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Anna Mankoea - BefyLlasi aBTOPCKOro Kypca noarotosku K EM3
(B MockBe 1 OHMalH),

ABTOp KHMrI:
©® «MaTemaTuka. ABTOPCKUIA KypC NOAroTOBKM K EMM3»,

©® «El3. Bbicwuin 6ann. 3agaHusa No MaTeMaTUKe BbICOKOM
1 NOBbILLEHHOW CJTOXHOCTUY,

® «Mosi npodeccusa — peneTuTop»,
Begnyluas nporpaMm noBbileHWA KBanudukaLmm yumTenen,
PykoBoguTenb komnanumn EI3-Ctyaus.

"El3-Ctyamsa" - nuaep B 06nacTu KypcoB NOAroToBKM K ElM3.
Hawa cneunanunsaums - noarotoBka K EM9 Ha MakcuManbHble 6anibl.

3a2016-2018 rogbl Mbl NOArOTOBU/IN

100-6an1bHUKOB O/IMMNUAAHUKOB 98-99 6annbHUKOB

HemHoro uudp

bonee 300 ThiC. bonee 3,5 MJIH. Bonee 1 50 yenoBek

YenoBeK B MecsiL NpPOCMOTPOB B rof, NosiyyaroT Hawly
nonb3yoTcA HalnX BUAEO 61aroTBOPUTESIbHYIO
MaTtepuanamu canta Ha YouTube NoMoLLb

ege-study.ru
Bonee 1 1 00 OT3bIBOB Bonee 20 KHWUT U3faHo

C 2009 no 2018 rog 6onee 1200 HalMX BbINYCKHUKOB CTanu CTyAeHTaMu BeAyLUnX
By3oB Poccuu. M3 Hux 6onee 100 yenosek caanu EMJ Boiwe 90 6annos, 6onee 70 —
no6eguTeny u Npusepbl oNUMNNAA,.

“EI3-Ctyama” - coumanbHO OpMeHTMpOBaHHasi KOMMaHus. Hawa Muccust - BbICOKUI
YPOBEHb NOATOTOBKM POCCUNCKUX aBUTYPUEHTOB, KOTOPbIe B ByayLLeM CTaHyT
BbICOKOK/1IaCCHbIMM CreluanucTaMmu.

Halua uenb: 4To6bl H060M LWKOMbHUK Poccum, He3aBUCKMO OT 40X0fa POAUTENen 1
MeCTa XMUTe/IbCTBa, MOT MONY4YnNTb Ka4eCcTBEHHOE U A0CTYNHOE o6pasoBaHue.
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Er3-¢ @ vk.com/malkova_ege ege-study.ru
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Tabnuua kBagpaTtoB uenbix yncen ot 0 go 99

w
ACCATKN

0 0 1 4 9 16 25 36 49 64 81

1 100 121 144 169 196 225 256 289 324 361
p 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
<1 | 2500 2601 2704 2809 2916 3025 3136 3249 3364 3481
| 3600 3721 3844 3969 4096 4225 4356 4489 4624 4761
7/ 4900 5041 5184 5329 5476 5625 5776 5929 6084 6241
8 6400 6561 6724 6889 7056 7225 7396 7569 7744 7921
°) 8100 8281 8464 8649 8836 9025 9216 9409 9604 9801

®opMynbl COKpaLLEHHOro YMHOXXEHUS

PasHOCTb KBagpaToB a?-b?’=(a-b)(a+b)
Ksagpat cyMMmbl (a+b)?=a%+2ab +b?
Ksagpat pasHocTu (a-b)?=a?-2ab +b?

Ky6 cyMMmbl (a+b)’ = a® + 3a’h + 3ab? + b®
Ky6 pasHocTy (a-b)®=a®- 3a’h + 3ab? - b°
CyMMma Ky60B a’+b%=(a+b)(a*-ab+b?
Pa3HOCTb Ky60B a®-b’=(a-b)(a*+ab+hb?)

Yucna, okaHuMBatoLLMecs Ha 5, B KBagpaT BO3BOAATCS MTHOBEHHO.
YTto6bl HarTv kBagpaT uncna A5 (A — He 06a3aTenbHO LMdPa, 1060€e HaTypanbHOE YUCTIO),
yMHOxaeM A Ha A+T v Kk pe3ynbTaTy npunucbiBaem 25.

452 = 2025; 857 = 7225.
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OenumocTtb uncen

Yucno a genutes Ha uncno b#0, eCNu HaMAeTCs Takoe Y1cho ¢, yto a = be.
15 penutcs Ha 3, a 49 pnenutca Ha 7. 0603HaveHne: a b

Ecnu a genutcsa Ha b, To uncno b HasbiBaeTcs genmTenem yucna a.

o Ecnu uncna a u b penstca Ha ¢, To @ + b Toxe genutes Ha c.
o Ecnu uncna a u b pensatca Ha €, am M N — uenble, To ma + nb Toxe genuTtcs Ha €

Mopmyna genenns ¢ octatkom. Ecnv a = be + r, To umcno a genutca Ha b ¢ octatkom r.
npu geneHnn 9 Ha 4 Mbl nonyyaem YyactHoe 2 n octatok 1, Toectb 9=4-2+ 1.

[MpocTele yncna — Te, YTO AENATCA TOMbKO Ha ce6s U Ha eanHULy. EAVHMLA He ABNAETCS HI
NPOCTbIM, HY COCTaBHbIM YncnoM. MNpocTtble uncna: 2, 3, 5, 7, 11, 13, 17, 19...

JTto60e HaTypasibHOE YMCIIO0 MOXHO PasfoXWUTb Ha NPOCTble MHOXWUTENN.
72=2:2:2-3-3,a98=2-7-7.

OcHoeHas Teopema apudmetnku: JIio60e HaTypalbHOE UYWCIO MOXHO MNPeAcTaBUTb B
BUAE NPOU3BEAEHUS MPOCTbIX AeNnTeNel, B3ATbIX B HaTypasibHbIX CTEMEHSX, MPUYeM 3TO
pa3fioXXeHUe eJMHCTBEHHO.

ng

- n; n;
a - p1 p2 eoe ps
GIED 72 = 2°- 32
KonmyecTeo aenutenei HaTypanbHoro uicna pasHo (n,+1) (n+1)...(ny+1).

HanmeHbluee oblee kpatHoe aeyx qucen (HOK) — 3TO HaMMeHbLUee YUCNO, KOTopoe
JZlenMTces Ha 06a flaHHbIX uncna.

Haunbonbimii o6uimii genntens asyx yucen (HOJ) — aTo HaMbonbluee YACNO, Ha KOTOpoe
JlefiaTesa ABa faHHbIX Yncna.

@IYED Hainpem HOZ v HOK pnsiuncen 72 n 150.

72 =23-32

150=2-3-52

06a aT1 Yyncna gensarca Ha 2 n Ha 3. 3HauuT, OHU AenATcs Ha 6.
Ho/ (72; 150) = 6.

HOK uncen 72 n 150 pomxkHo genutbes Ha 23, Ha3? u Ha 52
OHo paBHO 622+ 3+ 5% =1800.

0 youtube.com/MalkovaAnna

@ vk.com/malkova_ege ege-study.ru
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MNMpusHakun genumocTu

YnCNo a [EeNNTCA Ha 2 nocnegHAA Lund)pa Yucna a YeTHasd.

Ha 3 cyMMa uudp yncna a genutesi Ha 3

4Ynucno, CoCtaBneHHOE N3 ABYX NOCNeaAHNX LI,VICbp yucna a,

Ha 4
nenutes Ha 4.

Ha 5 yucno a 3akaH4ymsaetcs Ha 0 unn Ha 5

YUCcno, COCTaBJZIEHHOE M3 Tpex nocnegHux Ll,Md)p 4yucna a,

Ha 8
nenutca Ha 8.
Ha 9 cyMMa uudp yncna a genvres Ha 9
Ha 10 nocnefHss umdpa uncna a pasHa 0
wa 11 CYMMbl UM®P Ha YETHbIX M He4yeTHbIX MO3MUMSX yucna a
paBHbI UK UX pa3HoOCTb KpaTHa 17.
HatypaneHbie yncna — ato uncna 1,2,3, ... — Te, 4TO Mbl UCMOJIb3YEM AJ18 CYETA

npeamMeToB. HoNb He ABMAETCA HaTypasibHbIM YACTIOM.
MHOXeCTBO HaTypasbHbIx Yucen o6o3HavaeTcsi N.

Llensie yncna — 310 0, 1, 2, £3 ...
MHOXecTBO LenbiX yncen ob6o3HavaeTcs Z.

p

PaupmoHanbHble — Y1Cna, KOTOPble MOXHO 3anucaTb B BUAE Apo6U g roe p — uenoe, aq

— HaTypanbHoe. Hanpumep, 3;%; %; 0,72. PaunoHanbHble Yncna — 3To Nepuoandeckne
JleCATUYHbIE APO6U. MHOXECTBO paLlMoHabHbIX Yncen o6o3Havaercs Q.

UppaumoHansHble yncia — Te, KOTOPble Heslb3A
sanucartb B Buge £ unu B Buae neprogmnueckoi

LeCATUYHOI Apo6u. Yucna mu e, V2, log,5 -
R “ppaLoHanbHble.

MHoO>ecTBa paLMoHanbHbIX M MpPaLMOHasIbHbIX
yncen BMecTe 06pasytoT MHOXECTBO
LefcTBUTENbHbIX yncen R.

0 youtube.com/MalkovaAnna

@ vk.com/malkova_ege ege-study.ru
E r Er3-Crvana J +7 (495) 984 09 27
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JIuHeliHana pyHKUUA

JInHeiinas dyHxumua — yHkums suga y = kx+b. Mpaduk nuHeitHon GyHKLUMKM — npamas.

k — yrnosoit koadhduumeHT npamon, k = tga.

AY AY

\ ,
b _ -
y=kx+b y=kx+b
/ . a
/ 0| 1 X 0|1 X
k>0 k<0
a- oCTpbIN a-Tynon

AY Y=kx+b AY
y=3
=0 3
o 1 3 x
x=3
A
Y?

0

k1 * k2='1
Ecnun k; = k,, npsiMble napasnnenbHbl. Ecnv k;k,=-1, npamble neprneHanKynapHbl.

—_—
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KesaapaTHoe ypaBHeHue

VYpaeHeune supa ax?+bx+c=0,raea = 0.

[MCKpUMUHAHT KBagpaTHoro ypasHeHus: D = b? - 4ac.

<b-vD  _-b+VD

X, =
2a 2 2a
Ecnn D = 0, kBagpaTHOe ypaBHEHWE UMEET eJMHCTBEHHbI KOPEHb x = - 21

Ecnu D > 0, kBappaTHOe ypaBHeHUE UMEET Ba KOPHS: X, =

Ecnu D < 0, kBagpaTHOe ypaBHEHMWE He UMeeT AeNCTBUTENbHbIX KOPHEi.
Teopema Buera

ECnu X; 1 X,- KOPHY ypaBHeHusi ax2+ bx + ¢ = 0, 70 X, + X,= - %, X;X,= %.

Pa3sno)xeHue KBagpaTHOro Tpex4yseHa Ha MHOXXUTENN

ax2+bx+c=a(x-x;) (x-xp).
3[ecb X; U X,— KOPHW KBaApaTHOro ypaeBHeHusi ax2+ bx +c¢ = 0.

KBagpatnyHas yHkumnsa y = ax?+bx +c.

by KoopauHaTbl BepLUMHbI Napa6osbl: X, = - ZL

a 7
y=ax?+bx+c Yo=y(Xo).

Ecnu a>0, BeTBM BBEPX
Ecnu a<0, BeTBM BHU3

Toukm nepeceyeHmsi ¢ ocbio X: X; U Xy,
roe X1 n Xz — KOpPHU KBaApaTHOro ypaBHeHuaA
ax2+bx+c=0

Touka nepeceyenus c ocbio Y: M (0; c).

M (0; c)

e
E[3-l}w ua @ vk.com/malkova_ege ege-study.ru
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KBagpaTHbIf KOpeHb

ApumeTnyeckni KBazpaTHbIN KOpeHb U3 YACNa a — 9TO Takoe HeoTpuLaTelbHOe YNCIIO,
KBajpaT KOTOPOro paBeH a.

(Va)*=a

va 20, npuatoma 20

Mop,ynb yucna, unm abconloTHaA BesIMYMHA YUcna

x,ecnm x20
Ix|= {-x, ecimx<0

Moaynb uncna scerga Heotpuuarenex: |x| 20.
[71=7;, 1-1,28/=1,28; |-5|=5; |0[=0.

Mopyne uncna — 3T0 pacCTosiHWE OT HyNsA [0 AAHHOMO YKcha.
| = 5] = 5. PaccTosiHWe OT TOYKU =5 A0 Hynsa paBHO 5.

5

N ]

\/

-5 0

[ns uncen a u b snauenve BbipaxeHus |[a=b| paBHo paccTosHuio Mexxay a n b Ha
YMCNIOBOM NPSAMOWN.

o |a- bl . la-b|=1b-al
a b
va’ = [a|
Y
Ipagpuk pyHkymm y = |x| y=Ix|
0| 1 X
e
@ vk.com/malkova_ege ege-study.ru
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Pacnono)xeHue rpagmka KBaagpaTM4Hoi napa6onbi

4

LY

y=ax?+bx+c

o /\

a>0
D<0

a>0

/ D>0

c
- NS

a<o0
D>0

a<o0
D<0

KBaApaTM‘-IHbIe HepaBeHCTBa

ax?+bx+c>0 ax?+bx+cs0
a>0,
D>0
Xq X3 X
ax2+bx+cs0 ax?+bx+c>0
a>0, D=0
D<0 X,
Her pewueHuii X PelueHus - Bce X, X

ﬁ» Er3-Cryamna

FoToBbTECH C NpotheccmoHanamu

KpoMme X = X,

@ vk.com/malkova_ege
0 youtube.com/MalkovaAnna
instagram.com/egestudy/

X;

Xy

ax?+bx+c>0

a>0,
D<0

X - mo6oe yucno X

ax?+bx+cs0
D=0

ege-study.ru
+7 (495) 984 09 27
+7 (800) 775 06 82 7



MeTtop nHTepsanoB
(x-a)(x-b)
(x-c)(x-d) =0

(3HaK HepaBeHCTBa MOXET 6bITb N060IA: >, <, < ).

(x-a)? (x-b)
(xc)ix-d) 29

MpuMeHsieTcs AN pelleHns HepaBeHCTB BUAA

Pelunm HepaBeHCTBO

7. OTMeTuM Ha ocu X Touku @, b, ¢, d, B KOTOpbIX BYHKLUA B NEBON YaCTU HEpaBEHCTBA
paBHa HyJIO UJIN He CyLLIeCTBYeT.

2. 9TV TOYKM pa3bmBatoT ocb X Ha MPOMEXYTKM (MHTepBasibl).

