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IIpeoOpa3oBaHus MIOCKOCTH

Ecnm kaxxagoi ToUYKe IJIOCKOCTH CTaBUTCS B COOTBETCTBHUE HCKOTOpas TOYKaA U3
ATOH KE IIOCKOCTH, U €CJIN IIPpU 3TOM JIF00ast TOYKA INIOCKOCTH OKa3bhIBACTCS
COIIOCTaBJIICHHOM OHpCIICJICHHOﬁ TOYKEC, TO T'OBOPAT, YTO 9TO 0m06pa9fceHue

nA0CKOCMU Ha ceos.

B3aumBHo ogqHO3HaUYHOE OTO6pa)KCHI/IC MHOKecTBa X Ha ceOs Ha3bIBaeTCs

npeo6pa306aHueM amoco MHoasfcecmeda.

HCO6XOIII/IMBIM U 1OCTATOYHBIM IIPU3HAKOM Hp606paBOBaHI/IH MHOecTBa X

ABJIACTCA OAHOBPEMCHHOC BBIIIOJIHCHUC IBYX YCHOBHﬁl
1) Ka)KIIBIﬁ SJICMCHT MHOXKCCTBaA XHMCCTCIII/IHCTBCHHBIﬁ 06pa3 B 3TOM MHOXCCTBC,

2) KaX bl 2JIEMEHT MHOKECTBa X UMEET €AMHCTBEHHBIN MPooOpa3 B 3TOM

MHOXCCTBC.

O603HaunM cuMBoJIOM G (X) MHOKECTBO BCEX MPeoOpa30BaHUl TAHHOTO
MHoxecTBa X. [lycth fu g — n1Ba npeodpazoBanus MHOkecTBa X (T. €.fEG(X),

g€G(X) 1 st mpOU3BOJIBHOIO 3JIEMEHTa X MHOXKecTBa X:

J=y.80)=z
MpUYEM Y U z — dJieMeHThl MHOkecTBa X. [IpeoOpazoBanue

@ (x) = g (f (x)) = zHa3bIBaeTCS KoMnozuyuell (AU IPOU3BEICHUEM )
npeobpazosanuil fu g: ¢(x) = (gof)(x) = g(f(x)). O6s1uHO TTpeoOpazoBaHue,

KOTOPOC B KOMITIO3UIIUHU BBIITOJIHATOT IICPBBIM, 3aIIMCBIBACTCA CIIpaBa.

[IpeoGpaszoBanue £ MHOXecTBa X HA3bIBACTCS MOHCOECHEEHHbIM, €CIN IS
T000ro 351eMeHTa x MHOkecTBa X: E (x) = x, T. €. mpeoOpa3zoBaHue E Kaxabli

AJIEMEHT X MHOXkecTBa X nipeoOpasyeT B ceOl.

ﬂeuofceﬂue niockocmu — npeo6pa306aHue njocKkocmu, CoOxpanAarnuee pacCmosiaHue

medxncoy moukamu. T.e. mpeoOpazoBaHue f IIOCKOCTH HA3bIBACTCS JIBHKEHUEM



IINIIOCKOCTH, €CJIM OHO 0T06pa>1<aeT BCAKHC IBC TOYKHU A n B Ha Takue ABC TOYKH A1

u By, uto A\B; = AB.
Cnencrsus:

1) IIpeoOpazoBanue, 0OpaTHOE ABUKEHHIO, ECTh JIBH)KECHHE.

2) KOMHOBI/IHI/IH IIBI/I)KCHI/Iﬁ ABIISACTCA ABHKCHUCM.

