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CpoiicrBa KopHe# n-i creneumn (n> 2, ne N) Ksaaparsi uucen ot 20 no 99
Exsuuist
n — HeYeTHOe YHUCI0 n — YeTHOEe YHUCJI0 Neciois 0 1 2 3 4 5 6 7 8 9
— wr—" 2 400 441 | 484 | 529 576 | 625 | 676 | 729 | 784 | 841
(a)=a npu oHoM a (Va)-a npuaz0
3 900 961 [ 1024 | 1089 | 1156 | 1225 | 1296 | 1369 | 1444 | 1521
Ja"=a npu Jobom a Ya"=|al  npu mobom a
4 1600 | 1681 | 1764 | 1849 [ 1936 | 2025 | 2116 | 2209 | 2304 | 2401
\f 4 = f,(a npu nobom a Q" a %fu nppa=20
5 2500 | 2601 | 2704 [ 2809 | 2916 | 3025 | 3136 | 3249 | 3364 | 3481
R I Yab=3fa]- 6] cenn a b omoro suaxa 6 | 3600|3721 | 3844 | 3969 | 4096 | 4225 | 4356 | 4489 | 4624 | 4761
Va b =3ab npn mobuix a b Ja-\b=Nab  npuaz0ub>0 7 4900 | 5041 | 5184 | 5329 | 5476 | 5625 | 5776 | 5929 | 6084 | 6241
alb = Ja’h nppa20ub20 8 6400 | 6561 | 6724 | 6889 | 7056 | 7225 | 7396 | 7569 | 7744 | 7921
a\[b="a"b upn moduix a u b
Ui N npua<Oub>0 9 8100 | 8281 | 8464 | 8649 | 8836 | 9025 | 9216 | 9409 | 9604 | 9801
aNo an
Ya'b=ab npn mobuix a u b Va'h = la|3/b  npumobomau b 20 KBaleaTbl " KY6bI HaTypaJbHbIX YHCe] OT 1 10 10
g Na a Nlal  npn snavennsx an b
JE_ qf_’ "p“ J"Uﬁmx 469 \[g :f[_h—[ OJIHOTNO tHAKa M bh# {} G ] 2 3 4 5 6 7 8 9 lO
nl14]9]16 25 36 49 64 81 100
}I_U% ={/§ npu mobsix an b £ 0 &r% {'/ﬁ npua=0ub >0 nl1181271 64| 125 216 343 512 729 1000
[Ipyn moOBIX HATYPATbHBIX 3HAYCHUSX N 22 n k > 2 Crenenu uucen 2, 3, 5
A JI00BIX @ 2 0 UMEKT MECTO TOXK/ICCTBA:
n|l|2 el 5 6 7 8 9 10
x 21214 16 | 32 64 128 256 512 1024
n ="k (ﬂ"f_a ): a® 1Tl vl 3lol27] 81| 243] 720 | 2187 | 6361 19683 59049
S| 5(25(125] 625 | 3125 [ 15625 78125 | 390625 1953125 9765625




AJIIBIBIA,

VyebHoe nocobue ana 11 knacca
obueo6pa3oBaTesibHbIX YHPEXAEHUIA
C PYCCKMM A3bLIKOM 0byqeHus
¢ 11-neTHUM CpPoKOM obyqeHun

Moa pesakumnen npocheccopa
1. b. WHenepmaHa

HonyuieHo
MuhmcrepcTBOM 06pa30BaHUA
Pecnybmau benapyco

2-8 u3naHue, nepepadoTaHHoe

Mwunck «HapoaHas aceera» 2008



YIK 512(075.3=161.1)
BBK 22.14s721
A45

ABTOopH:
E. T1. Kyaneuosa, I JI. Mypasuesa, JI. B. [llnenepman, B. 10. Aumn

Penenzenrm:

kadepa anreSph H METOAHKH NpenofaBaHHa MatematHkk ButeGekoro
rocyAapeTeeHNOre yHHBepcuTeTa HmenH [1. M. Matueposa (1oxTop nefL Hayk,
npod. K. O. Aranuenxo); yauTens MATeMaTHKH BCLIeR KaTErOpHH
CILU Ne 153 r. Muncka A. H. ABpasosuy

Anre6pa : yse6. nocobue ans l1-ro xa. ofimecoBpasosart.
Ad45 yupexpennit ¢ pyc. a3. obyuyenua c 11-netHum cpokom obyue-
wua /E. TI. Kysnenosa [u ap.]; nox pea. JI. B. Llnenepma-
Ha, — 2-e nan., nepepaG. — MuHck : Hap. acsera, 2008. —
271 c. i na.

ISBN 978-985-12-2023-2.
YK 512(075.3=161.1)
BEK 22.14a721

ISBN 978-985-12-2023-2 @ Odopmaenne. Y[ «Hapoanaa acee-

Ta», 2008

OT ABTOPOB

B 11-M Knacce Mbl CHOBa BCTPETHMCH C HPPaLHOHAIbHLIME YHCAAMH,
HaydHMCA NpecHpasoBblBaTh BHPAXKEHUA ¢ KOPHAMH 12- A cTeneHH, 06o6uumm
3HAHHA O CTENMEHAX C PA3HLIMA MOKA3ATEAAMH H O CTEMEHHLIX (PYHKLHAX,
NMO3HAKOMHMCA € NOKA33TENLHOH H foraphpMuueckoll QYyHKUHAMH M uX
CBOACTBAMH, NPONO/KAM PelleHHe YPABHERHT H HEPABEHCTB U HX CHCTEM,

¥npaxuenusa B ydeGHoMm nocoGuH Hymepyiotes Mo raasaMm. Yucao
nepefl TOUKOH 0603HAYaET HOMEP IVIABbl, YHCIO TIOCNE TOUKH — HOMEp
ynpaxkuenua B 3Tof rmase. Hanpumep, 2.47 — 370 47-e ynpakHeHue
U3 2-@ r1aBbl. AHANOTHYHO HYMEDPYIOTCA H MYHKTH! ¢ TEOPETHYECKHM Ma-
tepuanoM. Tlyrkr 1.6 o6osnadaer 6-H myHkT 43 1-A rhaBbl.

Cpean ynpaxHeHH BCTPEYAIOTCA HOMEPa ¢ KPYHO4KoM (HanpHmep,
1.36°), Homepa co 3Beagoukof (Hanpumep, 1.173*) n Homepa 6e3 BCAKHX
o6o3kavenni (Hanpumep, 2.54). Kpy:KoukoM BblaesIeHsl yIPaKHEHHS, KO-
TOPbIE AOMKEH YMETD PelilaTh KAKALIA Y4EeHHK, MPeTeHAYILHHA Ha OTMETKH
ot 3 no 6 Sannoe B 10-GanneHo# cucTeme oTMeToK. Bee ocTanbhbie Ho-
MEPA aAPECOBaHBI JKENAIOWHNM YIIYGHTE CBOU 3HAHHA H IOCTHTHYTD Godee
BHICOKHX pesyibratoe. HanGonee TpynHbie H3 HHX OTMEUEHbI 3BE3N0YKON,

Ceetnniil KBanpar ¢ anarosansamu Bl o603Hayaet KoHel, AoKasaTedb-
CTBa TEOPETHUECKOTO YTBEPXKIAEHHS.

Marepuan, OTMeYeHHBIR TPeyronbHHKOM A, TIpeHasHAqeH TeM, KTO
CepLe3HO HHTEpECyeTCH MaTeMaTHKOM, OH He sBAAeTCs 00s3aTe/IbHbIM
AN U3YUEHHS,

OcoleHHOCTH TEOPHH, Ha KOTOpble Hago OGpaTHTL BHHMAHAE, OTMe-

YeHhI BOCK/IHLIATE/IbHEM 3HEKOM ' .
Bechl w HAPHCOBAHH TaM, rae ecTbk BO3MOXKHOCTb CPABHHTL Ba-

PHAHTBI pellleHHA HIH A0Ka3aTeNnbCTBa.

[NosicHexnst K NpeoOpasoBaHUAM 3aKNIOMAIOTCH MEXY ABYMSA BCPTH-
KaJIbHBIMH cTpenxkaMu | ... T uau | ... |; Hanpap/eHKe CTPENOK MOKashi-
BAET, Kakoe HMEHHO MmpeoGpasoBanue noacHsietcs, I1pn samucu pelie-
HHA B TETPAAH 3TH MOACHEHUS 3aNWUCKIBATL HE HYXHO.

Marepuan 417 NOBTOPEHHA OTMEMEH 3HAKOM o] .

HlcTopyyeckue CBEAEHHS, KOTOPhIe BCTPEYAIOTCS B KHHTE, BhiIE/IeHb

3HAKOM al.

TlocAe KaXKAOro NYHKTa TeOPHH NpemioKeHh BOMPOCH H 3a]aHHst
1o 3HaKOM ?' OHH NOMOTYT NMOBTOPHTL HOBWIK MaTepHan W Bblge-
JIUTE B HEM méaﬁoe.




Nnaesa 1

CreneHb ¢ paunoHanbHbIM Nokasatenem.
CreneHHas yHKuus

( )J O B G e C HUIBIM NNOKazareaem

Hanomunm onpenesieHHe W OCHOBHbIE CBOHCTBA CTeleHH C LeJbiM
MokdasaTteJfiem.

Has no6oro aeicTBUTENbHOrO YHCIa @ nonaraem
1 =
a'=a;, a"=ga.q (n>2, neN).

n
Has no6oro neiicteutensHoro yneaa a # 0 noaaraem

0_ 7. -
g=l; g™ =iﬂ (n21, neN)
a
CBOACTBA NCHCTBIIT HAL CTEICHSAME ¢ LLCABIMH NoKasaressimu cop-
MYJIHPOBAHBL B ClIC/VIONLIEH Teopeme.

Teopewma 1. lns no6bix 3uavennii a 20 u b= 0 MPH M00bIX
LeJIbIX [ W m BepHbl paBeHcTBa:

a-’ cq” = a.’+m: ( 1 )
!

% = a.’—m: (2)
(a."}mzami (3)

(‘ab)rJ':aﬂbn; (4)
a\n n

=5 (5)

Cdpopmy.ipyem Takxe TeopeMy 0 BO3BEACHHH B CTENCHD 0BEHX Yac-
Tell HepaBeHCTRA.

Teopema 2. lyeth a u b — neotpuuatensuble ydena, n —
HaTypaJibHoe yucao. Torna:

1) ecin a<b, 1o a" < b";

2) ecan a" < b", 0 a < b.

]

Hokazatenberso. 1) 1o cBoHCTBO GbLIO 0KA3aHO B y4eOHOM
1noco6un 8-ro Kaacea.

2) TlpoBenem noKasaTesbCTBO METOAOM 0T npoTuBHoro. Jlonyctum,
4TO HepaBeHCTBO a < b HeBepHoe. Torna BepHO OAHO M3 JIBYX COOTHO-
eHui: a="b nwau a > b.

Ecan a=0b, 10 @"=b". 10 1pOTHBOPEYHT YCJIOBHIO.

Ecam a > b, 10 cornacHo nepsoi YacTtu 3TOH Teopembl a” > b".
OnsTh NOJYYHTH MPOTHBOPEUHE C YCIOBHEM.

3naunt, a < b.

Mpumep |.CpaBHuTL Yucha J79 w9

Pewenwne. INockonbky 9 = J81 u BepHO HepaBeHcTBO 79 < J81,

TO N0 Teopeme 2 GyleT BepHbIM M HepasenctBo /79 <</81, T. e

J79 <09.
OtseT: V79 <9.

Mpumep 2. UsBectho, uto m® > k. BepHo M HepaBeHCTBO
mt > k%?

Pewenne. Eciu k>0, 10 U3 BepHoro HepaseHcTBa m” > k cae-
JyeT, 4TO BEpHO W HepaseHcTBO m' > k.

Eciu k<0, 10 rapanutupoBath, 4TO, KOTJd BEPHO HEPABEHCTBO
m® > k, GyneT BepHbIM U HepaBeHcTBO m' > k% nesbas. Hanpumep, He-
paBeHcTBO 2% > -5 — BepHoe, a HepaseHcTBO 2' > (=5) — HepepHoe,

CnegctBue. [lyetb a 1 b — ukcsa oaHoro 3Haka, n — Ha-
y
TypanbHoe yuesio. Toraa, ecau a" =b", To a=b.

HokasateanbcTBo. [IpoBenem ero metonom ot nportusHoro. [o-
MyCTHM, YTO a # b, Hanpumep, a < b.

Ecan a v b — nonoxkuTesbHble YHC/Ia, TO COMVIACHO Teopeme 2 Bep-
HO HepaBeHcTBO @ < b". Tlonyunan npoTHBopeyHe ¢ ycJoBHEM. 3HAUHT,
a=>b. Ecii a v b — oTpHuaTe/IbHble YHCId, TO —d U —b — [0JI0XKH-
TeJsibHble YHeaa, H ecau (—a)’ =(=b)", 10, Kak TOJILKO 4To ObWIO 10Ka3aHO,
—a =-b, a auauut, a =b.

AHUMO NPOBEPATH COBNA/IEHHE 3HAKOB a H b NpyH 4YeTHOM n, a

' | 3aMETHM. Y10 :]p]"l HCNOJIL30BAHHH 2TOro CJeJCTBHA HeOﬁXO'
L |
| ﬂpH HEeYeTHOM n TaKOII:f H&OﬁXOﬂHMOCTH HeT.



Tpuvep 4 BepHo au, uyto a=b, ecau:
a) a*=b" 6) a’=b"?

Pewenne. a) Bepho, ecaim @ u b — unena opnoro 3uaka, u He-
BEPHO, €C/H OHHM pasHbX 3HakoB. Hanpumep, 2' =(-2)" — sephoe unc-
JIOBOE PABEHCTBO, HO PAaBEHCTBO 2=—-2 — HeBepHoe.

6) IockosibKy UHCIIO H €ro HeyeTHas CTeneHh BCerla HMEKT OjIHH H
TOT JKe 3HaK, TO M3 TOro, 4To a’=b° — BepHoe UHCI0BOE PABEHCTBO,
C/IE/lyeT PABEHCTBO YHces a W b.

lpumep 1. Boinonuuts pedcreus:

' f + 2 — € : -5 2
El} 23m,2m 1 - 92m ‘-J; 6) (2){.’{'){ :y)l‘
Pewenmne.
E]) 2Hru 2 2m+1 : Q‘Jm -9 - 2&-" U L) = 2t - '.il____ 2Hm et | -2 e s QT:rH lO.

6) (22 - xy)' = (20" V) = (2 %) = 161 Vi

‘, I 1. Kak OHPCJICIANCTER H-50 CTCHCHL YN i, CCA:

ayn=1; O)yneN n>1?
2. Kak onpeaeserest crencin;

aya"a#0,neN):

6) a'{a #0)?

3. Cdopmyanpyiite Teopemy 0 cBoficTBax AeHCTBHI HAL CTENeHsMH
C LeJIBIMH TIOKA3aTesIMH:

a) 06 YMHOXKEHHH CTereHel ¢ OJIMHAKOBLIMH OCHOBaHHSIMH
G) 0 neneHny creneHel ¢ OIHHAKOBLIMH OCHOBAHHAMH
| B) O BO3BE/IEHHH CTENeHell B cTerneHb,

I') O BO3BEICHHH B CTEIEHb POH3BEICHHS;

J1) 0 BO3BEJCHHH B CTENEHb JAPOGH.

Ynpaxuenus
1.1°. Boluscaure:
1) 2%+ (=3)’ = (=20 +(-1)’;
2) (-7) =3 = (—4)" = (1)}
3) 13-28 —9-234 15+ 2% — (=2)% - 5(-2)* + 6(-2)?:
4) 83° -7-3°-10+3% - (=3)* + 6(-3)" + 5(-3)".
1.2°, CpaBhuure umc/io ¢ HyJeMm:

1) 219 2) (~%)°; 3) ~(—16)" 4) -10

7
I
) ("’8)0; 6) —13% 7) ma 8) Pk
[Tpeactasbre B BUe cTenenu npousseaende (1.3—1.4).
1.3°.1)6-6%+ 6% 2) 0,4°-0,4°-0,4;
3) (-5)%(-5)"(-5); 4) (-3)%-3)%(=3)%
5] 2:£::,26r|,an, 16, 6} 38”"35’"'81.
1.4°. 1) a®a‘a; 2) a‘aa’;
3) (=m)(=m)(-m)"; 4) (=m)*(=m)(=m)"";
5) (4y)*(4y)’(4y)’; 6) (61)(6¢)°(6¢)'(61)".
1.5°. Ilpeacrasure cTeneHb B BUAE NPOU3BEICHHS JIBYX CTENEHeH ¢ O1H-
HAKOBLIMH OCHOBAHHSIMH:
1) 4% 2) 157; 3) a” 4) b5
5] 43+h: 6) 7h+1; 7) 133«; 8) 102:1;
9) (7p)"; 10) (3p)"%; 1) (=p)™; 12) (-1)'".
1.6°. IlpescraBbTe B BHjle CTENEHH HACTHOE:
1) 12%:19% 0y 38-a3n
3} x-i(‘r:x‘zl; 4) xI{] . xQ:
5) a®: a; 6) a’: a;
7) lg-lm: Ig:im; 8) l?fm-l . 17-310:
g) (,_1.5)4”2 . (_1‘5’21'- I; 10} (_0‘8)31—9 . {_0‘8)2r+l.
1.7. TlpencraBbTe cTeneHb B BHE YAaCTHOIO JIByX CTENEHEH C OJMHAKO-
BbIMH OCHOBAHHSIMH:
15 5 2.
4% 2)34 3) (-5) : M (12);
) 2 .'!_ . q
5)ah &) (=)' 7)(Fb) 8) (~0,1c)"
1.8°. BoaBeaute creneHb B cTeneHb:
D) ((=3)")% 2) (5°);
1 ?\_5' 92 -5 '-5’
3 ((5)) b ((5)):
5) ((=8)°)7; 6) ((-5)°)*
=25 8) ((=3)'Y.
1.9. Onpenennte, BepHO JIH paBeHCTBO (OTBET 0OOCHYHTE ):

D=8 =(=3" 2P =(-2)".
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Buinosuute peiicreus (1.10—1.11).

LIS, 1 il 2) (34)' 3) (~7b)'
D=8y BN 6) (102)
s s e ()

bl w () e ()

1.12°, 3amennte creneib ApoOLIO:

(S}

1) 102 o 6= 3) (—4)5
4) {_8 "—l:i; 'rji X Ell: 6] y—l'.!..
7) (=2x)™ 8) (—4y)""; 9) (=5b)",
1.13°. Boiuucaure:
=4, i =2, ] —‘.
1)2 3 2) 12 3 3) (*2)
4 ()" 5) (~4) " 6) (-5)
7)~(—15)" 8) —(—10y% 9) (-6)"
10) -6" L1y (=14 )" 12) ((—14)")2
1.14°. 3amennTe ApodL CTENEHLIO C OTPHILATENLHLIM NOKa3aTeJeM:
1 _l._; 2 _l__, 3 L; 4 —l e
} 4-3 ] 21['.’ ] “l } {_._”2;
1. I, 1
S B gy N ap

Yrpocture Boipaxenue (1.15—1.16).

1.15. l)(?2 7 {xy)) ( l'xy 53)*;
2) (33(xy)° : x'y?) - (w2147 : 7 P)
3) (—%a’xy - (axy® )ﬂ:(—%axsy? (xy? }2]:
4) (-15a%0°c: (@*bc” P )1 (=2 (abey’ - agbe)' ).

1.18. 1) (-5,1a%"26%**): (1,72 *);
2) (8,4a%3b*~*c*) : (=2, 12%H* 4%y,

) (4a-:i-ﬂkb3+2k )_2. 1 (Zx uuu ik)-!.
(@'t rp - y2 (x" ka)

1.57,

1.18.

1.19.

1.20.

1.21.

1.22,

YIpocTuTe BhiparKeHHe:
-2

-2 -2 ,
| )( f’z ) —( fg ) W Haiimre ero sHavenve npu a =(-0,25);
a-—2 a“+2

-2

902 \*?_( 242\
2) ( a ) ~( = ) W HaimTe ero 3nadenme npu a =(-0,5)".
5—a™ a “+5

YnpocTtute BblpaxeHHe:

=2 . a i _1&-1.
1) = H HAIJIATE ero 3Ha4yeHHe, ecii (F) =187
a2+ 3b72 * gl Al |
2) oa T 3,2 ' HallwmTe ero shauetue, ecau (b_' =8
Cpasuure uncna:
1) V103 u 10; 2) v200 u 15;
3) =17 u =J/290; 4)-28 u —/780;

5) 573 n J74; 6) 47 u \/97;

7) %J@ﬁ " %JE 8) %m H %J%

Hasectro, uto a® < b*. BepHo /in HepaBeHCTBO:

1)a® < 65 ' g™ <

3) a> > &% aya™ = 51%
2. 0842 1 3)2

5) a. *(a’) < (b%) (b

a‘3-{a'2?>9 ()37 'ﬁ

543 2 343 2 4

6) @ l_j(ai < _(h)-(b)

) (@)y:a (b"}“(balﬁﬁ b
MsBectHo, uto a* > b. BepHo Jiu HepaBeHCTBO:
1) (@%)*+a® > (b°) : (b),

2) (a*+a*)+(a-a®} > (b b°)%: (6% %),
1 L.

4) a:(a®) < (b2 : b°)"?

?

BepHo s, uto m = n, ecau:

lym' =n"; 2) m* =0,
3) m™> (-m)>m! s antn 4) (=m)y*em™ - (=n®)3+n®
m™® (—n }' : (=m)™® (-n® )"
ra [ = = -2
5) AR l=m et 20 / 6) m’ a+m _ 7,817 +1,

l—m =%’ 1+4m™! 8+n°
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1.23. Haiinure 3HauYeHHe BbIparKeHHs:

1)

(ab~2—apy s (at+872
bZ—a2)y)

) npu a=2, b=10;

a?-a'p '+ 472
a4+ b2

2) ¢ (u“i’b)_2 npu a=6, b=2.

1.2, Kopeub n-# crenedu

B 8-M KJacce Mbl MO3HAKOMHJIKCE C [OHATHEM KBaJIPATHOrO KOPHS
U3 AEHCTBUTENBHOrO YUCa (€ro Ha3biBAIOT TaKXKe KOpHeM 2-H cTeneHH).
Hanomuum ero onpepenenue.

Onpenenenue. Keadpamuoim KopHem U3 4UCAQ 4 Ha3bi-
BaeTCs UKo I, KBaapaT KOTOPOro paBeH a.

OnpejiesiiM MOHSITHE KOPHS CTENCHH 1 J1si NPOH3BOJLHOIO HaTy-
pajibHOro n =2 2.

Onpenenenue. Kopuem n-ii cmenenu u3 Hucaa a Hasbi-
BAETCH TaKOe YHCIO I, n-5i cTeneHb KOTOPOro pasHa a.

Takum 06pa3oM, yTBepxkieHHe «f — KOpeHb f1-# CTeNeHH M3 a»
o3Havaer, 4ro " =a.

KopeHb 3-ii cTeneHu Ha3blBaeTcs Takke Kybudeckum.

Hanpumep, Ky6GHueckuii KopeHb U3 uncsa 125 — 370 uneno 5, tak
Kak 5° = 125. Ky6uueckuii KopeHb M3 uncna —125 — 310 yueao —5, 1ak
Kak (=5)* =—125.

KopeHb 7-it cTenenn u3 uneaa 128 — 910 uncio 2, tak kak 2" =128,
Kopeub 7-i crenenn W3 umena —128 — 310 uueno —2, Tak Kak
(=2) =—128. Kopehb 7-it crenenn u3 uncna 0 — 310 0, Tak kak 0" =0.

COUHCMBEHHBIL KOPeHb HeYemHoll cmenenu n u3 aboeo
yucra a. ATOT KopeHb 0603HaUaeTCs

n

' , Bo mHoxMecmee OdelicmaumenbHolx wducel cywecmasyem
e
|

a.

Hanpumep, 125 =5, J-128 =-2, {0 =0.

1

, 1| VYTBepKeHHe O CYLIeCTBOBAHWH KOPHSI HEYETHOH CTENeHH H3
:J JOO0ro yMeaa Mol NpHHHUMaem 6es JOKA3aTe/NbCTBA.
Cornacho onpegesiennio, Kkoeda n wedemuoe, mo npu A1o-
) OOM 3HAYeHUU a BEPHO PABEHCMBO

| (¥a)'=a.
Hanpumep, (192) =92, (123) =123, (Y=123) =-123.

3amerum, 410 0 — 3TO MHCTBEHHOE YHCIIO, 71-51 CTeneHb KOTOPOro
paena 0. ITosromy

' MpH J1060M HATYPAILHOM 112 2 CYUIECTBYET €IMHCTBEHHDII
® Kopenb n-ii crenenn U3 0 — 310 uneao 0, 1. e. Y0 = 0.

[Tpumepamu KOpHeit YETHOH CTENeHN MOTYT CJAYKHTL KBaapaTHble
KOPHH, KOTOpble H3ydaiuch B 8-M Kjacce. PaccMOTpHM ellie HECKOJILKO
npumepoB. Kopuu 4-it crenenu u3 uncna 81 — 3710 uneaa 3 u -3, tax
kak 3'=81 u (-3)" = 81. Kopnu 6-ii crenenn uz uncaa 64 — 370 unena
2 n -2, taK kaKk 2°=64 n (-2)°=64.

' | Bo munowmecmse OdedicmeumensHolx  wucea cyuwecmsyem
] POBHO 08a KOPHA HeMHOU cmenexu n u3 aboeo noio-
HCUMEAbHOCO HUCAQ A, UX MOOJYAU PABHBL, A 3HAKU NPOMU-
80M0A0x#CHbL. T1ON0KUTENBHBI KOpeHb 0603HaYaeTCs

Ya.
Hanpumep, /81 =3, 64 = 2.

6Oro MoNOKHTENILHOTO YHCIA Mbl TPHMEM 6e3 10Ka3aTe/IbeTBa.
CoryniacHo onpesnesiennio, Koeda n 4emnoe, mo npu a060M
NOAONCUMENbHOM 3HAUCHUL A BEPHO PABCHCIMBO

(Ya) =a.
Hanpumep, (¥51)' =51, (¥87)'=87.

He cyulectyer rtakoro umcna, 4-s1 crenenb kotoporo pasHa —81.
IMosromy xopenb 4-i crenenn u3 uncaa —81 ne cymectsyer. M Boo6-
W, MOCKOJIBKY HE CYILECTBYeT TAKOro YHC/a, YeTHAsH CTerneHb KOTOPOro
O Obl OTPHLLATENBHOM, TO

'—J : yTBep)KJIEHHE‘ O CYHECTBOBAHHH KOPHS YETHOW CTETeHH H3 J1i0-
. ‘



HE Cyuecmayem KOPHA YemHol CNenexy U3 ompuyament-
HO2O HUCAQ.

Onpeneaenue. HeorpuuareabHblii KOpeHb n-i CTeNneHU U3
YKCIA @ Ha3bIBAaeTCs apugmemudeckum KOPHeEM n-i cmenexHu
u3 a.

' l | l'IpH YETHOM 11 CHMBOJIOM ’\I/E 0603Ha4YaeTCst TOJNLKO apud)me-

e | THYECKHH KOpeHbL n-i CTeNneHH W3 YHeaa a (NpH YTeHHH 3arin-

cH Va coBo «apudmeTHuecKHid» 00bIMHO MPONYCKAloT ).

Bblpa:'xeﬂue, CTOsIllEeE 1O 3HAKOM KOPHS$, Ha3blBaeTCs nodko-
PEeHHbIM BbIPANCEHUEM.
H3zeneus KOpeHb n-ii cmenelu U3 4UCAQ @ — 3TO 3HAYMT

HAlTH 3HAYeHHE BbIPAKEHHS] Ja.

Tak Kak KOpEeHbL HCTHOH CTENeHH M3 OTPHUATENBLHOrO 4YHC/Ia He Cy-

LHIECTBYET, TO BbIpamCHHE U” IHpH HeTHOM 11 W OTPHIEATE/ILHOM @ He
HMeeT CMbICHd.

Hanpumep, He uMeloT cMbicia Bhipaxkenus V-81 n Y—-64.

Kak wmbi YCTaHOBHJIH, npu A000M 3HaveHuu a, npu Komo-
_"!_J POM BbLPpANCECHUE ’\!/E umeemn cMbica, BepHO paseHcmaeso

(¢a)"=a. (1)

IMoamomy pasercmso (1) asasemea moxcdecmeon.

B konue XV 8. 6akanasp [apuxckoro yuusepeutera H. [oke
A I BHEC YCOBEpLUIEHCTBOBAHUSI B anreGpanyeckylo CHMBOJIHKY. B
YAaCTHOCTH, 3HAKOM KOPHSI CJIYKHJI CHMBOJ R, (0T JIaTHHCKOrO

cnoBa radix — Kopetb). Tak Buipakerne 324 + /37 B cum-
posmke llioke umeno sun R! 24 pR? 37.

3uak KopHsi v B COBPEMEHHOM BHAE Obll NPEIONKEH B
| 1525 r. yeuwickum matematukom K. Pynosbgpom. Ero yue6Huk
anre6pbi nepensaasaics 10 1615 r, u no Hemy yuwics 3ua-
| MeHHTHIH MaTtematuk JI. Jilsep.

3uak v/ elie Ha3bIBAOT PaGUKANOM.

fpumep 1. Bepro au, uro:

a) Y(-2)' =-2; 6) Y(-2) =-2?

Pewenne. a) Ilo onpenenennio apudmeruieckuii KopeHb -
CTeNEHH M3 HeOTPHLATEILHOTO YHC/A @ (7 — YeTHOE YMCNIO) SABJISETCS
HEOTPHLATE/IbHBIM YHCJIOM, f-51 CTENEHL KOTOPOro paBHa NoJAKOPEHHOMY
BLIPAXKEHHIO a.

[Tockoabky —2 <0, To pasencrso (=2)" = -2 HesepHoe. Bepho
pasencTBO {/(-2)' = 2.

6) [lo onpepenennio KopeHb n-i cTerneHn U3 uucaa a (n — He-
YETHOE YHCJIO) ABJSETCS HMCIOM, M-5l CTENeHb KOTOPOro paBHa MOAKO-
PEHHOMY BBIPAXKEHHIO Q.

[Mockosbky (-2)'=-2" — BepHoe PaBeHCTBO, TO pPABEHCTBO

J(-2)" = -2 Bepuoe.

lpumep 2. Pewnts ypaBHenue:
a) *=T; 6) x'=5.
Peuwenue. a) Pelennem 31010 ypaBHeHus sipisieTcst Takoe 3Have-

HHE X, TPETbs CTeNeHb KOTOPOro paBHa 7, T. €. 110 ONpeie]eHHI0 KyOn-
HECKOTO KOPHSI HMeeM:
x= 37,

6) Pemennem 3Toro ypaBHeHus sBASIeTCst Takoe 3uaueHue X, 4-s
CTereHb KOTOPOro paBHa 5, T. €. (10 ONpPeE/IeHHIO) X — 3TO KOPeHb
4-i ctenenu 3 ynena 5. Ho U3 NOJIOKHTENLHOTO YHCaA 5 CyllecTByeT
JIBa KOPHSI YeTBEPTOH CTEMeHH, KOTOPble PaBHbLI M0 MOIY/II0 W HMEIOT
HPOTHBONOJIOXKHbIE 3HAKH. [TOCKOJIBKY NONOKHTENBHBIN KOpeHb 0603Ha-
uator Y5, To BTOpO# Kopenb paBeH —U5, T.e. x = +/5.

OTtseT: a) \‘/?, 0) +4/5.

B tetpanu peuetne ypasrenns 6) (aHaNOrMYHO H a)) MOMKHO 3aTN-
CATHL Tak:

Pewenne: x'=5 & x=+5.

Orser: +45,

14 P . Pewuts ypasnenue:
i (Y7 x 6) (¥x)"=x.
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Pelwenne. a) l’[ncmm,Ky JaHHOE pPaBeHCTBO SABJIACTCH TOMIIECT-
BOM TIpH X =0, To Kaxnoe HEOTPHUATEJIBHOE 3HAYEHHE X SIRIACTCH pe-

{ 8
wennenm (koprem) ypastenns (¥x) = x.
6) IMocKosbKy JlaHHOE PABEHCTBO SBJASETCA TOMKAECTBOM TIPH JIHO-

: 13

6OM 3HaueHnH x, T0 peweruem ypasrennsi (Vx) = x sBnserca moGoe
NeHCTBHTENLHOE UHEN0, @ R — MHOXKECTBO BCEX ero KopHei.

OTserT: a)[0; +o0); 6) R.

Hpusep 4. Peumts ypasenne

x'? —63x"-64=0.
Pewenune. O6o3naunm x° =17, TOr1a MoJy4nM ypaBHeHue
- 631t - 64 =0.
Kopuu 3T0r0 ypaseHus

Takum oGpasom, umeem

x°=64 nan x°=-1,
oTKyla x=12 (nosichute, nouemy ypaphenwe x"=-1 nHe umeer
KOpHeH ).
OreeT: £2.

‘ 1. Kak uncao nasbiBaetcsi KOpHeM n-il CTereHn M3 yueaa a?
‘,J 2. CKOJILKO KOpHEl HETHOW CTEMEHH 1 CYLLECTBYET M3 MOJOMHTENb-
HOTO YHCaa a?
3. KopeHb Kakoil cTernenu cyuiecTsyer u3 moboro uuena a?
4. Kakoil KopeHb n-il CTENeHH M3 YHCAA @ HA3LIBACTCS ApH(IMETH-

HECKHM?
| n "
| 5. [lpu Kakux 3HAUEHHAX @ BEPHO PABEHCTRO (Ya) =a, ccm:
' a) n — HedeTHoe uHeao: 6) n — ueTHoe uHeao?

Ynpaxunenusn

1.24°, Mcnoabays onpejesnenue apumeTHieckoro KopHs - crenexu,
JIOKaXKHTE, YTO!
1) 4256 = 4; 2) 1024 =2
3) 4729 = 3; 4) ¥/6561 = 3;
5) Y4096 = 2; 6) 14641 =11.

15

1.25°. BepHo s, uTto:

1) uucno —4 aBnsieTcs KOPHEM YETBEPTOH CTENEeHH M3 YHCa
256;

2) uncao —0,3 siBAsieTCs KOPHEM 4YeTBEPTOH CTENeHH W3 4YHcJa
-0,0081?

1.26°. BepHo s, uro:

1) 3-1728 = -12; 2) ¥-3375 =15;
3) 3-16807 =7; 4) Y-7776 = —6?

1.27°. Haiinure apudmerHyeckni KBaapaTHbI KOpeHb M3 YHCJa:

1) 16; 2) 49, 3)0; 4) 1,
5) 0,81; 6) 0,25; 7)225 8) 1215
36 . 144 169 . 8l
%) 169° 10) 89 289" 1) 100" 12) 256 °
1.28°. Haiiinte KyGHueCKHil KOpeHb W3 YHCJa:
1) l' 2) 0; 3) 343; 4)8;
5) 27, 6) 0,027 7) 0,001; 8) 2L 125
1.29°. Haiinnre apudmeTHuecKHil KOpeHb YeTBEPTOH CTENeHH H3 YHCJIa:
1) 0; 2) 1; 3) 16; 4) 0,0016;
16 . 256 . =
9) St 6) o 7) 0,0001; 8) 0,1296.

Buancenute (1.30—1.42).

1.30°. 1) 9, V16, V25, 49, V81, J100;
2) /0,16, /0,09, /0,01, /0,04, \/0,0025, /0,0001;
3) Y27, Y64, ¥=125, 30,008, 3/0,000216, 3~1000000;
4) 416, 625, 10000, #/0,0081, ¢0,00000016, ¢/2401;
5) ¥32, Y1024, ¥243, §0,03125, #100000, $/0,00001;
6) Y64, U729, 815625, ¢4096, $0,046656, &1000000.

.31, 1) ¥=1000; 2) ¥-1; 3) ¥-64;
4) §-1024; 5) 3--L; 6) 3-343:

7 b}
7y -2 8) ¥-3125: 9) §/-0,00032.

216"
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16
1.32. 1) (¥-3)"; 9) (§=14): 3) (Y=30)":
4) (V=15)";  5) (-¥6); 6) (—99)".
3 3. i 5. 19 |3. . 3 i?.
133, 1) (g2 ) - (feq) - (4) -(q-)
Y. 5Y (s LY. (s B
2) (f-8%) - ({—12) - (1) - (< B)
3 l3. -‘H{_—_ I"". 5 l 1”.
1.34. 1) (\/E)l.[8 2) {\'O_'ll[ ; 3) (J?m .
4 (1) 5) ({f%) : 6 (42) .
135 1) V3)": 2 (¥B)"; 3) (9%7)™;
4 (%), 5 (EW0)". e (YE2)"
1.36°. 1) (V10)°; 2) (35’ 3) (~412)":
4) -Y12*; 5) (-¥3); 6) (332)":
7) (-4¥4)", 8) (-U15)"; 9) —5%5° :
10) (-8/3)°:  11) (-292)": 12) -8/4%
1.37°.1) %32 +¥/-8; 2) 4625 - 3-125;
3) 12-630.125: 4) 1+104/0,0081;
5) 3416 —43/27; 6) ,s/-3g+ 2.95:
7) ¥8 - ¥64; 8) 16 - ¥64.
1.38°. 1) V9 +4; 2) /36 - 16:
3) /0,81 + 30,001 1) 300,027 — J0.04;
5) 5—4/256; 6) 7+ ¥8;
7) ¥-32 + ¥16; 8) ¥-97 + ¥81.
1.39°. 1) (1-v2)(1+2); 2) (V3 -2)(V3 +2);

3) (243 +4)(2V3 - 4);
5) (V10 - /6)(\/6 +10);

4) (35 - 2)(3V5 +2);

67 +4/3)(V3 L47).

1.40.

1.41.

1.42.

’ } 2 2
3 23 482392\
2 )"

112 [244-157" .

b \JIE\} T
2 2

3) \/90+,/———3”578;26 ). 4)

o () () ) e
o) (({5)"+ (-vm0)- (5)' ) s(a)™
(

(Ta™) (3a3)° .
) T Y W
3) (22(Ya® y (3/??—’)?) -(-1%(%5)5 (“b“)”)

Haitnnre ecrectBennyto obaactb onpeaesenus Boipaxkenus (1.43—1.44).

1.43.

1.44.

1) Jx+4; 2) 49+ 2%:
3) Y54? —6x; 4) Y8x—4x?;
5) ¥x+3; 6) Yx-7;

7) Ux® —4; 8) Yax® —32.

',( 3 . [ -4 .
])|"4x—l’ 2 H8x—3'
3) 82_‘\/{3: 4) 63—\/%;

\’9—5.:: 16 -Tx

5) 2+ x ) 6 12 - 6x .
Ya-2(8-6x) o-Tx+(Bx-1)-2°
—x? . (x+4)-6(2-x)+9
% 28
m #2(::—2)—5(1—3;:)—2' 8) \f £ ]
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1.45. Haitwre peGpo kyGa, ecamn ero odnem pasen:

1.46°,

1.47.

1.48°,

1.49.

1.50.

1.51.

1.52.

1) 27 em®:; 2) 64 mm*;
3) 0,125 am*: 4) 0,216 wm’.
Peumre ypasnenne (1.46—1.54).

1) x*=0,49; 2) X2=121;
3) x*=0,008: 4) x* = 1000:
5) x*=-64 000; 6) x* = 256;
7) x'=0,0625: 8) x*=-16.
1) x¥*=-27; 2) x°= —é; 3)x =-1:
4) x"=-512; 5) x*=-0,027: 6) x'"'=0.
=11 2) x'=19; 3)x8=27:
4) x*=25; 5) x" = 38; 6) x*=-2;
7) x¥=—6; 8) x'"=4; 9) x"*=—13.
1) x?=25 600: 2) x> =0,0196;
3) X+ 1=1,0016; 4) 5x* - 20=0;
5) x* + 25= 0; 6}x2+|g =0;
7)x*-4=0; 8) —6x* = 0);

| T 1 .2 =
9) igx- 12=0; lﬂ}g.x -1=0.
1)4ﬁ+-55:o; 2) 8x* +27=0;
3) -0,1x"=-0,00001: 4) 16x'-81=0;
5)%x5+16=0: 6)%;«7“—2:0.
1) x*+ 2 =7; 2) ¥ — 3 =30;
3) x* =7 =19; 4) x*+ 5 =5,
1) (x+1)'=16; 2) (x—-2)°=64;
3) (2x+ 1) =27; 4) (3x=1)°=32.

1.53.

1) x”’31.r""—32=0;
3)x*—10x%2+27=0:
5) x®—82x'+ 81 =0:

2) x— 15x* - 16=0;
4) x5 -7x*-8=0:
B) X'+ 27—~ 15=0.

1.54. 1¢ (¥x)=x 2 (¥x)°=x;
3)° (Q/;13= X 4)° (5x)5= e

5) (¥x=1)"'=x-1; 6) (¥x+2)°=x+2
T 11
7)(?9:]?; 8) ('\‘/xl—2) e

lomecraa ¢ KOPHAMH, colepKalliMe OJIHY nepemMeHvio

=

KopHu n-ii cTenenu onpeiesisioTest ToLKO WIS HATYPAJIbHOTO YHCaa
n 2 2. [Nostomy B hOpPMYJIHPOBKAX T€OpPEM O CBOHCTBAX KOPHS n-H CTe-
CHH 3TO YCJIOBHE OOBIYHO OIMYCKaeTCst.

Teopema 1. I[lyctb n — neuetHoe uucno. Torna npu ao6om
3HAYEHHH @ BEpPHbI PABEHCTBA:

Ya" =a, (1)
Y=a =-%Ya. 2)

HNokaszatenbcTro. Pasencrea (1) u (2), Kak u jpyrue pasen-
CTBA B TEOPEMax 3TOro NyHKTa, oueBWIHO, BepHbl npu a =0. [Tostomy
Il0KasartesbeTBa npopoastes s a # 0.

Pacemorpum pasenctso (1). Bo3sensi ero sieByio M npasyio 4acTH B

11-10 CcTeneHb, NOJYYHM P
(n}an] =a".

CornacHo ToxuaectBy (1) u3 n. 1.2 — 3710 BepHOE YHCJIOBOE PABEHCTBO
npn Jo6om 3navennn a # 0. o corenctsuio w3 n. 1.1 BepHo W paBeHCTBO
Ya" =a".

PaseHerBo (2) jokasbiBaeTcsi aHaJOMMUYHO: YCTAHABJAMBAETCS, 4TO
fl-¢ CTENEeHW €ro JIeBOH M 1PaBoi YacTeli paBHbl, H HA OCHOBAHHH CJl€]l-
¢t w3 . 1.1 nenaetcst BbiBoA 06 MCTHHHOCTH paBeHcTBa (2) npw Jio-
OHoM anavYeHUuH a.

AUAJIOTHYHBIME  PACCYXKICHHAMH MOXKHO 0GOCHOBAThH H OCTaJIbHbIE
[(UICHCTBA B TeOpeMax 3TOro MyHkra.

JAMCTHM, UYTO KaXKJI0€ H3 3ITHX PABEHCTB SIB/SETCS TOXIECTBOM,
HOCKOJILKY OHO [peBpalliaeTcsl B BepHOe YHCI0BOE PABEHCTBO MPH JIO-
OOM SHAYCHAK NePeMEeHHONH, NPH_KOTOPOM BXOJALIME B 3TO PaBEHCTBO
BLPEARCHHS HMEIOT . CMBICT.



20

Teopema 2. Ilyetb n — vetnoe uucno. Torna npu moGom
3HAYeHHH @ BEPHO PABEHCTBO

Ya" =|a| (3)

Teopema 3. Ilycts n u k — natypanbhbie uncna. Torna npu
JI0GOM HEOTPHUATEJLHOM 3HAYEHHH @ BEPHBI PABEHCTBA:

Ya ="a*, (4)
¥a =a. (5)

3ameTnm, uTo, Koraa o6a uHcaa n U k — HeueTHble, paBeHCTBa (4) u
(D) BepHbl WISt JIOOLIX 3HAYEHHIT @, A HE TOJILKO JJIi HEOTPHLIATE IbHBIX.

" . Pasenctso (5) osnauaer, uto npu useaedexuu KOPHA U3
e || KOpHA nodkopenHoe BvipadMcenue OCMaemcs NpPerHuMm, a
nokasameau KOopHel nepemHoONCaomcs.

Teopema 4. INyets & — uenoe uncso. Toraa npu moGom mo-
JIOXKHTEJIbLHOM 3HAa4YeHHH a BEPHO pPaBE€HCTBO

(4a) = a*. (6)

rumep 1. Halte 3Hayenne W npu:
a) b=-1; 6)b=2.
Pewenue. a) Y6 =[b°| = |(-19| =|-1| = 1.
6) Yo =|p°| = |2°|= 8.
OrBeT a) l; 6) 8.
CpaBHHTb uHcaa W n 2.
Pemwenue. Q/QJ-:Q/J?:-—:'W; 2 =*Y2* =198,

[Tockonbky BepHo HepaBencTBO 12 > 8, T0 GyaeT BepHbIM W Hepa-
BerctBo Y12 > /8. Caenosarensro, 243 > 42.

OtserT: m > 42,

Hpwsiep 3. Pewnts ypaBHenue:

a) ¥x =-2: 6) Yx+7 =3.

Ml "UMED ]
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Pewenne. a) [lo onpeaeneHuio KOpHs n-i CTENeHH HMeeM, 4TO
3 5
/laHHOe ypaBHEHHe PaBHOCHIBHO ypaBHeHHio X =(-2)", T. e. x=-8.
6) x+7=23% otkyna x=243-7, 1. e. x=236..

OTeeT: a) -8; 6) 236.

pumep |, PeumTsb ypaBHenne Yx -98x +14=0.

: v 2 c
Pewenue. O6osnaunm Yx =t, torna Yx =¥x* =(&x) = n
NOJIYYHM YpaBHEHHE
-9+ 14=0.

Kophnu 3toro ypasheuusi =2, t,=7.

6 =
Takum o6pasom, umeem §x =2 nm Yx =7.
PeliuB 3TH ypaBHeHHs, HAHIEM:

x=2 wm x=7% 1. e. x=64 nan x=117 649.

OtserT: 64; 117 649.

‘, 1. CcopmyaupyiiTe TeopemMy O TOXIECTBAX C KOPHAMH HEYeTHOH
® CTerneH .
2. Chopmyaupyiite TeopeMy 0 TOXIECTBAX C KOPHAMH YETHOH CTe-
MeHH.

3. Cdopmynupyite Teopemy:
a) 06 YMHOXEHHH N0Ka3aTeJIsi KOPHsl Ha HaTypasibHoe Yucio k > 1,
6) 06 H3BJAEUEHHH KOPHS H3 KOPHS,
B) O BO3BEJEHUH KOPHS B CTeneHb k.

4*, Jlokaxute kamuoe w3 Toxaects (1)—(6).

YnpaxHeHnus
Hannekute kopetb (1.55—1.58).
1.55%. 1) vm®, m > 0;

3) vm?, m <0,
5) \/?"_,f>0;

frg :
7) -b 55 t <0;
1.56°. 1) ¥a: 2) Yp’;
4) 9|I'_k9; 5) |3_n|3;

9) i, y<0;
4) \/yi?,y>0:

6) %\/;1? h = 0;

8) -%Jgh?‘ h < 0.
3) Y326 ;
6) QIf_b'ZI.
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1.57°. 1) ¥a*, a < 0;

1.58°,

1.59.

1.60.

1.61,

1.62.

1.83.

1.64.

1.65.

3) ¥, 6> 0
l)\/a—z;

4) /0,364 ;
7) J(a -b);

2) W,a?(};
4) ¥, b <0.

2) V16a’; 3) J1a*
5) Ya ; 6) Ya;

8) #(a -o).

Myers f e {-—25; -9; -5%; 0; 5%; 9: 25}. Jna xaxnoro
3HAUCHUA { HallanTe 3HAYCHHE BLIPAKEHHS:

)4, o e2-%6f 3 -6-YF; 4 ¥F -1
BuhiHcanTe:
D =28 - =31 2) J(-57 +V#*;

3) J-8)" + 1P - J(-2;

Hainure 3aueHne BHPOKEHHS:

2y’ 533 6 9
D {(-42) f~(E)° (V02 + 027 - Y147 ):
2) g{-102)" :§(12)" : (03" + =037 - Yo"

YI'IPOCTHTQ BbLIPAXKEHHE:

1) Va® +2ax + £%; 2) Jx? —dxy+44°;
3) VO +m? -6m;

4) Jp* +25+10p.
YnpocTute BhlpaxeHue:

1) #(x+1)', ecma)x < -1; 6} x > -1;
2) H(x-2®, ecma)x > 2,6)x<2.

Bepuo au, uro:

) t+5-(z-5)° =2 mput < 5;
_ _3{ -6M2 = 1
2) 66 -3-"Y(3-68)° =0 npn £ > 2?

Pewnte ypaBueHue;

1) ¥x* =5

4) §(-3)° +6? - U4 .

2y 4x* = 1,5,

23
3) V¥ =-3; 1) i =-T;
5) Yx—4) =-L; 6) Y2+ xP =6
7y 45" +6=0; 8) ¥x* +1=0.
i.66°. Boluncnure;
) §36° 2) 96" 3) Y(%)
4) §225°; 5) 925 ; 6) 4(=3)7;
Ny 8 B
¥npoctute Boipakenne {1.67—1.68).
1.67°. 1) 432, 2) ¥a®; 3) ¥a*;
4) ¥n¥; 5) Yam’n*; 6) W;
7) Y625m*n*; 8) g2t 9) ysiatr.
168. 1) §(v7-2); 2y Y(1-v2)%
3) 4(V3 -V5)" 1) (V3 - 4);
5) §(v5 - 2)’ 6) §(1-v2).
1.69°. Bouucanre:
1 ¥10°; 2) ¥3%; 3) Y-
4) §(-2,5)"; 5) 4(-0,5)"; 6) 4(-0.8)"°;
X R ST (O
1.70. ¥YnpocTuTe BbipaXKeHHE:
1) V¥6: 2) ViB; 3) Y10,
4) ﬂ‘_(\/—z?x); 5) V5. 6) W;
7 W, 8) V¥9; 9) V45
10) 3376 ; 1) 43 : 12) WIS .
1.71. BbruchauTte:
1) 364 ; Q)W: 3)@: 1) Y1024
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1.72. Cpasunre yncaa:
1) ¥5 u $24; 2) 82 w ¥10;
3) Y1 u 8, 4) ¥4 n ¥3;

5) 96 u Y2¥2;  6) 7 u 45,

1.73. Kak Hamo HaMeHHTB pe6po Ky6a oGbemoM 3 M3, 4To6bl noayUHI-
cq kKy® 00beMOM, paBHBIM:

1) 6 m? 2)9 M 3) 15 Mm% 4) 27 M*?
Peuture ypapnenne (1.74—1.75).
1.74° 1) ¥x =-2; 2) ¥x =2; 3) ¥x =3,
4) Yx +4=0; 5) 8y —1=-2;  6) Yy +3=4;
1.75. 1) Jx - 5¥x =0; 2) Jx + 44x =0;

3) Vx - 54x +6=0;
5) &x - 3%x +2=0;

4) Jx + 3¥x —4=0;
6) ¥x +3Yx —10=0.

1.4 JleHcTBMA € KOPHAMBA Hev i~ CTeneHn

Teopema. [lyctb # — HeuetHoe yucho. Toraa:
1) npu M106HIX 3HAYCHHAX @ H & BepHO paBeHCTBO SRR

Ya - b = Yab; | (H
2) npu mo6bix 3Hauenusx & W & # 0 BepHO PABEHCTBO
Ya _ fa.
@ =5 2)
3) npu A106bIX 3HAYSHUAX @ H & BEPHO PaBEHCTBO A
Ya"b = a¥lb. ' (3)

AJlokasatenbcTeo. JIerko yGemuThes, YTO BhIPAKEHUS, BXO-
mawpe B papenctsa (1) — (3), uMeloT cMbich. 2TH paBeHCTsa, oye-
BHAHO, BepHs! 1pu a =0, a pasedcrsa (1) u (3) u npu b=0. [osTomy
AOKa3aTeNLCTBa NpoBopATceA npH a = 0w & = 0.

Hoxaxem yreepxnenue 1). Boareaem sieByio n npasyio vactu pa-
BeHcTBa (1) B 72-10 cTeneHb:
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(e ) = (¢ (5] =t

(NOSICHHTE KaXAOe PAaBEHCTBO).

Torza ({‘/E )“ ({‘/5)’! = (" ab)ﬂ Y COT/IACHO CREACTBHIO H3 ‘n. 1.1 umeem
Yatfe = Yab. ®

Toxnectsa (2) 1 (3) U3 yTBepKAeHHR 2), 3) TeopeMbl AOKA3LIBAIOT -
3 AHANOTHYHO (JOKAKHTE WX CAMOCTOATENLHC). A
YrBepxknesne 1) TeopeMul MOXKHO chOPMYJIHPOBATL H Tak:

' i Hycmoe n — newemnoe uucao. Kopeno n-i cmenenu u3
® npoussedenus 08Yx 4uces paseM npoussedenuio KopHed
n-i cmenemu u3 3Mux wuceA.

Taxkas e Teopema BepHa NpH NI060M uuCie NepeMHOMXKAEMbIX KOp-
neil (10Ka3bLIBAETC OHA COBEPUIEHKC AHANOTHYHO ).

Myetb 7 > 1 — neyerHoe yucno. Kopeub n-# creneHu n3 npo-
HiNeLEHHS HECKOJIbKHX YHCesl DaBeH NPOH3BENCHHIO KOPHEH n-#
CTCNEHH H3 3THX YHCEeN.

Takum ofpa3om, npH J0ObIX 3HAYEHHAX &, &y, ..., & BEPHO pa-

BCHCTBO . .
."/a,a2 .. ak = tfa, Ya, ... ¢a,. (4)
B yacTHOCTH, nonaras B 3TOM PABEHCTBE &)\ =(0y=..=a,=a,
HOJTYYHM

(a) = ¢o*. (5)

YreepxaeHue 2) TeopeMbl MOXHO COPMYJAHPOBAThL TaK:

-

r" flyemms n — Hewermnoe wucao, Kopenb n-fi cmenedu ua
dpolbu pases 4acniHOMY Om OeAeHus KopHsa n-ii crmenenuy
| U3 quCAUMeNn HA KOPeHs N-ii CMenenit U3 3HAMeHamean.

lpeoGpasosanue supaxeius Ya"b k sy alfb (B yraepwue-
11 3) TeOpeMbl) HASBIBACTCH SLIHECEHUEM MHONCUMEAS U3-NOT
ANAKA KOPHA HewemRold cmenenry.

I1peoGpasoBansie BLIpaXeHHs atlb « ety Ya"b wHasmmaercs
UHeceniem MHoNCUMeAR nod 3naK KOPHS Hewemnod cmenes.
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3ameTum, uTo Kawuoe u3 papencts (1) — (D) sipasiercs: ToxKie-
CTBOM.

Haiitn 3nauenue Bbipaxkenus

13 +a1 - {13 - 41.

Pemenne. U13+\/_ {/1'3 J_={/(l3+\/ﬂ)(]3_\fH):
= {132 - (J41)" = 7169—41 = Y128 = {27 =2

BblHeCTH MHOMHTE/L W3-T10JL 3HAKA KOPH#A:

R

Pewewnne. a) Jy''z = §y''yz -yQQ/gTz.

buﬁ—a ,bya—c:
6),|| __:r \/ an =d P I

' Buectn MHOMKHUTEb T10]L 3HAK KOPHSI:

2ay 9x | 74’

: §) —28p-
a) 5Y{| 55 ) PR T
Pewenmue,

2 5y - 2a
a) byl 63; ’ y s \/5* 2ay° J125 - 2ay® = {/250ay® .
_giﬁ/_w . 'y _ 2PNy 2T
6) 8 i/ i’/ ys 93 9 x4y2

= _Q-x"y
A - OcBOBOMMTHLES OT HPPALMOHAILHOCTH B 3HAMEHATEe:
§ ok ) s )
32 Y81’ ¥6 + 4
Pemenwne
a) L [ | :5“? ~—3 @ — - £
B R Y 2
g A o B S8 V3 _ 1393
5/g] 5/34 Y3t -3 3
5
B =
' %
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nenonbayem  opmysty @+ b= (a+b)a® - ab+b%); noMHOKMM
UMCAUTENb W 3HAMEHATEb HA HeroJHblil KBapaT PasHOCTH BhIpa-

KEHHH \‘fg H 3}1. T. €. HA (3./—6)2-% . QKZ +(€/Z)2:
_ slm-wmes)
(¥ +¥a)(¥6? - -4 +¥a?)

_sYi(¥e-¥6+¥a) _ valvw-ve.u)
10 a 2 i

1. Cdopmyanpyiite TeopeMy 0 KOpHE HEUETHOH CTeNeHH H3 1POH3-
BEJICHHS JIBYX uMced,
2. ChopmyaupyiiTe Teopemy 0 KOpHE HEYETHOH CTENeHH n U3 1po-
u3Besienna a'b.
Cipopmyanpyitte Teopemy 0 KOpHE HEYETHOH CTereHn U3 ApoGH.
4. Kakoe npeoGpazoBanHe Ha3bIBACTCS:
a) BbiHECEHHEM MHOMKHTENSI U3-NOJL 3HAKA KOPHSI HEYeTHOI cTe-
MeHH;
0) BHECEHHEM MHOMKHTE/IS MO/ 3HAK KOPHSI HeYeTHOMH cTeneHn?
5%, Jlokaxute Kaaoe u3 toaects (1) — (5).

(=~

Ynpaxuenusn
1.76. Bpruucaure:

) ¥/23/500; 2) ¥4 ¥8;
3) ¥3%9; 4) Y-84Y56 ¥-126;
5) 34/36 Y6 6) -+ 5
7) Y108 ¥50 ¥/40; 8) ¥/4973/98Y/16;
9) ¥27%/36 ¥/256.
Vipocrute soipaxkenne (1.77—1.78).

1.77. 1) $10+ 2417 $10-2V17 ;
2) Y12 +4J5312-45;
3) Y7-J22 371+ y22
RN T AN
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1.78.

1) 5(2¥135 - 55 - 10440)3/25;
2) 4(%/9‘-7%/'73+6J31125)gg;

3) %(63/%—59ﬁ+93]§)$j§;

4) Y697 - 3933 + 1,830 )33,

Hafianre 3nauenue seipaxenus (1.79—1.80).

1.79.

1.80.

1) 316 : ¥2; - 9) \/ \3/0,08;
' N 33 3
5) 2ff : 1432 -IB)EJ‘.SJI—;.

2) (V728 + L) 43,

81

1)(3&-%): )

3) (3%/Z+ﬁi"f—3_2-15%/—1—)- dI
1) (3¥134 79718 + 4318} 2J_.

¥npocrute Buipaxkenne (1.81—1.83).

1.81,

b S ol

s 2a* J4d® . . L,
25 254% V5.2’ . ‘
x2 . .
3)7#? w{ﬁ
.99 a® 83y 1 a* of o
4) Lytq2 bETsa_s
5) a3 yﬁ J* 412057
5x4y72
2m™n n 1.6,
6) g(2mn)’ 3/4—5) Yiem'ns;

7) a¥a'b? ab? Yab® Yab'* d{/-b_::;
8) b{/%az Ya®v? ab¥fas’ Yaov .
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1.83.

1.84.

1.85.

1) Y3 : ¥a; 2) Y4a® : ¥2a%;

3) Y64a® : Y247 4)%/—_“@

1) (2ab¥-m? - mY=b) : ¥=bm;
2) (wm¥—a'm? +m{!:) ot y
3) (¥ -3¢ )(¥a + ¥0); S
4) (¥a® - 24200 +6¥2)(Ya -¥26). . T

BrinosuuTe nelcTBHS:

l) (Q/'—)2 (Q/a_z)s, B
3) (-2922); . 1) (-2932)"; RS
5) (Yax ); | (asa"'x S
Dt o (-2g2) e

B npamoyroatHom tpeyrosbuuke ABC (£ C=90°) nafiaure pym-
Hy BricoTal CD, ecau:

1)AD= ¥4, BD= 16
2)AD= 18, BD=116. R

BoiHecHTe MHOMHTE/b H3-TIOR 3HaKa Kopud (1.86-—1.87).

1.886.

1.87.

1) ¥375; 2) ¥24; 3) ¥-54;
4) ¥-686; 5) ¥-96; 6) 5/300000; ..
7) ¥-972; 8) U-384. L
1y ¥'p; 2) fi6erT; Y P
23 1.5, 3xa 5.9. . 2431")97
4) 3 54x"a’; . 5) ?1}64xy - 6) fj SToYPLE

8) ,s/—;‘z—»f;i%; 9) g/
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1.88. BHecuTe MHOXHTEIb 110 3HAK KOPHSI:

1) 2x3¥3ax; 2) 4xyYx; 3) -g-{/g;
a

2 , 3 . 3n 3/ ! a || b
4) 2!?’! Ha—m, 5) —4— 2mn, 6) ‘—'Fs—'?‘,

7) aaaa—rf . 8) \,‘m +I

OcpoGoaurech 0T HPpALHOHANLHOCTH B 3Hamenatene (1.89—1.91).

% 1) L. L. 1. .
8% 1) s D B 4 gk
3 18 12 . 2
% Ym Dwe Y wmr
%* _a . m o, *=1 .
190%. 1) & 2) 3) o=
4
gy oL T ) P
) Y2 +1 : Y2 -xy? " Y+ x)
5 LAY o B ) P
) T % )W-2%+4
m . r m_ .
5. 18 :
) W% °) B0+ W6
e 8) —r—ry

4¥1-8%2 +16° 9%9 + 3% - 33 +81°
Peumre ypasrenne (1.92—1.93).
1.92°. 1) Yax+1 =—4; 2) ¥2x+3 =-3;
3) ¥3-3x =1; 4) Y2x+13 =2;
5) ¥6+x =-2; 6) ¥3x-2 =-1;
Ui +14x-16 =—4; 8) Y4x-50+x* =3.

1.93. 1) ¥5x+1 = Y2x+10; 2) Y4+ x = Y2x+12;
3) 3¥x+2 = ¥2x-5; 4) Y7x+1 = 2¥x +4:;
5) Y3x+8 = Yx? -2;

6) Yx+2 - Y4x-5 = J-3.
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[.5. JIeHCTBHA € KOPHIMH HETHONH CTCNCH#
Teopewma. [lyerb n — uetHoe uncio. Toraa:
1) npu MoOGLIX HEOTpHLATENLHBIX 3HAUEHHsIX a W b BepHO pa-

BEHCTBO
ab = %ab; (1)

2) npu JOObIX HEOTPHLATENbHLIX 3HAYCHHAX @ W MOJIOKHTE b
HBIX 3HAUeHHsIX b BepHO paBEHCTBO

3) npu oGLIX 3HAYEHHSIX a W I-IeOTpHLl,aTeJIbeIX 3HaueHusix b
BEPHO PaBEHCTBO
Ya"b =|a|ib. (3)

JlokazateaberBo. Jlerko yGeauTbCs, YTO BbIPAXKEHHS, BXOMS-
e B pasectso (1) — (3), umeior cMbics. ITi PaBeHCTBA, O4EBUAHO,
sepunl npn a =0, a pasencrsa (1) u (3) u npu b=0. INosTomy nokasa-
TesibeTBa npopositest npua > 0u b > 0.

Jokaxewm yreepaenne 3). [Tpu mo6bix 3navennnx a v b = 0 uncna
Ja"b n |a|¢b neorpunatensibie (oGbacHuTe HoYEMy).

Bosseast JieByto W 11paBylo yacTH paBeHCTBa (3) B 72-10 cTeneHb, Mo-
JYUHM

a"b= |ﬂ

1o BEPHOE HHCJOBOE PABEHCTBO, MOCKOJbLKY /1 — Y€THOE YHUCJI0, H

nostomy a"= |a[". Cornacho cenctsmio u3 n.1.1 BepHo H paBeHCTBO
Ya'b =|a|tb. ®

Yreepxaaenus 1), 2) nokasbiBaioTes aHajsoruuto. Jlokakute papeHc-
ma (1) u (2) camoctosiTesbHO.

YreepaieHue 1) Teopembl MOKHO COPMYJIHPOBATL H TaK:

9 ITyeme n — uemnuoe yucaro. Kopeno n-i cmenenu usz npo-
° uszsederuss 08Yx HEOMPUUAIMeAbHbIX 4UCeA PABEH Npou3-
Be0eHUI0 KOPHeW N-[ Cmenexu U3 3mux Yucea.

Takan ke Teopema BepHa IpH J0O0M uMClie T1epeMHOXKAeMbIX
BOPICHE
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[Mycts n 2 2 — uvertnoe uncsio. Kopenb n-# cTeneHH u3 npoms-

BE€IEHHA HECKOJIbKHX HECOTPHUATEJIbHBIX YHCEJ1 PABEH NMPOH3BEACHHIO
KOpHEH n-H CTeneHH M3 ITHX YHced.

Takum o6pasom, uis moOLIX HEOTPHLIATEIBHBIX YHCe ), Ay, ..., Gy

BEPHO pPaBEHCTBO

Yaa, ...a, = {[a%...ﬁ. (4)

B YAaCTHOCTH, NoJiaras B 3TOM TOXKIECTBE a4, =dy=..=0q, =4,

MOJTyqHM

4

(¢a)'=a*. (5)
VrBepkjerie 2) TeopemMbl MOKHO chOpPMYJIHPOBATL W TaK:

t llyemo n — uemnoe uucnro. Kopeno n-i cmenenu us opo-
r ou ¢ HEeOMPU{AmeAbHoim yucaumenrem U NOAOMUMEeAbHbIM
SHAaMeHameaem paseHd HacmHomy om deneHua KOPHA n-
CMeneHu u3 yucaumens Ha KopeHb n-0 cmeneHu U3 3Ha-
MeHarnea.

4 26 8 — 24

2n? |4fo? _ 2% 47
||

64n® _
B) & 12
X

[lpuwmep 2. IlpeoGpasoBaTth B [POH3BEACHHE KOPHEH BbipaxeHue

Jab npna <0ub <0,
Pewenne. vab = J(-a)-b) = J-a~/-b.
&I Moxno Gb10 Gbl, HANPUMeEp, 3anHcaTh U TaK:

Jab = ‘,(—20)(—%) = @H.
Jab = ,((—%a.)(~%b] = J‘;J@ HT. A

suvep 5. BHeCTH MHOXKHTEJIb MO/l 3HAK KOPHSI:
a) p¥7 npup<o0; 6) p{’/? npu p > 0.
Pewmenne.

a) Tak kak p < 0, o p¥Y7 < 0, 3naunr,

Wan Tak:

]l.

ﬂOKaBblBaeTCﬂ 3T4a Te{)pema dHAJIOHYHO ,LlOKEiBaTt‘JIbCTBy paﬁen-
ctBa (3).

YT =~p)¥7 =Y(-p)° -7 ={7/".
0) Tak kak p > 0, T0 p‘éﬁ > (), 3Ha4wur,
pY7 = §7p°.
pumep 4 YnpocTHTh BbipaXkeHue:

[Tpeo6pasoBanie BbiparkeHust |a[{/5 k suny Ya"b waswiBaercs e 4 . % #F 1005
BHECEHUEM MHONCUMENA NOO 3HAK KOPHA 4emHOU cmenexu. ) 4733 - 47+ 33 6" Y17-122.
Pewmenne. a)\/T J33 - J7+J_-—J

y7-(J33)" = ¥29-33 = ¥i6 =2.
BbiHeCTH MHOMUTE L H3-TI0JL 3HAKA KOPHSI: 0) N7 - 12 i= J 3- 2\/_ J((
oR 8
a) Vmx'" ; 6) G-’-Z;])—g B) .4(5%. v ep 5. YNpocTHTh BhpaKeHHe

Peuwenmne, 'Q’(\@ -3 - '\“ﬁﬁ-?y]s
Pemenue.

a) ﬁ:' ?‘
il e JIvz-a) gy -af =ivz -a)"

0) ",f2?a = 1./

[Tpeo6pasoBanue Boipakenuss Ya"b K BH1y |a|'\'/5 (B yTBEpXK-
JI€HHH 3) TeopeMbl) HA3LIBAETCS BbIHECEHUEM MHONCUMENA u3-
nod 3HAKA KOPHA 4emHOU cmenexu.

