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NPEOAUCIOBUE

HanHass KHUra npeacraBiaAeT coOoil cOOPHUK 3a71au MO Kyp-
cy ayreOpnl, NpeJHa3HAYEHHBIN MJs ydaumxca 8—9 KJaccoB
¢ yray6JeHHBIM H3YUYEeHWeM MATEMAaTHKH.

B mocoGuM coAepKUTCA TPUHAAILATH NaparpadoB, OXBaThI-
BAIOLIUX BCe OCHOBHBIE TeMEI Kypca ajred6pbl BOCBMOT0O U J€BSA-
TOro o0I1e00pa3oBaTEJbHBIX KJACCOB U PAJX AONOJHUTENBHBIX
BONPOCOB, COOTBETCTBYIOIIIMX IIpOorpaMMe MaTeMaTH4YeCKHX
KJIaccoB. B Hauajye xakaoro maparpada IOMEIIeHbl CIIpaBOY-
HBIM MaTepHaJl TeOPEeTHYECKOro XapaKTepa M pellleHus HeCKOJIb-
KHX THUNOBBIX IIPHUMEPOB.

HmMmeeTcsa npuiokeHue, B KOTOPOM IJIsI CAMOKOHTPOJIA yda-
HIUXCA IIpeAjiaraeTcs ABaAllaTh IIPOBEPOYHEBIX paboT, cocTosA-
LIMX U3 MATH 3aJaHMH Ka)kJas ¥ OXBATLIBAIOIUIHUX Pa3JIUYHbIE
TEeMBI IO BceMy Kypcy. Cieayer uMeTh B BHAY, YTO YpOBEHb
CJIOKHOCTH 3THUX paboT HaMepeHHO 3aJaH BBINIE, YEM IIPeAIIo-
JlaraeMbléi YPOBEHb CJIOMKHOCTH MUCbMEHHOTO 9K3aMeHa 10 aJi-
rebpe 3a Kypc AeBATHJIETHeHl NIKOJbl B KJjaccax C yriyoOJieH-
HbIM M3yYeHHeM MaTeMAaTUKH.

HecMoTpsas Ha TO YTO JAaHHEIM 3aJauyHUK aApecoBaH yua-
HIMMCA CHeIHUATU3UPOBAHHLIX KJIACCOB, AyMaeTcs, 4YTO ero
YCHEeIITHO MOXKHO HCIOJb30BaTh M B 00lIe00pasoBaTeJIbHBIX
IIKO0JIaX U KJaccax, B IIEPBYIO ouepeab JJsd OpraHmusaiuu gud-
¢depeHIITMPOBAaHHOM paboThl Ha YPOKaX, 3aHATHH KPYXKKOB H
dGaKyIbTaTHUBOB.

YacTp MaTepHajioB, COCTABJAIOIINX COAEpPXKaHHue NaHHOTrO
3alayHUKa, UCII0Jb30BAJIaCh aBTOPAMM JJI IPOBEeAEHUA CEeMU-
HapoB B MOCKOBCKOM TrOpOJACKOM HMHCTHTYTE YCOBEpPIIEHCTBO-
BaHUA YYUTEJEH ¢ YUUTENAMH ILIKOJ M KJIACCOB ¢ YIJIyOJeH-
HBIM M3y4YeHMeM MaTeMaTUKH.

B npepnaraemoit kuure naparpadsr 4, 6, 7, 9 HanucaHEI
M. JI. Tanuukum, naparpads 5, 8, 11—13 — A. M. Toasza-
MmaHoOM, naparpader 1, 14 u npunoxenmne — JI. Y. 3BaBu-
yeMm, maparpacdsr 2, 3, 10 — cosmecto M. JI. Maaunkum u
A. M. TonpzgMaHOM; CIpaBOYHEIN MaTepHuaJ K maparpagam 4,
13 manucan JI. 1. 3BaBuueM, K OCTaJabHEIM IaparpadpamM —
A. M. ToaxpagMaHOM.

Asropsr 6saaromapar IO. II. Oyauuusina u A. A. ®oMu-
Ha, YbM 3aMeYaHUHA CIOCOOCTBOBAJH YJAYYIIEHHUIO COAEpIKa-
HUA KHUTHM, U BBIpAXAIOT TIJIy6OKYI0 IIPH3HATEJbLHOCTH
M. O. I'onrpaMaH, oKasaBllei GOJBIIYIO IOMOIIL IIPH IIOATO-
TOBKE PYKOIIHCH.

Bce 3ameuaHus no gaHHOM KHUTre IIPOCUM IPHUCHLIATHL B U3-
IaTeabcTBO «IIpocsemieHue».



§ | MoBTOpPEeHue un yrnyoneHuve
/ Kypca anreopbl 7 kfiacca

1. CreneHb C HaTypanbHbLIM NoKa3aTenemMm.

Crenenslo ynucjia a ¢ HATYPaJbHBIM ITOKasaTeaeMm n (n > 1)
Ha3bIBaeTcsd IPOU3BEAEHUE 71 MHOMKHUTeNelH, KaXIblil U3 KOTO-
PbLIX paBeH a, T. e.

a® =a-a-...-a,
R ——
n MHOXHTENEH
al=a

2. CgBoiicTBa cTeneHein C HaTypaJibHbIM NOKa3aTesieMm.
a®-a*=am"* ns
a”:a"=a™ " ", rtneaz0um > n;
(am)n = a™";
(ab)* = a™b™;

(2)"=_"
b pn

3. OpgHOUYNEeHbl U MHOMOYNEHbDI.

OaHouJleHAMH Ha3BIBAIOTCA IIPOM3BEJEHUA 4YHCe], Iepe-
MEHHEIX U WX HATYPAJbLHBIX CTeIeHed (UUCJOo, IepeMeHHasa U
ee HaTypaJbHasA CTEIEHb TAK)Ke ABJIAIOTCA OJHOYJEHAMH).

MHoroujleHaMu Has3LIBAIOTCA CYMMBI OAHOWJeHOB. Hampu-
mep:

-4a?b3, 7, ¢, d* —~ omHOUJIEHEI;
2a® - 1, 3ab? - 4abc — MHOroOYJIeHBI.

4. DeiicTBMA HAA MHOMoOYJI€HaAMM.

IIpu cl0KeHUU U BHIYMTAHWM MHOTOUJIEHOB MCIOJIb3YIOTCH
OpaBHJIa PAaCKpHITHA cKoGok. Hanpumep:
(2ab - 5¢) + (3a®b + 3c) = 2ab — 5¢ + 3a?b + 3¢
= 3a?b + 2ab - 2c;

(2ab — 5¢) — (3a?b + 3c) = 2ab — 5¢ — 3a% — 3¢ =
= -3a?b + 2ab - 8c¢.

IIpu yMHOKEHUM OfHOUYJEeHa Ha MHOTOUJIEH KaXXAbIH UJIeH
MHOTOYJIEHA YMHOKAeTCA Ha 3TOT OJHOYIEH U IMPOU3BeAeHUS
CKJIAZBLIBAIOTCH.

IIpu yMHOMEeHHH ABYX MHOTOYJIEHOB KaXXABIH dJIeH IIepBO-
ro M3 HMX YMHOMAaeTCsa Ha KAKJbII 4YjJeH BTOPOro M IIPOMU3Be-
JeHHusA CKJaanIBaloTcsa. Hanpumep:
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2a (3a — 4b) = 6a® — 8ab;
(2a - b) (8a — 4b) =6a® — 8ab — 3ab + 4b* = 6a® — 11lab + 4b°

5. DopmMmynbl COKPALWEHHOro YMHOXEHMUS.

(a - b)(a + b) = a? - b%
(a + b)? = a? + 2ab + b%;
(a — b)2 = a® — 2ab + b%;

(a + b)(a? — ab + b%) = a® + b3;
(a — b)(a? + ab + b?) = a® - b3
(a + b) = a® + 3a?b + 3ab? + b3
(a — b)® = a® — 3a?b + 3ab® — bd.

6. YpaBHEeHMA C OQHON NEepPeMEeHHOMN.

YpaBHeHHEM C OJHOH NepeMeHHOIl Ha3bIBAlOT PAaBEHCTBO,
coiepiKaliee NepeMeHHYIO.

Kopuem ypaBHeHus HassiBaeTcd 3HAaYeHHE IIePEeMeHHOH,
NpH KOTOPOM ypaBHeHHe ofparijaeTci B BepHOe PaBEHCTBO.

PemuThs ypaBHEHHE — 3HAYUT HAWTH BCe ero KOPHU HJIH
IoKasaTh, YTO UX HeT.

Hanpumep, uncio 2 aBaseTca KOPHEM ypDaBHEHUA x° — 2 =
= 3x; ypaBHeHue (x — 1) (x + 2) = 0 umeer xopHu 1 u -2, npun-
YyeM JApYyrux KoOpHe# Her; ypaBHeHHMe xZ+ 5=0 He wumeer
KOpDHeH.

YpaBHeHHUSs, UMEIOIIHE OJHU U Te *Ke KOpHHU (1u6o He uMe-
I0I1¥e KOPHEeil), Ha3bIBAIOTCSA PABHOCUJILHBIMH.

Hanpumep, ypaBaenus (x — 4) (x + 4) = 0 u | x| = 4 paBHo-
CUJILHEI; ypaBHeHUA x2+ 8 =0 u P 0 paBHOCHJIbHBI.

Eciu B ypaBHeHHNH NEepeHeCTH cjaraeéMoe M3 OGHOI 4YacTH B
IPYry1o, U3MEHUB €ro 3HaK, TO IOJYYHUTCA YpPaBHEeHHUE, PaBHO-
CHJIBHOE UCXOJAHOMY.

Ecan 06e yacTu ypaBHEHUS YMHOMKHUTH HA OZHO U TO YK€ OT-
JUYHOE OT HYJIS YHUCJO, TO IOJYYUTCA ypPaBHEHHEe, PABHOCHJIb-
HOEe MCXOLHOMY.

Hanpumep, ypaBHeHus 3x2=2x%2+ 1 u 3x? — 2x% =1 pas-
HOCHWJIBHBI; ypaBHeHUdA 3x* = 48 u x* = 16 paBHOCUJIBLHEIL.

7. JInHeliHble ypaBHEeHUA.
¥YpaBHeHue Buja ax =b, rme a u b — umucyga, x — mepe-
MeHHad, Ha3bIBAaeTCA JHUHEHWHBIM ypPaBHEHHEM C OJHOH Iepe-
MmenHo. Ecau a # 0, To ypaBHeHHe UMeeT OAUH KOPEHb X = —,
a
Ecau a = 0, To B cayuae, xorga b # 0, ypaBueHHe He UMeeT

KOpHei; B caydae, korga b = 0, KopHeM ypaBHEHHUsI SBJISETCH
J1060e YHuCIo.



8. YpaBHeHue c AByMsi NepeMEeHHbIMM U ero rpaduk.

Pemenvem ypaBHeHHs ¢ JByMs IIepeMEHHEIMH HA3LIBA€TCH
mnmapa 3Ha4eHWI IIepeMEeHHBIX, OOpaljaloiiiX 9TO YPABHEHHE B
BepHOe DaBEHCTBO.

Hanpumep, napa uncen x = 1, y = —1 sBasgercs pelreHneM
ypaBHeHus S5x — 3y = 8.

YpaBHeHUsA ¢ JBYyMS IepeMeHHBLIMH, MMeEIOINKe ONHH H Te
JKe pellleHNsdA, Ha3blBAIOTCA PABHOCUJIbHBIMH.

CaoilicTBa, cBA3aHHKIE C PABHOCHJIBHOCTHIO, A/ YpaBHEHHU
C AByMs NepEMEHHBIMM AHAJOTHUYHBLI COOTBETCTBYIOIUM CBO¥i-
CTBaM JJid ypaBHEHUH ¢ OJHOHM IIepeMEeHHOM.

JI:060e pemienue (x; y) ypaBHEHHUs C ABYMSA IIepPeMEHHBIMH
usobpaskaercs Ha KOOPOUHATHOM ILJIOCKOCTH TOUYKOIf ¢ abGcmuc-
coii x n opamHaToii y. I'padmKoOM ypaBHEeHHS C JBYMs IIepe-
MEHHBIMHM Ha3bIBAETCSA MHOYKECTBO BCEX TAKHUX TOYEK.

Hanpumep, rpadux ypaBHeHusa 2x — 5y =1 — npamad,
npoxopAamas yepe3 touxku (0; —0,2) u (0,5; 0); rpaduxr ypasn-
HeHus x2+ y =0 — xBagpaTuuyHas mnapaboja C BEPIIMHOH B
touke (0; 0), BeTBH KOTOpPOIi HarrpaBJeHLI BHHU3.

9. JiuHeWHble YpaBHeHNa C ABYMA NepeéMeHHbIMU U UX
CNCTEeMmMbl.

VYpaBHeHUe BHAa ax + by =c, rge a, b 1 ¢ — 4yucuaa, x u
Yy — IlepeMeHHbIE, Ha3hbIBAaeTCA JIMHEHHBIM ypaBHEHNEM C ABY-
MsA IIepeMeHHBIMH,

I'padmkomM JIMHEHHOrO ypaBHEHHA C ABYMA IIepeMEeHHBI-
MU, B KoTopoMm a # 0 min b # 0, aBiaserca npamada. Ecoin a =0
u b=0, to B cayuae ¢ =0 rpa@ukoM SBISETCA BCA KOOD-
AUHATHAaA ILUIOCKOCTB, B cayuae ¢ # 0 ypaBHeHUe He MMeeT pe-
IIIeHu M.

PemtenneM cucTeMBl ypaBHEHHH C [ABYMSA IIepEeMEHHBLIMH
Ha3bIBaeTCs Ilapa 3HAYEHHH IIepeMeHHBIX, oOpalamoinasa B
BEepHOE PABEHCTBO Ka’KJoe U3 YPaBHEHUU CHUCTEMBI.

CucremMa ABYX JIMHEHHLIX YPABHEHHUH C JBYMS II€peMEHHBI-
MH MOXKeT UMeTh eIWHCTBEHHOE pellleHHe, 6eCKOHEeYHO MHOTO
pellleHuil 1 He MMETh peIleHHI, YTO reOMeTPUUYECKH HHTED-
OpeTHPYeTCsa COOTBETCTBEHHO KaK IlepecedyeHHe, COBNaJeHUe U
napajjieJbHOCTh IPSAMBIX, ABJIAKLINXCA rpad@UKaMU ypaBHe-
HUM CHCTEMEI.

10. DyHKuma n ee rpadmk. JinHenHas PyHKuUuA.

dyHKIMell Ha3LIBAIOT 3aBUCHMOCTDb IIEPEMEHHOM Y OT 1Iepe-
MEHHOH X, eCIM Ka'KJIOMYy 3HAYEeHHIO IIepeMeHHOH X COOTBET-
CTBYeT eIMHCTBeHHOE 3HaYeHHeE l.

MHuOMeCTBO 3HaUYeHUH IMepeMeHHOM X HA3bIBAIOT 00JIaCTHIO
omnpefieIeHUA PpYHKIIUH.



MHoxxecTBO 3HaUEeHUH ITepeMEHHOH Yy Ha3BIBAIOT MHOMKECT-
BOM 3HAUeHUWH GQyHKIVH.

I'padukomM ¢yHKIHU Ha3BEIBAETCA MHOMKECTBO BCEX TOYEK
KOOPAMHATHOM IIJIOCKOCTH, abclincchl KOTOPBIX DaBHBEI 3Haue-
HUAM apryMeHTa, & OPAUHATEI — COOTBETCTBYIOIIUM 3HaYEHU-
AM byHKIUU.

dyuruua Buga y = kx + b, rme Bk u b — uucia, x — mnepe-
MeHHas, Ha3hIBaeTCs JIMHEUHOM, ee rpapuk — IIpaMas JUHUSA.

YnpaxHeHua

Brruucaure (1—7):
1.1. (6,8547 : 2,19 + 0,6039 : 5,49) : 1,62.

1.2, (0,9893 : 0,13 - 6,4) - 62,9 — 7,109.
1 . .1
1.3. (1‘—1—14,05) :0,04 +13,8: 13"

g 2\ s 12%‘.3%1 - 411‘1-4,125
1.4. (1Z 1,125 -1,75: 5) 12, 15 s
7°35

(191+43,75):§ [26,8—23§):£
L6 6 6 35

(13,3 - 11,5) : 1‘61 0,5

20%-7,5-54,6:% , .
1.7. —] > +43,75:112 +24,6: 1.

3578:4-34,4: 142

Haiigute x u3 nponopiuu (8—9):
13_2 5 ., 1) 11

15,2 - 0,25 — 48,51: 14,7 _ (Z& T11766 2

5
1.8 i
x 3,2 + 0,8(5,5 - 31]
4
9 (1E 0,945 :0,9]
19 . 720
105-0.24- 15.15:7.5 13 _43.4
20 8
1.10. Brurunciure:
11 11 11 11
S -3 6) = - =3 - -
2575 )5 8 B) g " 11 D114



1.11.

1.12.

1.13.

1.14.

1.15.

1.16.

1.17.

1 1 1 1 1 1 1
— - + + + 5
ME 1w 925 5sts AT
1 1 1 1 1
K + + + + H
)1~4 4.7 7-10 10-13 13:-16
g L, 1 1 1, 1
3-7 7-11 11-15 15-19 19.23
Brruucaure:
a) 999...9 +22; 6) 999...9 +22...2; B) 999...9:99;
S~ —_— ——— S————
100 gessaTox 100 gerssitok 100 gBOEK 100 gepsToxk
r) 999...9 :999...9; I) 333...3-4; e) 333...3-11.
— ————— — ———
100 peBsitok 50 aepaTox 100 Tpoex 100 Tpoek

Brimonuure neficrsusa:

a) ((637637:7):11):13;

6) ((b38 538 :13):11): T;

B) ((7563 753 : 11) : 13) : 7; r) 11-13-7.
Haiinure 06111yI0 3aKOHOMEPHOCTD.

Hoxrasxkure, uro (10n + 5> =n - (n + 1) - 100 + 25.
Hcnonb3ysa mAaHHBLIA pe3yabTaT, O0BLACHUTE, IOUEMY
352=3-4-100 + 25 = 1225,

Briuncaurte yctHo: a) 852%; 6) 995%; B) 99952,

Hokaxxure, uro (10a + b) - 11 = 100a + 10 (a + b) + b.
Hcnonpaysa manublil pe3yabTaT, OObBACHUTE, MOYEMY 35 X
x11=385(8=3+5), 75-11=825(12="7T + 5).
Beruucnaure yerno: a) 81 -11; 6) 72-11; B) 87 - 11;
r) 93 -11.

10-a

Hokaxkure, uto a -5 =— HUcnonwp3ysa maHHBIN pe-
3yJabTaT, oO0bLAcCHUTE, Iouemy 82 5= §§—0 =410,

153 - 5= 152ﬂ = 765. Bbiuucaure yctHO: a) 94 - 5;

6) 846 - 5; B) 4846 - 5; r) 397 . 5.

100 - .
Joxaxure, yto a - 25 = 4 2 HNcnonbsya maHHBIN pe-
3yJabrar, obbsacHure, mnouemy 484 -25= 48:00 =

=12 100, 683-25 = 68:200 =17 075.

Brruncaure ycTHO:
a) 48 - 25; 6) 64 - 25; B) 6416 - 25; 1) 347 - 25.

Boruucaure: 11% 1012; 10012%; (10" + 1)2.

ITompobyiiTe yragath saKkoHoMepHOCTS 100...01% =, HUc-
[ —
n oudpp

nonn3ys ee, Bpluucaute 10 0012; 1 000 0012,



1.18.

1.19.

1.20.

1.21.

1.22.

1.23.

1.24.

1.25.

1.26.

1.27.

1.28.

Breruncaure: 9%; 992, 9992; (10" — 1)2.

ITonpo6yiiTe yragats 3aKOHOMEpHOCTL 9... 92 = |
— —
n  JeBATOK

Hcnonb3ys ee, Beruucaute 99 9992; 9 999 9992,

Kaxkue nBa HAMMEHBIIINX CTOAILIUX NOAPAL HATypPaJIbHBIX
YucJa HaLO IEePEMHOMKUTD, YTOOBI MOJYUYUTh B KOHIE:
a) OfMH HyJb; O0) ABa HyJsi; B) TPH HYJA; T) TPU efM-
HUIBI.

Hailigure Bce Takue ABy3HauYHBble HaTypaJbHBIE YKCJIIA,
[IpH IIepecTaHOBKe IU@P B KOTOPBIX 3TO YUCIO:

a) yBeium4yuBaeTcsa Ha 9;

6) ymeHbluaeTrcsa Ha 63;

B) yBeauuuBaeTcs Ha 75%.

Brinucaau Bce umnciaa or 1 go 10 000.
a) Cxoabxo pas Hanucaam muppy 07?
6) CxoJsbko pas Hanucagu uudpy 3?
B) CkoisbKo pas3 Hanucaau nudpy 17?7
Hanuimmure camoe 6oJbllioe U caMOe MaJIeHBKOE IIIeCTH-
3HAYHOE YMCJIO, UCHOJIb3Ys TPH UMdPEI 5 u Tpu uudps: 0.
a) ITycte a + b + ¢ = 2p. Jokaxure, 4TO
4b%c? - (b2 +c?2-a??=16p(p-a) (p - b) (p - ¢).
6) Ilyctb a + b + ¢ + d = 2p. Jokaxxure, 4TO

4 (cd + ab)®? — (a® + b2 — 2 - d?? =

=l6p-a)p-b)@-0o@-a.
IIycrs x, + x5, =7, x, - x, = 2. Haiigure:
a) xéxg +x2x,; 6) x2+x2, B) x2-x3+x} xZ;
r) xi +x3; m) xix$ +x8x3; e) xi +xj;.
Ilycts a + % = 3. Haigure:

1 at+1 ad+1

a) a? 53 0) 553 B) —— 1) a®+

ITlycrs a —% = % Haiigure:

1
ad’

a) a? +ai2; 6) a —aia; B) a‘i: 1.
ITycTs
x+y+2="T7,
x+y+v=11,
x+z+v=15,
y+z+v=3.

Hatinure: a) x+y + 2z +v; 6) x; y; 2; v.

ABTOMOOUIL IIpoexay paccrodaHmne or A mo B co cxopo-
CTBIO U; KMJIOMETDOB B Uac 3a t; 4aCOB, a OOpaTHBI IIyTh

9



1.29.

1.30.

1.31.

1.32.

1.33.
1.35.

1.37.

1.39.

1.41.
1.42.

10

oT B 1o A 3a t, yacoB. 3anuInuTe ajJredpanyecKuM BbI-
pasKeHUeM:

a) paccrosaHue oT A 10 B,

6) ckopocCTh U, JBUIKEHUA aBTOMOOMJIA oT B 10 A;

B) oOlllee BpeMA ABHXKEHUA TyJda U oOpaTHO;

I) CPeZHIOI0 CKOPOCTh ABMIKEHHS 3a BCe BpeMs IyTH.
Breruncianre 4HCIOBBIe 3HAYEHHUA 3TUX BhIPAXKEHUI IIpH
v; =60 km/u, t;, =44, t, =6 u,

JBa memiexoza OTHPaBHJINCH HABCTpeuy APYr ApPYyry—
OJVWH M3 IIYHKTA A B IyHKT B, Apyro# m3 nyHkTta B B
nyHKT A. Yepe3 2 4 OHM BCTPETHUJIHNCH Ha PACCTOSHHUU
8 kM or A u 6 kM or B. JIoCTUTrHYB NYHKTa HazHade-
HUS, OHU, He 3aJepyKUBafACh, MOULIH odpaTHO. B Kakom
MecCTe IIYTH OHU OIATL BCTPETATCA?

Hanuinure Bce TpexsHauHble YMCJIA, 3alIMCAHHBIE IUD-
pamu 1; 2; 5.

a) CKOJBKO TaKHUX 4yuces?

6) Ckoiabko U3 HUX AeauTcs Ha 27?7

B) CKOJBLKO M3 HUX JeJIUTCA Ha 5?7

r) HaliguTe cyMMy BCeX 3THX UHCeJ.

n) Henurcsa au sta cymma Ha 1117

Haiinure sHauenue BhIpaskeHus | x — 3 |+ | x + 4 | npu
x=-b6,x=-3,x=-1,x=0,x=3, x=5.

Ha xoopaunaTHoii mimockocT HaiiauTe Touku A (3; —5);
B (3; 3); C (8; 3); D (8; —5) 1 coeguHUTe UX OTpe3KaMHu
AB, BC, CD, DA.

a) OmpegennTe BuUA U IIEPUMETP UYETHIPEXYTOJLHUKA
ABCD.

6) Haiigure KoopauHaThl KaKOH-IM60 TOYKM BHYTDH
9TOH UTYypHI.

B) Ha xaxkwme ¢urypn! geaur mgaHuyio GuUrypy ocb adc-
nuce?

ITocTpoiiTe rpadmk dyHknuu (33—41):

y = 3. 1.34. y=3 - x.
y=>5-2x. 1.36. y = 2x — 3.
_Jxmopu x<O. _Jl1-xmpumx <2
_{Zx npu x > 0. 1'38'y_{2x—5 npu x > 2.
2
. _Jx* npu x <O0.
y=x- 1'40"1/_{1:3 npu x = 0.
y=x|x|

PaccmarpuBaerca auneiinaa dyEkousa y = ax + b.

IIpu KaKux 3HaYeHUAX a4 U b ee rpaduk:

a) IPOXOAMT Yepe3d Ha4ayio KOOPAMHAT;

0) NIpPOXOZMT yepes HAYAJIO KOOPAMHAT U TOuKy M (-1; 3);



1.43.

1.44.

1.45.

1.46.

1.47.

1.48.

B) HapajuiejieH rpadury GyHKIuu y = 3x + 5;

I) OTceKaeT Ha OCAX KOOPAMHAT PaBHBLIE OTPE3KH;

I) ABIseTcsa GMCCEKTPHUCOH KOOPAMHATHOIO yrIJjia TpeThei
YyeTBEepTH;

e) mpoxoauT uepe3 Touku M (3; 8) u N (4; 8);

3K) mpoxoauT depes Touku K (3; 5) u N (-3; 7);

3) IPOXOAUT TOJLKO Yepes T€ TOYKH, KOOPAMHATHI KO-
TOPBLIX MMEIOT OAWH 3HaK;

M) He IPOXOAUT Uepe3 TOUKH, 00e KOOPAMHATHI KOTO-
PBIX IOJOKHUTENBHBI?

B 100 r 20% -uworo pacTtBopa coau pob6aBmam 300 r ee
10% -sHOoTrO0 pacTBOpa. OmpeaenanTe KOHIEHTPAILMIO TIOJIY-
YEeHHOI'0 pacTBopa.

Kakoe xKouudecTBo Boabl Hamo gobasute K 100 T
70% -HOH# yYKCYCHOM 9CCEHIIMH, 4YTOOhl IOJYYHUTH
5% -HbIiT pacTBOp yKcyca?

Ileny Ha ToBap cHauasa nosbicuau Ha 20% , a 3aTeM mo-
Husuan Ha 20% . Ha CKOJIBKO IPOLIEHTOB M3MEHMJIACH
mepBOHAYAJLHAA IleHa?

IIponeHTHOE cozepIKaHue COJIH B PaCTBOpe CHayuajia CHU3H-
Jgock Ha 20%, a 3arem noseicuiaoch Ha 20% . Ha cKoJBKO
IIPOLIEHTOB U3MEHMNJIOCH IIepBOHAYAJILHOE CoepaHne COJIH?

Yro boasme: 20% or 10% mansOro umcaa uam 10% ot
ero 20% ?

Kaxue n3 uncea — 2; — 1; 0; 1, 2; 3 ABAAIOTCA KOPHAMH
ypaBHerms x5+ 3x4+2x%3— x2-3x -2 o?
3x2+x -2

Pemure ypaBHeHue (49—60):

1.49.
1.51.

1.53.

1.55.

1.57.

1.58.
1.59.
1.60.
1.61.

3x =-1. 1.50.3x - 8=5 - Tx.
8x+1=5x—1. 1.52'3x+11=5x—7
3 7 5 15
Tx-2 8x+5 8x -3 bHx +2
111 87 1.54. 11 2
3+7x 8+8x 8x+1 2x-1_ Tx+3

=1.

7 8 1.56 5 3 15
x+3+x—7=x+11.

6 3 2
(Bx — 1) + (4x + 5)> = (5x — T)%.

(2x+ 7)) (Bx - 1) — (5x — 1) (x + 3) = (x + 1)2.
(x-2P+(x+2¥=2((x-3)(x*+3x+9).
Ilers BrImOMIHsieT HeKOTOPYIO paboTy 3a ABa ausa. Koasa

BBINIOJIHAET 9Ty paboTy 3a 3 AHsA, a Bacssi — 3a 6 nHeii.
a) 3a KakKoe BpeMsi OHHM BBIIIOJHAT 3Ty paboTy BMecTe?



6) 3a Kakoe BpeMs OHHM BLINOJHAT BCIO paboTy, ecsiu cHa-
YaJjia TPeThIO YacTh ee BHIIIOJHHUT oguH IleTa, 3aTem moso-
BuHY ocraBmieroca — Koas, a y»ke ocranbHoe — Bacsa?
B) Kro Beimoanur paGory 6uicrpee: Ilets ognu uau Ko-
asa n Bacsa BmecTe?

r) PebsaTa BeIMOJHMIM 3Ty paGoTy BMeECTe U IOTYIHUIH
45 p. CKOIBKO OeHer NpPpUYUTAETCS Kaxxkjomy?

o) IlepBwiii nens pa6Goran oguu Ilersa, a ¢ Hauajga BTO-
poro gHA K HeMy npucoeannuauck Koas u Baca. Korga
pabora ObL1a 3aKoHYeHa, UM 3amatuau 45 p. Kak pac-
IpeAesIUTh IOJYYEHHBIEe JeHbI'H?

e) To ke, 4TO M B MyHKTe 1), HO B NePBHIH JeHE pabo-
tayx oguH Koms.

) To ke, YTO M B IyHKTE 1), HO B IEPBHIHA JeHb pabo-
TaJ oguH Bacsa.

3) To e, 4TO M B IHYyHKTe 1), HO B IepPBHIH JeHb
paboranu Kona u Bacs Bmecre, satem Baca ymeu, a
Kounsa c Ilereit sakoHunIH paboTy.

§ | PaunoHanbHbie apo6um

7

1. PauunoHanbHbie BbipaXeHus.

Anre6panuecKkre BEIPAXEHHUHA, COCTABJACHHLIEC ¢ IIOMOIIBIO
JeMCTBHI CJIOXKEeHHA, BBIUMTAHUA, YMHOMKEHHUA U AejJeHUudA
Ha 4YHCJ0, OTJAHYHOE OT HYJA#A, HASHIBAIOT LEJABIMH BhIpaxe-
HUSAMH.

OrHomeHVe [BYX UEJbIX BHIPAYKEHHUIH HA3BIBAIOT IPOGHEIM
BEIDAYKEHUEM.

Ob0nacteio ompepeleHusA BeIpasKeHHSA (00JaCTBIO JOMYCTH-
MbIX 3HAUEHHUH IIepeMeHHEIX) Ha3hIBAIOT MHOKECTBO 3HAYEeHHH
nepeMeHHBIX, IPU KOTOPBIX BbIPa)Ke€HUNE HMeeT CMBICI.

2. OcHOBHOE CBOMCTBO Apo6u.

ITpu n106bIX 3HaueHuAx a, b mc, roe b # 0, ¢ # 0, umeer
MEeCTO PaBEHCTBO a_4ac
b be

3. [HeiscTBUA c Apob6amu.

CroxxeHre U BEIUMTAHUE ,u;p06e1'71 C OJMHAKOBBIMHN 3HaMeHAa-

TeJIAMM:
a b a+bd
+

c c c

.
b

12



Jns BBINOJHEHUSA CJI0XKeHUsA (BbIUMTaHUs) Apobeill ¢ pas-
HBIMM 3HaMEeHATeJISIMM HeoGX0AMMO IIPUBECTH 9TH APOOM K 00-
HeMy 3HAMEHATEeJ[I0 M MCHOJb30BaTh IIPeAbIAYIllee IPaBHUJIO.

YMHOXKeHNe U Aenenue apobeil, Bo3BeleHHEe APOOM B CTe-
IeHb:

a c_ac,

b d bd’
a.c_a d_ad,
b'd b ¢ b’

n n

a) _a_

) -2

4. PasznoxeHue Ha MHOXWUTeNN BbipaXeHnit enaga x" — 1
mx*-1+1(n>2,neN).

x"—1l=(x-1)(x""'+x""%+...+x+1)
2 1+ l=(x+1) (e 2-x® "%+, -x+1).

IIpumep 1. PasjoxuTe Ha MHOMKHUTEJIH MHOTOYJIEH
ab(b—-a)+bc(b+c)-ac(a+c).

Pemenue. PagmoXxuTh MHOTOYJEH HA MHOMKHUTEJIH O3Ha-
4YaeT MPEeACTAaBUTb €ro B BHJAE I[POU3BEJEHHUS MHOTOYJIEHOB;
00BIYHO JJIA 3TOTO MCHOJB3YIOT IPYIIHUPOBKY cJaraeMbIX, (op-
MYJIbl COKPAIIeHHOT0 YMHOXKEHNA, BBIHECEHHe 3a CKOOKY ofIe-
ro MHOMKUTEJI.

ab(b—-a)+bc(b+c)—ac(a+c)=
= ab® — a®b + b?c + bc? — a’c — ac? =
= (ab® — ac?) — (a® + a’c) + (bc? + bPc) =
=ab-c)b+c)-a?b+c)y+bc(b+c)=
=(b+c)a@ab-c)—at+bc)=(b+c)(ab—ac—a?+bc)=
=(b+c)(ab—a)+(bc—-ac))=(b+c)a@ad-a)+c(b-a))=
=b+c)b-a)(a+c).

BoamorkeH 1 ApPYroii crocof peleHus:

ab(b-a)+bc(b+c)—ac(a+c)=
=ab((bt+c)—(c+a))+bc(b+c)—ac(a+c)=

=(B+c)(@ab+bc)y—(a+c)ab+ac)=
=bb+c)(a+c)—-a@+c)b+c)y=(b+c)(a+c)d-a)

IIpumep 2. Halinzure yacTHOE M OCTATOK OT [eJeHUS
MHOroujeHa x* — 6x% + 5x2 — 1 ma muEOorouwsmeHn x2 + 2x — 1.

Pemenue. llerenne MHorouieHa Ha MHOTOWIEH YOGHO
BBINOJIHATH «YTOJIKOM» IO aHAJOTMH C JAeJIeHMeM HaTypPaJbHbIX
quceJI.
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x' - 6x3 +5x2 -1 x2+2x-1
Txt 4 223 — x2 X2 _ 8x + 22
—8x% +6x2-T
- 8x% —16x2+8

_22x2 -8x -1
22x% + 44x - 22
-52x + 21

Hrak, yacTHoe paBHO x? — 8x + 22, ocraToK pasBeH —52x +
+ 21. Pe3yabTaT AesieHUs MOJKET OBITH 3alIMCAaH B TAKOM BHJE:
2t - 6x3+5x2-1=(x2+2x - 1) (x> - 8x +22) - 52x + 21
UK
x% —6x% +5x%2 -1 -52x + 21

. =x? -8x+22+4+—5————.
x¢ +2x-1 x° +2x-1

IIpumep 3. Haitoure umcaa a u b u3 Toxgecrsa
5x + 11 _a + b
x2 +3x-10 x+5 x-2°

Pemenue. CioXuB nBe ApOOH B MPaBOH YAaCTH TOXKAECT-
Ba, IIEPEIIHUIIIEM €ro B BHUAE

5x+11 _ (a+b)x +(5b - 2a)
x2 +3x-10  x2 +3x-10

ITockoasky npobu B JIeBOH H IIPABO¥ YacTH PABEHCTBA TOXK-
JeCTBEHHO paBHBI, TO OHM IIPUHMMAIOT paBHble 3HAYEHHUHA IIPH
BCeX 3HAYEHMAX X, OTIAMUYHBIX OT 2 U —5. Orcloga

a+b=5
5b - 2a=11.

PemuB nonyueHHyo cucrteMy, HaxoguMm: a = 2, b = 3.

YnpaxHeHusa

LIESTIbIE BBIPAXKEHWUA

2.1. IlpeacraBsTe B BHIE MHOroO4JIeHa:
a) (a+b)(a-b+1)-(a-b)(a+b-1);
6) (a+3b)(a+b+2)—(a+bd)(a+ 3b+ 2)
B) (a2-3a+1)(2a + 1)%
r) (2b+ 3) (b - 2)%;
D (a-1¥+8@-12+3@-1)+1;
e) (a+ 1+ (a- 1)
x) (b — 2) (b* + 203 + 4b° + 8b + 16);
3) (a%+ ab + b?) (a® — ab + b?) (a* — a?b? + b*).

14



2.2,

2.3.

Joxaxkure, UYTO Ipu BCeX B3HAYEHHUAX IIepPeMEHHBIX
3HaYEeHNE BHIPAXKEHHU:

a) (x +2)2 -2 (x + 2) + 1 HeoTpPHUIIATEIBHO;

6) (x —y) (x — y — 6) + 9 HeoTPHLATENBHO.

YpocTuTe BhIpaXKeHNe M HAWIUTE ero YMCJI0OBOE 3HAYEHHe:
a) 8a®+ 12a% + 6ab? + b® npu a = 2,5, b = -3;

6) 64x° — 144x%y + 108xy® — 27y° mpu x = 0,75, y = 1%.

Pasnoxxkure Ha MHOKuTeaHu (4—10):

2.4.

2.5.

2.6.
2.7.

2.8.
2.9.
2.10.

2.11.

2.12.

2.13.

a) a*—2a®+a?-1; 6) b*-b%2-2b-1;

B) ¢®—ct-2¢2~-1.

a) a(@+2)-(b+1)@®-1);

6) (@a+b-2)(a+b)~(a-b)+1.

a) x*-y*+3y?-8y+1; 6) 8x*+y®+6y%>+ 12y + 8.
a) (a+b)(a-b)P—(a-b)(a+b

6) (a —b)? (a + b)>+ (a+b)? (a-Db).

a) n*-12n*+16; 6) m*+2m?+9; B) p*+ 324.
a) x*-x3-x-1; 6) y® —y%-4y®-16.

a) b>+ab-2a%-b+aq;

6) (@a+b)(@a+b+2)~(a-b)(a-b-2);
B)a@+2)+bb+2)-2@+1)(b+1)+1;

r) (a+b)(a+b+2)+(@a-b)a-b+2)+2@(@+b+1)x
x(@-b+1)-2.

YrpocTuTe BbIpaykeHUe:
(@+b+cy+(@a+b-c)P+(@a-b+c)P+(b+c-a)
HaBecTtHo, uT0 a+b+c=12 u ab + be + ca =-15.
Haitgure a? + b? + 2.

HasecTHO, 4TOo a — b+ ¢ =8 u a?+ b% + ¢2 = 110. Haii-
aute ac — ab — be.

Pasnoxxure Ha MHOKHuTeau (14—18):

2.14.

2.15.

2.16.
2.17.
2.18.
2.19.
2.20.

a)a(@+b+c)+b(a+b+ec)+ec(a+b+c)-4c
6) l-a@-b+c)+ba-b+c)y+c(b-a-o).

8) xy (x +y) +yz (y — 2) — x2 (x + 2);
6) a (b2 — c?) + b (c2 — a?) + ¢ (a® — b).
xW+2P+y(x+2)P+2z(x+y)?-4xyz.

(ab +ac +bc) (a+ b +c)- abe.
3+y3+ 28~ (x+y+ 2>

Hoxkaxkurte, uto a® + b® + ¢® = 3abe, ecima + b + ¢ = 0.

YupocTuTe BbhIpayKeHue
(a + b) (a2 + b?) (a* + b*) (a® + b®) (a'® + b%) (a2 + b3?)
IpH YCJIOBHHU, yTO @ =b + 1.
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2.21.

2.22.

2.23.

2.24.

2.25.

2.26.

Haligure HanMeHnblllee 3HaUeHNUE BHIPDAYKEHUA
(2a - 1) (2a + 1) + 3b (3b — 4a).
Haiignre Haubosblllee 3HAUEHWE BLIPAXKEHUA
4b (ba — b) — (ba — 2) (ba + 2).
Haiianre HanMensinee 3HaueHHe BhIpaskeHHs 2a% — 2ab +

+ b? — 2a + 2. Ilpu KaKMX 3HaA4YeHUAX a U b OHO JOCTH-
raerca?

Haitqure nHanbosbinee 3HaueHne BeIpa)keHuda 2ab — a? —
— 202 + 4b. TIpn KakuX 3HAUEHUAX a U b oHO HocTuraerca?
Iokaskure, 4TO U3 paBeHCTBa X2 + Y2 + 22 = xy + yz + 2x
cJelyeT PaBEHCTBO X = J = 2.

IMokaxute, uTo u3 paBeHcTBa (@ — b)? + (b - ¢’ + (c — a)’ =
=(@a+b-2c)?+ (b +c-2a)+(c+a- 2b)? crenyer, uTo
a=b=c.

OPOBHbIE BbIPAXEHUA

Vrkaxure AJOIIYCTHMbI€e 3HAUYEHHUA INEPEMEHHBIX B BBIDAXEHHHU

(27—31):
3x x8 -1 1
227 a) —3%X . 5 . B .
)5x2+2x )x4—1 )x—l
2.28. a) 2~ 2. 6) — 4 .
la| - 5 2-|2b - 8|
5 b
B ; r)y —— .
) Ba 1 a2 ) b2 - 3|0
2.29. a) dx . 6 2y+1 :
Cx +1D*-(x-1)* (5y — 2)° - (1 - 2y)®
2 _ _
2.30. a) -+ —16 . 6) —2— 4
a?-6a+8 2b%2 + 5b ~ 3
2
2.31. a) A*x+3y° . 6 8 ,
9y* - 16x2 x? + 5yx — 6y?
B) 2a + 3b

b2 -9-a2 +6a

Cokparurte apo6s (32—38):

2.32.

2.33.

16

(5a - 4)2 + 2(5a — 4)(4 - 3a) + (3a - 4)*
(2a + 5)% — 2(2a + 5)(5 — 3a) + (3a — 5)%
(4b + 5)2 + 32b% — 50 + (4b — 5)2

(4b — 5)% + (4b + 5)% + 50 — 32b%

64x® — 27y° 6) a® +1
9y* - 16x2 all — g% + g%’

a)

6)

a)



2.34.

2.35.

2.36.

2.37.

2.38.

2.39.

2.40.

2.41.

2.42.

a®-a+1 bt + 4

a ; 6) ————.
)a4+a2+1 )b2—2b+2
a? - b% - ¢% + 2bc X2 - 4t 4 4
a) ; 0) .
b2 - c2 - a? - 2ac x3-6x2+12x -8
¢t - 8c%2+2 xT+ x4+ L+ x+1
a) ——— 0) .
c®+1 x4+ xM L+ x+1
a* + 2a® - 942 - 18a
a) ; BBIUMCJIWUTE 3HaYeHue Apobu,
a’-a-6
ecJIX OHO cyIiecTByeT, npu a =-1,3; a =-2; a = 3;

b2 — 1
) @r+2+1)BE-2+b-1)
apobu, ecjiu OHO CyIecTByeT, npu b =—-2; b =1.
a® +b® + c® - 3abe
(@-b2+(b-c)l+(c-a)

YupocTuTe BHIpa)KeHHe M HaluTe ero 4mMcJIOBOE 3HA-
YyeHHe:

>  BBIYHCJINTE 3HayYeHue

ay 99°-2Mab 16625 1, o1
3a— 46— 5 P 9’ 3’
8_ .8
il npu x = 17,0625, y = L.
(x*+y* )23+ x2y+y’x+y?) 16
BREIONIHUTE CIOMKeHHe UK BhIUMTaHUe: \
2 2
o _da%_ % 6 W
(2a- 3> (3 - 2a)? (x-3y)® By - x)®
8) yx2 + 16 16y + x2

W-1(x-4 xy-x-4y+4
HOR&)KHTG, 4YTO IIPH BCeX AOIIYCTHMBIX 3HAYEHUAX IIe-
PEMEHHBIX 3HAYEHHE BbIPDAaXKE€HHUA
3a + 2 3 18a 3 1
9a2 -6a+4 27a®+8 3a+2
PaBHO HYJIO.

I[oxamn're, 4dTO IIPDHU BCeX AOIIYCTHMBIX 3HAYEeHHUHAX IIe-
PEMEHHLBIX 3HAYEHHE BBIPaKeHHUudA
2 2
»_ 8y°(2y” - x?)
(x -2y -2 Y~ 2
(2y + x)

HeOTpHUIATEJIbHO.

IIpeo6pasyiiTe B 1po6b BhIpakeHue (43—46):

2.43.

m2 - mn 2m2

2 3 3 3"’

m?n +n n®—mn?2+m?n-m
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8x3 + 27y3
2x — 3y
1 2

2.44. 4x2 - 9y2.

2.45.

1

a+2b 3c-a a?- bc

2.46. — .
6 3a—3b+2c—2a ab + ac — bc - a?

Yapocrute Bripaxkenue (47—49):

2.47 3¢3% - 81p?® +81q2p—54qp2+9p3
18 p2q + 6g2p + 2¢°  2qp® - 12pg? + 18¢3
. 2
2.48. 8 -8x +2x 3 x
xt - 4x3+16x-16 x%2-4
2.49. x+ 2 3-x

x3-3x%—4x+12 x2-5x+6

2.50. BrimoJHHTE YMHOXEHUE:
4x? - 6xy + 9y 9y? - 4x?

a) H
2x - 3y 8x3 + 27y3
3-6x  2x+1  8-ux®
2x2 +4x +8 x2+4-4x 4x2-1
5) a? + ab ‘a2—b2+25—10a.
5a — a® + b — 5b a® — b? ’
r) a+b .16—b2—a2—2ab.
a? - 4b + 4a - b? a? + ab

2.51. BrnImoJgHUTE JeHCTBUA:

n+1\8
a) (2:'1 ) .(0’25‘13—271 b2n+1)3;

-2

6 a2n—1 . b3n+2 4 al—n . b2—2n 3 1 3
) c3-n | c3n+1 Np2n1)

2.52. BrinoJgHuTe AejieHue:;
a) 27a® - 64b° 9a® + 12ab + 16b*

b -4 = bZ+4b+ 4
6¢c(ab — b'?)
a® + ab? + b4

6)

a?—ac—-ab+bc b —ab-bc+ac c%—qac—be +ab

1 (c® (2a + 2b%)(8a? - 3ab? + 3b*));

2a2+6ac—ab——3bc.2ac+ab+3bc+6c2_

B)

x4 -38x%2+1 x2+x-1
€3 -27 " x2+3x+9

2ab — 4a® + be — 2ac  2ab + be — dac — 2¢2’

)5.



Yupocrure Beipakenue (53—56):
2.53 x2+(a+b)x+ab. x% - ¢?

x2-(a-c)x —ac x%-a?

2 _ 2 2 _ 2
2.54. 2x° + xy - 6y°  2x Txy + 6y

6x% - bxy +y® 3x%— Txy+2y%

3_ — _—
255 = xy + 4x — by 5><

x? - 4y?
N x3 - 2x%y - 5x% + 10xy + 25x - 50y
x2+125 )
x® - 16 x?+2x% + 4

2.56.

X2+ 2242 x'_2x°+ dx?— dx+ 4

2.57. Ounpezenurte x U3 MPOUIOPIUH:
9—4a®—4ab-b> 3+2a+b,

>

402 + 2ab +3b-9 x
a-b-5 a? - 10a-b% + 25
0) = ;
x a? + 2ab — 5a— 5b + b?
a-b+c x
B) = .
a?-b2+c2+2ac a®+ab-bc-c?
2.58. Jlokaxxure, 4TO ecJH %: 3, TO:
a+b c+d a c
a = ; 6 = ;
) b d )a+b c+d
a C a+c a o4 na + mc
B)—=—= H I‘)—:—z__;
b d b+d b d nb+md
'a)a+b_c+d' ena+mb_nc+md
a-b c-d’ pa+rb  pc+rd

2.59. JlokakuTe, 4TO IMPH BCEX AOMYCTHMEIX 3HAYEHUSAX IIe-
PEMeHHOM 3HaYeHHEe BhIpaXKeHHs

4 (2a+2)2 a+9 . 2a
1-a 3-a a2+2a+1 1-a?

He 3aBHCHT OT 3HAUYEHUSA MePEMEHHOM.

2.60. [JoxaxuTe, YTO MpPH BCeX AOIIYCTUMLIX 3HAUEHUAX Iie-
PEMEHHBIX 3HAYEHNE BLIPaKeHHs

2 2
2, 6n _ 4 ;1+f1.”1_+_’i_
2m-n n2—-4m?2 2m+n 4am? - n?

He 3aBHCHUT OT 3HAUYEHHNSA nepemeHHoffx n.
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Yupocrure Beipakenne (61—64):

2.61.

2.62.

2.63.

2.64.

2.65.

2.66.

2.67.

2.68.

20

x Lx+8 1 x2 2
x2+2x+4 x%-8 x-2 x2-4 2-x/
1 +6a—4—a2_ 2-a _a®+4a® +8a+8
2-a a® -8 a?+2a+4) 4-4a+a®-4°
-2 2+ 2
X y_+_ Y :x Yy +
2 +y w3 —x%y+ay? ) x% - xy?

2

+ 2y .

x3 + x%y + xy? + 4B
1_ 1
a b-c b2+c2-a?) b-a-c
_ 1= : U BBIYHCJIHNTE €ro
_1_+ 1 2bc abce
a b-c¢

sHaueHue npu a = 1,2, b=0,5, c=1,38.

llomamn're, YTO 3HAYEHHEe BBIPAXXEHHUA ITOJIOXHUTEJIBHO
IIPHN BCeX AOMMYCTHMBbBIX 3HAUYEHHUAX NMEePEeMEHHBIX:

2 1.1 1 1 1
a) — | =+ |+—"F7— | =+ |;
)(a+b)3 (a b} a? + b% + 2ab (az b2)
6)((12 +2),[a 1+g).(a—2b)2+8ab

—+= — -
4b a 2b b a 4+2ga_

lloxamn're, YTO IPpHA BCEX AOIMYCTHUMBIX 3HAYEHUAX IIe-
PEMEHHBIX 3HaUYeHHe BhIPDaXXeHHUA

b2+ b+ab+a)2a-b-0b?+ 2ab) x
a-b a*+b’+a+h
2a -b 24?2+ ab - b2

): (2b2 +a +5)

HEIIOJIOKHUTEJBbHO W He 3aBHCHT OT 3HAUEHHUS IIepEMeEH-
HOH a.

Hdokaxure, 4To mpH JO0OM 3HaYeHWU a > 1 3HaueHUe
BBIDaYXEHUA

1 + 1 + 2 + 4 + 8 +
l-a 1+a 1+a® 14a* 1+ab
16 32
+ +
1+ al® 1+ a®?
OTPHUIIATEJIBHO.
Hs3BecTHO, uTO dbta = 2. Haiigure:
5a-Tb
_ 2 _ 2 3 _ 2
a) 4a 5b; 6 3a® -2ab+b : B) 2 3ab )
3a+b 5a% + 2b2 4a%b + 3b3



Iloctpoiite rpaduk dyuruuu (69—70):

2.69.

2.70.

2.71.

2.72.

2.73.

2.74.

2.75.

2.76.

2.77.

2 3
8) y="0 6) y=-";
1
B) y= ; r) y= ;
)y x+2 )y 3—-x
5
B y=—-1; e)y=2~;;
3 1
K) y= - 3; 3) y=1- .
Yv=113 )y x-2
x-1 x+1 x -2
a)y=x+1; 6)y:x—3; B)y=2+x;
x+3 -1 x+2
I‘)y=2—x; n)yzxxz—l; e)y=4_x2;
%) Y= x?-4 3) _x?+4x+3
x2-8x+2 y 9- x2

HaiiquTe yacTHOE M OCTATOK OT AejeHUA MHOTOYJIEHOB:
a) x*-8x2+7x—-8mnax—-1;
6) x*+5x3-6x+1mnax?-3x+1;
B) 2x% — 6x*+ 38x%® - 2 ma x%2 — x - 2.
8x2-6x+17

a) IlpeacraBeTe BBIpaKeHHe ——— 7 B BuAe ax +
X

c
+b+ < i’ TAea, b u ¢ — meJble ynucia.

x3-2x2+7x+5
6) IlpencraBbTe BBIpa<eHHUe B BHJE
x2 — 4x + 2

cx +d

ax +b+ , Tme a, b, ¢, d — 1eanle ynucJiaa.

x%2 - 4x + 2
IIpr kakux HaTypaJIbHBIX 3HAUYEHHUAX N BhIPaKeHHe
2n -3
—01 ABJISAETCA IEeJIBIM YHCJIOM?
n

3n -1

Hpu KaKHX IIeJIbIX 3HAYEeHUAX 71 BBIpaKeHHue AB-

JeTcAa HaTyPAJbHBIM YHCIOM?

IIpn xakux HATYpaJbHBIX 3HAYEHUAX N BbIpaKeHHe
3n2 - 16n + 21
n-3
IIpu kKakKMX HaTypaJbHBIX 3HAUYEHHAX 71 BEIPAXKEHHE
3n2 - 26n + 35
4n - 28

Haitaure a u b u3 ToxaecTna:
1

a) -4 _, b,
(x-6)(x+1) x-6 x+1

ABJIAETCA HATYPAJIbHBIM yucaom?

ABJISAETCA I[€JIBIM YHUCJIOM?
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2 a b
6 = .
x2+x—-6 x—2+x+3
2.78. VYupoctuTte BbIpaykeHue:
a) 1 + L + L +
x(x+1) (x+1(x+2) (x+2)x+3)
+ 1 + 1 ;
(x+3)(x+4) (x+ 4)(x +5)
1

) + + . +
x(x + 3) (x+3)(x+6) (x+6)x+9)
1 1
TG rx+12) | (x+12)x + 15)

8§ ‘ OenumMmocTb uenbix Yyncen

/4

1. OnpepeneHue U CBOWCTBA O0e/IMMOCTMH.

Ilenoe umcao a pgenurcs Ha pegoe uuciao b =0, ecan
CYIIECTBYET TAKoOe IleJioe YHCJO C, 4UTO a = bc.

Ecnu a genurcs Ha b, To ka genurcs Ha b (3sgech u paiee
BCe 4YMCJIA IleJIble, eCJIM 3TO CIIel[MaJbHO He OrOBapHBAETCH).

Ecinu a u b genarca Ha ¢, To cymMa a + b 1 pasHocTh @ — b
OeJISATCA Ha C.

Ecau a genurcsa Ha k, b peaurcsa Ha n, TO IpousBengeHue ab
OeJIUTCA Ha IMpou3BeleHUe kn.

Ecan a pgenurca Ha b u b nenurcAa Ha ¢, TO 4@ JOEJIINUTCA
Ha C.

2. Teopema O AeNeHUn C OCTATKOM.

Hna moboro 1esjoro 4ucja @ M HaTypaJdbHOro uuciaa b cy-
IIeCTBYeT €NUHCTBEHHasA Ilapa 4YWUcesl ¢ ¥ I TaKHX, 4YTO
a=bq + r, rie ¢ — nejgoe, r — HaATypaJbHOEe WJIU HYJb, IIPU-
yeM r MOMKeT IPHHUMATH JUINL b pasaudHbix sHavenuit 0; 1;
2; ...;b-1.

3aMeTHM, UTO €CJM OCTATOK I pABEH HYJIIO, TO UHCJO a Je-
JIuTCcA Ha b.

3. B3auMHO npocTbie uucna.
JlBa umcja Has3LIBalOTCS B3aMMHO IIPOCTBIMM, €CJIM OHH He
UMeT O0IIUX HAaTypaJbHBIX AeJIUTeJell, KpoMe eIUHUIEI.
Ecau umnciao a geauTca Ha KaKgoe U3 ABYX B3aMMHO IIPO-
CTBHIX UHcea b U ¢, TO OHO JIeJUTCHA W Ha UX NpousBeaenue bc.
Ecan npousBenenue ab neinrca HaA YUCIO ¢, IpUUEM YHUCIa
a ¥ ¢ B3aUMHO IIpoCThIe, TO b gexuTcda Ha cC.
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4. OcHoBHas Teopema apudmMeTukm.

Kaxpnoe HarypanbHoe umciao n > 1 HMeeT eJUHCTBEHHOE
(C TOYHOCTBIO O MOPAAKA MHOMKHUTEIEH) pPasioKeHue Ha IIPOCThIe
MHOXKHTENH = p;'! p,? ~...-py ", T/A€ Dy, Dgs --e» Dy — IONAPHO
Pa3IMYHBIE IIPOCTHIE YUCIIA, O, Oy, +.0y O, — HATYpaJIbHBIE YHUCJIA.

VYkasaHHOe B TeopeMe IIpe/cTaBJeHNe HAa3bIBAeTCS KAHOHU-
YeCKHMM pPasjIoyKeHHeM 4HcJa 7.

5. HanGonblwuii 06WKIA penuTens.

O6mIM JeJuTeJeM UMces @ U b Ha3bIBaeTCs YMCJO, Ha KO-
TOpoe JeaaTca oba umciaa a u b. HaubGoabimuii obImuit mesu-
Teap uucea a u b obosnauaerca HOJI (a; b).

Jaa aaxoxgenuss HOJII (a; b) MOHO MCIIONIH30BATh aJITOPUTM
EBKinga, BbIIOJHAA IIOCJIEL0BATEIbLHO JeJIeHHE C OCTATKOM:

a:bq0+r1’ O<r1 <b’
b=rig,+ry, 0<r,<ry,
ri=ryqs+rs 0<r3<r,,
Tono2=Tp_1Qn_1+ T 0<r,<r,_y
Iy 1=Tnqn-
(IIpouiecc 3axkaHUMBaeTcA IIOCJe TOTO, KaK IIepBBIH pas
noJy4eH HyJseBoii ocratok.) Torga HOJM (a; b) =r,.

Ipyroii cnocod Haxoxaenua HOJI (a; b) cocrout B pasio-
JKeHUU 4YMceJ ¢ U b Ha IIpocThle MHOXKUTEJHU, OTBICKAHUU 00-
IIUX MHOMKHTeJeH, BXOAAIINX B 00a pPasjio)KeHUs, U BBIUNC-
JIeHUH TPOM3BeJeHUA OOIIMX IIPOCTHIX MHOXKHTeJieil B Hau-
MEHBIIIUX CTEeMeHAX, C KOTOPHIMH 3TH MHOXXHTEJNU BXOIASAT B
pasjoxxeHue a u b.

6. HaumeHblee obiee kpaTHoe.

O6IIMM KpaTHBIM 4YMceJ @ U b Has3wIBaeTCA UUCJIO, KOTOpPOe
JeauTcA Ha a u Ha b. Haumenslinee ob11iee KpaTHoe o003HAaUa-
erca HOK (a; b).

Huna maxoxaenunsa HOK (a; b) MOKHO DasjoKHUTh Ha IIPO-
CThle MHOXKHUTEIH @ U b U BLIYKMCJUTH IIPON3BEJEHNE BCEX IIPO-
CTBIX MHOXKUTeJeH, BXOLAIINX XOTHA OBl B OJHO M3 pasJoKe-
HUM, IPUYEM IIPOCTHIE MHOMKUTEIH, BXOAALINe B oba pasio-
JKeHHusd, Hajo OpaTh B HAMOOJBINEN M3 cTeleHeil, C KOTOPLIMH
3TOT MHOXXHUTEJb BXOOHUT B PA3JIO’KEeHUe a " b.

3amerum, uro HOJI (a; b) - HOK (a; b) = ab.

7. Pa3noXeHue Ha MHOXWUTENU Bbipa)keHni Bupa x" — a”
" x2n+l + 32n+1.
NmeroT mecTo GOPMYJIHI;
x"-a"=(x-a)(x" '+x""%a+..+xa""%+a"" 1Y),
x2n+1 + a2n+1 — (x + a) (x2n. - xZn—la + ... = xQZn—l + azn),
roen € N.
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8. NpuHuun Oupuxne.

Ecnu m > n, To nIpu OTHECEHMH KaXXJOr0 U3 M IMpPeIMeTOB
K OZHOMY U3 71 KJIACCOB XOTs OBl B OAUH KJIACC IIOIAJEeT He Me-
Hee JBYX IIpeIMEeTOB.

ITpumep 1. lokakurte, uTo ecau a u b — 1essle yucia,
to ab (a® — b?) genurtcs Ha 6.

HokxasarteanscTBo. Ilockoapky 6 =2:3 u umcaa 2 u
3 — B3aMMHO IPOCTBIE, TO AJA PENICHUS 3aJA4YH JOCTATOYHO
IIOKa3aTh AeJUMOCTh uucia ab (a’? — b?) na 2 u Ha 3.

Ecsu xora 6b1 ogHO U3 uMces a uau b yerHo, To ab(a? — b?)
kKpaTHO 2. Ecau ke 06a uucya a ¥ b HeueTHBI, TO YHciIO a + b
4eTHO |, 3HauuT, ab(a® — b%) = ab(a + b)(a — b) kparHO 2.

Ecau xora Ob1 04HO U3 yKces a UK b KpaTHO 3, TO OIpOHU3-
BegeHue ab(a®? — b?) rakxe KparHo 3. OcTajochk pacCMOTDPETh
caydaii, Korga oba uyucia a u b He genarca Ha 3. Ilo TeopeMe o
JeJICHUH C OCTAaTKOM Ka’KJoe M3 4uceJ IPHU AeJEeHUH Ha 3 Mo-
JKeT gaBaTb octaTKu 1 uinu 2. Ecaiu ocTaTKu OT JejleHuA Ynuces
a u b Ha 3 oxUMHAKOBLIE, TO TOrJa Pa3HOCThL @ — b Jeaurcd Ha
3, ecaM Ke OCTaTKH pasdHble, TO cymMMa a + b Jgeaurcs Ha 3,
TaKk KaK CyMMa OCTaTKOB paBHa 3. Bo Bcex ciaydasgx uymMcyao
ab(a? - b?) kparHo 3.

IHpumep 2. Cymma aByx mennlx umces pasHa 101, a
Pa3HOCTh HMX KBaJApaTOB — NpoCcToe uuciao. Haiiaure a3TH
Yyucaa.

Pemenue. O6o3naunm mcKkomelie uuciaa deped a u b. To-
ria a?-b?=p, rme p — mpocroe, T.e. (a—b)(a+b)=p,
MOCKOJBKY a + b =101, To 101 (a — b) = p. Orcioga ciaenyer,
uro p genurca Ha 101, HO p — mpocroe, 3uaumr, p = 101.
Nmeem: a—b=1. Tak xak a + b =101, maxogum a = 51,
b = 50.

IIpumep 3. Hadigure Bce mpocTele uucaa p, AJAS KOTOPBIX
qucao p? + 2 TakaKe ImpocToe.

Pemenune. OueBuano, uto p # 2, Tak Kak p? + 2 = 6 He aB-
JseTcA MPOCTBIM, @ p =3 YAOBIECTBOPAET YCJIOBUIO, TaK Kak
p?+ 2 =11 — npocroe uucyo. [TokayxeM Temepb, YTO HE CYILIECT-
BYeT IIPOCTBIX uuces p > 3, Jjsi KOTOpbIX p? + 2 — mpocroe yuc-
Jgo. Ilycts p > 3 — mpocroe umcjo, TOrga p He AeJUTCS Ha 3,
3HAYMT, II0 TeopeMe O JeJeHuu ¢ ocraTkoM p=3n+1
wii p=3n+2, rae neN. Ecou p=3n+1, 10 p?+2=
=3(3n? + 2n + 1) genurca Ha 3, T. e. He ABJSAETCA IPOCTHIM. Ec-
aoke p=3n+ 2, to p? + 2 = 3(3n? + 4n + 2) Takke AeJIUTCA HA
3, T. e. He ABJIAETCA MPOCTHIM.

IIpumep 4. MoxkHo Jau pasmeHsaTs 100 p., wumes
py6JieBble, Tpexpy6JieBble W IATUPYOJIEeBble KYIIOPHI, Tak,
4TOOBI BCEro B pasMeHe y4yacTBOBajo 29 Kymiop?

Pemenue. Ilycte B pasmeHe y4acTBYWOT X DybJieBBIX, Y
TPeXpy06JeBbIX U 2 NATHPYOIEBLIX KYIIOP, TOrga X + 3y + 5z =
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=100. 3amucaB 31O paBeHCTBO B BuJe (x + y + 2) + (2y + 42) =
=100, sakao4aeM, 4TO X + ¥y + 2 = 29 — YeTHOe UYHCJIO, TaK
kKak uucyga 100 u 2y + 4z — uyerunle. CiefoBaTeJbHO, HEJNb3S
pasmeHats 100 p. ¢ momomipo 29 Kymiop AOCTOUHCTBOM B
1p.,3p. ubp.

IIpumep 5. CKOIBKO pa3 BXOOUT YHUCJIO 2 B Pa3jIOKeHHEe Ha
IIpOCTBIE MHOXKHTEMH uuciaa a =(n + 1)(n + 2)...(2n — 1) 2n, rae
neN?

Pemumtenue. Ilockoabky

(2n)! 2:-4:6-...-2n
a - 1-3:5-...-(2n-1) 1. 2.3, ..

=1:-3.5-...-(2n-1).27,

TO upcJo 2 BXOOHUT 71 pa3 B pa3jIOXKeHHe 4YHCcJia a.

n

YnpaxHeHusa

AENMMOCTbL YUCEN.
AENMMOCTbL CYMMBbI U MPON3BEOEHU4A

3.1. JJokxaxxure, 4TO eCIu @, b u ¢ JenaTca Ham, Toa + b — ¢
IEeJIUTCA Ha m.

3.2. Ywucio a kpatHO 3. Jlokaxkure, 4To 4yncao 4a kpatHo 12.
3.3. Yucno a xkparHo 6. oxkaxkure, uro a? — 12a kparuo 36.

3.4. MHsBecTHO, uTO a KpaTHo 3, b KpaTHo 8. [[oKaxkure, 4TO
ab xpaTHo 24.

3.5. HasBecTHO, uTO a KpaTHO 3, b kpaTHO 2. JIOKaXXHUTE, UTO
2a + 3b xpaTHO 6.

3.6. TokakuTe, 4TO CyMMa KBaJApaTa LI€JIOr0 YHUCJja M caMo-
ro 4ucjia €CTh YHUCJIO0 YETHOE.

3.7. JHoxraure, uro 13 + 23 + ... + 993 gesurcsa xa 100.
3.8. oxkaxkure, uro 1% + 23 + ... + 9% we genurcs Ha 10.

3.9. [Tokaxxure, 4To ymcyo mn (m + n), roe m u n — Lejble
Yucaa, YeTHoe.

3.10. oxaxkure, uTo J060e HATYPAJILHOE YHUCIO, JeCATHYHAA
3aluch KOTOPOro coctouT u3 37n (n € N) ofMHAKOBBIX
uudp, geaurca Ha 37.

3.11. Jloka)kuTe, YTO UHCJIIO:

a) ab-ba xpatHO 9; 6) abc—cba xpaTHO 99;
B) ab +ba penurcs va 11; r) abed +dcba menurcst Ha 11.

1 1
3.12. Yucyo a + P mesoe. Jloxkaskure, uTo umcaa a? + —5
a

1
ad + -3 TaKMXe ABJAITCA IeJbIMH.
a
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3.13.

3.14.

3.15.

3.16.

3.17.

3.18.

3.19.

3.20.

3.21.

3.22.

3.23.

3.24.

3.25.

3.26.

3.27.

3.28.

3.29.

3.30.
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HsBecTHO, uTO ab + c¢d menurcsa Ha a + c. JokaKure,
yro ad + bc genurcsa Ha a + c.

B kunacce 27 yuammxca. MoskeT Ju KaXABIA U3 HUX
IAPYKUTb POBHO C JE€BATBHIO OSHOKJACCHUKAMHU?

Kakux uywmcen Gosbire cpeau mepsbix 1000 HaTypan-
HBIX YHCeJ: TeX, KOTOphIe JeJATCA Ha 3 MJH Ha 5, WiIu
TeX, KOTODbIe He JeJATCA HU Ha 3, HU Ha H?

TEOPEMA O OENEHNN C OCTATKOM

Joxakure, 4To cymMmMa KBaApaTOB ABYX MOCJIENOBATEJb-
HBIX IeJbIX YMCeJ IIPH AeJIeHHH Ha 4 JaeT ocTtaTok 1.

Yucao a derHoe, umciao b HederHoe. Kakum Mozxer
OBITH YHCJIO:

a) a+b, 6) a-b; B) ab; r) 3a+b; n) a’+by
e) a+ b% x) a+ 2b?

Yucno a penurca Ha 3, uucjo b He genurca Ha 3. He-
JIUTCA Ji1 HA 3 yucao: a) a +b, ©6) a-—b; B) ab.

Yucao a — yerHoe. MoKeT JIH OCTATOK OT ZeJleHHA
qyucja a Ha 6 6bITh paBHBIM 17 3?

Yucno a kpatHO 3. MOKeT JIX OCTATOK OT JEJEeHUs YHC-
Ja a Ha 12 OuITh paBHEIM 27

Yucyo a upu genesnu Ha 12 paer octatok 7. Yemy pa-
BE€H OCTATOK OT JeJIeHuS uucjaa a Ha 2; 3; 4; 6?

Yucna a u b maoT OJUHAKOBBEIA OCTATOK HPH JeJeHHU
Ha m. JloKa)XuTe, 4TO PasHOCTL a — b Jenurca Ha m.
ChopmynnpyiiTe U JOKa’KUTe 00paTHOE yTBeps:KIeHHUE.
HeuetHoe uucsio a xpatHo 3. Yemy paBeH OCTATOK OT
JeJeHudA yuciaa a Ha 67

YeTHOe UHCJIO a npu gesieHnu Ha 3 gaer octaTtok 1. Ye-
My paBeH OCTAaTOK OT AeJIEHHA YucJa a Ha 6?
Hanumure o6t BUJ 4YMcesl, KPATHBIX 3 M ZAIOLUTUX
npu gejgeHuH Ha 4 ocraTok 1.

YerHple uncaa a U b, He KpaTHble 6, IIpH JeJleHHU HAa
6 maroT pasHbie octaTKH. Jloka)kurte, 4To cymMma a + b ge-
Jurcsa =Ha 6.

Ywucao a — ueTHoe, He KpaTHoe 4. JlokaxkuTe, 4TO YHC-
J0 a® upu JeneHuu Ha 32 gaeT oCTaTOK 4.

Yucao a He geauTca HU Ha 2, HU Ha 3. Haligure ocra-
TOK OT AejJeHus yuciaa a’ Ha 6.

Jloka)kuTe, 4TO ecau n He KpaTHO HH 3, HU 2 U n > 3,
To n? npu AejeHUU Ha 24 JaeT OCTATOK, PABHBIH 1.

Heuernsie uncya a u b 1aroT pa3HbIe OCTATKH IIPH AeJie-
uuu Ha 4. [Jokaxure, uro a? — b? KpaTtHo 8.



3.31.

3.32.

3.33.
3.34.

3.35.

3.36.

3.37.

3.38.

3.39.

Yucao a — 4yeTHOe, He KpaTHoe 6. YeMy paBeH OCTaTOK
OT JejeHus uuciaa a? Ha 12?

Haiigure Bce umcia, KOTOphle HIPH JeJIeHHH Ha 3 NalOT
ocTaToK 1, a IpH JesleHHWH Ha D JalOT OCTATOK 3.

Haitnure ocratok ot gaeneHuda uyuciaa 10! + 49 na 42.

HaBecTHO, 4TO 4YUCJAC @ NPHU AeJeHHH Ha H JaeT ocTa-
TOK 2, a mpu geneHuu Ha 3 — ocrarok 1. Hamgure
OCTAaTOK OT JeJIeHUA 4yucaa a Ha 15.

HNaBecTHO, UTO UMCIO @ TMpHU JeJIeHUHW Ha 5 gaeT ocra-
ToK 1, a Ipu AeineHuu Ha 3 gaetr B ocraTkKe 2. Hailigure
OCTATOK OT JeJIeHMA Yyucjaa a Ha 15.

HNaBecTHO, 4YTO YMCJIO @ NIPU JeJIeHMH Ha 3 JaeT ocTa-
ToK 1, a npu gemenuu Ha 4 — ocraTtok 3. Haiigure
OCTATOK OT JeJieHHA 4ucJja a Ha: a) 12; 0) 6.
CyirecTByeT Ju Takoe IeJioe YHUCJI0, KOTOpoe MpHu AeJe-
HUu Ha 12 paer ocratoxk 11, a mpu Jenenuu Ha 18 —
ocraTok 1?

Joxaxure, 4YTO KBaApaT HEUYETHOIO YHCJIA IIPH LEeJIeHUH
Ha 8 paetT B ocTtaTKe 1.

JoKakuTe, UTO €CJM m U N — HeUEeTHBIe UHCJAa, TO
m? — n? xkpar=o 8.

Hoxa)kure, 4To mpu Jio6om HarypaabHoM 11 (40—42):

3.40.

3.41.

3.42.

3.43.
3.44.
3.45.

3.46.

3.47.

a) n(n + 1) kparuo 2; 6) n?+ 3n KpaTHo 2;

B) n (3n + 1) kparao 2; 1) n(n +1)?(8n + 2) xpaTHo 4.
a) n(2n -1)(2n + 1) xparuo 3;

6) n (2n? + 1) xpatHo 3;

B) nd®+ 5n KparHo 3;

r) n{(n+1)(2n + 1) xparuo 6.

a) n® - n KpaTHo 6;

6) n®+ 11n xparHo 6;

B) n®+ 3n?+ 2n kparHo 6;

r) n (n?+ 6n + 5) xkparHo 6.

JokaskuTe, YTO ecJaM UYMCJIO @ He KPaTHO 5, TO WU
a? + 1 genurca Ha 5, unu a® — 1 genurcsa Ha 5.

HasBecTHO, uTo a? + b? peanrca Ha 3. JJoxakure, 4To @
KpaTHO 3 u b KpaTHO 3.

HaBectHo, uto a? + b? genmrca Ha 7. Jlokakure, UTO
a? + b? genurca na 49.

JlokaKkuTe, UTO IPH JIOOOM HATYPAJHLHOM N YHCJO BHAA:
a) 3n—1; 6) 4n ~ 1 He ABIAETCA KBaApPaTOM IIeJIOTO
YHUCIA.

Yucaa 2146, 1991 u 1805 garoT paBHBIE OCTATKH NIPH
JeJIeHNHM Ha HaTypaJjbHoe uucio n > 1. Haiigure n.
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3.48.

3.49.

3.50.

3.51.
3.52.

3.53.

3.54.

3.55.

3.56.

3.57.

3.58.

3.59.

3.60.

3.61.

3.62.

3.63.
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Hokaskure, 4To cyMMa KyO0OB Tpex IOCJef0BATEJIbLHBIX
HaTypaJbHBIX UKCeJ KpaTHa 9.

Hoxaskure, uro uncyao n®+n + 9:
a) He KpaTHO 25 HH IPH KAKMX HATYPAJBHBIX I;
6) He KpaTHO 49 HM NIpPH KAKMX HATYPaJIbHBIX 1.

Hoxkaxkure, uro n? + 5n + 16 He xparHo 169 M npu Ka-
KUX HATypaJbHBIX 1.

B3AMMHO MPOCTLIE YNCNA
BepHo sn, uTo yMcaa n 1 n + 1 B3BAMMHO HPOCTHI?

Hokaskure, uTo npu JroboMm 1esom n uyucao n (n + 1)? x
x (n + 2) geanrca Ha 12.

Hokaskurte, uro npu Jao6oM meaom n ducao (n® + 3n? +
+ 2n)(n + 7) geaurcsa na 24.

Hdokakure, 4To:

a) n3+ 20n gemurca Ha 48, eciM N — 4YeTHOe YUCIO;
6) n3+ 8n% - n — 8 menurcsa Ha 48, ecIm n — HedYeTHOE
YHCJIO.

Ilpr KakUX HATYPAJIBHBIX 3HAUEHHUAX 7 BhIpaKeHHe

n (3n® + 4n? — 1) kpatHo 6?

Hoxaxkute, dYTo mnpu JIOG0M [EJIOM N YHUCIO
— 5n3 + 4n xparHo 120.

Ilpn KakKMX HATYpaJbHBIX B3HAYEHMAX 7N YHUCJIO
n® + 2n% — n2 — 2n genurca na 1207
5 4
Iokakure, 4To —— + n_ + n’ 5n
120 24 12

oeJyioMm 7nn eCTb 4YHUCJIO n;e.noe.

Hokakurte, 4TO ecJU HATYpaJbHOE YHCJO N He KPaTHO
5, To n® + 3n* — 4 geautcsa na 100.

Hokaxxure, 4To:

a) n?2 -1 genurca Ha 8, ecau n? - 1 geaurcsa Ha 2;
6) n® — 4n pgeaurca Ha 48, ecau n® — 4n genurca Ha 2;
B) n3® - 9n genurcs Ha 162, ecau n® — 9n geaurcsa Ha 3;
r) n®— 16n geautca Ha 384, ecau n® — 16n geaurcsa ua 16.

NsBecTHO, uTO uMcaa n 1 6 B3sauMHO IpocThI. JJoKaXKu-
Te, YTO YMcJo n? nmpu AejieHuu Ha 24 gaer B octaTke 1.

+ 3 npu JodoM

HANBONbLUWA OBLWNIA OENUTESb.
HAWMEHDBLLUEE OBLUEE KPATHOE. MPOCTbIE YNCJIA

Hokaykure, uro HOJ[ aByx (MM HECKOJBKHX) YHCeJ
KpaTeH JIo00My X 001leMy ZeJUTEJI0.

Haiigure HOI yuce:

a) 2n u 2n + 2; 6) 3n u 6n + 3;

B) 2n u 4n + 2; r) 30n + 25 n 20n + 15.



3.64.
3.65.

3.66.

3.67.

3.68.

3.69.

3.70.

3.71.

3.72.

3.73.

Hoxkaxxkure, uro HOI (n; n + k) = HOL, (n; k).

Haiizute aBa HaTypaJbHBIX YHCJI4, CYMMa KOTODPBIX
paBHa 35, a HanMeHbIIee 00llee KpaTHOe paBHO 42.

HajiguTe ABa HATypaJbHBIX YHCJA, PA3HOCTh KOTODBIX
paBHa 66, a HOK paBuo 360.

Haiinnre HOJI Bcex mIeCTH3HAYHBIX YHCEJ, COCTOSAIHX
us3 nuop 1, 2, 3, 4, 5, 6 (6e3 noBTOPEHMIT).

IIpnBedee IIpPUMeEp YeThIPpEeX3HAYHOI'o 4YHucCja, HMEIoIle-
T'O POBHO TPpH AE€JIHUTEA.

Hoxasxkute, YTO TOJBKO OJHO YMCJIO, COCTOAIIee M3 YeT-
HOTO YMCJAa OZWHAKOBBIX HHdp, npocroe. Haiizure ato
YHCIIO.

CyMmMma gByX umces paBHa 463, a pasHOCTB HX KBajapa-
TOB — IIpocToe uucjo. HaliaguTe 3T uucia.

JlokakuTe, UTO B HATYpPaJbHOM DAY IIOCJE IIPOCTOrO
yucJia, OOJIBIIEro TpeX, He MOYKET CTOATh KBaApaT HeJIoro
qpcIIa.

Oty 50 net, a npousBeseHHe BO3PACTOB TPeX ero ChIHO-
Beil 4199. CKOJIBKO JIeT KaXJOMY CBIHY?

ITycrs p — mpoctoe yucio, p > 3. Jokaxure:
a) p=6k*1l, ke N;

6) p? -1 geaurca Ha 12;

B) p?—1 menutca na 24.

JlokasKuTe UJIM ONPOBEPTHUTe yTBEpKAeHUe (74—T78):

3.74.

3.75.

3.76.

3.77.

3.78.

g Toro urob6pl cymMMa ABYX HepaBHBIX HaATypPaJbHBIX
yuceJ Oblila IPOCTBIM YHMCJIOM, HEOOXOAHMMO, YTOOBI OHH
ObLJIN PA3HOM YeTHOCTH. SIBJIAETCS JIM 3TO yTBEpXKIAeHUe
JOCTATOYHBIM?

Hast Toro 4ToOBI CyMMa ABYX HATYPaJIbHBIX YHCe] ObLiIa
IPOCTHIM YHCJIOM, HEOOXOAUMO, UYTOOBI OJHO U3 HUX OBLJIO
OPOCTHIM. fIBJISE€TCA JIM 3TO YTBEPIKIEHUE HOCTATOUHBIM?

Jns Toro 4To6bl cyMMa ABYX HaTyPaJdbHBIX UHces] ObLaa
IPOCTHIM YHCJIOM, HEOOXOIMMO, YTOOBI OHH OBIJIM B3a-
MMHO TIpOCTHI. fIBiseTcss JH 3TO yTBEPIKIEHHE IOCTa-
TOUHEIM?

Jsnsa Toro utro6sl cyMMa ABYX HATYPAJBHBIX YHCEJ OBI-
Jla COCTaBHBIM YHCJIOM, JOCTATOYHO, 4YTOOBI OHHU 0ba
OBLIN NPOCTBHIMU. SIBJIsieTCA JIM 3TO YTBEpKAEHHUE HEO00-
XOOUMBIM?

Jns Toro uTobnLl cyMMa ABYX HATYPaAJbHBIX duces 6mlaa
COCTaBHBIM YHCJIOM, AOCTATOYHO, YTOOBLI OHM OBLIH IIPO-
CTHIMM BOCBMM3HAUYHBIMH YHCJaMH. fBasdercsa Ju 3TO
yTBep:KAeHNe HeoOXoquMbIM?
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3.79.

3.80.

3.81.

3.82.
3.83.

3.84.

3.85.

3.86.

3.87.

3.88.

3.89.

3.90.

3.91.

3.92.
3.93.

3.94.
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Haiinute nBa Tpex3HaYHBIX YHMCJ4 TAKHX, YTO:

a) OHHM B3aHMHO IPOCTHI;

6) Ka)XJgoe M3 HUX — IIPOCTOE UMCJIO;

B) UX CyMMa M MX Pa3HOCThL — MPOCTHIE UMCJA;

I') Ka)KJoe U3 HUX HMeeT POBHO TPH [AeJUTENA;

A) UX TpOU3BeAeHUE HMEET POBHO IIIECTh HeJUTeJIei;
€) Ka)jaoe U3 HHUX HMeeT POBHO UeThIpe IeIUTENIs;
’K) pasHOCTh UX KBAJApPaTOB — IIPOCTOE YHCJIIO.

Joka)xuTe, 4TO YeThIpeX3HAUHOE UYMCJIO, He HMeEIoIee
mennrenaeit, mespmux 100, — mpocroe.

Haiignte Bce mpocThle 4ymcia, ABJISIOIINECS OIHOBpe-
MEHHO CYMMaMH M Pa3HOCTSMH ABYX IIPOCTHIX UHCEJI.

Hoxasxkure, uto 21° + 52 — cocTaBHOE YMCJIO.

Yucaa p u 2p + 1 — npocreie (p > 3). Jokaxkure, 4TO
uyncio 4p + 1 — cocraBHOe.

Vkaskure BCe NMPOCTBHIE YHCJIA P, AJSI KOTOPBIX YHCJO
8p? + 1 — mpocroe.

HarypanbHeIX uucesa n, aiada koropuix 0,2 (n® — 1) — me-
JIoe, YKa)KuTe Takue n, uro uucio 0,2 (n® — 1) — npocroe.

HOK&)RHTG, YTO He CyIIecCcTBYyeT HaunboJIbIIero IIPOCTOTO
ypcja.

HokaskuTte, UTO B HATYPaJbHOM pALY CYIIEeCTBYIOT
1992 uaymmx nogpsia COCTaBHBIX YKCJIA.

Haiigure Bce Takue HaTypanabHBIE YHCJIA 1, YTO YNUCJIA
n-2, n+ 24, n+ 26 — mpocThle.

YKaXKuTe 4HUCJI0 HeJUTeeil uuciaa:
a) 2%; 6) 2%. 3% B) 2700; r) 9!.

NPU3HAKW OENTMMOCTH

Hoxkaxxure, uTo:
a) umcJo 555... 53 — ABIsgeTCcA COCTABHLIM;

| N —
1992 nudps
6) uwncsao 10001°°° — 1 geiseTCA COCTABHBIM.

B uuciae 4758967] mamuinuTe IMOCJeIHION IUMPY Ta-
KYI0, 4TOOBI YMCJIO JeJHJoCh Ha 2; 5; 3; 9; 4; 25; 11.

IMoxaxure, uro uyucyao 49°° — 145° kparno 5.

Hokakure, 4TO Pa3HOCTHL ABYX AEeCATHU3HAUHBIX YHUCEJ,
3alluCch KaMJIOTO0 U3 KOTOPBEIX COAEPYKUT BCe IeCATh
oudp, xgenuTcss Ha 9.

Beinncansr nmoapsg 300 HaTypanabHBIX YHCeJ, HaYMHAA

.c¢ 1. Hokaxure, 4TO ITOJYYEHHOE UHCJO AEJHUTCA Ha 3.

BepHo a1, uTO OHO HenuTca Ha 9?



3.95.

3.96.

3.97.

CyiiecTByeT JH UYMCIO, AECATHYHAA 3aIlIUCh KOTOPOTO
COJIePXKUT IIIeCTh €UHHUI[ ¥ CEMb HYJIEH, ABIAIOIIEECH
KBaApaToM LieJjoro uucia?

Mosker am umciio Buga 5" + 1 geJuThCA HaA YMCIO BUIA
5* — 1, rme n u k — HaTypaJbHBIe uynucaa?

Mosxer au cymMMa udp KBaApaTa LEJOr0 YHCIa pas-
HATBCA 19917

NCNOJIb30BAHUE PA3/IOXEHUSA HA MHOXUTENN
BbIPAXKEHUN BUOA x" — a” n x%*1 4 g2k+!
B 3AJAYAX HA JEIMMOCTb

JokakuTe, 4YTO IPHU JIOGOM HATYPAJIbHOM 3HAYEHUU N

(98—99):
3.98. a) 7" -1 kparHo 6; 6) 15" — 1 kpaTHO 7;

B) 3% -1 kpatHo 13; r) 2% — 1 kparso 15.
3.99. a) 5"+ 3 mesurca Ha 4; 0) 7"+ 5 geaurcsa Ha 6;

3.100.

3.101.

3.102.

3.103.

3.104.

3.105.

B) 13" + 5 gmeaurcsa Ha 6; r) 15" + 6 meaurca uHa 7.

Hokakure, 4TO:

a) HeueTHasa HATypaJbHas CTeNeHL uucja 16, yseiu-
yeHHada Ha 1, KpatHa 17;

6) HeueTHad HaTypajbHAas CTeNeHb uucjaa 23, yBeau-
4yeHHaA Ha 1, kpaTtHa 12;

B) HedeTHasi HaTypajbHasA CTeNeHb uuciaa 11, yseau-
yeHHada Ha 13, xparHa 12;

r) HedeTHadA HATYpajJbHas cTeneHb uuciaa 6, ysenu-
4yeHHas Ha 8, KparHa 7.

Hoxaxxure, 4to:

a) 4YeTHas HaTypaJbHa#d CTeIeHb uucja 7, YyMEHBLIICH-
HaA Ha 1, KpaTHa 48;

6) deTHas HaTypaJbHafA CTENEeHb YHucjaa 9, yMeHbIIEeH-
Hasa Ha 1, kparua 40;

B) dYeTHas HATypajibHaA CTeNeHb uMcja 4, yBeJIHdeH-
Hada Ha 14, kpatHa 15;

I) YeTHasdA HaTypaJibHas CTelleHb YUcia 5, yBeJIUUeH-
HasA Ha 23, KpaTHa 24.

Hokaxure, 4YTO NPHU YeTHOM HATypPajJbHOM 7:

a) 7" — 5" menurcsa Ha 24; 6) 5" — 3" genuTcsa Ha 16.
Joka)kurte, 4TO IpH J1I060M HATYPAJIBLHOM 7%

a) 7" -6 - 2" kparHO 5; 6) 7"+ 8"*! kpaTHO 4;
B) 5" + 2"*! kpaTHO 3; r) 9" + 47+ gparHo 5.
Jokaxure, 4o nNpu J1060M HATYPAJILHOM 7.

a) 21"+ 4"*2 gpatHo 17; 6) 15"+ 7**! kpaTHO 8;
B) 13"+ 3"*2 kpatHo 10; r) 5"+ 7 - 9" KpaTHO 4.
Joxaxkure, 4To npu J1060M HEUETHOM HATYyPAJIbHOM 1:
a) 5" + 2" KpaTHO T;

6) 5"+ 11" + 2 kpaTtHo 6;
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3.112.

3.113.

3.114.
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B) 5"+ 13 - 11" — 4 KpaTHO 6;

r) 1"+ 3"+ 5"+ 7" xparHo 8.

Hoxaxurte, 4TO npu JI060M HATYPAIbHOM n:
a) 7-5%2"+12.6" genurca Ha 19;

6) 7"*2 + 82"*! nesmurca Ha 57;

B) 3%+2 4+ 5.2%+1 penmrcsa Ha 19;

r) 62"+ 3"*2 + 3" genurcss Ha 11.

Hoxaxure, 4ro:
a) 5"+ 8" — 2"*1 kpaTHO 3 npH JA:060M HATYDPAIBHOM I}
6) 5"+ 7" — 2"*1 kpaTHO 3 IpPU YEeTHOM HATYPAJILHOM Il.

Jokaxure, 4To mpu J1060M HATYpPaJILHOM 7:

a) 1"+ 3" + 5" + 7" KpaTHO 4;

6) 3"+ 5"+ 7" + 9" KpaTHO 4;

B) 5"+ 7"+ 9" + 11" KpaTrHo 4;

r 1"+3"+5"+ 7"+ 9"+ 11" + 13" + 15" kpaTHO 8.
Jokaxxure, 4To mpum JIO6G0M HATYPAJbHOM 7 YHCJIO
5" — 3" + 2n peaurtcda Ha 4.

YPABHEHWA B UENbIX YNCNAX

a) Ecau pgBysHauHOe UHCIIO pasAeJHTh HA CYMMY ero
nudp, TO B YACTHOM HOJYyUYHTCA 3, a B octaTKe 7. Haii-
JUTEe 9TO UHCJIIO.
6) Ecim npysHauHoe uMCJIO pasfeIUTh HA CYMMY €ro
nudp, To B YaCTHOM IToaydyutca 6, a B ocratke 4. Haii-
OUTE 3TO YUCJO.

JBy3HauHOE YMCJO B WIECTHL pa3 GOJbIIE CYMMBI ero
nudp. Haifigure sT0 uncJo.

HokaskuTe, 4TO He CYIIIECTBYeT ABY3HAUHOIO YMCJI4, PaB-
HOTO IPOM3BEAECHHIO IUMDP, BXOAAINUX B €r0 JeCATUUHYIO
3aTHCh.

MosxkHO M M3 ABAAIIATA MOHET AOCTOMHCTBOM 5, 20 1
50 k. cocTaBuTh CYyMMY B 5 p.?

Ha mebesbHOM KOMOHHaATe H3TOTOBJIAIOT TabypeTKH C
YeTHIPpbMSA M C TpeMa HoxKkKamu. Ha ckiaze ummeercs
786 484 Hoxkku. IIpM UBrOTOBJEHHMH IIPOAYKIHH
JOJI’KHBI OBITH HCIOJIB30BAHBEI BCE HOMKKH.

a) Mo2KHO JIH MSTOTOBUTH OAHHAKOBOE KOJIUYECTBO TEX
U Apyrux tabyperok?

6) Ha kaxoe MUHHMAJIBHOE YHCJIO MOKHO HN3TOTOBUTH
TabypeToK c YeTbIpbMsA HOXKKaMU OOJIbIlle, YeM ¢ TpeMsa?
B) Ha kakoe MHUHMMAaJbHOE YHCJO MOXKHO H3rOTO-
BHUTH TaOYypPETOK C YEeTHIPbMSA HOYKKAMH MEHbIIIEe, YeM C
TpemMsa?

r) Kaxkoe makcumaJjbHOEe 4HCIO TabypeTOK MOKHO H3-
TOTOBHUTH?



n) Kakoe MuHHMaibHoe YHUCJIO TaOypeToOK MOYKHO H3-
TOTOBHUTL?

e) UssecTtHO, uUTO IleHa OAHOM HOYXKH BbIpa’xkaeTcs
4YHUCJIOM KomleeK, 60apmum 50, Ho menbmium 80, a 1ieHa
BCeX HOXKEK — LeJIbIM YHUCJIOM pyb6ueit. CKOJIBKO CTOAT
Bce 786484 HOXKH?

Pemure B ueasix uucaax ypasHenue (115—119):
3.115. a) (x—-2)(xy+4)=1; 6) 2x2+xy=x+T;
B) x?—xy—-x+y=1; 1) x*-8xy=x-3y+2.

3.116. a) y + x = xy; 6) y—x—xy=2;
B) 3xy + 2x + 3y = 0; r) y+4x+2xy=0.
3.117. a) x2—xy - 2y%2=1; 6) x2- 3xy + 2y% = 3.

3.118. a) x>’ +xy -2y -x+y=3;
6) 2y? - 2x%+ 3xy — 2y + x = 2.

3.119. a) y% - 2xy — 2x = 6; 6) x2+xy—y=2.
3.120. MoxkakuTe, YTO ypaBHEeHHE:
a) x2-3y=17; 6) 3x2-4y*=13

He MMeeT pPeIIeHUH B IeJIbIX YUCJIaX.
3.121. PemnTe B LeJBIX YHCJIAX ypaBHEHHe:

a) 3x+2y="7; 6) 3y =2x+ 8.
3.122, Pemurte B HATYpaJbHRIX YHCIaX ypaBHeHHe: X + Y+
+ 2 = xyz.

3.123. PemuTe B HATypaJbHBIX YUCJIaX ypaBHEHUE:
a) 11+21+3l+...+xl=y% 6) x! +yl=4z+ 3.

3.124. PemuTe B LEJBIX uHMciaax ypaBHeHue 19x% + 91y%=
= 1991.

3.125. PemnTe B IPOCTHIX 4YHMcJIaX ypaBHeHue x2 — 4y?=9,

PA3HbIE 3A0A4YN

3.126. Ilpu xaxkux IeJBEIX 3HAYEHUAX N JPOOH
TypaJbHOE YKUCJIO? 2n -1
2-n+3

3.127. TIpu KaKUX LeJBIX 3HAUeHUAX n Apobs 2 < ects
HeJioe 4ucyao? n+1

4n -5

eCThb Ha-

3.128. IIprx KaKMX HATypaJbHBIX 3HAYEHHAX N Apobb
2n%2 - 3n + 2
2n -1

3.129. Mokakure, 4TO CyMMa 4YeTHIpeX PA3JHUUYHBIX ABY3HAU-
HBIX 4YMCeJI, 3alHCAHHEIX C IIOMOINBIO ABYX 3afaHHBIX
nudp, He MokeT ObITh KBAAPATOM IIEJIOTO YUCJIA.

3.130. Hokakure, 4YTO CyMMa KBaApPaTOB IIATH MOCJeNOBAa-
TeJIbHBIX IIeJIEIX YHUCEJ He SBJIAETCA KBaJPaTOM I[eJIOr0
yucia.

€CTb IIeJI0e YHCJIo?
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3.131. Haiinure 1000 mociefoBaTeJbLHBIX HATYPAJIbHBIX UH-
ceJl, CpeAA KOTOPBIX HET HU OJHOI'0 TOYHOT'O KBajaparTa.

3.132. Haiiaute 3HaMeHaTeJb ApoOH, IOJYYeHHOH IOCie co-

100!
KpanieHmud ‘é“lo—o-

119

3.133. Kaxoit nudpoii okaHumBaeTcs uncao 91191901 2

3.134. CKONBKHMMHU HYJIAMH OKAHUYMBAETCs 4yucJyo 5117

3.135. a) CkonpKUMHU HYJAMM OKaHuuBaeTcd uucyo 400!7?
6) YeTHOll MM HEUETHOM ABJIAETCA IIOCJEJHSAA HEHY-
JeBaa nudpa umciaa 400!?

3.136. oxa)kuTe, UTO eCJH ILeJloe YUCJO a KpaTHO 2, HO He
KpaTHO 4, TO y Hero 4eTHBIX AeJUTeJeill CTOJBKO e,
CKOJBKO M HeUeTHEIX.

3.137. HoxaxkuTe, uTo u3 JIOOBIX CTa IEJBIX YHCEJ BCerga
MOYKHO BbIOpaTh:
a) gBa TaKHMX, YTO MX Pas3HOCTh AeJUTCA Ha 99;
6) HECKOJIbKO TaKMX 4uceJ (MM, OLITH MOMKET, OQHO),
4YTO MX CyMMa JeJuTcda Ha 99.

3.138. JToxakuTe, 4TO U3 N LEeJbIX YHUCeJ BCerga MOYKHO BbI-
6paTh HECKOJIPKO TAKHX YHCeJ, YTO, IIOCTABUB MEXAY
HMMH 3HAKH <«+» U ¢—», IDOJYIHUM YHUCJIO, HesAlleecs
Ha n.

3.139. UmMeerca n neawlx ymces. JJoKa)KHTe, 4TO cpefH HHX
HaWAYTCA HECKOJBKO (MJM, OBITH MOXKET, OJHO) TAKHX
YHCceJI, YTO CyYMMa MX JEeJIHTCS Ha n.

3.140. MokaskmuTe, uTO cyimecTByer umcao Buza 19911991 ...
... 199100 ... 0, xoTopoe geauTcs Ha 1992.

7 | KBagpaTHbie KOpHM

1. ApndmeTuyeckuini KBaapaTHbliA KOpEeHb U ero CBOMCTBA.

ApudpMeTHYECKMM KBAAPATHLIM KOPHEM M3 YHCJA 4 HA3bI-
BAeTCA TAaKOe HEeOTPHIlaTeJIbHOEe YHCJIO, KBaJApaT KOTOPOro pa-
BEH @, T. €. PABEHCTBO v a = b o3HauaeT, uto b2 =a u b = 0.

Ecimaz0ub2z=20, TO'\/G_:\/E"\/E

ECHHQ?OHb>0,TO\/§=%.

Ecam a = 0, 1o (WVa)? =a.
Vva? =|a| npu mobom sHauenuu a.
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2. OyHkumns y =V x.

(IDYHKI.[I/IH Y =+ X onpesesieHa Ha MHOXXeCTBE€ HEOTPHULATEJIb-

HBIX YHcCeJ M IPUHUMAaeT HeoTpUllaTeJbHble 3HAUEHUS.

TI'padmnroM GyHKIMM Yy =+ Xx sABIAeTcA moiyiapabosna, CUM-
meTpruHas rpapuxky ¢yHKImMM y = x2, rge x 2> 0, OTHOCHUTEIBHO
IIPAMON Y = X.

BospnmieMy 3Ha4eHHIO apryMeHTa X M3 O0JlacTH ompezeJie-
HUS COOTBETCTBYyeT GOJIblllee 3Ha4YeHUE (PYyHKIINU.

IIpumep 1. Mokaxxkure, uto ecau a € N, To Ja nubo Ha-
TypajJbHOe YHCJIO, JUOO UPpalluoOHAIbHOE.

m
IIokxasartenbcTBO. Ilyers Ya=—, rae me N, ne N,
n

2
m
n+#1, npuueM m U n — B3aUMHO mpocThie. Torza a=—,
n
2

m 2 2
T. €. —- € N. Ho m® u n® — B3aUMHO INIPOCThIe, IOCKOJIbKY
n

yucJa m M n He MMeloT obmux meaurteneil u n® # 1, sgauur,
2

m
5 He ABJIAETCA HATYpaJbHBIM YHCJIOM. Hpnmnn K IIPOTHUBO-
n

peuunio.
IIpumep 2. Joxakure, 4TO J3+5+J7 — uppamnuo-
HaJbHOE YUCIO.
HokasareabcTBo. lyers V3 + V5 +7 =r, tae r —
pauuoHaiabHoe. Torama
V8 +5=r-47, 84215 =r2 +7-2r/7,
2V15+2rJyT=r2 -1, J15+rJ7=r,
rage r, — panuoHaiabHoe. Orcioga 15+ 7r2 + 2r y105=r?,
2 2
rf-15-1Tr
2r

He HaTypaJbHOe, a 3HAYUT, UppanuoHanbHoe (cM. nmpumep 1).
ITonyuyuau npoTuBOpeYHe.

IIpumep 3. Beruuciaure \/5— 2J6 - \/5+2\/6.

Pemenwne. 1-f cmoco6. Ilycrs x=\/5—2«/6—\/5+2«/5,
morma x2=5-2J6 +5+ 26 — 2,/25 - 24, x2=8. Tak Kak
x <0, Tox=-22.

2-i1 cmocob.

J5-276 - |5+ 276 = (V8- V2)* - J(VB +V2)* =
=|V3 - 2| - |8 + 42| = V3 - V2 - VB - V2 = —-2/2.

T. e. V105 = — panuoHanpHOoe uyuciao. Ho 105
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IIpumep 4. Beruucaure (2 — «/3)\/9 +44/5.

Pemenune. 1-ii cmoco6. HUcnoabdyem BHeCeHHE MHO-
SKHUTEJIA MO 3HAK KOPHSA:

(2-5){9+45 = —/(2-V5)2 (9 +45) =
=-J(9-4/5)(9 + 4J5) = — /81 - 80 = -1.

2-#1 cnoco6. Ucnosb3dyeM MeTOJ BHIHECEHUA MHOMKUTEA
HM3-TOJ 3HAKa KOPHA:

(2-V5)9 +4V5 = (2-V5)/(2+5)? =
=(2-V5)(2 +J/5)=4-5=-1.
I[Ipumep 5. Kakoe u3 uwmcen Ooabmre: +v101 +/103 uan
V99 ++/105?
Pemerue. PaccMoTpuM pasHOCTh 3THX YHCEN:
7101 ++/108 — /99 — /105 = v101 — /99 — (¥105 - +103) =
_ 2 _ 2 >0
J101+499 105++103

TaK Kak anameHaTenb nepBo \7@614 MeHbllle 3HaMeHaTelsd
BTOpOH. 3HAYwUT, 1++/103

YnpaxHeHus

APUDPMETUYECKUA KBALPATHbIN KOPEHb
4.1. IIpoBepnTe paBeHCTBO:

a) V81=09, V121 =11, /441 =21, /676 = 26;
6) \/g =1,5, 1% = g, J1,44=1,2, /0,00 = 0,3;
B) va? =a(a>0), va® =a? (a>20), va* =a?, Va® =a?,

I‘) “25a2 =_5a(a<0), Ez"'_( \0)’ \’ 4:9 2l7a|

4.2. OOBAcHUTE, NOUYeMy HEBEPDHO PaBEHCTBO:
a) /25 = -5; 6) /2,25 =-1,5;
B) V4-2V3=1-3; 1) /(-3)% =—

4.3. Ilonwsysacek ompezeieHHeM KBaJPATHOIO KODHs, Hail-
auTe:

a) (ﬁ)z,[\/g) ,(\/ﬁ)ﬁ,[\/ﬁ] ;
6) (—V11)?, —(+13)?, —(-V2)?, —(-2-+3)%;
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4.4.

4.5.

4.6.

4.7.

4.8.

4.9.

4.10.

2 (JVB ), (I, B, (VB )
o e, (3], (vamr ) (Vo |-

Haitgure:

a) {(2-3)?, J(2-V5)*, V625, V264,
J2/21024, yaJava® ;

6) v4a?, Ja'b®, J9a2b*, J/8la%bbct.
Brruunciaure:

a) V3++/36;6) J4+425;8) V7T+V4;1) J7-
Haiinure 3HaUueHNE BRIPAYKEHUSA:

a) 2,1+.1,44; 6) 3,2—4/5,76;

B) V256 + /144; r) V1024 + /729 /484;

1) 20,25 +3 11%; e) %1/0,81—0,5,/0,64.

NmMmeer a1 cMBICa BBEIpakKeHUE:
a) —15; 6) +—289;

B) ¥3—+11; 1) V123 -11;
m) V2-37?

Hpn KaKHX 3HAYEHUAX d UMeeT CMBICJ Bpra}KEHI/IEI

a) Ya; 6) V-a; B)JrTz, r) Va®; n) V-a
e) Vv2a—a? -1; x) 1/—a—+2a 5; 3) V—-ab; n) Vv-at®?

HaiinguTe cTOPOHY KBajpara, €CJIU ero ILIONaAb PaBHA:
a) 49 cm?; 6) 100 am?; B) 2,25 M%; r) 5 Mm% o) 17 m%;
e) 30 mm2.

Briuucaure guaMeTp Kpyra, €CJIH ero ILJIOMAAb DaBHA:
a) 25n cm?; 6) 49n cm?; B) Tn am?; 1) 11lm om?;

n) 4na? am? (a > 0); e) 9n - 8 M2 (¢ > 0).

Pemnnre ypaBuenue (11—13):

4.11.
4.12.
4.13.

4.14.

4.15.

a) x2=25; 6) 4y>=81; B) 22=3; r) x2="T.

a) (x-2)2=9; 6) 9(y+3)?=1; B) (22-1)>=7
a) x2—10x + 25 =a? 6) 2x%2—-16x + 32 =0b.

OaHa U3 CTOPOH NPAMOYrOJLHOTO Y4aCTKa COCTABJIAET

25% ppyroil ero croponnl. Halizure mepuMeTp y4acrt-
Ka, eCJIM ero miouassp pasHa 16 m2.

OgHa u3 CTOPOH NPAMOYIOJbHOrO ydacTKa B 2 pasa
Goabiite Apyroi. Haliiure mepuMeTp y4acTKa, €CJIH €ro
maomass pasHa 8 m2.
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Pemure ypaBHeHMe, HCIONL3ys ompezeseHune apucMeTHUe-
CKOr'o KBaJapaTHoro Kopusa (16—19):

4.16.
4.17.

4.18.

4.19.

a) Jx =3; 0) \/;=§; B) Jx-1=43; r) J4x+1=

a) v7x-1=1; 0) v3x-1=0;

B) ¥v3-5x=1; r) J7-2x =3.

a) Jx=-2; 6) Vx=1-2;

B) Vx-83=+/2-5; 1) JB-x=4J3-T.
a) Jx =x; 6) Vx=—

X
B) Vx—-2=2—x; r) vx-3=2-x.

Ynpocrure Boipaxkenue (20—23):

4.20.

4.21.

4.22.

4.23.

4.24.

4.25.

4.26.

4.27.

38

a) \J(@—3)2 mpua >3; 6) /(b—4) mpu b < 4;
B) J(@-2)? +/(a-4)? npu 2 < a < 4;

r) J(@-3)% +,/(a-5)? npua < 3.

a) mnpnm< 1;

0) \/mnpnm<l;

B) Jy? —10y +25+./y? —14y+49 npu y > 7;
r) vz2 —4z2+4++/22 +82+16 npu -4 < z < 2.

a) (a+1)? —4a; 6) /(a-38)? +12a,

B) J(a? -4)? +16a%; 1) .J(a* +2)® -8a*.
a) Va® +a+4+Va? —6a+9 npu a > 3;

6) v10a+23+vVa® +4a? +4;

B) Va2 —13a+45+vJa® —8a+16 npu a < 4;
r) V202 +92+a® +16a° +64.

Kaxoe us uuces 6ospuie:

a) 2 uiu /3; 6) V5 uu v/3; B) 3v2 mam +19;

r) 35 unu 5/3; x) 43 nan 3V5;

e) V5v3 mam 6/2; k) 243 nnn 6422

Haiignte HaubGoabliiee 1ejioe 4NCJI0, MEHbIIIEe YHUCJIA:
a) V5, 6) J11; _B) +/67; r) V95, m) 149;
e) V274;  x) J1250.

