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MPEOAUCJ/IOBHE

Hacrosiiuu#t 3ajayHUK-MPAaKTHKYM I[peZHa3HaueH [Jif
CTY/JIeHTOB-320YHHKOB MaTeMaTHUeCKHX OTHeJeHHH (H3HKO-
MaTeMaTH4YecKUX (aKyJ/bTEeTOB Nefaroruuyeckux HHCTHTYTOB.

3afauyHUK-NPAKTHKyM COCTaBJIeH B COOTBETCTBHM C MHPO-
rpaMMoO# Kypca 3JieMeHTapHOi MaTeMaTHKH u3nanus 1957 r.,
OJHaKo pacroJjioxKeHHe MaTepHa/ja B 3aJauHHKe HEeCKOJbKO
HHOe, KaK HaM Kaxertcs, Gosee ecrectBeHHOe. Kpome Toro,
Mbl PeLHJIH U3BSTH U3 Kypca nocaeqHHH paspen «Tpuroso-
MeTpHYecKHe ypaBHEeHHUs B AeHCTBUTENbHOH 06J1acTH», KOTO-
pBIi B NpakTHKe MHOTHX HHCTHTYTOB M3yuaeTcs B Kypce
TPHTOHOMETPHH.

OcHoBHas 1eJib, KOTOPYIO CTaBHJIH Mepel c060# aBTOPBL
JaHHOrO 3aJaYHHKa-NPaKTUKyMa, — IIOMOYb CTyJeHTaM-3a-
OYHHKAaM NpHOGpecTH NPOUHble 3HAHUA U HABBIKH B PelleHUH
3ajJay 37eMeHTapHON anreGpel, IpHYeM He TOJIBKO IIKOJbHBIX
(T. e. Takux 3ajmay, KOTOpble BCTpPeyaloTcsl B NPHUHATHIX B
HacTosillee BpeMsi 3ajayHHKax Mo anrebpe MJs cpeaHeil
IIKONBL), HO U Gosiee CJIOKHBIX, TPeAYyCMOTPEHHBIX POTpPaM-
MOl Kypca 3JeMeHTADHOH aire6pbl AJs NeJaroruyeckux
HHCTHTYTOB.

[Ipuctynass K CaMOCTOSITENbHOMY pelleHHI0 3ajJay H3
JNAHHOTO 3aJauyHHKa, CTYAEHT-3a0UHHMK JOJI:KeH NpejBapH-
TeJbHO OYeHb TINATeJIbHO NpopaboTaTh COOTBETCTBYIOLIHMH
TeopeTHUecKH# Marepuas. B Hauasne Kaxaoro naparpaga
JAaHHOTO 3ajflayHHKa Mbl yKa3blBaeM, KakKHe maparpadst
yueGuuka C. M. HoBocenosa «Creuranbubift Kypc sneMeH-
TapHO# anreGpbl» ! cnefyer mpopaboTaTh A TOrO, YTOOHI

! Umeercs B BHAY 4-e¢ u3nanue 1956 r. sToro yueGHHKaA, KOTOpLIfi
Mbl B JajbHeiillieM GyaeM KpaTko HasbipaTbh «yue6nuk C, M. Hosoce-
JIOBa».



MOXHO G6BIJIO NMPUCTYHHTb K pelleHHI0 3ajay 3TOro napa-
rpada.

B tex cayuasx, koria B yueGHuke C. M. HoBocenosa
HeT HeoGXOAMMOro MaTepHaJsa HJIH OH H3JI0XKEeH HeJd0CTaTou-
HO TOJIHO, B TEKCTe 3aflaUHNKa [JaloTCs HeOOXOAMMbIe Teope-
THYecKHe cBeleHus. KpoMme Toro, B pa3o6paHHbLIX 3ajauax
JalTCsl TaKKe HeKOTOphle TeopeTHyecKHe cBedeHus. Ouenb
)KeJlaTeJbHO, YTOOBI CTYIEHT-3a0YHHK MO3HAKOMMJCH C H3-
JIO}K€HUEM pacCMaTPHUBAaEeMbIX BONPOCOB M MO KaKOMY-AHGO
IpYyromy yueGHHKY, B YaCTHOCTH IO LIKOJBHOMY yYeOHHKY.

Bonee KoHkpeTHble yKa3aHus 06 MCMOJb30BAaHHH 3ajay-
HUKa-PAaKTHKyMa [JOJIKHbl ObITb AaHbl CTyJeHTaM-3a04HH-
KaM [pernofaBaTessiMH HHCTHTYTOB.

ABTOpHI BEIpaxaioT Gosbiyio 6naromapsocts H. T ®e-
auny, M, T. Crapony6ueBy u 3. I'. Kynanuno#t, o6¢cTosiTesnb-
Hble DelLleH3HH KOTOPHIX TOMOIJIH aBTOPAM 3HAUYMTEJNbHO
yAYYMIUTh 3aJayHUK. ABTOpDHl TaKxKe OYeHb NMPH3HATEJbHbI
C. E. JlanuHy, coBeTH KOTOPOro OBLIIH HCNOJb30BaHbl MMH
¢ 6/1arofapHOCTbIO.

KoHeuHo, aBTOpPH NOHHMAIOT, YTO MAAHHBIH 3aJauyHHK-
MPaKTUKYM He JIHLIEH CYLeCTBEHHBIX HEAOCTATKOB; BO3MOX-
HBl U TNPOCMOTPHI.

HeKoTophIM ONpaBIaHHEM HaM MOXKET CJYXKHTb JHIIb TO,
4TO 3TO MEPBHIH ONBIT IO CO3[JaHMIO 3aJaYHHUKa-NPAKTHKYMa
o 3JaeMeHTapHoil anare6pe. [ToaTomy aBTOpHI 6yAyT MpH3Ha-
TeJbHEl 3a BCSIKME yKa3aHus, crnocoOcTByolite AaJjbHefle-
My YJyYIIEHHIO 3aJayHHKa.

Ceon 3aMeuaHHs] W moxesjaHHs npocb6a NOCHIATL M0
anpecy: r. MockBa, mi. Pesoatouny, 3/1, MI'3ITH.

AsToput



FnaBa I. ANTEBPAHYECKHE BBIPA)KEHHS
H TOXXAECTBEHHBIE NMPEOBPA3OBAHHS HAJ HUMH

§ 1. AareGpanHyecKkue BbIPAaXKEHHS M HX KJacCHpHKans

ITpeaBaputencHo npopaGotaiite no yue6uuky C. M. Ho-
Bocenoa § 8, 10, 11, 12, 13 u 14.

1. BbisicHHTe, KaKHe 6yKBbI B CJeLYIOUIHX PaBEHCTBAax
SIBJSIIOTCSl NapaMeTpaMHM H KaKHe apryMeHTaMH:

xﬂ
a) ypaBHeHue runepGosbl: — — = =1I;
a

6) dopMmysa AJIHHBI OKPYXKHOCTH: ¢ = 27r;

B) ypaBHeHue mpsmoii: Ax + By 4+ C = 0;
2

r) dopmyna nyTH s = vyt %.

2. Onpenenure, Kakue M3 JAaHHBIX aHAJHTHUYECKHX BbIpa-
®enuit: 1) anrebpavueckue; 2) TpaHCUEHJEHTHLIE; 3aTeM Cpe-
¥ ajsreGpanyecKHX BBHIPa)KEHHH BLII€JUTE pallHOHANbHbIE H
HppalHOHA/bHEIE:

a)" +'g" 1 6) 0,8 xt 55731/ T x; ) ]’}V3—2

r) Vx2+2x_4 +x—10; 1) 3*+2x—1;

2+ Vi—7 T a+|g4
)—lg(ﬂ—-i-‘l)-—; X) ¥ —3x 44y 3047 ; 3) o

1) 23+sm90:z+2, K) r————2 ) (x—|—3) .

1745)
vz 3. B—y x4ty
M) x “+x% H) ey




Pemenwue. a) Hax aprymeHToM AaHHOrO aHaJHTHYeC-
KOro BbIPaXKeHHs, KpoMe a/nre0SpauyecKux orepauuii (cjoxe-
HHE, BOSBHIIIEHHE B LEJIYIO CTeNeHb H JieJIeHHe), POH3BOIHT-
csl eule M JorapudmupoBaHHe. 3HAYUT, STO BbipaXkeHHe SB-
JisleTcsl TPaHCIEeHJeH THHIM.

6) Hap aprymeHTOM aHaJHTHYECKOrO BHIPAXKEHHUS: IpPOH3-
BOJATCA HeHCTBHS CJIOXEHHS, YMHOXEHHs, BO3BEJICHHUS B Ie-
JYIO TOJIOXKHTEJBHYIO H OTPHUATEJbHYIO CTeneHb.

H3Bneuenue KOpHsS B JaHHOM BBIp2XKEHHH IIPOH3BOJHTCS
He H3 apryMeHTa, a H3 NOCTOSIHHOTO YMCJA, NO3TOMY JiaHHOe
BblpaXKeHHe SIBJIsieTCs anreOpaHyecKHUM DallHCHAJbHLIM BbIpa-
KeHHeM.

B) Hap aprymeHTOM faHHOro BbIpaX<eHHSI TPOH3BOJASITCS
palHOHaJbHbIE NeHCTBHSI M M3BJieueHHe KopHs. [lo onpege-
JIEHHIO, TaKoe BbIPaXKeHHe ABJSeTCS ajreGpaHyecKnM Hppauy-
OHaJIbHBIM.

3. Omnpezenurte, KakHe M3 JAaHHBIX palHOHAJBbHBIX BBIpa-
XKeHHu#l nejble U Kakue JPOOHBIE:

2
a) “*—t%ﬂ; 6) 0,3x* — 2x3 |- 0,1x—|—%;

B) 95" + X 5x—" r) ax3 4 bx? +c, ) 6x2 —7x -2,

1] ? ’

a-+tb x+3
e) 12abc; %) (mt+m?  (m—n)? — mn;
5d? 2 3
2,2 23 . 42 2 . B¥—2x41
3) 15mn S men® - An?, H) T K) Vi

Pemenune. a) B nanHoM BblpakeHHH He NPOH3BOJHTCS
JleJleHUs] Ha apryMeHT, NO3TOMY BhHIPaXKEHHUe SIBJISIETCS! [eJIbI.

B) B faHHOM BBIpaxKeHUH NPOU3BOLHUTCS] BO3BbLIIIEHKHE ap-
ryMeHTa B OTPHIATENbHYIO CTeNeHb, & 3TO pPaBHOCHJBHO Jie-
JIEHHIO Ha apryMeHT.

3HauuT, 3TO BbIpaXKEHHE SBJISIETCS JIPOGHBIM.

4. OmnpepenuTe, Kakue K3 CJeyIOMHUX BbIPaX<eHUHt sBJIs-
I0TCSI MHOTOUJIEHAMH:

) (6a% —ab?) (a+b)% 6) 2(m )% 5) 2L,

3

8mn . 6m2nt . -?-mf'n
p GO+, 5 )
x+y 2 ’

e) 2° 4 3x2 —8; x) 2x~' —5x 40,2, 3) (a+0b)x%
) )



") 2x%y" - -la—ox"y’ <5x; k) VB 282~V 2%+ 5.

Mpumeuaunune. B yve6uuke C. M. HosocenoBa MHOrounen orox-
JecTBsIeTCA C Jo6bIM lleJbiM paUHOHaJbHBIM Bblpaxie HueM. B psiae apy-
FHX y4eGHHKOB (B YACTHOCTH, B WIKOJbLHOM yuebGnuke aare6pnt A. H. Bap-
CyKOBa) MHOTOYJIEH pacCMaTpHBaeTcs KaK ajreGpavyecKas CyMMa OJHO-
9J1eHOB.

STo pasnuuKe B MOHATHH MHOrouJjeHa OyJeT ACHO H3 CcJejyloLLero
npumMepa.

Bo3bmeM nesioe BhlpaxeHue (2x + 3)2 (x — 2).

Ilo C. U. HoBocenoBy, 3T0 BblpakeHHe €cTb MHOTOUJIEH, a MO Ompe-
pesennio A. H. BapcykoBa, nanHoe BbipakeHue He sBAsSieTCS MHOrouJe-
HOM, HO MOXeT 6biTh mpeoGpa3oBaHO K BHAYy MHOrouneHa.

B rnauHoM noco6un MuH GyldeM MNpHAEPXHBATbCH KJaccHHKaUUH
C. U. Hosoceuona.

5. BbigcHHTe, KaKHe H3 yKa3aHHBIX HMXKe anreGpanyecKHx
BbpaXKeHHH SBJIAIOTCA MHOrOYJRHAMH, a KaKHe He SBJSIOTCH:

22y 42 —728 5. 3. ESIUAN
a) 2 ; 6) 3mnx®; B) (a4 b)* r) a+b’

1) (3mn - 5n2%) (5n% — 3mn); e) as—b —|—.2b3 —17;

x) 0,5y2% —32°+ 0,252%; 3) ‘x;y’z +Z _; y.
a2ty

) TE2m g on 57 m) & 8k —0,7x;

xy
M) al/3 +3b) 2 —12bc*
6

3
X —
7aCTh JOMYCTHMBIX 3HAYeHHH JJs apryMeHTa.

Pemen ne. BelpaxkeHue 2x —5 omnpefiejeHo NpH BCex:

IefiCTBHTENLHEIX 3HAuUeHHsIX x. Bripaxkenue 5
X——

6. B Bbipaxenusx 2x —5; u V2 —5 naiitu o6-

onpeneJie-

HO NPH TeX 3HAYEHHAX X, NMPH KOTOPBIX 2% —b5=£0, 1. e.

npu Bcex X+ 2,5. Broipaxenue V' 2x —5 onpeneneno mpu
3HAYeHHAX x, NMPH KoTopbix 2x —5> 0, T e. mpu Bcex
x=>=25.

7. Haittu o6nactb JOMyCTHMBIX 3HaueHUH JAJIs1 apryMeHTOB
CefYIOUMX anre6pandecKuX BbIpaXKeHHH:

a) 5a — (a +b)* +a? 6) 3x—i—xi7;B) x

1
+—

—1 x2—4




)21+ -3 V5 —x+2—3e) x+6+

x—y x+y
— 2 — S——
+VI6—2; %) '_n”‘z—j—m‘i; 3) Vi—9—V17T—2x,;
x4+3 2 . 0,5 .,
%) x2 — 6x +8 ) Vl-—x+Vx+l"ﬂ) V ox—3'
2x
— 724 .
M) Bx—T7f+4 =) (x+32—x2—6x—9

o)l/fg;n)‘/?-j_g.

Pemwen ne. r) Bolpaxkenue onpefesieHo NpH TeX 3Haue-
HHX X H Y, TIPH KOTOPHIX 3HAMEHATeJH OTJIMYHBI OT HyJis,
T. €. IPH JIOGBIX X =% 4 y.

e) Beipaxenne x| 6 onpeneneHo npH moGoM JeACTBH-
TesqbHOM 3HaueHuH x, a V 16 —x® umeeT [eficTBUTENbHbIE
3HaYeHHs] TOJNBKO TOrAa, KOrja MNOJAKOPEeHHOE BhIpakeHHe
16 — x2 >0. PemuB 5T0 HepaBeHCTBO, HalJeM JOMyCTHMbIE
3HaueHus Aas x:—4 < x <4.

3) O6aacThi0 JONYCTHMBIX 3HAYeHHH AJs1 apryMeHTa JaH-
HOTO BhIpa)KeHHs fBJsieTCs oblas yacTh obsacTeil onpezene-
nus Bepaxenni Vx—9 n V17—2x.

Buipaxenne V' x —9 onpeeseHo mpu Bcex x > 9, a Bbl-
paxkeHue V17T —2x onpezeneHo npu x < 8,5. O6aactu x > 9
H x < 8,5 He HMeloT ofllell yacTH, MO3TOMY OGJIACTBIO JOMyC-
THMBIX 3HAUeHHH I/ apryMeHTa JaHHOTO BbIpaXKeHHs $IB-
JISieTCsl MyCTOe MHOXEeCTBO.

x—1

0)
x4 2
Korja OJHOBPEMEHHO BBLINOJIHAIOTCA CJEAYIOLHE JBa YyCJIOBHSA:

x+2+0m x;;> 0. M3 nepBoro yc/IOBHSI HMEEM X # — 2,
X

x—1
Jpo6e —+—2> 0, ecay yMCJAMTEJb M 3HaMeHAaTelb OJHOBpe-
'

uMeeT JeficTBUTeNbHBlE 3HaueHHUs Torja,

MEHHO HMEIOT OJHHAKOBble 3HAKH, T. €. eCJH
x—1>0 x—1<0,
= 7 g -
x+2>0 x+2<0.

Pemmasi nepByto cucreMmy, noiyyum x> 1, a u3 BTopofi cu-
CTEeMbl UMeeM x < — 2. YUHTHIBasi epBoOe YCJOBHe (x #= — 2),

8



HafiieM 00J1acTb JONYCTHMBIX 3HAYEHHA JJis1 apryMeHTa JaH-
HOTO BBbIpaxKeHHs:
x>1nx<—2.
8. Haiigute cTeneHu CcJefyIOMUX OJHOUJEHOB H MHOrO-
YJIeHOB:
7
a) —5x%y?z; 6) l—2a"bx2yk; B) (a® — b%4% r) m3bc® — nb%c,
n) ax* - bx® —cx+d; e) 3a*"b — 8a?"cd | 60" 4
+ 20" (b7c)2.

9. Kakune u3 HHKeCJeLYIOMX MHOIOYJEHOB OJHOPOLHbIE
OTHOCHTEJLHO NepeMeHHHX (X, Y, 2):

a) ax®y? + bxy® + cx3y 4 dyt; 6) 2x% + 4xy® —2y2®

+ 3x%2 4 2xyz; B) 3x%y+ 0,5x%24 2x22 —1;
r) 4x*—5xy® 4 8x%y% — 2(x% — y?)2.

10. Hanumute B 06lIEM BuJe OJHOPOJHBIA MHOTOYJIEH,
mepBOH CTeNeHH C YeTbIpbMsl apryMeHTaMH, BTOpPOH CTENeHH
C TpeMsl apryMeHTaMH, TpeTbed CTeNmeHH C ABYMsl, TpeMs H
YeThlpbMsl apryMeHTaMH.

11. Muorousen

[3a%bc® — 4(ab — ¢)?] 5a®b + (8a®b — c) (b% - 2a?)
NpHBECTH K KaHOHHYECKOMY BHAY.

Pemenne. UroOm npusecTH MHOro4JieH K KaHOHHYe-
CKOMy BHAY, Hajgo: 1) pacKpblTb Bce CKOOKH, 2) NpHBECTH
NoJoOHBIE YJeHBl H 3) pacloJIOXKHTb WYIeHH MHOrowIeHa B
JeKCHKOT padHueckoM nopsiike. B naHHOM ciayyae nojydum:

[3a%bc® — 4(ab — ¢)?] 5ab + (8a2b — c) (bc + 2a?) =

= 15a%b%c® — 20a°6® - 40a%b%c — 20a3bc? 4 8atb®c + 16a*b —
— b%c® — 2a% = —20a%6® 4 15a%b%c® -} 40a*b%c -+ 16a%b —
— 20a3bc? -+ 8a2b3c — 2a%c — bict.

12. BolsicHuTe, KaKHe H3 HHKECJIEAYIOWHX MHOIOUIEHOB
NpeACTaBIeHHl B KaHOHHYECKOM BuJe. MHOrousensl, 3ajaH-
Hble He B KaHOHMYECKOM BHJe, HaJ0 NpPHBECTH K KaHOHHYe-
CKOMY.

a) 4x* — 13ax®—26a%x% 4 5a%x + 9a%; 6) x° — 3ax®-}-
+ 1,5a%x% 4 2a%x®*—ax +a-}+ 5; B) 3mn®x3y"m®- 4x¥,
r) 2a% - 4cd®—a®b; 1) (x +y)% e) (x -+ 3)% 4 2(x +3) — 69
x) a’b — 2a%c + 3a’c — Sabc -+ 4a’b —a -+ 26— 4;
2) [3a2bc® — 2a(ab — c)?] (6a?b— 5¢?) + (3a®b* -+ bc) (abc—6).

9



§ 2. ToXnecTBEHHOCTb MHOIOYJIEHOB

Meron HeonpenejeHHbIX K0adhHLHEHTOB

IMpensapurensio no yue6uuxky C. K. HoBocenoBa npopa-
Goraiite § 15, 16 u 22.

13. B muorounene f(x, y) = Ax® 4 2Bxy - Cy*—31x —
—22y 35 3amenum y uepes 5—3x. Toraa momyunm
MHOrowreH ¢(x) ortHocuTenbHo x. HafiTh Takue 3Haue-
HHus Ko3ddu uuentoB A, B u C, uTo6bl MHOrouwJeH @(x) Gbia
TOXIECTBEHHO DPaBeH HYJIO.

14. Onpepenute 3HaueHHUs GyKBEHHHIX KO3dbuuueH ToB
MHOrouseHa @(x) TakuM o6pa3oM, 4TOObHl OH OBbl1 TOXJAECT-
BEHHO paBeH MHOrodJjeHy f(x):

a) f(x) =3x—7 u ¢p(x) =a(x — )2} b(x —2) +c;

6) fix) =x—12 n @(x) = a(2x —3)® + b(x — 3) —

—c(2x24-3x—9); B) f(x) =2x2—10x +6 u @(x) =

= ax(x —5) + b(x — 2)(x +3) +-cx(x +1); 1) fix) =

=2x4—8x3 47 u @(x) = a(x® —2x + )2 4- (bx — c)x +
+dx(2+4c)+c.

Pemenue npumepa B). i Toro 4toGhl ONpenesuTh

SHaueHHd a, b, H ¢ MHOrouJeHa ¢(x), B MOCJELHEM packKpo-

eM CKOOKH H CrpyNmHpyeM 4YJjeHbl, coiepxauiue OJHYy H Ty
)K€ CTeneHb apryMeHTa, TOrJa MOJYYHM:

Q(x) = (@ + b+ c)x*+ (b -+ ¢ — ba)x — 6b.

Tak kak @(x)=f(x), TO, mpupaBuSB KO3HIHEHTHI
OIIHHAKOBbIX UYJIEHOB 3THX MHOIOYJIEHOB, NOJyyaeM CJIeAyio-
LyI0 CHCTEMy ypaBHEHHH OTHOCHTeJbHO @, b H C:

at+bd-c=2,
b-+c— 5a = —10,
—6b = 6.

PemuB ee, HafiieM HCKOMble 3HAUeHHS IJIS MapaMeTpOB:
a=2,b=—luc=1.
15. Haittn koadduuuentsr A, B u C, npH KOTOPHIX MHO-
royJieH
f(x) =x*44x® —2x* —12x 49
OyneT MOJHEIM KBagpaToM MHOrousieHa ¢(x) = Ax®+ Bx+C.

10



Pemenmne. Ilo ycnosumo
x4 4x% —2x2 — 12x +9 = (Ax® 4+ Bx + C)2.
PackpriB CKOOKH, MOJY4YHM:
1t 4x® —2x2 —12x + 9 = A%x* + B*x*> - C® | 2ABx® -
+ 2ACx® + 2BCx.

Ha ocHoBanuu TeopeMbl O TOXKACCTBEHHOCTH JBYyX MHO-
FOYJICHOB IIOJIYUYHM:

A =1,
24B = 4,
B*424C = —2, 1)
9BC =—12,
cr=09.

[Monyunau cuCTeMy NATH ypaBHEHHH C TpeMs HEH3BeCT-
Huivu. Peminm ee MetojnoM mnop6opa. M3 nepBoro ypaBHeHus
umeeM A = + 1, a u3 naroro C = + 3.

U3 BToporo ypaBHeHus BuJuM, 4TO A U B — OMHAKOBHIX
5HAKOB, M3 YETBEPTOro ypaBHEHHsl 3aMeyaeM, 4To B u C—
pasubix 3HakoB. IloaTomy sicHo, uTo A u C JOMKHB GHITH
PasHbIY 3HAKOB.

Bospmem 4 =1, torga C = — 3. U3 BTOpOro ypaBHeHust
Haiizem B = 2. IlojgcTaBuB HaiineHHbie 3HaueHus A, B u C
B 3 u 4 ypaBHeHHs, yOexkpaeMcst B TOM, YTO OHH YJOBJET-
BopsitoT cucteMe (1). CnepoBaTesbHO, HCKOMBIE MHOTrOYJIEH
Ax*+Bx+C ectb x4 2x—3.

Teneps BO3bMEM = —1, rorpa C = 3. Haiigem, uro

= —2. [lpousBens npoBepKy NyTeM NOACTAHOBKHU HaiijleH-

uolx sgaueHuit A, B u C B 3 u 4 ypaBHeHHs, yO6exnaemcs

B TOM, YTO M 3TH 3HAUEHHST NapaMeTPOB YAOBJETBOPSIOT CH-

cteme (1). Torga HCKOMBIE MHOrOWJIEH HMeeT BHA: — X% —

— 2x+43. Urak, muorouseH f(x) OGynaeT MOJHBIM KBaJpaToM
IBYyX MHOTOYJIEHOB:

x*42x—3 1 —x®—2x+3.
16. Haiitu xosbduuuents A, B, C u D, npH KOTOpBIX MHO-

rouJeH
f(x) = 9x* 4 30x® 4 19x? — 10x + 4

6yneT MOJIHBIM KBaJApaTOM MHOrouseHa @(x) = Bx® 4-Cx -+ D.
17. Haiitu xosdpuuuentt A, B, C u D, npu KoOTOpHIX
MHOTO4JIEH

f(x) = x* — 61+ Ax* 4 Bx 4 16
6yaeT TMOJHBIM KBajpaToM MHorouwseHa ¢(x) = x*--Cx -+ D.

11



§ 3. ToxkaecTBeHHble Mpeo6pa3oBaHHs MHOrOYJEHOB

TpensaputensHo no yue6Huky C. M. Hoocenosa npopa-
6otaiite § 19, 20, 28 u 29.

18. BrimosHuTe TOXKIeCTBeHHble IpeoOpa3oBaHUsl B CJe-
JyIOLeM BbIpaXKEHHH, YKasblBass KaXIbli pa3, Ha OCHOBAHHH

KaKHX 3aKOHOB apH(MeTHYeCKHX JeHCTBHH NpPOH3BENEHO JaH-
Hoe mpeo6pa3oBaHHe:

3x(2y— 52) — [42(2x — 3y) — 6y(3x - 22)].
Peumen ne.
3x(2y — 52) —[42(2x — 3y) —6y(3x 4 22)] =
MepeMeCTHTe/bHbIA 3aKOH YMH OXKeHHS)
= (2y — 52)3x — [(2x — 3y)4z— (3x + 22)6y] =
(pacnpenenuTe/bHbI 3aKOH)
= 2y(3x) — 52(3x) — [2x(42) — 3y(42) — 3x(6y) — 22(by) =
(coueraTeNbHBIH 3aKOH YMHOXEHHS)
= 2y-3x —b5z-3x — (2x-42— 3y 42— 3x-6y — 22-6y) =
(nepemMecTHTENbHBI 3aKOH YMHOXKEHHS)
=2.3xy—5-3xz2— (2-4xz2—3-4yz — 3 -6xy—2: 6yz) =
(coueTaTeNbHBINl 3aKOH YMHOXEHHS)
= 6xy—15xz — (8xz — 12yz — 18xy — 12y2) =
(MpaBHJIO BLIYHTANHA CYMMbI)
= 6xy — 15x2 — 8xz 4 12yz+ 18xy + 12y2 =
(mepeMecTHTeNILHBIA M COYeTaTeNbHbI 3aKOHBI CJIOKEHHS)
= (bxy + 18xy) + (— 15x2 — 8x2) + (12yz + 12y2) =
(pacnpenenHTeabpHBIA 3aKOH)

=6+ 18)xy +(—15—8)xz+ (12 4+ 12)yz =
= 24xy — 23xz } 24yz2.

19. BolmosHuTe TOXKAECTBEHHbIE NPeoOpPa3oBaHUs B CJle-
JIVIOIHX BHIPAXKEHMAX, yKa3blBasg KaKIblH pa3, Ha OCHOBa-
HHH KaKHX 3aKOHOB apH(MeTHYeCKHX JeACTBHH NpPOH3BEJIEHO
JlaHHOoe npeoGpa3oBaHHe:

a) (2m?* — 5n®)(3m? 4 4n®) 4 13m?n;
6) (x*42x24-3x —1)(x2 —x 4 1);
B) 2x(3x — 2) — 3[1 — (2 —x)(2x + 3) —(x 4+ 3)}.

12



20. Ilokasats, uro dopMmyJa KBajpaTa pPasHOCTH
JABYX 4HceJ MOxKeT ObITb NOJIyYyeHa KakK CJeACTBHe (opMyJIHl
KBajapata CyMMhbI.

Pemenue. [asa sToro joctaTtouyHo B ¢opmyJe

(49 =x*4-2xy + 4
3aMeHHTb y Ha — y. Torjga moayuum:
(¥ — y)* = 2"+ 20(—y) + (—9)* = 2" — 2xy + 4.

21. a) Ilokasatp, yTo (popMysa Kyb6a pasHOCTH ABYX 9H-
cesl MOXeT ObITb MOJydeHa KakK cJefcTBHe (opMyJH Ky6a
CYMMBI JIBYX 4HCeJI.

6) [lokasaTtb, uyTo (popMysa pasHOCTH KYGOB JBYX uHCeN
MOXKET ObITb MoJIy4eHa KaK cJjefcTBHe GopMyJbl CyMMbl KyGoB
IBYX 4HCeJl.

22. [Joka3aTh TOXJAECTBO:

(4 2x% y + 2xy° + o) (x* — 22 y 4 2xy° — ) = x° — 4.

Pemenue.

I cnoco6. PackpoeM CcKoOGKH M CAenaeM TNpHBELEHHE
NONIOGHBIX YJIEHOB B JIEBOH YaCTH, TOrAA NMOJYYHM MHOT'OWIEH,
OJMHAKOBLIH C MHOTOWJIEHOM, CTOSIIIHM B IpaBOii 4acTH, TeM
cambplM TOXKAeCTBO OyAeT J0Ka3aHo.

Il cnoco6. PasnoxuM Ha MHOXKHTEJIM BHIpaXKeHHs, CTOsI-
e B JIEBOH 4acTH:

4222y 2+ 4P = (P 2P y) -+ (£ y +xy®)
4+ (xy®* +4°) = (x +y) («* 4+ xy + v*);
L—22y 4 2xy* —y® = (X —xPy) — (x*y — xy°) +
+ (xy? —¢%) = (x — ) (£* — xy + 4°).
Torpa
(P 4222y 4 2xy® 4 4°) (&° — 2% y + 2x4* — 4*) =
=(x4y) (P +xy + 4 (x—y) (#* —xy - 4°) =
=(x+y) (P —xy ) (x—y) (F* -2y +5°) =
=+ 4 (2 —y¥) =x*—y°.
23. [Jokas3aTb TOXJECTBO:
(@—bf+(b—0c)f4(c—a)=2(@ -+ 42—
—ab—bc —ca)®.

13



Pemenue. [Ina foKasaTeJbCTBa STOro TOXKJECTBA mpe-
o6pa3yeM KaXJIyl0 YacTb MpEANOJaraeMoro TOXJIECTBA H
CpaBHHM NOJyY€HHble BblpaxKeHHs.

(@—b)* & (b—c)* -+ (c — a)* = a* — 4a3 b+ 6a® b® — 4ab® +
4040t —4bPc 4662 c2—4bcd 4t +ct—4cta+
+6c2a®*—4ca®+at=2(*+ 0"+ c*43a% 024
+3b%c¢*+3c?a*>—2a%b—2ab®—2bc* —2b%c—
—2cta—2ca®);
2(®4-b2+c®— ab— bc—ca)? =2 (a* - b* 4 c* +a®b® +
+b2ct4-c%a+2a’b®+2a%c* —2a¥b—2abc —2¢ca® +
+2b6%¢*—2ab® —2b3c—2b%ca—2ctab—2bc* —2c%a +
+2ab?c+2a%bc+2bc%a) =2 (a* + b0*+c* +3a% b2+
+3b%c?43a%c®*—2a%b —2ab®— 263 ¢c —2bc® — 2 ca’—
—2ca).

BupuM, uTO mosiyyeHHble BbIpaXKeHHs! OJJHHAKOBHI, CJeJo-
BaTeJbHO, JJaHHOE B YCJIOBHH 33JaYH PaBEHCTBO €CTb AEHCT-
BHTEJLHO TOXJECTBO.

24. JIokasaTp TOXKIECTBA:

a) (a*—0%)* 4 (2ab)* = (a®+ 0°)%
6) 6a>—4ab-}+4b% = (3a>+ 5ab —5b%)® | (4a® —
—4ab-+ 6%+ (5a®—5ab—3b%3
B) (a4 b+c+dP+(atb—c—dP+(@—b+c—dP-+
+(@—b—c+d = 4(a*+b*+ c* +d¥);
r) (a?—c?+ 2bd)? -+ (d® — b2+ 2ac)’ = (a* — b+ 2 —
—d?*? +2(ab— bc + dc + ad);
8 (b+ec—af4(atc—bP+(a+b—c)]—
—30+c—a)(atc—b)(at+b—c)=
= 4 (a® 4 ® + ¢ — 3abc).