Tpeyzonvnux ABC

OPUEHMUPOBAH

NpPOTUB 4YacoBOW
noJiosxcumenibHo, €CJIn

00X0/1 IO KOHTYPY
Nno 4YacoBoW CTpenke

i TPEYroJibHUKA OT

BEPIINHBI A K BEPIIUHE B
Y 3aTEM K BEPILHHE
COBEPIIAETCS TPOTUB
yacoBol cTpeniku. CiaeaoBaTenbHo, eclid 00X0/ M0 ABUKEHUIO YACOBOM CTPEIIKH,
Mo mpeyeobHUK OPUEHMUPOB8aH ompuyamenbHo (OpUEHTALUS 3aBUCUT OT

Imopsaka 3armcCu BCpH_II/IH).

ﬂeuofceHue nepeoco pO@Cl — ABUIKCHUC IIJIOCKOCTH, COXPAHAOIICC OPUCHTALIUIO

TPEYTrOJIbHUKOB.

ﬂeuofceﬂue 6mopoco pOdCl — ABUKCHHUC INIOCKOCTHU, U3MCHAIOIICC OPUCHTALINUTIO

TPEYTOJIBHUKOB HA MMPOTUBOIOJIOKHYIO.



MapaiiebHbIN HEpeHoc

Ilapannenvrvim neperocom na éexkmop a
Hazvleaemcs npeoopasosanue ni0CKOCmu,
npu KOmopom Kasxcoas mouxa A niockocmu

nepexooum 6 maxyo mouxky A;, umo eexmop
AA, pasen eexmopy d.
[TapannenbHbI IEPEHOC Ha BEKTOP dobo3HavaeTcs Ta; Ta(A)= A;.

W3 onpenenenus cieayer, 4YTo NapajljiebHBIM EPEHOC MOKET OBITh 3a/1aH Mapou

COOTBCTCTBYIOIIHUX TOYCK.
CBoiicTBa MMapaJuICJIbHOI'O IMCPCHOCA:

1) [MTapannenbHBIN IEPEHOC SBIACTCS ABUKECHHEM MIEPBOTO POJa.

-
2) [NapannenpHblil mepeHoc Ha HyJ1eBOM BeKTop 0 sSBISETCS TOXKIECTBEHHBIM

npeoOpaszosanuem: I =T, = E.

3) IIpeobpaszoBanue, 0OpaTHOE TMAPAILIIEILHOMY [EPEHOCY HA BEKTOP d, €CTh

-1
HapajiebHbIi IePEHOC Ha BEKTOP, IPOTUBOIOIOKHBINA BEKTOPY d. (Ta) =T..

4) Komno3uius AByX napajijiebHbIX IEPEHOCOB €CTh NapaljIeIbHbIN MepeHocC:

eT =T
5) Komno3unus mo0bIX ABYX

ImapaJuICJIbHbIX IICPCHOCOB

KOMMyTaTuBHA: Tt Ta= Ta +5 = T6 +a = \
Al
Téo T"E Bl
C
6) [TapamienbHBIN IEPEHOC OTOOpaKACT \f\

TO0YI0 PSIMYI0, HE MapajuiebHYI0
BEKTOPY MepeHoca, Ha MmapajuiebHYyI0

el NpsAMYIO.



7) Kaxxnas npsimast, napauieiabHasi BEKTOPY MapajieJIbHOro nepeHoca,
oToOpakaeTcsi cama Ha ce0s, T. €. ABJIAETCS MHBAPUAHTHOM MIPSIMOM 3TOTO

nepeHoca.

8) IMapannenbHbIN EpEeHOC OTOOPAXKAET JIy4 Ha COHAIIPABICHHBIN EMY JIyH.

T1. Ilpu nurxenuu purypsl F o6pazaMu TOUEK, JIeKAIIUX HA OJTHON MPSIMON,

ABJAIOTCS TPHU TOYKH, JICKAIUC HA
C

OJIHOM IpSIMOiA, a 00pazamu TPEX TOYEK, /A__,__E.‘/

HE JIS)KAIIUX Ha OJTHOU IIPSAMOW,
SABJISIFOTCS TPU TOUYKH, HE JIE)KAIIUEe HA C1

OJTHO# TIPSIMOA. A1 B1

Loxazamenvcmeo:
ITycte Toukn A, B u C nexar Ha npsmoi F tak, uto AC = AB + BC.
PaccmoTpum nBrskenue f npsmMon F.

