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Anrebpa

JInHenHble ypaBHEHUA

b
ecnma=#0, 70 X= i OfMWH KOpPEHb
ax=b, rne a, b —uucna,

ecnun a =0, b+ 0, TO KOpHEW HeT

X — HEM3BECTHOoe
ecrnm a =0, b =0, To KopHeh GECKOHEYHOE MHOXECTBO

CnocoObI pa3noXxeHns Ha MHOXUTENU

1. BolHeceHue obLuero MHoXuTens 3a ckobku 2ab’—4a’c=2a-(b>-2ac)
2. Cnocob rpynnuposkn 3a+6b—a*-2ab=3:(a+2b)-a(a+2b)=(a+2b)(3-a)
3. dopMynbl COKpaLLEeHHOT0 YMHOXEHWS:

Dopmynbl Mpumepsl
1. a>-b*=(a-b)(a+h) 9—x*=32—(x2)?=(3—x2)(3+x?); (2n-5)(5+2n)=(2n)*-5?=4n*-25
2. (atb)*=a’t2ab+b? (4+32)*=16+24z+92>

25-10y+y?=52-2-5-y+2=(5—y)?

3. a’tb*=(axb)(a*rab+b?) 27-a°=3"~(a%)’=(3-a%)(9-3a*+a*)
(4+x)(16—4x+x?)=4%+x*=64+x>

4. (atb)*=a’t3a’b+3ab’*+b’ (2-n)*=8-12n+6n>-n?
343+21x"0+147 X5+ x5=(7+x5)}
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Hencrteus ¢ anrebpanyeckumm gpoosmu

a-
OcHoBHOe CBOMCTBO Apo6u: LAl , b#0, m#0
b b-m
a,b a+b X 2  Xx+2
1.E+E: o y+1+y+1 v+
a, b azxb 3 X  3-x
2 k= 1+x3 1-x° 1-x°
a.c ad x _8 _ 8 _ 2x
35 d”"b-d 4 (x=1) 4-(x=1 x-1
4. a,b_a-n+tb-m 3a, 7n*_ 3a*+7bn?
m n mn b a ab
5 a+b_a-nib‘m 5% x L:Zy(Six)tsx
“m™n mn 3 “2y 6y
PyHKUMUA

MNepemeHHasa BenuynHa y HasbiBaeTCA (hyHKUMEW NepeMeHHOW BENUYKNHBI X, ECN KaXaoMy 3Ha4e-
HWIO NEPEMEHHOM X COOTBETCTBYET €AUHCTBEHHOE 3Ha4YeHWe NepemMeHHOM .

y=f(x), ¥y — byHKUMA, 3aBUCUMAA NepeMeHHas, X — apryMeHT, He3aBMCUMAan NepemMeHHas.
O6nacTb onpegeneHns (OYHKLUMN — MHOXKECTBO 3HAYEHWIA X, ANA KOTOPbIX (hYHKUMSA onpegeneHa.
O6osHa4vaetcs: a(f).

O6nacTb 3Ha4YeHUM hyHKLUN — MHOXECTBO 3HAYEHUI ¥, KOTOpbIE OHa NPUHMMAET Ha Bceil obnacTu
onpegeneHusa. O6osHayaetcs: b(f).




JNlnHenHan pyHKUUA

®yHKuma Buaa y=kx+b, rae k, b — yncna, HasbIBaeTcs NMIMHEMHON (PyHKUMEN.

Ipadukom NUHernHon hyHKLUKM sBnseTcsa npamas, k — yrnoBoi koadduumneHT, ecnu k>0, To
yron HaknoHa npamow — ocTpblil, ecnu k<0, To yron HaknoHa npaAMow — Tynow,
b — nokasbIBaeT, B KaKoW To4Ke rpadik NepecekaeT ocb OpAvHaT.

y y YA
y k>0 b=0 )
b b k<0 bl i
y=b — npamas || Ox
0 X 0 "X 0 X 0 X
y=kx+b y=kx+b y=kx — npsmas
NPONOPLMOHANBHOCTb
UccnepoBanune nuHenHon byHkuun y=kx+b; k=0, b+0

1. 0.0.9. xeR
2.0.3.9. yeR
3. Hynu cpyHKkumm kx+b=0; X= —% TouKka nepecedeHus rpaduka yHKUMK C OCbio abcumce

4. 3HaKONOCTOSAHCTBO:
ecnun k=0, To

ecnu k<0, To

5. MOHOTOHHOCTb:

y=>0, ecnu xe(—§;+m]; y<0, ecnu XE[—w;—gj

y>0, ecnu xe(—w;—g]; y<0, ecnm XE[_%ho)

ecnu k>0, To yT, npu xeR; ecnu k<0, TO yl, npu xeR.




Cucrembl NUHENHbIX YpPaBHEHUN

+ =
BEYD =G a,» b, ¢, ,—uncna; X, y — Hem3BecTHble
@ Xthpy=0c;"

PelwuTb cucTeMy ypaBHEHWUn — 3HAYUT HANTKU BCe Napbl Yncen (x, y), asnawowmecs
pelleHueM, UNnu YCTaHOBUTb, YTO UX HET.

CnocoObl peweHns CUCTeM ypaBHEeHUN

Cnoco® Cnocob lpadpuyeckun
noACcTaHOBKU | CNoXeHus I cnocob
l2x—y=3 l2x—5y:3 {5x+y=10
x+3y=5 3x+y=-4 |-5 5x+2y=15
y=2x%3 2% +5y=3 Iy: +5x+10
x+3(2x£3)= 15x+5y =420 y=%2,6x+25
y=2x+3 17x= +17 YA
7x=14 3x+y= 14 10\

{ lx: +1

y=+3x+4 \
2.5

lx:ﬂ ’ '\1. 2 5

Oteert: (2; 1) y= +1 0 A S,f ”
= =X+
Orser: (-1; —1). 4

y=-25x+25
OtserT: (3;,-5)




[ycTb npsamble /, u [, 3apaHbl ypaBHEeHUAMU [,: y=k x+b, n [,: y=K x+b,.

s y=kix+b
ecnm k=k,, b;#b,, 10 [, n cuctema |y, _ o 4 p, PELIEHUA He umeeT

= Kx+b
ecnu k#k,, b,, b,— niobble, To /,Nl, n cuctema l§= k;x+t;z UMeeT OfHO pelleHue

k. _ b y=kx+b, "
ecnm = 5. T0/,, I, COBNAAAIOT 1 CUCTEMA ||, _ jc 4, MMEET GECKOHEYHOE MHOXECTBO PelLIeH it

YHuBepcanbHble 0003Ha4YeHURA

MHOXECTBO HaTypanbHbIX yucen. HatypansHsIMWU YMcnaMy HasblBAKOTCS YMCna,
N ynoTtpebnsemele npu cyete. Camoe ManeHbKoe HaTypanbHoe Yyucno 1.
14253 &; .. "1000; 1001, 1002; ...

b MHOXEeCTBO Lenbix yncen. LlensiMn yncnamu HasslBaloTCst HATyparnbHble Yucna,
MM NPOTUBOMONOXHLIE Yucna u Honb. 0; £1; £2; £3; ...

MHOXeCTBO paunoHanbHblx Yncern. PaumoHanbHbIMU YMCamMmu HasblBatoTcs

m
Q yucna, KoTopble MOXKHO NPefcTaBuTb B Buae apobu o roe meZ, nel.

“ppauMoHanbHbIMU YUCammn HasbliBaroTCs BECKOHEYHbIE AECATUYHbIE
Henepuoauyeckue apobu

R MHOXECTBO AeNCTBUTENBHLIX Yncen. JencTBUTENbHLIE YUCnNa — MHOXECTBO
paunoHanbHbIX U MppaLOHanbHbIX YUCEN

MATEMATHRA
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Moaynb ynucna

a, ecnu a=0
&= —a, ecnn a<0

YpaBHeHue |x|=a

ecnu a>0 X,=a, X,= —a — [1Ba KOpHA
ecnu a=0 x=0 — 0QUH KOpeHb
ecnu a<0 TO KOPHEN HET
HepaBeHcTBa
|x|=a |x|<a
ecnu a>0 To[xZéi ”’; “:::" ecnun a>0, To A= m »
d x< —-a -a a X '"Ixe<a -—A8 a X
Xe(—eo; —a][a; +oo) xe[-a, a]
ecnu a=0, To x=0 ecnu a=0, To x=0

ecnu a<0, To xeR ecnu a<0, To peleHns HeT




1

CucremMmbl NMHENHbLIX HEPABEHCTB

x<a

{ - b<x<a b a x (b; a] nonyuHTepsarn
x<a 5222% -

{x >b b<x<a b a x (b; a) uHTEpBAan
x=2b Q / Zz

x<a b<x<a b a x [b; &] OTpe3soK
x<a E@E

x<b a X (—o0; b] ny4
x>a b ag

x>b X (@; +o0) nHTEepBan
x<a M
{x> b b a x HeT pelueHusi

MATEMATHRA
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CreneHb Yyucna

CrteneHbio Yucna a ¢ HatyparnesHbIM nokasartenem n, Gonble 1, HasbiBaeTCA
Npou3BeaeH1e N MHOXUTENEN, KaXablil U3 KOTOPbLIX paBeH a.
a"= a a-..ra, a— OCHOBaHWe CTEMNeHun, N — NnoKasaTterib CTeNeH!.

n pas

CeoiicTBa cTeneHun Mpumepsi
1
1. a'=a 17'=17; @ =§
2. amam=amn 9%-55=5*%
3. amam=a"™" =T
4. (a"y'=a™ (27)=22"
5. (aby'=a"b" 62=(2-3)2=22-32
6. (é)” & (2)"' 2
b b" 7 73

C uenbIM nokasarenem

CreneHb ¢ paunoHanbHbLIM NOKa3aTenem

a", neZ, az0

a*, peR, a=0, p =% rne meZ, neN

m
am =%am ,a>0

m
an=10, ecnu a=0.%> 0
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ApudmeTnyeckuin KBaapaTHbIN KOpeHb

Apncbmemqecrmm KBagpaTtHbIM KOPHEM W3 YKUCIa a Ha3blBaeTCA HeoTpuuarenbHoe Yncno b,
1)b> 0

KBagpaTt KOTOPOro paeeH a. va= b:{z) B8 az0

CgoiicTBa Mpumepsbi
1. Jab=+a-\/b, a0, b0 J225 =259 J_ J9=5.3=15

: B
2. ﬁ =—, a0, b>0
b b

3. Ja? =|a|, a - nioboe Jaxt =|2x?|= 2x2 x — noboe
4, (\/E)z =a, a=0 (Jﬁ) =7y, y=0
ApuMeTUYECKUM KOPHEM HaTyparbHOW CTeneHn N>2 U3 HeoTpuLuaTernbHOro Y1ucrna a Hasbl-
BAETCS HEOTPULIATENBHOE YUCHO, N—S CTENEHb KOTOPOro pasHa a. Ya= b{;);ff - a=0.

CgoiicTBa | Mpumepsi
1. Yab=4a-Ub, a0, b>0 | ¥9.33=327-33 =3

Jda % 3125 3125 , =i

2 fz= b , a0, b>0 “ = s = 4625 =4/5% =5
3. (Va)" =¥a" , 220 (44)° =9 =425 =2
4. fa="dla, a>0 {729 = 4729 =45 =3
5. (%)n =a, a=0 (9/5)5 =2
6. 2a* =|a|, rne keN, a — nio6oe 8256 =28 =2
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Tabnuua kBagpaToB HaTypanbHbIX yucen ot 10 go 99

EauvHMubl
\ 0 1 2 3 4 5 6 7 8 9
HecaTtkm
1 100 121 144 169 196 225 256 289 324 361
2 400 441 484 529 576 625 676 729 784 841
3 900 961 1024 1089 1156 1225 1296 1369 1444 1521
4 1600 1681 1764 1849 1936 2025 2116 2209 2304 2401
5 2500 2601 2704 2809 2916 3025 3136 3249 3364 3481
6 3600 3721 3844 3969 4096 4225 | 4356 | 4489 4624 | 4761
T 4900 5041 5184 5329 5476 5625 5776 5929 6084 6241
8 6400 | 6561 | 6724 | 6889 | 7056 | 7225 | 7396 | 7569 | 7744 | 7921
9 8100 8281 8449 8649 8836 9025 9216 9409 9604 9801

KBagpaTHbie ypaBHEeHUA

YpaeHeHust Buaa ax*+bx+c=0, rae a=0, b, ¢ —yncna, X — HEU3BECTHOE, HA3bIBAETCS KBAAPATHbLIM

ypaBHeHWeM.

YpaBHeHust ax?=0; ax?+bx=0; ax?*+c=0 Ha3bIBAOTCS HEMOMHbLIMU KBaAPATHLIMU YPaBHEHUSIMMU.

I'Ipume__p:

3x2-7x+1=0;

a=3; b=-7; c=1

5x2=0

a=5; b=c=0

—xﬁ—%x=0 1,5x24+9=0

=—1;b=i%;c=0 a=1,5; ¢=9




15

PeweHune KkBagpaTHbIX ypaBHEHUN

YpaBHeHus

MNpumepsi

1) ax*=0; x,=0, oanH KOpeHb

1) %x2=0;x2=0; x=0

2) ax*+bx=0;x-(ax+b)=0;

[x=0 L

ax+ b=10"| x,= _g FIREROpHR

[—x=0 | x=0
3x-5=0"| x,= 12

2) —3x2+5x=0; —x(3%-5)=0;

3

C c
3) ax?+c=0; x* =—~ VIMeeT peluetive, ecnm-5>0;

c c
Xy =,]—— ,X; =—,[—— OBa KOPHA.
1 \H a'Xe \II a P

i C
He umeer pelueHuin, ecnu — = <0.

3) 6x*—9=0; x? :%; X

B a0
\/;,x2— \/;.

2x*+8=0; x*= —4; pelleHnin HeT.

—N- T 2 SV A e fe |

4) ax*+bx+c=0; D=b*-4ac 4) 2x-1=0; 9x*+6x+1=0; a=9; b=6; c=1;

—b+JD e m D_3_g.1-0;
Ecnu D>0, T0 X, = 2_a [Ba KOpHS. D=(-1p—4-2-(-1)=9, D=9, | 4 :

1£3 1 1
Xpp=——X=1X=—5.| Xj=—ax, X;=—=.
Ecnu D=0, TO X,= - % OAMH KOPEHb. B e IR TR
1

Ecnu D<0, To KopHeii HeT. Orteer: 1; 5 OrteerT: —%.

5) ax*+bx+c=0; ecnv yvicno b YeTHoE, TO NPUMEHSIEM

’ B, \/5
B +
cpopmysty 4=(9] - a0 py=—24%

5) 5x~7x+10=0; a=5; b= -7, ¢=10;
D=(-7)—4-5-10=—153<0, kopHei HeT.

> OteeT: &.
6) Ecnu ctaplumii koadhchuLmMeHT paseH 1,
HBSLIBAETCR NPHBEEHHbM H4pHG=D. 6) x-5x-6=0; 74~ x.=6, x;= 1.
Mo Teopeme Buera: {X‘ Ha=q Orser: 6; 1.

X+ X, =—p

MATEMATHRA
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Pa3noxeHne KBaapaTHOro Tpex4urieHa Ha MHOXUTENM!

ax*+bx+c=a(x—x,)(x—x,), rae Xx,, X,— KOpHU ypaBHeHus ax*+bx+c=0

Mpumep: 2x2 —x—5= Z(x—-g-)(x +2)=(2x-5)(x +2). Tak kak 2x*~x-5=0; a=81, X;, = o

KBagpaTtnyHaa pyHKUUA

dyHkuma Buga y=ax?+bx+c, rge az0, b, ¢ — yucna; x — He3aBUCUMasi NepemMeHHas,
Ha3blBAETCs KBaapaTU4HON hyHKUNEN.

1. y=x2 A
a) 0.0.9. xeR y
6) 0.3.0. ye[0; +)
B) Hynu oyHKummn: x=0 y=x’
r) MOHOTOHHOCTbL OyHKLWMK
yT, ecnu xe[0; +eo) 14+
yd, ecnu xe(—eo; 0]
) 0Cb CUMMETPUM — OCb OpAnHAT 1 X

2. y=ax?