25. YnpoCcTHTb CJlelyIolHe BHIP aXKeHHUSsI:
a)alb+c—a2+b(ct+a—b?+cla-+t+b—c2+
+(@+c—a)ct+a—b)(a+b—c)

6) (2a®+ 3ab— b*)* — 4 (a® — b*) (a® 4 3ab -+ 2b%).
14



26. YKaxure, KakHe H3 CJeAYIOUMX HHXE€ MHOrO4JIeHOB
HeNpUBOJMMBI HaJ MOJIEM KOMIUIEKCHBIX uHce]. A Kakue HS
HHX HENpPHBOJAHMMBI HajJ moJjieM JefiCTBHTEJbHHIX 4ucea? Kakue
H3 HHX HENpPHBOLMMBI HaJ MOJEM palHOHAJBHBIX YHCEJ?

1) 2x+1; 2) x2—16; 3) x241; 4) x2—6; 5) x>*—x41;

6) x*4x-+1; 7) x2—3x+44; 8 x*—2x+41; 9) x*—1;

10) x8—4; 11) x®2—3x-}+2; 12) x242x4+3; 13) x24

+x—1; 14) 3x—7; 15) x2—6x 4 7; 16) x* 4 1; 17) x* 4
+ 10x—24.

27. Pa3noxuTh MHOrOUJIEH
6a*—6a® ¢ + 2a® x2 — 2a® cx?4-6a® x + 2a* x®
Ha MHOXHTENb Haj TMOJeM PAauHOHaJNbHBIX YHCe.

Pemenne. Kak usBectHo, He cylecTByer ofuiero sjye-
MeHTapHOro croco6a pasJioXKeHHs1 MHOTOYJIEHOB HAa MHOXH-
TeJH HaJl TOJeM palHOHAJbHBIX 4YHcesl. [lns1  pasiokeHus
MHOTOYJIEHOB TDHMEHSIOT CIOCO6 BbIHECEHHS! OOLIero MHOXH-
TeJs 33 CKOOKY, (hOopMyJibl COKpalleHHOro yMHOXKEHHs, CIo-
co6 IpYNNHPOBKH, Pa3JioKeHHe OJHOrO 3 YJIEHOB MHOroujieHa
Ha CJlaraeMble H HEKOTOpble JpyrHe CHocoGhl.

Korza xakoii-1u60 MHOTOUJIEH HYXKHO DAassIOXHTb Ha MHO-
XUTeb, TO B MEpBYIO Ouepelb HAAO MOCMOTpETb, HE HMEIOT
JI1 BCe €ro 4jeHbl OOLIero MHOMXHTEJS.

B naHHOM ciyuae JeHCTBHTENLHO BCE YJIeHB! HMEIOT MHO-
KuTesb 2a?, BbIHECEM ero 3a CKOOKY:

6a* — 6a®c -} 2a% x*— 2qa%cx? + 6a3 x -} 2a° x® = 24%(3a® —
—3ac +ax?—cx® 4 3ax -+ x8).

ITocnie 3toro Hajgo MNOCMOTpETb, HEJIb3d JIH MNPHMEHHTDH

KaKyi0-1160 opMyJly COKpalleHHOrO YMHOXKEHHs WJIH CIocob
FPYNMHPOBKH.

B nanHoM ciayuae K MHOro4JieHy, CTosileMy B CKOOKax,
npumMensieM cnoco6 rpymnuposku. ITomyuum:

3a? —3ac 4 ax® —cx® + 3ax + x* = (3a® — 3ac + 3ax) +

+ (ax? —cx® 4+ 8) =3a(a—c+x)—tx’(a——c—|—x) =
= (a — c + x)(3a + x°).

Wrak, paHHBIR MHOrowleH pasjaraercsi Ha CJefyIol(He
MHOXHTEJIH:

2a® (@ — ¢} x) (3a + x%).
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28. Pa3noxuTh Ha MHOXHTENH HaJ TOJEM palHOHaIbHBIX
quces MHOrouJieH
a®+a* 1.

Pemenune B paHHOM ciyyae y ujeHOB MHOrouseHa
HeT OOWIMX MHOMKHTEJEH, NPHUMEHHTh KakKylo-1ubo dopmyay
COKPAIIleHHOrO yMHOXKEHHSI TOXe HeJb3sl; HHYEro He JaeT
B JaHHOM CJyyae H METOJ TpYNNHPOBKH, HOG0 KaK MOXKHO
3 4yneHa CrpynnHpoBaTh?

[1pumeHuM cnoco6 pas3noxeHHs UleHa MHOrOwleHa Ha cja-
raemble, a MMEHHO, uJieH a® mpeicTaBuM Kak 2a*—a?. Torza
NOJIyUHM:

dtat+1l=@+2+1)—a' =@+ 1)2—a'=
= (@ +1—a) (@ +1+a).

K wmuorouneny a*-1-a®> npumeHuM TOT Xe mnpHeM:

at+l1+at=0@"+2+1)—a?=@F+1)2—a®=
=(a®+1—a) (a®+1 +a).

OKOHYaTeNLHO MOJyYaeM:

a®+at+1=@—a+1)@—a+1)(@+at1).

29. PasoXHTb Ha MHOXHTENH Haj IOJEM PalHOHaNbHBIX
YHCceJl MHOTOYJIEHHI:

a) a“—a’-}—a”—a’—a”—l—a3—a2—l—1

6) 27 m*4- 3 n*p® — 18 m? n? p?
mm+mw—ﬂ—w—@w o?);

r) x*—12x2 4 47x—60

I) 2x“ x%—9Ox? 4 l3x—5

e) x4 9x® 4 23x2 } 15x;

K) 8xm+2 — dymtly —9x% y 4 20xmH z—xy? —Bxyz;
3) 4x* 4 12x%1-5;

H) 25m*n® 4 3m® n+ 0,08ma,

30. Bocrnonb3zosaBmuce ¢opmyaoft x2 -4 (a -+ b) x +-ab =

= (x+a) (x +b), pasnoKHTL CJenylOmHe MHOFOYNEHB Ha
MHOXHTEJIH HaJ TMOJEeM PalHOHAJIbHBIX YHCEJI:

a) x>+ 5x -+ 6; 1) x*+ 4x%? —32;
6) x2—7x -+ 12; e) x>—5xy 4 642,
B) x>+ x —6; K) x® 4 8xy — 2042,

r) x*—12x% 4 32;



§ 4. ToxaecTBeHHble MpeoGpPa3oBaHus
HPPALUHOHANLHBIX ajireGpanuecKHX BbipameHHMH

[TpepBaputesibHo npopaGoraiite mo yue6Huky C. W. Ho-
gocesiopa § 39, 40, 41.

Peiuenne 3azay Ha TOXIECTBeHHoe npeobpa3oBaHHe Hppa-

HHOHA/bHBIX BbIpaKeHU#l C OGYKBEHHBLIMH JAHHBIMH (TapameT-
paMH) MOXKHO NPOH3BOLHTb HAa TpeX CTYMNEHSX.
" 1l crynens. IlpeoGpasoBanne NPOH3BOLMTCS TMpPH O6IIEM
AJs BCEX 3ajay YCJOBHM, UYTO BCe napaMeTpbl 0003HayaioT
JHUIIb TIOJIOXKUTEJIbHBIE YHCJAa, NpHYEM TaKHe, NpH KOTOPBIX
BCTpEYalouiHecss B MOJAKOPEHHBIX BbIPaXKEHHSIX MHOrOUJEHD
(B 4aCTHOCTH. PasHOCTH BHAA a — b) NMPHHHMAIOT TaK¥Ke JIHILb
NOJIOXKHTEJIbHbIE 3HAUeHHs.

ITpuMep. YupocTuTh BHIPaXKeHHE:

A=V @ —2aFi+V e FTaF 1+ —
—VFE =2 ¥
Pemenne. A=V(@a— 1) +Va@F12+bV0—
—Voe—1f =@—1)+@+1)+Vo—0b—1)Vb=
=2a+V'5.

2 ctynenb. Ha 3roii cTynenn npeo6pa3oBaHusl Hppa-
LHOHAJIbHBIX BbIpaXKeHHH NPOH3BOASITCS B 3af@HHOM B YCJO-
BHH 3ajjauu 06/1aCTH H3MeHEeHHsl napamerpoB. [Ipu sToM, Ko-
HEYHO, 3Ta 3ajjlaHHas o6JacTb He MOxkeT ObITh WIWpE, a, KakK
NpaBUJIO, Y¥Ke eCTeCTBEHHOH 006JIaCTH JOMYCTHMBIX 3HAYEHHH
Ana 6yKB U mapaMeTpos.

Pemtnm ToT Xe npumep npu ycaoBunm: — 1 <a <1,
0<b< 1.

Pewmenne.

A=V @—1P+Ve+1y’+6Vb —Vo o —17 =
=la—1|+la+1|+b6VD —p—1|VD.
Tak Kak B 3ajjaHHO#l 00JIaCTH H3MeHeHHs a U b
a—1<0,a+1>0ub—1<K0,
TO TOJNYYHM:
A=1l—a+4a+14b6Vbo—(1—-bVb=2+
+@—-1)VD0.

17



3 cryneub. Ha stofi cryneHu npeoGpa3oBaHusi Hppa-
I[MOH/IbHEIX BBIPaXKeHHH TMPOH3BOASATCS BO BCel 00JacTH JO-
NyCTHMBIX 3HaueHHH OyKB-TapaMeTpoB.

Tak Kak Mbl BCIOJy paccMaTpHMBaeM JHWbL apudMeTHye-
CKHe KOPHH, TO 00JIaCThb JOMyCTHMBIX 3HaueHHuil OyKB-mapa-
METPOB JJISi HMPPAllHOHAJIbHBIX BBIPAXKEHHH €CTb MHOMKECTBO
3HaueHuil 3THX GYKB, TPH KOTOPBIX NOJKOPEHHBbIE BBbIPAXKEHHS
BCEX MMEIOUIUXCS KOpHeH 4eTHOH CTeneHH HeOTPHIIAaTeJbHHI,
a4 3HaMeHaTeJu HUMeloUIUXCsl Apobell He pAaBHbBI HYJIO.

[Ipu peuieHHH NPHMEpPOB Ha 3TOH CTyNeHH B MEPBYIO Oue-
penb onpefensieTcsi 06JacTb JOMYCTHMBIX 3HaueHHH J/if OyKB
3aJ]JaHHOro BbIpaXKeHHs, a 3aTeM B COOTBETCTBHH C HaijeH-
HO# O0G/MaCThi0 pacCMaTPHUBAIOTCS BCE CJy4ad, KOTOpBie MOTYT
ObiTe B 3TOH 00J1aCTH.

PeuuM TOT Ke NpHMep Ha 3TOH CTyMNeHH.

Pemenue. O6Gnacts AONYCTHMBIX 3HAueHHH AJsl a u b
B JaHHOM ciayuae Oyjper Takas: a—Jio6oe, a b > 0.

Tak kak A=la—1|+Ja4+ 1|+ 6V o —|b—1|VD,

TO NpPHUAETCs PacCMOTPeTb TaKHe CJyuaH:

) a< —1, 0Lb <
2) a<—1, b>1;
) —l<axgl, 0<bHL]
4) —lgagl, b>1
5) a>1, 0<b<1;
6)a>1, b>1.

B stux caydasiX NOJNyYHM TaKHe PCLIeHHS:
DA=(l—a)—@+1)+bVi—(1—bVb =
=—2a+4 (26— 1) V'b;

2 A=(1—a)—@+)+oVo—0b—-1)Vb =
=—2a+V'0;
8) A=(1—a)+(a+1)+6Vbo+0b—1)V7 =
=24+@26—1)V'E
$) A=l —a)+(@+1)+6Vo—(0—1) Vs =
~ 2+ VE
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B) A=@—1)4-@+)+oVo4+06—1)V0 =
=2+ (26—1)V b;

6) A=(@—1)+@+1)+6Vo—@—1)Vb=220+V0.
B naHHOM 3ajayHuKe MHl BCIOAYy OyneMm npeo6pa3oBaHHs
HpPalMOHAJILHBIX BbIPaXKeHHil NMPOH3BONHTHL Ha 3-# CTYNEHH,

€CJIM TOJBKO B YCJOBHH 3aJadyd He 6y}1€T OrOoBOpPEHO MpOo-
THBHOE.

31. ¥Ynpoctuth clepyioliee HppalHOHaJbHOE BbIPaXKeHHe:

Vo(yVatrVa—b)(Va—Va—b)

Pemenune. O6nacTb AOMyCTHMBIX 3HaueHHH MapaMeTpoB
a 1 b onpepensiercs clenywooueii CHCTeMOHl HepaBEeHCTB:

a>0,
a—b>0,
b(Va—Va—15)>0.
dra cucrTeMa, OYEBHJHO, PaBHOCHIbHA COBOKYIHOCTH CJie-
AYIOUHUX ABYX:
Da>b>0umm 2) a>0, b <O0.

[MpeoGpa3yss npu STHX YCJIOBHSIX JaHHOe BhIPaXKEeHHe,
TMOJTyYHM:

VolVa+Va=b(Va —Va—t) =

=V b[(Va)P—(Va=0b? =Vbla—@—0] =
=V b= b, ecit a > b >0,
{—b, ecin a> 0, b=0,

YnpocTHTh MPPAlHOHAJIbHBIE BhIPaXKEHHS:
2
a1 a—b

. — ) 33. —
82 a]/(a 2; )2+1 V@ —2t 5§ abb
[TpousBecTH ykasaHHble NeHACTBHA C KOPHSMH:

34. 2V a® +Va(@—9)*.
35. 7/ xF(x—4)' —3 'Y/ x5,

19



86. BoluncauTh 3HaueHue

©= (Vxl—l +Vxl+1) : (VITI Wf%)

’+b

IpH X = , rme ab > 0.

37. IlokasaTs, uto a® 4 3ab + 2c¢ obpaiaercs B HYJb, €CJIH
3 — 3 S —
a=V —ctVFFE +V —c—VEFFE .
3 — 3 —
38. IlokasaTtb, 4TO ]/9—1—4 V5 + 1/9—4 V5 =3.

3 — 3 —
Pemenue. Tak Kak 1/9—|—4V5 ]/9——41/5 =

~ Y8 —80 =1,

TO

1

gr—— 1
Vo—1V5 Ve

3 p—
Paccmotpim ¥V 944V 5.

[MonbiTaemcst MPeACTaBHTb NOAKOPEHHOE BhIpaXKeHHe Kak Ky6
CYMMBbl JBYX YHCEJ:

044V 5 =5 (12432VF) = 7 (27 +27VF +45+
+5V_5)=§[33+3.32V€+3.3(V3)2+(V€)”] =
= (3+VFP.
trax, /95475 =255, torma
e R

3+V5
_2B8-V3F)_3-V5
! - 2

Swaunr, 1914V 5+ 9—4v 5 = 2L ¢
+3—VE:_3+V€+3_V3__3
2 2 -




OcBo6OANTbCA OT MpPAlLHOHAJBHCCTER B 3HaMeHaTeJe cJe-
AVIOUIHX Bblpax<eHHi:

39.
g VEAVEE LY
Va+yam oy

3,2 3/ o 719 3
Pemenue. Uncaurems Vv a* + ¥ a? 6% 4 y/b* MoxHO
JIETKO Pa3jioXKiTb HA MHOXHTENH. [leficTBUTENLHO,

VE+VET+VE = (V@ +VB)—Vab =
=(Va@+ Vo4 Vab) (V@ + V6 —7/ab).
Torpa

Va1 VEF Y _ YAV B G+ VP V@) _

Ve + Va4 o V@ +Vab+y5
=vVa + b —7 ab.
1 6
O yrrvree Y ynovs

YnpocTuTh CIeAyIOMIHe pajHKaJbL:

2 2V3iVs_Visgavs,

Pemenue.
[ cnoco6. [To dopmyse cokHOro pajukana (cM. yuel-
nuk Hosocenosa C. M., crp. 121—122) npeodpasyeM CHa-

qaJa
Vis1aVs =]/ BVE=5
1) BTy,

saTeM YNpOCTHM:

Ve—viz—i=Vai—Vi =]/ V=2
_1/4—1/16—12 V3—1

4, HaKOHell, YNPOCTHM

2]



2V3+1V3=1 =2V 24V3 =

-2/ T /).
= V3 +1) =VE 4 V7.

[I cnoco6. DTOT :Ke NpHUMep MOXHO PelHTh 6e3 HCMOJb-
z0BaHusi (HOPMYJBl CJIOKHOIO pajuKasa.

PaccmoTpuM  Bhipaxcenne: 134+4V3 =144V 2 +
+(2V73)*=(1 42V 3)?, crenoarensio, V13—|—4V3=
—142V'73, rorza 5—V13+4l/ 3_4—2V7F,

5TO BbIpaxKeHHE CHOBA IpEACTABHM KaK KBajpar pasﬂocm
ABYX YHCeJI:

4—2V 3 =3—-2V3 +1=(V3—1)}

H OKOHYATEJIbHO MOJYUYHM:
l/3+ Vs_ V1344V 3 =2V 34V3 —1 =

—oV oy V3= 2]/3+2V3 +1_ l/(V‘”“)2

203+ _
= Ve+yve
8. V11412V 7.

Y1IpOCTHTL BblpaXKeHHsi CO CTeneHsIMH ¢ JPOGHBIMH MOKa-
3aTessAMH.

. x—y o i I }
e . gt P R
Pemenune. MoxHo 3amucaTp, UTO
x—y:( %—I—yb)( }’-—ys).utSo x>0uy>0,
*+ Byt = (o gh),
byt ath = y*(x*+y*)-
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Torpa naHHOe BHIpaXKEHHE NMPHUMET BHX:
(4 ) (4= )b (o 1 gt)
Al ) (4 1 8)
CoxpaTtuM ppo6b Ha NPOH3BeJeHHe

EEIEE)

MOy 4uM:

_ i
b *y% )y . unm ( % y5 ) X y* , HJH, HaKOHeI,
X

RPN

Htak, maHHoe BbIPaXKeHHe PaBHO Xt yl —x y{.

5. [ T a(ad S ],
[V e (e ) )R
46, l/—:—- a—}b-l- g~ it + _84_1 b® x~




TFnasa II. 9JJEMEHTAPHBIE METOAbl PEIIEHUSA
AJITEBPAHYECKUX YPABHEHUN C OJHHUM HEU3BECTHBIM

§ 5. O6aacTb MOMyCTHMBIX 3HaYeHHA
PaBHOCHJIBHOCTbL ypaBHeHHMH

IpenBaputenbHo npopa6oraiite § 47, 48, 49 u 50 yge6-
uuka C. U. HoBocenoBa (Bompochl, OTHOCALIHECS K CHCTe-
MaM ypaBHEHHH, CJeLYyeT ONYCTHTh).

IMpuctynast K peleHHI0 KaKoro-ju6o ypaBHEHHS, OYeHb
9acTo MOJIE3HO NPeABapHUTENbHO ONpeJeuTh 06JacTh JOmy-
CTHMBIX 3HaueHHW# JJs1 HeusBecTHoro. I[lokaxkem, Kak ®TO
Jleslaetcs.

47. OnpegenuTb 06/1aCTh NOMYCTHMBIX 3HAUeHWHl JJisi He-
H3BECTHOTO B CJeJAyIollleM YypaBHEHHH:

2= 4oy —x VT Fx L
x—2 x—VIi+x
Pemenue. O6iacTb JONYCTHMBIX 3HAYEHHH IJA HeEH3-
BECTHOrO JJaHHOrO ypaBHeHUsl ecTb ofuiasi 4actb objacred
onpefiesieHHst BceX (YHKUMH, BXOAAUIHX B 3TO YpaBHEHHE.
OyHKUMHM ¥ H x -+ 2 onpejesieHBl NPH BceX 3HAYEHHAX X.

2 __
DyHKIHA 2L—L,Q onpejeNeHa MNPH 3HAYeHHAX X, IpPH
X

KoTophix ¥ —2 =+ 0, T. e. npu Bcex x = 2. OyHKuus Vx +1
onpejiesieHa NPH 3HaYeHHsX X, NpH Kotophlx x 1 >0, T. e.

npu x >— 1. Hakonen, ¢yuknus N ot S ornpejeseHa

x =VT¥x
NpH TeX 3HAUEHHsAX X, NPH KOTOPHIX OJHOBPEMEHHO BbHIIOJI-
HAWTCA Caefylomue aBa HepaBeHctBa: | +x>0 u x—

—VT1Fx+0.Us MepBOro HepaBeJICTBa uMeeM: X > —], a u3
24



Broporo monyuyaem: x? = 1-+4-x mm x*—x—1+0. Tpex-
ytes x*—x—1=0 npu x= 1£V5s Iloaromy nJs BbI-
2

NOJHEHHUS TOCJEeJHEro HepPaBeHCTBA  JIOCTATOYHO, YTOOLI
1 5
X+ ____:i:QV .
Urak, o6nacTb JZONMYCTHUMBIX 3HAueHHA AN HEH3BECTHOrO
paccMaTpHBaeMOro ypaBHEHHsS eCTb oOLiee pelleHHe CJeJyio-
med cucTeMbl HEPaBEHCTB:

X 2,
x> —1,
s LEVE

Orciona OKOHUATeNLHO NoJydaeM, 4To o6JacTh JOMYyCTH-

MBIX 3HAUEHHH A/ X TAKOBa: x =>-—1, HO x +2Hu x + l——i_—Q—VS

[TpuMeuanue. Mol BHIUM, UTO omnpefeneHue o6JiacTH
JIONYCTUMBIX 3HAU€HHH JJI1 HEU3BECTHOIO JAaHHOIO ypaBHeHHUs
secbMa CJI0:KHO. [loaToMy mpH pellleHHH 3TOro ypaBHEHHs
Gonee 11e71ecO00pPa3HO pelIuTh ero Ge3 HaXOXAeHHS 06/1acTH
JIOMYCTUMBIX 3HAUEHHH JJIsl HEH3BECTHOrO, a OTOM NPOBEPHTH
TI0/ICTAHOBKOH B HCXOXHOE ypaBHeHHe, He SBJSIOTCA JIH Hail-
JieHHble KODHH MOCTOPOHHHMH.

IMokaxkem 3To. Qa5 sTOro mpuBefieM kK oflleMy 3HaMeHa-
TEJIIO OT/JIe/ILHO HJIEBYIO H NMPaBYIO YaCTH ypaBHEHHUs, NOJyYHM:

2(x2—-2)—(x°—4)=x’—-l—x+1+x
x—2 x—=Vizrx

OTKyJla MOCje HEeKOTOPHIX mnpeo6pa3oBaHuid B YHCJHTENAX
HMeeM:

,

x2 x2
x—2 x—=VYT+x '

M3 nocnepHero ypaBHenus HafimeMm: x, =0 u x, = 3.

I1peoGpa3oBanusi, MPOBONHMbIE HAMH TpU PELIEHHH JaH-
HOTO YpaBHEHHs, He MPHBOAAT K IOTepe KOpHel, BO3MOXKHO
TOJIbKO MOSIBJIEHHE MOCTOPOHHHX KopHeH. IloacraHoBko# Hafi-
JeHHbX 3HaueHH# x, = 0 H x; = 3 B JJaHHOe ypaBHeHHe JIer-
KO y6exJaeMcs, UTO OHH fIBJISIIOTCA KODHEMH 3TOrO YpaB-
HeHusd.
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48. Hafitu ofnacTh JONMYCTHMBIX 3HaueHHA AJIS HEH3BECT-
HOrO B CJEJYIOIHX YPaBHEHHAX:

B (= hEED =00 X-T'2 + V'x7+3 =x2-+§1+6

.
’

B Vi—9—VB—z=1 n x+VeFi6= Vﬁrm;

1 4 _ x*4-10x 4x% 4 21 .
B—xttx—1 x+1 x4 — 1 PN

3 3 1 1
e 10—x —3¥'3—x=1,; x) =
)V 1—YT=x 14+V1T—x

- Vs 18) Vx—b=24V1—x.
V1i—x
Ipu peureHHH ypaBHEHHH HCIOJB3YIOTCA MOHATHA CJef-
CTBHSl ypaBHEHHs W PaBHOCHJIBHOCTH ypaBHeHHil. PaccMoTpum
HEKOTOpble YPaBHEHHs!, CBS3aHHbIE C STHMH MOHSTHSMH.
49. YcraHoBuTb, OYAYT JI PaBHOCHJBbHBI yPaBHEHHS

$—2=d4—xmx—24 " =d—xf 2.

Pemenne. HerpyznHo 3aMeTHTh, 4TO BTOPOE ypaBHeHHe
NOJTy4eHO M3 mepBoro npuGaBjeHHeM K OOEHM YacTsIM ypas-

5
HEHHS OJHOrO H TOro K€ BbIpaK€HHA —3, KOTOpoe Tepser
X —

n)

YHCJIOBOA CMBIC] MpH x = 3. 3HAUUT, ¥ = 3 He MOXeT 6hITh
KODHEM BTOPOTO YypaBHEHHSI, HO X =3 SABJSAETCA KOpPHEM
NepBOro ypaBHEHHs, T. e. MOJydYaeM, YTO KOPeHb IepBOro
ypaBHeHHsl He sBJsercss KopHeMm Broporo. CiefoBaTtesibHO,
ypaBHeHHs] HepaBHOCHJBbHBI.

50. PaBHocu/bHEI JIM ypaBHEHHS

3x—1=2x+411un (3x— 1)V2x"—|—5= Cx+ 1)V 2xr5
B 06J1aCTH JeNCTBHTEJLHBIX UYHCEJ?
51. PaBHOCH/IBHB JIX ypaBHEHHS

x—3=2x—8 u (x —3)(x>—4) = (2x — 8)(x* —4)?

Ecnn Her, TO Kakoe M3 HHX SIBJISIETCS CJIe[JCTBHEM Jpyroro?
52. PaBHOCHJIbHBI JIU CJIeyIOUHe Maphl ypaBHeHH!

a) x—}—7==3-;—x ¥ x—}—7+x’=3%x+r’;
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6) 3x—1=4r—2n 3x—1 — L _—4r—2—_!

x2—1 a1

B) x—2=7—2x u (x—2)* = (7T—2x)%

M 2x—3=5—9r g 2=3_5%=%,
x—1 x— 1

1) 3—x=x+2 1 3—x)(x—1)=(x+2)(x—1)
e) (5x —1)2=(3x+5)* u 5x—1 =3x+5?
53. PaBHOCH/ILHBL JIH ypaBHeHHS

L 6=3x—4 (%xjt 6>(x2+7) = Bx— A 4T

B ToJie [EeHCTBHTEJbHBIX uYHCceJ? A B mojie KOMIVIEKCHHIX YH-
cen?

§ 6. KBanpaTHnifi TpexuseH M KBaApaTHble
yPaBHeHHS

[MpexBaputensHo npopaGoraiite § 79, 80 n 82 yueGHHKa
C. U. Hosocesosa.

54. Boigeaurs nonHbif KBanpat B TpexuneHe 10x® — 3x—2,

Pewmenune. Kospdbuunest y x* uncio 10 He sBasercs
KBaJ[paTOM ILeJIOT0 YHCJA, MO3TOMY yjAoGHee CHadaJjia BbIHeC-
TH 3TOT K03 HIHeHT 3a cKo6KH, monyuuM 10 (x2—0,3x—0,2).
PaccmatpuBasi — 0,3x Kak yJBOeHHOe MPOH3BEJEHHE NEePBOro
yjeHa Ha BTOPOH 4YJeH, NOKa HaM HEeH3BeCTHBbIH, Haijem,
yro on paBeH — 0,15. Torma, npuGaBMB M BBLIUTS KBajgpar
Broporo usexa, T. e. 0,0225, MBI OKOHYATEJBLHO MOJYYHM:

10x?—3x — 2 = 10[(x—0,15)>— 0,2225].

TeM camblM MBI BBIIEJHJIH TIOJHBIA KBajJipaT B JAaHHOM
TpexuJieHe.

55. BoigenuTs nosHbIA KBajpaT B CJAELYIOUHX MHOrodJe-
nax: a) x*-+8x—35; 6) 5x®2—Tx 3.

56. Pemnth kBajgpaTHoe ypaBHeHHe 5x2—8x+43=0
nyTeM BbiJleIeHHs] MOJHOr0 KBajpara.

Pemenue. CHauana BbIEJNHM KBajpaT B TpexuJeHe,
CTOsIIIEM B JIEBOH 4acCTH YpaBHEHHA.

Bx*—8x+3=5 (""‘%"""2‘) =

_5[(x2-—2 . %x+;—§) _;—§+%] =5[(x—-:-)2 —5‘5]
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Torpa Hame ypaBHeHHE NPHUMET BHI:

o[-l

4\2 1 4 1
OTK — =) =—, wH x—— = + —» Orcioga Hafizem
TKyZa (x 5) Y 5 + 5 it it

ZBa KODHS ypaBHeHHA: X, =1 H X; = —Z— .

57. Crnenywomue KBajpaTHble YpaBHEHHs pelIHTb NyTeM
BLIJe/IeHHs TOJIHOTO KBajpara:

8) 262 4-6x—9=0; 6 x*—3Lx4 20,
8) x—6+4(2x +10)* = (3x +-4)% r) ax®—(a*+ 1)x +a* +
+a=0.

58. He pemas ypaBHEHHs, ONpeje/NHuTb, KaKHe H3 HHX
HMEIOT paBHbIE KOpHH:

a) x’—-—x—}--‘l;-=0; 6) 2x2+49x = 5; B) — x? 4 2x—4=0;

r) x2—10x 425 =0.

59. B Tex ypaBHEHHAX, KOPHH KOTODHIX HMEIOT pasHble
3HAKH, ONpPeJeJNHTb, KAaKOH 3HAaK HUMEeT KOpeHb, abCOMOTHAasi
BeJINYHHA KoToporo GoJbliie:

a) x?—3x—28=0; 6) 3x242x—8=0; B) 4x*—17x |
+15=0.
60. B naHHBIX ypaBHEHHSX BMECTO TOUYE€K MPOCTaBHTh
SHaYeHHs KO3(p(DHUHEHTOB H KOPHeH:
a) X®—4dx=.. ,eH x,=7; X,= ... }
6) x> ... x—15=0, eciu x, =3, x, = ....

61. He pemas ypaBuenus 3x® -+ 17x —14 =0, Bbiunc-
JINTb BbIpaXKeHHe

3x: + 5xyxy + 3x:
dxyx3 4 4xix, )

(1)

Pemenue. Ha ocHoBanum Teopemsi Buera 3anuiuem

COOTHOLUEHHSI MeXJly KOPHSIMH JAHHOrO yPaBHEHHS: X, - X3=
7

1 1
=—3 "Nk =— V? 3Has 3TH COOTHOILLEHHs, mpeoGpasy-
v
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eM BbIpaxenne (1) Tak, 9To6bl OHO COJEpPKANIO CYMMY H
NpOH3BeJleHHe KOpHeH ypPaBHEHHs:

3% + 5xyxy 4 3x: _ 3(xy 4 x5)2 — xyx,

dx %0 + 450X, 4x1x9(xy + x3)

B NOJNYyYEHHOM BBIPaXXE€HHH BMECTO CyMMBbI H IIPOH3Beje-
HHA KOpHeﬁ NOACTaBHM HX 3HAYEHHd, INOJYyYHM:

TS TR,

4( 1_4)( 1_7) =" 4.14-17 = 052"
3/\ " 38

62. He pewas ypaBHeHns x*—3x—2 =0, BHYHCAHTBL
X xu x,—x,, rae x> x,.

Yxasanue. [Ina HaxoXIeHus X,—x, Hafiqure cHa-
vana(x, — x,)*.

63. He pemas ypaBHenus mnx*—(m-+nx-+1=0
(m>n>0), onpegesuTb OTHOLIEHHE CYMMBl €ro KOPHe#l K
HX Da3HOCTH X, — X3, Tl X, > X,.

§ 7. JByuneHHble H TPeXuieHHble ypaBHEHHs

[TpeaBaputensHo npopaGorafite § 85 u § 86 yueGuuka
C. Y. Hogocenoga.
64. Pewnth AByYJIeHHblE ypaBHEHHUS:

a) x*—1=0; 6) x*+1=0; B) x*—8=0;r) 3x*—81=0;
0 2®*44-2=0; ex*—V2=0.
Pemenne. a) [IByunenHoe ypaBuenue x*—1 = 0 moxk-
HO peluTb JBYyMs CrocoGaMH. _
I cnoco6. Ms janHoro ypaBHeHus HaiizeM x = 3/ 1.

—
B ofnactd KoMnuekcHbix uucen 31 uMeeT TpH 3HaueHHS.
Ilng toro utoObl HaAWTH STH 3HaueHHs, JaHHOe 4YHcao |
npejcTaBUM B TPHIOHOMeTpHYecKoil ¢opme mo ¢opmyse:

a +bi=r(cosq 4 ising)
(cM. yue6nuk no aarebpe A. IT1. Kucenema, u. II, § 140).
gecba=1; b=0;r= Va2—i—b2 =1; cos¢ =%= 13

sing= —=0

NI(:-
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2 r—
orkysa @ =0. Torga 1 =cos0°4isin0° B x=yT1 =
=}/ cos 0° F isin 0°.

[TpuMeHsisi NPaBUJIO HM3BJEYEHHS KODHSI H3 KOMIUVIEKCHOrO
4HcJia, 3aNHCAHHOTO B TPHrOHOMETPHYeCKOH (opme, MOJyuHM:

2kx
'

x=COSy;L + isin

rie k=0, 1, 2.
[ToacraBasis B 3Ty GOpMyJy BMECTO «2» ero 3HaueHHs, no-
JYYHM TPH 3HAUeHHs AJd X:

x, =co0s0° 4 isin0° = 1;

x2=cosi;- +isin—33x— =:1—+2—i§ ;

4x 4 —1—3V3
x,=cos— +isip — = ————

;= cos=% 4 isin = s

KOTOphIe SIBJSIIOTCS KODHSIMH JJAHHOTO YypaBHEHHSI.