ITycte (A)= A1, AB) = B, AC) = C,. U3 onpenenenus cieayer, uto AC = 4,C},
AB=A,Byu BC = B,C,. To ectb A,C| = AB, + B,C}, oTKyaa cleyeT, 4TO TOUKa

B, npunagnexut otpe3ky A;C; v Touku 4, By u C| nexaTt Ha OJHON NPAMOIA.

CaencrBue:

Ipu osudicenuu nyua/ompesxa/npamori/yena oopazamu s6isomcs

COOMBEMCMBEHHO JIYY/OMPE30K/NPAMAsL/ V2Ol

Paccmorpum npumep:

C1

Otverum Ha ydax AC u AB Touku B

M u N cootBerctBeHHO. IlycTh f(A) iy

=A19f(B) =BlaﬂM) =M1 HﬂN) =

M1

B1



Ni. Touku M| u Ninpunaanexar jgydaM A,C; u A;B; coorBeTCTBEHHO. [IoCKOIBKY
A M, =AM, AN, = AN u MN = M,N,, TpeyroiibHUK AMN paBeH TPEyroJbHUKY
AMN(tio Tpem ctopoHaM). VI3 paBeHCTBa TPEYTrOJBHUKOB CIIEyET PABEHCTBO

COOTBETCTBYIOILUX YIJIOB, OTCIONa LA = /4.

IIpumeps! pemieHus 3axa4

1. Ilpu mapannenbHOM NEPEHOCE HA BEKTOP AB {2;2} Touka M (1; 5) nepexoaut

B TOUKY P. YKa)Xute KOOpAUHAThI TOUKU P.

Pewenue

Koopaunata Touku P Ha ocu abcuucce paBHa M(x) + E(x) =1+2=3
ITo ocu opauHar:
M) +AB(y)=5+2=17

Omeem: P (3; 7).

2. Tlpu mapajiensHoM nepesoce Ha m{5; 4} touka A (0; 4) oroOpaxkaercs Ha

TouKy A;. Haiigure KoOpIMHATHI TOUKH A .
Pewenue

J1j1st TOro, 4T00BI MOCYUTATH A0CHUCCY TOUYKH A HE0OX0UMO PUOABUTD

abcuuccy BekTopa k aocrucce Touku 4. T.e. Ajx= 5+0. C opauHaToil Takxke:
Aly = le+ Ay= 8
Takum o6pazom 4, (5; 8).

Omeem: A; (5; 8).



3. BemosnHwm nepenoc npsamoi 2y — S5x = 1. Halinute ypaBHEHUE 3TOM IPSIMOH,

eciu oHa mpoxoaut uepes Touky C (a, b).
Pewenue

Cuauasna BbIpa3uM yu3 JaHHOU NPSIMOi:

koadunment npu x = 5/2 =>k=2,5
OTCIOZIA:
y—b =25 — a)
y—b=2,5x-2,5a
y—25x=-25a+b

Omeem:y —2,5x =—2,5a + b.

4. Tlpu napamensHoM nepenoce oopazom Touku 4 (0; 0) sBisieTcs ToUKa

B (—2; 6). Kakas touka sBisietcs oopazom touku C (1;-7)?
Pewenue

Ecmu 06pa30M TOYKU A SABIISICTCS TOYKa B, TO KOOPAHWHATHI BEKTOPA, 110 KOTOPOMY

MMPOUCXOOUT MCPCMCUICHUC, 6YIIYT PaBHBI
M, =By— Ay=—-2—-0=-2
'ITlx= Bx—AXZ 6-0=6

Orcrona m{—2; 6}. 3HauuT Teneph, YT0Obl HaliTH 00pa3 Touku C, HEOOXOAUMO

HOCUUTATh €€ 0ToOpakeHue Ha Bekropim. D (-2 + 1; 6+(=7)), D (—1; —1).