Hailigure HanMeHbIIIee 1eJI0€ YUCIIO, OOJbIIIee YHCIA:

a) J7; 6) V10; B) V62; r) V103; n) V/245; ) /893.

Haf«'mn’re ABa IMOCJeAOBaATEJbHBIX HaTypaJbHBIX YHCJA,
MeX Yy KOTODEIMHK 3aKJIIOUYEHO YHCJIIO:

a)V3; 6)v6; B)V13; 1)/32; 1) /105; e)+/238;
) V632.




4.28.

4.29.

4.30.

4.31.

4.32.

4.33.

4.34.

4.35.

4.36.

4.37.

UPPALMOHANBbHBIE YNCNA

Hokaxmure, 4TO CymMMa, PA3HOCTh M IIPOMU3BEeAEHUE pa-
IIHOHAJIBLHEIX YHCEJ €CTh UYHCJIO PaljoHaJIbHOE.

JloKa)xuTe, 4TO €CJAU Iy U 'y — palliOHAJbHBIE YHCJIA

r
(ry # 0), To -1 — panmoHaJBLHOE YHCJIO.

I

2
HaBecTHO, 4TO CyMMa M pasHOCTb ABYX 4YHcel] a u b ecTb
panMoHaJbHEIe YKcyaa. JJoKa)XuTe, 4To yucja a 4 b tax-
JKe ABJSAIOTCA PalMOHAJIbHBIMH.

WsBecTHO, UTO UmMcCHaa Iy, I'y U I's # 0 — palMoOHAJIbHEIE.
O0BsicHNTE, TOUEMY PAIllHMOHAJBHBI YHCJIA:

+ 2
a) 2r;; 6) QT@; B) rl+4,1; 1) 2r2 +3r, +§;
3r _ 52 r2 4 9p3 _ b (7-3n)? —%
n) ;; e) L—zz_____a_; x{) —_ .,
3 2r; 5ry

IdokaxuTe, 4TO CAEAVIOL[NE YUCIA HPPALUOHAILHEI:

a) v5; 6) Y13; B) J7; 1) J15.

Kakue us CHeAYIOLUINX YHCEeJ ABJAIOTCA pallMOHAJIbHBI-
MU, KaKWe — HppallMOHAJIBbHBIMM.

a)Vv9; 6)412; B)J16; 1)418; 1) 0; e) -+/5;
%) 0,666...; 3) 0,(31); u) 0,010010001...?

ITpoBepbTe CIIpaBeAJIMBOCTbL HEPABEHCTB:
a) 6,1 <438 <6,2; 6) 4,4 <420 <4,5;
B) 10,5 <4111 <10,6; r) 21,5 < 4463 < 21,6.

Haf«inn're ABa IIE€ePBBIX NECATHYHBIX 3HaKa IIoCJjie 3aIld-
TOM uMcaa:

a) v2; 6) V3; B) V5; 1) V7; m) V10; e) 19,3;
x) /25,1; 3) 25,35, wu) J172; k) /173,46;

a) 4/2543,105; wm) ./16837,24.

CpaBHHuTe ymncia:

a) 1,(34) u 1,34; 0) J7u3; B) J5u 2; r) /17,3 u 4;

n) -54,72 u -54,679; e) 3,1415 u %

) —10 1-3,16; a) 3%:«./12,8; ¥) —\/291«1—51%.

Hadaure nBa NIepBHIX AECATUUYHBIX 3HAKAa IOCJE 3alfd-
TOM umcJia:

a) 1+/2; 6) V3 +V2; B) 2V3; r)g; m) V7 +45-42;
_ i 2. 1, 5,
e) 23 - 3V2; x) (V3 +1)%; 3) & W s
K) V3+4/2+/7.
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4.38.

4.39.

4.40.

4.41.

4.42.

4.43.

4.44.

4.45.

4.46.

4.47.

4.48.

4.49.

40

Yucao r — panuoHaabHOe, O ¥ [} — HUppPaLMOHAIBHEIE
yucaa. PanoHaJbHEIM WM UPPAIMOHAJIBHLIM ABJAET-
CA YMCJIO:

a) r+a; 6) o—r; B) 20; 1) %; o) o e) a+p;
x) o-B; 3) %; u) Jo; k) Jr+a; a) o+ 2r;

M) 30+ r?

I[orcaxm're HPpPpaAnoOHAJBbHOCTb YHUCJIA:

a) 1+2; 6) V/3+4/2; B) 2V3; 1) g;
) %; e) V2+42; &) J5+J2-1; 3) JT+/2+/3.

IIpuseguTe IpUMep ABYX UPPAIMOHANBHBIX YHCE], CYyM-
Ma KOTOPBIX €CTh YHCJIO PAI[MOHAJBHOE.

IIpuBenuTe MpuMep ABYX MpPPAIMOHAJBHBIX UHCEJ, IIPO-
u3BeJeHNEe KOTOPHIX €CTh YKCJIO PAIIMOHAJIBHOE.
JoxaxkuTe, 4YTO CyMMa PAIMOHAJILHOI'O M UPPaIlHOHAID-
HOT'O YMCeJI eCTh YKMCJIO HPpaInMoOHaJIBHOE,

JlokaXuTe, 4TO IpOM3BEAEHNE PAIMOHAJIBHOTO (OTJINY-
HOT'O OT HYJI) M UPPaIMOHAJBHOTO YHCEJ €CTh YHCJIO
uppainuoHaJbHOe.

Yucna a, b u Ja +Jb — pamuoHaabHEIe. J[okakure,
uto v/a u /b — pauuoHanbHBIE YKCIA.

Jokakure, 4To YKUCI0 + 3n + 2 npu J060M HATypaJIbHOM
n ecTh YHMCJIO UppPalMOHAaJbHOE.

Joxkakure, 4To +mn — HUPPAIUOHAJBHOE YHCJO, €CJIU

n_ uppaiuoHajgbHoe uucjgo (m, n € N). BepHo jn
n

obpaTHOe yTBepIKAeHNEe?

®YHKUMS y =V x N EE TPADUK

Ilnomanes KBagpaTa MOKeT ObBITH BhIYMCJIEHA IO (GOpMYy-
ae S = a?, rne a — cropoHa KBajpara. 3agalite Gdopmy-
JIoil 3aBHUCHMMOCTE @ OT S.

IlyTs Tena, magaomniero B 6e3B034yLIHOM npc;c'rpanc'rse,
t

MOXKeT OBITH BEIYMCJIEH II0 (opmyJe s=52—, roe t —
BpeMA MaJeHuss, g — YCKOpeHMe CHJBl THAMKECTH
(g = 10 m/c?). BanaiiTe GopMyI0il 3aBUCUMOCTE ¢ OT S.
Haiiaure ¢, eciu s = 4500 M.

IInomane Kpyra BeIYMCIAeTCA IO popmyae S = nRZ, rae
R — pazuyc kpyra. Haiigute 3asucumocts R or S. BrI-
yncaute R, ecau S = 1256 am?, cuuraa n = 3,14.



4.50.

4.51.

4.52.

4.53.

ITocTpoiiTe rpaduxk GpyHrIUN:

a) y=Jx;  6) y=+v-x; B) y=4|x[; ) y=-vx;
B y=2Jx; e) y=+2x; x) y=vx-2;

3) y=+v4—-x; m) y=+2x-1; K) y =1++/x.

IIpu xKaxkom 3HadeHuu a Touka M (2; 3) npUHAAJEKHUT
rpadury GyHKIHN:

a) y=avx; 6) y=+ax; B) y=+vx—a; r) y=av-x;
m) y=yalx|?

HWcnoabaysa cBoiicTBa GyHKIUH Y = Jx, Haitgute sHade-
HUS IDePEeMeHHOH X, IIPH KOTOPBIX:

a) vx <2  6) Vx>3; B) Vx <5 1) Jx>T;
0 Jx<l; e Jx-2<0; &) Jx>-1;8) Jx>-3;
n) Vx <-2 k) V2x-1<-1; 1) /3x-1 <3-10.
Pemurte rpadpuuecku ypaBHeHUe:

a) Jx =3; 6) Vx—-2=2; B) Jx=6-x;

r) Vx—1=3-x; 1) J-x=x+2; e) \/]?1=3;

K) Vx—2=x-4.

KBALPATHbI KOPEHb N3 NPOU3BELEHNA U APOBU

Haiigure 3HaueHue BuIpaskeHud (54—56):

4.54.

4.55.

4.56.

4.57.

a) {121-64; 6) /169 -0,36;

4
B) 1hfi-g.o,.%, r) 1,44 -0,04 - 0,0001.

a) /27 -12; 6) |/32-18;

B) |/[45-10-18; r) J/21-6-7-8.

a) /77-24-33-14; 6) /5-6-8-20-27;

B) /21-65-39-35; r) ,/10-20-48 -36-75-98.
Yupocrure Brpaskenue (a = 0, b = 0):

a) /2b-3a-8a-12b; 6) ,/12a -15b - 35a - 28b;
B) /30a” - 45b3 - 75b° - 98a3;

r) 12a'7 - 2153 - 24b5 . 4243 .

BriHecuTe MHOKHTENL U3-MOJ 3HAKA KOpHA (58—61):

4.58.
4.59.
4.60.
4.61.

a) V12; 6) v8;  B) V48; ) V175.
a) V45; 6) V72; B) V20; 1) V128.
a) +/363; 6) V162; B) J1152; r) J432.
a) m; 0) m; B) m,

r) /285610 - 35.
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4.62. Haiizute 3HauYeHNe BLIPAYKEHH:

a) }81 25 36 9-16 | r) 121 - 256
49 - 121 121 25.49° 25-100 °

4.63. Bbmo.zmn're neitcreuda (a > 0, b > 0):
2) |5 6

4.64. BrlHecuTe MHOXKHTEJb H3-IOJ 3HAKA RopHa

50 45 50

a) ,/-—; 6) .= =
) Vo’ ) {16 B) V81 r) 100
BrimecuTe MHOMKHTEJbL H3-IIOA 3HaKa KopHaA (a = 0,

¢ > 0) (65—67):
4.65. a) Va®; 6) Vab%; B) Ja'b; r) V8a?b'c?.

2 87
4.66. /2; 6) [0, \/ 16a* b, 50a8c
a) 9 ) = B) e r) o

4.67. a) Ja“b“”‘; 6) \/a2n+l’ B) JT:W

4.68. BuecuTe MHOKHUTEJb IIOJ 3HAK KOPHA:

a) 2v2, 45, 3V3, 2J7;

169aS s 49a’ 576a'2
25p20 ° 815 ’ 225p26

b >0,

aG n+l
b4m

6) av2, bva, a\/ 2,b\/1 —(a>0 b > 0);

B) (m_3)‘}m__—3’ (n"z)wfm, (n—4)11m,

(5—n)\/I;

r) (x- y)\/z ecqiu x 2 Y, (a— b)\/— ecan a <
bya.
4.69. Vopocture BbhIpaxkeHue:
a) va® -b3 +a’b-ab?, ectma > b > 0;
6) Va3 +a? —a-1,ecama > 1;
1 2a-1

B) a® |5 -— —,ecma<]l, a=*0;
a? at

2 4(1 - a)

3

a

r) 2-a

1 , €CJH a > 2.
a

a

CNOXEHWE U BbIYUTAHUE KOPHEN
YuopocruTe Bripaxkenne (70—72):

4.70. a) /28 -3V63; 6) /50 ++/98 —/200;
B) V27 +412+/75; 1) /20 +2/45 - 3/500.
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4.71.

4.72.

4.73.

2 [3. 2. [7.
a) \/3+\/;— 55 0 «/ﬁ+\/;+\g,
B) J§+\/g—\/g; r) 0,1 ++/1000 ++/10.
a a,
6) (vV16ab —121ab)— (5+/9ab — 3v/36ab);
B) (Va®b+2Va®b)—(2Va’b -Va’b), rme a > 0, b > 0;
r) (Va’b? -38Ja'b*)-5va’b® —2va®b®, rme a >0,

b > 0.
Pemure ypasuenue:

a) 3V8x+V2x=1; 6) 1F 9x+1\/25x—
x x 5.
B) 2—2\/;=1, r) 3\/; \/;—4\/%—1.

YMHOXEHME N NENEHUE KOPHEWN

BeINOJIHUTE YMHOMXKEHMNe (74—76)

4.74.

4.75.

4.76.

4.77.

4.78.

a) (8V12-75)-4/3 6) (40,02 ++/8)-4/2

B) [2( 5(+4\f) \/7 )(2F—~/_+F) \f
a) (2+v6)(3V2-2V3); 6) (3+21)(W3-VT)

B) (1+v15)(v3-+v5) 1) (2V5-+3)(V/3+35).

) (V7+V3)(J7-43) 6) (Va+Va-1)(Va-a-1)
B) V3+v2-/3-2; r) V5+2V6-45-26.

Hokaxure, 4TO CIEAYIOLIHE YWCJIA ABJIAIOTCA B3aMMHO
o0paTHBIMHU:

a) V2+/3 m/2-43; 6) T+4V3 u 7-43;
B) V3+2V2 1 /3-2V2; 1) (/9+4V5)% u (J9-4v5)5
Pemure ypaBHeHue:
a) (V2+Vx)3-Jx)=1-x;
6) (7—2Vx)(1++x)=3-2x;
)J_+1 ﬁ—z Ve -3 Jx+2
Jx -2 Jx+1 Jx+1 Jx -1

BrimosauTe peiictBus (79—81):

4.79.

a) (1+42)*,(2-+3), (V2 +6)*, (V15-43)%;
6) (3vVa —2vb)?, (2Vab +Va)?, (Va®b +2ba®)?,
(2Va? —ab)?;
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B) (V3+V2+1)2,(/5-42-1)2, (V6 +4V2-1)2,
(V3-v2+6)2;
r) (V2+1)%, (V3-2)*, (Va +1)?, (Va - 3)3.
4.80. a) (V3+2)% +(J3-+2)2;
6) (V8+1)® +(3-1)°;
B) (Va +vb—+e)? +(Ja —b+c)?;
r) (V3+42)t -(V3-2)!.
4.81. a) (x+1+/3)(x+1-+v/3) 6) (a—-2+/5)a+2-+/5)
B) (V7T +v/2-1)(J7-+2+1)
r) (V6-vV2-1)(V6 +v2+1)

)‘/«/§+«/§+1 V3+v2-1 V3-v2+1 1+J2-43
a 2 2 2z T 2

YipocTuTe BEIpa)XeHUE, IPEACTABUB IOAKOPEHHOE BhIpaXkKe-
HHe B BHJe IOJHOTO KBaapara (82—83):

4.82. a) J4+2V3; 6) V9-45;
B) v10+2421; r) J12+6+/3.
4.83. a) \/a+2m; 0) \/a+1—4\/a_—_§;
B) V2+2V1-a?; 1) V3a-1+2V2a? —a.
Boeruucanre (84—85):
4.84. a) J7+4V3 +J7-4V3; 6) J14+65 +14-65;
B) V8+2J7 —/8—2JT; 1) /28 -103 +/28 +10/3;
m) |12V3-21|-/21+1243;
e) V18 +8+/2 —/|8/2-18|-0,532.

4.85. a) (\/3+2v2 —/3-2V2)%; 6) (V3+5 +/3—-5)*;
B) (V2+V3+42-43)¢; 1) (V4+V15—4-15)8.

4.86. BriunciuTe 3HaYeHNE BbIPAKEHUS:
a) x2-2x—-1 mpux=1+3;
6) x2-3x-2 npnx=3—_§£;
B) x2-4x -6 npu x=2 —y11;
5+3
g

r) x2-5x+8 npux=

Brinonuure aenenne (87-—88):
4.87. a) (12V45-6+20): 3V5; 6) (15v/44 —24/99): 3/11;
B) (4V75+2412):2V3; 1) (/28 - /262 +24/63): /7.
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4.88. a) (a-b):(Ja-+b); 6) (a—b):(Va+Vb);
B) (ava +bVb):(Va +/b);
r) (a/8a —b+/27b):(v2a — /3b).

Paznoxure Ha MHOXKKUTEHN (89—92):
4.89. a) V21-4/7; 6) 6 —+/3; B) 2+6;
r) T+4J14-7; 1) V6 +V3+18; e) V5+5-4/10.
4.90. a) a+2Va;
6) a++ab, ronea > 0, b > 0;
B) va? —b% —Ja+b, rnea > b > 0;
r) Jab+ac—+b? +bc, tae a > 0, b > 0, ¢ > 0.
4.91. a) ava +bVb+aJb+bya; 6) avb—-Ja+Jab-1;
B) 2+bva —2Jab —b; 1) ab +ava +byb + Jab.
4.92. a) x—6Jx +5; 6) a—5Ja +6;
B) a—3Va -4 r) b+b-2.

Cokparure apo6b (93—94):

a+2f+1 J’+J’ Ja+b . | a-6Ja+9
4.93. a) 0) ; B) Ve sbit ; T) —_9
4.94. )J—+1 )(«/—+1)2’ g - \/—)2 r) J6+3-42-1

J2+2 2443 JT-4 J6+2V3-v2-2

4.95. Pemwute ypaBHeHHE:
a) (x+1)-V3=x+3; 6) (x-1)-J/2=2x-1;
B) (2-xv6) -2 =2(x~-/6);
r) (xv5-2)-4/10=5x-2/5.

4.96. YnpocTture BbhIpaykeHUe:
a) Jab, 0) a+J_’ raea <0, b<0;

J=b  b+ab
2
)Lb—‘/b_+\/;,mea<0,b<0;
r) Jab -a, 1) a+b+2Jab, e) a->b .
J=a ’ J-a-J-b’ J=a-J-b

4.97. BpruucauTte 3HaueHUe GYHKIIMN:

a) f(x)= (x—l)(j;jz)(zx+l) mpu x=1-+/2;
(x+2)(x+4)(4x+1)

V8x2

4.98. JToxaxxurte «(PopMyJibl CJIOKHOIO PaguKaja»:

\/ﬁz a +\/2a2 -b i\/;—\/;? —b.

3-2

6) f(x)=
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Yupocture ciaoxHble pagukaias: (99—100):
4.99. a) J7+24; 6) v7-24;
B) 5++/24; r) /7++/48.

4.100. a) 17 -4/9+45; 6) |3+ 5—+13+48 ;
B) v/28-16+/3; r) JV17 +4/228.

IlpuBeauTe K panMOHAJBHOMY BHAY 3HAMEHATEJb JIpOGH
(101—104):

4.101. a) 3 -8 8 6 a ab

2J6" V12’ V32’ V18" Ja3b atb®

6) a+3 mn a-2 a-b .
a2 -9 nvm’ J4-a? Ja? _p%
p) L 14 1 J2 -1,
V2-1 3+42° 3-2v2  J2+1
r) m-1 x—4 1 2 )
Jm+1 Jx-2 Ja+3-2 3-J2x-1
2
4.102. a) X-1 . 6) X —2x .
) Jx+3-2 ) Jx+2 -
B) i r) d .
2-Jx+1 Ji—x-J1-2x
4103. a) — b, ) ¥2+48,
va++a? —b? 2-43
B) 3J2-243 r) V15 + /6
2J§+3J§ JE—JE
4104, a) ———M

\/_+\/6+4 «/3+ «/—
-J1-v2 \/ J2’ ") 3+/2- \/1+

IlpuBesuTe K panUOHAJBHOMY BHAY YHCJAHTENL APOGH
(105—107):
4.105. a) [2— 0) ?; B) 5, ) ‘/—?9

5
4.106. a) 52—2; 6) «/52—1; 2) 3+7ﬁ; ) ﬁ;ﬁ.
4.107. a) 2-va+3 \'a+3; 2—J3a
5) J2x+1 V13— x, )J}T_\/W
5x —20 ’ 3x+3
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YNPAXHEHUA HA BCE AENCTBUA C KOPHAMU

2 2
4.108. a) 5+2J§+5_2J§;
6) \/3\/§+2«/§_\/3ﬁ—2ﬁ,
3/2-2V3 \3J2+2V3°
4 3J25+15,
%) J'+J_ thez T vz

1 3 10
2+J_ J7+3 177 «/_+£

1 1
) J7-V2d+1 J1+v2d-1

5 (ﬁ 1 )(2 V2 2+w/§].
) 2

4.109. a

1+«/‘ v2-1)
o [ ) (5 v
N J‘J’f J_+J_.15+3JE
1,5+1 1943 °

Brinosrure peiictBusa (110—112):

4.110. a) (ﬁ’“ﬁ @'“] 2

V2 V3 ) 3+av2
a-b a-2 [«/_ «/%

O vz Va s VP vz )

xZ+xV2 x J2
4.111. - 3
a) x2+2 (x—«/ﬁ x+«/§)

x2  x x?2  x 2
% (T—ﬁ“)(?’“ﬁ”)'m'
a+2J/3 3c-a a?-c+/3
3a-3/3 2a-2c +a2 —ac+c«/§—a«/§;
xy (x++2)* -p?) (1_ 2x J
2-x-y2+2xy x+y+v2 J

4.112. a)

6)

Yupocrute Bripaxkenune (113—118):

Ja B ) a-b
4.113. (JE_JB_ ﬁ+¢3)'a2+ab'

Ja+1 Ja-1 1
4.114. (Jz_l_ﬁ 4J‘](\f 74_7)‘




4.115.( Ja_ b +2a‘/_“_lfj(ﬁ—@)

f*f Ja-b Ja+b )
4.116, Ya+b racb 2b '
14 |a=b ‘(@a+b)Ja+b—(a-b)Ja—b
a+b
ava +bJb

Ja+\b . 206 ab
4.117. b +JZ+J3 b

4.118. a-b +
a+b+./(a+b)? —(a-b)?

+ 2(ava - b/b)
(Va +Vb)(a+b-J(a+b)? —(a-b)?)

CpaBauTe ynciaa (119—124):
4.119. a) V19 u V7 +4/3; 6) V37 -J14 u 6-4/15.

4.120. a) i*‘/; 1—2J_§ 6) V11 —+/10 u 6 — /5.

4.121. a) V17T -J15uJ7-VJ5;  6) V7 +/10 u V3 ++19.
4.122. a) 3+Y5+48 ul+y2; ©) 5*‘/2 ‘;’ \‘? J10.
4.123. a) 1+{17+1272 u V2 +3;
6) \/J6+J_o u1+5.
f_ u 114642 +111-6v2;
6) vV1990 ++1992 u 2/1991.

4.124.

Yupocture Bripaxenue (125—127):
3 3
4.125. \/31;;: +/3ab —\/3";0“ —J3ab, mpra >0, b > 0.

1 3 p) i_ 4.3 2
4.126. Ja' ~6a +\/9aT+T;/i4 da” +a , mpu 0,5 < a < 3.
a? +4a+

Va2 —-3a +Va® —4a+3
4.127. :
V6 -—2a

48



§ | KeappaTHble ypaBHEeHUS

7

1. dopmMyna KopHei KBaapaTHOro ypaBHeHus.
Kopuu xBajgpaTHoro ypaBHeHua ax?+bx+c=0 (a=#0)

HaxozAT no dopmyJie
_ —bxb® —4dac
2a

X

Bripaskenme b? — 4ac Ha3LIBAIOT AUCKPUMMHAHTOM KBai-
paTHOro ypaBHeHHs 1 o603HauaioT OykBoit D.

Ecau D > 0, To ypaBHeHHe MMeeT ABa KOpHs; ecau D =0,
TO ypaBHEHMNE MMeeT OAUH KopeHb; ecau D < 0, To ypaBHeHHe
He mMeeT KOpHeH.

B canyuae xorza BTopoil KoaddHUIMEHT KBaAPATHOTO ypaB-
HeHUs dYeTeH, T. e. b = 2k, To KOpHH ynoOHee HAXOAUTHL IO
dopmyse

HenonHble KBaJpaTHBIE ypaBHEHHs, T. €. TaKHe, B KOTO-
peIXx b =0 unu ¢ =0, yngobHee pelraTb METOAOM pPa3JIOKeHHA
Ha MHOXKHTEJIH JIEBOUM Y4aCTH ypaBHEHUS.

2. Teopema Buera.

CymmMma KOpHe#l IpUBEIEeHHOI'0 KBaJApPaTHOrO YypaBHEHUSA
pPaBHa BTOPOMY KO3(pPHUIONEHTY, B3ATOMY C IIPOTHBOIIOJIONK-
HBIM 3HAKOM, a [IpOU3BeJeHNe KOPHell paBHO CBOOOJHOMY dJe-
HY, T. €. €CJIU X, ¥ X, — KODHM ypaBHeHud x> + px + ¢ = 0, 10

x1+x2=—pﬂx1'x2=q.

BepHo u oOpaTHOe yTBepikjeHUe: ecJU YHcJIa X, U X, TAKO-
BBI, UTO X; + X, =—p U X, - X, =(¢, TO 3TH 4YHUCJa ABJIAIOTCH
KOpHSMHU ypaBHeHHus x2 + px + ¢ = 0.

IIpumep 1. Peuinte ypaBHeHHe

(4x% + 12x + 9)2 + 20x2 + 60x + 39 = 0.

PemeHnue. [JaHHOe YpaBHEHHE CBOAUTCA K KBaAPATHOMY
OyTeM 3aMeHbl TlepeMeHHOH. 3amuilleM AaHHOe yDaBHEHUE B
Buze (2x + 3)*+5 (2x + 3)2 - 6 =0. Ilycte y = (2x + 3)2. Pe-
masi ypaBHeHHe y® + 5y — 6 = 0, maxogum y, =1, y, = -6 (me
MOAXOAUT, Tak kKak y > 0). U3 ypasuenus (2x + 3)? = 1 noay-
yaeM 2x + 3 =1 nan 2x + 3 = -1, oTkyga x, = -1; x, = -2.
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IIpumep 2. Ilycts x, M X, — KOPHM ypaBHEHHA
2x% — Tx + 1 = 0. CocTaBbTe KBaJpaTHOEe ypaBHEHUe, KOPDHAMHU
X X

KOTODOro ABJAIOTCA YHMCiIa —- u —2,
2 2
Xy Xy
Pemenue. Ilo Teopeme Buera umeem x,+ x,=3,5,
x, + x,=0,5. [Ina cocTaBleHusaA KBAAPATHOrO YPaBHEHHUA C 3a-
X X
IaHHBIMU KOPHAMH —% " —z MOJKHO BOCIIOJIB30BAThCA Teope-
X3 Xy
Moi1, o6paTHOiT Teopeme Buera, 1y 4yero HeoO6XOAMMO HAMUTH
UX CYMMY ¥ IPOM3BeleHHUe:
3
X, X3 _ X +x]  (x;+x)(xf - x x5 + x2)

xZ x (x;x,)° (x,x,)?
(X +25)((x; +x,)* -3x,x,) _8,5-(3,52-3-0,5)
- (x,%5)2 B (0,5)2
D1 1.y
xz x xx, 05

=150,5;

HNckoMmoe ypaBHeHUe UMeeT BUJ:
x?2-150,5x + 2 =0, uiu 2x* - 301x +4=0.

ITpumep 3. IIpu kakux 3HaueHuAX b ypaBHeHUSA
X2+ b*+3+2)x=0 u x*-20B+2Dx+b2+5b+6=0
PaBHOCHUJIBHBI?

Pemenue. YpaBHeHusA Ha3bIBAIOTCA PaBHOCHJILHBLIMH, €C-
JM MHOYKECTBA HMX pEIIeHN# COBIaAamT. 3aMeTuM, uto x = 0
SIBJIAETCA KOPHEM IIEPBOrO yPaBHEHUS INPU JIOOOM 3HAYEHUH
napamMerpa b, 3BHAYUT, HEOOXOJAUMBIM yCJOBHEM PaBHOCHJIbHO-
CTH ypaBHEHHI ABJIdeTcA HajJHuue KOpHsaA x =0 y BTOpOro
ypaBHeHus. Hailizem Bce 3HaueHuA napamerpa b, Ipu KOTO-
peix x =0: b2+ 5b+6 =0, b=-2 mau b =-3. Takum ob6pa-
30M, €CJIM ¥ CYIIEeCTBYIOT 3HaueHUs napamerpa b, IIpm KOTO-
PBIX ypaBHEHUS DaBHOCHJBHBI, TO 3TO MOTYT OBITH JHIIbL
b=-2 uau b =-3 (Bo Bcex Apyrux caydasax x =0 aBiaser-
cs KOPHEM IIePBOr0 ypaBHEHUs, HO He ABJSAETCS KOpPHEM BTO-
poro, uYTO MNPOTUBOPEUUT OIpeZeIeHHUI0 pPaBHOCUJIBHOCTH).
ITpoBepuM Temeps Karkjoe M3 BO3MOYKHBIX 3HAUEHUU ITapaMeT-
pa: npu b = -2 ob6a ypaBHeHusa npuHuMalT Bug x2=0, T. e.
ABJSAIOTCA PAaBHOCHUJIBHBIMH; OpH b = -3 o0a ypaBHeHUS IIPHU-
HuUMaloT Bug x2 + 2x =0, T. e. TaK)Ke ABJAIOTCA PABHOCHUJIb-
HBIMM.

ITpumep 4. Ilpu Kakux 3HAUEHUAX IapaMeTpa a ypaBHe-
x+a a-3x
x+1 x-3

PemeHnue. O0sacThio onpeneieHUsl YPaBHEHUA ABJIAETCA
MHOYKECTBO AeMCTBUTEJLHBIX uHuces, KpoMe uucea 3 u —1. Ha

HUEe = 2 UMeeT OAHO pellleHue?
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YKa3aHHOM MHOJKECTBE JaHHOe ypaBHEHHe PaBHOCHJIbBHO ypasB-
HEHUIO, IIOJYYeHHOMY YMHOMeHneM obeux uacreii Ha (x — 3) X
X(x+1): (x+a)(x—-3)+(a@a-3x)(x+1)=2 (x + 1)(x — 3).
ITocie pacKkpBITHA CKOOOK, IIpUBEeIEHUA MOAOOHLIX CJIaraeMbIX
M COKpalleHHMs Ha 2 monxyuumm ypasBHeHue 2x2 + x (1 —a)+
+a — 3 =0. 3ameuasi, yTo cymMa KO3(h(pUI1IeHTOB B ypaBHe-
Huu paBHa O, Haxomum x,=1. Ilo rTeopeme Buera
x, = 0,5(a — 3). Takum oGpasom, npu Jgo0oM 3HaUEHHHU Iapa-
MeTpa a UCXOJHOe ypaBHeHue uMmeer perrenne x = 1. [Iasa Toro
yTOOBI YPABHEHHE HMEJ0 OQHO pellleHHe, Heo0XOoqMMO U JocTa-
TOYHO, YTOOBI BTOPOH NOJYYEHHBIH KOPEHb X, He A00aBJIAs Obl
HOBBIX pelleHHWIH. JTO BO3MOXKHO B JBYyX ciaydasx: aubo x, He
BXOZUT B 00J1aCTh OIpeJiesIeHus, T. €. X, = 3 UJIU X, = —1, aubo
X, COBIajaeT ¢ X;, T. €. X, = 1. OTcioja HaX0AUM COOTBETCTBY-
oINe 3HAYEHUA Napamerpa a: X, =3 npu a =9, x, = -1 npu
a=1, x,=1 npu a = 5. Utak, HCKOMBble 3HAUEHUHA IlapaMeTpa
paBHEI 1; 5; 9.

YnpaxHeHus

HEMOJIHbIE KBAOPATHbIE YPABHEHUA

Pemure ypaBuenue (1—8):
1

5.1. a) gx?-9=0; 6) 4x% = 12,25;
B) %xz ~3,5=0; r) 12,25 — 3x? = 622

n 4-92-5x2=0; e) 5(x2-2)2-9,2=0.
5.2. a) 3x2-8x=0; 6) 15x + 11x2=0;

2
p) 12x=Ta% 1) 2 =2%;
o) 2Bx-5)2=9Bx-5); e) (2x-1)2=2 — 4x.
53. a) x2+a=0; 6) x2-2x+1=a;
B) a’x? -4 =0; r) a(x®>-6x+9)+4=0.
2x2-3x x2+2x 5x-x2 x2+38x
5.4. a) y) = 3 0) 3 = 5
2) (2x-38)>  6-4x_ ) 5x—2 (4-10x)?
2 5 R T 2
x x 2 3x—-2 x+2
5.5. a) x—5+x+5—2§’ 6) x-3 x+3°
5) x—-3  4(x+3), 2x+5 9x-18
x+3 x-3 ° ') S-2 ~8x+20°
x 2_£ § 1+x_ 6 4 _x+1.
5.6. a) §+;_3+x’ 6) 6 1+x  x+1 4’
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5.7.

5.8.

5.9.

5.10.

5.11.

5.12.

5.13.

5.14.

5.15.

5.16.

52

x—-2 x+2 1 2x +1 2x -1
B) x72tx-27 %% Do itarrio 2%
a) x2-5|x|=0; 6) 3x2+4|x|=0;
B) 2x?+|x|-38x=0; r) 4x2 -8 |x|+x=0.
4
a) 4x® + - =0; 6) R LN
| x| x
2 2
B) x? —3%__o, r) 2x2 + X =o0.
| x| 2| x|

Hanuinure o6iiuii BUA KBaJpaTHOro ypaBHEHUA, B KO-
TOpOM:

a) OOMH U3 KOpHEH paBeH HYJIIO;

0) 00a KOpHs PaBHBI HYJIIO;

B) KOPHH PABHBI II0 MOAYJIO, HO IPOTHBOIIOJOKHEI IO
3HAKY.

IIpu KaKux 3HAUYEHHUSAX M POBHO OLHH H3 KOpPHEH ypaB-
HEeHUA paBeH HYJIIO:

a) 3x2+x+2m-383=0; 6) x*-2x+m?2-1=0;
B) 2x? - mx + 2m?-3m = 0;

r) x2+(m+3)x+|m|-3=0?

IIpu kaknx 3HAUYEHHUSIX M KOPHH YPABHEHHUS PABHHI IO
MOZYJII0, HO IIPOTHBOIOJIOKHEI 110 3HAKY:

a) x2+@B8m-5)x-2=0; 6) 2x2-(bm-3)x+1=0;
B) 3x2+(m? -4m)x+ m-1=0;

r) 4x2+ (B |m|-1)x+3m?+m=0?

IMpu kKakuxX 3HAUEHUAX M KOPHHM YPAaBHEHHUS PAaBHEI
HYJIO:

a) 3x2+(m-1)x+1-m?2=0;

6) x2-(8m?+4m) x + 9m? - 16 = 0;

B) 2x2+ (B8m? - |m|) x — m® - 3m = 0;

r) x2+ (16 -m*) x+m2+8=0?

Haiigute umncao, yABOEHHBIH KBaJpPaAT KOTOPOI'O DPaBEH
3TOMY YHCJy, YMEHbIIEHHOMY B 3 pasa.

ITpousBemenne ABYX IOCJELOBATEJbHBIX HATYpPaJbHBIX
yuces B JBa pasa 0oJbllle MeHbllero u3 Hux. Halizure
9TH YHCJA.

IIpousBenenre Tpex IIOCIeZOBATEJILHBIX HATypPaJbHBIX
yucesl B TPHU pasa OoJbllle cpeiHero u3 Hux. Haliaure
9TH YMCA.

OT BepuIiMHBI PAMOTO yrIJjia II0 €ro CTOPOHaM OZHOBpe-
MEHHO HAYHHAIOT ABUTATHCA ABe MaTepHaJIbHble TOYKH,
CKOPOCTH KOTOPKIX paBHEI 5 cM/c 1 12 cMm/c. Uepes Kakoe
BpeMsA pacCTOSHHE MeKAy HUMH OyzeT paBHO 52 cm?



MNMOJIHbIE KBAJPATHbLIE YPABHEHUA

Pemnre ypaBHeHMe MeTomoM BbIZeJIEHMS KBajpara IBYy4JIeHa

(17—19):
5.17. a) x2-6x+8=0; 6) x2+ 10x + 9 =0;
B) x2-x-2=0; r) x2+ 3x —40=0;
5.18. a) 5x2+3x-2=0; 6) 4x2-3x-22=0;
B) 5x2 —4x - 12 =0; r) 3x2+5x—-2=0.
5.19. a) x2+px +q=0; 6) ax?+bx +c=0.
Pemnre ypasuenune (20-22):
5.20. a) x2—x-90=0; 6) x*+ 5x -6 =0;
B) 4x2 - x -3 =0; r) 2x*-7x+6=0.
5.21. a) 25x2+90x + 81 =0; 6) 36x%2— 84x + 49 =0;
B) 0,25x2—x+1=0; 1) %x2+1§x+9=0.
5.22. a) x2+ 5x-8=0; 6) x2-13x+ 4 =0;
B) 9x% - 4x — 2 =0; r) 7x2+18x+5=0.

5.23. Bprumciaure ¢ Tounocthio Ao 0,01 nmpubanskeHHbBIE 3HA-
YeHUSs KOpPHEH ypaBHEHUA:

a)
B)

x2—-x-T7=0; 6) x2+7x+3=0;
3x?+x-5=0; r) 2x2-8x-3=0.

Pemure ypasuenue (24—29):

5.24. a)
B)
5.25. a)
0)
B)
r)
5.26. a)
6)

5.27. a)

5.28. a)

x? —3/2x+4=0; 6) x2 +2(1+/8)x+8+/2=0;
x2 -8x-5-J7=0; 1) x%+4x—/3+1=0.
(83x — 2) (x — 3) = 20;
(x + 2) (4x — 5) = -8;
(8x — 9) (3x + 2) — (2x — 3) (8x — 2) = 33x + 20;
(4x-5)(Bx+7)—(x - 2) (4x + 2) = 33x + 73.
(8x — 8) (7Tx + 5) = (3x — 8)%;
3 (5x +3) (4x2 - 1) =8 (4x2 - 1)%
(x%-3x)?

2 ’
9((8x — 4)% — (2x — 10)?) = (x + 6)2 (5x — 14)2.
(x-1)2 _x+4 2x-2,

3x —x2=

5 6 3
(x+2)(x—5)_11x+12_2 x-2
3 10 o 3’
x?+3x 10-=x 3x2+8x
5 ~ 2 14
3x2—14x+11*x+9 x2+x+1
14 T2 5
(8x—4)2 (2x-5)(x-1) _ (x+2)2
5 2 =1+
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5.29.

5.30.

5.31.

(x+7)2  x®+5x . (5x+11)%
6) 2 3 _6+—4_’ ,
(x-3)(x-7) _2x+8 (5x-3)%
B) TE—;Gx_ 52_ 2
x°-1 (x-3)° (x+3)
r) 3 "8 - 1 3x.

a) 2x - 12 (x+5)=(x+ 1)? (4x + 5);

6) (x+1)(x—-2)°—(x2—-4x — 4)(x* — x) = 16;

B) (x -5 (x—-1)—(x - 8)% (x% - 2) = 49;

1) (X®+2x-1)(x2-x-8)—(x2+10x+ 1) x

X (x2 — 9x — 2) = 66.

CyliecTByeT JiM Ha OKPYXKHOCTH, 3aJlaHHOH ypaBHeHHEM
(x - 32+ (y + 1)2= 17, Touka:

a) c abcuuccoi, pasHoii 1,5;

6) c opauHaTOi, paBHOM —3?

CymecTByeT Jiu Ha OSJJIHICEe, 3aJaHHOM ypaBHEHHEM
Tx-2y +%(y +2)? =1, Touxa:

a) c abcuuccoii, paBuoi 4,1;
6) c opaunaroii, paBuoit —4,9?

Pemnte ypasuenue (32—34):

5.32.

5.33.

5.34.

5.35.

5.36.

5.37.
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a) x*+ 5ax +4a®*=0; 6) x%- bx - 2b%=0;

B) x2—3ax+2a2:0; p) x2 + 5bx - 6b2 = 0.
a) x>-(2a-4) x - 8a=0;

6) x2+ (3a - 2) x — 6b=0;

B) x’-(8a—-2)x+2a%—-a—-3=0;

r) x2—4bx +3b*>—4b-4=0.

a) ax’ - (a+1)x+1=0;

6) (@+1)x2-2x+1~a=0;

B) abx®+ (a®+ b%) x + ab=0;

r) abx’+(@*-b*)x+(a-b)?=0.

HaHo cooTHoIlIeHHE:

a) a’-3ab-4b>=0; 6) 21a%- 4ab-b*=0;

2
5) (a+2b) _2(a+2b)= 3.
a-b a-b

Bripasute a yepes b.

HaHo cooTHoOIIEHME:
a) 2a®+4a+2b2-4b-5(a+1) (b -
6) a®?+ 2b%2—-3ab—-Ta+ 10b+ 12 =0.
Bripasure b uepes a.
Halinute oTHOIIEeHMe JABYX YHCEJ, €CJH OTHOIINEHUE

NPOU3BEACHHUA 3TUX YKUCEJI K CYMMeE MX KBaJApaTOB PaB-
Ho 0,3.

1)+4=0;



5.38. HaiiaguTe oTHOIIleHHe ABYX UHCEJI, €CJIU KBaZAPAT CyMMBI
9THIX YyMces B 3 pasa 60JbIIle HEIOJHOTO KBaApaTa pas-
HOCTH 3THX UYHCeJ.

5.39. HaiiguTe OTHOIlIeHMEe ABYX IIOJIOXKHUTEJIbHLIX YHMCEJI, €C-
JIX OTHOILIEHHE UX CPEeJHEro reOMeTPHMUYECcKOro K cpefHe-
My apudpmeTudyeckomy pasuo 0,6.

Pemute rpagpuuecku ypasHenue (40—41):

5.40. a) x2-7x-8=0; 6) x2+x-12=0;
B) 2x2-5x+2=0; 1) 0,5x2+3,5x-4=0.

5.41. a) x>+ |x|-6=0; 6) x2-2|x|-15=0;
B) 2x%+|x|-1=0; 1) 2x2-3|x|-2=0.

Peinnte ypaBHenue (42—47):

5.42. a) x2 +(Jx)? -2=0; 6) x2 +/x2 —-2=0;
B) x2 —3(Wx)2 -4=0; 1) x2 -3/x% —4=0.

2
5.43. a) x2 - x—M=O; 6) x? +E|’Li—6:0;
X
3
B) |£x—|—7x+12=0; r) x|x|+7x+12=0.
5.44. a) x? +(Vx—2)2 -5=0; 6) x2 —(Vx+3)* -8=0
B) x2 —3x+. 3575 _0, 1) x?—ax.E L0 0,
lx~38,5] xX-T
5.45. a) |x2+ 5|= 6x; 6) |x*+x—3|=x;
B) |x? - x-8|=-x; r) |x?+ 2x + 3| = 3x + 45.

5.46. a) |x+3|=|2x2+x - 5];
6) |8x2—-3x +5|=]|2x2+ 6x - 3|;
B) [8x2-6x-1|=2]|38 - x;
r) 8|2x2+4x+1|=|x2+5x+1]|.
5.47. a) |x - 2| x*=10 - 5x;
6) (x2-b5x+6)°+3|x-3|=0;
B) (7Tx2—-3x—4)2+|7x + 4| (x®-1)*=0;
r) 6x-9=x2(x-3|+1).

5.48. HaiiguTe Bce KOpHM ypaBHeHHs x2+ x ++/6—6=0,
VAOBJIETBOPSIIOIHE YCIOBHIO X < /2.

5.49. CpaBHHUTe MEHbBIIINI KOpPeHb ypaBHeHuA X2 — 14x + 28 =0
c 66JbMIKMM KOpHeM ypaBHeHHsS x2 — 2x — 1 = 0.

5.50. CpaBHurte 60JbIIMN KOPEHb YPABHEHHA
x2 —(6-/2)x +8-2J2=0

JT+4J3 1
C YHUCJIOM W—E (9—'\,/_2—1).
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5.51. CpaBuTe MeHbIIMH KOpeHb ypaBHeHUs x2 —3 (/14 +

) V38 J15-646
+5)x+2(J14 +5)2 =0 ¢ unciom =27 276 5

5.52. Haiigure Bce KopHU ypaBHeHudA 2 | x2+2x - 5|=x -1,
VAOBJIETBODAIONUINE YCIOBHUIO X <+ 2.

5.53. Haitaure Bce KOpHM ypaBHeHuda | x2—x -3 |+x+1=0,

V14
YAOBJIETBOPAIONIME YCIOBHIO X > ——o—.

APOBHbIE PALUMOHAJIbHBIE YPABHEHUA
Pemure ypaBHeHue (54—60):

x2-2x 2x-1 x2-2x+1 x+1
5.54. a) o1 1% =3; 6) -3 s =b
2 4 36 3
B) x—4+x2—4x“0’625’ r) x2—-12x x-12
2x-5 3x+4 3x+1 2x-3 1
5.55. a) x+5 x+2 =1 6) x-3 4x+3 11’
4-3x x+1 50 2x-5  21x+7 _
B) 731 Tisx - T N 3551 T 3x5 - O
7 x+4 3x2- 38
8.56. a) oo sy 10
6) x+0,5+8x2+3_ x+2
9x+3 9x2-1 38x-1
5) x+3 _ 3-x _ 2
4x2-9 4x2+12x+9 2x-3’
1-2x 2x+1 8
r) — +—= =——
6x“+3x 14x°-7x 12x°-3
7-1
5.57. a) 50 _,7-18x 13 .
x2-1 x3+1 x2—x+1
2x+1
6) 1 2 _2x :
1-x x2+x+1 1-x3
gy 65 17x-10 _ 25
1-x3  x2+x+1 x-1
r) x2+x+16_36-x_x—6
x2—x+1 x3+1 x+1°
2x-7 1 1
5.58. a - = .
)x2-9x+14 x2-3x+2 x-1
2x+7 3 1
6 + = H
)x2+5x—6 x249x+18 x+3
25 8x+29 _ 18x+5

4x?+1 16x°—1 8x3+4x2+2x+1
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5.59.

5.60.

x-1 + 1 x+2
x3+8x2+x+8 x4-1 x%+3x2-x-3°
6 8 1
x3-Tx2-Tx+1 x3-8x2+x x2+x’
x2-2x+4 x2+2x+4 2x+2
+ = ;
x3-2x2+4x-8 x3+2x%2+4x+8 x%2-4
38 x+10 x+10 |
x4 -x2+20x-100 x2-x+10 x2+x-10
4x 1 _ 2
8x3+1 16x*—4x2+4x-1 4x2+2x-1
x?—(a+1)x+2a-2

r)

a)

x*+(8-a)x-3a _

0; 0 0;
a) x2-x-12 ) 3x2-Tx+2
x2-(8b-1)x+2b%2-2b
B) = 0;
x2-Tx+6
x2+(1-4b)x+3b%2-b
r) 5 =0.
2x“+3x-5

YPABHEHUA, CBOOALWMNECH K KBAAPATHBIM

Pemurte ypaBHenune (61—69):

5.61.

5.62.

5.63.

5.64.

5.65.

5.66.

5.67.

5.68.

a) x2-7|x|+6=0; 6) x2—4|x|-21=0;
B) (x-2)2-8|x-2|+15=0;

r) (x+3)2-|x+3|-30=0.

a) x2+2x+2|x+1|=1T;

6) x2-2x—-5|x—-1|+5=0;

B) 4x*-12x-5|2x-3|+15=0;

r) 9x2 — 24x — |3x — 4| = 4.

a) x2-|x-5|=5; 6) x>+ |x+4|=4;

B) x’+4x +|x+38|+3=0;

r) x2+17 =9x+4 |x - 3|.

a) x=5+4x; 6) x—12Jx +35=0;

B) 2x-1=3v2x-1; r) 3x—-5-2y3x-5=0.
a) x—3+4Jx-3=12 6) x+2-13/x+2 =-42;
B) x+17=10Jx—4; r) x=32+2J/x+3.

a) x*-5x%2+4=0; 6) x*—8x2-9=0;

B) 9x*+23x%2-12=0; 1) 16x* — 409x2 + 225 = 0.
a) (x+3)*-13(x+3)2+36=0;

6) 2x -1y -(2x-1)*-12=0;

B) (x — 1) — x* + 2x ~ 73 = 0;

r) (x+2)+2x2+8x-16=0.

a) x*—(a®+9) x%+ 9a?=0;

6) x*- (9a? + 4) x% + 36a? = 0;
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B) 4x*— (b + 36) x>+ 9b =0;
r) 9x* - (b-18) x2 - 2b=0.

_9 2_9._
5.69. a) 222 = 2x-x; 6) T2573 _ox-6;
X X
8) 8x-4x? x%-4x r) x?-x-2 2x-4
1-x2  x+1° x-3  x2-3x
1 x+1
5.70. Pemure ypaBuenue f(x)=f (-J—C—), rae f(x)=—5.
X

5.71. Pewwure ypaBuenue f(x)= —f(—|x|), rae:
x+1 x?

a) f(x)=""%;  6) flx)=-=

x-1 x-1

5.72. Haiigute cyMMy KBaJpaTOB KOPHeH ypaBHEHHS:

a) x>+ 2|x|-1=0; 6) x2-4|x|+1=0.
Pemnte ypaBuenue (73—74):
5.73. a) (x+ 1)? (x2+2x)=12;

6) (x —2)? (x2-4x)+3=0;

B) (x2+3x+1)(x2+3x+3)+1=0;

r) (x2-5x+ 2) (x%-5x—-1)=28.

x?2-2x 16x-12 x2+4x 12-42«x

5.74. a) i3 5= Py 0) 752 alidx =17

2 2
4x-5 3x+2
2) (3x+2) +(5—4x) =4.25
o (3221 L (3-2x)" _s82
2x-3 5¢+1) 9~
TEOPEMA BUETA
Pemunurte ycTHO ypaBHeHHe (75—79):

2

5.75. a) x*-6x + 8 =0; 6) x2—-5x—-6=0;

B) x2+ 2x — 24 = 0; r) x2+9x + 14 =0.
576. a) 3x2—-8x +5=0; 6) 2x2+ Tx + 5=0;

B) 463x2 - 102x -361=0; r) 67x%2 - 105x —172=0.
5.77. a) x%2 - Tax + 12a% = 0; 6) x2 + bbx + 6b%2=0;

B) 7x%— 4ax — 3a%=0; r) Tx%+ 13bx + 6b%2=0.

5.78. a) x2 —(V12+1)x+/2=0;
6) x2 +(/3-2)x—2/3=0;
B) x% + (V2 +/6)x+2/3=0;
r) x2 — (V5-+15)x—5/3=0.

2 _ 3)? 3)_ ..
5.79. a) 2x*-bx-T=2- 3 -5 5 -7
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6) 322+ Tx—2=3- ( 136) +7-(—§)—2;

B) 4x* - 3x +9=4-(3,7)?-3-(3,7 - 3);
r) 5x2+10x+3=5-4,2-(4,2-2)+ 3.

CocrasbTe KBaJgpaTHO€ YypaBHeHHe C 3aJaHHbIMH KODHAMHA

(80—82):
5.80. a) -7 u—2; 6) 8 u—3; B) 1% u?2; r)-3,4u6.
4 4 2 2
5.81. a) 7 H 7 6) -—251/1 —25; B) V31 /3; r) —V5u —+/5.
5.82. a) V3 u+/5; 6)3—+5u3+5; B) -7 n2;
r) 2-J7 u/7.

5.83. CocraBbTe KBaApaTHOE ypaBHEHHE C pPalMOHAJIbHBIMU
K03 dHUIMEeHTaMH, eCJIM U3BECTHO, YTO OAUH U3 KODHeN
ypaBHEHUS DPaBeH:

a) —v6; 6) V7; B) 2-.5; 1) 3+4/3.

5.84. Haiigure niapsl uuncena (m; n), yA0OBJIETBOPSAIOIINE YCIOBHUAM:
a) m+n=4umn-=4; 6) m+n=-5umn=6;
B m+n=2umn=-48; r) m+n=-3 u mn =-18.

5.85. He Bbluucasia KopHeii ypaBHenua 3x2+8x—1=0,
HaMguTe:

a) x? +x5; 6) x,x5 +x,x3; B) —+—, r) xi{ +x;.
x3  xf

5.86. He Bwluucasia KopHeii ypaBHenua 2x2-5x—4=0,
Han;m're

1
a —+ ; 6) x,xi + 4. —+—, x5 +x5.
) x2 | x2 ) X,x; +x,%7; B) x3 | % r) x, 2

5.87. He BoluMcaasa KopHe# ypaBHeHusa 2x%2-5x+1=0,
HalliuTe Pa3HOCTH KBaJpPaTOB €ro KOPHEH.

5.88. Ilycte x; M X, — KOpHH ypaBHeHus 2x? — Tx — 3 =0,
CocraBbTe KBaJpaTHOE ypaBHEHHE, KOPDHSIMH KOTOPOTO
SABJIAIOTCA YUCJIA:

a) ;-2 u x,—-2; 6) 2x;,+3 u 2x,+ 3;
Bini; r) x, +— u x, +—.
Xy Xg Xo Xy
5.89. Ilycrts x; u X, — KOpHM ypaBHeHms 4x2 —6x — 1 =0,

CocraBpTe KBaApaTHOE ypaBHEHHE, KOPHAMH KOTOPOTO
ABJIAIOTCA YHCIA:

2 2. 1 1,
a) x,x; U X,Xx7; 0) & u—;
X1 2

x x
B) L+1u 2+1 1) 2 1a 21
X t x} 2

59



5.90.

5.91.

5.92.

5.93.

5.94.

5.95.

5.96.

5.97.

5.98.

5.99.

5.100.

5.101.

5.102.

60

IIpn kakux 3HaueHUsAX k NpoU3BeJieHHe KODHeiH ypaB-
HeHus x2 + 3x + (k? — Tk + 12) = 0 paBHO HyI0?

IIpn xakux 3HaYeHUsAX k cymMMa KOpHeil KBaJpaTHOTO
ypaBHenus x2 + (k? + 4k — 5) x — k = 0 paBHa Hy1I0?
B ypaBuennu x2 — 4x + a =0 cymMMa KBaIpaToB KOD-
Heili paBHa 16. Haiigure a.

B ypaBHennu x% — 2x + a = 0 KBagpaT pasHOCTH KOp-
Hell paBeu 16. Haiigure a.

IIpu kakmx 3HaAYeHHSIX 4 CyMMa KOpDHeH ypaBHEHHA
x2-2a(x-1)-1=0 paBHa CyMMe KBajfpaTOB €ero
KopHeii?

IIpu xaxoM 3SHa4YeHHUH IapaMeTpa M CyMMa KBajpaToB
KopHe#t ypaBHeHHA x2+(2-m)x-m-3=0 Han-
MeHbIIaa?

ITpu xakoM 3HaueHHM IapaMeTpa 7 CyMMa KBaJpaToB
KOpHe#l ypaBHeHus x2+(m —1) x + m? - 1,5 =0 Hau-
6oJibiraa?

Haiizute cymMmMy KBagpaToB BCeX KODHeH ypaBHEHHUS
x2-3|x|+1=0.

IIpn Kakux BHAUEHUSX P U ¢ KODHM YypPaBHEHHS
x? + px + ¢ = 0 paBHEI ZPH%?

IIpy kakux 3HaUYEeHUAX [lapaMeTpa @ OAWH M3 KOpHeil
KBajgpaTHoro ypasHeHus (a? — 5a + 3) x2 +(8a - 1) x +
+ 2 =0 B aBa pasa 6oJbIile ApYyroro?

HsBecTHO, YTO KOpHU ypaBHeHUS x2 - 5x +a=0Ha 1
MeHbIIIe KopHeill ypaBHenus x2 — 7x + 3a — 6 = 0. Haii-
AUTE @ U KOPHHU Ka)XJOro M3 ypaBHEHU.

WUsBecTHO, 4TO KOpHHU ypaBHeHuA x2 — 18x + 6 = 0 pas-
HBI COOTBETCTBEHHO KBajipaTaM KOpHeH ypaBHeHusa x? +
+ ax + 6 =0. Haliaute @ u b U KOPHHU KaXJAOro mua3
YPaBHEHUMH.

NCCNEAOBAHNE KBAOPATHOIO YPABHEHWUA

IIpu kaxux B3HauYeHHSX IIapaMeTpa ¢ YypaBHEHHUE

5x2 —4x +c¢=0:

a) uMeeT JelicTBUTeIbHbIE pa3jNuYHbIe KOPHU;

6) uMeeT OLUH KOpEHb;

B) He MMeeT AeHCTBUTEJbHBIX KODHEIl;

r) UMeeT XOTs OLI OAUH OOIIMI KOPEHb ¢ ypaBHEHUEeM
x2+13x — 30 =0?

3neck u gajee ¢pasa «KBaApaTHOe YpaBHEHWE HMeEET

OJMH KOPEHb» O3HAYaeT HajJU4YUe y YPaBHEHUS KOPHA

OBOMHOM KPATHOCTH.



5.103.

5.104.

5.105.

5.106.

5.107.

5.108.

5.109.

5.110.

5.111.

5.112.

5.113.

5.114.

5.115.

ITpn xaxux a3HaueHHAX Napamerpa b ypaBHeHHe
x*+bx +4=0:

a) “MeeT OOUH M3 KOpHeil, paBHbIH 3;

6) mMeeT meiicTBHUTE/ILHBIE pa3/IMYHble KODHH;

B) MMeeT OOUH KOpPEHb;

I) He MMeeT JeMCTBHUTeJbHBLIX KOpHei?

IIpu KaKuX 3HAYEeHHAX IMapaMeTpa b KOPHU ypaBHEHHS
4x2 + (3b2 - 5|b| + 2)x — 3 = 0 paBHBI 10 MOAYJIIO0?

Haitnntre Hanboabinee 1ejioe 3HaUYeHUe k, IIPH KOTOPOM
ypaBHenue x2 + x — k=0 He uUMeeT AEHCTBUTEILHBIX
KOpHeH.

Haiigure HamMeHbllee Iejioe 3HaUYE€HHE d, IPH KOTO-
pom ypaBHenue x2-—2(a+2)x+ 12+ a2=0 wumeer
IBa Da3INYHBIX AeHCTBUTEJbHEIX KOPHSA.

IIpu xaxoM 3HAUEHUHU 4 YpaBHEHUE
ax?—(a+1)x+2a-1=0

MMeeT OAHUH KOPEeHb?

IIpu KaKOM 3HAYEHHUU ad ypaBHEHHE

(@+2)x2+2@+2)x+2=0

MeeT OJUH KOpPEeHbL?

IIpu KaKuX 3HAYEHUSAX @ YPaBHEHUE

(@ -6a +8)x®+(a’-4)x+(10-3a—-a?=0

uMeer GoJiee ABYX KopHeii?

Ilpr Kakux 3HadYeHHAX a ypaBHeHHe 2x’+x—-a=0
uMeeT XOTA Obl oguH O6GLIMII KOpPeHb ¢ ypaBHeHHEM
2x% - Tx +6=0?

IIpn KaxMx 3HAUYEHUAX @ ypaBHeHHA x2+ax +1=0
1 x2 + x + a = 0 uMeroT X0oTa OBl OAMH 00U KOpPeHb?

IIpn xakux 3HaAYEHUAX @ YpPaBHEHUHA

x2+2@-3)x+(@*-7a+12)=0 u
x*+ (@ -5a+6)x=0

PaBHOCHUJIbHBI?

Joxaxxure, 4To KOpHU ypaBHeHHdA x2 + px + ¢ = 0, rae
P M ¢ — HeYeTHBIe YNcCia, UPPaIMOHAJBHEI.,

IIpn KaKOM COOTHOLIEHMH MEXAY @, b U ¢ ypaBHeHHe
0,75x2 + (@ + b + ¢) x + a? + b? + c% = 0 uMeeT OOUH KO-
peHb? MoxkeT M NaHHOe ypaBHeHHe MMeTh JBa AeicT-
BUTEJbHBIX PA3JIUUYHBIX KOPHA?

IIpu raxoM 3HaueHHH mapaMeTpa d YpaBHEHHE
(a@+4x-x2-1)(@a+1-]x-2)=0
HMeeT TPU KOpHaA?
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5.116.

5.117.

5.118.

5.119,

5.120.

5.121.

5.122.

5.123.

5.124.

5.125.

62

3A0AYM HA COCTABJIEHWE
KBAOPATHbLIX YPABHEHWUN

Haiigure gBysHaunoe 4yuciao, ecau nudpa ero JecaTKOB
Ha 2 6oubile nudpsl eIUHUL, a IPOU3BEJEHHE YNCIA U
cyMMmEI ero nudp pasao 900.

OpHa m3 uudp ABY3HAUHOro YNWCJIa Ha 3 MEHBIIE APY-
ro#i, a cymMmmMa KBaJpaTOB 3TOTO YMCJa M YHCJA, IIONy-
YEeHHOTO IIepecTaHoBKO# ero uudp, paBuHa 1877. Haii-
OUTE 3TO YHUCJIO.

B oaHOKpyroBoMm ImraxMaTHOM TYpHHpeE OBLIO CBHITPAHO
78 maptuii. CKOJBKO 4eJOBEK y4acTBOBAJIO B COPEBHO-
BaHUU?

B nepmon BoeHHBIX yueHHil B cucTeMe OOOPOHEI JUBU-
3UM OBLIO CO3JAHO HECKOJBKO KOMAaHAHBIX IIYHKTOB,
npuYeM KaXKABLIH M3 HUX MMeJ JIMHHUIO CBSA3HU C JIOOBIM
OIPYTHM M3 4ucJa ocTaBIIMXCA. CKOJIBKO KOMaHAHBIX
OYHKTOB OPraHM30BAaHO, €CJIM KOJHUYECTBO JIHHUH CBA-
34 paBHO 45?7

Hacenenune ropoga 3a 2 roga yseauumiaocs ¢ 20 000 xo
22 050 uenosek. Haitnure cpegHuMii eXerogHbIil IIpo-
IIEHT pPOCTa HACeJIEHUsI 3TOro ropoja.

IIpoussoAcTBeHHOE OOBEIMHEHME IOJYYHJIO 3ajaHue
YBEJIUYUTL BABOE 00'bEM BBINYCKAEMON NPOAVKIIUHA B
TeyeHue AByX JeT. Kakum goyskeH OBITHL €KerogHbIi
OPHUPOCT NPOAYKIMHN (B NPOIlEHTaX), €CJIM OH MJIAHUDPY-
eTCs OAUHAKOBEIM JJIs KaXZoro roga?

C aspogpoMa BBLJIETEJHM OSJHOBDEMEHHO [IBa caMoJjeTa:
OJWH — Ha 3amaj, Apyroit — Ha ior. Uepes apa udaca
paccroanue Mexkay HuMH Obrmo 2000 km. Haiinure
CKOPOCTH CaMOJIETOB, €CJIX CKOPOCTh OZHOTO COCTABJIA-
aa 75% ckopocTu Apyroro.

Katep npomies 18 KM o TedeHHIO peku, a 3ateM 20 kM
IIPOTHB Te4YeHHUs, 3aTPATHUB Ha Bech NyTh 2 4. Haiigure
CKOPOCTH TEUYEHUS pPEeKH, eCJIH COOCTBEHHAsA CKOPOCTH
karepa 20 Km/4.

Paccroanue Mexay crannuamMu A u B paBHo 120 kM.
B nonnour m3 A B B ormpasiasaerca noesn. B 3 u Toit
JKe HOYbI0 N3 A B B ornpasisaeTcs Apyrou moesz, npo-
xoaAmui B yuac Ha 10 kM GoJibiiie mepBoro. Bropoii mo-
e3n npubkiBaeT B B Ha 2 4 mosske nepBoro. B koropom
yacy BTOpPoi#l moesn npubsli B B?

N3 1ByX NYHKTOB, pPACCTOSIHHME MEXJAY KOTOPBIMH
28 KM, BLIXOIAT ONHOBPEMEHHO HABCTPEYY APYT APYTY
IBa mnemexoza. Eciau Obl mepBbIA mellexoj He 3alep-
Kajycsa Ha 1 4 Ha paccTosgHun 9 KM OT MecTa CBOEro OT-



5.126.

5.127.

5.128.

5.129.

5.130.

5.131.

IIpaBJIEHUsA, TO BCTpeua MeIIexXOoJOoB IIpou3oliia Obl Ha
cepenguHe nytu. Ilocsie OCTAaHOBKHM IIEPBBIM IIEIIEXON
YBEJHYHUJ CBOIO CKOPOCTh Ha 1 KM/Y, ¥ OHH BCTpPETHU-
JHCh Ha paccTOAHMH 4 KM OT MeCTa ero OCTaHOBKH.
HaiiguTe ckopocTs BTOpPOTO meIiexona.

IKCKaBATOP POeT KOTJOBaHBI eMKOCThI0 mo 20 m3. Ilo-
cJjle TOro KakK OBLJ BBIPBIT IIEPBBIM KOTJIOBAH, IIPOU3BO-
OUTEJbHOCTh JSKCKABaTOpa yMeHbIIMJack Ha 1 m3/u4.
HNsBecTHO, uTO uepes 6,5 u noce Hayasa paboThl OBLIO
BBIDBHITO IOJITOpPa KOoTJjioBaHa. HaiinuTe mepBoHaYalb-
HYIO IPOM3BOJUTEJBHOCTh 3KCKAaBaTOpa.

JlBa aBuraresa Hauvaaum pabGoty ogHoBpemeHHO. Ilep-
BBHIH U3 HUX, IPEeKpaTHB paboTy Ha 2 4 Mo3Ke BTOPOroO,
nspacxogosan 300 r ronamuBa. Bropoii gBurareabr us-
pacxomoBasa 192 r tronauBa. CKOJBKO TOILINBA B TeUe-
HHUe OJHOTO Yaca pacxoAyeT NepBBIil ABUTATEJNb, €CJIH
M3BECTHO, UTO 9Ta €ro XapaKTepHCTHKAa Ha 6 I IIpeBHI-
IIaeT COOTBETCTBYIOIIYIO XapaKTEPHUCTUKY BTOPOTO
OBHUTATEIA?

Bak emrocteio 2400 m® Hamoansercs Tomsnusom. Ilpm
OIIOPOYKHEHUH ITOro 6aKa IPOU3BOAUTEJIBHOCTH HACO-
ca Ha 10 Mm3/MuH BbIe, YeM POM3BOAUTEJBHOCThL HAa-
coca IIpu 3alojJHeHuU. B pe3yibTaTe BpeMs OIOPOYKHE-
Hus Oaka Ha 8 MHH MeHbIIe BpPEeMEeHH 3aIlOJHEHUd.
Onpegenure IpoM3BOAUTEIBHOCTh HACOCA IIPU 3aII0JI-
HeHUU Oaka.

B Kosxo03e gBa II0JIA 3acesAJH MIIEeHHUIei: ¢ IepBOTo MOo-
Jasa cobpanu 1080 11 3epHa, a co BToporo moasa — 750 .
Ilnomanp mepBoro mossi Ha 10 ra 6GoJblile IJIOIAAU
BTOpOoro. Eciu Orv1 ¢ 1 ra mepBoro 1moJisi coopaju CTOJb-
KO ’Ke IIIeHUIbl, CKOJbKO cobpanu ¢ 1 ra BToporo mo-
Jasa, a ¢ 1 ra BToporo mojs cobpaju Obl CTOJBKO XKe,
CKOJIbKO co0paJyiu ¢ 1 ra mepBOro ImoJjs, To ¢ 060HUX Io-
Jeit cobpasu OB OZMHAKOBOE KOJIUYECTBO 3epHa. CKOJIb-
KO LIeHTHepOB 3epHa cobpanu ¢ 1 ra kakgoro moasa?

IlepBriit pabounit usroroBus 60 meraseit Ha 3 Y OBICT-
pee BTOporo. 3a CKOJIbLKO YacOB BTOPOil paboumii naro-
ToBuT 90 meramneir, ecau, paborasg BMecTe, OHM U3TOTO-
BaT 3a 1 u 30 meraeii?

Bap:ka 6bly1a pasrpysKeHa C IMOMOIIBIO OBYX IIOABEM-
HBIX KPaAHOB B TeuyeHHe 15 4, mpuyeM MepBBHIN KpaH
npuctynuia K pabore ma 7 u mosxke Broporo. I3secTHo,
4YTO IIePBBIH KpaH, paboTas OZWH, MOXKET Pa3TrPy3UTh
6ap:xy Ha 5 u GpICTpee, 4yeM BTOpPOHM KpaH, paboTarlo-
UM OTHeJIbHO. 3a CKOJBKO BpPEeMEHH MOXKeT pasrpy-
3UTH OapsKy Ka*XKAblii KpaH, pa6oTas oTAeJbHO?
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HNmeercsa aBa oguHaxoBRIX 6aka. IIpu coBmecTHOI pa-
60Te ABYX HACOCOB OJMH OaK HAIIOJHSETCS BOJAOI 3a 3 u
36 MuH. 3a CKOJBKO BPEMEHHM HAIOJJHHTCA KaXXKIbIi
fak, ecJIM K HeMy IIOJBeJleH TOJbKO OJHH HACOC U C IIo-
MOIIBIO BTOPOro Hacoca 0aK HAIOJHAETCA Ha 3 4 OLICT-
pee, UeM C IIOMOIILIO NepBOTO?

JBa TpaKTOpHCTa MOT'yT BCIlaXaTh 3A0b Ha 18 u 6GbICT-
pee, 4ueM OAUH IIePBBLIA TPAKTOPHCT, U Ha 32 4 OBICT-
pee, 4eM OAWH BTOPO¥. 3a CKOJBKO YaCOB MOJKeT BCIIa-
XaTh 310b KaAbIA TPAKTOPHUCT, paborass oguH?

B cnoaB MarEua u amOMUHUA, cofepixaiuuil 22 Kr
AJIIOMHUHUA, Job6aBuiau 15 Kr mMarLus, Iocjie 4ero Cco-
Jep:KaHWe MAarHHUs B CILIaBe IOBHICHUJIOCHE Ha 33%.
CKOJIBKO BECHJI CILJIAB IIePBOHAYAIBHO?

HNwmernocs aBa cauTka Menu. IIpoueHT cogep:KaHusa Me-
AU B IIepBOM CJUTKe ObLI Ha 40 MeHblile, YeM OPOIEHT
coJep)KaHUA MeIHu BO BTopoM ciauTke. Ilociie Toro Kax
o0a CIUTKA CILIABUJIM, IIOJYUYHUJIU CJIUTOK, COJEpIKa-
muit 36% w™meau. Halizure OpoueHTHOe coAep:KaHHe
MeAV B IIEPBOM M BO BTOPOM CJHTKAaX, €CJIH B II€PBOM
caurke 6pL1I0 6 Kr Menu, a BO BTopoMm — 12 Kr.

ITocoe cmelleHUst ABYX PacTBOPOB, OZUH M3 KOTOPBIX
coaep:xan 48 r, a apyroit 20 r 6e3BogHOTO HOZHCTOTO
raaua, moayuuau 200 r HoBoro pacrBopa. Hailigure
KOHIIEHTPAIUIO KayKIOro M3 IepPBOHAUYAJIbHBEIX PACTBO-
POB, €CJIHM KOHIEHTpaLus IIePBOTO pacTBOpa ObLaa Ha
15% ©6oablIe KOHLEHTPAIUH BTOPOTO.

B cocyzme 6onu1o 20 1 umcroro cnupra. dacTh 9TOro
CIIPTa OTJIHJIH, a COCYA AOJUJIH BOAOH. 3aTeM OTJIHJIN
CTOJBKO K€ JJUTPOB CMeCH U COCYJ OIATh AOJUJIU BO-
poii. Ilocie aToro B cocyie 0KasajoCh YUCTOTO CIIMPTA
BTPO€ MeHbIIe, 4yeM BoAbl. CKOJBKO CIIMPTa OTJIHJIH B
nepBHIi paa?

HdBa memrexoza OAZHOBPEMEHHO BBIXOAAT HABCTPEUY
ApYyT APYyry U3 OYHKTOB A M B U BcTpeualTca uepes
noadaca. IIpogonkasa gBuKeHUe, NTepBLIi NPpUOLIBaET B
B na 11 MuH paHbIlle, YeM BTOpOil B A. 3a KakKoe Bpe-
MsA IIpeozojies paccTosiHue AB kKakablil nemexon?

JlBe TOUKH ABMI)KYTCA IIO ABYM OKPYKHOCTSM, PaZUYChL
KOTOPBIX OTHOcATcA Kak 1:6. Hafinure ckopocTs ABU-
JKEeHMs Kaaoit Toukum, ecax 3a 10c Touka,
IBIKyLIasgcsa To OoJibllledl OKPY’KHOCTHM, IIpOILIa Ha
2 M Oosbllle U COBepIINWJIa DK 3TOM B 5 pa3 MeHbIe
obopoToB.

Ilo okpy2KHOCTH ABHKYTCS [Ba TeJja: IIEpBOE TeJO IIPo-
XOAUT Kpyr Ha 2 ¢ ObicTpee Broporo. Ecau Tena aBu-



JKYTCA B OJHOM HAIIpaBJIEHHHU, TO OHU BCTpedaloTcsa 4e-
pe3 xkakasie 60 c. Kakyio uacTs OKPY’KHOCTH IIPDOXO-
AT Kaxkgoe Tejo 3a 1 ¢?

5.141. TlpugymaiiTe 3amady, pellleHHWe KOTOpPOH IPUBOAUT K

YPaBHEHHIO: 42 40

a) x (x—-3)=180; 0) ﬁ:—17+x=1;
10 20 12 5 _ 30

B) 10—x+x+50_1’ ) x  x+1 x+42 L.

PemuTe 3Ty 3amauy.

§0| HepaBeHcTBa
/4

1. YucnoBbie HepaBeHCTBa U UX CBOMCTEA.

Yucno a Goablne yucaa b, ecin pasHOCTb @ — b — IIOJIOMKH-
TeJbHOE 4YHcado. YHMeao a MeHbIme 4YHcaa b, ecJaH pasHOCTH
a — b — oTpunaTeJabHOE YHUCJIC.

Ecain a > b un b > ¢, To a > ¢ (CBOMCTBO TPaH3UTHBHOCTH
OTHOIIIEHUS HEPABEHCTBA).

Ecoma >buceR,To0a+c>b+c.

Eciua >buc >0, To ac > be.

Ecama >buc <0, toac < be.

Ecoma >buc>d,Toa+c¢c>b+d.

Ecima>b>0uc>d>0, to ac > bd.

Ecitma>b>0uneN, toa” > b* (B ciydae HEUYeTHOTO 7l
ycaoBue b > 0 n3GuITOYHO).

Ecina®>b*,a>0,b>0uneN, t0oa>b(scnyyae He-
yeTHOro n yciaosuda a > 0, b > 0 usOBITOYHEI).

+2. HepaBeHcTBa C 04HO NepeMeHHO, X CUCTEeMbl U
COBOKYIMHOCTM!.

PemeHuemM HepaBeHCTBA C OZHOHU IIePEMEHHOM HAa3BIBAIOT
3HAUYEeHUE IIEPEMEHHON, KOTopoe ofpalrnaeT ero B BePHOE YHC-
JIOBOE HEPAaBEHCTBO. TEPMHUH «pPEIIUTh HEPABEHCTBO» O3HAUYAET
HA¥WTH BCe ero pelleHus (MJIH AOKa3aTh, UTO MX HET).

HepaBencTBa Ha3BIBalOTCA PABHOCHJIBHBLIMH, €CJIM MHOMKE-
CTBA MX PelIeHH#l COBNAZAIOT (HepPABEHCTBa, HE HUMEKIIHUE pe-
IIIeHUH, TAKIKE PABHOCHJIBbHEI).

HeckosbK0O HEpaBeHCTB ¢ OAHOM IepeMEeHHOI 06pasyIoT cu-
CTEMYy, €CJIA CTaBUTCA 3ajavua HANTH BCe YHCJIA, Ka)KAoe U3
KOTODBIX fABJAETCA PeIlleHHeM KaXAOro n3 yKasaHHBIX Hepa-
BEHCTB.
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Heckonbko HepaBeHCTB ¢ OHOU IIepeMeHHOIl 06pa3yoT Co-
BOKYITHOCTH, €CJIM CTABUTCA 3aJaua HAWTH BCe YMCJIa, KaxKIoe
U3 KOTOPBIX SABJAETCA DellleHHeM XOTs Obl OAHOI'O M3 3aJaH-
HBIX HEPABEHCTB.

Ilpumep 1. UssecTHo, uTo 2a + 8b =5 u |b| < 9. Ouenu-
Te 3Ha4YeHue a.

Pemenue. U3 ycaosugs umeem a = 0,5 (5 — 3b). Hepa-
BeHCTBO |b|< 9 paBHOCHMIBHO JIBOMHOMY HepPaBEHCTBY
-9 < b < 9. YMHOXKAaA Bce YaCTH ABOMHOro HepaBeHCTBA Ha —3,
nonyudaeMm —27 < —3b < 27, IIpubaBiaAsa KO BCEM YaCTAM IIOJY-
YeHHOTO HepaBeHCTBa 5, umeem —22 < 5 — 3b < 32. Haxo=nern,
ymHOoKasa Ha 0,5 Bce yacTu mocjiefHero HepaBeHCTBa, MOJIyda-
€M OLIEHKY 3HaueHus a: —11 < a < 16.

IIpumep 2. [Hokaxure, urto (a+ 1)(a+2)(a+ 3)x
x (a + 6) > 96a?, roe a > 0.

HoxasaTeabcTBo. PaccMoTpeHne pa3HocTH obenx dac-
Teil HepaBeHCTBA M CpaBHEHHE ee C HyJeM, T. €. HONBITKA JAO-
Ka3aTeJlbCTBa HepaBEeHCTBA IIO OIIpeliejIeHHIO0, B JAaHHOM CJy-
yae 3aTpyAHHTeJbHa. Bocmoinayemcsa HepaBeHcTBoM Korru
MeXIY CpPeIHHM TIeOMETPUUYECKHUM M CPeJHHM apu@MeTHye-
CKHMM ABYX IOJOKHTEIbHBIX 4ucel: a+1>2Va, a+2> 2./ 2a,
a+3>2J3a ,a+62 2J6_a . IlousneHHO HEPEeMHOXXKHM IOJydeH-
HEIe HepaBeHCTBA (9TO BO3MOXKHO, TaK KaK obe yacTH KaKJoTro
M3 HUX MOJIOKUTEIbHEI): (a + 1) (a + 2) (a + 3) (a + 6) > 96a2.
3aMeTHM, UYTO PABEHCTBO 34eCh BO3MOXKHO JIMIIE B CJy4ae,
KOTZla KasKJoe N3 YeThIpeX IIepPeMHOXKaeMbIX HepaBeHCTB o0pa-
IaeTcA B paBeHCTBO, HO 9TO O3HauaeT, uroa=1,a=2,a=3
M a=6 oJHOBpeMeHHO, uero OBITHP He MOXeT. 3HAYUT,
(@a+1)(a+2)(a+3)(a+6)>96a2.

IIpumep 3. na xkakaoro sHaueHUs IapaMeTpa a peln-
Te cCUCTeMy HepaBEeHCTB:

3(x+1)+3,5(x+3) <5x—-0,25 (2~ x),
| x|> a.

Pemenue. YMHOXKaAa o0e dYacTH NepBOr0 HepaBeHCTBA
Ha 4, pacKpbIBad CKOOKHM M IIepeHOCA Bce cjlaraeMble, COAepKa-
e NepeMeHHyI0, B JIEBYI0 4aCTh, a BCce KOHCTAHTHI — B IIpa-
BYIO UaCTh HEPaBeHCTBA, moayumm 5x < —56, orkyza x < -11,2.

Pemas Bropoe HepaBeHCTBO, pPACCMOTPHM TpH caydas. Ec-
au a < 0, To a060e fefiCTBUTEIbHOE YHUCJIO X ABJIAETCA pellle-
HUEM HepPaBEHCTBa, a 3HAYHUT, pPellleHde CHCTEMBI COBIAtaeT ¢
pellleHHeM NepBoro HepaBeHCcTBa. Ecau a =0, To pemeHHeM
HepaBeHCTBa |x| > 0 aBaserca 060e AeHCTBUTEILHOE YHC-
JIO, OTJIMYHOE OT HyJs, & 3HAYHUT, U B 3TOM cJiydae pelIeHHe
CHUCTEMEI COBIAAAET C DeIIeHueM IePBOr0O HEPaBEHCTBA, TaK
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Kak 0 ¢ (—o0; —11,2). Ecau ke a > 0, To pelnieHneM HepaBeH-
x<-a

cTBa |x| > @ ABIAETCA COBOKYIHOCTH > ’ M JJIS OTHICKA-
’

HHUA pellleHHMi#l cHCTeMBl Heo0XOAMMO CpaBHUBATL 4 C YHC-

agom -—11,2. IlepeceueHumeM MHO}KecTB (—°°; —11,2) m

(-0; —a) U (a; + ©) saBnasaerca wuutepBaa (—o0; —11,2), ecam

0<a< 1,2, u uarepsan (—°; —a), ecau a > 11,2.
OrBerT: (—o0; -11,2) mpu a < 11,2; (-o°; —a) npu a > 11,2.

YnpaxHeHus

YUCNOBbLIE HEPABEHCTBA U UX CBOWCTBA

6.1. CpasBuure unciaa a u b, ecIm U3BECTHO, UTO:
a) a=b-0,2; 6) b+3=a+2V2;
B)a-3=b-c,raec<3; r)a+2=b+c,rHecC > 2;
) a+1=2b, rge b > 1; e) b+a=1+ b2

6.2. CpaBHure umcjua:

7 8. 13 12,
2) gHug 6) RETK
B) 323 - 325 u 3242 r) 742 272 i 732 — 262,

5) V23— 11 u v22 ~10; e) 38 +20 n V37 + v21.

6.3. CpaBHHUTe BHIPAIKEHHUS:
a) (a-1)(a+2)u(a+4)(a-3);
6) (a—-2)%u4d(1-a);
B) a%?+ 25 u 10a; r) b+3)2u+2)O®+4)

n) b +5u2b+3; e) l-au—-1(a> 0);
a

K) c*+1u2|c|
Joxkakute HepaBeHCTBO (4—9):
6.4. a) a®+ 9b? > 6ab; 6) a? + b%;

B) 2a°2+b*+c?2>2a(b+c); 1) a2+b2>2(a+b—1).
6.5. a) (a?-b?? > 4ab (a - b)%;

6) (a® - b3 (a —b) > 3ab (a - b)%

B) (a2 - b?) (a* - b*) < (a® - b3)%
r) (ab®+ a?) (a - b) > (a’b + b®) (a - b).

(a +b)2

6.6. a) a’-ab+b%>0; 6) a%+ 6ab + 1062 > 0;
B) a®+ 3 > 2aqa; r) (b+1)(8-b) <5,
. _a 1 e 1
6.7. 2 a?+a+1 3 ©) at-4a+9 3’
R 1, a4+16>
B) a +a2 /a+a, r) ira 2 2a.
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6.8.

6.9.

6.10.

6.11.

6.12.

6.13.

6.14.

6.15.

6.16.
6.17.

6.18.

6.19.
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a) 9a2—30 |a|+25>0; 6) b2+ 25> 10|bl;

B) a2—4a+5>2|a-2[;1) b*-26+10>6|b-1|.
a) a*+ b* > a®b + ab?; 6) a*+ b* + ab (a% + b?) > 0y
B) a®+b% > a'b? + a®*; r) a®+ b® > a®b + abd.

Hoxaxxure, uro ecau a = 0 u b > 0, To:

a) a®+ b® > a? + ab%; 6) (a + b)® < 4 (a®+ b3
B) a’+ b® > a*b + ab%; r) a®+ b® > a®b? + a%®.
Hoxkaxxknrte, uto ecau a = b, To:

a) a® - b® > a? - ab?%; 6) a® - b® > 3ab (a - b);
B) a® - b > ab?® - a?; r) a® - b’ > a'b — ab.

HoxaxuTte, yTo Ipu J106bIX @ U b UMeeT MeCTO HEPABeH-
CTBO:

a) a* — 2a%b + 2a%? - 2ab® + b* > 0;

6) a* — 4a®b + 8a?? — 16ab® + 16b* > 0.

Hoxakare, 4To Aas JIO6GBIX A, b, ¢ U d UMEIOT MeCTO He-
paBeHCTBa:

a) (a? - b2 (c? - d? < (ac - bd)%;

6) (a2 + b?) (¢ + d?) > (ac + bd)?,

IpUyYeM pPaBeHCTBO MMeEeT MeCTO TOrJa M TOJbKO TOrAa,
Korga ad = bc.

Hokaxxure, 4ro AJaA J00bIX @ ¥ b Takux, uro ab > 0,
uMeeT MeCTO HepaBeHCTBO (a2 — b%)? > (a — b)t.
a+b
Hoxaxkure, uto ecau a < b, To a < — <b.
a+b+c

Hoxaxute, utro ecau a < b < ¢, Ttoa < 3

HNaBectHo, utoa > 0,b>0,¢<0,d<0.
Kaxoil samax mmeroT Bmipaxkemusa: ab, ac, cd,

abe, bed, 22,2 € b abed, €, 2049
¢ d ad cd bd ¢

? b

EWESY

a a
b’ d

. a
Kakoii 3mak mmeer npomssezenune ab, gyacTHOe B’ ecJu

M3BECTHO, UTO:

a) a u b — uncaa OAHOrO 3HaKa;
6) a u b — yucaa pasHBIX 3HAKOB?

IlonoKUTEIBHBIMH WU OTPHULIATEJIBHBEIMH SABJIAIOTCA
ypucia a u b, €CJIX U3BECTHO, UTO:

a) ab> 0; 6)%>0; B) ab < 0; r)%<o;

o) a?b>0; e) a’b<0; x) b%<0?



6.20.

6.21.

6.22.

6.23.
6.24.

6.25.

6.26.

6.27.

6.28.

6.29.

6.30.

6.31.

6.32.

HsBecTHO, uTOo @ > 2. Kakoil 3HaK MMeeT BhIPakeHHe:
a) 3a—-b; 6) 10-5a; B) 2a-2; 1) (a—2) (1 — a);

a-2, g 1) -5 . (a-1)(2-a)
n) ——73 € (@a-3)*(a-1) x) - 3) 5+a ?

HNaBecTHO, uTo a < 3. Kakoil 3HaK MMeeT BbIpa’KeHHe:
a) 2a — 6; 6) 12 — 4a; B) 2a - 8; r)(a—5)(a—13);
a —

a—4, 12 (O 2
11)3_(1, e)(a-1) (a - 2); m)3_a’ 3)(0-—2)(3—0)

Kaxoit sHak nmeer BuipakeHue (a — 1) (a — 4), ecau us-
BeCTHO, YTO:
a) a <1; 6) a>4; B) 1<a<4; r1)a>5h?

Hokaxkure, uroecaua >1ub>1, Toab+1>a+b.

Hokaxkure, uto ecam a >b m b< 2, o b(a+2)<
< b + 2a.

Ilokaxxurte, uto ecama > b > 1, To
a’b + b2 +a > ab®+a%+b.

Hoxaxure, utro ecau a < b < 2, TO
a?b + 2b? + 4a < ab? + 2a? + 4b.

Hoxaxure, uto ecim 1 < a < b < 2, To
a’b — ab? - a? - ab + 2b%* + 2a — 2b > 0.
Jlokaxure, uro ecam a 2 b 2 ¢, TO
a?b-c)+b2(c-a)+c2(a-b)>0.
Jokaxkure, 4ro:
a) ecitma > 2, b > 3, to 3a + 5b > 21;
6) ectma > 5,b< 2, 10 20 -3b > 4;
B) ecaiu a > 5b, b > 2¢, To a > 10c¢;
ryectu a<2b+3c, b<b6m+1l, ¢<4m-2, ToO
a<22m — 4.
BepHo sn, 4To:
a) ecitma > 3, b > 5, To ab > 15;
6) ectma < 2, b < 3, To ab < 6;
B) eciu a > 3, To a? > 9;
r) ecau a < 2, to a® < 47
BepHo an, uyTo:
a) eciu a > 3, To |a| > 8;
6) eciu a < 4, 1o |a| < 4;
B) ecau a < -2, ro |a| > 2;
r) eciu -5 < a < 5, o |a| < 5?

Hokaskure, uto ecu |a| < e (e > 0), o € < a < €.
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6.33.

6.34.

6.35.

6.36.

6.37.

6.38.

6.39.

6.40.

6.41.
6.42.

6.43.

6.44.

70

Hoxaxure, uto ecnu |a| > M (M > 0), To a < —-M unm
a>M.

Bepno au, 4TO:
a) ecima > b, To - >1 6) ecnn d’ 10 ad > be;

B) ec.wm%>1na>0, TO a > b;

) ecnna>b>0nc>d>0,'ro%>

o9

?

Bepso su, uro:
a) ecxma > 2, To — <3 0) ec.una<2,'ro—2—>3;

B) ec.nngjz_—a>l,'ro3<a<5;

r) ecnn2<a<3,1‘o$>1?

BepHo sn, 4To:
2

a) ectma%h >0, T0b>0; 6) ec.rm—— 0, To b < 0

B) ectu a’b < 0,705 <0; 1) ec.vmb—2>0, T0 a > 07

CpaBHUTe a ¥ b, eclIM U3BECTHO, UTO:

a) a<c,c<b; 0) a>c,c2b;

B) a<c, c<b; ryazc,cz2b;

K a>m=nz=c>b; e)as<sm<n=p<bh.
CpaBHute a u b, ecain U3BECTHO, YTO:

a) a>m,m>b+ 2; 6) a>m,m>b+1;
B) a=2m, m>b+c ryazm,m=2b+|c]

HNaBecTtHo, uTo a > b+ 3, b+ 1 > 7. loxkaxure, 4TO
a>9.

CpaBHuTE a u b, ecIM U3BECTHO, YTO:

a) a—-2<c¢<b-38;

6) 2a+5<c¢c+2 mu c-3<2((b-1)

B) a>1+m? b< 2m; r) a<6n,b>n%2+09.
Hokakure, uroecama+c >bua—-c<b,t0c>0.
CpaBHure a u b, ecin U3BECTHO, YTO:

a) b—a<c,a-b>c 6) a+c>b+1,c<1.
N3BecTHO, uT0o 2 < a < 3. OUEHUTE 3HAYEHHE BHIPDAYKEHUA:
a) 3a; 6) —a; B) 2a - 1; r) 3 —4a.

NaBectHO, uTo 1 < @ < 2. OHEeHHUTe 3HAYEHHE BhLIpake-
HUA:

a) a?+1; 6) a®>-6a+10; B) 1, 18

3a+d D Zate1




6.45.

6.46.

6.47.

6.48.

6.49.

6.50.

6.51.

6.52.

6.53.

6.54.
6.55.

6.56.

6.57.
6.58.

NasBectHO, uTo0c -1 <a<b+2,20-1<5,3c+2 > 11.
OneHnTe 3HAYEHHE BBIPAYKEHUA:

a) 3a;  6) o3 B) 2a+3; r) 1 - 2a.
Ouennre 3Ha4YeHHUE @, €CJU U3BECTHO, UTO:

a) a-b2=1; 6) a+|b| < 3;

B) a +|b|=2; r) a-b > 5,

OneHnTe 3HAYEHHUE d, €CJU U3BECTHO, YTO:

a) a+b=3ub< T 6) a+b>3ub<2;
B) a+b<5ub>1; r) a+b=Tu2<b<3.

OnennTe 3HaUYeHUe a, €CJIU U3BECTHO, YTO:
a) a+b=3ulb|<T; 6) b-a=2u|b|>3
CpaBHuTe @ u b, ecau U3BECTHO, UTO:

a) a=5bub>0; 6) ba=Tbua > 0;
3)27“>3nb>0; r)i’1<3na<0;

2_ 3 1
ﬂ)z>51’lb>0, )— Ha>0
CpaBHure a u b, ecau U3BECTHO, UTO:
a)%_"+1 b>0,n>1; 6) %_2’;+5 b>0,n>1;

,HOR&.)KHTG, YTO CpenHee apmbme’rnqecxoe ABYX HEOTpH-
IIaTeJIbHBIX YHucCeJl He MeHbIlle, YeM HUX CpeHe€ IreoMeT-

+b
pHu4YecKoe, T. €. a_z_ 2 +ab (a =2 0; b > 0). Ilokaxkure,

4TO PaBEHCTBO BO3MOXKHO JIMING IpH a = b.

JJokaxkure, 4yTo cyMmMa ABYX B3aMMHO OOpATHBIX IIOJIO-
KUTEJbHBIX YMCEJ He MeHbIlle, yeM 2.

JlokaxuTe HEpaBEHCTBO:
a) a?+b%*> 2 |ab|;
a
0) A +E Z2(a nu b — uucya OFHOro 3HAKAa);

2
a“+4
B) Jab > 29, r 212 52
a+b Jaz+3
a+4 a+9
Joraxure, uro ecau a > 0, To 5 +— > bHa
Hokaxxure, uTo eciau a, b, ¢, d — IIOJOXKUTEIbHBIE YUC-

na, To “;C +”+Td > [(@a +b)(c +d).

Hoxaxxkure, yvroecoma =0, b >0, ¢ > 0, T0 act+b 2 2/ ab

Hoxraxkure, yro eciu mn =1, m > 0, To azm + b%n > 2ab.

Hdokaxkure, uro ecnu a > 0, b > 0, to (a® + b) (a + b%) >
> 4ab?. Tlpu Kakux a u b UMeeT MeCTO PABEHCTBO?
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6.59.

6.60.

6.61.

6.62.

6.63.

6.64.

6.65.

6.66.

6.67.

6.68.

6.69.
6.70.

6.71.

6.72.
6.73.

72

Hokaxxkure, t{'ro npu a > 0, b > 0 umeer MecTo HepaBeH-
cTBO (a +b)| = + bjl 4,

Hoxkaxxure Hepasenctso (a + b) (ab + 9) = 12ab (a > O,
b > 0). Ilpu xKaKuUX @ ¥ b ©MeeT MECTO PAaBEHCTBO?

Hokaskute mHepaBeHcTBO b (a2+ 1)+ a (b2 + 1) > 4ab
(a>0,b2=0).
Hokaskure, uro npu a = 0, b 2 0 UMeerT MecTo HepaBeH-

ctBo (a+ 1) (b+ 1) (ab+ 1) = 8ab. Ilpu Kakux a u b
HNMeeT MeCTO PaBEHCTBO? 12b

JoKa)XKnuTe HEPaABEHCTBO 5—5 Sa
3HaKa).

24 (a u b — ogHoOro

Horkaskute HepaBeHcTBO (a?b? + 36) (—b +9—b) > 36ab

(a > 0, b > 0). Ilpn kakux 3HaAUYeHUAX a U b UMeeT Mec-
TO PaBE€HCTBO?
ab 3

Hoxkasxure, uro (1 +a) (1 + b) (1 + ¢) > 24, ecan 3%
ma>0,b>0. ¢

a? b? c?
a 11+ by
Jloka)kuTe HepaBeHCTBO (1 + be )(1 o )(1 + ab J 8

(@a>0,b>0,c>0).

JlokaXnuTe HepaBeHCTBO
(ab + 6) (2a + 3b) (—+bi2) > 288 (a>0,b > 0).
a
Ilpn kakuX 3HaYeHUAX @ U b ©MeeT MeCTO PaBEHCTBO?

Jlokakure, uro ecau a > 0, To UMeeT MECTO HEPABEHCTBO:

a) % a+%)+a2 >2a; 6) a* +512-+§>4;

B) a' +%+‘—1>8; r) a +—}?+£+i 8
a? a a® a

IIpy xaxoM 3HaUYeHHH @ B Ka)XJOM N3 HEPaABEHCTB MMe-
€T MECTO PaBEHCTBO?

IMokaskuTe HepaBeHCTBO a’ + b* + 2¢2 > 4abe.
1
Hoxaxxure, uro ecau a < 0, Toa +E < -2,

Hokaxxure, uro ecam a>0, >0, ¢>0, o
a+b b+c+a+c >6

.+.
c a b 4 9
a+4 a+
Hoxaxure, uro ecau a > 0, To -—2—+ 4 6 > 6,5.
Hoxaxure, uroecoima > 0,b>0,¢c >0, d > 0, To
b+c+d a+c+d a+b+d a+b+c
+ + + =12

a b c d




Joxaxxute HepaBeHCTBO (74—86):

6.74.

6.75.

6.76.

6.77.
6.78.

6.79.

6.80.

6.81.

6.82.
6.83.

6.84.

6.85.
6.86.

6.87.

6.88.

6.89.

6.90.

6.91.

1

(a+b+c)(%+—+%)29(a >0,b>0,c>0).

%+g+%+1>4(a>0,b>0,0>0,d>0)-

be
(1+EJ(1+ b)(1+b0)(1+ d)>16 (@>0, b>0,

c>0,d>0).
ad+bc+bc+ad

>24,(a>0,b>0,c>0,d>0).

bd ac
1 1
a? +b? + +———22.
a?+1 b2+1

2a 2b 2¢
b+c +c+a +a+b

23,(a>0,b>0,c>0).

3a 3b 3¢ 3d

> >0, >0,
bictd a+tc+d Tatbtd atbic 4 (@>0, 6>0
c>0,d>0).

(@a+b)?2 <(1+c)a? +(1+ )b"’, (c > 0).

ab+,J1-a?)1-b%2)<1,(a|<1,|b|<1)
J@+e)b+d)=Jab++Jed, (a>0,b>0,c>0,d > 0).

2 a+b a +b
< <277«
1 1 SVeb<—

a b

Va2 +c? +4Jb2 +d? 2 /(@ +b)? +(c+d)?.

J@? +c?) (b2 +c?) +,/(b% +c?) (b% +d?) +

+J(2 +d?) (a? +d?) +,/(a® +d?) (a® +c?) 2
>2@+b(c+d), @>0,b>0,¢c>0,d>0).
I[orcaam«rre, YTO €CJIN MPOHN3BeJeHHe ABYX NMOJOXXHUTENb-

HBIX YHCeJI €CTh YHCJIO MOCTOAHHOE, TO HX CyMMa 6yp;e'r
HaHMeHLHIefI, €CJIN 3T 4YHCJia DaBHBI.

Haiinnre HauMeHbIllee 3HAUYEHNE BBIDAXKEHUS X + Y, ec-
JIM M3BECTHO, 4To xy =9, x > 0.

Haiinnte HauMeHbIllee 3HaYeHMe BbIpa)keHus 2a + b,
€CJIM H3BEeCTHO, uTo ab =8, b > 0.

Haiisure HamMeHbIlee 3HAYEHWE BHIpAXKeHHA 32 + 21,
€CJIM H3BEeCTHO, uTo 2t =6, 2 > 0.

Haitaure HauMeHnbIllee 3HAYEHUE BHIPAYKEHHUA:

»x+Z@>0; g EETD o5 g

,(@>0,b>0).
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6.92.

6.93.

6.94.

6.95.

6.96.

6.97.

422 _72+25 bt +b2+1

B) ————,(2>0); r
) T (2> 0 )
Haiigure Haubonpniee 3HaYeHNe BLIPDAYMKEHUA!
x 22
a , (x > 0); 6) ———;
) 16+ x2 ( ) ) 4z +9
42z 24x
B) ————, (z > 0); ry —————, (x > 0).
) 922 +49 ( ) ) x2+2x+25 ( )

JokaxuTe, YTO €CJIN CyMMa ABYX HOJOXKUTEJIbHLIX UH-
ceJl eCTh YMCJIO IIOCTOAHHOE, TO UX IIpOU3BeJeHMe OygeT
HauboJbIINM, €CJIH 9TH Yucja PaBHEIL.

Haijiaure HambGonbliee 3HaUYeHWE XYY, €CJIM H3BECTHO,
yurox+y=10,x >0,y > 0.

Haiinute Hambonbllee 3HaueHUWE XY, €CJIU H3BECTHO,
yro 2x +y=6ux >0,y > 0.

HaiinuTe Hambosblllee 3HAYEHHWE XY, €CJIM H3BECTHO,
yro 3x +4y=12u x>0,y > 0.

Haiigure HaubosblIee 3HaYeHue BhIpakeHud x (4 — x),
ecJu u3BecTHO, uTo 0 < x < 4.

Hoxaxxkure HepaBeHCTBO (98—103):

6.98.

6.99.

6.100.

6.101.

6.102.

74

a) a*+ b2+ c? > ab + ac + be;
6) (a+b+C)2<\/§(a2+b2+c2);

a 2 b 2 c z a c¢c b
9 (5) +(2) +(5) > 252

2
o) (a+b+c) > ab+ac+bc.

3 3

ab bc cd da

a0  oc e aa. > >0,c>0,d>0);

ed  2a ab+bc 4(a>0,6>0,¢c>0,d>0)

6) a*+ b+ ¢t + d* > 4abed.

a) a;+b;+c“>a+b+c,ec.1mabc=1,a>0,b>0;
a b

(,‘3
—t—+—=2 , , ¢ > 0);
0) bc+ac+ab a+b+c(@>0,b>0,c>0)

b 4 4 b 4
B) (;") +(%J +(a?) > a’bc + b2ac + c%ab;

p) (2)4 +(2)4 +(£)4 >g+é+£
b c a) b ¢ a
a) a®+b*+¢®>38abc(a>0,b>0,c>0)

6) (%)3 +(§)3 +(§)3 >3 (@>0,b>0,c>0).

a) 3(a2+b2+c?2+d?» =2 (ab+ac+ ad+ be + bd + cd);
6) (a+b+c+d)P<4(@@®+b®+c?+d?.

a)



6.103.
6.104.
6.105.
6.106.
6.107.

6.108.

6.109.

6.110.

6.111.
6.112,
6.113.
6.114.

6.115.
6.116.

6.117.

6.118.

6.119.

(@a+b-cl+B+c—a)’+(a+c—->b)?>ab+bc+ac.
1

an-1 °

1 -
HMokaskure, uro ecnr a > 0, Toa” +—=>a"' +
a

MokaskuTte, uTo ecau a? + b2 =1, 1o |a+b | <42

1
IoxaskuTte, uto eciu a + b=1, roa? +b? > >

IlokaswuTe, uto ecam a® + b2 + 2 =1, To|a+b+c| <3

1
Hoxaxkure, uro ecanm 1 < a < 2, T02<a+—<3.

2 p? a b
Hokaxkure, uro 4 (4b2 +a—2) 3 (2b )+5>0 npu
Jawbeix a #0, b#0.

Hokaxkure, uro a(a+1)(a+2)(a+3)+1 > 0. Ilpu
KaKHX a UMEeT MEeCTO PABEHCTBO?

1 1 1 1
et =—> = > 2.
Jlokakure, 4T0 —— +1 n+2+ +2 >2,neN,n

1 +1
YR

1 1 1
Hoxaxkure, 4TO i3 + 5.3 +...+ 2 D)
1

Jokaxkurte, 4To 212 +33 +...+;12— <l,neN,n = 2.
Hoxaxxute HepaBenerso 1 -3 -5 ... 2n - 1) < n",
a, +a, +

e A
Jokakurte, 4To Apodp ——=————= He MEHbIIle Hau-
b +b, +... b,

Jokakure, utol + — >Jn,neN,n > 2,

<1, neN.

al a,

MeHblIel 1 He 6oJibilie HanboabIe u3 gpobeit — 5 5
1 2

& (5,>0,i=1,2, ..., n).

bn.
Moxa)xuTe HepaBeHCTBO:
a) a>-|al; 6) a<|a

B) la+b|<|a|+|b; 1) |a-b|>]|]lal-]b]]
JokaskuTe HepaBeHCTBO:

a) la-1|+|a-2|>1;

6) la-2|+|a-5|>3;

B) la-1|+|a-2|+]a-3|>2

r) la-1|+|a-2|+|a-8|+|a-4]|>4
HoxaxuTe HEPABEHCTBO:

a) x2+y> - 2x+4y+6 > 0;

6) 2x%+ 2y? — 2xy +4x -2y +5 > 0.
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6.120.

6.121.

6.122.

6.123.

6.124.

6.125.

6.126.

6.127,

6.128.
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Camouter mposeren nyTs oT A 10 B no BeTpy ¥ IIyTh oT B
0 A TpOTHUB BeTpa, IpHUYEM CKOPOCTH BeTpa He MEHsA-
Jachk. B apyroit pas camoJieT COBepIIHJI peiic IO TOMY
JKe MapuIpyTy B 6e3BeTpeHHYIO moroay. B oboux ciayua-
fAX MOTOPBI caMoOJieTa Pa3BHUBAJIH OAUHAKOBYIO MOIII-
HOCTb. B KakoM cjydae Ha BeCh MOJIET YIILJIO MEHbIIe
BpeMeHu?

JBa TpaKTOpHCTa MOTYT BCIaxarh IoJe 3a t; gHeii. Ec-
Jsu OBl MEPBHII TPAKTOPUCT BCIIaXaJl IOJOBUHY IIOJHA, a
3aTeM BTOpOIl OCTAJBHYIO YaCTh, TO IIOTpeGoBasIoCh OBl

t, nuei. [lokaxxkure, uro t, > 2t,.

Hoxkaxxure, 4TO NpaBUJIbHASA APOObL C MOJOMKUTEILHEI-
MM YWIeHaMH YBeJHUYUBAETCH C YBEeJHYEHHEM YUCJINUTE-
J U 3HAMEHATeJs Ha OLHO M TO K€ IIOJIOXKHUTEJIbHOE
YHCJIO, a HEIIpaBUJIbHAA APO0b YMEHbIIAETCH.

Kakas us gByx apobeit 6iimixe K eSUHHIE: IIPABUJIbHASA
% WJIN HeIlpaBUJIbHASA b (a>0,b>0)
a

JBa xaTepa, UMewI{He OAUHAKOBYIO CKOPOCTL B CTOfA-
Yeii BoJe, MPOXOAAT II0 NBYM pPeKaM OAMHAKOBBIEe pac-
CTOAHUSA II0 TEYEHMIO H BO3BpaIlalOTCad OOpaTHO B
NYHKTHI, OTKYJa OHH HayaJu ABH KeHHe. B Kakoil peke
HA 3TO lepeABUKeHue nmoTpedyercsa 60Jbllle BpeMeHHU: B
PeKe ¢ GBICTPBEIM TeUEHHEM HMJIA B PeKe ¢ MEIJEeHHBHIM
TeueHHEeM?

HdBa TypucTa BHIILINA U3 IYHKTa A B nyHKT B. IlepBrIit
TYPHCT IIOJIOBHHY 3aTPAYEHHOTO BpeMeHH OT HadvaJja
JBH)KEHHMSA II€J CO CKOPOCTBIO U; KM/4Y, 3aTeM — CO
CKODOCTBIO Uy KM/4. BTOpO# K€ TYypHCT HepBYIO IOJIO-
BHHY OIYTH IIIeJ CO CKOPOCTHIO Uy KM/4Y, & BTOPYIO I10JIO-
BHUHY — CO CKOPOCTBIO U, KM/4. KTOo M3 HHUX 3arTpa-
THJI MEHBbIIIe BpeMeHH! Ha IIPOXOoxKIAeHue NyTH ot A 1o B?

Ternoxox mpoiies IyTsk AB 110 TEYUEHHUIO peKH U o0parT-
Ho. Jloka)XuTe, UTO CPeAHAS CKOPOCTH TEIJIOX0Ja B
3TOM JABHMI)XEHHUHM MeEHbIIIe €ro cOOGCTBEHHO!I CKOPOCTH
(COOCTBEHHYIO CKOPOCTh TEIIJIOX0Za U CKOPOCTh Tede-
HUS PeKH CUUTATh IIOCTOSHHBIMH).

HEPABEHCTBA C OZIHOW NEPEMEHHOW
N X CUCTEMBbI

ABnsercsa n1u peieHueM HepaseHcTBa 2x + 3 > Tx — 17
3HauYeHHUe X, PaBHOE:

a) 2; 6) 6,5, B) —v3; 1) /20?

Kakue us yucen -3; -2; 0; 1; 2; 2/3; 410 sBasior-
csa perreHMAMM HepaBeHCTBa x2 < 3x + 17



6.129. Vxkakure kaxue-aubo JBa pellleHNA HepaBEeHCTBA:
a) 3x > 7; 6) 4x<x+2; B) x2<2; r) x2> 3x.

6.130. Yxakure Kakue-1ub0 ABa LIEJBIX PEIlIeHNA HepaBeHCTBa:

a) %<2; 6) i—__f<0;

B) (x-3)(8-x)<0; 1) x2>1.
PaBHocuabHEBI U cieayoiue HepaBeHeTBa (131—133)7?