[ cnoco6. JleByio 4acTe ypaBHeHHsI (a) pa3JIOKHM Ha
MmHoxHTeH: (x — 1)(x2+ x4 1) =0 (2), oTkyna BugumM, yTO
ypaBHeHHe (a) paBHOCHJbLHO COBOKYNMHOCTH JBYX YypaBHEeHHIi:

x—1=0mnx?+x+4+1=0 (1).

Pemas xaxpoe ypaBHeHHe COBOKymHocTH (1), Hafzem

MX KOpHH: X, = 1; x,, = 13 KOTOpHIE  SIBJISIIOTCS

2

KOpDHSIMH ypaBHeHHs (a).

B) JlaHHOe ypaBHEHHe MOXHO pellHTb ABYMsl CocoGaMH.

I cnoco6. IIpuBeseM naHHOe ypaBHeHHE K BHAY y°—
— 1 =0. Ona atoro nosoxuMm x = 2y. IlogcTaBUM 3TO 3Ha-
yeHHe B JaHHOe ypaBHeHue, noayuuMm: 8y?—8 =0 nm
y>*—1 = 0. Peumrenne ypaBHeHHS TaKoro BHJa IIOKa3aHO B
IpHMepe 1a). [TosToMy MoXeMm cpa3y HamHcaTb SHauyeHHs
vy:9.=1,

Yps = :%Vi Torma x, =2, x,, =—1+iV3.

Il cnoco6. JleByto yacTb JaHHOTO ypaBHEHHS Pa3JIOXKHM
Ha MHOXuteyu: (x—2)(x2+2x-+4) =0, oTkyjza BuauM,
uTO JaHHOe ypaBHEHHE PaBHOCHJILHO COBOKYIHOCTH 2-X ypaB-
Heunfl:

¥r—2=0u x24+2x +4=0.



Pemass kaxpzoe ypaBHeHHe STOl COBOKYNHOCTH, Hafifem
HX KOpHH: X, =2, Xx,,=—1+% iVs, KOTOpble SABJSIOTCA
KOpHSIMH JaHHOTO YypaBHEHHS.

65. PemuTh Byu/leHHblE ypaBHEHHS:

a) (x—2=27,6) (x— ®*=1; B) (x+2°=
TpexuneHHble ypaBHEHHS, CBOZMMbIE K KBaJpaTHbIM, HMe-

10T BHJ:
ax® 4+ bx"+4c=0. )]

Ouu Jerko pewarotcsi BBeJ€HHEM BCIIOMOraTeJLbHOTO HeH3Be-
CTHOTO:
Xt =z 2)

TeM caMblM Hamle ypaBHeHHe CBOAHTCSI K KBaJpaTHOMY:
az® + bz + ¢ = 0. Pemas nosyyeHHOe KBaJpaTHOe ypaBHEHHe,
HaXOAWM J[Ba 3HayeHUS AJs1 2 H, NOJCTaBJAsS HX NOCJeLOBa-
TeNbHO B BblpaxKeHue (2), mojay4uM JABa JABYYJEHHBIX ypaB-
HeHUsl CTeNeHH N, KOpPHH KOTOpbIX H SBJIAIOTCS KOPHSAMH
jauHoro ypaBHeHus (l).

66. {oxasaTb, 4TO cymMMa BceX KOpHelt GHKBajpaTHOrO
ypaBHeHusi x*-+ px?+ g =0 paBHa Hy/moO, a mNpou3BeJeHHE
KOpHeH paBHO 4.

67. CocraBuTb OGMKBaJpaTHOE ypaBHeHHE, KODHSMH KOTO-
poro GyAayT uHcJa V3 u Ve

68. PemnTbh ypaBHEHHs:

3
2) (x —2)* — 19(x — 2)® = 216; 6) (x—5)® — 3 (x — 5)?=40.
§ 8. Bo3BpaTHbie ypaBHeHHs

IMpepBaputensHo npopa6oraiite mo yyebuuky C. M. Ho-
socesioBa B § 87 cooTBeTCTBYIOIIHI pa3ped.

69. MoryT Jau yucaa 2, —;—, 3 1 5 6bITb KOPHSIMH BO3BpaTHO-

ro ypaBHEHHs 4YeTBEpTOH CTeNneHH?
70. B uucne KopHell BO3BpPAaTHOrO ypaBHeHHs OblIH cJe-
Lylomiye YHucaa:

a)—5, V3; 6 VI+V3, —1, 2i; s) % —5, —1, 3.

HaiiTu octanbHble KOPHH 3THX ypDaBHEHHH, CUMTass CTeNeHb
ypaBHeHHs] HauMeHblled M3 BOSMOXKHBIX.
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71. Pewmrs BO3BpaTHble YypaBHEHHS YeTHOA CTeneHH:
a) 5x* —12x3 4 11x2—12x 45 = 0;
6) x*—5x%—17x>—5x+1=0;
B) x*—2x342x*—2x+41=0;
r) 6x* 4 5x> —38x%+5x -6 =0;
) 248 —Tx8 4 Tx*—7x24+2=0.
Pewmenue. a) bx* —12x* 4 11x>2—12x +5=0.

Ienum o6e 4yaCTH ypaBHEHHsS Ha HEH3BECTHOE B CTeNeHH
C moKasaTesqeM B JIBa pa3a MeHblle CTENEeHH YpaBHEHuSA, B
JaHHOM ciyuae Ha x2. [locsie JesieHHs MOJyYHM:

bxt—12x-+11—121 5. Lo (1)

x x2
CrpynnupyeM wieHbl ¢ OJHHAKOBBHIMH KO3(h(MHUIHEHTAMH:

1 1

5(x”—|—;2—)—12(x+7)+11=0. @)
OGo3sHauum x—|—lx =y, Torja y’= (x—l— _1_)2 =x*}24

X
+ lz orkyaa x°—+ xlzz y*— 2. Tocae no;:,c*rauoxsmx,\:—}—l H

X X
1

x® 4+ = HX 3HayeHHH yepe3 y ypaBHeHHe (2) NpPHUMET BHA:

byt—12y+ 1 =90,

KOPHH KOTOporo PaBHbBIL
6+ V3l
Y, = 5

Hs Toro, uto x—|——l= y, umeeM x*—xy 41 =0, orkyna
X

= L:E_K:E* 3)

IMoacraBnsss B ¢opMyasl (3) nocjefoBaTeJbHO SHAYEHHSA
Y, M Yyg HalizeM 4 3HaueHHUdA X:

6+ ;/37..;1: l/ (6____‘*"})/5 )2—— 4
2

X

1,2
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6+ V3+Vi12y3T—33 u

10
SV 1/(6—#‘1_)”_4
- 2

_6—V3+iVi2y31+ 33
10 ’
KOTOpHIE SBJSIOTCS KOPHSIMH NaHHOT'O ypaBHEH Hs.
72. Pewuth BO3BpaTHble ypaBHEHHs HEUETHOH CTemeHH:

a) 2x5 4 3x* —5x% —5x23x 2 =0;

6) x3—3x2—3x+1=0; B) 3x®—7x* —7x-}3=0;

r) 12x% + 18x* —45x® — 45x% + 18x+ 12 = 0.
Pewenne. a)2x® 4 3x* —5x®—5x2+3x4+2=0. (1)

Kak nsBecTHO, BO3BpaTHOe ypaBHEHHE HEUETHOH CTEeNeHH
BCEra HMeeT KOopeHb x, = — l. CiiejoBaTe/NbHO, J€Basi 4acTh
ypaBHeHHs jenutca Ha x - 1. Ilocne geneHust mosyuum
ypaBHeHHUe:

X34

2% 44 —6x2 4 x4-2=0. 2)

JIns. HaXOXJeHHs OCTasbHBIX KOpHell ypaBHeHHs (1) Ha-
JO pewuTb ypaBHeHHe (2); OHO SIBJIsIeTCS] BO3BPATHBIM YETHOM
creneHd. PewuB ero, HaiiieM ocTasbHble KOPHH Halllero ypaBHe-
HHS

14V + Vso—2Ves

2,3 8
H
v - L=V + V5042V 65
4,5 — *
' 8

§ 9. YacTHble asieMeHTapHble METONB PelUIEHHS
Hedblx adre0paHuecKHX ypaBHeHUMH

B npakTHKe 4acTO mNOJb3YIOTCS HEKOTOPHIMH YacCTHHIMH
37eMEHTapHbIMH TpHEMaMH pelieHHs YypaBHEHHiH, Hampumep
pasyioxeHHeM JIEBOH YaCTH YPaBHEH Hsl HA MHOXKUTEJIH (3TOT P H-
eM yZ06HO HCIO/Ib30BaTh TOrJla, Korja B npaBoii yactu cTout 0),
BBeJeHHEeM BCIIOMOraTe/JbHOTO HEM3BECTHOTO H JAp.
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Ilns 3HaKOMCTBA C CYIIHOCTHIO HA3BAHHLI¥ YaCTHBIX MpH-
eMoB npopaGorafite mo yue6Huky C. M. Hopocenoa § 86.
73. Pemntb ypaBHeHHe:

x5 —6x* 4 9x® —6x% +8x =0 8))

Pemenne. Pasnoxum seByio yactb ypaBHeHus (1) Ha
MHOXHTEJH. Bo-nepBbIx, Mbl BUIIMM, YTO BCE UJIEHH! JIEBOH YaCTH
HMeiOT OOUIMA MHOXHTENb X, 3HAYMT, €r0 MOXKHO BBIHECTH 3a
cko6ky. Torza mnomyuyum x (x*—6x%4-9x2—6x4 8)=0.

PasnoxuM Ternepp Ha MHOMKHTENH MHOTOUJIEH, CTOsILIHH B
CKOOKax. 3aMeTHM, YTO B HeM LeJlecoo6pasHo CrpyNIHPOBaTh
yneHbl — 6x3 — 6x = —6x (x®+ 1), B pe3yJbTaTe yero Bhize-
JsieTcst MHOXHTeNb X2 + 1. Y ocraBumxcs yneHoB x*—+9x24-8
KoadduuueHT npu x* paBeH cymme KoaddmuinenTa npu x*
H CBOGOJHOro yjeHa, nostomy ujeH 9x* MoxHO pasbuthb
Ha jgBa  cjaraembix x*>4-8x% Torma B  BHIpaxeHHH
x* +9x% 48 = x* 4 x* 4 8x® 4 8 nocse rpynnupoBanus nep-
BOTO H BTOPOT'O, TPETHErO H YETBEPTOr0 WYJEHOB BbIIEJISETCS
TOT Ke oOW M MHOXuTeNb x%-+ 1. [ToaroMy MHOrouJeH, cro-
SMHA B CKOOKax, MOXKHO Da3JIOXKHTb Ha MHOXKMTEJH, CrpyI-
NHPOBAB YJieHBbl €ro CJEAYIOUHM o6pa3oM:

x* —6x% 4 9x2—6x + 8 = (x* 4 x®) — (6x3 4 6x)
+ (Bx* 4 8) = x? (x® 1) —6x (x*+ 1) + 8(x2 4 1) =
= (x2 4 1) (x* —6x -} 8).

Hrak, okoHuatenwHo ypaBHeHue (1) mpumer BHZ:
x(x®41)(x*—6x+48) = 0.
Orcioga: x,=0,
¥41=0, x,, =11,
x—6x48=0, x,=4, x,=2.

74. PemmuTh ciepylomye ypaBHEHHsI pa3JOoKeHHEM JieBOH
YacTH Ha MHOMXHTeJIH:

a) x®*—xt4 x®*—2x2 4 2x —2 = 0; 6) x*++2x3+-x*—4=0;
B) 12x* —4x®—9x>+ 1 =0; r)2x®—3x2—8x+}12=0.
75. Pemnts ypaBHeHHe:
(x>2+43x+6)* 4+ 2x (x2 4+ 3x +6) — 3x2 = 0. 1

PemeHnue. [JaHHOe ypaBHEHHE MOXHO peIUHTb TakK:
PacKpHITh CKOOKH, NPHBECTH NOAOOHbLIE YJIEHbI, IIOC/Ee Yero
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MonyyaeTcs ypaBHEHHe 4eTBEePTOH CTeneHH. PelmuTh Takoe
yPaBHEHHE 3/IEMEHTapHO yJaeTcs He Bceraa Jerko. [opasmo
uesecoobpasHee peliaTh JaHHOE ypaBHEHHe CJIEAYIOUUM CNo-
cobom. O6osnaunm x*4-3x + 6 = y (2), Torpa ypasHenue (1)
MOXKHO 3aNHCaTh TaKUM OOGPa3oM:
y®+2xy —3x2=0. 3)
B nieBoil 4acTH ypaBHeHHs1 (3) MOJyYHJIH KBaJpaTHBIA Tpex-
YjleH, Pa3JIOXKHM €ro Ha MHOMKHTENH, TOCJe Yero MONyYHM:

(y—=x)(y+3x)=0.
Orciona unu y = x, ud y = — 3x. YuuteBas (2), nony-
YUM COBOKYNHOCTb JBYX YyPaBHEHHI:
+2x4+6=0mnx246x46=0,

pEelINB KaXJOe H3 KOTOPHIX, HaifieM KOPHH HCXOJHOro
ypaBHEHHSI:

X ,=—1+iV5 nx,=—3+V3.

MoxHO yKkasaThb emle APYrodl crmoco6 pelleHHs JaHHOrO
YpaBHEHHA MyTEM pasJjIOXKEHHUS JIEBOH YacCTH ero Ha MHOKH-
temd. Jas atoro (x4 3x +6)® Gynem cuuTaTh KBaIpaToOM
nepeoro ujeHa; 2x (x4 3x 4 6) GyneM paccmatpuBaTh Kak
yIBOEHHOE NpOH3BeJeHHe MepBOro Yucjaa Ha BTopoe X. UToOH
HMETb KBaJpaT CyMMbl, HEJOCTaeT KBajpaTa BTOPOTrO 4JieHa,
1. e. x% IlpuGaBHM H BbIUTEM X2, MOJyYHM:
(x24-3x+6)2+2x (x24-3x 4 6)+-x2—4x2 = (x24-3x+6+x)%2—
—4x?= (x4 4x+6)® — (2x)* = (x*+ 4x 4 6+ 2x) (x>}-4x +

+ 6 —2x) = (x* 4 6x 4-6) (x* 4 2x +6).

CrefioBatenbHO, ypaBHeHune (1) MOXKHO 3amHcaTh Tak:

(% 4 6x - 6) (x* - 2x +-6) =0,
OTKYZa BHJHMM, YTO OHO PaBHOCHJILHO COBOKYNHOCTH JBYX
ypaBHEHHI:
x2+6x+6=0u x242x+6=0. 4)
Pemasi kaxjoe ypaBHeHHe STOH COBOKYNHOCTH, HaiineM
HX KOpPHH: X, ,=—3 +V3u x5,=—1+iV5, xoropse
ABJSIIOTCS KOPHSIMH JaHHOTO ypaBHeHHs.

76. Pemntb cienyioliide ypaBHEHHs CIOCOG0OM BBeLEHHS
BCIIOMOraTe/IbHOr0 HEH3BECTHOTO:
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a) (x®*+x+44)248x(x>+x+4)+ 1552 =0;

6) (x -+ 5)*— 13(x+- 5)%x% 4 36x% = O;

B) (x*+ x)? —10x2—10x 424 =0;

r) 8(x+5)> —9(x+5)(x—4) —92(x —4)>=0.

§ 10. JpoGHo-pauuoHajbHbie YyPaBHEHHS

IMo yue6uuky C. M. HoBocenoBa mnpopaGoraiite § 87.
77. Pewntb ypaBHeHHe:
3 . 1 3

X2 4x—2 x(x— 1) +x(x—3)' M
Pemenne. Ilpexne Bcero yctaHoBuM 00JacTb AOTYCTH-
MbIX 3Haued uii HensBecTHOro—O/3: x£0, x£1, x£3, x=—2.
3aTeM mepeHeceM BCe UJIeHB B JIeBYIO 4acTb, NpHBEJEM
apo6u K oflieMy 3HaMeHaTeNlo W CcllenaeM MpHBEAEHHE [1o-
JIOGHBIX YJEHOB, NOCJEe Yero NoJy4YHM:

— 1352 + 19x

XE T D) =P =) @
W3 ypaBHenus (2) umeem:
—13x2419x =0, 3)

19
Kopuu Kotoporo x,=0 u x3= "3 . TlpoBepuM, npunaanexar
JIM HafileHHble KOPHH ypaBHeHHs (3) 06aacTH JONYCTHMBIX 3Ha-
yenuil. Tak Kak x, = 0 O[13 He NpHHAAMEKHUT, TO STOT KOPEHb
fiBJisieTcsl MOCTOPOHHHM KOpHeM jJis ypaBHenus (1). CnegoBa-

19
TesJbHO, ypaBHeHHe (1) umeeT JHIIbL OJHH KOpEHb X = T

78. Pemmutb caenyiouue JpoGHble ypaBHEHHS:

3)53_-'_:_2__,\'_2—!—_2{ =l.._.___.__.4x2_2 ;
1420 742 7 1+ 16x -+ 4x2
x2—4x45 x —2\2
6) x4 6x-4 10 (x+3) .
79. Pemuth ypaBHeHHe:
. 1 _ 1 + 1 _ 1 =0 (1)
x2+7x  x247x+46 x247x--18 x34-Tx-12

Pemenue. B stom ypaBHeHuH mnesnecoo6pasHo He onpe-
pensaTs npepBaputrensHo OJI13, Tak Kak 3TO  AOBOJILHO
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CIOKHO, 8, PEUIHB ypaBHeHHE, NTPOBEPHTH MOTOM, He ofpaiia-
10T JIi HalfeHHble 3HAYeHHs HEH3BEeCTHOro KaKoH-JH60 Hu3
3HaMeHaTesell B HyJb. PemuTh 3TO ypaBHeHHE MOXKHO TOYHO
TaK e, KaK ¥ ypaBHeHHe 3ajaud 77/. Ho MOXHO pemuTh
€ro HecKoJbKO mpoute. [l storo o6o3nauuMm x%-}-7x =y,
Torja ypaBHeHHe (1) mpuMeT BHA:

1 1 1 1
e 0,
y y+6 y+18 y+12
CrpynnupyeM nepByio H YeTBePTYIO JPOGH H BTOPYIO H Tpe-
ThIO Jpo6GH, KOO Pa3HOCTH HX 3HaMeHaTeJell paBHbl. Torza nosy-
YHUM:

12 N 12
y(y+12) (y+6)(y + 18)
Orcioga mocjie cokpauienuss Ha 12 u npuBefeHHs K OG-
lieMy 3HaMeHaTeJio MOMyYHM:
12y + 108
y(y+12)(y + 6)(y + 18)
3naunr, 12y 4108 =0, y = —9.
Ho tak kak y=x*} 7x, 10 x>47x4+9=0, orciona
_ —=7+V 13
1,2 2 .
JIerko BHJETb, 4TO Hanneﬂnme 3HaAYEHHA X He o6paliaioT
B HyJIb HU OJHH H3 3HaMeHaresedl Jpobei, CTOSIIHX B JIEBOH
yacTH ypaBHeHHs (1). [efcTBHTeNbHO, NPH HaiJEHHBIX 3Ha-

YeHHSIX X
®+Tx=-—9
CnejoBaTe/ibHO, NPH 3THX 3HAYEHHAX X
%2 +7x +0, x> 7x46 0.
22+ Tx+18+£0u x> Tx 412 0.

= 0.

=0,

-7 13
Wrak, ypaBHenue (1) uMeer 1Ba KOpHA: X | , = _i-zlf_l_i" .
80. Pemnth ypaBHEHHE:
1 18 18
+ — —0.

242043 x4+ 2x+2 x4+ 2x+1
81. Pemmnth ypaBHeHHE:

| x —2) |x—3]

lx—8l T lx—z2| =
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Pemenue. O6o3nauum

[x—2]|
s =t (1.

Torga nanHoe ypaBHeHUe npuMmer BHA: { -+ %=3. Orcioga

t2—3t + 1=0; t=ij—:§V—5 , TIpH 3TOM 06a 3HaueHus ¢ >0u,

crefoBaTeNbHO, o6a oOHM mpurogHel  (u60 JleBasg 4acThb
(1) Bcerna HeorpuuartenbHa). ITonyuaem:

Jx—2| 3+V'5 |x—2| 3—V5
x—3 — 2 @ Tmr=""7% - 0

Tak kak a6coMOTHasi BeJHYMHA JpPOOGH paBHA YacTHOMY
OT ZHeneHHUs1 aGCOJIOTHBHIX BEJNMYHH UHCJHTENs W 3HaAMeHaTesst
H 06paTHO, TO ypaBHeHHs (2) U (3) MOXKHO NPEACTABUThL B BHJE:

34+V5 3—V'5
x—3|= 2 = 2 .

X —2 x—2

x—3

Yrto6bl H30aBHTLCS OT 3HaKa a6como’mox‘& BEJIMYHHBI B 3 THX
X —
ypPaBHEHHsIX, YCTAaHOBHM 3HAaK Apoﬁn — . dra xpobp Gy-

JIeT TOJIOXKHTeNbHA NpH X < 2 uau npn x > 3 u 6yJaeT oTpu-
narenbHa npu 2 < x < 3. Torga nmpu x <2 wm nmpu x >3
5TH yPaBHEHHS MPUMYT BHJ:

x—2 34V5 Hx—z_a—VE

x—3 2 x—3 2 .
Orcioga HaiizeMm: x1=5—"%§_ U Xy = _5_—'_21/_5_
5+‘/5>3 H xg— 5=V5 <2, T0 x,

M X, TNPHHAJJIEXAT K pPaccMaTPHBAeMOMY HHTepBaJy.
INpn 2< x <3 ypaBHeHHS NpPUMYT BHA:

_x—2_3+V5 x—2 3—V5
=3~ T 2 H —r=3= J

Tak kak x, =

oTCI0fa X3 = %zz,n H Xyg= ?%f—s—~2 28.

Tak kak o6a HafileHHBIX 3HaueHHs X TNpHHALIEXKAT K
paccMaTPHBaeMOMY NpOMEXYTKY, TO OHH 06a ABJSAIOTCA KOpHS-
MH HCXOJHOT'O YpaBHEHHS.
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Wrak, ucxonHoe ypaBHeHHe HMeeT ueThIPe KODHS:
x_5+V€, _5—V% _5+VE _25—V5
-2 2 T 10

1 P] y Xg = ;xa— 10 HX,;

82, Pemmte ypaBHeHHe:

|2 —1] | 2)1x+1]
lx+1] +lzx—ln =

§ 11. HppauuoHaibHbie ypaBHeHHS

IMpexsaputensHo npopaboraiite mo yue6Hnky C. M. Hoso-
cemoa § 93.

83. He pemas ciepyioumux ypaBHeHHH, OObSICHHTD, NOYe-
My KaxJoe U3 HHX He MOXeT HMeTb peLleHH:

a) VaxF3+Vx—3=0.

Pemenue. YpaBHeHUe He MOXET HMeTb pEIIEHHH, Tak
KaK CyMMa JBYX HeOTpHIATENbHHX uncen (1. e. )/ 2x+3 > 0
u V' x—3 > 0), He paBHbIX OJHOBPEMEHHO HYJIO, HE MOXKET
ObiTe paBHA HYJIO.

6) Vit2+Vi—I=-—2.

Pewmenue. YpaBHeHHe He MOXET HMeTb JeHCTBHTENb:
HbIX KOPHEH, TaK KaK CyMMa JBYX HEOTPHI(ATeNbHBIX YHCEJ
He MOXKeT GbiThb paBHA OTPHIATENLHOMY YHCJY.

B) V4d—x—Vx—6=2.

PemeHnue. YpaBHeHHe He HMeeT KOpHeH, Tak Kak AJs
toro, yToOBl JIeBast YacTb YpaBHEHHs HMeJa CMbICJ, HAJO,
yto6et 4 —x >0 u x —6> 0. Ho s1a cHcrema HepaBeHCTBa
NpOTHBOpPEYHBaA.

NnVx—3—Vx+9=Vx—2.

Pemenue. YpaBHeHue He HMeeT KOpHeH, MOO INpH JiO-
6om x, x—3 < x+9. Torpa u Vx—3<Vx+9, sna-
YHT, PAa3HOCTHb V—3—Vx —+ 9 npu mo6om x oTpHLATENb-
Ha M He MOXKeT ObITh paBHA HEOTPHIATEIbHOMY UHCITY Vx=2.

DVx+Vxfo=2.

Peuwenne. [l cyuecTBOBaHHS NePBOro KOPHS X JOIKHO

GbiTh YKMC/IOM HeoTpHuATebHbM. [Ipu 5ToM ycnouu V x |9
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6yneT BO BCAKOM cayyae GoJbile 3 H, CI€0OBATENLHO, JieBas
yacTb HH NPH KAaKMX 3HAYeHHSX X He MOXKeT OhTb paBHa 2.

84. He pemas crenyomux ypaBHeHHH, OObSICHHTD, OYEMY
Ka)XJl0e M3 HUX He MOXeT HMeTb KOpHeH:

a) VxF+34+y/x—2+1=0;r) V?—Vx—]—/m: 2.
6) V29V itd=—20)yx—1+yVx+3=1;
B) V2 —5+VY1—x=3;e) Vx—4—)2—x=0.
85. Pemmts ypasuenne: }/ x - 16=x—4 (1).
Pemenue.
I cnoco6. Ha ocHoBaHHH ompejesieHHs] KOPHSI HMeeM:
x+16=(x—4)% wm x*—9x=0.

Orcioga x, = 0; x, = 9. HenocpegcTBeHHOH NOACTaHOBKO B
HCXOJiHOE ypaBHeHHe yGexpaeMcss, yto x;, =0 ecTp mnocro-
POHHHII KOPeHb, a X, = 9 yJIOBJIeTBOpsieT eMy. 3HAuuT, ypas-
HeHue (1) HMeeT eIUHCTBEHHBI KOpeHbL x = 9.

II cnoco6. Bo3BbicHM 06Ge yacTH ypaBHEHHSI B KBaj-
par, noayuuM x -+ 16 = (x — 4)%. [danblue pelieHHe, Kak U
B IIepBOM criocobe.

Il cnoco6. IlepeHeceM Bce uJeHbl ypaBHEHHs B Jle-
By10 yacTb. [lomyunm:

VxF 16— (x—4)=0. @
YMHOXHM oOe yacTH ypaBHeHHS (2) Ha BBIDaXKeHHe, CO-

NpsKeHHOe C JIeBOH 4acThio, T. €. Ha Vx —+ 164 (x — 4).
Torpa moayyum:

VxF16—(x—4)] [VxF 16+ (x—4)] =0,

HJIH

(VxF16)* —(x—4)2 =0,
x-+16 = (x —4)%

Hanvuie penrenne HAET Tak e, Kak M B nePBom crocobe.

IV cnoco6. Bo Bcex Tpex NpeAblgyLiHX CrIOcOGax Mbi
He CJIeJUTH 32 PaBHOCHJBHOCTBIO YpaBHEHHH, MOJNyYaeMbX B
pesyJibTaTe NMPOH3BOAUMBIX mnpeobpasoBanuil. Ilostomy mpo-
BEPKa pelIeHHs COCTaBJfiJla OPraHHYECKYI0 H 0053aTeNbHYI0
yacTh peweHusi. Ho MOXKHO pewHTb JaHHOe ypaBHeHHE U
NOJIb3ysICh NOHATHEM O PaBHOCHJIBHOCTH YpPaBHEHHH.
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[TokaxeMm, Kak 3510 cpenatb. [IpH mo6OM JOMyCTHMOM
3HayeHHH X JieBas 4acTb YyPaBHeHHs HeOTpHIaTeJabHa, II0-
3TOMYy €CJIH 3TO ypaBHeHHe HMeeT JeHCTBHTeJbHbIe pelIeHHs,
TO BO BCSIKOM ciayyae x—4 >0, orciona x >4 (2). Ipu
3TOM YCJIOBHH TNOJKOpPEHHOe BbIpaxeHHe KOpHS, CTOSIIEro B
JeBOH 4aCTH ypaBHeHHsl, OyJleT HeOoTpHLaTeJbHO.

[lpu BHInoMHeHHH ycJaOBHA (2) Mbl MOXKeM, Hamnpumep,
BO3BbLICHTb O0e 4aCTH ypaBHeHHs B KBajpaT (MJH, 4TO, cOG-
CTBEHHO TOBOPSI, TO XK€ CaMOe, YMHOXKHTb Ha CONPSIKEHHOe
BhIPA’KEHHe), H TOrJja MBI oslyyuM ypaBHeHue x> — 9x = 0 (3),
PaBHOCHJIbHOE HCXOIHOMY ypaBHeHuio (1) B obnactu x >4.

W3 nByx pemeHuii ypaBHeHus (3) x, =0 u x,=9 nep-
BOE He NPHHAJJIeXKUT 5ToH 06JacTH H, cCJeJOoBaTeJbHO, He
MOKeT ObITh peilleHHeM ypaBHeHus (1), a BTOpoe — mpuHaz-
JexuT. 3HauuT, ¥ =9 H ecTb peuweHHe ypaBHeHHs (1).

[lpu Takom crnocofe pelleHHs] [IPOBepKa PeIeHHs HpHH-
IMNHaJbHO He HYWKHA.

86. Pewnth ypaBHeHHE:

Voax+8+VxF5=T. (1)
PemeHnue.
I cnoco6. YeauHuM ONHH H3 KOpHel:

Vox+8=7—Vx+5.
BosBbicuM Tenmepb O0e 4acTH ypPaBHEHHS B KBajipar:
2x+8=49—14VxF5+x-+5,
w
14V xF5 =46 — x.
TonyueHHOe ypaBHeHHe BO3BLICHM ellle Pa3 B KBaJpar:
196x -+ 980 = 2116 — 92x -} 2,
x%—288x 1136 =0,
X, = 284, Xg = 4,

[TpoBepuM NOACTAHOBKOH, YIOBJIETBOPSIOT JIH HalJeHHbIe
KOpHH ypaBHeHuio (1). ¥Y6exnaemcs, uto x, = 284 ecTb mO-
CTOPOHHHI KOpeHb, @ Xy = 4 YIOBJETBOPSIET yPaBHEHHIO.

II cnmoco6. CHayana ycTaHOBUM, NPH KaKHX 3HAYeHHUsSX
ofa paaukana JeBOH uacTH ypaBHeHH#t (1) HMelOT cMbIC.

Ilna storo HeoGxogumo, 4ToObl 2x+8 >0 u x 45> 0,
orctofia x > —4 (2).
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YeIuHHB KOpeHb, NMOJYYHM YpaBHEHHe:
Vox+8=7—Vx+5. 3)

Tak kak JieBasi yacTb HeOTPHUATeNbHA, TO JOMKHA ObITh
HeOoTPHIIaTeJbHA W NpaBasi yacTb, a JJIS 3ITOr0 JOCTATOYHO,
utobbl x +5 <49, T. e. x <44. Utak, —4 <x < 44. (4)

[Ipu ycjoBuu (4) MOXHO ofe yacTH ypaBHeHust (3) BO3-
BBICHTb B KBajpaT, NMPH 3TOM MOJYYHM PaBHOCHIBHOE ypaB-
nenue: 14V xF5=46—x (5). O6e uactu ypasHenus (5)
NpH YCJOBHH (4) HMEIOT OJMH M TOT e 3HaK, CJeJoBaTellb-
HO, BO3BBICHB 00€ YaCcTH 3TOr0 ypaBHEHHs B KBajapar, MoJgy-
YHM ypaBHEHHE, PaBHOCHJbHOE HCXONHOMY B OGJIACTH, Ompe-
nensieMoii ypaBHeHueM (4). [Tonyuum ypaBHenue: x® — 288x
41136 = 0.

M3 1Byx KopHelt 3Toro ypaBHeHHs x, =284 u x, =4
TOJIbKO BTOpPOH KOpeHb YAOBJETBOpsieT ycJoBHIO (4). 3Hauur,
X =4 4 eCTb e JUHCTBEHHbI! KODeHb HCXOHOTO ypaBHeHHs ().
IIpoBepka npu 3TOM He HYXKHa.

Pemuts crepyiomue ypaBHeHHS:

87. V5 Fx+V3tx=2.

88. Vi—2—Véx—114+VxF3=0.

89. Pewmnth ypaBHeHue: ]/x—|—3—4l/3c———l +
+Vx+8—6Vi—1=1

Pemenue. M3 ypaBHenus cpasy BumHO, uTO x> I,
TOrJja MPEJCTaBUM Haile yPaBHEHHE B CJeJYIOuleM BHJe

Vie—1)—aVi—14+4+V (x—)—6Vx—119 =1,

HJIH

VWVx—1—2)2 +)V (Vx—1—37% =1.

Orcrofa noJyyum:

V=1 —2|+|Vx=1—-3|=1, (1)
Tak kak noj 3HakKaMu a6COJIIOTHBIX BeJIHYHH MbI HMeeM

pasmoctd Mexay Vx—1 u 2 n MEX]IY TEM K€ KOpHeM U 3,
TO HaM HYXHO CPaBHHTb 3TOT KOPeHb C YHCAaMH 2 u 3.
Bosmoxubl 3 cayuas:

1) V' x—1<2. Toraa ypaBHenue (1) paBHOCHJBHO ypas-
HEHHIO;

42




e—Vi=1)4+0B3—Vi—=I)=1. )
W3 ypaBuenus (2) ciepyer, 4to

2V x —1 =4,

oTKyAa x =5; Ho npu x =5 nonyunum V x —1=2, uto npo-
THBODEYHT YCJIOBHIO Vi—i<2.

