — faHHBIe YHCNA (MAH TOUKK OCH X), HO MOxeTr ObiTe H GeCko-
HEUHLIM, €CAH @ HAH b COOTBETCTBEHHO — 0O HJIH 4 0o,

Orpe3sok [a; &) Bcerga xoneynbiit. OTpesoK onpeaensercs LaHHbI-
MH YHCJAEZMH g H & (MIA TOYKaMH ocH x).

TMoayunTtepsann [a; &) u (a; b) Takxke MoryT GbiTh Oec-
KOHeUHbIMH.

MToayunrepsar [a; + oo) — aro muoxecTso scex delicrgureso-
HBLX wuces x, yOOBAETEOPAIOUUX HEPABENCTEY X2 G, UAU MHONE-
CT80 8Cex TOHEK OCH X, UMEIouWux Koopounarst x=a.

oayuntepsas (— oo; b] — 370 mHoXecTao acex dedcrauress-
HbiX ducea x, yOO08RETEOPAIOWUX HepasBeHCToY X<_b, uru mroxe-
CTAO @ceX TOXEeK OCH X, umeouux xoopdunarer x<3b.

Hanpumep, ua pucyske 7, a nokasauw nofayuntepsas [D; + co),
Ha pHcyHKe 7,6 — noaymuuteppan (— oo; — 3]

a)_.mwm, Q.M’.m/_..
5 x -3 *
Pue. 7
HHDFJIE AJA YUHCAOBLIX OTpe3K0B8, WHTEpPBAaJOB, ﬂOJ’I)’HHTepBaJIOB

HCMOAb3YIOT obillee HA3BAHHE — YHCIOBHE MPOMEXYTKA.
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KpoMe 0Tpe3koB, HHTepBaJAOB H NOJYHHTEPBAJOB, pPACCMATPUBA-
0T H APYTHE MHOXECTBA 4MCEN, HX YacTo ofo3HaualoT GykBamu A,
B, C, .... HekoTopble MHOXECTBA MMEIOT ChelidadbHule 0603HaueHus,
Hanpumep, N — MHOXecTBO HATYDPaJbHBIX 4Hceld, Z — MHOXECTBO
LHeabx 4uces, Q — MHOXKECTBO PAaLHOHAJBHBIX uHcen, R — MHOXe-
CTBO AeHCTBHTENbHBIX uuces, R, — MHOXECTBO NEACTBHTENbLHLIX He-
OTPUHMATENLHEIX YHCE.

Tor ¢akr, 4To YHCAO NPHHALAEKHT HJIH HE NPHHALJIEHKHT MHO-
XKECTBY YHCEA, 3allUCHIBAOT ¢ TIOMOINBK CHEUHaJbRbIX 3HAKOB:
€ (npuHagnexuT) M § (HEe NPUHARNEKHT).

Hanpumep, —5€Z (4Hcao —5 npuHaANeXKHT MHOKECTBY lleqblX
yucea), —S¢N (yucao —5 He NPHHALAEKHT MHOMKECTBY HATYpaih-
HBIX uHCen).

L]

22°, a) Kakoe MHOXECTBO 4HCeA HA3BIBAIOT OTPE3KOM, HHTEPBA-
J0M, NOJAYHHTEPBAAOM?
6) Uro o3nauvaer 3anuch x— 4 00, x— —o00?

23*. HaszoBute Bce nesble wHCAa, NPHHAANEKAUIHE MHOXKECTBY
YMCea:
ay[—3 1} 6)(—=3 1% B)[—3 1) 7r){(—3; 1}
2} [—2,3F e (—23); x)[—23) 3)(-2 3]
Kak nasniBaloT KaXKj0e M3 9THX MHOMECTB?

24°, HaaoBute TPM uenblX YMC/a, IPHHALAEKALME MHOXECTBY
YHCRJT:
a)[0; +o00) 6)(0; +o00), B) (—o0; 1) 1) (—o0; 1]

25°. IpounTailte Ha3BaHWe YUCAOBOrO NPOMEXYTKA M H306pa3H-
TE€ €ro Ha KOOPAHHATHOR MpaAMoOi:

a) [3 5k 6) (3; 5) B) [3; 5)
r) (3; 5} 1) [—2 +oo) e) (—2; +oo0);
X) (—oo; —2) 3) (—o0; —2}
26. 3anMwHTe 0603HaAYEHUE:
a) orpeaka ot 2 go 4;
6) unrepsaaa or 2 po 4;
B) noayuntepsana or 2 xo 4, Bkawuan 4;
r) noJyHHTepBada oT 2 po 4, skawyas 2;
1} uHTepBana ot 5 Ao + oo;
e} noAyuHTepBajga ot 5 10 4 oo}
) WHTepBana or — oo o 0
3) nosyuHTepsasa or — oo go 0.
Hao6pa3ute ykazaHHOEe MHOMKECTBO YHCEJ HA KOOPAHBATHON
OCH.
27. llpunagneXuT JH YHCAC — 2 MHOXecTBY uuces (caenafirte
3ANUCh ¢ NOMOWBIC 3HAKOB € W E)

a) [=30F 6) (—=23) 8B)(—00; =2} r) (=2 + o)
a) N; e) Z; x) @ 3) R?



2
28. lNpHHAANEXKHT JY YHCAO 3 MHOXecTsy uHce {caenafire 3a-

OHChb C MOMOWLLIC 3HAKOB € M €):

A (@1 62 B (—ocizk )G +ook
i) N; ) Z, x*) @ 3) R?
29. 3anuwWHTe YHCAOBOH MNPOMeXYTOK, H306paxeHHBIA Ha pH-
CYHKe 8.
a) 6) B)
WV /777777 /48R AN 7 77777 SR I N 1/ / 17/ & .
3 7 x 3 7 x 5 6 *

r) m e)
/777777 S / ///77777// S 17/ /7777 S
b 6 x 7 x 8 *

x) a)
NNV /771777777 / / /77 // /77 4
7 x 8 x
Puc. B

30°, Kakomy 43 uMCNOBBIX NPOMEXYTKOB, H306pa>KeHHHX Ha PH-
CyHKe 8, COOTBETCTBYET HEPaBEHCTBO:
a) x>=7; 6) x>T7; B) x<I8;
r) x<8; a) 3<x<T,; e) 3T,
K) DL <6 3) b xl6?

31. 3anuwnTe ykazauHoe Ha PHCYHKE 9 YHCJAOBOE MHOMKECTBO
¢ NOMOMIbLI0 3HAKOB HepaBEHCTBA.

a) 6)
/777777777 RIN/ /7777 SN
3 x

-1 35 *

B) r)
W77/7/7777/77 SENSREEIN / / / 1/ 7/ A
05 * =7 -1 *

L

Puc. 9

32, ¥YKaxuTe HA XKOOPAMHATHOH OCH YHCAa:
a} MeHbiiHe 3; 6) Goapwue —D5;
B) He GoabmHe 2; r) He Menbtide Q;
1) GoabHe 7, HO MeHbmune 10;
e} Goabline —D5, HO MeHbline — 1.
O60o3HaubTe DOAYYEHHOE MHOMKECTBO 4HCEN,
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33. ¥YkaxuTe Ha KoOpAMHaTHOMN OCH:
a) orpesok [2; 5] 6) nurtepsaa {—2; 0),
3anuwuTte ero ¢ AOMOULLID LBOAHOrO HepaBeHCTBA.

34. Ma06pa3sHTe HA KOOPAMHATHOIN OCH YHCJAOBHIE NPOMEKYTKH.

a)[—2 3] n[0: 2  6) [% 3] W [—2 03]
8) (—4 0,29) » (3 5):
1

13 3, _1
r) (—0,44, E) " (—?, )
HUMenT AH oHH O6LUHE TOUKM?

Ecnu pa, To 3amumuTe ofuiyio 4acTb {liepecedeHHe) 3THX
MHOXECTB.

1.3. DexapTroBa CHCTEMa KOOPAHHAT Ha MAOCKOCTH

3anagaM HAa DBAOCKOCTH ABe B33HMHO NeEPNeHAHKYAAPHBLIE OCH
KOOPAHHAT — OCh X H OCb ¥ — C TOWKOH nepeceyeHus O, apasioiei-
CA Ha4aJbHOW TOUKOH KaXIoA H3 3THX ocefl, H paBHbIMH €AHHHYHbI-
MH OTpe3KaMH.

T'oBOPAT, YTO 3THM Ha NJIOCKOCTH ONpeAeNeHa NUAMOYSOABMNAR
cucresma Koopdunar xOy. Ee Ha3nBaOT eue AeKAPTOBOH CHcTeMOd
KOOpAHHAT NO HMeHH dpaHLy3cKoro maTeMaTHka H (naocoda le-
KapTa, KOTOpPLIH BBesl B MAaTeMaTHKY 3TO BaXXHOe MOHATHe.

Ocb x Ha3blBaloT ockio aficunce, a ock y — ocbio opAnHAT. Touky
O nepecedeHns ocefl KOOPAHHAT HA3LIBAIOT HAHAAOM CUCTEMBL KOOPOU-
rar. [lnockocTs, HAa KOTOPOR 3aAaHA AeKAPTOBA CHCTEMa KOOPLHHAT,
Ha3LIBAOT KOCPAHHATHOA NAOCKOCTBIO.

O6wun0 ock aficuuce H306paxaloT B BHAe FOPHIOHTAALHON HpA-
MOf, HanpapJeHHol BNpaBo, a 0Cb OPAHHAT — B BHle BePTHKAJLHON
npaMoil, HanpaBJAeHHoA BBepx (pHc. 10).

]

94
I-I-
 — . S S
2 1 0 1 2 3 4 =x

Puc. 10
13



A 4
4 3 aA
T 3
g
} - O] 1 4 x
0 1 A x

Puc. 11 Puc. 12

IMyctb A ecTe NPOH3BOABHAA TOYKA KCOPAMHATHOH NJOCKOCTH.
ITposeaem uepe3 Touky A npsmbie, napaJielbHbie OCAM KOOPAHHAT
{(puc. 11). IIpaman, napaanenbHan OCH ¥, nepeceyeT OCb X B TOUKE
A,, 8 npaMan, NapaaaenbHad OCH x, nepeceueT oCh ¥ B Touke A, Abc-
uuccoi ToukHW A Ha3biBAIOT KOOPAMHATY X TouKH A, Ha ocu x. Opan-
HaToH TOYKH A Ha3bBAOT KOOPLHHATY Y TOYKH A, Ha och y. ABcuuc-
CY X W OPAMHATY ¥ TOUKH A HA3bIBAIOT KOOPAWHATAMM TOYKN A.

KoopavHATH TOYKH 3a0MCHIBAOT B cKoGkax psgom c OGyksofl,
ofoaHauamen sty Touky: A (x; y), N1pHYEM Ha NepBOM MecTe NHWYT
aGcunccy, a Ha BTOpoM — opannaty. Hanpumep, Touka A, H3obpa-
XKeHHas Ha pucyHKe 12, umeer aGeuncey x==4 ¥ 0pJAHHATY y==3, no-
stoMy nHwyt A (4; 3). Ha pucynke 13 nzofipaxena npamoyronbuas
cHcTeMa KoopauHaTt xOy n touku O(0; 0), B(—1; 1), C(—3; —4),
D (4 —4) E(6; 0), F(0; 5).

1
F-45

Pure. 13
14



BaXHO OTMETHTb, UTO ecAl HE HAOCKOCTE 3a0QHA RPAMOYLOAL-
HAR CUCTEMA KOOPAURAT, TO Kawdod Touke A naockocru npusodur-
CA 8 coOT@eTCTEUE napa xucea (x; y¥) — napa Koopdurar rowxku A,
i 8 TO e 8PEeMA NPOUIBOABRYIO RAPY HuceA (X, i) MOKHO paccmar-
pusars Kax napy Koopounar wexoropoli Towku A naocKocru.

Hy*HO HMeTb B BHAY, UTO €C/IH Napa COCTOHT H3 pa3HbIX WHCeN,
TO, NOMEHSB 3TH YHCAA MECTaMH, NOAYYHM APYTYIO napy, onpeaens-
OILYI0 APYryI0 TCYKY NAocKocTh. ITosToMy uacTo mapy KoopAuMaT
(x. y) ToukH A Ha3bIBa1OT ynopsaoyeHHOA napol uucen.

Hrak, ecnH Ha NAOCKOCTH 3aJaHa NPAMOYroabHAA CHCTEMA KO-
opauHar xOy, ToO:

1) kewdod ToOuKe RAOCKOCTU HOCTEBACHA 8 COOTBETLTALUE HNOPA-
douennan napa suces (nepa KOOPAUHAT TOUKU);

2) pasnbim TORKAM NAOCKOCTU NOCTABACHb 6 COOTRETCTOUE PA3-
Hbie YnopROONEHHbie Napst Kucea;

3) kamdan ynopadodeHnas napa 4wUceA COOTAETCTOYET HeKoTo-
poil Touke naockocri.

[MpaMoyroabHaa cHCTEMa KOOpAA-

Hat xOy paszgendeT nAOCKOCTb HA ue- y A

Thip€ YACTH, Ha3bIBdEMbIE KOOPAMHAT-
HLIMH YIJAaMH, HAH KOOPAHHATHBLIMH )b I
YETBEPTAMH, HJH [IPOCTO HETBepTH-
mH. OGo3HaYHM HX PHMCKHMH LH{pa-

mu 1, 11, [II, IV (puc. 14). 0 s
EcAn HCKJIOUHTb TOYKH, JEXAWHE *

Ha OCAX KOOPAHHAT, TO MOXHO CKa- jii | v

3aTb, 4TO:

TOuKK [ ueTBepTH UMEWT KoOpAH-
HaTel (x; y), Takue, uto x>0, y=>0;

TOYKH |l ueTBepTH MMelOT Koopan- Puc. 14
Hatel (x; ), Takue, uro x<<0, y>0;

ToukH Il deTBepTH HMewT Koop-
aAnatel (x; y), TakHe, uro x<0,
<0,

TOYKH |V 4eTBepPTH HMEWT KCOpAH- l‘ L
HaTel (X y), Takue, u4to x>0, —B+—— A
<0

Hanpumep, vmouka B(—2; 5} Ha
pucynke 15 npunapnexnt I yersep- g
Td, Touka D (4; —2) npunapaexur [V
YeTBEPTH. 1__F¢

EcaiH Touka JeXHaT HA OCH ¥, TO ee
aGcuMcca paBHAa HYJT0; ecad abcnmc- o| 1 ol
Ca TOYKH PaBHA HYJIO, TO TOYKA Je- —@ :
XKHT HAa OcH f. EcnH TOuKa NeXHT Ha E TD

OCH X, TO €€ OPAHHATA paBHa HYJAW,
€CAH OpAKHATA TOUKH paBHA HyAwo, TO
TOYKA JEeXMHT Ha OCH X, Puc. 15
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Jdee Toukn A, (x;; ) 1 Ay (xs; Yo) CUMMETPUUHD OTHOCUTEABHO
ocu oplunar (ocu y), €CNH HX KOOPAHHATH YNOBJETBOPHAIT papeH-

CTBaM — —
Xp=—2X H )=

JBe toukn A, (x;; §,) 8 Ay (Xy Yo) CHMMETPUUKBL OTHOCUTERBHO
ocu abcyucc (oce x), ecAn HX KOOPAMHATH YAOBAETBOPSAWT paBeH-

craam =X B )= —h

Jee Ttoukn A, (x; #,) 1 Az(xy; Yo) CHMMETPURHE OTHOCUTEALHO
nauaaa Koopdunar (Touky 0), €CAH HX KOOPAHHATH YI0OBAETBOPAIOT
aBeHCTBAM —_ —
P Xy=--Xas H §= —Uy
Hanpumep, na pucyske 15 Toukn A W B cHMMeTpHUHBI OTHOCH-
TeAbHO OCH OPAHHAT, TOUKH C H D CHMMETPHUHL OTHOCHTEALHO OCH
aBcuMce, TOUKH £ 4 F cHMMeTpHUHB OTHOCHTENbLHO Hawana Koop-
JAHHAT,

35% A KakHx TOYEK KOOPAHHATHOH NAOCKOCTH:
a) afcuHcea paBHa Hya; 6) opAMHATa paBHa HYJID;
B) aGcuHcca NOAOKHTeNbHA; ) OPAHHATa MOJOMHTENbHA?
36°. Kakumn cpoficTBaMn o6naaaiorT:
a) woopannatu Touek I, Il, 111, IV uerBeprefl;
6) KOOPAHHATH TOMEK, CHMMETPHUHBIX OTHOCHTENbLHO OCH X,
OCH ¥, HAYAJNA KOOPAHHAT?
37". Hasosnte aGcuHccy M OPAHHATY TOWKH:
a) A(—2; 3); 6) B(3; —2)
B) C(6; 5) r}) D(—2; —6)
KakoH KoOpaMHATHON YeTBEPTH HPUHAMNEXKHT 3TA TOUKA?
38. Onpeaennte 00 KOOPAHHATAM TOYKH, B KAKOH YETBEPTH KO-
OPAMHATHON MJIOCKOCTH OHA pacnofoXeHa:
a) (12; 5Y, 6) (—3; —4);
B) (7, —3), ry (—8; 13).
39. TocrTpofiTe TOUKY, CHMMETPHUHYIO TOUKe:
a) A(l; 3) OTHOCHTeALHO OCH ¥;
6) B(—2; —1) oTHocHTeNLHO OCH X;
B) C(3; —2) ornocureasuo touka O (0; 0).
40. TocTpoiiTe ZAHHYX TOYKY H TOYKH, CHMMETPHUYHLIE €H OTHO-
CHTEJILHO OCH X, OCH {, Hayana KoopauHat O (0; 0):
a) A(3; B 6) B(—4; 2);
B) C(—4 —3) r) D(3; —5).
OnpeaennTe KOOPAHHATHI NOCTPOEHHLIX TOYEK,
41. KakuM cBolicTBOM 061aAal0T TOMKH:
a) A(3; 2) m B(—3; 2);
6) C(2, 5) m D(2; —5);
B) M(—4; 3) u N(4, —3)
r) E{—3; ) a F(—3;, —1);
n) P4, 5) m @Q(—4; —5H);
e} X(—6:7)yn Y (6 7p
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42. a) Iloctpoiite Touku ¢ KoopaunaTamk (1; 4), (2; 7), (3; 10).
2TH TOYKH Jexar Ha oaHod npamoi, [Iposeaute 3ty
NpAMYIO.

6) OTMeTbTe HA 3TON NPAMONA eule aBe TOuKH, 0603HauYbTE
HX GYKBaMA A H B H 3anHIKTEe HX KOOPAMHATHI.

B) Touka C(2,3; 7,9) Takxe nexur Ha 3Toli npamoit. Io-
KaXHTe NPUMepHOe ee PachoJoXKeHue.

r} [Moerpoiite Toury D (1,5, 55). Jlexur nu ona na sroii
npAMoii?

1) Touka E(6; y) nexur va 3Toil npamoit. Hadaute y.
e) Touka K(x; 16) mexuT na 3Toii npamoii, Haitaute x.

43. a) Iocrpoiite npaMoyroabiuk ABCD no koopauHaTaMm ero

Bepwnn: A (0; 0), B(0; 8), C(5; 8), D(5; 0). Hafianre nepn-
MeTP H NAclLlaib NpAMoyroasHuka ABCD.
6) Iloctpofite kpagpat ABCD no koopAnHaTaMm Tpex ero
pepunn: A(—2;, —1), B(—2; 2), C(1; 2). Haiigute xoop-
AHHATH BepUIHAB [, TNepHMeTp H 0A0mMAaAb KBaapaTa
ABCD.

44*, HNoxaxute, uto Toukd A (m; n) n B(a;, m) CHMMETPHYHH OT-
HOCHTEAbHO npamoit, aenawei | n 111 KoopauHaTHHE yrabl
nonoaam.

3ameuvanne Toukn A 1 B Ha3biBaOT CHMMETPHYHDI-
MH OTHOCHTEJILHO NPAMOH ¢, €CJH 3Ta NpAMan ABAAETCH ce-
PEIHHHHIM NEPNEHANKYasapoM K oTpe3ky AB, Touka npamoi
g CUHTAETCA CHMMETPHWYHOH caMa cebe OTHOCHTENBHO 3TO#
NpAMON.

1.4. Nouatne PpyHkunn

flpumep I V13 reoMeTpHH H3IBectHO, U4TO 06bem Kyba pasen Ky-
6y nnuHbl ero pe6pa. 3TO yTBEPIKAEHHE HOCHT OGLLAN XapaKTep, OHO
OTHOCHTCA K A060oMy KyOy. 3anuilleM ero B BHIe PaBeHCTBA B 06-
uem puae. Tlyeteb a — nauna pebpa ky6a, V — ero o6bvem. Toraa
ygasauuoe TEOMETPHUYECKOE CBOMCTBO MOMKHO 3aMUCATh CAENYIOUHM
o6pazom:

V=a®(a>>0). (1)

HepapencTso, 3anncannoe B ckoGKax, 03HAYAET, YTO YKazaHHoe
CROACTBO pPacCMaTPHBAETCA TOALKO AAS TNONOKUTENBHBIX 3Haye-
HUH a, NOTOMY uTO AJHAA pelpa kKyOa ecTh MOJOXKHTENLHOE UUHCIO,

PapenctBoM (1} noabayioTes Kax gopMysioil, Npy NOMOIUH KOTO-
poit BhluHcasieTcs 06veM JAi060T0 KoHKpeTHoro kKyfa. Ml Bhaum,
UTQ KAXKAOMY 3HAYEHUIO AAMHB pefpa & B cuny 3aKoHa, Bhlpaxae-
Moro dopmynoi (1), cooTBeTcTByeT onpeledeHHoe 3HaueHHEe 0OB-
ema V. B takom cayuae rogopar, uto V ectb pynkung ot a, onpeae-
JeHHad AAA NONOKHTEJNbHBIX 3HaueHHit a. [oBopAaT ewe, yto V ectb
PYyHKUHA OT @, OnpefleleHHas Ha WMHOXKECTBE MOJOXKHTEALHBIX
uHcea d.
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H. H. JloSavesckui M. Aupnrxne

MTpumep 2. V13 QH3HKH H3BECTHO, YTO NPH NPAMOJAHHEAHOM ABH-
WMEHHH Teaa ¢ MOCTOAHHOM CKOpocThio, Hanpumep 80 Km/u, nyts
§ KM, IpOAJEHNDbIA STHM TenoM 3a BpeMda { u, BelYHCAAETCA no ¢op-
MyJae

s=280¢({=0). (2)

3nech KaMNOMY HEOTPHHATEJNBLHOMY 3HaueHH { B CANY 3aKOHa,
Beipaxaemoro ¢Gopmynoi (2), COOTBETCTBYET onpeieeHHOe 3Hale-
Hue s. [TosToMy H B 3TOM Ciayuae FOBOPST, HTO § €CThb HYHKUMA OT f,
onpenejseHHas AN HEOTPHUATENbHBHIX 3HAYEHHH { MAH onpepesen-
Haf HA MHOXeCTBeé HeOTPHUATENBHBIX 9YHCEA f.

[pusenem ofinee onpeneneHue gynxuyud.

Mycte M ecTb HEKOTOPOE MHOKECTBO YHCEN H NYCTh KAWAOMY
yucay x M3 M B cuay HexkoToporo (BnOJHE ONpeAeeHHOro) 3aKoHa
NpHBEJeHO B COOTBETCTBHE (OAHO) UMCAO ¥, TOTAA FOBOPAT, UTO ¢
€CTb PYHKUMA OT X, OnpejeleHHAn HA MHOKecTBe M;

Npu 5TOM X Ha3BIBAIOT HE3aBUCHMOR nepeMeHHON HAH aprymen-
TOM, a § — 3aBHCHMOH nepemenHol HAH QYHKUMEH oF x, muoxecT-
a0 M — oGaacrbio onpepenedus HyHKUMN.

3te onpegedeHue GYHKUHN NPEANONKEHO BEANKHM PYCCKAM Ma-
tematikom H. U. Jlo6auesckum (1792—1856) 0 HemeuUKHM MaTeMma-
tukoM [1. duprxae (1805—1859).

[MprMepoM PYHKUHH MOMKET CAYHHTbH IABHCHMOCTH

y=3x.

B 3ToM npHMepe 3aKOH 3aBHCHMOCTH NEPEMEHHOH & OT NepeMeH-
HOM X 3aKJ0UAeTCA B TOM, UTO KaX{1o0MY YHCJAY X MPHBOAHTCA B CO-
OTBETCTBHE UHCO ¥, paBHoe 3x. [oBOpAT elle, uro PYHKUUA, BEIPA-
Kawulaa 3Ty 3aBHCHMOCTb, 3adana opmyroi

y=3ux.
Bot ewe npumepbl GYHKUHA, 3afaHRbIX HOpPMyAaMH
y=—2x, y=3x—4, y=f



YKazaHHpie PYHKUHH 3aaaHbl (onpejefensl) AAA AKO6LIX 3Have-
HHE X, T. e, AJA AGHX AeHCTBHTEABHBIX YKCEA X, UJH, KaK FOBOPAT,
Ha MHOXECTBE BCEX NeHCTBHTEJbHLIX HHCeJ.

ByKBb X W y HepeiRo 3aMeHAOT APYTHMH GYKBaMH.

Hanpumep, naowans § keanpara ects yHKUHA

S=a’(a>0)
OT AAHHL €0 CTOPOMBl @, OMpefeseHHAaA Ha MHOMECTBE IIOJOXKH-
TEJABHLIX YHCEH.
Yrobul yxaszats, 4TO § ecTo GYRKYUA OT X, NLHYT

y=f (x),
2de Gyxea | xapaxrepusyer T0 npasuAc, RO KOTOPOMY NOAYYAOTCR
3HAYENUR I, COOTRETCTayoujue JaHRbM X.

Huorna paa Toro, ytolel NoAUePKHYThH, YTO § 3aBHUCHT OT X, BMe-
cro § namyt g({x)

Yucso, COOTBETCTBYIOINEE YHCAY X AAA AaHHOH GYMKUHH ¥ (X),
Ha3blBAIOT 3HRYEHHEM 5TOH (YHKUHM B TOUKe X, H 0003HauawT
4§ (x;). Ecan ¢pyHruns 3anucana 8 page y=F(x), To 310 yHcao obo-
snauawt f(x)

Hanpumep, ans GyHKuuu y=2x nawyr

y(1)=2, y(2)=4, y(—3)=—65,
HIH

f(1)=2, [ (2)=4, f(—3)=—6.
[Ipn 2TOM rOBOpAT, HANpHUMEp, UTO 3HaYeHHe NAHHOH GYHKIHH B
TouKe | paBuo 2 wau «Hrpek ot | paBed 2», uaH «3¢ ot 1 pasno 2»,
H T. A

Yrobel 3agath QYHKIMIO, HYHKHO YKa3aTh cnocob (npaeHao, 3a-
KOH), ¢ MOMOWBI0 KOTOPOro AJA KaXXAOro 3MayeHHA aprymeHTa x
MOAHO HAHTH COOTBETCTBYMOLEE 3HAYEHHe (YMKUHH ¥

Pynkyun moxcer Goire 3adana Popauysod. Buime paccMoTpennl
TaKHe MPHMEPHL.

Pynxyun moxer 66Ty 3adana Tabauyelt. Hanpumep, ecan uame-
PATL TEMNEPATYPY BO3AYXd Y€Pe3 KaX LA Yac, TO KaXKAOMY MOMEH-
Ty pemend {=0, 1, 2, ..., 24 Gyner coOTBETCTROBATD ONpeaeseHHOe
yacao 7. 3To COOTBETCTBHE MOMKHC 3aNUCaTh B BHAe TaGAHUbI.

t 0 1 2 3 14 24
T 16 16 15 15 25 17

Takum o6pasom, T ects PyHKIUMA OT {, ONpEESEHHAA HA MHOKe-
cTBe ueAblX uHcea or 0 no 24 n 3ananvHas rabauunen. 3akoH, B cuay
KOTOPOro Ka)aoMy { H3 3TOTO MHOJKeCTBA COOTBETCTBYeT I, onpese-
JAETCA B NAHHOM cayuae He dopMynofi, a Tabanuen.

Pynxyus moxmer O6iTo 3adana 4 npu noxowu epapura. 06 aToM
OyleT paccKasaHo B CJAeLYIOULEM DYHKTE.
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45,

46.

47.

48.
49.

50.

51.

52,

IMycts nana $yukuns y=F(x). Uto RasuBaior:

a) He3aBACHMOH NepeMeHHOH HJH apryMeHToM;

6) aaBHCHMON nepemenHoll BAH ¢yHKUMef;

B) 006JacTbI0 ONpeaeneHua (QYHKLHH?

a) DyuKkuna 3agana gopmysod y=2x-+ 7. Ha3osure 3ann-
CHMYI0 H He3aBRHCAMYI0 nepeMenHbie, Buuuncanre: g(3),
y(—2), y(0). Pesyasvratel 3anmonre B Tabanuy. Hanpusep,
ecnn x=—>95, ro y=2.(—5)4+7=—1047=—3.

x -5

/] —3

6) 3anana pynkuua y=x°. Buuncanre: y (0), g (2), y (—2),

y{(—1), y(04), y(%). Pewenue odopmute B BHAE Tab-
JHLBL.

Oynkuua 3agaHa (opmynaoli y=3x— |. Bepuo an pasen-
CTBO:
a) y{(2)=3, 0} y(8)=17,

8) y(3)=0 D y(—D=—2
lNpuBeanute TpH NpuMepa GYHKIHHA, 3a0aAHBX GOpMYAaMH.
HasosuTe 3aBHCHMYI0O H He3aBHCHMYIO NepeMeHHBIE.
DyHKUHA 3aj1aHa (opMydod y=1—4x.
2
a) Hafipure: g (6), y(— 7). y(0.,5), y(g)
6) Bepuo au paeenctBo: y(5)=19, y(—2)=9, y(0)=1,
3
y(—05)=2, y(—3)=4
3anafite Gpynkuno GopMynoll, eclH 3aKOH 3aBHCHMOCTH ¥

oT x naa x>>0 zakAwuaeTcd B TOM, YTO KAXKIOMY X COOY-
BeTCTBYET i

a) B 2 paza Goablwni; 6) MeHeWHA Ha 2;
B} Gosbwuit Ha 5; r) B 4 pa3a GOJBIIHA;
1) MeHblHA B 7 pas; e) pPaBHBIT YIBOEHHOMY

KBajparty Xx.
Botuncavre 3Hasenus PyHkuHH y=23x, B3AB 3HAYEHHA X
or —2 po 2 uepes 0,5. Pewenne opopMHTEe B BHAe Tal-
JAN.
BuluKcAKTe 3HAYeHHR OGYHKUMH §=4x°, B3AB 3HAYEHHA X
of —1 no | yepes 0,2. Penrenne opopmute B BujAe TaGAAUDI.

. a) YenoBek uaer co ckopocTbio 4 KM/u. 3anuwure nyTs s,

npofiiedsbifl yeNoBeKoM, kak GyHKUHKW oY BpeMenu {. Co-
cTasbTe TAO0AHUY, NOKA3BIBAWINYIC NPOHAEHABIA NyTh 3a
BpeMs oT O a0 3 u yepe3 kaxawe 20 MHuH.

6) 3anHwHTe NAomWans S KBaApaTa Kak PYHKUHIO OT AJIH-
Hbl CTOPOHM 3TOro KBajapaTa a.



B) 3anuiIuTe CTOMMOCTb S JOTEpPeRHbX GHAETOB KaK (YHK-
LUHIC OT KOJAHYECTRBZ K NPONAHHEIX GHJIETOB, €CH OLHH GHileT
cTodT 3 p.

F) 3anHuIKTe KOAHYECTBO H3rOTOBACHHBIX JAeTadell d Kak
(PYHKUHIO OT BpeMeHH £, ecAH 3a | 4 H3rOTaBAKBAKT 4 AETAJNH.

54. Mana ¢pynkuna y=2x-—5. [Ipn xakoM 3HAYEHHH aPTyMeH-
Ta x 3HavueHHe ¢yHkuuwu Oyaer pasuo 5, —3, 0, —5?

55. Kaxkoli dopMynoli Moxer ObiTh 3ajaHa OYHKUHKA, €CaAH:
a) 3naueHuaM x, pasuum 0, 1, 2, 3, 4, 5,cooTBeTCTBYIOT 3HA-
ueHua g, paedule 0, 5, 10, 15, 20, 25;

6) 3HaueHHSM x, paBHbIM 1, 2, 3, 4, 5, 6,C00TBETCTBYIOT 3HA-
uenun g, pasdne 2.5; 5; 7,5; 10; 12,5; 15?

56. ®dyHkuua zaxana GopMyaoh y=—:-c-.

a) Buiuncaure: gy (1), y(2), y(5), ¥(0,5), y(?lj_)

6) 3apaiite pyAKuUHI0O TaGnHUuel AAA YKAa3aHHBIX BHIE 3HA-
YeHHH x.
57. PyHKUHA 3apaHa TabGJHLeEH:

a) x 1 2 3
v | 1 | 3 | 5

5 6
9 il

4
7

) [x [0 ] 1 [ 2] 3] 45
y | —5| —4] —-3| —2] —1[ 0

Kaxoil dopmynoli MoXHo 3apath 3Ty PyHKUHIO?

1.5. MounTre rpaduxka GyHKUNH

DyHkuua Moxker OnTh 3aZaHa npH noMowlH rpaduxa. Hanpn-
Mep, 4TOOB Y3HATb, KAK W3MeHNeTCA TeMnepaTypa Bo3AyXa, Ha Me-
TEOPOJMOTHYECKHX CTAHUHAX NONIB3YIOTCA NPHOGOPOM, HA3LIBAEMBIM
tepmorpacdom. Tepmorpad cocrout w3 GapaliaHa, Bpamawilerocs
BOKPYl CBO€ OCH NMpPH NOMOLNH 4acOBOrC MeXaHH3Ma, H JaTyHHOR
NPOrHyToOd KOpOGKH, YYBCTBHTENLHOH K H3MeHEHHI0 TeMnepaTypwl.
[lpH noBLIMEHHE TeMNepaTypbl OHA Pa3rHGAeTCA, A NPHKPENnAeHHOe
K Hell NPH NOMOULH CHCTEMB PhIYaXKOB CaMONHlOyllee Nepo NOIHH-
MaeTcA BBepX. [Ipu NOAKXKEHHH TemMnepaTyphl nepo onyckaerca. Ha
6apaGaH HaBepTHIBAETCA COOTBETCTBYIOIUHM 06pa3oM pasrpadueH-
Haa OyMmaxHas JeHTa, HA XOTOPoH Nepo BLIYEPYHBAET HENPEepHB-
HY10 JAHHHIO — rpaduk PYHKUKH, BHpa)xawilled 3aBHCHMOCTh MeX-
Ny BpeMeHeM W Temnepatypoil Bo3fyxa. [lpu momoutn sroro rpaduka
MOXHO 6e3 BbIYHCJICHHA onpelesATh 3Ha4YeHHA TemnepaTyput T anA
Ka}aoro MoOMeHTZ BpeMeHH f.

Kaxdan hynxyua, 3adaxkxas npu nomouwju dopmyin, umeer 8
dexaproaoil cucreme xoopdunar caoli epagux. O6 sToM GyIeT KITH
peyb BhepejiH.
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Ha pucynke 16 uzoGpaxen rpaduk TeMnepatypnl BosiyXa B CH-
creme Koopamnnar (OT, rae { — ppems, a T — temnepatypa. C ero
NOMOWbBI0 MOXKHO 6e3 BLIYACAEHHH ONpPeleNHTh 3HAYEHHA TeMnepa-
Typul 7 ans kaxaoro momeHnta spemenH f. [laa sToro na och aGc-
UMCC HAAO OTMETHTHL TOMKY { W BOCCTABHTb H3 HEe NEePnesAHKYAAP
K ocH aficuuce A0 nepecevyenkd ¢ rpadukom. OpanHara TOYKH nepe-
CEeYeHHA eCTb 3HaueHHe yHkuuu T (1)

T
* s
i h
__1 T
o1 1 Qf 8 4 tl :-i-h t

Puc. 16

MoxHo eme ckazaTb, 4To rpaduk $ydkunu T ({) B cHcTeMe Ko-
opaudat {07 ecTs cOBOKYNHOCTb ToueK BHAA (f; T ({)) anga Becex f u3
PACCMATPHBAEMOr0 NMPOMEXKYTKA BpeMeHH.

Haw rpadhk ectb HenmpepuiBHAA NHHHA, T. €. OHA MOJYYEHA OA-
HHM HeNpepLBHLIM ABHXEHHeM nepa Oe3 oTPLIBA €ro ocTpHA oT Oy-
MarH, No3ToMy dyskuuio T oT { HaspBalOT HeNpephiBHoOA. 3To CBORA-
CTBO HEMpPepLIBHOCTH DYHKUHH MOXHO OXapaKTepPH30BaTh elle TaK:
MAAOMY UIMEHEHWIO AP2YMERTA { COOTBETCTBYET MAA0E UIMEHEHUE
yuxyuu T.

Ha pucynke 16 na ocH alcuuce oTMedeHb 3HAUCHHA BpeMeHn §
u {4 A, KOTOPBIM COOTBETCTBYIOT 3HaueHus Temnepatypul T n T+ 8.
Uuesio i HA3LIBAIOT NPHpAIMEHHEM APryMeHTa f, a yucao S — npn-
pamnennem GyHKuHn T.

Mul BHAMM, 4TO MaJoMy #i COOTBETCTBYeT Mahoe S.

Temnepatypa T npH HenpepuiBHOM H3MEHeHHH BpeMeHH ! H3Me-
HAETCA HenpepblBHO, §€3 CKAYKOB.

Ho BO3ZMOXHBI K ApYrHe CHTYAllHH.

Hanpumep, npenctaeum cefe, yTo No NpsiMOH JHHHH ABHXKETCA
WapKK o cKopocTbio v==>5 m/c. Uepes 7 ¢ ou yaapsierca 0 cTeHy H
3aTeM ABHKeTcA o0paTHO co CKOpocTeio v=5 m/c

MOXHO CUMTATbL, YTO CKOPOCTb ¥ IIApHKA 3aBHUCHT 0T BpeMe-
HH ! cAelylolLHM oGpazoM:

v=5 ana <7,
v=—>5 naa t>7.



Tpaduk >1ofi pyHKuHn usobpaxcen HAa pHCYHKe 7.

vi‘
—t5 »

h I
7 71 t
1
)
1
|
)
I 4 T 1
Puc. 17

[Toayunnacs AHHHA ¢ paspbiBoM TpH {=7. B mMoMeHT BpeMeHH
{=7 ckopoctb pasraaachk 5. Ho ecyin k 7 2o6aBuTh NONIOXHTENbHOE
KaK YroAHO Majoe B, To B MOMeHT 7 4+ A CKOPOCTE yxe GyjeT paBHa
—b5. MNpupawenne S pasro — 10. Tenepe y)ke masomy h He coort-
BeTCTBYeT MaJjoe S

B nandom cayuae ¢yHKuus v oT ! He ABIAAETCH HeMpepbBHOA,
OHa HMeeT paapoid NpH {=7.

Fpaduron Gynxyuu y=f(x) HAINBAIT MRONECTBO TOUEK KOOP-
dunarxoll naockocry xOy suda (x, f(x), 20e x — awboe wucro u3
obaacTu onpederenun GynKyuy.

Ecsu rpadux ¢yHKUHN — HenpepLIBHAA JHHHA, TC QYHKUHIO HE-
3b1BAOT HenpephiBHOH. MoXHO cka3zaTe W Tak: ¢yrxyurwo y=F(x)
HA3LIBAIOT HENPEPHIBHOL, ECAL MAROMY UIMEHEHIID AP2YMERTA X CO-
OTBETCTRYET MAARGE USMeHerue HynKyuy y.

B aaapHefimem GydyT NPHBEeNEHL NpUMephl FpaHKOB GyHKUHM,
3afaHHLIX KOHKPETHBIMH (OpMyJamHu.

]

58°. MoxHo an GyHKUMIO 321aTh NpK NoMoniy rpaguxa? [Npuse-
LHTE TIpAMEP.

59°. a) Uro nasmiBaloT rpadHkoM QyHKUMN?
6) Kakyw ¢yskuHio HasbiBaloT HenpepbiBHofi?
B) CymecTsylOT AN pa3pbiBHble QYHKIIHH?

60. B 6 v yrpa H3 nocenka Ha ozepo, Haxoasweecs B 6 KM oT
noceaka, OTHPABAIHCh PHGAYHTL OTER M CHIH. TyAa 1WOAH
newKoMm, a ofpaTHo exaJWu Ha nonytHoit mawwnuve. Ha
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61.

pHcynke 18 usoOpaxen rpadHK ux ABHxkenusn. Onpeneante
¢ noMowsi rpapHka:

a) B Kakoe BpeMA pHIGOJOBH NMPHLAH K 03€pY;

6) kak AoAroc oHM MOTAH YIHTH puify;

BE) CKOJILKO BPEMEHM 3aHAJN Y HHX oOGpaTHHIA NyTh;

r} ¢ Kakofl CKOPOCTBK OHH LM MELKOM;

A) ¢ KAKOR CHKOPOCTBI® €Xajlda MauIKHa.

S,

/i

P §"

[un DL o

-ﬂ"""'.——-

(™)

N

¥ 4]
|—“‘.L‘T

Puc. 18

o]
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o o e CR
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T

2 43 8 101214 16 18 20 222426 } 28 30 t,m—

Puc. 19

Ha pucynke 19 npusenen rpaguk u3MeHeHHs TeMNepaTypbl
Bo3AyXa B TeueHHe ofHoro Mecsua. Mamepenus npopoau-

JAACH OfHH Pas B JAeHb.
a) Kakan temneparypa Ousia 4, 8, 12, 21, 27 yucha?



6) B kakne gHH Temnepatypa Omna Beune 0° C?
B) B kakue aHH temneparypa Ouaa auxe 0° C?
r)} CocrapbTe TaGAKLY TeMNepaTyp 3a BTOPYIO HEAE/Q Me-
cAua.
62. Tlo nanakim, npHBEleHHEM B Ta6MHle, NOCTPOHTe rpadHK Hame-
HEHHA TEMOEPATYPH BO3AyXa B TeyeHHe ABYX Heleab. T —
TeMnepatypa BosAyxa B rpaaycax no Lleabcuio, { — IHH.

¢

1

2|3

4

5

6

7

819 |10

11

12

13

14

T

6

—5|—5

—2

0

1

0

24|35

0

—2

1

a) CxosbKe aHell TemmepaTtypa Gnina He Beiwe 0°C?
6) CKoabKo aHel Temneparypa Gbina He Huxe 0°C?

§ 2. ®@YHKUHH y=x, y=2, y=%

2.1. Pyukuna y=x H ee rpadmux

3anaAuM Ha NAOCKOCTH NPAMOYTOJABHYI CHCTEMY KOOpAMHAT
xQy v apaMyi, Aenallyio NEPBLIA H TPETHH KOOPAHHATHEIE YRJAH NO-
nonaM. Ilycts A{x; y) ecTh npow3aBonbaan TOuYKa 3TeH IpAMOf,

75

4,

Puc. 20

!

A(x;y)

Puc. 21

Ha pucyuke 20 ormedena touka A naHHO#i npAMoi, uMenlan
noJoXHTeNbHyl0 abcudccy x. IlycTs npaMas, npoxoAsuwas vepes
Touky A M napaaneavnas ocu Oy, nepecekaer oct Ox B TOUKe A,.

Teraa

OA]=X.

Ha pucyake 21 oTMevena Touka A saHHO# npAMOH, HMEKWILAA OT-
pHuatenbHyie abcuuccy x. [lycts npsamasn, npoxeasmas yepes ToUKY
A B napannenvdan ocu Oy, nepecexaer ock Ox B Touke A;. Ho Tenepn

OAI= — X,

A]A =y-

A|A= ""‘y.
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B Ka»aoM H3 3THX ciayuyaeB Tpeyrodbiuk OA,A npsiMOyroabHbiii
u er¢ ocTpuiit yron A,0A pasen 45°. Ho roraa Tpeyroabhek OA A
paBuoGeapenunit u OA =A,A, oTkyna

y=r. (1)

Mui nonyuunn pasencrso (1), Bulpaxaiowes 3aBHCHMOCTD MEXKAY
abcunccoil x H opAHBRATON ¥ MpoUaBOALHON TOYKH A gannof npAMoi.
Bopouem, npu BLIBOAE STOTO paBeHCTBA Mbl HCKJAKUYHAH cAyual, Kor-
ga Touka A cosnajgzer ¢ Hauaidom Koopauuat 0. Ho B aToM cayuae
paBeHcTB0 (1) TOXMe BLIMONHAETCA, TAK KaK B 3TOM Cllyuae
x=0u y=0,

Urak, awGas Touka A (x; y) paccMaTpHpaeModi GHCCEKTPHCHI
HUMeeT KOOPAMHATHI, YAOBAeTBOpslOWHe paBencTsy (1). Ho Bepno n
ofpaTHoe yTBepxAeHHe: eclH TouKka A (x; y) TakoBa, uTo y=x, TO
OHa JeXHT Ha GHcceKTpHCe NEepBOro H TPeThero KOOPAHHATHBIX
yIaoB.

B camom aene, paccMOTPHM cHawaqa Touky A({x; y), Takyw,
yro x>0.

O6pawasce K pHcyHKy 20, noayuum, uto OA,=x=y=AA.
3HauHT, NpAMOYroabHbIA TpeyroabRHK OA A pasHoGeapenubift, cae-
N0BATeNILHO, KAXALIA U3 ero oCTPLIX YraoB paeed 45°. Ho Torpa Tou-
Ka A (x; y) HaXOAHTCA HA SHCCEKTPHCE MEPBOro KOOPAMHATHOrO ¥r-
Aa. Ecan ke x<Z0, to, obpawaace K pucyiky 2}, nonywam, urto
y<Z0 1 uto Touka A (x; ) HAXOAHTCA Ha BUCCEKTPUCE TPETLEro KO-
OPAHHATHOrO yraa.

Takum obpasom:

ecan Touka A (x; ¥) NeXUT Ha SucceKTpHCe NepBOro H TpeTbero
KOOPAHRATHBIX YTAOB, TO ¥=X,

ec/i e Touka A (x; y) TakoBa, YTO ¥ =X, TO OHa NeXHT Ha Buc-
CeKTPHCe MepBOT0 H TPeTbero KOOPAHHATHHIX YrAOB,

ToBopaT, uto Buccexkrpuca nepgoeo u TpeTveeDd KOOPGURATRUKX
yeaoe ectv epadhux dynkyuu y=x.

loBopat TakxKe, uTo GucceKTpuca nepeozo u TPerve2o Koopou-
HATHBIX YyeAoe umeeT 8 cucreme xoopounar xOy ypasnenue y=2x,

Urtak, gynxyua y=x onpederena 0an awbox Jdelicreuteas-
AbLX X, T. €. 06AacTb onpefefelus 3TOA (YHKUHH eCTh MHOXECTBO
R. I'pajuxom dyuxuun y=x aBAAeTCA Npsaman — GHccekTpuca I u
IIl kKoopAHHATHLIX YIAOB.

]

63°. a) Uro seasierca rpadukoM GyHKuMH y= x?
6) Kakoe ypapuenne umeer Ouccektpuca I u IIl xoopau-
HATHBIX YTNOB?

64°. [TpuraanexaT AU rpagHKy GYHKIHH y==X TOUYKH;
a) A (5; 5) 6) C(5 —5) B) O(0; 0)
r) M(3; 10) a) N (100; 100) e) K{(—6;, —6)?

65°. CkoabKO TOYEK HOCTaTOYHO OTMETHTbL B CHCTeMe KOOpPAKHAT
xOy ana nocrpoenusa rpagrka QYHKUHH y=x?



6600

67.

68"

Hoctpoire rpadnk ¢yukuuu y=x. Onpesesaure no rpa-
¢HKY:

&) 3HAYEHME Yy, COOTBETCTBYWOUWHe ¥, paBHuM 0, |, —2, 3, 4;
6) 3HaueHHA X, COOTBETCTBYlolKe Y, paBHnmm 0, —1, 2,
—4, b

[py Kakux 3HAYEHHAX X AJAA ToyeK rpadHKa y=x BbinoN-
HAETCA HEPEBEHCTBO:

a) y=>0; 6) y=0; B) y<<0; r) y<<0?
OnpenennTte no rpaduky OYHKIHY §== ¥, KaAK U3MeHAeTCH (yBe-
JAHYHBAETCA HAH YMEHbILAETCA) § C YBEJNHYCHHEM X,

89. Toukn A (x; 1) ¥ B(xy y,) npanagsexar rpaduky byHk-
uun y=1x. Bepho an, uro:
4) ecay X > X5, TO ) > Uy, 6) echH X, < Xy, TO Yy < §y?
a | 1 |y 6) E T
Alx; ) A j ‘ ;
. ' —4
L Alx;y)—
‘ 1 E
Pue. 22
70*. Ha 6nccexrpuce 11 u 1V KOOPAHHATHLIX YTHOB OTMETHAH TO4-
Ky A{x;, y) (puc. 22). JlokaxHTe, 4yTO NIJ KOOPAHHAT ITOH
TOYKH B KaXKJIOM CJAy4Yae BHINONHAETCH DABEHCTBO y= — X.
71*. TlycTe A KoopanHaT ToukH A (X, ) BMNONHACTCH paBen-
cTBO y = — x. JlokaxuTe, 4TO 3Ta TOUKA NEeKHT HE GHCCEKT-
puce Il v 1V KoopouHATHBIX yraoe.
72, TlpunaanexuT A4 rpaduaky GYHKIUHH y= — X TOUYKAE:
a} A{6; —6) 6) 0(0; 0)
B} B(5; 5), r) C(5 —5)
n) D (100; —100); e) E(—20; —20),
x) M(—3, 3); 3) N(7, =70
73. TlocTpoiite rpadux OyHKuHH y= —x. Onpeneante 1Mo rpa-
GHKYy:

a) 3HayeHHA y, COOTBeTCTBYlOwHe X, paBHuM 0, 2, —3, 4;
6) 3HayeHHA X, COOTBETCTBYKHe ¥, paeHbin 0, 1, —2,
3, —5

B) NpH KaKEX 3naseHHsx xy>>0, y =20, y<<0, y <0,

r) KaK H3IMEHAETCHA § C YBeJHYEHHEM X.



74. Toukn A {(x; 4,) 4 B (x5 y,) npuHaznexat rpaduky pyHK-
uHH ¥ = — x. BepHo Ju, uto!
a) eCAH X >> Xy, TO Y< ls;
6) ecan x, <Xy, T0 4, > ys?

75°. Kakomy u3 rpadukop QYHKUMA y=X K yy = — X OPHHAAAEKAT
TouKH A (n; ) u B(n, —n), ecau n — awboe geficTBUTENb-
Hoe 4Hcac? HasoeuTe KOODAHHATHI TAKHX TOYeK.

2.2, dyuxuns y=—x

bynkyua y=x' onpedesena Oas A100bix OelcTEUTEAbHbIX X,
T. €, ofaacTs onpeneseHus 3Tofi PYHKUHH ecTb MHOXKecTBO R.

Tak kak kBagpaT AWGOre AEHCTBUTENLHOro 4YACAA — HEOTPH-
HaTejabHOe YKCAO, TC ¥ NPHHHMAeT TOJbKO HEOTpHIATeAbHble 3HA-
UeHHSH.

CdopMyaupyeM u oBocHyeMm HEKOTOpHE C80dCTER PYHKUHA y= X

1) Ecam x=0, to y=0.

370 CROHCTBO OUEBHAHO.

2) Ecam x>0, 10 y>>0.

B camom nene, ecan x>0, To y=x’=1x-x ecTb NPOHIBEJeHHE
noaoXxuTeabHoix uuced. IMoaromy y>0.

3) JLan HeoTpHUATENbHMX 3HAYEHMA X QYHKUMA y=x Bo3pac-
TaeT, T. €. GoaAblleMy 3HAYEHHI0 X coOTBeTCTBYeT (oJbilee 3naue-
e y. Hnave romops, ecanm x, M X, — HEOTPHUATENLHLIE UHCAA M
X, < Xo (=X} J2=X5, TO Y, <

B camoMm aene, ecii X =0 U X < %y, T0 £=0, a £2>>0 no croii-
ctBy 2 HepapeHcTB (cM. I. 1.1), T. e. £<< 2, uan gy, <<y,

Eciu wxe x>0 u x,<Ix, 10 no ceoiictey 6 HepapeHCTB
{cm. 0. 1.1) ans nNOJOKHUTENLHBIX UYHCEN X, H X, U3 HEpaBeHCTBa
X) << Ky CACLYET HEPABEHCTBO X;<< X3, MIH Yf; < Y.

4) Ecad nonoMMTenbHoe X, HEOTPAHHYEHHO ROIPACTANA, CTPEMHT-
€ K + 00, ToO B y=2x° cTpeMHTCH K + 00, T. €.

g—-+oo npu x -4 co,

B camoM aene, IyCTb X CTPEMHUTCH K -+ o0, IPHHUMAH HATYPATb-
Hbie 3HaueHus n=1, 2, 3, 45 5, .... Toraa y=2* Gyner cooTBeTCTBEH-
HO NMpuHUMaTL 3HaveHus n°=1, 4, 9, 16, 25, ... 4, oueBHAHO, TOXe
cTpeMuTbed K + oo,

Jast apomexyTouHbix {He UedblX) 3HAMeHKR X TOXKE cOpaeelduBo
3T0 CBOHCTBO.

5) lNpu w3MeHeHHM 3HAKZ BPTYMEHTa X Ha NMPOTHBONOAOKHGLIM
COOTBETCTBYIOUIEE €MY 3HaAYeHHe (YHKUMH Y=3Xx" He M3IMeHAeTcH,
T. & ¢ (—x)=y(x).

B camom aene, { — xf’ = x* nas Aw6oro aeiicTBuTeNbHOTO X. PyHK-
uuio, 06/agaoNyI0 3THM CBOHCTBOM, HA3LIBAIOT MEeTHOH (yHkumei,

Takum o6pazoMm, QYHKUHA y= x° — 4eTHasd QPYHKUHA.

6) PYHKUHA y=—1x" HenpepbBHA, T. €. MAAOMY HIMEHEHHK) X CO-
OTBETCTBYET MAJIOE HIMEHEHHe Y.
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3T1OT GAKT CTAHOBHTCA QUEBHAHLIM IAA DOAMKHTENBHBIX X, €CH,
HAaNpPHMEpP, CYHTATH, YTO Y — 3TO MNJOIlaLb KBajgpaTta co CTOpO-
Hoit x. SlcHO, uTO Manoe U3MEHeHUE CTOPOHB KBAaJpaTa BJeueT Ma-
JI0€ H3MEHEHHE €0 IJOLAAH.

B KayecTBe C/IeACTBHS 3THX OCHOBHEIX CBORCTB QyHKUMM y= x°
JAerKo 0GOCHOBAaTh W TaKHe ee CBOACTBA:

a) ecau x<<0, o y>0;

6) ecau x—— oo, TO Y-+ oo}

B) AR HENOACKUTEAbHBLY SRAUeHUl X ynKkyus y=x* ybusaer,
T. €, O0JbUEMY HENOAOXKHTENLHOMY 3HAaYEHHID X COOTBETCTBYET
MeHbLIee 3HAYEHHE .

76% a) Uto 3HaynT, YTO PyHKUHS y= X" BOAPACTAET A HEOTPHIA-

TEALHBIX 3HauYeHnil x?
6) UTo 3HauHT, 4TO GyHKUHA y=x° yeTHan?
B) CthopMyanpyiite oCHOBHBlE CBOACTBA (yHKUHH y= ¥°.

77. TlokaxuTe, 4To H3 cBOACTB 2 H 5 QyHKUHH y=2x caeqyerT,
yro >0 ana pcex x+0.

78. TokamuTte, yTo U3 cBoficTE 3 H 5 PYHKLHH y=2x° chenyer
YTO [JR HenoJOMHTEABHHX 3HaveHHH x (YHKUHA y=
yOLIBAET, T. €. ecld X, << %<0 U y, =X, Y= X3, TO ¥, =Y.

79. Tlnomans kBaapata S BeYHCAAETC] MO H3BeCTHOH dopMmyne
S=a’, rne a — cropoHa kBaapaTa. Buuncaurte S npu 3a-
OaHHbIX 3Havenuax 4. Pewenne odpopMHTE B BHAE TaOAHLUBL.

a I 2 2,5 3 3.1 4 4,3
S

80. 3anHwHTe TabAHLY 3HAYEHHA DYHKUAW ¥ =X’ NpH H3IMeHe-
HHH X
a) uepes | Ha otpeske [0; 15];
6) uepes | ua orpeske [—15; 0);
B) wepes 0,1 Ha orpeike [[0; 1},
r) vepea 0,1 Ha orpeske [—1; 0]
a) uepes 0,01 Ha otpeake [0; 0,1};
e} yepes 0,01 na orpeske [—0,1; 0).

3 ameyanne. [1px spiyHcIeHHH 3HaUEHHE DYHKUHH MOX-
HO WCnoabaoBaTh POpMyay keaaparta cymmel, Hanpusep,

3,12=(340,1?=9+0,6 40,01 =9,61.

81. CpaBHuTe 3HAYEHHS YHCNOBBLIX BbIPAXKEHHIL:

a) 1,i17% u 1,i8% 6) 1,187 u 1,19%
8) 2,312 n 2,32% ry 2,717 u 2,72%,

82. CpaBHHTE ¥, U Y, ONA QYHKUHH y=x°, ecamu:
a}) x,=0,5, x,=0,6; 8) x,=17,1, %=6,3;
8) =09, x,=1; r) x,=102, x,=98,



83. Buuncinte anavenns GyHkuuH y=x" npa:
a) x, papiom —20, —15, —10, —5, 0;
I 1 1 I
6) X, paBHOM —5, —3, —7, —F» —§;
B) x, pasiom —0,1; —0,2; —0,3; —0,4; —0,5.
84. 3anana ¢yukuua y=x>. Onpenenute y(x), sanucas peie-
Hue caenylounm obpasom: y (—0,8)=(—0,8)=0,8°=0,64.
85°. OnpeneanTte 3naK 3HaueHH QYHKUKK § = X° IPH ZAeAYIOUIHX
3HAUYEHHAX X
a) 0,2; 1,5; —3; —0.2; 6) —8,1; —100; 0,31; 100,
86. fsaserca an QyHKUMA y=x BospacTalOmed Ha OTPes-
Ke [a; b], ecan:

a)a=—3; b=3; 6) a=—1, b=1;
B) a=1, b=4; r) a=0; =0,5;
p)y a=—2, b=—1; e) a= -3, b=0?

2.3. Mpadux pynkuun y—=1*

TFpadukomM PynkuMH y—2x" ABANETCH MHOXKECTBO TOMEK KOOPAM-
natHoW naockoctH xOy ¢ xoopaunatamn (x; x°), rae x — moboe
BeHCTBHTEABHOE YHCAO.

Yrobul nOCTPOHTH TpadHK PYHKUHH

y=x, (1)

Haj0 AAA Kaxaoro AeHCTBHTENHLHOO YHC/A X BBIYHCAHTD COOTBETCT-
pyKiee 3HaueHue y no gopmyae (1) K nonydeHHnle TOUKH (X; ¥) OT-
METHTh Ha TJIOCKOCTH B 3aJaHHOi NEKAPTOBOH CHCTeMe KOOpAHHAT,
COBOKYNHOCThL BCEX STUX ToueK H obpasyeT rpadHK QYyHKUHH ¥=

OnHaxo 3Ty paboTy N0 KOHIA BLINOMIIZTh HEBO3MOXHO, MOTOMY
YTO yKa3aHHHX Touek GeckoHeuHo MHOro. Bee xe rpadux QyHKuun
y=x" MOXKHO TIOCTPOHTH TPHOIHKEHHO.

3anaanm noGoabule OTAEHABHBIX MOJOMHUTENbHLIX 3HAYEHHA X H
BHIMHCJIHM COCTBETCTBYKOILHE HM 1o hopmyae (1) 3anaueHus y. Huxe
npHBeAena TabAHlIa ANA HEKOTOPHIX 3HauYeHHA x H3 oTpesKa [0 3]

X 0 03 | 0,5 l 1,5 2 2,5 3
Yy 0 [009]025] 1 225 4 |625| 9

Touku, cooTBeTcTBylOmMHe nNapam (X; y) TaGAKULI, OTMETHM Ha
NTOCKOCTH B 3aJaHHO# NPAMOYFOABLHOA CHcTeMe KoopaHHaT xOy.
[Monyyunace TOUEYHAs JHAHA, PACNONOKEHHAA nal orpeskom [0; 3]
och x (puc. 23). CoelMHUM STH TOUKH NJaBHOK HenpepbiBHOMN
JIHHHed, Takofi, YTo OPAMHATA ¢ ee NOJABHXKHON TOYKM Bo3pacTaer
BMecTe ¢ aGeuuccoit (puc. 23). MNoayyennyio HenmpepbiBHYIO JAHHHIO
MOXHO PacCMaTPHBaTh KaK NPUOAHKeHHBITi TPadHK DyRKUMYE §=2°
Ha orpeake [0; 3] namenenusa x.

a0
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Puc. 23 Puc. 24

OTMeTuM, uTe H3o6paXKeHHblli HAa pHCYHKe 24 rpacdHK oTpaxaer
ceoftcTsa 1, 2, 3, 6 Gyukunn y= 1%, chopMyaupoBaHHbIE B TPEABIAY-
UleM TNYHKTe.

CpolicTBo 6 yKa3niBaeT Ha To, 4T0 rpaduK PYHKUMH y=x A0A-
MeH NPeAcTaBAATh coO0H HenpephBHYIC AHHUIO. [loaToMy Mm u co-
€AHHHAH TOYKA HalleH TOYEYHOH JHHHH HENpephiBHOH AHHHER,

Jlerko npeacTaBHTh cebe, Kak BLITASAAT rpaduk GyHKUAR y=x°
AAR GoxbWHX NonoxATedbHbiX ¥. Ecnn abcuncca TouykH 3toro rpa-
¢Hka CcTpeMHTCA K + co, TC ee OpAHHATA ¥ NO CBOHCTBY 4 Toxe
CTpeMHTCA K + oo, [IpH 3TOM HaZo UMETh B BHAY, YTO y CTPeMUTCH
K -+ oo ropasgo GoicTpee, 9eM X. Ecau, nanpumep, x npuHUMaeT 3Ha-
yenusa 1, 2, 3, 4, 5, 6, ..., TO ¥ COOTBETCTBEHHO paBeH KBaJApaTaM 3THX
yueea: 1, 4, 9, 16, 25, 36, ....

B cuny ceofictea 5 pynxuuyu y=x° Touky rpaduka y=x° ¢ abe-
UHCCAMH X H — X WMEIOT paBHble OpPAH-

HaThi, MO3TOMY rpaduk PyHkuMH y=x* y_k
=X

CHMMETpUYEH OTHOCHTENbHO OcH y. Ta-
KHM 06PasoM, 0Cb Y ABARETCA OCHIO CHM-
MeTpun 2paduxa y=x.

I'padpuk $pynkuuu y=x* usobpaxen
Ha pucyHke 25.

Juruw, sganwowyyocs epagukon

Pynxyuu y=x>, nasoisaor napabonoii. 1
Yacro mbl Gyjlem FOBOPHTb KOPOTKO «Ita-
paBona y=x’». 1ol 1 ‘x"“

B naabneiimreM Mbl ysHaem, 4TO rpa-
bukH dyHKUMl BHAa

y=ax2+bx+c, Puc. 25
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rae 4, b, ¢ — nakubie uncaa B g7 0, TakkKe HasbBaOT napato-
JAMH.
Touky nepecedenun napaboivt € €€ OCHIO CUMMETPUL HAIHEAIOT

sepmunod napaboaw. B cayuwae y=1x* 310 Touka O (0; 0).

PaccmarpuBas napabony y=x°, MOXKHO HENOCPEACTBEHHO YBH-
JeTs paj CBOACTE PYHKUHH y=x.

B camom nene, napa6ona ¥ = x* NPOXOAHT Yeped Hauaao KeOpAH-
Har, 910 cBoficTBO | QYHKUHH y=1x°,

Touku napaloan y=x°, Kpome ee BeplIHHBl, HAXOAATCA BbiUlE
ocu x. Jlam touek ¢ abcunccoit x>0 3T0 cBoOlicTBO 2.

Ecan touka A (x; y) napabonbl ABHXETCA NO Hel Tak, uTo ee ab-
CIHCCA X NOJIOKHTEALHA H BO3PACTAET, TO €€ OPAHHATA Y TOME BO3-
pacraer. STto ceoficTBo 3.

[Mapabona y=x* ecTb HenpepuiBHasA AuHuA (CBOHCTBO 6), cHM-
METPHYHAS OTHOCHTEJNbHO OCH ¥ (cBoiicTso 5). Ho Mb BUAHM Takxe
H3 rpahHKa, yTo €CJH aBCUHCCH X TOYEK Napabofbl OTPHUATENbHbI
H BO3PACTAIOT, TO OPAHHATH § YOLIBAIOT, T. €. GOABIINM OTPHUATENb-
HbiM 3HAUEHKAM X COOTBETCTBYKT MEHBIIKE 3HAUCHHA 4. DTO cAely-
eT Takxe M3 csofictB 3 u 5.

87", a) Uro nasuiBaT rpadukom QyHKuMA y=— 7
6) Kak nocrpoutb rpaduk yukimn y= x2?
B) Kak HasuiBalOT JAHHHIO, BBAAOINYIOCS TpadpUKOM (YHK-

uHH y=x*?
r) B yem 3aksioyaeTcs cBOACTBO HenpepbiBHOCTH STOr0 rpa-
duka?

a) Kakyio Touky HasbiBalOT BepWHHOH napaboam y=—x?
e) Kakas npamas aBAAETCHE OCbX) CHMMETPHH napaGoanl

88. 3anana dyrkuus y=x’.
a) [TpH KaKHX 3Ha4YeHHAX X onpejefieRa JaHHAA PYHKUHA?
6) BoluHcnuTe 3HAvEHMA ¥, B3AB 3HAaYeHHd ¥ 0T — 3 10 3 ye-
pes ennnuny. Peuiende oopmute B BHAE TAaGAHULL
8) IlocrpoiiTe cucremy Koopamhat xOy, B3AB 332 eAMHHUY
macwraba | cm. [locTpofiTe TOYKA ¢ BBIYHCAEHHRIMH KOOD-
JHHATAMH H COECAHHHTE JOJYYEHHBIE TOUKH HeflpephiBHOA
JHHHeN.
r) B Kakux yveTBepTfAx pacnojaraeTcA rpapHk ¢QyHKuuu
y=x"? Kakue 3nmauenus npunuMaer QyHKUAR y= X°?

89. 3anoanuTe TaGAHLY 3HAYEHH! QYHKUMK y= X" H NOCTpPONATE
ee rpaduk.

x| 0|Eg |ty |[E|xigrrog ot

ool
+
.




90. Onpeaeante ¢ noMowsio rpaguxa PyHKiuKK y==x*
a) 3HaueHus y, ecH x paBeH %; 03; L3;

6) 3naueHusa x, ecan y paeen 1; 1,2; 3,5;

8) ¥(0), y(5), y(1,6), y(47)
r} 3aHaueHus x, ecau y(x)=3, y{x)=6;
A1) 3HaveHHs g, ecan x>0, x>3, x<C —2;

¢) 3HaueHus y, eca — | <<x<l, —2<I x5, —%(x{l

91. TMpunannexar ap Touka A (x; y) rpapuxy Ppyukuuu y= x>

ecau:
a) x=1, y=5; 6) x=3, y=9;
B) x=15, y=2; r) x=—2, y=4;
R) x= —04, y=186; e) x=15, y=4,5?
92. Rana dyukuus g==x". [IpH KaKHX 3HAYEHUSX X:
a) y=>=0, 6) y=0; B) y<0;

r} ¢yukuus eoapactaer; JA) PYHKuUHA yOuiBaer?

24. dyukuua y =%

1
Dynkunud y== onpedesena Oan a0boix dellcreurerbHny x 3a

1
uckawovenuesn x=0, 1. e. obaacro onpedesenun (pynkyuu y=-

ECTh MROWECTE0 8cex OellCTaUuTeAbHbIX YUCeN, KPOME HYAS.
CHauana paccMOTPHM 3Ty PYHKUHIO TOALKO AAA MOJOKHTE/be
HBIX X.
OtmeTnm caenylombe ee cgofcraa:
1) Ecau x>0, ro y>0.

2) \A8 NOAOKHTEABHBIX X QYHKUMA y=T:- apAferca ybupalo-
utedd, T. e. GoAbUIEMY 3HAYEHHIO APTYMENTA COOTBETCTBYET MEHbIIEE
3navende QPyHKUMH, uan ecnd 0<x, < x5 TO y, >y, THE y2=xL2,
b‘l#l-

Xy
JloKkaxeMm 3TH YTBepXKAeHHA.
flpp x>0 uncauteas npobu —i- H ec 3HAMeHaTeNlh — NOJOXKH-

i
TeAbHblE YHCAA, MOITOMY y=}->0.

HYCTI: AJAA NMOMOXHTESABHBIX X H X, BBHIMOJAHAETCA HEPaBEHCTBO

X; < x5 Toraa Ha ocHoBanHH cBoficTea b (cM. 0. 1.1} 3akiiouaem, uTo

1 i

— = 1. e § >Y;
Xz

£

2 AnreGpa B xnace. 3



1
3) Ecan nOAOKHTENBHOE X CTPEMHTCA K HYAI0, TO y=- cTpe-

MUTCH K -} 00, 2 €CAH X CTPeMHUTCA K -} oo, TO y=% CTPEMHTCH K
HyAl0, T. €. {
y=—— + oo npu x—+0 (x>0),

y=%—>0 npu x— <4 co.

310 cBOHCTBO NPOHJJIOCTPHPYEM Ha TPHMEpax,
Ecau nonoxuTesibHOe ¥ CTPEMHTCA K HYAW, npoGeras 3HavYeHHA

LI B ey TO yHKURARA y=-i— COOTBETCTBEHHO Npoberaer

» Es E! T! El
aHauenva 1, 2, 3, 4, 5, .., T. e. y— + oo,
Ecnwn e x— -+ oo, npoGeran 3Hauenus i, 2, 3, 4, ..., 10 CcooT-

1
BETCTBEHHO § CTPEMHMTCA K HYyJaio, npoGerad auavesna 1, -,

1 1
E » T y nean q
4) ®YHKUHA y=-- HEAPEPLIBHA AAA NONOMKNTENBHBIX X, T, €. Ma-

AOMY H3MEHEHHI0 AOJONKHTENLHOrO APryMeHT2 X COOTBETCTBYET Ma-
Joe HaMeHenHe GYHKUBH Y.

flpouasilocTpHpyeM 3TO CBOWCTBO HA TMPHMepe.

flycrs cnopTcMery sano npobexats AucTanuwnio 1 km, Byaem
CYHTATh, YTO OH GEXKHT BCI0 AMCTAHLHIO C NOCTOAHHOH CKOPOCTHIO
v xmM/c. Toraa Becb nyTb OH NpoGexHT 3a ! ¢, NpHyeM

t=3. (1

3aech BpeMa f ecTb PyHKuUA cKopocTh v. QUeBHAHO, YTC MaJoe
M3MEHEHHEe CKOPOCTH AAeT MaJioe H3IMeHEeHHe BPEMEHH, 3aTPpayYeHHOro
Ha nyTb. [ToaTomy dyHKuua, 3ananuasn dopmynoi (1), venpepuiBrasn
bysguns (nanomudm: B dopMyae (1) v>>0).

Braropaps stomy cBoficTBY AJMA NOMOXKHTESBHHX X CpadHK

PyHKiRH y=-; €CTb HENPEepHIBHAA JIHHHA, T. € OH MOXer OniTh
H306paked HenpephiBHHM ABHXKEHHEM KapaHjauwa.
STE—

93", a) [lna kakux x onpepenesa GyHKuHS y=-];?

6) Asagerca An pyHKUHA y=é- yYOMBAKLEH AN NOAOKH-
TeNbHEX Xx?

B) K uemy crpemuTea y=-:?. KOCAA NONOXKHTENbHOE X CTpe-
MHTCA K HyJI0?

r) K 4ueMy crpemurca y=é-. KOTAA X CTPeMHTCA K < oo?

| »
1) Slennerca aw pyHxkumna y ==~ HeNPEPEIBHOA ANA NONOKH-
TEAbHBIX X?



94,

95°.

97.

98,

99,

[Maowans npsMoyronbHuka pasHa 1 M2

a) Kaxue 3uauenun MoryT NpHHHMaTb IAHHB cTopoH? [ph-
BEAHTE TIPHMEPDI.

6) Hafinute AJAHABL CTOPOH 3TOrC MPAMOYTONbLHHKA, €CJIH
OJAHHA OXHOH W3 HuX paBra: 2 M, 3 M, -;— M, g
B) CocraBbTe OpMYSy 3aBHCHMOCTH MeXAY AJHHAMH CTO-
POH A2HKOro MPAMOYroNbHHKA.

a) EcJH yBenHUHThb CKOPOCTH PABHOMEPHOrO ABHKEHHA B 2 pa-
3a, TO KAK H3MEHHTCS BpeMA NMPOXOXKIEHHA 3aAaHHOrO pac-
CTOSHHA?

6) Ecin B 4 paza yMeHblnTh o6beMm, 3aHHMaeMbll Ta30M,
TO KaX H3MEHHTCH NAOTHOCTE rasa?

B) Ecan yMeHbWIHTH BpeMs H3rOTOBAEHHH OAHON JeTanH B
3 pasa, TO KaK H3MEHHTCH KOJMYECTBO JeTanedl, H3roTOBJEH-
HBIX 238 CMEHY?

BriuHcaHTE 3HAYeRHA PyRKUUH y=% npu x, pasHoM |, 2, 3, 4, 5,

1 1 11
333" 5" PesyabTaTbl 3aHecHTe B TalaHLy.

Jdaka ¢yHRUHA y=%. Buiancanre:

a) y{l) 6) y(2) B) y(3); r) y{(6);
a) y(%); e) y(%); *) y(%); 3) y(ll—o)-
CpasHute apo6n: 1

i 1 1 i i !
a)EI‘Ig, 6)3“3, B) HE’ I‘)Wﬂﬁ.

| —

Hana ¢yukund y=%. Cpasnure:

a) y(1) u y(2); 6) ¥(2) u y(3);
8) y(1) v y(5): r) y(1) n y(3);
a) y{12) u y(5);  e) y(4) u y(3).

2.5, Ipaduk PyHkuun y=%

1
[Toctpoum rpaduk GyHKUHK y=- ANA MONGKHTEJILHBIX X. Onn

|
3TOF0 BBIYHCAHM 3HAUCHHE y=; y COOTBETCTBYKOHIES KAKAOMY NOJAO-

KHTEJBHOMY YHCNY X, H NOJYYEHHbIE TOUKH (X; i) OTMETHM Ha nJoc-
KOCTH, TNde 3aJaHa JekapToBa cHcTema xoopauunar xOy. Cosokyn-

1
HOCTb BCEX 3THX TOUeK oOpazyeT rpaPuk QyHKOrH y=— AAf M0JO-

HKHTCNbHBIX X,

O,IlHaKO 3Ty paGOTy A0 KOHLUA BLIMONMHHTE HEBOSMOXMHO, OTOMY

YTo yKa3aHHBIX Touek GeckoHeuno MHoro. Bee ke rpadmk nainen
DOYHKUHH MOXHO NOCTPOUTH NPHGIHIKEHHO.

35
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3apanuM noGodblie MOJOMHTENLHBIX 3HaYeHHA X H BLIYHCAHM

I
COOTBETCTBYIOUHE AM N0 dopMyde y=— 3nauenun y. Huxe npupe-
neHa Takas Tabauua AJd HEKOTOPHIX 3Ha4eHHH x.

X 1 2 3 4

[S-3 =T
or | w]—
e | ]

¥

[ R
2 | 3 | 7

OTMeTHM HA TNMIOCKOCTH B CHcTeMe KoopAauBaT xOy TOYKH, COOT-
BETCTBYIOMIHE Napam uucen (x; ), NpHBeAeHHHM B Tabanue (puc. 26).

¥
F==-0
o
1 Py
T | e
T |h"_
0 1 é[: 3 4 z

Puc. 26

CoenMuum 3TH TOYKH NMJaBHOH HenpephBHON JHHUER, Takoi, uTo
OpAMHATA Y ee NOARHXHOH TOUKHM YObIBAET BMECTE C BO3PACTAHHEM
ee afcunccel (pHc. 27). [lonyueHAYI0 HeNpepLIBHYIO JHHHIO MOXHO

paccMaTpUBaTh KaK TPHOAHMKeHHbIH rpadHK PYHKLHH y=% AnA

MOJNOXKHTENbHEIX X.
OTMeTHM, uTO H306paXeHHBA Ha pucyHKe 27 rpadHk oTpaxaer

ceoiictea 1, 2, 3, 4 pynxnuu y=% ,» CQOpPMYARPOBAHHBIE B NpeaAb Y-
LEM NYHKTE.

HehcTButenbHo, rpaduk GyHKUAH y=—:? AAA TOMOMHTENbHBX X
pacnosioXXeH Hax ocblo (Ox, 4TO CoOTBeTCTBYeT CBOACTBY I,
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1 y=5&>0
L] h"_
O 1 _2[ 3 ( 4 T_
Puec. 27

Ecnn ypesnunBaerca abCcuucca x TONKH, ABKayueiica no rpadu-
Ky, TO OPAHHATA ¥ 3TOH TOYKH YMEHbiUaeTCH, UTG COOTBETCTBYET
cBoficTBY 2.

CeoficTBo 3 3aK/04a€TCA B TOM, YTO €CJH X — + oo, To y— 0.
Ecan xe x—0 (x>0), 70 y = + oo. OHo Toxe B Kakoii-To Mepe
OTPaXKeHO Ha pHCYHKe 27.

Haxonen, sa ocHOBaHHH cBoficTBa 4 Haw rpadHK AoaxkeH GHITDH
HenpepeIBHOA AMHHEH, 103TOMY MbBl H COEAHHHIH NOAYUeHHhIe TOUKH
HENpepLIBHONA JIHHAEH.

1
OGnacTbio onpenefiendsa GYMKUHH y=— ABASETCA MMOXECTBO

YHCEN X, OTJMUYHBIX OT HYJH, HAH, BHPAKASICH FOMETPHYECKHM A3bl-
KOM, MHOXECTBO TOMEK ocH OX, OTAHUMBLIX OT HYJeBOA TOUKH. ITo
MHOXKECTBO CHMMETPHYHO OTHOCHTEAbHO HYJAeBod Toukh. Kpome To-
ro, 4Aa JAO6GOr0 X H3 3TOr0 MHOXECTBA BLINOJNHAECTCH PABEHCTBO

y(—=r5=—(;)=—v . (1)

T. &, MpH H3MEHEHHH 3HaKa X HA TNPOTHBOMOMOKHLE COOTBETCTRYIO-
niee 3HAYeHHE QYHKLHH H3IMEHAETCA HA IPOTHBONOJOMHOE.

OyHKLHIO, 06NafaI0MYI0 TAKHM CBORCTBOM, HasuBaloT HeueTHoR
PyHKUHelN.

POyHKUHA y=%— HeueTHas Pynkuna. B cuay ceoiictsa (1) Tou-

1
KH rpad)m(a y=-; ¢ aGCLUHCCAMH X H — X HMEIOT NPpOTHBONOJAXKHLIE

1
OPAHHATHI, MOSTOMY FPagHK PYHKUHH §=— CHMMETPHUEH OTHOCH-
TEAbHO Hadala KOOpAHHAT.
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Pue. 28

ITosTtomy ans nocrpoenHs rpaduka dyHKuHH y=% IASi OTpHLA-

TeJbHbIX X HAND HSOOPaBHTb JAHHHID, CHMMETDHUHYID YXKe NOCTPOeH-
Hoil KpHBOﬁ OTHOCHTENbHO HavaJda KOoOpAHHAaT.

I'paduk GyHKUHU y=% AJA BCeX x K3 ee 06NacTH onpeaeseHus
H3o6paXkeHn Ha pHcyHKe 28.

JTurwro, asaniouyroca epaducos Pynigus y=%, Ha3bi8a0T TH-
nepbonoi.

OtmeTHM, uTO rHnepboaa y=% COCTOMT M3 QBYX YacTel, HasbiBa-

eMbIX seTaMu eunepfoast. OKa K3 HUX pAcNONOXKeHa Hajl MOJOXKH-
TeAbHBEIM Jyuom ocH Ox (Ge3 Toukn x=0), a Apyras — nox oTpHUA-
TeAbHbIM Ay4yoM ocH Ox (6e3 ToukH x=10). U3 rpadHka dyHKUHH

1
=—{puc. 28) BUAHO, YTO QYHKIUHA Y=- AN OTPULUATENLHEIX X 05-

JANAET CACAYHULMMH CBOHCTBAMM:
1) Ecan x<Z0, To y<0.

2) Aaa oTpHuaTeabHHX X GYHKUMA y=% y6uiBaer,
3) EciH oTpHUATeNbHOE X CTPEMHTCA K HYAW, TO y=% cTpe-

MHTCH K — 00, & €CJIH X CTPEMHTCHA K — 00, TO y=-;:- CTPEMHTCA K
HyJlO, T. €.
y=—— —co npu x—0 (x<<0),
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1
y=7—pO npu x— — o0,

1
4) Mas orprRaTenbHBIX £ PYHKLUKA §==- Henpepbisra.
HOKaSaTeJII:CTBa 3THX CBOHCTB Mbl ONyCKaeM.

100°.

101,

102.

103.

104,

105.

a) Kakosa obaacTh onpeaeneHus $yHkunu y=é?

6) Kax Ha3abiBawT rpaduk pyHKUHH y=%?
B) Ckoabko BerBefi HMeeT rumepGona?
r) fABaserca Ad pyHKuHA y=% HenpepHBHOR, HedeTHON?

Haua ¢pynxkuua y=-}. Kakue 3HaueHHs TpUHHMAET y NpH

x>0, npy x<Z0? BuuHcaure:
a) y(1), {3), (5), y(10),
6) y(—1), y(—2), y(—8), y(—9)

() 4(5) 4 (15);

r) ¥ (1,5), y(—5§). y(—3%)-

a) Boapacrtaer uaH ySeiBaet pyHKUHA y=—:; Ha NpoMeXyTKax
[1: + o0), (G 1], (—oo; 0).

6) Tpu xakHx 3Ha%eHHAX X GYHKLHUA y=—’l; He onpefeneHa?
MoxeT a4 3Ta PYHKUHA NPHHATL 3HaueHwe 0F
Hokaxure, 4t0 GyHKUHA y=% ABAGETCA!

a) HedeTHOHN; 6) yOuBalowed npu x<<0.
Pacnonoxurte 3anayenus GyHKuHH y=—} B ROpsKe BO3pa-
CTaHHUA!

p(1), y(—3) y(15). (=1, y@3), y(3). ¥(—08),

1 1
¥(—3) v(53)-
Hauna pyaxuuna y=%. B cucTeMe KOOPAHHAT € e AHHHUHBIMH

1
OTpe3KaMH, paBHRMH 1 CM, noc*rpoﬁ're TOUYKH (x' ) npH X,

"x
1Lt
pasaom 1, 2, 3, 4, 15, S Coeaunute nonyuenHple

TOUKH HenpepbiBHOH JiHHHeH. OTMeTbTe TOUKH ¢ a6CHUCCAMH

{1 1
5' 6; 7' 3 ] E ] 7 .
”CHOJ'IBBYﬂ NOCTPOCHHYIO JIHHHIO H HEYETHOCTE quHKllHH

1
y==—, NOCTpoillTe NeByio BeTBb ranep6oabl.



1068. C nomombio rpaduka GyHKUHH y=-)|? onpeaeanTe:

a} 3HaueHus y, ecau x paeed 0.2; 0,3; 0,8;

6) 3HaueHud y, ecaiu x paeeH —3.,5; — 1.8, —04;
B) 3HaYeHHR x, ecan g({x)=3, y(x)=5, y{x)=—2;
r) aHayeHna y, ecad x>0, x>2, x< —3;

A) 3HaueHun g, ecal O<Cx<Cl, —3<Tx<— 1.

107. TlpnHagneXxuT AR rpadHKy DYHKLUHH y=-}; TOUKA:

a) A(2; 0,5)% 6) B(4; —1);
B) C{—25; —0,04); r) D (6; 0,7)?

108*. dynruun y=71- ABJaAercA yObiBawiuelk Ha HHTepBade { — oo; 0),

a rakxe Ha aHTepeaJe (0; + oo ). Ho 312 dyHkunsa He apas-
ercA yOniBalowed Ha Bced cBoed o6aacTd onpeaefeHHs.
O6bacHHTE MOUEMY.

109*, TIlocrpoiite rpadpHK PYHKLHH:

—1 2 —2
a) y=—:  6) y=_; B) y=—1

[ __ —8 _4
r) y=-; a) y=—; e) y=—-
110*. B kaknx KOOPAMHATHEIX YrJAax pacloAcKeHH TOYKH rpa-
duka y=% npu £>>0, k<<0?

§ 3. KBAIPATHbBIE KOPHH

3.1. MousaTHe KBaAPATHOro KOpHA

B reoMeTpuu MHOTAE pellaeTCA 3a4ayd: NJIOMAAL KBAAPATA paB-
Ha b, HalTH AJHHY €ro CTOPOHB. DTa 3ajlaya €CTh YacTHHIA cayvali
GoJsee oGueil 3anauy. Jlas pannoro AecTBATEABLHOTO YMCaa b HaliTH
AeHCTBUTENLHOE UHCRO @, TaKoe, yTo a’=b. [TokaxeM, 4To 5Ta 3a-
Jaua MMeeT pelleHHe, TOAbKO ecad & — HeoTpHUaTesbHOE HMCHO.

3ananum AeficTBuTeNbHOE yucao a. BoaBeas ero B KBaapaT, no-
AyunM nelicTBUTENbHOE YHCIO b= a’, KOTopoe HA3LIBAIOT KBAGPATOM
¢ucag a. IloxaxeM, yto § — YHMCHO HEOTPHULATE/BHOE,

B camom geae, ecan a=0, To b=a*=0.0=0.
Ecan a>>0, o, yMAOXHB HepaBeHcTBO a>0 Ha nonoXHTesnsHoOE
UHCHO @, NOAYYHM

b=a’>0.
Ecan xe a<Z0, To, YMHOXHB 3TO HEPABEHCTBO HA OTPHIATERbHOE
YHCAO 4, MOAYUHM
b=a’>0.
Hrak, nokaszado, uto aAa aA06oro AeHCTBUTENBHOTO YHCAA 4

CNpaBeluBO HepapBeHcTBO a°.20, T. e. KBaapaT awGoro AcHcTl-
TEJbHOIO MHCAA — MHCAO HEOTPHIATENbHOE.
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H3 cKa3aHHOre CAEAYeT, UTO HET TAKOZO OeliCTBUTEABNOZO YUCAQ,
Keaodpar Koropoeo b6ba Obl pasen OTPUUATEALHOMY YHCAY.

Teneps nokakeM, MCNOABL3YH rpaduKk DyHKUMH y=x°, 4TO AAg
AKGOrc HeoTPHUATENBHOTO 4YHCAa b cyllecTByeT AeHCTBHTEALHOE
YUCAO 4, TAKOe, 4UTO

02=b.

[Npu b=0 naM raao HaiiTH Takoe 4HCAO &, 4TO a*=0. Ho Toraa
a=0, MOTOMY uYTO, KAK MOKA3aHO BLILIE, 0°=0; ecin xe a40, To
a’>0. Htak, cyuiecTByetr eAnucTBeRHOe uucao 0, KBaapaT KOTOPOro
pasen uneny b=0.

IMycts Tenepe b>>0. llocTpoum B ]

|
¥

NPAMOYrosibHOH CHcTeMe KoopAHHAT xOy
rpaduK Gynkuun y=x°. OTI0XKHM OT Ha- ]
uaJjia KOOPAHHAT BBEPX MO OCH § OTPE30K B b.,_#A

OAHHOK b W wepe3s BepXHHH ero KoHen
ApoBefieM OPAMYI0, NAPAARENbHYI0 OCH X.
dra npaMas nepecexkaer napaboay y=x \ l
B ABYX Toukax A H B (puc. 29),

Mycts abcuncca Touku A ecTh 4yucAO 1 I
a. Torpa a6cuHcca Toukm B ecTh 4uC- T
50 (—a), noToMy uto TOMKH A 1 B cHM- <-10{ 1 g «
MeTPHYHbBI OTHOCHTEALHO OCH y. OueBna- j |
HO, 4TO KBaApaThl uHcen ¢ H ( —a) pae-
Hbl b Puc. 29

a’=(—a)y=0.

[TpH 3ToM HeT APYrHX AelicTBUTENBHHIX YHCEA, KBAAPAT KOTOPHIX
paBHsiica G6n b.

Ksadparrnvim Koprem W3 AaHHOTO HHCAA HAIMBAIOT TAKOE YNCAO,
KBaAPaT KOTOPOro paBeH AAHHOMY MHCAY.

H3 ckaszanHore cheayert, 4To:

1) cymecTByeT H NPHTOM TOJBKO ABA KBaAPATHBIX KOpHA H3 Jf0-
Goro noaoxuTeAbHOro 4neaa b. Oun papnbl no a6coATHOH Beanyn-
HE, MO HMEIT Pa3Hble 3HAKH, T. €. OAHH H3 KOpHefl MOAQKHTEALHLIH,
a Apyro#l oTpHUlaTeAbHbIH (Ha pHCyHKe 29 @ — MONOXKHTENbHEIA KO-
peds, (—a) — oTpUnATEAbLHBIH KOpeHE H3 4Hcaa b,

2) KBaapaTHBIA KOpeHb H3 HY/AA €AHHCTBEHHLIA, OH paBeH HYAI0;

3) HeT DeficTBHTENRBHOTO YHCJAA — KBAAPATHONO KOPHA H3 OTPH-
LATENLHOTO YHCAA.

Jameuanune |. B pononnennax k ranase Il 6yayT BBe;eHbl
KOPHH KBaApaTHble H3 OTPHUUATEAbHBIX YHCEd, HO 3T0 GYLAYT yKe He
JeACTBHTEABHEIE YNCAA, 3 TAK HA3LIBAEMEIE KOMILJIEKCHHE 4YHCAa.

Jameuanne 2. TopopsaT, uT0 KBaJpaTHLEIA KOPEHb H3 OTpHLLA-
TeNbHOrQ YHCJA HE CYIIeCTByeT, NOAPAa3yMeBas No04 3THM, YTO HeT
NeliCTBHTEABHOTO YHCAA, KBAAPAT KOTOPOrQ €cTh OTPHUATeNRLHOe
YHCJO.
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Tpusep f Yacaa 17 0 — 17 — kBagpathbie Kopru u3 289, no-
TOMY 4T 17%==(—17)"=289.

flpusep 2. Uncna l H -1 KBaJpPaTHbIe KOPHH H3 — !

- 75 » NOTOMY
w (7)=(—7)==
llpumep 3. Unena = u —3 = KBaApaTHbIE KOPHH U3 - 2 noToMy

3 9’

w0 (f=(=3

fpumep 4. Uncna 0 - eQHHCTBEHHBI KBAAPATHBIHA Kopenb U3 O,
Ilpumep 5. Her nefcTBUTEABHBLIX KBAAPaTHHIX KOpHe# W3 —4.

111°% a) MoxeT AH GHiTh OTPHUATENLHBIM YHCJIOM KRAAPAT Aei-
CTEBHTENBHOTO YHCAAE?
6) UTo Ha3bIBAIOT KBAAPATHHIM KOPHEM M3 Q&HHOrC Yyucaa?
B) CKONBKO CYIECTBYeT KBaapPaTHHIX KOpHedl W3 MNOJOXKH-
TEAbHOTO YHC/a, U3 Hyqas?
r) CyiiecTByoT N AefCTBHTENBHBIE UHC/A -~ KBAAPATHbIE
KOPHH H3 OTPHUATENBHBIX uHCen?

112, Haitnure cropony KBajpaTa, ecah ero MJOWanL pasHa:
a)25cm 6) 1 m% ) 400 Mm%
r)49nu, a) 16 um?% e) 1 ra.

113. Tlokaxure ¢ nmoMowbid rpadpuka QyHKUHR y=X°, uTa:
a) CyulecTBYIOT ABa AeMCTBHTEALHBIX KBAAPATHHIX KOPHA H3

yncaa 3;
6) cylecTByeT eAMHCTBEHHBIH KBAAPATHEIA KOpPeHb H3 4HC-
na O
B) Me CyUIeCTBYeT AeACTBHTEAbHLIX KBAAPATHBLIX KOpHEH H3
uyucaa —5.
114°, Haitante 4ncao, KBaZPaT KOTOPOro pasen:
a) 4, 6) 100, B) —6; r) 81;
a) —0,25; e) 0; x) 0,09; a) 1,21.

115. Joxkaxkure, uto:
a) uucao 11 ecte kpaapaTHbil Kopenb H3 121;

6) uncno — 13 ecth kBagpaTHmN KOopenr H3 169;

B) u#cao 1,7 He mBAAETCA KBaipaTHbiM Koprem u3 2.39;
rjy yncao —0,7 He ABJAAETCH KBaapaTHBIM KOPHeM H3
—0,49.

116. HafanTe xBaapaTHble KOPHH H3 YHCAA:
a) 10 000; 6) 3600; B) 640 000; r) 1000 000,
1. ] ) 16
n)a_' e)gv m)ﬁ! 3) 10 -
Jokaxure NpaBHALHOCTL pelUeHUs.
117. TipomepnTe, ABARETCA AH YHCIO!

a) 42 kBaapaTHbIM KOpHeM H3 1764;
6) —19 kpaapaTHbiM KopHem u3 361.
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3.2. ApudmeTHuecKHI KBajpaTHLIH KopeHb

Apupmeruneckum Keadparnvim KOPHem W3 KAHHOTO HeOTPHLA-
TEAbHOTO YHCAA & HA3LIBAIOT TAKOE HEOTPHLUATeNbHOE MHCAO, KBajA-
paT KoTOporo paseH b.

310 uMcao o6o3HaYalOT /b H YMTANT «apuGMETHYECKRH KBaj-
PaTHBIA KOpeHb K3 YHCAa b»,
BHUMCIHM HECKONBKO apHOMETHUECKHX KBAJAPaTHBIX KopHed:

Vo =0, V=1, V& =2 V9 =3 \16=4,

1 | 25 5
V25 =5, \/z =7 V3 =3

[Monyepkrem, 4To apnpMeTHIecKHl KBAApPaTHHI KOPeHb H3 HYJAA
PaBEH HYMO, 2 apHdMeTHUeCKHA KBAAPATHRIA KOPeHb H3 MOJOXKH-
TEABHOTO YHCA — YHCAO MOAOKHTENbHOE.