3. OnpefensieM 3HaK GYHKLMU B IEBOM YacTu HepaBeHCTBa Ha KaXX10M U3 UHTepBasioB.
[nsa onpefenenusi 3Haka GyHKLMM Ha KaXX0M MHTepBase 6epem ntobyto ya06HYO
TOUKY, MPUHAAIeXaLLyo 3TOMY UHTepBany.

4. MNpw nepexofe Yepes ToukK ¢ 1 d (rae sHaMeHaTeslb paBeH Hysto) U Yepes Touky b (rae
YnCnUTENb paBeH HyM0) BYHKLMS B IEBOM YacTW HepaBEHCTBA MeHSIET 3HaK.

5. Mpwu nepexofe Yepes TOUKY, 411 KOTOPO COOTBETCTBYIOLLMIA MHOXMUTENb BXOAMUT B
dopmyny GyHKUMM B KBagpaTe (B YETHOW CTeneHU), DyHKLMUA He MEHSIET 3HAK.

—_—
Ha-cﬂ' na @ vk.com/malkova_ege ege-study.ru
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MNpaBuna pewweHuns 3agay Ha ABUXKEHUe

o (=)
— "4 (‘* t
1. OcHoBHas opmyna: | S=v-t - m || o B
g oo 9@ El G

(PaccTosiHue = CkopocTb - Bpems)

2. B KayecTBe NepeMeHHbIX JlyyLle BCero - S >

Bbl6UpaTh CKOPOCTM.
3. CocTaBnsieM TabnuLy: CKOpoCTb, BpeEMS,

paccTosiHMe. 3anucbiBaeM B TabnuLy Bce

N3BECTHbIE BEJINYUHDI. 100

u3

4. CocTaBnsieM ypaBHeHue. ABB X X 100
5. Pewwlaem ypaBHeHwue. Mnu cpasy nogodvpaem u3 100

Lienblil NONOXKUTENbHbIN KOPEHb. BeA Xx+5 X5 100
CpegZHAsi CKOPOCTb HaxoauTcs no hopmyne:
V=SO6 =S1+SZ 1_00-1_00=1

°p to6wy ﬂ_’_ﬁ X X+5

4"/
x=20

rlpaBI/Ina pelwleHusa 3agaud Ha pa60Ty
1. OcHoBHasi hopMyna Ansi pelleHns 3agad Ha paboTy: C':‘

A=p-t (Pab6ora = [lpon3BoAnTeNbHOCTD - Bpems) ®p ‘@ P,

MpoN3BOANTENBHOCTb — 3TO PaboTa B eIMHULLY BPEMEHHN.
MpoM3BOANTENBHOCTL MOXHO MHAUYE Ha3BaTb CKOPOCTbHIO ’ ,
PaBoTbI: CKOJbKO CAleaHo B Yac.

2. B kayecTBe NepeMeHHbIX B 3ajayax Ha paboTy i :
YA06HO BbIGMpaTb MPON3BOAUTENBHOCTM. 1
nepBbii| = 3 1
3. CocTaBnseM TabnuLy: NpOU3BOAUTENBHOCTD, 3
BpeMsi, paboTa. 3anncbiBaeM B Hee flaHHble ;
ycnosus. BTOPOJi 5 6 1
4. Mpun coBMecTHOI paboTe NPON3BOAUTENTBHOCTH
cknagblBaroTcs. 1 1
BMecCTe 3 + 5 2 1
5. Ecnu paboTa He flaHa 1 He BakHa Mo YCI0BMUIO,
npuvHumMaem ee 3a 1.
—— K Ik -stud
E[ 3 fra-craua 2 youtubecom/MalkovaAnna 27 (405984 09 27
FoToBbTECH C MpodeccroHanamu @ instagram.com/egestudy/ +7 (800) 775 06 82 9



MpaBuna pelueHns 3agay Ha NPOLEHTbI

90%
0,
7. OAMH NPOLEHT — 3TO OfiHa coTas YacTb Yero-nn6o. 10%

2. 3a 100% npuHUMaeTca Ta BEIMYMHA, C KOTOPON CPaBHUBAEM. o

3. ECNv BENNYMHY X YBENNYUTD Ha P NPOLLEHTOB, nonyunm X « (1 + 1’;0 )

ECnn BEAIMUMHY X YMEHbLIUTb Ha p NPOLLEHTOB, nonyunm X « (1 - %);

4. Ecnun BEJIMYNHY X YBEJTMYUTDb Ha P NPOLIEHTOB, a 3aTeM YMEHbLUNTb Ha g NPOLEHTOB,

P .- 29
I'IOJ'IylWIMX°(1+100) (1 100),

ECnu BE/IMUMHY X ABaXAbl YBEIMYUTb HA P NPOLEHTOB, nosnyunm X « (1 + % )%

p )2.

Ecnun BeJINYNHY X ABaXKbl YMEHbLUNTb HA P MPOLIEHTOB, MOAYYUM X * (1 - 100

MpaBuna pelweHus 3apay Ha pacTBOpbI, CMiJIaBbl, CMECH

1. KoHUeHTpaums pacTeopa - 3TO — >

OTHOLLEHMe 06beMa BellecTBa - P— -
— -

K o6bemy pacTsopa. Nnu — L — + =
OTHOLLIEHWE MacChl BeLLecTBa K m 40% “

Macce pactBopa. KoHLeHTpaLuio

4acTo BbIpaXkatoT B MPOLieHTaXx. X MTpoB X + 3 nutpos 2x + 3 nuTpoB
2. so6paxaem cocyq C 0,7x + 0,4 (x+3) = 0,3 (2x+3)
pacTBopamu (MK KyCKu criaBa) Xx=3

CXeMaTU4HO — Tak, KakK 6y,CI,T0
BelleCTBa B HUX HE NepeMeLlaHbl Mexxay coboi, a pasaeneHbl.

3. MNognucbiBaeM, CKOMbKO SIMTPOB COAepPXKaT COCYAbl U CKOJIbKO B HUX MPOLEHTOB
BellecTBa.

4. CocTaBnsieM 1 pellaem YpaBHeHue AJid O4HOro U3 BeLwecTB, BXOAALWMX B paCTBOP.
nOCKOﬂbe XUMUWYECKMX MpeBpaLLeHnit He MPOUCXOAUT, Macca 3Toro BellecTsa B
Ha4yane n B KOHLEe O0JDKHa 6bITb OANHAaKOBOWN.

e
Ha-cﬂl ua @ vk.com/malkova_ege ege-study.ru
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Jlornka

AUB

_ N .

ab X

06beIMHEHNE MHOXECTB
(MHTepBanos),
CYMMa cobbITuii,
3Hak U
niu,
COBOKYMHOCTb YCIIOBUH,

ANB

=<V

ab

rnepecevyeHne MHOXeCTB
(vHTepBanos),
npounsBefieHne cobbITun,
3HakK N
n,
cucTema ycnoBui,

3HaK [ 3HaK {
Ipeyeckunii angpaBut
Aa Bp ry Ab Ee VA4
anbd)a 6eTa ramMmma Aenbta AMNCUNOH A3eTa
Hn o6 I Kk AA My
oTa TeTa nota Kanna J'IFIMG,D,a MK
Nv =23 Oo Mn Pp Zo
HHO KCK OMWKPOH nm po curma
Tt Yu D Xx Yy Qw
Tay UNCcuioH dJVI X" ncun omera
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Teopus BeposiTHOCTEM
Cry4aliHbIM Ha3blBaeTCs COBbITUE, KOTOPOE MOXET JIM60 NPOU30NTH, NGO HET.

BepoaTHoCTb co6bITUA paBHA OTHOLLEHUIO Ynca 61aronpusaTHbIX MCXOAOB K 06LLeMyY
yucny UCXOLOB.

BepoATHOCTb He MOXET 6bITb 60JIblle eAUHULIbI.

Mepen sk3ameHOM Bbl Bblyunnn 3 6uneta us 20. BepoATHOCTb BbITAHYTb
20°
Co6bITHs, B3aMMOUCKOYatoLLMe ApYyr Apyra B paMKax AaHHOM 3afaqu, HasblBaroTCs

HecoeMecTHbIMM. NOAB/IEHNE OQHOIO U3 HECOBMECTHbIX COBbITUIM UCKHOYAET NosiBiieHne
Apyrux.

cyacTvBbIN 6unet paBHa

@IYED Bbl 6pocaeTe MOHeTY. «Bbinan open» 1 «Bblnana peLika» - HECOBMECTHbIe
CObbITHSA.

Cymma f1Byx cobbITHI — TEPMUH, 03HAYatOLLMIA, YTO NPOU3OLLIIO UK NepBOe COBbITHE,
Unu BTOpPOE, Nn o6a cpaay.

BepOﬂTHOCTb CYMMbl HECOBMECTHbIX cob6bITUM paBHa CymMmmMe ux BepOHTHOCTeVI.

y 1
Bbl 6pocaeTe UrpasnbHyt KOCTb. BEpoATHOCTb BbiNafeHUsi «TPONKU» paBHa 3

BepOﬂTHOCTb BbiNnageHUA «LWeCTepKU» TakKXXe paBHa — . BepOﬂTHOCTb BblNageHuna 4ncna,

6

oTopoe AenvuTcA Ha 3, paBHa — + — = —.
KoTOpoe faenutca Ha 3, paBH 3 6°3

lMponzeegeHne geyx cobbITUi — TEPMUH, O3HAYAROLLUIA, YTO MPOU3OLLIIO U OHO, U ApYyroe
cobbiTue.

Cob6bITus A 1 B HasbIBalOT He3aBUCUMbIMU, ECNIN BEPOATHOCTb NOSABIEHUS COObITUS A He
MeHsIeT BEPOATHOCTYM NOSIBJ/IEHUS CObbITUSA B.

[lnsi HECKOMIbKMX HE3aBUCUMbIX COBbITUI BEPOATHOCTb TOFO, YTO BCE OHU MPOU3OMAYT,
paBHa NPOV3BEEeHUI0 BEPOATHOCTE.

nyCTb BEPOATHOCTb TOlO, YTO HOBbIN CMapTdJOH C/ioMaeTca cpasy nocrne nokynkuy, paBHa
1
200 1
A BEPOATHOCTb TOro, YTO HOBbIV H0y6yK C/ioMaeTca cpa3dy nocrne nokKynku, paBHa 1—00
Torp,a BEPOATHOCTb TOro, 4YTO o6a KynneHHbIX rag>eta HesaBUCUMO Apyr OT Apyra
1
CJZIOMaKOTCA Cpaly nocse NMoKynkKu, paBHa 77 * =an-
pasy yni¥, PaBR3 200 * 700
@ vk.com/malkova_ege ege-study.ru
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ApudmeTunyeckas U reomeTpuyeckas nporpeccum

ApugmeTnyeckas nporpeccus

[MocnegoBaTenbHOCTb, KaXkablin

YJIeH KOTOPOW, Ha4MHas Co BTOPOroO,

paBeH CYMMe npeapblayLiero YieHa u

HEeKOTOpPOro h1KcMpoBaHHoro uncna d-:
a,,;=a,+d n=12, ..

dukcuposaHHoe uncno d HasbiBaeTcs

Pa3HOCTbIO apndMeTUYECKON
rnporpeccuu.

FeomeTpuyeckas nporpeccus

[MocnepoBaTeNbHOCTb, KaXKAbI YneH
KOTOPOW, Ha4YnHas Co BTOPOro, paBeH
npou3sBefeH!Io NpefbiAyLLero YneHa u
HEeKOTOpOro GUKCMPOBAHHOMO Yucna q:

b,..,=b,q n=12, ..
dukcupoBaHHOe YNCNO g Ha3biBaeTCA
3HaMeHaTeJiIeM reoMeTpu4eckomn
nporpeccuu.

nocnegosatenbHocTb 1, 4, 7,
10, 13... aBnsetcsa apudMeTUYecKom
nporpeccuen ¢ a,= 1 n d=3.

nocneposatenbHocTb 1, 4, 16,
64, 256... ABNsieTCA reOMeTPUYECKOi
nporpeccue c b,=1 un q=4

®opmyna N-ro uneHa apubmeTUYECKOM
nporpeccum:

a,=a,+(n-1)d.

dopmyrna N-ro uneHa reoMeTpuyeckoin
nporpeccum:

b,=b;q"

CyMMa nepBbIX N YNeHOB

apudmeTnyecKor nporpeccmm
S,=a;+a,+.. *+a,

BbluMcnsieTca no popmyne:

_(a,*a,)  2a+(n-1)d
T NE 2 n

CyMMa nepBbIX N Y4sIeHOB

reoMeTpuyeckKomn nporpeccum
S,=b, +b, +...+b,

BbluMcnseTcsa no popmyne:

q-1

Sn=b1 q_1

OCcHOBHOe CBOHCTBO apupMeTH4YecKoi

nporpeccuu:

Kaxxapbiin uneH apudmeTmyeckom

NpOrpeccun, Ha4nmHasa co BTOPOro, ecTb

cpegHee apudMETUYECKOE COCEAHNX:
- an-1 + an~l'1

a, 2

OCHOBHO€ CBOWHCTBO reoMeTpUYeCKO
nporpeccuu:

KBagpaT Kakaoro usieHa
reoMeTpUYecKom Nporpeccun, HaunHas
CO BTOPOToO, paBeH MpPoM3BeAeHUIo
coceHuxX:

bn2= bn-1 : bn+1

ﬁ» Er3-Cryamna

FoToBbTECH C NpotheccmoHanamu

@ vk.com/malkova_ege
0 youtube.com/MalkovaAnna
@ instagram.com/egestudy/

ege-study.ru
+7 (495) 984 09 27
+7 (800) 775 06 82
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DyHKuMSA

7. DYHKUMS — 3TO 3aBUCUMOCTb OBHOM NepeMeHHON BeJIMYUHbI OT BPYron. ITo
B3aMMOCBSI3b MeXAy BennynmHamu. JTrobon hrsnmyeckmin 3akoH, ntodas dopmyna
OTpaXkaeT TaKy B3aMMOCBSI3b BEJIMYMH.

3anuce y = f(x) osHayaeT, UTo BENIMUMHA Y 3ABUCUT OT BEIMYUHDI X MO
ornpeaeneHHOMY 3aKOHY, UK Npaeuy, o6o3Hadaemomy f.

2. ®yHKUMS — 3TO onpefenieHHoe AeNCTBME Haj NepeMeHHOMN.

3. CDYHKLI,VIH — 9TO COOTBETCTBUE MeXAYy ABYMA MHOXeCTBaMU, NMpu4eM Kaxkxaomy
3/1IEMEHTY NepBOoro MHOXecTBa COOTBETCTBYET OAWH U TOJIbKO OAUH 3J1EMEHT BTOPOIro
MHOXeCTBa.

Kaxaomy anemeHTy MHOXecTBa X Mo onpefeneHHOMY NpaBuny Mbl CTaBUM B
cooTBeTcTBME a5ieMeHT MHoXecTBa Y. MHoxecTBo X HasbiBaeTcs 06/1aCTbIO
onpegeneHns yHKLUMN. MHuoxectso Y — 06/1aCTbIO 3HaYEHWA.