2) 2 <V x—1 <3. Torna ypaBHenue (1) paBHOCHIBHO
yPaBHeHHIO:

(Vx—=1—2)+(B8=Vx—1)=1um 1 =1.

Oro 3HauuT, YTO JIOGOE 3HAYEHHE X, YOBJIETBOPSIONLIEE YC-

aoBuio 2 <V x—1 < 3 (4), yrosnersopser u ypasueuo (1),
a 3HAYUT, W HCXOJHOMY ypaBHEHHIO.

W3 HepaBencTBa (4) J1erk0 MOJNYYHTh, YTO HCXOZHOE ypaB-
HeHHe YJOBJETBOPSIETCS TOXKJECTBEHHO IpH

4 <x—1<9, wm 5 <x <10.

3) Vx—1>3. Torza NOJIlyYHM ypPaBHEHHE, PaBHOCHJIb-
Hoe ypaBHeHHIO (1):

(Vr=1—2)4+(Vi=1—3)=1. (5)
Orcroga:

2Vx—1=6, wm Vx—1=3,

a 1Mo YCJIOBHIO Vi—1 > 3. Hrak, ucxonHoe ypaBHeHUE uMe-
eT GeCKOHeYHOe MHOXKECTBO KOpHeH, a HMEHHO BCe JeHCTBH-
Te/lbHBle YHCsa cermenTa [5, 10].

Pemuth ypaBHeHus:
9.}/ x+V6x—9+) x—Véx—9 =VG.

9. Y97 —x+vVx=5(l).

Pemenue. O6osHaunMm /97 —x=yun Vx=2 (2)

Ouesujno, uto y >0 u 2> 0.

JanHoe ypaBHeHHe npumeT Torja BHL: y-}z=15. (3)
U3 paBerctB (2) umeem: 97 —x = y“} Hckmouas x, nomy-

x=2*
gumM y* 4-2* = 97 (4). Bosseicum Tenepb o6e 4acTH ypaBHe-
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uus (3) B KBajgpar, mocie npeoGpasoBanus y? -} 2% =25 —
—2yz. O6Ge yaCTH TNOJYYEHHOIO ypaBHEHHS elle pa3 BO3-
BbICHM B KBajpaT. Mmeem:

y* 4 28 2y%2% = 625 — 100 yz -} 4y%2*.
YuuthiBas ypaBHeHHe (4), mosayuum:
97 = 625—100 yz -} 24222,

(y2)® —50 (yz) + 264 = 0.

Pemns 310 KBajpaTHOe ypaBHeHHe, HaiiieM, uyTo yz =6
WM yz=44. Ho y+2=05 v Tak Kak y u z o6a TNOJIOKHU-
TeNbHbIE, TO OYEBHJHO, YTO Yz He MOXKeT ObiTb paBeH 55.
Ocraercs JHIIb OfHA CHCTEMa:

{y2=6,
y-+2z2=>5.

Orciofa HafizeM, 4T0 2, =2 H 3=3 (a y, =3, Y =2).
Torpa x, = 16, x5 = 81.

92. VAl Fx+ V4 —x =2.

§ 12. I'paduyeckuit cnocoG pelieHnss ypaBHeHU#H

HJIH

ITpenBapurensHo npopa6oraiite mo yue6uuky C. M. Ho-
pocesioBa § 66.
93. Peuutp rpaduuecks ypaBHEHHE:

2x*43x—1=0. (1)
Peunienue.

[ cnoco6. INocrpoum rpadux dyHKnun y = 2x2-} 3x — 1
(uept. 1). Ias 3TOro CocTaBHM TaOJHUIy 3HaYeHHH QYHKIHHU:

Mbl BuguM, uyro rpadHK J[aHHON (YHKUHH Tnepecekaer
ocb X B 1ByXx Toukax A M B, a6cuucchl KoTopeX x, =~0,3
H X3~ —1,8 ABAAIOTCA KODHSAMH NaHHOrO ypaBHEHHs.

Il cnoco6. IlepenumemM gaHHOE ypaBHEHHE TaK:

2x% = 1—3x.
44



[Toctpoum rpaduxku ¢yHK-
wh y, =2x> 1 y=1—3x

%
Ha OJHOM H TOM IKe uyepTexe
(uepr. 2). MBI BHAMM, uTO rpa- 7
¢uKkH yKasaHHBIX QYHKUHH ne- 8 &
pecekaroTcsi B JByX Toukax A
H B, a6cumcchl 3THX TOYEK U N\ 4t
ABJSIIOTCSI KOPHSIMH  ypaBHe- | 3
Hua (1). 3uaunr, |
y 1\
3 |
|
2 l
— A
! -3 -2 -3 O|\7 2 3 X
8 A -7
-3 -2\-7 o) 7 7 3 x
-7 2
-3
-3
Yepr. 1. Yepr. 2.

x,~—18u x,~0,3.
94. PeumTh rpaduyecKH ciaejyiollie ypaBHEHHS:
a) x>4+2x—3=0;, 6) x®*—4x+4=0;
B) 2x>4-6x 47 = 0.

95. Pewuth rpaduueckn ypaBHenue: x3 —2x 3 = 0.

Pemed ue. MoXHO NOCTPOUTb rpaduK PYyHKIHH y = x3—
—2x 4 3, Halith abcuMcChl TOYeK nepecedeHuss rpaduka ¢
oceio OX, Koropble H 6yAyT KOpHSIMH JAHHOTO YpaBHEHHS.
Ho Takoe peluenue siBjisieTcss TPYAOEMKHM, TaK KakK NOCTPOHTh
rpaguK YyKasaHHOH GYHKIHH JOBOJBLHO cJoXHO. Ilostomy
Gosee 1eaeco06Pa3HO JaHHOE ypaBHEHHe 3amucaTh TakK:
x® = 2x — 3 u nocrpoutb rpapuku yHKuul y, =x® u Yy, =
= 2x —3 (uepT. 3).

[paduku mepecekaiotrcs B Touke A, a6cmucca KOTOPO#H
x=~—1,9. JIpyrux Touek mnepeceueHHs] HeT. 3HAUHT, AAHHOE
ypaBHEHHe HMeeT OfHH JefiCTBHTENbHBIE KopeHb x=—1,9.
Ho Moxuo peumnTs JaHHOe ypaBHeHue uHaye. Tak Kak x =0
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He sBJIsSIeTCA KOPHEM YpPaBHE€HHS, TO MOXKHO ofe yacTy ero
pas3jesuTh Ha X. nOJIy'-lHM:

x2—-2-[-—3—=0, HJIH x”—2=—-§-.
X

o 3

[Moctpoum rpadukn GyHKIMHE y, =x*—2 H Y= — —

X

(uept. 4). Fpadukn nepecekarorcs B Touke A, abemucca Ko-

Topoif x=~—1,9. DTOT crnoco6 pelieHHs, MNOXaayH, npolle
nepBoro.

96. Pewnts rpaduueckn cleAyiolHe ypaBHEHHS:
a) *—x4+4=0; 6) »*—2x2+1=0;
B) x>+ x2—2x+4+3=0; r) [x—2|= %

97. PemmTo rpaduyecku
ypaBHeHHE: VxF2=nx.
Pemenue. IloctpoumM Ha
OJIHOM uepTeKe rpaduku QyHK-
iy, =Vx+2 nu ys=x
(uept. 5). Tpadux ¢ykwMH "2 T A 7 5 5 ¢ 5 ¢ 5 %

\'\)%'Q

y =V x4+ 2 moxHO yonyuuts -7
u3 rpaduka y =V x, cIBHHYB Bl
ero napaJsuiesbHO camoMmy ceGe -t
Ha 2 eJuMHHUbl BJIEBO BJOJb Yepr. 5

och OX. TI'pabuk ¢yukuuu
Y2 = X ecTb GHCCeKTpuCa l-ro H 3-ro KOOpJAMHATHHIX YIJIOB.
I'papuxu nepecekaiorcs B Touke M (2,2). AGcuucca sToi

TOYKH MepeceyeHHst x = 2 u GyJeT pelieHHeM LAHHOTO ypas-
HEHHsL.

98. Pemuth rpacuueckn ypaBHeHwue:

V x—1=3.

§ 13. Pewenue ypaBHeHM# C mapameTpamu

ITpexBaputensio no yuebnuky C. M. HosocenoBa mpopa-
Goraiite § 53, 54, 87.

99. Peuwnts ypaBHeHue:
(m*4+m—2)x*+2m*+m-43)x4+m*—1=0

B 00/1aCTH JEHCTBHTEJbHBIX YHUCE.
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Pemen ne. Pemwenne moboro ypaBHeHHs C mnapamerpa-
MH MOXKHO TpPOH3BOAHThL MO Clejylolleli cxeme:

1. Onpegenenne o6nacTH JOnyCTHMBIX 3HaueHuit (O[13)
IJis HEH3BECTHBIX H NapaMeTpoOB, €CJH 3Ta 00JacTb 3apaHee
He 3ajaHa.

2. PeuieHue ypaBHeHHS, KaK NpaBuWJIO, B GoJjiee LIHPOKOMH
obJiacTH.

3. HccrnepoBaHme: yCTaHOBJIEHHe YCJOBHH NpHHAJJEXK-
HOCTH KaxJOro H3 HalJleHHbIX pelreHH# K 001acTH JONYCTH-
MBIX 3HaYeHHH JJS HEH3BeCTHOro, paCCMOTPeHHe OcOObIX
C/lyuaeB pelleHHsl ypaBHeHHs.

[IpoBepka perieHHsi YPaBHEHHS, €CJIM OHAa HYyXHa.

5. OTBeT: yKa3aHHe BCeX pellleHHH ypaBHeHHs IpH pas3-
JIMYHBIX JOMYCTHMBIX 3HAYEHHSX HapaMeTpoB.

KoneyHo, MOXHO NPOM3BOAHTL DPelleHHe ypaBHeHHH C ma-
pameTpamu, TpHAEPXKHBASICb KaKOH-JIHOO Jpyrod cxemsl, Ha-
npuMep omnpejeJieH He 06/1aCTH JONYCTHMbIX 3HAYeHHH IpoM3-
BOJMTL He B Hauaje pelleHHs, a Iiepell HCCJeJOBaHHEM.
Touno Tak e HeT HaJOGHOCTH pa3bMBaTb BCe pelleHHe Ha
OTJeJIbHble 3Tanbl COrJIaCHO NPUBEJEHHOH cxeMe, Gojblue TO-
ro, OT[eJbHble 3Tamnbl peiueHHsi GyAyT Mexny cobofi mepe-
NJIeTaTbCA: TaK, HCCJIeJOBAHHE YpaBHEHHS MOXKHO MPOU3BOAHTD
MONYTHO C peLIeHHeM YypaBHEHHs H T. X.

PaccmorpuM Tenepb JaHHOe B YCJIOBHH 3aJaid YpaBHEHHe.

SIcHO, YTO HEW3BeCTHOe X H mapaMerp m MOryT OhITh
JIo0ble [EHCTBHTEJbHbIE YHCJIa.

[anHoe ypaBHeHue GyjerT KBajJpaTHbIM, ecju m®-+m —
—2+0, 7.e.m=+1num+2 Ecmm m=1, To ypaBHeHune
npuaumaer Buj: 6x =0, orciona x = 0. Ecoiw m = —2, 10

nosiyuaetcsi Takoe ypaBHenue: 9x 43 =0, orcioga x = — %—

[Tyctb Tenmepp m 1 u m ¥ —2, Torja HaiijleM JHCKpHMH-
HaHT (pa3/lH4yuTeslb) YpaBHEHHS:

D=02m*4+m+43)2—4(m*+m—2)(m*—1)= (bm 1),
Mbl BuauM, uyto npu Jwo6bix m D> 0, nostomy mnpu

Bcex m (KOHeYHO, He paBHBIX | W —2) JaHHOe ypaBHeHHe
UMeeT JBa JeHCTBUTENIbHBIX peLIeHHs:

_—em*4m 4+ VEn F IR _ —2mP—m—34(5m+1),

Fl2 = m?+m—2 m?4+m—2
x —2m? + 4m — 2 - 2(m — 19 =2(1-—m)
1 m+4m—2 (m —1)(m 4 2) m+2
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—2m? —6m — 4 =—-2(m—!—~1)(m+2)= 2(m+1)

¥ = m2+m—2 (m—1)(m—2) 1—m

[TpoBepky pelieHHsl B [JaHHOM CJydYae TMpOHU3BOJHTL He
HYKHO, H60 Mbl HHUIZE HE HapPYyUIWIH PaBHOCHJbHOCTH ypaB-
HeHuil.

OrBer: mpu m=1 x=0,

1
I =—2 =——;
npH m X 3
_ - 2l — m)
npu m=+1um+—2 x iz u
x2=2(m—-l).
1—m

100. Pemmuts caenyrouiye ypaBHeHHs] B o6jacTH JeACTBH-
TeJIbHBIX YHCeN:
a) x*—2(@+1)x+4a=0;
6) a(a+2)x*+2x —a>+1=0.

101. Pemuts npoGHoe ypaBHeHHe C mapameTpaMH B 06-
JaCTH JeHCTBHTEJIbHBIX YHCEeN:
a?— b b (x 4 2)
2x — x? x—2
Pemenue: O3 x£2, x+0, au b— moGhle,
IlpuBesem ypaBHeHHe K 11eIoMy BHAY:

a®(2x —x?)—a® + 0 =b*(x +2) x.

PackpblB CKOOKHM M CrpynnHpoBaB UJeHH C OJHHAKOBBIMH
CTeNEHSIMH X, TMOJNYYHM:

(@® — b%) x* — 2 (a® + %) x + (a*— b%) = 0. ©)

3amernM, 4TO yparueHHe (2) paBHOCHJBLHO ypaBHeHHIO (1)
B 00/laCTH JONYCTHMBIX 3HayeHHH HEH3BECTHOro H Iapamer-
poB.

PemnM ypaBHeHue (2).
1) Ilycts a® =+ b%, Torma ypaBHeHHe (2) sBasieTcss KBaj-
paTHBIM, KOPHH €ro GYAyT AEHCTBUTENbHBIMH, €CJIH JIUCKpH-

muHaut D > 0. TlosTomy HaiieM cHayaja JUCKPUMHHAHT
ypaBHeHHs (2):

D = (a® 4 b%) — (@® — b%)? = 4a%?* 0.

a’ —

(1)
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CnenoBaTenbHO, ypaBHeHHe (2) MpH YKa3aHHOM YCJOBHH
(a® + b% Bcerja uMeeT JBa JEACTBHUTE/LHBIX DeLIEHHS:

2 2 —_
Xy = a +2b +22ab DX, = atb X = a—b .

a2 —b a—b atb

Haiinennole peiienusi ypaBHeHus (2) OyAyT peuleHHsIMH
ypaBHeHHus (1) TOJBKO B TOM cjayyae, ecaH OHH OyAyT IpH-
HaJNMeXaTh 00JACTH JOMYCTHMBIX JJIs1 HHX 3HaueHHi. Tak
Kak u3 ycioBusi a® =+ 0 caenyer, uto a+b+0 u a—
—b+0, 10 x;, #0 1 x5 0. Ocrajocs YyCTaHOBHTb, IPHU
KaKHX 3HAueHHWsX NapaMeTpoB @ M b KOpHHM x, H X, OTJIHYU-

Hbl oT 2. HdomycrtuM, 4to X, = 2. Torza 3+—Z = 2, oTkyja

a = 3b. 3naunt, x, =2 npu a = 3b. AHANOTHYHO BHISACHHUM,
yT0 X, =2 mnpu a= —3b. CrejoBaTensHo, npu a = 3b

o 3b —
Xy — l'IOCTOpOHHPIH KOpeHb, a Xg = b b = =
3Bb+b 2

€CTb KOpPEHb

ypaBHenus (1).

IMpu a = —3b x, — NOCTOPOHHHI KOpeHb, a x, =

— 1
= %z — €CTb KOPeHb ypaBHeHHs (1).

Ecnu xe a++ 4 3b, TO X, M X, ABJIAOTCS KODHSMH ypaB-
tenus (1). Tenepp paccMoTpuM ocoGwiit caydail, Korga a® =
= b% Tlpu stom ycnoBuu ypaBHenue (1) mpumer BHA: a® =

b? 2
= i"—'Q-—l , TIPH pEllEeHHH KOTOpPOro BO3MOXKHBI JjBa CJydas:

X —

a) Ecim a =0, To x — moGoe, kpome, KoHeuHo, x =0
Hx=2

6) Ecmn a #+0, To noayuyum x —2 = x4 2, oTkyna BH-
JHM, YTO ypDaBHEHHE B 3TOM CJyuae pelIEHHH He HMeeT.

OrBer: 1) Ecim a =0 =0, To x— 060e, He paBHOe

0Ou2
2) Ecu a= £+ b+ 0, To ypaBHeHHe HE HMeeT
peLIeHHui.

3) Eciim a= 4 3b, 10 x = 0,5.
4) Ecmn a®#b% w a+ +3b, 10 x, = ath

a—b
Xg = a;b_.
at+b

102. Pemmuth crepyiomue apoGHble ypaBHeHHs B 06/acTH
NefiCTBUTE/IBHBIX UHCeJ:

L=a;b q_j_—i‘
2) x+ X a+tb +a—b '
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6) : 0 8 _ 9 -0
X% — dax x2 — 4ax + 3a? x2 — dax + 4a?
103. Pemuts uppaiuoHanbHOE ypaBHEHHe ¢ rapameTpamu:
V3x—a=a—2x (1
Pemenue. [Ins Toro yToGk JieBasi 4aCTh ypaBHEHHS HMe-
J1a CMBICJT, Hafo, YTo6H 3x —a >0, orcioga x > % . (2)

ITpu 3TOM yC/I0BHH JieBasi 4aCThb ypaBHeHHs1 GyeT HEOTpH-
naTejpHa, II03TOMYy Hago, uTo6bl M a—2x > 0, arcioza
a

x < ‘E . (3)

Hrak, ecan ypaBHeHue (1) uMeeT peleHHsI, TO 3TH pes

ILEHHA JO/IKHBI YJOBJIETBOPATL CJeAyioliell CHCTeMe Hepa-
BEHCTBA:

x

A%

X

2
3
g
2
Ho sTa cucrema Gyner uMerh ofilee pelleHHe JIHIIb npu
yCJIOBHH, u4TO a > 0, u6o npu a < 0 nmpotusopeunsa. Hrak,
i<x<-;—,nue a>0. (4)

3

IMpu ycnosuu (4) Moxuo oGe uacTH ypaBHeHHs1 (1) Bo3-
BLICHTBL B KBajpaT, NIpH 3TOM NOJMYYHM yPaBHEHHe, PaBHOCH/Ib-
HOe HCXOZHOMY B 006J1aCTH YHCeJ, OnpeJesieMblX YCJIoBHeM (4)

4x* —(da+3)x+a*+a=0. ()

HaiineM AMCKDHMHHAHT 3TOrO ypaBHEHHS:

A =9-+48a, tak xak a >0, To A>0.
3nauut, ypaBHeHHe (5) HMeeT 1Ba KOpHs, 6o a*+a > 0,

a—(4a+3) < 0.

4a+4+3 +V9F8a 4a+3—V)Y9F8a

3 H Xy = 3 .
IIpoBepuM, yZOBJIETBOPSIOT JH X, H Xz yCJOBHIO (4):
ta43+VOF8a  da_a

8 8 2
H 3HAUHT, X, YCJOBHIO (4) He YIOBJIETBOPSET,

_4a+3—V9F8 _4a __a
= A <

8 2

X, =

xl= ’

X2

51



a o
H B TO K€ BpeMms x2>—3- , u60, JeACTBUTEJIbHO, M3 HepaBeH-

CTBa
4a+3—VY9+8a S 4
8 =3
noJiy4yaem:
120 4+9—3y94-8 > 8a
HJIH

4a}+9>3y9+8a.

BosBbicHB 00e yacTH HEepaBEHCTBa B KBajpaT, 3HaK Hepa-
BEHCTBAa TIPH 3TOM He H3MeHHUTCS, u60 ob6e YacTH 3Toro
HEepaBeHCTBA TOJIOKHUTEJIbHBL:

1602 1-72a -+ 81 > 81 +-72a,

T. e. 16a® > 0, uro BepHo.
Urak, ypasHenue (1) npu a >0 umeer eamHcrsennce
pereH e

X

_4a4+3—V9F8a
= 8

IMpu a < 0 ypaBHeHue pelIeHHH He HMeeT,
104. PemnuTb u HCCIELOBaTh YPaBHEHHsl C NapaMeTpavH

V x*—a® = 3a—2x.
105. Y/ a®—x +y > —x=a-}b, a>0, b>0,

§ 14. Pewenue 3ajay c MOMOLUBIO COCTABJEHHS] yPaBHEHHUHd

ITpenBaputensHo npopaGoraitre mo yuebuuky C. M. Ho-
BoceJsioBa § 65, 78 u 98.

106. B MarasuH JoCTaBJEHO HECKOJNbKO CTEKOJ OIHO-
ro m TOro ke copra, croumocteio 90 pyGiseir. Ilpu mnepe-
BO3KEe JiBa CTeKJla OKa3aJMCh Pa30UTHIMH; OCTajlbHble GBLIH
npojaHbl ¢ HaieHKOH no 2 py6Jist Ha CTEKJO, TIpUueM BCero Io-
ayuyeno 14 pyGmeit npubeliu. CKOMBKO CTeKOJ ObIO JOCTaB-
JIeHO B MarasuH?

Pemenune. IIpu peuleHun 3ajay C NOMOLIBLIO COCTaBJE-
HUSl ypaBHEHHH (UJH CHCTEMBI) MOXKHO NpHAEPKHBATLCA
CIenymoLled CxXeMbl.
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1) AHanu3 ycaoBHS 3ajayu.

Ecnu B 3ajaue ecTb mnapaMerpbl, TO HajO YCTaHOBHTb,
3aBHCHMbl HJIH He3aBHCHMbl MexJy co6ofi mapametpel. Kakue
3HayeHHS OHH MOTYT NPHHHMaTb, KaKHe COOTHOLIEHHS Mex-
Ay 3aBHCHMBIMH NapaMeTpaMH JOJIKHBI GbITb, YTOOb!I ONHCHIBAE-
Mble B 3ajjaue siBJIeH He, Npoliecc, CoObITHE MOTJIH peallbHO ocyLie-
CTBUTbCSA? (Y CTaHOBJICHHE OGJACTH NOMYCTHMBIX 3HAUeHUH AJis
napamerpoB.) CKOJIbKO B KaKHe HEeH3BeCTHble HMelTCs B 3a-
Jave? 3aBHCHMBl HJIM He3aBHCHMBI GHH Mexnay coboi? Kakue
3HayeHHs] MOI'yT NMPHHHMAaTb HEH3BeCTHble, KaKHe COOTHOLLe-
HHS MeXIYy HEH3BeCTHBHIMH H TNapaMeTpaMH JOJXKHHl ObITh
ANl TOro, YToGbl OMHCHIBaEMOE SIBJIEHHe MOIVIO OCYLIeCTBHTb-
csi? (Onpenenende o6/1acTH AONYCTHMBIX 3Ha4YeHHH Jss1l Heus-
BECTHBIX.)

Becb aHa/n3 yc/0BHS 3aJjaui IPOBOJUTCS YCTHO, @ onpeje-
JieHHe 06/1aCTH JONYCTHMBbIX SHaueHHH I/ HeW3BeCTHOTO, Kak
npaBHJIO, NMPOBOJMTCSI NMOMYTHO C COCTABJIEHHEM YpaBHEHHS.

2) CocTaBlleHHe ypPaBHEeHHS (HIH CHCTEMBl ypaB-
HeHH#).

BeiGop u 0603HaueHHe OCHOBHOI'O HEH3BECTHOrO I CO-
CTaBJIeHHsl yYpaBHEHHH (MM OCHOBHLIX HEH3BECTHLIX B CJyyae
COCTaBJIEHHSI CHCTEMBI).

BbipakeHHe OCTaJlbHBIX HEH3BECTHLIX yepe3 BblOpaHHHIE Ma-
pametprl. Ilogpo6Hoe OObACHEHHE COCTABJEHHS YpaBHEHHS
(WM CHCTEMHI).

3) Pemuenne cocTaBNEeHHOro ypaBHeHHA (WM
CHCTEMHI).

4) UccnepoBaHHue.

YcraHOBHTh OTHOCHTENIBHO KaXKAOrO M3 HafJileHHHIX pelne-
HUAl ypaBHEHHS (HJIM CHCTEMbl), TNPHHAJJIENKHT JI OHO K 00-
JIaCTH JOMYCTHMBIX JJI HEro 3HAUYeHH# WJH He TNPHHAJJIEXKHT,
€c/iM MPHHAJJIEXHUT, TO MPH BCeX JIH JIONMYCTHMBIX 3HauyeHHSX
napaMeTPOB HJIH He NIPH BCeX; €CJIH He TPH BCeX, TO NMPH KaKHX?

B pesysbTaTe HCc/IeOBaHHS HYXHO YKas3aTb, KaKHe H3
HaWJEeHHbIX pelleHHH ypaBHeHHs (MJIH CHCTEMbl) H NpPH KaKHX
YCJIOBHSIX MOTYT GbITb NPHT'OMHEI /I OTBETA Ha BOMpPOC 3ajlayu.

5) [IpoBepKa (He 00s3aTe/bHBIA 3Tam).

6) OTBer.

Bcerga npuaepKuBaThCsl yKa3aHHOH CXeMbl He 00si3aTelib-
HO, MHOTJla HEKOTOpble 3Tambl 11eJeco00pasHO MepecTaBHTh.
HanpuMep, B NpaKTHKe 4aCTO MEpBBbIH 3Tal BHINOJHSAWT MOC-
Jle BTOpOro, a MHOrza jaxe nocne tperbero. CoBeplieHHO
He o6s3aTeJbHO NpH PEleHHH 3ajay BBIAENSATb YKas3aHHbIE
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sTamnbl, pemieHue cleyeT AaBaTh CIVIOIIHBIM TEKCTOM, Bbife-
JIHB TOJIbKO OTBET.
PaccmoTpuM perieHue yKasaHHOM 3ajauM.
[IpoananusupoBaB yc/oBHe 3aJaud, HETPYAHO BHISICHHT,
YTO 3a IVIaBHOE HEH3BECTHCE 1eec000pasHO BbIGPAaTh KOJIH-
YeCTBO CTEKOJ, JOCTABJEHHBIX B MarasuH. IlyCcThb JOCTaBHJH
x crexoa, rjpe x>0, Torja meHa OJHOro creksaa Oblia

90 o
— pyOaseit. Ilpu nepeBo3ke 2 creksna Obutd pas3GuTHI, 3HAa-
X

yuT, ObJIO TPOJAHO TOJbKO (x—2) (OTCiofa sICHO, YTO
x> 2) cTeKsia no ueHe Ha 2 pyGus GoJblie, YeM mpeamnosa-

9 o
rajoch, T. €. IO (—0 + 2) pyOneit H GblIO BBIpyYEHO JeHer
X

(%—[—2) (x —2) py6. TIlpuuem BhIpyueHHast cymma Oblna

Ha 14 pyGneii Gosblie CTOMMOCTH CTeKOJ, T. €. ObUia paBHa
104 py6. ITo3TOMy MOXKHO COCTABHTb TAKOE ypaBHEHHE:

(i—0+2)(x—2)=104.

Pemmas nonyuenHoe ypaBHeHHe, HalfiieM ero KOpHH X, =15,
X, = — 6. BTOpOll KOpeHb He NPUHAJIEKUT YCTAHOBJEHHOH
©0/1aCTH JONYCTHUMBIX 3HAuYeHHH x > 2, CJeJOBaTeNbHO, He
MOXKeT CJIyXXHTb OTBETOM Ha Bompoc 3ajaud. [yl mpoBepkH
pelleHHsl 3ajaydl COCTaBHM M3 YCJIOBHS NAaHHOH 3aJaul HOBYIO
3ajauyy, NPHHSB KOJIMUECTBO CTEKOJ, JOCTABJEHHBIX B Mara-
3MH, 32 1O WTYK, a 32 HEH3BECTHOE IPHHSIB KaKyl0-THGO Be-
JHYHHY, KOTOpasi B JaHHOH 3ajaye OblJa H3BECTHa, Ha-
npUMep CTOMMOCTb CTeKoJ. ITonyuum ciepyiomyro 3ajzavy:

B marasun pgocTtaBjieHo 15 cTeKos OJHOroO H TOTO XKe
copta. Ilpu mnepeBo3ke JBa CTeKJla OKas3ajHCh DPa3GUTHIMHE;,
ocTajibHble OBUIM TMPOJaHbl C HALUEHKOH Mo 2 py6ast 3a CTek-
JIo, TIpHYeM Bcero mosaydyeHo 14 py6aeit npuObliu. Kako-
Ba NepBOHAYa/lbHasi CTOMMOCTb CTEKOJ?

Pemaem 3ty 3agmauy.

Bruto npozsano 13 crekod, npHYeM 3a KaxJ0e CTEKJO GbLIO
nonyyeHo 2 py6mst npuGbH, Beero 26 py6. Ho dakruueckn
6610 mosiyyeHo 14 pyGaelt mpubplnn, T. e. Ha 12 pyGaeit
MeHbllle 332 CYeT TOro, YTo 2 cTekJsa ObliM pa3OuTH. 3HAYHT,
nepBOHayasbHasi CTOMMOCTb OfHOro crekna 12:2 =6 (py6.),
a Torza CTouMOCTb Bcex 15 crekosm Gblia 6.15 = 90 (py6.).

HafinenHoe 3HaueHWe HMCKOMOH BEJHYHHBl CPaBHHBaeM C
TeM 3HAUYECHHeM ee, KOTOpPOe OHa MMeJa B IePBOHAYAJIbHOH
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sagaye. E¢iu 3TM 3HAueHHs] OJMHAKOBHI, TO JlaHHAs 3ajaya
peieHa BepHO. B jaHHOM ciydae 3TH 3HaueHHs COBNAZAAIoOT.

OrBeT: B Marasul foctaBuau 15 crekou.

107. IIBoe KOJIXO3HHKOB B3SIJIHCh C3KAaThb pXKaHOe MOJe B
TeueHUe OJHOI'O JHS, NPHYEM KaxKablit 06s3ajca CxKaTb MOJIO-
BuHY noJs. Ilepsblii Hauad paGoTy Ha 2 wac 16 MuH. paHb-
ue BToporo. B mosjens, Koraa umu yxe 6blio ckarto 0,4 noas,

1
OHH TIPHOCTAaHOBHJIM paGoTy Aas ofefa M OTAbIXa Ha | 3 ya-

ca. ITepBBiit OKOHYMJI CBOW 4YacTb B 7 uac. 54 MuH., a BTO-
poi —B 8 yac. 10 muH. Beuepa. B koropom uacy Hauan
paboTaTh KaKIbli?

PemeHnue. 3a riaBHCe HeU3BeCTHOe YyHoOHee 37eChb
BbIGpaTb KOJIMYECTBO 4acoB pabOTbl BTOpPOro  KOJIXO3HHKA.
[lycTh BTOpOH KOJXO3HHK BBIMOJHMJ CBOIO YacTb paGoTHl 32
x 4yacoB (BpeMmsi oT]plXxa He yuuTbiBaeTcs). IlepBrli KOJIXO3-
HHK HayaJ paGoTy Ha 2 yaca 16 MuH. paHblie BTOpPOro, HO
3aTO OH OKOHYMJ paGoTy Ha 16 MuH. paHbllle, 3HAUHT, CBOIO
yacTb OH BHINOJMHHI 3a x + 2 uaca. Torga sa 1 yac nepsbiit
KONXO3HHK  CXAl ——— wacts noJisi, a BTOpOil —

2(x+2)
yacts noas. Jo obega onu oba cxkanu 0,4 nons.
[MepBelil KOMIXO3HHK mocsie o6efa pa6otan 7 yac. 54 MHH.—

—1 uac 30 muH. = 6 uac. 24 MHH.=6% yaca, a J0 obexna

2 2
x+2—6 5 Haca = x—-—4€ yaca M CxkaJ 3a 3T0 BpeMs

2
x—4 —

2(x +2)
Bropoit KO/IXO3HHK mocsie o6ena pa6otan 8 uac. 10 mun.—
—1 gac 30 MHH.=6§ yaca, a o obena x—6% yaca H

9acCTb IIOJIA..

2
x —6—
C¥KaJl 32 3TO BpeMsl o yactp nojs. B ycaoBuu 3ana-
X

yy CKa3aHo, 4TO 00a KOJXO3HHKa [0 obena cxasu 0,4 moss.

[TosToMy nosyuaem ypaBHeHHE:

2 2
x—-4€ x-—G—,;-
3 _04,
2(x+2)+ 2x 4



[Tocnie npeo6pasoBaHui MOJYYHM KBajpaTHOE ypaBHEHHE:
9x% — 80x— 100 = 0,

KOpHH KoToporo x, = 10, x2=—-%0. Bropoit kopeHb ycio-
BHIO 3aJlaud He YJOBJETBODSET, TAK KaK KOJHYECTBO YacoB
pa6oTbl He MOXeT OBITh BbIPaXKEHO OTPHLATEJNbHBIM YHCJIOM.
CnenoBaTe/IbHO, BTOPOH KOJIXO3HHK CBOIO YaCTb IOJS CXKaJ
3a 10 yacoB, a mepBhii—3a 12 uacoB. Torja nepBwlil KOJAX03-
HHK Hayan pa6oTy B 19 uac. 54 mun.—12 yac.—1 vac 30 MuH. =
=6uac. 24 muH., a BTOpo#i B 6 yac. 24 MuH. - 2 yac. 16 MuH. =
= 8 yac. 40 muH.