HHuoraa smecrto cOB «apHPMeTHYUECKHI KBAApPaTHHIH KOpPEHb U3
UHCAA® FOBOPAT «apH(PMeTHUECKOE 3HAUEHHE KBAJPATHOTO KOPHA N3
YHCAA», KIH «apH(pMeTHUeCKK KOpeHb BTOPO# CTeNEeHH H3 YHCAa».

Uacto suipaxeure Vb aas 5220 Mbl 6yaeM HaablBaTh NpPoCTo
KBAJAPATHBIM KOPHEM H3 b, onyckas AfA KPaTKOCTH NpHAAraTenbHoe
«apHpMeTHYeCKHH», HO noapaszyMeras ero. Jaa <0 pupaxedue

b ne uMeer cMbiCaa.
Cpenn AByX KB2APaTHBIX KOpHefl K3 MOJOXKHMTENLHOrO Yypcaa b
OLHH apHpMeTHUECKHH, PaBHBIN \/b_, a Apyroii papen —\/F.
3aro kpaaparHelit kopens n3 0 TOABKO ofHH: \/(T=0.
3unaunrrt, dag Kawdozo HeoTpU- L ]

yareavnoeo wucaa b cyujecrsyer, u
nPUTOM TOABKO O0uH, apumeruve-
ckufl kKeadparHsili KopeHs.

Ha pureynke 30 wueno 00—
apHpmeTHUecKRA KBaApaTHbIf Ko-
petb H3 uHcha 0, | — apugpmeruye-
CKRil KBAAPAaTHBIH KOopeHb K3 |, 1

\/2_ — apH¢MeTHYeCKH# KBaApaTHBIA 3
KopeHb H3 2, 2 — aprdmeTHIeCKHI

KBaapaTHbifi Kopews M3 4, \b — 2 f

o =

k!
-

apuipMeTHIeCKRH KBAJPATHRIA KO-
PEHb M3 TOJOKHTEABHOTO 4HC-
na b. 1

Kak suano 3 precynka 31, ecau
HEOTpHLATENAbHbIE YHCra by H by Ta- N J/
KOBbl, UTO b;<b,, TO VE< by. 0 1 ‘fﬁ:

JApyrumu cioBaMu: W3 ABYX He- |

OTPHUATEAbHBIX 4Hcea Goabwe To,
Keajapat Kotoporo {oJblie, Puc. 30

!w
— 5
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Puc. 31

Hz cka3aHHOrO CAeAyeT TAKKe, UTO apHMeTHYecKHe KBaapaT-
HBHE KOPHH M3 PABHHIX HEOTPHLATENbHMX 4MHceN paBHb. MoxHo
€Ka3aTh M TaK: €CAH KBaJPaThl HEOTPHUATEbHBIX YHCEN PABHBI, TO
3TH YHCJA PaBHBL.

|

118°. a) Uro HasbiBawT apHPMETHYECKHM KBAAPATHBIM KOPHEM H3
LaHHOTQ 4MCRa?
6) CKoABKO CyuiecTBYeT apujMeTHYECKHX KBAaJPaTHEIX KOp-
Hed M3 AAWHOro 4Yucaa?
B) Moryr Au 6HITbL paBHBIMHM apH{pMeTHYeCKHe KBAAPATHEIL
KOPHH H3 HepaBHEIX uyHcen?
r) Bepue am, uro (\6 ¥=0, rae 63207

119°. Hafinnte aprdMeTHuecKHe KBajpaTHble KOPHH':

\12

a) V9, V&, 0, VT, 81, V121, 400, \144;
6) V0,49, V0,25, /0,04, 1/0,0016, \/%_
1
1600 °
Briyncaunre (120—122):
r) V16 +VY25; a) 49 —y1; e) V81 —\/49;
x) V100 —\/36; 3) 144 —V121; ) \/0,36 +10,49.

! Mipy BHINONHEHHH FTOTO H CACLYIOUHX YOpaXHeHHA YROGHO nonsdopaTees Tal-
JHUeH KBARPATOB.

F

1
5 V&

=]

[4)
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121.

122,

123°.

124,

125.
126.

127.

128.

129.

130.

a) 2-\/BI; 6) 5+ V100 8) VI -\0,25;
r) V0,16 -9  n) V0,27 :\/3: e) V49 :1/0,01;
%) \/%_.Vﬁ; 3) V0,36 :\/=; n) V1,69 :1/0,0625.

a) 54 -3; 6) 2V9 +3V16;
8) V13—3.3; r) V7P —26:2;
0 V5 +22:2;  e) 310,64 —5 V12l

HUmeer au cmuIca BbipaXeHHe:

a) —\25; 6) V—25; YRR r) VI—5?
HafinuTe, ecAH BO3MOMXHO, UHCAO, apHQMETHYECKHH KBan-
paTHbfi KOpeHb H3 KOTOPOTO DaBeH:

a) T, 6) 0,2; B) —2; r) —100.

Briuncante (125—126):

1, 7. 9 .‘[4
3) 2;, 6) l-g, B) 1E, l") 53.

a) \/000, /6400, /810000, /250000, /16000000 ;
6) V0,64, \/0,0064, 1/0,0009, \/0,000016, /0,000004 ;
8) V256, /729, /196, /625, /289, \/361.

JoKkaxure, yto:
a) Vi >1; 6) V3 >1; B) 2<<V5;
ry 1,4<V2; 1) 1,7<V3; e) 1,8>13;

) l<V2 <2 3) 1<\3 <2
CpaBHuTe yucna:

a) V100 u V8I; 6) V100 u Vi21; B) V& n 3;
r)%u \0,25; A 2w V%; e)%n 4;49;

n()\/(Wu'\/g_g; 3)\/2_-:-u'\/%; H) %u%.

Boiyncaute;

a) (V2% 6) (V3% B (VI3  n) (V7))
Hannu're ABa NOCA€N0BaATEAbHEX Ha'rypa.ubuux YHCA3, MeH-
ny I{OTO])I:IMH Z3AKJAKOUYLHO YHCIO.

a) \/ﬁ; 6) Vﬁ; B) \/2?: r) \/E

3.3. KpagpaTHoil KOpeHb M3 HATYPAABHOrO YHCAA

Ksadpar narypaasroeo wucaa ecro naryparonoe sucao. Ho ne
B8CAKOE HATYPAALHOE RUCAOC eCTb KBAGPAT HEKOTOPOZ20 HATYPAALHO-
20 4ucad.

CpeaH nepebix 20 HATYPAJLHEIX YHCEA TONBKO 4 ABJAITCA KBAk-
paTaMH HaTypaJbHBIX HHcesa —3T0 1, 4, 9 u 16.
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Cpeau nepenix 1000 HaTypasibHbiX uHcen nmeercs 31 Keazpar,
T. e. npuMepuo 3%. Bor onu:

1, 4, 9, 16, 25, 36, 49, 64, 81, 100, 121, 144, 169, 196, 225, 256,
289, 324, 361, 400, 441, 484, 529, 576, 625, 676, 729, 784, 841,
900, 961.

Ecaun ke paccMOTpeTh HaTypadbHble YHcaa, He Goaswure 10 000,
TO cpeaH Hux HMeercd Bcero 100 uncen, T. e. 1%, ABAALWHXCA
KBafipaTaMH HaTYpalbHbIX YHCEJ, & HMEeHHO:

12, 22, 3, .., 100%

Ecan u3saeun 3PH¢OME‘1‘I‘I'-I8CKHE KBaApaTHhle KOPHH H3 KaXA0ro
H3 3THX YHCEJ, TO NOAYYATCHd COOTBETCTBEHHO YHCAAD

1, 2, 3, ..., 100.

Mul BuAMM, 9TO cpend GOMbLWIMX HATYPAJbHBIX YHCEN O4eHb pefi-
KO MONafaloTcd KBAaAPAThl HATYPAJLHLIX YHCEN.

Teopema. Ecau HATYPRADROE HUCAO He RGAAETCA K8AOpaToM
HEKOTOPOZO KATYPAABHOZ0 HUCAR, TO OHO RABARETCA KAaAOparom up-
PAKUOHGADHOZO UUCAL.

Hokaszareascreo, [lycre N — HarypassHoe yucsio, He #B-
JAKIIEECH KBAAPATOM HATYpPaJbHOrO YHcaa. [lpeanonaoxum,

uTO '\jN €CTh HHCAQ PANHOHAMBHOE, T. €, 4YTO
P
VW=2, ()

rie p H § — HaTypaJbHble uncna. Byaem cunTaTh, 4To 3Ta ApOGL He-
COKPaTHMaN, HHAYE Mbl NPEABAPUTENLHO ee CoKpaTHan Obi. TMoche
BO3BcAeHHA paBeHcTBa (1) B KBaapaT ROAyUHM

2
N=%. (2)
Ecau 3gech g=1, To N=p? 1. e. N —- KBafipaT HaTypaiLHOro
YHCAA, UTO NPOTHBOPEUYHT YCaI0BHIO. Ecau xe g>> 1, To aeBas yactb
paBencTBa (2} ecTh HATYPANBHOE YHCHO, 4 IPABAA — HECOKPATHMAs
ApoBb, YTO HEBOIMOMKHO,

CuaesioBaTenbHO, Hallle TIPeANoNOKeHHe HeBepHo, T. e. YN ects
YHCA0 HppauHoHaabHoe. Teopema AoKa3aHa.
Taknm 06pa3oM, KBaapaTHuie KOPHH

V2, V3. V5, VB, V7, VB, VIO, VIT, Vi2, ..

eCThb HppPAaUHOHAJAbHBIE YHCJA.

131°% MoxeT AK ObiTb PALHOHANLHLIM YHCJAOM KBAAPATHHA KO-
peHb M3: a) APOCTOro 4YHCAA; 6) HatypaJbHoro yncaa?

132, a) Beinvminte nHatypadbHble uHcAa, meHsliMe 150, KoTOpHIE
ABMAKTCA KBAaAPaTAMH HATYPAJbHBIX UHCEJ,



6) UMeloTca An KBaapaTHl HATYPAJAbHBIX YHCE CPEeNH HaTy-
paabHbIX Yncea ot 150 ao 200?

133. SlpasieTca AH KBaApaTOM HATYPaJbHOTC YHCAA YHCAO:
a)T; 6) 27, B) O ry —5

1) 3 e) 100; x) —16; 3) 497

134*. JokaxuTe, 4TO He CYLIECTBYeT pALKOHANLHOrO YHCAA,
KBajpaT KoToporo pasen:

a) 5; 6) 7; B) -é-; )
135*. HoKaXXute HppalHOHAABHOCTD YHCAA!

a) V3; 6) V5; B) V7; r) VII;

1) V6; e} V8; ®) Vi0; 3) Vi2.

136. flpaneTcd AK UYHCAO PAUMOHBJAbHBIM, HPPaLHOBANALHBIM:
a) \4; 6) \13; ) V16 r) V17;
1) —\o; e) V20; xK) V25 3) W?

HokaxuTe, yTo 3HAYEHHE LAHHOFO BHIPAKEHHA — YHCIO pa-
uHoHaannoe {137—138):

137. a) (V2 —1)(V2 + 1) 6) (V3 —1)(V3 41y,
) (V5 —V3)(\VB +V3) ) (VB +V5) (V6 —\5).

138. a) (V2 +IP+(V2— 1% 6) (VB + V2P +(\B — V2P
BY (V7 — 1P +(NT + 4% 0) (VB —VBP+(V6 +\3 )
1) (VT — 2P +4VT; e) (V8 +3¢—6V8,

139. Hokaxute, yTo Ana awbero 220 BHINOAKAETCA PAaBeHCTBO

(Va+ 1 —Ve)(Va+1 +Va)=1.

3.4%, MpnbanKennoe BHIMHCAEHHE KBaAPATHbIX Kopheid

1
5

MBI 3HaeM, uTo V2 ecTb HpPpaUHoHAALHOe yucao, CaeposaTtenn-
HO, €ro JIECHTHYHOE PA3NOMEHHe

V2_= gy O Qg . ..

GeckoneuHoe HenepuoguyecKoe,

[MokaxeM, KAK BMYHCAAETCA YACAO Oy H KAK BLIMHCAAIOTCA mocJe-
nopatenbHo UAGPH @, @y O ... .

Hs pgpofthoro nepasexcTsa

1 <224

VIi<VZ <V, 1. e 1<\2 <2.

cjeayer, 4TO

3naywur,
w=I, T e \f2_=l,a,u2u3... .
47



Bynem Tenepb uckath @, Hsis 3TOr0 paccMOTpHM uYHCAa
1,0 1,1; 1,2; 1,3; ...; 1.9; 2,

FAe-TO MEXAY HHMH HaXOAHTCH 4HCIO V2_ Yrobnl yaHaTb, MeXLY
KAKHMH H3 HHX, 6yAeM NOC/Ael0BATENLHO BO3BOAHTL WX B KBaApaT:
1,00=1 L1I=1,21; 1,22=1,44;
1,3*=1,69; 1,4°=1,96; 1,5°=2,25.

Jaablie BLMHCAATL He HAAQ: Mbl BHAHM, 4TO
1,42 <2< 1,57,
HJH

14<V2 < 1,5.
310 noKasbisaer, 4To a,=4, T. e. \f2_=l,4u.20.3... )
UtoObl HAHTH @, BLIYHCARM KBAAPATH YHCEN:
1,40°=1,96; 1,41*=1,9881; 1,42=2,0164.
Mpi BUAHM, 49TO
1,412 <2< 142°,

1,41 <<\2 < 1,42.

Moatomy a,=1, 1. e. 2 =14la,a,... .
HTak, Mbl HaLIH 1eAY) YacTh H Nepsble ABe UMPPH nocae 3a-
NATOR B HECATHYHOM Pa3ioMeHHH V2, HAH NPHOGAMXKEHHOe 3Haue-

HHE \/5:
V2 & 1,41

C HENOCTATKOM € TOYHOCTHIO A0 BTOpPOre 3HaKa nodne 3anAToH. Hpo-
AoJiKag 3TOT Npouecc, Mbl ﬁynem HAX0AHTL H])HGIIH)KCHHHE 3Havye-

HuA V2 ¢ Tem KoaHuecTBOM Lu@p NOCAe 3ansTOH, KOTOPOE HAM HO-

Hazo6HTCH, APYTHMK CJIOBAMH, BHYRCAHM V2 ¢ TouHOCTBIO DO Jt0GO-
ro HeoGXOAHMOTO HaM 3HaKa Ioc/ie 3anaTof:

V2 = 1,4142135... .

ITOT npotlecc MOXHO NPHMEHHTE K NPHOJIHIKEHHOMY BbiuHCAe-
HHIO apadPMeTHYECKOro KBAAPATHOTC KOPHA H3 A1060M0 HATYPAALHO-
ro YucHa, He ABAAKMEroCs KBaApaTOM HATYPadbHOrO 4RCAA.

Ho o6uiuno Takue BbIYUCAEHHA He deaatoT. CyulecTBYIOT noapo6-
Hble TAGNHLB AJA NPUHONHKEHHBIX 3HAYEeHUH KBAaAPATHLIX KOpHeH M3
HaTypaJibHbIX YHCed.

Kpome TOro, ¢ NOMOLLLID KabKYAATOPa MOXKHO MOMEHTAJIBHO ¥3-
HaTb, YeMY NPHOJHXKEHHC paBeH KBajJpaTHH# KOpeHb H3 ZAHHOTO
HATYPaJbHOrC 4HCAA.
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140. Aans gaxaoro u3 yucea 2, 3, 4, 5, 6, 7, & 9 naifiaure:
4) naunGoJibllee HATypaabHOE YHCJIO, KBAaAPAT KOTOPOTC He
Goablie AAHHOTO YHCAA;

6) HaHMeHbIEE HATYPAALHOE YMCJIO, KBAAPAT KOTOPOro He
MeHblle AAHHOrQ 4YHCAA.

141. Haiiante npubaunkeHHOe 3nadeHHMe KBAaApaTHOrO KOPHA H3
yycaa ¢ ToyHocTeie po 0,01:

a) 3; 6) 5; B) 6; r) 7;
1) 8 e) 10, xK) 14 3) 12,
142. Briyucaure ¢ TOYHOCTBIO A0 1:

a) V174; 6) \242; B) V357 ; r) V413.

143. Buumncante ¢ TouHocThio ac 0,1:

a) V23; 6) V31; B) V45; r) V53.

144, BLYHCANTE C TOYHOCTHIO A0 TPEThEro 3HaKa Noc/ae 3ansTOH:

a) Ve; 6) V8; 8) VI0; r) V1I.

[MpoBepuTe pesyAbTaThl No TaGjanuUe KBaApaTHBIX KopHeii.
145, Uecnonbayn TaGJaHUY KBaApaTHBIX KOPHei, BHIYHCJHTE:

a) V2; 6) V5; 8) VI3; r) V72;
1) Vo7, e) V1.2; *) V2.8; 3) V5,1;
H) V12,3; K) \43,1; a) \/W; M) W;
W) V1225 o) VI849;  n) \/3249:  p) V43I,
¢) \f689; 1) V1578; y) \/2578; b) V4774

146. [lpoBepbTe cnpapeAtHBOCTL HepaBeHCTBA:

a) 6,0<<\/37 < 6,1; 6) 4,3< V19 <4,4;
B) 11,0<<\123 < 11,1; r) 21,3 < \456 < 21,4.
147. Kakoe uncao apasercs Golee TOUHLIM DPRONHIKEHHEM W:
a) 3 uan 4; 6) 3,3 nau 3,4;
B) 3,31 uau 3,32 r) 3,316 wau 3,317?

3.5. CeoAcTBa apHPMETHYECKHX KBaapaTHHIX KopHef

Teopema. fTycto a u b— awobobie neoTpuyareavHbie wucaa,
£ — ROAONCUTEABHOE HUCAO, TO200 CNPABedAUAbl PABEHCTAA

Vab =\a Vb, (1)
& _ Vo
=V (2)
Han aroboeo OelicTauTesbHO20 4UCAQ 3 BEPHO PABEHCTEO

Ve =al. (3)
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JokazatenbcTBO. JleBaa H NpaBas 4acTH paBeHcTBa (1) —
HeOTPUUATEALHEIE YHCAd, H MX KBaAPAaThl PABHbI OAHOMY H TOMY XKe

aucay ab:
(Vab ¥ =ab,
(Va Vo =(Va P (Vb P=ab.

Ho Ttoraa, kak mbl 3naem u3 0. 3.2, 1 CaMH YHCAA PABHLL
Pasencteo (2) NnoKasuBaeTes TaK XKe, Kak W papeHcTBo (). Boa-
BOZMM B KBAJpaT €ro JeBYyl0 H HOPaBYI0 YACTH:

Na

(&) =V =54
Ve

a
Tak Kak KBAAPATH YHCEN - H T paBHbl, TO iepad 4aCTbh paBeH-

crBa (2) paBHa npasofi.

KBaapat m060ro AefiCTBHTENbHOTO YHCAA HEOTPHIUATENEH, MOITO-
MY B JJ€BOH YACTH papeHcTBa (3) nelicTBHTENBHO 3aNTNCAH APH(MeETH-
YecKMH KOpeHb H3 HeOTPHUATENbHOTO YHCAA.

Mo onpeaenenuo apHMeTHUECKOro KBaApaTHOrNG KOPHSA

(Va® *=a®. Tokaxem Teneps, uTo |a|2—a B camom zeae,
ecan az20, T0 @] =g, u noromy |a|’=a%

ecan a<<0, To |lal= —a, n noromy la|’=(—af=ad’

Hrak, Mb j0Ka3anH, 4TO KBaapaT JeBof 4YacTH paBeHCTBa
(3) papeH KBaipaTy ero HpaBodl HacTH W MOCKOABKY 3TH Y4AaCTH HeoT-
PHILATENAbHLI, TO OHW PaBHB Mexay coGofl.

Teopema mokasana.

Otmernm, yto pasencTBo (1) o3nauaeT, 4To KOpexb U3 npousde-
Jenin HeOTPUYATEALHBIX YHCEA pasex npouzsedeniio Kopred u3
atux wucea. PapeHcTBo (2) caHavyaeT, UTO KOpeHs 43 4a4CTHO20 OT Je-
AERUS HEOTPUYATEABHO2O YUCAA HE NOAONUTEALHOE DABEN YACTHO-
MY KOpREd u3 3TUX qucea.

3amernm, 4To B 3THX QOPMYJHPOBKAX ML AJA KPATKOCTH BMECTO
CNAOB «apH@METHYECKHA KBaApPaTHHIH KOPEeHb» HAMMCadHW MpoCTo
«KOPEHL>.

Papenctea (1), (2) 1 (3) noMorawoT ynpowath YHCAOBLE BhIpaxe-
HUSl, COlepXKaliKe KBAaAPATHLIE KOPHH.

fpusep 1. V%-=Vlﬁ-5 =Vﬁ-\/§=4\/5_.

MHpumep 2. '\/3—_;='\/%=\/;95.‘ '\/E:T=.‘;.V§

Mpusep 3. \fB - \32 =\/8-32 =\16® = 16.

Mpuxep 4. (2V8 +3V56 —7V2)(\72 + 120 —4V2)=
=@ VEVZ +3V5 —7V2)(V2V36 +Va\6 —4V2)=
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=(4VZ+3V5—7V2)(6 V2 +2V5 —4\2)=
=(3V5-3V2)(2V5 +2V2)=6(V6 —\2) (V6 +V2)=
=6((V5P—(V2)=6(5—2)=18.

Mpeo6pazosanne 16.5 =4 \/5 Ha3biBAOT BLIHECEHHEM MHNO-
WHTEAA  M3-Noj  3HAKA KopHA, oOpaTHoe npeoGpazoBaHue

4\/5_= V16-5 HA3LBAIOT BHECEHHEM MHOXHTENS NOA 3HAK KOPHS.
3 3V2 _ 3\B
V2 ez 2

€M OT 3HAKa KOPHR B 3HaMeHaTene HAH ocgoboxaennem ot Hppa-
LHOHAABHOCTH B 3HaAMeHaTeAL.

[MIpeoGpa3oBanne Ha3bpiBaT ocsoboXKAEHN-

148", a) Yemy paBHO npou3BeneHHe KBAAPATHLIX KOPHEH H3 HEOT-
pHUATeNLHEIX YHcen?

6) Uemy papen \(a_s’ ANA NOJOKHTENLROTO HHCNA a?

B) Uemy paBHO YacTHOE KBAAPATHBIX KOPHeH M3 MOJOMH-
TEJNbHBIX YHCEJN?

r} Mepeuncante croiicTBa apupMeTHUECKMX KBaAPATHRHIX
KopHeil.

n) Ecan a<<0, To aBnsierca au suipaxenne \a® apudMeTH-
YeCKHM KBAAPATHBIM KOpHeM?

149. Buoiuncanre:

V& OV ) V(=1 V(=58

n) VLI3% ey V(—7.2; %) V(—03)%; 3) \(—57,1)°.
150. TIpH KakKHX 3HAYEHHAX X CIOPABEAJNBO PABEHCTBO:

ay Ve =x 6)V2=Izl; o) V¥=—x V=0
{561. ¥npocTHTe BHIpaXKeHHe:

a) \/a_z, ecan az=0; 6) \/!7_2, echan b<Z0;

B) W ecnn m=0; r} V;z?, ecyn n<0;

) Vx+ 1), ecan x4+ 1>>0;

e) V(m—2Y, ecan m—220;

) V(Ba+ 1), ecan 3a+130;

3) V(p—4), ecan p—4<0.

Boiuncaure {152—153):

! Nanee scerpa Gyksamu Gyaem o60IHavaTh uKCAa. HanomHuM, uTo wxena noa
3IHAKOM KOPHR HEOTPHLATeAbHbl, 3 3HAMEeHATeAW ApoSefl He OGPALATCA B HYJb.
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153*t

IM*U

155.

156.

167,

158*,

62

a) \/2_‘; 6) \/IT‘.; B) \/2_°; ry V3¢,
0 V(=2F: e V(=3P x)Va';s a) Vb

¥xasaaune. [Iloakopennoe BhipaxkeHHe npeoGpasyfite

B CTefeHb C noxasatenem 2.
YnpoctHTe BhIpaXeHHe:

a) V24+2x+1; 6) Va®+2a+1;

B) V1 —2m-m?; r) V4—4p+p?;

a) Va'+2a®+1; e) V9—6¢"+¢*;

x) V42 —12x+49; 3) 254 30a 4 9a*.
BuiuHCAHTE:

a) V4.9; 6) V9-16; 8) \16-25;

r) y25-49 a) V25.-36-9; e) 49.64-100.

Bbmecu're uuon(u're.nh M3-noj 3HaKa KopHa (156—158).

Hanpunep: 8 =\1-2 =& -\Z =\22 . \2 =22.

a) VIZ;  6) VI8; &) V20; 1) V24; n) VT,
e) V28; k) V32, 3) VI5:  w) \50; w) \/72.
a) VI08;  6) V147,  8) V162; r) V245;
z) V275; ) \/363;  x) \/396; 3) V576;

H) \/6_73; K) '\/ﬁ; Ja) '\/m; M) VBW

¥Y¥kazawne. B caoxHbx cayvyasax noJe3sHo pasncKHTh
NOAKOPEHHOE BEIPAMCHHE HA NPOCThe MHOXHTENH H Bbije-
JHTh KBAApAaThl 3THX MHOXHTeNeR, eCaH OHH HMETCH.

Hanpumep: /2160 1-it cnoco6. 2160 =
Tog0 |22 —VEEFD
540 2 oo =\/2_-\/?. 32-\/3-5=
2 .

fgg 2 =2.2.3-V15 =12 V15
27 | 3 )3 2-#1 cnocob. Y2160 =
g g =\22.22.32.3.5 =
1 \/(2 2.30-15 =
(2-2-37 -\15 =12 V15,

a) Va'; 6) V7, ) \/_ .

r Vo' a) Va%; e) Vm®-4n?;
x) \/x‘_g; 3) \9p%q*; n) \252%°;

K) V16xg; 1) Va9pqia®; M) VI121m*n®s?,



159.

160,

161.

162*,

163,

164*%,

165.

Briuncanre (159—160):

a) \/8-50; 6) y27-12; ) \18.50;

r) Y32-72; a) V40-55-22; e) V21.35-15;
%) \6-30-245; 3) \/245.27-60:  u) \/242.98.

a) VB-\8; 6) V3 -V75;

B) V20 -V45; r) V98 -\/50;

) W'\/ﬁ, e) W\/ﬁ,
%) /640 -\/1000; 3) V25000 - /1000

BHecuTe MHOXUTENB nox 3HAK KOPHA!

a) 2V2; 6) —3V2;

B) 415, r) —10V5;

) a\/z, az=0; e) mn\/5—. mz=z0, n=20;
®) 2xV6, 20, 3) 3pg V2, p20, ¢20;
w) 2V3; k) @\7, a0

n mn i, ngo; M) 5c2d3\/2_, d>=0.

BpiecHTe MHOXKHTENL H3-TOA 3HAKA KOpHﬂ:

a) \/3; 6) \/5: 0) \/a: £) %;
DVizr: o Vg w0 Vi =
VE VER VB oV
BruHcnnTe:

Ve O Vi ® Vi 02k n\/e

BbiHecHTe MHOXHTEAb H3-NOA 3HAaKa KOpHHA;

a)-\/%_; 6)-\/1_‘ B)-\/Ei r) %: n)'\/ﬁ-;
aVE wVa 9 Ve wVE o

IIpeobpaayfite BrpaxeHne TakK, 4To6sl noj 3HAKOM KOPHA
CTOSA0 HeJ0e YHCIAO:



166.

167.

168,

170,

171,

3unan npubinKeHHOE 3HAYEHHE \/6 a= 2,449, BHIYHCINTE NPH-
GAHKEHHO:

2) -\/%i 6) -\/g B) Vg: r) '\/.Qg:

OcpoboanTeC OT 3HAKA KOpHA B 3HAMeHAaTeNe:

a) ﬂ;; 6) ﬂ;; B} VIx r) Vor

NN S
48 5 7. 3
S R R

Cpasunte uncna:

a) 3V2 n 2V3; 6) 1020 » 20V10;
8) 305 u 2V05; 1) 503 n 7103;
n)3\/ﬁn4\/§; e) B\EHSVT;

x) 756 n 57, 3} 230 u 515;
n) 1210 » 1012,

Pacnoaexkure B NopAAKEe BO3PAacTaHNA YHCRAD

a) V32, V30, 313, 52, 1 V7Z:
6) 0.2Va8, 0.9V3, VB, V12, 153,

BoinecHTe MHOMHTEAD H3-TIOA 3HAKA KOpDHA!

D4VE o VT 8 2\VE o E
¥npocTuTe BhlpaeHue:

a) 212 +3V2;

6) 2V8 —3V2;

B) Va —5Va;

ry aVx —3Vx;

1) 2Va +3Va —Vda;

e) VZ +3V32 +5 VI —6 VIE;

®) (38 +V18 +V50 —272)-\2;

3) (TV2—5V6 —3V8 +4120)-3V2;

n) (8+3V6)(2—\5)

K) 3—V2)(2+3V2):

) (2V6+5V3 —7V2)(\6 —2V3 +412);

M) (V12 — 1) (V12 +1);

W) (7T=\B)YVE 47 0) (V20 —3)(3+215).



172, Pa3oxuTe Ha MHOKHTENH:
a) \/;+x; 6) a—YVa; B) a\/‘.’_o——b\/g;
r)3Va—3Ve:  a) xVy—yVxi o) mVn4nVm;
x) Va* +2a; 3) 3ma—\mnt:  w) xy—\2y.

173. Cokparute ApoGh:

a) ——3\(2-];2\(2-; 6) —-—-—2"\'/%/2_; 8) \/5_\/;5;
7V3 —21 Vi +x . m—\m
P)W' JJ.)—V;—, E)W.

174. BosBegnute B CTENEeHb:

a) (Va +VB ) 6) (a—bVx )l B) (V3+VZR
r) (V3 —V2P R (1+3V2Z¥ &) (—144V3)

175*. OcpoGOZHTECH OT HPPALHOHAALHOCTH B 3HAMeHaTeade;

L 2 . V6 -1
YE 9w Ve
r) V3_+]. n) | . e) Vs—_v:?

Va—1’ Va4’ V5 +V3

AOOIOJIHEHHS K TJIABE 1

1. Muoxecrea

Muaoacecrso -~ 310 cobipaHde KakHX-AK00 [IpeAMETOB, BEULIEH, NO-
HATHA, HA3WBaeMbIX ero aiesenTamy. B MaTeMaTHKe 3TO MHOMXecT-
Ba yucen (HATYPAJBHBIX, IIEABX, AEHCTBHTENbHBIX U AP.), MHOXECTBA
ToueK, GHryp B T. N.

MHoxectea 0603nayaloT naTuHcKHMu Oykeaman A, B, C, ... | Ec-
1 ¢ ABAAETCH 3NeMeNTOM MHOMXecTBa A, To nHyT a€A W roBopaTt
«a npuuaaaexut A», Ecau b He ApnseTcq ssleMeHTOM MHOXecCTBa A,
10 namyT 6¢A B roopaT «b He npuHapdemuT A>,

Ecan nwobofi sneMenT MHoMecTBa A ABASETCH 3JEMEHTOM MHO-
XectBa B, To A HazumBawT nodmuoxcecraosm MHoxectsa B. IMuwyr
Ac B v rosopaT <A nOAMHOXeCTBO B».

Ecan A cocTodT TOABKO M3 OAHOTO SAEMEHTA &, TO PasAHYaloT
MHoxecTBo A ={a} n snemenT a MuHoxecTRa {a}.

MuoxecTs0, He cofiepaxalliee HM OZHOTO 3/eMeHTa, Ha3bIBAlOT
nycroim Muomecreos. Ero o603Hava]OT 3HAKOM & H CUHTANT, YTO
NyCTOe MHOMECTBO ABASETCH MOEMHOMECTBOM J1060ro MHOXKeCTBa.

MHOXeCTBO, COCTORALEE H3 KOHEUHOr0 YHCAA 5AeMeHTOB, Ha3kiBa-
DT KOHEYHOIM. DNEMENTH KOHEUHOr0 MHOMECTBA, COCTOSLUErQ H3 7
3JIeMEHTOB, MOXHO 3aHYMEPOBATD!

a, 4y as ..., @,



MHOXKeCcTBO Ha3bIBAIOT OecKoHeyHbiM, eclH AR J1060r0 CKOMb
YyrooHO $0JibIIOT0 BATYPasbHOTO 71 B 3TOM MHOMecTBe HalgeTca 6o-
jiee 4yeM 7 IIEMEHTOB.

Hanpumep, MHoxectBo N HATypafbHBIX HHCeN

1, 2,3 4, ..

GeckoHeudo. MaoxecrBo R neficTBHTeABHBIX uKcesa Toxe Oec-
KOHEYHO,

Ob6sedunenuem MHOXECTB A H B Ha3BIBAIOT MHOMXKECTBO, COCTONA-
uee H3 BCEX 3JEMEHTOB, MPHHALAEK AKX JHG0 MHOXecTBy A, Aubo
muoxecTsy B. O6beaunenue muoxects A 1 B oGosHaualr A{B.
3HaK |} TPOHCXOAMUT OT Nepeoh GyKBH AaTHHCKOro caoBa urion (06b-
elHHEHHe, CO103).

ITepeceverues Mao¥ecTB A U B HA3KIBAKT MHOMECTBO, COCTORA-
Iee H3 BCEX JEMEHTOB, KaXAbIfl M3 KOTOPHX NPHUHALACKHT U MHO-
xectBy A, H MHOXecTBY B. [lepeceuenne muoxects A H B 0603na-
yaipotr AN B.

Hanpumep, nycte A=[Q; 2], B=[l; 3]. Torna

AUB=(0; 2]U[1; 3]=(0; 3]
ANB=(0; 2]N[1; 3]=[1; 2].

loBopsT, uTo MHOXecTBa A M B WMel0T paBHbe (0AMHAKOBLIE)

MOLIHOCTH, eC/H MeXAy sJeMedHTaMu a€A u HEB momHO ycTraHo-

BATh B3AHMHO-OAHOZHAYHOE COOTBETCTBHE.
HanpuMep, Mexay snementamu muoxectsa A={1, 2, 3} u muo-

xectBa B={l, 4, 3} M0oXHO ycTaMOBHTb B3AHMHO-OAHO3HAUHOE CO-

OTBETCTEBHE [ 9 3
HoH N
1 4 9

3TH MHOMECTBAa HMET paBHbie MOIIHOCTH.

l'oBOpAT, 4TO MOWIHOCTbH MHOMeCTBZ A MeHbille MOHIHOCTH MHO-
KecTBa B, ecln MeXAY 3/eMeHTaMH 3THX MHOMECTB HeJb3fl YCTa-
HOBHThL B3aUMHO-0IHO3HAYHOE COOTBETCTBHE, HO CYLMECTBYET NMOAMHO-
wectBo B’ B, Takoe, uto MeXay 3heMeHTAMH A H B’ MoXHO yeTa-
HOBHTb B3AHMHO-GAHO3HAYHOE COOTBETCTBHE.

Ecin A v B — xoHeudble MHOXeCTBA u A COCTOMT U3 1, 3AEMEH-
TOB, 4 B — W3 1, 3/1eMEHTOB, TO, OUEBHIHMO, MOWHOCTH A W B paBHBI,
eciin 1 =", H MOUIHOCTE A MeHblle MOWMOCTH B, ecan n,<<n,

MoHHOCTE KOHEUHOro MHoMXecTBa A MeHblle MOMHOCTH Gecko-
HEYHOTO MHOKecTBa B: Beab A COCTOHT M3 KOHEUHOro YHCJA 3JeMeH-
TOB, @ B B cymectByer Godblie 4eM n 3Je€MEHTOB LARA JN060TO HATY-
paabHoro n.

MiuoxecTso N BceXx HATYPaNbHBIX YHCEN HMEET MOLIHOCTD OJHHA-
KOBYI) C MHOMECTBOM BCeX MeTHHIX HATYpafibHHX ukced. Begb uMeer
MECTO B3aHMHO-OIMO3HAYHOE COOTBETCTEBHE

n=2n n=1, 2, 3, ... .
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[Moayuyunca npumep GeCKOHEUHOrO MHOMKECTBA, MMEWEro OAM-
HAKOBYIO MOIILHOCTH CO CBOEH 4acThio.

Bot eme npumep. MHoXeCcTRO BCeX HATYPAJNbHBIX YHCEN ¥ MHO-
KeCcTBO BCeX Ie/biXx HEOTPHILATEJNbHLIX YHCEJ MMelOT OAHHAKOBYIO
MOIHOCTb, B3aUMHYIC ONHOZHAYHOCTL MEKAY 3JEMEHTAMH 3THX
MHOMECTB MOXHO OCYLIECTBMTb TaK:

1, 2 3, 4, 5 .

i
(L L T I F A
0, I, 2, 3, 4, ..

Ypasuenne a+ x=2»5, rue ¢ u b — narypaJbHble uMcAa, He Beer-
4 pa3pellkMo, T. . He BCerAa HMeeT pellleHHe B MHOMecTBe HaTy-
pajdbHbIX YHCEJ, HO BCEraa HMeeT pelleH¥e B MHOMECTBE UEebIX
uHcen,

YpaBHenue a4 x=»b, rae a H b — oObiKHOBeHHble ApoGH, He
BCErAa pPa3pelinMo B MHOMeCTBe 0ObIKHOBEHHBIX Apoleit, HO Bceraa
HMEeT pelleHHe B MHOMECTBE DALHOHANBHBIX YHCed.

YpaBuenne ax=~=, rae a 1 b — ueavle udcaa 4 a0, He Bceraa
paspellinMoO B MHOXMEeCTBe LEe/blX YHCe/l, HO BCerla Pa3pelliMo B
MHOMECTBe PalLMOHAJBHBIX YHCed,

Ecan pannana apudmMeTHueckas omepauus (cioXemHe, BBIYHTA-
HHE, YMHOXEHHE, fleMeHHe) IPUMEHHMA K IBYM 4MciaM H3 AaHHOrG
MHOMKECTBA M B pPe3yhbTaTe A2eT YHCAC H3 3TOTO JKe MHOXKeCTBa,
TO TOBOPAT, UTO MHONCECTAO 3AMKRYTO OTHOCUTEABHO 3Toll onepa-
yuu. B NPOTHBHOM ciydde TCOBOPAT, 4TC OHO HEIAMKHYTO OT-
HOCUTEABHO 3TOU ORepayuu.

HanpuMep, MHOXECTBO HATYPaJbHBIX UHCEA 3AMKHYTO OTHOCH-
TeJBHO CAOKEHHA U YMHOXKEHHSA, HE3AMKHYTO OTHOCHTE/IbHO BhIYMTA-
HAAl H JdeJIeHHS; MHOMKECTBO Le/blX YHCeJ 3aMKHYTO OTHOCHTENLHO
CJI0XEeHHsl, BHIUMTAHHA H YMHOMKEHHA, HE3AMKHYTO OTHOCHTEJILHO Jle-
JIeHHA; MHOMECTBO DPAUMOHAJAbHBIX YHCEN 3aMKHYTO OTHOCHTE/NbHO
Bcex apHpmeTHYeckux onepauuil (AefeHHe HA HYNb 3anpeuleHo).

Hpunyun Qupuxae. [ycth A — KOHeUHOe MHOXECTBO W3 /1 HATY-
padbHBIX YHCEN, Kadaoe U3 KOTOPHIX He IIpeBHIIAeT HWCAC R, H
k< n Torpa B A ecTb paBuble uucna. Beab ecsin 6bi Bee YHCIA MHO-
KectBa A GbAH pasnuuHbl, TO CpeAH HHUX o6a3arenbHo Gbiio 6ol
Yydcao, Gonblee R, HO MO YCAOBHIO 3TOro HeT.

ITpurunn JIHpuxse Gbln NpHMeHeH paHee IPH NOKa3aTeNbCTBe
MEePHOAHYHOCTH NECHATHYHOTO DPaA3JOKEHHS PALHOHAJABHOrO YHCAZ.

[pameim npoussegennem A X B mHoxects A H B Ha3LBalOT MHO-
MecTBo Bcex nap (x; y), rae x€A, yEB.

Hanpumep, KoopAHHATHYIO IAGCKOCTE R, MOXHO paccMarTpHBaTh
KaKk npamoe npoHsBefenHe RXR’ 1Byx AeACTBHTeABHBIx oced R
U R, rae x€R, yeR'.

Ecan KoHeunoie mHoxectBa A 4 B uMelor m M 1 34eMeHTOR CO-
OTBETCTBEHHO, TO HX NPAMOE NPOH3BeJCHHe COAEPKHT Mm-n 3NeMeH-
TOB, TAK KaK ¢ KaX/AbiM H3 3/1eMEeHTOB MHOXecTBa A MoXHO 06pa30-
BaTh # nap ¢ 3/JieMeHTaMH MHOXecrBa B.
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176,

177,

178.

l 79*.

180,

N, Z, Q, R cOOTBETCTBEHHO MHOXECTBA HATYPadbHBIX, Le-
AKX, PAUMOHAABHBIX H ACACTBHUTENLHBIX 9HCE.

a) 3anHwuTe, HCNOAB3YA NPHHATHIE 0603HAYEHHA, KAKOMY
H3 3THX MHOXKECTB NPHHALMENKHT, a XKaKOMY He NpHHaAAe-
HKHT YUCAO;

1) 3; 9) —s5; 3) 3; 4 = 5) V2.

6) 3anHwHTe, HCNOAL3YA NPHHATHIC 0GO3HAYEHHA, NOAMHO-
ecTBOM KaKnX H3 MHoxecTB N, Z, Q u R ABageTca mHo-
KecTBo:

1) N; 2) Z; 3) @ 4) R.

B) Yapocrure 3anuch:

1) NUZ; 2) NNZ; 3) ZUQ, 4) ZnQ.

HNaust muomecra: A=={1, 2, 3} u B={2, 3, 4, 5}.

a} M3 Kakux 3/eMeHTOB COCTOMT MHOXECTRO:

1) AYB; 2) ANB; 3} AXB?

G) Cocrasbre MHOXKeCTBO C, COCTORLIEE H3 NATH 3JCMCHTOB,
AAA KOTOPOre BeiNoAHserca ycaoere: A[|C=CB.

B) 3anHuHTe BCE NOAMHOMECTBA MHOXeCTE A H B, onpene-
JHTE YHCAO NOAMHOMECTE KaXA0ro M3 3THX MHOXECTB.
Janm aBa muaoxectBa: A==[1; 3] n B=[2; 4}.

a) Haobpaanre Ha KoopAHHATHOR OCH MHOKECTBO!

1Y AUB; 2) ANB.

6) Usobpasnre B cucreMe xOy Bce TOUKH, KOOPAHHATH KO-
TOpLIX {X; ¥) ABAAIOTCA 3NeMeHTaMM MHOXKecTBa A X B.
HMokaxure, uto:

a) MHOxecTR2 N u Z WMeoT OAMHAKOBYKD MOLLHOCTD;

6) MHOXECTBA TOYEK ABYX JIOOKIX OTPe3KOB HMEKT 0JHHa-
KOBYI0 MONIHOCTb;

B) MHoxectBa ((; 1) # R HMEOT 0AWHAKOBYK MOHNIHOCTD.
fBnseTcH AM 3aMKHYTHIM OTHOCHTEJNBHO OMEPALMH CAOXKE-
HHA, BLIMHTAHHA, YMHOMEHHH, AeNeHHA MHOXKECTBO!

a) YeTHBIX HATYpajbHbIX YHCEN;

6) HeyeTHBIX HATYPANbHHX YHCEN;

B) YETHBIX LEALIX YHCEJ;

r) HedeTHHIX LeAblX YHced?

2, Hcropuueckne cBepeHnn

Anre6pa onepHpyet ¢ GYKBeHHHIMH BbipaXkeHnAMH. Byksa B aa-
reGpe wacTo 03HaYaeT NMPOH3BOALHOE MHCAO, MPHHAAJMEKAILEE HEKO-
TOpOMY MHoXecTBY 4yHcen. Otciona HeGoabwol War K ToMy, 4Tolbl
noa 6yKeoid B aareSpe NoHAMAThL NepeMEHAYIC BeJHYNHY, npoGeraio-
WY HEeXOTopoe MHOXKecTBO 4Ydced. BenHMHHH, ¢BA3aHHBE MEXAY
coBol, HanpAMep, NpH NOMOLWIH aAre6paddyeckoro paBeHCTBa, onpe-
AeAAOT PYHKUHIO.
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Mbl yxe oTMevaJsH, 4To onpejeneHue QYAKUHH, 1aHHOE B 3TOM
yueGHHKe, IPHHAANEKHUT BeHkoMy pycckoMmy mateMaTuxky H. H. Jlo-
Gauesckomy {1792—1856) u Hemeuxomy maTtematuxy It dupuxnae
(1805—1859).

H. K. JloGauescknit 6ua1 npodeccopoM K pextopoM Kazauckoro
yHrBepcHTeTa. OH C034aA HOBYIO TeOMeTPUI0, HOCAILYIO TENEpb €ro
uma. Onnako H. H. JloGaueBckuii unTepecoBpancs He TOJNBKO reoMer-
pHeH, OH BHEC TAKXKE CYUIECTBEHHBIA BKAAJ B MaTEMaTHUYeCKHH aHa-
nu3, OTBeyan Ha BOMpoOC, YTC Takoe QYHKUHA, OH AaJ clefylollee
onpeae/eHHe:

«3JTo0 ofiee NOHATHE TpeGyeT, 4TOoOb GYHKLHe# OT x Ha3WBaThL
YHCI0, KOTOPOe NaeTcA AJR KaMAOTe X H BMECTe ¢ X HOCTeNeHHO Ha-
MeHfAeTcA. 3HaueHHe PYHKUKHM MOMKeT OblTb AaHO AHAJHTHUYECKHM
BbipaX{eHHeM, HJIH YCAOBHEM, KOTOPOE NOAAeT CPEACTBA HCIIBITHBATH
BCE YHC/A U BBIGHPATL OAHO H3 HHX, HJIH, HAKOHEL, 3aBUCHMOCTD MO-
KET CYNIECTBOBATE M OCTAaBaThCA HeHspecTHoH. OGwupubiil BHA Teo-
pHH NONYCKAET CYUIeCTBOBAHHE 3ABUCHMOCTH TOJNBLKO B TOM CMBbIC/E,
YyTOOB YHC/d, OAHO C PYTHM B CBA3H, IPHHHMATh KaK Ob AaHHBIMH
BMeECTE»,

CHCTeMa KOOPAHHAT AdeT BO3MOXKHOCTh H300Pa3HTh QYHKUHIO
rpadHyeckH — B BHAe JHHHH. H Hao00pPOT MOXeT 0Ka3aTbCAl, YTO
JHHHA, H306paXKeHHARA B CUCTEME KOOPAHHAT, ecTh rpalHK HEKoTo-
polt ynxuun. Ho Torna HayuyeHHe AHHUH MOXeT ObITh cBeleHO K
H3Y4eHHIo COOTReTCTBYIoEeA PyHKIHH. TakuM o6pasom MLl Hayuaau
npaMyto, napabonay, runepbony H B fanbHedineM Synem uayvath Apy-
THE JHHUU.

Briepsrie MeTOL KOOPAHHAT K W3YYEHHIO FEOMETPHUECKHX BOIPO-
COB MPHMeHUA ¢paHIy3cKHH MaTeMaTHK H ¢uaocodp P. Hekapr
(1596—1650). 310 NnpuBeno K CO3AaHHAID HOBOH HAYKH — AHAAHTHYE-
ckofi reoMeTpun. Hanpumep, rpadrueckne MeTonbl peilieHHs JUHed-
HbIX YPABHEHHA OTHOCATCA K AHAJHTHUECKOH TeOMEeTpUH.

C/0BO «KOODAHHATH» COCTABJAEHO M3 ABYX JIATHHCKHX CJOB. €O
(cur} — nprucTaBKa, 03HAYAKLAA <COBMECTHO», W ordinalus, uTo
3HAUHT <«YNOPAJOYEHHBIA», <«olpeAeNeHHBIA» 3HA4HT, KOOpAHHA-
Tkl —— 3TC 3ajaHHble COBMECTHO B ONpeleAeHHOM TOPALKe YHCHA.

Ewe yuennie Bagunona (6oaee 4000 Aet Ha3zag) ymesad HaXoAUTb
npuGaHKeHHOE 3HAUYEHHE KBAJPATHOrO KOpHE H3 J0DOro Hatypasb-
Horo qnchaa. [lpasuaoc, npumenaBiieecs B BaBUACOHE, TaKOBO! 4TOGH
H3BJeYb KOPEHb U3 HATYPaAbHOTO YHCAA C, IO pa3naraloT Ha cYMMYy
@+ b (uMcAO @ AOMKHO GHITL HAHOOALIIMM, AARA KOTOPOro a’<c),
TOrAa KBAaApAaTHBIA KOpeHb H3 ¢ NPUOJHKEHHO BHIYHCARIOT No dop-

MyJae
Ve =Va*+5 za—l—%.

Hanpumep:
V1620 =\40°+20 z40+2?—30=40+%=40,25.




I'pexam OBl H3BecTeH BAaBHAOHCKHA MeToJ NPHONHKEHHOTO Ha-
X0XIeHHS KBaapaTHoTo KopHs. Hanpuamep, y lepona Aaekcanapuit-
CKOro HanHCaHo:

V160 =144+ 16 ~ 12+

16 2
s 123

CyutecTeyerT H TOUHBIA CMocoG M3BAeYeHHA KBAAPATHOTO KOpPHN
H3 9MCAa, ABJASIDILErocA KRaApaTOM HATYpadbHoro unchna. O 6bia
uasected B Pocchn eme Bo spemena JI, ®. Maruuuxoro.

3anywem noapo6Hee 3TOT CMNocol MH3BJEUEHHA KBaRPaTHOro

KOpHS:
6’55’36 = 256
4

45|255
51225
506 | 3036
6 | 3036
0

LUndpbl nannoro yxcia pasobbeM Ha napw. M3 uncna 6 masne-
yeM KBaZpaTHHI KOpeHb, MOAYYHM 2 (C HeAOCTATKOM). ITOT peaynb-
TaT BO3BelEM B KBaApaT H MOJAYYeHHOE YHC/IO BHYTEM H3 YHcaa 6,
cHeceM caenylomywo napy ungp 55. Chepa or uncna 265 Hankwem
yIBOSHHBIH pe3yabTat (4) U NpHOMMEM K HeMY TaKylo uHpy, 4To6n
NpH YMHOXEHHH NOJYUYEHHOr0 YHC/IA HA 3TY UHPPY NOAYUHIOCH UKC-
M0, MeHbllee HWau pasHoe uucay 255, [lNpunuwem 5, Tak Kak
45.5=225<7255, a 46-6=276>>255. Bropaa undpa pesyabvraTa 5.
Briudcaum pazHocte 255—225=230 H cHeceM ciaeaywinylo mnapy
uH$pp 36. Cnesa or wncna 3036 HanHlDeM YABOEHHBIH pe3yibTaT
(50) 1 npunuWeM kK HeMy TaKkyl© UHGpPY, UTOGH NpH YMHOKEHHH Mo-
JYYEHHOTO YHCIAA HE 3TY UHPY MONYYHJIOCH YHCAO, MEHbIIEE WU
paBHoe uncay 3036. [Npunuwem 6, tak kax 506-6=23036. Tperpa
uHppa pesyabraTa 6.

OteeT /65536 =256.

3. 3apaHHa AN NOBTOPEHHSA

Buiuncanre (181—182):
181. a) (+1)+(—=2)+(—49)+(+5)
6) (—3)+(+ D+H(—2)+(—=3)+(+H+(+3)

B) (8,24 —13,73)- (0,2_%) ;
r) 0,240,024 0,002+ 0,0002;
{ | | |

1) =755 70 7000 0000
e) (—0,014)+4,64( — 0,086).



182. a) 48-(0,6-5—2,875)-0,25;  6) 7-4+4(0,22:11+40,58);
8) 0,09-37— 1,37 — 1,96; r) 0,44-2540,75-3.2;
) (64-4-0,125—7,8)-12;  e) (1,215 1,499 4 1,75)-99;
) 4,26-341,25:5; 3) 8,48:4—0,3-0,4;
H) 2,25:(10—1:0,2); K) (1,244 3,08):5;
2) (1,075 —1,05):0,25; M) (0,072:0,5):0,012.
183. Hafiante 3HauyeHne YHCAOBOTO BhIPAXKEHHNA:
a) 4,575:0,00548,5:0,1;
6) 21,5:(0,1054-0,02);
B) 15,2:1,940,51:0,17 4-0,48:0,08;
r) 5:4—4:540,5:04—0,4:0,5;
2 20 8, 5 a
1) 45-+10—19 23 e) 24, 14— 18213,
3.5 1 2 L. 1 52 1.7 3 3
Brouncanre (184-—186):
3./,1 2 3, 5\.,1.
184. a) 2?'(‘5_3)"‘(?"‘3)'33*
2 7\ 30 ol 9.
o) (+1 %) m—(2:29) %
1 3 8 i
B) (§+0,s—3)-(3+5ﬁ—0,12).
3 8\./91 3 .
r) (274‘0"5”‘%)-(25“174‘0'04)'
1y, | 1 v
2) (2’3‘4“7)'E+('Te+0'7'25)'3’
I8, 1 .
e} 1,456.%+ﬁ.0,125+45-0,8.
3 .1 . Ly,
x) 31 -5+(2,55+2,7).(0,1 -ﬁ),
3) 3,075:1,5—1- (% + 3,26);
1, 13 B8 ok
n) (1 ﬁ+%)- 1,44 ——-0,5625;
35 5
K) 2.88-ﬁ+(l.0625—ﬁ)-16.
G,72—0,104 —0,112.0,5 | 284-25—-134
185. a) G oe3126-14 ¢ O) T.08:15+63:008 °
B) 20,15—6.06416,3 l‘) (763—5,13)-04
(0,24 11,8)-05 ' 3,174 6,33
(%+o,4+0,375)-% 24-3 %+2 %-4,125
186. a) : 6) 3
3,75 52.21
3 6 7
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187,

188,

189,

190,

191,

192,

2, .2 1 L
3sHegtey 3519419514 5

? PLNDL I D —wmx
0" 75 25
1.3 1,11
154+2+432).33 (0.3125-|-+—- 11,3
3707 _ T
R) i ; €) is 33
14— 15 32 (g—o,sg).E

a} CocraBbre TafiiMLy KBajpaToB HAaTypaJbHBIX YHCEA OT
1 no 20.

6) CKOAbKO LHPP MOKET HMETL KBAAPAT 0AHO3HAUHOIO YHC-
f1a, DBY3HAUHOTO uyHcaa?

B} CxOAbKO UMP MONKET HMETh KBAaAPaT TPEX3HAUHOTO, Ye-
TBIPEX3HAYHOrQ, A-3HAYHOro YHCAa?

Bri6pae ynoGHbIH eIHHHYHBIH OTPEaoK, YKaXKHTe Ha KOOpPAH-
HATHOH OCH uYHcAa:

ay 1; 0,1; 0,3; 0,5; 1,2;

6) —2; — 1,5, —0,5; —0,2; —0,05;

) 1, 1,1, 3,

’ 2’ Tl' 8’ 41, 2 5 11

l") —l_| _lEs _§| _E’ _ﬁ'

Ha uucaoBoli nNpaAMoOil OTMEUEHO HECKOIbKO ToueK, Cymma
qHceN, COOTBETCTBYIOUIHX 3THM TOuYkam, paesa —1,5. Kax-
AYI0 U3 YHKA3aHHBIX TOYeK MEePeMecTHJAH N0 KOoOpAHHATHOH
OCH Ha ABe eAHHHLb BJeBO, NOCAE Y4eTo CYMMa YHCea crana
pasnoii —15,5. Ckonbko Gelno Touek?

a) INpeacTapbTe B BHAE NPOH3BEJIEHHUA CTeneHell MPOCThIX
uMcea npoHzeeieHue |-2.3....13-14.15.

6) Haligute naHMeHbllee ofilee KpaTHoe K HanGOJBLIHA
obUHi AenHTeNs RAA UYHCEed:

1) 5%.7* w 490-175; 2) 2°.3.7, 3%.5%7° u 10000,
B) Ha kakyw Haunbogabmyio cTeneHp uMcsaa 7 ReAUTCH Tpo-
u3seacHue 1-2-3-...99.100?

a) Keanpatnt Kakux HepaBHbIX YHCENA PaBHbI?

6) B xakom cayuae (a+5&)® He monoXHTenNbHOE uHCIO?
B) MeXIy KaKHMH UeNbIMH YACAAMH 3aKJIQUEHH KBaApPaATH
BCeX MPABUIbHLIX MOJOKHTENLHRIX Rpobeir?

3anHwuTe BblpaXeHHe, HCROJAB3YA 0603HaUYEHHEe CTeneHu:

a) 7.7-7-7-7, 6) (—2)-(—2)-(—2)
8) (—%)(—%)(—%)(—%) r) 1,3-1,3:1,3:1,3:1,3;
) a-a-a-b-b-b e) XelfeXeXeXo Yol lf;

= (1) (5)-(5) %) 3) (ab)-(ab)-(ab);

—n Mm—A Mm—n

1) (x+y)-(x+y) K) Tt g




193,

194,

195,

196.

197.

198.

199,

200.

YHpPOCTHTE BbipaXkeHHe:

a) a®.a% 6) b-b%- b5 B) y-4° - o
r) ab-ab% B) xy- Xy e) 2xy- 4245
*) %ffz-?%x"yz;

3) %aabca-Q%abb”.

Henoapays ceoficTBa crenenH, packpofite ¢KoGKH:

a) (@), 6) (a°); 8) (£ r) ()
1) (26%F; e} BO:  x) (Vs 3) (@'BC),

W (39): 0 (G 005k w22
n) (ab*c®), o) (3ab); n) (2a6°)°%  p) (1,18%7c" )

CpagHnTe:

a) 10% u 90, 6) 0,1 u 0,37

¥npocrute BeipaxeHde (196—200):

a) m*-m*+m-m", 6) X-x- 242808

B) 2x-xy—-3x2-§ 4 r) %p’q-ﬁq’—i’pa’-% Pg;
1) (2mn® — 3m?n®m; e) (5x°Y —(2x°Y,

®) (3P +Tu s 2y 3) (0,8a%)" — 3ab?-0,5a°.
a} 12ab+5ab—T7ab; 6) 8xy—yx+6xy,

B) 2a’—1 %as—S%a"; r)} 0,2pq+7,9pq—5,3gp;

B} 2m*n®—5n-2m*-n+3mt.n.n;
¢) 5a’6’b — ab-3ab’— 2ab*. 3ba;

*®) Tx—{(x+5); 3) 12a—(3b—b5a),

W) (6m*—2n)—(5n—m®). &) (3p+104°)—(24°+ 5p).
a) (a+b—c)-4; 6) 3{a—b+c)

B) 2x-(—T7a—3b+2c), r) {3a’b — 2ab® + 6°)- 2a%b*%

L) ( —2abc)-(ba—Tb—3c);

e) (—bab+7ac— bec)-( —2abe)y,

K) (2a —36)-(3xr—2y); 3) (5a—7b)-( —8y+2x);

H) (5a—b)-(—2a—3b), K) (—36—5b)-(7Ta—b).

a) {3ab—2ac)—(bab—-T7ac)+4(2ac —3ab)— (7Tac — Sab),
6) (4m—2p+3q)—(4p—2¢+3m)+(4¢—2m+3p),

B) 5x—3y—(3x+6y)+(7x—y)—(8x— 15y);

r) 20a—(4b—5¢)+(—17a+3b—c)—(2a — 26— 16¢).

a) x(x+y)—y(x—yghk 6) 2{a+b)+3(a—b).

8) 3(x—2¢)+2(x—3y) r) m{p+29)—p(m—3q),
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a) (a+2)(a—1)—{a+1}(a—2)
e) (x+4)(x—2)—(x+2) (x—1);
X) (@a+2)(a—1)—(a+3}(a—2);
3) (n+7)(n—5)—(n+9)(n—T7)
u) (X —2x+5)(¥*+x—3);

K) (X —3x47)(—3+5x+25).

[IpeacrasbTe B BHAe MHOrousmena {(201—202):

201. a) (x+y); 6) (a—8Y; B) (2a—3bY;
r) (xy+%y)2; 1) {(5m®—2n%),; e) (0,20°+ 3¢*).
202. a) (y+x)’; 6) (m—n)’; B) (5+a)’;
r) (3a—b)y; a) (10—x7 e) (F+4°).
IlpedGpasyliTe B KBagpat ABy4/eHa (203—204):
203. a) X’ 2x-1; 6) a®—6a+9;
B) 4—4x+ 1% r) 492 — 14x41;
1) L4444, e) x4 1024 25.
204. a) x"’+x+%; 6) 0,094 0,6a 4 a%
B) 12144441 +4; r) 2,564%—9,6kp+9p%

1) 64a%®48abc+9c e) 9a%b' 4 30ab’c+ 256°
Pasnoxure na muoxurean (206—207):

205. a) 4ax— 2bx; 6) 2a°*—2a;
B) 48xy —3bxy’; r) 85ab— 170q;
A) mx—nx<4px; e) 8abx—6acy— 10a;
x) ld4anx—2ibny—Tn; 3) 63xy—844°+ 98y.
206. a) m*—n%; 6) 1 —x% B) 64—,
r) 81 —9q?% n) m*—n? e) 121 —9p%
x) 92’0 — % 3) 4a®6*—9c%  w) % —%yz;
k) 0,816* — a’c?; a) a®+ & M) 2°—1;
n) ab-} 55 o) m*—nb n) 27p° —84°.
207. a) (x+ 1P —4x% 6) X+ 2xy+4y°—1;
B) (a—4y—16; r) p'—2pg+¢’—4;
a) 36m*—(m+49y% e) 90— —2xy—
x) 814 —(p+64)% 3) 4—a®—2ab—b"
208. CokpaTHTe Apolb:
24 168 2Bax 172
a) 2 6) 2%, 0 Bers 0
16a°6%" 120m*a"pg | x—1 629 (a— b)

n) Ua*be® ' )450m5np’q‘ ' X) l—x’ 3) 9xy’ (b—a)’



209. ¥YnpocTHTe BHIpaXeHne:

DEE 9% Yimy N
210. TlpecOpasyfite shpaxeHue B anarefpaHveckyn Apobb:

a) v+ 6) x— B) 5 — o

Nrgty Ve Ot

%) %% 3) 211:8372; #) 3a-%;

K} 7x:-2§2-; J) isl-{_i_a—]-; M) %3:23_—;.

211. a) Ecin a 1 b — CTOpOHB NPAMOYTOJLHHKA, TO 4TC Onpeje-
agoT dopmyas A=a-b, D=2{a+b)?
6) Ecnu P — uena Toeapa {croumocts 1 kr), a M — ere ko-
JH4ecTBO (Kr), To 4T0 BeIpaxkaeT gopmynaa A=P-M?
B) Ecan x — uncio MecT B ORHOM PAJY 3PHTENBHOrO 3ana
KHHOTEaTPa, ¥ — YHIO PANOB B 5TOM 3aje, TO 4TO Bhpaxa-
eT dopmyna M=uxy?
r} Ecam 2 — cTopora KBajpaTa, TO YTO BHpaxawT GopMy-
an A=k, B=4k?
A) Ecnn v — ckopocTb Noesaa, { -— BpeMA ABHMKEHHS, TO 4YTO
Bupaxaer dopmyaa A=uo-1?

212. Henonbays pucyHoK 32, o6bsicHHTe, 4TO Bhpa)aeT ¢op-

Myna:
A=ab—a* A=ab+a®
a a
-—C - b ——t—
b
ettt
Puc. 32

213*. Cyntasn @ W b LaHHBIMU YACJSAMH, PEIIHTE YpaBHEeHHE OTHO-
CHTENILHO X:

a) 4x+a=6x—8§; 8) Ix+a=4x—2b+43a;
B) ba+4+6x=8x—3a; r) Ta—b—4x=3b+45x—2qa,
A} 2{x+a)=3{(x—a) e) 5(x—b)y=2(a—x);

¥) a—(a+4b}x=(2—a)x— (34 bx),
3} Ix—a(b4+x)=a(b—x)—2{a—x).

3 Anrefipa B knace.



214. a

215. a

216.

Pemnre cucreMy ypasnennd (214—216):

x+y=13,
){y=x—4‘
13x— 14y =27,
13x=2y+415;
x—3y=12,
2x+ 4y =90;
x—3y=14,
Sx+3y=—1;

J
{
{
{4x+3y—- —4,
{
s
(s

A}

%

)

) 6x+5y=1,

dx—Ty=2,

M\ 2et3y=1;

a)

B) 2x+6y 3,

=
|

a)

®
|
pofme G2 =

w
[
»

w
I
=
|

=
I
nino pofm=

r

-4}
e
- o]

3x+4y=230,
o {h
y="5x,

8x—9y=1,
3y=4x+1;
2x+y=S38,
Ix+4y=T7,
2x 4 by =125,
4x+ 3y=15;

{
{
{
{m—w=a
{
{
{

e)

W

)

-

) 7x+5y=2;

4x+4y=1,
3x+3y=—5.
3x—y=2,
2x42y=>5;
4x+3y=2,
5x—2y=3;

=

)

=,

)

r)

e)l

6)

7
M 15 asy

l3(3x—-y)+%(x—2y)=17,
A)

Sx+4y=3;

12(2y—x)+%(y+3x)=1,
e)

Sy+x=T7;



217,

218.

219.

220,

221,

222%,

3a AnrefSpa 8 knacc.

[ x+3y _ x—2y x+y X
= 13, 1,

=]
(<5 ]

x+y=%(x—y)+27: x——==3

[ 3x—2y , S5x—3y
[ + 3 —'x+ ls

2x—3y | 4x—3y _ .
|5t =yt

[ 2x—y+3 x—2y+3=4

3 4 '
3x—4y+3+4x—2y—9=4.
{ 4 3
a) Kax npeacTaBATL NPOUEHTH B BHAE AeCATHYHOH Apobu?
6) Kak 2ameduTs fecATUUHYI0 ApPoSh MPOLEHTaMH?
B) Kak HafiTH HeCKOABKO NPOLEHTOB AAHHOrO 4YHcsa?
r)y Kak HafiTu 4Hc/IO MO AaHHBLIM €ro MPOLEHTaM?
Onpepenure:
a) 25% ot 100; 6) 50% ot 1,2; B) 30% ot 200;
r) 20% ot 30; 1) 6% ot 30; e) 3% ot 4,2.
a) Mopckas Boaa copepxut 5% (no macce) conu. CKoabko
KHJIOTPaMMOB NpecHoR BOABI HYKHO A0GaBUTb K 50 xr Mop-
CKoll BOAH, 4TOGH cOfepiKaHNie CONH B NOJAYYEHHOH Boje co-
cTaBuno 2%°?
6) Cnnag meau ¥ onosa Maccolt 10 &kr cogepxut 45% menn.
CKONbKO YHCTOrO 0JIOBA HYXHO AOGABHTH K 3TOMY CILIaBY,
yTo6B TOAYYHBIWIHACA HOBLIA cnaas umesa 40% meam?

a) Jlo npocymiku 3epHa BAAXKHOCTD ero 6bl1a 20%. 10 1 sTo-
ro 3epHa NPOCYIIHJH, NOCJAE Yero ero Macca yMeHbIUuHJaach
Ha 100 kr. OnpenennTte BJAaXKHOCTb 3ePHA MoOCae NPOCYNIKH.
6) XpaHupuieecs Ha CK/lane 3epHO KMeAo BaaxHocTs 20%.
Ilocne npocylWwIKH BAaXHOCTL €T0 CTaJsa 15%. KakoBa crana
Macca 3epHA TocAe NPOCYLIKH, eCH NPH NepBoHaYanbHOM
BJAAXKHOCTH 3epHa Gwlio 5¢ 17

3ameuaHHe. BrakHocTs 3epHa NOKAa3hiBaeT COZep-
WMaHHe B Hem BOALl B NpolleHTax.
a) Ilpn npoBepxe BAaXXHOCTb 3epHa oKa3aJacb PpaBHOMH
23%, a nocAae NpoOCYLWKH 12%. Ha ckoabko NPOLUEHTOB CTa-
JIO Jierue 3epHO MOCJae MPOCYMKH?
6) CeMena nonaau noa AoXKab K ctann Ha 20% TAxedee.
Koraa ux npocywnau, oHn notepaau B macce 20%. Bepuy-
JUCh JIH OHH K NepBOHaYaJbHOH Macce?

[MponasoauTenbHOCTE TPYAa paloyero NPH BLINOJHEHHH He-
KoTopo#i pa6oTsl yBeanuuaacs Ha p%. Ha ckoanko npouen-
TOB COKPAaTHJOChE BPeMf BLINOJHEHHA 3TOH palboTol, eciau:
a) p=25; 6) p=20?

K) |
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223*,

224%,

225,

226,

227,

228,

229,

230.

231,

a} Bpemsa H3roToBieHus HeKoTOpoH AeTalH YMEeHbLIHAOCH
Ha 40%. Ha cKoAbKO NPOUEHTOB yBeJAMYHAACH TMPOH3BOAH-
TeJbHOCTh TpyAar?

6) O6beM CTpoHTeJbHHX paGoT yBeawuuaca Ha 80%. Ha
CKOMBKO NPOLEHTOB HYKHO YBEJHYHTb YHcAo paGounx aad
BBIMOJIHEHHA 3TOH paboThl 33 TO Xe BpeMs, eclH MPOU3BOAU-
TeJbHOCTL TpyAa OyZeT ypBeaudena Ha 20%°?

a) Llena KHHTH CHH3MJIACH HA CTOJLKO NPOLEHTOR, Ha CKOJb-
KO KONeeK OHa CHH3HJach. KaKoBa mepBoHAyaabHaf LEHa
KHHTH?

6) Ipe aBTOMAILHHE Pa3HBIX MapOK HMEIT MaKCHMaJbHble
ckopocTH 160 kM/u B 140 kM/4u. Ha cKoABKO MpOLEHTOB CKO-
poCTE BTOpPOH MAWIMHB MeHblle CcKopocTH mNepeoi? Ha
CKOJILKO MPOLEHTOR CKOPOCTh NEepROA MalUHHEI Gojblle CKO-
POCTH BTOPOIi?

Ha xoopanHaTHOR OCH YKaX<HTe 0AHO palHOHaJBHOE H OLHO
HPPALHOHANBHOE YHCJIO0, PACNONOKEHHbIe MEXAY YHCJIaMH:
a) 0,6 u 0,(5)% 6} 0,272999143... n 0,2730015... .
KaKuM u4HCAOM — paLHOHANBHBIM HAH HPPAUHOHAJbLHBIM —
ABAAETCS 3HAUCHHE BLIPAKEHUH:

a) 14-V3; 6) 1 —V5;
B) VB4+V5: ) V16 —\23?

¥kaxure aABa HPpPalLHOMAALHLIX YHCAA:

4) pa3HOCTh KOTOPBHIX ABAAETCA PAUHOHAJBHBIM WYHCJIOM;
6) NpoH3BeAEHHE KOTOPHIX ABAACTCA PaUHOHAJbHBIM YHC-
JIOM;

B) CYMMa KOTOPblX ABJAAETCA PALHOHAJBHBEIM YHCJIOM.
BepHo sin yTRepXK/eHHe, YTO KBaAPATHHIA KOpeHb B3 paLHo-
HAJABHOIC YHCJa:

4) BCcerfa SBAAETCH HPPALHOHAMBHBIM YHCJIOM;

6} MoXeT ObiTh LENBIM HHCJIOM;

B} MOXeT ObiTh KOHEYHOH [eCATHYHOH Apobuiv;

r) MoxeT ObITe OecKOHeUHOH NepHOANYECKOH AecATHUHON
Inpobaio?

Jana ¢ynxuns y=x’. KaKUMH YHCJIaMH — pPauHOHaILHbI-
MH HJH HPPANHOHAJLHBIMH — ABAAIOTCH AGCLHCCH TOYEK
rpadyKa 3Toil GYHKUMH, ec/TH OPAHHATH 3THX Tovek: 0, |, 2,
3,4,5,6,7,8,9, 10° Haitante npHSAHIKeHHBIE 3HATEHHA Hp-
PALHOHANBHBIX aBCIHCC ¢ HEAOCTATKOM C TOYHOCTBIO HO
0,01.

Haifizure npubaAHXKEeHHO ¢ HeJOCTaTKOM 3Ha4YeHHe BHIpaXe-
HHWHA, OrPaHHYHBLIKCE JBYMA 3HaKaMHK MOCAe 3aNATOH:

a) 1+V3;  6) 145, B) V3 4VE; ) V247,

CpaBHHTe 3HaYeHHA BhipaxeHui (6e3 BLIYHCAEHHA KOpHed):

a) 5V12 n 3V27:  6) V27 n 3V2;



232.

233.

234.

235.

236,

237.

3)2\/50 u3\/32- r)3\/_ \/%_
45
n) 2 3 243 e) 5 -%-5114\}5.

ynpocmTe Bupameuue
a) V(1 —V3); 6) V(5—V5 )
B) VW2 =B r) V(10 —4p.

BriHecaTe MHOMXHTE/Nb H3-10J, 3HAKA KODHA:

a) V32—\V5);  6) Vis(\3 —2);
8) V3227, r) V48 (/5 —3).

BEPHO JH paBCcHCTBO:

3 _ 3. 6 _g\/L .
B) 4%=4\/§?

Brinecute MHOXHTeAb H3-NGA 2HAKA KOpHSA!:

a)—a\/m 6) = '\/al_xz, B)f'\/@,

) \/(\/'_. 3) \/_\/'__.Si_
(1=V5y (Vio —3y

¥npocrure soipaxehue (236—238):

a) 10 %4},5\/@4-3\/1_1;

6) 15\/3_—05\/—4-2\/3_3;

B) 2'\/8—— V136 —5 25 ;

r) 6_\/2_5—'\/_4-4_\/%.

2 VD (V-2VE),

0 (VE-VE VT VE)

B) (VI34+5V42 +VI13—5V242 )

r) (Vi1 46V2 —V11—612 1
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238.

239,

240.

241,

242,

243,

244,

a)\ﬁﬂﬁ_\ﬁ—\ﬁ. )\/_+1 Vi—1 Vi3,
iV Ve Vi v e
(\F+\Fn4 Vi5) (V_+V_)(5 2V6)

V-3 ’ V3 V2 ’

l'lpe,uc'ranb're BHIDaXeHHe B BHJE Pa3sHOCTH KBajipaToB H

pPa3foXHTe ero Ha MHOXHTeaAn (a>>0, b>>0)

a) a’—b; 6) a—b*% B) a—b; ry a—1;

n) 2—3a; e) 5h—7; x) ab—1; 3) a—bit

UaBnekHTe kBaApaTHLIH KOpeHb H3 JABYY/ieHa, NpeACTaBHB

AaHHOE Bblpa)eHHe B BHAE KBAajApaTa ABYYAeHa:

a) 3+2V2;  6)4—2V3; 8) 74+2V10;
r) 7T44V3, ) 10—2V21: o) 7T—V24.

¥npocTuTe BHIpaxeHHe:

) V3+2V2 +V3—-2V2; 6) Vi+2V8 —Va—213;
B) V7+V24 —V7—
r) Vio—2V21 +V1042V2r .

'OCBOGOEHTQCB oT nppauuonanbﬂocm B 3HaAMeHaTeAe:
2 6 1 a+bd

a) ik 6) —=; B) ; ;
V2 V3 Vr—y r Va+b

43

. a—b | 1 .
\/ﬂ e)\/ﬁ‘ ”‘)W' 3’%‘
H) V3. g2 St ow) e
V3 5 Vo —a Va +Vo Vm =\l

o VBT, o VaboVagh
= Vet +Vats

Hokaxure CNpaBefiHBOCTE PaBEHCTBA!
1

1
) 3+2\l2—+3—2\/2_=6’
| 3 4
O T V-V Ve+VE

YapocTHTe BbIpaKeHHe:

& (nyil+l):(l—v}/il):
%) (VE_1+IV_)'1YEVi-la;

oy VeV |
Ry
Vm m

r) W_ﬁ_\/;+6+3ﬁ—m )



a-

245.

246.

247%,

248.

249,

250.

251.

252,

Pewute ypaBHeHHe:

a) \/;=3; 6) \/;=0; 8) \/;= —1;

ry V2x =1; 1) Vix—1=1; e)Vx+2=1;
%) VB3x—8 =6, 3) VI4+bx=7, u) Vx—3—-2=0.

3anucanu ogHy 3a Apyroil ueTbipe nocJefoBaTenbHLE UHp-
pBl, 33TEM nepBLie ABe NOMeHAAH MecTamM. [losyueHHoe Ta-
KHM 06pa30M YeTHIPEX3HAUHOE YHMCAO fABJASAETCA KBAZPaTOM
HaTypaawHoro uuciaa, Haiigute sro uacao.

OnxoBpeMenno OLLTH 3aX0KeHBl 1Be CBLUH OMHHAKOBOR AJH-
Hbi: OAHA cBe4Ya notodaule {cropawuiaa 2a 4 4), Apyrasa no-
TOHbille {cropalowas 3a 2 u). Hepes HekoTopoe BpeMs ofe
CBeYH NMoTywnad. OKasaaoch, YTO Orapok TOJACTON CBedH B
3 pasa pnuHHee orapka TOHKOA cBeud. CKOJNBKO BpeMeHH
ropefAH CBeuH?

2) Onna O6puraga MOMXeT BHINOJHHTL 3ajaHue 32 36 nHeidl,
a BTOpas — 2a 45 guefl. 32 CKOJBLKO AHEH BHNOJHAT ITO 33-
naHne oGe Gpuraasi, paoran sMmecre?

6) Uepes nepeyio TpyOy Gacceiin HanoaHsAerca 32 16 Mus,
a yepe3 BTOPYlo TpyGy — 3a 48 MHH. 3a CHKOJILKO MHHYT Ha-
noAHuTCH Bacceitd, ecau OTKPLITL ofe TpyOu?

8) JlerkoBas ManIHHa NPOE3MaeT pacCTOAHHE MEXKIY LEYMA
roponaMu 3a 42 MuaH, a rpysoBag — 32 56 mun. OgHax bl
3TH MalWHL! BbleXaAW OJHOBPEMEHHO HABCTpedy APYr ApY-
ry u3 3TWx ropofos. Uepea CKONBKO MHHYT OHH BCTPETH-
JHCB?

Yepes nepeyio TpyGy 6acceliH HaNOJHAETCA 33 4 MUH, uepes
BTOpYI0 TPpYOY — 3a b MuH. 32 CKOAbKO MHHYT HanoJHHTCH
Gacceiin uepes ole 3T TpyOuI?

Pewnte sagauy B obumemM BHAe, NOAYYHTE OTBET AJA yKasaH-
HLIX 3HaueHHAi a u b:

a) a=12, b=236; 6) a=14, b=235.

Yepes nepeylc TpyGy GaccellM HamoJHAeTCA 3a @ Y, Yepea
BTOpYIO TpyGy — 3a b u, uepes TpeThio TPYGy — 32 ¢ u. 3a
CKOJNIBKO 4acop GACCeAH HANOJHUTCH uepes TpH TpyOnl npu
HX coBMecTHOIi paGoTe, ecJsu:

a) a=21, b=24, ¢=28; 6) =12, =20, ¢=30?
Bak HanoausaoT uepes TpH TPyO: uepes nepByo TpyOy 3a
@ 4, yepea BTOpyIo TpyOy 32 € 4, a yepes sce TPH TPyOHl 3a
X 4. 32 CKOJIBKO 4acoB 03K HANOJMHHTCA uepes OMHY TPETbio
TpyGy, ecan:

a) a=12, ¢=28, x=6; 6) a=9, ¢=30, x=5?
Hekotopoe paccrosinue aBToMoOWAL Npeofoder B ropy co
CKOPOCTbIO 42 KM/, 2 ¢ ropst — €O CKOpOCTLIO 56 kM /u. Ka-
KOBAa CpejHAsA CKOPOCTb JBH)XEeHHA aBTOMOOHASA Ha BCeM
y4acTKe NYTH?

Pewenne. 3aech TpeSyercAa yauars, ¢ KaKoH NOCTOAHHOM
CKOPOCTBLI0 MOXHO NPOEXaTh TOT XKe NYTh 33 TO XKe BPeMs.
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253,

254.

255.

256.

257*.

72

258,

259,

260.

261.

262.

IMycTs anauKa yuacTKa NyTH paBHa § kM. Toraa 8 00a koxua
aBTOoMOGHAL npoexan 2s KM, 3aTpaTHB Ha BECb NyThb

Ts2—+%=% u. CpeaHsa cKopocTs JBHXKEHHS paBHa:

5
2s.§=48 KM /u.

Hekoropoe paccTosiine aBTOMOGHAL NpeodosieBaeT B TOPY

€O CKOPOCTBIO & KM/4, a C ropbl — cO CKOPOCTbIO & KM/u.

Kakopa cpeiHsis CKOPOCTb ABHXEHHSI aBTOMOOH/IA HA BCEM

yuacTKe MyTH, ecAn:

a) a=40, 6="=60; 6) a=30, b=45?

Jloaka ot A a0 B nabiBer no TeueHUw a 4, a ot B no A (npo-

THB TeyeHHsn) b 4. CkoaAbKo uvacoB Gyjaer nAsiTh GpeBHO OT

A ao B, ecau:

a) a=3, b=4; 6) a=2, b=23?

Jlann 1Ba KycKa C pas/iHuHbIM coaepxaHueM onaoea. [lep-

Bbifi, maccosi 300 r, coaepxnt 20% oaoea. Bropoit, Mmaccon

200 r, coaepxuT 40% onoba. CKOALKO NPOLEATOB o0Ba OY-

AeT COAepXaTb CNAAB, MOAYYEHHbIH M3 3THX KycKos?

HafanTe mpoueHTHoe cojepiKaHue p oJOBa B cI/iase, NOay-

YEHHOM M3 ABYX KYCKOB MACCAMH m, H m, COJepXalinx co-

OTBETCTBEHHO ; H p, NMPOLUEHTA OM0BA, €CJH:

3) m|=15, p|=40, J"ng=35, p2=20;

6) m|=35, p|=40, m2= 15, p2=20.

JokaxuTe, uTo B npeAblAyLieH 3aAadye W3 YCAOBHA p,<p,

CAEAYET, UTQ P <l p <Py

Hmeetca p8a kycka cnJjapa osoBa W cBUHOA. Tlepauifi, mac-

coit m, r, conepXuT p,% oaoBa, BTOPoAi conepXuT p,% oao-

Ba. CKOJILKO rpaMMOB OT BTODPOTO KYCKa Hago Ao0aBuThL K

nepsoMy, 4TOGbE MOJYUHTH CNJAAB C COAEPHAHHEM OJ0BA

p%, ecan:

a) m; =300, p,=40, p,=60, p=56;

6) m; =180, p,=45, p,=70, p=60?

Kycok cniaBa Mean H uunka maccon 36 kr copepxut 45%

MefH. CKOALKO KHJIOTPAMMOB MEAU HYXKHO A0GABHTL K 3TO-

MY KYCKY, 4TOGHI [ONyYeHHLIH HOBLIA cnaas coxepxkan 60%

Menu?

Hmeercs KycoK cniaBa Mein ¢ 0J0BOM ofmeit Maccof

12 xr, conepxamuii 45% mean. CKoALKO KHAOrPaMMOB 0/10-

BA HAJ0 NPHOGABHTb K 3TOMY KYCKY CMJaBa, YTOOLl MOAYUHB-

MIHiACA HOBBIH CIAAB coaepxan 40% wean?

CK0ABKO YACTOR BOAB! HYXHO 1006aBATH K 300 r MopcKof Bo-

A, cogepxamei 4% conu, yToOGH NOAYYHTH BOAY, COAEP-

xawmyio 3% coan?

Cxoabkoe unctoro cepefpa HyxHo a06aBaTb K 200 r cepebpa

835-it npoGbl, uTo6bl NONYuHTh cepeGpo 875-i npo6ul?
3amevanne. | rcnnasa cepetpa 835-4 npobu conep-

#HT 0,835 r cepebpa.



263,

264,

265,

Umelotes apa kycka, coaepxaune 60% u 40% onaosa. Io
CKOJBKY TPAMMOB OT KaMAO0T0 KyCKa HAA0 B3ATb, 4TO6K! No-
ayunts 600 r cnaasa, cogepxaulero 45% onosa?
HMewTcs nBa Kycka, coOaepxallHe P, U P, PONLHTA OMIOBA.
[1o CKONBKY rpaMMOB OT KaXIOro KyCcKa Hafo0 B3ATb, 4TO0H
MONY4YHTh m I CNAaBa, copepxamero p% osioBa, ecau:
a) m=450, p,=70, p,=40, p=060;

6) m=600, p,=80, p,=65H, p=T75H?

H3 cApudpmerucu» J1. d. Maznuyxoeo. ¥ nekotoporo ueno-
BeKa OnJH I8 NpoAaXKu BAHA AByX copToB, [lepnoe uenolo
10 rpuBeH Beapo, aropoe ke no 6 rpreeH. 3axoreJoch eMy
CAEAATh H3 TEX ABYX BHH, B39B N0 UACTH, TPETbE BHHO, YTO-
Gbl eMy LeHa OHaa o 7 rpupeH. KakHe 4acTH HaAN€XHT H3
TeX JBYX BHH B3ATh K HaMOJHEHHIO BeApa TPETHErC BHHA [€-
HOK B 7 rpHBeH?



KBANPATHLE

YPABHEIMA

§ 4. KBAOPATHBIE YPABHEHHS

4.1. KpaapaTHuii Tpexwuiex

MHorousieH OTHOCHTEABHO X BHAA

ax’+bx+c, (1)

rie a, b, ¢ — naHHbie YHCaa H a0, Ha3LIBAOT KBAAPATHLIM TPEX-
unenom. Uncao a HaabIBaloT KOSOGHLUHEHATOM NPH X7, yAcao b — Ko-
3pGHLHEHTOM NPH X, YHCJO ¢ — CBOBOZHBEIM UJeHOM.

YUneno D=0b*—4ac Ha3piBaloT AHCKPHMHHAHTOM KBAJADATHOro
Tpexuaena (1).

Teopema 1. Cnpasedauso pasencrao

altbitc=a [(x+2—';)2—%]. )

JdokazaTteabcTBo. BoIHOCA 32 CKOOKH YHCIO @ {10 YCAOBHIO
OTJIHYHOE OT HYJA) U BLIAEASAA B CKOOKAaX MOJHBIA KBAaApaT, NOJYYHAM

ax2+bx+c=a[x2+2-x2ia+(% 2—(% 2_;_%] =

o5 2= 2]

Ormerum, uto pasencrao (2} ecte Toxdecrso, Tak Kak OHO mpe-
BpaliaeTrcsi B BepPHOE YHCJAOBOE DABEHCTBO AJS JMI060ro YHCAQBOTO
3HAYEHHA X.

Ha npakrthke o6biuso dopMyaoft (2) He nonb3yloTes, a B KAXKACM
KOHKPETHOM cJy4Yde NOBTOPSIIOT PAaCCyXAeHHs, HCNOAb3yeMmsble MPH
N0Ka3aTeAbCTBe 3TOH HOPMYALI.
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Hanpumep:
a) 2884 4x+34=2(L+2-x- 1+ P — P4 17)=2[(x+ 1P+ 16];
6) 324 18x+27=3(2+2-x-34+3)=3 (x+3)%
B) 20 —4x—16=2(F—2-2- 1 4 12— 1*—8)=2[(x— 1) —9].
Teopema 2. Ecau duckpumunanr D ksadparnozo 1pexusena

ax>+ bx+ ¢ noroxureren, TO TOT KOAOPATHUIG TPEeXHAes MONKO
PA3AONCUTE HA MHONCUTEAU:

al+bx+4c=a(x—x)(x—x), (3)
rae
—b+VD
=T
—b—\D (4)
x2=—--—§;--— .

JdokazateabcTeo. B reopeMe 1 nokasado, 4To cnpapelsdBo
paeenctso (2). Tak kak D>>0, To cymecTByeT KBaaApPaTHLIA KOpeHb
M2 [} 4 BLINOJAHAETCS PaBEHCTBO

_D_=(ﬂ ’
4a° 2a
ChaenoBaTensHo,
ax2+bx+c=a[(x+% 2_(\/7{.7_)*]. (5)

B kpaapaTHEIX cKOOKax B npasofi sacTH paBencTsa {5) 3anucana
pa3HoCTL KBaapaTos. [IpMednB GopMyny pasHOCTH KBAAPATOB, NO-
JAYYHM

b

a4 bx+ c—a[

—efx- “’*r][ ( = r)]

Ho Toraa, ecan o6osHaunTh
btV —b—VD
1= 2% y o= % »
TO noayuum Tpebyemoe pasnoxenre (3).

OtMeTHM, uTO pasencreo (3) ecTp ToxOGecToo, TAK KaK OHO Mpe-
BpallaeTcAd B BepHOE UYHCJOBOE PaBeHCTRO AJAAl AKGOr0 4HCNOBOTO
3HauyeHHd X.

Muoxutenn (x—x;) B (X — X,) RA3BIBAIOT AUHEUHHIMU MHONUTE-
ASMU, TO3TOMY PpazloXeHue (3) 4acTo HA3IBLIBAKT PalnNoKeHHEM
KBAAPATHOrO TPEXHJEHA HA JHHEAHLIC MHOMKHTEIN.

OTMetHM, 4TO0 TakK Kak D>0, To 3TH JHHefAHBIE MHOMHTENH
pazusie,
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fTpumep. Pa3noxuM Ha JnHHeHHBIE MHOMHTENH KBafpaTHHIH
Tpexuiex

252 —3x+41. (6)
Pewmeune. Tak kak D=(—3F—4-2.1=1>0, To cornacuo
TeopeMe 2 KBaApaTHBIH TpexuseH (6) MOMHO pPasfOXUTL Ha JHHef-

Hble MHOMHTE/H.
BHIYHCARM 4HCIA X| U Xg!

—b+VD _ (=341 _ |
2a 2.2 !
—b—VD _ —(=3—V1 _ 1

="y, 2.2 2-

x1=

CnepoBaTtenbo, 252 —3x+1=2(x—1) (x—%).

Teopewma 3. Ecru duckpumunanr D xeadparrozo rpexusena
a4 bx+c pasen HYAI0, TO 3TOT KB8UGPATHOILL TPEXHACH MONHO PA3-
AQKCUT Ha 08a OGURAKOBHIX AUNEHHNMY MHONUTEAS.

HokaszateabcTBo. Kak caeayer a3 Teopemn 1, ecan D=0,
TO

a4 bxtc=a (x+% ¥

370 paBeHCTBO W 03HAYAET, UTO KBAAPATHbIH TPeXujeH Pa3soXeH
Ha ABa OAMHAKOBBIX JIMHEHHBIX MHOMHTEJNA,

Teopema 4. Ecau duckpumunant D ksadpariozo Tpexurena
ax’4 bx+ ¢ oTpuyaTesen, TO 3TOT TPEXHACH OTAUMEH OT HYAR 0AR
2106020 3HAUEHUR X U €20 HEAD3A PA3AONUTH HG AuneliHbie MHONU-
TeAu.

—-D
HJdokasateabcTBo. B camoM aeae, ecnn D <0, 1o

1a >0,

PRY
A TaK Kak (x+§E) =0 ana moboro x, To BEIpaXeHHe B KBaApaT-
HBIX cKOOKaXx B paBeHcTBe {2) monoXuTedbHo AAsn n06oro x

b\, /D
(x+ﬂ) +(—4-a—2-)>0.
YMHOXKHM 3TO HEPABEHCTBO Ha & W MOJNYMHM
a4+ bx+4¢>0, ecan a>0,

ax’ 4bx+c<<0, ecnu a<<0.

[leproe yTBepmaeHHe TeopeMbl 4 A0Ka3aHo.

BTopoe yTBep:KAeHHe AOKAaXKeM OT NMPOTHBHOTO.

TycTs AMCKPUMAHAHT KBajpaTHOro Tpex4aeHa ax’+bx+c¢ or-
pauatenes (D << 0) 7 3TOT Tpexu/eH MOMHO 3aNUCATbL B BHAE NPOH3-
BefeHHa a{x—x){x—x,), TAe X; H X, — ACHCTBHTRIbHBIE YHCIA.
Torpna npu x=x; H £=1x, 3T0 NPoOM3BEJEHHE PABHO HYJIO, 4 3HAUMT,
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H CaM TPeX4uJeH paBeH HYJI0, YTO NPOTHROPEUHT PaHee JAOKA3ZAWHO-
my. CaeposatenbHo, npu ycaoeHn D <0 ksaaparumii TpexuseH
HeJbL3Sl Pas3/iOXKHTb HA JHHEAHLIE MHOXKHTENH,

Hrak, ksappaTunii Tpexunen;

1) npu D=0 pasnaraerca Ha ABA Pa3sHbIX AMHEHHBIX MHOXH-

TEnA,;

2) npu D=0 pa3snaraerca Ha ABa OAHHAKOBBLIX JHHEHHHX MHO-
KUTENS;

3) npu D <0 He pa3znaraeTcf Ha JAHHelHble MHOMXHTEJH.

266°.
267,

268°.

269.

270,

27,

272°,

273",

274,

UTo Ha3LIBAIOT KBAAPATHLIM TPEXUAECHOM, THCKPUMHHAHTOM
KBAAPATHOFO TpPeXuJeHa?

[IpuBeaAnTe NPUMEp KBAAPATHOFO TPEXudeHa, AHCKPHMH-
HaHT KOTOpOTO:

a) Goablie Hyan; §) paBeH HYJAN; B) MEHbLIE HYAA.
HaszosuTe Ko3pdHUHEHTH &, & W ¢ KBaAPATHOrO TpexuJaeHa:
a) 32 44x+5  6) 247 —5x—7,; B) —5x243x—1;
r) 62+ x—2; 1) L—x+7; e) — L4 x+ 1.
CocTaBbTe KBaAPaTHHIl TpexudeH ¢ JAHHLIMH KoaddHLUHeH-
TaMu:

a) a=3, b=4, ¢c=5; 6) a=5, b= —2, ¢ =6,
B) a=1, b=—1, ¢=2; rya=—1, =3, ¢=—2,
BoluncauTe AMCKPUMHHANT KBAAPaTHOTO TPEXUJEHA:

a) 2474+ 5x+3; 6) 2x°—5x+3; B) 2x2+65x—3;
r) 2% —5x—3; n) £ —4x+5; e) *4+6x+9;
K) £42x+1; a) —3°545x—2; n) £2+42x+2.
BbigenuTe moMHBIA KBagpar:

a) X—4x45=5"—2-x.24 22— 24 5=(x—2P+{;

6) 284+ 6x—5=2(+43x—2,5)=

=2(2+2-23+(3) —(3) —25)=2((x+157 —475)

B) X —8x+17; ry 24+ 4x+4; 1) 245x—6;

e) ¥—3x+2; x) 25 —8x47, 3) —444x—3;
n) 322 —2x+1; K) 32 —6x+41; n) —2x*—8x+410.
Paanaraerca i KBapaTHLIN TpexuieH Ha JHHeHHBIE MHOXH-
TeSH, €CAH €r0 JUCKPUMHHAHT:

2} NONOKUTENILH, 0) paBeH HYJI; B) OTpHUATEJEH?
Kaxnam nosKeH OHITh AHCKPHMHHAHT KBaAPATHOTO TPEXuleHa,
uToGbl OH pa3zfarascs Ha JHHeHHBIE MHOXKHTEIH:

a) pasHule; 6) oanMHakoBHE?