Mpadmk pyHKLUMNK

Abcyumcca — 3TO KOOpAMHATa TOUKM Y a v ¢ - Hynm dyHKLMK

Nno ropu3oHTanu. dwu f - TOUKM MaKcumyma
OppanHaTa — KOOPAMHATA Mo b v e - Toukn MuHUMyMa
BepTUKanu.

f

Ock abeymce — ropusoHTasnbHas
ocb, unu ocb X.

Ocb opamMHaT — BEPTUKalbHas OCb,
unuocs Y.

y=f(x)

AprymeHT — He3aBUCMMasi
rnepemMeHHasi, OT KOTOPOI 3aBUCAT -
3HayeHust pyHKUMM. O6bIYHO

o603Ha4vaeTcs X.

X

»
>

»
' g

o

obnacTtb

onpeaeneHus
hyHkumm y=f(x)
O6nactb onpegeneHns QyHKUUN
— MHOXecTBO Tex (M TOMbKO

Tex) 3HauyeHUN aprymeHTa X, npu seccscesceed 06NACTD 3HAYCHUI

KOTOPbIX  (YHKLWA  CYLLecTBYyeT. b byHLmn y=F(x)
06o3Hauaetcs: D(f) nnu D(y).
O6nactb 3HayeHmsi (GyHKUMM — STO MHOXECTBO 3HaYeHWil, KOTOpble MpUHUMaET
nepemeHHas y. 06osHavaetcs: E(f) unu E(y)

—_—

Ha-cﬂlmﬂﬂ @ vk.com/malkova_ege ege-study.ru

E r 0 youtube.com/MalkovaAnna +7 (495) 984 09 27
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Hynu yHKLMM — TOYKM, TAE 3HaYEHUe GYHKLMM paBHO Hyto, To ecTb ¥ = 0.

3HayeHuss YHKUUM nosioxkuTenbHbl Tam, rae y > 0.

3HaueHust GyHKUMM oTpulatenbHbl Tam, rae y < 0.

®yHkums y = f(x) Bospactaet Ha MHOXecTBe M, ecnv s NO6bIX X U Xo, TPUHAAIEXKALLUX
MHoxecTBy M, ns HepaBeHCcTBa X, > X; cneayeT HepaseHcTBO f(X) > f(x;). Ana
Bo3pacTatoLlelt hyHKLMK 60MbLIEMY 3HAUYEHWIO X COOTBETCTBYET 60/IbLLEE 3HAUYEHMe Y, TO
ecTb rpadvK UAET BNpaBo 1 BBEPX.

®yHkuma y = f(x) y6bisaeT Ha MHOXecTBe M, ecnn anis nio6bix X; U Xp, NPUHALIEXKALLMX
MHOXecTBY M, n3 HepaBeHCTBa X, > X7 cnefiyeT HepaBeHcTBO f(Xy) < f(x,).

Ons y6biBatolein GyHKLMN 60MbLIEMY 3HAYEHNIO X COOTBETCTBYET MeHbLLEe 3HaYeHue Y.
MpaduK NAeT BNPaBo 1 BHUS.

Touka mMakcumyma — 9TO BHYTPEHHSAS TOYKa o6nactu onpepeneHud, Takasa, YTo 3Ha4YeHune
d)yHKLl,I/IVI B HeW 60Jblle, Y4EM BO BCEX AOCTATOYHO B/IM3KUX K HE TOYKaX.
3T0 Takas TouKa, 3HaYeHune d)yHKLl,VII/I B KOTOpOI‘/'I 60Jblle, YEM B COCELHMUX («XOﬂMVIK» Ha

rpaduke).

Toyka MUHMMYyMa — BHYTPEHHSIA Touyka 0611acTu onpepesieHus, Takas, YTo 3HayeHue
(YHKUMM B HE MeHbLLe, YeM BO BCEX AOCTATOYHO 6/IM3KMX K HEel TouKax.
JTO Takasl TOYKa, YTO 3HayeHUe GYHKLUMU B HEN MEHbLUE, YeM B COCeHUX («siMKa» Ha

rpaduke)

ToYKM MaKcUMyMa v MUHUMYMa BMECTe Ha3blBalOTCA TOYKaMU SKCTPeMyMa (hyHKLMN.
MuHumMym hyHKLMM — 3TO ee 3HaYeHne B TOUKe MUHUMYMa.

Makcumym dyHKLmm — 3TO ee 3HaYeHne B TOUKe MaKCMMyMa

Haun6onbluee 1 HanMeHblLee 3HaYeHUA HeNpepbIBHON GYHKLUM Ha OTpesKe A0CTUraloTCs
NM60 B TOUYKaxX aKCTPEMYMa, IM60 Ha KOHLIaX oTpesKa.

> + + >
X a 0 b X
—_—
Ha-cﬂ' na @ vk.com/malkova_ege ege-study.ru
E r A 0 youtube.com/MalkovaAnna +7 (495) 984 09 27
FoToBbTECH C MpodeccroHanamm instagram.com/egestudy/ +7 (800) 775 06 82 15



YeTHasa pyHKLUMUA
AY

>V

Oyukumnsa y=f(x) - vernas, ecnu D(f)
CUMMETPUYHA OTHOCUTENBHO HYNISA 1
f(-x) = f(x) nns scex x € D(F).
MpadmK YETHON (BYHKLUMM CUMMETpUYEH
OTHOCMTESNIbHO OCU OPAMHAT.

Yy = X% y = cosX, y = |X| - yeTHble
byHKLMN.

Mepuopunyeckasn GpyHKUMA

Yy

X

<>
T - HauMeHbLUNI

MOJI0XKUTEJIbHBIN
nepnoj

®yHkums y=Ff(x) - nepuognyeckas, ecnm
cywectayeT Takoe uucno T, He paBHoe
HYJIHO, YTO A/ N060ro X U3 ee 061acTm
onpegenenus f(x + T) = f(x).

Yucno T Ha3biBaeTcst NEPUOLOM
dyHKUMN.

y = sinx, y = cosx, y = tgx,
y = ctgx - nepnogunyeckune byHKLMN.

Onsa dyHkumit y = sinx ny = cosx nepvog
T = 2n. Ona ¢yukuuin tgx v y = ctgx
nepuog T = m.

—_—
E r Er3-Cryaua

FoToBbTECH C NpodheccuoHanamu
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HeueTHas ¢pyHKUMA
AY

x V

Oyukumnsa y=f(x) - Heuvernas, ecnu D(f)
CUMMETPUYHA OTHOCUTENBHO HYNSA 1
f(-x) = - f(x) ons scex x € D(f).

IpacmK HeYeTHOM DYHKLIMN CUMMETPUYEH
OTHOCWTESIbHO Havyasna KoopAuHar.

. X
y=x,y=sinxy=tgxy ="
- HeyeTHble QYHKLMN.

O6paTtHas pyHKLMA

®yHkuum f(x) n g(x) HasbiBatoTCS
B3aMMHO-06paTHbIMK, ecnint F(g(X)) = X.

y=x2uy=vx npuxz0,
y=a* ny=log.x npux >0

y = sinx vy = arcsinx npu x € [-1;1].
Ipadukun B3aMMHO-06paTHbIX DYHKLNIA

CUMMETPUYHbI OTHOCUTEJIbHO I'IpHMOVI
y =X

@ vk.com/malkova_ege
0 youtube.com/MalkovaAnna
instagram.com/egestudy/

ege-study.ru
+7 (495) 984 09 27
+7 (800) 775 06 82



®yHKUUKN U rpadukm

AnemeHTapHble GyHKLUUU U ux rpapuku

1. CteneHHble - GyHKUMU Buga y = x9.

. 1 n
NMHeViHble, KBapaTHUyHble, Kybuyeckue, 7,1/)7, Vx.

2. Noka3saTtenbHble — GyHKLMUM BUaa y = aX.
3. Nloraputdmuyeckme — dyHkuum Buga y = loggx.
4. TpuroHoMeTpuyeckume — GyHKUMUM BUZa y = sinx, y = cosx, y = tgx, y = ctgx.

5. O6paTHble TPUroHoMeTpuuyeckue — byHKUMK BULA Y= arcsinx, y= arccosx, y= arctgx,
y = arcctgx.

CTteneHHble PyHKLUN

JinHeliHas pyHKLMA KBagpaTtnyHas napa6ona
y = kx+b y=ax?+bx+c
AY AY
1f 1l..
01 X o 1 X
y (0 =x y=x
Er3-¢ @ vk.com/malkova_ege ege-study.ru
E r -TyAua 0 youtube.com/MalkovaAnna +7 (495) 984 09 27
FoToBbTECH C NpodeccmoHanamm @ instagram.com/egestudy/ +7 (800) 775 06 82 17



CteneHHble PyHKUUM
®yHkymsa y = X", n - HaTypanbHoe

n — 4yeTHoe, d)yHKLl,I/IFl YeTHadA N — HeYyeTHoe, d)yHKLLI/IFI HeYyeTHasa

-1 01 X

y=xt
-1 01 X
-1 )'( -1
y=vx y=$/)7

>
>
X
Er3-¢ @ vk.com/malkova_ege ege-study.ru
E r -LTVANA o youtube.com/MalkovaAnna +7 (495) 984 09 27
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Moka3aTenbHas pyHKuua y=aX

a>1 O<a<1

\/

Norapudmuyeckas pyHkuuma y = logax

a>1 O<a<1
AY AY
y = log.x
y = logx
e
@ vk.com/malkova_ege ege-study.ru
E r Era-c“ﬂ“ﬂ 0 youtube.com/MalkovaAnna +7 (495) 984 09 27
FoToBbTECH C MpodeccroHanamu instagram.com/egestudy/ +7 (800) 775 06 82 19



TpuroHoMeTpuyeckue GpyHKLUM

Y A y(x) = sin x

y(x)=tgx y (x) = ctg x
Y A Y A
. 0 n/ nm X .M m 0 mn F X
2 2 2 2 :
Er3-¢ @ vk.com/malkova_ege ege-study.ru
E r -LTVANA o youtube.com/MalkovaAnna +7 (495) 984 09 27
20 FoToBbTECH C NpodeccmoHanamm instagram.com/egestudy/ +7 (800) 775 06 82



O6paTHble TPUroHomeTpuyeckme GyHKLUK

y = arcsin x

y = arccos x

Y A Y A
LY
2 !
-1 0 1 X
______________ . ? .
2 -1 0 1 X
y = arctg x y = arcctg x
Y A Y A
T
.................................... E
2 n
2
0 X
- 0 X
2
@ vk.com/malkova_ege ege-study.ru
E r Era-c“ﬂ“ﬂ o youtube.com/Ma_IkovaAnna +7 (495) §84 0927
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MNpoussogHasn GpyHKLUUK
”p0M3BOAHaﬂ — 9TO CKOPOCTb U3MeEHEHUA d’.)yHKLI,VIVI.

MpoussoaHas GyHkuuK f (X) B Touke Xg paBHa
yrnoBoMy KoahduLMEHTY KacaTenbHOW,
npoBeAeHHOM K rpaduKy GyHKLKUM B TOUKE Xp.
MpousBofHasa TakXKe paBHa TaHreHcy yrna HakioHa
KacaTesibHOMW.

4

y=f(x)

y=kx+b

0 a N
f(xo)=tga=k ; >
(xo) =tg - Xo X
Ycnosus kacaHus rpaduka oyHkumm y = f(x) v npamon y = kx + b: { ;’((x))= I‘((x +b
X) =
Ecnm f' (x) > 0, To dyHkuus f (x) BospacTaer.
Ecnm f' (x) < 0, To dymkuus f (x) yéoisaeT.
B TOUKe MakCMMyMa Npou3BOAHAs PaBHa HYJIHO U MEHSIET 3HaK C «MJHOCa» Ha <MUHYC».
B TOUKE MUHWUMyMa NMPOU3BOAHAN TOXKE PABHA HYJII0 U MEHSIET 3HAK C «MUHYCa» Ha
«MIHOCH.
TOuKa TOuKa
f(x) BO3pacTaeT y6biBaeT BO3pacTaeTr
MaKcuMyma MUHWUMYMa
f'(x) + 0 - 0 +
Toukwu a, d, f- Toukn MuHUMYMa
Y A y = f(x) dyHkumn y = f(x).

\ -

Er3-Cryauna

FoToBbTECH C NpodheccuoHanamu
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B atux Toukax f(x) = 0.
TOuKM €, € - TOUKM MaKCUMyMa
byHkummn y = f(x).

B Touke € nponsBogHas He
CyLlecTByeT.

B Touke e fi(x) = 0.

Touka b - Touka nepervnéa
byHkummn y = f(x).

B Touke b f(x) =0

ege-study.ru

+7 (495) 984 09 27
+7 (800) 775 06 82



Ta6nuua Nnpon3BoAHbIX

f(x) (pyHkuma) f' (x) (nponsBogHas)
C (koHcTaHTa) (1]

X 1
x2 2x
xn n.xn-1

_1_
X 2%
1 |
X xZ
sin x cos X
cos x - sin x
1
tgx cos? x
1
ctg x " sinZ x
eX eX
ax a*-/ha
1
/n x x
log, x !
a x/ha

MpaBuna guddepeHymnpoBaHus

(u+v)=u+v

u-v)=u-v

(u-v)'=uv+vu

(l)= u'v-vu
v v2

(c-f)=c(f)

u, v, f — byHKUMK
C — KOHCTaHTa

Er3

Er3-Cryamna

FoToBbTECH C NpotheccmoHanamu

@ vk.com/malkova_ege
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MNepBoo6pa3Han GpyHKLUU

®yHkums F(x), ans kotopoi f(x) ssnsetcs
NpPOV3BOAHOW, Ha3blBaETCA MepEO06pazHOM
oyHkunn y = f(x). dynkumn Bugay = F(x) + C
06pasyoT MHOXECTBO NePBOOBPasHbIX PYHKLMM

y = f(x).

KpvBonuHeriHas Tpaneuus — ¢urypa,
orpaHuYeHHasn rpa@uKom HenpepbIBHOWM hYHKLMN
y = f (x), ocbto X v npaMbIMu X=a n X=b.

Myctby = f (x) 2 0 Ha otpeske [a; b].
Mnowanb KpUBONMHENHON TpaneLum BbiuncaseTcs no dopmyne Hetotona-/leiibHuLa;

S=F(b)-F(a)

Ta6nnya nepeoobpasHbIx

f(x) (pyHKkyus) F (x) (nepBoo6pa3Has)
0 C (koHcTaHTa)
1 xX+C
X x72 +C
X" nz-1 :’:11 +C
% /x| +C
sin x -cosx+C
cos X sinx+C
eX eX+C
—— Ha-chn“ﬂ :vk.corg/malkova_ege ege-study.ru
20 BT s Domemvmenss Zammoy



TpuroHomeTpus B NPAMOYroJsibHOM TpPeyrojibHuKe

CuHHyc OCTpOro yrna B B
NPSIMOYTO/IbHOM TPEYrosibHUKeE -
9TO OTHOLLEHME NPOTMBOJIEXALLErO

MMnoTteHysa

KaTeTa K rmrnoTeHyse, MpoTrBoONexXaLymn
KaTeT
. a
sinLLA=—*+.
c A ‘'C

Mpunexawmn katet
KocuHyc ocTporo yrna B

NpPAMOYroJIbHOM TpeyrosibHMKe - 3TO OTHOLUEHME npunexatulero Kateta K runoTeHyse,

-b
cosL A = c

TaHreHc OCTPOro yrna B MpsiMOYrosibHOM TPEYrosibHUKE - 3TO OTHOLLEeHne
npoTuBOIEXaLlero KkateTa K npunexxaiiemy,

tgLA=%.