6.131. a) 2x-3>2u2x-4>1; ©6) 2x>6udx>12;
B) 3-5x<xmu3<6x;

1 1
r) 3x+x_3>6+x_3n3x>6.
6.132. a) 2x2 < 8x u x < 4;
6) (x—2)(x2+1)<3(x2+1) u x—2< 3;
B) (x-2)(x2-9)>5x*-9) u x-2> 5;
r) x%>2 u1>2(x-3).

2x-1

x2+43

3x-1

x-3

B) =<2 m 222> 1;
X

r) = >3 m 3x2<1.
X

6.133. a) <2 u 2x-1<2(x%+ 3);

6) <2 um 3x-1<2x-6;

Pemure HepaBeHCcTBa (134—136):

6.134. a) -3x+21 >0;  6) 18 — 6x < 0;
B) x—-(5-2x)>3; 1) 2(x-2)-5(l—3x)<2.
2x~-1 bx-2 2x-1 3-x
6.135. a) 3 <7T3’ o) 252 oy
5) x—;—>ﬂ§_—)+5(6—2x)+14;
) 5(x-2) - 3< 2*=2) _ 3(94_24),
x-1_ 5-2(x-1) 3.
6.136. a) 3 3(2x — )>x+24,
6) x—2__3(2—x)+7x+1<x+11 13+16x;
2 10 4 3 20

B) 2(3x—5)(x—1)—3(1—(2x+1)(3—x)+4; x]<13;

r) 3[x—1+4“43"—(1—2(x—1— £ 2)]}>5x—7.
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PemuTte HepaBencrsa (137—138):
6.137. a) (3-10)(2x - 7) < 0;
6) 3V11(5-2x) > 10 (5 — 2x);

2x -3
B) 17610 > >t 2VEs

J2
r) (1—&)(4—5x)<2+ﬁ.
6.138. a) 34/2-3>2x(1-2);
6) (3V10 —6+/3)x <5(2+/3 — /10);
B) (1+xv3)V2 <x+2V3;
r) V6 (2 - x) > 5 - 2x.

Haiinute obnacts onpegenenus Gyuxnuu (139—140):

6.139. a) y =3-5x; 6) y=@“%?7x—m;

3+4x
J3-2x-4(1-5x)

6.140. a) y = —J2(2- 3x); 6) y = 1

J(3x-1)ﬁ-3x+2;
2

J(x-V3)V3-2x+1

B) y=,2B8x-1)-Tx+2; 1) y=

B) y= \/2 V3(x++/3)—2x; 1) y=

Peruure HepaBeHc'rBa (141— 142):

6.141. a) 72— >0; s > 0;
B)4 ‘:/;\0 r) i{ij <0.
6.142. a) 2:_*21 <% 6) ?2’:’; <2
B o X1 p) e

6.143. Pemnte HepaBeHCTBO (@ — IapaMeTp):
a) bx—a > ax - 3; 0) a(2x-1)<ax + 5;
B)a(B-x)23x+a; r) 3(2a+x)<1-ax.
6.144. Haiigure mauboapiiee IeJoe X, YAOBJIETBOpPAIOIee He-

PaBeHCTBY:
2x-1 2x-2 3x-2 bHx-1
8 5 ~—3 >% 0O —F———75>1
2x2-5x+3 4-x _ 15+x% 1-2x
B) - > - H
6 12 3 9

r) (x + 4) — (x — 10)? < 140.
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6.145.

6.146.

6.147.

6.148.

6.149.

6.150.

6.151.

6.152.

6.153.

Haiigute HauMeHbILIee 1IeJI0€ X, YAOBJIETBOPAKOIIEEe He-
PaBEHCTBY:
2x+1 3-2x 3-2x
. — > -— x;
4 6) 3 1 6

B) Bx-5)(2x-5)-(2x-3)(x-3)+6x >

a) 1;2x_+3 <3x-

>(2x — 5)% + 6;
(Bx-7)(3x-2) (Bx-19)(x+1) <(635—7)(2x—5)
) 3 - 4 12 )

HaiinuTe Bce 3HAYEHHUA 4, NPH KOTOPLIX KBaJpaTHOE
ypPaBHeHHUe:

a) 3x>-2x+a=0; 6) ax?-3x-1=0;

B) (2a — 1) x2+2x-1=0;

r) ax?-2a-1)x+a+2=0

HMeeT ABa NeHCTBUTEJbHBIX U PA3JIMYHBIX KOPHA.
Haiinute Bce 3HAUYEHUA @, IPH KOTOPHIX KBAJAPATHOE
yPaBHEHHE:

a) x2-4x+a=0; 6) 5x2—-6ax—-1=0;

B) (1-a)x®+4x-3=0;

r) Ba-5)x*~(6a—-2)x+8a-2=0

He UMeeT JeiiCTBUTeIbHBIX KOpHEeH.

HatiguTe Bce 3HAYEHHUA @, IIPH KOTOPHIX KBAJPaTHOE
ypaBHeHHE:

a) x2-4x+a=0, 6) ax®2-9x-2=0;

B) (1-38a)x2-4x-3=0;

r) (a-1)x2-R2a+3)x+a+5=0

HMeeT JelCTBHUTeJIbHbIE KOPHH,

PemunTte ypaBHenue:

a) [x-2|=x-2; 6) |2x - 3|=3 - 2x;

B) |2x - 4]|=10 - 5x; 1) |-x - 3|=?§"-+2.

IIpu Kaxkux 3HaYeHHMAX @ ypaBHeHHe 2x + 3 = 2a + 3x
HMeeT IOJIOXKHUTEJbHOe pellleHue?

IIpu xakmx BHaYeHHUs X a ypaBHeHHe 1 + 3x — ax =
= 2 + X UMeeT OTPHUIATEJbHOE perieHne?

IIpu kakux sHaUeHHUsAX a ypaBHeHue a (83x — a) = 6x — 4
MMeeT OHO IIOJIOXKUTEJbHOE pelieHune?

Ilpn Kakux 3HaueHUsX a ypasHeHue a (x —1)=x - 2
MMeeT penieHue, yIOBJETBOPAIOIIEEe YCJIOBUIO X > 1?

Pemure cucremy nepasencts (154—157):

6.154.

a) |2x-6>0, 6) |5x+T7>0,
4x—20 <0; 2x—-3>0;
B) {3x—5<0, r) J]18x-6 <0,
Tx+28 <0 15-3x <0.
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6.155. 3(x-1)-2(2-38x)>5x -3,

8x-3(2x+5)<2(x—-"17);
5(x+2)—9(x+1)—3 <1—4(x +3),
7(3+5x)<3x 5(x - 2);

7 -
ox r) 2x+1_3<x_3 2x

6)

B)

2x+4 <3x+5, 3x+2<3—-4x,
7T-2x>x-2 -3+5x <2x+5;

2x-3>3(x-2)-1, O |2x . _. .
2-3(2—x) <5(2x-1), g ~1<3-2(-2x),
3x—5>1-2(1-x),
13- 5 >3(x+2)-1; 1-2x <3(2x—1).
6.157. a) [(x-0,2)%? —(x+0,2)(x—0,2) > 0,04,
(x+04)(x+004) (x—0,4)(x - 0,04) > 0,044;

+1<x_2_x_3_
2 3’

6)

6.156. ){335 5>x-38, 6) [2x-1>3-5x,

B) o]
4(x 1)+§<Z(x—1)+2’
x 2x-3
173 <2;
r) [(x-1)%-1 x 2(x-1)2+8 x-1
5 tg< 10 ‘t 3z ™%
1_x>0,5(x2—1)—1_2(x—;)+4,5.

6.158. IIpym KaKkuxX 3HAUEHHAX @ CHUCTEeMa HEPaBEHCTB MMeeT
XO0Ts OBl OJHO PEIIEHHUE:

a) [x<3, 6) [x<5 B) [x<7, T [x<a,
x>a; x> a; xZa; x=2?

6.159. Ilpn xaKkux SHAYEHHUAX 4 CUCTEeMa HePABEHCTB He MMe-
eT pelieHuit:

a) {x <4, 6) {x<2, B) {x<5, r) {xSa,

x>a; x>a; x2a; x>2?
6.160. CymiecTByIOT ¥ 3HQUEHUS a, IPHA KOTOPBIX pellleHueM

x>3
CHCTEMEI HEPABEHCTB > a, AIBJISIETCA IIPOMEXKYTOK:

a) (5; +©);  6) (3, +); B) [3, +); 1) (2; +0)?
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6.161. CyuiecTBYIOT JIM 3HAUEHHUA @, IPH KOTOPBIX pelleHUeM
<
CHCTEMBbI HEPABEHCTB {i < 2’ ABJISIETCA IPOMEXYTOK:
a) (-5 7); 6) (-°0; 5); B) (=05 5]; 1) (-°0; 2)?
6.162. IIpn KakuX 3HAYEHUAX NapaMeTpa g CHCTEMAa HEPABEHCTB
3-Tx<3x-1,
1+2x <a+x
He MMeeT pelneHuii?
6.163. IIpu xaKKUX 3HAUEHUSIX IAPMETPA @ CHCTEMA HEPaBEHCTB
{3 (a-5x)<l+x,

2—§>3+5u—a)

uMeeT XOTA OBl OHO pelleHHe?

6.164. PemuTe nBOMHOE HEpaBEHCTBO:
a) 3<3-2x<1; 6) 2<3x-1<-1;

B) 0 <4-3x<2; r) 0<1-2x<1.
PemuTe cucrteMy HepasencTs (165—166):
6.165. a) [-1<1-2x<2, 6) J]0<1-3x <1,
3-5x>0; 3—4x <2;
B) |-8<2x-83<-1, r) |-1<8-5x<0,
1-4x<0; 4-2x <-3;
6.166. a) |2x-3<0, 6) [3x—2<5x-8,
2x-5 2x-1
2 4; .
x—z2 % 7-x %
B) |7T<2x+1<«11, r |2<2-x«<1,
x+2 x-6 x+3<8—x
x-5  x-38’° 1-x  x-4

6.167. Haiinnre cepeIMHY INIPOMEXYTKAa, ABJIAIOIIETOCA MHO-
JKECTBOM DEIIIeHHI CUCTEeMbl HEPABEHCTB:
a) [_18 38x_x-1_7 6) [3_3x-1_2-
<=L >
IS 1w 5t 75 0%
3-2x -1
2> 1>f§—+qu+&.

x

—+

4 3 ;

6.168. Haiinnte HauMeHbIllee IeJIO€ X, YAOBJETBOPAIOIIee
CHCTEME HEPABEHCTB:

3-7Tx x+1 -8x
13———10 +— 5 14— 5
5(2x-6)

7(8x—-5)+4(17-x)>18 - 2
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6.169.

6.170.

6.171.

6.172.

6.173.

6.174.

6.175.

6.176.

6.177.

6.178.

6.179.

6.180.

6.181.

Haiingure HauGosbiree mesioe x, yAOBIETBOPAIOIEE CUC-
TeMe HepaBeHCTB:

x _3x—1 2-x x+1

37 6 <13 3 *%
5x—-4 3x-1
x>—6 "5 ~ 25

IIpn kakux 3HaYeHUAX a ypaBHeHue x2 — (2a — 1) x +
+1-a=0 umeer ABa pPa3INYHBIX AeHCTBUTEILHBIX
IOJIOYKUTEJbHBIX KOPHA?

ITIpn kakux sHaueHUAX a ypaBHeHue x? — (2a + 4) x —

— 5 - 2a =0 umeerT ABa pa3IUUYHBIX AEHUCTBUTEIBHBIX

OTPHUIIATEIBbHBIX KOPHA?

IIpu xaxux 3HauYeHUAX a ypasHeHHe X° — (2a — 6) x +

+ 3a + 9 = 0 uUMeeT KOPHU PA3HBLIX 3HAKOB?

IIpu xakux 3HayeHHAX a ypaBHeHHe x2 — (@ — 2) x —

— 2 - 3a =0 uMeeT KOpHU X; U X, TaKue, 4yTo X; < 0,

x>0, | x| > x,?

HaiiguTe Bce 3HaUeHUA a, IIPU KOTOPHIX KOPHHU ypaBHe-

HUA x° + (@ + 1) x — 2a (a — 1) = 0 meHbIe, yeMm 1.

Haiinure Bce 3HaueHUdA @, IPU KOTOPHIX OOUH M3 KOP-

Heii ypaBHeHus x2 — 2ax + a* — 1 = 0 mensme 1, a apy-

roii — GoJsblue 1.

HaiiguTe Bce 3HaUeHUA @, IPU KOTOPHIX KOPHH ypaBHe-

2 —

HuA x° — 4x — (a — 1) (a — 5) = 0 Goasbize, uem 1.

Haiigute Bce 3HaueHUA @, IPU KOTOPHIX KOPHH ypaBHe-

HUA x2 -2 (a-1) x+ a+ 1 =0 6oxpie, uem 1.

IIpu KakUX 3HAYEHUSAX @ OAUH U3 KOPHEH ypaBHeHHA X2 —

—2(a+1) x+4a+1 =0 mensie 1, a apyroit 6osabirre 1?

IIpm kaxkux 3HAYE€HUAX @ CHCTEMA ypPaBHEHHH
x+y=a,

2x+y=3 umeer pemerue x < 0, y > 0?

IIpy kKakUX BSHAYEHMAX a CHUCTE€Ma ypaBHEHUId
x+3y =2a-1,

umeet peiuenne x > 0, y < 0?
x-y=a

IIpy xaKkuxXx BHAYEHHUAX 4 CHCTEMa YpaBHeHUil
3x-y=1-a,

x+y=2a+1 HMeeT pellleHue x 2> 1, y < 47

Pemute coBokymHoCcTh HepaseHCTB (182—186):

6.182.
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6.183. a) [x> 3, 6) [x <2,
| 5-2x <2(1-x); | 3x+5>3(x+1);
B) [2x—3>1, r) [x<2
| 3—2x>2(1~-x); | 3x+5>3(x+1).
6.184. a) [2<x <5, 6) [8<x <5,
[ x< 2 | x 255
B) [-1<x <0, r) [-1<x<2,
0<x<2, 2<x<57
|2<x<5; | X 25,
6.185. a) [x<3, 6)[x<5 B [x>7 1) [x<2,
x> 3; x<5; xz1T; x> 2.
6.186. a) [ 3-x 2x-1 6)[2x+1 2-«x
It=g=<— z ~ 7 b
| —-1>4x—4; | -4x-1<0;
B) [3-2x 1-«x r) [8x-2 1-5x
5 2’ 4 6 °’
| 2—-3x > x; [ 3x—-1<3-2x.

HaiiguTe Bce 3HaueHHsA X,
(187—188):
6.187. a) Jo <x<3,

I:x<1,

x> 2;
-3x>-12+x,
J x <-2,

x21,
2x+1>-x-10;

B)

6.188. a) | [x>1,
2x-3 <5,
0<x<l,
3x <1;
B) [[1<2x—1<5,

2<3x-1<11,

10<4x-2 <26,
3<2x-1<11;

\
{
X

YAOBJIETBOPAIOILHE YCJIOBHIO

6) |-83<2x-1<7,
x< -1,

x =23

-2<3x-5<19,

3x-1<5,

r)

6)
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6.189. HMoxkaxure, uto mpu a < b KaxkJoe U3 HEPABEHCTB

(x-a)(x-b)<0, *%<0, *=% .0

x-b x—a

PaBHOCHJIBHO ABOMHOMY HepaBeHCTBY a < x < b.
6.190. Ilonpaysce pesyabTaToM ynpakHeHus 189, pemiurte

HEePABEHCTBO:

a) (x—-2)(x-5)<0; 6) (x—4)(x+3)< 0
x—5 x—-2

B) ;_—3 <0, P) —x_—g <0.

Peminre HepaBencTsa (191—192):

6.191. a) B3-x)(2x-5)>0; ©6) (-3x)(2x+1)>0;
5-x x+2

B) ESO; P) 5_2x>0.
6.192. a) x% - 5x < 0; 6) Tx — x2> 0;
B) x2-38x+2<0; r) 4x+5-x22> 0.

6.193. Hdoxakute, uro nipu a < b Ka)kJa0oe U3 HEPABEHCTB
x—-a x—b
>

(x—a)(x—b)>0, ’—_—b>0,x—_zl' 0
x<a,
PaBHOCHJIBHO COBOKYITHOCTH HEPABEHCTB [ >b
6.194. Ilonb3ysck pesyabTaToM YynpaskHeHua 193, pemure

HepaBeHCTBO:
a) (x-1)(x-3) > 0; 6) (x—-2)(x+5) =0

x-2 x-5

—F>0; —20.
B) x—7>0’ T) ~ 3 0

Pemrmure HepaseucTso (195—198):
6.195. a) 2-x)(x-8)<0; 6) 1-x)(7T-x) >0

3-5x 7T-2x

B) % = 0; r) P < 0.
6.196. a) x2 - 5x > 0; 6) 4x — 3x2< 0;

B) x2-8x+7 >0 r) 3+2x-x%2<0.

2 ) x2+1 )

6.197. a) ;g<0, 6) P <0

B) (x2+5)(2x-17)<0; 1) (x2-3)(Bx+T7)=>0.
6.198. a) (x-3)2(x - 7)< 0; 6) (x—2) (2x - 9)2 > 0;

B) (x%2 - 10x + 25) (2x — 4) < 0
r) (9x2 — 6x + 1) (x — 2) > 0.
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IIna xaxaoro sHaUYeHus g pemniure HepaBeHcTBO (199—200):
6.199. a) x? - ax < 0y

6) (x—3)(x—a)< 0

B) ax — 3x% < 0;

r) x?-(a@a+1)x+a>0.

3x-1
6.200. a) L <3x-1; 0) d <X
a a-2
) x—3<x—2_ ) x—2>1—2x
B) 2+1 " a-3’ T a-3 a '

6.201. MToxaxxure, uTo HepaBeHcTBO | x | < a (a > 0) paBHO-
CHJIBHO ABONHOMY HepaBeHCTBY —a < x < a.

6.202. Tlonwssysack pesyabraroM ynpaxkHeHusa 201, pemrute

HepPaBeHCTBO:
a) |x|< 8; 6) |x|< 2;
B) |2x - 1|< 3; r) |3-2x|< 7.
6.203. Penrute HepaBeHCTBO:
a) |x—-3|<-2; 6) |x—-4|<0;
B) |[x-5|<0; r) |2x+1|<-8.
6.204. IToxaxcute, 4TO HepaBeHCTBO |x|> a (a > 0) pasHo-
CHJIBHO COBOKYITHOCTH HEPABEHCTS | -
x>a.

6.205. Ilons3ysace pesyabrTaToM ynpakHeHua 204, perrurte

HepaBeHCTBO:
a) |x|> 8; 6) |x|>17,3;
B) |2x — 4|> 6; ) |3-2x|> 1.
Peminte nHepaBeHcTBO (206—208):
6.206. a) |x - 3|> -1; 6) |[x-5|>0;
B) |2x - 10| > 0; r) |3x-5|>-2.
6.207. a) 1 < |x|< 2; 6) 2<|x~-38|<5;

B) -1<|2x-8|<7; 1) 0<|2-38x|<1.
6.208. a) ||x - 3|-2|<1; 6) ||x—-4]|-2|<38;
B) [|2x-1|-2|>3; 1) ||38x-4|-5|>1.
6.209. Ina xa’xxoro sHAYEHUS @ PEILIUTE HEPABEHCTBO:
a) |x-38|< a; 6) |x - 2|<a;
B) |x+5|> a; r) |3-2x|> a.
6.210. IIpx KaxMX 3HAUEHWAX @ HEPABEHCTBO CIPABEAJIHNBO
npy J000M 3HAYEHUH X:
a) |x|> a; 6) |[x|+2a-12>0;
B) a|x|-1<0; r) 2|3-5x|+2~-38a>0?
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Pemurte HepaBeHcTBO (211—212):
6.211. a) |x - 1|< 2x — 4 6) |x —3|< 6 - 3x;
B) |[x—4|>2x-1; r) [2x+5|< x+4.
6.212. a) |x - 1|+ |x-8|< x+1;
6) |x+2|-|x-38|>2x-1;
B) |[x - 1]|+|x-2|<3x-9;
r) [x-2]+|x-3|<6 - 3x.

Pemnre cucremy HepasBeHCTB (213—216):

6.213. a) |x 1/<2, 6) [|x-5|<3,
|x-4|>5 lx-4]|>2
|2x-5]<3, r) ||x-3|<5,
3x-1|<4; |x-2|>1

6.214. 3-2x<2-x, 6) [-2x <5,

—-6=-3x x
¢ -3<1-7,
3x-225x-9, * 2

|x-4]<1; 2(1—§)<3,
Hx—3]<2;

1—— sox-1, " 2(§+2)<1+&
|x-1|+|x-2]|<3-x; |x-9|+|x-10|>x-2.

|
|
6.215. {3x 2<x+6, 6) [2x-1>x+2,
N
|
|
{
=

B)

x—-1
33— 2x>——4 5—3 3

| x— 7|+|x 9| <15; | x—38|+|x-16| <15;
|x 1|<9 2x,

|x~5|+|x-6|+|x—T7|>15;

|x-4|<x-3,

|x—1|+|x—2|+|x— 3|<6

B)

r)

6.216. a) 5
x+

x-2
| x - 2|<5 x, r) {lx—3|<2x—3,

c—5|<1, {Bx—1]<&

(x-=3)(x-5)>0; <0

B)
3x-5
x-1

2x— 9 <2.
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6.217. Moxakute, uTo HepaBeHCTBO x2 < a? paBHOCHJIBHO He-

paBeHcTBY |x|< a (a > 0), a HepaBeHcTsO x? > a? pas-
HOCHJIBHO HEpaBeHCTBY | x|> a (a > 0).

Pemure HepaBeHcTBO (218—223):

6.218.

6.219.

6.220.

6.221.

6.222.

6.223.

6.224.

6.225,

6.226.

a) x2< 4; 6) 4x2< 9;
B) (2x - 5)2 < 1; r) 16 -(2x-38)2>0
a) x> 1; 6) 9x2 > 16;
B) (3 — Bx)? > 49; r) 81 -(3+2x)?2<0
a) (3x — 2)2 > 0; 6) (1 - 2x)2 < 0;
B) x2-6x+9 > 0; r) 4x2-4x+1<0.
a) (2x —1)2> -1; 6) B3—-x)2+4<0;
B) x2-8x+ 17 < 0; r) xX2+4x+72>0.
2) (£*-9)(2x-3)<0; 6) (1-2% (3~5x)>
B) ;‘xjgso; r) 9x17<0

2 2
2 L0 <0; 6) 2 <0

B) (xX2-4)(4x2-1)>0; 1) (x2-1)(16-9x?) >0

IIpn xaxkux 3HAYEHUAX @ HEPABEHCTBO YAOBJIETBOPAET-
Cs IIPH JIIOOBIX 3HAYEHUAX X:

a) (x-2)?> a; 6) (x—8)2>2a-7
B) x2-2x+1+a>0; r) x2+6x +a > 0?
IIpu KaKUX 3HAYEHUAX 4 ypPaBHEHHE He UMeeT KOpHeii:
a) x2—ax+9=0; 6) x2-(2a-1)x+1=0?

IIpn kakux 3HAYEeHUAX 4 ypaBHEHHE MMeeT JBa paas-
JIMYHBLIX KOPHA:
a) 3x2-2ax +12=0; 6) x2+(1-a)x+1=0?

Pemrure HepaBeHcrso (227—229):

6.227.

6.228,

6.229.

6.230.

a) (x -1)2(x-3)<0; 6) |[x-5|(x-7)<0;
B) (x—-2)(x-1)< 0 r) |x-—5|(3x—7)<0
a) [x—1|(x-1)>0; 6)||x—2||(x—2)20
x2-9

B) [x2-16|(3-x)>0; 1) ax _5>0
a) (x—-3)Wx-5=20; 6) (x-5)vx-220;
3x-1

1-x)/2x-3=>0; <0.

B) 1-x)V/2x-3 ) m

[J1a Kaskaoro @ pemure HepaBeHCTBO (230—231):
a) (x —38)2<a; 6) (5x + 3)%2 > a;
B) 8-4x)’<a-1; r 2-x)2>3-a.
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6.231. a) |[x—a|(x-8)<0; 6) (x—a)|x—-5|<0;
B) (x—a))(x-7)20; r) (x—a)(2x+3)2>0.
Haiigure obnacts onpegenenuda pyarnun (232—235):

1
6.232. = JJZ-3 +Jx% 79+
a) y=x[-8+x =

1
J3-2x’

B) y=vx? —9+6-2x +./5+/2—3x|;

r) y=«/16—x2 +/=2x -8 ++/x2 —6x+9.

b

6) y=+T-]x-2[+Vx+2+

Vbx—-6
6.233. . 6) y = J(Bx—2)(x - b);
B) y=| 536_6; r) y=+3x-2Jx-5.
Tx-14
6.234. a) y= |5 6) y = |x|(x% —16);

x|-3’
Jx? —
B) y=—?—1j%§+—‘1; r) y = Jlx—5]@-x)).
6.235. a) y=Jx—2Jx—3+J5—xJ6—x;
6) y = /(x—2)(x—3) +/(5— x)(6— x);
_N3x+2  J4-x | _ |3x+2 4-x
BDY="f= o D y—\/S—x +\/7-zx‘

6.236. Haligure NpoMeKYTKH 3HAKOIIOCTOAHCTBA (QYHKI[MH:
5-2x

8) y=(x-1)(2x-5) 6) y=5 s

B) y=x%—4; r) y=16-25x2
6.237. Peurure HepaBeHCTBO:

a) v2x-1<3; 6) v2x—-3<4;

B) v9—-x2 21; r) ]x/-2<3.

ITocTpoiite rpadur dyaxuuu (238—239):
6.238. a) y=[2x-5/+3x-1; 6) y=[x—5/+|x-2

B) y=+vx? +6x+9-x2 —2x+1;

r) y=+x% —4x+4++/x2 —8x+16 +/x% —12x+36.
|x—1'. :|x—2}+|x—3|_

6.239. &) y="—7 Ov="z s
_x+2] ) | x+1 1-x
B) y=" (3= 2) s At
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6.240. Pemure ypaBHeHUE:

| x|-4 |x+2]-3
- =] #:3;
) e b 9 Ti
B) x24+42|x-1]|-2=0; r) x®*+4|x+1|-8=0;
y 2 g o Zxl-1_ 2
A x|x-1] 7 |x-2|  38°
5 | Crenenn c uenbiM NnoKasarenem

/4

1. OnpepgeneHune cTeneHn c LenbiM NokKasarenem.

1
a"=—raea#0 u neN;a’=1,raea=0.
a

TakuMm o0pasom, ¢ y4eTOM H3BECTHOTQ OIpeAelIeHUA cTele-
HYU C HaATYypaJbHBIM IIOKasaTejeMm (cMm. § 1), onpenesieHa cre-
IIeHb C IPOHM3BOJBHBIM II€JIBIM IIOKa3aTeJieM.

2. CBo#CTBa CTeneHu C uenbiM NoKasarenem.

Ons mo6bIX TeabIX m, n U IPOU3BOJbHOro a # 0 uMeroT
MECTO PAaBEeHCTBA:

am . an - am+n’ am™ : an — am—n, (am)n - amn.
HOnsa aro60ro 1esoro n 1 IpousBoabHEIX a # 0, b # 0 umeror
MECTO paBeHCTBa:

al” an
by = n_bn; had = .
@by =ar o7 (%)

b n
IIpumep 1. Yopocrure BhIpaKeHHe
((a-3 —alp?— b—:s) (b3 _ azb _ aS)—l)—l.

Pemenune. IIpeobpasosriBasi BRIpa)KeHHs, COAEDIKaIMe
CTEIlIeHH C IleJbIM IIOKa3aTeJieM, II0JIe3HO MOMHHUTH, YTO 3aMe-
Ha BCeX CTemneHell C IeJIBIM OTPHIlAaTeJbHBLIM NOKa3aTeJleM Ha
CTelleHH C HATYPaJbHLIM MOKa3aTeleM He BcCerja HIPHUBOLHUT
K Haubojiee paliMoOHAJIbLHOMY pellleHuIo. JacTo GbIBaeT IeJieco-
ofpasHee MCIOJIL30BATh CBOMCTBA CTeleHed, KaK, HalmpHUMeD,
B JaHHOM cJyyae:

((a—3 —alp2 - b—3) (b3 _ azb _ as)—l)—l —
— ((a—s _ aAlb—z _ b~3) (a3b3 (a—a _ a—lb—z _ b—a))—l)—l -
— ((a~3 _ a—lb—z _ b—a) (a3b3)~1 (a—3 _ a—lb—z _ b—3)—1)—1 _
= ((a3b3)—1)—1 = a3bs.
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2x-1

2
IIpumep 2. Pemure ypaBHeHHEe ( ) +(0,6-x)%=
= 4,25,
Pemenne. Hcnonssys onpeneneHNe CTEeI€HU C I[eJIBIM
OTPHUIATEJLHEIM IIOKa3aTesieM M CBOICTBO KBaJpaToB AEHCTBU-
1

TeJbHBIX 4Mcel, sanumem: (0,5 — x)2 = = .
( ) (0,5-x)? (x-0,5)?

Beegem HOByw0 nepemeHHyO y = (x — 0,5)2. YpaBHeHue npu-

MeT BUJX: y+§=471' OuyeBHUAHO, UTO unucaa 4 u 1 SABJIAIOTCSA

KOpDHAMHU JaHHOIO YpaBHEHUS, a APYruX KOpHeil ObIThH HEe MO-
JKeT, IMOCKOJBLKY ypaBHeHHe 3TO CBOAMUTCA K KBaApaTHOMY,
T. €. UMeeT He Gojiee ABYX KOPHEMH.

Hrak, (x - 0,5)* =4 umu (x — 0,5)? = 0,25. B nepBom cauy-
gae x — 0,5 = +2, orkyzma x, = 2,5, x, =-1,5. Bo Bropom ciay-
yae x — 0,5 =10,5, orkyza x; =1, x, = 0.

YnpaxHeHus
Briuuciaure (1—4): ~
71. a) 2% 6) (-1,7% B) (0,2)% r) (—1%) .
7.2. a) (-1)3 6) —572; B) 16-23;, r) 1837
_0.1)%; 3)°, 4 3. 3t
7.3. a) (-0,1)3; 6) (4) ;  B) YEX r) i
1 -2
251 .| =
9.3 3)? 9.671 (3)
7.4. a) g 6) 9‘(—2‘) 5 B) 91 H I‘) —37_—1———‘-
7.5. IlpeacraBbTe uucia:
a) 64,16,4,1, %, —;—, élg B BUJe CTEIIeHU C OCHOBAHMEM 2;
1 1 1 1
6) 81, 27,9,3,1, 3’ 9’ 37’ 81 B BHJe CTeIeHH C OCHO-

BaHHEM 1
3"
7.6. IlpexcraBbTe umcia
a) 1000; 10; 1; 0,01; 0,0001 B Buae crenenu yucaa 10;

1
6) 125, 5, 1, 35’ 695 B BHJe CTElIeHH Yucia ;.

Brruucaure (7—8):

-2 -2 4
71.  a) [—J%] 6) (V3)*; =) (%) r) (%)

D
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(V2-1)1 5+276

7.8. a) T, 6) m;
3) 7+443 5 (3+2)2
(V3-2)- EX 11-6v2 °

7.9. IlpeoGpaasyiiTe BHIpa)XeHue Tak, YTOOLI OHO HEe COepIKa-
JIO HYJIeBBIX U OTPHULATEJbHBIX IMOKAa3aTese:

a) m3n2, a%3, Tx 1y’ 7 la?b3cl;
6) (a - b) (@a+2)% (x+y)(x-y)?' (m+n) (m—-n)y?

1
51xy? 2-1g-2p2 . (a)—l (b)—l )
B) mz‘2’42°b3’(a o) b *la ’

-1
x1+1 2k(a +b)2 P a1
r) (x‘l—l) , 4-1(a—b)-1’(a + b)) (a + b))

Haitaure 3uauenue Boipakesus (10—12):

7.10. a) 2. 2% 6) 5%-57. 5%
3 —4
5) [5) C(1,5)% 1) (V2) P -(2) 1.
7.11, a) 31 : 3716, 6) 7°: 73
-5 4
5) (%) (g) . 1) (B)7: (VB
7.12. a) (3°1)% 6) (273)2.23.28

B) 57 (52)%; r) (vV2)32)2.

7.13. Broiuuciure:
a) 162.8% 6) 7°. 7%
2-3 . 43 3-12 .95
® g 0 D gragegr

YIpocTHUTe BhIpakeHue (14—15):
7.14. a) a'%a2a3; 6) alg ,a 3
2 . 35, a®a‘a”
B) b 2 . bﬁ, I‘) “7‘5'——.
7.15. a) (2% - 271b%) : (273a7%b);
___1— § -npn+l 6).
®) T2ar- lb-3c-4'( a "b™et f

o (Deymies o 8

O i}
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Boiuucaure (16—17):

7.16. a

7.17.

7.18.

7.19.

y (2027 o (2332
(-2)* (-2 T 7 43T ((-3))

3\ o

(5] 5T N (% R ) B

(2.25)°2 [2)‘1 "7 (0,16) - ((6,25)%)?
’ * 5

a) {6—3(
22 +3.

2+[l)1
5
r) A-A-2HH1+@+@Q+2YH)yl,
yIIpOCTI/ITe BBEIDaXXeHHue:
a) (ab™® -a®b) (@ +b2 );

(a’lb”‘ —blg )-1
6) (@b —a"b)! (a‘3b+ab‘3)'

(b4 __a~4 )—1

Ypocrure BrIpa)keHHE U BLIYUCJINTE €T0 3HAUYEHUE MpH
YKa3aHHBIX 3HAYEHHAX IIepeMeHHOMH:

B)

) PRI L . b
a) (3b2—2a1)(§:+2_1a 4a2+3j] npu a=-2,
b=13;
6) |62+ 2 |1 —p-2 |[pt +2 =b=42;
=Y P tor)reme=b=4z

a2 81} (2 2)). s 3
B) (2_2 —b—4).(a—6—+9b )](Jz_ bj npu
a=+2, b=6;

92 16 | (a2  b* )| (3 1
D aw s s T2 ) fla® "2 mpH

a=+/3,b=42.

Yapocrure Beipaxkenue (20—26):

7.20.
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a) ST ( 11 )‘f
a—Zn —_p-2n ° p-n a-" ’

-2n _p-2n -1
6) a b ( 1 + 1 );

a *-pn a-" b-n




(-9a72 —16b72)"
(3a! —4b71)"

(2a~% +3b2)"

7.21. a) (427 —9p)"

; 6)

1-n

a _n. a .
7.22. a) [(b a)z) g

xnl 4 -1yn
W H((y—x)! -xh)m

4q8 0,2a b

noq [ (P-0* *(_p-a )" (m)“‘
(2m)2(p+q)? 471 (p+9)? 2

a1
2 p-2 4 _p-4
7.25. Lo +a) 202 .(“_2 b }
a

ab ™ -b
a+b

alb1 )" b )™ a)_l B 3(a+b7)
7.26. (a_2+b_2 ) ¢ ((5;) +(£ M ——"———(ab)_l .

Pemute ypaBHenue (27—31):

7.27. a) (-0t =% 6) (2x + 1)1 =2
-2
B) Bx1+2)l= %; r) (5-2x)) = (—2—) .
7.28. a) x?= g; 6) (3x — 1)7 = (%) :
B) (2-x")%=4; r) (17 - (5x) 2! =1.

-1 -1 -1 -1
3x+1 2x-6 3x71+2 x+2
o (23) (305 0 (1) (5

1-A50)7 o e,
B) Gz_2)1 (Bx)! +5x71;
(Bx)1-571 .
F) W—l"(O,Gx) .
7.30. a) x+x1=2; 6) x -3 (—x)'=
B) x +(—x)1=1,5; r) x+9x!=6.

7.31. a) x2-3x1+42=0; 6) x*-5x2+4=0;
B) 2x+1)2—3 (2x+ 1)1 —4=0;

x+4)* x)?2
—2-—— + 2+§ -2=0.

)
-
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Pemure HepaBeucTso (32—33):

7.32. a) x> 0; 6) (x + 1) < 0;
B) (83 -2x)1<0; r) (4x - 2)‘1 > 0.
-1
x+1 . 3x+1 2.
7.33. a) (———x_z) <1; 6) ( +2 ) <(V/3)2;
2x-5 -3
B) m <0, I‘) —‘gjx— > 0.

7.34. Haiigure Bce Lenble 3HAYEHUA 7, YAOBJIECTBOPSAIOI
CHCTEMEe HEePaBEHCTB:

6) 2\"
a) { <9n <3 1<(§) <3,
3" >2 (%) <1,5;
B) (1 n
g<3 <4, r) {2n <%,
2<(%) <10; 3" >0,L

7.35. JIOKasKHUTe TOMIECTBO
(pg'+1)° p*¢3-1  pP¢d+1
pg'-p7l¢ pPqg?+pgl+1 pgt+pig-1
7.36. dokaxuTe TOMXAECTBO

a?bl4+a1p2 3a%b—3ab? + b3
@70 44 D7 | 43 (a% - 2ab + byt = S 2TOW A0
a?-p2 ( ) (a-b)*

7.37. JokasXnTe TOMKIECTBO
al+(b+c)™? 20 4 2bc - _(a+b+c)?
a’l—(b+c)! b2 +c2 —a? T 2

Yupocrture BeipakeHue (38—39):

7.38. a) YO B oy

) T
J__ 1+(Va T +1)
(a++a)? ,
2,2 PR 2 \!
8) \/4 a’+a \/(ii a?) ) (1_(2) ) :
(4—a?)! a

. 1-va™l  1+(Ja)? ’(a'1+1J_1_
1+(Va)?!  1-va ’
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7.39.

7.40.

7.41.

7.42.

7.43.

-1
1-(a+x)? 1- 2ax N CCIH X = 1
(1-(a+x)1)?" 1-(a? + x2) ’ Ta-1

a-2 _a—lb—Z
6) V2 (2) ( a-? )_1.
(1-a? )'1 a2 1+a72 ’

)
B) (Va +a—1)—2 -(\/F—a‘z).l+ (\/E) .

1-yJ@~

a’-a a 4
D V- T f4f_+mmr)

Beruucaure:
2 \* V(v (va-1)")
2 ((ﬁ) -(2/2) ] ((ﬁ—l) "[ﬁﬂ) J

4(J§+J§}“+ (J’+f]
3.2 43 _
61 +(Ve)yH T +(1+(V6) M)

-1
a) (b—a)l +(b+£)-l)-(—“L] ;

-1
-1 -1
YnpocTuTe BEIpaXeHue [a + [1 + (3 ;‘;) } ] n Hail-
a
1
AuTE €ro 3HAYeHHe IPH @ = — 2.
1 X 1
9 2+x)”
YopocTure BHIpajkeHUe 2 - (( 2_2) -2x71 - 1)
(2]
X
¥ HafAuTe ero 3HAYeHHe IPH X = -1

2
YiupocTure BhIparkeHue

[y
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§0/| d>y|-||(u.ua

1. Ksagpatuunas GpyHkums®.

dyurnua Buga y=ax?+bx+c, rae a, b u ¢ — uucna,
npudem a # (), Ha3pIBaeTCA KBaJpPaTHUYHOM.

T'paduk kBagpaTuuHoOil pyHKUuM — mapabona. Bersu na-
pabossl HampaBJeHsl BBepx npu @ > O u Bau3 npu g < 0. Abc-

oucca BepuInHbI napa6om,1 paBHaA — . Hpamaa X = —— fABJIA-

2a 2a

€TCHA OChI0 CHMMETDPHUH IapaboJIbI.

2. MeTop nHTepBanos ANA pelleHUs HepaBeHCTB.

IIycTs Tpebyercs peluuTh HepaBeHCTBO f (x) > 0. 3To MOXK-
HO cAeJIaTh IIO cJIeAYyIoImied cxeMe.

1) Haiitn o6iacTs onpenaesneHuss GyHKUuH [ (x).

2) Halitu Hyan OGyHKUMH, T.e. KOPHM ypaBHEHUA
f(x)=0.

3) Ha xoopaumaTHO HmpaMoOil yKasaTh 00JaCTh OomIpeneJie-
HUA GYHKINU M OTMETUTHL B Heil Hyu ¢pyExknuu. Takum obpa-
30M, oOJjacTh ompeneseHus Oyaer pasduTa Ha HMHTEPBaJbl, B
KaXXJOM M3 KOTOPHIX (PYHKIIUSA coxpaHsieT 3HakK. li1A ompene-
JleHud 3HAKOB 3HAUEHM I (PYHKIIMM B IIOJYYEHHBIX UHTEPBAJIaX
IOCTATOYHO HAWTH 3HAK 3HAYEHHUA (PYHKIUHU B JIIOO0HA TOUKe
COOTBETCTBYIOIIETO0 HHTEpPBAJIA.

3amMeuyaHnue. PaccMOTpeHHBIII METOJ IPUMEHUM HE TOJIb-
P(x)
Q(x)’
rae P (x) u @ (x) MHOrOuJIeHBI, HO M IJA JIOOBIX (DYyHKIIWIA,
HeNpepbIBHLIX Ha KAaXXJAOM M3 IPOMEKYTKOB, BXOAAIIUX B 00-
JIacThb ONpejieIeHus.

KO IJA pallHOHAJBLHBIX (PYHKIUIA, T. e. QYHKIUN BHUIA

3. O6wme cBoicTBa PYHKUMA.

DyHKUNA f HA3bIBAeTCA YETHOM, eCJIH:

1) obimacTe omnpeneseHna QPYHKIHUM CHMMETPHUYHA OTHOCH-
TEJBHO HYJA, T. €. AJiA JI000ro X, IpUHaAIexaIero obgactTu
onpefiesieHN A, —X TaKKe IIPUHALJIEeKUT 00JIaCTH ONpeleseHNd;

2) f(~x)=f (x) naa nwboro x mu3 o6GJACTH OIpeAeIeHusA
byarnuu. @yEKUUsa f HaspIBaeTcsa HeUeTHOH, eCm:

1) obasacTs onpeneseHuA PYHKIMM CUMMETDHUYHA OTHOCH-
TEJIBHO HYJIS;

* O moEATHMH GYHKIOHH, O0JIACTH €€ OIpeneieHusi, MHOKeCTBe
3HaYeHuH ¥ rpaduxKe GYHKIUM CM. CIPaBOYHBIA MaTepuan K § 1.
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2) f (—x) =—-f (x) naa nao6oro x u3 obJACTH OIpeeeHUd
byHKIIUN.

T'padur yeTHOH QYHKIMHU CUMMETPHYEH OTHOCHUTEJIBHO OCH
Oy; rpadbuK HeyeTHOH (QYHKIHMHM CHMMETPUUYEH OTHOCHUTEIBHO
HavyaJjia KOOpAWHAT.

dyHkuua [ HaspIBaeTCA BO3pacTalolleil Ha IpOMeXKyTKe X,
ecam AJas JIOOBIX X; M X, U3 3TOT0 IPOMEXKYTKa TaKHX, YTO
x, < x,, BHINIOJHAETCA HepaBeHCTBO [ (x;) < f (x,).

dyuxnusa f maswiBaeTcA yOBIBAIOIIEA Ha IPOMeXyTKe X,
ecau AJNs JIOOBIX X, M X, U3 3TOr0 IPOMEXYTKA TaKHUX, UTO
x, < x,, BHIIOJHAETCA HepaBeHCTBO f (x;) > f (x,).

Touka x, u3 obracTu onpeneneHua GyHKIUN [ HA3BIBAETCA
TOYKOH MaKCHMyMa 3TOii QyHKIMH, €CIH CYIIeCTBYyeT TaKas
OKPECTHOCTb TOUKH X,, UTO JJIA BCEX X # X, U3 9TOH OKpecTHO-
cru f (x) < f (x,).

Touka x, n3 obmacTu onpeneneHua GyHKuUU f Ha3BIBAETCA
TOUYKOH MHHHMyMa 3TOH (QYHKIMHM, €CJIM CYUIeCTBYeT TaKas
OKPEeCTHOCTb TOYKH X,, UTO AJIA BCEX X # X, U3 9TOH OKPECTHO-
cru f (x) > f (x,).

TouKH MaKCHUMyMa M1 MUHMMYMAa Ha3bIBAIOTCA TOUKAMM HK-
CcTpeMyMa, a 3HAYeHUS QYHKIIMHU B 3THX TOUKAX — IKCTPEMY-
MaMu pyHKIIUN.

@yHKIUY f 1 & HA3LIBAIOT B3AMMHO OGPAaTHBIMH, €CJIN:

1) obmacTe ompeleseHnss GyHKIHUH [ COBIajaeT ¢ MHOXKe-
CTBOM 3HaueHMH QyHKIUU g;

2) MHOKeCTBO 3HaueHMH (QyHKIUM f coBmajaeT ¢ obia-
CTBIO OIpeJesieHUA QYHKIUH g;

3) y, =f (x,) Torza u ToaLKO TOrAA, KOraa x, = g (y,) (A1a
Jmoboro x, u3 obiracTu ompefeneHus GyHKHuM f U a1000r0 Y,
u3 obaacTu onpeaejeHUA QYHKIUHU ).

I'padbukn B3amMHO 06paTHBIX GYHKIUA CHMMETPHUUYHBI OT-
HOCHUTEJBHO NPAMOiH y = X.

IIpumep 1. UsBecTHO, uYTO KBaJApaTHOe YypaBHEHHUE
ax?+ bx +c=0 He umeeT KopHeil um a + ¢ < b. Ompenenure
3HAK C.

Pemeunue. Paccmorpum oyrknumo [ (x)=ax?+ bx + c.
ITockonbKy ypaBHenume ax?+ bx +c¢ =0 He uUMeeT KOpHeil,
T0 rpaduxk ¢yHKIuUM f (x) He mnepecekaer ochk Ox, cie-
LOBATEJbHO, COOTBETCTBYMOINasA mnapaboja IeJUKOM JEXKHUT
an6o B BepxHell, Jau60 B HMIKHEH IMOJYILJIOCKOCTH. 3a-
METHM, YTO JaHHOe B YCJOBUM HEpaBeHCTBO a4 — b +¢ <0
MOXXHO 3amnucate B Bume f (-1) < 0, T. e. cyurecTByer 3Ha-
4eHHe apryMeHra x =-1 TakKoe, uYTO 3HaueHue (QPYHKIIUH
B 3TOH TOuKe orpunareiabHo. OTcCiofa cjaeayer, uyTO rpadpux
dyExknun f (x) nAeRUT B HHKHEH MOJYIJOCKOCTH, 3HAYHUT,
f (x) <0 gnsa Bcex mefictBuTeanHbIX X. Ho ¢ = f (0), moaTomy
c < 0.
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9
'—2—— + ? P
x2-5x+6 3-x
Pemenue. Pa3gouB 3HaMeHaTeJb IIepBOil Apobum Ha
MHOXHUTEJNHN, NIEPEeHeCcsAa BCe cjiaraemMsble B JIeBYIO YaCTbhb B IpDH-

IIpumep 2. Pemure HepaBeHCTBO

BeA HX K o0IIeMy 3HaMeHaTeJdI0, IMOJYYUM x7+4x-5 =20

Jit meMy ’ Y (x—-3)(x-—2)/ .
24+4x-5

ITonoxum f(x)= m U pelruM HepaBeHCTBO f(x) = 0

MEeTOJOM HMHTEpPBAJIOB.

1) O6anacTs onpefeneHua PYHKIUKM — MHOMKECTBO AeiicT-
BUTEJBHBIX YUCeJI, Kpome 2 u 3.

2) f(x)=0, ectnn x =1 nim x = -5,

3) Tak kak o6yacThi0 oIpefeleHUA (GYHKIHUU SIBIAETCH
MHOKeCTBO JeMCTBUTENbHBIX YHCEJ, KpoMe uuces 2 u 3, To Ha
KOOPAMHATHOM IIPAMOI BbIKOJIeM TouKH 2 U 3. OTMeTHM HYJIH
¢byuxnuu — Touku 1 m —5 (puc. 1). ITocKoIbKy peuiaeTcsa He-
CTpOroe HEPABEHCTBO, TO HYJH (PYHKIMH BXOLAT B MHOYXECTBO
pellieHU (3TO MPUHATO N300paAXKATh «KUPHBIMU» TOYKAMU Ha
KOOpAWHATHON mpamoit). PaccTaBiasa 3HaKuU 3HAUEHUH (QYHK-
MY B IIOJYYEHHBIX HHTepBaJax, mojgyudaeM, uto f(x) = 0, ec-
mx<-H5,1<x<2, x>3.

+ - + - +
-5 1 2 3

Puc. 1

IIpumep 3. Uccaenyiite Ha YETHOCTh — HEYETHOCTH
GyHKI IO
|x-5|(x+6) |x+5|(x-6)

fx)=—5"73 2x+1

Pemenune. Obnacts onpeneseHus GyHKIIUN — MHOXKECT-
BO JOeliCTBUTEJBbHBIX umces, Kpome 10,5, 3Hauur, obsacTb
onpeAeieHUs CHMMETPHUYHA OTHOCUTEJBHO HyJA. PaccMoTpum
BhIpaXkeHue f (—x) M momnslTaeMcs BBIPA3UTH ero uepes f(x):

|-x-5|(-x+6) _ |-x+5|(-x-6) _

1=0= 31 2(-x)+1
| x+5|(x-6) —[x-5|(x+6) _
T (2x+1)  —(2x-1)
_|x+5|(x-6) |x-5|(x+6) _
BT P'TS B P i AC2L

3HauuT, GpyHKIuA [ (X) IO OIpexeeHUI0 ABJIAETCA HeJeT-
HO,
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IHpumep 4. Haiigzute ¢yuHKnuio, o0paTHYI (PYyHKIIHN
y=x2-4x+ 7, roe x € (-o0; 2].

Pemenune. Ha mpomemxyrke (—oo; 2] manHas GyHKOusA
y6biBaeT, a 3HauuT, obparuma. [asa nonyueHusa GopMysbl, 3a-
Jaiomieil o6paTHyo QYHKIMIO, 3aMeHHM IIepeMeHHYIO X Ha Y,
Y Ha X B aHAJUTHYECKOM 3aJaHUH JaHHONH QPYHKIIMM U U3 IO-
JIyYeHHOM (POpPMYJIbI BEIDA3UM IepeMeHHyo y: x = y2 — 4y + 7,
y? — 4y + (7 — x) = 0, paccmaTpuBad NOCIeJHEE YPDABHEHUE KaK
KBaJpaTHOe OTHOCHTEJbHO Y, uMeeM y =21+ x—3. ITockous-
Ky ob6jacTh 3HaueHW! oOpaTHOM G(YHKIUM — IPOMEKYTOK
(—o0; 2] (coBmazaer ¢ 00JIACTRLIO OIPENEIEHUA UCXOAHOM MYHK-
IIMHK), TO IIepe] KOpHeEM OepeM 3HaK «MHHYC», UMEEM: | = 2 —
- Jx-3.

YnpaxHeHus

KBAIPATUYHAA PYHKLINA

Paznoxxknre Ha MHOKUTeau (1—5):

81. a) x*-x-172; 6) —-y? -4y + 21;
B) 3a? + 8a + 5; r) —4b% + Tb - 3.
8.2. a) 15u?+u-2; 6) —21v? + 8v + 4;
B) 20p? + 31p + 12; r) —42¢2 + 59q — 20.
8.3. a) 49c¢% - 42c + 9; 6) —25 — 80d — 64d?;
B) —16n2 + egn -%; r) 11,25m? + 12m + 3,2.
84. a) x*-13x%+ 36; 6) -y* + 26y% — 25;
B) —36¢* + 25¢2 — 4; r) 100d4* - 226d2 + 2,25,
8.5. a) a®+ 10ab + 9b%; 6) —15u? + 2uv + v?;
B) —8x% — 10xy — 3y%; r) Tn? - 22mn + 3m?2.
Corcpa'm'rezp;poﬁb (6—10): \
a“ —-6a+8 27b° +1
8.6. 2 8-0,5a% ®) 3b2 +10b+3’
2) 8¢2 +10c -3 D) 8d® -12d* +6d -1
8¢3 +36¢2 + 54c + 27 ~14d2? +3d +2
8.7. a) x2+(2—\/§)x—2~/§; 5) a®+(J2-1a-V2
x2 —(V3+1)x+/3 J2+(1-3v2)a-3a2’
py 2 -(2-Bb-V6 . 8y% +(3V6-V2)y-2V3
—b2 + (V5 -/3)b+ 15 2y —(J3-2V6)y-32 "
at —a? -12 2b% +7b% + 6
88. ) a* +8a% + 15 ®) 3b* +3b% — 6
5) 3c8 —2¢% -5 , r) 30d6—2d3—4;
~6c% +13¢% -5 6d% —19d® -7
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8.9.

8.10.

a) 6a® +ab-2b% 3n? +mn-4m? |
462 —11ab+6a2 8m? +18mn +9n2’

5) 6v% — 13uv — 5u? . ) _10c® +ed-2d*
3u? + buv — 12p2 15¢2 — 31ed + 10d2

2x% +(3a +4b)x +a® +3ab+2b?
x2+(@a+b-2)x-2a-2b

2x% +(4a-6b-1)x — 2a +3b
x% +(3a—4b)x + 2a2 —5ab+ 3b%

a)

6)

Yupocture Boipakenue (11—14):

8.11.

8.12.

8.13.

8.14.

8.15.

8.16.

8.17.
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x2+x-20 2x2-5x+3 4-8x-5x%

a) x—4 2x-38 x+2 i
6) x2+x—-56_3x2—x—14 6+7Tx—-5x2
0,5x+4 x+2 5x+3

(Tx-x2-12)2 2x2-7Tx+5
a) —, ;
x°-8x+16 x-1
(-x2-3x-2)2 2x%2-x-1
6) 2 - _
x“+4x+4 x-1
a) (2-x)2x2-5x-3) 8x2+4x-T7 .

x3-3x2-4x+12 3x2+13x+14’
6x2+17x-10 x3-2x2-9x+18

0) + .
4x2+12x-7 (8-x)(2x%2+3x-14)
(x2+3x)? -2x2-6x-8 4x2+16x+16
a) - ;
xt-5x2+4 x3+2x2-4x-8
6) 3x2+30x+75 x4-10x%2+9

x3+5x2—25x-125 (x%-4x)®—2x2+8x-15

a) Haiigure p n ¢, ecin Touka A (1; —2) aBiasercsa Bep-
muHOM napaboasl y = x? + px + q.

6) Haiigute £ m m, ecam Touka A (—2; —7) asinsaerca
BepIINHOMN napabouas! y = kx? + 8x + m.

a) Haiigure a, b u ¢, eciin Touka M (-1; —7) aBusercsa
BepIIMHON mapa6ossl y = ax? + bx + ¢, mepecekarlolei
ock opauHar B Touxke N (0; —4).

6) Haiigure a, b u ¢, ecan touka M (1; 5) aBuderca
BepIIMHON mapaboasl y = ax? + bx + ¢, mepecekaromieit
ock opauHat B Touxke N (0; 1).

a) Hai#igure pyurumio y = ax? + bx + ¢, ec1u UsBecTHO,
yto TrpaduKk ee npoxoguT Ueped Toukm A (1; 4),
B (-1; 10), C (2; 7).

6) ITapaGona y = ax?®+ bx + ¢ NPOXOAUT 4Yepe3 TOUKY
B (-1; 5) n umeer Bepmuny A (1; 1). Haiiaure opauna-



Ty TaKOH TOYKM JaHHOM Iapaboibl, abciiucca KOTOpPO
paBHa 5.

Hoctpoiite rpabuk dyaxuun (18—24):

8.18.

8.19.

8.20.

8.21.

8.22.

8.23.

8.24.

8.25.

8.26.

8.27.

a) y=-0,2x%+ 2; 6) y=-3 (x + 1) + 2;
B) y=-x (3x + 2); r) y=(2 - x) (x — 6).
a) y=(x+2)%2-4(x+2)+3;

6) y=~(x~12+5 (x — 1) — 4;

B) y=—(x+1)?+6 (x+1) - 8;

r) y=(x-2)2-2(x-2)-3.

a) y=(x*-2F-(x*-1)% 6) y=(x+2)°-(x+1)%
B) y=(x-1*(x-2) - (x - 2)* (x - 1);

r) y=(x-1)x(x+1)—x(x+ 1)(x+ 2).

a) y=vx* +8x2 +16; 6) y=+vx* —6x% +9;
B) y=1-—+x* +2x2% +1; r) y=1-+x* —4x2 +4,

x 2
a) y=x2—u; 6) y=2x? -
x E2
B) y=1-x|x|; r) y=2x+xvJx2%.
x3 x3
a) y=———-1 6) y= -1
(\/;)2 [x2
) y=dx-—5 ) y=dr- X
B) y =4x— : r) y=4x-— .
(\/})2 lxz

a) y=x2 -3x—-(v¥3x-9)2; 6) y=x2 —3x—/(3x—-9)%;
B) y=x(vx-38)? -3x+8; r) y=x,(x—38)2 —3x+8.

IIpu KaxkoMm 3HaueHHH b KOpHEM KBaJPaTHOI'O TPEX4JIeHa
f (x) =-8x2% + bx — 2b — 12 sBaserca uucao 6? IIpu Haii-
JEeHHOM 3Ha4eHUHU b oIpefesInTe BTOPOM KOPEHb TpexuJe-
Ha, nocTpoiite rpadux pyHKmum y = f (x), yKaKure 1po-
MEeXXYTKH BO3pacTaHUsA U YOBIBAHUA DYHKIIUH, 3HAYEHUS
x, ipu KoTophIxX f (x) <0, f(x) >0, -9 < f(x) < 3.
IIpu KakoM 3HaYeHUH ¢ KOPHEM KBaAPaTHOTO TpexuJie-
Ha [ (x) = x% — 12x + ¢ sBaserca uucao 9? Ilpu HaiineH-
HOM 3HAUE€HUU C OIPpeeJNTe BTOPOA KOpeHb TpexuJieHa,
noctpoiite rpadpuk byHrIuu y = f (x), YyKaKUTE IIpoMe-
JKYTKHM BO3pacTaHus u yOwiBaHMA GyHKHuUM y = f (x),
3HAUeHUA X, IpH KoTopeix f(x)<0, f(x)>0,
-5 f(x-1)< 7.

IHoctpoitTe rpaduk KBaApaTHOrO TpexujeHa Yy = ax? —
—(a + 6) x + 9, ecsin U3BECTHO, UTO NIpAMAA X = 2 ABJA-
eTCs ero OChl0 CUMMETPHH.
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8.28.

8.29.

8.30.

8.31.

8.32.

8.33.

8.34.

8.35.

8.36.

8.37.

8.38.

8.39.
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ITocTpoiiTe rpaduK GYHKIMH:

a) y=x%—-6x + a, ec1u U3BECTHO, UTO ee HAUMeHbIIIee
3HaUeHue paBHO 1;

6) y=—-x2+4x + a, ecau M3BECTHO, UTO ee HAMOOJb-
I1ee 3HaYeHUE PABHO 2.

ITocTpoiiTe rpad@uK KBaJApPaTHOrO TPEXUYJICHA:
a) y=2x2-(a + 2) x + a, ecau M3BECTHO, UTO KOPHU
X, B X, CBSI3AHBI COOTHOIIIEHHEM — + — = 3;

X X3
6) y=x2+ 3x + a, eciiu U3BECTHO, UTO €r0 KOPHHU CBA-
3aHBbI COOTHOIIEHNEM X2x, +x5x, =12

IIpu xakuUX 3HAUEHHUAX 4 MHOMKECTBO 3HAUYEHHI (PYHK-
uuu y = x2 - 2x + a_coBuajaeTr ¢ o6JacTLIO onpejeJe-
HUA QyHKIUH Y =+ 2x—a?

IIpn xakux 3HAUYEHUAX A MHOKECTBO 3HAUEeHHI (DYyHK-
UM y = —x% + 4x + a He IlepeceKaeTca ¢ 06JIaCThLIO ONpe-
JeyieHUss GQyHKIUU Yy = +/3x+a?

IIpu Kakux 3HaueHUAX b rpaduKu QyHKIuUI y = 2bx? +
+2x+1 u y=>5x%+ 2bx — 2 mepecekaloTcsi B ORHOH
TOUKEe?

Hausr pyaximuu [ (x) =2x%>u g (x) = 5x — c.

a) He BBINONMHAA MOCTPOEHUSA, OIpPENEJHUTE, IepeceKa-
1orcs gu rpaduku GyHKIHMI npu ¢ = 2.

6) HccaenyiiTe B3aMMHOe pacloJio’KeHHe TIpaduKoB
byHKIMHA f 1 £ B 3aBUCHMOCTH OT I1apaMeTpa C.

Hausl pyurmuu f (x)=mx? -3 ug(x)=4x+ 1.

a) He BBIONHAA MOCTPOEHHA, ONpEJEINTE, IiepeceKa-
1oTcA i rpapuKku GyHKIUE npu m = -2,

0) HccnemyiiTe B3aMMHOE pAaCIOJIO)KEHHE TIpaduKoB
byHKIMI f 1 £ B 3aBUCHMOCTH OT IapaMeTrpa m.
I'paduru ¢pysxouit y=x2+6x -3 u y=(x+ 3)?-25
nepeceyeHBl npamMoi x = a. Haligute paccTosHUe MeXx-
Iy TOUKAMH IlepeceuyeHHus.

Ipabuku oyuxnuit y=2x — x2 n y=2x% - 20x + 48
nepecedyeHbl OpaMoil y = a. Haligure duciao ToueK 1epe-
CeuyeHHs B 3aBHCHMOCTH OT a.

Ipaduxu pyuknuit y = x>+ 2x+4 uy =-3x2- 18x -
— 25 nepeceueHsl npamoit y = b2, Haiiaure uncio Touex
rnepeceyeHus B 3aBUCHMOCTH OT b,

IIpu kakux 3HAYeHUsX MapaMeTpa k BeplinHa napa6o-
a6l y = kx? — Tx + 4k 7eXuT BO BTOPOH UeTBepTH?

IIpu KakuMxX 3HAUYEeHHAX ¢ BeplnuHa mapabosm y = x2 +
+ 6x + ¢ HaxXoAUTCA Ha PACCTOSHHU, PABHOM 5, OT Haya-
Jla KOOpAUHAT?



8.40.

8.41.

8.42.

8.43.

8.44.

8.45.

8.46.

8.47.

8.48.

8.49.

8.50.

Ilpun KakuMx 3HaUeHMAX b BepmuHa mapa6ossl y = x2 +
+ 2bx + 13 HaxoAUTCA Ha PACCTOAHHH, PABHOM 5, OT Ha-
yaJjia KOOpIUHAT?

Ilpu KaKMX 3HAYEHWAX G BepIIMHA IMapabosbl y = ax? + 2x +
+ 1 HaxomUTCA Ha PACCTOSHIU 242 or Tourn A (1; 2)?

Ha#inute Bce 3HAYEeHMs IapaMeTpa &, AJA KOTOPBIX
ypaBHenue xZ - 2 (a — 1) x + 2a + 1 = 0 umeer gBa pas-
JUYHLIX IIOJIOKUTEJIhHBIX KOPHA.

Haiigure Bce 3HaueHuA INapaMerpa k, IPH KakJOM
M3 KOTOPBHIX POBHO OAMH KOPeHb ypaBHeHHUs x2 + 2 (k —
— 1) x + 3k + 1 = 0 yonosnerBopsieT HepaBeHCTBY X < —1.

Ilpy KakuUX 3HaAUEHHAX NapaMeTpa @ YHucja0 3 3aKJIOo-
YeHO MKy KOPHAMHM ypaBHeHMs x2—(2a+1)x+
+4-a=07?

IIpr xakux 3HaYeHUAX ImapaMeTpa kB 4YucJo —2 3aKJIO-
YeHO MeXKJy KOPHAMM ypaBHeHus -x%+ (8k-1)x+
+k-1=0?

Haiinute Bce 3HaueHMs mapaMeTpa @, AJs KOTOPBIX
ypaBHeHue 3x2 — 4 (83a — 2) x + a® + 2a = 0 umeeT KOp-
HU X; U X,, YAOBJIETBOPAIOIINE YCIOBUIO X; < a < X,.

HN306pasuTe Ha KOOPAWHATHOM ILJIOCKOCTHM MHOMKECTBO
TOYEK, KakJadA M3 KOTOPHIX paBHOYZAaJieHa OT ZAHHOH
TOYKY F ¥ NaHHOU IIpAMOM, ecjm:

a) F(—4;1),y=-1; 06) F(4;-1)sy=1;

B) F (1;4), y=3; r) F(-1; -4), y=-3.

Ha mpsamoit 2x — y — 5 = 0 Hailigure Takyio Touky M,
cyMMa pPacCTOAHHM OT KoTopoii o Touek A (-7; 1) m
B (-5; 0) 6bly1a 661 HAMMEHBIIIEH,

a) Kakyioo JMHMIO ONMCBIBAIOT BEPIIMHBI mnapaboJt
y=x+2px+p?+p, raep e R?

6) Kakyio JHHMIO ONHCHIBAIOT BEPIIMHBEI IapaboJ
y=x2—-2ax + 2a%, roe a € R?

ITapa6osna y = x2 + px + ¢ mepecekaeTt NPAMYIO y = 2x —
— 3 B TouKe ¢ abcuuccoil x, = 1. IIpy xakux sHaYEeHUAX
P U g pacCTOAHME OT BepIIUHBI napabouasl 70 ocu Ox Mu-
HuMmanabHo? HalizuTte aTo paccTosHue.

HEPABEHCTBA BTOPOI CTEMEHMW.
PALUUNOHANBHBLIE HEPABEHCTBA

PemuTte HepaBeHcTBO (51—54):

8.51.

8.52.

a)(bx~-2)(4x+3)<0; ©6) (x—-5)(Bx+1)>0;

B) 8x*+3x -5 > 0; r) 3x%+5x -8 <0.
a) 2x2-3x+ 5> 0; 6) 3x2—-4x+2 > 0;
B) x2—10x + 27 < 0; r) 5x2-12x +8 < 0.
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8.53.

8.54.

8.55.

8.56.

a) 9x2+ 12x +4 < 0; 6) 49x% - 70x + 25 > 0;
B) 64x2+ 112x+49 > 0; 1) 25x%-40x+ 16 < 0.
a) (x2+1)® <3 -x)3% 6) 8 (x — 2)% > (x% - 3)3%
B) (x2—-1) (x2+4) < (2x?-5) (22 + 4);

r) (8x%+4) (2x% + 1) > (222 + 1) (2 + 5x?).
PaBHOCUJIBHBI JIM HEPABEHCTBA:

a) 5x2 > 2x u bx > 2; 6) 3x3 < Tx2um8x < T;
B) 4x° < 5x* u 4x < 5; r) 2x® > 3x2u 2x > 3?
IIpy KaKOM 3HAUEHHM G HEePaBeHCTBA PABHOCHJIbHBI:
a) |[x-2|<8ux?-(@-1)x-a<0;

6) [x-1|>2ux>-—ax-a>1?

Pemure HepaBeHcTBO (57—60):

8.57.

8.58.

8.59.

8.60.

8.61.

8.62.

8.63.
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a) (2x% + 3x +4) (x + 3) > 0;

6) (7T+6x—x%)(3x—-5)<0;

B) (25x — x%) (4 - x?) < 0;

r) (x*-27x) (x2-4x-5)> 0.

a) x*~13x%2+ 36 < 0; 6) x*-2x2-15 2> 0;
B) x*—-12x2+ 36 > 0; r) 16x* - 24x2+9 < 0;
a) (x —1)2(x2-2)<(x—1)%>(6 - 2x);

6) (x—1P(x-2)(2x-3) < (x-1)(x - 2)%

B) (x —4)® (x2-10x+ 25) 2 (x — 4)* (b — x);

r) (x-1)(2x - 4) (x — 3)> < (x%2 - 3x + 2) (x — 3)%
a) (x2-4x+4)(8x2-2x-1) < 0;

6) (9x% — 6x + 1) (x2 - 6x + 8) > 0;

B) (x2+ x)? (Tx2-5x-2) 2 0;

r) (5x2 + 6x + 1) (x* — 423 + 4x2) < 0.

Oana ¢yaxnua [ (x) = (x - 3)* (x + 1) x2. VYraure
BCE 3HAUEHHSA X, IIPHU KOTOPBIX:

a) f(x)<0; 6) f(x)<0; B) f(x)>0; 1) f(x)=>0.
Oana ¢yarmua f (x) = (x + 3) (x — 2)? (x + 1)3 (x — 4)*.
VKakuTe Bce 3HAUEHUA X, IPA KOTOPHIX rpadrk PyHKIIUH
PacIroJIOKeH: a) B BepXHeH IMOJIYILIOCKOCTH; 0) B HUKHeEI
MOJIYIIJIOCKOCTH.

Hana pyuknusa g (x) =3 — x — x2.

1) IIpu xaKuUX 3HAUEHUAX X UMEET MEeCTO HepaBeHCTBO
g(x)<1?

2) Haiigure HauboaplIee 3HaUeHUe QyHKIUN & (X).

3) PemuTte HepaBeHCTBO g (x) > g (x?).

4) Ilpu xakuX 3HAUEHUAX a HepaBeHCTBO & (x) < a BbI-
MHOJIHAETCHA IIPHU BCeX 3HAUEHUAX X?



8.64. PemiuTe HepaBeHCTBO:
a) x2-2((b-c)x+a®> 0
6) x2+(@®+b>-c?)x+a’?>0,ecmma, buc — gmu-
HBEI CTOPOH TPEYTOJLHUKA.

8.65. Ilpm KaKuXx 3HAYeHHAX 4 pelleHHeM HepaBeHCTBa
x2 —(a? - 2a — 3) x + a? + 2 < 0 sBaAserca orpesok [2; 3]?

8.66. Ilpu xakux 3HAYEHHAX @ pellleHHueM HepaBeHCTBa

x2+@-7x+a>+2a+6>0

ABJsAETCA O0beJUHEeHNE IIPOMEXYTKOB (—o0; 1) u (5; 00)?

Pemute HepaBeHcTBO (67—71):

8.67. 3x? - b < ax, ecau usBecTHO, 4TO a’ + 12b < 0.

8.68. 5x2—ax + b > 0, ecaiu usBectHo, uro b > 0,05a2.

8.69. ax?+bx+c <0, ecam wusBectrHo, uT0 b?<dac wu
a+c>b.

8.70. ax>+x—-b >0, ecam wusBecTHo, urto ab <-0,25 wu
b < 9a + 3.

8.71. ax?+bx+c¢ >0, eciu usBecTHo, uTo b2 —4ac <0 u
a+b+c<0.

PaBHOCHILHEL 1M HepaBeHcTBa (72—74):
3-2x

8.72. a) 2x+5)B3-2x)<0m 5215 <0
3x-5
- > >
6) (3x — 5) (b + 2x) OH5+2x 0?
8.73. a) 2x+°X 7153871 4> o,
x+1 x+1
2x+5 2x+5
- <10- <
6) 5x x__4<10 ki 2?
874. a) L<lux>1; 6) = >1ux?<2;
x x
B) 2 <lm|x|>2 1) S >1lu|x|<3?
| x| | x|
Pemure HepaBeHcTBO (75—82):
3x-1 2x-1
8.75. a) m>3, 6) mg—z,
Tx+4 5-6x
>2 :
B) 3-3x° 5 M) 3x+a <!
(x2-9)(1-x) x2+x-6
N . —_— 20 T Lo
B8 &) —aoerid 00 O gy <O
x%2+6x+9 x? +8x+17
B) b+dx—x? >0; ) 4x® +4x+1
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8.77.

8.78.

8.79.

8.80.

8.81.

8.82.

8.83.

8.84.

8.85.
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3x2+10x+3 -0
(B-x)2(4-x2)"
x2(6-x)3(x+4)

(x-1)°
(5x+10)?(-1-3x)
(1-2x)*(3-2x)*

6)

B = 0; <0.
) (x+7)° ) (2x-5)°
8-x 2
—x> <2
8) 3-x>5733 ® 10N a=x’
2x-3 _ x-2 x+1 -1
z2—; —_— L
B) 4x-1" x+2° r) 1—x+ x <2
3x-5 2 3
a) —°F <0,5; 6) —-X"° _10,5>0;
x2+4x-5 12— x—x2
5-2x 5—-4x
B) ——— <1 —_ <4,
) 377 2x 16 A
1 1 1 1 2 3
- _—>— - — -
a) x+x+1 x+2° 6) x-2 x>x—1’
6 3 7 21 16 6
< ; -—.
B) x-1 x+1 x+2° r) x+1< -2 x
14x(2x+3) (9x-30)(2x+3)
a) ;
x+1 x—4
6) (5x+4)(3x—2)<(3x—2)(x+2);
x+3 1-x
B)(x+5x3x2—3x+1) (x+5)(x2+2x-1)
—-6x+9 -6x+9
P)(x2—6x+9)(3x2—2x—1)<(x2—6x+9)(2+2x—4x2’)
5—x = 5—x ’
2
x2-2 1 6
a) (x+1] > 0; 0) (x__z)—z—ﬁ-i'9>0,
1
B) (x-3)2 + —M > 2;
) ( ) x2 -6x+9
2 ~-8x+16 8x-2x2
r) x? + .
-2x+1 x-1
YKaxXure Bce Iesabie 3Ha‘{eH§Iﬁ X, AJisI KOTOPBIX He BBI-
HOJIHAETCA HEepPaBeHCTBO 1 < 2x;1 <2

HaliguTe MHOXKECTBO 3HAYEHUMN X, IPU KOTOPBIX rpa-
x-13
bur HKIUH Y = —————
by y x2+x-6
aocet 0 < y < 1.

VKakuTe BCe LEJOYMCICHHBIE DElIeHWs HepaBeHCTBa
0<|x2-2x|<3.

He BBIXOJAMUT 3a IpeaeJsibl I10-



Pemure cucremy HepaBeHCTB (86—89):

8.86. a)
3x—4

—_20
x2+4x+4

.
’

8.87. a)

8.88. a)

x%2 +2x-320,
x2 +x-6<0;
8.89.

2x-3
B) [x%2 —x-20<0,

-2x-8>0,
2x2 +x—-45 <0;

2(x—-1)-3(x—4)>x+5, 6) {xz +3x+2>0,
*_<o;

a) |x2 -14x+45 <0,
x?2 -11x+30>0,

x+1
x2-x-620,
x2 —4x <0.

r)

6) -4x+1>0,

3x2 5x+2<0;

r) |8x2-7x+8
x2+1

-Tx+8

>1,
3x2
x2+1
|2x 3|<1
—4x+3=0;

k
{ 4(x-3)>0,
|

<2.

6)

r)
x+2|(x -5x+6)<0.
3x2 -H5x-2>0,
3x2 —
6x2 —

=)}

)
Tx-6<0,
11x-10<0;

1
x—2>1,
3x2 —20x-17 <O0.

Pelinte coBoKynHOCTh HepaBeucTB (90—91):

8.90. a) [x2 —3x+2>0,
|2x-38|<1;

B) [4x2 +7Tx-15<0,
| 20x?
[x2 +16x+15>0,

2x—1>3;
| x+1

B) [ «x2

—23x-21<0;

6) [3x2 —Tx+4 <0,

| x* —4<0;

r) [x2 ~6x-27>0,
| 4x? +31x+60<0.

6) [9x2 —4x-5<0,
5x-2
g .
| 3-2x L
r) [ 3
3-2x-x2
[ 11x-x2 > 28.
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8.92.

Haiinure Bce 3HaueHHA X, IIPH KOTOPHIX MeHbIIee U3

. 1-x
ABYX BhIpa)keHuit 1 — x2 u —5— He MeHbIIe, YeM 0,5.

8.93. Hailigure Bce 3HaueHUaA X, IPU KOTOPBIX GOJblllee M3
. g x
ABYX BBIpa)KeHuil x2 + 2x u -5 He Oosblre, yem 0,5.
8.94. Haiigure Bce 3HaYeHMA X, IIPH KOTOPEIX 6GoJiblliee M3
IBYX BeIpa)KeHuH 2x — x2 u x — 2 He MeHbIIe, yeM 1.
8.95. HaiiguTe Bce sHaUeHUA X, IIPH KOTOPHIX MEHbIIIee U3 ABYX

BeIpa)keHuil x2 — 2x — 3 u x — 3 He Gosblie, uem —4.

Hatinure o6aacts onpegeneHus pyHxuuu (96—99):

1

8.96. a) y=+60x—25x2 —36; 6) y= ;
V112x+64 +49x2
1
=,/5x% + 6x+1+ ;
B) y=yBxtHbxrlaa Ty
T) y=+v3x+4 - 1 .
—-2x% —5x-2
897. a) y=.4- x] 6) y= w/x}(x 1);
B) y= (x 2) r) y= (1 x)Vx -2
2 —
8.98. a) y= 8-2x—x 6)y—,f x* +6x - 8
Vx? +7x+12 +7x+12 x? +5x+6
B) y=—————+vx% +5x-14
x2 +x-20
3
r) y=v20-x—x%F - ————.
V14— 5x — x?2
J17-15x-2x2 (=
8.99. = ; 6 = >
)y \/ x+3 ) Y= Ti texs1z
) y= —4x2+4x+3 r) = J6+Tx—3x2
Bl Y= 2x2 _Tx+3 Y=V 3x2+2x+8

Pemute HepaBerncTBo (100—102):

8.100. a)
B)

|x2+ 2x|> 8;
|2x2 + 5x — 4| < 3;

6) |x*+3x|< 4
r) |8x% —4x - 2|> 2.

8.101. a) x> -5 |x|+ 6 < 0; 6) 7]x|-x2-12<0;
B) x2 - |x|- 12 > 0; r) 11 |x|+ 20 — 3x% > 0.
8.102. a) |x* - 4|(x%2-1)<0;
6) |x2—4|(x2—4x+3)<0
B) —6x+9|< 2x - 6;
r) x2-2x+1<2|x-1}
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8.103.

Haiigure meagouynciieHHble pellieHUA HepaBeHCTBA:
a) |x2+2x|<x; 6) |x2+2x-3|<|6x-6
B) |x2-9|(x*-17|x|+10) < 0;

r) |x®—4x+3|+2<2|x-1|+|x-38|

»

Pemute HepaseunctBo (104—106):

8.104.

8.105.

8.106.

8.107.

8.108.

8.109.

8.110.

8.111.

8.112.

x—1 1+4-x|—x
a) 5 x =21 0) —————‘3_x‘ <1;
B) —lx 21l_+;+1> ; r) ’z+il <1
2) x2—7|x|+10<0_ 6 |x +2| )
x2+6x+9 ’ x2+3x+2 ’
2) x2 —|x|-12 coxw 1) |x2+x-6§>1
x-3 ’ x2-x+1

a) x2 +6x—]x+3|+7 <0
6) x2 +0,5x —4|x +0,25|+3,0625 > 0;
3x2-5x-T|x-2|+15 <

<1;
B) 2x%2-x+1
2x2+15x~10|2x +3|+32
r) > 1.
2x24+3x+2

IIpu Kakux 3HaYeHUAX ¢ rpaduku QYHKUUH y = cx? —
—-x+cuy=cx+1-c He uMelor o6UNX TOUEK?

IIpu Kakux 3HAUEHHAX p rpaduKu QYHKUUH y = px? —
—24x+ 1 u y=12x% - 2px — 1 He nepecekaTCA?
IIpu kaxkux 3HAUYEHUAX IapaMeTpa 4 KOPHHU ypaBHEHUSA

X X
x2 + 8x + a = 0 yIOBIETBOPAIOT YCIOBHIO x—l +—;2-— +1>0?
2 1
Haiigure Bce 3HaueHHsa mnapamerpa b, AjJs KOTODBIX
ypaBHenne x2-2bx+b+6=0 mnmeer: a) orpuua-
TeJIbHbIE KOPHH; 0) IOJIOXXHUTEJbHbIEe KOPHH; B) KOPHU
Pa3HEIX 3HAKOB.

IIpu KaK¥x 3HAUEHHUAX A HEPABEHCTBO:

a) x2-(a@+2)x+8a+1>0; 6)2—14x2+ax—a+1 > 0;
B) ax’+4x+a+ 3 < 0; r)ax?—4ax-3<0
BBIIIOJIHAETCS [IJIA BCeX AEeHMCTBHUTEJbHLIX 3HAUeHU x?
ITpu xakux 3HaueHHUAX b HEPABEHCTBO:

a) x2+2bx+1<0; 6) bx?+ 4bx +5 < 0;
B) bx’2+(2b+3)x+b-1 > 0;

r) 4-®)x2+2®B+2)x-1>0

He UMeeT peleHuii?
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A Ka)oro 3HaUueHUs1 a pemuTe HepaseHCTBOo (113—115):

8.113.

8.114.

8.115.

8.116.

8.117.

8.118.

8.119.

8.120.

8.121.

8.122.

8.123.

8.124.

8.125.

110

a) x2-ax+3<0; 6) x2+2x-a > 0;
B) ax?2+3x -4 > 0; r) ax2—x+2<0.
a) x2-2ax+2a>-2a+1>0;

6) x2-2ax +2a®+4a+4<0;
B) 9x2 + 12ax + 5a? < 4a — 4;
r) 16x2 + 13a? + 4a > 24ax - 1.

x(x—a x(x-3
a) (*—)so; 6) —(——)20;
x+3 x—-a
x2~(a-38)x-3a 24-5x—x2
B) ( 5 ) 20; r) — <
x“—-4 x“+(2a-5)x—-10a
IIpn xaxkux 3HAUEHUAX 4 He CYIIECTBYeT HH OIHOTO

3HaYeHUsA X, OJHOBPEMEHHO YHOBJIETBOPSAIOLIEr0 Hepa-
BeHCTBaM x2 —ax < 0 umax > 1?

ITpu kaxkux 3HauYeHUAX a Hyau QyHKIuH [ (x) = x2 +
+2(a-2)x+ 2a -5 pacnosio’KeHbl MEXAY YHCIaMH
-2 mu4?

IIpu KaKuX 3HAYEeHHAX @ HyJAu QYyHKIUHU g (x) = x2 —
-4 (a - 3) x — 20a + 35 pacmoJo’KeHbl MeXJy YHucja-
mu —4 u 3?

IIpu xakoM 3HayeHHH napameTtpa a o6a KOpHS ypaBHe-
HuUA x2-(2a+1)x+4—-a=0 B3aKkIOUEeHBI MEXAY
ypcaamu 1 u 3?7
Haiinute Bce 3HaueHUA apaMeTpa @, IPU KOTOPBIX BCe
peiienusa HepaBeHcTBa x2—-2(a+4)x+4a+13<0
ABJAIOTCH PellleHUAMHM HepaBeHCTBa x2 + 4 |x|- 5 < 0.
IIpn kKakuxX 3HaYeHHAX IapaMeTpa a Jio6oe pelieHue
HepaBeHCTBa X2 — 3x + 2 < 0 aBiaseTCA OJHOBPEMEHHO
peleHueM HepaseHcTBa ax? — (8a + 1)x + 3 > 07
IIpr kKakuX B3HauUeHMAX IIapaMeTpa p HepaBeHCTBO
px?—-4x + 3p +1 > 0 cupaBeJJIMBO IIPHU BCEX IOJOMKHU-
TeJNbHBIX X7
VKakuTe Bce 3HAUEHUs IlapaMeTpa R, IIPM KOTOPBIX
KBagpaTHBIH TpexuneH x2+ kx + k% + 6k oTpuuareien
IIPH BCeX 3HAYEHUAX X, VAOBJETBODAIOUIUX HEPABEHCTBY
8x2+17< 24x+ 2 |x - 1,5|.
Haiinnte Bce 3HaYEHUA a, IPHU KOTOPHIX JI000e 3HaUe-
HUe X, YAOBJeTBOpAIollee HepaBeHCTBY ax? + (1 — a?) x —
—a > 0, o MOAyJII0 HE IPEBOCXOAUT 2.
Haiigure Bce 3HaueHUsa nmapameTrpa b, Ipu KOTOPBIX K3
HepaBeHcTBa bx? — x + 1 — b < 0 caenyeT HepaBEHCTBO
x(x+1)2(x-1»®(x+2)*<0.



8.126. laHbBI ABa yTBEpXKICHUA:

1) ypaBaenme x>+ (k+2)x+1=0 umeer gBa pas-
JIMYHLIX OTPUIIATEJbHBIX KOPHHA;

2) ypaBueHue x2+ (1 -k)x+4=0 umeer aBa pas-
JIMYHBIX HOJIOKHUTEJbHBIX KOPHA.

IIpu kaKMX 3HaYEeHUAX mapaMerpa k 006a yTBepKIeHUA
UCTHHHBI; 00a YTBEDKIAEHUA JIOMKHLI; OTHO M3 YTBEPIK-
OEHUH MCTHHHO, a Apyroe JIOMKHO?

3NEMEHTAPHOE UCCJIEQOBAHUE ®YHKL A
Haiigure o6imacTh onpenenenus pyuxknuu (127—129):

2 x-1
8.127, a) y= ; 6) y= H
) YV= 3 ) V=T
B) y= —3 r) y= — .
x-2Jx’ Jx2-6x+8-2
8.128. a) y= mxf-ﬁ IIpn xakoM B3HaueHMM apryMeHTa
3HaYeHUEe QPYHKIHMU paBHO 27
6) y=—————. IIpu KaKOM 3HAYEHUH apryMeHTa
|x+2|-|x -2
3HaueHUe pyHKLUUM paBHO 1?7
B = —————— IIpu KakoM 3HAYeHUU apryMeHTa
) V= T3 Caxa PH pry
3Ha4YeHUe GHyHKIIMH paBHO —1?
r) y= F—Tﬁp‘;Tﬂ—l IIpu KakoM SHaueHUM apryMeHTa

3HaYeHWe QYHKIHUM paBHO 47
8.129. a)y = V12x? —4x® —9x — /2—|x|;

3
6) y=w/|x—1|(3x—6)+m;
J(x2—4x-21)[x +2]
x24+x-T2 ;
r) y=+5-V4x? —20x +25 — /[x[(2x - 10).

B) y=

HaiinuTe obsacTs 3Hauenuit pyuxiuu (130—136):

8.130. a) y=x?+ 2; 6) y=38 - 4x%
B) Yy = 3x — x?; r) y=3x2—-6x+ 1.
__5 . __x - . _x2+1
8.131. a)y—x—_—z—, 6)y—x—+1, B)y—x2—+2, T y= pra

8.132. a) y=vx-2+3; 6) y=|x-4]|— 2;
B) y=5—-+J/2x+1; r) y=3-|2x+3|.
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8.133. a) y=+x? +4; 0) y=4-2Vx? +9;
B) y=+v3x%2 —6x+4; 1) y=+8x-2x%-7.

5 3
8.134. =1-—; 6 =2 ——;
2y Jr1+1 ) ¥ 2x?-8x+9
B) y=1-19—2x? +64/2x +9;
r) y=3-+16-/4x? — 4/3x+3.
(x-1)3, ecau x 2 0,
8.135. a) y=1_1_ ecau x <0;
x-1
-x% —2x, ecan x <1,
0 =
)y ——%,ecnnx?l;
B) Y= 2x? +8x+6, ecan x < -1,
Y=18Vx+1, ecm x > —1;
%,ecnnxs—&
r) y=9x% +4,eciu—-2<x<0,
4 ecau x >0,
x2+1’ )
_ x*+8, _(x*+8)(x-4),
8.136. a) y—m, 6) y—m,
5) _x3-27 r) _x*+6x%-27x-162
y=—7%3" Y=""xri3x-18

Haiigure HauGosbliee 3HayeHUe GYHKIUM U 3HAUYeHUE apry-
MEHTa, IIPU KOTOPOM JAOCTHUTraeTcs 3TO HauboJiblilee 3HAYEHHE
(137—138):
8.137. a) y=5—-|x + 8|; 6) y=2-Jx-2;

B) y=x%-2x+ 3, ecnu x € [1; 5];

r) y=—-x%-4x +1, ecau x € [-3; 0].

2 2
8.138. a) y= 2 -2
8. a) y 5+|3x-2]| %y x2-2x+2
B) Zi‘ I“) = .
Y= Y=4x 19

Haiinnre manmMeHblilee 3HaUueHHe QYHKIMKM M 3HAYEHHE apry-
MEHTa, IIPY KOTOPOM AOCTHUTaeTCs 3TO HauMeHbIllee 3HAYEHHUE
(139—140):
8.139. a) y=+v4x%? -12x+9-2; 6) y=8++x%2 -3x+2;

B) y=x%+6x + 11, ecu x € [-4; 2];

r) y=-x%+2x + 2, ecn x € [-1; 2].
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3 2

8.140. a) y—_—l—x—m; 6) y=—m;
B) y=— x . r) y= x2+4x+4
Y= 1ox2+3° Y= eti4x+5

8.141. ®yuxnuu f U g Bo3pacTamoT Ha npomexyTke X. BepHo
JH, 9TO (PpyHKIUN:
a) f+ g, f* u fg BospacTaioT Ha IpoMexxKyTKe X;

0) —f, % yOBIBalOT Ha nmpoMexyTre X?

Hcnonbaya omnpenesieHNe BO3pacTaHWA M yObIBaHUA QYHKIHH
HA IPOMEXKYTKe, JOKa’KHUTe, uTO QyHKuusa (142—144):

8.142. a) y = % ybriBaer Ha (—°; -0,5);

6) y= fo BO3pacTaeT Ha (2; 0);

B) y= -91303 acTaeT H oo-1 ;

Y= 3x—q BospacraeT Ha | —oo gk
4x+31

r y= j:+7 yboniBaer Ha (—7; ©0),

8.143. a) y = 3x% — 4x + 7 y6pIBaeT Ha (—oo; §:|,
6) y =-5x%+ 6x + 19 Boapacraer Ha (—°; 0,6];
B) y =3V4x+1 -1 Bospacraer Ha [-0,25, 0);
r) y=2++3-5x yoriBaer Ha (—°; 0,6].

8.144. a) y = x3 — 3x Bospacraer Ha [1; ©0);
6) y = 12x — x® y6sIiBaeT Ha [2; o©);
B) y=0,5x% - 2Vx BO3pacTaeT Ha [1; o0) u yOorIBaeT Ha
[0; 1}
r) y =+/x —2x? Bospacraer Ha [0; 0,25] u y6riBaer Ha
[0,25; o).

8.145. Hana dyurumsa f (x) = x2. Jlokaskure, 4TO AJIA JIIOGBIX
3HaYEeHU apryMeHTa X; U X, HMeEeT MeCTO HepaBeHCTBO

f(xl+x2 )< f(x1)+f(x2)'

2 2

8.146. Mana dpyurmusa f (x) = Jx. Joxkaxxure, 4TO AJSA JIOOBIX
3HauYeHUN aprymeHra x; > 0 u x, > 0 uMmeer MecTO He-

PaBeHCTBO
%, + %, )> f(x)+1(xp)

f(z 2

Hccaenyitte pyHknuio Ha deTHocTs (147—150):
8.147. a) f(x)=9; 6) ¢ (x)=0;
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B) £ (x)=(2 - 3x) + (2 + 3x)3;
r) h(x)=(bx - 2)* + (bx + 2).
8.148. a) f(x)=(x+3) |x—-1|+(x-3)|x+1];
6) ¢ (x)=(x+5)[x-3|-(x-5)|x+3};
|x=7] |x+7] lx—4 |x+4]
B )=yt D M= Ty
8.149. a) f(x)=(x+2)(x+3)(x+4)—(x—2)(x —3) (x —4);
6) 0(x)=(x-5¥ (x+ D' + (x+5)® (x — 7)Y
B) g(x)=(x - 6)° (x+ 3)°+ (x + 6)° (x — 3)%
r) h(x)=(x2-38x+5)(x®*-8x2+2x-1) -
—(x2+3x +5) (x%+ 8x% + 2x + 1).

3 _ 2 3 2
8.150. a) f(x)= X 2% X' *2x",

x+1  x-1 ’
x5 -2x2-3 x5+2x%2+3
%) 9lx)= x-4 x+4
_ (x=1° (x+1)®
B) g(x)—(3x+4)3 (3x_4)3’
— 3 5 _ENT 3 N\ 7
r) h(x)=(x 23 (x+1)°(x-5) +(x+2) (x-1)5(x+5) )

2x+1 2x-1

8.151. ®yuknua y = f (x) ABAsgeTCA YETHOH; U3BECTHO, UTO:
a) f(x)=+/x opu x > 0;
6) f(x)=x%2-3x nopu x > 0;
B) f(x)=x%+4x + 3 npu x < 0;
1
= — <
r) f(x) g U2 0.

ITocTpoiiTe rpadur dyskuum y = f(x). 3agaiite naH-
HYIO QYHKIIMIO OTHOU (hopMyI0H.

8.152. ®yHkuMa y =g (x) ABIAETCS HEYETHON; WN3BECTHO,
Y4TO!:
a) g(x)=x?nupu x > 0;
6) g(x)=x%npu x < 0;
B) g(x)=x%—- 2x npu x > 0;
r) g(x)= Jx apu x > 0.
ITocrpoiite rpadbux dyrmuu y = g(x). 3agaiite mau-
HYI0 QYHKIIHNIO OTHOH (GOopMYJIOi.

Haiinute GyHKUHIO, 0oOpaTHyIO HOaHHOW. YKaxuTe oOaacTh
onpegeneHusa M ob6JacThb 3HaueHUH oOpaTHoM GdyHKnmu. Ilo-
cTpoiite rpaduKu JaHHON QYHKIUKM U oOpaTHON B OOHOHI CHC-
Teme KoopauHat (153—156):
8.153. a) y = 2x; 6) y=—-3x;

B) y=5x—-1; r) y=3 - 4x.

114



8.154. a) y=x—?:1; 6) y=2—f£; B) y= zifl; r) y=iTJ;-
8.155. a) y = (x + 3)%, x < -3; 6) y=(x—-4) x > 4;
B) y=x*+8x-4,x>-4; r) y=x2-2x+5,x < 1.
8.156. a) y=Vx—2; 6) y=+v3—x;
B) y=4—-Jx-1; 1) y=5+J/4—-x.
ITocrpoiite rpaduk dyuxunuu (157—161):
2 2
8.157. a) y = x 9_43ch+3; 6) y = x 9+__5;2+6'
8.158. a) y=x%-|x|- 6; 6) y=|x2-x-6]|
8.159. a) y=|-x?+ 6x - 8|; 6) y=—x>+6|x|- 8.
8.160. a) y=x (x| - 4); 6) y=x|x-4|
8.161. a) y=(x-3)(x|+1); ©6) y=|x-38|(x+1).
8.162. IloctpoiiTe rpaduk byuxmuu y = | x? + 4x + 3 | u Hait-
AUTe KOOPAMHATHI TOUEK [epPeceueHmsl ITOro rpaduKa ¢
npamoit y = -2x — 5,
8.163. Ilocrpoiite rpabuk byHKuuu y=(2x —1) |4 - x| u

HaluTe KOODAHMHATHI TOUEK IIepeceueHmsi STOTO Ipa-
¢duka c npamoit y = 4x — 2.

ITocTpoiite rpaduk dyuxuuu (164—176):

Ed x

8.164. a) y=7(x2 +6x); 6) y=|—x—|(4x—x2 -3).
'x_zl 2 x+2 2

8.165. a) y=—2~_7(x - 2x); 6) y=lx+2|(x +4x+3).

8.166. a) y=|||x|-2]-1|; 6) y=|2-[1~-x]|].

8.167.

8.168.
8.169.

8.170.

8.171.

a) y=|x*-5|x|+6|;
a) y=||1-x2|-3]|;

a) y=2-|x-3;

B) y=[2-|x-3||;
_ =l
a) y—'ﬁ,
) y=‘ 1’, r) y=
x2-5x-6
5) _xt+4x2-5 )
V=" 7 DY

6) y = 4x? — 4x?|x|+x*.
6) y=||x*~2x|- 3|

6) y=2-/3-|xf;

r) y=[2-/3-[x]l.

Eiy

6) y=rv

[x]-1’

x

|x-1]
_2x2-17x+21
T T+6x-x2
_ 13x2-x*-36
T x2-x-6
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1 1 x-2 x-2

PRETS! x x4l
8.172. a) y =17 ) y="g 3
x x+1 x  x+l

2 -4
8.173. a) y=x (x+2|+|x+4; 6) yzw_k
8.174. a) y=(x-1)|x+1|+|x—1](x+1);

x2-8x+2 x%2+3x+2

0 =
)y |x-1] |x+1]
\/9+x2 +2+\/9+x2 5
8.175. a)y=—2% . ) y=" 3% 3x .
1—x2 )2 \/9+x2 +2_\/9+x2 _g
- I 3x 3x
|x8 -8x+2 |8x —x2% -2
8.176. a) y= = ox*a, g XX 74
) x-1 )y x? +x-2

ITocTpoiiTe rpaduk GYHKIUM M ¢ ero IOMOIIBLI0 YKAaKUTe HY-
au (QYHKIUM, HHTEPBaJbl 3HAKOIOCTOAHCTBA, IIPOMEKYTKH
MOHOTOHHOCTH, DKCTPeMyMBbl MYHKIIMM, Hambosblmee U HaU-
MeHbIllee 3HaYeHUA (PYHKIUH, O0JIacTh 3HaueHUM GyHKIUH
(177—178):

3, ecau x < —4,

8.177. a) y =1{|x? —4|x|+3], ecrm -4 <x < 4,

3—-(x—-4)?, ecnu x > 4;

8 —(x+6)?, ecim x <—6,

6) y=1|x? —6|x|+8], ectu —6 < x <5,

3, ecau x 2 5.

) H[xl—l[—-l‘ecnn’x|<2,

a =

Y Jlx|-2, ecmu|x |22
2-J4-|x|, ecom | x| < 4,

0 y= 8 ecan |x|> 4.
| x|
8.179. Hana ¢ykmua f (x)= x% - 6x. IToctpoiiTe rpaduru
QYHKIIUM:
a) y=f(x)-2; 6) y=f(x-2); B) y=2f(x);
r) y=1(2x); n) y=-f(x); e) y=1(—x);
x®) y=Ff(x) )y=[f@ n)y=fxhl

8.178.
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8.180.

8.181.

8.182.

IHaawl Gyskuun f (x)=x*-4x+4u g (x)= a+1

x+38°
a) Hokaxkure, uto f (x) BO3pacraeT Ha HPOMEXKYTKe
[2, ).
6) Horaxxure, uto g (x) yObIBaeT Ha HNPOMEXKYTKE
[2; o).

B) Hailiagure Bce Takme 3HaueHud a, uro f (3) = g (3).

r) Pemmure ypaBHenme (x — 2)? = 6 Ha IPOMEXYTKEe
x+8

[2; o0).

a?+1

4—x

a) Hokaxkure, uto f (x) yObIBaeT Ha IPOMEXKYTKe

(=005 3].

6) Hoxkaxkurte, uTo g (x) BO3pacTaeT Ha IPOMEKYTKE

(=05 3].

B) Haliagure Bce Takme 3HaueHus a, uro f (2) = g (2).

IDavnl Gyaxouu f (x) =(x — 3)’ u g (x) =

2
r) Pemute ypaBHenme x2 — 6x + 9—4—— Ha IpoMe-
KyTKe (—o0; 3]. x

Hokaxxkurte, uro ecau pyHKuusa [ (x) Bo3pacraer (yObi-
BaeT) Ha NnpoMexXyTke X, a QyHrnusa g (x) ybniBaer
(BospacTaer) Ha STOM IIPOMEXYTKe, TO YpPaBHEHHE
f (x) = g (x) umeeT He GoJee OAHOTO KOPHA HA IpoMe-
xyTKe X.

Pemure ypaBHenue (183—187):

8.183.

8.184.

8.185.

8.186.

8.187.

a) (x+1)®=41-3x — x5

6) 3x3+2x=4+ (2 - x).

a) (x — 1%+ x5=45 - x - 2x;
6) 4x° + 2x3 + 71 = (3 — x)3 + 1.
a) x99 +1=.5-x;

6) v10+x +5=-2x'% — 6x.

a) 2Vx-— =——1'
6) v3 1——

-4
a) vx2 +3x+6+/x+1=2;
6) V3x2 —x+2+Jx-1=3-=x.
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§ / YpaBHEHUS U CUCTEMDbI
/ YPaBHEHUM

1. YpaBHeHMS BbiCLLUUX CTENneHeMn.

OcHOBHBIE METOABI DELIeHUs YPABHEHHI BBICUIMX CTeme-
Hell — 3aMeHa NEPEeMEHHOM M pAa3joXKeHHe Ha MHOMKUTEIH.
B oTpenbHBIX ciy4asix NMpH pellleHUH YpaBHEHHUH Ieecoobpas-
HO HCIIOJIb30BATh CBOMCTBA MOHOTOHHOCTH M OTPAHUUYEHHOCTU
byHKIUA.

WUcnonp3ysa MeTO[ pAa3JIOKEeHHsS HA MHOMKHUTEIH, [10JIe3HO
IOMHHTB, UTO €CJH YNCJIO O ABJSETCS KOPHEM MHOrOYJIeHAa
P (x), To P (x) meaurca HA X — O, T. €. NPeJCTABUM B BUJe
P(x)=(x—-a) @ (x). Taxum ob6pasomM, 3HaaA KOpPEHb MHOTO-
YjeHa, ero JIETKO Pa3jIOXKHUTh Ha MHOXMUTENHU (Hampumep, pas-
JenuTh P (xX) Ha X — O «yrOJIKOM», IIOJYYHUB B 4aCTHOM @ (x).
3aMeTuM, UTO «yraaaTh» KOPeHb 4acTO YJAEeTCH, OCHOBLIBASACH
Ha cienyoomeM dakTe: 000 Ieablii KOPeHb MHOTOUYJIEHA C
neasIMu Ko3bGUIMeHTaMH sBJISETCH AeJUTejIeM ero cBoboj-
HOTO YJIeHAa.

2. CucteMbl ypaBHEeHUN.

Ecnu craBuTcs 3ajzadya OTBICKAHMS BCeX OOIMX peIIeHHH
IBYX YpaBHEHMIl ¢ NBYMA IepeMeHHbIMHU! (BooOIe roBopsa, n
yPaBHeHUH ¢ k mepeMeHHBIMH), TO TOBOPAT, UTO 3afaHa CUCTe-
Ma ypaBHeHUM.

Kaxxpas mapa sHaYeHM# NepeMeHHBIX (BooOle rosops,
ynopangodeHHbll Habop k uuces), obpaijaloliasg B BEpHOe pa-
BEHCTBO KaiKJoe YpPaBHEHHE CHCTEeMbl, HA3bIBAETCA PEIICeHHEM
CHCTEMBI ypaBHeHHH. PelllnTh cucTeMy — 3HAYUT HAMTH Bce
ee pelleHUs UJIH JOKas3aTh, UYTO TaKOBBLIX HET.

[Be cucTeMBl Has3LIBAIOTCS PABHOCHJIBHBLIMH, €CJIH MHOMKe-
CTBa MX pellleHW# coBmazamoT. Eciau o6e cuCcTeMBI He MMEIOT
pellleHUi#, TO OHU TaKyKe CUMTAIOTCA PABHOCHJIBLHBIMU,

Pemas cucremsr ypaBHeHWH, OOBIYHO 3aMEHAIOT AAHHYIO
CHUCTEMY JPYIoii, paBHOCHJBHOM HCXOAHOI, KOTOPYIO peliaThb
npoie. IIpu 3TOM MOYKHO HCIIOJB30BATH CJELYIOLINE YTBEPIXK-
JeHUS O PaBHOCHJIBHOCTH CHUCTEM YpaBHEHUH:

1) ecam ogHO U3 YypaBHEHUH CHCTEMBI 3aMEHUTH HA PABHO-
CHUJIbHOE ypaBHeHUe, TO MOJYYUM CHUCTEMY, PABHOCHUJIBLHYIO HC-
XOJHOMH;

2) ecau oxHO U3 ypaBHEHUU CHCTEMBI 3aMEHHUTh CyMMOM
KaKuX-JIu00 ABYX YPABHEHUI JAHHON CHUCTEMBbI, TO IOJYYHM
CHCTEMY, PABHOCUJIbHYIO UCXOAHOI;

1 Tlogpo6Hee 06 ypaBHEeHUHM C ABYMS IE€PEMEHHBIMH M ero rpadu-
Ke CM. CITpaBOYHBIN MaTrepuan K § 1.
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3) ecsm OJHO M3 ypaBHEHWI CHUCTEMLI BbIpajskaeT 3aBHCHU-
MOCTb KaKoi-Tub60 mepeMeHHOII, HAIDUMEDP X, Uepe3 JApyrue
nepeMeHHbIe, TO, 3aMEHUB B KayXJJOM ypaBHEHHH CHUCTEMHI IIe-
PEMEHHYIO X Ha ee BbIparKeHUe uyepes Apyrue nepeMeHHnle, 1o-
JYYUM CHCTEMY, PABHOCHJBbHYIO MCXONHOI; HaIpUMep, CUCTe-
Mbl YpaBHeHHUH

x=y?-1 u x=y%-1
x2+y?=4 (y2-1)2 +y?

OCHOBHBIMH CPEJCTBAMM aHAJIUTHUYECKOTO PEIlleHUs CHCTe-
MBI ABJSIOTCS METOJ HMOACTAHOBKH M METOJ BBeJeHUS HOBBIX
nepeMeHHBbIX.

Onsa rpaduuecKOro pelreHHMsas CHCTEMbI ABYX YpaBHEHUH
¢ IBYMS II€EpEMEHHBLIMH HAJO IMOCTPOUTH B OJHOH CHCTEME KO-
opauHart rpad®ukyu o60MX ypaBHEHUH M HAWTH KOODAWHATHI TO-
YeK IIepecedyeHMs dTUX rpaduKoB.

IIpumep 1. Pemnre ypaBHeHue:

a) x3—-5x-12=0;
6) 4(x+5)(x+6)(x+10) (x + 12) = 3x2.
Pemenue. a) PaznoxuM Ha MHOMKHTEIM JIEBYIO0 4YaCTh
ypaBHEeHUA (3TO JIETKO CAeJaTh, 3aMETHUB IIPEBAPUTEILHO, UTO
YKUCI0 3 ABASAETCA KOPHEM ypaBHEHHUA), HMeeM
(x® — 27) — (5x — 15) = 0,
(x—3)(x*+3x+9-5)=0, orkyna x = 3.

_ 4 DaBHOCHIBHEL

0) 3anucaB ypaBHeHUe B BUAE
4 (x%+ 17 + 60) (x? + 16x + 60) = 3x2,

pasmenum ofe ero uactTu Ha x? (o4eBHIAHO, uTOo X = 0 He ABJIA-
eTcss KOpHEM ypaBHeHHUs). Vimeem:

4(x+17+@)(x+16+@)= 3.
x x
_ 60
IMonoxkum y = x + 16 + < IMonyuum KBagpaTHOe ypaBHEHUE
4@y+1)-y=38,r.e.4y*+4y-3=0,
orkyza y, = 0,5, y, =-1,5. [Janee HaiizeM X: U3 ypaBHEHUS

60

x+ 16 + - = 0,5 monyuaem x,=-8, x,=-7,5, ypaBHeHHe
60 . .

x+16 + v = —1,5 He UMeeT AEHCTBUTEIbHBLIX KOPHEH.

IIpumep 2. Pemure cucreMy ypaBHEHHH
x3 +x3y3 +y3 =17,
x+xy+y=>5.
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Pemenue. [lanHasa cucTeMa ABIAETCH CUMMETDPHUYECKOI.
Kak u BCAKYIO CHMMETPUYECKYIO cHCTeMY (T. €. TaKylio, KOTO-
pas He MEHsSETCA IIPU 3aMeHe B Ka)XKJIOM YPaBHEHMU X HA Y U VY
Ha X), ee 1ejecoo0pasHo pellaTh ¢ HOMOIIBIO BBEJeHUS HOBBIX
InepeMeHHBIX U = X + §y u U = xy. Tak Kak

3 3 _ 2 2y _ —

Pryt=@+y) (x*-xy+y)=(x+y) (x +y)* - 3xy) =
=u (u? - 3v),
TO JaHHYIO CHCTeMY MOYXHO 3alHCaTh B BHAE
u® —3uv+vd =17,
u+v=>=5.