Hau6osee pacnpocTpaHeHHOH fBJIsSIeTCS HermocpeACcTBeHHas
NpoBepPKa IO YCJIOBHIO 3ajauH. B 3TOM ciyyae HYXKHO npo-
BEPHTb, YJOBJETBODSET JH HaWJIEeHHOE pelleHHe BCEM YCJIO-
BHAM 3aJaud. BoinoJHHM HenocpeACTBEHH VIO NPOBEPKY AaHHOH
3anayd. Ec/n nepBbIif KOJIXO3HHK Hayas paboTy B 6 yac. 24 MuH.,
TOo J0 obefa oH paboran 12 wyac. —6uac. 24 MuH.=5uyac.

5,6 .
35 muH. = 5,6 yaca u cxan i yacTe nosis. Ecau BTOpO#

pa6ounii Hayan paboty B 8 wac. 40 muH., To g0 o6efa OH
pa6oran 12 yac.—8 uac. 40 muH. =3 yac. 20 MuH. =3—;

1
33
yaca H cxaJ 3a 3TO BpEMH T yacTb I10J14.

BMmecte no ofefa OHH cxKagu

3L
5,6 3 _ 07 1
2 = 2 ——=0’4
2 T m 5 s

yacTb MOJSI, YTO COOTBETCTBYET YCJIOBHIO 3afauH. [Tocse ofe-
Za OHHM Hayaau pabory B 13 uac. 30 MuH.

Ilepsriit nocse obena pa6oran 12 yac.—5,6 yaca=6,4 yaca
H 3aKOHYHJ paboTy B 13 uwac. 30 muH.-} 6 uyac. 24 Mun. =
=19 yac. 54 mun., a Bropoi nocse o6eaa paGoran 10 yac, —

1 2
—3 5 taca = 6 3 Uaca H 3aKOHYHN pa6oty B 13 wuac.
30 muH. -+ 6 vac. 40 mun.= 20 yac. 10 MuH., uTO COOTBeT-
CTBYeT YC/IOBHIO 3ajiauH. BHIMOMHSIOTCSA BCe YC/IOBHS 3ajayH.

OtBer. [lepBoit Hayan paGory B 6 wac. 24 wMmuH., a
BTOPoii— B 8 yac. 40 muH.
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108. CnaB H3 MeAH M UHHKA BecoM B 24 ke NpH 1o-
FPYXeHHH B BOJy MOTeps/l B CBOEM Bece 2% k2. Onpene-

JHTb KOJNHYECTBO MeJH H IIHHKa B 3TOM CIUIaBe, €CJIH H3-
1
BECTHO, 4TO MeJb TepsieT B Bogje 11 r % cBoero Beca, a

LIMHK — 14—3— % cBoero Beca.

Peumite 3Ty 3ajauy H c/ieJlaiiTe NpoBepKy MNyTeM COCTaB-
JIeHHs1 HOBOH 3aJlauH.

109. Cymma undp TpexsHayHoro yucia 16, uudpa necsr-
KoB Ha | Gosee uudpnbl coteH. Ecnu H3 Hero BbIYECTb YHCIIO,
3anMCcaHHOe M3 TeX Ke UHdp, HO B 06paTHOM MOpsiKe, TO IO-
ayuntcs 594. Haittu 3to yuero.

110. U3 Tyabl no Hanpas/ienuio K Bssbme BHILes ToBap-
Hoiit noe3g. Crnyctss 5 wac. 5 MHH. Mo TOif XKe Jopore Bblmien
u3 Bsispmbl B Tyny naccaxupckuit noess. O6a noesna BeTpe-
THJHMCb Ha NpOMeXYyTOyHOH cTaHuuH. OT 3TOH CTaHUMH TO-
BapHbli noesy wea 10 Bsasbmbl 12 yac. 55 MHH. H OT TOH Xe
CTAaHIHH TaccaxKHpCckuit noespy mwen go Tysawel 4 yac. 6 Mun.
CKO/MIbKO BpeMEHH ynoTpeGus KaxAbH noe3j Ha NPOXOxKje-
HHe Bcero nyTH Mexny Bs3bmoit u TyJoir?

111. Bacceiin HanosHsieTcs AByMsi Tpy6Gamu 3a 6 wuacos.
Onua mepBasi Tpy6a 3amnoJHsieT ero Ha S yac. CKopee, ueM
onHa BTopas. Bo ckonbko BpeMeHH Kaxjas TPy6a, paGoras
OTJIeIbHO, MOXKET HamNoJIHUTL GacceiH?

112. MoTtopHas JofKa mpouwia MO TeYEHHIO peKH pac-
crosHue S xkm or nyHkTa A 10 nyHKTa B H noBepHyJa
ob6patHo B myHKT A. He moxons mo A p ks, Joaka ocCTaHo-
Bujacb. Ha Becb nyTh oT A 10 B u 06paTHO IO OCTaHOB-
KK JMofka morpatuna ¢ uacoB. OnpejenuTs COOGCTBEHHYIO

CKOPOCTb JIOAKH (CKOPOCTb B CTOsi4ell BOje), €CJH CKOPOCThb

KM
TEUeHHSA PEeKH a

yac

PemweHue.

1l cnoco6. Ilo yu1oBHIO 3afad4H MOTOPHAs JIOAKa Npo-
LI1a N0 TeYeHHIO peKH S kM oT A 10 B H NPOTHB TeyeHHUs
pekH oT B 1o Hekortoporo nyakTa C, orcTosiero oT A Ha
p kM, a 3HauuT, oT B Ha (S —p) xm. Orcrona fAcHO, 4TO

S>p>0. (M

OTHOCHTENIbHO OCTaJIbHBIX NTapaMeTPoOB @ H ¢ MOXKHO JHILb
yCTaHOBHTD, YTO OHH JOJDRKHBI ObITh MOMOMXKHUTENbHBIE:
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a>0ut>0. (2)

[lycTb co6cTBEHHAss CKOPOCTb JIOAKH X KM B 4ac. $IcHo, yTo
x>a, 3)

160 B MPOTHBHOM CJly4ae JIOfKa He CMOrJ1a 6bl JBUraThCsl IPOTHB
TedeHus. Torja CKOpOCTb JIOAKH 1O TEYEHHIO PeKH (X -+ a) ku
B 4ac, anyTh AB=S xm oHa mpoiigeT 3a

yacoB. CkopocTh
x<4a

ee NPOTHB TeueH ust (X — a) kM B yac ¥ nyTb BC = (S—p) &n

. S—p
OHa TpoHzeT 3a yacoB. Tak Kak.Ha Becb nyTh oT A Jio
X —a
B u obpario or B no C nojgka noTpaTHiaa ¢ 4acos, TO
S S—
+2=F =1 4

x+a xX—a

B cuny ycnoBus (3) u3 ypasBHenus (4) mnosyuum, mocse
yMHOXeHHsT o0eux yacTeit Ha x2-—aq?, paBHOCH/IbHOE YpaB-
HeHHe:

28x — px —ap = tx>*—ta?

HIH
tx*—(2S —p)x +ap —a® = 0. (5)

JuckpumuHauT ypaBHeHus (5) D=(2S— p):—4apt-4a?t2.
Jlnst Toro 4ToGHl OnpefesNuTh 3HAK JAUCKPUMHHAHTA, npeodpa-
3yeM ero:

D =48 —4Sp 4- p>—14apt+-4a®t*=4S (S—p)-+(p—2at). (6)

Taxk kak no (1) S>p>0, To D> 0 u nosromy ypas-
HeHue (D), a 3HAUHT, U ypaBHeHHe (4) HMEIOT /|Ba BeleCTBEH-
HBIX KOPHS:

_ 25—p+VD  _ 25—p—yD
= b7 Y2 = o '

[TpoBepuM, YZIOBNETBODSIOT JM HaHJEHHble KOPHH ycC-
Jgosuio (3).

HomnyctuM, uto x, > a.

Torpa

Xy

it%"ﬂ >a, %)

28 —p+VD>2 at (u6o 2t >0),
vV D>2at +p—28 (8)
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Ecau nmpaBas uacTb HepaBeHCTBA OTpHIATeNbHA MM PaB-
Ha Hyamo, To (8) cnpasexauso, u6o V' D, 6yayun nosoxurens-
HBIM YHCJIOM, SICHO, 6OJblle JIIOGOrO HenoJIOXKHTENbHOIO YHC-
na. CnefoBaTenbHO, CnpaBequBO M HepaseHctBo (7), a
3HayMT, ¥, >a. Ecin Xe npaBas uacth HepaBeHcTBa (8) mo-
JIOKHTe/NbHAsA, TO Mbl MOXKeM o6e YacTH €ero BO3BECTH B
KBajpar.

IMoxcraeass BMecto D ero snavenue u3 (6), noayuum:
4S% — 4Sp + p*— dapt{-4a®t® > 4a%t® - p? + 4S8 -
—+ 4apt — 8atS — 4pS.

Orkyna 8atS > 8apt unu S > p (u6o 8at > 0).

Ho no ycnosuio (1) S> p, 3Hauut, © B 3TOM cCiayuae
HepaBeHCTBO (8) cripaBeiJIHBO.

Takum o6pa3oM, NpU Bcex JONYCTHMBIX 3HAUEHHSX mapa-
METpOB X, > a A NO3TOMY X, MOXET CJYXKHTb OTBETOM Ha
BONpPOC 3ajlauH.

JonycTuM Tenepp, 4To X, > @, TOr/a

28 —-p—yD
____’_’%—]/. > a. (9)
Orkyna B cuay 2f > 0 nonyuaem:
V' D <28 —p—2at. (10)

Tak kak VD >0, To npaBas uacTh HepasenctBa (10), ec-
JIM OHO CIIpaBeNJIMBO, NOKHA ObIThb MoJOXKHTeJabHA. [losTo-
My MBI HMeeM NPaBO BO3BLICHTb B KBajpaT oGe 4acTH Hepa-
BeHcTBa. [losmyuum:

48%—4Sp-tp*—4apt+4a®t? < 4S*+4-p?+4a**—4Sp—
—8atS -+ 4apt,
HIH
8atS < 8apt.

Orciona S < p (460 8at > 0), 4TO NPOTHBOPEUHT YCJO-
suio (1). 3uauyuT, NpH Bcex XONMYCTHMBIX 3HAYEHHJX napa-
MeTpoB HepaBeHCTBO (9) HecnpaBenJIHBO, M IO3TOMY Halle
npeAnoNoXeHHe, 4To X, > 0, HeBepHO.

Hrak, pis oTBeTa Ha BONPOC 3ajayH NPHrOAEH JHIIb
KOpeHb X;.

Il ctoco6 uccaegoBadH us.

Ananoruuno npegbigymeny —— S =P — ¢ e

x+a X—a
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x>a S>p>0; t>0.
tx?—(2S —p)x+ap —a®* =0, 6))
y = (28—p)+V (25 — p)*+ 4af (at—p)
2t .

Tenepb HYXHO BBISICHHTb, JHEeACTBHTENbHBI JIH KOPHH
KBaJpaTHOTO ypaBHEHHUs] U YAOBJETBOPSIOT JH OHH TpeGoBa-
HHIO X >a. C 3Toli LeNbI0 pacCMOTPHM KBaJpaTHBIH Tpex-
YJIeH:

f(x) = tx*— (28 — p) x —a(at — p).
Onpefie/iiM 3HaK TpexuJeHa INpH X =a
fa) =—28a+ 2ap = —2a(S —p).

CrnenoBatensto, f(a) <0 (6o S > p). Crapuuit kosd-
GHUUMEHT Tpexu/JeHa noJoXHuTejeH. [padux KBajgpaTHoro
TpexuleHa — napa6osna — HMeeT BeTBH, HanpaBleHHble BBEPX
(t>0), B Touke x =a f(x) 0. CregoBatesbno, rpaduk
KBaJIPaTHOro TpexuseHa mepeceyeT ocb Ox B JBYX TOUKax,
T. €. JHCKPHMHHAHT TpexusieHa IOJIOXKUTEeNeH M YHCJO g Ha-
XOMUTCS MeXAYy KOPHAMH TpexuseHa x, < a < Xx;. DBouabuiui

KOpeHb  ypDaBHEHHS x = @S )+‘/(2S_2tp V! + 4af (at—p)

yllOBJIETBOpHeT BCeM Tpe6OBaH HAM 3ajaa4vH.
IlI cnoco6 uccaengoBatusa. MveeM ypaBHeHHe:

S S—p __
x4a x—a—t' (l)

ITo cmbicny 3agaun S > p > 0; £ > 0; x >a. Beexnem HoBoe
HeHM3BeCTHOe 2 = x—a. Torja Hawe ypaBHeHue (1) npu-
MeT BHA:

S S—p_____
z+2a+ z . 2)

Ham nazno Gyner nokasats, yto z> 0. [Tomyyum ypas-
HEeHHEe OTHOCHTEJIbHO Z:

tz* — (28 — p —2at)z —2a(S — p) = 0.
Tak kak — 2a(S — p) <0, (w60 S > p), 10 D >0, u 3aza-
ya JOnyCKaeT eJHHCTBEHHOE IOJIOKHTeJbHOe pelleHHe:

28— p—2at 4 y/ (25 p —2af)* +8a(S- p)t
2

2
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U, CJefOBAaTeJbHO,

v = 28-—p—Qat+V(28;p—2at)’+80(S—p)t+a -

_25—p+ V@ —p—2ah* F8aS—p)f
2
Tak kak 2;,>0,a z,=x—a, To x—a>0 u x> a.
Orsert:

_ 25— p+ V@ —p—2a) +8aS —p)t
> :

113. IBa rpy3oBHKa OJHOBpDEMEHHO BBIE3XKAIOT C ORHOIG
H TOrO K€ CKJaJa B NYHKT, OTCTOSUIMA OT HEro Ha a K.
OJMH efieT CO CKOpOCThbio, GoJbliedl Ha m Km/uac, yeM Ipy-
rofi, ¥ NMPHUXOIHT K MeCTy Ha3HAYeHHs HAa n 4acoB paHblie.
C Kako#l CKOpOCTbIO HJET KaAbli I'DYy30BHK?

114. [IBa BejloOCHMENHCTAa BbIE3KAIOT OJHOBPEMEHHO HaB-
cTpedy ApPyr Apyry u3 nyHkToB A u B, paccTosiHHe Mexay
KOTOpHIMH d KM, W uepe3 uac Bcrpeuvatorcs. He ocranasiu-
BasiChb, OHH MPOJOMKAIOT NMYTh C NpexHe#d CKOPOCTHIO, H nep-
Bbli NpHObIBaeT B MyHKT B Ha f yacoB cKopee, 4eM BTOpOH
B nyHKT A. OnpejesquTb CKOpPOCTb KaXk/Or0 BEJOCHIELHCTA.
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Fnasa IIl. CUCTEMBI YPABHEHUMA

§ 15. Cuctembl ypaBHeHHI M 3jeMEHTapHbie
METOAbl MX pelleHHi

[MpexBapurensHo npopa6oraiite no yyebuuky C. M. Ho-
BocesioBa § 47, 48, 51 u 90 (Bompochl, OTHOCAILHECS K CH-
cTeMaM ypaBHEHHH).

115. JlaHbl JBe CHCTEMBI:

2x + 3y =3, u 2x+43y)t =9, }
7x 4 5y= 16, (7x -+ 5y)® = 256.
PaBuocusibHbl JiM 3TH cucTeMbl? Eciau HeT, TO Kakag Hu3

HUX SIBJSIETCS CJEACTBHEM JApyrof?
116. JlaHa cucrtema:

6x% —xy —12y2 =0,
7

1
2o — L
x* 42y T

[lepBoe ypaBHeHHE YMHOXbTE Ha 2, BTOopoe Ha 6 u Haii-
nute anre6panyecKylo CyMMy ypaBHeHHH. 3aTeM nepBoe ypas-
HEHHe YMHOXbTe Ha 3, BTOpoe Ha 9 H ONATb HafguTe MX
cymmy. Paccmorpure cucTeMy H3 BHOBb NOJYYeHHBIX ypaBHe-
HUIA U BbISICHUTE, GyJeT JIU OHAa PaBHOCHJIbHA JaHHOH.

117. Pemuth cucreMy ypaBHeHHH.

x2——xy—|—y2=21,} 0
y*—2xy +15=0.
Pemenmne. [lepenumemM JaHHYIO CHCTEMY B TaKOM BHJE:
2y 2 _ 9]
o5, | @
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Mbl BHAMM, UTO JieBble YacCTH YpaBHeHuHl cHcTeMH (2)
NpeACTaBsAOT COG0I0 OAHOPOAHbIE MHOI'OYJIEHB! H TOXKE BTO-
polt crenemu. [IJis pelleHHS TaKHX CHCTEM MOXKHO YyKasaTb
cjefylOmui mpueM. YpaBHseM NO a6COMIOTHOMY 3HAUEHHIO
CBOGOJIHbIE UJIEHBl YpaBHEHUH CHCTeMul (2):

2 __ 2 _ 2 __ 2 _
{x xy+yt=21 15 - { +5x 5xy -} 5y* = 105
y*—2xy = —15 7 Ty? — l4xy = — 105

5x% 4 12y — 19xy = 0.

nOle'-IHJ!H OIHOPOJHOE ypaBHEHHE BTOpOi:I crenenu. CocTaBuUM
HOBYIO CHUCTEMY:

{ 5x% -+ 12y2—19xy =0,
y?—2xy = —15,

(&)

KoTopasi paBHOCHIbHA cucreme (1), Tak Kak
5 7

=5 +0.
0 +

PemuM oTnesibHO TepBOe ypaBHeHue cucteMel (3). IIns 3to-
ro BBeJeM BCIOMOraTesIbHO€ HEHM3BEeCTHOe, MNOJIOKHB Y = {X.
Torpa nosmyuum:

5x2 —19¢x® 4+ 12¢°x® = 0 wmu x%(12¢>2— 19¢ - 5) = 0,
x#+ 0, u6o eciu x =0, To M3 MEpBOro ypaBHEHHs CHCTEMBI
(3) mosnyuum, uto H y = 0.

Ho 3T 3HaueHHss X U y He YJOBJETBOPSIOT BTOPOMY
ypasnenuio cucremsl (3). CnegoBatelbHo, 1262 — 19 5 =0,

OTKYZa t1=7, t,= .Tomay=%x ﬂy=%x. Te-

1
3
nepb pelleHHe CHCTeMBI (3) CBOJHMTCS K DELIEHHIO COBOKYII-
HOCTH JIBYyX CHCTEM:

a) y= -Elx, \ 6) y = Lx,
4 3 (5)
y?—2xy = — 15, y?—2xy = —15.

Pemass KaXJAyl0 CHCTEMy COBOKYNMHOCTH (5), moayumm
caejyiompe perieHust cuctemsl (1):

x, =4, } X, =—4%, } x3=31-/_3_, } x4=—31_/§,}
y, =9, Yy = —05, ya=V3- !/4*_“"]/3-
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118. PemnTth cHcTeMbl ypaBHeHHI:

2y 1942 =
a) 6x®? —xy 121!; 0, 6) 5x* — bxy +5y2 = 29’}

x2-|—2y2=i-é , Tx* —8xy - Ty? = 43,

B) 3x%+4 Sxy —4y* = 38, }
5x2 —9xy — 3y® = 15.
119. Pemutb crepyioulyto CHCTEMY YypaBHeHHil:

x?+3xy +y* = 61,
xy =12, }

120. Peuwnth cucTeMy ypaBHeHHi:
By yd =17,
x+xy+y=0. }

Pemenne. Cucremy uenecoo6pasio pemaTh CIOCOGOM

BBeJICHHsl BCIOMOraTeJ/IbHbIX HeH3BecTHbIX. O603HauUM x|y =
=u, a xy =v. Torpa (x4 y)® = v’ Ortciona

x4 = ud — 3x%y — 3xy? = ¥ —3xy(x + y) = u® — 3uv.

(1)

CrienoBaTe/ibHO, H3 cucTeMbl (1) MOMyYHM TaKylo CHCTeMy
OTHOCHTEJIbHO HOBBIX HEH3BECTHBIX U M U:

w—3uv+ v =17, }
u+v=0.

CucreMy (2) pewraeM cnoco6oM MOACTAHOBKH M MOJy4aeM:
— 17 “/17
U= oow n.=F Y L.
2=k V 3 1.2 3

Torpa, yuuTbiBasi BBeleHHble O0GO3HAuUeHHs, TNOJyyYaeM
IBe CHCTEMbl OTHOCHTEJNbHO X H y:

@

x+y= g’ x+y=— ?3:7: \
) (4)
D)

17
xy="71/ L.
v=V3
Pewas cucremsl (3) 1 (4), HaligeM pelleHHs HCXOAHOM

cuctemu (1):
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V5l Vi2V5i 51 V35—V i2y51 + 51
X, = 3 y x2= y

! 5
Vi =V i12V51 + 51 Vi +V12V5 + 51
Y= 6 ’ Y2 = 6 ’
2, = =V3 +i‘£l2V§T-—51’ = -—-VS-I-—iVSIQVS_ITs'I i
—VEi—iV12y31 —s1 —V51 +iV 12V/51 —s1.
Ys = 6 Y= 6

121. Peumts caepyioumue CHCTeMbl yPaBHeHHIl:
a) x+xy—y=13, } 6) x”—l-x—-y”—y::ﬁ,}
x*y — xy = 30, (¥* — y*)(xy) = 16,
B) 2x—5+@By—22=17) 1) x+y+Vryg=14,)
(2x —5)(3y —2) = 4, } X4 gt xy = 84.)
R) x*4-4y*+x = dxy+ 2y +-2, }
4x® 4 4xy + y® = 2x 4 y + 56.
122. PemnTe CHCTeMy ypaBHEHHH C mapameTpaMH:
(x +a)(y — b) + (x —a)(y + b) = 2(y* —b?),
ay + bx = 2ab, } (1)
B 0o6nacTH JeHCTBHTEJbHbIX YHCEJ.

PeweHne. PackphiB cKOOKH H mpHBeAsl NOJOCHHE YJje-
Hbl B NE€pBOM YyPaBHE€HHH, MOJYUHM:

y*—xy+ab—>b2=0, } 5
ay + bx = 2ab. )

Cucremy (2) petunm crioco6oM noacraHoBkH. [Ipensapuresns-
HO 3ametHM, uto ecaH a = 0, Ho b + 0, To U3 BTOpOrO ypas-
HeHus caenyer, yro x = 0. Torja M3 nepBoro ypaBHeHHs
nonyuum, yto y? =b% y = 4+ b. 3HauHT, B 3TOM Cay4ae CH-
creMa (2), cnepoBaTeNbHO H CHCTeMa (1), uMeloT aBa peie-
HHSA:
=0 y=bnx=0 y=—0b

Ecin ke @+ 0, a =0, To u3 BTOpOro ypaBHeHHsl HMe-
eM, uto y =0, npu 3ToM uepBoe ypaBHEHHe YJOBJETBO-
pAeTCA TOXIECTBEHHO, 3HAYHT, X MOXeT ObiThb MOGOEe YHCJIO.
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Eciu xe a=b=0, To BTOpoe ypaBHeHHE yJOBJETBO-
psieTcsl TOXKJECTBEHHO, a M3 TNepBOrO YpaBHEHHs IoJyyaeM
y(y— x) = 0. Orcioga wmu y =0, x—moboe, um y = x.
Bynem Tenepp cuutath @ M b oTiMuHBIMH OT Hyasa. Torzna

2ab

M3 BTOPOrO ypaBHEHHs HafijleM X = —b;ay(S). [MoacraBum

3TO BbipaX<eHHe x B NepBoe ypaBHeHHe. [Jocse ynpomuienuii
NOJIyYHM TAaKOE ypaBHEHHe OTHOCHMTENLHO y:

(a+ b)y®> — 2aby + ab® — b® = 0. (4)

Ecim a4+06=0, 1. & a=—0b+0, To ypaBHeHne (4) ecTb
JMHeHHOe OTHOCHTeNbHO y: 2b%y — 2b® =0, orciona y = b,
Torja x us (3) HahueM, uTO X = Q.

Ecin a0 +0, to (4) ectb KBajgpaTHOe ypaBHEHHe,

KOpHH KOTOporo y, =b u y, = m__:_:l.. K3 (3) naiigem:
a
X, =0 H X, = ala+36)
a-+b
OrBer: 1) Eciu a =0, b+ 0, To cucrema mmeer jBa
pewenusi: x, =0, y,=b, x,=0, y,=—>b.

2) Ecim a+0, b=0, To cucreMa wumeer GecKkoHeuHoe
MHOXeCTBO pewteHudl; y =0, x— moGoe yucO.

3) Ecin a=0=0, 10 cucrema umeer jBa GeCKOHEUHBIX
MHOXKecTBa peieHudl; y = 0, x—mo6oe yucio U y = x.

4) Ecmn @ =—0b + 0, To cucteMa HMeeT OJHO pelileHue:
x=a, y=>=.

5) Ecnmu a+0, b +0, a+ —b, 170 cucteMa uMeeT ]Ba
pelLeHus:
__a(a+ 3b) — b(a — b)

at+b ’ a4+b
123. Pewntb cucteMbl ypaBHeHH#l C NapaMeTpaMu:

x*—xy+tay=0, }
y?— xy — 4ax =0.

X, =a, y,=20b x,

§ 16. PemeHne TeKCTOBBIX 3ajay C MOMOLILW COCTABJIECHMS
CHCTeM ypaBHEHHH

[Mpensaputensuo no yue6uuky C. WM. Hosocesosa npo-
paGoraiite § 78 u 95.

124. JIBaTena ABHKYTCS paBHOMEPHO N0 OKPYKHOCTH, AJIH-
Ha Koropoii 180 x#. [IBurasice B OAHOM HanpaBJ/IeHHH, OHH BCTpe-
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yalTCcs uepes Kaxiple 45 CeKyHA, ABHraschb B NPOTHBONO-
JIOXKHBIX HalpaBJEHHsAX, OHH BCTPEYAIOTCA 4Yepe3 KaxKJble 9
cekyHz. KakoBa CKoOpoCTb Kazoro rena?

Pemenune B lIaHHOﬁ 3a7a4ye HCKOMBIMH 4ABJAIOTCA [JBe
BEeJHYHHBI, CBSI3b MeXJY KOTOPBIMH HENOCPEeACTBEHHO B YCJIO-
BHH 3aJayl HE JAaHa. HOSTOMy uenecooﬁpaal-ree. pediatb 3Ty
3ajjayy COCTaBJEHUEM CHCTEMbl yPaBHEHHH.

M
O603HaYuM CKOpPOCTb NEPBOroO Teja yepe3 x—, a CKO-
Cex

POCTb BTOpPOrO Tesa — Y ;’—x

Ecnu Tena ABHraiorcs B OZHOM H TOM )Xe HanpaBJeHHH,
TO 3a 45 ceX OZHO M3 HMX INPOXOAHT Ha OJHY TNOJHYK
OKPYXHOCTb Gosipmie apyroro. Ecan pomycTum, uto X >y,
To Torja 45x Gosbure 45y Ha 180 m, mosyyaeM ypaBHeHHe'
45x — 45y = 180.

JBurasicb B NPOTHBONOJOXHEIX HanpaBJeHHsX, oba Tesa
NPOXOJST BCIO OKPYKHOCTb, T. e. 180 m u 3a 9 cex, mony-
yaeM BTOPOE ypaBHeHHe:

9x -+ 9y = 180.

Hrak, nosyyaeM CHCTEMy ABYX ypaBHeHHil:
45x — 45y = 180,
9x 4+ 9y = 180.

PeuminB ee, HafizeM x =12, y = 8.

[TpoBepKy pelLieHHs1 3allayH MOXKHO HPOH3BOJLHTL TEMH e
crnioco6aMH, KaKMMH NPOBePsieTCs PelieHHe 3a5a4 — COCTaBJe-
HHEM OJHOro ypaBHeHHs. Hampumep, nns1 naHHOH 3anauu
yIOGHO TPOBECTH HEMNOCPEACTBEHHYIO NMPOBEPKY BCEX YCJOBHi
HWJIM COCTaBHTh APYrywo 3anauy. Kcnosb3yem nocjensuii cro-
co6 npoBepkH. [IJIT 3TOr0 COCTaBUM JIPYTylo 3ajauy:

[Ba Teja ABHXKYTCSI paBHOMEPHO IO OKPYXKHOCTH, JJIHHA

- M
koropoit 180 x. CxopocTb mepBoro Teja 12 — , a CKOpOCTb
CCK

M
BTOporo—8 — . Yepes CKOILKO CEKyHA OHH BCTPETSTCS, €C/IH
CeK

GyAyT IBHraThbCsl B OXHOM HANpaBJ€HHH H B IPOTHBOMOJQXK-
HOM HamnpaBJieH Hu?

Pemenune. Ecom Tena zaBuraiorcsi mo OKQRYXKHOCTH B
OZHOM HanpaBJeHHH, TO NO BCTPEYH NepBOe TeJNO IPOXOAHUT
Ha OJHY MOJHYIO OKPYXHOCTb OoJsiblile Jpyroro, a B Kax-
Iyl0 CeKyHAy IlepBoe TeJI0 TNPOXOJHT Ha 12—8 =4 (m)



Gonbiue BToporo. 3HauHT, BcTpeua npousoiifer yepes 180 :4=
= 45 (cek).

Eciu Tena ABHraioTCs mo OKpYKHOCTH B NpPOTHBOMOJIOX-
HbIX HaNpaBJieHHSX, TO JO BCTPEYH OHH NMPOHZYT BCIO OKPYK-
HOCTb, CONMMKAfACh KaXAyl0 CeKyHay Ha 124-8 =20 (u).
Torga Bctpeua npousoiiner yepes 180 :20 =9 (cex).

CpaBHHBasi MOJyYeHHble pe3yJbTaThl C TEMH 3HaueHHSIMH,
KOTOpble HMeJH 3TH BeJIMYMHbI B JaHHOM 3ajaue, JeJjaeM
BbIBOJ, YTO, BEPOSITHO, 3ajaya pelieHa BEpHO.

Orset: CkopocTs mepeoro Tena 12 2= | a  ckopocTs
cex

M
BTOpOro — 8 — .
CceK

Peumnre cnepyiomue 3afayd H CReJaiiTe NPOBEPKY Jio-
6blM CrIOCOOOM.

125. [IBa JHua, HaxoAsAUIHecs Ha pacCTOssH 1 96 kM, no/K-
HBl OTHPaBHTbCA APYT APYry HaBcTpeuy. Eciu nepsblil Bblii-
JleT paHee BTOPOro Ha S yacoB, TO OHHM BCTpeTSITCH 4epe3
4 yaca nocjie OTNPABJIEHHSI BTOPOrO; €CJH K€ BTOPOH BHIH-
JileT IBYMs yacaMH paHee MepBOro, TO OHH BCTpeTATCH ye-
pes 6 yacoB nocje oTnpasJeHHs nepBoro. KakoBa ckopocTb
Kaxjoro JHua?

126. Cymma uudp paBy3HauHoro umucia Ha 29 MeHblie
NpoH3BeJeHHsA STHX UMD H HA 72 MeHblle CyMMBl KBajpa-
toB uudp. Hafitu 3T0 unco.

127. [Ina Gydera KynHJH MaHZapHHLl H anesbCHHBI, BCe-
ro a xe. 3a Bce anesbcHHbl 3amitadeHo 0,4 Toit cymmel, Ko-
Topas Oblla 3amiayeHa 3a MaHjapHHbl. Eciu 6bl MaHpapHHbI
NpojaBa/iH MO leHe aneJIbCHHOB, TO 33 HHX MOJYYHJH OB m
py6., a ecyqu Obl aneJbCHHB MPOJABAaJIH IO lleHe MaHJapHHOB,
TO 3a HHX NOAyyHJH Ol n pyoé.

CKOJIbKO KHJIOrDaMMOB amneJIbCHHOB H MaHapHHOB B OTJeJIb-
HOCTH Kynuau jas Gyderta?

Pemenue. IlycTb KyNMHIH X K2 MaHIADHHOB H Yy K2
aneJbLCHHOB, TOrJa IO YCJIOBHIO X + y = a. OTcioja fICHO, 4TO
0<x<aunl0<Ly<a, rae a>0.

[Tyctb meHa MaHJapHHOB u py6. 3a KHJIOrpamMM, a leHa
aneqbCHHOB ¢ py6. 3a KujorpavM. Torza 3a MaHZapHHH
3amaTHin xu py6., a 3a aneascHHH y¢ py6. Ilo ycnouio
propas cymma yt cocraBaser 0,4 oT nepBof, T. e
yt = 0,4xu.
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3a x Ke MaHJapHHOB MO LieHe aneJbsCHHOB, T.e. 1o ¢ pyo6.,
NoJyyHJM Obl x¢{ py6., YTO MO YCJOBHIO PaBHO m. 3HAYHT,
xt = m. HakoHer, 3a y anesibCHHOB IO IIeHe MaH 1apHHOB NOJIY~
upan Obl yu py6., YTO 1O YCJOBHIO PaBHO n. 3HAUHUT, yu =n,
Hrak, nosyyaeM TaKyi0 CHCTEMY YypaBHEHHIL:

(*x+y=a,
yt = 0,4xu,
xt =m,
yu=n,

rae BCe napameTpol @, m H n—IOJIOXKUTeJbHbIe YHCJIA, a
HEHU3BECTHbIC X, Y, U H { — MoJIoXKUTeJIbHbIE YHCJa, InpuuemM
X H Yy—MEHbIINE q.