Omeem: D (—1; —1).



5. B uernipéxyronbunke ABCD yron B pasen 150°,yron C npsmoii, a
cTopoHbl AB u CD paBnbl. Haiinute yron mexay ctopoHoi BCu npsiMonu,

coeuHsAIIEN cepeannbl cTopoH BC u AD.

Pewenue
ITlycte M — cepenuna BC, N — cepenuna AD.
IToctpoum napamnenorpamm ABMK n
npsMoyroasHuk CDLM. Torna AKDL — Toxe

napasuiesiorpamm (ctoponbl AK u LD paBHBI U

napajuieibHbl). 3HaUUT, N ABISETCS U CEPEIUHON

nuaroHanu KL. B tpeyronsuuke KML £KML =
LKMC — £LMC = 150°—90° = 60°, a KM = ML,

CJIEI0BATEJIbHO, OH paBHOCTOPOHHMM. [ToaToMy Meanana MN ciiyXuT u
ouccektpucoi, T. . ZKMN = 30°, a ZBMN = £BMK + £KMN = 30° + 30° = 60°.
Omeem: 60°.

6. Buyrpu napauenorpamma ABCD BriOpana Touka M, a BHYyTpH

TpeyroibHuka AMD touka N, npuyém

LMNA + £MCB = £MND + £MBC = 180°. JIokaxwure, 410

npsiMble MN n AB napajielbHBbl.
Pewenue

O6o3naunm £LMNA = o, LMND

= B. Torma

£LMCB = 180° — o, ZMBC = )
180° — B. D

IIycts pu napasnneabHOM

e
nepeHoce Ha BekTop BA



touka M nepenuia B Touky M'. I[Ipu sTom TpeyronsHuk BMC nepemeén B

TpeyroiabHuK AM'D. YeTblpéxyronbHuk ANDM' BIICaHHBIN, TOCKOJIBKY
LAM'D + £LAND = £BMC + £AND =

= (180° — (180° — a) — (180° — B)) + 360° — o — B = 180°.

IToaTomy

LM'ND = £M'AD = £MBC = 180° — B.

3HauuT,

LMND + £M'ND = B + (180°— B) = 180°.

CnenoBartenbHo, Touku M, N u M' nexat Ha ofHOM NpsiMOH, a Tak kak MM’ || AB

(o moctpoenuto Touku M"), To MN || AB.

7. Ha cropone AB pom6a ABCD BO BHEUIHIOIO CTOPOHY MOCTPOMIIM MPaBUIIbHBIN

TpeyroiabHuk AMB. Haiinure yron CMD.

Pewenue

IIpu napamienbHOM NepeHoce Ha BEKTop AD
MIPaBUJIbHBIN TPEYTOJIbHUK AMB nepeiinéT B
pPaBHBII €My MPaBWIbHBIN TpeyroabHuk DM C.

ITockonbky M|C = M|D = MM, Touka M| — UeHTp

OKPY’KHOCTH, OITMCAHHOW OKOJIO TPEYTOJIbHUKA
CMD. Tornpa CMD — ueHTpaJIbHBINA YIOJI 3TON

OKPYKHOCTH, COOTBCTCTBYIOH_II/Iﬁ BIIMCAHHOMY YTy

CMD.CnenoBatenbno, LCMD = %LCMlD = % 60° = 30°.

Omeem: 30°.
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8. JIBe okpyxxHOCTH paauyca R nepecekatorcsi B Toukax M u N. Ilyctb A u B —

TOYKH IIEPECEUCHUSI CEPEAUHHOIO NIEPIICHAUKYIIAPA K 0Tpe3Ky MN coatumMu
OKPY>KHOCTSIMHU, JIEXKAILKE 110 OJHY CTOPOHY OT Iipsimoit MN. Hannure 4R2,

ecmu AB =8, a MN = 6.