IIpumensasa dopmyay cyMMbl Ky00B M OCYIIECTBJIAA IMOACTA-
HOBKY U + UV = 5 B IIepBoe ypaBHEHHE, IMOJIYUUM

5(u? —uv+v?)-3uv=17,
u+v=>5.

Hasee, ocyIliecTBAsAsI pABHOCUJIbHLIE IIEPEXOAELI, UMEEM:
{5(u2 +v2) —8uv =17,

u+v=>5,
5((u+v)? —2uv)—-8uv =17, |5(25-2uv)-8uv=17,
u+v=>5, u+v=>5,
uv =6, OTKyZa w=2 HJIH u=3
u+v=>5, ya v=3 v=2.

Taxkum oO6pasoM, uCXOAHASA CHCTeMa PABHOCHJILHA COBOKYII-
HOCTH [BYX CHCTEM

x+y=2 - x+y=3
xy=3 xy =2,

nepBad U3 KOTODHIX pelleHWi He HMeeT, a pellleHHeM BTopoii
CHCTEMBI ABAAIOTCA napsel unucea (1; 2) u (2; 1).
Ilpumep 3. Pemwure cucreMy ypaBHeHUit
x2+3xy+2y%=3,
5x%-2xy—-y?=>5.
Pemenune., YMHOXXMM IIepBO€ ypaBHEHHE CHCTEMBI Ha
-5, BTOpoe — Ha 3 M CJ0XXUM IIOYJEHHO IIOJy4YEeHHBIEe YpaBHe-

HUA. I/IMeeM ONHOPOAHOE OTHOCHTEJIbHO X U Y YypaBHE€HHE BTO-
poii crenenu 10x% — 21xy — 13y2 =0, KOTOpOEe DPaBHOCHJIBLHO

x=—§y,

Lo 13

3aTh, Halasa KopHM TpexusaeHa 10¢% — 21¢ — 13).

COBOKYIIHOCTH JABYX YpaBHEHHIH (3TO JErKo moka-
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HTak, ucxogHas cHCTeMa YpaBHEHHUH PaBHOCHJIbHA COBO-
KYIIHOCTH ABYX CHCTEM

x? +38xy +2y? =3, x* +3xy +2y* =3,
u 5
y=-2x y=1—§x,

femaﬂ KOTOpble  HAXOJHMM _ OTBeT: (1; -2), (-1; 2),

13 5 13 5
V138’ «/138]’( J138° 138 )

3aMeuaHune. AHAJOrMUYHLIM 0OpPAa30M K OZHOPOLHOMY
YPaBHEHUIO BTOPOM CTEelleHM OTHOCUTEJBHO X H Y CBOAUTCH
Jiobasi cucTeMa ypaBHeHUI BHAA

a,x*+b,xy+cy?=d,,
a,x®+b,xy+c,y?=d,.

IIpumep 4. Pemure cucremy ypaBHEeHHH

x(y +2) = 20,
y(x+2)=18,
2(x+y)=14.

Penienue. Cil0XHUB NOYJIEHHO BCEe TPU YPABHEHUS CHCTE-
MEI, UMeeM:

2 (xy +xz+yz)=52, 1. e. xy+xz+yz=26.
IlopcTaBisss B mocjefHee PABEHCTBO 3HAYEHHUA XY + X2,
Yyx + Y2, 2X + 2y U3 [epBOro, BTOPOrO U TPEThEro ypaBHEHUMH
CUCTEMBI COOTBETCTBEHHO, IIOJYYHM CHUCTEMY, PABHOCHIbHYIO
HUCXOJHOM:

yz =06,
xz =8, (1)
xy =12.

ITousrenHO MEePEeMHOXKUB BCe Tpu ypaBHeHHA cucteMsl (1), mo-

ayuum (xyz)? = 242, orxkyna xyz = 24 uau xyz = -24. Ilog-

CTaBJIAA B KaXXJ0e U3 IOJYYEeHHLIX PABEHCTB 3HAUEHUHA Y2, X2

U XYy U3 [IepBOr0, BTOPOTO M TPEeThero ypaBHeHui cucreMsl (1),

HaXxOoJuM JABe TPOHKH perneHuii: (4; 3; 2), (-4; -3; -2).
IIpumep 5. Peuiure cucremy ypaBHeHHA

x? =6x—|y -3,
y2 =xy-9.

Pemenue. Ilycte (x4 y,) — peiteHune cucrembl. Torza
6x, — x2 =|y, — 3|, oTkyzna (BBUAY HEOTPUIATEILHOCTH MOLY-
as) 6x, —x% >0, 1. e. 0 < x, < 6 (1). U3 BTOPOrO ypaBHEHUs

y2 +9
CHCTEeMBl HMeeM X, =

(oueBugHO, uTOo Y, # 0). Eciau
0
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yi+9

Yo
x, = 6. B atom ciayuae y, = 3 (Hanpumep, U3 NepPBOro ypaBHe-
Husa cucremsl). Ilogcrasiasa napy (3; 6) Bo BTropoe ypaBHEHHe
cucreMbl, ybexxmaeMcsa, UTO OHA fABAseTcs pemieHueM. Eciu

Yo > 0, TO

26, r.e. x, > 6 u, yuurniBaa yciaosue (1),

Z+9
e y,<0,Tox, = y(; ~6, uTO IpPOTHUBOPEUYHUT ycaoBuIO (1).
0
YnpaxHeHus

YPABHEHWSA BbICLLUWX CTEMNEHEW

Pemrure ypaBHeHue (cmocoG0oM pasJIOyKeHHMA JIeBOM YacTH Ha
MmuOoxuTteau) (1—8):
9.1. a) x®*+x2-4x-4=0; 6) 3x%+ 5x%2+ 5x + 3 =0;
B) x* - x2-81x+81=0; r) x>+ 3x2-16x - 48 =
9.2. a) x*+2x*-x-2=0; 6) x*-3x3+x-3=0;
B) 2x*+ 3x%+ 16x + 24 = 0;
r) 24x*+ 16x%®-3x-2=0.
93. a) x®*+3x?-6x-8=0; 6) x3+ 5x%2+15x+27=0;
B) 8x®-6x2+3x-1=0;r) 27x% - 15x2+5x-1=0.
94. a) x*+1991x + 1992 =0;
0) (x+1)2 (x+2)+(x—1)2(x—2)—12
B) x +4x2-5=0;
r) x3-3x%2+2=0.
9.5. a)x—3x2 6x+8=0; 6) x?|x—-3|=6x-8;
B) x*+8=38x|x + 2|; r) x|x®-6|=3x%-8.
96. a) 28x®*+3x2+3x+1=0;
6) 126x®-3x2+3x-1=0.
9.7. a) (x2+4x) (x*+ x —6)=(x®—-9x) (x? + 2x — 8);
6) (x2+ 5x) (x% - 3x — 28) = (x® — 16x) (x2 — 2x — 35).
98. a) x*—-x*-183x2+x+12=0;
6) x*-x-Tx2+x+6=0.

Pemnre ypaBuenne (9—11):

9.9. a) ax®-2x%- 5x + 6 =0, ecIu U3BECTHO, YTO OFUH K3
ero KopHe# paBeH —2;
6) x®+ax®-5x+ 6 =0, eciu U3BECTHO, YTO OAUH U3
ero KopHel paBeH 3.

9.10. a) x®* - x2+ax +12=0, ecin U3BECTHO, UTO OAUH U3
ero KOpHei paBeH —3;
6) 2x%+ 11x% + 17x + a = 0, ecau M3BECTHO, YTO OAHH
U3 ero KopHeii pasex —0,5.

9.11. a) x*+4x-1=0; 6) x*-4x*-1=0.
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Pemute ypaBHEHHE, BBINOJHHUB IOAXOAAINYIO 3aMeHy Iepe-
MeHHO#H (12—17):

9.12.

9.13.

9.14.

9.15.

9.16.

9.17.

9.18.

9.19.

9.20.

9.21.

a)
B)
a)
6)
B)
T)
a)
6)
B)
r)
a)
6)
B)
r)
a)
6)
B)
r)
a)
6)
B)
r)

Ox*-37x2+4=0; 6) 25x*+ 66x2-27=0;
x5 +9x3+8=0; r) 27x% - 215x3 -8 =0.
x*—(a?+ 3) x?2 + 3a%=0;

x* — (a® + 2) x%2 + 2a® = 0;

x® + (a® — 8) x® - 8a® =0;

x8 + (8a® + 27) x® + 216a% = 0.

(x%2 - 2x)? - 3x%+6x — 4 =0;
(x2 — 3x)2 — 14x2 + 42x + 40 = 0;
(2x%+3x — 1) - 10x%2 - 15x + 9=0;
(x2-5x+7)P-(x-3)(x-2)-1=0.
(x - 2) (x - 3) (x — 4) = 20;
(%% - 8x) (x - 1) (x - 2) = 24;
(x2-5x) (x+3)(x—8)+108 =0;
(x + 4)2 (x + 10) (x — 2) + 243 = 0.
x(x+4)(x+5)(x+9)+96=0;
x(x+3)(x+5)(x+8)+56=0;
(x—4) (x-3) (x - 2) (x - 1) = 24;
(x-3)(x—-4) (x-5) (x —6)=1680.
4x? — 2 |2x — 1| =34 + 4x;

9x2+ 2 |8x + 2| =20 - 12x;
xt+x?+4|x?-x|=2x%+12;
xt+4x*=30 - T |x? + 2x| — 4x2,

Ilpu kakux 3HAYEHUAX IapaMeTpa G YypaBHEHHe

x*-(a+1)| x|+ a=0 umeer Tpu pemenus?

ITpy kaKmx 3HaYeHHMAX I[apaMeTpa a YypaBHEHUEe

x*— (8a - 1) x% + 2a? ~ a = 0 umeeT ABa pelIeHUA?
Ilpn Kakwux

3Ha4YeHUAX TIapaMeTpa a YpaBHeHUe

(x?2-2x)> - (a + 2) (x% - 2x) + 3a — 3 =0 ummeeT UeTHI-
pe pelreHusa?
CKoJbKoO pemleHuit uMeer ypaBHeHue (x + 2)% (x2 + 4x +
+ 5)=a (a - 1) B 3aBUCHMOCTH OT a?

PemniuTte ypaBHeHHe MeTOJOM 3aMeHBI repeMeHHoO# (22—32):
9.22. a)

6)
B)
r)

x?2_4x+1

3 x? =3-4x;

2
S a —el
x2—4|x|+1

16 3 20 _1
(x+6)(x-1) (x+2)(x+3)
6 . 8 -1
(x+1)(x+2) (x-1)(x+4)
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9.23. a) 6(x2 +i)+5(x+%)—38=0;
+

9.24. a) x* - Tx®+ 14x> - Tx+1=0;

6) 2x*+ x3 - 11x2+x+2=0;

B) 6x*+ Tx® — 36x%2— Tx + 6 =0;

r) 78x* — 133x% + 78x% - 133x + 718 = 0.
9.25. a) x*- 5x®+ 10x%2 - 10x + 4 = 0;

6) x*—x3-10x2+2x +4=0.
9.26. a) (x + 5)* — 13x% (x + 5)2 + 36x* = 0;

6) 2(x-1)*"-5(x2-3x+2)2+2(x-2)*=0.
9.27. a) 2(x2+x+1)2-T(x-1)2=13 (x3-1);

6) 3(x+2)°%+2(x2—2x+4)2=5 (x* + 8).

2
9.28. a) 1—_35—2?=12x2 +T7x—6;

4xt L,
6) 2x+l+m—5x.

9.29. a) (2x2-3x+1) (2x2+ 5x + 1) =9x?%;
6) (x+2)(x+3)(x+8)(x+12) =4x2

24x 12x
930. 8) o gard PTrxiz
4x 5x =_15
x2+x+3 x2-5x+38 I
x2-10x+15 _ 3x .
x2-6x+15 x2-8x+15’
x2+5x+4 x2-x+4 13 _

?

9.31. a)

6) x2-Tx+4 x%2+x+4 3 0.
9.32. a) x? PRSI S 6) x2 05
e (x+1)2 7 (x-3)2

Peunre rpadpuuecku ypapenue (33—38):

9.33. a)3—x2=%; 6)2—2x—x2=;i_3.
2
9.34. a) Vx+3=12 ;2" +1; 6) 1+1/2_x=%.
9.35. a) 1 - x®=+3-x; 6) v2x+4 -1 =(x + 1)
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9.36.

9.37.

9.38.
9.39.

9.40.

9.41.

9.42.

9.43.

9.44.

9.45.

a) (2 — x) = 2x — x% 6) (x+2)3+%+2=0.

4
R PT

a) (x-1¥=|x2-4x+38]; 6) 1+ 2x—x%=,|x-1].

=|x-2,5|-1,5; 6) |8-—x|-383=2|x|-x2

Ilpy Kakux 3HAYEeHMAX IapaMeTpa @ YpaBHeHHe
|x+8|=a|x—-2| wumeer eauHCTBeHHOE pemieHue?
HaiiauTte 3TO pelieHue.

CKOJIbKO pelleHuii uMeeT ypaBHeHne v4—x? =|x|+aB
3aBHCHMOCTH OT a?

CKOJIbKO pellleHUi uMeeT ypaBHeHHe V1 —x2 =|x —a|B
saBucumocTy oT a? HaliuTe pelreHue ypaBHEHUS B TOM
cIydae, KOTZa OHO eJHHCTBEHHOE.

Haiiagute Bce 3HaUueHus rnapamMerpa b, mpy KOTOPHIX ypaB-
x2+(8b-1)x+2b2-2
HeHHe =0 u©MeeT OJZHO peIllieHHeE.
x2-3x—-4
Haiignte 3HaUeHNA ImapaMeTpa k, IPH KOTOPLIX ypaBHe-
e x2+(3-2k)x+4k-10

N2x2-2x-1

Ilpu xakoM 3HaueHWH a ypaBHeHume x'° —a |x|+ a? -
— a = 0 uMeeT eAUHCTBeHHOE peleHue?

1990 4244

2 x2+1

= 0 uMeeT OOHO pellleHHe.

ITpu xaKoM 3HaUeHUU a YpaBHEHHUE +a? =0

HMeeT eINHCTBEHHOe peme}me?

YPABHEHWUSA C ABYMS NMEPEMEHHBIMU.
3AOAHVE ®UTIYP HA KOOPOUHATHOW NNOCKOCTHU
YPABHEHUAMW N HEPABEHCTBAMU

Hatigure Bce mapsl umceln (X; y), YVZAOBJIETBODSIOUINE COOTHO-
meHuio (46—51):

9.46.
9.47.

9.48.

9.49.

9.50.

a) xy—2=2x-y; 6) yvx-1=y-Jx.

a) 9x2+4y*+13 =12 (x + y);

6) 20x%+ y® —4xy +24x+9=0.

a) x*+2,5y° + 8xy —y + 1=0;
x2+y?+x+y

6) —=——=2,/xy.

) ﬁﬂ/? 2. /xy

a) (x2+4) (y*+1)=8xy;

6) x%y’ +x*+y* - 14xy + 2x - 2y + 87 =0.

a) (x>+2x+2)(y2—4y +6)=2;

6) (x*—4|x|+5)(y*+6y+12)=3.
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9.51. a) x;:1=,/4—1y|;

9
6) \/4x2 -20x+25 +‘-\/§—x‘=6—;5—_2—x"

MN3006pa3uTe Ha KOOPAMHATHOHN ILJIOCKOCTH MHOXKECTBO TOUYEK,
KOOPAMHATBI KOTOPBLIX (X; Y) YAOBJIETBOPAIOT YPaBHEHUIO
(562—65):

9.52. a) |y|=2 - x; 6) ly|=8x -4

B) ly+1|=2-x; r) |y -2|=3x-4.
9.53. a) ly—-x|=1; 6) ly+x|=38

B) |y -x|=x; r) |y+x|=
9.54. a) x%2-9y%=0; 6) 4x% - 25y2=0

B) x2-3xy+2y?=0; 1) 3x2+ 10xy +3y>=0
9.55. a) (y—-2P2=(x+1)% 6) Qu+x—-1)2=@Bx—-y+1)%
B) [y +2x-2|=|x-y+3]; r) y?+4y=x?-4x.

9.56. a) |y|=9 - x% 6) |y|=x%- 4x;
B) |y|=x%-6x + 8; r) |y|=8+ 2x — x
9.57. a) x|y|=-2; 6) |lyl(x+1)=1;
B) |y|=vVx+2-1; r |y|=1-V1-x.
9.58. a) y?=0,5x; 6) y?=-2x;
B) Y2 -4y - x+5=0; r) ¥ ’+y+x-0,75=0.
9.59. a) |y|=2|x|- x¥ 6) |y|=x%-4|x|[+38;
B) |y|=|2x - %*|; r) |y|=]x*-4x +3|.
9.60. a) x2=y% 6) x2—6x+ 9=yt
B) |x|=y? - 2y; r) |x|=y*-3y+2.
9.61. a) |x|+|y|=2; 6) |x-3|+|y|l=1;
B) |y|-[x|=3; r) [[x|-lyll=2
_ —x2? 2 _
9.62. a) ETDW- T3 _, 4 AW -0,
y-1 y<-1
2 _,,2 2 2 _ —
5) (x*-y )2(x :y 4)20; r) (x y)(xy+2):0_
x%+y x+y
1 1 1 1
9.63. _—= - — 6 +—= +—;
a) x V-3 ) x+ =y y
1 1
B x+ = +— r)\x+— —_—}y+_|.
)I ‘ ly| |y| x Yy
9.64. a)x+y=2x, 6) x2+y?—-4x + 6y =12;
B) x2+y?=2|yl; N 2+ -2|x|+4y+1=0.
9.65. a) x* - 2x2=y?+ 2y; 6) x2 - 2x = y* + 2y%

B) ¥t —2x2=y?2+2yl; 1) x*-2|x|=y*+ 242
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N306pasuTe Ha KOOPAMHATHOMN IIJIOCKOCTH MHOXKECTBO TOYEK,
KOODAMHATHL KOTOPBIX (X; ) YIOBIETBOPSIOT HEPABEHCTBY
(66—72):

9.66. a) y > 3|x|-2; 6) y<|3x-2];
B) |y|>8x-2; r ly|<38|x|-2.
9.67. a) (x-1)(y +2) > 0; 6) (x|-1)(y+2)<0;
B) (x-1)(y|+2)<0; r) [x-1[(@y+2)>0.
9.68. a) xy < 2; 6) |x|y > 2;
B) x|yl > 2; r) |xy| < 2.
9.69. a) y > x> -4 |x|+ 8; 0) y <|x?-4x+3];
B) |y| > x? - 4x + 8; r) ly| <|x?-4x+3|.
9.70. a) x? > y?; 6) x* <y
B) x* > y% r) y* < x2,
9.71. a) y > ./|x|+1-2; 6) y+2<.|x+1;
B) y <|2-Jx+1]; r) |yl+2>Jx+1.

9.72. a) |x|+|y|<8;

6) |[x-2|+|y-8|<o0;

B) lyl-|x|>2;

r) x2+y*-2|x|+4y+1<0.
H3zo6pasnuTe Ha KOOPAMHATHOH IJIOCKOCTH (QUIYDPY, 3aZaHHYIO
HepaBeHCTBOM, M BBIUHMCJIUTE ee miuomiaab (73—76):
9.73. a) x%+ y? < 4x;

6) x>2+y?2<4ly|.
9.74. a) x2+y?+3< 4 |x|;

6) X2+ y2+1<2(x|+]|y).
9.75. a) (2Vx—./y)? <4(1-.xy);

6) Bxy+(x—xy —y)x+xy —y)<4.
9.76. a) |x|+|y|+|x-y|<2;

6) [x-1|+|y+1|+|x+y|<2.
M306pas3nuTe Ha KOOPAWHATHOM IJIOCKOCTH (bHUTYypY, 3aJaHHYIO
CHCTeMOM HepaBeHCTB, M BBIYMCIHUTE ee mnaomans (77—78):
9.77. a) [x% +y? <4(x+y-1), 0) [|x-1+ly-1>1,

y={x-2; |x—2+ly-2/<2
9.78. a) |x—y|<i, . 0) {y< 1-xZ,
—+-1<0: < _ 2
(x+y)(x+y] 0; x<J1-y2.
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"PAPUYECKOE PELUEHME CUCTEM YPABHEHWUA
Pemure rpaduyecku cucreMy ypasHenuii (79—86):

9.79. a) x+y =25,
xy=4

9.80. a)

9.81. a)

9.82. a)

9.83. a) |y+|x? +6x+8l

9.84. a)

9.85. a)
Y+ (x - 2| = 4;
9.86. a)

6) [x+y =4,
x% +y?
xy =2,

x% +y?

6) [(x- 1)2 +(y+2)2—
2

x? + —13

y=

6)

6) |y +|x? +6x+5|

x% +6x+9y +45= O
y+bx=12,

ly -1 =(x-1)2.

x? +y? +7=4y—14x,
ly-2/=x+3.
{|y|=(x—2)3,

x2 +y? =6x-8.

6)

6)

{2
fi
i
{yy
e
e
1
{
v

CUCTEMbl JIMHEWHbIX YPABHEHMA WU CUCTEMBbI,

CBOAALLMECSH K HAM

Pemunre cucremy ypaBHenuit (87—99):

9.87. a) [x+y=3,

x-y=1;

B) |x+2y =25,
{-—x+7y=13;
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6) {2x+3y =3,
2x—-3y=9;

r) [8x+5y =8,
-3x+y =-2.



9.88.

9.89.

9.90.

9.91.

9.92.

9.93.

9.94.

9.95.

9.96.

9.97.

a) r7Jt:—3y_53t:—y_x+y
! 5 3 2’

x-1_ y+1
[ 5 8’

6) [0,5(y +0,5x)—0,2(x+2)=1,1,
x+4=0,25(2x+3(y — 0,5)) +2y.

a) |3_4_4 6) |x=1 ¥+1_4 a5
x y 2x 3
E+é=4,5; §—2=3,5.

x Yy x Yy

a) [ 6 . 5 _o 6) [ 5 ,8_5
x+y x-y ’ x+2y y
3 2 10 2
x+y x-y x+2y y

a) [ 11 18 6) [ 3 (-
2x—3y+3x—2y_13’ 2x+y+x—y 19,
27 2 5 2
3x—2y—2x—3y_1’ x-y 2x+y_1’15'

a) {4x+5y=12+5ﬁ, 6) {2"‘2{6:6‘2‘5’
2x— Ty = -1; - =

a) [y—x=1, 6) |x+y=3,
x+|y|=1 3ly|-x=1;

B) |x+|y|=2, r) [3|x|+2y=1,
3x+|y|=4 2lx|-y=3

a) [|x|+y =5, 6) [x+3|y|=2,
x+4y =5; S8x-y=1;

B) |x|+y—2, r) x+2|y1—3,
3x+y=4; x-3y=>5

a) {x+|y|=3, 6) {2’x‘+3y—8,
[x]—y=—1, 2x—|y|=—4,

B) J|x|+y=3, r) |2|x|+y=4,
x+2|y|=4; 4x+3|y|=12

a) |x+y=2, 6) [x+2y=2,
|18x—y|=1; |2x - 38y|=1

a) [|x-2]+|y-5]|=1, 6) ||x-2|+2ly-1|=2,
y—|x-2|=5; x+|y-1]|=35
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9.98. a) {[x—1|+y=4, 6) {x+ly+1|=7,

x—ly-2|=8 |x-1]+y = 5.
9.99. a) ||x+2/+|y|=2 6) [|x-3/+y-2/=3,
y+2=|x+2; y+lx—38|=5.
9.100. Yucna x, y ¥ z cCBA3AHBI COOTHOIIIEHUAMH
P x 8y z

+—+
77274y, 27874

=1. Haigure 2
z 2

9.101. HaiiguTe BCe 3HaUEHUS IapaMeTpa @, IIPU KOTOPBIX CH-
creMa:

a) 3x+Ty = 20, 6) [(a+)x-y=a,
{ax+14y=15; {(a—3)x+ay=—9

HMeeT eJUHCTBEHHOE pellleHNe.

9.102. HaiiguTe Bce 3HAYeHUs IapaMerpa b, IPpH KOTOPHIX

cucrema:

a) [px-8y=12, 6) [b+1)x+y=3,
{2x—6y=15; {2x—-(b—2)y=6

He MMeeT pellleHnH.

9.103. Haiizute BCce 3HaueHMS IIapaMeTpa C, IPH KOTOPBIX
cucTeMa:
a) [15x+cy=8, 0) [x—(c-1y=2
5x+10y =1; (c+2)x+2y =4-c?
uMeeT 6ECKOHEUHO MHOIO pEelIeHHIH.
9.104. HaiiguTe Bce 3HauYeHUdA IapaMeTpa Kk, IIPH KOTOPBIX
npamele 3x + 2ky=1ud3(k-1)x-ky=1:
a) IlepecekaloTcs B OOHOI To4yKe; 6) COBIAJAIOT;
B) He UMeIOT OOIHX TOYEK.

9.105. Halizure Bce 3HaueHUA mHapaMeTpa @, OPH KOTODPBIX
BRIDAaXKeHHE Xj +Y3 NPUHHMAET HaMMEHBILEE 3HaYe-
HUe, I'Ae (Xy; Yo) — DelleHne CUCTEMBl YPaBHEHUH

3x—-y=2-a,
x+2y=a+1.
9.106. Ilpu xaxkuX 3HAUYEHUAX a4 U b cucreMa ypaBHeHHH
atx-ay=1-a,
{bx+(3— 2b)y =a+3
UMeeT eTUHCTBeHHOe perreHue (1; 1)?

9.107. HailizuTe Bce 3HaUEHUA 4, IPH KOTOPBIX CUCTEMA ypaB-
HEHHI UMeeT eJUHCTBEHHOE pellleHHe, YKAXKUTe 3TO pe-
HIeHHUe:
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a) {3|x4+y=z, 6) {x+Iy|=3,

|x|+2y =a; 2x~|y|=a;

B) {x+y=a, r) {ax—y=3a,
y-|x[=2 y—|x|=1.

Pemnre cucremy ypasHeuwuii (108—110):

9.108. a) [x+z=4, 6) [x+y=-2
y+z=25, y+z=-1,
x+2y+4z2=1T; x+2=3;

B) |x+2y=>5, r) |lx-y=1,
y+22=12, y+z=1,
2+2x="1; 2—-x=-2.

9.109. a) {x+1_y—2_z—1 6) {x—ﬁ_y+4_z+2

2 1 " -1 3 -2 -2’
3x—2y+2-3=0; 2x-3y—-2+16=0;

B) |x+y+2=86, r) [x+2y+z=4,
y+z+t=9, y+2z+t=4,
Z2+t+x =8, 2+2t+x =4,
t+x+y="T; (t+2x+y =4.

9.110. a) (2x+y—-z+v=5 6) [x+y+2z-v=11,
2x+y—z+t=11, x+y+2z+t=13,
2x—-z+v+t=1"7, Jx+y—-v+t=15,
2x+y+v+t=-1, x+2z-v+t=1,
y—-z2+v+t=0; ly+2z2—-v+t=0.

HE/TMHENHBLIE CUCTEMbI YPABHEHUW
Meron noacraHoskun n anrebpanyeckoro ClOXeHus

SIBnAloTCA M PaBHOCUJABHBIMM CHCTeMbI ypaBHeHuil (111—
115):

9.111. [2x-3y =0, x 12xy=3y%,
5x% +2y =3 5x2 +2y = 3?
9.112. |3x-5xy +1=0, " 3x—-5xy+1=0,
4x—y =2 (y —4x)? =4?
9.113. [x* +y® =5 J(x+y)’ =9,
xy =2 xy =27
9.114. Jx-y=1, " (x-y)(3x? +4|y|)=3x2 +4|y|,
x+y=2 x+y =27
9.115. Jx+y =3, . [xry=3
9-3xy=4 x% —xy+y? =47
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Pemnre cucremy ypaBuenuii (116—128):

9.116. a) {

|

B)

9.117. a)
B)
9.118. a)
B)
9.119.

a)

B)

9.120. a)

9.121. a)
B)
9.122. a)
B)
9.123. a)
B)

9.124. a)

132

x(y +1) =16,
x J—
y+1
(x+2y)2x—-y+1)= 6
2x-y+1 2.

x+2y

.
bl

x+y =3,

6)

1

x-1_
y+2 -

b

(x-1)% +(y +2)? =45

3x+y=2(x-y),

6) Jx-3y+2=(x+y)?,

2 +y? =13,

+y? =5,
+ytx? =80.
—y® =124,
+xy+y? =31
+3y =1,

+4y =12,

:xy,

(8x+y)? +2(x—y)? = 96.

(x+y)2 +(x—-38y)* =8

—4y? +4y +x5 =1.

$ +y3 +xy? +x%y = 65;



B) |x? +xy = 6x, r) |x%y=3x,
x? +y? =3(x+y); x* +y“ = 6xy.
9.125. a) Jy? —x%2 =4-4x, 6) —-1=4x? +4x,
x% +y? - 3xy =4; 4x2 +y? +3xy =1.
9.126. a) [|x|+y =1, 6) x|+1y|—
x? +y? =5; xy
9.127. a) {\x|+y2 =13, 6) {|x|+y =5,
x+yl=-1 | x|+]y|=3.
9.128. a) |x|+y2 =35, x|y|——1,
xy? =-4; x?2 +y? =2
9.129. Yucrna x, y ¥ 2 CBA3AHbI COOTHOIIEHUSIMH
8 _4
x+y 2’
3 4 4
—_—_ = —t—
x y =z

. x
Haiigute orHomenue —, ecam 0 < x < z.
2

Pemnre cucremy ypaBuenuii (130—138):
9.130. a) |x3 +y? =7, 6) Jx2 —y® =65,
x?y +xy? =-2;

9.131. a) {xz —xy = 2 6) { — |xy|
y: —xy=- y? —|ey[=-1
B) {x +x2 y 20, r) {x“ - 3x%y? =4,
y* +x%y? =5; y* +x%y? =
9.132. ){x+y 5xy, 6) {7-—x+y—xy=0,
x—-Yy=xy; 5-y+x—xy=0;
B) {xz -x+1=y, ) { -bxy+3x-2y =2,
y2 —y+l=x; S5xy —2x% +Tx—8y = -22.
9.133. ){12x +2y? — 6x+5y =3,
18x2 +3y2 - 6x+8y ="T;
6) {x +2y% — 3x— b5y = —4,
—2x% - 6y? + 2x+15y = 6;
B) {Qy +6xy —4x-9y+2=0,
27y? + Bxy — 2x— 42y +16=0;
r) {3x2 +xy—-18x—-4y+24=0,
5x2 + xy —24x -4y +16 = 0.

133



9.134. a {x +y=2 6) [x? +2y =6,
y:+x=2; y2 +4x=09.
9.135. a) |x2+2y+1=0, 6) Jx%2 +y2 -2x=0,
y:+2x+1=0; 2 - 2xy+1=0.
9.136. a) Jx% - 6y=-14, 6) |9x2 +12y = -5,
{yz 4x =1; { - 6x =-b.
9.137. a) J(x+xy? +y?)x+y?)? =225,
{(x xy? +y )(x+y )2 = 25;
6) [13x*y?® - 6y*)xy? =356,
{(5x y® - 6y*)xy? =100;
B) {(x+2y)2 +(x+2y)(x+y) 28,
(x+y)? +(x+2y)(x+y)=21;
r) {x" +2x?2 y+xy -x-y=2,
y® +2xy? +x%y+x+y =6.
9.138. a) |x?+y?+2xy—y+x=0,
{x +y? +xy+y+2x=2;
0) [x®+y3 +2xy-x-y=2,
x¥ +yd —xy+2x+2y=>5.

Meron no4neHHOro yMHOXeHus
Y geneHns ypasHeHWiA CUCTeMbI

Pemunure cucremy ypaBHenmit (139—147):

9.139. a) [x5y? =32, 6) |x%y® =64,
x"y® =128; 8 =256.
9.140. (x+2y)x-y)=4, (x+y)3 (x-y)? *-27
(x+2y)x+y)=12 (x-y)?(x+y)? =
9.141. a) |(x+y)xy =6, 6) xyz—x 9,
(x— y)xy % xy -18;
B) |x+xy? r) Jx+ y+xy =6,
xy +xy? x? +x2y? +x2yt =12,
9.142. a) xy +x y——lO, 6) |x?2 y +x y2 =12,
xlyt +x y2=20; x3yt +xtyd =24.
9.143. a) |xy 0) |x-— xy O
xy? ——xy 8; xy
9.144. a x* =3x2y + 20, 0) |2x8 =x* y +1,
y2 =2x%y - 5; 3y =x'y* +2
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9.145. x%2 +3xy+x+3y =38,
3y? + xy—-2x— 6y = —4,
6) |2x2 —xy—-8y? +x+y =6,
2x% - Bxy+3y? +x—-y=2.
9.146. 2) Jx* —xy+y* =T, 6) [x? +xy+y? =35,
x* +x2y? +y* =91; x* +x2y? +yt =21.
9.147. o) [x* —xiy+ay? - y° =5,
x3 +x?y+xy? +y® =15

x* +4y? — 5x%y? =45,
x2 +2y? + 3xy =15.

3ameHa nepemeHHo. CUMMeETpUYecKne CUcTemsl

Pemure cucremy ypasueuuii (148—164):
9.148. a) |(x+y)? -5(x+y)+4=0,

(x-y)? —(x-y)-2=0;

(x+y)2 —4(x+y) =45,

(x-y)? —2(x-y)=3.

x+xy+y=>5, 6) jxy—29=x+y,
x? +xy+y? =17 {xz +y? =x+y+72;
x - xy+y 1,

x? +y?+2x+2y=11;

x?2 +y? +43xy =4(x+y)-3,

2x+2y =5-xy.

xy+2x+2y 5,

x? +y? +3x+3y=8;

{
I
I
15
E
{x +y? —3xy +4x +4y = -9,
I
1
P
P
|

0)
9.149. a)
B)
r)
9.150. a)
0)
xy 3x-3y="T;
x% +y? +5x+5y +3xy =15,
x2+y?-x-y+xy=1;

2x? +2y -3x—-3y+xy=-1,
x?2 +y? -2x-2y+3xy =1.

B)
r)

9.151. a) [x* +y +x% +y? =92,
xy
x +y +x* +yt =274,
xy

6)

9.152. |x|+|yl— 6) {7x|+lyl=3’

x? +y? x? +y? =5,

E
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9.153.

9.154.

9.155.

9.156.

9.157.

9.158.

9.159.

9.160.

9.161.

9.162.
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a)

a)

6)

a)

6

N’

a)

a)

x} —y3=T(x-y), 6) Jx+xy+y=7,
(x+1)(y +1)=6; x? +xy +y? =18.
(x-)y-1)=1, 6) J(x-2)(y-2)=4,
xly+xy? =16 x2 +y? +xy=3
(x2 -x)(y?-y)=72, 6) |J(x+y+1)? —x-y=31
(x+1)(y +1) = 20; xy = 6.
xy+x-y="1, 6) Jx?y-xy? =86,
x?y—-xy? =6 xXy+x-y=-—
2y x _
s ¥ 6 ~X_2
s t3=3 ) |xy -
x,3_3, y _1
2"y "% W=y
x+y = 1,1 1
x_y+xy—5, r) xy+x+y—2,

+6(x—y)_ ) xly+xy? =-2

x+y i

i‘i_i:E 6) x+2y y-3x
y X 2, y =1,
x_¥._3, x|y|+x? +y? =1+2x
y x 2

2 2
2|2 +% |_9|X+¥ |+14=0,

y? | xZ v
x? +y? =5;
A W
y2 x2 y x’
(x2 +y? =2

2 +y? +2x%y =2xy +9,
x+3 x2y +y;

+3xy=2(§+1),

2(x%y? +xy)=37x+1.
x3+xy2—10y, 6) |x3y+2x2y? +xy® =4,
x+x2y+y*="Ty; x+y+xiy+yix=4.

2 yxy+2x+y=17, 06) |x?+xy+x+y=-2,
y +xy+x+2y =11 y:+xy+x+y=1.



9.163. a) [x(x+1)(3x +5y) =144,
{x2 +4x +5y = 24;
{x(2x+1)(3x +10y) = 144,
x% +2x+5y =86.
9.164. a) [x3 +y?® +2x%y+2xy? =21,
2x3% +2y3 + xly+xy? =24

x2y? —xy+x+y+2=0,
x?2 +y? - 2xy+4x+4y+8=0.

CuctemMsl 0AHOPOAHbLIX YPaBHEHNIA
v NPUBOASILUNECS] K HAM CUCTEMBI

Pemure cucremy ypaBuenuii (165—176):

9.165. a) |x%2 - 3xy+2y?2 =0, ©6) |x? +xy—6y? =0,
x? +y? =20 x? - bxy +2y? =—4;

2x? —3xy +y? =0, r) Jy? -2xy-3x2 =0,

y? —x? =12 —xy—2x% =4.

2x2 — 3xy + 3y? =80,

B)

9.166. a)

9.167. a)

9.168. a) |x? — 2xy-5y? =-2, 6)
3x% +2xy +y? =2;
2x% - 2xy+3y?2 =3, 1)
x? —xy+2y% =2

9.169. a) |x? — 3xy+2y? =0, 6)

x|y |+ylx|=2
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9.170. a) |x2 - 2|x|y+y% =4, 6)
x? - 3|xly-y? =8;
x? -y? =3, 06)

x? —y? =T(x-y);

9.171. a) {
x? - 2xy = 2x - 3y, 0) {2x—y=3x2y,

9.172. a)
y? —3xy =4x - 6y;
9.173. a 5 , 4 _13 6 [_2 . 3 _25
x2+38xy yi-xy 147
3 2 4

x2+xy yl+xy 6
8 1
xtrxy yl+xy

’

x2+3xy yi-xy T

9.174. a) x+2y+x 2y 0) 3x—9y+2x+y=4

x-y x+y =4 x+y x-y
x? +xy+y? =21; x? —y? =48.
9.175. a 2 2 2x2 -3y?
y R -1, 0) x +4xy+9xy 3y 5
—xy y2—xy 3xy—y? x2+2xy
8 _y3 =2 x? +y? =2,
9.176. a 3 2 4 6) [8 2 10
+——==, S4t=
2x-y x+y «x x Yy x+y
x? +2y? =72; x? +y? —2xy+2x-3y =1.

CuctemMbi ypasHeHWd ¢ TpeMst NepemMeHHbIMN
Pemure cucremy ypaBHenwnit (177—182):

9.177. a) (x+y =3, 0) |y—22=3,
y+z=-1, x+z=1,
xz=-8; x2+y?

B) x+y =3,
x+z=0,

xy+xz+yz=-1.

y—x=2,

2y—2z2=3,

2% +y? —x? =1;
9.178. a) (x+y+2z=6, 6) [xy
x+2y+z=25, yz-
x% +y? +2% =6; x? +z =10.
z-y=3, 0) x-1_ y+1 2-2
z2—x=4, 3 2 1’
x% +y? +22 = 30; x* +y* +2* = 26.
xy =2, 6) [xy%z3® =108,
X2 = _37 x2y3z = 24’
yz:-—ﬁ; x3yz2 =18.

9.179. a)

9.180. a)

——t— ———— —— ——
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9.181.

9.182.

9.183.

9.184.

a) (xy+yz=09, 0) 1 1 _ 7
yz+xz =8, x+y x+z 12°
xy +xz =5 <__l_+ 1 :i
x+y y+z 15’
1 1 9
y+z+x+z_%'
a) |x+y=2, 6) |[x+y+z=0,
xy +xz +yz =5, xy+yz=-1,
x2 +y? +2% =6; x?+y?+22=6.

Pa3Hbie cucremsi

Haiigure Bce mapbl unucern (x; y), Kaxaasd U3 KOTOPBIX
YIOBJIETBOPSIET CHUCTEME:

2) {y—lx—Zy +1|=3,
[yl+l-2+w-47 <5
6) {x+(3y—x—1)2 =2,
|x— 38| +[4—x|+(x-1)? < 4.
Haitaure Bce pelleHUsa CUCTEMBI YPaBHEHUI

(x-2)% +(y® -1)* =4,
x2 +y? =x-y,

yAoBIeTBOpsAiomue ycjaoBuio x < 0.

Pemure cucremy ypasuenuit (185—189):

9.185.

9.186.

9.187.

9.188.

9.189.

9.190

x% +5y? —dxy+2x—-6y+2=0,
3x? — 2y?2 + xy—-3x+2y—-1=0.

x2 - 2y? —xy+2x-y+1=0,
2x% —y? +xy+3x-5=0.

x? —xy+4=0,
x-2/+y? —4y =0.

Pemnre B 10J10KUTEIBHBIX YHCJIAX CHCTEMY YPABHEHHIH:

a) [x+2y+3z=6, 6) [x+2y+3z+4u=10,
l+g+§=6; l+g+§+é=10.
X Yy =z X Yy 2 u
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Pemrure cucremy (191—194):

9.191.

9.192.

9.193.

9.194.

9.195.

9.196.

9.197.

9.198.

9.199.

9.200.

140

+y +21 =3,
x%y? +y?z? + 2252 =3,

1=
{x+y+z—18
{

a) [x2 +y24+22=12 ©0)
xy+xz+yz=12;

(=)}

)

x+y+z—
x? +y? +z =3;

e
{x+y 2, 6)
"1

x?2 +y? +2%2 =108.
x+y =8,

xy—-2z% = zy-16=2*

x*+y?+8=z2, {xy 1,

x+y+4J1-4z2 =2,

Cuctemsl ypasHeHusi ¢ napameTpamm

IIpn kakoM 3HaueHMM IapaMeTpa 4 CHCTeMa ypaBHe-
HUH:

6x+2y—z22;

a) Jx+y=a, 6) |x+y=a,
xy =9; x?2 +y? =2

B) |2x+y=a, r |x+y=a,
y—-x2=1; y2+2x=1

uMeeT eguHcTBeHHOoe pelrrenue? Haiigure aTo pellieHue.
IIpy xaxkux 3HAYeHHUAX IIapaMeTpa M CHCTeMa ypaBHe-
. Jx2 +y? =m,

HHUHA x-y=m HMeeT eJUHCTBEeHHOe pemeHne?

IIpu kakMX 3HAYEHHAX [IapaMeTpa a CHUCTeMa ypaBHe-
HUI UMeeT ABa pelLIeHHUA:

a) jx2+y?2 =2(1+a), 0O) {xz +y? =a,

(x+y)? =14; (x+y)? =36;
B) Jx?2 +y? =1, r) Jx?+y? =2a-1,
Xy =a; xy=a-—-1?

Haiigure 4wMcao pelleHHl CHCTeMBI ypaBHEHHH
[x[+]y|=1,
B 3aBHMCHMOCTHU OT IIapaMeTpa a.

xZ +y2 _

CKOJIBKO pellleHHil B 3aBHCHMOCTH OT 4 UMeeT CHCTeMa

ypaBHEHHUH:

a) |x?2+y? =9, 6) |x?2+y? +10x =0,
|x|=y-a; =|x—a|?

IIpu Kaxkux 3HAUEHUAX lIapaMeTpPa d CHCTeMa yPaBHEHHIt

y-x2% =a,
x?+y? =4
uMeeT Tpu pemenua? Haitgure sty pemenus,



9.201.

9.202.

9.203.

9.204.

9.205.

9.206.

9.207.

9.208.

9.209.

Ilpu KakuX 3HAUEHMAX IIapaMeTpa p CHcTeMa ypaBHe-
HHH

{x2 +y? =9,
(py +x)(x— p/3)=0
nMeeT TPH penieHusA?
IIpu KakuX 3HaUEeHUAX mapaMeTpa b cucrTeMa ypaBHeHHUH
a){|x|+4lyl=b, 5){|x,+2.y|=1, B>{|yr+x2=4,
ly|+x? =1; ly|+x? =b; x2 +y? =b
MMeeT YeThIpe Pa3JUYHbIX pelreHudA?
IIpu KaKMX 3HAYEHUAX IapaMeTpa ¢ CUCTeMa YpaBHEHUH
{3|x|+|y |=¢c,
x? +y? =1
MMeeT BOCEMb Pa3JIMYHBIX PelIeHui?
Pemnre cucremy ypaBHeHu

_x_.___.y_+1:0’

a+3 a+2
y 2
x y—2—1’

rae a > 0, 1 JOKaXHUTE, YTO €CJAHN @ — IIeJIO€ IHUCJIO, TO
AJA KaXKIOoro peineHusd (X; y) ZAHHOUA CHCTEMbI YHCJIO
1 + xy aABiAseTCa KBaJpaTOM II€JIOr0 YHCJA.

IIpu kakux 3HaUeHMAX IIapaMeTpa a@ CHCTEMAa ypaBHe-
& x? +y? +2xy—-6x-6y+10—-a =0
x? +y? - 2xy-2x+2y+a=0
oxHo penieHne? PemuTte cucTeMy Nnpu HalaeHHBIX 3HA-

YeHHUAX a.

HHU > UMeeT XOTA OBl

Haiigure BCe 3HaueHUs TapaMeTpa @, IIPU KOTOPBIX CH-
x? +(y-2)% =1,

2 uMeeT XOTa Onl
y=ax

cTeMa ypaBHEHMH

OAHO pellleHHne.

HajiauTe Bce 3HaUeHMA MapaMeTpa d, HPHU KOTOPHIX
okpyxHocTH X% + y? =1 u (x — a)® + y? = 4 Kacawres.

Ha#iznte Bce 3Hayenmsa mnapamerpa a (a > 0), npu
KOTOPBIX OKpy»XHocTH x?+y*=1 umw (x-38)*+
+ (y — 4)* = a? kacalorcsa. Haiiiure KOOPAUHATEI TOYKHU
KacaHus.

Haiinure Bce 3Hauemuma a (a > 0), Ipu KOTOpHIX
OKDYKHOCTh x2 + y? = a? Kacaerca mpsamoii 3x + 4y =
= 12. HaiiguTe KoOpAMHATEI TOYKH KacaHW.
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9.210. IIpamasa y = 5x + @ TPOXOAUT Yepe3 LEHTP OKPYMKHO-
ctu x% + y? — 2x + 4y = 21. Haiiaure KOOpPAMHATHEI TO-
4YeK IlepecedyeHUus IIPAMOM U OKPYKHOCTH.

9.211. IIpn KaxKoM 3HAYEHMHU IlapaMeTpa a IpaMas y =x + 1
6yZeT mpOXOAWUTH Yepes IEHTP OKpyx»HocTu (x — 1)% +
+ (y — a)? = 8? HailiguTre KOOpDAMHATHI TOYEK Iepecede-
HUSA IPAMON U OKPYXKHOCTH.

9.212. N3BecTHO, uTO npsamasa y = 12x — 9 u napabona y — ax?
MMEeIOT TOJBKO OfHY o0miyio Touky. Haiigure xKoopau-
HATHI 3TOH TOYKH.

9.213. IIpu kakux sHaveHusx b u r (b > 0, r > 0) okpyx-
HOCcTb (x — 1)2 + (y — b)? = r? 6ymeT KacaTbCd NPSAMBIX

y=0uy-= §x? Haiignte KoopAHHATEI TOYEK KACAHHUSA.
9.214. M306pasuTe Ha KOODAMHATHON NJIOCKOCTH MHOYKECTBO
TOYeK ¢ KoopauHatamu (a; b) Takmx, UTO CcHCTeMa
yYPaBHeHU it
x% +y? =a?,
x+y=>

“MeeT XOTA 6Bl OJJHO pellleHue.
9.215. Ilpu Kakux 3HaAYEeHUAX IapaMeTpa @ CHCTeMAa yPaBHEHWH
a(x* +)=y—|x|+1,
x2+y? =1

HMeeT eIMHCTBEHHOe peIHEHHE?

§ | TekcToBbie 3agaum

7

TexcroBhle 3azaun, KAK IIPABHJIO, PEIAIOT IO cJeAyIoiei
cxeMe: BHEIOMPAIOT HEHSBECTHBLIE; COCTABJAIOT YpaBHEHHE HJIH
CHCTeMYy YpPaBHEHWiH, a B HEKOTOPHIX 3aZadyaxX — HepPaBEeHCTBO
MJM CHCTEMY HEPABEHCTB; pEHIAlOT IOJYYEHHYI CHCTEMY
(uHOrZA AOCTATOYHO HAWTH M3 CHCTEMBI KaKyIO-TO KOMOHUHa-
M0 HEM3BECTHLIX, a HE pPelIaTh ee B OOBIYHOM CMBICJIE).

Vci10BHO copeprkaHHe TEKCTOBBIX 33724 MOXKHO KJacCcUPHU-
IIMPOBATHL IO CJEAYIOIIUM TUNAM: 3afaYl, CBA3AHHBIE C IIOHA-
THUAMHU <«IIPOIEHTHOE COAEPIKaHUEe», «KOHIIEHTpaIllusa»; 3agadu
Ha «JIBHXKEHMe»; 3aJauu Ha «pabory». IIpuBememM mnpumepsl
pellleHusa 3aJa4d KasKJoro THUIA.

! 3necy u zanee B cKobKax yKasaH HOMep 3aflauu U3 AAHHOTO
naparpada.
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IIpumep 1 (3)%.

Pemenue. IIycte B 40 T pyABl COAEPIKUTCA X T IKeJe-
3a. Torma (40 — x) T cocTaBaAOT IpuMecH. [1pu BhIIJIaBKe CTa-
JI1 KOJIMYECTBO JKejle3a He MEHAETCS, a KOJHUYECTBO IIpuMecei
yMeHbLIaeTcda. ITOCKOJBKY M3 YCJIOBHA 3aJauyu CJIEAYeT, UTO
B 20 T BLINJIABJEHHOM CTaJH coAep:kHTcA 94% xesesa,
To x = 0,94 - 20. Tenneps BEIUMCJIUM IIPOIIEHT IIpHMecell B pyae:

40-x 40-0,94 - 20
—40 100——T-— -100=53.

OrserT: 53%.

ITIpumep 2 (39).

Pemenue. Ilycte paccrosinme medxay ropojamu A u B
PaBHO S KM, CKOPOCTD II0€3/la, OTIPABJAIOLIErocda U3 ropoja A,
paBHa X KM/Y, CKOPOCTb II0e3Ja, OTIPAaBJIAIOILIErocsi M3 ropoja
B, paBHa y kM/4. Torma Q%
€T IOJIOBUHY IIYTH HepBHIM 1moes3n (OTHpaBIAKINUIACA U3 ropoja

4y — BpeMid, 3a KOTOpOoe I1peogoJieBa-

s
A), 5, 1 — BPeMs, 3a KOTOpOe NPOXOAHUT IOJIOBUHY NYyTH BTO-
y

o S S
poii moe3x. VI3 yciaoBuA 3afauyy 3aKJaO4YaeM, 4To — — — = 1,5.

2x 2y
Kpome Toro, (6x + 6y) kM — paccTosHMe, KOTOpPOE IIPEOOJIeIH
Ol 06a moe3za 3a 6 u, ecsiu Gbl BhHIEXAIH OAHOBPEMEHHO, — paB-
Ho 0,9s kM. Takum o6pa3oM, moJydaeM CHCTEMY YpPaBHeHHH
s _ s _3
2x 2y 2
6x +6y = 0,9s.

KonuuectBo ypaBHeHKﬁ B CHCTeéMe MEeHbIIIe KOJINYeCTBa He-
HU3BECTHBIX, HO B 3ajgaue Tpe6ye'rca HaMTH BpeMsd, 3a KOTOopoe
I{a?RJII:Iﬁ U3 IIoEe3J0B IIpeoaoJieBaeT paccTodHHMe S KM, T. €.

6 . _ s =35 7
dbakTuuecku Tpebyercsa HaliTh t, = Pl t, = v orga mepBoe

ypaBHEHME CHCTeMBI IIpUMeT BUA t, — t, = 3, a BTOpoe ypaBHe-
HUe CHCTeMBEI IIocJie AejieHUss obeux uacTeit Ha 3s npeobpa3sy-
3 o
eTcs K BUAY —+~ = 7o Pemasa cucremy ypaBHeHHII OTHOCH-
1

TeJBHO t, U t,, HaxoxuMm t, = 12, ¢, = 15.

Oteer: 12 4y, 15 u,

IIpumep 3 (80).

Peurenne, Ilycte mepBas Gpuraga M3roToBJAJA X JeTa-
Jeil B yac, a Bropas Gpuraga — y gerajieil B yac. Torga 72 ge-

TaJay OpHUragbl H3rOTOBUJIM BMECTe 3a yaca, 3HAYNT, B

. 72
epBBIN AeHb OHU pabGoTain pasfeybHO | 7 — P 4y, 3a BpeMA
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pasfeabHOIl paboTHl IiepBas Opuraza M3rOTOBMJIA (7 —g—}x

JeTajieil, a BTopas — (7 - x—7+2?) y neraneii. U3 ycaoBus 3aja-

YH 3aKJodYaeM:

(7——K)x-[7——72—)y=8. 1)

x+y x+y
Bo BTOpoit feHb nepBasa Gpuraga u3roTosasiyia (x + 1) mera-
Jell B dac, a Bropas — (y — 1) meraneit B yac. 3Hauur, 72 ge-
Tajau OpUragbl U3TOTOBMJIM BMeECTe 34 e yaca, TaKUM oOpa-

30M, BO BTOPO#l JeHb OpHragbl paboTaju pas3gebHO (5— x7_+2yJ

72 "
4acoB U M3rOTOBHJIM 3a 3TO BpeMs (5 - x—w}(x +1) nerameit —

nepBasa Opurajga mu (5—%)@—1) Jeraneii — BTopas. Hs
YCJIOBHS 3aZlayM 3aKJIIOYaeM, U4TO
72 72 _
(5—x+y)(x+1)—(5—x—+y](y—1)—8. (2)

Hrax, ycnosus (1) u (2) garoT cucreMy ypaBHeHHIH

(7— 2 )(x—y)=8,

x+y

(5—%)@—%2):8.

IMomoxxum x —y=u 2 . v, TOoTAA
’ x+y b
(7T-v)u=8,
B5-v)(u+2)=8.

BmpaanM B3 IIepBOro ypaBHeHHS INEePeMEeHHYIO U B IIOACTaBHM
8
u=

7-v’
(5-—0)(% +1)= 4.

Bropoe ypaBHeHHe HocjexHeil cHUCTeMbl IPUBOAUTCA K BHUAY
v? - 12v + 27 = 0, orkyza v, = 3, v, = 9. Temeps HaxOAUM CO-
OTBETCTBYIOIINE 3HAYEHMsA U: U, = 2, U, = —4 (He yJOBJIETBODH-
eT ycaoBHIO 3azauu x > y). CiregoBaTennHO, O onpefeseHus

BO BTOpO€ YypaBHEHHE CHCTEMBI:
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x—y=2,

X U y UMeeM CHCTeMy ypaBHeHHil { 72 _ g OTKyAa X = 13,

x+y

y=11.
OrBerT: 13 gmerajeil B uac M3TOTOBJIAJA IIepBas Opuraza,
11 meraneit B yac U3roToBJsJIa BTOpas OGpuraza.

10.1.

10.2.

10.3.

10.4.

10.5.

10.6.

10.7.

10.8.

3apaum

Haiigure oTHOLIeHMe ABYX UYMCeJ, €CJIU U3BECTHO, UTO
pasHocTs mepsoro uucia u 10% BTOpOro umcia cocras-
asiet 50% cymmul BToporo uucjaa u 50% mepBoro.

Ceesxue rpubsl cogepaxat 90% Biaaru, cymensie — 12%.
CKOJIBKO CYIIEHBIX Ipu6oB moayunrca ud 10 Kr cBeskux?

W3 40 1 xenesnoit pyasl BeimaasiaaoT 20 T cranau, coaep-
skamieit 6% npumeceii. Kakos mporeHT npuMmeceit B pyae?

AHBTUKBapHBI# Marasui, Kyous JBa npeaMmera 3a 225 p.,
npogan ux, nmoayuuB 40% mnpubsinu. 3a KaKyl ILeHY
OBl KYIUIEH MarasmHOM KaiKABIH IpeaMeT, €CJIH NP
npojaske MepBOro mpeamera ObLIO moaydeHo 25% IMpu-
onL1H, a BTOporo — 50% ?

CroumocTs 70 sK3eMIISAPOB IIepBOro ToMa KHHUru u 60
9K3EMILJIAPOB BTOpOro ToMa cocraBiasaaa 230 p. B gefict-
BHTEJIBHOCTH 3a BCe 3TU KHUTrH ymiatuiau 191 p., tak
Kax OblLIa Ipou3BelileHA CKUAKA: Ha MEePBHIA TOM —
15%, a ma BTOpoOit ToM — 20% . Halimiure mepBoHa4yab-
HYIO LIeHY KasKJIOro M3 TOMOB.

TpeTuii 1 yeTBepTHIM KBapTaJibl Iojia IPEAIIPDHUATHE pa-
60TAaJIO 110 HOBOM TEXHOJOTHUH, UTO ITO3BOJIHJIO IOBLICUTH
NPOM3BOAUTEILHOCTS TpyAa Ha 50% . Ha ckoasko mpo-
LEHTOB NPEANPHUATHE BBINYCTHUJIO OOJbIIE HPOAYKI[UM
3a roJ, ecau Obl HOBas TEXHOJOTHS HCIIOJb30BaJIACH
y:Ke cO BTOPOro KBapTaJjia?

3aBegyoiuil JabopaTopueil MOJYYHJ IPEMHUI0, PABHYIO
40% cBoero okjajga, a ero samectrurens — 30% cBoero
okJyana. [IpeMmusa HavaJbHHKa OKas3aJjach Ha 45 p. 60Jb-
e mpeMuH 3aMecrurensa. Kaxkos oxJiaj 3aBefyroIero
aJaboparopueii, eciu o Ha 50 p. Gosblile OKJajga 3aMe-
cTuTeasa?

T'moorenysa mnpsaMOyroJbHOTO TpPEYTOJbHHKA paBHA
35 m. Haiigure xKaTternbl, €CJOM M3BECTHO, UTO IIOCJIE TO-

ro, KakK OJMH U3 HUX YBEJHUYUTL HAa 133%%, a apy-

. 2 .
roifi — Ha 165% , CyMMa MX IJUH CTaHET paBHO# 14 M.
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10.9.

10.10.

10.11.

10.12.

10.13.

10.14.

10.15.

10.16.

10.17.

10.18.

146

KakoBo MmHUMa/JBbHO BO3MOMKHOE UYHCJO YYEHHKOB B
BBITYCKHOM KJIACCE CPeAHEMl IIMKOJILI, €CJH H3BECTHO,
YTO IPOLEHT HeycleBaKINUX YYEeHHKOB B KJjacce 3a-
KJIOUeH B mpegenax oT 2,5% po 2,9% ?

W3 cra yueHUKOB AEBATHIX KJIACCOB HA IIePBOM 3K3aMe-
He TOJNY4YMJHM OTJHMYHBIe M xXopoinue oueHKMH 80%, Ha
BTOPOM dK3aMeHe — 72%, Ha TpetheM — 60% . Kakoe
MOKeT OBbITh HAMEHbIIIee YNCJI0 YUAITUXCS, MONYUHB-
KX OTJUYHBbIE X XOPOIINe OIL[EHKH Ha BCeX TpeX Iep-
BBbIX DK3aMeHax?

Haiigure nBy3sHauHOe 4MCJIO, 3HAA, YTO UMCJIO €0 eIU-
HHUII Ha 2 60oJIbIle YyHCJJa JeCATKOB, a IPOU3BedeHUEe HC-
KOMOT'0 YHcJia Ha cymMMy ero nudp pasHo 280.

OBysnauynoe uwucjo B 4 pasa OOJIbIIIE CYMMBI CBOUX
uudp, a KBagpaT sToit cymMmbl B 2,25 pasa Oojbllle ca-
moro yuciya. Hafigure 3TO YuCIO.

Ecnu nBysHaunoe 4yncio pas3fieInTb Ha CYMMY ero mugp,
TO B 4aCTHOM IIOJIyuuTcs 3 u B ocraTke 3. Haiigure aro
YHCI0, €CJIU PA3HOCTh KBAJAPATOB €ro Ludp I0 MOLYJIO
B 2 pasa Gosblile KBafpaTa Pa3HOCTH ero mudp.

Ecau aBysHauHOe 4MCJIO pas3fesiMTh Ha mpou3BeleHUe
ero nudp, To B yacTHOM moayuutca 1, a B ocrarke 16.
Eciu 3xe K KBaZparTy pasHocTH IUGP 9TOro Yucjia IpHu-
0aBUTH IIPOU3BeJeHHNe ero u@dp, TO MOJYUUTCSA SAaHHOE
yucgo. Halfigure aTo yucio.

Cymma ky60oB mudp ABy3HAyHOro uucjaa paBHa 243,
a MpousBeleHHe CyMMBI ero nudp Ha IpousBeleHUe
uudp sroro uuciaa paBHo 162. Hailinure ato nBy3HAdU-
HOe YUCJO.

Ecnin aBysHauHOoe UYHCJIO pasfeUTh Ha IIpOou3BeAeHUe
ero nudp, TO B 4ACTHOM MMOJy4YuUTCca 3, a B ocTaTKe 9.
Ecau ke u3 xBazgpaTa cyMMbl Lu@p 9TOro 4ucja Bbl-
YyecTh HNPOU3BEJeHMe ero nudp, TO HOJAYUYHUTCA AaHHOE
yucao. Haignre aTo 4MCIO.

Haitanre Tpex3HayHoe YUCJIO, €CJIK U3BECTHO, YTO CyM-
Ma ero nudp pasHa 17, a cymma KBagpaToB ero nudp
paBHa 109. Ecsiu ua sToro uymcia BbidecTh 495, TO 10-
JYUYUTCA YHCJO, 3alMCaHHOEe TeMH e nudpamMu, HO B
oOpaTHOM IIOpAAKE.

IIpUHATHIX B UHCTUTYT HE€PBOKYPCHUKOB II€PBOHAYAJIb-
HO pacHOpefejHWJH IIOPOBHY II0 Yy4eOHBIM Trpynmnam.
B c¢BA3H C COKpallleHMeM YHcJa CIellladbHOCTEeN KOJIH-
4ecTBO I'PYNI YMEHBIIMJIOCH Ha 9, BCeX IepBOKYPCHH-
KOB Ilepepaclpefejuju II0 HOBBIM IDyIIlIaM, IpUYeM
TaK, 4TO I'PYNNOBI CHOBA IIOJYYHMJIHNCL DaBHBIE IIO 4YlC-
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JaenHocTu, I3BecTHO, uTO Becero 1512 nepBOKypCHUKOB
U YHCJIO CTYJAEHTOB B I'pyIlIe cTaso MeHblIe 28. CKOJIb-
KO cTajo rpynmn?

YeThipe IUKOJbHHKA CAEJAJN B MarasuHe KaHIIEJsp-
CKHX TOBAapOB CJEAVIOI[He IOKYNKH: IIePBBHIH KYIIHJ
IeHaJl M JIacTUK, 3amnaTuB 40 K.; BTOpO# KymuJ Jiac-
TUK M Kapaujaii, 3amjatus 12 K.; TpeTHI KyIuJ me-
HaJI, KapaHJalll 1 ABe TeTpaau, samaatui 50 K; yeTBep-
THIA KYIMJ NeHal M TeTpalb. CKOJLKO 3aljaTHJ 4YeT-
BePTHIH HIKOJbHUK?

YerBepo pabounx o6pabaThIBAIOT AeTaJH C IIOCTOSAHHOHN
IIPOMU3BOAUTEJNILHOCTRIO. Ecan mepBulii 6yger paboraThb
2 4, BTOpoil — 4 4 u yeTBepThII — 6 U, TO BMecTe OHU
obpaborator 260 neraneii. Ecau BTOpPORl M udeTBepThIH
OynyTt paGorars mo 6, a Tperuii — 2 4, To O6yaeT obpa-
6orano 270 peraneii. Eciiu BTopoil u ueTBepTHIA OyAyT
pabortath 1o 1 4, To oHu ycuerwoTr obpaborare 40 nera-
aeii. CKoJbKO Jerageit OyaeT o6paboTaHo, eciau MepBLiii,
TPeTU M 4YeTBepThIil pabounit Oyayr paborats mo 1 u?

T'pynna crymenTos, cocrodainasa ud 30 uyesoBek, IOJy-
YpJia Ha 9K3aMeHe OIeHKH «2», «3», «4» u «5»., Cym-
Ma HOJIVYEHHBIX OIleHOK paBHa 93, npuuyeM TpoeK ObLiIO
OoJsbllle, YeM OATEPOK, U MEHbIIIe, UeM UeTBepoK. Kpo-
Me TOTI'0, YHCJIO YeTBepPOK JAeanyoch Ha 10, a unciao ns-
TepoK ObLIO YeTHBIM. CKOJBKO KAKHX OLIEHOK IOJIYYH-
JN CTYAEHTHI IPyIIIbI?

OKo0JI0 foMa MOCaXKeHbl JUIILL U Oepe3bl, IpuYeM HUX 00-
miee KoJaudecTBO GoJbliie 14. EciaM yBeJHYUTL BIBOE
KOJIMYECTBO JHI, a KOJHUUYECTBO Oepe3 YBEJHYHUTL HA
18, To Gepe3 craHer GoJbiie, ueM Jgun. Eciu xe yBe-
JUYUTH BABOE KOJUYECTBO Oepe3, He M3MEHAS KOojuye-
CTBa JINI, TO JUII BCce paBHO Oyxer OoJblile, ueMm Oepes.
CKOJIBKO JIUTI ¥ CKOJIbLKO Oepe3 GBLIO MMocaskeHo?

KBapran sacTpoeH MeBATHUITAKHLIMU U IIECTHAAIATH-
9TAXHBIMU JOMaMHM, MOPUYEM IIeCTHAALATUITAMKHbBIX
JAOMOB MeEHBIIIEe, YeM AeBATHITAXKHBLIX. Ecam uwncio
LIeCTHAAIATHITAKHEBIX JJOMOB YBEJIHNYUTEL BABOE, TO 00-
IIjee 4HCJIO AZOMOB craHeT Gosee 24, a ecau yBeJUUYHTH
BABOE YHCJO AEBATHUATAKHBIX JOMOB, TO OOIllee UMCJIO
aoMmoB craHeT MeHee 27. CKOJBKO TIOCTPOEHO AEBATH-
3TAXXHBIX U CKOJIBKO IIIeCTHAAILATHUITAKHbBIX JOMOB?

CyMMa, paBHasi 53 K., COCTaBJeHA M3 TPEXKOINEEUHBLIX
" IMATHKOINIEEUHBIX MOHET, oﬁmee YHCJIO KOTOPBIX MEHb-
me 15. Ecam B srom HaGope MOHET TpexXKONeeuHbIe
MOHETHI 3aMEHUTH HATHKOMNEEUHBLIMHM, a IATHKOIeed-
Hble — TPEeXKOIeeYHBIMHU, TO IOJIYUEHHAS B Pe3yJbTa-
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Te CyMMa YMEHBIIUTCHA II0 CPABHEHHIO C EePBOHAUYAJb-
HOHM, HO He Oosiee yem B 1,5 pasa. CKOJBKO TpexKo-
eeYHbLIX MOHeT ObLJI0O B HaGope?

3a caMOCTOATEJbHYIO paboTy y4YeHUKaM ObIJIH BbICTaB-
JIeHBl OLIEHKH «2», «3», «4» U «5H». OmeHKH «2», «3»,
«B» MOMYyYUJIO OAMHAKOBOE YMCJIO YUEHUKOB, 4 OLLEHOK
«4» mocTaBJieHO 0OJIbIIIE, YeM BCEeX OCTAJIbHEIX, BMecTe
B3aThIX. OIleHKH BbIllle «3» moayuuan meHee 10 yue-
HUKOB. CKOJIBKO TPOEK U CKOJIBKO UETBEPOK OBLJIO IIO-
CTaBJIEHO, €CJIU MMUCAJH paboTy He MeHee 12 yUeHHKOB
M KayXABIN MHUCABIINHA IOJYYUJ OLIEHKY?

Cmemany 10% -uniit u 25% -HBII pacTBOPHI COJIN U IIOJY-
uyniau 3 Kr 20% -Horo pactBopa. Kakoe KOJINUeCTBO Kax-
IIOro pacTBopa B KHJIOrpaMMax ObLIO MCIIOJIB30BAHO?

HNwmeloTca aBa ciiiaBa 3oJ0ra U cepebpa. B ogaoM cnaa-
B€ KOJIMYECTBO 3THX METAJIJIOB HaXOAUTCA B OTHOLIe-
Hum 2 : 3, a B Jpyrom — B oTHOoIneHuHu 3 : 7. CKOJIBKO
HYKHO B3ATbh Ka)JOTO CILIaBa, YTOOBI MOJYYUTH 8 KT
HOBOT'O CILIABA, B KOTOPOM 30JI0TO M cepedpo 6bliau G5l
B OTHOIeHuHU 5 : 11?

B aByx cocymax mmeeTcs BoAa Da3HON TeMIepaTypPHI.
W3 sTOii BOABI COCTABAAIT cMecH. EcaM OTHOIIeHHEe
00 bEMOB BOABI, B3ATOM M3 MEPBOTO ¥ BTOPOrO COCYAOB,
pasuo 1 : 2, To remneparypa cMmecu 6yzer 35 °C, a ec-
au 3 : 4, To Temnepatypa cmecu 6ygetr 33 °C. Haitaure
TeMIlepaTypy BOJABI B Ka)XJoM cocyzae (cuurtas, 4TO
IIJIOTHOCTDL U yIeJbHas TeIJIOEMKOCTh BOJABI HEe 3aBHUCAT
OT TeMIIepaTyphl).

HWmeroTea aBa cocypa, comepskaniux 4 Kr m 6 Kr pac-
TBOpa KHCJIOTHI pasHBIX KoHIeHTpanmii. Ecim nx
CJUTHL BMECTE, TO IIOJYYHUTCHA PACTBOP, COAEPKaIUil
35% kwuciaorel. Eciau ’Ke CINUTH DaBHBIE MAacChl 3THUX
pacTBOPOB, TO IOJYYHUTCA PACTBOP, coieprxamiuii 36%
KucaoTbel. CKOJBKO KHJIOIPAMMOB KHCJIOTHI COAEPIKUT-
csd B KaKJaoM cocyze?

IInoTHOCTH mepBoro MeTrasia Ha 4 r/cm® 6osbie miaoT-
HocTH Broporo Merayna. 3 6 Kr mepBoro meranjia U
4 KI BTOPOTI'0 M3TOTOBMJIM CILIAB, HAETaJb U3 KOTODPOIO
umeet maccy 0,5 kr. Ecau 661 Takasa xe 110 o6bemy ge-
TaJdb OBIJIA M3rOTOBJIEHA TOJBKO U3 BTOPOIro mMeraJjia,
TO ee macca 6sLna 66l HA 20% wmenbire. Haltaure 1ioT-
HOCTBb II€PBOTO MeTaJlia.

W3 1ByX pacTBOPOB C Pa3JUYHBIM IIPOLIEHTHBIM COAep-
’KaHMeM CIIMPTa M MaccoM m r U n r OTJIUIH I10 OJUHa-
KOBOMY KOJIMYEeCTBY pacTBopa. KaKAbIH M3 OTJIUTHIX
PacTBOPOB JOJHUJIHN B OCTATOK OT JPYyroro pacTeopa, IIo-
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CJie yero npoueHTHOe CoJiepyKaHue CIIupTa B oboux mo-
JIYYE€HHBIX pacTBOpax CTaJO OIJHHAKOBBIM. CKOJBKO
pacTtBopa ObIJIO OTJHUTO M3 Kaxxaoro cocy,na?

HmMmeroTeca Tpu cMecu, COCTABJIE€HHBIE U3 TPeX 3JIeMeH-
ToB A, B u C. B nepByio cMeCh BXOIAT TOJbKO 3JIEeMEH-
T A ¥ B B BecoBOM OTHolumeHuu 1 : 2, BO BTOPYIO
cMeCh BXOZAT TOJBKO 3JeMeHThl B u C B BeCOBOM OTHO-
menuu 1 : 3, B TpeTbi0 cMeCh BXOAAT TOJIBKO 3JIeMEH-
Tl A u C B BecoBoM oTHoineHuu 2 : 1. B xkakoMm oTHO-
HIEHUH HY>XKHO B3ATH 3TH CMECH, YTOOBI BO BHOBB IIOJIY-
YeHHON cmecu ayneMeHTHI A, B m C cozepKajuch B
BecoBOM oTHoineHuu 11 : 3 : 8?7

Jlonyckast, 4TO CTPEJKH YacOB ABMIKYTCSA 6€3 CKAUKOB,
OTIpeieINTe, Yepe3 KaKoe BpeMs IIOCJIe TOTO, KaK 4achl
NMOKAa3bIBaNH 4 4, MUHYTHAasA CTPEJKa JOTOHUT YaCOBYIO.

HnuHa o6o1a mepeaHero KoJjeca 3KHUIIa)Kka Ha ¢ M MeHb-
me AJUHBI 000za 3aguero KoJieca. IlepegHee Kojsieco Ha
paccToAHUU b M cJles1ajio CTOJBKO Ke 000pOTOB, CKOJIb-
KO 3aZHee Ha paccToAHUH ¢ M (¢ > b). Haitnute namuy
o6oma KaxKAOro KoJjeca.

Manpuuk c6e)xasl BHU3 IO ABHIKYIIEMYCS 3CKaJIaTODY
u HacuuTad 30 cTymeHeK. 3aTeM OH mpobexkay BBepx
II0 TOMY 2K€e 3CKaJaTopy ¢ TOH 3Ke CKOPOCThI0O OTHOCH-
TeJbHO 3CKaJjatopa u Hacuuran 150 crymenex. CKoJb-
KO CTylleHeK OH HacumTaj Obl, COyCTUBIINCH II0 HEIOo-
ABUIKHOMY 3CKaJsaTopy?

W3 nyukra A B nyHKT B, pacmosioykeHHLI B 24 KM OT
A, OIHOBPEMEHHO OTIPAaBUJINCH BEJOCUIIEAUCT U Ielle-
xox. Benmocunmenuer npuGell B MyHKT B Ha 4 4 paHbIe
neniexona. 3BecTHO, UTO ecau ObI BEJIOCHNIEAUCT €XAaJI
Cc MeHbIIeil Ha 4 KM/4Y CKOPOCThIO, TO Ha IyTb U3 A B B
OH 3aTpaTuJ Obl BABOe MeHbIIle BpeMEHH, UeM IIele-
xon. HaiiguTe cKopocTh Imeniexoza.

Or nmpucranm A OTHPaBUJNCH OJHOBPEMEHHO BHU3 I10
TEeUEeHUIO PeKM KaTep u IJOT. KaTep cnycTHJICA BHU3
o TedyeHUIo Ha 96 KM, 3aTeM IIOBEPHYJ OO6pPATHO U Bep-
HyJdca B A uyepesd 14 u. Haiinure cKOpocTh KaTepa B
cToAuen BOJe U CKOPOCTh T€YEHUHA DEeKH, €CJIU U3BEeCT-
HO, YTO KaTep BCTPETHJ ILJIOT HA OOpPATHOM HYyTH Ha
paccrosHuM 24 KM oT A.

M3 nyHkToB A 1 B HaBcTpeuy Apyr APYry OJHOBpPEMEH-
HO BBIE3XKAIOT BeJIOCHIIeANCT U aBTOOyc. Bpems, 3aTpa-
YUBaEMoOe BeJIOCHIIeAUCTOM Ha npoe3g n3 A s B, Ha 2 u
40 MuH 6GoJbllle BpeMeHH, KOTOpOe TpaTuT aBTobyc Ha

npoesa u3 BB 4, a cymmMa 95TUX BPEMEH B 5§ pasza 60Jib-
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Ille BpeMeHHU, NPOMIEAIero OT HayaJja ABUXKEeHUd BeJIo-
CHIleANCTa U aBTOOyca O MOMEHTa UX BcTpeuu. Kaxoe
BpeMs BeJIOCHIIEeJHCT 3aTpadyuBaeT Ha mpoe3n u3 A B B,
a aBTOOyCc — Ha mpoe3n us BB A?

IBa moesma oTHpaBAAITCA HABCTpedy APYTr APYTY H3
ropogos A u B. Ecau noesn u3 roposga A OoTIpaBHTCA
Ha 1,5 4 panbpmme, uem moesx us ropoga B, ToO oHH
BCTPETATCA Ha cepenuHe nmyTH. Ecau oba moesga Bblii-
AYT OOHOBPEMEHHO, TO Uepe3d 6 U OHU ellle He BCTPETST-
Ccd, a paccTOssHHEe MeXXJIy HHUMH COCTABUT MAECATYIO
4acTb IIePBOHAYAJBHOrO. 3a CKOJBKO YacOB MOXKeT
IIpoexaTh Kaj)XABIH I10e3]] pacCTOAHUE MeXay A u B?

N3 roponos A u B HaBcTpeuy APYT APYTY OJAHOBPEMEHHO
BBINJIM JABa moe3dga. J[Burasicb 6e3 OCTaHOBOK C IIOCTO-
SAHHOI CKOPOCTBIO, OHU BCTPETHJHCHL dyepe3 30 u mocie
BbIXoZa. CKOJBLKO BpeMEeHHM 3aTPaTHJ Ha IPOXOMKICHHE
nytu AB Ka)kAbIil I10€3][, €CJU M3BECTHO, UYTO IIePBBIHA
npubsia B B Ha 25 u mo3sske, 4eM BTOPOI MpuOLLI B A?

JlBa memexoia BBIXOAAT OJHOBPEMEHHO HABCTPEUY
Apyr Apyry M3 OyHKTOB A u B u BcTpeuaroTcs uepes
3 u. Eciu 6561 oHM 064 BBILIJIA U3 NYHKTA A U NOIIIN B
OYHKT B, npudeM BTOPOH BHIINIEJ Obl Ha 3 4 IO3AHEe
IepBOro, TO BTOPOI MeInexoJ MJOrHajJ Ol IIepBOTrO,
npoiaa ABe TpeTH paccroAHus or A g0 B. CKoOJIbKO
BpeMeHHU NoTpebyeTcs mepBOMY IIELIeXOAy Ha IMYTh U3
nyHKTa A B nyHKT B?

M3 aByX DYHKTOB, pDACCTOSIHHE MEXKAY KOTOPBIMU
2400 KM, BBIE3KAIOT OJHOBPEMEHHO HABCTpEUY JAPYr
ApYyry IHacCa’XMpPCKHil U CKOpHIA moe3zga. Karkapiii ua3
HUX HJET C IIOCTOAHHOH CKOPOCTBHIO, U B HEKOTOPLIH
MOMEHT BpeMeHH OHH BCTpeuaroTca. Ecau 61 06a moes-
Jla HIJH CO CKOPOCTBIO CKOPOro Ioesna, TO UX BCTpeua
npousouwia 66 Ha 3 U paHbIne GaKTHUECKOIO MOMEHTa
BcTpeun. Ecoiu 661 00a moesaa IIJIM CO CKOPOCTBHIO IIac-
CaXHMPCKOro II0€e3a, TO UX BCTpedYa ITpou3omija Obl Ha
5 4 moake dpaKTHUECKOro MOMEHTa BcTpeuu. Haiigurte
CKODOCTH IIOE3JI0B.

BenocuneaucT oTnpaBiiseTcsi ¢ HEKOTOPOM CKOPOCTBHIO
U3 OIYHKTa A B IyHKT B, orcrosauuii or A Ha paccTos-
HuM 60 kM. IlpubsiB B B, OH cpasy ke BbIE3»KaeT 00-
pPaTHO C TOH Ke CKOPOCThIO, HO uepe3 1 U mociie Brlesga
u3 B nenaer ocranoBKy Ha 20 MuH, ITocJie 4Yero IpoaoJI-
’KaeT IyTb, YBEJUUYHUB CKOpOCTb Ha 4 KM/u. B kakux
npezeyiax 3aKJIYeHa CKODPOCTH BeJIOCHUIIEANCTA, €CJIH
H3BECTHO, 4UTO Ha obpaTHBIN nyTh oT B 10 A OH 3aTpa-
THUJI BpeMeHH He 0oJiee, 4eM Ha IIyTh oT A no B.
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IlBa TypucTa BHILLIXA U3 IYHKTa A B IYHKT B oqHOBpe-
MeHHO. IlepBBIi TYpHUCT KaXABIH KUJIOMETP MPOXOIUT
Ha 5 MuH GnicTpee BTOPOrO. IlepBHIN, NMPOHAA IATYIO
YacTh NIyTH, BepHyJcsa B A u, npo6miB Tam 10 muH,
cHoBa nomeJs B B. KakoBo paccrosuue mexay A u B,
ecJIM HM3BeCTHO, UTO BTOPOM TYpHUCT IIpOIleJ ero 3a
2,5 u u 06a TypucTra npulau B B oxHoBpeMeHHO?

TypucT oTnpasjsercda B oxox u3 A B B u obparso u
IIPOXOAMUT Bech NyTh 3a 3 u 41 muH. [lopora us A B B
HAeT CHa4ajla B ropy, MOTOM II0O POBHOMY MECTY, a IIO-
ToM mox ropy. Ha KakoM mpoTAKeHUH JOpOora TAHETCH
110 POBHOMY MECTY, €CJIH CKOPOCTh XOAb0OBI TyPHCTa CO-
CTABJIAET: B Iopy — 4 KM/4, IO DPOBHOMY MeCTy —
5 kM/4, 1o ropy — 6 KM/4, a pacCTOsIHUE MeXKAy A U
B (1o zopore) paBHO 9 KM?

JBa TypucTa BBIILJIN OLHOBPEMEHHO HAaBCTpeUy APYyT
ApYyry, onuH u3 A B B, apyroit ua B B A. Kas sl mien
C MOCTOAHHOI CKOPOCTLIO M, NPUAA B KOHEUHBIH
NYyHKT, HeMeAJeHHO MoBopaumBaj oOpaTHo. IlepBwlil
pa3 oHu BCTpeTuauch B 12 kM ot B, BTOpOo#l pa3 — B
6 KM oT A uepes 6 u mocJse mepBoil Bcrpeun. Haiigure
paccrosuue Mexay A u B 1 cKopocTu 000UX TYPHUCTOB.

W3 ropopoB A u B, paccTogHHe MeXAy KOTOPBIMU
70 KM, OJHOBPEMEHHO BbleXaJH HABCTPeYY APYT APYTy
aBTOOYC ¥ BeJOCHIEeAMCT ¥ BCTPETHUJIHCHL uepe3d 1 4
24 muH. IIpomosykada ABM)KEeHUE C TOH ’Ke CKOPOCTBIO,
aBTOoOyC mpubnul1 B B u mociae 20-MUHYTHOH CTOSAHKH
oTnpaBuJjcsa B obpaTHbIii peiic. Haligure ckopocTu aB-
ToOyCca U BeJloCUNeaNCTa, 3Has, 4TO aBToOyC AOrHaJ Be-
JocunenucTta yepes 2 4 41 MuUH nocJyie NepBOM BCTPeYH.

Ha paccrosune 100 KM rpy3oBoii aBTOMOOUJIBL pPacxo-
ayer He MeHee, yueM Ha 10 J1 6eH3mnHa Oosiblile, UeM Jer-
KoBoii, Pacxoaya 1 s GeHsuHa, rpy3oBoil aBTOMOOMJIb
NpOXOAUT Ha b KM MeHbIIle, YeM JerkoBoii. Kakoe pac-
CTOSTHHE MOYKeT MPEeOoAO0JIeTb JIeTKOBOH ABTOMOOHJIb,
pacxonysa 1 s 6ensunHa?

Tpu MOTOIMKJIMCTA CTAPTYIOT OZHOBPEMEHHO U3 OAHOH
TOUKHM KOJBIEBOrO IIIOCCE B OJHOM HaIpaBjJeHuH. Ilep-
BBIM MOTOLMKJIMCT BIE€PBble AOTHAJ BTOPOro, CHeJaB
4,5 kpyra mocie crapra, a 3a 0,5 4 10 2TOro OH BIEp-
Bble OOTHAJ TPEThEro MOTOLMKJIMCTA. BTOpoil MoOTO-
LUKJKUCT BIEPBbLIE AOTHAJ TPeThero yepes 3 4 mocje
crapra. CKOJBKO KPYroB B Uac JAeJiaeT IepPBLI MOTO-
ITUKJINCT?

ITo mrocce HaBCTpeuy Ielaexony ABHUKYTCA BeEJIOCHUIIe-
AUCT X1 MOTOILIUKJIHUCT. B MOMEHT, KOorjJa BeJOCHIIeANCT
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M MOTOLMKJIMCT HaXOJHJNCh B OZHOI TOUKe, MEIIeXOm
OBLI OT HUX B 8 KM, a KOIJa MOTOLMKJIMCT BCTPETUJI
memniexoja, BeJOCHIIEHCT OTCTAaBajl OT MOTOLMKJIKCTA
Ha 4 kM. Kakoe paccroanue 6yzeT MeXAy MOTOIMKJIN-
CTOM M BeJOCHIIEAUCTOM, KOI[A TEeIIeX0J BCTPETUT Be-
Jocunenucra?

W3 nyuxkTa A mo mocce B OJHOM HaNpaBJeHUU BBIE3-
JKaloT OJHOBPEMEHHO IBa aBTOMOOUJISI, Yepea Yac BCJIEN
3a HMMH BBIE3)KaeT TpeTuili aBTomMoOHJL. Eie depes
Yac pacCTOAHHE MEXIY TPEeThbUM M IEepBBIM aBTOMOOH-
JIAMH YMEHBIIHJIOCH B IIOJITOPA pa3a, a MeXXIy TPETbUM
¥ BTOPBIM — B [Ba pas3a. Bo CKOJBKO pad CKOPOCTbH
IIePBOro aBTOMOOMJIA 0GOJIBIIIE CKOPOCTH BTOPOTO, €CJIN
M3BECTHO, YTO TPETUI aBTOMOOHJIL He OOTOHSJ MePBHIX
aAByx?

JlBa nmpusaTenas cobpanuck Ha oxXoTy. OOUH M3 HUX JKH-
BeT B 46 KM OT OoXOTHHUYbeil 0a3bl, APYroil, nMemIUH
MamuHy, — B 30 KM oT 6aspl (Mexay 6a3oit u fOMOM
nepBoro npusarend). OHM IBUHYJIHUCH B IIYTh OJHOBDe-
MEHHO, IIPHYeM BJajesiell MallluHbl I0eXajl HaBCTpeuy
CBOEMY NPHUATENI0, HAVIIEMY NellIKoM. BerpeTuBmucs,
OHHM BMeCTe IIoexajii Ha 0asy ¥ npuOLIIM Tyza depes
yac mocJjie BeIXoma us goma. Ecjau Obl mmemrexoJ BhIIIEI
u3 goma Ha 2 u 40 MUH paHbllle BJIaZJEJIblla MAIIUHEI,
TO IPUATEJH BCTPeTHJIUCh O6bI B 11 KM oT moma memnie-
xoxa. Kakosa ckopoctb Mmamusbi? (Bce ckopocT cuu-
TAIOTCA MOCTOSTHHBIMH. )

Tpu mI0OBIA AOJMMKHBI NPOMABITE U3 A B B u obpaTHoO.
CuauaJia crapTyeTr IepBbIil, uepe3 5 ¢ — BTODOI, ele
yepes 5 ¢ — Tperuii. Ha nytn ot A Ko B Bce NMJIOBIIBI
MPOILIN HeKOoTOopyio Touky C ozHoBpemMeHHO. Tperuii
IJI0Bell, OOIJLIB 40 B M cpa3dy MOBEepHYB Hasal, BCTpe-
yaeTr BTOporo B 9 m ot B, a mepsoro B 15 M ot B. Haii-
IUTEe CKOPOCTh TPETHhEro IIJIOBIIA, €CJIH DAacCTOsHHe
Mexay A u B paBHo 55 M.

Or npuctaiu A BHHU3 II0 PeKe, CKOPOCTh T€UeHUA KOTO-
poii paBHa U KM/4, OTXOAUT IJIOT. Yepe3 wac BeCJen 3a
HUM BBIXOJUT KaTep, CKOPOCTh KOTOPOTro B cTOosA4Yell Bo-
Oe paBHa 10 xM/u. JlorHas ILJIOT, KaTep Bo3BpaliaeTcd
ob6paTHo. OupeneauTe BCe Te 3HAUYEHUSA U, IIPU KOTODPBIX
K MOMEHTY BO3BpallleHHA Karepa B A IJIOT IPOXOAUT
Oosiee 15 kM.

IBa cyqHa ABUTAIOTCA MPAMOJIMHENHO U PABHOMEDHO B
OIMH U TOT K€ MopT. B HavaJbHBINI MOMEHT BDEMEHH
ITOJIOXKEeHUS CYAOB M NopTa 06pasyioT PABHOCTODOHHUM
TpeyroabpHuK. Ilocje Toro kaxk BTOPOE CYAHO IIPOILIO
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80 KM, yKa3aHHBLIH TPEYroJbHUK CTAHOBUTCA INPAMO-
yroJabHBIM. B MOMeHT npu6bITHSA IIePBOro CyJHA B IIOPT
BTOpOMY ocTaercsa npoitu 120 km. Haligure paccrosa-
HUE MEXJY CyAaMH B HayaJbHBINI MOMEHT BPeMEeHH.

B peky Bnagaer mputok. KaTtep orxoguT OT IpUCTaHU
A Ha IpUTOKe, UeT BHU3 o TeyeHU:o 80 KM I0 pekwn,
Jajlee IO peKe BBEPX NPOTHUB TeUeHUs A0 IPUCTAHU B,
darpaTuB 18 u Ha Bech nyTh oT A mo B. 3arem karep
BO3BpaIgaerca obparHo. BpeMs o0paTHOro JBUKeHUS
oT B 10 A mo Tomy ke nytu paBHO 15 y. Co6cTBeHHas
CKOPOCTb KaTepa, T. €. CKOPOCTb KaTepa B CTOSYEH BO-
ge, paBHa 18 kM/4u. CKOpOCTb TeUeHHSA PEKH paBHa
3 kM/4. KakoBo paccrosiHuMe OT IIpUcTaHU A 10 IIpU-
cTaHu B 1 KaKoBa CKOPOCTH TE€YEHUS IPUTOKA?

B osepo Bunagaror aBe peku. Jlogka OTIIBIBaeT OT MpPHU-
cTaHu A Ha IepBOM peKe, MJbIBET 36 KM BHUS3 IIO Tede-
HHIO O 03epa, Jajee 19 KM mo osepy (B o3epe HeT Teue-
HUS) U 24 KM 0 BTOpPOIl peKe BBEPX IIPOTUB TEUEHUS
mo npucrtanu B. Ha Beck nyTh OT A mo B sogka 3arpa-
yuBaeT 8 4. VI3 Hux 2 u oma mawmiBeT mo o3epy. Cko-
pOCTH TeueHUsS mepBoii peku Ha 1 KM/u Oosble, yeMm
CKOPOCTBb TeueHud BTopoi peku. Haligure ckopocTs Te-
yeHUs KaxkJoil pexku. (CobcTBeHHassi CKOPOCTh JIOOKH
IIOCTOSIHHA.)

OT npuctanu A BHHU3 [0 TEUYEHHUIO PEKU OJHOBPEMEHHO
OTIJIBLIYM TEIJOXO/M U ILIOT. Teroxos, JOIMJIbLIB A0 MPHU-
ctaHu B, pacmososkeHHOU B 324 KM OT ImpHUCTaHu A,
npocrtoan taM 18 u u ornpaBuica obpatHo B A. B Tor
MOMEHT, Korja oH Haxogujca B 180 kM or A, BTOpOIit
TeILJIOXO, OTILJIBIBIIUMN n3 A Ha 40 U mo3gHee IepBOroO,
Har"Haj MJOT, YCIeBHINN K 3TOMY BpeMeHHU HPOILIBITH
144 xM. Cunras, 4TO CKOPOCTb TEUEHUA PEKHU [TOCTOAH-
Ha, CKOPOCTH IIJIOTA pPaBHA CKOPOCTHU TE€YEHUHA pPEKH, a
CKOPOCTH TEIJIOXOAOB B CTOSAYEll BoJe IMOCTOAHHBI U
PaBHBI MeXAY CO0O0i, ompenelnTe CKOPOCTH TEIJI0XO-
JOB U CKOPOCTb T€YEHUSA PeKHU.

JIBe Touku A 1 B HAUMHAIOT OJHOBPEMEHHO COIMKATh-
cA 10 MeHbHIEH Ayre OKpyKHOCTH, paBHOH 150 m, u
BcTpeuaiorca yepesd 10 ¢. Eciu »Ke TOYKYM HAYHYT JABU-
raTbcsi Mo OOJIbIIIEH Ayre, TO OHM BCTPETATCA 4Yepes
14 c. Haligure OIUHY OKPYXHOCTH U CKOPOCTH JABHKE-
HUA TOYEK, eCJIM TOYKa A MOXKEeT IPOHUTH BCIO OKPYIK-
HOCTh 3a BpeMsd, 3a KoTopoe Touka B mpoiiger 90 m.

JBa Tesa ABMXKYTCA PAaBHOMEPHO IO OKPY2KHOCTH B OJ-
Hy cTopoHy. IlepBoe Tes0 IPOXOAUT OKPYIKHOCTh Ha 3 C
OBICTpee BTOPOTrO U JOTOHSIET BTOPOE TEJIO KaXKAble MOJI-
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TOPBHI MUHYTHI. 3a KAaKOe BPpeMs KasKI0e TeJO MPOXOIUT
OKPY’>XHOCTBH?

IIBa aBTOMOOMJISI, ABUTAfACH IO KOJBIIEBOH JOPOre C IO-
CTOSTHHBIMHY CKODPOCTAMHY B OJHOM HaNpPaBJIEHUH, OKa-
3bIBAIOTCA PAIOM dYepe3d Kakable 3 4. Ilpu aBM)KeHUU
C TEMH )K€ CKOPOCTSAMH B IIPOTHBOIIOJOKHbBIX HaIlpaB-
JeHUAX aBTOMOOMJHN BCTPEUAIOTCA Yepe3d KaKable
20 muH. 3a Kakoe BpeMsA IIpPOEJEeT BCIO KOJBIIEBYIO
Tpaccy KaKIOblii aBTOMOOHJIBL?

@DpyKTH B MarasuH ObIJIHM JOCTAaBJIEHB!I JBYMs MallnuHa-
mH, 110 60 AITMKOB B KaXa0il; npu sToM B 21 AmnKe
ObLIM TpPyIIM, a B OCTANBLHBIX — A0MOKH. CKOJBKO
AIIUKOB C IPYIIaMH OBII0 B KaXXKJ0¥ MalllnHe, eCJIU M3~
BE€CTHO, UYTO B IIepBOii MaIlllMHE Ha OJHUH SIIUK C IpyIla-
MM OPHXOAUJIOCH B 3 pasa OoJiblile ALIMKOB C HGJIOK&-
MH, 4eM BO BTOPOM?

Ha npokaagke aByx mnapajjelbHBIX TPYyGOIpPOBOIOB
paboranu nBa skckasaropa. IlepBbIif 13 HUX Hauyas pa-
6orare Ha 30 MuH paHbule Broporo. Korga BTOpOo# K-
cKaBaToOp mpokomnana 27 M, 0Ka3ajoCh, YTO OH OTCTaeT
oT nepBoro Ha 1 M. C KaKo#l CKOpPOCThIO KOIIAJIN IKCKa-
BaTOpPbI, €CJIH M3BECTHO, UTO BTOPOH BBLIKAIILIBAET B 4ac
Ha 4 M OoJibllle, YeM IIepPBbIii?

IIBymM semJjieKonaM OBLIO IOPYYEHO BBIPDHITH KaHaBY 3a
3 y 36 mun. OgHako mepBBI HpuCcTynmwi1 K paboTe TOTAA,
KOrZa BTOPOH ysKe BBIPBLT TPeTh KaHaBBI M IIEPECTa] KO-
nate. B pesyJsiprTaTe KaHaBa ObLia BEIPEITA 3a 8 4. 3a CKOJIb-
KO 4acOB KajKAbII 3eMJIEKOII MOJKeT BBIDBITH KaHaBy?

IOse Tpy6wl, paGoTas COBMECTHO, HAIMOJHSAIT OacceiiH
3a 6 u. 3a KaxKoe BpeMs HamoJHsAET OaccellH KaKAadA
Tpy6a B OTHEJIBHOCTH, €CJIM H3BECTHO, UTO B TeYEeHUE
1 4y u3 nepsoil Tpy6sl BeiTeKaeT Ha 50% GoJiblle BOJHI,
4yeM M3 BTOpOi?

60 geraneil mepBbIii paGouumii M3roraBJaMBaeT Ha 3 4
ObICcTpee, 4YeM BTOPOI. 3a CKOJBKO YacoB BTOpoi pabo-
yuit usrorosut 90 meraseil, ecan, paboras BMeCTe, OHU
usrorasiausaioT 3a 1 4 30 geraneit?

IBe MaNIMHHUCTKH HOJI’KHBI IlepelleyaTaTh DYKONHCH,
COCTOAIIYIO M3 TpeX IJjaB, U3 KOTOPHIX IepBas BIBOE
Kopoue BTOpoii W BTpoe AJIMHHee TpeTheil. PabGoraa
BMeCTe, MAUIMHUCTKH IIeperevaTagyu IepByIo I'IaBy 3a
3 u 36 muH. Bropas ryaBa 6blia nepemeuaraHa 3a 8 4,
M3 KOTOPBIX 2 u paboTajia TOJBKO IlepBad MAaIIMHHCT-
Ka, a ocTaJbHOe BpeMs OHH paborasum Bmecre. Kaxoe
BpeMsa moTpebyeTcsas BTODOH MAaIIMHUCTKEe, 4YTOOBI Of-
HOIl mepemeyaTaTh TPETHIO IIaBy?
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PesepByap o6memom 18 M? MOMHO HAIOJIHHUTL IIO0 ABYM
Tpybam. Obe TpyOBI, paboTrasi OAHOBPEMEHHO, 3alOJIHA-
10T pe3epByap 3a 3 4. Ecam cHayajia BoAa IocTynaetr

TOJBKO Yepes3 0OJbIIyI0 TPYOy, a mocJe Toro Kak pesep-
Byap 3anoJHuUTCA Ha 3/4 o0beMa, Tpyba OyAeT ImepeKphl-
Ta ¥ OJHOBPEMEHHO OyJAeT OTKPBLITA MeHbIas Tpyba, TO
IJIA 3aIlOJIHEHUA Bcero oobeMa nouazoburca 6 4. Ckob-
KO BOJBI MOCTYIIaeT 3a 1 4 uepes Kaxkayo us Tpyo6?

BacceilH MoxKeT HANOJMHATHLCA BOAOM C IIOMOIIBLIO ABYX
HaCcoCOB pa3HOI NPOU3BOAUTENIbHOCTH. EC/IU IOJOBUHY
facceiiHa HaIOJHUTDH, BKJIOUYNB JIMIIL IEPBBIA HACOC, a
3aTeM, BBIKJIIOYUB €ro, IIPOJOJIKUThL HAIIOJHEHUE ¢ I0-
MOII[bI0 BTOPOrO Hacoca, TO Bech 6acceilH HANOJHUTCA
3a 2 4 30 muH. IIpu ogHOBpeMeHHOII paboTe 060UX Ha-
cocoB OacceifH HanosiasAercAa 3a 1 u 12 mun. Kakyio
yacTh OacceifHa HamomHseT 3a 20 muH paboTel Hacoc
MeHbIIel TPOU3BOAUTEIHHOCTH ?

B Gacceiin npoBesens! ABe TpyOBI — mOAAloIlas U OT-
BOJAIlAs, IPUYEM Uepe3d IePBYIO OacceilH HATIOMHAETCA
Ha 2 4 JoJIbIlle, YeM uepe3 BTOPYIO OIIOPOKHSAETCH.
IIpn 3anosnenHoM Ha 1/3 OGacceiiHe OBIJIM OTKPBITHI
o6e TpyOnI, U Oacceiln oxasajcs IIyCTHIM uepes 8 Uu. 3a
CKOJIBKO 4YacoOB, OeMCTBYA OTAEJIbHO, IIepBasa Tpyba Ha-
MOJIHAET, a BTOpas ONOPOXKHAET Dacceiln?

B nexe npoxoauT copeBHOBaHME MEXKAY TPeMA TOKAapH-
MU. 3a OIpeeIeHHbIN NIepHUoJ BpeMeHH IepPBLIM U BTO-
poii Torapu obpaboranu B 3 pasa GoJiblle geTajei, yem
TPeTUil TOKaph, a MePBLIA U TPETHIl TOKapu — B 2 pasa
6oJibIlle, 4yeM BTOpOii. KaKoil u3 Toxkapei mobeaua B co-
peBHOBaHUU?

Ha yroabHO# maxTe cHaudajia paboTajJu ABa y4acTKa, a
yepe3 HEKOTOPOe BpeMs BCTYHNMJ B CTPOIl TpeTHi ydac-
TOK, B pe3yJbTaTe 4Yero IPOHU3BOJAUTEIbHOCTHL IIAXThI
yBeJu4Yuiach B nojropa pasa. CKOJbKO IPOIIEHTOB CO-
CTaBJAET IPOHU3BOAHUTEIBHOCTh BTOPOr0 yd4YacTKa OT
NPOU3BOAUTEJIBLHOCTH II€PBOTO, €CJIM M3BECTHO, UTO 3a
YeTbIpe MeCslla IEePBLI U TPETHUH YyYACTKH BBIAAIOT yI-
JIs1 CTOJIBKO YKe, CKOJBLKO BTOPOIi 3a BeCh roxa?

Tpu Opuraznsi, paboras OJHOBPDEMEHHO, BBINIOJHAIOT
HOPMY IIO U3TOTOBJIEHHUIO JeTajiell 38 HEKOTOpoe YHCJIO
qacoB. Ecyiu 651 nepBoie ABe 6puraanl paboranu B 2 pa-
3a MeJJIeHHee, a TpeTba Opurajga — B 4 pasa OnIcTpee,
4yeM OOBIYHO, TO HOpMa Obljia 6Bl BBHIIOJHEHA 34 TO Ke
BpeMda. M3BecTHO, UTO mepBas U BTOpas OpHUrajbl IIpH
COBMECTHO# paboTe BEITIOJIHAIOT 9Ty »Ke HOpPMY B 2 pasa
ObicTpee, yeM BTOpaa Opuraja COBMECTHO C TPEThe.
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Bo ckosnbKO pas nepsas 6puraja aesaaet aeraseii 3a 1 u
6osbilte, yeM TpeThA?

CoBx03 pacmojiaraeT TPaKTOPAMH YeThIpeX MAapoOK —
A, B, B uT. Bpurasga us ogHoro Tpakropa Mapku A,
IBYX TPaKTOpOB Mapku B u omgHOTO TpaKTOpa Mapku B
OpOU3BOAUT BCIIAIIKY NOJA 3a 2 AHA. Bpuraga us on-
HOTO TpaKTopa MapkKu B u aAByx TpakropoB Mapku I
TpaTUT Ha 3Ty paboty 3 gHs, a 6puUTraaa U3 Tpex TPaKTo-
poB mapok B, B u I' — miects gHei. 3a CKOJIBKO BpeMe-
HU BBINIOJIHUT 3Ty paboTy Gpuraga, cocTaBJIeHHAs1 U3 de-
THIPEX TPAKTOPOB PA3JIMYHBIX MapPOK?

ITaTe yes0BEK BHINOJIHAIOT HEKOTOPYIO pabory. IlepBoIii,
BTOpPO#l U TpeTuii, paboTas BMecTe, BHIIOJHAIOT BCIO pa-
6oty 3a 7,5 4, TIepBBIif, TPEeTUH U OATHIH — 3a 5 4, mep-
BBIH, TPETUH U YeTBEpPTHINI — 3a 6 4, YeTBepTHIN, BTOPOil
M IATHI — 3a 4 4. 3a KaKoil TPOMEXXYTOK BPEMEHH BBI-
MOJIHAIOT 3Ty paboTy Bce IAAITh YEJIOBEK BMecTe?

B 6ak MoskeT mocTynaTh Boja uepe3 OLHY M3 JABYX
Tpy6. Uepes nepByio Tpydy 6aK MOsKeT ObITH HAIlOJHEH
Ha 1 u 6BIcTpee, yeM uepes BTOpyIo TpyOy. Eciu 661 eM-
KOCTh 6aka 6blia Goapiie Ha 2 M3, a MponyCKHAas 3cno-

" 4 M
cobHOCTb BTOpPO¥ TPyOBI Gblya GBI OOJIBIIE Ha 34 TO

IJIA HamoJIHeHHUs 6axka yepe3 BTOPYIO TPyOy MmoHamzobm-
JIOCh OBI CTOJIBKO K€ BpeMeHU, CKOJIbKO TpebyeTrcs IJis
npoxoxaeHus 2 m® Boanl yepes nepByio Tpyoy. Kakosa
€MKOCTb 6aKa, €CJIM U3BECTHO, YTO 3a BpeMs ero HaroJ-
HEHUs 4epe3 BTOPYIO TpyOy uepes MepByIo TPyOy MOTJIO
6Bl TOCTYIHUThL 3 M2 BOABI?

Yepe3 2 u mocJie TOrO Kak MepBbIA TPAKTOp HavaJ Ha-
XaTh MoJie, K HEMY IPHUCOEIUHWJICH BTOPO#, 1 OHU BMe-
CTe 3aKOHYHJIN BcnamiKy. Ecau 6bl TDAKTOPHI IOMEHSA-
JUCh POJAMH, TO OHHM B3aKOHUYMJMU OBl BCHALIKY HA
24 muH nosgHee. CKOJIBKO BpEMEeHH TpaKTOphl pabora-
JHU BMECTE, €CJM H3BECTHO, UTO IePBHIA MOXKeT BcHa-
XaThb YeTBEpPTh IOJIA Ha 3 4 OpIcTpee, YeM BTOPOA —
TPEeTH MOoJA?

Toxaph U €ro YYyeHHK IIOJYUYHUJIN HApAL Ha HU3TOTOBJE-
Hue pneraieii. Ilo HeMy yYyeHHMK OOJIKeH OBLI HU3TOTO-
BUTH 35 geraieii, a Tokapb — 90 nmeranenn. Toxkaper n
yY4eHHK Hauyagu paboTy oxHoBpeMeHHO. CHauajga To-
Kape caeaan 30 nerajseil, o6pabareiBag B 4ac BIBOe
GoJibllle ZeTajei, yeM Y4YeHHK. 3aTeM OH craJj obpaba-
TEIBATH B 4ac Ha 2 Jeranu OoJble U 3aKOHUUJ pabory
Ha 1 u mo3sKe yueHnKa. Ecau 661 TOKaph Bce aeTaau 06-
pabaThiBaJ C TOMH *XKe MPOU3BOAUTEILHOCTBIO, UTO U IIPU
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pabore Hag 60 geranssiMu B NepBOM cjydae, TO OH 3a-
KOHUYUJ OBl pabory Ha 30 MuH mosxe yueHnKa. CKOJIb-
KO JeraJjieit B yac o6pabaTbiBasl YYeHUK ?

JlBoe pabouux paboTanay O4HO U TO e BpeMd M HU3rOTO-
BUJIKN BMecTe (paboTrasi ¢ MOCTOAHHON ITPOU3BOJUTEJb-
HOCTBIO TPyJa U He3aBHCHMO OJHH OT apyroro) 150 ne-
Tajeil. Ecau Ob1 00a pabounx paboTaay ¢ MPOU3BOAUTEE-
HOCTBIO IIEpBOrO pabouero, TO MAJs U3TOTOBJIEHUA
150 meraneit um morpeboBasock ObI BpemeHu Ha 1/2 9
menbinte. Ecau 661 06a pabounx paboraau ¢ IPOU3BOAU-
TeJBbHOCTBHIO BTOpOro padouyero, To AJS HU3TOTOBJIEHUSA
150 gmeraneit um morpeGoBasocs ObI BpeMeHH Ha 3/4 4
6osbie. CKOJBKO JeTajieil U3rOTOBUT BTOPOil pabounii
3a BOCBMHYAacoBOI pabounii AeHb?

