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CIIUCOK HEKOTOPBIX OBO3HAUEHNH U COKPAIIIEHUI

. a€A — dDIEMEHT MPUHAIJICKUT 9. 00 — OECKOHEYHOCTb.
MHOXECTBY A . 10. A= B —u3 4 cnenyer B.
.a¢ A — aHe npuHANICKUT A. 11. A< B — A >KBUBAJEHTHO B,
AcB — A — IOIMHOXECTBO A paBHOCHWIIBHO B.

MHOXeCTBa B, A COHEpXKUTCA B

n

12. =a,+a,+...+a,.

B, Bconepxut A. Zlaj a, +a, a,
j:

& — mycToe MHOXECTBO. )
. AUB — obbenuHenue 13.Ha/_:al.a2._“.an_
MHOKECTB. j=1
. A\ B — nepeceucHne ' 1Y
MHOYKECTB. 14. e= ,{l_’fjo(l + ;j =
= EKZaHfOEgEg;B?i;;ff;myﬂ _2,718281828 .. —  ocmosamme
SMEMeHT  a, NpHHAIIEKAIMi HaTypaJbHBIX JIOrapu(pMOB.
15. O3 — o0nacte AOMYCTUMBIX

MHOXeCTBY A". .
3HAYEHUI BBIPAXKEHUSI.

. V' — XKBaHTOp BCEOOIHOCTH,
Yae A4 — YUTACTCS "o
Ka)KJI0TO SJIEMEHTA a,

MIPUHAJIEKAIIEr0 MHOXKECTBY A4 ".

YUCJIOBBIE MHOXKECTBA:
N — MHOXECTBO HaTYypAJIbHBIX uncen N :{ L2 ..,n .. };

/ — MHOXXECTBO LIENbIX uucen 7 ={ 0, £1, £2, ..., £n, ... };

(O — MHOXXECTBO pallMOHAJIbHBIX YKCeN (BUAa £, P, qe”Z, q#0);
q
I — MHOX€CTBO UPPALMOHAIBHBIX YHACET iﬁ, J_ri/g, ep, ....
R — MHOXECTBO JI€CTBUTENbHBIX (BEILIECTBEHHBIX) YUCEN, R=0U] .
YucnaoBble MPOMEKYTKU:

UHTEpBaI: ¢ <x<b, xe€ (a, b);
OTpPE30K (CerMeHT): a <x<b, x¢€ [a,p]:

a<x<bh, xe(a,b];
MOIYHHTEPBAI (IIOMYCETMEHT): |/ . _p . [a b,
- b 9 b

a < x <o, xela,0) (x>a)
YL |- < x < b, xe(—oo,b] xsb).



1.LAPUPMETHUKA U AJITEBPA

1.1. leiicTBUTE/IbHBIE, PALITHOHAJIbHbIE 1 HPPALIMOHAJIbHBIE YHCJIA

ONPEJAEJIEHME. Yucna 1, 2, 3,... Ha3bIBalOTCSI HATYPAJIbHBIMHU U 0003HAYAIOTCS
N={n}={1,2,3,.}.

ONMPEAEJEHHUE. Yucna Z =1{0,1,-1,2,-2,...,%n,..}, neN obpasyior
MHOKECTBO HeJIbIX YHCEIL.

HarypanbHoe uyucio, Oosblliee €AUHUIIBI, HA3bIBAETCS HPOCHbIM, €CIM OHO HE
UMeeT JIPYTUxX JeauTeneil, Kpome eAuHuIbl U camoro cebs. Hampuwmep, 2, 3,5, 7, 11 —
pocThie uncia. HatypaibHOE YHUCIIO HA3BIBAETCA COCMABHbLIM, €CITU OHO UMEET XOTS
OBl OIMH JIeTTUTENh, OTIIMYHBIA OT €IUHUIILI U caMoro ceds. Hanpumep, uucna 4, 12,
28 — cocraBHble. HarypanbHO€ YHCIO Ha3bIBACTCS YeMmHbIM, €CIM OHO JCIUTCA
(HaIIe10) Ha YUCJIIO 2, U HeyemHbiM, €CIIU OHO HE JISTTUTCS Ha 2.

OHNPEAEJIEHHUE. UYwucna Buaa %, rJe meZ,ne N, Ha3bIBalOTCI

m km
palMOHAJIBHBIMH APo0siMu. [podu PR k €Z onpenenstoT OJHO U TO XKe

YHUCJIO.
MHoxecTBO  IEeAbIX  YHMCEJI  SBJISIETCS  IIOJAMHOXKECTBOM  MHOJKECTBa
palMOHAIBHBIX uncen (n=1).

OHNPEAEJIEHHUE. Ecmu |m |<n, TO palMOHaJIbHAas JIpoOb  Ha3bIBACTCS
NPaBHJIBLHOI, €CIU |m|>n — HenpaBUIBLHOIA.

PanmonanbpHbie IpoOW MPEICTaBISIOTCA B BHUJAC KOHEYHOM WM OECKOHEYHOU
NEPUOANYECKON JECATUYHON IpoOU MyTeM JeJICHUs YUCIUTENS Ha 3HAMEHATETh.
OITPEAEJEHMUE. CoBOKYNMHOCTh LENBIX W APOOHBIX YHCeN (MOJOKUTEIbHBIX U
OTPULIATEIBHBIX), @ TAKXKE YUCIO HYJb COCTABISIOT MHOKECTBO PAIMOHAJIbHBIX

m V)
yucea Q: 0= {0, tn, i;} , KOTOpBIE MOTYT OBITh IPEJICTABIIECHBI B BUJI€ KOHEYHOU WIIN

OECKOHEYHON EPUOANYECKOM TeCATUIHOMN ApoOH.
OITPEAEJIEHHUE. Yucna, Beipakaromuecs: 06CKOHEYHON HENEPUOANIECKOM
JNECATUYHOU JPOOBI0, COCTABISIOT MHOXKECTBO HPPAUMOHAIbHBIX YuceJ /.
(Hammpuwmep, 2, 33, =, e.)
OITPEJAEJIEHUME. Yucna paiimoHaIbHbIE U UPPALTUOHAIIBHBIE COCTABIISIIOT
MHOKECTBO 1eHCTBUTEIbHBIX YHCEJI.

Mexny MHOXKECTBOM JACHCTBUTENBHBIX YUCEI U MHOXKECTBOM TOYEK  YHUCIOBOU
IIPSIMOM CYIIECTBYET B3aMMHO-OTHO3HAYHOE COOTBETCTBUE.

1.2.YucoBble HEPABEHCTBA U UX CBOCTBA

[Ipu cpaBHEHUM IBYX ACHUCTBUTEIBHBIX YUCET ¢ U b BO3MOXKHBI TPH CITyJasi:
1) a paBHo b (a=b),ecit a-b=0;2) a 6ompmie b (a>b),ecmu a—b>0;
3) a mMenbIie b (a<b), ecan a—b<0. O0beauHss ciydaun 1) u 2), moxyvyaem
HepaBeHCTBO 4) a He MeHbIe b (a 2 b); cnydaun 1) u 3) — HEpaBEeHCTBO 5) a He



oonbiie b (a <b). HepaBenctra 2) u 3) Ha3bIBAIOTCS cmpocumit, 4) u 5) —
HeCmpocumu.

PaccmotpuM CBOMCTBa YMCIOBBIX HEPABEHCTB. JlOKa3aTenbCcTBa ATUX CBOKWCTB
OMUPAIOTCS Ha CJICIYIONINE YTBEPKICHHUS:
1) cymMma TOJOXHUTENbHBIX  YUCEN  MOJIOKHUTENIbHA, 2)  MpPOU3BEIACHHE
MOJIOKUTENIbHBIX ~ YHMCENl  MOJIOXKHUTENbHO, 3)  YHCIO, IPOTHUBOIOJIONKHOE
MOJIOKUTENIbHOMY, OoTpulatesnbHo. (HamoMHUM, 4TO TPOTHMBOIONOXKHBIM YHUCTY a
HA3bIBAETCSl TAKOE YUCIIO (—a ), UTO a+(-a)=0).
1. Eciu a>b, mo b<a.
2. Ecnt a>b ¥ b>c, TO a>c (CBOMCTBO TPAH3UTHUBHOCTH).
3. Ecnu a>b, mo a+c>b+c, 20e ¢ — n0b0e OeticmeumenbHoe YUco.

CaenactBue. Jlioboe ciazaemoe MOMCHO NEPEeHOCUMb U3 OOHOU 4acmu
Hepasencmea 6 Opy2yro ¢ NPOMUBONONOHNCHLIM 3HAKOM.

4. Eciu a>b u c>0, MO ac>bc.

5.Ecnu a>b U ¢<0, MO ac<bc.

6. Eciu a>b U c>d, Mo a+c>b+d.

CaencrBue. HepaBeHcTBa 0IMHAKOBOI'O CMBICIIA MOYKHO MOYJIEHHO CKJIAJbIBATh.

7.Ecnu a>b U c<d, MO a—c>b—-d.

CaencrBue. HepaBeHcTBa MPOTHUBOIOJIOKHOTO CMBICIA MOKHO MOYJICHHO BHIYUTATD,
OCTaBJISASl 3HAK YMEHBIIIAEMOTO.

8. Eciu a>b>0 u c>d>0, MO ac>bd .

9. Eciu a>b>0, mo 1.1,

a b
10. Ecav a>b>0 u neN, mo a" >b".
11. Eciu a>b>0 u neN, mo Ya>4b.
12. Ecnu a>b, mo a**' >p** neN.
13. Eciu a>b u neN, mo >Ya>2p.
Cpeonum apugpmemuueckum n JIEUCTBUTEIIBHBIX YUCEN a,d,,...,a, Ha3bIBACTCS
ay+ap+..+a,

YHCII0, PABHOE
n

CpeOHuM ceomempuiecCKum n JICUCTBUTEIILHBIX YHCEN a, ap,...,a, HaA3bIBACTCIA

YUCJI0, PABHOC {a;-a;-...-a, .

1.3.Ipoon

% =a:b — 0OBIKHOBEHHAN APOOH (a.bcZ, b#0).

24107 — qecaTHYHas Ipo0k (ne N ).
10"
0,01 =1 % — npoueHr.

A% =4 +% — CMeIIanHast 1poob (4,a,beN).

10



OcHOBHBIE CBOMCTBA

1. 222 (¢=0). 2. 45 ecnu ad=bc.
b bc b d
3, 4.0 _axc 4, 24.c_9
b b b b d bd
5 a.¢c_ad 6. Lomem Lo
b d be b b b
7. ﬁ:m:i (m;tO) &. m:gzm—b.
b bm b a
a}’l

10. \/;_W (ab>0).

1.4. Ilponopuun

\O
T/
N

=
I
=
X

SN

YactHoEe oOT ACICHUSA OAHOro 4ucCiia Ha APYTro€ HA3BIBACTCA TAKXKC HX

omuoutenuem. PaBEHCTBO JIByX OTHOIICHHI %:% (bd =0) HA3BIBACTCS nponopyuel,

a,d — KpatiHue 4ieHbl TMPONOPLUUU, b,c — cpeonue unenvl. [Ipu 3TOM ad =bc, YTO
HOPOXKJIAET YEThIPE PABHOCHIIBHBIX (IIPHU abed #0 ) MPONOPLIUU:

o
Q| >

| >

SRS
S

1.5. ITpoueHTHI

OITPEJAEJIEHMUE. IIpoueHTOM Ha3bIBAE€TCS COTAsl YaCTh BEJIMYMHBI.
HNPUMEP. Haiinure uncno, kotopoe coctapisieT 115% ot 2860.

Hckomoe gnciio 2860-115 =3289.
100
HPUMEP. Haiinure uucno, eciu 12,5% ot Hero pasusl 3000.
Hckomoe unciio M =24000.

2

IMPUMEP. Haiinure BbIpaXXKE€HHE OJHOTO YKCIIA B MPOLIEHTAaX OT APYTrOro, a UMEHHO,

Ha CKOJIBKO MPOILIEHTOB yBEIMYMIOCh yucio 120, craB paBHbIM 230.

A=230-120=110, A-100% :E-IOO% =91,66%
120 120

1.6. Ctenenn u KOpHHU
OIIPEAEJIEHUE. Crenenbto o" uncia a« (aeR neN) C HaTypaJbHbIM

MoKa3arejeM » Ha3bIBAECTCS MPOU3BEICHUE n MHOXUTEICH, KAXKIbIA U3 KOTOPBIX
paBE€H a, a"=g-a-a-...-a; YACIO « HA3BIBAETCA OCHOBAHUEM CTEIIEHU, YHUCIO n —
_—

n

NIOKAa3aTeJIeM CTETICHHU.
N3 sToro onpeneneHus CIeayT OCHOBHBIE CBOMCTBA CTENICHH:

11



1) am-a" =am""; 2) (amT =a™".

OHPEIEJEHMUE. ITycth acRr, pez. Cmenenv o’ ¢ ueavim nokazamenem p

OIIpPCACIIACTCA CIACAYIOINMU COOTHOIICHUAMM !
1)a"=a-a-a-....a, €I p=m, me N,

m

2) afm:Lm,eC.]'H/I a0 U p=-m, meN
a

3)d°=1,ecmm a0,
4)TIpU =0 U p=0 WIH p<0 CTETCHb ¢’ C LEJBIM IIOKA3aTeIIeM p He
onpedenena.

PaccMoTprM  OCHOBHBIE CBOWCTBA CTENEHW C HEJBIM  I[OKa3aTeJeM.
Ilyctb aeR, beR, a#0, b#0, neZ, mez. lTorma:

D) aa" =™, 2) L—am.
3) (amy’:am‘n‘ 4) (ab) =a"" .
a " an a —-n b n
(5] -4 o3 -2
7)a>0 =a">0. 8)a<0:{ n=2k=a" >0,
n=2k+1=a" <0.

9)ECJII/I a>1, TO n>m< a" >a™.

10) Ecimu 0<a<1, TO n>m< a" <a™.
11)Ecnu a>0, a#1,TO n=m < a"=a".
n>0sa" >b",

12) O<a<b.n=0sa" =b",
n<0<a’ <b".

OINPEAEJIEHME. Yucnio » Ha3pIBacTCs KOPHEM 7 -i CTENEeHH U3 YUCIaA a
(o0o3HavaeTcst b="%a ), ecnu »" = a . Takoke ynorpeOnsercs Ha3BaHUe  padukai (OT
JaTUHCKOTO radiX - KOPEHb).

Crnydan 94eTHBIX M HEUCTHBIX 7 HY)KHO pacCMaTpUBATh OTACIBHO.

1) n=2k, keN.Ecmu b=4a, 10 b* =0 = (bzy’ >0, IOITOMY KOpHU yemHol cmenenu Xa
Cywecmsyrom moavko 0ist a>0.
OIIPEJEJEHUE. ApudgmernuyeckuM KOpHeM 77 -ii CTENeHH U3

HEOTPHUIATEIHHOIO YHCIA ¢ HA3bIBAETCS HEOTPHUIIATEILHOE YKCIO b (0003HAUaEMOE
b="%a), TaKkOE, YTO b" =a.

I(opHu YEeMmHOIl CMENneHU 6Ce20a NOHUMAIOMCA KAK apu¢memuuec:<ue.’

OcHOBHBIE CBOMCTBA apu(PMETHICCKUX KOPHEH.
Ilyctb a>0, b>0, n>1, m>1, k>1 (n,mkeN ). Torga:

1) %_%:nklanﬂc‘ 2) nW:%‘
3) Yab =4a -4b 4) {2 a4

12




5) #fa :Ma ="at" . 6) Wa ) =4la* .
7) e ="4fa .

2) n=2k+1, ke N. B 3TOM cllydyae UMEIOT CMBICI ¥ OTPULIATEIIbHBIE TOJJKOPEHHbIE

3HAaYEeHUsI, HarpuMep /-8 = -2 . OJJHaKO MHOTHE U3 CBOMCTB apu(METHIECKUX KOPHEH
1)—7) nns KopHEH U3 OTPULATEIbHBIX BEIUYUH

TPEOYIOT COOTBETCTBYIOIIETO BUIOM3MEHEHHUS, CKa)K€M, CBOMCTBO 2) TMPH a<0 U
HEYETHBIX n M k COXPAHSICT CBOW BWJ, a IPH a<0 W YETHBIX n U k JOJDKHO OBITH

3amucaHo Kak "ot =1fla] , THE |a| — abcomMIOTHAs BenMuMHA YKCna o« . CBOHCTBO 6) mpH

k 4ETHOM M3MEHseTcs Ha Ya* = (q/H)k, B YACTHOCTH, va® =|d|, 4TO IIPU a <0 HE PABHO a.

1.7. Moayab (abcoTr0THASI BEJIMYNHA)

OIIPEJAEJIEHME. AGcontoTHas BeTUYMHA, UM MOAYJb YUCTIa, ONPEISseTCs Kak

a, a=>0
|a|={ , YaeR.
—a,a<0

Monynb 00nafaeT clieIyomuMI CBONCTBAMMU:

D) la20;  2)ldza;  3) ld=|-d; 4)Va? =

5) la-b|=|a|-|p|; 6) %=%,b¢o; 7) |a|2=a2=‘a2;

8) e+t <la/+jpl;  9) [a-t<la+;  10) fa+b=[a-]p[;

11) o=tz |a|-[p|; 12) <4 ¥ p|<B = |a+bj<4+B, |a-b|<4-B. UTaK,

||| =[p]| <|a = 8] <|a] +[3].

a—b,ecmma—-b>0,T.e.a>b
a-1)-

b—a,ecima—-b<0,1.e.a<bh
\[(a—b)z =|a—b|=\/(b—a)2 :|b—a|

BbIsicHUM T€OMETpUYECKUA CMBICT MOAYJISI A€HCTBUTEIBHOTO YUCTIA.

T T T

de x, x=20, 0 X X

[ 0
—x, x<0.

»
>

Ecin uncay x COOTBETCTBYET TOYKA X Ha YUCIIOBOM OCH, TO |x| — PACCTOSHUE OT

3TOM TOYKH JI0 Hayajla KOOPAUHAT, |x - xo| — PACCTOSIHAE MEXy TOYKaMH X U x, Ha
YUCIIOBOH OCH.
Packpoem HepaBeHCTBa, cojiepKalllie HEU3BECTHOE MO/ 3HAKOM  MOYJIS.

1) |x|£a =xel-a,a]. 2) |x|2a = xe(-w,—a]U[a,+x).
3) |x|<a =xe(-a,a). 4) |x|>a = xe(-w,—a)U(a,»).
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1.8. ®opmyJibl COKPALIEHHOT0 YMHOKEHHS

1. (a+bf =(a+bYa+b)=a*+2ab+b>.
2.. (a—b) :(a—b)(a—b):az—2ab—i—b2
3. az—bzz(a+b)(a—b)
4. a®> +b* =(a£bf F2ab
3. (a+b)3:(a+b)(a+b)2:a3+3a2b+3ab2+b3.
6. (a—b)3=(a—b)(a—b)2=a3—3a2b+3ab2—b3.
7. a3+b3=(a+b)(a —ab+b2).
8. a*-p’= a—b)(a2+ab+b2).
9. (a+b)4 a* +4a°b+6a’b? +4ab’ + b* .
1.9. UppaunoHajibHble BbIPAXKEHUS
1) (a +4bf =a+2vab +5. 2) (Va-bf =a-2vab +5.
3) (\/;—\/ZX\/;+\/Z)=a—b. 4) (a—b\/ZXa-kb\/;):aZ—bzc
o a+ﬁ Va2 - avb
5) atbyc = ‘/ —\/ 2 . )\/—
a _0141)"77l all /b a _a(\/g$\/z)
7) W b 8) 1+f -5 9)\/Zi\/z_ b-c

10)__¢ :aV(bz-;Xbiﬁ).n)(%i%Iv?¢%+%/b7j:aib.
N b”—c

a(l$%+%/b_2)

1J_r%: 1£5

(%/b_zﬁ/ﬁﬁ/c_z)
\/Z+\/_ btc '

o ,.» 1
5-47 7445 7445
[IpeobpaszyeM Kaxaoe cliaraeMoe OTASIBHO.

) O 9.(5+4/7) (5+J_) 9. (5+\/7):5+\/7.

5-47 [5- J_) (5+J_) 25-7 18 2
2) 2 _ 22.(7-45) =22-(7—\/3)222-(7—\/§)=7—\/§

7+J_ (7+45)-(7-45) 49-5 44 2

12) 13)

INPUMEP. [loxaxxure TOXIACCTBO:

3) V745 \/7 \/5_\/7 V5
\/7+\/_ V7 +5)-W7=5) 2
OKOHYATEIBHO: > +2‘/_ +J _2‘/_ - \/‘;\/g - % -6.
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1.10. CpaBHeHue yucesa

JIBa TOJIOKWTENIBHBIX YHUCJIA PaBHbI, €CIIM PaBHbI KBAAPATHl 3TUX YHUCEI; JIBa
YKCJIa PaBHBI, €CJIA PaBHBI KyObl 3TUX YHCEIL.

IMMPUMEP. CpaBHHTE YHCIIA a = # U b=—3.

3anuiieM COOTHOIICHHE MCKAY a U b B BUIAC avb, TAC CHUMBOJ v O3HaA4YacT

HEU3BECTHOC COOTHOIICHUE MEXAY a« H b: >, < WM =. [IpOTHBONOIOXKHOE
COOTHOIIICHHE Oy/ieM 0003HaYaTh CHMBOJIOM A .
Urak, _1;‘6 v—/3. YMHO)XKHM 3TO COOTHOIICHHWE Ha (-1), 3HaK COOTHOIICHUS
L1445
U3MEHHTCS Ha TIPOTUBOMOMOKHBIN: —= A3 HITH 1++4/5 A24/3.
Bo3Benem 00¢ yacTi HEpaBEHCTBA B KBaJIpar:
145+24J5 812, 245 A6, J5A3.

Eme pa3 Bo3BeaeM B kBajpar: 5,9. Ho 5<9, caegoBaTreabHO, A O3HA4YaeT < , a
v - IPOTUBOIOJIOKHBIHN 3HAK >, T.€. a>b .

1.11. ToxaecTBeHHBbIE IPe00pPa30BaAHNSA AJIredpandecKuX BbIPAaKeHHI
IMPUMEP. Pa3ioXuTh Ha MHOKHUTEIH: 6x°y +3x%y? —3xp° =
= 3xy(2x2 +xy— yz): 3xy(ﬁ+ xy — yz): 3xy(ﬁ+ﬁ+ Xy — yz): = 3xy((x2 + xy)+ (x2 - y2 »:
= 3xy(x+y)(2x—y) .
Yvad 144 +3a+3 (2 112 3)
IMPUMEP. Ynpocturp: ¢ £¢ *2¢ *2a+5 1@ vatja +5)_

a’ -1 (a2+a+1Xa—l)_

_a2+3

a-1

, TaK KaK a4+a3+4a2+3a+3:a2(a2+a+1)+3(a2+a+1): :( Zia+1 a2+3).