33MeTHM, YTO HEeU3BEeCTHble ¥ M ¢ SBJAIOTCA BCIIOMOra-

TeJIbHBIMH K BBeJeHbl HaMH JJsi YACOCTBA COCTABJEHUS CHC-
TeMbl ypaBHEHHH.

IlepeMHOXHM TOYJIEHHO TNOCJTENHHE TPH YyPaBHEHHS; IOC-
Je JeJieHuss obeux uacteit Ha xu =+ 0 momyunm:

(yt)* = 0,4 mn, orciona yt= V'0,4mn.

Pasnenum Tenepb NOYJEHHO MNOJNYYEHHOE YpaBHEHHE Ha
3-e ypaBHEeHHE CHCTEMBI, MOJNyYHM:

0,4mn Sn
!L_:M; y:xl/o,4_ .
m
X m
IMoncTaBUM HaiileHHOe 3HayeHHe y B INepBoe ypaBHEHHE CH-
CTEMBI:

Oan aYm
x+x VQ"‘_"=a, oTcioga X =——_—_—-——V;—— .
m Vm+V0,4n
aV0,4n
Vmt+V04n
HerpyaHo y6einTbCS, YTO HailleHHble 3HAYEHHT X H Y

yAOBJIETBOPAIOT BCEM YCJOBHUSIM 3aJayHd, B 4YAaCTHOCTH, SCHO,
YTO X H Yy TNOJIOXKHTEJbHBl H MeHblle 4.

Torpa y =

OTBeT: MaHJapHHOB KYNHJIH —-__a—V—m—— Ke, a amneJib-
YVm4VY0,4n
CHHGB -—_a—m—* Ke.
YVm+VY0,4n
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128. HaiiTu xaTeTH NpsAMOYrOJBLHOIO TPEYTONbHHKA, €CHH
runoteHysa ero paBHa C, a BBICOTa, ONMylleHHass Ha THIOC-
TeHy3y, paBHa h,.

129. M3 nyHKTOB A U B BEIXOAAT OZHOBPEMEHHO JiBa aBTO-

mo6uasi. Ecaiu cKopocTb NepBOro aBTOMOGH/IS YBEJIHUHTDb Ha

KM KM
a ——, a CKOPOCTb BTOPOTO aBTOMOOHJ/IA YBEJNHYHTb Ha b— ,

qac yac
TO NepBblii aBTOMOOHJIb JOTOHHT BTOPOH B TOM MecCTe, rje
OH JloTHaJ BTOPOH aBTOMOOMJbL NpH TepPBOHayaabHON CKOpOC-
TH, HO Ha 4ac paHbiune. KakoBa Obljla nepBOHayasibHast CKO-
POCTb KaXKAOro aBTOMOOHMJISI, €CJH PAcCTOSIHHE MEeXKAY NyHK-
TamHu A u B paBHO d £m?



F'naesa IV. HEPABEHCTBA

§ 17. ToxpecTBeHHble HEPaBEHCTBA

[peaBapurensHo npopaGorare no yue6uuky C. M. Hosc-
enmoBa § 57, 58.
130. [DokasaTb, uTo X2+ 2x3 < 2x* 1.
Pemenue. [ J0KasaTelbCTBA 3TOTO HePaBeHCTBA OIl-
pesesuM 3Hak pasHocTH (2x* 4 1) — (x4 2x3):
@t —@eFxY) =22 —2x3 —x2 1 = x* —24% |
x4t =221 =(x*—x)2 4 (2 —1)2> 0,
KaK CyMMa KBaJipaToB JiefiCTBUTeNbHBIX YHcell. ClieloBaTe/bHO,

x4 2x3 < 2x* 41 npu smobom x.
131. [loxkasatb HepaBeHCcTBO: a%-b%-+4c¢>+ 4> 2(a-
+b+4c).
132. JlokasaTb, YTO NpH NOJNOXKHTEJBHBIX X, Y, 2 HMeeT
MECTO HEpaBEeHCTBO:

x+y x4z Yz 6
2 + Yy + X >0

133. [okasaTb, YTO NpH BCSKOM LIEJIOM IOJIOKHTEJILHOM
n CrpaBejJ/IiBO HEPaBEHCTBO:

1 1 1
ﬁf_f- n+2+°"+3n+1

Pemeuue. Bynem nokaswiBaTh JaHHOE HEPAaBEHCTBO Me-
rOZOM NOJIHOA MaTeMaTH4YeCKOH HHJYKLHH.

> 1.

1 1 1 13
=1 t— b —>1 =>1
Tlpu n HMeeM > -|—3—|—4> HJIH 12> ,

3HA4YuT, NpU n = 1 nannoe HEpaBEeHCTBO CIIpaBEAJIHBO. l']peﬂ,-
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NOJIOXKHM, YTO JaHHOe HepaBeHCTBO CNpaBejJIMBO MpPH HEKO
TOpOM

1 1 1
—_— . 4 — > 1L
P + kL2 + +3k+1>
JoxaxeM TOrja crnpabelJ/HBOCTb JaHHONO HEePABEHCTBE
npn n=~k-1; JneBas yacTb HepaBeHCTBa NpH n =~k 1|
NpUMeT BHA:

n=k>1, T. e

k+2+k+3+" +3k+4
Ho
st tens Tt
E4+2 ' k43 TV 3k4+4 \k+1 Ry T

1 1 1 1 1
+3k-|-l)+3k+2+3k+3+3k+4 k+1°

CymMma, crosimias B CKoOKax B NpaBOHl 4aCTH DaBEHCTBA,
110 MNpennoJIOXKeEHHI0 6oJibLe 1, N03TOMY, JAJid TOro YTOGHI Jo-
KasaTb, 4YTO JieBasi 4acCTb IOCJIEJHEro paBeHCTBa 6oJible l,
JOCTaTOYHO J0KasaTb, 4TO

1 1 1 1
+ st

3k4+-2 ' 3k43 " 3k4+4 k1 >
DTO HepaBeHCTBO MOXHO Npeo6pa3oBaTh Tak:

1 1 1 1
-+ >

3%k4+2 ' 3k447 k41 3k+3°

Unn
6k + 6 2
Ok - 18k +8 ~ 3k+1)

Tak Kak k—HaTypa/npHOe YHCJIO, TO MOXHO 06e YacTH
NOCJIeIHEr0 HepaBeHCTBA YMHOXHTb Ha NPOHM3BeJieHHE I0JIO-
JKUTEeJbHbIX 3HaMmeHaTeJed JApo6el, MOMy4HM:

18%2 - 36k - 18 > 18k2 - 36k -+ 16.

Wau: 2> 0, yto BepHO. 3HAUHT, COpPABENJIMBO H HCXOJ-
Hoe HepaBeHCTBO. MTak, H3 nmpejnoJsioxeHHs:, 4YTO Haule Hepa=
BEHCTBO CIIpaBeLJMBO MNPH n =k, cJaejyer, 4TO OHO Cnpa-
Be1JMBO M npH =4k -} 1. A npu n= 1 Hame HepaBeHCTBO,
KaK Mbl BHJEJH, CpaBelJMBO, 3HAUUT, OHO CHPEBEJIMBO NpPU
JoO0M HAaTypajlbHOM 3HAUYEHHH .
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134. [JokasaTb MeTOJOM MOJHOH MaTeMaTHYeCKOA HHAYK-
UHH CHpaBeAJHBOCTb HEPaBEHCTBA:

(1+a)">1-4na, rre a> —1
¥ a+ 0, n—mo6oe HaTypa/lbHOE YHCJIO.
135. JloxasaTb HepaBeHCTBO:

abc > (a@a-+b—c)(a+c—b)(b+c—a),
rie a, b, ¢ —CTOpOHBI TpeyrolbHHUKA.
Pemen ne. Bocronb3yemcst oueBHIHBIME HepaBEeHCTBAMH:
a*>a?—(b—c)?, b2=b>—(a—c)?, %> c®—(a—D)
Tak Kak Bce 3TH HepaBEHCTBA C [OJIOKHTEJNbHBIMH YJe-
HaMH, TO, MEPeMHOXHB HX TOYJEHHO, MONYUYHM:

a2 > [a® — (b — 0)?) [6° — (a — 0)?] [¢® — (a—b)?] =
=(a+b—c)(at+c—0b)(b+a—c)(b+c—a)(c+a—b)X
X(c+b—a)=(a+b—c)l@a+c—0b)2b-+c—a)l
Tak kxak a, b H ¢ — CTOPOHB TPeyroJbHHKA, TO
a+b>c,
at+c>bn b+c>a, snaunr, (a+bd—c), (a+c—>b)
u (b c—a) — nojoxuTeabHBl, @ HO3TOMy B IOCJefHEeM

HepaBeHCTBe MOXKHO H3BJIeUb KBaJpaTHBII KOPeHb H3 00eHux
yacTed, Torja nojyuyuMm TpebyeMoe HepaBeHCTBO:

abc >(a+b—c)(a+c—b)(b+c—a).
Ve

—5-d<c, rie d—cyMMa KareToB

NpSIMOYTOJILHOTO TpeyroJibHHKA, € — ero THMNoTeHysa.
137. HokasaTb, 4TO

9abce
> — , > 0).
at+btc> preTap— (a, b, ¢,>0)

136. Jokasarb, 4TO

§ 18. Cpeanue BeJHMYMHBI W HEPABEHCTBA MeKJy HHMH
[Mpensaputensio npopa6oraiite mo yuebuuky C. M. Ho-
BocesioBa § 59.
n+t+1\n
138. Ilokasatb, uTO n!<( 2 ) .
Pemenune. [IpuMeHHM HepaBeHCTBO MeXAy CpelHHM

apuQMETHYECKHM H CPeJHHM TIeOMeTPHYeCKHM K YHCJIaM
1, 2, ..., n Iloayunm:
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14+24...4n

n

Ho 1 4-24...d4p="010

>V1.2.3... .n

2
Torpa
n(n-+1) n,—
o >v'nl
Nnu
(—n;’ ! )n> n/

139. Hokasatb HepaBeHcTBO: 1.3.5.7 ... (2n— 1) < nn
140. okasats, uto (a + b)(b-c¢)(c -+ a) > abc,
rae a, b U c— MoJIoXKHUTEIbHBIE YHCJIA.
141. Joxkasatb HepaBeHCTBO (a+l)(b—|—1)(a—|— c)}(b+c)*>
> 266a%%® npu a>0, 6>0, ¢ >0
142. IlokasaTb, 4TO JApo6b
at+a,+...+an —k
byt byt ...+ bn

ABJAETCA CpejHed Ansa ApoGed

a; Qo an
bl ’ b2 LI b ’
riae Bce b, >0, T. e.

min (a—’ < kB < max (a—’—) .
bi bi

143. [lokasaTb, YTO AJis1 JIHOGBIX MOJIOXKHTEBHBIX YHCEeN
a,, Gz, G, ..., G, HMEET MeCTO HepaBEHCTBO:

a ay an

24+24+ ...+ ">n

T S
144. ,[[oxasa'rb HepaBeHCTBO'

( ‘|‘ +—= ) aT—I-_li_—lﬁ (a, b, c>0).

145. Il,oxasaTb aro a+b+c <V 3@ For+c?) .
146. Ecii x+y+2=1u x>0, y>0, 2>0, 10
(1—x)(1 —y)(1 — 2) > 8xyz. okasaTs.

147. Ilokasatb, uto (a® -+ 6% c?)(a -+ b+ c) > 9abe.
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§ 19. NpunoxkeHus HepaBeHCTB K ONPEAEJEHHIO IKCTPEMyMOB
hyHKUMH

[TpexBaputesvHo mpopaGoraitte no yue6uuky C. M. Ho-
BocesioBa § 60.
148. Hafith HanMeHbllee 3HaueHHe YHKUHH:

y = 6x2 4 8x 5.
Pewmenue. y=6x2—|—8x—|—5=6(x—|—1§2-)2—|—%-.

Tenepb oueBHaHO, 4TO JaHHas (DYHKLHS MMeeT HaHMeHb-

8
ljee 3HayeHue, paBHOE —3— npu x = _E

149. Haiitu HauMmeHblllee 3HaueHHe (YHKIHH:
=x24x+3.
150. Haiitn HanGosbiiee 3HaueHHe Ans pyHKUMH:
y=7-45x—3x2
151. HaiiTy HauMeHblIee IOJIOKHTENLHOE 3HadeHHe Jpo-
T i

X
Pemetne. Tak Kax no yCJOBHIO 3HauUeHUe JJAaHHOH JApoO-
6H JOMKHO ObITb MOJIOXKHTEJbHBIM, a YHCJIHTEIb €€ MpH JIo-
6bIX X TIOJIOXKHTEJIEH, TO M 3HaMeHaTesab, T. €. x >0

32+ 2 3x_|__
X

Hcnonbsys TeopeMy O CpeJJHEM reOMETPHUECKOM, IOJYYHUM:
3x + =

—_— V3x 2 =Ve.

3uaunr, 3x —]— Z>2V6. CrnepoBateibHO, HaHMEHblliee
X

3% +2 pasio 2V'6. Han-

MeHbLIero 3HayeHHusa JaHHas llp06b ,uocmraeT, Koraa

Ve

2
3X=—X-, T. €. IpH X = =

TIOJIO2KHTEJIBHOE 3HAYE€HHE IlpO6H

152. Hailitn HauGojbiiee 3HaueHHe GYHKIHU:

y=

x
x’+l.
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153. Hafith nauGosbliee 3HaueHue NPOH3BEAEHHUS
(x+3)2 - (2—x)".

Pemenwne. Tak xak (2—x)-+(x-+3)=05, To na oc-
HOBaHHH JieMMbl 1° (cM. yue6uuk C. M. HoBocenosa, ctp. 213)
JlaHHOE TNPOM3BeJieHHe NCCTHraeT HaHGOJbIIEro 3HaYeHUs NpH
2—x _x43

3 2
npousBenenne pasHo 108.

Hrak, npoussenenue (2— x)3 (x4 3)% uveer nauGosbiuee
3HayeHne, paBHoe 108 mpu x = —1.

154. Haiity HauGoJbliee 3HaueHne ApOGH:

, T. e. npu x= —1. Ho npu x = — 1 paHHoe

328
IYERT

§ 20. HepaBencTBa M cHcTeMbl HepaBeHCTB
nepBoi cTeneHH C OJHMM HEH3BECTHBIM

[MpexBapurtensio npopa6oraiite no yue6unky C. M. Ho-
BocesioBa § 75, 76.

155. PemunTh HepaBeHCTBO:
(@-+a+1)x—3a>(2+a)x+5a.
Pemenue. Ilocne npeo6pazoBanusi MOJYUHM:
(@®—1) x> 8a.
Ecim a®—1>0, otciona la| >1 (1. e. a> 1, wm a<
< —1), 10 x>aga—l.
Ecmn a? —1 <0, toraa |a| <1 (1. e. —1 <a <), T0

&a
x < .
a? — |
Ecmn > —1 =0, To nnu a=1, Torna HepaBeHCTBO pe-
weHu#t He uMeeT, MO0 O He Gosbwe 8, wam a= —1, Tor-

Jla HepaBEeHCTBO BHIMOJIHSIETCS NpH Jiobom x, u6o 0> —8.
156. PeiuTh HepaBeHCTBa:

a) x—2>m—nx;

6) g — T—atDx ax . a.
) 2 <2 x 2

B) ——-%mx—1>—[x(m+l)—|-m].
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157. PewnTs cucTeMy HepaBeHcTB:

2x— 1> 3,
3x—2> 5,
4x—3> 17,
bx —4< 9, ¢
6x—5 < 11,
Tx —6>13,
8x—T7<« 15

Pemenue. PemmuB Kaxnoe H3 JaHHLIX HepaBeHCTB
CUCTEMBI, MOJYyYHM: x > 2; x > 2% D x>2,5, x<2,6;
2 5 3
x<L2=, x>2=; x<L£2~—.
3 e 7 < 4

PaCCMOTpHM JiBe€ CHCTEMHI, O6p330BaHHbIe U3 HEpaBeHCTB
OJHOro0 H TOro e CMbICJa:

l)x>2x>2%;x>&&x>2%;

mx<z@x<2%;x<2%.

5
IlepBast U3 3THX CHCTEM HMeeT pellleHHe X > 2—7—, a BTO-

pas x < 2,6. CrefoBaTeIbHO, HCXO/HAS CHCTEMa PaBHOCHJIb-
Ha CHCTeMe JBYX HepaBeHCTB:

5
[ x>2=,
e 7
i x < 2,6.
Ho Tak xak 2 —?-> 2,6, To nocnenHsis CHUCTeMa TPOTH-

BOpEUHBA M pelleHHH He MMeeT. 3HAYHT, M HCXOJHAA CHC-
TeMa He HMeeT pelleHHs.
158. PeinTh cHCTeMbl HePaBEHCTB:

3x— 2>5x—16,
3x— 7« 18—2x,
2 11 2
TS TR
X 1
4x—-—5<§ E,
2% — 3>x;5.
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159.
a)bx— 7>2— 4,) 6)(7—x

9x — 7L 8x+ 2, 2 5 '

Tx— 1>6x+ 1, %x—|—5(4—x)>2(4—-—x),

3x—12< x+ 4, 3-—7x x+l T3

6x -1 4> 4x+ 14, 3= T >t
7(3x—6)—|—4(17—x)>11—
— 5(x—3).

160. PemuTth cHcTeMy HepaBeHCTB C MNapaMeTpaMH:
a(x —2) > x—3,
{ 8(a+1)x > 8ax 9.
Pemenue. Ilocne oueBHAHBIX Mpeo6pa3oBaHyil MOJYUHM:
(a—1x>2a—3,
e
Jlanbme mpHAeTCss pacCMOTpeTb TpH Clyyas.

1) a> 1. Torma wucxojHas cHCTeMa paBHOCHJIbHA CJle-
ZLyloLueit:

2a —3

a—1

8
X —.
>9

x>

(1)

Uro6H HaliTi ofllee pelleHHe 3TOH CHCTEMEHI, HAJO CPaB-

2a — 3 8
HUTb YHCIA—— U - NpH YCJOBHH, HTO a>1. Ilycms
2a —3 o
" \/ — , I'Ze \/ —1OKa HEH3BeCTHHIH 3HAK HEpaBeHCTBa.
a_—

Tak xak a——l > 0, To ymMHOXHM 00e YyacTH 3TOro Hepa-
BeHCTBAa Ha 9Y(a—1):

18¢ — 27 \/ 8a—38,

10aV/ 19,
aV 1,9
2a —3 8
CnenoBaresbHO, ecan a> 1,9, To u > 5 ¥ Torna
2a —13. Ecan ke
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2a -3

O ==

l<a < 1,9, 10

8 o
< 3- H Torja OOUIMM peuleHHeM 3Tou

cucteMbl 6yger x>—§-.

2) a< 1. Torpa HcXoZHast CHCTeMa paBHOCH/IbHA CJle-
Jyioled:

@)

2a — 3 8

CpaBHuM uucsa o TPH YCJIOBHH a<l.

a—
2a — 3
a—1
HepaBeHCTBA. YMHOXHM ©0e YaCTH 3TOr0 HepaBeHCTBa Ha
9a—1). Tak xak a— 1< 0, To 3HaK HepaBeHCTBa mpu
3TOM H3MEHHTCS Ha NPOTHBONOJIOXHBIH:
18a¢ —27 N 8a—38,
10a A 19,
aA19.
Tak kak a< 1, To TeM Gostee a< 1,9, 3HauuT, sHaK A coOT-
BETCTBYeT 3HaKy < , a TOrja 3HaK \/ COOTBETCTBYeT 3Ha-

Ky > . CnenoBaTesbHO, 2a_3>% H, 3HauuT, ofllee perre-

IMycts

8 o
\/3, rge \/ —0oKa HEH3BECTHHIH 3HaK

a—1
HHe cHCTeMbl (2) GyneT:

%<x<2a—-3

a—1"

3) a=1. B aToM cny4yae uCXOZHAsl CHCTeMa paBHOCH/bHA
TaKoMH:
0.x>—1,

8
x>§.

o 8
PemenueM 3TOH CHCTEMEBI SIBJSETCS X > -3 .

Hrak, 1) ectu a > 1,9, 10 x>2a—13.
a_
2) e 1 <a< 1,9, 1o x>%,
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2a —3
a—1"
161. PeummnTh crepyiomue cUCTEMbl HepaBEHCTB:

3) ecnn a< 1, To§<x<

a) ax _x-—-l<2x+3
a—2 3 4

)

x(a — 10) ax+2) _
= pa> ) 50—

6) 7—(‘57’"—30)x>10,
x —1 m
m—l—l< l—m_x'

§ 21. HepaBeHcTBa M CHCTeMbl HepaBeHCTB
BBICIUMX CTeNeHed C OJHHM HEHU3BECTHLIM

ITpenBapurensHo npopaboTaiite no yuebuuky C. M. Ho-
BocesoBa § 83 u 91.

162. PemnTh HEpaBeHCTBO:
x2 7
—>—x—4.
3 Z 3x

Pewenne. JlaHHOe HepaBeHCTBO PaBHOCHIbHO HEpaBeH-
crBy: x*—7x -+ 12> 0. Tpexunen x> —7x - 12 uMeer Kop-
HH X, =3, X, =4, CJlefloBaTe/IbHO, JaHHOE HEepPaBeHCTBO Bbl-

nosusierest mpy x <3 U x >4 (cM. yuebuuxk C. M. Hoso-
cemoBa, crp. 311 —312).
163. PewmnTs HepaBeHCTBa:

X2 8
NG Fer>—9
X2 1 8x
0T TT>%

164. Pemnth HepaBeHCTBO: Xx%—6mx > — 25m?2,
Pemenue. IlpeobpasoBaB JaHHOe HepaBeHCTBO, MNOJY-
4ypM:

x?—6mx +25m* > 0.

JIUCKpUMHHAHT TpexuseHa x?> — 6mx 4 25m?, A =
= — 16m? < 0. [Toatomy, ecit m + 0, To 3HaK TpexuJeHa
NpH BCEX 3HAYEHHSX X OAMHAKOB CO 3HAKOM Ko3(dHuHeHTa
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CTapluiero 4jeHa, T. €. Halle HePaBeHCTBO BbINONHAECTCS MpH
BCEX 3HayeHHsX x; ecau ke m = 0, To Halie HepaBeHCTBO
BBINOJIHsIeTCST TIpH Bcex x = 0.

165. Pemnte HepaBeHCTBa:

a) 150 < 8ax — x2,
6) n*(x® 4 1)+ 6 < a® -+ 2(nx 4 3).
166. Ilpu Xakux 3HAuYEHHsAX @ KBaJpPaTHBIA TpexdJeH

x? - 2ax 4 8a— 10 6yzeT NOJOXKHTENLHBIM TNpH JIHOOOM 3Ha-
YeHHH aprymeHTar

167. Ilpy kakoM 3HaueHuu a CJejyiOllHe HePaBeHCTBA
BLIMOJHAOTCS NpH JIOOBIX 3HAYEHHSX X:

a) x2 — (8a — 2)x + 1502 —2a—7 > 0;
6) (a4 x2—2(a—1)x —3(1 —a) < 0;
B) (a—2)x*4 2(a — 3)x +5a — 6> 0.

Pemenune nmpumepa 6).

Iinst Toro ytoObl KBaJpaTHBI TpPexuJeH INPH BCeX 3Ha-
YeHHsIX apryMeHTa Obll OTpHIATeNbHBIM, HEOGXOAMMO, YTOGHI
BO-NEpPBLIX, KO3(GhHUHKEHT CTapulero 4seHa Obll OTpuuaTe-
JeH, a, BO-BTOpbIX, JMCKDHMMHAHT TpexuseHa Obl1 OTpHIa-
TeJIeH.

[TosToMy mosyuaeM Takyi0 CHCTEMY HepPaBeHCTB:

{ a-+1<L0,
(@—12+3(1 —0a)(a+1) <0.

Hnu
el —1,
[ a2+ a—2>0.
W, HakoHen,
a+1<L0,
m—nw+m>&}

Tak xak BTOpoe HepaBEHCTBO CHUCTEMbl BBINOJIHSIETCS IPH
a>1 um npu ¢ < —2, TO NoJsyyaeM JBe CHCTEMBI:
{ o<l —1, oLl —1,

a>1 " oL —2.

[lepBas cucrema npoTHBOpeuMBasi, a OGLIUM pelleHHeM
BTOpOH sBAsieTcs:: a < —2.
At1o u 6yjeT peuleHHeM 3ajauH.
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168. IIpu Kakux 3HAYEeHUAX M KBaApaTHBHIA TpexuJseH
x2—3mx +m?*+42x —9m 41 umeer JefCTBHTEJbHbIE KOp-
HHU?

169. Ilpu kakom 3pauyeHuu a TpexuseH (a — 1)x® —2ax -
-+ a-3 uMeeT NONOXKHTENLHbIE KODHMU?

§ 22. 3apanue pasanuHbBIX Oo0JacTedl Ha MPsAMOH M Ha
NJIOCKOCTH C MOMOLIbIO HepaBeHCTB. PeuleHue cuctem
HEPaBEHCTB C JIBYMsi HeM3BECTHBIMH

IIpenBapurensHo npopaboraiite no yuyebuuky C. U. Ho-
BocesioBa § 5, 61, 75, 76, 92.

170. Ha uucnoBoit npsiMoit faH uHTepBan (— 2, 3).

3ajgath 3TOT HHTepBal B BHJe:

a) OJIHOTO HepaBeHCTBa;

6) cucTeMbl HepaBeHCTB.

Pewenue. [[aHHbI MHTepBal MOXET CJYXKHTh pelle-
HMEM OUYEeHb MHOTHX DPa3/IHYHbLIX HepaBeHCTB. [losTomy 3axa-
ya uMeeT HE eJMHCTBEHHOe pelleHHe, a Boolue OeCKOHey-
Hoe MHOXKecTBO peuleHuil. OJHAKO MOXHO yKasaTb Te Io-
cTefllile HEpaBEHCTBA M CHCTeMbl HEPaBEHCTB, C IOMOLIbIO
KOTOpbIX MOXHO 3aJaTb 3TV YHCJIOBYIO 00JacTb — HHTEp-
Baj (—2, 3).

Ecnu 3azaBaTb 3TOT HHTepBajl C MHOMOLIbO OJHOTO He-
paBeHCTBA C OJHHM HEHM3BECTHBIM, TO NPOCTEHIIMM HepaBeH-
crBoM Oyzer (x-+2)(x —3)< 0, mm x2—x—6<0.

MoxHO 3a7aTh 3TOT MHTePBasl C MOMOLIbIO HepPaBEHCTBA
¢ a6CcoJIOTHBIM 3HaueHneM uMces. Haifizem meHTp HMHTepBana,
T. €. TOYKY, OJHHAKOBO OTCTOSILLYI0 OT €ro KOHLOB. ITO
6yner x =0,5. Paguyc uHTepBana, T. e. paccTosHHE OT
IleHTpa JO KOHIOB HMHTepBaja, paseH 2,5.

Torpa HepaBeHcTBO |x — 0,5 < 2,5 MOXKeT CJIyXHUTb 3a-
JlaHHeM YKa3aHHOro HMHTepBana.

Ecnu Xe 3azaBaTh 3TOT HHTepBal C IOMOLILIO CHCTEM
HepaBeHCTB, TO TaKOH IpocTeiuleil cHcTeMoil OyJeT cucTeMa:

x <3,

x>—2} i —2 <L x < 3.

171. 3azaTh C NOMOUILIO OJHOrO HEpPaBeHCTBA M C TO-
MOILILbIO CHCTEM HepaBeHCTB cJjefyloumiue o6JacTH Ha YHCJO-
BOH mpsAMOi:

a) GeCKOHEeUHBIH HHTepBal (— oo, 2);
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6) untepBan (— 1, -} ),
B) nmosmycermeHT [1, 3];

r) cerment [ —2, 2];

1) cermeHT [ —3, 4].

172. 3agaTe C NoMoLIBIO HepaBeHCTBA MPaBYIO MOJYILIO-
CKOCTb, OrPaHHYEHHYIO NpsIMOH, YypaBHeHHe KOTOpoH 2x -

+y—2=0 (yepr. 6).

Pemenue. OueBHIHO, YTO TaK KaK B JaHHOM CJyyae
3ajlaHHas o6JacTk NpejcTaB/aseT CO60H 4acTb YHCJIOBOH ILIO-
CKOCTH, TO €e yXKe Hesb3sl 3aJaTb C [IOMOLIbI0 HepPaBeHCTB
¢ OJHHM HEH3BECTHBIM; JJIg 3aJaHusl 3ToH 06JacTH IpH-
JeTCsl BOCIOJMb30BAThCSI HEPAaBEHCTBAMH C JIByMsl HEH3BeCT-

HBIMH.
Yro6bl HalTH TakKne HEepaBEHCTBO, HAJ0 YCTaHOBHTb
Koe-H60 XapaKTepHCTHYEeCKOe CBOHCTBO TOYeK JaHHOH

JIaCTH M 3TO CBOKCTBO BbIpa3uTh C MOMOLILBIO HEPABEHCTB.

SICHO, YTO TOYKH Jto60oH ob6macTH 06/ManaloT He OAHUM
paKTepPHCTHYECKUM CBOHCTBOM (T. €. TAaKHM CBOKCTBOM,

Ka-
00-
Ho
Xxa-
Ko-

TOpOe MpHCYIle BCEM TOYKAaM 3TOH 06JacTH M TOJMbKO MM),
a MHOTHMH. B 3aBuCHMOCTH OT TOro, Kakoe XapaKTepHCTH-
yeckoe CBOMCTBO Mbl OyZeM paccMaTpHBaTb, B 3aBHCHMOCTH
OT 3TOro Mbl OyZeM moJiy4aTb pPas3jiiYHble HEPAaBEHCTBA — 3a-

JaHus 3Toi 006s1acTH.
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B panHoM ciyyae MOXKHO, HalpHMep, yKasaTb TakHe
XapaKTepucTHYeCKHe CBOHCTBA!

1) Ecain M ecTh TOYKa yKa3aHHOH moJymjockoctd, a M, —
Takasi Touka npsmoit 2x 4y — 2 = 0, uro MM, || Oy (uepT. 6),
TO SICHO, YTO OpAMHaTa TOYKH M Goabnle OpAHHATHEI TOY-
KH M,, MeXJIy TeM KaK a6CuucChl y HUX OIHHAKOBHI.

Ecnu y — opaunara toukn M, a y,— opAuHaTa Touku M,
TO Yy > Y, Ho y, = 2—2x. 3naunr, y >2—2x. (1)

drto u GyjeT mpuMep HepaBEHCTBA C JBYMSI HEH3BECTHBHI-
MH, C TOMOILBIO KOTOPOro MOXeT ObITb 3ajjlaHa yKasaHHas
NOJYIVIOCKOCTb.

2) Ecimn M — rouka yxkasaHHOH MNOJYNJIOCKOCTH, a M, —
Takast Touka npsmoit 2x 4y — 2=0, uto MM, || Ox (uepr. 6),
TO siCHO, 4TO abcuucca x TOoukKH M Gosblue abCLHCChl X, TOY-
KH M,, a opAuMHATHl y HHX OLMHAKOBble. 3HAUHT, X > X,,
HO X, = —Y , CJle/lOBaTe/IbHO, HEPaBEHCTBO X > 2;*’/ 2)
MOXKET CJYKHTb JPYTHM NPHMEPOM HepPaBeHCTBA — 3aJaHHus
YKa3saHHOH IOJIYIUIOCKOCTH.

3ameruM, uto HepaBeHcTBa (1) U (2) TOXKIECTBEHHLI.

173. 3ajaTb C NOMOWILIO HEPaBEHCTBA BEPXHIO MOJYy-
IVIOCKOCTb, OTPaHHYeHHYIO0 NpsAMoi y = 2 (uepT. 7).

7000777
Yepr. 7.

Pemenne. XapakrepucTuueckoe CBOHCTBO TOueK yka-
3aHHOH MOJYIJIOCKOCTH COCTOMT B TOM, YTO OpAHHATA /IO-
Goit TOYKM 3TOH MOJYMNOCKOCTH GoJbile 2, a adcuucca Mo-
®KeT ObITb NPH 3TOM JIHOGBLIM YHCJIOM.

3£1aqm, YKasaHHasi MOJIyIUVIOCKOCTb MOXKeT OblThb 3ajaHa
TaKOH CHCTeMOH HepaBeHCTB

y>2, }
— oo L x < + oo,



174. 3ajzaTb c MOMOLLBIO HEPaBEHCTB C JBYMsl HeH3BecT-
HBIMH CcJelylolue 00aacTH:

a) JleBylo TNONYyMJIOCKOCTb, OTPaHHYEHHYIO  NpsIMOH
3x—2y46=0.

6) HmKHIOI0 NOMYNJIOCKOCTh, OT paH HUEHHYIO IpsIMoi y =3.

B) [TpaBylo moymaocKoCTh, OrpaHHYEHHYIO MpsMoi x = 1.

r) JleByio MOJYIJIOCKOCTb, OrpaHHdYeHHyo mpsiMoll x = 0.

1) IpaByio nomymaocKoCTh,

OrpaHHYCHHYIO TIPSMOI, TPO- v
xonsuiei uepes toukn 4 (1,1)
u B (—1, 5).

175. 3ajpaTb € TOMOLILLIO
HepaBeHCTB BHYTPEHHIOIO 00-
aacte yraa ABC, ecan Ko-
opauHaTel Touek A (—1,4),
B (1,0) u C (2,3) (uepr. 8).

Pewmen ue. Hafinem ypas-
nenust npameix AB u BC.

Ypasuenue npamoii AB: y—-
+2x—2=0.