KoTtaHreHc ocTporo yrna B NnpAMOYrosibHOM TpeyrosibHUKe - 3TO OTHOLLUEHne
npunexaltyero KateTa K npoTuBosiexatlemy,

_b
ctgL A= =

TpuroHomeTpus s NPOU3BOJIbHOIO yrna
EpnHMYHAs OKPYXHOCTB — OKPYXXHOCTb C LLleHTPOM B Hayasie KOopAuHaT 1 paauycom 1.

OTcunTbIBAEM yrnbl OT NOJIOXUTEJIbHOIO HanpaBJZIEHUA OCU X npoTuB yacoBon CTpenKun.

YA
1 Kocuuyc yrna d — aTo abcumcca TOYKM Ha
sin a e4VHUYHON OKPY>XXHOCTH, COOTBeTCTBYI-OIJJ,eﬁ
a ‘ yray a.
O|cos a X
CuHyc yrna d — 9TO OpAMHaTa TOYKM Ha
€ANHNYHON OKPY>XXHOCTU, COOTBETCTBYHOLLEN
yray a.
Er3-c @ vk.com/malkova_ege ege-study.ru
E r -GTVANA o youtube.com/MalkovaAnna +7 (495) 984 09 27
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TpuroHoMeTprUYeCcKui Kpyr

YeTBEpTH TPUrOHOMETPUYECKOIO Kpyra

A i
- Y (sin) Y 3Haku
b~ A
120°°3 1 60°
=0 V32 n YA
135° 4 4 45° X
. 72 wv "
150° 6, 6 30°
172 0 X
180°m| 7 110 o0
v3|-/2|- L 0 1| /2 2m 360°
2| 2| 2 2| 2 X (cos) 3Haku 3HaKM TaHreHca
KOCUHYyCa N KOTaHreHca
-1/2 YA YA
n 11n
210°°6 -/2/2 6 330°
5m In - + - +
995° 4 -/3/2 4 315°
4n -1 5 0 X 0 X
240° 3 3 300° - + + | -
3n
2| 270°
A A
Y Ocb TaHreHcos Y ctg a Ocb KoTaHreHcoB
{7 1
sinal )/ : tga
a - a .
-1 0 cosa 1 X -1 0 X
-1 -1
3HayeHus1 TaHreHca U KoTaHreHca As1s yrnoe ot 0 go m:
14 14 11 11 2n 3n 5n
4 0 6 4 3 2 3 4 6 n
1 V3 He V3 1
t 0 Ny 1 3 cywe- | -4/3 -1 NG 0
g% 3 cTByer 3
He \/_ 1 1 0 1 1 ‘/_ He
ct cyue- NG Y~ - - cywe-
9 cTByeT 3 3 3 3 cTByeT
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O6paTHble TPUroHomeTpuyeckme GyHKLUK

ApKcuHyc uncnaa - stouncno @ € [ - %; % , Takoe, 4To Sing = a.

ApKkocuHyc uncna a — ato uncno @ € [ 0 ; ], Takoe, uto cosep = a.

ApKTaHreHc uncnaa — stouncno @ € ( - %; % ), Takoe, uTo tgep = a.

ApkkoTaHreHc uncna a — ato uucno ¢ € (0; m), Takoe, uTo ctgep = a.

PelwieHne npocTenLInX TPMroHOMETPUYECKUX YPaBHEHUI

sinx = a, CcosX = a,
YA -1sas1 YA -1sas1
m-arcsin a + 2nn arcsin a + 2mnn, arccos a + 2mnn,
.............. a \nez nez
0 X 0 a X
- arccos a + 2nn

tgx = a ctgx = a
ocb ocb
Y4 TaHreHcoBs Y4 koraHrencos
a 1 a
arctg a + 2nn, a arcctg a + 2nn,
nez nez
0 1 x 0 X
n +arctg a + 2nn m + arcctg a + 2mn,
nez

®dopMynbi peLieHUii TPUroHOMETPUYECKUX YpaBHEHUN

YpaBHeHue PewieHus
sinx=a,lal <1 x=(-1)" arcsina+mnn,neZ
cosx=a,lal=1 Xx=tarccosa+2nn,ne’Z
tgx =a x=arctga+mnn,ne”Z
ctgx=a x =arcctga+mnn,neZ
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®dopMynbl TpUroHoMeTpum

OcHoBHoOe
TPUrOHOMETPUYECKOE TOXKAECTBO

sin?a + cos2a = 1

1 sina

tg?a+1=—L— tga= SNQ

g cos2a 997 Cosa

1+ ctg?a = —L1 ctga = €984
g sin?a g sin a

tga-ctga =1

AlBoiiHbIe yriibi

CHHYC CYMMbI, KOCUHYC Pa3HOCTH...

sin2a = 2sina cosa
cos2a = cos?a - sin?a

cos2a =2cos?a-1=1-2sin?a

sin (a+p) = sina cosP + cosa sinf
sin (a-B) = sina cosp - cosa sinp
cos (a+B) = cosa cosp - sina sinf

cos (a-B) = cosa cosp + sina sinf3

_ tgazttgp
tg (azp) = 17 tga tgp

CyMMa cuHycoB, pa3HOCTb KOCHHYCOB...

lpeo6pazoBaHue Nnpon3BefeHnsl B CyMMy

sina + sinf = 2sin % cos %
sina - sin = 2sin a;_B cos %
cosa + cosP = 2cos % cos %
cosda - cosP = - 2sin % sin %

2cosa cosp = cos (a+P) + cos (a-B)
2sina sinp = cos(a-B) - cos(a+P)

2sina cosp = sin(a+p) + sin(a-B)

YHMBepcaanaﬂ TPUroHOMeTpUu4yeckKasi 3aMeHa

('DOpMyﬂbl MOHUXXEHNA CTerneHn

Myctb t=tg 21. Torga sina = 1i—:2
1-t2
1+t2
2t
1-t2

cosa =

tga =

. 5 1-cos2a
sin = ———
2
2 1+cos2a
cos“a-= T

TpoviHble yrnbi

sin3a = 3 sina - 4sin3 a

cos3a = 4cos3a - 3cosa

—_—
E r Er3-Cryaua
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®dopmynbl npuBegeHus

MomoratoT NpPUBECTU TPUrOHOMETPUYECKNE BbipaXKeHnA K 6onee NPOCTbIM.

I'lepBaﬂ YyacTb npaBuia

K aprymeHTy npu6aBnsercs (BbluMTaeT- K aprymeHTy npu6aBnsieTcsi Lienoe ymc-

CAl) HeYETHOE YMCIIO, YMHOXEHHOE Ha % 710, yMHOXX€eHHOe Ha Tt.

910 popmynbl BUAA 970 hopmynbl BUAA

3y o T 14 .
cos (x + =), sin (5= x),tg (x + %) sin(x + m), cos(m - x)
Mpubasnsem (Bbl'-IVITaeM) L 32]-[, 52“ Mpubasnsem (Bbluntaem) T, 3T, 5L - B
B 061L,eM, TO, YTO NIEXNT Ha 06LLeM TO, YTO JIEXUT Ha

BepTMKaﬂbHOﬁ ocu. roOpuU30HTaJ/IbHOU OCH.

YA YA

0 X 0 X
BepTuKansHo KMBaem ronosoii: JA, FopusoHTanbHo MoTaem ronosoi: HET,
MeHsAeTCA BYHKLMSA Ha KODYHKLMIO. He MeHsleTCst PYHKLMS Ha KODYHKLMIO

CVHYC NMOMEHSETCS Ha KOCUHYC, KOCU-
HYC Ha CMHYC, TAHFE€HC Ha KOTAHIeHC U
Hao60opoT.

BTopas yacTb npaBuna

3HaK MosyyMBLIErocs BblpaXKeHWsl TaKoW e, KakuM ByfieT 3HaK TPUroHOMeTpuUYe-
CKOI (hyHKLMM B NEBOW €ro YacTu, Npu YCIIOBUM, YTO apryMeHT Mbl 6epeM 13 NepBoii
YeTBEPTMU.

YI'IpOCTI/IM Bblpa)keHue cos (X+ rt)

Mockonbky ? NEXWUT Ha BePTUKaNbHOWM ocm (byHKUMS MeHsieTCst Ha KObYHKLMIO (Ha
CUHYC).

B3sB X 13 nepBoi1 YeTBEPTU U MPUGABUB K HEMY % ronazieM Bo BTOPYHO YETBEPTb.
Bo BTOpOIt YeTBEPTU KOCUHYC OTpULLATENEH. 3HAUUT, NoNlydnTcs - Sinx.

Ewe npumepsbi:

3n

2 sin (x + m)= =sinx

sin (& 5" X) = cosx cos(m - x)= -cosx
sin(m - x)=sinx

cos (x + 37) = sinx

tg (x + %) = - ctgx

e
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KopHu un ctenexnun

CreneHb — 3TO BblpaXkeHue Buaa ac.

34ecb @ — 0OCHOBaHuWe CTerneHu, C — nokasaTeslb CTENEeHW.

Mo onpegenennio, a’ = a
a’za-a alza-a-a

an =

a-a-a-a...-a ,,raen-
%(_J HaTypanbHOe.

n pas

al% = 1 npu a=0.

Boipaxkerue 00 He onpeaeneHo.
-1 -z L
a 4 a P

lNpaBuna gencTBUii co CTENEHAMMU
am an = am+n

am _ _m-n

a—n =a

(am)n = (an)m = amn

a" b" = (ab)"

5oy

ApugmeTnyeckuii KBagpaTHbii KOPEHb
U3 yKc/a a — ITO TaKoe HeoTpULjaTesb-
Hoe 4YucJ10, KBaApaT KOTOPOro paBeH a.

(Va)?=a
Ja 20
Mpuatoma 0.

CBolicTBa apupMeTUYeCcKoro KBagpar-
HOro KOpHS:

Ja 20

vab =/a -/b

A%
b~y

(Va?) =lal

KopeHb N-HOM CTerneHn U3 Yucsia a — 3To
TaKoe 4ncno, npun Bo3BeaeHUn KOToporo
B N-HYtO CTENEHb MoJsly4aeTcst YACo a.

(Va)'=a

KopeHb HeYeTHOWN CTeNEeHN MOXHO
M3BJIeKaTb KakK U3 MONOXUTESbHbIX, Tak
1 U3 oTpuLaTeNbHbIX YMcen.
KBagpaTHbI KOpeHb, a TakXXe KOpeHb
YETHOW CTeneHU, MOXHO U3BNeKaTb
TONbKO M3 HEOTpULIATENbHbIX YUCEN.
CaM KopeHb YeTHOW CTeneHu Npu 3ToM
TaKxxe fBSIeTCs HeoTpuLaTeSlbHbIM
YUCIIOM.

1o onpepeneHuio,

[
N|=
n

)

wl|=

a =

B o6uiem cnyyae
1

an =va npua > 0.

m
an ="amnpua>0.

—_—
E r Er3-Cryaua
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JNorapu¢pmbl

Jlorapugm nonoXuTenbHoro ymcna b no ocHoBaHMIO @ — 3TO NoKasaTesb CTeMNeH, B
KOTOPYIO Haflo BO3BECTM &, 4TO6bI MoyunThb b.

log,b=c<a‘=h

Mpu atom b>0, a>0, a=1.

OcHoBHoOe florapudmmnyeckoe ToXAeCTBO:
alogab = b, Jog,ac = c.

OcHoBHble (hopMynbl ANl IOrapumMoB:
log, (bc) = log, b + log, ¢ (JlTorapudm nponssefneHns paBeH cymMe forapubmos)
Ioga% =log, b - log, ¢ (JToraputhm yacTHOro paBeH pasHOCTU JiorapubmoB)

log, b™ = m log,b (bopmyna ans norapudma creneHu)

®opmyna nepexoga K HOBOMY OCHOBaHUIO:

logcb
log, b = Iog Za
log, b = fogea"

Jecaruyubii norapugm: norapudm c ocHosaHuem 10.
O6osHayvaetcs: Ig b

HatypanbHbii norapugm: norapudm ¢ OCHOBaHUEM €.
O6osHayvaetcs: In b

Yucno e = 2,7182818...

log,8=3; log,16 =2; logs% =-1, log,81=4;
Ig100 =2; Ine3=3; log,7=1;  log,;1=0.
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NMokasaTesnibHble U norapudmuqecxvle HepaBeHCTBa

lNokasaTesibHble HepaBeHCTBa ﬂOl’apM¢MM‘-IECKMe HepaBeHCTBa

Y A Y A
a>1 a>1

X1 < Xz < logax; < log.x,

Y2l f x,<x, & a1 <a?
Y,/
A i _
0 | x1x2 X
Y A Y A

O<a<1 O<a<1

Y11 x;<x, o a1 > a2 yil\ X1< Xy log.x; > log.x,

X2 X 0| x; Xz\ X
MeTog 3aMeHbl MHOXUTENSA (payuoHanu3aLmnm)
C/10)KHbIA MHOXXUTEb Ha yto 3amMeHuTb
log,f (h-1)(F-1)
logyf-1 (h-1)(f-h)
logyf - log,g (h-1)(f-g)
hf - h (h-1)(f-g)
hf-1 (h-1)-f
fh-gh (f-9)-h
Ifl-Ig| f2-g?
f, g — dbyHkumm oT X.
h — byHKUmMa unu yncno.
f, g, h — Takue, 4UTO COOTBETCTBYIOLLME BbIPAXXEHWS OMpeieeHbl.
@ vk.com/malkova_ege ege-study.ru
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FeomeTpuna

Yrnbl

[/

\

npsMmon OCTpbI

[Mpsamoii — yron, paBHbiin 90°,
OcTpbiii — yron, MeHblunii 90°,

1
/\ papuaH

A
A

1N 4
6 L7 b
5>L/8
c
a P
B A

e
E r Er3-Crvaua

FoToBbTECH C NpotheccmoHanamu

Tynown pasBepHyTbIn

Tynoi yron — yron ot 90° no 180°.
PaseepHyTbIN — yron, paBHbii 180°.

1 paagmnaH — UeHTPanbHbIN Yros, oNnparoLnincs Ha
Zyry, paBHYO paguycy OKpY>KHOCTW.