3 3 2
IIPUMEP. Vpoctuts Beipaxerne > +b> a > Ya—b y BEYHCTATD OPH a=12; b=-.
2 2 a\/;—b\/g
(a —abﬁ

B nporiecce ToxAECTBEHHBIX alredOpandyeckux npeoopa3oBaHuit

BOCIIOJIb3YEMCsI IPAaBUJIAMU JICHCTBUSA CO CTETICHIMHU U (POPMYJIaMH COKPAIIIEHHOTO
YMHOKEHUS, HAIIPUMED,

a2 =Y =Waf,  Wa-vb)\a+vb)-a-b,
a2 +b2 =(a + (b =(Va + Vb a—ab +b),

TOrAa BBIPAKCHHUC IIPUHUMACT BUL

Wa +oJa—Jab +5). Vas  (aeba—vab+8) Yo a - B o ab )
%/”72‘%/(“4’)2 W'(\G-x/ﬁXML ab+b) %/;.%/(a_b)2 Ya—-b

:<a—\/E+b a+ ab+b):(a+b)2—<\/z)z:a2+ab+b2.
Ipu a=1,2; =06
a®+ab+b* =122 +12-0,6+0,6° =1,44+072+0,36=2,52 .
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1.12. BpiaesieHue NMOJHOT0 KBAJPaTa B KBAJAPATHOM TpeX4uJieHe

BLIpa}KeHI/IG ax 2 +bx+c (a#0) Ha3bIBACTCs KBaJIpaTHbBIM TPCXYICHOM

OTHOCHUTCIIBHO nepeMeHHoﬁ X. KOpHeM KBaJApPaTHOIoO TPCXUWICHA HA3bBIBAIOT TAKOC
3HA4YCHUC HGpGMCHHOﬁ X, IIpU KOTOPOM €r0 3HAa4YCHHUEC PAaBHO HYIIIO. Takum 06pa30M,

KOPHHM KBAJPAaTHOTO TPEXUWICHA - 3TO KOPHH KBAIPATHOTO yPaBHEHUs ax” +bx +c¢=0.

Bolfenenre mojsHOro KBaJpara B KBAAPAaTHOM TPEXUJIEHE MO3BOJSET Pa3IOKUTh
€ro Ha JIMHEWHbIE MHOKHUTENHU (MPU HEOTPHUIATEILHOM JTUCKPUMHUHAHTE), YTO B CBOIO
oyepelb JaeT 3HAUCHUs KOPHEW KBAJpaTHOTO  YpPaBHEHHS.

Hanpumep:
1) x?+2x-8=x? +2x+1-1-8=(x+1) =9 =(x—2)(x +4)

2) x? +13x +40 = x* +2-x-%+(ﬁ)2_(ﬁ)2+4O:<x+%)2+160;169 _

2 2
(e P - = (e 224 2 e 2 - 2)= (e 8)x+5)
3)—3x2+11x+20=—3(x2—% —2—30)=—3((x2 2 161“%)_%_2_3?):

o L e [ e O e

:—3(x—3—60 x+%):—3(x—5)(x+%) = x; =5 Xzz_%.
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1.13. IIporpeccun

Apudmernueckas
Apudmernyeckas nporpeccus {a, } —
YHUCIIOBas MOCJIEN0BATEIbHOCTD

a,a,...,a,,..., neN, TaKad, 4YTO

vn>1l, a,=a,;+d

(d — pa3HOCTBD).

< Apyl :aﬂ+d'

_ Ayt au4
" 2
. a, :a1+(n—l)-d.

. an:ak+d-(n—k), 1<k<n-1.

(n>1).

a

a,_r +a
a, =tk Tnvk y<p<p-1,

. ayta, =agta,,
€CIIN n+m=k+p.
7. a=a,—d-(n-1).

8. d=n"9 (451),

n—

0. n:%+l.

10. S,=aq1+ay+...+a, .
11. 5, =47 % ,

2
12, 5, < 2atd--1)
13. Sn—Sk,lzak +apt...ta, =

:%(n—k+l), l<k<n

(n,k,m,peN).

['eomeTpuueckas
['eomeTpuueckas nporpeccust {b,} —
YHUCIJIOBAS NIOCJIEIOBATEIBHOCTD
b,by,....b,,...., neN, TaKasg, 4TO b #0 U
vn>1, b,=b, 1-q

(¢ — 3HAMEHATEIb).

1. b,41=b,q.

2. b2=b, by, (n>1).

3. b,=b-¢"".

4. b, =b,-q"*, 1<k<n-1.
5. b,=b,s-q~, 1<k<n-1.
6. by =by-q" .

7. b =b, , byims 1<m<n—1.
8. by by =b;b,,

€CIIU n+m=k+p.
9. 8,=b+by+...+b,.

n

—q
by - , #1,
10 S, = 1 l1-g q
b -n, qg=1.
1.5 =bod=b .y,

n l 2

q-

12. S=tim s, =2,

n—»0 —-q

CCIIH 0<|q|<1
(n,k,m,peN).
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2.OYHKIINU, NX CBOMCTBA U TPAOUKU
2.1. OcHOBHBIE IOHATHSA

OIIPEJAEJIEHUE. [lepemeHHas BenuunMHa y Ha3bIBAeTCS (PYHKUMEH IIEPEMEHHOU
BEJIMYMHBl X, €CIM KaXJOMYy YHCICHHOMY 3HAaUYE€HHIO x M3 MHOXKECTBA X
COOTBETCTBYET €IMHCTBEHHOE ONPEIEIICHHOE 3HAUYEHUE y W3 MHOXKECTBA Y : y = f(x),
xeX, yey. llepemeHHas BeIMYMHA x HA3BIBACTCS HE3aBUCUMOM NEPEMEHHOM WU
aprymMeHTOM. MHOXECTBO X Ha3bIBaeTCs 00JaCThbI0 omnpeaejaeHusi (QyHKIUU
(OOD) wu 061acTHIO AONMYCTUMBIX 3HAYeHuid aprymenta (O/13). MHuoxecTBo Y
U3MeHEeHUs (PYyHKIIMHU Ha3bIBaeTCs 00J1acThI0 3HaYeHuil GyHkiuu (O3MD).

OINNPEJAEJIEHUE. I'paduxom GyHKUUU y=f(x) HA3BIBAETCS MHOXKECTBO TOYEK
IJIOCKOCTU  xOy, KOOPJHMHAThl KOTOPBIX CBSI3aHbl COOTHOLIEHUEM y=f(x). Hyuam
(GYHKOMH y=f(x) — TOYKHA xe X, TPU KOTOPHIX (YHKIMs oOpamiaercss B HOJb, T.C.
KOPHU yPaBHEHHUS f(x)=0.

OIIPEAEJIEHUE. ®yHkius f(x) ¢ 00JacThlO OMNpeeSeHUsS X Ha3bIBaCTCs
YeTHOIM, CITH JIJIs1 TI000T0 x e X BBINMOJHACTCS PABEHCTBO f(x)= f(-x).

N3 ompeneneHuss dyetHo (yHKIUMU CIEOyeT, 4TO €€ Tpaduk CUMMETPUUYCH
OTHOCUTEJIBHO OCU OpJIMHAT.
Hampumep, GyHKIMU y=x*, y=|x| ABIAIOTCA YETHBIMH, UX IPaQUKH UMEIOT BUJ:
YA yA
y=x y=|x|

-x, 0 X

X

=Y
(e

OINPEAEJEHUE. ®Oynkuus f(x) ¢ oOIacTbi0 ONpENeieHUs X Ha3bIBACTCs
HEYEeTHOM, eCIM Ul J00Or0 xeX BBIIONHSETCS paBeHCTBO f(x)=—f(—x).

['padmk HedeTHOH (PYHKIIMH CUMMETPHUYEH OTHOCUTEIHHO Havyajla KOOPAUHAT.
Hanpumep, GyHKIUN y=x* U y=2x SBIAIOTCS HEUETHBIMU, UX TPAQUKH UMEIOT
BUJL:
vh

CDYHKHI/ISI, B KOTOpOﬁ MNEPEMCHHBIC x HW y IIOMCHAIIMCb CBOMMHU POJISIMU,

Ha3bIBAa€TCSI OOPaTHOM IO OTHOIICHHIO K TNEpBOHa4YaibHOU (yHkuuu. B cBOMO
ouepe/lb epBOHauYanbHast QyHKIMS SBIISETCS 0OpAaTHOM K MOJYyYEHHOM.

15



CBoO#CTBO rpaMKOB B3aUMHO OOPATHBIX (DYHKIMNA: OJMH MOIYYaETCs U3 IPYroro
3epKAJIbHBIM  OTPAKEHHEM OTHOCUTEIBHO OHMCCEKTPHUCHI IIEPBOIO M  TPETHErO
KOOPAWHATHBIX  YTJIOB, T.€. INHUM y=x.

MHoxecTBO 3HaueHWil oOpaTHOW (yHKIMM y=/"'(x) coBmagaer ¢ 0ONACTHIO
onpeneneHuss QyHKIUU y = f(x), a 00JIacTh OINpeeICHuUs oOpatHOW (DyHKIIUU
y=f"!(x) coBmagaer co MHO>KECTBOM 3HAUCHUN  (PYHKIHMH y = f(x).

2.2. J/Inneiinasg pyHKUMSA
OIIPEJAEJIEHUE. ®Oynkuus BUga y=kc+b, TAE k U b — HEKOTOPBIE YMCIA,
HAa3bIBACTCS JIMHEHHON PYyHKIUEH.
1. O6nacthb onpeaeneHus — x e (- o, + ).

2. MHOX€ECTBO 3HAYECHUM: IIPH £k #0 y € (— oo, + w0 ), IPA k=0 y=Db.

3. YetHOCTh, HEUETHOCTH. [IpH £ =0 QyHKIMS YeTHAS, IPU b=0 HYHKIHS
HEYeTHas.

4. llepuoanunocts. [lpu k=0 QyHKIMS nepuoguUeckas ¢ JII0ObIM
MOJIOKHUTENbHBIM TieprooM. [Ipu k=0 dQyHKIMS HeepuoandecKasl.

5. Touku nepeceyenus ¢ OCAMU: (—%Oju (0,b).

6. [IpomexxyTku 3HaKONOCTOAHCTBA. [Ipu k=0 QyHKIMS COXpaHSET 3HAK

b
K0dpdumeHTa »; GyHKINS MOTOXKUTEIbHA IPH k>0, €CIIN x > — ! IIPYU k<0, €CIIN

x<——.

7. IIpoMeXyTKM MOHOTOHHOCTH M AKCTpeMyMbl. DyHKIMS BO3pACTAET MPU BCEX
X, €Clu k>0, U YObIBAET, €CIH k<0.

8. I'padukoM GyHKIMU y=ke+bh siBASCTCA mpsmas nuHusg. KoapduuueHt r B
YpaBHEHUU TIPSIMON y=kx+h HA3BIBACTCA YIJIOBBIM KOI(P(PUIIMEHTOM MPSIMOM.
Hcnonb3ys, Hampumep, IEOMETPUYECKUM CMBICI MPOU3BOAHOM ) =1tgbh, JIETKO
[I0JIy4yaeM B HallleM cliy4yae y' =k =tgb, T.€. k=1tgh, [A€ o — YTrOJI MEXIY MPSIMOU U
IIOJIOYKUATEIIbHBIM HANPABICHUEM OCH Ox .

BapuanTel rpadukos:

YA Y

y=kx+b

y=b(b>0) y=kx+b (b>0)
. bl a_ .
0 0[N b/BN_ x
y=b(b<0) / ™N
Ciyaait k=0 Ciryait k>0 Cryuaait k<0
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Yroga Mmexkay AByMs NPAMbIMHU
k, =1tg0,, k, =1g0,.

| tgb,-tg0b, | yA
tgp =tg(0,-0, )=————-;
gp=1g(6,-6,) g6 Sigo, .
tgp=Lfahil
1+k -k, ala

YcinoBue nepneHIuKyJISIPHOCTH NPSAMBIX: & -k, = 1.
2.3. KpaapaTuunas pyHKIus

ONPEAEJIEHUE. ®ynkius, 3amaBacMas (QOpMYIOH  y=ax? +bx+c  (a#0),
Ha3bIBAETCS KBAJAPATHYHOIA.
1. ObGnacthb onpeaeneHuss — x e (- o, +«).

2. OGnacTh 3HayeHuil. Beimoaaum npeobpazoBanue

2 2 _
ax2+bx+c=a(x2+éx+£j=a[x2+21x+£j=a (x+£j _b—élac =
a a 2a  a 2a 4a

2 2 2
cafxe | JPidae S 07 D tne D=b?-4ac — AUCKPUMUHAHT.
2a 4a 2a  4a

b D D
Tak kak (x-i——] >0, TONPU a>0 ye|——, +o0|,ANPH a<0 ye|—o0,—— |.
2a 4a 4a

3. IIpu »=0 dbyHKIMS YeTHAS.
4. OyHKIMA HENEPUOIUYECKAS.
5. Touku nepeceyeHns ¢ OCAMHU KOOPIUHAT:

x,,0)\x,,0), THE x;=———, x, ,eciau D >0,
uIs L

_-—b+v65
2a

b
(— 2—,0 , €CIIM D=0; €CJIN D <0, TOYCK [ICPECCUCHUS HET.
a

Touka nepeceyeHus ¢ OCbIO Oy : (0,c¢).

6. Jl1ga HaxoXKIEHUS IPOMEKYTKOB MOHOTOHHOCTHM M JKCTPEMYMOB HaWIEM
IIPOU3BOJIHYIO U KPUTUYECKUE TOUKHU:

yr=(ax2+bx+c)=2ax+b; 2ax+b=0 TIIpH x:_zi'
a

OnpenenuM 3HaKU y' B MPOMEXKYTKAX (— oo,—zi) u (—2i,+oo).
a a

PC3yJ'H::TaTBI HCCIICAOBAHMA NPCACTABUM B T36HI/IHC

=) | | )
—00; —— -— —— 4w
X u 2a 2a 2a

3HaK UIn a>0 — 0 +
3HaYECHUE ' ~ /min
IToBenenue y

3HaK UIu /< 0 + 0 -
3HAYCHHE y' \max

IToBenenue y
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3HaueHus GYHKIMH B TOUYKE SKCTPEMyMa y[— zi) = —42 :
a a

7. I'padukoM (QYHKIUU y=ax’ +bx+c SBISICTCS Mapaboyia ¢ BEPIIMHON B TOYKE

>

(—Zi —42) Ona monyvaercs u3 rpaguka QyHKIUU y=ax’ MyTEM CIBUTA BAOJIb OCH
a a

Ox Ha —zi eauHull (BOpaBoO, €CIIH —2i>0, U BIIEBO,
a a

¥ a0
eciu —Zi<0) Y TOCJIEAYIOLIETO CIBUTa BIOJIb OCHU
a
D D
Oy Ha - EIMHHL (BBEpX, eciu -, >0, 1 BHUS, D=0 D=0 D=0
a a
D
€CIIn —4—<0). [Tapaboyra UMeEeT OCh CUMMETPHH, €HO X X ¥
a E XN=X=X
, oo i/ A=R=x x
SIBJISICTCS TIPSAMAs x = ——.
2a ¥y <0
BapwuanTe! rpadukoB npecTaBiIeHbl Ha PUCYHKAX. o TN memer
: 1=%3 =7
B nyHkte 2 TmoOKazaHO, YTO KBaJpaTUUYHYIO T T % p
(GYHKIHIO y=ax® +bx+c BCETJIa MOXKHO IPUBECTH K
2 =0 D=0 =0
BUAY y=a(x-x))+y, HYTEM BBIJCICHUS ITOJIHOTO

KBaapara. Touka ¢ KOOpAMHATAMH (xp,y,) €CTh
BEpIIMHA MapadOJIbI.

IMPUMEP. I[Toctpotite rpaduk GyHKIHH y = x> —3x-3. v
Brinenum monaHbIN KBaapar ( S }
y=x2—3x—3=x2—3x—3= 0 x
2 2 -3
3 9 3.4 3 21 \
=lx—=| —=——=|x->=] - = _(x-15F - 5251\
[ 2j YR ( 2) n (x—1,5) —5.25. 525

%,—/

CrnenoBaTenbHo, 4(15-525) — BepiinHa mapabonsl. Halinem Touky nepecedeHus
napaboJibl ¢ OChl0 opauHat. Eciu x=0, TO y=-3: Touka (0, -3) — TOYKA MEPECEUCHUSI C
ocbl0 Oy. BerBu mapabGonbl HampaBieHbl BBEPX, TaK KaK a=1>0, €€ Trpaduk
CUMMETPUYEH OTHOCUTEJIBHO IPSIMOM x=1,5.

2.4. Crenennble pynkuumn y = x°

y=x" (neN)

OIIPEJAEJIEHUE. ®Oynkuus Buga y=x", neN, Ha3bIBACTCSI CTENEHHOM
(pyHK1MeHl ¢ HATYPAJbHBIM MIOKA3aTEJIEM.
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1. OGnactsb onpexneneHns pyHKIUU

(n — geTHOE) (n — HeuetHoR)
yA y=x" yA y=x"
1
-1 710 E;
T o 1 5 1
D(y)e(O, +OO). D(y)e(— oo,+oo)
2. OyHKIUSA ABISAETCA YETHOM IIPY YETHOM n WM HEYETHOM IIPU HEYETHOM 7.
3. Ecniu » HedeTHO, TO (PyHKIUS y=x" BO3pacTaeT IpH x €(~o, +0); €CIIN

n YETHO, TO (PYHKIUS y =x" BO3PACTACT MPH x [0, 0) U YOBIBAET MPH x (-0, 0].
4. ®yHKUHS HENPEPBIBHA HA (— oo, + o).

- 1
y=x"=— (neN)
xl’l

(n —getHOE) (n — HedeTHOE)
A 1 y A 1

y - =
y X" Y ¥
-1 -
\% 1 X
-1 0 ™

OIPEJAEJIEHUE. OyHkuus Bua y=x" Ha3bIBACTCSd CTENEHHOM (PYHKUMEH C
HeJbIM OTPULATEIBLHBIM MOKA3aTeJIeM.
1. O6nacts onpenenenus GyHKIUU — x € (o0, 0)U (0, + ).
2. OyHKUUA SBASETCA YETHOM MIPU YETHOM »n Y HEUETHOM MIPU HEYETHOM 7.
3. Oyuknus yObIBaeT MpU x>0 IPH x <0 (QYHKIHS YOBIBAET, €CIIH n HEYETHOE, U
BO3pACTAET, €CIIN n YETHOE.
4. OyHKIMA HENpEephIBHA HA (-»,0) U Ha (0,+w); x=0 — TOYKA pas3pbiBa

GyHKUHUU.

OO0paTHO# NPONOPUMOHAIBLHOCTHIO Ha3bIBaeTCs QYyHKIUHUA, 3a1aHHast POpMYIIOn

y:E,FI[e k#0.
x

1). O6macts onpenenerus x e (—o,0)U(0,).
2). O6nactp 3HaueHuit x € (—0,0)U(0,0). 'paduk HEe MPOXOAUT  Yepe3 HAYAIO
KOOP/IMHAT.

3). y= K _ weuernas byHKIUs (MMOCKOJBKY f(-x)= K __k__ f(x). I'pacdux sToit
X - X X

(GYHKIIMM CHMMETpUYEH OTHOCUTEIHLHO Havyajla KOOPAUHAT.

k
4). Ecmm k>0, TO (yHKIMSA y== yObIBaeT Ha M

IPOMEXYTKE (0,+c0) M HA IMPOMEKYTKE (-o,0). Ecim k<o, 1
19 0 1 "x




TO QYHKITUS y = £ BO3PAaCTaeT Ha IIPOMEKYTKE (-o,0) U HA IPOMEKYTKE (0, + ).
X

5).Touek nepeceyeHus ¢ OCAMHU KOOPAMHAT HE CYIIECTBYET.

6). [Ipu k>0 y>0 Ha (0,+), y<0 Ha (-,0).
IIpu k<0 y>0 Ha (~»,0), y<0 HA (0,+).
7). @yHKUUS HEIEPUOINYECKAS.
8). Ecim k<o, To BerBM rpaduka pacnoioxenbl B II u IV koopauHaTHBIX

yeTBepTAX. [paduxom oOpaTHON NPONOPHUOHATBEHOCTU y=K, k20 sBusercs
X

runepooa.
y=x""=%x (neN)
yA W y A
y=Rx _n
(n —HeuyeTHOE) Y &
) 0 T - (n —ueTHOE)
0 1 "

Oyukuus y=%x sBisgercs oOpaTHOH K GyHKIHMH y=x". OTpa3uB rpapuk GyHKIUHU
y =x" CHMMETPUYHO OTHOCHUTEIIBLHO NMPSIMOH ¥ = X ,oyduM rpaduk QyHKIuu y =4x .

y=xP'"" (p,gez, q#0)

yh (p/g>1)
y:xp/q YA (p/q>0)

y=xP'4
/ (0<p/g<1) 1

0 1 " -

2.5. JlpoOHO—1MHeiiHass PYyHKIUA
ax+b

OHPEJAEJEHUE. Oyskuus Buaa y-= 7> The a,b,c,d — TIOCTOSIHHBIC, c =0,
cx +

ad # bc , HA3BIBAETCS IPOOHO-IUHEITHOIA.
1. O6nacts onpenenenus GyHKIMU x e(—o0,—d /c)U(~d /¢, +).

2. lng moctpoenus rpaduka rnpeodpazyeM (yHKIIMIO, BBIICIUB B €€ BHIPAKCHUH
IEJIYIO YaCTh CIEAYIOMNUM 00pa3oMm.

20



[IpeoOpaszyeM TOXIECTBEHHO YUCIUTENb, YTOOBI BBIACIUTH B HEM claraemoe,

COZCPIKAIICC 3HAMCHATCIIb

a ad
ax+b:—(cx+d)——+b-
c c ’
MOJICJIUB ATO BRIPAKCHHUE MOUJICHHO HA (cx +d), TOTYIUM
ad 5 bc —ad
a_ ¢ i a c?
y=—- d = d )
c ox+ c 44
C
TaKkuM 06paszoM, 06o3Hauas L=n, L-m, k :M, BuUM, uTo y=S0 ik rpe
c c c cx+d xX+m
n —IIeJIas 4aCThb ~ MCXOJIHOT'O BBIPAKCHHUSI.
I'paduk npoOHO-TMHEHHON (GYHKIIMU TOIydYaeTcs VA

cABUTOM Tpaduka THUIEPOOJIBI y:ﬁ HAa m €IUHUIL] BIOJIb
X

OCH Ox U Ha n €JUHUIL BIOJb OCH Oy . [IpsAMbIC y=n U x=m

e

SABJIAIOTCA aCUMIITOTaMU FI/IHCp6OJ]BI.

IIPUMEP. [Tocrpoiite rpaduk GyHKIUHU y = 2x+_11 :
X

3anumiem 3Ty QYHKIUIO TaK: yzz—il. ['padukom pyHKIIMM
X+

Oyner rumnepbosa, MEHTPp KOTOPOH HAXOJIUTCS B TOUYKE (-1,2),
ACHUMIITOTHI - x=-1, y=2.