JIBe Opuraabr paboumx Hadaau pabory B 8 u. Cumenas
BMecTe 72 OeTaaH, OHU cTajau paboraTh pasaebHO.
B 15 4 BBIICHHJIOCH, UTO 3a BPeMsA pas3aesIbHOM paboTh
nepsad Opuraja caenaJjia Ha 8 geraJsieil OoJblile, YeM
BTOpas. Ha apyroii neup nepBas 6purazga fgesaja 3a 1 4
Ha OJHY JAeTanb OoJbllle, a Bropad Opurajga sa 1 u Ha
OJHY JleTajb MeHbIlle. PaboTy Opuraabl Hayaju BMecTe B
8 u u, cmenaB 72 gerasu, CHOBa cTajau paborarh paszesb-
Ho. Tenepsb 3a Bpemsi pasmenbHOI paGoThl epBad Opura-
Ia caenana Ha 8 aerajeil OoJblile, UueM BTOpad, y:Ke K
13 u. CkoabKO Jerasei B yac Aenaja Kakaasa Opuraza?

O6beM rpyHTa, KOTOPBIA BHIHUMAET 3a 1 4 NepPBBIA 9K-
CKaBaTop, MEHbIIe, ueM 00'b€M I'DYHTa, KOTOPBIH BHI-
HuMaeT 3a 1 4 BTOpOil akckKaBaTop. O0a sKCcKaBaTOpa
HavaJgu paboTaTh BMeCTe W BBIPBLIM KOTJIOBAH O0b-
emoMm 240 m®. IToToM mepBbIN SKCKABATOP HAYAJ PHITH
BTOPOM KOTJIOBAH, a BTOPOHM 3JKCKaBATODP HPOAOJIMKAI
PHITHL NEPBBIA KOTJOBaH. Uepea 7 4 IocJjie Hayajlla UX
paborel 06beM IIepPBOro KOTJIOBaHA OKasajcs Ha 480 m®
6oJibllle 00'b€eMa BTOpPOro KOTJioBaHa. Ha apyroii neHb
BTOPOH 3KCKaBaTOp BeIHMMAJ 3a 1 u Ha 10 m® Gouanle,
a mepsbli 3a 1 u BeiHEMaa Ha 10 M3 meHbiie. BuipeiB
BMECTe KOTJI0BaH ob6bemoM 240 M°, mepBHIH 3KCcKaBa-
TOP CTaJ PBITHL APYToii KOTJIOBAH, a BTOPOIH 3KCKaBaTOP
NIPOZOJIYKAJ PBITHL NMEpBbIi. Tereps 06'beM MEPBOTO KOT-
JoBaHa craa Ha 480 M3 Gosbime 06'beMa BTOPOI'O KOTJIO-
BaHa yJKe 4depe3 5 U mocje Hadajsa paboTel BKCKaBaTO-
poB. Ckoabko M? rpyHTa B 1 4Yac BBIHMMAeT KayKAblil
3KcKaBaTop?

K nBym Oacceiinam mojBeseHbl JBe TPpyOGbl pasHOTo Aua-
MeTpa (K Kakaomy OacceiiHy cBosi Tpyba). Uepes mep-
BYyI0 TpyOy HaJ WM B NepBbIil OacceiiH oIpeaeeHHBIH
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06beM BOABI M Cpasdy IOCJie 9TOro BO BTOpoil 6acceiin
4epe3 BTOPYI TpyOy HAJMJIM TAKOi Ke 006beM BOIHI,
npuyeM HA Bce 3TO BMmecTe yiiao 16 u. Eciu 6s1 uepes
nepByio TpyOy BojJla TeKJia CTOJBKO BPEMEHM, CKOJBbKO
4yepe3 BTODYIO, a Yepe3 BTOPYIO — CTOJBKO BpeMeHH,
CKOJIBKO 4epe3 IIEPBYIO, TO Uepe3 IIepBYI0 Tpyb6y HaJu-
Jock 661 BoAbl Ha 320 M® MeHbINe, UEM Yepe3 BTOPYIO.
Ecan Ob1 yepes mepBy0 TPyOy IPOXOAMJIO BOABI Ha
10 M®/u meHblue, a yepe3 BTOPYyIO — Ha 10 M3/u 60Jb-
e, TO, YTOOBI HAJIUTH B 6acceiHbl (CHAYaJa B IepPBLIil,
a NOTOM BO BTOpPOI) IepBOHAYaJbHblE O0'HEMBI BOIBI,
yuLao 661 20 u, CKOJBKO BpeMeHH JNJach BOJa 4depea
KaXXIyio u3 Tpyo?

HwmeroTca Tpu He coobmiamiuxca Mexay coboil pesep-
Byapa, npuueM o0beM TpeThbero He MeHbllle o0beMa
BTOoporo. IlepBriii pesepByap nmeer o6beM V u MoxxeTr
OBITh 3aMIOJIHEH IIepBBIM IIJIAHTOM 3a 3 4, BTODBIM
mIjIaHroM — 3a 4 4, TpeTbHM IIJIAHMOM — 3a O d.
K xaskmomy u3 pe3epByapoB MOMKET OBITH HOAKJIIOUEH
a60# u3 3TUX Tpex uULIaHros. Ilocie TOro Kak K Ka-
JAOMY U3 pe3epPBYyapOB IIOAKJIIOUYAIOT IO OJHOMY LLJIAHTY
KaKuM-Ju00 crnoco6oM, Bce IIJIAHTM OAHOBPEMEHHO
BKJIOYaWTCA. Kak TOJIbKO KakoH-HMOyOb pesepByap
HaNOJHUTCH, COOTBETCTBYIOIIMH IIJAHT OTKJIIOUYAETCHA
M He MOXeT OBITh IIOAKJIOUEH B JajbHeHIlleM K IpYyro-
MYy pesepByapy. 3allOJHEHHE CUHMTAETCS OKOHYEHHBIM,
ecJIM HallOJIHEHEl Bce Tpu pesepByapa. IIpu camom ObI-
cTpoM crnocobe MOAKJIIOYEHHUA 3aloJHEHHe OKOHYHUTCH
4gepe3 6 u. Eciu Gbl Bce pesepByaphl cOOGINANHMCH, TO
3anoJHeHHe OKOHYMJIoch OBl uepe3d 4 u. Haiifnure 00b-
€MBbl BTODOT'O M TPETLET0 Pe3epBYapoB.

| CTeneHb C paLoHasibHbIM
nokasarenem

1. ApudmeTuyeckuii KOpeHb N-i CTENeHn U ero CBOMCTBA.

ApudmMmeruuecKHM KOpHeM n-ii creneHu (n € N, n 2 2) us
HeOTPHLIATEJBHOI'O YHCJIa @ Ha3blBaeTCdA TaKoe HeOTpHIaTelb-
HO€ 4YHCJIO, Nn-s CTelleHb KOTOPOr'o paBHAa 4.

Eciua >0ub > 0, to Yab =%Ya -%b.

a_%a

Ecnna?OHb>0,TonE= .
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Ecam a > 0, to %/ %a =*/a.
Ecim a > 0, o %Xa™ =%a™.

IlociegHee CBOMCTBO HA3LIBAETCS OCHOBHBIM CBOHMCTBOM
KOPH4.

‘2. CreneHb C pauMoHanbHbIM NOKa3aTesniemM U ee CBOICTBA.

m
Ecama >0, 0a" =%a™,rmemeZ,ne N,n= 2.
m
m m
Ecnn;>0,meN,neN, 00" =0.

Onsa nwob6eix a > 0, b > 0 u 1100b1X pallmOHAJNBHBIX YKCEJ P
M @ BBINIOJHAIOTCSA CJeAyIoliue CBOUCTBA:

ap . aq = ap+q,

a’:al=a"1,
(aP)Q — an,
(aby’ = a*b?,

5) =5
b) ~br

3. UppaumoHanbHble ypaBHEHUS U HEPaBEHCTBA.

IIpy peureHuMu wuppalnUOHANBHBIX YpaBHEHWI, KaK Ipa-
BHJIO, IPUMEHAIOT IpeobpasoBaHue, CBA3aHHOEe C BO3BeJEHU-
eM obernx uacTeil ypaBHeHHsA B HATypaJibHYIO cTeleHb. Ciie-
AyeT MOMHUTH, YTO IIPU BO3BeJeHUU 0o0enx yacTeil ypaBHEHHUS
B HEYeTHYIO CTelleHb MOJIy4yaeTcs YypaBHeHUe, PaBHOCHJIb-
Hoe ucxogHoMmy. Eciau ke Bo3BOOAUTH 006e 4aCTH YpaBHEHHS
B YeTHYIO CTelleHb, TO, BOOOlLe roBOps, IOJYyYaeTCsa ypaBHe-
HUe, SABAAIOINEeCa CJAeACTBHEeM HMCXOIHOr'0, T. €. TaKoe, KO-
TOpOe, KpOMe KOpHeil HCXOZHOTO ypaBHEHHA, MOXKET COAep-
JKaTh U Jpyrue KOPHHU (MX Ha3bIBAIOT NMOCTOPOHHUMH). 3Ha-
YUT, B 9TOM CJyuyae HeoOXOAMMO NPOBEPUTH BCe HaWAEHHBIE
KODHU HeIIOCPEeJCTBEHHOI IOACTAHOBKOH B HCXOJHOE YypaB-
HeHmHe.

BoamoxkeH M Jpyroil mnyTh peEIIeHUSA HNPPAIHOHAJIBLHBIX
YPaBHEHUH — IlepexoJ K DPaBHOCHJIBbHBIM CHCTEMAM, B KOTO-
PBIX YUYUTBHIBaeTcA 00JacTh ONpedesieHUsA YpaBHEHUA U Tpebo-
BaHHE€ HEOTPHLATEJIBHOCTHN obeux uacreu YpaBHEHHNA, BO3BO-
ONMBIX B YETHYIO CTEII€Hb.

IIpu pemeHUM MppanHOHAJIBHBIX HEPABEHCTB JILOO HUCIIOJB-
3YIOT MeTOJ, MHTEePBAJIOB, JN00 C NOMOIIBI0O HEKOTOPHIX PAaBHO-
CHJIBHBIX Npeo0pa3oBaHWM 3aMEHAIOT MaHHOE HPPAIlHOHAL-
HOe HEePaBEeHCTBO CHCTeMOI (MJM COBOKYIIHOCTHLIO CHCTEM) pa-
IIMOHAJBHBIX HEPABEHCTB.

IIpumep 1. BHecuTe MHOMKUTEJNL MOA 3HAK KOPHS:
xy¥-x.
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Pemenue. {-x omnpemenen npu x < 0. 3HauuT, 3HAK
MHOXKUTeJIsA IIepeX KOPHEM oIlpejelisieTcs 3HAKOM IiepeMeH-
Ho#l y. Ecoim y > 0, To xy < 0, —xy > 0, caegoBaTesbHO,

xyd—x = —(~ayW-x = —4/(-xy)* (-x) = —4/-x°y*.

Ecau y < 0, To xy 2 0, ciregoBaresbHO,

xyd-x=4-x%y*.
OrseT:4-x%y* mpuy <0, -4 -x%y* npuy > 0.

Ilpumep 2. Haiigure 061aCTh ONpeAeSeHUs] BLIPAYKEHUSI
(3 —|5a + 2 ]).

Pemenue. IToCKOIBKY CTemeHb C OTPULATEJbHBIM pa-
IMOHAJBHBIM [IOKAa3aTejeM ONpeaeJeHa TOJIbBKO MPH IOJI0XKH-
TeJILHOM OCHOBaHWH, 00JIaCTh ONpeJesIeHUs JAaHHOTO BhIpake-
HUSsl COCTABJIAIOT T€ W TOJBKO T€ 3HAYEHUS d, KOTOPhie yAOB-
JIeTBOPAIOT HepaBeHCTBY 3 — | 5a +2|> 0, r.e. | ba + 2| < 3,
oTkyza -3<5ba+2<3, -5<5a<1, Takum obOpasom,
-1<a<0,2.

Ipumep 3. IIpu KaKuX 3HAUEHUIAX NApPAMETPA & ypaBHe-

Hue x¥/x2 +(2a — 3)x6 — 6a = 0 umeer ABa pemenus?
Pemenue. Obnacts ompenesieHusi ypaBHeHHUs1 — IIpoMe-
KyTOK [0; ©). Ha atom MHOXeCTBe HMeeT MEeCTO TOX/eCTBeH-

HOoe paBeHCTBO x3/x? =x3, 3HauuT, AAaHHOE ypaBHEHHE —
5

KBaJgpaTHoe oTHocuTenbHo x°®. KopHu sToro ypaBHeuus (Io

Teopeme Bumera) 3 u —2a, ciemoBaTesIbHO, JaHHOE ypaBHEHHE
PaABHOCHUJIBHO COBOKYIIHOCTH

5

x6 =3,

5

x6 =-2a.

IlepBoe ypaBHeHHEe COBOKYIIHOCTM MMEET OIJHO pellleHUe IIpH
J1000M 3Ha4YeHUHU I[IapaMeTpa a, a IoToOMy COBOKYIIHOCTbH nMeetT
ABa peuieHusda Torga ¥ TOJBKO TOrzga, Korjga BTOpO€ €€ ypaBHe-
HHe MMeeT OLHO pellleHHe, He COBIajalollee ¢ pelreHueM mnep-

-2a =20,

24 %3, Takxum

BOr0 ypaBHEHHUS COBOKYIIHOCTH, T. €. IPH

o6pasom, monyuaem orset: a < 0, a # -1,5.

ITpumep 4. Pemture ypaBHeHHe 10— 3x = x +6.

Pemenue. I cnoco6. Ha ocHoBaHMH omIpegeleHNs
apudMeTHUeCKOro KBaJpPaTHOr0 KODPHA MOXXHO YTBEPXKIATh,
4YTO MCXOJHOE YPaBHEHHE PaBHOCHUJIBHO CHCTEME
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10-3x =(x+6)?,
x+620.

3ametuM, uTo ycaosue 10 — 3x = 0 ABaseTca B JAHHOM CJY-
yae M3OBITOYHLIM, TAK KaK OHO cJelyeT M3 IePBOIO ypaBHe-
HUSA [OJIYYEHHOH CHUCTEMBI.

Pemass ypaBHeHHe CHCTeMBI, HAXOAMM JBa KODHA: —2 H
—13, BTOpPOI1 KOpPEeHb He YAOBJIETBOPAET HEPABEHCTBY CHUCTEMEI,
T. €. He ABJAETCA KOPHEM HCXOOHOTO ypaBHEHUSA.

3aMeuaHUe. AHAJIOrMYHBIM 00pasoM MOXKHO IIOKa3aTh,
yTo Jsi060e ypaBHeHMe BHOa ./ f(x) = & (X) paBHOCHJIBHO CMe-

IIaHHOH cHcTeMe

{f(x) = (g(x))?,
g(x)=0.

II cnoco6. YMHOKHM 00e 4AaCTH ypaBHEHHA Ha 3 U BBe-
JeM HOBYIO IlepeMeHHyI0 Y = 10— 3x. Torga ypaBHeHHe NpH-
metr Buza: 3y = 28 — y?, otkyaa y, = 4, y, = —7 (He yOOBJIETBO-
paetr ycaoBuo y = 0). Takum obpasom, 10— 3x = 4. O6e uac-
TH IIOCJIeTHETO YPAaBHEHUSA HEOTPHIlATEJbHBI, 3HAYHNT, BO3BOAA
X B KBajpaT, NPHUXOAUM K PpPaBHOCHJIBbHOMY YypPaBHEHUIO
10 — 3x = 16, oTrkyza x = 2.

IIT cmoco6. 3amMeTuM, YTO X = —2 ABJAAETCA KOPHEM JaH-
HOrO ypaBHeHHu#A. JleBasd uacTh ypaBHEHHSA — (QYHKIUS yOBI-
Baloillad Ha CBOeil 00JiacTH ONpeJeJeHMsA, KaK KOMIIO3UIIUSA
yOnIBalomeil JnHeMHOM (GYyHKIMM KM Bo3pacTaoimieil QyHKIHNHN
y= Jt. IIpaBasa yacTh ypaBHeHUA — BoO3pacTalolllas JUHeillHasd

byHKnusa. 3HAYKUT, faHHOe YpaBHeHHE UMeeT He 0oJjiee OZHOro
KopH#A (cM. § 8, Ne 182), xoTopslil y2Ke onpejeeH.

YnpaxHeHus

KOPEHb n-W CTENEHWU

BrruucanTte sHayeHHe yuca0BOro BelpaskeHud (1—4):

11.1. a) ¥/-2% -3/(-2)%; 6) §/(-3)° -¥/-3°.
11.2. a) ¥/125-8-0,5-'91024; 6) 1,5-4512-%/216-1000.

11.3. a) /64 —3 ,{6—14; 6) 2 4*/W196 —4/2/4096.
11.4. a) ¥/54-32-4/8-162 +3/427;

6) 4/648-1250 — /25654 — 3 7:13—*23.
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IIpr KaKuX 3HAYEHHMAX NEPEMEeHHOH Ompe/e/ieHO BhIPAXKEHUe
(5—6):

4/0_+2. x . 2-x, x-2 ,
11.5. a) Y9-x2; 6) E,S—x’ B) 6’x+3, r) 3’|x|—2 ?
1,

11.6. §-5a% +7a-2; 6 ﬂ 5
a) a a ) 7 NP

] _ 22
B) 10|a|——|a+2l, ) m?

Peminre ypasuenue (7—9):
11.7. a) x5 =25; 6) x% =10;
B) 2x* -15=0; r) 3x2 +183=0.
11.8. a) ¥2x-3=2; 6) ¥Y3x+5=3;
B) 3¥3x-1+2=0; r) 2¢5x+2-1=0.
11.9. a) x® —-9x* +18=0; 6) x® —3x3 -10=0;
B) x!2 =21+4x°% r) 2x% =15-x1°,
11.10. YkakuTe ABa MnocjiefOBaTeIbHBIX IEJIBIX YMUCJIa, MEX-
Y KOTOPLIMH 3aKJIIOYEHO YHCJIO:

a) ¥35; 6) 467;  B) ¥/—463; r) ¥1112.
11.11. OueHure 3HaUYeHEHe BHIpaYKeHUA i/ a, ecIM U3BECTHO, YTO:
a) 16 < a < 39,0625; 6) 10® < a<0,1296.
11.12. Oneuunre 3HaueHHUEe BHIpa’KeHUA 3/a, ecium wusBecTHO,
4TO!
a) 27 < a < 42,875; 6) -0,512 < a < -0,085184,
11.13. OmnpepesinTe 3HAK YHUCIA:

Y73-45.7 s 1)
®) o011 6) (3/3,5-%/1)(¢/0,999 -1);

9/ __ 9/
5) ¥—65-156)403-402); 1) - 81?39501_%;_2_91.

=

Pemiute HepaBeHcTBo (14—16):

11.14. a) ¥x-1<2; 6) ¥Yx+12>2;

B) Yx-223; r) Yx+2<3.
11.15. a) 3x5-10 > 0; 6) 4x°+ 5 < 0;

B) 5x% - 30 > 0; r) 8x5-7<0.
11.16. a) x® - 5x*+ 6 > 0; 6) x%+ x%-42 < 0;

B) x12_x6_20<0; I‘) x14+7x7+12>0.

IMocTtpoiiTe rpadpur pyuruuu (17—18):
11.17. a) y=14-¥x; 6) y=4—x; B) y=4/|x];

D y=Yx+i-1 m y=4fx-1; e y={x[-1.
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11.18. a) y=2-¥x; 6) y=¥-x; B) y=4x|;

N y=Yx-1+5 m y=4lx+1; e y=3x[+L

CBOWCTBA APUDMETUHECKOIO KOPHA N-A CTEMEHU
BrluncauTre sHaueHHe BhIpaxkeHud (19—22):

1 ¥5-%625
.3 . T 7.
11.19. a) 0,5-3/96 -3 13 T

3 _3
6) 23/100 -3/62,5 3/% — ———W

5
11.20. a) V3 - :1/__3.m_39_5«/§4;

6) i/—_5-\/§-%f2—5w/§+5";/_;29-

11.21. a) 4/6+2V5 -4/6-25;
6) 6-2J17 -3/6+2/17.

11.22. a) 3V5+452 -3/5+2413 - 3452 V5;
6) 3¥V2-412 -3/2+2V3 -3V12+2.

BriHecnTe MHOMKUTEND 3a 3HAK KOpHA (23—27):

11.23. a) 3/-3000; 6) 4/48; B) 3/-486; r) -1,53%-160.

11.24. a) 3/24a%; 6) 3-54b7;
B) 132a°%; r) 364p7.

11.25. a) {162a°%, raea >0; 6) 4/32b*, rme b < 0;

B) ¥Ya®b’, rae a < 0; r) %a''b%, rge b > 0.
11.26. a) 4/243a*b'%c8, rae a < 0;

6) 8/128a'2b%¢® , rge b > 0;

B) Ya'bic?; r) %aSb7cB.

11.27. a) 4Y-a’b¢; 6) &/—a®b”;

B) VY-a"b*c?; r) §—abbh7ch,
BHecuTe MHOXKHTEH O/ 3HAK KOpHA (28—32):
11.28. a) 3%3; 6) -5¥5; =) 2¢3; 1) -24/0,25.
11.29. a) a¥/5; 6) -b¥3; B) a¥/8, rae a > 0;

r) b%4/2, roe b < 0.

11.30. a) ab¥/2, rnea <0, b > 0;

6) ab¥/3, rnea <0, b <0;
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B) —ab¥2, e a >0,b
r) —ab%/3, roea >0, b
a) a¥a; 6) b¥/-b;
a) abi/a; 6) —ab¥b3;
CpaBHure ynciaa (33—34):
11.33. a) 4/26 u V54;

B) V5 u/3;

a) —W10 u —4/¥99;

B) 2¥/3 u ¥5;

11.31.
11.32.

11.34.

VvV A

0;

0.

B) —a¥/2; r) b¥%/3.

B) ab%/—a; r) —ab¥-b.
6) 37 u 47;

r) -Y4u -¥3.

6) VY3 u §62;
r) —23/6 u -3/5v2.

Pacnonoxute yncia B nopsaaxe sozpacraunus (35—36):

11.35. a) V3, ¥4, ¥18;  6) %3, ¥2, ¥30.
11.36. a) ¥4,8/3%3, ¥25; 6) 964, W77, 4/2/1,25.

Briuucaure sHauenune BolpakeHus (37—39):

4-3J2 (V24+46)
11.37. a) m, 6) m—,
(¥9++3)% 1-295+45

B) —/——————;
) 3/3+2¢/3+1

11.38.

a) V3-2v2 -417+12V2;

B) V2++/5 -§/174/5-38;

11.39. a)

3/10+6+/3 +3/10-6+/3;
6) 35J2+7-35V2-1;

D BBy
6) 3/V3-2-%26+15V3;
r) 3/246-5-§/49+206.

B) 3/20+142 +3/20-1472;

r) 3/26+15vV3 —/4-2V3.

Cokpature apo6s (40—43):

N N
11.40. ) 6 e+
Yad® +b Ja-bJb
HAl ) O vavs
a-b bJb+%a?
a2 o O e
1-Va 1-Vb+4b-4b?
11.43. a H 6 .
o a(a+1)-2¥a? ) Vb-b
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HN36aBbTeCh OT 3HAKA KOPHA B 3HaMeHaTeJse apoou (44—48):

5 18 6 2
b a7 O P O v
1 7T
11.45. a) W; 6) m,
B) —2 _; ry 29
2-%3’ 3+3/2
1 1
Ha D 5w VY@
2 . 3 .
11.47. a) m, 6) §/§+\/§
2 1
11.48. —_— o) .
8- 8 =i ) Ta+74+48+2

Pemmre ypaBuenue (49—51):
11.49. a) ¥x-3%x-4=0; 6) 3Jx = 7 _ 42857 .
11.50. a) 44/x3 —xJ/x =38;

6) 5, x+1=6-1x3 +3x% +3x+1.

3= 3/ 2 _
1151, ) 2=t _¥x'-1_ .
Yx2 -1 VYx+1
1 1 8

O Gt Vo4
11.52. HaiinuTe 3HaueHne BhIpAKEHUA:
a) (1+Va)A+¥Ya)(1+¥a)A+¥a)(1+*a)(1-*¥a) npu
a=1991;
6) (a—va+1)(Va +¥a +1)(Va -¥a +1) mpu a = 5.

ITocTpoitte rpaduk pyuxnuu (53—56):
11.53. a) y=4/x2 —6x+9; 6) y=1-49+6x+x2.
11.54. a) y=%x? +4x+4; 6) y=2-%x% —4x+4.
11.55. a) y=4/(x? +2x+1)% +4/(x% —2x+1)%;

6) y=8/(x® —3x% +3x-1)% —8§/(x? +6x+9)3.
11.56. a) y=§/x> —~2|x|+1; 6) y=1-4/x* —4]x[+4.

11.57. Ookaxure, 4To cpejHee apudMeTUUECKOE a) UYETHIPEX;
6) Tpex MOJIOKUTEJBHBIX UHCEeJ HE MEHBIIIe UX CpeaHe-
ro reoMeTPUYECKOro.

Vupocrure Beipaxkenue (58—64):

158 4 4+ L, 1 Ve
T Ya-1 Ya+1 1-3a 1+¥a
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11.59. ‘“+3V“2”)"b+3“"b2)'1~i]3.

Ya-¥b b
(Va® +46%)(Ya® -4b%) ,atb
11.60. NG -Jab .

Yab® -4a®b 1+ab . a a
11.61. 142422
Ja—\b | Yab ] VBT

4 _4 -1 4 4 -1 —2-_£_b—.
11.62. (Ya -4b)" +#a +¥b)?) TN
-3
1
~—a
11.63. a +%a

(%+=«{E+1](§/E+?‘E—1]

Ja+1
11.64. |4/a? = a || L__~¥e*2
6 a 2a+1+JlT] (Jm -1

11.65. Pemnrte ypaBHeHHUe
Je-4x Yx-1) 1+4x3 _3 Jx+¥x-1
Jz-1 ¥z ) %z Iz
11.66. Joxakure, 4TO IpPHU BCEX AONYCTHMMBIX 3HAUYEHUAX Te-
PEMEHHBIX 3HaAYEHNE BHEIDAXEHUA

«/;—\/Z_ x+./xy? i .‘%/;+‘§/§
Gy \Ve+tm V)

HeOTpHIATEeJIbHO M He 3aBHCHT OT X.

CTEMEHb C PALIMOHANBHBIM NOKASATENIEM
Briuncanrte 3HayeHue YHCJIQBOTO BEIPAXKEHUS (67—68):
11.67. a) 81%7.3204-8 3 :‘273 + 256%5;

6) 167 .2505 +64 3 . 915 — 100795,
11.68. a) (0,5)™* + 16>° — (0,0625)7 . (g)_oﬁ,

1 2 -2
6) (0,008) 3 1253 —(2;—2) ?:(2,5)2 -(0,75)".

1
81
sIBJISieTCA KopHeM ypaBHeHMs 110x% — 21x + 1 =0.

-0,5
11.69. [loxaxxkure, YTO UMCIIO a=(( ) . 103 +100007°7° )0’5
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11.70. CocraBbTe KBaApaTHOe ypaBHEeHHEe, KOPHAMH KOTOPOIO
ABJAIOTCA YUCTA

2 3 1
a=64% .16 2 (0,5)% +(~3,375) 3

4
b=(0,25)"15 + (81)25 ~ (0,125) 3.
11.71. Ooxakure, uTo yucyao a = 198919 — 4632 gesurca Ha

_3)-3
E | (0,5) — 625°% — (2,25)15.

YHUCJ0 b =
(19)1!

HpPI KaKHNX 3HaA4YeHUAX HepeMeHHOﬁ onpenesgeHo BhIpaXeHHue

(72—73):

2
11.72. a) (2 — 3x)%; 6) (5x+2) 3;
7
B) (x? — 3)0°; r) (5-x2)97
2x-3 w02 2
11.73. a) ( ] ) : 6) (3x% —23x+14)7;

2 0.7 _4
B) (x—ﬁ) ; 1) (5-[2x-5[) 1?

5x—-x2-

Permnure ypa}menne (74—75): \

11.74. a) x3 =2; 6) x5 =2;
B) (2x—-1)

4
7

r) (2—38x)7 =-1.

Y

=3;
1
11.75. a) (x2-1)3=2; 6) 1-|x|)*8=2;
2
B) (3—-2x%)2 =9; 1) (8x2+13|x|)*"=8.

B kakux nmnpezenax WH3MeHAETCA 3Ha4YeHHWE BHIPasKeHUSA
(76—178):

11.76. a) x*% 6) x*"%; B) 4x%° + 3x*"5, ec1m U3BECTHO, UYTO
16 < x < 817

11.77. a) x%%; 6) 2 - 5x%*, ecam umaBecTHO, uTOo 243! < x <
< 3217
1 1 1 1
11.78. a) x%5% 6) x3; B) x68; r) 2x2 -3x3 +6x¢, ec-
JIX U3BECTHO, uTo 1078 < x < 0,0156257
11.79. Onpenenure 3HaAK YHcaa:

1 1
1 1 2 53_63

a) [55 -63 )(0,7? _1); 6) — =z
1-0,7 7

O [
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(1,1991)%% —1

B) 02’
1-(1,1991)™

r) 2 -0,199197 — 1,991°8,

ITocTpoiite rpadpuk dyrknuu (80—81):
1 1 1

11.80. a) y=x2; 6) y=1-x%2; B) y=(1-x)%;
1

[

1 1
r) y:lx1| 3 A) y-_—ll_;lx;|2; e) y=(1—'x|)2.1
11.81. a) y=2°; 6 y=-x° -L B) y=1-(x+1)*;
1 1 1
5 3 e) y=(x[-2)°.

; my=—|x-8
11.82. Pemrure rpadpuyecKkn ypaBHeHHE:
1

r)y:‘x

a) x? +(-x)° —-2=0;  6) (x + 2)"* + x = 10;
B) [x-1["+2x=x%+1;

r) x%+4x +(x+2)® +2=0.

CBOWCTBA CTEMNEHU
C PAUMOHAJIbHBLIM NMOKASATENEM

Boruucanre 3Ha4YEHHE YUCJIOBOTO BhIpaskeHus (83—85):
11.83. a) (2 + 15°%) (2 - 1503))! - (5%° - 309);

6) ((3\/5)‘% —16“”25)(16_41 +34L5).

1 1 1yt 3
11.84. a) 10 3 - [723 +53) +—5—5 b
23 _53

6) (97 +22-0,5.995) (27 + 810%),

11.85. a) 9((2@)5 —(3,/0,375)3)“‘;

1 1

6) [1 +45] +162 (1- 234 +3/16)°%,

Brinmoanure geiicrBusa (86—89):
3

2
_b'ﬁJ .

3 |

11.86. a) (= + 0,5a%™)?; 6)(b
11.87. 8) (a5 — a®%)1 . (a + a”! — 2);
2 4
6) (b 5 —bO-S] (b*® +b‘°’8)(b5 +b4’s4].

6 3

11.88. a)((a“‘ +1)a® +a> +1](a°’6 ~1);

7

6) (6% ~2)(b®* + 2617 + 4) (8 + b%%).
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11.89. a) (a"g +a%}[a_% —aé +a’~"’];
8 L

8 -1 4 7
0) [b3 +b 15b‘2’%[b3 -b 5].
Coxparnre apobs (90—92):
1

6+5 0,25 _305
11.90. a) 6)
25-a3 *
al® —ptd a+b
ol o) 5= O —5 717
a—a3b3 +as3bs
8
a®7 _p0s b?_ao,s
11.92. a) ﬁ——; 6) e 12
a8 +biz as+b7

11.93. IIpeacraBbTe BhIpa)XeHHE B BHJE CTEIIEHU ¢ OCHOBaHMEM X!

a) xyx¥x; 6) x2% xyxVx;
Bxt r) x8 x¥x '

Yupocrure Bhipaxenue (94—95):

-9
11.94. (ab™® + a%b)" (a™* + bY) (,/(0,5)-3 ) .

11 1 1

a a3b3 asd —2b3
LS § _2 IR P S
2a 3-b 3 da 3+2a 3b 3+b

2
x
B)

8b—
11.95. 5

2
3

11.96. VopocTuTe BhIpakeHHe
1 3

1 1l _
0,5a4 2-g)iqg 4
a +( a)ta

1
. — 24
5 :(2a-a?)4.

3
(2-a)4
MoxeT 1 3HaYeHHEe JAaHHOTO BBIDAMKEHUA OLITH PaBHBIM:

a) 1; 6) -%?

11.97. CymecTByeT JM TaKoe 3HAYeHHe epeMeHHOH m, HIpH
KOTOPOM 3HauyeHWe BhIDarKeHUusd
-1
1

= 2 2
3 3 1-m3 -3 2
- - l1+4m 3 -m 3
¥Ym? -¥m+1 m+1 ¥Ym?2 1 ( J
OTPMIIATEILHO?

169



¥Yuopocrure Boipaxkenune (98—100):

i1 pn-l 1
a“[a‘* —b“J bt
11.98. T TN Id 1 (a-0b).
a b4 +1 (a‘* +b4)(a4b 4 +1]—2a4
(l l](l_l _11]2 11
3 +b3| abb 3 3p6 11
11.99, 2 tPUNaOh BHa FY) e,

2o o1 1
a'1+b'1—(a 3-p 3) [a 3-p 3]

( -1 _1)'1 [ -1 _1)-1
(a+b) 2 +(a-b) 2] +(a+b) 2 —(a-b) ?
11.100. 1 S .

1 ! 1 !
(@a+b) 2 +(a-b) 2] —[(a+b) 2 _(a-b) 2]

Hoka)xute, 4TO IpH BCEX AONYCTHMBIX 3HAYEHUAX IIepPeMEH-
HBbIX, IPH KOTOPHLIX BBHIpA’KEHHE HMMEET CMBLICJ, €ro 3Ha4YeHHe
He 3aBHCHUT OT 3HauyeHui nepeMeHHbix (101—103):

3
-0,5 -1 { 1 _4 3] 4/ .3 0,75]
11.101. 10 (a+b) |\ b®|(Va® +b ) ab .
V2,5 a®-p%s
1 1 1
1 1 2a -2 [ 11 ]
11.102. 0,25 + - a2 +at+1{.
4 8 1 1 11
Va+¥a+1 at—-ad8+1 a2+at+1

(a% +b§]3 . @la-3b)?

3/ 23 .3/ 22 21 12’
a+b+ a -
b+Na®b+Yab a-b-a3b3 +a3b3

11.1038.

Yupocture Beipaxkenue (104—107):

(é 11 1}2 [é 11 1}2

b6a 6 +b3a3] +|\b6a 6 —b3a3 4a?

11.104. T 17z z 11 —2a+——a_b-
e el

5 1 2 218
0573 —asb) +3 Va7 -YaT5) _(a=b)® a+b
z 11 2 2(a+b) 2
a1 +¥b! )(a3 —a3b3 +b3} (a+b)

11.105.
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_2 3 2! -2
11.106. —g—x 3 (1+(1+2‘/;) } x 8

e 3090 "
‘i/;(l - Jc—%](x_§ + 2x_§]{1 + x% + x%] : .

+
1
6(%x -/ x? +¥x +1)2

1
(1-2Vx(Jx +Jy +V2) " N Uxp)? (z—x -y + 2 [xy) " - 1)

1 1 1t
(37 -0)7-6)°
x 2 Y
M BBHIYHCJIHUTE ero 3HauveHwe npu x = 126 025,
y =18 225, z = 729,

11.107.

HJokaxute, UTO AJA BCeX IMOJOXKUTEIbHBIX 3HAYEHUl
nepeMeHHON MMeeT MecTO HepaBeHcTBO (108—110):

-1,25 -2 0,5 _ ,.-1,5
11.108. X F% 9. % x

x2 4175 x5 4 -1 :
x249+9Jx
x4/9+3JVx
1+8(b-4)! _( 1 )*"5 b2 —4p~25
"l (p+16b1-8)1 225 T b l44pLs
ecin b= 4, b#16.

11.109. (x2 + 6x + 9)*° >

11.110 > 16,

11.111. ITpu xaKUX 3HAYEHUAX X MMEEeT MECTO HepaBEHCTBO

-1
V2 2¥5 ) x2
((1-::2)-1 Ve ) Tea ) B

11.112. PeminTe ypaBHEHHE:

a) [::cg —2.7::2]‘:—[2x57 -—2§] =3/81;

6) (x4 +3x2)"" +3(x%* +3)** =%/4096.
11.113. IIpu xakoM 3HavyeHnM a ypasHeHne x2 3/x2 —(a + 2)x3 +
+ 2a = 0 uMeeT eAUHCTBEHHOE pelleHue?

11.114. CroJIbKO pellieHUil B 3aBUCUMOCTH OT @ UMeeT ypaBHe-
Hue x%2 + (2a — 3) x ¥x® — 6a = 0? Haiigure 3TH pe-
110320 8; 8
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MPPALUOHANBbHBIE YPABHEHUA

Horakure, 4To ypaBHeHHMe He uMeer peiuenus (115—117):

11.115. a) v5-x +2=0; 6) V3x—1+/5x+8 +1=0;
4/x*-16 +¢/x3 -8
By VEd4VZ 30, 1) +sz =0.
3x—x<-2
11.116. a) Vx—-8 +3=+7—x; 6) V8—x2 —2J/x-3=1;

B) 5/x—2— /4 - x? =2L; r) V1-x2% +4/5x-5=2.

-x
11.117. a) J10++Jx—-x2% =3;

6) Vx+17 +vJ/x =4;

B) Vx—-T7—-+Jx-6=1x2;

r) V—x=%x-2.
PaBHocusbHBI 11 ypaBHeHu#A (118—119):
11.118. a) Vx-5=9u x — 5 = 81;

6) ¥2-x=-3u 2 - x=-27;

B) ¥2-x=-3u 2 - x =81;

r) ¥-x* -1=—-1umx*+1=12
11.119. a) Jx-5=xu x2=x - 5;

6) ¥2x+1=xu2x +1 = x5

B) ¥x-2=|x|umx—2=uxt

r) Yx—-1=-xnx—-1=-x5

Pemure ypaBHeHHe, HCHOJIL3ys onpeneseHHe apudMmeTnde-
CKOr'0o KBaJgpaTHOTro KopH#a (120—122):

11.120. a) Vx% -1=2; 6) V3-2x2 =1;

B) ]x-3[+2=3; r) (5-[1-x2|=2.
11.121. a) V7 -3x =x+7; 6) V15+3x =1—x;

B) 3x+5=+/3-x; r) 2x++/34-5x="1.
11.122. a) x=Jx+1; 6) Vx+1=—x;

B) b+x-2/=1-x r) J3—|x+3|=x+2.

Pemnre ypaBHeHMe, HCIOJb3Yd BBeJeHMe HOBOII mepeMeHHOH
(123—126):

11.123. a) x- vz = 30; 6) &—%:1;
B) Yx+J/x=2 r) ¥x+2%x=3.
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11,124, a) v8—-x=2-x;
B) 3x=10\/x——2;

a) V2 -20=4/2- x,
B) vx% -2x-1=

r) 10vx? —x-1=13-

a) x2 +4=5\/x2 -2;
6) x2 +3vx2 -3x =
B) x% +24x% -8x+11

r) x2 +vJx%2 —x+9=

11.125.

11.126.

X2 —-2x—
1/xz —x-1
3x+10;

=3x+4;
x+3.

6) Vx
) 3Vx+

06) V5+2x =
_5;

=x-5;
=2x-5.

10-34/5+2x;

Pemure ypaBHeHUe, HCIOJIb3ys CBONCTBO MOHOTOHHOCTH (PYHK-

umit (127—129):
11.127. a) vx-1++/x+3=2
B) V2x+3-V4-x=2;

a) vx—-1++Jx+3=

11.128.

6) 2Vx+Jx-3=5;
r) V7+3x—-/5-4x+1=0.

3—x; 6) 2Jx+V/x-3=9—x;

B) V2x+3-J4—x=T—-x;
r) \/7+3x—«/5—4x =1-2Jx+2.

11.129. a) ¥2x-1+% 7 3;

B) Vx +x—

1’

Peuinte ypaBHeHHE (130—144):

11.130. a) V4x2 +5x—-2=2;

B) JW=3;
a) Vx? -16 = /5x+8;
B) ,/14+/x| = Vx2 -16;

11.131.

11.132.

6) ¥3-5x-¥x+1=2;
r) 1442 x = x° 12.
6) 3/x% +4x-50=3;

r) ¥x% +14x-16 = 4.
6) V—2x—1=+/x2 —

r) /8|x[+3=+x? -25

a) (3x+5)vV5x2 +22x—15=0;

6) (2x+3)vV23x-14-3x2 =0;

B) (2-x)Vvx2 -x-20=12-6x;

r) (x+1)Vx2 —x—6 =6x+6.
11.133. a) Vx-5=a+1; 6) Vi—x=a-2;

B) V2x—a = Jx; r) V3+2x =Ja—-x.
11.134. a) Vv3x%2 -6x+16 =2x~-1; 6) 1+2/5x2 —5x+1 =6x;

B) [x~7=2J/2x-8-3; 1) JA-x=38-|x-1]|
11.135. a) Jx+1=2+Jx-T; 6) Vx—-13=+vx+8 —

B) V4x+8 —/3x-2=2;

r) Vx+8 —/5x+20+2=0.
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11.136. a) \/x—3+w/6—x=\/§; 6) «/x+ =2+/5x+5;
B) Vx+4-3= V7-0,5x; 1) Jx+8+1= VTx+9

11.137. a) Jx+7 = V3x+19—-Jx+2;
6) Vbx+4+2x-1= V3x +1;

) Vx~-2+.x+3 = V6x-11;

r) VTx+1-/2x+7 =8x - 18.

11.138. a) Jdx -3 . 3%-1 6) M=3\/2x+3;

,/3x ’ ,/3x—8
B) —_— 2x+1.
2—x x+4 3x+
11.139. a) V5x—5 = ++v38x -
v \/\ N/
x+5
6) 0,32 L1/ = ;
) 0.3v2x+13+0.1 x+ NETSE
p) v13x-20 J13x-20 2 2 ., 3
1/ -5x+6 1/:::—2 Jx-8’°

J2x+7 1 1
1/21x2—123x 18 J3x-18 JTx+1

[8x+2 [2x-3
11.140. a) m + m =2,5;
6)3{ -2,5= 31—~

x— 1 2x+1

2x+1 x-1
r) 41,3_“ - 3x

11.141. a) /3x— 15-2x=3- /5=
6) Vx-4+4= X++/8—- 2x,
B) x?2 —2x+\/x x? = ‘\/_
r) vx? -2x—-8_./3x_ x2 =
11.142. a) Vx+Vx-8+x=2
6) V18-5x+2=x— /5 3%
11.143. a) /51 4x_ 2 =x% - 2x+4;
6) 2x2 —4x+3+v3x2—6x+7 2+2x—x2,

1144 a) 22424 2 oy VI3-27 74,
x°-2x+2
0) Vdx-x% = 43 -12x+18.
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NPPAUNOHAJIbHBLIE HEPABEHCTBA

Pemnrute HepaBeHncTBa (145—153):

11.145. a) v3x+2>1; 6) V3x—-2<3;
B) 2/56x-3 2 3; r) 5-244x+1>0.

11.146. a) [4x% —12x+9>2; 6) ,/252% —10x+1 <1;
B) 5-[2x~1] > 2; r) [5-[2x-1] <2.
11.147. a) Vx-2>a; 6) Vx+1 <a;
B) m>a; T) Msa.
11.148. a) 2V12+x-x2 +1>0; 6) /x% +6x+8 > -1;
B) [4x% — 5x -6 <O0; r) /8x% - Tx-6>0.
11.149. a) V5x+7 <+/2—3x; 6) V3—Tx > +/6x-8;
B) x% - 8> /4x-6; r) J4x+7 < x? - 2x.

11.150. a) ,/3x2 —10x+7>2;  6) |/2x% +5x+11>3;
B) Jx2 +17x <4 r) Jx2 — 24x <5.
11.151. a) (x-2)/x-1>0; 6) (x+3)V2-x<0;
B) 2x—-9)v3x—-42=0; r) (4x+7)J/3-5x <0.
11.152. a) (3x2 — 16x + 21) /2x+5 < 0;
6) (5x2+ 17x + 14) J4-3x<0;
B) (2x+3)V6+x—x2 > 0;
r) (5x-7)Vx2 —9x+14 <0.

6-2x 3x+15

11.153. a) ———— <0; 6) ————>0;
) Jx2+Tx+12 ) Jx2-5x-24
B) x2 >8x; r) 27/-x-x2 <0.

Pemute HepaBeHCTBO, HCIOJb3yd BBeJeHHe HOBOHI IepeMeH-
Hoi1 (1564—155):

Jx¥3-1 Jx+1-3
11.154. a) Y22 "5, 6) Y2 "° >
5—-Jx+3 2/x+1-5
B) 7 <1+ 2 ; T) 5 <1——1——
Jx-1+5 5-Jx-1" 7 Jx+2+4 Jx+2-4
11.155. a) V15—x < x+5; 6) x—9<3Jx+1;

2x+1 1 x 3 x 1

—_ - 23 — ==

B) x 2 2+x 3 r) 2-x 4\/2—x 4’
o) x2 +5x—.Jx2 +5x+4+2<0.
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§ i NMocnepoBaTtenbHOCTH
/ n nporpeccuun

1. Cnocobbi 3apaHua nocneposaTenbHOCTEN.

YucsoBasa mocjiefOBaTeJILHOCTL 3a7]aHa, €CJIH BCAKOMY Ha-
TypajJbHOMY YHCJY 7 IIOCTABJIEHO B COOTBETCTBHE HEKOTODOE
uucio a,. Obosnauenue: (a,).

ITocnepoBaTeIbHOCTS Yallle BCEro 3aJalT ¢ MoMOLIbI0 Gop-
MYJB! N-TO YieHa UM PeKypPPeHTHO.

Ecin sanana dopmyna a, =f (n), rae n € N, f — HekoTo-
pad GyHKIIUsA, TO IIOCJEeA0BATEJBHOCTh 3ajaHa GOopMyJIoil n-ro
uyneHa. Hanpumep, mocnemoBaTenbHOCTh (a,), 3amaHHad ¢op-
MmyJoit a, = n?, n € N, umeer Bug: 1; 4; 9; 16; 25; ....

IlocnemoBaTeIbHOCTS 3alaHa PEKYPPEHTHO, €CJIU onpeneJie-
HBI OAUH UM HECKOJIBKO IIEPBBHIX €e 4JIEHOB U JaHa dopmyJa,
BbIpajkalonias n-f 4jeH I0CJeL0BaTeJbHOCTH Yeped IpeabIay-
mue. Hanpumep, (a,): a,=a,=1, a,,,=a,,,+a,, neN
(DaHHaA IOCJIeAOBATENHLHOCTh HA3BIBAETCA II0CJIEAOBATEJIbHO-
ctei0 Pubonauun), 1. e. (a,): 1; 1; 2; 3; 5; 8; ...

2. MOHOTOHHOCTb M OrpaHU4YeHHOCTb nNocnenoBaTeNibHOCTH.

IlocnenoBarenrHOCTE (@,) HasbpIBaeTCA BO3pacTamIei
(ybuiBarouieit), ecau AJs ar000r0 HOMepa 71 UMeeT MeCcTO Hepa-
BEHCTBO

a, . > a, (a’n+1 < an)'

ITocnenoBaresnsHOCTS (@,) HA3BIBAETCA OrPaHUYEHHOM cBep-
Xy (CHM3Y), ecJiu CYIIeCcTByeT TaKoe uyucjo M (m), 4To mjs Jiio-
foro HOMepa 1 UMeeT MeCTO HepaBeHCTBO a, < M (a, 2 m).

ITocsienoBaTEILHOCTL HA3BIBAETCH OIPAHMYEHHOM, eCJHU OHAa
orpaHuYeHa U CBEpPXY, U CHH3Y.

3. MeToa maTtemMaTMyecKoi MHOYKLMK.

Meroa maTeMaTH4eCKOM MHAYKIMHM HMCIOJL3yeTCHA AJA OO-
Kas3aTeJbCTBa YTBEPKAEHUI, 3aBUCAINMX OT HATYPAJIBLHOTO ap-
rymeHTa. s moKasaTeJsCTBa YTBEPIKIAEHHS METOIOM MaTe-
MaTHYeCKOH MHAYKIUKU HeoOXO0aquMO:

1) npoBepuTh CHpaBeAJIMBOCTH YTBEePXKAEHUS Aasa n =1
(1160 ANA HepBOTO HATYPAJILHOIO YUCJAa, AJIA KOTOPOTO MOKa-
3BIBAETCH YTBEpIKIEHUe);

2) B NPEAINOJOXKeHHM, YTO YTBepP)KAeHHe BEpPHO AJI HATY-
pajJbHOro umucja n = k, AOKas3aTh CHpPaBeAJHNBOCTL YTBepXKJIe-
HUSA IJ CJeAYIONIero HaTypajbHoro uucaa n = k + 1.

IlepBriii miar HaswiBaeTcsa 06a3MCcOM MHAVKIIMH, BTOPOM —
HHIYKIMOHHBIM IIIaTOM.
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4. ApundmeTnyeckas nporpeccus.

YucmoBasa IMOCJeNOBATEILHOCTh Ha3bIBaeTCA apu@pMeTHue-
CKO# mporpeccueil, ecjau KayKablH ee UJieH, HAUYUHAsA CO BTOPO-
ro, paBeH IPEABLIAYIEMY, CJIOXXeHHOMY C OJHMM H TeM JXe
YHCJIOM, T. €. apudMeTHYEeCcKOH Iporpeccueil HasbIBaeTCHA IIO-
CJIeOBATEJIBHOCTD, 3a/JaHHAA PEKYPPEHTHO CIeAyIOIIuM obpa-
30M: a,=a,a,,,=a,+d, rae n € N (uucjio d Ha3bIBalOT pas-
HOCTBLIO IPOI'DECCUH).

®opmyia n-ro uieHa: a, =a, + d (n — 1), n € N. Xapaxkre-
PHUCTHYECKOE CBOMCTBO: IIOCJEeZOBATEJILHOCTL (a,) ABJIAET-
ca apudMeTHUECKON IIporpeccuell Torga M TOJBKO TOrjga, Ko-
ria KaXIblil ee WjleH, HaUMHas CO BTOPOTO, PaBeH cpelHe-
My apudMeTHYEeCKOMY COCeIHHX C HHUM UJIEHOB, T. €.

an+l+an—l
a, :—2—,rnen>2,neN.
a,+a,
@opmyna CyMMBI MEPBBEIX 71 YJEHOB: S, =—75 N um
2q,+d(n-1)
S, = —1—2—-n, neN.

5. NeomeTpuyeckan nporpeccus.

YucsioBad IoOCIE€IOBaTeJNIbHOCThL Ha3bIBAETCA reoMeTpUUe-
CKOH IIporpeccuei, ecjau KaKIbIl ee UjeH, HauuHasag CoO BTOPO-
ro, paBeH HOpedbIAyIeMy, YMHOXXEHHOMY Ha OAHO U TO XKe
YHCJIO, OTJHYHOE OT HYJIsSI, T. €. FTeOMEeTPHUYECKOIl Iporpeccueit
Ha3hIBAeTCA IIOCJIEIOBATEILHOCTh, 3aJaHHasA PEeKyPPEeHTHO
cliepylomuMm obpasom: b, =b, b, ., = b,q, rae n € N (¢ HassIBa-
IOT 3HAMEHAaTeJeM IIPOTrPECCHH).

®opmyaa n-ro diaena: b, = b,q" "', n € N.

XapaKTepHCTHUYECKOE CBOMCTBO: MOcCJenoBaTeabHOCThL (b))
SAIBJIAETCSA NeOMeTPHUYECKOM IIporpeccHeil Torjaa M TOJBKO TOT-
Ja, Korja KaXKJIbIHd ee 4JieH, HauMHasA CO BTOPOTrO, PaBEeH Cpef-
HeMy TeOMeTPUYeCKOMY COCegJHHMX ¢ HHM UYJIeHOB, T. €.

b2=b, ,+b,.,,n>2,neN.
bl_bnq
@opMyJia CYMMBI [€pPBBHIX 71 YlIeHOB: S, = 1oy W
- b(1-gq™)

S 14

,neN,qg#1 (Bcrysae ¢ =1 oueBngno, 9r0 S, = nb,).

n

6. MNpepen nocnepoBaTenbHOCTM.

YUucao a HasblBaeTcA IIpeAesioM NOCJIeAOBaTEeJILHOCTH (a,),
ecJii AJIS JI00Or0 MOJIOMKUTEJHHOrO YHCJIA € MOXKHO YKa3aThb
Takoi HoMep N, UTO OJd BCAKOI'O HATYPAJNLHOTO Uucaa n 2 N
BBITIOJTHAETCA HEPaBeHCTBO | a, — a | < €.

IlociienoBaTeLHOCTL Ha3bIBAETCS CXOAsAIelCs, ecau OHa
uMeeT npexesa. O6o3nauenue: ¢ = lima,, .

n— oo
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Ecan mocienoBaTelbHOCTh MMeeT Hpefell, TO OH eIUHCTBe-
HEH.

Eciu mocnenoBaTenbHOCTH MMeET IIPefies, TO OHA OTPaHU-
JeHa.

Ecan nocnemoBatensHocTu (a,) u (b,) MMeIOT mpenessl, TO
CYLIeCTBYIOT IIpefiesibl IMocaefoBareabHocTeil (a, + b,), (a, - b,)

a’n
u | |, npudeM
n
lim(a,+b,)=lima, +1limb,,
n— oo n— oo n— oo

lim(a,-b,)=lima, -limb,,

n— oo n— oo n— oo

lim a,
lim -2 ="2>=__.
n>o b, limb,
n—s oo

(yTBepxaeHHe IJis YaCTHOTO BEPHO B ciaydae, ecau b, # 0 nmpu
aobom n € N u limb, #0).

n— oo

TeopeMa 0 CXOAMMOCTHM MOHOTOHHOM M OrPAaHHYEHHON
IIOCJIeJOBATEJILHOCTH: BCSAKaA Bo3pacTamollasgd W OrpPaHUYEH-
Hasa cBepXy IOCJIeAOBATEJIbLHOCTh MMeeT IIpejes; BCAKas yObI-
Balolad ¥ OTPaHUYEHHAs CHH3Y II0CJIeHOBaTEJLHOCTHL HMEEeT
npeneJ.

~7. BeckoHe4YyHan reomeTpuyeckan nporpeccus.

Ecan (b,) — GeckoHeuHasi yObIBalolllasgs reoMeTpHUeCKasd
nporpeccus (Jg| < 1), To cymMMa ee BeIUHCIAeTCA IO (GopmyJie
S=-1.

1-q

IIpumep 1. Haiigure HanGOJBIINKE YJIeH IIOCJIeHOBATEIb-
HocTH a, = 119n — 3n?.

Pemenune. ®yurnua f (x) = 119x — 3x? gocruraer Ham-
119 5 o
6oJsbIIIero 3HaYeHUs B TOYKe X, = 6 - 195' Baunaxaiimee 1e-
Joe 3HaveHue n = 20, 3HAYNUT, Q,, — HaNOOJBIIWI YJIeH IIO-
cJIef0BATeJIbLHOCTH, a,, = 1180.

IIpumep 2. IlocnemoBaTenbHOCTE (a,) 3axaHa QopMyaoH

5n+3 “
n-ro WieHa: @, =1 —s, N € N. Haiigure Bce TaKMe 1, UTO
la, - 0,5] <0,1.
3
Pemennme. |—2+3 _1 <0,1; Tak kax 10n —9 > 0 nuaa
10n-9 2
15 1 10n-9

awboro n € N, Tto >5, n>8,4. Takum

2(1on-9) “10° 15
06pasoM, YCIOBHUIO YIOBJETBOPAIOT BCe HATYpaJbHBIE YHCIA
n=9.
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IIpumep 3. Hoxaxure, uro 3" - 2" > n, n e N.

HorasareabctBo. IIpu n =1 yTBep:KIeHHEe BepHO.
Ilycrs npu n = k yTBep:xIeHne CIpaBeAIuBo, T. e. 3 — 2% > k,
JokakeM ero crmpaseiJUBOCTEL AIA n = k + 1. Umeem:

3k+1 — 9k+1 =3 (3k)_ Qk+1 > g (2k+ k)— Qk+1
=3-2"+38k~-2.-2=3k+2F >k +1.

TakuM 006pasoM, Ha OCHOBAHHMHM IPHHIMIIA MaTeMaThye-
CKOM MHAYKIIUY YTBep)KAeHUe HOKA3aHO AJA JI60ro HaTypasib-
HOrO 1.

Ipumep 4. Moryr au uucaa v2, V3, V5 66T wieHamMu
onHOM apudMeTHUYECKON mporpeccun?

Pemenue. Ecaiu Jﬁ, J§, V5 sBaAIOTCA WieHAMH apudpme-
TUYECKOH IIPOrpPecCcHH, TO J5 -~ J2=dn u J5 -~ J3= dm, roe
meN, neN. Torga %= %, «/3(m—n)=m\/§—n«/§,
5(m—-n)? =2m? +3n? —2mn+/6, orkyna ciaemyer, uro V6 —
panuoHasbHoe unucyao. Ilonmyuum nporuBopeune. CienoBaTesb-
HO, 4ucJIa «/§; J§; J5 me MOTyT OBLITEH WIeHaMHU OZHOMH apudme-
THUYECKON TIPOTPECCUH.

YnpaxHeHus

NOCNEOOBATENILHOCTU

12.1. HannmuTe mepBble LIECTH YIEHOB IIOCJIENOBATEIBLHOCTH
(a,), sananHO# GopMyJIOH 7n1-TO UJIeHA:

n¢-9 2" +1

a) a,=>5; 6) a, = . B) an—m-

) _nr _(=D"(n+1)

P % =9n 10’ A) a, = nl

e) a,=2"+(=2)"; x) a,=(-1)"+(-1)"*"%;

2 22" 2n?

3) a, =2" ") a, = 53 K) a, =—-;

2 n 22’1
n -1)"141
1) a, =ntV7% M) a, =G )2 - [ (1) n3|.

12,2, Hanumure mepBhI€ LIECTH YJIEHOB IIOCJAEAOBATEIbHOCTH
(b,), 3aJaHHON PEKYypPPEHTHO:
a) b,=9,b,,,=0,1b, + 10;
6) by=-3,b,,1=9 - 2b,;
B) bl = 5’ bn+1 = (_l)n bn - 8;
I‘) bl = 1’ bn+1 = bnl;
J-I) bl =b2= 1’ bn+2= bn+1 + bn;
= _17 b2 = 19 bn+2 = 3bn+1 - 2bn;
w) b, =-10, b, = 2, bn+2=|bn|_6bn + 1.
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12.3.

12.4.

12.5.

12.6.

12.7.

180

Hanumure nepsoie 1IeCTh YJIEHOB IIOCJIEJOBATEIBHOCTH:
a) YeTHBIX HATYpaJbHBIX YHCeJ, He AeJAluXcA Ha 4;
6) HeueTHBIX HATYPAJBHBIX YHMCe], AeJAlIUXCcA Ha 3;
B) HATYPAJbHBIX UMCeJ, KOTOpbhle npu gejdeHuu Ha 10
JaloT ocTaToK 9;

I) HaTypaJbHBIX YHCEJ, KPATHBIX 3 u 4;

I) KBaApaTOB IIPOCTHIX UMCEJI;

e) NpuOJM)KEeHHBIX 3HAYeHUH 4YHCIa V5 ¢ TouHOCTBIO

oo 10 (o HegOCTATKY).

CocTaBbTe, €CJIHM 3TO BO3MOYKHO, (opmyJy n-ro dujaeHa
IJISL KaXKOOHM M3 IMocJiefoBaTe IbHOCTEMH.

ITonGepure oxHy M3 BO3MOMKHBIX (popMyJ n-ro djgeHa
MOCJIEOBATEJIBHOCTH

2 3 4 b

a) 4; ;6,436,5 64;) 100; ..., 6) 1; 35 5 7 gieee
B) L 35 &5 8 100 r) -1 1 -1 1;-15 ..
o) 2;-2; 2; -2; 2; ...; e) 3;1;3;1; 3; ...;
m) _1- g- _§- 4_1. _é .

2’ 3’ 4 5 67
y L7, 28 39 410 511

35" 46’ 5.7’ 6.8’ 7.9’ "7

u) 19; 32; 45; 58; 71; ...; 0

. TA. 40 OAe 1. - .4.9,16, 25 |
R) 999 747 49, 24’ 1’ LR ] JI) ]-v 3’ 5, 7 ’ 9 9 ceey
M) 1-2; 3-4; 5-8; 7-16; 9-32; ...;
H) 1; 2; 6; 24; 120; ...; o) 6; 12; 24; 48; 96; ...;
o) 0; 5; 8; 17; 24; ...; p) 1; 5; 19; 65; 211; ....

Iokaxure, 4TO MOCJEI0BATEILHOCTH, 3aJaHHbIE CJIeAY-
oMU GOpMYyIaMU, ABIAIOTCA YOLIBAIOLIMMMU:
a) a,=910 - 25n; 6) b,=-9n%+ 10n + 25;

2n+9 97" +1

P en =T D dn =T
nou =" e) x, ="+ .
" nZ4l’ " n%242n+5

I[OKB.)KHTB, 4TO IIOCJIeAOBaTEeJIbLHOCTH, 3alaHHbIE CJIeny-

I0IUMH hopMyJIaMH, ABJIAITCA BO3PACTAIOIINMH:
3n+4

a) a,=9n-10; 6) b,=n> +2n-3; B) c, =3
r)d,=3-2"-1; n) u,=3"-2"
MokaskuTe, YTO IOCJEeAOBATeJHLHOCTU, 3aJaHHBIE CJle-
IyIOIHUMHE (PopMyJIaMHu, He ABIAITCA BO3PACTAOIMMH
M He SABJAIOTCA yOLIBAIOIMMUT:

_(=n" _2n-7
" p41’ 6) b"—2n—9’

a) a



12.8.

12.9.

12.10.

12.11.

12.12.

12.13.

12.14.

12.15.

12.16.

B) ¢, =3n2-17Tn+ 1;
r) d,=3+12n -%na.

Haiinure HauboapInil 4jieH IocjefoBaTelbHOCTH, 3a-
JaHHOU QOPMYJOH n-ro 4jeHa:
a) a,=10+ 9n - 2n?% 6) a,=18n — n3;
n
n?+4

B) a,=-n*+25n-1; r)a,=

Haiinure HauMeHBIINI 4jIeH IIOCAELOBATEIbHOCTH, 3a-
LaHHOH QOPMYJIOH 7-ro 4JIeHa:
a) a,=n?-17n+21; 6) a,=(n-1) (n - 3) (n - 5);

16
B) an=n2+7-

Jloxkaxurte, 4TO y IOcCJemoBaTeJbHOCTH (a,), 3aJaHHOMH

. n+
dopmynoita, = —,—» He CYIIeCTBYeT HAMMEHBIIIero "ieHa.

Hokaxkurte, uTo y mociegoBareiabHocTu (b,), 3agaHHON

" 2n
dopmyoii b, = w13 He CylIlecCTByeT HauOOJIBILIETO YieHa.,
fABasieTcAa AU OrpaHMYEHHOU IIOCJELOBATEJIBHOCTh, 3a-

JaHHaa HopMyJsoH n-ro 4jeHa: .
_1 n+
) 17-5n; 6 17n-5 n L n E,
n+l

—T —1)" 2. _n* . _ 3]
n) 53— © (1% x) {oeo—gs 3) |154n — n3j;
n3

u) (-1)»1.——— 9
) (=1 2511n2 +910

Joka)xurte, 4YTO MOCJeAOBATEJBHOCTHL (a,), 3aJaHHaAA
10n-4
n?+6n
IlpoBepnTe, sAiBAsieTcA Ju 4yucao 1 BepxHeil rpaHuneit
IJIsi DaHHOHM IocJefOoBATENbHOCTH. Eciam sABasfeTca, TO
MOXKHO JIM Ha¥TH MEHBIINYIO0 BEePXHIOI I'DaHUILY?

dopmynoii a, = , OrpaHH4YeHa CHUBY.

ITocnemoBarenvHocTh (C,) 3azaHa dopmysoit c, = 2",
ITIpoBepbTe cipaBeaIMBOCTEL PABEHCTBA C, . 1 + C, . 2 = BC,.
ITocnenosarenvHOCTS (U,) 3agaHa dopMyJion u, = 2™ + 3"
Un 41 + Up 2 —u =3n?

6 n
ITocnenoBaTenbHOCTS (a,) 3aJaHa PEKYPPEHTHO:
a, =0, ay, =ay,_, + k; a,,,, = ka,,, roe k — pelicTBu-
teabHoe umucao (k # 0; kl;t 1). Haitnure: a) aq; 6) ao.

k" —k
k-1

BepHo i paBEeHCTBO

Hoxakure, 4To @, , =
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12,17,

12.18.

12.19.

12.20.

12.21.

12.22,

12.23.

12.24.

12.25.

12.26.

12.27.

182

IlocrenosarensHOCTS (@,) 3afaHa GopMyoit a, = (-1)**+1.
IlocnepoBatensnocTs (b,) 3amana dopmyioit b, =a, +
+ a; + ... + a,. Boipasure n-ii 4jgeH MocJefOBATEJbHO-
ctu b, yepes n.

ITocnemoBarenvnoctu (a,) u (b,) 3amanpl popmysaMu
3n+1

" n%2+3n+5’
n € N uMeeT MeCcTO HepaBeHCTBO a, < b,.
ITocnemosarenbuoctu (a,) u (b,) 3aganbl GopmysiaMu
_4n®+1
4n=Fn+2’
clefoBaTeIbLHOCTH (a,) He IIPEeBOCXOAUT UJeHa IIocje-
JoBaTeJbHOCTH (b,) C COOTBETCTBYIOIIUM HOMEPOM.

ITocnepoBaTenvuoctu (a,) u (b,) 3aganbl (GopmyIaMu

a _Sn+4d ubd Jlokaxkure, 4TO:
" on+l1 "7 on+2 ’ ’

a) IIoCJIeZI0BaTeJbHOCTD (a,) — BO3pacTaiollasn;

6) mocienoBaTenbHOCTSH (b,) — yOnIBalomias;

B) pna jwoboro n € N a, < b,. CyuiecTByeTr Ju Takxoe
4HCJIo ¢, 4To Ajada Jjwboro n € N a, < ¢ < b,? Ecau cy-
HIecTBYET, TO JOKAYKUTE, UTO 3TO YHCJIO eANHCTBEHHOE,
ITocnepoBatenbHocTs (U,) 3amaHa GopMyJon u, = 2n? —
—11n + 442, SIBnsieTcs M YJIEHOM 3TOI IOCJIeNOBATE b-
HoOCTH uHuciyo: a) 463; 6) 876? Ecau aBasercsa, TO YKa-
SKHTe HOMEp 3TOTo 4JIeHa.

ITocnenoBareasHoCTs (y,) 3amaHa dopmyioit y, = nd +
+ n%2 — 9n + 388. SfIBnaseTcsa JIM UJEHOM 3TOH IIOCJEHO-
BaTtesibHOCTH uncio 1112? Ecau aBasieTcs, TO YKaXXKHUTe
HOMeD 3TOTO UJjeHa.

Haiinure Bce uneHbl mociiefoBaTeJLHOCTH (4,), 3afaH-
HOU dopmyJioit a, = n? — 3n, AJIA KOTOPBLIX BHINOJIHSET-
cA HepaBeHCTBO a, < 3.

Yrakute HOMepa Te€X UWJIEHOB IIOCJIed0BaTeIbHOCTH

—2n+3 KOTO € He
= TOpBIE H
" 12-n-n?’ P

a, . =— Jokaxure, 4To AJaA JI06OrO
n

b, = 2n. Jlokaskute, 4TO J1000I UJEeH IIO-

x,), 3agaHHOH GopMysIOii X
Yy

npesocxogar —0,5.

Hns kakux ujeHOB IocjemoBaTeabHoOcTH (Y,), 3aiaH-
HO#t (opmysoit y,=|n?-2n — 3|, He BLIMOIHAETCA
ycyoBue y, > 2?

CKOJIBKO YJIeHOB IIOCJIeOBATEJILHOCTH (U,), 3aJaHHOI
dopmyJoit u, =|16 — 3n|, NPUHAATEKHUT MHOMKECTBY
3HayeHU# QyHKIMU y = -2x%+ 3x + 7?

CyiecTByIOT M YeHBI HocjaenoBareibHocTa (x,), 3a-
JanHoit ¢opmynoit x,= T8 — 15n, npuHagIeKaliue



12.28.

12.29.

12.30.

12.31.

12.32.

12.33.

12.34.

12.35.

12.36.

obsacTu onpeAeneHUa GYHKIUHU y =144 —x2 + ﬁ?

Eciu cyliecTBYIOT, TO YKAKUTE UX.
IlocnenoBarenpHOCTS, (X,) 3azaHa ¢opmynoi x, =
_(-D" +9
~ 10n-9
HagIeXXuT npomexyrtky (0,02; 0,22)?

JoxkaskuTe, YTO HH OAWH M3 YJIEHOB IOCJIEIOBATEJIBHO-
ctu (a,), 3agannoi ¢opmysoit a, = 6n + 5, npn ngeJe-
HuM Ha 18 He MoKeT gaTh B octaTke 10.

CyuiecTByIOT JM uJieHBl mocjenoBaTeabHocTH (b,), 3a-
AaHHOM opmysoit b, = 8n — 6, KOTOphble NPH AeJeHUH
Ha 12 palor B ocratke 37

Cy1iecTBYIOT JIM 4YjeHBbl IIOcJeRoBaTeJbLHOCTH (C,), 3a-
naHHOU dopMmyol ¢, = n® — n + 2, KOTOpLIe IpH AeJie-
HUHU Ha 6 gaior B ocTaTke 4?

. CKOJIBKO 4JIEHOB II0CJIe0BaTeJIbHOCTH IIPDH-

. 4n-1
ITocnexosaTensHOCTS (x,) 3amaHa dopmysoil x, = 3nia

YrKakuTe HauMeHbIIni U3 HOMEDPOB YJIEHOB IIoCJegoBa-
TeJBbHOCTH, AJIA KOTOPBIX BBIIIOJIHAETCA HEPaABEHCTBO:

<0,1; ©6) <0,01.

a):’c—‘—1 x—é
"8 "3

METOA MATEMATUYECKOW MHAYKLUN

JoxaxuTe, YTO cymMMa MEPBLIX N YKUCEJ] HATYPAJIBHOrO
n(n+1)

2

Joraxxure, 4TO cyMMa IIePBLIX 11 UMCeJ BUja a, = 3n — 2
n(3n-1)

2
Jokxaxure, 4To cyMMa KBaJpPaTOB 7l IEPBBIX HATYPAJb-
n(n+1)(2n+1)
6 .
Hokaskute, 4To cyMMa Ky0OB n MEPBBEIX HATYPAJIbHBIX
n2(n+1)>2
1 .

pAZa paBHA

paBHa

HBbIX YHCEJI paBHa

YHuceJ1 paBHaA

Jlokaxkure, 4To mpu Ja0OO60M n € N BEINIOJHSAETCS PaBEeHCTBO

(37—51):
12.37. (a; +az + ... +a,)’ =a,” + a,* + ... + a,” + 2a,a, +
+2a1a3+ ven +2an_1an.
12.38. 1-3+2.5+...+n(2n+1)=ﬂ’_‘#’ﬂ.
2
12.39. 2-2+83-5+... + (n+1) (3n — 1) = 22252+ D

2
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1240. 5+9-5+13-52+ ...+ 4n+1) 5" '=nb".
1241. 4-2+7-234+10-2%+ ...+ (Bn+1). 22" -1 =p22n+1,
1242. 1+6+20+...+(2n—-1)2""1=3 + 2" (2n - 3).

1 1 1) _ n+l
2 (131 (1)

4 4 4 4 _1+2n
12.44. (I_I)(1_§)(l_%)“' (1_(2n—1)2 )_ T3,

12.45. 5%+ﬁ+"' +(7n—2)1(7n+5) = 5(7rrlz+5)'
12.46. 7 ?5+3 ?7 o +(2n—1)1(2n+3) N 3(22&41’;:25n)+3)'
12.47. 1_13+37.5+...+(2nf;‘)2(;l+1):(2:il).

1248, 5545 g Gy %)~ S

12.49. 1+72+224 +63’f:15 2 3;;?”—2,

1290 : 3 +32?52 +"'+(zn—1);:2n+1)2 B 222:;2 '
a5y 102 2:2% 3.2° n2n gn1

st T Vs et T T el
MeTozOM MaTeMaTHYECKOM MHAYKIMU AOKAMKUTE, UTO IpU N € N:
12.52. n® + 5n kpartHO 6.

12.53. n3+ 9n? + 26n + 24 kpar=HO 6.

12.54. 72" — 1 kpartHO 24.

12.55. 13" + 5 kpaTHo 6.

12.56. 15" + 6 kparHo 7.

12.57. 9" + 3 kpatHo 4.

12.58. 7" + 9 kpaTHO 8, eciiu n — HeUYeTHOe.
12.59. 3" + 7 kpaTHO 8, ecim n — UeTHoOe.

12.60. 7"+ 3n — 1 kparuo 9.

12.61. 7"+ 12n + 17 kpatHo 18.

12.62. 6" + 20n + 24 xkpaTtHO 25.

12.63. 5" + 2 - 3" + 5 kpaTHo 8.

12,64, 5" — 3" + 2n xpartHo 4.

12.65. 5. 2%*-2 4 3% -1 gkpaTHo 19.

12.66. 4" — 3" — 7 kparHo 84, ecaau n — UYETHOE.
12.67. Hoxaxure, uro ecan 0 < a < b, toa” < b* (n € N).
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Joxa)xxure HepaBeHCTBO (68—72):

12.68.
12.69.
12.70.
12.71.
12.72.
12.73.

12.74.
12.75.
12.76.

12.77.

12.78.

12.79.

12.80.

12.81.

12.82.

12.83.

4" > 7n - b5, ecau n € N.

2" >5n+1,ecimne N, n 2 5.

3" '>2n2-n,ecimune N, n > 5.
3"—-2">n,ecaun e N.

4" > n? + 3", ecaiu n € N.

ITocnemoBaTensHOCTS (@,) 3alaHAa PEKYPPEHTHO: @, = 3,
a,,, = "7a, + 3. Mokaxure, uro a, = 0,5 (7" - 1).

IMTocnemoBatenbHOCTh (b,) 3agana peKyppeHTHO: b, = 4,
b,.,=3b, — 2. Beipasure b, uepea n.

IMocrenoBaTeILHOCTE (C,) 3aflaHa PeKYPpPeHTHO: ¢; = 6,
C..1=2¢c,—3n+ 2. Noxaxure, uto c,= 2"+ 3n + 1.

ITocrenoBatensHOCTh (d,) 3amaHa pexyppeHTHO: d, = 7,
d,=27,d,,,=6d,,, — 5d,. Haiigure d,.
IMocaenoBaTenbHOCTD (U,) 3alaHa PEKYDPPEHTHO: U, = 4,
u,,; =3u, — 2. Joxaxure, 4TO BCe UJEHHI II0CJIeAOBa-
TeJILHOCTH C HEUETHBIMH HOMEpaMH HejsaTcsa Ha 4.

ITocnepoBaTenbHOCTS (U,) 3alaHa PeKYPPEHTHO: Uy = 3,
u, =15, u,,, = 5u,,, — 4u,. Jloxaxure, 4To:

a) BCe WiIeHHI IOCJeLOBATEIBHOCTH KPATHBI 3;

06) Bce WIEHBI MOCJIEJOBATEJBHOCTH C YETHBIMH HOMe-
paMu KpaTHBI 15.

ITocnegoBaTeabHOCTD (U4,) 3aiaHa PEKYDPEHTHO: &, = 1,
u,,;=1u,+ 8n. Joxaxure, uTo s000# UjIeH IOCJEHO-
BaTeJbHOCTU SABJAETCA KBAAPATOM IEJOro YHCJa.

JloKa)kuTe, UYTO n pasJIUUYHBIX NPAMBIX, JeXKallux B
OJHOM ILJIOCKOCTH M HMMEIOHNINX OOIIYI0 TOYKY, AEJAT
IIJIOCKOCTL Ha 2n 4acTei.

B nytockocTH mpoBeAeHO n pasINUHEIX IPAMBIX, M3 KO-
TOPLIX HUKaAKHe [Be He IapaJuieJbHbBI U HUKaKHe TpHU
He TIPOXOAAT uepe3 OAHY TOuKy. lokakure, 4TO 3TH
n(n+1)
2
B miocxocTu mposeseHO 7 Pas3sIMUHBIX OKPYIKHOCTEH
TaK, UTO KayKAble JBe M3 HHUX IIepeceKalTcA B ABYX
TOYKAX M HHKAKHe TPHM U3 HUX He MMeloT obmeil Tou-
KHu. JOKa’KuTe, 4YTO OKPYKHOCTH pas3buUBaIOT ILIO0C-
KocTs Ha n? — n + 2 yacreii.

APUDOMETUYHECKAA NPOrPECCUA

CyMMa BTOpDOro, 4eTBEpPTOr'O M IIECTOr'O YJIEHOB apud-
MEeTHUYeCKOH IIporpeccuu paBHa 18, a uxX mpousBemeHHe
paBHO —168. HaiiguTe mepBHBIi 4JieH U PasHOCThb IIPO-
rpeccHu.

npAMble pa3bUBAIOT MJOCKOCTH Ha +1 yacTei.
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12.84.

12.85.

12.86.

12.87.

12.88.

12.89.

12.90.

12.91.

12.92.

12.93.

12.94.

186

B apudmernueckoit mporpeccuu 10 umenos. Cymma
YJIEHOB ¢ YeTHHIMH HOMepaMHu paBHa 25, a cymMMa uJe-
HOB C HeUeTHbIMU HoOMepaMu paBHa 10. Haiiaure cean-
MOM YJIeH IpOorpeccum.

Ilpn xakoM B3HayeHMH pPasHOCTH apudMeTHUeCKOMH
IIPOrPeCcCHH, CEeAbMOH UYJIeH KOTOPOil paBeH 3, IpOU3-
BeleHME YeTBEPTOI'0 M AEeBATOr0 4jeHOB OyAeT HamboJIb-
oM ?

B apudmernyeckoit mporpeccum NATHIA YieH paBeH 2.
IIpn xakoM 3HaueHHMH pPa3HOCTHU IIPOTPECCHH CYyMMa
BCEBO3MOYKHBIX MOMAaPHBIX IIPOU3BEAEHUI YeTBEpPTOro,
cebMOTO ¥ BOCBMOTO YJIEHOB IIPOTpecCHH OyaeT Hau-
MeHbIIei?

CyMMa IepBBIX 71 YJIEHOB HEKOTOPOMl IIOCJIen0BaTeNb-

HOCTH onpg,u;enae'rca mo dopmyae: a) S, =3n% - n;
2n

6) S, =1 SBnserca sm sTa moCIEOBATEIBHOCTH

apudmeTnyeckoil mporpeccueii?

Yucna a,, a,, a,, ABJIAIOTCA YWieHAMHN apu(pMeTHUYECKOR
nporpeccun. Joxkaxute, urto 3(a’ +a? +a?)=
k+m

2
TpuHaauaTel WieH apupMeTHUECKON Mporpeccuy pa-
BeH 5. Haiigure cymMmMy mepBuix 25 ee UJIEHOB.

B apudmernueckoil mporpeccuu cyMma 4YeTBEpPTOroO,
BOCBMOT'0O, AE€BATHAALATOTO U ABAALATHL TPETHETO UJje-
HoB paBHa 30. Haiiaute cymmy 26 IepBHIX 4YJIEHOB
IIpOrpeccHu.

Mexnay uncaamu —13,5 u —3,7 BCTABJIEHO CeMb YHCEJ
TaK, YTO OHHX BMECTe C JAHHKIMH COCTABJISAIOT apudme-
TUYECKYI0 nporpeccuio. IIpHHAAJIEKUT JHU DPa3HOCTH
3TOH IIpPOTpPecCMM MHOYKEeCTBY 3HauYeHHH QYHKIHNU
y=1+x— x2?

Mexkay uucaamu —19,88 u 19,91 BcTaBJeHO n uucesn
TaK, YTO OHU BMECTE C JaHHBIMH COCTABJIAIOT apudme-
TUYeCKyI0 nporpeccuro. IIpy xakoM 3HaYeHUH 71 pas-

HOCTH 3TOH IIPOTpecCUN NPUHAMJNEKHUT 06JIacTH oIpe-
nesenua GyHKIuU y = o 7|x|-x2 —12?
Haiinnte apudmeTnyeCcKy HOporpeccHio, B KOTOPOMH

cpenHee apudMeTHUYEeCKOe N IIEPBHIX €€ YJIEHOB paB-
HO 2n.

B apudmernuyeckoii mporpeccun cyMMa BOCBMH IIEp-
BBIX 4YJIGHOB paBHa 32, a cymMMa JABaAlaTH IEePBHIX
uneHoB paBHa 200. Haiiaute cymMMy IepBHIX 28 uje-
HOB IIPOTDECCHH.

=(a,+a,+a,)’+6 (a,—a)’ ecmul=
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CyMMa nepBbIX IMATHAAIATH YIEHOB apudMeTHUUeCKOH
nporpeccun paBHa 20, a cymMMa NepBBIX €€ ABaIIlaTH
yjeHOB paBHa 15. Haiiaute cymMMy mepBBIX 35 UJIeHOB
IpOrpeccuu.

CyMMa IepBBIX CEMHAAILIATH YJIEHOB apH(MeTHIECKOH
nporpeccuu paBHa 85, a cymMMa NepBBIX ee ABafIlaTH
oxHoro wieHa paBHa 189. CKOJIBKO NOJOKHUTEIBHBIX
TpPeX3HAYHBIX YHCEJ COIAEePYKUTCA B BTOH Iporpeccuu?

JlaHbl nBe apudmMeTHUeCKHe IIporpeccuu. B nmeproii us
HHUX CyMMa BTOPOT'O M IIATOrO YJEHOB Ha 15 MeHbIle
CYMMBEI TPETHETO U CeAbMOTO YJIEHOB, & CYMMa IIepPBBIX
TpUALaTH 4ieHOB paBHa 2385. Bo BTOpOIi Iporpeccuu
nepBHIN uieH paBeH 2, a pasHOCTh paBuHa 3. Haiimure
CYMMY IePBBIX COPOKAa YMceJ, BCTpPeYarUINXCca B obe-
HX OPOTpeccusax.

B apudmeruueckoit nporpeccuu 3; 6; 9; ... comepKUT-
ca 463 uneHa, B apudpmMeTHUeCcKoi mporpeccuu 2; 6;
10; ... comepxxurca 351 uneH. CKOIBKO OAMHAKOBBIX
YJIEHOB COZEPIKUTCSA B 3TUX IIPOrpeccuax?

CKOJIBKO YJIEHOB apu(dMeTHUYECKON IIPOrPECCHH HYMK-
HO B3#ATh, UTOOBI HX cyMMa paBHAJack —122,5, ecau
IIEePBBIA YJI€H NIPOrpecCHMM — HAWMEHbIIIee I[eJIOe YHC-
JIO, YIOBJIETBOPSAIOIIEe HepaBeHCTBY 2x2+ 21x —

— 50 < 0, a pasHOCTp IIporpeccum — GoJiblllee U3 YU-
T
cex 0,5 u

?
V2 +102-2072

WsBecTHO, 4TO X; U X; — KOPHM ypaBHeHUA x? — Tx +
+a=0, x;u x, — KOpHU ypaBHeHHd x> — 19x + b = 0,
nmpu4YeM 4YHucia X;, Xy, X3, X4 COCTABJIAIOT B YKa3aHHOM
nopsaake apudmMeruyuecKyio nporpeccuro. Haiinure a u b.
B apudmernueckoit nporpeccun S, =S, (n # m). Io-
Kaure, uro S, ., = 0.

Moryr snu uncna: a) 3; V/7; 9; 6) V2; V3; V5 6biTh
4jeHaMH OJHOH apupMeTHUYECKOH nporpeccuu?

Moxet 11 B apudMeTHUECKOIN IIPOrPECCHH, BCe YJIEHHI
KOTOPOH ABJAAIOTCA HATYPAJIBLHBIMM YHCJIAMM, COZEp-
KaTbeda poBHO 1992 unena, asasmomuxca KBagpaTaMu
HeJIbIX Yuces?

MaTte mapuT Kax /ol U3 IATH CBOMX Jodepeil B AeHb ee
POXOeHNd, HaUYWHASA C NATH JIeT, CTOJbBKO KHUT,
CKOJIBKO Jlouepu jieT. Bo3pacTsl IATH AoYepei COCTaB-
JAT apudMeTHYECKYIO IIPOTPECCHIO, PA3HOCTh KOTO-
poit paBHa 2. CKOJBKO JeT 6BLJIO KAaXKA0H AOYepH, KO-
rAa y HAX cocTaBHJjach OMGJIHMOTEeKa obuieil YMCJIeHHO-
cTbi0 B 495 xHUr?
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IITapel 0AMHAKOBOIO pajguyca PacloJIOKUIM OIUH pas
B (opMe NOPAaBUJIBHOTO TPEYroOJIbHUKA, a APYyrod —
B ¢opme nmpamMoyroJbHuKa. Haiiure KoaudecTBo IIa-
POB, €CJIM U3BECTHO, UTO U Ha CTOPOHE TPeyroJIbHUKA,
¥ Ha GoJibliieil CTOPOHE NMPAMOYroJbHHUKA pacloJiara-
eTCA Ha [ABa Ilapa 0oJjbllle, YeM Ha MeHbIIeHd CTOPOHe
IpAMOYroJbHUKA.

Hnsa achanbTupoBanus yyacTKa AJUHON 99 M HCIIOJb-
3yIOTCA ABa KaTKa. IlepBuIli KaTOK OBLJ YCTAHOBJIEH B
OJHOM KOHIIE YYacCTKa, BTOPOH — B IIPOTUBOIOJIOMK-
HOM. Pa6oraTh OHM HaYaJld OZHOBPEMEHHO. 34 IIePBYIO
MHHYTY BTOpOM KaTOK mporiea 1,5 M, a 3a KaAYIO
nocjaenymoItyio — Ha 0,5 M 6osbliie, 4eM 3a IIpesIIecT-
Bylomyio. IlepBrlil KATOK B KaXKAYI0 MUHYTY MPOXO-
oun 5 M. Uepes CKOIbKO MHHYT 06a KaTkKa BCTPeTH-
JUCH?

CymMmMa uwieHOB apudpMeTHUECKON NOPOrpeccMu H ee
IEePBbIM YJE€H MOJIOKHUTEeNbHBI. EcjIM yBeJIuuuTh pas-
HOCTb 3TOM IIPpOrpeccHuHu Ha 4, He MeHAs IepBOro uJje-
Ha, TO CYMMa ee 4JEHOB yBeJUUYHuTCA B 3 pasa. Ecau
JK€ IIEPBBLIM 4JIeH MCXOAHOI IIPOrpecCHU YBEJIHUUThL B
5 pas, He MeHdAs ee Pa3HOCTH, TO CyMMa UJIEHOB yBe-
JUYUTCA TaKKe B 3 pasa. HalimuTe pasHOCTH UCXOJ-
HO¥ IpOrpeccuu.

HaiizuTe yeThipe LeJbIX YHCJA, COCTABJSAIOIIUX BO3-
pacraiouiyio apu@mMerHuecKylo IIPOrpeccHIo, B KOTO-
poit HanGoNbIIKNI YJIeH paBeH CyMMe KBaJPATOB OCTANb-
HBIX YJIEHOB.

CymMMa mnepBbIX UYeThIPEX UJIEHOB aprudMeTHUecKOiH
IIPOrpeccHy B 5 pas MeHbIIle CYMMBI CJAEIYIOIIUX BOCh-
My uyigeHoB. HaligutTe OTHOLIEHHe CYMMBI IIEPBBIX
BOChMH YJIEHOB IIPOr'PECCHU K CyMMe e€e IepPBBIX YeThl-
pex 4JIeHOB.

B apudmernueckoil mporpeccuu, pas’HOCTb KOTOPOH
OTJIMYHA OT HYJd, CyMMa IIEPBBLIX 371 YJIEHOB DaBHAa
CyMMe CJeAYIOUINX 7 UJeHoB. HaliauTe OTHOILIeHUe
CYMMBI NEPBBLIX 271 YJIEHOB K CYMMe CJeAylolIux 2n
YJIEHOB.

B apudmernueckoii mporpeccuu OTHOIIIEHHE CYMMBI
IEepBLIX CEMHU UJIEHOB K CyMMe IIOCJEeNHUX CeMH uJle-
HOB paBHo —0,2, a OTHOILIEHHE CYMMBI BCEX UYJIE€HOB Oe3
IepBbIX ABYX K CyMMe BCeX 4JeHOB 6e3 IIOCIeIHUX
IByx paBHO 3. Hanaure uuncjo 4JeHOB apugpmeruye-
CKOH mporpeccuu.

B Tpeyronbunke ABC us BeplIinHbI B nmpoBeeHb! BhI-
cota BD wu 6uccexrpuca BE. Bennuussr yrioB BEC,
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ABD, ABE n CAB B yKasaHHOM HOpPAIKe 00pasyioT
apudmMeTnyecKyIo nporpeccuo. Halaure qiuHy BBICO-
THl TPEYTOJILHUKA, IPOBEAeHHOH M3 BEPIINHE A, ecliu
H3BeCcTHO, uTo AC =1 cM.

B tpamemuu ABCD (AD — ocHOBaHue) IIpPOBEIEHEI
guaroHanmu AC m BD, KoTOpble IIepeceKkaloTcss B TOU-
ke O. Beamuwmnwl yraos AOB, ACB, ACD, BDC n
ADB B ykazaHHOM MoOpAAKe o6pa3yioT apudMeTHue-
CKyI0 mnporpeccuio. Haiigure njunHy ocHoBaHua AD
Tpanenuu, ecau AC =1 cwm.

Hoxaxure, 4To ecjau CTOPOHBI MPAMOYIOJBHOIO Tpe-
YrOJILHHUKA COCTABJAIOT apu(dPMeTHUYeCKyI0 MPOrPeCcCHIo,
TO €e pa3sHOCTh PaBHA PagNyCcy BIMCAHHOIO Kpyra.

B cocyne mmeercss HeCKOJBKO OJMHAKOBEIX KpPAHOB,
KOTOpBbIe OTKPHIBAIOT OJWH 3a APYI'UM Yepe3 DaBHBIE
OpOMEXYTKN BpeMeHH. Uepes 8 u mocse TOro, Kak
OBLLJI BKJIIOYEH MOCJIeNHHI KPaH, COCYH OBl 3aIloJIHEeH.
Bpems, B TeueHHe KOTOPOro GBHIIM OTKPBITHI IEPBHIH
U IociaeAHUN KpaHbl, OTHOCHTCA Kak 5 : 1. Yepes
CKOJILKO BpPeMeHH 3aIlOJIHHUTCH COCYJ, €CJIH OTKPHITH
BCe KpaHbl ONHOBPEMEHHO?

Joxaskure, YTO ecjHM KOPHM ypaBHeHHs x*+ px?+
+ q = 0 o0OpasyoT apudMeTHUECKYI0 IPOTPECCHI0, TO
9p® = 100 q.

Haiinure Bce 3Hauemusa mapameTpa @, HNPU KOTOPBIX
ypaBHenme x® + ax* + 1 = 0 uMeeT POBHO ueTwIpe Heii-
CTBUTEJILHBIX KODHS, 00Pa3yoIIuX apu{MeTHUYECKYIO
IIPOrPECCHIO.

Hoxaxure, uto ecau (a,) — apudMeTHyecKas Ipo-
rpeccHus, BCe WIeHBI KOTOPOIl IOJIOKUTEJLHBI, a pas-
HOCTBb OTJIMYHA OT HYJIS, TO MMEIOT MECTO HEPABEHCTBA:

aa, < aa,_,<asa,_,<....

B opHOKpPYroBoM 6ackeTOGOJLHOM TypPHHPe y4acTBOBAa-
a0 n xomaHz. Ilocie oKOHYAHUA TYpPHHpa OKas3aJioCh,
4TO OYKH, HaOpaHHFIe KOMaHAaMHU, 00pa3yIoT apudme-
TUYECKYI0 mnporpeccuio. CKOJIbKO OYKOB HalpaJa
KOMaHa, 3aHABIIIAA IIOCJIefHEee MeCcTO, €CJIHN 3a noﬁeny
B Ka)XJOH BCTpede KOMaHJa IoJydaja 2 odUKa, 3a Io-
pakeHue OYKU He HAUHCJIAJUCH, 8 HUUbUX B OacKeT-
6ojie HeT?

Bpuraga pa6ounx Moryia BBIIOJHUTH BCIO paboTy 3a
24 4, ecnn 66l paboTanm ogHOBpeMeHHO Bce paboume.
Onsaxo no miaHy B mepBbId yac paboras oguH pa6o-
4yHif, BO BTOPOH 4ac -— gBa pabouyux, B TPeTUH — TpH
U T. 1. IO Te€X 10D, IOKa B paboTy He BKJIIYUIHNCH BCE
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pa6oune. U TOIBKO HECKOJIBKO 4acoB Iepe] 3aBeplie-
HUeM paborel paborasia Bca Opuraga. Bpema pabotel,
IpeayCMOTPEHHOe IIJIaHOM, OblJIO OBl COKpAaIlleHO Ha
6 4, eciu ObI ¢ camoro Hayazna paborel paborana Bcs
6purana, 3a HCKJIOUeHMeM HATH pabouux. Haiigure
KOJNYecTBO pabouux.

TEOMETPUYECKAA NPOIrPECCHUA

CyMmMa mepBBIX TpeX YJIEHOB TeOMETPHYECKOH IIpo-
rpeccun paBHa 357, a TpeTwil WieH NPOrpecCHMH HAa
255 Goabine nepsoro. HaiinuTe pasHOCTE MeXKAy Iep-
BBIM ¥ BTODPBIM WIEHAMH IIPOTrPECCHUH.

CyMma Tpex 4mces, COCTaBJAAMOININX I'€OMETPHUYECKYIO
Iporpeccuio, paBHa 3, a cyMMa HX KBajpaToOB paBHAa
21. Haiigute 5TH umncJa.

aZz+b?2  bZ+c?
BepHo au, uto =

, €CJI1 U3BECTHO, 4TO a4, b

M ¢ — TpH IOCJEeA0BATEILHEIX UJIeHA reOMeTPpHUYEeCKOol
nporpeccum?

B reomerpuueckoil IporpeccuM MNEepPBLII UJIeH II0JIO-
skuTesieH. [Ipy KakoM 3HaYeHWM 3HaAMeHaTeNld IIpo-
rpeccCHM CyMMa INEePBHIX TPEX €€ YJEHOB IIPUHMMAET
HauMeHbIIIee 3HaueHue?

CeapMoOil UJIeH reOMETPHYECKOM IpPOrpecCHM paBeH 2.
Haiignre nponssesenne mepBbIX TPUHAAIIATA €€ YJIEHOB.

B nocsieg0BaTEILHOCTH C YeTHBIM UHCJIOM YJI€HOB CYM-
Ma WIEHOB, CTOAIIMX HA UETHBIX MeCTaxX, B 3 pasa 60Jb-
1I1e CyMMBI YJIEHOB, CTOSIIMX HAa HEUYETHBIX MECTax.
BepHo a1, 4TO JaHHAsA IIOCJEJOBATEJbHOCTb ABJIAETCH
reoMeTpHUYEeCKOl mporpeccueii?

CyMMa mepBBIX N YJIEHOB HEKOTOPOIl IIOCJIeZOBATEJb-

571
HOCTH olpefenserca mo Gopmyne: a) S, =m;
6) S,=2-5"-3. fIBnAerca JM 3Ta IIOCJELOBATEJb-
HOCTBb T€OMEeTPHUUYECKOIl nmporpeccueii?

HaiiguTe cymMMy 4JI€HOB reOMETPHUYECKON IIPOTrPECCHH C
OATHAANIATOIO II0 ABAAIATh MEepPBEIM BKJIIOYHUTEJIBHO, €C-
J¥ CyMMa IIEePBBRIX CeMH YJIEHOB IIporpeccuu paBHa 14,
a cyMMa IIepBbIX YeThbIPHAJIlaTH ee YJIEeHOB paBHa 18.

B reoMeTpHuuecKoO# IPOTrpeccuy ¢ YeTHRIM YHCJIOM UJe-
HOB CyMMa BCeX ee UWIeHOB B 3 pasa OOJIbIlleé CYMMHEI
YJIEHOB, CTOSIINX Ha HeueTHHIX MecTax. Halifure 3Ha-
MeHaTeJb IPOrPeCCHH.

Yucna a,, a,, a3, a, COCTABIAIOT T€OMETPUUYECKYIO
nporpeccuio. Halizure mpousseneHue a, - a, - ag * ay,
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1 1
ec/ii M3BEeCTHO, 4YTO @, + A, +as; +a, =15 u a—+E—+
1 2
1 1
+—+—=1,875.
as 4
H3BecTHO, YTO X; U X, — KOPHM ypaBHeHHus x2 — 3x +
+a=0, x3 ¥ x, — KOpHM ypaBHeHHMa Xx2 - 12x +
+ 6 = 0, npuuem umcaa x;, X3, X3, X4 COCTABJIAIT B
YVKa3aHHOM IIOpAJKEe TIeOMETPHUYECKYIO IIPOTDEeCCHIO.
HaiiguTte a u b.

HaBecTHO, YTO X; U X, — KODPHM ypaBHeHHUs x> + ax +
+4 =0, x; ¥ X, — KOpHHU ypaBHeHud x* + bx + 16 =0,
nDpuyeM Yuciaa X;, Xz, X3, X4 COCTABIAIOT B YKa3aHHOM
nopsagKe TeOMETPHUECKYIO IIporpeccuio. Haiinure a u b.

HaitanTe 4HCJIO 4I€HOB 'eOMeTPHUUYECKOMA IMPOrpeccHuH,
Yy KOTOPO# OTHOIIIeHHMe CYMMBEI NIepBEIX 11 ujleHOB K
cymMme nociaeguux 11 ungenoB paBuo 0,125, a oTHOIIE-
HHEe CYMMBI BCceX 4YJIeHOB 0e3 IepBbIX AEBATH K CyMMe
BCeX 4JIeHOB 0e3 IIocJaeqHHUX AEBATH PaBHO 2.

JIoKaXuTe, YTO CyMMa IIepBOT0, YeTBEPTOTrO U CeJbMO-
ro 4JeHOB TeOMeTpHUYeCKOil IIporpeccuu He OoJiblue,
yem —1,5, ecsam mepBHIHl 4YJIeH IPOrpecCMH — MEHb-
muii KopeHb ypaBHeHus x* + 16 = 8x%2 + 8v4—-x2.

MoryT a1 AJUHBL CTOPOH NPAMOYTOJBLHOTO TPEYroJib-
HHUKa 00pasoBLIBATH reOMETPHUYECKYIO IIPOTpPeccHIo?

JUIMHBEI TpeX OTPEe3KOB COCTABJSAIOT TIeOMETPHYECKYIO
nporpeccuito. IIpu Kakux 3HAUEHUAX 3HAMEHATENS IIPO-
TPECCHM U3 JTUX OTPE3KOB MOXKHO COCTaBUTH Tpe-
YTOJNBHUK?

B ocTpsIil yros BIMCAHEL 1 KPYTOB, KACAIOIUXCA OAUH
Apyroro. JlokakuTe, 4TO paguychl 3TUX KPYroB o6pa-
3YIOT NeOMETPUUYECKYIO IIPOTpeccHio. YKajyKUTe 3aBHU-
CHMOCTh MEXKAY 3HaMeHaTeJIeM IIPOTPEeCCHU U BeJIHMYU-
HOH ocTporo yria.

B kBazpar co cTopoHo# 1 BmcaH KBaApaT HAaNMEHb-
meil mromanayu. B monryuyeHHBIE KBagpaT BOIKNCaH KBaj-
paT HauMMeHBIIIeH ILJIOIaAHu M T. I. Bcero mocTpoeHo
TakuM obpasoM n KBaapaToB. HaliguTe cymmy miomia-
Oeil BceX IMOCTPOEHHBIX KBaJpPaTOB.

Tpoe pabounx o6pabaTbIBAJIM OLHHAKOBBIE IETANH.
K xoHIy Mecsana oxaszanock, YTO KOJIMYECTBO AeTajell,
06paboTaHHBIX IIePBLEIM, BTOPHIM H TPETBHUM pabouu-
MH, 00pa3yioT reoMeTpHUYECKYIO Iporpeccuio. Mecsau-
HBIM 3apaboTOK KaXXAoro pabouyero CKJIAABIBAJICA M3
YacTH, IPOIOPIIMOHAJILHOM KOJIMdYecTBYy oOpaboTaH-
HBIX JAeTajieii, U IpeMHH. Y IIepBOro pabouero oH co-
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crapua 150 p., y Broporo — 180 p., y Tperbero —
250 p. Onpenenure pasMepsl IpeMHii, €CIU U3BECTHO,
4TO y IEPBOTO U BTOPOTrO pabouynX OHU OAMHAKOBEI, a Y
TpeThero — B IOJITOpPA pasa GoJiblile.

Anuk, Muma u Bacs nokynanu 6JJ0KHOTBI ¥ TPeXKoIe-
euHble KapaHpamu. Anuk Kynua 2 6joxHoTra 1 4 Ka-
paspamia, Muma — 6y0KHOT 1 6 KapaHpaaiieii, Baca —
6sokHOT M 3 Kapanpgamia. OKasajaochb, UTO CYMMBI, KO-
Tophle ymaatuau Annk, Mumia u Bacsa, obpasyror reo-
MeTpHUUeCKYIO nporpeccuio. CKOJBKO CTOUT GJIOKHOT?

Tpu 6para, Bo3pacThl KOTOPEIX 06pa3yIOT reoMeTpuye-
CKYIO INIPOTPEecCHI0, OeJAT MeXAY CO00M HEKOTOPYIO
CyMMY JAeHer IpOIOpPIMOHAJIBHO CBOEMY BoapacTy. Ec-
Jau 66l OHU 3TO IPOoAeJalu depes TP rojia, Korga ca-
MbIA MJIaAIINI OKaKeTCs BABOE MOJIOYKE CaMOro Crap-
miero, TO MJaAmIui moayuma 6s1 Ha 105 p., a cpea-
HUI — Ha 15 p. Goubine, yueM ceifuac. CKOJBKO JeT
KayxkaoMy u3 6paTrneB?

B Tpex pacTBOpax NMpOIEHTHI COepP)KaAHUA (IO Macce)
cnupTa 06pas3yoT reoMeTpUYeCcKyI0 nporpeccun. Eciau
CMellIaTh IIE€PBEII, BTOPOA M TPETHH pPacTBOPHI B BECO-
BOM oTHOIIeHHH 2 : 3 : 4, TO HOJYUYUTCHA PacTBOpP, CO-
zepxxamuit 32% cnupra. Ecau ke cMmellats UX B Be-
COBOM OTHoOIIeHHMH 3 : 2 : 1, TO HmOJYyYHUTCA pacTBOp,
cogepxamuit 22% cnupra. CKOJBKO NPOIEHTOB CIUpP-
Ta COAEPIKHUT KaXKJABIA pacTBOp?

Tpu KOHBKOGE)KIa, CKOPDOCTH KOTOPHIX B HEKOTOPOM
nopsizke o6pasyioT reoMeTpUUYeCKY IIPOrpecculo, ofi-
HOBPEMEHHO CTapTyIOT (M3 OJHOr0 MecTa) IO KpPYTy.
Yepes HEKOTOpOe BpeMs BTOpPOH KOHBKOOe)Kel, o6ro-
HsieT mepBoro, npobexxaB Ha 400 m 6oabmie ero. Tpe-
TUH KOHBbKOOeXel| nnpoberaeT TO paccTossHHE, KOTOpOe
mpo6eXkas mepBbIi K MOMEHTY OOroHa ero BTODHIM, 3a
BpeMs Ha 3 MuH OGoJgbllle, yeM IepBblii. Hatiaure cko-
pPOCTh IIEPBOTO KOHBKOOEXKIIA.

KOMBVHWUPOBAHHbLIE 3A0A4YU
HA APUDPMETUYECKYIO
U FTEOMETPUYECKYIO NPOIrPECCHUIA

BepHo 1, 4TO TpU YMCiA, B3ATHIE B OAHOM M TOM JXKe
IOpAAKe M COCTaABJSKOIINEe apudMEeTHUECKYI0 U TIeo-
MEeTPHUYECKYI0 IIPpOTPeCCUH OJAHOBPEMEHHO, pAaBHEI
MeXAY coboit?

Bocemoiil uiteH apudMeTHdyecKOl NPOrpecCHU ¢ HEeHy-
JeBoii pasHocThi0 paBeH 60. M3BecTHO, UTO NEpPBHIH,



12.146.

12.147.

12.148.

12.149.

12.150.

12.151.

12.152.

12.153.

CQIIBMOfI n aBajgunathb IATHIA YJEHBI COCTaBJISAIOT Ieo-
MeTpHUYecKylo Iporpeccuio. Hailizure 3HaMeHaTeslb
reoMeTPHYECKOI IIPOrpecCcUu.

Hausl apudmMernueckasd M reoMeTpHUUecKas IIporpec-
cuu. B apudmeruuecKoil mporpeccuu NEPBBHIA YJIeH
paBeH 3, pasHOCTh paBHa 3. B reomerpmueckoii mpo-
TpecCHMM IepBLIIl YJieH paBeH 5, 3HaMeHaTeJb paBeH

2. BoisicuuTe, 4To 60JIBIIIE: CYMMa IIepPBBIX CEMU 4Jle-
HOB apudMeTHUECKOi IPOrpecCuy UJIU CyMMa MepBhIX
IIIeCTH YJeHOB I'eOMETPHUYECKOI IIPOrpeccuu.

Tpu pasnuUHBIX yucaa @, b U ¢ 00pa3ylT B yKasaH-
HOM IIOPAAKEe TeoMeTpPHUecKyio mnporpeccuio. Ywucia
a+b, b+c uc+a ob6pasdyorT B YKa3saHHOM IIOpAJKe
apudmMeTuueckyio mnporpeccuio. Hailiagure 3HaMmMeHa-
TeJIb TeOMeTPUYECKOil IIporpeccuu.

Mexay umcioM 3 M HEM3BECTHBLIM YMCJIOM BCTaBJIEHO
ellle OAHO UHMCJIO TakK, UTO Bce TpH UHcIa oOpas3yioT
BO3pacTapIylo apud@MeTHUUYEeCKyI0 Iporpeccuio. Eciau
cpefHUI YJieH 3TOH NpOorpecCMd YMeHBIIUTH Ha 6, TO
IOJIYYUTCA reoMeTpudecKkas nporpeccusa. Haiinure He-
H3BECTHOE YHUCJIO.

CyMMa nepBHIX TPUHAALATH Y4IeHOB apudMeTHUECKOHi
nporpeccuu pasHa 130. U3BecTHO, UTO UEeTBEPTHIH, Je-
CATHIM U CeIbMOM UJIeHBbl 3TOHM IIPOTPECcCHHU, BIATHIE B
YKa3aHHOM IIOpPAJKe, IPeACTABIAIOT cO00M TPH IOCJe-
JOBATeJbHBIX YJieHa TIeoOMeTPHUYeCKOM IIPOrpeccuu.
Haiigute nnepBrIit ujeH apudMeTUUYeCKON IPOrPeCcCruH.