BoigcHHTe, pasaaraercs JH KBAaAPaTHLHIA TpexujeH Ha JH-
HeMHbIE MHOXHTEJIH!

a) X —4x43; 6) X*—4x+4; B) X+ 4x+45;

r) 32 —4x+1; a) 552 —6x+1; e) 4+ 4x+2.
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275. PaznoxuTe KBAAPATHHIA TpPeXudeH HA JHHeAHbe MHOXKH-
TeJn:

a) 22 —6x+3; 6) 3°+5x—2; B) 522 —2x—3;
F) £ —Tx+6; 1) £+46x—7; e) X4+ x—2
Ykazanue. BocronbayliTech paBeHCTBOM

e+ bx+c=a{x—x){x—x),
—~54+VD VD
2a a ‘

—b—
=t

2

276. PaanoxnTe KBajpaTHBIA Tpex4/ieH Ha JHHeHHbIE MHOMXKUTE-
JI4, €CJIH STO BO3MOMHO (eC/H HeT, TO YKaMure NPHUHHY):
a) ¥*+8x+15; 6) 4x*—4x+1; B) 2x* —3x+ 4.

277. JloxaxHhTe, YTO 3HAYCHAA KEAAPATHOrO TPeXusieHa NpH Jlo-
GLIX 3HAYEHHAX X OTJHUHBI OT HYJs.

Hanpumep, X+2x+3=x42x+4+142=(x+4+1}42>0
npu Awbbix x,
— X —4x—5=— (P4 4x+441)=
= —{{x+2Y+1)<<0 npu awbox x.
a) 3 —x+1; 6) —52+42x—10;
B) —£45x—7; r) X4+ 6x+10.
278. HoxaxKTe, YTO HAHAETCA TAKOE 3HaYeHHe x, NPH KOTOPOM

3HayeHHe KBaApPaTHOro Tpexuaena x’—T7x+6:
a) MOMOXKHTEeNbHO;  6) OTPHUATENLHO; B) PABHO HYJAI0,

rne x,=

4.2, NoHATHe KBAAPATHOTO YPABHEHHA

KBaapaTHRIM YPaBHEHHEM C HEM3BECTHRIM ¥ HA3ZMBAWT YPaBHE-
HHe, JleBaf YacTh KOTOPOro eCTh KBaApPATHLIH TPeXujieH OTHOCHTENL-
HO X, 4 NPaBas — HYJb.

KBaapaTHoe ypaBHeHHe HA3LIBAIT TAKHe YPABHEHHEM BTOpOH
CTeneHx,

CreayiuEe ypaBHeHHS

22 —3x—T7=0, 222 —3=0, P—ax=0,
— 2 411=0, —524+3x4+5=0

CAYXAT MPUMEPAMH KBAADPATHHX YPABHEHWH C HEHIBECTHHIM X.
PaccmoTpuM K8adparnoe ypasHenue ¢ OOHUM HEUIBECTHBIM, 3a-
nHcaHHOe 8 obuweM sude

ax’+ bx+c=0, (1)

rae @, b 1 ¢ — 3anaduble unena (a=0). Uucao a HasBBalOT K03gh-
uyuenton npu x%, sACA0 b — KOIPPULUERTON npu X, UHCHO ¢ —
caobodnoin wrenom ypasuenus (1). Beipaxcenun ax’, bx v ¢ HasbiBa-
10T waexnamu ypasnenus (1). Uncao D=5b*—4ac na3biBaloT AHCKpPH-
MHHAHTOM KBaapaTHoro ypasHenus (l).
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Tak, B ypaBHeHHH
22 —3x—T7=0

— kosppuument npu x°, —3 — KospPpuuHenT npa x, —7 — cBO-
onabih wxen, D=(—3)Y—4.2.(—7)=65—ero AUCKPHMHUHKAHT;
YpaBHEHHM
| £—3=0
| — xoadpdpuunent npa 1%, 0 — koapduuHERT npu x, —3 — cBOGOA-
uwiii uaen, D=0"—4.1.(—3)=12 — ero AACKpPHMHHAHT.
HanoMuiuM, 4yTe KopheMm (HAH peilleHHeM) YpaBHEHHA C HeH3-
BECTHLIM X HA3bIBGIOT 4UCAO, NPl NOJCTAKOBKE KOTOPOZO 8 YpasHe-
Hile BMECTO X NOAYHAETCR 8ePHOE HUCAOB0E PABEHCT8O.
Hanpumep, uncno 0 ABAAeTCA KOPHEM YpaBHEHHA

2 --7Tx=0,

HGO ecan noacTaButh 0 BMecTo x, TO NOJAYUHM BEpHOE UHCJIOBOE pa-
BEHCTBO

2.0!—7.0=0.

Pewuuty ypasnerue — 3To 3KAYUT HALUTU 6Ce €20 KOPHU Ul no-
xasars, 4ro ux Her. B caenylomnx nyHkTax Gyaer nokasaho, Kak Ha-
A0 pewaTh KBAAPATHOE ypaBHeHHe, T. €. HAXORHTb €ro KOPHH.

B aponoanenuax Kk raase Il GyayT BBeneHbl TaK HA3bIBAeMble
KOMMJIEKCHBIE MHCAA, TOTEA Mbl YBUEHM, YTC YPABHEHHA, KOTOphle
MBI pacCCMaTpHBaeM, sceeda umeiorT Kopry. B OLHHX cAyuanx osH #AB-
AA0TCA AefCTBHTENLHLIMA YHCAaMH, B APYTHX — KOMIJIEKCHBIMH.
Ho cefiuac peub 0 KOMMJIEKCHHIX YHCJAAX He HIET, U Ml {yJeM roBo-
PHTb, UTO JGHROE ypaanedue He uMeeT KopHefl, €CH OHO He HMeeT
AeRCTBHTEABHBIX KOpHEH,

ITpu pewesna ypapAeHHil NPHXOAHTCA YMHOXKATb HAH AeAHTHb
o6e YacTH YpABHEeHHA HA HEe PaBHOE HYJIO YHCIAO, a TaKXKe NepeHo-
CHTb WIeHbl ypARHEHHA U3 0AHMOH ero uacTA B Apyryo. B peayasTare
6yAeT NOAYYATHCH YPABHEHHE, PABHOCHJbHOE peXHEMY, T. €. ypaB-
HeHHe, HMeloliee Te H TOABLKO Te KOPHH, YTO H NpeXHee ypaBHeHHe.
JloKa3aTeAbCTBO 3THX YTBEpXAEHHIH TaKoe Ke, KaK H ANA JHHeAHbIX
YPaBHEHHA.

279°, a) Kaxoe ypaBHeHHe Ha3biBAIOT KBaJpaTHbIM ypaBHeHHeM?
6) ¥YxaxuTe cpead CJeayoOWHX YpaBHeHHR KBaldpaThbie
HAH PaBHOCHJBHBLIE KBaAPATHHIM:

1) 32 —2x+1=0; 2) 4=2%

3) 2x—8=0; 4) x(x—1)=3;

5) T —2=0; 6) £+ 3x=0;

7) —0,5x4+\3 2 —7=0; 8) 12x— 32 4+5=0.



280°.
281°,

282,

283.

284,

285.

286.

287.

288",
289,

Jlas kBaapatHMX ypaBHeHu#l B 3anannn 279, 6) onpenenante
Kosppuurents @, & n ceoGoanmil uien c.

HazosHre wieHs KBaApaTHOrC ypaBHeHMA H Kod(pdHuneHT

npH x°, NpH X M CBOGOIANBIA WJEH:

a) 224 3x—5=0; 6) X*—5x4+1=0;

B) £ —9=0y r) #*—9x=0.

CocraBbte KRaapaThHoe ypaBHenue ax’—+bx-+c¢=0, eca

ero ko3gp¢runenTsl paBHb:

a) a=2, b=3, c=4, 6) a=3, b= —3, c=1;

B) a=—1, b=05, c=3; r)a=5, b=2 c=0; |

n) a=1, =0, ¢=7, e) a=—%, =0, c= —8.
BHUYHCAHTE AMCKPAMMHAHT KBAAPaTHOrO ypaBHEHHH:

a) 2°%—3x—5=0; 6) £ +5x+1=0;

B) 9> —6x+ 1=0; r) 24 x4+ 1=0.

[IpoBepsre, ABaAnercs an uncao (0 KopHeM ypaBHEHHH:

a) Z2—5x=0; 6) X+1=0;

B) 52 —6x+1=0; r) #—5=0

n) 24 x=0; e) ¥+ 10x+0,1=0.

[MpoBepsTe, HBAsneTca AH X0Td Gbl OAHO H3 YHcea | HAW
— 1 KopHeM YpaBHEHME:

a) X4 x=0; 6) X—5x+4=0;

B) ¥—4x+4=0; r) £—x=0

a) X+4+6x+5=0; e) ¥—1=0.

Briepute M3 uncea —1, —%, 0, 1, 2 kopuu ypapHeHHS:
a) ¥—x—2=0; 6) X4+ x=0;
B) 3= —ux; r) 3x245x=2;

n) 4x—5=—6—3x% e) 2x41*=—2—x.
[ToaGepurte xoTA Gbl ONHH KOPEHb YPABHEHUH:
a) ¥ —4=0; 6) X —4x=0;

B) 3 —2x—1=0; r) 52 —x—6=0.
Kakne ypaBHeHWH Ha3wpalOT PaBHOCHJAbHBIMH?
PaBHOCHALHEI JIH ypaBHEHHR:

a) 28°=5x u 22— bBx=0;

6) 7*=28 n P2=4;

B) ¥—8x4+8=32—8 u £+ 4x—8=0;

r) (x— 1} x+5)=2(x—1) n x+4=1;

1) ¥+3x—5=x"4+4 n 3x—5=4;

e} {(x—x=xn x—1=2°



4.3. Henoanoe KBagpaTHOe YPaBHCHHE

KsanparHoe ypaBHeHHe
axX’+bx+c=0 (a50)
Ha3biBAIOT HENOANMM, ecad ¥y Hero b=10 uan ¢=0. B 310M nyukre

pacCMaTPHBAETCA PECIIEHHE HENOMHLIX KBAAPAaTHbIX YPaBHEHMH.
flpumep 1. PewnM ypasHeHue

&=, (1)

Cymtecreyer ToIbKO oaHO 4yHcao 0, KBagpaT KoToporo paseH 0.
ChnepoeatenbHo, ypaBHeHHe (1) HMeeT elHHCTBeHHBIR KopeHb xy=0,

HenoaHoe KpagpaTHoe ypaBHeHHe, Y Kotopore b=c=0),
T. & YypaBHeHHe

ax*=0 (a#0)
pasHOCHAbLHO ypasHeHulo (1) H, clenoBaTeAbHO, TAKXKE HMeeT elHH-
CTBEHHLIR KOpeHb x3==0.
fipumep 2. PelluM ypaBHeHHE
¥ —5=0. (2)
3To ypasHeHde PaBHOCHALHO YPaBHEHHIO

£=5.

CHBEOBHTERbHO, HaM Hajo HaliTH BCe uucaa, KBaApaThl KOTOPbIX

paBHbl uHcaAy 5. TaKax uAcen TOAbKO ABa: Vg H —\/5..
Takum o6pa3oM, ypaBweHne (2} HMeeT ABa KOPHA:

n=\5 u x2=—\/5_

H Ipyrux KopHefi He HMeerT.
Ho MoxHO paccyXxpath HHave. ¥YpaBHeHHe (2) MOXKHO 3anHCaTh

B BHJIE
£ —(V5)=0
(x—V5) (x+V5)=0,

OTKYAa BHAHO, 4TC uucda x,=\b d x,=-—-\b srasnwTca KopHaAMA
ypasHedun (2). Jpyrux kopHeil ypaBHenHe {2) He HMeeT, TAaK KakK
ecnH B HEro BMECTO X MOACTABHTL A1060€ YHCAO, OTAHTHOe oT 5

HAX B BHAE

—V5, 10 nesasn vactb ypasHeHHs (2) 6yaer oraudna ot 0.
ITpumep 3. PemnM yparHeHHe
Z+4+7=0. (3)
OueBnano, 4TO 370 ypaBHeHUe He HMeeT KopHeh. Beab keaapar
A060r0 AeACTBUTENLHOTO YHCIA X, HEOTPHUATeNeH, W, cAefoBa-

TeAbHO, X3+ 7 €CTh NOAGKUTEAbHOE YMCAO. JpyrMMU COBAMM, HM-
Kakoe AelicTBHTEe/bHO® YACJAQ X, HE MOXKeT GnTh KOpHeM ypaBHe-
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Hud (3). M pemivan ypasHeHHe (3), a HMe@HHO NICKA3aJH, 94TO OHO He
nMeeT AeHCTBHTEJNbHBX KOpHed.
Henonanoe kpagpatHoe ypaBHeHHe, ¥ KoToporo =0, aMeeT BH

ar’’+c=0 (a+#0). (4
3TO ypaBHEHHE PABHOCHABHO YPABHEHKO
£L4+Z=0. (

$lcuo, uto ecan % €CTh YHCIO NOJOXKMTEABHOER, TO, KAK H B [IpHMepe
3, ypasnenve (B), a 3HauMtT, N ypasHeHHe (4) He HMelT Kopuefl.

Ilyets Tenepn % €CThb YHCJAO OTPHULATE/NbHOE, ¥ paBHeHHe (D) pap-
HOCHJIbHO YPABHEHHIO

#—(—1)=0. (6)

(5
Tak xak 4Hcho (—;) NOJOKKTEALHO, TO ypapHenke (6), a snaynr,
H ypabBHenue (4) paBHOCH/IBHL YPaBHEHHK

(—V=2) e+ V=)o

KOTOpOE HMeeT ABAa KOPHA:

c c
Xy = —; Hx2=—\"-:

H ApYrux KopHe#t He HMeerT.

ITpn c=0 ypaBuenHe (4), KAK MBI 3HAEM, KMeeT eIHHCTBEHHBIH
KopeHb x=90,

fIpusep 4. PelunM ypaBHeHue

£m3x=0, 4]
IMepenvmem ypapuenne (7) B BHAe
x{x—3)=0. (8)

370 ypaBHeHHe HMeeT, OUeBHANO, KOpHH X, =0 1 x,=3. Jpyrux Kop-
Hell OHO He uMeeT, HOO €C/IN B HETO MOACTAaBHTL BMeCTO X N1060€ YHC-
Ao, otauyHoe oT O U 3, To B AeBofi yacTH ypapHenns (8) nosyuurca
4YHcAC, He paBHoe 0.

Henonnoe xsaapaTHoe ypaBHeHHe, ¥ KoToporo ¢c=10, b5=0, ume-
eT BHA

ax’+b6x=0 (as=0, b5=0). (9)
3To ypaBHeHHe PABHOCHJABLHO YPABHEHHIO
242 x=0. (10)



Tak Xe Kak B B npuMepe 4, noxasbipaeTcs, 4To ypasHenHe (10), a
3HAYMT, H ypaBHeHHe (9) UMewT ABAa KOPHA:

x=0H x,= —%

M APYFUX KOpHeR He HMemT.
[IpuBenenHble MpHMepH MOKA3bLIBAKOT, UTO KBAAPATHOE YpABHE-
HHE MOXKET HMeTb ONHH WJIH 1BA KODHA, 2 MOXeT M He HMeTh KOpHefi,
B caepywnleM nyHkTe Mul YBHAHM, uTo Aroboe Kaadparnoe ypas-
senue umeer aubo dea KOpHA, Aub0 odun, Aubo He umeer Kopued,

[

290°. Kaxoe ypaBHEHHe HA3LIBAKOT HENOMHBIM KBAaAPATHLIM YpaBHe-
HHeM?
CKOJNIbKO KOPHEeH MOXeT HMeTh HEMoJdHOe KBAApPATHOE YP4B-
HEeHHe:

a) al+c=0(a#0, c£0);, 6) ax’+b6x=0 (a0, b£0)?

291°,

292°. Pewnte ypaBHeHHe:
a) 3(x—1)=0; 6) 25 =0,
B x(x—1}=0; r} {x+3)x=0

R) (x—3)(x+2)=0;
*) 3x(x—0,5)=0;
H} 3{x—8){(b+ x)=0;

293. Pewute ypapHeHHe:

e) (x+5)(x—7)=0;
3) 0,5x (24 x)=0;
K} 0.8(x+1)(x—4)=0.

a) X—4x=0; 6) ©+6x=0; B) 35+ x=0;
r) #*—0,5x=0; ) 2x+32=0; e) x—2x2=0;
X) 72=5x 3) 3x==11% W) 3 £—3x=0.
Pewnre ypasnenne (294—298):

204, a) 2:7=3, 6) £—9=0;

£=15, B) ¥ —25=0;

Z*—1,5=0, r) 16—&*=0;
©—=(1,87%=0, 1) 49— £2=0;
(x=V15)(x+V1,5)=0, e} 3+42=0;
xn=\15, x,=—Y1,5. x) 8—22=0;
Oteer —VI1,5; V1,5. 3) 3— 12X =0,
n) 7=282 k) ;+4=0  a) P—z=0.

295. a) 2—3=0; 6) 22— 52=0; B) 3 £—1=0;
r) g £—10=0;, 1) 4*—3=0; e) 52 4-2—0;
K) £ =2304; 3) #*—31,36=0; w) 0,001x° =40,
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298.

297°.

298.

299*,

3o0*.

301,

302,

303*,

a) 4+ 6x=7x2—12x; 6) 1,2x—052=4x2—08x;
B) 0,76x* 4+ 1,4x=0; r) 0,622+ V3 x=0;

a) 0,07x*—50=2,1x—50; e) 97— 10x=7x"—15x;
®) —0.52+\5x=0; 3) 2 2=bx. )
3anuivre oOWHA BHA KBAAPATHOrO ypaBHEHAS:

a) OAMH KOpeHb KOTOPOre paBeH HYJI0, a ApPYTO#i He paped
HYJIO;

6) o6a KOpHS KOTOPOTO paBHBEI HYJIO;

B) KOPHH KOTOpPOTO paBHbl N0 aGcoAwTHOH BeJHYMHE, HO
NIPCTHBONICJIOAKHH 110 3HAKY.

Kak pewaercsi Kayaoe H3 3THX ypaBHEHMH?

3anHlHTe KBaApaTHOE YypaBHEHHE, KOPHH KOTOpPOTO:

a0 n 0 6) 0 u 4 B) —1 U7,

r) 0,5 n § a) —5u +5; e) —\7 u \7;
#)b n 3; 3) —1u 9

Pewurte ypaBHeHHe:

a) (x— 1P (x+1f=2;

6) (x—7}(x+3)+(x—1)(x+5)+26=0;

B) (3x—8Y —(4x— 6P+ (5x—D{(x+2)=24;

r) (2x—5}{(3xr—4)—(3x4+4){x—2)—10x—28=10;
) (x42) (x—3)(x— D)=x(x+1)(x+6)+6.

Pemmnte ypasHeHHe:
a) (x—1P—1=0; 6) (x+2F—4=0;
45 —1 3448 52—48 33—24° 5
B) ——— 5+=l; r) —————=3%:
| 5
) (x+%) (x—§)=ﬁ; e) (3x+1,5)(3x—1,5)=>54;
3% —4x _ 5F°—x 2x—38 TF—x_ X
) =g —=—73 3) =3 e

a) Ilpn KakMX YHCAOBLIX 3HAYEHHAX /M CYIECTBYIOT KOPHH
ypapHenna 4+ m=70?

6) HanHwnte KBaapaTHOe ypaBHeHHe, OlMH M3 KOpHeH KO-
TOPOTO PaBeH HYJAK.

8) Ilpn kakoM uMmcAoBOM 3HaueHHH & ypasrenne 10x%4
+4x— k=0 umeer Kopeus 0?

a) Ksaapat HaTypaJbHOrO YHCJIA paBeH YTPOSHHOMY 3TOMY
xe uncay. Hafiante Takoe uucio.

6) KsaapaTt HaTypasbHOrC YHCAa B ABa pa3a MeHblle caMo-
ro yucaa. Haliapte 3t0 uncho.

PelinTe ypaBHeHHe OTHOCHTENbHO X, CUHTARA M W 1 NaHHLIMH
YHCJIaMK;

a) mix—nt=0; 6) m’x>—4=0;
B) mxz—%=0; r) nxz—mTé=0.



4.4, PewreHne KBaapatHoro ypaBHeHWs o0lero BMaa

B 3TOM NyHKTe MBI paccMOTPUM pelleHHe KBAAPATHOTO YpaBHE-
HHA, 3aNHCAHHOTO B 00IleM BHAE

ax’+bx+c=0 (as0). (1)
Teopema 1. Ecau OuckpumunGrT K8adparnozo YypasHerus
(1) nosoxuresen, To OHO umeeT O0BQ PAIAUNHBLY KODHS!

_ —b+Vbi—dac — b=\ —4ac @
- T2 - 28

x Xo= %a

4 dpyeux Koprell He umeer.
Hdokazatenscrpo. Kak nokasano B n. 4.1, ecan D>0, 10
cnpaBeRAUBO PABEHCTBO

al+bxtc=a(x—x)(x—x)

roe 4Hcaa X, 4 X, onpedensawTtca paBeAcTBaMi (2). [Tostomy ypabne-
HHe (1) MOXKHO 3anHcath B BHJe

a(x—x)(x—x)=0 (a£0). 3)

OueBHIHO, UTO YpaBHeHHe (3} UMeeT KOPHH X; H X, U APYTHX KOPHER
HEe UMeeT, MOTOMY YTO eC/H MOACTABHTL B €ro JEeBYK YacTh BMECTO
x no6Goe YHCAO, OTAHUHOE OT X; H X,, TO MOJYUHTCH YMCA0C, OTAHYHOE
ot Hyna. TeopeMa poxkasaHa.

Teopema 2. Ecau Quckpumusanr Ks8adparnozo ypasHenus
(1) pasen Hyarw, TO ONO umeeT eGUHCTEEHRLIL KOpend

_ b
="
u Opyeux Koprell He umeer,
HJdokasateasctro. Kak mokazano B n. 4.1, ecan D=0, 1o
CNpABEAJIHBC PaBEHCTBO

ax 4+ bx+c=a{x—x),
roe xo=—%. MostoMy ypaBHeHHe (l) MoXHO 3anucaTh B BHIE

a{x—x)=0 (a=0). (4)

QOueBuaHO, 4TO ypaBHEHHe (4) HMeeT KOpeHb X, H APYTHX KOpHef
HE MMEET, NOTOMY YTO €C/IH NOACTABUTL B €r0 J€BYI0 YACTh BMECTO
x mofoe YHCIO, OTIHYHOE OT Xy, TO MOAYYHTCA THUCJO, OTAUYHOE OT HY-
aq. TeopeMa pokasana.

Teopema 3. Ecau Quckpumunanr Ka8adparHozo ypasrerus
(1) orpuyarensen, To ono He uwmeer xKopuell.

JokasateabctBo. Kak nokaszano B n. 4.1, ecain D<C0, 1o
ais y1060r0 x BHMNOJHASTCA OAHO H3 HEpPaBEHCTR:

ax+bx+c>0, ecin a>0,
HJH
axl+bx+c<0, ecan a<0.



5T10 o3nauaer, uto npu D <0 He cywecTByeT AeHCTBUTENLHOTO
yucna, ofpaliainero JeByo 4acTb ypaBHeHHa (1) B uyJs, T. €. npn
D <20 ypaBHeHHe (1) He UMeeT AeficTBHTeNALHRIX KopHel. Teopema
AOKazaHa.

Urak, xsadparnoe ypasuenue (1)

1) umeer O0sa pasaudnovix KOPHA, ecail eco QUCKPpUMUHART GOoab-
e Hyas;

2) uaseer eduncraennsili KOpens, ecail e20 OUCKPUMURART paBex
Hyao;

3) ne umeer xopueil, ecau e2o GUCKPUMURAKT MeNbUIe HYAA.

3amevanne |. Ecan nuckpuMunant ypasaends (1) nonoxu-
Tened, T0 GopMyast (2) AaA KopHe# 3TOT0 YPaBHEHHS YacToO 3aNHCH-
BaOT B BHJe onHOR OpMYJH

—b+\D
X =5, - (9)

Jameuarnne 2, Ecam D=0, To popMyna (5) ocraerca cnpa-

Bedsinpof. B sToM csayvae oHa AaeT elHHCTBEHHBIH KopeHb

=2
xO_ 2a !
HJIH, KaK TOBOpPAT, IBa COBNajAawHX KOpHA:
b
xl =x2= —E .

B nansHeiileM NpH pelleAHH KBALPATHBLIX YpaRHeHHH Mb He Oy-
JleM NOBTOPAThH NPHBefeHHOE Bhbllle PaccyXAeHHe, a GyleM nons3o-
saTbcA Qopmynol (b).

BoT HeckoJbKO NpUMEpOB.

f1pumep {. PeminM ypaBHeHHE

3% 4+2x—2=0. (6)
BHlYHCAUM BUCKPUMHHAHT ypabHeHuns (6):
D=6"—4ac=2"—4.3.(—2)=28>0.

ChaenosatennHo, ypasHenue (6) uMeeT 1Ba KOPHS, KOTOpbie BbIYHC-
ARIOTCA Do dopmyne

—bx\D  —2+V28 242V —1x\7
R -3

2-3

T. e. ypaBHeHne (6) nmeer apa KopHAa:

=1V ZI=VT
3 D

x = 2

flpumep 2. PewnM ypaBHenue
255 —30x+9=0. (7}



BBIUHCAHM DHCKPHMHHAHT ypaBHeHHs (7):
D=6"—4ac=(—30Y—4.25-9=0.

CneloBatebho, ypasHeHHe (7) HMeeT eMHCTBEHHBIH KOpeHb, KOTO-
pbii MOXHO BHIYHCJIHTE NG popmyne

P —b+VD _ 3040 =%=0,6.

T. €. YpaBHeHHe (7) HMeeT eARHCTBeHHLIA Kopeds 0,6, HAR, KaK roso-
pAT, 4BA COBMAAAIOUIHX KOpHA:

X, =x,=0,6.
fTpusep 3. PemivMm ypaeHeHHe
2% —4x+43=0. (8)
BoluucAEM aHcKpHMURAHT ypaBHenua (8)
D=6 —dac=(—4Y—4-2.3= —8<0.

ChnepnosatenbHo, ypasHeHue (8) He rMeeT Kopaedi.
3aMmeuanue. Kopan kBaapatHoro ypaBHenusa ax*+bx+c=0
HA3HIBAOT TaKXKe KODHAMM KBagpaTHOro Tpexunewa ax’-+ bx-c.

304°, Uro na3siBaloT JHCKPUMHHAHTOM KBaAPAaTHOTG YPaBHEHHA?
305", CKo/IbKO KOpHE# HMeeT KBaipaTHoe yPaBHEHHE, €CTH AHCKPH-
MHHAHT:
4) NMOJACKHTENACH; 0) paBeH HyJsio; B) OTpHUAaTeNAeH?
306. Ilo xakoil popMyne MOXHO HaHTH KOPHH KBaApaTHOro ypas-
HEHHA, €CIH er0 NHCKPHMHHAHT HeoTpHUaTe’eH?

307. Bununrare Ko3Q@OHUHEHTS NPH X B X° H CBOBOAHbLIH uJeH,
BBIYHCJAHTE AHCKPUMHHAHT H YKAXHTE YHCJIO KOpHeH ypas-

HEHHA:
a) X—10x+21=0; 6) ¥ —2x+2=0;
B) 2 —3x—5=0; r} —224+7x—3=0;
) 4x—FE—1=0; e) 3422 —=T7x=0;
x) & —Tx=1; 3) £—35=2x
W) £=35—1 ) 4—4x+4 $=0.
308. Pewnte ypaBHeHue:
a) ¥ —6x48=0; 6) Z+4+5x+6=0;
B) ¥ —x—2=0; ry £+ x—6=0;
n) £44x+15=0; e) £ +4x+4=0,
K) 5°4-8x—9=0; 3) 4 —8x+3=0;
H) 3°—5x—2=0 K) 522 —6x+41=0.
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309,

310.

311.

312,

313.

314%,

Penture ypaBHeHue, npeiBapHTeNbHO NpHBeAs Ko3(@UIUH-
€HTbl YPABHEHHS K UENOUNCAEHHOMY BUAY, YMHOXKHB JeBYI0
H NPaByl $acTH ypPaBHEHMA Ha OOHO H TO XKe YHCJO:

11 LY
3) xz—gx—§=0, 6) f—Ix+§—0,
B) xz——8—%=0; r) x2+§—50=0;
1) #—25x+1=0; ¢) £—54x+1=0.
Pewnte ypasnenue (310—313):
a) 22 =5+ 3x; 6) — X2+ 14x—48=0;
B) —71 4 2x=— —329, r) X4+ x—5=0;
a) 22— 17x—9=0; e) 724+ 13x—3=0;
K) 9’ —20=—=24y; 3) 4x* —4x=15.
a) (x+8)(x—9)= —52; 6) (x—1)(2x+3)=T;

B) (x+ 1} (x+4+2)=(2x—1)(2x— 10);
r) (x— 1) (x—2)=(3x+ 1) (x—2);

2 5 5(2—1
£ 2% 3x—10 x—3 | 2243 £—II
)K) "“—'6 ——'—3 —'_‘—"“_4 N 3) 3 + 6 = 12 -

a) (x+3)(x—2)+(x+2P=3x+10;
6) (x—5+ (3 —xf—4(x+5)(3—x)—48=(x+ 1)}
B) (x— 1) (x—2)(x—3)— (£ 4+ 3) (x—5)+2x=233;

N 82 +I+2=1222 n) 122 —08x—3,1=0;
e) 0,3x°42,3x—34=0.

a) ¥4+ 6x4+8=0, 6) X—10x4+9=0;

B) X —3x=175; r) 24x=2

1) Z—6x4+6=0; e) Z+8x+2=0;

x) £—3x+1=0; 3) ¥ —bx—1=0;

u) £+8x+15=0; K) £+45x—6=0.

HoKkaxuTe, 4TO KOPHH YypaBHeHHA ax’+bx+c¢=0 npu
D=0 MoxHo BHYHCAATE No GopMmyae

12

x]_z——' * T'Ile _—( —ac
Peninte no stoit tpopuy.ne YPABHeHHe:
a) X —8x+7=0; 6) X4+ 2x—8=0;
B) X42x—3=0; r) 35— 10x4+8=0;
a) 8x*—10x+3=0; e) 24— 10x+1=0;,

K) 3 —8x+5=0; 3) 524+ 8x+43=0.



316. Ilpn xaKoM 9YHC/NOBOM 3HAYEHHH M ypaBHEeHHE HMeeT ABA
-COBNARAIOMKBX KOPHA:
a) X+ mx+3=0; 6) 22— mx—2=0;
B) 322 —2x+m=0; r} f=mx+m?
316*. Pewnre ypapHeHHe:
a) ax’—2x+41=0, ecsin yHca0 g TaKOBO, 4TO a1 W 2 50;
6) *—4x-+4a=0, ecan 4HCAO a TaKOBO, 4TO @< l.
317*%. Jlna kakoro 4McAa a ypashenne X4 2x+a=0:
2) HMeeT ABA Pa3JHUYHBIX KOPHS;

$) HMeeT eAWHCTBEeHHHN KOpeHb;
B) HE HMeeT KopHeii?

318*. PewtTe ypaBHeHne ANA KAXKAOr0 AeHCTBHTENLHOMO YHCTIA @

a) X*—3ax+2a°=0; 6) ax’ —2x+1=0;
B) ¥ —4x+44a==0; ry 2+42x+a=0.

4.5. lIpupeaeHnoe KBaapaTHoe ypaBHeHHe

Knaﬂ.pa'rlloe YpABHCHME C ltoallbqllmllelnom 1 npw x2 Ha3IbBAKWT
MPHBCIACHHLIM KBAJApaTHAM YpaBHEHHEM,
Cﬂeﬂylou.lue YDABHCHHA
£—2+7=0, =0,
CAYXKAT NpUMepaMH TNpHBEAeHHMX KBAAPATHLIX ypaBHeHHﬁ.

[puBeneHHOe KBAAPATHOE YpaBHeHke B ofiiemM BHAe o6bLIYHO 3a-
NHCHIBANT TaK:

“4pxtg=0, (1)

rie p v ¢ — RaHHble uHcaa. Yuedao p — KosdpuUHeRT NpH X, a4 ¢ —
cBOGOAHLIA 4AeH.

Taxam o6pasom, ypapreHre {l) MoXKHO PpaccMaTpHBaTh Kak
yacTHp# cAyuali KBagpaTHoro ypapHenHa o0wiero Braa

ax’+bx+c=0, (2)

roie a=1, b=p, c=gq.
JlackpuMuHaHT ypasHeHHs (1) paBen:

D=t —4ac=p"—4q. (3)

[lyete D >0, Toraa, kak Mbl 3HaeM, ypaBHerue (1) nmeeT nBa Kop-
HA, BpluHcAAeMbie no GopMmyae

5= =2 \/(8)'—q. 4)
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Ilycts Tenepp D=0, Toraa ypasueHne (!) HMeer eZHHCTBEHHHI
KOpPeHb, WJIH, KAK TOBOPAT, ABa COBNALAIOWHX KOPHA:

n=g=—p. (5)

Ecan xe D <0, 1o, Kak Mul 38aeM, ypaBHenne (1) e HMeer aeil-
CTBHTEJbHLIX KOpHed.

O6siun0 B cAyyae NPUBEAECHHOTrO ypaBHeHnd (1) BMecTO AHCKPH-

2
MHuaHTz D pPacCMAaTpHBAETCA BbipacHHe -?-=(-g-) — {, HMeluee

TOT Me 3HaK, 4yTo H D. TIpr atom dopMyny kopHeli mpHBefeHHOTO
KBAJpATHOrc YPaBHeHHA (4) 3anHCHBalOT Tak:

x|.2=—%iV%_- (6)

Mb noka 3afin, 4TO:

1) ecan (%)2-—:;‘;-0, TO ypaBHeHHe (1) HMeeT ABa KOPHSH, BLIYHC-
JfeMule no gopMyae (6)
2) ecan (%)2--q=0, T0 ypaesaenne (1) nMeeT 18a COBNaAAIOLINX

KOpHA, BhluncAAeMble no Tofl ke (opMyre (6) niH, 4To Bece paBHo,
no dopmyae {5);

3) ectn (-3-)2—q<:0, TO ypaBHeHHe (l) He HMeeT KopHef.
Mpumep. Pemnm ypasnenne x’—8x+47=0.

D
Pemwenne Buuncium T

D 2
-4-=(12’-) —g=(—4P—T7=9>0.
YpaBHeHHe NMeeT ABa KOPHA:

X, 9= _';'iV%_=4i\/§=4i3; =1, x,=7,

Oreger: 1 u 7.

A —

319°. Kakoe ypaBHeHHe Ha3BIBAIOT NPHBEAEHHLIM KBaIpPATHLIM
ypaBHeHHeM?

320. Ilo kaxoii popMyne MOXKHO HAATH KOPHH NPHBEAEHHOTO KBal-

paTHOrO YpaBHEeHHS, eCAH ero AHCKPHMHHAHT HEOTpPHILA-

TeleH?
Pemrnre ypasuenne (321—324):

321, a) ¥ —6x4+8=0; 6) *—2x—15=0;
8) ¥4 6x+48=0; r) X42x—15=0;
£) X¥*+420x451=0; e) A*—22x—23=0;
%) 22— 20x—69=0; 3) £4+22x+421=0.



322. a) ¥ —4x+4=0; 6) 22 —8x+4+20=0;

8) f—?%x+1=0; r) x2-|-3éx+l=0;
) 24 16x+48=0; e) ¥ —9x—22=0;
%) 248x+71=0; 3) B+ 12x440=0.
323. a) Z—x—2=0; 6) ¥—5x—24=0;
B) ¥ —3x+42=0; r) £ —13x442=0;
) Z4x—2=0 e) Z2—x—6=0,
X) ¥+ 14x+448=0; 3) 24 17x4+66=0,
324. a) 3’ —4x—4=0; 6) 225 —8x—20=0;
B) 44+ 6x49=0; r) 424 12x49=0;
1) 1654+ 21x—22=0; e) 18827 —x—1=0;
K) 7T2—x—1=0; 3) 142+ 11x—3=0.

4.6. Teopema Bmeta

ﬂyc*rh A2HO NpHBEeNeHHOE KBajpaTHOe YpaBHeHHe

L4 px+q=0.

(1)

TeopeMma Buera. Ecau npusedennce xeadparioe ypaene-
nie (1) umeer Heorpuyaresvubill QUCKPUMURART, TO CYMME KOpHeil
3TO20 YPABHERUR PABHA KO3 PUUUEHTY npu X, BIATOMY ¢ NPOTHEO-
ROAVIHBM FHAKOM, 4 npouszsedenue KopHed pagHo cacbodnomy

(2)

YAeHy.
HUnaue roBops, eciH x; U X, — KOpPHH ypaBHeHus (1)}, To
xl+x2=_.0»
X X=4q.

Popmyase (2) nazniBaT Qopmyaammu
Buera B 4YecTb $paHIy3CKOTO MAaTeMaTHKa
&, Buera (1540—~1603}).

3amevanne 1. IloauepkuHem, uto
sgece npu D=0 noapasymesaerca, urvo
ypasuenne (1) uMmeer dsa cosnadaiouiux
KOpHA.

HdoxazarenbcTBo. KopHA ypaBHe-
HeA (1) NpH HEOTPHUATENLHOM AHCKPHMH-
HaHTe BHIMHCAAWNTCE MO GopMynam

2

x1=_%+ pT_Q- (3
)
SR &

&. Buer
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CnoxuB papeHcTBa (3), noAyunm

x1+x2=(—-§+ ?-q)-}—(—%— \/?—q)= —p.

IlepeMBOXHB paBencTBa {3) H NpHMeRHB GOpMyNy Pa3HOCTH KBaj-
paToB, NONYHHM

x.x2=(—§+ ?—q)(z—g—\/";fq)=
=(-8-(Vi—o) =55 +a=0

Teopema Buera moxkasaHa.

CropaBeaauBa Takxe Teopema, o6paTRan reopeme Buera.

Ecau das wucea x,, x, p, q cnpaaedauast popmuysst (2), 7o x, u
X, — Kopuu ypasuenusn (1).

Hanpuwmep, nonv3yack ¢opmyaamu (2), npeoGpazyeM BripaXKeHHe
(x— ) (x—x)= 2 —(x,+ X)) x+ x5, =+ px+ 4.
Tenepb BAOHO, UTO 4HCAZ X; H X; oOpallalOT B HYJAb BHIpa)KeHHE

X4 px+g, cnepoBatTenbko, X, H X; — KOPKH YpaBHEHHA

@4 px+g¢=0.

3aMeuanue 2. Teopemy Buera moxuO chopmyanpoBaTb H
INA KBAaAPATHOTO ypaBHeHHA o6iero BAna

a+bx+c=0 (a£0), 1)

HCNONTb2YA €70 PABHOCHABHOCTh NPHBCAECHHOMY YpPaBHEHHIO
b c

Ecau xeadparnoe ypasnenue obyezo suda (4) umeer Heorpuya-
TEAbHOI QUCKPDUMURART U ecAll X, i Xo — xophu ypasrerun (4), 1o

b
[
X Xg=7.

Teopema Buera n Teopema, ofpaTtHafd €H, 4acTO NPHMEHAKWTCA
NPH pelleHHH pa3JHYHBIX 3ajav.

flpumep 1. HannineM npHBefeHHOe KBaapaTHOE ypaBHEeHHe, KOp-
BAMH KOTOPOro ABJAAWTCA ynucaa | n —3.

Huave roeops, HallaeM YHACAA p H ¢, TakHe, 4TolHL ypaBHeRHe
L4 px+qg=0 HMeno KopHH £,=1 n x,= —3.

ITo popmyram Buera —p=xtx=-—2,
g=xx,=—3.
ChefoBaTeNbHO, HCKOMOE ypaBHeHHe HMeeT BHA
£42x—3=0.
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[Tpumep 2. He peman ypaBHeHHN
K&~ 364x+4497=0, (5)

onpeAesHM 3HAKH €ro KopHekh.
JIMCKpHMHEHAHT 3STOr0 YDAaBHEHHA [OJNOXHTENEH, TAK KaK

D
-4-=1822—497>0.
3HauKT, ypaBHEHHE AMeeT ABA KOPHA: X, H X, [1o Teopeme Brera
x,%, =497, 7. e. npok3BeseHKe KopHe#d noaoXkHuTeAbHO. KopHH HMeoT
o/HHAKOBHIE 3nakk: JAub0 x>0 M x>0, aubo x <0 # x<<0.
Ho no teopeme Buera x4 x,=364, T. e. cymMa KopHeil Takxe
nofioXHTeAbHa. ChaeloBaTenbHo, ypapaeHne (5) HMeeT ABa [ONOXH-
TeAbHBIX KOPHA.
Mpumep 3* BHuUHCAMM 3HAYEHHE BHIPAXEHMS X, X3, THe X,

Xo — KOPHH aBHeHHHA
2 put ¥P 235+ 1=0. (6)

Buudcanm auckpuMunant D=5 —4ac=9—4=>5. Ypasuenne (6)
HelCTBHTEJNLHO MMeeT [BA KOPHS, HO BbLIGHCAATbL HX OJIf pelleHHsA
3apavyn He HyxHo. [lpeoGpazyeM BhIpaXKeHHe

xf+x§=x2|—|-2x]x2—|- x§—2x.x2=(x, +x2)2"" 2x,xy.

Tar KagR X+ X= —p, X X%=4¢, TO
A+n=(—pf—2¢=38"—-21=9—-2=7.
I

325°. Coopmyanpyiite:
a} Teopemy Buera; 6) Teopemy, o6paTHyo Teopeme Buera.
326. 3anuwHkTe opMyan Buera.
327. Horaxure teopeMy Brera:
a) AAA NPHBEAEHHOrD KBAJPATHOTO YPABHEHHA;
6) ANA HeNPHBEJEHHOrC KBAAPATHOTO YPaBHEHHA.
328. Onpenennte, nMeeT K yPaBHeHHE KOPHHA {€C/AH HMeeT, TO YKa-
XHTe HX CYMMY H NPOH3BEACHHE).

a) ¥—x+1=0; 6) P+ x+3=0;
B) X +43x—2=0, r} £—3x4+2=0;
1) ¥—2x4+1=0; e) ¥44x+4+4=0.

329. CocraBbTe NpABEeAeHHOE KBAAPATHOE YPaBHEHHE, €C/IU H3BECT-
Hbl cyMMa L u npouasenenne K ero kopueii:

a) L=3, K= — 28 6) L— —3, K——18;
B) L= —35, K=25: ry L=3, K=¢;
n) L=0, K=—9; e) L—4, K—4.

330. CocraBbTe ABYMSA clocoGaMH NPpUBeleHHOS KBapaTHOE YPaB-
HeHMe, ec/H H3IBECTHbh €r0 KOPHH:

a) 1l 1 5 6) —2 1 3; B) 4 u 6;
r} —3u —6 a) 05 u 4; e) 1,2 n —5;
)l —1; 3) 5 u 5.



331.

332,

333.

334,
335.

336.

337.

338,

Hanpumep: x,=2, x=23.

1-# cnoco6. 1-(x—2)(x—3)=...=x*—5x+46.

2-it cnocob. p=—(2+3)=—>5, ¢=2-3=6, 1. e. uckomoe
ypaenerue x'—5x+46=0.

CocTaBbTe KBaJpaTHO® YpaBHEHHe MO €ro KOPHAM:

a) 2 1 V3; 6) V3 u 5
B)V?H—'\/?; r)0u b
) 1—V2 u 14V2; e 2—\5 u 2415,

He pewmas ypabHenus, onpeaesnTe 3HakH ero KopHeft. [1po-
BepbTE DEWIEHHE, BHIYHC/NB KOPHH:

a) 2—Tx+4+12=0; 6) ¥+7x4+12=0;
B) ¥+45x—14=0; r) ¥ —5x—14=0;
1) 241,27x—1,46=0; &) ¥—3x—05=0;
%) X —bbx+768=0; 3) X —20x—684=0;
n) = —377x—31 242; K) X4 272x=49 104.

¥kaxXure cyMMy H NpoH3BefleHHe KOpHeH KBaApaTHOrO ypas-
HeHHA (ec/IH OHM CYLLEeCTBYIOT):

a) 22 —3x41=0; 6) 3854+ x+4=0;
B) %xz-}—% x—3=0; r) l,4x2—3x+%=0;
a) 0,15 —8x+44,2=0; e) 324 1,1x—0,4=0.

CocTaBbTe npHBeleHHOe KBaIpaTHOE YpaBHeHHe, HMeollee
ABa COBNAAAOWHX KOPHR, PaBHBIX 3.

Onun u3 KopHe# ypaBHenns paseH 2. HalinHte BTopoft KopeHn
ypaBHEHHS, He Delas ero,

a) X+45x=14; 6) x°—13x= —22;
B) 2 —2,5x41=0; r) 2—1zx—2=0.
,H.OKSJKHTE, 4TO YpaBHEHHe:

a) 5x'=8x-4284 He MOXeT HMeTb KOPHH OJHOI0 3HAKa;
6) 17x*=7x—354 He MOXeT HMeThb KOPHH PAa3HBX 3HAKOB.
HasecrtHo, uT0 X, — KOpeHb ypaBHenus. Onpenenute BTopoii
KOpeHb YPAaBHEHHR] B YHCAO 4.

a) 224 16x+4+a=0, x,=3;

6) 3+ ax—72=0, x,=8.

CocTaBbTe KBaJpaTHOE ypaBHeHHe, KOPHH KOTOPOTo:

a) paBHBI COOTBETCTBEHHO CYMMe H NPOH3BEAEHHI0 KopHel
ypasueuus 3x°4-2x—15=0;

6) Goabwe KopHelt ypasHenus 3x°—1lx+2=0 una egu-
HHILLY;

B) MeHplle KopHeil ypasuenus 2x°—13x+4-3=0 B aBa pasa.



339% a) Uncna x, U x, — KOPHH YpaBHEHHS
£ —2000x 41999 =0.
CocTaBbTe KBaLpaTHOE YPAaBHEHHE, KOPHH KOTOPOrO — X,
g) P:ﬁme YCTHO KBaZpaTHblE ypaBHeHHA:
x*4-2000x— 2001 =0, X —2000x— 2001 =0,
£ —2001 x4 2000=0, £ 42001 x4+ 2000=0.
340*. Ypaenenne xX*+3x—1=0 umeer aBa Kopas: x; U X, Bbi-
YHCAHTE:
a) x4 xy; 6) x- x5 B) (x4 x)%
N+ 0D g+HG e (n—xf

4.7. MpAMEHEHNE KBAAPATHBIX YPABHEHMA
K peuicHHK 3ajay

3apaua |, Cymma KBagpaTop ABYX NMOC/ASAOBATEALHBIX HATY-
PaAbHBIX YHcesl GoAblie MPOM3BEAeHHA 3ITHX uHcea Ha 57. Hahaure
9TH 4Hcaa.

Pewedane OGozHAYMM MeHbliee H3 HCKOMBIX YHCEJ uepes X,
toraa Soabinee 6yaeT (x4 1). Ilo ycaoeHio 3agauH

24 (x+ 1P —x (x+ 1)=57. (1)

Takum o6pasoM, HCKOMOE YHCIO X LOMKHO ObITh KOpHEM ypasHe-
nuf (1). [lepenecn Bce unennt ypaBHedua (1) B AeByw uacTh, nocae
npeolpa3cBaHHA NOJNYYHM YPaBHEHHE

K4 x—56=0, (2)
PaBHOCHAbHOEe ypaBHeHH (1), Tak xkak RHCKPHMHHAHT ypaBHEHHA

D=1—4.(—56)=225>>0, T0 KOpHH KBAAPATHOTO ypaBHeHHA (2)
BHIYHCAAIOTCA N0 GopMyae

—-1+V2%5 _ —-1x15
2 2z

CnenoBatenbHo, ypasHenhe (2) 4 paBHOCHALHOE &MY YpaBHEHHe
(1) uMewT KOpHH

X 2=

=7, x,=—8. 3)

Tak xak HaM Hano HAATH KATYPAABHOE YUCAC X, YAOBASTBOPAKIIES
ypapHeHHI0 (1), TO M3 3THX ABYX KOpHell ycAOBHIO 3a3aaun ynoOBJET-
BopsaeT aniib x,=7. Hrak, x=7, x4 1=8.

Orper: 7 1 8.

3anaua 2*. Tlpeamer nepBoHauanbHo cToua 25 p. Tlocae To-
re, KAK UeHa Onl1a CHHXeHa ABaxAwl, OH craJg crours 18 p. Tlpn
3T0M NPOLEHT CHAXEHHS BO BTOPoH paz 6uia B nBa pa3a Goablle,
9eM B NepBeil pa3. Ha CKOMBKG NpoLeHTOB CHHMKAAACh UeHa KaX-
Awfi pas?
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Pewenne. [TycTe B nepenii pa3 neHa npeiMera cHU3HAACH Ha

x%. 31e 3HAYHT, YTO NOcAe NepBOoTr) CHUXKCHHA HEHB NpeAMeT CTana
X

x
CTOHTH 25-—25-m=25.(1—m p.
Bo BTOpoli pa3 ueHa npeaMera cHH3miaach Ha 2x%. D10 3Ha-

YHT, 4T¢ TOCHAE BTOPOTO CHHXEHHA uEHB MNpeAmMeT CTajA CTOMTH
x 2x
25 l——To—ﬁ-)- l__l'ﬁﬁ p. o ycAoBai0 3afayd moc/Ae IBYX CHHXKe-

HHi neH npeamet crai ctoutk 18 p. Ciaeaoparenbho, HCKOMOE THCO
AOAKHO OHTh KOpHEM YPaBHEHHA

25(1—%)(1—% —18. (4)

[TepeHecs Bee ueHbl ypaBHeHUs (4) B JeByl0 YacTe, Nocie npeolpa-
30BAHHH NOJYUHM YpaABHEHHE

P 3x
0 3 T7=0 ()
YMHOXHB 3T0 ypasHeHHe Ha 200, noayuuMm ypasHeHHe
£—150x+ 1400 =0. (6)

Pewwnp ypasuenne (6), HafineM ero KopHu x,==10 B x,=140. Tak
Kak ypapHerHa (B) u (4), (6) n (B) papHOCHABHL, TO ypaBHeHHe
(4) umeeT Te xe KopHu X, =10 H x,=140. [Tocko#BKY CHH3UTL UeHy
npeamera Ha 140% Heab3n, TO YCAOBHIO 3afa4H YAOBAETBOPRET
JHIWE KopeHb X,=10. Hrak, x=10, 2x=20.

OTBeT: ueHy cHusuian Ha 10%, 3atem nHa 20%.

341. Pasnoxute 4ncio 10 Ha ABa cnaraeMbx Tak, YTOOLl NPoH3-
BeJAeHHe 5THX chaaraemeix 6oino paevo 21, Halaute cnara-
eMble.

342. Paanoxure yncsio 14 Ha ABa CnaraeMbiX Tak, 4ToGb NpoUaBe-
AeHHe 3THX caaraeMblx Gbla0 pasro 36,75, Haliaute caara-
eMble,

343. a) [Tpoussenenne ABYX NOCAEAOBATENBHbIX HATYPAMLHBIX YH-
cesqi pasuo 110. Haligute 3TH uucaa.

6) I[IpousseneHne ABYX MNOCAENOBATENLHBIX HATYPaJbHBIX
yucea pasHo 210. Hadinure 3TH wucna.

B) [IponsBenenne AByX HaTYpanbHbIX YHCEN, OAHO H3 KOTO-
puix Ha 7 Gosbine apyroro, pasuo 44. Halizute 318 wncaa.
r) [pousBeaeHne ABYX HATypaJbHBIX YHCENA, OAHG H3 Ko-
TophiXx Ha |2 MeHbiue aApyroro, pasuo 448. Hafliaure atn
YHCIa.

344. a) Haiiaure aBa yucna, cyMMa KoTopbix paBHa 20, a cyMMa Hx
KBajpaToe paBhna 218.

6) Hajiante aBa 4Hcaa, CYMMa KOTOPHIX paBHa —2, a CyM-
Ma HX KBajpatoB paBHa 34.



345. a) Oana 3 uup ABy3HauHoro yacaa' va 2 Gonbuie Apyrof,
a cyMMa KBaJpaToB 3TOro YHCAA H YHCJIA, NOAYYEHHOTO OT
nepecTaHoBKH ero UH¢p, pabra 4034. Haliante 3to uncao.
6) Haliaute npy3Haunoe uucao, ecqd UHPpa eAHHHL, 3TOrO
yacna Ha 4 MeHblie UHGPH €ro AECATKOB H NPOH3BeAeHUe
YHCAA Ha cyMMy ero undp paeno 306.

346. a) Ecan nepumerp KBagpaTta YMeHbIUATH Ha 40, To ero nao-
mans ymensuiures B 15 pasa. Onpenennre nepumerp nep-

BOHAYAAbHOTO KBAApaTa.

6) IIpaMoyroJibHHK, 0AHA CTOPOHA KOTOPOro Ha 11 m Goub-
me npyroi, npeoGpa3oBaH 8 PAaBHOBEJHKAHA (T. e. MMEIOLLHHA
TaKyw e NAcllaib) NPAMOYTOALHHK, ¥ KoTopore GoJbluas
CTOpPOHa cTana paBHOH 10 M, a MeHbIiaR CTOPOHA YBEJHYH-
JAach Ha 2 M. OnpefeqnTe NJOWAAD H CTOPOHD NPAMOYIOJib-
HHKa.

B) Boamoxen nH Tako# NpsMOyroJbHBIE TPeYrobHUK, CTO-
POHB KOTOPOTO BhIpPaXaWwTCA TPEeMA NOCAEHOBATEAbHBIMH
HAaTYpadAbHbLIMH UHCAAMH, TPEeMS NOCACLOBATENbHBIMH 4eT-
HBIMH YHCAaMH, TPeMA TOCAeA0OBATEJbHBMH HeYeTHHIMH
YHCAAMH?

r) B kakoM BHINYKJAOM MHOrOYroJbHHKE YHCAO CTOPOH PaB-
HO YHCAY ero AHaronanef?

347. a) BpinyCKHEKH OAHOrC KJacca peliwaH Noce OKOHYaAHHA
WKOJaIbl 06MeHATLCA doTorpaQHAMH — KAaXKABIA ¢ KamAbM.
CKoJbKO BBINYCKHHKOB OBAO B KJacce, ecNd Beero Oblao
pozaano 930 dororpadmii?

6) Heckonbko uenoBeK NPH BCTpeye NPHBETCTBOBASM ARPYr
Apyra pyxkonoxkaTHAMH. CKOABKO YeJIOBEK BCTPETHJAHCDH, €c-
Ju BCero pykonoxaTuit Ouuio 217

348, a) BbicoTa npsiMOYrosisHuKa cocTaBaseT 75% ero oCHOBaHHS.

Ha#ipure NEPHMETP STOrC NPAMOYrOBHHKA, €AY ero nao-
wagb paBHa 48 m°.
6) OT ancra XKecTH, AMelollero dopmMy KsBaapaTa, oTpe3any
nojocy IWHPHHOR 3 cM, nocae ¥ero nJaolaib OCTaBIUeHCH
yacth aucra crana pasnoft 10 cm’. Onpegeante nepsona-
YaJbHLIE PasMEPhbl JIHCTA XKeECTH,

349*, OnroBuiéi cknafg nokynaer ToBap no 800 p. u npopaer ero,
NOBBICHB LE€HY Ha HEKOTOPOE YHC/IO NpoLueHToB, Marasnn no-
KYTaeT TOT Xe TOBap Ha ONTOBOM CKJ/aje H NpCaeT ero, no-
BBICHB UeHY Ha YHCJAO OpoueHToB, B 1,5 pa3za Goabluee, yem
ONTOBHA ckAafl. B pesyabTaTe nena ToBapa B Marassue co-
crapaser 1248 p. Ha cKoAbKO DpOUEHTOB yBeTHUHBAET UEHY
onToBHIE CKNAaf, HA CKOJABKO Maras3uu?

! JByaHauuoe UHCAO NpPHHATO  00O3HAYATH £=lﬁa+b. AHANOTHUHO
a‘b:=100a+105+c, abed = 1000a+ 1006+ 10c+4d w T A
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350%, liena ToBapa cocraparna 500 p. Tlocae ABYX nopbiureHus
uenpl ToBap cToua 946 p. HapecTHo, 4yTo BO BTOPO#H paz LeHa
YBEMHYHIACh BA YMCAO NPOLEKTOR, MEHbLUEE HA |, 4eM B nep-
BHA pas. Ha cko/bKO NPOUEKTOB YEERUMHAACE LEeHa B nep-
BHIA pas, Bo BTopoH paa?

§ 5. PAHUOHAJNIbHBIE YPABHEHUA

5.1. Monarne paunHOHANLHOrO ypaBHEHHH

YPanlleHlle, AeBafd W NPABAR YACTH KOTOPOTO €CThL PAULHOHAADbHDIE
BHpPaNEeHHS OTHOCHTEAbLHO X, HAIWNBAKT pPaAUHOHAABHMM YPaBHeHH-
€M C HEH3IBCCTHHM X,

Hanpumep, ypaBHeHus
52— 95 4452 —3x+1=0,

FBJAIOTCH PALHOKANbLHBIMH.

HanoMHuM, 4T0 kopHes (HNH PELICHHEM) YPABHERUA € Keudae-
CTHHIM X HA3BIBAIOT YUCAO, NPU NOOCTAROBKE KOTOPOSO 8 YPUBHEHE
GMECTO X NOAYMALTCR 8LPHOE HUCA080C PABEHCTE0. Pewurs ypaese-
HUE — 3HAYUT KQUTH 8Ce e20 KOPHU UAU NOKG3ATb, UTO UX HeT.

TIpw pemwennd pauHoOHaNbHEIX YPaBHEeHHH NPHXOAHTCH YMHOXAThb
HAH JendTh o0e UacTH YpaBHeHHE Ha He paBHOe HYJIO YACJO, nepe-
HOCHTb YJA€Hbl YPABHEHHS W3 OJHOM €ro YacTH B APYTyl0, IPHAMEHATL
NpaBHJa CAOXKEHHA W BbiuMTakmA aareGpanuecknx gpobei. B pe-
3yAbTaTe OyleT NoJAyYaTbCsA YPaBHEHHE, pABHOCHAbLHOE NPeALIecTBY-
0WEeMy, T. €. YpPaBHEHHE, HMeiollee Te e KOPHH H TOJbKO HX.

B sToM naparpade Syaer paccMOTPeKo HECKOJALKO THNOB PauHO-
HaNbHLIX YPABHEHH, pelleHne KOTOPLIX CBOAHTCH K pemeHHIo ypan-
HEHHH TepBoft U BTOPOA CTeneHH.

. o2l 5e-2
241 =1 443

R
351%. a) Kakoe ypaBHeHHe Ha3WBAIOT PAUNOHAALHLIM C HEH3BeCT-
HBEIM x?
6) UTo Ha3biBAlOT KOPHEM YPABHEHMA ¢ HEH3BECTHLIM x?
B) UTO 3HAYMT pellHTb ypaBHeHHe?
r) Kakne ypaBHeHHA Ha3HBaiOT PaBHOCHABHEIMH?
352°. fsasieTcA AWM ypaBHEHME PALHOMAABHLIM:

a) 1 —3x=0; 6) 3 x—(5—1)-0,2=4x—;
B) 32=T: ) 12—E=(1—x)x
¥—6 2 3 7.
—=—-=1-7 €) 3 +5=3—11
W) V;=2; 3) Vx—8 =24;
1, x .
) V7x+8=1\/123; X) W-—zf_m



353. faaseTcA /M yKazaHHOe YMC/IO KOPHEM YPABHEHHS!
a) 2; 3x— x;5=x+5;
6} —0,1; 3(x—8)=4—-2(x—1)

8) 3; ¥ 44xr—28=0;

1, £—=x 1342«
Nt s 1=
24

1) —2 642 (x4 1),
e) —10; 254324 =7+ 7700;

8 x x4 o 5
%) I x—1  x—1" 3) —L; x+1 - x4l

354. PasHocHABHE JIH ypaBHeHHA:
a) x4+2=3 u x4+b=6 6) 12x=7 u 1,2x=07;

B) 2x=4 m x—7=41; 1) r—1=3 n TE=3,
A1) 3x—14-bxr=x—12 u Tx=—11;
&) 1 g #—x+8=0 1 ¥—075x+6=0

5.2. BukBaapaTHOoe ypaBHEHHE

¥pagnenwe Buaa
ax' 4 bx* + ¢ =0, (1)

rae @, & W c—— JaHHbIE YHCAA W G OTJAHYHO OT HYAR, & X — HEN3-
BeCTHO®, HAIKBAKT OGHKBAAPATHLIM YpaBHEMHEM.

Utolnl pewnTe ypaeHeHHe (1), BROAAT HOBOE HEHIBECTHOE NPH
NOMOLUH paBeHCTBA

y=x". (2)
Torna ypasuenue (1) npespaujaetca B KBaApaTHoe YPAaBHEHHE
ay’+by+c=0 (3)

OTHOCHTEJIBHO HEH3BEeCTHOro Y.

Ecan ypasuenne (3) He HmeeT KopHeft, TO TOrZa, oueBHIHO, H
NaHnoe ypaBHeHMe (1) He uMeer Kopwed,

Ecnu e ypasHeHHe (3) uMeeT KOpHH, TO, TIOACTABUB HX B paBeH-
ctBo (2) BMecTo g, NONYUHM YpaBHEHHA OTHOCHTeNBHO x. PelleHHsA
NoAy4YeHHHX YPABHEHHRA, eci4 OHH CYLIECTBYIOT, M ABASINTCA pelle-
Huamu ypaerenus (1) Jlpyrux pewennit ypasnenne (1), oueBniso,
He HMeerT.

fTpumep 1. Pelium ypasHeHue
X —4243=0. (4)

ds Anrelpa 8 knact. 29



Ypasnenne (4) nocne 3aMennl =i’ npeBpaulaeTc B KBaaparT-
Hoe ypasuenue y —4y+3=0.

242
Tax kak %=(—%—) —g=4—3>0, TO OHO HMeeT HEBa KODHA:

D
Ye= —%;t_\/;=2;i;l, T. e. g, =1, yo=3.
[ToACTABHB 3TH YHC/Id BMECTO 4 B PABEHCTBO 4 ==X, HOAYUYHM
YPABHEHHS OTHOCHTENBLHO X:

l=x*u 3=+
PellWp HX, NOJYUYHM 4YE€THpe KOPHS YpaBHeHHs (4):

x]=l, x2=—l, x3=_\/3_. x,‘= —_\/3_.

Apyrux kopuefi ypaBHeuue (4), oUeBHJHO, He HMeeT.
HTpumep 2. Pewlnm ypaBHeHHE

X —2x2—2=0. (5)

Ypaenenne (5) nocae saMeHB y=x* NpeBpallaeTcA B KBagpaT-
HOE ypaBHeHHe

2
Tax xakK (%) —¢=3>0, To OHO HMeeT 1Ba KOpHA, onMpelenase-

Mble N0 topmyne y,_2=l:|:\/§, T. € y,=l—|—\/§, y2=l—\/§.
[loacTaBHE ¥, B PaBEHCTBO ¥ = X° BMECTO ¥, NOAYYHM YpaBHEHHE

I+V3 =2,

OTKyla TOJAYYHM JABa KOPH#% ypaBHeHHA (D)

H=V1+V3, n=—\14+13.

HO,U,CTaBHB Ys: B PABERCTBO y=x2 BMECTO #, NOAYHHM YpaBHeHHe
1—\3 =42,

HEe UMewinee KopHelt, moromy uto 1 —Y3 <0.
Takam ofipasoM, ypapHeHHe (D) HMeeT ABa HalleHHBIX BHILIE
KOpPHS X, H X, H JPYTHX KOPHEH He HMeerT.

ITpumep 8. Pemam ypaBHeHHe
2x* —3x245=0. {6)
Ypasuenne (6) nocae samensl y=x’ npeBpamaercs B KBaApaT-

HOe ypaBHEHHe
24— 3y +45=0.

Ero auckpumanautr D=5 —4ac=9—40= —31 <0, u, caeno-
BaTeALHO, OHO He HMeeT KopHeli. Ho Toraa u ypasnenue (6) ne umeer
KOpHei#.
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[lpumep 4. Pewnm ypasHeHHe
9x* — 6474+ 1=0. (7)

YpaBrenue (7) nocie 3aMeHnl y=x' NpeBpaulaeTcs B KBaapat-
Hoe YPABHEHHE

9y*—6y+1=0
¢ AHCKpAMuHAaHTOM D =b>—4ac=236—236=0.
OHO uMeeT eAHHCTBEHHLIA KOpeHb
_bx0_6 1
™ T 18T 3
Pemue ypaBHeHHe %=xg. NoAy4EM fBa KOpHA ypaBHenua (7):
i

i
Xy _W » Xg= _W .
JApyrux KopHe#l ypaBHeHHue (7) He HMeerT.
fpusmep 5. PeminM ypapHeHHe
24 102425=0. (8)

Vpabnenue (8) nocne 3amenn y=x* npespaniaerca B KBagpaT-
HOe ypaBHeHHe

¥+ 10y+-25=0,

ANA KOTOPOro (-—;—)2—q=25—25=0. OHo HMeeT, TaKHM oGpasom,
eAMHCTBEeHALI KOpeHb o= —do+0= —>5.

MMogcTaBus g, B PaBEHCTBO y=Xx°, NGAYYHM YPaBHeHHE

K= —5,

KOTOpoe He HMeeT KopHef. 3uaunt, ypaBnenne (8) Takxe He HMeeT
KOpHe#.

OrmeruM, uto ypaBhenne x'=0 umeer oauK KopeHb X%=0, a
ypaBHeHne x*— x*=0 umeer TpH KopHu: x,=0, K=1, HL=—1.

3aMeuvaHnne Hs paccMOTpeHHBIX NpHMepoB BHAHO, 4T0 OH-
KBajJpaTHOEe ypaBHEHHe MOXET HMETb 4eThipe, TPH, ABA HJAH OAHH
AefiCTBHTENAbHMA KOpeHb, HO MOXET H He HMeTh KopHell. B nonoane-
HHAX K rnaBe 1 Mbl m03HAKOMHMCH C KOMILIEKCHBIMH YACNAMH H Y3-
HaeM, YTo GHKBaApaTHoe YpaBHEHHe HMeeT, BooGlle roBop#, YeThipe
KOMINEKCHLIX KOPHA. Bripodem, fuiBaeT, uTo X MeHbIUE YeM YEThIpE,
HO B TAKHX CAy4YadaX CYHTAKT, YTO HEKOTOPHE KOPHH KpaTHhie.

355°. a) Kakoe ypaBHen#e Ha3biBaoT GHKBaAPaTHbIM ypaBHEeHHEM?
Kak pewawor GHKBazgpaTHOe ypaBHeHHe?
6) CKOABKO Kophelt MOXeT HMeTh OHKBAzpaTHOe YypaBb-
HeHue?

4 101



356. IlpencraBbTe BLIpAXKEHHE B BU/JIE KBaApaTa:
a) 1 6) ab ) 4% r) m'.

357. Kakywo noicTaHOBKY HeoGXOLHMO BBIMOJHHTh, 4TOOW ypas-
HeHHe CTaJ0 KBaIpaTHLIM:

a) 42754 1=0; 6) m'—34+2m*=0,
B) 47 —Ty*=0; r) 15— x*42°2=0;
) ®*—324+2=0; e) YPf—4=0?
Peutnre ypasnenne (358—360):
358. a) *—34°4-2=0; 6) X*—104°4+9=0;
B} =57} 4=0; r} x'—26x*+25=0;
) »*—2042464=0; e) X'+ 2074+ 64=0;
K) =522 4+6=0; 3) 4x* — 4124 100=0;
n) 3x*—52242=0; K) 25x*—26x°4+6=0.
359. a) a*+24°—8=0; 6) y*+9y°=400;
8) k'=12k24 64; r) mte=21m?+ 100;
o) n'—2n* 4 1=0; e) 9x* — 242+ 16=0;
x) 6c'—35=11c% 3) 10p' =21 =p~
360. a) x'+6x24+9=0; 6) x*—14x2—15=0;
8) 25543042 4+9=0; r) 76 =954 3=0;
n) 9xt=01—1; e) x*=30x"—36;
K) 4x*=52+46; 3) X' = —4=0;
H) 3—=2¢=111% K) 31421 =4x%
a) *—1=0; M) 4+ 1=0;
n) P4 16=0; 0) #—16=0,

5.3. Pacnapawunecs ypapHeHHA
flpusep . Pemim ypaBHeHHe
(P —b5x+6) (X4 x—2)=0. (1)

Ecau 4HCaO0 X, €CTh KopeHb ypasHenud (1), To, moacTapafs x
BMecTO ¥ B ypaBheHue {l), noayyYuMm BepHOE YHCJAOBOE PABEHCTBO

(x02_5xo+6)(xu 2‘|‘xn—2)=0- (2)

Ho npouapenenne AByX uKMced paBHO HYJAK TOCAAa H TOABKO TOrAa,
Korga XoTa Gbl O/IHH H3 COMHOXHUTEJEA paBeH HYJAI0, 4 APYrod npd
TOM He TepfeT cMbicna. [TosToMy Ha ypaBHerus (2) caeayer, 4Te Xy
eCTh KOpeHb XoTA OBl OAHOTO H3 YpaBHeHHWHA

©—5x+6=0 (3)

HJAH
2+ x—2=0. (4)
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C apyroii cropoHsl, Xio6oft KopeHb A060ro Ha ypaBHeuuit (3) nau
(4) aBaserca KopHeM ypaBHeHua (1).

Taxum o6pa3aom, MHOKeCTBO BceX KopHeil ypaBaeHHA (1) cocTouT
H3 BCeX KOpHel ypaBheHHA (3) W Bcex KOpHe#l ypaBHeHHS (4).

Ypasuerue (3) nmMeer kopHn x,;=2 R x,=3, a ypaBHeHHe

(4) nmeerT KopHH X3=—2 W x,=1l. CaegopaTenbHO, ypaBHeHHe
(1) nMeeT KOpHU X, =2, x,=3, x3= —2, x,= | H Apyrux xopHe# ue
HMEeT.

Ypasnenue auda A (x)-B(x)}=0, 2de A{x) u B{x) — mnozoxnre-
HbL OTHOCUTEABHO X, HASHIBAIOT pacnadaroyumcs ypasaenues. Muo-
WHecTa0 acex xoprell pacnadmouiesocn ypasienun ecre obvedune-
Hue MHOXNcecTae 6cex Kopuel dsyx ypaaererui A(x)=0 u B{(x)=0.

TakuM o6pasoM, ypaBHeHHe (1) pacnajaeTcA Ha ypaBHEHHA

(3) n (4).

Hpumep 2. PelinM ypapHeHHe
P—1=0. (5)

Paznoxum nepyio 4acTb YpaBHeHHA (D) Ha MHOMHUTENH, HCNIONb-
3ya GopMyny pasHoCTH KyGoOB:

(x—=D(Z+x+1)=0.
¥papnenHe (5) pacnaaaercA Ha [ABa ypaBHEHMA:
x—1=0 (6)

L4 x4 1=0. (7)
¥paprenne (6) wmeer Kopenb x;==1, ypasHeHue (7) He HMmeer
Kopheit. CiaegoBaTebHO, ypaBHeHHe (5) HMeeT €AHHCTBEHHBIA KO-
pedb x,= 1.
fTpumep 3. PeunM ypageeHHe
F—1=0, (8}
Pa3ioMHM AeBYID YaCTb YpaBHeHHSI HA MHOMHTENH:
L= -+ 2+ D)=(x—D)(x+ D (42 +1).
Ypasuenne (8) paBHOCHABHO YpPaBHEHHIO
(x— ) (x+ D (x4 £+ 1)=0,

KOTOpOe Pacnajaercd HAa TPH YPaBHEHHA:

x—1=0, (9)
x+1=0 (10}

H
A4+ 1=0 (11)

Ypasuenus (9) u (10) COOTBETCTBEHHO HMEIOT KOPHH
;=1 R xp=—1,



¥paBuenue e (11) He umeer Kopueil. B camom neae, ypasHe-
nue (11) 6ukBaapaThoe. 3aMena y==x* NPUBOANT €ro K KBAAPATHO-
MY YpPaBHEHHIQ

y+y+1=0,

He HMelleMy Koprell, Tak Kak D=6>—4ac= —3<0.
3HaunT, ypaBHeHHe (8) HMeeT Apa KopHA: x, =1 H x,= —1.
flpumep 4. Peminm ypaeHeHHe

P2 3x=0. (12)
Tak Kak £*—2x*—3x=x(x*—2x—3), To ypaenenue (12) pac-
MAAAETCH HA ABA YpPaBHEHHS:
23 =0 u x=0.

[Mepeoe U3 HUX WMeeT IBA KOPHA: x,= — 1 B x=3, Ho TOrAa ypae-
Henre (12) umeer Tpu kopua: x,= —1, x,=3, x,=0.
—

361°%. a) INpusennTe nprMep pacnafaiomerocs ypaBHeHHA W 06bsic-
HHUTE, KAK €rc pelHTh.
6} Uro 3HAuuT «ypaBHeHHe pacnajaeTcd HAa JABa ypasHe-
HHUA»?

362°. a) [Ipn KakuUXx 3HaYeHHAX @ K b BLIMOJNHAETCA PAaBEHCTBO
ab=0?
6} Bepdo au, uro ecau ab=0, to a=0?
B) PaBHOCHILHD JH ypaBHenus X’ —x=0 n x—1=0?
r) AAsasierca A uncao O xopuem ypaBHenna 3x'—i*+4

+ 55 =0?

383°. Pewnte ypaBuenue:
a) (x—1){(x—2)=0; 6) (x—3){(x+4)=0;
B) (x—7Y=0; r) (x44)(x—6)=0;
R) x{x—2)=0; e) (x+3) x=0,
x) 3°=0; 3) —x* (34 x)=0.

364. IlpercTaBbTe AeBYI0 YACTL yPABHEHHAS B BAJE NPOU3BEdeHHA
H pellnTe ypaBHeHHe:

a) 207 —3x=0; 6) 724+ 5x=0; B) P x=0;
r) 24 2=0, 1) | —x*=0; e) 14 42=0;
K) ¥ —8=0; 3) 126 —x*=0; n) x*—1=0.
Peunte ypapuenne (365—366):

365. a) *+52246x=0; 6) ¥ —4x5+3x=0;

B) x'=2x"43.% r) 10x%==x*4 3%
L) #—4xt=x; e) P4 x=2x%
K) X4 1P = 3) (x—3)x=0.
366. a) (2x+3)(2x+5)=0;  6) (3x—7)(4—3x)=0;
B) (5—x)(3x42)=0; r} (7—x){6—9x)=0;



) (2x—3) (2 +3x+2)=0;
e) (¥*—5x+6)(3x—2)=0;
x) (4 1} (P4 5x+6)=0;
3) (£ — (L —5x+6)=0;
H) (4 2x+ DN —5x+7)=0;
k) (£ —3x+ 1) (£ —4x4+4)=0;
1) (F=3x+ 1) (24+4x—3)=0;
M) (X2 —5x+4+1) (P —x46)=0;
) (4 1) (2 —2x4+7)=0;
0) (£ —3) (L —4x+4)=0.

5.4. ¥pastenwe, 04Ha YACTL KOTOPOroO
aareGpanueckan apobn, a apyrags — Hyab

flpumep 1. Pemuum ypaBHeHHe

x2+4x~—21=0‘ (1)

£f—x—3
Mupi 3HaeM, YTO KOpHEM YpPaBHEHHA OTHOCHTE/IbHO HEHW3BECTHOro X
HAa3LIBARTCA YHCJO X, NPH NOACTAHOBKE KOTOPOro BMECTO X NoJay4a-
eTCH BEpPHOE YHCA0Boe paBeHcTBo. [losTomy ecnn x; ecTb KopeHb
B4-dx—21
B—x—3
Hue, pasHoe HyJaw. He Torna sHaMednaTesnb STOrc BHIPAaXKEHHT He
ACJHEH PABHATLCA HYAI, 3 UYHCJAHTENb JONKEH PABHATHCA HYJI0.
Takum o6pazom, 4TOGE! pelWIHTL YpaBHeHAe (1), Mbl LOJKHH Ha#-

TH KODHHM YypaBHEHHA

ypaBHeHua (1), To BhipaxeHue 2CTb YHCJAOBOE BhIpame-

L4+4x—21=0 (2)

H NOACTABHTbL WX B 3HAMEHATENb JEBOH 4acTH ypaBHeHHsa {l).
Kopuu ypapuenns (2), Kotopole oGpawaioT aHameHaTe b JpoGH
B YHCJO, HE PABHOE HYJI, ABAAIOTCA KOpHAMYU ypabrenun (1). Adpy-
FHX KOpHeH ypaBHeHue (1} He nmeer.
JHCKpHMHHAHT KBaApaTHOrO YPaBHEHHA (2) NOJOKHTEAbHbIH, H,
C/Aef0BaTeNLHO, OHO WMeeT ABa KODHA, onpefedseMule no dopmyse

£,=—24V44+2l =—245, 1. e. x;=3 u x,=—7.
MoacraBus 3TH uMcna B 3HAMEHATENb JIEBOW YacTH ypaBHe-
Hug (1), nonyunm
L—x—3=9—-3—-3=3+0,
G—Xx—3=4947—3=53+0.

3T0 NOKAa3BIBAET, YTO YHCAA X; =3 H X,= — 7 ABAAOTCA KOPHA-
MK ypaBHenus (1) W Apyrux KopHed STO ypaBHEHHE He HWMeeT.
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flpunep 2. Pemum ypapdenue
L—x~—2

FE TR Tk @)
CHayana pellHM ypaBHEHHe

PL—x—2=0.
Odo uMeer aBa KopHa: X, =2 K x,= —1.

{ToacTaB¥M HX B 3HaMeHaTens JeBGh dacTH ypasHenus (3)
B—2x —3x,=2"—2.22_3.2= — 60,
B—205—3x=(—1Y—2(—12—3(—1)=0.
ChnenpoBaTefibHO, ypaBHeHKe (3) HMeeT efAHHCTBEHHEIA KOpeHb X, =2,

MTpumep 3. PewnM ypasHeHHe
2x—3

Fr Wy T (4)
Chavana pelHm ypapHeHue
2x—3=0.
OHo KMeeT eIHHCTBeHHbIH KopeHb x,=%. Tak Kak
40 4423 — 165+ 2%, —3=
3y KAL) a2 3
=4-(§) +4-(§) — 15.(5) +2-3-3=0,
To ypaBHeHHe {4) He HMeeT HopHeii.
flpumep 4. PellnM ypaBHeHHe
L4x4+1
= =0 ()
YpaBHenne (B) ve MMmeeT KopHel, MOTOMY 4TO ypaBHEHHE
Z4+x+i=0
He HMeeT KopHef.
Takum o06pa3zom, uTOGLI PeliUTL YPABHEHHE
2 _, (6)

Q{x)

rae P(x} ¥ Q(x)— MHorouwleHnl, HafO HAHTH KOPHH YpaBHEHHA

(x)=0 B noacTaBuTL HX B 3HaMeHaTeAb Q (x) seBoll yacTH ypaB-
HeHuA (6). Te H3 HAX, KOTOpBIe 06paaDT 3HaMeRHaTeaAb { (x) B ukec-
0, He paBHOe HYJI0, ABJIAIOTCA KOPHAMH ypapHennsa (6); Apyrux
KopHell ypaBsHenue (6) He uMeer.



R

367°. Kak MOXHO pelluTb ypaBHEHHE, 04Ha 9aCTh KOTOPOro HyJb,
a apyraa — aareGpanyeckana ApoGo?
368. a) Ipy xkakux 3HaueHUAX a4 H b BLINOJAHAECTCA PAaBEHCTBO

a
— =07
5 0:

6) Bepuo awu, uto ecau %=0, 10 a=0?

a
B) Bepuo au, wro ecaun a=0, 10 ?=0?

r) PasHocHALHE JH ypaBHeHHSA

*~l_0nx—1=0?
X

a) SIBasAercs JM uuca0 3 KOPHEM YpDaBHEHHHA x;:g=0?

369°. [Ipu KaxkoM 3Ha4YeHHH X paBHA HY O ApPOOh:

% x+3 . x+2, X,
a) 3> 0= &= =7
x—7 243, £{x—~3), £—1
Dirrs 933 WMo ¥
370. 3annwHTe TPpH aareGpanyeckue ApolH, PABHBIE HYA NpH:
a) x=—2; 6) x=0; B) x=3; ry x=—25.
Pemure ypasnenwe (371—374):
£42x o 32 ~Tr
371. 3) —;—_—é——O, 6} x’+l -—0,
) (x—?)(l.5+x)=0; r) (—2— x)(x—8.5)= .
£—3x+4 (x—3) x4+
S—8x+7 __ 43 —4x—3 -
Jl} T—O e} T—O,
42 —12x—27 . 458+ 4x~35
*) g0 3) P—Tef12
H—2041 o SHax4d o
372, a) 7-—0; 6) W-—O,
gy £m2xt3 P L2243 _ o r) x’+3x+5 .
2—Tx4+5 E43e—1
(x—1P(x4+2) _ - (x4 7F (x—4)
1) ————=0 e} ———=0.
£42—6 _ o L—x—20 _ o
373. a) W—O, 6) """"";—'5——0‘
x+7 _ a x-—9
B) x+7_0) r) — g 0.
X—4F—5x o £4+35—18x _ o
374. a) W_O‘ 6} T_H'—'———O,
207804 6x _ 3L 452542 o
R i PR ) ogas =0
92 —6x+1 _ o 2654 10x41 _
ﬂ.) T-—O; e} T_{_I—O
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5.5. Pewienne panHOHAJALHBLIX ypaBHEHME
Hpumep [. PelnuMm ypaBHeHue

g_*tl_g (1)

x—1

[MprMennm K aenoii uacta ypapuendna (1) NpaBHAOC BLHIYHTAHUA
anre6paudeckHx apobeil:

2_Jc+l_2(«\:—[)—(,\:+l)=x—3 (2)

x—1 x—1 z—1"

Jdaa mwoboro uHcna xp=1 paBHBI YHCAOBLIE 3HAYEHHA JieBOH M npa-
BOR gacTedi paBeHcTBa (2).

B yacTHOCTM, €CJIH A/ HEKOTOPOTO YHCAA Xy o6pauiacTca B HYJdb
ofHA YacTb papeHcTBa (2), To 1AA Hero ofpamaeTcs B HYJAb H ApY-
ras ero 4acte. A 3To o3HauaeT, YTo ypaBHeHHe (1) paBHOCHJABHO
YPaBHEHHUIO

*=3 o, (3)

YpaBHeHue (3) Mbl ymeeM pewate (cM. 0. 5.4). Jlas sToro pewinm
CHauana ypaBHeHHe

x—3=0.

OHo uMeeT eAMHCTBEHHBI KOpeHb x,=23. [Ipu aTom yHca0 x;=3 ne
obpamiaer 8 Hyab 3HaMeHaTeab ApoOH NeBOH YACTH AAHHOTO ypas-
Henus (3): '

x— 1=3—-1=20.

[Toatomy ypaeHeHHe {3) HMeeT edHHCTBEHHLIH KOpeHb X,=3.
3HauMT, ¥ HexoAHoe ypaBHeHHe (1) WMeeT eAHHCTBEHHLIH KOpeHb
x0= 3.
flpumep 2. Pellum ypaBHeHue
xi—1__ x—4
x+2_x—3_l' (4)
[lepenecem npaByio 4acTh ypaBHeHusn (4) BAeBO, NOAYUHM ypas-
ReHHe
x—1 x—4
sz s =0 )
paBHOCHABHOE ypaBHenno (4).
[TpuMeHAM K NeBoil yacTu ypaBHeHus (D) NpaBana CAOKEHHA H
BLIUMTAHUA anrefpakHdeckKHX apobeil:
x—1 x—4

Fz e T
_ D=3 — ) (s +2)+x+2) (x—=38) _ ¥—3x45
(x+2){x—3) (x+2) (x—3)



Paccy¥pan, Kak B npuMepe 1, NoJyYuM ypaBHeHHe

(x+2)(x—3)

PABHOCH/IBHOE YPaBHeHA (5).
Jss peweHAa ypapHeHHs (6) Hapo cHayaaa pelIHThL TAKOe ypap-
HeHHe

£—3x+5=0.
MMOCKOABKY €ro AHCKPHMHHAHT
D=t —4ac=(—3F—4.1-5=—11<0,

To OHO He HMeeT KopHel.

CnepoBaTensno, HCXoflHoe ypaBHeHHe (4) He HMeeT KopHeifi.

M2 npuBeneHHBIX NPHMEPOB CASAYET NPaBUIO: AR PellleHHs pa-
UHOHANBLHOTO YPABHEHHA HAAO NEPEHECTH BCE €ro 4jeHW B JEBYI0
YaCTh, 34TEM, IPHMEHAN HPABHIA CJOXKEHHA H BHIMHTAHHA anarebpa-
nyecKHX Apofeil, 3anWcaTe JAeBy0 4acTh Kak aareGpanmueckyiwo
ApoGb H PEWIMTL NOAYYEHHOE YPABHEHHE.

Jameuanne OTKAOHEHHE OT BHICKA3aHHOrQ NPABHAA MOMKET
MPHBECTH K NOTepe KOpHeH WJH K NPpAOBPETEHHI0 MOCTOPOHHHX KOpP-
Hell BAaHHOTO YpaBHEHHA.

Hanpumep, npHMeHHB AaHHOe TPABHAC K YPaBHEHHIO

L2, 7)

MNoAYYHM paBHOCHJAbHOE €My YpaBHeHHe

(x—3F _
= —o0. (8)

Ofo He MMeeT KopHell. CaenoBaTenibHO, ypaBHeHHe (7) ToXe He
HMeeT KOopHeH.

Oanaxo, ecau Gul Mbl, OTKJAOHACH OT NIPABHJA, COKPATHAH Apobh
B seBoii uacTn ypapHeHus (7) Ha (x—3), To NOAYYHJAK Gbl ypaBHeHHe

x—2=1, (9)

KoTopoe HMeeT KopeHb x=23. Ho x=23 He ABAsieTcA kopHeMm ypaBue-
HHA (7} — npr x=3 neBas uacTs ypabBHeHHs (7} npespanjaercs B8
BhIPaXKeHHe, He HMewllee CMbICAa,

CriepoBaTesbHO, IPH TaKOM «cnoocofe pelwenHs» Mbl NpRoGpenn
JHWHUA KopeHb AR ypasHenus (7).

Ecan xe crhavana Gymer Zano ypaBHeHHe {9), a Mbl BOnpeku
x—2
1
JAesod MHoOroused {(x—3}), To nphieM K ypaBHeHHIO (7), KOTopoe He

HMeeT KOpHeil.
3HAUUT, MPH TAKOM «crnocobe peleHHR» Mhl Ghl NOTEPAIM KO-
penn ypasHenns {9).

npaguay YyMHOXHM YHCJHTE/Ib H 3HAMEHATEADL IlpOﬁH HA HERY-
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]
375 Mo xakomy MpaBuAy pelwaloT pauHOHaNbHbIE ypaBHeHus? Uto
MOXKeT NMPOH3ONTH NpPH OTKJIOHEHHH OT 3TOTD NMpaBHRa?

376. PapHoCHALHBI JK YypaBHeHHN:

1 | , 2—4 o x—2_ o
a) ;—-3 H ;—3—0 ~—% H Jl;_5—-0,
E2—0 r)=x n =12

x—I1 x—1 x|

Pemnre ypaskenne (377—383):

377. a) S o0, 61— =0 5 iy
") 2——5' 1) =7 =5
x) x—%=0, 3) T—b=0; H) y+%=l.
R = = -
B) 5:_:]7 =2a+—_5;; r) l—l_T...m":'f,
379. a) %:2—?{-{; 6) 4:;31 =%;
) S =7rs ) e,
380. a) %4_%1_0—‘!5:_0; 6) 3x—1+1;x2x=0;
B) a+a—i—2=0;
381. a) ﬁ+ﬁ=2; 6)
8) b"’baba PRy f’:r;l*2; r) %:]3+x_“ﬁ=i‘
B ey ) st Er =T
382. a) R+.:+l2_x’+gx—8=0; 6) E+T=%;
B 2o+ BEE 4Ly, ) e+ 2 20tS,
T e T =T =

2p—2 p—2  p—1
FF—36 p'—6p p+6p

x)

116



1 ! _ 1,

x(x+n+(x+n(x+2)_4‘
I I _

®) (x—3)(x—2) + (=2 (x=1)

1 1 1 .
8) (x+l)(x+2)+ (x+2)(x+3)+(x+3)(x+4)_

383*%. a)

—1,5.

5.6. Pewenne 3anay npu nomomm
PALHOHANBHEIX YpaBHEHMA

3anpava i Tennoxox, oT4aiHB OT NPACTaHH A, CIYCTHACH BHH3
mo TeYeHH1 pekH Ha 60 KM no ycThs Bnapaomerc B pexy NpUTOKA
H NOAHRJICH BBEpX NO MPHTOKY (NpoTHB TeueHun) Ha 20 KM Ao npu-
crann B, Beck nyts o1 A no B tenmaoxon npowen 3a 7 4. CxopocTh
TeYECHHS PEKH H CKOPOCTb TEYEeHHH NPHTeKA paenbi | Km/u. Haiditu
cOOCTBEHHYI0O CKOPOCTH TelioXoAa (COGCTBEHHAR CKOPOCTh — CKO-
pocTh B HelOABHXHCA BOJe).

Pewenne O6G03HauHM depe3 X KM/ /4 COGCTBEHHYIO CKOPOCTH
Tenaoxoaa. TorZa BHHZ MO TeYEHHIO PeKH TenJoX0A LWeJ COo CKO-
pocTbio (x-+ 1) XKM/4 H 3aTpaTHA HA NYTb A0 YCTbR NMPHTOKA 75T v
o npaToky Tenacxoa wea co CKOpocThid (x— 1) KM/4 K 3aTpa-

20
THA Ha YTk NG IIPHTOKY Py 4. Ha Bech O¥Th TenJOXoA 3aTpaTHd

7 4. 3navur,
60 20
x+l+x—l_?' (1)
Taknm o6pasom, HCKOMOE YHCAC X AO/MKHO GbITh KOpHEM palHO-
HadbHOTO ypaBHeHHA (1). Pewnm erc.
lNepenecs Bce ero uaens B AeBYI0 YaCTh H NPHMEHHB K JeBo# ya-
CTH MOAYYSHHOTO YPABHEHHR NPaBHJa CJACKEHHA M BLIYHTAHHS aJl-
reGpanueckux ApoGei, MOJYYHM YpaBHeHHE
TE—80c433 (2)
(x+1){x—1)
paBHOCHALHOE YpaBHeHHo (1)
Ypasuenne 7x°—80x+433=0 nmeer xopHu
3
x=1l, Xy=-=.
OHH He 06palalOT B HYJAb 3HaMeHaTenb JeBOA 4acTH ypaBHe-
Hug (2), H NO3TOMY 3TH KOPHH RBJIAKXTCA KOPDHAMH ypasHenus (2),
4 3Ha4MuT, H ypaBHeHns (1)}

3

Hrak, ypaBHenue (1) umeer npa xopua: x, =11 H X=x.
Onnako no ycnoBH0 3afa4n CKOPOCTb TENJCX0AA He MOXKET GbiThb
MeHbe | KM/4, TAK KaK TenJaoxoA ABUTAJCH MO NPUTOKY POTHB Te-

UEHUS, CKOpPOCTh KOTOpOTe paBHa | Km/4.
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CJsienoBaTeNbHO, YCAOBHID 3a1a4YHM YAOBJETBOPHET Juuib x=11.

OTBeT: cof6CcTBeHHaA cKopocTh Temnoxoaa 11 Km/u.

3apava 2. lNeppan Gpuraga MOMeT BHINGJHATL 3a)aHHe Ha
10 aHeli GuicTpee, YeM BTOPAaA, @ BMECTE OHH BHLINOJHAT 3TO 3a)aHHe
3a 12 pHeli. 3a ckoAbKo RHeH MOMET BHMNOJHHTH TO e 3aJaHHe
Kaypan Gpurana, pabortas oTAeabHO?

PeweHnue. [lycTs nepsas 6pHraia MOMeT BHNOAHHTL 3aAaHHe
3a x AHe#, TorAa stopad — 3a {x-+ 10) nued. Ilepsan Gpuraaa B

1
AeHb BLINOJAHALT < YaCTh 3alaHidg, a BTOpan —

m YaCTh 3ana-
HHH., BMecTe OHM BLINOJHAKT B AeHb l:l2=% YaCTh 3aAaHHUH.
CocTanHM ypaBHeHHe
1 1 |
?+x+10_|—2" (3)

[NpeoGpasyem ypaeHenHe (3), NOJAYUHM PaBHOCHAbHOE eMY ypaB-
HeHue
2—14x—120

125 (x+10) (4)

Ypapnenne &*— 14x—120=0 umeer Kopun x,=20 B x,= —6.
OHn He o6pamialOT B HY/Jb 3HAMEHATelb JleBOH YACTH YDABHEHHA,
CJEAOBATE/NbHO, OHH SBAAKTCH KopuaAMA ypasuenun (3). Ho no
cMbicy 3apaud x>0, NO3TOMY YCJAOBHI0 YROBAETBOpPAET JHIIb
x,=20. Toraa x4 10=30.

OTseT neppaa GpHrafa MOXeT BHINOJHUTL 3ajaHHe 3a
20 pwueil, a ropan — 3a 30 aHe#.

]
384. a) YUncaurtenn gpobu Ha 2 Goabine 3namenatena. Ecan unc-
JHTENb YMHOMHTD Ha 2, 4 K 3HaMeHatTenw npubasuth 3, TO
NOAYYHTCH YHCHO l%. Ha#igure npolb.

6) 3nameHaTesab ApoOH Ha 2 Goablwe yHcauTens. Ecan unc-
JHTeNb YBeJHUHUTh Ha |5, a 3naMeHaTeAb — Ha 3, To noay-

YHTCH YKCAO 1—2—. Ha#dinnte npoGb.

385. a) Uncautens apobn na | menbiie 3namenarens. Ecan umce-
JAHTEAb YMHOKHTD Ha 3, a 3HaMeHaTes b — Ha 2, TO NOJAYUYHT-

CA 4HCIO l;. Ha#pute npobe.