?+\/—_)

3ameTuM, 4TO Kaxaoe u3 paseHcts (1) — (5), pacemaTpuBaeMbIx B
9TOM NYHKTE, SIBJAETCS TOMX/IECTBOM.

~V2ff =[1-v2|=2-1.

=|v2-3|=3-2.



A Mpumep 6, Oceoboautbea oT HPPALHOHANBHOCTH B SHAMeHATe/e:

1 .
R e ’Fr

T+ 7
Pemweunne. a) _ —+'___J_+J_ !f?

_ B _ J§-g[——_7+J§ _ *\!4 (v7 +3)
7 N R
6)

8 _ 8  _ 8 - 8 -
¥500-92  §5-100-¥2  §5-%jo2-32 %(%_s{rz_l) -
o 8(¥Ber)  o(VBar)  o(VB41).9
T w(G-)Be)  ® O weE = YA(5+1).4

Hpusep 7. Pemutsh ypaBHeHwe:

a) ¥ -7 =-1; 6) {4x+19 =2,

Peuweuue. a) Ypasueune ¥2x—7 =—1 ue uMeer pemenuii, Tak
Kak apHdMeTHHecKHH KOPEHb YeTHON CTereRd He MoXeT GhITh OTpHUA-
TeJIbHBIM YHCNIOM.

6) [lo onpenenennio apuMeTHIECKOr0o KOpHS HeTBEpPTOH cTeme-

HH MOJYYHM, YTO ypaBHeHHe ¥4x +19 =2 pPaBHOCHABHO YPaBHEHHUIO
4x+19=2% otkyna x =-0,75.
OTserT: a) pemenuii Het; 6) —0,75.

JeHHS ABYX HEOTPHLIATE/bHLIX YHCEN (HECKOALKHX HOOTPULATENb-
HBIX uEceT).

2, CipopmyanpyiiTe TeopeMy O KOpHe UETHON CTeNEHHM /1 H3 NPOH3-
sefeHnn ah.

3. Cepopmymmpyiite TeopeMy 0 KOpHe HeTHON CTeNeHH H3 APoGH ¢ He-
OTPHUATE/IbHBIM HHCIHTEEM H MIOAOKHTEHHEIM 3HAMEHATe EM,

4. Kaxoe npeoGpa3oBaHKe HA3LIBAETCS:
a) BLIHECEHHEM MHOMKHTEAA M3-10J] 3HAKA KOPHA 9ETHOH CTEreHH;
6) BHeCEHWEM MHOMHTEJ IO/, 3HAK KODHA HETHOH CTRMeHH?

5%, HNokaxwure kaxpoe u3 toxaects (1) — (9).

E 1. Copmynupyiite Teopemy 0 KopHe ueTHO/ CTENEHH W3 TIPOH3BE-
)
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Y¥npaxuHennsn

Haiizute 3HaveHwe BHIPAXeHHs (1.94—1.95).

1.94°. 1) «/4-81; L 2) 36+ 625; 3) J75+27;
4) J18-32; 9) ;‘/16°625; 6) 4/16-0,0001;

. B 3.1
7) 44827, 8) 43313
1.95°. 1) /2516 - 100; 2) /64 - 81+225;
3) 4/256 - 0,0016 625; 4) k-3,

5) 41,5¢ - 4% - 0,01%; 6) ld( ) (2)° 4.

1.96°, YnpocTute BHpaXeHHE:

1) v3°%; 2) V74, -3y 45,

4) 6%, 5)V25a%; ¢ 6) 40x';
7y Y12068* ; 8) ¥64c7; 9) ¥a*";

10) ¥a'Sc*; 11) {"/81x3 2. 12) §729x%4' .

1.97. ¥Ynpocture Bripaxenue (m € Z):

1) l 6 4m 2 ‘u_alibll]m; :

ﬁ Bm 16, 4/ 256 12,8m
3) ‘4’810 b 4)‘{625'1 [

BuiHecHTe MHOKHTEIb H3-NOR 3HaKa kopus (1.98—1.99).

1.98°. 1) V/8; 2) V48; 3) J175;
4) V128, . 5) 4243; , . 6) ¥1250;

7) 41458, 8)¥E0; - 9) [

= 1T i B I
10) 725, 11} “120‘ 12)4181. :

5
1.99°, 1) Ji - 2) Vax®: 3) {/%;

256. - 5a® .
4)4;—, 5) 14 05

) 324" b . 8) _234’8166’"5 ) o
4&&'1 243 %" . 3

6) %’ﬁ#{mxsys;
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1.100°, Buecure MHOXKHTEJ/b NOJL 3HAK KOPHS:

: 3 1. 2 4/n.
1) 245; 2) 3V6; 3) 2415, 4) 5\!6.
[1 ; [ s
5) 2a: 3 e a > 0; 6) Qxysif. rae y > 0;
: A
7) n® 10(;7, g)- a2 4[-,;? rne b > 0.

1.101. BbiHecHTe MHOXKHTEJb H3-TI0J1 3HAKA KOPHSI:

1) J-£*; D 3) Vm'n®: 4) Nm®n';

5) V16m*n, rae m < 0: 6) V64m’n®, rne m > 0:
7) Nm®n'® | tie m > 0; 8) Y81m°n*, e n < 0;
9) Jm'n®; 10) Ymn®;
II)W, rne m < 0;
12) mz_; rnem >0, n <0;

1.102%, BHecuTe MHOXHTE/b MO 3HAK KOPHS:

1) ﬂ’!\/g, rme m < 0; 2) mN-m;

3) mim-2; 4) m¥n, tie m < 0;
5) mi5, rne m < 0; 6) m¥/3

7) (m+4)4/m'+4; 8) (m—4) /1__251_

1.103°. Bbiuucaure:

1) Yo' 2) ¥or*; 3) 16°;
4) 81,69 : 5) '91296" - 6) ﬁ(%)“;

B R
1.104. Beinonuure gefcraus:
4
1) ('\ij%z ; 2) (ﬁ)4
o (g): o)

1.105%. Haitaute 3Hauenne BbipaXKeHHs::

1) Y965 -Y9+65;  2) J3-15 -\3+5;
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3) J10-221; 4) J6-245;
5) Y17 +12V2; 6) 428 —164/3.

OcBoGonHTeCH OT HppALHOHAILHOCTH B 3HamMeHaTene (1.106—1.109).

5 . 6 . 4 .
1.106%. 1) T' 2) mek 3) %-;
B 4. - .
6 . 9 . 3
T 5332 8) 4¥64 " 9) 7981
2 2
* 1. 9 ii_; 3) a”- —b :
1.107*%. 1) s )W e
4 a>-p | 5) a + b2 _ 6) at —p -
)‘él(aw)-’" 8ot + 2022 +6° 8(a? - 2ab + b7 )P
[ 1.
1.108%. 1) - 2)
J3 . 7
3) 75 4) 77
5) 6J5 . ) 42
J5-J3" J7 +43
7 243 ) 16 :
(V& - v7)’ (V7 +6)
9
9 2-2%3 1) Y3 -2
1.109%. | B 2) 38—
SR e s e Z-+2
3 2 : 4) -8
) J5+J8 3" JT =6 43"
5 4 A 6) 10 .
)2-J§— 6+43" J10 + J14 +J15 + V21
! [ 8) ! .
2+J3 +¥12” 2+2 + ¥4+ 98
1.110%. 1) INpyu Kakux 3HaueHusix { BepHO PABEHCTBO:
1) 65 =—¢; o) 4t =t
3) ¥ =|t|; 4) t¥5 = §568;

5) ¢4/16 - 0,0001 =—0,24/¢"; 6) 142 = —44r*»
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L.UE1*, [Tpn kakux 3HaseHusx k BEPHO PaBEHCTBO!
1) ey = ¥E-T,
2) ¥(2-3k)* =J2-3%:
3) V-2 -JR+1 = J(k=2)k+1);
1) ofE24 §-&—4,

k-2 Y2-8°

Pewnre ypasnenne (1.112—1.115).

11120, 1) Jax+1=0; 2) #3x+3 =0;

3) Y4x+1 =4, 4) V2x+3 =-3;
5) J4x+1 =4; 6) V2x+3 = 3;

7)m=2;
1113, 1) ¥ —36 = 42x-1:

3) Jax+1 =22 +3x-1;

5)m=3;
1114, 1) ¥x - 3%x =10;

2)\/;—4$ff=5;

3)»f2x—-—3+6=5m;

) Y3x+4-Y3x+4-2=0.
1115, 1) Je+2+43 =43,

3 \“/2x—l+6\/€_5=§/6\/§;

5) Vx -5~2J10 = 5 ~ 2

6)M=ﬁ+sf§.

8) V3x -5x% +23 =3,
2) ¥8-5x = Yx? - 16;
H2x+3 =Vt rx-1;
8) J7-Jx +t =

2) JVB -2x = 45;
4) Jx-1-2J3 =3 -

1.6. Beckoneuno yﬁusammasl FreOMEeTpPHYECKan NPOrpeccHs

v WSl T P e

" on penene HHe Ibomerpnqecxan nporpeccml Co 3Hamenas . o

ZTeneM g, YIOBNETBOPAWOWHM ycAoBnl |¢| <1, Hasmmaerca Gec-

rcouetmo y6usmou;ed ,
R i e S RS s W
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[pueenem npaMepbl GeCKOHEUHO YOLIBAIOIIHX FEOMETPHUECKHX TIPO-
rpeccHit.

fMipumep 1. [NocnenosaresbHOCTL

2, 2, 3 2 R
v P e

ABASIETCH GeCKOHeYHO yﬁbma:om,eﬁ reoMeTpHYecKoRt niporpeccuet ¢
nepsuiM uNeroM b, =2 1 3Hamenatenem g = 1

3
Mpumep 2. [MocnenoBaressHoCTh
1.4 3 1
"'4, 2, ], 2 22,...,(_2?-,...

ABNAETCA OGeCKOHEUHO YOLIBAIGMICH TeOMETPHUYECKOH MPOrpeccH-

efl ¢ TMepBbIM 4YieHOM b, =—4 H 3HameHaTeNeM q=—% (3nechb

1
|q| ="§|<1)-
H306pazKM yeTHpe NepBhIX YAEHA MeOMETPHYECKON NPOrPECCHH Ha3
npuMepa 1 Ha koopAnHaTHOR npamof (puc. 1).
b, b, b,
e B :Z
2
03 2 3
Mbl BHAYM, 4TO, YeM GOMbILE HOMED WIEHA MPOrpecCHH, TeM GAHxe
3TOT WACH K HYMO, T. €. TEM MEHblE ero MORYJb, H C YBEJIHYEHNEM £ 3TOT
MOIY/Ib CTAHOBHTCA MEHBIIe A1000T0 3aJAHHOTO MOAOKHTENBHOMO YHCNA.
Hanpumep, ecau Mel 3apapum uucro 0,01, to

2 |_|2 2 |
?|“l243|<°'0' Mz ‘QO,OI i A060M 1 > 6.

H306pazum 6 nepBhiX YNeHOB reOMeTpHYECKOH JIPOrpecCHH H3 MpH-
Mepa 2 Ha KoopaMHaTHOH npsaMoi (pHc. 2).

L 1
Puc. 1 2

b‘l b& b5 bG boi b2
. { j » e P T e
-4 -3 -2 —1 -} 0% 1 2

Puc. 2

U B 3TOM npuMepe Mbi BUAHM, YTO, 4eM 60JIbliie HOMEp UAeHa Npo-
IPECCHH, TeM GAWKE ITOT YAEH K HYMIO, T. €. TeM MEeHbLIE ero MOJAYJb, H
¢ YBeJHUCHHEM /I 3TOT MOIY/H CTAHOBUTCA MeHbIle JH0GOTe 3aaHHOTC
HOMOKUTENLHOTO YHCAA.
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Hanpumep, ecan mbi 3apamum uucno 0,001, o

1

=_L1_<0,001 u -
{_"2)!]'

1024

< 0,01 npu nobom n = 12.

—
(_2)|0

" Takyio e KapTHHY, KaK M B 3THX JIByX pHMepax, Mbl HaOJII0-
| _._‘I naeM 8 000U 6ecKOHeuHO Yybuisarowen 2eomempuieckoll
npoepeccuu (b,): wem Ooavwe Homep n 4aena npoepeccuu
(b,), mem menowe |b" |, u c yseauwenuem n amom modyae

CMAaHoBUMC MeHble 1100020 3040AHHOCO NONONCUNEAb-
| HOCO Hucaa.

1o yrepxaeHHe GopMyarHpyeTCs elile W Tak:

_,J ‘ b, cmpemumces K Hyaro npu n, cmpemauemca Kk beckoned-
® HOCMU.

3amerum, uto ecan |g|<1, To |q"| CTPEMHUTCS! K HYJIO NpH 1,
cTpemslemMcst K 6eCKOHeYHOCTH.

Pacemorpum GeckoHeyHo YOBIBAIOLULYID TeOMETPHYECKYIO [pOrpec-
CHIO C MepBbIM WIEHOM b, W 3HAMeHATeNeM ¢.

3anuuiem 1o GopmyJsie CyMMy MepBbIX 7 YIEHOB 3TOH MPOrPecCHH H
npeotpasyem 310 BblpaKeHHe:

bI“_qn} bl_b!qn = = bl n
ks e R e
O603Ha4YuM
= b
S—l_q.

Torna nonyuum

lS_S"':‘fq"( = hq'qn)‘:’ :

l-qg 1-

Tak kak |g|<1, 1o

I—T—q “|g[" crpemutes  nymo npu n, crpe-
mslleMcst K GeckoHeuroctH. 3uauut, |S—S, | cTpemutest K Hydo npu
n, crTpemsuleMcsi K GECKOHEYHOCTH, T. €. 4eM Gouibliie YHCao 1 (veMm
Gosibllle ciaraemMbix B cymme S,), TeM MeHblle pa3HHLA Mexay S u
S,. Tostomy uucno S HasbiBaloT cymmoil beckonedno yboiearoued
2eomempuieckoll npozpeccuu.
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[pumep 4 Haitth cymmy GeckoHeuHo yObiBalOLLeH reoMeTpHyec-
KOH MpOTrpeccHH:
2 2 2 ;
a) 2, -3"—. Eé-‘, . Sn_l y eny
I 1
6) ~4, 2, <1, g1 s g
Pewenue.
a)S= ] 2
3
o B 4 A28 92
mS‘l—q : ( |) 3 3 3 3
-5 5

OTseT: a) $=3; 6}S=—2%.

yObIBalolen?
2. Kak nouumarh yTBepieHue «b, CTpeMUTCsl K HYJIIO MPH 11, CTpe-
MsileMest K GeCKOHeYHOCTH » ?
| 3. Kak HaiiT cyMMy GECKOHEUHO yGbiBaloliei reoMeTpHYeCKol Mpo-
rpeccHu?

‘i 1. Kakas reomerpHyeckasi MpOTPeccHsi HasbiBaeTcsl GecKOHeuHO
_“J

YnpaxkHeHus

1.116. [lokaxkuTe, YTO J@aHHAsi reOMeTPHYEeCKas MpOorpeccHs AB/AETCs
6eCKOHeYHO YObIBAIOILEeH:

1 11 1

1 . i 4 b
1) % g4 v oni ) 3 g0 g
3) =81, =27, -9; ...; 4) =125, =25, -5, ...;
| 11 . b A
5) oy TR gl o 6) 4' 16° 64"

1.117. Sleasiercs au reomeTpuueckas nporpeccust (b,) OGeckoHeuHO
yObIBAIOLLLEH FEOMETPHYECKON MPOrpeccHen, eciin:

1)b|=80Hb|0=-—40; Q)b?=24nb|1_i;

3) by=30 u b, = 15; 4)b.—,=—9ubm:é;
5) by =0,01 u by=—10; 6) by=—0,04 u by =-0,64;

7)b20=]§ Hbg= 8) b2z=_Tl§

1
%; H b2|=~8—?



42

Haiiamte cymmy S GeckonedHo yGbiBaiolieit reoMeTpuueckol nporpec-
cuun (1.118—1. 119)

1.118.

1.119.

1.120.

1121,

1.122.

1.123%.

e 1. 1
1 4, IG 2)5; 1;
3) —49; -7; ~1; 4)—8;—1;-—5;.“;
51:*1.1. : v s b
) 9’ 2 o 6) l'6' a6’
1) 342; V2; % o
3. 2. 2 g
2) :?"\ J§| '3_'\[— ceny
» 1. 1
3)\/§| '5‘1 E_
4) J§+I‘ [ Jﬁ—ll
=17 P B ED

Haiinure cymmy Geckomeuno yGhiBaiolieil reoMeTpHueckoii
nporpeccuu (b,), ecau:

1)b«;=g~ q=§- 2) b= g, 4= 1
3) b? 8!‘ q= 4) bﬁ= ——é—, q= ‘—%;
5)b1=73'| q=713'; B)b]-—ﬁ. q—“"yli'

Haiiiure cymmy Geckoneuno y6biBawoleli reoMeTpHYeCKOil
nporpeccuu (b,), ecau:

0h= (i) 2=
{_l n

3) b= v 4)b,,=?}_.

Yueno 150 sipnsieTcst cymMMmoil GeckoHeuno yOGbiBalouieli reo-

MeTpHueckoi nporpeccuu (b,). 3anaiite nporpeccHio dopmy-
JIOH N-T0 4jieHa, ecJiu:

I)q:-é-; 2)q=—-é—; 3) b, =75; 4) b, = 50.

Hucnosas nocnenosatennrocts (b,) 3anana  pekyppeHTHON
opmyaioii. Bepro am, uto (b,) sBasiercs GecKOHEYHO y6bIBa-
oLLeN l“eOMETpH‘ieCKOﬁ nporpeccneﬁ eCJIH:

1}bn+1_ b 2}*‘7“

r)rf

N h =3p . 4. w="Th, 5

!ri!'

1.124%,

1.125.
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Haiinmre cymmy:
2. 3 : b2 L1
Di+gtmtartes  AFtleg-grogty

1) Mau xBanpar ¢ amaronaabio, pashoii a. Cropona kpanpa-
Ta ABJAETCH JAMAroHa/bio BTOPOro KBajgparta, CTOPOHa BTOPO-
ro Kpajpata — JMaroHaiblo HOBOTO KBajpaTa u T. A. Hailnure
CYyMMY IJ10U1a1IeH BCEX KBA/PATOB.

2) B kpyr, paaHyc koToporo paBeH R, BriMcaH KBajipart, B KBajipar
BIHCAH KPYT, B 3TOT KPyr BMUCaH BTOpoi kBaapat v T. . Haium-
Te CyMMY TUIOLIA/iel BCeX KPYroB W CyMMy Mioulanei Bcex KBajl-
paTos.

1.7. NMepuoanyeckne apoon

Kaxnoe paunonasibHOe YHCII0 BJASeTCs ACHCTBUTENLHBIM YHCJIOM, 2
NM0ITOMY MOXKET ObITh 3aMHCAHO B BUJIE JECATUUHON APOOH — KOHEYHOH

k

uan GeckoHeuHoi. Xopouio W3BeCTHO, Kak 3TO Jenaetcs, Koria — —
necokpatumas apobb (R € Z, n € N), 3HameHate/ib KOTOPOH He conep-
JKHT HUKAKHX NPOCTBIX MHOXHTE/IEH, KpoMe 2 U 5; B 3TOM CJ/iyyae YHCJIH-
Te/b AT HA 3HAMEHATENIb W T0/Y4aloT KOHeUHYI0 NeCATHYHYI0 APoOb.
Hanpuwmep,

1 _0 25 371

.
8 = 2,968, 55'0‘0875'

[Tpumenum 'renepb 3TOT MeTO 0OpaleHns 0OLIKHOBEHHOW JpoOH B

JEeCHATHYRYIO K l!HC.J‘Iy

. Jlns storo pasnesum 19,000... na 11:

19 | 11
(1 [T.7272..

80
77
30
22
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Takum o6pasom, % =1,7272... .

bBeckoneunan Apo6b, cToMIANA B NPaBOil YacTH STONO PaBEHCTBA, CO-
HAEPKHT NEPHOJIMYECKH NoBTOpstollyloca rpynny uudp 72. Dta rpynna
uup vasnipaercs nepuodom dpobu, a cama ApoGh — nepuodusec-
xod. Tpu 3anucH Takux ApoGel NepHOA, 3aKNIOYAIOT B CKOGKH H THILYT
OfIMH pa3:

19 _
o= 1.(72).

(Unraerca: «OnHa uenas, ceMBlecaT ABa B Nepuoae».)

Eute ofun npumep: % =0,86363... = 0,8(63).

(Unraetcs: «Hyab weabix, BoceMb AeCATHIX, IECTLICCAT TPH B Ne-
pHosie».)

[TpunneeiBas K KOHeYHON AeCATHYHOM APOGH GECKOHEUHO MHOTO HY-
Jef, Mbl MoNy4aeM GecKOHeuHYI0 AeCATHYHYI0 Apobb. [To3ToMy KoHey-
Hble AECATHYHLIC APOOH TOMEe CYHTAIOTCA NEPHOAMYECKHMH € MEPHOAOM
0. (TTpu peneHnH DBYX HATYPANbHLIX HHCEJ HE MOLYT HOAYYHTHCA APOGH
€ yHcAOM 9 B nNeprone, MOATOMY UX HE PACCMATPHBAIOT. )

[puBencHHLIe MPUMEPH AaIOT BO3MOMHOCTh AOTafIaThCA, HTO

' Kawdoe payuoRaAbROe YUCAC 3aNUcHEaenca 8 sude Gec-
[ ® l’ Koxeunoll decamuyunod nepuodusieckoli dpobu.

Yro6ul B 5TOM yGe/MTbCA, 3aMETHM, YTO Ana ofpallenun oGbIKHO-

BeHHOR IlpOGl‘I % B JECATHYHYIC MBE Ha KaXKNpM Hlare oCTaToK OT ze-

JieHnda (oH Gbu1 pased an6o 8, nuGo 3) ymHoxann Ha 10 v aemsiu Ha
11. Ho npn zenenny Ha 11 BooGwe BO3MOXKHH Juub 11 pasaHyHBIX
OCTATKOB, 3HA4YHT, HA KAKOM-TO LUAre OCTATOK O6A3AMEALHO MOBTO-
PHMTCS (B HalIeM NPHMEpPE 3TO CAYYHIOCH HAa TPeTheM Ulare), W MOSTOMY
B pe3y/LTaTe JeSIEHHs A0JKHA NOJYHHTLCA NIepHOAKYeCcKan Apolb,

' Haobopom, xaxwodan Geckoreunan decamusnas nepuoduyec-
® ] Kas dpobe npedcmasanem HeKomopoe payUORAAbHOE YLUCAD,

Kaxayio nepHoIHYecKyio AECATHYHYIO APOGH MOXHO pacCMaTPH-
BaTh JH0O KaK CyMMy GeCKOHEYHO YObiBAIOLEH TeOMeTpPHIeCKOoA mpo-
rpeccHH, AHGO KaK CyMMY KOHEYHON AecATHUHOR Apodu ¥ CymMmy Oec-
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KOHEYHO YOLIBAIOIIEH reoMeTPHYECKOH NpPOrpeccHH. 3T0 MO3BOSET
NMpeAcTaBAATh NePHOAHYECKHE ACCATHYHBC APoGH B BHje OOLIKHOBEH-
HHX ApoGefi.

lTpumep . OGpaTHTL B OGLIKHOBERHYIO APOGHL YHCO:

a) 0(7);, 6)3,412).

Pewenne.a)0(7)=0,7777..=0,7+0,07 + 0,007 + 0,0007 + ...=
=0,7+0,7- 0,1 +0,7- 0,01+0,7-0,001 +...=
=0,7+0,7:0,1+0,7-0,12+0,7-0,1*+ ...

Taxum oGpazom, uncio 0,(7) ecte § — cymma Geckoneuno yOuBaio-
e reoMeTprHueckoi nporpecciH (b,), rae b, =0,7, ¢=0,1 (|q|< l).

=5=-07 _07_7
3]‘!3"]“’[, 0,(7)—5— m = 0.9 9"

6) 3,4(12)=3,41212121212...=
=3,4+0,012 +0,00012 + 0,0000012 + 0,000000012 + ... =
=3,4+(0,0012+0,012-0,01 +0,012-0,01+0,012-0,01%+ ...).

Cymmy, cToAuylo B cKoGKax, oGosnauum Oykeoii S. Torna
S5=0,0(12) — ectb cymma GeCKOHe4YHO YOBIBAIOIIEA reOMEeTPHIECKOR
NPOTPECCHH ¢ NepsbiM uieHom b, = 0,012 u 3namenarenem ¢ =0,01.

Hafinem S:

3uauuT,
_ = 2 _ 2,2
3,4(12)=3,4+0,0(12)=3,4+ TR =3+ T
_ 2:-33+2-1 _ 68 _ o 68
-3+—f—_3+l6_5_3_1 .

Otser: a) 0(7)= %; 6) 3.4(12)= 3%.

gl HsydenneM nepHoardeckHx ApoGefl 3aHuMancs BeJHKHA He-

MeuKkuit MatematHk K. . Tayce (1777 —1855). Yxe B get-
CTBE OH A/ e[IHHULY Ha BCE NMOAPAN NPOCTHIE YHCAA P H3
neppost TuicAud. TTpu 3ToM [2yce moaMeTHA, 4T, HauHHas ¢
KaKoro-TC MecTa, ASCSTHYHLIE 3HAKH HAYMHAIOT TIOBTOPATH-
cd, T. €. NOAYHAIOTCH NePHOAHYECKHe AeCATHUHME ApoGu. A
NEPHOIL HEKOTOPLIX APOOeH AOCTHradH HECKOJbKHX COTeH
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NecATHYHBIX 3HakoB. Paccmatpusasi stm npuwmepsi, layce
YCTAHOBHJI, UTO YHC/I0 Uudp B nepHose Bceraa siBisieTcs jie-

nuTenem yueaa p— L.
Hpuwmep Y Hafith 3Hauenue BolpaKeHus:
a) 3,(7)+4,(3);

34(12)-34011)

@) 1.(12)

Pewenwne. Mcnosbayem pesyasrats npumepa | (wian npasuio o6-
pallleHHsT IEPHOJAHYECKON APOOH B OOBIKHOBEHHYIO ):

_ a7 3 _ =10 _ gl
2)3(7)+4,3)=31 + 42 =710 gl

12 1
6) 24023401 _ 34+900 %" 900 _ 1 .11 _ 1-99

1(12) 1412 990 © 99 _ 990-111
99

e

1110
. L. |
OTBerT: a) 8§, 6) TG

" | 1. Kakoe 4HC/I0 HA3bIBAIOT PALMOHAIBHBIM?
s ‘ 2. Kak 06bIKHOBEHHYIO IpO0L NEPEBOAAT B ACCATHUHYIO?

3. UTo HasblBaeTCA NEpHONOM B 3aMTHCH NEPHOAHYECKOH NeCATHUHOI

| potu?

4. Kak cBsizaubl nepuoaudeckasi aecaTHunas aApoOb M GeckoHeuHo
| yObIBalOLIAs reoMeTpuyecKas nporpeccus?

YnpaxHeuus

1.126°. Haiiure cotyio umgpy nocsie 3anstoil B JECATHYHON 3aMHCH

uueda:
1 1. 4.
3= 5. 9
4) 7 D) 13 6) 55
1.127°, Pasnenute «<yroskom» yucio | Ha:
1)9; 2) 99, 3) 999;

4) 9999; 5) 99 999; 6) 999 999.

47
1.128%, JlokaxkuTe, uTO:
|
—— = 0,(00...01).
I
e n—1pas
n pas

1.129°. lMpencraBbre 0GLIKHOBEHHYIO APOGL B BHAE A€CATHUHOI:

T 5. 4,

l) -g'; 2) gq 3) gg.
T 55555 . 444444

4) 09" 5) 99999 6) 999999

1.130. [TpeacraBbre uucsao B BHAe 0OBIKHOBEHHON APOOH:

1) 6,(11); 7) 0,(423);
2) 3,(24), 5) 8,23(41);
3) 17, 47); 6) 9,12(47);
4) 31,5(4), 8) 0,(451).

Buinosnute aeictus (1.131—1.132).

1.131. 1) 0,(23)+0,(43)
2) 2,2(7)-0,47(2);
3) 5,0(8) —4,1(6),
4) 0,42(6)+0,12(3).

0,8(3) - 0,4(6) _
132, 1) =290,
2) (10,(6)=5,(3)) : 3,(3):
3) (046)+0,(3)):035,
0.12(3):0,0925
4)

(1,25:0,(18)—1,25:0,(8)):0,3(8)
5,(3)+0291(6)

1.133*. lokaxkute, 4To cymma (npousBe/ieHHe, Pa3HOCTb) JABYX MEpHO-
JIHHECKUX AECATHYHBIX APOOEH TakKe ABJAAETCH NMepHOAHYECKOH
JIECSITHYHOM JIPOGKIO.

1.8, Crenenb ¢ palMOHAALHLIM HOKAZATEIeM

Hanommm, YTO Kamioe paLLHOHaJ]bHOE YHCNO MOMHO 3anMvcath B
BHe ﬂpOﬁH -f?, rane 3HameHarteJb n — HBTypaJleO{;‘ YHCIO, a YHCIIH-
Teab R — 1enoe 4ueao.
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Omnpenenenue. Mycrs kB — uenoe uucno, n — warypaib-

HOe uHCio, He pasHoe |. Cmenewnsio noaoxmcumensuozo «quc-
&

AQ A ¢ PAYUOHANBHOIM noKasamenem % (o6o3nauaercs a" )

HA3bIBAETCH  MOJNOXKHTENbHBIH KOpeHb M- CcTeneHH M3
uncaa a*.

Takum o6Gpazom,
R
a" =¥a*
Crenenb ¢ pauMoHaibHBIM NOKazaTesieM OIPeACACTCS H JIS OCHO-
BaHusi, paBHoro Hyqw (a=0), HO TONBKO TOrAa, KOrna rnokasatedb ro-
JIOMKHTETbHBIH.

&
Has ~:~>0 noaaraem 0" = 0.

[puBesem Hecko/bKO MPUMEPOB NPeoGPa3OBAHUS CTETIEHEN ¢ PaLK-
OHAJILHBIMH OKA3aTeNsIMH:

3
a) 2435 = 3243 = 5(35)* = /3% =33 = 97-
3 *
6) 2437 = {[243% = 3" = 7[(3%y -3 = 913

_3
B) 243 ¢ =4043% =435 = ,J1 _ /3 _[38 _B_B
g 3o (3t 3t B8I”

1 3 2
_'_J Buipaxenus (-2)%, (-243)5, (=16)3 He umewT cMblcaa,
e TaK KaK N0 0npedeseHulo OCHOBAHUE CMenenu ¢ Payuo-
HAAbHBLM NOKA3AmMesem MOMem Boimb mMoibKo Heompu-
HamenbHoiM.

[TockosibKy paunoHa/bHOE YHCIO NPEACTABHMO B BHJE JPOOH HEOM1-
HO3HAYHO, TO BO3HHKAET BONPOC: HE 3aBHCHT JIH ONpeJlesieHHe CTEeNeHH
C paLMOHANBLHLIM TOKa3aTesieM OT BHAa 3Tofi 1po6u? Hanpumep, sepHo
JIH PaBEHCTBO

ra

53 =520

Ha sror BOMPOC OTBeYaeT cJjeaytoias TeopeMma.
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TeopeMa I. llﬂﬁ JII0O0ro NOJIOMHTE/ILHOrNO 3Ha4YeHHs a npu
Jiobom Ha'(ypaJleOM [ BepHO PaBEHCTBU
M
a" = aﬂ.i' .

Hoxkaszatenberso. [TpeoGpasyem npasyio 4acTb ITOro paBeHCTsa,
HCTOJIB3YS! OTpe/iesieHHe CTeIeHH ¢ PallHOHAJIbHBIM NoKa3aTeNeM, a TaK-
K€ CBOMCTBa CTeleHel W KOpHei:

a% = ”\"/E’;‘T =1l(a*) = W = a'%‘ 3
Bo3HHKAeT BOMPOC: ec/f, HanpHMep, BbMHCANTL 2°, T0JIb3ysich ofl-
15
pe/leJieHHEM CTETEHH ¢ LJIbIM [10Ka3aTeneM, H BLIYHCAHT 2%, Nodb-
3ysich ONPE/Ie/IEHHEM CTEMeHH C PALHOHANLHBIM 10Ka3aTeeM, TO noy-
YUM JIH MBI OJIHO H TO K€ YHC/I0?
Ha sT1oT BONpoc 0TBEYaeT CJGIYIolLas Teopema.

Teopema 2. [lnst mo6oro noJoKATENLHOTO 3HAYEHHST a MPH
A060M HaTypajibHOM p > | H 1eJ10M R BEpHO PaBeHCTBO
E’E
a” =a".
JNokazaTteabcTtBo. [IpeoGpasyem jleBylo 4acTh ITOrO PABEHCTBA,
MOJIb3ysiCb  ONPEEJeHHEM CTENEHH ¢ PalHOHAILHBIM [0KasaTesem, a
TAKMKE CBOWCTBAMHM CTENEHEH H KOPHEN:

kp
AP = P.I'afm = I,H(Uk)’n =ﬂk‘ =

_J 1. Ciopmyanpyiite onpenesenue CTernein ¢ patHoHalbHbIM NoKasa-

" TeJIEM,

a
2% l'lc:memy HeNMb3sn OTIPL‘,‘lé.I"IHTb CTEeNneHb C {IHIlI‘l(!iIE]J’IhHhIM noKasare-
JieM Ju1st OTPHUATENIBHOTO Dl..'liﬂﬂailliii?
Ynpaxuenus

1.134°. 3anuiunTe KOpPHW B BHE CTENEHH C PalHOHAILHbIM MOKa3a-
TeJem:

“\/x_s: Q)W: 3) Ib*: 4) Y&
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5) 3\”?‘2; 6) {/‘L_UT. ?) \.I'l Cl:‘buz; 5) 8:% :2—I_ 6) __l—l 8%
08 a0 , o Corrd-(1)
=2 _av2 . a1t —64) 3.(2
1) Va? +b7; 12) Ja* 0" Eh L Lashs
1.135°. 3amennre crenelb ¢ PalMOHA/ILHLIM TOKA3ATEJAECM KOPHEM: 1.139°. 1) ﬂ_(%)_i- 2) 2?:" 9,
‘ : 2=\5) 3
1 2 5 Y 2 ) b
1).x%, g7, (3u}" (2p)¢, 5 2, 8d 9; o (6OVT By 910\ . (9"
Oy O 202 i £ -(),3 -1 6 20,3 1.5 'j} (—!) Z(IE) 4} (237) (] }
2)207c, 42, @, @™, (8ai™,, Gey'?; | 1
L o g 5 2 5) (1257 L) 6) 0,01 2,
3)y(m+n), (m* +n*), (m*+n’)*t, (m+2n) 3, } ( ° 3 )
= L, 9
VRS " BT o 1.140%, 1) 8 - 256" +z7*
) (® =a* Y, (S +d®P*, (c-d)y™V, & -d*)°°, L i 4 .
—(c+3d)"*, —(c-2d)73. 2) 256* -27 +uézl ; )
0.5 <2 0 A1+
1.136°. Bohiuncanre: 4)/16 {lﬁ] ( 2) '
3
i 3 3 5 1 4 0.5 a 2
1)47, 642, 81, 16¢, 279, —1253: 4) 977 -8 5+025° ;
1 a2 =2 | (e ! -0.75 613 3
R v T 610\ 3 1\5 I3, 5) 0,0625™° — {1 )"+ 0,027
2 (4. (8. 637, ). 6 () o
s e + 2 6) 16°° - (L) "+ (-5)
3)1,44 2, 0,81 2, 0‘00001 3, 0,0016 +  -0,027%, 16 2
i 1 1
-0,0625 1 ; 1.141°, 1) 2m +3m?2n? npu m=49, n=16;
4) 167%, 10 000", 1697"%, 97'°  1024°¢, 6257, 5
» 2. 12 = —
1.137°. HMmeer jin eMbica Bupakenme: 2) (m 2") e
3 2 . 3 3) 9% + p™ npn p=32, 1=49;
1) 7% 2) {—27)‘ 3) 21 2; i
3 4) 20t - }” 1pu pz—s— =4
4) 0%; 5}05: 6) (- 15) ‘
=) 3 1.142°, Bepuo au, uro:
7) (—64) *; 8) (-81) 1 9) f5'254 ? 65 24 -
1)38?‘7—38?35- 9) 19,24 1 = 19,24 216
Boiuucanre (II3?_I.I4I|) ) ] 3} 9,.)6 145 _ 9,56 |§ﬂ5: -l] 2{_}.08‘; 8= 20.08“ 1‘.*‘
ago 95\ ., (27Y 3. 9y (33)73 _(161)75. Ao " T
1.138°. 1) (-ﬁ) +(2L)3; 2) (32)3 (1{”) : 5)7.32 11 =7.32'%, 6) 5.01 ® =5,01;

- 2 1 : 36 _ 406 P
3) 0,647 -0,027%; 4) 81715 L10247°%% M M6 atidleti 8) 11,44 » =1144712
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Haiiure ecrectsennyio o6aacth onpenenenus Buipaxkenus (1.143—
1.147).

b i
1.143°. 1) a2; 2) J‘ 3) a"%; 1) a%
5) Ya; 6) a ‘: 7}0'5; 8) a’;
f A
9) a’; 10) a*; 1) a’; 12) S\]/ﬂT'.
1l 1 3
1.144°, 1) (a+1)7; 2) (a+3)3; 3) (6a)’:
4) (3a) *: 5) (a-10)"; 6) (2a +1) %
il 3 2
7) (1-3a) 3. 8) (2a +6)5: 9) (4—8a) 7;
y .
10) {a+2}5; 11) (a-3)8; 12) (3a—15)-%.
4 5
1.145. 1) (a® —4)'6: Q}W—aﬁ%:
g 2 6
3) (a* —5a)?; 4) (a® +2a) *®:

N 15 N

5) (a” —6a+8) 6) (a® —3a—10) 2
' 1 16

7) (3¢” +4a~4) 15, 8) (3a® —-5a—-3) 8
30

o 21
9) (6-a-7a") 19; 10) (3-2a - 5a2) 6,

roge. ) (Bl :‘i;“ )'"
(2L,
3) (a —Ta-8 m-s}’)
o-a (a+2)° .
1) (m+a'_| ~5g 1),
1.147%, 1) (sinx—]}%; 2) (ctgx—l)%:
3) (l-tgx)%; 4) {—Imcosx}é;

1 1
5) (-2 —cosx)8: 6) (sinx—2);

1
7) (=1 —sinx)%; 8) (cosx—1)*;

9) (ZSm cosz)l—l' 10) (LO % 1‘!§)§

1.148%, CpaBHuTte ¢ eIMHULEH YHCO:

2 3 ¥ _3
b (L) 2) (8)¢; 3) (Z)°%: 4) (2).

(=] -]

Q. Jdewcrasus o CTenensimMmm ¢ PALHOHATLHLIMK

ﬂ.ﬂﬁ [TOJIOKHTEJbHBIX OCHOBAHHH BCE JIEHCTBHSA CO CTEMEHAMH ¢ pa-
LHOHA/BHLIMK [TOKasaTeasiMi 06JIaaloT TEMH JKe CBOWUCTBAMH, 4TO W
JIEHCTBHA CO CTEMEHAMH C LIeJIBIMH TTOKa3aTesIMH,

Teopema. Jlia M0GLIX MONOKHTENBLHBIX 3HAUYeHHI @ U b npu
JIOGLIX PALMOHANILHBIX § U [ BEPHbI paBeHCTBA:

a'al =¥y (1)
g=a (2)
(') =a"; (3)
(ab)’ =a’b’; (4)
()= )

A JlokazatenbeTBo. [lyeth s = -g- r=%‘ rie g eN, neN,

peZ kel
Jokaxem pasenctso (1). [TpeoGpasyem ero JieByto 4acTh:
£k
a‘a' =a% -a" =

| no Teopeme 1 u3 n. 1.8 noayuum |
np kg
=g g =

| no OnpejiefieHHI0 CTelneHH ¢ pallMoOHa/bHBLIM MoKa3aTe/ieM HMeeM 1

= ”‘-"aup _"‘T}akq =



0
— gl onp Ry
=a” -g" = 05 (
a

| 1o cBoieTBY CTEneHel ¢ HebIMH 10KA3ATEeAAMI [TOJYYHM |

5, 8
:Hrfl'uw,_fw = ()TB{_‘,']‘ E

| no Teopemam uz n. 1.4, 1.5 umeem | Mpu a =225 = = -Ell noJynm

- _— ATTOKHTE axente a— b na
| 1O OHpeaeaCHHIO CTENCHN ¢ PAlHOHAJILHBIM [TOKa3aTeIeM umeem | Opwstep 2 Tlyersig > 0,,6> 0. Pasioxrs. BLpameHue
g % s . MHOMKHTENIH KAK Pa3HOCTh:
=0 e e R, L ATETE - i = 5 X CTOneHe
—aq M g™ M4 " gt a) KBaaparos; 0)*F kybon, i) MeTBEPTLIX CTeneHeH.
b 1P 5 )
JloKasaTenLeTBO OCTANLHBIX PABEHCTB AHAOIHIHO 0KA3aTeNbCTRY Pewenne. . - 1 | i i
N2 L2 I o Llyg L1
pasenctpa (1) X A A) a-b= (ﬁ.z ) - (;,2 ) = (uz _p? )(a“’ + b? )
e ; _ " y | Iy2
i 3 || 3ameuanne I. Cornacno teopeme 2 u3 n. 1.8 nokaszanHble ( = “ ( l‘)’ ( ' bl‘ ( ‘-',;) . +(b‘) )_
- _h=lgd) =|p2]| = — a =
® || B ITOM NyUKTE YTBEpPXKACHHS BEPHBI U B cilyuae, KOIjla OjHo 13 AG) a-b=\a " e
. ! 2 1 2
qHCeN 8 HaH [ ednoe. = Y\ 5 3
:(u*_f;' a’ +(ab)* +b* ). A
Y 0 b 2
"' ‘ 3amevanne 2. Papenctna (1)—(5) ABAsioTes TOKIECTBAMH, 14 144 ( ‘T)" ( %)‘)(( l‘)z (th) )
: —lat) =|b'] = g ) at| —{o -
Lo MOCKOJILKY KaXJ10€ M3 HHX MPeBPallaeTesl B BEPHOE YHCIOBOE B) a—b *(“ ) (b ) @) i
SHE oA : R I KW |
‘ PABEHCTBO NPH JIIOOOM 3HAYEHHH [€PEMEHHbBIX, [IPH KOTOPbIX B (u“:" . f)-’)(a" _p )(a" +h4)
| BXOMMILIME B 3TO PABEHCTBO BBIPAKEHHS HMEIOT CMbICI. N
A |lpoop b Cokparuts apodhb
Caeacrane. Lns MoGbIX NOJOMKHTENbHBIX 3HaYeHHH a ¥ b npu 2
JI0GOM palHOHANBHOM { BepHBI paBeHCTBa: 25 +5m3 + m>
126-m
=i 1
f | a b
e di (@)= (2). pee
T elieHne.
a b a e 2
3 3
25 +5m% +m? 2o+am" tme
A JIoKaxHTe ITH PABEHCTBA CAMOCTOSTENILHO, HCNOJIb3YA PABEHCTBA 125 —m , f]i’-
(2)n (5). A 5 —(m"
a ! g
pumep 1. Haiith 3navenne Beipaxenns 25 4+ 5m3 —m? = |
1 i =1 - L 9 £ LA R Li
a2 n2b 995 (5 — i3 ) (5' +omd + (m 3 ) A=
—s | TPra=2.25 |
(tr"‘) OTser: . A
Peienne. Boinonuum npeoGpasosatnsi: 5—m?
1 = 3.7 3 Cpowep b Hailti 3nadenue BblpaeHus
L5 31 3
a2-a” )\ _ g MW a? 15=3 _ -5

&y) eEse T T (3-&ﬁ)(3+14-‘?);(9+(75_g%)z).
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Pewenue.
(3—14%)(3“4%) _ i*’—(H%)Q o
9-1-(7%—2"})2 q+((75)2+(2~l- 2—2 7% 2%)
B 9-:4% 9—|4% 1
- i =5
9+7+2-2-142  18-2:142
OTBeT: é«

. Chopmyaupyiite Teopemy o AeHCTBUAX HAL CTENEHSIMH C pallio-
HaJILHBIMH TTOKA3aTeNsAMH.
2. Kak nepeMHOMKHTL [BE CTENEHH ¢ OJHHAKOBBLIMH OCHOBAHHAMM?
3. UYemy pasiio YaCTHOE ABYX CTEIEHEH ¢ OHHAKOBLIMH OCHOBAHUSIMH ?
4. Kak BO3BeCTH cTeNeHb C PALHOHAJLHBIM MOKasaTejeM B palo-
| HANILHYIO CTereHb?
5. Kak poapecTH B PalMOHAJILHYIO CTENEHb MPOH3BEAEHHE MOJOMKH-
TeMbHbBIX YHCe?
6. Kak BoasecTH B palMOHAIILHYIO CTEMNEHL NOMOKHTEILHYIO 1poib?

Ynpaxuneuuns.

[IpencraBere B BU/E CTeNeHH ¢ paLMOHAIbHBIM okasatesiem (1.149—1.154).

11
1.149°. 1) a?a?;

11
2) a 2a3:

1 4
4) a’a®; 5) a%* " g%s: 6) aba’a?;
3 5 _1 = § it A
7) ataq 3; 8)a"®a>a’?; 9) a®a '8q*t.
1l 3 S £, L
1.180° 1) b% H2: 2) b% b2 3) b5 :b 2
2 L ol U
4) b5 1510, 5) b ¥ :b% 6) %% : b5
- I & A 1
7) b0 :p08, 8) b4 :b%:h 6: 9) b6 :b 12 :p2
IR 244 _1y2
1.151°% 1) (f2)3; 2) (1‘3)9; 3) (f ?)5;

wr
- [

4) (t*) 1z, 6) (£°%)26,

) .

il

b7

1.152°.

1.153.

1.154.

_3 1
LY (%) i),

Buucaute (1.155—1.158).

1.155°.

1
1.156°. 1) (8-27)3;

41
b

I} 3%

= =

a

i N
3)3 ¥::9 ¥
b 2
5) 102 -10%' -10%;
7) 2-4%4 .3/2;
9) 49-32.3%%;

9 (84)7;

1.157.1) (32)7 +(32)",

243

4) 5—1_3 :5—0.1' X 5—'.':‘;
1 2 _1

6) 25% -5 3 +125 9
Al 1

8) 125 3 -25% -/5;

10) W.2-U.6 .21.2-

YO e
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0.6 'g 08 é 1 1 3 5
gy o2 . 1oy 1 1.162°. 1) (ab)? + (ac)?; 2) (ab)* —(ac)®;
FPREI 973 i A 8 18
1 - 1 3) 12ab? —3a?b; 4) 5a°¢® +15a5¢3;
82 -39 813 - /49 -
1.158. ; BN L 1L L 2 L L1
) Béi o 2) 733" 5) 24a’bt +8a'b?: 6) 2%a%b—2%2a'0p®
(_Q_)‘ﬁ .(25 )_% _41)‘% (21)_3’ 45 1.163.  Jlokaxute TOMKICCTBO:
3) 16 36/ . 4) ~121 8 ) Loy L L
Wy e (ot o) ) =t
3 "’) A 05 ) ‘(_ﬁ) Lolyy 2 112
5 11 7 2)(ﬂl+b!)( 5‘—a3‘b:"+b3)-0+b
1.159. Haiiwmre x, ecan: 1 lys 2 L1 2
5 9 3) (a" b’ )(u +a’h? +bi") =a—b.
23 .4 3
b T = 61 1.164°. Boapennte B KBaApaT BbipaxeHHe:
<l 2 . '7 1 ol =
2}93.2433 =(l)% L 1) ;—43 2)3_—’4—9:,
3. 3 4 ’ 3 kil
Vo x e 3) a? +b’ 4)ym? —n *,;
P S 1 3 5
3) ‘4 Z 169 =(L)2. L. a}2m- —3n2: 6) 412 +5d*.
X16)*-va-x ‘4 {f16)?
[ 1.165. Ynpocture BhipakeHue:
gy _125? 020 _ %5y 1 1 z 3
ABP - (x=1) o5? " 1)® (a—b‘-’)(a+h2): 2)° (f )( —'")
1.160. TlpencraBure B BHIE CyMMBbI: 3)° (af_l; _ [_-1)(i,-| 4. a'_f’ ); 4y (h% *d—u)(d-:t +bi );
1 2 1 L 9 2
1) x* (4—x3 ); 2) x2 (2+J|:2 ); | 5) (4a§ +:‘%)(4a§ —I_% );
T B 22/4 & 2 2 5
3) a%“’(u? +b2); 4) a’b? (a-‘* —b? ) 6) (3:3 +d ")(3r3 ~d ﬁ):
2 1 [
Bhinecure o6uwmit MHOXKHTEbL 33 cKOOKH (1.161—1.162). 7)4g% - (QG‘ + 352)(20 - 3b° )‘
1 1 5 2 L N A L
1.161°. 1) a? +a; 2) a-a?; 3) a+ab: 8) 9b° — (Sb' —2a %)(3‘5" +2“J):
i i A 1 3
4) a% - a; 5) a? +a*; 6) a® —a’; )955”+16c—(b~’+46):
2 1 3 2 20 5 2 1
7) a’® -ab; 8) a® ~a® +a; 9) @—a’+ab. 10) 9a® ~ ( 2)
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1.166. Briuucaure;

Paznoxure Ha MHOMKHTE/H, HCIOJb3Y#H Ebﬂpl\"ly.i[y PasHOCTH KBalpaTOB

(1.167—1.168).

1.167°, 1) a—121, 2) 49 —m; 8) i =18;
4) 5-¢%; 5) 7—-b*; 6) d® —10.
1 S 4 1 2
1.168. 1)a? —b%; 2) a® - b3, 3)a’ -1,
1 1 1 1 1
4)4-n?,; 5) 4a? - 25b%; 6) 0,01m® - 0,09n2;
2 2 ) 1
7) x3 = 3; 8) 6—x5; B ¥ 2—y %
1 1 L
10) x3 —a *; I1ym*—n2; 12) m™ —=nb,
Cokpature apobb (1.169—1.170).
) (O 4 4
== 2 42 D — b5
1.169. 1) =" Byt 3) L
m? —n? ad —bd
U | 2 4 2 1
m? —n2 a’ —25b7 ad -96%
) —7—1 ) — 6) 4/
m4 4+ nt 2a7 - 1067 4ad +12b4
7)* a-i/b?_ 8)* ava + b\b 9)* 27 -a
¥ i “JE4ds " T 2
Ya-¥o 4G +lb 9+3a3 +a3
21 13 3 X
a3p2 —alp? ad —ads
1.170. 1) —/———; P —1—1 3
ab? +a2b a+a3bd +a3b’
s ﬂa; Sboj; b2 = " 208 _zgc;.zsb:r;ez +h‘9'5:
b a’b+ b a” -
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025,075 0,5,0,5
« a+a™b . b—a"h"
D) Q05 4 025,055 1 6) 075 L L0205 °
Ynpocture Boipaxenue (1.171—1.174).
3 3 1 1
171, 1) \/aﬁb--’ —Ga“h 3 +9b3 ;
2) a%—ga%bé*—la*blé
3 9
N T TR
a-b a-b m?2 —n2  m?2 —p2
1.172. 1) R R 2) T T 1
a? —p2 g2 4 p2 mt —nt  mt 4+t
)4x°-5 16 408 4y _a=b _a? _ptd
x-16 944" I 1 a-b
L1 a? -2
a->b aE—bE. a+b a-b
L N H B e W
at +a?bt  at 4+ bt ad +b3 @3 -p3
2 49
a” +b a+b -1
?)( I 3 1 1 ab™;
ab? +a? g2 4+b?
2 49
a- - b a-b a1
8’(; =X 1)'(3) )
a? +ab?  a? b2
1.173%. 1) _&_- 2) _z_fi_
l+4¢'1*3 2-Ya ad +9+3-Ya
1 1
{4:q3 ;
3) +1:1l (1 aga _2_%)’
|—a3 ad -1
ik 2
fieeiiB 3
4) —2 (1-“,”‘ +2 3a2)
1 -a3 ad +1
i 11
5 b—a2p? . a b a+b
l.l74*.1) (az+ T _l_.).( I.T + 11 - T 1 :
a2 b2 a2p? + a?p? - a?p?
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15 1.5 0.5
a™ +b 05105 ). 26"
) ﬂll}.:,s + btJ_:; al’l.u + bU.n
(-4 N R R g 2 [ & -2
4) aﬂu’) i !‘JU.J an.-.l .- bu") ) ””.7’ + 1 « ﬂ,U.-J :_1 B 4 )
P N ORE B a’ -1 a*® &1 a-l

dBHECHWE CTENCHEH © i.(l.‘in‘-'!!f:.“:i‘.sn\ifi HOK23ATENAMH

Teopema 1. Ilyctb a > 1. Torna:
1) ecan r — MONOXKATENILHOE paLHOHANIbHOE YHeao, To a” > 1
2) ecaiM § M r — palMoHANbHbIE YHesia U § > r, T0 a° > a'.

HokazareabceTrso., 1) [MogoxurensHoe pauMoHaNbHOE YHCJIO T
%, re k u | — natypanbHbie qucaa.

o yenoBHio @ > |, 3HAUUT, CONIACHO CBOWCTBY CTENeHei ¢ HaTy-
pasibHBIMH nokasatesimu noaydum a* > 1%, 1. e. a* > 1. Tlocaennee we-
PABEHCTBO MOXKHO NEpernncaTh TaK:

MOXKHO MPE/ICTABUTL B BHIE T =

63

ki
((:’) =2 i3

Eute pas Bocno/ib30BaBUIMCh CBOHCTBOM CTENEHEH C HaTypabHbIMK

nokasaTensiMHi, noJy4um
&

a' >1, r.e. a” >1.
2) Jlokasateaserso ananoruyto ).
Teopema 2. Tlyets 0 < a < 1. Torna:

1) ecin r — TONOKHTENBHOE palHOHAAbHOE YHedao, To a” < 1]
2) ec/in § M r — palHoOHaJbHble YHeaa u s > r, To @’ < a'.

JlokasaTeabCTBO 3ITOH TEOPEMbl AHAJOTHYHO JIOKA3aTeJIbCTBY
Teopembl 1.
‘vep 1 CpaBHUTb 3HAYEHUsH BblpaKeHHI:
N i
0 (3) (3
) 9 9 :
. — e L
&) 0.8 u 0.8%%

o (3" n (3

4
Peuwrenue. a) OcHoBanue cteneHen (%)4 " (%)5 — YHCJO % —

r
MOJOMHUTENBHO H MEHBIIIE 1, NPpH 3TOM [OKasaTe/lb % DoJiblile NoKasa-
TeJs 7_1 B srom ciiydae 60J1b]IIEMy 3HAYEHHIO NoKasaTesisi COOTBeTCTBY -
€T MEHLLICE 3HaYeHHEe CTeNneHH. I-[DBT(}MY HMeeM

P pmid
TV « (_)5.
(8)* <(3
0) Jlnst ocHoBaHMs cTerneHe W MX MokasaTeseil COOTBeTCTBEHHO
BepHbl HEpPABEHCTBA
0<08<1u-10<-69.
B srom cayuae OoJiblieMy 3HAYEHHIO MOKA3aTeisi COOTBETCTBYET
MeHblllee 3HaueHnne crenenu. [Tostomy numeem

0,819> 0,85

B) Jlasi ocHoBaHMsi cTeneHeil M HX MNokasaTeseil COOTBETCTBEHHO
BeprI HepaBQHCTBE
%>1uﬂu<—&z

B stom chaydae 60.HbLLIEMy JHAYEHHIO rNoKasaTtens COOTBETCTBYET
DoJIblLIee 3HAYEHHE CTETeHH. HOBTOM}" HMEeM

5 =11 5 -3,7
R T
(5) <G)
Hpuwep 20 Cpauutb R (R > 0) ¢ eMHHLEH, €M W3BECTHO, UTO
BEPHO HEPABEHCTBO:
2 1
a) k7 <Ek7:

6) k—.’i.'i > k—?.l; B) kﬂ < kS'T,

Pewenwne. a) I—IOCKOJley JUIs [IoKasareJsieil creneHen BEPHO Hepa-
BEHCTBO —i— > ;— H 1O YCJIOBHIO 6()J1b11ie]\|"|y 3HAYCHHIO NoKasaTtedd crefe-

H COOTBETCTBYET MeHbllee 3HA4YeHHe CTeNneHH, TO OCHOBAaHWE CTeIeHH
k yiosnetBopsiet HepasencerBy 0 < k < 1.

0) [TockonbKy a1 rokasatesiell  CTeneHd BEpPHO  HEPABEHCTBO
-3,4< =2,1 ¥ no ycnoBuio GoJblleMy 3HAYEHHIO MOKA3aTe/st COOTBET-
CTBYET MEHblIIee 3HAYeHHEe CTErNeHH, TO OCHOBAHHE CTENeHH R YIOBJIeTBO-
psiet HepaBeHerBy 0 < k< 1.

i) " [TotKoubKy /15l NOKa3areseit CTeneHed BEPHO HEPABEHCTBO
(1 <5,7 1 1o yc/0BHIO DOJILLIEMY-3HAYEHHIO NOKA3aTeNsl COOTBETCTBYET
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GoJIbllee 3HAYEHHE CTENEHH, TO OCHOBAHME CTENeHH R yIOBJIETBOpSAET
HepapeHeTry k> |,
Otser:a)0<k<];6)0<k<];8) k> 1.

""6‘ 1. Ccopmyanpyiite TeopeMy 0 CpPaBHeHHM CTEreHeil ¢ ocHOBaHHeM
J_._] foaLie eHHNLbL
2. CdopmysripyiiTe Teopemy 0 CpaBHeHHH CTENeHell ¢ noaoKHTe b=
HLIM OCHOBAHWEM MEHbIIe eHHHILLI.

Ynpaxuenusn

Cpasuute uncna (1.175—1.180).
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11755, I).Z’HZ4

2

3) ()7 w (3)"

5) 0,001 u 0,0017"7;

() )
8 4
9 () » (g)%
1.176°. 1) 0. 2"'“* W e
3) 12* " 12“
5) 1 u U.T“:

5 3
2) 23% u 238:

0 () « (3"

6) 0,999 u 0,9997'%;

8) (g]n.az 5 (%)!J.Ii;

0)

9 0.8
ﬁ) n 0,97,

.._
-3k

=
—

1 :
2) 85 u 0,12572°;
a
4) 1,6" n 1,6%;
4
6) 0,81° u I;

7) (I\/E].'LE i l;
9) 2,670.4 u 0,47/2.5;

8)1“%%;

- 10) %{*E n 3-40.6.

ATT. 122
2) (1)7967 u (1) 2467
2 3
3 () (3) w (3)° ()

1.178.

1.179.

1.180.

1.181.

1.182.

L 224
2) 0,357 * u 0,3571 3:

2 2
4 (V1) 7 u (245)7

4}\[1+

1) 25 -1 u 6=+/5;
9 T —1 u 9—38J7:

3) (3‘/5‘\/92 . (3J§+\E)g;

4) (2\B+\g)2 " (zﬁ-\g)2.
Pacnonoxure uMcaa B nopsyike yonipanus:
DN @ G 2 (% )
o (@ (2% @) o
5) V/0.3; 0,3; (V5 -1)%; By 1T 1.7

CpaBsHuTe ¢ eHHHIIEH YHCIO:

1) 3%, 2) (1) % (%)5"

2 H ¥
9 (3) , 5 () 6) (3) §
Wi | ) (x—1)¥; u 9) (T ;
\EHCIUL G (-1 12) (B -2
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1.183. 3nas, uto 0 <m < 1, cpasuure: ‘

1)y m™ uw m*3:

3) m—'.-!i‘;.ﬁ " m-.‘in:

5) m™™ u m0
i 2

7) m? w m3;

9) m2* u m%,

2) In{].l.’i n mlJ.lG :

4) m—m " m—51.4 :

6} mﬂ.b.i " mﬂ.ﬁQ;
_3 =,

) m*um?,

l{]] rn—-l.l-i " m—=l L4 A

1.184. 3muas, yto a > 1, cpaBuure:

1) @™ u g%

3) aU.Eil:') " amm.
| 2

9} al),l'}ii n ﬂi!,ﬁ,

2} u—IH " a—l?'.‘El!];

4} al.ﬁ:! " al.ﬁZ;
T 8

6)a' nwa?;
il
Ha?l;
- o,

n o

ES

8) a
10) a

&n (<1}

Cpashute uncna a w b, ecid W3BECTHO, YTO BEPHO HEPaBEHCTBO

(1.185— 1.186).
1.185. 1) 3% > 3":

Y (5) >(3)

9
1.186. 1) (V5)'<(v5)";

"

2 (5>

5) n* < n”:

D (5> ()

2) 1,4 < 1.4":

5 (3 > (@)

2) (V3)">(V3)";
(&) <($):
0 (1) > (1)

o (5> ()

4)

ﬂ._

Cpaguure yneno m (m > 0) ¢ eaunnuei, eciu M3BECTHO, 4TO BEPHO He-

pasexctso (1.187—1.188).
1.187. 1) m* >m*:

4) m% > mg;

7) m% < mh

2) m* <m®;

5) m?>m’:

2 3

3) m® <mb;

6) ™ e o

3 !l
8) m® > nd 4§
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5\3 25 ,0.75
;-;)_4 3, Ym? >(m0'°]' .

3 \2
= 8' 1 ( I) .3 3 <( '
1.18 ) \m m m ( %)% I
3) .rzu'[\')rnr“"n'z2 S Ymm™ 3 m

7 a7
mb m 9
2] 5 )
Im? - Ym mylm= <m

6)' m” eNm & m" _

1.11. Crenennas hynkums (nokasareib NOJOKHUTENbHBLIN )

B npembutyumx Knaccax Mbl u3ydanu QyHKUMM Yy =X, y=Xx°,

y=x°, y=+x. Kaxnas n3 Hux siBIsieTcsi YACTHBIM Cayuaem dyHKIHH
y=x,

rae r >0 — nocrosiHHas.

Takas yHkUHs Ha3bIBaeTcs cmeneHHou.

Pacemotpum crenennbie GyHKUHH ¢ Pa3/IHIHBIMH MOJOMKHTENLHBIMH
oKa3aTensiMu.

I. Pynkuus y = x
paibHOE YHCA0

EcrectBenHass 06aacTb  OrnpeeeHus
BhIpAXKEHHS x** — MHOXKecTBO R Beex jiefi-
CTBHTeJIbHLIX yuces. OHo H siBasiercst 06-
JIACTBIO onpejeseHHst QyHKIHH

y=x*,

Hazoem cBoficTBa QyHKUMM Yy =X
k € N. Ouu Te xe, 4To U y QYHKUHH Y = X7,
W YCTAHABJMBAIOTCS TaK Ke, KaK CBOHCTBA
570i yHkuMd. Ilnsi cpaBHenusi rpaduku
dbyukimii Yy =x> u y=x' n3o6paxens Ha
pHCyHKe 3.

2k rpe k — warty-

2k
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Teopema (o csolicmsax ynxyun y=x*, k e N)

1. OGnacteio onpenenenus GyHKUMH ABJRETCA MHOXeCTBO R
BCEX JEeHCTBUTENBHBIX YHCE.

2. MHoxecTBOM (06N2CTHIO) 3HAYCHHM BYHKUHH SBASETCH npo-
MEKYTOK |0; +00). ) )

3. 3HaueHHe dyHKUHH, pasHOe HyTIo (i = (), RBAACTCH HAHMEH)-
WUKM, 2 HAHGOANbLLICTO 3HAYEHNA DYHKIMA He HMeeT,

4. Ipadux GyHKIMM HMeeT ¢ OCAMH KOOPOMHAT eAHHCTBEHHYIO
o6uwyio Touky (0; 0) — nHauano koopapmar.

D. 3Hauenne aprymenta, paBHoe Hy/o (x=0), sBAseTCH HyaeM
dyHKUKY.

6. DyHKUMA NMPHHHMAET MOJNOXKHTENbHME 3HaveHust (y > 0) Ha
MHOXKecTBe (—00; 0)U(0; +00), T. e. Bce TOUKH rpadhka, Kpome

Hauana KoopauHaT, Jexar Buiwe ocH Ox, B | u Il KoopaunaTHbix
yFaax.

7. byHkups weTHas; rpaduK (YHKIMH CHMMETPHYEH OTHOCH-
TEABHO OCH OpAMHAT.

8. ®ynkups ybuiBaioiian Ha npoMexyTke (—o0; 0]  BoapacTalo-
Was Ha npoMmexyTke [0; +00), .

9. OyHKUHAA He ABJACTCH NEPHOAHHECKOHN. S

Y6enutech B CNPaBeAIHBOCTY STHX CBOWCTB, HCTIOABL3YA CXeMaThu-
Hoe H3oGpaxenue rpatdmka yHKuwiH ¥ = x* (k € N) ua pucyHke 4.
3ameuanne Ecan r=0, To dynkuus y=x" uMeer sun y = x°.
Ecrectpennast o6sactb ompenene-
YAy =y peN WA BhpaXeHus x* — MAoxectso
' (—00; 0) U{0; +20), T. e. Bce 3Haue-
HUA NIepeMeHRol X, KpoMe Hyaa (x=0).
Ha stofi o6nactu onpenesnenns ¢yHk-
uua g =x" UMeeT NOCTOAHHOE 3HAvYEHHe,
papHoe 1. HzoGpaxenne rpaduka stoil
_ GYHKIIHH IaHO Ha pUCYHKe 5.
, 2. Oynkuna g =x*"', e b —
= HATypalbHOE HHCANO
0 x
Ecrectsennan oGnacrs onpenene-
Puc. 4 HHA BhIpaXKeHns x***! — MHoXecTBO R

o
y+ y=x",r=0 ﬂ_y-lx
1
1 f
i ——. [+ L _“
y=x7
_-_ 3
o x
2L 1
Puc. 5 Puc. 6 )
BeeX JIeHCTBHTELHBIX Yace. 3To H OyaeT — 6/4 14
06AacTb OnpeaencHis GpyHKUHHA = ' - :
y =x2k+ l' " kY
Hazosem cpoiictBa (pyHKuHH y=x2**!, f -!B
k € N. Onn e e, 4T0 H y byHKUUH y =X°, A
H YCTAHABAHBAIOTCA TaK XKe, KAK CBOACTBA
yroil  ¢yukumn. Jlas ymo6crea cpabHe-
st CBORCTS dyHKMA y=x> M y=x> uX
rpathiky M306paxeHbl Ha OJHOM PHCYHKe ﬂs

{puc. 6).