A ]
KoadhduLMEHT a OTBEYaET 3a CyXeHue y |a>1 0 >
napaborbl BAOMb OCY OPAWHAT; “
ecnu |al<1, To BETBU pacnonoxeHsol _1<a<0
panewe ot OY; ecnu |a|>1,
TO BETBM pacrnonokeHbl 6nuxke k OY. » O<a<1
1 X’




3. y=x?+c

KoathcpuumneHT ¢ oTBevaeT 3a nepemMeLleHune
napabonkl BAONb OCK OPAWHAT;

ecnu ¢>0, To rpachuk y=x2 nogHMMaeTcs BBEpX Ha C;
ecnu ¢<0, To rpacduk y=x?onyckaeTcs BHU3 Ha C.

4. y=(x+b)?

KoadchcbuumeHT b oTBevaet 3a
nepemMellieHue BOonb

ocu OX; ecnu b>0,

TO Bneso Ha b eauHny ot 0;
ecnu b<0, To Bnpaso

Ha b eguHuy ot 0.

A
XY 4
\ty=xz :
\ I
\ ! y=(x+b)*+c
5. y=(x+b)*+c | 3 T . .
Ll #00
0 b X

17
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KBagpaTHble HepaBeHCTBa

HepaseHcTBa Buga ax?+bx+c>0 HasbiBaloTCA kBagpaTHbiMu, rae a=0, b, ¢ — yucna.

Cnocobbl peweHns KBagpaTHbIX HEPaBeHCTB
1. AHanNUTUYECKUn cnocob
PewuTtb ypaBHeHne ax*+bx+x=0, pasnoXunTb Ha MHOXWTENW 1 PELLUUTb COOTBETCTBYIOLLUE CUCTEMbI:

ax*+bx+x>0, a>0

1) Ecnu a>0, T0 X,, X, — KOPHU YPaBHEHUS, 3Ha4UT, a(x—x,)(Xx—x,)=0

T
X1 X
= XE[Xy; +
x—x,=20 d‘7777_ | [Xz; o)
X=X,20 Xo X
x—x<0 “ >
e o N - |=> X €(—o0) Xq] OTBeT: Xe(—o0; X, JU[X,; +o0).
)?2 X’

2) ecnu a=0, TO X, — KOpPEHb, 3HauWT, a(x—x,)*>0

Tak kak a>0 (x—x,)’>0 npn nbbIX 3HAYEHNAX X, TO PELUEHNEM HEPaBEeHCTBA SBMAETCH MHOXECTBO
BCEX AeNCTBUTENbHBLIX Yucen.

OreeT: xeR.

» ax®*+bx+c>0
3) ecnu a <0, TO ypaBHEHUE KOPHEN HE UMEET, 3HA4YUT 50 =xeR.
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g3+ bx+c=0, a<0

1) Ecnut @ >0, TO X,, X, — KOPHY YPABHEHWA, SHauUT, a(x—x, J(x-x,)20

X4 X
x—x20 )
»XE[X; X
S AN i %]
. X X
¥X—x=s0
1x—x2'_>. 0 m}; '
1
m =xeld Oreer: xelx,; X,]-
X X

2) Eciin a=0, 70 X — KOpeHb, 3HauuT, a{x—x,}=0; Tak kaK a<0, (x—x, 20 npu nwbbix 3HAYSHUSAX X, TO
a{x—x,Y’20 TONbLKO Npu Xx=X,, B OCTaNbHLIX CRyYasx BolpaxeHne Byger npuHUMaTh oTpuuaTencHoe
3HaqeHue. OTBeT: X=X,.

- ax? +bx+c» 0
3) Ecnu a <0, To ypaBHeHWe KopHEe He MMBEeT, 2HAYMT, 8< 0 = x=@.

ax*bx+c<0, a>0

1) Ecnu @ >0, 70 x,, X, — KOPHK, 3Ha4UT, a(x—x, )(x-x,}<0.

. Xy )F_ y
rx<0 7z, 170
X—xp> 0 % '
X—x>0 7SS
X—x,<0 Xi X
_me = xe(X; %) OteeT: xe(x,.X,).

X
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2) Ecrm a=0, 10 X, — KOpeHb, 3Ha4mT, a(x—x,)*>0. Tak kaKk a>0 n (x-x, F<0 npu MoBbIx 3HaYSHUSAX,
KPOME X=X,, TC HEPABEHCTBO HE UMEET PeLUEHNA.
OTgeT: x & &

=xed

2
3) Ecnn a<(, To ypaBHeHWE KGPHEN HE MMEET, aHAUMT, [ax [-)i-bx +c<0
>

ax™hx+c<l, a<0

1) Ecnut 2 >0, TO x,, X, = KOPHK YPABHSHWA, 3HA4UT, a(x—x, }{x=x,)<0

*1 X |:>xe(—oo; Xs)
X-x< 0 | ] Sy, S
{x — X< 0 X; X
{x— x>0 {/ﬁ;;?;;?:
X=3> 0 X1 X | = Xx&{X;; +) OTBET: Xe(—xs; X, }AX,; +oo).
77,
Xz X

2) Ecnm a=0, T0 X, — kopeHb, aHauuT, a(x—x,)%<0. Tak kak a<0 v (x-x,)}*>0 npu niobbix aHaqveHnax x,
KPOME X=X,, TO a(x—x, F<0 npn NiobhiX 3HaYeHNAX X, KPOME X=X, .
Oraer: x#x,, (MK xe(—co; X, (X | +o0)),

.. axi+hx+c< D
3) Ecnu a <0, To ypaBHEHNE KOPHEA He NMEET, 3HAUMT, a<0 =xeR
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2. Npachuueckuit cnocob

PewuTs ypaBHeHue ax?+bx+c=0 u cxemaTtuyHo NocTpouTb rpadmnk hyHKUUK:

ax*+bx+c>0, a>0

Ecnu a>0, 10 X, X, — KOpHU. ¥ T \ /
OtBerT: Xe(—o0; X,JU[X,; *+o0).

Ecnn a=0, T0 X, — KOpeHb. yT \_/ _

Otset: xeR. | Xi x

Ecnu a <0, To KOpHEe HerT.
Oteet: xeR.

Mpumep: 3x?-2x-5<0. Paccmotpum 3x>-2x-5=0.

144 _5
D 1415216 X2 =51 X =3, %=1,

OTBeT: X e[ -1 g}

ax*+bx+c<0, a>0

Ecrm a>0,T0 X, X,

OtseT: x&(x,; X,).

— KOPHMU.

Ecnu a=0, T0 X, — KOpeHb.
OTtBeT: X € @,

Ecnu a <0, To KOpHe HerT.
OtgeT: x € .

.
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ax*+bx+c>0, a<0

ax?+bx+c<0, a<0

A
Ecnun a=0, To x1, X, — KOPHMW. X Yy W Ecnu a>0, 70 x,, X, — KOpHW.
2
OrtserT: x€[x,; X,]. OTBeT: Xe(—00; X, ) J(X,; +oo).
A y
Ecnu a=0, T0 X, — KOpeHb. X- Ecnu a=0, T0 X, — KOpeHb.
Orteert: x=X,. ] OtBerT: xe(—eo; x JI(X,; +oo).
X
Ecnu a <0, To KOpHEn HeT. y Ecnu a <0, To KOpHERn HeT.
OteeT: x € @. OtBeT: xeR.
X

Mpumep: —9x*+6x—1>0.
Paccm. —9x2+6x—1=0; ~(-9x~6x+1)=0;
—(3x=1)?=0
.

=g
OTBeT: x € &.

W=
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MeTtoa nHrepBanos
PewwmnTtb ypaBHeHue ax?+bx+c=0 n HAHECTN KOPHY YPaBHEHWA Ha YWCNOBYH nNpsamMyo. Ha kaxgom ua
obpa3oBaBLUNXCS MHTEPBAaNOB ONpeaenvTh 3HaK BblpaKeHMs No ctapluemMy koahhuumeHTy.

ax*+bx+c>0, a>0 ax*+bx+c>0, a<0

Ecnmn a>0, 10 x,, X, — KOpHU. — p Ecnu a>0, 10 X,, X, — KOPHW.— =

OtBeT: xe(—o0; X,JU[X,; +=). i % o OrtserT: xe[x,,x,]. X % %

Ecnu crapwuin koadhduumneHT a>0, To KpanHWin Ecnu ctapwun koadhduumneHT a<0, To KpainHuid

npaeblil HTEpPBaI NONOXUTENBHbINA. npasblii MHTEPBAN OTpULaTENbHbIN.

[anee 3Haku nHTEpPBana YepeqyrTcs. [anee 3Haku UHTEpBaroB YepeayoTcs.

Ecnu a=0, To X, — KOpeHb. > Ecrnu a=0, 10 X, — KOpeHb. +

OteerT: xeR. N ¥ OtBeT: X=X, =_ ¥ =
Xq X X1 X

Ecnu x,— KOpeHb YeTHON KPaTHOCTH,
TO YepeoBaHWA 3HAKOB Y MHTEPBaloB
HE NpoUCXoAuT.

Ecnu a <0, To KOpHei Her. Ecnu a <0, To KOpHen HerT.

+7 —
OtBerT: xeR. —ZZ“—M; OtBeT: x € . >
Tak kak a>0 n TpexuneH bornbLue Hyns, Tak kak a<0, a TpexyneH 6onbLue Hyns,
TO peleHnemM HepaBeHCcTBa ABNaeTcs TO HEPABEHCTBO PEeLLEeHNs He UMEET.

MHOXECTBO BCEX AENCTBUTENbLHbLIX YMCen.
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ax*+bx+c<0, a>0

ax*+bx+c<0, a<0

Ecnn a>0, 10 x,, X, — KOPHW.
OrtBeT: x € (x,; X,).

EAN7/A7, VS

X1 X2 x
Ecnun a=0, T0 X, — KOpeHb. +
+ +
OteeT: x € . X1 X
Ecnu a <0, To KOpHei HeT.
+
OTBeT: x € d. >
X

Tak kak a>0, a TpexyneH MeHbLUe Hyns,
3HA4YUT, HEPABEHCTBO peLEHUs HE UMEET.

Ecnu a>0, 10 X,, X, — KOpHU.

OtBeT: Xe&(—o0; X, )J(X,; +o0).
X1 X2

Ecnu a=0, T0 X, — KOp€eHb.

2 NZ,

X

OtBeT: Xe(—o0; X, J(X,; +o0).

Ecnu a <0, To KOpHEN HeT.
OTBeT: xeR.

Tak kak a<0 1 TpexyneH MeHblUe Hyns,
3Ha4uT, pelleHneM HepaBeHCTBa ABMNAETCH
MHOXECTBO BCEX AeNCTBUTENbHbLIX YUCen.

Mpumep:

25x>-10x+1>0
PaccmoTtpum 25x°—10x+1>0.

—— 1
Gy x=g. oz

OTBeT: Xg(—oo; % )u(% ; +oo).

—4-12x-9x2<0
PaccmoTtpum —9x°—12x—4=0.

B T N 7=
2

"3
OTeeT: xeR.

X

LU=
X




CreneHHas (yHKUUA

®yHKUuA y=x°

padmk pyHKUMKM — KyBudeckas napabona. 8+
1) 0.0.9. xeR b y=x"
2) 0.3.0. yeR |
3) Hynu cpyHKumm x=0 |
4) 3HaKONOCTOSAHCTBO: |
y>0, ecnn xe(0; +oo), 1
y<0, ecnu xe(—e=; 0) 0
5) MOHOTOHHOCTb:! yT, ecnu xeR

6) Hayano oTcyeTa — LEHTP CUMMETPUK

y=(x+a)’+b y=(x-3)*+2

=

4YWCIO @ — OTBEYAaeT 3a NepemeLleHne 8
Baoonb ocu OX;

ecnun a>0, To BNeBo Ha a eguHu ot O;
ecnu a<0, To Bnpaeo Ha a eguHuy ot 0.

!
o
[l
T
|
T~
]

"
-

L

1

yucno b — oTBe4aeT 3a nepemeLleHne
Boonb ocu OY; !
ecnu b>0, To BBepx Ha b eauHuy ot 0; _ ler
ecnun b<0, To BHM3 Ha b eguHuy ot 0. y=

FF T I T
y

!
ST
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DYyHKUMUA ¥ = 5
X
padmk pyHKUMKM — runepbona. yA
1) 0.0.9 x£0
2) 0.3.9 y#0

3) Hynu hyHKUMK: HeT
4) 3HaKoNoOCTOSIHCTBO:

y>0, ecnu xe(0; +eo), +
y<0, ecnu xe(—eo; 0) !
5) MOHOTOHHOCTL: !, ecnu xz0

6) Hayano oTcyeTa — LEHTP CUMMETPUM

1

(a+x}+b

y:

YKUCNO a — OTBEYAET 3a NepeMeLleHme
Boons ocn OX;

ecnu a>0, To BneBo Ha a eguHul ot 0;
ecnu a<0, To Bnpaeo Ha a eguHu ot 0.

yucno b — oree4aert 3a nepemMelieHne

Baones ocu OY;
ecnun b>0, To BBepx Ha b eguHuy ot 0;
ecnu b<0, To BHU3 Ha b eauHu ot 0.
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y=kx*

ecnn k>0, 10 yT npn xeR.

'

r

y=kx’

k>0
|

>
X

ecnu k<0, To ¥l npu xeR. y
y=kx’

k<0
I

A

\

KoachdomumeHT k — oTBEYaeT 3a To, B Kakux KOOpAMHATHLIX yrnax pacnonoxeHa kybudeckas napatona.

K

=X

ecnu k>0, To y

yid npn x0.

3

=<y

ecnu k<0, To vy A

yT npu x=0.

KoadhchuumeHT k — oTBeYaeT 3a To, B KakUx KOOpPAMHATHLIX yrnax pacnonoxexa runepbona

N

<Y




MATEMATHRA

PyHKUMA Y = Jx

1) O.0.®. xg[0; +o0)

2) 0.3.9. ye[0; +)

3) Hynu cyHKumun x=0

4) sHakonocToaHcTBO: =0, ecnu x&(0; +eo)
5) MOHOTOHHOCTb: yT, ecnu xe[0; +eo)

y=v% y it
1) xe[—oo; 0) 1) x€[0; +o) 1) xe(—oo; 0] X
2) yel0; +eo) ol | 2) ye(== 0] 2) ye(==; 0] ==~ [
3) x=0 | 3) x=0 3) x=0
4) y=0, ecnu xe(—ee; 0) 4) y<0, ecnu x(0; +o0) 4) y<0, ecnn xe(—ee; 0)
5) yl, ecnu xe(—es; 0] 5) yl, ecnu xe[0; +e0) 5) yT, ecnn xe(—eo; 0]
y=+x+a+b y=vx-3-2

4YUCNO a — OTBEeYaeT 3a NepemeLleHme
Baonb ocn OX;

ecnun a>0, To Bneso Ha a eauHuy ot 0;
ecnu a<0, To Bnpaso Ha a eguHuy ot 0.

4yuncno b — oTBeYaeT 3a nepemeLleHne
Baonb ocu OY;

ecnu b>0, To BBepx Ha b eguHuy ot 0;
ecnu b<0, To BHM3 Ha b eanHuy ot 0.
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=Yx

DyHKUMA Y
1) 0.0.0. xeR
2) 0.3.9. yeR
3) Hynu dyHKuun x=0
4) 3HakonocTtosiHCTBO: y>0, ecnu x>0; y<0, ecnn x<0
5) moHoToHHOCTL: ¥T, ecnu xeR

dyHKUMA y=f(x) Ha3bIBAETCA BO3pacTakoLLen Ha NPOMEXYTKE, eCniv BoMbLUEMY 3HAYEHUIO apryMeHTa
COOTBETCTBYET Gonbluee 3HaYeHne hyHKLMK.

ecnu x,>x, n fix,)>f(x,), To f(x) — Bo3pacTaer.

dPyHKuMa y=f(x) Ha3blBaeTCs yObIBaKOLWen Ha NpoOMEXyTKe, ecnu BornblUeMy 3HAYEHUIO aprymeHTa
COOTBETCTBYET MeHbluUee 3Ha4eHne PyHKUUK.

ecnm x,>x, n f(x,)<f(x,), To f(x) — ybuiBaer.

®yHKUMA y=f(x) Ha3blBaeTCcA 4eTHOW Ha BceW obnacTu onpegeneHvs, ecnn BepHO PaBeHCTBO
fl—x)=f(x). MNpacbuk YeTHOW DYHKLMUN CUMMETPUYEH OTHOCUTENLHO OCU OPAUHAT.