6) Uncanreap apo6u Ha & MeHbwe 3HaMeHaTeAn. Ecau 3na-
MEHATeNs YBEJHUHTE HA 5, 8 UKCAUTENb YMHOXKHUTL Ha 15, ToO
nonyuutca 4ucao 1,25. Haiaute npobb.

B) UrcanTenb ApobH HA 2 MeHblle 3HaMeHaTensn. Ecau cno-
HUTb 3Ty Apobb ¢ obpartHolt K Hell Apo6bio, To MOJYUMTCH

YHCIO 2-1‘-'5-. Haitanre 3ty npobb.
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386.

387.

388,

389,

390.

a) PaccrosinHe Mexay ABYMA HaceAeHHBIMM MYHKTaMH
50 km. H3 3THX NyHKTOB OZHOBPEMEHHO HAaBCTpeuy Apyr
APYTY BhleXaJH MOTOUHKAHCT H BedocHnelauct. CKopocTh
moTouHKAHcTa Ha 30 km/u Goabwe. Berpernduck oHH Ha
paccrosiHuH 10 KM OT OJIHOTO H3 HacedeHHbIX NyHKTOB. Kako-
Ba CKOPOCTb BENOCHMEAHCTA?

6) Ucnoab3aya ycnoBHe H pelleHHe NpeabIRyIled 3aJauH,
ONnpeje/nTe, Yepea CKOAbKO MHHYT NOCJAe BCTPeYH MOTOLHMK-
JAWCT JOTOHHMT BENOCHNELHCTA, €CJH OHH NMPOACJKAT ABHXe-
HHe JI0cAe BCTPeYH Y MOTOLHKJIHCT, J0€XaB A0 HaceJeHHOro
TIYHKTa, pasBepHeTcA H Cpa3dy e moeaeT 8 oOpaTHOM Ha-
npagnennn. Kakne aonyleHus HeoOXOAHMO CAENaTh AAA
peleHns 3aaaun’?

Paccroanue Mexay apyms ropoaamu 60 kM. Ha nepsoro ro-
pona BO BTOPOH BHIE3KAIT OAHOBPEMEHHO ABE ABTOMAILH-
Bul. CKopocTh nepsoit Ha 20 kKM/4 GoJblle, H OHa MpHGBLIBA-
€T BO BTOPOH FOpoA Ha noJvaca panblie. Onpepenure cKo-
POCTb KaXROH ABTOMALUIMHBI.

a) BenocunemaHcT npoexas 5 KM no JecHOH Aopore H 7 KM no
wecce, 3aTPaTHE Ra Bech nyTht | 1. [lo wocce oR exaa co
CKOpOCTbiO Ha 4 KM/4 Goableil, 4eM no aecy. C Kako# cko-
POCTBLIO BeJIOCHMEAUCT eXask no JecHoH mopore?

6) Typuct npowen mo wocce 3 KM, a No NpoceaouHol Aopo-
re 6 KM, 3aTpaTHB Ha Becb NyTb 2 u. C KakoH CKOpPOCTHLIO
Wes TYPHCT MO NPOCENOUHOA AOPOre, eCAH HWIBECTHO, YTO TO
lwocce OH Wea ¢0 CKOpOCcTbo Ha 2 Km/u Sodasluel, yem no
npoceqky?

a) Ha ofpabGorky ogHo# petand nepewil paBoruil aaTpavu-
BaeT Ha | MHH MeHblle, yem BTOpol. Croabko petaJeit o6-
paboTaeT KaxAnid M3 HHX 32 4 4, ec/iH nepBbli paGovnii o6-
paGaTbiBaeT 3a 3TO BpeMs Ha 8 aeranedi Goablle, 4eM
BTOpOii? '
6) e paGoTRHUB AOAXKHH Owau obpaborate mo 120 ne-
Tajel 3a onpepeneHHoe ppema. OHa U3 HAX BLINOAHWIA 2a-
AaHHe Ba 5 4 paHblie, TAK KaK B 4ac OHa o6pabaThiBasna Ha
2 perann Goabme apyroii. CKonbko aeranefl B uac oGpaba-
THBaJAa Kaxnaa paGoTHHUA?

a) llee MawKBHCTKW AOMAKHLI OB HamesataTs M0
120 crparnu. TepBas MAILKHACTKA BLINOJHHAA paboTy Ha
1 menb paHbine BTOpOA, TaK Kak newatanaa Ha 10 ctpaunnu
B l€Hb O0Jbiue. CKONBKC CTPAHHI B JeHb NMeyaTtana Kamaan
MalWHHACTKA?

6) Ha paccroanun |75 M nepeanee Koseco CTAPHRHOIO 3KH-
naxa fenano Ha 20 o6oporos Godblue, yeM 3afiHee KoJeco,
ANHHA OKPYXKHOCTH KOTOpOro Ha | M GoJblie AJHHLI OKPYX-
HOCTH nepefHero. Hafiaute AAHHY OKPYXHOCTH KaMA0rTo Ko-
Jeca.
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391,

392,

393.

394,

395,

396*.

397+,

114

a) Ha yGopKke ypoxasa ¢ KaXAoro H3 ABYX y4acTHKoOB Obliio
cobpano no 500 u nwernnun. [Thowags mepBoro yuacTka Ha
5 ra Menslle NAOWAAH BTOpPOro yuacTka. CKoNLKo UeHTHe-
pOB HUIEHKUL cO6paHo ¢ 1 ra H& KaXkaoM y4acTKe, eClH
YypoXail nmuieHHun Ha nepsoM yvacTke ¢ | ra Ouia Ha 5 i
Goablle, 4eM Ha BTOPOM? _
6) AproMamuna ponxaa 6sina npoiith 840 kM. B cepeaune
NYTH BOAMTEJNb OCTAHOBHJACH Ha ofel, a yepea yac Npoaoa-
KHa nyTts, Uro6ul NpHOLITE BOBpeMA B NYHKT HasHaue-
RHA, MPHILAOCH YBeAHUHTL cxopoctb Ha 10 kmM/u. CKoMbKO
BPEMEHH 3aHAJ Becb MYyTh, BKAKHYAad BPEMA Ha ocTa-
HOBKY?

B) M3 nynxToB A # B, pacCTOAHHE MEXAY KOTOPLIMH 32 KM,
ONHOBPEMEHHO HABCTpPeYy APYr APYrY OTNpaBHAHCH Nelle-
xoa B BenocHneauct. Yepez 2 u oHu ecTpermaHck. [locae
BCTpedH Newexof Npuisin B NyHKT B Ha 5 u 20 MuH noaxe,
uem pesocuneauct B nyHkt A. Hafinure ckopocth newexona
H BeJNOCHMeZHCTA.

[NepBuifl neutexon MoxKeT NpORTH PACCTOAHHE MeXAY ABYMA
NyHKTaMH Ha B 4 OsicTpee, uem BTOpofi. Ecnu memexoam
BLIAAYT H3 3THX NYHKTOB OJHOBPEMEHHO HABLTPENY APYT
ApYyry, To BCTpeTATcH uepes 6 4. 32 CKONBKO YACOB KarKAbli
H3 HHX MOXeT NpPOHTH 3TO pPaCCTOAHHe?

JABa 3KckaBaTopa BLIPLINH KOTNOBAH 33 48 aneil. [Tepewmit
3KcKaBaTop, paboran 0TAENLHO, MOT Obl BHINOJHATL 3Ty pa-
Goty B 3 paza GbicTpee, yeM BTOpO#. 3a CKOAILKO AHeil nep-
BbIH 3KCKaBaTop, paboTad OTAENbHO, MOT Obl BHIOAHHTDL 3TY
paboty?

JBa BeAOCHTEAHCTa BbleXaAH OAHOBPEMEHHO HaBCTpevy
Apyr apyry u3 ropogos A H B. [Nepsriit npoeaxaer B yac na
2 kM Gonple BTOPOTO W MpHe3XaeT B B va 1 u paunme, uem
Bropofi B A. Pacetosnne ot A no B 24 km. Onpenennte cKo-
POCTL NEPBOrQ BENOCHIILHCTA.

IBoe paGouHX BHWINOJHHAK HeKoTopylo paboty 3a 8 u. Tlep-
BHIil H3 HHX, pafoTas OTAEABHO, MOXeT BHINOAHHTbL Ty e
paGory Ha |2 y OGeicTpee BTOpOro, eciH ToT GyaeT paloraTts
ordeinHo. 33 CKOJbKO 4acoB BTOPOH paGoOvHR OAHH MOMKET
BLIOJMHUTL Ty XKe pabory?

3adava beay. Hekto Kynua nowaab H cnycTs HeKOTOpoe
BpeMd mpofan ee 3a 24 nucrona. [1pu stofi npoaaxe on re-
PAET CTOABKO MPOLEHTOB, CKOALKO CTOHAA €My JoMaiab.
CnpamupaeTcs: 3a Kakyl CYMMY OH €€ KYIHAa?

Toproben moxynaer KHHTH NO ONTOBOA LieHe, a NMpPOAaeT 34
11 p. On noacuuTas, YTO AOXOA OT NPOAANH OAROR KHHCH
B NPOUERTAX PaBEH ONTOBOA UeHe KHHIA B pyOasx. Kakoea
ONTOBaA UEHAa KHHIH?



5.7.% Pewenne pAUHOHANBHBIX ypasHedul
3AMEHOR HEM3BECTHLIX

Mpunep . Pewum ypapHerKe

(E—5x+ 7P —2(L—bx+7)—~3=0. (1)
BeeaeM HOBOE HeM3BeCTHOE NMPH MOMOLLH PABEHCTRA
y=x—5x+7. (2)
Torna ypaeHeHue (1)} npeppamaeTcas B KPajpaTHOE YPABHEHHE
§*—2y—~3=0 (3)

OTHOCHTENLHO HeH3BecTHOro . Tak Kak
2
(-g) —q=143=420,
TO ypaBHeHue (3) HMeeT ABa KOpHA:

Y,2= —%i (%)2—4' =|=+2,

T. & ¢,=3 H g,=—1.
INoacTaBHE 3TH YHCAA BMECTO g B PaBEHCTBO (2), nosyuMM ypas-

HeHUA OTHOCUTENBHO X X*—5x+7=3 n ¥*—5x4+ 7= —1. Pewnm
CHayana nepsoe H3 HAX. OHO PaPHOCHABHO YPABHEHHIO
X —DbBx44=0, (4)

LHCKPUMHHART KoToporo D=5’ —4ac=9>0,
CnenopatensHo, ypaBHeHHe (4) HMeeT ABa KOpHS:

—5+\D 543
2« 2

X,2=
T. e x=4 0 =1,
Tenepr pewnm Bropoe ypapHenne. OHO PABHOCHABHO YPaBHEHHIO

2—5x+8=0, (5)

AKCKPUMUHAHT KoToporo D=b"—4ac= —7<0.

ChaenosatensHo, ypasHenue (D) He nMeeT KopHefl.

Takum oGpazom, ypapHeHHe (1) HMeeT 1Ba HaAAEHHBIX BhILIE
KOPHA X; H X W APYTHX KOPHeH HEe HMeerT.

ITpumep 2. Pemym ypapHeHKe

(P + 24+ 1) (24 3)+2=0. (6)
BBeneM HOBOE HEM3BECTHOE NPH NMOMOULH PAaBEHCTRA
y=x'4+r41, (7}

Toraa ypaBHeHue (6) npeBpaTHTCA B KBAJPaTHOE YPAaBHEHUE OTHOCH-
TeNLHO HEH3IBECTHOrO .

¥ +2y+2=0, (8)
AMCKPHMHMHAHT KoToporo D=b’—4ac=4—8<0.

L&



Cnepnosartensuo, ypasuenue (8) kopHefi ne uMmeer. Ho Torna u
ypaBreHHe {6) He HMeeT KopHef.

flpumep 3. Pelnum ypaBHeHme

15
24 4x——x,+4x

Ecau NMPHBECTH NEBYH) YACTb 3TOTO YPABHEHHA K OGUICMY 3HaAMe-
HaTeAw, TO NOAYYHM ypaBHeHHE
A48+ 142 —8x—15 _
244x

—2=0. (9)

0,

ANA PEMEHHS KOTOPOTO HALO CHAYana pewdTh YpaBHEHHe
48824 1442 —8x—15=0.

Ho y Hac Her cnocofa ans peweRns Takoro ypasHenns. IMoatomy
Takoll ¢cnocoS pelueHHs ypapHeHHs (9) He mpHBeN Hac K LUeJH —K
HaxoXAeHHID KopHe#l ypasHenmns (9).

[Mpamesnum caepyomnii npuem. BeepeM HOBOe Hen3BecTHOE NpPH
NOMOLLH PaBeHCTBA

y=x"+4x. (10)
Torna ypapHeHHe (3) npHMeT BHA
15
y—?-——Q-—O. (11)

[IpaBenem JneByo wacth ypapaedHs (11) Kk o6memy snamenare-
J10, NONYYHM YDPaBHEHHE

W=, (12)
¥
paBHocHAbHoe ypaBHeHHio (11). Jnas pewenus ypasuenns (12) pe-
WHM CHauyafla KBaZpaTHoe ypaBueuue y°—2y—15=0,
3T0 ypaBHeHHe HMEET ABa KOPHA: § =05 H fy= —3.

Tak Kak HH OZHO W3 3THX UHCeN He O6paLIaeT B HYJbL 3HaMeHa-
TeNb JieBOR 4acTH ypaBHenns (12), To ypapHenue (12), a sHaduT, U
ypasHerHe (11) uMetot aABa kopHA: ¥, =5 u y,= — 3. Teneps aas pe-
WeHWA ypaBHeHHf {9) oCTAETCA PEWIHTH ABA YPABHEHHS:

C44x=5 u L4 4x=—3.
[TepenniueM 3TH ypPaBHEHHA TaK:
L+4x—5=0 n +44x4+3=0.
Kaxpoe M3 3TUX KBaJpPaTHHX YpaBHEHHH HMMeeT MO B3 KOPHH:
£ ==, xy== —5 — KOpPHU MEPBOr0 YPABHEHHS;
x3=—1, x;= —3 — KOpHH BTOPOTO YypaBHeHHA.
ChnepoBatenthe, ypaereHHe (9} Hmeer uveThipe KopHs: |, —35,

-1, —3
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[Tpunep 4. PelldM ypaBHeHHe

12
— . DU 13
£—5x47 P (13)
MMocTynuM TaK, Kax B npumepe 3. 3amerus, uto (x—2)(x—3)=
=x*—5x+6, BBENEM HOBOE HEH3BECTHOE

y=x—5x+6. ()
Torga ypasteHHe (13) nepennuerca B BHAE
y+l=—l§-. (15)
YpaeaenHe (15} paBHOCHILHO ypaBHEHHIO

Lheml_y, (16)

Pelwienns KBaapaTHOrO ypaBHEHHA
¥ +y—12=0

ecTh #1=3 n y,= —4.

Tak Kak HH OHO H3 3THX YHCEN He o6pallaer B HyJb 3HAMEHA-
TedAb JeBof yacTH ypaBHeHHs (16), To ypaBHenue (16), a 3nauut, n
ypaBHeRHe (15) umeior apa kopHA: §, =3 U y,= —4.

Tenepb nna pewenusn ypaeaenwua (13) ocraeTca pewunTh ABa
ypaBHEeHHSA:

Z—5x46=3 n ¥—5x+46=—4
5+VI3 5—Vi3
) H x2=

MNepBoe H3 HUX UMeeT ABA KOPHA: X, = 2 a
BTOpPOE KOpHER He HMeer.

CnepoBaTteasHo, ypasdHenne (13} HMeeT ABa Kopua: 5+¥ﬁ,
5—VI3

2 -
E———

Pewnte ypapHenne (398—399):
398. a) (x+2P=2(x+2)+3;
6) (X +3x—25)—2(L24+3x—25)=—7;
B) (#+ 22+ ) (' + £ +2)=12;
r) (Z—5x+7—2(x—2)(x—3)=1;
1) (¥ 45x—7)(2°+10x—11)41=0.

399. a) (2"+‘)’—2(2"j')=3; 6) 2x’_‘H+2"+'=2;

X X

6
B) 2x2—3x+2—2x2_—3x+1— ;
4 — 1 R 12+x'—'5 3x —
r) +3x2_x*+3£+2’ DA +x2+x—5+4 0.
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AONOJIHEHHWS K TJIABE 11

1. PasaoKeHHe MHOTOMAEHOB HA MHOMKMTENH
H pelleHHe ypaBHeHHH

Teopema Besy. Kopeds muorouaena. [Nycrs P,{(x) — MAOTOUNEH
OTHOCHTENLHO X cTenenn n(nz=1), T. e

Pu(x)=anxn+an—lx"‘]+---+alx+aﬂv (i)

rae a;, 4, .., @, — AdHHbBIE YKHCAa, npHueM &, 0. Ecan MHorounen
P, (x) pasaenHTb C OCTATKOM Ha ABYUIEH X — @, TG YacTHOE (HEoNHoe
yacTHOe) ecTb MHOrouaed @, (x) cremenn n—1, a ocTatox R ecTh
YHCJO, TIPH 3TOM CHpaBeAJHBO PaBEHCTBO

Pn (x)=(x_a) Qn—l(x)+ R (2)

W3z papenctea (2) cneayert, uto ecan R =0, To Muorounen P, (x) pa3s-
AArAeTCA HAa MHOXMUTENH, OAHH H3 KOTOPHIX €CTh ABYYJAE€H X—a.

Jnd RaxoxaeHna vacTHoro @, (X) 1 ocTaTka R o6LIYHO npHMe-
HAIOT METOA AENEHHA YIOJIKOM,

fTpusmep I. Hafipnem 4acTHOE W OCTATOK NPH AEAEHHH MHOIOYJIEHA
P {o)=x*4+25— x4 3x— ! na nByuaen x—3.

TTpuMeHHM MeTOA HeNeHNA YTOAKOM:

42— 4 3x—1 | x—3

X —34 C+524+ 14x+45
58—
58— 1542
_ 14X 43«
142 —42x
_ 45x—1
45x— 135
134

Cnepopatenvno, x*+2¢° — x4 3x— | =(x—3) (X + 554 1454 45)+
4134 u no3TOMy uacTHOe ecTh MHorounen x°-+5x24 14x445, a
0CTaTOK — uncao 134,

fTpusep 2. Haiiaem yacTHOe B OCTAaTOK MPH AeNEHRH MHOrOYjiena
Py(x)=x"—6x+1lx—6 na asyunen x—1.

IIpuMenuM MeToA AedeHHs YTONKOM:

_ f;‘—ﬁf—i-llx—ﬁ | x—1

£— 2 L5146
Tt 11k
—5x°4 Bx
6x—6
— 6x—6
0
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CaenoBateabto, X —6x° 4 11x—6==(x— 1) (£* —5x+6) u noatomy
4acTHOE ecTb MHorToulen X*—5x+6, a ocrartok paBeH Hynio,

Ecan tpebyerca HaflTh TONLKO OCTATOK OT ACNE€HMA MHOCOUJEHA
P,(x} Ha ABy4Y/NEH x—@, TO NOAL3YIOTCA CASAYIOIHM YTBEPKAEHHEM:

Teopema DBesy. Ocrarox R or derenun muocousena (1) na
dayusen x—a pasen axasenuwio mrozodaena P, (x) npu x=a,
7. . R=P, (a)

JogasateabvcTso. Ecan B paBeHcTBo (2) BMecTo x noacra-
BHTb YHCAO &, TO mOAYYHTCA, uT0 P,(a)=R, 410 1 TpeboBaiocst A0-
Ka3aTh.

Hcnonnays teopemy Besy, paBencrso (2) wacTo 3anucumBaiorT
B BHAE

Py (xy=(x—a) Q. (x)+ P, (a).

Yncno a HaswiBaloT KopHem muozouaena P, (x), ecid npu x=a
3HayenHe MHorounena P,(x) pasno nyaw: P,(a)=0, 1. e. ecau pa-
BEH HYAIO OCTATOK OT AeJeHUs MHorounena P, (x) Ha AByuneH x—a.

B npumepe 1 P,(3)=134 u uncao 3 He ABNAETCA KOPHEM MHOTO-
yaeHa P,(x), a B npumepe 2 P;(1)=0, aucao | Apngerca Kopuem
MHOroUMeHa P (X} n paznoXenne 5TOr0 MHOTOUAEHA HA MHOMKHTENH
CONEPMHT MHOXHKTEAb x— 1,

Lleanie KOpHH MMOrONACHA.

Teopema 1. Ecau ace xoapduyuentot ay, a,, ..., @,_, MKRO20-
4Aena

Po(t)=x"ta,_ "' +..taxta,— (3)

Heane QUCAQ U YEADE YUCAD M RBARETCR KOPHEM MHO204AEHRO, TO
GUCAO M ABARETCA Jerureresm cBODOOHOZ20 YAERA Oy 3T020 MMHO20-
Yaenda.

HokazartenbcTro Tak Kak UKCAO M eCTh KOPEHb MHOTOWIe-
Ha P,(x), o P,(m)=90, 1. . cnpaseaiMBO PABEHCTBO

m4a,_ m '+ .. 4am+a=0. (4)
[Mepenuwem papeHcTeo (4) B BHAE
go=m{(—m""'—a,_m"'—.. —a) (5)

Taxk kak B paBeHcTBe (5) B cCKOOKAX 3aNHCaHO UeAoe YHUCANO H NpaBas
4acTh PaBeHCTBA (5) AEANTCA HA M, TO YHCAC Qo ACANTCA HA M, UTO
K TPe6GoBaNOCh AOCKA3ATh.

Teopema 2. Ecau sce xoagppuguentor muozourena (3) — ye-
ABE HUCAQ U ITOT MHOZOMAEH UMEET KOPEHD — PAYUORAALKOE HUCAO,
TO 3TOT KOpeRb ABARETCA HEALIM YUCAOM.

Hdokazateancreo. [fycte mHorounen (3) nuMeer KopeHb —
PRUHOHANBHOE YHCAO -’:; (Apolb -zl HecokpaTuman H ¢>>0). Bynem

CYHTaTb, YTO YHCAA p B ¢ He HMeT obiux aenntenei. [loxaxkewm,
4T0 YUCA0 § He MoxeT Onth Goabwe 1. [1peanonoxnm mporHBHOE,
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uto ¢>>1. Tak Kak uHcAo % eCTh KOpeHb MHuorouseHa P, (x), To

P, (%):0, T. €. COPaBefJHBO PABEHCTBO

pAs g n—1 P _
(&Y +ai () +-+a 2 ta=0. (6)
Hepenuwem pasencrteo (6) B Buge
—1
%=—an_,%—m-—a,%—aﬁ. (7)

YMuoxan paBeHcTBO (7) Ha ¢"~, mostyuuM, 4TO cnipaBef HBO Pa-
BEHCTBO

P’ i
—— 1»:—1:0n

7 ——@pg" " —agg" (8)

[Npapasi yacTe papencTsa (8) — Uenaoe YNCNIO, & AEBaA — HECO-
KpaTHMana Ipelb, TAK KaK YNCAa P H ¢ He HMeOT o6WKX denHTe-
Jielt H p” He AeAHTCA Haueao Ha 4. [losydnaoch NpoTHBOpeUHe, cae-
MOBATEJIBHO, MPEATOACHKEHHE, UTO 4> |, HeBepHO. 3TO 03HAYaeT, 4TO

=1, T. e. pauHOHAaALHLIA KOpeHb MHOTOWJIEHA SIBJAAETCA lUeAbiM
YHCAOM.

Ha Tteopem 1 1 2 caenyer, uto ecan MHorouael {3), sce KoatH-
LHEHTH KOTOPOro LeJdble YHCA, HMeeT pallHOHaAbHBe KOPHH, TO 3TH
KODHH — lleJibie gHCAa, ABAAI0IHecs JeNUTeNAMH CBOGOLHOrO 1ieHa
mMHorouaena. [loatomy and Toro, 9To6ul BLIACHHTL, €CTh JH Y MHOTO-
yaeHa (3) pauusonHanbubifi KopeHb, Halo NPOBEPHTL, ABAAETCA AH
KODHEM MHOIOWIeHa KaXKABA AeSHTenb cBOGOAHOCO ujeHa MHOro-
uyneHna. Ecnu HH oann fenutens cBo60JHOTO yAeHA MHOTOUAEHA HE
ABAAETCH KOPHEM MHOTOWJIEHa, TO 5TOT MHOTOY/EH He MMeeT palHo-
HAABHBIX KOpPHER.

[Tpumep 3. BLIAICHAM, KaKHe PalHOHAJ/bHBIE KOPHH HMEET MHOTO-
unen P, (x)=x'—r4+2s°—3x+1.

CpofoaHelil ysaeH A3TOro MHOrouieHa Hmeer JeduTean | M
— 1. Buuncaum P {1) u P, (—1)

P, (1)=0, P,(—1)=8=0.
Caezosarteabsio, MHorouseH P,(x) MMeeT pallHOHAJALHHHA Ko-

peHt — uHcao 1. Pazaoxum mnorouden P, (x) na Muoxatend. Pas-
JestHM MHorouwneH P,(x) Ha aByyaen x—1 yroakom:

_ x:—§+2x2—3x+l | r—1
x —

Prox_1
_2x'-3x X
252 —2x
—x+1
T —x+1

0
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CaenoBaTeaLHO,
=283+l =(L4+2x—1){(x—1).
TpoBepuM, ecTh A y Muorouneda Py(x)=x'+2x—1 pauuo-
HaJbHble KopsH. CBOGOAKKA WieH 3TOre MHOTOW/eHA HMeeT RejHTe-

an ln — 1.
BuyHeanMm Ps(1) n Py (1)

P3(1)=2+£0, P3(—1)=—4+0.

ChaenopaTenbHO, MHOTOUNEH P;(X) He HMeeT PaLHOKAJIbHBIX KOD-
Hell H 03TOMY MHOrouwiel P, {x) HMeeT TOJLKO ONHH pallHOHAALHbIA
KOopeHb — 4ncao 1.

Pewenne ypasnenndi P, (x) = 0. YMeHUue HaXO4HTb PALHOHAAB-
Hble KOPHY MHoTowIeHa P, (x) ¢ ueanlMB Ko3thHLHEHTaMH NOMOra-
€T pelinTsh ypasHenue P, (x)==0.

fTpumep 4. Pewum ypapHesne

—r—42 452+ x—2=0. {9
CpoGOAHEIA uJieH MHOrOUAeHa

P(x)=x"—x'"—4x* 4554 x—2

WMeeT gesautean 1, —1, 2 0 —2. Tak xax
P()=1l—1—44541—-2=0,

T0 MHorounen Pg;{x) uMmeer kopeHb | M ero MoXHO Pa3jOXHTbL Ha
mHoxuTenyu. Haa astoro paspeaum mdorowned P;(x) Ha AByuseH
x—1 yroakom:

__155:;:——41:34—5.:24—1:—2 | x—1

=44 x 42
4452 et
— 44X
L4x
T P—x
_ 2x-2
2xr—2

0

HUrak, P;(x)=P,(x){x—1), rae P, (x)=x'—45+x+2.
[lpoBepum, ecTh JIH ¥y MHOTOUIEHA

Pux)=x"—4x5 4 x+2

paunoHaJdbHble KopHH. CpBOSORHEIN 4neH MHorouseHa Py{x) umeer
denauteaun 1, —1, 2 u —2. Tak kak P,(1)=1—44142=0, 10
MuorouaeH P,{x) uMeer Kopeub | M ero pasiomkeHue Ha MHOXKHTEIY
HMeeT MHOMHTeAb x— 1.
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Paapenum mHorousnedH P,(x) Ha ABYYAE€H x— | Yroakom:

4044 x4+2 | x—1
- |

L2 —3x—2
P4y Ll
L
—3224x
T —3x243x
_ —2x4+2
—2x 42
0
HUrax, P, (x)=P;(x)(x—1), rae Py{x)=24+1*—3x—2. Cpo-
GoAHBI 4neH MHorousaena P;{(x) vmeer geawtean 1, —1, 2 n

—2. Buaucaum Py (1), Pa(—1), P3{2) n Py (—2)
Py(y=14+1—-3—-2=—350,
P{—1)=—14143-2=1=0,
P(2)=8+4+4—6—2=4%0,

P(—2)=—8+4+446—2=0.
Tak xak P,(—2)=0, 10 mHorounen P,{x) umeer Kopeus —2 n

€ro pasfoKeHHe HA MHOXHTEIH HMEeT MHOXATeNb x4 2.

_ 4 =32 | x+2

M X—x—=1
_—X=3
- —2x
—_x—2
T —x—=2
0

HUrak, Py(x)=P,(x)(x+2), rae P,(x)=x*—x—1., Tak Kak
MHOroueHn P,{x) — MHOTOUJIEH BTOPOR CTENEHH, TO JIETKO HANTH ero

KOPHN:
14+Y5 1—y5
xl=L2.— H xpe= i —.

CaepopaTennso,

Py (5)=(x—x}(£— 1)
[lopBozs wWTOrM, NOJMyuaem, uTo
Py (x)=(x—1) (x+2) (x—x) (x— x3).

[TostroMy ypasuenue (10) nmeer Kopuu:

_1+V5 1—\E

x| 7 =3 , Xy3=—2, x,=1.

OueBHAHO, YTO APYCHX KOpHefd OHO He HMeer.
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flpumep 5. PelliMm ypapHeHHe

x”-|- £ —-_0 (10)

1
Tak Kak KO3 PuUMEHTH TpexuaeHa x‘—}-%x”—g HE lefble YHC-

na, To, yMHOXan ofe yacta ypasHennd (10) na 9, noayyum papHo-
CHJIBHOE €MY YpaBHEHHe

9 4622 — 1 =0. (11)

Tak KaK cTapluil uneH MHorouaena Py {(x)=9x'4 64 —1 ue pa-
BeH |, To cpa3y Heab3A NPHMEHHTE PACCMOTPEHHH BLIlleé MeTOA.
TlosToMy nNOCTYNMHM caenylWHM o6pa3oM. YMHOXas YpaBHeHHe
(11) Ha 3, moAyYHM paBHOCHARHOE eMy YpaBHeHHe

(3xP 42 (3x¥—3=0. (12)

Caenaem B ypapHeHHH {12) 3aMeny HeHM3BeCTHBIX y==3x, noay-
UMM ypaBHeHHE

¥+ 24 —3=0. (13)

Tak Kak cTaplwufi yaen mHorounena Py{(y)=y¢°424°—3 pasen

I, T0 K ypasHeHHio (13} MOXKHO NPHMEHHUTL pPacCMOTPeHHBIA Bhille
meTod. CBoGoanbiii uieH MHOTOuNeHa P, (y) uMmeer gesutean I, —1,
31 —3. Tak xak Py(1)=14+2—3=0, 10 mrorouner P;(y) AeNHTCH

Ha ABy4aeH y—I:
y-l-2y +0y—3 | y—1

¥ +3y+3
3y + 0y
34 —3y
— 3y—3
3y—3

0

Urak, Py(y)=Py{y){(y—1). rae Py(y)=y"+3y+3.

Tak Kak AHCKPHMHHAHT KBajpaTHOro TpexuneHa P,(y) Menblue
HYJAl, TO KBaApaTHHA Tpexuden P, (y) He pasnaraeTca Ha JuHeHHbBIE
MHOXHTENH W He HMeeT KopHeHd. [loatomy ypasrenue (13) umeer
eIHHCTBeHHBIA KopeHs y =1.

Haiinem Teneps KopeHb YypaeHenusn (11) ua ycaopHs y=3x.
Ypasreune (11) u, caegopaTenbHo, ypaeHenue (10} umelor egHueT-

BEHHHH KOpeHb X =-

]
400, Pasne.nn're MHOTOQYJEH;

25+ 243, 6) ¥ —2x°+3°544x—1;
:)) 4r‘+5x2+ 3x+2; r; iﬁ 3;:3-|—3.\c—|0ch

Ha gByujaeH x—1.
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401. He Brinoanas nefeHns, onpeaesuTe 0CTATOK OT ASNEHHA MHO-
rousieHa:
a) b —344-2; 6) 2x* —38° — 424 55—6;
B) 34422 —6x 47, T) 3" —42—3x+6
Ha ApyuSieH x— 1, Ha aByusnen x+41.
402. Pa3noXHTe MHOTOWIEH HAa MHOMHTEAH:
a) ¥—2—x—2; 6) ¥*—4x2+4x—3;
B) X*—7x-+6; r} £ —6x—9;
n) X422 —3—4x+44; e} X —245 -3 °24+4x+4;
K) X*— =312 45x—4; 3) 442464 4x+ L.
Pewure ypaBnenne (403—405):
403. a) 2427 —x—2=0; 6) 2462+ 11x46=0;
B; L—22—2x—3=0; r) 242 —x+2=0
Ay 42 —Tx44=0; e) -5 +8x—4=0.
404. a) '+ P2 — 24 x—2=0; 6) ! —*— 2 —x—2=0;
B) #— X —78+x+4+6=0; 1) AP —T8—x46=0
a) 42232 —8x—4=0;
e) *+4°2 4385 —~4x—4=0.
405. a) 204 £ — 13x46=0; 6) 28— X —13x—6=0;
8) 344’4+ 7x+42=0; r) 344 2x—1=0,
B) 22 =724+ 4x° —2x—3=0;
e) 4+ 2 — 24 8x—4=0,

2. KomnaekcHuie uncna

PaceMoTpuM ypaBHeHHe
£—2x42=0. (H

XoTs OHO MMeeT OTpHUATEAbHHI IHCKPAMHAAHT D= — 4, Hamnm-
wem yHcTo popmaibno GOpMYSH A% ero KopHel:

x|.2=li\-‘—l. (2)

Jo cux nop Mbl CYHTAJH, YTO TAKHE BhipAXKEeHHA HE HMEWT CMhIC-

Aa, TAK KaK CHMBOAY \/— 1 HE COOTBETCTBYET HHKAKOE AEHCTBH-
TeJibHOe YHcao. ONHAKO 3TOT CHMBOJ OKA3ajca OYeHb NOAE3HHIM B
MaTematuke. Ero oGoanauator Oykeo# i

V—T1=i

H Ha3BLIBAOT MHUMOG edununel.

C noMoLuibio MHHMOR eAHHHLB! § H JeACTBHTENbHBIX YHCEA MOMKHO
COCTABJAATH GYKBEHHblEe BBIpaXeHHH.

. 24F 2} .

Hanpumep, 144, &, 5 248,

Jas Takux GYKBeHHBIX BHIPAa’KeHHWH CO3AAHO CUHC/AEHME, TOLYH-
HAOIEECA chaefyiolleMy NPaBHAY: 3TH BhIPAXKEHHA ApeoGpasyioTcs
Kak oObiuABle OYKBeHHble BhIpa’KeHHA, OOHAKO MPH 3TOM CYHTa-

10T, uTo; iP= —1.
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Hanpumep,
1 —3i4-5i=142i, P#
f=f.f=(—1)(—1)=I1, P

(Y
(90 =0=1"00

U+ (i _%(1 +if=

To=# T I=(=1)

=5 (1 +2i+F)=5 (1 +2i—1)=i.

Buoipaxenue a-+bi, rie a n b — peficTeuTeNbHBIE HCNA, 8 § —
MHUMAA EIHHHUA, HAIWBAKT KOMAACKCHOIM HUCAOM.
JIefCTBHTENBHOE YHCAO @ €CTh YACTHHIA CAydYalh KOMANEKCHOro
uyucna @+ bi npn b=10:
a++Gi=a.

Bripaxenne bi, rae & — NeHCTBHTENbHOE YHCJIO, Ha3bLIBAKT
muunoin wucaon. Hanpumep, 3i, —i, —7i — MHuMble Yncaa. Muu-
MO€ YHCAO b eCTh YaCTHBIK CAyYaH KOMOAEKCHOro uucaa a- bi
apn a=>0:

O+ bi=bi.

Hakoneu, cuntaioT, uro

V=T=ATV=1=\T.i, V=8 =\BY—-1=2V2.i

T A

BaHo OTMeTHTb, uT0 J0aa apHpMeTHUecKan KOMOHHAUMA W3
KOMIJIEKCHLIX UMCeN, He COlepiKallas AeeHHH HA HyJb, €CTb KOMNO-
JEXCHOE YHCNO.

Hanpumep,

(24+3)—(5—Ti)== — 3+ 104,
(243 {1 —i)=243i—2{—32=5+i,

2—i _ (2—D{3—2) 6-—3i—4i4+2¢ 4—7 4
3+2 (34-2)(3—2i) 9_42 13 13

_1y
13

HUtak, BolpaxeHus l+\/—l H { —\ —1 npeacrasasior coboit
KOMTINEKCHbIE 4YHena

x|=]+£ H x2=l—i.
Jlerko MIpOBEPHTDb, NPHMENAA H3IMNOKEHHBIE¢ NDAaBHNG, UTO KOMAOAEKC-

Hbie HHCAA X, H X, ABAAIOTCA KOPHAMHW ypaeHedus (1).
Hanpuwmep,

=254+ 2=(1 +-if —2(1 +i)+ 2=
=142+ —2—24+2=0.
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Yucna a+bi n a—bi HaswBalor conpsxcernvimu. Hanpumep,
3+4+2i u 3—2i — conpaxeHHbie 9HCHA.

C BBelleHHeM KOMILJIEKCHBIX YHCEJ MOXKHO YTBepAaTb, YTO JI0-
Goe KBaApaTHOE ypaBHEHHE HMeeT IBA KOPHA: AefiCTBUTeAbHbIe pa3-
JHYHbIE, ecaM JAHCKPUMUHAHT MOJOAHTENbHBIA, AeficTBHTeNbHBlE
COBNAJalolHe, €CAH AHCKPHMHHAHT pPaBeH HYJ10, H KOMIJeKCHble
(paanHuHble), €CIH AHCKPHMHHAHT OTpHUATEAbHBI.

TakuM o6pasoMm, KBaapaTHOE ypaBHeHHE

a4 bx4c=0 (a+0) (1)

HMeeT AB4& KOPHA, BHUHCAAEMble N0 (GopMynam
—bE b —dac (2)
2a '

Ecau b*—4ac<0, 3tu GOPMYNBl MOXHO 3aIHCATb TaK:

Xyp=

—b+i V¥ —dac|
Xiz2= 2a » (3)

rae V16 —4ac| ects apudmerHueckuit KBAaNpPaTHBHIH KOpeHb M3 flo-
JAOXHTeALHOro ¥Hcaa |b°—dac.

Htak, npu b* —4ac<<0 kopHu ypabuenus (1) KOMIIEKCHbIE pas-
JIHYHEIE, CONPSXKEHHbIE,

flpumep. PewlnM ypasHenue

¥ —2x45=0. (4)
Pemenue Kopue ypaBHenns (4) vmem no cdopmyaam (2):
Xg= +2+ 2\}'4—20 =149

OrteeT: 1426 1 —2i

OTMetnM, uTo Teopema Buera ocraercs BepHO#i R B C/ydae, KoOr-
2 AMCKPHMHHAHT KBaAPATHOTO YPaBHEeHUA OTPHUATENEH, TOAbKO B
5TOM CJyYae KOPHH X, H X, GYAYT KOMMJIEKCHbBIMM YUCAAMA.

406°, a) Kakoit Gykeofi ofo3nauaiorT cuMeoa \—1?
6) Kak HaswiBaloT cuMBos §?
5) UTO Ha3bIBAIOT KOMNMEKCHBIM YHCAOM?
r) Ilo Kakum npapunaM BHNOAHAIOT AeBCTBUA C KOMIMJEKC-
HBIMH YHCAAMH?
407. Bunosnute yKazankbie AeHCTBHA:

a) (2—3i)+(5+i); 6) (7—2i)—(4—23i);
8) (3—>5i)(4— 6i); r) (4040):(3—i);
) (54 4i) (5—4i); e) (1 48):(1—i).
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408. Pemnte KBajpaTHOE YpPaBHEHHE:

a) X4+ 1=0, 6) £24+4=0;
B) X 4+5=0; r) £4+7=0;
a) X4 x4+1=0; e) ¥42x+3=0;
x) 2x°—5x+5=0; 3) X 4-6x410=0,

3. HcropHueckHe cBeaeHHS

KBaapaTHHe ypaBHeHHs YMeJH DeIIaTh ellle BaBHJAOHAHE, 3TO
GLLO CBA3AHO ¢ pelleHHeM 384349 O HAXOXAEHHH NIAOMajed 3eMeNb-
HBlX YHaCTKOB, @ TAKXe C Pa3BHTHEM AaCTPOHOMHA.

OnHako y BaBHJOHAH elle He OHLJIC NMOHATHA OTPHUATEAbHOTO
YHCNIE, H NO3TOMY KOPHH KBaAPaTHOTO YPaBHERHA MOTAH SbiTb TOJb-
KO MONOMXHTENbHBIMH.

B «ApudMeTuxe» rpedecKoro MaTeMaTHKa W3 AseKkcaHapud Ju-
ocpanta (111 B.) HET CHCTEMaTHUECKOTD H3NCKERHAT aArebphl, OAHAKO
B Hell colepXHTCH PAA 3aAay, pellaeMbIX IIPH MOMOLUH COCTABAeHHA
ypaBHeHunH.

EcTe B Hefi M Takas 3agava.

Haiits npa uucna no ux cymme 20 n nponssenennio 96.

Ecan oGo3nauuM oAHO W3 HEH3BECTHLIX Yepes g, TO NPUAEM K
KBAAPATHOMY YPaBHEHHI

g{(20—y)="96.

Yro6H H3beXaTh pellleHHA KBaApPATHOTO YpPAEHEHHA 00lIero BH-
ga, AdunodaHT o6o3Hauun HewsBecTHoie uHcna 104-x u 10—x. Hx
cyMma paBua: 104 x4 (10— x)=20.

CocTaBUM ypaBHeHHE H DELUHM ero:

{104 x) (10— x)=96,
100 — X2 =96

=4

Bo Bpemena Auodanra eule He 3HAMH OTPHUATENLHBIX YHCEA, 1O~
sTomy JuodaHT yKasa/s AHWb oAHH KopeHb x=2. Toria Hen3BecT-
Hhle yHchaa paeHe 104+-2=12 u 10—2=8.

3afaun Ha KBafpaTHble YpaBHeHHSl BCTPEHAOTCH B TPYyAaX HH-
OUACKHX MaTeMaTHKOB yxe ¢ V B, H. 3. BoT oana ua 3anau naaui-
ckoro Matematuka XII B. Bxackaphr

«O06e3bHOK Pe3BHIX CTaf,
Bcnacth noeBuM, pasBiexanacs.
Hx B xBaapaTe 4acTh BOCLMAA
Ha nonsnpe saGaBasaacs.

A IpeHajauaTb N0 JHAHAM...
CTastH npbraTh, MOBHCAA...
CKOJbKO X Obyio 06e3bsiHOK,
Tol CKaXXH MHe, B 3Toil cTae?»

L
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Stoft 3ajavue COOTBETCTBYET KBAApPaTHO¢ YpPaBHEHHE
2
(%) +12=x,

Keappathble ypaBHeHHS KjaaccHpHUMpYIOTCS B TpaKraTe <«Aax-
re6pa» y3GeKcKoro MaTeMaTHKa aJjb-Xope3MH, B HeM OPHBOAATCH
H cnocoBbl WX pelueHHs.

Toabko 8 XVI B. Gaaronaps rAaBHbIM 006pa3soM HCCAeNOBAHHAM
¢panuysckoro matemaraka $. Buera (1540—1603) neppoie ypas-
HeHHS 2-# cTenedd, Takxe, BNpoueM, Kak 3-f n 4-i cTenenn, ctanim
paccMaTpHBaTh B GykBeHHbix 06o3Hauenusx. Hmenno Brer Bnepsoie
BBe] GYKBeHHbEe 0003HAYEeHHA He TOABKO JJ8 HeHIBECTHLIX BEJHYHH,
HO M AN AAHHBIX, T. e. Ko3tpuunentor ypastennii. Ocobenno ie-
HUI BHeT oTKpbITbHie HM ¢OPMYJbl, KOTOpbi€ TeNeph HA3LBAWTCA
dopmysnama Brera. Oarako cam Buer npu3anasani TOABKO NONOMH-
TeAbHbIE KOPHH.

JInws 8 XVII B. nocae pabor Hdekapra, Hulotona n apyrux ma-
TEMATHKCB pellieHHe KBAAPATHBIX YPaBHEHHA NPHHAJO COBpeMeH-
HBlE BUA.

B «Apudpmernke» JI. &. Marnuukoro HMeeTcs HeMaJio 33134 Ha
KBajpaTHbie ypaenenus. Bor ogna H3 Hux:

«Hexw#i renepas xouer ¢ 5000 ueaopex G6aTandio YUHHHTL, H UTO-
66 Ta Oblia B HUE BABOE, Hexead B cropode, Koauko onas Gara-
JAHA HMETH GyleT B JiMLe H B CTOPOHE», T. €. CKOJbKO COAAAT HALO
NocTaBHTE N0 PPOHTY H CKOABLKO HM B 3aThLIOK, YTOOLI YHCAC COAAAT
no ¢gponty Goiio B AB3 pa3a Go/blie, 4eM YHCAC CONAAT, Pacnodo-
JEeHHBIX HM B 3aThLIOK?

¥Yxe B NlpeBHOCTH MaTeMAaTHKH CTaJKHBAJANCh B Npoliecce pelle-
HHA 33434 C H3IBJeYeHHWEM KOPHS KBaAPATHOrC H3 OTPULATENLHORO
YHCSAA; B 3TOM CAy4ae 3ajava cuumranach HepaspeniuModt. QOanako
NocTeNneHHo BHIACHANOCH, YTO PellieHHe MHOMUX 3aAady, 3a13aBaeMblX
B NeACTBHTENbHBIX YHCAAX, NOAYYaeT Npoctoe 06bACHEHHE MPH [I0-

MOILH BHIpAXEHUH
a+by—1,

KOTOpbie B KOHLE HOHLOB TOMXE CTaJH HA3HWBATL YHCAAMH, HO YXKe
KOMILTEKCHBIMH.

[leppoe 0G0CHOBAHHE NPOCTEHIIAX ACHCTBHH HAJ KOMILJIEKCHBIMH
GUCAAMH Jan HTaabARCKH matematuk P. bom6eaan B 1572 r., xorsg
elle 0Arce BpeMs K KOMIJIEKCHBIM YHCA3aM OTHOCHJIUCH KaK K ue-
MY-TO CBEpPXbeCTecTBeHHOMY. JI. Ditaep BHec cyllecTBEHHME BKAAA
B BOJPOCHl TEOPHH KOMMNEKCHHBX yucea, Ilocne ero paGor komn-
JeKCHbIE YHCAA MOJYMHJAH OKOHYATENbHOE NPH3HAHHE KaK NpeaMeT
M cpelcTBo M3yueHHS . CaMo Ha3BaAHHE <«KOMIIEKCHOE MHCA0» G-
a0 npeaaokeno B 1831 r. BeSUKHUM HEMEUKHM MATEMATHKOM
K. T'ayccom.

B HacTosllee BpeMsi KOMNJEKCHblE YHCAA WHPOKO HCMOMBIYIOTCH
B (pH3HKE H TeXHHKe.
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4. 3apauua AN NOBTOPEHHS
Beiuncanre (409—411);

(g Gt
(0’5_%'*0’25_%)’(0'25_'16) ’

) 3\ |
0,4+s.(5,3 o,a-g)—s.zi.

7 2 '
I E-B—(8.9—2,6.§)

. TaA_3)\,
(0.5.|,25+5.17 “)3_
| i ;
(1‘5+I)"8§
0,64 0,425 — 0,005):0,01
(10 5:-'5l+3 i’“ji;i.m
R T

409, a)

6)

B)

r)

3 Ry
- (3 +0,425 —-2-@) :0,01

I 2
4'0. a) g 1 i :3;
075+ +3 ¢
3 7 7
S ~‘-‘--(4.4—3,?5-;3|—5+ezsﬁ)'
) l 1
(3 = 2,75) 10,2
7
(M + 0,0065) :0,00!
B) ;

3 7
(ms'“"”‘m)'m
1 1 _3\ 5
3——(6—-—5—):—
3 73T N
") —svoarsiosess T 0620:5.
411. a) \784; 6) /28900; 8) VI.21;
r) 0,1225; ) 46,24 ; e) V1,44;
%) 0,7225; 3) \/9,4864.

412, BHYHCANTE ¢ TOYHOCTHIO AC TPETLETO 3HAKa NOCAe 3anATOH:

a) V3; 6) V5; B) V7.

CeepbTe pe3yaAbTaTel ¢ TaGauleH KBaApaTHHIX KOPHed.

413. Briuvcaure \/2 C TOYHOCTBIO A0 MATOTO 3HAKA NOC/Ae 3aNATON,
414. HokamHTe HDPpPaUKOHAJBHOCTL YHCAA:

a) \/80; 6) V972; 8) V1152;
r) /2484 ) V125786 ; e) /2800848 .

5 Anrefipa 8 xnace.



415. HmeeT aH cMBICT BhipaXeHue:

a) V—4; 6) VI—V2; ) VV3 —\2;
r) V2—V%; x) Vio—yi2t; e) V3—\17?

416. YiMeeT 1n cMBICA BHIpaXkeHHe NPH 3a]aHHBIX 3HaUeHHAX GYKB:

a) \Jb?—4 npn b=3, b=—2, b=0;

6) \b*—4a npu b=1 u a=4; b=_;. Ha=—2
B} V¥°—4ac npu 6=3, a=-l-, c=—3;

r) \Vb’—4ac npn b=%. a=—2, ¢=T7,

L) Lg,:—?- npe b=3, a=2, m=1,

e) —:'—a npu b= -2, a=3, m=—1;

x) —2—1;- npH b= —1 a=-3

417%, a) CywecTByeT K KBaAPAaTHHA KOPeHb H3 OTPHLAETENBHOrO

130

yucaa?
6) CywmecrsyeT NH KBagpaTHM# KopeHb A3 (?

418. ITpeoOGpasyfiTe BhpaxKeHHe H HafiHTe ero 3HaYeHHe:
a) x2—2xy+y2 npn x=0,65, y=0,15;
6) 5a —ll'}m!a-l-—&f:!2 npu a=124, b=24;

B) = m+mn+2n npu m==64, n=236;
r) axz+2axy+ay2 nph a=4, x=T}, y=29.

Yopocrure Boipaxenne (419-—424):

ba . Latle o A

9. a) o tns 0) oy T’

1 . a b

B) Ix— 2+3x—3 ’ r) ax—bx ay—by '
02—, ey Eo¥

®) (3—4)-G+3 2 (E—3):6x—2
B A S s i

420. a) a+t+b b+4c _ at¢ .
(b—c){c—a)  (a—c)(b—a) (a—B)(c—b)

[ 1 + 1 .
(m—n)(n—p) ' (p—m)(n—gq) ' (g—n){n—m)'

6)



| 1 | .
)(x—y)(y—z) (z—y)(z—x)+(y x)(x z)’

x+y_x—y_ mt—n? m-|-n
r) = e’ a) m2+n2+ — -2,
14+, £+1 I+a*\, l—a
421. a) (xz——% .'-;—I—i"; 6) (a —az—_H).I—HE,

| | m

B)(mz m m—l)'m+2+m2—4’
r)(k+4_l).3_2'
%+3 E+1/) E+1 &
L e+l 1\
) == 4“'.:_2' 2c—2_c—l)'

yf L2 N
E) +55 ‘(2—y 2y—y“)‘
5p+6 P p p+2,
’K) P—4 pP—4 p—2 p—2'
l'.l a . a _a—3
) az 9 —9'a+3 a+3°
1—a 1—a . XY .
422, a) (l_ l-|-a) ( +|+a) ) (x—y x+y) 12—!’? )
11 1.1
B) R r) A
I -
az bﬂ gz f
5 3 5 | *ty __ Y X
428. 3) st e O imy v T
4m Sn 3m

B) 2m—3n_3n—2m_4m (in:

3p
r .
) 2p—3¢  6p— 9¢+64 4p

1 4 3x—7
424. a) —1 1—x 1+x+,:3
» ab (a+2b) .
6) 2= b+a2+ab+b"— P—8
B) L J _xx—y
x+y Pty P+

425. a) Kaxoe uncio MOXHO NPHGABUT K AeTHMOMY (NPH LeleHHH
C OCTATKOM), 4TOOBI Y4ACTHOE HE H3MEHUAOCH?
6) Kakne yncaa MOXXHO npubaBJaATh K AETHMOMY H RefuTe-
J10 (NpH ZeNeHHH € OCTATKOM ), YTOOb 4ACTHOE H OCTATOK He
H3MEHHJAHCH?

426. a) JoKaXHTe, 4TO €CNIH KaXKA0e H3 ABYX HaTYpaJibHbIX dHced
NpH AejeHHH Ha 4 Zaer B ocTaTke |, To MX MpoHaBejaeHHe
npH AeneHuH Ha 4 Takke aaer B ocraTtke 1,
6) HoxaxuTe, 4TO NPOH3IBEeLEHHE NATH TOCAEeACBATEABHBIX
HATYpPaAbHLIX 4YHces AeauTes Ha 120.

Sa AnreSpa B knacc. 131
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427,

428,

429,

430.

431,
432.

433.

434,

3

a—a
a} JoKaxHure, 410 —§  ABJAAETCH UEJBIM YHC/IOM, eCad @ —

moGoe uesoe YUCAO.

6) Hdokaxute, 4TO PasHOCTb KBAApaToB ABYX NOcJefoBa-
TeJBHBIX YeTHBIX YHMcea AeAnTcA Ha 4.

B} JHoKaXHTe, YTO PasHOCTL KBAAPATOB JIOOLIX ABYX HeueT-
HBIX 4Hcesl AeAHTeA Ha 8.

a) B KakoM ABY3HAaYHOM YHCAE YOBOCHHAsA cymMMa uudp pabBHa
HX NPOH3BEAEHHIO?

6) HaiiauTre Bce uenble 3HAYeHHHA 4, NPH KOTOPHIX Apo6b
a1
-1

JokaxuTe, 4TO TOYKH KOOPAHHATHOR OCH, COOTBETCTBYIOLLHE

NpuHHMAana Obl ueable 3HAYEHHA.

Atat4n®+2
YHCAAM BHAA ———————— (7 — HaTypa/JibHOe YHCJH0), pac-
FAEE AR TN o o |
|
NOJOXKEHbl HA 0TPe3Ke, ATWHA KOTOPOTO HE NpPRBHIMIAET <.
e+l b+1_

Hokaxure, yro ecan 2b=14ab n

a1, bs£1.

ﬂ,oxamu‘re, YTO €CAH

a—1 b—1L =

at+b+ec  a—b+c
aibtc':a—btc , 10 be=0.
Pa3nokure Ha MHOXHTENH:

a) m*—4m®420m— 125; 6) 8 —2p43p°—275°%
B) (X' +4x)’—(x=—9); r) (9x°4-2) —(6x+7)",
a) (ba—T76y —2(5a—T76)+1;

e) 14+2(x—3y)+(x—3y).

Jokaxute TOXKAECTBO:

a) 20— (x—2) (282 —3x+4)=7x—10x 48,

6) 2m*—(2m—3)(m*—7m 4 2) —6=17m*—25m;

B) (a—2Y—2a(a—2)+a*=4;

r} £—2x(x—3)4(x—3)"=9,

1) 5x(x—y)—2(y— xP=(3x424) (x—y);

e) (a—1)(a’+1)(a+ 1) —(a*— 1}=2(a’—1};

x) (@’ + 1P+ {a—1)(*+ 1) —a*=a(a’+a’+1);

3) (B—=1D(A 24+ D)—(L—1P=32(2—1).

a) HasectHo, 410 x#=0 H y5=0. MoXHo nu yTBEpKAATH, 4TO

x4y =02

6) [Ipn Kakux 3HaYeHHAX X W Y BHIMOJHSETCA PABEHCTBO:
1) x4y=0; 2) x-y=0; 3) §=0;

4) f=——-l; 5) Xoy==x?



Sa*

435,

436,

437,

438.

439,

440,

441.

442,

443.

445,

Pewure ypaBHeHHe:

a) (x—1)(x—3)=0; 6) (x—5)(x—2)=0,
B) (x+4)(3+x)=0; N{7+x)(x—10)=0;

a) 2x— D {(x+1)=0; e) (x—05)3x+49)=10;

K) x(x—1)=0 3) x(2x+1)=0;

H) 3x(2x—-T7)=0; K) S5x{4x—1)=0.

CunTad m, n, a W b DaHHLIMH YHCAAMH, PelUHTE ypaBHEHHE;
a) 4m —2x==6n; 6) bx— 10a=158;

B) (x—a)(x+b)=0; r) (a—x)(b—x)=0.

Pewnre ypasheHue:

a) ©*=3; 6) x2=2,25; B} 3xt=0; r) x’=—1.
Pemure ypasnenue;

a) —0,52=0; 6) 22 4+3=0, B) TXX— =0

r) 84— 12=0; 1) 324+5=0 e) 3% =4x;

K) —T0=1; 3) 72—-x=0; u) 164 =0
Pa3foxnTe MAOrOWIEH Ra MHOMHTENH:

a) £—ux, 6) 2a —ab; B) 3m—m®

r) p’—aqp; ) £—4; e) 9—a¥
)x);lzy’——xz; 3) m*— 16n% n) a®—3;

K) £ —5; a) 7—2m% M) 9—5x%.

Briaennre noarblft Kea Apart.

a) ¥+2x+3; 6) m*—2m+3; B) a4+ 4a+2;

r) p*46p—9; 1) ¥42x e) &—10c,
CywecTsyeT AN 3HAaYEHHE X, TIPH KOTOPOM:
a) £'=0; 6) =1, B) x4 1=0;

r) 54 £2=0; n) L47=0; e) £ —16=0?

Haiante anauenHe BbipaKeHHA:
a) *—dac npu b=1, a=0, ¢=2;
6) ¥*—4ac npu b=%, a=—1, c=4.
Coxparture apobb (443—445):
x—2 =1 L4l
73 Vo Yo
r 43 | ) 242 ) 2—x+1
2—9°' 24241 PN
—1 41 2—6x+5
- 2) £—3c42"’ 6) £—5x—6"' B) S—4x+3’
—2 x42 L4544
r PL—5x+6" a) F—x—2" ¢} £—2x—3"
a) 2x'—5x+3 | 6) 3 —dx41
22 46x—7" 2+ 7x—9 "’
B) It 4x41 r) 224 5x—7
3I¢+5x+2" I —5x42°



446.

447%,

448,

449,

14

anocm're BbIpaXKEHHE!

1 1 1 1

. 1 )
a) x—1+x+l+x2—|‘ 6) o1 i—2 t3¥T
B) 4x N ) 2x __5 .
F—x—2 xt+l’ e 5 =2’
I 2 3 3 2 [
a) x—3+x+2_x2—x—6' &) x+5_x—1+xg+41—5'
Pemnte ypasHerue:
a) 52 —6x41,75=0; 6) V22— 10x+8V2 =0;
B) 11:2— 10x—9=0; r) V32 +4V2x4+8V3 =0;
2) 32— xt5=0; e) 2 —3,1x+0,42=0;

x) 3242V6x42=0; 3) %xz+l+%x=0;

n) 46x—2147x"=0;

K) 22 4+(3—2V2)x—3V2 =0;

1) V34 —8V2y+4\3 =0;

M) 162 —8\2a+1=0; n) m24+2\V2m+\3=0;
0) (x—3y=1—m, m) (2x43f —(x—2)=5;
p) (5-3x) (3x+5)—2x (x—3)=25.

PaBhocunbHEl JIH ypaBHeRus (448—449):

a) (x+4)(x—N=0n L4 x—12=0;

6) (x+3)(x—1)=0 n £—2x—3=0;

B) (x—2)(x+1)=0n x+%=l;

1) (x— D) (x—2)=0 1 52— x=2;

a) x4-4=2x nu x=4; e) 2x4+5=0u x4+3=0;

K) 2x=5 n x=—205; 3) L+x=0u £=0?

a) 2(x+1)=3(x—2) n 2(x+1)+1=3(x—2)+1;

6) 2(x+1)+x4+2=3(x—2)4+x+2
H2(x+1)=3(x-2)

B) 2(x+ )b =3(x—2)++
u2(x+1)=3(x—2)
) x=2 1 x+i;+f=2+i%;

a) x+1=2—x u 2(x+1)=2(2—x);

e) x+1=2—x u x(x4+1)=x(2—x)

Wy x4+1=2—x a (x4 1) {x—1)=(2—x)}(x—1};
3) x+1=2—x u (x41)(£+2)=(2—x) (¥4 2),
H) x4 1=2—xu (x4+1)(2x—1)=(2—x) (2x—1)?



450*,

451.

452,

453,

454,

455,

Pewnte ypaBheune (450—455);

a) (B=5f+ (2 —1)=40;  6) (#—10)(£—3)=T8;
B) (4 1){(£#—3)=15; r) (2 =3P =2(15—4°),
a) ($—1P—12=3—x% e) (F*—2) —2 (£ +5)=A4.
a) B— 24 x—1=0; 6) 4+ L4 x4 1=0;

B) 2x*+ 54 —5x—2=0; r P*+2°4 24+ 1=0;

) 3P -7 —T7x4-3=0; e) 68— 7 —Tx4-6=0;
x®) *—26x—2°+450=0; 3) ¥ 434~ 16x—48=0;
H) £ 4282 —-9x—18=0; K) X —3x2—4x+12=0.
a) *—2x{(x+1)=ux;

6) (£ — 52 (2 — 314 1)=0;

B) 32 —3x(x— 1)=T7x%

r) (14341924 12x) (227 —Tx+6)=0;

1) (x—2)— 10 (x— 2)+ 21 =0;

e) (a+1Y=9(a+1)—20;

K) (2m—1¥4+4(2m—1)}+43=0;

3) (3n+2P=15—2 (3n+2);

H) (x+%)2—4%(x+%)+5=0;
K) x2+712-—-;-(x+-i-)—3=0.

a) x—ﬁ\/;=—5; 6) x+10=?\/;;
B) x4 \x =30; r) x—3\x=28;
1) X*—22°+ x=0; e) X445+ 4x=0,

X 7 &8 1 24 x40
) B Sl v ) ==t ¢’

3 -, 2x dx+1 _ A I x 18 .
B) x+l+x—-l_x“—l =0 ) x—-3 x+3+x’—9_0'
yo 8 1 1.
G e Ry S

1 2 5 .
€) x—1 + 1—2  242:+1"
Wyt o6 _ 8

+3 9—2¥ 2—6x+8"'

3) 4 1 _ s
2+6x+9 x—3 99—

24a 1—3a_ 2a 1 2 4
a) 3—a 8  8-=-2' 6) x+]+x—2ﬂx—3'

2 1 3 3 7 _ 6 .
B) o1 mrs—m—3' Pixrtoe=—=1

21 10 4 i 3—5x o, x—11
S s Sl AR BT
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456,

457,

458.

459,

460.

461,

a) Ceiivac 9 u yrpa. Kaxyio 1acTb CyTOK cOCTaBJSAET oCcTaBIIA-
AicA YacTb OT Npolwlefwed M Kakasd yacTb CYTOK 0CTanach?

1
6) Boma, ofipamancs B Jjel, yBeJHUMBaeTcs Ha 7 4acTe

cBoero o6beMa. CKOJIbKO KyGHUECKHX CAHTHMETPOB BOAb No-
AYYUTCH NpH NEpexcie B BOAY KycKa Abaa o6beMoM 24 cm™?
Kaxyw wuacth ceoero ofbeMa TepaeT Jei NPH TafAHHM?
B) Uncsno 20 pasaennte Ha ABe YacTH Tak, 4ToGbl oAHa Ohl-
Aa B 4 paza Godblue APYroi.

r} Uucno 120 pasgenute Ha TPH uacTH B oTHoweHud 2:3:15.
A) YUneno 25 pazpenHTe HA YacTH NPONOPLHUOHANILHO YHCAAM
2,3 5

Tpoe paGounx BEINOJHAIGT HeKOTOPYI pabory 3a 12 cmen, 3a
CKOJIBKO CMeH BBLINOJHAT 3Ty e pa6oTy ABoe paGouHX, €CJH
NPOH3BOAHTENLHOCTL TPyAa BeeXx palovyHX oAHHAKoBA?

a) Tleppoe uncao B yeTnipe paza Goasine BToporo. Eciin BTopoe
YHCJAO YBEJHYHTL B LIECTh pas, TO OHO cTaHeT GoJblle mep-
Boro Ha 4. Haikaure yHcha.

6) Ilepeoe yHc/0 B TPH pa3a MeHble BTOporo. Ecau nepeoe
YHCA0 YMHOXHTL HA 8, a BTOpoe — Ha 2, TO NepBoe YHCHO
craner Ha 8 Goabwe BTOporo. Halaure uncaa.

a) IepBoe uHcso B yeThipe paza MeHble BToporo. Ecau nep-
80€ YHCJO YBeJHUMTH B WIECTh Pa3, TO NOJAYYEHHOE YHCAO
Gyaer Ha ecth Gosabllle BTOporo uncia. Ha#lauwre atH
YHCJla,

6) MNeppoe yucao na 3 Gonbwe sroporo. Ecau nepaoe yucso
YMHOXHTL Ha 3, TO noayyeuHoe uucao Gyaer Ha 1 Goabuwe
BTODOTO YHCJA, YMHOxeHHOro Ha 5. Hahante uncaa.

a) MNepsoce uncno Ha 8 MeHbwe sToporo. Ecan neproe yucao
yBeJHUATL Ha 17, To nonyueHHee yHcao GyheT paBHO BTOPO-
MY YHCJY, YMHOXMEeHHOMY Ha 2. Hahawre uncaa.

6) Hauel ABa yncsa. Ecin nepeoe yMHOXHTL HaA 3, TO noay-
yeHHoe uHcAo Gyaer Ha 16 Goublle BTOPOro; ecaH BTOpOe
YMHOXKHATL Ha 2, To mojyueHHoe UHcao Gyzer Ha 8 Gosble
nepporo. Haiianre yncaa.

a) Bunosaaa nnaHoBoe 3a1anue, 6puraga paboynx LoNKHA
6his1a 3a 14 AHell W3TOTOBHTH HEKOTOPOE KOJHUECTBO [€Ta-
JAefl. YBeNHUHB NPOH3BOAHTEALHOCTL TPyla, Gpuraaa uaro-
TOBJANA B HeHb HA & feradell Gosnblie H BEINOJHANA TIAHO-
Boe sajanue 3a 12 aneil. CKoAbKo Aetadel HYXHO ObETO H3-
FOTOBHTE MO NJaHY?

6) BunoaHAfA naawosoe 3aaaHne, 6purana paGoynx ACJKHA
6ri1a 3a 13 aHell M3aroTOBHTE HEKOTOPOE KOJMYECTBO JeTa-
Jed, YBeJUYMB MPOM3BOAMTERLHOCTE TPyAa, GpUraja Maro-
TOBJAAA B AeHbL Ha B0 neranedt Gosablue, yem HaMeuaioch Mo
naany. [Mostomy yxe 3a 12 gnefdl 661 HE TOABKO BBIMOJHEH
msian, Ho HaroToBieHo Aa 100 neranedl Goabwe naaHa. Ckob-
KO JeTanell H3roToBHAa GpHraza?



462,
463.

464,
465*.

466*.

467,

468.

469,

470.

471.

B) 3aka3 no BulOYCKY MAWHH A0/KeH ObiTh BHIIOJAHEH NO
nnany 3a 20 areii. Ho 3apoa Beinyckan exeaHnesHo no 2 ma-
IWHHBI CBEPX NMNAHA, @ NOTOMY BLINOAKHA 3aKa3 3a 18 nueh.
CKONIbKO MALIKH A0KeH GblJl BHNYCKATL 3280/ €XEAHEBHO
no naany?

CocTaBbTe K pewIHTe ABe 32144HK, dHAJOTHYHLIE 3a1a9aM Npe-
AblAYLEro HoMepa.

a) Paccrosinue mexay AByMsi nyHkramH 20 kM. M3 Hux oaHo-
BpeMeHHO HABCTPevy APYF APYry BHE3aXaloT MOTOUHKIHCT
¥ BeaocHieauct. CKopocTs MOTOLHKAKCTA B0 KM /4, BesocH-
neancta 10 km/u. Ha Kakom DacCTOSHHM OT Hauana ABHMe-
HHH MOTOLHMKJ/IHCTA OHH BCTPETATCA?

6) Paccrosnne meway aeyma nynxtamd 20 xm. M3 sTex
NYHKTOB HABCTpeuy APYr ApPYry OAHOBPEMEHHO BLIEXAJH MO-
TOLHKAKCT H BeAocHNefkeT. CKOpOCcTb MOTOLHKANCTA 40 km/y,
a penocunegncra 20 km/u. Yepes KaKoe BpeMs OHH
BCTPETATCA?

CocraBrre 3afavy, aHAJOTHYHYI0 NpeABAyUIeH, H pewu-
Te ee.

Paccroanue mexay apyma nynxkrami 40 xm. U3 ogHoro Ha
HHX B APYrofl 0JHOBPEMEHHO Bb€3XaIoT aBTOOYC M BeJOCH-
neancr. Cxopocth aBTobyca 50 kM/u, BenocHneaucTa
10 km/u. ABTOGYC Aoexan g0 HAaceNeHHOro NMyHKTa, NoTpa-
THJ HA OCTAHOBKY § MHH M Bblexadn B 00paTHOM Hampasae-
HHH ¢ TOf e cKopocTbio. Ha KakoM paccTosfiHHK OT nepBoro
HaceNeHHOro NMYHKTA BCTPETATCHA BedOCHTEAWCT H aBTolyc?
Kakue gonyiueHHs Heo6XOZHMO cAejaTb AJA pelleHHA 3a-
Aaum?

CocraBrTe ¥ pelinTe 3ajayvy, aHAJNOTHYHYK TNpeablayllefi.
H3 opHOro HaceseHHOro IyHKTA Bbl€XaJl BENOCHIIEAHCT CC CKO-
poctbie 10 km/u, Coycri | 4 BCAeA 33 HHM BbIEXaJ BTOPOi
BENOCHIIEAHCT €O CKOpocThio 20 KM/4. B nyHKT HasHaveHHA
o6a BeJocHMesHCTa NPHOLITK oAHOBpeMeHHo. UTo MOXHO
OnpeaeAnTs, HCNOAL3YA AAHHBIE YCAOBHA?

JlBa noeana oTnpaBagioTCA H3 OAHOTC H TOTO XK€ ropoaa Apyr
3a apyrom. CkopocTb nepsoro 36 kM/4, a sToporo 48 km/u.
Yepe3 CKOMBKO YACOB BTOPOH N0€3j AOTOHHT NepBBIi, €caH
M3BECTHO, UTO MepBLifl noe3a Gbla oTnpasieH Ha 2 4 paHblue
sroporo? Uro Heo6x0iHMO LONYCTHTL AAA pelIeHHs 3aAauu?
Tenoxon Npolen paccTOAHHE MEXAY ABYMA NPHCTAHAMH 110
TEYeHHIO PeKH 3a 4 4, a IPOTHB TeueHHd 3a H 4. OnpenennTte
paccTofiHie MeXAY NPHCTAHAMH, €CJH CKOPOCTh TedeHHs
2 km/u.

JloKaxuTte, 4T €CAHM Bee cIaraeMble CYMMH YBEJAHYHTh HAH
YMEHBILIKTL B OAHO H TO XK€ YHCAQ Pa3, TG CYMMa COOTBET-
CTBEHHO YBEJHUHTCA HJIH YMEHBUWUTCA BO CTOJABKO Xe pa3s.
Kak H3MeHHTCA Pa3HOCTE, eCIM YMEHbIIAEMOE H BhIYHTaEMO®
YBEJHYHTb (HJAH YMEHBUINTL) B OLHO H TO € YHCAQ pas?
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a) [NaTaanauHoe YHCAO0, ABAAIOMIEECH TOYHBIM KBAAPATOM, 3a-
NAcHBaeTcA npH nmomowd undp 0; 1; 2; 2; 2. Hakaure ato
YHCJEO.

6) Ha#aure Haumenbinee n HanGoabllee oTpRLATeNBHbE YHC-
Jia H3 TeX, KOTOpble MOXHO 3aNHCaTh MPH NOMOILH TPex
eIHHHAL, H 3HAKOB ApPHPMeTHYeCKHX ZHeficTBHA.

3anncaHo HeckoabKo YHcen. KaXkaoe U3 HHx, HauHHas ¢ Tpe-
Tbero, paBHO CYMMe ABYX, NpeiulecTBylouux emy. HaBecTHo,
4TO AeBATOe HMUCAD H BecAiToe YHcao paBHu 1. Haliawure nep-
BOe H BTOpPOE yMcAa.

3anoauuTe TaGAHLY TaK, YToOH B KaXA0H KieTke BMecTo Gyk-
Bbl CTOAJIC YHCAO, NPHYEM CYMMbl YHCENA KaJOH CTpPOKH,
Kamaoro croafua u Kaxpoh G6oabiioli AHATOHARH GuiH Gbl
paBHbl MexAy coGod,

a b x -2
2 -3 —4 5
X € —1 0
k e Y

B xaxaoit 03 NeBATH KAETOK, COCTABIAIOMHX KBAaIpaT, HANHCA-
HO No opHoMy uAcay. Koraa RaxolnaH cyMMH YHcesN KaX-
OOf H3 TpeX CTPOYEK, TO NOJYYHAH COOTBETCTBeHHO —6,1;
2,5, —3,4. Tlpu noacyeTe CyMM YHCEJ KaXJAOro H3 Tpex
cT0AGUOB MONYYHAH cOoOTBercTBeHHo 2,.3; —5.,8, —3,7. Ho-
Ka)XHTE, YTO B BHYHC/ICHMAX AONYlUieHa olHOKa.
3apa6oTHafl NAATa HEKOTOPOH KATEMOPHH CAYXaLEX NOBpILIA-
Jack ABa paaa, NpHYeM NPOLUEHT NOBLILIEHMS BO BTOPOA pas
6t B ABa pasza GoJblle, uem B nepewil pas. Onpenennrte,
Ha CKOJIbKO MPOLEHTOB NOBLIANACH 3apNaaTa KaXabi pas,
€CAH AC NepBoro NOBHIIUERHA 3apnaara Guiaa 1400 p., a no-
cJie BTOPOrQ MOBBIWEHHA coctapuna 1848 p.
flponapeneune RBYX MoCAef0BaTELHBIX HATYpPAJbHBIX YH-
cen Goabwe Bx cymmol Ha 109, Haiiaure 3ru yHcaa.
Hafiaure nepuMerp NpAMOYroJbHMKa, y KOTOPOTO ORHA
CTOpPOHA Ha 4 cM Goabwe Apyroft M Naomane KOTOporo pas-
Ha 60 cm’

Ha yGopke ypoxan paGoranum nse GpuraaHn., 3a nepsniil
AeHb paGoThl nepBaA OpHraaa yGpana Ha 5 ra GoJablue, yeM
sTopad. Bo Bropo# aeH: nepsas GpHraaa yGpaaa Ha 3 ra
Gonbule, yeM B nepsblfl Aenb, a Bropas SpHraga — B 2 pa-
3a Goabue, yeM B nepBHfi Aenb. Kakyio niomanb yGpana
Kawaas Gpuraga B Nepeuil AeHb, ecJH 32 ABa AHA paGoTH
o6Ge Gpuraabl yGpaaun 63 ra?

HMeloTcs 1Ba CEHTKa CNAAaBoB 3010Ta H MeaH. B nepsom
CIHTKE OTHOWEHHe 30/0Ta K MeAH paBHo |:2, a Bo BTO-
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1 5
poMm — 2:3. Ecniu cnnaBHTh 3 NMEPBOTO CHIHTKA € & BTOPOro,

TO B HOOJNYYHMBLIEMCH CJHTKE OKAXKETCH CTOJAbBKO 30J10Ta,

2
CKOAbKO OBIJIO B nepBoM MEeAH, 3 eClH 3 nepsoro CAHTKAa

CIJIABHTH C NOAOBHHOH BTOPOre, TO B MOJYUYHBIIEMCH CJAATKE
OKaMeTcA MeAH Ha 1 Kr Goablue, yeM SHTO 3040Ta BO BTO-
poM cautke. CKOALKO 30J10Ta B KaMAOM CJHHTKe?
Tpe6yerca cocrasurs 50 r 15-npouentHoro pacteopa coJu
13 10- u 20-npouentheix pacteopos. CKONBKO 'PaMMOB KaXK-
AOCC PacTBOPa HeoGXOAMMO AAA 5TOrO B3ATHL?

CyMMa KBaApaToB TpeX NOC/AEAOBATENbHBIX LEAbIX MHCEN
paerga 302. Hahaure 31tn yucaa.

a) MNeppwii paboundi MOMeT BHITIOAHHTL HEKOTOPYO paloTy
Ha 4 4 paHwlWwe, yeM BTOpoA. BHauane onu paBoranan BmecTe
2 4, nochae Yero oCTABWYIOCA paloTy BBINCJARHA OAHH Nep-
Bbifi patounit 3a 1 4. 3a Kakoe BpeMf MOXKeT BbIMOJHHTDL
BCio patoty BTopofi paGoumit?

6) Jleoe palounx NOJIKHBI BBINOJHHTL HeKoropyle paboTy.
Bravaae 2 u paloran nepebiil, 3aTeM TNPHCOSAHHUICH BTO-
poit, u BMecTe oHH paloranu 1 4, Ocrasmyocs nocsae sToro
paboty BTopol pabouymnit 3akoHuMa 3a 3 y. 3a KaKoe BpeMms
KaMABlA MOXeT BEINOAHRATL BCIO padoTy, ecilH NeppoMy A
BRINOJIHeHHA BceH paboThl HYXKHO Ha 2 4 MeHbllie, 4eM BTO-
pomy?

a) llee 6purazbl rpy3uHKOB LOJAKHB ObLIH pa3rpyanTk Gap-

Ky B reyenne 6 u. Ilepeaa Gpurana BhINOAHHAA < Bcell pa-

GoTbl, Bropas GpHraaa 3akoHuwna pa3rpy3ky. Bea pabora
6nia BeinoaneHa 3a 12 u. Cxonbko wacos rpebyerca Kax-
JoH Opuraje B OTAENLHOCTH AN Pasrpy3kH Gapmku?

6) Heym paGoyus Guli0 MOPYYEHO H3TOTOBHTHL MAPTHI OAH-
HaKoBbIX AeraJsiei. [locae Toro kKak nepewit npopaGoran 7 u,

a BTOpoH — 4 4, 0Ka3a/och, YTO OHH BBINOJAHWIH 3 Bcedl pa-
Gotol. [IpopaGoTaB cCOBMeCTHO 4 4, OHH YCTaHOBHJIH, TO MM

i o
0CTanoCbh BBINMOJHHTHB 18 BCeH pEGOTbI. 34 CKOABKO Yyacoe,

pafoTaA OTAEABHO, KAXABIA H3 BHX MOMKET BLINOAHHTbL BCK
pabory?

Crapusnas 3adava. Ha Bonpoc o Bo3pacTe 03Ha naMa oTse-
THAa: «Moii Bo3pacT TaxkoB, UTO eCJIH €ro BO3BLICHTH B KBaj-
paT HAH YMHOXHTb Ba 53 u u3 pesysnbrarta Bmuects 696, To
NOJMYYHTCA OAHO H TO »Me». CKoJMIbKO JNeT aame?

a) Bpar u cecrpa co6upajin MaAHRY B ABYXJHTPOBLIe SHA0-
Hbl. Bpar coGupan sroawbl Geictpee cectpol. Uepes nexoto-
poe BpPeMA OH pellHa ef MoMoYb U NOMeHACS ¢ Heli GuaoHA-
Mu. MomeHT ans o6MeHa GHIOHAMH Obl BBIGPAH YZAaYHO —
pebfATa HANOJHHAH HX AroAaMH OAHOBpeMeHHO. CKOAbKo
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JUTPOB AMOA OHH HaGpasu BMecTe AC TOre, KaK MOMEHAJHCh
GUIOHaMHA?

6) Hlen ¥ BHYK HauaiH OAHOBPEMEHHO coGMPaTh KJMOKBY B
OZHHaKoBBle AyKOwWKH. Jen co6upaer Gucrpee BHyKa. Kor-
Aa HM Haj0 NOMEHATHCH JYKOWIKaMH, 4To6b 06Ga JYKOUIKa
HAMNOJHHAHCE OAHOBPEMEHHO?

a) Bpar u cectpa co6Hpaas masauny. KopanHa GpaTa BMe-
wanaa 5 J, a KopauHa cecTpul 4 A. BpaT co6Hpaa Aroas! Ou-
CTpee CecTphbl, MO3TOMY, KOTHA OHa Ha6pada MOJOBHHY
¢BOeH KOP3HHbI, OHH MOMEHAJHCh KOP3HHAMH H Yepe3 HeKo-
TOpOe BpeMA HamoJHHAH HX 0lHOBpeMeHHo. CKONBKO JIUTPOB
aroa cobpan Gpart?

6) Bpar n cecrpa cofupaaun Mmanauny. Koraa cectpa co-

6pana 7 CBOEI'0 ABYXJUTPOBOro GHI0OHA, TPEXAHTPOBEIA GH-

JoH GpaTa 661 nouTH noJioH. PeG6aTa noMeHasuce 6uaona-
MH M Yepes HEeKOTOpOe BpeMA OJAHOBpPEMeHHO 3aKOHUHJH
cGop aroa. Bo ckoabko pas 6pat paGoran GulcTpee cecTph?
OTen ¥ ChiH NPHHAAHCH KOCHTh IBAa COCEZHHX AYra, Mionia-
JH KOTOPBIX 0THOCATCA Kak 8 : 7. Korga oren ¢ckocHa TpH 4er-
BepTH GosblIere Ayra, a CbilH — GoJblle HOJOBHHL MeHbile-
TO, OHH MPHCEJH OTAOXHYTb H HOACYHTAJH, YTO ecqaH OyAyT
paboTaTk TaK JKe XOpollo, HO NOMEHAIOTCA MecTaMH, TO 3a-
KOHYaT paGoTy OZHOBpeMeHHO. Bo cKOJBKO pa3 oTel KOCHA
GnicTpee cHHa?

CynHKo nojowia K POAHHKY € ABYMA KyBiIMHaMH. OAaHH
amemran 5 o, a apyroét — 4 a. Boga u3 posiHHKa TekJa ABy-
MA CTPYAAMA — OflHA cHabHee, npyraa caabee. CyJHKO no-
CTaBHNa OLHOBPEMEHHO KYBIIHHEI NOX CTPYH H, KOTjia Ha-
6paJiack NCJAOBHHA MEHBIIEre KYBIIHHA, NOMEHANE KYBIUA-
Hbl MecTaMH. Kak 3TO HH YAHBHTEJIbHO, HO KYBHIHHB HANOJ-
HHAKCE OAHOBpeMeHHO. Bo ckonbko pa3 Goablie BOAW aaer
OflHA CTPYA, YeM aApyras?



M KBAQPATMUHAS
DYHKLYM

§ 6. IUHEWHASl ®YHKLIHA

6.1. Mpamas nponopusoHanbHAA IABHCHMOCTH

DyHKUAKD BHAA
y=kx, {1)

rae X — paHHOe He PaBHOE HYJI0 YHCAO, HA3bIBAIOT NPAMON Nponop-
UHOHANLHOH 3ABHCHMOCTBIO. JTa ynxyus onpedesrena Ois scex
deficreurenabnuix ducer X, T. e. 0baacre onpedeaenus GyHKUHH
y=rx ecTh MHOXecTBO R Bcex AeHCTBHTENbHBIX uHCeN.

Ha3paHne «npAMaA NPONOPLHOHAAbLHAA 3aBHCHMOCTbL» CBA3AHO
C TeM, YTO Ji06Le 1Ba OTAHYHLIE OT HYAA YHCJAA X; M X; NPONOPUHO-
Ha/bHb! YHCAaM 4, =hx, U Y, ="hx,, rne k=0 — kospdaunenT npo-
AOPUHOHATBHOCTH.

kx Rx.
IeficTBHTEABHO, TAK KaK A——at—p p R="2_p 10
X ) Xz *y
h_4
Xy x5

Ecan ¢pynkuun zagana dopmynoit (1), To roBopaT ellle, 4To nepe-
MEHHAaA y NPONOPLUHOHANbLHA NEPEMEHHOH X ¢ Koa(PHUUHEHTOM Npo-
NOPUHOHAABHOCTH k.

Hanpumep, ¢yHkuus s==80Q/ ecTs npAMana NPONOPUHOHANBHAA
3aBHCHMOCTL. [1pH paBHOMepHOM ABHXKEHUH Tesia NyThb (§), NpoHAeH-
HBlH HM, BPAMO IpONOPLUHOHAJEH BpeMeHH {{) ¢ KO3dQdHIHEeHTOM
MNPONOPUHOHANBHOCTH, PABHHM ero ckopocth (80).

Kaxpan uz ¢pyHkuuil y=>5x, y=x, y= —02x asaderca npsd-
MOH [NpPONOPUMOHANBHON 33aBHCHMOCTLI0 ¢ KO3(gduineHTOM 0OpO-
MOPUHOHAALHOCTH B INepBOM chayyae k=5, Bo BTOpoM k=1, B
TpeTbeM k= —0,2.
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Kakyio GpyHKIHIO HA3LIBAIOT APAMON NPONOPILHOHANLHON 3a-
BHCHMOCTbIO?
Sfanaerca au byHKuHA:

a) y=2x; 6) y= —3x; 8) y=0x;
r) y=ux; 1) g=—x e) y=2x+1;
®) g=x" 3) y=%; H) y=—5x—2

NpAMOA NPOTOPUHOHAJNBHOA 3aBHcHMocTblo? Ecan pa, To
Ha308HTE Ko3(pHUNEHT TpONOPLHOHANBHOCTH,

dyukuna szapana dopmynolt y=2x.

a) 3anoaHKTe TaGAHUY 3Ha4YeHHH GYHKUHH:

X 0 1 —1
4 6 —8

6) Hatignre y, ecan x pagen 3, 5, —3, —4.

B) Haiinnre x, ecain y paeen 8, 4, —2, 1.

Pdynkuna 3apana dopMmyaoit y=3«x.

a) Hafiante 3naveHds $yHKUHM y A Y, COOTBETCTBYIOULHE

3HAYEHHAM aprymenta ¥, =1 B = —2.

6) HalilaHTe 3HaYeHHA apryMeHTa X| H X, COOTBETCTBYIOILHE
3HaYeHHAM GYHKUHA §,=6 U y,=— 12,

Onpepenure kospduunedT & AN PyHKUHH y=~Rx, ecau:
a) x=3, y=6; 6) x=—2, y=—10,

B) x=2, y=—28; r) x=—1, y=4.

Onpeneanrte koapduuneHT £ ana GyHKUMH y==Fkx U 3an0a-
HHTE TAGAHLY ee 3HAYEHHH.

a)| x |=3[0]5 NFIFINE

Y —5 6 |—7 y 12[0 | -8
B x[2]0]4 ) x[—4 0]—6

Y 2 —3|5 y| | [3[4[-8

Onpeaeante, OXHHAKOBbIE HAH Pa3Hble 3HAKH HMEOT X H CO-
OTBETCTBYIOWEe eMY ¥, eclH (YHKIHA 3alaHa dopMyoi:
a) y=2ux; 6) y=23x; B) y=kx, k>0
r) y=—>5x; a) y=—1,5x e) y==kx, k<0

6.2. Tpadux Pynukunn y=kx

3aaaauM Ha NAGCKOCTH MPAMOYTOJNBHYH) CHCTEMY KOGPHIHHAT
xOy v paccMOTpHM, HanmpHMep, dpyHruuio y==2x.

3T1a byHKuHA onpeleneHa Bid MioObiX AeRCTBATENLHLIX YHCEN X,
MPH 3TOM KaXAOMY YHCIY X COOTBETCTBYET YHCAO Yy, paBHoe 2x. Cre-
JOBaTeJbHO, KAXKAOMY 3HAYEHHID X COOTBeTCTBYeT Touka A (X; y) Ko-
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OpPAHHATHOH NNOCKOCTH, rie y=2x, T. €. KaXAOMy 3HAYEHHK X CO-
oTBeTCTBYeT Touka A (X, 2x) KOOPAHHATHON RNOCKOCTH, HMelOmMan
abcoHcey x W opapRaTy 2x.

I'padukom dyHkUHE y=2x ABAAETCA MHOXECTBO TOYEK KOOPIH-
HaTHOR naockocTH xOy ¢ Koopanuaramd (x; 2x), rae x — aloe
DefCTBHTEABHOE YHCAO.

Hue npueeseda TaGanua HEKOTOPBIX 3HAYEHHH X, COOTBETCTBY-
IOILHX HM 3HakeHmnit y(y=2x) n Tovex (x; 2x).

x y=2x (% y)
0 2.0=0 0; 0)

1 2.1=2 (1; 2)
—1 2. (—1)=—2 (—1; —2)
2 2.9:=4 (2; 4)
—2 2.(—2)==—4 (—2, —4)
3 2.3=6 (3; 6)
-3 2.(—3)=—6 (—3;, —6)

[MoayuerHpe ToukH OTMeveHH Ha pucynke 33. IIpHaoxue Anned-
KY, MBl BUIHM, 4TO 3TH TCYKH J€XaT Ha ofHoik npamoi (I), npoxeasn-
uweRk wepea nauajao KoopauHaT H Touky (1; 2).

Boauukaer Bonpoc: ecaH Mbl GyleMm 3aaaBaTb APYIHE 3HAYEHHA
X, T0 OYAYT JAH COOTBETCTBYIOWKE TOUKH JeXKaTh Ha npamodi {? Ma,
6yayT. ?

B noncanennsnx k rnase III noka- y
supaeTcs, 4TO rpadpHk ¢QyHKOHH ‘ /
¥=2x ecTb HpAMan, NpoxcaAllan ve-
pe3 Hauaao KoopAakHaTt H Touky (1; 2).

Paccmorpum Teneps QYHKOHID
y=kx, /

rae k — naMHoe uucaO.
fpadukon pynxyuu y=~rkx asaa-
€TCA MHOMECTBO TOYEK KOOPAHHAT- 1
Holl naockocTH xOy c KoopaAMHATaAMH r ]
1

(x;, kx), rae x — nw6oe AeficTBUTENb-
HOE YHCNAO,

Tax e kak pna pywkudn y=_2x,
MOJKHO A0Ka3aTb, uTo aaa moboro R
zpagux ynxyuu y=kx ecrs npamnas,
npoxodnuan wepes HAYAA0 Koopdu-
war u rouxy (1, R). |

[Mpy nomsoxHTENbHOM R TOUKa
{1, k) naxoamrca B I uerseptn, a
npH oTpHuaTesbHoM & — B IV uer-
BepTH, Pue. 33
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OTMeTnM, 4TO J1106aA TOUKAa OCH aGCUHUCC MMEET ODAMHATY Y,
paeHyio 0, He3asHcHMO oT ee abcuncent. Takum obpasoM: epaguron
dyrcyuun y=">0 seaserca ocy abeyuce.

Hrak, rpapukom PyHKuUHH y=—FKx, rie X ecTb HeKOTOpOe JaHHOe
YHCAO {NONOKATEALHOE, OTPHUATEALHOE HAH HY/b), ABJAAETCA NPH-
Mafi, NPOXOAAIAA Yepe3 HA4yaao KoopAHHAT M Touky B (!; &). Bme-
CTO TOTC YTOOM FOBOPHTH <rpa(PHK PYHKLHH §=~Rx», 4acTO rOBOPAT
«npamas y=kx». CoBopAT ele, 4To NpAMan, NPOXOAAILAR Yepe3 HA-
YaJo KoOpAHHAT H TOUKY B(l; k), uMeer ypaBHeHHe y— kx.

Yucno kB wa3uiBaOT yeaodvism xoddhduyuenton npamoil y==rx.

Ecau yrioBoii KoagpuuuerT & npamoi noaoxurened (k>0), To
oHa 06pa3yeT OCTPHA Yroa C NMOJOXKHTENLHBIM HANPABAEHHEM OCH X,
a ecau yraoBofl KosdgHUHeHT k2 mpAMOH oTpHuatenen (k<C0), To
oHa ofpa3zyeT TYNOH Yroa € MNOJNOXKHTENbHLIM HaflpaBieHHEM OCH
X — yroJ OTCUHTHIBaeTCH TPOTHE 4acoBOH crpeaku (pHc. 34 n 35).

Jameuwanne Hanomuam, uto /17 nocrpoedus npamod pocra-
TOYHO 3HAaTb KOOPAHHATHI ABYX TOUYEK, JeXaUlMX Ha Hed.

ITpu mocTpoeHHn npaMoll y==Fkx Touky B (1; 2} MoxKHO 3aMeHHTD
aw6ok apyro#l Toukolt B (xy kxy), KoCTaTOUHO YAaJeHHOH OT HaYaAa
KOOPAMHAT, YTOOLI YepTeX NOAyuHAcH GoJiee TOMHBLIM.

IMpumep. 3apanum cucremy Koopaunat {0s. Bynem cunrarte, uto
| ¢M Ha ocn f coorBercrByer | ¢, a 1 cM Ha OCH § COOTBETCTBYeT
I M.

Ilo ocH $ paBHOMEpPHO BBEpPX [BHXETCA TOUKA CO CKOPOCTbHIO
v=2 M/c, IPH 3TOM B HaYaJbHEIA MOMEHT BpeMeHH OHa HaXOAMJIACh
B Touke 0. K MmomenTy BpeMenn {(f>>0) Touka npofiaer nyre 2¢, n
ee OpAHHATA B 3TOT MOMeHT Gyner

s=2i.

Mbi nonyunNd 3aKOH JIBHXKEHHA TOYKH, BHIPAMKAIOWMH 3aBHCH-
MOCTb €€ OpAHHATH S OT BpeMeHH f. I'padur dynkunn s=2¢
(1=20) — nonynpaman, BHIXOAAILAA H3 HAYAJA KOOPIHHAT C YIIO-
BIM Ko3(dHuHeHTOM, paBHuIM 2, T. e, Jayu.
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OTMeTHM, 4T0 TOYKA ABHKETCHA MO CCH §, a TpaHK ee JBHKEHUA
TOJbKO MOMOraeT HaM HarAdaH0 Y3HABAThb KOOPAHHATY § IOBHKY-
mlefics TOUKH B MOMEHT BpeMeHH 1.

-]
497°. a) UYro asaserca rpadukom obyHxumn y=—kx?

498,

499,

500,

501,

6) Kak 3anuchiBaeTca ypaBHeHHe NPAMOH, npoxoaamed 4e-
pe3 Hauano koopauHat M Touky (1; R), roe k& — naunoe
YHCAO0?

B} UTo HaspiBawT YrAOBBIM KO3QGHUHEATOM npamMol y=kx?
r} Kaxkoii yroa ¢ ocblo x ofpasyer npamaa y==~x npk k>0,
npu k<<0?