Y pasuenue npsamoit BC: 3x— Yepr. 8.
—y—3=0

Janbuie penleHHe MOMKHO NMPONOJKAThL ABYMsI CIOCOGaMHU.

1-t cmoco6. Haligem xapakTepucTHueckoe CBOHACTBO TO-
yeK faHHOH objactu. TakuMm cBoficTBOM MOXeT ObITb, Ha-
npumep, ciaenyoiee:

Eciu M — Touka, nexamas Buytpu yria ABC, To op-
IHHaTa ee Oosbllle OPAMHATHI BepIUHHBI yrya, a abcuHcca ee
Gonbuie abcuuccbl Toukd M, — myua AB H MeHblte aGCLHCCH
touku M,—ayua CB, rne M, MM, || Ox.

Torga monyyaem Takyio cucTeMy HepaBEHCTB:
y>0,

X, < x < Xa,
nucca toukn M, Ho x, = 2——;——*", a x2=y—':—3
CrenoBatesbHO, BHYTpeHHsisi ofaacth yria ABC  Mmoxer
ObITb 3ajjaHa TaKOH CHCTeMOl HepaBeHCTB:

} rae x, — abcuucca Toukm M,, a x,— a6e-

.

y>0,

2—y y43
r ST



2-1 cnoco6. BuyTpeHHiolo o6aacts yriaa ABC MoxHo pac-
CMaTpHBaTh Kak oOllyl0 yacTb (nepecedeHust) JAByX obJsa-
CTeA: MpaBod NOJYMJOCKOCTH, OrpaHHYeHHOH npsiMoi AB,
U JIeBOH TOJIYIUIOCKOCTH, orpaHuuexHoli npsimoii BC.

3uauut, BHyTpeHHss obmacte yrma ABC MoxkeT ObiTb
33jlaHa TaKOH CHCTEMOH HepaBeHCTB:

y+2x—2>0,
3x—y—3<«0.
176. 3anmaTh C NOMOIILIO HEpaBeHCTB BHYTPEHHIOW 006-

JacTb TPeyrosbHHKa, BepMHB  KoTophlx A(—2; 1),
B(l; —2) u C(2; 3).

o

24722222

N\
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i iz/uzu44dd

YeprT. 9.
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177. 3azaTb C TOMOLLKLIO HEPaBEHCTB BHEIIHIOW 06-
Jacte tpeyroneHuka ABC, ecin A(—1; —1), B(l; 1) u
C(2; —3).

178. 3ajaTb C MOMOIIBIO HepaBeHCTB 006,acTb, Haxojs-
IylOCsT BHE NOJOCH MeXJy ABYMsl MNapaJuleJbHbIMH MpPSIMbI-
MA y=1u y=23 (uepT. 9).

Pemen ne. XapakTepHcTHUeCKoe CBOHCTBO TOYeK YKa-
3aHHOH 06J1aCTH COCTOHMT B TOM, YTO abcuucca y HHX MOXKET
6bITL J06oe UYMCJIO, a opAuHaTa y — Takas, uto y <1 umm
y > 3. NoaTumy ykKasaHHylo 00JacTb MOXHO 3ajaTe C [o-
MOMLIbIO COBOKYNHOCTH JBYX CHCTEM HE€pDaBeHCTB:

y<l, } y>3, }
—o0 L xL + o0 " — oo x L +oo.



Ho tak Kak COBOKymHOCTb HepaBeHCTB y < 1 umu y >3
MOXHO paccMaTpHuBaTb KaK pelleHHe, HampHUMep, TaKOro He-
paBeHcTBa: (y—1)(y —3)>0, TO yKasanHyo 006JaCTb
MOXKHO 3aJlaTb C TOMOIIbIO TaKOH CHCTEMbl HepaBeHCTB:

(y—1(y—3)>0, }

HakoHel, Tak Kak COBOKYMHOCTb HepaBeHCTB y < | wiu
§ >3 MOXHO paccMaTpHBaTh KaK pellleHMe HepaBeHCTBa
iy—2|>1, a HepaBeHCTBO — oo < x < - o MOXKHO pac-
cMaTpUBaTh, KaK peiieHue HepaBeHCTBa |x|> 0, To ykasaH-
HYI0 06/1aCTb MOXKHO 3aJlaTb C TMOMOILbIO TaKOH CHCTEMbl
HEpaBeHCTB:

%> 0,
Iy—m>0}

179. PeinTh cucTeMy HepaBeHCTB:
y<x+1,
y<9—x,

y:>§-l

U TMOKa3aTh Ha yepTexke 06JacTb D, KOOpAMHATHl TOYEK KO-
TOpO# fBJAIOTCS pPEIlieHHeM CHCTEMBI.
Peumenune. OTe/NbHO pelllUM KaXKAyIO Napy CHCTEMHl He-

PaBeHCTB:
1!y<x+h
1y< 9—x.

Uro6bl pelmuTs 3Ty CHCTEMY, CpaBHHM Mexay coGoil mpa-
Bele yactH x -1 u 9—x. Tlyers x4 1V 9—x, orciona
2x\/ 8, uu x \/ 4. 3uauur, ecu x < 4, T0 x4+ 1<9—x,
aeu x>4, To x+1>9—x.

[TosToMy M3 3TO# cHcTeMbl HaxouM 00J1aCTb:

D y<x-+1 mpu x <4,
Y ly<9—x mpu x> 4.

N3 cucremsr:

I{y<x+1,

1
—x—1
y>3x
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1MeeM 06sacThb:
D, { %x——l <y<x-41 npn x>—3.
W3 cucrembl:
!y<9—m
|y > %— 1
noNyuuM o6JacThb:

Ds{-;i—l<y<9—x npu x<—123.

JIns TONIyYeHHs] OKOHYATE/bHOTO OTBETA HAJO ONPeNeNHTh
obmyio yactb obnactelt D, D,, D,, T. e. nepeceuenue sTHX
obnactedi. Ilpu nepeceuennu D, u D, naiinem:

%_1<y<x+1mn—3<x<¢
Ecan xe 4<x<1—25-. TO

x+1,

1
—3-)6_l <U< {Q—x,

HO B 3TOil 06/aCTH 3HaueHHe X OYyJeT BBINOJHATLCA Hepa-
peHcTBO 9 —x < x4 1, caemoBaresbHO, B 3TOH ©O6JacTH

Gyner %— l<y<9—x H oKoHYaTeNLHO HafizeM 0oF-
Jgactb D:
%—l<y<x+l npu —3 < x < 4,

b 15
%—1<y<9—x npH 4<x<—§‘-.

[Tokaxem 3Ty o6sacTb Ha YepTexKe.

Ipsvble y =x+41, y=9—x n y=-§—l

) 15 3
nepecekaiotcsl B Toukax A (—3; —2), B (-5- ; -—) H
C (4; 5) (uept. 10)
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PelteHusiME CHCTEMBI CJIyKaT KOODAMHATHl BHYTPEHHHX
touek A ABC.

Y

Uepr. 10,

PelnTth cucTeMy HepaBEHCTB:

180. < x+1, 181, (4> »?,
!/<1'“‘x, x+y<3,
y>—x—1, y—x < 3.

y>x—1.



[naBa V. NMOKASATEJIbHBIE U JIOTAPU®MHYECKHE
YPABHEHUS! B AEACTBUTEJIBHON OBJIACTH

§ 23. Jlorapudmsi

[MpepBapurensHo npopaGotaiite no yye6uuky C. M. Ho-
BocesoBa § 104, 105.
183. I[oxaaaTb ToxaecTBo: log,. (N¥) = log,N.

Pemen ne. Kak ussectio, N = a'% ¥, BosBegem ofe
YaCTH 3TOTO TOXKIECTBA B k-0 CTeNeHb:
Nk = gk logg N unu N*¢ = (ak) log N,
Otkyna log,t N* =]og, N. D10 paBeHCTBO MNOKa3bIBaeT,

YTO JIOrapupM YHCIa He M3MEHMTCS, €eCJH OCHOBaHHE H
JorapudMUpyeMoe YHC/IO BO3BLICHTb B OJHY H TY XKe CTeleHb.

184. HokasaTb, 4TO ! -+ 1 <L 2.
log, = logg,s™

185. Bobluncauts: ]og, 8. log, 27.
186. Brruucauts: a % ¢ — c'*% a.

1 1
Pemenue. O6o3naunM a 6 ¢cN, a=c%va =M.
TposiorapudMipyem 06a 3TH HepPaBEHCTBA 110 OCHOBAHMHIO b:

log,N = log,c-log,a; log,M = log,alog,c.

Bunum, uto norapudmel M u N no ocHOBaHHIO b paBHHI, Clie-
Jl0BaTeJIbHO, M caMu uucya M u N pasHbl, a orciofa N —M =0,

1o 1
T. e. a%,c—c®, a=0,
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187. BbYUCIHTL YCTHO: -
a) 25'% ()] e) logs4®-log, 3/ 27%;
6) m e log, 32
08, .
B) lOg’l 1glg101°; *) log; 4
l") 7102,3 + 102.94;
o) 921082+ 4022, 3) 1gtg35°. Igtg40°. 1gtg45°. 1gtgb0°.
188. JlokasaTb COOTHOIUEHHS:
a) log,,2 = log;2-10g,3-logs4...10€,8-10g,,9;
6) logy 10 = logy 3.10g;4-10g,5 . . . logg 9-10g, 10.
189. Haiitu logg 16, ecan log,; 27 = a.
Pemenue. Uro6h pemuTb 3ajady, HaM HYXKHO Bbipa-

3UTb H JGHHBIH M HCKOMBI JiorapHpM uepes JiOrapugMbl MpH
OJHOM M TOM e OCHOBaHHH, ¥KeJlaTeJbHO OT OJHOro H TOro

xe umcaa. Ho logg 16=4loge2, a no ¢opmye log,y =

logy x '
Ha#jieM, 4TO

log, 16 — —* 4 4

log6  log; 2+ log,3  14log,3
WTtak, Mbl BBIPa3HJH HCKOMBIA Jiorapudm uepes log, 3.
Ho

3 3 3
27 = 3log;, 3 = = = .
log,» logye logs 12 logs 3 + logs 4 14 2log; 2
3 —a
aunt, @ = ——————. Ortciopa logs2 = J
3uaunr, 1+ 2log, 2 na logs 2a
2a

[MTogcTaBUB HaljeHHOe 3HaueHue

toraa log; 3 =
log;3 B BhIpaXKeHHe HCKOMOIO Jiorapuma, mosyyuM:

_ 4 _ 43 —a)
lOge 16= l+~u2g-— = et 3 .
3—a

190. 3mas, yto Ig2 = 0,301, Beuucauts Ig Y 1,25 .

§ 24. Moka3aTeabHble U JorapupMHYecKHe
ypaBHeHHUS

[MpexBapuTensHo npopaboraite no yuebnuky C. M. Ho-
BocesioBa § 106.

HanoMHHM HeKOTOpble TeopeMbl, KOTOpble HanGosiee uac-
TO HMCNOJB3YIOTCS NIPH DEleHHH NOKAa3aTeNbHBIX H JIorapug-
MHYECKUX ypaBHeHHil.
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Bo/bIIMHCTBO TAaKHX ypaBHEHHH MOXeT ObITb CBEJEHO
K CJe[yIOWHM JBYM BHJaM:

o D= g m
rirea>0uwa+1.
log f,(x) =1log fa(x), @)
OTH ypaBHeHHs 3aMEeHSIOT ypaBHEHHeM
f1(x) = fa(x), ®3)

IpY 3TOM CIpaBelJIHBLEI CJELYIOUHe JBE TeOpPeMbl:

Teopema 1. Ypasuenus (1) u (3) paBHOCHILHH B 06-
JaCTH TeX JefCTBHTEJbHLIX 38HAYEHHH X, NMPH KOTOPHIX f,(xX)
U f;(x) NPUHUMAIOT NEACTBUTEJbHBIE 3HAUeHHs.

Teopema 2. YpaBnenus (2) u (3) paBHOCHIbHBI B 00-
JacTAX TeX JeHACTBHTEJAbHBIX 3HAaueuHil X, IPH KOTOPHIX
fi(x) 1 fy(x) NpPUHHMAIOT MOJOMKHTEJbHEIE 3HAYEHHS.

191. PemuTb ypaBHeHHE:

3"‘13/ 97*—1 2"“12/ 325649,5 _ ""]‘/ 9=t

Pemenne. [lepenumem gansoe ypaBHEHHEe B BHJ®

3(x—=1) 2,5x49,5 2 (2x—8)
33 (x—1) .3 2 (x—1) =3 x—1

HITH

4,65x47,6 8x—24
3 2 (x—1) — 32(x—1) .

(1)
Ypapuenne (1) paBHOCHJLHO ypaBHenuio (2);

4,5x + 7,6 8x — 24
= . Or = 0.
20— 1) PYPR—T TCIO)Qa X (2)
192. Pewts ypaBHeHHe:

Ve Vit V&=V
193. Pemnuts ypaBHeHHue:

gize—t _ 401 4 gh—l__1g3—1 _ 10g(

Pemenue. IIpeo6pasyeM gaHHOe ypaBHeHHe TaK, 4TO-
6bl BCe YJIeHHI JIeBOH YaCTH MNPERCTABJSIIH CTEeNeHH OLHOro
OCHOBaHHs, Hanpumep 2:

232‘—-1 _212t~9 -_‘__ 212:-—3 — 2l28-v-4 - 1280,




Buinecem 2'%*

TOorja MNnoJMy4YuM:

3a CKOOKy B JIeBOH 4yacTH ypaBHeHH,

2" (28 — 22 21 1) = 1280,
Orcioza

2% =4, 5.-1280.
PasfenuB ofe uacTH ypaBHeHHs Ha S, NOJYyYHM:
gl2e—t _ o8
Orciofa 12x —4 =8, torga x = 1.

194. (0,81)*~' — (0,9)*% 4-(0,01)*~"% —9(0,1)*~? = 0.
195.)/ T8xF6 /4942 9"+ 1 9 0 95=(+0:50 _
196. Pemnts  rpaduyeckn v

ypaBHeHHe:
1,8 =2x-}1.

Pewenue. Kakum-mu6o wus-

BECTHBIM CNOCOOOM CTPOHM rpa-
buk  dysxuuH y = 1,8", zarem
HAa TOM K€ YepTexKe CTPOMM Ipa-

buk QynkuuM y =2x -+ 1 (4epr.
11). Haxopum, uTo Touku mepe-
ceyeHHs1 rpapuxkoB  GyHKuHuH

y=18" u y=2x-4+1 umeor

b e e - — —— —— ——

abcuuccnl x, =0, x,~3,6. ue1§”
197. T'paduuecks pemmnTs ypa- -
BHEHHS ! 70 LT
a) (0,8)" = 3x; B) 2" = 1,
x Uepr, 11,

6) 2" = x¥ r) 27" =x.

at+Vx
198. Pemnts ypaBHenue: ¢ -~ V¥ = p,

Pewenue. Ilo onpegenenuio noxasartenbHoi byHKUUH
¢>0uc+0 OyHKuHA y = C* Npu /MOGOM 2 NONOKHTEJIb-
Ha, a MoToMy H b JO/MKHO G6HTb IOJOKHTEILHO b>0):
x>0 u x+at

Jlorapupumupys no ocuosasuio 10, moaywus:



a+Vx

—lgc=1gb
a— X
wm Vxlgbec = alg% ,
alg L2
—_ (4
oTKyJa V= g be :

paCCMOTpHM NoJiyueHHOEe BbIpaxKeHHe:

V X — apudmeTuyeckuil KopeHb, CIeJOBATEIIbHO, Vx>0, a
alg b
c
[OTOMY IOKHO ObITH H Tebe >0.

[1pn BBLINOJIHEHHH 3TOr0 YCJIOBHS
b2

g —
i)

1g bc *

2
a lg% alg 5

OTBeT: x= npH >0,

S ¢
Ig be 1g be
b>0, ¢c>0, ¢ +1.
PemmnTh ypaBHeHMs C mapaMeTpamu:
199. (a-b)* = (ab)*.

200. 1108 W+ _| _ gy,

X =

201.  Peumnts ypaBHeHue:
lgy +1g(y* —4) =1g341g(y +2); (1)
Pemenune. YpaBuenue (1) MOXKHO MpeJCTaBUTL B BHJE
lgy(y*—4) =1g3(y+2), (@)
OTKyZa
y*—4)=3u-+2) 3)
BJIM
(v +2) (y* — 2y —3) =0. 4)
Orciofa y, =—2, y, = 3 u y;=—1. V3 Tpex HaljeHHBIX KOp-

Hell ypaBHeHus (4) ypasHenuio (1) yioBreTBOpSET MHIIb Y, = 3.
ITouemy u Korga NosABUAMCL NOCTOPOHHHE KOPHHP
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Haiizem o6sacTh JONMYCTHMBIX 3HaueHHH JAJIs1 HEU3BECTHOrO
ucxonHoro ypasHenus (1). IIns seBoil yaCTH ypaBHEHHsI HMeeM:
y>*—4>0 u y>0, orcroga y>2. JIna npaBoil yacTH ypaBHe-
Husi umeeM: y-+2>0, umm y>—2. Hrak, ana obeux
yacTell ypaBHeHus (l) umeem y > 2.

Haiinem Tenepb o6JjiacTh AONYCTHMBIX 3HaueHHH JJ1s1 HeH3-
BECTHOro ypaBHeHHs (2). [Ins /eBoH 4acTH ypaBHeHHs (2)
06J1aCTh JONMYCTUMBIX SHAueHHH HEH3BECTHOrO OINpelnesseTcs
ycaoueM: y(y2— 4) >0 nam y(y—2) (y+2) > 0. Hepasen-
CTBO yHoOBJeTBOpsieTcst MpH y > 2 1 —2< y < 0. Ins mpa-
BOM YacTH ypaBHeHHs (2) o06sacTb JONMYCTHMBIX 3HaueHHH
Heu3BeCcTHOro y>—2. [lns obeux uacrtefi ypaBHeHus (2) 06-
JIacThb JIOMYCTHMBIX 3HaueH Hil Heu3BeCTHOro y>2 n —2<y<0.

[Tpu mepexoxe ot ypasHenus (1) K ypaBHenuio (2) o6nacThb
JONYCTHMBIX 3HAY€HHH HEH3BECTHOIO PAaCUIMpHJACh Ha HHTEp-
Baa1 (—2, 0). B sTom uHTepBase M COLEPKHUTCS MOCTOPOHHHUH
KOpeHb y; = — l.

[1pd MOTEHUHPOBAHHMH MBI IEPEXOAMM K ypaBHeHHIO (3) H
CHOBa paciupsieM 06/1aCTh JONYCTUMbIX 3HAYeHHH HEH3BECTHO-
ro, Tak Kak HUKaKHX OroBOPOK OTHOCHTEJBHO y He JeJaeM, a
Ins ypaBHeHus (2) y>2 u —2<y<0. Bropoit nocTopoHHu#
KOpeHb IMOSIBUJICA TNPH MNOTeHIHpoBaHHMH. KTak, mocTopoH-
HHe KOpHH MOSIBWIHCb NPH Nepexoje OT CyMMHI JorapH(pMoB
K JorapudMy NpOH3BELEHHS, T. €. IIpH I€pexojie OT ypaBHe-
nus (1) K ypaBHeHHIO (2), ¥ INpH MOTEHIMPOBaAH UM-—TIEPEXO-
Iy OT ypaBHeHHs (2) K ypaBHEHHIO

9)-_ _
202. Pewuth ypaBHeHue: Ig(x+V 3)=—1I¢g (x—V3).

203, — 182 _ o
1g (4x—15)

§ 25. Moka3aTeabHo-A0rapugMUUecKHe CHCTEMbI
ypaBHeHuH

IMpensaputensio no yye6unky C. M. Hosocesosa mpo-
paGotaiite § 106.
204. PeiuuTh CHCTEMY YypaBHEHHH:

log, x +1og,y =c, (1)
X’y + xy* +xy = d. (2)

Pemek ue. OueBupno, uto x>0, y>0,u 2> 0.
W3 ypaeuenua (1) mosydaem: log,xy=cC, OTCIOAa
xy =k, 3)
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Y paBHeHue (2) MOXKHO NpeACTaBHTb B BHJE:
xy(x+y+1)=d
[MoxcTaBuM BMECTO Xy ero SHaueHHe M3 ypaBHeHHs (3), mo-
AL ke(x+y+ 1) = d, oTKyja

x+!/-——k;'—l (4)

I/ITaK, peuwieHne JAHHOH HaM CHCTeMhbl CBeJIOCh K peuie-
HHIO CJIeJIYlOLU.eﬁ CHCTEMBI:

xy = ke,
d
X —I_ y=——— 1 ’
OPHYEM X H Y JOJIKHDI 6bITb [OJIOKHUTEJLHEIME YHCJaMH H
k> 0. Toraa % — 1>0 |, orcioga

d> k. (5)
Torna x ¥ y [NOWKHB GBbITb MOJIOXKHTENLHBIMH KOPH IMH
KBaJIpaTHOI'O ypaBHEeHHS:

zz—( d -—l)z-]—k‘:O. (6)

14
Inst Toro utoGhl KopHu ypaBHeHHs (6) Gblim 6ol mosio-
JKHTEJNbHBIMH YHC/IAMH, JOCTATOYHO, 4TOOB! JHCKPUMHHAHT 3TO-
ro ypaBHeHHs Obl1 HeoTpHuaTeJeH, HOO CBOOOAHLIA uJeH
k>0

A= (1) e - kT
ke k2e

Tak kaxk 3HamMenartesab 3Toi JApoOGH LIOJNOKHUTeJeH, TO Joc-
TaTOYHO, YTOOR!
(d—Fk°)? —4k%> >0
Wi (d — k°)? = 4k%.

Ho B cuny uepasenctBa (5) d —k°> 0, nostomy, us-
BJleKad KBajpaTHLl KOpeHb H3 O0eHX uacTedl MocaejHero
HepaBeHCTBa, NOJyYHM:

3c

d—Fk > 2k,
3c
Orcioga d > k¢ -2k wmm
d > k(-2 ). @



3ameruM, uTo HepaBeHCTBO (7) cH/bHefl HepaBeHCTBa (5),
T. €. NPH ero BHINOJHEHHH TeM OGoJiee BHINOJNHSETCH Hepa-
BEHCTBO (D).

[lpu BeIMOSHeHHMH HepaBeHcTBa (7) o6a KOpHSL ypaBHe-
HHsl (6) MOJNOMHTENbHEI H MOTYT SIBJISITHCS PEIEHHSMH HCXO[-
HOH CHCTeMHI.

[Tonyuaem Taxue gBa peuieHus:

d— ke +V (d— k)2 — 4k Dy = d — ke — Y (d—Fk)*—4k5C

X, =
! 2ke ! 2ke ’
d— k¢ —V (d — k)2 — 4k d — k¢ 4 V (d—kP—4k>
x2= 3 y2= .
2k 2k
205. Pemnts cucremy:

xxHy = yo, (M
gty = xte, (2)

rie a > 0.

Pemenune. U3 ypauenuit (1) u (2) sugno, uro x >0

H U3 ypaBHeHHs (1) moayuum:
a

x=y, ®3)
a u3 ypaBHeHUs (2) nomydymm:
Xty
x=y . (4)
a x+y

Orcioga y*t¥ = y “@ . PaBeHCTBO BO3MOXKHO WJH NpH
a

x+y

y=1, o Torga ¥ x =1. Ecom xe y +1, TO

= % . Orciona (x + y)? = 4a®
a

Tak kak x>0, y >0 u a>0, To M3 nocnegHero ypas-
HEHMsl TMOJYYHM, YTO

x -+ y=2a.
Orciopa
x=2a—y. (5)
[MoacraBnas no.nyqleHHoe BbIPaXKeHHe X BiypaBHeHne 3),

- 2
nonyyuM: 24—y = y’. Ecau 0603HAaYuTb y = 2, TO MOJY-
yuM KBajpaTHoe ypaBHenue: 2>+ z—2a = 0. Tak Kak CBO-
Gogublit uien — 2a < 0, TO 3TO ypaBHeHHe HMeeT [Ba Jieii-

97



CTBHTEJILHEIX KODHSI IIPOTHBOIOJIOXHBEIX 3HakoB. Ho Tak Kak
2> 0, u6o y >0, To HafieM JIHIb MOJOKHUTEHHEIN KOPEHb
5TOr0 ypPaBH €HHA:

=1V 148 +12/ma, 3HauuT, y1’= —14Vi+8a +12/1—+‘8¢1 ,
Torja y = Ltda— ;/H——Sa . M3 cooTHOUEH Us (D) HalijeM x.
[Moayunnm:
X = V__T;a -1

Hrak, nanHas cHcTeMa uMeeT JBa DelleHHs:
1 8a —1
oo VIit8a—1

x, = 1, } 2 2 ’
H —
vy =1 y2=l+4a—]/1.|_8a'
2
206.
40.250—3y—8 . |/ 7
x—y=10"®+ 1g(o.5131-0_0). }

207.

(axyte = (by)=,
bl&lax) — qgle(by) |

208.
112 — 2.5y =71,

Yy
11:42.52=2],

EA
(11*7! ): 452 = 16,



Fnasa VI. TEOPUSA COEJUHEHUM

§ 26. CoeanHeHUs Ge3 NOBTOPSIOUIUXCS 9JIEMEHTOB

[MpexsaputencHo npopatoraiite § 116, 117 u 118 yue6-
nuka C. M. Hosocenosa.

209. CKOMBKO PasyiIMYHbIX YeThIPeX3HAUHBIX YHCEN MOXKHO
coctaBuTh H3 mudp: 1, 2, 3, 4, 9?7 (Kaxpas undpa fomkHa
BXOJHTb B KaxJoe YHCJO He Gosee OZHOro pasa.)

Pemenue. [lo ycnoBuio 3ajaud Mbl HOMKHBI NOJYYHTD
COeNMHEHHs] W3 NSTH SJEMEHTOB MO ueThipe, MpHYEM JBa
COEJMHEHHsI, COCTOSILIHE M3 OLHHUX M TeX XK€ 3JEeMEHTOB, HO
pacroJIOXKEHHBIX B Pa3iMYHOM THopsiike, OyAyT, OYEBHIHO,
pasiMuHbIMH. TakHe COeJMHEHHSI, KaK H3BECTHO, HashIBAIOTCS

pasMmelleHHusIMH. HOSTOMy HaM HaJgo NOACUYHTATHb A; H
A =5.4.3.2=120.

210. CKOJBKO pAa3/IMUHBIX LIECTH3HAUHBIX YHCEJ] MOXKHO
nanucath npu nmomown uupp 0, 1, 2, 3, 4, 5? (Uudpw B
YHCJIC He JOJKHBI MOBTOPSITHCS.)

Pewen ue. M3 nannbix 6 saeMeHTOB (uudp) MBI JOIK-
Hbl COCTaBHTb BCEBO3MOX<Hble KOMOHHAaUMH MO IIEeCTH SJeMeH-
ToB. Takue coefHHeHHsI Ha3bIBAIOTCS nNepecTaHoBKaMH. U3
LIECTH 3JIEMEHTOB MOXHO COCTaBHTb Pg = 6! =720 pasnnu-
HBIX TepecTaHoBOK. Ho Te nepecTaHOBKH, B KOTOpPHIX uH(ppa
HyJb CTOHT Ha nepBoM MecTe, He OyAyT NpPeACTaBJATH ILeC-
TH3HAUHOrO YHCJa, a JHllb — naTH3HauyHoe. [losTomMy nog-
cuHTaeM BCe mepecTaHoBKH u3 uudp 1, 2, 3, 4, 5. OueBuz-
HO, TaKMX NepecTaHoBok Oyner P, = b! = 120. U, cnegosa-
TeJIbHO, Pas/IHYHBIX UIECTH3HAYHBIX yHcesa 6yjer

Pg— P, = 720 — 120 = 600.

211. B poswirpeiiie nepeeHcTBa no ¢yT60Jdy NPHHSJIO
yuactue 10 komanx. Kaxpas komanja urpana ¢ Kaxjaod
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U3 OCTAJLHLIX KOMaHf 1o ojHoMy pa3y. Ckoabko Martuelt
GblI0 CHIrPaHO B PO3BIrphILIe?

Pewenue. Bcero Mmaruyefi, oueBHaHO, OBIJIO CHIIPaHO
CTOJBKO, CKOJBKO MOXKHO COCTaBHTL PasjIMUHbIX COeLHMHEHHH
3 10 sjeMeHTOB 1O jBa, e KaXJce CoefHHEeHHe OTJIHYaeT-
csl OT jpyroro xoTsi Obl OJHHM 3JeMeHTOM. Takue coennHe-
HHUSl HasbiBAlOTCS coueTaHHsMH. [ToaTOMYy KOJHuecTBO MaTyelt

2 10.-9
= —— =45,
10 )

2
pasHo C,,: c
212. B as6yke JJs CJENBIX JJI TNpeJCTaBJeHHsT OyKB
yIoTPeGAsIOTCS TOYKH yucsaoM oT | jgo 6, koTopble mome-
IMaIOTCSl B TeX MMM JPYrHX H3 IIeCTH MeCT, YKas3aHHBIX Ha

npepnaraeMcii cxeme: ..

CKOJILKO pa3/InYHBIX 3HAKOB (OYKB) MOXHO COCTaBHTh
D 3TOH a3byke?

Pemenue. [Ong cocTaBieHHuss 3HAKOB (GyKB) MOXKHO
BOCIOJIb30BaTbCsl OAHOH, ABYMS M T. A., IUECTbIO TOYKaMH.
[ToncunraeM, ckonbko OyKB MOXKHO COCTaBHTb, TOJB3YSCh
OJHOH, JBYMSI, TpeMd H T. JA. H, HaKOHeN, HIECTbIO
Toykamu. Ilosmb3ysicb OJHOH TCUKOH, OYEBHIHO, MOX-
HO COCTaBUTb 6 3HAKOB, pacnoJiarasi TOYKy B pa3JHYHBIX MecTax
cxemel. [losb3ysich AByMst TOUKAaMH, MOXKHO COCTaBHTb CTOJb-
KO 3HaKOB, CKOJIbKO MOXHO COCTaBUTL COYETAHMH H3 IIeCTH
3/7eMeHTOB o aa U T. A. CuoenosarenpHo, BCEero 3HaKoB
MOXHO COCTaBHTb:

C,-+C4C,+C,+C+C = 6+154-204-1516-+1=63.

213. CKO/JIbKO MOXHO COCTaBHTb TPEXSHAUHBIX YHCE] M3
undp 2, 3, 4, 5, 0, 8, kpatubix jpecatu. (B kaxpgom ymc-
Jie HY OJHa M3 uudp He NMOBTOPSETCH.)

Pemen ue. Yucaa, KpaTHble JeCsiTH, OKaHYMBAIOTCH
HyJieM, CJIelOBaTeJbHO, 3aJlayy MOXHO BHJIOM3MEHHTH TaK:
CKOJIbKO MOXKHO COCTaBHTb TPEX3HAUHEIX YHCeN U3 wudp 2,
3, 4, 5, 0, 8, okaHuHBaIOWKXCST HyJEM?

JlomycTuM, 4TO MBI COCTAaBHJIH HYXKHBle HaM YHCja H 3a-
YepKkHYJH Y HHX Ha KOHIE HYJb, TOrJa Mbl TOJYYHUM BCEBO3-
MOXKHBIE [|By3HauHble YHCJa, H300paxeHHble nudpamu 2, 3,
4, 5, 8.

Takux uucen Oymer A =5.4=20.

CrepoBaTesibHO, CTOJILKO e GyfeT TpeX3HAYHbLIX YHce,
KpaTHbiX JecfiTH, HsoOpaxeHHblX uugpamu 0, 2, 3, 4, 5, 8.
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214. Tlpu poswirpeire mepBeHCTBa MO (GyT6ONY GBIIO ChIT-
pano 105 napruil, mpuueM Kaxkaas KOMaHja WrpaJa ¢ Kax-
ROA M3 OCTaJbHbIX KOMaHj no oaHoMmy pasdy. CKOJbKO KO-
MaHJ YYacTBOBaJIO B pO3bIrpbiue?

215. Onpegeauth n, ecm Chyy = 11CA

216. CKOJMbKO TpeyrojibHHKOB MOXHO NOJYYHTh, COeJHHSS
no 3 BepuiHHb JECATHYTOJbHHKAP

217. CKOJMbKO MOYKHO COCTaBHTb MSTH3HAUHBLIX YHCEJ, He
gensuiuxcs Ha 5, w3 uudp 1, 2, 3, 4, 5?

218. B Bbinyk/JOM MHOrOyroJhbHHKE NpOBefeHb BCEBO3-
MOXHbie JHaroHaJiM; okasasocb, 4To MX Bcero 14. Onpepe-
JIUTb YHCJO CTOPOH MHOTOYrOJIbHHMKA.

219. Kakoii MHOroyroJoHMK HMeeT juarosatefi Ha 12
GoJibllle YMCJIA €ro CTOPOH?

220. Yucsnio npeMeTOB OTHOCHTCS K UYHCJYy pasMelleHHA
us sTux npeametoB mno 3, Kak 1 : 20, Hafitu uucao npeame-
TOB.

§ 27. CoennHeHHs ¢ MOBTOPEeHHSIMH

[MpexBapureasbno npopatGorafire mo yue6uuky C. Y. Ho-
socesioBa § 119, 120 u 121.

221. KWmeercs 8 wapoB: 3 KpacHbX, 2 GeJbix, 2 CHHHX
K 1 uepHblil. CKOMbKHMH Pa3JIMYHBIMH CIOCOGaMH MOXKHO pas-
AOKHUTb HX B ONHMH pAA?