3

e=2,7182

0 X 0

X

OIIPEAEJIEHHME. ®yHkuusa Buga y=«*, TO€ a — HEKOTOPOE IMOJOKUTEIBHOE
YHUCIIO, HE PABHOE €IUHULIE (a >0, a # 1), HA3BIBACTCS MOKA3AaTEJIbHOM.

1. O6nactp onpeaencHus PYHKIUN x e (o, + o).
2. MHOXECTBO 3HAYCHHUH (PYHKITUHU y e (0, + ).
3. IIpu x =0 3HayeHue QyHKUUU y=1.

4. Ilpu a>1 HKIASl BO3PAcTaeT Ha BCEU YMCIOBOM OCH; €CIU x>0, TO y=a">1;
5 2 y b

€CIIN x<0,TO O0<a™*<1.

5. Ipu 0<a<1 dyHKIUs yOBIBACT HA BCEU YUCIOBOM OCH; €CIIH x>0, TO 0<a” <1}

€CIIh x<0, TO a* >1.
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2.7. Jlorapu¢mbl U UX CBOIICTBA
OIPEJAEJIEHHUE. Jlorapu¢gmom urncna » MO0 OCHOBAHUIO a, T1€ >0, a>0, a=l,
HA3bIBACTCSl MOKa3aTeIb CTENEHU, B KOTOPYIO HAJI0 BO3BECTH OCHOBAHUE a, YTOOBI
MOJIYYUTb YUCTIO b .
x — Jorapudm (x=log, ») YUCIIA b >0 IO OCHOBAHHIO a >0 (a=1), €CIU a* =b.
al%%ab —p|,

I. log,1=0. 2. log,a=1. 3. logabc=loga|b|+loga| c| (be>0).

4. logaézloga|b|—loga|c| (be > 0). S. log, b" =n-log, b.
c

6. loga%=llogab. 7. log . b" =£10gab. 8. log , b=llogab.
n a m a n

9. log, b=log ,5". 10. log, b=18 11, log, b=log, b-log,c.
a log,. a
12. logab:; 13. log;gb=1gh. 14. log,b=1nb.

logy, a

2.8. Jlorapupmuveckass PyHKUHA y=log,x (a>0, azl)
OIIPEJAEJIEHUE. ®Oyukums, oOpaTHas MOKa3aTeJbHOW (YHKIIMH, HA3bIBACTCS
JOrapu(pMUYeCKoO: y =log, x.

1. O6mactb onpeneneHuss GYHKIUH x e (0, + ).

2. MHOXeCTBO 3HAaUEHUN PYHKIUU y e (- oo, + o).

3. IIpu x=1 y=log,x=0.

4, HpI/I a>1 (bYHKI_[I/IH BOo3pacracr, €ClIMm 0O0<x<l, TO log,x<0, €CIH x>1, TO

log, x>0.

5. Ilpu 0<a<1 pyHKIMSA YOBIBAET; €CIHU 0<x<1, TO log, x>0, €CIU x > 1,TOlog, x <0.

YA YA

Y :10ga2 X a >a

X

T

=log, x

y|= loga2 X
ay <a1

2.9. I'eomeTpuyeckue npeodpazoBaHusi rpapuKkoB pyHKUMT

Ecoiu wu3Becten rpaduk (yHKIUU y=f(x), TO C TOMOIIBIO HEKOTOPHIX
npeoOpa3zoBaHUl MOKHO MTOCTPOUTH TpauKu OoJiee CIOKHBIX (HYHKIIHMA.

1. Tpabux yHKIHMM f(x+a) TOTy4YaeTCS
napayyieibHBIM ~ TEPEHOCOM Tpaduka f(x) BIOJb a>0
OCH Ox HA #a.

3HaueHue QYHKIUU f(x—a) TPU  x=xy+a

COBNAJIACT CO 3HAYCHUEM f(x) MIPHU x = x,.
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2. I'paduk QPyHKIUU f(x)+a TOTyHaETCS MapaieTbHBIM
nepeHocoM rpaduka QyHKUUU f(x) BAOJIb OCH Oy HA +a.

3. I'paduk PyHKIMU k- f(x) MOTy4yaeTCs pacTsHKEHHEM
rpaduka s(x) BAOJIL OCH Oy B k (k>0) pa3 mpu k>1 U
C)KaTUEM BJIOJIb 3TOW OCU B 1/k pa3 MPHU 0<k<1; €CIU k<0,

TO K 3TOMYy MpeoOpa3oBaHMIO JO0OABISIETCS 3€pKaIbHOE

OTpa’KCHUEC OTHOCUTECIIBHO OCH Ox .
YA \
YA

1 f(x)/2

a>0
f(x)+ a
f(x)

/f(x)—a

Jc:>
o |

4. I'paduk GyHKIUU f(kx) TOTyYaeTCS CKATUEM IpaduKa f(x) BIOJIb OCH Ox B k
(k>0) pa3 mpu k>1 W PACTIKEHHEM BJIOJb 3TOM K€ OCHU B k pa3 MpHU 0<k<1; €CIU

k<0, TO K OTOMYy TpeoOpa3oBaHWI0 J00ABISETCS 3€pPKaTbHOE OTpaKEHUE

OTHOCHUTCIIBHO OCH Oy .

yA y“ i y A
/() f(2x) fl=x
1 1 1 1
S —S -
0 1 x 0 ~ -1]o0 X
-1 1] -1

5. I'paduk Qynxumu |f(x)| nmomydaercs U3 rpaduka QyHKIHU f(x) CIEAYIOIIAM

npeoOpa3oBaHUeM: YacTh rpaduka, Jiexkaias BbIIIE OCH
Ox, OCTAaeTCsl HAa MECTE; YacTh rpaduka, Jiexamas HIKe
OCH Ox, 3epPKaJIbHO OTPAXKAETCSI OTHOCUTEIIBHO OCH Ox

6. I'paduk dysximu f(x|) momywaercss u3 rpaduxa

<

f ()

N~

f(x) cnemyrommm peodpa3zoBaHUEM: MPU x>0 Tpaduk HE
U3MEHSICTCS; TIPH  x<0 TpaduKk 3aMEHSAETCS Ha
3epKaJbHOE OTPaKEHHUE OTHOCHUTEIBHO OCH Oy 4YacTh

rpaduka, COOTBETCTBYIOIIEH x>0 .

A
[V

A
T\ ()
/ 0 E 0 ~
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3. PAIUOHAJIBHBIE YPABHEHUA
3.1. J/Iuneiinble ypaBHeHHS

OHPEIEJEHMUE. YpaBuenue Buaa ax+b=0, 1€ ¢ U b — YUCIA, IPUYEM a =0, Ha-
3bIBACTCS JIMHEHHBIM.

x:—é, ecmn a #0;
a
1) ax+b=0| xed, ecimu a=0, b#0;

xeR, ecmu a=0, b=0.

I'papuueckas uIocTpanus pelieHus JUHEHHbIX YPABHEHUH

EavHCTBEHHOE penieHue MOJIOKUTEIbHO, €CIIU YNACHA « U b Pa3HBIX 3HAKOB; OT-
PULATENBHO, €CIIM o U h OAHOIO 3HAKa; PaBHO HYJIXO, €ClU bh=0. Eciu o =0, ypaBHe-
HUE HEe UMeeT pelieHus. Eciau =0, h=0, ypaBHEHHE UMEET OECKOHEYHOE MHOXKECTBO

pelleHHIA. A y v A
/yl a=0,b=0 ¥
p 0{ V1-Y2 x a=0,b#0
//i Y2 0 0 X
/S 0] x ~x
Y
b, —b
x:—2 l, ay #dap; 71
ap—az
2) apx+b =ax+by | xeQ, ay =ay, b #by; 0| x *
XER, ay =dap, blzbz. 2

3.2. KBagpaTHble ypaBHeHUs

Keaopamnvim ypasHenuem Ha3pIBAIOT ypaBHEHUE BUAA ax” +bx+c=0, TAE x — Ie-
peMeHHas; a, b, ¢ — JCHCTBUTEIbHBIC YHCIIA, HA3bIBAEMBIE KO Puyuenmamu
ypasHenus, IpudeM ctapiiuii Koadduiment « 0. KospduuueHT ¢ Ha3bpIBaroT
Cc80000HbIM UlleHOM KBAJPATHOTO YpaBHEHUS.

BripaxkeHue »* —4ac Ha3bIBAIOT OUCKPUMUHAHMOM KBAJAPATHOTO YPaBHEHUS U 000-
3HAYAIoT Yepe3 D, D =b* —4ac .

1. D>0:x12:_bi‘/5.
i 2a

2. DIO:X]:)CZ:—i.
2a
3. D<0:x€e0.
—k+k? —ac

Ecimm p=2k 1 x, =

2
Eemnt 2+ pr+g=01mp=-2+ (gj -q.
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Teopema (Pa3ioxkeHue KBaApPaTHOIO TPexX4/jeHA HA JIMHEHHbIE MHOXKHUTEIN). Fc-
JU Y KBAOPAMHO20 YPABHEHUSL ax* +bx+c=0 eCmb  Oellcmeumenvhvie KOPHU x| U x,,

Mo K8AOPAmHbIll MpexyjieH NPeOCMasum 8 6UOe  ax* +bx+c=a(x —x)(x—x,) .
Teopema (Bueta). Cymma KopHeil K6adpamHo2o ypasHeHust ax* +bx+c=0 (a #0) pas-

b o
Ha -2, a npoussedenue KopHei paeHo <.
a a

X, +x, =——,
a
c
XXy, =—.
a

VYpaBHEHHE ax” +bx? + ¢ =0 HA3bIBACTCS OMKBAJAPATHBIM.

~b++b% —4ac

4 2 M2 =% 2 ’
ax +bx“+c=0& a
—b-b* —4dac
Xyg4 =y|——mMmM .
3,4
2a
_ c
x1+x2+x3+x4——;, x1~x2-x3~x4:;.

3.3. Teopust MHOTO4JICHOB

OITPEJAEJIEHUE. MHOro4/JeHOM F,(x) OT OJHOM NIEPEMEHHON Ha3bIBACTCS BhIpa-
KEHUE P,(x)=ayx" +alxn_1 +..+a,, TAC neN, ay,ay,...,a, — JICHCTBUTEIILHBIC YHUCIIA,
MIPAYEM aj # 0.

Hucno n Ha3bIBACTCS CTENEHb) MHOTOWICHA, YHUCIA ay, aj, ..., a, — KOIQPUIIHEH-
TAMM MHOTOYJIEHA, ayx" — CTAPIIMHU YJIeH, a, — CBOOOAHBbIN WwieH. Eciu «) =1, MHO-
FOYWIEH HAa3bIBACTCS NPUBEACHHbBIM.

MHOTOWICHBI paBHBI, €CITH PaBHBI KOG (OUITMEHTHI TIPU OJJUHAKOBBIX CTETICHSX x .
MHOro4aeHbl MOXKHO CKJIaJbIBATh, BEIYUTATh, YMHOXKATh JIPYT HA APYyTa, BO3BOAUTH B
HATYPAJIbHYIO CTEIIEHDb — B PE3YJIHTATE MOJIYYAETCS TAKKE MHOTOUJIEH.

Ecnu MHOTOYNIEH P,(x) MOXHO MPEICTABUTH B BUAE TPOU3BEICHUS
P,(x) =0, (x)-S(x) , TAE m<n, TO TOBOPAT, YTO MHOTOUJIEH F,(x) JAEJIUTCHA HA MHOTOUJIEH
O (x); P,(x) HA3BIBACTCS ACJIUMBIM, Q,,(x) — A€JUTEJNEeM, S(x) — YACTHBIM.

IMPUMEP.
3x% 4223 4 70x% 4 3x — 4 — JIQIUMOE ‘ x2+5x+1 — JICIUTEND
3t 41555 +3x2 ‘ 3x2 —13x+132 — YACTHOE

_ —13x* +67x? +3x — mepBas pa3HOCTH
—13x% —65x? ~13x
_132x% +16x—4 — BTOpasi pa3HOCTh
132x% +660x +132
~644x —136 — OCTATOK
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B pesynbrare nenenusi HempaBuibHas JIpoOb (CTENEHbh MHOTOYJIEHA B YUCIUTE-
JIe HE MEHbIIIEe CTETIEH MHOTOYJICHA B 3HAMEHATEJIe)
4 3 2
3x +2x2+70x +3x—4 —3y2 _ 1354132 — 64;4x+136
x“+5x+1 x“+5x+1
IIPEICTABIISICTCS B BUJAE LIEJION YaCTH (3x2 —13x+ 132) Y TIPAaBWIBHOM JIpoOH, Y KOTOPOi

CTEIIEHb MHOTOUYJIEHA B YMCJIUTEIIEC MEHBIIE CTEIIEHH MHOTOYJICHA B 3HAMEHATEJE.
OIIPEJAEJIEHME. Ecnu npu HEKOTOPOM 3HAYCHHUH x = x, MHOTOWICH P(x) OOpalia-

€TCs B HyJIb, T.€. P(xy) =0, TO YUCJO x, HA3bIBAETCS KOPHEM MHOTOYJIEHA.
TEOPEMA (Teopema besy). /[lycmb F,(x) —MHO20YNEH CIMENEHU n, A b — NPOU3-
8obHOoe yucno. Toeda ecmv makou MHO204eH O, (x) cmeneHu n—1, 4mo

P,(x) = (x=b)0,_1(x) + P, (b), 20€ P,(b) — 3HAYEHUE MHOCOYNEHA F,(x) NPU x=b.

CaencrBue 1. Ecnu x=b — KOpeHb MHOTOWJIEHA F,(x), T.€. F,(b)=0, TO
By (x)=(x=0)Q,_1(x) .
CanenctBue 2. Ecnu MHOTOYJIEH P,(x) CTENEHU n UMEET n KOPHEH x|, x,,...,x,, TO

P,(x)=ag(x —x))(x=x)-...-(x—x,,) , TNI€ @, — CTAPIIUNA KOI(PIUIIMEHT MHOTOUICHA F,(x) .
OINIPEJAEJIEHHUE. [Ipeobpa3oBanrne MHOTOUYICHA B IPOU3BEICHUE HECKOJIBKUX CO-
MHOKHUTEJNEH — MHOTOWICHOB WJIM OJIHOYJICHOB — HA3bIBACTCS Pa3Ji0:KeHHEeM MHOI0-
YjIeHa Ha MHO>KHUTEIIH.

BBIBO/ u3 caeacrBus 2: HaxoxaeHue KOpHEH MHOTOWICHA PABHOCUIIBHO HAXO0X-
JICHUIO €0 JUHEUHBIX MHOXKHUTEIICH.

TEOPEMA. Ilycmb 0an MHO2OUNEH Py(x)=apx" +apx" ' +..+a, 1x+a, C YeI0UUCTEHHbI-

Mu Kodppuyuenmamu, ay 0. Eciu uenoe wucio x=x, 1611emcs KOpHem MHO20UNeHA
P,(x), MO OHO Clydcum oeaumenem  C80000HO20 UleHA a, .

IMPUMEP. Paznoxure Ha MHOXXUTEIIM MHOTOYJICH P;(x)= x> —3x? —10x+24 .

Haiinem nesiouucieHHbIH KOPEHb 3TOTO0 MHOTOYJIEHA, JIJIs1 3TOr0 BBIIUILIEM Je-
JIUTEIN CBOOOIHOTO WJICHA: +1, +2, +3, +4, +6, 48, +12, +24. [lojicTaBUM X oouepeIHO
B P(x).

P(1)=12, x=1 HE SBJIIETCS KOPHEM MHOT'OYJICHA;

P(-1)=30, x=-1 TaKXe He SBJIACTCSI KOPHEM; P(2)=0, x=2 — KOPEHb IAHHOTO MHOTO-
YJIcHa.
Pa3zpgenvum MHOrOYJIEH Ha Pa3HOCTD (x-2):
P -3x?-10x+24 | x-2

- xX-2x? x2—x-12
. —x%-10x
—x?+ 2x
O 12x+24
 —12x+24

0
KopHsiMu MHOTOWIIEHA x? —x—12 SBJISFOTCS Yncia -3 U 4. B utore moaydum:
x> =3x2 10424 = (x-2)(x +3)(x—4).
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3.4. KyOuveckue ypaBHeHUs!

IIPUMEP. Pemmrte ypaBHEHUE: x° —x? —4x+4=0.
Pemenne: *—x*>-4x+4=0 < x(x’-4)-(x’-4)=0 < (x2—4)(x—1):0 =

X1 :2,
= X2 :—2,
X3 =1.

IIPUMEP. Pemnte ypaBHEHUE x° -3x> —6x+8=0.

Halinem oH KOpeHb JAHHOTO ypaBHEHHs TOJ00POM CPEAH ACIHUTENEH ero cBo-
OOQHOIO WieHA: 1,-1,2,-2,4,-4,8,—8.

Haiinem 3HaueHre MHOTOWIEHA P,(1)=1-3-6+8 =0, 3HAUUT, P(x) UIMEET KOPEHb
x=1.

[Topenum MHOrOYJIEH Py(x) HA (x—1):

_x3—3x2—6x+8 ‘x—l
x> — x? ‘x2—2x—8
_—2x2—6x
2 2
—2x° +2x
_—8x+8
—8x+8
0

[Tomyunm x* —3x? —6x+8=(x— 1)(x2 ~2x- 8). VcxotHOE ypaBHEHHE MOXKHO 3alucaTh B
BUJIE (x- 1)(x2 —2x —8): 0. Halimem KOpHH KBaApaTHOTO TPEXUJICHA:

2+4/4+32 2+6

Xy 3 = = =>x,=4 x3=-2.
2,3 ) 7 2 3

Nrak, NCXOIHOE ypABHEHHE UMEET TPU PA3IUYHBIX KOPHA: x,=1; x,=4; x3=-2, B

YeM MOYKHO YOEIMThCS, BEIYUCIIASA P(x) BO BCEX TOUKAX BO3MOXKHOI'O 3HAYCHHS KOP-
HEM.

Paznoxxenue py(x) Ha TMHEHHBIE MHOXKUTEIN UMECT BU: x° —3x2 —6x+8=(x—1)x+2)x—4),
TJ€ YUCHA 1,-2,4 — KOPHU Py(x).

3.5. /IpoOHO-panoHaJIbHbIC YPABHECHUS

OIIPEJAEJIEHUE. [Ipo0HO-paniiOHAJIbHBIM Ha3bIBAE€TCA YPAaBHEHHUE BUJIA
B, (x) =0, TA€ P,(x) U 0,,(x) — MHOTOUJIEHBI, Q,,(x)= 0

O (%)
Pemenne ypaBHEHHS CBOJIUTCS K PEIICHUIO YPABHEHUS P,(x)=0 U OPOBEPKE TOTO,
YTO €ro KOPHU YIOBJIETBOPSIOT YCIOBHUIO Q,,(x)#0, T.€. b, (x) =0 < {P” )=0,
Onlx) O (x)#0
IIPUMEP. Pemvte ypaBHeHUE 1+1 2 =1
X X —
Mmeem -1+ 2 10w (x—2)+2(x+1) (x+1)x-2) 0w
x+1 x-2 (x + l)( )
o x2 —4x-2 _ x2—4x—2:0,
(x+1)x-2) (x+1)x—-2)=0.
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KopHsiMu ypaBHEHHUSI x* —4x—2=0 SBJISIFOTCS YUCIA 2++/6 M 2-+/6 , KOTOPBIC HE SIB-
JSAIOTCS. KOPHSAMH YPABHEHUSA (x+1)x—2)=0.
Takum 00pa3oM, ypaBHEHUE UMEET J1BA KOPHS: x; =2+4/6 U x, =2-+6.

4. PAIIUOHAJIBHBIE HEPABEHCTBA

ONPEJAEJIEHHUE. HepasencrBa Buma P(x)>0 (P(x)<0), i€ P(x) — MHOTOWICH, Ha3bI-
BAIOTCS] PALIMOHAJILHBIMH.
OHPEJIEJEHHUE. HepaBeHncrBa BUAA agx+a; >0, agx+a; <0, ay#0, HA3BIBAKOTCA
JIMHEHHBIMU HEPABEHCTBAMM.

MHOK€ECTBO PELICHUN HEPABEHCTBA ayx +a; >0 OMPEACIACTCS 3HAKOM YHUCIA a:

a) €CJIU a, >0, TO PEIICHUSIMU SABJISIOTCA BCE x € (—Z—(l) +oo);

0) eciu ay <0, TO PEHICHUSIMU SBIISFOTCS BCE x € (— o, —Z—(‘))

AHaJIOTHYHO JJIs1 HCPABCHCTBA agx+a; <0

a) ap>0 = xe(—oo,—Z—(l));
6) ap<0 = xe(—ﬂ,+oo).

ao
B YaCTHOCTHU, ABYYICH x-a>0 I x>a U x-a<0 A x<a.

+

Y

4.1. PemieHne KBaJIPATHBIX HEPABEHCTB
IMPUMEP. Pemuth HEpaBEHCTBO x* —x-6<0.
[TockonbKy KBaJpaTHBIA TPEXWIEH P(x)=x’-x-6 HUMEET
KOPHHU x;=3 U x,=-2, TO P(x)=(x-3)x+2). [losTomy nan-
HOE HEPABEHCTBO PAaBHO-
CUJIBHO HEpPAaBEH-
CTBY (x-3)x+2)<0. EEaRN ﬂ—: 2\84 SR
[Mpumensis me- N *
TOJ MHTEPBAJIOB, MOJYYUM MHOXKECTBO PEILCHHUI HEpaBeH-
CTBa B BUJIE xe(-2,3).

4.2. /IpoOHO-paliOHAJIbHbIC HEPABEHCTBA

P(x) S P(x) < P(x) S P(x)
OITPEJIEJIEHME. HepaBeHnctBa Bujia o0 0, o0) 0, Q(x)_o, o0

O(x) — MHOTOWIEHBI, O(x)# 0, HA3bIBAIOTCS APOOHO-PALIMOHAIbHBIMH.
IIpu pelieHnr TaKMX HEPABEHCTB MOJIB3YIOTCS CIEAYIOIIUMHU YTBEPKICHUSIMMU:

PU) o o Plr)o()>o0.

0(x)

<0, rae Px) U
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K mpocreiimum  ApoOHO-paliMOHAIBHBIM HEPABEHCTBAM OTHOCATCA JPOOHO-

ax+b

JINHEHHBIC HCPAaBCHCTBA BHUJA >0.

cx+d

IMPUMEP. Pemite HepaBeHCTBO

* . L. TTockomeky
x=5 2

x 1 xS Y*5.0 o (x+5)x—5)>0, PEUIEHAEM DTOIO HEPABEHCTBA, & CIIEI0BA-

-—= =
x-5 2 2(x-3) x=5
TEJIbHO, UCXOJIHOTO SIBJISIFOTCSA x € (— o0, —5)U (5, + ).

4.3. CucremMbl pallHOHAJIbHBIX YPABHEHUH

fl(x:J’):O» (1)
fo(x, ¥)=0.

Pemennem cucremsbl (1) Ha3bIBalOT mapy 4yucen (xq, o), IOACTAHOBKA KOTOPBIX
B Ka)X/I0€ YpaBHEHHE CUCTEMBI 0OpaliaeT ux B BEPHbIC YUCIIOBBIC PABEHCTBA.