DyHKUMA y=f(X) Ha3blBaeTCcs HeYeTHOW Ha Bcel obnacTu onpeaeneHus, ecriv BEpPHO PaBeHCTBO

fi—x) = —f(x).

paduk HeYEeTHON YHKLUMU CUMMETPUYEH OTHOCUTENBHO Ha4Yana oTcyeTa.
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Mporpeccun

1. Yucnosas nocneaosarenbHOCTL, Kadkabli YeH KOTOPOi, HauuHas Co BTOPOTO, PaBeH npeabiayiemy |
YneHy, CIOKEHHOMY C OAHUM 1 TeM e YUCIOM d, Ha3biBaeTCA apudMeTUYeCcKon Nporpeccue.
Yucno d - pasHocTk nporpeccun. a =a,_ +d, d=a-a, ..

¢opmyna n—unena: a =a,+(n-1)d

= . anl kt an- k
CBOWCTBO NpOrpeccuu: a, = —5—=
a,+ a 2a,+ (n—1)d
cymMMa n-4neHoBs: S,= ——==2n unn S, = 2ot (-1, n

2 2

2. Yucnosas nocnefoBartensHOCTb, Kaabli YrieH KOTOpPOiA, Ha4YMHas co BTOPOro, paBeH npeasiayule-

MY YneHy, YMHOXEHHOMY Ha OfHO 1 TO e YUCMO g, Ha3biBaeTCs reoMeTpuyeckon nporpeccuen.

Yucno q — sHamenarens nporpeccuu. b =b_.-q; g= B,
n-1
dopmyna n—unexa: b =b, g™
CBOWCTBO nporpeccuit: b, = /b, x- b, x
by (1-q")
cyMMa n—uneHos: S,= g g1
Ecnu |g|<1, To nporpeccus HasbiBaeTca 6eckoHeyHo ybbIBatoLen reoMmeTpuyecKkoi Nporpeccue.

b
1-q

S=




31

WppauuoHanbHble ypaBHeHUsA

YpaBHeHus Buaa /f(x)= a, A€ a — Y1Cno, HasbiBAETCH MPPaLMOHaNbHbLIM YPaBHEHUEM.
Ecnu a<0, To ypaBHeHue KopHei He umeeT; ecnu a>0, To f(x) =a2.

JF(x)= Jg(x) JF(x)= g(x)

f(x)= 0 g(x)= 0
g(x)=0 f(x)= g*(x)
f(x)=g(x)

HepaseHctBa Buaa /f(x)=> a unmn |/f(x)< a HasbiBAKOTCA MPPaUMOHaANbHLIMU HEepaBeHCTBaMu.

f(x)= a Ji(x)< a

{340 a>0
f(x)=0 ;f(x}zo
?(i?ﬂ) f(x)<a?
f(x)=a?

JE(x)> g(x) JF(x)< Ja(x)

g9(x)= 0 f(x)= 0
f(x)= 0 g(x)=0
f(x)> g*(x) f(x)< g(x)
g(x)<0

f(x)=0
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MATEMATHRA

TpuroHomeTpus

X=coso; y=sino

CHHYCOM 0. HasblBaeTCA opanHaTa To4KK P, Nony4eHHOW NOBOPOTOM TOMKN
P(1; 0) BoKpyr Ha4ana koopavHar Ha yron o.

KocuHycom o HasbiBaeTcs abeumncca To4Ku P, Nony4eHHOM NOBOPOTOM

P(1;0)  Toukm P(1;0) BOKpYr Ha4ana koopaAnHaT Ha yron o.

P.(cosa; sina).

TaHreHcoMm . Ha3bIBAETCH OTHOLLEHUE CHHYCA YrTa o K KOCUHYCY yrna o.
sin

tga =
cos o

~-(270°) 3

T oyl TT o Ic_ o E o
0 |5 (30°)|7 (45°)|5 (60°)[5 (90%)
sinx| 1 1 Q ﬁ 1
2 2 2
cosx| O ﬁ Q b 0
2 2 2
1
t = oo
gx | 0 5 1 J3
1
t s 1 —= 0
ctgx J3 5

(300°)



OcHoBHOe TPUroHoMmeTpu4yeckoe ToXxXaecrtseo

sin2o+cos?o=1

1 1
1+tga= - 1+ctqo = . ; =
e cos?a’ cga sin2u’tga ctgo=1

A A

sinx COSX tgx

AN AL A
. — i — + ] * = ]
\‘/ kJ \JQ(”): —tgo
sin(—o)= — sina ctg(—o)= —cigo

cos(—q)=cosu. | o

DopMynbl CNoXeHUsA Mpumepsl

_cos(a + B)=cosa-cosf + sina-sinf 1 cos?5“=cos(45°+30°)=cos45“cos?30°—sin45°sin30°=

V23 V2 1_J6-V2
2 2 22 4

sin(o £ B)=sino-cosp + cosor-sinf : c0s50°sin80°—sin50°cos80°=sin(80°-50°)=
=sin30°= ;—
tgattgp - o o 1g60°+tgd5°
+ =— — Bt
tg(a £ ) T21g0. 198 tg150° =tg(60°+45°) T-tg60° tgd5° -




M4

Sopmyn ABOAHOIO yrna

MNpumepl

sin20=2sing cosq

sin10x=2sinbx-cosbx
8cos3x-sin3x=4-(2sin3xcos3x)=4sindx

cos2o=cnsfo—sinfe=2onsia—1=1-2sin%x

cos7x= cos? 7x_ sin? 7x

2 2
cos16x=200828x-1; c0s12x=1-25in%6Gx
2tg2x
Ttgzx 9

PopMyrbl MOHWXKEHMA CTENEHH

Mpumephl

sin? g= 1(1— cosZa)

2

sin? 5x= %{ 1- cos10x)

cos? = -;-(1+ c0s2q)

(- cos8x)= 2-[ ;(1+ Cos 8x}}= 2cos?dx

DopMynbl CYMMbI N PazHOCTH
CHMHYCOB M KOGMHYCOR

Mpumeposl

a+ B at

sin o+ sin = 2sin 5 >

o — o+
_B‘cos_ﬁ

sing. —-sinp —2sin 2 2

ot o
B Gos P

cos «+ cos fi= 2cos 5 5

sin 75% cos 75°= sin 75°+ cos{90°- 15%) =

@ © T
=sin75° sin15°= 2sin” > 21> cos 7> 12 =
=2sin45° cos30°= 2- Q ",_3= @

2 2 2




e B o 117: 5n 1 ‘ht 5n
cos o— cos = - 2sin . sin— 1n 5_11__ ‘|2 12 12 12 =
2 2 cos 12 cos 12 2sin 5 5
_ 2n T_ _\/___ N2 _\@
=-2sin 3 S|n4_ R R
sinx- cosy= 1(3|n(x+ y)+ sin(x— y)) 2sin50°-c0s40°=sin90°+sin10°=1+sin10°
sinx- siny= %(cos(x~ y)— cos(x+ y)) 3co0s20° cos80°= 3{003100°+ cos60°) =
1 _3 3
COS X- COS = E{cos(x— y)+ cos(x+ y)) —ECOS1OO°+ 2
DopmMynbl npuBeaeHns
T 3
o 57 nto. %iu 2n+o
coso. tsino —COSo +sino +coso.
sino. +coso tsino —Ccoso, +sino
tgo +ctga +tgo +ctgo +Hgo
ctgo +tgo *ctgo oo +ctgo
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MATEMATHRA

TpuroHomeTpu4veckue pyHKUnUu

y=cosx

1)0.0.0. xeR
2)0.3.. ye[-1:1]

3) Hynn doyHkumm x= %Jr mn, neZ
4) 3HaKoNOCTOAHCTRO:
n T
y>0, ecnun X e[— 2t 2Tm;§+ 2nn)l neZ

y<0, ecnu Xe [%-‘- 27’[”;-32—114‘2]'{”] , neZ

5) MOHOTOHHOCTb:

yT, ecnu xe[n+2nn;2n+2nn), neZ
yid, ecnu xe[0+2nn;n+2nn], neZ
6) PyHKUMS nepuoguveckan: g=2n
7) OYHKUMS YeTHas: cos(—X)=Ccosx

/I’A.Y\
LY 1 1 o

_3N\"_r 0‘ n_/3n
2

2

N3
Xy

y=sinx

1) 0.0.9. xeR

2) 0.3.9. ye[-1; 1]

3) Hynu doyHkummn x=nk, keZ

4) 3HaKONOCTOSIHCTBO:

y>0 , ecnu xe(0+2nn; n+2nn), neZ

6) dyHKUMS nepuoguyeckas: g=2m
7) PYHKUMS HeveTHasa: sin(—x)=—sinx

A

y
3n
2z 4

y<0, ecnu xe(n+2nn; 2n+2nn), neZ
5) MOHOTOHHOCTb:

yT, ecnun XEI:—%+21‘1”;%+2TU?:|, neZ

yd, ecnn XEB+2nn;2—2ﬂ+2nn] neZ

N N7
-1 2




y=lgx

1)0.0.0, x= %+ ak keZ

2)0.3.4. yeR
3) Hynw byHxumuu x=nk, keZ
4) 3HaKoONOCTORHCTRO:

y>0, ecnu X E(0+ nk; -g+ rck)_ keZ

r

3
y<0, ecnu XE(--« 2+ i 04 ﬂ:k}“ k=Z

5) MOHOTOHHOGTL;

yT, ecnu x e[— %+ 2nk;%+ 2nkj‘ keZ

8) PyHKUMA neproandeckas: g=m

7) thyHKUMS HeveTHasn: tg(—x)= —tgx

m]g’
¥

y=ctgx

1000 x=unk, keZ

2)0.3.®. yeR
3) Hynm doyreup x= %1- ak , keZ
4) 3HaHONOGTOSHCTRO!

y=>0, ecnu XEL0+ 7k; g+ rtk), keZ

y<0, ecnn xe(%+ mhom rrk]‘ keZ

5) MOHOTOHHOCTb:
yl, ecnu xe(O+rk, n4nk), keZ

B) GYHKUMA NEPUOAVYECKAs: §=x

7) PyHKUMA HeveTHaA: ctg(—x)= —cigx

x|
2 i
0\1
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OGpaTHble TpuroHomeTpuyeckue pyHKUUN

;_/=arcsinx
1) 0.0.0. xe[-1;1]
.7

3) Hynu doyHkumm x=0

4) 3HaKONOCTOAHCTRO:

y>0 , ecnu xe(0; 1]

y<0, ecnu xe[-1; 0)

5) MOHOTOHHOCTb:

yT, ecnu xe[-1; 1), keZ

6) PyHKUMS HENepuoanyeckasn

7) dyHKUMA HeyeTHas: arcsin(—x)= —arcsinx

J\y
n y=arcsinx
27 P
/" y=sinx
-1 1 .
A N
2 2
/./ _1
,‘/ --_E'
2

__y=arccosx
1) 0.0.9. xe[-1; 1]

2) 0.3.0. ye[0; nl]

3) Hynu doyHkumm x=1
4) 3HaKOMNOCTOSHCTEO:
y>0, ecnu xe[-1; 1)
5) MOHOTOHHOCTb:

i, ecnu xe[-1:1), keZ

6) PyHKUMA Henepuoguveckas

7) ®yHKkuma obwero Buaa
yA L

y=arceosx

Yy =

y=COSX
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y=arctgx y=arcctgx
1) 0.0.9. xeR 1) 0.0.9. xeR
2)0.3.0. ye [—gg) 2) 0.3.9 ye(0; )

3) Hynu doyHkumm: x=0

4) 3HaKoNOCTOAHCTBO:

y>0 , ecnu xe(0; +<)

y<0 , ecnun xe(—=; 0)

5) MOHOTOHHOCTb:

yT, ecnu xeR

6) PyHKUMS Henepuoamyeckas

7) dyHKUMA HeyeTHas arctg(—x)= —arctgx

i oty i
___1:____________2____________ o
| (2 y=;‘arctgx
] P X
om 0 ix
2! 2
L7 ;
Ve |3 i

3) Hynu dyHkumm: HeT

4) 3HaKONOCTOAHCTBO:!

y>0 , ecnu xeR

5) MOHOTOHHOCTb:!

yd, ecnu xeR

6) PyHKUMA Henepuoaudeckas
7) ®yHkuusa obwero euaa

O ——— ¥-1

N3
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MATEMATHRA

A

|

CHHYC KOTOPOro paBeH a.
g s '— T ?l'— =
arcsina=o. : sino=a, rge ag[-1;1]; ae 2 : 2 |

arcsin(—a)= —arcsina

NS

T
1. ApkcuHycom vucna ae[-1;1] Ha3blBaeTCcsa Takoe Y1Mcno ae[— E:

2. ApkkocuHycom uucna ae[—1; 1] HasbiBaeTcs Takoe uncno oel0; r, A

arccos(-o)= m—arccosa

na
(ST

T
2
+
gL
2
\
KOCUHYC KOTOPOr0 paBeH a.
arccosa=o.: coso. =a, rge ag[-1;1]; o.g[0; x]. n[ = || % ]D
r
2
L3
2
0

m. T
3. ApKTaHreHcom Yucna aeR HasbIiBaeTCHa Takoe YMCNo o E(_i'fj ;
TaHreHc KOTOporo paBeH a.
arctga=o. : tgo =a, roe a — nwboe, el —=i=|.
A J
T

arctg(-a)= —arctga
4. ApKkkoTaHreHcom Yucna aeR HasbiBaeTcs Takoe yucno oe(0; m),
KOTaHreHC KOTOPOro paBeH a.
arcctga=a.: ctgo, =a, rge a — nwboe, oe(0; ).

arcctg(-a)=n-arcctga




41

TpuroHomMeTpuyeckue ypaBHEeHUN

1. sinx=a, |a|<1; [ Xx=arcsino+ 2nk ke Z unu x=(-1)*arcsina+nk, keZ.

X= m—arcsino+ 2nk ke Z

sinx=1 sinx=0 sinx= -1
= T
ASIn — A
: 2
n-arcsina/” a arcsina
w - LS ¥ e
T Fi8
X= 32-+2n11,r?:—2 X=mn,neZ 2
T
X —+ 2nn,ne Z
2
2. cosx=a, |al|<1; [ x= arccosa+ 2nk.k e Z : x=tarccosa+2nk, keZ
x=—arccosa+ 2nk ke Z
cosx=1 cosx—0 cosx=—1
z T
ASIN — A
2

A
I, L)
X=2nn neZ 3n x= 1+ 2nk ke Z

2
+nn,nel

\ ]

19

il
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L Atg

—y

A
1
anctga
3. tgx=a, a — nwboe; x=arctga+nk, keZ f
v ‘)

4, a:sinx+b-cosx=c |.va?+ b?

- Sin X+ L COS X %
va + b7 u'a'- + b? va?+ b?
sin(x+ ¢)= L p= ArCCOS ——a——= arcsin
‘b[‘rﬂe JaZ+ b? \a 2+ b?
lNMpumep
J3sin3x— cos2x= /2 [:W3+1; % in2x-— %cos2x= %;
T . T v2.. n)_V2
— sin2x— sin—- 2x=—; sin [ 2x—= |=—;
cos & SiN2x— sing- cos2x= = ( 6] 5

2x— %: (- 1. arcsin %«r nk , keZ, 2x= (- 1" %* %* nk, keZ,

== 1}k n o 7nk

st 12t 2 keZ.
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Moka3aTtenbHasa (pyHKUUA

dyHKkuMs Buaa y=a*, rae a>0, a=1 — yucno, X — HesaB1UcMMasa nNepemMeHHas
HasbIBaETCA NokasaTenbHom hyHKUMen.

y=a, a>1 y“ y=a* | y=a" O<a<1 y‘\

1) 0.0.9. xeR 1) 0.0.9. xeR y=a"

2) 0.3.0. ye(0;+=) 2) 0.3.0. ye(0;+<0) o

3) Hynu byHKUUK: HET a>1 3) HyNK byHKUMK: HET

4) 3HaKONOCTOSAHCTBO: 1 4) 3HaKoNOCTOSIHCTBO: 1

y>0 npu xeR y=>0 npu xeR

5) MOHOTOHHOCTb: —/ > 5) MOHOTOHHOCTb: \;
yT npu xeR 0 X yd npu xeR 0 X

MNMokasaTenbHble ypaBHEHUsI CBOASATCA K PELLUEHUI0 YpaBHEHUS a*=Db,
roe a>0, a#1, X — HeU3BEeCTHoe.
ecnu b>0, To ypaBHeHWe UMeeT OfWH KOpPEeHb,
ecnu b<0, TO ypaBHeHWe KOpPHel He UMeeT.

MokazaTenbHble HEPaBEHCTBA CBOAATCH K PeLLeHU0 HEpPaBEHCTB BMaa:
a>a® wnn a*<a®, rae a>0, a#1.