CmexxHble yribl - Yrbl, Y KOTOPbIX OfHa CTOPOHa
obLias, a ABe ApYrue nexaTt Ha OgHOW NPsSIMOA

Yrnbl1 npy napannenbHbiX NPAMbIX U CeKyLL el

L 1=/ 3-BepTuKasnbHble yribl paBHbl

£ 3 = /5 - HakpecT nexaltiue yriibl paBHbl.

£ 2 =/ 6-CcoOTBETCTBEHHbIE YITlbl PaBHbI

L 2+ / 3=180°-cyMma CMeXHbIX yr/ioB paB-
Ha 180°.

L 1+, 6=180°-cymma 0IHOCTOPOHHUX YryIOB
paBHa 180°.

BHeLwH M yron TpeyrosbHuKa — Yron, CMeXHbI ¢
OLlHUM 13 YrTI0B TPEYrosibH1Ka.

a+¢=180°
sing = sina; cosyp = -cosa; tgyp = -tga
p=LB+/C

BHeLwHWi yron TpeyrosibHMKa paBeH CyMmme
BHYTPEHHWX YI/I0B, HE CMEXHbIX C HUM.

@ vk.com/malkova_ege ege-study.ru
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lMpsiMoyronbHbIN TPEYro/bHUK A
Teopema lMudaropa: c?=a?+h?

anb- KaTeTbl, C — TUMNoTeHy3a.

c
b
Yacto BcTpeyvarowmecs nugparopoBbl TPOUKM:
34,5 7; 24; 25
5,12, 13 8;15; 17
c u B
a
TpuroHoMeTpusi B NPSIMOYro/ibHOM TPeyroJibHuKe
sinLA=2 sin?/ A +cos?L A=1 LA+/B=90°
1
-b tg?LA+1=—— sin/ A= cos. B
cosLA= ¢ g cos2/ A
1
= 4a ctg’/ A+1= —— cos/ A=sin/ B
tgLA= | g sin?L A
ctgLA= L tgLA-ctgLA=1 tg. A= ctgL B

BbicoTa B npsAMOYyroJibHOM TpeyroJibHuKe ,rnpoBegeHHass N3 BePLUNUHbI NMPsIMOro yrna, ge-
JINT ero Ha ABa TpeyroJibHUKa, nOAO6Hle AaHHOMY.

A AABC ~ ACBH~ AACH
s _c-h _a-b
AABC = ~ 5 T T 5
2 2
Cb h?=c,-cp; a®=c-c,; b?=c-cp
b
Pap,myc OKPY>XXHOCTMH, ornncaHHom BOKPYr NpAMOYrojibHOro
C
TpeyroJibHuKa: R=—
h Ca 2
Pap,myc OKPY>XXHOCTMH, %nmcaHHoﬁ B HpﬂMoyFOHbelﬁ
+D-C
Cc 2 B TPEYronbHuK: I =
Er3-¢ @ vk.com/malkova_ege ege-study.ru
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«0co6eHHble» TPeyrosibHUKU

A
A
30°
45°
av3 2a ™
a
60° 45°
C ] B Cc ] B
a a
Cymma yrnoe Tpeyronbunka: LA+ /L B+, C=180°
HepaBeHCTBO TpeyroJibHUKa:
c<a+h
a<b+c
b<a+c
dopmyrnbl nnowanmn TpeyroibH1Ka:
sa=2h .1 bsinzc=VPP-a(P-D)(P-0) =p.r=38C
2 2 4R
a+b+c y
3pecbp = T - nonynepumeTp, I — paguyc BNMCaHHON OKPYXXHOCTH,
R - paguyc onmcaHHO OKPYXXHOCTH.
Teopema cuHycos A c B
a b c
- = — = — =2R
sinL A sinLB sinLC b a
Teopema KOCHuHycoB C
2-n24 h2. .
c?=a’+b?-2ab-cos. C B TpeyrosibHVKe HanNpoTUB 60JbLUEro
yrna nexxumt 6onbLuas CTOpOHa
Er3-¢ @ vk.com/malkova_ege ege-study.ru
E r -TyAua 0 youtube.com/MalkovaAnna +7 (495) 984 09 27
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MpaBunbHbIN TpEyronbHUK

aV3

BbicoTa NPaBUJIbHOIO TpeyrosibHUKa: h= T;

Pagunyc oKpy>XHOCTU, ONUCaHHON BOKpPYr
avs
3

npaBuW/IbHOrO TpeyrosbHuka: R =

Paguyc OKpy>XHOCTM, BNUCaAHHOW

avs
P

Mnowaznb NpaBUIbHOIO TPEYrosibHUKa: S =

B MPaBUJIbHbIV TPEYTrONbHUK: I =

azV3
4

MpaBunbHbIN WeCTUYroNbHUK

3a2V/3

¢ H Snp.wecruyroanuKa = 4
B p R =a-papnyc onucarHoi okpyxHOCTH,

° av3

a 60 r r = OH = —— - paguyc BnucaHHOW OKPY>KHOCTH,
a 0 CF = 2a - 6onbluaa gnaroHasnb
A E FD=aV3 - AunaroHarnb.
Mpu3HaKu paBeHCTBA TPEYrofbHUKOB
F

© [lo TpeM cTopoHaM. Tpu CTOPOHbI OAHOIO TPeYrosibHUKa
COOTBETCTBEHHO paBHbl TPEM CTOPOHaM Apyroro
TpeyronbHMKa.

® Mo yrny v AByM Mpunexatyum K Hemy CTOpoHam
® [1o CTOpPOHe 1 ABYM NpUAeXaLinMm K Hel yrnam.
Mpu3Haky Noao6ms TpeyronibHUKOB

o [lo ABYyM yrnam

© [1o TpemM CTOpOHaMm.

® [No yrny n aByM Npunexatyum K Hemy CTOpoHam

OTHoLeHue niowagei nogo6HbIx ¢puryp

PpaBHO KBaZpaTy KoapguuymueHTa nogobus

S,:S8,=(a;:a,)?=k?

S1
a a
e
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SneMeHTbI TpeyrosbHMKa

BbicoTa TpeyrosbHuka

— nepneHanKynap,
OMYLLEHHbIV U3 BEPLUNHbI
TpeyronbHMKa Ha
MPOTUBOMOOXHYHO
CTOPOHY.

B
Cc
A
b
C p

A

xX¥id

B

BbICOTbI TpeyronbHUKa
nepecekaroTcs B O4HOM
TOYKe.

B cnyyae TynoyrosnbHoro
TpeyrosibHuKa
nepecekaroTcs
NPOAOIXEHNSA BbICOT.

Mnowapb TpeyronbHUKa
paBHa NoNoBUHE
npon3BefeHns ero
OCHOBaHMSA Ha BbICOTY

_a-h, b-h, c-h,
2 2 2

SA

MepguaHa TpeyrosbHUKa —
OTPE30K, COEANHSAIOLLNN
BEPLUNHY TpeyrosibHUKa

C cepeavHoOMn
NPOTUBOMOJIOXKHOW
CTOPOHbI.

B

=
X

c
CM=AM=BM =R

Tpu MeguaHbl
TpeyronbHMKa
nepecekaroTcs B O4HOM
TOYKE N JeNATCA B HEWN B
oTHoweHun 2:1, cuntas ot
BEPLUNHBI.

MegauaHa TpeyrosibHuKa
LENUT ero Ha ABa paBHbIX
no NoLaan TPeyronbHUKa.

Tpu MegmnaHbl
TpeyronbHWKa AeNdT ero
Ha 6 paBHbIX MO NoLWaam
TPeyrosibHUKOB.

MegauaHa, npoBefieHHas
K rMnoTeHyse
NPSIMOYTONbHOIo
TpeyronbHWKa, paBHa
NONIOBMHE TUMOTEHY3bI.

Er3-Cryamna

FoToBbTECH C NpotheccmoHanamu
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buccekTpuca TpeyrosibHUKa
[EeNNT yron TpeyrosibHUKa
nonosjiaM.

a
n b
A
45 E; :
c B

Tpu 6uccekTpuChl
TpeyrosibHuKa
nepeceKkaroTcs B OA4HOM
To4yKe. 3Ta TOYKa
paBHoOyzaneHa oT CTOPOH
TpeyronbHMKa 1 ABNseTcs
LLIEHTPOM OKPY>XHOCTH,
BMMCAHHON B TPEYrONIbHUK.

BuccekTpuca
TpeyrosibHWKa Aenut
NPOTUBOMONOXHYIO
CTOPOHY B OTHOLLEHUU
LJINH NpUexaLynx CTOPOoH.

OcTpbift yron mexay
6ucceKTpucamMu oCTpbIX
Yr/10B NPSIMOYroflbHOIO
TpeyrosibHWKa paBeH 45°.

CepeaunHHbBIN
neprneHANKynsp K
CTOpOHE TpeyrosibH1Ka

— 9TO MHOXXECTBO TOYeK,
OAMHAKOBO yAaneHHbIX OT
ee KOHL0B.

Tpu cepeauHHbIX NepneH-
ONKynspa K CTOpoHaM Tpe-
yrofibHMKa nepecekaroTcs
B OAHOM TOYKe. 9Ta ToYka
paBHoyfaneHa oT BepLUMH
TpeyronbHUKa 1 ABSETCS
LLEHTPOM OKPY>KHOCTH,
OMNUCaHHOM BOKPYr
TpeyronbHuKa.

A Cpe,qH;m JINHUSA TPeyroJibHMKa — OTpe30K, COeaMHSALWNI
cepeauHbl ero CTOpoOH.

B y
Cpe,D,HHﬂ JIMHUA TPeYronbHWUKa napanjiesibHa 0qHOUN N3
€ro CTOpPOH 1 paBHa rnojioBuHe aTOMN CTOPOHDI.

a a,
m=—ml|la
2 ’
c
—_—
Ha-cﬂ'n“ﬂ @ vk.com/malkova_ege ege-study.ru
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YeTbipexyronbHUKu

Bbinyknbii HeBbinyknblii
B
c
A
D
CymMa yrnoB BbIMyKJ10ro Ha npakTuke: npeacraBnsem Kak
yeTblpexyrosbHuka pasHa 360° KOMO6MHAaLMIO TPeYroNibHUKOB K

BbIMYK/bIX YeTbIPpeXyroJibHNKOB.
LA+/B+/.C+/D-=360°

Mnowanb BbINyKNIOro
qublpexyroanHMKa

"

D

d1'd2 .
g=21"% .
2 sing.

d; n d, - nnaronanm.

CepefvHbl CTOPOH BbIMyK0ro
YeTblipexyroJjibH1uKa ABnar0TCA
BeplwnHaMu napannenorpamMmma

B

D

e
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Tpaneyus — YeTbIPeXyrofibHUK, UMEIOLLMI A POBHO OfHY Mapy napasiesbHbIX CTOPOH.

BC || AD;

B b (o BC v AD - ocHoBanusa, AB n CD- 6oko-
Bble CTOPOHbI.
LA+/.B=LC+,D=180°

h S = ﬂ .
Tpan 2
a D

M - cepepgura AB, N - cepeguHa CD.

B b C MN - cpefHAs NuHKUA Tpaneuuu.

MN || AD, MN || BC,

MN = 3th
2

OTpes30oK, CoOeANHAIOLLUIA cepeanHbl Ana-
roHanen Tpaneuun, paBeH NonypasHoCcTy
OCHOBaHWN.

P - cepeavHa AC, Q — cepeauHa BD.

p=ﬂ
Q 2

F D

K = (AB)n (CD),
E - cepepura BC, F — cepeguHa AD,
0=ACnNBD.

3amevaTtesibHOe CBOMCTBO Tpanewuum:
cepeAnHbl OCHOBaHUM, TO4Ka
nepeceyeHuns gMaroHanen Tpaneuum un
TOYKa nepeceyeHns NpoAO/IHKEHNIN ee
60KOBbIX CTOPOH JieXXaT Ha OAHOM NPSIMOIA.
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[apannenorpamm — YeTblpexyrofibHUK, UMeOLLWI ABE Napbl NapassiesbHbIX CTOPOH.
AB || CD, AD || BC.

YeTblpexyrosbH1K ABMETCS
napasiesiorpaMmoM, Ciin ero
MPOTMBOMOOXHbIE CTOPOHbI
B c napasesibHbl U paBHbI.

AB || CD, AB = CD = ABCD -
h napasienorpamm.

A 2 D

S=a-h=absing

[wnaroHanu napannenorpaMmma B TOUKe
nepecevyeHna aendaTcd nonosiam.

AO = 0C, BO = OD.

BucceKTprchbl MPOTUBOMONOXHbIX YI/I0B
napasnnenorpaMma napasniesnbHbl.
BUCCeKTpUChbl COCeHUX YIioB
napannenorpaMma neprneHauKysipHbl.
BuccekTpuca yrna napannenorpaMma
OTCeKaeT OT HEro paBHOGepPeHHbI I
TPEeYronbHUK.

A F E D AB = AE, DF = CD.

AK || CF, AK | BE.

e
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Bupabi napannenorpaMmmos

B Cc

MpaAMoyrofbHUK

c

KBagpaTt

> T W™

d

Pomé6. MapannenorpaMM, y KOTOPOro BCE CTOPOHbI PaBHbl.
[varoHanu pom6a nepneHAnKynsipHbl.
[varoHanu pom6a siBnsitoTCs 6UCCEKTpUCaMu ero yrios.

d,-d
sp0M6a = 172 roe d; v d, - guaroHanu.

lMpsimoyronbHuk. MNapannenorpamm, BCe yribl KOTOPOro NpsiMble.
[unaroHanu npsiMOyrosibHMKa paBHbl.

snpﬂmoyroanuKa =a-b

Keagpat. POM6, BCe Yriibl KOTOPOro npsiMble. [pyruMu CnoBamMu: NPAMOYrofibHUK, Y KOTO-
poro Bce CTOPOHbI PaBHbI.

0 youtube.com/MalkovaAnna
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OKpY>XHOCTb U Kpyr

Yucno Tt paBHO OTHOLLEHWIO ASIMHbI OKPYXXHOCTU K ee Anametpy. It = 3,74159...

L = 2R - nnvHa oKpy>XXHOCTH
S = nR? - nnowagb Kpyra

D = 2R - guameTp OKpY>KHOCTH

a
l ! gyru = 360° - 2nR - pnvHa gy
a
SceK'ropa = W -nR? - nnowanb
cekTopa
WA

Xopza — OTPE30K, COeAUHAOLNIA ABE
TOYKM Ha OKPY>KHOCTMW.

Mpou3BeeHNs OTPE3KOB
AE - BE = CE - DE | nepecekatolnxcsi XopA paBHbl.

A [vameTp, NepneHAnKyNsApHbIi Xopae,

\ JeNnT ee Nornonam.

0Tpe3KVI KacaTesnbHbIX, NpoBeAEHHbIX K

A
OKPY>XHOCTU M3 OAHOM TOYKM, PaBHbI.
o. M KacaTtenbHas nepneHauKynsipHa paguycy,
NpoBeAEHHOMY B TOYKY KacaHus.
LleHTp OKpY>XHOCTW, BNIUCAHHOM B yroJ,

NEXWUT Ha BUCceKTpuce aToro yrna.