3anana ¢yeKUHA y=23x.

a) JIAa xakux 3HaueHHA x onpefeseHa AaHHad QYHKUHA?
6) BBIYHCAHTe 3HAYEHHA ¥, B3SIB 3HAYEHHA X OT — 2 po 3 4e-
pea Kaxawle 0,5 eaunHubl. Pemenue ofopmurte B Buxe talb-
JAHLUbL

x g=3x | (% 3x)

B} INocTpofite cucremy Koopanrat xOy (€AHHHYHLIE OTpes-
kKH no | cM). B cHcTeMe KoopAaHHAT mOCTPOATE TOYKA C Bhi-
YUCASHHEIMH KOOPINHEATaMH.

r} Kak npoBepuTb NpaBHABHOCTb NOCTPOEHHA?

) Moctpofite rpaduk PyHKUHH y=3x.

e} B xakux verpepTax pacnosaraercs rpadHk faHfof QyHk-
UHH?

x) C nomowbw rpaduka onpeneante y{—3), y(4), y(%)

y(1,2), y(—0,7). Ilposepbre NOAYYeHHDIe Pe3Y/JbTaThi BHI-
YHC/EHHEM C [OMOMbIC GOPMYAbL.

3) Npn KakHx 3HAYEHHAX X 3Havenusa y >0, y<C0?

#) [pu Kaxux 3paveHHAX X 3HaveHMn Y>3, y< —2?

K} Onpenennre ¢ nomowbio rpadHka 3HAYEHHA X, €CAH:
1} y(x}=2; 2) g(x)=1, 3} y(x)=—6.

A1) Kak H3MeHHTCA 3HaueHWe g, €CAH 3HAYeHHe X YBeaH-
YHTb HA EAHHHLY?

danana PpydKuMa y= —3 Hccaenyiite 31y pyRKuH0O nO

NAaHy NPeABAYIErs 3a0aHuA.

YKaxuTe KOOPAHHATH TAKHX ABYX TOYeK, ¢ MOMOILLI0 KOTO-
PHIX MOXHO OOCTPOHTb rpapuy (PyBKUMA:

a) y=17x 6) y= —3x; B) y=0,2x;

ry y=—\1,4x; n) y=0.x, e) y=—1.
IMocrpofite rpaduxn 3THX PYRKUHA.

INocTpoiite rpagpuk pyHxnun:

a) y=%x; 6) y=—4x B) y=10x; r) y=0,1x
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) =
1 14 N B 4
Il
- 1 o= \Q-
ol 17 Of1 1 = -2 o=
d |
Puc. 36
502. [locrpoiite rpadpuk QYHKIHH:
a) y=100x; 6) y= —3000.x;
B) y=0,0001x; r) y=—55 *
Ykaszauue Jdas yaoScTea nocTpoeHUs clelyeT HCNOJb30-
BATL pa3fHyHbie eJHHHLUb MacmTaba No ocAM KOOPAMHAT.
503. Kakxo#i ¢popmynoih aagaHa npaAMad, NPoXofslas Hepes Ha-
yaJo KOOPAMHAT M TOYKY:
a) A(1; 2, 6) B(1; 0,5); B) C(k; —1)
r) D(1; B); n E( 3) e) K(1; —1,7)?
504. TlpunaanexHuT JH NpAMol y=—= —2,bx Touka:
a)y A({l; —2,5) 6) B(1; 2,5) B) C(—1; —2,5)
r) D(—1; 2,5} a) E(4; 10} e} K(3, —7,5)?
505. B kakHX 4eTBepTAX pacnoioxeH rpadHK QyHKUHH:
a) y=36x, ©6) y=100x; B) y=72x 1) y=—02s?
506. [TposepbTe, NpUHAAAEXKAT AU TOUKH A U B rpadrky oanoh
YHKLMY y=kx, ecau:
a) A(l; 3), B(3: 9) 6) A(l; —2), B(3;, —6),
B) A(2, —10), B(—1; 5), r) A(3 9), B(L; 4)
1) A(05; 4), B(—2; 16); e) A (% 1), B(1; 3,5).
507. a) 3apana $pyngnpa y=l%x. Touka (6; a) npaHagAeKuT
rpaduky stoi ¢yaxkupn. Hahznure a.
6) 3anaHa ¢pyHkuMa y= —2,7x. Touka (b; —3) npunanie-
wuT rpaduky stofi pyaxuun. Hafinure 5.
B) Touka (6; 4) npunagnexut rpaduky GyHKUHH §=kRX.
Hajdiante %.
508. Kakofi popMynoii 3anaHa npamas, npoxoasaulas depes Ha-
4an0 KOOPAMHAT ¥ TOYKY:
a) (6; 8); 6) (4, —0,5) B) (3; 1)
r) (—2 2 n) (i; 3); e) (—2 —3)p




509. a) 1 kr Konger crout 40 p. Bripasute dopmysoi zasucu-

MOCTbH CTOHMOCTH g (p.) KoHder oT X Maccw m (kr). [lo-
CcTpolTe rpaPHK NONYyueHHOH 3aBHCHMOCTH.
6) MoTouuKJ ABHMXETCH 10 Wocce co CKOpocTbio 60 kM /u.
Bupazute ¢QopMyacii 3aBECHMOCTE PaccTOAHHA § (KM) oOT
ppemend { (u). IlocrpoiiTe rpapHK noayueHHOH 3aBHCHMO-
ctu. Kakne 3HaueHns MOXeT OpPHEHMaTh {7

510. Ha pucyHnge 36 nsoGpaxen rpadpux pyHkuuH y=Rkx. Onpe-
Heaute Ko3pdUUHEHT £ B KaxJOM caydae.

6.3. Jinnedinan dyHkuna u ee rpadux

dyHKUMIO BHAA
= kx4 b,

rie B U b — naHHBle YHCJa, HA3WEBAKT AuHelHoA dyHKUHe.

Jlunefinan GyHKUHA onpefeseHa Ha MHOKECTBE BCeX NEHCTBH-
TeJbHBX YHCeN, T. e. ofracts onpedesenun GyAKUHA y=~Rkx-+ b ecTb
MHOMKECTBO BCeX AefiCTBUTeNBHBIX YHcea R.

Ecan §=0, To Ml nonyuuM pyakuuw y=~kx, KOTOPYIO yXKe H3Y-
4aJH B NpeablYLleM NYHKTe.

[Tpumepnt suneiitbix pynkiui: y=2x+4, y= —x+5, y= —0,5x.

Fpaduxom pyuixunn y==~x+ b ABaseTCa MHOXKECTBO TOYEK KO-
OpAHHATHOH TJockocTH xOy ¢ xoopAunatamu (x;, kx4 b), roe x —
aloe AeHCTBHTENbLHOE YHCJO,

Urobp: nmocTpouTh, Hanpumep, rpadpux ¢yskuun y=2x-14 B
npAMOYroAbHofl cicTeMe KoopamHaT x{y, NOCTPOHM CHayana rpa-
$HK ¢GyHKUMH y=2x. 3T0 npAMaf, MNPOXOAALLAA dYepe3 TOYKH
0(0; 0) 1 B(1; 2) (puc. 37, a).

o (74 DIED , |

|
cl C/y=i:x-l:4
]
y=2 y=2x
DT_7{4 D/ A

B B

e

Pac. 37
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[NepeapuHyR 5Ty npAMYylo nNapaJjJeibHo caMoit cefe BBepX Ha
4 epuHROH, MonyyuM rpatdux ¢yakunn y=2x-+4 (puc. 37, 6), noto-
My uTo ecin A — npou3anogabHag Touka rpaduka PyHsuun y=2x,
a € — touxa rpaduxa ¢pyuxuun y=2x+44, umewmas Ty xe alc-
UHCCY X, TO OPAHHATA TOYKH C, 04eBHAHO, Ha 4 eaAnHuNbl GoAbIe Op-
AHHATH TOUYKH A.

Hrak, npaman y=2x+4 napasneabHa npamoir y=2x. Kpome
TOro, npaman y=2x-4 nepecekaer ocb opaHHaT B Touke D (0; 4),
B YeM MOMHC yOeAHThcH, nonoxnaB x=0 B ypapneHnn y=2x4 4,

Paccyxnenne, xkoTopoe MH MpoBeaM Ha npumepe (YHKUHH
y=2x-+4, no a”anoruy oGoGmaerca Ha miGyio Audelinyio HyHK-
uMiw yg=kx+b, roe £ u b — f106ble NaHHBIE YHCaA.

Hrax, epaguk suneinoil pynkyuu y=hx-+b ecro npaxas, nepe-
cem;:oeqaﬂ oco opdunar & rosxe D(0; b), napasrnreronan npamoi
y=kx

Jlerko BhHaers, uto Touka B(l; k+4b) neXHT Ha npaMoi
y=kx+b. [losToMy MOXHO CKaszaTb TaK: epagux Aunelinold Pyrx-
yuu y=hrx+b ecro npaman, npoxodsuyan vepea dse rouxu D (0; b)
u B(l; R+ b).

3ameuanne |. IOag noctpoeHua npamoit y=kx+ b neobasa-
TeJlbHO NPOBOAHTE ee Hepes ToukH D (0; &), B (1; £+ &), moxuo npo-
BECTH ee 4Yepes Jihble ABe TOUKH, KOOPAHHATH KOTOPHIX YAOBJAETRO-
PAIOT ypaBHeHHKW 3Tofi npsmoii. Jlyuie 6paTb TOUKM, NOCTETOYHO
yaajeHHble APYr OT Apyra, uToObl YepTex NOAyduacs Oojee
TOYHBIM.

Jameuanne 2. OrmeruMm, uTo TpadHK PyHKUHH y=2x-4 4
MOXHO OBLIO MOCTPOMTH HHauve, HeM OH OB MocTpoeH Builte. Tak
Kak 2x+4=2(x+2), To bynkuuio MoXHCO 3aAaTb opMmyoii
4=2{x+2)

Yro6bl NOCTPOMThL rpaduk 3TOH DYHKUIHH B NPAMOYroJbHOH CH-
cTeMe KoopanHaT xOy, NOCTpoOUM cHavanaa rpaduk PyHuHn y=2x
(puc. 38, a).

al |vh RIIET
¥=2(x+2)
.__¥y=2x y=2x
N M N, M
» % %—%
1 !
5 o/l 1z x Ofl 1 2 x
AN A4 NN

Prc, 38



Ecau 3Ty npAMyl nepeaBHHYThH Ha y
2 enMHUOB BJEBO NapaAeAbHO CaMo#
ce6e, TO TOAYUHTCS rpaduk GYHKUHH y=b(b>0)
y=2(x+2) (puc. 38, 6). B camom nene,
ecan M — npou3asoabHas TouKa rpadm-

Ka GyHKnHK y=2x, a N — Touka rpagu- y=0(b=0)

Ka $ynkone y=2{(x+2), umewmas Ty T
e OpPAHHATY §, To afcuucca ToukH N, o x
O4eBHAHO, Ha 2 edHHHOL MeHbLile abc- y=b(b<0)

gAcchl ToukK M.

Hanpumep, ¢yHKUHA y=2x npPHHH-
maeT 3HaueHue y =0 npx x=0, a Ppynk-
uHa ¥ =2(x+2) npu x= —2; pysxnua Puc. 39
4=2x nprEAMaerT 3HavyeHHe y=4 npu
x=2, a ¢yakuHa y=2(x+2) nps x=0wH 1. L

AHAaJOrHYHO paccyxaaf, NOAYYHM, 4UTO TpaPHK QYHKOHH
4=2(x—3) MOXHO NOAYIHTh CABHIOM NAPAJJIeAbHO CaMOMy cele
rpabuxka PyHKOHE y=2% Ha 3 eNHHHOK BNPARO.

Koadduurent £ B ypaBHeHHH y=Fkx+ b Ha3BIBAIOT YIAOBLIM KO-
appHuHenTom atoft npamoi. Ukcno b ecTb opaHHaTa TOYKH nepece-
YEHHA TIPAMOH ¢ OCbIO 4.

3aMetum, aro ABe npamsle y==~x+b 0 y=~ x+ b, HmewowHe
oaMHaKoBNEe yrioene Kosduumentw (R==F) B pasdble uucna b u
b, (b4 b)), napanneabHsl,

Ecan =0, To Mu noaydum ¢yHRKOHIO ¥ =5, ABHO OT X He 3aBH-
cALLY10. 3Ta (YHKUHA BBRIpAXKAET CACNYIOMIKH 3aKOH: KaXXA0MY 3HA-
YEHHIO X COOTBETCTBYET OAHO K TO Xe uHcao y=~o.

GyHRuuo y=>, HasnBaT nocrodHHol. I'padHK ee — npaMas,
napailneSbHas ocH X, nepecekaiomwad ock § B rouke (O; b) (puc. 39).
Yranopoft koappHLHEHT ee paBeH HyA.

511°, a) Kakylo ¢yHKUKIO Ha3biBalOT JHHeHHOH (yHKkuuei?
6) Yto asagercA rpaduxom aHHelHOH PYHKUHH?
B) Uro HasnBawT YrAOBLIM KkO03(Q(pHUKEHTOM NpaMoOR
y=kx+4b?
r) [Ipn kakoM ycjaoBHH upaAMble y=kx-+b W y=Fkx+b,
napaJiaeJbHe?
) Uto asaserca rpadukoM ¢pyukuuu y=»? Kak nassipaior
3Ty QYHKIUHIO?
e) KaxkoBa ofnacrs onpeaenenta JnuHefinoR GyHKUMH?
512. KakHe u3 coeayoimux GpyHKUHA asasworca JuHefinpmMu? Ha-
30BuTe R H b ana pyskunft supa y=hkx+b.

a) y=3x+1; 6) y=>ox; B} y=70—2x;
r) y=x—1; 1) y=x—3x; e) y=0,5+3x
X) y=1% 3) y=0; ") y=5xﬁ_l
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513.

514,

515.
5186.

517°,

518.

519.

520.

521,

TlocTpoilTe B 0oHOA CHCTEMe KOOPOWHAT rpaguki GyHKIMIA:

y=2x, y=2x42, g==2x—1, y=2x—2,5.

IMoctpoiite rpagux dynkiun y= —2x+41.

a) Kakosa ofsnactb onpejeneHusi a1oéi GyHKUHH?

6) B kakux 4eTBepTAX pacnosoieH rpa@ux >1ofl HyHKUHH?
B) C nomowsto rpacduka onpegennte y(2), y (—3), ¥(0,5),
4(0,3). IIpoeepbTe nosyueHHble pe3yJbTAaThl BHIUHCAEHHEM
¢ moMOWLI0 HOpPMYALL.

r) [1pn kak®x 3HAUeHARNAX X 3HaueHu" y GoAbule 0, MeHbIIe
0, 6oabwe 1, MeHbue 1?7

n) Onpepenure ¢ noMownio rpadHka 3HaueHHe X, eCH:
y(x)=3, g(x)=—1, y(x)=2,5, y(x)=0.

e) Kak M3MeHUTCA 3HAaUeHHe y, eCid 3HAUYeHHe X YBeAHUHThH
Ha efHHHLY?

[TocTpoiite rpadux Gpyukumn y= —2xr— 1. OTrernTe Ha BO-
npoceHl NpeiblYIlerc 3ajlafas.

B kakux Toukax mepecexaer och Oy # och Ox rpaduk GpyHk-
LHH;

a) y=—3x—1; 6) y=4—x;

B) y=%x—|—l,2; r) y=—2,1+40,5x?

Ha3zonkTe KoOpAMBATH ABYX TOYEK, 10 KOTOPHIM yR0GHee CTpO-
HTb rpatpuxk GyHKuURA:

a) y=3x—5; 6) y=%x+2;

B) y= —Tx+1; ry y=—2,5+40,5x.

Kakofi dopMyack 3agaHa nApaAMasn, npoXopsillas yvepes
TOUKH;

a) (0; 8) un (L; 12) 6) (0; —1) u (1; 2

B) (0; 1) u (1; 4) r) {0, 1) n (1; —5Y)

) (0; 7) u (1; 7); e} (0; —3) u (1; O

Mecrpoiite rpadMr GyHKUHH:

ay y=x+41I; 6) y=x—2; B} y=x+2.5;

r) y=x—0,5; n) y=—x, e) y=—x+5;

K) y=2x—2; 3) y=x—1; H) y= —5x—i;
K) y=—05x4+2; n) y=3—x M) y=1—2x

n) y=7—0,5x; o) y=—1 %+%x‘, m) y=T.

[poeepbTe ¢ NoMowbio rpadrKka, NPHHALNEKHT AR NPAMON
y=05x+3 rTouka:

a) A4 7) 6) A(12; 9) B) A(—4 —1);
r) A(—1 Ly a) A(3; 4,5) e) A(5; 6,5).

B xakux ueTBepTAX pacnofoxeH rpapuk GyHKUHH:

a) y=5x+4,; 6) y== —Bx+4;

B) y= —5x—3; r) y=5x—3?



522,

523.

524.

[Moctpoiite rpaduk PyHKUHH:

a) y=40x+ 20, 6) y=>50-—20x;

B) y= —0,02x+0,01; r) y=3x—0,007,
Vkaszaude. Jna ynoGeTBa moCTpoCHHSA cllelyeT HCNOAb3O-
BaTh PA3NHUMbe eJHHHUB MacmTaba Mo OCAM KOOPAKHAT.

Onpenennte Ge3 NocTpPoEHHA, NepeceKalOTcd JH rpadHKA
Aannbix GyHKUMHA, a 3aTeM nocTpoiiTe HX:

a) y=bx H y="5x—8; 6) y= —-% H y=6x—1,
B) y=7x— 12 n y=25; r) y=3x u y=—0,542x.

[Mocrpoiite rpadux dyHkunn y=x-+3. [IpuHapnexar au
rpadHKy JyHKumH toukH: { —2; —3), (3: 6), (17, —10),
(145; 148), (0; 0)?

525. a) Kakoft reoMeTpHuYecKHH cMbic/ HMelOT YHcia k H b aas

NHHelnol PYHKUHK y=kx-| b?

6) Kak pacnofoxesa OTHOCHTENbHO KOOPAHHATHLIX OCEH
npaMass — rpaHk Aupefinofi QYHKuEMA y=kx-} b, ecanu:
1) k%0, b=0; 2) k>0 3 k<O 4) k=0?

6) B)

y‘ yi y‘
5
1
T } I
_(1) x ol 1 :-— 0 x
e)
y
4

=~
[
R
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526°.

527.

528,

529*,

530°,

531%.

Kak usMenaercs nonoxeHnne npamosi y=kx-+b na xoopam-
HaTHOR NNOCKOCTH, eclu:

a) yraosofi KospdHuHeHT BO3pacraer ot 0 no 100;

G6) b eoapacraer ot 0 no 100?

a} 3apana ¢pynkuua y= —4x43. Touka (1; a) nprranre-
KuT rpaduxky 1ol dpyrxuuu. Hafinute a.

6} 3anana ¢yurkuua y=12x— 1. Touxka (& —3) npuuan-
JeuT rpaduky 310 ¢pynxuun. Hafiaute b.

8) Onpeneaute yraosofi Koapdpuuuent R ¢PyHKuUMH
y=kx+1, ecnin Touka A (2; 5) npuraarexur ee rpaduky.
Kakofi n3a rpadukos, npuBeaenHbiXx Ha pucynke 40, asaser-
cA rpapHKOM (PYHKUHH:

a) y=2x—1; 6) y==—x+3; B) y=5, r) y=4x?
Ha pucyske 41 nokaszanm

npamule @, b, ¢ u d. Kako#i y

dopmyaoll 3anama Kaxjuas

H3 HHX? b

Ha ckoAbKO eAMHHL BBEPX HJH

BHH3 HYXHO NEpeHecTH rpa-

$HK ¢yHKUKHKE y=3x, 4TOGHI

NONYYHTh TpadHK &YHKLHH: c

ay y=3x+2;

6) y=3x—4; 3 a

B) y=3x+1;

r) y=3x—0,5;

a) y=3x+7,

e) y=3x-+45,5? ol 1 x
Ha c¢koabKO elHHHUL BNpaBo d

MJIH BJEBO HYXHO NepeHecTH I

rpahuk  GyHKUHE y=3x, Puc. 41

gyto0nl NoAyuHTh rpatux pyHx- He.

LKA

a) y=3(x+2) 6) y=3(x—4) B) y=3{x+1);
r) y=3x+3; n) y=3x—=6; e) y=3x+9?

6.4. Pannomepnroe JuMKEeHHE

fTpumep 1. 3ananuM KOOPIHHATHYIO OCh § ¢ HayaabHORA Touxoll O
H eAUHUYHBIM OTPe3KOM HaMHOH | cM.

IMyctb B MoMeHT BpemeHn f=0 Touka ocH §, HMelOILAA KOOPIH-
Haty 3, Hauana ABHXXEHHE B NOJOKHTEABHOM HANPABJeHHH 3ToH ocH
PaBHOMEPHO €O CKOPOCTRID 2 cM/fc
{puc. 42). Koopnunata s (cm) artofi
TOYKH €CTb (YHKLHA OT BpPeMeHH 2em/c
t {c), Bbipaxxaemas ¢opMyAacH ——

'l 'l ] L 1 1 ']
s=342t 013 ; —— ?
Jannada pyHKUMA paccMATpHBaA-
€TCH AR [ONOMHTENbHBIX 3BAYEHHH Puc. 42

152



{ 1 {=10, noaToMy roBopAT, 4UTO OHa oNpe- s',u_t‘ !' l !
geieHa ANA HeOTPUUATeAbHBIX 3HAUeHHH [— —1
t(t>=20). 8=2t4+3

BeegeM npaAMOYTOMEHYIO CHCTEMY KO-
opayHaT £0s 4 B Hefi n306pa3um rpaduk
GyHKLHH

s=34-2 (£320), (1)

UAH, KaK TCOBOPAT, rpadHK JABHXKEHHA 7
toukH (puc. 43). 310 Jayv, Beixoaauluf U3 3-{
toukn C (0; 3), napanneavunii npsamoi /
s=2t. 7
[Tonbaysice 3TAM rpadukoM, MOMKHO 7
H3yyaTb paccMaTPHBaeMoe [BHXKEHHE.
Hanpumep, utolnt y3Rath, rae Haxo- o] 1
AHTCH TOYKA B 3aflaHRbIi MOMEHT BpeMe-
HH ¢, HANO OTJOXKHTE HO OCH aGcuuce oT
O snpaso otpesok OA =1 H BOCCTaBHTL Pue. 43
43 A NepnesguKyAAp K ocH acuyce Ao
nepeceyendss ¢ TPaPHKOM IBHKEHHA B
HekoTopohl Touke A. Uncro s, pannoe gaunre orpeska AA,, ecTh Koop-
AHHATA HA OCH § MBHXKYLIEHCH TOUKH B MOMEHT BpeMeHH f.
Pagenctso (1) Ha3BalOT ypapHeHHEM ABHXXEHHS TOUKH, a COOT-
BETCTRYIOBIHHA eMy rpadur — rpaHKoM IBHIKEHHA TOUKH.
fIpumep 2. Tlyctb tOs — npAMOYroAbHAasi CHCTEMA KCOPAMHAT,
€] HHHAYHEIA OTPe30K Ha OCH { — ceKyHAa (c), Ha OCH § — CAHTUMETP
(cM).
[Tycth TOuka ABHXKeTCH MO OCH §, M TPH 3TOM €€ KOOPAHHATA §
ecTL JHHeHHas (QYHKUHA OT BpeMeHd I, BhpaKaemasd (opMmynoH

s=4t4-2. (2)

Ecau B 37oil $popuyne noaoxuts =0, To noayuam s=2. 3ro
NOKa3bIBAET, UTO ABHXKYLAACA TOUKA B MOMEHT BpeMeHd { =0 HnMe-
Ja KoopouHATY s=2.

OTMeTHM J[Ba NPOU3BOJLELIX MOMEHTa BpeMeHu f; u f,, rie
tl<t2'

B MoMenT f=1{ TOUKa HMeeT KOOPIHHATY §==§, BHIYHCAREMYIO
no gopmyae s, =4¢+2.

B MoMeHT {=1, TOYKR HMEET KOOPAHHATY S$=S5,, BbIYHCJAAEMYID
no dopmyne sy=4i,4 2.

[IpoMeKyTOK BpeMerd MeXiy MoOMeuTaMu {, W {, paBen f,—1,.
ITyTb, npofiZeHHbIA TOUKOH 3a 3TOT MPOMEXYTOK BPEMEHH, OYEBHAHO,
paBeH:

-

}..-—..——-.Jb‘_ -
=Y
Lx]

Sg=— 8, =(4f,+2)— (4, +-2)=4 (t,— 1,).
Otciona CKOpOCTL TOYKH paBHA:

s—s _ 4{H—4)

=4,

== =
t,—1, t,—1,
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Mut

NOAYYHAH, YTO eCJAH TOUYKA ABHXKETCA N0 OCH § [0 3aKOHY,

BeIpaxaemoMy GopMyaod (2), To OHA ABHKETCH PAaBHOMEPHO CO CKO-
pOCThbIO 4 CM/C 4 APH 3TOM B MOMeNT BpeMend { =0 ona Haxoanaach
B TOUKe S=2.

532,

533.

534.

535%,

HanuiuHTe ypaBHeHHe NBHXEHHS TOYKH BIOAbL OCH §:

a) co cKopocthio 4 cM/c, ecl4 OHa B MOMEHT BPEeMEHH
{=0 uMeeT KOOpZHHATy §=5;

6) co ckopocTeio 6 cM/c, eciH OHa B MOMEHT BPEMEHH
{=0 uMeeT KoopaHHaTy s§=2.

[TocTpofite rpadHKH nBuUXKeHMUS,

Jano ypaBHeHHe [BHXEHMS TOUKH BAOJbL OCH §:

a) s=2-—-T,; 6) s=1t4+3; B) s=23t.
Onpepenute KOOPAHHATY TOUKH B MOMEHT BpeMeHn =0,
t=3. Onpeneaunre ckopocth ToukH. I[locTpoiite rpagpux aBRH-

)

HEHHA,
=

8»"‘

0] 1 3 ‘7; 0] 1 2 ic

[ |

Puc. #4 Puc. 45

Ha pucynke 44 nokazan rpadHx ABUKEeHHA Touxkd. Mena-
Jack AH KOOPAHHATA TOUKH B MPOMEXYTOK BpeMeHH oT 0
po 3?7 B kaxoll MOMeHT BpeMeHH HauaJoch ABHXeHHe TOUKH
H ¢ KaKofl cKopocThiO?

DyHKuHA, 3834101137 3aBHCHMOCTL KOOPAHHATH § OT BpeMe-
Hu f, Belpa)keHa QopMynoi

s ()= 0, ecin 043,
- 2¢{—6, ecan (=3,

E#i cooTpeTcTBYeT TpadHK, HaoGpakeHHmil Ha pHcyHKe 44,
Haauwure dopmyny, xotopolt aanaerca dyukuus s (¢), rpa-

Ppuk
154

KOoTOpoR H3006pa)ieH HA pHCyHKe 45,



Lv) ]

=)
L o
o

tc Ol 123 4 te

Puc. 46

536. Hannwnte dopmyny zapn- '
M
CHMocTH s (f), rpaduk ko- —
Topod H3obpakeH Ha pH- o
cyHke 46.

537", Ha pucynxe 47 sanaHel rpa-
$HKA ABHXEHHA ABYX TO- »
uek. Onpeaeante no rpa- | I
PuKy: '
a) KaKaf K3 TOYEK JBHra-
JAach B NOJIOXKHTENLHOM Ha- 1
npasiaeHuu ocH Os, Ka-
Kag — B OTPHLATENBHOM; 0]
6) B Kakoi MOMeHT Bpe-
MEHH HaYajaoCh ABHXKEHMe
Kaxaohk K3 ToueK,

B} B Kakoli MOMEHT BpeMe-
HH TOYKH BCTPETHJHCD;

r) ¢ KAKOH CKOPOCTbIG ABUrajach Ka)Aas H3 TOYEK;

A) Kakohi GopMmyaol zanaetc 3aBHCKMOCTL § {#) AAA KaX-
No# M3 ABHXKYIIHXCH TOYeK.

538*. JiBa newexona BHILAA OLHOBPEMEHHO HAaBCTpeuy ApPYr Apy-
ry ua apyx nyHktoB. ITepBrLifi Mor npoilTu paccToaHne Mex-
Ay nynkTaMH 33 6 4, a Bropofi — 3a 3 u. Yepes ckonbko ua-
COB [10C/Ie HAYaA2 ABHXKEHHA OHA BerpeTaTca? Pewute 3a-
Navy, NOCTpoXB rpadukH IBHXKeHHA B ORHOH cHCTEME KOOp-
JAHEAT.

— e
——
‘H
0

1 b

Pac, 47

6.5%. dyuxuna y=|x| H ee rpaduk

Paccmotpum dynkuumio, 3anannyio dpopmyaoii y=|x|. Tak kak
N0 onpefeNeHHI0 MOAYJA 4HCIa X

1] x, ecan x=0,
Xl=
—x, ecan x<.0,
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2} 2

Puc. 48
TO 3TY GYHKUHI MOXHO 3alHCaTh Tak:

__ | % ecan xz=0,
y= —x, ecnn x<20,

Ha pucynke 48, a n3o6paxen rpaduk sroiét ¢yHkuun npu x>0,
a Ha pHcyHke 48,6 — npu x<C0. Toraa rpapuxk OYHKUHH y= x|
Ha Bcelt ocu Ox uMeeT BHA, Kak Ha
pHCYHKe 49.
y‘ ChopMyaupyem ocHOBHBEIE c80i-
créa Qyukuud y=|x\:
1) onpederena 0an scex anaye-
Huil x,
2) npunusaer TOALKG HEOTPU-
KaTeAbRbIE FHOYCHUSR,
3) npu x>0 sospacraer, npu
x< 0 ybueaer;
P | 4) vernas Ppynxyus: | —x|=|x|.
O] 1 x PaccMmotpum npumeps.
fipunep 1. Ilocrponm rpaduk
¢yHkunn y=|x| —2.

Psc. 49 Yro6bl nocTpouth rpaduk ¢yH-
kuua y=|x| —2 8 npAMoyroJbroi
cHeTeme KoopauHatT xOy, NOCTPOHM

cHavana rpa¢uk $ysruun y=1x| {pnc. 50, a). Ecan A — npous-
BOAbHAA TOYKa Fpaduka ¢ynkuud y=|x|, a B — Touka rpagmuka
$yukuun y=|x| —2, nMewnmas Ty xe abcuuccy, To oOpAHHATA TOY-
kA B Ba 2 eAHHAUB MeHblle OPAHHATH TOYKH A. DTO 03HAYaeT, YTO
rpaguk QYHKUHH y==|x| —2 MOXHO NOJAYYHTb H3 rpadHKa yHK-
uMH ¥ =|x| cABHroM BCeX erc Touex Ha 2 eAHHLH BHH3 (puc. 50, 6).

fipunmep 2. TlocTponm rpadpuk Pynxuun g= |x| 4 3.

Kax ¥ B npeabiaymeMm Tnpamepe, rpadHK 3T0H PYHKLUHH MOXKHO
NOJNY4YHTh CABHFOM rpadHka ¢yHKUHM y= |x| Ha 3 eAHHHUb BBEpPX
{puc. 51).
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a) 3" 6) 3"

¥y =ixl-2

“
r .
ty

Pnc. 50

flpunep 3. TlocTpoum rpaduk y‘
byHKUME y=|x—2|.

Yto6el nocTpouTk rpaduk ¢yH-
KUHA y=|x—2| B DpAMOYroah-
HOA cHcTeMe KoopAuuat xQOy, no-
CTPOHM CcHavanaa rpadpux QpyHKUHH
y=|x| (puc. 52, a). Ecan A — npo-
M3BOJbHAA TOYKA rpaduka ¢PyHk-
uan y=|x|, a B — Touka rpadmuxa
¢yHKkunE y=|x—2|, umewwasn Ty
XKe OPALHHATY, To abcuKcca TOUKH 1
B na 2 emunnub Goabme abc-
uHccH ToukH A. ITo 03Bauvaer, uTo ol i >
rpadux pyuxkuun y=|x—2| mox-
HO NMOAYYRTh H2 rpadHKka QPyHKIMH
g=|x| cCOABHroM BceX €ro TOMEK Ha
2 eannnuw enpaso (puc. 52, 6},

a) y‘ 6) y‘

L=

I

— B
F

+

Puc. b2
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flpumep 4. Tocrponm rpaduk pyBkunu y=|x+43l.

Paccyxaan, kak B npumepe 3, rpapuk ¢yskunn y=|x-+3|
MOXKHO MOJYUYHTL CABHIOM rpadnka PpyHKuuH y=|x| Ha 3 equHUHOBI
Baepo (puc. 53).

k
y =het3|
3
¥ =H
Ji— |
—T o 1 x
Puc, 53

MTpumep 5. NocrpouM rpapuk ¢yHKunn y=|x-+ 1] —3.

1) Cravana noctpoum rpa¢uk o¢ynkuMn y=|x|, nepenHecem
ero Ha 1 eamnuuy Baepo, noiyuuM rpapuk QyHKuuM y=|x-4 1|
(puc. 54, a}.

2) TMorom nmepenecem rpatpuk ¢pyuxkund y=|x-+ 1| Ha 3 eauHu-
Ubl BHH3, MOJYYHM rpapuk Pyskuun y=|x41|—3 (puc. 54, 6).

a) q 6) y
y =+ 3

y =+ 3.

¥ =

T

-10] 1 x

Puc. 54

|

539°, O6bACHUTe, KaK B MOHHMaeTe 3anHCh:

x| x, ecan x =0,
Xl =
—x, ecan x<.0.
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540. YnpocTHTe BBIpa’keHHe |x| NpH YCJAOBHu:
a) x=0; 6) x>0; 8) x<00;
r) x=<0; a) x=40.
541. Mocrpoiite rpaduk $ynkuun y=|x| wu chopmyaunpyiite
cBolicTBa 3TOA (YHKIMHWM,
542. Mocrpoifite rpaduk PyHKUMA:
a) y=2 |xl; 6) y=3 |xl; B) y=—2|xl;

r) y=—3Ixl; n)y=-;,—lxl; e) y=—%lxl-
543*. MMocTpofire rpadpuk GyHkuun:

1, 0,
2) y_{x+2. ecan x2=0, eca x>

6) y=1{0, ecin x=0,
—1, ecan x<<0.

544, O6GnackuTe, KaK ¢ NOMOMLI0 rpaduka pyaxkunn y=|x| no-

CTPOHTL TpadHK (QYHKLHH:

a) y=|x|—5; 6) y=|x|+4;

B) y=|x—4|; r) y=Ix411;

a) y=|x—21+3; e} y=I|x+2|—3;

H) y=Ix+3|+2; 3) y=1Ix—31—-2;

n) y=|x+41+1.

2, ecin x<<0;

6.6*. dynxunn y=[x] n g={x}

Lleaoid wacroro wucra x na3wBaET HauboAblIEe UEN0E YHCNO, HE
npeBocxoasiuee x. Lleaywo wacte uncaa x oBosHadalor [x].
Hanpumep,

[3]=3; [—15]=—15;  [0]=0;
[3,17]=3  [—317]=—4.

HApobrod wacTew «ucaa X HA3bIBAKOT PA3HOCTb YHCIA X H €ro Ue-
A0# uacth [x}. JdpoGryio uacTh uncaa x o6osnauawt {x}. Takum o6-
pasoM, {x}=x—[x].

Hanpnuep,

{2}=2—2=0; [—58}=—5—(—5)=0;
{3.2}=32-3=0.2; {—32)=—32—(—4)=08.

Paccmotpem dyskunio y=[x]. Ee o6aacTs onpenenenns — MHo-
MeCcTBO Beex JeficTBHTeAbHRIX uHced R. Ha kaxjgoMm moayuutepsa-
ae{n; n+ 1), rae n — uenoe yncao, 3navesue GyHKUMM ¥ =[x] nocro-
fIHHO W PaBHO A. DTO 03HAYAET, UTO MHOMKECTSO 3HaveHMi (yHK-
UHH — MHOMKECTBO BCEX UenbiXx Yucea Z,

I'padurk byskUME g=[x] cOCTONT N3 GeCKOHEUHOro MHOMXECTBa
OTPe3KoB, napaaneabHuX ocH Ox H He MMEOIAX NPaBBIX KOHIOB
(puc. 55). Ha pucynke n3o6pakeHa TOJMbKO YacTh rpadHka.
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A rk
3
2 > 2
1 -— s -
b
J——
-2 [0l 1 2 3 4 x 4-3-2 (0] 1 2 3 4 [x
[
b—--z:
Pac. 55 Puc. 56

Paccmorpum dyuxkumno y={x}). Ee o6aactb onpenesenns — mHo-
JMEeCTBO BCexX NeHCTBHTEABHHX Yhcea R. Ha KaXaom noayHHTepBane
[ n41), rae n — Lesoe yuCARO, 3HAUCHHE QYHKLHH y=1{x} BRIuHC-
afetcs no GopMyae y=x—[x]. 3To 03HayaeT, 4T0 PYHKUAA NPHHH-
MaeT 3HaueHUs A2 noAydHTepsana [0; 1), T. e. MROXecCTBO 3Ha4eHHH

dynrw

Wk — noayuHtrepsana [0; 1)

Fpaprk dynxuun y={r} cocrour U3z 6eCKOHEUHOr0 MHOMECTBA
OTPE3KOB, NapaJIesibibIX NPAMOR §= x H He HMEIOLHX NPaBbBIX KOH-
uoe (puc. 56). Ha pHcyHke H3o6paxkeHa TOJNbKO 4acTh rpaduka.

545

546.

. Haiaure uenyr yacrb uncsaa:

a) 7; 6) —12; B) 741; r) —74l;
a) —3,2; e) 8,39; x) 13,27; 3) —19,01.
Haitnure gpobuyl yacrs uucha:

a) 3; 6) —5; B) 8,2; r) —8,2;

a) 5.7, e) —5,7; x) 31,12; 3) —36,25,

547. KakoBnt 06sacTb oONpenesieHHs H MHOMECTBO 3HAYEHMH
PYHKUHKH:
a) y=[x} 6) y={x?
548%, Tlocrpoiite rpadpuk GyHKIUHHU:
a) y=2[x} 6) y=—3[x  B) y=%[x]:
0 o=[3]; Dy=(0: o) y=(Ixl}
®) y=—3{  3) y=2{xk n) y=g {2k
« y={3} W y=1: ) y=sl}

H) y={x]+{x}; 0) y=[x]—{x} n) y={.



549*. Tloctpoiite rpadpuk PyHKUMH:

a) y=H3—051;  6) y=(—11",

B) y={—ux; r) y=T,l;;-
550*. Pewnte ypapHenne:

a) x=[x]4{x} 6) x=[x]—{x}; B) [xF—{x)*=3,75.
551*. Pewure cucreMy ypasHeHwuit:

) {[x]+{y}= —218, {x+[y]=6.l.

[4]+{x}=35; y+{x}=—56;

[#]+{g}+2z=—08,
B) 1 [¥]+{2}+x=4,95,
[z]4+{x}+y=0,75.

552*, Hekrto HaMepns AJHHY H WIAPHHY TPAMOYTroibHHKA. OH yM-
HOXHMJ LENYIO YacTb AJMHHB HA LeJYI0 YacTh LIHPHHBL H NO-
Ayuna 48; yMHOXKHA Heaylo YacTb AJMHBL ha ApoBHYI0 YacTb
WHPHHLL H noAyYsa 3,2, YMHOXHA ApoGRYI YacTh AJAMHE
Ha UeJYH YacTh WHpHHB H noayuyua 1,5, Onpeaennrte miao-
maab NPAMOYrofibHAKA.

§ 7. KBAAPATHUUYHAS ®YHKILLUA

7.1. dynxkuna y=ax’ (a>0)
Oyuruns
y=ax’ (a>>0) )

onpeneneHa oad AKGHX ACHCTBATENbREIX 3HAYeHHl X, T. €. 06JacThb
onpenenenns pyHkuun y=ax’ (a>0) ectb MHOXecTBo R BCex neii-
CTBUTENbHLIX 9dces. Ee cBoAcTBa odeHb NOXOXKH Ha yXe H3IBeCTHbie
HaM cBofficTBa (YHKUHH y=x" M AOKa3blBaloTcA aHadorauxo, [Tepe-
YHCHAM HX,

1. Ecau x=0, o y=0.

2. Ecau x+£0, 10 y>0.

3. Adan neorpuyarerouvis 3naqenud x ¢yunxyusn (1) soapacraer,
a 0A0 HenOROMUTEAbHLX 3Hauenul x ybwisaer.

4. Ecau noagmuTeAsHOE X HEOSPOHUNEHHO BO3PALTAET, TO ¥ He-
OZPAHUYEHRO B03PACTALT, 4 €CAl OTPRYATEADHOE X TAKOBO, 4TO €20
abcorIOTRAR BEAUNUHA HEOZPAKUNEHKO BO3PACTALT, TO § HEO2ZPAKU-
wenno gospacraer. Husimu caosamu, iy — - oo npu x— + oo u npu
X— — oo,

5. Gynxyus (1) ueTnan, noaromy ee epadux cuMmerpuien OTHO-
CUTEALHO Ocu Y.

& ArveSpa 8 knace, 161



HM

y i Y=2x y=
\ /
\ A(x,;2x))
\ \ [/
\ .
\ A(x,;%,)
\
\ 1
N /
% 1 AT(xoiﬂ) F

Puc. 57

6. Pynryun (1) nenpepoisran, noarosy ee 2papux — Henpepuis-
RO AUHUR, T. 8. O MOMET GuiTh u306pameu OaHUM HEnpepuiaHbiM
dsuxenuem Kapandawa Ges orppiaa or Gymaeu.

PaccMoTpAaM aBe GyHKIHH

y=xn y=22.

OGe oHH onpepeneHnl AAA JAIO6bX AeHCTBUTENbHBIX 3HEYEHHH X.

3agaguM LeKapTOBY CHCTEMY KOOPAHHAT xOy M uHCIO X, Tou-
Ka A(xy ¥2) nprAaniexut rpaduxky QyHKUMH y=1°, a TOuKa
A, (x5, 2x7), BMeoman Ty e abCUACCY, NPHHAAIEKHT rpaduky GyHk-
nan y=2x" (puc. 57). Opankatsl Touek A, u A HAXOAATCA B OTHOUE-
HHH 2:1, T, e. OTpesoK ) NonyuaeTca pacTaxcenuen oTpeska AyA
B 2 pasa. T0 pacCyXKAeHHe MOXKHO IPOBECTH AAS AOOBIX TOYeK rpa-
PprKoB PYHKUMA y=x n y=2x", UMEIOLKX OAHY H TY Xe aGCUHCCY
x. TosToMy roBopsT, uTo rpaduk GyHKIHH y=2x" noayuaercss M3
rpaduka PYHKUHE ¥y= X" pacTakexuyes NMocielHero B 2 pasa BAOJb
oca Oy.

Paccyxnada aHaJOTHYHO, MOXHO M0KAa3aTh, YT0 rpadHKk ¢yHK-
UUH g=ax’, ecqiA a>> 1, noaydyaerca u3 rpadHka QyHKIHH y==
POCTRMCEHRUEM NOCACIHETO B 4 PA3 BAOAD OCH y; eciH Xe 0<Ca<C1,

1
TO Cxaruem nocleiHero B a paa.

Mbl BHAEM, 4T0 Tpaduk GyHKIHH y==ax’ (a>>0) noxox Ha rpa-
UK PYHKUBE y= X", ero TaKkXke HasbiBaloT napaGoaoil.

Ha pucynke 58, a n3obpaxeHb B ofHOM W TOH Xe AeKapTOBOH
cHCTeMe K0oopauHAT xOy napaboam y=x°, y=21% y=231°, a Ha pu-

cynxe 57,6 — napaGossl y=x, y=%x2, y=%f,
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§__. J’.‘ | y=3:u:2 6) 1’* Iv=:;:2
1 |
u 2 —]
| | Y=2% y=%x2 -
_y=a:2 ﬁ L
\ I =12
J’"Ex
J U A /1y
17 N \ /¥
3 1 ‘\\ 1 J//
: N
o ‘T: F 0 1 Tz 3 F’
Puc. 58
]
553%. Kak naabipaior rpaduk Gynkunn y=ax’ (a>=0)?
554°. Kak nonyuutsh rpaduk QyHKUKMM y=ax’ (a >0) u3 rpaduka
Gynkunn y=x°7?
555°. Kakumu cBofictBaMH oGnanaeT QyHkuus y=ax’ {a>0)?
556. a) ®dyukuua 3anana dopMynod y=>51". Haaoure 3aBHCH-
MY10 H He3aBHCHMYI0 nepemennnle. Boiuncaute y(0), y(1),
5(2), ¥(3), y(—1), y(—2), y(—3). Pemenne opopMuTe B
BHIe TaGJHIBL.
Hanpunep:
x 0 1 2 3 |—1]|—2]|-3
Y 0 5
6) @ynkuns 3anana ¢opmyaoi y=0,25+". Buiuncanre
| 1
g{—2), y{(—4), y(10), y(g).y(—lﬂ}, y(—s). Peurenue
oopMHTe B BHAE TaGaMllbL.
557. ®ynkumua sanana opMmyaon y=% +*. BepHo AH paBeHCTBO:
a) y{5)=15 6) y(— 10)=80;
B) ¥ (3)=56; 1) y(—2)=24?
558. a) BuluncauTe 3nadenun GyHKUMH y=2x> A1A 3HAYCHHN X

6a Anrelpa 8 knace,

0T — 3 no 3 vepes 0,5. Pewenne ofopMHTe B BHAE TAOAHLLLI.
1

6) BoluncanTe 3navenns GpyHKUAH y=§J|:2 A 3HAYEHHM X

o —1 ao | yepea 0,2. Pewenne opopMute B Buge TaGaHLLL,
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559,

560°.

561,

562.

563.

564,

a) Jana oyukuna y=>5x7. TIpa Kakux x sHaveHus QyHKUHH
paBuu O; 0,2; —2; 0?

6) Hana ¢yHKuHA y=%x2. [IpH KakKHX x 3HaueHHA QYHK-
uAA pasEn —7; 7; O; 1?

a) Moxer au dyHkuua y=ax’ (a>0) npuHUMaTL OTpHUA-
TEAbHBIE 3HAUEHHA?

6) Kakne 3HaueHHS MOXKET NPHHHMaTh QYHKUAS §=ax
{(a>>0) npu pasziHUHbLIX 3HaUeHHAX Xx?

3agaun Pykuna y=x" U y=235°

a) Ilpu Kakux x onpeneneHnl 3TH QyHKUHA?

6) KakHe 3HaueHHA NMPHHAMAKOT 9TH (YHKUHA TOpH x>0,
x<0, x=0?

B) BoiuMcanTe 3naueHHd JDaumHBIX ¢$yHKUHA npH x, pae-

1. _t.gs. 1 1-1 L. .
HOM =§ —73 0,5, —0,5; 1; —1; 13 ; —1 %5 2, —2. Pemienne

3 i
opopMuTe B Buie TabMHLBIL.

r) B xaxux ueTBepTAX pacnofoxeHbl rpa¢Hxn QPyHKUHH?
a) HAeagwoTcs A8 JanHble QYHKUMK YeTHHIMH? B ciyuae no-
JAMKHTEMBHOTO OTBETA YKaXKHTE OCh CUMMETpHH,

e) [MocTpoiite Toukm (x; x%) u (x; 3x%).

) [octpofite rpadnxa GyHKUHHA, YIHTHIBAA HX HETIpepbIBHOCTb.
3} C noMowmwsio rpadHKoB oNpelesuTe AAA KaXKAod PyHKUUH

l
H} C nomouisio rpadkos onpeaenure, NPH KAKUX X 3HAYCHHHA
¢YHKUHA paBHH Mexny coboii; pasaw 1; l%; 4,5. MNpoeepbTe
pe3y/abTaThl ¢ MoMOMbIC dopmys, 3afaomax GYHKLHH.
K) [1pa kakHx x 3HaveHHsa QyHKUHA Gonblle HyAA, MeHbIUE
HYJAS, paBHBl HYAKO?
a) IIpn KakHXx x 3HaveHHA QYHKUHH Gonbiue !, MeHblle 2,
MeHblle —17

3anannl QyukurH y=x° u y=">0,5x>. OTBeTbTe Ha BONpOCH
NpeALLAYIIEr0 YNpaXKHeHNA,

¥gamute aGcunucce MATH TOYEK, OAA KOTOPBHIX MPOUIE BCETD
BHIYHCIHTD opnnna'ru:

a) y=4x 6) y=-}x2: B) y=%x2;
r} =152 ) y=0,1.% e) y=>5a%
x) y=10%  3) y=l-1—25-x2; ) y=25:

INocTpoiite rpadukn dyukunli, BoI6pas yIoOHHEe eLHHHUIHBE
OTPe3KH Ha KOOpPAHHATHHX ocax (564—565):

a) y=4x% 6) y=025x%; ) y=%x2;
r) y=15x% a) y=ll—0x2; e} y=>5+



565. a) y—=20x% 6) y—=400x% B) y= 100022

566,

567.

568.

569,

570.

r} y=0,01x% B) y=0,001x%  e) y=0,00011"

Npunagnexar Au rpadHKy DyHKRHH:
a) y=28x% toukn A(2; 32), B(—3; 72), C(2,5; 18);
6) y=0,052 touku A(5; 1,8), B(—I10; 3), C(—8; 32)

a) 3apana pynkuua y=3x". Touka {(—2; ) npHHAANEXHUT
rpaguky sToH ¢QyHxuuu. Hadpnre a.

6) 3anana ¢yuxuns y=3x°. Touka (&; 12) npuHazNeXHT
rpaduxy stol Pynkuun. Haligure b,

8) Touka (1; 8) npuuaanexXuT rpaduKy GYHKUAR y=ax’.
Onpenpennte a.

[octpoitte napafony y=0,1x"

a) IIpH KakuX ¥ PYHKUHA NPAHAMAET TONOXKHTEALHLIE 3HaA-
yeHud?

6) Ilpn kakux x ¢yHKuua pasHa 27

B) Kakne 3nauenun npHHHMaeT y, ecau x>>(,5?

r) [Ipu kakux x ¢yHKuHA Bo3pacTaer, yOmBaer?
Moctpo#ite rpaguk GYHKUHH y=2x°.

a) Kakue 3HaueHus npuHUMaer g, ecad x>0, x<<0, x> 1,
x> =27

6) Kakue 3uauenun mnpuHHMaeT x, ecaH y=0, y=!,
0sCy<<3, l<<y<4?

Ha pucynke 59 npejpcrasnenb rpapukn PpyRkunii y=x> H
y=ax’. Onpejpeante a.

a) ¥ | | 6) v
EEmesanpae e
y=x
[y=' \\ /
‘ ine
\ \ / \ J1 y=ax
1 1
j£ NS /7&
(4] 1 2 T 0 1 9 ..t:
]
Puc. 59
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571. Ha pacynke 60 naoGpaxen rpaduk ¢pynkuun y=ax’. Hc-
MoJb3yR NPHBeAEHHble Ha PHCYHKe AaHHbIe, OnNpeAenHTe &,

4 g

l 18

Puc. 60

572. Ha pucynxe 61 nzo6paxken rpaduk dynkunn y=ax’. Onpe-
AeJHTE Q.

La)l__Ly 6) 'v* E) 'v*

[
o
My
®

o
o
~
-.-—"

E—

Puc. 61
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7.2. dyuxuns y=—ax® (a+0)

O6nacts onpefienenus Qpynkunn y¥==ax’ (2+0) ectb R — mHo-
KecTBO B:gex AeficTBATENbABX uncen. Paccmorpum dynkuun y=x
My=—x.

OPpAHHATH 49X TOYEK, HMEWIUHX OAHY H Ty Xxe alcumcey Xy, 570,
OJHHAKOBHE MO aGCOMIOTHON BENHYHHE, HO HMEIOT NPOTHBONOMOMXKHBIE
3HAKHM, MN03TOMY MX TrpadHKH CHMMETPHYHB OTHOCHTENBHO OCH
Ox. Tlepshblit W3 HHX pPacnofioXKeH Bbille, a BTOPOHl — HHXKe ocH Ox,
ecan HCKmiwounTe Touky O (0; 0). Ha pucynxe 62 n3aoGpaxeHel rpa-
(HKH GYHKIHE y=x, y=—X.

Touno Tak xe rpaduxn QyHKuuft y=ax ¥4 y= —ax’, TAe @ —
JIlaHHOe, OTJHYHOe OT HYJH YHCJIO, CHMMETDHUYHB OTHOCHTEJNBLHO OCH
Ox. INpn a>>0 nepBH# H3 HHX PacnOJoOXKeH BhIUle, 8 BTOPOHR — HH-
we ocH Ox, ecan Hckawunte Touky O (0; 0). Mpagurom dyncyuu
y=ax’ npu a<<0, rak xe xax u npu a>0, AeAReTCA napaboaaq.

Ha pucynke 63 B onHoll ¥ Toit Xe DeKaproBeil cCHCTEME KOOPIH-

nat xOy Aauni napaboant y=2x%, y= —24, y=-;— X2, y= —.é. L2,

Tipu mo6om aaHHOM 3nauenHn a(a+0) ¢pynakuus y=ax’ ver-
HasA, TOTOMY 4TO JJAA JI060r0 X BBINONHAETCA PABEHCTBO
a{—xf=ax’ 3o nokaszumsaer, uTo ock Oy CAYKHT OCLIG CHMMET-
pHH napabonwt y=ax* (a+0)

Touky, 6 xoropod napabosa y=ax’ nepecexaerca co csoeil
OCLIO CUMMETDUY, HASGIBAIOT BEPUIHHON Napaboaw, @ Oco cummeTpus
napaboAvt HA36:8Q10T 0CLIO Napaboau.

Oyakunsa y=ax’ (a+0) npu x=0 npuAHMaeT AnA a>0 cBoe
HAHMeHblIee 3Ha4YeHHe, AAA <0 — cBoe HamboablIee 3HaveHwue.

" y s] I
y_A \ -‘ Iy=2xz:
\ |
| I
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1 =2 |

Pre. 62 Puc. 63
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573°

574,

575.

576.

677.

578,

579.

580.

581.

582.

a) Kax HasuBalor rpaduk $pyukuun y=ax’ (a0)?

6) Kaxas npamas sIBASETCH OCbLI0O CHMMETPHH mapabosl
y=ax™® Tlouemy?

B) UTo Ha3LIBAalOT BEpIWHHOW, OCbic Napabonn y=ax’
{z50)?

Hanuwnre ypasHenne napaGonsl, cuMMeTpuunoil napabone
y=ax’ (a+=0) oTHOCHTE/NBbHO OCH Oux.

a) Kakopa obGaacTe onpeaeneHus GyHKUHH y=ax’ {a=0)?
6) Fne pacnonoxen rpadur ¢yuxumn y=ax’ {a5=0)?

8) JlokaxuTte, uto Gynkuns y=ax’ (a540) veTnas. YKaxu-
Te OCb CHMMeTPHH rpaduka Pyuxuuu.

r) CyuecTByoT JH TOYKH, OIPHHaAAEKamue sceM mapaGo-
AaMm BHAa y=ax® (a#0)?

a) Mpunnmaer an pynkuns y=ax’ (a+0) cson HaubO/b-
1Wee H MaWMeHbLiee 3HAYEHHHA?

€¢) B KaKHX YeTBepTAX pacnonoxen rpa¢uk ¢yHKUHH:

1) y=10x% 2) y=—5x% 3) y= —05x% 4) y=05x
Ha KakoM MHOXeCTBe (YHKUHA BO3PacTaer:
a) y=10x% 6) y=—5x% B) y= —0,54% r) y=05x

a) Buiuncaurte anavenus ¢pynxunn y= —2x* nas 3naueHHil
x ot 0 no 2 yepes 0,2, Pemenne ogopMuTe B BHAE TaGAHLLL.
6) Buiuncaute 3nauenns QyHKuHH y= —0,5x° Aas 3Have-

HAl x oT —2 go 2 uepea 0,5. Pewenne opopMuTe B BULE
TaGAHLKLI.
TTocTpofite rpaduk $PYHKUHH, BRIGpaE YA0OHEIE efHHHYHKIE
OTpe3KH:

a) y= — 3% 6) y=—0,52%
B) y= —0,1x% r) y= —2%.{2;
n) y= -—2002% e) y= — 40047
K) y= — 100045 3) y= — 4200,

Hana byaxuus y= -- x°. [locTpofite rpacdux 37oll GyHKLHH.
Onpeaeante ¢ moMowsbld rpaHka, OpH KakHX £

a) y>>0, 6) y<0, B)y<<—1; )y —4
Jana ¢pynaxuus y= —0,1x°. [Nocrpofite rpagnx 3toit Gyuk-
uuH. Onpeaennte ¢ NoMowbld rpadHka, KakHe 3HAYeHHA
NpHHHMaeT GYHKLUHA, eCJIH:

a) x>0 6) x==0; B) x> —2 r) xsg —2.
Kaxoil ¢opmynoft 3agana GyHKuUHA, TpadHK KOTOPOH CHM-
MeTpHYeH OTHOCHTeAbHO ocH Ox rpaduxky QyHKRHA:

a) y=3x%5 6) y= —%xE; B) y=1004% r) y= —024%
IMpaHanaexkaT Ad rpaduxky QPyHROHE:

a) y= — 104 Toukn A (3; 90), B{—4; —160), C{0,2; 0.4);
6) y = —0,1x* Touxn A(—2; 0,4), B(—5; —8,5), C(4; —1,6)?



583. a) dana ¢ynkuna y= —3x°. Touka (¢, —3) npurasnexuT
rpaHKy 3Toll dyRKUuH. Onpeasenunre £
6) Hana ¢pynxuua y= —0,2x2. Touka (—0,2; #) npunanie-
KHT rpadeKy stoff ¢ysrurn. Onpegennre f.

7.3. ®ynkuna y=a (x—x,)°+ ¢,

O6nactd onpeeneduns GyHKUHK §=a (x — x,)° +y, ecTb MHOXe-
cTBO BCeX jleficTButenbrbix yucen R. [TokakeM, KaK MOXHO NOCTpoO-
HTh €& rpaduK, HanpuMep, a8 a=2,

Iycte aana napaboaa y=ax® (a5 0) {puc. 64,a). Uto6m mo-
CTPOHTb Tpaduk GyHKUMH ¥ =ax’—2, nano napabony y=ax’ cIBH-
HYTb Ha 2 eAWHHUB BHH3. [paduk pyskuun y—=ax’*—2 — napabo-
Jaa, EMewoman sepuwnny (0; —2) u oce x=0 (puc. 64, 6).

L oA

y=2x

¥ <]

o
L 4
Q
oo
]
b
o
Q
]

Puc. 64

B camom aene, ecain A — npoussoabHas TOWKa rpagpuka Qynk-
uMn y=ax’, a B — rouka rpapuka dpyskuun y—=ax’—2, uMeomas
Ty Xe abcrHcCy, TO OPAHHATA TOYKH B Ha 2 eIHHHUB MeHbIUe OPAH-
HaThbl TOYKH A.

Hanpumep, npn x=0 Gpynkuus y=2x" npHHEMaeT 3nayenue 0, a
¢ynkuna y=2x*—2 npuHamaer 3navenne —2. [Ipn x=1 ¥ npn
x=—1 ¢yukuua y=2x> npunAMaeT 3Havenne 2, a QYHKUHA
y=2x"—2 npunumaer 3nauenune 0 H T. &

Boo6uie, 4To6t noctponts napaGony y—ax’+-y, Hago napabo-
Ay y=ax® cABuHYTb HA |y,| eannuu BBEPX, €CAH >0, W BHHU3, ecam
Yo << 0.
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Pne. 65

IlycTh nana napabona y=ax’ {a%0) (puc. 65,a). Yrobu no-
crporTh rpaduk ¢ynkuun yg=a{x—2)F, napo napaboay y=a
CIBMHYTb Ha 2 eHHHUb BrpaBo. [papuk PpyBKuun y=a (x—2) —
napaGona, WMewan eepuwuny {(2; 0) u oce x=2 (puc. 65, 6).

B camom nene, ecin A — npor3BoNbHAA TOYKa rpac[mxa PYyHK-
unn y=ax’, a B — touka rpaduka pyHxuur y=a (x—2), umero-
A TY e opAHHATY, TO abcnHcca TOYKH B Ha 2 eAUHHIH Goablue
abcuHechl Toukn A

Hanpumep, yukups y=2x* npunumaer snavenne O npu x=0, a
dyuxuus y=2(x—2) npr x=2, dpynkung y=2x° NPUBHMEET 3HA-

yehHe 2 npr x=1 H npH x= —1, a pyuxuns y=2(x—2) npu
x=3 unpu x=1u¥ T A
a [yA o |, g
- . A.v =afx~ 2) +3
y=alx~-2)
c 1\ 7|
\ 1 ]
\ B \ B
T
l
! T :’T,__
ol 1 2? x o] 1 ::3i %

Puc. 66
170



Boo6uie, 4To6b nocTponth Napaboay y—a (x—x,)°, Hapo napa-
Gony y—ax® cABHHYTL Ha |Xx,| eAWHNL BRpaBO, ecan X,>>0, W Baeso,
ecal x,<<0.

Mycts Tenepp mawa napaGoaa y=ax® (puc. 65,a). Yro6u no-
cTpOHTb rpadmk ¢pyrkunn y=a (x—2)°+3, nano napaboay y—ax’
cHauajia CABHHYTb Ha 2 edHHHLE Bnpaeo (puc. 65, 6). Tenept napa-
Gony y=a(x—2) nano CABHHYTH Ha 3 enMAHUL BBREpX (pHC. 66, a).
lpaduk pyrrumnn y=a(x—2)+3 — napaGona, peplinHa koTopoll
(2; 3), a ocb — npaAMan x=2 (puc. 66, 6).

B camom nene, ecam B — npoH3BOALHAA TOYKA napabodbl
y=a(x—2), a C—rouka napaboabi y=a(x—2)*+3, umerowas
Ty xe aGcuuccy, To oparHaTa TouKH C Ha 3 eAMHHAUB GoJablle OpAH-
HaTH TOYKR B.

Hanpumep, npn x=2 ¢yHkuna y=2(x—2)° npuuumaer 3na-
venne 0, a ¢yukuna y=2(x—2yY+3 npuHEMaeT 3HaueHHe
0+3=3, npn x=1 ¢yukona y=2(x—2) npuHUMaeT 3Haue-
nne 2, a pynkunsa y=2(x—2)+3 npuuumaer 3nauenne 24+ 3=5
W T. A

BooGuie, utefm nocrpouth napaGoay y—a (x—x,)’+ 5, naao
napaboay y—ax’ caeunyTh Ha |x,| eawnny snpaso, ecam x,>>0, n
BAERBO, eCAH X,<70; 3aTem noayuennyw napafony cABNHYTH Ha |if,]
eNMHHL BBepX, ecam §,>>0, v Bun3, ecan y,<<0.

BepwnHa napaboiul y=ga(x— X)) +y, HMeeT KOOPAMHATHI
{xp ), npAman r=x, — €e 0OCbh.

Oyukuna y=a (x— %)+ g, (a#0) npu x=x, npHHAMaeT Aas
a >0 cBoc HauMeHbIIee 3HaYeHNe, a A g <= HanGoabillee 3HAYEHHE.

Hpumep. TloctponM rpaduk pyHKuuK

y={x—3¢¥—2.

Uto6w nocTpouTh rpaduk ¢pyrkunn y=(x—3)’—2, nano napa-
Gony y= X’ CABHHYTb Ha 3 eAMHHIULI BnpaBso (puc. 67, a). [Motom na-
pabony y=(x—3) coBunyTo Ha 2 eawnuun BHH3 {pHC. 67, 6).

y ‘ y=5x2 J'=(9:—~'3)2 ¥ i | ) \
1 T el
3
) / ! !”
W ) 1
A !
1 1
Ol 123 ix Op 1\ & £
y=(x-3) -2
-2 -2
| | HE
Puc. 67
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584,

585.

586.

587.

588,

589,

590.

591.

Kaxk u3 rpa¢uka dynkunn y=ax’ (a+0) noayunts rpaduk
PYHKLHH:

a) y=a(x—x); 6) y=a(x—xf+yy; B) y=ar+y?
Kak HasbiBawoT atH rpaduku? KakHe TOUKH ABAANTCH HX
BepuinHamu? Kakoso ypaBHeHHSI HX oceft?

Myets a>>0. Kaléum JOJMKHO OHITE YHCAO ¢, YTOOR napaGo-
a2 y=a(x—x)+y

a) nepecekana ocb Ox B ABYX TO4KaX;

6) nepecekaaa ocb Ox B ONHON TOuKe;
B) He nepecekana ock Ox?

IMpu kakux x 3HaueHwe PYHKUUY PABHO HYAK:
a) y=(x—5¢%  6) y=—(x+8)%5 ) y=2(x—3)®
Kaxue KOOleHHaTbl HMeeT Bepmuna napaﬁo.nm:

a) y=(x+1)4 6) y=3(x+9);

B) y=—2(x—b5); r) y=—4(x—9)y?
3anamuTte ypaBHeHHe OCH CHMMETPHH TapaloJbl:
a) y=(x—12)} 6) y= —(x+7)

B) y=3(x+2) r) y=—8(x—10)

OGBACHATE, KaK C MOMOULBIO TPadiKa QYHKUHH §= X MOXK-
HO noAyuuThk rpaguk dyHKUuU:

a) y=(x+5)"% 6) y= —{x+5)}

B) y=2(x—1)% r) g=—2(x—17

DRana napatona y=(r—2).

a) Onpeaenute KOOpAHHATH BEePLUWHHH napaGonkl.

6) 3anMuwKTe ypanHeHUe OCH CHMMeTPUY Napabodabl.

B) YKaxHTe 06/acTh onpefeieHHA (YHKIHH,

r) ¥KaxaTe, KaKHe 3HAYEHHHA MOMKET IPHHHMATDL ¥.

a) Tocrpofite rpadnk dyuxknam.

e) Kak namenserca y, ecin apryMeHT X H3MeHAETCH OT
—oo 0 2, oT 2 po 4 oo?

i) TlpH xakoM X PYHKIIHA NPUHAMAET HaUMEHbIUee 3Hade-
Hue? TlprAaMaeT JAH yHKURA Hanbodbiuee 3HAYeHHe?

3) B rakux Toukax rpadux ¢$yHKUMA nepeceraer ock Oy,
ock Oy?

IMocTpoiiTe rpaduk pyHKUHM:

a) y=(x—1)% 6) y=(x+1);

B) y=(x—3); r) y=(x+4);

a) y=—(x—1)% e) y=—(x+2)%
x) y= —(x—0,5)% 3) y=—(x+0,5);
u) y=2(x—1y; K) y= —3(x+ 1)}
a) =05 (x+2) M) y=—0,1(x—3)%
H) y=—05(x—2)% o) y=0,1 (x+43).



592.

593.

594*,

595.

596,

597.

Jlana ¢ynkuns y=2(x—3).

a) Hocrpofire rpaduk GyHKIHH.

6) ¥kaxure obracTb onpereneHHs QyHKHHA.

B) Flpu kakoM x (pyukuas NPUHHMEET HaHMeHbIlee 3HAade-
Hue? Ilpunumaer AM ¢yHKOMA Banboabillee 3HadeHHe TIPH
KaKoM-1u6o x?

r) B kakux Toukax rpaduk pyHKUHH NepeceKaeT OCH KOOp-
IOHHAT?

0} Kakue 3HadeHdd NpPHHEMaeT ¢YHKUMA, ecau x>>3,
< —1, 0<Cx=<C1?

e) Ilpy KakuX 3HaueHHAX X BHIMOJHAETCA HePaBEHCTBO:
y=>0, y<0, y>—1?

Kako#t popMynoli 3anana ¢yuruas, rpadak KoTopofl noJy-
YeH M3 Napaboabl y=x> ¢ NOMOWbIO:

a) cxkaTus 0o och Oy B 2 pa3a U NepeHoca BepLIHHBI B TOY-
Ky (5 0)

6) pacTsxenns no ocu Oy B D pa3 ¥ nepeHoca BepIIMHLI B
Toyky (—4; 0)?

a) Hanuiate ypabsHedue (pyHKUHH, TpadHK KOTOPOR CHM-
MeTpayen rpadaxy ¢yHkuan y=2{x—8f ornocuTeabHO
ocu Oy.

6) Hanuware ypaBHenHe KaKoft-A1H60 napabodbl, 0CHIO CHM-
METPHH KOTOpOH ABAseTcA npaMas x==J.

lNpuragnexat au rpaduky yHKUHK:
a) y=5(x—4) touxu A (7; 45), B(—2; 170);
6) y=—0,2(x—2) Touku A(7; 1), B{—8; —2)?

a) Mana pynxuua y= —5(x+9). Touka (3; k) npunanne-
*ut rpadury 310l pyHkuuu. Qnpenennre k.

6) Hana ¢pyukuus y==10 (x—6)’. Touka (m; 10) npunanJe-
wut rpaduky sroi dpyHxuma., Onpeaesnre m.

B) Touka (5;—8) npHHamaeXWT rpadHky QYHKUHH
y=51(x—3)2. Onpeaeante a.

Jdanel GpyHkuun y=x u y=x+1,

a) Kaxkopa o6JacTh onpejefeHHs KaXOoH M3 3THX (YHK-
uai?

6) CpabBHuTe 3HaYeHHA PYHKLUA NPH OAHHAKOBLIX 3HAYEHHU-
AX apryMeHTa x.

B) Kak Moxuo noayuntn rpadux ¢pynkunn y=x"+1 na
rpaprka PyHKUHH y= x°?

r) ¥YkaxHTe KOOPAMHATHI BepLIMH 3aAaHHBIX napaboJ.

a) [pur Kakux 3Havenasx apryMeHTa 3Ha4YeHus QYHKULHRH
[aBHbI HYJAIO?

e} Ipu KakuX 3HaueHusnx y rpadukd PyHKOHA nepecexaor
och Oy?

#) Iocrpoite rpadukn Aandabix QYHKUNA.
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598.

599,

600,

601.

602.

603,

MNoctpofite rpadpux Pynkiiun, nperBapuTeILHO YKa3ap Ko-
OPAMHATHI BeplIMHLl Mapalosbl ¥ TOYEK NEpecedyeHus rpa-
$HKa ¢ OCAMHM KOOPAHHAT, €CJIH OHMH CYIIECTBYIOT:

a) y=x'—4; 6) y=x"+3;

B) y=—1+2; r) y=—x'—1.

Kaxko#i ¢opmysol 3anana pyuxuas, rpaduk xoropoh nosay
yeH M3 napaGonsl y=x' B peayanTaTe:

a) nmepenoca BepwHHel B Touky (0; 5);

6) nepeHoca eBepwHHH B Touky (0; —3)

B) cxKaTud no ocd Oy B 2 paza 4 nepenoca BepWHHH B ToOU-
Ky (0; 3)

r) pacraxenus no ocH Oy 8 2 paza ¥ nepeHoca BeplIMHbI
B Touky (0; —2)?

Hocrpoitre napaGoay:
a) y=(x—1Y+1; 6) y=—(x+17+2;
B) y=— —2(x—2V+2; r) y=2{(x+17—1

Onpeaesute KoOpAHHATH BepUIHHH MapaGolbl H nocTpoiite
napaGoay:

a) y=(x—2F+10; 6) y=(x+8y"—5;
B) y=2{x—7F—11; rNy=—25(x—0,574+1;
) y=—0,5(x—0,5—3; e) y=05{x—4y+6.

Kaxoh dopMynoii 3anana pynkuus, rpadux xoropol noay-
UeH MapajJieNbHEM NepeHocoM napabossl y=2xP TaK, 410
ee BepliMHA ecTh Touka:

a) (5; —1); 6) {(—2; 5)?

Bri6pas yaoOnbifi MacwTab, mocrpoiite rpadux GyHxuun:
a) y=300(x—0,2)*—400;

6) y = — 1000 (x— 5)* + 2000.

74. Tpaduk KBAJPATHUHOH PYHKUNN

PaccMorpuM dyrKuHID

y=ax’'+bx+c (a5=0). (1}

Ee Ha3nBaioT KBaapaTtHunoli ¢yukuuned. O6aacTh onpenencHun
KBaapaTHynoli GyHKUMH ecTb MHOXecTBO R Bcex ReHCTBHTEABHBIX

qHCEJA,

Teopema. lpaduron xaadparuunod ynxyuu asraerca napa-
Boaa ¢ sepuunocii 8 Touke (xg Yy), NOAYLEHHAR NAPAAACABHBIN nEPE-
Hocox napaboavi y=ax’, ade
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HDoxasateanctBo. PaccMoTpuM dyHRKUMIO
y=a(x—x +y, (a5=0), (3)

Fle MHCAA Xy B g onpenensiorcA no dopmyaam (2). B o. 4.1 nokasa-
HO, YTO AJA AKGOro AEHCTBHTENBHOrO X CNPABENJHBO PABEHCTBO
ax' +bx+c=a(x—x)+y.

3710 oaHavaer, uTe GyAKUMH (1) u (3) uMewT O0aMH M TOT Xe
rpagHux.

Ho, kak 6bi0 nokasano 8 n. 7.3, rpaduk ¢ynkuuy (3), a cueno-
paTefibHe, W GyHkuun (1} ectbh napaGona ¢ BepwuHOH B TOuKe
(Xo: Yo), NONYUEHHAA NAPANNENbHBIM NEPeHOCOM Napaboibl y=ax’.
TeopeMa aoxa3aHa,

flpumep [. TocTpoum rpadux GyHKUHH
y=x'—2x—3. (4)
Brinensis noaumf kBajapaT M3 TpexuseHa
P—2x—3=x—2x+1—4=(x—11—4,

NoJAY4HM, YTO ¢yHKuMA (4) MoxKeT GbITH 3aNHCAHA caepywOIIHM 06-
paszoM: y=(x— 1 —4,

Ho toraa rpadpux ¢yuxuuu (4)
ecTh mnapabosa, nNodyd4eHHas na- y_‘
paaneJbHbiM MepenocoM napaboJbl
y=2x" TaK, uUTO ee BepWIMHA €CThb
Touka (1; —4) {puc. 68).

Tor mxe rpapuk MoXHO ObAG
NOCTPCHTb, BLIYHCJIHB KOOPAHHATHI

BepIIHHE Napabo/itl B HeCKOAbKHX
£e TOYEK: \ y=(x-1) -4

|

=

3 |
y {0 | —-3|—4]—3] 0 4

Hs rpaduka pHOHO, 4TO BepmiH- Puc. 68
Ha napaboabl pacnosoikeHa HHKe '
ocd Ox v napabosa nepeceKkaer ochb
Ox B ABYX TOUKAX, T. &, €CJH NOJCKUTL B pasencTre (4) y =0, To no-
AyuenHoe KBajpaTHoe ypaBHeHHe x> — 2x — 3 ==0 NoNKHO HMeTh ABa
HefiCTBHTENBHHX KOPHA.

3T0 3aKA10YEeHHE MOXHO [POBEPHTb, BLIYHC/IUB KOPHH YpaBHe-

—b:t\/ﬁ=2:td

N — —
nua. Hmeem D=b'—4ac=16, x ,= o ClE

OTKyAa
Xy== — l. x2=3.
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Puc. 69 Puc. 70

Tpamep 2. TloctponM napabony
y=32+12x+15. (5)

BrideceM 3a cKOGKH KO3PGHHLUHEHT 3 H BHAENHM H3 NOJYYEHHOTO
TpexusieHa NOJHbIH KBEAPaT:

3(F+4x+4+5)=3(+2-2x+44+1)=3(x+2)+3.
Takum ofipazom, PyHKuuKy (5) MOXKHO 3anucaTe B BHAE
y=3(x+2y+3.

IMostomy rpaduk ¢yukuuu (5) ecTe mapabona, NoJyueHHas na-
panfensHLiM flepeHocoM Mapabonnl y=3x° Tak, 4TO ee BepwWHHA
ecte Toyka (—2; 3) (puc. 69). 10 nokassiBaer, 4TO YpaBHeHHE

3¢+ 12x+ 15=0 (6)

He HMEeT AeHCTBHTEAbHBIX KOpHeﬁ, H, CAeAOBATEJbHO, NHCKPHMH-

HaHT KBaApaTHOro YpaBHeHHA (6) AoaxeH GbiTh OTPHUATENBLHBIM.
HeilicTaHTeNBHO,

D=0b"—4ac=144—180= —36<0.
fipumep 3. TlocTpoum napaGoxy
y=—6x7—12x—8,
BriyHCANM KOOPAMHATH BeplIHHH MapaBonbl

b__12
22 2:.(—6) ’

o= —6(—17—12(—1)—8=—2

(7)

Xg= —
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BbiuHCAIHM KOOPAHHATBI HECKOJABKHMX TOYeK Napalofbl, CHMMeT-
PUMHBIX OTHOCHTEALHO €€ OCH x= — 1.
x —3| -2} -1 0 1
g |—26] —8]—2|—8|—26

H3o6paszum nonyueHHbie TOUKH B cHCTeMe KoopAHHAT xOy H, coepH-
HHB HX HenpephiBHOH AMHMefd, mosiyauM dckoMblfi rpadmuk (pue. 70).

Mpl BUIHM, uTC B Ha 3TOT pa3 napabosia He nepecekaeT ock Ox
H YpaBHeHHe

—6—12x—8=0

He MMeeT NefCTBHTENbHbIX KOPHEH, T. €. AAfA A1060ro AeHCTBHTEALHO-
ro X BLUIOJAHAETCH HepaBeHcTBo — 6x*— [2x—8<<0.

Takum obfpazom, aaa nocTpoeHus napaboan (1) MoOXKHO BhinoA-
HUTb NapajfefbHbilf MepeHOC NapaboJbl ¥y =ax , NPH KOTCPOM Bep-
WHHOK NapaGobl CTAHET TOYKA (Xg; Yy), KOOPAHHATBI KOTOPOR ompe-
aensaetrca no gopmyaam {2).

[TapaGosny MOXHO NOCTPOHTb TaKXe 10 TOUKAM, ONpPeleiHB Ko-
OPAHHATbl BEPWHHB H KOOPAHHATHI HECKOJAbKHX ee TOYeK, XeaaTelb-
HO CHMMETPHYHBIX OTHOCHTEJNbHO OCH Mapabosbi X ==X,

[Tapa6ona (1) nepecexaetr ocb Ox B ABYX TOUKaX, €CAM AHCKPH-
mMuHaHT D kBaapaTHOTO Tpexunena ax’ + bx+ ¢ Godblie Hyas; Kaca-
etc ocH Ox B 0AHOH Touke, ecan D=0; He nepecekaer och Ox, ecau
D <0. Ee BeTBH RanpaBieHn! BBepx, ecqan g >0, BHH3, ecau a<< 0.

604° a) Kak noayuntsh rpadux ¢pyukuun y=ax’+ bx+c (a#0)
H3 rpaduKa GYHKUHH y=ax?
6) Kax waswmBalor rpaduk ¢ynkuun y=ax’+bx+¢
(as=0)?
B) Kak pacnoJsioxen oTHocuTeanHo ocH Ox rpaduk ¢yHk-
uHH y=ax’+bx+¢ npu a>>0 u npu a<<0, ecau:
1)y D>0; 2) D=0, 3) D<0?

605. Jana KBanpaTuunas GyHKUMS y=ax’ -+ bx+4c. YRaxure:
a) KOOPAMHATHI BepUIMHLI Napabonabl;
6) ypaBHeHHe OCH CHMMeTpHH NapaGonbl;
B) KOOPAMHATH TOYKH nepeceueHusl napabosbi ¢ ocbio Oy,
) KOOpPAHHATH TOUYEK MepeceueHns ¢ ocbio Ox H YCNOBHS, OT
KOTOPbIX 3aBHCHT YHCAC TAKHX TOYEK.

606. YkaxknTe KOOPAMHATH BepIIHHbI, YPaBHEHHE OCH CHMMET-
puM napafoJbl, KOOPAHHATH TOYEK NepecedeHud Napabonsl
C OCAMH KOOPAHHAT, ecau:

a) y=x—3x+5; 6) y=x"+T7x—8,
B) y=2=>—x+1; r) y=5x"4+4x—2;
B) y=—35+ 52— 10; e) y= — 10— x+3.

177



Hocrpofite rpaduk dyHK- y ‘A
uup (607—608):

607. a) y=x"—4x+43; y=
6) y=xX"+42x—3; 4 Y
B) y=4xX—4x—1; 1
r) y=9x%—12x+3;
1) y=x’—6x+5; 1 s
e) y=x*+4x-5;
XK)y=—x2—6x—05; —3 01 1

3) y= — 2+ 4x+5;
n) y=x'—4x+7; y
K) y=— X +4x—6. \

608. a) y=2+3; N
6) ¥= _x2+g‘ _y:%—2 '
[ |

R

b

P
llH

:l
b2

B} y=0,2x>—~ x+10,8;
r) y=5 2 +51+5; e, 71

) y=—122—1,2x—0,5; e) y= —8x*— 16x—6;
K) g=2x"+8x—10; 3) y= —3246x—3.

JOTOJHEHHUSA K TJIABE 111
k
1. Tpaduk dynkuun y=ﬁ+y.

PaccMoTpHM npuMepbl nmocTpoeHHsi rpadukos GyHKuHM

&
+ %o

—%
Mpumep I. TocTpoum rpaduk GyrKuHH y=%—-2.

¥y=-

4
Crauana noctpoum rpaduk GyHkUMK y==—, BBIYHCIHB KOOPAH-
HaThl HECKOJABLKHX €r0 TOUEK.

—

x |—4| —=2]—-1

)
y | —1] —2|—4| 4 | 2

I'padux pyHKuUHH y=%— rinepGoia, BeTBH KoTopoRt pacnono-
xenbl B | u 8 II1 verseprax. UroObl nocTpouth rpadHk GyHKUHH
y=%—2, HaZ0o CABHHYTH MOCTPOEHHBIA IpadHK HA 2 eAHHUIB BHH3
{puc. 71).
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B camom pene, ecau A — y_‘ |
NpOU3BONIbHAA TouKa rpadm-

I ]

Ka GYHKUHHA y=-, a B — ’
TO4Ka rpadHKa (PYHKUHH '_‘y=-% A

y=?—2, HMewlwasa Ty XKe
abcuuccy, To OPAHHATA TOYKH d

B na 2 MeHblle opAHHATHI TOU- _/‘_5’1’

Ku A. - |

flpunep 2. TTocTpoum rpa- — |

K bYHKUHH y=x_T32. Cna- A A

uyana nocTpoHM rpaduk QyHk- A

—— - Bt |

UHH §=——, BHIYUCTHB KOO -3

()
R

JAHHATH HECKOJILKHX €r0 TOYeK
(cM. Tabauuy HHXe).

Ipaduk dyHxuuu y=:;3--—

runepGofiia, BeTBH KOTOPOH Puc. 72
pacnofoxensl Bo 11 uw B 1V
ueTBepTAX. UToGHI MNOCTPOHTH

—3
rpaduKk GyHKUHH Yy=——5» HALO CABHHYTH NMocTpoeHHbIf rpaMK Ha

e ——
.
e

1]

Y

2 eaunnupl BOpaso (puc. 72).

X | =3 —2 |—=15] —1 1 1,5 2 3
Y 1 1,6 2 3 —3 | -2 {—15] —1I

B camom gmene, eciiH A — NpoH3BoAbHaRA Touka rpaduka QyHK-

LLHH y=_73, a B — rouka rpaduka QyHKUMH y=x—_32, c Toll Ke

OpAHHaTOH, To abcuMcca TOYKH B Ha 2 Gonbwe abcimcen A.
2

flpumep 3. HocTpouM rpaduk GyHKuuM y=m—l.

2
Cnayana nocTpouM rpadHK GyHKUMM y ==, BBIMHCIHB KOOPAH-
HaThl HeCKOJNbKHX €0 TOYeK.

x| —4 ]| —2 [—1 |—05] 05 ] 1 2 | 4
y |—05] —1 | —2 | —4| 4 | 2 0,5

—

Ipaduk pynkuun y=%-—- rinep6ona, BeTBA Kotopofi pacnofo-
#enol B | u B 111 uverseprax {puc. 73). Uto6el nocrpoute rpadux
PYHKLUHH g=m—l , Halo CABHHYTb NOCTPOeHHHIA rpadHK Ha
3 enMHAUB BNEeBO W Ha | eAMHMUY BHH3 (CM. pHC. 73).
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x=-3 ‘
2
4 y=x
F1
O [ ————
=1 x
=~ 2 y=-1
_2 ‘
i
Puc. 73
BooGue, 4To6b TOCTPOATDL rpaduk QyHKIUHH ¢ = x—kx,, + y,, HAAO

[
NOCTPOHTh rPadHK PYHKUHH y==—, 3aTeM CHAYANA CABHHYTb MO-

crpoelnsiit rpadrK Ha |x;| eanwun Brpaso, ecan x>0, u BAeso,
ecad xp<<0, motom Ha |y,| enuunL BRepX, ecau y,>>0, H BHH3, ecAH
Yo<<0.

Iflpumep 4. TlocTporm rpaduk OYHKUHMH y=
2x—5 —

3
P —ﬁ+2, No3TOMY 3aAaH-

2x—5
x—1 "

CHavana npeoSpasyem npo6b:
HY10 PYHKUHIO MOXHO 3aMHcaTb B BHAE y=x_T3l+2' Tenepr no-

—3
CTPOKM rpadiK GYHKIHH y =—=, BLIYACAHB KOOPAAHATH HECKOMb-
KHX ero Touex.

x | —8]—2[—15] —1] 1 |15 ] 2 | 3
g | T |15 ] 2 | 3 | —8] —2]|=1,8] —I

I'paduk pynxunn y=—_x—3— runep6ona, BeTBH KOTOPOR pacno-
aoxeun B0 Il # B [V uerBeprax (pHuc. 74).
Y106b1 IOCTPOHTD IrpaduK GPyHKUHK y== x_—l

NOCTPOEHHLIA rpaduKk Ha | eNWHHIY BNPaBe H HA 2 eAMHHLB BBEPX
(cm. puc. 74).
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SO—
Tocrpoitte rpaduk YAl |_ |
byukunx (609—611): x=1
6 = 2¢-5
609. a) y=;+2‘ _‘y—?—T_
6) y=_76—2; el . y=2
___8_ . 1
B) y_ x 3! — P
r) y=%+3; -3 O] 1 -t |x
4
1) y=-=3: -
e) y=—"% 14
610. a) y=——: t
—6
6) y=-x+_2;
2 Pnc. 74
Vy=sm
) y=i=t1l: M y=53+% e y=77-2.
—2x+4 — 1
611, a) y= x:-il- ; 6) y— xx_Jg :
2x+1 3542
B) y= :j-l ; r} g= x-:z .

2. MMocrpoenne rpaprko PyHKUHA,

COAEPKAMHX MOAYAH

B § 6 npHBeneHE NPHMepPH MOCTPoeHHS FpadHKOR QYHKLHIE, co-
JepXamAX MoAyJH. PaccMoTpuM ellle HECKOJNLKO NPHMEPOB.

flpumep 1. IlocTpoum rpa-

$PHK QyHKUHH y=|—il.
St1a GYHKUHS onpeseneHa
ana aobeix x7=0. Tlpu x>0

| 2] x
HMeeM |x|=x #u T=_=]'

X
ITpn x <0 nameem

x —

|¥|=—xn A _—x 1.
X X

B Ttouke x=0 o¢yHkuua ue

onpefeneHa, NoITOMy HET TOY-

KH rpaduka c abcuuccoi 0.

B

0

-

Puc. 75
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Pnc. 76

Hrak, 1, ecan x>0,
y=13 —1, ecnn x<<0,
He onpepenen, ecan x={0.

I'paguk $pynkuun yzg H300paxeHn Ha pUCyHKe 75. TOUKH, He

npuHagaexalue rpaguky, NOKA3aHbl KPYXRKaMH,
llpusep 2. TlocTtpoum rtpaduk ¢yHrumk y=|x— 1|+ 1x+1].

Beipaxenus x— 1 u x4 1, crosmuue noJ 3HakoM Mopyss, ofpa-
aoTce 8 Hyab B Toukax | m — 1 coorBercTBenHo. Paccmorpum
‘AaHHYI0 PYHKLHIO HA YHCAOBBIX NpoMexyTkax (— oco; — 1), [—1; 1]
H(l; 4o0)

MMpu x>1 nmeem [x— 1|+ x4 1| =x—14x+4+1=2x I'paduk
byHKUHH $y=2x npH x>>1 nao6paKeH Ha pHcyHKe 76, a.

Mpu —1<Lx<] umeeM |[x— 1|+ x4 1l|=—x+14x41=2
I'padhk dpyHkurn y=2 npn — 1 < x<C 1 usobpamen Ha pucyHKe 76, 6.
[Mpn x<<—1 umeeM |x—1|4|x+1ll=—x+1—x—1=—2x.

Ipaduk dyHkuMH y= —2x npu x<< — 1 H3o6paxkeH Ha pucynke 76, 8.
I'paduk byHkuun y==|x—1| +
y‘ | 4 1x+1| ua Bceit ock Ox uzo6pa-
XeH Ha pHCYHKe 77,

flpusep 3. Tloctrpoum rpaduxk
yHRUKK y=| x| —2].

Cnauana mnocrpoMM rpatuk
dyukunn y=|x| —2 (puc. 78, a).
Ilpuw x=2 n x<{ —2 Boipakenne

1 |1 —2220, nostomy |x|—2|=
‘ = | x| —2.
O] 1 x 310 03HayYaerT, 4TO NPH x =2 M

X<, —2 rpadMk YHKUHH y=
=||x| —2| coBnanaer c rpadpukom
Pue. 77 $YHKUHE y=|x| —2.




Npu —2<x<2 3aHauenns GyHKUHH y=|x| —2 OTPHUATEAbHLI,
a QYHKUHA ¥ = [lx| —2| npARAMEET NPOTHBONONOKHBIE HM MOJNOXKH-
reqbHBe 3HAveHHd. [losToMy vacTb rpauka, pacnooXeHHYIO Ha
pucynke 78, a nuxe ocu Ox, Hal0 CHMMETPHYHO OTPA3IHTL OTHOCH-
reabHo 3ToR ocH Ox.

Tpapuk ¢yukuna y= | x| —2| naobpaxen na pucynke 78, 0.

a) A 6) E
$r=lxl-2 =|| -2
3
411 P
0] 1 x ol 1 x._-_
— -2
2 Bl

Puc. 78

BooGie, aaa noctpoewns rpaduka ¢yukudd y=|f(x)| wHamo
yUECTh, UTO
F(x), ecan f(x}>0,
f(x)y=1 —f(x), ecan [(x)<0,
0, ecin f(x)=0.

IMosromy npu nocrpoensn rpadnka ¢yukunn y= |f (x)| nano co-
XPaHHTb TO4KHA rpadHka PYHKUHH y=f(X), KOTOpHIe JeXKaT BuIlle
ocH Ox HAH Ha Hefl, 2 TOYKH rpadHka GyHKUHH y=f(x), KoTophle
JeXaT HHXe och Ox, CHMMETPHYHO OTPA3NThL OTHOCHTENbHO ocH O
{puc. 79),

\H*; _

Puc. 79
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8) 7 6) 7 |
5 8
/ \ |
][ \ /
3 1 3
[r= #2im, \ Jy= -2t
1 0 1 l
—4 0 2 x| 4 4 Lx_
| |

Puc. 80

Mpumep 4. MocTpoum rpaduk dOynkuun y==x"—2 x|
3ameTnM, 4TO OPH H3MEHEHHU 3HAKA APTYMEHTA X HAa POTHBONO-
NOKHABIA PYHKUMS He H3IMEHfeT 3HAYEHHA, TaK KakK

(—x)—2|—x|=x—2Ixl.

3To o3Havaer, 4TO QYHKUHSA y=x2—2 |x| aBnserca yeTHof, ee
rpagHK cUMMeTpHUeH OTHOCHTeNbHO ocH Oy.

Cnavana nocTpouM rpadux Gpynkuuu y=x'—2 |x| ana x>20. B
orom caydae ¢yHKuMI0 y=x'—2 |x| MoXHO 3anKcaThb B BHAe
y=x'—~2x. Bepmmuna napaGoanl y=x"—2x uMeer aGcuuccy

2
Xy=——==7==1, BeTBH napaGojnl HanpaBAeHh BBepX, TAK KakK
a=1>0. OunpenesHM KOOpPAUHATH HECKOABKHX ToveK rpaduka.

x 0 1 2 3
3

4
Y 0 |—1] 0 8

Ipadpuk pyukunn y=x’—2 |x| aas x>0 nokasanm Ha puCYH-
Ke 80, a. Teneps oTpa3uM noJyueHHbIA TrpadBK OTHOCHTEALHO OCH
Oy w noayyum Hckommidl rpaduk (puc. 80, 6).

]
[Toctpoiite rpaguk ¢ynxkuun (612—613):
612. a) y=|xI+x 6) y=|x|l—x
B) y==x-|x|; r) y=|x—2|+ [x+2[;
a) y=lxl—3l; ey y=11xl—2]—1};
K) g=2x"—6 |xl; 3a) y=2L—4|xl;
w) y=x—2 x| —1; K) y=+2 x| —1;



a) y= |2 —4x+3I;
H) y=|L—4 |xll;
n) y= 242 x| —1}.

613. 2) y==_3,
B) y=17—2% r) y=
1) y= :_62;
) y=Tr=3"
H) == -2,
) y=|x|L_,—2;

6) y=

e} y
3) y=
K) y=

M) y=

M) y=I1x2—2 |xl;
0) y=|£—2 x| —1[;

4
22|
X

4 ;
T;l—_2|'
_6 .
=20
=6 |
*—2 |’

2 2|;

—1

2
- —2|.

614. Jauna dyHkuns f(x)=%:. ITocTpokite rpaduk PyHROHH:

a) y=f(x)
B) y=f(Ix|)

6) y=If(x);
r) y=IF{lxl)l.

3. ¥pasnenne npsmMoi, YPABHEHHE OKPYXHOCTH

PaccMoTprM QYRKUHIO y=2x H AOKaXeM, uTo ee rpadux ecrb
npaMasa {, npoxoasllana 4Yepe3 HA4aJ0 KOopAHHAT ¥ Touky B(1; 2).

1} Ha pucyuke 81 oTmeuena
Touka A (x; y) npamo# [, HMewmasn
NOAOKHTENAbHYI0 afCHuccy Xx.

[Tposenem uepes Toukn A u B
MpAMEIE, Napadneabhble ocn Oy,
OHM NepecekyT ock Ox B Toukax A,
u B, HUmeem OB,=1, BB, =2,
OA =zx, AA,=y.

Tpeyroasnuku OBB, u 0AA,
NpamMoyroJibibie, oHH HMeloT o6IHA
yroa BOB, —T1. e nonolun 0o
ABYM YTJAaM; MX COOTBETCTBYIOILHE
KaTeTbl MPONOPUHOHAABHBIL

AA, DA, y_ x
BB, 0B, " =71
oTkyna y=2x. CaeaoBaTeabno,

Touka A ecTk Touka rpadrka pyHK-
oHn §=2x.