HepaBeHcTBa pelaloTcs ¢ NOMOLLbIO CBOWCTB BO3pacTaHus 1 yobiBaHua nokasatensHon yHKUWK,
a=a’ a‘<a’
WU
x>b x<b
a>a’ ar<g’
unu
x<b x>b

ecnun a>1, To

ecnu 0<a<1, 1o
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Norapudgpmei

INorapudmom nonoxutenesHoro b no ocHoeaHuio a, rae a>0, a#1, HasbiBaercH
nokasaTenb CTENEHU, B KOTOPYH HY>KHO BO3BECTH YNCNO a YTOGLI MonyunTh b.

log b=x.a*=b, a>0, a#1, b>0

OcHoBHoe norapudpMuyeckoe TOXOAECTBO: a°% 2= b, b>0, a>0, a»1.

CeoiicTBa norapucgpmoB

1.log,a=1; log,1 =0

Mpumepsbl

log, % =1 log,,1=0
3

2. log,b+log,c=log (bc)

b
3.log, b—log, c= log, =
4. log,b"™=n-log b

1
5.log,. b= = log, b

log,,5+log,,2=log,,10=1
log.75-log3=log,25=2
log,81=log,3=4log,3=4-1=4

log ; 2= 2log, 2= 2-1= 2

6. log, b= log, 8
_log, b
7. log, b= log,a

i3
logs 7= Iog, 5
108,125 _ |09, 1253

log;5
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Jlorapudgmunyeckan pyHKUUsA

®yHkuua Buaa y=log x, rae a>0, a#1- 4ucno, x — HesasBuUcuUMan nepeMeHHas
HasblBaeTcs norapumuyeckoin yHKUMEN.

y=log,x y=log,x

1) 0.0.9. xg(0;+c0) A a>1 =log.x | 1) O.0.9. xg(0;+c0) A

2) 0.3.0. yeR 4 Y221 2030, yeR 4 O<a<1

3) Hynu dyHKuUK: x=1 3) Hynu yHKuUK: x=1

4) 3HaKOMNOCTOAHCTBO: 4) 3HaKONOCTOAHCTBO: 1

y>0, ecnm xe(1; +e) 0 /1 x| >0, ecnu xe(0; 1) 0 >
y<0, ecnu x<(0; 1) y<0, ecnn xe(1; +ee)

5) MOHOTOHHOCTb: 5) MOHOTOHHOCTb:

yT, ecnu xe(0; +o0) yd, ecnu xe(0; +o0) y=logax

NorapudmMmuveckne ypaBHEHNA CBOAATCSH K PELLEHWIO ypaBHEHWS BMAa
log f(x)=log g(x), rae a>0, a=1.
f(x)>0
g(x)>0
f(x)=g(x)

INorapucMmuyeckue HepaBeHCTBa CBOAATCA K PeLLeHU0 HepaBeHCTB Bua
log f(x)>log g(x), wnu log, f(x)<log g(x)

f(x)> 0 f(x)< 0

ecnm a>1, 70 19(X)>0 unm 19(x)<0

f(x)> g(x) f(x)< g(x)

f(x)> 0 f(x)< 0

ecrv 0<a<1, 10 19(X)> 0 yay 19(x)<0
f(x)< g(x) f(x)= g(x)




NMpounssogHan

MycTb dyHKUMA y=1f(x) onpegeneHa Ha HEKOTOPOM MNPOMEXKYTKE, X — TOMKa 3TOro NPOMEXKYTKa U YMCno
h#0, Takoe, 4YTo X+h TaKkKe NPUHaANEXUT 3TOMY NPOMEXYTKY. Torga npeaern oTHOLLEeHWS NpupaLLeHus
hyHKUMKN Ay K COOTBETCTBYHOLLIEMY NPUpALLEHWIO aprymeHTa h, koraa h—0, Ha3blBaloTCA NPOU3BOOHON

hyHKUMKM y=f(x) B Touke x. OBo3Havaerca '(x)= j|n]% rae Ay=f(x+h)—f(x).

MleomeTpuyYecKUin CMbICN NMPOU3BOAHOM COCTOUT B TOM, YTO 3HAYEeHUE NPOn3BOAHON (DYHKUUU
B TOYKE PABHO YrNoBOMY KOI(MPULMEHTY KacaTenbHOW K rpacpuky yHKLUW B AHHOW TOYKE.

f'(x)= tga. A

{

=

=

-
=

T

i1

1

1

1

1

1

1

1

i

1

1

1

1

1

L

=

1

1

]

1

e

o /

o

x+h

3
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Tabnuua Npou3BOAHLIX

DyHKUMA MpoussogHas Mpumep
c 0 =)+ [_ gj:
(5)=0; 7 0
ax+b a X ,=_[_g )rz_g
(3x-7)=3; |1 3 X 3
e 1
o 2J/x
1 ]
X X
X' n-)(” (x?)’=7x5" [%/x_z)r =(x§)r= g %
3\/_
(ax+b)" n-a-(ax+b)"™’ ((2x=5)’Y'=3-2(2x-5)’= 6(2x-5)?
e* e”
a* a‘-Ina (7*Y=7*-In7
Inx d
X
1 1
IOgaX m (]093 X) —3
sinx cos X
COSX —sin x
9 cos? x
ctgx oL
9 sin? x

MATEMATHRA
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MATEMATHRA

Mpasuna audcgepeHunpoBaHus

(u+v)y=u'+v (5x3-x8)'=15x2-8x"
(uv)=u"v+uv (x?-cosx)'=(x?) -cosx+x*(cosx)' =2xcosx—x*sinx
JIx (\/;)’ sin x— Vx- (sin x)’ _
(uj r sin x sin? x N
v)” v T
_2Jx sinx- Jx- cosx _sinx— 2xcos x
- sin? x T 2Jx-sin? x
¢ r 69In6
'= 3 tax) — @Glor, 5 =
(u(v)y=u'(v)v (6'9%) = 69 InB- (tgx) Sy

YpaBHeHue KkacaTtensHOW

y=F (x,)(x=x,)*+f(x,), rae x,— T04Ka KacaHus

MpumeHeHMe NPOU3BOAHON K UCcCneaoBaHUIO (PyHKUMN

A
1. Ecnu 7 (x)>0 Ha npomexyTke, .
TO pyHKLMA f(X) BO3pacTaeT Ha 3TOM NPOMEXYTKE; F(x)>0 f’(x)<0
ecnu f(x)<0 Ha npomexyTkKe,
To pyHKUMSA f(X) yBbIBaEeT Ha 9TOM NPOMENKYTKE.
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2. x, Ha3bIBAETCA TOYKOW Makcumyma yHkumm f(x),

yr  (x)=0

€CINK CYLIECTBYET TaKasi OKPECTHOCTb TOUKM X,
4TO AN BCEX X 3TON OKPEeCTHOCTU BLINOMHAETCA HepaBeHCTBO f(x)<f(x,).

X, HasblBaETCA TOYKON MUHMMYMa (DyHKUWK f(X), \J

y=f(x)

€Cnn CyUlecTBYET Takad OKPEeCTHOCTb TOYKK X,

i (X-:))=O

4YTO AN BCEX X OTOW OKPECTHOCTU BbINOMHSAETCS HepaBeHCTBO f(x)>f(x,).

o
>
A |

ToYkM MMHMMYMa U MaKCMMyMa Ha3blBaloTCA TOUKaMM IKCTpeMyMa.

ToykK, B KOTOPbIX NPOU3BOAHAA paBHa HYIO, HAa3blBalOTCH CTALUMOHAPHBIMM.

o+ Y =Y Y N Y+
f(x)/ X4 \Xg/ X3 \Xa \XVX

min nepem6 min
nnn

pas3pbiB

rAE X,, X,, Xy, X,, X, — CTALMOHAPHbIE TOUKN.

Mpumep: y= x+1, x20. Hynu dyHkymu: x+1=0, HEeT KOpHeiA. YA
X X
Y':'I—% y'=0, x>-1=0, x, ,=+1 2--\?-/
y + + o[ 1 x
=1 X -t —2
YN Nz g
paspbiB  min
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NMepBooOpa3Hasn

dyHKums ¢(X) HasbiBaeTcsa nepBoobpa3Hon yHKuum f{x)

Ha HEKOTOPOM NPOMEXYTKE, eCcrnn Ans BCEX X U3 aToro npomexyTtka ¢’(x)=f(x).

DYHKUUSA lNepBooGpa3sHas Mpumep
= .
P+ f(xX)=x = F(x)= 10 +C
x°, p#-1 Pt T C 1 3 2
fix)=x3= F(x)=—2~x3 +C
% Inx+C f(x):% = F(x)=4Inx+C
1 k0 Y injkx+ b|+C F(x)= =—— = F(x)=1In|7x+3|+C
kx+ b’ i " 7x+3 7
e" e+ C
1
e*?, kz0 FeiiC fix)=e™*? = F(x)=—e™?+C
sin(kx+b), kz0 = %cos(kx+ b)+C f(x)=sin(3x-1) = f(x)= - %cos(Bx— 1)+ C
cos(kx+b), k0 %sin[kx+ b)+ C f(x)=cos(2—7x) = f(x)=— ;sin(z— 7x)+ C

Mnowaab KPUBONUHEWHOW TPaneLum

durypa, orpaHudeHHas CHU3y oTpeskom [a;b] ocn | X,
cBepxy rpadvkom HenpepbiBHON PyHKUUKN y=f(x),
NPUHUMAIOLLEN NONOXUTENBHOE 3HAYEeHUE,
a c BokoB oTpe3kammn NpAMbIX X=a, X=b,
Ha3bLIBAeTCA KPUBONMHENHON Tpaneuuen. S=

Tf(x)dx= F(b)- F(a)
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yl\

yl\
y=g(x) =
qa i .
Sp= T{g(x)— f(x)) dx Sp= S+ 8= If(X)O'X+ j]g(x)dx
Mpumep

BeiamcnuTb nnowaanb urypbl, orpaHu4eHHon rpacmnkomM pyHKUUK y=—x*+2x+3

u ocbio abcuuce.

3
SABC = j(—xz +2X +3)dX=
-1
1 3
S +3x|° =

:(—1.27+9+9)—(—%~(-1)+1—3):

3
e a2 e
=9 3+2 103(en)
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eomeTpus

B nepepoge C rpe4eckoro o3Ha4aeTt «3emnemepuen. OCHOBHbIE 3NeMeHTbI: ToYKa, npsamas, NNocKoCTb.

Akcuoma — yTBEepXKOEeHUE, KOTOpPOe He TpeﬁyeT AoKa3arensCcTe.
Teopema — yTBEPXOEHUE, NICTUHHOCTb KOTOPOro yCTaHaBnuBaeTCA nyTeM AOKa3aTenbCTea.

A. .B OTpe3oK — YacTb NPSMOIA, OrPaHUYEHHas OBYMS TOMKaAMM.
ObosHavaetcs: AB nnu BA.
C D ITyy — vyacTb NpsiMOiA, OrpaHuYeHHast C OJHOW CTOPOHbI.
.—._
a ObosHavaetcs CD wnu a.

Yron — reomeTpuyeckas purypa, CoctosLas 3 Byx pasnnyHbIX
ny4yen, BbIXOASALLMX M3 OQHOM TOYKK, KOTOpan Ha3biBAETCH BEPLLUMHON
yrna, a ny4u — ctopoHamu yrna. ObosHavaetca LAOB unu £ZBOA.

BbIXOOSLWWMWU U3 OOHOW TOUKK.
O6o3Hauaetca ZEOD wnu ZDOE.

A
o< A
B
- . |
% Mnockuin yron —4acTtb NNOCKOCTH, OrpaHU4eHHasa asyma ny4amu,
0
D

A E B | CepeguHa oTpesKa — Touka, genallas oTpe3ok nononam.
® * o O6bosHavyaeTca EcAB, AE=EB.
- .

Buccekrpuca yrna — nyy, UCXoAsALWUIA U3 BEPLUUHbI yrna
(®) M W Oensdiiuii ero Ha iBa paBHbIX yrna.

OM - Buccektpuca, ZFOM=2ZEOM
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CmMeXHble yrnbl U UX CBONCTBO

[Ba yrna, y KOTopbiX oAgHa CTopoHa obuas, a Ase apyrue
ABNAIOTCA NPOAOMKEHNAMN OiHA APYron, Ha3bIBAKTCA
CMEeXHbIMW yrnamu.

CwmexHble yrnbl B cymme coctasnsior 180°.

£1+£2=180°

BepTukankHbie yrnbl U UX CBOUCTBO

[lBa yrna HasbiBaloTCs BEPTUKANbHBLIMUW, €CIN CTOPOHbI
OAHOrO yrna sBNATCA NPOACINKEHUAMM CTOPOH ApYroro.
BepTukanbHble yrnbl paBHbl £L1=£3, £2=/4.

MepneHanKynspHele NpsMblie — ABE Nepecekarowmnecs

npsamble, obpasyoLimne Npu NepecedeHnn NpambIe yribl.
Ob6os3HaueHue alb.
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TpeyronbHUKu

TpeyronsHUK — reomeTpudeckas durypa,
obpa3oBaHHas Tpems TO4KaMu, He Nexalimmm
Ha OZIHOW MPSIMOA, U TPEMSA NOMaPHO COBANHEHHLIMU OTPE3KaMU.

To4ku Ha3bIBAIOTCA BEPLUMHAMM TpeyronbHUKa.

OTpeskn Ha3bIBAOTCA CTOPOHAMM TPEYrofnbHuKa.

Yrnbl, 06pa3oBaHHbIe 0TPe3KaMu, BbIXOASALLMMU U3 BEPLUUH

TpeyronbHMKamm, Ha3biBaloTCA yrnaMmu TpeyrornbHuka.

Ob6o3HaueHne: AABC unun ABCA wnu ACAB.

[Ba TpeyronbHUKa Ha3bIBAKOTCH PaBHbIMU, €CNV TPU CTOPOHBI
1 TpU yrna oAHOro TpeyronbHUKa COOTBETCTBEHHO paBHbl TPEM
CTPOHaM M TPEM yrnam Apyroro TpeyronbHUKa.

Ecnu AB=MN; BC=NK; AC=MK: LFA=/M, 2B=/N; ZC=/K, TO
AABC=AMNK.
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Mpu3Haku paBeHCTBa TPEYroNnbLHUKOB

| npusHak
(no ABYM cTOpOHAM
W yrny mexay HUMu)

Ecnu AB=KE, AC=KD,
ZA=/K, 10 AABC=AKED

Il npusHak
(no cTopoHe 1 ABYM
npuneranLwum yrnam)

Ecnn AB=KE, ZA=/K,
£B=/E, 10 AABC=AKED

B

A//\c
E

KA/\D

Il npu3Hak
(no Tpem cTopoHam)

Ecnu AB=KE, AC=KD,
BC=ED, To AABC=AKED

AN
AN

K

3HauuT, AnsA Toro YTobbl YTBEPXKAATb, YTO [1Ba TPEYroNbHUKA PaBHbI,
[OCTaTOMHO 3HATb PABEHCTBO TPEX Nap COOTBETCTBYIOLIMX ANEMEHTOB.
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Tunbl TPEYronbHUKOB

MATEMATHRA

Mo yrnam

TpeyronbHUK Ha3bIBAETCSH
OCTPOYrofnbHbIM, ECMK BCE
yribl OCTpbIE.

B

A C

ZA<90°, £B<90°, £C<90°

TpeyronsbHWUK HasbIBaeTCH
NPAMOYronbHbLIM, €Cnn
OAVIH Yron npsiMoi.

KaTteTt

A" @Ter C
Z£C=90°

TpeyronbHUK HasbIBaeTCH
TYnoyronsHbIM, €CN1 OfVH
yron Tyno.

B

C

90°<«£C<180°

Mo cTopoHam

TpeyronbHWK HasbIBaeTCA paBHOGEAPEHHbIM,
€Cnvi [1Be CTOPOHbI PaBHbl. g

A C

AB=BC — paBHble CTOpPOHbI, Ha3bIBakTCA 6o-
KOBbIMM cTOpoHaMu; AC — Ha3blBaeTCsi OCHO-
BaHWEM TpeyronbHuka.

TpeyronbHUK Ha3bLIBAETCA PABHOCTOPOHHUM,
€CNny BCe CTOPOHbI PaBHbI.

MN=NK=MK. M H K
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s Cymma yrnos noboro TpeyronbHuka pasHa 180°.
LA+/£B+/2C=180°

¢ BHELWHWIA yron TpeyrofnbHuKa — yromn, CMexXHbI

C Kaknm—Hubyab yrnom AaHHOro TpeyronbHUKa.