Teopewma (o ceoiicmsax pynxyuu y=x**', k € N)
1. O6aacTbio onpenenenus QyHKLUHA ABASETC MHOXKECTBO R Beex
JIeAICTBATENbHLIX YHCES,

2. MioxecTBoM {00AaCTEI0) 3HaYeHHR (BYHKUHH ABJAETCA MHOXeC-
T80 R BCex AelCTBHTENbLRLIX YHCES,

3. DyHKUHMA HauMeHbUIEro W HAHGOMBILEro 3HAYCHHH He HMeeT.

4, Tpaduk yHKUHH TepeceKaeT OCH KOODIHHAT B eIHHCTBEHHOH
toyke (0; 0) —Havane KOOpPAUHAT.

5. 3HaueHne apryMeHTa, papHoe Hyao (x=0), sBasgercs HyneMm
YHKLHH. o

6. CDyHKuHﬁ npnuuﬁae‘r drpmammme saveuna (y <0) ra
npoMexyTie (—00; 0} 1 NOJAOKHTENbHbIE SHAUEHHS (y > 0) na npo-
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mexyTke (0; +00); rpadmk dyukuuu pacnoaoken B 1 u 111 KOOPJIH -
HaTHBIX yIJiax.

7. OyHkuusa HeueTHasi; rpadk ByHKIHH CHMMETPHYEH OTHO-
CHTEJIbHO Hayasa KOOpAHHAT.

8. Dynkumsa Bo3pacTaiollas Ha 06JACTH ONpeeeHHs.

9. DyHKUMS He FBJISETCS MePHOAHYECKON.

YGeurech B CIPaBEIHBOCTH STHX CBOWCTB, HCTIO/B3YS CXeMaTH-
Hoe n3obpaxenue rpauka ynkunn y=x**" (k € N) na pucynke 7.
ITpuwep | CpaBHus cxemathuHblie H300paXeHHS rpatHKOB (yHK-

wiit y=x* n y=x**' ke N (cm. puc. 4, 7), ykasat, Ha Kakom U3
MHOXeCTB 00€ QyHKLHH:

a) Bospacrator,
0) UMEIOT 3HAYeHHUsT PA3HBLIX 3HAKOB,
B) yObiBalor;
I') TPHHUMAIOT HEOTPUILATE/ILHBIE 3HAYECHHSI:
1) NPUHHUMAIOT [TOJIOXKHTE/IbHbIE 3HAYEHHUS,
€) NPHHUMAIOT PaBHble 3HAYEHHS.
OTtser: a)|0; +o0);
6) (-o0; 0);
B) HET TAKOro NpOMEKyTKa;
r)[0; +o0);
) (05 +o0);
e) {0; 1}.
3ameuanne. Ecam r=1, 10 dynkins y=x" cosnauaer c (hyHK-
uHei y =x, rpaguk KOTOpoil 300paxeH Ha pucytke 8.

y y‘

N
[
-

it
=8

<
Il
R v

Puc. 7 Puc. 8

71
- ..y‘ - 53
1 mid
| yoat
21 .,
| 14
Puc. 9 | |0 L 11 2 x
3. ®Pyukuun y=x", rae r — PpauMOHANbHOE HELEN0e YHCI0
6oabuie |
O6Gnactb onpeaeenust 3Toil GyHkuun — npomexkytok [0; +00),

T. e, 3Ta CIJYHKU.HH paccemarpuBaeTcs TOJNLKO Ha MHOMEeCTBE BCEX HEOT-
pHUaTebHbIX JNeHCTBUTEJIbHBIX HHCe,

03 |

5
Hoy=x2

e

Jlnsi cpasHenust rpaduki GyHkumwi y=x7, y=x
nzobparkenbl Ha pucytke 9. )

Caoiictea dynkumn y=x"(re Q, re Z, r> 1) te xe, 4T0 H CBOH-
crBa QyHKuHK y = X" (n € N, n > 1), paccMaTpHBaeMOil Ha NPOMEXYTKe
[0; +00). (Cdopmyaupyiite 3TH CBOHCTBA. )

4. dyukuua y =x", rie r — MN0J0KHTEIbHOE pAlMOHANbHOE YHC-
10 menbiue |

O6nacti onpejenenust 370l GyHKUHH — npomexyTok [0; +99), T. e.
3Ta (PYHKIHS PACCMATPHBAETCS TOJbKO HA MHOXKECTBE BCEX HEOTpHIA-
TEeJbHBIX JIEHCTBUTENLHBIX YHCEJL.

Hasosem cBoiicTBa dyhkimn y=x",rnere Q, re Z, 0 <r<1 (oun
|
TE XKe, Y4T0 W y QYHKUMM ¢ = X?, M YCTAHABJIMBAIOTCHA TaK e, Kak

CBOWCTBA 3TOH (DYHKIHH ).



72 73

vk a) yh 0) yA |
;21‘ y=x,req,
0<?‘41__ y=x,reqQ,
- —_— réeZ, r>1
1l > - 8 3
B Puc. 11
. I ]
. ! 1 4 | |95 | |

Yoeuurech B CNpaBejLUTHBOCTH 3THX CBOHCTB, HCHOJB3YA CXEMAaTHY -

) |
L ! L 1 Ev—
Puc. 10 Ol 1 12113 1% Hbie H306paxkenusi rpadmkoB QYHKUHH y=X" (re Q, r & Z) npu pas-
JMYHBIX 3HA4YeHUsIX r Ha pucynke 11, a, 0.
1 2
ﬂe’:ﬂ yao6eTBa CpaBHeHust cBOWCTB dyHkuwi y=x*, y=x?, "” : [MonuepkHeM, QyHKUHUS y = X', r1e r — NOJOAKHTEJILHOE PaLHO-
5 I H a ) MaTPHBAETCS TOJIb-
Yy = x5 ux rpaduku nzoGpaxkenbl Ha o HOM pueynke (puc. 10). 2 HEJESHGE; UQ He HAgpallboe ity pacitiy e To

KO Ha MHOMeECTBE BCEX HEOTPHUATE/LHbBIX NEHCTBHTENLHBIX

yrce.
Teopema (o ceoucmsax pynxkyuu y=x', re Q, 0<r<1)
[Tpumep 2. M3o6pasuts (cxemaTnuno) rpaduk QyHKumm:
1. O6nactsio  onpenesienusi  GyHKUAK  SBASETCS  MHOMXKECTBO =
[0; +00). a) y=x*;
2. MuoxkecTBoM (061aCThi0) 3HAYEHUH DYHKIHH SBASETCS MHO- 6) y=x"" -15.
xkectBo [0; +00).
[ ) Pewenwne. a) Ha pucynke 12, a cxematnyno HaoOpaxeH rpaduk
3. 3Havenne yHkLmH, paBHoe Hyalo (y = 0), SBaseTcs HaHMeHb- 13
LIHM, & HAHOOJIbLLIEro 3HayeHns: YHKIMS He uMeerT. bynkunn y = x4 .
4. Tpaduk GYHKUMH HMEET C OCSMH KOOPIAMHAT eHHCTBEHHYIO 6)Ha pucynke 12,6 cxematnuHo usoOpaxken rpaduk dyHKimy
o6utyto Touky (0; 0) — Havano KoopaHHart. y= "% =1.b,

5. 3uayenne aprymenra, pasHoe HyJio (x=0), siBasieTcs HyJeMm
HKILHH.
(bynxiy a) y| 0) y
6. PyHKuMs NpPUHHMAeT NONOKHUTENbHbIe 3Hadenus (y > 0) Ha
npomexytke (0; +90); rpaduk yHKUHH pacnosoxkeH B I Koopau- /

HATHOM yrJie. / (0] X
o ” " / /
7. DyHKUMS He SIBAAETCS HU YETHOH, HH HEeYeTHOM. / L5 '
e . =1,
8. PyHKuuA Bo3pacTawuias Ha 06JacTH ONpejleseHus. 7] x l

9. DyHKUHMA He ABJISAETCS NePHOAHYECKOH. Pue. 12



1.189°.

1.190°,

1.191°,

1.192.

—_—

. Copmyaupyiite cBoiictsa dyukumn y =x>* (k € N).

2. Cdhopmyaupyiite cBoiicta pyHkuun iy =x**' (k € N).

3. Cdopmyaupyiite cBoiicta dyukuun y =x" (r € Q), ecau:
ayr>1,reZ 6)0<r<l.

4. H3ob6pasute cxeMaTHYHO rpaduk dyHkumn y=x"(r € Q), ecau:
ayr>1,relZ, 6)0<r<l.

5. Yrto Bbl MoXeTe ckaszath o rpaduke:
a) 4eTHOH dyHKUHH; 6) HeyeTHOH (YHKUHK, B) NEPHOAUYECKOH
hyHKLIHK?

6. Uro Bbl MoxeTe ckasaTh 06 06GACTH OMNpe/elieHHs:

a) veTHoH GyHKUMH; 6) HeyeTHOH (YHKUHH; B) MepHOAHYECKOl

yHKUHH?

YnpaxHeuuns

slBasieTcst JiH cTeNeHHOH QyHKLHSA:

1) y=23% 2) y=(sinx); 3) y=x5
4) y=(x+3)% By y=x% 6) g=n>*

— Sin0.5m. = 2 2- - #
7) y=xn05, 8) y=(3): 9) y=(-5)?

HasectHo, yto 0 < r< I, r € Q. CpaBuure:
1)0,13"u 0,17, 2) 0,23"u 0,34";
3) 2,78 u 3,1"; 4)4,52"n 6,9

. T\r TAr., TAr
5) (25111 E) H (1g 1) ; 6) (ctg T) H
Hasectho, yto r > 1, r € Q. Cpasuure:
1) 0,47 1 0,517 2) 0,39 u 0,42%;
3)3,14"n 4,73"; 4)9,2"n 11,387

5) (cos )' (tg0); 6) (sin %)r H (cos %’5} .

(2 cos -3“—)' .

Haimre 3Hauenue dyukuuu f(x) B Touke X
5

3
2) f(x) ~(16x)*,

1) f(x)=4x3, x=8; Xy = 16;
2.3

3) f(x) =YL, x=32; 4) flx )_ﬂ Xo=4;
X 5 x3

oy O b
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1.193.

1.194.

1.195°.

1.197.

2
(x2)"° (%)

5) f(x)= "—“ﬁ— Xo=3;

0.25
x 1
_L_J__L_, Xo=2.
Yx
Haiinure HauGouibliiee Lesioe 3Hadyenue x, npHHaiiexaulee o6-
JIACTH onpeieJieHus: (hyHKIHK:

6) f(x) =

15
4

9
1) f(x)=(4-x)%; 2) f(x)=(12-x)

6 12
3) f(x)=(40—x2—3x)'23: 4) f(x)=(9x - x? -14)7,
YKaxKuTe ectecTBeHHyl0 06/1aCTh ONpe/iesIeHHs! BbIpaXKeHHs:
-2 \2, T=8x\",
1}(.)J( Zt)' 2)(2+xx)'
2
9x + 4 13x - 623
3] (I2x+ox) ' 4) (?xx+‘21) ’
8 4
5) ((9-x*)x+2))°; 6) ((4-x")2x+8))'";
3 33
x+12-x*\29. 4-3x-x*\10
?)( x’-9 ) ! 8) ( X2 +4x ) '

Dyukuus 3anana gopmyaoi y = x". Hainkre n, ecav u3sectHo,
4To rpauk QyHKIHH NPOXOJHT Hepe3 TOUKY:

1) A(7; 49); 2) B(13; 169); 3) C(144; 12);
4) D(81; 9); 5) M(-64; -4); 6) M-216; -6);
7) K(625; 5); 8) P(1024; 4); 9) T(-243; -3).

. YKaXHTe NMpOMEeXKYTKH BO3pacTaHusi H yObIBaHUS (yHKLMH:

13

2g=a"s Wb y=as

5)y=x'”‘; 6) y= x?

Hafinute HauGosbluee W HaHMeHbllee 3HaueHHsi (PYHKUHMH

2
f(x)=2x—-5x3 na npomexyTke:

1)[0; 8:] 2)[1; 27},
3)[0,001; 125]; 4)[0,008; 1000].
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1.198.

YKakuTe KOOPAMHATHI TOYEK lepeceyerus rpaukos QyHKLMH:

3 4
y=Yx n y=x%; 2)y=Yx ny=x";

4
Ny=Ys+1l ny=(x+1)?;

2
3

1.199. Jlokaxute, 4T0 PyHKUHA [ SBASETCH HEYETHOM:

1.200.

1) fix)=x"+x";
3) fix)=(x*-3x)"%

2) fix)=x°—x*

4) fix)=(5x" +0,1x)™.
Jlokaxkute, 4T0 YHKUHS [ SBASETCS YETHOM:

1) fix)=x%—13x'% 2) fix)=0,7x" + x%

3) fix)=(x*~4)"", 4) fix)=(x*+8)"";

5) f(x)=(|x|+x*)*; 6) f(x}=(‘x4 —l|+x’*]3

a5

MaoGpasute (cxematnuno) rpaduk dyuxund (1.201—1.205).

1.201.

1.202.

1.203.

1.204.

1.205.

L
1) gi=ikd 2) e 3) y=x%
8 5
4) y=x" 5) y = x?; 6) y=x8
l) y:xsiug; 2) y=xms:. 3) y :xmg;
cn:us:-]—’E ulgﬂ‘- sing‘c"—.TI
4) y=x °; 5) y=x 7%, 6) y=x ° .
2 1 15
1) y=x°+2; ).y =%%¥ -1 3) y=x2 =3,
4) y=x"2+1, 5)y=x"-2; 6) y=x*+3.
19 33
Dy=(x-D3; 2)y=@x+)7; 3)y=(x+2)7;
5 22
4)y=(x-2)% 5) y=(x+3)"; 6) y=(x-3)%.

1)y=(x+2)"2-1; 2) y=(x-3)"+I;
2

) y=(x+1)% +2;
29

D) y=(;\c+3)T -3;

=2
4) y=(x-2)2 -2

3
6) y £ (x—1)! +3.

) y=Yx-2 n y=x%.
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1.206.

1.207%,

Peure

1.208.

1.209°,

Henoabsys nsobpaxkenue rpadmka dyHKUHH H3 yNpaKHeHWH
1.201—1.205, ykaxure ans Hee:

a) 06a1acThb ONpeleseHns,

6) MHOXKeCTBO (00J1aCTh) 3HAUEHHIT;

B) NPH KAKHX 3HAYEHUAX X 3HAYCHHUST Y NOJOMKHTEbHBI (OTpH-
larenbHol ),

) KOOPJAMHATHI TOYEK nepeceveHusi rpaduka ¢ ocsiMH Koop-
JIHHAT.

N3o6pasute (cxeMaTHyHO) rpauk hyHKUHH U yKaxuTe ee 00-
JAcTh onpejieJieHns, MHOKecTBO (06a1acTh) 3HAUeHHH (YHKIIUH
H [IPOMEKYTKH BO3pACTaHusi M yOLIBAHUSI:

L, 3 5
]'} Q‘:’XJ.']‘ 2} y:|x’!.’l; 3} y:!x‘.l;
4)y=|x|1_;: 5)y=\x—l|%; 6)y=|x+1|%;
7')y=|x+2|:13l; 8)y=|x_2]§;i;

L 9
9) y=|1-xi0 +2; 10) y =[3-x|2 -2;

1) y=|l+xl?("'+4;

12) y=[2+x‘g§"—4.

ypastenune (1.208—1.210).
L8 12

1) %30x° ~ 7595 33412 =0;
] 11 9 |

2) x10. x10 — 1 x10. 410 4 30 = 0;
1 2 5\%
3) x12 xw—s(xﬁ)f‘—%:o;
FAT 8\g
4) x'3. x! +4(x?) -5=0;
A S
5) (x3)4+3x”-x'?+2=0;
4\t5 6 1
6) (x“) +Qx17 = x17 318 =0,
2 1 43
1) x:‘ x:‘l :5‘ 2) x?ux? :4;
g 4 T A 3
3y 29 x9 =0 4) x'exll = -3;
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2|

) (xé )5?=27; 6) (x‘ )?2=64:
: 1

7) (x‘ 21

~4|—‘

)34= 9; 8) (ﬂ )42= 100;

9) (x%)35=243; 10) (x%)IS:E)IQ.

1 1
1.210%. 1) (x=3)? =4; 2) (x+2)* =3;

7

4) (x+4)% =—4;

6) (£*+6x+9)°°=0;
8) (x* -5x +6)*" =-2.

6

3) (x=1)% =-2;

5) (x*=2x +1)*°=1;
7) (x*~2x+3)0=~1;

1.211%, Pewnte HepaBeHCTBO:

1) (x% )? <8; 2) (7 " <o
A DN 00
5 () <or 6 (x3) =64

ICHHAY ‘l TKIHHAA (noRkd3arels OoTpUuitaTeilbHiiia )

B npeabyylx Kaaccax Mbl M3ydyaau QyHKUMo y =% (mam y=x7").

Ara pyHKUHS ABJFETCH YACTHBIM CJlydaeM cTerneHHoi QyHKUHH y = X', e
reZ, r<0.

PaccMoTpuM ellle HECKOJIBKO CliydaeB creneHHoi (yHKUHH ¢ OTpH-
11aTe/IbHbIM [10Ka3aTeneM.

1. Oyukuus y=x2*"" rne k — HatypanbHoe YHCIO

EctectBenHasi 06jiacTh OnpejieieHHst Bbipaxenus x ¢! — MHo-
KECTBO BCeX JICHCTBHTENbHBIX YHCeN, Kpome HyJsi, T. e. x # 0. Jlpyrumu
CI0BaMH, 06/1CTbIO Onpeesenus GyHKLMH y =x "' Gynet MHOXKeCTBO
(—o0; 0) U (0; +00).

Hasosem caoiictBa dyHkuun y=x**' (oHn Te ke, ytO M Y
GYHKUMH y=X"', W yCTAHABJMBAIOTCS TaK K€, KaK CBOWCTBA 3TON
hyHKIUH).

Jlns yno6eTBa CpaBHEHHsi CBOWCTB QyHKUMEl y=x"' M y=x
rpadukH u306paXkeHbl HAa OAHOM pHcyHKe (puc. 13).

2 g

Puc. 13

. 2+ 1

Teopema (o ceoicmsax ¢pynkyuu y=x**"', k e N).

1. O6unactbio onpenenenus QyHKUHH SBASETCH MHOXKECTBO BCeX
JIHCTBUTENILHBIX YHCed, Kpome Hyasi, T. €. x # 0.

2. MHuosxectBoM (06/1aCThI0) 3HAUEHHH (DYHKLMH ABASETCS MHO-
2KECTBO BCEX JIEHCTBHTEJbHBIX YHCe, KpoMe Hyas, T. e. y # 0.

3. Haumenbuiero u HanGosibIIero 3HayeHnit (DyHKLHS He HMeeT.

4. Ipauk dyHkumH He nepecekaeT KOOPAMHATHBIX OCeil.

5. PyHKUHA He HMeeT HyJed.

6. ®Oyukuusi npuHUMaeT oTpuuaTesbHble 3Hauenusi (y < 0) Ha
npomexytke (—00;0) M NpPUHUMAET MNOJOXKHMTENbHLIE 3HAYEHHS!

(y > 0) na npomexytke (0; +90); rpadmk yHKUHH pacnoioxeH B |
u 111 KoopaHHATHBIX yraax.
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7. Oyskuns HedeTHan; rpadHK QYHKUHH CHMMETPHUYCH OTHOCH-
TeJIbHO Hadafta KOOPAMHAT.

8. ®yuxuma ABAseTCs yOnBalowwed Ha npoMexkytke (—o0; 0) u
yObiBaioulefi Ha npoMexyrke (0; +00),
9. OyHKIMA He ABNAETCA NepuoHuecKoll.

Y6enutech B CIPaBeMINBOCTH 5THX CBOVCTB, HCTIONB3YS CXEMATHUHOE
usoGpaxenue rpaduxa GyHkimy y = x %+ (k & N) na pucynke 14.

-9 3ameTum, uTo yTBEpXKASHHE: PyHkyus y=x**' (ke N)
® ‘ ybugaem na sceil obracmu onpedeaenus — HeBepHO (N0O-
ACHHTE TIOYEMY ),

2. Oynkuun y=x*, tae & — mary- ‘ Puc. 14
paltbHOE YHCIO y

EcrectBenHasn o6aactb onpepene- )
HHS BHIPAXKEHHN X ¥ — MHOXKeCTBO BeexX
JeHCTBHTENIbHBIX UMCeN, KpoMe Hyas, T. e.
x#0. Hpycumu cioBaMu, o6aacTh omnpe-

Dk ol
JeneHns QyHKUBH ¢ =x""" — MHOXeCTBO - 0 X
(—00; 0) U (0; +00).
— 28R -
Hasopem cBofictBa dyHKIMH y =1, | y= x2k+1’
keN (ouu YCTAHABJMHBAKOTCH TAK Ke, il keN

KaK CBOUCTBA QYHKUMH y=X2, T. €. § = ;‘2—) Ina cpaBHeHHA rpadykn
GyHKIMA ¢ = x 2 W y=x" usobpakens Ha pucynke 15,

Teopema (o csodcmsax pynxuuu y=x*, k e N)

1. O6nactsio onpenesieHHs QYHKUMH ABASETCH MHOXKECTBO BCEX
AeHCTBHTENLHEIX YKCEN], KpOMe Hyas, T. €. x# 0.

2. MHoXecTBOM (06M1aCTBIO) 3HAYEHMH QYHKUUH ABASETCS NpO-
mMexyTok (0; +00), '

3. Haumennuero v nanGosibiiero 3HaueHnfi GyHKUMA He HMeer.

4. Ipaduk dyHKUHH He MepeceKaeT KOOPAMHATHLIX Oces.

5. ®OyHKuMA He HMeeT HyJeh,

6. Oyukuys npHHEMaeT TONOXKKTENbHBIe 3Havexnsa (y > 0) Ha
Beed ofnacth onpenenennst (—o9; 0) U (0; +00); rpadmx dyHkumuu
pacnoaoxen B I v Il xoopaunaTHNX yraax,

\- .

N F

-2 11 ] 1 k

L -2
. v L Y=
P \'L"i. ]
2 I

Puc. 15

7. Oydxuna 4etHan; rpaduK (YHKIMH CHMMETpPHYeH OTHOCH-
TeJbEO ocH opanHaT Oy.

8. Oynxuun Bospacraiollas Ha npoMexytke (—00; D) n y6piparo-
Wwas Ha npomexyTke ({; +09).

9. OyHKuyA He ABAAETCA NEePHORHYECKOM.

Y6enutech B CPaBEIHBOCTH ITHX ¥ * o
CBOHCTB, MCTIOJNB3YH CXEMaTHYHOE H30- y=x",
OparkeHue rpaguka dyHKUHH keN

y=x*(kecN) \
Ha prcynke 16, Puc. 16 0 ol

CpaBHuB H30Opaxenus rpadMKoB dyHxUME y=x 2! 4
y=x* ke N(cM. puc. 14, 16), yKasaTh, Ha KAKOM H3 MHOXeCTB ofe
bynKiua:

a) BO3pacCTaloT;

6) HMeIOT 3HAYEHHN PA3HLIX 3HAKOB,

B) yOniBaIOT,

I} OPHHHMAIOT MOAOKHTENLHBIE 3HAYSHHS,;

J\) IPUHUMAIOT PABHLIE 3HAUECHHA.

OTeeT a) HeT Takux npoMexxyTkos;, 6) (—o9;0); B) (0; +00);
1)(0; +e0); a) {1}.
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yA Ynpaxnenus
p
=x,reQ,r¢Z
g< 0 FEQrEL, 1.212°. Uzsectho, uto r< 0, r € Q. Cpasuute:
1)0,15" u 0,347 2)0,17" 1 0,23
3)3,1" u 4,527, 4) 2,78 n 6,97
r 2 2 I
0 - 5) (tg%) u (sin? 7° + cos* 7°);
T %\ A
Puc. 18 6) (tg ele ﬁ] " (25m 3) .
1.213°. UssectHo, uto 0 < x < |. CpasHure:
1).x2 nx; AT
3) X753 y x5, 4) 7w xM,
5) x-n,sa U x—-"),B: 6) x—UAQ " x—-l.g:
2 3 S 4
L Tl W 8)x*mx,
3. ®Pyukuus y=x", rie r — OTPHUATELHOE HELeN0€e HHCI0 1.214°, UseecTHo, uto x > |. CpaBHuTE:
O6nacte onpejenenust 3Toi QYHKUHH — npoMexxkyTok (0; +00), 1y u % 2y m e
T. €. 3Ta (YHKIUMA PACCMATPHUBAETCS TOJLKO HA MHOKECTBE BCEX MOJIO- 3) it ™ 4) x5 w57
HKHTEJILHBIX JIEHCTBHTENILHBIX YHCel. 5) X0 y x5, 6) x 12 1 x4,
[pacmkn ynkiwmi 2 1 9 4
DxTtTax?; 8) x* uux?.

1.215. Haite 3nauenue GyHKimu f(x) B TOYKE X!
H300paKeHbl HA pHCyHKe 17. _5
y X0=2; 2) f(x)=(64x) *, xo=4

7
Caoiicta dyukunu y=x', re Q, re Z, r<0, Te xe, 4T0 U CBO#- 1) f(x)=32x*
!
ctBa ynkumn y=x", ne Z, n<0, paccmMaTpuBaemMoi Ha Mpome- (2 )'% (x7) 3
Kytke (0;+00), (Chopmyaupyiite 5TH CBORCTBA, NOJBL3YSACH PHCYH- 3) f(x)="—5— X=243; 4) flx)=""—5— *¥o=21,
kom 18.) x® %3
3f -1, ,,-0252
Yut - (0 _ .
[ E_’ ) 1. Ccopmyaupyiite croficrea ynkuun y=x*" (ke N). 5) J(¥)=—T , Xg=125;
| & | 2. TToueMy Henb3s yreepiaath, uto dynkuus y=x**' (k e N) %0 5
‘ yObiBaeT Ha Beelt 06JacTH onpeneseHns? ij . (x—%
3. Cdopmyaupyitre cpoiictsa dynkuun y=x* (k e N). 6) f(x)= 2 » %o =64.
| 2
| 4. Cdopmyaupyite cpoiictea pynkunn y=x"(re Q, re Z, r<0). - B
5. Mzobpasute cxemati T
‘ ]m pa;uTe CXEMATHYHO ;padmx yHkumH y=x" (r € Q), ecau: 1.216. HaitiTe HanMeHbliee 1e10e 3HAYeHHe X, NPUHaIexKallee 06-
a)r=-T7,; 06) r=-8; ;
. JIACTH OfpefeieHus PyHKIHH:
B)r=-07;  r)r=-54. = - i3

1) J0x) = (x +5) 2 2) f(x)=(x-7)"%;
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1.217.

1.218°.

1.219°,

1.220.

1.221.

_B
3) f(x)=(10x-x*-9) ;

YKaXHTe ecTeCTBeHHy0 06/1aCTh ONpee/IeH s BbIPAXKeHHs:
1) (0,1x—4)5; 2) (2x+0,4)7"3

3) (x(xz-l:z_x;x— 6))“‘79: 4) (x(xg—xfz_}(irﬁ— 5))’ﬁ;
8

5) (x> +x—6)x+2)) 2':

4
6) ((x* —4x +4)2x—8)) '7;

7) (3r=3=2 )—%;
21

_2YY
8)(10+§1x X ) i
X" +x

Gyukuus 3anana popmyaoit y = x". Haiiute n, ecaiu ussectHo,

4To rpatuk QYHKIHH NPOXOAHT Yepe3 TOUKY:

1) A(4; 0,5); 2) B(16; 0,25);
4) D(8L; 5): 5) M(~64; —);
7) K(625; 1) 8) P(1024; 1 ); 9) 7(243; §).

YKaxKHTE MNPOMEKYTKH BO3PacTaHHusi H yOblBaHUsI DyHKLIMK:

3) C(27: 4):
6) N(216; %)

7
1) y=x7; 9) y=x, 3)y=x4;
_30 ol 18
4) y=x7; 5) y=x 1%, 6) y=x%.
Haiiimre wauGosibluee ¥ HauMeHbllee 3HauYeHHsi (DYHKLHH
3

f(x)=4x-x * na NIPOMEXKYTKe:
1)[1; 16]; 2) [16; 64;]
3) [0,0016; 10 000]; 4) [0,0064; 625].

YKaxkuTe KOOPAMHATBI TOYEK repecederust rpagukos dyHKumii:

-3
Dy=¥x" ny=x4;
4

2) y=Ux" my=x7;

1
4) f(x)=(6x—x>+7) 5.

_4

3)y=Yx-)* ny=(x+1)"°%;
2
) y=Yx+3)* ny=x?2.

1.222. Jlokaxute, uto GyHKUHA [ ABAAETCS HEYETHOH:

1) ix)=x?+5x"3; 2) flx)=3x""-8x7

3) flx)=x"—6x7% 4) fx)=6x"" +0,3x%%,
[.223. Jlokaxute, uTo hyHKIHsA [ ABASETCS YETHOM:

1) fix)=1,5x°-2x"%

2) fix)=12x"*+ 8% %%

3) fix)=(x -9y,

4) fix)=(16x5+81)""%

5) f(x)=(|5x|+x™ ]0'4";

6) f(x)= (|9x™ —10]+ x*)"".

H306pasute (cxematnuno) rpaduk dyHKiMH (1.224—1.228).

1.224. 1)y=x% Ny=x" 3)y=x73
_8 _5
y=1"% B) y=x°; B) y=x".
sin-s—"i cos4—“ lgir::-t-’
1.225. 1) y=x *; Nu=x Hy=x :
L‘nﬁ?—ﬂ clgﬁ sllnl—‘lflz'-]'£
4) y=x °; B y=x 3 6) y=x .
1.226. 1)y=x"-2; y=x+1; 3)y=x2+3;
4)y=x"-1, 5) y=x""+2; 6) y=x2°-3.
1.227*. 1) y=(x+1) *; 2)y=(x—l)3] :
3)y=(x-2)"% 4)y=(x+2)'24;
5)y=(x=3)"" 6) y=(x+3)"".

1.228*. 1) y=(x-2y"%+1; 2) y=(x+3y"°-1;
2

2
3)y=(x-1"° -3 4) y=(x+2)* +3;
2 5

5y y=(x-3)7 -2 6) y=(x=1)7 +2.
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B Il/l;r‘;?ltffz;;OfE:::s::e rpac’pu‘xa (PYHKLMH M3 ynpaKHeHHi - HanoMmHuM Ha NpUMepax 1Ba U3 BO3MOXKHBIX [10/IXOJIOB K PELLIeHHIO Hp-
ke 420, ) Ans Hee: palHOHAILHBLIX YPABHEHHH (JIpyrHe Noxoj/ibl Gy/lyT paceMoTpenbl B11. 1.14).
a) oGaacts, onpeseseins; [Tepsoiic nOOXO0 COCTOWT 8 3aMeHe UCXOOH020 YPABHEeNUs pas-
6) MHOXKeCTBO (o6sacTh) 3HaueHwuii; HOCUNbHBIM eMy ypasHetuem (cucmemol uru COBOKYMHOCMbIO
Bifina Ka'fux SHAUCHHAX X 3HAYCHUS Y TNOJOKHTENbHBI (OTpH- ypasrenuti u Hepagencma). [T0CKOILKY BCe PaBHOCH/IbHBIE ypaBHe-
:fliﬁ;;ﬁ::ém TouEK repeceuentia rpadKa ¢ ocMH Koo HUS MMEIOT OIH M TE ) pelleHys, TO MPH 5TOM MOAXOJE NpoBEpKa
PARHAT. MOJNYYEHHBIX 3HAYEHHH TePEMEHHOI 110 YCIOBHIO HCXOIHOTO YpaBHEHUS
1.230%. HU3o6pasure (cxemaTiuHO) rpaduk byHKIHH K yKakuTe ee 06- He sBAfeTesl HeOOXOAMMOH 4acThbi0 pelleHHs..
JI4CTb ONpE/ie/IeH s, MHOXECTBO (06/1aCTh) 3HaUeHHi W nIpoMe- Hanpumep, npu petieHun HppauHoHaibHbX YPaBHEHHI 4acTo nodb-
HKYTKH BOBI)IaCTaHHFI H yObIBaHKS: 3YI0TCS CASLYIOUIHMH YTBEPHIEHHSIMH O PABHOCH/IBHOCTH!
1) g = 3; 2) y =x[; 3) y=|[x; iy JF) ) e g0 = 20
4}y=]x|-23; 5)y=|xhll"2; 6)y=‘x+]|‘ﬁg- ) W) =8l) g(x) = 0;
25
7) y=|x+2[3; ol 2. o . )y =80x),
= ]_i q fla=|s 2 ‘),-,'- 2) A A) =aig) = {f(x} =0 (MoxkHO 3anmcath g(x) = 0).
9 y=|l-x[10+2; I(}jy:’l_’),._xi‘ﬁ_g. )
A 4 ’ Bmopoi nodxod cocTouT 8 3amere UcX00H020 YPAaBHeHUA e20
11) y =]1 +x[ 23 4 4: 12) y :]2+x|'? =4, cnedemauem. T1OCKONIBKY pellleHH Yy ypaBHEHWsi-CJEACTBHS (CHCTe-

Mbl HJIH COBOKYTIH(JCTH} MOKET OblTh OoJiblie, Yem Y HCXOIHOIo ypaB-

1.231*, Pewmnre ypasenue:
HEHUS, TO HeoOX0O0UMOU 4acmolo peweHus ABAAEMCA NPosepKa

2 1 4 3
1) 2 %% 3 =8 2)xTex T =-12: NOAYHEHHbIX 3HAYEHUL nepemMeHHOL NO YCA0B8UI0 UCX0OHO20 Ypas-
T 7 15 HeHusl
3) x 9. 9 =4 T o \ )
) : xr)? 4 4) x . x It =925; [Tepexost K CJEICTBHIO W3 JAHHOTO ypaBHeHHsi NpH 0OPMIIEHHH 3a-
L [ \—45
5) (x m) =97 6) (xlﬁ _ 1 [THCH PELLEHHSI MOXKHO 0603HAYaTh CHMBOJIOM €=,
125°
5 ® —L\105 1\72 [pumep |, Peuwmts ypaBnenue:
il 1 81 8)\x ) =-32 9) (xg) = 256. y A4, 2 \ BB _ .8
a)Jx'+x —x—-6 =x; 0) Vx" —x" —x—-6 =—x.

1.232*, Pewmre nepasencrso:
Pewenue. Cnocob 1.

(A o] =
L) Ax) < 10; 2) \x 2] <5 3) (x"‘) >9; ;1}m=x<:> P Ad
(-)? (_ 16 i st -x-6=x"
4) \x > 25; 5) \x < 125; 6) (x : x>0
P 5 o =8
{(.’C =-2 W x =3)
B stom NyHKTE Mbl Oy/leM paccMatpuBath ypaBHeHHs, coepikalliiue 0) m iy i R e D e — G =D S
HEH3BECTHOE (NepeMeHHYI0) MO 3HAKOM KOpHSI (pajuKana), — TakHe < (x=-2 nm x =3).
YPABHEHHS HA3LIBAIOT UPPAYUOHANbHBIMU. OrmeéeTia) 35 .6)=-2: 3

~1ra
Se

“._
—
=
Vv
b
R

{12 u
L L3 Mppauwonaisiibie ypagneuus
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&I Ilnsi ypaBHeHust a) nokaxem peuienne cnocobom 2:
- It +x8 —x-6=x>
>x+2-x-6=x'e
& (x=-2 wim x=3).
[TpoBepka: npu x=-2 noayuum Y16+4+2-6 =-2, 1. e.

4
16 = —2 — uHeBepHOE YHCJIOBOE PABEHCTBO, 3HAUHT, YHCIO —2 He 5iB-
JISIETCS KOPHEM YpaBHeHHs a);

npu x =3 nonyunm Y81+9-3-6 =3, 1. e. Y81 =3 — BepHOe
YHCJIOBOE PABEHCTBO, 3HAYNT, YHCIO 3 — KOpeHb ypaBHEeHHs a).
e Peumtsb ypasrenne 6 —x —vJ/x -1 =1.
Pewenue. Crnocob 1.
Vb—x —vJx-l=11+Jx-1=VJ6-x <

MPH JIOGLIX 10MYCTHMBIX 3HAYEHHUAX X 00€ YaCTH YPABHEHHS! HEOTPH-
LATeJIbHBI, TO3TOMY, BO3BEAS UX B KBaapaT, noJiyyuM papHOCHJILHOE
ypaBHeHHe
2 2
o (l+vx-1=\V6-x) e Jr-1=3-1r &
x—1=(3-x), x> =7x+10=0,
= =

3-x20 x<3
(x =2 um x =5), 5
x<3 S =g

OTtserT: 2.

@ Cnocob6 2.
| V6-x—Jx-T=lel+Jx-T1=Vb-x o (1+Jx-1)=
=[J§:]2<:>m=3—x=°

2
>(WVx—1)=@-xP o x-1=9+x2-bxo>x2-7x+10=0
& (x=2 wm x=5).

[TpoBepka: x=2 yl0BIETBOPSIET HCXOAHOMY ypPaBHEHHIO, a X =5
He ynosJjeTBopsaer (ybeautech B 3TOM).

' huvep b Pewnts ypashenne Yx* —x -2 +3x? —5x =0.
Pewenue. Cnocob 1.

89

o
o - x°=bx=0,
8y —x-2-Y? - Bx =0 (k2 -x-2=0 wm , .
x-x-220
Pewns 910 ypasHenHe u cHcTeMmy, noJyunm x, =—1, x,=2, x;="5.
OTseT: =1; 2; 5.

Cnoco6 2. ¥x* —x-2-3Yx? —5x =0 =

@J = -x-2=0uwm ¥’ -5x=0) &

< (x==1 win x=2 nam x=0 uau x=5).

HPOBEPKH Nno YCJHOBHIO HCXOAHOIO YPABHEHHS TNOKA3bIBAET, HTO 0

HE FIBJAETCH €ro KOpHEM, TakK Kak TpH x=0 BblpaKeHHe y XQ -x-2

pasHo ¥-2, T. e. He umeeT cMmbicaa. A uueaa —1; 2; 5 — sBasioTes
KOPHSIMH 3a1aHHOTO YPABHEHMS!,

A Peuintb ypastenue ¢ HeM3BECTHBIM X:

Na—-x =a-—X.

Pewenue. Umeem (oObsicHuTe novemy):
Ja-x=a-xoa-x=(a-x)’e (x=a nm x=a-1),
OTBeT: npu Mo6OM 3HaYeHHH a umeem x; =a— 1, x,=a.

Pelunth ypaBHenne OTHOCHTEJBLHO X:

Jx =ax. (1)

Pewenue. OueBuano, yto x=0 — KopeHb ypasHenus (1) npu
M00O0M 3HAYEHHH a.
[Tpu x > 0 ypasuenue (1) paBHOCHIBLHO ypaBHEHHIO avx =1.
Ecan @ <0, 1o 310 ypaBHenue pelueHnit He umeeT, a ecau a > 0,
1
TO X =—.
P

Oteet:ecam a<0, 10 x=0; ecan a >0, T0o x, =0, x, =—l.2-. Y
a

‘, 1. UTo 3HauuT pelnTh ypaBHeHHe C OHONH NnepeMeHHoi?
| 2. Kakue ypaBHeHHS HA3LIBAIOTCH PABHOCHALHBIMU?

°
3. Kakoe ypaBHeHHe Ha3biBaeTCs CJICACTBUEM JAHHOTO YPaBHEHHA?
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YnpaxHeuus

Pewmnre ypaBuenne (1.233—1.247).

1.233°. 1) V12~x +5=0; - 2) NE+x +1=0; _
) Vr-1+Jx+1=0; 4} V3-2x +Jx+4 =0,
5) Vi% +4 =1, 6) Vx* +25 = —4;

7) 415+ 6x = —6;  8) Y21-3x = 4.

-~

1.234°, 1) ¥x* + 22 +5x - 14 = x;
2) §x* + % —4x-12 = x;
3) Y-x®+ 5 +8x-9 = ~x;
) Y-+ +2x-15 = —x;
5) ¥/-32x% — 5% — 2x + 24 = ~2x;
6) ¥-2435% ~ 12 +5x + 24 = -3x.

1.235°. 1) V5+2x =3; 2) N3x+7 =4,
3) V2 +19 =10; 4) V61 -x% =5;
5) ¥6x+1=-5; 6) ¥x-3 =-2
7) §x-32 =2 8) ¥x°-44 =3.
1.236° 1) v4* +5x+4=2; 2) V11-5x% +3x = 3;
3) Y1 +4x-50 = 3; 4y Y5 +14x-16 =4,
1.237. ) J11-Yx+7 =3; 2) V5+¥x+3 =3;

3)Y2u+dat+5 =3 . 4)JI8-Yx+10 =4
5)\ﬁ+\}3x“’+4x+6—=2;
1.238. 1) Vx+2 =+/2x-5;
3) Vx—4 =/x? —6x+1;
5) ¥x? -36 = §2x —1;

1.239. 1) Jx+2 = x;

- 2)Bx-1=3x+19;
4) AJx -1 =x* —4x+5;-
6) Yx? -16 ='Y8-5x.

2) Jx+6 =x;

6) Y5+ 42 +14x-16 =1.

1.240.

1.241,

1.242,

1.243,

1.244,
)Y -Tx-18 4327 +18x = 0;
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3) Vx +6 = —x; ) Jx+2=-x;
By N7T-x=x-1; 6) Vhbr+l=1-x;

7y Ja+2x -5 =x-2;

DV -x-l4=x+2;

2 VAP +Tx+2=2x-1;

3) Yx® -9x2 +28x-27 = x—3;
4) Y +6° —4x+8=x+2.

8) V6—dx—x* =x+4.

T SN s et

2) ViZ +Bx+19 =x+ 3;
3) Yi? —6x? +4x+14 =x-2;
4) Yx® +32 -J5-10x = x+1.

1) V2x+5 +Jx~1=8;
3) 3Wrx+1lx-2 =6;
5) Vx+2 =3-x +3;
1) (¢ +5x)/x -3 =0;
2) (2 +x)Nx-1=0;
3) (x* -Vxr¥1 =0,
4) (x> -16)2-x =0;
5) (62 —1x+24)Va® —7x+10 = 0;
6) (X2 -2x-3)x2 +x-6 =0.

DY -x-8-Y?+2x =0;

2y Vr+3 +3x-2=17;
4) 23x+2 - f6x = 2;
6) Vx-13 =V8+x -3.

3)Y14-2 —5x Y2 -2 +1=0;
4) 40— x> -3x - ¥x" —4x+16 = 0;

5 i —6x-16-YZ +6x-27T=0; -, - ., .,

6) Y2 —x-12- Y _25=0.
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1.245. 1) (x+1)Wx* =6x+17 =3x+3;
9) (x+ a2 +x-2 =2x+2;
3) (x=1)Wx* —x—6 =6x—6;
4) (x+2)x* +2x -6 = 3x +6.

1.246. 1) Jx -3 =2¥x; 2) Vx +¥x -6=0;
3) Yr+8x-2=0; 4) 9-8%x —-3x =0;
5) 2¥/x +5Yx =18; 6) 28x =3-¥Yx.

1.247%. [lpn Kakux 3HAYEHUAX @ HMEET €MHCTBEHHOE pellleHHe ypas-
HeHHe:

1) Jx+a =v4-x;
3) Vx+4 =a-2;
b) vx—a =1-x;

2) NJa—x =~T+2x;
4)J8—-x=a+];
6) va-x =1+x;

& __9_Jx: o _5+4x?
N Eo=2-VE: 8) 5 =5+x

1.248%, Peuiute ypapHeHHe C HEH3BECTHbIM X:
1) vx—-4 =a; 2) Vx+1 =-a;
3) avx+2 =0; 4) (x—a)Nx-3 =0
5) (x+DJx—a =0; 6) Jxdx-a =0;
X—a _ . x—2 _
7) Tf;j =(); 8) 0.

X+a

1 D e NI THAO M a/i O U
t. L CHH MDDalttHoHa b I yPaBHLC)

MCHOJILIOBAHKUEM CBOHCTB (DVHKIIMI

YTouHHM Orpejie/ieHHe YpaBHEeHHst ¢ OJAHHM HeH3BECTHLIM, JlaHHOe B
Mpe/bIIyLLHX Kiaccax.

[lycts fu g — dyHKUMH OT nepemMeHHOI X, D — MHOXeCTBO Beex
3HaueHHil nepemMenHoil X, IIPH KOTOPbIX onpeesenbl o6e 3TH QyHKUHH.

PaseHcTBO fix)=g(x)

HA3LIBACTCS YpaBHeHUeM ¢ nepemennot x, a muoxectso D — 06-
aAacmelo onpedenenus 3T0ro ypasHenus (Man obracmoto donycmu-
MBLX 3HAYEHUL NepemeHHol).
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[Tepemennyio B ypaBHEHHH HA3BIBAIOT TAKKE HEU3IBECIMHBIM.
Kopuem wnv pewenuem ypaBHEHHS HA3BLIBAETCH TaKoe YHCIO
ce€ D, uto f{c)=g(c) — BepHOe 4HCJIOBOE PaBEHCTBO.

Teopema. YpaBHenue
f(x)=g(x), (1)

rae f — Boapactaioiasi (pyHKIHs, g — yGbiBaowas QyHKIKs, HMe-
eT He OoJsiee OJHOTO KOPHsl, T. €. JIM60 BOOGIlE HE HMEEeT KOpHEH,
JIHGO UMEET €IMHCTBEHHbIH KOpeHb.

(MleficteurensHo, na pucynke 19, a, 6 BuaHo, uTo rpaduku Bospac-

Taouled yHKUHH [ 1 yObiBaloleid GYHKIMH ¢ nepecekaloTes He GoJiee
YeM B O/IHOH TOYKe.)

A Jlokaszateabctso. [lycth X, — kopeub ypasuenusi (1), T. e.
f(xo) = glxo).

Ecim x <xy, To no onpenenennio Bospacrawuleii u ybbiBaloiiei
DYHKIHMA UMeEM

J(x) <flxo), &(xp) < g(x).

Caenosatesibho, fix) < fixg) = g(x,) < g(x), 1. e. fix) < g(x).

3HaunT, HuKakoe uucao x < X, KopHem ypasHenusi (1) ne siBasieTcs.
AHaNoOrHYHO JI0KA3bIBAETCS, YTO M HUKAKOE YHCAO X > X, HE SIBJSIETCS
KopHem ypasHenus (1).31 A

3ameuanue. Ita TeopeMa ClIpaBEIMBA H TOTIA, KOIA OJHA (YHK-
lls1 Bo3pacraioilas (yOblBaioulas ), a apyras nocTosiHHasi,

a) yA 0) M‘

y=1(x)

0 X
y=g(x) ] \

4

Puc. 19
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[TpuBeneM HECKOJILKO NPUMEPOB, T/1e NPH PeleHHH HPPALHOHAIBHBIX
YPaBHEHHIH HCMOJB3YIOTCS CBOHCTBA BO3pacTaHusi U yObiBaHs QyHKIHIA.

[pumep | Pemnth ypaBHenue v2x —1 =4 —3x.

Pewenune. Cnocob 1. TlopGopom Haxoaum, uyto x=1 siBasercs
KopHeM nawHoro ypaeHenus. [leiicteurensno f2-1-1=4-3-1 —
BEPHOE YMCJIOBOE PABEHCTBO.

Tak kak cynkuus f(x) =+/2x—1 Bospacraiowas, a QyHKuus
g(x) = 4 — 3x yOuiBaioLas, TO COMIACHO TeopeMe X = | — eJIMHCTBEH-
Hblil KOPeHb IaHHOTO YPaBHEHHSI.

Orpenl,

5& Cnoco6 2. Bo3aMOXKHO W ipyroe pellieHue: |
= V2x - 24“3X¢:‘\}|2X—1+3X=I.L;/

Tak kak dyukumst hA(x) =+/2x —1 + 3x Boaspacralowasi, To (cMm. 3a-
MeuaHue) ypaBHeHne A(x)=1 umeer He Gonee oaHoro peienus. [Toa-
GOpoM HaXoaWM Kopehb x = .

ITpumep 2. Peuntsb ypasHenne 99 —4x ={2x-3.
Pewenne. [TopGopom Haxoamm, 4To 4ucio 2 — KOpPeHb J@HHO-
ro ypaBHEHHst, MOCKOJIbKY '{’/9 -4-2 = {/2 *2-3, 1.e. 1=1 — Bep-

HOE 4HC/IOBOe paBeHCTBO. JIpyrux KOpHei ypaBHeHHe He WMeeT, TaK
Kak yukums  f(x) = V9 —4x sapasercs yObiBaoueil, a dyHKius

g(x) ={2x -3 — Bospacraioweil.
OrseT: 2.

A Wuorja npu pelieHny MppaLMoHaibHbIX (M APYrUx) ypaBHeHH#H Obl-
BAET MOJIE3HO TPEABAPHTEILHO HalTH 06J1aCTb ONpeiesieHust ypaBHEeHHs.

pumep d. Pelliuth ypaBHeHHe:
a) (x+7)Nx+Db=(5-2x)x+T7); (2)
6) (X+7)No—x=(9-2x)x +7). (3)

Pewenue. a) 3nauenne x=—7 He NPUHALIEKHT 00/ACTH Orpe-
JEJIEHHA YPAdBHEHHS (2), NOCKOJIbKY [pPH 3TOM 3Ha4YCHHH BbIPaKEHHE
Vx +5 He umeer cmbicna. ITosromy x+7#0, u ypasHenue (2) pas-
HOCHJIBHO YPaBHEHHIO

95
Nx+5=5-2x. (4)

Petnm s1o ypasuenue, NEPEXo/Isl K ypaBHEHHIO-CIE/ICTBHIO:
x+5=(5-2x),

i o
x[ “‘1—1 x:z“-“‘l'.

Iposepka nokassiBaer, uto Kopuem ypashenus (4) (a 3HauuT, M
=4
ypaBHeHus (2)) ABASIETCS 3HAYECHHe X = ?’

6) Ouesnano, 4to x =—7 obpawaer ypasienue (3) B BEpHOe YHC-
JIOBOC  PABEHCTBO M MNPHHALICKHT OBMACTH ONpPEACNCHNs ypaBHEHHS
(3) — muoxkectBy D=(-00;5|. 3naunt, x=-7 — KOpeHb ypaBHe-
Hust (3).

[Tpn x #~7 ypasuenne (3) paHocHIBbHO ypaBHeHHIo

Vo—x =9-2x. (5)

Pewas sto YPaBHEHHE, nojayyaem:

o =9-2x e {2 %= 00-22),
9-2x>0

. - 43

- (x—4 HJTH x-44)'<:>x=4.
x<45

Oreert: a) 1,25; 6) -7; 4.

Peutenne ypashenusi (3) ¢ noMoubio 3Hakos PABHOCHJILHOCTH
MOXHO 3aMucath Tak:

(X+TWE-x=(9-2x)(x+7)
=N ({x+7=0. WIH VD — x =9—2x) =N

5-x20

= ({x -7, HJIH {5—x:(9—2x)2,) =
X

5 9-2x20

= =43
<::‘.>(x=—7 HJTH (x—4m1ux-_44), o
x<45

S (x=-7 umn x=4).

N
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Pewmts ypasHene:
a) 1-vx* —16 = §8x —2x* +3x;
6) 12+ 4x* —16 = 'Y8x —2x* +3x.
Pemenne. a) [MockonbKky dyHkims f(x)=l—m ornpe-
JleieHa JUisi 3HaYeHHI X, YA0BAETBOPSIOLIMX HepaseHeTBy x> — 16 >0, a

Pyrkums g(x) = Y8x —2x* +3x oripejiesieHa JVis 3Ha4eHuit X, y10BJierT-

BOPSOLLNX HepaseHeTBy 8x — 2x” > 0, To 06acTh onpeeseHHs JaHHOro
YPAaBHEHHsI COBIANAET CO MHOMKECTBOM pelleHHH CHCTEMbI HepaBEeHCTB

X -162=0,
8x—2x* 20,
Pewiasi 31y cucremy, nosyyaem paBHOCHIILHYIO €l CHCTEMY:
x* > 186,
2x(x—4)<0,

OTKYla HMeeM
(x<—4 wim x=4),
0<x<4.

Ha pucyuke 20 Xopolio BHAHO, 4TO pelE€HHEM 3TOH CHCTEMb 5IB-
JAETCS TONLKO 3Hauenne x=4, 1. e. D=|4].

1
L 2 L 2 -
Puc. 20 -4 0 4 x

Ocranock NpoBepHTD, ABASETCS JIH YHCA0 4 KOPHEM JAHHOTO ypaB-
Hewusi. [loacrasus X =4 B HCXOJHOE ypaBHeHHE, MONYYHM

4216 =88-4-2-16 +3-4,

T. €. 1 =12 — HeBepHOe 4HCJIOBOE PABEHCTBO, 3HAUYHT, 4 HE SABIAETCS
KOPHEM JIaHHOTO ypaBHEHHSI.

6) Pewenne 31oro npumepa aHaJoOrHyHO pelieHnio npumepa a). Bui-
MOJIHHTE €ro CaMOCTOSITEJILHO.
OTseT: a) HeT KopHe#; 6) 4.

Pewnrh YPaBHEHHE

Jx—T7 -41-2x = 3xL-8.
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Pemwenune. Obnacts onpejeJieHds JaHHOTO YpaBHEeHHs CoBhaiaeT
CO MHOZKECTBOM ])('.‘]IIEIIHI.‘-.[ CHCTEMbI HEpaABEHCTB:

(x-7>0, [*=7.
l-2¢20F Jx<d

90

S xed.

[TockouibKy cHCTEMa He HMeeT pelleHHit, To 06JacTh ONpeesIeHHs He Co-
ACPZKUT HH OIHOTO HHCJIA. 3HAYHT, JdHHOE YpaBHeHHe He HMeeT KOpHei.
OTBeT: HET KOPHEN.
Muorpa npu peulenud ypapHeHuit GbiBaeT No/e3Ho 06paTHTh BHH-
MaHue Ha HanGoJiblliee WIH HAUMEHblIee 3HAYCHUA BXOMAILHX B HHX
(DyHKLLHI.

Mpum Pewmts ypapHenue

V36 +V4-x* =11.

Pewenune. O6nacth onpejeieHnst ypaBHEHHSI COBNALAET CO MHO-
KECTBOM pettienuii Hepasercersa 4 —x* 20, 1. e. D=[-2; 2|.

OueBnano, 4To dyHKims f(x) =36 + V4 — x*  umeer nauGoubliee

snavenne /38 npu x=0. Takum oOpasom, 1pu JOOLIX 3HAYEHHSHX

x e|-2; 2| sepro wepasenctso f(x) <38, a 38 <11, nosromy
JIAHHOE YpaBHEHHEe PellleHHid He HMEeT.
OrTpeT: HET pelieHH. &

' 1. Kakoe mHoxecTBo D HasbiBaloT 06J4CTHIO ONpPeie/IeHHs ypaBHe-
2] Hust flx)=g(x)?
2. B kakom cayuae ypasuenue f(x)=g(x) umeer ne Gonee onHoro
KOpHs?
3*. BepHo a0, 4TO YHEI0 X, ABAsieTes KopHeM ypashenus flx) = g(x),
OIpee/IeHHoro Ha MHoXecTBe [, ecau:

a)x,eD; 6)x,eD; B) flxy)=glxy)?
Ynpaxuenun
Pewure ypasuenue (1.249—1.257).
1.249. 1) VBx+7 =7-x;

3) vx+l=11=k
) V2 —x"= 4.\—"

2) V5 +2x =5-x;
4) Jx+3 =15-x;
6) v3—-x =2x-3.
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1.250%*,

1.251%,

1.252%,

1.253*,

1.254%*,

1.2565%*,

1) ¥8x -5 =317 -8x; 2) Y9x-17 = Y7-3x;
3) N3—4x =Yax-11; 4) 85x-19 = V4 —x;
5) 3—x =Y-x2 +7x-12:

6) Y2x+3 =Y-2x -7x—6:

7) U +3x-10=Ya4—»2:

8) WUx? +2x-8 =4_".

1) Y26 -3x-77 ¥ —x =0

2) Y85 —7x-20-Y? —x-2 =0

3) YVx+2 (x—4) - Yx* —27x =0

4) '\'/[x+4|m -§x® —32x = 0;

5) ¥x® 322 +3x-1-Yx* —2x—_15 = 0;

6) ¥/8x® —36x% +54x—27 « V2 —3x - (x + 5) = 0.

1) Vx=1+Jx+3=3-x; 2) 2\/;+\jx—3=9—x;

3) V2x+3-Ja-x =J7—x:
4) J7T+3x -\5-4x =1-2Jx+2.

1) (x+4)V2x -4 = (x + 4)(x - 1);

2) (Bx=36)V7 —x = (x - 1)(3x - 36):
3) (2x-30)v8—x = (4 —2x)(x - 15):
4) Bx+18)Vx -3 = (x-9)3x+18);
5) (x=4)\[x=2[+5 = (1- x)(x - 4;
6) (x+4)y3=|x+3] = (x+4)x+2).
1) (x+3)(i/;+\/I) =2x+6;

2) (x-5)(¥x +2%x) = 3x - 15.

1) 5o —25 = Y15x—ax +x

2) 8-¥x? 4 =Y-2x—x? -4y,

VU 49 +x=Tx -2+ 7
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4) J3x-x* -2x+6=x*-9;
5) 6449 - x? =§-63-15x—x? +4x;
6) 4 —/x> —64 =§/8+7x—x> +0,5x.

1.256%. 1) 3-19|x+4|-6 =§3-|2x-1| - x;
2) 5-gflx+2[-4 =1i-[x—1] -3x;

3) 8- 4|2x-3|-5 =1§1~|x—5|+2x;

4) 12— §3x +1]-8 = /6 —[x+9 - 4x.

1.257*%. 1) §x -4 +83-x=x+9;
2) Yx-9-¥6-2x =5x-2;
3) Jx—6 - ¥3x~ x> =4x-16;
4) Y5520 + ¥x— x> =6x+1.

T
LoIoL Mppatdonaibibie Hepanehd

B 3ToM nynkte Mbl Oylem paccmatpuBaTh HepaBEHCTBA, CojepKa-
lMe HeusBecTHoe (rnepemenHyio) noji 3Hakom Kopusi. Takue uepaseH-
CTBA Ha3blBAIOTCS UPPAYUOHANOHBIMU.

[pu peteHHH HPpaLHOHAJIBHLIX HEPABEHCTB Mbl YaCTO HCHOJb3yeM
MOJXO/, KOTOPbIH yxKe MPUMEHSH, pelast HppalHoHa bHble YPaBHeHHS.
OH COCTOMT B 3aMeHe MCXOJHOTO HEPABEHCTBA PABHOCHIIbHLIM eMy He-
PaBEHCTBOM (CHCTEMOH MJIH COBOKYITHOCTBIO HEPABEHCTB ).

[pisiep | PelunTh HepaBeHCTBO:

a) Y2x-5>-1; 6) Y3x+8 = —6.

Peuwenune. a) YuuThiBasi CBOHCTBA KOPHSI HEUETHOW CTENEHH, I0-
Jyqaem:

P2x-5>-1e2x-5>(=1)" = x>2.
6) Mo onpepeneHHio KOPHS YETHOHM CTENeHH 3HaYeHHsi BbIPaXKeHHS
Y3x+8 HeoTpuuATeNbHbI MPH BCEX 3HAYEHHAX X, NPH KOTOPBIX 3TO

BbIpaXKeHHE UMEET CMBICH, T. €. KOrjla 3Ha4eHHus MNOAKOPEHHOIO Bbipae-
HHSI HEOTPHIIATENbHBI, Takum 06p330M. HMEeeM:
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Y3x+8>2-6 = 3x+8>0 < xka%_
OtseT: a) (2; +0). 6) [_22; +oo)‘

pumep 2. PelinTb HepaBeHCTBO:
a) ‘\,r’“ll—4x <0; 6) ¥21-2x <1.

Peuwenne. a) [To onpesesennio KopHsi YeTHOI CTENEHH 3HAYCHHUS! BbI-
paxkenmst V11 —4x OTpUUATENILHBLIMH OLITH He moryT. [Tosromy umeem:

'\”/l[—4x€0@]\“fll—4x=0ﬁl]—4x=0®x=%.

6) [Mockoabky oGe wyacTi Hepasexctsa ¥21-2x <1 ueotpuua-

TEJILHBI TPH BCEX 3HAYEHHAX X, [IPH KOTOPLIX €ro Jiesasi 4acThb HMeeT
CMBICJI, TO HMEEeM:

_< xém
5'——21-2x€1m{21 ZxQO.Q 5

\ = 10< x<10,5.
20-2¢<l >0

Otsert: a) x=2% 6) [10; 10,5].

[Tpu pewennn HppauMOHANLHBIX HEPABEHCTB 4aCTO HCIOJb3YeTCs!
TAKIKE METO/l HHTEPBAJIOB.

Mpusep 3. Pewnts Hepasenctso +2x + 3 <3 —2x.

Pewenne. O6osuaunm f(x)=+/2x+3 +2x—3. Haiinem 06-
JIaCTh onpejenenus GyHKimu fi

2x+320 & x>-15.
Takum o6pasom, D(f) =[-1,5; +0).
Haiinem wymn dywkumn f, 1. e. Kopnu ypashenus f(x)=0:
f(x)=0 o 2x+3+2¢x-3=0=V2x+3=3-92x &
= 2x+3=(3-2x)° @ 2x* ~7x+3=0 = (x=0,5 uam x=3).

[Tposepka: f(0,5)=,/2:0,5+3+2-0,5-3=0:
JB)=y2:3+3+2:3-3=6. 3naunr, 0,5 — e MHCTBEHHBII HYJIb
byukumn f.

Ormerum Hyaib dynkunu f wa o6acti onpenenenns D(f) (puc. 21).

Onpenesium 3Haku 3uavernii yHkuMn f Ha 0GpasoBaBiiMXCs HHTEpBa-
Jlax, [Jis 4ero BhIMHCIIHM:
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D
£(0)=+3-3<0; ——( N
f(1)=J§_l>0. — 1 Yil- —
Ucnosnbays pucysok 21, 3a- _ 1,5 ' 0 0,5 1 x
HIIEM  pelleHHe  HepaBeHCTBa o ok
f(x)<0: x€[-1,5;0,5] We.

Mpumep 4. Pelwntsb HepaBeHcTBo v2x +3 >3 —2x.

Peienne. Peliende 3Toro npumepa J0CA0BHO MOBTOPSET pelie-
Hue npumepa 3.

Hcnonbaysi 3TOT JKe PHUCYHOK, 3aMHCHIBAEM PElIeHHEe HepaBeHCTBa
f(x)>0: xe(0,5; +0).

Oteert: (0,5; +00).

A TIpu peieHn HPPALHOHAJILHBIX HEPABEHCTB HacTO HCTOJIb3YIOTCS
CHIGYIOUIHE YTBEPAK/ICHHUSI O PABHOCHJILHOCTH HEPABEHCTB H CHCTEM Hepa-

BEHCTB: f(x) ” g2 (x)‘ |
Jf(x) < g(x) = 1 f(x) =0, (1)
g(x)=0;

20, <0, .
Jf(x)>g(x)ﬁ({g”) . {g“‘) ) (2)

f(x)> g*(x) f(x)=0
&I Pewmm npumep 3, uenonbaysi paBHOCHIbHOCTD (1):
2x +3<(3-2x)%, 2% —Tx+320,

J2x+3<3-2x @ 4{2x+320, = x=-1,5, =
3-2x20 x<1,5
2x-0,5)(x-3) =0, x<0,5 um x =3,
< dx 2 -1,5 &= dx=-1,0, =
x<15 x<1,5

& -1,6<x<0,5.
OrseT: [-1,5; 0,5].

&l Peumm npumep 4, HCNonb3yst paBHOCHALHOCTD (2):
3-2x20, 3-2x<0,
v‘?x+3>3—2xﬁ({ H.HH{ )m

2% +3>(3-2x) 2x+320



102

x < 1,5, x> 1.5,
= - HJH =4
2x° -7x+3<0 x2-15

o [{XSho >1,5) & x>0,5
¥ PO e

OteeT: (0,5; 400).
Jlnsi peuenusi 3alaHnil TaKoro THNa, Kak, Hanpumep, B 1.265, Mok-
HO HCIIOJIb30BATH CJIE/YIOLIHE YTBEPHJIEHHSI O PABHOCHJILHOCTH:

f(x) < g(x),

flx) <Jg(x) Q{f(x)? , (3)
f(x)> g(x),

flx) >g(x) = {g(x) 50, (4)

Auanoruynble YTBEPXKAEHHA MOXKHO 3anucath W JAns HEPaBeHCTB

JI(x) <Jegx), Jf(x)>Jg(x). A

", 1. Kakne nepaBencTBa Ha3bIBAIOTCS HPPALHOHANbHBIMHA?
i 2. OnuiMTe NOAXOABI K PelleHHIo HEPABEHCTB BH/IA:

a) ¥f(x) >5, 6)¥f(x)<2: B) 9 f(x) <-3.

3%*. 3anuumte yTBepAHICHHS O PABHOCHILHOCTH LIS HEPABEHCTS:

a) f(x) < g(x); 6) \f(x) > g(x);

B) Vf(x) <Jg(x); 1) Jflx) 2 g(x).

Ynpaxneuus

Pewnth Hepasencrso (1.258—1.266).

1.258°. 1) Jx—1>2; 2) Vx+2>3;
3) Jx-1<2; 4) Jx+2<-3;
5) Vx—1>-2; 6) JVx+2>-3;
7)Jx-1<-2 8) Vx+2<3.
1.259°. 1) 9<—1: 2) Jx' -16 < -5;
S)Jx -8<0; 4) Jx' -32<0
5) Va2 >0; 6) Vx? <0; 7))V <4
8) Vx* >0 9) V¥’ >0 10) Vax? <.

1.260°. 1) Vx> +x-2<2; 2) Vx? +3x+1<;
3) VI1+6x-5x> >~1; 4) J-x> -3x+4>-2.
1.261°. 1) y2-Jx > 1; 2) 3 —fx >2;
3) V4 +Jx <3; 4) V6 ++x <1.
J;-‘?‘ . \[—+d : 3 4+J' 0
1.262. 1)ﬁ+2<0, 2) f—:>0‘ )_7.
4)3_‘_‘?’5.<0; 5)‘/?___37@; 6)—‘[%3%)
Nl 8 Jf,;“éo.
1.263. 1) (x —)J/x <0; 2) (x - 2)Jx <0;
3) (x—1)x >0; 4) (x =20Wx > 0;
5) (x —Jx <0; 6) (x —2)Jx <0;
7) (x=1)Jx >0; 8) (x—2)Jx >0.
1.264. 1) (x+10)Jx—4 <0; 2) (x +8)Wx -2 <0;
3) (x=12)Jx-3 <0 4) (x-6)vx-1<0;
5)* (x* —4)Wx-1<0; 6)* (x> -9)Wx-3 <0;
7 (x+2)J(4-x)(5-x) 20,
8) (x+1)J(x+4)(x+7) <0.
1.265*. 1) Vx+2 >Jx-1; 2) Vx -2 >3 -x;
3) Jx+3>Vl-x; 4) J5x+7 <9 =3x;
5) \3-7x >/6x-8; 6) V5—2x <3x-9;
7)Y Vb —x <A/x+1; 8) V8 —x =>2Jx+2.
1.266*%. 1) Vx-3<x-2; D Nx=-2>x
3) Vh+x > x; 4) Jx+6 > x;
5) Vbx-x? >x-2; 6) Vox—x2 <x-2;
7Y VO - x> 3x; 8) Vx? +5x+7 <3-x.




Mlhasa 2
MNokasarenbHas u norapudmMuyeckas
hyHKLUN

Fi* 14 1 10} ]

Ml YKe 3HaeM, YTo TaKoe CTeleHb ¢ PaluHOHA/ILHEIM [MOKasaTeJem.