Pemuuth cucTtemMy ypaBHeHMH — 3TO 3HAUYUT HAWTHU BCE €€ PEIICHUS WIM JIOKa-
3aTh, UTO UX HE CYIIECTBYET.
gl(x, J/)ZO: (2)
g(x, »)=0
PAaBHOCHJIbBHA UCXOJHOM cucteme (1), eciiu MHOXKECTBa BCEX PEUIEHU  NEepBOM U
BTOPOM CUCTEM COBIAJIAlOT WM OHU 00€ pPEIICHUN HE UMEIOT.

VYkaxkeM HeKOTOphIE MPeoOpa3oBaHUs CUCTEM, B PE3YJIbTAaTe KOTOPHIX MOJIYYaroT-
Cs CUCTEMBI, PABHOCUJIbHBIE UCXOIHOM.

1. Ecniu B uCXOAHOM CHUCTEME MEPECTAaBUTh MECTAMHU YPAaBHEHUSI, TO  MOJYYUTCA
CHUCTEMA, PAaBHOCHUJIbHAA €H.

2. JIroboe ypaBHEHHE CUCTEMbI MOXHO 3aMEHHUTHh PAaBHOCWIBHBIM €My ypaBHEHH-

Ilycts 3amana cucrema ypaBHEHUN {

Cucrema {

eM.
3. IIyCTh a; ¥ a, — HEKOTOPBIC JCUCTBUTEILHBIC YHCIIA U a; %0 ; TOT/1a CHCTE-
afi +a =0,

Ma (1) paBHOCHJIBHA CHCTEME { 1/ lf 2{) 2

2 =Y

. =0, +f5 =0, =0, ~f> =0,
B wactHOCTH, CHCTEMBI ypaBHEHHIA {f ! {f 1t/ { /i {f 1=/

J2 =0, f2 =0, N+/2=0, J2=0,

{f fi=0, {f 1+/2=0 PaBHOCHJIBHBL.
1

—f2=0, |/f2-/2=0

4. 3HaueHne HEU3BECTHOTO, HAWJIEHHOE U3 HEKOTOPOr0 YPaBHEHUS CHCTEMBI,
MO>KHO TIOJICTaBHUTh B JIFOOOE APYroe ypaBHEHUE TOU KE CUCTEMBI.

5. K cucreme MOXHO 100aBUTH ypaBHEHHWE, SBIISIONICECS CIEICTBUEM JTaHHOU
CHUCTEMBI.
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6. Ecnu cucrema conepKuT ypaBHEHUE f-g=0, 1€ QYHKIUU f U g ONpEAeTeHbI
Ha OJTHOM M TOM € MHOYKECTBE, TO OHA PABHOCHJIBHA COBOKYITHOCTH JIByX CUCTEM, B
OIHOM M3 KOTOPBIX YPaBHEHUE f-g=0 3aMEHEHO YPAaBHEHUEM f=0, a B JPYIrod —

YPaBHEHHUEM g=0.
INPUMEP. Pemnre cucrembl ypaBHEHUM:

2x+3y =2,
1) {5 6y 5 HCHOJ’IBSyGM MCTOJ UCKIKUYEHUA HEeU38ECHMHbIX. I[J'ISI HUCKIOYCHHUA x
x—6y=>5.

IIEPBOE YPAaBHEHUE YMHOXKAEM Ha 5, a BTOPOE — HA 2 U BBIYMTAEM €T0 U3 INEPBOTO,
NOJIy4aeM
(15+12)y =10-10; 27y =0; y=0.

JUI UCKIIOYEHUS y NIEPBOE YPAaBHEHUE YMHOKa€M Ha 2 U CKJIAJIbIBAEM CO
BTOPBIM, MOJIy4aeM 9x=9; x=1.
[Tapa (1,0) — eIMHCTBEHHOE PELICHUE CUCTEMBI.

I'paduxm ypaBHEHHI CUCTEMBI - 3TO IPSIMbIE, IEPECEKAOLIUECS B TOUKE (1,0).

-3y =3,
2) {; 6y . Ucnionb3yem memoo noocmanosku. VI3 mepBoro ypaBHEHHUS BBIPA3HM x
x—6y=6.

gepes3 y: x=3y+3, (*)
Y TIOJICTABJISIEM BO BTOPOE YPaBHEHUE BMECTO x MPABYIO YaCTh 3TOTO paBEHCTBA.
[Tomydaem 6y +6-6y=6; 0-y=0.

[Tocnennee paBeHCTBO BepHO Mpu  J1I0O0M y . B3siB m1060€ yrcno y u ompeenus
x u3 (*), MoaydnM pelieHre CUCTEMBI B BUJIE (3:+3,¢), teR. TakKuX pemieHui 0ecko-

HEYHO MHOTO.
Btopoe ypaBHEHHE CHUCTEMBI IOJYyYEHO YMHOKEHHMEM Ha 2 IEPBOr0 ypPAaBHEHHS,
9TU yPABHEHHUS PABHOCUJIBHBI, U CUCTEMA PAaBHOCUJIBHA OJJHOMY M3 3TUX YPABHEHHUM.

I'padux kaxa0ro U3 ypaBHEeHU — npsmast y =%x—l. Koopaunatel KKIION ee
TOYKH — PEIICHUE JAHHON CUCTEMBI.

x—-3y =3,
3) {2 6y . V13 TIepBOTO YPaBHEHUS BBIPAKACM x=3y+3 H MOJICTABIIIEM BO  BTO-
x—6y=-6.

po€: 6y+6-6y=-6, 0-y=-12.
[Tocnennee PaBC€HCTBO HEBCPHO IIPH JTH000M v, 3HAYUT, CHCTEMA pemeHHﬁ HE
HMECT.

I'paduxu pemenuit — qBe mapajiesibHbIE MPSIMbIE y:%x—l u y=%x+l. OHu He

UMEIOT OOIIKX TOYEK MOATOMY CUCTEMA HE UMEET peUIeHUM: (x, y)ed .
xX+y+z=1,
IMPUMEP. Pemute cucteMy ypaBHEHUM 4 2x +2y+z =1,
x+3y+2z=3.

3aMeTuM, 4TO HU OJHO U3 YPABHEHUM CUCTEMBI HE SIBIISIETCS CJIEACTBHEM JIPYTHUX.
YMHOkKUM [IEPBOE YPAaBHEHUE HA (~2) U CI0KUM CO BTOPBIM, OJIYUYUM —z=-1=z=1.
YMHOXUM TI€pPBOE€ ypaBHEHUWE HA (-1) M CIOXUM C TPETbUM, MOJIYUYUM
2y+z=2=y=05. [Ipr 3TOM U3 EPBOrO YpaBHEHHUS x =-0,5.
OTtBerT. (-05;05;1).
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5. APPAIIMOHAJIBHBIE YPABHEHMUSA

OIPEJEJEHHUE. HppanuoHaJbHbIMM Ha3bIBAIOTCA YypPaBHEHUA, COAECpKaIIUE
HEW3BECTHOE I0J] 3HAKOM KOpHS (pajuKaa).

5.1. PaBHOCH/IBHBIE IPE0OPa30BaAHU MPPALUOHAJIBHBIX YPABHEHUH

1) a<0 xed,

L )+ el =0l
IIPUMEP. Pemnite ypaBHEHUE vx? +3x -4 =+2x+2 .

x? +3x-420, (x—1)x+4)>0, X =2,
2x+2 20, & sx+120, S Jxp=-3, = x=2.
X2 4 3x—4=2x+2 (x+3)x-2)=0 x21

2. YpaBHenus Buaa 31 (x)+3g(x)=o(x) moaBepraroTcs nmpeoOpa3oBaHusIM i U30aBJe-

HUS OT UppalroHalbHOCTEeW. Bo3Benem o0e yacTu ypaBHEHHUsSI B KyO, UCHOJb3Ys

bopmyy JUISL KyOa CYMMBI (a+by =a® + 5> +3ab(a +b):
£6)+ )+ 76 - R7G) + el =0 w),

3aMeydasi, 4TO 3/ f(x)+3g(x)=¢(x), IOJy4aeM CIEICTBHE MCXOJHOTO YpPaBHCHUSA

£(0)+ glx)+ 37 (x)e(x) - 0lx) =0 (x).

[Tocne yeauneHus paavkaia U BO3BEJACHUS MOJYYEHHOTO YpaBHEHUS B KyO Haxo-
UM €ro KOPHHU W HEMOCPEACTBEHHOW MOJCTAHOBKON OTOMpaeM yIOBIIETBOPSIOLIUE
HCXOJIHOMY YPaBHEHHIO.

INPUMEP. Peminte ypaBHEHUE 3/3x +24 +3/6x +21+3=0.
Vx+24 +36x+2143=0 < Y3x+24+36x+21=-3.

Bo3Benem 06e yacTu ypaBHEHUS B KyO:
3x 424+ 6x + 21+ 33/(3x + 24)(6x +21)(%/3x+ 24 +3/6x + 21): -27;
3(Bx +24)6x +21)=x +8.

3amMeHa CyMMBbI WK Pa3HOCTH KyOMYECKHX KOpHEW Ha MPeANMCaHHOE UCXOHBIM
ypaBHEHHEM 3HAUCHUE MPUBOJUT K YPaBHEHUIO-CIIEACTBUIO, IOATOMY B 3aKJIFOUEHHUE
HY)KHO  cAelaTh  IpPOBEepKy. Bo3Beaem  ypaBHEHHE-CICICTBHE B KYyO:
3(x+8)6x+21)—(x+8°=0; (x+ 8)(x2 —2x+ 1):0;

(x+8)(x—1)2 =0 = x=-8 x,=1.
[ToncraBisst 9TH 3HAYEHUS] B UCXOJIHOE ypaBHEHHUE, YOexKTaeMcs, YTO 3HAUYCHUE

x=1 — IOCTOPOHHUM KOPEHb.
OT1BeT. x=-38.
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NIPUMEP. Peunite ypaBHeHHE Vx - + Y2+ x =0.

2+x
YMHOXHUM Ha 2 +x. Torma
x>0, >0
;ZO’ 0 {XZO’ 2+x)=(2-x) ) 2’/3 2
+x > = =>x2+x)=2-x)", > = X = , = X=—.
’ Jx2+x=2- ’ 3
Vi2+x-4@2+x)=0 e T 2=x20 x<2

6. IPPAIIMOHAJIBHBIE HEPABEHCTBA

OIIPEJEJEHHME. HepaBeHnctsa, cojepskaliue HEM3BECTHOE I0JT 3HAKOM paJuKaia,
HA3bIBAIOTCA UPPALMOHAJIBbHBIMH.

PaBHOCHIIBHBIE TTPEOOpa3oBaHUs HPPAITMOHATBHBIX HEPABEHCTB :
f(x)z0,
fx)<elx) < {glx)>o0,

/()< (gx)P.

Sx)>glx) =

A A rev = 70 <20

fx)=0,
2m< g(x), neN o g(x)>o0,
f(x) < (gx))™".

wff(x) < g(x), neN<o flx)<(glx)

32




_{g(x)z 0,
2"/_5f(x S g(x)’ neN f(x) > g2n (x)
{g(x)< 0,
i f(x) >0

il f(x) > glx), neN < f(x)> (gl

INPUMEP. Pemnte HEpaBeHCTBO +x+5<1-x.

x+520,
IT10 HEPABCHCTBO PaBHOCHUJIBHO CUCTEME 11— x>0,

x+5<(l—x)2.

W3 nepBbIX IBYX HEPABEHCTB 3TOM CUCTEMBI HaljeM -5<x<1. Pemias kBagpaTHoe
HEPAaBEHCTBO x+5<(1-x) < x?-3xr-4>0, MOJIydaeM x<-1, x>4. TakuM oOpa3om,

pELIEHUAMH UCXOITHOIO HEPABEHCTBA SIBJISIFOTCS BCE xe[-5,-1).

7. YPABHEHUS, COAEPXKAIIUE 3HAK ABCOJIIOTHOM BEJIMUHUHBI

Jlist perieHust ypaBHEHHUs ¢ MojysieM cieayer pazouts O[3 Ha MHOXecTBa, Ha
KaKJIOM U3 KOTOPBIX BBIPAXKEHMSI, CTOSIIIUE T0JI 3HAKOM MOJYJIsl, COXPAHSIOT 3HAK,
YTO MO3BOJIUT 3aMKCcaTh HA KAKJIOM U3 3TUX MHOXECTB ypaBHEHUE 0€3 3HAKa MOJTYJIS
u peuuth ero. OObeUHEHUE PTUX MHOXKECTB PEIICHU JACT pPElIeHHE MCXOIHOTO
ypaBHEHHSI.

1. VYpasuenue Buaa |/(x[)=g¢(x)] paBHOCHIBHO COBOKYHHOCTH JIBYX CHMCTEM:

{f (X())= glx),
{f (_— ;C) =g(x),
x<0.

INPUMEP. Pemute ypaBHEeHHE x* +2|x|-8=0.

M30aBuMcst OT 3HaKa MOAYJSl METOJOM HMHTEPBAJIOB, paccMaTpuBasl OTAEIbHO
pelIeHne pU x<0 U x>0.
x<0,
1). IIpu x<0  |x|=-x W HMEEM CHUCTEMY Pewenue kBaapaTHOro
x? —2x-8=0.
YPaBHEHUS JAET KOPHU x; =-2; x, =4. KOpPEHb x, =4 HE yIOBIETBOPSIET YCIOBUIO x <0

" HC SABJICTCA PCIICHUCM CUCTCMBI. CJ'IGI[OB&TGJIBHO, IJIL OTPpULATCIIbHBIX x UMECTCA
CAMHCTBCHHOC PCHICHUC NCXOJHOI'O YPABHCHUA x = 2.
x>0,

Kopau xkBazgpatHo-
x? +2x-8=0. p P

2). Ilpn x>0 |x|=x M cUCTEMA NIPUHMMAET BUJ: {

IO YpaBHEHUS PaBHBI 2 U -4, IpUYEM KOPEHD -4 HE YJOBIETBOPSAET YCIOBUIO x>0 U
ABJIIETCS MOCTOPOHHUM. ClleI0OBaTENbHO, TP HEOTPULATENBHBIX X HMEETCs €IuH-
CTBEHHOE pelieHue X =2
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2. YpaBHenwne Buna || f(x)|=g(x)| pABHOCHIBHO OJTHOM U3 IBYX COBOKYITHOCTEH CHC-

{fﬁx;=g(ﬂ, {f((x))=g(x),

.| Ux)20, glx)=0,

e {—f<x>=g<x>, e {—f<x>=g<x),
fx)<0 g(x) >0

B 3aBUCHUMOCTH OT BUAA QYHKIUH f(x) U g(x).

3. Ypasuenue Buza |4 £(x)|)= g(x)| pABHOCHIBHO COBOKYITHOCTH CUCTEM

pUEh=sh i D=2

f(x)=0 fl(x)<o.
IIPUMEP. Pemnte ypaBHeHHE % -1
1o
x—12>0,
JlaHHO€e ypaBHEHME PABHOCHUJIBHO COBOKYIIHOCTH IBYX CHCTEM: | 1-2x , "

3—(x-1)

x—1<0,

1-2x

3+(x—1): '
Pemrast ypaBHeHne :l:l’ HaxXoJWM €ro KOpeHb x=-3. OH HE yIOBJIETBOPSET
-x

YCIOBHUIO x-120, IIO3TOMY II€pBas CUCTEMA pGI.HeHI/Iﬁ HC UMCCT.
1-2x
2+ x

Pemenuem ypaBHeHUs =1 SIBJISIETCSl 3HAYEHUE x:—%. OHO yZIOBIETBOPSIET

YCJIOBI/IIO x—l<0, SIBJIACTCHA peH_IeHI/IeM BTOpOﬁ CUCTEMBI U CIMHCTBCHHBIM pCHIeHI/I—
€M MCXOJIHOT'O YpaBHCHHUS.
OTBeT. x=-1/3.

8. HEPABEHCTBA, COJIEPXKAIIUE 3HAK ABCOJIOTHOM BEJIMYUNHBI

IIPUMEP. Pemvite HEpABEHCTBO |5-x|<|x—2|+|7-2x|.

BrIpakeHus o1 3HAKOM MOAYJISl 00palatoTCs B HOJIb MPU x; =5, x, =2 U x3=7/2.
JIns  ompeneneHus 3HAKOB ITOAMOMAYJBHBIX BBIPAXEHUW pEIIMM HEPaBEHCTBA

5-x20=>x<5; x-220=>x22; 7—2x20:>x£%. CocraBum cxemy

I II I v

|5-x| - + - - .
|x—2] + + - o
|7—2xi — — — —

- 2 35 5 -

Pemum HCPABCHCTBO, paCKpbIBasd MOAYJIb Ha KaXJIOM M3 IIOJTYUYCHHBIX MHTCPBa-
JIOB.

x<2, X
I- 3X<25
5-x<2-x+7-2x
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2<x<L35,
11. =>xed,
5-x<x-2+7-2x

<

I )32 <X=5 = x >3,5. HepaBeHCTBY yIOBJIETBOPSIOT 3HAYEHHUS 3,5<x<5;

S—x<x-2-7T+2x

x>5,
IVv. = x >2. HepaBeHCTBY yOBJIETBOPSIOT  3HAYCHUS x>5.

X—-5<x-2+2x-7
OTBET. x< (— o0; 2) U (3,5; + oo) .

Hepasenctso Buja || f(x)|< g(x)| paBHOCHIBHO cHCTeMe {f ()< 2lx).
- f(x)<gx)

HepaBenctBo Buaa || f(x)>g(x)| paBHOCHJIBHO COBOKYIHOCTH JIBYX HEPAaBEHCTB:
S(x)>gla), flx)<-g(x).

9. HIOKA3ATEJIbHBIE YPABHEHUSA

OIIPEJIEJIEHME. Tloka3aTelbHBIMH Ha3bIBAIOTCS ypaBHEHHS Buaa aof ) =80,
TaC a>0, a=l1.
YpaBHeHuE a* =b, 1€ a>0, a=1, b>0, CACAYET pelIaTh TAK:

b

a* =beoa® =a%%b = x=log, b.

9.1. PaBHOCHJIbHBIE TPE0OPa30BaHMS MOKA3ATEIbLHbIX YPABHEHUM

{a>0, a#l, b>0,
f(x)=1log, b;

af(x):b - a=1, b=l xeJ;
a=1, b=1,

{x € O/13 f(x);
|b<0, xed;

a>0, a=l,

o/ = pel) o b>0, b#1,

f(x)=g(x)log, b;

. 0 1
) e o {a> cazl,

f(x)=g(x)

IMPUMEP. Pemute ypaBHeHHE 4% =823,
-3
Tockombky 47 =2 =22¢, 823 223" 22679 10 227 2269 & 20=6x-9 = ng :

x—0,5
INPUMEP. Peuminte ypaBHEeHUE 27" . 0,041,

J5

Pemenue:

DR CHRO RS

INPUMEP. Pemute ypaBHeHue 4* +2** —24=0.
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[IpuBenem ero x BUIy (2x)z+z.2x—24:o. ITycth ¢=2%, t>0. Torma *+2:-24=0.
Otcrofa HaAXOIUM ¢ =4, t, =—6. TakuM 00pa3oM, JaHHOE ypaBHEHHE PABHOCUIIHLHO

COBOKYIIHOCTH YpPaBHEHMH 2 =4, 2" =-6. BTOpO€ ypaBHEHHE 3TON COBOKYIHOCTHU
KOpHE HEe MMeEeT, TaK Kak -6<0, a 2* >0 Mpu JIroboM x. M3 mepBoro ypaBHeHUs Ha-
XOAUM, YTO x =2 — €JJUHCTBEHHBI KOPEHb UCXOJHOTO YPABHEHHUS.

9.2. PaBHOCH/IbHBIE NIPe00OPa30BAHNS CTENEHHO-TIOKA3ATeJIbHbIX YPAaBHEHUI

g(X(); h(x),
)y f(x)>0,
fx)Y = 1(x)"") < f(x)=1;
f(x)=1,
2 {x e O3 g(x) u h(x).

9.3. PaBHOoCH/IbHBIE MTPe0OPa30BaHUS MOKA3AaTEJIbLHbIX HEPABEHCTB

B o6nactu gonyctumbixX 3HadeHUN QYHKIUNA f(x), h(x) U g(x) CIpaBEIMBO:

{ flx)>1,
g

FEY s f6 e

f_/;\
X
==

=
N—
—_ >V
Chn

0Q
=
—~ | <

()
A
Py
}dk
—~
=

1N I
0 20
L=E>
= A 2|V
=
"
N ot N

=
~—
vV
=
=

IIPUMEP. Pemute HEpaBEHCTBO (0,04) 8 <625.

[IpuBoms o00€e dYacTH HEpaBEeHCTBA K OJHOMY OCHOBAHHUIO, IOJydYaeMm
(0,04 8 < (0,04)2. Tak kak 0<0,04<1 5r—x2-8>2 = x2-5r46<0 = xe(23).
IMPUMEP. Pemvite HepaBeHCTBO 4 " —7.27F —4 <.

ITyctp t=27%, t>0, TOrONA

. 1
27 -7t-4<0, 2(t+5)(t‘4)<0’ —  1e(0,4).
t>0 t>0

27 <4=—x<2=>xe(-2,+x).
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10. JOTAPUOMHNUYECKHUE YPABHEHMUA

OIIPEAEJIEHHUE. YpaBHeHus, coaepraiiie MepeMeHHYI0 IMoJ 3HaKOM Jorapud-
Ma, Ha3bIBAIOTCs JIOTapU(PMUYECKUMM.

IPUMEP. Peuurte ypasHenue log, ; 6L4 —x.

—X
[To onpenenenuto norapudma (2\/5 )x = é =22 =20 o x=4.

a>0, a1, x>0,
log,x=b < 5

XxX=a .

IIPUMEP. Peunte ypaBHEHHE log,yz x=—6 .

OI3: x>o0. 1o onpenenenuro gorapudma x= (2%/3)_6 = x=1600".

a>0, a#l,
log, f(x)=b < { f(x)>0,
fx)=a".

a#l, b#0 : x:%;
log,a=b a=1,b=0 : x>0, x=1;
=
a>0 a=1,b#0 : xeU;
a+l, b=0 : xe@.

INPUMEP. Pemnre ypaBHEHUE log, % =% .

O3: x>0,x#1. Ilo omnpenenenuto  jorapudpma  x3'2 :% ,  OTCIMa

(x3/2)2/3:(273)2/3 = x:272:%.

ITPUMEP. Pemure ypaBHEHHE log? 10 —log2 10— 6log, 10=0.

OI[B x>0, x#1.

O06o03HauuM r=log, 10. Torma 2 -2 —61=0 < t(t2 —t—6)=0 &
o Ht-3)t+2)=0, OTKYA #, =0, t, =3, t;=-2.