¥y ‘ Ar
IA(x;y)-
1
1
V.l
¥
2 ﬁu;z):
1 :
i *
1 O| B.| 4| k
4 |

Puc. 81

L85



y 2) Ha puc. 82 na npawmoii { ormeye.
Ha touka A(x; y), y kotopoli x<Z0Q,
Ho torma y Hee W y<C0 u nostomy

L/
0 o] 0B,—1, BB,=2,
)/3(1,2) 0A,= —x, AA= —y.

1 Tpeyroabvnnku OBB, n OAA, upa-
MOYFro/ibHbie, OHH HMEIOT pPaBHHE yr-
A, / asl BOB, n AOA, (BepTHKaJbHBIE),
T P! OTH TpeyroJbHHKH NOAOGHB NO ABYM

ﬁo B, X yrJa1aM, HX COOTBETCTBYHOIHE KATeTH
| NpPONOpPIHOHAJNBHB, TG €CTh

I
Alx:y) A OA Ly —x
8B, 0B, 2 1
Puc. 82 oTKyna y=2ux.

CaenoBaTtenbHo, Touka A asafercs
Toukod TrpadHKa ¢PYHKOHH =2y,

3) Ecam y Touku A (x; y) abcuncca x=0, To Touxa A ecTb Haua-
go go%pnuua'r u ee opaunara y==0. Ho trorna y=2x, notomy uro

Hrak, noxasaHo, uto eciH rouka A {x; y} JexAT na npamoti I, to
ee OpPJAHHATA y paBHa 2x.

O6patno: npn awGom sanaHdoM x Touka A (x; 2x) nexHT Ha
npaMoii {. 2To ONEBWAHO, NOTOMY YTO HA MpAMOH ! eCThb €JMHCTBEH-
Haf touka A (x; y) ¢ 3anannoil aGCHHCCOR X. ¥ 3TOH TOMKH, KaK Oul-
JIO OKa3aHo Bobie, y=2x.

Hrak, ! ecte rpaduk ¢pyHKuan y=2x.

AHanoOrHYHO MOXHO TOKa3aTb, YTO TpPaPHKOM YHKUHH y=R&x
ABAAETCA MPAMAs, NPOXOAALIAA Yepe3 HAYAA0 KOOPAMHAT M TOUKY
B (1; k).

Jokaxem tenepb, 4To ypaBHeHHe

ax+by+c=0, (1)

rie ¢ 7 b He paBHBL HyA10 oaROBpeMenHo (o’ b2 5% 0), sanaer B cu-
cTeMe KOOpAHHAT xOy HeKOTOpYo NpAMYIo.

B camom pene, ecan b5=0, To ypaBHeRrHe (1) MOXHO NepenHcaTh
B BHJe

y=—35x—7%. (2)
Kak 6uno nokasawo B n. 6.3, rpapuxom ¢yHKuuH, sapaHHoft
ypasHeHHeM (2), aBasieTca npAMasn (38eck YriaoBod KoagppHuHent — =,

cBoBoaHLIA tmeu—%).
Ecan xe =0, to ypaBHenwe {l) MOXHO 3anucaTb B BHJAE
ax+c=0.
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Tax kak B pasenctee (1) a4 6°0, To u3 ycnosna b=0 caeay-

er, uto a0. Torga ypaeHeHHe (1) MOXMHO mepenucaTb B BHAe
[

xr=——

a
3To ypaBHeHHe 3ajaeT NPAMYIO, NapasieasHyw ocH Oy H nepe-

3
ceKawnmyw ocb Ox B Touxe -z

Takum o6pasom, nokasaHo, 4yto Ji0060oe ypaBHeHHe BHEA ax--
+by+c=0(a®+b5°50) 3agaeT B cucTeMe KoopaAnHAT X0y HEKOTO-
pyio NpAMYH.

MoxHo nokasaTe o6paTHoe, 4TO Ni06anA npsiMas, 3aJaHHAA B CH-
creMe KoopaHHat xOy, HMeeT ypaBHEeHHE BHAA

ax—+by+c=0.

[TokaeM Temepb, 4TO OKPYXHOCTH paaHyca R € LeHTpoM
A(a; &) B cucreme KoopauHaT xOy 3apaeTcl ypaBHeHHEM

(x—al+(y—b)=R" (3)

[TycTb 3agaHA OKPYXKHOCTL paaHyca R ¢ ueHtpom A (a; b). Bosb-
MeM Ha OKpyxHocTH Touxy M (x; gy). M3 kypca reomeTrpHu u3BecT-
HO, UTO PAacCTOfiHHEe MeX Ry ToukamH A U M Bbuncasetca no dop-
MyJie

AM=N(x—aP+(y—b).

Ksaapat sToro paccToSiHHA paBeH KBajpaTy paanyca OKpYMHo-
eth: (x—aP+(y—bF=R"

Tax kak M — npoH3BONEHAA TOYKA OKPYHOCTH, TO PaBeHCT-
B0 (3) BbinoOJIHAETCA AR JNIOGOHR TOUKH OKPYMHOCTH.

Mo Ho noka3ate ofpaTHoe: Ni06oe ypaBHeHHe BHAa (3) B cHCTe-
Me KoopAuHAT x(y 3aKaeT OKPpYMHOCTL paguyca R ¢ ueHTpoM (a; b).

615. Hokraxure, uto rpadrkoM QYHKUHH y= kx B CHCTEME KOOp-
AnHaT xOy ABAAETCA NPAMaA, NPOXOAAILAA 4epe3 TOUKH
O(0;, 0y mu B(1; k).

616, Hanumure ypasHeHue npaMoOi, Npoxoaslled depe3d TOUKH:
a) A(2; 3) u B(4; 5) 6) A(—5; 0) uw B(0; 10).

617*. HanuwuTe ypaBHEeHHe NPAMOR -~ cepefHHHOTO NepNeHAHKY-
Jfpa K orpeaky AB:
a) A(2; 3) u B(4 5); 6) A(6; 0) u B(0; 3).

618*. Mokaxure, uto JioGas NpAMan B CHCTeMe KOOpLLHHAT xOy
3afaercA ypaBHenuem Buaa ax+ by+c=0 (a4 b*£0).

619. Hanuﬁume YPaBHeHHe OKPYXHOCTH pajHyca R ¢ LeHT-
pom A:

a) A(3; 5), R=4; 6) A{0; 6), R=5;
B) A(3; 4), R=5.
[1poxoaHT AM 3Ta OKPYKHOCTh uepe3 Ha4ado KoOpAHHAT?
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o t T
Puc. 84

Pue. 83

4. HetoprueckHe cBefeHns

[TapaGony, KOTOPYI) MBI H3y4asid B 3Tof
rnase, 3HaJa eule Apxnmen (287—212 rr. ao
H. 3.) — BeJHYaHLIHA MATEMaTHK H Mexa-
HHK O peenedi I'peann. OH npuMensa napa-
GoJly npu pelleHHH pAaa NPAKTHYECKHX 3a-
1au B CYNOXOACTBE M BOEHHOM JeJe.

Apxumeny, HanpuMep, NOO0HAAOGHIOCH
BHIYHC/IHTL NJOIAAEL PHUrypel, OrpaHHYEH-
Hot napaGosofi W HekoTopol ee Xxophofi
(puc. 83, a). Meton, KOTOpHI OH MpPHMeRAA
NpPH 3TOM, BMOCJAEOCTBHA 4eped 2 ThIC. JeT
JaJl OCHOBAaHHe AJA PA3BHTHUA BAXHOH Ma-
TeMaTHYecKO# Hayku — pudpdepenunain-
HOro W HHTerpasbHOTO HCYHCHEHHd.

ApxuMea B CBOMX PacCyXAEHHHEX He
NoJB30BAJICH CHCTEMO# KoopaHHat. On
3HaJ, YTO Ha OCH Mapabobl HMeeTcs 3aMe-
yaTeJbHasds TOYKA, HasbiBaeMas PoKycom
napafoast, KOTopag objafgaer TeM CBOUCT-
BOM, 4T) €CJH B Hee TNMOMECTHTh HCTOUHHK
CBETA, TO JYYH €ro, najaloulHe Ha napa-
6ony, KOTOpylo GyleM CUATATb 3EPKasOM,
nocJe OTpaXKeHHA OT Hero o6pasyldT MydoK
NPAMBIX, YXOAAUWKX B GECKOHEYHOCTh na-
paaneabHo ocH napaboael. Ecan xe cun-
TaTb, NTO MYYOK JyueH, NapajieNbHbIX OCH
napabonbl, HanpuMep HAYIIHX OT COJH-
ua, NajaeT Ha Hee, TOTAA OKaMeTcH, uUTO
BCE OTpaKeHHble JAYYH repeceKyTcs B do-
kyce {(puc. 83, 6). ITHUM MOMHO BOCNOAB3O-

BaTbCA Ha NPaKTHKe AJA Toro, 4Tolbl co3aaTh B (POKYCe BHICOKYIO
Temnepatypy. CymiecTsyer JereHza o TOM, YTO ApxuMel CXer He-
npHsTesCKUR QJIOT NpH NOMOUIH 3aXKHraTeJbHBIX 3epKan,

Ha takom e 3ddekre ocHOBaH npHHUMN AeACTBHE «ramep6o-
Aokaa uHkenepa I'apuHa» B ogHoHMeHHOM pomare A. H. Toacrtoro.
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CJieayeT TOABKO 3aMETHTh, YTO Ha CAaMOM Hese NprGop 5TOT A0J/IKEH
HA3HBATLCH napaﬁo.rlouﬂou TAK KaK TOJABKO napaf)o.rla o6aanaer
YyK23aHHBIM CBOACTBOM, a ¥ THNepOOJbl TAKOro CBOHCTBA HeT.
Hranpauckuil yuenwit I'. Taanneii (1564—1642), wayuan csobon-
HOE TTaJeHHe Ted, NPHLeN K ClefyileMy qn:l:suqecxomy sakony. Ia-
AawDiad HAa 3eMAK0 MaTepHaJibHad TOYKA JABHXKeTc N0 3aKOoHY

=5 gf (10, g~981), (1)

rae s — nyThb (M), npofiiennbldl TouKkoR 3a BpeMa nafenns t (c), g —
yckopenre cBOGOAHOTO nazenus (M/c?).

Dyuxunna (1) ecTb vacTunil cayual Gynkuun s=at’ npu a==£

paccMaTpHBaeMo# Ha MHOXeCTBe HeoTpHuaTesbHHX f. Ee cxemarH-
yeckMii rpaduk 4306paxeH Ha PHCYHKe 84.

[Mosab3ysace ¢opMynoii (1), ME MOXMeM BHIYHCJIHMTL NYTh 5, TpOH-
AeHHBIA ToYKoO# 3a AanHOe BpeMs f.

Q6patho: no paunomy 5220 onpepenserca ! no dopmyne

t='\/2_T.
g

[Toabaysch rpadpuxom (cm. puc. 84), MK MoOXeM onmpenesnTh s No £
H { no s Ge3 BLHIYKHCAEHHH.
Ecan Touka najana ¢ BBICOTH H M JOCTHIIA 3eMAM 32 BpeMs

7, T0
N _ s f2H
H-Eg?' wT= <

3amevanne. [lpn noasacsannn rpadurom, H30GpaKeHHBIM
Ha pucyHKe 84, 6biio Gul OoMGKOA AyMaTh, YTO TOUKA ABHXKETCA NO
rpaduxy. Hapo cuuraTts, uTo Touka mBHXKercss no ocu Os, T. e. ee
TpaeKropueil spaserca ock Os. I'padprk moMmoraer ysuaTh, rae Ba
ocu s OHA HAXOAHTCH B KaxaHl AaHHBI MOMEHT BpeMeHH /.

PaccMoTpHM ellle OZHH NpHMep ABHMKEHHS Te/a B N0Je 3€MHOTO
TArOTEHHS.

[MycTh B Touke O NOBEpPXHOCTH 3eMJM MPOH3OIHEN BHICTpPea H3
BUHTOBKHK BBepX. [Iy/a BEACTENAA M3 Ay/a BUHTOBKH B MOMEHT Bpe-
Mmend {=0 co ckopoctbio 800 m/c. ByaeM cunTath, 4TO NyAs ABH-
HeTci B Ge3BO3AYIIHOM npocTpancTBe, a YCKOpeune CBOGOLHOTO
nagenust npuGanxenno pasuo 10 M/c’. Hanpasum 3 touku O koop-
nHHaTHYO och Os seepx. Toraa sakoH ABHKEeHHA NMYJH BhHIpaxaercsa
byrKIHeH

s=2800¢ — 5¢*, (2)
rie s — KoopAHHaTa nyam (M), ! — spems (c).
! Tlpeanoaaraercs, 910 T€A0 Nagaer B GesposaywnoM npocrpauncree. Jlas peann-
HOFOQ Mapawiliero Tena HanD eme Y4HTHBATHL CONPOTHBAEHHEe BO34YXA.

189



Ecap 6Bl cHJbl 3eMHOT0 NPHTSXKEHUA He Gbiao, To NMyJAs AeTea
6Ll BBEpX PaBHOMEpPHO ¢ cooOLIEHHON el CKOpPOCTBIO H 3aKOH ee
IBH¥KeHHS 6ua 6l s =8007{. Ho Gaaropaps 3eMHOMY NPHTAMEHHD,
JeficTBYOEMY BHH3, B npasoli yacTu paseHcrsa {2) nmoaensercs

£ . o
BTOpO# 4ieH —g-§—~5t2, B3ATLIA CO 3HAKOM «MHHYc». B peasbHoi

06CTaHOBKe HaAo Guino Obl YUHTHIBATE €lle CONPOTHRAECHHE BO3AyXa.

Tak xak
800 —5#7= —5(#*—160t)= —5(1*—2-80{ 4 80%) 432000 =
= —5(t—80)? 432 000,
TO GyHRUKIO (2) MOXHO 3anucaTh B Buie s= — b {f—80)’ 432 000.
BBeageM npaMOyroAbHYyIO CHC-
8‘ TeMy KoopAHHaT {0s {puc. B5),
B nefl rpatduKom ABHMXeHUA
32000 NyAH ABASETCA 4aCTh Napatobl,
noJy4eHHOH napanieabHbiM Ile-
penocom napabosnl y= — 5¢2
TaK, YTO €€ BEPIIHHA €CThb TOUKA
s (80; 32 000).
M2 npupeseHHoro Ha pHCYH-
Ke 85 cxemaTHueckoro rpadHKa
! Jwe- BHAHO, 4TO TIPH BO3PacTaHHH !
ol ¢ 80 160 ¢ ot 0 ao 80 paccrosHue s myau
A0 TOBEPXHOCTH 3€MJAHM YBedu-
Puc. 85 uupaetcs of 0 g0 32000 wm
(32 km), 3aTem Ha oTpeake Bpe-
menu [80; 160] paccTosinke nyAH A0 3eMAH YMEHbIIAETCA H B MOMEHT
BpeMenn t= 160 nyas cHoBa poCTHraer 3eMJH.

5. 3amanns aaf nosropeHns

620. BriuncauTte 3HaueHHe BbIpaXKeHHS:
12

5 11, 25 3
a) 3ﬁ_l 4—9.(76'5—47?)‘5-
6) (6 75—25177)-0.56:0,75:6 3.
YnpocTHte BripaxeHnHe (621—8624):

1 a—b ala—é)
621. 8) st o arr  oxr
¥ _ xy(x+2y)

x
©) x—y+z”+xy+y2 Oy

@—5a+6, a’—4a43 ’43a—4
a?+5a+4 2a°+3a+1 20°—3a—2’°
E—8 fc—2 8 N\, ' 4+2c+4
c+3'( 4¢ 'c=+3c)‘ 2(3—0c)

622. a)

6)




@ —a*b—ab?— 2 40' 4 1162425
. .
623*. a) PR 6) 4b*_ b 1 306—25
48 1 4
624. a) — &+64 + a+4 + a*—4a416"

625.

626.

627,

628,

629.

630*. a)

631.

632.

6) 1 . 2
P43x4+2  (x+1){L 5246}
Hokaxure, urto:

a) %}0 npa x#0; 6) xy>0 npan x>0, y==>0;

B) %>0 npu x>0; r) —%{0 npu x>>0.

an KakKuX YHCAOBHIX JHAYECHHAX X ONPEAENEHO BhlpaXeHHE
(626—628)?

| 1 2x 4x
) Rrrer L) By R vy A B ore £
22 —4 7—22 Poxtl
a) L—x ) 2s—2 "’ B) f4x—2"
0 PR Y SNP B
£—5c+6" £—3x44" f—x4+3
=7 5 . £—5,
a) S+3ct+e’ 6) Ptx+3’ B) S5’
;) Ie—2 ) £—7x—1 ) 97 —dx—1
£—5ct6" 2¢—72—8’ 5x—3441°
¥npocture:

a) Va+2V3; o) Vi—2V3; 8) V3—212;
NVI+2VZ: o ViT—4V13; o V17+4 V13 ;
*x) V6+2V6: 3) V6—-2V6; n) V12—2V35 .

JokaxHre cnpaBeAJHEOCTb paBetcTRa (630—631):

VVs —V3—V29—12\5 =1;
6) V6+2V5—VI34 V8 =3 +1.

) 2V 24 \VE—Vi0 |
VT 2 ’

6 3(3V2 —4)(3+V2 +1V3)
> )

e

Slanaerca au KopHeM ypaBHeHHs X°—4x+4-2=0 uucno:
a) —2—V2;  6) 24+\2;
B) 2—V2: r) —242?
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633.

634*.

636.

636*.

637.

638.
639.
640.

641,

642",

643".

644,

645°.
646,

647,

192

BepHo JIH, YTO NPH J060M YHCAOBOM 3HAYEHHH X BLINOAHY-

eTcs HepaBeHcTso x4 6x4 10>>0?
TIpH KaKHX YHCAOBLIX 3HAYEHHAX /M BLIpaXKEeHHe

2—m)2+2mx+1
IBASETCS MOJHBLIM KBaRpPATOM?

MoXeT M KBaRpaTHOe YPABHEHHE C PALHOHANBHBIMH KO3()-
$HUHEeHTaMH HMeTb CBOHMH KOPHAMM 4YHCAa:

a)5u 24V3;, 6)V2 u\5; 8)3—V2 u 3427

Ilpr KakoM YHCJIOBOM 3Ha4YeHHH ¢ OJHH U3 KODHEeH ypaBHe-
uun £ — 125+ #=0 spaseTca KBazpaToM APYroro KopHs?®

{Ipu KakoM YHCAOBOM 3HA4YeHHH [ ypaBHEeHHE
LA t{t—1)x+49=0

HMeeT paBHble KOPHH?

3anullaTe KBAAPATHBIA TPEXWIEH, 3HAUEHHE KOTOPOre NpH
x=0 papuo 3, npu x=1 papso 0, npu x=2 pasro 1.
3anuwuTe KBAAPATHBA TPeX4JeH, 3Ha4eHHe KOTOPOro NpH
x=1 pasHo |, npr x=2 pasHo 3, npu x=3 pasuo lI,
MoryT an OBITh UEABIMH YHCJAAMH KOPHH TNpPHBEAEHHOTO
KBaapaTHOro ypaBHeuus X+ px+¢=0, ecan p a ¢

a) uesable 4HCAaA; 6) paLHOHANLHbBIE YHCAA?
Peurute ypapHeHHe:

a) 1999x° —2001x+42=0;

6) (x—3N(x—(x—"N(x—8)=12,

BepHo s yTBEpIKAcHHe:

a) BCAKAs NpAMas NPONOPUHOHANBHAA 3aBHCHMOCTh MEXAY
nepeMeHHLIMH & H X €cTb JAuHefiHas (YHKUHA 4 OT X;

6) BCcAKaA JAHHeHHAas QYHKUHA eCTh NPAMad NPONOPLHO-
HAJLHAA 32ABHCHMOCTL?

B cocya Haauta pryth. JlaBaenae pTyTH Ha AHO COCYRA Bbi-
uncadercs no dopmyne P==%k-H, rne H — Bricota cronba
pryTd. KaKol cMbpica B BaHHOM caydae HMeeT Ko3thduuHent
NpOTIOPUHOHANBHOCTH k?

CroumMocTb TOBapa NpsMoO NPONOPUHOHAJNBHA €r0 KOJHYECT-
py. CocraBeTe $OpMYSY 3ABUCHMOCTH MEXIY CTOHMOCTLIO
H KOJHYECTBOM TOBAPA H YCTAHOBHTE CMbICH Ko3(¢HUHeHTa
NPONCPLUHOHAJBHOCTH.

Haxonsitea i B npAMO# NPONOPLUACHANBHOA 32aBACHMOCTH
pOCT 4YeNOBEKa W ero Bec, pPoCT 4YeJoBeKa M ero Bospact?
3aBuCHMOCTE MEWRY AAHHOH [ METANANUECKOT) CTEPHHA H
ero Temnepatypoit { Bupaxaerca Qopmyaoi {=1I(14 a?),
rge [, — nauma storo crepxkns npu 0°C, a — noctosHuas
BeauunHa. Beipasute f uepes [

a) Ypomaii ¢ | ra paeed A (u/ra), mromage S (ra), macca
ypoxas P (u). Bupaanrte aapucumocte Mexay A, S, P.



648.

649,

650.

6561,

662,

663*.

7 Anrefipa B knacc.

6) HdauHa oKpyxHocTh Koaeca C, uuciao obopoToB Koneca &,
apoiigedusii nyTe s. Boipasurte Qopmysoll 3aBUCHMOCTH
mexnay C, &, s.
a) Peaepsyap o6nemom V HanoaHsetca BoAol, nopapaeMoi
HACOCOM 32 BpeMd /, NPOHIBOAHTEABHOCTb Hacoca K. Buipa-
aure topmynoit 3aprcumocte mewmay V, f, K.
6) [Ipruae o6bwem pesepByapa 3a eAWHHLY, BupasuTe Pop-
MYJIOH 3aBHCHMOCTb MeXIY NpPoH3BOAMTeAbHOCTBIY K Haco-
ca, C MOMOWILK KOTOPOTO HANOJMHAETCA pe3epByap, BpeMe-
HeM HanolHeHHA ¢ 1 o0LeMOM.
a) Bknamgynk BHec B cOeperaTenbHbi GaHk BKaag A (p.)
noa K% roposwix. Beipasute dopmyaoit ero Bkaaa B uepea
1 roa.
6) Buipasute ¢opMynofi 3aBHCHMOCTbL MeXAY Maccoil m,
ofbeMom V 1 naoTHoCTLIO p. JanHLINTE COOTBETCTBYIONIHE
¢opMyan aAns Kaxaodl nepeMmedHod.
a) Ilpu nenenvr 20 wa 6 B yacTHOM mnoayuyaercsa 3, a B
ocTaTke 2. 3anHIHTe COOTBETCTBYWLIge paBeHcTBo. Bripa-
3HTe KaxpBoe 4YHCJAOC H3 3TOrD PAaBEHCTBA 4epe3d APYyrHe.
6) Boipasure GopMynofi 3aBHCHMOCTE MeXZY Ie/HMbIM &,
aenuteneM b, yacTHbIM £ W ocTaTKOM d. BhipaznTte Kaxace
YHCAO uepe3 OCTaAbHble H3 3TOH GopMyasl.
a) HasecrtHo, uTo npu x=2 dynkunsg y=3x4 b npuunmaer
anayenne 8. Onpeneaure b.
6) HasectHo, yto rpadur ¢yHrunn y¥=kx—2 npoxoauT ye-
pe3 Touky (—3; 7). Onpeneaute k.
JaHbl pee yHKUUHM:

y=3x—1 n y=02x42.
Qunpeneante, NPH KaKoM 3HauYeHHH X o6e QYHKUHH HMeEWT
OAHO M TO e 3nauedue. [1ponaniocTpupyiitTe pellieEKe ¢ no-
Mol rpaduka.
a) [NokauTe, 4T0 KOOPAHHATHL BCEX TOHUEK NMpAMOiH, npose-
nennoh uepes ToukH (0; a) u (—1; 0), yaosaersopsoT ypas-
HEHRID y=ax-a.
6) Haua ¢oynkuns y=Ax+ B, rae A u B — panubie 4ucna
(A =0). Jokaxure, YTO BCe TOYKH NAOCKOCTH, KOOPAHHATHI

KOTOpPbX YIOBJETBOPAKT NAHHOMY paBeHCTBY, NPHHAMJAEKAT
B

npsimoii, npoBeaeHHoll uepe3s Toyku (0 B) n (—7; 0).
B) JaNHWHKTe YpaBHEHHe NPAMON, NPoXoAAlledl Yepe3 TOYKH
(x5 41} 8 (X5 g), X F X,

r} 3anuwuTe ypaBHeHHe NpAMOH, npoXoaduesi Yyepes TOUKY
(x;; ¥,), HE TIpUHAANEXKAILYIO OCH OPAMHAT, H Touky {0; b).
A) 3anuuikTe ypaBHeHue npsAmoi, uMewwell yraoeoit kosg-
duuueHT £ K npoxoasweil uyepes TouUKy (X); #)

e) 3anuwuTe ypaBHeHHA TIPAMBIX, COREPXKAIUHX CTOPCHLI
KBagpaTd, AMACOHAAM KOTOPOTO NPHHAAJEKAT OCAM KOOp-
AMHAT H HMET BJHHY 8.
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654.

655.

656*.

194

657.

658,

659.

660,

661.

662,

JOna kakux 3HaueHHi x 3naveHHs PyHKUUH y=x-2:

a) NOAOKHUTENBHEI, 6) oTpHUATENLREL
B) MeHblue 5; r) Goaswe 3;
A} He MeHbwe 4; e} Gonable |, Ho MeHblie 3;

*) Goablle —3, HO MeHblue 1;

3) Goablwe 0, HO MeHbue 7?

Kakue yran ofpasyior rpaddki yHKUHA y=x # y=— —x
¢ noAcKHTeAbHOR noayockio Ox? Kakofi yroa o6paayior
rpadHKH 3THX OYHKUMH MexAy coGoi?

a) IlpuBeante npHMepbl AHHeAHMNX QYHKUHHA, rpaduKy Ko-
TOPBIX mapaaneibHbl. Yem orauuanTcs (opMmyab, 3aaaio-
mue 3TH QYHKUHH?

6) INpusepuTe NpEMepH JHHeHHLIX GyHKIUA, rpadHKH Ko-
TOPHMX OOpPasyloT ¢ NOAOKHTeAbHOH noayockio Ox yroa B
45°, 135°.

B) Ilpueennre npumMepnl JHMHEAHEIX GYHKUHHA, rpadHKH Xo-
TOPHIX NEPNEeHANKYJASPHRL.

a) 'paduk npsmoil npeNoplUUOHAALHOR 3aBHCHMOCTH pac-
noaoxken B |1 w I uerseprsx. Onpegeaure anak Kos¢pdu-
UHEHTa TpAMOH OPONOPIHCHA/NbLHOR 3aBHCHMOCTH.

6) B xakux vYeTBepTAX pacnoJoXer rpaduk npsMof npo-
MOPLUKOHAJbLHOA 3aBHCHMOCTH, ecan k>0, k<C0?

8) Kak pacnosoxen rpadpuk ¢ynkund y=£kx, ecan k=0?
a) Ipaduk aunefivolt pynkuns y==~kx-+ b pacnoaoxen s I,
I1, T} werseprsax. YUro MOXHO yTBepXAaTh npo k& H b?
6) Ecau b B popmyae y=~kx+ b oTpullaTeAbHO, TO B KAKHX
4ETBEPTAX MOXKET OuiTh pacnonoXen rpapux nunefinoi ¢ymnx-
upp? Kakue MoryT Opith cayuau? ITIpHBenuTe NpHMepLL
Kak moxeT 6biTh pacnonoxer rpaduk yHkuun y=>rkx-4b,
ecaM:

a) b>0 un |kl <1; 6) b<<0 u |R|>1?
[MpuBennTe nNpuMepHi.

Martepnaabnas Touka aBuxercs no ocH Os no 3akoHy:
a) s=2143; 6) s=—2¢t+3.

1) ParnoMepho JiH ABHKETCH TOYKa?

2) B kakoM HanpaBJeHHH OCH OHa JAPMXKeTca?

3) C Kakoll CKOPOCTBIO ABWXKETCA TOYKA?

4) T'ze HaxogHAack TOUKA B MOMEHT BpeMeHH f=0?

5) B kakoit MOMEHT BpeMeHH TOYKA HaXOAMJacCh B HysaeBol
tTouke {§=0)?

6) IocTpofite rpa¢UK ABHXKEeHHE MaTePHANLHON TOUKH B
cHcteme Koopauuar {0s.

Pasoraapuiuch, BeJOCHNEAHCT €JeT B TOPY CO CKOPOCTBIO
v=10-—2f (mM/c), He paboraa nefaaaMH. CKONbKO BEpeMeHH
oH GyReT exaThb A0 noino# ocranosku? [lpouaniocTpupyiite
OTBeT I'padHKOM.

[Moctpolitre rpadHk dyHKUHRE:

a) y=3; O6)y=—x. 8)y=05x+5 r)y=—4—x
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¥a Anrefipa 8 knacc.

[MocTpoliTe rpaduxk (PyHKUMH M OMPeAenHTe KOOPAHHATHE
TOYKH, B KOTOpOH rpaduk nepecekaeT ocb X

a) y=3x+2; 6) y=3x—2; B) y=x+3;
r) y=—x+2; 1) y=0,0x—4,; e) y=50—3«x.
Kakhe 43 nocTpoeHHbLIX MPAMBIX NapaJebHbl?

. [Monbsyaces rpadgHkoM PYHKUHH g =X, NOocTpodTe rpadk

QyHKUHY:

a) y=3x; 6) y=03x B) y= —2x.
[NocTpoiiTe rpapuk PyHKUHK:

a) y=x; 6) y=Ixk B) y=—|x|; ry y=0.

YKaxute npoMexyTKH Bo3pacTanus (yOhiBaHHA) ¢yHK-
IHA;

a) y=x—2; 6) y= —2x+3;
B) y=2(x+1) r) y=3x—T7(x—4);
a) y=|xl; e) y= —|x|.

Hanawnrte ypaBHeHue npamol, npoxoasiued yepe3 Hayano
KOOPAHHAT H TOUYKY:

a) B(1; 1,5); 6) B (1, —3) B) B(l; —0,5).
Hannwute ypapHeHHe npAMoO#, NMpoXoAdlled 4epe3 TOMKY
{0; 3) 1 napaanesbHoH npAMOR:

a) y=2ux 6) y=2x—1;

B) y=15x—1; r) y=—x+2.

F'paduk Kako# AAHefiHoA QYHKUHH NPOXOAAT Yepe3 TOYKH:

ay A(2; 6) u B(6; 10); 6) A(2; 5) u B{3; T}

B) A(3; 3) u B(5; 1) r) A(—1; 2)n B(2, —7)p
Hanuwnrte ypaBHeHHe npamoeil, DPOXoAfmed u4epe3 TOUKH:
a) (2; ) u (I; O} 6) (1; 2) u (3; 4)

B) (0; 2) a {1; 0); N{(—12)yn (2 —1)

B) (0; 0) m (—3; —3) e) {I; —2) n (—3; —5).

HoxkaxaTte, 4T0 GYHKUHA:
a) y=2x BozpacTaiolan;

6) y= —%x yObpiBalowan;
B) y=23x Bo3pacTaician npu x3=0;
r) y= —x* yGpiBanowan npu x=0.

a) PacnoaoxnTe 3HaueHHs GyHKUMH y=x° B NOpALKE BO3-

pactaung: y(—4), ¥ (51), ¥ (4,1), »(0,5), y(0).
6) Pacnonoxute 3navenns Qyukuun y=1x* B nopsiKe yOul-

BaHHS: y(—%), y(—0,3).y(%), ¥ {0,27), y(—O,(S)),y(%).

flBaseTcs A PyHKUMA y=3-§+5 JRHHERHOH?

[TocrpofiTe rpadrk pyRKUHH y=%.
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Puc. 86

675. Ha pucynke 86 nsofpaxen rpaduk KBaapaTHYHOA PYHKUHNA
y=ax4bx+c. Onpepeante a, b, c.

676. ITo rpaduxy ¢pyuxkunn y=ax’ 4 bx+ ¢ onpenesnTe 3HakH a,
b, ¢ {puc. 87).

a) 6) B)

y y* y*
O «x
€)

Ol:- \}¥ o x
)

y* r k 7k

0 x/\
WA O|/ "x

Puc. 87

r

677. Ilpe MaTepHaJbHble TOYKH ABHXKYTCA no ocH Os no 3a-
KOHaM:
a) s=2144 u s=44, 6) s=2{41 n s=—1+43;
B) s=2{4+1 u s=2¢{43.
Berperatea au 3tA ToukH? Ecan Aa, To B Kakod MOMeHT
BpeMeHn? HapucyfiTe rpadHKH ABHXEHHS H C HX NOMOWILID
NOACHHTE NOJAYUYEHHbIE PE3YJAbTAThHI.
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Peurtrte ypapHeHue (678—679):

a) ©¥=4; 6)xX=1; B) =3 r)F=5.

a) £=2—x; 6) ¥*=x—28;

B) X4 2x4+1=0; r) X—x—2=0.

OupeneanTe ¢ NOMOMBI TPadUKA 3IHAYCHHA X, JJIA KOTO-
PHX BLINONHAETCH HEpPaBEHCTBO:

a) ©>9 6) > —5; B) ¥=3;

r) ©< —3; a) £<0; e) L4

x) X*>2x; 3) £ x; n) £<<2x41.
IlocTpofite rpaduk ¢GyHKuaH:

a) y=|x| (x+2) 6) y=x |x+2|.

Onpeneante ¢ noMombic rpaguKka 3HaveHHsa x, A9 KOTo-
pPHX BEINOJHAETCA DPABEHCTBO:

a) ;=L  6)3=1: 8 l_e
IMocrpoiite rpaduk dynxunn (683—684):

1. N _ R

a) y_;' 6) y= x' B) y_xgt r) - ngl
1 1,

a) y=2+1 6) y=3—2
B) y=2—1; r) y=2—
Hafiante paccrosinHe Mexay ToUKaMu;
a) A(l; 2) u B(l; —8); 6) A(l; 2) n B(—6; 2);
B) A(l; 2) v B{(2; 5); r) A(l; 2) u B(—2: —5).

Hanuuwute ypaBHeHHe OKpyXHocTH paanyca AB ¢ ueHt-
pom A:

a) A(—2; 1) u B(l; B); 6) A(l; 5) u B(—2; I).
3adasva Eaxauda. JlokakuTe paBeHCTBO

Vet Ve = \[stVe= [Vt

3adana Apxumeda. CnpaBeaNHBO JH HepABEHCTBO
ﬁ{.\/g{_l?ﬁl ?
153 780 °

Crapunnas 3adava (Apeanuii Basuror). Haiita aavuny wie-
CTA, CHAYaJa BEPTHKAJLHO NIPHCJIOHEHHOIO K CTeHe, 3aTeM
CMelleHHOro TaK, YTO erc BepXHHA KOHel ONyCTHJICA Ha
3 nokrtA, a HHXKHUA OTCTYTNIHA OT CTeMH Ha 9 JoKTeil.
Crapunnan sadava (Apesnuil Basuron, ok. 1950 2. do x. 3.).
Maomaas A, cocrosifas W3 niomaned ABYX KBAaApPaTOB,
pasia 1000. CTopoHa OXHOrO W3 KBajapaTOB COCTaBJAAET
yMeHbllienHsle Ha 10 IBe TpeTH CTOPOHLI APYTOTO KBaApaTa.
Kakoew cTOpOHB KBanpaToB?
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3adaua Apuabxares (476 — ox. 550). IlBa nuua HMeoT
PaBHble KalHTaJAbl, NPHYeM KaXXKALIA COCTOAT H3 H3IBECTHOTO
yHc/a Beilled OJHHAKOBOH CTOHMOCTA M H3BECTHOIQ YACAA
moHeT. Ho Kak gnc/io Benied, TAK W CYMMB! AEHEr ¥ KAXKAOro
paaauunel. KakoBa ueHHocTh Bellu?

¥ kazanne Cuuraiite, 4TO y Neppore JHua a peuwleir 1 b
MOHET, a8 ¥ BTOPOro aAuua ¢ sellleli u d moHer {av=c n b3=4d).
3adaua besy. Tlo koHTpakTy paGOTHHKAM I[IpHYHTaeTcHA
48 ¢pankos 32 KaxAblil 0oTpaboOTaAHHLIA AeHb, 2 33 KaXAbli
HeoTPaGOTaHHBIH AeHB ¢ HHX BbldHTaeTcA no 12 d¢pankos.
Yepes 30 aHeli BbIACHHAOCH, uTe PaBOTHHKAM HHYEro He
npuuntaercd. CKOJbKO AHel OHM orpaloTaid B TeueHHe
atHx 30 aHer?

OaHR MacTep ok/eHT KOMHATY o80oAMH 3a G 4, a Apyroil —
3a b u. Ecau xe oun 6yayT paboTaTk BMeCTe, TO [IPOH3BOAH-
TeNbHOCTh PAaBOTh KaXAO0re MOBBLICHTCA HA p%. 3a CKOAbKo
4yacoB OHH OKJEAT KOMHaTy, pafoTad BMecTe, ec/H:

a) a=6, b=4, p=20, 6} a=3, b=7, p=40?
Oaun paGOTHHK MOMeT BBIPbITh KOAOAel, 2a a AHel, Apy-
roii — 3a & aneii. Ecan e onn 6yayt paGoraTh BMecTe, TO
NPOH3BOAMTENLHOCTD PaBOThl KaXAOro MOBLICHTCA Ha p% u
OHM BLIPONOT KoJoAell 3a ¢ auel. Ha cxoabko npouentoB no-
BLILIAETCH [IPOH3BOAMTENBHOCTE TPYAA KaxJaoro paboTHHKa
MpH COBMECTHOI pafioTe, ecaH:

ay a=15, 6=10, c=4,; 6) a=21, b=28, ¢=8§?
[Mone paznenero Ha 3 yyacTka. 3a Aenb GblIH BCnaxaHwl IIo-

3 .
J0BHHA NepBOro yyacTKa, — BTOPOro y4acTKa, a TPETHH, CO-

CTaBAAIUIAA YEeTBEPTYW YacTh BCero nodas, Owla Benaxad
nojHocTbio. BenaxaHuble 3a AeHb naomaau B 2 paza GoJib-
e nJollaiyd BTOpore yuacrka. Kaxyo dacte njomanHu noas
COCTaBJfeT NJACLLaAb, BCNaXaHHAA 3a AeHb?

Tpu TpakTopusie GpHMrazbl BMecTe BCNAXHBAWOT NoJe 33
4 anA. ITO XKe MoJe NEPBAA # BTOpan SpHrajbl BMecTe Bena-
XHBaiT 3a 6 anell, nepsas H TpeThs BMecTe — 3a § aAHeld. Bo
CKOJMBKO pa3 foablle Bcnaxasaer B JleHb BTOpas OpHrana,
yeM TpeTba?

Yucao 20 npeacTapbTe B BAAE CYMMb ABYX cJaraeMbix Tak,
yToObl WX DpOH3BeAEHHe 0Ka3anochk HaHGOJBLIIHM,
Haiinate wncao, KoTopoe AdeT HAHMEHbIUYIO CYMMY CO CBO-
HM KBaJpaToM.

Uucao 18 npeacTapibTe B BUAE CYMMbl IBYX CJAaraeMblx Tak,
yrofbl CYMMa YABOEHHOTO NMEePBOTO H3 HHX H KBajipaTa BTO-
poro Oblia HakMenblied.

Yncno 16 npeacTaBbTe B BHAE CYMMBl ABYX CJ1daTaeMbix Tak,
yToGbl CyMMa KyGOB 3THX c/laTaeMbIX OKa3anacb HaWMeHbilel.
[Mposonoxka psunoii 100 cM cormyra Tak, 4TO MOAYYHJACH
NPAMOYTONBHHK HauGosblleil BO3MOXKHOA nuomanu. Onpe-
AeliTE ero pazMepsl.
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IMpoBonoka aaunofl 12 gM COrHyTa NOA MPAMBHM YCJIOM TaK,
4YT0 MJIOIAAL KBAJpaTa, MOCTPOEHHOTO Ha BOOGPaXKaeMOR
CHIOTeHY3e, OKa3asach HauMeHbllell. Onpenesure CTOPOHN
NONYYEHHOTO NPAMOro yraa.

B paBHoGeapeHHblli TPeYTONbHUK ¢ OCHOBAHHEM 20 CM H BhI-
cOTOH 14 cM BOHCAH NPAMOYroNbLHHK HanGoabLWER naowanu.
Hafgure naomazs 3Toro NpAMOYTrOAbHHKA.

CeueHne TyHHenda ¥MeeT (POpPMY NPAMOYTONbHHKA, CBepXy
JaBeplieHHOro nOAYKpyrom (puc. 88). Ilepumerp ceueHus
18 m. Tlpu kaKoM paguyce NOJAYKPYra ceMeHHe TYHHENA Han-
Sonbliee?

20 rem g
—‘@-——I- o0 *
Puc. 88 Puc. 89

Hs nysnkros A u B (pHc. 89), paccTosiHie MEXAY KOTOPBIMH
20 KM, BBLIWIH OJHOBPEMEHHO B YKA3aHHBIX HanpaBleHHRX
ABa neuiexona. CKOpOCTh Newrexoaa, BbilUeALEro M3 nyHK-
ta A, 4 KM/4, 8 CKOpPOCTb IelIeXoia, BuMIeALEr0 H3 NYHK-
Ta B, 6 xm/u. Uepe3a Kakoe BpeMs pPaccTOiHHE MeXAy HAMH
CTaHeT HaHMeHbLiHM?

KakuMm ycaoBusM HOJIKHBI YAOBJETBOPATh UHchaa &, b u ¢,
yTo6bl KBafpaTHYHAR GYHKUMA y=ax’+bx}c uMmena:
a) MONOMKHTENbHbIE 3HAYEHMA TIPH JIOOHIX X;

6) HanGoabiee 3MadeHue?

[Ipn KaKoM ycioBHH TrpadPHK KBaapaTHUHOR GYHKUHH
y=ax’+4bx+ ¢ nepecexaer ocb Ox B ToOUKax, a6CUACCH KO-
TOPLIX ABJIAITCA NMPOTHBONGAOKHLIMH BUCAAMH?
OnpenennTe 3HaK uucia a B fopmyne KBaapaTHuHod dyHk-

unk y=ax’+bx+c, ecan y,=> g, npu x2>x.>—%. rae

) M Yy — 3HAYEHBA QYHKIHH B TOUKAX X; B X
Hanumure ypaBHenHe KaKo#-nu6o napaGodni, NpoxoAslen
yepe3 ABe TOUKH: %: 0) u (4; 0).

KakuM ycioBHAM HOJKHEI YIOBASTBOPATH YMcAa a, b M c,
yToGE Napabona y=ax’ +c ¥ npaMas y= — bx UMeTH ABe
obiHe TOYKH?

Hanuwure ypaBHenue Kakofi-nuGo napaGoam y=ar’4}
+ bx ¢, npoxonsmed yepes Havano KOOPDAHHAT, IIPH yCAO-
BHH, 4TO 4HCJA0 —2 ABJAAETCA KOPHEM KBaJpaTHOrO TPex-
ynena ax’+4bx+c (a, & W ¢ — ueanle uncaa),

199



712,

713.

714,

200

Kak pacnoaoxer B xoopauHartuoll mnockocTH xOy rpaduk
bynkunu y=|ax® +bx| ¢, ecan b* —4ac>0, a<<0, <0,
c¢>>0? Tocrpoitte cxemaTHueckn rpadHK yHKuUHH.

Ha pucynke 90 uzobpaxen rpadHK KBagpaTAuHoH GyHKUHK
y=ax’+ bx+c. Kaxve 3naueHs MOCYT NPUHHMAETL YHCAA
a, bwuc?

a) 6

y y

A A,
a4
1+ 1+
} e
0 x 20|12V x
Puc. 90

Ha pucyrke 9] nzo6paxeHs rpaduKH KBaapaTHUHBIX $YHK-
uMi. ¥YKaxuTe PHUCYHOK, YHOBAeTBOPAWWHI YCAOBHIO:

a) D=0, a<<(y 6) D=0, a0 B) D=0, a<0;
r) D=0, a=>0; n) D=0, a<0; e) D=0, a>0.
D — AVCKPHMHHANT, @ — KO3 QUIHEHT IPH CTaplUEM UNeHe
KBAJApaTHOTO Tpexuaena ax’ + bx4c.

a) 6) B)
y sh y
x —O x 0 x
) ). (] e}
y y y A
S -
0 x o IR x

Puc. 91
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Haitaure oTHOMIEHHE:

a) 18 k 36; 6) 24 x 12; B) 42 kK 56;
r) 36 k 24; n) 0,3 k 0,12; SERES
Haifiaute oTHOMIEHHME:

a)l kMm K 1 m; 6) 1 rx 1 kr;

B) | 4 kx | muH; r}y 1 km® k 1 ra.
3anuuuTte B BuAe IPONOPLHY:

a) 3 orHocHTCcA K 5 kak 9 oThocutes k 15;

6) 7,2 orrocurca K 3 kak 1,2 oTHochrea k 0,b;

B) 12 po ckoabKo pa3 Goablie 4, BO CKOALKO pa3 48 GoJb-
me 16;

ry 8 o ckonbko pa3 Goabwe 7, BO CKOAbKO pa3z 4
GoJble 3,5.

MOXHO NH COCTAaBHTh TPONOPLHIO H3 OTHOLIEHH:
a) 20:10 u 10:5; 6) 1:3 u 15:5;
) 11:2 u 1,1:0,2; r) 513 u 2:12?
Bepno au papencrso:

9 18, 1T g B
a) g=15° 6) 4:13=2:6,5;

32, 002 _ 4
B) 7:3="73 7 =30
MoXKHO AU COCTABUTL MPOTNOPUHIC U3 UYHUCEN:
a) 1, 2, 3, 6 6) 7, 6, 2, 21;
B) 2, 18, 6, 6; r) 3, 40, 20, 6?

K nanuoit Tpoiixe Yucen noaGepHTe TaKoe YETBEPTOE YHCNO,
yToGbl 3TH YHCJAZ MOMJH O0Gpa30BaTh MPONOPUHIO:

a) 2, 3, 5 6) 7, 2, 8

B} 10, 1000, 1, ry7, 5, 3.

CKoJibKO pelueHHH HMeeT aafada?

3aMeHHTe OTHOWeHHE APOGHEIX YHCes PaBHHIM €MY OTHOLLE-
HHEM UEABIX 4HCEeq:

02 17 121 0,0001 _

a) 55 6) o5 B) 505 ; ) T
11 2 . 2 4 4

}1) -5.-;, 8) 3.0.5. )K) 3.7, 3) 1,2.3.

OcraHeTcs AH BepHOA NMPONOPUHSA, €CAH YMHOXHTb HA OLHO
H TO XK€ OTAHYHOEC OT HYAS YHCAO:

a) oba KpalHHX 4JjeHa;

6) o6a cpemfHHX 4aeHa?

PapeHcTBO Npou3BeneHHH 3aMeHHTE MPONOpUMEN:
a) 16.3=2.24; 6) 3.8=4.6
B) 2560-8=2.1000; r) 144-3==16-27.
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Hakaure Heu3BeCcTHLIA uJieH NPONOPIHH;

a) x:5=7:10;  6) x:0=5:3; ) x:12=1:

3
r) x:2=-?-; o) - —2:3; e) —=1.5,
2_1 ; 8_ll . 13 'y
A P T
d . =*
K) = M) =157 M) =15
PeumTe YpaBHEHKE:
a) E=17:5; 6) &=1:13; ») §:4=9:1;
25 _ ~m.14. _7 _2.
r) ?—0,5.14. J],) =3 H ) —_3
X) ...:...—_EL. 3) — ]'6 24 . H) .....—..2.2?.'_
7x 12° 3 5’ 50 17x°

Onpeneaute Macurras, ecln | ¢M HA 4epTeXe COOTBETCTRY-
er 10 M Ha MECTHOCTH,

OnpenenuTte aauHy oTpe3ka, n3obpaxalouers Ha reorpacdn-
yecKol KapTe woccefinyio SOPOry Mexiy ABYMS FOPOA2MH,
ec/iM Ha MeCTHOCTH ANHHA 3Tore wocce pasda 200 km, a
MacuiTab KapThi;

a) 1:1000000C; 6) 1:5000 000;

8) 1:200 000; r) 1:20 000 000.

Macurra6 kaptw 1:50000. Ounpepenure paccrosivpe Ha
MeCTHOCTH, eCJIH Ha KapTe ero H3obpakaeT oTpe3oK AJAHHON:
a) b cm; 6) 2,2 cM; 8) 37 mm; r) 1,2 am.
H306pasute rOpH30HTANBHBIMH OTPE3KAMH NJHMHY YJKHUbI B
400 M, 350 M, 275 M, npuHumas 1 cm 3a 50 M. B kaxom
Macurrabe clenaH ueprexK?

Hao6pa3uTe BepTHKANbHHIMH OTPE3KaMHM BbLICOTY AOMa B
40 M, 60 M, 35 M, npiHuMan 2 cm 3a 10 M. B xakom macwra-
6e cpesan ueprex?

Huanna poMa Ha naave, Macwtab kortoporo 1:250, pasua
6 cv. Hafiaure peansnyo AHHY AOMA.

Hanua wkoabuoro 3gauks 60 M. Haligute nakky atoro 3na-
HHA Ha nnaKe, | CM KOTOPGrO COOTBETCTBYET 5 M.

Havna wmwocceitnoit moporu Mockba — Caukr-Ilerepfypr
725 xm, Haliaure pasiany 3T0R goporn Ha xapre ¢ MalrTaboM
1:5 000 000.

a) Onpenenure 2% ot 12.

6) CkoaAbKo npoueHToB coctapaamT 3 p. ot 15 p.?

B) Haligute uncio, 8% KoToporo pasum 32.

r} Ha ckosnsko npoueHToR 5 Goabwe, uem 4?

a) Ha ckoapko npouerros 8 medbwe, uem 107



736,

731.
738.

739,

740,

741.

e} CKoJIbKO npounenTes cocrapiager | u or | 1?
*) CKoawko npouenros cocrasaser 3,75 or 7,57
3) Haitaute uncao x, ecam 12,5% or x pasno 25.
H} Hucno 0,125 smipa3uTe B NpouenTax.

k) 1,6% 3amennte mecaTHYHON APOGbIo,

A} Hatnure 256% ot 840.

m) Kakoe yncno menbme 20 na 20%?

Bripasute B npouentax Apobs .
Uro Goaswe: 5% ot 40 uau 40% ot 5?

Kuura npoaana co ckuakoht 10% 3a 2 p. 70 k. Cxkoanko cTo-
MJa 3Ta KHHra A0 CHHXXEHHS UeHbI?

a} 3asoa seinycTa 1260 moropor Bmecto 1200 no naany,
Ha ckoabko npounenTos 3aBod NEepeBbLINOJHUN MAdH?

6) PaGouuii nmo naany foskeH Gbla usroToeHTs 800 mera-
Aefi, HO OM MepeBbNOAHUI nAaH Ha 5%. Ckoabko netaneit
H3roToBHI palouynii?

B) B kaacce no cnucky 40 yueHHKoB, 4 ceroaHs OTCYTCTRY-
10T. KakoB mpoueHT NocellaeMoCcTH CErogusa?

w |
r) Kak npome maiitu 33z % or uucna?

. 2
I} Kakyw 4acTb YHCJAA COCTABJAAIT 663 %?

¢} Ecau k HekoTopomy yucay npuGasute ero 10%, To noay-
yutca 330. Haiignte 310 uHcao.

k) TpaBa npu BuichixauWd Tepser 80% croeli Macchl.
CKONBKO CeHa MOJAYUYHTCA ¢ Ayra naowanbsi 10 ra, ecan c
OLHOTO TeKTApa HAKAWHBAaloT B cpefHeM § T TpaBbl?

a) HasectHo, uto nopMa BpaGorkn 3a Mecsi {25 cMen) co-
crasaser 2000 neranefi. Onpenennre HOpMy BLIpaGOTKH 32
onuy cMeHy {6 u) U HODMY BpEMEHH Ha OIHY AETAJb,

6) UasecTHo, YTO HOpMa BpeMeHH Ha oBpaGoTKy ofno# ne-
tagH 30 muH. Hafizute nopMy BuipaBoOTKH 33 cMeHry (6 u) u
3a Mecsau (25 cmen).

B) CamoJer noaHaacs na BhicoTy 8 kM 3a 20 mun. Moxno
JIH YKa3aTb, HA KAKY1 BLICOTY CaMOJIeT MOGHHMETCH 3a D u?
r) YueHHK MeTHYJ cnopTHBHOe Konbe Ha 30 M. Konbe BecHT
0,4 kr. MoXHo AIH y2HATH, HAa KaKoe paccTofHHe MeTHeT yue-
HHK Konbe Becom 0,2 kr?

n) IMauka raserHoit Gymarn B 500 AucTOB HMeeT BmcoTY
5 cM. Kakoli BoicOTE NOAYYHTCA Navyka M3 | MAH TaAKHX JIH-
CTOB?

a) Ha 15 asroMamueax ONMHAKORBOA CPY30N0ALEMHOCTH J10-
cTaBHAH Ha 34eBaTop 90 T zepHa. CKONBKO HYIKHO TaKHX
MallHH, 4TOOb AOCTABUTL HA 3jeBaTop 186 1 3epna?

6) B | kr pacraopa coaepkutca 40 r coau, CKoabko Conn
cogepxurca B 350 r sToro pactBopa?
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B) B 5 n pacTtBopa cogepxutca 80 r conu. CkobKe coJH
cofepXHTCA B 4,2 A4 Takoro e pacreopa?

Puc comepxur 75% kpaxmana, a sumenb — 60%.

a) CKOJIbKO HYXKHO B3ATh pPHCA, YTOOh DOJYYHTbL CTOABKO
HKe KpPaxMmaJa, CKOJIbKO COAEePHKHTCH ero B 6 kr sumens?
6) CKOJABKO HYXHO B3iTh AMMEHH, YTOOLI MOAYUHTb CTOJABKO
XKe KpaxMmana, CKOJAbKO €ro cojepxurca B 8 kr puca?

a) Onpenennte BBICOTY A€pEeBd, €CJAH H3BECTHO, YTO AJHHA
TeHH OT 3TOTO [epeBa paBHa 20 M, a ANHHA TEHH OT MeTpoO-
BOFO liecTa paBHa 1,4 M (H3MepeHHS NpoBeAEHbl OAHOBpe-
MEHHO).

6) Kakopa AJHHA TeHH OT IepeBa BbicoTofl 12 M, ecan or
IBYXMETPOBOTO WecTa oTOpackiBaeTcs TeHb AJAHHOH 1,5 M?
a) B dopMyae paBHOMepHOro NpPSMOAHHeHHOTO ABHKEHHA
BbIpA3HTe BpeMs 4Yepe3 paccTofinHe H CKOpocTh. Kak H3me-
HUTCA BpeMfA ABHXKEHHS, ec/lH paccTOfiHHe OCTaHeTCA MpeX-
HHM, a CKOPOCTh YBeAHUHTCH B 3 paza, B § pa3; yMeHbIIHTCA
B 2 pasa, B 1.5 paza?

6) PaGouemy HeoOxoaumo narotoButh 200 aeranei. 3anu-
WHTe GOpMYNy 3aBHCHMOCTH BPEMEHH BBINOJHEHHA 3aKa3a
OT NPOH3BOAHATENBHOCTH TPYAA (KOAHUECTBO AeTaned, H3ro-
TOBJAAEMbIX B €AHHALY BpeMeHH). Kak H3MeHHTCA BpeMs Bbl-
NCAHeHHA paboThbl, €CIH NMPOH3BOAHTEABHOCTE TPYAA YBENH-
yHted B 1,2 pasa, B 1,4 pasa, 8 2 pasa?

a) Ha uarotopaenne oanoil Aetann paGoyue cTaan 3aTpayn-
Bath 8 MHH BMecTo 20 mMuH. Ckosibko HeTajle® H3roTOBHT
Gpurafa 3a CMeHy, ecAd paHblue oHA Bhinyckasa 120 aera-
neil? Ha CKOABKO NPOLEHTOB NOBLICHAACH MPOH3BOAHTENb-
HOCTL Tpyaar?

6) 3apoa BLINOAHAN roAoBOH nJaH K 1 nekabpsa. Ha ckoas-
KO NPOUEHTOB 3aB0J BHINOJAHHT TOAOBOH NAaH K | AHBaps,
ecsiu Byner paboTaTe ¢ ToH e 3¢PeKTHBHOCTBLIO?

B) BHeapende palHOMAJNH3ATOPCKOrO MPEAJOXEHHA MO3BO-
JAET MOHW3HTh HOPMY BpPeMeHH HA H3rOTOBJAeHHe OfHOH Je-
Tanan ¢ 12 mun a0 10 mun. Bo ckoabko pa3 NpH 3TOM NOBbI-
CHTCA HOPMa BLIPaGoTKH? Ha CKONBKO NPOUEHTOB GyNeT Bbi-
NOAHATLCA NAAH NPH COXPAHEHHH HOPMH BRIDAaGOTKH?

r) ABa wkHBa coeAHHeHbl peMHeM. OKpyXHOCThb nepBoro
mkuea 60 cM, a Broporo — 40 cm. Ckoabko 060poTOB B MH-
HYTY CcO€NaeT BTOPOH IIKHB, ecyH nepebifl aenaer 240 obo-
pOTOR B MHHYTY?

a) 3emHoli map coBeplIaeT NeAHBIH 060pOT BOKPYr cBoef
och 3a 24 u. Ha ¢KOABKO FPajfycoB pasnHuYaeTcs AOATOTA
ABYX TOPOAOB, €CJH COJNHEYHOE BpeMA paznuyaercs Ha 8 4?
6) Ha cKoAbKO 4acOB pa3fHYaeTcA COAHEYHOEe BPeMA ABYX
rOpoACE, €C/H AQITOTa pasaadaerca Ha 60°?
Cankr-ITerep6ypr pacnoaoxen Ha 30° BocTOUHOH AOJATOTHI,
a4 Maranan na 150° BocTounoit poarorsl. Onpenenure con-
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HeyHoe BpeMs B Maranane, koraa B Cankrt-TlerepGypre
NoJIeHb.

B 6ake 6 a Boanl. Kaxayio MUHYTY B HEro uepes KpaH BJIH-
BawT 4,5 1 BoAH.

a) 3anHuinTe 3aBHCHMOCTb MEXJAY YHC/IOM JHTPOB BOALl B
Gake (y) ¥ BpeMeHeM (x), B TeyeHHE KOTOPOrG OTKPLIT KpaH.
6) HauepTtHTe rpadHk u3MeHEeHHA y, AaBad x 3HAYEHHA OT
0 no 8 yepes 2.

B) Hafinute no rpaduky, ckonbko Boam Gyner B Gake yepes
1 MuH, 4yepes 5 MuH,

r) Yepes ckouibko MuaHYT B Gake Gyaer 40 a Bogw? (Oxpyr-
JAHTE C TOYHOCTBIC AC | MHH.)

) Yepes ckoabko MHERYT Gak OymeT 3anojHeHd, ecAd OH
BMewaer 100 a Bommi? (OKpyraaTe ¢ TOYHOCTBIO JI0
1 MHH.)

B oano#i uxcrepre 32 T Gensmna, a B apyrofi — 36 1. Ha

NepBCH BBIKAYHBAXT KaxAayio MEAYTY no 200 kr, a u3 pto-
poRt — no 300 kr Gensnra. Yepes Kakoe speMs B oGeux UH-
CTepHax cTaHeT OeH3HHa NOPOBRY?

Ha usrorosneHne 15 Kosen ang Kawden Hyxuo L8 am npo-
BOAOKH. CKOJMBKO KoJslel, MOJYYHTCS M3 24 OM NpOBONOKH?
CKOJMIbKO KHJIOFPaMMOB XJie6a MOXHO NOAYYHTb u3 850 xr
NiIEeHKLbI, ecAH H3 10 Kr sepHa nonyyaeTcs 8 Kr NueHUYHOM!
MYKH, 2 a3 6 Kr Myku — 9 kr xaefa?

H3 32 kr mMosoKa noayuaerca 4 Kr ciHBOK, B3 35 Kr CAHBOK
noayyaercda 7 Kr ¢JHBOYHOTO Macaa, a M3 16 kr cauBoyroro
Macsaa noaydaerca 12 xr Tonaenoro macaa, CKoIbKO KHJAo-
rPaMMOB TONJIEHOTO Macaa MOXHO Noayuuth #3 3000 kr Mo-
noka?

Bwineveno 400 kr xae6a. Ilpn ocThiBaHAHM XxAe6 mnoTeps.
2,75% cBoeél Macchi. Ha CKOJBKO KHJOrPaMMOB YMEHbIIH-
Nack Macca xaeGa?

CMewanH 4 a ropauelt oAbl H 3 A BOABI, TEMNEPATYPa KOTO-
peir 10 °C. Temnepatypa cmecH okasasach pasHoft 40 °C.
Hafianre teMnepaTypy ropadeil BOAB.

Boiuncante 8 npouentax ¢ tounecthio ¢ 0,1 BmnonHenue
nnaHa peajsusalHHd MPOAYKUHH B KaxIOM KBapTaie Ha
OCHOBE CJIeAYIOUIHX AaHHbIX:

Peannzanus B Thic. D.
Keapran BT paxkrauecku | % BHINOAHEHHUS
I 1200 1280
I1 1400 1450
111 1300 1280
8% 1400 1650
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Hpa uexa Aon¥Hb ObiAH BBINYCTHTE Mo naaHy 180 craukor
B roa. lepsnit uex Beinoarua naad Ha 112%, a sropoi —
Ha 110%, u nosToMy 06a uexa BeInycTHAH 3a roa 200 cTaH-
k0B, CKOJIbKO CTAHKOB CBEPX NJaHa BbIMYCTHA KaXAbif uex?
Kakofi aonxkna 6uiTb Temnepatrypa 20 2 Bombl, uTobbl NpH
cMewlednn ee ¢ 10 o1 pogel, Temnepatypa xotopoit 20 °C, noay-
uuTh BOAY ¢ Temnepatypoit He menee 35 °C W He Gonee 45 °C?
JBa ManbuMKa KavalTcAd HAa AoCKe, nepekHHyroil uepes
GpesHo. Adanna gocknm 55 m, B xakom wmecTe nonxkua
HAaXOANTBLCA TOYKA ONOPbl AOCKH, YTOOB MaJbYHKH HAXOMLH-
JHCL B PABHOBECHH, €ClH Macca ofHoro 48 kr, a apyroro
40 r?

K koHIaM npAMOJHHEAHOTO phidara NpHBeELIEHb] ABa rPy3a;
OHH HAaXOAATCA B PABHOBECHH, MPHYEM TOYKA ONOPHl pblyara
OTCTOMT OT QAHOTO KOHLA pbi4ara Ha 5 aM, a OT Apyroro —
Ha 7 oM. Ecan Gosbwnit rpy3 ypesInuHTL Ha 2 KT, a MeHb-
WHA YMEHbIIHTb HA 2 Kr, TO AJNA COXPaHEHHU PaBHOBECHSN
NPHAETCA NEPENBHHYTH TOUKY onopwt Ha | aM. Onpenennre
Maccy Kaxaoro rpysa.

CKopocTH JBYX N0E€300B, MACCaXHPCKOrO H TOBAPHOLO, OTHO-
caTen Kak 5:3. Naccaxupekhit noesg Bptuien ¢o CTAHUHH Ha
0,5 4 mosxe ToBapHOro, HO MpuGL Ha CJAEAYIOLLYI0 CTaH-
ko Ha 0,5 4 panbwe ToBapHoro. Hafiante ckopocru noes-
AOB, CUHTAsl HMX MNOCTOAHHBIMHM, ECAH PACCTOSHHE MEXAY
CTAHUMAMH paBHO 75 KM.

Ha paccroasun 6 M oT pyubs pocAo [EpeBo BbicOTOM
20 m. Byps HapfoMHANa ero Tak, YTO BePUIMHA KOCHYJIAChH
BOABI ¥ HAHMHero X aepesy Gepera pyuns. Ha xaxo#l sbicore
HaAMTOMJAEHO AepeBo?

JlecthHua, AsUHA KOTOPOH 7,5 M, MPHCNOHEHA K CTEHE TaK,
4TO ee OCHOBaHHMe HaXoguTes B 2,5 M oT crennt. Ha cxoabko
METPOB OIYCTHTCH BEPXHHH KOHEL|, JIECTHHIbl, ec/lH OCHOBA-
HHE AECTHHILL! OTOABHMHYTH ewe Ha 3,5 M or crens?
CTpena, BuMYWEHHAA H3 JYKA BePTHKAJbLHO BBEPX, MOAHA-
nace Ha 35 M.

a) Uepes Kakoe BpeMA cTpena NOCTHTHET HAHGOAbIIEH Bbl-
COTBl NOABEMA?

6) Uepe3 kakoe ppeMs cTpesa ynajeT Ha 3eMawo?

B) OnpenennTe HauaALHY® CKOPOCTb CTpelibl.

Hafipnte aBa uncna, cyMmma xsaapartos Koropux 101, a paa-
Hocre KBaapatos 99. Cxonbko peweHHii uMeer 3ajaua?
Haiinure nsa ukcha, cyMMa KsaapaTos KoTophix 145, a pas-
HOCTb KBaapatos 17.

Paanocts kBagpatoB AByX uHcen 1029, a orHoiuenne upcen
2:5. Haitaure 3TH uncaa.

CymMa undp nBysHa4HOTO YHCHa Ha 29 MeHbule npon3sene-
HUSL WADP H Ha 72 MeHblle CyMMB KBaapatos ungp. Onpe-
Je/IHTE 3TO YHCJO.
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Ecau nepectaButTh undphl ABY3HAYHOTO YHCHA, TO DOJAYUHT-
cfl YHCJO0, KoTopoe Ha 18 MeHble panuoro wucxa. [Ipousse-
JeHHe 3THX ABYX dHcen B 126 pas Goable npousBeneHHs
UH(P, KOTOPLIMH OHH 3aNHcaHbl. OnpeaesnTe 4HHCJO,
Anema Ha 3 rona crapue BopH n Ha 6 net crapuwe Bopmul.
IMpouasenenne Bozpacros [puwik 1 Bopu Ha 9 Goapwe npo-
HaBeAeHud Bo3apacToB Anews # Boeel. Ha ckoabko ner Ane-
wa crapwe [pamn?

Asewa Ha 3 roaa crapue Bopn u va 6 Aer crapwe Bosw.
[Tpouseenenwe BospactoB [pumu u Bopn wa 20 Goabwe
npou3sefeHus Bo3pacToB Anewn u Boebl. Ckoasko ner
['puine?

Cawma ckasan: «<Moemy MAaameMy 6paty Gonblle ceMM JeT,
4 CyMMa KBaipartos HallHX BoapactoB B 20 pa3 Gonbile Mo-
ero sozpacra». Cxoasko aer Cawe?

Bacs BOo3Ben 4HCAO MaJBYHKOB H MHCAO KEBOYEK HAELIETO
KJaacca B kBaapar. CyMMa MOJYYeHHBIX YHCEN 0Ka3aJaach B
25 pa3 Gouabwe yHcaa ManbyHKOB. CKOMBKO MAaJbUHKOB B
HalleM KJacce, ecJH AeBoYeK GoJiblie RecATH, @ MaJbYyHKOB
Gosible, YEM NeBOUeK?

IlacTyx 3aMeTHJI, 4TO NPOH3BEACHHE YACI3 GAPAHOB HA YHC-
0 ero GapaHoB, YMEeHbUIEHHOE HA eJHHHLY, Ha 15 GoJable,
yeM NpoH3BeAcHHE ero cOGCTBEHHOrO BO3PAcTa HAa YHCAO €ro
GapaHOB, yMeHblleHHOoe HA 2. CkonbKo Jer nacryxy?

JlBa xymna BHecsH gss obuero aena no 48 ThHe. p.: nepsH
3abpaa cBOH AeHbrH (Ge3 f0oX0Aa) Yepes oA, a BTOpOf uepea
ABa rona. Kak oHu nonxkusl nopesnth Mexay coboft 42 Thic. p.
npubbijiu, NOAYYCHHbIE HA WX J€HLMM 32 3TH ABa roaa?
JiBa KOMIaHbLOHA BAOXKHAH AeHbrAd B ofumee aeno. [lepeuii
BHec 40 Toic. p., a propo#t 60 Teic. p. Uepea mecau nep-
Beit 3a6pan cBOW AeHbrH (Ge3 poxona), a elle uyepea Mecsl
OHM peliNAd MOAEJHTE AOXCA, MOAYUEHHLIA 32 3TH ABA MecH-
na. Kak oHn A0AKHE DOAENHTE MeXAY coB0H A0XOX B CyM-
Me 17 The. p.?

HexoTopoe aesi0 NPHHOCHT craGuabHbit aoxod. I[lepeuift
KOMNaHbOH BAOXHJA B Hero 9 Toic. p., a Bropoit — 2 Thic. p.
[Meppuit 3a6paa BAcKeHHble neHbrd (Ges foxoaa) uepes Me-
cAlll, BTOPOH — 4epe3 ABA MecALa. TOAbKO mocae 3TOrD OHH
pasaentan nony4eHHeld noxon. Kakos npouest exemecnu-
HOH NPHOLINH, ecAH A0XOA MepBoro okasaiacd B 2,5 pasa
Soablie Aoxcaa BTOPOTO?
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§ 8. CUCTEMbI PALIMOHAJIbHBIX
YPABHEHUH

8.1. lMonaTHe CHCTEMB PALHOHANLHLIX YpaBHeHHI

YpapHeHune, 06e YaCcTH KOTOPOro €CTh PAaUHOHAJbHBIE BhIpaxe-
HHSl OTHOCHTEJIbHO X H ¥, HA3bIBAIT PAUHOHANbHLIM YPABHEHHEM ©
ABYMH HEH3BECTHLIMH X W ¥.

BoT ApuMepbl paNHOHAABHBIX YPaBHEHHH ¢ ABYMSA HEeH3BeCTHHIMH
XUy

x4 y—4=0, (1)
22 —3x+y—x+1=0, (2)
l_q_ 2% (3}

x P

IMapy ukcen (x4 #;) HA3BIBAKT PeUIEHHEM YPABHEHHA C [ABYMA
HEH3IBECTHLIMH X H 4, €CJIH 3TH YHCAA YAOBJIETBOPAIOT 3TOMY YpasB-
HEHHIO, T. €. €CAH MPH NOACTAHOBKE X5 BMECTO X H Y, BMECTO Y 3T0
YpaBHEHHE TIPEBPALIAETCH B BEPHOE HHCJAOBOE PaBEHCTRO.

Hanpumep, napa uncea (2; ) ects pemenne ypasuenus (1), napa
upcen {0; —1) ecTh pewleHHe ypaBHeHHa (2), mapa yncea (—1; 1)
eCTh pelleHHWe ypaBHeHHa (3).

YpanHeuue, ofe 4acTH KOTOPOTO e€CTh PALHORANLHBIE BLIpaXKe-
HHA OTHOCHTEABLHO X, ¥ W 2, HAILIBAKT PAUHOHAJILHLIM YPABHEHHEM
¢ TPEMS HEHIBECTHLIMH X, ¥ H Z.

Bor npuMepn pauKoHaNALHLIX YPaBHeHHH C TpeMA HEH3BECTHEIMH
X,y uz

3x—6y-2z2—6=0, (4)

7 +5xy—2'+yz—x+2+y—3=0, (5)
£~y Xty

i =styta (6)
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Tpoliky uncen (Xy; Yo 2p) Ha3bIBAIOT pelleHHEM YPpaBHEHHA € Tpe-
MA HEH3BECTHHIMH X, ¥ W 2, €CAIU STH YUCJA YACBJAETBOPAIOT ITOMY
ypaBHEHHIO, T. €. eC/H NPH NOACTAHOBKE X, BMECTO X, 4, BMECTO ¥, 2,
BMECTO Z 5TO ypaBHeRHe NpeBpallaeTcd B BEPROE YHCAOBOE paBeH-
CTRO.

Hanpumep, tpoiika uucen {(2; —1; —6) ecTp pewmeHne ypapHe-
uua (4), Tpoiika uncen (0; 3; 0) ecTs pewnenne ypanrsenus (9), rpoiika
uncea (0; 1; 1) ects pewenne ypabuenus (6).

AHANOrMYHO ONMpefenfieTcs PAUHOHAIbROE YPABHEHHE C 11 HeHs-
BeCTHBIMH M €ro pelieHHe.

PaunohaabHoe ypaBHeHHe, JieBas YAacThb KOTOPOLG ecTh MHOIMO-
yjieH NepBoOd cTeNeHH, a IpaBas — HYJ/b, Ha3bIBAIOT elle YPABHEHH-
eM NepBofl CTeneHM.

Hanpumep, ypabnenne (1) ecTh ypaBHeHHe NepBOf CTemeHA ¢
ABYMS HEM3BECTHLIMHM X H g, ypaBuenue (4) ecThb ypaBHEHHe MepBO#
CTeNeHH C TPEeMA HEH3BECTHRIMH X, ¥ M Z.

PaunoHaibhOe ypaBHEHHe, JeBasl 4acTb KOTOPOrG €CThb MHOTOo-
uJgeH BTOPO#H CTeNeHH, a Ipapasi — HyAb, Ha3BIBAKT YPABHEHHEM BTO-
poii cTenenn.

Hanpumep, ypaBHeHne (2) ecTb ypaBHeHue BTopo#l creneHu ¢
ABYMS HEH3BECTHLIMHU X U Y, YPaBHeHHe (5) ecTb ypabHeHHe Bropofi
CTeMeHH C TpeMA HEeH3BECTHBIMH X, §f M Z.

PaunoranbHoe ypapHeHHe, AeBasi YAcCTbh KOTOPOLG €CThb MHOCO-
yneH CTeMeHH A, a NpaBafd — HyAb, KA3LIBAIOT €UIE YPasHeRuem n-i
cTenenu.

Hanpumep, ypashenne x> — xy*+7 =0 umeer crenens 3, a ypab-
HeHHe x’y— x'"4 1 =0 umeer creneus 10.

IlycTh maHbl ABa pauUMOHAAbHBIX YPABHEHHA ¢ ABYMS HEH3BECT-
HBIMH X H y. [OBOPAT, 9TO HAJ0 PEWINTh CHCTEMY ABYX PaLNOHAJb-
HbiX YPABHEHHH ¢ ABYMA HEH3IBECTHHIMH X M ¥, ecan Tpebyetca Haii-
TH Bce Napwl 4yuced (x; ¥), ABAAIOUHECH pellleHHAMH OAHOBPEMEHHO
H NlepBOTO, H BTOPOTO YPABHERHH.

Botr npusepst chcTeM ARBYX pALHOHAJBHBIX YPABRHEHHE C NBYMA
HEH3BECTHRIMH X H 4

{x+y+l=-0, %+y=0.
2x—Ty+9=90, 2+2y=0,

{2x+3y+ 1=0,
C2—Txy+ 36— x+4y—11=0.

Pewennwem cHCTeMBbt ABYX YPABHEHHA ¢ ABYMSA HEHABECTHHMH X
H y Ha3LBAOT Napy 4YHcen (x5 Yp), ABJIAWILYIOCA pelleHHeM KaXao-
ro ypaBHEeHHS 3TOR CUCTEMBI.

[lycTh A2HW TPH PALMOHAJNBHBIX YPABHEHHA ¢ TPEMS HEHIBECT-
HLIMA X, ¥ A Z. [OBOPAT, YTO HAAC PEWIMTL CHCTEMY TPEX pPauMo-
HAJLHBIX YpaBHEHHHl ¢ TPeMs HEH3BECTHBIMH X, ¥ H 2z, ecau Tpeby-
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eTcd HAHTH Bce TPORKH uucen {X; ¥, 2), ABAAKIIKECH pelieHHAMH o~
HOBpeMEeHHO BCeX TpeX 3THX YpPaBHEHHR.

Bot npumepst cHcTeM Tpex PaUMOHAJNBHHIX YPaBHEHHH C TpeMs
HEHU3BECTHRIMH X, ¥ W 2.

Ix+y—z+1=0, 4x+y—224+1=0,
2x—z4+7=0, x—y—9z247=0,
7x—3y+z+11=0, 382 —2xy—y*—Ty+11=0,
1 z

*+ytay =0

X X

;+;=1|

2x+43y—22=0.

Pewennem cucrembt Tpex ypasneHufi ¢ Tpems HeHIBECTHBLIMN X,
¥ M z HA3bIBAWOT TPORKY uMcen (X Yo Zp), ABJIMIOWYIOCH pellieHHeM
KaXA0ro ypaBHeHHS 3TOH CHCTEMBI.

AHanorayno onpenenfeTca CHCTEMa n palHOHa bHEIX YPaBHEeHH
C # HEH3BECTHBHIMH M ee pelieHHe.

Pemnts cucremy ypaBneH#it — 3Ha4uT nafiTH Bce ec peuleHHA
HJAH D0Ka3aTh, ¥TO HX HeT.

B VII knacce Mbl yxe paccMOTpeJqH peLISHHE CHCTEMSL! NHHER-
HbIX YPABHEHHH ¢ ABYMA U TpeMs HeHn3secTHhIMH. B sToM naparpacde
Mbl MOK@XKEM HA NPUMEPAX, KAK MOMKHO PelIaTh CHCTEMbl YpaBHeHHH
nepsofi n propoit crenenn. Kpome roro, 6yayT paccMoTpeRbl 3a4auH,
npusoasiiHe K Gogee CAOXKHBIM CHCTEMaM pallHOHaJbHbIX ypaBHe-
nuit. [1pn aToM GyneM nosb3oBaThCA YTBEPHAECHHAMH O PaBHOCHIb-
HOCTH CHCTEM ypaBHeHHR, TpHBekeHHLIMH B I'iaBe «JluHeHHbIe ypas-
HeHHsi» yueSHHKA <«Aarefpa, 7».

777°. a) Kakoe ypaBHeHHe Ha3blBAKOT PAUKOHAAbHbBIM YpaBHeHHEM?
6) Kakoe ypaBHeHHe HA3EIBAIOT YPaBHEHHeM Nepsoit crene-
HH, BTOpPOil cTeneHu?
8) Uto Ha3bIBalOT pelleHHeM YPaBHEHHH C NBYMA HeH3BECT-
HbIMK X H y?
r} Hro nasbiBaloT pelieHHeM ypaBHEHHS C TpeMs HEH3BecT-
HBIMH X, § B 2°
1} Korna ropopaT, uTe Hajo pelluTh CHCTEMY ABYX ypaBHe-
HUE C NBYMS HEH3BECTHLIMH?
¢) Korpa rosopfiT, 4T0 Hago PEWINTL CHCTEMY TPeX ypaBHe-
HUil ¢ TpeMS HEU3BECTHBIMH?
%) UTo Ha3zmBalOT peilleHdEM CHCTEML! JBYX YpaBHEHHH ¢
ABYMS HEMIBLCTHLIMM?
3) UTo Ha3bBalOT pelHeHHEM CHCTEMBI Tpex ypaBHeuuil ¢
TPEMA HEH3BECTHBIMK?
n) UTo 3HauuT pemuTh CHCTEMY YpaBHeHHH?
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778,

779,

780.

781.

782,

783,

784.

785,

786,

fiBnsercA AW napa yucea (1 2) pewenHem ypaBsHenus:
a) x+y=3; 6) 2x+y=1, 8) Ix4+2¢y=7;

r) 2+4=3 1) £+5=5 ) y—x=1?
Moa6epute Kakoe-NHGO pewieHHe YPaBHEHHA:

a) x+y=>5; 6) 3x+y=>5; B) 2x—3y=1;
ry 2442=9; 1) &42xy+ gy =25; e) ¥ —xy=0.

fiBnsercH au Tpoika uncea (0; I; 2) pewennem ypasHeHus:
a) 3x+2y+2=4; 8) x—y+z=1;

B) x+2y+32=2; ry xy+2xz+4yz=2

1) 24§+ 22=5 e) X425 —22=0Q?

[MoaGepure kKakoe-aubo pelleHHe ypaBHEHHS:

ay x+y+z2=10; 6) 24y’ 4 2°=25;

B} xy+yx+yz=3; r) xy—yx+yz=1.
doKkaXKure, 4To ypaBHeHHe He HMeeT AeHCTBHTENLHBLIX pe-

weHH#:

a) ¥+ +1=0 6) £+ 4 +2°+0,1=0.

JlaHo ypapHenHe xy- x==8.

a) Kakoea crenenb 3TOro ypaBHeHHA?

6) Bripasute x yepe3 y. KakHne 2HaYeHHA He MOXET NMPHHH-
MaTbL y?

B) Bripasute y uepe3 x. Kakne 3nauennsa He MOXKET NPHHH-
MaTh x?

Onpefennte cTeneHb ypaBHeHHA:

a) 2x—b5y=T; 6) x4+ —xy—5=0;
B) xy=4; r) f—xy' —Tx=0,
1) xy*—xy+3=0; e) *—2—x'"'=0.
flBaserca nu napa uyucen (1; 1) pelleHHeM CHCTeMblI ypaB-
HeHHii:
=2, =
2) {x+y 2 6) {xg,f+1|:2 2,
L—xy+y=1; 2x+43y=14;
8) L+ =10, " {3x+2y=5,
2x—y=1; x+2xy=3?
flannerca AW Tpodka umcen (1l; I; 1) pelweHHeM cHCTeMBI
YPaBHEHHR:
(x+y+2=3, (x+y+2=3,
a) { 3x—2y¢+2=0, 6) { xy+xz2+yz=3,
| 2+ 22 =3 | Pt x—y=1;
(2x+3y+42=38, (P +22=2,
B) § xy —3°%F2z=—1, r) y x+y+z=3,
| PP =2 =1; xy+yz=2?
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787. SIpnserca AW pellleHHEM CUCTEMBI YpaBHeHHH

L4 xy—3=0,
x+5=y
napa uHcea:
a)(0; 3y 6)(—32) 8)(2 —3) r)(05 55
788. fpasieTcs M penlleHHeM cHCTeMbl ypaBHeHHH
X+ y+2z=3,
Ko ff o g e 2,
xy+22=2

TpoilKa uYucen:
ay(l; —1L 1);6){(1; I; 1 8y (L; 1; —1)rp(—1;1; 1)

82. Cucremm ypaBHeHHA nepsoii M BTopoil creneum

B 2TOM NyHKTE Mbl [IpHBENEM IIPHMEPHl PELIEHHA CHCTEMBl ABYX
YPaBHEHHH C ABYMA HEH3BECTHBHIMH, OJIHO H3 KOTOPBIX MEPBOil CTele-
H#, ApPyroe — BTOPOH CTelleHH, H CHCTeMbl TPeX YpaBHEHUH C TpeMsd
HEeH3BECTHLIMH, J1BA A3 KOTOPBIX IIepBOH CTEIIEHH, 4 TPETbe — BTOPOIi
cTeneHd. [ina peileHHs TakHMX CHCTeM NpHMeHHM cnocolG noacra-
HOBKH.

flpumep [. Pemnm cucreMy ypaBHeHWH
x42y—7=0,
42y 4+ 4+ 3y —4x—31 ==0.

TlepBoe ypapHeHHe 3TOH CHCTEML — YpAaBHEHHE NEPBOH CTENEHH.
Bripa3aM M3 Hero x uepes y
x=7—2g. (2)

IMoacrapuB Boipaxenne (7 —2y) BMecTo X BO BTOpOEe YpaBHeHHe
CHCTEMBI, MOJAYYHM YpaBHEHHE

(7—29Y+2(7T—29) y+ 4" +3y—4(7—24)—31=0,
KOTOpOe Mocjie MNpHBeleHAs MNOoAOGHBIX YJEHOBP 3aMHlUieM B BHE

(1)

y'—3y—10=0. (3)
¥YpasHenue (3) umeer ABa KopHA: ¥, = —2 H y,=2>. [oacTapus
3TH YHC1a B paeeHcTBC (2} BMecTo y, NOAYUHM
x]=11 H x2=—3.

Hrak, crcrema (1)} umeer ABa peileHHs:
=11, yy=—2; 3= —3, #,=5
H ApPYyrax pemleHHi He HMeeT.
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ITono6ubiM 06pa3oM MOXHO PelluThb NioGy10 CHCTeMY ABYX ypas-
HeHHH C HeM3BeCTHBIMH X M #, B KOTOpPOH OAHO ypaBHeHHe NMepBOit
cTenenyd, a Apyroe — BTopoii crenedd. Bhipaxaem x (HAH ) u3
ypaBHeHHA NepBof CTenedH A NOACTABJSIEM 3TO BhIPAaXKeHHe B ypaB-
Hexne BTOpoi crenern. [loayuaeM KBajpaTHOoe ypaBHEHHE ¢ HEH3Be-
cTHBIM g (aan x). Eciin kBanpatnoe ypaBHeHHe HMEET KOPHH, TO H
CACTEMA HMEET PelleHHs; eClIM HeT, TO CHCTeMAa He WMeeT pelleHHH.

flpumep 2. PenuM cHcTeMY ypaBHeHHH

p {3x—y+9=0,

P—g*+y—5x—32=0. )

[TepBoe ypaBHeHHe CHCTEMB (4) — ypaBHeNHe MepBOH CTENeHH,
a BTOpoe — BTepoil cTeneHH, U3 nepporo ypaBueHus Buipa3uM y ge-
pes x:

y=3x+49.

IMoacTaBHM BupaxeHue (3x 4 9) BMecTo y BO BTOpOe ypaBHEHHeE CH-
crembl (4). [TonyuuM ypasHeHHe

C—=(3x+97+(3x+9)—5x—32=0,
KOTOpOe MOocChAe TpHBCACHHSA HO}IOGHHX YneHoBR 3andunieM B BHIE
— 82 —56x—104=0.

CoxpaTHB o6e 4YaCTH 3TOro ypaBHeHHS Ha ( —8), moayunm pasHo-
CH/IBHOE €MY KBAJPaTHOE YypaBHeHHe

24+ 7x+13=0, (5)

AHCKPHMHHAHT Kotoporo D=56—4ac=7"—4.1.13=—3<0.
CanenoBaTeALHO, ypaBHeHHe (5) He uMeeT pelleHHA. JHAUHT, H CHCTe-
Ma (4) He UMeeT pelleHH#.

flpumep 3. PewtuM cucreMy ypaBHeHHH

x+y—z+1=0,
t—y—2+43=0, (6)
L2+ —xz2+2+x—5=0.
W3 nepsoro ypaBHeHHfl cHCTeMbi (6) BhipasHM y vepes x u 2
y=z—x—1\. (7)

[MoacTaBup BhipaXKeHne (z—x—1) BMecTo g BO BTOpoe H
Tperbe ypaBHeHHs cHcTeMbl (6), NONyYAM CHCTeMY ABYX ypaBHeduf
C ABYMA HEH3IBECTHBIMH X H 2!

x—({z—x—1)—2z+4+3=0,
{ L+2(z—x—1DH+(z—x—1P—xz2+ 2"+ x—5=0,
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KOTOpaa Nnocje¢ NpHBEACHHA noROOHLIX YJIEHOB HMEET BHI,

{2x—2z+4=0,

22 —xz+x—2z—4=0. )

M3 nepsoro ypasnenns cuctemnl (8) Boipasum x uepes z:
x=z—2. (9)
lNopcTabue BoipakeHHe (2—2) BMECTO X BO BTOpOe YpaBHEeHHe CH-
creMbl (8), nONyYHM ypaBHeHHe ¢ OAHHM HEH3IBeCTHLIM 2
222 —2(2—2)4+(2—2)—22—4=0,
KOTOpOe Moc/e YNPOLIeHHA 3anuiieM B BHAe
22+ z—6=0. (10)
KeanpaTHoe ypaBueHue (10) umeer aBa KopHA:
2= —3 H 2,=2,
lMoacrapue 3TH uucAa B paBeHcTBO (9), monyuam
Xy =—0 H x,=0.
HakoHel, noacTaBHB cCHayana X, H 2, 8 3aTeM X, H 2, B paBEHCTBO
(7}, noayunm
=1 n gp=1
ChaenosatennHo, cucrema (6) HMeeT nBa pewenns:
n=-—5 =1, 2y=—3
=0, y=1, 2,=2

H JIPYFHX peleHHi He HMeeT.

3aMeuaHune Cnocob NOACTAHOBKH NPHMEHHM H NMPH pelleHHn
HEKOTOPbIX CHCTEM DaLHOHaAbHbIX ypaBHeHHA. Hanpumep, nan pe-
WeHHA CHCTeMbl YpaBHeHHH

x+y=1,
1 1
FHy=1

HaA0 H3 MEpPBOro YpaBHeHHSN BLIPA3HTb Yy 4€pe3 X W NOACTABHTHb
(1—x) BMecTO y BO BTOpOe YPABHEHHE, @ YK 3ATEM PEIIHTb PaUHo-
HaNbLHOE YDABHEHHE € OJHHM HEH3BECTHBLIM

LR -

x L x—1"

OTMeTHM TakKe, YT NPH PELIEHHH CHCTEM PALHOHAJLHBIX YPaB-
HeHHH HHOrAa NpPHMEHSIOTCA H ApPYrue cnocoObl pelueHHH.
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]
789". Kak Moxno pewaTs cHCTeMY ypaBHenuil NepBoii B BTOPO# CTe-

nenu?

Pewnte cuctemy ypapHenHi (790—799):

rx=y, y¥—1=x,
790. a) {y—2=2; 6) {x—13=ll;
0 {xz—y—4=0, {x=2+y,
y—4a=1, P—y=8
x=y—2, y=x—8,
*) {xy=3. ) {xy= -7
x+y=3, x+y=7s
791. a) {xy= "o O {xy=l2,
x+y=—8, xyy= —15,
) {xy=15, a) {x— = —§;
) {x+2y—4. 3) {3x+y= :
x2+9‘—16» x+y2= »
2. 2
792. a) {“2"':’ _1“' 6) {j"'j’ ‘13;’
y— =1, —_—y= -1,
—_ =2, x+ =_6,
) {;—y —g P {y’—yf=3
2__ .
793.3){x2_y_' 6){“2 y'=0,
x+y=0; x—y=0
x—y=085, {x—y=ll,
" {y2—x2=12, & xy=12;
xy=12, {xy=l5,
)K) {x'l‘y'—l' 3) x+y=_5:
x+y=3, {x—y=3-
o {nlet oL
x+y—7=0,
794. a) {x2+xy+ya=43;
) {"+"”=3'
P —dxy+ 11 =0;

) {x—3=2,

=]
S

2]
S
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216

795,

798,

x4+ y=1,

EL—2xy+4y=2;
x+y+2=6,
y+2=3,
z=1;
x+y+z=2,
x+z=1,
£+y=3;
xty+z=—1,
x+2g=—1,
x—y=>5,

xty+z=—1
w) l

a)

B)

— ——  ——
——

A)

x—y+z=T7,
x+y=-—3
x+y+2=3,
x+2y+4+3z=6,
2x—y+z=2

H)

{
{
{
e e satimt
{
{
{
{

x—3y=1,
2y — x> +9°=11—4x

{x—4y=10.
r

(x—1P=T(x+9+1;

x+y=2,
){f+&w—f+@=t
x+y+2=0,
x4z=2,
x=—1;
r+y+2=2,
y+2=3,
xty=1
xt+y+z=—1,
€) {

6)

r)

2y+z=4,
y—z=5;
x+yt+z=1,
x+y—z=-—3,
y+z=4

x+y+z=-—3,
K) ‘

3)

x—y+z=—1,
x4+2y—2z2= -2



797.

798,

799*,

x4+2y—z=1,
a) § 2x—y+2z2=—1,
| 3x—2y+2z=3;
[ x—y—2=—2,
B} { x+2y+2=3,
L 2x4+y—32=T,

o) § 3x—4y—242=0,
[ x+y+2=0
e

a) { y+z=>5,
xz=3;

[ 4+ y* 4 22=35,
8) § x+y=2,

| x—z=4;

=—1,

(4x —2y=Tx,
Jl) 1 y+2=x»
Ly —4=8x—32%

1,1 1
—to=l3,

2x—3y+2—10=0,

3x—2y+2=2,

dx44y+2z=15;

x+3y—z=3_§,
r} {

x+2y—=z=2,
6)

2x+4y+2=3,
x+9y+442=>5;
x—3y+2z2=1,
e)  x—y—z=2,

| x+y+2z=0.
(x+y=—3,
6) y—z=1,

| 2+ 22=10;
(g =2,
ryqx+y+4+z=12,
L xy=12;
(3y+2z=1x,

e) { x—z=yp,

| 2 —3x=5422
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8.3. Pewrerse 3aaay npn NOMOILH CHCTEM YpaBHeHMRA
nepeoili u BTOpO# cTenewn

3anaua, [ponent cogepxaHuA (Mo Macce) KHCAOTH B Tpex
pacTeopax TaKOBRH, YTO KBaApaT NPOLEHTa BTOPOro paBeH NPOH3Be-
AeHHIO NPOLEHTOB MepBore U Tperhero. Eciid cMewaTh neperiéi, BTO-
pofl H rpeTHil pacTeOpH B oTHoWeHHH 2:3:4 (no Macce), TO NOAYUHT-
ca pacrtsop, copepxanil 32% xucaorn. Ecan xe cMewaTs WX B oT-
nowenun 3:2:1 (no macce), To NOJYUHTCHE DPACTBOp, COAepKAalHMA
22% xucaoThl. CKOJBKO MPOUEHTOB KHCAOTH COREPKHT Kamiabifi
pacTop?
Pewenue. Ilycth B nggnom pacTBope X% KHCAOTHI, BO BTOPOM
4% KACAOTH ¥ B TPeTheM z% KHcaoTh. T10 nepBomMy yca0BHIO 3anayu
¥ =xz. (1)
B 1 r nepBoro pacTBopa cogepKHuTCA —130
F-4
ro pacTeopa _lgo [ KHCAOTH H B | T TpeThero pacTsopa (o= I' KHCJO-
Tbl. ECiH Mb BosbMeM 2 r nepsoro pactsopa, 3 r Broporo H 4 r

TpeTbero, TO NOAYYHM 9 T cMecH, coaepxameil 2-%4—3-%4—

I' KACAOTH, B lr BTOpO-

+4-% (r) kucnorw. [To yc/i0BHIO 3aja49H NOAYYEHHAn cCMeCh CO-

nep®HT 32% KHCAOTH, T. €. B 9 I' CMecH colepXuTCH 9-% (r) xuc-

aorel. U3 s10re ycaosHs nonyvaem ypaBHeHHe

E g ¥ 4z g 32
2 100"'3 100+4 100"‘9 100 ° 2)
AHaJ’lO]"H‘iHO paCCY)KIlaH, no.nyqaeu elle oaHo ypaBHEHHe
£ ] z _ 6.2
3 102100 T 106 =5"100 - 3)

Mpbl BALHM, 4TO HCKOMbIE YHCJIA X, ¥ H Z OAHOBPEMEHHO YAOBJETBO-
paoT ypasRenHaM (1), (2) n (3). CnepoBaTedAbHO, AJM8 pelieHUs 3a-
Ha4M HaJOo PEWHTL cHcTeMy Tpex ypasHenud (1), (2) u (3) ¢ Tpemsn
HeH3BeCTHHIMH x, § H 2. [lepenuueM 3Ty CHCTeMY B BHAE

¥ =xz,

2x+4 3y +42=1288, (4)

3x+2¢+2=132
u pewHM ee. U3 TpeThero ypasHeHus cHCTeMbl (4) BEpa3aM z uepes
X H

z=132—3x—2y. (5)
[Hoactasup suipaxenne (132 —3x —2y) BMecTo 2 B NepBoe U BTOpOE

ypaBHEHHA CHCTeMbl (4), MONYYHM CHCTEMY ABYX YpaBHeHKA ¢ AByMA
HEH3BECTHLIMHM X H 4
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{ y¥=x(132—3x—2y),
2x+3y+4 (132 —3x—2y)=288.