Tenepb Onpe/ieJIuM CTelneHb ¢ UPpPalHOHAJBHBIM TTOKa3aTeJjeM MpH oc-
HoBaHuM a > (), Cnenaem 310 cHavaga JUISt OCHOBaHus a > 1.

TIYCTI; § = HppauUMOHAJIbHOE YHCJ0. Boabmem rakue paltHoHaNbHble

yuesa ru f, 4ro
r=. gt

Toraa no cBOfiCTBY CTeneHH ¢ paLMOHANLHLIM NoKasaTenem a’ < a',
Bysier ectecTBeHHo ompeesnTh cTeneHb a Tak, YTOGHI ITO YHCIO YJIO-

JIETBOPSVIO HEPABEHCTRY . ! ’
a' <a'<da.

MMeHHO TaK MBI H MOCTYIIHM.

Onpeneaenne. Mycts a > 1. Cmenensio wucaa a ¢ uppa-
YUOHANbHEIM NOKA3amenem S Ha3bIBACTCs Takoe 4yucio b, uro

a<b<a

NpH JI00bIX PAUMOHANBHBIX 3HAYEHHSX 7 W [, YI0BAETBOPSIOUHX

HEpPaBeHCTBY
r<s<t.

3710 uncao b obo3navaercs a’.

'j YTBepXKIeHHe 0 CYLECTBOBAHMH W ©JIMHCTBEHHOCTH TAKOrO
[ ]

uuesaa b Mol NpHHHMaem 6e3 jloKazaTesibeTha,

Aunanioruuno JIA NONOXKHTeLHOro yuena a < 1.

Onpeneaenne. Mycrs 0 <a < 1. Cmenensio wucaa a c up-
PAayuUOHANbHOIM NOKa3amesem § HA3LIBACTCS Takoe 4ucao b,
4To

a<b<a

NpH JI00bIX PAUHOHANBLHBIX 3HAYEHHAX I U 1, YIOBJETBOPSIOLIMX

HePaBeHCTBY Wl
r&s st

3710 uncno b obo3nauaerca a’,
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' i yTBep)K."ICHHe 0 CYULeCTBOBAHHH W €JIHHCTBCHHOCTH TaKOro
® l yucsa b Mol NpHHHMaeM fe3 oKazaTebCTRa.

Hakowell onpeesnm ctenelb ¢ ocHoBaHHeM 1.

Onpenenenne. g a060ro MppauMoHaIbLHOTO YHCAA §

Takum 06pa3om, npu NOAOHCUMEAbHOM OCHOBAHUL NOHAMUE cme-
nenu onpedeneno 041 106020 PAYUOHAALHO0 U 041 2106020 uppa-
YUOHANLHO2O noKasameas, T.¢. 0aa awbo20 delicmaumenbHozo
noxasameansn. I'lpu 370M Bee AEHCTBHS CO CTENEHSIMH C MPOH3BOJILHbBI-
MH JIeHCTBHTENLHBEIMH T0Ka3aTeasiMH 06/1aal0T TEMH Ke CBOHCTBAMH,
YTO W JIEHCTBHSI CO CTENEHsIMH C PaUMOHAJbLHBIMH MOKasaTensiMu. ITH
CBOWCTBA Mbl C(HOPMYJIHPYEM B CJIe/lyIOLleH TeopeMe, KOTOpYIo MpHMeM
0e3 JloKa3aTesbeTBa.

Teopema. Husi nmo6bix 3navenuit @ >0 u b>0 npu n06bIX
JIEHCTBHTELHBLIX § M [ BEepHLI paBeHCTBa:

a'a’ =o', (1)
L =a"; e)
(2*) =a™; (3)
(ab)’ =a’b’; (4)
(o= ®)

Pacnonoxursb B MNopsijIke yﬁblBaHHﬂ YHCad:

a) 0,63%, 0,63*°, 0,63""; 6) 11,74, 11,77, 11,72,
Pewenune. a) Cpasium uucna 3; 3,5 u JI1. Tlockonbky 3 = NCR
3,5=4/12,25, a /9 <11 < /12,25, 10
3<11<35.

3HAUHUT, 10 ONpeJIesIeHHIO CTENEHN ¢ HPPALMOHAJIbHBIM MOKasaTeseM
ipu octoBanuu 0,63 nosyunm BepHoe HepaBeHCTBO

0.63%° < 0,63 < 0,63
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6) Cpasuum uucna 1,4; 1,7 u <. [TockoJibKy % ~ % = 1,57, 10

LY

2
T

1,4 < oy <L,7.

3HauuT, N0 ONpPeJRJIEHHIO CTENEHH C HPPALHOHAIBLHBIM [TOKA3aTesem
npu ocHoBanuu | 1,7 nosyuum BepHoe HepaBeHCTBO

11,74 <1172 <1177,

n

Ortset: a) 0,63% 0,63V1": 0,63%% 6) 11,77 11,72; 11,7'4.

I pumep .5 no.ﬂbSY'ﬂCb OﬂpE,D.EJ'IE'HHE‘M CTelrneHHu ¢ prallHOHa.l"lb*
HBIM [MOKa3aTeJeM, 3dMnucaTh no T]}H Bepnh;x ﬂBOﬁHbIX HepaBEHCTBa pinibe]

CTerneHu a‘, ecau:
a)a:4;s=\/ﬁ; 6)a=?;s=n.
Pewenne. a) 3anuiem TpH BepHbIX JBOHHLIX HEPAaBEHCTBA CHAYa-
na s nokazatensi s = +/13:

J@<xfl—3<m, T, €. 3<\/ﬁ<4;

J12,25 <13 < /13,69, T.e. 3,5</13<3,7;
J12,96 <13 < /13,69, 1.e. 3,6 <13 <3.,7.

[lo onpeneneHHio cTeneHd ¢ MPpaLHOHANBHBIM TOKa3aTtejgeM [pH
OocHOBaHHH 4 > | GyayT BepHbl M HEepaBeHCTBA

4% < 4718 < 4.
18 <4 g 0,
436 < 413 < 437

6) SanumeM T[JH BeprlX ﬂ,BOﬁHblx HEPABECHCTBA CHa4daJsia s 1MoKa-
3atens s=m. Tak kak © = 3,1415, 10 umeem

J< <4,
3,1<n<3,2;
3,14 <m<3,15.

[To onpenenennio creneHud ¢ HppalMOHANLHBIM TOKasaTeseM MpH
=4
ocuoBanun 0 < -7’~ <1 OysyT BEepHLIMH W HEepaBeHCTBA

O << <<

< (3 < (31"

A
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‘, 1. Cdopmyanpyiite onpeaeneHue crenenn yuceaa a, Goasiiero 1, ¢
L] | HPPAIMOHAJIBHBIM [0Ka3aTelleM s.
2. Cdhopmyaupyiite onpeesieHie cTeneHn noJioKUTeNbLHOro YHena d,
MeHblIero |, ¢ HppalMoHa/ILHBIM NOKA3ATENEM S,
3. Cdopmymupyiite onpeaeneHie crenenu uneaa | ¢ uppaunonais-
HbIM MOKA3aTeJieM §.
4. Cdopmyaupyiite onpeeneHne creneit noJioKHTENbLHOro YHeaa a
LIS CATyHaeB, KOTjla MoKasaTed:
a) narypaashoe uncno, Goabte |;
6) I;
B) 0;
I') OTPHLATENLHOE YHCJIO;
J1) pauHoHanLHOe YHUCI0 BHIA %, meZneZ nz2;
) Jioboe HppalHoOHANLHOE YHCIO.
5. Cdopmyanpyiite Teopemy 0 ACHCTBUAX Hajl CTEMEHAMH C MPOH3-
BOJILHBIMH JICHCTBHTE/ILHBIMH 10KA3aTESIMH.

YnpaxHeHus
2.1°. PacnosioxuTe B nopsijike BO3PACTaHHS uyucaa:
IO . 0,7% 0,7%; 0,79%
2) 3,4%7; 3,47 345 3,422,
3) 4,12% 4,190, 4,15 4.13;
4) 0,27 0,2%%; 0,2*% 0,2'%;

K 2 AR
5) (}) Wy I gl G

B T
6) (JE]?; b 26 ° (ﬁ) "z

2.2°, [Tonb3ysich ornpesesieHHeM CTeNeHH ¢ WPPauHOHAIbLHBLIM TOKa3a-
TeJEM, 3alHILKHTe 10 TPH BEPHBIX JBOHHBIX HepaBeHCTBa Vs a’,

eCJIH:

)a=3;s=+2; 2) a=0,7; s= V/3;
3)a=0,l;s=%; 4}a:5;s=%;

5) a = arcsin %; s=+/5; ﬁ)azarccosif—; s=A/7.

2.3. Cpasnure yncaa:

sin & - , B
1) 27" 2‘51 2) 4“‘3 U 4"5;
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3)35“'"”%[41- 4)ln08 5.
5) 3%% w 3" 6)7 tnuT °
7y 01152 4 0,11%°, 8) 0.17°°% u 0,

Ynpoctute (2.4—2.9).

2.4. 1) 4f3B+1F .9

3 (3"
5) ((V6)7)":

7) Q[ﬁﬂ}ﬂ :4\"5;

H ()"
6) ((V2)* )",

1773

8) 3f~ﬁ—l}"’ (l)qu

9) 3 51_J5+1‘12 . 955 .

3
sin X cos & clg = X
25. 1)2" 5975, 9) (3°7)"7;
|
( er—) 4} (O‘EQIgS)I tg* & 8
5) 5 6 :5™" 3 6) 0.09-0.09“'7;
'052—5- sin®
7y 0.04: 0,042, 8) 0,13 '-.0,13

9) 4Qeos’ 307, 4gsin”30°.
arcsin i arccos ﬁ
2.6. l ‘j 4 2. 4 2

Arceos l arcsin —

I

e
o oo

arctg 0 . garccos(-1) .
. 4«11;1 4 ¢ }.

71&!;,, 1 ?'msm 1+

BN

{0.96;Jrulg|—|!]_;:

:|m+

(0 6;.rcctg{-n )_jij;

IO) (1 69(\» |5‘°)sill 15° '

afF 9. NETN £
p.7%.1) M2t Ly, 2)1—('%;—”2\,)?.
(m‘ﬁ-n"@] —n
m2V8 _ ¥ NEIR 310 4 2410 —n
TR A
m23 _ 2B J3 G,
5) =&, 2, g Binls m? )

n

13 -

Vio .
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m25 _ 26 A /B VY
®) ng§+n2J§_2mJ§Hﬁ (m # )
2.8% 1) mwr_ n‘NF 1 2) ma“!_+ " 3Vio
: 26 L V6,6 | 26 " 210 _ 10,410 2410
3 Vlr_'i'ﬂJ_ i 4 J_ J_ =
V= e A B WL
m3 -m3nd 4nd m3 +m3dnd +nd
5) m“@ . m‘ﬁ+m‘!“5 ) 6) m:“r+27 :mz‘r—Bm‘ﬁ+9
Il —m V2 “‘r+m‘r m“'r.'-r mﬁ—mg‘ﬁ .
V2 V2 2
99 | (n_+2 a?-2 16 )
NP2t ulire 28,
T_4 ol 44 61\
2) ({J + a + . ) :
ol vs of-4 o216
¢ N
2 | J2 2 3a
3) - a' -1 =
((1—:’1“@)2 a“’j—l)( ) a."g+l
4) _ 1 | Ga‘E’
(2041 1-4a*B ) (1424F) 2a®-1’
3 3
5 (af+1 _a —1+4aﬁ)(aﬁ 1)
)(a 8.1 :1;1+l F?_
10 a\(t_a 10 b“'_ 9
6) G0 _ i~ 0 0 Jw
2.2. Nokasareabnan QyHKkiHs
Paccmorpum Boipakenue a', rie @ — noctosinbas, a >0, a#1, a

X — nepemMmeHHas. Ito BblpaKeHHEe HMeeT CMBICH TPH J1060M JeHCTBH -
TeJbHOM 3HAY€HHH X, TIO3TOMY €ro €CTEeCTBEHHOH 06/1aCTbI0 onpeaene-
HUS SIBJSIETCS MHOXKECTBO BCEX JIEHCTBHTEJIBHBLIX YHCEJ,

Onpenenecuune. Mokasamenonod (pynxyued HasbiBaercs
(ynkuus Bupa y = a*, rae a — nocrosHhas, a > 0, a# 1.

O6aacTs onpeefeHus NOKA3aTeNbHON (DYHKUHH — 3TO ec-
TeCTBeHHas o6aacts onpesieaenus Bupmxemm a’, T. e. MHOXecT-
BO BCEX neﬁmmenmwi umcen.
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T , .
j ol 1 2 x

et 4= i t ! + 4+ | T — | §—1 ! e

Puc.22 | | | |

[padrku HEKOTOPBIX MOKa3aTe/bHbIX yHKIMA npu a > 0 u3oGpaxe-
Hbl Ha pucytke 22, npu 0 <a <1 — Ha pucynke 23. Kak nosyyaiorcs
H300paXKeH!si TaKHX rpacHKoB?

Hanpumep, uToObl H306pasuTh rpapuk QyHKuMH y = (%)x, npuaa-
JIMM HECKOJIbKO 3HAYeHHi apryMeHTy, BbIMHC/IHM COOTBETCTBYIOLIHE 3HA-
YeHHst (DYHKLIHH W BHECEM HX B TaGJHLLy:

X —4 -3 -2 -1 0 | 2 3 4
y |16 | 8 [ 4 | 2| 1|3 |8 |28
’ 81 27 9 3 2 4 8 16

Buiyneans npubanxkeHHble 3HadeHus y ¢ TouHoctbio jo 0,1, nody-
YUM ceyloliLyio Tabuity:

x —4 -3 -2 -1 0 1 2 3 4

Yy 0,2 0,3 0,4 0,7 1 1,5 23 3.4 5

OTMeTHM TOYKH (X; ) C YKa3aHHbIMH KOOPIMHATAMH Ha KOOpAMHAT-
Ho# nockoctH Oxy (puc. 24) W COeMHUM ITH TOYKH MJIaBHOH Hemnpe-

B T TR T P
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Puc. 23 | |

ir {
t 1
T—

N N
| ' |
2/41/0] |1 |2 T3 T4 [5 x|

. | | ® o
Puc.24 L [35[-4]-8

%.1._1_;_.,
-

[Tonyuennyio KpuByIo MOXKHO paccMaTpHBATHL KAK H300paskeHHe rpa-

(huka pynkunn y :(%)x (puc. 25).

; 3\
Ipacduk dyukimn y = (3) pacnofioxken Haj ocbio Ox W nepecekaer
ocb Oy B TouKe (0; 1). 3amMeTHM €llie, 4TO KOI/ld 3HAYCHUS apryMeHTa X

VYMEHbLIAITCA, To rpaduKk Toll MYHKIHH «npHxuMaercs» K ocH Ox. a
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112
1 — Y -
1 4
L I {3
2
B R e
Puc. 25 61481421 -10] |1 [2 (3 [4 [5 ¥
y‘ KOT/1a 3HAYCHHA APryMEHTa X YBeJHUH-
y BAIOTCH, TO rpauK <KpyTO MOAHHMA-
L G [ eTcsi» BBEpX.
ag--- | AHanorndno aast Jiio60H QyHKIUHH
! E y=a" npu a> 1 (puc. 26).
1 E : M3o6pasum tenepw rpauk yHk-
| | =
I o [HH y=(%) . Jlas 9Toro npaamm
& i ' .
0 1* X + HECKOJIBKO 3HaUeHHH apryMeHTy, Bbl-
YHCIHM  COOTBETCTBYIOULIHE 3HAYeHHs
Puc. 26 (DYyHKUHH U BHECEM HX B TabJMLLy:
X ~4 -3 -2 -1 0 1 2 4
Y 81 27 9 3 | 2 4 8 16
' 16 8 4 2 3 9 27 81

Bbiunesus npubiikentblie 3Hadetus y ¢ Tounoctbio 10 0,1, noay-
UM CaejlyronLyio TabJuniy:

x -4 -3 -2 -1 0 1 2 3 4

Y 5 34 2,3 1.5 ] 0,7 0,4 0.3 0.2

OTMeTHM TOUKH (X; Y) C YKa3aHHbIMM KOOPIAMHATAMH HA KOOPAMHAT-
HOW muockoeTH Oxy (puc. 27) W COEMHHM 3TH TOYKH NJIABHON Henpe-
PLIBHOH JIHHHEH,

O T T T
SUEERIRI T 1 T
54 1 : 1
i 1 1 % T Ir‘l 1 . .I
T T T T T T l i ‘ i 1
EEEEEEEEENN AN
! .3_|. _I ._:
-?' -.__. :4 ..II
0 o O
il T 11
T EED SRS EEN N
| ® |
P o o o o B RERE RS
Puc.27 | |6 -4[-8[42]-110] [1] [2 |8 [4 [5 % |
[T T I T T T T T LAT HEEENE
\. '.:=:..y}_.._ [ IS I | O 9 (5N 9, =

| N | -
| | \ | | |
SR S i, i S S S 3,._ - 3 i
I | | | |
EENENEANEEN L
Fest P (S N S 12_ = 1 4= |
| N
4 .\““ | |
T TN T (%) T T
| | I L ] | | s L
Puc.28 | | o -4[-43][-42[-1/0] |1 [2 [3 [4 |5 % |
[Tonyuennyio KpHBYIO MOXHO pac- y
CMAaTpPHBATH Kak H3o0pa)keHHe rpadu- \ )= g~
/ X
Ka (yHKIHH y=(-§) (puc. 28). \ U<a=|
D RT. -———
Ipapuk yuximu y:(%) pac- ?\-. %
nonoxen Hax oceklo Ox u nepece- : 1
kaeT ocb Oy B Touke (0; 1). 3ame- i ol
THM elle, 4TO KOrjla 3HaueHust apry- i ¢ ""‘I_‘-
MEHTA X YBEJIHYHBAIOTCH, TO rpadmx -7;1 OI '1 x
3T0H  (DYHKUMH  «IIpUKHMaeTcst» K &
oc Ox, a Korja 3HauyeHus apry- W, 29
MEHTa X YMEHbIIATCA, TO rpadHKk <KpyTO [OJHHMAETCsi» BBEPX.

Awnanornano s a6oi dydkuun y=a* npu 0 <a <1 (puc. 29).
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Teopema (0 csodcmsax noxazamervron Quyuryuu y=a";
a>0,a=l)

I. Obaacteio ompeseNieHHA NOKa3aTeNbHON QYHKLMH SBJASETCA
MHOKECTBO R BCeX AefCTBUTENLHLIX YHCeJ.

2. MuoxecTroM (06AaCTLI0) 3HAUCHNKI TIOKA3ATEALHON QYHKIMH
ABAAETCH HHTepBan ({); +00),

3. MokasatenbHan QyHKLMA HAMMEHBLIETO ¥ HAUGO/IbLLErO 3HA-
YeHHN He HMeeT.

4. Ipadmx noxasatenbHol PyHKUHH NepeceKaeTcs ¢ OCLIO OPAH-
HaT 8 Touke (0; 1) 4 He nepecekaeTcs ¢ ocklo aGeLuce.

5. IokasaresibHan GyHKUHA He KMeeT Hydaeil.

6. [TokasatenbHan PyHKUHR NPUHUMAET NONOKUTENLHBIC 3HAYE-

HHA HAa BCeH O6JACTH ONPEeAE/eHNs; BCe TOUKK ee TpaduKa Nexar
Bhie ocH Ox B | u Il KoopaunaTHLIX yriax.

7. TlokasaTenpnasi (GyHKUMA He SBASETCH HH YETHON, HH He-
YeTHO#.

8. Iipn a > | nokasarenbHast ¢yHKUHst BO3pacTaeT Ha Beel 06-
nacth onpegenenns. [lpn 0 <a < | noxasarenhan $yHkuHa y6bi-
BaeT Ha Bced objtacTu onpeAeNeHns.

9. Moka3areabHas (yHKUKA HE ABNACTCH NEPHOAHYECKOR.

CeoiicTBa, yKasaHHLie B 3TOH TeopeMe, Mbl MpuUMeM G6e3 jo0Kasa-
TCALCTBA.

H3o0paxenne rpapuka nokasaTenbHON (GYHKUMH MO3BOASET HA-
FASJHO MPeNCTABUTL 3TH CBOACTRA.

MHuoxecTBo (06/1acTh) 3HAYeHHT NOKA3aTeNbHOH QYHKLMH — 3TO
npoekuus ee rpauka na ocb Oy, a Ha pucyRKax 26 u 29 BuaHO, uTO
2T2 NPOEKUHSA ecTb HRTepBan (0; +00) Ha ocu Qy. 70 3HAUNT, 9TO AR
AoGOA TOYKM ), NPHHAMAEKALUEA 3TOMY WHTepBaJly, HalfeTcs Takas
TOuKa X, Ha ocu Ox, uto y, = a*t (csoiicmso 2).

MuoxecTBo (061aCTL) 3HAYEHHH NOKazaTeNbHOK GYHKUMH — 3TO
MHTepBaa (0; +00), a B 3TOM HHTEPBa/E HET HH HANMEHBLUIEro YHCJIA, HA
HauGoabLiero {ceoticmeao 3).

Tpadux nokasarensbHoft GyHKUHK TPOXOAHT uepes Touky (0; 1) u ne-
KMT B BepxHell MOAYNAGCKOCTH {(cgodcmsa 4, 3, 6).

[paduk nokasatenbHoit dyHKIHH HE CHMMETPUYEH OTHOCHTENLHO
OCH OPAKHAT, NOITOMY OHA HE SIBIAETCA YETHOH, H He CHMMETPHYEH OT-
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HOCHTE/IBHO Ha4afa KOOPAHHAT, NOSTOMY g} | | A T
OHa He ABIAETCS HeueTHOW (ceoicm- i 3 y=2
80 7). | 7
Ha pHcynke 26 Buano, 49t0 MpH 9 ///
a > |1 nokasaresibHan yHKuMA Bo3pac- 1A
TA€T, A Ha pucyHke 29 BHIHO, 4TO NpH | "1‘;30_ 15
0 < a < | nokasatenbhan dyHKuus youl- =T A\¢ I
Baet {cgoldcmso 8). | = __P, Q ¥ 3
Ha rpaduke neprosHuecko pynkumun f |

ecTh 6eCKOHEYHO MHOTO TOMEK ¢ OfWHa- % -
KOBBIMH OPIAWHATAMHY, a Ha rpacdmke no- 4 ! /"
Ka3aTeabHOH (PYHKLUHH HET TO4EeK ¢ Oau- 3_ IV
HaKOBLIMH OpaMHaTaMH (csodcmeo 9). 14

A K rpaduky nokasatesbHoR QyHK-
UHE Y =a° MOXHO NPOBECTH HEBEPTH- 1 3_14_1"6 a2
KaZbHYI0 KacaTelbHyio B Joboil ero o 1 > S
TodKe, B ToM uucae n B Touke (0;1) LA 0 -
(HANOMHUM, YTO 3TO O3HAYAET HAJIMYHE N

NPOH3BOAHCH PYHKUMH B ITOH TOuKe).

Ecnv a> |, 70 yroa «, KOTOpGIi 8) y=e
ofpasyeT Takasl KacaTeJlbHasm ¢ OCbiO 3 T
Ox, octpuiii. Hanpumep, eciu a=2, 10 7/
o = 38° < 45° (pic. 30, @), a ecan a =3, 21/
10 O = 47° > 45° (piic. 30, 6). 1
Cywecteyer ockoBanue 2<a<3 =y =45
TAKOW  €IMHCTBEHHOA  NOKAa3aTeAbHOH ] -
-p |4 0 2%
(YHKLMM, 4TO KacaTeNbHad, MpoBeneHHas ~F‘ {1
K ee rpaguky B Touke (0; |), obpasyer -
¢ oceio Ox yron a=45° (puc. 30, 8). Puc. 30
A 1 OcHoBaHHEM NOKa3aTeAbHOH (YHKLHH C TAKHM CBOMCTBOM SIB-

HoM HenepoM (ero moptpeT — Ha 06J0XKe) H HA3BAHO He-
neposbiM HICAOM; OHO NPUGNIKEHHO paBro 2,7 182818284,
C XVIIl . nenepoBo uucao cratd 0003HavaTh OYKBOH € B
yecTh Beaukoro Jlcowapaa Jitnepa. B 1766 r. JlamGeprom (¢
NomMouibio npuema Ihgepa) GLLI0 AOKA3AHO0, YTO YHCAO €, KaK

’l AseTes YHeao, xotopoe 6ul10 oTKpuito ewe B XVIIB. Jxo-
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H YMCJIO T, MppaUMOHa/ibHO. Yuena ¢ ¥ 1 oueHb BAXKHBI LIS
MATeMaTHKH, OHH BXOIAT B GOJIbIIOE YHCIO hOpMYJI.

B poccuitckux rumMHasMsX st 3al0MUHAHUST NPHOIHKEHHOTO
3HAYEHHS YHCIA e UCTIONIL30BAJIH TAKOe JIBYCTHILIHE:
«lToMHums, e — 3aKoH NPocmol:

lsa, cems, daancool Jlee Toacmoil»,

NOCKOJIbKY 1828 — roj poIeHHs BEJHKOTO PycCKOro 1mea-
teas J1. H. Toactoro, A

Hpunep. Ykasath HauGosiblliee W HaHMEHbILee 3HAUCHHUS (hyHKIMH
(ec/IH OHM CYLECTBYIOT):

a) y=37; 6) y =5+ 0,7,

Pewenne. a) [Tockosbky uncio 3 Goabiie 1, To Goabliemy 3Have-

2
HHIO 10Ka3aTesst X° COOTBETCTBYET H GOJbllee 3HAYCHHE CTeNeHH 3° .
Ho Boipaxkenue x” npu x =0 uMeeT HauMeHblIEe 3HAYCHHE, d HAHGOD-
LUero 3HauYeHHsi He HMeeT. 3HAYUT, NPH JOOLIX 3HAUCHUSAX X BEPHO He-
PaBeHCTBO
2 9
¥ 23 ve B 21.

6) [Mockombky uueno 0,7 non0KUTENLHO W MeHble 1, To Gosibliemy
3HAYEHHIO MOKaszaTeJis Sinx COOTBETCTBYCT MEHbIIEE 3HAYEHHE CTENeHH

0,7°"*. 3HaueHus BbIPAKEHHS SN X NPH JIOGHIX 3HAYCHHSIX X V/OBJIET-
BOPSIIOT HepaBeHCTBY

-l <sinx<1.

Takum oGpasom, 1pu JIOGBIX 3HAYEHHSIX X BEPHO HEPABEHCTBO
0,7'<0,7"* < 0,77
3HauNT, BEPHO H HEPABEHCTBO

l. l. sin x 'l_. -1
3 0,7<3 0,7 €3 0,77 1.8,

T | sin x 10

Lot L g 2.

30 <3 07" <q

g
OtBet: a) | — Haumenbluee 3uauenue dyukuun ¥ =3° ; Hau-
G0JILLLIEr0 3HAYEHHS HET;
7

6) 30 — HaMMeHbliee 3HaueHHe, a [)—(i — HauboJibliiee 3HAYEHHE

byHKkuMK y = % 05
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1. Cdopmyaupyiite onpejiesienne nokasateabHoil GYHKIHH.
‘,_J Cdpopmyaupyiite TeopeMy 0 CBOHCTBAX MOKa3aTebHOH (yHKIMH
y=a*(a>0,a=1)
3. Kak Moo y6eauThes, 4T MoKazaTesbHast (PyHKILHsi ¢ OCHOBA-
nuem 0<a < 1:
a) He MpUHUMAeT HAHOOJILIIEro 3HAYEHHS;
6) He NPHHHMAET HAHMEHBLIErO 3HAYEHHSI,
B) He SIBJISIETCH YeTHOH;
r) He SBISETCA HeveTHOI;
1) He ABJSIETCS! TePHOAHYECKOl?
4. Tlyets f — nokasatesbhas dynkums. Jlokaxure, He nosbaysich
nzoGpaxkenueM ee rpaduka, uto:
a) GyHKums [ He ABJSETCA YETHOH,
6) dyukimst [ He ABasieTCs HEYETHOM.
5% UTto BbI 3HAETE O UKCHE e?

(3]

Ynpaxnenusd

2.10°. SIpasieTcs im nokasatebHOH DYHKIHS:

1) y=3% 2) y=x% 3) y=(=3),
1) y=3"; 5) y=x: 6) y=(x-2)5
7)y=n 8)y=57, 9) y=(’;) ?

aNs o
2.11°. Ucnonbayst uzoOpaxenne rpaduka QyHkimn Yy = [5) (em.
puc. 25), ykaxute npuGakento ¢ Tounoctbio a0 0,1 sHavyenus

GYHKLHH [IPH X, PABHOM:

1) 1,5; 2) -1,5; 3) -2,5; 4) 2,5;
5) —0,5; 6)—-1,3; 7)2,8; 8) 3,5.
M3o6pasute cxematiuno rpadux dynkumnn (2.12—2.13).
2.12°. 1) y=4% 2) y:(%) : 3) y=3,5%
- 4 2 X
4)y=25" 5) y=(2) 6) y=(2) .
218 1) y=(0a) s 2 y=(F)" 3) y=3";

4) y = (%)": 5) y=n; 6) y=(—g—)'r:
7 y={3)" 8) y = 0,2009%; 9) y = 2008,2007".
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2.14,

2.15.

2.16.

2.1,

2.18.

2.19.

2.20.

2.21"°,

2.22,

[pu kakom snauennu a rpaduk GyHKIMH Y = @* NpoxoauT yepes
TOYKY:

1) A(1; 2);
4) D(-2; 4);

2) B(2; 9); 3) C(2; 16);

A oa. 1Y, l .
5) K(-3; 5-): 6) M(5: V2)2
1) Haiinure snauenne m, ecann touka A(sin30°; m) npunamiexur
rpacuky QyHKimH y = 25",
2) Haitnre snauenne k, ecau touka D(cos60°; k) npunamnesxur
rpaduky dyukunn y = 16"
1) Haiiure 3nauenne p, eciu Touka B(p; 16¢cos %) npuHajLe-
KUT rpacduky dyHkumn y = 2",
2) Haiigure anauenue f, ecan Touka M({: 325in%) npHHajLe-
KUT rpathuky dyHkunn y = 2"
YKaKkuTe KOOPAHHATHI TOUKH nepecedenusi rpagukos GyHKIHH:
Dy=2"uy=8§; %;

B 1\% I _ | X _ 1
3)y=(3) ny=9 Hy=(7) wy=-
Mmeet s rpaduk dynkimm y = 2" obiiue TOUKH ¢ npsimoit:
1)y=12; 2) y=-3: 3)y=0; 4) y=0,0001?

WUmeet an rpadux dynxumn y=2"— 1 o6uke TOUKH ¢ NpsaMoii:

2)y=3"n y=

1) y=6; 2yy=-1; 3)y=0; 4) y=-1,004?
HMmeet i rpaduk dyukimn y =2+ 2 obuie TOUKH ¢ npsamoii:
y=T7, 2)y=1, 3)y=2, 4) y=2,05?
Cpagnure:

1)1,8”_[41; 2) 1 u0,4%

3) 4.3'° u 4,35 4)0,3%u 0,37

5) (Hﬁ i (]]I'ﬁ; 6) 3% u 3%,

\2r - in

B e

0) VBT u (2 10) JOB (2
Slsnsietcst in Bozpactatouteii (yObiBaloieit) hyHKius:

1) y=4% 2) y=0,5% 3) y= (sin 33)‘

7
7 (2)" (2
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2.23.

6) y=(ctg %) ;

o y= ()"

5) y =[tg -T:;-)x:

8) Y= ] ,4_".;

g fo

10y y=(12)" 1) y=67 19) y=0.6471 2

Ha pucynke 31 uzoGpaxen rpaduk dbyHkimn, 3aianioi Gopmy-
Joit y = a* Ha muoxkecTBe D). YKaxuTe s Hee:

a) 3HaueHHe a;

6) obnacTh onpeiesieHus;

B) MHOXKECTBO (006/1aCTh) 3HAYCHHIA;

I') MPOMEXKYTKH Bo3pacTanus (yOblBaHus );

J1) KOOPAMHATHI TOUYKH Tiepeceyeris rpapuka ¢ ochio Oy;
¢) 3Hauenue B Toukax X, =—1 n xy,=1;

) Haubodibliee W HaAUMEHbllIee 3HaYCHHS.

1) yﬂ I [ 2) y+
| —_— .34. 1 ! | ‘. .__3
| - | | .\‘.
ol | f | - ! 194
_2 J 11| N
11l | | | INTL |
Y EE NN ENEREERNEE
) I | L] M gk |
: 1 { 4__ | L | | 4 44_
,'\. 4
N8t 3+ /
gl 2t
1 1]
Hlgol %] [ 4ilzlx
Puc. 31
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Ykaxute (1npu a > 0) ectecTBeHnyio 06.1acTh ONnpeaeseHnust BbIparKeHHs,

(2.24—2.25).
B =
2.24. 1)a*; 2) a¥*; 3) avr:
62 22 4
4) a4—x : 5) a* +16; 6) a,\-2_9;
7) a‘\llllﬁ-xz; 8) aq’x!—ﬁé; 9) a\fﬁx—ﬁ—xz.
el
2_25. 1) Hs'mx; 2) acm.ﬁ-!; 3) asin?x;
1
4) ams(}.Sx; 5) a!gx; 6} actgx;
| 1
7) asinx—I; 8) ﬂunsxﬂ; 9) H\ﬂg_x.

Ykaxure HauMeHblllee H HauboJiblliee 3Ha4YeHHH BbIpaKeHHs (ecyH oHH

cyuiecTsytoT) (2.26—2.28).
2.26%.1)25  2) (1)

2.27%.1) 5. 2sinx.
3} O.3Sin2x 3 U‘Bmsz_t:

1
5) 1 sinx llt‘iggf;

7) Ssinz X2 6:

2.28% 1) 4% -*-6.
3} 25x-ﬁ—x2;

3) ¥, 4) 5

2) 6 & 2\2{»5 .i';

4) 4‘551”2 X . 4.5(:052 X :
1
6} 7'4“)521 2 ?‘415'2-“;

8) 4 . 4L‘(3521‘

2) Bxg—.r-'z;

4 } 5I{I - —31’_

Peumre nepasencrso (2.29—2.30).

2.29. 1)6°>0;
3) 6*>-2:

2.30. 1)3">1;
5 (1) <
5) (tg 13’5)} 2

)6
4) 6* < —6.

2y 3%< 1
4) (%)XH:

6) (ctg IOT“)‘ <.
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H3zoGpasute cxematuuto rpapuk dyukuuu (2.31—2.32).

231, 1)y=3"-2;
3}y=2.t+l;

1 3-x

5 u=(5) :

T y=2%41;

2.32. 1)y=-3%
3)y=-0,1"%+1;
S5)y=2-3%

2) y:(%)x+3:

4)y=3"7%
4-x
o u=(3)
8) y=3**'-2.
2) y=-0,5%
4) y=-2%-2;
6) y=3-2%

2.33*.I1ycts 0 < a < |. M306pasute cxemaTHuHO rpauk DyHKUHH H

YKa)KuTe ee CBOWCTBA:

1) y=a%
4)y=a*+1;
Ny=a"'+1;
10) y =—a*;

2)y=a*"; 3)y=a"";

Syy=a'-I; 6)y=a"'-1;
8)y=a"'-1; 9 y=a*'+1,
1) y=—a*+2, 12) y =—-a**2.

2.34* .M3o6pasute cxemaTHuHo rpacduk dyHKuHH U3 ynpaxHenus 2.33
npu a > 1 n yKaKute ee cBOHCTBA.

HMso6pasure cxematnuo rpacduk dynxuin (2.35—2.38).

2.35%.1) y =|27|;

4) y=5",

7) y=3"];
2.36*.1) y = 3*’—||;

3) y=02""" -2,

2.37%.1) y = 3+~
3) y:3lx—ﬁl+|.\’+l1:
5} y=3lx+1|—|x~2l;

% 454,
2.38%.1) y = 5=
LA 4
VAR P

2) y = 4"

8) y=—|4"

3) g =(37*;
5) y=-/0,57; 6) y =-0,2¥;
2) y=|0,5"-2};
4) y=2"""-1|
2) y=3"""%

4) y= 3|.r—|!+[.r+'2|:
6} y = 3IA‘+3I—|x-4|‘

9' -9,
43"
32x 3:

="

2). =
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2.3. MokasarenbHble YpaBHEHUS

PaccMoTpuM ypaBHeHHs, B KOTOPBIX HEH3BECTHOE HAXOJMTCS B MOKA-
3arenie crenedd. Hanpumep:

3'=38l,;
B 215+ P 2 = 90
F+5-6"+64"=0.

YpaBHeHHa TaKoro BHAA NPUHATO HA3LIBATL NOKA3AMEALHLIMLUL.

[Ipn peleHHn noKasaTeNbHbIX YpaBHEHWH Ham OyleT noJesHo
CJIEICTBHE H3 TEOPEMbI O CBOMCTBAX 10KA3aTebHONH (DYHKIIHH.

Cnencrsue. [lyctb a > 0, a # 1. Ecau crenenu ¢ ocHoBaHHeM a
paBHbl, TO HX MOKa3aTesaH PaBHbl, T. €. ecn a*=a', To s=1.

HMsobpaxenue rpaduka noxkasarebHoOi QYHKIMH MOACKA3bIBAET ITO
cpoitero. Ha pucynkax 26, 29 BHAHO, 4TO KaKIOMY 3HAYEHHIO MOKA3a-
TeJbHOH (PYHKLUHMH Y = a’ COOTBETCTBYET €MHCTBEHHbIA 10Ka3aTelb S.

JloKazatenbCTBO 3TOr0 CJEACTBHS ONUPAeTCs HA Teopemy 3 1. 2.2,

Hpuwep 1. Peuuth ypaBHeHHe
32:2—3.\‘ +5 =3x2+2.\'—l
Pewenne. CornacHo cJeICcTBHIO M3 PABEHCTBA JBYX CTENeHel ¢

OJIHHAKOBLIM OCHOBaHHEM 3 CAelyeT paBCHCTBO HX nokasarenei. Takum
06]3330&'1, JIdHHOE YpaBHEHHE PaBHOCHJIbHO YPaBHEHHIO

22 -Bx+ 5=+~ 1,

OTKy/a
W =2 %,=3.

OTserT: 2; 3.
ITpwsep 2. Peunth ypaBHeHHe:

3 ,
a) 27(J3)" ' =812x; 6) 432% =0,25% =%,

Pewenne. a) lanHoe ypaBHeHie paBHOCH/ILHO (MOSICHUTE MoYemy )
ypaBHEeHHIO 6
grl = 3%

Ecin crenenn ¢ ocHOBaHHeM 3 paBHbl, TO PaBHbI H HX MOKA3aTe/H:
6
x+1l==

PeumB 370 ypaBHeHHe, nosyunum
xl = ‘—3, .3:2 - 2
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6) Y32 = 025" 24 =2+ 5 DX - 94 _j0x &
< 8x° +45x =0 x(8x+45)=0 &
] __45
(x—O WIH X = 8).

OTeeT: a)-3; 2, 6) 0; —%.

LJ - Ilpu peleHnn KaXkaoro ypaBHeHus H3 npumepa 2 cHavana ode

e | 4acTH ypaBHeHHs NPEJACTABH/HM B BWAE CTENEHH C OIHHM H TeM
JKe OCHOBAHHEeM, a 3aTeM 3alMCalli PaBeHCTBO loKasaTeJieH
ITHX CTeneHe.

Hpuvep 4 Pewnth ypaBHeHue:

2) 8+ 2%-1 - 9% 4 5.2%+3=-02- 6) 3*=5"

Pewenune. a) Jlannoe ypaBHeHHE PABHOCH/IBHO YPABHEHHIO

Qdx -:(8 _93x-(3x-1) 5, 93x+2-(3x- n) ~ 99
Peinas ero, nosyuum ,
2% -8 -2+ 5 2%)=02;
2%-1.46 =92,
23,1‘— I _ 2
Tak Kak /iBe CTeneHH ¢ OJMHAKOBBIM OCHOBaHHWEM 2 PaBHbBI, TO PaB-

2
Hbl M HX NoKasateiu, T. e. 3x— | = 1, oTKyla Haxoaum x = 3
6) Pasnenns o6e uactu ypasHenusi Ha 5* > (), nosyyum ypaBHeHHe
X : x U
(%) =1, paBHocuibHOe jaanHomy. Pemasi ero, nosy4nm (%) =(%—) s
Tea=1,

OTBeT: a) % 6) 0.

7 [Tpu petiennn npumepa 3 J1€BYIO YaCTh YPABHEHHS PA3JIONKHIIH
LJ Ha MHOXKHTesn. [lpuueM 3a CKOOKY BbIHECJH TAKOH MHOMH-
TeJb, YTO B CKOOKAX OCTAJOCh YHCJ0BOE BbIpaXKEHHe, He CO-

| JlepxKatiilee HeM3BEeCTHOrO.

we ). Peunts ypaBHenne 9 — 12+ 3"+ 27 =0.
Peuwenne. O6o3nauum 3°=f, torma 9" = 1>
Takum 06pa3oM, H3 JAHHOTO VPABHEHHS M0Jy4aeMm
12— 12t +27=0,
oTKkyna maxonum: [ =3 wan =9,
HTak, ¢ yuetoM 06o3HdueHHst uMeeMm:
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3'=3 nmm 3=
x=1nmx=2.
Otper: 152,
_!J [pu pewtennn npumepa 4 Gbl1 HCNOAB30BAH METO/L BBEIEHHS
® HOBOH TIepeMeHHOI, KOTOPLIH MO3BOJIMJI CBECTH JIlaHHOE ypaB-
HEHHE K KBAAPATHOMY OTHOCHTEJILHO 3TOM MnepemMeHHoH.

A 1100 p 5 Pewnth ypaBHenue 32 4+ 2% =16 — 3%,

Peuwenne. MOXHO 3aMeTHTb, YTO 2 — KOpPeHb JAHHOIO ypaBHe-
nus, JIpyrux KopHel ypaBHEHHEe He MMeeT, Tak Kak (yHKuus, crosiias
B JICBOH 4aCTH ypaBHeHHs, Bo3pacTaiollas, a yHKIMs, cTodilas B npa-
BOH 4acTH ypaBHeHus, yObiBawolasi. Ilostomy ypasheHne umeer He Go-
Jiee OIHOro KopHsi (cM. teopemy M3 1. 1.14).

Ortsert: 2.

1 1+ Pewntsb ypasHenue 6 — 81+ 2* - 8-3"+ 648 = 0.
Pewenne. 32 —81-2x-8-3x+648=0 <
< 23 -81)-8(3"-81)=0 <
& (3F-81)2°-8)=0«
< (3 -8l=0nm 2*-8=0) <
& (3=3" wm 2°=2°) &
< (k=4 wmm x=3).

Orser: 3; 4.

Mp [Tpn  KakoM 3HauYeHUH @ KOpPHEM YpaBHEHHS
3l+x-¥* _ 30-8 gungeren YHCJI0, paBHoe 27
Peuwenne. [TockoabKky X =2 — KOpeHb, TO BEPHO PaBEHCTBO

gl+2-22 39-8 1 e 3!=3e8
Pewns 310 ypaBHeHHe, HAXOIHM
a=T.

Ortsem:npua=7. A

. ‘, [ 1. Cohopmysiupyiite cie/ICTBHE PABEHCTBA CTCHEHEH C MONOMKHTENb-

J HBIMH OTJIHYHBIMH OT | OCHOBaHHSIMH.

r[pHBE}.I.H‘I'E NpUMEPBI NOKA3aTEJIbHBIX ypanm:lmﬁ.

3. Onuwmte crnoco6 peitexust ypasuenusi suaa @''=a*" npu
a>0,a#=1.

4. O[IHLLIHTE crnocot petieHnst ypapnenus BHia

)gm

————

2]

2166/ = (¥36

125

5. Onuuwmte cnoco6 pellenus ypasuenus BHia
13601 =76+ _gAx+2, 49,
6. Onuumte cnoco6 pelenus ypasnenus BHia
549 _34.7M0 7=,
Ynpaxuenusn

Pewmre ypaBuenue (2.39—2.57).

2.39° 1) 5°=125; 2) 6" = 1296;
o) (2 = o 0 (1 =
5) (g)* - 8; 6) (+) = 625;
7) lfls-"f + 8) 2?: =%
9 (3) =2 10) (£) =-2.5.
2.40°% 1) 3*-%=1; 2y 4443 |
3] 3&'!—1' 3 1; 4} 43’24-.\' — 1‘
5) (_J]:?‘__)x'~9=1: 6) 12(7%)1'-25;
?) (5.rj+x—2)3_"‘:l; 8} l:(ﬁxz-lﬂxa-l[i)"_xz'
2.41°. 1) 2¢*! = 16; 2) 32-*=27;
3) 4 1=32; 4)8‘“2=128;
5) *=27; 6) 8=
7) 97" ' _3=0; 8) 27" 3 _81=0:
9) 53 4+ 52 =25:; 10) 727+ 49 =72
2 49, I) (%)21_5=35x—8; 2) (%)‘I-‘i: 241‘—9;
1-2x 2+x 3-2x +3x
JNC I Y £ T
ox*-29 : 245 “45x 2:% -8y
5 =@ eE) =@
2.43. 1)0,042-* =257, 2) 0,5% ! = 16%
3) 3,5°~% = (A} 4) 0,82 = | 5%
5) 0,125 =28 6) 0,6256%+1 =1 63-%,
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2.44.

2.45.

2.46.

2.47.

248. 1) (=

2.49°,

2.50.

2.51.

1) 3:9°=8I;
3) 3799, 3¢2 =3
X o .\'+|3__]_.
5) 84 =16
] y2x+1 X
1}(7-’3') =(3\/§) ;

3xad, Y e
3) 9.3 = ol
251 2

) <= =(g) 3

7) 0,125+ 473 = (222

X+2 L
1) V5 J_

2x+1 ____
3) Y49 =
5) 167 V64 = 2*;
7)Yt =4

1) 0,55

,2214-2 —

1) 2% 3* = 36;
2\ 9\ 97
3) (3) (5) =&
5) 5%« 22¢ = 400;
o 92
6 25
D g =g
21242

_ 6.‘3): )
) T =y

1) 3! +3°=108;
3) 2" -2"%=12;
5) 2314 349=33;

)"; 8) 0,008(25v5) " =

6) 8'V16* = 2

8) 33f3r =o7.

2)2-4*=064;
4)0.5x¢? O‘r'l 2.r=2;
k=2, glex _ 1
6) 2 47 = 5
2 \2x x-1
2) (g@;) =(¥3)
= 4227

. (25~/_

125 )

!J_l
6) 957 '

3Al

|||6.r+1 2= ____

2 5f

l\.||-

2) 212—6.\:“],5 s 1 -

4) L. 40?1 _ 9773,

2) 2.8 =0,1;

92\* [125\% _ 625 .
4y (2] 157 =
6) 2%+ 3% =324,

10°° 54
2) ==
2:!x2—ﬁx
[Pk

2) 25+2 4 2% = §;
4) 3*+24 341 4 37 =30:
6) 52 +11-+5'=180;

121—2»\'

4)

- 3x3—3x =

5"1 ZX

7)3_r+1_2.3-(_l—-4'3"_2=’?;
8)2.|'+1+3.21_|—r'2't+6=0-

s IS .l J .

252. 1)6 —(g) = 246;

2) 49 T (g] 72 < 399:

3 3= (1 -
4) 221- 1 [%] 4r+|
5) 25! + 25[21, =475 +

6) 271 4 /4+ =56+(%)t”.

2.53. 1) 2% 4+2°_2=0;
3) 9 —6-3-27=0;
5) 100" — 11+
7)36°—4+6'—12=0;

254, 1) 13%* ~18*=12;
3)9 431 -108=0;
2.55. 1) 3+ 45.-(1) =2,

3) 2-2;1-3 2—x+1+l
5) 3. 2% +d_gw+l
2.56%.1) 5* —24 = 25,

3) 27222 =15;
5)9 -2 =9,

7 (3) 3 =12

2.57*.1) 2:5" +6 =5 -1,

3) V3" -5 = [1—3%;

2
2.58%.1) [1pu kakom 3uauensn a KopHem ypasuenus 2° 77 = 29 gp-

JIAETCR yneno, pashoe —17?

10°+ 10=0;

2)3*-2-3-

3=0;

4) 4 —14-2* =32 =0;

6) 49— 8.7 +7=

0,

8) 64" - 8" -56=0.

2} 32x+l_
4) 4% + 2¢+!

10-3*+3=0;
-80=0.

2) 5-5-2x+4-(~'-)’=1;

4)2 3—2x+2

6) 65+~
2) 2 2,{ =16,5;
4) 3 +3**=12;
6) 4°-0,25*"2=15;

8) 5-5° -5~

S Raaa Rt |
I=p**,

=24,

2) f10_31'+‘2 =3X+l_2

4) 92" +25

=2"-3.
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2) Tpu Kakom 3HAYeHHH @ KODHEM YpaBHEHHS 58+2x-# - ge

ABJIAETCSA YHCIO, paBHoe 2?
Zrgr+?

2.59*.1) Ipn KakoM 3HaueHWH a KopHeM ypabHerus {+/3) =3

ABJSETCA YHCIO, paBHoe —27

2 - ax
2) IMpr KakoM 3HadyeHUH a KopHeM ypaBHerus (/7 ) = 7

fIBASETCA YieNo, pasHoe 1?
2.60*.1) Ipn KakoM 3HaYEHHH ¢ KOPHEM YPaBHEHHS
0,5°** = (sin x4

6
ARASIETCH YHCNO, paBHoe =17
2) Ipn xakoM 3sHaueHHH @ KOPHEM YpaBHEeHHS

(J—)a—x_(cos%)x2+2x oo

SIBJISIETCS YHC/O, PaBHOE 1?

)12—2::

Pemm*e ypaBHeHHe (2.61—2.63).

261+ 1) 3 =9 . g 4tore
3 d" o6 DR R TR
870 g, 6 geed g '
2.62*.1) (0,(3) *=27; - 2306 = ()
3) 0,25-(0,1(6))" "°= 4) Y(0.6))" =#N,5.
2.63%.1) 3*~! =(%)m2,+mz,_;; 2) 0,26%77¢ " = 6'*;
TR Joap 4y 090 =@ e

2.64* Ykaxure HaHGOMbLIAA OTPHLATENBHLIA KOPEHb YPABHEHHA:
1) (%) “=sin & 2 : 2) (%'—‘-)sm= cos 27.

Pewnre ypaeuenne (2.65—2.69).

-2.65*%, 1) (E)sm * = arccos %, . 2) (%)m2 = arcsin %,
[ 3) ( )tg"’x arctg\/ﬁ; P 4) (%)dﬂefzarcctg\/g‘

267*. 1) (V3)*'"= 23
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2 66*, l) 2sinx =%; . 2) 31:0921: =%;
3) 2% = J0,5; 7 4) 5% = f0,2;

5) 3n+059 _ otg }515; 6) § - geue(18n+04x) =J§

2) 2(:05231 = Ssingx;

3tg 2x

3) 25[ —-¢os 6x _5ctg3x

4) 4+ 3%% 4. 375 = 4.2,

2,68+.1) 3-3*.37. -3 =3V,

2) 5%-5%-5%. ..+ 5% = 0,042

269%. 1) Qoosx.gcoszx.gmsax._”=2; e '

9) geine. go'x. g, -3

2.70%. [Tpu XaKHxX 3HAYECHHAX G YpABHEHHE:

1) 25 +5*+(2-3a)+2¢* -5a -3 = 0 HMEET OfIHO pemenue,
2)9* —3*+ (5a+3)+6a® +11a—10 =0 HMeeT omHO pelleHKe;
3) 4* —2*+(6a—4)+5a° —4a =0 umeer fBa PaAHYHLIX pe-
LIEHHS;
4) 36" +6"+(a-1)~2a% +a =0 uMeeT fBa DA3/IHYHHX pe-
LEeHHs?

2.71*, Peulnte CHCTEMY YpaBHEHHI:

x+y =6, x—-y=3,
) A-Teel2 2) 2 -By+6
y * =1; X ¥ =16;
|' x
£ 2'yl= '.' E l9‘=8,
3) 3-2 77, 1 52 +3
-2 =7 5 - 3% =16.

ToKasaTeNbHbIC tivPABEHCTBA

PaccMOTPHM HEpPaBEHCTBA, B KOTOPHX HEH3BECTHOE HAXOAMTCA B 110-
KasareJqe crenenn. Hanpumep,

7312-1: < 7x2+3x.
0,09<0,3° <1.
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HepaBeHcTBA TaKoTO BHAA MPHHATO HA3HBATD AOKA3AMENLHOIMU,

3 TeopeMul o CBOMCTBAX NoOKaszaTesbHol dywkuun (n. 2.2, cpofi-
cTB0 8) noaydaeM CERCTBHE, KOTOPOE MOCTOAHHO HCHONLIYETCS NpH
pellIeHHH TOKA3aTeNbHBIX HEPABEHCTE.

Caexcreue. [lycrba> 1. Ecnu a* > af, o s > £ :
IMyers 0<a< 1. Ecmma* >4, 1o 5< 1. }

HsoGpamenne rpauka noKasarekHoi QYHKUMH NOACKA3LIBAET 3TO
cBoictBo. Ha pucynke 26 Buano, 9to nmpH @ > 1 GosblieMy 3HAYeHHIO
HYHKIMH COOTBETCTBYeT Godfibillee 3HAYEHHE APTYMEHTa. A Ha PHCYH-
ke 29 sraHo, yro npu 0 < a <] GoablueMy 3HaueHHIO (PYHKLHH COOT-
BETCTBYeT MeHblllee 3HAYEHHe apryMenTa.

Fiph peilenHn nokasaTeJIbHbIX HEPABEHCTB, TaK Xe, Kak W Npu pe-
UWEHHH TIOKASATE/bHLIX YPaBHEHHH, TPHXORMTCH HCIOABLIOBATH TpeR-
cTaBJieHHe OGeHX YacTedl HepaBeHCTBAa B BHAE CTENCHel C OfIHUM H TeM
e OCHOBAHHEM, Pa3NoNeHHe OHOH U3 YacTell HEPaBEHCTBA HA MHOXH-
TeNH, BBEJEHKE HOBOH NepeMeHHOH.

fiprven t PellnTh HepaBeHCTBO 738 -x g e 3e
Pemenue. [Tockoabky u3 ABYX cTeneHedl ¢ ocHoBakHeM 7 Goablle
Ta, NOKa3aTeAb KOTOpoi 6oJbllie, TO AGHHOE HEpPaBeHCTBO paBHocwleo
HEPaBEHCTBY :
3x? —x<x* +3x. o

5

Peutnm ero:
2x* -4x<0, - v i
2x{x -2)<0,
0<x<2
Orser: (0; 2).

NMpume) 2. Pewnts HepaBenctso 0,57 > 0,25'*.
Pemenne. JlanHoe HePABEHCTBO PABHOCHABHO HEPABEHCTBY

0’5215—3 » 0,52(I-x)'

[TocKonbKy U3 ABYX cTeneHeH C OABHAKOBLIM ocHoBaHHeM 0,5 Gonb-
ule Ta, MoKa3aTe/b KOTOPoit MeHbllle, TO HMeeM

2x-3<2(1-x),
4x < 5,
xi%
OteeT: (-o0; 1,26}
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Mpusiep 3. PeltuTs HepaBeHCTBO 5937 4.9 5034 +2 < 10,2.
Pewenne. JaHnoe HEpaBeHCTBO PABHOCHILHO HEPaBEHCTEY
53¢ (1425%)<10,2,

oTKyAR 5937 .51 < 10,2,

50.3;’ < L
50 3:2 < 5—

TTocKonbKy HX ABYX c'reneueﬁ C OCHOBaHHEM 5 6onbme 18, noxasarenb
KoTopofi Gosbllle, TO AaHHOE HEPABEHCTEO PABHOCHWIBHO HEPABEHCTBY

0,32 < -1,
Pewtennfl Her, TaK Kak 0,3¢° > 0 ipH MOGLIX SHAUCHHAX X.
OTBeT: HET peiliesnd. o :
fMipumep 4. Pelwuts HEpaBeHCTBO
7450 4525 < 14 g2+l 440,

B

Peuwenve,
7,451 45092 _14.92*1 <40 & 2 (7-4+5-14-2)< W0 =
o278 o 2%<2% & x<L5.
OTeeT: (—00; 1,6).
2
Mpumep - Pemarh HePaBEHCTBO 0,00<0,3" <1.
Pewenne. JlanHoe HEPaBEHCTBO MEPENHILIEM B BHIC
0,32 <0,3” <0,3".
TTocKOAbKY M3 ABYX CTeneHeA ¢ OCHOBAaHHEM 0,3 Goubme Ta, noKa-
3aTeqb KOTOPOH MEHbILE, TO KMEEM:
2> x>0,
: 0<x* <2,
0<|xt€x/—
LB <x<0mm0<xs A2

Orser: [—ﬁ; 0)U(0; «/-]
Npumep 6. PelrnTh HePaBeHCTBO o
5. 40772 _34. 7% _7<0,
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Pewenne. Myers 7972 =4, torna 49812 = 2. Hcnonsaonar
5TH 0603HAYEHHR AR JAHHOTO HEPABEHCTRA, NOyunM 5¢2 — 34f — 7 < 0.
Pewne 310 HepaBeHcTBO, MOMyUHM:

1

t L
—%ét%?, T. €. 5
17,

MMockoabky ¢ = 79513 0, 10 {2 ~% npu MOGBIX 3HAYEHHRX X.
OcraeTcs pelliTL BTOpPOE HEPABEHCTBO CHCTEMDI:

793 <7,
[oayunm:

4
5|x|—3€1@5[x|€4¢|x|<%¢>—§€xé%.

.f_4. 4

OTger: [ = 5|

Mpuvep 7. TIpH KakHX 3HaYeHHsX m JAI060E 3HayeHHe X H3 npo-
MexyTKa [9; 10] asnsieTcs perieHHeM HepaseHCTBa

FE-m L 812
Pewenne.
<8l P o U -m<4 o< B

Urof pelueHHeM HepaseHcTsa 32" < 8| sefstoch A060e 3Ha-

YeHue x W3 npomexcytka [9; 10], HeoGxogumo, yTOGhE 3TOT Npomexy-

TOK BXOIMA B NPOMEKYTOK PELueHUN 3TOrC HepaBeHcTsa (—00; 4—*-3)

2
{puc. 32).
Hrak, umeem:
10<332 20 < e o m> 16, b
9 10 4+m x
2
Orper: npum > 16. Puc. 32
‘ " t. TIpuBennte npUMEpH! TOK23ATENbHLIX HEPABEHCTR,
| o 2, Onuulkre crIOCO6 PELCHHS HEPABEHCTB BIAA:

a) 0,375/ < 0,375, 6) 3,751 < 3,758,

3. OnnwuTe BO3MOMKHbLIE CIIOCOO! DEIEHHA HePaBeHCTB BKAA

549/ _34. 7/ _7 > 0.

4. OnuiwTe BOMOXKHBIE CNOCOGHL PeIeHHA HepareHCTBa BHia
13-/ 4 7.6/ <6/ 4 114
5. OnHWHTE BO3MOMXHbBE CNOCOOH] PELIEHHs HEpaBEHCTEE Bria
8fix)
343780 > (477
YnpaxHeHnna

Pewnre Hepapencrao (2.72—2.86).

2.72°. 1) 3> 9; 2) 6 < 36;
3) (55) <35’ 9 (3> %
5) (1) > 2 6) 4° < 5
7) <5 8) 5% > 5.

2.73°. 1) 57 < +/5; 2) 775> 7;

o (w0 ()
—a X I . -ax } _rl__;

5)95f%, 8) 25 E%

7310 7 20,1 8) 0,01 ® <1000

2) 571 <1
4) 0,6 > 0,36%;
6) 0,57 "> 8,

8) (‘]—31-)‘2_3‘ <2

2.74°. 1) 274> 1;
3) 0,77 "7 <0,7°;
5) 0,25—x2+3x < 256,

7) (%)212431 > %;

2x~3‘

2.75. 1) 3 >(3)

2x x2+3.?'5
o) (&) <
5) 827 -% < (0,5)";

£
2) getd g (_élg)z :

. 922
4) (-;—)lg >823 :
6) 9-3" >3
£ 4x 1 Bt l—i&x'
0. 1135 (4 <(35) ™" 24 (3 > ()
3) /32 - 27 = 8%, 4) V27 - 375 <9, 2
5) 250,047 >0,2°3%; 6) 4-0,5°*¥<0,25%.
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2.77. 1) 5 ~1>0;

L

3
2.78. 1) (05) * >8-(0,5)
3) (0,3)"7" <(0,3)"";
dx—1
5) (0'4)x+l 4(2.5)x+ll
x2—4

7) (0,5) *

>8;

2.79. 1) 5+ > 625:

9 (3>

5) 2I2x+3| >2|4x-li_
1) 5¥°%-% < 125,
3) 3\fJ-X2—3).'+4 >9‘

2.81%.1) 3 i 1,
i
3)( )-\}Ixi+x—[2;5;;

A
5
2.82% 1 ) HE0s X~ l,
3) (_:?-)blllx g I:
5) 2,6¥*<:
7) 0,139 > |.

2.80.

2.83%.1) 0,7"*<13;
3) 6,2“"“;6%;
5) 4,5 < 2;
7) 0,24“'R*‘>%;
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148
2)2 *>0,5-2%
x=3 3
4) (0,1)**" >10%+7,
dx-4
6) (0,5) "2 <9r-2.
=3

8) (0,2) ¥ <295

2) 94l gy
4\lx-9| g\-*
(5 <@
6) 1025l < 0l7-+l
2) 4‘HI—! >64;
4) ?\112+x+| <7
2) 2955 5 9x.
4) 6,,‘?4—34‘ ;i
6"

2.87.

2) 6sinr< |,
5 \eosx )
O (w) >
6) 0,54 < |;
8) 9,68% > 1.
2} 0,4L‘&¢x>_§_;
simx 5 .
4) 7.4 QE?IB
clgx "
6) 0,65 i%_,
tgx
8) 3,65 ¢ L.

2.84°,

2.85.

2.86.

1) 32 s gr-leog

9) 1 L P T:

3) 32x+2_32x—l}78;

4) 531+l—531_3€624;

5) 221 4 222 4 923 5 448,

6) 3272 + 3% -3 <315,
L Ly 1§

7y 22 487 —42" <0

2{x-2)

8) 4 ~9%¢-2 .8 3 >52:
2
9) 25! 4272 -3-2°73>3-4*;
1
10) 3**% 43742 -2.3**!1<10 0=

2) 3%* —-4-3 +3<0;
4) ¥ —-2°¢12

6) 3% +11-3" > 4;
8) gxn __3x+3;3x =3

1) 22 -3:2* +2<0;
3) 9 -3"-6>0;

B) 6% L heBF 1< O
7) 32x+2 ___3.t+4>3x _9;

2) - < 6% < 36;
4) o <(V2) <64- ¥

6) 0,0081< 3" <1;
8) 0,00032 < 0,2**"2< 1.

1) 0,25 < 5° < 125;
3) g7 <(V3) <81-%9;
5) 0,125< 5% < 1

7) 0,16 <0,4**'< 1;

Pelunre cueremy HepaBeHCTB:

R 3% 59,
1) - 2}{2
2 +x-2>0; X" —-2x-3>0;
52-3% _1> 13" a0
3 [° 1>0, 2 (4) ;
X' -x-6<0; K- x-20<0;

x+8<3 wim 2x+425;

6% 4* —-10<86,
4x —-1< =5 uau 2x+3>5.

5% {3 -7>2,
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2.88. Halimire ecrecTBeHHyI0 06/1aCTB ONpELeNEHAn BLIPAKEHHS:
1 [
1) §9% -3 ; 2) YVoF - 39%;
3 5 __3 . T _ 1
)\/4‘+3 3-4%" 8 \/2‘+3 2ty
2.89*. Ilokaxute, uTo ApH JOOGHIX 3HAYECHHAX X BEPHO HepaBEHCTBO:
sin® x +cos? x 1 1 < .
1) 0,09 >(3) ]
sin? x— 3 3yl +cos x - 2cos? £
2) 7,3 2 <(3) 2
1-2sin? £ _pys
3) () T 4
4
4 52 x - sin? x ~ cos 2x _!_ o
} 0,07 >(3)

*
2.90*.1) IMpu KakHX sHaUeHHAX @ MOGOE FHAYEHHE X, GOMbLLICE -1, aB-
JIAETCA PELICHHEM HEPaBeHCTBa 5°%7 > 1257
2) Mput kakux 3HaYeHHNX @ MOGoe 3HaYeHHe X, MeHblnee |, sB-
NSeTcs peieHHeM HepaBeHcTBa 4°%° < 167

2.0, Jlorapudmm

MuorkecTBOM (06/1aCTbI0 ) SHAUEHHI MOKA3ATE/bHON BYHKUMK ¢ = g
(a >0, a#1) ABAsieTCH MHOXKECTBO BCEX MONOKHTENBHLIX YHces. 3Ha-

HHT, BIF M06G0r0 NOJOXKHTENBHOTO YHCAA D HAffeTCS TAKOE 3HaYeHue
apryMedTa ¢, 4To

a=b.
T‘?Koe 3HAYEHNE apryMenTa emHHCTBEHHOE, TaK KakK eclH b=a' u
b =4 To0, no cneacTeuio w3 0. 2.3, BEPHO PABEHCTRO ¢ = d. DTo eAMHCT-

BEHHOE 3HaYCHHE &PIYMEHTa ¢ Ha3HBAIT Aozapudmom uucaa b no
ocrosanwe a v o6o3navawr log, b, 1. e.

c=log, b.

Taknm o6pasom, paeenctso ¢ =log, b osHauaer, uto 6 =a'. Cdop-
MyaupyeM onpeaeseHne aoraphdma ele pas.

Onpegencune. flyere a>0, az1, >0, Hdozapugpmonm
wucaa b 0o 0cROBAKUIO a Ha3biBaETCA NOKa3aTedb CTeneHH, B
KOTOPYIO HYXHO BO3BECTH MHCAO &, 4TOBb NoAywHThL YHCIO0 6.
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[TprBenemM HeCKOJbLKO NMPHMEPOB: L
a} logy 125 = 3, Tak kak 125 =5°;

6) log, % = -3, TaK KaK 12% =53,

B) logy 1 =0, tak xak 1="5°

r) logs (-5) He MMeeT cMbICNa, TaK KaK 3HAYCHHE BBIPAMEHHH b
(pH NIOGOM 3HAYEHHH X TIOJOMHTENBHO H HE MOXKeET GbiITb PaBHO —5;

) N0 onpeeneHiio AorapAdMa He HMEIOT CMBICAA W TaKHe BuIpi-
eHHA, KaK log_, 4, logp 1, log, 3, fog 1, mockoJbKy OCHOBAHHEM 0TI -
pHOMa JOIKHO GbiTh MNOONUTENLHOE YHCAO, OTAMYHOE OT EAHHNILLL

HaxomaeHne JOrapu(Ma UHCJA HA3LIBAETCA  A02apudmupo-
aanuem.

O6o3nauum log, b =s. Torna, cornacHo onpeleneHuio forapudma,
BEpHO paBeHCTBO a°=h, T. €.

a'%¥® = p,

310 PABEHCTBO HA3HBACTCA OCHOBHBIM A02apupMuseckum
moNcoecmson.

CornacHo 3TOMY TOMCIECTBY, HANPHUMEP, HMEeM:

1
loge — -
a) B! =125, 6)5 B =1 B) 5=
""“ ; OcHOBHOE NoTapH(IMHYECKOE TOXIECTBO NO3BOJAET Al
. @ J1 umcao b npencrasuth B BUie CTEMEHH C JNIOGHIM NOMOKHTCAL

HblM OCHOBAaHHEM.