Takum oOpa3oM, ypaBHEHHE PaBHOCHJIBLHO COBOKYITHOCTH PaBEHCTB: log,10=0 —
HET KOPHEH; log, 10=-2; log,10=3, 3HAYCHUS x, =10 U x, =102, yJIOBJICTBOPSIOIIIHE
O/13, ABISAIOTCS pEHICHUSMU YPaBHCHHUS.
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log, f(x)=log, glx) { /

a>0, a=#l

/(x)
log r(y) A =1logg(yx) 4 .
A>0 ) < f(i

g(x) >0,
g(x) #1,
lOgg(x) f(x) =b < f(x) >0,
/(x)=glx)’
INPUMEP. Pemnte ypaBHEHUE log,,, (x2 ~3x+ 1): 1.
I[aHHOG YPaBHCHUC PABHOCUJIBHO CUCTEMC
x+1>0, x>-1,
x+1#1, = x#0, & x=4.
x2 —3x+l=x+1 x2—4x=O,

Tak xak O/I3 sIBHO HE yKa3aHa, IPOBEPSAEM HAWJICHHOE 3HAYEHUE x  HEMOCPEN-
CTBEHHOM IMOJICTAHOBKOM €r0 B UCXOJHOE ypaBHEHHE (logs5=1) U yOeKaaeMcs B Tpa-
BUJIBHOCTH PELIECHHUS.

glx)>0, h(x)> 0,
)b = | L
(=) Lal)=4t0)
f(x)>o, (>0,
o /)=t 1) | S w4 20
g)=pl)  [g()=p(x)

IIPUMEP. Peminte ypaBHEHHE log »_ (x3 + 6): log »_, (4x2 - x).

X +6> 0,
JlaHHOE ypaBHEHHE PABHOCWIIBHO CHCTEME ); i :111(1)
x> +6=4x2 —x.

VYpaBHEHHE 3TOW CUCTEMBI x° —4x? +x+6=0 UMEET TPU KOPHA: x| =-1 x, =2, x3=3.
Yucno x; =-1 HE YJIOBIETBOPSIET YCIOBHIO x> -1>0. UHCHIA x, =2 U x3=3 SBISIOTCS

PCUICHUSAMU 3TOH CHCTCMBI, a CJICOAOBATCIbHO, U PCHICHUAMU HUCXOAHOI'O YpaBHC-
HU.

38



11. JOTAPUOMHNYECKHUE HEPABEHCTBA

OIPEJEJEHHUE. HepaBencrBa, coaepkaliue NEPEMEHHYIO MOJ 3HAKOM JIOra-
pudma, Ha3bIBAIOTCSA JIOTapUPMUYECKUMH.

11.1. PaBHoCWJIbHBIE IPE00Pa30BAHUSA JOTAPUPMHUYECKUX HEPABCHCTB

log /(v) &(x) > log () h(x) <= {h(x)

logf(x) g(x) > 10gf(x) h(x) = {h(x)

log /() glx) < log /(x) h(x) < { ()

log /() glx) < log () hl(x) & {h(x)<g(x)»

IPUMEP. Peninte HEPaBEHCTBO log »(2+x)<1.
JlaHHOE€ HEPaBEHCTBO PAaBHOCUIBHO HEPABEHCTBY log - (2+x)<log » x*, KOTOPOE

PaBHOCHUIIBHO COBOKYIIHOCTH JIBYX CHUCTCM:

2

x°>1,

2+x<x2, = xe(—Z,—l)U(2,+oo)

24+4x>0 :>xe(—2,—1)U(—l,0)U(0,I)U(Z,+oo).
2

{?;jzii = xe(-1,0)U(0,1)
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logy(y) f(x)>logy(y) glx) <

logy(y) /(x) < logy(y) g(x) < {f (x)

IMPUMEP. Pemnte HEepaBEHCTBO log,_, (2x —3)> log,_, (24 - 6x).

x=2>1,
24—-6x >0,
2x—-3>24-6x
O<x-2<1,
2x-3>0,
2x—-3<24—-6x

R

EZ<x<4
8

= xe(2,3)U(%7,4

2<x<3
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12. TPUTOHOMETPUA

Pagman — BeiquuMHA I[EHTPAIBHOTO YIJja, OMUPAIONIErocs Ha Ayry, JJIMHA
KOTOpPOH paBHA pauycCy JaHHOW OKpPYKHOCTH.

o

18
1°~0,01745 pagyaH. 1 paguan =

1 pamman =57°17'45" .

12.1. Tpuronomerpudeckue GyHKIUH POU3BOJIbHOI0 APryMEHTA

YA
sinol = y 5
/2 X2+y2
\M
y X )
CcoSOL = ———,
- 4 \0 X2+ y2
T
r:l 0 X 27[ X y
tga== (x=0);
X
X
32 ctga=— (y=#0).
y

OIPEJEJEHHME. OpauHara TOYKM M, MOJYYEHHOW MNpPU MOBOPOTE TOYKHU (1,0)

BOKpPYT Hayajlla KOOpJAWHAT HA YroJd o pajJWaH, HA3bIBACTCSI CHHYCOM YHCIA o
(ob6o03HA"AETCS sina ), @ AOCIIUCCA ITOU TOYKH — KOCHHYCOM (0003HAYACTCS cosa ).

TaHreHcoM 4uciia o Ha3bIBACTCS OTHOIICHUEC CHUHyCa OJTOro 4mucjia K €TI0

Sino
KOCHUHYCY: tga =
cosa

4
, a¢5+7zn,r,£[e neZ.

KoTaHreHcoM umciia o Ha3bIBAaCTCS OTHOIICHHUE KOCHHYCa JTOro 4uciia K €ro

) cosa
CUHYCY: ctga = g 27 7N, TOe neZ.

WNHorna paccMaTpuBaroTcs €Iie JBE TPUTOHOMETpUUYECKHE (YHKIIMHU CEKAHC U
KOCEKAaHC, KOTOPBIE OIPEIEIIAOTCS TaK:

1 1 .
seca = , cosa=0, coseco=——-, sino#0.
cosa sina,

dopmyJibl, B KOTOPBIX HaJl 3HAKOM PaBEHCTBA CTOUT BOCKJIHUIATENbHBIN 3HAK (!),
UMEIOT pa3Hble 00J1aCTU OMPEICICHUs B MPABOM U JIEBOM YaCTSX.
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3HAKH TPUTOHOMETPHYECKUX PyHKIMH

o sina, COS O tga ctga
0<a<Z | F + + +
2
T ca<n + - - -
2
3m — — + +
n<o<—
2
37n<(x<27t - T - -

3HaYeHUs] TPUTOHOMETPUYeCKHUX PYHKIHUIA VIS HEKOTOPBIX YIJIOB
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T i b i 3n
Panguansr | 0 o n 3 3 T - T
Ipanycer | O | 300 | 452 | 60° | 90° | 180° | 270° | 360°
sin o 0| 1 | V2 |43 1 0 -1 0
2 2 2
cos a. 1| 3] 2| 1 0 -1 0 1
2 2 2
tgo 0 ﬁ 1 NE) — 0 — 0
3
ctga — | B 1 £ 0 — 0 —
3
12.2. OcHoBHBIE POPMY.JIbI
sin o V4
. sin? o +cos? a=1. 2. tga= a+*—+nanj.
cosa 2
cosa
. ctga =— (a#7n). 4. tga-ctga =1.
sin
. seca = [a¢£+nnj. 6. coseco = _l (0% 7n).
cosa 2 sin o
T
A+ tgla =— (a¢—+7znj.8. l+ctg’a=—5— (a=#zn).
cos o 2 sin” &
(neZ).
2 2 2 1
t=tex sin“o =——, s“aa=——, ctga=-.
8 t? 1+t S
T
a+ E+ﬁm’ melZ.



@opmybl NPUBEICHUA:

X T+ T—0 2n—o
sin X —sina sina, —sina
cos X —Ccos o —Ccos o cos o
tgX tga —tga -tga
ctgx ctga -ctga —ctga
X Tia T« LIS ELIS
2 2 2
sin X cosal cosa —cos o —cosao
COS X —sina sina sina —sina
tgX —ctga ctga —ctga ctga
ctgX —tga tga —tga tga

(I)OpMyJILI AJIA CYMMBI U PAa3HOCTH apryMEHTOB

sin(a  B) =sinacosf £ cosasing,

cos(a + ,6’) =cosacosf Fsinasing ,

tg(aiﬂ) :' teattg ’
I¥tga-tgpf

ctg(a+ p) _ deactgfF1
ctg ftctga

DopMy.Jibl NPOU3BEACHUNA TPUTOHOMETPUYECCKUX PYHKIUM

sine -sin Z%[cos(a-ﬂ)-cos(aﬂﬁ)].
cosa-cos,B:%[cos(a—ﬂ)+cos(a+ﬂ)].
sina-cosﬂ:%[sin(a—ﬁ)+sin(a+,6’)].

cosa-sinﬂ:%[sin(a+ﬂ)—sin(a—ﬂ)] :

ctga +ctg S
Ctgactgﬂzw.
tga+tg S

sin(a+ f8)-sin(a— ) =cos” f—cos’ ..

cos(a+ fB)-cos(a—f)=cos’ f—sin’ & .
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Tpuronomerpuyeckue PyHKIUM JBOMHOI0 apryMeHTa

cos2a=cos(a+0{)=cos2a—sin2a=2cosza—1=1—25in2a=

_cos’a-sin*a ! 1-tg’a

cos’a+sin’a 1+tg’a
!

sin2a =sin(a +a) =2sinacosa =

|

2sinacosa cos’a ! 2tga

cos’a+sin‘a cos’a l+tgia

tg2a = 2tg? = 2 .
I-tg'a ctga—-tga
! 2 ! —
cte2e = ctg-a—1 | ctga tga.
2ctga 2
g% =t sinozii
=2 1+t*7
a P1—t?
—#—+7Nn, cosQq=——,
2 2 1+t°
2t
neZ tga = .
T e

®opmyJibl KPATHBIX APTYMEHTOB

sin3a = —4sin’ a + 3sin« .
cos3a =4cos’a—3cosa .

43
tg30[:3tgcx tzg a
1-3tg"
3
ctg3a:Ctg a 3ctga.

3ctg’ a—1
sinda =4cos’ asina—4cosasin’ «.
cosda =cos* @ —6¢cos’ asin*a+sin* « .

®opMyJIbI MOJOBHHHOIO0 apryMeHTAa

a ! l-cosa ! sina "'1-cosa
tg— = i = = - .
2 1+ cosa 1+cosa sin o
a ! l+cosa ! sina ' l+cosa
ctg— == = = — .
2 l1—cosa l—cosa sin &
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CreneHu TPUTOHOMETPHYECKUX PyHKIMH

.2 1—cos2a 2 1+ cos2a
sin“oo=—. cos“a=—"—.
2 2
.3 3sina —sin3a 3 3cosa + cos3a
sin a:f. cos azf

sin? azé—lc052a+lcos4a .
8 2 8

1 1
cos? a=§+zcos2a+—cos4a .

®opMyJibl CyMMBI H PA3HOCTH TPUTOHOMETPUYECKHUX (PYHKIMI

. . .o+ o—
sina + sinf3 =2sin Bcos B .

. . o+f . a-
sina —sinf3 =2cos Bsm B .

o+ o—
cosa + cosf =2cos B cos B .

.o+ . oa-
coso— cosf} =—2sin Bsm 2'3.

sin(a + f3)

tgaxttg b= .
8 gf cosa cos f

ctga tctg f = i—sin(aiﬂ)

sinasin
cos(a —
tga+ctgﬂ:M.
cosasin
_l_
ctga—tgﬂ=M-
sina cos [
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HekoTopbie cCOOTHOIIEHUS

. 2 (V2 J2 T
l.cosatsing =—=| —cosa +—sina :\/Ecos(—iaj: -P|__ i +B .
\/5( 5 5 J 1 J2 cos a¥y J2sin aty

2. sinat \/gcosocz{%sinai?cosa] = ZSin(a_gj
3'\/5 sina £ cosa =2(sina§icosa%j:2 sin[ai%)’

4. A cosa + B Sina = \[Az + 82 Cos(arctg%_6j,

A% +B%2 %0, sinB= COSB=

B A
5. (sin6ﬂ:cos6)2 =14sin26 = sin6+cos6=++/1£sin206 .

6. sin36 = 4sinasin (%-GJSin (%JFG)
T T
7. cos3a=4cos occos(; - ocj cos(g + ocj )
8. cos® o —sin? o =cos? o —sin? a = cos2a ;

sin2 200
2 5

2

sin® o+ cos* o= (sin o+ cos> oc)2 —2cos? asino=1-

sin® o+ cos? o = ((:os2 o — sin? oc)2 +2cos? asin® o=

1—(:os2 200 B 1+cos2 20 B 3+ cosda
2 4

= cos2 20+

9. cos’ a +sin’ a :l(5+3c0s4a) =l(1+3cos2 2a);
g 4

6

cos® o —sin a:%(150052a+cos60c).

10. cos® o —sin® o = %cos 20c(3 + cos4oc).

11. tga+ctga =

sin2a
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12.3. CBoiicTBa ¥ rpaduKH TPUTOHOMETPHUYECKHUX (PYHKIIUIT

OIPEJEJEHHUE. ®yHkuus y=s(x) Ha3bplBaeTCs MNEePUOAMYECKON, €Clu

CYIIECTBYET TAaKO€ YHUCIO 7T =0, 4TO 1) nams mroObIX JOMYCTHUMBIX 3HAYEHUW X
3HAYCHUA (x+7) U (x-7) MPUHAJIEKAT 00JIACTU JOIMYCTUMBIX 3HAYCHHI apryMEHTa;

2) f(x+T)=f(x). Yncno T Ha3biBaeTcs mepuoaoM GpyHkumu f(x).

CroiicTBa pyHKIUM y=sinx U ee rpaduk
1. ObGnacth onpeneneHus - xeR.
2. O6nacTh 3HAYCHUN PYHKIUU —y e[~ 1; +1].

3. OyHKIMSA y=sinx HEYETHAS- sin(-x)=—sinx.

4. OyHKIUA y =sinx IEPUOJAYECKAS C IEPUOJAMHU 2kn (ke Z).

5. Toukn nepeceyeHust ¢ OCIMHU KOOPJIMHAT: C OChIO Oy : €CJIM x=0, TO y=sin0=0;
C OChbIO Ox (HynHM QYHKIMU): sinx=0, OTKYJa x=nk, keZ.

v A YA
/
[ ol 0] Nz 3n/2 2n >
\ 0 o /2 N [ .

y=sinx

27 -31/2 -7 —n/2 0 /2 Wzn Vx
-1

6. N300pa3um rpaduk GyHKIMU y =sinx, KOTOPbIA Ha3bIBAETCI  CHHYCOM/IOIA.

xe(—oo,+oo); ye[—l,l]; sin(—x):—sinx; sin(x+27ck):sinx,keZ.

CroiicTBa pyHknum Y =COSX u ee rpaduk

. OGnacTp onpeesieHUs] —xe R .
. ObnacTb 3HaUeHUN QYHKIUHN — y e [~ 1; +1].

. (DyHKIH/ISI y=cosx YCTHasd cos(— x)= —CoSX.
. OyHKIUS y=cosx NMEPUOAUYECKAS C TIEPUOAAMHU 2kn (ke Z).
. Toukun nepecedyeHus ¢ OCIMUA KOOPJUHAT: C OCBIO Oy : €CIIH x=0, TO y=cos0=1;

W AW N

C OCBbIO Ox (HynHu (PYHKIIUH): cosx =0, OTKYJQ x =§+ mk .

6. 300pa3um rpaduk GyHKIHMH y =cosx , KOTOPBIA HA3bIBACTCSI KOCHHYCOM/IOM.
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3ameuanue. Tak xak cosx:sin(x+§j, TO TpaduK QYHKIUUA y=cosx TOTYUACTCS U3

rpaduka QyHKIUU y=sinx C MOMOIIbIO MapANIETLHOTO MEPEHOCA HA PACCTOSHHUE nt/2
B OTPUIATEIHLHOM HAIPABICHUHU OCH Ox .

yA
1 y =C0SX
\ >
3n/2 —n “1/2 0 ) T 3n/2 x

xe(—oo,—i—oo); ye[—l,l]; cos(—x):cosx; cos(x+2nk)=cosx,keZ.

CroiicTBa pyHKuMH y =tgx U ee rpapux
1. ObnacTb onpeaeseHns TaHreHca COCTOUT U3 BCEX JIEHCTBUTENBHBIX YHCEN, KpOMeE
yucell BUaa §+kn, keZ.

. O0acTh 3HAYECHUMN — yeR.

. OynK1UHSA t2 X — HewerHas .
. OyHK1U Y = tg X nmepuoanudecKas C MOJOKUTEIbHBIMU NEPUOJIAMU kn, keZ .

hn B~ W DN

. Touku nepeceyeHus ¢ OCAMU KOOPIAUHAT: C OCBIO Oy : IIPU x=0 y=tg0=0; C OCBIO
Ox (Hynu QyHK1IMK): tgx=0, OTKyAa sinx=0, T.e. x=kn, keZ.
6. 306pa3um rpaduk ¢GyHKIMHA, KOTOPHIA HA3HIBACTCS TAHT€HCOU/I0M.

[}

[}
| 4 | i A ! |
| i ! ! i !
| | | | | |
} ' | ' ' |
| ! | | ! |
I | [ i l [
| 1 | : | 1 :
| I : | ! !

A AT A ! | : ! |
H s s w2 > 342 fn w2 /|0 m2i /T 3w >
[}

7 | | = |
| | | | ' I
| ! | l ! |
| ! | | ! |
| | ! | ' I
| ! | | ! |

! 1 : ! 1
P o

x¢§+rrk, keZ; yel-m+w); tg(-x)=—tgx; tg(x+zn)=tgx, nez.
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CpoiicTBa pyHKIUM ) = Ctgx M ee rpaduk

1. OGnacTe ompeneneHuss KOTAHT€HCAa COCTOMT W3 BCEX JEHCTBUTEIBHBIX YHUCET,
KpOME 4MCeNl BUAA kn, keZ.
2. O61acTh 3HAYECHUH — yeR.

3. OyHKIUA ctg X — HEYCTHAs.
4. ®yuknus ) = Cg X mepuoaudeckas ¢ MOJOKHUTEIbHBIMU IEPHOJAMU kr, ke Z .
5. Touku nepecedeHust ¢ OCIMHU KOOPAWHAT: C OChI0 Oy TpadUK He IepeceKaeTcs;

C OCbl0 Ox (Hymu (QyHKIMHN): ctgr=0, OTKyna

cosx=0, T.e. x:g+kn, keZ.

o p=Cig X
8. MzoOpasum rpaduk QyHKIHH, KOTOPBIN

HA3bIBACTCS KOTAHT€HCOU/IO0M.
3ameuanue. Tak kax

ctgx = —tg(x+%} , TO rpa(uK

-2x

L]

(YHKLHUH y = crgx TOTYHYAETCS

n3 rpaduka GyHKIHMHM y=tgx C TOMOIIBIO
napasuieJIbHOrO MEpeHOoca Ha PAcCTOSHUE n/2 B OTPULIATEIHHOM HAMpPaBICHUU OCU
Ox U TIOCIIEAYIONIEr0 OTPAXKEHUS OTHOCUTENIBHO OCH Ox .

x#nk, keZ; ye(l-m,+x); ctg(-x)=—ctgr; ctg(x+mn)=ctgx, neZz.

12.4. TpuronoMerpu4ecKkue ypaBHeHUs!

{|a|>l = xed,
1. sinx=a =

|a|£1 = x:(—l)k arcsina + mk,

rac arcsinae[— ,g} keZ.

|3

2. cosx=a = {|a|>1 = xe@’

|a|£1 = x=t=arccosa + 2nk,

TJ€e arccosac[0,n], keZ.
3. tgx=a = x=arctga+rk,

T T
rae arctgae(—z,—j, keZ, aeR.

4. ctgx=a = x=arcctga+rk,
rae arcctgae(0,7), keZ, acR.
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a sinx=a cosx=a
0 x =mk xX=—+mk
1 =" onk x=2nk
-1 y=—" L onk X=m+2nk
2
% x:(—l)k£+nk x=*—+2nk
—% x—(—l)k+1£+nk x=t—+2nk
ﬁ x=( l)k—+TCk x=t—+2nk
2
¥ X = +7 x=t—+2%
V3 (=1y! k 2mk
2
ﬁ x=( l)k—+TEk x=*—+42nk
2
Xz X = +m x=t—+2x
V2 1 ok T+ omk
2
a tgx=a ctgx=a
x=mk x=£+nk
2
1 x=—+mk x=2 4k
4
-1 X=——+mnk x:3—n+nk
4
V3 xX=—+mk x:%+nk
-3 X=——+mnk x:%[+7tk
£ x=—+mnk x=2 4 nk
3 6
_£ x=——+mnk xzzTn+nk
3

IIPUMEP. Peumvte ypaBHeHUE sin( > ]

S5x+—m
8

V3
R

O0603HaunB 5x+§n yepe3 y, MOJIYyYUM YPaBHEHHE sin y:%. Ero pemenne nmeer

BUI. y=kn+(- l)k arcsin% , keZ. HOCKOJ’IBK}’ arcsin@ =z
keZ.

J» TOIyJaeM, 4To y=(1) §+nk,

Tenepb HaxXOaUM x: 5x+§n=(—l)k§+nk, keZ, OTKyJa 5x:—§n+(—1)

OKOHYATEJBHO x = (- 1)f L3

Otrser. (-1 &2
15 40
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ITPUMEP. Pemute YPaBHCHHE 2cosxcos2x =cosx .
Pemenne: [IpeoGpasyem ypaBHEHHE K BUIY cosx(2cos2x —1)=0.

9T10 YpaBHCHHC PaBHOCHJIIBEHO COBOKYITHOCTH
cosx =0, x:£+7tn, neZz,

2x = L = 2 b4 i
cos x-2 2x:i§+2nk,keZ, T.€. x=i€+nk, keZ.

OTtsBer. §+nn, i%—i—nk (n,kez).

IIPUMEP. Pemnte ypaBHEHHE 2sin” x —cosx —1=0.
Pemenue: 2(1—cos2 x)— cosx—1=0, 2c0s% x +cosx—1=0.

YpaBHEHUU

ITyctb cosx=¢, |¢|<1. JlaHHOE ypaBHEHHE IPUMET CIAECAYIOIIUH BUMI: 2% +1-1=0.

1

PemmmB ero, HanaeM 4 =-1, 1 -1 Htak, cosx=-1, cosx=—. Pemas kaxmgoe U3 3TUX
2 2

ypaBHGHHfI, IMOJIYUHM:
x=2nmn+m, nez,

x:i§+2nk, keZ.

OTtBer. 2n+1)r, i§+2nk (n,kez).

Penienue ypaBHeHHUIl ¢ MOMOIIBI0 YHUBEPCATbHBIX TPUTOHOMETPHYECKUX

MNoACTAaHOBOK

1. Ecniu ypaBHEHHE COACPIKUT TOJIBKO QDYHKIMH tg x, sin’ x, cos’ x, sin2x,cos2x, TO C

OMOIIIBI0 popMyT

. tg” x

Slnzx:g—z; COS2x:—2;
I+tg" x I+tg” x

) 2tgx 1-tg” x

sm2x=—g2; cos2x=—g2
I+tg” x I+tg" x

€ro MOKHO IIPUBECTH K BUIY [ (tgx).