£BCD — BHewHui yron AABC npwu BepLunHe C.

¢ BHelHWIA yron TpeyronbHUKa paBeH cyMmme AByX YrnoB
TPEYronbHUKa, HE CMEXHbLIX C HUM.

£BCD=/A+£B

« B TpeyronbHuke npotue GonbLUE CTOPOHLI NEXUT
6onbLunia yron, n o6paTHo, NpoTUB GonbLUEro yrna NexuT
fonbluas cTopoHa.

e Kaxxgas cTOpoHa TPeyronbHMKa MeHbLUE CyMMbI ABYX
APYrx CTOPOH.

AB<AC+BC; BC<AB+AC;

AC<AB+BC — HepaBeHCTBO TpeyronbHuka

CBoNcTBO paBHOGeapeHHOro TpeyronsHuka | [pu3Hak paBHOOeApEeHHOro TpeyronbHUKa

B paBHOGeapeHHOM TpeyronbHuKe yrnbl npu Ecnu aBa yrna TpeyronbHvWKa pasHbl,

OCHOBaHWWU paBHbI.

Ecnu AB=BC, to ZA=/C
B

TO TPEYroNnbHUK PaBHOGEAPEHHbIIA.

Ecrn ZA=/C, To AB=BC.
B
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CBoiicTBa NPAMOYronbHOro TpeyronbHuKa

1. Cymma ocTpbIx yrnoB pasHa 90°. B
LA+/£C=90°

A C

MpU3HaKK NPSIMOYronLHOro TPeyronbHUKa

1. Mo gBym katetam:
Ecnun AC=MK, BC=NK, B N

T0o AABC=AMNK. i ‘ i ‘
A cCM K

2. Karert, nexatyuit npotus yrna B 30°,
paBeH MNoJIoBUHE TMMNOTEHY3bI.

Ecnu £A=30°, To BC-= %AB.

Ecnu £B=30°, To AC= %AB.

2. Mo KateTty n oCcTpoMy yrny:
Ecrm AC=MK, £B=/N, B N

T0 AABC=AMNK. A A
A CM K

3. Ecnu kateT paBeH MornoBuHe runoTeHy3si,
TO yron, nexallyuit NpoTUB 3TOro KaTera,

3. Mo runoTeHyse n ocTpomy yrny:
Ecnu AB=MN, ZA=/M,

paseH 30°. To AABC=AMNK. B N
Ecnn AC= %AB , To £ZB=30°. / /
(n s K
Ecnu BC= 3 AB, To ZA=30". AE=G N
4. Mo KaTeTy 1 rMNOTeHy3e: B N
Ecnu AC=MK, AB=MN,
To AABC=AMNK.
A C M K

3HauuT, ans Toro 4Tobbl yTBEPXKAATh, YTO ABa NPAMOYroNbHbLIX TPEYrofibHUKa paBHbl,
AO0CTAaTOYHO 3HATb PABEHCTBO ABYX Nap COOTBETCTBYHOLWWX INTEMEHTOB.
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MNepneHaukynap — OTPE30K, NPOBEASHHLIA U3 TOYKU A
K NpAMON NoA NPSMbIM YIIOM.
AM — nepneHaukynsp kK npamon /, AHL/

| H
B
MeguaHa TpeyronbHUKa — OTPE30K, COEAVHALLNIA BEPLUNHY
TpeyronbHuWKa ¢ cepemHon NPOTUBOMONOXHOK CTOPOHLI TPEYronbHUKA.
BM - megnasa, AM=MC
A —e—i G
B

BuccekTpuca yrna TpeyronbHUKa — OTPE30K BUCCEKTPUCHI yIna, E
COEaMHSIOLLNI BEPLUMHY TPEYrofibHUKa C TOYKOW NPOTUBONONOXHON

CTOPOHbI TPEYronbHUKA.

AE — Buccektpuca, ZBAE=/CAE :

BebicoTa TpeyronbHUKa — NepneHanKynsap, NpoBeaeHHbIN
U3 BEepLUMHbI TPEeYronbHUKa K NpsiMoi, cogepaluen
NMPOTUBOMNONOXKHYIO CTOPOHY TPEYronbHuKa.

BH1AC, AH,LBC, BH n AH, — BbICOTbI.

h-
O
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MapannenbHblie NpAMbIe

,ElBe npamMble Ha NTOCKOCTU Ha3blBalOTCA NapannenbHbIMU, eCN OHU HE NepeceKkatoTca.

Ecnu aco, bea, a1 b, TO a||b.

TO €CTb AnsA Toro, YTobbl YyTBEPKAATL, YTO NPsAMbIE
b napannernbHbl, Heobxoaumo 4TobbLI 0ba ycnosus
a BbINOMHAMNUCH!
o 1) obe npsamble nexanu B OAHOW NSIOCKOCTH

2) obe npsiMble He uvenu obLMX ToYek.

BbIMOMHAETCSH TOMbKO 2-e ycnoBue: BbINOMHATECSH TONbLKO 1-8 ycnosue:
Ecnu aea, beo, afi b, 10 a}{b Ecnu aeo, beo, dnb=A, T0 a}fb
b
A a
a &
1
I
o b
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Mpu nepecevyeHUn NpsambIX @ U b cekyLlen ¢ nony4um 8 yrnos:

£3 W £5; Z4 w £6 — BHYTPEHHUEe HakpecT nexaiuune yrmbl;

Z1n L7, £2 n £8 — BHelWWHUe HaKkpecT nexalume yrbl,

Z4 n £5; £3 n £6 — BHYTpEeHHWe OOQHOCTOPOHHUE YIbl;

10 £8; £2wn £7 — BHELWHWE OAHOCTOPOHHUE Yrhbl;

10 L5, £4wn £8; £2 w1 £6; £3 wn £T7 — COOTBETCTBEHHbIE YITibl.

- Axkcuoma napannenbHblX NPAMbIX:

e / npsamasi, napannensHas JaHHOW.

CnenctBue:

1. Ecnu npaAmas nepecekaeT ogHy 13 AByx napannenbsHbiX NpsMbiX,
TO OHa nepecekaeT 1 APYryo NPAMYyIo.
Ecnu a||lb, anc=M, To bc=N

2. Ecnuv aBe npsiMble napannenbHbl TpeTbei NpAMon,
TO OHW NapannensbHbl Apyr Apyry.
Ecnu allc m b||c, ToO a||b.

A e Yepes TouKy, He Nexallyto Ha AaHHO NPSIMON, NPOXOAUT TONbKO OAHa
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CponcTBa napannenbHbIX NPAMbIX

MpusHaku napannenbHbIX NPAMbIX

1. Ecnu gBe napanneneHble npamble
nepeceyeHbl CeKyLLel, TO HakpecT
nexaujue yrnbl paBHbl.

Ecnu a||b, ¢ — cekywan, To £1=/2

2. Ecnu aBe napannenbHble npsMble
nepece4eHbl CeKyLLEei, TO COOTBETCTBEHHLIE
YrNbl paBHbI.

Ecnu a||b, ¢ — cekywias, To L1=/2.

a
/'
/2

3. Ecnu pBe napanneneHbie npsaMble
nepeceYeHbl CekyLlen, To cymma
OOHOCTOPOHHUX yrnoe pasHa 180°.

Ecnu a||b, ¢ — cekywaa, To £1+£2=180°.

1. Ecnu npv nepecevyeHnn AByxX

NPsiIMbIX CEKYLLEN HaKpecT nexaiime yrmbi
paBHbl, TO NpsIMble NapannenbHbl.

Ecnu ¢ - cekywas, £1=/2, 1o a||b.

\é a

1\\(\

2

b
X

2. Ecnu npu nepece4eHnmn aAByx NpambIxX
CeKyllel COOTBETCTBEHHbLIE YIMbl PaBHbI,
TO NpsiMble NapannenbHbl.

Ecnu ¢ - cekywas, Z1=/2, 1o a||b.

! a

e,
e\

3. Ecnu npu nepeceyeHnn AByX NpsMbIX
CeKyLlen cymma O4HOCTOPOHHWX YrnoB
pasHa 180°, To npsiMble NapannenbHbl.
Ecnu ¢ — cekywas, Z1+22=180° 10 a||b.
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OKpyXHOCTL — reomeTpudeckas urypa, cocTosiLan u3 Bcex ToYeK
NNOCKOCTW, PABHOYAANEHHbLIX OT AAaHHOW TOYKW, KOTOpas HasbiBaeTcs
LIEHTPOM OKPY>XHOCTH.

Paguyc — 0Tpe3ok, CoeAMHSIOLWMIA LIEHTP OKPY>XHOCTK ¢ Ntoboil To4Kon
OKpY)XHOCTU; 0B03Ha4aeTcs R vnu r.

Xopaa — 0TpesoK, CoegUHALLINA ABE TOYKU OKPYXKHOCTW.

AnameTp — xopaa, NpoxXoAsiLas Yepes LeHTP OKPYXXHOCTH;
obosHavaeTtca d, d=2r.

(AnuHa okpyxHocTn C=2nR).

[yra — 4acTb OKPYXXHOCTU, OrpaHUYEHHas ABYMS TOHKaMu.

_nR-a
(UNK =2180° ).

Kpyr — 4acTb NNockocTy, orpaHn4eHHas OKpY>KHOCTbH.
Paguyc, xopaa, guameTp Kpyra onpeaenstorca Tak xe,
KaK v y OKPY>KHOCTM.

(Mnowapb kpyra S=nR2.)

CermeHT (BCK) — 4acTh Kpyra, oTcekaemas xopgou BC.
Cektop (MON) — 4acTb Kpyra, Belpe3aemMas AByMsi paguycamu
OMn ON.

tR? .o

360° )

(Mnowaab cektopa Syon =
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MATEMATHRA

MHOroyronsHuUKu

MpocTan 3amkHyTas NoMaHas Ha3biBAETCA MHOMOYrONbHUKOM.
Ay Az 3BEHbA NOMAHOW — CTOPOHbLI MHOTOYrONbHUKA.
KoHLUbl 3BeHbEB — BEPLUMHBI MHOTOYTOMbHUKA.
As AAA,. . A, —n-yronbHuk, A,, A,, A,,...,A, — BEPLUNHBI,
A, AA, AA,. . A, — CTOPOHbI.
Aq OTpesku, cCoeauHALNEe HeCoceaHUe BEPLUNHLI,
Ha3bIBaeTCa AUaroHansAMm MHOrOYronbHUKa.

* MHOrOYrornbHVK Ha3blBAeTCs BbIMYKIbIM, ECMU OH NMEXUT N0 OAHY CTOPOHY OT KaXAoW NpsiMOi,
NPOXOASALLEN Yepes [BE ero COCEAHUE BEPLUMHBL.
* MNOCKMM MHOTOYrONbHUKOM Ha3blBaETCA MHOOYrofbHUK C €r0 BHYTPEHHER 06nacTbio.

B ¢ B C
D D
A
F

A

F FE N

BbINyKNbii MHOTOYronbHWUK He aBnsercs BbINyKNbIM InoCcKnin MHOroYronbHUK

MHOrOYrofibHUKOM

Cymma yrnoB BbINyKnoro n—yronbHuka pasHa 180°-(n-2).
Cymma BHELUHUX YINOB N—YronbHWKa, B3ATLIX MO OAHOMY NPKU KaXO0N BeplumHe, paeHa 360°.

B c
Mapannenorpamm — YeTbIPEXYrONbHWUK, CTOPOHBI KOTOPOrO
nonapHo napannenbHsol.
A D Ecnu AB||CD, BC||AD, To ABCD — napannenorpamm.
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CBoMCTBa napannenorpaMmma

Mpu3Haku napannenorpamma

1. B napannenorpamMmme npoTUBOMNOMOXHbIE

CTOPOHbLI U NPOTUBONOSMOXHBIE YIIbl PaBHbI.

B C

A D

Ecnu ABCD — napannenorpamm, To AB=CD,
BC=AD, £A=/C, #B=2D.

1. ECJ’IM B YeTblpeXxyronbHMKe aBe CTOPOHbI
paBHbl U NapanneribHbl, TO 3TOT YeTblpeX-
YroneHWK — napannenorpamm.

B o

A D
Ecnu ABJ||CD, AB=CD, To ABCD - napanne-
norpamm.

2. [lnaroHanu napannenorpaMmma To4Kou ne-
peceveHus AenaTca nononam.

B C

A D
Ecnu ABCD — napannenorpamm, ACnBD=0,
10 AO=0C, BO=0D.

2. Ecnu B 4eTbipexyrofnbHNKe CTOPOHbI nonap-
HO paBHbl, TO 3TOT YeTbIPEXYronbHWK — Naparn-
nenorpamm.

B C

A D

Ecnu AB=CD,BC=AD, o ABCD — napanneno-
rpamm.

3. Ecnu B YyeTbIpexyronbHUke AnaroHanu B
TOYKe nepecedveHUa OendaTca nononam, 1o 3T0T
HeTblpexyronbHUK — NapannenorpamMmm.

B

C

L]

Ecnu ABNCD=0, AO=0C, BO=0D, To ABCD-
napannenorpamm.
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MATEMATHRA

A0 D

MpamoyronsHUK — napannenorpaMM, y KOTOPOro BCce Yribl NpsiMbIe.
Ecnu AB||CD, BC||AD, £A=4£B=/C=4ZD=90°, ABCD — npaMoyronbHuK.

CeoMCcTBa NPAMOYronbHUKa

Mpu3Hak nps MOYrofnibHUKa

1. MpamMoyronsHWK 0bnagaeT BCEMU CBOWUCT-
BaMW napannenorpamma, To eCTb NPOTUBONO-
NOXHbIE CTOPOHbI PaBHbI, AUAroHanu B TOYKe
nepeceyveHusi 4ensaTcs nononam.

-

A D

Ecnu ABCD — npamoyronsHuk, To AB=CD;
BC=AD; AO=0C; BO=0D.

Ecnu B napannenorpamme AMaroHan pasHbl,
TO 3TOT napannenorpamm — NPAMOYroNbHUK.

O

A D

Ecnu ABCD - napannenorpamm, AC=BD, 10
ABCD — npamoyronbHuK.

2. [lnaroHanu NpsMoyronbHUKa paBHbl.

C

A D

Ecnu ABCD — npsimoyronsHuk, To AC=8D.
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Pom6 — napannenorpamm, y KOTOPOro BCe CTOPOHbI PABHBbI.

Ecnu AB||CD, BC||AD, AB=BC=CD=AD 1o ABCD — pom6.

CsowcTea pomba

Mpu3Haku pombGa

1. Pom obnapgaet Bcemu cBocTBamMm napar-
nenorpamMmma, To eCTb NPOTUBOMNOMOXHbLIE Ykl
paBHLl, AUMaroHanu B TOYKe nepecevyeHus ge-
nATCA nononam. B C

N7
WY

Ecnu ABCD — pomB, To0 £LA=£C, £B=4£D,
AO=0C, BO=0D.

1. Ecnu B napannenorpamme guaroHanu s3a-
MMHO nepeneHanKynsapHbl, To 3TOT napanneno-
rpaMmm — pomo.

AN

A D

Ecnu ABCD — napannenorpamm, ACL1BD, To
ABCD — pomb.

2. QnaroHanu pomba B3auMHO nepneHanky-
NAPHLI Y AenAT ero yribl nononam.

Ecnu ABCD — pomb, To ACLBD,
ZBCA=/DCA, ~ABD=,/CBD.

2. Ecnu B napannenorpaMmme avaroHanu sie-
naTCA BuccekTpucamu yrnoe, To aTOT nNaparn-
nenorpamm — pomo.

,C

BT 33
LX]

Ecnu ABCD — napannenorpamm, ~BCA=/DCA,
£ZABD=,CBD, 10 ABCD — pomB.

MATEMATHRA




Keappat — npsamMoyronbHuK, y KOTOPOro BCe CTOPOHbLI paBHbl. Mnu:
o ! kBagpart — pomb, y KOTOpOro BCe Yribl — NpAMbIe.
Ecnu AB||CD, BCJ||AD, AB=BC, ZA=90° To ABCD — kBagpar.

B C  Ksapgpar obnapaer Bcemu CBOMCTBaMU NPSIMOYrofibHUKa u pomba:
1. AB=BC=CD=AD

2. Z/A=/B=,2C=£D=90°

3. AC=BD

4. AC1BD, «.BCA=«£DCA, ZABD=-CBD

5. BO=0D=A0=0C

by
&)

Tpaneuus — YeTblpexyronbHUK, Y KOTOPOro AABe CTOPOHbLI NapasnenbHbl,
a [iBe Opyrue CTOpPOHbl He napaninenbHsbl.
Ecnun BC||AD; AB){ CD, To ABCD — Tpaneuus.