Hanpumep: log2 17
E

_ gy 17 _ 1! _ {2
17 = 3917 = 0,110 17 =(2)

Jlorapidmsl Gbian H3o6peTeHb B 1614 I, WOTAAHACKAM MaTC-

AJ marukom J1. Henepom (1550-—1617) n He3asHCHMO OT lero

. Ha 6 JneT nosiHee iUBEALAPCKAM MEXaHHKOM M MaTEMATHKUM

| V. Biopru (1552— 1632).

. O6a HcchenoBartessi XOTeMM HAATH HOBOE YAOGHOE CPCACTBO
apHGMETHUECKHX BHYUCAEHNH, HO UX OTIPEAIeieHHs Jorapid-
Ma PAVIUUHLL ¥ Y OGOHX He TMOXOXKH Ha COBPEMeHHbe.
[TonnmanHe sorapipMa Kak NMoKasarens CTENEHH C AaHHBIM o=
HoRanheM Brieppbie nosBuaoce B XVIIE B. B paGotax awrauit-
ckoro Matemarnika B. lapaunepa (1742 r.). Ulnpokomy pic-
FIPOCTPAHEHHIO 3TOTO OMpenesieHus Jorapupma Godiee ApyrHx
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cozeficteoBan Jl. Diinep, KoTopuili BepBne MPUMENWA B 3TOH
i CBA3H H TEPMHH KOCHOBaHHE»,

Tepmun «sorapudm» npunamiexxut Henepy. OB BosHHK H3
COYETAHHA IPEHECKHX CAICB 2020C — OMHOUIeHue W apum-

MOc — qucao. CoBo «JIorapHM», TakuM o6pa3oM, 03HaYa-
AO KYHCAO OTHOLLCHHA >,

Npuwep i a) 3anucats yneao 3 B euae AorapudMos no ocHo-
BauHio 3; %; J7.

6) 3anucatb wucio —5 B BHAe JNorapupMoB NO OCHOBAHHIO
x(x>0x=1).

Pewenwue. a) o onpeaenenuio Jorapugpma nmeem:
= 38
V3= log (3"
3
J3 =log ﬁ(\ﬁ .

6) I'lo onpenenennto norapudpma umeeM:

-5
5= logl(%) =log,; 4° = log, 1024;
4 4 4

1,
'Is

—5 = log, x> = log, x%

Mfpumep 2 Mexay KakiMH LeSbIMH YHCA2MH HAXOAHTCA YHCIO
log, 17?

Pewenue, Tlyers log, 17=p, toraa sepuo papencrso 2= 17,
Mockomky 2'=16<17=2" u 2=17<32=25 1e. 2<P¥ <,
TO MO CBOACTBAM NOKA3aTeAbHON (YHKLHE C OCHOBaHHeM 2 HMeeM
4 <p <5. 3uaunt, log, 17 HaxoauTes mexly uncaamy 4 n 5.

OtBet: 4<log, 17 <5.

FTonaeen ? Pewnts ypasHeHne:
a)3=2 6) 3*=2"""1,

Pewenne. a) INockoabky 3°=2, To no onpenesennio Jorapugpma
HMeeM
x=logy 2,

6) 3* = 9+ @3"=%¢ (%)x=2<:>x=logg2.
3

Otser a)log; 2; 6) log, 2.
3
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] t Jlorapudmbl no ocHopannio 10 #MeioT 0coGoe HasBaHHe —
LI I decamuunoie 102apuPMoL.
Jlecaitnunbii orapagm vkcaa b oGosnasaerea Ig b.
i Takum oGpasom, lg b =logb.

" & Ocoboe ofoianaueHHe # HA3BAHKE HMEIOT HE TOALKO He-
_e_] CATHYHBIE AOTAPHGME, HO H NOTapudMbl, OCHOBAHHEM KOTO-
PhIX ABASCTCA YHTIO €

log.b=Inb.
Takue NorapHMLl HA3LIBAIOTCH HAMYPAILHOIMU.
JlorapudMbt 110 OCHOBAHHK € NO3BOJIAIOT BbIPAXKaTh MaTeMa-
THYECKYIO 3aBHCHMOCTb, KOTOpas XapakTepHiyet MHorne GHo-
JIOTHYeCKHe, XMMHYecKHe, (pH3HuecKHe, COLHaNbHbe H ApyTHe
npouecce. [lo-BHauMOMY, 3THM OOBACHAETCA H Ha3BaHWe
«HATypanbHEe JAOTapH(Mb!», T.e. ecTecTBeHHbIe (3ITOT Tep-
mut BBes 8 1659 1. uranbanckuit matemaTuk [1. Menronu).
Hatypanbhkte M pecATHYHble JoTapHMB WMeny 6Goabioe
3HaueHHe AAA o6jeryeHMs Bbluncnenud 8 XVII—XX BB, jgo
CO3JaHHA MOILHBIX COBPEMEHHBIX BhIMUCHHTENbHBIX CPEACTB.
Onnake, HaTypanbHbie AcrapudMet HMelOT ¥ GoabLIOE Teope-
THYECKOE 3HadYeHHe. A

Chopmyanpyfite onpepesetne JorapAdma.

Cdpopmyaupyiite ocHOBHOE JorapHMHYECKOe TOXIESCTBO.

Kak 0603Ha4ai0Tcst ¥ HA3LBAKOTCA JOraph¢MK TIo ocHoBanuio 10?
Hoxaxure, yto npw siotom a > |:

:

| a) log,1=0; 6) log,a=1.

el

Ynpaxuennna

2.91°, B kakyio cTeneHb HyXHo Bo3BecTH yucao 10, uyTobbl NOMIysHTsH

YHACIO:

1} 100; 2) 10 000; 3) 1000;
4} 10, NI 6)0,1;

7) 0,001; 8) joaes; 9 o
10) V10; 1) gz 12) 7652
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2.92°, 3anuuimute PaBeHCTBO C MOMOLUIbIO Jiorapupma no o6Gpasiy Botmcaute (2.98—2.105)

7“2=—1—,T.e. -2 = log, - :
+ 55 498 e 4; i 2.98°. 1) log, 16; 2) log2 3) log, 64;
=8, =8l
: : 1 4) log, I; 5) log, + 2 6) logQ%
3) 10° = 1000; 4) 643 = 4; 7) logyar  8) logy o] 9) log, (24/2).
5) 3' =3; 6) 6° =1
7) 0,11 =0,0121; 8) 2,1 = 4,41; 2.99°. 1) log, 81; 2) log, 27; 3) logy 5
-4 o .
9) (1) =16; 10) (1) =27, 4) log, 1; 5) logy 1 6) log, 3;
3y_13. 9\ _ 20 7) log, 243; 8) logs 5= 9) log,(3'99).
1) (ﬁ) =2, 12) (%) =2 ) log; ) logs 553 23 )
2.93°. lpencrassre uncna 0; —1; 1;-2; 2; -0,3; 0,3; ~J2;: 2 B Buge 2.100°. 1) log% 4 2) iog% L; 3) Iogl 0,125;
norapudma no 0CHOBAHHIO: £ log, 'é'; 5) log, 42: 6) Tog; %
; ; I 1. 2 2 2
1) & 20, 3) 3 ¥ s 7) log, 128, 8) log, ¥2; 9) log, 55
5) 0,11; 6) 0,2; 7) 2,5; 8) | : ’
2.101. 1) logg sin —; 2) log, sin %;
2.94. [llpencraBbre B Buae sorapugmoB ¢ ocHoBanusimu 0,1; 2; % X g 2 ) logusin g
. n
(x>0; x# 1), x=2 (x>2 x#3); m? (m#0; |m|# 1) wncao: 3) ‘Ogn‘wswﬁ;- 4) 'Ogémsg'
1)-2  2)-3 3)-1; 4) -5 5) log, tg 4% 6) logy s ctg % ;
) 9. Lin . 3
o) & it N—= 8k 7) log, ctg(~150°); 8) log, tg (~120°).
9) 7 10) 3 11)0; 12) 10. 3
2.95°. Haiinure siorapucm yucsa 1no ocHoBaHuio 3: 2.102. 1) logs \/Q’Ig%t - 8cos 4—“,
; 3 L %
1) 9 2) 15 3) 27 4) 81’ 2) log s JStg +2sin L& 6
5= 6 ¥ 83t :
V3 3) log, \/65111 +2c08s 3
2.96°. Haire uncaio, Jiorapum KOTOPOro 1o OCHOBaHHIO 3 paBeH: i
1) 0: 2) 1: 3)— 1 4)-3; 4) log, \/4sm ~2c0s == 6
|
5) 2, 6) 3, ?) 5, 8) “IT 2.103o. I) 3L0g318; 2) 5|0g510: 3) l[]lugml :
logy8 . loggl . log 2100 |
2.97. Haiinure a, ecaun Iog,,]i6 paBeH: 4) 4755 5) 2% 6) 1278 "
log 6 log 3 —
1 2 2 3) 4; 4)-4; 7) 7087 8) (1) ) 9) (& )"’ 55
5)-1; 6)-2 7~ (8ydl .
) : )} ‘s 2.104. 1) (20e25); 2) (6%2)"; 3) 2518,
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4} 4Iug._,ﬁ: 5} 3—Ing33: 6) 4—&)(“15; 2.110. l) 4* =5; 2) 6" =2; 3) 5x-l =8;
7) 2?—|ug‘;‘2; 8) (é)k:gg‘:;'; 9) (125)|0Hr,m' 4) (%)X+|=6; 5) 7x+| =3x: 6) 8_1'—‘2 — lox;
| "_l_ X, g=1 [ TX%, X _ ér”
2.105. l) 22+I::g25: 2) 32+Iug;‘10; 3) 52—i::g51{1; 7) (‘3_) =5 ' 8) 2 _('5') ' g) 3 _(8) .
4) 25!~ l#xs15. 5) 5. 30eat-!. 6) 4 - 5es10-2. 2.111. Hwmeer i1 cMBICS BbIpaXKeHHe:
7) 2710H;|5-i, 8) (_l_)ln[!25+l. 9) (_l__)lﬂ%—E 1) [0g2(3_2\/§)' 2) 1ogi(5'—3'\/§)'
! 8 ! 100 ’ ’ | T,
3) log, 4 4) log;, 55
2.106. Haiiante 3HaueHne BbiparKeHHst: 5) log_ R(n—l) 6) log,,.., (4 —m);
1) log, (log, 27); 2) log; (log J; .
il s i) 7) ,/logg 6 8) \flog, 0,92
3) log, (log; ¥5); 4) log, (log; v/81);
5) log. (3log, 8 6) log. (3log. 27 2.112. Mex1y KakuMH LeJbIMA YHCIAMH HAXOUTCS YHCJIO:
og, (3log, 8); og. )
7: Iozd(Sloiz 41_;_ 8; ]gg(-; ;gfg&z K 1) log, 15; 2) log, 200; 3) log, 5 1000;
’ e ' 4) log, 10; 5) log; %; 6) log, %
2.107. Bouucaute: B Fy
1) 2|0g,25+3|0g2 64; 2) 4log; 216 —2log; 5 8; 2.6. OcnoBuuie csoicTBa Jorapudgivon
3) 2]0g2——3log, 21; 4) alog 625 + 8log, I;
3 Teopema 1. Tlpu oGBIX MOMOKHTENBHBIX 3HAYEHHAX b W ¢
5) '08’4 logys 256 + log, 2; 6) log, |0€4 16 + log, BEPHO PaBEHCTBO:
7) 2 + (log, 81 + 161823 )85 %, logu(b:)=logab+10ga0: (1)
8) % ('g10+9|0g3?)i1}g503: Iog,? = log, b - log, c. (2)
9) 3lcg2 i I‘)R:‘s' Hokaszatenbctso. Jokaxem yrBepxkienue (1).

10) g2 ”““ﬁ-zi-— [To ocHoBHOMY JlOrapH(pMHUECKOMY TOXKIECTBY

Peumre ypasuenue (2.108—2.110).

alog,,lbc} =bc = alugﬂh.alognr -

| no cBoicTBam crenenu |

2.108°. 1) logz x =3; 2) Inx=1; 3) log; x=1; = loEab+log,c
4) lgx=0; o) lng =2 &Y Jagpx= _QI; Takum o6pasom, umeem:
Tying=-1 8) logy, x =-2; 9) logy x = i @'0%a (be) _ plogab+loggc
2.109. 1)log, 16 =2; 2)log,5=-1 3) log, 81 =—-4; Orciona, no cheactsrio M3 . 2.3, nojyyaem paseHctso (1).
4) log, (Q\F 5) log, 64 = 6; 6)log, 36 = -2; Hokaxem ytBepxienue (2).
7) log, — 120 3; 8) [ngé - %; 9)log, 1 = 2; [Tpeo6pasyem nieByto yacTh paBeHcTBa (2):

10) log, 16 = 4; 11)log, 1==-3;  12)log, > =-1. log, % =log, % + log, ¢ — log, ¢ =
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| vemonbays pasencreo (1), nonydnm |
= log, (g . c) —log,c=log, b-log,c. B

3aMeTHM, 4TO PaBEHCTBO (2) MOXKHO OKA3aTh TEM XKe Choco-
6oM, uTo K paBeHcTBO (1), — chenalite 3TO CAMOCTOATEALHO,

Pageunctso (1) osnavaer, uto aoeapupm npoussedenus dsyx no-
AONCUINCADHBX HUCEA PABEH CYMME A02APUPMO8 IMUX HuceA,

PagsenctBo (2} osHauger, yto sozapugu dpobu ¢ nosomumens-
HOLMU YUCAIITICACH U 3HAMEHAMEAEM PABEH DASHOCMIL A02aPUPMOs
HUCAUMEAR U 3HOMEHAMENR.

= 3ameuvaHHe. PapencrBa, AoKasaHHble B TeopeMe | (Kak u
)4 ApYrde DABeHCTBA ITOTC MyHKTaA), ABAIOTCA TOMAECTRAMM.
’ HeAcTBHTENBHO, KAXKI0E H3 HHX NPEBPALIACTCA B BEPHOE YHC-
JIOBOE PABEHCTBO NMPH JIOGHIX 3HAYEHHAX a, § U ¢, A9 KOTo-

PbiX BXOAALUME B PABEHCTBO BHIPAKEHHS HMEIOT CMLIC/,

Teopema 2. Tlpn N06HIX 3HAYCHUAX § U TIONOKHTENBHBIX 3HA-
YeHUsIX b BEPHO PaBEHCTBO

log, &' =slog, . ' . o (8)

Noxasateabctno. ITo 0CHOBHOMY JOrapHpMHYECKOMY TOXKIAECTBY
a%e? — ps =(alog¢b)s=
| no ceoficteaM cTeneny |
= aslog,b'
Taxum o6pazoM, HMeem
vzt _ %t
Orciona, no creacteuio u3 nm. 2.3, nonydaeM pasencrso (3). B

Crneacrsue 1. Ecii unena ¢ u v oaHOro 3Haka, TO HMeeT Mec-
TO PaBeHCTBO PR

log, (uv) = log, ju| + log, | ©|. (4)

Caeacreue 2. Ilpu moSoM uenom k n 4 #0 umeer MecTo pa-
BEHCTBO -

log,u =2klog,|ul. - ' (5)

Jokaxure 314 PpaBCHCTBA CAMOCTOATENLHO.

Mpumep 1. Hailtu 3Hauenne Bhipakenns:

a) log, 60 —log, L5; 6) Ig125 + 1g8; B) log, 243.
Pewenue.

a) log, 60 — log, 15 = log, ?-g =log,4=2;

6) 1g125+ 1g8 = 1g (125 - 8) = 1g1000 = 3;

8) log, 243 = log, 3° = 5log; 3 = 5.

OrseT: a)2; 6)3; B) &.

Teopema 3. [pu moGuix 3Havenuax a >0, a=1, >0, b= 1
H ¢ > 0 BepHO paBeHCTBO

_ Jogyc -
log, ¢ =05 ' (6)

JokasateabcTBo. Crnocob 1. To ocHoBHOMY JorapHMHY4ECKO-
MY TOXKIECTBY HMeeM
blum, (- c

[1ponoraputhMiposas JieBylo H NPaBYIO YACTH ITOrO TOXKAECTBA MO
OCHOBaHHIO @, MOAYYHM

log, (b'““") =log, c.
Mpumenne ToxaecTso (3), HMeeM
log, ¢ - log, b = log, c.

Tax Kak b= 1, 1o log, & = 0. [loaToMy JieBYI0 B MpaByiO YAaCTH 3TOTO
paReHCTBAa MOXKHO pa3nenntb Ha log, b. B pesyabrate nosyusm Toxae-
erso (6). B

) Cnoco6 2. Tlycts log, c=x, toraa ¢=5". Jlorapndmupys oGe
YACTH STOMO PABEHCTBA TIO OCHOBAHYIO &, MONYYaeM

log, ¢ = log, b*, T.e. log, ¢ = xlog, b.

OTKypa UMeeM: _ logge
x= log, b

log, ¢
Tog, b

Toxpectso (6) HasmBaeTcs opmyaoi nepexoda om aozapud-
Ma N0 00HOMY OCROBARUIO K Aozapudmy no dpyzomy OcHo-
HARWIO.

Hrak, log, ¢ =
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O6biuHo B Tabaunuax, MHKPOKAJbLKY/ISITOPAaX AaloTesl 3HAYEHHS! JIOra-
prMOB 1o ocHosanuio 10, a Korja HY’KHO HalTH 3HaueHHe Jiorapudma
M0 /IpyroMy OCHOBaHHIO, MOJL3YIOTCSI HOPMYJIOi nepexona K japyromy
ocHoBauuio. Tpu ocHoBanuk a = ¢ TowuecTso (6) umeet Bun

|
5 (7)

I()gba =

log,
HokazateabeTso. [Toaoxus c=qa s opmyiie (6), umeem
log,a 1
logja=—"—=_"_ &
= Togab ™ Togyb”
Hpnmep 2. Haittu snavenne Bbipaxkenusi, ecin log; p = m:

a) log ;5 p* —log, p+log,\/p;
6) log ; p' ~I0g: 13+log, 4+1.
Pewewnne. a) log 5 P’ —log, p+ Iogg\/E =
3
| cornacHo ToxuectBy (6) umeem l

_ logs p* _logz p " logs /p a
|033\[37 If}g;j-é- logs 9

| nenonbays Toxaectso (3), MOJy4YHm |

|
_2logzp  logyp Elog;; P

1 -1 2

2 |
= 4log; p +log, p + 1103’3 =
| uenonw3ys Toxnecerso (1), nmeem l
= -2—1[() =
4 gfi p ==
| ¢ yuetom ycaosus log; p=m, NoJIy4Hm |
=5,25m.

6) Iog\ﬁp4 —log,13-log,;4+1=
| Ha OCHOBaHHH TOXKIECTB (6) 1 (7) nonyunm |

_ log p* -

logs /3
| o Toxaecty (3) u ¢ YYETOM yC/I0BHSI HMeeM |
4lo

g3 p - 8m

1=

b2 |—

Orser: a) 5,25m; 6) 8m.

Cnencteue 3. UMewoT MeCTo TOXK/IECTBA:
a) log , b" = glog,, b; (8)
6) alng‘—b = bl.ng‘—r.l. (9)

DTH TOXKAECTBA MOXKHO [10Ka3aTh, HCNOJb3Yd TOXIECTBA M3 3TOrO
MyHKTa M CBOHCTBO (3) H3 nyukra 2.6.
1

M) YHpOCTHTh BblpaKeHue A = = B
3- |0g2 a

Pewenue. Ucnoabsys onpenenenue jorapugpma, npejicTaBuM 4Yuc-
10 3 B Buje JiorapudMa 1o 0CHOBaHHIO 2:

_ | _ logy 2 _
A= . =

3 - logy 9 - logy 8 — logy %

| no cBoficTBy (2) norapupMoB umeem |

logo2  logy2

8:9 7 logy9
278

log
| Bocnoab3oBaBilKch dopmyJioii (7), noayuum |
= log, 2.
OtBeT: A=logy2.

Pa3BuTie HayKu, npexkie Bcero actpoHomuH, yxe B XVI B. npuseno
K HEOOXOAUMOCTH TPOMO3/IKMX BbIMHCJEHHH MMPH YMHOKEHHH H JIe/IeHHH
MHOTO3HAYHBIX YHCEM. DTH BbIUHCIUTENbHbIE ﬂpOﬁJ]eMb] ObLIH B HEKO-
TOPOH CTeNneHH pellieHbl C OTKPLITHEM JIOrapHpMOB H co3ranuem TabJiuiL

N0rapudmoB.

?

. Ccopmyaupyiite Teopemy o Jorapudme NpoH3BeLeHHs.

. Chopmyaupyiite Teopemy o Jsiorapudme 1pobu.

Cdopmyaupyiite Teopemy o Jiorapudme creneuu,

4*_ 3anuiuuTe 0 oGocHyiTe hopmysy nepexoia ot JorapHdma no of-
HOMY OCHOBaHHIO K JIOrapHmy Mo Apyromy oCHOBAHHIO.

5. Hokaxure dopmyay log, b+ logya =1.

6*. Jlokaxxute thopmynni:

g

[V

2) log 4 b” = Fiog, b: 6) p%d = pheus,
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Ynpaxunenus

Boueanre (2.113—2.115).
2.113° 1) lgh+1g2;
3) log, 2 +log,, 72;
5) lg25+1g4;

2.114°. 1) log, 15~ log, 12;

3) log, 54 - log, 2;
5) loga; 84 — log, 14:

2) 1g8 + 1g125;
4) log, 6 + log; 1,5;
6) logg 18 + log, 2.
2) log; 75 — log; 3;

I
4) logg 1& — logg 32;
6) log, 84 —log,, 12.

2.115°. 1) logg 12 —log 15 + log, 20;
2) logy 15 + logy 18 — log, 10;
3) log, 39 - log, 13 - log, 24;
4) logs 34 —log 17 + log; 18;
9) log, 91 -log, 13 - log, 3,5;

6) log; —,; - log, T‘:ﬁ + log; 2,5.

2.116°. ¥Ynpoctute Bhipaenue:
2) Iog?zu 4%,

1) |0g315 7°:

3) log,s 5'%; 1) log g 1%

Boiuncaure (2.117—2.119).

2.117°. 1) log,, {289:
3) log, ¥/625;

5) log::—!—;

Y216
2.118°. 1) log, 32;

4) log, 1—2%;

7) log, ;5 é;
2.119°. 1) log, 8 +3log, 3;

3) logy39—2log, ;10;

5) log, V3 + %Ingg %:

7) log 512 -log, 9;

2) ]Ogg \I'5 656],
4) log, ¥/343;

71
6) IOg.; E/TD—E

2) log,, 16, 3) log, 8;
5) log, 243;

8) IogLQ\E;
8

6) Iog:ﬁ 8;

2) Ig5 +1g40 000;
4) log; 196 - 2log, 2;
6) 3lg5 + 4 1g64:

8) log ;12 - log,, 4°;

9) log,; %

9) % log, 36 - log; 14 ~ 3log, ¥21;
10) 2log, 6—log, 400 +3log, 45,
3 3 3

Bouucante (2.120—2.122).

log; 27 | ) lgb

log, 8 9 ,
v (=3 . e
2.120° 1) o ) Togs9 " 1g25'1
a Iz I(ng e
logy o 36 lg(3+/3) "6
4y ——; 5) : 6) F—
|0g(]2,L tg.l. iﬂgg 6
g 3
9 121. 1) JgBl+lgbd, 2) 127 +1gVB
121, 1) 21g3 + 3lg2”’ g2+ 21g3 °
logs 36 — logs 12 } log; 8 .
3) |Qg59 £l |()g? 15— I(lg? 30°

¢ | . - 56
logy 24 — —logy 72 logy 14 ——-log7
5) 2 . 6) 3 g

log; 18 — I—Iaiog‘q 72 i logg 30 — %lugﬁ 150

1
A 2 — —log; 64
logs 4 + loga V10 8) 3log7 2 ng?

logy 20 + 3logy 2’

4logs 2 + %10;;{5 27 .

2.122. 1) log 5(2tg 2F) —log (1 ~tg? 3F);

2) log, (2tg 195°) — log, (1 — tg® 195°):;
3) log, sin375° + log cos375°;

4 4
4) loggsin795° + logg cos795°%;
5) log s (2cos 15° + 2sin 15°) + log g (cos 15° —sin 15%);

6) log 5 (QCOS ";_ ~2sin %) +log 5 (cos % —sin -;:—)
Haiimre 3nauenne soipaxenus (2.123—2.124).

2.123%. 1) log 5 (V2 +1); 2) log 5,,(2-3);

3) log, ;5,43 -2v2);
5) Iog£+,(4+2«/§):

logs 2 logy 3
+ s 4
logs 6 - logy b

2.124%. 1)

4) log, , 5 (7+2v12);
6) I0g542£(\/§+\/§}.

Qlﬂgg 5 o k‘lgz; 8 -
logy 9 logy 4’

2)
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(Ig;25-2lg2)2_ 1) logg 25 + 2logg 2 \?
|g\/.? +1g0,2 logg 30,25 + !Qg’a% )
]

5) (Iog?2+Egl?}7)lg7; 6) (Iog|14+ o M)Ing.

2.125. Ynpoctute Bhipaxenue:

”__|___ 2) I

I+logz3° logy5-1"

1-log, 3

3) ?1 . 4) e §
|0g3—5——l 2

Boiuncante (2.126—2.131).

2.126*. 1) 7'%s7 4 glogs2 _ Qlogs 3., 2) 4'5 4 12'““«!-1'}'2 - 6'%*.

1
3) 3'“2&27 _5lug5IU + lolog€,5,
1
5) gfuggl? x l2ing29 =7l | l*“ugmli 4
|

6) ]43|ng|g5l-l + 15025 _ 9508315

- ==t 1
2.127. 1) '\/25"’“"“5 + 49'es7 . 2) V9lrs3 |69'“ﬁﬂln'3 3

|

o =
3) o7 +6 RO 4 giwsi

1
4) \g%om? | 3|+2Iu::43 +1
2.128. 1) log; 10+ Ig5;
3) log,10-1g32;
5) log; 25 - log; 81;
7) log, 128 - [0g22—17;

2) log; 18- log, 3;
4) log, 6+ Iog 16;
6) log, 27 - log3 64

8) log. 49 - —
) log; log; 5J§'
2.129. 1) Iog63+log572+I0g47-[0gﬁ2+5'°ﬁ:‘=3;
2) log; 35— log, 7 + log, 125 - log 5 9 — 6%62;

-|ﬂgu.53 3 109_’1 4+25

3) 81 3

—logg 259+ log; 2415
3

¥

4) 64

151

|
4) 9rumﬂl _Slug;;ﬁ +5Iug?8.

2.130%,

2.131.

2.132.

2.133.

2.134%,

2.135.

2.136.

1) log, 3-log;4-log,5-... log;16;
2) log; 4 -logg5-log; 6+ ... log,, 15;
3) log,; 20 - log 15+ Iog,? 16 log,s 17 = logq 18 * logy, 19;

I 1
4) Ingl%-logl%-!ogl%°|0gl%'10gi?']°gl§-
2 3 4 5 7] 7

) 2|ug;1ﬁ—21"’ +5|ug2;,r_J:‘1+2'F;

2) 6oz (V5 ~af e 7!0}.{49‘\1’5 +3P ;
3) 5Iugﬁm +3Iuggl'.3\ﬁ—4lz;
1) Q!L\gﬁm +4I0g|5|:3'\ﬁ‘5]2.

Beipasute yepes m u n, ecam log; 2=m u log; 3=n:
1) log; 6; 2) log; 1,5; 3) log, 72;
4) log, 15; 5) log; 12; 6) log, 30.

Hasectho, uto log; 5= m. Beipasute yepes m:

1) logg 15; 2) log; 45; 3) logg; 375.
Mssectho, utolog,; 14 = mulogy 24 = n. Buipasute uepes mu n:
1) log, 3: 2) log, 7; 3) log, 21.

Haiinre 3Hauenne BulpaxeHnus:

1) Ig(lOa b)) npulga=2; lgb=3;

2) lg 106 % a® 4 ba) npu lga=4; lgb=5;

100a -
S ) npu lg a=-2;

(T
 te(iooa
(imbo\{lb—*) npu lgb=-1;
=

12
5) gl 2 I?SJ_M ) npulga=1; lgb=-1;

6) | ('002“4'4““5”) npu lga=-2; lgb=—1
S\ 0001ar a ' '
Bepro s paBeHeTBO:
1 ) 3log].5 - 5|:lg]|3;
3) logs 7' = 2log, 7;

2) ?Iug“-i - 4log,‘?;
4) log s 2% = Llog,, 2:
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5) 7=log,9";

6) 8 = log, 8°;

7) :2523 log, 3 - log, 5

8) Iog3 7+logy 2 = log, 7 + log, 2;

9) 51es5" 13, 10) 227 = 7,

1) 4logsi2 _ 1240g54; 12) 9logs 6 _ 51'11;26?

Haiinure suavenne x (2.137—2.138).

2.137.

2.138%;

I) logs x = 2log; 3 + 4log,; 2

2) log, x = 9log,; 8 - 3log, 4;

3) lgx =3lg2+ %igﬁ&l - 311g8;

4) lgx = 2Ig6+%|g25—%|gl25;

5) lgx = Ig(36"#0° + 1074 4 glowi49),

6) lgx = Ig(0.36""’”-“" + 47 lora? -3""’-‘*'5).

1) lgx = ig( Iog)]0+iug;10 logy 5 — }I()g 5)'

logy 10 + 2log, 5
2
2) Igx = lg{ 2 10- 251231 Z)
QIgJ Gig‘) 4
3) lgx:lg(Iugr1:)—Iug,'3+.2log.-,]o+2lug 3)
logs 15 + logs 3 '
4) ngzlg(lﬂggl(‘% rllng;3+3log318+6[:;g23)
logs 18 + 2log, 3 '

5) ng =Ig _l_lng:_i . rfJI..;ia- 9 2|r|g +21“¥“ )

(
6} |gx = |g(? ogi? : |er: \/_ Si“HB [ﬁ)'“ﬂ?“):

7) lgx = ((]og36+10g581+4){10g36~
— logs, 36)log; 3 — log, 6);
8) lgx = Ig((log; 2 + log, 81 + 4)(log, 2 —
—2log 4 2)log, 3 - log, 2).
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2.7. Jlorapudmuueckan pyHxums
Pacemotpum Bbipaxkenue log, x, rie x — nepemeHHasi, a — M0CTO-
suHas, a > 0, a# 1. D10 BbIpaxKeHHe MMEeT CMbIC/ MPH J0OOM 3Haye-
Hun x > 0 1 He umeer cmbicsia npu JioGom 3HadeHun x < 0. Takum 06-
pasoM, eCTECTBEHHOH 06/1acTbiO onpe/e/ieHust Bbipaxkenus log, x (a > 0,
(# 1) ABISETCH MHOXKECTBO BCEX MOJIOKHTEJbHBIX JIeHCTBUTENILHBIX YH-
cedi, T. e. npomexyTok (0; +09).

Onpenenenne. Jozapupmuuecxoi ynxyueil nazvisaercs
tyukuus suga y = log, x, rae a — nocrosHnasa, a >0, a# 1.

O6nacTb onpenesenusi jorapupmuyeckoii QyHKIMH — 3TO ecTecT-
BeHHas 00J1aCTb ONpefeNeHHs BbipaxeHust log, x, T.e. MHOXeCTBO
(0; +00).

[padukn HeKoTOPLIX JorapupMHuecKuX (GYHKUHH H300paXkeHbl Ha
pucyrke 33. It uzobpamenus (Kak W aas rpaukoB Apyrux QyHKIHIT)
MOMKHO ObIJIO MOJIYUHTB, CTPOA HX 110 Toykam. OTMETHM HEKOTOpbIe 0CO-
GEHHOCTH HU300paMKeHHbIX rPadHKOB.

[paduk dyukuun y = log, x pacnosioxken cnpaga ot ocu Oy u nepe-
cekaet och Ox B Touke (1; 0).

Korna 3HaueHust apryMeHnTa X yMeHbLUAKOTCS, T.e. NpUOIHKAITCS
K HyJ1o, To rpaduk 37oi yHKuuu «npubmmkaercs» K ocd Oy u npu
3TOM «KPYTO» OIyCKaeTcs BHH3. A KOrja 3HaueHusi apryMeHTa X yBeJiu-




)
y y=log,x,a>1 4 y=log,x,
0<a<l
14—
]
. 1 '§1 e
0| a ! x
]
ylll ---------- ‘!,
~—
Puc. 34 Puc. 35

UHBAIOTCA, TO TPaPHK <MEAJIEHHO» NOJHUMAETCH BBEpX (cM. puc. 33).
Anasioruso ans moGoi Gyskunn y =log, x npu a > 1 (pue. 34).

Ipadux dynkuun y = log, ¥ pacnonoxen cnpasa ot ocu Oy u ne-
2

pecekaet ocb Ox B Touke (1; 0) (cM. pue. 33).

3aMeTHM, 4TC KOTAA 3HAaYeHHs apryMeHTa X yMeHbILaloTcd, T. e,
NpUGAHKAIOTCS K HYJ0, TO rpaduk 3T0i PyHKUME «HPHGAHKAETCA» K
ocH Oy U TpY TOM <KpYTO» MOAHUMaeTc BBepX. A Korda 3HayeHHs
APryMEHTa X YBEJJHYHBAIOTCA, TO FPaPHK <MEMIEHHO» OMYCKACTCA BHHS.
Ananornyno ana aloGoil dyukupu y =log, x npu 0 < a < 1 {puc. 35).

Teopema (o csoidcmeax aoceapugdmudeckod Qynkuyuu
y=log,x;a>0,a=1)

I. O6aacTeio onpeaenetins JorapHpmudeckont QyHKUEY AB/ISET-
¢ uuTepBan (0; +00),

2. MuoxecTBOM (0612CThiO) 3HaYeHHH JorapudMudecKoii hyHK-
UHH ABJAETCH MHOMXecTBO R Beex AeHCTBUTENbHBIX YHCEN.

3. Jlorapupmuyeckas YHKUNA HE HUMEET HH HAHMEHbLIEr0, HH
HaHGOJBbILETO JHAUSHHH.

4. Tpaduk norapudmuyeckoli (yHKUHH TepecexaeTcs ¢ OChiO
abcumce B Touke (1; 0) H He nepeceKaeTcsl ¢ OCbIO OPAMHAT.

5. 3Hauenve apryMenta x=1 ABAAeTCA HyneM JorapHMHuec-
Kofl pyHKUMM,

6. [Ipn a > | norapudmuveckas dyHKUHA NPUHEMAET OTPHLA-
TeJIbHbIE 3HauYeHWs Ha HHTepBane (0; 1) H NpUHHMaET MONOKUTENL-
Hbi¢ 3HAUCHHA HA HHTepBade {1; +00),
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IMpu 0 < a <1 acrapadmuteckan QyHKLHs NPHHAMAET OTPHLA-
TeJbHEIE 3HAYEHHS HA HHTepeasie (1; +00) U NMpHHHMAET MOJIOXKH-
TeJbHLIE 3Hauenua Ha unrepsane (0; 1) N

7. Jlorapndmuveckan GyHKLMA He ABIAETCA HH YETHOH, HH He-
YeTHOR.

8. Ilpu a > 1 aorapudpmuyeckas (yHKUMA BO3PACTaeT Ha BCeH
06AacTd onpefeneHns. .

Mpu 0<a <1 norapudmuieckan ¢yHKUHA yOblBaeT Ha BCel
06N1aCTH OnpeaeeHHs.

9. Jlorapugmuaeckan QyHKUHS He ABNAETCS NepHOAHYECKON.

H3ao6paxeHue rpaduka sorapudmiueckofi QyHKLUHH NMO3BOASET HA-
IIAQHO NPEACTABHTL 3TH CBOHCTBA.

MuoxectBo (o6nacth) 3HaueHHil AorapHdMuuecKol QyHKUHY —
npoekuns ee rpaguka Ha ock Oy, a Ha prcyHKax 34 1 35 BHIHO, 4TO
3Ta NPOCKIHS ecTb och (Y. ITO 3HAYHT, 4TO A JIOGOH TOYKK 4, Je-
Kaieh Ha ocu Oy, HAREETCA Takas TOYKA X, MPHHAMICKALLAR HHTEP-
sany (0; +00), uro y, =log, x, (ceoticmeo 2).

MHuoxectso {06nacTh) 3HaueHWA Jorapupmuveckod yHKUHH —
3T0 MHOMECTBO BCEX ASHCTRHUTEJILHLIX YHCEN, 8 B HEM HET HH HAHMEHb-
ILEFO MHCAA, HH HaHGoAbIuero (csoticmsoe 3).

Tpadmk Aorapupmnyeckoi dyHKUHN npoxoant uepes Touky (1; 0) u
NEKHT B NPaBoO#i NOMYTLIOCKOCTH {ceoticmsa 4, D).

[Tpu a > 1 rpaduk sorapudmuieckoi GyHKkuHH JexmT B IV Koopau-
HATHOM yraie, Koraa x € (0; 1), n snexkut B | KoopauraTHOM yriie, Korma
x € (1; +00). [Tpn 0 < a < 1 rpauk norapudpmuyeckon GyHKLMH JeKRT
» | koopauHaTHoM yrae, Koraa x € (0; 1), n aexur B [V xoopannarvom
yrae, Koraa x € (1; +00) (ceodcmso 6).

OGaactb onpeaenenns sorapumudeckoi GyHKUMH He CHMMETPHUHA
OTHOCHTEJTLHO HAYANa KOOPAMHAT, TO3TOMY JorapudMnueckan (yHKLHA He
SIBASIETCS HH UETHOH, HH HEYETHON, HY MEepHOSHYECKOR (caotdcmea 7, 9).

Ha pucynke 34 suano, uto npu a > | sorapudmubeckas QyHKums
Bo3pacraer, a Ha pucyHke 35 Buano, yto ipn 0 < a < 1 norapudpmuyec-
kasl GyHKUMA yOuiBaeT (ceoticmso 8).

[Mycte Touka M(p; q) sexuT Ha rpaduke dyHKUNH ¥ = log, X, 310
FHAYHT, YTO BEPHO HYHCIOBOE PABEHCTBO ¢ = jog, p, CNENOBaTeNLHO, CO-
IJ1aCHO OTIpelesieHHIo JorapudMa BepHO YHCA0BOE PaBeHCTBO P =af,



\.f; = log,x
N
14 y=x

e >
Yw)
S
é =
{
Ry

Puc. 36

B cBow ovepesn, nocieiHee paBeHCTBO 03Hauaet, 4to Touka Mq; p) ne-
XHT Ha rpaduke yHkumun y = a*.

3ametum, uto Touku M(p; g) u N(g; p) CHMMETPHUHBEI OTHOCHTEJILHO
npsimoil y =x. Takum oGpasom, kaxuoi Touke M Ha rpaduke (yHkimn
y =log, X COOTBETCTBYET CHMMETPUYHASE € OTHOCHTENBLHO ITOH NpPSIMOi
Touka N na rpatuke dyHkimnn y =a* u HaoGopor. CaenoBatesibHo, rpa-
duxn dynkumi y =log, x 1 Yy =a" CHMMETPHYHBI OTHOCHTEJILHO MPSIMO
y=x (puc. 36).

[Mocnennee yrBepkieHHe faeT BO3IMMKHOCT, 3Hast rpadiKk ByHKLHK
Yy =a”*, usoobpasntb rpadux dyHKuMH ¢ =log, X (He UCNObL3Ys MOCTPO-
EHHE 110 TOYKaM ).

A CummerpuutocTh rpadukoB dyukumi y =log, x u y =a" oTHOCH-
TEeJBHO [PAMON i =X 03HA4ACT, 4TO 3TH (PYHKIMH B3aHMHO 0OpaTHLI.

Dynkunn y = fx) u y = g(x) HA3LIBAIOTCS B3AUMHO 0OpaAmMHbIMU,
ecan s go6oro x € D(f) Bepro pasencrso g(f(x))=x 1 w5 moGoro
x € D(g) BepHo paBencTBo f{g(x))=x.

[Tokaxkem, uto nokazameavras u roeapugmuyeckan dynkyuu ¢
OOHUM U MEeM HE OCHOBAHUEM A B3AUMHO OOPamHbL.

Iyers fix)=a", g(x)=log, x. Torna D(f)=R, D(g)=(0; +0).

s modoro x € R

g{f(xn = g(a.ll )= Ioga at = .l’iUgu a=x.
s moGoro x & (0; +00)
flgtx) = f(log, x) = a%e* = x.

[lokaxewm, uto epaguku szaumro oopammolx Qyukyul fu g cum-
MeMpuUdHoL OMHOCUINEAbHO MPAMOL i = X.
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[lyetn Touka M(p; q) nexkut na rpaduxe dynxin y = f(x). 310 03ua-
HACT, HTO BepHO yHcsoBoe pasenctso ¢ =f(p). Torna no onpenenenuio
B3auMHO oOpatHbix yukuuil g(q)=g(f(p))=p. A pasencreo g(q)=p
o3Havaet, uto Touka Mq; p) JexuT Ha rpaduke QyHKUHH y = g(x).

Takum o6paszom, kaxuoi touke M Ha rpaduke dyukunn y=f(x)
COOTBETCTBYeT CHMMETPHYHAS OTHOCHTEJILHO NpsMOH y=x Touka N
na rpauke dynkimn y = g(x), u HaoGopor. CaeoBaTenbto, rpagpuksi
GyHKUMI [ 1 g CHMMETPHYHBI OTHOCHTEJNILHO 1PAMON i = x. A

ﬂ 1. Copmyanpyiite onpenenenne Jorapu@muueckoil GyHKImMY.
- 2. Chopmymnpyiite  Teopemy 0  cBolCTBAX  JOrapHGMHUECKOI
| hYHKLMH,
3*.06ocnyiite OCHOBHBIE CBOHCTBA J0rapHMMUUECKOil (YHKIHH MPH
a>0.
4% . O6ocHyiiTe ocHOBHBIE CROHCTBA JorapudmMuuecKoi yHKIH 1pH
0<a<l.

Ynpaxuenusn

YKaxHTe ecTecTBeHHYI0 00JacTh onpeienenus Boipamenus (2.139—
2.145).

2.139°. 1) lgx; 2) log, x;
3) log, (x—1); 4) ig(;+ 6);
5) log,(3 - x); 6) lg(6 — x);

7) logs (—2x); 8) I(’gﬂi(h%)'

2) lg(2x” —5x + 2);
4) Iog(,|1(3+5x—2x2 )
6) log, (9x* — 6x + 1);

8) log, (28x —4x* — 49).

2.140. 1) lg(2x> —9x + 4);
3) log, (2 - 2x% +3x);
5) log, (4x° +20x + 25);

3
7) logs(8x —16x* —1);

2.141. 1) logs|x|; 2) log,,|x—-2|; )

3) log, x; 4) log, x°.
] 6x-5. 2-3x,
2.142. 1) log, {71 2) logs 515
3) lg =2 B g,

3-x)' 2-x
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2.143.

2.144.

2.145.

2.146°.

2.147.

(2x —3)6 + 3x)
Ol

7 g (-3

1) lg(jx+1{=1);

3) Ig(‘.!c2 + 5x‘ - 6);
5)* lg(|x|+|x+3|-5);

1) Ig(l —sinx);

3) Jlgcos x;

5) lg(aresin x);

1) Cpemn Touek A(8; 3), B(%; I), C(16; 2), D(&; —3)
YKakute Te, KOTOpble [pHHAWIeKAT rpauky yHKIHH

y=log, x.

2) Cpenn Ttouek K(5;-1), M(".;_S; —2). N(-;—; 1), P(-5; 1)
YKaXKUTE Te, KOTOpble TIpHHAAIeKaT rpaduky yHKIHH

Yy =log; x.

x -1

6) BT
0 o (2-3)
2) lg{|5-2x|-1);
4) Igﬂx2 —xl—?):

6)* lg(|x —2|+|x+2|-4)

x+4
2) lgﬁfﬂ:
3x+5
R
Crbx -7
[x + 4]

6) lg

2) lg(1 + cos x);

4) |/lgsin x;

6) lg(arccos x).
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Dyl 2) y

1+ - 14+

oA T T Tx ﬁi-fh‘ D
N lel | [~

Puc. 37

2.148. Onpenennte 3nauenue a W H3o0paszute rpaduk QyHKUHH
y=log, x, 3Hasi, YTO OH NPOXOJNT Uepes TOUKY:
1) A(4; 2); 2) B(9; -2);

3) C(4; -2); 4) M(9: 2).

2.149. VYxaxuTe HeCKOJbKO TOYEK, KOOPAHHATHI KOTOPBIX YAOBJAETBO-
PSIOT ypaBHeHHIO, 3ajalolieMy yHKIMIO, W M300pasute rpa-
uk byHKLMM:

1) y =log, x; 2) y =log, x; 3) y=log, x;
2 4
4) y = log, x; 9) y = log, (—x); 6) y =log, (-x).
2.150. [ns dynkimu (em. ynp. 2.149) ykaxure: :

a) obnacTb onpejeseHns;

Ha pucynke 37 wuzoOpaen rpaduk QyHKIMH, 3alaHHOM
thopmyaoit y = log, x Ha MHOXKecTBe D). YKaxuTe A1 Hee:

a) 3HaueHue a;

6) oBaacTk onpeseseHus;

B) MHOXKeCTBO (06/1aCTh) 3HAYECHUH;

') NPOMEKYTKH Bo3pacTanus (yOniBaHHs ),

J1) KOOpIMHATBI TOYKH Tiepecedelnsi rpadkka ¢ ocbio Ox;
€) NPOMEXKYTKH MOJOXKUTEJbHLIX 3HAYeHHH;

2K) TIPOMEXKYTKH OTPHLIATEJbHBIX 3HAYCHHUH.

6) MHOXeCTBO (06s1aCTh) 3HAYEHHH;
B) NPOMEKYTOK yObIBaHMUS;

I') IPOMEXYTOK BO3PaCTAHHS;

J1) 3HAYeHHUs X, MPH KOTophix y > 0;
€) 3HaueHust x, npH Kotopbix y < 0;
XK) HYJIH DYHKIHH.

CpasnuTte ¢ HyJsem uucio (2,151—2.152).

2.151°. 1) log, 8; 2) log, 2,5; 3) log

T

w|—

B =
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4) 123,8; - b} 120,45, 6) logy,2.5;

7) log 3 0,35; 8) log, , 0,8; 9) logy, 10.
2.152. 1) logg ¥ -log; 3; 2) log, 10-log, 7;

3} —log, 6; 4) ——105g3 8; ?

5) log, 8 1; 6) 1-log, 9;

7) 8-1g106; 8) 1g90-2,

—26 -10
) g(5) 10) Ig(3)

Cpasnnre uncaa (2.163—2.155).

2.153°,

2.154.

2.155.

2,156,

2.157.

1) logs 15 u log, 20;
3) logLG H logls,

2) log,0,5 u log, 0,4;

4) Yogp, 1,7 » 1og031,8;
| 6) log,l H logrl >

8) iog‘l 10 » logl 10.

2) ngE u lg3,5.
4) logy, 0,6 u log3, 0,6;

2 2
5) logy3 u log, I;
7) log, 7 v log; 7;

1) 1gJ0,7 u lgfyi

3) 12 0,3 n 1g0,3%;

5) lg(sin45°) u Ig(tg45°);

1) Ig4+ 3% g (g3 4117873

2) 1g0,2 + 7! y Ig0,5+11°%7;
3) log,3+log;2 n 2; 4) 4 u log, 5+ log; 3.

Ssaderca M y6uiBaloled PyHKUHA:

1) y =log, x; 2) y=log, x;
4
3)y=logzx; D y=lgx
5) y =log, x; - B)y=logy; x;
7 y=lgg;  8) y=logy(x+10);
9) y =log, (3~ x); 10) y =log, (8- x)?
2

SBasierca Jia Bozpacratomiell QyHKLUA:

N T -4 .
l)y_logsx! 2)y'10glxa

&
8) y=log _, x; 4) ¥ = logynae 53
3

6) lg{cos30°) n lg(tg30°).

2.158.

2.169.

2.160.

2.161.

2,162.

2.163*.

5) y=log_ .(2x);
3
7} ¢ = l0g)pgne0e (4 + X);

6) y = logaysr 3
8) y= logdgzw(x-l)?

IpH Kakux 3uaueHHAX @ BEPHO PABEHCTBO:

1) log;a =8,1; 2) log, a = -2,5;

3) Iogla =-29 4) Iogla =86,7;
4 5

5) log,8=2,7; 6) log,10=0,3;

7) log, 0,14 =5,3; 8) log,9=-7?

CpaBHuTe yHcaa £ H p, eC/TH BEPHO PaBeHCTBO!
1) logg t <logg p; 2) logyt > logg p;

3) log, t > log, p; 4) logys ¢t <logps P
5 5

Onpenesure 3HaK npoHseeneHns g a - Ig b, econ:

a>1,6>1; 2)0<a<l,b>1;
3)0<a<1,0<b<1; 4)a>1,0<b<1.

Onpenenute 3Hak npou3pencHua log,, a- logmb HCAOVB3YS)
ycloBHe ynpaxHennd 2.160.

Hso6pasure cxeMaTHyHO rpaduk QyHKIHH:

1) y =log,(x—-2); 2) y=logy(x+2);
3) y=log,x +2; ' 4) y=log,x-2;
5) y=log, (x+3; - - 6)y=log,(x-3)
7) y=!ogix-3; 8) y=logix+3;
2 ’ 2
9) y=log,(2-x); ' 10) y =log, (1 -x)
1) g =1+loga{x—1); 12) g =log; (x + )~ L,
3

Has pynkupn (cm. ynp. 2.162) ykaxkure:
a) ofnacTh onpenesienus;

6) MHOXeCTBO (00MaCTb) 3HAYEHHH;

B) MPOMEKYTOK BO3PACTAHUFA,

T') IPOMEKYTOK yOLIBaHHS,

R} 3HauyeHus x, npn Koropex y > O;

e) 3Hauenns x, npu koropelx y < 0;
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2.164%,

2.165%*.

) KOOPAHHATLI TOUKH nepeceyenus rpaduka ¢ ockio Ox;
3) KOOP/IMHATHI TOYKH nepecedenust rpaduka ¢ ocbio Oy.

HM3o6pasute cxematnuno rpaduk QyHkimu, 3uas, uto a > 1:
1) y=log, x-1;

3) y=log,(x+1);

5) y=log,(x-1+1;

2) y =log, x +2;
4) y =log, (x-2),
6) y =log,(x+2)-1;

7) y=-1-log, x; 8) y=1-log, x.

HM3obpazure cxematuHo rpaduk dynkiumu (cm. ynp. 2.164),
ecin 0<a< |,

M3o6pasute cxematnuno rpaduk dynkimu (2.166—2.167).

2.166%,

2.167*.

2.168.

1) y=log,|x|; 2) y = logys|x|;
3) y = |log, x; 4) y =‘Iog,)_5x’;
5) y = log,(|x|-2); 6) y = logos (x| -1);

7) y =|logy (x +1)|; 8) y = |logys (x ~2);

9) y=‘|0g._,|x|; 10) y=—‘log0‘5|xH.
1) y=log,L; 2) y = log, x;

|
3) y= 5]0{.’51; 4) y= Iolugxlﬂ;

o) y= Iir)gz(x2 —4)—log,(x - 2);

6) y =log, (x* +2x +1) = log, (x +1);

7) y =lgtgx +lgctg x;

8) y = lg(sin® x) + lg(cos” x).

Onpenenute uucao KopHeil ypaBHeHHs, MCMOJb3Ys TpaduKu

DYHKILHI:

1} 1-x =log, x; 2) log, x =2x-2;

4) £* -4 =log, x;
[ X

6) (3) = log, x;

8) logy, |x]= *.

3) £* +2 =log, x;
5) 2 = log, x;

2
7) log,|x|=-0,5|x|;
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2.169%,

2.170%.

Puc. 38

Ha kakom u3 pucynkoB (puc. 38) usobpaxenbl rpadguku p3a-
HMHO 06paTHBIX QYHKUHIT?

Ha pucynke 39 uzoGpaxen rpaduk ¢ynkunn y=f(x), nepe-
YepTHB €ro B TeTpajlb, N300pasute rpatduk dyHKuMH 06paTHOM
JIAaHHOW.

NN AN B T T k] |
ENE I L | ey
NI '. 1T T L1
TR i'"“%_ ] | BN 41 1
| [ [ ol WIN [ x| ||| [_’.____;«-'1 HE
T =m | L l nEE
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2.8. Jlorapudmuueckue vpasrnenus

B atom [MYHKTE pacCMOTpPHM HEKOTOpLIE ypaBHEHHSI, B KOTOPbIX He-
H3BECTHOE HAXOJMUTCS 110]1 3HAKOM .norapudma. yPaBHEHHH TAKOro BH1a
NPHHATO HA3LIBATEL A02apUPMULecKUMU.

[Tpu peuenun norapudmuieckux ypasHeHuii uacto GyJeT HCMOMb3O-
BATHCS CJICAYIOLLEE YTBEPIKIEHHE,

Caencrteue. Ilyere a>0, a#l, u>0, v>0. Ecmn
log, u=log, v, To u=v.

HlokasatenbcTBo. Bocno/b3oBaBiIMCh OCHOBHBIM JlOrapHMHu-
HECKHM TOXIECTBOM M YC/IOBHEM, MOJYYHM:

U=a"%" =g =y X

v I [Tpu peliennu ypaBHeHHit 4acTo HCIOJB3YIOTCS YTBEPHKICHHS,

® )| BHITEKALIAE U3 J0KA3AHHOTO CIIEICTBHSL:
f(x) = h(x),
1) log, f(x)=log, h(x
b=g¢,
L 2)* log ) b =log,,c <4 flx)>0,
Ti%) #1.
[Tpunep | Pewmts ypasnenne log ; (7x° +2) = 4.

Pewenne. Ilo onpenenennio norapudma umeem papHOCHILHOE
JIAHHOMY ypaBHeHHe

7x° +2=(3)",
Peium sto ypasnenue:
7x*=9-2,
=1
x =1, x,=
OrserT: —1: 1.
[Tpumep 2 Pewnts ypasuenne logs (2x) + logs x = log; 8.
Pewenune. JlanHoe ypaBHeHHe paBHOCHALHO CHCTEMe
x>0, (1)
log;(2x%) = log 8. (2)
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Ypastenue (2) paBHOCHJILHO YPaBHEHHIO 2x* = 8 (nosicHHTE N0YEMY ).
Pemasi ero, nosyuum: x =—2 uiu x = 2.

C yuetom Hepasetctsa (1) octabnsiem x = 2.

OTBeT: 2.

Ipumvep 4 PewnTh ypaBHenue
log?(x = 1) = 5log,(x —1) -6 =0.

Pewenne. O603nauus log, (x—1)=1, nojsyuum ypaBHeHue
*-5t-6=0, oTkyna
t=-1 nam t=6.
Takum 06pa3om, JaHHOE ypaBHEHWE PAaBHOCH/JLHO COBOKYMHOCTH
JIBYX YPaBHEeHHI:
log, (x—1)=-1 (3)
HJTH

log, (x —1)=6. (4)

Peuas ypasrenue (3), nosysaem x — 1 =2"', otkyna x=1,5.

Pewasi ypasuenue (4), nonyuaem x — 1 =25, orkyna x = 65.

Orser: 1,5; 65.

Mpusep 1. Peunts ypashenue log, x + logg x =—4.

Pewenue. Mcnonsays dopmy.y nepexoaa K Jorapupmy ¢ Apyram
OCHOBAHMEM, TOJIY4HM PABHOCHJIBHOE JaHHOMY ypaBHEHHE

logox _
log, x + o8
Peiinm ero:
og, -+ "% =4 & dlogyx=-12
) -3 s 1
& logyx=-3 e x=2"< x=3.
) |
OrTBeT: 5

Tpuvep 5. Peumts ypasuenue 2° ' =32

Pewenue. [Tockobky 27! > 0 1 3*72 > 0 npu J0GbIX 3HAYEHHAX
X, TO MOXKHO NpOJorapHpMHpoOBaTL 00€ YaCTH JAHHOTO YpPaBHEHHs!, Ha-
fipumep, 1o ockosauuio 10; B peaysbrate NoJy4HM:

2 =32 o (x4 | )lg2=(x-2)lg3 &
o (Ig3-1g2)x =21g3 +1g2 <

b 2.
- y=2e3+ig? . . _le@ -2

g3~ g2 g < X = logis18:

OrseT: log 51,8
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& B npumepe 5 ypasuenune MoxHO nposiorapudMupoBath H no apy-
- rOMy OCHOBAHHIO, HArpuMep no ocHoBauuio 2 (caenaiite 31o).

A MOXHO peliuTh ero u Tak:
2 =37 = (2) =18 & x = log, 518,
. PewmTsb ypasHenue
log;(x + 1) = log,(12 - 2x) = log,(3 - x). (5)
Pewenue. Cnoco6 1. log,(x +1) = log,(12 - 2x) + log, (3 - x) <

X+1=(12-2x)(3-x), 2x* —19x + 35 = 0,

x+t>01 x>‘—‘l,
12 -2x>0, “x<s. <
3-x>0 x<3
_ _h
(x_?muxq§)‘¢:>x:2,5_
OTtseT: 2,5. ~l<xs<3

&i Cnoco6 2. U3 nannoro ypasHenus cjieayet, uto
S x+1

5 g =9k
TKY/Ia NOJAYYHM: _
L 9¢% — 19x +35=0,
x1=?, x2=2,5.

[TpoBepka nosyueHHbIX 3HaUEHHIT MO0 HCXOAHOMY ypaBHeHHIO (5) no-
KasblBaeT, YTo YHCIO0 7 He siBIseTCs ero kopHeM. JleficTBuTesbHO, Npy
3TOM 3HaYeHHH X Bblpaxkenus log; (12 -2x) u log; (3 —x) ne umetor
cMbicnd. 3nayenne X, =25 — KopeHb (yGeauTech B 9TOM).

Hpwwep 0 Pewnth ypaBHeHue:
a) log, 16=2;

6) log, 1 =5;

B) log, 1 =0.

Peuenune. a) Tlo onpenenennio norapudma ans  ypashenws
log, 16 =2 umeem: x>0, x# | u x’=16. Pewan nocneunee ypashe-
HUe, HAXO/HM

Xx=—4 unu x=4,

a nockoJibKy x > 0, To nonyunm x = 4.
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6) Ypasrenue log, | =5 paBHOCH/ILHO CHCTEMe

x>0,
x #1,

KOTOpasi He UMeeT pelleHHH.

MoxHo paccyxnath uHaue. Tak kak npu x>0, x# | BepHo
@ pasenctso log, 1 =0, To ypasHenne log, 1 =5 ne umeer pe-

LIEHHH,

B) Jllo60€ MOJNOKHTEIBHOE H OTJIHYHOE OT | YHC/IO X SIBJISIETCH KOp-
neM ypasuenus log, 1 =0 (nosicuute nouemy).
OTseT: a) 4; 6) ner pewenuit; B) (0; 1)U (1; +20).

Pewnts ypasrenune log, (5x +6)=2.

Pewenwue:
x* =5x +6,
log, (5x +6) =2 <> qx >0, =
x#1
(x = =1 x = 6),
< x>0, & x =6.
OTserT: 6. x#1
A Pewuth ypaBHeHHe C HEM3BECTHLIM X:
a) log,x = 3; 6) logyx = a.

Peuenne. a) Ecain a <0 wan a =1, 1o Bulpaxenue log,x He ume-
eT CMbICJA.

Ecam @ >0 w a# 1, To ypaBHeHHe MMeeT €MHCTBEHHOE pelleHHe
=0’

6) [pu M0GOM JeHCTBHTE/ILHOM 3HAYeHHH a ypaBHenue logyx =a
HMEET eIMHCTBEHHOE pelleHne x = 27

Otser: a) ecim a € (0; 1)U (1;+ ), To x=a,

6) x = 2" npu JOGOM JAEHCTBHTELHOM 3HAYEHHH a. A

1. Chopmyaupyiite TeopeMy O paBeHCTBE JIOrApH(PMOB ¢ OAHHAKO-
‘.’_j BbIMH OCHOBAHHSIMH.
. | ' 2. Onuunre crioco6 pewenus ypasrenns suna log, flx)=a.

3. Onwmwmre cnocob peuienust ypasuenns suaa log, flx) = log, g(x).



168

4%, Onuwmte cnocoGbl peleHnst ypasHenns Buja

log, fix)=log, g(x)+log, h(x).

5% Onuimnre cnocoGbl pellelns ypaBHenus Buila
nlog’ f(x)+nlog, f(x)+r, =0.

6%, Onuwure crnocoGel peltenns ypasHenust Buaa log, flx)=m.
7%, 0nuwmre cnocobbl pelietns ypaBHenusi Brja

W =p2" (a >0, b>0).

Ynpaxuenus

Pewnte ypasuenue (2.171—2.197).
2.171°. 1) lg(4x + 1) =lgx;

2) lg(x—4)=Ilg(3x),

3) logg(5x + 3) = logg(7x + 5);

4) log, (6x +8) = log,(3x —1);

a4 4
5) Iogl(2x -1)= ]cagl(x2 +x—-3);

3 3
6) log, (3x - 5) = log, (x* -3),
2 2

2.172°. 1) loggx =3, 2) logsx =1;
3) logsxz—%; 4) Iogg?x=-%;
) log, ;x=0; 6) lgx=0;
7) logy(—x)=-5; 8) logl{—x} =—1.
2.173%. 1) Iogl(2x—l)= I 2) log,(3x-5) = -1,
1 3
3) log; (4x +5) = -1, 4) logy(bx—-1)=1;
3
5) log,(x* — 6x)=2; 6) logy(x* — 8x)=2.
2.174. 1)lg=0; 2) g =2; 3) logy®=3;
4) loggx” = 0; 5) logyx® =0; 6) log,x’ =6;
7) Iné®= 1; 8) Inx" =-1.
2.175. 1) logy(x*~1)=1; 2) logs(x*+ 1)=1;
3) IOgU.s(B—Xg}:_l. 4] log(]lz(ﬁ_x2)=_l:
5) logy(x— 1) =1; 6) logy pu(x —2)*=-1;
7) log,(vVx -2) =1 8) log,(vx +1) =1.
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2.176.

2.177.

2.178.

2.179.

2.180.

2.181.

2.182.

1) log;logslog 3 x =0; 2) logsloglogsx =0,

3) logsposlogslogox =0, 4) lglglogsx =0.
1) log, (5—log; x) = 2;

2) Iugi(?j —logs(x = 2)) =0;

3) Iogi(l +log,(x =5)) = -1

4) logi{? - Ing‘_,*(B +x))=0.

1) lg(3x—17)=lg(x+ 1)

9) lg(4x + 5) = lg(5x + 2);

3) Ig(2x” + 3x) —1g(6x + 2)=0;

4) logy(x* — 4x - 5) = logy(7 - 3x) = 0;
5) lg(5x%) - lg(x* + 6x) = 0;

6) lg(x® + 6x%) —lg(2x* + 12x) = 0.

1) 2lg(x—1)=lg(dx+ 1);

2) logy 5(6 —x) = 2logy zx;

3) lg(4x - 3) = 2lgx;

4) 2log, x = logy » (5x° — x);

5) 2lg(x—1)=1g(1,5x+ 1);

6) lg(12x —x* - 19)=2lg(x - 1).

1) lg(x+ 1)+ lg(x - 1)=1g3;

2) log, (x —5) + log, (x + 3) = log, 8;
3) log; (x—2) +logy (x +6) =2,

4) lg(x—1)+lglx+1)=0;

5) log; x +logs (x —4) =1,

6) log, x + log, (x —3) = 2.

1) lg(x—1)=1g2 +lg(2x - 11});

2) lg(3x —1)=1g5 + lg(x + 5);

3) log; x + log; (x — 2) = log; (2x* = 7x + 6);
4) logs (x* — x) = log; 3 +log; x;

5) g (5x) + g5, = 5 1g(x" +x ~5);
6) lg(8x)—lg(4x) = é lg(x* —4x—1).

1) logs x=logyax =1, 2) log, x + logs x = 8;
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3) logyx —2log, x =9 4) 1og,;x—1og,5x=%; 5) log | (2x* +6x—4)=-2;
. p x+2
5) [Og9x2+10gj§x=3l 6) Iog.’)x—logﬁle‘ 6) lOgL(gx‘E_Sx_l):__?;
. l-x
2.183. 1) 10g§x—log5x=2: 2) logi x —2log, x -3 =0; 7) Iogm(sz +16x+5)=
3) ]gz.\'~3igx:4=0; 4) 1% = 3lgx +2=0: 8) lugm(&tz —28x +64) =
5) log, 4+ log; x —logy x = 0;
6) 10g39 . |0gf X+ I0g4 Fiam 0 2.'89. l)o 31[)gle6; 2)0 3]ug?x ::4,
g 3)> 8°8s* =49, 4y 11°80% = 95;
2.184. ;) 21g,rf—|gj(-x)=4; 5) 6!+l = [0; 6) 5%l = |8;
) 3ng)2— [g_(_x)=9; 5 7) 51ugzx 5 xlum.’: =10: 8) 5Igr=50_xlg5;
3) 410g;(-X)+ 2[0g4x = —.1, 9) 2ng: 162 _xm‘z; ]0) ?ng+x1g?_98=0l
4) 5logs,(—x) = 1 + 2log,, x*
2.190%, 1) *=7% 2) 137 =9
2.185. 1) 2logy(lgx)=1logs( 10 - lgx); 3) - =10 4) 4541 =771,
2) 2logy,(lgx) = logy (3 - 2lgx); 5) 3 =23 6) 3*+'=3-7%
3) 1g2x=lg{100x); 7) gi-2 — gl 2‘ 8) gixi=4 _ glrl-4.
4) QI?Oglsz =510glﬁ(2]6x); g) 81X-I|-5 = l4|1—.r1—5; [0) O.ITXQ-I - 4‘2x2—ll
5) lg"x+lg=+1g=-4=0; 2 :
2 L 2.191%, 1) 27~ =57, 9) BT P-4,
6) Ig X+ IgT"‘ ]g;—5 =0 3) O‘IQ—JK? — 23x+3; 4) 6‘?25—4‘1 — 0,24.\(—5;
7)1g"(|0x)+lgx=5 5)7r3—5x+6=0’54.12-1§x+2; 6) 0‘3812—3x+2=llx2-?x+l(]l
8) log) § +log; 5 =1. 2.192. 1)2°=3; 9) 3= 18; 3) 107 =20;
_l. A LR s ) 2o U
2.186. 1) 5log,x + 3log, 4 = 8; 1= 5 BT =0, i
2) logsx —log,5=1,5; 2.193%, 1) xX*%=0,01; 9) xmsE=2 :%;
3) [og4x+logX%= I; 3) xVes*-3 =—21—5-; 4) &' =100;
4) logyx + log, 9= 3; 5) X% = 100x; 6) x'¢ = 1000x%;
5) 4logys (x - I)-—log32l?+2[0g,_,5= l; 7) xe = 3x; 8) 2% — 10x =0.
6) I0g2(l—3x)+log3ﬁ+I6|0g1_3x2=5. 2.194%*. 1)41 5x+? 2) Ba-:llx—l; 3) 3_r—l=5;;
2.187*%. 1) log,4=2; 2) log, 16 =4; 3) log, 1 = 6; 4) 101 =25 G B) T = B2,
4) log, 1 =2; 5) log, 1 =3; 6) log, 1 =5; : x+19
7) log,,, 16=4; 8) log,_,4=3. 2.195%. 1) log;((x + 19)cosx) = logs( i )
x-8
2.188%. 1) log, ,,(3x*— 12)=2; 2) log, | (3,562 — 2.5x) = 2: 2) log, ((x - B)sinx) = log, (o)

3) log,, (3x* +2x - 1)=2; 4)log, 5(2¢>=13x+18)=I; 3) log, (2sinx sin2x) + log, (5cos x + 4sin2x) = 0;
3
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2.196*,

2.197=>,

2.198%,

2.199.

s 4 X o3 XY ¥
4) log6(5m2x)+log%(cos‘g—sm*z) =0,
5) log,(3cosx —sinx) + log, sinx = 0;

6) log,(3sinx —cosx)+ log, cosx = 0.
1) ‘ log; 3 - log; x* —2log, x* ‘ = 2log, 25;
2) | 3log; 2 log, x* - 3log, x* | = ~18log, 49.