2. Ecam ypaBHEHHME COOEPXKHUT sinx,cosx W (PYHKIHUHU IOJOBUHHOIO YIJIa %, TO C

OMOIIbI0 (popMyt:

2tgE l—tng 2tgi
siny=——=—,  cosx=——"%; tgxzﬁ
1+tg? = 1+tg? = eX

£2 )

YPaBHEHHE NPUBOJUTCS K BUAY f(tg%) =0.

INPUMEP. Pemnre ypaBHeHUE sin2x —cos2x =tgx.
OI[3 x¢§+nm , meZ.

2tgx  1-tg’x
I+te’x l+tg’x
Otcrona nmeeM tg’ x—tg’ x—tgx+1=0. ITycTh tgx =¢, TOrAa
=12 —1+1=0; 2(t-1)-(-1)=0; (—1)(t2—1):0;

((-12(@+1)=0; =1, t,=—1.

=tgx WIH 2tgx—1+tg2x:tgx(1+tg2 x).
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Ve
tgx=1 = x:Z+7m,neZ,

T
tgx=-1 = x:—z+7zk, keZ.
OrTtser. %+ nn, —%4— nk (n,keZ).
OaHopoaHble ypaBHEHUSI MEPBOr0 MOPAIKA:

asinx+bcosx=0 < tgx:—é = x:ﬁk+arctg(—2), keZ
a a

OaHopoaHbIE YPAaBHEHHSI BTOPOIro NMOPAIKA:
asin’ x+bsinxcosx+ccos’x=0 < atg’x+btgx+c=0 =

b+b*> —4dac

2a

xl’zzﬁk+arctg_ b’ —4ac>0, a,b,c#0,

xe®@, b*—4ac<0.
IMPUMEP. Pemute ypaBHEHHE

10sin? x + 6sinxcosx —4cos” x=0.
Tax kak 3HaUYEHUS x= g +nn HC ABIAKOTCA KOPHAMH YPAaBHCHUA H cosx#0, TO

2

pazmeiauM o0e YacTH YpaBHEHHMS Ha cos’x: S5tg’ x+3tgx—2=0, OTKyga tgx=-1,

2 2
X\ =——+mn, neZ U tgx==, x, =arctg=+7k, keZ.
4 5777 5

2
OtBerT. »x, =—%+nn, x, = aretg -+ 7k (nkeZz).

12.5. TpuronomerpruyecKkue HePaBeHCTBA

INPUMEP. Pemnite HEpaBeHCTBA sinx >%.

‘A
. . N
B3sB BcriomMoraresbHbli TPUTOHOMETPUYECKUN / \
KpYyr, Mbl BUIAMUM, 4YTO HCKOMBIM 3HAYEHUSAM x P[ sm 1 j 12 M( n 1]
6 2 P
COOTBETCTBYIOT TOYKHU OYT'H MNP, T.€. /6 T 62
T
%+2nn<x<%n+2nn, neZ. 0 1 >x
OTBeT. xc (% +2mn, 5% + 27tnj, neZ.
IMPUMEP. Pernnte HEpaBEHCTBO sinx +cos2x > 1. ‘A
Bocnonp3zoBaBumcs GopmMynaon cos2x=1-2sin’x U
0003HaYMB  r=sinx, |¢|<l, 3aNUIIEM JIAHHOE 2
HEPABEHCTBO B BUJIE I N\ 7 '\
1 >
1=202>0 = 1(1-2)>0 :>0<t<E,T.€. 0 1 x
. 1 T Sm
0<smx<5 = 2Tcn<x<g+2nn, ?+2nk<x<n+2nk,
nkeZ.

TBCT. x| 2nn,—+2nn —+ 21k, n+ 27k |, nke”Z.
OrtBe 222U5;t2k 2mk kez
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12.6. O0paTHbIe TPUTOHOMeTPUYeCKHe QYHKINH

1. APpKCHHYCOM dYHCIIa x Ha3bIBACTCS TaKOE YHMCIIO ye{—g,z}

CHUHYC KOTOPOT'O paBCH x.
. . T T
y=arcsinx, x=siny, |x|£1, ye[—g,g]

x |0

I+
| —|on 3

+

N

+ T 4
3

o

sin x 0

I+

+1

H+

S

+

b

arcsin(— x)=—arcsinx ; sin(arcsinx)=x, €CJIM |x|<1; arcsinx MOHOTOHHO BO3pacTaerT.

2. APKKOCHHYCOM 4MCJIa x Ha3bIBA€TCS TAKOE YHUCIO yel0,n], KOCHHYC KOTOPOIO

PaBEH x.
y=arccosx, X=cosy, |x|£1, ye O,n].
x 0| = n KL
6 4 3 2
cosx | 1 ﬁ ﬁ 1 0
2 2 2
P A om
3 4 6
COS X _1 V2 V3
2 2 | 2

arccos(— x) =T —arccos x , cos(arccos x)z x, CCJIN | X | <1, arccosx MOHOTOHHO y6I>IBa€T.

3. APKTaHTeHCOM qyuclia x
YA
HA3bIBAETCS TAKOE YHUCIIO y e (— g g) , 2
TAHI'€HC KOTOPOIrO PABEH x . /4
T T

y =arctgx, x=tgyay€(—?5j, XeR. -1 0 1 >x
arctg(—x)=-arctgx,  _—_——

g(—x) gx; -
tg(arctgx)=x, xeR;
arctg x MOHOTOHHO BO3DPAacTaeT.
4. APKKOTAaHI'€HCOM YKCJIa x Ha3bIBAETCS TAKOE YHCIO ye(0,7), KOTaHI'E€HC
KOTOPOTO aBEH x.

P p A

y =arcctgx , x=ctgx, ye(0,n),

xeR .arcctg(—x) =7 —arcctg x
ctg(arccth)ZX, xeR \

arcctg x MOHOTOHHO YOBIBaeT.
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HNPUMEPDBI

1. 4arctg(x2 —3x—3)—77=0.

[To onpenenenuto o = arctg(x2 —3x— 3) , o€ ( T

arctg(x2 —3x—3) =

xl’zz—l; 4,

7
4

OTBeT. xl,z :—1; 4.

2 . T
o arcsin x < g .

{OI[3:|X|S1,

arcsin x < arcsin%

5

{|x
=
x<

T
-—,— |, TOTAa
2] rorn

tgarctga =1 = x’-3x-3=1;
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13. OJIEMEHTBI MATEMATHYECKOI'O AHAJIN3A
13.1. Taéauna nmpou3BOIHBIX

1. ¢'=0 (c=const).
2. (xn)/ — sx'=1, (i) :_Lz’ (\/;), = 2\1/; .
3 (ax),—axlna. 4 (ex)'zex
5. (logg x) =—
xlna
6. lnx)' 1 . 7. (sinx)’ =cosx.
X
8 (cosx)' =-—sinx
' 1 ' 1
9. (t = . 10. (ct =— .
(igx) cos” x (ctg) sin® x
11. (arcsin x)’ - . 12. (arccos x)’ 1 .
1-x? 1-x2
! 1 !
13. (arctgx) =T 14. (arcctg x) =T
13.2. lIpaBuia gudepeHIUPOBAHUSA
1. (cu),:cu',c=const. 2. (uiv),:u’iv’.
3. (uv)’ =uv+vu

y:

C

ky

13.3. YpaBHeHHe kacaTe1bHOM U HOPMAJIHU K rpaguky GyHKUMH

VYpaBHeHue kacaTeslbHON K rpa@uky (QyHKIUH i
f(x) B TOUKE (xq,y0):
[y =)+ £ (o) = xo).
YcioBue NEpHeHAUKYISIPHOCTH IBYX IPSAMBIX () SS——
VIJIOBBIMH  KOO(PDUIIUEHTAMUA  k;, H k-
1
dy=-1 = ky=——.
2 2 kl
YpaBHEHUE NPSIMOM, IPOXOIALIEH YEPE3 TOUKY 0

KacaHus (x,y,) NEPIEHAUKYISIPHO KAacaTENIbHOM K
rpaduky y=f(x):

1
y—f(xo)=—m(x—xo)-

Ecomm QyHkuums s(r) 3amaeT 3aBUCHMOCTh ITyTH OT BPEMEHH, TO CKOPOCTH

JBU>KEHUS PABHSIETCA 3HAYCHUIO v(t)=s'(t), @ YCKOPEHUE a(t)=v'(t).
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13.4. UccaenoBanue (PyHKIHUI ¢ IOMOIIBIO IPOU3BOTHOM
KputnyeckumMu Ha3bIBaIOTCS TOYKH, B KOTOPBIX TMPOU3BOMHAS (DYHKITUH
paBHSAETCA HYJIO, HE CYIIECTBYET MM oOpamaercss B 0ecKOHeUHOCTh. Kputnueckue
TOYKHU pa3OUBaIOT 001acTh onpeaesieHus (GYHKIIMU Ha MHTEPBAJIbl MOHOTOHHOCTH.
MakcuMyMbl U MUHUMYMbI (DYHKIIMHM Ha3bIBAIOTCS €€ SKCTPEMYMaMH.
HeobxoaumbiM  yCIOBHEM CYHIECTBOBAaHUSI JKCTpeMyma (YHKIUU SBISETCA
PaBEHCTBO HYJIIO €€ MPOU3BOAHON B TOUKE DKCTPEMyMa: f'(xo)=0 (€CIH B ATOU TOUKE
IIPOU3BOJIHASI CYILIECTBYET).
['eoMeTpuyecku 3TO O3HAYaeT, YTO KacaTelibHasg K rpaduky GyHKUUH f(x) B
TOYKE IKCTPEMYMa NapaJljIEIbHa OCH x .
JlocTaTOYHBIM yCIIOBHEM CYIIECTBOBAaHHUS JKCTpeMyMa (DYHKIIMHM B TOYKE x,

ABJISICTCSL U3MEHEHUE 3HAKA €€ IIPOU3BOJHOMN B 9TOM TOUKE.
Tak B TOuke x, MakcuMyma (PYHKIUU 3HAK M[POU3BOJHON H3MEHSETCS C

HOJIOKUTEJIBHOTO Ha OTPULIATENbHBIN, YTO COOTBETCTBYET BO3pAacTaHUIO (PYHKLUHU S0
TOYKHU MAaKCHUMyMa IIpH x < x, 1 YOBIBAHHUIO [IOCIIC HEE MPU x> x .
13.5. Cxema nocrpoenus rpaguxkos

. Haiitu obnacte onpenenenuss GyHKUMUU. Y CTAHOBUTh TOYKH pa3phIBa.

. Onpenenuts, ABISETCS U QYHKIMUS YETHOW (HEUETHOM) U IEPUOUYECKOM.

. Onpenenutb HyIH QYHKIUU f(x)=0.

. Haiitu nipon3BoiHyt0 DYHKIIMU U €€ KPUTHUYECKHUE TOYKH, B KOTOPBIX f'(x)=0, HE

CYILIECTBYET WJIM CTPEMUTCS K OECKOHEYHOCTH.

5. Onpenenutb TpaHULbl WHTEPBAJIOB HENPEPBIBHOCTH, AUPGEPEHIUPYEMOCTH U
MOHOTOHHOCTH (DYHKIUH.

6. Bprunciuth 3HaKM MPOM3BOJHOW HAa MHTEPBAjJaX MOHOTOHHOCTU M BBIACHUTH, Ha
KaKuX U3 HUX (PYHKIMS BO3pacTaeT win yobiBaeT. HaliTu TOuku 3KCTpeMyMa.

7. Iloctpouth 3cku3 rpaduxa (yHKIUH, BBIUMCIMB €€ 3HAYEHUs B HEKOTOPBIX
TOYKaX.

A W N —

14. BEKTOPHAS AJI'EBPA

BexTopom Ha3bIBae€TCs HAIIPABICHHBIA OTPE30K C HAYAJIOM B TOYKE 4 U KOHIIOM B
TOYKE B d=4B.
JITMHOM BEKTOpa 4B, WIH €r0 MOIyJIeM ‘ﬁ

, Ha3bIBAacTCA pacCTOAHHUC

MEXy TOYKaMHU 4 U B.
HyneBbIiM Ha3bIBaeTCs BEKTOP HYJIEBOU IJIUHBI 0 .
BekTopsl Ha3bIBaIOTCS PaBHBIMH, €CJIM UX JJIMHBI U HAIIPABJICHUS COBIIAIAOT.
CyMMOll BEKTOPOB & W b»  Ha3blBaeTcsi BEKTOp ¢,

T€OMETPUYECKHN ITPEACTABISAEMBIA JUArOHANIBIO NTapajuieorpaMmma, ¢ Z
IIOCTPOEHHOTI'0 Ha 3TUX BEKTOPAX: ¢=d+b . =

C

Pa3HOCTBIO BEKTOPOB & M 5 HA3bIBACTCS BEKTOP ¢, B CyMME C ’
BEKTOPOM b JTAFOIINI BEKTOp a: é=d—b 3 2
BekTop (-5) Ha3pIBaeTCSA MPOTUBONONOKHBIM BEKTODPY 5 , €CIIH
€ro JJIMHA paBHA JUIMHE BEKTOpa b5, a HalpaBlieHUE b

IIPOTHUBOIIOJIOKHO.
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[IpousBeneHnEM BEKTOpa & HA YMCIIO % HA3bIBAETCS BEKTOP Ad. I eoMeTpuyecku
YMHOKCHHE BEKTOpa Ha YMCJIO MPHUBOJUT K CKATUIO WJIU PACTSKEHHUIO MCXOIHOTO
BEKTOpa B A pas.

JluneliHple onepanuu HajJ BEKTOpaMH 00J1alaloT CAEAYIOIUMH CBOMCTBAMM:

1. a+b=b+a; 5. k-(ﬁ+5):k~a+k~5;
2. (a+b)re=a+(p+e); 6. (h+p)d=hr-d+p-d;
3.va:a+0=a; 7. n-(u-d)=-p)a;
4. va:3-a: a+(-a)=0; 8. va:l-a=a.
BekTopsl HA3BIBAIOTCS KOJUIMHEAPHBIMH, €CITH OHH JISKaT Ha MapaulelbHBIX
IPSAMBIX.
Vi10BHEM KOJUIMHEAPHOCTH JBYX BEKTOPOB SIBIISIETCS PABEHCTBO d=A-b .
JlekapToBbiM ~ 0a3ucoM  Ha  IUIOCKOCTH  SBJIIFOTCS  BEKTOPBI iv],
YIOBJIETBOPSIOIIUE YCIOBUAM: i 17, |7 |=|j|=1. Yl
AB=x-i+y-j WIH E:{xz—xm@—yl}- V2
KoopanHatel ~ €IMHUYHBIX  BEKTOPOB,  KOTOPBIE

HAa3bIBAIOTCS OPTAMHU CUCTEMBbI KOOpDJMHAT, PaBHBI i ={1,0}, y,
j={0.1}. 4

Ennnununelii BekTop (OpT) B HAIPaBICHUM BEKTOpaA &

B

UMEET BU: 4, = K
a

d :\/(xB ~x,4fF +(yg—y4) - PACCTOSHUE d MEXIY TOUKAMHU )

AW B.

VB B(xp, yp)

Y4

Ol xy Xp ps
(x=xo)* +(y-yp)* =R*- ypaBHEHHE OKPYKHOCTHU C LIEHTPOM |
C(xg, yo) ¥ PATHYCOM R . M( (x,y))
_____ Clxg,

ECIIM IEHTPOM OKPY’KHOCTH SIBISICTCS HAYAIO0 KOOPAMHAT °° 00
0(0,0), TO ypaBHEHHUE UMEECT BUJL; !
|
2 2 2 |

+y“=R". : -

x Y X0 X

B nekaproBoM Gasuce {i,j.k|, rae i={1,00}, j={01,0},
k={0,0,1}, BEKTOD 04 HMEET KOOPAMHATHI {x,y,z}, €ro AJIMHA
‘&‘:w/xhyzHZ.

Koop/mMHaThl BEKTOpa 4B, y KOTOPOrO HAyalo U KOHEI[
UMEIOT KOOPAUHATHI A(x;, y;,z) U Blxy, y2,2):

E= {(xz —xl), ()’2 —)’1), (Zz _Zl)}a
€ro aJimHa

e ey ey e
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YCIIOBUEM KOAIUHEAPHOCMU TBYX BEKTOPOB a=l{ay,aya.} W b={b,b,.b. | B

MIPOCTPAHCTBE ABJISETCS MPOMOPIIMOHAIBHOCTh UX COOTBETCTBYIOIIMX KOOPIUHAT.
W3 BEKTOPHOrO PaBEHCTBA d=A-b CIEMYET, YTO a,=hr-b,, a,=r'b,, a,=kb, N

a

4x 4y
b, b, b,

=\.

JIMHEHHBIM OllepalusM HaJl BEKTOPaMH COOTBETCTBYIOT TAaKHE )K€ OIepaIldy HaJ
UX TIPOCKIUSIMHU: aik.IS:{axix-bx,ayik«by,azix-bz }

IIpy cnoxeHHM BEKTOPOB HMX KOOPAHMHATBI CKJIAJBIBAIOTCA, 4 IPU YMHOKECHUH
BEKTOPA HA YHCJIO €T0 KOOPAUHATHI YMHOKAIOTCSA HA TO XKE YHCIIO.

CkansipHbIM TPOU3BEJICHUEM BEKTOPOB & M 5 Ha3blBa€TCAd 4YHCIO, pPaBHOE
IIPOU3BENCHUIO UX MOJYJIEW HA KOCUHYC YIjla MEXIy HUMMU:

(&-l;)=|ﬁ|-‘l;‘~cos¢, 0<¢p<m,

(ﬁ-b)=5~npab =b-mpya,

_ - ab
MPOEKITUS BEKTOPA ¢ Ha HAMPABIICHUE BEKTOPA b mp,d :%’T),
b

Anzeopauueckue c6olicmea CKAAAPHO20 NPOU36E0CHUA
1. (@5)=(-a); 2. (ra,b)=n-(a-5);
3. (a+5)¢)=(@-c)+(-c); 4. (a-a)=|al.
YciioBrueM MEepHeHINKYISIPHOCTH JBYX BEKTOPOB SIBISETCS PABEHCTBO HYIIIO WX

CKAJIAPHOTO MPOM3BEIEHUS: (d-5)=0, PH ITOM cos¢p=0 = ¢ =§.

Ecnm Bektopel @ W b 3a7aHBl CBOMMH KOOpJIWHATAaMU B JCKapTOBOM Oasmce,
G=x1i+y-j+zk, b=xy-i+y,-j+z-k, TO CKaJIIPHOEC TIPOMU3BEICHUEC BEKTOPOB
BBIPAXXAETCs YEPE3 X KOOPAUHATHI CIETYIOIIUM 00pa3oM: (5-13): XXy + V1Yo + 2125

|a|=yla-a) =i+ 7 +2 ;

XX + Y1)2 + 212

N N

cos¢ =

YcnoBue nepnenouxkynapuocmu BEKTOPOB: (5.13 ): XXy + Y1ya +2125 =0
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15. INTAHUMETPUA
IIpou3BoJIbHBIN TPEYTOJIbHUK

a, b, c — pnmunsl ctopoH A ABC; p :%[H_C —
NOJIyIEPUMETP; S —mnowane; ¥ 1 R — paguycel
BIMCAaHHOI M ONMCAaHHOH OKpY>KHOCTEW; h , B, ,m, —
JUIMHBI ~ BBICOTBI, = MEAMaHbl U  OHUCCEKTPUCHI,
IPOBEJEHHOM K CTOPOHE d. c - B
/ A=0,/ B=8B, /Z C=r.

B TpeyronbHuKe TPOTUB OOJbILIEH CTOPOHBI JIEKUT OOIBIINKA YIroJl.

CyMMa BHYTpPEHHUX YTJIOB TPEYroibHUKa paBHa 180°.

BHewHnii yroa TpeyroiabHUKAa PaBEH CyMME JABYX APYIMX BHYTPEHHUX YIJIOB
TPEYTOJIbHUKA, HE CMEYKHBIX C HUM.
Teopema cuHycoB. CTOpPOHBI TpEYroJbHUKAa MPONOPLUUOHANIBHBI CHHYCAM
IPOTUBOJIEKAIINX YTJIOB:
a b c

sinG sine  sinr
Teopema kocuHycoB. KBaapar m000H CTOPOHBI TPEYrOJIbHMKA PaBEH CYMMeE
KBaJIpaTOB JIBYX JPYTUX CTOPOH O€3 YIBOCHHOTO IPOM3BEJICHUS ATHUX CTOPOH Ha
KOCHUHYC YIJIa MKy HUMH:
a’* =b>+c* —2bc-cos6 .
1 abc

1 : . — Ly —_
S—\/p(p—a)(p—b)(p—c), S—Eaha, S—Eab'smC, S=p r,S—4R,

2 . .
S =2R’sinG -sinB -sinr ; S :M.
2sinr
BuccexkTpuca TpeyrojibHuKa
s mo0oro TpeyroibHUKA CYIIECTBYET TOJBKO OJHA BIMCAHHAS OKPYKHOCTH.
LleHTp OKpPYXHOCTH, BIHCAHHONW B TPEYrOJbHUK, JICKUT Ha MEPECEUCHUH €ro
OuCCEeKTpHUC.
buccexTprica BHyTpEHHETO yIJia TPEyTOJIbHUKA JIETUT MPOTUBOJICKAIYIO CTOPOHY
Ha OTPE3KH, MPOMOPIUOHATBHBIC MPUIICKAIIUM CTOPOHAM.
_S_ |(p-a)(p-b)(p—c) B

= p-tg—t
D D Pris5185%5

T 0 B r
—c)tge—=4R-sin—sin—sin—
(p ) g2 2 2 2

:\/ab(a+b+c)(a+b—c) :2ab-cos(r/2)-

a+b a+b
BbicoTa TpeyroJibHUKA

Tpu BBICOTHI TPEYroJIbHHKA, WIM TPH TPSAMbIC, Ha KOTOPBIX JIGKAT BBICOTHI,
TIEPECEKAIOTCS B OJJHOM TOYKE, KOTOpast Ha3bIBACTCS €T0 OPMOYEHMPOM.

59



Meauana TpeyroibHUKA

MennaHnsl TpEyrojapHHKA NEPECEKAIOTCA B OJHOM TOYKE M JACIATCA TOYKON

MIEPECEUCHUS B OTHOIIEHUH 2 : 1, cUUTAst OT BEPIIUHBI.

Touka IepeccucHrA MEaAal TPCYTOJIbHUKA COBITIAJAACT C €TO YEHMPOM MAMNCECNIU.
MCI[I/IaHa ACINT IJI0MaAb TPEYTOJbHHKA ITOII0JIaM.

m, :%\/sz +2c° -a’ .

A
IlepneHauKyJISIpPbI, NPOBEICHHbIE Yepe3
cepeArHbI CTOPOH TPEYroJbHUKA R
O — 1EHTp ONHUCAHHOM OKPY’KHOCTH; F‘
R abc C 'W)B
48 R O R
IIpsimoyroabHbIN TPEYroJbHUK 4
a u b — KareTel; c— TUNOTEHY3a; a, U b, — mpoekuuu
b,
KaTeToB Ha THIOTEHy3y; a° +b°=c¢> — Teopema ‘O
1 1 a+b—c c b c
[Mugaropa; S=—ab; S=—ch; r=———; R=—;
2 2 2 2 f p
W =ab;a =ca; b =cbh;
C a B

a=csind=ccosB=b-tgd=b-ctgB;

ab=ch,; mczlc:R.
2

PaBHOCTOPOHHUII TPEYIOJILHUK

a3 a3

a=2r\/§; r 6; R= .