Tpaneuus Ha3biBaeTc paBHOGeApeHHOW, ecrnv GOKOBbIE CTOPOHbLI PaBHbI.
AB=CD.
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Tpaneuuns Ha3bIBAeTCA NPAMOYrofibHOW, eCnuv BokoBas CTOpPOHa
nepneHaukynsapHa oCHOBaHUAM.

B C CpeaHasa NUHUA Tpaneuun — OTPEe30K, COEUHAIOLLWA cepeunHbl
6okoBbIX cTOpoH. MN — cpeaHsas nuHus Tpaneuun ABCD.
CpegHsasa nuHMA Tpaneuvu napannenbHa OCHOBaHWAM U paBHa

nonycymMme OCHOBaHUM.

=

| =

D MNI|AD)|BC n MN- ;mo.- BC) .

Mnowaam MHOroyronbLHUKOB

lNnowanb — NONOXUTENbHOE YUCIo

1. EanHuua nameperns nnowaan — KBagpar, CTOpoHa KOTOPOro paBHa eauHNLE N3MEPEHNS OTPE3KOB.
2. Mnowaaw paBHbIX Uryp paBHbI.
3. Mnowaab curypbl, COCTaBNEHHOW U3 HECKOMbKMX YacTen, paBHa CymmMe ninoLaaen aTux yacreil.

1) Napannenorpamm: S=AD-CH, wnu S=AB:CH,. B C
Mnowaab napannenorpaMma paBHa NpousBeaeHuto
OCHOBAHWS Ha BbICOTY.
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2) MpamoyronbHuk: S=AB BC.
Mnowagb NPAMOYTOMEHUKE PaBHa NPOMSBEASHUIO €r0 CMEAKHBIX CTOPOH.

A D
B C
J) Pom6: S=AD-BH (xak napannenorpamm), S= %AC- 8D,
Mnowjage poMGa paBHA NOMOBUHE NPOUIBSASHMA €r0 guaroHaneil.
D
AT
B C
4) Keappart: S=AB? (kak NpAMOYTONbHUK), S= %Acz (kak pomB).
A D
B C

5) Tpaneuun: S= %(BC.HL AD) BH.

MnowanL Tpaneuyin pagHa NpoU3BeaeHNID NOMYCYyMMbI
€e OCHOBaHWIA Ha BLICOTY.

6) TpeyronbHuk: S— %AC. BH,

(nowane TpeYronsHMKa paBHa NoNoBWHE NpoviseneHnA
CQGHOBAHWMA HA BLICOTY.




ol

s ECcnu BbICOTHI ABYX TPEYronbHUKOB paBHbl,
TO X nNnowann OTHOCATCA Kak OCHOBaHWA.

E S_ns(_; - AC
Ecnu BH,=NH,, 10 S MK

N «Ecnu yron ogHoro TpeyronsH1ka paseH yriy Apyroro
B TPeyronbHUKa, To Nnowaan aTux TpeyronbHUKOB
OTHOCATCA KaK NPOVU3BEAEHNA CTOPOH, 3aKITKYaoLLIMX
paBHbIE Yrobl.

Ecnu ZA=/M, To Sisc  AB-AC

A C M K

SI‘-‘{.NIK = MN' MK

Teopema lNMudparopa

A Keagpat runoteHysbl paBeH cymme KBaapaToB KaTeToB c?=a?+h?,
OB6parHo: ecnv kBaapaT 0AHON CTOPOHbLI paBeH CyMMe KBaapaToB ABYX |
APYrux CTOPOH, TO TPeyroribHUK NPAMOYTrOrbHbIN.
b C
C B
a
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MATEMATHRA

CummeTpun

Aq

OceBas cuMMeTpus

Toukn A n A, Ha3bIBAKOTCA CUMMETPUYHBIMU OTHOCUTESLHO NPAMON /, ecnu aTa
' npsAmMas / NpoOXoAuT Yepes cepeanHy otpeska AA, U NepneHanKynapHa emy.
Kaxxpas Touka npsamoi / cuutaeTcs cuMMeTpudHoi camoi cebe.

LleHTpanbHan cummMmeTpus

Touku B n B, Ha3bIBaloTCsA CUMMETPUYHBIMU OTHOCUTENBLHO Todkn O, ecnu
O —cepeauHa otpeska BB,. Touka O cuntaeTcs CUMMETPUYHON camoii cebe.

MoaobHble TpeyronbHUKK

[pa TpeyronbHUKa HaakIBaTCHA NOAOOHLIMKU, ECK

WX YITbl COOTBETCTBEHHO paBHbl U CTOPOHbLI OAHOIO
/O\ TpeyroneHWKa nponopunoHaneHbl CXOACTBEHHBIM
A.

CTOpOHaM [pYyroro.
K
)

)
?

" . -ox AB_BC_AC
Ecnn £A=£M, £B=4N, £C=£K, 35= 7oe= 1< T0 AABC™ AMNKK
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Mpu3Hakn noaobus TpeyronbHUKOB

| npusnak (no asym yrnam) | Il npmsHak (no asym ctopodam | lll npusHak (no Tpem cTtopoHam)

1 YIIy Mexay HUMM)
o - n AB_ AC AB_BC_ AC
Ecnm ZA=/M, ZB=/N, Ecnu ZA=/M, MN- MK’ Ecnun VN~ NK- MK’
To AABC v AMNK. T0 AABC ™ AMNK. TOo AABC ™ AMNK.
B B B
A C A /\C A /\C

A A A

Otpesok XY HasblBaeTcsi CpefHUM NPONOPUMOHANbHBIM (MNU CPEAHUM reOMETPUYECcKUM) Mexay
orpeskamu AB v CD, ecnu XY =VAB-CD .

1) BeicoTa npAMOYronsHOro TpeyronsHuKa, onyLweHHan Ha rmnoTeHyay,
& eCTb cCpefHee nponopuuoHanbHoe Mexay oTpe3Kkamu, Ha KoTopble
[enuTca runoTeHysa aToin BbicoTon. CO= AD- DB.
2) KateT npAMoyronbsHOro TpeyronbHyWKa ecTe cpefHee nponopuuoHanb-
HOe MeXay rMnoTeHY301 U OTPE3KOM MMMNOTEHY3bI, 3aKMHYEHHLIM MeXay
D KaTeToM 1 BbICOTOW, NPOBEAEHHOW U3 BEPLUMHbI NPAMOro yrna.
AC=+AB- AD; BC=+AB- DB,
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KacaTtenbHasa K OKpYy>XHOCTH

B3aumHoe pacnonoxeHue nNpsAMon Ha NNOCKOCTHU

R — paguyc OKpyXHOCTU; d — pacCTOSIHUE OT LiEHTPA OKPYXHOCTU A0 NPAMON.

O
Ao 7
: [
H 4
H

Ecnu d<R, TO OKpy»XHOCTb Ecnu d=R, TO OKpYXHOCTb Ecnu d>R, TO OKPY>XHOCTb

W npsiMasi  nepecekaroTcs. 1 NpsiMas KacarTcs. W NpsiMasi He NnepeceKaroTcs.

MmeloT 2 oBLLmnX TOYKHN, WmetoT 1 06Lyto TOUKY. He umetoT 0bLux ToYek.
CBOWCTBO KacaTenbHOM K OKPYXHOCTH lNMpu3Hak KacaTenbHOW K OKPY>XXHOCTH

KacatenbHas K OKpy»XXHOCTU
nepneHankynsapHa K paguycy,
NnpoBeAeHHOMY B TOYKY KacaHusi.
Ecnwn [ — kacatenbHag, A — ToYKa KacaHus, Ecnu OAN/=Awn OA L /, To | — kacaTtenbHas.

TOOA L/

A

Ecnu npsimas npoxoanT Yepes KoHel paauyca, |
nexalyuii Ha OKypXXHOCTK, U NepneHAnKynapHa
K 3TOMY paguycy, TO OHa ABNSAETCS KacaTenbHOM. |

/ /
A
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>

QOTpeskun KacaTenbHbIX K OKPYXHOCTWU, NPOBEAEHHbIE U3 OLHOM
TOMKMW, PaBHbl U COCTABNAT PABHbIE YIbl C NPAMOW, NPOX0oAs-
LLen Yepes 3TY TOYKY U LIEHTP OKPY)KHOCTM.

Ecnu AB, AC — kacatenbHble, To AB=AC, ZBAO=2ZCAO.

Yron, BepLUMHA KOTOPOTO NEXUT B LIEHTPE OKPYKHOCTH,
a CTOPOHbLI NepecekatoT ee, Ha3biBaeTCs LeHTPasnbHbIM YIToM.
ZAOB — ueHTpanbHbiil, ZAOB=UAB.

Yron, BepLUMHA KOTOPOTO NEXUT Ha OKPYXKHOCTU, @ CTOPOHbI NepecekaloT
€e, HasbIBAEeTCA BMUCAHHbLIM YTTIOM.

To ecTb Ans Toro 4To6bLI yTBEPXAATE, YTO Yron BruUcaH B OKPYXKHOCTb,
Heobxoaumo, 4Tobbl BLINONHANUCL 06a YyCroBuUS:

1) BEpLUMHA NEXNUT Ha OKPYXHOCTH;

2) CTOPOHbI yrna nepecekatoT OKPYXHOCTb.

1) NeOkp (O;R)

2) MN ~ Okp.(O;R) n
NE ~ Okp.(O;R)
ZMNE — He siBnsieTcs
BMUCAHHbLIM YITIOM

1) AeOkp(O;R)

2) AC n Okp.(O;R) m
AB /A Okp.(O;R)

M ZBAC — He aBnsetcs
BMUCAHHBIM YoM
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. 1
BnuvcaHHbIf yron paseH NonoBuHE Ayri, Ha KOTOpY OH onupaetcs ZABC= Ea.:AC s

CBOMCTBa BNUCAHHbLIX YINOB

e BNUCaHHbIE YITibl, ONUPaIOLLMECH Ha OAHY U TY Xe Ayry, paBHbl.
£LABE=/ACE=/ADE

e BNUCAHHbLIN Yromn, ONUPaKLLMACA Ha NONYOKPYXHOCTb, — NPSIMOMA.
B Ecrnin AB — guameTp okpy»HocTu, To LZAEB=90°

Ecnu nBe xopabl OKPYXHOCTU NepeceKaTcs,

TO NPOU3BEAEHNE OTPE3KOB OAHOW XOPAbl paBHO
NPOU3BEOEHWNIO OTPE3KOB APYron xopabl.

Ecnu AB ~ CD=E, 10 AE-EB=CE - ED




7

YeTbipe 3amevarenbHble TOYKU TPeYronbHUKa

B B B B
..i
R ¢
e, A
Al i C|A 1 .l C|A = Cc |A A——A—C
BuccekTpucel MeawaHbl BelcoThl CepeguHHbIE
TpeyronbHWKa TpeyronbHWKa TPeyronbHuKa nepnedankynapbl
nepecekawTcs nepecekawTcs nepecekawTcs TpeyronsHuka
B OAHOW TO4YKe B OQHOW TO4KEe B OQHOW TOYKe nepecekawTcs
B O[IHOW TOYKE.

TpeyronbHUK, TpeyronbHuK,
BMWUCaHHbIN B OKPYXHOCTL ONUCaHHLIW BOKPYT OKPYXHOCTH
TpeyronbHWK HasblBaeTcs TpeyronbHWK HasblBaeT-

BMUCAHHbIM B OKDYXHOCTb,
€CInn BCe ero BepLUMHbI ne-
KaT Ha OKPYXKHOCTW.

LIeHTp OKpPY)XHOCTU, ONMCAHHOW OKOSIO TPEYrofb-
HUKa, NEXUT Ha NepeceyeHnn cepeanHHLIX nep-
NeHAUKYNSPOB.

CS1 ONMMUCaHHLIM OKOJIO
OKPY)XHOCTHU, ecnu Bee
€ro CTOPOHbI KacawTcs
OKPY>KHOCTH.

LIeHTp OKPY)XXHOCTK, BNIUCAHHOW B TPEYroNbHUK,
NEeXUT Ha nepecevyeHn BUCCeKTpuC.
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YeTbipexyronbsHUK,
BNUCaHHbIN B OKPYXXHOCTb

YeTbipexyronbHuk,
OMUCaHHbIN BOKPYT OKPYXXHOCTH

YeTbipexyronsHUK MOXHO
Br1caTb B OKPYXKHOCTb,
B ecnv cymma npoTmBono-

A / \ NOXHbIX yrnos paeHa 180°.

\C

D

Ecnu ABCD — BnCaHHbIN YeTbIpeXyronbHWK, TO
LA+£C=/B+/D=180°.

O6patHo: ecnu LA+/C=/B+,/D=180°, 10
ABCD — BNUCAHHbIA YETbIPEXYTONbHUK.

YeTbipexyronbHUK MOX-

HO onucaTb OKOMO OK-

PYXXHOCTU, €CINN CYMMbI

NPOTUBOMONOXHbIX CTO-
C poH paBHbI.

Ecnun ABCD — onucaHHbIA YeTbIpexyronsHUK, To
AB+CD=AD+BC.

O6partHo: ecnu AB+CD=AD+BC, 1o ABCD —
OMNUCAHHLIN YeTbIpexyronsHUK.

CHHYC, KOCUHYC U TaHreHC OCTPOro Yrra NnpPsAMOoYrofibHOro TpeyronbHuKa

npoTuBOnexalimni katet  BC

B sina= =— 30° | 45° | 60°
rMNoTeHysa AB o
e npunexaiwiun katet  AC sine | 1 J2 V3
p &= rmnoteHysa  AB 2 2 2
npotusonexawui kateT  BC | cosa | V3 | V2 1
tg a= = B~ 8 o e
npunexauum katet AC 2 2 2
. AC BC AC 1 1 J3
e i ——— t o e———
& o do sin B B cos B B’ tap BC g A

cos?o+sin?0=1 — OCHOBHOE TPUrOHOMETPUYECKOE TOXAECTBO.
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BekTopbl

od -

BekTop — HanpaBneHHbI OTPE30K.
0OB603HaueHve AB unu a.
A — Hayano BekTopa, B — KoHeL.

HYI'IEBOI-l BEKTOP — BEKTOP, Ha4ano 1 KoOHeu KOTOpOoro cosnagator.
O603HauyeHne MM unu O .

[AnuHon BekTOpa (abcontoTHON BENUYMHOW BEKTOPA) HadblBaeTCH ANMHA OTpe3kKa.

O603HayeHve ‘AB| unu ‘é[.

KonnuHeaprle BEKTOPbI — HEHYIEBbIE BEKTOPbLI, KOTOPbIE NeXaT
Ha OJHOW NPSMON WX HA NapannensbHbIX NPSAMbIX.

Ecnu konnuHeapHble BEKTOpbI HanpasneHbl B O4HY CTOPOHY OTHOCK-
TenbHO ﬂpHMOlF'I‘ I'IpOXO)KﬂRLLlBIFI yepes nx Havano, To0 BEKTOPbl Ha3bl-
BaKOTCS COHaNpPaBfeHHbIMU, ECNU B Pa3Hble CTOPOHbI — TO NPOTH-
BOMOJIOXHO HANPaBNEeHHbIMMU.

aT Th: aT Tc - conanpaeneHHble,
cTld: bTld - notueononoxHo HanpasneHHbie.

HekonnuHea PHbIe BEKTOPbI




MATEMATHRA

BekTopbl Ha3blBaloTCs paBHLIMM, €CIU OHW COHanpaBneHbl U WX ANWHbI paBHbI.
Takkak aT Tbh; ‘a‘: ‘b ,To a= b

YTobbl yTBEpXKAATb, YTO BEKTOPLI PaBHbI, HE0BX0AUMO, YTOBBI BbINONMHANUCHL 06a ycnosus:
1) BexTOpbI COHanpasneHsbl; 2) ANVHBI UX paBHbI.