CyMMa HIepBBIX NATH YJIE€HOB I'€OMETPUYECKOH IIpo-
rpeccuu paBHa 62. M3BecTHO, YUTO HATHIH, BOCHMOII,
OJMHHAANATHIHA YJIEHBI 9TOH IIPOTPECCUU ABJIAIOTCA CO-
OTBETCTBEHHO II€PBBLIM, BTOPBLIM M JAECSTHIM YJeHaMH
apudMeruueckoil nporpeccuu. Hailinure nepsuiil uieH
reoMeTPHUYEeCKON IIPOTPEeCcCUM.

CyMMa Tpex 4Hces, COCTABIAIONINX apUDMETHUIECKYIO
nporpeccuio, pasua 15. Ecam K 3Tum uuciaam npubda-
BHUTH COOTBETCTBeHHO 1, 1 1 9, To mosyuaTcss Tpu 4YuC-
Ja, COCTABJSIOIIUX TEOMETPHUUYECKYI0 IIPOI'DECcCHIO.
Haiigure ucxonueie Tpu YucJAa.

CyMmMa Tpex 4YHCeJ, COCTABJIAILINX TeOMETPHUYECKYIO
nporpeccuio, paBHa 14. Ecim oT mepBoro 4mucja OTHATH
15, a BTOpOe M TpeThe YBEJHYUTh COOTBETCTBEHHO HA
11 u 5, To moNyYEeHHbIE TPHU YUCJIA COCTABAT apudMeTH-
YecKylo nmporpeccuio. Haiigure ncxonusie TpH YHCJIA.

B apudmernueckoit mporpeccun, cogepauieil JeBATh
4JIeHOB, IEePBHIM 4jeH paBeH 1, a cyMMa Bcex YJIEHOB
paBHa 369. 'eomeTpuyecKas IPOrpeccUd TaKIKe HMMe-
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12.155.

12.156.

12.157.

12.158.

12.159.

12.160.
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€T NeBATHh YJEHOB, INPHUYEM IEepBLIM M MOCJESHHH ee
YJIeHbl COBIAJAIOT C COOTBETCTBYIOIIUMH UYJIEHAMH
JaHHOHN apudmeruuecKoil mporpeccun. Haiigute nsa-
THIH YIeH reOMETPHYEeCKON IMpOorpeccuH.

Haiaute yeThipe Yyncaa, U3 KOTOPBLIX IIEPBHIE TPU CO-
CTaBJIAIOT T€OMETPHUYECKYIO IPOTPeCcCUlo, a IIOCIegHUe
TPH COCTABJIAIOT apH(PMETUUECKYIO IIPOrPeccHio, IpHU-
YyeM CyMMa KpaiHMX 4YuceJ paBHa 32, a cymMma cpej-
HUX 4YHCceJl paBHa 24.

IIndpel Tpex3HAYHOrO YHCIA COCTABJISIOT IeOMeTpuue-
CKyI0 nnporpeccuio. Eciu u3 gaHHOro umcia Berdects 297,
TO HOJYYUTCH YNCJIO, HATTMCAHHOE TEMH Ke IIuPppamMmu, HO
B obpaTrHOM nopsigke. Ecau ke K mudpaM JaHHOTO YHC-
Ja, HayuHas C paspsaja COTeH, IIPHUOABIATHL COOTBETCT-
BeHHO 8, 5 u 1, TO oJyYeHHBIe CYMMBI COCTaBAT apud-
MeTHYecKyio nporpeccuio. Halijure HCXOgHOE YHCJIO.

CyMMa mepBHIX JeCATH YJeHOB apu(pPMeTHYeCKOH Ipo-
rpeccun paBHa 155, a cymMMa NepBBIX ABYX YJICHOB
reoMeTpuuecKoil mporpeccun paBHa 9. Haiigure stu
MIPOTPEeCCHH, €CJIH IepPBLIH uieH apupMeTUYEeCKO IPo-
rpeccuy paBeH 3HAMEHATEJI0 TIeOMeTPHYECKOH IIpo-
rpeccuy, a MEPBHIH YIEeH I'eOMETPUYECKOH IporpeccHu
pPaBeH Pas3HOCTH apuPMETUUYECKOH IIPOrpeccuH.

TpPu OTINYHEBIX OT HYJSA YKUCIa 06pa3yIoT apudmeTHue-
CKYIO IIPOTPECCHUIO, a KBaJPAThl 3THUX YHCEJ 00pasyoT
reOMeTpHUYEeCKYIO mporpeccuio. Hailaure Bce BO3MOMK-
Hble 3HAMEHAaTeNH IIOCJeAHEH IIporpeccuu,

JaHbBI Be reoMeTpUYECKHE IIPOTPECCHH C IIOJIOXKUTENb-
HBIMHM 4JIeHaM¥ a,, d,, a3 ¥ b,, b,, b;. A3BecTHO, UTO
yucaa a;b,, asb,, azb; obpasyroT apuPMeTHUECKYIO
IPOTPECCHI0 M a; + Ay + a3 = b, + b, + b;. Hokaxkure,
4TO @, + b, = a5 + b;.

Jlaupl [Be apudMeTHUeCKHe IIPOTPECCUH d,, Ay, A3 U by,
b,, b;. U3BecTHO, UTO a, + @y + @3 = b, + by, + b;, a uuc-
Ja a, + b,, a, + by, az + b; 006pPa3yOT reoOMeTPUUECKYIO
nporpeccuio. Jokaxkure, 4To a, = by, a, = b,, a3z =b;.
IlepBrIit usen BO3pacramoineil apudpMeTHUeCcKOil Mpo-
rpeccuu paBeH 0,2. Haiimure pasHOCTH IIPOrpeccHH,
€CJIM M3BECTHO, UTO NPH JEJeHUH KaXKIOTro ee dJieHa
HA HOMEp 3TOro 4YJjieHa II0JyJYaeTcsi reoMeTpHUYecKas
IIPOTpecCus M YUCJIO YJIEHOB IPOTrpeccHH GOJblIe TpeX.
Haiinute TpexsHauHOe IIOJIOXKUTEJIbLHOE YHCJIO, €CJH
ero nudpul 06pa3yoT reoOMeTPHUYECKYIO IIPOTPECCHIO CO
3HaMeHAaTeJIeM, OTJHYHBLIM OT e JUHHUIEI, a UMD YHUC-
Ja, meHsimero Ha 200, ob6pasyioT apHdMeTHIEeCKYIOo
IIpOrpeccuio.



12.162

12.163

12.164

12.165

12.166

12.167

12.168

12.169

12.170

12.171

. Bansa, Muma, Aauk u Bagum jgosuam puby. Oxkasa-
JIOCh, YTO KOJHMUYEeCTBAa PhBIO, MOMMAHHBIX KaXXIbIM K3
HHUX, o0pasyloT B YKasaHHOM NopAAKe apudMerudye-
CKy®©0 mporpeccuio. Eciau Obl AJHK IoMMaJl CTOJIBKO
sKe puIb, CKOJBbKO BaguM, a Bagum moitman 6ur Ha 12
puIO Oosibllle, TO KOJHMYECTBA DPHIO, MOMMAHHBIX IOHO-
mamu, o6pas3oBeIBalK OBl B TOM K€ NOPAAKE reoMeT-
puuecKyo nporpeccuio. CKoabKo peI6 moiiman Mumma?

CYMMWUPOBAHWE

. Boruncaure: 1 -2+ 3-4+5-6+ ... 999 999-
-1 000 000.

. HaiizuTe cyMMy BcexX HaTypaJIbHBIX UUCeJl, He IIPEBOC-
xomAmux 165, xoTopele IpH JejileHMM Ha 7 JAIOT B
OCTaTKe 5.

. Haiigure cyMMy BCcexX UETHBIX TPEX3HAYHBLIX HATYpaJb-
HBIX YUCeJI, AeJAIuxcsa Ha 7.

. BoiuucauTe cyMMy BceX HATYpaJbHBLIX 4YHcel, He Ipe-
BocxoaAmux 1112 u He gensamuxcsa Ha 15.

. Cpenu uucen Buzga 3n + 1, rae n € N, HaiiguTe cyMMy
IepBbIX TPHUALATH, KOTOPHIE DU AEeJeHNH Ha 5 JaloT B
ocTaTke 2.

5n+2 .
. Cpenu uucesn BuAa , e n € N, HaliiuTe CyMMy

7
IEPBBEIX CEMUJECATH I[eJIBIX YUCEJI.

. Haitaure cymmy: 2%2-—-42+62-82+ ...+ (4k - 2)% -
- (4k)2.

. Haitgure cymmy S=a.? - a2+ a2 —al+ ... +a%, | -
- a?,,, Tae MOCJeLOBATEJbHOCTh (a,) — apudmerundye-
CKadA MpOrpeccHus.

. Jokaxkure, 4TO A5 apudMeTHYeCcKoi nporpeccuu (a,)
HMeeT MeCTO PaBEHCTBO:

n-1

1 1 1
+ +on + = .

Haitgute cymmy (172—175):

12,172
12.173
12.174
12.175
12.176

12.177

.12+ 224+ 82+ ... +n2.

.12+ 32+52+ ...+ (2n - 1)2
.1:2+2.3+3-4+...+n(n+1).
.1.2+2.5+3-8+...+n(8n-1).

. Hajizure cyMMy mepBBIX 71 YJIEHOB IIOCJIeAOBATEIbHO-
CTH, 3ajaHHOM QopmyJoi k-ro uneHa a, = 3k? + 3k + 1.

. Haiizure cyMMy BCeX MOMApPHBIX IIPOM3BEAECHUI YnCe
1, 2,3, ..., k.
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12.178. Haiigute cymmy 13 + 28 + 33 4+ ... 4+ n®,

12.179. Haiigure cyMMy HepBBIX 71 UJE€HOB MOCJIeAOBATEIHLHO-
CcTH, 3amaHHOU Popmyioil k-ro uneHa a, = k (k + 1)°.

Haiigure cymmy (180—184):

12,180. 1 + 18 + 76 + ... + n (2n — 1)2.

12.181. 1 + 12+ 45+ ... + n2 (2n - 1).

1 1 1
12‘182- ﬁ+_2._3+... +m'

1 1 1
12.183. o7 +——7 1zt +(5m_3)(5m+2)-
12,184, — L 4+ 1 1

5.11 11117 T Y Gk-1)(6k+5)

12.185. loxkakure, 4TO e€CcjaHu d,, d,, ..., d, 00pa3ywOT apudme-
TUYeCKYIO IIporpeccuio, npuuem a; # 0(i =1, ..., n), To
1 1 1 n-1
+. 4+ = .
aa, aja, a
Haitgure cymmy (186—187):
12.186. L

1-2.372.3.4 " T (n+2)
1 1 1
258 5.8-11 1" T (Bk-1)(3k+2)(3k+5)
12.188. [loxakure, 4TO €CJH OTIMYHLIEC OT HYJA YUCIA 4, Ay,

vy @, , 5 COCTABIAIOT apUOMETHIECKYIO IPOTIPECCHIO C
HEHYJIeBOH pasHOCThIO d, TO CIPaBeAJINBO PABEHCTBO

12.187.

1 1 1 1 (1 1 )
+ooot =—|—-——|
a,a,a3 Aya304 ,8,,10,, 2d (@105 a,18,.
12.189. Hatigure cymmy 1 - 11+ 2-21+3 -3+ ... + k- kL
o 1 2 3 n
12.190. Haiigure cymmy sitgrta Tt +(n+1)1-
12.191. Haiigure cymMMy IIE€PBHLIX 71 YUJEHOB noc.nez[OBazTeJIbHo-
. “ —-k°—Fk+1
CTH, 3aJaHHOH GopmMyJIoi k-To yaeHA a, = W
12.192. Haiigure cymMMy IepBbIX £ UJIEHOB nocneno:;grenfno-
. . n+
CTH, 3aJaHHOM QPOpPMYJION n-ro WjeHa @, = ————5
A bopuy " R (n )2

12.193. Haiigure cyMMy BCeX HECOKPATHUMBIX Apobeit co 3Ha-
MeHaTeneM 5, 3aKJIOUYEHHBIX MEXKIY HATypPaJbHBIMH
yucaaMu k u n, ecnu k < n.

12.194. Haiigure cyMMy IIE€PBBIX M YJIEHOB I1OCJIEJOBATEIBLHO-
CTH, 3aJaHHOI ¢opmynoii n-ro uimeHa a,=2 (n+
+ 3"~ 1) -3.
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12.195.

12.196.
12,197.

12.198.

12.199.

12.200.

12.201.

12.202.

12.203.

12.204.

12.205.

12.206.

12.207.

12.208.
12.209.

12.210.

Haiignte cymMMy HmepBBIX k YJIEHOB IIOCJIEJOBATEIbHO-

CTH, 3aJaHHOI opMyJI0ii n-ro uieHa a, = 15 — 4n TN

Hadigute cymmy 1 +2 -2 +3 - 22+4 .22+ ... + 50 - 2%,
Haiigure cymmy 5 + 55 + 555 + ... + 55...5

. B——
Haiigure cymmy 7 mATepox

2 2 2
S=(a+l) +(a2+i2) +...+(a”+i).
a a a®
Haitgutre cymmy S = a + 24 + 3a® + ... + na”.

NPELOEN NOCNEOOBATEJ/IBHOCTU.
BECKOHEYHAA TEOMETPUYECKAA NPOIMPECCUA

WaBecTHO, 4TO mOC/IeAOBATENBHOCTD (@,) CXOOAUTCH.
a) Haiigure hm (a,,+1 a,);

6) Bepno JIH, o lim 22t =12

n—-c Qa,

Hssectro, urto lim(a, —b,)=0. Bepro uu, uTO

n— oo

lima, =limb,_?
n— oo n— oo
MasBectHO, uTO 1lim b_ =1. Bepro ym, ur0 lima, = lim b ,?

H3BecTHO, 4YTO KayKOBIH YJEH CXOASIIEeNCcs ocIegoBa-
TeJBbHOCTH (a,) mojsoxkureseH. Moxker i OBITH OTPHU-
naTejeH Ipeaes IOCJIEA0BATEILHOCTH ?

IIpuBesure npuMep NoCJELOBATEJbHOCTH (a,), CXOAS-
melics K HYJIO, BCe YJeHbI KOTOPOH ITOJIOXKUTEJIbHEI.
Ob0bACHUTE, MOYEMYy IIOCJIEAOBATEIBHOCTh C OOLHM
4yjaeHoM a, = (—1)" He uMeeT npepeia.
ITocnemoBaTensHoCTs (@,) CXOAUTCS, MOCIEAOBATEIb-
HocTb (b,) pacxoauTtcsa. UTo MOKHO YTBEP:KAATDH O CXO-
INMOCTH IMocJefoBaTeabHocTH (a, + b,)?

Moker Ju mocaemoBaTeJdbHOCTHL (a, + b,) UMeTh IIpe-

AeJ, ecJau Kakaasa u3 nmocjiefgoBareisibHocTe (a,) u (b,)
pacxoaurtca?

HNmeet 1u IpenmeJjy mocjaenoBaTeJIbHOCTD:

a) 1; 2; 3; ...; n; ...; 6) 1% 22,32 ...; n% ...?
Yemy paBeH Ipefes NOCIeNOBATeIbHOCTH:
a) 1; 2; 3; 4; 4; 4; ...; 06) 1; 2; 3; 5; 5; 5;

HaBecTHO, UTO mociegoBaTeabHOCTh (a,) MMeeT mpe-
ZleJi, paBHBIN a. UeMy paBHBI IIpefesibl [I0CaeL0BaTeNb-
HOCTeH, MONyYaloluXCA U3 JaHHON myTeM oTépachiBa-
HHUA: &) OZAHOIo, 0) WIECTHAECATH CE€MH, B) THICAYH
epBbIX €€ YJEHOB?
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12.211.

12.212.
12.213.
12.214.
12.215.

12.216.

12.217.

a) quy PaBHHIL Ipeneybl I'IOC.TIeI[OB&Te.TIbHOCTEI‘;I
P T £ ?
n n n

6) O6®bsacHute, nouemy ecau lima, =0, To u
lim(-a,)= lim(-1)"a, =0. "
n— oo n— oo

Hoxraxure, uro ecau lima, =0, To u lim|a,, ] =0.
n— oo

n— oo

HNsBecTHO, uTO lim |a,, | =0. BepHo 1u, uTo lima, =07
n— oo

n— oo

UssecrHo, uTo lim a, = a. BepHo 1w, uro lim|a, |=|a?
n— oo

n— oo

HNsBecTHO, uTO lim [a,, l =b. MOXKHO JH cIeJaTh KaKou-
n— oo
aubo BBIBOJ O IIpejeJie IMocjegoBaTeabHocTH (a,)?

MoryT 1n Kakue-HHMOYAbL UJIEHBI CXOZLSAIIEHCA IIocjie-
JOBaTeJbHOCTH OLITH PABHBIMU IIpeJesly 3TOH IOCJieo-
BaTeJbHOCTU?

Moser au mocsemoBaTeJbHOCTH (@,) OBITH pacxons-
meiics, ecqM U3BECTHO, YTO IOCJEeI0BATENBHOCTD (a,2)
cxopurca?

BreruucanTte upegea (218—222):

12.218.

12.219.

12.220.

12,221.

12.222.
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. Tn+1 . 6"
a) lim 27—, 5) 11’2[4'(?) 63}’
2n+3
im - —; lim ——o .
B) 'llilg n?+1 r) ,,HE, n2+6n+2
. 4n?+3n+1 . (2n+1)(3n-1)
a) lim ——o——; 6) lim -1’
B) lim l+5n+1 ; r) lim[zn—l—é—)-
no\n 3n+2 ’ n— oo 3n n,2
. 3n2+1 6ns . n+1 n2 .
a) 31’2[ 2n+1“4n2—1)’ %) 3132( 2 _2n+1)’
. (n+2)3-(n-1)3 . (n+1)*+(3-n)®
B M i ¢ D R arel
6n+1
a) 1 n+1 . 6) li n+

im ———; lim ;
"Hgd4n2+1 n—o n?2+3n+10+3n
B) lim(v4n? +n+1-2n); r) lim(y/(n+1)n+3)—-n).

n— oo

1+2-" 1+2 - "+3-6""
; 6) lim 3
2 e = e
) lim 273" o lim 2134
B ,IEED gn+1 7’ nooo 477143



12.223.

12.224.

12.225.

12.226.

12.227.

12.228.

12.229,

Hajiinure npenen nocneaosarensHocTH (a,), ecan:

a) a, = 1 41 +o.+ 1 ;
" "1.8378.5 " @n-1)(2n+1)’
1+4+7+...4(8n-2)
6) a, = > ;
5) a _ 124224+ 402 n r) _1+2+4+..42071
T T (m+l)(n+2) 3’ @n = g+l ’
_1-2+2-3+...+n(n+1)'
R) a, = 2n% +1 ’
e) a, —1+;+1+ +2n11

IIpeacraBbTe B Buae OOLIKHOBEHHOM Apobu:
a) 0,(4); 6) 11,(12); B) 0,4(63); r) 1,99(2).
HaiiguTe cymmy:
J3  2J3-3
3+ + +
2) V3 2+J/3  2+43
1 1 1 1 1 1

® 3-3%1 9 s 2wt

IlepBrIii 4en GecKOHEUYHOM IreOMETPUYECKOI mporpec-
cuu (a,) paBeH a, ee 3HaMeHaTeJb paBeH ¢. Haiigure
cymmy:

a) a +a2 +a3 +.03

6) a +a’ +a3 teons

B) (a1 + @) + (a3 + @) + (s + ag) + 3

r) (@, — a;)® + (a3 — ay)* + (a5 — ag)? +

1 1
o) a, +t58y 405 tga,ty

e) (al +%)+(a2 —i)+(a3 +%)+(a4 —%)h..;

a, a
x) 2424, % T8
a a a3 a

3) (a, + ay+ az)® + (ay + a5+ ag)® + (a; + agt ag)? +
ITepBhiii ueH 6ecKOHEUHOI reoOMeTpPHUYECKOIi mporpec-
CHH OTHOCHTCS K CYMMeE€ BTODOI'O M TPETHEro YJIEHOB

kak 9:10. Halignre nepshlii 4jIeH IPOTrPecCuy, €CJH ee
cymMa pasHa 12,

ITepBriit ueH 6eCKOHEYHOM reOMeTPUYECKOI mporpec-
cum Ha 8 Gojibllle BTOPOro, & CyMMa ee 4JIeHOB paBHA
18. Haiizure TpeTuit 4jeH Iporpeccum.

CymMma ujieHOB GecKOHeuHO yOmIBaroIieil reomerpuue-
CKO#l mporpeccun paBHa 1,5, a cymMMa KBaApaToB ee
yjeHoB paBHa 1,125. HaliguTe nepBhHIi 4jIeH UM 3HaMe-
HaTeJb IPOrpPecCHUm.

+.ee s
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12.230.

12.231.

12.232.

12.233.

12.234.

12.235.

12.236.

12.237.

12.238.
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CymmMa O6eCKOHEUHOM TIeoMeTPHYECKON IIporpeccuu
paBHa 9, a cyMMa KBaJpaTOB ee 4yieHOB paBHa 40,5.
Haitnure cyMmMy KyGOB 4JIEHOB 9TOM IPOTrPECCHH.

CymMa GeCKOHEYHOH TIeOMeTPUUYECKOH IIporpeccuu
1 .
paBHa 4, a cyMMa Ky0OB ee 4JIeHOB paBHa 9?. Haigu-

T€ CYMMY KBaapaTOB 4JIEHOB 3TOH IIPOrpecCHUH.

Pemure HepaBeHcTBO |x + x2+ ... + x" +...| < 1, rae

x| < 1.

Pemmte ypaBHeHue x 2+ x4 + ... + x20-" 4+ [ =0,125,
€ecJM M3BECTHO, YTO IlepeMeHHasl X He MPUHAJJIEXUT
MHOKECTBY pellleHUii HepaBeHcTBa x® + 2x* — x2 < 2,

Haiigure cymmy GeckoHeuHO yObIBarollei reomMeTpu-
YeCKOI IIpPorpeccuy, BTOPOH YjeH KOTOPOi, YABOEHHOE
npousBeAeHNe IIEPBOro YJieHA Ha YeTBEeDPThIA U TpeTHui
4jeH o0pasyloT B YKasaHHOM NopsakKe apudmeruue-

CKYIO IIPOrPeCCHIO ¢ Pa3HOCTBHIO, PABHOM 3

JlBe OeckoHeuHO YOBIBAIOI[ie TeoOMeTPHUYeCKHe IIpo-
rpeccHM TAKOBBI, UTO IIEPBBLIM YJIeH IEPBOM IIporpec-
CUM ABJIAETCSA 3HaAMeHaTeJieM BTOPOH, a 3HaMeHaTellb
IepBOM NIPOTPECCUH SABJIAETCA MEePBLHIM YJIEHOM BTODOH
nporpeccun. OTHOLIEeHNEe CYyMMBI IIEPBOH IIPOrpeccHu

K CyMM€ KBaapaTOB BCe€X e€ YJI€EHOB pPaBHO g, a Taxoe

JKe OTHOIIleHHe MJs BTOpoii mporpeccuu paBuHO 4,5.
Haiigure cymMmMy Kaskaoi U3 3TUX HPOTPECCHIA.

Bropoi#i unen OeckoHe4yHO yOBIBaloIieil reoMeTpuue-
CKOH IIporpeccuy paBeH —2, a OTHOLIEHNEe CyMMBbI dJe-
HOB 3TOH IIpOrpeccMy K CyMMe KBaADAaTOB €€ YJIEHOB

PaBHO 5. CocTaBbTe KBaapaTHOE ypaBHeHHEe, KOPHS-

MH KOTOPOT'O SABJISIOTCS NEPBBIH M YEeTBEPThIN UJIEHBI
HCXOLHOU TPOTPEecCHm.

B G6eckoneuHo yOnIBawlleil reoMeTpHMueCKOH IIporpec-
CHH C OTPHIATEJBbHBIM 3HAMEHAaTeJIeM CyMMa MepBOro
U IIeCTOTO YJIEHOB paBHa 62, a mpomsBeneHHe YeTBep-
TOr0O M BOCbBMOro ujieHOB paBHo 4. Haiiagute cymmy
3TOU NPOTPecCHH.

Haiinure cymmy 6ecKOHEUHO yOBIBAIOIIeH reoMeTpHUUe-
CKOM IIpOrpeccHuy, eCJiM M3BECTHO, UTO CyMMa KBajpa-
TOB IIeDBBIX NATHAANATH €€ UJeHOB paBHA CyMMe Iep-
BBIX TPHUALIATH €€ YJIeHOB, a CyMMa Ky0OB NEepPBBIX HAT-
HaJAIaTH ee YJeHOB B TDPHM pas3a MeHbIIEe CYMMBI
IepBBLIX COPOKAa NATH YUJEHOB JaHHOH IIPOI'DECCHH.



12.239.

12.240.

12.241.

12.242.

12.243.

§

BeckoHeuHo yObIBalllad reoMeTpuyecKas IIporpec-
cuda, cymMMa KoTopo# paBHa 13,5, coaep’XHUT UYJieH,

paBHBIH 3 OTHolleHre CYMMBI BCeX 4YJIEHOB IIporpec-

CHH, CTOALIMX A0 HEro, K CyMMe BCeX UJIEHOB IIporpec-
CHl, CTOAIUX IIOcJe Hero, paBHo 78. Haligure nopsa-
KOBBIIf HOMEp 3TOrO0 YJIeHa NPOTrPEecCHH.

CropoHa kBagpaTa paBHa a. CepeguHBI CTOPOH 3TO-
ro KBajpaTa COe€IWHHJMN OTpeskaMu. llosyuyuam Ho-
BbIf KBaApar. C 3THM KBagpaTOM MOCTYIHJIH Tak e,
Kak ¥ ¢ AAHHBIM, ¥ T. 4. Halizure npesesn cyMMsI Iie-
PHMETDOB M Ipefie]l CyMMBI ILIOMIafel 3TUX KBajpa-
TOB.

CropoHa paBHOCTOPOHHEro TpPEyroJbHHKaA paBHa a.
Ha BBICOTE €ro mocTpoeH HOBBIM pPaBHOCTOPOHHUM
TpeyroJbHUK. Ha BbiCOTe HOBOro TpPEYyroJbHUKA IIO-
CTPOEH eIlle PaBHOCTOPOHHUM TpPEYroJbHHK H T. 1.
Hafigure cyMMy mepuMeTpoB M CyMMY ILJIOIIafeil Bcex
9TUX TPEYTOJbHUKOB.

B paBHOCTODOHHHII TPEYrOJBLHHUK CO CTOPOHOI @ BIH-
caH Kpyr. B aToT Kpyr BuOucaH HOBBI PaBHOCTOPOH-
HUIl TPEYTrOJBHUK. B 2TOT TPEYTroJbLHUK ONATH BIKMCAH
Kpyr u T. A. Hafigure cyMMy AJHH OKPYXHOCTeHl H
CYMMY ILJIOLaJei BCeX STHX KPYIOB.

Haiigure cymmy paga:

1 1 1 1 1 1
8 72%3.3t3.4t O ritiTs Tt
1 1 1 1 1 1
B) s7t7 ittt Y 29791671683 T

| TpuroHomeTpuueckue

/ BbipaXXeHus

M X npeobpasoBaHus

1. CooTHOWweHUs MeXAay TPUroHOMeTpUYEecKUMU QYHK-
LMAMW OAHOrO apryMeHTa.

cos? o + sin? o = 1;

sino T
tgo = oO#—+nn, neZ;
€ cosa. 2 ? 2
cos o
ctgo = » LTk, k € Z;
sino
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1 T
tgoo+l=—-—, a2z -+7k, ke Z;
g cos? o gt T <

ctga+1=

—— a#7n, necZ.
sin? o

2. TeopeMbl CNnoxXeHus.

cos (0 — B) = cos o cos P + sin a sin B;
cos (o + B) = cos o cos B — sin a sin B;
sin (o — B) = sin o cos B - cos o sin B;
sin (a0 + B) = sin a cos B + cos o sin B;

_ tga+tgP T .
tg(a+B)= - tgo tgp’ o# 2+1tn,

B¢g+nk, oz+[3;tg+1:m; n,k,meZ;

__tga-tep L3 4
tg‘(a B)—m, o # 2+Ttn, ﬁ¢ 2+1tk,

o-B ¢12t—+1tm; n,k,melZ.
3. ®opmynbl ABOHOro apryMeHTa.
cos 20 = cos? o — sin2a=2 cos?o—1=1 - 2 sin?q;
sin 20 = 2 sin o cos O;

2tga T Tm
g » a¢£+1:k, o#x—+——, B, me Z.

tg2a=———1_tg2a 3 it

. 4, BbipaxeHue CUHYCa U KOCUHYCa Yepe3 TaHreHC non
BMHHOIO aprymMeHTa.

1—tg2%
coso = g’ oazxn+2nk, ke Z;
1+tg2—=
€3
2tg%
sino = 0L,0tat1t+21tk,lizeZ.
1 2=
+tg 2
8. DOPMYJIbl MNOHMXEHUNA CTEMNEeHMU.
.2 1-cos20 2 14+cos20a
sin a=——2——; cos o =—g

8. dopMynbl NONOBUHHOrO apryMeHTa.

sin® | = [1—cosa_ cos? | = l+cosa
2 2 2 V 2
o l-cosa
tg—|=]/———,a0#n+2nn, n € Z;
| gz’ V1+cosa’ ’

202



1- cosa

[0 4
tg==————, 007N, N €2Z;
g3 sino ’ ’
o sino
tg—=————,0#n+2nn, n € Z.
g3 l+cosa ’

7. MNpeobpasoBaHue cyMmmbl (Pa3HOCTU) TPUIFOHOMETPU-
yeckux ¢GyHKLUIA B NnpousseneHme.

cos o + cos = 2 cos a;B cosa;B,

cos o0 —cos B =-2 s1n—;—[i s1na2ﬁ

sin o+ sin =2 s1n%gcos0t2B

sin o —sin B =2 sm—;—B—cosa;ﬁ
tgoc+tg|3=§%, a¢g+7m, B¢g+nk;n, ke Z;
tga—tgﬁ=%‘%, a¢g+nn, B¢g+1tk;n, ke Z.

‘8. NpeobGpa3osaHne npon3seneHNs TPUroHOMETPUYECKUX
(dYHKUMIA B CyMMY.

cosa cosf = % (cos (o — B) + cos (o + B));
sin a sin =% (cos (0. — B) - cos (o + B));
sin o cos f =% (sin (o + B) + sin (o — B)).

9. MNpeoGpa3oBaHue BbipaxeHusa a cos o + b sin o nyTem
BBEAEHUA BCMOMOraTenbHOro aprymeHra.

a cos o+ b sin o =+a? +b? cos (o — ), a® + b? = 0,

rjle BCIIOMOTaTeJbHBIN apryMeHT  onpeneaseTcsa U3 yCJIOBUM

a
Ja? +b? Ja? +b? .

IIpumep 1. CKONBKO LeNbIX 3HAYEHUH MOXKET MPHUHH-
MaTh BblpaskeHue 3 sin? x + 5 sin 2x?
Pemenmne.

cosQ = u sing =

3-3cos2x

3 sin? x + 5 sin 2x = —2—+5sin2x=
=1,6- ( cos2x — 5s1n2x)=1,5—1/25+2,25 -cos(2x +¢),
3

riae sin H COS
Ae sing = 4/27 25 = oz
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Takum 06pa30M, YUYHATBIBasA OIPpaHUYEHHOCTb KOCHHYCA,

uMeeM:
- 427,25 < 3sin?x + 5sin2x < 1,5 + /27,25,

IMockoapky 5 <./27,25 <5,4, To 3sin?x + 5sin 2x MoxeT

IPUHUMATH OECATH LeJbIX 3HaueHu# (oT —3 mo 6).
IIpumep 2. Beruucaurte 6e3 tabaul, 3HaAYEeHHE BhIparKe-
HUA

sin 18° cos 36°.
Pemenue.
4sin 18°cos 18°cos36° 2sin36°cos36°
4cos18° - 4cos 18° -
_ sin72°  cosl1l8° 1
" 4c0s18° 4cos18° 4

sin18°cos36°=

IIpumep 3. HUsBecTHO, uTO cos (a0 — 60°) = % Haiigure

sin o.
Pemenue. I3 OCHOBHOTO TPUTOHOMETPHUUYECKOTO TOMKJIe-

. 4 .
cTBa IojriydaeMm, 4To sin (o — 60°) = ig. Hanee nMeeM: sin o =

= sin ((a — 60°) + 60°) = sin (a0 — 60°) cos 60° + cos (a — 60°) x
X sin 60° = +é l.{,é £=§_.\/..§_.i_4.
5 2 5 2 10

IIpumep 4. Ilycts (a,) — apudpmMeTuyecKas IPOTPECCUA
¢ pasHocteio d. Haiigure cymmy S, =sina, +sina,+
+sina; + ... +sin a,.

Pemenue. 1) Eciu d=2nk, ke Z, to S,=nsin a,.
2) Eciu d # 2rnk, k€ Z, TO JOMHOXXUM U pasfeJum S, Ha

2sin§ U, MOCKOJBKY @, +§ = g

1 d d d d
S, = .d[cos(al—E]—cos(al+EJ+cos[a2—§)—cos(a2+§)+

, TIOJYYIHM:

2 =
SlIl2
+ ... +cos(a,,—§)—cos(an +%J)= (cog(al*%}_
2 sin
1 an+2 a1+§ an+%+a1— 2
——cos(a + 2))— " - 2sin 3 sin 3
2sin—
2
dn [ d(n—l))
sm—z—— sin|a; +—
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IIpumep 5. Haliaure Hanbosibillee 3HaAUEHHE BhIPa’keHUSA
cos!® x + sin!* x.

PemeHue. [Tockonbky aas BcexX AeHCTBHUTEJbHBLIX 3Haue-
HUM X BHIIOJHAIOTCA HepaBeHCTBa cos'® x < cos? x u sin!t x <
< sin? x, To cos!'® x + sin' x < cos? x + sin? x = 1. Kpome TO-
ro, cos!® 0 + sin'* 0 = 1, T. e. cylecTByeT TakKoe 3HAa4YeHHUE X,
IIPH KOTOPOM 3HAUYEHHE BhIpa)KeHUs paBHo 1. 3Hauur, Hau-
6oJiblllee 3HaUYeHHE BbIpaXeHUsl paBHO 1.

YnpaxHeHus

ONPEOENEHUNE CUHYCA, KOCUHYCA, TAHTEHCA
N KOTAHIEHCA. PAANAHHAA MEPA YT 1A
Haiinure 3Hauenue Boipakenus (1—4):
13.1. a) 2 sin 80° — /3 sin 60° tg 45° tg 30°;
6) 4 cos 45° ctg 60° tg 60° — 3 sin 45°.
6 sin 30°cos 30° 1-2sin2 60°
13.2. ; — .
3 2) cos? 30° — sin? 30°° ©) 2cos? 60°-1
13.3. a) (0,75 tg? 30° — sin%60° + tg2 45° + cos 60°)7};
6) (2 cos 30° — tg 45° + sin? 60° + ctg? 60°)L.
134. a) /(1-2sin45°)? - [(1-2cos45°)%;

6) /(tg60°-2)% — [(ctg30°-2)% .

13.5. BepHo gu yTBepKIeHUE:
a) ecau 0° < a < 90°, To o — yroxa I uerBepTH;
6) ecaqu o0 — yroxa I yerBept, To 0° < o0 < 90°?

13.6. Kaxkoii 3Hak umeeT cymMa sin o + sin B + sin v, ecau o,
B 1 Y — yrasl TpeyroapEuKa?

VYriioM KaKoil 4eTBEpPTU ABJIAETCA YroJ (., €CJIU U3BECTHO, 4YTO
(7—8):
13.7. a) sina<Owucosoa>0; 6) sina>0wutgo<O0;
B) cosa<Oumtga>0; r) cosa>0utgoa<0?
13.8. a) |cos a|=cos o 6) |sin o] = —sin o
B) |tg o] + tg o = 0; r) ctg o —|ctg ol = 0?
13.9. a) VkaXuTe HECKOJbKO 3HAUEHUI O, IPH KOTOPBIX:
sinae=-1;cosa=1;tg a=0; ctg x=0.
6) VYkayxkuTe Bce 3HaYeHMS (O, TIIPU KOTOPBIX:
sinoao=-1,cosa=1,tga=0, ctg x=0.
13.10. "sBectHO, uTO sin § = 0,5.
a) BepHo su, uto § = 30°?
6) YKa)KWUTe HECKOJIBKO YTJIOB, CHHYC KOTOPEIX paBeH 0,5.
B) YKa)XHuTe Bce yrJbl, CHHYC KOTOPHEIX paBeH 0,5.
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13.11. HasBectHO, uTO CoOs P = 0,5.
a) BepHo au, uyro = 300°?
6) YKa)XuTe HECKOJbKO YIJIOB, KOCHHYC KOTOPBIX pa-
BeH 0,5.
B) YKa)KuUTe BCe YIJbl, KOCUHYC KOoTOphIX paBeH 0,5.

13.12. Bo3MO>XHO M PaBEHCTBO:
a) sin oa=+/3-2; 6) COS|3=—«/§; B) sina:%;

3 o) sina=m+l, rge m # 0;
3 m
e) cos B =2a-a%-27
Vkaxute HaubojbInee ¥ HalMeHbIlIee 3HAUEHUS BHIPAYKEHUA
(13—14):
13.13. a) 1 +sina; 6) 1 —coso; B) 2 - 3sino;
r) 3+ 2cosq I) |cos al; e) —|sin a.
13.14. a) 2cos?a~1; 6) 1 -2sin?a; B) 2-5|cosal;
r) |2-5cosal; x) 4-3|sinal; e) |8 +4sinal.

r) cosp==

13.15. Bo3MOXXHO JI¥1 PABEHCTBO:

a) sina+ 2 cos o= 3; 6) 3 sin o0 — 2cos o = 5;
B) 5 cos o — 3 sin a = 8; r) 2sina+ 5cosa=-7?

Haitigure suaueHue BripaykeHus (16—18):

13.16. a) sing

13.17. a) (sm cos(——)tg(-—%))‘;
-2
0) (ctg%cos—g—sin(—%)) .
(cos (-3 )-om22 )

13.18. a) ;

2 sin% tg%+cos(—n)— sin%

L T nT . T
cosztgg, 6) ctgzcosgsmz-

4tg0—-2sin (——g)ctg—g

6)

OnpeneanTte sHakK BeIpaykeHud (19—20):

. 5m 5t , bn 5m,
13.19. a) sin -~ cos — th ctg 5

. 4n 4T 4n 4n
0) s1n7cos[——9—) tg? ctg(—ﬁ).
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13.20. a) sm?cos—tg( )ctg 3

6n 11n
0) s1n(—?)co —tg tg( 9 )

CpasuuTe gBa tmcna (21—-—23):

I ink usin? *
13.21. a) cosllncos 11 6) sinz u sin® .
T T, 2n 2n . 0w
13.22. a) sin— Tha sin 10cosg, 6) cos 5 M cos—sin.
3n 3n n . 11ln 11n
13.23. a) COS = M COS 2~ s1n3, 6) sin— 10 © sm——lo cosg.

T
13.24. U3BecTHO, uTO0 0 < @ < 3 Jlokaxute HepaBEeHCTBO:
a) sina > sin?aq; 6) coso > cos?o

B) sina > sina cos o; r) sina < tga.

13.25. Hoxakure, uto sin a +cos a > 1, ecau 0 < a < g

3ABNCUMOCTb MEXAY ®YHKUMNAMN
OAHOI O API'YMEHTA. ®OPMYIbl NPUBEAEHUA

13.26. Haiigure sin o 1 tg o, ecau cos o = _é% un < o< %F—
13.27. Haiigure cos o u ctg o, ecu sin a = —% 32n <o <27,

13.28. HUsBecTHO, uYTO ctg o = ——3% nu n<a<2rn Haiigure

cos o 1 tg a.

13.29. HUsBecTHO, 4TO tg 00 =2,4 1 g< o< 37n HaiiguTte sin o
u ctg o.
13.30. U3BecTHO, YTO COSOL = —a—, rae a > 0. Haitgure
va? +b?

sin a u tg a.

Breiuucaure (31—36):

13.31. a) sin 225° cos 120° tg 330° ctg 240°;

. Tn Tn, 51 4n
6) s1nTcos—6—tg—3—ctg?.

13.32. a) sin (-300°) cos (- 135°) tg (-210°) tg (-120°);
. 11n 13n 5 5n
) S“‘(‘T)“°S(‘T)tg(7)“g(“3*)-

13.33. a) 1+sin=+sin? X +sin®

6 6 g
_ r 2 T _ 3
6) 1-cos 4-b-cos ) cos? 1 +.
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_to 2 _ 43R .

13.34. a) 1 tg6+tg 8 tg g T
r 2 3

6) 1+cos6+cos 6-i-cos 6+..

13.35. a) cos (-7,9 n) tg (-1,1 ©) — sin 5,6 © ctg 4,4 7;
6) sin 5,9 n tg (-0,67n) + cos 3,6 © ctg (—4,9 n).
13.36. a) sin (-1,3n) cos (-1,7n) tg (-0,77) +
+ sin 0,87 cos 1,8n tg 1,2m;
6) ctg 2,2xn sin 2,7xn sin (-83,2rn) +
+ ctg (-2,3n) cos (-3,7n) cos 1,27.

Yupocture Bripaxkenue (37—42):

13.37. a) tg(%‘—a)tg(n+a)—cos(g+a)sin(n +a);

6) ctg(-32—n +B)ctg(7r - B)—ctg(g +B)tg(2n +B).

2
6) cos (3n — B) + ctg (3,5w — B) + cos (3?“ +B) ctg (w + B).

13.38. a) cos(§E+a) sin o + sin? (31 + o) + tg (5w + o) tg o

cos o . sinf
13.39. a) 1+sina+tga, 6) Cth+l+cosB'
—sin?2
13.40. a) ISI—HZQ + tg o ctg o;
l1-cos®a

6) (1 —cos®B)tg®P+1-tg?p.

13.41. a) (ctg o + tg o)® — (ctg o — tg o)
en _ c0s®P - ctg"’B.
0) ctgB sin? B — tg?P
sin 150° — cos 240°

13.42. 8) G 35octg800° + tg730° (g800°

6) sin 750° sin 150° + cos 930° cos (-870°) + tg 600°.
13.43. Briuncaure:

a) ctg 1°-ctg 3° - ctg 5°- ... : ctg 89°%

6) tg 88° - tg 86° - tg 84° - ... - tg 2°.
13.44. UckaouuTe napamerp ¢ U3 CHCTEMBI:

a) |x=5cost, ©0) [x=38cost, B) |x=sint+cost,

Yy = 5sint; y = Bsint; Yy = sintcost.

Jorkaxxkure roxaectso (45—48):

13.45. a) (—cos o +ctg o) (sin o+ tg o) = (1 + cos o) (1 — sin o);
6) 1 +cosP-sinP—ctg p=(1 —ctg p) (1 - sin B).

13.46. a) sin® o + cos® o0 + 3 sin? o cos? o0 = 1;
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1-cos?p-sintp
tg?p

sina—cosf  sinf-coso

sinp +coso ~ sina+cosp’

J§—2sina_ 1+2cosa

2coso—1  2sina++3

13.48. a) .cosactga—sh%atgoc _ .1 B 1 :
(sina+cosa)? —sino coso sino  cosa
cosP+sinB —cos? P sinP—sin? fcosP

6) = 2cos* B.

13.47. a)

6)

0 = sinf} cosf3.
) sinB tgp + cosP ctgP B p
13.49. HUssecTHO, uTo tg a0 = 2. Haiigure:
a) 3sina—5cos o 2sin? a—sino cosa
4sino +cosa ’ 3sin?a +2cos? o

sino—2cosa
2sin30 + cos3a
13.50. UassecTHO, uTO ctg o = —2. Haiigure:
2sina+3cosa 2cos? a—-Tsin? a
a) ———————; 6)
5sina—cosa

" H
3cos?0 + 4sin o.cos o
sin® o0 —2cos? o
coso+2sina

B)

Haﬁ,u;n're HanboJblIlIee 1 HAUMEHbIIIee 3HAUCHUSA BBIDaKe€HUudA U
3HAUYEeHN A nepemeHHoﬁ, IIpH KOTOPBIX OHH JOCTHIralTCsa
(51—52):

13.51. a) sin®? o + 2 cos? o 6) 3 cos? o0 — 4 sin? .
13.52. a) 3 cos?a—tgactga; 6) 2sin? a+ 3 tg o ctg o.

Yupocrute BeIpaXkeHue (53—54):
2sin®(n-0)
tg(a—m) ’
cos(2,5n+a) . 51 2 tga
) (m - sm(—(x) tg(—z— +a]) +(T—j.
tg 7+a

13.53. a) (ctg (6,57 — o) cos (—) + cos (T — a))? +

sin (a—%) 5
13.54. a) ———< ctg((x— Tn) —cos(gﬂx) sin(o — w);
sin(%+a)

tg(%—a)—cos(n—a) sin(3n+a)

(cos(3,5m—0) +sin(1,5n+0))2 -1
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JlokaxuTe, YTO OpPH BCEX AOMYCTMMBIX 3HAUEHUAX IIepEeMEH-
HBIX BREIpa’KeHHe NMPUWHHMAaeT OAHO U TO ke 3HaueHue (55—56):

13.55. cos*B —sin® o.-sin® B + sin® B-cos® B —sin® a-cos? B _
sin? o.-sin% B — sin2 a.-cos? o — cos? o + cos? o - sin? B
(tga+ctga)? —(tgo—ctgo)?
] .
sin? a.cos? o

13.56.

—tg2a—ctgla

VYupocrure Buipaxkenue (57—59):

13.57. a) ./sin? a(l -ctga)+cos? a(l - tga), ecan 3™ o <2m:

2
0) ﬁ)sz B +tgP)+sin? B(l+ctgP), eciu m <P <§2E

13.58. a) ctgo — l—cosa, ecan T <O < 2T;

1+cos
[1-sin? a.—cos? o, - cos? B
v 3n «w
<—, =< .
6) t2P ciga , ECTH T <0 <5, 3 B<m

13.59. a) V4cos? a+4coso.+1—-+4—-4sin? a, ecmdz?n<a<1t-

6) /2—2cos? B+Bln2B 24/2sinB+1, ecsu ——<B

Hokaskure HepaBeHCTBO (60—64):

13.60. a) sin? o cos® a < 0,25; 6) sin* o + cos* o > 0,5.
13.61. a) sin® o + cos® o > 0,25; 6) sin® o + cos® o > 0,125.
13.62. a) |tg o +ctg a| > 2; 6) 9 cos? o — ctg? o < 4.

1

2 6,

13.63. a) sina+cosa+tgat+ctga+ —+——2
sIno  cos“ Q

ecnn0<a<%;

6) tg2o +ctg? o+ 1 1

sinZ o cos? 0.
13.64. a) |sin (sin 0)| < 0,56 4/3;  6) 0,5 < cos (sin ) < 1
13.65. Haitaure sin? o + cos* o, ecan sin o + cos o = a.
13.66. Haitgure cos o + sin o, ecau tg o + ctg o = a.

=6

10
. o 111 o
13.67. UasBecrno, uto sin? o cos? o =a. Hamnnoure I tgia
cosl® g
1-ctgto

13.68. Brrumcaure sin? o —sin?o, ecam tg?o +ctg? o+

+— 2 +—T*‘=7.
sin“ o cos“ o
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Haitaute Hambosblllee ¥ HauMeHbIIIee 3HAUEHHUS BEIPAKEHHSA

(69—70):

13.69. a) 2 cos? o — 3 sin «; 6) 3 sin? B + 2 cos P.
13.70. a) 1-+vcos? o —2sin?a; 6) 1+./sin? P +2cos? B.

13.71, Haiigure HauboJblllee 3HAYEHHE BHIPAKEHHA
sin? x cos* x (2 — sin? x).

13.72. HalinuTe HanMeHbIllee 3HAYCHHNE BLIPAXKEHUA:

1
0) —:{——tgzﬁ-

coso.’ cos* P

TEOPEMbI CNOXEHUA
Breruncaunrte (73—77):

a) tgla+

13.73. a) sin(%—a) ecom cos oL = -0,5 1 ~ 2 <o <7

) cos( B) ecsin sin[iizg—ng<[3 <.

13.74. a) tg(g )ecnn cos a=0,6 %’5 <o <2m;

0) ctg(%—ﬁ], ecau sin f=-0,8 u n <P <37n-
1 . 3n
13.75. a) cos (o — PB), ecanm cosa =5, sinf = - 30 5 <o <2m,
%’3 <B <2mn;
. . 3 1 =&
6) sin (o + B), ecam sino = 7 cosf = —5 g <a<m,
31t
T<P<— 5
COSElE SlI‘l.3—Tc + COS3R smi
10 20 20 10,
13.76. a) H
81117—?t Sll’lzE + COS’{_Tt COSE
8 24 24 8
811115—1t 51n4— + C(')Sﬂ COS@'
6) 7 21 21 7
sin77t cos— - cos7—n sm231t
24 24 24
te* ;Z e’ o tgz% - 8" 34
13.77. a) Tx s 6) Fym -
1-tg? 29 o2 T
¢35 83, 85y 5

13.78. Haiigute cos P, ecau cos o=0,6, cos(a+B)=0

T, 3n
0<0L<§, <P < 5
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13.79. Haiiaure o + B, ecau tg o= 0,5, th_ ,0<a <X

2’
0<Bp<Z.
2 40 9 n
13.80. H:mm're o — B, ecan sina = ’ sinf = -H,O <a<g
—-2— <B <0.
13.81. Haiigure o + B, ecin tg =3, tg f=-0,5, 0<a < g,
T
-5 <B <O0. \/‘
13.82. okaxkure, uro o — f=30° ecamtgo= > tgPB =
—[:/51,0<(x< »0<B <—
13.83. Hoxaxwure, 4TO a+B+y= g ecau sina = %
T[

sinf = ,0<o <X ,0<B< ,0<y<

1

ﬁ’ sy = \/_

13.84. IIycts tga = (V2 +1)tgx, tgB = (\/E—l)tgx, tg y=
= 2 sin x cos x. ,IIorcamnTe, yro o=p+7y, ecanm

0<a< ,0<[3< ,0<y<g-

Hoxkaxkurte Toxxaectso (85—88):

sin(a—B) . ctgo+ctgh 1
1385 =) tgo—tgp o cosp;  6) sin(o+B) ~ sina sinB’
13.86. a) tgo + tgB _ sin(a+B), 6) sin(o.—B) ctgB-ctga

tgo—tgB  sin(o—P)’ sin(a+Pp) ctgP+ctga
1+tga T ). ctgp +1 o
13.87. a) m = tg ((X"Fz), 0) cth——l = ctg( 4 B).

13.88. a) sin 20 + cos 20 ctg o = ctg o;
6) ctg B sin 2f - cos 20 = 1.

Haiigure HaubGosiblllee U HaMMeHblIlee 3HAYEHUS BbIpaXKEHUSA
(89—91):

13.89. a) sin o + cos o 6) 3 cos B — sin p.
13.90. a) sin o — /3 cos o 6) V2sinP ++/6cosp.
13.91. a) 3 sin o + 4 cos a; 6) 2 sin B — 5 cos B.

Yupocture BripaxkeHue (92—94):
13.92. a) sin? (%+0{ +sin? (—g—(x)+sin2 o
6) cos? B +cos? (%‘ - B)+cos2 (2—373 +B).
13.93. &) cos (o —P) (tg o tg B—1) + (1 + tg o tg B) cos (o + P);
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13.94.

6) (ctg actg B+ 1) cos (o + B) + (1 — ctg a tg B) x
x cos (a — P).

2 (o in2
2) sin? (o —P) +sin (a+B)_tg2a;

2cos2a cos? B
2 e cosz(a—B)+cos2(a+B).
6) ctg® a cte® B 2sin?q sin?p

Hokaxxute HepaBeHCTBO (95—96):

13.95.

13.96.

13.97.

13.98.

13.99.

13.100.

13.101.

13.102.

13.103.

g,0<[3<

6) cos (o0 — B) < cos a + sin B, ecnn0<a<n,0<ﬁ<

a) sin (o + B) < cos o + cos B, ecmn 0 < o < g,
T
2°
a) sin(a+B)<sina+sinB,ech0<a<§,0<B<
I

o

6) tg (o +B) > tg o+ tg B, ectm O <a <X 7 0<B<—

<

Hokaxkute, UTO tgath+thtgy+tg’ytga=1,
ecnna+B+y=g.
Hokaxure, uto tgoa+tgP+tgy=tgatgPtgy,
ecmn o+ B+ y=m.

Brruncaure tg[z?n + a), €CJIM U3BECTHO, UTO
2cos2 o +(6—+/2)coso— 32 =

Haiigure: a) cos o, ecIn  Ccos (a+g) =0,6 wm

6 3’
. . T 5 3n 51
6) sin o, ecau sm(a—z)—l—3 u —4—<(1 <T'

Haiigure Be1uuuHe o U 3 yrioB pomGa, eciu

sin[a—%)+sin(%— )=

o
Yrasl TPeYyroJbHHUKA CBA3aHbI COOTHOILIEHHEM COS - =

2
= 2sing cos—%. JIoKa)xkuTe, YTO TPEYroJbHUK paBHODOE -
PEHHBIH,

B kaKux npenenax HaXOAWTCHA OTHOLUEHME CYMMBI
KATeTOB K T'MIIOT€Hy3€ B NPAMOYI'OJIBHOM TPEYyIojib-
HHuKe?
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®OPMY/JIbl ABOWHOIO
1 NONOBUHHOIO APTYMEHTA

Beruucanre (104—107):

13.104. a) sin 20 u cos 20, ecJaH COSO = 27—5, 3% <o <2m;
6) sin 2B u cos 2B, ecau sinf = —%, n <P <3—2T£-
13.105. a) sin % u ctg %, ecJH sin a = ——‘/22, 3?n <o <27;
6) cos% n tg%, ecam tgo =+/3, 1 <a <37n_
13.106. a) tg o, ecau ctg 20 = 3; 6) ctg B, ecan tg2p = -5.
13.107. sin* (§2£ - 20 ), ecau cos (T — 40) = —%.
IMoxaxkure cnpasegauBocTh dopmyas: (108—109):
21;g'g 1- th%
13.108. a) sino = —{;; 6) cos o= ——=.
2 2 2 2%
1+tg ) 1+tg )
13.109. a) sin 3o = 3 sin o — 4 sin® a;
6) cos 30. =4 cos® o — 3 cos o.
Beruucanre (110—113):
13.110. a) sin 2a, cos 20 u tg 20, ecau tga = %;

6) sin 2, cos 2B u ctg 2P, ecnu ctgf = ——:2;-

cosa o _ o
13.111. a) m, ecIn tg§—3,
6) 2sino

o
4550050 ecan ctgg =-2.

13.112. a) sin 4o, ecau ctg o = -3;
6) cos 4P, ecau tg B = 2.

13.113. a) sin 30, ecau tg% =-2
6) cos 3a, ecau ctg92E =0,5.

13.114. Haiigute Besmuuny yria A tpeyroiasHuka ABC, ecymu:
a) sin* A =cos* A + 0,5;
6) sin® A cos A = 0,25 — cos® A sin A.

13.115. [loxa)kuTe HEPABEHCTBO:

. n T
a) sin 2o < 2 cos a, eciu — 3 <a <§;

6) sin 2o < 2 sin o, eciim 0 < a < 7.
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Beruncaure (116—118):

13.116.

13.117.

13.118.

13.119.
13.120.

a) 8sin? 1156n cos? 1_176_“_ :

6) sin* %—cos“ 1T32£

a) tg?"‘ tg78n, 6) ctg?+ tg 8

a) sin? ﬁ + sin? 1216 ; 6) cos? 2—4 + cos? 3—17‘

Yro Gonbie: tg 20 uau 2 tg o, ecan 0 < o < Z?

- sin 40
Hajinute 3HauyeHHE BBIPAYKEHUSHA , €CJIM H3BEeCT-

HO, YTO
4sina-9coso—-6=0.

Hokaxure Toxgecteo (121—124):

13.121.

13.122.
13.123.

13.124.

13.125.

13.126.

13.127.
13.128.

13.129.

1 + cos (3w + 3a) cos 200 — cos (1,57 — 3a) sin 20 =
= 2 sin? 2,5a.

tg* o (8 cos? (m — o) — cos (T + 40) — 1) = 8 sin? a.
1-2sin? a -1

r_ 2| X
2ctg(4 cx)cos (4+aj

2tg? %(tga +ctgoc)(1—tg2 %) =

1

=
4
s —
2
4cos? 200—4cos2 o + 3sin? o

CO

Coxparure npobn

4cos? (5?“—0()—8'1112 2(a-r)

1 51
Breruucaure tg(a + 4) €CJIH cOos 20 = 36 HT <O < i

Beruuciaure tg B + ctg B, ecim cos 2 =0,8 u — 3 <B <T.

Breiuuciaure:

a) tg? (37—(1) ecJiu sin2a=—%;

6) ctg? (-} + B), ecau sin2f = 0,25.
Haiigure:

coso—2sina
sina—2cos o

coso + 2sino
2sino — 3cosa

a) cos 20, ecau =-0,5;
0) sin 20, ecan
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Yupocrute Bripaxkenune (130—133):

13.130.

13.131.

13.132.

13.133.

a) 0,125 cos 4a + sin? o cos? o;
6) sin? B tg B - cos? B tg B+ 2 ctg 2.

a) 1 2cos 20 .
tg2oe 1+ sin(2a +1,5®)°

1 ﬁsin(%+ﬁ)sinﬁ

6) 1-tgp cos 2B '

a) cos? (3%—(1) +0,5sin 20,

6)2gn2(ﬁ-%§)+mn2&

Tto
Ea
<

1 11 1
4= < .
6) \/2 2\/2+2cosﬁ,ecnn 2n < B < 4rn

a) \/2+J2+20034a, ecau 0 < a <

Haitnute HauboJsiblllee 1 HaMMeHbIIlee 3HAUEHUSA BhIPAKeHUS

(134—137):

13.134. a) 3 sin? a + cos 2a; 6) cos? B — 2 cos 2.

13.135. a) sin* o + cos* o 6) sin® B + cos® .

1+cosa+cos2a sin(2,5m+2p)

13.136. ; ; 6 .

2) (057 +%) ) J2cos(1,5m+B)-1

13.137. a) cos 20 —|cos a.; 6) cos 20 + |sin a.

13.138. Haiigure cos(% - a) sin(% +0t), ecJu cos o + sin o = m.
IIpu Kakux 3HAYEHUAX mM YCJOBHE 3aJa4yu HMeeT
cMbIca?

13.139. Haiigure cos(% - B) cos(%E +B ), ecyu

cos B sin (3,5n + B) = m.
IIpy Kakux 3HAUEHUAX M YCJIOBUE 3aJa4d HMeeT
cMbICHa?

18.140. UssecTHo, uTo sin x —cos x =¢, rae | t | < V2 m ¢t # 1.
Haiigure tgg.

13.141. Haiigute ctg (o + B), ecau m3BecTHO, uTO tg o =b m
tgo—tgf 3
tg(a-p)

13.142. Haitaure sin o, ecau M3BECTHO, YTO COS 20 = —COS OL U
gsasm
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13.143. Haiigure tg o + ctg o, ecau U3BECTHO, UTO

. (T 3n
sm(§+2a)—a u vy <o <T.
Beruucanre (144—145):
13.144. a) sin%sin%; 6) cos 20° cos 40° cos 80°.
. Tn .. 5 .. =
13.145. a) sin g singg s1nﬁ,
3n 4n 57

6) coslcosgﬁcos—cos—cos—-
11 11 11 11 11
13.146. IIpoBepbTe CIIPAaBEAJIHNBOCTL PABEHCTBA!
a) 8 cos 20° cos 40° cos 80° —sin 10° = 2 sin? 40°;
6) sin 50° + 8 sin 10° sin 50° sin 70° = 2 cos? 20°.
13.147. sBecTHO, YTO O U 3 — BEJIMUMHEI CMEXXHBIX YIJIOB
napaJiesorpaMma. Jlokasxurte, 4TO
1-sin2a 1+cos2pB

(cosB+sina)?

2cos(rt+a)sin(%£+a)

13.148. [Joxkaxkure, 4TO ecau O U B — OCTpBIE YIJIBI NMPAMO-
YroJIBHOrO TPEYroJIbHUKA, TO:

in2| ® _ 2(31n _ @
sin (2+B) 4cos 2 2] \ B
a) :tg a+§—z,
2R _ 2| &
cos? B — 4 + 4cos (2+2)
005(371c - )tg%— cos(m + B) o
0 +tg—=0.
) — g5

sin(i@— - oc) + sin(a — ) tg[— - —)

2 4 2

13.149. Haiifute BeJMUMHEI O X [ CMeXHBIX YIVIOB IIapal-
JejorpaMma, e€cJHW W3BeCTHO, uTo Sin o+ sin =
=+/2 sin (a - B).

13.150. B paBHOGEAPEHHOM TPEYrOJIbLHUKE O — BEJHYHHA yTI-
Jla TP OCHOBAHWM, J — BeJHUYMHA yrja IPH BEepIIH-
He, IpuYeM cos o + v'3 cos B = 0. Haiinure o u .

13.151. HaiiuTe BeJIUYUHEI OCTPHIX YIVIOB O, ¥ 3 IpAMOYroJb-
HOI'O TpeyroabHmKa, ecam sin 2o = 1 + sin (3a ~ B).

13.152. Haiiure BeauuuHBI O U 3 OCTPEIX YIJIOB IPAMOYTOJIb-
HOrO TPEYroJIbHHKA, eCJH cos o + sin (o — B) = 1.

13.153. B paBHOGEAPEHHOM TPEYrOJbHUKE O ¥ 3 — BEJIMUYHHE
YIJIOB NP OCHOBAaHWHM W BepIIMHE COOTBETCTBEHHO.
Hajizure o m B, ecam wu3BECTHO, YTO J2 cos o +
+cos B =1.
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. (V4
13.154. Haitnure cos 52 €CJIM U3BECTHO, UTO

6 sin? o > 4 + cos o u cos2a > —%.
13.155. Haitgure tg 20, ecam usBecTHO, UTO

. 7
9cos?2a<bh+9 s1nancos2a>§.

13.156. Bruruncaure: a) sin 36°; 6) sin 18°.
13.157. PanuoHaJbHEIM HMJIM MPPAIMOHAJIBLHBIM YHCJIOM SBJIA-
erca tg? 30, ecnu U3BeCTHO, 4TO cos 20 = —0,1?

13.158. PannoHa bHEIM MM UPPAIlMOHAJLHBIM YHCJIOM ABJIA-
erca ctg? 4,50, ecIM M3BECTHO, YTO

cos 3o = 0,25 (y21-124/3 - 24/3)?

NPEOBPA3OBAHWME CYMMb _
TPUTOHOMETPUHECKUX DYHKLINMA
B NPOU3BEAEHUE N1 OBPATHO

ITpoBeprTe cupaBesInBoCTL paBeHCcTBa (159—161):
13.159. a) cos 47° + cos 73° = cos 13°;

6) sin 87° — sin 27° = cos 57°.
13.160. a) cos 29° — cos 31° = sin 1°;

6) sin 18° + sin 42° = cos 12°.
13.161. a) sin 93° — cos 63° = sin 33°;

6) cos 14° — sin 16° = cos 46°,
13.162. Briuuciure:

y _2sin?49°-1 . sinll°—sind0°
8) Cos53°—cos37° 1-2cos? 54°30"

Yupocrure BripakeHue (163—164):

13.163, a) 25¢~C0sP. g cosateosp
sina +sinf sinf-sina
. o . in11
13.164. a) sin 40 —sin 6a 6) sin 7B +sin11f

cos3a+cosTa’ cos10p—cos8p

JlokarkuTte cupaBesInBOCTb opmyinl (165—167):
13.165. sin o cos B = % (sin (o + ) + sin (o — B)).

13.166. sin a sin B = % (cos (o — B) — cos (a + B)).
13.167. cos . cos B = % (cos (o0 — B) + cos (o + B)).

13.168. Haitgure HanGoJIbIllee U HaUMeEHbIIIee 3HAYEHUA BhIpa-
JKeHUus

a) sin(a+-18£)cos(a—§nz); 6) sin(B—%) sin(B+%).
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13.169. Buruucaure:
a) sin 15° cos 7° — cos 11° cos 79° — sin 4° sin 86°;
6) cos 17° cos 73° — sin 13° cos 21° — cos 4° cos 86°.
13.170. JTokaskuTe TOXKIECTBO:

a) 1+ 2 cos 200 =4 cos (%ﬂx)cos(%—a};

6) V3 — 2 sin 2B = 4 sin (g—B)cos(%HS).
13.171. IlpeobpasyiiTe B Ipou3BeaeHUE:

a) V2 -2 cos a; 6) 0,5 + sin .
13.172. JIokaXuTe TOXKAECTBO:

a) 1 -4 sin? o =4 sin (—g——(x)sin(%ﬂx);

6) 3 — 4 cos? f =4 sin (%+B) sin(B —%).
13.173. YupocTure BeIpa)keHue:

sin3a -sino cos 2a cos 20, —cos 40,
a) : - ; 06) .
sin3o +sina cos 200 — cos 0. cos 30

Hokaxure Toxaecrso (174—175):
sin5a —2sin 3a - cos 3a

13.174. a) - = ctg 5,50
1-cos50 —2sin? 3o
2cos? 2B +cosbHf -1
6) sin5B + 2cos 2P sin 2B = ctg4,5;
sin 40 +2sin 2a
13.175. a) 3(cos 0 +00s30) =cosoa tg2a;
2cosP +cos3P + cos5B
©) cos3B + sinP sin2B 4cos 2.
13.176. Haiigure HanGoJibillee 1 HaUMEHbILIee 3HAYECHUA BEIpa-
KEeHUs
2cos? o +cos 400 —1
40 - 4O
cos® 5 —sin® 5

VYupocrure Boipaxenue (177—178):
13.177. a) cos? o + cos? B — cos (o + B) cos (a — B);
6) sin? o + sin? B + cos (o + B) cos (o — B).

13.178. a) cos? (a—%)— sin? (a—%—n);
in? [B+2% |—cos? B+ E
6) sin (B+12) cos (B+12 )
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13.179. Hokaxurte, uTo

tg 30° + tg 40° + tg 50° + tg 60° = 505207

V3

13.180. Bepuo 1u paBeHCTBO
0,5 sin 40° - cos 30° + cos 20° cos 10° =
= 24/3 sin? 20° cos 20°?
13.181. Toxaxxure, dto

inz| ® —sin? | E_g l—sin Feos . | X = gi .
sin (4+a) sin (6 oc) smlzcos (12+2aj sin 2o

13.182. BepHo g1 paBeHCTBO
cos? 73° + cos 47° cos 73° + cos? 47° = 0,757

. T . T
s1n(2oc - E) - sm(2a + E)
13.183. Haiigure J , ecau sin o —

cos(E -0
4

—cos a=t. Ilpu Kakux 3HAUYEHUSAX { YCIOBHEe 3ajadyu
He UMeeT cMuIcaa?

13.184. UsBecTHO, uTo 2 sin® o + 3 cos? o = b. Ykaxure gony-
CTHUMBIE 3HAUEHUSA napame'rja b 1 HaliguTE Ipou3BeIe-

T 4n
HHe COSs g—(x cos ?'f'(l

13.185. UsBecTHO, uTo cos® 2B + (2a — 5) sin 2§ + 10a — 1 =0.
YKakure JOMyCTHMEIE 3HAYEHUSA nafame'rpa a u Hai-

3n . (5m
T+B sin T_B)'

AUTe IIPOU3BEACHUE sin

BriuuciauTte sHaueHUe BuIpaskeHudA (186—191):

13.186. cos1la+3cos9a+3cos 7o +cos 5(1’ CCITH COSOL = l
cos8a 3

13.187. cos 20 — cos 60, ecau coso = 1

V3
13.188. sin 50 — sin 30, ecau sino = i-

J5
13.189. cos 3a — cos Ha, ecan coso. = 1,

V3
13.190. cos 80 + cos 6 + 2 sin 5o sin 30, ecan sino = —ﬁ-
13.191. cos 120 — cos 60 — 2 cos 70 cos 50, €CaH COSO = —%-

13.192. Haitqure sin 20 cos 5a — sin o cos 60, ecau sin o = a.
13.193. Haitgure cos 7o cos 40 — cos 8¢ cos 30, ecau ¢os O, = a.
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Beruucaure (194—197)'

r 5n

13.194. a) cos— 24 cosscosﬁsm—
n 31t n T . =
0) sin+~ sin 2" sin £ " sin — sin -

16 8 24 1165 2g”
13.195. a) cos 10° cos 50° cos 70°;
6) sin 20° sin 40° sin 80°.
13.196. a) cos 24° — cos 84° — cos 12° + sin 42°;
6) tg 9° - tg 63° + tg 81° — tg 27°.

13.197. a) cos 27 +cos % +cos 67n
27 4r 2% 6n 47 6n
6) cos7cos—,?— +cos700s7 +cos—- 7 OST'

Hoxkaxure Toxaecteo (198—199):

13.198. sin o + sin 20 + sin 3a + ... + sin no =

smm sin(n+ Do
2 2

- sing
2
13.199. cos o + cos 2a + cos 30 + ... + cOs no. =

smﬂ (n+l)a
2 COos 2

sinE
2

Haitgutre cymmy (200—201):
13.200. cos o + cos (a0 + @) + cos (a + 2¢9) + ... + cos (& + nY).
13.201. sin a + sin (o + @) + sin (o + 2¢9) + ... + sin (o + nY).



| TemaTuyeckue cepum ans
// OpPraHM3auumn 3aK/IIOYUTENIHOIO
¥ nosTopenus

Cepus 1. Jenumocts yensix yucen

1.

11.

12,

13.

14.

15.

16.

222

Yucaa a n b takossl, uTo 0 < a < b. MoskeT Jau b KeJUThL-
ca Ha a? Mosxker au b geautses Ha a'%!'? Mosxker Ju a fge-
JUTHCA Ha b?

Yucno 1989 srinucano moapsaa 1991 pas. Moxuo am
MeXJY BBRIMUCAHHBLIMH YHCJAMU PACCTABHUTEL 3HAKHU «+» U

«—» TakuM o00pasoM, uUTOOBI pe3yJabTaT OB paBeH
10 000?

2n+5
ITpu KaK¥X HATYpAJNBLHBIX 3HAYEHUAX N UHUCIIO 3

Mosker au uucyo 6n + 5, rme n — HaATypajbHOe, MIPHU Je-
JeHUH Ha 9 gaBaTh ocTaTokK 1?

HoxakuTte, 4TO HA IPH KAKOM HATYPAJbHOM N YHCJIO:

a) 3n+2; 6) 5n+ 3; B) Tn + 5 He sABIAETCA TOYHHEIM
KBaJpaToM.

JokakuTe, 4TO cyMMa IBYX IIOCJIEJOBATEILHBIX UYETHBIX
yuceJl He MOXKeT ObITh KBAAPATOM I1€JIOT0 YMCJja.

ITpun kakux HATypaJbHRIX 3HAUeHMAX n uyucjo 700...07
N e
aenuTcda Ha 11? n mynei

nesaoe?

Jokakurte, 4To ymeia:

a) 2n-1u2n+1;06) 2n+ 1 n 3n + 2 B3BAUMHO IPOCTHI.
Jokaxxure, 4YTO IIPH JIOOOM 71 YHUCIO:

a) n* - n? kpatao 12; 6) n® — n® kparuHo 504.
Jlokaxure, 4TO upu J0O60M HEUYETHOM 7l YUCJIO:

a) n*+ 14n? + 49 geaurca Ha 64; 6) 5™ — b gesurca Ha 24.
HJokakure, 4To upu J1000M YETHOM 7t UHCJIO:

a) n? (n? - 4) penutca Ha 64; 6) 7" — 7 genurca Ha 8.
HJoxkakute, 4TO BCe IPOCTHIE YHUCJa, GOMbIIKE 2, UMEIOT
Buxn 4k + 1 unu 4k — 1, roge B — HaTypajJbHOE YUCJIO.
HUsBecTHO, yTO yucaa p u 4p + 1 — mpocteie (p > 3). Ho-
Kaj)KuTe, 4YTO IPHU JAeJeHHUH Ha 6 yucio p maeT octaTox 1.
CyiuecTByIOT I B HATYPAJIBLHOM PAAY 4YeThIpe IOCJIenoBa-
TeNLHBEIX HEUETHBIX YMCJIA, KAaXKA0e U3 KOTOPBIX — IIpocToe?
Tpu npocTeix yucyaa, 66abmue 3, o6pa3yoT apudmeTuye-
CKyl0 mporpeccuio. JlokaskuTe, 4TO ee pPa3sHOCTH NEJIHUTCHA
Ha 6.

MoskeT U JUCKPUMUHAHT KBAJPATHOTO YPABHEHHUA C Ile-
AbIMH Ko3punueHTaMn paBHATHCA 19917



Cepus 2. KsagparHbie KOPpHU

1

4.

I[OKB.JKHTE, HCIIOJIB3YyA OoIpejelieHde KBaJApaTHOI'oO KOpHA,
qTO:

a) V256=5; 6) V49=-7; B) V63 =8.
Brruncanure:

a) J(W5-1)% +1; 6) {(¥5-3)? -3;

B) J(V5-1)2 +,/(/5-3)2; 1) (V5 -2)49+4y5;

1) (V5-3)y14+645.

CpaBHHUTe IBa 4HCJIa:

a) /0,63 u \/0,83; 6) /0,63 u 3/0,63;

B) 1,63 1%1,63; r)V2u¥3; n) V6-%¥3u 1.

Breruuciaure:
1 1 1

1
\/§+1+«/§+«/§+«/Z+\/§+"'+\/W+«/§§'
ITocTpoiiTe rpaduk pyHrmmum:
a) y=vJx; 6) y=x%; B) y=(x)%;
r) y=+vx? +Jx2 —2x+1; 1) y=Jx+2Jx-1-Jx—1;
e) y=vx—2Jx—1-Jx—1.

Cepus 3. KsagparHbie ypaBHeHUSs

1.

JoraxuTe, 94TO

2 2 _
a (x+i] _ b —dac =ax? +bx+c.
2a 4q°

Peminre ypaBHeHuUe:
a) ¥2=9; 6) (x-3)%=7; B) (5x+T7)2=11;
r) 25x%+ 70x + 38=0; 1) %xz—x-3=0;

e) 2x +3x+5=0; x) 16x%+ 88x + 121 =0;

3) 16x? - 88x +121=0; u) 121x%?-88x + 16 =0.
IlokaskuTe, YTO €CIM B KBaJPATHOM ypaBHeHHH ax’ + bx +
+¢c=0 a+b+c=0,T0x, =1, x2=§.

JIloxka)xuTe, 4TO €CIU B KBAJPATHOM ypaBHeHUHM ax? + bx +
C

+c¢c=0a-b+c=0, 0 x, =-1, x2=—;.
HokaxuTe, 94TO €CIU B KBAJPATHOM YPaBHeHUM ax? + bx +
+¢=0 b=2m u m? > ac, TO KOPHH MOKHO BBIYMCJIHNTH

~-m+ym?—-ac D
_— Y e fl’l2 —ac =—.

no opmye x, , = P 1
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10.

11.

12.

13.

14.

Pewmnte ypaBHenune x2 - 4ax — 5a% = 0:
a) OTHOCHUTEJNBLHO X; 0) OTHOCHTEJIBHO Q.

Pemure RBanpaTHoe ypaBHenue a? — ab - 2ac + 13bc —
- 15¢% - 2b% =

a) OTHOCHTEIBHO a; 6) OTHOCHTEJBbHO b; B) OTHOCHTEJb-
HO C.

ITokaxkure, uro ypaBHernue 2x2 — 2x (1 +2y) +4y2+1=0

. 1
nMeeT IOeHUCTBUTEJIbHOE DpellleHne TOJBKO IIpU Y=, HU

N

HaliiuTe 3TO pellleHue.

HaiinuTte BCe Takue 3HAUYEHUA X U Y, IPHA KOTOPBIX BBI-
nosHseTcsa paBeHcTsBo x2 + 4xy + 13y2 -6y + 1 =0.

Jloka)kute, UTO IpPHM BCEX HATYPAJbHHEIX 3HAYEHUAX N
ypaBHeHMe x? — 2x — 4n — 1 = 0 He UMeeT LieJbIX KOPHEI.

JlokasKuTe, 4YTO IIPH BCEeX 3HAUEHUAX O. YpPaBHEHUeE
x2-(2cosa—-3)x+cos2a—-4cosa+7=0
HEe UMeeT NeHCTBUTEJbHBIX KOPHEH.

Jokakute, YTO HM OPU KAaKMX 3HAUEHUAX 4 YpPaBHEHHUE
cos? x + cos x — a* — 5a® - 6 = 0 He UMeeT pellleHUI.

IIpr kakux 3HaueHMsaxXx a ypaBHeHme (x?-— 3x —4)X
X (x2 — a) = 0 uMeeT POBHO TPU KOpPHA?

ITpu Kakux 3HayeHUAX a ypaBHeHue (x? — a) (x? + 3ax +
+ a) = 0 uMeeT POBHO ABa KOpPHA?

Cepun 4. OpobHo-paynoHanbHble ypaBHEeHNs
Pemure ypaBHenue (1—10):

3x+1 9x2-1
L 5x—6_0' - 3x +1
5x+7 s  3x-1 1-3x
B om0 I = ke
5 x2-3x  b5x%-x-42 6 1 . 3 __2
" x2+7x-830 x2+7x-30" * 3x+2 5x+6 Tx+8°
12 x 2 X-0
% x2—9+x—1_x—3' B x—3_5'
- 24+ + 4a
g, ¥ Ox+d_, 10, T-4ralx+da_,
x-a x-1
Cepusa 5. Teopema Buera
1. He pemas ypasHenusa 3x% — x — 1 = 0, HaiiauTe:
a) x; + x5 6) x, - Xa B) x2 +2x,x, +x%;
r) x; +x2; @) x? +3xix; +3x,x% +x3; e) xi+xi
1 2
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x x 1 1
x®) L+ 3) xyxp +axtx,; m) — 45
Xo X, xl X3

2. CocTaBbTe KBapaTHOE ypaBHEHHE C KODHIMH:
a) x;=-3, x,=05; 6) x;=x,=-T;
B) xy=38a+1,x,=5a-2; r) x1=6—«/5,x2 =6++/5;
n) x, =J7-6, x, =7 +6;
e) x, =J7-6, x, =7 +6.

3. He pemas xBajgparHoro ypasHenus 3x2-x - 1=0, co-
CTaBbTE HOBOE YPaBHEHHE, KOPHHU KOTOPOTO:
a) IPOTHUBOIIOJIOMKHEI KOPHAM JaHHOI'O;

0) oOpaTHbI KOPHAM JAHHOTO,
B) B 5 pa3 GoJibllle KOpPHEN JaHHOTO.

4. TIIpy xaKUX 3HAYEHUAX @ PA3HOCTL KOpHell ypaBHeHUS
1
3x2—x+a=0paBHa7§?
5. IIpu Kakux 3HAYEHHUAX (@ YACTHOE KOpHEH ypaBHEHUSA
3x%+ ax + 1 =0 pasHo 27?

6. HaiiguTe KOpHM ypaBHEeHUA, IPUMEHUB TeopeMy, oGpar-
HyI0 TeopeMe Buera:

a) - (87T+a)x+37a=0; 6) x2 —(5-+/3)x-5/3=0;
B) x2 —(8-/5)x+5(8-+/5)=0;
r) ¥2-(3a +5) x+(2a + 1) (a + 4) = 0.

7. Pemure cucremMy ypaBHeHMIl, IpUMEeHHUB Teopemy Buera:
a) {x+y=7, 6) {x+2y=7,

xy=6; xy=3;
B) |x-3y="T, r) Jx+y+xy=11,
xy=-2; xy(x+y)=30.

Cepusa 6. YpasHeHus c napamerpamm.

I[JIH KaxXaoro sHa4eHHUdA IIapaMeTpa a4 peliuTe ypaBHEHHe

(1—10):

1. |x|=a. 2. ax =3. 3. a(a-1)x=a.

4, i—:;’=0. 5. x*+ax + 36 =0.
x2—(12 - 2 2

6. ~—3 =0. 7. x* ~2a+1)x+a*+a=0.

8. x? «(2a+1)x+a2+a=0' 9. xz—(2a+1)x+a2+a=0.

x x-3

x*-(2a+1)x+a’+a _

10. e = 0.
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Cepus 7. HepaBeHcTBa ¢ napamMerpami.
Jna Kaxxaoro 3HAYEHUA [1apAMETPa @ pelnTe HepapeHCTBO (1—9):

Pk g pp

|x-38|<a. 2, |x-4|>a.

ax < 3. 4, (@-1)x>a-1.
x2-a

(x-3)(x-a)<0. 6. 73 <0

x2+ax+9>0. 8. x2+ax+9<0.

ax?+6x-4<0.

Cepus 8. KsagparuyHas pyHkyms.

1.

ITocTpoiiTe rpadux GyHKIHUH:
a) y=x>-4x-3; 6) y=x2+4x +11;

B) y=-x*+3; 1) y=%x2 -x; @) y=-3x>+6x-1;

e) y=x|x-2]; ®) y=|x|(x - 2);

3) y=x2-|2x-1}; H) y=|x2-2x|+1;

K) y=|x?-1]|-2x.

Haiinure kxBagpaTHuayo QyHKIMIO ¥ = ax? + bx + ¢, ecau:
a) BepmrumHa napaboast M (—2; 3) ¥ rpad®uK DpPOXOJZUT ye-
pe3 Touky N (3; —2);

0) rpadpux nepecexaer ock Ox B TOouKax M (3;0) u
N (7; 0) m mpoxoaut uepe3 Toury K (8; 20);

B) rpaduK mnpoxoxuT uepesd Touxku N (0; -1), K (1; 1) u
F (-1; -5);

r) rpaduk mpoxoauT yepesd Touku M (1; 1), K (2; 13) u
F (-1; 7).

IOyctby =ax®+bx+c(@a#0),y (0) <y @) uy (3 >y
a) CpaBHuTe a c HyJIeM.
6) CpaBuure b ¢ HymeM.

b
B) B Kakux npegenax MOKeT M3MEHATHCH OTHOIIEHHE E?

Cepua 9. Hawbonbwee U HauMeHbLIEe 3HAYEHUS
KBaApaTU4YHOW PyHKUUMU.

1.
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Haiiaute HauMeHbInee sHayeHne QYHKIUU:

a) y=x>-T; 6) y=2(x-52-1;

B) y=x2-4x - 1; r) y=2x2-x+3.

Haiinute HauGosibniee sHaueHHe QYHKIITUHU:

a) y=-x2+1; 6) y=—(x—-7)?%-3;

B) y=—x2-8x+11; r) y=-4x*-x - 3.

IIpu xKaKoM 3HAYEeHUU @ HAMMEHbIIee 3HAUeHUe PYHKIUHU
y =x%— 2x + a pasHo 67

Iipu KaKOM 3HAYEHHH @ HAMMEHblIee 3HAYCHUE PYHKIIUHU
y=x%-ax + 7 paBHO 6?



ITpy KaKOM 3HAYEHHH @ HAUMEHbIIee 3HAUECHUE PYHKIUK
y =ax? - 2x + 7 paBHO 6?

IIpu kakoM 3HAYEeHUH a HauboJIbIllee 3HAUYEHUE PYHKITHHU
y=ax*+ (a - 3)x+ 1 paBuo 4?

B ¢urypy, orpanuuenHyio napabosioit y =4 — x2 u ocblio
Ox, IOMECTHIN IPAMOYrOJLHHUK, ABE BepPIIMHBI KOTOPOro
Jekar Ha napaboie, a 1Be — Ha ocu Ox. Haiinure HanboIb-
NI U3 HePUMETPOB 3TUX NPAMOYIOJIbLHUKOB.

®durypa orpaHHuYeHa napabosamMu y=x2-4x-T7 u y=
=-x? + 9. HaliquTe aauHy HauGOJbIIero oTpe3Ka, mapas-
JeJbHOro ocH Oy M JeKaliero BHYTDH JAHHOH (QUIYpPHI.

durypa orpaHuyeHa napabosoit y = x? u npamoi y = 2x +
+ 3. Haliaure anuny HauboJbIIEero oTpesxa, Napaijelb-
HOro ocu Ox H JIeKalero BHyTPH GUTypHI.

Cepun 10. PeweHne kBagpaTHbIX HEpPaBeHCTB.

1.

Pemnte HepaBeHCTBO:

a) x2-3x-4>0; 6) x*-5x-6<0; B) x*>16;
r) x>-7Tx+143 > 0; 1) x*-17x - 143 < 0;

e) x2-18x+81>0; x) x*-18x+81<0,

3) (3-5x)(x+11) < 0.

Pemure HepaBeHCTBO:

a) |[x2-Tx+5|<5; 6) |x*-38x|<x;

B) |x% - 8x|> x; r) |x?—4x+1|<|x?2-1]|.

IIpun Kaxkux sHAYEHHUAX IMapaMeTpa 4 HEPaBEeHCTBO X2 —
— 3ax + 1 > 0 BbIOJIHAETCA ANA BCeX NeHMCTBUTENLHEIX X7
IIpn KaKMX 3HAYEHUAX IIapaMeTpa a HepaBeHCTBO ax? +
+ 5x + 3 > O BHIIOJIHAETCA HPHU BCEX MOJOMKUTENBHEIX X7
IIpp xaxux 3HaYeHMAX [apaMeTpa 4@ HepaBeHCTBO
ax?+(3a?2-1) x — 8 > 0 pernonHAeTcs npu x = 1?

IIpn kaxkux 3HaYeHMAX IapaMeTpPa @ BCe PelleHHA Hepa-
BeHCTBA X2 — 3x — 4 < 0 ABAAIOTCA PEIIeHHAMH HepaBeH-
crBa x2 —a < 0?

IIpn Kakux 3HaYeHMAX mapamerpa b Bce pelIleHHA Hepa-
BeHCTBA x° — 5x + 4 < 0 ABAAIOTCA PELIEHHAMH HepaBeH-
crea x2 — b% > 07

Cepua 11. Fpadpuxku pyHkumi.

1.

ITocTpoiite rpad)mclcpynnngnm
a) y=x% 6) y=1; B) y=|x 1) y=2% p)y=Jx;

e) y=Yx; ) y=—; 3) y=+1-%°.

x2
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ITocTpoiiTe rpaduk pyHKIMU:
x2-3x+2 ) y=
x-1 > P¥=

r) y=+x? +4x+4-2; n) y=+J4x? +4x+1 +2|xl.

ITocrpoiiTe rpadpuk pyHrIUN:
a) y=x%-6x+ 3; 6)
B) y=x2-6|x|+3; r)
ny=|x2-6x+3|-3; e)
3)
K)

2x2+3x

a)yzlx—1|+lx|; 6)y: ‘x’ ’

x?—6x + 3|;
x?-6|x|+3];

x| (x —6)+ 3;
x?-bx+|x-3;
x-2|(x|-38)-38.

TR LI I TR

®) y=x|x-6|+3;
) y=|x%-5x|+x-3;
IToctpoitiTe rpaduk GpyHKITUK:

PSSR

__1 _1 . __1 . _x-2,
a)y—m, G)y-; 3,B)y‘x_3+1’ P)y_x_39
_|x-2 _|x]-2 llx|-2
ﬂ)y_x_31 e)y—\x|_3’ }K)y"|x|_3’
3) _|xi_2. H) _x2+3x+2.
y=—>3" vy= x2-4x+3"°
N 3 x2+2x+3
Yy=*"%+2 x+2
ITocrpoiiTe rpadux pyHKIKUN:
a) y=+vx-2; 6) y=+|x|-3;
B) Yy=+5-x; r) y=+x+2Jx-1;

m y=vx-2J/x-1; e y=+x+2Jx-1+Jx-2Jx-1.

Cepus 12. 3amena nepeMeHHOH
npw peweHnn ypasHeHuM.

1.
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Pemure ypaBHeHHeE:

a) x*-5x2+4=0;

6) Tx*—-x2-6=0;

B) 3x'-5x2+2=0.,

Pemure ypaBHeHHe:

a) bx?+x-12-(Bx2+x-1)-2=0;
6) (3x2-x-1)>-18x2+6x-1=0.
Pemure ypaBHeHHE:

2
a) (x+l) —5(x+l)+6=0;
X X
6) x2+5x+8+§+—1;=0;
x  x
B) x*—-5x3+8x2-5x+1=0;
r) 10x* — 29x3% + 30x2 — 29x + 10 = 0.



4. Peniurte ypaBHeHHUE:
a) (x-1)(x+1)(x—-3)(x+3)=105;
6) x(x+1)(x+2)(x+ 3)=3.
5. Pemure ypaBHeHUE:
3x+7  S5x-1 _

2 — & 9. erT 0 59
8) x* +14 5 =52 6) 51 +g o =52
2x2+5x-1 2x-1
+ =5,2;
B) —3x-1 Taxiisr 10

9 2x2—5x+4+ 15x-10
3x-2 2x2-5x+4

2 2
9x+1 18x+2
2—————— | +|2+——"—| =
H)( x2+6x+1) ( 2x2+3x+1]
6. Pemure ypaBHeHHUe:

a) x2?-x(2a®-a+2)+a'-a®-4a®-11a -3 =0;
6) x*-x3-2x2(2+a)-x(11-a)+a®-2a-3=0.

?

Cepusa 13. Cucremsbl ypaBHeHNA.
1. Pemmure cucremMy ypaBHEHHIL:
a) [3x+5y=11, 6) {3x+5y =20, B) {20x—15y =51,
{2x—-3y=17; 6x+10y =7; 4x -3y =10,2.

AN N

2. Tlpm KaKuX 3HAUYEHUAX 4 CHUCTEMa YpaBHEHMWIi {ax— 5y =a,
2x-10y =2
a) MMeeT eIWHCTBEHHOE peIlleHUE;
6) He MMeeT pelIeHWIt;
B) nMeeT OECKOHEYHOEe MHOMKECTBO pemieHuii?
3. Pemwute cucreMy ypaBHEHMUI:
a) |x+2y =3, 6) |3x+4y =12,
x% +3xy +5y? =38; x% +y? =5,76;
2) {5x—12y =60,
x? +y? =4.
4. IIpu xak¥X 3HAYEHUAX d CHCTEMA YPABHEHMI
Tx—-24y =168,
x% +y? =q?
a) UMeeT IBA DeIleHUH;
0) MMeeT OZHO pellleHUE;
B) He HMeeT pelleHui?
5. Pemure cucreMy ypaBHEHHIA:
a) |x=3y, 6) |2x-3y=0,
x? +b5xy+Ty? =31; x% +3xy +5y? =47;

B) |x? -5xy+4y? =0, 1) [x% +3xy+y? =5,
x? +3xy +y? =5; 2x% +xy -2y? =-1.
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6. Pemmnre cucTreMy ypaBHeHHI:

a) [x+y+z+u=7 6) [x T +yt+zl+ul =1,
x+y+z+t=11, x4y t+21+¢71 =11,
x+y+u+t=-5, x4yt +ut +¢71 = -5,
x+z+u+t=-13, x1t+zt+ut +¢71 =-13,
Ly'i'Z'f'Ll""t=4; y" +z—1 +u*1 +¢1 =4;

B) |xyz=1,

<xyt=2,
xtz = 4,
\y2t =27,

7. Ilpm Kakux 3HAUYeHHUAX da, b, ¢ rpaduk OQYHKIUHU
y =ax?+ bx + ¢ npoxoaur deped Touku M (1;-3) u
N (6; —48) 1 nmeer ¢ ocbio abcuce OAHY OOIIYI0 TOUKY?

3x2+5x-1
8. Ilpum KaxKux 3HAYEHHUAX 4 U b BHIpAKEHUS — =
x4—4x-5
a b
3+ + —— paBHBI NpPH BCeX OOIIYCTUMLIX 3HAYEeHH-
x+1 x-5
ax x?

9. IIpu KaKuX 3HAUEHHUAX d CUCTEeMa ypaBHEHHUI
y? +2y(2+x)+(x? +2x)(4—-x2)=0,
y—ax—-3a=0

HMeeT He MeHee TpeX Pas3JIMYHbIX pEIIIEEHﬁ?

Cepua 14. Apudmernyeckas nporpeccus.

1. HaiiauTe cyMMy ceMH OepBHIX 4JIeHOB apupMeTHuecKoH
IpOrpeccHH, ecau a, = 7, a, = 11.

2. Haiigure cyMMy AecsaTH NEPBLIX WICHOB apudMeTHUeCKO
IIPOT'DECCHH, eCIH a; + ag = 11.

3. Hailigute HaumboJBIIYIO M3 BO3MOXXHBIX CYMM 7 IE€PBBHIX
YyjeHOB apupMeTHUYecKOil mporpeccumu, ecianm a, = 137,
a,=121.

4. Haiigure nocienoBaTebHOCTh OOLIMX YJIEHOB ABYX apud-
MeTUUYeCKHMX mporpeccuii -7, 11, 29, ... n -3, 11, 25, ....

5. JoxakuTe, 4TO eCJI¥ CyMMa IEPBLIX 7l UJIE€HOB IIOCJIeA0Ba-
TeJbHOCTH 3agaercsa dopmyioi S,=3n2+ 5n, ne N, To
9Ta IIOCJeNOBaTEIbHOCTDH ABJIAETCH apudMeTHUeCcKOil mpo-
rpeccuei.

6. [doka)kure, 4TO €CJIM CyMMa IE€PBHIX 71 YJEHOB IOCJieZoBa-
TeJbHOCTH 3ajaerca dopmysnoit S, =2n*+ Tn+1, ne N,
TO, HQYMHAA CO BTOPOrO YJjeHAa, 3Ta II0CJIEeAO0BATEJIbHOCTh
ABIAETCA apudMeTHNUYECKOH nmporpeccueii.
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IIyerts a,, a,, ..., a, — apudmerndyeckada Iporpeccus,
a,=a, a,=b (a>0; b>0). Buipasure uepes a, b u n
CyMMYy

1

1 1
+ +ooet .

MooxeT au cpeau ujieHOB OeCKOHeUHOI apudMeTHUECKOI
Iporpeccuu GHITH:

a) pPOBHO OJHO IeJI0e YHCJIO;

0) pOBHO ABa IIEJIBIX YHCJIA;

B) POBHO OJHO MPPAIlMOHAJBHOE YHCJIO?

Cepus 15. Neomerpuyeckas nporpeccus.

1.

HalinuTe nepBblii YjleH M 3HAMEHATENb IeOMeTPHYEecKOM
IIpOrpeccuy, ecyu:

a) by=17, by=—1; 6) by = 2; by = 8;

_ _ . b, +b; =17,
B) by; =-131, b5 = 243; 1) {b3 o, = A,
Mexay uucnamu 5 u 25 BCTaBbTe €llle C€éMb YJIEHOB Ieo-
MeTPHUUYEeCKOH IIporpeccuH.

IIpy KaKMX 3HAYeHUSX 4 KOPHH ypaBHeHMH x2 - 5x +
+4=0u 2x - a =0 pasaIUYHLI U COCTABJAIOT reOMETpPH-
YecKyIo Iporpeccuio?

IIpy KakuMx 3HAYEHHSAX @ KOPHM ypaBHeHHH x2— 5x +
+a=0mu 4x — 1 =0 pasaUuYHBEI U COCTABJAIT reOMETPH-
YeCKYI0 mporpeccuio?

IlycTe uucaa a,, a,, ... COCTaBIAIT 6GeCKOHEYHO yOBLIBAIO-
HIYI0 FeOMETPHYECKYI0 IPOTpeccHio co 3HaMeHaTesJIeM (.
BripasuTe uepes a, u q:

a) ay+a;+ag+..; 6) a? +a? +al +...;
B) a; +aj +a; +....
IIycrs uuchaa a,, @,, ..., @, COCTABIAIOT FeOMETPUYECKYIO

nporpeccuio. Belpasure uepes a;, n ¥ ¢ CyMMy:
a) a? +al +... +a?;
1 1

1
6) —+—+...+—;
a a; ap

B) (a; +1)2+(ay+ 1)+ ... + (a, + 1)%

2 2 2
r) (al +iJ +(a2 +i) +... +(an +i) .
a a, a,

Tpu uucsa 06pas3yoT reoMmeTprudecKyro nporpeccuio. Ecian
OZHO U3 HUX YABOMTH, TO 3THU YMCJIa, B3ATHIE B TOM JKe IO-
pagke, o6pasyor apudmeTnuecKy nporpeccuio. Haitnu-
Te 9TH YUCJa, €CJIM IepBoe U3 HHUX paBHO 1.
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10.

11.

Tpu umucia COCTABAAIOT ApPUPMETHUYECKYI0 NPOTrPECcCHIo,
cyMMa Kotopo# pasHa 12. Ecau ogHO U3 HUX YABOUTH, TO
3TH YHCJa, B3ATHIE B TOM e NOpsAKe, 00pasyioT reoMer-
pudeckyio nporpeccuio. Haigure st uucaa.

JlBa MOJIOKMTENBbHBIX HEPABHBIX YHCJA SABJIAIOTCA Iep-
BBIM M TPETHUM YJeHAMHM apuUdPMeTHUYeCKOM M TpPeTbUM
U IepBLIM YJeHAMH INeOMEeTPHUYeCKOM mporpeccHu. ¥ Ka-
KON M3 3TUX IpOrpeccuif cyMMa TpeX MepBhIX UJIEHOB
6oJbIre?

Ha rpaduke GyHKOIUH Y = x% B3ATHI TPH TOUKH, abciiucchl
KOTOPBIX COCTaBJAIOT reoMeTpuuecKyio nporpeccut. Co-
CTABAT JIM IeOMeTPHUYECKYIO MPOrPEeCcCHI0 UX OPAMHATHI?

Ha rpaduke QyHKINU iy = X% B3AJIH TPH TOYKH, aGCIHCCHI
KOTODBIX COCTABMJIM apu(ph)MeTHUECKVIO, a OpPAHUHATHI —
reoMeTpUUYECKYI0 IIporpeccuio. JloKasKuTe, UTO IO Kpai-
Held Mepe OJHA M3 3THX TOUEeK He HMMeeT PAlHOHAJIbHOM
abciHcenl.

Cepun 16. TpuroHomMeTpuyeckmue BbIPaXKEHHS.

1.

232

Hadaute TpuroHomMmerpuiecKkue (IJYHRIHﬂi gma oL, ecJIu:
T

s 3 3n . __1l2 =n .
a) sina=-, © <0 <43 6) cos o = 13> 3 <O <m
B) tgo =22, 0<« <g; r) ctgo =—26, 37n<oc <2r.

ITocTpoiiTe Ha eAMHUYHON OKPYXKXHOCTHU TOYKH, YKas3aB UX
KOOPANHATHI:

a) Pn’l.“)n’}?n’Plln;
6 6 6 6
6) Pn’127t"ln:’P5n;
3 3 3 3

B) PE’ P37t’ Psn’ P7

4 4 4 4
ITycts o0 — yroa I uerBepru. IlocrpoiiTe Ha eAMHMYHON
OKDPY2KHOCTH TOYKH, COOTBETCTBYIOIINE YIJIAM:
3rn 3n
7 -0, —+0;

T
a) o, T—0o, T+ 0, -—0, )

2
6) o+ 2rnk, ke Z,;
B) ta+ 2nn, ne Z;
r o+nxm, meZ,
n) (-1)*a+rnn, neZ;

o+
e) ;n, nel2.

T
6
HeHUA 3cos6x +2sin5x +5cos4x —3sin3x+ 2 cos 2x —
—sin2 x =a?

IIpu KaKUX 3HAYEHHAX @ YUCJIO - ABJAETCA KOPHEM ypaB-



A
ITpu xakuXx 3HaueHUAX a U b uucyaa 3 " i ABJIAIOTCA KOP-

HsAMH ypaBHeHUA a cos? 3x + b cos 4x = sin? x?
Pemure sepaBeHCcTBO:

a) x cos 8 > cos 8;

6) x2— x (cos 4 + cos 3) + cos 4 cos 3 < O.
ITocTpoiiTe rpadur GyHKIIUM:

a) y =sin? x + cos? x;

6) y = sin? (ctg x) + cos? (ctg x);

B) y= sin x :
|sin x|
r) y=tg x ctg x.
Brruncaure:
a) sin - sin2—1E sin3—7C sinll—n;
36 36 36 36
0) cos:;[—6 + cosg—ét + cosz—g+ +cos§3§6£;

35T .
72’
) ctg7—n2 + ctg?—g+... +ctg77121£-

2n . 3
B) tg7—"2 1;;;7?2E tg7—g .. tg

a) 3azaiiTe Ha MHUKPOKAJILKyJIATOpe Jwoboe uuciyo. Haii-
JUTe ero CHUHYC, HAMAWTE CHHYC TOr0, YTO HOJYUYHTCH,
u T. 1. Ha kakoM miare ¥ Ha KaKOM 3HAa4YE€HUU IepPecTasu
MeHAThCA NoKasauusa? ITouemy?

6) To xe ¢ KocuHycom,
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NMPUNOXEHMUE

OBOBLAIOLME NPOBEPO4YHBIE PABOTbI

Pa6Gora 1
VopocTuTre BHIpaskeHHE

ﬁ(x—a)_[[ Jx )2+[«/ﬂ+«/EJ'lr

2x-a J2x+a 2Ja

ABTOMOOHIL, HAYUIHI cO cKopocThbio 100 KM/4, BBIEXAaJ
U3 MyHKTa A B IyHKT B 1 B nnyHKTe C BCTPETHJICA C BeJIO-
CHIIEAUCTOM, BBIEXaBIIIMM Ha MHOJTOPa 4aca paHbIIe H3
nyHkta B B nyHKT A co ckopocTeio 10 km/u. Ecau 6n
CKOopocTh aBToMoOMasa Obl1a Ha 20 KM/4 Oojwlle, a CKO-
POCTB BeJIOCHIIEZHCTa Ha 5 KM/4 6oJiblile, TO BCTpeua IIpo-
usomia 661 Ha 10 kM 6amiKe K nyHKTy A. Haiigure pac-
croaHue ot B go C.

Haiigure cos o, ecan cos (60° + o) = —%, 120° < a < 210°.

Hoxaxkute, 4TO OpH BCceX HATYPaJbHBIX 71, HAUWHadA C 5,
28 > ni,

Haiinure nuomass ¢puUrypsl, 3afjaHHOl Ha KOOPAMHATHOM
IUTOCKOCTH cooTHomenueM 2 (3 — 2x) 2 |y — x% |+ |y + 22 |.

Pa6Gora 2

YaopocTHuTe BhIpaxKeHue
1 -2
x 2 . 1 _ 1
1+(Vx+1)2(1-Vx)? | 2¢4/x(1-Vx) 2¢¥/x(1+¥x)
1
2Jx-2xVx

Ecau BesmocHIegucT 1 MOTOLMKJINCT BEIEAYT OJHOBPEMEH-
HO M3 ABYX NIYHKTOB HaBCTpPEUy APYT APYTY, TO OHU BCTpe-
TaTca yepes 1 u 20 muH. Eciiu oHM BEIEAYT OJJHOBPEMEHHO
B OJHOM HaIpaBJIEHNH, TO MOTOLMKJHMCT AOI'OHHUT BEJOCH-
negucta depes 4 u. Halifute oTHOIIEHHE CKOPOCTH MOTO-
IIUKJINCTA K CKOPOCTH BEJIOCHUIIELHCTA.

4J3 =n

sino = ==, 5 <a <m. Haiigure V3sin2a +sin

o

5

12 22 n2 _ n(n+l)
13 3 5t Y @n-D@En D) " 2(2n+1)

Hokaxure, 4TO

neN.



3.

PemuTe ypaBHeHHe

(|x|+2+%—«/§}(|x|+2+

Pabora 3

A1
Briuucaure ——— o i pnx——(\/j—(Ja>0 b>0.
x+./1+x2

Eciau BTOpPOii KaMEeHIMNK HadyHeT paboTy Ha 4,5 JHA MO3XKe
mepBOro, To Ha BCIo paboTy yiizer 21 meHBb. 3a CKOJBKO
IHEeH KaXAbId M3 HHX MOXKEeT BBIDOJHHUTL 9Ty paboTy
OJHH, eCJIH YV IIEpPBOr0 Ha 9TO yiieT Ha 9 gHeit GoJjblme,
4yeM y BTOpPOro?

anoc'rn're BheIDaxXeHune

1 _
25 -V5)-0

|tg (a0 + )| sin* (g +a) ~ ctg (n — ) sin® a/1-cos? (n +a).

Haitgure ero BHaqune OJIA Ka)XXAOro HaTypaJbHOro n,

ec.rmoc—ﬁ+2n

Moxkaxkure, uro 117+2 4+ 122"+! genurca Ha 133, rme
neN.
5a-3 5(2a+1)1-a)

Pemure ypasHenue 1+—— = e 8ei1)

PaboTa 4

1
(x+1) 2 i x_az+1
(x—1)08 — (x+1)05 PHT= 5

YnopocTuTe BEIpaskeHHe

rie 0 < a < 1.

Tpu Opuraasi, paboTasa BMecTe, MOTYT BBIMOJHHTH HEKO-
TOopyI0 paboTy 3a a gHeii. Eciu cHauana Gyaer paboraTes B
TeueHHe ABYX AHeH omHa mepsadA Opurajza, a 3aTeM B Teue-
HHUe OJHOTO AHS BTOPas M TPEThbs, TO BHINIOJHEHHOH OKa-

1
xeTed o paboTel. 3a KaKoe BPeMs MOYKET BBIIIOJHHUTDb BCIO

paboty oxaHa mepBaa OGpuraga? Ilpu xakmx 3HAUYEHUAX aQ
3aja4ya MMeeT peHieHusa?

YupoctuTe BuipakeHue

2cos? 20 - ﬁsin(4(a + %)J -1 sin(4((x +—2n2])

+
2cos? (2a+g) +/8 sindo — 1
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M BBIYHCJHTE €ero 3HadeHue, €cJM 3TO BO3MOXKHO, MpH
T 13x

“=7 %=y
IIycTs 4jleHBI MOCIEf0BATEIbHOCTH BBIUKUCIAIOTCA 10 QOp-
myiae a, = (2n + 1) - 3". [lokakuTe, YTO CymMMa NEPBHIX N
4JeHOB IIOCJIEJOBATEJIBHOCTH BBIUMCJISAETCS II0 GopMyse
S =n-3"*1,

n
ITo gBy™M B3aMMHO NEPNEHAUKYJAPHEIM IIIOCCE HAUMHAKOT
IBUTATHCA II0 HANIPABJICHHUIO K MX II€PeCeUeHUIO ABe MAalll-
HEl. IlepBas MalIuHa HAXOQUTCA OT MECTA IEepPEecedYeHUus Ha
paccroaauu 60 kM u gBUMKETCA CO CKOpocThio 40 Km/4,
a BTOpasd — Ha paccTogHuy 40 KM M IBHIKETCA CO CKOpO-
cThio 30 KM/4. Yepes KaKoe BpeMs PACCTOSIHHE MEXAY Ma-
muHaMu craHer MuHHManbHBIM? (IIpoexaB mecTro mepece-
UeHHA IIOcCe, KaXKJas MalllMHa JBHKeTCA NAJbIe.)

Pa6ora 5
YnpocTuTe BhBIpaXKeHHe
=)
1
A-22)2+1+—1 | :@-x2-2/1-2).
(1-x2)2-1

B aByx cocyaax mo 5 J KaXIbIM COAEPKUTCSA pacTBOP CO-
au. IlepBriit cocyn comepxkutr 3 1 p% -HOro pacrTBopa, a
BTOPO#l — 4 11 2p% -HOrO pacTBOpa OLHOI M TOMH Ke COJIH.
CKOJIBKO JIUTPOB HAZO MepeJUTh U3 BTOPOTO COCY/AAa B Mep-
BBI, YTOOBI moayduTh B HeM 10% -HbIi1 pacTBOp cosu?
ITpn kakux 3HaueHMAX p 3ajaua UMeeT pelleHue?