3
OKpYyXHOCTH, KPYT
r — paanyc okpyxkHocTd; C — JJIMHA OKPY>KHOCTH;
S —nnomane kpyra; C=2p-r; S=p-r’.
CexTop, cerMeHT
r — paguyc OKPY>KHOCTH; [ — IJIMHA TyTH, OrpaHUIUBAOIICH
CEKTOp; S, — IJIOWAAb CEKTOpa; n° —TrpagycHas  Mepa
HEHTPAIBHOTO yIJIa; O — paJuaHHas Mepa IIEHTPAJIbLHOTO YTJIa;
2 o

_prien® 1,

- —=—17 ;
<3600 2
2

r—(a —sin6).

ScerM = SAIB = SAOBI - SA 40B — >

pr-n°

= =r-a; S
180°

Hentpanbubiii yron AOB wu3MmepsieTcs rpaiyCHOW MEpOH Iyru, Ha KOTOPYIO OH

onupaercs: £ AOB = AB=«a.
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BroucaHHbli B OKPYXXHOCTb  YrOJI  PaB€H  IIOJIOBHHE

LIEHTPAILHOTO yIVIA, ONMPAIOWIErocs Ha Ty K€ Oyry, WIN ' C
nonoJHseT ee 10 180°. 44
v’
B
C
Vron MexIy XOpAoW U IOJyKacaTelbHOM B ¢ KOHIEBOM TOYKE A B

HN3MCPACTCA IIOJIOBUHOU COOTBCTCTBYIOHIICTO LICHTPAJIBHOT'O YyTJIA.

IIpousBeieHNss OTPE3KOB IMEPECEKAIOLIUXCS XOpJ PaBHBIL:
AS-BS=DS-CS.

o)
: :E . >
@)

a
~

Ecnu depe3 TOYKy NpOBEAECHBI CEKYLIas OKPYKHOCTH H
KacarejabHas, TO IPOU3BEACHUE OTPE3KOB CEKyLIEH paBHO

KBaJpaTy OTpe3Ka KacatenbHoi: CP° = AP-BP .

X

[IpousBeneHus OTPE3KOB CEKYLIUX HA X BHEITHUE YaCTU
paBHbl: AP-BP=DP-EP.

N
>
a
ty
~

Yriel ¢ BEpPIIMHOM BHYTPU WM BHE OKPYKHOCTH PAaBHBI:
DM + AF

b

LABC:@‘ /Z DKM =

N
=
.
. S
o

IIpou3BOJIbHBIH BBINMYKJIbIH YeTHIPEXYT0JbHUK

d, u d, — IJINHBI [UaroHaJIeH; B
¢ — Yroj MeXx1y HUMU; 4 g 5
2
S — mwIomane.
1 _ 4 d o C
L A+Z B+Z C+Z D:360°;S:Edld2s1n(p. d c
D
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Ksagpar
| dl |:| dz |:d; d1 1 dz;

B a C
d2
S = a2 = — , R
2 r
d a A a
a
r=—; R=—.
2 2 A a D
IHapaJjenorpamm B C
a U b — NIUHBI CMEXHBIX CTOPOH napaienorpamma ABCD ; b
A — BenMYMHA yriaa MEXIy JTUMHU CTOPOHaMHU; /i, — BBICOTA, h

OIyIIEHHAs HA CTOPOHY a; d,, d, — JUIMHBI IUaroHajieu;
S — mIomanab rnapamicjiorpaMmma,
h,=b-sind; d} =a’ +b* —2abcosLABC; d; +d; =2(a* +b*); S=a-h,;

A a D

2 2 2 2
S =absin/BAD; S = %dldzsinLAOB (S = @tg/l _AB 4D

tgL AOD.
Pomo0
). 1 h,
d Ld,;, S=a-h; S§S=asmnB; S:Edldz; rz;;
dl+d; =4a*;
O — LIEHTpP BIIUCAHHOW OKPYKHOCTH;
. a a
d = 2asm5; d, = 2acosz, 0=Z4DC.
TPAIIELIUS
a u b — ocHOBaHUS;
¢ U d — OOKOBBIE CTOPOHBI; B__ b Q
h —BbIcOTa; d, U d, — UIMHBI AUaroHajel; ¢;2 \
[ — cpenHss TMHUS; Cﬁ P N
¢ — YTOJl MEX]Ty THarOHAJSIMH, - |
S — mIomaap; A a D
a+b a+b dd, .
= ; S= h; §S=—"2sing.
2 2 2

Ecmu a+b=c+d, 10 B Tpaneuuto MOXHO BIIUCATh OKPYKHOCTb.
OnucaTh OKpPY>KHOCTh MOKHO TOJIKO B TOM Clly4ae, eciiu ¢ =d .
MHOroyroJibHUKH
1 — YHCIIO CTOPOH WJIM BEPILUH;
(n — 2)1800 — CyMMa BHYTPEHHUX YIJIOB;
n (n — 3)

— YHCJIO JUATrOHAJIEH.
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16. CTEPEOMETPUA

IIpou3BosibHast npu3Ma
[ — 6okoBoe pedpo;
P — nepumerp ocHOBaHus;
S — mIomaab OCHOBAHUS,
H — BbICOTA;
P_, — nepumMeTp nepneHaNKyIIpHOTO CEUCHHUS;

ceu

S,

60K

— TUTOINA b OOKOBOM IMOBEPXHOCTH;

V —o0beM;

S_., — TUIOIIA b TIEPIIEHANKYIISIPHOTO CEUCHHUSI.
Se. L 13 V=S,-1;

V=S.,"H; Sq =PI

60K ced

MMapanaenenunen. Ipamoi mapaJsenenunen

S 6ok F)ceq ) l 5

ABCD — 4 B

napaiesIorpaMm;

V=SH ; ! D, G

S ok P-l 5 4 B

V=S-1. D ¢

IIpsimoyrosibHbIN NapaJjieenumnen u Kyo

ABCD —nipsIMOYTOJIbHUK; A, B,

ABCD — xBajpar; A B, o

Seoc =2(a+b)-c; Dl 1

S. =4a*; d

SHOB = 6612 5 4 ¢ B:':‘.'.-'-'Z.a

V =abc; ’ c
2 2 2 2 D “

d =a +b +c".

V=a’;
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IIpousBosibHAsA MUpPaMHUIA

S — mIomaab OCHOBAHUS,
H — BbICOTA;
V —o0bem;

Seo — IUI0OIIAL OOKOBOM MMOBEPXHOCTH;

o — Yyrol MexXIy OOKOBOW TpaHbl0 M IUIOCKOCTBHIO
OCHOBAHUS;

B — yroam Mexay OOKOBBIM peOpoM U IUIOCKOCTBIO
OCHOBAHWUS;

[ — BbICOTa OOKOBOM T'paHu (151 MPaBUILHON MUPaMUIbI -
arogema);

P — nepumeTtp ocHOBaHUS;

V= %SOCH -H

V= g(S%K + Socrl))

IZIe I — pagnyC BIMCAHHOIO LIapa.
I[IpaBuiabHass mupamMuaa

ABCD — npaBWIbHBIA MHOTOYTOJIbHUK;

S=S5,, coso;

1

S, =—P-1.
2

6ok
IIpaBuibHas ycedyeHHAas NMPpaMuaa
S, 1 S, — momaau OCHOBAHMI;

h — BBICOTA; V' — 00BEM;
[ —anodema;
a,a,, B u P, — CTOPOHBI ¥ IEPUMETPHI OCHOBaHHMH,

h,,h, — BBICOTBI TUPAMHUJ C OOLEN BEPIIUHOM;

SGOKZ%(})I-i_})Z).Z;
1 oS _a12 _h12
V—gh(S1+4/S1-S2+S2),S—z—a—zz—h—zz.
Huaunap

R — pagnyc ocHOBaHUS;
Se. — IIIOIAb OOKOBOM MOBEPXHOCTH;

S, — IJIOLaAb MTOJIHOM IOBEPXHOCTH;
V —o0beMm;
Ssox =2PRH; S, =2pR(R+H);V =pR’H .

60K
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Komnyc

YceueHHbIH KOHYC

V:%pH(R2+Rr+r2);
S

60K=p-l-(R+r);
S,=pl(R+r)+pR*+pr’.

Ilap. lllapoBou cekTop

S — mIo1ab MOBEPXHOCTH 1IaPa;
R — paguyc mapa;

h — BBICOTA CETMEHTA;

V —o0bem;

S =4pR*; Vzng3.

[ITapoBoi1 cekTop:

S =pR(2h+a); V :%pth.

map.cex map.cex 3

[ITapoBoi1 ciou:
SHOsz( 2RH+1’12+1’22 ); R

V:%pH( 3 (R )rH ),

I€ 7; U ¥, — paauyChl CEYEHUH 1apa.
[ITapoBo¥i cerMeHT:

N =S . +S. . =2pRh+pa’; V :phz(R——hj.

1ap.cerMm cerm 1ap.cerMm
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3AJTAHUA 1151 CAMOCTOSTEJIBHOM PABOTHI

3aganme 1. Apudpmeruxa

Bapmuanr 1

1. Beruuciure:
(26,7 - 131) 18+ 0,125(1,88 + 2ij 2.3
5 25

Otser: 20. N
2. [ﬂ_ﬂj_ﬁ+(§_§j.@+z

18 36) 65 \7 49)°49 6

OrtBer: 2.
25

3 [2,3+5:7)~7

0,8-0,125+6,9
Ortser: 3,1.
4. Haiigute x U3 NponopIuu:
108 5 4
9[%+0,56J ) 0,25 ;g_i

_ 25
5x 33 124

2 9
Ortsger: 70.
5. Haiinure yucno, ecnu 8% ero paBHbI
24.
Otsert: 300.

6. BbIUHCIINTE:

()]

Ortser: 0,25.

7,272y —(0,125)7 + (2.
Otser: 1.

2 5
I XRVEN B
8. ) 4

245

Ortser: 1,6.

9./12 l63> —27>
2V s

Otger: 6.
10. 10 - 7'2)/100 +3/70 +3/49)

(316 — 3\/6)2[\/?6 + \/EJ
Ortser: 0,03.

66

Bapuanr 2

1. Beruuciure:
1

4170,004-300 129,25+ 4l737 :70.
8 5 2

Otser: 0,11.
2.Q+§_(17

—:17]4—3,75:2.
16 2\ 4 6
OTBert: 5,5.
3 * [%—1,7}0,05
33 o
[%71,5].1,5
Otsert: 300.
4. Haiinute x U3 IPONOPIIUN:

[%+§ 3
50 25)16 «x

5 13 1 2 77.99

72 1826 15 4
OrTBer: 8.
5.Haiipute u4wucno,
paBHBbI 182,

Ortsert: 130.
6. Berauciurs:

) T

OtBerT: 29,65.

e )
Ortser: 0,81.
8.(7y (1Y

[E] .56 -[?9} —160'

(&)

OrtBer: 48.
9. 12 |

| % 15(38224:32)'
OrtBer: 0,4.

10. (7727 = 78)(27"* +8')
277 - 64
OrtBer: 0,2.

eciim 140%

€ro



3ananue 2. Aareopa

Bapuanr 1

1 .YHPOCTI/ITG BLIan(eHI/Ie:
a’ +3a’b+3ab® +b°

a’—b?
Otser; (a+b)’
a-b
2 .BBINOMTHUTE TENCTBUS:
a’+4a+2 2
a a
Ortser: 4.
X 1
R
a” +ax a+x
1
OrtBer: —.
a
4. b? 4(12[7—11172Jr a
a’+ab+b* b -a’ a-b
Otser: _(b-a
a’> +ab+b*
5. o a  124* -9 9
-1: + + .
(B-a)’ a-3 27-a° a*+3a+9
Ortsert: —1.
6.1+(a+x)" 1_1—(a2 +x7)
I-(a+x)" 2ax ]
Ortser: (@+x+D°
2ax
’7‘ al,S +b1,5 ! ! ' 2b0,5
2% 4+ pos ~a™p" '(a_b)+ao,5+bo.5'
Ortser: 1.
1 1 a
8.( ; J a
a—JE a+JZ a—-b
OtBeT: 2.
9.YHPOCTI/ITI> BI)Ipa)KeHI/Ie N BBIYHUCIIUTH
cro HpI/I 3aJaHHOM 3HAYCHUHU
napamMmerpa:
(m'm? +5\/;+m\/§+15\/§):[3m+15] IIpH
2\ m? —6\/5
m=3.
OTBeT: 6.

10.\/57+a\/ﬁ+6\/5+2\/§_1 HpI/I a=?2.
J;+2Jg+a 2+\/§
Otser: 1.

65

Bapuanr 2

1. Ynpocture BblpakeHHE:
(a> =b*)(a® —ab+b?)
a-b ’
OTBeT: & +b°.
2.BEBIITOTHATE AEeICTBUS:

b +2b-3
b-1
Ortser: 3.
3.a°-b" a'-b’
a-b at-b*’

Otser: _ 4
a+b

4,1+21

+ .
x*+3xy 9y’ —x> 2x—6y

OtBer: _ ¥-2
2x(x—=3y)

5 c+5 c¢+5) ¢t +5¢
. + : +
S5¢c-1 c+1 1-5¢

OTBeT: ¢-1.
6. (x* =b) " (22 +bY)" 1 (bz J‘

b.

¢t +5
c+1°

(XZ_bZ)—l_(x2+b2)—l 2

2
X

OtBeT: .

2b*

7.(1—a”2 +1+a1'2]. a+1

-1/ -1/
l1+a? 1/2

1-a a-1

Ortger: 2

8,(\/a+x+\/a—x+l} 1
VJa+x—+a—x '(\/a+x—\/a—x)\/a+x.

OTBeT: 2(a+x)-

9.Y1pocTuTh BBIPAXKEHUE U BBIUYUCIUTH
ero Opy  33JaHHOM  3HAYECHUU
napameTpa:

3—\'”\/;+ Vniln npu nzi,
4nn(1+8/n) 64
OrtBerT: 3,2.

10,((\/@_\/27?):(412”“]} (@a-3)"

3a (6a°)™"
a=182.
OtBer: 36.

npu




3ananue 3. ®yHKuuU 1 uX rpagpukn

Bapuanr 1 Bapuanr 2
[TocTpouTs rpaduiku GyHKIIHIA. [TocTpouts rpaduiku GyHKITHIA.
1. y=2-x. 1. y=2x-1,

2 2
2. y=x“+2x+3. 2. y=2(x-3)".
3. yzl—g. 3. y:3X+4.
X x-1
4, y=+x3. 4. y=3\/x—4.
5. y=3x. 5. y=x%83,
X 6. y=3%,
5] y
6. y={=1|".
3 7. y=2log(1/2)X.
7. y=|°92(§)- 8. y=3cos(%).
8. y=sin2x. 9. y=tg3x.
9. y=2+ctg x. 10. y =arctg x.

10. y =arccosx.
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3aganue 4. MHOTO4JIEHBI
Bapuanr 1

1.BBINOJIHUTE YMHOKEHUE U TPUBECTH MOI00HBIE WICHBI:
(a+5)a*> —5a+25).

OTBeT: o° +125.

2. BBINOJIHUTE YMHOXKEHUE U IPUBECTH MOJI0OHBIE YJICHBI:
S5a(2x-3)-3x(2x-3)+ (3 - 2x).

OtBet: (2x -3)(5a-3x-1).

3. BcTraBuTh HYKHBIE YMCIa BMECTO CUMBOJIOB:
(®x+3)° =4x+)x+9.

OtBeT: ® =42, ()==+12.

4 .Pa310KuTh HA MHOKUATEIIH:

(2c+1)* =27.

OTBeT: 2(c—1)(4c? +10c +13).

S.BbIIeIUTh NOJTHBIA KBaJpAaT:
x> =2x+5.

OtBeT: (x-1)* +4.

6.1IpousBectu ejieHUEe MHOTOUYJICHOB:
(2x+x" —x+2x") 1 (x +1).

OTBeT: 2x> - x-1.

7.Ha¥iT 3HadeHne K03 PHUIIMEHTA TPU x° B BHIPAKCHUU:
(x=2)(2-3x)2x +5)+2(x* =1).
OTBert: 3.
8.Haiitn 3HaueHue a, Mpu KOTOPOM JAHHOE PABEHCTBO BEPHO IS BCEX X :

8x—35a-3 7 1 X
— ==+ — |(x-D+—.
15a 3 Sa 3

Ortser: 0,125.
9.Haiitu 3Hau€HUs a U b, IPU KOTOPHIX JAHHOE PABEHCTBO SIBJISIETCS BEPHBIM

JUIA BCCX X {3y 1 4)? = (3b - da)x? +%(17—a)x+16.

OtBer: 3; 7.

10.Haiitn unicna 4,B,c, IpA KOTOPBIX CIPABEIIIMBO PABEHCTBO:
1 4, B C

X-D(x+2) x x-1 x+2

Orser: 1.1
535

N | —
| —
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Bapuanr 2

1.BBINOJIHUTE YMHOKEHUE U TPUBECTH MOI00HBIE YICHBI:
(2b-1)(1+2b+4b%).

OTBeT: 8»° 1.

2. BBINOJIHUTE YMHOXKEHUE U IPUBECTH MOJI0OHBIE YJICHBI:

135a"”x® +90a"x" —364°x'¢.

OtBet: 94°x*(15a* +10a*x* — 4x*).

3.BcTaBuTh HY)XHBIE YHCJIa BMECTO CUMBOJIOB:

(3x+®)* = 9x? +%x+(>.

OrtBer: o=l p- L
12 144
4.Pa310XUTh HA MHOXKUTECIIU:

(p-2)°*+27.
OtBeT: (p+1)(p* -7p+19).

S.BbIIENUTh NOJHBIA KBaJAPAaT:

a? +la+3.
2

6.1IpousBectu ie€HHEe MHOTOWJICHOB:
(1-x*=3x+6x"):2x-1).
OTBeT: 3x* +x-1.

7.HaiiTu 3Hauenne ko3 PuimenTa npu »*> B BBIPAKCHUH:
[x - ij(4x -2)+(1—x)2x+5)x.

Otser: 1.

8.Haiitn 3HaueHne a, MpyU KOTOPOM JAHHOE PABEHCTBO BEPHO IS BCEX X :
(2x+5)(2a+7)=(6a+1)x+10a+35.

OTBerT: 6,5.

9.Haiitu 3HaueHus a U b, IpU KOTOPBIX JAHHOE PABEHCTBO SIBJISETCS BEPHBIM

JUISL BCEX X :
(x+7)(x+8)=x"+(4a+b)x+2a—b+56.

OTBerT: 2,5; 5.

10.Haiit unicna 4,B,c, IpA KOTOPBIX CIPABEJIMBO PABEHCTBO:

x 4 B  C
x-Dx+2)(x+3) x-1 x+2 x+3

Otsert: 1
12°

2.3
37 4
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3ananue 5. PanuoHajibHble YPABHEHHUS U CHCTEMBbI

Bapuanr 1

[Pemuth ypaBHEHuUE:

71-3x 1
6x—-9 3
OrtBer: 14,8.

2.HaiiTn MEHBIIMN KOPEHb YPABHEHHS:

24x(x+1)=4x> 7.
OtBer: -0,7.

3.Peunts ypaBHEeHUE:

%—15=8x.
x

OtBeT: —2; 0,125.
4 ax—b N a+bx _ (a+b)*

a+b a-b a*-b*’
Otser: _2ab
a’ +b?

5-3+Ez+x2+§;=0.

x x
Otser: 3.

6. (x+0,5)(x> —9) = 2x + 1)(x +3)°.
Otsert: -9; -3; -0,5.

3
7-;‘ ilex—&
o

Ortger: 20.
8.Pemmmts cucteMy ypaBHEHUN:

2x+1ly=-2
x=3y=-1

Otger: (-1; 0).

Tx+24y = 65

Ax+13 y
Otser: (-1; 3).

x+y+z=1
10.02x 12y +2=1
x+3y+2z=3

Otgert: (-0,5; 0,5; 1).
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Bapuanr 2

1.Pemute ypaBHeHue:
17_,.7
5x X

OrtsBer: 5,2.

2.HaiiTn MEHBIIMN KOPEHb YPABHEHHUS:
61x(x +1) =31x*> - 30.

OrtBer: —1,2.

3.Pemnth ypaBHEHUE:

15 16
1——:72.
X X

Otser: —1; 16.

4 5 X 6x
b+3 3-b b2-9

OtBerT: 5.

5.4x* +3x> +32x+ 24 =0.

OtBer: —2; -0,75.

6. (x> —0,01)(2x —5) = (x — 2,5)(x + 0,1)>.
OtBert: -0,1; 0,3; 2,5.

4 _256
7.x =2(7x +12).
16—x* (7x+12)

Otser: -10.
8.Pemuth cucTeMy ypaBHEHUI:

I5x+2y=2
13x-3y=-3

Otsert: (0; 1).
.8
9.:x 191-35y
19x+12y =22
Otger: (-2; 5).
4x-Ty+8z=0
10.{x-2y—-z=-3
6x+2y+3z=-9

Otser: (-2; 0; 1).



3ananue 6. YpaBHeHUs] 1 HEPABEHCTBA, COJePKALINE 3HAK MOAYJIsI

Bapuanr 1

1.Pemuth ypaBHeHuUE:
|5—4x=1.
OtserT: 1; 1,5.

2.Haiiaure LENOYNCICHHBIE PEIICHUS
YPaBHEHHS:

x* =3x+2x-2/=0.

Ortser: 1.

3.Pemnth HEpaBEHCTBO:

0,5-x|<3.

OtBert: (-2,5; 3,5).

HauOoJIbIIee

4. Haiitn nemoe  x,
YAOBJIETBOPSIIOIIEE HEPABEHCTBY:

|5x =3 > 6x-2.

Otser: 0.

5.HaiitTu HaumMmeHblllee  II€J0€ X,

YJIOBJIETBOPSIIOIIEE HEPABEHCTBY:

2x+5
—>1.
h+ﬂ
Ortser: 0.

6.PeminTh HEpaBEHCTBO:
1<|x—1]<3.

OtBerT: x €[-2,0]U[2,4].
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Bapuanr 2

1.Pemiuth ypaBHEHHE:
2—5x| =16.
OtBer: —2,8; 3,6.

2.Haiiaure LENOYNCICHHBIE PEIICHUS
YPAaBHEHHS:

x?+2—|x=3-5x=0.
Ortser: 5.

3.Pemnth HEpaBEHCTBO:

x =3 <.

Otger: (2; 4).

4 Hatitu  HaumOonblllee  1eIoe  x,
yAOBJICTBOPSIIOIIEEC HEPABEHCTBY:
h—ﬂ>2m

Ortser: 0.