/ Hn ™ m; 2)|ﬁ‘=|ﬁi‘. TO n#m. / 1)a 1 b; 2)|é‘¢ 5|, mo a#b
= 5

CnoxeHue u BblYuTaHue BeKTOpOB

1) MNMpaBuno TpeyronbHUKa 2) MNMpasuno napannenorpamma 3) BeluutaHune

B
/\
a+b
A D
V
C

AB+ BC= AC AB+ AC= AD B- AC=CB
YMHOXeHune BEKTOpa Ha Yyucno

Mpou3BEAEHWE HEHYNEBOTO BEKTOPA a Ha uMcno k a :
P A y P k- a, ecnu k>0

Ha3blBaeTCA Takol BEKTOp b, anuHa KOTOPOro paBHa |k| ‘é| : /
e = k- a, ecnu k<0
ecrm k>0, 10 al Tb:

ecnu k<0, 10 aT 4 b.
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3aKOHbLI CNOXEHUS U YMHOXEHUS BEKTOPOB

1) a+ b= b+ a — NEpeMecTUTENbHbI 3aKOH

2) (a+ b)+ c= a+ (b+ ¢) — coueTaTenbHbiit 3aKoH

3) (ki) a= k-(la)= I-(ka) — coueTaTenbHblit 3aKoH

4) (k+ I)a= k- a+ |- a — | pacnpeaenuTenbHbIi 3aKoH

5) k-(a+ b)= ka+ kb — Il pacnpegenuTenbHbIN 3aKoH

B B

Ay - c A 5 c

Ckans PHOEe nNnpou3BeeHne BEKTOPOB

CkanapHblM Npou3seaeHneM ABYX BEKTOPOB Ha3blBaeTCA NponaBeaeHne ux anuH
Ha KOCUHYC yrna Mexay HUMMW.

a-b=|al |b|- coso
Ecnu a- b= 0, To =90°, TO ecTb alb.
Ecrm a- b> 0, TO @ — OCTPbIiA.

a

Ecrm a- b< 0, To ¢ — Tynoid.
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CBOVICTBA CKaNsIPHOro NpousseaeHus Ans nobbix a, b, ¢ 1 Nboro uncna k.

a — nepeMecTUTenbHbIil
+ 5) E: a- ¢+ b- ¢ — pacnpenenuTenbHbiii

k-(a b) — couetatenbHbiii

MeTon koopauHar

&
Y1 ~—/

Ecru a {X;; ¥4} W b {X2;¥2} , TO

SRPSR—.. |~
=
!
x

xY

o
xt--
&

1) a+b {Xﬁ‘ X, Yqt Y2}
2) a- b {x;— X; Y1~ Y2}
3) ka {kx; ky,}
4) a-b (X Xai+yy-Ya)
Xy Xo+ Yo V2

\/X12+ y12‘ \/X22+ y_zz !

5) cos =

— KOOpAWHaThI BEKTOpa

(¢ — yron mexay Bektopamu a u b.

‘TB‘ = \j(xz‘ )+ (Ya- .V1)2

Mpumep: a{-1, 2}; b{O; —3}.

1) a+b {~1+0; 2-3}={-1, -1}
2) a-b {-1-0; 2—(-3)}={-1 5}
3) 5a {5(-1); 52}={-5; 10}

4) a-b {-1-0+ 2(-3)}=0-6=-6.

5) cos o ~-1.0+2.(-3) _ o B
\f1+ +/0+9 3\/_ J5

3Ha4uT ¢>90°.
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; absiny.

[Mnowanb TpeyrofnbHuKa pasHa NosioBuUHE Npou3BeaeHns
ABYX CTOPOH Ha CMHYC yrna mexagy HUMU.

 Mnowagk TpeyronbHukKa S=

L TGOPEMa CUHYCOB: CTOPOHbI TPEYronbHUKa nponopunoHanbHbl CMHYCaM nNpoTuBOneXallnx yrmnos.
a b e
sina sinp  siny

= 2R, R — paguyc onucaHHoW OKpY>XHOCTK

e TeopeMa KOCMHYCOB: KBaApaT CTOPOHLI paBeH CyMme KBaapaToB ABYX APYrMX CTOPOH
6e3 yABOEHHOro NPOM3BEAEHUs 3TUX CTOPOH Ha KOCUHYC yrna Mexay HUMK.
a’= b*+ ¢c*—2bc * cosa

YpaBHeHue OKpYXHOCTH

(x=x)** (y - y )= R?

(X, ¥,) — KOOpAMHATLI LIEeHTpa OKpYXXHOCTU, R — paguyc.

Ecnv UeHTp OKpY)XHOCTW NEXUT B HaYane CUCTeMbl KOOPAUHAT,
TO ypaBHeHWe UMeeT Bua: x*+y*=R2.

YpaBHeHue npsiMon

ax+by+c=0,rge a, b, c—vncna.

y = 0 — ypaBHeHue ocu abcuucce.

x = 0 — ypaBHeHue ocu opanHarT.

y = d — ypaBHeHue NpsiMoi, napannensHon ocu abcuuce.
X = d — ypaBHeHune npsAMoK, napannensHoin ocu OpauHaT.




MATEMATHRA

MpaBunbHbIE MHOTOYroNbLHUKN

I'IpaauanmM MHOroyrofleHMKOM Ha3bIiBaeTCH BbmyK.I"Iblﬁ MHOIoyronbHUK,
Y KOTOpPOro BCe CTOPOHbI U BCE YITIbl PABHbI.

Az

_21 a;= 180°(n- 2) — cymma Bcex yrnoe n—yronsbHuKa.

Aq
180° (n—2)
o= ——————=

= = Benn4nHa yrna npasuibHOro n—=yrofnbHWKa.

1
S=-P-r - nnowagb NpaBuIbHOrO nN—=yroficHKWKa paeHa NnornoBuHe

2
npou3BeaeHns NepuMmeTpa N—yronbHUka Ha paanyc OKpYXHOCTH,

BMUCAHHOW B N—YronbHUK.

. 180°
a,= 2R: sin i CTOpPOHa NPaBUNLHOrO MHOMOYrofibHUKa Yepes paauyc |
OKPY>XHOCTH, ONUCAHHOW OKOMO NPaBUNbHOrO MHOTOYronbHWKA.

= Rcos180
MpaeunbHbIN R 3 p s
N-yronbHUK
TpeyronbHuk as R= # r= _asgfg P;= 3as S, = azf
Keagpar as = 342‘5 r= 32—“ P,= 4a, S=8°
lWecTuyronbHUk as R = ag r= ""62\[§ Ps= 4ag 8.= a’ 32~./5
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AKCUOMbI CTepeoMeTpumn

A B 1. Yepes niobble Tpu TOYKK, He fexaliue Ha o4HOW NpsMon,
L]
. NPOXOAWUT NIIOCKOCTb, U NMPUTOM TOINbLKO OfAHa.
" (6 Ecnu A, B, C¢ [, To Jex, uto A, B, Cc /, npudem @ — eUHCTBEHHAS.
B g 2. Ecnu aBe TOYKM NpsiMO NexXar B NIIOCKOCTH, TO BCE TOYKWU 3TON
/ NPSMON Nexar B AaHHOW NNOCKOCTH.
o EcrmA Bel A, BcaT1olC
B 3. Ecnu gBe pasnu4yHbie NNOCKOCTH UMEIOT 0BLLYIO TOUKY, TO OHU
nepecekawTcs Nno NpAMoi, NPOXoAsLLEr Yepes aTy TOYKY.
Ecnu Ac o, Ac S, To e NB=l, rge Ael.
o
Cyu.IECTBOBaHHe NMNOCKOCTH
/4
;’X
o o
1. Uepes npamyto U He nexaluyo Ha Hew 2. Yepes ase nepecekatlmecs npsimbie
TOYKY MOXHO NPOBECTU MITOCKOTh, MOXXHO NMPOBECTU NMOCKOTb,
W NPUTOM TOINbKO OAHY. W NPUTOM TOMbKO OAHY.
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MATEMATHRA

B3anmHoe pacnonoxeHne npsMon U NOCKOCTU B NPOCTPaHCTBe

I AT i

1. MNpsaimMas NexuT B NIIOCKOCTU.

2. MpsiMasa 1 NNOCKOCTb He

3. MNpsamas 1 NNOCKoCTb UMET

lco UMeoT 0BLMX TOYEK, TO ecTb | OOHY OBLLYH TOYKY, TO €CTb Npsi-
npsiMas napannensHa nroc- Masi nepecekaeT NMockocTb.
kocth. /|| e Ina=A

MNMpu3Hak napannenbLHOCTU NPSIMOA U NITOCKOCTU CeoinctBa

Ecnu npsamasn, He nexawlas B AaHHOW NNOCKO-
CTW, napannensHa Kakou-Hubyab NpAMON, ne-
Xallen B 3TOW NNOCKOCTU, TO OHa napannensHa
[aHHOW NPAMON.
Echmaca, bc o al| b, a
Toa|| & /

1. Ecnu nnockocTe NpoxoauT Yepes JaHHyo nps-
Myt0, NapannensHy Apyrow NnockocTu, U nepece-
KaeT 3Ty NIOCKOCTb, TO NNHWUA NepeceyeHns nnoc-
KocTe napannensHa AaHHON NPSMOIA.

Echm!/|| &l c /
pna=a, 10l a

2. Ecnun ogHa 13 napannensHblX NPAMbIX NEXUT
Ha ,El,aHHDl:‘I NMOCKOCTK, TO Apyrada npamas nubo
Taike napannenbHa AaHHOW MNocKocTW, nmbo
NEeXUT B 3TOM NNOCKOCTW. y

Ecnmall b, a|l e

T0b|| o, N b c &
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B3aumHoe pacnonoxeHue npsiMbiX B NPOCTPaHCTBE

[ =

ol

a

R

o b

b

o—Ts

o !

[ee npsamble nexart B ogHOM
MAOCKOCTU U HE UMEIOT 0BLLMX
TOYEeK, TO ecTb a U b napan-
neneHble NpaAmble. allb

[Be npaAmMbie nexaT B ogHOW

NNOCKOCTU U UMEKT OAHY 06-
LLYIO TOYKY, TO ecTb a U b ne-
pecekatowuecs npsamblie. anb

[Be npsamMbie He nexar B 0gHOW
NMOCKOCTW, TOeCTb @au b cKpe-
LmBaroLLmecs npsamMble. axb

lNMpu3Hak cKpelMBalOLWMUXCH NPAMbIX

Teopema

O CKpewMBawLUWMNXCA NPAMbIX

Ecnu ogHa u3 AByX NpsAMbIX NEXUT B HEKOTOPOW
NMOCKOCTU, a Apyraa npsaMas nepecekaer aTy
NIOCKOCTb B TOYKE, HE nexallen Ha nepsoun
NPSIMOR, TO 3TU NPAMbIE CKpeLLnBarLLmMecs.

Ecnu aca, brho=B, Bea,
TO a, b — ckpeliueaoLmnecs.

/ y\if

\

Uepes kaxayro U3 ABYX CKpellMBatoLLmMXcs
NPSAMbIX NPOXOAUT NAOCKOCTb, NapannensHas
APYron NnpsaMoun, U NpUTOM TONLKO OAHAa.
Ecnu axb, To do: bca v of|la npuyem o —
eINHCTBEHHas.

,///,}L,
a

oo

a b

MATEMATHRA
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Yron mexay npsambiMu

Ecnu a n b nexart B 04HOM NOCKOCTU U NepeceKkaroTcs, TO oﬁpaayeTCH

a
4 HepasBepHYTLIX yrna. Yron 0°<p<90° HazbiBaeTCA yriom mexay rnps-
? MbIMU @ 1 b.
a b
a
a4

Ecnu a u b ckpelLmBaoWmecs npaMbIe, TO Yepes NPOM3BONbHYIO TOYKY
A€ b nposefiem npsAMylo a, napannensHyio a, Toraa Z(a,b)=Z(a,.b)=¢

a [}
MapannensLHOCTL NNOCKOCTEN
A /
ﬂBe NMNOCKOCTU HE UMEeoT 06LLJ,MX TOMEK, ﬂBe NNNOCKOCTHU MMEewT oﬁm,we TOYKHK,

TO ecTb NMOCKOCTU & 1 B napannensHbl. of|f TO ecTb NNOCKOCTU & U fnepecekaroTca. o) f=a
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Mpu3Hak napannensHOCTU NITOCKOCTeH

Caoucma napannenbHbix HHOCKOCTEH

Ecnu pgBe nepecekawwmecs npsiMble OfHOW
MMOCKOCTU COOTBETCTBEHHO NapannenbHbl AByM
NpsIMbIM APYroi MIIOCKOCTU, TO 3TU MIOCKOCTU
napannenbHsbl.
Ecnu a,b ca, anb=c.
a.bcp anb=c,

al

1. Ecnm e napansenbHble NocKoCTU nepece-
YeHbl TPETLEN, TO NMUMHUKU UX NepeceyeHns napan-
nenbHbl.

Ecnm of|f. yo=a,

/ V /

2. OTpeskn napannenbHbIX MPSAMbIX, 3aKmo-
YeHHble Mexay napannenbHbIMU MI0CKOCTH-
MW, paBHbI.

Ecnu allb, of|f. ana=A. b
bne=B, anf=A,, bn =B,
T0 AA =BB..

LAt/
v




MATEMATHRA

90
MepneHANKYNSAPHOCTL NPAMON U NITOCKOCTH

.‘.‘ S

MpsiMas HasbIBaeTCs NnepneHANKYNAPHON K NIOCKOCTH,
a ecrnu OHa neprneHaukynsapHa nboil NPSIMOoiA, Nexalluein B aToi
NOCKOCTY.
o L
I
Mpu3aHak nepneHaMKyNsPHOCTA NPAMON CBs3b MexXxay napannenbHOCTLH NPAMbIX

M NMNOCKOCTH

U nepneHanKynapHoOCTbI K NIOCKOCTHU

Ecnu npamas nepneHavkynapHa asym nepece- | 1. Ecnu oaHa 3 AByx napannenbHbiX NPSMbIX
KaroLwmumes nNpsiMbiM, NEXaLUym B NMOCKOCTW, TO | NeprneHauKynsapHa nnockoctu, To 1 gpyras npsi-
OHa NepneHAuKyNsapHa 3TOW NNOCKOCTU. Mas neprneHanKynspHa 3Tol NnocKoCTy.
Ecnnabcea, a~b=A,[1a llb 10!/ lex Ecnmall b, ale, 10 ble

a |

Vot

b7

I 1
o |
|

2. Ecnu aBe npAMble NepneHankynsapHbl K
NMAOCKOCTU, TO OHW NapannenbHbl.
Ecnualea, ble,Toa||b.

a P

Py

0

1
|
!
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Teopema o Tpex nepneHauKynsipax

MNMpamasn

Ob6paTHas

Mpsamas, NnpoBeAeHHas B NIOCKOCTM Yepes oC-
HOBAHME HaKMOHHOW NepneHauKynapHo ee
MPOEKLMU Ha 3Ty NMOCKOCTb, NEpneHanKynsp-

MpsmMas, nposBefeHHas B MNIOCKOCTM Yepes
OCHOBaHWE HaKMOHHOM NEeprneHanKyNapHO K
Heil, NepneHanKYNsSpHA 1 K ee NpoeKuuu.

Ha 1 camow NMNOCKOCTH. A Ecnu ABla, BC=np, AC, A
Ecnu ABl«a, BC=np, AC, 1 LAC 101 LBC.
{1 1BC, to! 1AC.
B B
I
o O o ©
1

Yron mexay npsAMown U NNOCKOCThLIO

Yrnom mexay npsMoin U NNOCKOCTbIO, NepecekaloLlen aTy Nnpsamyo
W HE NepneHauKYNApHON K Hel, Ha3biBaeTCs Yron Mexay NpsaMon 1 ee
npoeKuuen Ha NNocKoCTb.

Ecnun [ - npamas, «— nnockocts, MCLa, AC=np /,
T0 ZMAC — yron mexay npamoi [ 1 NNOCKOCTLIO ¢

MATEMATHRA
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[ByrpaHHbIn yron

[1ByrpaHHbIM Yrnom HasbiBaeTcs durypa, obpasoBaHHasi npsiMoi
1 OBYMS NOMyniockocTamu ¢ obLen rpaHuuei a, He npuHaanexa-

A 4 LLIMMWU OOHOW MITOCKOCTH.
a/i—/
a Ecnu BAla, ABcf, CAla, ACcea, 1o ZBAC — nuHeiiHbIin yron
D asyrpaHHoro yrna BADC.
g,

diilh .

S

,Clae nepecekaruwmecs ni10CKOCTHU Ha3blBakTCA NepneHanuKynapHbiMK,
€CNnu yron Mexay HUMMU NPAMOiA.
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Mpu3HaK nepneHAVKYNSAPHOCTY NIIOCKOCTeNn

Cnencteus

Ecnu ogHa 13 AByx NMOCKOCTEN NPOXOAUT Ye-

pe3 npsMmyl, NepneHavKynspHyK K Apyron
MAOCKOCTW, TO Takue NIOCKOCTU neprneHaunKy-

NSAPHbI.