Teopema o cekyLei U KacaTesIbHOM:
KBagpaT oTpeska KacaTeslbHOM paBeH
NpoV3BeAEeHMNIO AJINH OTPE3KOB CEeKYLLEN.

MC?= MA - MB
BHellHee KacaHne OKpY>XXHOCTe:

0,0,=R+r

BHYTpeHHee KacaHue OKpPYXXHOCTel:

& 0,0,=R-r

.
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LleHTpanbHbIi U BAIUCAHHbIN yron

g

C\

a — LUeHTpasibHbI YroJs, ¢ — BMCaHHbIN
yron. ¢ =a/2

BennuumHa LeHTpanbHOro yrna paBHa
YrNoBOWi BEMWYMHE AYTU, Ha KOTOPYHO OH
onupaeTtcs.

BefnvuuHa BN1caHHOro yria paBHa
MOJIOBUHE YrNI0BOM BENUYMHbI IyTY, Ha
KOTOPYO OH OnupaeTcs.

BrvcaHHble yribl, onvpatoLmecst Ha
paBHble JyrV UV Ha OFHY U Ty Xe Jyry,
paBHbI.

PaBHble Ayrv cTArMBaloTCS paBHbIMU
XOpAaMu.

)

BrincaHHbI yron, onupatowmincs Ha
Anametp, - NpAMON.

c M

0 MC - kacaTtenbHas,
BC - xopga.
B /mcB- % CB

Yron mexay XxopAow u KacaTesibHOMN,
NpoBeAEHHOM Yepes KOHEL, 3TOM Xopapbl,
paBeH MOJIOBMHE YIIOBOM BEJINYMHDI AYyTH,
nexallern BHYyTpU 3TOro yrna.

Yron MexXay nepecekarowmMnca xopgamm
paBeH NnonyCcyMmMe 3akK/H4YeHHbIX Mexay
HUMM Oyr.

Yron mexgy cekyLmMmMu (C BepLIMHOWM
BHE OKPY>XHOCTW) PaBeH MoJlypasHoCTU
YrNOBbIX BEJINYMH YT, 3aK/TFOYEHHbIX
BHYTpM yrna.

—_—
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BnucaHHble 1 onucaHHble TPEeyrojibHUKu

LIeHTp OKPY>KHOCTK, ONMCAHHON BOKPYr
TpeyrosibHMKa - 3TO ToYKa nepeceyeHus
cepeanHHbIX NepreHanKynapoB K
CTOpPOHaM TPeyroJibH1Ka.

OA=0B=0C

LieHTp onncaHHOM OKPYXXHOCTM
paBHOyZaneH oT BepLUMH TPeyrobHUKa.

AB __AC ___BC _op
sin/L.C sinLB sinlA
(TeopemMa cuHYCOB)

s - AB-BC-AC
A ABC ™ 4R

LleHTp OKpY>XHOCTH, BNNCAHHON B
TPEeYrosibHUK - 9TO TOYKa nepeceyeHus
6GUCCEKTPUC TPEYroSibHUKaA.

LIeHTp BNUCaAHHOW OKPY>XHOCTH
paBHOyAaneH OT CTOPOH TPEYroJibHUKa.

sAA:3c=P'r,rp,ep=M

OnucaHHble U BNUCaHHbIE YeTbIpexyrojibHUKu

OnucaHHbI YeTbIPexXyrosbHNK

B b ¢

-

a (4
A d D
a+c=b+d

OKPY)XXHOCTb MOXHO BMM1CaTh B
YeTbIPeXyrosibHUK TOr4a 1 TOSIbKO TOrAa,
KOrfia CyMMbl €ro NpOTUBOMOJOXHbIX
CTOPOH paBHbI.

BnucaHHbI/i 4eTbipexyrolbHUK

B
A

A C
\\aaﬂ'
D
LA+/.C=/.B+/.D=180°

OKPY>XHOCTb MOXHO OMnucaTb BOKpYT
YeTbIpexyrosbHWKa Torga v ToJIbKO TOrAa,
KOrZia CyMMbl €ro npoTUBOMOOXHbIX

yrnos pasHbl 180°

ﬁ» Er3-Cryamna

FoToBbTECH C NpotheccmoHanamu

@ vk.com/malkova_ege
0 youtube.com/MalkovaAnna
@ instagram.com/egestudy/

ege-study.ru
+7 (495) 984 09 27
+7 (800) 775 06 82 45



BeKTOpbl Ha MJIOCKOCTH

dunsunyeckume BeJINYUHDbI, NMeroL e He TOJIbKO abcontoTHoe 3Ha4eHue, HO N HanpaB/ieHKe,
Ha3blBalOTCA BEKTOPHbIMM.

BekTop — 310 HanpaBJ/ieHHbIA OTPEe30K.

JlnuHoli BexTopa HasblBaeTCs [AMHa aToro otpeska. 06o3Havaetcs: [@] unu |AB].

PaeHbIMM HAa3bIBAKOTCA BEKTOPbI, UMEIOLLIME OAVNHAKOBbIE ANUHbI U OAMHAKOBOE Hanpas-
neHune. ATO 3HAYUUT, YTO BEKTOP MOXHO NMepeHecTH napasnniesibHo cebe B H06YH0 TOUKY
MpoCTpaHCTBa.

EanHnyHbIM Ha3blBAeTCA BEKTOP, AJ/IMHA KOTOPOro paBHa 1. Hyneebiv — BeKTOp, ANMHA
KOTOPOro paBHa Hy/Ho. Ero Hauano coBnagaeT ¢ KOHLIOM.

BeKTop Ha M/I0CKOCTM MOXHO 3afaTh ABYMs KoopanHatamu: a@ (Xa, ¥Ya)

KoopaunHaTbl BeKTOpa Ha NIOCKOCTHU:

Y A
Y, , .
AB (Xg-X,, Yg=¥4)
Va
o| x, X; X

JlnnHa BekTOpa paBHa KOPHIO KBagpaTHOMY U3 CYMMbI KBaZjpaToB ero KOOpAuHaT

Y A

@ =Vx2+y2

\/

0 X
e
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Cro)xeHue BEeKTOpoB

1 cnoco6. lpasuno napannenorpaMma. YTo6bl CIOXUTb BEKTOPbI @ 1 b, nomellaem
Hauyana o60ux B 0fHY TOYKY. [locTpavBaeM A0 napasnnesnorpaMma v U3 Toi e TOUKM
NPOBOAMM [MaroHanb napannenorpamma. 3To 1 6yaeT cyMma BeKTopos a 1 b.

2 cnocob. [paesuno TpeyronbHuka. BosbMeM BekTopbl @ U b. K KoHLy nepsoro BekTopa
NpUCTPOMUM Havano BTgporo CoeflMHVMM Hayaso NepBoro 1 KoHeL, BTOPOro. 9To U ecTb
CyMMa BEeKTOpOB @ U

é:ﬁa

Mo TOMY >Xe npaBuny MOXXHO CJIOXXUTb N HECKOJIbKO BEKTOPOB.
c D
E
B N AF = AB +BC +CD + DE + EF
A

Mpy cnoxeHun BekTopos @ (Xa, ¥a) ¥ b (xp, yp ) nonyyaem:
c=a+h
C(Xa*Xp,Yatyp)

PasHocTb BeKTOPOE @ U C - 9TO CyMMa BEKTOpa @ M BeKTopa - C.

a
[
a-c

e
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YMHo)eHne BEeKTopa Ha 4Yuciio

IMpy1 yMHOXeHWUN BekTopa @ Ha uuco k nonyyaetcs BekTop, AsiMHa Kotoporo B K pas
OT/IMYaETCA OT AJSINHbI @.

OH coHanpasJsieH ¢ BeKTOpoM, ecnvt k 601bLue Hyns, M HanpasJsieH NPOTUBOMOJIOKHO, €C/N
k MeHblue Hyns.

5/ z/a,sa/ /-3 -33 Y -033

CkanspHoe npousBegeHne BeKTOPOB

CKanspHbIM npou3BefeHneM BEKTOPOB Ha3bIiBAaeTCS MPON3Be[EeHNE AJINH BEKTOPOB Ha
KOCHHYC yrna Mexzay HUMM.

o)

—

[-1b]-cos¢p )

|
o
n

)

—

CKansipHoe NpousBe/ieHne BbIpaXaeTcs Yepes KOOpANHaTbI BEKTOpPoB @ U b:

a- B=Xa'xb+Ya'Yb

13 hopMy”nbl A1 CKaNAPHOro NPOU3BELEHNS MOXHO HalTN YroN MeXay BeKTopamu:
a-b __XaXb+¥a'¥b

al- bl VxZ+yz-VyZ +y2

la
BekTopbl nepneHankKynapHbl, eCnn UX CKandapHoe npoun3seneHne paBHO HYJIHO.

cos =

KonnuHeapHOCTb BEKTOPOB.

KonnuHeapHbiMy Ha3blBaKOTCA BEKTOPDI, NIEXKALLME Ha OLHOW NPSIMOM UMW Ha Napasnnenb-
HbIX MPAMbIX.

—

BekTopbl @ U b, KoNnMHeapHbl, C/M CyLLLECTBYET Takoe YMCio A He paBHOE HyJIIO,

yto b = AG.

0 youtube.com/MalkovaAnna
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MNMonesHble pakTbl Ansa peweHusa 3agayd EMN3 no reometpun

Yrnibl, TpeyronbHUKM, YeTbIPexXyrobHUKN
1. BUCCEKTPUCHI CMEXHbIX YITI0B NEPNeHANKYIISPHbI.

2. MegnaHa npAMOYroJIbHOIro TpeyrojibHnKa, npoBeaeHHada K rmnoTeHy3e, paBHa
NnoJIOBUHE TUMOTEHY3bl.

3. MefvaHbl TpeyrosibHMKa NnepecekaroTcsl B OLHON TOUKE U AeNATCA B HeWl B OTHOLLEHUN
2:1, cumTas OT BEPLUUHBI.

4. Cymma KBaapaToB AuaroHasen napasneniorpaMma paBHa CyMMe KBaJpaToB BCEX ero
CTOPOH.

5. Mnowaab Nto60ro YeTbIpeXyrosibHNKa paBHa NoJIOBUHE NPOU3BEAEHUS AuaroHanei Ha
CUHYC yrna Mexgy HUMM.

6. OTpes0oK, CoeaMHAKLWMI cepeanHbl AnaroHanen Tpaneyumn, paBeH nosypasHocTym
OCHOBaHWUN.

7. Mpoekuus 60KOBOM CTOPOHbI paBHOGeAPEHHON TpaneLn Ha OCHOBaHWe paBHa
MoJlypasHOCTU OCHOBaHMIA, @ NPOeKLUsl AnaroHanu — NosaycyMMe OCHOBaHMUIA.

8. 3amevaTenibHOEe CBOWMCTBO Tpaneuuun. Touka nepeceyeHns guaroHanen Tpaneuum,
TOYKa NepeceyeHns NPOAOIIHKEHUI ee GOKOBbIX CTOPOH U CEPeANHbI OCHOBaHUI nexar
Ha OQHOMMPAMOWN.

OKpYy>XHOCTH

9. OnameTp, nepneHANKYNSapHbIA XOpAe, AeNuUT ee nornosam.
10. TMpounsBefeHUsa OTPE3KOB NepecekaroLUXCa XOpA, OKPYXHOCTN paBHbI.
11. CepeAnHHbIA NEPNEHAMKYNAP K XOPAE NPOXOANUT Yepes LIEHTP OKPY>KHOCTMU.
12. PaBHble xopAbl yAaneHbl OT LieHTpa OKPYXXHOCTU Ha paBHble PacCTOAHWS.
13. [lyrn OKpY>XHOCTW, 3aKJIKOUEHHble MeX Ay napansiesibHbIMU XopAaMu, paBHbl.

14. Teopema 0 KacaTeflbHOM U cekyLen. ECriv s ogHOM TOUKM K OKPY>XXHOCTU NpoBeeHbl
cekylas v KacaTesibHasi, TO NPOM3BEAEHME BCEN CEKYLLEN Ha ee BHELLUHIOK YacTb
paBHO KBazpaTy OTpe3Ka KacaTeslbHOM.

15. Yron Mexpay KacaTenbHOM U XOpAOW, MPOBeAEHHOM Yepe3 TOYKY KacaHusl, paBeH
NOSIOBUHE Yr/TI0BOM BENTUYMHbBI BYTW, 3aKITHFOYEHHON MEXAY HUMU.

16. Yron Mexzy nepecekatoLMMmUCs XopiamMmu paBeH MoslyCyMMe NMpOTUBOMOOXHbIX AT,
BbICEKAeMbIX XOpAaMMU.

17. Yron Mexzay ABYMSI CEKyLLIMMU paBeH MoslypasHOCTU AYr, BbICEKAEMbIX CEKYLLMMU Ha

OKPY>XHOCTMW.
—_—
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Paanyc OKpy>HOCTW, BIMCAHHON B NPAMOYrOfibHbIN TPEYroNbHUK ¢ KaTeTamn a n b n
TMNOTEHY30i C, paBeH 7 (at+b-c).

Touka KacaHus Opr)KHOCTeVI NEeXUT Ha I'IpﬂMOﬁ, coeguHsoLWen nx LEeHTPbI.

Mpsimas, npoxoasiuasn Yepes TOUKM NepeceyeHuns BYX OKPY>KHOCTEN, AeNIMT nornonam
06LLYI0 KacaTesbHYH K HUM.

Ecnu paccToAaHMe Mexxay LeHTpamMmu Opr)KHOCTeVI paanycamu Rwur paBHO @ "
a>R+ I, TO OTpe3Kun 06LI.LI/1X BHELWHUX U O6LIJ,VIX BHYTPEHHUX KacaTeslbHblX,
3aKJIlO4YEeHHbIe MeXXAYy TOYKaMWU KaCaHuA, paBHbl COOTBETCTBEHHO Vaz - (R - r)2 n
Vaz-(R+r)?

EC/M YeTbIPexXyrosibHUK MOXHO BMMCaTb B OKPYXXHOCTb, TO CyMMa ero
NPOTUBOMOOXHbIX yrioB pasHa 180 rpagycos.

Ecnns YeTbIpexyroJibHMK MOXXHO BNUCaTb OKPY>XHOCTb, TO CyMMbI OJIUH ero
NPOTUBOMONIOXHbIX CTOPOH paBHblI.

. Ecnu OKpPY>XHOCTb BnncaHa B paBHo6ep,peHHy|o Tpaneuuto, To 60KoBas CTOpOHa

Tpaneuunn paBHa ee cpegHen NMHUN.

leoMeTpuyeckoe MecTo Touek M, 13 koTopbix 0Tpe3ok AB BuA€eH Nog nNpsiMbiM Yriiom
(yron AMB = 90 rpaaycoB), eCTb OKpPY>KHOCTb ¢ AuameTpom AB 6e3 Toyek A u B.

leomeTpuyeckoe MecTo Touek M, u3 koTopbix 0Tpe3ok AB BuaeH Nog AaHHbIM YoM,
€CTb ABe Ayrv paBHbIX OKPY>KHOCTel ¢ o6Lueit xopaoit AB, 6e3 Touek A u B.