Pewenue

ITycts O1u O — UEHTPBI JaHHBIX M

D
OKpyxkHOCTEU S1 U 52, TouKa A JIEKUT / A
. B A
0,

Ha OKpPYKHOCTH S1, B — Ha

OKPYKHOCTH S2, A —

Mexay B u O1.Yepes
TouKy M nposenéM npamyro, napamiensayro O,0,. Ilycts D — €€ Touka
nepeceyeHust ¢ OKpykHoctbto S1. [Ipu napannensHom nepeHoce Ha Bektop OO,

OKPYKHOCTB S, IEPEHIET B OKPYIKHOCTH S,, TOUKa D — B TOUKy M, Touka A — B

To4Ky B. [loatomy otpe3ok DM paseH u napasuieicH
otpe3ky AB, a ZDMN = 90°. Torna DN — quaMeTp OKpPYKHOCTH.

CrnenoBaTeabHO, 4R?2 = DN?= DM? + MN? = AB2 + MN2= 100 => 4R> = 100.
Omeem: 100.

3az[aqn I CAMOCTOSATE/IbHOTO PCIICHUSA

1. Tlpu nmapanienbHOM MEPEHOCE HA BEKTOP AB {0;5} Touka P (2; —4) nepexoaut

B TOUKY 7. YKaxure OpAUHATY TOUKHU 1.
Omeem: (2; 1)

2.IIpu mapasiensHoM nepenoce Ha M {—7; 1} Touka 4 (6; 3) oTrobpaxaeTcs Ha

TouKy A,. Haitgure KoopAUHATHI TOUKU A,

Omeem: (—1; 4).
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3. Ilpu napajiensHOM HepeHoce Ha BEKTop d Touka K (2; —1) oroOpakaeTcs Ha
Ty K€ TOUKY, YTO ¥ TIPY CUMMETPUU OTHOCUTEILHO Havajaa koopauHat. Haliaure

KOOPIMHATBI BEKTOPA d.
Omeem: (—4; 2).

4. [Ipu mapayebHOM TiepeHoce Ha BeKTop / oOpa3zom Touku 4 (—2; 0) sBisercs

touka B (3; 2). Kakas Touka siBnsiercst oopazom touku C (2; —4) Ha TOT K€ BEKTOP?
Omeem: (7; =2).

5. BeinosHunu napamienbHelil nepeHoc npsMon —x + 4y = 0. 3anumunre

ypaBHEHHE MOJTYyUYEHHOMN NPSIMOM, €CJIM OHA MPOXOAUT uepe3 Touky 4 (—2; —1).
Omeem: 4y —x = —2.
6. IIponommkenus BbiIcOT AM nu CN ocTpOyroyibHOTo TpeyronbHuka A BC

IIEPECEKAIOT ONMCAHHYI0 OKOJIO HETO OKPY>KHOCTh B Toukax P u Q. Haliqure

paanyc ONMUCaHHOW OKPYKHOCTH TpeyroyibHuka ABC, ecnu AC = a, PQ = a2 .

V2a
Omeem: -

7. Tpameuust co CpeaHEN JIMHUEN a BIIMCAHA B
OKPYXKHOCTb. bOKOBasi CTOpoHa Tpaneuuu BUIHA U3
LIEHTpa OKpYKHOCTU no yriioMm 120°. Haitgure BeICcOTY

Tparnenuu.

Omeem: a\/g )

8. B tpanenuu ABCD ocHoBanue AD paBHo 12, cymma nquaronaneit AC u BD
paBHa 36, yron CAD pasen 60°. OTHOIIEHKE TIIOIAEH TPEYTroabHUKOB AOD un
BOC, rae O — Touka nepeceueHus AuaroHainei, pasHo 4. Haliqure momanb

Tparnenuu.

Omeem: 108/3.