Peunre ypaBHeHHe C HEU3BECTHBIM X:
2) log, (x+1) =4
4) log,(x-1)=a.

1) log,x =2
3) lgx = a;
Onpeneante, NpU KakKKX 3HAYEHHSIX @ ypaBHEHHE HMEET POBHO
J1Ba pelleHHust:
2) log,(9* +9a°) = x;
4) x+log, (9" —2a)=0.

3

1) log,(4* —a) = x;
3) x+log, (4" +a’)=0;
2

Peunte cucreMy ypaBHEHHIA:

1) {xlgy=100‘ 2) xhgzy :4.
Iogyx = 2 log, y= %;
{21%{213:—“ _ 8,
logy(x* — y*) = logy(x + y) = 0,5;
31{:},{3(21—91 - 9
4){ 2 9 ‘
lg(x® — %)~ lglx —y) = 1.
2.9. Jlorapudmuueckue nepanencrsa

B 3TomM nyHkTe paccMOTPHM HEKOTOpbie HepaBeHCTBA, B KOTOPbIX
HEH3BECTHOE HAXOAMTCH MO 3Hakom Jorapudma. Hepasencrsa takoro
BH1A NPHHATO HA3LIBATL A02apUPMUIECKUMU.

[Tpu

PELIEHHH JlOI'apHdJMH‘IECKHX HEPABEHCTB 4acTo 6YII.ET HCNOJIb-

30BaThCs YTBEPXK/IEHHE, KOTOPOe CllelyeT U3 CBOHCTB JloraputMHYecKoi
(YHKIHH.
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Caencreue. Ilyetb a> 1, u>0, v>0. Ecan log,u > log,v,
TO U > V.
[yerb 0 <a<1,u>0,v > 0. Ecau log,u > log,v, To u <wv.

HokazatenbcrBo. [lyerb a> 1. Tlockodbky 10  yCJ0BHIO
log,u > log,v, TO, BOCHOJNBL3OBABILMCL OCHOBHLIM JIOTAPH(PMHYECKHM
TOA/IECTBOM H CJIEICTBHEM H3 MYHKTA 2.4, HMeeM

U= alug,, U, a-ll:g‘-,v = .

Jlokasatenscto yrepxaenus npu 0 < a < 1 aHanoruuHo Jokasa-
TesibeTBY npu a > 1. [lposenute ero camocrositedibio. X1

lpu peweruu HepageHcmMe 4acmo UCNOAbIYIOMCA YMBepH -
deHus, selmexawue U3 JOKA3aHHO2O CAeOCmeus:
1) lTycmo a > 1, moeda
f(x) > g(x),
| x)>1 =
og, [(x) > log, g(x) {g(x) -

2) Ilycmo 0 < a < 1, moeda

Sf(x) < g(x),

b
log, f(x) > log, g(x) < { 1> 0.

A 3) log ., g(x) > log ., h(x) <

flx)>1, 0< f(x)<1,
< | 12(x) > h(x), nan < g(x) < h(x),
h(x)>0 g(x)>0 . A
[Tpumep | Pelnts HepaBeHCTBO:

a) 10ggee(7x° +2) > logye 9
6) logs;(3x —4) <log,,(4 - x);

B) log , (7x* +2)<—4;

B

r) log, (Tx+2)>-4.

e

Pewenue. a) 3ametum, uto B HEpaBeHCTBE

logw,(?f'x2 +2) > logg g9
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BHpaXceHHe 7x2+2 NPHHUMAET NOJIOKHTENLHBIE SHAYEHHS NPH NIOGLIX
3HAYEHUAX TIEPEMEHHON X.

INockoneky H3 ABYX sorapuMoB ¢ OfHHAKOBHIM ocHoBarHeM 0,29
GoJbllie TOT, KOTOpbIfi GepeTcd OT MEHbilero YHcaa, T0 NOAYYHM Hepa-
BeHCTBO 7x% + 2 < 9, paBHOCWILHOE AaHHOMY. Pelnas ero, HMeeM X<,
T.e-1<x<1.

6) TTockonsky H3 ABYX JorapHpMOB ¢ OIMHAKOBLIM OCHOBAaHHEM 5,7
MeHbLUIEe TOT, KOTOPLI GepeTcA OT MEHbLIEro YHCAA, TC H3 HEPABEHCTBA

logs (3x —~ 4) < log; ;{4 — x)

ClielyeT HepaBeHCTBO 3x —4 < 4 - x.

Kpome Toro, AOMKHBI BHINOAHATHCA HepaBeHcTBa 3x~4>0 u
4 — x > 0 (o6bACHHUTE, NodeMy HepaBeHCTBO 4 — x > () MOXKHO ¥ He 3anH-
CHIBaTh).

Takim 06pazoM, JaHHOE HEPABEHCTBO PABHOCHNBLHO CHCTEME

Ir—-4<4-x, I
3x-4>0. a‘mml
Peuup 31y cHCTEMY, MOMYYHM 1% 2 x
1% <x<2. Puc. 40

Peuletne cHcTeMbl MPOKIIOCTPHPOBAHO HAa pHCYHKe 40.

v Petenne sroro npumepa MoHO opOPMHTD Tak:
A logs ;(3x — 4) <logs,(4 —x) &

3x-4<4-x, x<2, 1
.¢{3x—4>0 x>l%<:>l§<x<2.
1 CpaBHuTe peltieHHs npumepos a) u 6). [ToueMy B npumepe a)
@ JIOCTATOMHO PEIHTE OAHO HepaBeHcTBo 7x2+ 2 < 9, a He cHcre-
My HepaBeHCTB, KaK B rphmepe 6)?

B) OT™eTHM, uTO AR /MOOHX 3HaYEeHHH X BHINOJHAETCA HEPABEHCTBO
7x2+2 > 0. TTockonsKy H3 ABYX JOTAPHGMOB € OJMHAKOBBIM OCHOBA-
Huem 0 < a <1 Gosbllie TOT, KOTOPbLIA GEpeTC OT MEHbLUEro Y#cJaa, TO
NOAYYHM HEpaBEHCTBO

Y e 72 +2> (L)-“,

3

KOTCpOE€ paBHOCH/ABHO JAHHOMY. PewnM ero:
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2>1,
lx|>1,
x<=lunamx>1.

r} Cnocob 1, Hepasencteo log | (7x +2) > — 4 paBHOCHABLHO He-
PaBEHCTBY i “

log , (7x+2)>log (Lr
5 5\ -

-4
TaK KaK 0<L3<1. T0 7x+2<(L) , M YUHTHIBas: 064CTE OTIpe-

¥3 N

AeNieHHs AorapH@Muueckol (yHKUWH, HMeeM DaBHOCHALHYIO AAHHOMY
HEPABEHCTBY CHCTEMY {7x+2 <9

Tx+22>0.
Peing ee, noaygum —% <x <.

Oteer: a)(-1; 1); 6) (l%: 2); B) {(—00; —1) U (1; +oo);
r) (-%; l).

ouvme s " PelwnTh HepaBeHcTBO logs(2x) + log; x = log, 8.
Pewenne.

logs(2x) + logs x 2 log; 8 < logy; 2 +log, x + logg x 2 3log; 2 <
& 2logsx 2 3log; 2 ~log; 2 & 2logyx 2 2log;2 <> x2 2,
OreeT: [2; +o0).

flpumep $ Pewnts HepaBeHCTBO
logts(x — 1) —Blogys(x —1) -6 < 0.

Pewenne. Cnoco6 1. Ilyere logys(x—1)={ Toraa HmeeM
2-5¢-6< 0, oTkyna Haxoaum —1 < £ < 6.
Takum 06pa3oM, ¢ yueToM 0003HAYCHHSI HMEEM:

~l €logys(x-1)<6,
loggs 0,57 " € logys {x — 1) < logy s 0.5%

TMockonbky u3 asyx sorapudmoB ¢ ocHoaHueM 0,5 Gosblue TOT,
KOTOpBIH GepeTcs OT MEHbUIETO HHCAA, TO NOKYYHM:
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(%)"m-l;(%)ﬁ@ d<x-1<2 o 1L <x<3

64
OTseT: [164' ]
: Cnoco6 2 (memod unmepsaaos). Ilycth jesasi yacts Hepa-

BeHeTBa obo3Havena flx). Haitiem npomexkyTk, riae dyHkius

fix) = logy;(x =1) = 5logy(x = 1) =6 npunumMaer HenoaoKu-

Teabhble 3uadenud. Jlas storo B oOnactd  onpeesienust QyHKIMK
D(f)=(1; +90) nadijiem ee Hyau: x, = lﬁ%. X, =3 (ybeaurech B 1pa-

BHJILHOCTH BBIYHCJIEHHA CAMOCTOSITENILHO ).

3aTeM Ha KaXJI0M H3 MTPOMEXKYTKOB (! 64) (16]4; 3) ONpejIesIiM

3HAKH 3HaueHnit dyHkunn f(x), Hanpumep, B ToUKax lm u2:

flgy) =49-35-6=8>0,
f(i2)=0-5-0-6=-6 < 0.

Pewnth Hepasenctso log,x + loggx > —4.
Pemeu ne. Jlannoe HepaBeHCTBO PABHOCHILHO HEPABEHCTBY

log, x + ; I"g” >—4,

lo
Peumm ero: log, x + g,;

>—4 o 4log,x>-12
< log, x > -3 < log, x > log, 27

[Tockonbky 13 aByx norapuMoB ¢ ocHoBanueMm 2 Gosblie TOT, KO-

TopblH Gepetes oT GodblUero Yyuena, To x > '

gu
OTBcT:(%;+uﬂ.
A [1pumep o, Peunts vepasencrso log, (2+ x) <1.
Peweunue. Cnoco6 1.
x>,
Q< Ll
log,(2+x)<log, x < |42+ x<x, wm =
24+x>x
24+x>0
>1,
. 0<x<l,
e | 42<0, uau < xe (0 1)
220
x>-2
OrtseT: (0; 1).
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Cnoco6 2
53 lug (2 ks x} < loga(2 + x) — logy x <
=
) log, (2+x)< 1 —=2= — —-1<0 = oty 0

TaK Kak GyHKums y = log._,x BO3PACTAIOLLAS, TO YHCIUTENb IPOOH B

JEBOH 4acTH NocheHero HepPaBeHCTBA UPHHHMHET TOJBKO TOJIOMNH -

TeJbLHBLIe 3HAYeHH, 3IHAYKMT, 3HaMmeHaTe b ITOH ﬂp06H JLOJIKEH ObITh

()TpH[LﬂT@JIbeIM

Slogyx <0 0<x< L.

5'5 Cnocot6 3
J |0gA{2+X}<lc>lngI(2;x} l<0<:>10g(2+x) 10g2x<0

— logy x

Petmm nocueanee HEPABEHCTBO METOLOM HHTEpPBaJoB. HYCTb

Fl)= logo(2 + x) - Ing._;x‘

log, x
2+x>0,
Haitnem D(f): {x>0, < xe(0; HU(L; +o0).
x#1

WUrak, D(f)=(0; 1)U (1; +o0).
Haiinem nyan dynxunn [ Tak kak npu gi000M 3Ha4eHHH X BEPHO
iepasenctso log, (2 +x) —log, x > 0 (nosicuute novemy), To yHKUMS

lyJei He HMeeT. D(f)
OnpejiesiumM 1 OTMETHM Hald KOOP/H- — :

narHoit npsiMoit (puc. 41) 3Haku 3Have- _l_J—-

it yHkimKn [ Ha ee obsacTH onpese- 0 1 =

JeHus. A Puc. 41

HHAMHM?
2, OnHIIHTE BO3MOKHBIE CNoco0bl pellleHHs HepaBeHCTBa:

a) log; fix)<logsg(x);  0)logosflx) > logg,g(x).

53 1. Kak cpasiuTh 3HaueHust JorapuMoB ¢ OJMHAKOBBIMH OCHOBA-
. J

YnpakuHenus
Pewunte nepasederso (2.200—2.217).
2.200° 1) log,x < I; 2) logax < 2; 3) log, x < L

4)rlogn x £ 05 b) logay < 0; 6) logygx < 2;
7) loggx > 4, 8) log,4x >0, 9) loggsx = 0.
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2.201°.

2.202.

2.203.

2.204.

2.205.

2.206*.

1) log, (2x +5) < 0;
3

3) Iogl(S —4x)=-1;
1
5) log;s(4x +3)> L;
7) 1g(12 - 5x) < 0;
1) log,(x*~6x+10) > 0,5:
3) logyo(x*—2x=3) > —1:
5) log,(x* + 3x) < 2;
7) lngl()c2 -2x)>-1;
3

2 Dy 51'5.
I)lg(x”+2x+2)< th,

2) log,(3x -1} <1
)ty (B35 1) <1

4) log,(6-2x)>-2;
2
6) loguy (3 - 4) < 1
8) lg(8 —2x) = 0.
2) logs(x* +2x—-3) < 1;
4) Iogl{x2—4x+3)€—l;

6) Iog,:_sg{x2 +4x) > —1;
8) log,(x*+x) < 1.

2) log,(x* +7x —17) > cos(2008 )

3) log, (x* =5x +7) > cos 2029:::

4) lg(x* —=8x +13) < ctg”2“‘

2-3x
X
3x -
3) log, =
g%z_

1) log, -2

Lo it
X

5) lg2 =1 <,

1) log ;5= log, (2 + x) > 0;

3) Iogzlogﬁ—(x—l)< I;

5) Iogl Iogv,g(x—4)>—l;
2

35-x |
2) log, Z—=:

T X 2
3x-5
x+1

4) log, <I;

6) log, 2= 1>,

2
2) logg, log, (x —2) <0;
4
4) log,log , (2-x)<0,5;
3
o (x+1)>0,5;
72

6) log, log

7) logg log, x'i4 <0, 8) logé lf}g:;x—j_-—g >0.
L ‘l— O, ogs .——-
1) 0,47 >, 2) 40" (=) ¢,
9
3) O'QIngJ-_TIEI—x} > 4 O'Ilalnaa; <1
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2.207.

2.208.

2.209.

2.210.

2211,

2.212,

1) logy(3 —2x) < log,13;

3) logyA2x—T7) > log;5;

5) I0g2(4 - %) ~log,8<0;

6) 10g0.25(2 - %) —loggz52 >0
7) 1UgNiT12(x2 +x- 2) E Iogsinf!(ﬁ = X)',

2) log,(1-3x) > log, 4;
4) 10g2?7{3x+ 8) < lOé’g.?E):

8} logcnsl,ﬁ (x2 —X= 2) < Iogcnsl.5{6 ik x)'
1) log,(2x = 1)+ log, 12 > log, 10 + log, 6;
2 2 2 2
2) log,(x +6)—log,9<log,2-log, 6
3 3 3 3

3) lg(x—12)+21gd4<Ig24 +1g2;
4) log,(2x + 8) + log, 8 = log, 12 + 2log, 2.
6 B 3 6

1) logs(x +13) < log,(x + 3) + log;(x — 5);
2) log,(x + 32) > log, (1 — x) + log, (8 — x);
3) lg(x=3)+Ilgx < lg(-g-x - 4);
4) logy(x + 1) —logy (5 — x) > logy(2x - 3).
1) lglx+2)+log | (x+2)>—1;

Jio
2) logy(x -1 +log, (x-1)=2-2;

2

3) L2+ logl{x—Q) +3-logs(x-2) <1
4) 2- [og;(x + 1)+ logy(x +1) < 2;
5) log,(x —1) +log ;5(x —1) > 2,5
6) log,(x —3) + log,(x —3) < 1,5.

1) logl,(x—=1)>4; 2) logi(x-3) >
2

3) logi(4—-x)<1; 4) logi(5-x)<4.

1) logi x —log,x —6<0, 2) logs x —3logy x —4 > 0;

3) logl x —2log, x < 3; 4) logl, x —5log,, x < -6,
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2.213.

2.214.

2.215%.

2.216%.

2.217%,

5) logg, x + 3logy, x > 4;

6) lg” x - 3lgx > 4;

7) 1g°(-x) + lgx* < 3;

8) 3lg*(-x) - 5lgx* +3>0.

1) log3(5 - x) —6log,(5-x) +5<0;

2) log’ (4 —-x)—10log, (4 —x)+ 9> 0;

3) loggtﬁx —x242) +?’,Iogu_5{6x—x? + 2y -2
4) log);(3x — x> +4)—6log,(3x — x> + 4) < - 8.

3.

1) log; x —log,3 2> 2) log, x —log, 2 < %;

4) log, x +log, 9< 2.

o K

3) log, x >log, 3-2:
3

1) log,(x+2) <log, (3 - x);
2) log, (2x—1) = log,_,(x + 6);
3) logx+3 ;:; < !0gx+3 2'

4) Iogx+<i % < long 2‘
5) log, ,(x* —x—-2)<log,  (x+6);

6) log,,_ (x* +x—2)<log,, . (7Tx - 7).

1) log, ;8>3
3) log,, ,(5-x)>1;
5) log,(2x -3) <1,

2) Iog,_sé < 3;
4) log, ,2x-7)<1;
6) log, (4—x)>1.

l) IOgJHIU lxll b 83(— 3) > 2‘
3) log,, (x> —5x +6) < ;

5) logi.r~2|{2«\'2 -3x+1)<0;
7) log (9 —8x) < 9B,

4) logy,q, (¥* +x-2) > I;
6) log,, 5 (2x" +3x+1) > 0;
8) log o (8~ 7x) > 12%502%r,

2) log,, (7Tx* +11x-6)< 2;

HaiiTe ecTecTBEHHyI0 06J1acTb Ofpejielienus Bbipaxenus (2.218—

2.223).
2.218.

2.219.

2.220.

2.221,

2.222.

2.223.

x=9 _ 3 +5:
3 B g V¥

1) Jlgx® —7x +13);
3) Wlogys(3x* - 2x);
5) ﬁflogg(T—x)- I
3
-1
7) ,}iogo.3j+5:

1) log, (7 = x);
3) log, (x* +3x +2);

5) ,/logs_x(x* -9);
) X’ +4x-5,
: lgix+2) °

3) J3+2x-x°

logox—1 '

92y | x=5 .
) gx'2—10x+24‘

4) lg?’%;—%+d3x—6.

2) Jlg(x* —=bx +7);

4) a’logl(.vc2 $ %x):
3
6) Y1+ logys(2 - x);

x+1
_4'

2) log, (5 - x);
4) log_ (x* +6x —16),
6) l(‘ng_x(x2 - 16).

oo
e
=)
1=}
=]

e

;

20-x2-x.

2) lgx+4)

:

30+ x —x° .

4) logy(x +2) '

2+ lOgn,s'tx2 +x)

6) J2x+1

1

1) J(!og_l T— mg}_i 7) - log,(x — 15);
4 .

2) J(Iog, 6 — log, 6) - log,(x +12);
7 8

+/x—1;

L
1) we=n

3) Iglx® — )+ ey

ix _g

3 -9)

log, logs -l‘%

2) B IS . T

lg(bx + 4)

Iugs(

4)

4) lg(x® + x) - E‘Q}'
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5) J;+§/}-_l_—2 +1g(6 - x);

6)VI—x - i/'xi—4 +1g(x + 8).

2.224*, Pennte crcTeMy HepaBewcTs:
1) {!ogo 5(2x = 4) <logy s (x + 1),

¥ —4x4+3<0;

9 { logo, (x +1) > logy, (5 - x),

¥ -2x-3<0;
3) loges(x* +4) >0,
3x® -16x+21>0;

2hes¥ < 3,

5) _
#x_l?..ao’

7 {lg(x -1>0,
X +|x-1|+3>0
2,225*, Peiunte HepaBeHCTBO:
1) Iogzsin% <=1
3) log, cos2x > 1;
5) lgté?x >0;
2.226*. Jlokaxure HepaBencTeo:

1) log;(2 - cos® x) > 0;
3) logy;(1 +sin®x) < 0;

" {Iogg(xQ +8)<0,
~x* +10x - 16 < 0;
Blogs logs (£+2) <3,

6) 12135440

-x-6

8 lglx+1) <0,

X’ +{2x-4|+3<0.

=0

2) log, cos-;- >~

4) log, sin2x <1,
2

6) logyctg3 <0.

2) log,(1 + cos® x) > 0
4) log,(3 -sin* x) < 1.
7

*
2.227*. Nokawure, yto pi MOGLIX 3HAYEHHAX X, BXOAALIHX B eCTECT-
BEHHY:0 00J1ACTD ONPeAeNIeHHs BhIPAIKEHNMI, BEpHO HEPaBEHCTBO:

1} log, (20052 - cosx) > log, (4 - sin® x);

2} logy,s(1 —sin* x) » logm(

T
2sin? % + cosx);

3} logos(2sin’ x + cos2x) > logy 4(1 — cos® x);
4) log, (3 - cos® x) > log ; (sin x + cos? ).
17 .

MpunoxeHuns

MaTepuanb! ona NOBTOPEHWA TeOPeTUMECKUX
BONPOCOB apuhMETUKN 1 anrebpb!
Kypca matematukm 5—11-x kKnaccoe

YUCIHA

Ha'rypa.rlbﬂue YHCAA

Yncna 1, 2, 3, 4, b, .., BO3HUKAIOIHE NPH CYETE, HA3LIBAIOT HATY-
PaNbHBLIMM, HIU UENBIMH MOJOXUTENLHEMH, Mioxcecmso namypans-
noix wucen obosnagaemen 6yxeoi N,

Ilyctb @ 1 & — natypasvHule ukcaa. [opopaT, uto a deaumct Ha
b (HaLeno), ec/H CyIecTBYeT TaKOe HATypPaJbHOE HHCAO §, 4To &= bs.
Uncno b HaseiBaeTca deaumenem HUCAQ 4, YHCAO 4 HA3WBAETCA
Kpamusim wucaa b, 9Mcno s Ha3HBaeTC wacmmuvim wucea a 4 b.

Hatypaaenoe uncno, Goabluee 1, KoTopoe He HMeer aenuteded,
kpoMe 1 M camoro ce6s, HaswiBaeTcs npocmoim. Harypaabtoe YHCIO,
KOTOpOE HMEeT ellle XOTA 6bl ONHH JeANTeAb, KpoMe | H camoro ce6s,
HaspiBaeTCA cocmassuoim. COCTABHOE YHCIO MOXHO pPAasiokHTh HA
APOCTHE MHOMKHTENH, T. €. NPELCTABHTh B BHAE MPOU3BENeHHA pasaHi-
HEIX €10 MPOCTHIX AeAHTeNeH, B3ATHX B COQTBETCTEYIOIHX CTEneHX.

Hauboavuwium obugum deaumenem (HOI) xsyx HaTypaibHbIX
yuces @ W b HasbiBaeTcA HauGoJbiee HATYpa/dbHOe YHCIO, Ha KOTOPOe
aensares a w b, Eciu HOZ(a, #)=1, 7o g n b Ha3pBaloTcn 43GUMRO
npocmoimi.

Haumenouwum obuum xpamuvis (HOK) apyx natypanbHbix YH-
cesl @ H b HAa3LIBAETCA HAMMEHBbILEE HATYpAZbHOE YMC/IO, KoTopoe Ae-
JIHTCA HA @ W Ha b.

Lieabie uHena

HatypanbHoie udc/ia Ha3HB2OT TakKe MOA0NCUMENbHOIMI Ye-
Asmit wucaamu. Yncna supa (—m), tie m — HatypanbHoe 4YHCIO,
Ha3LIBAIOT OMPUYAMEALHBIMU YeabiMu qucaamu. MHoxecrso, CO-
CTOSIEE H3 BCEX HATYPAJbLHBIX HHCEN, [EPOTHBOTIOJCHKHBIX HM OTPHLA-
TeJbHHIX YHCEJ H HYAA HA3LIBAETCH MHOINECTMBOM YHeavix #4ucer H
oGo3Hauaercsi Oyksofi Z.

Henamocts neasix wicea, HOM u HOK apyx nesmix uucen onpene-
ASIOTCA TakiKe, Kak W 1A HaTypaNbHBIX YHeed. :
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Pasflenntb Ue/oe UHCIO @ Ha HaTypajbloe HHCIO § ¢ OCTaTKOM —
3T0 3HAYMT MPEACTABHTL 4 B BHIE "

a=bs+r, e s v r — uennie, 0€r<b

Jna nioGoro nenoro wucna @ W HATYPaiibHONO 4HCHAa b JeneHue ¢
OCTATKOM BO3MOXHO, ¥ MpPUYEM OAHO3HAUHO,

Jpo6u. Paunonaibupie uncaa

Tlyets n > 1 — HaTypafbHOE YHCAG; A- YACTh EAMHHLB 0603HAYA-

|
ercit . Sta yacts, 3aTan k pas (k — HaTypa/bHOe YHCAO), 0603HA-

yaerca % H Ha3HBaeTcH noAoNcumensvroi dpobvio.

Hpo6e % Ha3sBBalOT ellte obutinoaennod. Ecnv k < n, To npobp —ﬁ-

Ha3LIBAETCA npasurvnod, 2 ech k> n, 10 — Henpasuavnod. Bea-
Koe Ha'rypaabnoe HHCJIO MOXKHO CUMTATH JpoBhio CO 3HaMeHarteaem 1.

Jdpots —=..

poSt T
Qg @y, Gy, A3, .. Gy, TAE Qg — HEJIOE HEOTPHUATEJLHOE YHCAO, 3 &,

ay, @3, ... 4y — UNDPLI, Ha3bIBaeTCH KOKeunoH decamuunoi pobeio.
Ipo6y co 3HaKkoM MHHYC, T. €. ynCaa BHAA —-%, rme kwn — ua-

TypajibHble YHCJIA, HA3LIBAIOTCA ompuyamenvivimy Opobamu. Muo-

KECTBO, COCTOAILEE U3 BCEX NOJOXKHTENLHBIX ApoGell, HYAs H Beex oT-

PHUATENIBHBIX 1poGeii, HABLIBAETCH MHONCECHIBOM payuonarohoix
wucea W 0603nadaercs O6ykpol Q.

Onpenenienne pasencmaa dpobeii:
a_c =
5 =g eam ad =bc.
Ocnosnoe caoiicmso dpobu:

- ka
=2 (k=0).

, tne m 20, 3anucanyas B BHOe

b
Hpobn % Ha3HBAETCA HeCOKPamumol, eclin YHeaa @ W b B3anMHO
NPOCThL
Hlpaauna delicmeuii nad dpobanu:
@, _ad+bc £ a a.c_od
b d bd ’ d bd ’ bd> b'd B’
Kaxfioe pauponanbioe YHCJIO MOXHO MPeACTaBHTL B BHe APOGH

m
PR rie m — uesnoe yneao. Ecim IIPH 3TOM 17— MOJNOKHTEJABHOE, TO

a
b
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PALMOHAJIBHOE YHCJIO HA3LIBAeTCA TIOJIOKHTENbHBIM, A €CIH M ~— OTpH-
LaTeALHOE, TO PALHOHANBHOE YHCJIO HA3HLIBAETCH OTPHLUATELHBIM,

Beckoneunasn flecatuyHas ApoGb, KOTOPasA COAEPXUT, HAUHHAA ¢ He-
KOTOPOro MecTa Nochie 3anarToi, NepHOAHYECKH MOBTOPAIOLIYIOCS TpynITy
uugp, HasbleacTes nepuoduwecKkol, a 3Ta rpynna LGP HasblBaeTcs
nepuodom. Komecteo uudp B Nepuoiie Hasmisaercn Jaunod ne-
puoda.

JleACTBHTEALHBIE YHECaa oo

JIAst Hy)KI, MATEMaTHKH PALMOHANLHEIX YHCEJ HEIOCTATOYHO H BBO-
IATCA HOBHE YHCNa — uppayuonasvrvie. Kaxioe uppausoHanbHOe
YHC/IO MOXKHO MPEACTABHTb B BHAE GECKOHEHHOH HENepHOIMYECKOR jfe-
CATHYHOH IpOGH.

MHOXKECTBO, COCTOSILIES W3 BCEX PAIHOHAJbHBIX M BCEX HPpALHO-
HAMBHBIX YHCEJl, HA3LIBAETCS MHONCECMEOM OedCmeumenvRoix wi-
cea ¥ obosHauaerca Gyksoil R.

OcHogrbie caolicmaa CAONEHUA U YMHONCEHUR
dedicmeumensiotx wiicen

TlepeMecTHTeIbHBIA 3aKOH:

a+b=b+a, ab = ba.
CoueTaTenbHbIR 3aKOH:

(a+b)+c=a+(b+c), (ab)c = albc).

CyutectsyioT uncaa 0 u 1 Takue, uTo 4151 JIO60r0 4HCNa @& HMEIOT
MECTO PABEHCTBA:
a+0=a, a*l=a

Jina mo6oro YHCAa a CyLIECTBYET APOMUGONOAOIHOE MY HUCAO
—a, 4 ana Jqio6oro uucna a =0 CyllecTByeT 06pamuoe emy wucao

a™ =L taxoe, aro umeloT MecTo pasencrsa:
a

a+(-a)=90, a-at=1.

Cpasnenue Jdedcmeumenvnoix wucen. JlehcTBUTENbHOE MHC-
A0 MOXET ObITb NHG0 MOJ0KHTEIbHBIM, JHGO OTPHI.la'Pe.ﬂbe[M, JHGO
HyJeM, :
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Hucao a Goavuwe wucaa b (a > b), ecan pasnocts a-b nono-
KHTEJBHOE YHCIO, 4H#CA0 a menvuwe wucaa b (a < b), ecqn pasHocTs
a - b oTpunateabHoe YHCAO,

Ceolicmea sucaosux nepasencms (copmyaHpoBaHR! B OCHOB-
HOM 151 CTPOTEX HEPABEHCTB, HO BePHbI ¥ JJISi HECTPOrHX):

1) ecan a<b, mo b>a; ecau b>a, mo a<b

2)ecruw a<bu b<c, mo a<e;

3ecau a<b, moa+c<b+c

Yecaw a<b u c<d, mo a+c<b+d;

) ecau a<b u ¢>0, mo ac < be;

6)ecan a<b u c<0, mo ac> be;

Tyecau 0<a<b u 0<¢<0, mo ac< bd; _

8) ecau 0<a<b un — Hamyparvnoe wucro, mo a"<b";

Necau 0<a<b, mo ~ >;,

10) ecaus 0<a<b, mo Q/_<J—'

1t)ecaw a20 u b0, mo ‘”b >Jab (cpeduee apupmemu-
4ECKOE B8YX HEOMPULAMEAbNOX uucea He Menblie ux cpednezo 2eo-
MEMPULECK020 ) ;

12) lal -6l < la + bl < lai + 5].
Heoidnoe nepasencmeo — 310 HepaBeHcTBO BHIA
a<c<h

OHo 03HavaeT, uTo ¢ > g ¥ ¢ < b, 370 MOKHO 3ANHCATh H TaK:

c>a,
{c <b.

JeoliHbie HepaBeHCTBA YHTAIOTCH, KAK NIPABHAO, HAUHHAA CO CPef-
Heil yacrA. Hanpumep, HepaseHcTBO @ < ¢ < b yutaercs «c Gobiue a
H MeHble b>,

MuoxecTBO Beex HCen X, YIOBJETSOPAIOUMX OIHOMY W3 Hepa-
BeHCTB x <@, x>a, a<x<b, x<a, x>a, asx<bh a<x<bh,
@ K x < b Ha3LIBAETCA HUCAOBHIM RPOMEICYMKOM.

B crenywouiet Tabaune npHBoAATcs 0603HAYEHMS DA3IHYHBIX YHC-
AI0BbIX NPOMENYTKOB.
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seromve woropoey | U | arre stomecs
YAOSAETBOPAET YEOBACTBOPRIOUIHX Ha KoopaunaTHOH
HHCIIO X STOMY YCAGRUID npavoft
a<x<b (@:b) —
a<x<b [4;) —Jlle—r
a<x<b (a;8] _ng"_;‘
agx<b [a: 8] — S ——
x<a (—o%;a) sz/ﬂﬁ_—?
x<a (-o%;a] WW:_‘__;'
x>a (a;+o0} _W;'-
x>a [a; +20) ——W—

Mpomexytku (a; b), (~o0; @), (a; +°°) Ha3LBAWOTCA UNmMeEpBa-
Aamu; NIPOMEXYTOK [a; b] HasbBaeTCs OMPesKom.

Kaxmofi ToUKe Ha KOOPAMHATHOM NPSIMOA COOTBETCTBYeT ONpele-
JIeHHOE AeRCTBHTEJbHOE YHCA0 — KoopAMHAaTa 910# TOoYkH. HaoGopor,
KaXKaoMy ASHCTBUTEIRHOMY HHCIY @& COOTBETCTBYET Onpeae/ieHHan ToUKa
Ha KOOPAMHATHOM MPAMOH — TOYKA € KOOPAHHATOH a.

Modyav dedicmeumeanonozo sucaa a (o6osnayaetcs lal ) onpe-
AeNAeTCH TaK:

lal=a, ecim @ >0, u lal = —-a, ecn a <0,

HeiicTBuTenbibie Yucaa NPROJMKAIOTCA KOHEYHBIMH AECATHYHBIMH
ApOOAME ¢ TOYHOCTRIO 0 10™ ¢ HeAOCTaTKOM ¥ ¢ M3GHITKOM.

Hanpumep, npubauncenue wucaa = 3,14159.. ¢ mounoc-
moro do 1072 ¢ neaocmamxox 3,14, ¢ us6umxo.n — 3,15, 1.e.
3,14<n<3,15. - :
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AJITEBPAHYECKUE BbIPAXKEHHS

Tponopuwsa

Yacrthoe -E— NCeA @& M b HASLIBACTCS OMHOULERIEM IMUX HUCEA.

y
Pasencrso %= —3 ABYX OTHOLLICHHI % H -:-;- Ha3LIBAETCH NPonop-

yuedd. [1ponopuyio MOXHO 3anKcaTs W Tak: a:b=c:d.

Yucna a u d HasmBaloTea Kpadnumu daenamu nponopyuu, b u
¢ — cpednumu uaenamu nponopyguu a 1 b=c : d.

Ocnosnoe csoiicmso nponopuyuu: npoussedenue Kpadnux

YACHOE NPONOPYUL DPABHO NPOUIBEEHUIO CPEOHUX YAEHOS, M. e.
ad = be.

MpouerTn

Mpoyenmom HaszuiBalOT 0ARY coTyio: 1% = Tl.!ﬁ
Haxoxaenne uncaa x, kotopoe pasio p % uncaa A:
= . 9, = Oi = —A£
x=A:pPh=A 100 100°
Haxoxnenie unena x, ecan p % ero pashn B (1. e. x+p % = B):

x=B:p%=B:%=LQ%.

AnareGpanueckne Buipaxennsn. Pasencrsa n Toxaectsa

Bripaxenne, cocTaBneHHoe H3 yuced WM GYKB, 3HAKOB ACHCTBHIT
C/ACKEHHA, BBIMHTAHHA, YMHOXEHHS, ACJICHHs,, BO3BENEHHA B LENYIO
CTeneHb U M3BJEYEHHs apUMETHYECKOrO KOPHS, a TaKXKe CKOGOK, yKa-
36IBAIOLIMX HA MOPAACK BBIMOJHEHWA 3THX ACHCTBHM, HA3bBaeTCH aA-
eebpauseckum. AnreGpauueckue BHIpaKEHHsi GHIBAIOT YeAoiMu, pa-
HUOHAADHROIMUL, UPPAUUOHAADHDIMU.

Echu B anreGpaHueckoM BHIpAKEHWH BCTpeyaloTes desente Ha
HYAb, U3BACHEHUE KODHA YemNOL cmenewu u3 OmpuyamesbHo20
YUCAQ UAW B03BEOCHUE HYAR 8 HYACEYIO AU OMPULAIMERGHIYIO CrTie-
fexb, TO, TOBOPAT, YTO TaKOe BLIDAKEHHE HE UMEEN CMbICAQ.

Ecan B anreGpanyeckoM BBIPOKEHHH BCTpeyaloTes GYKBEI, KOTO-
pble MOTYT NPHHHMATE Pa3fHYHbie 3Ha49eHHA, TO 3TH GYKBH Ha3LiBa-
otca nepeMenHbiMH. HaGoph 3Havenni, KoTophie MOTYT NpUHHMAThL
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nepemennsie, o6pazyioT obaacmo onpedesentn BoLIPAICEHUR.
3 ofaacTh onpeaesicHHA BbIPAXKEHHs MOTYT BXOAHMTb TOJBKO TaKue
naGopbl 3HAUeHHH MepeMeHHbX, MPH KOTOPLIX BHIPAaXKeHHE HMe-
eT cMbics. Bee Takue HaGopol 3sHaYeHHn 00pasyioT ecmecmeennyo
obaacme onpedenernun 66IPANCCRUA (WnU, APYIHMR CNIORAMM,
o6nacTh JONYCTHMBIX 3HaYeHHH TIepeMeRHbIX, BXOASWMX B BhIpa-
KEeHHe).

Ecan B BolpaXeHHe BMeCTO NePeMEHHBIX MOACTABHTL KaKoH-aubo
HaGop MX 3HaYeHHH W3 00NACTH ONpeAeNeHHA W BbINOJHHTL BCE yKa-
JaHHble B 3TOM BRIPAYKEHHH HNEACTBHS, TO MNOJYYEHHOE B pesy/braTe
YHCNIO HA3LIBAETCA 3NAYERUEM SLIDANCEHUA TIPH 3TOM HaGope mepe-
MEHHBIX.

Ecau npa suipamenus A W B COSAHHHTL 3HAKOM «=», TO MOJY-
auM 3anuch A =B, naswiBaemyio pagencmsom. Bupaxeune A Ha-
AbBAKOT €60l wacmovio, a Bupaxehue B — npaeod wacmoto pa-
BEHCTBA.,

Korpa n6e yacTH paBencTBa 0003HAYAIOT YHCHIA, TO OHO HAIBIBACTCH
"HCnoBLIM. Beproe wucaosoe pasercmeo — 3710 Takoe PaBEHCTBO, B
KoTopoM ofe yacTH 0G03HAYAI0T ONHO B TO XKe YHCAO,

Csoiicmea 8eproz0 1UuCA06020 pasencnisq.

1. Ecau k obeum wacmam 6eprOCO “UCAO8020 PAGEHCMSBR npu-
fasums 00HO U MO HE YUCAO, MO NOAYHUITICA BEPHOE HUCA0B80€ Pa-
HEHCIMBO.

2. Ecau 6 8epHOM HUCAOBOM pasencmee neperecmy CAQ2aeMoe
13 00HOI wacmu 8 dpyayio ¢ NPOMUBONOAVNCHUM IHAKOM, MO NO-
AYRRMICA BEPHOE HUCA080€ PABEHCMSBO,

3. Ecau 06e wacmu 8epHO20 HUCAOBOZO PASEHCMBA YMHONCUMD
1l PasoeAmns K OOKO U MO e YUCRe, OMAUNHOE OMm HYAR, Mo
HOAYHUMCS BEPHOE HUCA0B0E PABEHCMEO.

Mycte A n B — suipaxenns. PaberctBo A = B nasniBaeTcs moo-
decmaoM, eCH OHO MPeBpallaeTcs B BEPHOE YHCIOBOE PABEHCTBO MPH
NOBHIX 3HAYEHHSIX TIepeMEeHHbIX, 218 KOTOpbiX 06Ga Boipaxenna A H B
olIpeASNeHbl, T. €. HMEIOT CMBIC,

Beproe uHCNIOBOS PABEHCTBO TAKKE ABJFETCA TOXIECTBOM.

Ecan A=B — 70xnecTBO, TO BhipaxeHWa A W B HasuiBaloTca
INONCOECTNBERHO PAGHIMU.
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Hepagrencrea

Ecanu aBa shipaxenun A n B CORIHHNTb OHUM U3 3HAKOB «>>» WAy
«<», T0 noayyeHHylo 3anuch A > B unu A < B waseiBaT Kepasenc-
maoM. Bulpaxenve A Ha3wBaOT €804 HACMbIO Hepasencmsa, a
suipaxkenue B — npasod wacmvio,

Hepapencrsa A<B n C <D (A> B u C> D) Hasmpaior sepa-
sencmaamu 00020 3naxa, a vepapeHcTsa A < B n C> D HasbiBaoT
HEPABEHCMBAMY PA3NHIX 3HAKOB. 3HAKH HEPABEHCTB «<» H «>»
Ha3LIBAIOT NPOMUBONOAONCHLIMU.

Koraa o6e yactn HepasencTBa 0603HAa4alOT YHCAA, OHO HA3HLIBAETCA
wucaosoim. HUncnopoe nepaBeHcTBO A < B HasbiBalOT @epHoIM, ¢cau
€ro JeBas YacTh 0603HavaeT YHCIO, MeHbILee, YeM MpaBan.

Hepagenctea co sHakamMu «<» H «>» HasbIBAIOTCH CMPOUML.

Hecmpoeue nepasencTBa 06padyiores, ecan Boipaxenns A u B
COCAHHATCA OHHM H3 3HAKOB «&» WA «#». 3HAK «&» YHTAeTCH
«MEHBIIIe HJIH PABHO>» HIH «He GOAblUe», a 3HAK «2» YHTAeTCH «Boab-
1€ WK PABHO» HAH «HE MEHbLUE».

CTENEHU H KOPHH

Crenens ¢ NEALIM NoKa3aTeneM

Onpedesenue cmenenu. TIycTb n — HaTypaabHoe 4HCAO, @ —
JeficTBuTensHoe yHeno. Toraa

a"=a-a-a-...-a npp n»2; a' =a.
—————

n pa3
INycrs €0 — nenoe ukeno, a #0 -— neficteurensroe yucho.
Torna
a® =1 a" =L npn n<0,

a
Bhipaxewne a" HasnbiBaeTcA n-f cmenensio wucaa a, “HCRO
O — OCHOGGRUEM CMenedit, YUCIO0 1 — NOKA3AMENEM CMENEHU.
Csodcmea cmenenedi. na moGuix pefictButenbinx a #0, b= 0
H B JIOGLIX 11eN1BIX 72 H 1 HMEIOT MECTO TOMIECTBA:

l)am.au=am+n;
"
a” _ m-n,
2 =

3) (am)n ___aﬂl‘ﬂ;
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4) (ab)" = a"b",
ay _a"

5 (3) =%

Kopenn n-ii crenenn (cM. 1. 1.2).

Crenenb ¢ panHoOBaIbHLIM NoKa3atenem (cum. 1, 1.8).

JeficTBHA Hal CTeNeHAMM ¢ PaUMOHANLHLIME NOKasaTessiMH  (CM.
1. 1.9); cpaBHeHHe cTeneHedi ¢ pauHoHaNbHEMH nokasareasmy (cM. n. 1.10).

CreneHb ¢ HPPAUHOHANBHLIM NOKA3ATENEM, CTENeHb ¢ ACHCTBH-
TeJIbHbIM TIOKa3ateneM (cMm. 0. 2.1).

Jlorapudmut (cM. n. 2.5); ocHoBHBIE CBO#iCTBA JOTapU(MOB (CM.
n. 2.6).

Muorouaesn

OO0RO04NEHOM HA3BIBAETCS] NPOHIBEACHHE YHCEN H CTeNeHeH mepe-
MeHHbIX, Yueno 0 (HyAb) Ha3biBAETCH HYALBHIM OOHOUREHOM.

Cmenenvro 00rO4ACHA HA3BIBACTCA CYyMMa NOKasaTesleH Beex fe-
PeMeHHLIX, KOTopble OH CoaepKuT. Ecan HyseBOR 0AHOMJMEH He copep-
JKHUT NIEPEMEHHBIX, TO ero CTeneHbie cyntaerca uncno 0. Crenenb Hyne-
BOI'O OfIHOWIEHA He OTipefesieHa.

Msozownenom nasnipaercsi cymma ognounenos. OnHOuUNEH Takke
cyuTaeTca MHorowieHoM. OAHOUNEHbl, H3 KOTOPBIX COCTABAEH MHOIO-
YJIeH, HA3bIBAIOTCA €0 YACHAMU.

AnreGpanueckoe BhIpa’keHHe, COCTABIEHHOE H3 MHOTOYAEHOB, CO-
€[IMHEHHBIX 3HAKAMH CJOKEHHS, BHIMHTAHUA ¥ YMHOXEHHA, HA3bIBAETCH
yeavim. Anre6panyeckie BLIPKEHHSA, II@ KPOME TOr0 HCMOJIL3OBAHO H
JIEleHHe MHOTOUY/IEHA HA MHOTOUJIEH, HA3LIBAETCA PAUUOHANLHOIM.

PopMyibl COKPAUIEHHOTO YMHOXKEHHS

(a+b) =a® +2ab+b';
(a — bY=a* - 2ab + V%,
a’ -6 =(a-b)a+b);

A (a+b) =a® +3a’b+3ab® +b°;

(a-b) =a® -3a°h+3ab” - b

a® + 8% =(a +b)(a® - ab+b*),

@ - =(a-b)a’+ab+b°). A
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Aarebpanyeckue (paumoHaibHbie) 1podu

Aneebpauveckoi (payuonanvrot) 0po66I0 HA3LIBAETCS Bbipa-

KEHHE BHAA 73- rne A u B muorownennt, B # 0.

Besikuit - Muorounen  apasiercs anrebpanieckoll  (patroHasLHoN )
Apobblo,

Papenctso  anreGpanteckux  (paionanbHbIX) apoGeii,  0CHOBHOE
CBOHCTBO APOOH, NpaBuia AEHCTBHI Hajd anreGpaHuecKUMK ( palHoHAL-
HLIMH ) APOOAMK ONPEAESIOTCS TAK XKe, KaK 415 00bIKHOBEHHBIX APoGeii.

YPABHEHUSI U CUCTEMbI YPABHEHUM
YpaBHeHUsi ¢ OHOW nepemMeHHOI

Pasenctso, conepxaiiee oiny nepemMernyio, HasuiBaetcsi ypasHe-
HueM ¢ 00HOU nepemeHHOU (OJHHM HEH3BECTHLIM). 3HauciHe nepe-
MEHHOMH (HEH3BECTHOTO ), MPH KOTOPOM ypaBHEHHE NPEBPaLLAeTCsl B Bep-
HOE YHCJIOBOE PaBEHCTBO, HA3bIBACTCH KOpHem (peuwlenuem) ypasHe-
Hus. Pewums ypasuenue — 510 3HA4UT HANTH BCe ero KOpHH (peliie-
HHS1) WK JIOKA3aTh, 4TO HX HET.

HBa ypasHenusi Ha3bBAIOTCH PABHOCUNGHOIMU, ECIN KAKILI KO-
PCHL TIEPBOTO ypaBHEHHS ABJSETCH KOPHEM BTOPOro W, HA000POT, Kax-
,-"I.hli'-'! KOPEHb BTOPOTO yPHBHQI-IHH ABJHETCH KOPHEM 1epBoro. PHHIIUCHJII;—
HBLIMH CHHTAIOTCH W YPABHEHHUS, KOTOPbIC HE HMEIOT pelleHuit.

Ceoiicmea ypasHenuii:

) ecau 8 ypasnenuu nepewecmu caaeaemoe us 0OHol wacmu 8
dpyeyro ¢ NPOMUBONOAONHBIM IHAKOM, MO NOAYUUMCS YpaBHeHuUE,
pasHocuabHOe JdaHHOMY;

2) ecau o0e wacmu YpasHeHUs YMHONCUMb uAW pa3oderums Ha
OOHO 1 MO He YUCAO, OMAUYHOE OM HYAS, MO NOAYUUMCS YPaBHe-
HUE, PABHOCUAbHOC JAHHOMY.

Jluneiinoe ypastenue

YpaBHeuue Buna ax =b, e a u b — uncaa, x — Heu3BecTHoe,
HASLIBACTCH AUHEUHBIM.

Ecim a # 0, To ypaBHeHHe HmeeT enHCTBeNHOE petienne x = L.
a
Ecin a = b =0, To KopHeM ypaBHenus siBAsETCS A060E YHCID.

Ecim a =0, b=#0, 10 ypaBHeniie He HMEET KopHEH.

Ksaznparnoe ypapHeHue

YpaBHenue ax* +bx+c¢=0, rae a, b, ¢ — uncna, a#0, x —
HeH3BECTHOE, HasbiBaeTcsi keadpamusim. Hucso a nasbisaercsi cmap-
wum KospPuyuenmom, b — cpednum koappuyuenmom, ¢ —
CB0OOOGHBIM 4NEHOM KBAJPATHOTO ypaBHEeHHs!.

Huckpumunanm KsaapaTHoro ypashuenus D = b - 4ac.
Ecom D >0, 710 ypaBHeHHE HMeeT J[IBa Pa3/IHUHBIX KOpPHS
~b+JD
Xj 9 =—F5—

Ecan D =0, 10 ypaBHeHHe UMeeT iBa paBHLIX KOPHS X, , = %

Ecan D <0, To ypaBHeHHe He HMEET KOpPHEil.

KsazpatHoe ypasHenne co cTapiunM Koshduimentom, pashbiv 1,
HA3LIBAETCS NPUBLOCHHBIM.

Teopema Buema

Ecam x; # X, — KOPHH TNpPHBEJEHHOrO KBaJAPATHOrO YpPaBHEHHS
4+ px+g=0,T0 X, +X, =—p, XX, =q.

Hao6opot, ec/in JU1st YHCe X| U Xy BEPHbI PABEHCTBA X) + Xy = — P,
XX, =@, TO KOPHH X; W Xy — TPHBEJICHHOIO KBA/IPaTHOrO ypaBHEeHHs
x>+ px+q=0.

Keadpammustd mpexunen — 3T0 Jiepas 4aCTh KBaApaTHOrO ypas-
Henns ax”® + bx + ¢ = 0. KopHu 3T0ro ypaBHeHHs HA3bIBAOTCH KOPHA-
Ml K6aOPAMHO20 MPexX4Nena, a JHCKPUMHHAHT — OUCKPUMUHAH-

Mmom K8adpamuozo mpex4rena.
Pasaoxncenue k8adpamuozo mpex4aeHa Ha AUHeliHble MHOMCU-

meau. Ecin x; ¥ X, KOPHH KBAJIPATHOTO TpexujieHa ax’ +bx+c=0,
10 ax® +bx+c=a(x—x)(x—x,).

Vpashenne ax' +bx* +¢=0, me a#0, uaswiaercs Guxead-
pamuoim. OHO CBOANTCS K KBAIPATHOMY BBEICHHEM HOBOFO HeH3Bec-
THOTO U = X°.

PaupoHnanbHble ypaBHeHHs

YpasHeHue BHIa -%: 0, rie A u B — MHOro4JIeHsl 0T OJHOH H TOMH

JKe 1IEPEMEHHON, HA3bIBAETCSH PAYUOHANbHbIM. PallHOHANIbHOE YpaBHe-
A=0,

Hie paBHOCHIILHO CHETEME
P {B # (),
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YpaBHenue ¢ ABYMA NEpecMeHHBLIMH

PaBencTro, comepxaiuee Be NepeMeHnble, Ha3bIBACTCS YpasHenu-
em ¢ deyma nepemennoimu. [lepeMEHNbIE B YPABHEHHH HASHBAKOTCS
TAKXKE HEH3BECTHBIMH.

Ynopaznouentasn napa 3HayeHHii HeHIBECTHBIX, NIPH KOTOPLIX YpaBHE-
Hhe npespaliiaeTcs B BEPHOE YHC/IOBOE PABEHCTBO, HA3LIBAETCH pelde-
RUEM YPABKERUA ¢ OBYMA HEUSBECTIRBIMU.

JlBa ypasHeHHs C BYMsi HEH3BECTHBIMM Ha3LIBRIOTCS PABHOCUAD-
ROIMU, €CIn KAXJI0€ PeLIeHHE OAHOTO YPABHEHHS SBARETCA PelleHHeM
ApyTOro, H HaoGOPOT, T. €. KOTAA OHH HMEIOT OfHHM H T€ XKe PelleHus.
PaBHOCHABHLIMH CYRTAIOTCS! W YPABHEHNS, KOTOPLIE HE HMEIOT PeIeHH.

l'lp»: PelienHk YpaBHEHHI ¢ ABYMA HEH3BECTHHMH HCTIOML3YIOTCH Te
Ke CBOHCTBA, YTO U MPH pelleHHH YPaBHEHHH C O/IHHEM HEU3BECTHAIM.

Ipaducom ypasuenus ¢ deyma nepemennvimu nazmisacten
MHOXECTBO BCEX TOUEK HA KOOPAHHATHOMN IIOCKOCTH, KOOPOHHATHL KO-
TOPbIX SIBAIOTCA PELICHHSIMH 3TOr0 YpaBHEHHS.

Popmyaa paccmoanus mexdy mosxamu A(x; ) v B(xy; yy):

AB = \/(xl -5Y +(y -g).
YpagHeHHe OKPYMHOCTH ¢ LEHTPOM B Touke M{a: b) panpycom R:

(x-af +(y-b7 = R

Cucrembl aBYX IHHEMHLIX YDaBHEHUH ¢ IBYMSI HEHIBECTHLIMH

Korna 3aBHCHMOCTDL MexK/ly ABYMS NepeMeHHbIMH X U Y 3aMHCHIBA-
€TCA NPH IOMOUIH ABYX YPaBHEHH a\ X + by =¢, W a,x + by =¢,, To
TOBOPAT 0 cucmeme deyx Aunednoex ypasnenuii ¢ dsymsa nepemen-
Hotmu (neuasecmuovimit). OGBINHO CHCTEMA 3aNNHCHIBACTCA B BUAE

{alx+b,y =q,
Bx+by=c.

AHaNOrHYHO ONpejENsieTcA K 3aIHCHIBAETCA CHCTEMA JBYX MpOKu3-
BOJILHBIX YPAaBHEHHA ¢ ABYMA HEH3BECTHBIMH.

YNopsiioueHHas napa 3HaueHHA NepeMeHHBLIX, KOTOpas obpaiaer

KDKACE YPaBHEHHE CHCTEMBI B BEPHOE YHC/IOBOE PaBeHCTBO, HASLBALT-
Cl pewenuem cucmemol ypasrenud.
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JlBe cHCTEMb! YPAaBHERHH HA3LIBAIOTCH PABHOCHJBHBIMH, €C/AH KaX-
A€ peLueHHe OfIHOW CHCTEMbI ABASETCH PeLUCHHEM apyrof, 1 naoGopor,
T. €. KOTA@ OHH WMEIOT O0HH H Te JKe pelleHHsl. PABHOCHIbHBIMU CUHTA-
{OTCA ¥ CHCTEMBI, KOTOpHE He HMEIOT pelleHHH.

Yucnao pewenuil cucmemor deyx auneldnoix ypasuenui ¢ 0sy-
M HEUIBECHIHbIMUL

i1
1) cucTeMa MMEeT eIMHCTBEHHOE DemeHHE, eCH Il # %;
2
2) cHCTeMa MMeeT GECKOHEYHO MHOro  peilleHHi, ecaw
a &b o .
3) cHCTeMa He MMeeT pellieHuii, ecd g' =

LY

[
# L,
g

HepaBseHcTsa ¢ oAHOM NepeMeHHON

HepaBeHeTBO, cofepxaiuee OQHY MEPEMEHHYIO, HAa3HIBACTCA Hepa-
BEHCMBOM € OOROU NEepeMennol WK HepasencmeoM ¢ OOHUM He-
U3BECNLIM,

Pewienuem nepasescmsa ¢ OLHONH NepeMEeHHOW Ha3bIBaETCHA Ta-
Koe 3HaueHHe NepeMeHHOH (HeH3BeCTHOTO0), MpH KOTOPOM 3TO Hepa-
BEHCTBO NpPEBPAILAETC B BEpPHOE YHCAOBOE HEPaBeHCTBO. Pewume
HepasescmBo — 3TO 3HAUWT HAfiTH BCE €ro PelleHHA WAH 10KasaThb,
YTO HX HET,

Jipa HepaBeHCTBA HA3LIBAIOTCA PABHOCUABHLIME, ECIIH KAXN0E pe-
{LleHHe OAHOrO HEpPABEHCTBA FBJAECTCH peleHHeM APYroro, ¥ HaoGopor,
T. €. KOra OHY MMEIOT OfHH # Te Ke pelueHnsi. PaBHOCHJBHBIMH CUHTA-
[OTCA ¥ HePABEHCTBA, KOTOPbIe He HMEIOT PELIeHHH.

Ceolicmaa nepasencmsa:

1) ecau 8 nepasencmse nepenecmy caaeaemoe u3 00Kod sacmu
8 Qpy2y10 C NPOMUBONOAONCHOLM HAKOM, MO NOAYUUMCR HEPABEHCNL-
80, PABHOCUAHOE CANHOMY;

2) ecau 0be wacmu HEPABEHCMEA YMHOXCUMb Ul paszdeaums
HQ OOHO U MO Me ROAONCUMEAbROE HUCAO, MO NOAYHUMCA Hepa-
BEHCMBO PABHOCUABHOE CAHHOMY;

3) ecau obe wacmu RepABEHCMER YMHONCUMEL Ul pa3oeaumto
HQ OOHO U MO He OMPUYQAIMEABHOE HUCAO U USMEHUIMb 3HAK He-
PABEHCEA HA NPOMUBONOLONCHEIL, MO NOAYIUMCR HEPUBEHCMBO,
PABHOCUALHOE OGHHOMY.



196

JunelinoIM HepaseHcmMBOM C OIHHM HEU3BECTHBIM HA3bLIBACTCH
HepaBeHCTBO Buia ax > b (ax = b, ax<b, ax <bh), e a n b — une-
Jla, X — HEH3BECTHOE.

Ksadpamueim HepaseHcmBoMm ¢ OJHAM HEHIBECTHLIM WIH He-
paseHcmeom 8mopot CcmeneHu HasbIBACTCS HEPABEHCTBO BHIA
ax’+bx+¢>0 (ax’+bx+c>0, ax’ +bx+¢ <0, ax’>+ bx + ¢ < 0),
rne a #0, b, c — uncna, x — HeH3BECTHOE.

Payuonaroroim HepaseHcmMBOM HA3LIBACTCS HEPABEHCTBO BH/A

A A A A / u
EE > = i Ll — 5 3 r

0' ( = 0. B < 0, < 0), rjae f‘l B MHOTIOYJIEHBI OT OJIHOH H
TOH Ke HEPEMQHHUQ.

GOYHKLUHH

Pynkyued, 3a7aHHOi HAa MHOKecTBe [), HA3LIBAECTCS 3aKOH, (10
KOTOPOMY KaXK/IOMY 3HAYEHHWIO X U3 MHOMKecTBa [) CTaBUTCSl B COOTBET-
CTBHE OJIHO Ofpejie/ieHHoe 3HaYeHHe Y.

[Ipu 31OM X Ha3biBaeTCs He3asucuMOUl nepemeHHOU, Wi apey-
MEHMOM, | — 3aBUCUMOU nepemeHHOU, wiv ¢yHkyued om x, a
MHOXKecTBO [) — obaacmoio onpedenenun ynxkyuu.

B anre6pe ocHoBHbiM cnocobom 3adanus Qyrkyuu sisaseTcs
opmyaa, neBas yacTh KOTOPOH — 3TO 3aBHCHMAsi NepeMeHHasi, a rpa-
Basi — BbIP@XKEHHE C HE3aBUCHMON NepeMeHHoN.

Dynkuus MoxkeT ObITH 3a7aHa TaKkKe mabauyet, epagukom, onu-
CaHuem.

O6biuHO dyHKIMSs 0603HAYAETCs KaKoi-HUGYbL GyKBOI, Hanpumep f,
TOrJla ee 3HayeHHue B Touke x oGo3Hauaetcs flx), a ToT akr, uTo Y AB-
nsietcst yHKUMedH oT X, 3andcbiBaeTes Tak: y = flx).

Ob6aacme onpedenenun ¢pynkyuu f oGosuavaercs D(f).

Ecan dynkuus 3anana dopmynoit y=f(x), a ee obnacts onpejese-
HHSl He yKasaHa, TO CYMTaeTcs, YTo 0GJIACTh ONpeesieHHs] COCTOMT W3
BCEX TeX 3HAYEHHI X, NPH KOTOPBIX BbIpaykeHHe f(x) UMEeT CMbICI.

MHoxecTBO BCeX 3HAUYEHHH, KOTOPbIE MOXKET [IPHHHMATh QYHKIMs [
HasbiBaeTcsi MHONCecmeom (0b6aacmero) 3navenuil 1ol PyHKyuU;
oHo o6o3Hauaercst E(f).

[padukom dyHKUHH [ Ha3bIBaeTCH MHOMKECTBO Beex Touek (x; flx))
KOOPJMHATHON MJIOCKOCTH, e x € D(f).

Dynkuus [ HasbiBaeTcs go3pacmaroujel 8 HEKOMOPOM npome-
Jocymke, eciii B 3TOM NPOMEXyTKe OoJiblieMy 3HAYEHHIO apryMeHTa
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COOTBETCTBYeT GoJiblliee 3HaueHHe (QYHKUMM, T.€. e X, %, 10
f(xy)> f(x)- ) e

Dynkisi [ HasbiBaeTcs yObiearoujed 6 HeKOMOpPOM p
Fcymie, ecii B 3TOM NPOMEXKYTKe GoublieMy 3HAYCHHIO aprymeHTa
COOTBETCTBYET MeHblliee 3HaueHue (QYHKUHHM, T.€. eClH Xy 2% 1O
[(xy) < f(x) )

OynKims [ Ha3bIBAETCS He4emHod, ecim ee 06/1acTh Onpe/e/ieHns
CHMMETpHUHA OTHOCHTENBHO HYJsi W juisi JioGoro X € D (f) sepHo pa-
senctBo f(—x)=—f(x).

Ipagux newemnod ynkyuu cummempu4en OMHOCUMENbHO
nHavaaa Koopduram.

Mbynkuus [ HasbiBaeTcs yemuoil, ecan ee 001aCTh ONpeieseHHs
CHMMETpPHUHA OTHOCHTEJILHO HYJst W s ato6oro x € D(f) BepHo pa-
generBo fl—x)=f(x).

Ipagux Hewemnod QYHKYUU CUMMEMPULER OMHOCUMENbHO
ocu Oy KoopdunHamuoi naockocmu.

Hyaem ¢pynxyuu [ HaspiBaeTesi TO 3HAUCHHE X, TIPH KOTOPOM BEPHO
pasenctBo flx)=0. ]

Mutepsai, Ha KOTOPOM 3HAUEHWS (PYHKLMH HMEIOT MOCTOSIHHBIN
3HaK (OHM JIMGO TOJILKO MOJIOKHTE/bHbI, JIMOO TOMBKO OTpHLLATE/IbHbI )
HAZLIBAETCS] HHTEPBAJIOM 3HAKONOCHOAHCMEBA ¢pynxyuu.

Mpsmas NPoONOPUMOHATBLHOCTD

lpsamoti NPONOPYUOHANLHOCMBIO HASLIBACTCIH yHKUMA  BHA
y=kx (k — uucio, k#0).

[padukoM NPSIMOIf MPONOPIHOHANLHOCTH SBASCTCH MPAMA, npo-
xoIsllash Yepe3 Haualo KOOPAMHAT W o0pasyiomas ¢ OCblo Ox yroa a,
raKoil, uto tg o.= k (puc. 42, a, 6).

a) yh i ) 6) yl il
y = xj ,/' \\_‘\.\ k{O
b T Ny
o[~ x
. .
o N .
a AR Puc. 42 ™
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[Mpsimasi NPONOPUHOHANLHOCTL SIBJSIETCS YACTHBIM CJyYaeM JHHel -
HOW PYHKIHH.

Csoidcmsa npamoi nponopyuonarsnocmu — ¢ynkyuu, 3a-
dannol opmyroi y = kx (k+0).

1. OGnactbio onpesenennst hYHKIMK ABSIETCS MHOXKECTBO NeHCTBH-
TeJIbHBLIX ynces R.

2. MHOoXecTBOM (06.1aCTbIO ) 3HAYEHHUIA DYHKLMH SIBASIETCH MHOMKECT-
BO JICHCTBHTEJILHLIX yncen R.

3. DyHKUHS He NPHHUMAET HH HAMGOJBLIETO, HH HAMMEHDILIErO 3Ha-
YEeHHH.

4. Tpaduk yHKUMH NPOXOAHT uyepe3 Hauano KOOPAHHAT — TOu-
Ky (0;0).

9. 3uavenne x =0 saBasieTcs HyJaem hyHKIHH.

6. DyHkuus siBASIeTCS HEUETHOIA.

7. Tpn k >0 dynkums Bospacralowas B 064acTH onpe/esieHusI.

Ilpu k < 0 dytkims y6biBaiowas B o6aactu ofnpesieJieHus .

8. Ipu & > 0: ecam x € (0; +0), T0 y > 0:

ecs x € (—=20; 0), To y < 0.

[Tpu £ <0: ecan x € (0; +00), 1o y < 0;

ecsn x € (=0; 0), To y > 0.

Takum oGpasom, (=20; 0) 1 x & (0; +90) — npoMexyTKH 3HaKONOC-
TOSIHCTBA (DYHKIIMH.

Jluneitnas pynkums
JMunednod ¢ynxyuei nasvisaercs dyuxuns suna y = kx +b (k u
b — uucaa).
Ipadukom suneiinoi pynkumn y = kx +b (k #0) ssasercs npsi-
Masl, MPoXoasillas yepes3 TOUKH (—%; 0) u (0; b) (puc. 43).

a) ¥ _ 6) ¥
"'j:=kx+b, N\ -
b k>0,650 b O :
) _ N b y=kx+b,
b 0 p \ \k<0,b<0
2 k Puc. 43 N
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a) b7 | o) Y B) A
J’=b, - y-_-b,
b>0 b (0] x b=0
- ——— e y=b, — o - - Ix--
e b b<0
O x -
Puc. 44

[pacdukom nuHeitol QYHKUMH Yy = b aBAfeTCs npsamMasl, NpoxXoss-
iwast yepea Touky (0; b) u napamnensuas ocu Ox. [lpu b =0 rpadux
dyukimm coBnanaet ¢ ocbio Ox (puc. 44).

Jobas npamas, He naparreavnan ocu Oy, ssasemces zpa-
purom aunednoil pynkyuu.

Kosthduument k B ypasenun npsmoit y = kx + b HasbiBaercs ye-
2086IM KO3 Puyuenmom npamoi.

Ypasuenue npamoi ¢ yerogoim kospuyuenmom k, npoxo-
Odsauweii wepe3s mouky (x,; Yy, ): Y — Yy = R(x —x;). )

dopmyusia yriosoro KosGdHUHenTa NpsaMoi, npoxoasiied yepes ase
NanHble TOUKK (X5 1)) W (X5 4): k= ———ﬁ :z;

Csolicmea auneiinoti pynkyuu y = kx +b

1. O6aacTbio onpeeaeHus GYHKIMK SIBISIETCS MHOXKECTBO ACHCTBH-
TeNbHbIX unucen R.

2. MHuoxkecTBOM (06aacTbio) 3Hauenuit dyskiuu npu k=0 asaser-
cst MuoXkeeTBO R. [Tpu k& =0 MHOXKeCTBO 3HAYeHHH DYHKUHH COCTOHT U3
oaHoro yueaa b.