Ecnu Icf,
1o,
INno=A / ]

U o A

To o Lf

MNpaman, nepneHaukynsapHaa K npsMon, no
KOTOpOW nepecekarTcs ABe AaHHbIe MOCKO-
CTU, NepneHaukynapHa K Kakgon w3 atux
NMOCKOCTEN.
Ecnn onf=a

ylo ‘

U

ToyLawn

%

Mpamasa nepeceyeHns ABYX MIOCKOCTENW, nep-
NEeHAUKYNAPHLIX K TPeTbeil MMOCKOCTU, Takke
nepneHanKynsapHa aTom NnockocTy.

Ecnn anf=l,

aly,

BLly,
Tolly

Uepes nwobyo npsMmyio a, He nepneHauky-
NAPHYKD K MNJIOCKOCTU 0, MOXHO MNpOBECTU
MAOCKOCTb 3, NEpneHAUKYNSPHYK o, W Mpu-

TOM TONBbKO OOHY.
/a

Ecnm aa, afa,
Todf ac g, flo
W - eAnHCTBEHHaS
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MHororpaHHUKu

MoBepxHOCTb, COCTaBneHHY M3 MHOIMOYronbHWKOB U OrpaHYMBaloWyo
HeKoTopoe reoMmeTpu4eckoe Teno, HasblBatoT MHOFOrpaHHWKOM.

TeTpaaap — MHOTOrPaHHKK, COCTABMNEHHbIN N3 4 TPEYronbHUKOB.
MpaBunbHbIN TETPasap — BCE rpaHu NPaBuiibHbIE TPEYIONbHUKK.

--2B
B; Cy
1 ]
1 I
Aq : D, ! MHororpaHHuK, COCTaBIneHHbI U3 ABYX PaBHbIX NapannenorpaMmmMos,
J ! nexalux B napannensHbIX NIIOCKOCTSX, Y YeTbIpex napannenorpammos,
B;'_ IC HasbiBeTcA napannenenunegoM. O6osHayeHne: ABCDA B.C.D,
,I
e
A D

Mapannenenunen Ha3bLIBAETCS NPSMOYIONbHbLIM, Cnu ero 6oKoBble
pebpa nepneHauKynsapHbl K OCHOBAHUIO, 8 OCHOBaHUS — NPSMOYTONbHUKN.
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CeoiicTBa napannenenunena

1. MpoTrMBONONOXHLIE rPaHu NapannenbHbl U pasHbl.
2. [lnaroHanu nepecekatwTcs B O4HOM TOYKe W AenaTCs 3TOW TOYKOI nononam.

3. Keagpart guaroHanu npsMoyrofnbHOro napannenenunena paseH cyMmme
KBaApaToB TPEX €ro U3MEPEHUIA.
B,D*=AB*+BC*+BB?

Mpuama

MHOFOFpaHHHK, COCTAaBIEHHbIN U3 OBYX paBHbIX MHOTOYroJfibHWUKOB,
pacnonoXeHHbIX B NapannenbHbIX MA0CKOCTSX, U N napanienorpaMmos,
Ha3bIBAETCA NPU3IMOMN.

PaBHbIe MHOrOYronsHUKW — OCHOBaHUS MPU3MbI.

n napannenorpammMbl — GOKOBbIE rpaHu NpuUambl.

CTOPOHLI NapannenorpaMMoB — pebpa NpUamsbl.

Ecnu 6okoBble pebpa npuambl NeprneHanKynapHsl K OCHOBaHWAM, TO NPU3Ma Ha3biBaeTCH NPAMOM.

anMaH npuamMma HasbiBaeTcA I'IpaBIa"IJ'IbHOI;I, eCcln ee OCHOBaHUA — npaBUibHbIE MHOTOYronbHUKK.
S =m s =8 28 Vg h

Bok.noa ocH ! non,.noe Bok.nos OCH

B

OBbeM HaKkMOHHOW NPW3Mbl paBeH NPoU3BeAeHUto NnoLLaan
nepneHaukynspHoro cedeHus Ha bokosoe pebpo.
V=S8 _ AA,
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MHOMorpaHHuK, COCTABIEHHEIA K3 N—YTONBHUKA W 1? TREYIONBHMKOB,
HAILBIETCH MMPAMWLON.

SCL(ABC) — BbicoTa NupaMuabl; n-yronsHAK — OCHOBaHWKE;
TPEYronbHNKK — DOKOBEIE TPAHMUL.

MNupamKraa Ha3bIBASTCA NPaBUNbHOR, SCNK &6 CCHOBAHNE — NMpaBMlbHbIA
MHOMOYTONEHWK, 3 OCHOBAHWUE BhICOTHI NMWUPaAMUOLl — LEHTD BNUCAHHOM

{MNK ONUCAHHDA) B MHOTOYIONbHWK OKPYXHOCTU.

Seox = %PMH- SH, rae SH— anogema, 8bicoTa COKOBOM rpaHu

NpaBUnNLHCR NUpaMULbLI.

Seai ™ %F:m- F, rAe r— paguyc BIMCAHHOW OKPYIKHOCTH.

Snmmzsﬁor+ SoeH_

1
V= 3 S K

YceueHHad nupamyaa —YacTh NMpamMnikl, 33KNIDYEHHAA MEXOY
CCHOBaHWEM K CE!I{}’LI.LBF‘I NAOCKOCTRIO, napannenbﬁol‘& OCHOBaHHUID.

Spax _F21 ;Pz

HH. = BoicOTa BOKOBON TPAHKY NPABUNEHON YCEYERHOR NUupaMuabl;

-HH,, rne m, u m, — nepuMETpbI DCHOBAHNA;

V=%K (S,+ S+ S Sz)‘ rae 8, u S, - - nnowanm ocHoBaHWA;

h=00, — BbICOTA YyCEYEHHON NUpaMKabL,
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CnoxeHue BEKTOpPOB

MpaBuno TpeyronbHUKa

MpaBuno napannenorpamma

‘ Mpaeuno MHOroyrornbHMKa

‘é
a+ b= b+ a
(nepemMecTUTenbHbIN 3aKOH)
(a+ b)+ c= a+ (b+c)
(coveTaTenbHbIA 3aKOH)

A a+b+c+d
AE = AB+ BC+ CD+ DE

CnoxeHue BEKTOpOB

_I]paeuno napannenenunena I

i
|
a+bpc

BblunTaHue BeKTOpoB

YMHOXeHWe BEKTOPOB
Ha Yucno

a/ ka/ ka
/ 1k140

Ceoitctsa: 1.(kl) a= k(/a)
(coveTaTenbHblil 3aKOH)
2. k(a+ b)= ka+ kb
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KOMI'IJ'IaHaprIE BEKTOpPbI — BEKTOPLI, UMelLlWe paBHble UM BEKTOPBI,

nexatlme B 0OHOW NIIOCKOCTY.

Ecnu BeKTOp C MOXHO pasfoxuThb N0 BEKTopam a u b B Buae

c= xa+ yb,TAe X, y—4ncna, To BEKTOpbl a, b U ¢ — KOMNNaHapHI.

CBoiCTBa BEKTOPOB

DK = %(D—B+ DC), rne K — cepeauHa oTpeska BC,

a — MNpPon3BOJibHaA To4YKa NpocTpaHCcTBa.

OM = %(ﬁ+ OB+ O—C) , rge M —Touka nepeceyeHusa meguaH AABC,

O — npousBonbHasa To4YKa NpOCTpaHCTBa.

O — npown3BonbHas Touka NpocTpaHcTea, ecnu AM =i -MB,

OA+1.0B

rne A#-1, To OM = :
1+A
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MeTon KoopauHaT B NPOCTPaHCTBe

KoopawuHarel BekTopa KoopauHatsl cepefinbl oTpeska
a{xiyiz}, b{xs:y22) A(x;; ¥;; 2,), B(%,: Vi Z,)
C — cepeguHa AB

a+ b= {X;+ X5, Y1+ Voi 24+ 2o}
c[x1+ X2 Vit Vo 44+ ZzJ

i B . , 1
a- b= {X— X3\ Y1~ Y2121~ Zp§

2 2 ' 2
aa {ax1; ay 4 az1} AB{X,~X; Yo~V 2,72}
Ecnu a v b — KONNUHapHbIE BEKTOPbI, TO —-= O k
a dapHbie pbl, TO X, Y, 2z, | COOTBETCTBylOLIME KOOPANUHATLI NPONOP-
2
umMoHaneHel. Ecnu @, b, ¢ — koMnnaHapHekl, TO N0 BEKTOP MOXHO BbIpa3uTb Yepes ABa ApYruX.
) . [ X= axp+ Pxg a {x4 yi 2.}
a= o: b+ B¢ (yi= oy + Pys tae b {x,; y2; 2,}
Z,= 0z, + Pz, 6 {0t Vs 2

[OnuHa BekTOpa

|A_9|: \/( Xo= X0)+ (V2= 1)+ (22— )7, 1A8 A(X;3¥,:2,); B(Xy¥5iZ,)

unm ]é‘: X2+ y2+ 22 roe a{x.y;z).

CKansipHoe Npou3BeaeHne BeKTOPOB CBoWCTBa CKansipHOro NpPon3BeAeHuUs
a- b= |5|- IB‘COS 5.5] 1. a?> 0, npuyem a?> 0 npu a= 0
a b= XX+ YiVa+ 2,2, 2. a-b= b-a (NepemecTuTenbHbIit 3aKOH)

X1 Xot VYot Z41Z;

AR 2. P b 3 R P
\/X1+}’1+Z1‘\/X2+y2+ze

3. (a+ b)c= a c+ b- ¢ (pacnpepenuTensHbIN 3aKoH)

4. (ka) b= k(a- b) (coyqeTaTenbHbIi 3aKoH)
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Uunuuap

S, =2rh
S_=2m(r+h)
V=S_ h=mh

-— T —p

- T —»

.

-y —

Teno, orpaHNYeHHoe LMNMUHOPUYECKOW MOBEPXHOCTLIO U ABYMSA
Kpyramu, HasblBaeTCa LANUHOPOM.

LinnuHap moxet BbiTb nonyyeH BpalieHMem npsiMoyronbHUKa
BOKpPYr OOHOW U3 ero CTOpPOH.

PasBepTka — NPAMOYronbHUK.

KoHyc

S. =mril

&n

/ S, =nr(l+r)

\ V=3nr’K

_ ml?
Seox =350 *

(]| R

Teno, orpaHUYeHHOE KOHUYECKON NMOBEPXHOCTHIO U KPYTroMm,
C rpaHvuen, Ha3bIBaeTCsl KOHYCOM.

KoHyc MoXeT 6bITb NofnyyeH BpalleHueM npsamoyrofbHoro
TpeyronbHWka BOKPYr OAHOIO U3 €ro KaTeTos.

PaasepTka — KpyroBoi CeKTop.




Yce4eHHbIN KOHYC

YceuyeHHbI KOHYC — YacTb KOHYCa, 3aKMYeHHas Mexay OCHOBaHUEM 1
ceKyLLen NnockoCTbIo, NapannenbHo OCHOBAHUIO.
YceueHHbIN KOHYC MOXET ObITb NONy4YeH BpaLLeHWem npsmoyronbHON
! Tpaneuuu BOKpyr ee GOKOBOW CTOPOHbI, NEPNEHANKYNSIPHOW OCHOBAaHUSIM.
\ Sy, =mr+r,)l

V= %K(S+ S+ S &); S u S, — nnowaamn ocHoBaHWiA.

um V= %ﬂK(r2+ r2+r-n)

Cdepa

A Cchepoii HasbiBaeTCs NOBEPXHOCTb, COCTOSALLIASA U3 BCEX TOMEK NPOCTPaHCTBa,
PacnonoOXeHHbIX Ha JaHHOM PacCTOAHWMKM OT AaHHOM Toukn. Cdepa moxeT
ObITb NONyYeHa BpalleHneM NoNyoKPYXHOCTU BOKPYT ee AMaMeTpa.

@) S=47R? - nnowanb NOBEPXHOCTU cdepbl.

YpaBHeHue cdepsbl

(X=X, (Y=Y, )2 *+(z-z,?=R?, rne (X, ¥, Z,) — KoOpAMHaThl LieHTpa cepsl,
(x; y; Z) — koopauHaThbl ToYkM cdhepsl, R — paguyc cdepsbl.
Ecnu ueHTp ccepbl COBNaaaeT ¢ HadyanoMm CUCTEMBI OTCUETA, TO YpaBHEHUe UMEET Buf
Xy +72=RP,
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LI.Iap — Teno, orpaHuyeHHoe cepoi. Vapa =inR3,

3

LLlapoBoil cerMeHT — YyacThb LWapa, oTcekaeMasl OT Hero NNOCKOCThIO.
AB 1 BC — BbICOTEI NONYYMBLUUXCA CETMEHTOB.

1
V, =nh? '[R“gh], rae R — pagwyc wapa, h — BbiCoTa cermeHTa.

LLlapoBo# cnoi — yacTbk LWapa, 3akniyeHHasa Mexay AByMs napannenb-
HbIMU CEKYLLUMMU NITIOCKOCTAMM.

LLlapoBo# cekTop — Teno, nony4YeHHoe BpawweHWeEM KPYroBOro CekTopa
C yrnom, MmeHbLluMmM 90°, BOKpYr NpsiMoi, cogepxallen oguH U3 orpaHu4mea-
IOLLIMX KPYrOBOW CEKTOP pafnycoB.

i %mz‘x_

KacarenbHas k chepe

MnockocTk, MMetoLan co cdepoit ogHy obLLYy TOUKY, Ha3blBAETCSA Kaca-
TenLHOM K cdhepe, a ux obLas To4ka — TOUYKOM KacaHUs NOCKOCTU U cdhepsl.




MNMpusHak kacaTensHou K ccdepe
Ecnu paguyc cdepbl nepneHaukynsipeH K
NIOCKOCTW, NPOXOAsLLEen yepes ero KoHeLl,
nexauwmin Ha ccepe, To 3Ta NMOCKOCTL AB-
nsaeTcsa KacaTternbHon K cdepe.

CBOWMCTBO KacaTenbHoM K cchepe
Paauyc cdepbl, npoBeaeHHbIN B TOUKY Kaca-
HUS cchepbl U NNOCKOCTU, NepNeHanKYNsSpeH K
KacaTerbHOM NNOCKOCTH.

Ecnu a — kacatenbHas, D Ecnu Ace, OA=R, OALe, TO o — kacartenb-
A — TOuYKa KacaHus, Has K cchepe.
10 OALex

\_

B3aumHoe pacnonoxeHue Cd)epbl MU NNOCKOCTHU B NPOCTPaHCTBE

d — paccTosHue OT ueHTpa 40 NockocTu; R — paguyc cdepsl
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d<R, chepa 1 NNOCKOCTb
MMET MHOMo 0BLMX ToYek,
T.e. nepecekaroTcs

MO OKPY)XHOCTU

d=R, cihepa 1 nNOCKOCTb
UMetOT 0AHY OBLLYIO TOUKY,
T.. NNOCKOCTb KacaeTtcs

cchepel

d>R, chepa 1 NNocKkocTb
HEe UMeIT OBLLUX ToYekK,
T.€. NOCKOCTb U chepa

He nepecekarTcs
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Cdpepa, BNUCAHHAA B MHOTOFPAHHHUK,
UMITUHADP W KOHYC

Ccpepa, ONHCAHHAA BOKPYr MHOFOrPaHHUKA,
LUMIHMHAPA, KOHyca
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Cthepa snncaHa 8 MHOTOTPAHHMK,
€CINY OHa KacaeTes BCEX Sr0 rpaHeil.

Cdhepa envcaHa B UMNWHAP, 6CAU OHa

KACZETCH OCHOBAHWA 1 GOKOBOH NAOBEPRPXHQC TA.

£
[ze)

Cdpepa snncana B KOHyC, 8CINU OHA3  KacasTes
KOHWMHBCKON NOBEPXHOCTW 1 OCHOBAHWA.

Cthepa onucaHa BOKPYr MHOTOTPaHHMKA,
€CNUY BCS BEpLUMHLI EIC NEXaT Ha cdepe.

Cdpepa onucaHa BOKPY™ UWNUKAPA, 8CNU erg
OCHOBaHWMH HBITHICTCH CeMEHWMEM cqbepht.

Cdpepa onvcana BoKpyr KOHYCAa, ECINn
BEPLUMHA NEXKNUT Ha chepe, a DCHOBAHWUE
KOHYCE SIBITRETCA CeveHueM cdiephl.