Pemenwue. 3pnech umeercs 8 sneMeHTOB (mapoB), H3
KOTOpbIX OIHMH LIap NMOBTOPsieTCS TPHKAbl M ABa mapa (Ge-
Jbi B CHHHH) MOBTOPSIOTCS ABaXKAbl. Mbl JO/KHBI NOJTYYHTh

a37HYyHble COEJUHEHHs] H3 NAaHHBIX BOCbMH 3JIEMEHTOB 1o 8.
aKue COeJIMHEHHsl, KaK H3BeCTHO, Has3blBalOTCs NepecTaHoB-
KaMH C MOBTOpPEHHSMH.
OueBHJHO, YTO HAM HAaJO MOACYHTATL P(3ioioti).
Hmeem:

8!
3r2r2r

Takum ofpa3oM, 8 JaHHBIX IIAPOB MOXHO pAacMoOJIOXKHTb B
paa 1680 cnocobamn.

222. CkNAbKO pas/MYHBIX NATH3HAYHBIX YHCEJ MOMKHO CO-
cTaBuTb U3 uudp 1, 2, 2, 3, 7?

223. B marasude umeeress 30 pasiuuHbBIX Hrpyulek (mpH-
geM kaxpaas urpymka B 10 aksemnasipax). CKoJbKHMH crio-
co6aMH MOXKHO KYNHTb MIPYLIKH AJs JeTcajar

Payoporny = = 1680.
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Pewenne. B npoussonsHoM nopsinke nepenyMepyem 30
HMEIOIIUXCSl pasJHuHbIX Wrpywek. Ecam nepsas (mo Hammed
HyMepanHH) Hrpyuka OepeTcss B 7, 3K3eMIJspax, BTOpas B
n, sK3eMmiasipax H T. J., TpHAUATasg B Ny, SK2eMIaspax, TO
yKazaHHOMY BHIOOpY, OYEBHJHO, COOTBETCTBYeT pa3MellleH He

n;, Ny, Ng, .. , Ngy

u3 11 uucen O, 1, 2, ... , 10, B3atsix no 30 (cpeau n, He-
KOTOpble MOT'YT MOBTOPATLCS).

[TosToMy UYHCJIO pas3/IMYHLIX CNOCOGOB, KOTOPLIMH MOXHO
KYNHTb HrpyLIKH, PaBHO YHCJY BO3MOXHBLIX pasMelleHHH ¢
NOBTOpPEHHSIMH M3 ONMHHaAuaTH snemeHTtoB no 30, T. e. umc-
0 pa3MYHBIX cnoco6oB paBHO: Vil = 113,

224. Ha opHo#l M3 KeJe3HOLOPOXKHBIX CTaHIMA JeBATbH
Nacca)KupoB NO/MLKHBI Obliv BOHTH B 3 BaroHa. CKOJIBKUME
crnoco6avMu MOXKHO MpPOBECTH 3TO pasMellleHue?

225. CkoJbkHMH cnoco6aMH MOXHO pacmpefenuth 10
A6J0K MexAy TpeMs IeTbMH?

Pemen ue. Ilycts mepBoit peGeHok nonyuna x 560K,
BTOpOHl pe6eHOK — y s16JIOK M TpeTHA — 2z A6JOK.

Takoe pacnpeneseHHe CHMBOJMYECKH MCXKHO 8arucaTs
cieiylomuM obpasom:

L, 1,1, ...,1 2 2 ..,2 33, .. 3
x pas v pa3 z pa3

3reck x +y -+ 2= 10. Ecan xto-nmu6o u3 neTefi He nosy-
uHT f6JI0K, TO ofHa u3 uudp 1, 2 nam 3 He nuwercs Bo-
obule,

Kaxzoe pacnpenefenye, 3anucaHHoe TakKHM o06pasow,
npeiacTaBisieT Co60OH, KakK H3BeCTHO, COueTaHHe C TMOBTO-
peHHsinH Ho Tpex sjemeHToB mo 10. OueBnpHo, uTO uHCJIO
BCEBOSMOXKHBIX pacnpejie/ieHH PaBHO YUCJy COYETaHHIi C MOB-
TopeHusMH H3 3-x sjemeHToB mo 10,

10 [ [
T. €. P3 =C:;+[0_|=Cig;
10 2 12 11
cii=c;, =21 =66

Pacnpenenense necatd A6JOK MeXAYy TpeMs EeTHMHE MOX-
Ho npoBecTH 66 cnocoGamu.

226. CKOMbKHMH pasJIMYHBIMH CNOCO6aMHu MOXHO HalpaThb
n OJHHAKOBbIX HJH pa3/MUHBIX MHPOXKHBIX B KOHAHTEPCKOf,
Te HMEeTCs m pas/HYHBIX COPTOB MUPONKHbIX.

PaccMoTpuTe yacTHbIH cayvail npp m =6 ¥ n= 11,
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227. CKONbKO Pa3iHYHBIX JieBSITH3HAYHLIX YHCEJ MOKHO
cocraputh M3 uudp 0, 1, 2, 3, 4,5, 6, 7, 8, 9? (Ludpu
B YHC/JE MOr'yT NOBTOPATHCS.)

Pewenwune. B sanaue, oueBHAHO, HIET peyb O pa3Me-
weHusx ¢ nosropenusmu u3 10-Tu snemenToB (uHdp) mo je-

BATH. Bcero Takux pasmemenuii Gyzer V. uo CpEeIH 3THX
pasvelleHHA HMEIOTCS TakHe, B KOTOPHIX HYJb CTOHMT Ha nep-
BOM MecTe. Bcex Takux pasmemenuit Gyger V:,. Cihegosa-
TeJbHO, BCEX AEBATH3HAUYHHIX 4Hcea Oynet:

Vi — V3 =100—108=9. 108,

228. Ha xene3HOROpOXHOA COPTHPOBOYHOM CTAHIIHH yCTa-
HoBJeHo 12 ceetodopoB. CKOJMLKO MOXKeT OBITH J[laHO pa3-
JAUUHBIX CHTHANOB, €CJH KaIblil cBeTOdop B JIOGOH MOMEHT
BpeMEeHH NMOKa3blBaeT OJMH M3 3-X CHTHa/oB (KpacHHH, xen
THIli, 3eJIeHblH)?

Pewenue. B moSoft MoMeHT BpemMeHH cBeTodopH 0.
Ka3blBAlOT KaKOM-TO CHrHaJ. B npous3Bo/bHOM mnopsiike 3s-
HyMepyeM cBeTodOpH H NOJAHHBIA MMH CHIHAaJ, CHMBOJNHYEC.
KH 3anuieM Tak:

H K o 3 KK 33 KK ¥ K.

Ykaszannomy curHajsy COOTBETCTBYeT pasMellieHHe ¢ MOBTo-
peHusiMH M3 3-X 3/1eMeHTOB, B3AThiXx no 12. ITosTomy uwscao

pasiuyHbIX CHIHaMOB OyJeT PaBHO Vég.
Hmeem: V¥ = 312 = 53] 441,

Hrak, 12 ceercdopoB MoryTr nozats 531 441 paznruyuni
CUTHAJL.

229. CKOJBKO Pa3jIHYHBIX MSATH3HAYHBIX YHCEJ MOXKHO CO-
cTaBuTh W3 uudp 2, 5, 5, 5, 7?

230. CKOJMBbKO pa3/MUHBIX JeBSITU3HAUHBIX YHCEJ MOXKHO
cocTaBuTh M3 uudp 2, 3 u 4, Ho Tak, uTOOH 1HPpa 2 BXO-
auna He Gosee 2-x pas, nuppa 3 —He Gogee 4-X pas?



Caasa VII. BHHOM HBIOTOHA H MOJIMHOMHAJIBHAS
TEOPEMA

§ 28 Bbunom HpioToHa

[pexBapurensHo npopabotaiite mo yue6HHKy Hooceno-
ga C. M. § 123 n 124,

231. Haiitu npousBejsenne GHHOMOB:

(a—1)(a+2)(a —3)(a—+4).
Pemenne. IlpumenuMm nepByio Teopemy § 123 yueGus-
ka C. 1. Hosocenosa.
3gecs: Py =—142—3+4+4=2,
Po=(—1) 24+ (—1)=8)+F(—1) .4+
+2(—3)- 2. 44 4(—3) =—13,
Py=(—1) -2 (=3)H(—1) 2. 4H(—1)(—3)-4+
+2(—2).4=—14,
P4=(—1)-20(—3)~4=24-
ChnepoBaTesbHO,
(@ —1)(a—+2)(a—3)a—+4) =a*+ 2a® — 13a? — 14a + 24.
232. HaiitTu cokpaieHHbBIM NyTeM Npon3BefeHHst CHHOMOB!
a) (x —2)(x —3)(x + 4)(x + 5);
6) (« —1)(@ — 2)(a —3)(a + 4)(a +5).
233. [lokasaTb, 4TO CpejHHil ujeH pasokeHus (1 -4 x)*
paBeH
1:3-5..(2n—3)@n—1) gyn
nl )
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Pemenune. B sToM pasnoxenuu Bcero (2n-- 1) uieHOB.
CrenoBaTeqbHo, cpefHuil uieH ectb (n--1)-i.

Tn+1 = C;nXQ”“" = C;nX" .
Ho

n__en _ @n
2 nl(2n — n)! (n1)? )

[Mpeo6pa3yeM OT[EJbHO YMCJHTEb
@2n)!=1.2.3.4...(2n—1)2n.

[pencTaBuM COMHOMKHTEJNH TaK, 4ToObl BHayaje CTOAR
BCe HeYeTHhIe COMHOXKHTEJNH, a NOTOM Bce ueTHbie. Torga
@n)l=1.3.5...2n—1).2.4.6...2n.

Ho
2.4.6..2n=2".1.2.3...n=2"nl
3Hauur,
@2n)!=1.3.5...(2n—1)2"n!
Hraxk,
or o 1:3:5..@n =12t _1-3.5...2n— 1"
- (n1)? - nl '

[To3TOMy OKOHYATeJbHO MOJYYHM:

1:3:5...@0—1) o,

Thy =
~t+ nl

234. Haitru 13-i1 ujen pasnoxeHus 6nﬂoma(9a — Vl__)m
3Va
235. B pasnoxenuu (b + —;—) * satitu 4Jled, He CoflepKa-

muit b.

236. Haiitu unen pasnoxenus 6unoMa (224 1)}* ¢ Hanm-
GosnuuM KO3 HI MEH TOM.

237. Ipu kaxkoM 3HaYeHUH n KO3 pdHUUHEHTH 2-r0, 3-TO B
4-ro useHoB pasjioKeHHs (X - a)" cOCcTaBAAIOT apHpMeTHYEC:
KyIO NpOrpeccuio?

238. PasHocTh Mexny Ko3(dDpHIHeHTOM 3-1‘(3 u 13(03(1)@)!1-

5 LW
OUEHTOM 2-T0 4JIleHOB pasJyiokenus OuHoma (x° -4 x)* pas-
na 90. Haiitn unen, copepxawmii x°,

103



§ 29. MoanHomuasbHan TeopeMa M cymMMma cTeneHeh
HaTypaJbHbIX uHuced

[Mpepsapurensso npopaboraitte no yuebuuky C. M. Ho-
socesioa § 123, 125.
239. Haiitu Koaq@uunem NpH x* B pasJioKeHHH
(1 - x4 x%)3.
Pemenune. 3anuuieM NOJHHOMHAJNLHYIO TeopeMy B 00-
meM BHJE:

n!
(2 e 1) =, B X X%,
al agl...apl k
a4 ‘+“olz=“

B ramev cnyyae OyjeM HMeTb:

(Itxtap=Y— n xngma

all a’l asl

ooty =3

= 2 -—3l——x“s+2¢a.
a,! agl agl
o f-artas=3
Tax Kak Mbl HIleM YJeHbl, cofepxaliue x*, To
ay + 205 =4, (1)
rre 0 <oy <3 0<ay <3. Oqun,u,Ho yto paBeHcTBO (1)

aosmoxmo . NpH CJEYIOMHUX LEJbIX 3HAYEHHSIX 0y H ag
1) =2, ay=1, Torga a, =0, u6o a, f-a3+oa;=3
g2) a=0, a;=2, Torza a, = 1.
HaiineM cooTBeTCTByIOUW(Me STHM SHAUEHHIM a,, ag H a4
QJIEHDl PA3/IOXKEHUs:

A, = jogrer o 3xt,
or2r

Ay= — 2 11x0x8 = 342,
11012

Al +A2 = 6x4.

CnefoBaTesibHO, KO3(@QUUUMEHT mnpH x* B  pasjioKeHHu
(1 4 x + x?)® paBen 6.
240. Haiitu koadduuueHT npu abc® B pasnokeHHu
@-b-4-cp.
241. Haiitn KoahdunuesT npu x° B passiomKeHHH
(1 +2x 4 x7)%.
Pemenune. (14 2x 4 x%)* = 2 —l———l“ (2x)*2(xB)%,
a
a0yt = p
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Ham Hajo HallTH Ko3(¢dHUMEHTH Y/NEHOB, B KOTOPHIX
a,+20;=5. B To e Bpemss a,+a,t+a;=4. O6a sTH
yCJOBHS BHINOJHATCA JIHIIb NPH CAEAYIOUHX LeJablX 3Haye-
HHAX o, , Qg H 05

1) a,=0; 0,=3; az=1 u
a, =1 a=1, a;=2.

Hafinem cooTBeTCTByIOUIHE ITHM 3HAYEHHSIM o, Oy H %3

4JIeHbl pasjioXeHHs:

A =2 19(2x)3 . (x%)! = 4 . 8x3. x% = 32x5,

! 013111
= ————4—1—- 2 2 —3 . . == 5
A, T 1 (2x)(x?) 12. 2% « x* == 2445,

A, + A; = 24x% 4 32x% = 56x5.
CnezoBaresibHO, Ko3duuneHT npH x5 pasnoxenns

(1 4 2x + x2)
Oyner pasen 56.

242, Halitn xosbduumnenTnl npu a®b?, bed®, abed B pas-

JIOXKEHHH
(l4+a+b+c+d)s.
243. OnpejenuTb panHOHAa/bHbIE YJEHH! pa3/IOXKeHHs
(VE+V3+5)"

Peuwen ne. B namem npumepe n = 10; YyTOGH uJjeH
pasnoxeHusi ObUT palMOHA/BHBIM, OYEBHIHO, HAJO B3SIThb &, =
=2, a,=3 ¥ a3=>5. [lpyu Jpyrux KomMOuHauHAX a,, 0y U
a3 WleHbl pasnioxeHHs OyAyT coiepxKaTb pajukajel. Haiizem
STOT UJIeH:

A= (VZR(VIP(VE )=

21 31 5!

=1—2-3~4-5'6-7-8 -9~1_0 .2.3.5 = 75600.

1-2.-1.2.3-1-2-3-4.5

244. B pasnoxenun (x4 y®-4-2%8 onpenenuts Koadppu-
{IHEHTHl WJIEHOB, CTENEeHH KOTOpHIX paBHbl 20.

245. B pasnoxedun (x%- y®-24%)% onpenenuts usen,
K03 HUHEHT KOToporo OyIeT HaHMEHbLIHM, eCJH CyMMa Mo-
KasaTejleil 5TOro uJjeHa paBHa 22.

246. B pasnoxenuu (x +y-z)® HaHTH CcyMmMmy Bcex
K03(hDHUIHEHTOB M YHCJO YJIEHOB pas/oXKeHHs.

247. OnpepenuTb CyMMy 7 YJIEHOB psjaa:

1436410415421 ... +£(—’%9—.
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Pemenne. OO6wuA ujen paja HMeeT BHA

n(n + 1)
a,= ———
n 2 1]
€ro MOXHO NpPEACTaBHTbL B BHJE:
n? n
2 + 2’

Torga Hckomas cymma

S=N3+ Z%=%{Zk%+2 k].
k=

1 k=1 k=1 k=1

n
Ho Ekz ”("+l)(2"+1) . a Zk= "("'Fl)‘

2
k=)
3Halm'r,
S =l[n(”+ N2n + l)+n(n+l)]____ n(n+1)(2n4 14 3) -
2 6 2 12
- n(n 4 I)(n + 2) )
6

248. BbLIYUCIHTB CyMMY:
134334534 ...+ (2n — 1)%.
Pemenune. 1 +34+524+(2n—172 = (13423 133 4...
e @ — [P B4 (20 = (15 B3 ...
(20 —8(13 23 £33 . oty = ZCRED

4
_8 n%(n 4+ 1)2
4

(cM. dopmyay Ha crp. 519 yue6unka C. HW. Hoocenosa).
Tlocsie HecnoXKHBIX NPeoOpa3ORaHUN MOJYUHM:

12433 +5% 4 ... +(2n —1)® = n?(2n*—1).
249. BbluucauTs CyMMBI:
a) 224424 ...+ (2n)%
6) 12+32+4...+(2n+ 1%
B) 22443 4+6%+... 4+ (2n)%
r) 432+ @ 1)h



OTBETH!

1. 8) x, y —aprywvenTt, a K b— napameTph; 6) ® — NOCTOSIHHOE uHe-
no, r —aprymeut; B) A, B u C—napamerpbl, x U y — apryMeHThl;
r) Up 4 g — napameTpel, {— aprymedr. 2. 1), e), K), J), M) — TpaHe-
HeHLeHTHb@, B), 3), W), H) — ajarejparuecKue paUHOHAbHLIE, K) —
aire6panuecKue uWppaunonaibise. 3. €). r), X), 3), K) — ueabe 1), e),
W) — ApoGHuie. 4. a), 6). B). K) 1), 3), M) — MHOTOUJEHB. T). €) ®
K) — He SIBJAIOTCA MHOTOYJCHAMH: €) — TPAHCLeHICHTHOe  Bhipake-
BHe, & 2) ¥ x) — ApoGHbie. 5. a), 6). B) r), A), X), M) — MHO-
FoujJieHbl. a OCTalbHhle He SBJAIOTCH MHOrouneuamu (e), 3), u), Ja) —
ApoGHbie BLIPAKEHUA, @ K) — TpaHCUeH eHTHOe Bolparmeune. OpHouseH
Mbl paccMaTpuBICM KaK uaCTHHLIH cayuali MHorounewa. 7. a) B.e
MHOXECTBO NeWCTBHTE/bHBIX 4uced; 6) x % 7; B) x#=1 0 x4 2
Nx<5 K)m»U, ms#l; uwx+2 n x¥4 K —1<x<1;

n)x+-2-; M) x — mo6oe [efACTBATENbHOE YHCJO; H) BhipareHre He

HMEeT CMbIC/Ia HH Mph KakoM x; n) x <0 n x > 3: 8. a) 6; 6) Ecain a
W b paccMaTpHBaTh Kak napaMeTpbl, TO CTefeHb ONHOUJEHA paBua k 4 2,
ecaM e a ¥ b paccMaTpUBaTh Kak apryMeHTbl. TO CTeneHb paBHa f -+
+k+3;8) 12: 1) 8 1) 4. 9. a) n ) — 0JAHOPOAHBIE MHOTOUYJMEHDL. 6) H
B) — HeT. 10. a) ax 4- by + ¢z 4+du — 0oAHOPONHLII MHOTOWJEeH nepBoR
CTelleHW C ueTblpbMsl apryMenTamu; 6) ax? + by? + c2? 4+ dxy + exz
+ fyz — onHOpOIHbLI MHOTOUJIEE BroOpOi CTEN@HH C TpeMsl aprymMeHTaMmu;
6) ax® + bxdy + cx®z + dxy? + ex2® 4 fxyz + ky?z + ly* + myz? 4 nz®
— OJIHOPOMHBIi MHOTOUJIeH TpeThell cTeneHW C TpeMsi aprymeHtamu. 12,
a) Kauounuecknit BuL;, 6) x5 + 2a%x* — dax® + 1,5¢%4* — a’x + a + 5;
B) 12mensx® 3 4" o r) — @%b + 8a%bcd?;  p) X%+ 3x%y 4 3xyE +
e) 2 4+8x+9; X) a®b + 3a*c + 4a®b — 2a%c — babc — a + 2b — 4;
8) — 12a%a? + 3a*b3c + 18a*b?c® + 24a'bc — 18u?b? — 2a3bc®—15a2bcs—
— 20a%bc® + ab®c? 4 lUac* —6bc. 18. A=6, B=15,5, C=3. 14.a)

1 2
=0, b=3, c=—1]; 06) a=‘§;b=7; c=§-; r)a=2, b=—12,
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4
©=5 d=——.16A4=1,B=£3C=45D=F117. 4=

=17,.B=—24, C=—3, D=4 um A=1,B=24, C=—3, D=
= —4. 25. a) 4abe, 6) b* (a 4 3b)2. 26. 1), 3), 4), 5), 6), 7, 10), 12),
13), 14), 15), 16) — HenpuBONHMbl HAJ NOJNEM DALlMOHAJbBHBIX YHCES; 1),
3), 5), 6), 7), 12), 14) — nenpuUBOAHMH HaA NOJEM [eiCTBHTE/JbHbIX UH-
«cea; 1), 14) — uenpuBOAMMBI  Hal  nOJeM  KOMIJIEKCHBIX  uHceJ.
29. a) (@— 1P (a+1)* @ +a+1)(@—a+1)% 6) 3(3md—n2pY}
B) (@ —c)(a+b)(c + b); r) (x—3) (x —4) (x —5); 1) x (x+1) (x+3)(x+5);
e (x —1)*(Ux 4 5); X)) x(2x — y + 52) (4x" —y); 3) (24 -+ 1) (24 + 5);
H) m¥(n + 0,04m) (25n < 2m). 30. a) (x + 2) (x 4- 3); 6) (x — 3) (x — 4);
B) (x +3)(x—2); r) (x —2) (x +2) («* — 8); n) (x®+ 8) (x—2) (x+2);
€) (x —2y) (x —3y); x) (x 4 10y) (x — 2y). 82. 2,ecsma>0u—2, ecu

1 1
a <0. 33. Vﬂ:, ecana > bu ——-—:‘;:, ecnia < b, a > 0B o6oux cayuasx.

384. 4+ a) Vanpu 0< a <4u(32a—4)) a npua > 4. 35. (1 — x)y/ —x,
e x<0, (I—)V x, ecn 0<x<4 u (x—7) Y x,ecmx>4.

b ey —
36. .:_npu|a|>|b|u ~ npu|al < [b]. 40.%&.. a. Yo+

53 1
— —— _— |
+ Y554y 25.43.3+2¢2. 45. x3a 12, 46. —sz i +a* A

x—moboe; 6) x> —3 H x+—2; B) 9 <x<18; r) x—uo6oe; 1) x £+1;
e) x —moboe; K) x <1 H x5 0; 3) obsacTb JONYCTHMBIX 3HAUEHHH —
nyctoe MHoxecTBo. 50. Pasrocuabmel. 51. Hepashocuabun. Bropoe ypas-
HeHHe eCTb CJENCTBHe mepsoro. 52. a) na; 6) HeT, B) ileT, r) 1a; 1) HeT;
e) ueT. 53. B nosie neficTBUTE/bHBIX YHCEJ PABHOCHJIBHEL, @ B [OJE KOMILJIEK-

. 48. a)

1
CHbIX uHMcen Her. 55. a) (x }-4)*—51. 57. 6) 3 n—4-; r) X o=

= @1V (g:— [)) —4a® = 59 a) moc; 6) munyc. 60. Tak Kak

x =7, 10 x2 —4x =21. Torma x, =—3. 62. xl—-x2=]/'i7; xf-;-

m+n 1 1+/73 6
+xP=45. 63— B4 W) mi=— i Xy g = _BV Jo) n =Y

(- ¥ary - o —
X33 =051 +{V3) B) ;1 =0, xy,=—3+i) 3. 67. x4—5x+
+6=0. 68. a) xy =0; x3=05; x3,4=3:‘:lv-§; Xg56= 1 iglﬁ )

69. Her, Tak Kak ecan O6H 5TO ypaBHeHHe OLJIO BO3BPAaTHBIM,
TO, HMes1 KopeHb 3, OHO 0053aTeJbHO JOMKHO ObIO HMETb H

1

1
KOpeHb -3-: 70. a) YpasHenHe 4-ii cTeneHH, KOPHH ero: —5, — 5

2w ﬁzg; 6) ypasnenue 5-ii creneuk, kopuu ero: Y 2 +y 3,y 3 —
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— i
—V2—1,2u —?; B) ypaBieHHe 6-fi cTemeHmH, KOPHH €ro: -:!5-, 3,

!
-5 —— L
5
5+)/ 101 £ ¥/ 110+ 10/T01  5—) 101V Tlo—10y/ 101,
1.9 i H 3
. 1 1 +5+4+1
B) x; o=+ x34=1,71) —3; —?;7;)1) X_g= — 2_ :

+VIOLVE
4 ’

Xg g =
72.6) x;=—1, x 3=2FY3;8) —1; — n 3 1) —1,

-1+1/"|oitl/38 2101 —1—Yiol £V 38 eyl
. .

QO |

743 VT 1+fV“H‘i/?(_12-L—zV§) 6 —2 1 -112;'1/7“;
8) xl=x2=—-é-; x,,-—-'-;—, xg=1;, 1) x,.=42, x,=1,5.
76.8) x;=x;=—2 H X3, 4=—3+V35; 6) ——%;—%:2.51«15;
s)-—3;2u:—]—+—§-v—l—7-; r) lz_:ul 78. a)";'; 6 _%,
80. —24_:1[3;—{_—21/4_35 ¢ 82X = (1 —1,5V2) x5, =
=:ﬁf4i1£§—. 84. r) Tak Kkak .neBass uacTb ypaBHeHWS NpH JOGOM

JONYCTHMOM 3HAaUeHWH X OTPHUATEe/bHA; 1) TaK KaK JeBas 4acTb ypaB-
HeHus npd JOGOM 3HaueHWH, T. €. OpH x > 1, Bcerna Goabiue 2.

3 1
87. x=—2—4—. 88. x,=6; x2=2?. 80. x — moGoe pefcTBH-

teasHoe uncao cermenta [1,5; 3]. 92. He umeer pewenusi. 94. 8) Her
pewenuid. 96. a) x = —1,8; 6) x; = I; x5 1,6, x3= —0,6; B) x =

1
& —2,4,1) x, =1, x, *2,4. 100. a) 2 u 2a; 6) npy a=0; x=——§-;
3 a—1 a-t+1
apu a = —2, X = mpu a#+0uast—2 n=="" x2=—;}_—2.
102. a) npu a = 4+ b Her peweHufi; npu a® # b? x; = p B =
a—b 20 (7 +V7)
=a—+—b; 6) mpu a#0; xy=—a; x, =58 X3 4="""7  *

104. Ecan @ > 0, 10 x =~ 1,18a. Ecam a <0, 10 x =~ 2,82a. 105. »y =
=qa2—0b% x3=0. 108. 17 k2 Meau u 7 «¢ umnka. 109. 781.
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110. Tlaccaxkupckuit noesp npoiigeT nyTe 3a 9 uac. 16 MuH., a TOBap-
Hblii — 3a 23 uaca 10 muH, 111.Ogna nepBas TpyGa HanosHuUT Gacceiis

+mn 4V mPn® 4 damn km
2n wac’

sa 10 vac.; Bropasg —3a 15 wac. 113.

g, GUF2EVEFE) K#
14. 2t yac °
Bropas sBasetca caeactBaem nepsofl. 116. He paBHocusbHa.

115. CucreMbl He paBHOCHJIBHE

3 ) D)
118. a)xl'2=j:—4—- x3'4=j:v-2 6)Xl'2==i3 ]

1 V'
- =F =4
yl2 + 3 ) Y1,2= 2 I

)
=E2 wn4=i3|%.=+

V§—£ Y1e. X =3 ]
|

145
=43 ¥,o=11 Y3, -
4 ’ 1,2 i 3,4 V2:>31 y =4

Xo=—3 } xg=4 } x4=—4} 121. a) x, =542V 7 }
p=—4 | yps=3 | p=-3 h=—5+2V7

Xo=5—2VT Xg=5) xy=—2 25 4+5iyY 7
6) X =

y2=—5—'2V_7— ys=2) yy=—3=5 16
—234+11{V7 !
be=—"1 "}
B) p=45) x,=3) x3=05 | x,=2 r) ;=2 ) x,=8
n=1 [y ya=?}y4=—-3— b 8]!/2 2}
n x,=-—32 } Xy =22,4 } x3=— 2,6 } x3 =28 }
y=—06 ) y=32) yy=—18 ) y,=2,4
123. 1) Ecn a =0, 71O crucrema HMeerT GecUuc/€HHOE MHOXKECTBO
2
pewenufi x=y. 2) Ecim a# 0, T0 x; =2a | x; = = 125.8£u—~
3 wac
4a
y1=4a = — =
J!;’2 3

W6 . 126. 67 mmm 76. 128. V‘2+2’“’+V02—2"” . npa-
yac

geM ¢ > 2h. 129. [‘/ (@4 b2+ —m—m (a_* b d '!:(a-l-b)}

139. YkasaHwue. B JeBdit yacTu Hepaaencma CTPYNMHPOBAaTb COMHO-
MUTENW NMOMApHO, PaBHOyIa/l€HHbIE OT KOHIOB, H K KaXAOMy H3 moJy-
YeHHbLIX MPOM3BEJEHHI NPiIMEHUTb HEPAaBEHCTBO MeX1y CPEAHHM aphd-
MeTHYeCKHM H CpPejHMM TreoMeTDHYECKHM JByX uuced. [lpy sTtom
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dpHLeTCs pacCcMOTpeTb JB4 cayuas, KOrpa n — 4Y€THO H n — HEUYeTHO.

140. Ykasanue. Hcrnoap3oBare HepaBeHCTBa: a -+ b > 21/ ab

b4c>2Vbe atc> 2V ac. 149. —4,25. 150.9]_12. 152. 0,5.

154. 4. 156. a) IIpy n=—1u m< —2 x— moboe; npt n=—1
m 4+ 2
. ) n+1
m 4 a
B : 1 ’ 1 2 ’
x<n+l 6) ecam: 1) |a] > 1 'rox>a2__l; ) la|<1, TO
3a
a2—1"'
B) Npi m =—3 HepaBeHCTBO [eleHHl He uMMeeT, NpH m > —3,
x>M'nnm< 3 x<?—’-£l—_-—m) 158. Pemenuit Het
mi3 p —_ mr3 . ui  Her.
169. a3) 5<x <8 6) 0<x<?5. 161. a) Ecom: 1) —10<a< 2, 10

5(@—2) 5(@—2)
2————~(a+w), 2a<—10, 10 x< ——; 3) a=—10, 10 x—

2(a+10)°
ao6oe; 4) a > 2, x <

4 m>—2 peweuuii Het; mpy > —1 x> ympt n < —1

X< 3) a= 1, pewenuft muer; 4) a= — 1, x — moGoe uucnO;

5(a—2) 0,8
_ 0
2@+ 10) 6 mpuld<m<l x>

api l<m<8u m<O pewenudt HeT; npu m>8 x<

8 — m;
0,8
8—m'

163. a) x — mo6oe; 6) x>28_+5]_/_7§§. HX< .28_—%/7_.59 165. a) Ecaui

1)a>0, 103a< x<5a; 2)a< 0, 105a < x < 3a; 3)a=0, To pewe-

n+t+a n+a
ympuan< 0 —;1——<x<

n—a
auft ner. 6) Ilpu an >0 T<x<

n—a

< . Ilpu a=0 pewenndi er. [Ipu n =0 u a#0 x— moGoe.

166 4— V6 <a<4+VY6.167.2) 2<a< 4.B) a> 5—"”4'—/'—3-

24
168. Mpu m > 0 u npu m<— . 169. 1<a<15 u a<—3.
180. PeleHneM CHCTEMH CJAYXKAT KOOpAMHATH BHYTPEHHHX TOUEK KBan-
pata ABCD c Bepuinamu: A(—1; 0; B(; 1); C(; 0); D (0; —1).
81 L ) . ) NN )
185. 9. 187. a) T, 6) a; B) —3; r) 6 n) 64; e 8 x) 2

8) Ykaszauue. Igtg 45°=1g1 =0. 190. 0,048. 192. x=4. 194 x=
=1,5. 195, x=—2.197.2a) x=0,3; 6) ;= —038. xy,=2 x35 4
B x~ 06 r)xx05 199. x=0, ecan a(b—1)+*b. Ecm a=

=3 l,‘ro x — mo6oe. 200. x; = 7; xy = 3. 202. x = 2. 203. x = 4,5,
206. (9; 4); (3; —2). 207. x = 10~184; x = 10180, 208. x=2; y =12
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z=1. 214. 15. 215. n=10. 216. 120. 217. 96. 218. YKasaHue.
n(n—3)

Uncsio puaroHanefi n-yrojpHHKa paBHO — 219. BockMuyrone-

HuK. 220. 6. 222. 60. ¥ ka3aHuue. [lpegnosiaraercd, 4to B KaXioe H3
oTuX uucen Bxoadar uudpw 1, 2, 3, 7, npruueM uudpa 2 — LBaKIH,
224. Vi=3'. 226. 7 T, =8008. 229. 20. 230. Py 3, = 1260.

234. 18564. 235. T4 =252, 236. T, = 2522'0. 237. n = 7. 238. 5005x9:6-
240. 20. 242. 30, 60, 120. 244. 210; 280; 420. 245. 28 x4yLs.

246. 3™ ME("_‘*’_Q)_ 2n(n 4 l; (2n 4 l).
(n41)@n —;— 1) (2n + 3) %) 2 n 1

) (n+ D@n+ 1) (2n + 3) (12n% + 24n + )
15 '

. 249. a)

0)
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