3. Tpu k+#0 dyHKkuHs He NPUHHMAET HH HAHOOJIBILIETO, HW HaH-
MeHbILIEro 3HaYeHuit; npu k = 0 3HaueHne y = b — eIMHCTBEHHOE.

4. Tpu k#0 rpaduk dynkuun nepecekaer oc Ox u Oy B TouKax
(—ﬁ' 0] n (0; b); npu k=0 ecTb TONLKO TOYKA TNepeceyerus ¢ 0Chio Oy

R
(niput b#0) — (0; b); npu k = b =0 rpacdmk cosnanaet ¢ ocbio OX.

5. Tlpu k#0 3nauenue x=—% spasieTcst Hysem ¢ynkuuu. [pu

l=0mnb+#0 dynkuus nyneit ne umeet. Ipu k=0 n b= 0 Kaxoe aenct-
BHTEJBHOE YHCJIO ABASIeTCS HyjeM (DyHKIHH,
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6. Ilpu k#0 u b#0 dyskuus He sSIBASIETCS HU YETHOH, HH HeyeT-
Hou. [lpn k=0 u b#0 dynkums yernas. [pu k=0 u b#0 dynkuus
OJIHOBPEMEHHO HeTHasi W HeuYeTHast.

7. Ipu k>0 ¢ynkumus Bospacraiollasi B 06MAaCTH ONpe/e/IEHHS.
[Tpu £ <0 dyukums y6eiBaoutast B o6aacti onpenenenus. [Ipu k=0
(yHKUMS MOCTOSAHHAS B O0JACTH OTPEIe/IeHHNS.

8. Tlpu k#0 npomexyTKamu 3HAKOMOCTOSIHCTBA — SIBJSHOTCS

(-00; —%), (—%; +00). [Tpu k=0 u b# 0 npomexyTKamMH 3HAKOIOC-

TOAHCTBA ABJAIOTCH (—00; +00),
®Oyhkuns y = x|

Ipaduk ¢ynkunn y = x| cocrour wus yi
yacTd npaMol y = x npu x 20 u u3 yac-
TH npamMoit y = —x npu x < 0. OH H306- ¥=lx|
paXkeH Ha pHCYHKe 45. \ /

Csoiicmea ¢pynryuu y = |x| \

1. O6nactbio onpenesenust QyHKIHH N
SIB/ISIETC MHOMKECTBO BCEX JIENCTBHTELHbIX o
ynces R.

2. MuoxectBoM (06s1aCTbIO) 3HAYEHHIT Puc. 45
sBJseTcst npoMexytok [0; +00).

3. Haumenbuiee 3nauenue (yHKuUHs npHHHMaeT B Touke X =0, —
OHO paBHO HyJ0. Hauboublero snayeHns (yHKUHH HEe CyLIeCTBYET.

4. Ipaduk dyHKIHH HMEET ¢ OCIMU KOOPAMHAT EAMHCTBEHHYIO TOUKY
nepeceyenus (0; 0) — Hauano KoopjMHar.

5. Hynem dyHkuuu sisasiercs snauenue x = 0.

6. Oyukums yeTHas.

7. Ha npomexyrke [0; +00) cynkims Bospacraer. Ha npomeskytie
(=00; 0] dyuKuus yobiBaer.

8. Bee Touku rpaduka dyHkimMH, KpoMe Hauaia KOOpAMHAT, JiexaT

x

HaJl 0Cbio abeuuce; 3HauuT, (—=o9; 0) u (0; +00) — npomexRyTKH 3Ha-
KOMOCTOSIHCTBA.
®ynkumna y = x**, e ke N (em. n. 1.11).

Pynkuus y = x**' e ke N (em. n. 1.11).

Pyukums y=x", me reQ, reZ, r>1 (em . 1.11),
Pyukuns y =x", me reQ, 0<r <1 (em. n. 1.11).
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Dyukuus y=x*" e ke N (cm. n. 1.12).
Oyukuns y = x 2*, e ke N (em. . 1.12).
Gyukuna y=x", me reQ, reZ, r<l (cm. n 1.12)

Ob6paTHas npoNOPUHOHAILHOCTH

O6pamnotl NPonoPYUOHANLHOCMBIO HA3LIBACTCS (QYHKIWS Bitla
Y= R (k — uncio, k#0).
3

Tpaduk 0GpaTHOI NPONOPLMOHANLHOCTH HasbiBaeTcst 2unepboaol
(puc. 46). "
CsoiicTBa 00paTHOW NPONOPUHOHANBHOCTH I = P (k=0).

1. O6aactbio onpenenenus ynkunn ssasierest (—00; 0) U (0; +09),

2. MHuoxkectBoM (06.1aCThI0) 3HaUeHHH DYHKLHH ABJIAETCH BCs UHC-
JioBasi npsimast, kpome toukn y =0, T.e. (=00; 0) U (0; +00).

3. HauGouiblliero u HaumeHblero 3Hayenust QyHKIMH He CyLLeCTBYeT.

4. Tpu moGOM 3HaueHnn aprymenta x snauenne dyHkuun y # 0,
T. . runepGona He nepecekaer och abeimcc.

5. Hyneit dyuxuns ve umeer.

6. Dynkums HeueTHasl.

7. Mpu k>0 dynkuus yobiBaomas na npomexytke (—00; 0) #
yObiBatolast Ha npomexyrtke (0; +09),

[pu k<0 dynkuus Bospactaiolas na npomexyrke (=00; 0) u
po3pacraiolias Ha npomexxytke (0; +00),

8. Ecan k > 0, 1o Betsu runepboabl pacnonaratores 8 1 111 koop-
JMHATHBIX yraax, ecan R <0, To Betu runepoosbl pacnonaraiwotes 8 11
n [V koopauHaTHBIX yraax.

Takum o6pazom, (—o0; 0) u (0; +90) — nNpPOMEXKYTKH 3HAKOIOC-
TOSIHCTBA.
a) vA 0) by
k
y=§s y=1—"‘
k>0 k<0
- 0 X 0 L
Puc. 46
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Keanparnas dynkuus

Keadpammnoi (rosopsit, Takke Keadpamuunoil) ¢ynkyuei na-
3biBaeTes GyHKUMS BHAA Y = ax’ +bx + ¢ (a, b, ¢ — uncna, a#0).

[pacuk kBanpaTHoit QyHKUMH HasbiBaeTcs napaboaodl.

Ipagukom pynkyuu asasemcs napabora ¢ 0cvbIO CuUMMeEn -

puu x =—;2%, BepWUHOL 8 MOYKe ¢ KoopouHamamu X, =—%;
dac - b*
Yoy = ——— U BemeaMu, HanpasreHnomu eeepx, ecau a >0, u
0 4a

sHuz, ecau a < 0.

Csoiicmea keadpamuoi pynkyuu y =ax” +bx+c (a#0)

1. O6nactbio onpesesieHus QYHKIMH SIBJISETCS MHOXKECTBO BCEX
JeHCTBUTENbHBIX YHces R,

2. Ecoim a >0, to mMHOXKecTBO (064acThb) 3HaYeHHi (QYHKUMM —

4ac - b
NPOMEXKYTOK | — ] +00 ;

ecan a <0, To MHOXKecTBO (06JacTb) 3HaYeHHH QYHKIMH — T1po-
4ac - b*
MeXyToK |—00; — — |,
& ( ta ]
3. Ecaim a >0, t0 npu x =—% (hYHKUHMS NTPHHUMAET CBOE HaM-
MeHblliee 3HauyeHHe

4ac-H
Yiaum = T*

ecaim a <0, To npu x = ,72% (yHKIHMs NPHHUMAET CBOE HAHOO/Ib-

lee 3HayeHHe
_ dac- b’
Yyano = T

4. Tpaduk (YHKUMH HMEeT eIMHCTBEHHYIO TOYKY [1epecedyeHHst ¢
ocbio Oy — (0; ¢).

Ecan D = b* —4ac > 0, 10 ocb Ox napa6osia nepecekaeT B 1ByX TOU-
ﬂ; 0) H (ﬂ O); ecau D=0, To Touka (—L: 0) ==

2a 2a 2a
C/IMHCTBEHHAn Touka nepeceyennsi ¢ ocblo Ox; ecan D <0, 10 Touek
nepeceyenus napa6oJibl ¢ ocbio Ox HeT.

Kax (

~b+JD
5. [Tpu D > 0 nynsivu QyHKIMH SBASIOTCS 3HAYCHHSA X, , = —=—
npu D=0 nynem cdyHKumn sBnisieTess 3HaueHHe x=—%; npu D <0
(GyHKIMS He UMeeT Hyneil.
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6. Ecain b0, To dyHKUHMS HE SBJASETCS HU YETHOW, HU HEYETHOMH.
Ecan b=0, To dyHKuus yeTHas.

7. Ecain a > 0, 1o dyHkuus yObiBaeT Ha NPOMEKYTKe (—00; - %] "
BO3pacTaer Ha MpOMEKyTKe [—%; +00).

Ecin a <0, 10 dyHKuMs yObIBaeT HA NPOMEXKYTKe [—%; +00) H
BO3PACTAeT HA NPOMEKYTKE (—00; —% :

8. Ecaiu D 2 0, To npomexyTku (—00; x,), (x5 X,), (x,; +00) s8-
JISIOTCSI TIPOMEXKYTKAMH 3HAKOMOCTOSAHCTBA.

Ecsin D <0, To npoMeKyTKOM 3HAKOMOCTOSIHCTBA fABJsieTcs BeA 00-
JacTh onpenenenust R.

E D D>0 D=0 D<0
ya
\j/

o Y= le-"; x
i

X=X = %, -
0 x g
/C

Moka3zateabnas dyHkuus — QyHKuMs BUaa ¥y =a*, rjae a — 1o-
crosinnas, a >0, a# 1 (em. n. 2.2).

Jlorapupmuueckan dyukuns — dyukuua puna y = log, x, a >0,
a#1 (cm. n. 2.7).

HUCJIOBbLIE NMOCJELOBATEJIBHOCTH

[TycTb MO HEKOTOPOMY 3aKOHY KaXK1OMy HATypasbHOMY YHCJY 11 CTa-
BUTCSI B COOTBETCTBHE ONpeeNieHHOe JNEHCTBHTENbHOE YHCIO a,. Tor-
Jla TOBOPSIT, UTO 3a/laHa 4UCA08AA NOCAD0BAMENbHOCMb O, Ay, ...,
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a,, ..; ee o603Ha4alT (a,). Yueao a, Ha3biBaeTcsi N-M 4A€HOM TI0C/ie-
JIOBATEJBHOCTH ().

YucsioBas Moe1e/10BaTeIbHOCTb — 3T0 (DYHKUMS, 3aaHHas Ha MHO-
JKECTBE HATYpaJbHBIX YHCE/J ¢ 06JacTbio 3HAYeHHH, cojepralleics B
MHOXKECTBE JICHCTBUTEJbHbIX YHCEI.

Apupmemuueckas npozpeccust ¢ pazHocTblo d — 3ITO TaKasi
4HCJIOBAs MOCAEA0BATENIBHOCTL (@,), 4T0 a,,, =a, +d s mo6oro
HATYpPaJIbHOTO 1.

Dopmyaa n-20 4aena apuPmMeTHIECKOH NPOrPECCHH:

a, =a +(n-1)d.

]

Dopmyast cymmot nepevlx N 4AeHO8 aApPHHMETHUECKOH [1po-
rpeccHi. a + a, : B 2a,+ (n-1)d
Sn = —2_ T, n - 9 .

Teomempuueckan npozpeccus co 3namenartesiem g (g#0) — 310
TaKasi YHCsI0Bast MOC/eN0BaTe bHOCTL (b)), yto b, . = b,q ans moboro
HATYpAJLHOTO 1.

¢0pﬂyﬂa n-20 4AeHa I‘EOMETPHI{ECKOﬁ MporpeccHu:
=, n=1
bn il 1q g

DopMYyAbL CYMMbL NEPBbIX N 4NAEHOB TEOMETPHYECKOIH 11PO-
rPeccHu:
n
3 -1
5" = b(q )
g -1
leomeTpHueckasi nporpeccusi co 3xamenateseM |g| <1 HasbiBaetcs
beckoneudno yboisaroued.
Popmysa cymmot GeckoHedHo ybOvisatouied reoMeTPUIECKON
TPOrpeccHH

,eam g#1; S, =nb, ecsin g =1.

§=_14_
I-q

TPUTOHOMETPHUYECKHUE BbIPAXKEHHUSI
YroJi KAK MEPA NMOBOPOTA.
PAIMAHHAA MEPA YIJIOB U 1yT

[TycTb aana MuoCKoCTb M JIyd ¢ Hadajom B Touke O, KOTopblit Bpa-
aetcst 0T HauajbHoro nosoxenuss OA 1o Koneunoro nosoxerus OB.
Besiuuny noBopoTa, COBEPUIEHHOIO 3THM JIy4OM, H3MEPAIOT BEJUUHHOM
yraa, kotopbiit o6pasyer jyun OA u OB B KoHule Bpaulenns. Hanpu-
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R A
— 748°
Puc. 47 B Puc. 48

Mep, Ha pucyHke 47 usobpaxkeH 1osopot Jyda va yron 1097°, a na
prcynke 48 uzoOpaxeH noBopor Jyua Ha yroa —748°. (Ecan nosopor
JIyda COBCPILIEH MPOTHB 4aCOBOW CTPEJIKH, TO YroJl NOBOPOTd NPUHATO
CYUTATH MOJIOXKHTEJILHBIM, @ €CJIH 110 X0y 4YaCOBOH CTPEJKH — OTpH-
HATEJBHbBIM, )

Pajnanom HasbiBaeTcsi BeJIMUHHA LEHTPANLHOTO YIVid, KOTOPbIiA
ONHPAETCsl Ha JIyry OKPY»KHOCTH JUIMHOI B OMH paauyc (o6o3Hauaercsi
I pan). CooTBETCTBEHHO Jiyra BeJMYWHON OAMH paiMan — 9To Jyra,
JTHHA KOTOPOIl paBHa pajycy

_(180\° jo_ =
lp&l—(T) i 1 = 1o P
CuHyc, KOCHHYC, TAHTEHC W KOTAHIe€HC NMPOU3BOJLHOIO yraa.
CooTHOLIEHHS MeXYy HUMH

PaceMoTpuM Ha KOOPAMHATHON TJIOCKOCTH OKPYXKHOCTb ¢ LEHTPOM
B HauaJie KOOP/HHAT W PajMycoM, paBHbIM eanHHLLe. Takylo OKpy»KHOCTh
Oy/eM Ha3biBaTh eOUHUYHOU WM MPULOHOMEMPUYECKOU OKPYNC-
HOCMBIO, & KPyr, KOTOpPLIii OHA OrpaHUuHBaeT, — MpPUOHOMempU-
HeCKUM KPY20M.

[TosoKNTENBHYIO NOAYOCH a6CUHCC NPUMEM 3a HAYal0 OTCYeTa s
moboro yraa o. Touky ee nepeceue-
HUSI € @IMHHYHON NOJYOKPYKHOCTHIO
0003HauYMM Ay, a TOUKY nepeceyeHns
¢ ©IMHMYHON OKPYXKHOCTBIO JIy4a,
Onpeaessioniero yroa o, 0603Hauum
A, (puc. 49).

[Tyetb o —  npOH3BOJBHBIN Ay(1;0) x
yrod.

Cunycom yraa o HazblBaeTes
OpPAHHATA TONKH Ay, T.e. sina =y, Puc. 49
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Kocunycom yrna o naspisaetcsi abeumeca Toukn A, T. €. cosa = X,,.

[yets o # §+ nn, n € Z. Tanzencom yrna o Ha3bLIBACTCS OTHO-

wenue sin o K cos c: tga = 2%

cosa
Iycts o # nn, n € Z. Komaunzencom yraa o Ha3blBaeTcss OTHO-
COSO
sina’

OcHOBHOE TPUIOHOMETPHYECKOE TOXKIAECTBO Sin
CJIEICTBHS M3 Hero:

weHue cos o K sin o ctgo =
2a+cosPa=1 u

+ 1+tg’a = 12 :
s a Cos™ o

Apkcunycom uicaa b (b € [-1; 1]) nasbiBaetcs yucao U3 npome-

| +ctg’ a =

KyTKa [—%; g] CHHYC KOTOpOro pase b:

sin (arcsin b)=b.

Apkrocunycom uncna b (b € [-1; 1]) nassiBaercs uncno us npo-
mexkyTka [0; mt], kocunye KoToporo paseH b:

cos (arccos b)=b.

aresin b 0 % % % .g—
arccos b % % % E 0
Apxkmanzencom wucna b (b € R) nasbiBaeTcs YHCA0 U3 [IPOMEXKYT-
Ka (—%; -;-) TAHICHC KOTOPOTO paBeH b:

tg (arctg b)=0b.

Apkkomanzencom wicna b (b € R) naspiBaetcsi UHC/IO H3 Tpome-
xytka [0; mt], kKoTanrenc Kotoporo paseu b:
ctg (arcctg b)=b.

b 0 %—3& 1 J3
T T s
arctg b 0 5 7 3
n n n kg
arcetg b 3 5 1 3
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Wmeior mecto Tom/iecTna:
arcsin (=b)=—arcsin b,
arctg (—=b)=—arctg b,
arccos (—b)=m —arccos b,
arcelg (—=b)=mn —arcctg b.

@®opmyabl npuseneHus

Tpuronomerpu-
yecKoe
BLIpaXKEHHE sin f3 cos B tgp clgp
Benwunna yraa f
% —a cos o sin o ctga tga
% +a cos o ~sin o —-ctga lga
T-a sin a —COS @ ~-tga —clga
T+ —=sina —COS @ tga clga
32_“ —a —-Cos o =sina clga tga
15_21[ L —cos o sin o —clga —tga
2n—a —sin a Cos o —tga —clga

IIpasunra ¢popmya npusedenusn

1) llpasuao 3naka: B npasoii yact GoOpMyJibl CTABHTCH TOT 3HAK,
KOTOpPbIH HMEeT JIeBast 4acTh MPH YCAOBHH, YTO YrOJ O NMPHHAJIEKHT
| ueTBepTH.

2) llpasuro Hassanui: Korja B JeBOi 4acTH GOPMYJIbI yros paBeH

3
%i o WIH ?" * @, TO CHHYC MEHSIeTCS HA KOCHHYC, TAHTeHC HAa KOTAH-

reHe, W Haob0poT, KOra yroJ paBeH m+o WiH 27— o, TO Ha3BaHue
BbIPAKEHHST COXPaHSIeTCsl.
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Popmyabl ClOXKEHHs

sin (o £ B)=sin o cos f + sin B cos a,
cos (a+ B)=cos a cos B+ sin a sin B,

tg(a £ B)

tgo £ tgp

1Figatgp’

Popmyani ABoiiHOTO YTIa

sin2a = 2sinacosa, coslq = cos” o — sin? o

2tga

tg2a = I-tg%a

Caeacrans n3 GopMyn cnoXenus
[IpeoGpasopanne npousBeneHHA B cyMMy (pasHocTb)

sina.cosP = %(sin(a + B) + sin(a - B)),
CosSQaCosP = %(cos(a +P) + cos{a — B)),

sinasinp = %(cos(a —B)-cos(a +B)).

TMpeobpasobatye cymMbl (PasHOCTH) B nMPoH3BeacHHE

sinx +siny = 2sinx—;ycos ad ; g
sinx —siny = 25in%cos a ;y .
COSX + COSY = 2cosxT+ycosx2;y, e
cosx —cosy = —2sin¥ ¥ sin x;y.
_ sin{o. £ B)

tgatigh= cosa cosp '

in(B+a)

" - sin{p -

clga = ctgf sinasinp

1+ cosa = 2cos®

1-cosa = 2sin’

o

L]

o
9

, ctg2a =

*

ctg2u—l

Zetga
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Ipocrefilnne TpHroHoMeTpHYCCKHE YPABHEHHS
Ecin a € [-1; 1], To0:

sinx=a< x=(-1Yarcsina+nk, ke Z,
cosx=g < x=Tarccosa+2nk, ke Z.

Ecau a € R, 1o:
tgx=a< x=arciga+nk, ke Z,
ctgx=ae x=arcctga+nk, kel

TPUIOHOMETPHYECKHE ®YHKHHUH
Mepuonnueckne pyHKuHH

Nycre .T 2 0. Oyukuns f HasbiBaeTes Aepuodudeckod ¢ NepHo-
aom T, ecan aaist oGOro 3Ha4eHHA X U3 00JacTH onpeleneHus (hyHK-
MK, yneaa x + T x — T take npuHagaeXxat o6nacT onpenesieHHs, H
npH 3ToM BepHo pasencTBo f(x +T) = f(x).

Ecan uacno T — nepnoa GyHKUHH f, TO NEPHOAOM (YHKLRAH f ABNS-
ercst 9ucso kT npu moGom ueaom & = 0.

Eciu gy = f(x) — nepHoanueckas dyHKuus ¢ nepuoaoMm T, To
Y = p(x) — nepuoanyeckas (yHKLHA ¢ NEPHOAOM %.

PyHkuns y = sinx

KaxnoMy peiicTBUTEALHOMY YHCAY X TOCTABUM B COOTBETCTBHE Yrod,
PafaHHOH Mepoii KOTOpOTO SIBAAETCH ITO HKCAO, & ITOMY YRy [ocra-
BHM B COOTBETCTBUE €ro CHHYC. TeM CaMblM KaxioMy AeACTBHTENILHOMY
YHCJIY X CTaBHTCA B COOTBETCTBHE OfIpefesleHHOe YHCJO Sin X, T. e, Ha
MHOXKecTBe R onpeneaserca GyHKuma y = sin x.

[paguk dyuruuu y = sin x (puc. 50) HasbiBaeTCA cunycoudou.

vh i
nl
ne § -

N R

T
[AES
N

Puc. 50
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Csoiicmsa pynrkyuu y = sin x
1. O6aactb onpeenenust GyHKUHH Y = sin x — MHOXKecTBO R.
2. MuoxectBo (06s1actb) 3HaueHHH QyHkumH y =sinx — [=1; 1].
3. DyHKiMS Y = Sin X nepHosHyecKas ¢ nepuojom 2m.
4. Haumenbuiee 3HayeHue y=-—1 dyHkuus y=sinx npuHumaer B
TOYKaAX X = —%‘- +2nk, ke Z.

HauGosblnee 3nauenue y =1 dyHKums y = sin x NpuHKUMaeT B TOY-
Kax x = +2nk, ke Z.

5. Hynsamu  dyHKUMH Yy =sinXx sBAAIOTCA 3HAYeHWs] aprymeHTa
x=nk, kelZ

6. @yHKuMA y = sin X NPUHUMAET OTPHLIATE/IbHbIE 3HAUYCHUS HA KaXK-
JIOM H3 MPOMEXYTKOB (T + 2mk; 2n+ 2nk), k € Z w noJoxuTe/bHble
3HAYEHHs! HA KAXKIIOM M3 NPOMEXYTKOB (271tk; m+ 2nk), ke Z.

7. DyHKuMs y = sin x HeyeTHas.

8. Dynkig y=sinx BO3pacTaeT Ha KaXKIOM M3 TPOMEXKYTKOB

[—g+2nk‘ -§+2nk] k € Z w yObiBaeT Ha KaKIOM M3 MPOMENKYTKOB

|2 +2nk; 3%+ 2mk], ke Z.
PyHKuMs Yy = cos x

DyHKILHS Y = COS X ONPeIeseTcss aHaIorHIHO DYHKIUMH ¢ = Sin x.

[pacduk dyukumu y =cos x (puc. 51) HasbiBaeTcsi KocuHycoudou.

Csoiicmsa ¢ynkyuu y = cos x

1. O6nactb onpejenenust yHKIHMH y = COS X — MHOMKecTBO R.
2. MHoxecTBO (0621aCTh) 3HaUYeHUH yHKUMH ¥ =cosx — [—=1; 1].
3. DyHKLMS i = COS X MEPHOJHYECKAs C MEPHOIOM 2T,

N

L

\i;f/ n
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JIOM M3 TIPOMEKYTKOB (% + 27,

4. Hanmenbuiee 3nauenne y=—1 dyHKUUS y =COS X NPUHUMAET B
roukax x =n+2nn, ne Z.

HauGonbliee 3navenne y =1 QyHKUMA Y = COS X IPHHUMACT B TOU-
Kax x =2mn, ne Z.

5. Hyssimu  dyHKIMH g =cos X SBASIOTCS  3HAYEHHUS  aprymenTa

X = %+ n, neZ.

6. OyHKIMS Y = COS X [IPHHUMAET OTPHLLATE/IbHbIC 3HAYEHHS HA KayK-
3
2

3HAa4YeHHs1 Ha KarkJIOM W3 [POMEKYTKOB (—5 +27n; %+ QIm), nelZ.

+ Qrm) neZ W nonowsHTeJIbHbIe

7. Dyukist y = cos x yeTHasl.

8. MYHKIMS KOCHHYC YObIBAET Ha KaX¥IOM M3  [POMEKYTKOB
[2nn; m+2nn), ne Z w Bo3pacTaeT Ha KaM/IOM M3 [POMEKYTKOB
[+ 2rn; 2r+ 2nn|, ne Z.

Oyukuusa y = tg x
DyHkuua y = tg x onpejeaseTcs aHaJorHIHO QYHKLMK i = sin X.
[paduk dynkumu y =1tg x (puc. 52) nasbipaercs manzencoudod.
Csoicmsa ¢pynkyuu y =g x

I. O6aactb onpeaesieHnss QyHKIMK § =1 X — MHOXKECTBO JIEHCT-

BUTEJILHBIX uncesn X # L= +qn, ne Z.

2. MuoxecTro (06/1aCTh) 3Hauenuii yHKuuu y ={g x — Bee aeficr-
BUTEJIbHBIE YHCJIA,

3. OyHKIMA ¢ = 1g X NepHOJHYCCKas ¢ MePHOLOM .

rol=

Puc. 52
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4. HauGonbluero u HauMeHbLIEro 3HauyeHuid GyHKuus y=tgx
He MMeer.

D. Hynsimu  dyskuun y=1tgx sBASIOTCS 3HAYEHHS apryMeHTa
x=nn,nel.

6. Oyuxums y = tg x npUHUMAET OTPHILATENILHLIE 3HAYEHHS HA KaxK-

JAOM H3 NPOMEKYTKOB [—% + mn; TU.']. neZ nnosokHTebHble 3HaYE-

HHST Ha KaxK/10M M3 I‘IPDME}K}’TKOB[R:"I: + TI?H). nel.

]

7. Oyukuus y =1g x nevernas.
8. DYHKIMS TAHreHC BO3PACTaeT Ha Kax/I0M M3 MPOMEKYTKOB BHAd

[—g +an; 4+ :rm). nel.

Oyukums y = ctg x

DOyukums y = clg x onpeaensercs aHanorudio GyHKIMH y = sin x.
[paduk pynkumnn y = clg x (puc. 53) HazbiBaeTesi Komaneencoudoll.

Csodcmsa ¢pynkyuu y = ctg x
. O6nactb onpesenenusi GyHKIHK ¢ = clg x — MHOKECTBO J€HCT-
BHTE/ILHBIX YHces X #nk, ke Z.

2. MHoxecTBo (06/1aCTh ) 3HaYeHHit yHKUMHN y = ctg x — Bce JieHCT-
BHTEJLHBIE YHCA.

3. OyuKumus y = ctg x nepuojHyecKas ¢ NepHojaoM .
4. Hanboasuiero ¥ HauMeHblliero 3vadeHuil dyHkums y=ctgx ne
HMCeT.

|
i\f
P

Puc. 53
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5. Hynsamu dyukupn y=clgx sBASIOTCS 3HAYEHHs aprymeHTa

,\‘:g+nk, kel.

: KL y=c AHHMEC SJMbHBIE 3H =
6 (I)yH Hil Yy ‘lgx [NPHHHMAECT OTPHUATC/BHBIC 3HAYCHHA Ha KaA

JIOM H3 MPOMENKYTKOB (g- + mk; m+ nk], ke Z n nojoMuTe/ibHble 3Ha-

HEHHSI HA KaXK/IOM H3 [1POMEKYTKOB (nk; %+ nk). kelZ.
7. Oyukuus y = ctg x HeueTHas.

8. Dyukums TaureHe yObIBA€T HA KaXIOM M3 NPOMEKYTKOB BHIA
(nk; m+nk), ke Z.

[MPOU3BOAHAS
[Mpupauenne yHKuKM

Oxkpecmuocmero MoYKU X, Ha3bigaetcs Jio00H HHTEpPBal, colep-
JKAULHA 3TY TOYKY.

[Tyetsb y = flx) nekoropasi dyHkuust, X, — HUKCHPOBAHHAS TOUKA H3
06J1acTH onpejieieHHst 3TON YHKUKH, X — MPOM3BOJILHAS TOUKA U3 He-
KOTOPOH OKPECTHOCTH TOYKH Xj, X # X;.

Pasnocth Ax = x — X, Ha3biBaeTCsl npupauwjeHuem apeymenma 6
mo4Ke x.

lMpousBoaHas GyHKUHK

Mpoussodnoil pynxyuu y=flx) B TOYKe X, HA3LIBAGTCS YHCIIO, K
A
KOTOPOMY CTPEMHTCSl OTHOLLIEHHE Ey MpH AX CTpeMsiLeMCcsi K HYJIIO.
[TpoussoaHas B Touke X, o603nauaetcs [f'(x;).

[TycTb yHKuHsa y = flx) UMeeT NPOU3BOAHYIO B KAXKIOH TOUKe X U3
HEKOTOPOro npomexxyTka. [TocTaBHB B COOTBETCTBHE KAXKIOMY HHCY
X M3 3TOr0 MPOMEKYTKa YHea10 f'(X), Mbl MOJY4MM HOBYIO (DYHKILHIO,
KOTOpasi Ha3biBaeTcsi Npou3BoaHoN ¢yHkumu f u obGosHayaetcs [’

L
wim y'.

MexaHu4ecKnit CMbICa TPOU3BOIHOMH

[lyctb Teso aBMKeTCS TPSAMOJIHHEHHO, S(f) — MyTh, NPOHAEHHLIR
TesioM 3a Bpemsi f, U(f) — cKopocTb Tesna B MoMeHT BpemeHH f. Torna
u(t) = s'(f), T.e. CKOPOCTb €CTh MTPOU3BOHAS OT NPONUIEHHOrO MyTH 110
BPEMEHH.
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leomerpuueckuit cmbica A
NPOM3BOIHON
[lyete y=fix) — dyHkums,
P(xy: y,) — Touka Ha ee rpacu- /y’:);(—;)
Ke, @ — YyroJ HAKJIora KacaTe/bHO# Yor--- P(x05Y0)

B Touke P(x;; y,) K rpaduky hyH-
kunn y=flx). Torna tgp = f'(x,),
T.€. yrioBoH kosdduument ka-
cateabHoi K rpaduky (yHKiuH B

e - -

¢
TouKe ¢ abCUHCCOH X, paBeH npo- / 0 x,-:_
M3BOHON 9TOI (PYHKLUHH B TOUKE X, ¢ S
” uc.
(puc. 54).

Ypasnenue kacameavnotl K rpacduky dyHkimu ¢y = [(x) B TOUKe
(%0 J(x)) » _
ES f (xll )(x =Xy )5 f[xl] ).
lMpasuaa BuluMCAEHUSI NPONU3BOAHON
¢'=0, ¢ — const,
(ef (x)) =c¢f'(x), c— const,
(f(x)+g(x)) = ['(x) + g'(x),
(f(x)g(x)) = ['(x)g(x)+ [(x)g' (x),

(f‘“,)*: Jx)g(x) - J(x)g'(x)
g(x) (g(x)” '
Has modoro uenoro k sepua dopmyJa:

() = kit 1t

[Mpumenenue NPoU3BOAHBIX MPH HUCCTEI0BAHHN (YHKLMIH
Bospacranue u yobiBanue dyHkumn

Ecan B Kamnoit touke x Hekoroporo npomexytka f'(x)>0, 1o
(hyHKLHS [ BO3pacTaeT HA 3TOM MIPOMEKYTKE.

Ecan B kaxaoi touke x Hekotoporo npomexytka f'(x) <0, To
tyHKimst [ yOBLIBA€T HAa 3TOM MPOMENKYTKE.
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Makcumymbl 1 MUHUMYMbI (hyHKUNHK

DyHkuMst [ UMeeT B TOYKE X, MAKCHMyM, €CJIH CYLLLECTBYeT TaKas
OKPECTHOCTb TOYKH Xy, HTO I JII060T0 X H3 3TOH OKPECTHOCTH BEPHO
HepaBeHeTBo f(x) < f'(x,).

[Ipn 3TOM TOUKA X, HA3LIBAETCS MOYKOU Makcumyma @yn-
kyuu f.

DyHKiMs [ UMEeT B TOYKE X, MUHUMYM, €CJH CYILeCTBYeT TaKasi
OKPECTHOCTb TOUYKH Xy, YTO JLIS J1I0GOr0 X H3 3TOH OKPECTHOCTH BEPHO
nepasetcetBo f(x) = f'(x,).

[Tpn 3TOM TOUKA X, HA3LIBACTCS MOYKOU MUHUMyma Pynkyuu f.

DyHKILMS MOKET HMETh 0JIHY, HECKOJILKO, a MOKET BooOlie He HMETh
TOYEK MakCHMyMa (MHHHMYyMa ).

Toukn MakcumMyma M MHHHUMYyMa (YHKUHH Ha3blBAlOTCS moxKamu
aKecmpemyma.

Touka x, Ha3biBaeTCsi BHYMPenHeld ToUKOIH MHOKecTBa D, ecan cy-
IECTBYET TaKasi OKPECTHOCTb TOUKH Xy, KOTOPAsi COAEPHHTCSH BO MHO-
wecerse D,

Heobxodumoe ycaosue sxcmpemyma juisi BHYTPEHHEH TOUYKH X,
o6aacTH onpesesieHust GyHKuuH f:

Ecau mouka x, seagemea moukol akcmpemyma Qynkyuu [ u 6
mouke x, cywecmsyem npoussodnasn, mo f'(x,) =0,

Hocmamounoe ycarosue sxkcmpemyma juisi BHYTPEHHEH TOYKH X
06sacTH onpeesiennst pyHkimun f:

Ecau f'(x,) =0 u npu nepexode wepe3 mouKy x, 3HaueHus npo-
U3BOOHOU MEHAIOM 3HAK € «+» HA <—», MO X, 18AA€McA MOUKOU
MAKCUMYMA.

Fcau ['(x,) =0 u npu nepexode uepes mouky x, 3HaueHus npo-
U3BOUHOL MEHAIOM 3HAK C <—» HA <=+», MO X, 1849emci Mo4Kol
MUHUMYMQ.



YnpaxHeHus ons noBTOPEeHUs
apuMeTUyecKoro n anrebpanyeckoro marepvana
Kypca matematukum 5—11-x Knaccos

VipaxKuenusi sl [OBTOPEHHst  pacnpeienenbl 10  TpHHAILA-
TH TemaTHyeckuMm pasnenam: «JleficTBuresbibie unena», «Ilponop-
unn. Tlpouentsi», «ApucMetHueckass M reomeTpHueckast nporpec-
cun», «AnreGpanueckne BblpakeHus», «TpHroHOMeTpHYeCKHe Bbl-
paxenusn»,  «Jlorapucdmuueckue  Bbipakenusi»,  «Paunonanbhble
ypaBHeHHsI M CHCTeMbl ypaBHeHwii. PaunonasibHble HepaBeHCTBa»,
«TekcroBble 3anaun», «Mppaunonanshsie ypaBHenusi», «Tpuro-
HoMeTpuuyeckne ypasuenus», «[lokazatesnbHbie W Jorapugmuyec-
KHe ypaBHeHHs W cucTeMbl ypasHenwi. [lokasatenbhble W Jora-
putmMHuecKHe HepaBeHCTBa», «MyHKIHM, MX TpaduUKH W CBOHCTBa»,
«[Tpoussosnasi» — M pa3GUTHI M0 CAOKHOCTH Ha ase rpynnbi: [ u 1l
(B rpynne Il — Gosiee Tpy/Hbie 3a1aHus ).

Haneemes, yto pabota Haj 3TUM MaTepHaIOM NMOMOXET [OBTOPHTS,
06006ILHTL W 3aKPENHTh H3YYeHHoe,

sKenaem yenexos!

HencrBureiibible Yyucaa

|
Haianre 3navenne soipaxenus (1—2).

1. 1) (6,72:2+14-08):1,21-83;
2) 3,075:1,5 1 (5 + 3,26) —1,025.

2. 1) 0,756% — 0,241+ 0,756 — 0,415+ 0,756;

2)23-17,8-3-72+23:7,2-17,8+3;
3) 056° — 447 N =17

406 9% 195"

622 - 32°
%) T2 03¢ :

— 23749442

3. 1) Jlokaxute, 4TO TIPOM3BEIEHHE TPEX MOCAeI0BATENbHBIX YeTHbIX
yhces JenTes Ha 24.
2) Jlokaxkute, 4TO CyMMa JIBy3HaYHOTO YMCJA M YHC/A, TOJYyYeHHOTO
M3 Hero nepectaHoBkoit ero uudp, kpatHa 1.
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10.

1.

1) Jlokaure, 4TO NpH JII0OOM HEYeTHOM 3HayeHWW a pa3HoCTb
a®— 1 penures Ha 8.

92) JloKaKuTe, 4TO NP JHOOOM HATYpasbHOM 3Ha4€HHH 71 4YHCI0
n® = 5n* + 4n neawnres Ha 120.

1) JlokaxuTe, 4TO 3HAUEHHE BbIPAKEHUS

(y10+5v3 +10-573)

SIBISIETCS PALHOHAILHBIM YHCJIOM.
2) JlokamuTe, 4TO 3HA4YCHHE BLIPAKCHHA

\ﬁna\h—\/gm\/ﬁ

siBJIsieTCsl HppallioHa/IbHLIM YHCJIOM.

YrpocTuTe BbipaXKeHHe:

1) V75 + 0,548 — 0,2+/300;
2) (58 - 110 - 218) : (5+2)

Ynpoctute BbipaKeHne:

3+\f§_3—\/§. 2) f?ﬁ—-\@ﬁ
)3 3ev3 V55 15

YnpocTuTe BhipaxKeHue:

1y 312+ 445 - §12- 445,

YrpocTuTe BbipaxeHHe:

9) §fa-2J3 - 1+3 - ¥4

2 _4 .
1) 100072 + ()3 - 62577,
) 1000+ ()

_4
2) (0,001) 7 -2 642 —873 + (5)" *5.

I
Jlokaxkute, 4TO!
1) HeyeTHasi HAaTypaJibHas CTeNeHb Yuca 11, yBesmuenHas Ha 13,
kpathHa 12;
2) yeTHasi HaTypaJbHasi CTeneHb YHC/a 9, ymeubuieHHasi Ha I,
kpatHa 40.

JIOKaXKHT€, YTO NIPH YETHOM HATYpPaJibHOM /1.

1) 7"—5" nenurcs ‘Ha 24, 2) 5" — 3" nennrtes Ha 16.
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12. ¥Ynpocrure Bhipakenue:

1) 26 4 9 /195 4 __6vI4
8,/

J_+J__-

4 3es®,

v

13. Boluncaure:

) (43 -V2N50+ V384, 2) (V3 - VIT)\20 + v20s,

14. Bbuucaunre:

) (82+\/_) (% Jﬁ?) 9) 505 1595 _3
323 6 ’ 553" "7 _g9.15%8"

15. Bbiumcaure:

16.

17.

18.

19.

(\/(7_ 2, 5 r \f_ )% V2sinlom ]5“
2) 27 -cos 115+ (31— 2y _J(ﬁ_l,s)z) |

1) ¥npoctute Beipaxenue (m'® — mo3): (m?®
JIUTE €ro 3HauyeHHe npu m = 4710849

0.5

-m)*m™ W Haii-

2) Ynpoctute Bohipaxenne (1*° +£77): (£ + ) {° u waitmre ero
3HaueHue npu f = 7718764,

2. lponopumu. Mpouenros

|
Hafiaure x u3 nponopumu (17—18).
63
41+ 83 7
DI =% i ) ke - -
il 25 18 7
o5 048 .ol ?_—51 0,1:90:0.054,%
10 | :
004 075-1 ~16).35
0 (G5 75)8 6. . & (68-2): %
03+ 2 X ' =.0).1 | -19 -
15 (l,2-)+—6-),§ 2
1) Haitaure yrb Tpeyrosbhmka, ecam omm oTHOCSTCS  Kak
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20.

21.

22

23.

24,

25.

26.

2) [epumetp TpeyronbHuka pased 7,2 ¢m. Haiiaure cropos 31o-
ro TPeyroJibHHKa, €C/n OHM oTHocsaTes Kak 11 : 12 @ 13.

1) Paspennure uneno 434 o6patHo 1nponopumoHalibHO yueaam 2; 3; 5

2) Paznpenure uneno 172,8 o6GpatHO NponopuMoHanIbHO YUCaam
i By B

4 ?, 3.

1) Haiianre yncno, ecan 6,5 % o1 Hero cocrapasior 34 % ot 31,2.

2) Haitnure uueno, ecan 11 % or Hero coctasnsiior 14,5 % or 22.

1) CKOJILKO NPOLEHTOB COJIH COJICPIKMTCS B PAcTBOpe, ecld B
200 r pactBopa conepxkutest 150 r Boawi?

2) 3a cmeHy TOKapb MOXeT BbITOUMTh 81 aetans npu Hopme
45 peraneii. Ha ckosibKo NpolEHTOB OH MepeBbIroNHU M1aH?

1) LlBetbl pomaiiku npu cyuike TepsioT 72 % CBOeil Macchl.
CKOMBKO KWJIOMPAMMOB [(BETOB HAl0 B3STb, HTOOLI MOJYYHTL W3
Hux 12,25 kr cyxux 1petos?

2) Mopckas Boga coepkut 5 % conn. CKOJBKO HyKHO B3SITh
MOPCKO# BOJIbI, 4TOOBI OJYYHTh NIPH BbiltapuBanun 17,25 Kr conu?

1) Ha cKoJIbKO NpOLIEHTOB YMEHbLIHTCS NPOH3BE/ICHHE JBYX YMCell,
ec/IH O/IHO M3 HHX yMeHbIIHTL Ha 25 %, a apyroe — Ha 50 %?
2) Ha cxonbko npoueu'ros H3MEHHTCs JIpoOb, eC/In ee YHCIHTEJIL
ymeHblnTh Ha 20 %, a 3namenaresb — Ha 60 %?

|

1) HailmTe nososkuTebHOE UHeo, ecau 45 % oT Hero coctapasior
CTONBKO Ke, ckoabko cocraasiior 20 % ot quum emy 06paTHoro.
2) Haiure nonoxkuresshoe uucno, ecin 27 % OT HEro pasHbi
90 % ot ero Ksanpara.

[) OmH cryiaB COCTOMT U3 JIBYX META/IOB, BXOMSULIHX B HEFO B OT-
HowleHHH | : 2, a Ipyroii CIIaB COIEPXKHT T YK€ METAJ/Ibl B OTHO-
menun 2 @ 3. B kKakoMm oTHOIIEHHH HEOOXOJIMMO B3SITh 3TH CIJIABbI,
4TOGbI MOJYYHTH HOBBIH CIIAB, COACPXKAIHMI Te e MeTallibl B OT-
Howenun 17 : 277

2) Umerotes aBa cnsiaBa 3o40ta W cepebpa. B nepsom crnnabe
KOJIMYECTBA ITHX METAJJIOB HaxoasTes B orHouieHud | :2, a Bo
BropoM — 2:3. CKOJIbKO HYXKHO B3§ITb KaJIOT0O crjlaBa, 4ToOhl
OTYYNTH |9 K COTaBa, B KOTOPOM 30/10TO U cepebpo HAXOAATCs B
oTHOWEHNH 7. ; 127
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28.

30.

31.

32,

1) Mimelorca gpa cnsiapa, cocTodlline U3 MeAH, LUMHKA U onoBa. Us-
BECTHO, 4TO TepBhifi cnnas coaepsut 40 % onosa, a BTopoit — 26 %
MegH. [TpoLEHTHOR CofepIKanue LIHHKA B NEPBOM H BTOPOM CILIABAX
oanHakoBo. Cnaasus 150 kr nepeoro cnaaea u 250 kr BTOpOrO,
TIO/TYYHJIR HOBBIF CTWIAB, B KOTOPOM oka3anoch 30 % uunka, CKoJbKO
KHWIOTPAMMOB 0J10Ba COAEPKHTCA B MOAYYHBLIEMCS HOBOM CilIaBe?
2) NiMetorest ABA cniapa, COCTOAMIME H3 MeH, UMHKA 1 onoBa. Mla-
BECTHO, YTO NEpBbift caB coaepxut 25 % uuuka, a Bropol —
50 % Memy. TIpouenTHOE CofepXKanne O/oBa B MEPBOM CMAaBe B
2 pasa sbilte, yem Bo BTopoM. Crniasus 200 Kr neproro cnJasa
¥ 300 Kr BTOpOro, NOMYYUNH HOBLI CMAAB, B KOTOPOM 0Ka3aJoCh
28 % umHKa. CKOJILKO KWIOTPAMMOB MEIH CONEPXKHTCA B TIOJY4HB-
IeMCs HOBOM CIJiaBe?

1) HUa Gyrbuin, HamoAHeHHOH 12-npoueHTHBIM PACTBOPOM COJH,
oTauAH 1 A ¥ nonuns GyTbink 1 2t Bonpl, 3aTeM OTiHAM ewe 1 a |
onaTs Aonuny 1 i Bonsl. B GyThlih okasancs 3-npouenTHbi pact-
Bop cosii. KakoBa BMecTHMOCTh GyThian?

2) ®asra HanonHena 96-mpoueHTHLIM pacTBOpoM coau. M3 Hee
otaund 12 n pacreopa u AonoaHwau ¢asry Bofoft, 3ateM u3 duaru
OTAUAH ete 18 .1 H CHOBA AONOVIHKAK ee BOZION, NOCJIe Yerc KOHLEH-
Tpaups cosu Bo (asre cocrasuna 32 %. Hafinure o6nem dasry.

113 *

=i METHYECKAA H reoMeTprHyYecKas nNporpeccHs
[

CymMa Tpex NOC/eNOBaTEe/ILHBLIX Y/IEHOB apH(METHYECKOH mMpo-

rpeccuu {(a,) pasHa 72. Bropoe uncao Sosiblue nmepeoro B 5 paa.
Hadiaure s1a uncna.

Cymma  Tpex moOCAENOBATENILHBIX  WIEHOB  apHMETHYECKOH
nporpecchn (a,) pasea 87. TpeTbe YHCIO MEHBILE CYMMBbI NEPBLIX
apyx Ha 5. Haiizure 3tH wncna.

CymMMa ceAbMOTO H AeCATOTO WICHOB apH(METHYECKOM NPOIPeccHH

(a,) papHa 3. Hafimure CyMMy nepBeIX ILIECTHAAUATH 4JIEHOB
NPOrpeccHH.

Hafigure mepBhifi wieH W paasocTh apudMeTHueckol mporpec-
cun (a,), ecAH H3BECTHO, YTO CyMMa IISATOrO H ACBATOTO
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33.
34,
35.

36.

37.

38.

39.

40.

43,

42,

ynero paBHa 40, a cyMMa CeIbMOro H TPHHAALATOrO “NEHOB
paBHa 58.

HaiizuTe nepsbiii uieH H 3HAMEHATEAb TEOMETPHYECKOH NPOTPECCHH
(b,), ec/E CyMMa NepBBIX TPEX WIEHOB paBHA 7, a UX MPOH3BE/IEHHE
pasHo 8.

3HameHareab reoMeTpHueckoi nporpeccun {b,) paees 0,3, uer-
BepThIi unen papen 10, a cyMma Beex unenos pasHa 155. Hafinure
YHUC/IO UIEHOB [IPOTPECCHH.

HaiymTe 3HaMeHaTeb BO3pPACcTAIOILEH reoMeTPHUECKOR POTPECCHH
(b,), ecIH pa3HOCTb N[ATOTO W NEPBOro WICHOB NPOrpecciy B NsTh
pas 60Jibllie Pa3HOCTH TPETBETO W fIEPBOTO €€ “WIEHOB.

Mexay uuciamu 7 W 56 BcTaBbTe Apa 4MCNA TaK, HTOOL! BMeCTe C
JAHHBIMH YHCIAME OHH 06PA30BAH FEOMETPHYECKYIO TIPOTPeccHIo (b,).

Tpy 4HCIA FBASIOTCA MOCAEIOBATENBHBIMH WieHaMH apHbMeTH-
yeckoli mporpeccHH. LECJAH BTOpoe 4HCNO YMeHbuMTh Ha 2, a
OCTAJILHEIE fIBA YHCJIA OCTABHTL Ge3 M3MEHCHHH, TO MoJyueHHbe
ulCIa COCTABAT FEOMETPHHECKYIO TIPOTPECCHIo Co 3HaMeHaTeseM 3.
Hatinure aTH yucaa.

TpH YHCIIA ABASIOTCS NTOCNEL0BATEBHBIMH YIEHAMH F€OMETPHYECKOH
nporpeccud. Ec/iu nepBoie ABa H3 HHX OCTABHTL (€3 H3MEHEHHWi, a
M3 NOCNENHEero BLYECTh MEpBOe, TO NOJMyYEHHbe YHC/a COCTaBAT
aputbMeTHaecKylo porpeccio. Hainpre pasHocTb apudMeTHYeCKOH
MPOTPECCHH, €C/TH BTOPOE U3 BIATHIX YHCE paBHo B.

. [
BoiuHCIHTE: . |
1) 39+33+27 +..— 45; 2) 12%-

Haiinpte cymmy nepBbX MATHAECATH COBMANAILUX UWIEHOB ABYX
apumeTHueckux nporpeccnit 2; 7; 12; .. u 3; 10; 17; ..

5 1. 2l
llg—llg 72.

TMpH KaKuX 3HAYEHHSX TIAPAMETPa @ KOPHH ypaBHeHHs X° — 6 +
+3x+a=0 #ABAAIOTCH TOCAEAOBATELHEIMK YieHAMH apHbMeTH-
YecKo# MpPOTpeccHH?

MMpu Kakux 3Ha'-leHH‘ilX fapaMeTpa @ YeThipe PaIHYHLIX KOpHS
ypasuenna x* +(a - 32+ (a + 10 = 0 ABAsoTCA OCHENOBATe -
HBIMH WIeHAMK apHGMETHIECKOH TporpeccHu? :
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43. llpu kakux 3HaueHusx a uucaa 2(:05%. 4sina, 6cn~;(2 +a)
ABASIOTCS 10C/ICA0BATELHLIMU  HeHAMH  apHOMETHYECKOH 11po-
rpecenn (a,)?

44. Halfinure x, ecain sin x, sin 2x, sin 3x ABASIOTCS 10C/1€/10BATENbHLIMH,
He PaBHBIMH JIPYr APYyrY, WwieHaMH apudmeTHyeckoit nporpeccuu (a,).

45. Onpenenute, Npu KakHX 3HAYeHHsIX X uucna a, b, ¢ obpasyior
apuMeTHYECKYIO NPOrPeccHio:

1) a=Ig3; b=1g(9" +9); c=1g9" +99);
2) a=1gb b=Ig(5™" -5);, c=Ig5™ +22).

logy, 5( log,2 ¢ — log, Ja )

log, 25 — 2log, 5 ‘
a, b, ¢ SABJSOTCH MMocnenoBaTe/IbHbIMH YJ1€HaAMH FEOME'TPHL]QCKOI:I
NPOrPeCcCHH.

46. Haiinure 3uauenne BbipaKeHust

€CJIH YHena

47. Haiimure 3navenue Bblpa}KeHHF[
3+12+9+ Pl +3"+‘2
?5‘ an '
48. Tlpu Kakux 3HAYEHHSIX M W 1 TIOCJE/I0BATELHOCTS
m-n_ m+n. (m+rf)3_
m+n' m-n' \m-n/""
fiBafercs 6eCKOHeYHo yObIBAIOLIEH reOMETPHYECKOH mporpeccueri?

Anredpanueckue BbipaxKeHus

|
Paznoxure Ha muoxkutean (49—>50).
49. 1) 4mn - 9%kt —9mt + 4nk: 2) Tax —8bx — Tay + 8by;
3) 12a% -12; 4) 7a® - 7Ta;
5) a-3b+a’® -9b°: 6) ak' — k' —ak® + K;
7) a* 4+ 2ab'+ b - o* —2¢d —d*:
8) m’ —2mn+n’ - p* +2pg - ¢°.
50. 1) (a+b)a-b)’—(a-b)a+b);
2) (a—-b)(a+b) +(a+by(a—-bP:
3) a' —18a° +81;
4) a* +10a® + 25.
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Cokpatute apoGb (51—>53).

51,

53.

ﬂ;{— ab2 ]

l)__—!-‘

ab—a

) 49¢ - ¢*
14+ 49’

a’®-9a+14

L a*~10a+16'

2)

2)

2)

b>—ab

a%h—ab®

16¢* - 9¢*
T T T T
16¢” — 24¢”+ 9¢

p*=13p+30

P -12p+27

Vupoctute Boipaxenue (54—>57).

o4,

55.

56.

57.

58.

a’-a a

1)"2—______2__'

2_p?

—agb+am—-mb a

a*-am?+adt-m*,

a*+ab ’

2) —

1)

=
n(

3a®-6a L al- b .a3~am2+2a2—2m2
a“+ab—am —mb a’-4 a’—-ab
cmi=nP-m+n  4m—4n, 9 mi-n’+m+n _ 2m+2n
- : ‘ L "3b-3a
a>-b+b+a ~ Sb+5da a’~b-b+a
g 4a’+ 6+ 2a
l+a -2a ; _ 8%,
) ~% 2)(a+] l—-a)' -1
+sm ) ( S e )‘I—
I+a 1+2a+a’/ ’
2 -1
6 a+l _ 3+al. far =4\ 5.
) (zaf_2+ ses ~73s) - (73 ) - (¥6)

1) [Npu a =2 naiiauTe 3HaYeHHE BbIPaXKEHHS

(@

1
JE+I

)+ (5 -5)a +2)

2) Ipu a =8 naliauTte 3Ha4EHWE BbIPAKEHHS

( (S, ): Ja _ava,
Ja-1 a+l (Q_JE)[JEH) 4

Paznoxute Ha MHOXKHTEAH (59—60).

59.

60.

1) m? —n® +2nk - k%

1) 2a -3 +1;

2) 4m* —4m® +1-n’

2) (3a-2)* - 27.
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Coxpature apo6h (61—63 ).

61.

62,

1) a®— 3a% + 3ap? - p? .

a3, n 9 9 F
: U gy @'+ 3ah + 3ab® + p*
az+b°—2ab ! 2)

as- b '

) (:1‘—2“}[ul+ub+_-buj, 9) (@” - b°)a® - ab + %)
2a” + 4ab + 2b° 5a°— 10ab + 56°
) —5x72x'~-3_ 9y 2+x-3x
2"+ 3¢ ) 9x?—4

Yrpoctute Bbipakenie (64—66).

64.

65.

66.

67.

68.

69.

1) ( I}m~3 18 —6m\ 53— m)*
m=3m+9  27+m’) 54+ 9m>’

9) (m+l_ . _ g )‘m+2+m"’
m =1 m+m+1 l-m) " p3_| -

1) 2*6Va+5 a+6fa-T+4,
Va +1 Ja=l+l

2) a+6JE+8_¢:+6 a—2+6

I T i

1) |‘3*I|{“Q+“+2Ha+l}u_
u'}-l—ia—lr 1

2) la+ lftt{2+ a+)a*-a+1)
a4+a3+]a +1]

1) 3uas, uro A4*b _2 j '
Stla, a—Dp =3+ HanwTe 3Hauenue BhIpaeHus
a”—2b*
2a”+ 5ab + 3b6°
o
2) 3uas, wro 900" _ 1 i
s T W ==, dm JHa4e
s W —ab+apt ~ 5 HalaMTe 3uauenne Bhipaenus
b-Ta"
1 2 s
1 3nasi, uto a+ 7 =4 naimre  3nauenne BHIPaKeHHs!
a’ +2a* + -8—2 +2.
2) 3uan, uro  m- !
) 1 Hast, 410 m—-- =3, naiigute 3nauenue BbIDaKeHHs]
2m* + 3m* + —35 = —23
mn m
1) Tpn kakux weabix n 3navenme Bbipakenus 2 91 +13

ABJISIETCAH HATYpaibHbIM 4HCIOM ? e

2) Ipu kakmux uesbix n 3navenue Bbipakenus o+ O+ 3 SIBJISIET-
Cst HATYPAJIbHBIM YHCJIOM ? "
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5. TPUITOHOMETPHUECKHE BbIpaXKelins
|
70. 1) HUssecrtHo, uto sin o = —% " lg_fi <a< %ﬁ . Haiiure cos a,
tg a, clg a. :
2) M3pecTHo, 4TO COS O = % H 9n <o < 10r. Haiaure sin o,
lga, clga.

71. 1) Hssectho, uto g o = —T?z- n cos oo < 0. Haiiamre cos a, sin a.

2) Uasecrno, uto ctg a = Lﬁg u sin a < 0. Haiwmre cos o, sin a.

Z t
72. 1) HMssectHo, uto sina = —% n ctg a > 0. Bouncante 1—_-%.
{
2) U3BecTHO, 4TO COS O = = ctg o < 0. Boiuncanre o2
4 1 +sina

73. 1) Hainre sin o cos o, €cii Sin o + cos o = 1%.

2) Haiinmre sin o+ cos o, eciad sin o cos o = %

Yipocrure Boipaxenune (74—77).

74. llﬂia—+tga; 2}ctga+ﬂ—

1 +sina l+cosa’

75. 1) cos 3o sin3a

: 2) sin®4 o cos 4 o — cos” 4 a sin 4 a.
COS L SN o

76. 1) cosz(ﬁE + a) - sin”(%— u):

8
2) sing(f—; = a) = cosg(% + a).

77. 1) cos® o + cos’ B — cos (a + B)cos (o — B);
2) sin® o + sin’ B + cos (o + B)cos («w — P).

Jokaxurte Toxaectso (78—81).
78. 1) J3sina —cosa = '25in(0t ~ %)
2) sino —coso = — 2cos(a + %)

79. 1) sin 3 a = 3sin a—4 sin’ a;
2) cos 3 o = 4 cos” o — 3 cos a.
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st = 4oge( By @ n_a).
80. 1) /3 +2cosa = 4c05(]2 + 2)c05(12 2).
¢ —~/2si = 25in[E — Fope( T 4 @
2) 1-+2sina Qx/:sm(s 2)“”‘(8"'2)‘
sinda + sin9a - sin o i
81. 1) cos o + cosda + cosBa tg 4oy
coslba + cosTa + cos a = ot 7
sinTa—sino+sinlpe o8O
Il
Beraucanre (82—85).
82. 1) sin®a—cos®a, ecam sin o — cos o =—3‘-,;"—*;
2) cos 20+ tg 4o, ecam sin o+ cos o = —‘:‘2—.
O qoe DO = 2.
83. 1) COS 5 COS 5+, eC/H €os o = =
2) sin o sin 3o, ecau cos 20 = ——é.
cos 2a + 3 K
84. 1) Sem g = €M ctgoa=3;
5-4cosa |
2) ———  ecmn tg =5,
sin o — 2cos 2 & 2 2
2
85. 1) sin‘l—“,;+sin"?—;+sin4%+sin‘¥§:
18 Lonat DR ¢ crndBr | ocd O
2) cos g + €08’ S +cos’ =+ cos g
Ynpoctute Bhipamenue (86—88),
86, 1) — fcosa . = ik —Cos .

tg2% _ cth% ! sin o—cos o lg o

87. 1) cos(arccos x + arccos y); 2) sin(arccos x + arcsin y).

88. 1) cos(2arctg x); 2) sin(2arcctg x).

Hokaxure Toxectso (89—92).

gofm L a) _ 1-sina, 2(n _ l—sin2a
89. 1) Ltg(]l‘+§) T 2) tg (ji—~—(l) =Tt
) .
90. 1) 2<% = lgin? 9.
ctgta—tgta 4

) COS o + Sin o

———— =tg 2a +cos™ 2d.
Cos a—sin o
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sina +cos(2p-a) _ 1 +sin 2B,
91. 1) cos o — sin(2p — a) cos 2p
Si 4 sin p
2) %—QCOS(UA-B) Tsina’
= | _ l+x
92. 1) sin(%arccos x) = 12“'; 2) cos(garccos x) =5

Bouiuncaute (93—94).

2) sin(?arcsin %)

93. 1) tg(arccos %)

i i i - 3
94. 1) sin(arctg% — arcsin %) 2) cos(?arctgz + arccos 5).

95. Bepho i, uto:

1) arctg% + arctg%

2) arcsin % + arcsin

>

=E‘
4‘
%+arcsin = &P

|

o
(51
(1]

6. Jlorapuipmuueckne BuIpaXeHus
|
Haiiure 3uavenne Boipaxkenus (96—102).
96. 1) log; 25; 2) log’ 64;
3) logi ¢ 4) log?;32.

97. 1) Jflog, 16; 2) lg10000;

3) 3flog, 256; 4) 1f(-2 logs )

98. 1) (6" Y% )3 9) (3& ¥y

3) 2|ng3|25; 4) glug_o,J].-ﬁ.

99, 1) [Greavyeet, 2) (BRew ok,
== 1
3) 25'%35; 4) glogr 9

100. 1) \flogy; 5 + logy; 60 — log; 12;
2) \Jlog,454 + log s 2 — log,3 6.
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o TE
101. 1) !ug{,‘asmT —logy0s lg%‘;
25m ;
2) logy s €OS == + logayg sm%’i.

o
102. l } I(Jg“:‘ I()g:ia 6 _ 81(};;68 :

Ynpocrure Bbipaxkenue (103—105).

logs (¥ = 10x + 25)

I
103. 1) (1)
104, 1) 4¥0es _ gillossd .

105. 1)} Iogﬁ(i‘sin g-) 4 Iogﬁ(cosg-);

I

2 ) Slﬂﬂﬁ (L‘Os% + sin%'} + ]{);:JE (L‘I)SE - «iug.).

106. 1) Haiiaure anauenme lgl12, ecam Ig2=m, Ig7 = n.
2) Haiiaure 3nauenne 1g24, ecan lg2=m, lg3=n.

Ynpocrute suipaxenne (107—111),

|pr1r 1 m |

107. 1)((3;1'_) 3 +4|+-;|ug,m)_6‘m:
logry n

9) ((%) & +2I+:i||1g;;;;1).8_Ingllmﬂ'

108. 1) logy(15v3 + 26) + log, (7 - 4v3)
2) logy(2v2 +3) +log,, (542 - 7).

109. 1) log314 + log, 14 - log, 7 - 21037
. logy 14 + 2log, 7 !
Ho g

2) log3 12+ 2logs 12 + 4logy 2 - 4log3 2
3log, 12 + 6log, 2 *

L ;
110, 1) 3%&s3 . 3084 5. gosat 1oy ).

L i
2) 22F°E52 . SI'Jg;‘? _ \/5.2":‘859 = (%)I(}g;’ 25.
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2) logy o5 log,ss 4 — 95085

Q) 310w (x~ 16+ 64)

2) ?Jlt;g;-ﬁ _SW_

111. 1) (log;4 +9log, 3 +6)(log, 4 — 3log,s 4)log, 3 — log; 4;
2) (log; 3 + log, 7 + 2)(log; 3 — log,, 3)log, 7 - log; 3.

112. 1) ¥Ynpocrute Bbipaxenue log,, ¥ . log ;b + log, b w waiiu-

a
Te ero 3Havenue, ecau log,b= 2.

2) ¥Ynpoctute Bbipaketue log,. 3«\;’-_— -
a

HAIMTEe ero 3navenue, ecau log,a = 2.

B oy 2log, Vb u
1ngm (u\/};)

7. PauMoHaibHble YPABHEHHUS M CHCTEMbl YPasSHEHHUMK.

PaunonanbHble HepaBeHCTBA

|
Pewmre ypasuenue (113—119).
113. 1)49-16x*=0; 2) x*-27=0.

114 1) 2x+49x° =0; 2) y* ~64y = 0.
115. 1) x* —9x +10 = 0; 2) &% +gx+5==0;

3) X +4x-B+1=0;

116. 1) x2 —(x+3)(x—2) = 2(x* — 4);
2) 3(x2 1) =2x* + (x + 2)(x = 1).

17. 1) x* +12|x|+35=0;

4) x* +201+/B)x +8J2 =0,

2) x* + (Vx)'-20=0;

3) ' —(Vx+3)-8=0; 4) ¢ —ax- 221009 g,
22%2-5x+3 _ . oy 3EHE
18, 1) 222 g, 2j 2L g
x x=1_n. | 2
bR D m e b D Pt ar ear =

. 2x
120. Haitaute KOPHE YPaBHEHHA —— o — 4

YCIOBHIO ~J47 < ¥ <5
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Pewnre ypasuenne (121—124),

121. 1) [ —4x|=5;
3) ‘3x2—5x+6[=4:
122. 1) [x-2|=|x+3];
3) x*-2|x|-3=0;

2) J2x—x2[+9:0;
4) |7x‘2-3x—2[=-11.
2) Jx2-1‘=|x+5];
4) 2x° +|x|-3x =0,

123. 1) (x*-7x+12x—14 =0
2) (4x* =3x-212x = 0;
3) (x* —2x—4)Bx +10 = 0;
4) (¥ —x-3+3)W6+3x = 0.

-3x+6 2ty -
124. 1 =0; =[]
) Jx -1 2) JX+2 0
Pewmre cucremy ypasnennii (125— 127).
= 6‘ =
125. 1) {xy 2) {xy .
x+y=35 X+y=6;
3x -2y =6, 3x —4y = -6,
31", 1) -
X —4y=4 6x-y* =3.

2 2 _
126. 1) {* *¥ =17
x°—y*=185;

2 ¢ 2 _
197. 1 4x. 20xy + 25y° = 64,
16x* + 24xy + 9y° = 100

128. 1) Ykaxute Kopenb ypashenusi x° — 7x — 8 = 0, YJI0BJIE TBOPSIOLILHF

HepaseHeTBY 3x — 14 > 0.

2) Ykaute KopeHb ypaBHenust —x° + 7x — 10 =0, Y/OBJIETBOPSIIO -

2) {xE +xy =15,

Y +xy =10.

x* +6xy +9y* =4,
9x° —6xy + y° = 256.

i HepaseHery 10 —3x > 0.

Peumre nepasencrso (129—139).

129. 1) 3x5+7_2x3+l€?{—5x:

130. 1) 721250, gy 06x+1 .

|- bx ox + 2

2) 2x+5_6x~]

5 3 Zx+1.

0.
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181. 1) x¥* =x-2<0 2) 2x* -7x+3>0.
1. 3.1

132, 1) 1> 5 2) 2< 4.

p ¢ 4 1
133. 1) 2;>1 2) o<+
134, 1) 2<% 2) B>

2 2 7
135. l)%‘sﬁx‘(() 2) isrtat 0

Tax+1 ¢ Sx+3

=& 2 =5 [

136. 1) T3 l; ) - P

2x +9)? 2 - x\2 oy (3x=5\2 [8-x\?
137. 1) () - (5 >0 2) (F) - (557 <0
138. 1) X*(x—4)P(x+2)>0; 2) x*(x +1)*(3x -15) <0.
139. l}|4+2x|<5; 2) [3-2x|>4.
140. Peuinre cHcTeMy HepaBeHCTB!

2x —-23 >0, o [3x+22>0,

{3x—4{}<0; 2-5x<0;

P —4x-5< ¥ =-3x-10<0,

3 {1 4x-5<0, 4){
X =6; x> 0.
1]

Pemure ypashenue (141—143).