Ecnn M - Touka KacaHus co cTtopoHoit AC oKpY>KHOCTU, BIIMCAHHOM B TPEYroJibHUK
ABC, 0 AM = p - BC, rge p — nonynepumeTp TpeyronbHuka ABC.

Ecnu okpyXHoCTb KacaeTcs cTopoHbl BC TpeyronbHuka ABC 1 Npoao/mKeHnit CTOPOH
AB 1 AC, To paccTosiHMe OT BeplMHbI A 10 TOUKM KacaHusi OKPYXXHOCTU ¢ npsimoit AB
paBHO nonynepumeTpy TpeyronbHuka ABC.

Ecnn okpy»XXHOCTb, BnicaHHas B TpeyronbHuk ABC, kacaetcsa ctopoH AB, BCn AC
cootBeTcTBeHHO B Toukax K, L, M, a yron BAC paBeH ¢, To yron KLM paBeH
90° - %¢.

Ecnu npamble, npoxogsLuue Yepes Touky A, KacatoTcs oKpy>HocTu S B Toukax B n C,
TO LIEHTP BMMCAHHOW OKPYXXHOCTU TpeyrosibHnka ABC nexuT Ha oKpyXHocTu S.

Ecnu AM v CK - BbicoTbl TpeyronbHuka ABC, To TpeyronbHuk MBK nopo6eH
TpeyronbHuky ABC, npnyem koadduuneHT nofobus paseH |cosB|.

Ecnu nnowagb TpeyrosbHWKa pasHa S, To nollaib TPeyrofibHUKa, COCTaBIEHHOMo
13 ero MefivaH, pasHa - S.

4
an COCTaBJIeEHUN CIIUCKa MoJ1e3HbIX d)aKTOB ucrosib3oBaHbl y‘-le6HbIe nocoéus
P. K. NlopauHa.
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«Knaccuueckue» cxembl ansa peweHusn 3agad EN3 no reometpum

Cxema 1. B TpeyronbHuke ABC npoeeaeHbl BbicoTbl AM 1
CK.

B H - Touka nepeceyeHns BbICOT TPeYrosibHMKa
(opTouenTp), H=AMN CK

K A MBK ~ A ABC, k = |cos B|

YetbipexyronbHuk AKMC MOXHO BnucaTb B OKPYXXHOCTb.
YeTtbipexyronbHuk BKMH moyHo BnucaTb B OKPYXXHOCTb.
Pazunycbl OKpy>XHOCTEMN, ONMcaHHbIX BOKPYT

A C | TpeyronbHukos ABC, AHC, BHC v ABH, paBHbi.

BH = 2R |cos B|,rae R — paanyc onMcaHHON OKPYXXHOCTU
A ABC.

Cxema 2. MycTb nyy MA nepecekaeT OKpY>KHOCTb B TOYKaX
A v B, anyy MD - B Toukax C u D, npuyem

MA > MB, MD > MC. Torpa TpeyronbHuku BMC v DMA
NoAo6HbI.

Cxema 3. Y TpeyronbHukos ABC n AMC ctopoHa AC
- o6uwas, yron B paseH yrny M. Torga Toukn A, B, C, M
NieXaT Ha OfHOW OKPY>KHOCTY.

Cxema 4. Y TpeyronbHukos ABC n AMC ctopoHa AC -

B M o6was, yrnbl B u M - npsmble. Torga Touku A, B, C, M
nexaTt Ha OKPY>XHOCTHU, paguyc KOTOpOVI paBeH nonoBuHe
AC.
A (o
0
—_—
Ha-cﬂ'n“ﬂ @ vk.com/malkova_ege ege-study.ru
E r 0 youtube.com/MalkovaAnna +7 (495) 984 09 27
FoToBbTECH C MpodeccroHanamu instagram.com/egestudy/ +7 (800) 775 06 82 51



CtepeomeTtpus Ha EI3 no matemaTtuke. OCHOBHble opMysbl

d=a+3 -pnuHa gnaroHanu

MHororpaHHUKu 06bem u nioLagb MOBEPXHOCTH

Ky6

I

nd
Y v=a3

P\

| S= 632

P
,/ \ a - pebpo Kyb6a
a

lapannenenunens

V=Socuh

Socy - NNoLWaAb OCHOBaHMS

h - BbicoTa

Mnowazb NOBEpPXHOCTM Napasie-
nenunesa paBHa CyMMe nJiolagen

BCEeX ero rpaHemn

A
l\d
(A

\}

\

|
[
[
Loblel
\
/ \

/s /b

MpsiMoyronbHbIi Napannenenunes

a
d =+ a?+ b?+ c? - paivHa gnaroHanu

V=a-b-c

S =2ab + 2bc + 2ac

lMpusma

pmm——m———p——

V = Soc‘.’ ° h
S =2Socu * Seok

—_—
o E r Er3-Cryamna
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MHororpaHHuKu

06bem u nowagb nNoBepxHoOoCTH

Mupamuga

<N

- - ———

V=%SOCH'h

S = Socu * Séox

Tena BpaLyeHus

06beM u nnowagb NOBEPXHOCTH

Unnuugp

h - BbicoTa unnuHapa.

V=nR%-h
S = 2Sycu * Séox = 2 TR? + 2R

Konyc

L =/ R? + h? - o6pasytolasn

=1
V=3

S = Socu * Séox = MTR? + MRL

Socuh

LWap

-4  p3
V-3nR
S = 4nR?

Er3

Er3-Cryamna

FoToBbTECH C NpotheccmoHanamu

@ vk.com/malkova_ege
0 youtube.com/MalkovaAnna
instagram.com/egestudy/

ege-study.ru
+7 (495) 984 09 27
+7 (800) 775 06 82

53



OCHOBHbI€ MOHATUSA CTEPEOMEeTpUn

l1nockocTu B NnpocTpaHCcTBE

[MnockocThb B NpocTpaHCTEE MOXHO Mpo-
BECTU:

[a" ] )

1. Yepes Tpu Toukn 2. Yepes npsmyto,
He nexatue Ha N He nexalwyto
OfHOM NpsAMOK Ha Hen ToUKy

o/ <

3. Yepes gBe 4. Yepes aBe
napannenbHble nepecekatowmecs
npsimble npsimble

MnockocTu B NpocTpaHCTBE MOryT 6bIThb
napannesnbHbIMU WU NepeceKaThCsl.

Ecnu aBe NIoCKOCTU UMEROT 06LLYHO
TOUKY, TO OHM NepeceKaroTcs Mo NpPsMoin

/A
LS

Ecnv 2 nnockocTu He UMEeroT 06LLUX
TOYeK, TO OHW NapasenbHbl ApYr Apyry

PacnonoxeHue npsiMbiX B NPOCTPaHCTBE,
Tpu cnyyasa:

lMapannenbHocTb ﬂpﬂMOﬁ UM NMNJIOCKOCTH

Onpepenexue: lNpsmana napannenbHa
MJOCKOCTH, ECNIN OHA HE UMeeT
C MJIOCKOCTbO 06LLMX TOYEK.

a M MepecekatoTcst .
b anb=M Mpu3sHak napannenbHOCTU NPSIMOW
) A, | _ U nnockocTu: Npamasa napannesnbHa
. NOCKOCTW, €C/IM OHA MapasnfiesibHa Kakon
160 NpSIMON, NeXallleit B NI0CKOCTU
c \
[MapannenbHbl ¢
J__d|_ ] cld clla
. a >clla
’ a aea
S
I CkpelmBaroTes
'm m - B c
Fo=rs AB || CD
S p l > AB || (SCD)
CD € (SCD)
A D
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Yron mexxay npsiMoii U N/10CKOCTbIO

Yron mexay npsiMon U nyIoCKOCTbIO — 3TO
yron Mexay npsiMon n ee npoekLmen Ha
NJIOCKOCTb.

npsamas

NMJIOCKOCThb

MepneHAUKYNAPHOCTb NPSMON U
naocKocTn

Onpepenexue: Npsamana HasbiBaeTCA
nepneHAVKyAPHOW NIIOCKOCTU, eCn
OHa neprneHAuMKynsipHa 1060 NpsMoi,
nexakujen B nJoCKOCTH.

Mpu3Hak nepneHANKYNSPHOCTH NPAMON
u nnockocTu: MNpsiMas nepneHanKynspHa
MJOCKOCTW, EC/IN OHA NepneHAMKYyNsapHa
OBYM MepeceKarLLnmMcs NpsiMbIM,
Nexallnm B 3TOW NIOCKOCTM!.

m

T

aeaq bea
mla
mlb

>mla

an3HaK napannesibHOCTHU nnockocrei

OnpepgeneHue: [110CKOCTM NapasiesibHbl,
€CJ1M OHU He UMEIOT OBLLMX TOYEK.

Mpu3sHak napannenbHOCTH N/I0CKOCTEN:
MnockocTu @ u B napannenbHbl, eCv Be
nepecekatoLecs NpsiMble OfHOW MJ1o-
CKOCTW COOTBETCTBEHHO MapassesbHbl
[BYM MepeceKaroLMcs NpsiMbIM Apyroi
MAOCKOCTH.

b
X

b,
a1 B

alla,
alla,

>allp

CeoiicTBa napasnnesibHbIX n/10CKOCTeH

pna
pna p>allb
allp

JInHuK nepeceyeHmnst ABYX NapasnienbHbIX
NOCKOCTEN TPETbEN NIOCKOCTbIO
napannenbHbl.

OTpe3KM napannenbHbIX NPAMbIX,
3aKJIlo4eHHble MeXay napanneibHbiMU
NJIOCKOCTAMMU paBHblI.

—_
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Yron MeXXay N/I0CKOCTAMMU

(p — yron Mexay njockocTamu d u B.

Yron MeXAy MNNTOCKOCTAMMU — 3TO yron
Mexay nepneHaukynapamMmu K JIMHUN UX
nepecevyeHusa, npoeeaeHHbIMU B 3TUX
MJIOCKOCTAX.

MepneHAUKYNAPHOCTb NIOCKOCTEH

OnpepeneHue: [1Be NJI0CKOCTH
nepneHAVKYAPHbI, ECAIN YTON Mexay
HUMK paBeH 90°.

lMpu3Hak nepneHANKYNApHOCTH
NJIOCKOCTeH.

mep

>al
mla B

Ecnu nnockocTb d NpoXoauT Yepes
neprneHANKYNsAp K NaockocTu B, To
M0CKOCTY d v B NepreHauKysipHb.

TOYKHM Ha NJIOCKOCTb.

PaccTosiHue oT TOYKM [0 MJIOCKOCTH - 3TO AJINHA nepneHaukKynapa, onyweHHoOro n3

Yron Mexxay ckpeLyunBaroLummucs
npsaAMbIMU

Yron Mexzay ckpelBaroLmmMmcs
NPSMbIMU PaBEeH Yy MexXay
napannenbHbIMU UM NPAMbIMY,
neXxalumMu B 0AHOM MIOCKOCTH.

\ a

C
P aEea
= oca
allB

Mpsimble @ n b — ckpelwmsaroTes,
MpoBeaem B nnockocTu B npsimyto ¢ || a.
Yron ¢p mexay b v ¢ paseH yrny Mexay
aunb.

PaccTosiHne Mexay cKpeLyuBaroLLuMucs

npsaMbIMu
a a
|
|

d
|
Vﬂ/ﬁ

PaccTosiHe Mex [y CKpeLMBatoLLMMmucs
MpsSIMbIMW PaBHO AJIMHE UX OBLLEro nep-
neHAuKynsapa.

[pyrumu crioBaMm, OHO paBHO paccTos-
HUIO MEX/1y NnapasiesibHbIMM1 MI0CKOCTS-
MU, B KOTOPbIX JIEeXaT 9TU MpAMbIe.

MO>XHO ckasaTb, YTO OHO paBHO pac-
CTOSIHUIO OT OAHOWN U3 3TUX NPSIMbIX 4,0
napannenbHon e NI0CKOCTU, B KOTOPOM
NeXuT gpyras npsamas.

—_—
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Teopema o Tpex neprneHANKynsapax

Mpsimas, nexalyasi B NI0CKOCTH, Teopema o Tpex nepneHauKynspax
nepreHguKynsipHa HaKJI0HHOW BbINOJIHAIETCA U B 3TOM CJlyJyae:
TOrZja M TO/IbKO TOrAa, KOr4a oHa
nepreHgUKynsipHa npoeKLum ITok
HaKJ/IOHHOW Ha JaHHYIO N/I0CKOCTb.

&,
kS
kS
Qo
S
@
&

mea a
a — HaKJ/1I0HHasA
a, — npoekuuna HaKJIOHHOM Ha
NMJIOCKOCTb A
mlasmla,

TeopeMa o Tpéx nepneHAUKYNspax B 3agayax

B kyé6e: B npaBunbHOM TeTpasgpe SABC:
B, C,
A1 | \\ D

T~

[} \\

TR A c

1 AN 0

By—-----|-JC
A 7 __ 2= =\ D B
OC - npoekuusa SC Ha nnockocTb ABC.
BD 1LAB=B,D 1AC OC LAB=SC_LAB
B npaBunbHOM TpeyrosbHou npusme:
A
C:

AM1BC=>A;M_1LBC

A
Cc
M
B

e
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MapannenbHoe npoeunpoBaHue

a — NJIOCKOCTb NpOoeKuunmn

Mnowagb NpsIMOYrosbHOM NPoeKLYUn

¢urypbi
A 7
(o

Af<:::

a C,

B,

SaBic, = Sapc® COSP

Mnouwafb NPSMOYrofibHOM NPOeKLMK
¢urypbl paBHa Npou3BeeHUto NoLaam
(Urypbl Ha KOCUHYC yria Mexgy MniocKo-
CTbtO (DUrYpbI U NMIIOCKOCTBIO NPOEKLUN.

Teopema o nNpsAMo¥i U napannesbHoli el
MJIOCKOCTH:

IMycTb NpsiMas M napannenbHa
NA0CKOCTM d. Ecnu nnockocTb B
MPOXOAUT Yepes NpsIMyto M U nepecekaeT
NIOCKOCTb d MO NPSIMONA C,

TO € napannenbHa m.

mila
mep p>cllm
Bna=c

Teopema. MycTb nnockoct! d v B
nepecekaroTcs no npsimMon p. MaockocTb
Yy napannenbHa npsiMoi p. Torga oHa
repeceKkaeT NIoCKOCTN d U B Mo NpsiMbIM,
napannenbHbIM p.

allbllp

anB=p

plly

Bny=a >allbllp
Bny=b

—_—
E r Er-Cryana
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‘-IepTe)KM B 3agayvax no crepeoMetTpun

Ky6

P

HeyaauHo.