5.Haiitu HaumMmeHbplliee  II€J0€ X,

YJIOBJIETBOPSIIOIIEE HEPABEHCTBY

ﬂ > 2
-3
OTtBer: 4.

6.PeminTh HEpaBEHCTBO:

2<|x+1<4.

OTtBeT: x e[-5,-3]U[1,3].



3ananue 7. UppanuoHaibHble YPABHEHUS U CHCTEMbI

Bapuanr 1

1.Pemiuts ypaBHEeHHE:

\/x+1+\/524\/5.

Ortser: —1.
9—5x:_L
3-8x  42°

Ortger: 5.

3.40x+2=2+/x-6.

Ortger: 7.

4.(x* +4x)/x-3=0.

Ortser: 3.

S4x+l=11-x
Ortger: 8.
6.2vx+1- \/% +7=0.
Otser: —0,75.

m ~10-x =2.
OtsBer: 6.
8. |x=7] =x-1.
Ortger: 3.
9.ax* —1+x=|x=2
Ortser: 0,625.

10.Pemuth cucremy ypaBHEHUI:

{\/}+\/m=4

y—x=17
Otgert: (1; 8).
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Bapuanr 2

1.Pemiuth ypaBHeHUE:

J3-x=43.
Otser: 0.
4—x_ 1

x+2 3
OrTBert: 2,5.
3.x+425-x =5,
Otsert: 0; 25.

4. (x> =1)2x+1=0.
Otsert: —0,5; 1.
S5.d4-x=x+2.

OTtBer: 0.

6
6.10x+3+17 = )
Jx+3

2.

Otsert: —2,91.

TAlx+3 +—m— =2.
Vx+3+3

Otser: -2.

8. /]x—10] =x+2.
Otser: 1.
9.ﬂ—x=|2x+1|.

Ortser: 0; 0,6.

10.Peminth cucTeMy ypaBHEHUIA:

{J2x+y+l—Jx+y:1

3x+2y=4
Otsert: (2; -1).



3ananue 8. CBoiicTBa Jjorapugmosn

Bapuanr 1

Beruuciurs:
1. log,0,25.
OTtBeT: —2.

2. log39.

OTtBer: 4.

3. log,27-2-log, 3+log, %

OrtBer: 1.
4 210gﬁ5

Ortser: 25.
1
5. log logmg.

Ortser: 2.

1
6 273log|6 81
OrTBer: 2.

7. log,,,(log, 3 log, 4).

OtBer: —0,5.

Bapuanr 2

Beruucints:

1. log,, 3.

OtBer: —0,5.

2. log) 8.

Otser: 27.

3. log,34—log,17+log,18.
Otser: 2.

4. 6,

Otser: 0,25.

3. log9log4(3\/2)

Otser: —0,5.

3
log(%j 3

6. 3

OTBeT: 6.
7. 0,8(1+ 9" %yless3,

Ortser: 4.



3ananue 9. Jlorapudpmuyeckne ypapHeHUs

Bapuanr 1

Pemute ypaBHeHuUE:

- (&) -6

OtBeT: -5,5.
2. 27 =22,
OTBerT: 2,5.

3. 77 -6 =0.
Ortser: 1.

4. 8.3"=243.2"7
OtBer: 5.

5. 9-75-3""-54=0.

Ortser: 3.
6. log,2x= l
2

OTtBer: 1.

7. log,;(3x+1)=-2.

Ortser: 1.
8. log,Vx—1=1.
OtBer:3.

9. log,, . 3-1=0.

X

Ortser: 3.

10.log, (x* + 4x +11) =log, 5 0,125.

OtBer: —3; -1.
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Bapuanr 2

Pemute ypaBHeHuUE:

LRCH

OTtBer: 3.

[—

2. 57" =125,

Otser: -1.

3. 5% -7 =0.
Otser: 0.

4. 177" =102-6"
Otser: 3.

5. 4% -15.2""~1=0.
Otser: -3.

6. log, , x=-2.
Otser: 16.

7. log,(2—x)=2.
Ortser: -7.

8. log,,3/x+1=-1.
OtBer:26.

9. log, 11-0,5=0.
Otser: -113.

10.log, (2x” + 5x + 6) = 1g100.

OtBer: 0,5; -3.



3ananue 10. PannonanbHbie 1 HPPALMOHAJIbHbIE HEPABEHCTBA

Bapuanr 1
1.Haiitu  nauOoiblnee  IieJioe  x,
YAOBJIETBOPSIIOIIEEC HEPABEHCTBY:
2x+1 3x-1
- >1.

3 2
Otser: —1.
2.HaliTu 1ENOYNCICHHBIE  PELICHMS
HEPaBEHCTBA!
6x -5 <0.
4x+1
Ortger: 0.

3. HaiiTu UEIOYHUCIEHHBIE pEUICHUS
HEPABEHCTBA!

2x* —=9x+4<0.

Ortser: 1; 2; 3.

4.PemuTh HEPABEHCTBO:

1 1

—>—.

x 3

Otser: (0; 3).

7 x
5.Pemmth HEpaBeHCTBO: ——= > 0.
X

OtBert: (—o0,—7) U (0;7).

6.Haiitu HauMmeHsblllee  I€JI0€
YJOBJIETBOPSIIOIIEE YCIOBUIO:

J;>2.

Ortser: 5.

X,

7.PelimTh HEPABEHCTBO:

V4 +2x <1,5.
Orger: [-2; -0,875].
8. Pemuts HEpaBEHCTBO:

V14—x >2—x.
Otser: (-2; 14].
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Bapuanr 2
1.Haiitu  nHaumOoiblmee  1iejioe  x,
YAOBJIETBOPSIIOIIEEC HEPABEHCTBY:
O9x+2 10x-2
- > 2.

10 9
Otser: —8.
2.HaliTu  1ENOYNCICHHBIE  PELICHMS
HEPaBEHCTBA!
2x -3 <0.

x+1

Ortser: 0; 1.

3. HaiiTu UeIOYMUCIEHHBIE pEUIECHUS
HEPaBEHCTBA!

x> —6x+5<0.
Ortser: 2; 3; 4.
4.PemuTh HEPABEHCTBO:
2 1

2x+3 4
Otser: (-1,5; 2,5).

x 8
5.Pemnth HEPABEHCTBO: 5 <—.
X

OtBert: (—o0,—4) U (0;4).

6.Haiitn  Haumenblee  IeJoe  x,
YJOBJIETBOPSIIOIIEE YCIOBUIO:

A2-2x <1.

Ortser: 1.

7.PelinTh HEPABEHCTBO:
m <l

Ortger: [0,5; 1,5].

8. Pemurts HEpaBEHCTBO:

24x—-1>x—-4.
Otser: [1; 10].



3ananue 11. Iloxa3aTenbHble U JorapupmMuiecKkue HePABEHCTBA

Bapuanr 1

1.HaiitTu HaumeHsblllee  [€JI0€
YIOBJIETBOPSIIOIIIEE HEPABEHCTBY:
27 < \/5 .

OrtBert: 0.

2.Hatitnu  Hauboiblliee  1eJ10€
YJIOBJIETBOPSIIOIIEE HEPABEHCTBY:
3% <33,

Ortser: 0.

3.Haiitu  HauOojblee  IIEJIOE

YIOBJIETBOPSIIOLIEE HEPABEHCTBY

3.571 46570 < BL
5.X+l .
Ortser: —1.

4.PemuTh HEPABEHCTBO:

( 3 jé)chIO—)r2 27
= <.
4 64

Otsert: (-1; 7).

6-5x

5-(zj2+5x >§.

5 4
OtBer: (-2; -0,4).
6.Halitu HauMmeHsblllee  IEJI0€
yJ0OBJIETBOPSIIOIIEE HEPABEHCTRY:
lg3*" —1g3*** <1g3.
OtBeT: 5.
7.Haiitnu  HauOojblee  IIEJIOE
YAOBJIETBOPSIIOIIEE HEPABEHCTBY:
log,,(2x —8) —log,, 6 < 0.

OTtBerT: 6.

8.Haiitu nenble yncna x, Npu KOTOPBIX

BBIITOJIHACTCA HCPABCHCTBO!

log,,,(2x-1)+log,,, 12 > log,,, 10 +log, , 6.

OtBer: 1; 2.

9.Pemnth HEpaBEHCTBO:
log,,s(x—=5)>-2.

Otser: (5; 30).

9. log(x+1)<2.

Otser: (-13; 12).
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Bapuanr 2

1. Hatitu HaumMmeHsbllee  I€J0€
YIOBJIETBOPSIIOIIIEE HEPABEHCTBY:

-x/3
(;j >7.

OrTBert: 4.

2.Haiitu  namOonblnee  1ieJIoe
YAOBJIETBOPSIIOIIIEE HEPABEHCTBY:
43 <16.

OrTBer: 5.

3. HaWitu HauOosblllee I1I€J0€
YJIOBJIETBOPSIIOIIEE HEPABEHCTBY:
162-3 =2.3"7 > 0.

Ortser: 6.

4.PemnTh HEPABEHCTBO:

(1jx2+2x (IJIGX
— > = .
3 9

Otger: (-8; 4).

(17 5(2)"

5 5

Otser: (1; 4).

6.Halitm  HaummMmeHbIlee  II€I0€
yAOBJIETBOPSIIOIIEE HEPABEHCTBY:
lg8+1g20 <1g5+1g2>.

OTBert: 6.

7.Haiitu  HauOosbllee  1EIoe
yJIOBJICTBOPSIOIICEC HEPABCHCTBY:

log2(4 —gj ~log, 8 < 0.

OTtBert: 7.

8.Haiitn nenble yncna x, Npu KOTOPBIX

BBIIIOJIHSETCA HEPABEHCTBO:
log,,;(3x+6) > log,,; 3+ 2log, ; 2.
OtBer: -1; 0; 1.

9.PeminTh HEPaBEHCTBO:
log,,,(x+3)>-0,5.

Otser: (-3; 0).

10.1og, (x +20) < 3.

Otsert: (-20; 7).



3ananue 12. Tpuronomerpus

Bapuanr 1

1.Pemute ypaBHeHue:
cosx =—1.

OTBeT: p+2pk, keZ.

2. PemnTh ypaBHEHUE:
sinx=1/2.

Orser: %+27rk;5?ﬂ+27zk, keZ-

3. Pemnts ypaBHEHUE:
tgx = \/E .

OTBeT: %+pk, keZ-

4 HaiiTu pelieHHss ypaBHEHHs Ha
3aJJaHHOM IPOMEXKYTKE:

sin(p(x—2))=0, O0<x<4.

OrtBer: 1; 2; 3.

5'ﬁ+2cos%:0, 8 < x < 20.

OtserT: 10,5.
6.Pemute ypaBHeHne:

X
tg—|=1.
=

OTBGT: %+pk, keZ.

7.PemmTh ypaBHEHHUE:

cos’ x=—.
2

Otser: %%kez,

8.Pemnts ypaBHEeHUE:
2cos” x+5sinx—4=0.

OTBeT Z+2pk p—0—2pn kneZ-

9. Pemuth ypaBHEHUE:
sin 2x = sin 3x.

OTBeT 27[k +T k neZ:-

10.Pemnth HEPaBEHCTBO:

3
cosx < ———.
2

Ortser: (27[k+ = s 27k + 6j keZ.

11.PemmTes HEpaBEHCTBO:
tgx <1.

OTBeT: (pk—g, pk+%j, keZ.
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Bapuanr 2

1.Pemute ypaBHeHue:
cosx=1.

OTtBeT: 2pk, keZ.

2. PemnTh ypaBHEHUE:
tgx = —\/g.

OrtBer: _%Jr pk;keZ-

3.Pemuth ypaBHEHHE:
sinx=-1/2.

Otser: _ 6 2 iopkkez-

4 .Haiitu pemeHnss ypaBHEHHUs
3aJaHHOM IIPOMEXKYTKE:
cos(p(x—3))=0, 4<x<6.

Ortser: 5.

5'1+2sini—x:0, 2<x<4

Ortser: 3,5.

6.Peminth ypaBHEeHUE:
V3

‘sin 4x‘

Orser: ,p Pk, p
227

7. PemuuTh ypaBHEHHUE:

+pn, k,neZ.

1

ctg’x=—

8573
OTBeT: i%erk,keZ.

8.Pemmnts ypaBHeHueE:
2sin” 2x+7sin2x—4=0.

OtBeT:
12

9.Peunth ypaBHEeHUE:

+pk, —2+7zn k,neZ®

X
cos E =cos2x.

OTBeT: opk, bpn
775

10.PemnThs HEpaBEHCTBO:

“opk+ T 2pk+22 | kez
(p 3P 3j

11.PemmThs HEpaBEHCTBO:
ctgxy < —1.
Ortser: (

pk+ pk+pj keZ.

Ha



3ananue 13. Ilnanumerpus

Bapuanr 1
1. Haiitu ocHOBaHMe paBHOOEIPEHHOTO TPEYTOJbHUKA, €C/IM ero OOKOBas CTOpOHA
paBHa 23, a nepuMeTp paseH §1.

OTtBeT: 25.

2. Haiitu TpeTpro CTOPOHY MPSMOYIOJBHOIO TPEYrOJIbHUKA, €CIIN JaHbI ABE APYrUe
€0 CTOPOHBIL: 24/5 u 4.

OTBerT: 2; 6.

3. Haiitm miomane npsiMOYrOJbHOTO TPEYTOJIbHUKA C KaTeTOM 2,5 U THIIOTEHY30U

/281

2
OtBert: 10.

4. T'unoTteHy3a paBHOOEAPEHHOrO MPSMOYTOJbHOTO TPEYTrOJbHUKA PABHA 2(y2 -1).
Havitu ero nepumerp.

OTtBer: 2.

5. I'mnoteHy3a HpsIMOYrOJIBHOIO TPEYrojbHUKA B 3 pas3a OoJIbIIE MEHBILEro W3
kareroB. HaillTu MenuaHy, NpOBENEHHYIO K TMIIOTEHY3€, €CIH OOJIbIIMH KaTeT
pPaBEH 442

Ortser: 3.

6. OnHa W3 CTOpPOH mMmapasuienorpamma paBHa 21, a mepumerp pasen 123. Haiitu
JUIMHY CTOPOHBI apaJuIeIorpaMMa, CMEKHOU C TaHHOM.

OrtBert: 40,5.
7. OpnHa U3 nuaroHajiey mapaienorpamma, paBHas 2 fg, COCTaBISIET C OCHOBAHUEM
2

yroa 60°. HaliTu mJIMHY BTOPOM AMAaroHaiau, €CIM OHA COCTAaBJISIET C TEM XKe
OCHOBAHHUEM YTOJI 45°.

OTser: 13,5.

8. Xopaa AeNUT OKPYKHOCTb HAa 4acTW B OTHowEHWHU S5:7. HaliTu BOMCaHHBIN yrod,
ONMPAIOLIUICS HA MEHBIIYIO U3 IyT, CTATMBAEMBIX dTOU XOPAOM.

OTBeT: 75°

9. OKpYXHOCTh paguyca 63 OIHCaHA OKOJIO PAaBHOOCAPEHHOIO TPEYTOJbHUKA C
yIJIOM 120°. Haltu ero ocHoBaHue.

OTtBert: 18.

o . 1
10. BolyucnuTh BIUCAHHBINA Yyroj, ONUPAIOUIMHCA Ha Jyry, PaBHYIO ; DVIMHEL

OKPY>KHOCTH.

OtBer: 15°.
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Bapuanr 2

1. Ilepumerp TpeyronpHuka paBeH 156. Haiitu nepumerp TpeyrojbpHHKA,
BEPLIMHAMH KOTOPOIO CIIyKaT CEPEAUHBI CTOPOH AAHHOTO TPEYTOJIbHHUKA.

Ortser: 78.

2. Haity TpeTpro CTOPOHY IPSAMOYIOJBHOIO TPEYrOJIbHUKA, €CIIN JaHbI ABE APYTrue
€ro CTOpOHBI: 5 U 4.

Otset: 3; V41.

3. BbicoTa pAaBHOCTOPOHHETO TpEyroidbHUMKAa paBHa 7-(4/3). Haittu mmomans
TpPEYroJabHUKA.

Otser: 49.

4. B paBHOOEIpEeHHOM TPEYTOJIbHUKE OOKOBAsi CTOpOHA paBHA 25, a BBICOTA
paBHa 20. HaliTu nepuMeTp TpeyrojabHUKA.

Otser: 80.

5. Karer mnpsAMOyroibHOro TpeyroibHUKa paBeH 4, a MeauaHa TpeyroJbHUKa,
pOBEJECHHAs K TUIIOTEHY3€, paBHa 2,5. HailTu nepumeTp TpeyroibHUKA.

Ortser: 12.

6. Jluaronans pomba, jexarias mpoTHB yria 60°, paBHa 11,2. Haittu mepumetp
pomoa.

OrTBert: 44,8.

7. B mapannenorpamme ofHa M3 CTOPOH paBHa 2+/3, a juaroHanb pasHa 8. Haiitu
CUHYC yTJIa MEXKy AUAaroHaJIsIMU, €CJIU ApYras IHaroHajab COCTABISAET C 3aJaHHOU
CTOPOHOM yTOJI 60°.

OrtBer: 75.

8. Cekymas U KacarelibHasi, BBIXOJSIINE U3 OJHOM TOYKH, COOTBETCTBEHHO PaBHBI
40 u 20. Cekymias yganeHa ot ueHrpa Ha 8. Onpenenuts paguyc Kpyra.

OtBert: 17.

9. OmuH U3 OCTPBIX YIVIOB HPSIMOYTOJBHOTO TPEYTOJIbHUKA paBeH 40°. OnpeneinuTsb
OCTPBIA Yrod MEXIy paauyCoM OIIMCAHHOW OKPYKHOCTH, ITPOBEICHHBIM B
BEPLIMHY IPSMOIO YIJIa, U TUIIOTEHY30M.

Otser: 80°
10. HaiiTu anuny Ayru CEKTOpa, €CIIM €T0 IUIOAaab paBHa 15, a paauyc kpyra
paBeH 6.

Ortser: 5.
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3ananue 14. Crepeomerpus
Bapuanr 1

1. BoxoBas moBepXHOCTh KyOa paBHa 3. UeMy paBHa JyIMHA 1UaroHaiu Kyoa?
Otser: 1,5.

2. OCHOBaHHMEM MPU3MBI CIYXKHUT pOMO CO CTOPOHOH 2 M OCTpbIM yriioM 30°. Haiitu
00BeM NPU3MBI, €CIIM €€ BbICOTa paBHa 3.

Ortser: 6.

3. OcHoBanueM TpPSIMOM TPU3MBI CIY’KAT PaBHOOCIPEHHBIH  TPEYTOJbHUK,
OCHOBaHUE KOTOPOTO paBHO &, a OOkoBas cTopoHa paBHa 5. Haiftu muomans
OOKOBOI MOBEPXHOCTH MPU3MBI, €CIIM €€ BbICOTA paBHA BHICOTE TPEYrOJIbHUKA,
IIPOBEICHHOM K €T0 OCHOBAHUIO.

OTtBerT: 54.

4. BplcoTa MpPaBWIBHOM YETHIPEXYTOJbHOW NHUPAMUABl paBHA 7/, a CTOpOHA
ocHOBaHUs paBHa 8. Onpenenutb O0KOBOE pedpo.

OTtBer: 9.

5. CTopoHa OCHOBaHMS NMPABUIBHON TPEYTrOJbHOW MUPAMHUIBI paBHA 6, ABYIPaHHBIN
yToJ IpY OCHOBaHUM paBeH 45°. OnpenenuTb 00beM TUPAMUIBIL.

OTtBer: 9.

o 204
6. Haiitu nuametp mapa, ecinu ero o0beM paBeH

Ortser: 16.

7. B xy0 Bnucan map. Haittu o0beM mapa, eciin 00beM Ky0a paBeH 156

Ortser: 26.

8. HaiiTu BbICOTY KOHYyCa, €Cliid €ro 00BbEM paBeH 48p, a IMAMETP OCHOBAHMS PaBEH

V3

7.
OtBeT: 768.

9. Ilnomaapr MOJHOW MOBEPXHOCTH UWJIUHAPA paBHA 172p . HaliTu nomaas 0ceBoro
CEUCHMS HWIUHAPA, €CJIM JUAMETP €r0 OCHOBAHUS PABEH §.

OtBert: 140.

10. O6bem nunmmHzapa paBeH 572. Halitu o0beM Apyroro UMIMHAPA, Y KOTOPOIO
IMaMeTp OCHOBaHUsA B 3 pa3a 0o0Jbllie, a BBICOTA B 3 pa3a MEHbILE, YEM Y JAHHOTO
UUJIMHAPA.

OtBeT: 1716.
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Bapuanr 2

1. TlonHas moBepXHOCTh KyOa paBHa 3. Uemy paBHa JUIMHA IUAaroHaId rpaHy Kyoa?
Ortser: 1.

2. OCHOBaHHEM TIPU3MBI CJIYKUT DABHOCTOPOHHMH TPEYTONbHHK, IUIONIAb
KOTOpOro paBHa 9+/3. HaiiTu 06beM NMpHU3MBI, €CJIU €€ BBICOTA B /3 pa3 GoJiblie
CTOPOHBI OCHOBAHHS.

OTtBeT: 162.

3. BbIicoTa OpsIMOYTOJIBHOTO MapajuleJIeNUIle/la paBHA 7/, a CTOPOHBI OCHOBAaHUS
paBHbl 4 u 5. HaitTu miomaib 00KOBOI MOBEPXHOCTHU Mapasuiesienune/a.

Ortser: 126.

4. Haiitu 00beM IPaBUWIBHOTO TETpadipa ¢ peopomM 3J2.
OtBeT: 9

5. CtopoHa OCHOBaHMS MPaBUIILHON TPEYroJbHOM MUpaMu/bl paBHa 1, a ee OokoBas
TIOBEPXHOCTH 0,5+/3 . HaiiTi BBICOTY TMpaMUIBI.

Ortser: 0,5.

6. OO0Bbem KoHyca paBeH 162p. Haiftu nuameTp ocHOBaHHUS KOHYCA, €CJIM €T0 BHICOTA
paBHa 6.

OrtBert: 18.

7. B xy6 Bnucan map. Haiitu muiomaas moBepXHOCTH IIapa, €CiH IUIOHIalb MOJTHON

1170
MOBEPXHOCTH KyOa paBHa —— .

OTtBeT: 195.

8. BricoTa KoHyca paBHa nuameTpy ocHOBaHusA. HailTu paamyc ocHOBaHUs KOHYca,
28p

1
ecim 00beM KOHYcCa paBeH -
Ortser: 4.

9. Ilnomans OOKOBOW TMOBEPXHOCTHM MHJIMHIApa paBHa 15p. Haiitu momanp
OCHOBAHMSI IIJIMH]IPA, €CITU €r0 BHICOTA PaBHA JUTMHE OKPY>KHOCTA OCHOBAHUSI.

Ortser: 3,75.

10. O6bem mapa paBeH 12. Haittu ob6bem apyroro miapa, y KOTOPOTO ILIOIIAIb
MOBEPXHOCTH B 9 pa3 Ooibilie, 4eM y JaHHOTO Iapa.

OrtBer: 324.
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