Breruuciure 6e3 TabaNI ¥ MUKPOKAJILKYJIATOPA

sin? 11° + sin? 131° + sin? 109°.
Hoxaxxure, UTO IIpOM3BEJEeHNEe JIIOOBIX YeThIPEeX HATypaJib-
HBIX YHCEeJ, ABJAMIIMNXCA II0CIE€J0BATEILHBIMH UJeHaAMH
apupMeTHUYEeCKOl ImpOrpeccu, CJIOKEeHHOe C UeTBEPTOH cTe-
MEeHLI0 PA3HOCTH 3TOi IpOrpeccHuH, eCTh TIOJHBIA KBaapar.
11x-9 -

Pemure HEpaBeHCTBO 5 =X

Pa6oTa 6

YupocruTe BhIpakeHHe
1-(m+x)? [1u 1-(m? +x2)]"1

1 2 2mx
1-
( m+x)

I m:c—L
p T m-1’




JIBoe paboumx, paboras OJHOBPEMEHHO, BEINMOJHAIOT He-
KoTopylo pabory 3a 15 mun. CKOJIbKO BpeMeHH NOTpeby-
ercad BTOpoMy pafoueMy, 4UTOOBI OJHOMY BBLIINOJHUTH 3Ty
pa6GoTy, ecay M3BECTHO, YTO OAUMH INePBLIA pabouumil BHI-
IoJIHUJ 651 3Ty paboTy Ha m 4yacoB OwbICTpee, YeM BTOPOi?

tg o= _g, g < o < . Haiigure:
« ) sina+3cosa
1) sings 2) sin 205 3) F o 0 Bcosal’

HaiiguTe TakMe IleJble YHuCJIa 1T M M, 4TOOBl Tn + 3m =
= 87, a ux cyMma ObljIa HaMeHbIIeH H IIOJOKHUTeJBHOM.

IIpy KaKuX 3HAYEHHUAX @ KOPHH ypaBHeHus x° — bx — 6 =

= (0 mnepeMe:KalOTCd C KOPHAMH ypaBHeHuUa x°— (8 —
—-ba)x—-a-9=07?

Pabora 7

YnpocTuTe BhIpaxkeHHe

(x+al 1J7)E [1_\/%_&{5@)'5 W)

MoropHasa noaka npounia 60 KM OpOTHB TEUEHUSI PEKH H
60 KM IO TeYEHUIO PeKH, 3aTPaTHUB HA IIYTh MPOTHB Tede-
HuA Ha 50 MuH GoJblre, yeM Ha IYTh IO TedyeHUIo. Haii-
AUTE CKOPDOCTH TEUEeHHA PEKH, €CJH CKOPOCTh JIOAKH B
crosuell Boze 21 km/4.

BreruncanTte 6e3 Tabaun ¥ MEKPOKAJIBKYJIATOPA

cosZ cos 2n cos An
7 7 7

Ecin x uyeThIpeM mociezoBaTeJbHBIM UJieHaM apubdMerH-
YeCcKO# Inporpeccuu npubGaBHUTH COOTBETCTBEeHHO 7; 1; —3;
—6, TO MOJIyYNM UYeThIpe HEePBLIX YJieHa 0eCKOHeUYHOH reo-
MeTpuuyeckod nporpeccuu. Hailizure ee cymmy.

IIpn KaKMX SHAUEHUS X @ MHOKECTBa 3HauYeHUil QyHKIui
y=ax?—-4x - 3 u y = x* + 2ax — 6 coBnazaT?

PaGora 8

YnpocTuTe BhIpajkeHHe

.

a>0,0<b<1.

Ecsu pBy3HauHoe UHCJIO pasfleINTh HA HEKOTOpPOoe IIejioe
YHCJIO, TO B YaCTHOM mnoaydurcsa 4, a B ocraTrke 6. Ecau
’Keé B JeJMMOM IIOMEHATh MecTaMHu HUQDPHI, a JeIHTENIb
OCTaBUThL IIPEKHHM, TO B YaCTHOM TIOJYYHTCA 3, 4 B
ocratrke 9. Haiijure nepsoHauanbHOE ABY3HAUHOE YHCJIO.
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sin3x

1—2sin(g—2x

Jokaxure, 4YTO BRIpAXKEHUE ) He NpUHHMA-

5
€T 3HaA4YeHHUdA —é— HH IIPDH KAKHNX 3HAYEHUAX X.

CyMMa KBafpaTOB YJIeHOB GECKOHEYHOI reoMeTpHYecKoii
nporpeccuu B 3 pasa GoJbllle CYMMEI ee 4IeHOB u B 3,6
pasa MeHbIIE CYMMBI 4YeTBEPThHIX CTeIeHeil ee YJIEHOB.

Haiigure BTOpPOI UjJleH IPOrPEeCcCHH.
. | Tx%+3xy +8y?=6,
Pemure cucreMy ypaBHeHHH | |, 3
x*+xy+y*=1.

Pa6orta 9

YupocTuTe BEIpaxKeHUe

—4
i/_ + a2b3 4 ;4\/— 4
—4ab |: a-VYb)-¥Ya | .
ST~ ( )
HBoe paboumx, paboras IocClemoOBATEJIBHO OJHH 3a APY-

I'UM, BBHIOOJHUJIH HeKotopyio paboty. IlepBrrit paGoran 9

TOTO BPEMEHH, KOTOpoe Heo6XO0AUMO BTOPOMY AJIS BHINOJ-
HeHUus oJHoMy Bceil paborei. Ecaum 6m1 oHM paborann
BABOEM OZHOBPEMEHHO, TO OKOHUYMJHU O6hl pabory Ha 6 u

. 4
40 MUH paHbllle, IPUYEM ME€PBBIA BHIIOJIHUI OhI 5 To# pa-
6OTEI, KOTOPYIO Ha CaMOM JeJie cHeJiajJ BTOPOii. 3a CKOJb-

KO BpPEMEHM Ka)XAblii U3 HUX B OTAEJBHOCTH MOT GBI BHI-
MOJIHUTH BCIO 3Ty padory?

Briuuciaure 6e3 Tabiuin 1 MUKPOKAAbBKYJIATOPA
8 cos 10° cos 30° cos 50° cos 70°.

CyMMa mepBHIX 11 YJIEHOB HEKOTODOH IOCJIef0BaTeJIbLHOCTH
Belpaxkaercsa ¢Qopmysnoit S, =5n? - Tn + 3. Hokaswure,
YTO YJIEHH 3TOH NMOCIeJOBATEILHOCTH, HAYHHAA CO BTOPO-
T0, 06pasyIoT apudMeTHUECKYIO IIPOTPECCHIO.

Haigure minomane ¢uUrypsl, 3afaHHOM COOTHOIIEHHUEM
|8x -5 |+|2y+7|<6

Pa6ora 10
YupocTHTe BEIpaKeHHe

(Va+b)? —4b _a+9b +6«./E_

(a-b)(b™*° +3a%5 )1 " p 05 405




JIBe Tpy6LI BMecTe HanmoJaHAOT 6acceilH 3a 6 4. Onpenenu-
Te, 3a CKOJBbKO 4acOB HaloJHsAeT 6acceilH Kaxkaasa Tpyda B
OT/IeJIBHOCTH, €CJIM M3BECTHO, YTO U3 IIEPBOH TPYyOHl B uac
BrITeKaeT Ha 50% 6Goablille BOARI, YeM U3 BTOPOH.

HaiignTe MHOKeECTBO 3HaYeHUN BHIDAXKEHUSA
tg o cos o + tg o sin «.

Haiiaure HaMMeHBINHNH U HAMMEHBINNH IO MOAYJIIO YJIEHEI
mocseaoBaTenbHOCTH @, = 3n? — 118n + 115.
ax

P > 1.

I[JI.FI KaXaoro Ha4YeHH A g pelllrTe HepaBeHCTBO

Pa6ora 11

Pemure ypaBHeHHE
(x-1)vx2 —x-6=6x-86.

Pemure HepaBeHCTBO
J8-2x—-x? P J8-2x—x?
x+10 = 2x+9

JBa BesocumenucTa BBLIE3’KAIT OAHOBPEMEHHO HaBCTpPedy
IPYT APYry U3 MyHKTOB A U B COOTBETCTBEHHO, PacCTOA-
HHE MEKIY KOTOpeIMH 56 kM. Yepes 2 u OHM BCTpeHAaIlOT-
cA 1 6e3 OCTAHOBKH IIPOAOJIKAIOT ABUTATHCA B IIPEXKHHUX
HallpaBJIeHHAX C NpeKHeil cxopocthblo. Onpezenurte CKO-
POCTH KaXXJI0r0 BEJIOCUIIEAUCTA, €CJIH InepBhIi npubula B B
Ha 1 u 10 MuH paHbIlle, YeM BTOpPOil NpubnI B A.

4 sin(a-Pp)=

Hatigute sin o u sin B, ecau sin (a + B) = 5

=3
T 13

Yupoctus BrIpaxkenue 14 f (x), nocTpoiiTe rpapuk 3ToH
byHKIIN:

n0<[3<a<%.

-2

f(x) = oot BN o
Je+2+fx-2  [x2-4-x+2
X - +1 2 5
2(Jx+1) Jr+1]) '
PaGora 12

Hoka)kuTe METOJOM MATEMATHYECKON MHAYKIMH DABEHCTBO
1-242-5+...+n@Bnrn-1)=n?(n+1).
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Pemure HepaBeHCTBO
|x-10| S |x-10|

x2-83x-2  x2-4x-5

. th:% u 180° < o +

Haiinure o + B, ecimm tg o=

+ B < 360°.

Hopora us cesa B ropoj cHayajaa HAET B r'OpPYy, 4 3aTeM IOA
yKJIOH. Bemocuneaucr npoexas 3TOT NyTh 3a & 4, a obpar-
HO 3a 5 u 30 MuH. OnpejenuTe paccTOAHHE OT ropoja A0
cejla, eclu OyTh B ropy (ot cena) Ha 30 KM MeHbIle CIyc-
Ka, 8 CKOpPOCTh HA CHYCKe Ha 5 KM/u Oojblle, yeM Ha
noabeMe.

YupocTuTe BRIparKeHUe
J5-276 (5+26)(49-206)
J27-3/18 +3J12-V8

DO =

Pa6ora 13

Hajigute nioinanb GUrypsl, 3afaHHON HepaBeHCTBOM
|x-3|+2[y|<6.

Tpu IepBBIX YjJeHA MeOMETPHUUYECKON IMPOTrPECCUH SABJISIOT-

Csl IepPBBIM, YeTBEPThIM MU ABAJAIATH INATHIM YJEeHaMHU BO3-

pacramouieit apupmernueckoit mporpeccuun. Hailigure atu
Yyucja, eCJau uX cymMma paBHa 114.
26 3r

" 3a S5a .
Haiigure COS~;~COS -, €CIH Sine = —~—, 1 & <a < 2m.
YopoctuTe BhIpakeHue

1 . 11
[,/2a+1_ 2a+1]'[42a+1 J2a—1)x
y J2a+1-4a2-1 N
(2a-1)2a+1—-(a+1)2a-1 ) °

Cwmermnanu 30% -uulit 1 10% -HBIH pacTBOP CONSTHOM KHCJIO-
Tel ¥ monyumau 600 r 15%-moro pactBopa. CKOIBKO
rpaMMOB KajKJOro pacTsopa 6hljo B3ATO?

Pabora 14

Or noyukra A jgo nyHKra B no pexke 24 kM. C KakKoii CKo-
POCTBIO JOJIKHA HATH JOAKA, Y4ToOBI Ha NyTh TyJAa M 00-
PATHO 3aTpPaTHTH He MeHee 7 m He GoJsiee 10 u, ecam cKo-
pocth TeueHHA 1 km/u? (B oTBeTe YKaXKHUTE CKOPOCTH JIOK-
KH B cTOA4Yel Boje.)



1.

BeruucianTte 6e3 TabauIl 1 MHKPOKAJIbKYJIATOPA
sin 20°cos 10°cos 60° + cos 160°cos 100°sin 150°
sin21°cos 9° + cos 1569°cos 99°

B cGeperarenbHBIil HaHK IIOMECTUJIN HEKOTOPYIO CYMMY, U
yeped 2 roga oHa Bodpocisa Ha 512 p. 50 k. Cxoubko Je-
Her OBLJIO ITOJIOXKEHO B OaHK, €CJIM BKJIaAUMKaM BHIILJIAYHU-
BaeTcs 5% TrogoBHIX?

52
+2x— 3
JlokaskuTe, 4YTO BCe pENIeHHsS HepaBeHCTBAa ——2———5
x
12+ x—x2
SIBIAAIOTCA PeIleHHs MY HepaBeHCTBA ——— —— 2 0.
x°-10x+25

JeBATHINA X AIeBAHOCTO BTOPOH 4JIeHBl HEKOTOpOii apudme-
THYECKOH IIPOrPECCHH SABJIAKTCA COOTBETCTBEHHO CEMbJe-
CAT TPETBUM H IATHIM YJeHaMH ADYroii apudMeTH4ecKoH
nporpeccuu. HaliguTe oTHOIIEeHWe Pa3HOCTH IepBOil Ipo-
rpecCcHM K Pa3HOCTH BTOPOI IPOTrPeCcCHH.

Pa6Gora 15

Ilpu KaKuX 3HAYEHHAX a Bce pellleHHA HepaBeHCTBa x> — 1 <
< 0 ABAAIOTCA pellIeHHAMH HepasBeHcTBa X2 + ax — 11 < 0?

CJ/102KUJIN TPU Pa3JIMYHBEIX YeThIPeX3HAUYHBIX YHCJIA, 3allU-
CaHHBIX OOHMMH M TeMHU e Uucbpamu. oxKasKuTe, 4TO
JaHHas CyMMa Bcerja IeJIMTCS Ha 3.

JlBoe paboumx H3roTOBJAIOT BMecTe 3a 8 u 136 meraieii.
Ecnu Ob1 nepBbIil pabounii gesana Ha 2 geTajau B YaC MEHb-
1le, a BTOPOH Ha OAHY AeTasb 6oJiblle, TO Ha HM3rOTOBJE-
HUe ONHOI JeTaynu BTOpoi pabGouuii Tpatua O6bl Ha 4 MUH
MeHbUIe, YeM nepBBId. CKOJIBKO AeTajieil B 4yac H3TrOTOB-
JifeT NepBblH paboumii?

Haiigure cos 20, eciu 2 ctg?o+7 ctgo+3 =0 nzf <o<2m
Pemure ypaBHeHne
13x—3x2—J_ J—+|4 x|=38x|4-x|- ﬁ+4.
Pabora 16
PeimuTe HepaBEeHCTBO i &,
2x° 1-x
3a
cos=2 +cos 2 +2sin > V5
Haiigure 2 2 2 , €ecaMu sino = -g i
2cos %
2
<o < an
5
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Ha saBoge paboumit geHp ymeHpmujca ¢ 8 go 7 u. Ha
CKOJIbKO IIPDOLEHTOB HYYKHO IOBBICHTH IPOM3BOAUTEJb-
HOCTb TPYJAa, YTOOR! KOJHYECTBO NMPOAYKIHMH 3a JeHb pa-
0OTHI YBEeJIMYMJIOCH DoJiee ueM Ha 5% ?

CymmMa OeCKOHEUHOH reoMeTPMUYECKOH NPOrpecCHM paBHA
64, a cymmMa ee mepBHIX Tpex uJieHOB paBHa 65. Haiigure

TPeTHH 4YJIeH IMPOrpPecCHH.
. J]3x-2y=a,
IIpu KaKHX 3HAUEHHAX @ CHCTEMA YpPaBHEHUIT
x? +y?2 =9

HMeeT eMHHCTBEHHOe pemeHne?

Pa6Gora 17
3

2
PemnuTe HepaBeHCTBO —— +—— 2
x+1 x+2

W3 Touexk A u B, paccTOgHHE MeXJy KOTODBEIMH IO IIpfA-
MO paBHO 1 M, HAUMHAIOT OJHOBPEMEHHO JBHraThCHA B
OZlHOM HaNpaBJIEHUM JBa TeJjia. IlepBoe Telo ABHIKETCA C
IIOCTOSHHOM CKOPOCTBIO M3 TOYKH A, a BTOpoe — C HadyaJlb-
HOH cKopocThi0 16 M/c M ¢ HEKOTOPHIM IIOCTOSHHBIM
ycxopeHueMm. M3BecTHO, 4TO uepe3 1 ¢ mociie Hayajaa ABU-
JKEeHHUA BTOpPOE TeJ0 HaXOAWUJIOCh OT TOYKH A Ha paccTosd-
HUU He OoJablleM, yeM 15 M, a emle yepe3 1 ¢ — He MeHb-
mieMm, yeM 25 m. OmpepesnTe CKOPOCTL IIEPBOTO Tena, ec-
JU depe3 3 C MOocJie Hadaja JBUKEHUA PaCCTOAHNE MEXIY
TeJaMH COCTaBUJIO 2 M.

Mokaxxkure, 4TO AJA YrJoB Jwo6oro tpeyrojgbHuka ABC

. . . A
cIpaBedJMBO paBeHcTBO sin A + sin B + sin C =4cos > X

x cos B cos &
2 2°

Jokaxxure, uTO

1-3:5-7 ...-223(_1_
+4.6-8-...- 15°
Han,an'retga,ec.nnﬁcos a+sino—-5= On—§<a<0

Pabora 18
YuopocruTe BRIpaXeHUe

x2y—y?

x+y+xy x? —y? .

(x-y)- = 2. .2 2 |

xy (x+y)*+x°y+xy

x+y———
x+y

X3+ xty—x? - xy? -yt +p°
: x+xy+y




IlepeMHO KM BCe ABy3HauHbIe uKciaa. Ha Kakyio Han6osb-
IIYIO CTEIIeHb Yucja 3 KeJUTCA 9TO Ipou3BeleHune?

. 1 . 3 . 1 n
Ilyere sinoa==, sinf=-—, siny=——, - <0 <m,
y 3> sinp R =37 2
11 T .
§<B <m, §<y < n. Hafigure:

a) sin(a+B+7y); 6) a+pP+7.

JIsym Gpuragam o6Imeil 4ucjeHHOCTHIO 18 uesoBek OBLIO
MOpYy4YeHO OPraHMU30BaTh B TeYEHUE TPeX CYTOK HeIpephIB-
HO€ KPYIJIOCYTOUHOE AeKYPCTBO IO OJZHOMY UYeJIOBEKY.
IlepBhle ABOE CYTOK AEKYPHJIM YJEHBLI IIepBOil Gpuragbl,
pacipefesuB 3TO BpeMsA Me:KAy coboii mopoBHy. H3BecT-
HO, UTO BO BTOpPOil Gpurajge 3 AeBYIIKH, & OCTAJIbHBIE IOHO-
Iy, IpHUYeM AEeBYHIKH JeKypuau mo 1 u, a ocTrajibHOe
BpeMs IOHOIIN paclpefejuju MexIay coboil IIOpOBHY.
Ilpu mopcuetre oOKasajoCh, UTO CyMMa IIPOAOIIKUTENb-
HOCTeH [eXYpPCTB Ka)XAOTO IOHOIIM BTOpPOH Opurajgsl u
nAb0oro ujgeHa IepBOM Opuraabl MeHbIIe IeBATH YacoB.
CKOJIBKO UeJIOBEK B Kakaol Gpurage?

Bepmnusr M u F npamoyroabHuka KNFM nexaT Ha OCH
Ox, a K u N — Ha napa6oise y =1 — 0,25x2. [Inuna aua-

rosajgu MN = 3\/13. Haitgure niomans IpaMOyroJbHHAKA.,

Pa6orta 19
1 3f

1
Ilyers a — i . Haiinure a* +—
Haiigure fBa HATYpaAbHBIX YHCJI&, PA3HOCTH KyOOB KOTO-
peiX paBHa 127.

BeanuuHBl yrioB o0pasyioT apu@MeTHUECKYIO Iporpec-
cuo 5°% 10° 15° .... Kakoe HamMeHBbIIIee YHMCJIO YJIEHOB
9TOH IIOCJeZOBATENLHOCTH, HAYMHAA C I[EepBOro, HAJO
B3ATH, 4TO0BI CYMMa MX KOCHHYCOB ObLjIa paBHA HYJIO?
2x

[x—1| + |x+1|.
Pemute HepaBercTBo x2 — (/5 +/2)x +Y800 < 0.

ITocrpoiiTe rpadpuk GYHKIUH J =

Pa6ora 20
. 39~m 39~n
Hoxaxkure, uTo sin 3o + cos Teo <J2.

Ha noxkynky TeTpazeil B KJIeTKY B B JHHEHKY MOXMCHO 3a-
TpaTuTh He Oojee 1 p. 40 kK. TeTpagp B KJIETKY CTOHT
3 K., B JuHeHKYy — 2 K. YUHCI0O KYILIEHHBIX TeTpajei
B KJeTKY He JOJIKHO OTJIMYATHCA OT YHCJa TeTpajxeil B
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anHellky Oojsee uemM Ha 9. Heo0xoauMO KYNUTbL MAaKCH-
MaJIbHO BO3MOYKHOE CYMMapHOe KOJHYECTBO TeTpajeil,
IPHY 3TOM TeTpajeil B JUHEHKY HYKHO KYIIUTL KAK MOMKHO
MmeHbIlle. CKOJMBKO TeTpaZieil B KJETKY M CKOJBKO B JIH-
HEMKY MOYKHO KYIIUTH IIPU YKA3aHHBLIX YCIOBUAX?

3. Ilpm Kaxkux 1eiabIX 3HAYEeHUAX da HEPaBEHCTBO
4x2-x(2a-9)+30

x2+3x+7
4. [HNauser nporpeccuu 0; 5; 10; 15; ... u -2; 5; 12; 19; ....

HaiiguTe cyMMYy geCATH IEePBEIX YHCEJ, SBJIAIOIIUXCA HX
Oo0LIMMH YJeHaAMH.

> 0 BBIIOJIHAETCA IPH BCEX X?

5. TIlocrpoiite rpadux dynrmuu y =|x? — x| — 3x.

TEKCTbl 3K3AMEHALIUMOHHbIX PABOT
ANK IX KJIACCOB
C YrNYBNEHHbIM USYHEHUEM MATEMATUKHU

1991 ron
BapwuaHT 1
25,33 -13,78

1. HaitnuTe 3HaueHue BLIPAXKeHUS —iie + 13,7 - 25,3.

x-5
2. Pemurte ypaBHeHHMe ——— =1,

|lx-1]-4

x-2)(x%+2x+3

3. Pemurte HepaBeHCTBO ( x )<
x%24+x-12

cos(170°+a)—sin(100°-a) _9

sin(280° —o) -

5. Paccrosuue 450 kM OZMH M3 MOe3JOB MPOXOAUT Ha 1,5 u
o6bicTpee apyroro. Haiiiure CKOpPOCTh KaMOoOro roesna, ec-
JIU U3BECTHO, 4YTO IIepBbIA mnpoxoautr 240 KM 3a TO e
BpeMs, 4To BTOpoii npoxoauT 200 kM.

4. okaxure yTBep:KIAeHUE

BapunaHTt 2
82,63 +31,68
1. Brimoauure pgefictBus —————— — 82,6 - 31,6.
114,2
T+x
2. PemmnTe ypaBieHne —— = —1.
yp |x+1|-6
x2-7x+10

. P a o =
3. PewuuTe HEepaBEHCTB (x13)(x? _3x+10)
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sin (290° +0))—cos (340° ~a)

4, HT TB H - -2.

IlokaxxuTe yTBepXKIEHHUE sin(110°+a)

5. Paccrosiaue, paBHoe 840 KM, OAWH M3 IOE3/I0B IIPOXOAUT
Ha 2 4 6picTpee apyroro. B To BpeMs Kak IIEPBHIA II0e3]
npoxoauT 63 KM, BTopoii mpoxoauT 54 KM. CKOJBKO Bpe-
MEHM TPATHUT KaXXIbIMA IMoe3] Ha IIPOXOXKAeHHEe 3TOr0 pac-
CTOAHUNA?

1993 rog

Pabora 1
Bapunanrt 1
1. PemuTe ypaBHEeHHE 8 B e 2
’ x2-2x+1 1-x%2 x+1

2. ITokaxure yrBepsxkaenue sin 10° cos 20° cos 40° = 0,125.

3. YnpocTuB BeIpa)XeHHue, CPABHHUTE NOJYYEHHOE YHCJO C
ayxeM: (246 —5)2 —10/49 - 20/6 +1.

x2 +2x-1opux <1,
4. IlocrpoiiTe rpadpu H = u
P paduK QYHKIHU Y 4 pu x> 1 )
x+1
HCIIOJIb3YS ero, OIpeaeauTe 06J1acTh 3HAUCHUH QyHKIMHU 1
Bce IleJIbl€ 3HAUEHUs, NPUHUMAaeMble (QYHKI[MEH POBHO B
ABYX Pas3IMUHBLIX TOUKAaX.

5. IBa memrexofa UAYT ¢ MOCTOAHHBIMHA CKOPOCTSIMH HaBCTpe-
4y ApYyT APYry U3 NYHKTOB A M B, paccTosHHE MEKIY KO-
TopbiMu 15 KM. Bropoii Beinitenr u3 B Ha 1 u 15 MmuH mosxe,
yeM IIepBBII U3 A, M [0 BCTpeYd HAXOAWJICA B IIYyTH
45 muH. IIpubeiB B B, HepBbIil IIeHIeXo] cpa3y IIOBEPHYJ
o6paTHO. KaKoBa CKOpPOCTH IEepBOTO HEIeXoAa, e€cau B A
OH IpHIIIeJ] OJHOBPEMEHHO CO BTOPBIM IIELIEXOA0M?

6. Haiiaure HauGoJiblilee ¢, IPM KOTOPOM CHUCTEMA

x? - 2xy +3y? =6,
MMeEeT XOTA ObI OTHO pellleHHe.
x-2y=c

BapuaHTt 2

4 6 1
1. Peuiure ypaBHenue + = .
yp x2+6x+9 9-x2 x-3
2. Hoxakurte yrBepxgenue 4 cos 36° cos 72° =1,
3.

prOCTI/IB Bblpa)KeHPIe CpaBHHUTE IIOJYYEHHOE YHCJIO C
Hynem: (4 - 32)% +84/34-24J2 - 2.
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4.

2
. <
ITocTpoiite rpaduk GYHKIMH y =4 X -3 npu x < 2,

-x2 +8x—14 npu x> 2

M, HUCHOJB3YH ero, onpeaeanTe o0JacTh 3HAUEHU N QYHKITUHU
M BCe IleJble 3HAaYE€HUA, IPUHNMaeMble QYHKIIMEl POBHO B
Tpex pasJINYHBIX TOYKAX.

W3 nyaxkra M B nyHkr K, paccToAHHME MEKIY KOTOPLIMU
260 xM, OJHOBPEMEHHO BbIeXaJHd aBTOMOOMIbL M aBTOOyC.
Hoexar a0 K, asromMobuab cpady NOOBEpHYJa o0paTHO H
BCTpeTHJ aBTOOyC 4epe3 4 4 mocJie CBoero Bele3ga u3 M.
Haiinure ckopocTs aBToGyca, ecaiu oH npubeia B K Ha 1 4
18 muH paHblIe, yeM aBroMob6uas B M. (CkopocTs aBTOMO-
6nsa m aBTofyca CUMTATh IMOCTOAHHELIMH.)

Haiinure HauMeHblllee a, IPpH KOTOPOM CHCTEMAa YpaBHeHHH
y—x+a=0,
2x% -3x+y? +y =17
Onenka «5» craBuTCA 3a JI00ble NATL BEPHO BBINOJIHEH-
HBEIX 3aZlaHMIl.

uMeeT X0Tsa GbI OHO pelieHue.

Pabora 2

BapuaHTt 1

1.
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1
LAl AP S R

x3-1 1—x3

YaopocTuTe BhIpaXkeHue

JokakuTte yTBep:KAeHNE

tg%+ ctga ’ =1

1 1 5
PemnTte ypaBaenue - =—.
8 8 24
x-3+— x+2+—
X X
IIpy kakuX 3HAUEHUAX 71 CyMMa IIePBHLIX 71 YIEHOB apudme-
THYeCcKoil mporpeccuu 7; 11; ... He npeBocxonuT 3757

IIpu u3roToBJIeHNHN MIEPBO TapTHU JeTajiell MacTep B Tede-
Hue 1 u paGoTay OAWUH, IIOCJE Uero K HEMY NPHUCOeAUHUIICA
YYeHUK, 1 uyepe3 4,5 4 nocsie Hauasa paboTel MacTepa pabo-
Ta OblJIa BBIMOJHEHA.

IIpu maroroBieHuH BTOpPOHl mapTuM Jerasueii, B 1,5 pasa
6oJblIeli, YeM IlepBas, YYeHHK Haudaj [IOMOTaTh MAacTepy
yepe3 40 MuH nocJse Hauajsa pa6oTsl nociaegHero. ITo oxox-
YaHUH pabGoThl BBIACHHUJIOCH, UTO MACTEP HM3rOTOBHJ B
2,6 pasa Oosplue Jgerasieii, uyem yduyeHHK. Cuurasa
MNPOM3BOAUTEIHLHOCTH MAacTepa M YYEeHHKa IIOCTOSHHBIMH,
ompezneauTe, 3a CKOJIBKO YacOB MacTep, paboras oguH, u3-
FOTOBHUT IEPBYIO IIAPTHUIO JEeTaJIeH.



6.

H3o6pasuTe HA KOOPAUHATHON IIJIOCKOCTH 00JIAaCTh, 3a/jaBa-
eMyio HepaBeHCTBaMHu Yy > 2x2 + 4x — 1 m x + y < 2, u aHa-
JUTHYECKH HAUAUTE TaKoe p, IIPM KOTOPOM OTPE3OK IIPH-
MoOil x = p, Jexalieil BHyTpH o61acTH, HMeeT HaubGOoJbIITyI0
JJIVHY .

BapunaHt 2

1.

a+a3 1-a
1
as3+1 1-a

2
Yupocrure Beipakenue | 1+2a3 —

JlokaskuTe yTBEpXKIACHUE =1

ctga — ctg%

PewmnTe ypaBuenue (x% + x — 2) (x® + x — 12) = 144.

IIpn kakuX 3HAUYEHHUAX 71 CyMMa IE€PBHIX 71 YJIEHOB apudMe-
THYecKOM mporpeccuu 19; 13; ... He meHbuIe —2407

W3 nyHKTa A B IYHKT B BHIIIEJ IIEIIEX0X, 8 B TOT MOMEHT

BPeMEeHHM, KOIa OH NpOLIe 5 IyTH, u3 B B A BLIEXAJI BeJO-

cunmeaucTt. BecTpeua MesKAy HHMMU IIpousomnia 4depes 1 u
30 MuH mocJie BbIe3ia BeJocunexucra. Ecau Obl BejocHIie-
JUCT BblexaJs u3 B cnyctsa 2 4 mocJie BHIXOJa IelIexona us
A, TO K MOMEHTY BCTpeYu OH mpojesa Obl pacCTOgHHE B
1,4 pasa Goabluee, deM meirrexof. CuuTas CKOPOCTHU IIeIle-
X0Ja ¥ BeJOCHNEAUCTA NMOCTOAHHBIMU, HalJuTe BpeMs, 3a
KOTOpOe Ielrexo] Ipoiijer paccTosaHue or A no B.
H3o6pasure Ha KOOPAMHATHON IIJIOCKOCTH 00JacThb, 3aHHU-
MaeMyI0 HepaBeHCTBAMH Yy —2x 25 M y+x2+4x <0, u
aHAMUTUYECKH HaWAWTe TaKoe a, IIPU KOTOPOM OTPE3OK
IpAMOH X = a, JeXXKaIeil BHyTpHu 06J1acTH, UMEeeT HanboJIb-
IyI0 JJIUHY.

Onenka «5» cTaBUTCHA 3a JI0O0Bie IIATH BEPHO BLIITOJHEHHBIX 3afaHU



| OTBeThl. YKka3aHus. Peluenus

/4

§1
1.1. 2. 1.2. 69. 1.3. -140,6. 1.4. -12. 1.5. 1. 1.6. 36%.

5 5. 4 5
1.7. 24,875. 1.8. 25. 1.9. 5. 1.10. e) 34 Xx) 6 3) 89"
1.17. 100...0200...01. 1.18. 99...9800...01. 1.19. a) 4u 5;6) 24 n

—_——e —_———
n pas n pa3s n-lpas n-1lpas

25; B) 375 u 376, r) rakux =Her. 1.20. a) 12, 23, 34, 45, 56, 67,
78, 89; 6) 81, 92; B) 12, 24, 36, 48. 1.21. a) 2893; 6) 4000;
B) 4001. 1.22, 555000; 500055. 1.24. r) 301; x) 2408; e) 2017.

. . . 4, 8 . 199
1.25. a) 7; 6) 3,5; B) 47; r) 18. 1.26. a) 25, 6) 25, B) 7729.
1.27. a) 12; 6) 9, 3, 1, 5. 1.28. a) 240 xm; 6) 40 km/4; B) 10 u;
r) 48 xm/4. 1.29. Ha paccroanum 4 km or A. 1.30. a) 6; 6) 2;
B) 2; r) 1776; x) na. 1.42. r) |a|=1, b#0; 8) a>0, b=0;
u) a<0, b<0. 143. 12,5%. 1.44. 1300 r. 1.45. CrHusunacso
Ha 4% . 1.46. Cuusuioces Ha 4% . 1.47. Oun pasubi. 1.48. -2, 1.

1.51. -i—‘;. 1.56. 0,625. 1.57. Her pemexuit. 1.59. 1%. 1.60. -2,25.

1.61. a) 3a 1 genn; 6) 3a 3% OHA; B) oguHakoBo; r) 22 p. 50 k. —

Ilere, 15 p. — Kose, 7 p. 50 k. — Bace; n) 33 p. 75 k. — Ilere,
7 p. 50 k. — Koxe, 3 p. 75 k. — Bace; e) 15 p. — Ilere, 25 p. —
Kosne, 5 p. — Bace; k) 18 p. 75 k. — Ilete, 12 p. 50 k. — Ko-
ae, 13 p. 75 k. — Bace; 3) 13 p. 50 k. — Ilere, 24 p. — Koue,
7 p. 50 k. — Bace.

§2
2.1. a) 2a; ©6) 4b; 1) a® &) *°-32. 23.a) 8 6) -1.
24. a) (a®-a-1)(@®-a+1). Ykazanue. a*-2a®+a’-1=(a® -
-a)?-1;6) B -b-1)(B*+b+1). Ykazanue. b*-b>-20-1=
=02 -b+1)%B) (c*-c2-1)-(cP+c+1)(c? -c+1). 25.a)(a+
+b+1)(a-b+1); 6) (2a - 1) (2b - 1). 2.8. a) (n®-2n -
-4)(n®+2n-4). Vrkasaunue. n*-12n2+16=n*-8n%+ 16 -
-4n?=(n%? -4 -(2n)% 6) (M*+2m + 3) (m?*-2m + 3); B) (P*+
+6p+18) (p? - 6p +18). Yrasanwue. p* + 324 = p* + 36p? + 324 -
- 36p%=(p?+18)2 - (6p)®. 2.9. a) (x2+1)-(x2-x-1); 6) (¥*>+
+2y+2) (2 -2y+2) (¥ -y?-4). 2.10. a) (b-a)(b+2a-1)
6) 4a(b+1); B) (a-b+1)(a@a—-b-1); r) 4a (a+2). 2.12. 174.
Pemenue. 122=(a+b+c)=a?+b2+c?+2(@b+bc+ca)=
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=a?+b%+c?+2(-15), otrxkyma a’+b%>+c2=174. 2.13. -23.
2.14. a) (@a+b+3c)-(a+b—-¢c); 6) Q+a-b+c)(1—-a+b-o).
2.15. a) (x+2)(x+y)(y—-2);6) (a-b)(c—a)(b-rc).216. (x +y)x
XxX(y+2)(z+x). 217. (a+b)(b+c)(c+a). 218, -3 (x+y) (y +
+2) (2 + x). 2.20. a® - b%. Yxasamue. YMHOXKBTE NaHHOE BHIPA-
JKeHHe Ha a — b 1 6 pas mocsesoBaTeNLHO IPHMeHHTe GopMyJly pas-
HocTH KBajapartoB. 2.21. —1. VY kxaszauwue. McxogHoe BhIpa)keHUe
TOMKIECTBeHHO paBHO (2a — 3b)2-1. 2.22. 4. 2.23. 1; a=b=1.
224, 4;a=b=2.2.25. Pemreuue. YMHOXUM o6e 4acTH JaHHOIO
paBeHCTBa Ha 2, IepeHeceM BCe cjaraeMble B JIEBYXO YacCTh U IOCIE
rpynmuposku noxyuum (x — y)? + (y — 2)% + (2 — x)? = 0. IIocKONBKY
KakJjoe cjaraeMoe HeOTpHUILIATeJbHO, TO cyMMa ux paBHa 0 Torza m
TOJIBKO TOTJa, Korga x—y=y—-z=z-x=0,T.e. Xx=Yy=2,
2.27. B) x#xl; x#0. 228. B) a=#1,5, a#-0,25; r) b=0,

b=13. 2.29. a) x%-2, x#0; 6)y¢%. 2.30. a) a %2, a=4.

Vkasanue. a’-6a+8=a2-2a-4a-8)=(a-2)(a—4); 6) b=
#-3, b#0,5. 2.31. a) x#+0,75y% 6) x#y, x#—-6y; B) a+b=3,

2 2 4
a-b#3. 2.32. a) 0,16; 6) 0,64b%. 2.33. a) —0r T12X ¥y

’

4x+3y%

all+1 1 4 2 4 2
. 234. a) ———. VYVkasauue. a*+a°+1=a"+2a*+

all a?2+a+1

+1-a?2=@*+1)Y2-a’?=@*-a+1)@+a+1); 6) b>+2b+2.

Vkasaume. b+4=(b2+2)%— (2b)% = (b2 + 2b + 2) (b% — 2b + 2).

2 2_ -
2.35. a) S"2b. ) X 936 g (2D g 2 a6,y
a+b+e x-2 ct-cd+cl-c+1

x4 x4+ x+l

6)

Pemenwue. l-fcnoco®.

x5y x4+ x+1

(2474232 )4 (3 + L+ 18 )+ (Bt x+1)
15 -

B4 xl gy +x+1

B GRS § Al AR S DR C2L IS ) I

Bl 4+ x+1

(2P + .+ x+1) (232 + 216 4+1)

- x32 4+ 16 11,
By +x+1

2- cnmoco6. YMHOXXasA YMCJIUTE]b M 3HAMEHATEJb MCXOAHOM ApO-

6u Ha x — 1 m ucnonbays (OpMYJY PAa3JIOKEHHS HA MHOMKHTEIU
x48 -1 (xlﬁ )3 -1

BEIDAXKEHUAX x"— 1, moayuum = =232 4 x16 11,
x16 -1 x16 1

2.37. a) a® + 3a; -2,21 npu a = -1,3; 3HaueHKe APOGH He CYLIECTBY-

erupn a=-2unpua=3;6) (b+1)(b*-b%+1); -13 opu b =-2,

a+b+c

2

3HaveHue Apo6m He cyumecrByer mnpu b=1. 2.38.
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2.39. a) -4;6) 17.2.40. B) x + 4. 2.42. Y KasaHue. Bupamenue

TOXZECTBEHHO paBHO —~ ., 243, — 2 . 244, w
2y+ x)? n(m-n) 3y—2x
1 1la+b
2———————,— s
45 B=a)(5=0) 2.46 6(a=5) 2.47. 1,5. 2.48 P 2.49. 3
2.50. a) -1; 6 B a(b—a+5); r 2727% 951. a a15b15;
) ) 2) ) (a—-b)? ) a -ab )
2 2
6 P17 9 59 (3a—4b)(b+2). a-b" 2¢-b, x —x-l.
) a 52. 2) b-2 ; 6) 2 B) b+2¢ v x-3
2,53, (Fro(x—c) 254, 2*2Y 955 XV yoasanue. x?—xy +
(x—a)? 2x-y x+2y

+4x-5y-5=x*-xy-x+5x-5y-S5=x(x-y-1)+5(x~-y-

—-1)=(x-y—-1)(x +5). 2.56. x* - 8. Vkazanue. x5 - 16 = (x* -

—4)(xt+4) = (2 - 2) (2% + 2) (2% + 2)2 — (2%)%) = (22 — 2) (x + 2) X

Xx(x2-2x+2) (x2+2x+2), x*-2x3+4x?-1dx+4=(x*+2)?-

—2x(x+2)=(x2+2) (x2-2x+2). 2.57.a) 2a-3; 6)a+b;
1 a+2

1
B) a-c. 259. 4. 260. - 261 .. 262 oo

2.63. ;}—; 264, 0,ba(a+c-10); 1,2. 2.66. Yrazanue. Ha MmHO-

JKecTBe JOIYCTHUMBIX 3HAUEHMII ITePEeMEHHBIX MCXOJHOe BBIpaXXeHue
ToxaecTBeHHO paBHO —(b + 1)°. 2.67. Y kKasaHuue. [lanHoe BrIpaxe-

64 3.4 9. .y 2
HHUE TOXKJIECTBEHHO PaBHO a6 2.68. a) Fz 6) 2%’ B) T 2.73. 4.
274. -9, -3, 5. 2.75. n>4. 2.76. n=4k -1, rae k — HaTy-
= l = —l‘ = g = —g
panbHoe, n=T. 297. a) a= = b 7 6) a 5 b 5

278. a) —°>_.6) — O
x(x+5) x(x+15)

§3

3.6. Pemenue. n?+ n=n(n+ 1) — mpousBeneHue ABYX IOCJIELO-
BATEJLHBIX IeJbIX UMCeJl, 3HAUUT, OJHO M3 HUX YeTHOe, T. €. AEJUT-
ca Ha 2. 3.7. Ykasaunue. CrpynnupoBaB nmepBoe M mnocieiHee cja-
raemoe, BTOpoe M IpeAIocieaHee U T. A., BOCIONb3yiiTech hopMyon
CyMMBI Ky6oB. 3.8. Pemenme. 13+23+..+93=(1%+9%+
+ 2%+ 8%+ (3% + 7% + 4%+ 6% + 5% =10n + 125 ne genurca Ha 10,
3.9. Pemenune. Ecau ogHO U3 unces m WJIH N 4YeTHOe, TO mn, 3Ha-
quT, 1 mn (m + n) — yerHoe. Ecau ke oba uyumcia HedeTHHIE, TO
m + n, 3HauuT, ¥ mn (m + n) — detHoe. 3.10. YxasaHue. Yucio
Jgenurca Ha 111, 3Ha‘-IH'I‘, u ma 37. 3.12. Ykasauue. Ecau
a+l—k T0a?+-L k2 -2 a3+ 3—k3 —3k. 3.13. PemeHnue.
a a
ad +bc=(a+c)(b+d) - (ab + cd), TOCKOJbBKY YyMeHBIIaeMoOe Je-
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JIUTCA HA a4 + ¢, BHIYUTaeMoe JeJHUTCS Ha a + ¢ 1o yCJOBHIO, TO pa3-
HOCTB, T. €. ad + be, peautca Ha a +c. 3.14. Her. Pemenue.
HycTs Kax Al n3 27 y4eHNKOB APYXKUT POBHO C J€BATBHIO OJHOKJIAC-

CHHMKaMM, TOTAA KOJIUYECTBO APYKAIHUX IIap paBHO

~— He IeJioe

yucao. 3.19. Her. 3.20. Her. YkKazauue. Ecau npegnosioKuTh,
uto 3k = 12¢q + 2, rae k U ¢ — uessle, TO OTCIOAA CIEIYeT, UTO 2 Ae-
autca Ha 3. 3.23. 3. 3.24. 4. 3.25. 12n -3, ne N. 3.28. 1.
3.29. Pemenue. Tak Kaxk n He KpaTHo 2, T0o n=2k+1 mu
n?-1=(n+1)(n-1)=4k (k+1). Iockonsky k (k+ 1) penurcsa
Ha 2, to n? — 1 genurca Ha 8. Tak Kak n He KpaTHO 3, To aubo n + 1,
au6o n — 1 xpaTtHo 3, T. e. n? — 1 xparHo 3. CienoBaTeabHO, nz-1
KpatHO 24, T.e. n?=24m + 1. 3.31. 4. 3.32. 15n + 13. 3.33. 7.
Yxasauue. 10! genurca ua 42. 3.34. 7. 3.35. 11. 3.36. a) T;
6) 1. 3.37. Her. 3.39. Ykasanue. m?-n?=(m2-1)-(n%2-1).
IOanee BocmoasayiiTece Ne 38. 3.40. 6) Ykasauue., n®+3n=
=n(n+ 1)+ 2n. Hanee ucnonnsyiite Ne 40, a. 3.42. 6) YkKa3a-
aue. n®+ 1ln=(n®-n)+12n. Janee wucnoansyiite N 42, a.
3.46. a) Pemenune. Ilycts cymecrByer a € Z Takoe, 4TO
a?=3n - 1. flcHo, 4TO @ He KpaTHO 3 (B IPOTHMBHOM cJydae JieBas
yacTh paBeHCTBa KparHa 3, a npasasa HeT). Torpa a =3k 1, rae
ke Z. Umeem (3k + 1)2 = 3n - 1, orxyaa 3 (3k? + 2k — n) = -2. Ipu-
LM K IIPOTHMBOPEUHIO, TAK KAaK JieBasgd 4acTb pPaBeHCTBa — IleJioe
Yucy0, KpaTtHoe 3, a npasas HeT. 3.47. 31. Peme Hne. [Tockoabsky
TPM AAHHBIX YHCJA LAIOT pPaBHble OCTATKU HpM JeJIeHUM Ha 71, TO
2146 — 1991 = 155 penurca Ha n, 1991 — 1805 = 186 genurcs Ha n.
3uHauuTt, 186 — 155 = 31 kpartHo n, Ho n > 1, a 31 — npocToe uuco,
sHauuT n = 31. 3.49. a) Pemenune. n2+n+9=mn+3)(n—-2)+
+15. Ecam n+3 xpatHo 5, To M n -2 KpaTHO 5, oOTcoAa
(n+3) (n - 2) xpatHo 25 1 (n + 3) (n — 2) + 15 He xpaTHO 25. Ecin
sKe n + 3 He KpaTHO 5, To U n — 2 He KpaTHo 5, Toraa (n + 3) (n — 2)
He KpaTHO 5 u (n + 3) (n — 2) + 15 He menuTca Ha 5, 3HAYUT, U HA
25; 6) Ykasauue. n2+n+9=(n+4)(n-3)+21. 3.50. Yka-
sanue. n?+b6n+16=(n-4)>+13n. 3.51. Ta. 3.55. ne N.
3.57. ne N. Pemenue. n+2n°-n® -2n=n"(n+2)-n@m+
+2)=(n+2) (7P -n)=(n-1)n(n+1)(n+2)(n®+1). Bamerum,
yron-1,n,n+1un+ 2 — yeTsipe NOCJIeAOBATEJLHEIX HATYPAaIb-
HBIX yucya npu n > 1 (ecau n = 1, To RaHHOe yuco geaurca Ha 120,
THIOCKOJIBKY B 3TOM cJjydae oHo paBHO 0). 3mauuT, mo Kpaiineii me-
pe OJHO U3 HMUX KPATHO 3 W JABa M3 HHUX — IIOCJIeJOBATEJbHEIE YeT-
Hble YMuCJa, OZHO M3 KOTOPHIX AeauTcsa Ha 2, apyroe — Ha 4. Urak,
(n-1)n (n+ 1) (n + 2) pennrca Ha 3 u Ha 8. Ecyiu npu gejeHuu n
Ha 5 ocraTtok paBedH 0, 1, 3 uau 4, Touncaon, n—-1,n+2un+1
COOTBETCTBEHHO JeJuTcsa Ha 5. Ecau xxe n=5g + 2, rge ¢ 2 0 — 1e-
noe, To n?+1=25¢+20g+5 xparo 5. Taxkum o6pasom,
(n-1)n(n+1)(n+ 2) (n?+ 1) aenutca wa 5. [TockoabKy uucia 3,
5 1 8 B3aMMHO IPOCTHIE, TO JAHHOE YHCJIO AECJIHUTCHA M HA HUX IPOU3-
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BeneHue, T.e. Ha 120. 3.61. Pemenue. Yucao n He dABJIAET-
cd YeTHHBIM UYHCJIOM, TaK Kak n U 6 B3aMMHO IIPOCTHI.
nf-1=((n-1) (n + 1) — nmpousBefeHMe ABYX TOCJENOBATEJIbHBIX
YeTHBIX 4HCe], moaTomy n? — 1 kparuo 8. Yucno n He KpaTHO 3, Tak
Kak n u 6 B3aMMHO mpocThl, 3HAYUT, n — 1 uam n + 1 KparHo 3.
Hrak, n? — 1 genurcs Ha 3. Yucna 3 u 8 B3auMHO IPOCThI, TO3TOMY
n? -1 genurca Ha 24 (Mx mpomusBegeHue), T.e. n?=24m + 1.
3.63. a) 2; 6) 3; B) 2;r) 5. 3.65. 14 u 21. 3.67. 3. PemeHnue.
ITockoabKy cyMMa UGP KayKAOr0 PACCMATPHUBAEMOr0 LIECTHU3HAYHO-
ro umcJja paBHa 21, TO KaxJgoe U3 4YKCeJ KpaTHO 3, HO He KpaTHO 9.
3ameTum, uto 123 465 — 123 456 = 9, zuaunr, HOJl asndercd genu-
resem yuciaa 9. Takum o6pasom, HOJl pasen 3. 3.69. 11. 3.70. 232
nu 231. 3.71. Ykaszauue. IIpeanosoxus NTPOTHBHOE, HMeeM
n? — 1 — mpocroe uucno. 3.72. 13, 17 u 19. 3.73. B) Pemenue.
ITockoneKy p > 8 — mpocToe, TO p — HeueTHoe; p? — 1 =(p — 1) x
x (p + 1) — mpoussesieHHe ABYX IOCJELOBATENbHBIX YETHBIX YHUCEJI,
noaromy genurcsa Ha 8. Paccmorpum umcna p — 1, p, p + 1. 3to Tpn
MocJIeOoBaTeJIbHBIX ILeJbIX YHCJa, 3HAYMT, OZHO M3 HHUX KpaTHO 3,
3THM YHCJIOM He MOJKeT GhITh YMCJIO P, TAK KAK OHO MpocToe U 6ob-
me 3. 3mauut, p°> — 1 kpatHo 3. CiemoBarensbHo, p? — 1 kparHo 24,
Tak KaKk 3 u 8 Bzaumuo npoctel. 3.81. 5. YkasaHuue. Ucoasayiite
TO, YTO €AUHCTBEHHBIM YE€THBIM MPOCTHIM UHCJOM SABJISETCA YHUCJIO 2.
3.82. Pemesnue. 210 4 512 = (2% 4+ 5%)2 — 2. 25. 56 = (25 + 5%)% —
—10% = (2% + 5% — 10%) (2% + 5% + 10%). Hrak, maHHOEe YHCJIO Ppa3Jyo-
JKEHO Ha [ABa MHOXKHUTeNA, KaMJIbli u3 KOTOphX Oosabmie 1.
3.83. Pemenue. Yucmo p > 3 — npocroe, 3HauutT, p=6k=x 1,
ke N (cm. Ne 73, a). Torga 2p+1=12k £ 2 + 1, HO mO YCJIOBUIO
2p + 1 — mpocToe, caegoBaTenbHo, 2p+ 1 =12k -1 u p=6k -1,
torga 4p + 1 =3 (8k — 1) — cocraBHoe. 3.84. 3. Ykaszauue. IIpo-
BepbTe p=2 u p = 3. Ucnosssya yrBepxkaeHue Ne 73, mokaxure,
uyto 8p% + 1 menurcs Ha 3 mpu p > 3. 3.85. 6. Pemenue. Yuciuo
oxkaHumBaeTca nudpoii 1 man 6, nockonpky n® — 1 xparHo 5. 3Ha-
yur, n=5k+1, keN; roraa 0,2(n®-1)=0,2 125k +
+ 75k% + 15k) = k (25k% + 15k + 3) — mpocToe UHCJIO JIHINL IIPH
k=1. 3.86. Pemenue. IIycte p — HauboJblllee IIPOCTOE YMCJIO.
Brinuiem Bce mpocTele yuchaa 2, 3, 5, ..., p ¥ pacCCMOTPHUM YHCJO
n=2-3-5-...-p+ 1 (mpou3BeigeHne BCeX IIPOCTHIX YHCEJI, yBeJIH-
YeHHOEe Ha 1); YUCJIO n He ABJsSEeTCA NMPOCTHIM (OHO 6oJsbIille HANOGOJIb-
11Iero U3 MPOCTHIX), 3HAYUT, UMEEeT HeKOTOPLIH IIPOCTOH Ae/HUTeNb P,.
Yucmo 235 - ...+ p TakKe JeJUTCA Ha p;, TAK KaK p, — OJUH U3
mHoKuTened. OTciofa 3aKIo4aeM, 4To p, — gexuTensd 1. [Ipumau x
nporuBopeuno. 3.87. Yrasauue. Paccmorpure 1992 umcaa
1993! + 2, 1993! + 3, ..., 1993! + 1993, Ka)kjg0oe M3 KOTOpDBIX, OdYe-
BUAHO, cocTaBHoOe, 3.88. 5. Pemenune, -2=3-:(-1)+1,
24=3-8+0, 26 =3 - 8 + 2. Buaum, uto uucaa —2, 24 u 26 npu ge-
JeHuH Ha 3 JaloT pas3Hble OCTATKM, 3HAYMUT, M yucaa n — 2, n+ 24 u
n + 26 npu geseHuM Ha 3 malT pasHble ocTaTKH. BO3MOXHEIX ocTaT-
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koB Jjumb Tpu: 0, 1, 2. CiegmoBaTesbHO, OLHO M3 uucel 1 — 2,
n+ 24, n + 26 geaurca Ha 3. Tak KaK dTH 4YMcJIa IPOCTHIE, TO OJHO
U3 HUX paBHO 3. FIcHO, UTO 3TMM YHCJIOM MOXKET OBITH JHMHIb YHCJO
n — 2, orkyaa n = 5. IIpoBepkoii ybe)xgaeMcsa, 4TO IPpKU n = 5 BCce TPH
yucsga — mnpocteie. 3.89. a) 26; 6) 20; B) 36; r) 160. 3.90. Vka-
saHue. a), 6) Yucno genurcsa Ha 3. 3.92. Yrasanue. 491% oxan-
ynBaerca nudpoit 1, a yucao 14%° — nudpoit 6. 3.95. Her. Peure-
Hue. IIycTh cyllecTByeT IeJioe YHCJIO a4 TaKoe, YTO JeCATUYHAs 3a-
mUCh 4Hucaa a’ COomeplKMT HIecTh eSMHHMI, M ceMb HyJjeit. Torga mo
NpPHBHAKY AeJMMOCTH a’ KpaTHO 3, 3HAUMT, 4@ KpPaTHO 3 (TaKk Kax
3 — mpocToe 4ucio), orciofa a> kparHo 9. I[ToJyunIu TMpoTUBOpEYne
¢ IpHU3HAKOM JeaumMocTy Ha 9. 3.96. Her. Pemenue. Yucao 5" + 1
oxaHunBaerca 26 mpu n > 1 mau pasHo 6 npu n =1, 3HauuT, He
KpatHO 4. Yucno 5% — 1 oxanuuBaercs 24 mpu k > 1 uau paBHO 4
npu k =1, saHauuT, KpaTtHo 4. 3.97. HeTr. Pemenue. Ilycts cyme-
CTBYeT IieJI0e YHCJIO @ TAKOe, YTO cyMMa nudp uucia a’ pasna 1991.
Torxa a? He KpaTHO 3, 3HAUMT, U a4 He KpaTHO 3, T.e. a=3k t 1.
Hrak, a?2 =9k + 6k + 1 =3b+ 1, 1. e. uncsao a?, ciaegoBaTeabHO, U
cymma nudp uucaa a’ npu generuu Ha 3 gaer B ocratke 1. Ilpuman
K DPOTMBOPEUYHIO, TaK Kak 1991 npu aeseHnu Ha 3 JaeT B OoCTaTKe 2.
3.99. a) Ykasauue. 5"+3=("-1)+4. 3.103. YkasaHnue.
a) T"—6.-2"=(7"-2")-5.2"% 6) T"+3""1=(7"-3"+4-3%
B) 5"+ 2"*1 =(5"-2") + 3. 2% ) 9" +4"*1 =(9" - 4" + 5 - 4",
3.104. Yxasanue. a) 21"+ 4**2=(21"-4") + 17 - 4" 6) 15" +
+ 7T l=(15"-7T)+8- 7% B) 13" +3"*2=(13"-3" + 10 - 3"
r) 5"+ 7-.-9"=8.9"- (9" - 5. 3.105. Yxkazauue.06) 5"+ 11" +
+2=(B"+1)+(11"+1); B) 5"+ 13-11"-4=(B"+1)+ (11" + 1) +
+12-11"-6;1) 1"+3"+5"+ 7" =(1"+T)+ (3" + 5"). 3.106. Yka-
3aHUE. a) 7-5%+12.6"=7(25"-6") + 196" 6) T2+
— 8% +1=57.7"+8 (64" - T"); B) 3%+245.23+1 =9 (27" - 8™ +
+19-8%r1) 62" +3"*2 +3"=3"((12" -1) +11). 3.107. Ykasauue.
a) 5+ 8" —2"*1=2(5"-2")+(@8"-5"%; 6) 5"+ 1" -2"*1=2(5" ~
2%) + (7" ~ 5™) = 2 (52 — 22%) + (49* — 25%), rme n=2k. 3.108. Vka-
3aHue. a) Ecan n HeueTHOE, TO 1" + 3" + 5" + 7" menuTcsa Ha 8; ec-
UA n deTHoe, To0 n=2k m 1"+3"+5"+7T*=1%4+9*+
+ 25F + 49% = (49% — 1) + (25* — 1) + (9* - 1) + 4 pgenurca ma 4; 1) ec-
JHA n HEYEeTHOEe, TO YCJOBHE, OYEBHJIHO, BBLIIOJHAETCH; €CJAMU N 4YeT-
HOe, TO n=2k wum 1%+ 9%+ 25% + 49% + 81% + 121% + 169* +
+225% = (225F — 1) + (169* — 1) + (121 F - 1) + (81 - 1) + (49" - 1) +
+(25%F - 1)+ (9* - 1) + 8 kparHo 8. 3.109. Yrasauue. Eciu n
yeTHoe, TO0 n = 2k, 25k — 9% + 4k genurca Ha 4. Ecam n Heuer-
Hoe, To HZ*+1_3%+1 L 4p 1 9-(52+1_1)-(3%**1+1)+4k+4
menutca Ha 4. 3.110. a) 37; 6) 64. 3.111. 54. 3.112. Yka3za-
Hue. IIpeANOsIO’KUB IIPOTHBHOE, MOJAYYMM paBeHCTBO 10x =y X
X (x — 1) 1, Ucmoab3ya TO, 4TO X U X — 1 B3aMMHO IPOCTHIE, MIOKA-
xkute, 4yro x = 1. 3.113. Her. Pemernue. Ilycts x, y, 2 — KOJH-
yecTBO H-, 20- m 5H0-xomeeuHBIX MOHET CcOOTBeTCTBEeHHO. Torzaa
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{5x +20y + 502 = 500,
BriupiTas uM3 NEepBOro ypaBHEHUS CHCTEMBI

x+y+z=20.

BTOpOE, MMeeM: 3y + 9y = 80. [TonyumyiH IPOTHBOPEUYHE, TAK KaK Jie-
Bad 4YaCTh DABEHCTBA — IeJloe YHCJIO, JgeJsleeca Ha 3, a IpaBas
Her. 3.114. a) Her; 6) Ha 5; B) Ha 2; r) 262 161; nx) 196 621;
e) 589 863 p. 3.115. a) (3; -1), (1;-5); 6) (1;6), (7;-12),
(-1; —4), (-7; 14). Ykasaunue. IIpegcraBbTe ypaBHEeHHEe B BHJE
x(2x+y-1)=7; B) (2;1), (0;1). Yxaszaunwue. IIpeacrasnre
ypaBHeHMe B Buzae (x —y)(x—-1)=1; r) (2;0), (-1;0). Yxa3za-
Hue. IlpeacraBrTe ypaBHeHme B Buge (x-—3y)(x-1)=2.
3.116. a) (0; 0), (2; 2); 6) (4; -2), (-2; 0), (2; -4), (0; 2). Yxa3za-
Hue. I[IpeacraBrre ypaBHenue B Buge (y + 1) (x — 1) = -3; 8) (0; 0),
(-3; -1). Yrkasauue. IIpeacraBbTe ypaBHeHHe B Buzae (y + 1) x
xBy+2)=2;r) (0; 0), (-1; -4). Yxkaszauwue. [IpeacraBpTe ypas-
HeHue B Buae (y+ 2) (2y + 1) = 2. 3.117. a) (£1; 0). YxkasaHuue.
x%—xy - 2y% = (x — 2y) (x + y); 6) (1; 2), (-1; -2), (5; 2), (-5; -2).
3.118. a) (2; 1). VYkasaume. x2+xy—-22 —x+y=(x-y) (x +
+2y-1); 6) (1;1). Vxasaumme. 2y>-2x2+3xy—-2y+x=
=2x+y-1)(2y - x). 3.119. a) (-3; 0), (1; -2), (1; 4), (-3; —6).
Vxkasanue. 3anucas ypaBuenue B Buge (y>2 — - 1) - 2x (y + 1) = 5,
Pas3yioKHUTe Ha MHOXHTENIH JeByw uacth; 0) (0; -2), (2; -2). ¥k a-
saHHue. 3anucaB ypaBHenue B Buge (x* - 1) +y (x — 1) = 1, paaio-
JKHUTE Ha MHOXMKHTEJNH JIeByIo YacThb. 3.120. a) Pemenue. 3 ypas-
HeHUA cJelyeT, YTO X He KpaTHO 3, T.e. x =3k + 1, k € Z; noxcra-
BuB x = 3k + 1 B ypaBHenue, monyuum 3 (3k%+ 2k — y) = 16. IIpu-
IIIM K IIPOTHBOPEYMIO, TAaK KaK JieBad dYacThb — Ilejioe YMCJIO,
Jensaieeca Ha 3; 6) Yxasaunume. M3 ypaBHeHHA ciefyeT, YTO
x — HeueTHoe umcyao. 3.121. a) (7T-2n; 3n-T7), rane ne€ Z. Pe-
Il € H ¥ €. 3allicaB ypaBHeHHe B Buze 2 (x + y) = 7 — x, 3aKJI04aeM, 4TO
7 —xkpatHo 2, T.e. T—x=2n,rmenec Z u x="T — 2n. [Janee us
ypaBHeHHs HaxoauM y=3n-7; 6) (3n—-4;2n), rae neZ.
3.122. (15 2; 3), (1;3;2), (2;1;3), (2;3;1), (3;1;2), (3 2;1).
Ykasarmue. IlycTs pAas onpefesieHHOCTH X < Yy < z, TOrga
x+y+2z2<3z, orkyma xyz< 3z, T.e. xy < 3. Ho mnockogsky
< xy, Tox?<3,r.e. x=1.38.123. a) (1; 1), (3; 3). Pemenne.
Ilpu x = 1 umeem y% =1, orkyna y = 1 (y € N); upu x = 2 pemenuit
Her, npu x =3 noaydaem y = 3. Ilyctes x > 4, Torga jeBas 4acThb
ypaBHeHHUS uMeeT Buj 33 + k, rie kB OKAHUMBAETCA HYJEeM, TAK Kak
51, 6, ... okanuuBaloTcs HyJeMm. Hrak, npu x > 4 1eBas 4acTb ypas-
HeHUs — YHCJIO, OKaHuHBamwleecsa Ha 3. Ho KBaapaThl IIesIbIX YHCEJT
Heé MOryT OKaH4YMBATLCA Ha 3, II03TOMY YpPaBHEHHNE pemeHnﬁ He nMe-
er; 6) (1; 3; 1), (3; 1; 1). Pemtenne. ITockonbky 42 + 3 — Heuer-
HO, TO JieBas 4YaCcTb YpPaBHEHHA — HeUYeTHOE YMCJO. 3HAYUT, WJIH X,
uau y wmessute 2. Ilycrs gas onpepeneHHocTn Xx =1, Torga
yl =4z + 2. IIlpaBas yacTh IIOCJIeJHEer0O PaBEeHCTBA He KpaTHa 4, 3Ha-
uut, y < 4. IIpoBepkoit y6expaemcs, uro pemenue (1; 3; 1). Bropoe
pellieHye MOJyYaeTCA nepecTaHoBKOi x u y. 3.124. (10; 1), (10; -1),
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(-10; 1), (-10; -1). Pemenue. 3amnulleM ypaBHEHHME B BHJE
19 (x2 - 100) = 91 (1 — y?) (1). ITockonbKy umcaa 19 u 91 BaaumHO
opocTel, moaydaeM x2 — 100 kpatmo 91, 1 — y? xpatmo 19, T.e.
x2-100=91n, 1 — y?> = 19k, rae n, k € Z. IloAcTaHOBKOI B paBeH-

2 _ =
cTBO (1) ybexxaaeMca, uro k = n. Umeem ;C_ yzlgolgglk’, rae ke Z.
x2=91k+ 100 > 0, orkyxna k> —%; y>?=1-19k > 0, oTKkyxa
k< L. Takum ob6pasom, k=0 unu k=-1. Ilpu k=0 nDonyyum

19

x% =100, y® =1, 7. e. yeThIpe oTBeTa; npu k = —1 pemenuit B Z HeT.
3.125. (5; 2). Pemernue. (x— 3) (x + 3)=4y? x — mpocroe, u
OYeBHJHO, 4YTO X # 2, 3Hauur, X — HeueTHoe. Hrak, x -3 mu
X + 8 — yeTHHIe YHCJIa, IpHYEeM ORHO M3 HUX KpaTHO 2, a Apyroe
KpaTHO 4, ciefoBaTeNbHO, 4y? nenutca Ha 8, T. e. y? nenurcsa Ha 2,
3HAYUT, J KPaTHO 2, mpuueM y — IIPOCTOe, 3HAYUHUT, Y = 2, OTKYAA
x=5. 3.126. -1; 0; 2. 3.127. -6; -2; 0; 4. YKaszauwHe.
nz—n+3_ 5

=n-2+-—2_. 3.128. 1. 3.131. 500%2+1, 500%+2, ...,
n+l n+l

5002 + 1000. 3.132. 23.3%2, 3.133. 9. 3.134. 12. 3.135. a) 99;
6) uernas. 3.137. Pemenue. a) IIpu genenun Ha 99 mesoe 4uciIo
MOJKeT AaBaTh Jai060i us 99 pasnuuHbix octatkoB (0; 1; ...; 98). ITo-
ckoabKy uMeeM 100 mennix umceJs, TO HaWAyTCsA IO KpaiiHeii mepe
IBa U3 HUX, KOTOphIe AIOT ONMHAKOBLIE OCTATKHU MpH AeJieHHHN Ha 99
(mpusuun Jupuxse). PazHocTs 3THX ABYX uucea geautcsa Ha 99.
6) Ilycrs a,, a,, ..., a,,, — TPOMU3BOJIbHEIE IleJkle uucaa. Paccmor-
pum 100 apyrux wnenslx dYucesd: a,, 4y +ay G+ a3+ a3 ..oy
a, +ay + ... + agp. IIpUMEeHHB K HUM pPe3yJbTAT IYHKTA @, IOJTYYUM
yrBep:KIeHue 3agaun. 3.139. Pemeunue. IlycTs AaHBI 71 LeJIBIX YH-
cesx a,, a,, ..., @,. PaccMOTpUM n ADYTHX LeJBIX YHCeN &, @, + Ay,
veey @q + ay + ... + a,. BoamokHH ABa cnydas: 1) xora 6bl OZHO H3
HUX JeJIUTCA Ha 71; 2) HU OJHO M3 HHUX He AeJUTCHA Ha n. B nmepBom
cayuyae yTBep:KJAeHHe AOKaszaHo. PaccMOTpMM BTOpPOi ciydaii. Bcero
yuces n, IPH AeJIeHMH HA 7N HEeHYJeBBIX ocTaTKoB n — 1. Orciona mo
npuHIUny Jupuxie cylecTByeT II0 KpailHeil Mepe ABa 4uucja C OJH-
HAKOBBEIMH OCTATKAMH TIDH JeJleHUM Ha . Pa3HOCTh 3THX ABYX Yuces
JEeJIUTCA Ha n U ABJIseTCA TpefyeMoil B YCIOBUH CYMMOM HECKOJBKHUX
ucxoaHbIX uucei. 3.140. Pemenue. Pacemorpum 1992 uncna: 1991,
19911991, 199119911991, ..., 19911991...1991. Hu ogHO U3 3THX

1992 paaa

ynces He geauTtca Ha 1992 (Bce oHM HedyeTHRBIE), T. €. BCe OHM IIPH Ae-
neHuu Ha 1992 umeroT HeHyJaeBo# ocraTok. Ho mpu geseHMH Ha
1992 cymiecTByer 1991 pasnuuyHBIX HEHYJIEBBIX OCTATKOB, 8 PACCMAT-
puBaembix uucen 1992. CiremosaTenbHO, CPEeAM 3THX UYHCEJ €CTh IO
KpaliHelf Mepe ABa 4UHcJa ¢ OJUHAKOBBIMM ocTaTKkaMm (npusHnun du-
puxJe). 3HaYNT, PA3HOCTh STUX ABYX UYHCeJ AeauTca Ha 1992, npu-
yeM uMeeT TpebyeMulil B ycIoBUHM 3ajauu BUJ.
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§4

44. a) 2-3; J5-2; 5; 4; 4; a% 6) 2|al, a%? 3|a|b2,
9|ab®*|c? 48.6) a<0; 1) a>0; 0)a=0;e)a=1; x) a=5
3) a<0; u) a=0. 4.13. a)5+a,6)4+\/3 4.19. a) 0; 16)0
B) 2; r) Her peurenuit. 4.20. a) a—-3; 6) 4 —b; B) 2; 1) 8 — 2a.
4.21. B) 2y - 12; 1) 6. 4.22, a) |a—-1|; B) a®+ 4. 4.23. a) a + 1;
6) l[a+5];8) T—a;r) |a+10|. 4.24. e) V53 > J64/2; x)2V3 >

642. 4.32, a) Pemenmne. Ilyers x/_=%, rne me N, ne N,

m
a Jpobs — — mecokparuma. Torza m? = 5n2, t. e. m? genurcsa Ha 5,
n

3HaqHT, m penuTcsa Ha 5. I/ITaK, m = 5k, orxyna (5k)? = 5n? uan
= 5k%. Cnenomatensno, n? kpatHo 5, 3Hauur, u n KpaTHo 5. Iloay-

YMJIM TIPOTHBOpPEUME C HECOKPATMMOCTBIO Apobu *. 4.33. r) Hppa-
n

UOHAJbHOE; J) paunumonananHoe. 4.38. a) — r) HUppaunumonajbHOe;
A) — 3) MOXKeT ObITh KaK pallMOHAJLHBEIM, TAK H UPPAIlMOHAJIbHEIM;
u) — M) uppauuoHanbHoe. 4.39. k) Yraszanue. JJocTaTOUHO HO-
Kas3aTb MPPAlMOHAIBHOCTL YHcaa 5 +/2; 3) Pemrenue. Ilycrs
JT+J2+J3=r, rne r — paumonansHoe, Torga V7 +v2 =r—+/3,
9+2414 =r? —2rJ/3 +3 orxyaa V14 +rv/3 ==0,5r% — 3. Iocne Bos-
BeleHUA 00eMX yacTeil paBeHCTBA B KBaJApAT M VeIWHEHUS KBajpaT-

HOTO KODHA HMeeM: +42 = %((0,5r2 -3)2 --3r2-14), T.e.
r

v 42 — panuoHaJBLHO, nocrcom:uy r — pauuoHajyibHOo. C Apyroii cro-

POHBI, JIETKO NIOKAa3aTh, YTO \/ — uppaluoHanbHO. 4.44. Peme-

aue. Iockoabry Va — b = u a, b, Ja + b — pauuonan-

NCEN J_

Hble, TO uucao +a —+b — panmonHamsHOoe. M3  paBeHCTB
Ja+vb  Ja-b Ja+ivb Ja-b

Ja= gt ™ Vb = 5~ —5 — CJeAYeT pauuoHaitk-

HoCTh umcen va u Vb, 4.46. Yrkaszanue. IIpeANnoNoKuB IPOTHUB-

HOe, BOCIIOJIb3YiTeCh PABEHCTBOM m = mn - ™, mpaBas 4acTh KOTO-
n
poro — uppainuoHajJbHa  (CM. Ne 43). 4.48. t = 2;, 30 c.

452. 1) 0<x<1l;e) x=2;3) x>0. 4.68. 8) Vym-3,-v2-n,
Mn—2,—Jn—5, r) \[a(x—y)z,—\/m(a—b)z,x/_b npu a 20 u
—va?b mpm a <0, vb?a mpm b>0 m -+b2a mpu b<O.
4.69. a) (@ +b)-Ja—-b; T) ~Ja. 4.73. ) 0,32. 4.78. 6) Her pe-
IIeHWH; T) Zl§ 4.80. 1) 40/6. 4.81. B) 4+22. Ykasauue. He-

noabayiite ¢Gopmyny pasHocTH KBagpaToB. 4.82. a) J3+1;
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r) 3++/3. 4.83. a) Va-1+1; 6) | a-

r)v2a-1++a. 4.84. a) 4; 6) 6; B) 2; 1) 10; 1) —-6; e€) O.
486.2) 1. Pemenue. x> -2x-1=x(x-2)-1=(/3+1)(3-1) -

—1=1. 4.94. 1) g 4.95. a) 3; 6) —g; B) V2; 1) %

B) V1—-a++1+a;

4.96. B) 1; 1) V-a++/-b. Ykasauue. 3 ycaoBus CcieayeT, 4To
a <0, smaunr, vJab=+-av-b u -a=(-a)?; 1) V-b-+-a;
e) —vV—a—-+—b. 4.97. a) 1; 6) —-1. 4.100. a) V5 -2; 6) V6 +/2;
B) V8-1;, r) 1+42. 4.103. a) l%l a-+a? —b%; 6) 2+/3.
4.104. a) 2J2 -2.Ykasauue. HcnosnpayiiTe ToT QaKT, UTO /6 + 42 =
=2++/2;8) —(V5+J7-2)+/2 +1). 4109. a) 0; B) 1; 1) 1. 4113, %
3(a+b)

4.114. 2a. 4.115. Ja++b. 4.116. 1. 4.117. 1. 4.118.

4.119. a) V19 <7 + /3. 4.122. 6) Ilepsoe menbre. 4.123. a) Ilep-
Boe Ooubine. 4.124. 6) IlepBoe menblne. ¥ KaszaHMue. [LocTaTouyHO
CpPaBHMTH umcya +/1992 — /1991 u 1991 — /1990, xoropsle COOTBET-

CTBEHHO DAaBHEI 4YHCJIaM

1 1 6b
u . 4.125. \f—
V1992 + 71991 1991++/1990 a

npu a® > 3b, a+/2 mpu a® < 3b. 4.126. a. 4.127. —«—M‘_aja 17¢ yya-

saunue. U3 ycimoBusi ciaexgyer, uro a < 0.

§5
5.8. a) -0,5; 6) 2; B) x3; r) Her pemennii. 5.10. B) m =1,5;
ry m=3.511. a) m =1§; 6) takux m Her; B) m=0;r) m=-0,2.
5.12. a) m =1; 6) m=—1§; B) m=0; r) m=-2. 5.13. 0 wm %.

5.14. 1 u 2. 515. 1; 2; 3. 516 Yepes 4 c. 5.27. 6) -2,7; 8;
B) —6 : 2. 5.29. 6) +2; 1) -1; 91 5.32. a) ~4a; ~a; 1) —6b; b.

5.33. 6) -3b; 2; B) 2a - 3; a+1. 5.35. a) a=-b unu a = 4b;
6)a=—§ wim a=§. 5.36. a) b=0,5(a+3) wmmm b=2a+3;

6) b=0,5a -2 uwmm b=a-3. 5.37. 3 uau % 5.38. 2 wam %
5.39. 9 wmin %. 5.42. a) 1; 6) +1. 5.43. a) 6; 6) +1; B) 3; 4;

_7-2J§7; 1= F . 5.44. a) «/22—1; 5) 11;/6; 2) 3+f b 2443
-2+ 42. 545 a) 1; 5 6) 1; +3; B) -2; _2f, Ty —6; 7.
5.46. 2) +2; 2% 6) 1. 8, n) 11; 1~ 2—, r) -1; -0,4; ll%ﬂ
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Vkasanue. YpaBuenue Buza |f (x)|=|g (x)| paBHOCHABHO COBO-
KYIHOCTH ABYX ypaBHeHuH f (x) = g (x). 5.47. a) 2; -J5. VYkasa-
Hue. IlockoJbKy JieBasg 4acTh HeoTpMIaTeabHa, To 10 — 5x = 0,
T.e.x<2u|x-2|=2-2x;6) 3. Ykasauue. JleBas uacTb ypas-
HEHMA — CyMMa ABYX HEOTPUIIATEJbHBIX BEJIUYNH, 3HAUUT, PABEHCT-
BO HYJIIO BOBMOJKHO TOTZa M TOJBKO TOTAA, KOrja OZHOBPeMeHHO 00a

cjaraeMulx o6pamaloTca B HyJb; B) —%; 1;r) 3. YxaszaHue. 3anu-

mute ypaBHenue B Buze x2 |x — 3|+ (x — 3)2=0. 5.48. —J6. Vka-
sanue. -6 u V6 ~1 — KOpHHM AaHHOro ypaBHeHHA. 5.49. MeHb-
IIN# KOpPeHb IIepBOTO ypaBHEHUsa Goablne, ueM OOJbIIHIE KODEHb
BTOpOro. 5.50. Boubmiuii KOpeHb ypaBHeHHs GoJiblle SAHHOTO YMC-
na. Ykasaunue. 2 u 4— 2 — KOpHHM ypaBHEHHd, SAHHOE B YCJO-
BUM 4HCJ0 paBHO v21 —2. 5.51. MeHbInuil KOpeHb ypaBHEHHA MeHb-
IIe JaHHOTO YHCJa. Y Ka3aHHUeE. \/ﬁ+«/3 u 2(Jﬁ+J§) — KOPHH

J113 -5
4

ypaBHeHUs, JAHHOE B YCJOBHMM YHCJIO paBHO 6. 5.52. . ¥Yka-

sauue. Ypaprenue |f (x)| = g (x) paBHOCHIBLHO COBOKYIIHOCTH IBYX

ypaBHeHU# [ (x) = g (x) npu yciaosuu, uro g (x) > 0. 5.53. 1— J5.
5 12 7

.55. 3y 123 -6; -—. 5.57. -4; -2,5; -2; .
5.55. B) -0,3 122 r) -6 5 5.57. B) -4 2,6; r) -2 9
5.58. a) 0; 6) -8. 5.59. 6) Her pemennit; r) —0,25; 0,5.
5.60. a) anpua#-3,a#4, r)upu b= —g- ub= —% — OAUH KOpPEeHb

x=b;opub=1,b=-2,5u b=0,5 — ogun KopeHs x = 3b — 1; upu
apyrux b — nBa kopHa x=b, x=3b—-1. 5.61. a) 16; t1. VY ka-
3aHUe. YpaBHeHWe HABJIAETCA KBAJADATHHIM OTHOCHTEJBHO |X|;
r) -9; 3. 5.62, 6) -3; 0; 2; 5. YxasaHue. 3anucas ypaBHeHHE B
Buge (x — 1)2-5|x — 1|+ 4 = 0, BBeauTe mepemennyw y=|x -1 |;
r) —%; 3. Yrasanue. Ilycts y =|3x — 4|, Torga ypapneHnue umeer

5-vJ5_13+53
2’ 2
VKasaHue. YpaBHeHHe ABISETCH KBAADATHHIM OTHOCHTEIbHO + X;
6) 25; 49. 5.65. B) 13; 53. YKk as3auue. 3anucas ypaBHeHHNEe B BHU-
fe x—4-10Jx—-4+21=0, BBegUTe IEPEMEHHYI0 Yy =+ X —4;

r) 46. 5.66. B) :t%; r) +0,75; +5. 5.67. B) 4; -2. Ykaszanue. 3a-

Bux y> —y - 20 =0. 5.63. B) -3; -2; 1) . 5.64. a) 25.

mucaB ypasHeHHe B BHae (x — 1)* — (x — 1) — 72 = 0, BBegUTE Tepe-
Menayo y = (x — 1)%; 1) 0; —4. Yrasanue. IIyctb y = (x + 2)2, ro-
raa ypaBHeHMe wuMeeT BuA Yy’ + 2y — 24 =0. 5.68. a) £3; zta;

6) +2; t3a; B) 13; ig npu b 2 0; 1) ig apu b > 0. 5.69. a) 2;

6) -0,5; 1; 3; B) -3; 0; 2; r) —-2; 1; 2. 5.70. 1. 5.71. a) -1;
6) 0. 5.72. a)2(3-22). Ykasaunue. PaccMaTpuBas ypaBHeHHe
KaK KBaJipaTHOe OTHOCHMTEJNLHO | x |, momyuum |x|=J§ -1 Torza
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x2+x2=2|x?=2(8-2V2).5.73. a) -3; 1. Ykasanue. Beeau-

Te mepeMennylo y = (x +1)% 6) 2+4/3; 1; 3; B) -2, -1. Yxasa-
5135
—

Hue. BBegure mnepeMeHHyIO Y= x2+3x+2; 1) 2; 3

5.74. a) -3; 1, -Tt+461. YxasaHue. Bpegure mnepeMeHHYIO
2

-2
x4x 3x, TOTAa ypPaBHEHHEe IIpUMET BHI Y +5 = —é; 6) 1; 2;
- Yy
19+.349. 5.79. r) 4,2, 2,2. Ykasauue. IlpeacTaBuB mpasByio
yacTh ypaBHeHMA Kak b - 4,22 + 10 - (-4,2) + 8, n1erko BHAETH, 4YTO
x, =—4,2; KpomMe TOro, mo Teopeme Bmera x;+ x,=-2.

5.83. a) x2—6=0; B) x>—4x—1=0. 5.85. a) 75. Vkasanmue.

8 o
IIo Teopeme Bmera x, + x, =-3» %1% = —%, . BocmoasayiiTecs pa-

BeHCTBOM X7 +xf = (x; + x,)® - 2x,x,. 5.86. r) Ykasanue.
2
xd +x] = (2, + %) (xf —xPay +x2xf ~x 23 +x5)=(x; + 2,)(xF +
5v17

+x2)? —xix? —x,x, (x2 +x2)). 5.87. t—;— Pemenue. Ilo Teo-

peme Bmera x,+x =3 xx, =1 x2 —x2 = J(x2 -x2)? =
1 2 2 12 2 1 2 1 2

=J(xf +x2)? - 4xx = (2, + %, )% - 20,6, )2 —4xf xl =

25 51 1 _ 517 2 _ .2 517
=\/(T—2.§) —4.Z= R OTKyJa Xj — X, = * 1
5.89. B) x2+9x-9=0. 5.90. 3, 4. 591. 1. 5.95. 1. 5.96. -1.
5.97. 14. Pemenue. lycts | x |=¢; ¢, +t, > 0 u t;¢, > O (10 Teo-
peme Buera), D > 0, 3HauuT, ypaBHEHHE t2 - 3t +1=0 umeer ABa
IOJIOIKUTEJbHBIX KOPHA, CJAeJ0BATEILHO, HCXOJHOE YpaBHEeHNE HMeeT
gyernipe KopHa. Toraa x2 +xf +x2 +x2 =2(tf +t3)=2((¢, +
+t)2-24t,)=2(9-2)=14. 598. p=¢=0 umu p=1, ¢g=-6.

599. a= g 5.100. a = 6; 2 1 3 — KOpPHHU NIepBOr0 YpaBHEHUd, 3 U

4 — KopHH BTOpOro ypaBHeHusa. 5.101. a = -5, b = 36, kopHH mep-
BOT'O YpaBHEHHUA PaBHH 2; 3, KOPHHM BTOPOTO ypaBHEHHA paBHH 4; 9
uin a = 5, b = 36, KOPHHM IepBOro ypaBHeHHSA DaBHEBI —2; —3, KOPHH

BTOpPOrO ypaBHeHHMA paBHH 4; 9. 5.104. i%; +1. §5.107. —%; 0; 1.

5.108. 0. 5.109. 2. 5.111. -2, 5.112. 3; 4. 5.114. a = b = c; HerT.
Vkagzasue. D=-2(@2+b2+c?-ab-ac—-bc)=—(a—-b)®—(a-
~¢)?2 — (b —-c)® <0, npuueM pPABEHCTBO JOCTHUIraeTCA TOTAA H TOJb-
KO TOorga, Korga a=b=c. 5.115. -1. 5.116. 75. 5.117. 14 wnan
41. 5.118. 13 uenoBex. 5.119. 10. 5.120. 5% . Yxkasauue. Ilycts
X — CpeAHHMH eKeroaHbIil NpoleHT pocrta, Torza 20 000 + 200x +
+ 0,01x (20 000 + 200x) = 22 050, orkyza x=5. 5.121. =42%.
5.122. 800 km/u4, 600 km/u. 5.123. 4 km/u. 5.124. B 6 u. Vka-
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sarue. IlycTs x KM/4Y4 — CKOPOCThL IIepBOrO Ioesjia, ToOrja

120 120
= = =1, oTKyZa
x+10 7 v

x = 30. 5.125. 3 kM/u. Ykasauume. [IycTb X KM/4 — CKOPOCTBH BTOPOT'O

(x + 10) kM/u — ckopocTs BTOporo. Mmeem

nenlexoja, Torja %+1+%=%. 5.126. 5 m®°/u. VkasaHmue.

IIycrs x M%/u — HavanbHAS NPOMBBOAMTENBLHOCTh BKCKABATODA, TO-

rga 6, 5—%—% 5.127. 30r. YkazaHuue. IIlycte x T — HCKOMadA

BeJUUYUHA, TOTJa ? - lgl =2. 5.128. 50 m%/mun. 5.129. 18 1,

15 . YkKasanue. l'ch'rb X ra — mjouagb BTOPOro I0JA, TOTAa

750 (x +10)——1% x. 5.130. 9 u. Yxkasauue. [IycTs x feraeit

B qgac — IIPpOU3BOANTEJIBHOCTD BTOpOro paﬁoqer‘o, Toraga
60__60 _3 5131. 204, 254. 5.132. 9u, 6u. 5.133. 42 u,

x 30-x
56 u. 5.134. 25 xr. 5.135. 20 %, 60 %. 5.136. 40 %, 25 %.
5.137. 10 a. 5.138. 55 mun, 66 mue. 5.139. 1 m/c, 1,2 m/c.

1
5.140. 10 T

§6
6.1. a) a < b; 6) a > b; B) a > b; r) a=b; A) a > b;
e) a>b. 6.6. a) Ykazanue. a2~ab+b2=%((a—b)2+a2+

+b%>0.68. B) Ykasauue. a’-4a+5-2|a-2|=(a-2]-
—1)2 > 0. 6.30. a) Bepro, 6) HeBepHo. 6.31. a) BepHo; 6) HeBep-
Ho. 6.34. B) BepHo; r) BepHo. 6.35. a) Bepno; 6) HeBepHO; B) Bep-
HO. 6.36. a) HesepHo; 6) HeBepHO; B) BEDHO; T) BepHO.
6.37. 6) a>b; nm) a>b. 638. a) a>b; 6) a>b; B) a>b;
rya=b. 640. a) a<b; r)a<b 642 a)a>b; 6) a>b.
6.46. a) a=>1; 6) a<3; B)a<2; r)a>5H. 6.47. a) a > —4;
6) a>1;B)a<4;r) 4<a<5.648,. a) ~-4<a<10;6) a<-b
umm a > 1. 649. a) a>b; 6) a>b; B) a>b;r) a<b; n) a<b;

e) a>b. 650. a) a<b. VYrkasamue. Tak kKak n>1, TO

n+1<2n; 6) a<b. 6.68. B) Pemenue. a“’+i2 4_

a
(1°+ 1]+i+
a? a?

SEES
e ®

>2at+2 +4-olat+ L4240+
a? a 2

a a
1

= 4(a + —) > 8. PaBeHCTBO wuMeeT MeCTO TOJbKO mnpu a=1.
a

6.86. Yrkazanue. Bocionb3yiiTech HepaBeHCTBOM K3 yIIDa’KHEHUS
6.83. 6.88. 6. 6.89. 8. 6.90. 12. 6.91. a) 18; 6) 27; B) 13; r) 1.

6.92. a) _51;; 6) 1_12-; B) 1;1) 2.6.94. 25.6.95. 4,5. 6.96. 3.6.97. 4.
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6.100. Ykazanue. Bocnoasayiitech mociefoBaTeJbHO HECKOJIBKO
pa3 HepaBeHCTBOM Hu3 ynpaXHenusa 6.98, a. 6.115. Pemenue.
BocnonbayeMca HepaBEHCTBOM O CpPEJHEM reOMEeTPHYECKOM H Cpej-
HeM apH(pMeTHYeCKOM MOJIOXKHUTEJNbHBIX HepaBHBIX uHcem: 1 -3 X

x5-...2n~-1)=412.32 .52 .....(2n - 1) = /1-(2n 1) -,[3(2n - 3) x
« (5 @R =By J@ATT) T < @D 3+(2n-3) 54@2n-5)

2 2 2
(2n 1)+1
2

=nn-n-...n=n".6.116. PeureH ue. O603HaAYUM HaH-
%.\,___/
n MHOXHUTenei

a; ajz a,
MEHBIIYI0 U3 gpobeit T yepes m U HAMOOJbIIYI0 — 4e-
1 2 n

a a
pes M. Torza MOKHO 3aIUcaTh: msb—lsM, msb—st, oo
1 2
a
m< — < M. Tak kak b, > 0, b, > 0, ..., b, > 0, TO, ocBOGOXKAAACEH

n
OT 3HaMeHaTelei, moayuum mb; < a, < Mb,, mb, < a, < Mb,, ...,
mb, < a, < Mb,. CyMMupys HepaBeHCTB& M BbIHOCS MHOXKHUTEJH M U
M 3a crobku, moayumm: m(b;+by,+...+b)<a;+taz+ ...+
+a, <M (@b, +b,+...+b,). PazmernB mnounenHo Ha b, +b,+

+ + ...+
21% s In > M.6.118. 8) |a—1]+
b+ by + ... + b,

+la-2|=|la-1|H2-a|>|a-1+2-a|=1. Pasencrso nacry-
naer npu a =1. 6.119. 6) Ykasauue. IIpegcraBpTe jeByI0 4acThb
HepaBeHcTBa B BuAe (x — y)° + (x + 2)° + (y — 1)%. 6.120. B GesseT-
peHnyio noroay. 6.124. BpeMmsa ABHIKEHHUSA II0 PEKe C ﬁmc'rpmM Teye-

+... + b, > 0, momyuum m <

HueM Oousbire. 6.125. Ilepswiii Typucr. 6.136. a) x < =5 0) x <
B) x < 6; T) x >8. 6.137. B) x<%; r) x < 1. 6.138. a) x> -1,5,

6) x>—g; B) X <«/—§; r) x <2_2J6. 6.140. 6) [—%; +oo];
B) (—o0; J§—2]; r) (—oo; —2(J/3+2)). 6.143. a) x <%:_%, ecau

3-a .
a>b;, x> g ecan a < 5; HeT peuleHui, ecan a=>5.
a—

6.144. a) -6; 6) —2; B) —5; r) 8. 6.145. a) 2; 6) 1; B) 2; r) 3.

6.146. 2) a <%. 6.147. a) a > 4. 6.148. B) a < g; r) a< 2,

6.149. a) x22; ©6) x<1,5; B) 2; r)-3. 6.150. a <1,5.
6.151. a > 2.6152 a>-2,a+2.6.153. a <1.6.156. a) 1 < x <3;
g; B) —<x <§, r) x>4. 6.157. a) 0,05 < x < 0,1.
6.158. a) a < 3; 6) a<b; B)a<T7; r)a=>2. 6159. a) a>14
6) a=>2;B) a>5b;r) a< 2. 6.160. a) a=5; 6) a < 3; B), T) He

6)%<x<
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cymectyer. 6.161. a) He cymectByer; 6) a=15; B) a > 5;

r) a=2. 6.162. a<2. 6.163. a> % 6.164. a) 1< x < 3;

6) ——<x<0 6.165. a) ~—<x<— 6)—<::c<l 6.166. a) x=1,5;

B) 3,6 <x<5;r1) 1<x< 2 5. 6. 167 a) 0,925; 6) —0,5. 6.168. 1.

6.169. 5. 6.170. % <a <1l 6.171. a<-2,5, a#-3. 6.172. a < -3.

6.173. _§ <a<2 6.174. -0,5 < a < 2. 6.175. 0 < a < 2.
6.176. 2 <a<4. 6.177. 3<a<4. 6.178. a < 0. 6.179. a > 3.
6.180. = < a<l. 6.181. a =2. 6.182. a) R; 6) x < 5;

B) (—00, TU(8; +°). 6.183. a) x>3; 6) R; B) R; r) x> 1.
6.184. a) x<5;6) x>3;B) -1<x<5;r) x>-1. 6.185. a) R;

6) x<5 B x>T7; 1) R\{2}. 6.186. a) (— ; )U[3 +00);

4
6) x>—i; B) x<%; r) R. 6.187. 6) 3 < x< 4, x=-1;

r) 1<x<2 6<x<8  6.188. a) 1< x<4, 0<x<%;

6) 2<x<15;B) 1<x<6;r) 2<x<5.6.199. a) 0< x <a,
ecyiu a>0 a<x<0, ectm a <0; Her pemenuii, ecan a = 0;
6) 3 < a,ecnna>3 a<x<3,ecaun a<3; x=3, ecau a = 3.
6.200. a)x>

3a_1, eciu a <0 umm a>~;—, .7c<3“—a_T ecau

0<ac< %; HET peleHuit upu a=0, a= %;
pr ecau a < 2 uau a > 5; x>%, ecaun 2 < a < H; Her

1
6
)x<5_

o 11-
pemieHuit npu a =2, a=5; B) x> a, ecan a < -1 uam a > 3;

11-a .
x < 4 , ecam -1 < a < 3; Her peumeHuid, ecam a=-1, a=3;

-1 -1
r)x> 2,ec.111’10<a<2mma>3 x < 2,ec.rma<0mm
a-

2<a< 3; x — m060e HedCTBHUTENbHOE YKCJIO, €CIH a = 2; HeT pe-
mesuid nmpu a=0, a=3. 6.207. a) -2<x<-1, 1<x<2;

6) 2<x<1, 5<x<8 B)-2<x<05; r)%<x<1,x¢§.
6.208. a) 0<x <2, 4<x<6; 6) -1<x<9; B) x<-2 wuam
8

x>3;r) x<—— 0<x<§,x>—3— .6.209. a) 3-a<x<3+a,

ecau a > 0; Her pemenuii, ecaim a < 0; 6) 2-a< x< 2+a, ecnu
a>0; x=2, eciu a = 0; Her pemeHHii, eciii a < 0; B) x <-a -5
i x > a-5,ecau a > 0; x #-5, ecain a = 0; x — aoboe neiicTBu-

3-a 3+a
TeJbHOE 4YHucio, ecau a < 0, r) x < < HIHA X 2 5 ecaun a > 0;
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x — moboe Aenc'rnn'rensuoe yucygo, ecau a < 0. 6.210. a) a < 0;
6) a> ;,B)a 0r)a<—6211 a) x> 3; 6)x<15n)x<§
r) -3<x<-1. 6.212. a)1<x<5 6) x<3; B) x>6; 1) x <1.
6.213. a) x=-1; 6) 6 <x<8 x=2. 6.214. a) 3 < x < 3,5;
6)1<x<2%; B)o<x<§75; r) x> 17. 6.215. a) 0,5 < x < 2,8;
6) 3<x<16; B) x<1; 1) 3,6<x<4, 6.216. a) 5 < x < 6;
6) 2<x<2; B)y3<x<35; r) 2<x<3. 6.222, a) x <-3,
1,56 <x<3; 6)—1<x<§; x>1. 6.223. a) 3<x<-1,
1<x<3; 6)x<-5; -2<x<2, x>5, 6.224, a) a <0

6) a < 3,5; B) a > 0; r)az9. 6.225. a) -6 < a < 6;
6) 0,56<a<1,5. 6.226. a) a<-6; a>6; 6) a<-1, a>3.

6.227. a) x <3, x#1;06) x<T7,x#5;B) x<1,x=2;r) x<

x=5. 6.228. a) x> 1; 6) x>2; B) x<38, x=4; r) x> 2,5,
x=-3. 6.229. a) x>5; 6) x>5, x=2; B) x=1,5; 1) x <=

6.230. a) 3-Ja<x<3++Ja, ecnu a>0; Her pelueHuii, ecju

-3-Ja -3+ Ja
a<0;06) x< 5 , X > 5J—,ecnna>0;x¢—§,ecnna=0;
. 3-Ja-1
x — moboe AelCTBUTEJIbHOE 4MCJI0, ecqu a < O;B) — < x<
3+ - 3 .
+ 4 ,ecan a > 1; x = 7 ecau a = 1; HeTr peueHwuii, ecau a < 1;
r) x< 3-a, x22++3—-a ecau a < 3; x — mawboe geiucTBUTE-
JbHOE YMUCJIO, ecau a > 3. 6.231, a) x < 3,ecaua > 3; x< 3, x #a,
eciu a<3; 6) x<a, x=5, eciu a<5; x<a, ecau a = 5;

B) x>7, x=a, ecitm a<7T; x27T, ecitm a > 7; 1) x > a, ecau
a>—g; x> a, ;e—g-, econ a<—g. 6.232. a) (-oo; 3] U [3; 10);

6) [-2; 1,5); B) (-o0; =3] U {8}; r) {-4}. 6.233. a) (2; +);

6) (‘00; gj U [55 + o0); B) (-o0; 1,2] U (25 +%); 1) [55 +00).
6.234. a) (—°; -3) U {0} U (3; +©); 6) (-o0; —4]1U {0} U U [4; +0);
B) (-1; 1) U {2); r) [4; 4] U {5}. 6.235. a) [3; 5); 6) (—o0; 21U [3; 5] U
U [6; +©); B) [—g; 3,53; r) I:—g; 3,5]U[4; 5). 6.236. a) y >0

npu x <1, x> 2; y<O0 upm 1<x<25 B)y>0 opu x < -2,
x> 2 y<0mpn-2<x< 2. 6.237. a)— x <5 6)— <%;

B) 2/2< x<2/2;1) -11<x<-2;2<x<11. 6.240. a) 3 < x< 4,
x > 4; 6) —0,5; B) —1+/5; o, r) -2 ++/8, -2.
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§7

ol 4 O
a5 L L N4 T8aAL 0L BL D

1-x 8k(a-b) 1 1 2 1
9. ; — 2% L. 7.10. 5 6) ——; % =,
79 T+ x (a+b)2 a 10-2) 0,55 6) o5 B) 55 1) o

7.11. 8) 9 6) i B) _, r 1 g 7-12. a) 9; ©6) 2048; &) %; r) 8.

17
7.13. a) 2; 6) 49; B) 512; 1) 9. 7.15. 1) - 2y 7.16. a) -1,

L 716, 8) o
6) - 3, B) ,r) 1. 7.17. r) -0,4. 7.18. a) ; 6) 1. 7.19. a) 0;
6) ﬁ; B) 1; r) 13. 7.20. a) a™b™; -1 -1,

a-b . x-y 1841 o 2
7.22. a) — 6) - 7.23. 557 7.24. 16 (p - ¢)* (p + q)°.

7.25. 0,25. 7.26. 1. 7.27. a) -1,5; 6) %; r) §§ 7.28. a) *1,5;

7.1, 2, 2 1 . _19. . _a. .2
6) i —5i B) B2 1)+ 7.29. a) 15 -125 6) 15 -3; B) 2
r) Her pemenwuii. 7.30. a) 1; 6) 1; 3; B) 2;-%; r) 3.7.31. a) 1;%,

6) +1; i%; B) —1; _g; r) —2; —6. 7.32. a) x> 0; 6) x < —1;

B) x> 1,5; 1) x> 0,5 7.33. a) x > -1, x # 2; 6) x<—%, x # 23

B) x>0, x#2,5;r) x>0, x+3.7.34. a) 1; 6) -1; B) -1; r) 2.
7.38. a) Vab; 6) 1; B) 8; r) -2. 7.39. a) 2; 6) V2; B) 1; 1) O.

7.41. 2. 7.42. 2. 7.43.
17 2(a 1)

§8

4c-1 (2d-1)2 x+2 J2-b, 3y-2

8.6. ; - . 8.7. .
B) (2C+3)2 r) T7d+2 a) x-1 > B) b- -\/— ) 2y—«/_3_
3a+2b, n-m 20—5u_

3 3

1 2(5d° -2

88. 8 < 1.5 2 ). 8.9. a) : 6) . B) ;
1-2¢3 248 -7 3a-4b 2m+3n 3u-4v

2c+d 2x+a+2b, 2x-1

r —— 8.10 a) ; 6) . 811. 6) 9. 812 2a) (x—2)2;
3c-5d x—-2 x+a-b

6) x%. 8.13. a) -1; 6) 1. 8.14. a) ﬁ; 6) ﬁ 8.15. a) p=-2,

g=-1. 8.16. a) a=3, b=6, c=-4. 8.17. a) y=2x%-3x+ b;
6) 17. 8.21. r) Ykasanue. y=1-|x2-2|. 8.24. a) Ykasa-
Hue, y=(x~-38)% x>8; 6) Yrasauue. y=(x~3)% npu x > 3,
y=x>-9 mpu x<3; B) Ykasauue. y=x2-6x+8, x> 3.
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8.25. b=30; x =4; Bospacraer Ha (—°°; 5], yO6miBaeT Ha [5; °);
Ff(xX)<Omnpu x<4, x>6; f(x)>0mpr 4<x<6; -9<f(x)<8
npu 3<x< 7, x#5, 827. Ykaszauue. a=2., 828. Ykasza-
Hue. a) a=10;6) a=-2.829. Ykasanue. a) a=1;06) a=-4.
830. a=2. Pemenune. y,=x2-2x+a=(x-1%+a-1, sHa-

qur, E (y,))=[a~1; ©); y, =+J2x—a, smauur, D (y,)= %; oo).

HUrak, E (y,)=D (y,) npu a—1= %, T. e. npu a = 2. 8.31. a < -3.

832. b=4, b=2,5. 8.34. 6) I'pabuku He ImepeceKarTcsa IpH
m < -1, oxHA TOUKa ImepeceyeHus npu m = -1, m = 0, ABe TOUKH Me-
peceuenus npu m > -1, m # 0, 8.35. 13. 8.36. [Be Touku mepeceue-
Hug npu a > 1, a < -2, TpH TOYKH IepecedyeHus mpu a =1, a = -2;
yeTelpe TO4YKH 1mepeceuenma npu -2<a<1. 8.37. IIpn
-J8 <b< —x/§, J2 <b< 3 TOYEK nnepeceyeHusa HEeT; Ipu
b=142,b= +4/3 OngHAa TOUYKAa mepeceuyeHmusd; npu b < —J§,
-J2 <b <+/2,b> /3 nBe Toukn nepeceuenus. 8.38. -1,75 < k < 0.

839. c=5, c=13. 8.40. b=13, b=14. 8.41.a=—%, a=1.

842. a > 4.843. k<-4,k=5.Pemenue. Eciou D=0, T0 k=0
uiau k = 5. B cayuae k = 0 ypaBHeHHe UMeeT BUA x> — 2x + 1 = 0, ero
KOpeHb X = 1 He ynoBJIeTBOpAET HepaBeHCTBY x < —1. B ciayuae k=5
ypaBHeHHe uMeeT BUA x> + 8x + 16 = 0, ero xopenb x = —4 < -1, Ec-
au xe D > 0, To gaa toro, 4roObl POBHO OAMH KODEeHb ypaBHEHUA
yZOBJETBOPAN ycaoBui0 x < —1, Heo6XOAUMO M AOCTATOYHO, UTOOHI
3Ha4YeHUe KBaJAPATHOTO TPeXYJIeHa B TOUYKe X = —1 GBIJIO OTpHUIIATENb-
HO miaHu X = -1 aBasayica 6ul GOABIUMM KOpPHEM TpexdjeHa. B mepsom
k2 -5kE>0,

1-2k+2+3k+1<0,
k < 4. Ecau xe x; = -1, 1o k = —-4; Torga x, =11 u x, > x, u, 3Ha-
4YHUT, NOJy4YeHHOe 3HaYeHNe MapaMeTpa yCJOBHIO 3a/la4yM He YIOBJIET-

Bopsaer. 8.44. a > 1%' 8.45. k< -0,6. 846. a<0, a>1,25.

cjlydae MeeM CHCTEeMY HepaBE€HCTB OTKYyJa

8.47. ©) y=—i(x—4)2; B) y=0,5x2—x +4. 848. M (1; -3). Yka-

sanue. Iycts M (x; 2x — 5), Torga f (x) = \/(x +7)% +(2x-6)2 +
+y(x +5) + (2x - 5)2 =,[5(x—1)2 + 80 +,/5(x — 1)? + 45. Hau-
MeHbIlee 3HaueHue f (x) gocturaercsa npu x = 1. 8.49. a) Ilpamyio
y=-x. Yxasanue. Ilokaxure, 4ro x,=-p, y,=p (p € R), rae
(x¢; Yo) — KOODAMHATEI BepluMHHI napabosarr; 6) IlapabGony y = x2
850. p=-2,¢=0; 1. Pemenue. Ilo ycnouio x, =1 — pemenne
ypaBHenus x®+px+q=2x-3, oTrkyaa q=-p-2. Hrak,

y= x2+ px — p — 2 — sajaHHas QyHKIHUA, X; = —% — abciucca Bep-
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p2

muHL napabonabl, Torga y = -4 ~P- 2. Ilycts d — paccrosiEMe OT
2
BepIIMHLEI napaboasl A0 ocm Ox, Torgad=|y,|= pT +p+2|=

2 2
= pT +p+2= (% + 1) + 1. HanmeHbInee 3uaueHne d pasHo 1 u jo-
cTuraercs npu p=-2, B 3rom caydae ¢ =0. 8.54. a) -2< x < 1;
6) x=1; B) x<-2; x > 2. 8.55. a) Her; 6) HeT; B) Aa; r) Her.
8.56. a) a=5;6) a=2.859. a) 4<x<1,1<x<2;6) x<2,
x#1;8) x=4; x>5;1) 1<x<2, x=3. 8.60. a) —lsxs—o,z;

x= 26)x<2x¢3x>413)x —%,x 0, x>1;r) -1<x<1,

x=0; x=2. 863. a) x<-2, x>1; 6) 3,25; B) x<0, x> 1;
r) a> 3,25. 864. 6) xc R. YkaszaHnue. D=(a-b~-c)(a-b+
+c)y(@a+b-c)(a+b+¢c)<0. 865. a=-2. YkasaHue. x=2 H
X =3 — KOpPHHM J[JAaHHOTO KBaJpaTHOro TpexdjgeHa. 8.66. a =-1.
8.67. Hert peIIeHuH. 8.68. x ¢ R. 8.69. Her pemeHuii.
8.70. xc R.Vraszauue.D<0uf(3) >0, rnef(x)=ax®+x-b.