[MmaBHaA anaroHanb
1 60KOBble pebpa
oKasanucb Ha _
O HOW NTIMHUMN. /s % OK

yY----t-
[}
[}
[}
L/
[}

LlecTurpaHHas npuama

W
|

[ RN P P

|
|
|
|
|
|
......................................... H
|
-1-===1
//’ \
.~ < \
td 7 \
HeygauyHo. HapyLueHbl HeypnayHo. CTOpOHbI OK
npaswia napasnienbHoro OCHOBaHWA 1 60KOBbIE
npoeuunpoBaHus. Pebpa pebpa okasanucb Ha O4HOM
nepegHen v 3agHen rpaHn JTIMHUK
0OKasaJICb Ha OJIHOM NUHUN
Tetpasgp
HeygauHo. OK
PucyHok ctan
«TNTOCKUMY.
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YepTe)xu B 3agayax rno ctepeoMeTpumn

Unnuugp

\_/ HeynauHo. OK

HapyLieHbl npaBuna
........... ) napannienbHoro
MpoeLpoBaHus.

lpaBunbHas yeTbipexyrosibHasi npu3mMa

HeyzauHo. HeynauHo. oK
HapyuueHbl npaeuna NeBas 6oKoBast

napannenbHoro rpaHb He BUAHa.

MpoeLmMpoBaHus

1. CTPOMM YepTexx pyuKoii (He kapaHZaloM!), c MOMOLLbIO IMHENKW. JInHelKow Ha EMd
Nno MaTeMaTUKe NOSb30BaTbCS MOXHO U HYXHO.

2. HeBnAnMbIe 351eMeHTbl 06 bEMHOr0 Tena M306pa>+(aeM LUTPUXOBbIMU NUHUAMMN.

3. O6beMHoOe Tesno Ha BallieM yepTexe AO0JDKHO BbIrMAneTb DEeNncTBUTENBbHO 06BbEMHbIM.
Bce 3HauuMble aneMeHTbl — XOpOoLo BUANMbIMM.

4. Ecnv yepTexx BaM He HpaBMUTCS, pUCyinTe Apyron.

@ vk.com/malkova_ege ege-study.ru
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CtepeomeTpusi. BeKTopbl 1 KOOpAUHATbDI

CkansipHoe nponssepeHNe BEKTOPOB: a-b= EI : IT)] cCOSP =X Xp Y Ypt2Z,2Z)

a l .

__la-bl

Yron Mmexay npsiMbIMy: —> cosep = |§’| . |T)’|
b

Ia-bi

&
sing = =———
/ fal - 1B
n- Hopmarb

d
zZ
/l K MIOCKOCTH

N

Yron mexxgy npsiMoii 1 Ma0CKoOCTbIO: /

—

=]

Yron mexxay niocKkoctaAMu: COSQP = W n,;, n,-Hopmanmn
YPaBHeHMe MJIOCKOCTH
Ax+By+Cz+D=0 n (A, B, C) - Hopmasb K NI0CKOCTY
PaccTosiHue oT TOYKHU [jO MJIOCKOCTHU
Axg + Byg + Czg+D
d= l 0 Yo 0 l roe Xo' yO' Zp - HOpMarsib K MJI0CKOCTU
VAZ + B%+ C?
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BeKTOpbl B NpOCTPaHCTBE
BeKTop B NPOCTPaHCTBE MOXHO 3a/jaTh TpeMs koopanHaTamu: a (X, ; Va; Z,)
KooppuHaTbl BeKTOpa B MPOCTPaHCTBE: @ = /Té(xB - XA Ye-Yas Zg-2Za)

[nuHa BeKTOpa B MPOCTPaHCTBE:

Al = 2 2 2 - 2 2 2
[al = VxZ+y2 +22 =N(xg -X2)* + (Y5 -Ya)* * (25 - Za)
CyMMa BEeKTOpOB:
a+b=C (Xa*Xp; Yot Y; Za* 25)
PasHoCTb BEKTOPOB:
a-b=d (XX Ya"Yb; Za~ 2b)
MpousBesieHne BeKTOPa Ha YMCHIO:
Ara=p Axy; Ay, Az,)
CkansipHoe Npon3BefieH1e BEeKTOPOB:
a-b=jal:[bl-cos@=x,"Xp+y, Yp+25° 2Zp
KocuHyc yria Mex/y BeKTopamu:

a-b _ XaXp+Ya'Yp+Za-Zp

[al- bl \/x§+y§+z§~\/x§+y§+z§

cos g =

KOMﬂﬂaHapHOCTb BEKTOpOB.

KomnnanapHbiMu Ha3blBaAKOTCS BEKTOPbI, fieXallme B O4HOM NIOCKOCTU UK B Napan-
JIeNbHbIX NJIOCKOCTAX.

BekTopbl @, b, ¢, koMnnaHapHbl, €C/K CyLLLECTBYIOT TaKMe Y1ucia M U N, He PaBHbIE HYJTO
0QHOBPEMEHHO, YTo ¢ =ma +nb
KoopaunHaTHbIl MeTog pellieHus 3agay 1o cTepeoMeTpum

Kak pacrnono)uTb npsiMoyrosibHy10 CUCTeMy KoopAnHaT?

B npsAMOYroJibHoM B npaBMﬂbHOﬁ Tpeyroanoﬁ B npaBMﬂbHOﬁ
napannenenunepge npusme Luecmyroanoﬁ npusme
z
AZ
y
| 0o ! - y
X
a
X
e
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[Be cxeMbl peLieHUs 3aZayv Ha KpeauTbl U BKNaabl
1. BoinnaTbl KpeguTa paBHbIMM NaTeXKaMu (aHHYUTET).
MpuMeHsieTCs TakxKe, Kora U3BECTHbI NaTexy.

MycTb S — cymma KpeanTa, N — KOJIMYECTBO MJATEXHbIX MEPUOAOB,

p

P — NPOLEHT MO KPeauTy, Hauncsemblin 6aHkom. Koadduumentk = 1 + 700
NMoKasblBaeT, BO CKOJIbKO pas yBeNMYnBaeTCs CyMMa [,0/1ra Nocsie HauncneHus

NPOLEHTOB.

CxeMma noraLueHus: Kpegura:

(S k-X)k-X) k-X).. k-X=0

X - oyepepHas Bbinnara,

N — YMCNO NNATeXHbIX NEPUOLOB.

Packpoem ckobku:

S k"-X(k""+k"2%+ . . k2+k+1)=0

MpuMeHsieM hopMyly CyMMbl FeOMETPUYECKOi nporpeccuu. Monyynm:

k"1
k-1

@IVED 31 nexabps Malua 6epet B kpeanT 364 000 py6neii non 20% rofosbIx.

Cxema BbInnatbl Kpeguta cnegyrowas: 31 gekabps KaxAoro crneayroulero roga 6aHk
HauMCNAeT MPOLIEHTbl Ha OCTaBLUYOCSA CyMMYy gonira (TO eCTb yBeNnuuvMBaeT A0S Ha
20%), 3ateM Mala nepeBogMT B 6aHK OMpeAenéHHYI0 CYMMY €XerogHoro rnarexa.
Kakom fo/mkHa 6biTb CyMMa eXerofHoro nnaTexa, 4Tobbl Malua BbinnaTuia goar Tpems
PaBHbIMM EXErofHbIMM MaaTexxamu?

S k"-Xx =0.

MycTtb
S =364 000 py6neii, p = 20%; X — cymma exxerogHoro nnatexa; k = 1 + %ﬂ,Z.

SK3-X(k*+k+1)=0;
S-k* _364000-1,2° _ 364 000.1,728

X= =
K+k+1 ~ 1,2241,2+1 3,64
eXXerogHoro niaarexa.

=172 800 py6neit — cymma

—
Er3-GTv ua @ vk.com/malkova_ege ege-study.ru
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2. PaBHOMepHOe yMeHbLUeHne CyMMbI gosra (cxema c gugpepeHynpoBaHHbIMU
nnatexamu). [pUMeHsIeTCA TaKKe, Korga U3BeCTHO, KaK yMeHbLUaeTcsl CyMMa JoJra.

MycTtb S - CyMMa KpeauTa, N — KOJINYeCTBO NaTeXXHbIX Nepuoaos,

P

100
NOoKas3biBaeT, BO CKOJIbKO pa3 yBesinynBaeTca CyMmMa foJjira nocne HavyncieHusa

P — NPOLEHT MO KPeauTy, Hauncsemblin 6aHkom. Kospduument k = 1 +
NMPOLIEHTOB.

CxeMa rnorawueHusi Kpeguta AJ11 n naaTeXXHbIX Nepruosos.

n-2
S S- S— ... S-— 0
n

n n
\ / 1 \ \ ﬂocne,qunn
sbmnara 1

BbInaTa BbInIaTa
S- k-
n

Sk Sk

N — 4Yncno nJjaTexHblX NEPNOJOB.

n-1
1Bbinnata:Z;=S*k-S* e

n-1 n-2

2Bbinnata: Zo=S*— k-8 —
n n

1
n-Has Bbinnarta: Z,= S+ re k

Cymma Bcex Bbinnat: Z = Z; + Zz+ wtZy=

n-1 n-2 n-2
=S'k(1+— +— e ) S(— 5t —)

MpuMeHsiem hopmMyny cyMMbl apudmeTudeckoin nporpeccum. O6Las cyMmMa BbinnaT:

ZSkn1Sn1 s+s- M. P _gup
- ¢ — Qe —— =  —_— e = roe

2 2 100 A
I1- BennunHa nepennarhbl,
n n+l p

- 2 100
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MNpeo6pa3oBaHue rpapmKoB PyHKLUN.

CABMI' Mo ropu3oHTaIn CABMI' no BepTuKkaiun

YA

yo)=(x+2? 4 yx=x y=x’+3

y=x
3 y=x'-4
-2 3 X ‘ X
y (X) (x - 3)°

-4

PacTseHue (cxaTue) 1o ropu3oHTamm

PacTsyxeHue (cxxaTne) no BepTUKanm

Er3

FoToBbTECH C NpotheccmoHanamu

instagram.com/egestudy/

(x) sin x YA
LIy
2 -
-2n .3,, 1 \/Zn X 3 y(x) = 3sin x
2
y(x) = sin x
1. 4
y(x)=Esmx
y(x) = sm— 2,
X
(x) = sin 2x
T n  3n
o E et E
-Tt
' N E ek
k. /malkova_ -study.
Er3-Crvama  youtube.comMalkovaAnna 35 305 98409 27
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OTpakenue no ropusoHtanu: y = f (-x) | OTpaxkeHue no BepTukann:y = - f (x)
Y A AY Y
y,(0=x"+1
y=eX y=eX 1
0 X
1 1 .
- N y,00 = (¢ +1)
ol X 0 X
Ipaguxn pyrkumi' y = f(IxI) ny =|f(x)|
Y A
y=f(x)
N 0 \/ VS
/\ A y =f ()
Y A
= f (Ix)I
\/\ .
0 X

—_—
E r Er3-Cryaua
FoToBbTECH C NpodheccuoHanamu
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«ba3oBble aneMeHTbI» Anna pewieHna 3agayd C napamMmeTpamMum.

1. YpaBHeHve X2 + y? = R? 3afaeT y 4
OKPY>KHOCTb C LIeHTPOM B Havasne
KoopAuHaT u paguycom |R|.

‘2

\2‘

/ X
-2

X2+y2=4

2. YpaBHeHve (X - a)2+ (y - b)? = R?
3a/jaeT OKPYXXHOCTb C LIeHTPOM B
Touke (a;b) v pagnycom |R|.

(x+2)2+(y+1)2=9

3. HepaseHcTBo (X - a)? + (y - b)? s R? y A
3a/jaeT Kpyr BMECTE C rpaHuLiei.

(x+2)?+(y+1)*s9

e
Er3-¢ @ vk.com/malkova_ege ege-study.ru
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4. YpaBHenue y = VR? — x2 3apaet
BEPXHHIOKO MOJIYOKPY>XXHOCTb C LLEHTPOM Yy 4
B Havane KoopauHaTt u paguycom |R|. 3
-3 0 3 x
y=v9 - x?
5. YpaBHenue y = - VR? = x2 3apaert
HUXHIOK MOJTYOKPYXHOCTb C LLeHTPOM A
B Hayasne KoopauHaTt n paguycom |R|. -3 Y 3 N
0 X
-3
y=-Vv9-x2
6. YpasHenuney = V(R? - (x-a)?) +b Y A
3ajlaeT BEPXHIOHO MOIYOKPYXHOCTb
LLeHTPOM B TOYKe (a; b) 1 pagmycom
[R].
X
@ vk.com/malkova_ege ege-study.ru
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7. YpaBHeHnea|x|+blyl = ¢ v A
npu nonoxwuTenbHbix @, b v ¢ 3
3a/laeT POMBUK, CUMMETPUYHbIN
OTHOCUTENIbHO Havyasna KoopAMHar.

3xl+2lyl=6

8. YpaBHeHue y = |x+a| + |x+b| (cymma
Mogayneit)

y = Ix+1] + |x-3|

-1/0 3 X
y = Ix+1] + [x-3]
9. PaccTosiHue Mexay Toukamu A (X;; ¥;) v B (X,; ¥,) HaxoauTcs no dpopmyne:
AB=V(X,-%,)?+(¥,-¥:)%
KoopauHaTbl cepeauHbl M oTpeska AB HaxofsATcs no gpopmyre:
_ Xt Xy, _Yit)y,
XM = 2 YMm = 7
YpaBHeHue otpeska [MN], koHub! oTpe3aka M (a;b) u N (c;d).
V(x-a) +(y-b) +V(x-c)+(y-d)? =V(b-a)'+(d-c):
Mapa uucen ( X; ¥ ) cOOTBETCTBYET KOOPAMHATaM /060 TOUKM 9TOrO OTpesKa.
@ vk.com/malkova_ege ege-study.ru
E r Ha'chnml o yoﬁtube.com/Ma_IkovaAnna +7 (495) §84 09 27 69
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Tabnuya nepesoga 6annos EI9 no matematuke, NpoubHbI ypoBeHb

MepBUYHbIN 6ann TecToBbIV 6ann
0 0
1 5
2 9
3 14
4 18
5 23
6 27
7 33
8 39
9 45
10 50
11 56
12 62
13 68
14 70
15 72
16 74
17 76
18 78
19 80
20 82
21 84
22 86
23 88
24 90
25 92
26 94
27 96
28 98
29 99
30 100
31 100
32 100
—
E[ 3 Er3-Craua @ youtube comMalkoraAnna 5 tdos) 984 09 27
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[MoHpaBuncsa crnpaBoOYHUK?
[Mogenucob c Apy3bAMU U KOJIJIeramMu.

PacckaXute nm o Hawem cante
ege-study.ru

3ameTus oneyaTtky?
Nnu cunTaewbp, 4To B CNpaBOYHUKE
He xBaTaeT Kakon-nnbéo tembl?

Hanuwwu HaMm:
admin@ege-study.ru

E_I'> EF3-Cryaua

[oTOBbTECH C NpodeccmoHanamm