141.

142,

143.

1) |[x—6|=x—6; 2) Vx? =10x+25 =5-x;
3) [x=1|+|x+1|=8 4) |x+5|-|x-3|=8.

: 2 8 _ 9. 9y 3 . —
I}XS—X —?-:F—Z. 2] |+X+_\‘I'3 3—x—-x

1) (x* —=5x +2)(x* —5x = 1) = 28;

2) (x* + x = 2)(x? + x) = 24;

3) x—4)(x —5)x —B)(x = 7) = 1680
4) (x = Dix = Thix = dHix+ 2) = 40.
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Peumte cucremy ypasuenuii (144— 146).

9 3 222’
s, 15 *Y 2) {* T
22y + xy? = 6; y +xy=2
4x* = 2xy + x — y = 33,
2xy — 4x* + 3x + by = —37;
1) X —4y* —xy +5y =1,
X +3y° —xy—4y =-1.
- xy-6x" =0,  +3xy - 4x* =0,
145.”y,xy i 2)y+xy X
" -2xy =17, dxy-x* =3;
3) y2+2xy 15x* =0, 4) Y —3xy+2x* =0,
Y’ +3xy = 10; Sxy — 2y* = 18.
1Y 4 3x =27, —
146. 1){* Y 2)
4228 By =1 —Y 4 8y = -29.
X-y xX+y

147. Tlpn kakux 3HaueHusix a ypasHenue (a — 3)x° +8x — 2 =0 umeer:

1) aBa pasianuubIX KopHsi;
3) OJIHH KOpeHb;

2) J1Ba paBHBIX KOPHS;
4) He umeet KopHeii?
148. Tlpn Kakux 3Hauennsix a ypasrenue (a +5)x° — 4x + 3 =0 nmeer:

1) Ba pasanyHbIX KOpHs;
3) OIMH KOpeHb;

2) /1Ba paBHBIX KOPHS;
4) He UMeeT KopHei?

149. Tlpu kaxkux 3HAUEHHSX @ WMEET /Ba PABHLIX KOPHS ypaBHEHHE:

1) 3x* - 6x+2a=0: 2) 2% - 12x+3a=0?

150. Tlpu Kakux 3HAuEHWSIX @ MOAYJb PA3HOCTH KOPHE| ypaBHEeHHs
x* = bax + 4a*= 0 pasen 6?

151. Tlpu kakux suauenusix @ Kopuu ypasuennsi (a+2)x>—ax—a=0
CHMMETPHYHBI OTHOCHTEJIBLHO X = | ?
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152. [lpu Kakux 3HAYEHUsIX @ CyMMa KBajApaToB KOPHEH ypaBHEeHHs
x*—3ax+a’=0 pasua 7?

-

Peumre ypastenne otHocHtenbHo x (153—155).
153. 1) (6—a)x =- 2) (a+7)x =-T,

3) 3x+a=2a-3 4)ya-4x=3a+1.
154. 1) x? +10kx +9k* = 0;

2) x* +(2k - 3)x — 6k =0

3) > —(Bk-2x+2k° —k-3=0;

4) x* —dkx +3k* —4k-4=0.

155. 1) 2ax* —(a+1)x +%a =) 2) %m’2 —(3-2a)x +2a =0.

156. Haiiute Bce 3HaueHusi @, NPH KaXJIOM H3 KOTOPBHIX CHCTema
ypaBHEHHH HMeeT eJMHCTBEHHOE pelleHHe:
ax - 2a’y = a, 2a°x + 3a°y = 2a,
' ) i 2} 3 2 4,
a’x+3ay = a’; -5a°x + 8a’y = Ta*;
ax +(a—-4)y = 3 - 6a, Ga+2)x-8y=19-a,
6x-2y=a-4 2a+1)x+7y=a+13.
157. Hafiaure Bce 3HaueHus @, NPU KaXIOM W3 KOTOPbIX CHCTEMa
YPABHEHHI HE HMEET pelieHuit:

ax —10y = 16, . {3x+2ay=ll,

) 7% e

3x+4y =18; 5x — 10y = 23;

ax+7y =a-3, {llx—4ay:19,
4

5x —2ay =a+3; 12ax + Ty = 15.

Pewnre nepasenctso (158—159).

158. 1) (x* =3x-1)* <(x* + Tx +1)%;
2) (5% +2x —2) > (x* - 5x + 2.

= Tx-8)(x - 8)° >0

(x+2°(5-x)

159. 1) !

(x2+ 5x — 24)(x + 2)°
(x = 5)'(12 - 6x)

2)
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160.

161.

162.

163.

164.

165.

166.

167.

8. TekcTroBbie 3aaum
|

Ecan uncnutens Apo6n yMeHbluuTb Ha 1, 2 3nameHaTent Apobu

yBeAHuWTh Ha |, To Nosyaurest Rpobb, pasHast % a eCJTH YHCIIHTEND
ApOGH YMEHbWWTL Ha 5, 2 3HAMEHATC/Tb APOGH YBENWYHTL Ha 3,
TO NOAYYHTCA ApOBL % Haiayure apobb.

Yucnurens aApoGH Ha 3 MeHblue ee 3Hameratesin. CyMMma ApoGu
H obpaTHoi el Apobn B 7,20 pasza Gonbiue wexognoit. Hadinure
HCXOAHYI0 ApOoGb.

Cymma undp asysnauHoro uncaa pasha 7. Ecau updpy mecatkos
YBEJHYHTL HA 3, a LHPY eHHHIL YMEHbIIHTD HA 3, TO noAyyeHHoe
YHCIO OyNeT 3amHcaHO TeMH ke LH(PaMH, YTO W HCXOJHOE.
Hafipure nexonHoe uncao,

B paspsage necaTkoB ABY3HAYHOTO UHCAA CTOHT wndipa, KoTOpas Ha
3 Gonbuie LHGpLY, cTosAel B paspaae eaunul, CyMMa KBaapaTos
LHpP uHeaa, CNOXEHHas ¢ KBAAPATOM CAMOro uucaa pasha 2733.
Hafiaure uncio.

Moropuas nofika fpouwia 1o Tedennio pekr 14 ku, a 3atem 9 KM
NPOTHR TeYeHUsl, 3aTpaTue Ha Bech NyTh O u. Haitaure ckopocts
TEYSHUA PEKH, €C/iH CKOPOCTH MOTOPHON JIONKH B CTOSIUel BOfe

papra 5 XX

10pa u Hrops, BhiexaBlHe Ha BeNOCHIICLAX HABCTPEYY APYr APYTY
n3 jepesenb 30a0TyXHHO u JKykn, cOAHKA0OTCS €O CKOPOCTbIO

KM
40 “F. Ecnu owu yBeimdat ckopoctb cOmmkenHs Ha 10 KM,
q

TO BCTpeTATca Ha 18 MHH panbule. KakoBo paccrosinve Mexiy
AepeBHAMH 30J0TYXHHO H JKYKH?

Moroumnknner Kocta ener ua pepeeun OHYPPHHO O cKopocThio

KM
60 b Ecau o yMeHbIIUT CKOpOCTb ABHIKEHWA B BA paszd, TO
TpHeseT B Nocenok AHaHHuH Ha 4 4 no3xe HamevernHoro, Kakoi
nyte Haae npoexaTb Kocre ot Ounydpuuo no Anannyed?

Bpurana crpontesteii cnana B skcutyaTaitiio ofbexT Ha 4 Aks
GuicTpee, uem Apyrasi 6puraga, padoTaloilan Ha TAKOM ke ofbek-
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168.

189.

170.

171.

172,

Te. 3a CKOJLKO AHeH MOXKeT Kawnas Opuraga mocTpoHTb o6beKT,
ecu, paGoTas 10 TOTO COBMECTHO, 3a 24 AHA OHH NOCTPOHAM D
TakuX OGbEKTOB?

B Gacceiin nposenextl age TpySul. Yepes nepsyio Tpyly ou
HanoJsHsAeTcs Ha 12 u GeicTpee, yeM vepes Bropylo. [locae Toro
Kak nepeas Tpy6a jeiicTopana 10 4, ee 3aKkpblit H OTKPLUIH
BTOPYIO, Yepe3 KoTopyio Gaccelt HanoaunTes 3a 16 u. 3a ckoabko
YacoR Yepe3 KaXIyld TPYGYy OTAENbHO MOXHO HANONHHTL NYCTOH
Gacceftn?

Temioxon  3arpyxaetcs MOALEMHbLIMH  Kpanamu, CHavana
paBoTand Kpanul OOMHAKOBOW MOLWHOCTH. Yepes 2 4 norpysku K
HHM MPHCOSEMHWINCE KPaHbl MEHDbLISH MOLIHOCTH, H 1OCAe 3TOro
norpyska Ternoxoaa Obia okohdeHa uepes 3 4. Ecim G6u Bee
KpaHb Hayaju paboTaTb OOHOBPEMEHHO, TO NOrpyska Obiia Obl
oKoHueHa yepe3 4 4 30 MHH. 3a CKOJIbKO YacoB KpaHbl KAaKAOH
MOLLIHOCTH BRINOIHWAH Gbl BCIO NOTPY3Ky, paGoTas oTAe/bHO?

JBoe paGouHX, H3 KOTOpHX BTOpOfi HauyWHaeT paGoTaTte Ha
l% AHA NO3XKe MepBOro, MOTYT BHIMOMAHTL PaBoTy 3a 7 AHER.

Ecan 6t 31y paGoTy BGIMOJHSN KaXKawlil OTALNLHO, TO NMEPBOMY
notpe6oBasock 6bl Ha 3 AHs Goablie, YeM BTOpoMy. CKOABKO nHei
HY)KHO KDKIOMY paBGoueMy, 4TOGH BBIMTONHHTL paGoTy OTAEIbHO?

Ha mawmHocTponTenuROM 3aBoje pa3paGoTaii  HOBBIF  THII
Betann pna reneparopos. M3 875 kr meraana cranam gesaTh Ha
3 pevanu Goabule, YeM AENaJH AeTaneil ctaporo THuna w3 900 kr.
Onpenenute Maccsl €Taneil HOBOrO K CTaporo THIOB, €CH .Be
JEeTaJH HOBOTO THIIA JIErYe OfHOR AeTanu craporo Tvna Ha 0,1 T

Jns npoMbiBanus ¢oTorparueckHX HeraTHEOB CJYNKHT BaHHA,
uMetowan GopMy PAMOYTOTEHOMO Napasienennnela pasmepoM
20 X 90 X 25 cm. JLna nocToakHOro 0GHOBAEHNA BOAA MOCTYNAET B
BaHHy uepe3 OfHH KPaH U OHOBPEMEHHO BLITEKaeT uepe3 ApYyrou.
Yro6et MOAHOCTHLIO OMOPOKHHTL BaHHY TNOCPEACTBOM BTOPOTO
KpaHa, TPeGyeTcs Ha 5 MHH MeHbILle BpEMEHH, YeM /U151 HANOSHEHHA
ee yepes neppbifi KpaH NpH 3aKpuiToM BTOpoM. Eciiv ke OTKpbITh
o6a Kpana, TO TIOJIHas BaHHa onopoxkuutes 3a | 4. Hadiaure
KOJMYECTBO BOJIBI, TPONYCKaeMoe KaXKIbM KpaHoM 3a | Mus.
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173.

174.

175.

176.

177.

178.

179.

180.

181.

20 % Bospacta GaGywiku Bepbl Anekcaniposusl Ha 12 jer
Goabiie 30 % Bospacta sryuku Aunbl, a 10 % Bospacta 6abyiiku
Ha 3 rona menbiie 60 % Boapacta Aumbl. Ckoubko JeT Bepe
AJleKcaHipoBHe H CKOJILKO JieT Anne?

40 % uMcna CaMOCTOATENLHO CHeNAHHBIX AHTOHOM JOMAILIHKX
3ajanuit no anre6pe Ha 11 Goabwe 20 % uucna crnMcaHHbIX
3ananuil, a 10 % 4Mcaa caMOCTOATENBHO CAEJIAHHBIX 3a/aHHil Ha
6 meubiie 40 % uucsa cnucannbix. Haiiaure uncsio aomaiimux
3a/1anuil no anreGpe, BHINOJHEHHLIX AHTOHOM CAMOCTOSITENILHO, H
YHCIO0 CNHCAHHBIX,

Mmelotesi  15-npouentupiii 1 35-npouenTHbiii  pacTBopbl COJM.
CKOJIBKO HA/0 B3siTh KaMJIoro pactBopa, 4To6bl nosayunts 600 r
30-npouenTHoOrO pactsopa?

B oanom cnnase cogepxurest 60 % ososa, a B apyrom — 80 %.
CKONBKO HANO B3ATL KAKIOTO CIJIaBa, 4TOObLI MONYYHTH M3 HUX
170 kr HoBOTO CrvIaBa, B KOTOPOM 0JI0BO coctanJisiet 65 %?

Hmeerca 600 r cepe6pa 835-it npo6hi. CkoJibKo uHcTOro cepedpa
Hano 06asuTh K 3THM 600 1, uyTo6LI noayunts cepeGpo 875-i
npoObi?

Ha oanoii nosike Gbiio Ha 15 Kuur Goabiue, vem Ha apyroi. [Tocne
TOrO KaK Ha nepBoi nosike KHur crajio Godbltie Ha 10 %, a ua

BTOpoit — Ha 20 %, 4HCA0 KHHT Ha 1epPBON NOJKE COCTABHIIO %%

yHeaa KHUP Ha oOeux nosikax. CKoJIbKO KHUF CTAN0 Ha KayKaou
MoJiKe ?

JIpa aBy3HauHbIX 4MCAA [100YEPEHO NPHITHCHIBAIOT APYT K APYrY.
Pasnocth nosyuuBiIMxXcs ueTbipexsHauHbiX uuces pasHa 2178.
Haiimre smH aBy3HauHbie uncaa, ecian ux cymma pasia 68.

Cymma 1mdp uerpipexsnautoro uuena pasua 15. OTHowenue
JIBY3HAYHOTO 4HCJIA, 3AMHCAHHOTO MEPBLIMKU JBYMSI LHbpamu, K

HHCJY, 3dmnHCaHHOMY TTIOCHIE/IHHMH  JIBYMS uu¢pamu, paBHO é%.
Haiizre HEThIPEX3HAYHOE YHCNO.

[Tpu jiesiennn TpeThero Yuea Ha MepBoe B YaCTHOM HOJYUHI0CH 2,
a B ocratke 3. [lpu sesiennu BTOporo unesia Ha rnepBoe B 4aCTHOM
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182,

183.

184.

185.

186.

nosyansoch 1, a B octarke 2. Haiiaure st TpH umnesa, eca
CyMMa BTOPOro H TpeThero Ha | Gosblie KBaapata nepBoro Yucda.

3apaGoTtHas 1uiata nosbicHiach Ha 5 %, a LeHbl HA TOBAP CHM-
auanch Ha 16 %. Ha ckosbko NMpoueHToB NOBbICHIACh 1OKYIa-
TeNbeKast crnocobHocTh norpedureneii?

Yepes Tpu Kpana wHMCTEpHA MOXKeT ObiTh 0CBOOOMAEHA OT
cojepxkauteiics B Hel kuakoctH 3a 4 u 48 wmun. YroOwl
0CBOGOJIMTL LIMCTEPHY TOJLKO € [1OMOLLBIO NE€PBOr0 W BTOPOTo
KpaHoB, noHanooutes B 1,5 pasa Oosblie BpeMeHH, Hem ¢
MOMOLILbIO TpeThero Kpana. C nomoulbio BTOPOro W TPEThero
KpaHoB lHcTepHa Oyjier ocBoGoxKaeHa oT cotepxkumoro B 6,5
paza GbicTpee, Yem ¢ MOMOLULIO TOJILKO NMepBoro KpaHa. 3a Kakoe
BpeMsi IIMCTEPHd MOXET ObITh 0CBOOOXKAEHA OT CONEPHKHMOTO ¢
IOMOLLBLIO KaXK10T0 KPaHa OTAC/IBLHO?

bBak nanonusercs BOAOA U3 JABYX KPaHOB, NMpUYEM [epBbIA Kpan
OTKpbIIH Ha 5 4 panbliue sroporo. Ecin Obl nepsoiit kpan Guij
OTKPLIT CTOJIbKO BPEMeHH, CKOJIbKO Obll OTKPBIT BTOpOiH, a
BTOPOil — CTOJIbKO, CKOJILKO OblJl OTKPBIT NEPBbIH, TO U3 NEPBOro
KpaHa B Oak nonano Obl BABOE MeHbllle BOJbl, YeM H3 BTOPOro.
Ecan otkpbiTh 06a Kpana oHOBpeMEHHO, TO OaK HaroJHHTCs 3d
17 4. CKouIbKO BpeMeHH Gbll OTKPLIT BTOPO# Kpau?

M3 nyukta A B nyHKT B BbleXaJl BEJOCHIEIHCT € NOCTOSIHHOM

KM Korma on npoexan 8L km, ero jornan

ckopoctbio 20 3

aBTOMOOHAL, KOTOpbI Bblexan 3 A depes 15 MuH nocie
pesiocuneaueta. [locsie 3Toro BeJIOCHIEUCT, TIpoexas ellle 25 KM,
BCTPETHJl aBTOMOGH/Ib, KOTOPbI, Jl0eXas 10 MyHKTd B H OTI0XHYB
0,5 u, passepuyncst u noexas B nyukr A. Haimre paccrosHue
Mexxay nyHktamd A W B, ecsu CKOpoCTb aBTOMOOMJSA [10-

CTOSIHHA.

Jlsa noe3na Bblexaan u3 ropojga A B ropoi B ¢ unteppanom 5 4
W osHOBpeMeHHO nNpuGblin B ropoa B. Korza nepebiii noesn
HAXOJIMJICS B CEPE/IHHE yTH, BTOPOI OTCTABANA OT Hero Ha 225 KM,
a 3a vac 10 npuOBLITHS PACCTOsHHE MEXJy [0e3iaMH Oblio
papHo 30 kM. Haligure cKopocTH 110€3/10B H PaCCTOSIHHE MEXIY
TOPONAMH.




238 ' 239
187. l'IyliKTgéJacno.rIO)KeH B 12 km or nyHkra B BEHS 1o TequnAro 194. 1) 5Jx —4x>1: 2) 11J/x —4x>6;
pekn. Poibak ortnpasuicst Ha Joake B nywkt C w3 nyHkra A, . - —
PacnosioKeHHoro Bhiie nykkra B. Yepez 2,5 u on npuboi B 3) Nx+7 > [-1-x; 4) Y5x +4 <J2+9x.

nyukt C. Ha o6pathblit nyTh Gbiio 3atpadeno 5 4. [Tocrasus Ha
JIOJIKY JIBHFaTesib, phiOaK yBEJIHUHI COOCTBEHHYIO CKOPOCTh JIOJKH

B 3 pasa u npumabt M3 nynkra A 8 nyukt B 3a 24 mun. Haiimre =7
195, Jx + f 6, 9) Jx + \/E .

Peuinre cm:‘remy ypasuenuit (195—196).

CKOPOCTb TEHEHHH PEKH.

x+y =26 X+y=25.
9. Uppaunonanbibie YPABHEHUS W CHCTEMbI YPABHEHNIA. 196. 1) { ¥ & Br=d =y, 2) { ¥ #de=1 =0,
Uppaumonanbhble HepageHcTa Vy' +5y -6 =x, vy +4y-T=x.
I _ |
Perire ypasnenne (188—192). Peiuure ypasuenune (197—201).
188. 1) V16x° +16x +29 = 5; 2) VOx> —12x+85 = 9; 197. 1) \T-x-¥2+x=-1, 2) Vx-1+3x-2=5.
4.2 — A dfrr 2 -
3) Y5x° +23x + 246 = 4; 4) Y7x* ~52x +102 = 3. 198. 1) V¥ 71— vo_x = V2x 12
189. 1) o2t T =1, 2) FJt2 =1, | 2) 2x -1 =x+2 =5x-10;
X + bx +
' )J2x+l+\;‘x—3=2\ff;
190. 1) VBx+1=+7x-9; 2) Vax-T =~/3x - 4; , ) Jx+2-2x-3 =Vax-7.
et 2._. = — — — 4y I| p
3) = =ldn=9 =i o | 199. 1) ¥x + 2" = 3; 9) Jx—3+6=5x—3;

4) V¥ —16x—3 = Bx 3. ‘

3) Vx? +32 —24x% +32 = 3; 4) 2+ 11+ +11 =42,

191. J25—x =5; c+16—x = 4;
91. 1) Jx +/25—x =5; 2) JVx +/16—x = 4; - 1)‘/7 \/—_—_T_ 2}W+{/m=‘l
3) Vx+2-Vx-6=2 4) Jx+1-Jx-7=2. B o Jx+4 3 Sx+2 Y x+3 76
= Jx = 10)/x + 6 (-6 27,/20 2
192. 1) P2x—1=1-Yx—1: 9) YB-x+Y32+x =5. ‘ gy 4 s dj BB T

o 3) AUx® +4x - Yx-3=0; 4) Y =1-Y2x+1 =0. 201. Pelnte HepaBeHCTBO:
: X+5 % _4 Beal o (&=l _ -\/—2_—4 _9 2) J—x® —5x—4 <x+4:
\( 5) Z + 4 e 4: 6)\/::—1 2\/2)(”_ 1) y2x° —1bx+28 <x -2, ) /=X X X+

) 3) (x* —8x+12)-2x% +11x—15 <O0;

|
|
Pewre nepasencrso (193—194). ‘

[ 193.1) 0,4x+1<3; 2) J1-0,1x <5; ‘ 4) (x* =Tx+6){4-3x" —4x <0.
3) Y2x+523; 4) Yx+5>-2. '



240

Peumre cueremy ypasuenuit (202—206).

202. 1) Jy-x+1=5, 9) V2y—-x+3 =
- J-y-x-15=2y-3; J-2y—x+6 3y 2.

xNx +12yx = 32, - X + 27yxJx = 351,
8y Jy + 6x\Jy = 32; 27y Jy + 9x\[y = 378.

204*.1}{%_#;:2‘ 2) {%“y‘

203*%.1) {

xy = 27; xy = 8.

205%.1) {2x—ﬁ+9y:?l. {5)( Jry +4y =79,
2x +\[xy -9y = 73; 5x + \Jxy — 4y = 81.
206%. 1) {Iyl ¥ —4x" =0, ? {|x| W =0,
X+y—y —4x’ =5 X—y+y4’ -y’ =1.
207. Pewnre ypaBHeHHE ¢ HEH3BECTHBIM X:
1) Vx—4 =q; 2) Jx+1=-qa;
3)a® x—4+Jx =0; 4) Jx -6 +a’|x|=
5) Vk+a+Jx—1= 6) Vx—a-Jx+1=4

10. Tpuronomerpuueckue ypasHenus

Peiunre ypasuenue (208—214). !
208. 1) cos2x ++/2sinx =1 2) 3+ cos2x + 3v2cosx = 0;
3) 6cos’ x —5sinx +5=0; 4) sin*(n+x)—sinx -2 =0,
209. 1) sin® x = 2sin2x; 2)tgx — 5tg( ) ﬁsm’;“.
210. I)C(—;_?—ng-l'?:[]; 2) c052x+ﬁ=0;
3) 7+4sinxcosx+m=0;

4) 2- 35mx+cos[22x+n} 0.
6’ —mx—m
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210

212,

213.

214.

215.

1) sin3x —sinx =0

3) tg2x —tgdx =0,

2) cus(x - El) = COS K.
4) tg 3x = tg(90° - 4x),

1) cos4x +sindx =/2; 2) qm—+u) =L

)

&

3) —"g—gsirlx+%cosx:%; 4) Jgsm 2x =cos 2x+ 2.

1) sin x + cos x = sin 2x + cos 2.x;

2) Jg(cns x—sin 3x) = cos 3x —sin x;
3) 2sin 2x cos 3x +sin x +cos 2x =();
4) 2cos Hx cos8 x —cos 13x =0

5) 2sin x sin 8x = cos 7 x;

6) 25|n xcos2x =sin 3x— ?
7) sin® x — cos* x = 0,5;
8) sin' x+cos'x =2
1) tgx +ctgx = -\;—5;
2) tgx +ctgx = —‘f}i+ 2sin 2x;
= | L
3) clgr—1gx = 4+2(tg)_ +1 tgx—l)‘

4) ctg® x —tg” x —8ctg® 2x = 0;
5) sin2x +tgx =0;
6) 2sin® x +1g’x = 2.

Pelunte cuetemy ypaBnenuii:

= e X+ y=mn,
1}{X §==g 2)\[ v

cosx +siny =1 sinx +siny = v/3;

T~ |
8 {bm.xcosy=—4, n {amxu)q y= ‘/_

cos xsiny ==;

=L

cos 2x +cos y = (.
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Peuinre ypasnenne (216—220).

216.

217.

218.
219.

220.

221.

2227,

1) sin® x + cos® x = cos2x:
2) sin® x — cos® x = sin® x — cos? x.

1) sin® x —cos® x + 1 = 2(sin* x + cos” x);
2) sin®x + cos® x = %{sin" x 4 cos' x).
2) 5|.r—21~.in.r _ (Jg).rfnin x|

1) lg(3sinx —cosx) + Igcosx = 0;

1} 41.\'inx-ir = 16.

2) lg(2sinx — 1+ 10sin® x) = lg(l — sin x);

3) log, g, cos’ x = log —— [T —tg x;
4) Iogsinx 2 ) log\i“._. X 3 = I

1) cos(arccos(4x —9)) = x* —Hx +5;

2) sin(arcsin(x —1)) = x* —4x +5;

3) arccos x =+ (x° = 1)*;

4) —2arcsin x =+ (x + 1)*;

5) 2(arcsin x)* + n° = 3 arcsin x:

6) 9(arccos 2x)* — 3w arccos 2x — 2% = 0;
7) 2aresin 2x = arccos 7x;

x-—1
x+3

8) 4arctgx

=M.

Peture ypaBHenue oTHOCHTEILHO X:
1) sin x =a; 2) sin(g-—x)=a+l;
3) sin(x” —4x) = a: 4) sin(x” + 6x) = 3a;
5) sin'x—cos'x=a; 6) sin’ x +cos'x = a.
Pelunre cucremy ypasrenuii:

) {cr}s 2y~sinx =0,

4sin® x + cos 2y = 3;

\/sin x — cos I =Cos X,

sin X+ ¢cos i = sin” x.

3]

3
1
I}

223* . Pelinte CHCTEMY YPABHEHHI C JIByMsl TIePEMEHHBIMH X H Yf:

. 74 . a2
i —a’ sin“x—sin“y=a
sin xcosy =a-, 1
l){ 2){

cosx siny =a;

1. TTokaszareabnble U aorapuipMmuyeckne ypapienns
n cucrembt ypasHenuid. lokaszarenbhbie

W Jorapuiimuueckue HepasBencTsa

1

Pewmnre ypasuenue (224—225).
224, 1)165%-5+4*' 4+ 2 =0;
3) 2'5(::151 L (-JE)QCDH: 250“:‘

5} f645—3x - 3’168”‘:
7) 22 _7 2% = 9% +§;

X

2) 25**1% ~9-5* +1=0;
4) 36.~&in.r : 45inx =144 —u.ﬁ;

8) 671 ~3-6" =26 +126.

x

25. 1) (%)) = o ) (3 (&) -G
3) lg(x+3)=-lg(2x + 5);
5) 3lg” (3x + 79) = 141g(3x + 79) - 16;
6) 31g”(5x +89) + 20 = 161g(5x + 89).

Penite cucremy ypasuenuit (226—227).

x4+l | qy+l — 314..’- .Qg.-—.i = 3'
226. 1) {2 > 2 2) {
x—y=2 X -y ==
374 =63, " 3* « 25 = 5625,
" 4T =165 5% « 9% = 2025.
297. 1) lgx(lgx+lgy) =2, 9 log,(x™ +y) :.o,
lgx—lgy =3; log, x =4 —log, y.
Pewmre Hepasencrtso (228—230).
[325-050% | . p\S-05%F _ o
228. 1) (%) > 2) (&) <o,

4) lg(x + 8) = —lg(3x + 22);
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3) 232 4 93l 5 6 4) 42 4 43 < g0 236. 1) Ilpu Kakux 3uauenusix a ypastenune 4" —(a+1)-2" +2a -
o 5 ' — 2 = 0 umeeT POBHO OIMH KOPEHb?
5)2:-3* -9 +3>0: 6) 242 _§egrly 1<0; -l +2(a+3hera I
2 2) Tlpu Kaxkux 3Hauenusix a ypashenue 4 — ¥
7y 9°-8I _ 11" =121 : 2 6
) 5 >0 L MMeeT eIMHCTBEHHbIH KOPeHb?
Zol0x+21 4 14x + 45

237. Pewmte ypasHeHHe OTHOCHTEJIBHO X:

229. 1) I(1g1x+lng4(x—12)?3; 2) log, x +log,(x —24) > 4 1) lg(x —3) = lg(2x + a);

9-2 ) ™
3) lg— 5 5 <0, 4) Ig 1 j_f <0; 2) logyps(x° —7x —a) = log,;(x + 3).
X+ -l ‘
2) I(’g”' 5> 0 6) log,, %é <0. Petnre cictemy ypashenii (238—239).
= " : 0,5log, y + 2log, x = 2, log, y+log, x =205,
280. 1) logy(1~ 1) +log, 1 -§) <1 238*'1){Ig y+2log, ) {j{F guz
2) log,(1-2 +|ngl(1~§)>1; = NS Wr =y
3 X .08 _ ¢ * w OH .=
3) (£ +4)8 — )lglx— 1) < 0: S s \[3 ¥ =115, g {3 2" = 576,
4) (x+8)6 - x)logy, (x 1) > 0. log gy —x) =2 10g gy =x) =4
Peumre nepasenctro (240—242).
I i )
Pe ; r . 240). “0g25) -[lﬂg:5] >0‘ 9 (logs2) _(lﬂg:!QJ" >0.
ST ypepneing (d1—=-23D). 2 (log,5) "+ xlog 5 ) (logy 2% + xlog,,. 2
231. 1) 27" -3-18" — (2" + 3+ 2% = . |
. ' s 241. 1) (2+4+43)" =3(2-~3)" +2<0;
2) 8" ~2-20" +3+50' 65" =0, - S ﬂ-‘—"
3) 7° + 24" = 25%; 4) 125 +5° = 13", 2) (2 ++/5)* > (6 -2y,
232. 1) 3" 81 = 36; 2) 5 81 = 100; 242%.1) |32 -6|>5  2) |20 -9|<T.
3) xtoe = i}, 4) xlomax _ 64
Jx 2. Mpoussoanasn
233. 1) log ., (x-1)=2 2) log oy 2 (=9 =2 <. Ulpausrojyia
2] A I
3) logy(5x +1) + log;,,, 3 = 4,25; 243. Haiimte npousBoanyio GyHKIMY f:
; 2, . _al
4) log,(3x + 1)+ log,,,, 4 = 33 1) f(x)=4x" —20x° + 25x - 6;
234, 1) 10g 500 V16 = bx = [()gguug(gx —5): 2) fix)=2 %5 =12+ 16+ 45;

3) f(x) = (x - 2)x* +5x 2

4) fx)=(x+D(x* —dx + L)
4+ 1

5) fix) = xfr*jQ‘ 6) f(x)= 55—

2) 10gypps V1 1x = 18 = logygus(2x — 9).
235. 1) log,, o . (c0s” X +0,5sin2x + 1) = O

2) 10g g5, (COS2x + sinx) =




245.

246.

247,

248.

249.

250.

Teno nsuakeres no 3akony s(1) (1 — Bpemsi B CeKYH/IdX, § — MYTb B
metpax). Haiaure ckopocTh IBHXKEHHSI B MOMEHT Bpemenn f = 4 c,
ec/H:

1) s(t) =26 -6 +1+3: 2) s(:}:%f"‘—ﬁ—t—4.

JBrxenue To4KH NPOHCXOAUT 10 3aKony s(f) = > —2( —5. B ka-
KO MOMEHT BPEMEHH CKOPOCTD JIBHXKEHHSI paBHa:

1) 12; 2)0?

JlBe matepuanbhble TOUKH JBHKYTCS NPAMOJHHERHO N0 3aKO-
Ham $,(1) u sy(f) (I — Bpems B CeKyHiax, S — MNyThb B MeTpax).
B Kakoit MOMEHT BpeMeHH HX cKOpocTH paBHbLI, €CJIH:

1) 5,() =7,5* =8t -7 w s,(t) = 2,5t + 2 - 9;

2) s,(6) =12,5* =10t n s,(t) = 4,5¢° + 61 +11?

Haiiamute Tanrenc yrna nakiona kacatenbhoit K rpadmky (yHKLLHH
f(x) =

2
241
X

B TOUKe ¢ abclmecoit x,, paBHoi: —2; —1; 2; 3.

3anuiuure  ypaBHeHWe  KacaTeqbHONH K

rpaduky  yHKIHH
3-x

flx) = A—+;- B TouKe rpadmka (x,; y), ecau:

l)xl]=4: 2}x1.:_2;

4} Yy= l.

Haiimte npomexkyTki Bo3pactanns u yObiBanus (yHKUHM fix) n
€€ TOYKH IKCTPEMYMd, €CJIN:

1) f(x)=3x"—-5x
3) flx)=x"™ -59x+0,15;
5) flx)=x"2x-1)-9:

3} Yo = -5;

Z) flx)=2x% 2%

4) f(x)=x"™ -93x - 7,65;

B) (%) =£(2x-3)-7,
Haiywre HanGosibluee u HanMeHbiuee 3HaueHns GyHKIMK f(x) Ha

orpeske [=[0,1; 1], ecan:

16x —4x* 3
) flx)= ‘I.—;‘—;
ax

— 02
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251.

252.

253.

254.

255.

256.

257.

1
B Kkakoii Touke KacaTe/bHasi, NpoBeeHHast K rpaduky (pyHKimn
y =f(x), HAKJIOHEHa K OCH aOCIKMCC TI0/L YITIOM o
1) f(x)=-2x"—12x" =23x -8, o =45°;
2) f(x)= 3x® +18x° +87Tx -2, o= %?

Kacareabhas K KpuBoil y = g(x) napajuiesbia npsmoit y = f(x).
Haiijinre KOOpAMHATBI TOUKM KacaHnus M HanuuiuTe ypaBHeHHe
3TOI KacaTesbHOM, €C/n:

1) f(x)=-5x u g(x)=x" —6x" +Tx+4;
2) f(x)=6x n g(x)=x"+3x" +9x 9.

Haiiute yron Hak/iona kacateabHoil K rpaduky pyskimn y = flx),
MPOXOJISIIIEH Yepes TOUKy P, eciiu:

1) f(x)= 5" +2x-0,5, P(1; 2);
2) f(x)= %xz —4x+6, P(2; 4).

[TpsMOyroJibHbLIH YHaCTOK 3eMJIH INIOHIabo 8 ra oropaxnBaeTcs
3a60poM. KakoBbl 10/1KHBI ObITh pa3Mepbl yuacTka, 4ToObl /U1HHA
3a60pa Obljla HAUMEHbLIEH, eC/IH YHaCcTOK OropaxHBaloT:

1) ¢ Tpex CcTopoH; 2) co BCex CTOpoH?

1) Yuesno 28 paznoxkuaun Ha 2 ciaraeMbix Tak, 4ToObl cymMma Ky-
6oB Oblja HaumeHbluei. Haiaure stu ynena.

2) Yncesio 49 npespcraskrte B BHILE [POU3BEICHHST JIBYX TMOJIOKH-
TeAbHbIX COMHOMHTEEH Tak, 4ToObl cymMma HMX Oblja HAHUMEHb-
weit. Hailanre 9tH uncna.

[Mpu Kakux 3HaueHUsIX a QyHKIHS [ MMEET €IMHCTBEHHYIO KPHTH-
YECKYIO TOUKY:

1) f(x)=x"—3ax* +27x-5;

2) f(x)=x"+3ax® +75x —13?

1) [pu kakux snavenusix a dynxums f(x) = 2ax’ + bax Bospac-
Taer Ha 00J1aCTH OnpejieneHns?

2) Ipu kakux 3HaveHusix a dyukims f(x) = 8ax” + 3ax youiBaet
Ha o0JacTu onpeneneHus?
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258.

259.

260.

261.

262,

263.

264,

265.

13. OyHkunu
I

Yxaxure 06/1acTb onpefesenusi HYHKUAR f

D f@=v6-  2) fa)=VF-x-2;

3) f() = 4 f0) =1
B) f(x)=J—xl__—l; 6) f(x)—m

Yxaxure o6nacte onpenesenust GyHKUHA f

1) f(x) =1g(53 - 3x); 2) fix)=1g*(27 + 4x);
3) flx)=ig*(-3x ~15);
5) flx)= l_g(?»;——&t); 6) f(x)=Iglgx.
YkaxknTe 06/acTb onpeaesieHns (yHKuuH f;

1) flx) =255 2) f(x)= 29,
3) fx)=(13- x)'“"’; 4) f(x) = 2x + 21)°5,
IHaFum're KOOpIHHaTbl BEPLIHHBI NapaGoaL:

1) y=5(x-8y+2 2) y=-2x+3)° -
Ny=x-x-1 4) y=—x +2x+3.

JloxaxnTe, 4T0 YHCAO 32" SIBNAETCA neprHoaoM (yHKunM f:

1) f(x):sin(?- ); 2) f(x)=cos4x;ls.

Jokaxure, 4T0 YHCO T ABAACTCH MEPHOLOM DyHKIMY f*

1) f(x)=tgx+log2%; 2) f(x) = ctgx - 1g¥100.
Lokaxknre, uto yHkuma [ aBaseTcs yeTHO:

1) f(x) = x* + cos5ux; 2) f(x) = tg® 4x + x sin 2x;

3) f(x)=xzcos%; 4) f(x)=\/?+6+;l¢+lgxs.

Hokaxure, uto GyHKUNA f ABNIgETCA HeveTHOM:
1) f(x) = x® —ctg2x; 2) f(x)=$+xcos 6x;
3) f(x) = Sig(x® +16); 4) f(x) =sinx(l - cosx).

249

4) f(x) = logy(4x — 4 - &%),

266.

267.

268.

269.

270.

271.

272,

YKaKHTe MHOMECTBO 3HAayeHnd (pyHKUMH, 3a7aHHON (opmysod
y =flx), ecan:

1) s =Ll 2) f(x)=x -|xf;

3) flx)=|x[+4 4) f(x)= (25 -] 6]

YKa)uTe MHOXKECTBG 3HAYECHNH YHKUMH f

1) f(x)= x2—12x+29; 2) f(x)=x*-2x+5;

3) flx) = Tm 4) f(x) =v-x* +6x-9;

5) f(x)=-n"+2; 6) f(x)=0,1F /3% + 42,
Haitaure nauGosnbinee (aémenhmee} 3HaUeHKe PYHKUUY, 380aH-
Hoil (opmynoi:

1) flxy=7-2% 2) f(x) =1++x;

3) fx)=9-|x|; 4) f(x)={10-x|.

Yxancmé IPOMENYTKH, HA KOTODHIX MPHHAMAET TOJIOMHTENbHbIE
(OTpHLATENBHbIE ) 3Hadenns QYHKINS, 3aiaHHas GopMyIol:

1} f(x)=0,25x -5; 2) f(x)=12-0,3x;

3) fix)=—15+5; 4) fo)=
5) f(x) =522 +13x +6; 6) f(x)=8x" -13x+12;
7) f(x)=logo(x =5)+2; 8) f(x) = logy(x +20)-3;

9 s ={4)%- 10) f() = 4% - gk

Ilokaxnre, uro Ha mpoMexytke (0; +00) ABasercs yObLiBaloLLiei

i)

yHKUMA:
l)y=—4x2; 2)y=—\f;; 3)y=2-3x,
4)y=§; 5) y=-|x; 6)y=1-2°

[Tpn KaKKX 3Ha4eHHAX X CpaduK QYHKUHH Y = 2x2 - 10x +9 ne-
KUT He HKe rpadura dynkuum y =x - 3?

IMps KaKux 3HaveHusix p rpaduKy Qynxumm y =3 (x + _z:;)2 2 mpu-
HAAVTEHT Touka A:
A3 5y, 2y A4 4P




250

273.

274.

275.

276.

2717.

278.

279.

280.

|
HMasectHo, 4to dynkuns 3anana dopmyaoi y = f(x), rie:
) f)=2x~L  2) f(x)= ) S =2
4) flx)=-32 5) ft¥) = x" 6) f(x)=x’
7) f(x)=x; 8) f(x)=|x|: 9) f(x)=2
10) [ =(3): 1) f)=log,x;  12) f(x)=log,;x
M3o6pasure rpaduk QyHkin, 3anaunoii popmynoi:
a) y=f(x-1)+2 6) y=/(2x-2)-1,
B) y=3f(x-2)+2; r)yy=-3f(x-2)-
HasectHo, uto dyHkumns 3anana dopmy.aoit y = f(x), re:
1) f(x)=sinx; 2) f(x) =cosx;
3) flx)y=1ex 4) f(x)=ctgx.
H3o6pasure rpaduk dyukiu, 3aganHoil dopmyoi:
a) y=2f(x 6)y='2f(x+§);
B)y=2f[x+§]—2; I'Jy:—Qf(x+%)+2_
Ykaxure obsactb onpejeneHus GyHKIHH:
1) f(x)=lg(2x +12) - y-2x-10;
2) f(x)=Ilg4x +12) + xJ—x —I;

sadga B, -1
3) J(0) =N + g 4) flx)= m

WUsobpasnte rpaduk dynkunn y = ax’ + by —4, ecaun Kopusimi
ypaBHennsi ax’ +bx —4 =0 spasiores uneaa 1 4.

—sinx.

M3o6pasute rpaduk dyHkumn y = ax® +bx +c¢, ecau
rpacuky npunamnexkar Toukn A(0; 0), B(3; 0), C(=2; 15).

ITOMY

H3o6pasute rpaduk bynkumn y = x° —8x +a,

MeHblllee 3Ha4eHHe paBHO 2.

ec/ii ee Hau-
Msobpasute rpadmk QyHKIMH Y = x° +ax +a +2, ecan Kophu
ypasHenust x° +ax+a +2 =0 orHocates kak 1 : 2.

M3o6pasute rpaduk dyukumn y = x* —2x+¢, eciH  KopHH

ypaBHenusi x° —2x+¢ =0 y1OBJCTBOPSIOT pPaBeHCTBY 7X, —
—4x, =47 v x, < x,.

I.1.
1.2.
1.3.
1.4.
1.5.

1.6.

1.8. 2)
1.9.

1.10.

1.12.

1.13. 1
1.14,
1.15.
1.16.
1.17.
1.18.

1.19.
1.20.
1.21.
1.22.
1.23.
1.25.
1.26.

1.27.

1.28.
1.29.

4
SIE

OTBETHI

lnasa 1

1)-24; 3) 152.

2) Boablue; 4) menbiue; 6) metbuie; 8) menble,
“68 3“' 5)-I 5) 2Illn+l
2) a'% 4) m?%; 6) (61)".

1) Hanpumep, 2° + 2'3; 3) nanpumep, a*
mep, 137 + 132%; 9) uanpumep, (7p)° + (7p)'"; 11) nanpumep, poepts
2) 3% 4) x5 6) a*; 8) 172"~ 1; 10) (-0,8) "%,

- a, 5) nanpumep, 47 + 4°* 1, 7) nanpu-

1

17 % il
. 1) Hanpumep, 22 : 98: 3) nanpumep, (—%) :(—%) : 5) nanpumep, a'*3 : a%;

7) nanpumep, (%b)? : (%b)‘
. 6) 5%, 8) (-3)".

2 9\-10
k. (3)
1) Na.
2) gd 4) -512a% 6) 1000x%".
& ﬂ-‘lbl-i

9258

o B mdes 6y L Y Lo
R T g @)

——7-—9][[ 1.
£ 3)16:5) —n 1) 7 N B 1D

2)21 12. 4) (=a)™; 6) 19'1.8:2*’.
[}4;:5 16. 3) 4 3 2

i
3) X.. 5)
yﬁ

=

2)

1
6°
I

2) __4k bbﬁ Zk 2k - 5. 4) _é_xﬁylﬁ.
H—2048.

2
) 131 l3l

1) Boubiie; 3) Goablue; 5) Goabiie; 7) MeHblie,
2) Jla; 4) net; 6) na.

1) He ofszatesbho; 3) He o6a3aTelbHO.

2) He o6sizatensno; 4) na; 6) sepuo, ecin m=n= 1.
1) 0,05.

2) Her.

1) da; 3) ner.

2)7; 4) 15 6) 0,5; 8) 1,1; 10) :—3
1) 1:3)7)5) % 7)0,1.

23 1: 4)0,2: 6) 1L.8: 8) 0.6.

9
12y —.
)Iﬁ
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1.30. 1) 3; 4; 5; 7. 9: 10; '3)34~.) 0.2; 0,06; -100; 5) 2; 2; 3; 0,5; 10; 0,1.

1.31. 1) -1; 4) —4; 6) -7; 8) -

1.32. 1) -3; 3) -30; 5) -6.

or gl

1.33.2) 9. ”

" OR. v .

1.34. 1) 25: 3) 2,25; 5) 5?5

1.35. 2) 625; 4) 6; 6) 12.

1.36. 1) 10; 3) 12; 5) -3: 7) 1024; 9) -25: 11) —1024.
1.37. 2) 10; 4) 4: 6) 0: 8) 2.
1.38. 1)5;3) 1; 5) 1; 7) 0.
1.39. 2) —1; 4) 41; 6) 4.
1.40. 1) 0,4; 3) 11.
1.41.2) 9; 4) —4.
1.42. 1) 1; 3) -7a’b",
1.43. 2) [4,5; +00); 4) [0; 2]; 6) R; 8) (—o0; —4] U [4; +00),
1.44. 1) (0,25; +00); 3) (1,8; 400): 5) x # 1: 7}( :;)
1.45. 2) 4 mm; 4) 60 ewm.
1.46. 1) +0,7; 3) 0,2 5) —40; 7) +0.5.
1.47. 2) -0,5; 4) —2; 6) 0.
1.48. 1) £J11; 3) +8027; 5) U38; 7) -'36: 9) -3,
1.49. 2) 40,14; 4) £2; 6) @; 8) 0; 10) +V3.
1.50. 1) -0,2; 3) £0,1; 5) -2.
1.51.2) Y30+3: 4) ¥5-
1.52. 1)-3; 1:3) 1.
1.53. 2) +2; 4) —1; 2; 6) +/3.
1.54. 1) [0; +00); 3) R; 5) [1; +00); T) x = 0.
1.55. 2) —y; 4) y; 6) 2 8)n.
1.56. 1) a: 3) 2t; 5) —n.
1.57. 2) a; 4) -b.

1.58. 1) |a]; 3) %; B) lal: 7) |a -8

1.59. 2) -23, -7, -32, 9, 33 ~7,-23; 4) 26, - 10, —sg
1.60. 1) —1; 3) 11.

1.61. 2) -

1.62. 1) |a+x|; 3) |m-3|.

1.63. 2) a) x-22; 6) 2 - x.

1.64. 1) [la.

1, 42, 894,
3"
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1.65. 2) £1.5; 4) 4; 6) @ 8) .
1.66. 1) 6: 3) 0,2; 5) ¥2; 7) (—%)8 N

1.67. 2) Jja|: 4) ¥Yn: 6) VBxy®: 8) 1‘5::—3

1.68. 1) Y7 - 2; 3) B —5: 5) V5 -2.

1.69. 2) 81 4) 6,25; 6) 0, 4096; 8) 51"1‘

1.70. 1) ¥6; 3) '910; 5) §5; 7) W7 9) '¥3; 1) %2

1.71. 2) 3; 4) 2
1.72. 1) Boabwe; 3) paghii; 5) MeHblLE,

1.73. 2) YBeanuntnb B Y3 pas; 4) yseanuuts B Yo pas.
1.74. 1) =32; 3) 81; 5) -1.

1.75. 2) 0; 4) 1; 6) 1024,

1.76. 1) 10; 3) 3; 5) —18; 7) 60; 9) 12.

1.77. 2) 4; 4) 3.

1.78. 1) -47.,5; 3) 0.

1.79. 2)-0,2; 4) 2; 6) 4.

1.80. 1)-1,5; 3) 24.

1.81. 2) ﬂs(/w 4) &b ” Ya'b': 6) —6¥8mon®: 8) 'Y,
X

1.82. 1) ¥3a; 3) -2a; 5}-I.5a‘
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2.24. 2)[0; +00); 4} (~00; ~2) U (=2; 2) U (2; +00); 6) (—00; =3) U (-3; 3) U {3; +o0);
8) (—o0; 8] U [8;+00).

): r) [-2; 1] — npomexyrox sospacranud; x) (0; 1);

2.5. 1) R; 3) “%, keZ 5) xxfemk keZ T) xel

2 +2nk, helZ,
9) [nk:guk} kel

2.26. 2) Hu nanmeHbllee, HH HAHGOADBLLEE ZHAYEHAA He CYIIECTBYIOT, 4) HanMeHslero

3HaYeHMA HeT, 1 — nanCGonnuiee 3xadeHHe.

2.27. 1)-2,5 -— vanMeHbiuee 3HayeHue, 10 — nauGonvwee snavenne; 3) 0,3 — Ha-
uMenbillee ¥ HauGonbuiee 3nauenns; 5) 11 — HauMenblwee 0 HauGonblLee 3Ha-
YenHn; 7) 6 — nanMennliee 3Hauense, 36 — nHaubonulee 3pavenne.

2.28. 2) ﬁ — HaHMeHblliee IHAYSHHE, HAHGOALLIETO 3HAYEHNA HET, 4) HAHMEeHL-
6

ILIETO FHAUCHHA HeT; @ — HaHGOABLICE 3HAYEHNHE,
229. DR 3R
2.30. 2)(—o0; 0); 4) (~o00; 0); 6) [0; +00).
239 1)3;3)4,5-3,71-05 92
240, 2)-1,6;4)-1:0; 6)-5; 5; 8)-2; 2; 8.
241, 13,335 501,513, 9 2.
242, 2)28,4)-7;6}0; 3.
243. HYL; 3§ 5)0
244, 225 4)96)-1.
2.45. 1)-0,2; 3) -4, 5) 26,5; 7) 6.
246. 2)2,5; 4) 6,5; 6) 2; 8) 45.
247, 1)-2;4;,3)-2; 5,
248. 2)5; 4) 35,
249. 1)2,3)3;,5)2.
250, 2)1; 5 4)£2.
251 1}3:3)4: 5072
2,62, 2)2; 4)2; 6)-5.
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2.53.
2.54.
2.5b,
2.56.
3.57.
2.58.
2.59.

2.60.
2.61.

2.62.
2.63.
2.64.

2.65.
2.66.

2.67.

2.68,
2.69.
2.70.
2.7%.
2.72.
2.73.

2.74.
2.75.

2.76.
2.77.

2.78.

2.79.
2.80.
2.81,

2.82.

no;3»H250 LML
2)-1; 1; 4 3.
3L
2)2:3)2;,5) 0; 3; 7) -2, -1.
2)0; 4) 4,
2} 6.
1)2.
2)-2.
1)0, 4. 3) :t‘l- 5)—4; 0.
2) -1; 4) -0,6.
1y1; 3)-3.
2) -
HE+nn nek 3) +Z4+an nel.
2 : 15# Smn
2) 1-.—+m neZ 4) (—1}"‘”'14-%, neZ; 6) -3+ 55 nel
1) "+—, neZ 3) -1 +lé';, nel.
2) 7.
1) :t—;—+21m nel.
2 [-3; Z]u ¢y ne>08
1) (4 2)‘ 3) (4 1)
2) (~00; 2); 4) (-99; 1); 6) (<003 ~0.5]; 8) [1; +0).
1) (-0.5; +o0) 3) (%: soo). 5) [ soo} 7)(-o0; -3.5).

2)[~4; 4% 4) (-2; 2); 6) (~00; ~3) U (1; +o0); 8) [1; 2}
1} (=00; —3) U (1; +00); 3) (~00; ~7,5) U (0,5 +0); 5} (1; 2].

2)(-2; 0,25 ) {-o0 ~ S| U [hi w0} By (os - U Eie)
1) (o0 2} 3) (o0 3 5) (-2 D U [2: 40
2) (—o0; -2 U (0; 4I; 4) (=1; O 6) (@ 1)U(Z; +00; 8) (=35 OYU(1; 420,

1} (-00; =6) U (2; +00); 3) &; 5) [--:l;: 2}
2) (2,5: +00); 4) {13 0).
1) [-1; 400); 3) (~00; 4]

2)(——+21m.21m) nel, 4)[ +2m,n+21m]. nelZ; 6}( -+21m),
nel; 8)[n -+2rm) nelZ.
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2.83.

2.84.
2.85.
2.86.
2.87.

2.88.
2.90.
2.91.

2,92,

2.93.

2.94.

l}x#——+2nn nelZ, 3)2rn, nelZ; 5) (_E'Hm 4+1rm]. nelZ,
7)( + 1r+1m) nel.
1) (=207 1); 3) [1; +20); 5) [9; +20); 7) (—o0; 5); 9) [-1; 0) U [4; +00).
2)(0; 1), 4) (=00; 2); 6) [-1; +o0); 8) (=00, =2] U [1; +o0).
1) (=2; 3); 3) (-6; 8,8); 5) (=1, 1); 7) (0,5; 1,5).
2) (—00; —1); 4) (~4; ~3,5); 6) (—00; ~1) U (1; 2).
2) [~VI0; 0) U [VI0; +oo), 4)1; +00)
l) a=4.
2)4:4) 1 6) -1; 8) 4; 10) 0,5; 12) -2,
1) 3=1logy8; 3) 3=1gl000; 5) 1=logy3; 7) 2=logy,,0,0121;
9) 4= Iog,lﬁ 1) -1=logz 12
i3 3

2) 0= 4 =kpet, fe - l
) 0=logsl, -1 I0g55, 1 = logs 5, —2-Iog5§5, 2 = logs 25;
-0,3 = logs 5703, 0,3 = log, 5%, -2 = Iog55_“r§, V2 =log55"r§;
4) 0=log,1, —l=log, 6, 1=log; L, -2=log, 36, 2=log, L

: O G

_ 03 0,3 :
0.3 log, 6% 0,3=Iogl(€) . 2 =log, 6v2; 6) 0= loggs1,
6 5 )

-1= Iﬂgu‘z 8, 1= |0g0.2 0,2, -2 = |0g0,2 25, P |0g0_2 0,04,

0,3 =10g)20,2°%%, 0,3 =10gy0.2%%, —V2 =logy,5%2, V2 = logg,5~;

100

8) 0= |0g| 3 1, -1 = lOgl‘a %, 1= 10g|l3 ’,3, -2 = |0g]'3 '@.

169
2= [Og] L 100" 0.3 = Iﬂgl.a 1.3_0'3, 0.3 = |0g|‘3 ].30’3. —‘\/E = ]{}gLa(']'g)JE,

13
‘J§ = |0g|.3 |,3J_
1) -2 = logo; 100, -2 =log;0,25, -2 = log, 9, -2 = log,

3 X

-2=log, o(x-2y% -2= Iogmg m; 3) -1= logg,10; -1= ?oggé,

3, -l=log, 1

-1 = lo| - =1= -yl 1= -2
g% ml 1 =log,_o(x-2)", l-]ogmgm

5) 3 = logy; 0,001, 3=log,8, 3= log, % 3=log,x*, 3=log, o(x -2,
3

. 6. 1 3 1
=log ym”; 7) —§=Iog0_]§flﬁ, —%=log2£. —-%:log,x 3
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m % = Ing?w@,

I = ~v10
9) é—mgﬂ.l T

!Ug‘ 2 [m l: 11) 0 =logg, 1,

0= logmg L;

A 2

..%=1ugx_)_(x 2) 3 —%—iug ym 3,

l i Is_ l o l = log . - L =

9 Iogl3 39 Iogx\/;. 5 I()g,xzq‘x 2; 5

0=logsl, 0=log L, 0=log,l, 0=log, sl

3
2.95. 2)0; 4) —4; 6) -:',:; 8) V3.
2.96. 1)1:3) i; 5)9; 7) 3.
16.

2.97. 4) 2'%: 6) 4; 8) 256
2.98. 1)4;3)6; 5) =1: 7) —6; 9) 1,125.
299. 2)3:4)0;6)1; 8) -
2.100. 1)-2; 3) 3; 5) —%; 7)=7: 9) 1.5.

Ls gy X sy AL
2.101. 2) -3; 4) 33 6)0:8) —5.
2.102. 1)-0,125; 3) 1.
2.103. 2) 10; 4) 8; 6) 100; 8) 6.
2.104. 1) 25: 3)9; 5) %; 7) é; 9) 0,001.
2.105. 2) 90; 4) 12; 6) 1,6: 8) 0,001.
2.106. 1)—-1:3)-3;5)2: 7) 3.
9.107. 2) 18; 4) —20: 6) 0; 8) 1; 10) %
2.108. 1) 27; 3) 5; 5) 16; 7) é 9 0.5.

I I I .

. A, . . s . .4'
2.109. 2) 15 4)2:6) 4 8) 43 10)212) 1
2.110. 1) log,5; 3) log;40; 5) lt)g;,? 7) log53; 9) logg0,375.
2.111. 2) [la; 4) ner; 6) ver; 8) ner.

2.112. 1)2u3;3)-10u-9;5)-2u -1
2.113. 2) 3: 4) 2 6) 2.
2.114. 1) 4; 3) =3 5) 0,5.
2.115. 2) 1,5;4) 2; 6) 3.
1 [y
2.116. 1) Llogy7: 3) %10;;95,
2,117, 2)0.8: 4) ~logs3; 6) 2.
2.118. 1) 2.5; 3) —1.5; 5) 2.5; 7) —4: 9) 0,75.
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2.119,
2.120.
2,121,
2.122.

2.123.
2.124.
2,125,

2.126.
2127,
2.128,
2.129,
2.130.
2.131.
2.132.

2.133. 2

2,14,

2.136.
2.138,

2,137,
2.138,
2.139.
2.140.
2.141,

2.142,

2,143,
2.144,

2.145.
2.146.

2.147.

2)3; 4)2; 6) 3; 8) 2; 10) 81.
1}0;3)1; 5) L.

2) -1; 4) -1; 6) 0,5.

1) 0,75; 3) 0,5; 5) -1,5.

2) 1,5; 4)-3; 6) ll; 8)0.
3
1y 1;3}-3,5) L.

2) logyo54; 4) logg‘/%.

1)6; 3)8; 5) 2.

2)25; 4) 4.

1) 1; 3) 5; 5) 8; 7) -21.

2) 11; 4) 8,

1}4; 3) 1.

2)6; 4) 10,

1) me+n; 3) 3m +2n; 5) 2m + 0.

)m+2
Z2m+ 1

}2mn -3m - fl+3’ 3) 4-n

mn+m-1

2) 33,75; 4) 25; 6) —0,25.

mn+m-1

1) IOa; 3) na; 5) wer; 7) ner; 9) yer; 11) pa.

2) 8; 4) 36; 6) 8.
NERISS D2

2) (0; +00); 4) (-6; +o0); B) {~o0; B); 8) (—o0; D),
1}{-0; 0,5) U (4; +20); 3) (-0,5; 2); 5) x=-2,5; 7) .

x=2 4) (0; 400},

1) (o0 =) u (& +0) ) (o0; -y u @; 3y

5) (=003 —2) U (1,5; 1,75); 7) (0; 3).

2) (=90; 2)U(3; +00); 4) (-00; —1) U (2; +00}; 6) (~00; —2) U {2; +0),
1) (-2, 2) U (2; +o0); 3) (2,5; 3} U (3; +00); 5) (—00; 2) U (4; +00),

) x+n+2nn nel: 4)-—+21m nel, 6)[-1;1)

ne b

1) a) 4; 6)[0,5; 4} s)[

[%; 9'];n)(l;0}: e)[%;

1); ) (1; 9).

1] r) npomexyTok Boapacranns [0,5; 4]; 1) (1; O);
&) (145 %) (05 1):3)a) 3: &) [ L

], B} [-2; 1]; r) npomexyrox y6uiBannn
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2.148. 2) -:1,:; 4)3.

2.149. 1) Hanpumep, {(1; 0), {2; L}, (8 3% 3) nanpumep, (1; 0), (4; -1), (16; -2}
5) nanpumep, (-1; 0}, (-2; 1}, {~-4; 2}.

2.150. 2) a) (0; +o0); 6) R; B) (0; +°0); r) wer; 1) (0; 1); e} (1; +00); x} (15 O)
4) a) (0; +00); 6) R; 8) new; r) (0; +o0); 1) (1; +20) ¢} (0; 1) x) (15 0)
6) a) (—oo; 0); 6} R; 8) ner; 1) {—o0; 0 n) (-1; O} e} (~o0; =1 ); k) (~1; 0).

2.151. 1) Boaslie; 3) Soabuie; 5) Mensblue; 7) Goabe; 9) mennie.

2,152, 2) Mesnwe; 4) menbwe; 6) menbwe; 8) menbwe; 10) Melbiwe.

2.153. 1) Menbme; 3) Soasure; 5} Gonntie; 7) Goabie.

2.1564. 2) Mensue; 4} Goabwe; 6) Sonbie.

2.155. 1) Boscuie; 3) Gonsiue.

2.156. 2) Aa; 4) Her; 6) na; 8) ner; 10) ner.

2.157. 1) Her; 3} aa; 5) wer; 7} aa.

2.158. 2) Asg; 4 (%)5'?; 6) 1000¥10; 8)

2.159. 1} i< p 3) t< .

2.160. 2) Munyc;, 4) minye.

2.181. 1) Mawc; 3) e,

2.163. 2) a)(-2; +); 6) R; B) (-2; +o0); r} wet; m) (—1; +00); ) (~2; -1); k}(-1; O);
3){0; 1); 4) a){0; +00); 6) R; B) (0; +00); 1) new; 1) (4; +00); e){(0; 4); x) (4; 0),
3) Her; 6) a) (3; +00); 6) R; 8) ner; v) (3; +00); 1} (3; 4); e) (4; +90); x) (4; 0),
3) mer; 8) a) (0; +00); 6) R, &) Her; 1) (0; +00); n) (0; 8); e} (8; +00); x) (8; O}
3) uer; 10} a) (—oo; 1% 6) R, B) (—o0; 1); 1) mer; n) (0; 1) e} (—o0; 0)

L
"

) {0; O); 3) (0; O} 12) a) (=1; +00); 6} R; B) ner; 1} {-1; 40} A} (-1; _%);
o (-2 +oo) %) (~5: 0) 3 (0 -0
2,168, 1) 1;3)0:5)1;7) 2.

2.169. 2); 4).
2.171. 2) 2; 4} @; 6) 2.

2472, 1) 216:3) 2 5) K 7) —35
2.173. 2) 2% 4 %; 6)0.

2.174. 1) £1; 3) 18; 5) 1; 7) +/e.
2.175. 2) £2; 4) £1; 6} ~3; 7) 8) 4.
2.176. 1) 169; 3) 8.

2177. 2 11; 1) 0.
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2.178.
2.179.
2.180.
2.181.
2.182.
2.183.
2.184.
2.185.
2.186.
2.187.
2.188.
2.189.
2.190.
2.191.
2.192.

2,193.
2.194.

2.195.

2.196.
2.197.

2.198.

2.199.

2.200.
2.201.
2.202.

2.203.

2.204.

1)9; 3) 2;:5)2; 3.

2)2; 4) 0,25; 6) 2; 5.

1)2: 3)3:5)8

2) @; 4) 4; 6) 5.

1) V5; 3)8; 5) 3.

1) -100; 3) -0,5.

2) [0,25; 4]; 4) [-4.6; -2].

2) 10; 4) 0,25; 16; 6) 0,1; 1000; 8) 3; 9.
1) 495; 4; 3) 0,25; 16; 5) 6.
2)2;,4)@;6)2; 8)3.
1)4;3)1;5)2,7) 2.

2) 4; 4) £5; 6) -17; 19; 8) 100; 10) 100.
2) 0; 4) =1; 6) 0; 8) +4: 10) 1.

1) 15 logz2,5; 3) -3; 1g23000; 5) 2; logs 7517120,
2) logs18; 4) -Ig5; 6) logg0,6.

1) 10; 100; 3) 5; 25; 5) 0,1; 100; 7) @; 3.
2) logy; 11; 4) logs10; 6) log; 4175.
6

1) m+2nk, k=-4,-5-6, ... ;

3) —-’-‘-+2rm. neN; 5) arcetg2 + 2nk, ke Z; %+2ﬂ:n. neN.

2) 19"

2]x—a -1,a>0,a%

4)x=4"+1,aeR.

1)-0,25<a<0;

3)0<a< 30,25.

1) (100; 10y, (0,01; 0,1);

3)(4; 1)

2)(0; 9); 4) (1; 8); 6) [0,81; +00); 9) (—o0; 1],
;L 4. 7). ;

2) (§: +oo): 4) (1:3:6) (%: 7 8) (~o0; 3.5)

1) (=00; 2] U [4; +00); 3) [-2; ~1) U (3; 4]; 5) (~4: =3) U (0; 1);

7) (-1; 0) U (2; 3).

2) (~00; ~9) U (2; +o0); 4) (4 +3; 6).

1)106: 0 3) (1: 2 5) (52: 9]
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2nn, ne{-3, -2, -1, 0} U N;

2.205.
2.206.
2.207.

2.208.
2.209.
2.210.
2211,

2.212,

2.213.

2.214.

2.215.
2.216.

2.217.
2.218.

2.219.
2.220.

2.221.

2.222.
2.223.

2.224.

2.225.

9) (2,25: 3); 4) (1; 1%); 6) (=1; —0,5): 8) (~00; =3).

1)[0,1; 1); 3) (=10; -1). |
B L A T WP '

2) (=1 ) ) (-22: ~1); 6) (0: 6 8) (-6: 21 U [4; +o0).

1) (3: +00): 3) (12: 15].

2)(=2; 1); 4) (1,5, 2) U (4 5).

1) (-2; 8); 3)(2; 7]; 5) (3; +c0).

2) (3 3,5] U [5; +00); 4) [~20; 4,96],

D (27 3 (5 27) » (o (LO))U(EH 00}, 7) (~10; ~0,001).

2) (—00: 3%) U (4—5'9—; 4); 4) (0; 3).
1) (0; -‘/35] U o: +o0): 3) (V3: 9)

2) (0,5; 2) U [7; +00); 4) (—4; —3) U (2; +20); 6) (1; 5) U (9; 10).

1) (6; 7); 3) (0; 2); 5) (0; 3).

2) (—li %) 4) [3; +00); 6) (—00; —1,5] U [0; 1) U (3; +o0); 8) (=8; ~1).
1) (=00; 2) U (5; +00); 3) (4; 5) U (6; +o0).

. S T U T —
2) (—o0; 2] U [3; +o0); 4) [—3.—23)u(0. 3]. 6) (—o0; 0]; 8) (=00; 1),
1) (15.2) U (25 7); 3)(0; 1) U (1 +00); 5) (~o0; ~JT0] U [I0; 4)

2) (-3 4} 4) (-2 -1) U (-1; 61 6) (0 __J'_?Q*'}
1) [16; +00); 3) [-2; +00).

. 8\ 18, ] : s e G <N Eosde T
2) (-‘ -5)U( 5 7] 4) (0; 3) U (3; +o0); 6) (-8; —4) U (-4; 1]
1) @; 3) @; 5) (~00; ~4] U (2; 3] U[4; +00); 7) (2; +0).

2)( 2% | gk 2“+4uk) keZ: 4)( + nk;

5 m-t-nk) kelZ

6)( + 2nk; e+ 2nk), ke Z
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