8.71. Her pemenwuit npu b% - 4ac < 0, x=—% npu b? — 4ac=0.
8.72. a) Ha; 6) Her. 8.73. a) Het; 6) na. 8.74. a) Her; 06) Her;

5-V5 5,3 6 r<2 =6,

B) aa; r) Het. 8.78. a) x <
x > 10. 8.81. B) ——5<x<%, x>2, x%3; 1) —%SxSl, x=3,
x> 5. 882. a) x#+42, x%-1; 6)x¢2,x¢21; B) x22, x#3,

xz4;1r) x#32, x=1. 8.83. -3; -2; -1; 0; 1; 2. 8.84. x > 13.
8.85. 1. Yxasanue. Pemenne uepaBeHctBa: -1 < x< 3, x=0,
x+ 2. 888. a)x——-2 6) x=1; B) x=-3, 1 <x<2;r) x=1%2,
x=3. 889. r) ——<x 1, x#0. 890. a) xeR; 6) -2< x< 2;

B) -3<x<1,75 r) x<-3, x>09. 891 a)x -15, x =2 —4;
6) x<1, x>1,5; B) x<1; r) x<-3; — <0, x>1.8.92.
J2

l1-x
—?S x<0. Vkasanue. CpaBuuB Bepakenus 1 — x% u 5 mno-

1- 1-
JIYUIHM: 1—.752<—2i npu xS—% wip x 21, 1—x2>—2"i npu

1
~3 < x < 1. Takum 06pa3oM, MCKOMBIEe 3HAYEHHUA X ONPEAEIAIOTCA

1
< -2
x 2° —% <x<l1,
COBOKYITHOCTBIO JIBYX CMCTEM HEpaBeHCTB {x =1, I Py 1
1— 22> 1 ———
x° 2 § 2 2
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J6-2
T

8.96. a) {1,2;  6) (-—oo; —%)u(—%; oo). 8.97. a) (-; 2];

6) {0} U[1; ¢); B) {0}U[2;); 1) {2}. 8.99. B) [-0,5; 0,5);
r) [-g; 2|U{3). 8.102. a) -1<x<1, 2x=%2; 6) x=-2,

893. -1<x<

894. x=1, x>3. 895 x<-1, x=1.

1<x<3;B) 3<x<5;r) -1<x<3,x#1. Ykazaunue. IIycts
y=|x - 1], Torna sepasenctso umeer Buzx y2 — 2y < 0. 8.103. a) O.
Vxkasauue. Ilockoneky mpu miob6om x € R |x2 + 2x| >0, To us
YCJIOBUA, YUYUTHIBAs CBOMCTBO TPAH3UTHUBHOCTH HEPABEHCTB, 3aKJIIO-
gaem, uto x > 0. Buaunt, x2 + 2x > 0 u |x? + 2x| = x% + 2x; 6) -8;
-T7; —=6; ...; =1; 0; 2. Ykasaune. [IpuBesuTe HEPABEHCTBO K BUAY
lx-1|(x+3|-6)<0, orkyna -9 < x <3, x#1;8) +4. Ykasza-
2 < | x| <5,
Hue. HepaBeHCTBO PaBHOCHMJIBHO CHCTEMe HEPABEHCTB P | <3
r) 3 4. Vkasanue. YuuTeBag, uYT0 x> —-4x+3=
=|lx-1|-lx+3]|, IpUBeNHTE HepaBeHCTBO K BUAY
(x-1]-1)(x-38|-2)<0, orkyma O0<x<1, 2<x<5.
8.106. 6) x < -3,25, -1,25< x<0,75, x> 2,75; B) -3<x<0,
4<x<7.YkaszsaHHue. YMHOXXeHHe o0enx yacTeili HepaBeHCTBa Ha
2x% — x + 1 TpPUBOAMT K HEPABEHCTBY, DPABHOCHJILHOMY JaHHOMY.

8.107. ¢ < —%, ¢c>1. 8.108. 12<p<14. 8.109. 0< a < 2,25.

8.110. a) -6 <b<-2;6) b>3; B) b<-6. 8111. a) 0 <a < 28;

6) —%<a<%; B) a < -4; 1) -gsfzso. 8.112. a) -1<b< 1;

6) 0<b<§; B)b<—-%; r) b<-2. 8114. a) xc R mpu a#1,

x#1 opu a=1; 6) x=-2, npu a = -2, HeT pelleHuii Npu a # —2;
B) x=—1331— npu a =2, HeT peumeHH# npu a#2; r) x€ R nopm
a#-0,5, x#-0,375 opu a =-0,5. 8.116. -1 < a< 1. Pemernue.

x? —ax <0,

IIpn a > 0 cucreMa HepaBeHCTB
ax>1

{O<x<a,

PaBHOCHJIbPHA CHCTEME

x> 1 , KOTOpaA He UMEEeT peIleHHU# Torjga M TOJBKO Torga, Ko-
a

raa a < —‘1;, oTkyzaa (¢ yuerom ycioBusa a > 0) moayuaem 0 < a < 1.

IIpu a = 0 ycooBue 3agaum, oueBUHO, BeIinogHsAeTcA. Ilpu a < 0 cu-

2 a<x<0,

x* —ax <0, PABHOCHJIbHA CHCTEMeE 1 ,
ax>1 x <=

CTeMa HEePpaBEeHCTB {
a
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1
KOTOpas He MMeeT pellleHuii Torja U TOJLKO TOrjAa, Korjga — < @, oT-

Q

Kyna (c yuyerom ycaoBus a <0) monyyaem -1<a<0.

8.117. 0,5< a < 3,5. 8.118. Taxux a mer. 8.119. Y22 <4 o 4,

2 3

7+3V5 <b<
2

<-4+2/3. VYxkasaumue. IIlpuBeaguTe HepaBEeHCTBO K BHUAY

8.120. -3<a<-1. 8121. a < % 8.122. p > 1. 8123, —

y2—iy—é<0, rae y=|x—15|, OTKyJa 1<x<2.
8.124. -2 < a < -0,5. 8.125. 2 b<1l 8.126. IIpu k> 5 o6a
YTBEepPXXAeHuA MCTUHHBI, npu k£ < 0 ofa yTBepKIAEHUSA JIOKHBI, IIPH
0 < kB < 5 mepBoe yTBepJAeHHe KMCTHMHHO, BTOpOe JIOKHO. Y Ka3a-
Hue. YpasHenue x2 + (B + 2) x + 1 = 0 uMeeT ABa Pa3IMYHEIX OTPH-

D >0,

HaTeJIbHBIX KOPHA TOrAa M TOJBKO TOrja, Korja k+2 0 OTKyJa
—_— < 5
2

k > 0. Ypasuenue x% + (1 — k) x + 4 = 0 umeeT ABa DABIHUHBIX IO-
D >0,
JIOXKUTEJILHBIX KODHSA TOTAA M TOJIBKO TOTJa, KOTAA § 1-k S 0. OTEY-
2 T
Aa k> 5. 8.127. B) (0; 4) U (4; o). 8.129. a) [-2; 0] U {1,5};
6) {1} U[2; 3) U(3; ); B) (—00; -9) U (-9; =31 U {-2} U[T; 8) U (8; );
r) {0,5}. 8.130. 6) (-oc; 3], B) (-°°; 2,25]. 8.131. a) (—o°; 0) U (0; o0);
6) (—°; 1) U(1; =), B) (0; 1]; 1) (-00; —2] U [2; 0). 8.132. 6) [-2; °);
B) (—o0; 5]. 8.133. a) [2; ©); 6) (—o0; —2]; B) [1; ©). YKaszaumue.
y=v8x? -6x+4=,3(x-1)2 +1>1 ana Bcex xe R; r) [0; 1].

VYrkaszanue. y=,1-2(x-2)%2. 8.134. a) [-4;1); 6) [-1; 2);
B) [-2; 1} r) [-1; 3]. 8.135. a) [-1; ©); 6) (—°; 1]; B) [-2; );
r) [-4; 4]. 8.136. a) [3; o0); 6) [3; 12) U (12; o0); B) [6,75;

©0); 1) [6,75; 27) U (27; o). 8.138. B) y (1)=1; r) y (1,5) ——115

8.140. r) y (-2) =0. 8.148. B) Heuernasa; r) uyernas. 8.149. a) Yer-
HadA; 6) HeueTHaf; B) 4yeTHas; r) derHadA. 8.150. a) HeueTnas;
6) ueTHas; B) ueTHasA; r) uerHad. 8.151. a) y =,J| xl|; 6) y=x%-

1
’x’—l

6) y:—x|x|; B) y:x(lxI—Z); r) y=%,/’x|. 8.160. a) Puc. 2;

-8|x; B) Y*=x2-4|x|+3; ) y= 8.152. a) y=x|x]|,

6) pwuc. 3. 8.161. a) Puc. 4; 6) pwmc. 5. 8.162. (-4; 3),
(-1-+3; 243 -3). 8.163. (0,5; 0), (2; 6), (6; 22).
8.165. a) Puc. 6. 8.166. a) Puc. 7. 8.167. 6) Puc. 8. Vka-
daHUe. y=|x2-2]x|| 8.169. B) Puc. 9; r) puc. 10.
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vA
y = x(jx| - 4)
4-
4 0 1] x
_4.
Puc. 2 Puc. 3
vA 7\
4.
3ol 1 3 x 0
y=|x-38(x+1)

Puc. 5

y = llxl- 2|-1]
Puc. 7

Y y=(x-3)x+1)

(=]
-
ol
Ry

Puc. 4

lx — 2|

y=5— (x2- 2)

-2

Puc. 6

YA

0 2 x

y =Vdx2— szlxl +xt

Puc. 8
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y=1[2-Vix-3[|
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&
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&
¥,
i
y=12-V3 [ | >
Ay, -
-2 01 4 x
Puc. 10
yA F—-12
Puc. 11
Lo
77 \
10| 1 x
Puc. 12
-2 0 /1 x
3
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A y="%-1
3 3 Puc. 14
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1
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Puc. 13

270



8.173. a) Puc. 11. 8.174. 6) Puc. 12. 8.175. a) YkasaHmue,
y=x+1nmpux>0,y=-(x2+1) npu x < 0; 6) Puc. 13. Yrasa-

Hue. y=% npu 0 < x < 3, y=§ opu x > 3. 8.176. a) Puc. 14.

Vkasanue. y=|x2+x-2| npu x> 1, y=-|x>+x-2| npm
x<1;6) YVrkazanue.y=|x-1|mpu x<-2,x>1,y=-|x-1|
mnpu -2<x<1. 8180. r) 3. 8.181. r) 2. 8.183. a) 2; 6) 1.
8.184. a) 2; 6) -1. 8.185. a) 1; 6) -1. 8.186. a) 3; 6) —1.
8.187. a) -1. Pemenwme. O6macTy oOmnpefieJieHHA YpaBHEHHUA
—[-1; o), Ha JaHHOM IpOMeXyTKe MYHKIUA x> + 3x + 6 BospacTaer,
3HAYUT, BoapacTaeT (yHKmus + x2 +38x +6, oTkyaa cieayer, 4TO
JieBas 4aCTh ypaBHEHHs — Boapacraioniad Ha [-1; o0) pyHKnua (kak
cyMMa [JBYX Bo3dpactamomux ¢yurnuii). IlpaBasa uacTte ypaBHe-
HUA — NOCTOAHHAA, YPaBHEHHE, CJI€J0BaTeJbHO, UMeeT He 6osee on-
Horo pemreHusa. KopeHs x = -1 jmerko yrazath; 6) 1. Ykasauue.
JleBasi 4acTh ypaBHEHUs — BoapacTramoimasa Ha [1; ) ¢yHknusa, a
nopaBas 4acTh — yOLIBAIOIasA.

§9
9.1. B) -9;1; 9; 1) -4; -3; 4. 9.2. a) -2; 1; 6) -1; 3; B) —-2; ~-1,5;

r) —g; 0,5. 9.3. a) —4; —1; 2 6) -3; B) 0,5; 1) 1. 9.4. a) L.

VYkxaszanue. JleBaa uacTe ypaBHeHHUSs — Bo3pacrawinad Ha R
byHKIUA, 3HAYUT, YpaBHEHHE UMeeT eUHCTBeHHOoe peruenue; 6) 1.
Vkasauue. [IpuBeguTe ypaBHeHMe K BUAY x° + 5x — 6 = 0, manee
-5+.5
2
r) 1; 1+43. 9.5. a) -2; 1; 4; 6) 2, 4; B) -2; -1; 4; r) —-1; 2; 4.
9.6. a) -0,25., VYxasanwume. 3anuilIuTe YypPaBHEHHWe B BHJE
(8x)% + (x + 1)® = 0, gamee pasnoMUTe JIEBYIO YacTh YPABHEHUS, KC-

pacCcy:KJeHUsI aHaJOTHYHBI pacCy’XJAeHusM B 4, a; B) 1;

.
b

noab3ys (GopMyny cyMMmbel KyOos; 6) % 99.a) -2;1; 3, a=1;

6) -2; 1; 3, a=-2. 9.10. a) -3; 2; a=-8. Ykaszauue. Iloacras-

JAA 3HayeHHe X =-3 B ypaBHeHHE, HOKayKure, uto a = —-8. Jle-
BYI0O UACTh YpABHEHHS pAa3OKHTEe HA MHOMXHTEIH: x° — x2—
—-8x+12=x-222+x>-8x+12=x>(x-2)+(x - 2) (x — 6) = (x —

— 2i44 2-2
-2)(x*+x-6); 6) -3; -2; -0,5, a=6. 9.11. a) ”[*EL"“

Vxasanue. PasiokuTe Ha MHOKHTEJNH JIEBYIO YaCTh YDABHEHHA:
rrdxr-1=x'+2x2+1-2x2+4x-2=(x2+1)2 - (J2x - 2)% =
=(x2 -J2x+1+/2)(x2 +V2-x+1-4/2); 6) Yrasaunue. 3ame-

" o 1
HOM TlepeMeHHOH y = — ypaBHeHHe CBOJAMTCA K YDaBHEHUIO u3 4, a.
x

9.12. a) +2, ; 6) i-;_io,s; B) —2; -1; 1) —é; 2. 9.13. a) +a; £3;
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6) +V2; +Va® upum a > 0; B) —a; 2; r) -2a; -3. 9.15. B) -1; 6;
+
§—2—‘/§_7; r) -7; -1; —4+3. 9.17. a) -3; 4; 6) -2; g; B) -1; 2.
Vkasauue. Beeaure nepemennyio y = |x2 - x|; r) -3; 1. Ykasa-
Hue. Beeaure nepemennyio y = | x% + 2x |. 9.21. Her pemenwnii npu
0 < a < 1; oano pemerue upu a = 0, a = 1; aABa pemenud npu a < 0,
a > 1. YxkaszaHue. 3anucas ypaBHeHHEe B BHJE
(x+ 2+ (x + 2)° — a? + a =0, DoKaXuUTe, YTO OHO PABHOCHJILHO CO-

2 _ 4
(x+2)" =a-1, g5y ) g; g 9.25. a) 1;

BOKYITHOCTH YpaBHEHHH 2
(x +2)* =—a.

3+ 17
2

2; 6) -1++/3;

. ¥YkaszaHuwne. Pagnenns obe yacTu ypaBHeHUS:

Ha x2, BBefUTE NEePEMEHHYIO J = X —%, IocJie 4ero ypaBHeHHe IIpH-
T+43
MEeT BHJ yz-—y—6=0. 9.27. 6) 1; 2; 1 . YkKaszaunue. Passe-

nuB obe wacTH ypaBHeHHs Ha (x + 2)°, BBeJuUTe IIepeMeHHYIO
3
-2x +4 + +
y=2T25 14 g9 o) 31T 2272
x+2 2 2

. Yxkazauue. Paznenure obe

1
YaCcTH YpPaABHEHHUA Ha xz, BBEIUTE IIE€EpeMEeHHYIO y=2x+—, TOoraa
X

-15+ v129
5 .
9.30. a) 1; 2. YkasaHue. Pasggeius 4MCIHUTE]Nb M 3HaMeHATeJb

-3)(y+5)=9, orkyna y=—-6 wiu y =4; 6) -6; —4;

. 2
KaxKJa0H Apobu Ha X, IOJIOMKMTE Y = X + —, TOrAa ypaBHEHHE IIPUMET
x

sug 24 =12 55 VI3 ggy ) 7+J346) 1;4. Vrasa-
2y-3 y+1 2

Hue. Pazgennte Ha X YMCIHTENb M 3HAMEHATENb KaKAOH Apobu u

1+ J—

MOJIOMKHUTE Y —x+— 9.32. a) ——. Yka3aHue. Boigenas kBaji-

par pasﬁoc'rn B  JIeBOii 4acTH YpPaBHEHUS, TIOJIYYHUTE

x+1 x+1 +1 x+1

nepemenyio y = %-—; 6) “EV13 933 4y -1, 0; 3, 6) —4; 1; 0.
x+1 2

9.34. a) -2; 1; 6) 1; 2. 9.35. a) -1; 6) —2; 0. 9.36. a) 1; 2; 4;

6) -3, -1. 9.37. a) -1; 5; 6) -1; 0; 3. 9.38. a) 1; 2; 6) 0; 2.

939. x=-3npua=0, x=-0,50pua=1. 9.40. IIpu |a | > 2 wer

pemeHuii, Ipu a = 2 OAHO pelleHHe, Npu —2 < @ < 2 JBa pelleHud.

9.41. Ilpu |a|> V2 mer pemennit, npu | a|=+/2 oxmo pemenwue,

nmpu |a|<+2 nBa pemenus; x=§ mpu a=+2, xz_iz_g apu

2
(x— x ) 2x =3, o'rxyna( x ) 2L_3 0, nanee BBegUTe

a=-2. 944. a=0. Pemenune. Eciu x, — KOpeHb ypaBHEHMA,
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TO -— X, TaKKe ABJAETCA KOPHEeM ypDaBHEHHA, 3HAUUT, AJIA €JUHCT-
BEHHOCTH pellleHusA Heobxogumo, 4Tobwr x, = 0. B aTom cayuae us
ypaBHenusa moaydum a®> —a =0, T. e. a = 0 uau a = 1. IIposepum go-
CTATOYHOCTh KasKAOTO M3 IOJYYEeHHBIX 3HAUYEHUH IapaMeTpa: IpH
a =0 ypaBuenue umeer Buj x'!° =0, T. e. pellleHMe eJUHCTBEHHO;
mpu a = 1 ypasHenue umeer Buj x'° - | x | = 0, KopEAMH KOTOpOrO
apasawTesa yuciaa 1 u 0. 9.45. a =1. 9.46. a) (-1; y), y € R; (x; 2),
xeR, 6) (1;y), yeR; (x;-1), x>0. 947. a) (; 3

0) (—%; —-‘;3) 9.48. a) (-3; 2). Ykasauue. PaccmarpuBasa ypas-
HeHHe KaK KBaJpATHOE OTHOCHTENbHO X, Iojayuure D = —(y — 2)%, or-
Kyna y = 2. IIpyroit cmoco6: ymHoxkas Ha 4 ofe yacTu ypaBHeHHuA,
npejacTaBbTe ypaBHeHHe B Buze (2x + 3y)’+ (y — 2)2=0, 6) (1; 1).
9.49. a) (2; 1), (-2; -1). Ykaszauue. IIpuBegure ypaBHeHUe K BH-
ay (x-2y)2+(xy—-2)2=0, 6) (2; 3), (-3; -2). Yraszanue. Ilpu-
BeLUTE ypaBHeHHe K BUAY (xy -6 +(x-y+1)2=0
9.50. a) (-1; 2). Pemenue. (x2+2x+2)(W2-4y+6)=((x+
+12+1)((y-2)%2+2)>1-2=2, npudeM paBeHCTBO AOCTUIAETCSA
TOTAa M TOJBKO TOrja, Korga x =-—1 u y=2; 6) (2; -3), (-2; -3).

9.51. a) (1; 0), (-1; 0). Ykasaumue. x?2 +}1?>2 nnss Bcex x =0,

J4-ly| € 2 nna Bcex y € R; 6) (1; 1), (4; 16). Pemenue. Hcnoms-
3ys HepaseHCTBO KoIllM Mexay cpelHUM apudMeTHUYECKUM ¥ CPEAHHUM
reOMeTPHYECKHMM H HEeOTPHIATEeJbHOCTE MOAYJIS ].IeﬁCTBPITeJIbHOI‘O

cl2x -5+ 2 -
qucaa, umeeM: | 2x 5|+|5—2x|+“‘/§ x‘ [2x 5| s 5|+0 6,

_9
[2x-5‘
u \Jy = x, oTKyAa Haxoaum pemenus (4; 16), (1; 1). 9.53. B) O0%-

ImpuYeM PaBEHCTBO JOCTHUTaeTCA TOJNbKO TOTHA, KOTAa |2x - 5’ =

eJlMHeHHe IByX Jydeil ¢ obmuMm Hauyasom B Touke (0; 0): y = 0 npu
x 20, y=2xuopu x 2 0. 9.54. B) O6besuHeHue ABYX IIPAMEIX § = X
uy=0,5x. 9.55. r) O0beauHenue ABYX NPAMBIX y = —X U Y = X — 4.
VkasaHwue. 3anucaB ypaBHeHue B Bune y> + 4y + 4 = x% — 4x + 4,
moayuuM (y + 2)2 =(x - 2)%, ortkyga |y+2|=|x-2]|, T.e. y+2=
=x—-2 wm y+2=2-x. 9.56. B) Puc. 15. 9.58. 6) Puc. 16;
B) puc. 17. 9.59. 6) Puc. 18; B) o6BbeaWHeHHMe ABYX CHMMETPMU-
HBIX OTHOCHTeNbHO ocu Ox mapaboa y=x2>-2x u y=2x — x2,
9.60. r) Puc. 19. 9.61. 6) Kpagpar ¢ BepunHamMu B Toukax (2; 0),
(3; 1), (45 0), (3; -1); r) puc. 20. 9.62. B) OObeguHeHHE OKPYHHO-
ctu ¢ meurpom (0; 0) paguyca 2 m ABYX OPAMBIX Yy = tX, UCKJIKOYASA
Touky (0; 0). 9.63. a) OO0beaunenue BeTBeii runepbonnl xy =1 n
npamoit y = x, uckawdasa touky (0; 0); B) oObesuHeHUne BeTBeil ru-
nep6on xy =11 u nmpaAMbIX Yy =*x, wuckjawuas Touky (0; 0).
9.64. a) OxpyskHocTh ¢ nenrpom (1; 0) paguyca 1; B) o6benuHeHUE
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224+ y2— 2x| + 4y + 1<0

Ly

i : It~ 1y +2)> 0
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IBYX OKpyxKkHocreil ¢ mentpamu (0; 1) m (0; -1) u paguycos 1;
r) Vkasauue. Sanumwure ypaBHenme B Buae (|x|-1)2+
+(y+2)2=4. 9.65. a) O6beauHenne aByx mapabon y=x°-2 u
y=-x>. Ykasauue. Banumure ypaBHenue B Bume (x2-1)%=
=(y +1)% B) puc. 21; 1) puc. 22. 9.66. r) Puc. 23. 9.67. r) Puc. 24.
9.68. B) Puc. 25. 9.70. r) Puc. 26. 9.71. B) Puc. 27. 9.72. 6) Tou-
Ka (2; 3); r) puc. 28. 9.73. a) 4n; 6) 8n. 9.74. a) 2n. Yka3a-
Hue. Uckomaa ¢urypa — obbefuHEeHNE ABYX KDPYIroB C IEHTPaMH
(2; 0) u (-2; 0) paguycos 1; 6) 4n. YKasauue. Uckomasa ¢ury-
pa — o0peauHeHHe ueThipex Kpyros c¢ neurtpamu (1; 1), (-1; 1),
(-1; -1) u (1; -1) paauycos 1. 9.75. a) 2. Ykaszauue. Uckoman
durypa — IpsMOYTOJbHBIH TPEYrOJbHHK C BEPIIMHAMH B TOYKax
(0;4), (1;0) u (0;0); 6) 2n. Ykasaumue. MHcxkomas oury-
pa — 4acTtb Kpyra c¢ neutpom (0; 0) paguyca 2, nexxkamaa B I u III
KOOpAMHATHBEIX yraax. 9.76., a) 3. Ykasauue. Uckomas ¢urypa
usobpakeHa Ha pucyHke 29. 9.77. a) 4+ 2n; 6) 7. YkasaHwUue.
WUckomaa odurypa — uacte KBagpara ¢ BepminHamm (2; 0), (4; 2),
(2; 4), (0; 2), He Mexkamnaa BHYTPH APYroro KBaJApaTa C BeplIHHaAMH
(1; 0), (2; 1), (15 2), (0; 1). 9.78. a) 1; 6) 1+ 0,75%n. Uckomas ¢du-
rypa musobpakeHa Ha pucyHxke 30. 9.81. a) (4;9); 6) (7; 1);
B) (-3; -9); r) (- 2; -1). 9.82. a) (-5; 0), (-2; 3), (0; 5); 6) (3; 0),
(4; -1), (65 3); B) (3; 1); 1) (1; 4), (35 4). 9.83. a) (-5; -3), (-4; 0),
-3;-1), (-2;0), (-1;-3); ©6) (0;-5), (-6;-5), (-3;-4).
9.84. a) (-6; 2), (-1;1), (-11;3); 6) (3;-3), (2;2), (4;-8),
(-5; 37). 9.85. a) (1; 3), (25 4), (3; 3); 6) (-35 2), (-2; 1), (-2; 3).
9.86. a) (-2; -1), (-1; 0); 6) (2; 0), (3; 1), (3; —-1). 9.90. a) (2; 1);
6) (1; 2). 9.92. a) (3; V7); 6) (—V/5; —2). 9.93. B) (1; 1), (1; -1);
r) (1;-1), (-1;-1). 9.94. a) (5;0), (-3;2); 6) (1; 2), (-1;4);
B) (1;1); 1) (-1;-2). 9.95. a) (1; 2), 6) (-1; 2); B) (-10; -7),
1

1) . 2. ,1), . ) .
(35, —5], @; 1), (—5, 25), r) (05 4), (2,4; -0,8), (-12; ~20).

9.97. a) (1,5; 5,5), (2,5; 5,5); 6) (8; 0,5), (3; 1,5). 9.98. a) (x; b — x),
rore x23; 06) (x;6—-x), roe 1<x<T7. 999. a)(tt), rae
-2<t<0; (t;-t—4), tae 4<t<-2;0) (t;t+2), rge 0<t < 3;
(t; 8—-1t), rme 3<t<6. 9.100. 9.105. a = % 9.106. a=1,
b=-1. 9.107. a) a=4, (0;2); 6) a=6, (3;0), B) a>2,
(a—z; a+2} r) a < -1; a=—l. a>1. 9.108. a) (1; 2; 3);
2 2 3
6) (1; -3; 2); B) (1; 2; 5); r) (5; 4; 3). 9.109. a) (5; 5; —-2);
6) (-3; 2;4); B) (1;2;3;4); r) (1;1; 1; 1). 9.110. a) (4; 9; 9;
-3; 3); 6) (10; 9; -2,5; 3; -1). 9.116. r) (3; -1), (-3; 1).
9.117. 6) (2; 0), (-1;-1). 9.120. 6) (a; —a). 9.121. a) (1; 1),
(1; -1); 6) (1; 1), (2; 0), B) (25 1), (2; -1), (-2; VB), (-2; —Vb)
r) (1;0), (0;1), (-1;2). 9.122. 6) (3;2), (2;3); B) (2;1).
9.123. a) (3; 1), (1;3); 6) (5;1), (-1;-5); B) (1;1), (1;-1),

>
<

-]

276



(g; @) [§; —Q); ) (2-1), (-2 -1). 9.124. a) (V5; V5),
2 4 2
(=55 =v5), (8;-1), (-1; 3); 6) (0; 0), (2; 2), (-2; -2); B) (0; O),
(0; 3), (3; 3). 9.125. a) (0; 2), (2 0), (0;-2); 6) (0; 1), (03— 1),
(-0,5; 0). 9.126. a) (2;-1), (-2;-1); 6) (1;1), (-1;-1).
9.127. a) (-4 8), (-4;-3) 6) (1;2), (-1;-2), (-1;2), (1;-2).
9.128. a) (-1; 2), (-1;-2), (-4; 1), (~4;-1); 6) (-1; 1), (-1;-1).
9.129. 0,25. 9.131. 6), B), r) (2; 1), (2;-1), (-2;-1), (-2; 1).

9.132. a) (0; 0), %; % ;0 6) 852), (=23 B (1; 1)
6, 1 2

9.133. a) (1; -1), (7, 7); 6) (1; 2), (1; 0,5); B) (-1; 1), (x; 5),

rne x e R; r) (-1;9), (4; y), rae y € R. 9.134. a) (1; 1), (-2; -2),
1+V5 1-v5) (1-V5 1+5
2 > 2 ) 2 2
yPaBHEHUS cHUCTeMBI gpyroe; 6) (2; 1), (—4; -5), (0; 3). YkaszaHuwmue.
PaccMoTpuTe pasHOCTL YPAaBHEHHI CHCTEMbI M, 3alIUCAB IIOJYYEHHOE
ypaBuerue B Buae (x — 2)? — (y - 1)2 =0, mosyuure y=x — 1 unm
y=3-x. 9.135. a) (-1; -1). Ykasanue. Croxutre ypaBHEHUS
cuctemsl; 6) (1; 1). 9.136. a) (2; 3). YrkazaHue. Croxure ypas-
HEHUS CHCTeMbl M 3alUIIUTe TIIOJy4eHHOEe ypaBHEHHE B BHAE
(x-22+(@Wy-3)?%=0; 6) mer pemrenuit. 9.137. a) (4; 1), (4; -1),
(1;2), (1;-2). VYkasaumwume. Ci0OXHTe YpaBHEHHS CHCTEMBI;
6) (2;1), (2;-1), (1; V2), (1; —V2). Ykasaunue. Paccmorpure
pasHoOCT, ypaBHeHHIt cucrteMbl; B) (2; 1), (-2;-1). YkaszaHwuUe.
CrnosxkuTe ypaBHEHHSI CHCTEeMBl M mpeobpasyiiTe MoOJyYeHHOE ypaBHe-
HEe K BuAY (2x + 3y)2=49; 1) (1; 1). YxkasaHuune. Croxure ypas-
HeHUsA CHCTeMBl M moayuute x +y=2. 9.138. a) (0; 1), (-3; 1).
VY kazaHue. Paccmorpure passocTs ypaBHeHHii cuctemsbr; 6) (1; 1).
Yxaszanue. PaccMoTpuTe pasHOCTH ypaBHEHHMH  CHCTEMBI.
9.139. a) (2; 1), (-2;-1); 6) (1;2), (-1;-2), (-1;2), (1;-2).
9.140. a) (2; 1), (-2;-1); 6) (2; 1). 9.141. 6) (3; 2); B) (1; 2),
(8;0,5); 1) (2;1). 9.142. a) (25 -1), (-2;1), (1;-2), (-1;2);

6) (2;1), (1:2). 9.143. a) (2; 2), (—g; —2); 6) (0; a), acR,

. YxasaHue. Beiuture U3 ogHOro

(b; 1), be R. 9.144. a) (2; 1), (-2; 1). Yxagauue. IlepeMHOXBTE
ypaBHeHusa cuctemm; 6) (1;1), (-1;-1), (1;-1), (-1;1).
9.145. a) (15 1), (7; -2). Ykasauue. [lounenno pasgenure OZHO
YPaBHEHME CHCTEeMB! Ha ApPyroe, IpeABapPUTEIbHO IIpeobpasoBaB Iep-
BOe ypaBHeHHMe K Buay (x + 3y)(x+ 1)=8, a BTOpoe — K Buay
(x+3y)(y—2)=—-4;6) (2; 1), (-4; —2). YkasaHue. 3anucas cuc-
(x+y)(2x -3y +1) =6, azjesiuTe MOUYJIEHHO OLHO
(x-y)(2x-3y+1)=2/ pasA A

ypaBHeHHe Ha jgpyroe. 9.146. a) (3; 1), (1; 3), (-3; -1), (-1; -3).
Vrkasaunue. HWcnonsayiite pasenctso  x* + x%y? + yt = (x? -

TeMy B BHUIe
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—xy+y) @E+xy+y?; 6) (-2;1), (1;-2), (2;-1), (-1;2).
9.147, a) (2;1). VYkasaunue. IIpeobpasyiiTe cucreMy K BHIY
(22 +y®)(x-y)=5
(22 +y?)(x+y)=15
apyroe; 6) (15 2), (-1; -2), (245; 71_2-),(—2\/5; —%) Vxasaune.
Hcnonbayiite papenctso x* + 4y* — 5x2y? = (x2 + 2y% + 3xy) (x% +
+2y2 - 3xy). 9.149. 6) (6; 7), (7;6), (-5++6; -5-46),
(-5-6; —5+6). 9.150. a) (1;1); 6) (-1;-1); B) (1; 1);
r) (1; 1). 9.152. a) (0,5; 0,5), (0,5; -0,5), (-0,5; 0,5), (-0,5; —0,5).
Vxkasaunue. Beegure nepemennesie u=|x|, v=|yl; 6) (1; 2),
1; -2), (-1; 2),(-1; -2), (25 1), (2; -1), (-2; 1), (-2; —1). 9.153. a)
(-1+6; —1+46), (-1-46; -1-6), (2; 1), (1;2); 6) (3; 1),
(1; 3). 9.154. a) (2; 2), (-2+2V2; —2-22), (-2-22; -2 +2/2);
6) (1;-2), (-2; 1). 9.155. a) (3; 4), (4; 3), (11+\/ﬁ; 11—2~/'?ﬁ),
(11-2431; 11+2V31); 6) (2;3), (3;2), (-3++3; -3-43),

(-3-+3; -3++4/3). 9.157. B) (2;1), (-2;-1); (\g Jﬁ)
(—\/g; —Jz_l]; D (1 -1), (2-1), (-1;2). 9.158. 6) (I; 1),
1-v2; 1-V2). 9.159. a) (2;1), (-2;-1), (1;2), (-1;-2),

(\/g; \/g) (—\E; —E); 6) (1; 1), (-1; -1). 9.160. a) (2; 1), (0; 3),

(-3; 0). Yrasauue. YMHOXKBTE BTOPOE YypaBHEHHE HA 2 H CJIOKUTE
C OepBHIM, HOJYYeHHOe TaKUM 06pa3oM ypaBHEHHe SBISETCA KBaj-

, M TIOYJEeHHO pa3geJiuTe OJHO YypaBHEHHE Ha

2
aTHLIM OTHOCHMTeJbHO X —Yy; 6) (1; 1), (-1;-1), |2+413; = |,
p y; 6) (1;1), ( ) ( v J1—3]

_ . __ 2 . . 9. _ 5.1
( 2.13; - ) 9.161. a) (0; 0), (2; 1), (-2;-1), (Jﬁ‘ Jﬁ)

V13
5 1
——; ~-— | VYxasaHue. B cayuae y # 0 pasgenute obe uac-
( V13 413) y p
TH Ka)XJOT'0 ypaBHEHHsI Ha Y M BBeJUTE INlepeMeHHble U = x2 + y2,

v=§; 6) (1; 1). 9.162. a) (1; 2), (-2,6;-3,4); 6) (1;-2).
9.163. a) (-4; 4,8), (3; 0,6). Ykasaunue. BBegure mnepeMeHHBIE
u=x2+x, v=238x + 5y; 6) Her pemenuii. 9.164. a) (2; 1), (1; 2);
6) (4;-1) ® (251), (1;2) 1) (-15-1), (-2++2; -2-42),
(-2-+2; —2+42). 9.165. a) (V10; V10), (-V10; —10), (4; 2),
(-4; -2); 6) (2; 1), (=2; -1); B) (2; 4), (-2; —4); 1) (1; 3), (-1; -3).

9.166. B) (2; 1), (-2; —1),( -4 L) 9.167. 6) (-1; 1),

4._1 4.
NN N AN

278



(1; -1); B) (2 1), (=2;-1), ( 5. 2 ) (— 5 . ——%); r) (0; 1),

77
(0; -1). 9.168. a) (f f) (—%; —%, (1; -1), (=15 1);
6) (1; 1), (-1; -1), (% %) ( . r)’ 5) (0; 1), (0; -1),

(1; 1), (<15 -1); r) (15 0), (-1; 0), (1; 1), (-1; -1). 9.169. a) (1; 1),
(«fi; i) 6) (-4;-1; B (1;-1); 1 (1;-1), (1,5;0,5).

ﬁ ’

9.170. a) (1; -1), (-1; 1), (2%; %) (—2%; %) 6) (-1; 1), (-1; -1),
3., 2 _3._2 . 0. _ _5. 4
('ﬁ’ ﬁ)( 7 ﬁ)' 9171 2) (1), =25 1”( ek Jﬁ]
5. 4) 6 o 3..2) (3. 2
(Ta \/_)’ 6) (t9 t)a Pﬂe tGR, (\/—, \/——]9 ( \/E’ m)'
9.172. a) (0; 0), (1; 1), (1,6; -3,2); 6) (0; 0), (5 ;) (—%; —%)

9.173. a) (2; 1), (~2;-1). 9.174. a) (2V3; V3), (-2v3; —3),
(2475 JT), (2JT; =JT) 6) (8;4), (-8 —4), (T;1), (-T;-1).
9.175. a) (1; -1). 9.176. a) (2V6; 2v6), (-2v6; —26), (8; -2),
(-8; 2); 6) (-1; -1), (3; 2), (-3; -2). 9.177. a) (1; 2; -3), (3; 0; -1);
6) (2; 1; -1); B) (-1; 1; -1); r) (1; 2; -1), (-1; 4; 1).
9.178. a) (1;1; 2); 6) (3; 2; 1), (-3; —2; -1). 9.179. 6) (4; 1; 3),
(—273; —-277 4) 9.180. a) (1; 2; -3), (-1; —2; 3). YrkasaHunwue. Ile-
PEMHOXXUB NOYJIEHHO BCe YPABHEHHA CHUCTEMEI, HOJIy4YHuTe XYz = 16;
6) (1; 2; 3), (-1; -2; -3). 9.181. a) (1; 3; 2), (-1; -3; -2);
6) (1; 2; 3). 9.182. a) (1; 1; 2); 6) (-2;1;1), (1;1;-2),
(-1; -1; 2), (2; -1; -1). 9.183. a) (5; 3). Yrasauue. U3 mepsoro

yPaBHeHHA ClefyeT, uTo y > 3, 3HauMT, |y|=yu|y - 2|=y - 2. He-
paBeHCTBO CHCTEeMH npeobpasyiite k uay (y — 3)2 < 0, orkyna y = 3;
6) (2; 1). 9.184. (0; -1). Pemenue. IIpu x = 0 umeem y =-1. Ec-
aa x<0, To (x—-2)> 4, u, yunreiBasg, uTO ANAA Bcex y € R
2 - 1)? > 0, monyuaem (x — 2)% + (y® — 1)2 > 4, T. e. mepBoe ypaBHe-
HHe CHCTEMHI peureHuii He nmeer. 9.185. (1; 1). Yxaszanue. Ilep-
BOE YypaBHEHHe CHCTeMbl mnepenumure B Buie (x — 2y + 1)% +
+ (y — 1)2 = 0. Opyroit cioco6: mepBoe ypaBHEHHE CHUCTEMBI PACCMOT-
pHTe KaK KBajJpaTHOe OTHOCHTEeJBHO X, Torma D =-—(y - 1)2.

9.186. (1; 1), (~2%; —%) VY xaszauune. IIpeobpasyiiTe cucreMmy K
(x+y+1)(x-2y+1)=0, _

BHUAY {(x+y+1)(2x —y+1)= 9.187. (2; 1), (2; -1). Pemenue.

3anucas Bropoe ypaBHeHMe cucreMn B Buze (x — 2)% = 2 (y® - 1), mo-
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ayaum y® > 1, 1. e. y2 > 1. C apyroii cTOPOHBI, U3 BTOPOTrO ypaBHE-

, AJ1d Bcex X € R < 1, sHaunTt, y? < 1. Takum

4+ x2 4+ x
obpaszoM, y2=1u x = 2. 9.188. (-1; 1). Pemeuue. 3anucas mep-
BOE ypPaBHEHHEe CHUCTEMEI B BHIe (Y — 1)2 =x2-1, umeeMm x2 > 1, T. €.
x < -1 unum x > 1. Bropoe ypaBHEHHe CHCTEMEI IIepEIHIIEM B BHUIE
(x + y)2=-x% - x, otkyna x>+ x < 0, 1. e. -1 < x < 0. Takum o6pa-
30M, x=-1, nanee nmoyryyaeM y=1. 9.189. (2; 4).
9.190. a) (1; 1; 1); 6) (1; 1; 1; 1). Yxkaszauue. Cioxure ypaBHe-
HUSA CHCTEMEI M BOCIIOJIb3yHTEeCh TE€M, YTO CyMMa ABYX B3aUMHO 006-
PaTHRIX MOJIOMKUTEJbHEIX YMces] He MeHblre 2. 9.191. a) (2; 2; 2),
(-2; —-2; -2). Vkasauue. Ycnosue x2 + y? + 22 = xy + xz + yz pas-
HOCHJBHO ycinoBHMw x=y=2; 0) (1; 1; 1), (1;1;-1), (1;-1; 1),
(1;-1;-1), (-1;1;1), (-1;1;-1), (-1;-1;1), (-1;-1;-1).
9.192. a) (1; 1; 1); 6) (6; 6; 6). 9.193. 6) (4; 4; 0). Pemenue.
W3 BTOpPOro ypaBHEHHA CHCTEMBI cJeAyeT, 4To xy = 16, T.e. x u
Y — OAHOro 3HaKa, HO MX CyMMa paBHa 8, 3HauuT, x > 0 u y > 0.
HUcnonb3ysa HepaBEHCTBO MEXAY CDeAHHUM apudMeTHYECKHM H Cpej-
HHM TreoOMeTpHYEecKuM, uMeeM: 8 =x + y > 2\/x—y > 216 = 8, npu-

Huda y? =

yeM DaBEHCTBO BO3MOXKHO TOTZa M TOJILKO TOrAa, Korga x =y =4, U3
BTOPOTO YPaBHEHUSA HAXOAUM z=0. 9.194. a) (3; 1; 18);
6) (1;1; 0,5), (1; 1; -0,5). Ykasaume. Ecitm x>0 u y >0, 10
2=x+y+vJ1-422 22,/xy +V1-42%2 >2. PaBeHCTBO BO3MOMHO

TOTAA U TOJBKO TOoraa, Korga x =y=1u 1 — 422=0. Ecin x <0 u
y<0,Toy= l, x+l< —2, u, yunTeIBas, uTo v 1— 422 < 1, 3axiro-
x x

yaeM, 4To 2 = x + % ++4/1-42%2 < -2 + 1 = -1, NOAYYUIN IPOTUBODE-
ype. 9.195. a) a=6, (3;3); a=-6, (-3;-3); 6) a=2, (1; 1)
a=-2, (-1;-1); B) a=0, (-1;2); r) a=1, (0; 1). 9.196. m =0,
m=2. 9197. a) a=2,5; 6) a=18; B) a=10,5; r) a=0,75.

9.198. Her peurennit npu a < 0,5, a < 1;

yersipe pemenus npu a = 0,5, a =1; Bo-
bA |b<2la] cemp peleHHit opu 0,5<ac<l,
\ 't 9.199. a) Her pewennii mpu a < -32,
a > 3; oaHO peleHUe Ipu a = 3; ABa pellie-
Eus nopu -3 < a < 3, a = -3+/2; Tpu pemue-
HUA OpH a =-—3; 4YeThIpe pelIeHudA IIpHu
-8J2 < a<-8; 6) Her pemeHnuii npHu

¥

0 a<-5-5J2,a > -5 +542; OJIHO pellieHue

npu a=-5= 54/2; OBa pelIeHusa IpH

/ \ -5-5J2 <a<-5+52. 9.200. a=-2,
(0; -2), (v/3; 1), (—/3; 1). 9.201. p =+2,

Pue. 31 p=+3. 9.204. (-a-3;0), (a®+ 3a;

280



a’+ 3a+2). 9.205. a=1, (2; 1). Yrasanue. [Ipeobpasyiite cuc-

2 _ o
(x+y-8)" =a-1 9506 ,52*8 9007 4=11,
(x-y-1)2 =1-a.

a =*3. 9.208. a =14, (0,6; 0,8); a =6, (-0,6; -0,8). 9.209. a =2,4,
(1,44; 1,92). 9.210. (2; 3), (0; =-7). 9.211. a =2, (3; 4),
(-1; 0). 9.212. (1,5;9). 9.213. b=r=0,5; (1;0), (0,6;0,8).
9.214. Puc. 31. Ykasaunue. IlepBoe ypaBHeHHE CHCTEMBl SIBJA-
eTcA ypaBHeHHEM OKpy»xHocTu c mnentrpom (0; 0) pagmycom |a |,
BTOpPOe — ypaBHeHueM npsamoit y =b — x. Ecau | b | = \/§| a|, To npa-

Masg KacaeTcd OKPY’XHOCTHM, T. €. CHCTeMa MMeeT eIMHCTBEHHOe
pemenne. Ecan |b| <«/§|a , TO mpAMas IepeceKaeT OKPYMKHOCTH,

TeMy K BHIAY

T. €. CHCTeMa HMeeT ABa pelueHuA. Ecian lb‘> \/Ela

, TO npsaMasn

¥ OKDY’KHOCTb He II€PeCeKAlOTCA M CHUCTeMa peIUeHHil He HMeeT.
Urak, |b|<+2|a| 9.215. a=2. Pemenue. Ecan (xy; y,) —

pellleHne CHCTeMBI, TO (—X,; Y,) TaKKe sABJIAETCA ee pPellleHHeM. 3Ha-
YUT, AJA €JUHCTBEHHOCTH pelleHus Heo0XoJuMO, YTOOBI X, = —X,
T. e. pemenue wumeno Buj (0; y,). Iloacrasnsasa mnapy umcen
(0; y,) BO BTOPOE ypaBHEHHME CHCTEMBEI, IOJYYUM Y, =+1; u3 nepso-
ro ypaBHEHUS COOTBETCTBeHHO moayuuM a = 2, a =0. IIposepum
JOCTATOYHOCTh IOJIYYeHHBIX ycioBuii. IIpu a = 0 cucrema npuHHUMA-

y=|x|-1,

eT BU[ oHa umeer Tpu pemenus (0; —1), (1; 0), (-1; 0).

x2+y? =1,
y=2x*+|x|+1,

2 2 OHa Hume-
x“+y* =1,

IIpu a = 2 cucrema npuHUMaeT BHUJ {

eT eAuHCTBeHHOe peinenne (0; 1), Tak Kak i Bcex X € R
y=2x"+|x|+1>1 (paBerctBo mpu x =0), ¢ APYroil CTOPOHBI
(13 Broporo ypasmenus) y’=1-x2<1, t.e. -1 < y < 1, gHauur,
y=1.

§ 10
10.2. lzi2 kr. 10.3. 53%. 10.4. 90 p., 135 p. 10.5. Ilena nepsoro

TomMa 2 p., BTOporo toma 1,5 p. 10.8. 3 M, 6 m. 10.9. 35. Peme-

HHUE. HyCTb n — KOJHYeCTBO ydyalimxcsd, k — KoJu4YecTBO HeycHe-

k 1000

Baromux. Torma 2,5 < = - 100 < 2,9, oTtkyza —2—9——k < n <40k (1).

n
14
Ilpu k = 1 umeem 342—9 < n < 40, T. e. MUHEUMAJILHO BO3MOXKHOE YHUC-

JI0 yuaimnuxcsa paeBHo 35. Ilpu k£ > 2 Bce 3HAYEHUS n, YAOBJIETBOPAIO-
e HepaBeHCTBY (1), HE COOTBETCTBYIOT CMBICJY 3afavuu (n — KOJH-
yecTBO yuammuxcs B Kjacce). 10.12. 36. 10.16. 63. 10.19. 39 k.
Pewmenune, IlycTh X K. CTOMT meHAN, Y K. — JACTHK, 2 K. — KAPAH-
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x+y=40,
gam u t K. — terpaas. Torga jy+2=12, N3 panHOM CHCTEMBI
x+ 2+ 2t =50.

ypPaBHeHHUH Heo0XOAMMO oIpeAeauTh X + t. Jlas aToro, ciaoxus mo-
4JeHHO BCe YPABHEHUA CHCTEMBI, NOJYYUM X + Yy + 2 + ¢t = 51, u mo-
CKOJIBKY Yy + 2=12, t0 x + t = 39. 10.20. 65. 10.21. 11 uyenoBex uo-
JIyIHJINA OLEHKY 2, 7 JyeJIoBeK — OueHKy 3, 10 uenoBek — OLEHKY 4,
2 yenoBexka — ouenky 5. 10.22. 11 jgun, 5 Gepes. 10.23. 9 gesaru-
3Ta'KHBIX, 8 ImecTHagnaTusTakHeIX. 10.24. 6. Pemenue. Ilycre
X — KOJWYECTBO TPEXKOIEEYHHX, Iy — KOJHYECTBO HATHKOIEEYHBIX

3x+5y=53,(1)
moHer. Toraa {x +y <15, (2) Cnoxus nmoujseHHoO ypasHenHe (1) u

53 (3)

3y+5x> 15

HepaBeHCTBO (3), moayuum 8 (x + y) > 53 (1+ %), T.e.x+yYy> 11%.

YuuTteiBasa yciaoBue (2) ¥ TO, 4TO X + y € Z, UMeeM TPHU BO3MOYKHO-

CTH: x+y=12, (maHHass cucTeMa He HMMeeT IeJIBIX peuleHHi),
3x+5y =53

x+y=13, _ x+y=14 )

{3x +5y = 53, OTKyJa X = 6, {3x +5y =53 (mamHas cucTeMa He UMe

eT uenanlx pemenwit). 10.25. 2 Tpoiiku, 7 uersBepox. 10.27. 1 kr,
7 Kkr. 10.28. 21°, 42°. YkasaHuue. Eciu TeMmnepaTypa BOABI B TIep-
x+2y 35 u 31‘+4y_33

10.29. 1,64 kxr, 1,86 xr. Yxasauue. IlycTb B IepBOM cOcyAe CO-

BOM cocyle x°, a BO BTOpOM Y°, TO

+
JEePIKUTCA X KI' KHCJOTHI, a Bo BropoM — y Kr. Torza il—o—y =0,35.

x  a
ax @y

Ecau B3ATH IO @ KI Ka)XJOro pacTBopa, TO —4—2—6=O,36, T. €.
a

X+¥-0,72. 10.31. ™" . 10.32. 3; 4; 15. Yraszanue. Iycrs
4 6 m+n

X — KOJIMYeCTBO IIePBO# cMecH, y — BTOopo# u 2 — Tperweit. Torga

=%x+§z, B=§x+iy, C=%y+%z. HNnmeem cHCTeMY
1_.2.\(2..1.Y_q4.
(§x+§z).(3x+4y)—11.3,

1z2=1:5 t2=4:15.
(lx+gz)'(§ +lz)=11-8 OTKyZa X:2 u y:2
3*73% ) 4dY 73 “©
10.33. 21{11 muH. 10.34. Lbl; M — JJuHa 000Ja IepeHEro KoJjeca,
c—

E%M — anuHa of6oxaa 3agHero kKoJseca. 10.35. 50 cryneHek.

10.36. 4 xm/u. 10.37. 14 xm/u, 2 kM/u. 10.38, 4 4, 1%:;.
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10.39. 12 u, 15 4. 10.40. 75 4, 50 u. 10.41. 9 u. 10.42. 60 k™M/u,
100 km/u. 10.43. He 6Gomee 20 &km/u. Pemenue. Ilycts

U KM/Y — IIepBOHAYAJNbHAA  CKOPOCTH  BEJIOCHIIEAHCTA, TOTAA
60

- Yy — BpeMmd, 3aTpadyeHHOe Ha IyThb oT A i (o) B,
4 60-v
37571 Y — BpeMd, 3aTpadyeHHoe Ha nyThk oT B 1o A. UmeeM He-

4 60-v 60
PaBEeHCTBO §+ ) < > OTKyZa ¢ y4eToM, uTo v > 0, mojaydaeMm

y2+16v0-720<0, T.e. 0<v<20. 10.44. 10 kM. YKasaHuHe.

ITyers v, KM/4, U, KM/4 — CKOPOCTH IIEDBOrO M BTOPOI'O TYPHCTOB

1 1 1
COOTBETCTBEHHO, S KM — pacctosuue AB. Torpga ——-—= iz’
Vg 1y

s=250, m 25 +14 5 - 2 10.45. 4 xv. 10.46. 30 kM, 6 KM/4,
S5v, 6 v, 1y

4 km/u. 10.47. 35 km/u, 15 km/u. 10.48. 5 kM < s < 10 xm.
10.49. 3. 10.50. 8 km. 10.51. 1,125. Ykasauune. Ilycts vy, v,,
Uz — CKODOCTH IIepBOr0, BTOPOTO M TPEeThero aBTOMOOHJeil cOOTBeT-

1%
CTBEHHO, TOTHA —vl— =3y Y2 _o otkyza -3 = 4% -3 14
2v,-vg 2 2v,-ug vy, 3 vy 2
Uy _3.4_9
KM o0pasom, =3¢ §=§. 10.52. 60 xm/u. YkKazanue. Cko-
2

POCTh MAIIMHEI X KM/Y M CKOPOCTH IellleXoAa Yy KM/4 yAOBJIETBOPA-
46-30 30 11 46-30-11 3

+==1 —— =22,
x+y x y x 2
10.53. 1 m/c. Yrazanue. Ilycts x M/C, Yy M/C U 2 M/C — CKOpO-
CTH T[epBOro, BTOPOr0 H TPETHEr0 NJIOBIOB COOTBETCTBEHHO,

0T CHCTeMe YypaBHeHH# 2-

s M — paccrosane AC. Torga mmeeM cucreMy $-%.5= % +10,
x y

55_,,_9 - 55:9 +5, 20 55’;15 +10. 1054 5 xv/a < v < 10 kM/5.

Pemenwue. Ilycte uepes 1 u miaoT okaxercsi B Touke B, a BcTpeua

npousoiia B Touke C. Tpebyerca onpeneanTh, IpH KaKUX U HMeeT
AC + AC AC

10+v 10-

MeCTO HepaBeHCTBO U + 1) > 15 (*). Bupasum AC uepes

BC
v: == u — BpeMs, 3a KOTOpOe NJOT Onpomiawul paccroaHue BC,
v

BC+v
10+v
2

BC _ }13((;::, oTkyaa BC = —2- u AC=v+ % = 1()1)% IloacTas-
Jaaa HaiaeHHOe 3HaueHne AC B HepaBeHCTBO (*), mocJse nmpeob6pasoBa-
HM# moayuum v? + 250 — 150 > 0, otkyaa v > 5. Kpome Toro, us
yCJOBHSA oOueBHAHO, uto v < 10. 10.55. 240 xm. 10.56. 290 kwm,
2 km/u. 10.57. 2,5 km/4, 1,5 km/u. 10.58. 15 xkm/u4, 3 KM/4.

Yy — BpeMs, 3a KOTOpOe KaTep HpOmJbLI paccTosume AC, To-
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10.59. 360 m, 12 m/c, 3 m/c. ¥Yraszaunme. Ilycte xmM/c m
Y M/C — CKOPOCTH TOYEK, § M — JJIuHa OoJIbIIell YTy OKPY>KHOCTH,

10x + 10y = 150,
TOrJa UMEeT MeCTO CHCTeMa ypaBHeHHM# )14x + 14y = s,

s+150 90

x g

10.60. 15¢c, 18 c. Ykasauue. IlycTh X U Yy — CKOPOCTH TOYEK,
¢ — AJIMHA OKPYYKHOCTH (paccTOfHHE HU3MepseTcd B eIWHHIAX IJIH-

c e _
HBI, BpeMa — B cekyHjax). Toraa Jy x pellasg CHCTEMY
90x -90y =c;
OTHOCHUTENbHO t, = £ n t, = £, maxomum t;,=15¢, t,=18c.
x y

10.61. 36 mun, 45 muH. Yxkasauue. [lycTs s — AIMRA KOJbIEBOH
Joporn, t; 4 U t, 4 — BpeMs IPOXOXXKAEHHUS AOPOTH KaXIAbIM H3
aBromobuneir (4nsA ompenesleHHocTH cuuraem t; <t,). Toraa

(s s) 1 oTkysa t;, =0,6 m t,=0,75. 10.62. 6 smuxos,

15 smuxoB. 10.63. 14 m/u, 18 m/u. 10.64. 9u, 6u man 4y
48 muH, 14 v 24 mun. 10.65. 10 u, 15 u. 10.66. 9 4. YKasaHHue.

ITycTs pOM3BOAUTENBHOCTL II€PBOTO M BTOPOTro pabouero x neT/d u

60 60
— —-—=3, OoTKyAa
X

Yy OeT/4 COOTBETCTBEHHO, TorAa x+y =30 u

y=10. 10.67. 3u. Ykasaunue. I[lycts nmepBasg MaloIMHUCTKA MO-

JKeT HalledaTaTh I'JIaBy 3a X 4, a BTOpas — 3a Yy 4, TOTJa 141 % "
x Yy

§+§ = 2. VIcKOMOe YHCJIO YacoB PaBHO %y. 10.68. 4,5 m3, 1,5 M5,
y

Vxkaszanue. Eciu 3a 1 u u3 Gosbinneit TpyObl IIOCTYyIIAaeT X M2 BoAmI,

13,5 4,5

— 4+ = =6.
x Yy

10.69. %. 10.70. 8 u, 6 u. 10.71. Ilepseiit Tokaps. 10.72. 60%.

a u3 MeHbmelt — y mM® Boawsl, To 3x + 3y =18

Pemenune. IlyeTsr X, y B 2 — OPOU3BOAUTEJHHOCTH IIEPBOTO,
BTOPOTO M  TpeThEro YyYaCTHHUKOB  COOTBETCTBEHHO, TOTJAa
x+y+z=15(x+y),
Paspesuns Ha x KaKJoe ypaBHeHHE CHCTEMBbI,

4(x+2)=12y.

o " 2
IOJIYYHM CHCTEMY ABYX JINMHEHMHBIX YPAaBHEHUHU OTHOCHUTEJIBHO E H—,
x X

= %, T. e. y cocrasiser 60% ot x. 10.73. B 4 pa3sa.
Yrasaumne. Ilycts X, y U 2 — KoJHMuecTBA JeTajel, KOTOpble N3ro-
TOBJISIIOT B YaC COOTBETCTBEHHO IlepBad, BTOpas H TpeThA OGpuraibl.

M3 KOTOpO

] |
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Torma x+y+2=0,5x+0,5y+42 u x+y=2(y+2), OTKyAa
x:z=4. 10.74. 1,5 ,zum VYxaszaumne. I/Is YCIOBUA CJIEJYET, UTO

A+2B+B= %, B+ 2I'= 5 u B+ B+ T == CkiaazpiBasg MOYJIEHHO

IIepBOE€ M BTOpPOe pABEHCTBA M BLIYMTAs TpPeTbe, MOJIydaeM
A+B+B= g 10.75. 3 u. 10.76. 2 M®. Yk asanue. Ecix eMKOCTB

Gaxa V M°, NpONycKHKIe CIIOCOGHOCTH TepBOii U BTOPOit TPy6 x M3/u

V+2
" yM?’/q COOTBETCTBEHHO, TO K—K 1, =E u x-K=3.

y x v 4 x y
"3

10.77. 6 u. Ykasauue. I[IlycTs nmepBsIit Tpam‘op MOKEeT BCHIaXaTh

BCe IOJIe 3a X U, BTOPOM — 3a y 4, TOrAa g 1= = 3. Ecau TpakTOpHI

paboranu BMecTe ¢ U, TO g+t(l —)—1 —+(t+0 4)( J=1.
x x y x

Hckaoyus t U3 JBYX MOCIELHUX ypaBHemm, noayyuMm 3x = 2y. Pe-
Yy
3
y = 18, Ilocne yero maxoamm ¢t = 6. 10.78. 5 pmeraneii B uac. Yk a-

saHue. EciM NpoM3BOAHUTESBHOCTL YUEHHKaA X JeTajleil B yac, TO
30+ 60 35+1u 90 _35

2x  2x+2 x 2x+2

ABYX YpaBHEHHUI ¢ OZHOI rmepeMeHHOM, noayyuM x = 5. 10.79. 160 xe-
raneit. 10.80. 13 geraseit, 11 gerameii. 10.81. 100 M3, 140 m°.

10.82. 10 4, 6 u. 10.83. %V, 2v.

HIMB CHUCTEMY YypaBHeHHH 3x =2y u _Z =3, nmoayuum x = 12,

=0,5. Peurasg noayd4eHHYI CHUCTEMY

§ 11

11.5. B) 3<x<2; 1) x#+2. 11.6. 6) a >0, a#1; B) a < -1.
11.9. a) 43, ¥6; 6) ¥5, -¥2; B)i‘i/—, r)—if %/8.
11.11.a) 2< %2 <2,5;6) 0,01<%a <0,6. 11.12. a) -3<3a <3,5;
6) —0,8 <%a < 0,44. 11.13. 6) muHyc; r) Munyc. 11.14. 1) -2 <

<79. 11.16. a) x< -¥3,-¥2<x<¥2,x=>%3; 6) —37<x<§/_
B) -%5 < x < 9/5; r) x < -1 4 x> -Y3. 11.17. e) Puc. 32.
11.18. x) Puc. 33. 11.21. a) 2; 6) —-2.  11.25. B) —ab¥/b;

y y=k-1

T~

0‘1

RY

Puc. 32
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vy

-1 |0
Puc. 33

r) ab¥a®. 11.26. a) -3a|b®|c?¥/3; 6) 2a% |c®|¥2;8) a|b]|c?x
x¥Ya®; 1) |ab|c2¥bc. 11.27. a) -a|b|¥-a; 6) —|a|p¥-b;
) —a|b|c?¥-a; 1) |ab|c?¥~bc. 11.31. a) ¥a”; 6) -{/-b5;p)
—4/2a* mpua >0, ¥2e* mpua <0, r) ¥Y3b° opu b >0, -¥/3b® opn
b < 0. 11.32. a) Ya®b* npu b > 0, ~¥a’b* mpu b < 0; r) Y-a'%!
opu a > 0, -'Y-a'°b'! mpu a < 0. 11.37. B) 3; 1) % 11.38. a) 1;
1+4b
Vo
rae  b=1. 11.45. r) 9-33/2 +3/4. 11.48. 6) 0,5(2-%/8).
11.49. a) 4% 6) 1. 11.50. a) 1; 3%/3; 6) 0. 11.51. a) 8; 6) 81.
11.52. a) -1990, 6) 31. 11.56. 6) Puc. 34. 11.57. Pemenmue.

a) JlBaxabl IPUMEHAS COOTBETCTBYIOIee HEPABEHCTBO JJA ABYX IIO-
JIOKUTENBHEIX YUCeJ, UMeeM:

a+b+c+d +b +d +b +d
=1(a 48 );a ©*d 5 [Jab-ved = Yabed;

4 2 2 2 2

6) —1; B) 1; 1) -1. 11.39. a) 2; 6) 2, B) 4; r) 3. 11.43. 6)

a+b+c
6) I cnmoco6. [na AokasaTeJbCTBA HEpPaBEHCTBA 3 > ¥/abc

mojoxkuM a=x3, b=y3, c=2% wum Oymem JokasmBaTh, UTO
x3+ 3 + 2% > 8xyz. Iockonsry (x +y +2)3 = x3 + 3 + 28 + Bxy (x +
+y+2)+38xz(x+y+2)+3yz(x+y+2)-3xyz, To umeem x3+
+yP+28-8xyz=(x+y+2P°-8(x+y+2)(xy+xz+yz)=(x+y +
+2)((x+y+2)°?-8xy-3xz2-3yz)=(x+y+2) (x2+y?+2%2-xy-
—x2-y2)>20,Tak kak x > 0, y > 0 u z > 0 (o ycyaoBuio uKcia a, b
M ¢ — IOJIOXKHTEeNbHEIE) M OUeBHAHOe HepaBeHCTBO (x — y)2+ (y —
-2)2+(z-x)2 >0 paBHOCHIBHO HepaBeHCTBY x> + y? + 22— xy —
— xz — yz 2 0. BaMeTHM, YTO HEPABEHCTBO BLIPOKAAETCA B PABEHCTBO
TOTZa M TOJBKO TOTAQ, Korga x =y =2, T.e. npua=b=c. Il coo-

y 4
y=1-3x2—4fx+ 4
AO L >
_/_2 T 2 \ x
Puc. 34
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x+y+z+t

co6. B mepaBeHCTBe > 4/ xyzt, KOTOpOE JOKa3aHO B MyHKTE

a, OOJIOXKUM a = X, b = y, ¢ = z u 6yaeM ntoaGUpaThL YHCsIO ¢ TAK, 4TO-

+b+ec
(5] x+y:z+t= a+;+c, OTKYyJZa =2 Hmeem
a+b+c
a+b+c+

a+b+c _xt+tytz+t _

= = 3 >4 fabc . a_-l_-_!;_j—_c. Torapa
3 4 4 3

4 3
a+b+c >abc-a+b+c, o e. a+b+c > abe —
3 3 3
a+§+c>3«/abc. 11.58. 2+3%/a2, rae a=#+1. 11.60. 2 opu a >0,

b>20, a#b. 11.65. x>0, x#1. 11.66. Yxazauune. HcxonHoe
BEIPaXK€HHNE TOKAECTBEHHO DaBHO 2‘%[_17. 11.70. 9x2 + 66x — 23 = 0.

VkasaHHe. a=%, b=-—7§. 11.71. Ykazauue. Yucao 198919
okaHunBaerca Ha 9, uncyo 463%%2 oxanuuBaerca Ha 9, 3sHAUMT, @ Je-
autea Ha b=10. 11.72. B) x <-v3, x>+3; r) -J/5< x< /5.
11.73. B) x=0, 2<x<3; 1) 0< x < 5. 11.74. a) 8; 6) 4V2;8)
0,5(3vV3 +1); r) Her pemenwmii. 11.75. a) +3; 6) HeT pemenwmii; B)
-3/12; r) #1. 11.76. B) (40, 117). 11.77. 6) (g; 1%] 11.78. r) (-0,148,
3,22). 11.79. B) Ilnmoc; r) muayc. 11.82. a) -1; 6) 2, B) 0; 2; 1;
r) -1. 11.85. a) 4; 6) 3. 11.89. a) a2 + a%%; 6) b* - b*% 11.94.
1 11.96. 0<a<2. a) Ha, nmpu a=1, ©6) Her.

8ab’ 2a—-a?’

11.97. Her. YkasaHue. [JaHHOe BhIpa’KeHNEe TOXKAECTBEHHO PaBHO
1

m3.11.98. a+b, tnea >0, b>0.11.99. a+b, raea >0, b > 0.
11.100. - }7‘1‘;—‘;, rme a+b>0, a-b>0, b=0. 10.101. Yrasza-

Hue. JlaHHOe BHIpakeHue ToxKJecTBeHHO paBHOo 0,2. 11.102. Vk a-
3aHue. [laHHOe BHpa’KeHHUe TOXKAeCTBeHHO paBHo 1. 11.103. YV ka-

3aHHeE. lanHoe  BRIpa)KeHHe  TOMAECTBEHHO  DaBHO 2.

11.104. 2(b+a), rae a >0, b>0, a#b. 11.105. a, roe a > 0;

b>0. 11.106. ———, rze x>0. 11.107. Vx +y —z. 463
xg(l-x)

11.108. Y xazanue. PazHocTs apobeit 1eBoit 1 mpaBoil yacreil He-
1

paBeHcTBa paBHa 2 - x?, IlockoabKy Anf Bcex x > 0 MMeeT MecTo
1 1

x4 >0, To 2-x% <2.11.109. Yxasauue. PasHocTs Jesoit u mpa-

BOH uacTelf HepaBeHCTBa paBHa v3x. 11.110. Yxaszarnwue. Jleraa
1

4yacTh HepaBeHCTBa TOMAecTBeHHO paBHa (b+ 1)(b2 + 4)%2. IIna Bcex
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1

b > 0 (obsacTe ompenenenus) umeem b+ 1 > 1 u (bE +4)2 > 42, or-
1

kyma (b+1)(b% +4)2 > 16. 11.111. xe R, x#0, x#+l. Yxasa-
Hue. JleBafd 4dYacTh HepaBEHCTBA TOXKIAECTBEHHO paBHA 2.
11.112. a) 5v5;6) 1. 11.113. a < 0, a = 2. 11.114. Ipu a =-1,5,
a > 0 ogHo pemenue: x = ¥243; npu a < 0, a = -1,5 g8a pemerma
x =%243, x =¥-324%. 11.119. B) Pasnocunprer. 11.121. B) -1;
r) 0,75. 11.122. a) (1++/5); 6) 0,5(1—+/5); B) —2. YkasaHwue.
Mockorbky x <1, T0 | x — 2|=2 - x. 11.125. B) 1+6; r) -1, 2;
0,1(5++/134). 11.127. B) 3;r) —-1. 11.128. a) 1;6) 4; B) 3; 1) —1.
11.129. a) 1; 6) -1; B) 2; r) 1. 11.133. B) x =a upu a = 0, Her
pemenuit ompu a < 0. 11.134. a) 3; 6) 0,25; B) 6; 12; r) 0; 3; 4.
11.136. a) 3; 6; 6) —1; B) 12; r) 1. 11.137. a) 2. 11.139. a) 6;

6) —2; B) 15+6‘/_, r) 9.11.140. 5) —%; 1373-; r) 0,5. 11.141. B) O.

Ykazanue. ObiacTe onmpeieieHHA YpaBHEHUS COCTOUT M3 OJHOM
Touku 0; r) 3. 11.142. a) Het pemenunii. Pemenue. O6sacTs
onpenejeHUs ypaBHeHusa: x > 3. IlepenucaB ypaBHeHHE B BHIeE
\/;+\/x—3=2—x, zametTuM, uyt0 2-x=20, T.e. x< 2.
11.143. a) Her pelreHuiA. VkazaHHe. Vb+4x—x% =

=4J9—-(x-2)? <3, paBeHCTBO JOCTHUraeTcs npu x=2,

x2-2x+4=(x-1)2+3 >3, paBeHCTBO JOCTHraeTca NpH x = 1;
6) 1. 11.144. a) 2. Pemenune. Jua Bcex xe€ R wumeem
«/TZ —-x2 +4x = \/16 —(x -2)? < 4, npuueM DaBEHCTBO [OCTHUTAETCA

opu x = 2. BameruMm, uTo x2 - 2x+2=(x—-1)2+1> 0 ana Bcex
x € R, Torga, MCIOJB3YA HepaBeHCTBO Kommm, umeeMm x2 — 2x + 2 +
4 4

+—2—~—~22\/(x2 -2x+2) —5————
x°-2x+2 x“-2x+2

cruraercsa upu x =0 u x = 2. Takum o6pasoM, x = 2 — KOpEHb HC-
X0oAHOro ypaBHeHUsA; 6) 2. Pemre Hue. O6snacTe onpefeaeHuss ypaB-
HeHUs sajaeTcs HepaBeHCTBOM 4x —x%2 > 0, T.e. 0 < x < 4. Bame-
THUM, YTO \/4x -x2 = \/4—(x —2)2 < 2, paBeHCTBO AOCTHraercs Ipu

= 4, IpyUYeM DaBEHCTBO HO-

x =2. TakuM o6GpasoM, moiydaeMm, uto x> —12x + 18 <2, T.e.
x%-12x+16 <0, orkyza (x - 22 (x+4)<0u x <-4 uaum x=2.
VuuteiBas o06yacTh onpejesieHHWss YpPaBHEHUSA, 3aKJIOJaeM, 4UYTO
x =2 — KOpeHb HMCXOZHOro ypaBHeHua. 11.146. B) 0<x < 1;
ry 2<x<0, 1<x<3. 11.149. B) x >23; 1) -1,75 < x < -1,

x>7. 11.151. a) x=1, x> 2; 06) x<-3, x=2; B)x=1%,

x=>24,5;, r)x<-1,75, x =0,6. 11.153. r) x<~-9, x=0.
11.155. 6) -1 < x <24, Ykasauue. Ilosoxus vx+1 =y, sanu-
LINTe ZaHHOe HepaBeHCTBO B Buze y2 — 3y — 10 < 0.
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§ 12

12.4. n) (—]_)’H'l -2; e) (_1)n+1+2; 3) n(n+6)

_nnYD) . u) 13n +6;
(n+2)(n+4)

K) 124 - 25n; 1) M) (2n — 1) - 2% H) nl; o) 3-2%

ﬂ2 .
2n-1’
n) n?+(-1)%; p) 3"-2". 12.8. a) a,=20; 6) a,=28. Vkasa-

Hue. a,<0 nmpu n >5; B) a;=47; 1) a,=0,25. YKasanue.
n

< i:i, IpUUYEeM pPAaBEHCTBO MAOCTHraeTca Ipu n =2,

12.9. a) ag=ay=-51; 6) a,=-3. YkKasanue. a¢,=a3=a;=0,
a,>0upun >5;8) a,=12. 12.10. Yxasanue. ITocnenosaresnn-
HOCThb yObIBaeT, mpuueMm a, > 1 pjsa awoboro n € N. 12.11. Yka3za-
Hue. ITocmenoBaTeJbLHOCTh BO3pacTaeT, npudem b, < 2 ana sioboro
n € N. 12,12, a) OrpanuueHna csepxy; 6) orpaEuyeHa CHH3Y; B), I'),
I) orpaHMYeHa; €) He OrPAaHUYEHA; ’K), 3) OorpaHHueHa CHHU3Y; U) He
orpannyeHa. 12.13. Yucao 1 — HauMeHbIIaA BepxXHaAA rpa-
Huna. YkasaHwue. a,=1. 12.15. Mla. 12.16. a) k® + k® + k;
6) K5+ kY + B3+ K% 1217, 0,5 (1 + (-1)"*1). 12.21. a) la, n=T;
6) mer. 12.22. la, n=9. 12.23. a,, a,, a; 12.24. 4; 5; 6.
12.25. y;. Yxasanue. [Tokaxxure, 4TO HEPABEHCTBO ¥, > 2 BRINOJ-

Hﬂe'rcanpnn<1—«/§,n> 1+ 46, 1-4J2<n< 1+J§,nqunTe,
yro ne€ N. 12.26. 6. Yxasanue. E(y):(—oo; 8%] A3 ycioBusa

1
|8n - 16| < 85, C y4YeTOM TOro, UTO 1 — HATypajJbHOE, TMOJIYyYHUTe

BO3MOJKHBIe 3HaueHud n: 3, 4, 5, 6, 7, 8. 12.27. Ja, a,. 12.28. 41.

10
Pemenue. Ecau n — uerHoe, T0 x, = Ton_9’ pelllas OTHOCHUTEJIb-
n_

HO n HepaseHcTBO 0,02 < x, < 0,22, Haxogum n = 6, 8, ..., 50 (Bcero

23 smaueHus). Eciu n — HeueTHOe, TO X, = , B 9TOM cJjydae

10n-9
M3 COOTBETCTBYIOIIEro HepaBeHCcTBa nmojaydaem n =5, 7, ..., 39 (Bcero
18 sumauenwmii). 12.30. Her. 12.31. HeT. YK a3auue. VcooasayiiTe
To, uto n® —n kparmo 6. 12.32. a) 12; 6) 122. 12.77. Yka3sa-

mue. Jlokaxure, yro u, = 3" + 1. 12.78. Ykasanuue. [lokaxure,
uto u, =4" - 1. 12.79. Yxasanue. Jlokaxure, uro u, = (2n — 1)
12.83. a, =-6; d=4 umn a, =18; d =—-4. 12.84. 8. 12.85. -0,25.
12.86. -8. 12.87. a) [a; 6) mer. 12.89, 125. 12.90. 195.
12.91. ITpuHapjexur. YxasaHHue. d= %, Ey = (—oo; g]
12.92. 9, 10, 11, 12. 1293. a=2,d=4. YKasauue. B paBencr-
a,tag+...+ta,
BO —————— = 2n, cnpaBeAJHBOe JJIA JI060ro HATYDPAJIBHOrO 1,
noactasbTe n =1 u n = 2 u HaliguTe a, u d. IIpoBepkoit y6eaurecs,

YTO B IIPOTPECCHU C HAaWleHHBIM IIePBHIM YJIeHOM 2 M pPas3HOCThIO 4
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BhIIOJIHAETCS Tpebyemoe ycaosme. 12.94. 392. 12.95. -35.
12.96. 450. 12.97. 12 380. Yk a3aHnue. Yucua, BcTpeuaromuecs B
o0enx mporpeccuax, o6pas3yrT apudMEeTHUYECKYIO IPOTPECCHIO C Iep-
BBIM uJeHOM 17 u passHocteio 15. 12.98. 116. 12.99. 14 uau 35.
Ykaszanue. a=-12, d =0,5. 12.100. a = 10, b = 88. 12.102. a),
6) Her. 12.103. Her. Yxasauue. Eciu B nmporpeccuu ects OAMH
KBajJpaT LeJIOTO 4YHCcja, TO HX (KBaapaToB) — 0ECKOHEYHO MHOTO.
12,104, 10; 12; 14; 16; 18. 12.105. 15. Yxasaraue. Ecau sa cTo-
POHe TpeyroJpHHMKa pacmojiokeHo x 1mapoB, To 0,5x x
x(x+1)=x(x~-2). 12,106. 11 muua. Yxaszarnue. [IycTs BcTpeua
cocTOMTCA 4deped x muH, Torma 0,5 (2- 1,5+ 0,5 (x — 1)) + 5x = 99.
12,107. 1. 12.108. -1, 0, 1, 2. Pemenune. U3 ycioBUs HMeeM:
a+3d=a’+(@a+d)?+(a+2d)? orxkyaa 3a®+a (6d—-1)+ 5d?%-
—3d = 0. Tpe6oBaHNe HEOTPULATEIbHOCTH JUCKPHMHUHAHTA KBaApaT-
HOTO OTHOCHTEJIbHO @ YpaBHEHHA INPUBOAUT K HEpPABEHCTBY

24d? - 24d - 1 < 0. Tak Kak d > 0, To moaygaem 0 < d < &WIGE
IlockonbKy d — menoe u 1< 12+—2416—8— <2, to d=1. Torma 3ad? +

+5a+2=0, u BBHAY TOrO, 4YTO @ — lejgoe, HaxoauM a =-—-1.
12.109. 3. 12,110. 0,2. Yxaszanue. U3 ycmosua S;,=8,, - S;,

S, _2a+d(2n-1) _
Sy, —S;, 2a+d(6n-1)

nojgyuute 2a =d (1 - n). B atom cayuae

_dn _ i 5—7—
=a- =0,2, 12.111. 13. Yxasauue. U3 ycrosuit S os. -0,5
u 5.5 _ 3 moayumnrte paBeHctBa 6a + 11d + nd =0 u 2a - 5d +

Sn—2
+ nd = 0. UcKaw0UnB M3 MOJYYEHHBIX COOTHOIIEHHI a, DOKa)XuTe,
uto 2nd = 26d, otkyna (¢ yuerom d # 0) n=13. 12.112, 0,53 cm.
12.113. 1 cm. 12.115. 24 4. 12.116. Pemeunue. BuksaapaTHoe
ypaBHEeHHEe HMeeT JBe Naphl KOpHeil, mOIIapHO PaBHHIX IO MOJYJIIO
¥ IPOTHBOIOJOMXHBIX IO 3HAKY —~X;, —Xj3 X3 X;. IIOCKOJIBKY KOD-
HH o6pasyloT apudmMeTHueCKyl0 IpOTpeccHIo, TO 2X,=X; —
- x,, T. e. 3x,=x,. Kpome Toro, x2 +x2 =-p u x?-x? =q. Ume-

eMm -p=10x2, ¢=9x3. Bmaumr, 9p?=100q. 12.117. —9%.

12.119. 0 oukoB. Pemenue. OOmee KOJINYECTBO HUIP PaBHO
0,5n (n — 1), 3HAYUT KOJHUYECTBO OYKOB, HaOpaHHBIX BCeMH KOMAaH-
AamMu, paBHo n (n — 1). IlyeTs nocieguasa KomMaHga Habpajga X OUYKOB,
d — pa3HOCTh mporpeccud, roraa 0,5 (2x + d (n — 1)) n — koauue-
CTBO O4YKOB, H&6paHHbIX BCEMU KOMaHIaMH. Hs YPaBHEeHHusA
n{n-1)=0,5 (2x +d):-(n - 1) maxonum 2x =(n — 1) (2 — d), mo-
ckoampky d 22 1 n>1, to x <0, sHaumtr, x=0. 12.120. 25.
12.121. -51 uau 510. 12.122, 1; -2; 4 unu 4; —2; 1. 12.123. [a.
12.124. -0,5. 12.125. 8192. 12.126. Her, HampuMep IOCJeA0OBATEIb-

Hoetes 1; 3; 1; 3; .... 12.127. a) Her; 6) mer, 12.128. 1%.
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12,129. 2. 12.130. 64. 12.131. a=2, b=32 umu a=-18,
b=-288. 12.132. a=-5, b=-10, nau a=5, b =10, uan a = -5,
b=10, wim a=5, b=-10. 12.133. 38. Yrasanue. YIs ycroBuit
$,=0,125(S,-S,_4;) u S, - Sy=2§5, -9 nonyuunre paBeHCTBa
qg" =8 u ¢°=2. Takum obpasom, ¢" '=¢%?, T.e. n=238.
12.134. Pemenune. 3amMeTUM, 4YTO X =-—2 — KOpPeHb ypaBHeHUH,
npudeM o6GJIACTBIO OOpefeSieHUs YPABHEHUS HABJIAETCA OTPe30K
[-2; 2], smauumr, x =-2 — MeHbmIMHi KopeHb. MHrtak, b, =-2,
bi+b,2+b,°=-21+¢+¢)=-2(g*+0,5>+0,75<-2-0,75 =

=-1,5. 12.135. Moryr, ¢= }1+2~/3, 12.136. ~/32—1 <q< \/32+1.
1

12.137. g =ctg?| 45°-%|. 12.138. 1- —. 12.139. 60 p.; 90 p.
4 on

12.140. 18 x. 12.142. 12%, 24%, 48%. 12.143. 600 m/mumn.
12.144. Oa. 12.145. 3. 12.146. BoJsbmme cymMMa reoMeTpHYeCKOMH
nporpeccun. 12,147, -2. 12.148. 27. 12.149. 10 wmm 70.
12.150. 12,4 win 2. 12,151, 1; 5; 9 uau 17; 5; -7. 12,152, 18; —6;

2 mmu 2; —6; 18. 12.153. 9. 12.154. 2; 6; 18; 30 uxu 32; 16; 8; 0.

12.155. 421. 12.156. 2; 5; 8; ... u 3; 6; 12; ... win %; 76—9; %...

g; %; %; e 120157, 3-242; 1; 3+2J2. 12.160. 0,2.
12.161. 842 wuimm 248. 12.162. 6 pwr6. 12.163. —500 000.
12,164, 1886. 12.165. 35 392. 12.166. 577 203. Ykasaunue. Uc-
KOMasdg CyMMa eCTh Da3HOCTh CYMMEI BCEX HATYpPaJIbHBIX YHCEJ, He
npeBocxoaAmMx 1112, u cyMMEI Bcex HaTypaJbHBIX uHcesa go 1112,
Jenamuxca Ha 15. 12.167. 6735. Y kaszauue. PaccMmoTrpuTe ciay-
yau n=5k, n=5k+1, n=5k+2, n=5k+3 u n=>5k + 4, noxa-
JKUTe, UTO JIMIOD B caydae n = 5k + 2, re B — 1ejioe HEOTPHUIATEb-
HOe 4YHMCJIo, YKCJa BUjAa 3n + 1 JaoT npM gejieHMH HA 5 OCTATOK 2.
Hanee HaliiuTe CyMMy TPHALIATH IIE€PBBIX YJE€HOB apHpMeTHUECKOH
OpOrpeccuy ¢ NMepBbIM 4YjieHOM 7 u pasHoctbio 15. 12.168. 12 145.

k 2_,2
12.169. —8k% — 4k.  12.170. “’;k—‘;“”*). 12.172. ﬂil—:;ﬁ”_”.
n(2n-1)(2n+1) n(n+1)(n+2)

12.173. 12.174. 12.175. n? (n + 1).

E(E+1)(3k2-E-2)
24

12.179. é n(n+1)(n+2)(Bn+5). Pemenue. IIOCKOTBKY

a,=1-22=(2-1)-22=2%-22 g,=2-32=(3-1)-32=3%-32, ..,
e @,=n(n+1P=((n+1)-1)(n+1)2=n+1P-m+1)? 1o
a,+a,+az+...+a,=22+3+...+(n+1)*)-(22+3%+...+(n+
+1))=(13+22+3%+ ...+ (n+1)H-(12+22+32+...+(n+ 1)Y=

2 2
=(n+1) in+2) _ (n+1)(n+62)(2n+3) _ é n(n+1)(n+2)@n+ 5).

12.176. n® + 3n® + 3n. 12.177.

. 12.178.0,25n2 (n + 1)2

291



2 _ _ 2 _
12.180. "(”“"ﬁg 2n-1) 40 181. "‘””)(?;” *n-1) 42182,

VYkazaHue. Hcnonnayiite paBeHCTBO ! __1_ 1

B(E+1) E E+1

2
+3
k 186. — " *°"  yxasaume. Hecmonn-

12.184. —— . 12, . .
5(6k+5) 4(n+1)(n+2)

3yHATEe paBEHCTBO 1 =1 1 - 1 .
E(E+1)(k+2) 2 k(E+1) (B+1)Ek+2)

382+ 7k
12.187. 30(3k+2)(3k 1 5) Yrxasauue. HcooawsadyiiTe paBeHCTBO

1 _1 1 B 1
(B3n-1)(3n + 2)(3n + 5) 6 ((3n —1)(3n +2) (3n+ 2)(3n + 5))‘
12.189. (k+1)!—1.PemeHne.1-1!+2-21+3-3!+...+k-k!=

=2-1)-11+B-1)-21+(4-1) -3 +...+({(E+1)—-1) -kl = 11+
+31-21+4! -3 +...+ R+ 1D -Rl=(+1)-1. 12.190. 1~ T +1)’
. k 1 1
Y . =1 .
KaszaHUue HcnonwayitTe PaBEHCTBO FeDI - Bl (el
n? _ 1 1
12.191. P Pemenue. Ilockonsky a, = m re
1 —{1_1_ 1_1_ 1.1
) 1,ma1+a2+a3+...+an—(i 5 1)+(2 3 1)+( 1)
2
ol _1|=1- L _p=_ ™ 12192 1-
n n+l n+1 n+1 (k+1)2

12.193. 2 (n® - k?). Pemenwue. Ilycrs S, — cymma Bcex apobeit
(B TOM uuCJle ¥ COKPDATHMBIX), 3aKJIOUEHHBLIX MEXAY UUcIaMu k u n,

Torna Sl=k+5k+1+5k5+2+...+n=%(5k+5k+ 1+5k+24...+

+ 5n)=0,5 (B + n) (bn — 5k + 1). ITockoasKky umcg0 5 IIpocToe, TO
Apo6b cOo 3HaMeHaTeJleM 5 COKpaTHMa TOTAA U TOJBKO TOrJAa, KOTAa
JaHHas Opo6p — mesnoe uucio. Haitmem cymmy S, Bcex meamlx 4u-
ceJ, 3aKJIIOUEHHBIX Mexay &k ®u  n: Sy=k+k+1+Fk+
+2+...+n=0,56(,+n)(n-%k+1). Hckomaa cymMmMa paBHA
S, —8S,=2(n?-k?. 12194. 3™ + m? - 2m — 1. 12.195. —2k% + 13k +

n+l _ _
+0,25-5+%_0,25. 12.196. 49 - 2°° + 1. 12.197. 219 819” 100,
(a2n _1)(a2n+2 +1)
a®" (a2 -1)
12.199. 0,5n (n + 1) npu a = 1; @

12.198. +2n, ecim a#*1, 4n, ecam a==*1.

(na"*'—a*(n+1)+ 1) upu
1)2

a#1.12.220. a) -0,75. 12.221. a) 0,5; B) 0,25. 12,222, r) 0,25.
12.223. a) 0,5; 6) 1,5; B) -0,5; n) . Ykas3auue. I[Tokaxxure, 4to

=D +2) 4007 4. 12.228. 11, 12.229. b=1, ¢=1.
3(2n3 +1) 3 3

n
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12.232. -1 < x < 0,5. 12.233. -3, 3. 12.234. 1,125. 12.235. %;

wWin

12.236. 8x% — 63x — 8 =0 nan 24x2 — 37x — 72 =0. 12.237. 42 %
12.238. l. 12.239. 4. 12.240. (8 + 4V2)a, 2a2. 12.241. 6a(2 +3),

a?/3. 12.242. naJ_ E‘L 12.243. a) 1;6)

§ 13

13.13. r) 5; 1;e) 0; —1. 13.14. B) 2;-3; r) 7; 0. 13.15. a), 6), B),
r) mer. 13.21. a) cos—ll1 > cos? ﬁ 13.22. a) Ilepsoe Gousmie.
13.23. a), 6) Ilepsoe Mensbuie. 13.25. Ykaszanue. Hcmoasayiite
HEPaBEHCTBO TPEYroJbHUKA, OIpeAeJeHMe CHHyca M KOCHHYcA.
13.34. a) 0,5-(3—+/3). 13.35. a) 0. 13.36. a) 1;6) 1. 13.43. a) 1;
6) 1. 13.44. 6) —+'Zz5 =1;B) x*-2y=1.13.50. 6) 0,25; B) me cy-
mecTByeT. YKa3aHHUe. YMHOXKbTEe 3HAMeHATe b Apobu Ha cos? o +
+sin? o, mocJie Yero pasjgeuTe YHCIMTENTL M 3HAMeHATENb Ha sin® o.
13.52. a), 6) Haubosbinero v HaMMeHbIIIEro 3HAYEHU He CYIIEeCTBY-
er. 13.53. a) 1; 6) 1. 13.54. 3) cos® o; 6) 0,5 ctg? o. 13.55. Vka-
3aHUe. 3HaYeHNe BHIpayKeHus paBHo —1. 13.56. YxasaHue. 3Ha-
YyeHHe BRIPaXKeHusa paBHo 2. 13.59. a) -1; 6) 1. 13.62. 6) Yra3za-
Hue. IloxauTe, UTO pa3HOCTHL JIEBOH M MOPaBOM 4YacTH JO-

_ 2 912

~(8cos®-2)" 1364, a) Ykasa-

sin? a

Ka3bIBAEMOTI'0 HEPABEHCTBA paBHAa

HHUe. HcnonnsyiiTe HepaBeHCTBO —% <-1<sina<1< g
13.67. a® —a% 13.68. % 13.69. a) 3,125; -3. PemeHue.
2cos’a—3sin 0=2-2sin? a—3sin o =-2¢t2 -3¢t + 2, rge ¢t =sin 0,
T.e. -1<t< 1. Dyarnusa y(t)=-2t2-38t+2 BospacTaer Ha
[-1; -0,75] u yobiBaer na [—0,25; 1]. 3HaunuT, HaubGoJblllee 3HAUCHUE
dysknuu y (t) pasHo y (-0,75) = 3,125. Kpome Toro, y (-1)=3
y (1) =-3, cremoBaTeJbHO, HauMeHbIIee 3HaueHHe GyHKUIMU Y (1)
paBao y (1)=-3; ©6) 3%; -2. 13.70. a) 0; -1,125. VY kKasa-

Hue. IIpuBeguTe BRIpa)KeHHe K BHUAY 22—t -1, rae t=
=|lcosal|, te[0;1]; 6) 3,125; 2. 13.71. 0,25. Peme-
Hue. sin® x cos? x (2 — sin® x) = (1 — cos? x) cos* x (1 + cos? x) = (1 -
—cos*x)costx=t—t% rme t=cos*x, T.e. 0<t<1. DyHRUUA
y@)=t- t2 pgocTuraer mHamboaspnero BsHaueHMa npu t = 0,5,

y (0,5) = 0,25. 13.72. a) -1. PemeHnne. tg2 o + - pyoie
-1 R SRS T B =1
— e 1=t +t-1, rae t Ow, r.e. | t|> 1. Odyaxkuus
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y(@)=t2+t-1 y6umaer mHa (°°; —1] u Bo3spacTaeT Ha [1; o0).
IlockoaeKy ¥ (-1) =—-1 u y (1) = 1, To HauMeHbIIee 3HAYEHUE PYHK-
uuu y (¢) npu |t | > 1 gocruraercs mpu t =-1 u paBHo —1; 6) 1.

Ykasanue. PaccMorpure dyukmuio t2—t+ 1, rae t = _1%, T. €.
cos

t>1. 13.77. a) V3. 13.81. 13.89. a) V2; -V2; 6) 2; -2.

13.91. a) 5; -5; 6) /29; —/29. 13.92. a) 1,5; 6) 1,5. 13.93. a) 0;
6) 0. 13.94. a) tg2P; 6) —1. 13.99. —2++/3 mm 2+ /3. Yrasa-

ks

Hue. ITokaxxure, 4TO COSOL = —‘/22, T. e. tg o =11. 13.100. 6) —7—?.
Yrkaszauue. sino = si a-T|+2 i—‘C+£ oa—=|; na-

ne. sin sin (( 1 ) 1 3 3 2 cos 4 aa
Jiee MOKAaXHUTe, YTO COS (oc - %) = 1— 13.101. o = %’5 = g Peme-
Hue. ITockoapKy O + =T, TO, HCNOAB3Yys (OPMYJILI I pHBEAEHUId,
nepenuieM yciioBHe B BUJE sin % +cos % = 1,oTKyZa
sm(azB 4)=gn% % I, TakK Kaxz<%+z<% Takum

obpasom, P = g, TOrAa O = % 13.103. (1, J§] Vkasauue. Ucko-

Moe OTHOImIeHMe PaBHO +/2 sin (o + 45°), rie 0. — OCTPEIA yroJa mps-

MOYTOJIBHOTO TpeyroiabHuka. 13.107. % 13.114. a) 60°; 6) 15° uam

75°. 13.116. a) —%; 6) —g. 13.117. a) -242;6) 2. 13.118. a) 1;

2cos20+1

2(cos2a-1)’
13.126. 3+2+2. Yrkasanue. BanucaR BhIpakeHHe cOS 20, 4epea
tgo.  (cm.  Ne 108 (6)),  madiamre  tg o  13.127. -3 %

13.130. a) 0,125; 6) 0. 13.131. a) 1; 6) 1. 13.132. a) 0,5; 6) 1.
13.133. a) 2 cos o mpu 0 < o < g, 2 sin o npu % <o< g; 6) —cosE

6) 1. 13.119. tg 2a > > 2 tg . 13.120. 0,875. 13.125.

4
npu 2n < B < 3m, sin% upu 3n < B < 4n. 13.134. a) 2; 1; 6) 2; —1.
13.135. a) 1; 0,5; 6) 1; 0,25. 13.136. a) 3; -1;6) V2 -1; —V/2 -1

13.137. a) 0; -1,125; 6) 1,125; 0. 13.138. 0,5m% |m|< v2.
11,212

13.139. m +0,5; -1 < m < 0. 13.140. 47Tt_ 13.144. a) 0,25;

6) 0,125. 13.145. a) 0,125; 6) % 13.149. o = 135°, P = 45°.

13.150. o.=30°, B =120°. 13.151. o =15° P=75° mmm o= 75°

B=15° 13.152. 0= 60°, B=30°. 13.153. a=45°, P =90°.
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13.154. i—‘?. Pemenune. 3amucaB IepBoe HEPaBeHCTBO B BHJeE

6 cos? o + cos o0 — 2 < 0, HAXOZUM, UTO —g € cosa < % M3 BTOporo

HepaBEeHCTBA II0Jy4YaeM, UYTO COSO < —-% HJIN COS Ol 2 -g— Takum obpa-

30M, COSO = —g cosE =+ Lrcosa _ i-@. 3.155. iﬂ.
2 2 6 7

13.156. a) ) ——. 13.157. Pauumonansurim. 13.158. Pa-

HHOHAJNBHBIM. 13.169. a) 0, 6) 0. 13.173. a) 0,5; 6) 2. 13.176. 2;
-2, 13.177. a) 1; 6) 1. 13.178. a) —‘/_cos2a, 0) ‘/_cos2B

13.180. Mla. 13.183. t4/2; |t|> V2. 13.184. 2< b < 3; 2,75 -b.
13.185. -0,5<a<0,5; a-0,5. 13.186. %. 13.192. a (2 (1 -
—2a%2% - 1). 13.193. 4a (1 - a?) (2a%2 - 1). 138.195. a) %; 6) %.

sinw'cos(a+ﬂp)

2 2
13.197. a) -0,5; 6) -0,5. 13.200. , €eCJIH
@
sin —
2
o#2nk, keZ; (n+1l)cosca, ecau ¢=2nk, ke Z.13.201.
. (n+l)o . ne
sin 2 sin o+ —
, ecnu Q@#2nk, ke Z; (n+1)sin o, ecan
sin2
2
¢o=2nk, keZ.

TemaTuyeckmne cepum ansa opraHu3sauum
3aKNI04YMTEsSIbHOro NOBTOPEHUS

Cepusn 1. 2. Her. 3. n=3k -1, ke N. 4. Her. 7. n — ueTHoe.
16. Her. Pemenne. IlycTs cymecTBYIOT Lesbie YHUCiIa @, b U ¢ Ta-
kue, uTo b? — 4ac = 1991. IlepenuinemM HaHHOe DABEHCTBO B BHIE
b-1)(b+1)=4ac+ 1990. Yucna b — 1 u b + 1 oguHAKOBOIH YEeTHO-
CTH, €CJIH 063 3TN YHCJIa HeYeTHhIe, TO JieBasa 4aCTh — HedYeTHOe YHC-
Jo, a IpaBassi — 4eTHOe, NoJy4aeM IpoTuBopeune. Ecau ke oba umc-
Ja b—1wu b+ 1 ueTHsle, TO JeBasAg YaCThb — YHCJO, Jejslneecsa Ha 4,
a npaBasi — HeT. ITonyunau nmporuBopedue.

Cepna 3. 7. a) a;=2b-3c, a,=>5c—b; 6) b, =0,5 (a + 30),
by=5c-a; B)e;=20"2% ¢,=0,2(a+b). 8 x=1. 9. x=-%,

3 E
y=1.13. a=0,2=1,a=16.14. a <0; 0< a < .

03
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Cepusid. 4. 4. 5. -3,5. 6. —%‘; ~1. 7. Her pemexus.

8. x=0,25 (15 -a) upn a # 3, HeT pemenudt npu a=3. 9. x=1
npua=4;x=4npua=1;x=1,x=4npua#1u0+4.10. x=4
npua=1wma=4;x=a,x=4npuazlua=4.

Cepua 5. 4. a =-40,25. 5. a= 19%. 7. a) (1; 6), (6; 1); 6) (1; 3),

(65 0,5); B) (1;-2), (6, —%J: r) (2; 3), (3; 2), (55 1), (1; 5).

Cepus 6. 1. Her pemenuit npu a < 0, x =0 ipu a = 0, x = +a npu
a > 0. 2. Her pewenuit npu a =0, x = 3 upu a # 0. 3. Her pemre-
a

HHﬁnpnd:l;xeRnpnazo;x=—1—1npna¢0Ha¢1.4. Her
a—

pemenuii npu a = 3, x =a opu a # 3. 5. Her pemenuii npu | al <12;

[.2
x=ai+144 mpu |a|>12. 6. x=-3 npu |a|=8, x=ta
npu |a|=8. 7. x=a, x=a+1. 8. x=1 nmpu a=0; x=-1
npu a=-1; x=a, x=a+1 npu a#-1 n a#0. 9. x=2 npu
a=2, x=4 npu a=3, x=a, x=a+1 npu a=2 u a=#3.
10. x=1nopua=0; x=-2npua=-2; x=a,x=a+ 1 apu a#-2
na=0.

Cepmnsi 7. 1. Her pemiennsinpu a < 0,3 -a<x<3+amnpua > 0.
2. xeR upn a<0, x#4 upn a=0, x<4—-a, x >4+a npu

a > 0. 3.x>%npn a<0, xe€ R npu a=0,x<%npn a>0.
4.xeRnpna=—1,HeTpemeHnﬁnpnaz1,x>ﬁnpn|a|>1,
x<;l+—1 mpu |a|< 1. 5. a < x <3, Her pemeHuii npu a =3,
3<x<amnpua > 3, npna<3.6.x<—3npna<0;x<—3,x=0
npua=0,x<-3,-Ja<x<Jampu0<a<9;x<-3 -3<x<3
npu a=9; x < -Ja, —3<x< Jaopua>9.7. xeRupul|a|<6,

a-+a%-36 > —a+1/a -36
2 r

opu |a|> 6; x # 3 npu a =-6;

x#-3 nwpu a=6. 8. Her pemenuit mpu |a|<6,
—a-,a%-36 —a+./a?-36
—a—g—sxsa—:— mpu |a|>6; x=38 npm a=-6;
x=-3 npu a=6. 9. x € R upu a < -2,25; x;tg npu a = -2,25;
~3+.,9+4a -3-./9+4
x < (9 a. x> ¢ npu -2,25 <a <0; x<§ npu
a

npu a > 0.

a

-3-.9+4a -3+ 9+4a

 —— < < —
a

a



Cepnsn 8. 2. a) y=-0,2x%-0,8x + 2,2; 6) y = 4x? — 40x + 84;
B) y=—x*+38x-1; r) y=5x2-3x—-1. 8. a) a<0; 6) b>0;

B)—8<£<—3.
a
Cepuna 9. 1. a) -7; 6) -1; B) —5; r) 2,875. 2. a) 1; 6) —3; B) 27;
r) -2,9375. 3. a=7.4. a=%12. 5. a=1. 6. a=-3. 7. 10. 8. 18.

9. 2.
Cepus 10. 2. a) 0<x<2, 5<x<T7; ©6)x=0, 2<x<
B) <0, 0<x<2 x>4;r1) 0<x<0,5 x>2. 3. —§ a<

’

wll\')rh

4. a > 0. 5. a<—;,a>16 a>16.7. -1<b<1.

Cepus 12. 2. a) —0,2; 0; 0,1(~1% +/61); 6) 0; 11F a) 1,
0,5(3++/5); 6) -1, 0,5(-3++5); 1) 0,5, 2. 4. a) -4,4;
6) 0,5(-3++/13). 5. a) -2; 2; 6) -3,6; %; B) 1; 4;0,1(-23 £ /609);

r) 1; 3; 5+3V2; 1) —é, Lsig—l—ﬂ

x=a?~8a~-1; 6) mer pereHuMit opu a < -3,25;
x=0,5(3+v13-4a) nmpu -3,256<a<2; x=0,5(3x+v13-4a),
x=-1t+a-2 upu a > 2.

Cepusi 13. 2. a) a#+1; 6) a=-1; B)a=1. 4. a) |a]|> 6,72;

a) x=a%+ 2a + 3,

6)|a|—672 B) |a|< 6,72. 6. a) (-3; 14; 6; —10; —6);6)
1 1 '—1 —_ = — = = -
-3 1g0 6 = 6) ( ,1,5,3,6). 7. a=-3,b=12, ¢ =-12

HIH a——108 b=-1,44, c¢=-0,48. 8. a=0,5, b=186,5.

9. a < -6 -245, -6+2J_<a 4-2Y3,a>4+23.
Cepunsa 14. 1. 77. 2. 55. 3. 657. 4. ApupmeTuuecKasa IPOrpeccus

n-1
—. 8. H
Toida O e
6) HeT; B) HerT.

Cepus 15. 3. a=-4, a=0,5, a=4, a=32. 4. a=-7,8125,

¢ nepBbIM ujieHOM 11 u pasHocTtsio 126. 7.

n_ 2 1 - 2n
a = 0,0625, a=4.6. 6) ‘1171; B 1—_q—) +
a;9q" "' (g -1 1-q2
2 1-g" 2 1— 2n 2n-1
+ al( q )+n; F) al( qz )+ 2 2q 2 2 +2n. 7- 192+'\/§’
1-¢ 1-g aZq®m%(g%-1)

7T+4V3 mmm 1,243, 7 - 443. 8. 4-242, 4, 4+2J2 unn 4+ 22, 4,
4-2.2.9. V apudmernueckoit nporpeccuu. 10. Ia.

Cepusi 16. 4. a =—6,75. 5. a=§, b=—%. 6. a) x < 1;

6) cos 3<x<cos4.8. a) 0;6) 0; B) 1; r) O.
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O606waiowme U NposepoyHbie pa6oTbl

Pa6ora 1. 1. C 2. 30 kM. 3. —0,1(4/3 +3). 5. 40.

a—

14J7-24 1 1
Pa6ora 2. 1. £.2. 2.3, ———.5. V6 -2——;2+——4/6.
x%-1 49 J_ 2.3 2 J—

Pabora 3. 1. a+b. 2. 42 gua u 33 gusa. 3. 0,25 npm n = 4k,
keN; —0,125J3 mpn n=4k+1, keZ, k>0; 0,125J3 npu
n=4k+2,k€Z,k>0;0,25upun=4k+3, ke Z,k>0.5. x=5
npu a =-0,5; x=—§ npu a=%; x=-1 opn a=1; x=a-2,

x=4-2anpna¢—0,5,a¢%,a¢l.

Pa6bora 4. 1. 2— 2. —Enuen,3<a<6 3. 0; npna—731{aqe-
a

13=w
HHUe BrIpa)keHus paBHo 0; mpu o = BTy BhIpa’KeHUe He OIpejeseHo.

5. Yepes 1,44 u.
Pa6ora 5. 1. 1 — 2. 2 310°P) ")i‘l\p <10.3. 1,5.5. x < -5, x=3.

2(p-5)
3
Pabora 6. 1. ™ .. 2.0,25(2m+1+J4m? +1). 3. _2‘5/5; -,
-2 4. n=21,m=-20.5. a<0,a> 2L
1 29

Pabora 7. 1. vx—-a.2. 3 km/y.3. -0,125.4. 16.5. a=1
Pa6ota 8. 1. -5. 2. 54. 4. _5‘ 5. (ﬁ g} (—-‘@; —‘/_),

3’ 3 3
27, ﬂ) (_zﬁ. _ﬂ)
—7—9 7 ’ 7 ’ 7 ”

V]

Pa6ora9. 1. 1. 2. 12uun 154. 3. 1,5. 5. 12.
Pa6ora 10. 1. 1 .2, 10w n 15 9. 3. [-V2; —1) U (-1; 1) U(L; V21.

4. a,,=-1045, a1—0 5. n< x <1 mpu a <0; Her pemeHmi

1 . _ 1. 1

npu a = i—a

x> 1npua > 1.

Pa6bora 11. 1. -6, 7. 2. 4 <x <1, x=2. 3. 16 km/4, 12 km/4.

. 7 . 3
4. sino=——, sinf=—2_, Yxkasanue. f(x)=0,25 (2% —-4), x > 2.
V130 B V130 7(x) (

Pabora 12. 2. x<-3,-1<x<0,5@8 -,17),0,5(8+V17)<x<5,
x=10. 3. 225° 4. 90 km. 5. 1.
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Pabora 13. 1. 36. 2. 2, 14, 98. 3. 1‘2;@. 4. 1-V4a® — 1.
6. 150 r, 450 r.

Pa6ora 14. 1. 5 xm/a < v < 7 kM/4. 2. 0,5. 3. 5000 p. 5. — 98,

83
Pabora 15. 1. -10 < a < 10. 3. 8 gerasneii. 4. 0,8. 5. 1 < x < 14,
Pabora 16. 1. 0 < x <

4. 5.5. |a|=3813.

%, x>1. 2. —-5%. 3. Bomee uem Ha 20%.
Pa6ora 17. 1. -2 < x<-1,5, -1 <x < 1. 2. 11 M/c wm 9% M/c.

5. —0,25+/2.

Pa6ota 18. 2. Ha 3*. 3. a) 1; 6) 2,5n. 4. 9 uenoBex. 5. %
Pa6ora 19. 1. 8%. 2. 6, 17.3. 35.

Pabora 20. 1. 26 Terpageii B xieTky U 31 TeTpanbr B JHHEHKY.
3. a=-6,-5, 4, ..., 14, 15. 4. 1625.
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