[Tocne nepeHoca BCEX UAEHOB KaXAOrn ypaBHEHHA B OAHY CTOPOHY
H NpHBENEHUSR noAoOHBLIX YJIEHOB NOJAYUHM CHCTEMY

{3x2+y2—|—2xy—- 132x =0,

6
240 —10x—5y=0. )

Hs Broporo ypaBHeHHs cHcTeMbl {6) BLIpa3uM y uepes x:
y=48—2x (7)

¥ NO0ACTABMUM BHIpaXeHHe (48 —2x) BMecTo y B NepBoe ypaBHEHUE
cucteMnl (6). [Tonyuum ypaBHeHMe ¢ OLHHM HEHIBECTHLIM X

34 (48 — 21 4 2x (48 — 2x) — 1322 =0,
KOTOpOe M[NOoC/€ MNpPHBEACHHA l'lOIlOGHHX un¢HoBp 3anviled B BHAE
35 —298x 42304 =0.

Paanenus ofe 4acTH 3TOro ypaBHEHHSl Ha 3, ModyuuM DaBHO-
CH/IBHO® €MY KBAaNPATHOE YPABHEHHE
L T6x+4 768 =0. {8)
BLIUHCIHM AHCKPHMHHAHT KBaJpaTHOro ypabsHeHus (8):
D=b"—4ac=(—76Y—4.1.768=52">0.
3uaunut, ypasHeHue (8) WMeeT ABa KOpHA;

—b VD __ 7652

o 5 T. e x,=64 u 5,=12.

Xy, 9=

Hoacraennaa x, W x; B BeipaxeHue (7), HaXoguM, 4TO

IMoacrapass napol (Xy, #;) B (X, ) B BEIpaxeHue {5), HaxoauM, 4To
2,;=100 n z,=48.
Hrak, cucrema (4) uMeeT apa pelleHus:

x]=64, y]= —80, z|=}00

x2= 12, y2=24, 22=48,

HO 110 NPEANOJOKEHHIO § — NPOUEHT KUCJOTH BO BTOPOM pacTaBope,
H, 3HAUHT, ¥ He MOXeT ObLiTb OTPHUATEAbLHEIM YHCJOM, CJ'[E}J,OB&TEJIB*
HO, YCJAOBHIO 3ajladH YNOBJACTBODRET JHWb OIHO pelIeHHE:

xg= 12. y2=24, 22=48.

OTeeT: nepsuii pacTBop coaepkHT 12% KucAOTH, BTOpOil —
24%, tperui — 48%.
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800.

801,

802,

803.

a) Paznoxure uncne 171 Ha ABa MHOXHTENA, CYMMAa KOTO-
puix Guija 6ol pasHa 28,

6) Pasnomure uncao 231 Ha ABa MHOMKHTENA, PA3HOCTH KO-
TOphX Ghinia 6bl pasna 10.

B) CyMMa QByX YHces paBHAa 3, a cyMMa HX KBaIpaToB pap-
Ha 65. Haftnure 3TH uHcna.

r) danm aBa uMcaa, uxX pa3HOCTb H Pa3HOCTE MX KBaAparos
pasam 11, Haiinure nauune yucna,

a) Hepuue’rp NPAMOYTONBHHKA paBen 25 M, a miaouanp —
34 w’. Onpenesnute CTOPOHBI TPAMOYTOJBHHKA.

6) [lepumerp TpPAMOYTONbHAKA paBeH 10,6 cM, a mio-
mags — 6,72 cM®. OnpeaenlTte CTOPOHBL MPAMOYTONBHHKA,
B) OzHa W3 CTOPOH NPAMOYTONBHUKA Ha 4 AM Goable apy-
rofi, a cyMMa naomaaefl Ksajgparoe, ,IOCTPOEHHBIX Ha CTOPO-
HaX OpAMOYroabHuKa, pasHa 52 am’. OnpeaefHTe CTOPOHBI
MpPAMOYTOABHHKA.

r) CocTasbTe 3ajavy, aHAJMOTHUHYI0 TpeAbAylUleld 3afaye,
H pelliuTe ee,

a) Ecad oaHy H3 CTOpPOH NpAMCYroAbHHKAa YBeJWYHTh Ha
5 M, a BTOpY!0 — Ha 4 M, TO MroManb NPAMOYTrONbHHKA
yBeaAHuuTCA Ha 113 M% Ecan e NepBYI0 CTOPOHY YBEJHYHTD
Ha 4 M, a BTOpYIO -— Ha 5 M, To MaOMAalL YBENHYMTCA HA
116 M. Onpepenute ARMHY H LIHPHHY NPAMOYFOJBHHKA.
6) Ecan nnuny npAMOyroibHHKA YBEJHYHTh HA 3 M, a [IH-
PHHY YMEHBIUMTE Ha 2 M, TO MJIOWA@AL NPAMOYIOAbHHKA He
H3MeHHTCA. Takxe He HIMEHHTCH TAOLlaAL TIPAMOYTOJNbHHKA,
€cnM ANHHY ero YMeHbIMThL Ha 2 M, a [MPHHY YBEJNHYHTb
Ha 3 m, OnpenennTe ANMHY H LHPHHY NPAMOYTOJNBHUKA.
a) [soe paboyHx 2a CMEHY H3roToBHAH 72 netanu. Ecan 6u
nepBuﬁ paGouHi YBeNTHUWJ MPOH3BOAHTENBHOCTE TPYAA HA
15%, a sTopoft — Ha 25%, TO 3a CMEHY OHM H3TOTOBHJH Obl
pmecte 86 geraneil. CKoAbKo AeTaneft HArOTOBW KaMAbli
H3 pabouHx 3a cMeny?

6) Mexay nByMms BesocunegHcramu pacctoanne 50 m, Onu
BbIE3)KAOT OLHOBPEMEHHO B OJHOM HaNpaBieHHH, H uepes
50 ¢ propoft BenocHnegHeT KoroHAeT nepporo. Ecan 6w nep-
BeU BeJOCHITEXHCT BHleXaJld Ha b ¢ paHbllle BTOPOTO, TO TOTAA
BTOpO# OB AOrHAJ NEePBOro JHUE yepe3 7D ¢ nocse Havana
ABHXKeHHA Nepeoro. CKoJbKO METPOB B CEKYHAY Ipoe3Kaer
BTOpefi BeAocHMedHCT?

8.4. PeweHMe 3aAau NPH NOMOIH
CHCTEM PAUHOHAJLHBIX YPaBHEHHH

3anauva |. Bpurana paGounx Hauana pets Tpanmew., Yepes
3 nua K Hedl NpHcoeHHANach BTOpaA GpHTana, H HM noHajzoGuaock
ewe 8 paHell coBMecTHOH paGoThl, Y4To0K BHIKOMATH TPAHIIEK A0 KOHLA.
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Ecan 6bl, HaoGopoT, NepBhle TPA AHA palorana ToNbKo BTOpan GpH-
rafa, TO 10 OKOH9aHHA paboTsl olenM GpHranam emecte norpebosa-
aock Gbl eme 9 aneii. 3a xakoe BpeMsl Kaxaana u3 GpAraj B OTHENb-
HOCTH cRenada 6n Bclo paboTry?

Pewenwue. Ilycth nepeas Gpuraga MOXeT coenaTh BCio paGoTy
3a x OHeld, a BTOpas — 3a y AHed. Torga 3a oIHH Zenb nepBas 6pn-

1 1 .
raia fe1aer — 4acTb, a BTOpan — g3acth Bced paboTwl.
1
B nepeoM cayuae neppas Gpurafna 3a 11 nueit caesana ll-; ya-

1
crell Beell paboTw, a BTopas Gpuraja 3a 8 gHedi coenana 8-; qac-
tefl Bcell paGorh., TIoCKOABKY BMecTe OHH BbINOJHUAW BCio pabo-
Ty, TO

IL%+&%=L (1)

Bo BropoM cayuae nepsas Opuraja pabGorasa 6ol 9 gHell M
1
chesana 9-; uacTeil Bcelt paforh, a Bropaa — |2 mHeflt B chenana

1 -
12-; yacreil Bceit paGornl. BMecTe oMK BHNONIHHAN GH BCIo padoty,
T. €.

1 1
9:1+12-5=1. 2

Takum oGpa3oM, HCKOMEIE QHCAA X H § YAOBJAeTBOPAKT YpaBHe-
HusM (1) B (2}, T. e. UTOGH pelluThL 3aHaTY, HAAO PEUIHTh CHCTEMY
JABYX PalHOHAJNBHLIX YPABHEHHH C JBYMS% HEH3BECTHHMH

1 {
1o +8-—=1,

[ | (3)
9:gH12:5=1.

Adna peweHns 5TolH CHCTEMB YpPaBHEHHH HeT HeOOXONHMOCTH
NPHBOAHTE KaXaoe ypaBHeHHE K BHIY, TAe B AeBoH yacth aarelpan-
yeckan ApolGh, a B npapofl HyJb. B NaHHOM caydYae 3TO TOJNBKO 3a-

TPYAHHT pelleHHe. 3jech Jyulle PaccMaTpHBAaTh é n L kak Hosme
HEH3BECTHhIE, ¥
Pewmmm cacremy (3) kKakK JuHeliny10 CHCTEMY IBYX ypaBHeHHi ¢ 1BY-

1
Ml HEHIBECTHLIMH — B —. H3 nepsoro ypaBHeHHs cHCTeMBl (3) Bulpa-

| 1
3HM — Yepes —:
¥ x

(4)
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1 1
H MOACTaBHM BhLIpaXKeEHHe -———-?) BMECTO r BO BTOpOE ypaBHe-
HHe cHcTeMbl (3). IToayuHM ypaBHeHUe

1 | I 1
9.—+12- E_T';)=l'

L Bmecro — (4
s 15 BMe — B BhIpaxeHue ), Haxo-
1 1
LHM, UTO —=-7. Tenepn scno, yto x=15, a y=30.

| i
OTKYAd —=<=. IMoacraenss

30

OtBer: [lepsana Gpuraga caenana 6wl BClo padoty 3a 15 nHed,
a BTOpas — 3a 30 gHed.

Sameuanue. [lpn pewenuu sagaun 1 6u10 oTMedeHo, YTO %
1
U — MOXHO paccMaTpUBaTh KaK HOBble HEH3BeCTHble. ¥ao6uno obo-

1 1
3HAYHTL WX HOBbLIMH GYKBQMH: u=? H U=; H pPeluHThb CHCTEMY OT-

HOCHTeJbHO 4 H ©, 2 TIOTOM HAaRTH X H Y, YAOBAETBOPAIOILAE CHCTe-
me (3} MoxHo 6bin0 ¢ caMoro Hayana dvepe3 & H v 0003HAUHTH
yacTh paGoTel, BHNOCAHAEMYIO B leHb NepBofi H BTOopof GpHraach co-
orsercTBeHHO. B 9TOM csyuae cucrema Gbiia Obl mpoute.

3anada 2. [lo oKpyXHOCTH ABHXKYTCA ABE TOUKH B OOHY H TY
*e cTopoHy. Jdauna okpyxkHocTdH papHa 24 M. [leppan Touka o6xo-
JUT OKPYXHOCTb Ha 9 MUH paHblue BTOPOR H oOrOHAST APYIyl0 KaX-
Ante 4 muH, OnpeaesnTe CKOPOCTH STHX TOYEK.

Pewerue Ilycts cKopocTh NepBoil TOUKH X M/MHH, CKOPOCTB
BTOpOH ¥ M/MuH. TOorna neppas ToUKa NPOXOAHT BCIO OKPYIKHOCTD 33

24 24
~ MHH, a BTOPaz —3a —- MHH. Tak xak nepeas TOYKa NMPOXORHT
OKPYXHOCThH Ha 9 MHH paHbiue BTOPOH, TO

S==+9. (5)

Bropoe ycaoBHe 3ala4yd 03Hayaet, 4yTo 3a 4 MUH MepBas TOYKa npo-
XOAHT Ha 24 M Goabwe propoii. Ho 3a 4 MEH nepBasA Touka NpOXOAHT
4x M, a BTOpas — 4y M, NO3TOMY

dr=4y+24. (6)

CuoelloBaTeNLHO, HCKOMBlE 3HAYEHHA X H § YAOBAETBOPAIOT ONHO-
BpeMeHHo ypaBHeHHAM {B) 4 (6), T. e. uToGbl pewuThL 3afavy, Hafo
PEWHTE CHCTEMY ABYX PalHOHAABLHBLIX ypaBHeHHI ¢ ABYMA HeH3Be-
CTHBIMH

24 24
FiaEais (7)
dx=4y+24.
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Wz BToporo ypaBHeHHs CHcTeMbl (7) BHPa3HM Xt uepes y.
x=y+6 (8)
u HOACTaBKM BbipaxeHHe (y -4 6) BMecTo x B nepBoe ypaBHEHHe CH-
crembl (7). ITonyuum ypaBHeHHe
24

24
22 +o. (9)

[lepeHecem B ypaBHeHHH (9) Bce uNeHBl B JIEBYIO 43CTh, 3aTEM BbI-
yreM aareGpanueckHe ApoGH. [ToayuHm ypaBHeHde

=% Syt 14t 10
#(y+96) (19)

paBHOCHABHOE ypasHeHuio (9). Pemwum Tenepb ypaBuneHue
—9¢y° 54y + 144=0
HJIH PaBHOCHJLHOE €My ypaBHeHHe

¢+ 6y — 16=0. (11)

Ypasuenne (11} umeer gBa Kopus: y,=2 n y,= —8.
Tak KaK uucaa g, n y, He o6pamaloT B HyJb 3HAMeHaTelb JeBoA ua-
cTH ypasHeHus (10), To onn apafalTcs ero KopHAMH. [loacTaBks g,
H y, B paBeHcTBO (8), noAyuHM r,=—2 u x,=8§.

Taxkum obpasoM, cHcTeMa (7) HMeerT B3 penieHHA:

x|=8, y|=2 ] x2=—_2, y2="—8.

CKOpPOCTH X H § — NOACKHTENbHBIE YHCNA, TIO3TOMY BTOpOE pe-
IeHHEe CHCTeMbl He YAOBJETBOpAET YCHAOBHIO 3ajadH.
OTBeT: CKOPOCTb MepBoil TOUKH 8 M/MuH, BTOpofi — 2 M/MHKH.

3apaua 3. Kaxaomy u3 Tpex paGounx AJ5 BBHITOJHEHHEA HEKO-
Topo paboThl TpeGyeTcs onpeaeseHHoe BpeM#, NpHYEM TPeTHH pa-
GoyHft BhInosnAer ee HA | u GuicTpee nepBoro. PafioTas BMecTe, OHH
BLITIONHAKT paboty 3a | u. Ecan ke nepsuifi paGounfi npopatGotaer
1 4 ¥ npekpaTeT pafory, a 3aTeM BTOpoR palounit npopabotaert 4 v,
TO OHH BMeCTe BHINONHAT BCio paloTy. 3a CKONBKO BPEMEHH MOXET
BLHINOJHHTL BCl paloTy KaMAnl paGouui?

Pewenne. [lycrs nepeuifi paGounft MoXeT BRIMOAHHTL BCIO pa-
GoTy 3a x 4, BTOpOil — 3a ¥ u, TpeTHt — 3a Z 4. Torna aa 1 4 nep-

Bbiff BHIMOJAHUT %, BTOPO# —% H TpeTHH —% yacTh Bcell padoThl.

1 ! |
Paforas BMecte, OHH BLINGJAHAIOT 3a OJHMH 4ac (T+§+?) 4acTh

Bcel pabotnl. Ho no yciopnio 3afaun 3a 1 u oMM BHIIOAHAIOT BCIO
paboTy, cAefOBaTeNbHO,

iyl (12)
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Ecan nepewit paGounii npopaGoraer 1 4, a aarem propodi — 4 4, TO

1 1
OHH BMECTE CAeNaloT (;——1—4-;) qyacTe Bced paGorhl. Ha camom xe
IeJe NO YCAOBHIO 3aAa%H OHH CAENAI0T BCIO paory, celoBaTeNkLHO,

| |
SHeg=1. (13)

Tak kak Tpetruit pabounft BunoiKuAeT Bclo paGory Ha | 1 SuicTpee
Nneproro, To

x=z41. (14}

Takum 06pa3oM, HCKOMBIE YHCAA X, ¥, 2 OHOBPEMEHHO YAOBJETBO-
paor ypasHenuam (12), (13) n (i4). ChepopatedAbHo, A4 pelleHHNA
3alla4H HaZ0 PEIUHTh CHCTEeMY TpeX PAaUHOHAJbHBIX ypaBHeHMil ¢
TPeMA HEeH3BeCTHLIMH

sy ts=1h
L 1 15
;+4.;_1, (15)
x=z+41.
Ha rtperbero ypasHenus cuctemnl (15) Buipa)kaem z 4epes x:
z=x—1. (16)

1
Hz BToporo ypapHeHHA cHcTeMEbl {15) BupamaeM 7 Yepes x

1 1 I
;_;-(1—;). (17)
1 l 1
[Toacrasus (x— 1) BMecTo z 1 'y (l -;) BMECTO ks riepBoe ypaBHe-
HHE cHCTeMBl (1D), noAyYnM palnHOHANBHOE YPABHEHHE

%+}-(1.—%)+ L 1. (18)

x-—1

[Tepenecs Bce ero 4iaeHnl B JeBYIO MacTh H CJAOXKHB B Heil aarebpan-
yeckhe APOGH, NMONYYHM YPaBHEHHE
37 —10x43
4x{x—1) =0, (19)
paBHOCH/IEHOe ypaBHeHHK (18). Teneps pemum ypapHeHHe
3¢ —10x43=0. (20)

1
OHo HMeeT JBa KOpHA: x,=3, Xp=vy.

Tak Kak x, 0 x; He o6palaloT B HyJb 3HAMEHATEJb JIEBO/ YacTH
ypasuenus (19), To x, H X, ecTb KopHH ypaBHeHHA (19). IToacrasus
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2
x, 1 X B(16) u (17), nakipem: y,=6, y,= —2, 2,=2, z,= —3- Cae-
aosaTenbHo, cucreMma (15) ummeer aBa pewenws: x,=3, y,=6,
2

2=2H Xy, o= —2, z,= -3

[Mockoabky uepes x, ¥ H 2z Mbl 0603HAUHAH KOJHYECTBO Y4COB, He-
o6xoauMoe AJ8 BbiNoSHEHHA paGoThl, TO X, ¥ H Z He MOTYT SbITh OT-
pHuaTeabHbiMi Yucaamu. [losTomy ycnoBHio 3apayu ynoBaeTBopser
AHIlb peleHne

=3, y,=6, z;)=2.

O TBeT: nepaulii paGo4Hii MOXKeT BBINONHHUTL BCIO paloty 3a 3 v,
propod —3a 6 4, TpeTHi —3a 2 u.

804. a) Ecau k kBagpaty nepeoro 4icaa npuGaBHThH yaBOEHHOe
BTOPOE YHCAO, TO NoAyYHTeA ( —7), a ecAH H3 NepBoro 4Mc-
Ja BhlYecTb BTopoe, To noayuutcea 11. Hafaure ath wucaa.
6) Haiinute nBa udchaa, ecH OTHOLICHHE CYMMBI 3THX YHCed
K MX pasnocTd paBHo 8:1 M pasHOCTb KBaApaTOB 3THX YHcCeN
paeHa 128, CxounbKo peweHRrfi uMeer 3apava?

805. a) Haliznre apyzHauHoe uucho, ecAn uH(ppPa AeCATKOB Ha
2 Gonewe undpbl eqMHHL, 8 NPOH3BeLEHHE YHCAA HA CYMMY
ero undp papHo 640.

6) HafiauTe aBy3HauHoe YHCAQ, €CAM UMGppPA e€AHHHI Ha
2 Gosple UHGPH AeCATKOB, 4 IPOH3BEACHHE YHCIA HA CYM-
My ero uugp pasHo 144.

806. a) Ecau pasznenutb ABy3HauyHOEe YHCAC HA NPOH3BEAEHHE ero
uuQp, TO NOAYYHTCS B YacTHOM 2 1 B ocTaTKe 5. Ecan nepe-
cTaBuTbh UHPL 3TOrO YHCAa M NONTYYEHHOE YHCJIO pasae-
JHTE HA CYMMY €ro uH@p, T0 B YACTHOM NOAYYHTCS 7 W B
octaTke 3. Haliaute 3T0 uncho.

6) Cymma uudp npy3HauyHoro 4icaa pasHa 9. CymMma kBaz-
paToB aTuX Xe nudp pasda 41. Ecau or uckomoro ydcaa ot-
HATb 9, TO MOAYMHTCA YHCJIO, 3AMHCAHHOE TeMH Xe UHppa-
MH, Ho B oGpaTHoM nopaake. Hakaure 3T0 wHcAo.

B) B nsy3anayHOM 4HcAe cyMMa KBAaApaTeB ero uadp pasua
25, a npomnspenenre Hx pasio 12. Hafizute 3to 4ucao.
r} CocrapsTe 3amayud, aHAJOTHUHBIE 3aRa4aM a) — B).

807. a) Isoe pafounx, paforas BMeCTe, BbINOAHSKT HEKOTOPYIO

paGory 3a 8 4. [Tepeuiii U3 HHX, paGoTas OTAEJIbHO, MOXKET
BHMOJHHTL BCio patory Ha 12 u SwicTpee, yeM BTopoi pabo-
yyii. 3a CKOALKO YACOB KaMABA U3 HUX MOXKeT BBHINOJAHHTB
oTAEAbHO 3TY palory?
6) HdBoe paGounx, paGorana BMecTe, BHIIOJAHHAH BCKO pabory
3a 5 puef. Ecau 6u nepeuft paGounit paGoran B aBa pa3a
6uicTpee, a BTOpoli — B ABa pa3a MepnjeHHee, To BCIO padoty
OHH BHIOOMHANK Obl 3a 4 AHA. 33 CKOJLKO RHEH BbIMOAHHA
6ul 3Ty paGoTy nepBulii paGouHi?
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808. a) /Isa xamenumBka, pafoTan pMecTe, MOTYT BbiOJHHTDL pa-

GoTy 3a 4,8 aua, Bropoft KaMeHIHK, paSoTad OTAENBHO, MOT
Obl BHINOMHHTL 9Ty paSoTy Ha 4 xHA GuicTpee, YeM NepBHIfl.
3a CKOJMBKO AHEH KaXAbA KaMeHWHK, paoTaf OTAeAbHO,
Mor Ob BBINOJHHTL 3Ty pabory?
6) Ha yGopke ypoxaf ABa xoMGaifina paboTajH BMecTe
3 ans. TMocae 3toro, 4TOGH 3BKOHUHTL DPAGOTY, NEPBOMY
KoMGaiiny norpefopanock euie 4,5 Ana. 3a CKoaAbko AHeH
KaXAbH KoMOaliH B OTAeNbHOCTH MoXeT yOpaTh BeCh ypo-
*al, ecan nepBuil, paGoras oraenbHo, Mor Obl NpoBecTH
yOopKy Ha 2 AHA CKOpee, yeM OAHH BTOPOM?

809. a) Ha o6pabeTky oanofi AeTann nepswil paGouynii 3aTpauk-
BaeT Ha § MHUH MeHblie, yeM ETopod. CKoNbKO Aeranefi 06-
paGotaeT Kaxami paGourf 3a 5 4, ecnd nepphiii o6pabora-
eT 3a 5T0 BpeMa Ha 25 neraneil Goablie, yeM BTOPOi?
6) 3a nBa AHA cOBMeCTHOH paloThi ABYX TPAKTOpoB paa-
JHYHOR MOUIHOCTH Ow/a BCHAXaHa oAHa TpeTb hoasa. 3a
CKOJILKO JHe#H MOXHO Obiyio 6bl BCIIAXATh BCe NOAE KAMKABIM
TPAKTOPOM OTAeAbHO, €CJqH HepBbIM TPAKTOPOM MOMHO
BCNaxaTb BCE MoJe HA D QHell cCKopee, 4eM BTOPbiM?

810. a) JBa TpakrTopa pPa3AnyHOR MOMIHOCTH MOTYT COBMECTHO

Bcnaxate noste 3a 9 u. Ecan 6w nepewii Tpaxktop pabortan
oaHH 1,2 4, a 3aTeM BTOpOH — 2 4, T0 6BiNI0 Obl BCIAXAHO
Tonbko 20% nona. CKOAbKO yvacoB TpebyeTc KaXAoMy
TPAKTOPY Ha BCNAWUKY BCEro NoJs?
6) Ha Bunoanenue paSoTel ABYM IUTYKaTypaM TpeGyercs
12 y, Ecnin 66l cHava&a nepBuift cAenan NOJOBHHY paGoThi,
a 3aTeM APYrod — oCTaBmylocA 4acTh, TO Bea pabora Ghana
6l BHINOAHEeHa 33 25 4, 34 KaKoe BpeMaA MOr Gbl BHINOJHATD
BCI0 paGoTy KaMiblli WITYKAaTYpP B OTAEALHOCTH?

811. a) MawHHACTKA paccyHTana, YTO €C/IH OHa Oylder neyataTthb
edelHeBHO Ha 2 JaHcTa Gonbllle YCTAHOBJAEHHOH HOPMbI, TO
OKOHYMT paloTy paHblle HAMEUYEHHOro CPoKa Ha 3 aHA,
Ecau ke oHa OyneT neyaTath B AeHb Ha 4 nucra Goablue
YCTAHOBJIEHHOH HOPMBI, TO OKOHYHT paGoTy Ha D aneii paub-
we cpoka. CKONBKO NHCTOB TpeGoBaaoch HaneyaTaTh Malu-
HHCTKe H B Kakofi cpox?

6) Jlpa Maafipa MOryT OKpacHThb cTeHh ilexa 3a 60 v, Hafi-
IHTE BpeMf, KoTopoe NoTpelyeTca KamMaoMy H3 HAX Af BbI-
NOAHEHHA 3TOH Xe paGoTHl OTAENbHO, eCH H3BeCTHO, 4TO
OAHOMY M3 HHX noTpebSyercs Ha 22 y GoNblue, 4eM APYroMY.

8.5%. Pemenne ypasHeHHA B HEABIX YHCAAX

[MycTh 3anano ypaBhenHe cTeneHu n{n>>1) ¢ AByMA HeH3BecT-
HbIMH, HalpHMep:

2x+4+3y=6, xy—2+x=3, r—4xy+4y=1.
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Ecan noctaB/eHa 3ajgavya HANTH LeAble YACAA Xy H Y, TaKHe, 4TO
napa (x5, Y,} ABAAETCA pelleHHeM HAHHOTO YPAaBHeHHH, TO TaKoe
ypaBHEHHE HA3LIBAKT OQuoPanTOBHIM YpABHEHUEM W TOBOPHAT, 4TO
ypaBHeHHe TpebyeTcA pelNTb B ieAbX YHCAaX. Tak ero Hasbl-
BAIOT B YeCTs rpeveckoro matematuka Huodanta (Il B. Do H. 3.),
KOTOPHfl pemad ypaBHeHHA B uenblX uMcaax. Huorga no cuseicay
3agauu AnoQ2HTOBO YPaBHEHHe pellaloT B HATYpajbHLIX YHC-
JAax.

PaccMOTpHM HECKONBKO NPHMEPOB pelleHHs AHOGAaHTOBLIX ypas-
HeHHA,

flpumep I. Peminm B UenbIX YHCAAX YPABHEHHE

2x+43y==56. (1)
BripasanM y uepea x u3 ypaBHenua (1)
2
y=2—-§ x. (2)

W3 papencTsa (2) BuaHo, YTo y 6yAeT LUEABIM TOMLKO TOrAA, KoOr-
1A Uenoe YHCAO X NEeJHTCA Ha 3, T. e. Koraa x=23x,, TAe X; — HeKo-
Topoe ueaoe yacao. Toraa

y=2—2x,.

Taknm o6pasom, pemeHUSMKU YpaBHeHHA (1) ABnATCA Bee napsl
yncen (3x,; 2—2x), tne x, — aio6oe UeA0e YHTAO.

[TpuBeneM HEKOTOpoie YACTHbie peLeHHS 3TOTO YpPaBHEHHS.

[pu x,=0 nMeem x=3x, =01 y=2—2x,=2; peennem ypas-
nenus (1) asaaercs napa (0; 2).

[pn x,= 1 nMeem x=3x,=3 n y=2—2x,=0; pewenunem ypas-
Henns (1) asaserca napa (3; 0) m T. A.

Ecnn B cucreMe koopauuaTt xOy nocTpouTs npamyio 2x-43y=~6
(puc. 92), TO UENOYHCACHHBIM pewleHHsM ypaBHenus (1) GyayT coor-
BETCTBOBATH TOYKH 3TOM NPAMOHA C UEAOUHCAEHHBIMH KCODAHHATAMM,

3ameTHM, uTo B yueGHUKe aas8 VII xnacca paccMmoTpen apyro#,
Gosee OGIMHA NpPHEM pPemeHHAs JAHHeAHBIX AHO(AHTOBLIX Yypas-
HeHHI.

PenieHHI0 ypaBHeHHRA B ue- J"
JIBIX YHCAAX Y2CTO NoMOraer Me-

TOA Pa3nOXKeHHA MHOro4JIeHoB *

HA MHOMKHTEJH, LN
flpumep 2. Peltnm B uedbiX \
YMCNAX YpaBHEHHe NG
i Ty
xy—2y+x=3. {3) \ -
[peoGpasyem ypasuenue (3): | =3 o] 1 Ny x

xy4+x—2y—2=1,
x(y+1)—=2(y+1)=1,
(g+1){(x—2)=1. Puc. 92
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Tak Kak x U y — ueable UKCAA, TO NPOM3BefeHHE LEABIX YHCEN
y+1 v x—2 papHo | AU B ABYX cAyuasx:

{y+l=l, - {y+l=_l’

x—2=1 x—2=—1.
Tlepeas cHcrema HMeer pewenue (3; 0), propasa — (1; —2). Na-
pol (3; 0) 1 (1; —2) ABAAIOTCA NeACUHCAEHHBIMA PElUEHHAMH YPaBHe-

HuA (3), u Apyrux peilleHuil ypasHehue (3) He uMeer.

C naBHMX nMOp MaTeMaTHKHM COCTABJSNAH 3aXauyM, NPHBOASALLHE X
YPaBHEHMAM, peIlEeHUS] KOTOPLIX MO CMBICJAY 33234H AOJXKHBL OBIThH
HATYpadbHLIMA, TAKUM 0Gpa3oM, LeAbIMK.

[Tpumep 3. 3adaua Jeonapdo [Tuzancrozo (Pubonauuu). Hekro
Kynua 30 nran 3a 30 MOHET, H3 YHCAA STHX NITHL 33 KaXKAbX TPeX
BopoGoeB 3annavyena | MoHeTa, 33 KaXJhieé ABe FOpPAHIL — TaKiKe
1 MOHeTa H, HAKOHEL, 3a Kaxaore roay6s — no 2 monetn, CKOMbKO
Gei10 ATHI KaXRoi noponm?

TIycTe KYNHAR x BOpOGLER, ¥ COPAHL, Torda roayGeidl Kynuau
30—x—y. 3meck x ®W y— HaTypaabHule uHcaa. CocTaBuM
ypaBHeHHe

+ X+ §+2(30— x—y)=30. )

YMHOXHMM NpaByio H JEBYI0 YACTH 3TOTO YpaBHeHHA Ha 6, nony-
YUM pPABHOCHJIbLHOE €My ypaBHeHHe

2x4+3y+12 (30— x— y)=180,
KOTOpOe M10C/e€ yNpOIUeHHS 3anMileM B Buge
10x4+9y=180. (5)

H3 ypasuenns (5) cnenayer, uto y peautcsa Ha 10, To ects y=10y,,
rae Y, - HaTypaabhoe uncno. Tloacrapum 10y, BMecTo y B ypaBHe-
Hue (b) ¥ ynpoctum ero;

x4 9y,=18. (6)

Uz ypasrenus (6) cremyer, uto x neantca Ha 9, 1. e. x=9x,, rae
X, — HaTypaapbHoe uncao, [loacraum 9x, BMecto x B ypasneuue {6) u
YNPOCTHM ero:

n+u4=2

JTe ypaBHeHHe HMeeT ¢AMHCTBEHHOE pelleHHe B HaTYPaJdbHbIX
gpcaax: x=1; =1, no xoropomy, noab3yack d¢opMyaamMH
x=9x, u y=10y,, HafigeM HaTYpanbHEIe peuleHUa ypaBHeHuA (D) u (4):
x=9, y=10.

Hrak, ua 30 moner xynuam 9 popofbes, 10 ropavu n
30— 10—9=1I1 ronyGei.

flpumep 4. 3adava JI. Jiisepa. Hekuidl uMHOBHUK Kynua aoma-
Aefi 4 GpikoB 32 1770 Tamepos. 33 Kaxnyw JOmaab OH YIAATHI MO
31 tanepy, a 3a Kaxjoro 6eIka — no 21 tanepy. Ckoabko Aowagei
¥ OLIKOB KYIHMA YHHOBHHK?
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3nech HEH3BECTHO ofllee YHCAO KYNJAEHHBX MHUBOTHBIX, NO3TOMY
He YAACTCA COCTABHTbL YpaBHeHHe ¢ 0AHHM HeH3BEeCTHHIM HAMW CHCTe-
My YpaBHeHHHi ¢ JABYMS HEH3BECTHHIMH. 3aTO MOMHO COCTABHTb
ypaBHEeHHe ¢ IBYMA HEH3BECTHBIMH.

[lycTh YHHOBHHK Kymua x jomanefl H y G6bikop. Toraa

31x421y=1770.

e cubicny 3apaum X M gy HaTypaabHble uHcaa, Tak kax 21 u
1770 mensarca Ha 3, to 3lx meaurca Ha 3, T. e x AeaHTcA Ha 3
£=23x,, TAe X; — HaTypaabHoe uucao. Torna

31x, 4 Ty=>590,

590 —7y
OTKYAA X, =—p—.

TpeoSpasyeM nofyueHHoe BbipaxkeHHe:

590—7 1—-7 Tu—1
n="p y¥—194 313=19— 5‘31 )

Quesrano, ute X, GyHeT UeAbM, ecAH 7y—1 nesAnTca Ha
31. HaumeHnbillee HaTypaJAbHOe Yy, NMPH KOTOPOM 3TO HNPOH30HIET,
paeno 9. Ilpu atom x,=17, x=>5]. [lepBoe pewenHe ypaBHeHHA
Hafineno: (51; 9). Uro6u He 3aHHMATbLCA HOATHM nepefopoM 3Hade-
HHiL y, 3AMETHM, 4TO cAelyleniHe Ueable Xx; GYAyT NOAYYaTbCA OT
yBenHueHnA y=9 Ha uucao, kpatHoe 31. B caMom aene, ypeaHYHM
4=9 na &

7(94+k)—1 6247k Tk
19———-—:“——19— 3 _17—3.

Tenepp BHAHO, 4TO X, GyjAeT uUeAbM, ecAU 7R Aenntca Ha 31,
T. €. ecqad kB peantcs Ha 31,

Mpun y=9431=40 umeem x,=10, x=30,

npi y=40+31=71 umeem x,=3, x=9.

[Ipu creayounX 3HAYEHHAX § 3HAYEHHA X; OTPHUATeJbHH. Ta-
KHM 06pa3oM, ypaBHeHHe HMeeT 3 pelleHHA B HaTYPaJbHbIX YHCAAX:
{b1; 9), (30; 40), (9; 71).

X =

]
812, Pewute ypapHeHHe B UeAbIX YHCA3X:
a) 3x+45y=20; 6) 2x—by=25; B) 2x—3y=25;
r) 7x+5y=2; R) 2x-+T7y=28; e) 3x+45y=230.
813°%. O6BACHHTE, NoyeMy ypasHeHHe:
a) x4+ y=>5,5; 6} 3x—2y=1,1

He HMEeT pelneHHA B UeabiX YHCAax.

814. Pemure ypasHeHHe B LeAbX YHCAAX:
a) xy4+5x—3y=18; 6) xy—6x—y-+1=0.

815. a) Jdokaxure, 4To ypaBnenne xX*—6x+y°+4y+13=0
HMeeT eXHHCTBeHHOe LIeJOYHCACHHOE pelleHHe.
6) Hoxaxure, uto ypasHenne x> —6x+ y*+4y+14=0 ne
HMeeT pelleHHi.
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816. PewuTte ypaBHeHHe B UEJLIX YHCAAX
a) x(x+y)=3; 6) £+ 3xy=2;
B) ¥+ —4x—6y+12=0; r) £ —4y*=5;
a) ¥ —4xy+ 3= —1;
e} £+~ —10x+2y422=0.

817*. Kynuan 40 ntHu 32 40 mouet. 3a KaXablX Tpex BopoGnes
NAaTHIAH | MOHeTY, 32 KaXKAbIX ABYX FOPAHU NAaTuAu | Mo-
HeTy, a8 3a Kaxaoro roay6s 2 moners. CKoasko 6ulsio Kyn-
JeHO NTHIU KaXAoH nopoam?

§ 9. TPA®PHUYECKHUH CIIOCOB
PEIIEHHUA CUCTEM YPABHEHUW

B sToM naparpade SyneT pPaccMOTPeH NPHEM, KOTOPHA OGLIYHO
Ha3LBalT rpatduyeckHM crnocofoM pelleHHA CHCTEM YpaBHeHH,
3TOT NpHEM COCTOMT B TNOCTPOEHHH TPAPHKOB COOTBETCTBYIOLLMX
(YHKUWH, B BHISCHCHHH, EPECEKANTCA JTH OHH, T. €. HMeRT JIH CHCTe-
M3 YPaBHEHWH pellieHHs ¥ CKoJbKO HX. BooGue rosops, aThM crnoco-
6OM He BCEraa MOXHO HaHTH TOYHBIE pPelleHHs, HO B OTABALHLIX CaY-
yaAx yaaercA HX HalTH.

[ToaTomy, uToGbl y6eaAuTbCA, YTO pellenHsl HafineHs! TOUHO, HANO
HX MOJACT2BHTb B KAXKJ0€ ypaBHEHHE CHCTEMB H YOEAHTLCH, YTO MO-
Jy4aTcs BepHble p2BeHCTBA.

B stom naparpadge npuMepn noaoGpannl Tak, 4TOGH! pPelieHWR
CHCTEM HJAH yPapBHeHH# Ouliu NOUTH OUEBHMAHBI H3 PHCYHKOB.

9.1. Fpaduuecknii cnocod peieHns cHCTEMB
ABYX ypaBHeHWA neprol CTENEHW C ABYMS HEH3BECTHBHIMM

flpusep [. PewiuM rpaduueckuM cnocoBoM CHCTEMY YPaBHEHMH
3x—y+4+2=0, (1)
x+294+3=0.

BoipaziM y UYepes X B KaXKJAOM W3 STHX ypasHeHHH, MOAyuyuM
CHCTEMY

1 3 (2)
y=—zr—z

y=3x+2,
2

paBHOCHJIBHYIO cHeTeMe (1)
BeeaeM B NAOCKOCTH NMPAMOYrOAbHYI0 CHCTEMY KOOPAMHAT x0y.
Ypasrenne y=3x+2 ecTh ypaBHEHHE NPAMOH, NPOXOAALIEH uepes

3
toukn A,{1; 5) u B (0; 2), a ypaBueHue y= —% X— €CTb ypaBHe-
3
Hue npaMofi, npoxoasued Yepes ToukH A; (1, —2) & B, (0; _5)'
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IMocTpouM 3TH ApAMBIE B CHCTEME y‘_ \
kooparrat xOy (punc. 93).

Kak BuaHo H3 pHeynxka 93,
npAMHE TniepecekaldTc: B To4YKe
{(—1; —1). Ee xoopannatot x=—1,
y=—1 K ABIROTCA eNHHCTBEH-
HBIM pelleHHeM CHCTeMbl (2), Ho B;
TOTla U paBHOCHJAbHOA eif cHcTe-
met (1), Tlopctraene Hafiaennoie
3HAYEHHR X H ¥ B KaXKjoe ypaBHe- hk
HHe coBcTeMbl (1), ybGeammcs, uyTo 1 x
pelieHWe CHCTeMB HafiaeHo TouHo.

OTMmeTHM, 4TO No BHAY ypaBHe- I § 3
HHii (2) 3apaHee MOXHO CKa3ATb, 7 | y=—§x-§
uTO paccMaTpHBaeMble MPAMKE Ie-
pecexalotcs B oAHOH Touke. Beaw Puc. 93
yraoBuie Kos(rpHLHERTH 3THX Npa-

Ea-
7

1
MbiX pa3sHbie (3#—' -3h CNelOBaTeNbHO, NPpAMbIE He NapaaneSbHbl.

ITpumep 2, Pewnm rpadrueck¥M cnocoGoM CHCTEMY YpPaBHeHHM

x—y+1=0,
— (3)
x—y+2=0
BhipaskM y uepes x B KaXXA0M H3 3THX YPABHEHHH, NOAYyYHM paB-
HOCHAbHYIO ¢fi CHCTeMY ypaBHeHHil

{y=x+l.
y=x+2.

YpaBuenus CHCTeMbl (4) eCTb ypaBHeHWA napaifefbHbIX npa-
MbiX, TAK KaK OHH HMEKT paBHble yrI-
JoBble Ko3pPHEUHEHTHI. y‘ 'Iv=ix+é

3t npambie He COBNaAAlOT, NO- I
TOMY UYTO OHH NepeceKanT oCh § B
Pa3HblX TOUYKaX: MNepBaf — B TOWYKE
(0; 1), a propas — B Touke (0; 2)
{puc. 94). y = x+1

Takum o6pa3oMm, 3TH TipaMHE He
nepecekaiTc!, NO3ITOMy cAcTeMa (4),
a Toraa K cacrema (3) He HMewT pe-
wieHHA. %)

flpunep 3. Pewnm rpaduyeckHM
cnocoboM CHCTeMY YpaBHeHKH

{2x+2y-l=0,
—4xr—4y42=0. (5) Puc. 94

(4)




ypaBHeHHWH, NOAYYHM DABHOCHJLHYIO efi cH-
CTEMY ypaBHeHHH

y=—x+05,
{y= —x+40,5. (6)

YpaBHeHHA 3ToH CHCTEMBl ONHHAKOBH H,
1 cAefoBaTeNbHO, ONPefeAA0T OOHY H TY Xe
==ty npamyo y= —x-+0,5 {puc. 95).
3TO NOKa3bBIBAET, YTO BCe PElleHHA CHC-
Pac. 95 teMbl (5} 0o6pa3yloT cOBOKYNHOCT: Nap Ko-
opanHart (x; ) Touek npaMofl y= — x+0,5.
CHcreMa (5) uMeer GeckoHeuHOo MHoro pewenuéd: (x —x+4-0,5),
roe x — nwéoe 4ucao.
Takum ofpa3zom, nas pelleHHsl CHCTEMB! JAHHeHHLIX ypaBHeHHH
rpaduyecknM cnocoGoM Hauo:
1) paapellHTe KaXAR0€ YpaBHEHHE OTHOCHTENBHO y;
2) NOCTPOHMTb HA KOOPAWHATHOR MJAOCKOCTH NPsAMble, COOTBETCT-
BYIOUIHE MONYYECHHBIM YPaBHEeHHAM.
Ecan npaMble nepecekaloTcsi, TO KOOPAWHATHI TOYKH KX Oepece-
YeHUA H OYAYT pellieHHeM CHCTEMBI.
Ecnu npaMble oKaXyTcs napaninenbHEIMH, TO CHCTEMa He WMeeT
petueHuf.
Ecan npaMple COBIAAYT, TO CHCTEMa MMeeT OSCKOHEYHO MHOro
PEWEHAH — MHOMXECTBO [ap KOOPAWHAT TOYEK 3TOH MpsMON.
3ameuanne Cayuaw, Koraa xots Gbl B OAHOM H3 ypaBHeHMH
CHCTEMBl He yIaeTcs BHIPA3HTb § Hepe3d X, pacCMOTPEHH B CJAeayI)-
lWeM NYHKTe.

3 anmaua. Ioesn, euijiag B momenT {,=0 co ctanuuw O, uaer co
ckopocteio 100 km/u. HaBcTpeuy eMy co ckopocTbio 80 KM/4 ujer
Apyrofi noeaa, BeileAWHH co cTaHUKH A B ToT ke MoMeHT fy=0.
Paccronnue ot O no A paeuo 200 kM. [TocTpours rpaduke nsuxe-
HKUA ITHX MOE3A0B H MO HUM ONpENe/IHTb, KOra U HA KAKOM paccTos-
HHd OT cTaniup O noe3ma BCTPeTATCH,

Pewenne 3anaainM npsAMOyroJbHYIO CHCTEMY KoOpAHHAT (Os
{puc. 96). bynem cuurtath, uto | cM Ha ocH f cooTBeTcTBYET 1 4, a
1 cM Ha ock s coorBercTrsyeT 100 Kwm.

OTMeTHM Ha ocH § TOuKy A, HMewulylo koopAHHaty s=200,
¥Yno6HO CYHTATh, YTO MEPBHIE MOE3X ABHXKETCHA B NOJNOXKHTENLHOM
HanpaeneHuH OCH § OT Touku (), 2 BTOpOH — B OTPHUATENbHOM Ha-
npas/ieHHH ocH § oT ToukWw A. Toraa 3akoH IBHXeHMs MepBOro no-
e31a Bbipaxaercs QyHKuHed

y+ BpipaaHM g 4Yepe3 X B KaxiaoM H3 3THX

|
0 1l | x

s=100¢, (7)
a 3aKOH JABKIKEHHA BTOPOro foe3la shipaxaerci QyHkuuei
s= —80¢ 4 200. (8)
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CropocTs ecTh Koadhpuun- s‘
edT npu £ Ias nepsoro noes-
A2 OHa MNOAOKHTEeNbHAdA, a
AJ1 BTOPOr0 — OTPHLATENb- 4 s =100¢
naa. K =0 [200

. Kpome T1oro, npu i= "\
nepBLId MOe3] HMeeT Ha OCH §

KoopadHaty §=0, a BTOpOR — |_100

KoopauHaty s§=200, uto co- N, s ==80¢+200

raacyetca ¢ ypasuenusamu (7) N

u (8) 0 -
Ha pucynxe 96 uao6paxe- 1

HHl TpSMble — rpafHKH 3THX
pyukunf. Berpeua noeszoe
OpoH30HAET B TAKOR MOMEHT f, Pue. 96
NpE KOTOPOM OpAHHATHl TO-
yeK rpaMKOB paBHB OAHOMY W TOMY xe uucay s. Ho Ttorma
3TH 4HCHA § ¥ § JOMKHB YI0BJETBOPATH OZHOBPEMeHHO 0O6oHM ypaB-
HeHHAM (7) u (B), T. e. 6BHITb KOODAHHATAMH TOYKH B nepeceuveHHs
NpAMBIX.

H3 pHCYHKa BMAHO, UTO KOOPAHHATH TO4YKH B npubansutennbao

paBHLL: i1, sa110.
Jna cpaBdHeHus pewlHM CHCTEMY ypaBHeHHH
s=100¢,
{s= — 802 4200.

Hmeen t=l—;} u=66,66... MHH =67 MHH,

...

0

o
T

N

b

s=100%)1m=lll,ll... kmas 111 KM.

OTBeT: Noe3la BCTPETATCH NPpubAM3IHTEAbHO Uepe3 67 MHH Ha
paccrosuun nNpuGausuTeabHo 111 kM or cranumn O.

818°. Kax pewatb rpauueckem croco6oM cHCTEMY JMHHEHHBIX
ypaBHeHH#H?

819. Onpeaenute A3 ri1a3 KOOPAHHATH TOYEK MepeceyeHHs Nps-
MBIX, YKA3aHHEIX Ha pHCYHKe 97.

820. OnpeneanTte KOOPAHHATHI TOUEK MepecedeHHs C OCAMH KOOp-
AuHaT rpagHKa QYHKLHH:

a) y=2x—T7,; 6) y=—x—2;
B) y=%—2x; r) y= —%—0,2x.
821. OnpenennTe KOOPLHHATH TOMEK nepeceueHH] rpadHKoB
PyHKILHA:
a) y=x+4 n y=3x
6) y=—2 n y=7x+1;
B) y=2—3x n y=5x—4.
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Puc. 97

822, Pewwnte rpaduyecknM cnocoGoM cHcTeMY ypaBHeHHil:

y=5—x, y=x—2,
y=2x—4, r424=1,

B) {y=2—x, ") {9+x=1;
x+2y—3=0, x+2y=1,

2) {2x+4y+2=0; ¢) {x—-y=4;
x—y+1=0, Tx—y—3=0,

*) {2x+y—-—l=0, ?) {l4x—2y+5=0;

) 3x+y—1==0,
") 1 61429 —2=0.

9.2. Mpaduuecknil cnocob MccAeNOBaAHHA
CHCTEMb ABYX ypaBHeHME
neppoli CTENEHH C ABYMA HEH3BECTHBHIMA

PaccMOTpPHM CHCTEMY YpaBHEHHA ¢ ABYMS HeH3BECTHLIMH
{ ax+by+c,=0,
agx+ boy + €,=0,
rae @, by, ¢, @y by C; — NaHHBIC, OTAMYHBIE OT HYJS YHCAS.

Bripaszus y yepes x B KaXKA0OM H3 ypaBHEHHR CHCTEMBI, MOAYUHM
PABHOCHJBHYI0 €f1 CHCTEMY

(1)
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TR @
p €
y=—3 17,

B nexaproBo#i cncreMe koopanHat xOy nepBoe ypaBHEHHE CHCTe-

Mb! {2) ecTh ypaBHeHHe NPAMOA ¢ YrAOBHM kK03(Q(PHUHEHTOM —ﬂ,
1

a BTOpoe ypaBHeHHe CHCTeMH (2) ecTb ypaBHeHHe npAMofl ¢ yrio-

BbiM KO(pPHUKHEHTOM — % .
I

Bo3MoXHB TpH Ccayuas.
1-# cayuali. KosddHnuuenTw mpn x 0 y ypaBHeHHit cucreMbl (1)
He NPONOPLHUOHAABHH, T. €.
&y 5
o by
Torpa yrioBble KO3(@GHUHKEHTH NPAMBLIX PasAHUYHBL
8, iy
B
¥ NpsAMble NepecekaloTcss B eIHHCTBeHHOM Touke. CieaoBaTenbHo,
cucreMa (1) uMeeT eAHHCTBeHHOe pelueHHe.

2- cayvaf. KospdHuHeHTH NpH x H y ypaBHeHHH CHCTEMBI
(1) nponopuHoHaAbHbl, HO OHH He NPOHOPUHOHAABHH CBOGCAHLIM
YAeHaM, T. €.

a, b 2

CECHC
Toraa yriaoenie kKospdHUHEHTH NPAMBIX PABHLI MexXay coboit:
SO RS Y L WA [ToaToMy npsiMbie NapananenbHbl B He

) b,
conaaaiot. CaeaoBateabHo, cHcteMa (1) He WMeeT peweHHi.

3-RA cayvai. Yucaa g, b,, ¢; COOTBETCTBEHHO NPONOPUHOHANBHY
by €y T. €& —L=t=2 Torga —=_2
YHCAAM ady, by £, T. e %% 3, 7,
£ 5]
_b_,= e H, CleloBaTeabHO, 06a YypaBHeHHA cHcTeMb (2) onpene-
JSIIOT OAHY H Ty XK€ NPAMYIO.
KoopanHate ToueKk 3T0H npsiMoli B sIBASIIOTCH BCERO3MOMKHBIMH
pelweHnAME cucremsl (1)
3ameuanue |. Bynem cuHTaTth, uTO YHCAA 4y, &,, @y, by, OTAHY-
He! oT uyad. [lpw ¢, =c,=0, ecan uncaa a,, b, NpONCPLHOHAILHHE
YHCAAM 8y, by, IPAMLIE, 0 KOTOPBIX HAET pedb, coBnanaior. Ecan xe
STH YHCAA He MPONOPUHCHAALHLI, TO NPSMbie NEPEcekaloTcsd B TOYKe

(0; 0).
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a)

YK axtbyre=0

/1 =4
/. -
/ © x
a#0 b#0
6)
A r=a,
a#0 b#0
) \E"
ax+by+e =0
B)
'h L2z,
y=b,
0 g
T,
) y‘
y=b
y=%
J——
0 x
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Puc. 98

=g, x=a,




[Ipn ¢,=0, ¢;5=0, ecn® yucaa a,, b, IpoNOPUHOHANBHB YHCNAM
s, &y, TO NpAMBIE PA3JTHYHBI H NAapaJJie/bHR; eC/H e YHcaa a), b, "e
NPONOPUMOHANBHEL YHCAAM &y, by, TO NPAMEE NepeceKalnTcd.

3aMeuanue 2. Ecin HekoTopble H3 Ko3(pdHUHEHTOE CHCTEMBI
YpaBHeHHH nepBoil cTeNeHW paBHH HYJIO, TO cHcTeMa (1) cRopuTCA
K OJHOH W3 CJefyloWHX CHCTEM:

b =0,
1) {ax+ y+e a0 u b=0 (puc. 98, a);

y=bo
2 {ix_-i;by-i-c:o- as=0 u b=0 (puc. 98,6);
=@

X == ty,

3) uec. 98, a);
{y=bo (p )

@y,

y==b, x=
4) { {puc. 98,2, a); 5) {x=a

He. 98,2, ).
b (p )

2

B 1, 2 B 3-M cayuasx npAamMble, cOCTBETCTBYIOLIHE YPABHEHHAM
CHCTEMBI, MepeceKaloTcs B 0AHOA ToUKe, T. €. CHCTEMa HMEeT eAHHCT-
BeHHOE pelleHHe.

B 4-u (b, 8,) u 5-M (a,7=4a,) ciywanx yKaszaHHble NpsAMLIE Na-
panjienbHel B CHCTEMA He MMEeeT pelleHn.

Haxoneu, B 4-M (b, = b,) n 5-M (@, =a,) cayyanx ykasannne npa-
Mble CHBAIOTCA B OAHY NPAMYIO H CHCTEMa HMeeT GECKOHEUHO MHOro
pelieHHH, COOTBETCTBYHOIIHX TOUKAM 3TOH NpAMOH.

3amenaHue 3. OTMETHM, 4TO YPABHEHWID X==g YAOBJAETBO-
PAIOT BCE TOMKH KOOPAMHATHOH/ HNOCKOCTH, HMewHe abcuuccy a H
OpAHHATY, paBHyI0 Ji06oMy uHcAy. Bece TakHe TOMKHM AexXaT Ha npd-
Moil, napanqennHoiéi och Oy W npoxoasuled wepes Touky A (a; 0).

823°. KakoMy YCAOBHIO NOJIKHBI YAOBJIETBOPAT 4ucha R, ks, b,
H by, uToObnl npaMble y=4~ x4+ b U y=Rx+ by
a) nepeceKanaHch, 6) GbIAH napanJsenbHbl; B) COBIajanu?
824. Ckoapko pelieHHi HMeeT CHCTEMa ypaBHeHWA

{y_—‘ktx‘i‘bn
y=k2x+b2s
€CJIn;
a) ky=ky, &b, 6) ky=k,, b =by B) ki Eky?
825. CxoabKo pelileHHil MMeeT cHCTeMa YpaBHEHHR
{ ax+biy+c =0,
asX+ boy + ¢, =0,
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826.

827.

828,
829,

831,

rae a,, ay b, by |, ¢ — uHCHE, OTAHYHBIE OT HYJAA, €CIH:

a bl . a _ bl € . _ _ 5
a) azqﬁbs' 6 as_bs#fz’ B) ﬂz_be_‘—'z.
KakoMmy yCA0BHIO TONKHK YAOBAETBOPATH OTJAHYHLIE OT Hy-
Jif uyMena a, ag, by, by, ¢, €y, uTOOB cHCTeMa ypaBHeHHHA

{ a|x+b|y+f|=0,
a.x+ by + ¢, =0:

a) HMeNa eIHHCTBEHHOEe peIUeHHe,

06) aMena GeCKOHEYHO MHOrD peuweHH#,

B) HEé HMEAA peuleHHi?

[Tepecekaer siH ocH Koopannat npamas ax—+ by~ c=0, ec-
JIH YHCAHA @ W b OTJIHYHB OT HYAA?

Kaxoe ypaBHeHHe MMeeT npaMaf, napajdeibHas:

a) ocH x; G) ocu y?

[Tpn xakux 3navenunx a, & u ¢ npamasns ax+by+c=0:
4) nepeceKaeT OCH KOOPAHHAT;

6) napajnesibHa OCH X;

B) napaifefbHa OCH y?

. OnpenennTe, CKOANBKO pelleHHl WHMeeT CHCTEMa YPaBHEHHH,

H AafTe FEOMETRHYECKOE 006 bLACHEHHE BbIBOLY.

i4+y=2, x+y=4,

a) {x+y=3; 6) {x—y=2;
2x—3y=4+4, 4x—3y=>,

®) {y=5; ) {4x—0,3y=5;
2x—4y=256, ) 2x4-4y=1,
r—2y=3; € 0. x40-y4+0=0;

1

0,3x+15y=5, 3l 99,

x) ’ 4 1 5% S 0.
—0,16x—zy=—25; 10x—6,6y=1.

Hmeer an cHcTeMa ypaBHeHHi pewenne? [TponnaocTpupyi-
Té OTBET ¢ MOMOWIbLID rpadHKOB.

2) x—y=2, ) bx—4y=1,
—x+y=2; 20x—16y= —4,;
x+2y=3, 0,6x—0,13y=2,

] NPRVEE] P



832, Onpenennte R, ecqin NpAMaf y=~Fkx NPOXOAHT Yepe3 TOYKY,
KOOPAHHATHI KOTOPOH ABAAIOTCA PEIIEHHEM CHCTEeMBl YpaB-

HeHuit:
x4-2y4=S8§, 2x+y=4,
» {x—y=2: % {x+y=3-

833. HokaxuTe, uTO CHCTEMa YpaBHEHKR HMeeT GecKoHedyHoe
MHOMXECTBO PELUEHHH:

) x+y—3=0, 6){x+y—2=0.
2 2x 42y =6; 05x405y=1,
X ¥
034 0,2y +0,9=0, N 3ta=3
B) —3xr—2y=09; 2% o %
3 3

834. [Ipn kakux a u b npsmble x+y=—b n x—ay=2:
a) nepecekawrtca B Touke (l; 4);
6) napannefbHbl H HE COBNAZAalOT,
8) coBnanawoTt?

835. CocrapbTe cHCTEMY YpaBHeHHT, pelieHHeM KOTOpOil ABASET-
cfl Napa HHceX
a) (3; —1y  6)(1; 3%
B) (5; —2) r) {0; 3).

836*. Pewnte rpaduuecknM crnocoGoM CHCTEMY ypaBHeHHA:

(2% 4y =4, [ x4+ y—2=0,
a)  x—y+1=0, 6) 1 —2x+y=>5,
ly=2; | 2x4-3y=T7,;
'x_y=4’ 'x+y=4v
2
B) { 2x+ y=>5, r) ; §+%—-§=0,
L2 +y=2; | 25+ 2y —4=0.

9.3. Pewrene cucrem ypasHennh
nepsofi W BTOpOA cTenenn rpadHueckHM cnocofoM

CucTeMbl ypaBHeHHl nepBoil K BTOPOH CTeneHW, KaK H CHCTEMBI
YPaBHeHHA nepBofi CTeMeHH, MOXHO pewraTs rpaduueckn.

flpusmep 1. Pewnm rpaduueckHM cnoco6oM CHCTEMY ypaBHeHHf

{x—y—3=0,

P—2x=y+3. (
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y-x2-2x—3
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x|-1]0]1]2]3

Y| 0314310 X
;;.r=a:‘—2|.xe-:?

Puc. 99

Paapewmus Kaxaoe ypaBHeHHe cHcTeMbl (1) OTHOCHTeNBHO ¥, NoO-
JYYHM CHCTEMY ypaBHeHHH

y=x—3v
y=x'—2x—3.

B onroll cucTeMe KOOPIHHAT NMOCTPOHM MPpAMYID y=x—3 H na-
pabony y=x'—2x—3 (puc. 99). Ina sToro cocTaBuM TaGauLBbI
3HaueHMi GyHKuUHi (x, — abcuncca BepwWHHEL MapaGonul).

Kak Buaro u3 pucynka 99, npamaa u napaboaa nepecekaioTca
B AByX Toukax (0; —3) u (3; 0). [Mapw uncen (0; — 3} v (3; 0) o6pama-
IOT KaXA0€ yPABHEHHE CHCTEMbl B BEPHOE PABEHCTBO, CAEN0BATEND-
HO, PEUICHHAMH CHCTEMH! ABAAIOTCH napni wyucea (3; 0) m (0; —3).
Jpyrux peliernféi CHCTEMa He HMeeT.

[Tpumep 2. Pewnm rpadpuuecknM cnocoGoM cHcTeMy ypaBHeHHI

y=2x+48x+7,
{y=—x2—2x+4. 2)

B onroit cHcTeMe KOOpAMHAT NocTpouM napaboant y=2x*+8x+
+7 n y= — 2 —2x+4 (puc. 100). Das s1oro cocTaBaM TaGaHLHI
3HaveHud QyHKUHA.

[TapaGoan nepecekawTcA B ABYX TouKax, NosTOMY cHcteMa (2)
HMeeT ABa pewerns. Jlerko y6eauThca NOACTaHOBKOMN: NepBoe pelle-
tue (—3; 1) Haitaero Touwo, a BTopoe (—0.,3; 4,5) npubanKeHHo,

3amevanne Ecan norpebyeTcsi HaTH BTOpoe pellleHHe TOU-
HO, TO HYXHO OyAeT pellHTbL ypaBHeHHe

24 8x+ 7= —1—2x+4,
KOTOpPOC€ HMEEeT KOPHH X, = —3, Xy = --%, M HallTH 3HaYeHHe Y, CO-
OTBeTCTBYIOILHE HalAeHHBBHIM KOpHAM y,= |, y2=4%.
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T T ] y=2x2+8x+7 |y
y=2x+8x+7
o | 7
x |-4]-3]-2{-1]0 .
y|7]1]-1f1]7 \ IN
___y=l—:§‘>—2al:+4 l [
‘rﬂ-:__2_=-1 1\
x |-3|-2|-1{0]1 -4” 0 1\ x
Y{1[4]5]401) | m_yo ey
| | ]
Puc. 100

1 5
Teneps sTopoe pewenue HalkaeHo TOUHO: (—3; 43).

fTpumep 3. Pelunm rpaduueckiM cnocoGoM CHCTEMY YpaBHEHHH

ot

[Tepeoe ypaBuenide cucrteMbl (3) ecTb ypaEHeHHe OKPYIKHOCTH
paamyca \/2Jc uentpom O (0; 0). Ona npoxonut uepes Touky (1; 1).
Bropoe ypasuenre cucteMut (3} ecTh ypapnenue napaGoanl. Okpyx-
HOCTb W Dapabona nepecexatwTcd B AByX Toukax (1; 1} u (—1; 1)
(puc. 101). Cucrema (3) umeer apa pewenus: {(1; 1) u (—I1; 1). Kak
Jerko yOeaMTbCfi NOACTaHOBKOM, 0063 pelleHMf HAHAEHB! TOUHO.

T°1 ¥
< ay'-3 a1
oRpyweHoCHY ¢ yenmpon |\ == /
0((0;0), paduycom R = V|2 k

(3)

Puc. 101
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L]
837" a) Kak pewuTb CHCTeMYy ypaBHeHHHi TIpagHYecKUM CIo-
cobom?
6) Beerna ad rpaduueckhit ¢cnocol pelleHus CHCTEM ypae-
HeHUlt jaeT TOUHHIE pelieHHA?
B) Kak npoBepuTh, TOuHOE HAM NPpHAOAHIKEHHOE pelleHHe No-

AYYEHO?
838. Pewnte rpaduuecKkHM cnoco6oM CHCTEMY ypaBHeHHH:
y=3, xr=2,
& {y+6=x2: °) {X’=3+y;
y=x"—2x, y=r—2x+2,
B) {y=2x—3‘, r) {y=x+2;
2 {y=x2—2x+1, & {y=—x2+4x+l,
y=—x+4x+1; y=x+1.
839. CkosbKO pemeRdHi WMEET CHCTEMa ypaBHeHMit:
y=4, (x—2F 4 (y—3y=9,
a) ; oy O
(x+2Y+(y+2)V=4 y—x=4
|
y=0,5x1+0,5; y=—2x+2
8
1) {y—f—ﬁx—l—lo, o) ==,
L — x4 g —2y=20; g+ 1 =12

9.4. Moumepnl pewienHst ypasHeHWH rpadguuecknm cnocobom
fTpumep 1. Pemlnm rpagHueckuM cnocoloM ypaBHeHUe

o= =2x43, (1)

Yro6H HafiTH 3HAYEHHR X, NPH KOTOPLIX BLIMOJHAETCH PaBeHCT-

Bo (1), nocTpouM rpapuky ABYX yHKUMA y=x"u y= —2x+3 B 0a-

HOH cucTeMe KoopAuHAT. Jlast 3TOrOo coCTaBHM TabaMUL MX 3HadYe-
Hufi (c™. puc. 102).

Mapabona y=* 1 npAMan y= —2x-+ 3, Hao6paKeHHste Ha pu-
cynke 102, nepecekasorca B Toukax (I; 1} n (—3; 9). [lpr x=1
x= —3 3TH QYHKUHH HMEIOT OAHHAKOBLIE 3HAUEHHSA, T, €, BLIIIOJHA-

eTcsl PABEHCTBO
P©=—2x+3.

3710 o3Havaer, 4To YucAa 1 v —3 ABARIOTCH KOPHAMH ypaBHe-
HHa (1)
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Pnc. 102

Tpaduueckni cnocob pelleHnAa ypaBHEHHA AaeT AMWE npulJin-
»eHHble KopHu, Uro6nl A0Ka3aTb, 4To KaKOH-TO H3 KopHe# HafneH
TOUHO, HAAO MNOACTABHTE €ro B pellaeMoe ypasHeéHHe H NMPOBEPHTD,
AOAYUHTCS JH BEPHOE PABEHCTEO.

B npumepe | KopHM HaHIeHH TOUHO, TAK Kak

12=—2.143, (—3=—2(—3)+3.
Ypapnerue (1) MoxHo 6bino Obl pewruth Gea rpadHkos, npeobpa-
30BaB €ro K BHAY
©+2x—3=0.
[Tpunep 2. PellnM rpaduyeckuM cnoco6OM ypaBHEeHHE
£42x—2=1. (2)
[TocTpoHM B oAHON cHCTeMe KOOPAHHAT Fpadukd GpyHKUMA

y=x'4+2x—2 u y=%.

Jaa nocTpoeHns rpadMKOB 3THX GYHKIHA COCTABHM TaGaHLLL HX
3HaueHnR (cM. puc. 103).

Mapatona y=x"+2x—2 a runepbona y=% (puc. 103) nepece-

KawTes B Toukax (1; 1), (—0,4; —2,5) n {(—2,6; —0,5),npubarKeH-
Hbie 3HAUEHHA KOOPAHHAT KOTOPBIX HAaXOAATCA H3 pHCYHKA. AGcuMc-
Chl 3THX ToYeK — KOpHH ypaBHenus (2): x,=1 — TOuHHIA KoOpeHb,

TaK Kak 12+2-l—2=l, a —04 1 —2,6 — KopHH npUGAHKEHHHIE,
1
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x }-3]-2f-1]0]1 \ MLV |
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Pue. 103

840. Ha pucynxe 104 nokazann rpadukn GyHKuMH y=% M

842,

843,

y=2x—1.

a) ¥KaKnte HECKOJNBKO 3HAUCHHH X, NP KOTOPBIX 3TH ByHK-
LMK [IPHHHMAKT PA3JHUHBE 3HAYEHHSH.
6) ¥KaXHTe KOPHM YDABHEHHS

l=2x— 1.
X

SIBAAIOTCA A HAAAEHHBIE KOPHH TOUHBIMH HAH HPpHGAHXKEH-

Pemure rpaduyeckuM cnocoGom ypasnenne (841-—842):

HBIMH?
. a) ¥=x+2;
6) ¥=3x—2;
B) 2xX’=3x+2;
r) 2x°%=—x+3;
1) 3= —x+4
e} 3P=x+2.
a) %=2x+ l;
6) L= —x+2.
Onpegeante ¢ NOMOIILID

rpa¢gHKoB, CKOAbKO KOp-
HeH HMceT YypABHEHHE:

a) X=x—1;

6) 222=3x+5;
B) 3°=x+47;
r) %:—x—kl.
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a) y 6) y | |

* / \ ‘ yﬁ“le

| y=ax Y2 2 % r

\ 1 yf'-bx-c \t y= .;c—c
*b ‘*"ﬁ‘ P
1 (O 1 x -1 10 1 2 |z

I
Puc. 105

844. C nomowni rpadrkoe (puc. 105) pewmure ypaeHeHHe
ax’= —bx—c. Onpepenute a, b u ¢, KCNOALIYH NPHBEICH-
Hble Ha PHCYHKe HaHHblE.

LOIMOJIHEHHUA K T'JIABE 1V

1. BepoaTHoCcTh COGLITHA

Ha croa npouaBosbHBIM o6pa3oM OpPOCHAH HIPaJbHYI KOCTh.
HUrpox BbIHIPBIBAET, €CAn BbINaAeT 0XHO ouko (puc. 106). Oaunaxo-
BC BO3MOXHB (paBHOBO3MOXHbBI) CAYYaH BbIMAAEHUA

00HOro, ABYX, Tpex, 4YeTbipeX, HATH H WECTH OYKOB ® e
(H Opyrux ciayuaeB OBHITb He MOXKET). o =o
BepodatHocTe P coOBGBITHA, 3aKIKOYAKLIErOCH B BbI- ele )
nafeHHH OAHOTO OUKA, PaBHA:
1 Puc. 106
P=E N

T. €. OTHOLICHHIC YHCAa cayuaeB (1), GaronpuATHHX TAHHOMY CcOBHI-
THIO, K YHCJAY BCEX PABHOBO3IMOXHBIX ciayuaes (6).

BeposaTHOCTb e coOLITHA, 3aKAI0MAI0WErscs B BLINAAEHHH YeT-
HOTQ YHCAa OUYKOB, PaBHA:

1
E .

Ha aToT pa3 udcno cayuaes, GAarcnpHATHHX AAHHOMY COGBITHID,
paBHo 3: BeAb 3To cOGBITHE NPOUCXOAMT APH BEINAJEHHH JBYX, YEThI-
pex, HWIeCTH OYKOB, 4 YHCAO PABHOBOZMOKHLIX CJAYUAEB OCTAMOCH TEM
we: 6.

BooGmie, BepoATHOCTBIO cOGLITHA A HA3BIBAIOT OTHOWIEHUE KOAU-
wecraa m cayuaed, Oaazonpusravix coburuie A, K xoAuxecrsy n
acex PABHOBOIMONCHBIX CAYYAEE:

3
P=E=

m
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B nepsom nprmepe m=1, n=6, a Bo BTOpOM — m=3,
n=~06. BepoatHocTe P ynosaersopsier nepasencreaM O P 1.

B HaweM npHMepe MOXKHO cnpocHTh: «KakoBa BepOATHOCTH Bbi-
napenun 7 oukoB?» Cayyaep, BAaronpUATHHX 3ToMY COOLITHIO, HeT,
MO3TOMY

0

Co6biTHe, BeposiTHOCTb KoToporo pasHa 0, HaaulBalOT HeBepoAT-
wum. C apyrofl cTopotbl, MOXXHO cnpocHTh: «KakoBa BepofTHOCTb
BunaaeHHa aubo 1, anbo 2, anGo 3, 6o 4, nubGo 5, "nGo 6 oukoB?»
ChnyuaeB, 6AaronpuATHBIX TaKoMy cobeitHo, 6 (m=86), nostomy

6

CoGbITHe, BePOATHOCTb KOTOPOrO paBHa |, HA3HBANT A0CTO-
BEpPHLIM.

ABTOpb npomenanH onbiT, 3aKAYAIOUWHACA B Noa0pachiBaHWH
MOHETHl, U PE3yALTATH 3aHecHd B TabaHLy.

Yucao BoinajgeHHil
opha peLKH

AsTopm 47 53

Kro npoaenan onwmr

Korza sm npopenaere 3TOT ONBIT CaMu, TO NONYYHTE 4YHCAE,
Ganakue K 50, XoTa Teopus AONYCKaeT OUEHb PellKHe OTKJIOHEHHA OT
9TOr0 NPABUNZ, HACTOJNBKO PEAKHE, YTO ec/iH Obl OHM NPOH3OWJH ¢
Kakoi-mu60 MoHeToN NPH NOBTOPEHHH CNLITA, TO CKOpee BCero 3va
MOHETAa 0Kaszanach Obl NOrHyToH (HECHMMETPHUHON).

]
845". Uro 4a3biBAIOT BEPOATHOCTBID COGMTHA?
846". Kakoe cofbiTHe Ha3bIBAIOT:

A} HEeBEPOATHLIM; 6) noCToBepHBIM?
847. BpocaloT urpaabiyi KocTb. Onpenennte BepoATHOCTb Bbl-
naneHus;
a) 1 ouxa; 6) 2 oukos;
B) HEUBTHOrO YHCIA OUYKOB; T) | Han 2 ovkoB;
1) 8 ouxos;

e) nan 1, van 2, nav 3, nnu 4, naw 5, nnn 6 oukos.

848. Moa6pacwpalor MoHery. Onpeaenutre BepofTHOCTL BbI-
naneHus;
a) opaa; 6) pemku;
B) 0pJa HAH PeLUKH; r) HYH OpJla, HH PEIIKH.



849,

851.

852,

853.

g

865.

856.

857.

ITponenaiiTe ONWIT ¢ MOHETOH, OMHCAHKBIA B TeKcTe (CM. Tab-
NHLy Ha ¢. 246). PesynvraThl 3aHecuTe B TabAHUy 4 cpaB-
HHTE MX ¢ Pe3yNbTaTaMmM, MNOAYYEHHLIMM APYTHMH YuallH-
MHCH.

. M3 smuka, roe HaxoaaTca 4 Yepubix U 5 6eAHX mapoe, Bhi-

HAMAIOT Hayral oAHR Wap. KakoBa BeposiTHOCTE TOro, YTO
BBIHYT:

a) yeprBIf wWap;

6) Geapiit wap? prar——— ———
Ha 28 xocreii AOMHHO BHOGHpAOT seve/» o©
Hayrad | xocTe (Ha pHcyHke 107
H3o6paxena KOCTb ¢ CYMMOH 04KOB
i1). Kakoea BeposiTHOCTh BHIGpaTh Puc. 107
KOCTh ¢ CYMMOA OYKOB:

a) O, 6) 4; B) 7; r} 13?

BpocaloT 2 urpaabHbix KocTH. KakoBa BepoATHOCTb BhiMane-
HHAi CYMMbl OYKOB, paBHOR:

a) 3; 46) 9; B) 12; r) 14?

Bpinoanas TecT no MareMaTHKe, y4eHHK He YCNeBaer B OTBe-
NeHHOE BpeMA BBHIMOAHHTh OAHO 3aAarue. Kakosa BepoAT-
HOCTb TOTO, YTO YUEHHK yrafaer ApaBHAbHbIf OTBET, eciy H3
NATH BOIMOMHBIX OTBETOB TOAbKO OAHH NPaBHAbHLIA 4 Bhi-
60p Xa}aoro U3 OTBETOB — COGLITHA PaBHOBO3MOXKHME?
[TocMoTpuTEe mpHMep 3aJaHHA ¢ NATbI OTBETAMH AJA BM-
Gopa, H3 KOTOpHIX Haao BHIGPAaTE OAHH.

M 10, Hafddure snatenue soipamerun
4,5—1.8:3-240,3.
(1)38 (2) 2,1 (8) 3,6 (4) 45 (5) 8.9

Vuenuk 3anyMan ofHO3HAYROE HATYpaJbhoe yucao. [ pyroi
YYEHHK NbITaeTcs ero oTranaTh, KakoBa BeposiTHOCTL yra-
JATb YACAO ¢ NepBofl NONLITKA?

H3asecTHO, 4TO HOMep KBApTHPH — YHCAO nBy3Haunoe. Ka-
KOBA BEPOATHOCTL TOrG, YTO HOMEP KBapPTHPLI:

a) 28; 6) 63; B) YeTHoE uHCRO?

YuyeHdK 3aayman uHcio, 3anucadMuoe uudpamu 1, 2, 3, 4,
5 Oe3 nostopenns. [pyrodi yuendk nnitaeTcs ere oTralaThb.
KakoBa BepOATHOCTL YrafgaTh YHCAO C MEPBOH MOMLITKH, €cC-
JH 3TO YHCNO:

a) InsyaHauHoe, G) TpexaHauHO€; B) YeTbipex3HayHoe?

Yuenux sanyman wuchio, aanacannoe uudpamu i, 2, 3, 4, 5,
6, 7, 8, 9 Oea moBropeHun. [pyrofl yueHuk MbITaeTcs ero
yraaate. Kakopa BepofiTROCTE Yrafate YHCAO ¢ NEPBOCo pa-
3a, eCAn 3TO YHCAO.

a) IpyanauHoe; 6) TpexaHadHoe; B) ueThipexanayHoe?
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858*. KakoBa BepOSTHOCTH YrajaTh MpPaBHJAbHBIE OTBETHI B

859*.

a)

248

a) AByX; 6) Tpex; B) yeThipex

3alaHHAX TECTA, €CAM K KaXKAOMY 3aflaHHI0 NaHo 10 TATh
OTBETOB IJA BLIGOPA, H3 MATH NPENJOXKEeHHBIX OTBETOB TOJb-
KO OOHH NMPaBHALHLIA H BLIGOP KaXA0ro oTBeTa — COGMTHA
PaBHOBOZMOMHbIE?

Bce kmapransl ropoza N mmexT dopmy Keanpatoe. IBa
TIPARTENA, HaxoARMHeca B Toukax A u B, aoroBopaJHch o
BCTPEYE H OJHOBPEMEHHO BHIILJIH HABCTPEYY JIPYr ApYry
(puc. 108, a). INepsolii, HaxoaAWHICA B TouKe A, IBHraeTcA
TOJABKO Ha Ior HJH Ha 3anajf, Bropef, RaxodaIHACA B TOUKe
B, npHraercs TOAbKO HA CeBep MJAH Ha BOCTOK. TlpHueM Ha
KaX0M NepexpecTKe OHH BRIGHPAIOT ONHO H3 JBYX BO3MOX-
HEIX HampaBAeHHA cryuaiubim ofpasom. KakoBa BepodAr-
HOCTE BCTPEYH NPHETeNeH, ec/IH H3BECTHO, YTO HX CKOPOCTH
paBHbI?

IInar zopoda N

SEEE - T
EEEE ° [
|_

N N . [ |

Puc. 108

Pemenne PewnuM crayanaa Godee npocTyio 3ajauy mno
pucyHky 108, 6. [1puaTens, BHXOAAWHKA W3 TOUKH A, B Mo-
MeHT TIpeAnoaaraemMoil BCTPeUH MOMXET OKA3aThCA B TOUKE
| um 2, B KakAOM H3 3THX CAYYA€B MPHATEb, BHIXOAAULIHA
H3 TOYUKH B, MOXKeT OKa3aThcsd B Touke 1 nam 2, 1. e. Bo3-
MOMHH 4 cJyua#, B JBYX W3 HMX NPHATENH OKaXYyTC# B Of-
#o#i Touke. Takum o6pa3zom, BepOSTHOCTL BCTPEYH NpHHTE-

. .2 1
JIEH paBHa; T—-—E

3aMeTHM, 4TO PA3NHYHBLIM TOJOXEHHAM NpHATENeH B
MOMEHT BO3ZMOXHOM BCTPEYH COOTBETCTBYIOT 4 uncaa: 11, 12,
21, 22 (neppasn unppa coOTBETCTBYLT MOAOKEHHIO TIPHATENA
A, a sropas — nonoxenux) npuareas B). B apyx u3a aTax
yeTbipex cayuaes (11 1 22) npuATENH oKaxXyTcA B 0AHOR TOY-
Ke, T. €. BCTPeTATCAH.

Peitnte 3apauy no pHcynky 108, a.



860*. PewnTe npenblAyILyIo 3a0auy ANA CAy4asi, KOTAa CKOPOCTH
yeJOBEKa, HAYUEro U3 TOYKH B, B 2 pa3za Goablue CKOpOCTH
YeJioBeKa, HAYWEro H3 ToukH A.

2. NepecTanorkm

IMpoussencnne n HaTypasisHolX 4aces or 1 ao n oBoaHavawr n!
(uuTaT «3H dakTopHan»):

1.2. ..-(n—1)-n=n!
Hanpuwmep, 21=1.2, 3!=1.2.3, 4!=1-2.3-4, ..
1! cynraor paBeweM 11 1l=I1.

JBe GYKBH @ H b MOXHO MEPECTAaBHThL ABYMA ClocoBami:
ab, ba.

Jns Tpex GYKB @, b U ¢ MOXKHO 3aMHCaTh MIECTb TTEPECTAHOBOK:
abc, ach, bea, bac, cab, cha.

Ha neppoM mecre Mul nOCTaBHAM OYKBY @ H K Hefl npunucaid
IBe nepecTaHOBKH M3 OCTanbHbIX Oyke & M ¢. [loroM Ha nepBoM Me-
CTe Mbl MOCTABHJAH GYKBY b H K Hel npHUNHCAJH ABE MEepPeCTAHOBKH
H3 OyxB @ ¥ ¢, HaKoHel, Ha nepBoM MeCcTe Mbl MOCTaBHAN GYKBY € H
K HeHl NpHNHCafH JBe nepecTaHOoBKH H2 OYKB @ M b. Becero moayun-
aock 3-2=3-.2.1=3! nepectaHoBoK.

fMepecranoBkodi U3 1 3eMeHTOB Ha3bLIBAWOT KaKoe-1HG0 pacnono-
WeHHe ITHX 3JeMeHTOR B PAA.

KoAunuecTBO NepecTaHOBOK H3 # 3JeMEHTOR NPUHATO 0603HAUATE
P, (nepecraHoBka no-ppaHiy3CKH permutation).

CnpaeepiuBa dopmyaa

P,=n!

Han n=1, 2, 3 oHa yxe npoBepeHa Hamu. Uto6bl nodyyuts ee aas
n=4, paccyxaaeM Tak. COCTABHM ueThIpe pPAja NEePECTAHOBOK AAA
uudp 1, 2, 3, 4. B nepBuilt psa nocTaBAM BCE NepecTAHOBKH, HAUH-
HampuiHecs ¢ I:

1234, 1243, 1324, 1342, 1423, 1432.

Taknx nepectranoBok 6=3!, 1. e. ¢TOJBKO, CKOJILKO Pa3 MOXKHO
nepectaputs uudpn 2, 3, 4, crosune nocsie uHppo 1.

Ho Ha nepBoe MecTo MOXKHO NOCTABHThL JIOOYID H3 ueTbipex
uudpp, H B KaXAOM TAKOM cAy4ae NOAYYHTC 6 NepecTaHOBOK,
T. €. BCEro MepecTaHOBOK

P4=4'P3=4‘3!=4!

MoxHo nokasate, uto P,=n! ana A060ro HaTYpaJbHOTO YHC-
ha n.
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861.
862,

863.

864.

865.

866.

867.

849,

870.

Uro HaablBalOT NepecTAHOBKOH H3 # 3/eMEeHTOB?

Uro ofiosHavaer H Kak 4dTaercd 3aNuch:

a) 21; 6) 3, B) 61; r)nl?

Bunuwute pce nepecraHoBkd u3 uudp 1, 2, 3. Uemy pas-
Ho Pjy?

Bans, Mama ® [leta xoTAT Kynurk Tpu GHAETAa B KYHO HA
coceflHAe Mecta. KakoBa sepoAarHocTb TOro, urg Mecto Ma-
IIK OKaKeTcA AocepeAHHe, ecid oHa sbifeper 0AUH GuaeT na
Tpex cayualiHeiM obpazom?

Tpu kaprei: Baner (B), nama (I1), kopoap (K) nepemewann
4 DOJIOXKHAH «pydamxofi» seepX. KakoBa BepoaTHOCTb Toro,
4TO HOCJIE MEpPEBopPaduBaHHsA KapT:

a) oM okaxyrtca B nopaake BIK;

6) na neppoM MecTe oxaxercs [I;

B) Ha mocAelHeM MecTe oKaxercsa [I;

r) Ha Bcex Tpex Mecrax oxaxercs [I?

BLINHIWYTE BCe BO3MOMHBE NEpecTAHOBKHE H3 HeTbipex ﬁyxa
H noacuuTaiiTe MX Koauyectso (P,).

Yernipe kapth: eaner (B), mama (I), xopoav (K), 1y3
(T) nepemewann ¥ mMONOXKHAYM «pyGawikofi» sBepx. Kakosa
BEPOATHOCTD TOTO, UTO MOCAe MePeBopavHBAHHA KapT:

a) oun okaxyrca B nopsaike TK]IB;

6) Ha mepBoM mecre oKaxercH T;

B) Ha mocleaHeM MecTe OKamerca T2

Briuncaure:
a) Py 6) Pg, B) P;.

Bepuo au, uro:

a) P;=5-P; 6) Py=6-P;;
B) Pp=100-Py,; ry P,=n-P,_?
Bruncaure;

a) Py:Pq 6) Pgy: Py B) Py P

3. PasMelleHHA B CoYeTaHnn

PasmemiennemM H3 n 3AEMEHTOB X, X3, X3, ..., X, 110 IBa HA3bIBAlOT

aobyo
MEHTOB.

YIIOpPAAOHEHHYID MNapy, COCTABACHHYID H3 JAaHHHX n 3A¢-

KOJIH‘-]ECTBO pasmemeunu U3 n NEMEHTOB Mo ABa 00603HaUEI0T
uepes A2 (no nepsoii Gykse QpaHuUy3cKoro caosa arangement —
paauemenue)

Huke BhiNHCAHBI BCe pa3MellleHHA M3 3 3JeMeHTOB no 2:
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B neppoM paZy Ha MepBOM MeCTe CTOHT 3JIEMEHT X;, K HEMY MPH-
NMCAHE! MOCJEA0BATENbHO OCTadbHbie ABa anemeHTa. [loayuyuaockh,
YTO B MEPBOM PALY HAXOLATCH BCE pa3MelleHUd, HAYHHAIOULHECA C
X;,— 4X aBa. Bo BTOpOM W B TpeTbeM pAlax HaXOAATCR TOXE N0 ABA
Pa3MellleHHs), HAUNHAIOUIUXCA € X, U ¢ X;. Takum obpasom, A3=3-2.

ITonoGHuiM 05pasoM pPasMeLLEHHA H3 72 SAeMEeHTOB MOXHO Pacno-
AOXHATh B 1 pALCE. B KaXX10M H3 HUX HA NEPROM MeCTe CTOHT ORHH
H3 JaHHBIX 3/IeMeHTOBR X;, K HEMY NOCNeLOBATENLHO TIPHIHCHIBAIOTCA
ocTanbiee n— 1 3nemenToB, 3THM Mo A0Kazaau dopmyny

Al=n(n—1). 0}
fTpusep I. CKOABKHMA cnocofamMy MOXKHO pacnpefeduTs ARa Gu-
JeTa Ha pa3Hbie KHHOMGHALMB MeXJy CeMbio IPY3baMH?

Yucao cnecofioB, ¢ NOMOLILBIO KOTOPBIX MOXKHO PACIPEfeHTh ABA
Gunera Ha pasHble KHHOPHALMBI MEXAY CeMbI0 APY3bAMH, PABHO
Al=T7(7—1)=42.

Urofinl B 3T0M yGeAHTLCS, BHIMHLIEM BCe BO3IMOXMHBIE pazMelle-
HHA B BHJle ABY3HAUMBIX YHCed, NepBan uMPpa KOTOPHMX NOKA3bIBA-
eT, KaKkoMy APYTY AGCTANCA NepBuA OHJAET, BTOPAA — KaKOMY
BTOPOIL:

12, 13, 14, 15, 16, 17,
21, 23, 24, 25, 26, 27,
71, 72, 73, 74, 75, 76.

B kaxaom K3 cemn paaos no 6 paaMeweHnii — scero
7-6=42 paamellleHux, T. €. YHCAO cnocoGoB pacnpeneseHyd ABYX OGu-
AeTOB B JIaHHOH 3ajave paBHo 42,

Passeuienuem W3 n 31eMEHTOB N0 & HaswpawoT Awbofi ynopano-
ueHHblt Halop W3 k& 3MeMEHTOB, COCTAB/EHHBIA W3 JaHMbiX n 3ae-
MEHTOB,

KoauuecTro pasMelleHnil 43 n saeMeHToB No k& 0603HavaloT ye-
pea A*, Hanpumep, A2 noayuaerca caenyouum o6pazom. Pacnono-
HHM pasmelleHns B n pafos. B i-m paay nomecTHm pasmelleHEHs,
HAYHHAWIIHECA ¢ 3AeMeHTa X, Tlocne 3jeMeHTa X; NOCTARHM BCe
BO3MOXHbIe PAa3MEIleHUA W3 OCTaBlIHXCA n— | 3AeMeHTOB ne 2,
T. e. {n—1}(n—2) pasanunmx pasmewennit. Ho Bcero cTpok n,
nosromy Ad=n(n—1)(n—2).

[MogoSnum e obpazoM

At=n(n—1)(n—2)(n—=23).

MoXHo aoKasaTth, 4TO

AA=n(n—1)(n—2)...-(n—k+1).

38METHM, 4yTo JAioboe pPasMeUleHHE H3 11 SNEMEHTOB 1o 7 — 37
0lHA H3 DEPECTAHOBOK M3 A 3NEMEeHTOB, NOITOMY

Ar=n{n—1}(n—2)-...3-2- 1 =n.
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CoueTannem B3 1 3JIeMeHTOB N0 & Ha3biBalOT AwGYI0 TPYNNy H3
k 3/eMEHTOB, COCTABACHHYIO H3 LaHHBIX 71 3JIeMEeHTOB.

Uucso coueTaHHWi M3 n 3JA¢MEHTOB no k o6oaHauawT uepes C:
(mo nepeoiéi Gykee ¢paHUy3cKOro choBa combination — couera-
HHe).

Bcakoe pasMemenne Nno k 31eMeHTOB MOXKHO PacCMaTPHBAaTh Kak
couerakne. Pa3nnua 3akaiovaeTcs B TOM, UTO ecAH B Pa3MemieHHH
NEepecTaBUTE MECTaMH 3J1eMeHTH, TO MOJYYHTCA APYroe pasmelle-
HHE, HO COUEeTAHHEe He 3aBHCHT OT MOPAJKA BXOAALWHX B HEro afe-
MEHTOB.

Boiuncass A, Mol NOAYYHAM Nape, OTAMIAOMAECA NOPAAKOM
3N1eMEHTOR, HATIPHMEP X X3 H XX, M3 ABYX sneMeHTOB MOXHO cOCTa-
BUTh P,=21=2.1=2 napwl, nostomy A2=21.C3=p,.C2

Boiuncsisa A%, mbl nosyunnu EaGoph u3 k& 3aeMeHTOB, OTAHYAIO-
maecs nopagkom saeMeHtoB. M3 k& sneMeHTOB MOXKHO COCTABHTH
Po=kl=k-(k—1)-(k—2)-...-2-1 rpynn >7eMeHTOB, TIO3TOMY
Al=pl.Ct=pP,.CL

ChepoBaTedbHo,

Ck_A_:_A_:_ aln—1)-. . (n—k+1)
L R T H :

Tpusep 2. CKONBKHMH Pa3NnHYHEIMA crnocofaMu H3 CEMH ydacT-
HHKOB MATeMaTHYeCKOTO KPYHKa MOXHO COCTABHTL KOMAaHIy H3
ABYX ueNOBeK AJA YyuacTHA B OJHMNHafge?

Tak kak nopsAanoK, B KOTOpoM GYAYT BHGpaHBl ABa 4eNOBeKa,
Ge3pas/MueH, TO YHC/AO DA3AHYHBIX CJAYYaeB COCTABHTb KOMaHAy
PaBHO:

o 7.6
CT_T_gl'
fTpumep 3. M3 neperacosankoil Konoaw, cocroamed u3 36 kapr,
Hayrap B3tk 4 kaptal. Kakosa BeposTHOCTL TOro, 4To Bce B3AITHIE
KapThi Tysn?
Tax Kak nopsjaok, B KOTOPOM GYLYT B3ATH Ty3bl, Ge3paanHucH,
TO YHCAO BCEX PABHOBO3MOXHBIX cJAyuaeB B3ATh 4 KapThl PaBHO:

36-35-34-33
Cle== 223 58905,
HCKOM&H BEPOATHOCTD paBHa .
58 905

R
871, Buinumnte Bce pasMelLeHHA H3 YETHIPEX JEMEHTOB X, X,
x5, X, To aBa. Uemy pasno A}
872. Briuncaure:
a) A% 6) A% B) A
ry A% a) A3 e) AS.
252



873,

874.

875.

§76.

877.

878.
879.

880*,

881%,

BeINHIWIATE BCe COUETAHHA U3 MATH 3NEMEHTOB X, X, X, Xi
xs no asa. Yemy pasuno C3?
Boiuncaure:

a) C§; 6) Ck B) C3;
r) Ci n) C3; e) Ch.
Tlokaxure, uro C*=C""* Bbluncanre:
a) Cls 6) Cio B) Ci2;
r) Clz a) Ca &) Cigas

CKONbKHMHY Pa3JAHUYHBIMH cnocoBaMH MOXHO paclpefennTs
MeXAY LWecTbl) NHUAMH ABE pa3HbLe NYTEBKH B CAHATOPHH?
CKONbKHMH CNOCOSaMH MOKHO pacnpeleNHTh ABe OAMHAKO-
Bble MYTEBKH MEXAY MATbIO JHLAMH?
CKONbKHMH CMOCOBAMH MOXHO MPHCYAHTbL LIECTH JHUAM
TPH OXHHAKOBLIE NpeMuu?
Heanop 1 CrenadoB BXOAAT B FPYNNy H3 CeMH CTYNEHTOB,
HMEIOLUX OAHHAKOBBIE WAHCH MOJYYHTb OfHH H3 ABYX paa3-
HhIX npu3cB. KaKkoBa BepOATHOCTbH TOTO, UTO:
a) ViBaHoB noayunT nepeniit npu3, a CrenaHoB — BTOPO#;
6) Hpanos ¥ CrenaHoB nonyuat npu3nbi;
B) HBaHoB noayuHT nepesid npus;
r) panoB noAyuHT OAHH H3 ABYX TpPH30B?
Hz neperacosaHHoi Koacawl, cocTonwel Ha 36 kapr, Hayraa
BaATb! 4 KapTh. KakoBa BepoATHOCTb TOIG, 4TO B 3TY 4eT-
BEpKY:
a) nonafnyT Ty3ul OyGen, nuk, yepsed U Tped B yKasaHnoM
nopAAKe;
6) nmonaayrt 4 tysa (B n1060M nOpAAKe);
B) nonazneT Ty3 Gyfed H ero BO3bMYT NEPBLIM;
r} nonager ty3 OyOeH?
B HekoTOpOM LAapcTBe, B HEKOTOPOM TocyfapcTee paaboitna-
Ka MNPUFOBOPHAH K CMEPTHOH Ka3HM, H OH MOAAN Uapio Npo-
IWEHHE O NoMHAOBAHUK. JloO6pwiH naps, 60AbMOR 3HATOK TEO-
puH BepoOfTROCTEH, cKa3dan: «JloBepHMCH cjaydYal, DyCThb
pa30ofiHHK caMm pewHT cBole cyawly. Broinafite eMy mewok
¢ MNOJHEIM HaBopoM KocTefl AOMHHO H ABe WrpaJibHble KOCTH.
IMycTs OB BWTAWMT M3 MemKa, He raans, | KocTs AOMHHO
HAH OpOCHT J[BE WrpajbHble KOCTH — NO CBoEMY Buibopy.
Ecau nonyuyeHnad B 3TOM HCMBITAHHH CYMMa CYKOB OKa>KeT-
cA paBHOH YHCAY, KOTOpOe OH Ha3OBeT AOC Havana HCNLITa-
HHA, TO OLITh MOCEMY — NYCTh JKHBET».

Kako#t BMA HCOBEITAHHA AOJAXMERH BoifpaTh pa3bofHMK M
KaKyl CyMMY Ha3BaTb, YTOOL BEPOATHOCTE OCTATHLCHA JKH-
BLIM OKazanace Hauwbosbluei?
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4. Hcroprueckue cBeleHHS

CucTeMs! ypaBHeHH? MepBoil H BTOpPOH CTeneHW BCTPedaloTcs
eule B JpPeBHEBABWAOHCKUX TekcTax. Bor, manpumep, oana Takas
3agava:

[Thowaak ABYX CBOMX KBAafpPaTOB A CJOXKHI: 25% . CropoHa BTO-

poro KajipaTa paBHa 2 cTopoHbl nepsoro H eme 5. Hafianre cro-

3
POHBI.
33,!13‘-[3 CBOJAHTCA K DNELEHHIW CHCTEMBLI ypaBHEHHI.:I
£tyt=25"
2
y=3 x+5.

PaccMOTpUM nipusep pewieHns cHCTeMbl ypaBHeHuHi u3 «Apudg-
MeTuku» Junodanra:

x+y=10,
24 f=68.
U zzecw duothant ymeno uzbexan pelleHUA KBAAPATHOrQ YpaB-
HeHua obmero BHAa. OH pasaenua nepsoe ypaBHeHue Ha 2:

+y _
7 =0

x4y
2
poe YPABHCHHE CHCTEML! 3aNnHCaNn Tak:

(54+4dY+(5—d)y’ =68,

BBeJ HOBOE 0G03HaueHue d = ,Toraa x=>5+44d, y=>5—d, v BT10-

50 4 24° =68,
d?=09,
d=3, x=8, y=2.
CucreMa HMeeT elle 0ZHO peweHde npH d=—3 — 3T0 napa

(2; 8).

JdvodaHT nepBLIM M3 MaTeMaTHKOB BBEJA pas/ndyHbie 3HAKH AR
HEW3BECTHBIX BEJHYHH, TAABHHIM 06pa3omM rpeueckue Gyksnl. [IpHse-
JAeHHOe Bbllle pellieHHe AaHO B COBPEMeHHOH 3anucH.

PewnTte cucremy yparHedui (882—886):
882. H3 «Apupmeruxus [Juothpanra.

{x+y=20, 5 {x+y=20,
2 | 24 g =208: Y\ 2—y2=80:



883,

885.

886.

=1

8) {x=3y' ) {x=3‘”’
L+ =5 (x4 y)

L4y =10(x—y)
) {x=3yv e) {x=3yv

A F—y=12(x—g) y'=6x;
x=3y, x—y=2'

") {y*=6(x—y): ) {f—y’=x—y+2o.

Hz «Aarzebpoi» ar-Xopesmu (VII—VIII aa.).

a) {x+y=10, 6) {x+y=10,
xy =21, 24 5 =40;

{x+y=!0, {x+y=10,

B) 2 r)
C—y=x—y+454 X =4y,
x+y=10, x+y=10,

& (x+gP=2¢ 2 ® S+i=2g;
x4 y=10, x4 y=10,
{y’=81r. ) xy:ly—-x|=5%.

Ha «Asrzebpor» ar-Kapadoxmeu (XI 8.).

_3 _

2) x=2Y 6) {x+y 10,

xy+ x4y =62; 1y =A4x+5.

H3 «Knu2u abakar Jeonapdo ITusancxozo (Puborawuu)
(XH—XII{ sa.).

xy—y=42, xy+y=2,
2 {x—y=2: 5 {x—y= ;
) [x+y=10. [x+y=10.
B x y 2 )1« _
(;-;-10) (-;+10)=122§, 2 (x—y)=24

Hz knueu «Koccr K. Pydoasgpa (XVI s.).
{(x+y)(x2+y’)=539 200,

D (x—g) (£ — )= 78 400;
xy+ x4 y=>573,

%) Bty —~x—y=1716.



256

5. 3ajaHHA AN NOBTOPEHHSA

Buuncanre (887—888):

887. a) \/%, V30,25, V0, Via4;
6) \6.25, \J0,0121, V—9, \/0,0956.
888. 2) % ) ‘—;’;_—'5?;; B) 2,5%:5%
r) 1,5:3% ) w; e) (—l%—{)};‘:)j.

889,
890.

891,

892,

893.

894,

895,

3[993+1 3'%9+1 "

Onpeneante uMcao:

a) 10% xotoporo cocrasaawT 2; 6) 20% KOTOPOro coctTas-
asior 7; 8) 15% KoToporo cocrasaswor 1,5; r) 75% kotoporo
cocrasasiior 330,

HM3MeHMTCA JM 3HAK HepaBeHCTBA:

a) 2<24, ecnm ofe ero 4acTH yMHOXHTh Ha 2,

6) 3> 1, ecam 00e ero 4acTH YMHOXHTh Ha —2;

B) @< b, ecsin 06€e ero YacTH YMHOXHTb H2 NOJOXKHTE/AbHOE
{oTpuuaTenbHOe) 4HCAO?

3anuwHTe NpuGAMXKeHHe YHcaa n=3,1415926535... ¢ Heno-
CTATKOM H ¢ H30BITKOM ¢ TouHocThio go 1; 0,1; 0,01; 0,001;
0,0001. Kakomy nBofiHOMY HepaBEeHCTBY B KaXIOM cjyuae
YAOBACTEBOPAET HHCAO n?

Kakue U3 JaHHbLIX uHcen SIBAAIOTCH PauMOHAJbHLIMH H Ka-
KHE — MPPALHOHANBHBIMH!

CpapHaTe

a) 0,3333; 6) 0,4(5);

p) 0,232323.... r} 0,57578888;

a) 0, e) 1,211211121811211..;

X} 2,718281828...; 3) 0,1234567891011121314...7

MNMokaxure OpHMEpHOE pPacnOJOXKEeHHMe YHMCEJ Ha YHCA0-
BOH OCH:

a) 2.7; 2,(71% 271 27171; 24
6) —1,05; —12—10; —1,{0,5);, —1,0505; —1,051.

a) Hafizure npHGAHXKEHHO CYMMY uHceA, OKPYLJIHUB JAHHBE
YHCAA 0 COTHIX:

1) 1,342 4 3,463, 2) 5,(6)+2,781;

3) 12,(45)4-0,3112; 4) 1,(3)+5.(7).

6) Haitnure npubauxenHo npowspedeHHe YHCEN, OKPYIJHB
NAHHBIE YHCJIA A PE3yAbTAT 10 NEepBod 3Hadawed nugphl
1) 15-2,(1) 2) 0,3-0,(4);

3y 1,(1)-2,(1) 4) 2,(5)-0.(2).



896. [NpeobpaayiiTe BEIpaXeHHe B MHOTOUJIEH:
a} 6(3a-}-4b)—4 (ba—b)+4{(a+ b},
6) 2{p+q)+3(p—qg)—(p+g)—(p—5Sq)
B) (2a—3}(3a— 1)—(4a+2)(a—3);
r) {m—1)}(m+42)—(m—3){(m+4),
1) 2(x+1}(x+2)—(3x—4) (x+2);
e) 3I(—da+t1){a—1)+2(3a—4)(e+2).

897. PasjqoxuTe Ha MHOXKHTENM:

a) a(x+g)+b(x+yk 6) a(x+y)—b(x+y)
8) 2x(3p—q¢)—(3p—q) r) m(x4g)—x—y;

a) n{x—y)—x+y; e) ax+ay+(bx+by);
¥ ac+ad — bc— bd, 3) ac—ecx+a—x;

H) ax—a+x—1; K} 2ax—3bx—2ay -+ 3by,

a) ax—bx+cx+-ay—by+-cy;
M) 2ax—5ay 4 a—2bx 4 Hby—b.
¥npoctute Bripamenue (898—899):

pP—g  6p—6q 3m® =32 m4n
898. 2 )(p+q)” dp+3g’ 5) mmn 9m—Sn’
y dtab 204 py Eot g
40— 46 a*—ab ' (x+24) " 48 —2xy+ 2
324 3xy x 30N
899. a) 4xy—|—ﬁay'(ax+ay+2x+2y)
I (a—l—b}”
6) (?"' a+b (a b)) ’
) ( x—1 _ l—3x+x2)). I—2x+a:“—2.rc3 .
et (x—1p £—1 Tl 2x42R

r) (a —ax 2q* f1_xl_ =
@xt P £— ax’—|—a2x-as) ( a a"’)'

900. HadnHTe ANHHBEI OKpYHOcTedl H AHaMeTpbl 6 pa3iddHBIX
KpyroB ¢ AnaMeTpaMu otT 2 jo 12 cm. Mameperna MoXHo
NPOBOAHTL ¢ TOMOULLIO PYASTKH MJIH HHTKM, KOTOPYIO MOXHO
NOTOM H3MEPHTH JHHEHKONH (MOXHO HCMOJNb20BATH MOHETH,
YaMLKH, TAPelKH, KoHcepBHble 6aHKH W np.). [loayuennsie
pesyawtaTh ceeiure B TabGauuy. [loctpoiite rpaduk 3asu-
CHMOCTH JUTHHB OKPYXHOCTH 0T ZHaMeTpa. Kak pacnoaoxe-
Hb TOYKH rpauka? UeMy paBHO OTHOIIEHHE IJHHB OKPYXK-
HOCTH K ZHaMeTpy? MoXHo AH cyYWTaTh pe3yabTarThl TOM-
HEIMHK?

901. Junamerp Benocuneanoro Koaeca papen 70 cm. Hajngure
OAUHY ero oKPpyXHocTH. CKoAbKO 060pOTOB CHENAET KOAeCo
B TeyeHHe | MHH, €CJH CKOPOCTh BEJOCHNEIMCTA paBHA
7 m/jc?

9 AuveGpa B knacc. 257
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902,

907,

908.

919.

911.
912,

Op6uty 3emAH NpUOAHIKEHHO MOXKHO CHUHTATh OKPYKHO-
cToio paguyca 150 man kM. OnpeaennTte ¢ TOWHOCTRIO HO
10 MATH KM MyTB 3eMAH, NPOXOJHMELH B Teuenne roja. C TodHo-
ctbio Ao 0,01 MAIR KM onpeaenHTe paccTOfHHE, KOTOPOE ITPOX0-
IHT 3eMan 3a 1 peun, 1 u, 0,56 u.

[lnan poma HavepueH B Macmrale 8 M B | cM. KakoB HCTHH-
Hbii pa3Mep KOMHAThi, €C/IH HA NJdHE €¢ PAZMEPHl PaBHb
1,25 em ¥ 1,5 cm?

a) Macca 2 M craabioro tTpoca 4,63 kr. Kakosa anuna tpo-
ca B MOTKe maccod 50 kr?

6) Macca 2 M cranbHoro Tpoca 6,4 kr. Kakosa AnuHa tpo-
ca, ecan ero macca 1 u?

OIMH NOrOHHBI MeTp TPyOH ZHameTpoM 18 MM Hmeer Mac-
cy 3,2 kr. KakoBa Macca Tpy6bl TAKOTO e A4aMeTpa, AJH-
Ha Kortopo#l 1,6 m?

a) Paccroanue B 200 kM npoexanu 3a 4 4, Kakosa cpenHaa
CKOPOCTb ABMIKEHHA?

6) 34 CKOALKO BpeMeHH MPH TAKOH e CKOPOCTH ABHIKEHHA
MOXKHO Gbisio s npoexaTs 60 kM, 120 kM, 140 km?
Koxon menxonpsaa umeeT Maccy okono 0,05 r u paer B
cpeaneM 450 m weakosofi HATH, CKOJBKO METPOB IENKOBOH
HHTH AARYT KOKOHH oOiued Maccot 100 r?

Peuent mns npurorosaenms kekca na 4 uenosexka: 120 r
maprapuna, 120 r caxapa, 120 r cmerann, 120 r Mykn H
2 afkna. CKOJMIbKO HY)KHO MaprapHHa, caxapa, CMETaHb!, My-
KH H 9Hl, 4TOGH NPHrOTOBHTh KEKC Ha:

a) 48 uenopek; 6) 42 uenoBeka;

B) 60 uenopek; r) 57 yenopek?

a) [aoTHocTh Xenesa pasua 7800 kr/m°. Kakos o6beM ToH-
HBE Xenae3a?

6) IaoTtHocTh 30a0Ta paBra 19300 kr/m®. Haliaure maccy
sonotoro Gpycka ¢ pasmepaMM 3 cM, 2 ¢M, 12 cm. Kaxos
ob6rem canrka 3onora B 100 kr?

a) Macca kyGuueckoro merpa aawomuirna 2700 kr. Kakyio
Maccy HMMeeT KyOGH4ecKHfi CAHTHMETP aJIOMHHAA?

6) Ky6uuecknii metrp pTyTH MMeer Maccy 13,6 1. Kakyw
Maccy umea 6nl cront pryrh Becorol 760 MM, ocHoBamHe
Kotoporo pasuo 1 mMm*?

3eMmad Aesnaet nodHellt obopor (360°) pokpyr cBoefl ocH 3a
24 y. Ha kakoft yron oHa noBepHerca 3a 3 u?

a) CKopocTb paBHOMEPHOrO LBHXKEHHA TeNa U, BPeMs ABH-
WeHuA {, nyTe S. 3anuwuTe GopMyAR AAA onpeleneHud s,
vl

6) llena Tomapa K, xoamuecrso rToBapa m, cronMmocTb C.
3anuwnte dopmyny sasucumocti K, m, C.

B) [1poUM3aBOAHTENRHOCTE TPYHAA P, BpeMA paGoTh i, 06LEM
BbiNOJMHEHHON paborel A, Boipaaure 3aBucHMmocts aaa A, p u
{ dopmysoi.



913.

914,

215.

916.

917.

918.

919,

920.

921.

a) [Ipnnas o6beM pabothl 3a 1, aanuwuTe GopMyAy 3aBH-
CHMOCTH MeKAY NPOH3BOLHTEABHOCTLIO TPYAa p, BpeMeHeM i,
HeoOXOZHMEIM AJA BHINOJHEHHA 3ToH paboTh, M 06LEMOM
3To#i paboThl.

6) MowHocte apuratena W, Bpema pabGoTwm {, paborta A.
Buipasute zasuchMocTb (opMmyaohi anta A, W, 1

B) Pacxoa ropiodero Ha 1 KM nyTH cocTtasaseTr n (1/KM),
npofer MauwHuHp § (KM), 06BbeM U3PACXOAOBAHHOTO IFOPICYEro
v (s). BepasdTe 3aBHCHMOCTh AR 5, U H 2 Gopmynoii.
YKamnTe Ha KOOPAHHATHOA NJOCKOCTH BCE TOYKH, ¥
KOTOPBIX:

a) aGCUHCCH paBHBI D 6) opanHaTh paBHbl —4;
B} abcuuccy paBubl 0; r) opruHaThl paBHel 0;
A) abcuucchl H OPAHHATHL PABHBL

Ha xoopannaTHOH DNOCKOCTH OTMeThTE BCe TOUKH, ¥
KOTOPhIX:

a) abcuuccn Goabute I;

6) OpAHHATH MeHblle —3;

B) aBCUHCCH YAOBACTBOPRIOT HepaBeHCTBY x< — I;

) OPAHHATH YAOBJETBOPAKT HEPABEHCTBY ¥ =>2;

) aGcuuccH YAORJETBOPHIOT HepaBeHCTBY — l<Cx<l4;
€} OpAMHATH YIOOBJETBOPAIOT HepaBeHcTRY — A<y 2.
YKaXKHATe HA KOOPAHHATHOH NJAOCKOCTH TOYKH (X; ¥), KOOPAH-
HaThl KOTOPBIX YAOBACTBOPAKT YCAOBHAM:

a) x=2, >3, 6) x> —1, y=—2

B} 0<Cx <2, y<3; r) xz20, —l<ty<3;

o) —2<x<<4, 0<<y<{2; o) —3<Cxg 2, —3gy<2
[MocTpoiiTe rpadux Ppyuxumu y=0,5x—1,5.

a) [IpH KakHx 3HAUCHHMAX X QYHKUHA GPHHHMAEET NOJOMH-
TeJbHBIE 3HAYCHHA?

6) [IpH KakHX 3HauYeHHAX ¥ PYHKUHA NPUHHMAaET OTPHUA-
TeJAbHbIE 3HAYEHHA?

B} Kakne 3sHaueHHA NpHHHMAET Y, €CJN:

1} x>=6; 2) x<<0;

3) —b<x<O; 4) b<lx<T?

[ocTpoiite rpadpuk pyHkuH y=x. Kakne 3Ha4UeHHA NPHHH-
MaeT y, ecAu:

a) x>2; 6) x<<—1; B) l<x<4 1) —2<x<h?
[MocTpoiite rpadnk bynkuns yg= —2x. Kakne 3Hauenus
TPHHHMAET ¥, eChAH:

ay x>3;, 6)x<Cl; B)4<<x<<7; ) —5<lx<l—1I?
'padHKH KakuX NHHeAHBIX QYHKUHHA 06GpazyOT C NOJOXKH-
TenbHOH moayocbie Ox yrabl, MmeHbmue 45°? Tlpupenure
IpHMepHL.

O6paayeT an rpaduk GYHKUHH € NONOXKHTENLHOA NOAYOCHIO
Oy yron, MenblIHi 45°, ecan:

4
a) y=%x; 6) y= —3x; B) y=7.2x; r) y=—g*
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922, Ha pucynke 109 npeacrapienn rpadukn ¢pyHkunit. 3anumnre
dopMyay, Kotopolt 3ajana Kaxjana (pyHKuas.
923. ra rpaduxa Ha pHcyHke 110 spasoTcsa rpaduKaMa ognoM
H Toit ke ¢ynkuuu. Kakue sto rpapuxn? Hannmure dop-
MYJY, KOTCpOH 3ajaHa 3Ta QyHKHHA.
924. TlocTpofiTe TOMKH, KOOPIZHHATH KOTOPBIX YIOBJAETBOPAIOT
YCJI0BRAIO:
a) §=3; 6) §=%
I'ae nexaT BCe TOUKH, YAOBJETBOpAICLIHE NAHHOMY paBeH-
cTBY?
925. OnpefesuTe NpaBHAC, NO KOTOPOMY M3 KamAore 4Mcaa

MOXHO NOJAYYHTH CAelyiollee, M BEIYHCAMTE elie OAHO YHCIO
0 3TOMY NpAaBHJY:

a) 40, 37, 34, 31, 28, . 6) 100, 91, 82, 73, 64, .
B) 2, 3, 6, 11, 18, ..; r)2 3,6, 7,10, 11, ...




926,

PapHOCHALHL JIH YpaBHEHMS:
a) (x—2){(x+3)=0 n ¥*4+2x—3=0;
6) (x—3)(x—4)=0u L+x—12=0;

B} x_:_l—x=l H(x4+1)(x+2)=0;
2

1) B—x) (x—1)=0 n x—=—=4?

927. Pewnte ypaBHeHHe:

a) x*4+9=102% 6) »*—2024+64=0:;

B) x'— 14x*=15; r) 55 +34-82=0;

) X4 2=0; e) A —x2=0;

x) 42 —-3=0; 3) X — X —6=0;

) P45+ 4x+1=0; K) X +4=3x%

a) 22 =324 3x=2; M) K —2x° 4 x=132.

928. Bblpa3HTe x W3 YpaBHEHHA:

a) xy=5;, 6) x+xy=1; B) *4+3y=2 r) y*—xy=0.

Pewure cucremy ypaBHenaft (929—930):
4x+434=F6, Tx—3y=15,

929. a) {2x-|-8y=l; 6) {5x+6y=27;
2x—3y=8, 6x—7y=40,

®) {5y—7x=5, ) {5y—2x= —8.

20 +6x+6=0, Tx—3y=27,
930. 2) {5x+y=l?, ) {5x—6y=0;

5) {6x—7y=16, . {5x+3y=2,
2x+3y=—16; 3x+5y=—18;
4(x+2y)—8=0x—2,

A {3(2x—y)+6=24y+12;

&) {3(2x—y)—l4(5x—3y)=7,
6x—6y=3.

931*. Yyawuecs pemanu cucreMbl ypaBHeHHM:

a) {3x+4y=5, 5) {3x+5y=7,
6x+7y=28; 9%+ 11y=13;
2x+5y=S_§, 5x4+7y=09,

) {llx+14y=l?; ) { 11x4 13y=14.

Og*

XoTa cHCcTeMbl 3TH pa3JIHYHBI, HO OTBEThl ¥ BCEX 0Ka3alHch
0gAHaKoBbIMH. Haliante npaBaac, no KOTOPOMY OHY COCTaB-
qaenbl. [1poBepbTe Horazky, COCTABHE H pellHB eule CAHY CU-
cremy, Ecnu sto ypactes, pemurte 3ajgauy B obuieM BHe.
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932.

933.

934.

9356.

936.

937.

a) K ypapHeHHIW x—y=3 nonlepute BTOpPOe YPaBHeHHe
TakK, 4yToGbl MOAYYHBILASAICA CHCTEMa ypaBHeHHI:
1) AMena eAHHCTBEHHOE pelLleHHe;
2) uMena GecKOHeYHO® MHOMECTBO pelleHHIT;
3} He HMesa pelleHHH.
6) YcTHo pellHTe cHCTeMY YpaBHeHMH:
x+y=1,
Y x42=2, 2) {
y+2=3;
a) YueHnK pemun ypaBHeHHe Hx -+ 15=3x+49 caenywowum
otpa3oM: S {(x+43)=3(x+3), 5=3 — u 3aaBHA, uTO ypaB-
HeHHe KOPHell He HMeeT, TadK KaK ero peiliedde NPHBOAHT K
HeJaenoMy peaysabTaty. [IpaB an yuennk?
6) ¥ . [ y=2{(1—x),
YEHHK DEWHJ CHCTEM aBHEHHH cro-
p yyp x4 y=8
co60M TIOACTAHOBKH, AJIS YE€rc BbIpaXKEHHE y H3 MepBOTO
ypaBHEHHS OH MOACTABHA BO BTOpoe ypaBHeHue. [Ipoaenait-
T€ YCTHO 3TO pellleHHe, OOBACHHTE ero.

5x+8y=5,
8x+5y=3_8.

2xty=8, C1oCco
y=2(4—x)

oM MOACTAaHOBKH, AJIA Yerc Bhlpa:eHHe y U3 BTOPOTO YpasB-
HeHMA OH TNOACTABHJI B NepBoe ypaBHeHwe. [Iponenaiite
YCTHO 3TO peleHne, o6BACHATE €ro,

CocTaBbTe CHCTEMY ABYX YPaBHEHHH ¢ ABYMS HEH3BECTHBI-
MH, pelieHHEeM KOTOPOH ABAAAAack Obl Napa uHcea:

a) (2, 3); 6) (15 1)

B) (—1 2 n(—1 —2)

a) Ilpu xakom k uMcao 5 6yaer KOpHEM YypaBHEHHA
(k—1) P 4+7x—2k=0?

6) Hafiante ko3pdHUHeHTH TNPHBENEHHOTO KBAaAPATHOTO
YPaBHEHHH, eCNH H3BeCTHO, YT0 Yncaa 10 u — 15 aeaawoTrcs
€r0 KOPHAMH.

B) JokaxHTe, uTe npH JioObIX YHCAOBBIX 3HAYSHHAX &, b

H ¢ ypaBHeHHe x°—2ax-+a°—b°—*=10 uMmeeT KopHu.
OnpepesnTe, NPH KAKHX YHCJIOBBIX 3HAYEHHAX @ ¥ b cHcTeMa
ypaBHeHHiI MMeeT GeCKOHeYyHOe MHOXKEeCTBO pelleHHil; He
HMeeT perreduii:

" {5x+(a—-—1)y=3b. 6) x+8y=»b,
af-l +{e—3)y=a-+1.

Jaa nwbbeix ukMces a U & pewlnTe ypaBHeHHe:

a) £+ 2ax+a*—b*=0; 6) —2{(a+b)x+4ab=0;

3) ¥ —3ax+2a*=0; r) X—ax—2a=0.

B) YueHHK pelld] CHCTeMY ypaBHeHHHA {

x—2y=13;



938°. Pewure ypaBHenue:

a) x:3=0; 6) chil--=l’_}; B) %:0; r) ';il|=l.
939. Pewnte cHcTeMy YpaBHEHHA:
42 1 =2 1
a) y—1  2° 6) y+1" 4°
xy+3y=1; xy—4y=x.
Moctpoiite rpadak Ppyukunn (940—941):
1 3 1
940. a) y=3x 6) y=q % B) y=—23x‘.
r) y=25x; ) y=0; e) y== —x.
941. a) y=2x—3; 6) y= —2x-3; B) y=3x+1;
r) y= —-%-x—-.’i; L) y=% x—3; e) y=%x+l-

942, Tlpunraanexut aAu rpapuaky bynxuua y=3,5x+ 1,2 Touka:
ay(—1: —=2), 6) (5 —7), 8){—2;, —58) r) (4 152)?
943. Touka A npunagaexuar rpapuky PyHkunn y= —2x+0,5.
Onpenenate HEH3BECTHYX) KOOPAHHATY:
a) A(x; 15); 6) A(4; y) 8) A(x; —2) 1) A(—-3; g)
944, Onpegeaute KOOPAMHATH TOYKH MnepecedeHHss rpadHkKoB
$ynkouii:
a)y=x v y=—x; 6) y=x n y=2x—2;
B) y=2x—1 n y=—2x ry y=05x—2 n y=x43.
945. Pemurte rpaguyueckHM crmocoSOM CHCTeMY YPaBHeHH:

Ix+y=1, 4x—3y=0,
2) {2x—gy=—l4; %) {3x+2j=17;
5) {5x+2y=——l, M {x-—y+l=0,
2x—3y= —8; 2¢4+y—1=0,
) {7x-—-y-—-3=0, &) {3x+y—l=0,
14x—2y+5=0; 6x+2y—2=0;
) {4x—2y+3=0, ){3x+y=l3,
x—3y—1=0; 2x—3y—5=0.

946. Onpenenante, CKOJBKO PEUWIEHHA HMeeT CACTeMa ypaBHeHud,
H pafiTe TeoMeTpHuecKoe OGLACHEeHHe pelIeHAR:

) {2x+3y=5, 6) 2x—y=3,
2% 4-3y=—1; 24+ y=3;
x—3y=5, 3x+y=>5,

2) {2x—-6y=10; r) {x+y=5,



947,

948,

949.

950,

951.

Pewnte rpaduueckuM cnocofoM CHCTEMY ypasHeHdit:

y=x+1; y=06;
y=x'—3x—4, y=—x+4,
®) {y=—x2; i {y=f—4-

Hs nysxra A B nmyHKkr B, paccroande Mexjly KOTOPbLIMH
20 kM, Bhiwesa newexoa. OAHOBpeMeHHO ¢ HHM H3 NyHKTa
B B nyHKT A BhlexaJ BeAGCHNEAHCT, KOTOPBIH BCTPETHI Nemle-
xona uepes 50 MHH moche cBoero Buiedaa H3 B. CxonbKo
BpeMend notpeGopajock 6bl memiexody AJAA Toro, 4tebhl
npoiiTu BeCch nyth #3 A B B, eclIk H3BeCTHO, 4TC BejocHOe-
AKMCT npoaenad Obl TOT XKe NyTh Ha 4 4 HpicTpee newexoaa?
Kakoe ycaoBue ABAAETCA JAHLUHHM?

a) Bax, Bmewawwui 10 000 a, 3anonnnerca 6eH3anHOM ABY-
Mf HacoCcaMu, BTOPOH M3 KOTODHIX BJMBAeT B MHHYTY Ha
10 2 MeHble, yeM mepBelfl. 3a 5 MUK §aK 3amoJHAETCH Ha
25%. CKOAbKO AUTpoB GeH3NHA BAHBAET KaXAbH Hacoc 3a
10 mun?

6) JIByMa Kpanama GacceflH HanosaHsetca 3a | u 20 mun,
a 0AHMM KpaHOM — 33 2 4. 3a kakoe BpeMA HaNOJHATCA
6accefiH ApYruM KpaHOM?

B) Bak HamoansercA uepe3 ABe Tpy6n 3a 12 u. Yepes
CKOJIBKO 4acOB HamoAHATCH Gak, ec/id nepeble ABa yaca 6bi-
JIM OoAKAYeHE o6e TpyObl, a 3aTeM TOALKG 0llHa, Yepes Ko-
TOPYIO B eAHHHLY BPeMeHU MOCTYMAaeT iBe TPETH ToTo KOJH-
yecTBa BOJABI, KOTOpOe MOCTYNaeT ueped Apyryio TpyGy?
r) B 6accelin npoeeaeHs Tpu TpyGh. Uepes nepeywo Gac-
celin nanmonnsercsa 3a 6 u, vepea Bropyo — 3a 8 4, a "epea
TPeTbio BCA BOHA M3 HanodHeHioro HaccediHa BLIJIHBaeTcd
3a 12 u. 3a cCKoABKO BpeMeHH HanoAHHTcA Gaccefin BoAOH,
€CJIH OTKPHITh OAHOBPEMEHHO BCe TPH TPYOnt?

a) Cmemwann 30%-Hblii pacTBOpP COAMHOH KHCJIOTH €
10%-ubiM ¥ noayunsau 600 r 15%-noro pacreopa. CKoNbKO
rpaMMOB KaJaore pactsopa OGuio B3ATO?

6) Mopckaa Boaa coaepxut 5% coan mo macce. CKoAbKO
npecHofl BOOE HyXHO AoGaeaTe K 50 Kr MopcKol BeAM, uTo-
Gbl KOHUEHTPALUHA COJM COCTaBHAA 2%7?

B) B cocyae 6o 12 a conndoR kuchaorH. HacTe KACHOTH
OTJHJAH H COCYJ JOSHJAH BOAOH IO NpeXHerc ypoBHA. 3aTem
CHOBA OTJHJAH CTOMABKO € W ONATE ACAKJIH BOAOA A0 Npex-
Hero ypoBHs. CKOJbLKO THTPOB MUAKOCTH OTJIHBANH KaXAbIH
pa3, ec/iH B peayJabTaTe B cocyle oKasaaca 25%-umifi pac-
TBOP KHCJOTHI?

H3 tpakrara «Jeasnre ordesros uckyccraa cxerar (Kurail).
5 ponoB H 2 Gapana croat 11 Tasaedl, a 2 sosia 1 8 Gapanos
croar 8 Tasaeli. CKoAbKO CTOAT OTAeAbHO BoA W Gapau?



952.

954.

955.

956.

957.

959*.

960™

3adauwa Eexauda (11l 6. do n. 3.). Mya H ocen no aopore
€ MellKaMH waraad. Oced XaJa0BaJCA Ha CBOIO HENOMEPHO
TAXeAYylo Howy. Mysa o6paThics K MONYTUMKY C peubld:
«Ec/iM 5 BO3bMY Y TeGA OLHH MeWoK, TO MOA HONIA CTAHET
BABOE TAMeAee TBoel. A BOT ec/iH Gbl Thl B3sJl Y MEHS OAHR
MELUOK, TO HAWH HOWH CPABHANKCH Gbi». CHONILKO Hec Kax-
At u3 Bux?

3adaua Jeonapdo fTusancxozo (Pubonauuu). QOuuu roso-
pat zpyromy: «llaéi mHe 7 nHHapHes, H 51 6yay B 5 pa3 Go-
rave te6a». A aApyroft rosopnt: «Jafi mMHe 5 auRapues, W
A 6yny B 7 paz Goraue tebn». CKOABKO JeHer y Kax-
aoro?

Crapunnan sadava (Kurai, [ 8.). Kmeerca 9 caAHTKOB 3040-
Ta H 1] cnuTkoB cepeSpa, HX B3BECHJIH, BEC KaK pa3 COEMad.
[Nepenokuan cAHTOK 30J10Ta H CIHTOK cepebpa, 30J0TO CTa-
a0 nerue Ha 13 nanop. CripaluHBaeTcs, KAKOB BeC CJAHTKA
30/10Ta ¥ CAHTKa cepebpa, Kaxaoro B OTAEALHOCTH.
PIMem*cn Gepe3oBLIE H COCHOBHE Aposa. 7 m® GepesoBrIX
5 M® cocHOBBIX 7poB BecaT 7,44 T, a 9 M° 6epe303mx n 10 M
COCHOBBIX ADOB BecAT 1,28 T Ckoabko BecaT 1 M3 Gepeazo-
BMX K | M® cOCHOBBIX ,u,poa?

B oaun u3 anefl KanMKyJ yuallHecs KJacca, KpoMe He-
CKOJBKHX OCTABUIHXCH /lOMA, OTIPABHAMCH MOrysants, Jlee-
HALUATs YUAMHXCH — TPEThb BCEX J€BOUEK H MOJOBHHA BCex
MaJb4HKOB — NOWAH B KHHO, a eme |3 yenosex — noaoen-
Ha BCeX AEBOYMEK W TPETb BCEX MAJbYHKOB — MOWJK HA BbI-
craBKy. CKONbKO Y4allHXCA 3TOTO KJacca OCTaAoCh AoMa?
Crapunnas sadauwa. KpecTesiiHH XoUeT KYI(MTb JoWAaAb H
IAAA 3toro npoaaer poxb. Ecam on npopacr 15 n pxu, to
eMy He XBATHT AMN Nokynku aowanu 80 p., a eciu oH npo-
Aact 20 U pXKH, TO TOCAE NOKYNDKH Yy Hero ocTaHercs
110 p. Cxonsko cToHT Jowans?

Crapunnas sadava. Heknit venoBek nokynaa macao. Korga
OH jJaBaJ JeHbrH 3a 8 GoueK Macaa, TO Y Herc ocTafaoch
20 antoih. Koraa xe cran napato 3a 9 Gouek, TO He XBaTHJAO
AeHer noaTopa py6is ¢ rpuBao. Ckoabko Aexer Gollo y
venopexa? (1 aarsir=3 k., | rpuBra=10 k.)

Ecan npoaats 20 xopoB, TO 3aroToBJAEHHOTO CEHA XBATHT Ha
JecATb AHefl poablie, ecAH e npukynutb 30 xopos, To 3a-
nac ceHa HCUEpPNaeTcHA AecATbic nAusaMH paHnbwe. CKOAbKO
6LiI0 KOPOB M HA CKOJMbKO AHe# 3aroTOBNEH) ceHa?

Ecax npoaatb 20 KopoB, TO 3aroTOBAGHHOrO CeHa XBATHT Ha
ABajuaTh AHeA AGALIUE, €CAH Xe YMeHbIWHTh BbIAAvY CeHa
Ha OAHY KopoBy B aeHb na 20%, 3aMeHHB CeHO JPYTHMH
KOpMaMH, TO CEHA KOPOBAM XBATHT Ha NATHAAlUATL AHEH 10Ab-
we 3anianaposaHHoro. CKONLKO S0 KOPOB H Ha CKOJIBKO
AHEA 3aroToOBJIEHO ceHa?



961.

962,

963,

964,

965.

Ha «Apupserurus JI. &. Masnuyrozo. Tpu 4enoBeKa XoTAT
ABOp KynuTb. [lepBblii NoKynaTens roBOPHT BTOPOMY: Aalilb

MBRE ry NEeHEr, YTO HMeellb, H A OJHH 3anjavy UeHy 3a ABOp.

BTOpOﬁ FOBOPHT TpeTbheMYy:. Adllb MHe % H3 TBOHX AeHer, H A

OJMH 3amfnady UeHy 33 ABop. TpeTHAi TOBOPHT NepBOMY:
Jalib MHE % H3 TBOHX JEHET, H A OJHH 3anjady LeHY 3a

asop. A apopy uena 100 p. Ckonpxo Kaxabiil H3 nokynare-
Jed AMen jgener?

Ha cApupmeruxur J. ©. Maznuyxozo. Tpn denoseka pas-
rOBApHBAJH MeXxAay coboii. [lepBbifi H3 HAX rOBOPHT BTOpO-

MY: €cJIH OBl MHe B3fiTb OT TBOHX A€Her 2 , @ OT TpeTbero 3 ,
toraa 6uiao Gbl y MeHa 150 p. Bropoil ropoput TpeThbeMmy:
ecaH Gkl # B38J TBOKX AeHer E, a OT nepBoro ir’-, TC A TOXe
HMen 6ot 150 p. Tperuii ropoput nepeoMy: ecau Gbl 9 Basa

OT TBOHX jJeHer -, a OT BTCpOro TO TOoXe HMea Obl

7° 1
150 p. Cnpawusaerca, cKoJbKO KaXAMA U3 HUX B TO BpeMA
HMeJ AeHer.

Tpn Apyra xoTeJH KYyNHTb KHHTY 3a 17 p., HO HH ¥ KOro He
HaOpanoch HYXKHoH cyMMmbl. [lepBoiii rOBOpHT JApy3baM:
«JlaiiTe MHe KaXabli 0 MNOJMOBAHE CBOHX ACHEr, H f KYILIW
Krury». Bropoit rooput: «llafite MHe No TpeTH CBOHX je-
Her, U sl Kynaw Kuury». Tpetufi rosopur: «Jlafite MHe no
YETBEPTH CBOHX A€HEr, H A KyNJIw KHHTY». CKOMbKO AeHer
6bl10 ¥ Kamaoro?

3adawa Adama Pusze. Tpoe Toprylot sowaap 3a 12 ¢uopu-
HOB, HO MHKTO B OTAENbHOCTH HE pacnofaraeT TAKOH CyM-
Moii. [lepebifi roBopHT AByM Apyrum: «llaiiTe MHe Kaxabl#
A0 NOJOBHHE CBOHX AEHEr, H f KynJaw Jowaaw». Bropoh ro-
BODHT NEpBOMY H TpeThbeMy: <[ alite MHe no oauoit Tperu
BalUHMX LeHer, H f npuobpery acwaas». Hakoren, Tpernfi
roBOpPHT nepenid AByM: «[afite MHe TOABKO NO Y€TBEPTH Ba-
IOKRX jeHer, A Aowanb Gyaer mon». Tenepb cnpallHBaeTcA:
CKOMBKO AeHer GbAOC Y Ka)aoro?

H3z «Beeobuell apupmeruxus H. Horwrona. daun Tpr Me-
TassaHYeckux cnjapa. OasH QyHT nepBoro cnJjaBa coaep-
KAT 12 yHumrfi cepefpa, | yHuMic Meid H 3 yHUHH OJ0Ba.
DdyuT BTOpPOro cniara codepXut 1l yHuuio cepefpa, 12 yu-
uHi MeaH H 3 yHUHH ojoBa. PyHT TpeThero cniaBa cojep-
WHET |4 yRunéi meau, 2 yHUHH OJOB2a H BOBCE HE CONEpKMT
cepeGpa. Kak u3 3TUX Tpex CnJAaBOB HYXHO COCTABHTb HO-
Bolfi, GYHT KoTOoporo comepxan O 4 YHUHH cepebpa, 9 yu-
UHK Mead H 3 YHUHH onoBa?



966,

967.

Ha «Bceobweid apudpmerurus H. Howrona, Hexto nokynaer
40 Mep nwenuusl, 24 aumeds H 20 oBca 3a 15 ¢yuToB
12 wuaaunros'. 3ateM OH MPOH3BOAKT BTOPYIO 3aKYNKY Tex
XKe coproB B 26 mep nwednun, 30 sumenns n 50 oBca 3a
16 dyutoB. HakoHel, OH fenaeT TPEThbIo 3aKYNKYy TeX Xe COp-
ToB B 24 Mepnl nueHnubl, 120 sumens n 100 oBca 3a 34 Gyn-
ta. CopalMBaeTcA UeHa Mepbl KaXAoro PORa 3epHOBBIX.
Crapunnasn 3adawa (Kutai, 111 8. do n. 3.). U3 3 cHONOB X0-
pollero ypoxas, 2 CHOMoOB cpefHero ypoxas k¥ | crRona nao-
X0ro ypoxas noayuuin 39 mep aepra. M3 2 caonos xopowme-
ro ypoxas, 3 cHONoB cpeaHero ypoxas u | crona naoxoro
ypoxas noayyunn 34 mepn 3epra. U3 1 cuona xopomero
ypoxasn, 2 CHONOB CpellHero ypoxas H 3 CHOMOB NJAOXoro
ypoxana noayuuan 26 mep 3epda. CnpalinBaercs,, CKOJbKO
aepHa NOJAYYHAH W3 Ka’KAOro CHOMa XOpollero, CpegHero H
HJAOXOTO YpoxKas.

L' | dynt =20 wusnunrop (Mepa aewer).



MMPEJMETHbBIN YKA3ATEJD

Abcuncca 14
Apryment 18

Buecedune MHOMHTENA rof 3HAK Kopma bl

BuiHecenne MHOMHTENA W3I-NOA 3HaAKA
Kopua 50

I'nepbona 38
Tpapuk ¢dyukuun 23

JHUCKPHMHHAHT KBAZPATHONG TpexuneHa 74
— KB2APaTHOTQ. ypaBHeHHA 78

34BHCHMOCTE
— NpAMAA NpoNopuncHaNbHas 141
3nauenie QYHKUWH B TOuke 19

Hurepsan uucaosod 8, 10

KpagpaThuf Tpexuaen 74

KoopawnaTu ToukH L4

Kopenb xksaapaThHufA 41

— apudmeTHueckun 43

Kos¢pduunent nponoputonaibHocTH 141

Muoxecrsa uncaosue 11, 55

Hepabenctpa ceofictea 4, 5
Hepapenctse geoifinoe 5

Q6aacTh onpefienenns GyHKkuay 18
Opzunara 14

Ock abcunce 13

— opanuar 13

Otpesok uucaoscd 8

MapaGoaa 31, 162

[MapaGoan BepwHHa 32, 167
— ocb cHMmeTpHH 31
[lepemenuan saBucumasn 18
— nesasucuMan 18
TMaockocTe koopguKHaThaa 13
TMoayuureppan uncnosoft 9, 10

Mpusuun Mupurxae 57
MMpupamenne aprymenta 22
— ¢yHrunn 22
[TpoMexcyTku uncaonne 10

Pasnoxenne KPALPATHOrO TPeXueHA
Ha NHHefiHbie MHOMHTENH 75

Pewlenne cHCTeMH JBYX YpaBHeHWd c
ABYMA HeHZBecTHHIMH 209

— — Tpex ypanHeHHAi ¢ TpemA
HenspecTunmMu 210

Pewenne ypasHenHsi € [BYMA
HenapecTHHME 208

— ¢ TpeMa HemapecTHuMH 209

Cucrema xoopawnat 13
CHcreMa ypaBHeHul ¢ AByMS
Heu3BecTHHMA 209

— ¢ TPeMA HeHzBecTHHMH 210

¥raosofi kosdduunent npamod 144, 149
¥raw xoopgunatHwe 15
Ypasuenne Suxpagparuoe 99
— propodl cteneny 78, 209
— kBaapaThoe 78

— nenoauoe 80

— ofwero aaaa 78

— npueepenxoe 89

— nepBof crenera 209

— pauugHaabuoe 98

— pAUHOHAJAbLHOE © IBRYMA
HenasecTHMME 208
Ypasueuusl pasHocHAbHble 79

@opuyaw Buera 91
©ynkuna 17, 18

— kpagpartuunan 174
— Aauneiinasg 147

— HenpepwBHan 22
— HeueTHan 37

— nocrosgnHas 149
— 4eTHan 28

YerpepTu KoopLuHaTHBIE 1S



57.
67.
82.

a1,
82,
99,

108.

120.
130.
142,
143,
148,
150.

151.
152.

153,

154,
158.

162,

164.

165.

., 8) y(6)= —23, y(—T7)=29, y(0.5)= —1, y(%)==—l§.

OTBETDI

L k) (—2P<(—3)5 3) F=(—4F n) (—4P>1%

. CaMbifi HHIKAR W3 BHICOKHX BHIME CAMOM0 BBICOKOTO H3 HH3KHX.

. a) —3, —2, —1,0, 1;: 6) —2, —1L, 0.

. a) [2; 4L 6) (2; 4); 8) [2 4k 1} {2 4} 1) (5, + o) €} [S: + c0); ) (— o0; O)

3} (—eo; O]

. a) [3; TE 6) (3, 7% B) (5: 6} r) [5; 6% n) [7; + oo} €) (— o0; 8).

2

1

- 2) y=2x 6) y=x—2 &) y=x+5; 1} y=4x 1) y== % €) y=21.
. ) y=5x 0) y=25zx.
. a) g()=1; y(2)=05: y(5)=0.2; y(0,5)=2; y(-.;-)=3‘

ay y=2x—1.
a) TMpu x==0; 6) npu xz=0; ) npu x<<0; r) npu x=Z0.
a) ¥ <lgn 6) th>¥a

. a) Her; 6} Her; 8) na; r) aa.

a) Her; 6) aa; 8) na.
a) Mpu x5=0; 6) npu x=0; B) HU OpPH KakHx X; T) npH xz=0; a1} npu x=<C0.

a) y(1}>=>y(2) 6) y(2)>>y (3} 8) ¥y (1)=>y (5}

B) x—%. =02 x=—05 r) yp=>0 0<yg<05; —% <y<0, a) y>1;
i

—leyg —3

ay 3; 6)9; 8) 5.

a)d u 4

a) 13; 6) 16; &) 19; r) 20.

a) 4,8; 6) 56; 8) 6,7, r} 73.

e) L; r} 5.

a) [Tpn x20; 6) npu Mwbux x; 8) npu x<0; r) opu x=0.

a)a, 0y —b; B) O:r) —m; ) x4-1, ey m—2; %) Jad-I; 2) —pt4.
a) %; 6) -:;-; EB) l%; ) 2%.

a) 4; 6) 9, ») 8 1) 27; 1) 16; e) BL; x) a; 3) |m?|.

a) lx4-11; g) |1 —ml.

a) & ©6) xVx, x20; x) labl; e) 2imal; x) Llyl; ) 4yl Vay, xy>=0;
) 1lm2nlkl Vn, n3=0.

a) V8; 6) —V18; 1) V4a?; w) —V2ud.
x'\/; ) '\/77_ 1 | mn 3m m
i e R TR e M Vi el Ty

a) Hanpumep, V%_=V%_=%VE.T
1 10 30 1
0 \or-VE-VE -3



166, a)V_ V_ V_ —2-14;2 == 0,816. /

172, a) '\/_{'\[_-Jrl), 3) mn(3—\/_), ecnin mzQ w nzl; mn(3+\/;), ecin
mz=0 u 0.

183, a) 1000; 6) 172; 8) 17; r) 0.9; a) 21; &)

. 5 ‘|
|23.m)l,3)228. |
184, a) 3; 6) 0,25; 8) 5,74; r) 2 n) 104; ) 11,3; x) 64,5; a) 1,225; n) 2,32; K) n%
185. a) 8; 6) 3; 8} 5,575 r) 0,1
186, 2) 0,0102; 6) 1,2; 8) 2 r) 16; n) 3.9; ¢} L.

193. x) 1-g-x5y*z2; 3) l%a‘b’c‘.
194. n) 64a%%% p) 1,641a%% M.
195. a) 10%0=>90'" 6) 0,1'%0,3%.

196. x) 27.5x°9'% a) —0,86a%7
205. #) Tn(2ax—3by— 1) 3) Ty (9x— 12y 14).
214. a) (8,5; 4,5%; 6) (10; 50); &) (1; — 1) r) {—1; —1); a) (31.8; 6,6); e) {(5; —2)

) (% —1-(‘5-); 3) (0 5) #) (—11,5; 14 k) (I —1); 2) (0.5 O} ) wer pe-
IHEHHRA.

216. a) (10; 12); 6) (7; 6)% 8) (12; 8) r} (12 21) &) (1; —2) e) (2 1) x) {17; 13);
3) (6; 0)% w) (3: 2% ®) (7; B).

219. a) 75 xr 6) 1,25 xr

220. a) II—% 6) 47 —= 17

221. a) Ha 12,5%; 6) na 4%.

100p X ) 2
100+ 9%; a) wa 20%; 6) wa 163%.

223. a) Ha 66 % 6) Ha 50%.
224, a) | p; 6) Ha 12,5% » Ha 14—%

232. 3) \3 —1: 6) 5— V5. n) V_—\f_: r) 4—V\10.
236. a) V10.

237. &) 42.

240. 2) V2 +1.

Vxy 3
244. a) 2Vx +1; 6) —1; B) i r)
Vi+Vy  Vm—6
245. a) 9; 6) ; B) ner pewennf; r) 0.5,
246. 4356.
247, 16 u.
248. a) 3a 20 awmedi; 6) 3a 12 mns.

249, Yepes

222, Ha

ab
pE MuH; a2} yepes 9 mua; 6} vepea 10 mun.
abe
250. 3a m u; a) 3a 8y 6) 2a 6 u

270



\
\\251.

abx

3a m u; a) 3a 21 «; 6) 3a 18 v,
253 2ab KM/u; a) 48 km/u; 6) 36 km/
" 7Tb i a) ; 6) KMm/u.
2ab
254. —a a) 24 4; 6) 12 u.
' 255. 28%.
_mptmapy 6 o
258, P——mlT,;'z——, aj) p=206; 6) p=34.
o58, LZPUM s 1900 1 6) 270 1.
Py—p
259. 13,5 xr.
260. 1,5 xr.
261. 100 r.
262. 64 v
263. 150 » 450 r.
ogq, PEAM AP TPIM ) 300 u 15D 1 6) 400 w 200 r.
P1—P2 =
265. 0,25 sespa no 10 rpkeen u 0,75 peapa no 6 rpuBen 3a Bexpo.
270. a) 1; 6) 1; B) 49; r) 4%; n) —4; e) O; a) O; 3) 1.
271. &) (x—4P+1; 1) {427 ) (x+25F—12,25;
&) (1—15F~025 %) 2((x—2P— 05K 3) 3{(x—1P—3 )
132 2% 132 1
93(( 4 +8) 0 (=9 +3)
275. a) 2(x—1){x—1,5); 6) 3(x+2) (x—%).
2
276. a) {x<45)(x43) 6) 4(x—-—;—) .
203. a) 0; 4, 6) 0; —6; B) O; —%.
204. 6) 3, —3;8) 5 —5. r} 4 —4; a) T —7; e) Her KopHeii.
205. a) V3; —\V3:6) V5 ~V5:0) VB —V3: 1) —5V2:5V2; n) —05V3;
05V3.
oo ndme 118, 0 =5V
296, a) O 6; 6)0.3.3) 11 1_15’” o T
297.a)0;6)0,8)0; 4, 1) O; 10%: ay o; —]%.
300. a} 0; 2, 6)0; —4, 0y —2; 2, 1) —4; 4 2} —0,75; 0,75
303. % H —%. eciH mak0; et KopHEd, ecan m=0 v n3k(}; x — Awboe vucao, ec-
An m=n=0,
308. a)2: 4, 6) —2; —3;8) —I; 2; 1) —3: 2; n) HeT kopHel; &) —2; %) Zi=-Ve1 ml;

5
% 61 . 3) 0.5 1,5; u) —?;—; 2.

271



316.

31

315.

316.
.

318.

322,

323.
324,

328.

359.

360.

272

. a) —0,5 L; §) 0,25 0,5 8) —-—22' 3r) -—7%; 7, 8) 0.5 2 e} 02; 5. /

7

a) —1; 25; 6) 6; 8; 8) —6-?-: 7, 1) _1_2 V2 _!-; var . &} —0.5: 91
—13—\253 —134V283 . 2 .1 .

e) 03 ; m P XK) 3.33.3) 1.5; 2,5. \

2) —4; 5 6) —2,5; 2, m) -:-13—; 8 r)—1%2a) —%: 5; €) ner wopneir; x) 2,5; 6;

a} —1; &

Mpn m= —2\{3_, m=2 \/:_3—; 6) HH MPH KAKAX M; B) NpH M=
= —4.

a) 1_”0'_“ 1t Va'_“ . 6) 2—2V1—"7; 242 Vi—a.

3 r) npy m=0,

a} MNpu a<<1; §) npu a=1; 8) npu a=>>1.
a} a; 2a; 6) 0.5, ecqv a=10; 1—Vl—a . [+Vi—e ,ecnH as=0na<<l;},

a a
ecnt a=1: ner Kopuef, ecan a>>|.

a} 2; 6) ner kopueii; 8) 0,5 2; v} —3; —%; a) —12; —4; e) —2; 11; ) ner
KOPHEil; 3) HET KopHed.

A —2% I e) —2 3 ) —8 —6 3) —I1; —6.

a) —%; 2 6) 2—V14; 24V14: 8) wer wopuer; r) —1,5 1) —2
i e) 1—\73 473 ®) 1—Y20 14Y29 s) —1; 3

16" _ s 14 14 147

a) Her wopueii; 6) ner Kophed; B) X+ x=—3 xuo=—2, r) x+5=23
=2 0) g+ x=2; xyo=I; e) x;+xn=—4 xxn=4=

da 7
.a) 0w 1l; 6} 14 v 15; ) 4 a Il; 1) L6 W 28

a) 7w 13; 6) —5 14 3

a) 35 v 53; &) 51.

a) 160; 6) 60 M% 4 cu W 15 cm; B) 04, Aa, HET; T) 8 NATHYTOALHHKE.

a) 31; 6) 7. 348. a) 28 w; 6) 5 u 5 cu. 349. Ha 20%, na 30%. 350. Ha 5%,
Ha 4%.

La) —VZ, — L 5 V256) =3 —1L, 3 e) —2 —1 ;2 7) —5 —1; I; 5

2) —4 —2; 2 4 ) ner xopueli; X) —V3: —V2: VZ;V3:3) —25 —2 2
25 0 —1; —_\/%_; _\/é_; L k) —\V06; —Vo4; Vou Vob.

a) —V2;V2;6) —h 4 8) —4 4 1) ~5:50) —1; I; e} *%: %;
x) —\35; V35; 3) —V15; V5.

a) Her wopmei; 6) —\15; V15; B) wer wopued; a) —

_Vs—ﬁ\ﬁ ;Vs—GVET ;V3+6\/5;

3+V5

6 1




e) —VI154+3V21 ; —Vi5—3Va1 ; Vis—3var; Vis+3yer .
.a) =3 —=2,0:600 ;% 8) —L,0; 35 r) —5; 0; 2
I36{5 Ay —2; —1; L,5; ¢) %; 2,3 k) =3 —238) —1;1; 2, 3
‘372. a} 1; 6) —2: B) HeT kopHed; r) HeT KopHeif; a) —2,
373. a) 2, 6) —4; B) HeT KopHedl.
374. a) —1, 0; 5; 6) —6; 0; 3; B) 2; r) —1; A} ver Kopuef.
876. a} Ha; 6) aa; B} aa; r) Her.

377, a) %; 6y —1;B) ;) 10, a) —3: 3, e) —4 5 w) —3; 3 3) —5, 5.

378. a) —1; 6) %; e) 0.5 r) 0,2.

37. a) —36)0;8)0; 1) —2.

380.a) 25 6) ;) 1. 1) 2

381. a) 1,25; 2; 6) —6; 4; B) Her wopHef; r) L.

382, 2) —16; 8 6) —15 8) —1—V6; —1+V6:r) L a) 7; ¢) lﬁ%; W) Her
KopHed,

383. a) —4,; 2.

384, a) -g-: 6) % 385. a) ’,?'; 4) %; B) %

386. a) 10 xm/u; 6) 40 muu. 3B7. 60 w 40 kM /v

388. a) 10 km/u; 6) 4 km/u. 389. a) 48 u 40 nevanelt; 6) 8 n 6 peranesr.
390. a) 40 uw 30 crpannu; 6) 25 n 3,5 m.

391. a) 25 w 20 n; 6) 14 u; ) 4 1 12 KM/N.

392. 3a 10 n 15 4. 393. 3a 64 ana. 394. B km/u.

395. 3a 24 u. 398. a2} —3; I; 6) ner kopredi; B) —1; 15 r) 2, 3; n) i—;_i; —6;
. —54-Y51
I; —

399. a) —-;T; 1; 6) —1; n} 3_Vﬁ H 3+4VW ; I} net KopHefi; a) —I—VET; -5

4

—1; —14V6.
400. a) (2474324 3)(x—1)+6; 6) (£~ +2x+6)(x—1)+5.
402, a) (24 x4 1} {x—2)% 6) (AF—x+ 1) {x—3)

B) (x—1)(x—2)(x+3% r} (x+ 1) {x+2)(x+3%

a) (x— 1P (x+2% 3) (x+ 1)
403. a) —1; —2; 1, 6) —1; —2; —3;8) —4 1) —2, 0) —4 L, e} 1; 2,
404. a) I; —2:6) —1; 2, 8) -2, —1; 15 35 0) =3 —1; 1; 2
405. a) —3; 05, 2; 6) —2; —0.5; 3; 8) —%: r) %
407, a) 7—2i; 6} 3+ ) —IB—38; r) 11,944.30
408. a) —i; & 1) _'_2"\!3_; _"';ivi.

409. a) %; 6) 0; 8} 32; r) 180.



410,

412
415.
418.

419,

420,

424.

422,

428.
436.

444,

445, a

4486.

447,

450.

451,

452.

274

1 67 37
8) 5 6) 30z55 ®) L) 1o /
a) 1,732, 6) 2,236; s) 2,246. 413. | 41421,
a) Her; 6) HeT; B) Aa; r) 4a; 4) HET; €) HET.
a) 0,25; 6) 50 000; s) 5000; r) 40 000. \
1 L4+ 8) 5 ) ay—bx ) 2¢—9

a) a2’ 6) 2(;’+y“) ! 6{x— y)' r (a—b)xy ' a—3 "

244 952 —254° 1
€) .- %) Bxg 3) - .H)a+ 7 K) drto

) n—m—p—g ] 4xy 4nt
VS G me—ne—a DD 2 g N w

1wy —mt2 l , 4 v
a)]_x.o) 1 —a; 8) m(m,‘,_‘),r) )4 c”e)y’ l,m) H
3) —1
: x4

a) a; 6) 2, B) —— +b )-—-—-—-—x_y.
a) 36; 44; 63; 6) npn a=—1, 0, 2, 3.
a} 2m—3nm 6) 2a4-3b, 8) o; —H; r) a; b

| 1 1
i L sy Ky
a) 1 : 8) x—5

—27 x—3

2x 3 3x—1
)2x 7' » 6) 2x+9°
e) x—12

(x—1)(x+5)"
a) 05 07 6 V2 4\2: ») 5_?1 31 ; 5+2V—, r) Her wopuefi;
x) ——\-:!3—-6_—; 3} wer Kopued; W) —7, %; K) —15 V2 J)WE—_J,@_;

4\522\5; ) V{ \F+1 V_—\/—_
~VZ+ V23 ; 0) mer xopue#; n) —53; 0; p) O; l—l
a) _V9+W ;-\/9+M 16) —4; 4; B) —V1+V@‘;V1+Vﬁ;
N —V7: V7: a) —V]_ 1+V_
l; Je) —1; -g—; 1.5;

a)1;6) —Lse) —2 —1; =05 1;r) —1; 8) —1; 3
Wy —5 2,5 3) —4 =3 4w —3F =2, 3 ) =22 3

)—1036)03V_3+V- )0—3r)0l52n)59e)34

-1-; W)y 05 1, 2, k) —1; 05 2.

®) —1: 0; 3) —%; 3



\453.
i54.

455.

4566,

457.
458
459,
460.
481.

464.

468,
489.

472,

473,
476,
471,
478,
479,
480,
481.
482,
483,
484,
485,

4836.
487.
488,
489,

507.

527.

532.
537.

a) I; 25; 6) 4, 25; 8) 25; rY 4%, 0) —1; 0, 1; e} O.
a) 3 6)8&8) =207 1) 2—\T: 24+VT: e) 4 x) 6; 3) L.

27-\289  27+\/489 —5—\67 —54V57
S o9 7 SR

; B) HeT Kopued;

' 2
0 195 5 2k, 7, o =5 VEL . —5+VEI
7 4 1
a) -g— ] %; 6) 22 cn®; B) 4 w 16; 1) 12; 18; 90; a) 5; 7,5; 12,5.
3a 18 cmen.

a)8n26)4nl2

ay3nl2;6)7n4

a)l n9 6)8 w8

a) 420 peraned; 6) 6600 peraned; a) 18 aeraqedi.

. a} lfiE KkM; 6} wepes 20 mun.

3
14% KM.
Yepez 6 u.
a) 80 um.

a) 22201; 6y —iiY, —-ll—.

i
13w —8
10w 20%.
11 n 12,
32 cm.
15 v 10 ra.
1,2 u 24 «kr.
IMo 26 r.
— M, —10, —9 waun 9, 10, 11.
a)3a 8 u; 6)3a 6 n 8 u
ay 10 w 15 v wan 12 » 12 u; 6) 18 w 24 u.
24 ropa wan 29 Jer. B cTADHHHOM DYKOBONCTBE HADHCAHO, €...TAK K&K BONPOC
K8CAETCA BO3PACTA AAMBI, TO H3 BEXAHBOCTH HYMHO NEpel palrKafoM nocTa-
BHTB HHXHRA 3HAK», T. & CYHTaTh, YTO BO3IpacT AaMul 24 ropa.
ay 2 a.
a) 6 an; 6) B 2 pasa.
B 1,5 pasa.
B 2 paza.

a) 8; 6} l%; B) —i—
a) y=ix' 6) y= —lx; e) y=1,5x
37 | 8 ’
a} —1; 6) -5
a) s=4{45; 6} s=06{42.
a) [Teprana TOuKa LBHrAAACE B NOAOKHTEALHOM HANPABACHHH, BTOpaf — b

oTpHUAaTeAbHOM; G) B MOMeHT (=0, B) B Moment f=4; r) 0,5 v —1 wm/c;
a2} §=05¢f s=—1+6.
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545.

550.
557.

595.
596,
599,

6186.
617.
619.

626,
627,

692.

702.

725,

726.

739.
740,
741,
742,

743.
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. a) 0; ) 0,2, r) 0,8

. a) 3—; 6) % 621, a) %; 6) 1. 622, a) 1; 6)

. 3

a7, 612, 8) 7; r) —8. /

i

a} x — awboe uncao; &) x — niofoe uence uncao; 8} — 1.5 2,5
a} Ha; 6) Her, B} Her; r) pa.

. a) 12, 6) 2 uan —2; 8) &,

. a) Mpu x5£0; 6) npn x=—2V5; 2V5; 8) y>0,025.
. a) —1 uam 1; 6) —0,008.

. a) 5, 6) —8; 8} 3.

a) (—1; 0) 6) (—9; 0).
a) x=12; 6} x=-T7.

. a) y=0,5(x—5)%; 6) y=5(x+4) .
. 2) y=2(x48)"

a) Touka A npuragaexur rpaduky GpyHxown, Touka B — wer.
a) —720; 6) 7 wau 5.
a) y=x2+45; B} y=052+43.

. a) g=2{x—5¥—1.

a) y=x+1; 6) y=—2x+10.
a) y=—x+7; 6) y=2x—45.
a) (x—3¥+(y—5F=16.
39 3—c¢
¢

154
a) [pm x%=—1; 6) npn x#1.
) Tlpn nw6wX 3HAYERHAX X,

. a) VB +1;6) V31 ) V2 —1; a) VI3 =2 %) VB 43V2: w) V7T V5.

. a} Her;, 6) aa; B} na; r) ner.
.ldpp m=1 n m=~—2,

. [pn =27 u = —64,

. Mpw f=—2 n {=3.

. a} 10; 6} 7; B} \/ﬁ; r} VEE
. a) (x+2F +(y— 1/ =25.

6 nneit,
100k
—— y; 2} 38 2 u; 6) 32 1,5 u.
* ot ¥ Y )
6n 6 am
70 cM®. 704, 25 M. 705, 2% 1
2 2 10
a} 35, 6) 15 8) 4 r) 28 a) 23; e) L4 x) 10; 3) 2ﬁ: ) 2E‘
10 2
K) 7 n) lﬁ‘ m} 16.
7 . 12
a) 2,1; 6) 16,25; ) 108; r} 10; n) TR e) 0.5; x) 75 3} 0,9, n) 2.

a) Ha 5%; 6) 840 aetaaei; B) 90%; x) 12 T
r) Her, a) 100 m.

a) 31 mawuna; 6) 14 r; n) 67,2 .

a) 4,8 kr; 6) 10 xr.

a) 14% m; 6} 9 m



810.
811.
812,
814.
818.

817.

832.
.a8) a=—025 b= -5 6) a=—1; b£t —2

LAy (—3 35 (3 3 8 (2 1)

. a) Her pemennd; 6) 2 pemennn; o) 2 pemennn. ¥ KaaaHue.

847,

. a) Ha 120% G) na 4 u,

. 12 u 8 crankos.

. 50 n 30 km/u.

. Ha 3 ropa.

. 12 ner.

. 16 ner. 772, 16 ManbuMKOB.
. 15 net.

. 13 0 27 Twe. p.

. 44 n 12,6 e, p.

26%.
a) Ha; 6) ner.

. 6) Ha; B) uer.

a} Mla; 6) Her.

. a} Her: 6) na. 5 9
. e) (—2 —a) (4 2% x) (—35 375) (4 0 3)(3; _E); (0 1% u) (7; —2%

(1, —4).

e) (—l%; l%)

B) (5,1; —4,9% r) {—9.7; —10,3).

a} (L 6) (6: 1) 6) (L; 5% (—13; 19).

a)(h 2,13 6)(—1; —2, 3% ) (2 1; —1).

a) (3 & 15 (1 2 3 6) (=L —2 —=3), (=30, —1).

L, a)9nl19 6 —1lay =25 2inll;e) —4u7,r)6u —b
. a2 n 9 m; 6) 6 u Bm.

. a) 40 u 32 mevaam; 6) 5 m/c.

.a8)3H —8 —5un —16;,6) 18 n 14; —18 n —14

. a) 64; 6) 24.

. @) 25; 6) 54; B} 34 u 43.

.a) 32 12 u 24 ¢; 6) za 10 gueil.

2) 3a 12 u 8 auedr; 6) za 10 u 12 gued.

., a) 80 u 25 neranedt; 6) 10 w 15 aned.

a) 36 m 12 v; 6) 30 u 20 u.

a) 120 aactos 3a 15 mued; 6) 110 » 132 q.

a) (5x; 4—3x)), roe x— uenoe uucao,

a) (4, —2% (6, —4) (0, —6) (2, —8).

a) (1; 25 (3 =2k (—1; —2) (—% 2

a} (3 3y (5 3% (2 45 (2 23

e) (5 1) (5, —3) (70 —1) (3 —1).

BopobGeen, ronyGeh n ropann 6, 20, 14 wau 15, 10, 15.
a) 0.5, 6) 2.

BTOpOE ypaBHenne K saxy (x—af-(y—bF=R2
L L
a)gi 6) E‘ B) 2’ r) 3‘ Il) 0, e} 1.

. @) (—5 —4) (4 5% 6)(3; 25 (—2 —3% 8}(Z 1) 1) (3 —1% n) (—2,75; —3.26)

. a} (x; —x), roe x — nwoboe uucao; 6) (x; x), roe x — awboe uwucao;

Mpeotpasykre
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BGS.

868,
870.
872,
873.
874,
875.

878,

882,
883.
885.
886.

898.

848,
949,
950,
952,
958.
959,

a) %; 6) %; B) 1; r) 0. 850. a) %; 6) %

a) %; 6) %; B 218: r) 0. 852. a) % §53. % B54.
a]%; 6) %; B) % 850, % 864. —;-

a]%: 6) %; B) %; r) 0. 867, a) %; 6) %; ) %

a) 120; 6) 720; a) 5040.
a) 10; 6) 50; a) 380.
a) 24; 6) 20; s) 60; r) 840.
a}) 4; 6) 5; s) 10.
a) 10; 6) 45; s) 66; r) 12
30. 876, 10. 877. 20.

1 i [ 2
a} vk 6} TR B) x r} 7-
a) (8; 12); (12, 8); 6) (12; B) 8) (0; 0% {6 2).
e) (6; 4% (4 6% 2) (3 7) (7: 3)
e) (6; 4); (4 6)% r) (—15; 25), (§; 2).
a) (36; 64), (64; 36).

. m+n 3x i

a] 0,5. 6) —-3—m— 809, a] -a-y—,‘ﬁ] E
5 u. Jinwuee ycnosue <20 xm»,
a} 2550 u 2450 n; 6) 3a 4 u; B) 32 27 u; r) 32 48 u.
a) 150 u 450 r; 6} 75 kr; 8) 6 2.
7 n 5 Mewxon.
5 uenoeek.
Han 120 wopos wa 50 nnedr. 963. 5, 11 w 13 p.
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NOCJAECJIOBHE AJI51 YYHUTEASA

Yuebuuk «AareGpa 8» npomosxaer ceprio yyebHukos «MTY —
wxoJae» apropos C, M. Hukoanckoro, M. K. Tloranosa, H. H, Pe-
wetHHKoBa, A. B. lllerkHRa. 3ToT y4eSHHK npeaHasnaveH pas 06-
uieo6pa3oBaTeNbHBX KAACCOR, B KOTOPBIX AOMOJHHTE/NbHLIE MATEpPH-
ajJbl H CAOKHBIE 3a1aYH MOXHO He paccMaTpuBaTb. Ecau ke ume-
eTcd AOCTATOYHO YacoB, €CJAH KJaacc MPOABJAseT HHTepeC K MaTeMa-
THKe, TO 32 cuer donoAnerull B KOHUe [JaB y4eGHHKOB, 4 TaKXKe
OYHKTOB M OTAEABLHBLIX 3a0au €O 3Be3fOoUKof, HeobszaTelAbHbIX B
o6e1aHEIX 061eo6pasopaTeNbHEX KAACCAX, MOXKHO PACWIHPUTE H yr-
ay6uTh coflepkKaHHe H3aydaeMorc MaTepHada o ofbeMa, npel-
YCMOTPEHHOTO NPorpaMMoR AJs KJIaccoB ¢ YrayO/JaeHHBIM A3yYeHHeM
MATEMAaTHKH, T. €. yueOHHKH MOXHO HCOOMbL30BATh KakK B OOBIU-
HbIX, TaK H B KAaccax ¢ yrayGJeHHbIM H3y4eHHeM MaTeMaTHKH.

ABTopHl yueGHuxop cepua «MI'Y — mwixoae» CYHTAlT NPHHUHNH-
aJbHO BAXKHBIM BECTH o6yueHHe WKOJABHHKOB B paMKax obuieoGpa-
30BATEILHON NMPOrpaMMbl H NPOTPAMMBL ¢ YIAYGAeHHBIM H3YYeHHEM
MAaTeMAaTHKH MO OQHHM K TeM Xe YueOHHKAM, HauMHasi ¢ 7 xkJaacca.
Torjaa nepexoa ¢ oaHOH NporpaMMbn 06y4eHHA Ha APYyryw He Oymer
BHI3bIBATh TPYAHOCTEH HH AJIA YYallHXCA, HH AJfA YYHTeseH.

B 7 knacce yxe usyvena tema «IleficTBHTeNbHbIE YHCAA», 03BO-
agomas cGOpMHPOBATE ¥ yYallHXCHA NpeAcTaBAeHHe 0 AeficTBATeNb-
HOM YHCJIE KAaK O AJHHe OTPe3Ka, TOUHee, KaK 0 KOOPAHHATE TOUKH
KOOPAHHATHOH OCH. 3T0 RaeT BO3MOMNKHOCTb 3HAUHTENABHO YHOPOCTHTh
paccyXheHHS, CBA3aHHBIE ¢ NOCTPOeHHEM rpadukoB ¢QyHKuMi, ¢
onpeaefieHHeM KBaJpaTHOro KOpHA H T. M. [Ipn TakoM noctpoeHHu
Kypca a/ire6pH W3ydenHe QyHKUAOHAALHOTO MaTepHalda HMEET NoJ-
HOUlEHHBIH HAYYHBIK ¢QynaaMeHT.

Yuebunk «Anre6pa 8» BxJaouaer uervipe raabbi: [. [Tpoctefilune
¢yukuan. Kpagparanie xopan. II. KsaapaTHeie H paLHoHaJAbHbIe
ypasrenus, 111, Jiunefinas n kpagpatuunas ¢pynxuun. [V. Cacremsl
panmnoHaNbHEX YpaBHeHHHA. K Kaxaofi rmaBe WMelOTCA RONOAKEHHA,
COREpKAaliNe HCTOPHYECKHE CBeAeHH: B HeobA3aTeNLHLEIA MaTepHan,
He BXOJAWANA B nporpaMmy Adaa o6leo6pa3opaTebHEIX KAACCOB, 2
TaKXe 3aflaHHd JJAA NOBTOPEHHA.

Ilepean rnaBa HauHHaeTCA C NOBTOPEHHA H PACLIHPEHHA CBefle-
HHfE O YHCJAOBMWX HepaBeHCTBAX, YMCAOBHX MHOXECTBAX, KOOPAH-
HaTHOR OCH M CHCTéMe KOOPAHHAT Ha NJIQCKOCTH,

OcHopHas uenb NepBLIX NYHKTOB — BBECTH HOBbie 0GO3HAYEHHS,
NOBTOPHTL CBORCTBA YHCAOBHIX HEPABEHCTB, HAIIOMHHTBH O TOM, UTO
MEeXIYy TOUKaMH KOOPAHHATHON OCH H BCeMH AefCTBATENbHLMH YHC-
JIaMH, 2 TaKXe MEeXAY TOYKAMH KOOPAHHATHOM MJAOCKOCTH M YNop#-
JOYEHHHIMH DTAPAMH UHCE HMeeTCA B3aMMHO ONHO3HAYHOE COOTBET-
cTBHe. UHHMA COBAMH, HA0,9TO0b! YYallHecA OCO3HAJNH, YTC KOOP-
AKHATHAA OCb NMOJHOCTBIO 3aM0JHEHa YHCAAMM, YTO OHA HEe «AbIpA-
Basi». 3T0 OyJeT BCKOpe HCNO/IL30BAHO NPH NOCTPOEHUH TPAPHKOB
GYHKUMA — HAaA0, Y4TOOK HX MOXKHO GbIJIO CTPOMUTH IO BCEM TOYKAM,
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a4 He TOJbKO 0 «PAlHOHAJbHBIM» (MMEIOIUHM paLMOHAJABHLIE KOOP-
AMHATBI) TOYKAM.

3aTeM BBOAMTCA NOHATHe (pyHKUHH no Jlo6auesckomy H JlHpHX-
Jie, TOBOPHTCA, YyTO QYHKUHA MOXeT ObiThb 3ajaHa uau GopMmyJioH,
uAH Tabauuei, viH rpagukomM. PyHKUHO, TpadHK KOTOpPO#H ABAAET-
CA HeNpepbiBHOH JHHHEH, MOAYyuaeMOH HENpEepPbIBHBIM [ABHXXEHHEM
KapaHaaiwa O6e3 oTpnBa oT O6yMaru, Ha3blBalOT KHenpepuisHoll.
Onpenenenye HenpepbiBHOH PYHKUHH Yepe3 HeNpepbIBHOCTb ee rpa-
¢puKa He TpeOyeT OT yuaulHXcA Kakux-Ju60o ocoObiX YCHJAHA AAfA ero
noHHMaHus. PaccMaTpuBasi HenpephiBHBIA rpaduk, aerko y6eauthb
y4allHxcs B TOM, YTO NPHUBERXEHHOE ONpefeJeHHEe PABHOCHALHO H Ta-
KOMY onpeaeneHHo: ¢GyHKILHSI HelpepbiBHA, €CJH MaJoMy H3MeHe-
HUI0O apPryMEeHTa X COOTBETCTBYET MaJjoe uiMeHeHHe PyHKuMH f(x).
B o6bluHbIX KJaccax He CTOMT NBITATbCA KaK-AHGO NMOACHHTL 3TO
aHAJHTHYECKH, AOCTATOUHO YO6EAHTHCA B 3TOM HATASAHO C MOMOLIbIO
rpajguka.

Bropoii naparpag nocsdiieH H3y4eHHIO NnpocTelinX QyHKUHEA:

y==x, y=»x, y=%. [lpn ux paccMOTpPeHHH BBOAATCA [OHATHA: BO3-
pacrtamwulas, yObiBaowas, yeTHas, HeueTHasd QYHKUHH — M N0Ka3bl-
BaeTcsl, KAK CTPOMTb rpapuku 3THX QYHKIUA.

[Taparpag 3 nocBslleH KBagpaTHbIM KOPHAM. TaK Kak B 7 xaac-
ce yXe H3yueHHl BCe NeACTBHTEe/bHbIE YHCJa, TO 3AeChb HaJ0 CHava-
A, HCMONb3ys HeMpepbIBHOCTb rpaduKa DyHKUHH y= X°, y6eAuThCA
YUCTO rpaduueckH B CYLIEeCTBOBAHMH TOJNLKO ABYX KOPHEH M3 NOAO-
XKHUTEJBHOTO YUcJa.

Uto xe KacaeTcs CBOACTB KBajApaTHLIX KOpHEH, TO OHH B y4eOnu-
Ke N0Ka3aHbl ¢ UCNOJb30BAHHEM paHee NOKA3aHHHIX yTBepXKACHHI.

B peayavrare usyuenusn 2aasw I yuauwuecsn doaxcno: osaaders
OCHOBHLIMU NOHATUAMU, CBAZAHHLIMU C PYHKYUARAMU, HAYYUTOCR
NPpUMENATL UX K npocTedutum Pyuxyunm, dobursca snosrue 0cos-
HAKHO20 U GKTUBHOZ20 08AGOEHUAR OnepayuamMu xad Keadparnoimu
KOpHAMU.

Fnasa Il B OCHOBHOM MNOCBAlEHA KBajipaTHLIM YPABHEHHAM.
H3noxenne MaTepuasa OTJHYAETCH OT TPAAHLUHOHHOIO JHLIb TEM,
YTO CHa4yaJa M3ydyaeTcd KBaApPaTHbIH TPEXuJieH H C ONnopoit Ha 3TOT
MaTepHaa BBOASATCA (QOPMYJabl KopHeH KBajApPATHOrO YPaBHEHHS.
B § 5 paccMaTpuBaloTCs pallHOHAJAbHEIE YPABHEHHA, KOHEYHO TOJb-
KO Te, KOTOpble CBA3aHbl ¢ PEIUCHHEM OJHOrO MJAH HECKOJbKHX KBal-
PaTHBIX HJAHM JHHedHbX ypaBHeHull. Caenyer o6paTHTb BHUMaHHe
yuyalluxca Ha TO, YTO NPH pelleHHH pPallHOHAJbHbIX YPAaBHEHHH HaAO
NoJAb30BaTLCA BCEMH CBOHCTBAMH aarefpauueckux apobeit, Kpome
NpaBUJ COKpalleHUs (HAH YMHOXeHHs) ApoOed HAa MHOXHTENb, CO-
fepXKallHiA HEeH3BECTHYIO BEJHYHHY.

Oco60 Hajao0 MNOAYEPKHYTh, YTO HENPaBHAbLHOE YNoTpebJeHHe
npaBu/ja cOKpalleHHs APpo6GeH MoOXXeT NMPHUBECTH K MOTEpPe HJAH NPH-
o6peTeHHI0 «JHIIHHX» KopHeid. Heo6XoauMO 3aTpaTUTb AOCTATOMHO
BpeMeHH Ha TO, yTOObl yyallHecs HaYUHJHCh pellaTh TEKCTOBHE 3a-
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HauyH NpH MOMOWH PALHOHAJIbHBIX YPaBHEHHH.

B pesyavrare usyduenun znasvi 11 ywaujueca doancuovt nayuuro-
CA peuwtaTs K8adparnvie YpasHeHUR u CB00AUUECRA K HUM PAYUO-
HAAGHBIE YPABHERUR U YMETd NPUMEHATL 9TH 3HARUA K peleHuro
TEKCTOBMX 3ada.

I'naBa IlIl nocBauleHa H3y4YyeHHIO JHHeHHOH H KBaApaTHYHLA
¢yukuni. [pn nayyennn ¢yHkumn y=ax’(a>>0) Heo6XxoaHMo 06-
pPaTHTL BHHMaHHe Ha noJyyeHHe rpaduka 3Toll PyHKUHH pacTsxe-
HueM rpaduka ¢yukunu y=x’. Ha npumepax ¢yukuui y=kx,
y=|x|, y=ax® Tpuxap oTpabaTeiBaeTcs NpHeM NepeHoca rpaduka
¢yukuun Baosab ocei Ox u Oy. B kauecrBe HeoGa3aTe/IbHOrO Mare-
pHasa no 3Toi TeMe AaHbl YpaBHEHHA NPAMOH H OKPYXXHOCTH, 0OKa-
3aHbl NpHEMbl NOCTPOEHHR rpapuKOB (PYHKLUHH, COAEPIKALIHX MO-
RYJH.

B pesyasrare usywenun znasoi Il yeawuecs dorxcnot naywurs-
Ca cTpours 2pagux awbod auneidnod u xeadparuunoi Pynxyui u
T8epdo snarv ceolcrea 3Tux Pynxyui.

FnaBa 1V nocBfAuleHa peLIeHHIO CHCTEM palHOHAJBbHBLIX ypaBHe-
HHH; OCHOBHbBIM NPHEMOM peEleHHS CHCTeM, KOTOPBIR pacCMaTpHBa-
erca B § 8, ABaserca cnoco6 noacraHoBku. Takum o6pa3oM, B 3TOM
naparpage pacCMaTpPHBAIOTCA CHCTEMbl, KOTOpbie MOTYT ObITh peLie-
Hbl cnocoGom noacraHoBkd. MckyccTBeHHbie cnocobbl pewieHHsl CH-
CTeM PaLHOHAJIbHLIX YPABHEHHA NPAKTHUECKH He pacCMaTpUBAIOTCA.
Bce cBoauTcA TaK WM HHAYe K cnocoGy NOACTaHOBKH,.

B § 9 paccmarpuBatoTcs npuMepbl NpAMeHeHHR rpadHKoB K pe-
LIEHHIO CHCTEM YPaBHEHHH M OTAe/IbHBIX YpaBHEHHH, pelIeHHe KOTO-
pPblX NPHBOAUT K PEIIEHHIO CHCTEMbl YpaBHeHHH rpadHueckHM cro-
coGoM. Yuamuecs ROJXKHbl NOHATb, YTO NPHMeHeHHe rpadUKOB Mo-
JIe3HO NPH BLIACHEHHH KOJIHYECTBA pelleHHA CHCTeMbl YpaBHeHHH,
3HAKOB pelieHH#l, pa3JHYHBbIX OUEHKAX, HO TOYHBIX pellednii, Boobtle
roBOpf, 3TOT cnocol He naer. TouHbie peuleHHd NOAYYaOTCH JHLIb
B HCKJIOUHTE/NbHBIX CJAYYafX, H 3TH CaydaH TpeGylOT AOMOJHHTE/b-
HOH NpOBEepKH.

B pesyavrare usyuenusn 2aasot IV ywawueca 0oaxcHot HaywuTo-
CA PewlaTs CUCTEMN PAYUOHANLHHIX YPABHERUU U NPUMEHATL NONY-
HeHHbIe 3HARUR OAR peulenus TeKcTosuvix 3adad.

Huxe npuBeneHsl TPH BAapHAaHTa NPHMEPHOTO TeMATUHECKOZ20
naanuposarusn. 1 BapHanT npeaHasHadyed A4 pa6orbl pH HAHMEHD-
weM uncae uacos (102), 11 sapnant — ana paGornl npu 119 uacax,
a Il sapnanT — aas paGorbl No nporpaMme IJf KJaccos (LIKoA)
¢ yriayGaeHHbIM H3yYyeHHeM MaTeMmaTuku (170 u).

8 kaacc

1 Bapnanr: 3 u B Hepeaw, Bcero 102 u
Il BapHaunT: 4 u B Hepedio B | noayroauu, 3 u B Hemesio
Bo Il noayroaun, Bcero 119 u
B cko6Kax yKa3aHO 4HCJ0O 4aCOB, OTBEACHHbIX Ha H3y4Y€HHE rJa-
Bbl, naparpada, nyukra no | sapuanty naanupoBaHua. 3Be3104KOR
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OTMeueHbl AONOJHUTEAbHbIE YPOKH NpH paborte no |l Bapnanty naa-
HHPOBAKNS.

Faasa 1. Mpocrefimune pynxunn. Ksapparubie xopun (25-4-6%)

. ®ynkuun n rpadpukn (9).

1. Yucaosbie HepaBeHcTBA (3).

2. MHoxectBa uucea (2).

3. JlekapToBa cucTeMa KOOpPAMHAT HAa NJAOCKOCTH (1).
4. IlonsiTne Ppynkunn (2).

O. Ilonsathe rpaduka pynkunn (1).

2. OYHKUHK ¥ = X, Y = X, y=%(7+2*).

2.1. dynkuus y=x u ee rpadpux (2).
2.2, OyHkuua y=x (l+l:).
2.3. Tpapuk PpyHkuun y=x° (1).

2.4. DyHKuHA y=-i—(x>0)(l).

2.5. T'pagpuk PyHkuuH y=%(l+l"‘).

KourpoasHan paGora Ne 1 (1).
3. Ksapparuunie xopun (942%).
3.1. TlonATne kBagpaTHOro KopHsa {2).
3.2. Apupmernueckuit KBaapaTHbiii KopeHb (2).
3.3. KpaapaTHuill KopeHb M3 HaTypaJbHoro uucaa (1).
3.4. [IpubauikenHoe BbIYNCJIEHHE KBAaApPaTHHX KopHeh (2%).
3.5. CpofictBa apudpMeTHUECKUX KBaapaTHHIX KopHeil (3).
KonTpoabuas paSora Ne 2 (1).
Jonoanenns k raase [ (2%).
MuoxecTBa.

Fnapa 1l. Keaapathnie H paunonaabinie ypasHerus (29-4-4%)

. KBaaparume ypasnenns (16).

KBaapatunifi Tpexusen (2).

[lonsiTve KBaapaTHOro ypaBHeHHs (2).

Henonnoe kBappaTtHoe ypaBHenue (2).

Pewenne kBazpaTHoro ypaBHeHHsi o6wero Buaa (3).
IlpuBenenHoe KBaapatHoe ypaBHeHHe (2).

Teopema Buera (2).

[lpuMeHeHHe KpaapaTHbIX ypaBHEeHHMA K peHIeHHIO 3ajnau (2).
Kontposbuasi pa6ora Ne 3 (1).

. Paunonanavubie ypaswenus (13-4 1%).

[Tonatne paunonanabHoro ypaBHeHus (1).

BukBaapaTHoe ypaBHeHHe (2).

Pacnapawuuecs ypaBHenus (2).

YpaBunenue, ogHa vacTb KoToporo aJreGpauveckas apobb, a
Apyrasi paBHa HyJawo (3).

Peulenye pauHoHaNbHbIX ypaBHeHH#A (2).
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5.6. Pewenne 3agay Npu NOMOLIH PalLMOHAJBHBIX ypaBHeHuil (2).
5.7. PelleHHe paunoHaJbHLIX ypaBHeHHH 3aMeHOil HenssecTHbIX (1*).
Kontposbnas pa6ora Ne 4 (1)
HAonoanenns x raase Il (3%).
Pa3fnoxeHne MHOTOMJIEHOB Ha MHOXHTENH M pelleHHe YypaBHEHH.
KoMnaekcHble yucaa.

Faasa 111, Jlune#tnaa n kBaapatnunas ¢ynxuun (2044%)

6. Jluuneiinas pynxuma (9-42%).

6.1. Tlpamasa nponopunoHaJbHAA 3aBHCHMOCTb (2).

6.2. F'padpuk Pyukuun y=~kx(3)

6.3. Jluneiinaa ¢yHnkuua u ee rpadux (3).

6.4. PaBHoMepHoe aBuxeHue (1).

6.5. dPynkuua y=|x| u ee rpadpuk (1*).

6.6. Pynkuun y=[x] u y=_{x} (1*).

7. Keappatnunaa ¢ynkuua (11).

7.1. ®ynxuua y=ax’(a>0)(2).

7.2. ®ynkuua y=ax’(a+0)(2).

7.3. ®yukuna y=a (x— x,)* + y, (3).

7.4, Tpaduk KBaapaTHuUHOH PYHKUHH (3).
KouTpoabnasa paGora Me 5 (1).
Jdononnenns k raase 111 (2*%).

F+

— % Yo-

YpaBHeHne npsaAMoON, YpaBHEHHE OKPYXHOCTH.

[locTpoeHne rpadrkoB QyHKLUHH, COAEpKALIHX MOAYJH.

OyHKUHA Y=

Fnasa 1V. CucTembl pauHoHanbHbIX ypaBHeHuH (19-4-2%)

. Cncrembl paunonanbHbix ypaBHennit (10).

|. TloHsAiTHEe CHCTEMBbl paLHOHAAbHbIX YpaBHEeHHil (2).

2. CHcreMbl ypaBHeHHit nepBoii W BTOpoil cTenenn (3).

3. PemeHue 3agay npu NOMOLLHY CUCTEM ypaBHEHHH NepBON H BTO-

poii cteneHn (3).
4. PewleHne 3apay npH MOMOILLH CHCTEM PalHOHAAbHBIX ypaBHe-
HHit (2).

9. 'padmuuecknit cnoco® peweHHa cucrem ypasHennit (9).

9.1. Tpaduueckunit cnocob pelieHnsA CHCTEM ABYX YPaBHEHHH NepBOH
CTE€NeHH C ABYMfA HEH3BECTHBIMH (2).

9.2 I'padpuuecknii cnoco6 HCCNeNOBAHUA CHCTEMbl ABYX YpaBHEHHH
nepeoil cTeneHd ¢ ABYMS HeHU3BECTHHIMH (2).

9.3. Pewenne cucrem ypaBHeHHi nepBoit ¥ BTOpoH CTeneHH rpadu-
yeckuM crnocobom (2).

9.4. [Ipumepbl pelleHHsi ypaBHeHH# rpaguuyeckuMm cnocobom (2).

Koutposbnasa pabora Ne 6 (1).

Jdonoanenua Kk raase IV (2%).

PewleHne ypaBHeHHH B UeAbIX YHCAAX.

BeposiTHOCTb COGBITHA.

[lepecTaHoBKH, pa3MelleHHA W COMYETaHHA.
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MosTopenne (941%).
[ToBropenue kypca anareGpol 8 knacca (741*).
Hrtorosas KoHTposabHaa paGora Ne 8 (2).

[1l papuaut (yray6seHHOoe H3yYeHHe MAaTEMaTHKH)
5 u B HemeJio, Bcero 170 y

®yuxuun n rpadpuku (12).
OyHKUHH ¥ = X, §y = X, y=%(ll)

KBagpaTHnie kopun (16).

KsaaparHnie ypasHeuna (20).

Paunonaabunie ypasueuns (20).

Jinneitnan dyukuus (14).

Ksagparuunas ¢ynkuna (17).

CucreMbl panHoHaabHuIX ypaBHeHHi (16).
'padnuecknit cnocobd peweuns cucrem ypasHenni (14).
Pewenne 3anau (17).

lMosropenne (13).

PNSRAER N =

JJia noBbIIeHKA YPOBHS MaTeMaTHYeCKoro 06pa3oBaHusa B CTPa-
He, COBEPLIEHCTBOBAHHA LIKOJbHBIX Y4eOGHUKOB MO HHHIHATHBE PeK-
Topa MockoBckoro yHHBepcHuTeTa akaaemuka B. A. CanoBHuuero
pa3paborana [lporpamma «MI'Y — wmkose» M Hauyajoch H3naHue
yue6GHHKOB, COXPAaHAIOUIHX M PA3BHBAWIHX JYyYllHe TPaAHLHH OTe-
YEeCTBEHHOT0 MATeMAaTHYECKOro 06pa3oBaHHSA.

ABTOopbl BbIpaxalwT O6JarofapHOCTb YYHTEASIM, [PHCAABLUIHM
CBOH 3aMeYaHHA H MPEAJOXKEHHA N0 COBEPIIEHCTBOBAHHIO YUeGHH-
koB. 3to O. B. Bowenko (r. Boarorpan), O. A. CyxapeBa (CaHkT-
[TerepGypr), B. U. I'punacos u E. A. YnoBuueHko (r. Boponex),
H. C. XaBxy (MockBa) u ap.

Oco60o caenyeT OTMETHTb yuHTeaed cpeaned wkoau Ne 5 r. [a-
taropcka A. B. Poixkyk u H. A. CaBeHko, kortopboie pa3paboTanu
COOCTBEHHYIO CHCTEMY KOHTPOJAA 3HAHHH yuaulBXCA.

ABTOphI ¢ 61arofapHOCTbIO NPHMYT 3aMEYaHHA H NMPENJOKEHH,
KOTOpbl€ MOTYT [IOMOUYb B COBEPLICHCTBOBAHHH YUeOHHKOB.
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