12



9. Jlnaronanap Tpaneuu JeIuT e€ TIolaib B B r

oTHoleHuu 1: 5. B kakoMm OTHOIIEHUU pa3AeUTCs : =
IUIOLIAAb TOM Tpareluu, eciii U3 KOHIIa 1
MEHBIIIETO OCHOBAHUS MPOBECTH MPSIMYIO,

napajiebHy0 O0KOBOM CTOpoHE? . — p” 5

Omeem: 1: 2.

10.Jana tpaneuust ABCD ¢ ocHoBanusiMu AD u BC. Touku M u N — cepeauHbl
cTopoH AB n CD cooTBeTCTBEHHO. OKPY>KHOCTb, MPOXOASIIAs YePE3 BEPIINHBI B
u C, nepecekaer 60koBbie CTOPOHBI AB 1 CD B Toukax P 1 () COOTBETCTBEHHO,
npu4€M Touka P nexuT mexny B u M, a touka Q — mexnay C u N.

Haitnute PM vu ON, eciin uzBectHo, uto AQ1BQ, AB=8, BC=1,CD =10, AD =
7, ecau Touku P, O, M u N nexat Ha OTHON OKPY>KHOCTH.

Omeem: 3; 4,8.
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OceBast cumMeTpus

Touku 4 u A| Ha3BIBAIOTCS CUMMEMPUYHBIMU OMHOCUMENbHO Npsamot [, eciu | —

CEpPEAUHHBIN NEPIEHAUKYISAP K OTPE3KY AA.

Ocesas cummempus ¢ ocviol — 3T0 IpeoOpa3oBaHue, MepeBoIAIIee JTI0OYI0 TOUKY
A B TOUKY A, CHMMETPUYHYIO TOUKE A OTHOCHUTEIBHO MpsiMoii /. Touku mpsimoit /
OCTAOTCSI TIPY ATOM TPe0Opa30BaHUU HENOABKHBIMU. CHMMETPHIO

OTHOCHUTEIBHOOCH / HAa3bIBAIOT TAKXKe OTPaKEHUEM OT MPSMOii /.
O0o3HayaeTcs oceBasi CHAMMETPUS CUMBOJIOM: S).
CBoiicTBa 0CEBOW CUMMETPUU:

1) OceBast cummeTpust — 3To peodpazoBaHue, 0OpaTHOE caMoMy ceoe:
A1 o
(S) = §;. OTcrona HeMOCPEACTBEHHO CIIEIYET, YTO KOMIIO3UIIUSI IBYX CUMMETPHUH C

OJZIHOM M TOMH e OCBIO €CTh TOKIECTBEHHOE ITpeoOpasoBanue: S, oS, = E .

2) OceBasi CUMMETPHS €CTh JIBUKEHHUE BTOPOTO Pojia.

3 JTro6as npsimast, NepreHANKYIsIpHas OCU CUMMETPHH, SBIISIETCS

VHBApUaHTHOMN IIPSMOM.

4) JIBe npsiMble, CAMMETPUYHBIE IPYT APYTY OTHOCHTENIBHO OCH [, 1100

MEPECCKAIOTCA B TOUYKC, anHanﬂemameﬁ OCH Z, 00 ImapaJuICJIbHbI OCH .

Ecau npu cumMerpuu oTHOCUTENBbHO ocH [ purypa F otoOpakaeTcst Ha cebsl, TO
npsmas [ — oco cummempuu gueypwl F (purypa F cuMMeTpriHa OTHOCUTEIBHO

ocu /).

[IpaBUIIBHBIN 7-YTOJTBHUK UMEET 1 OCEM CUMMETPHUH, BCE OHU MEPECEKAIOTCS B €0
1eHTpe. OChbl0 CHMMETPUH OKPY>KHOCTHU SIBJISICTCS JIF00ast psiMast, MPOXOIs1iiast

yepes ee LEeHTP.

14



IIpumeps! pemieHus 3axa4

1. IIpu cummeTpuu oTHOCUTENBHO ocH abctucc Touka O(2; 4) oToOpaxkaercs B
touky (O Haiinure koopauHaTsl TOUukH Q.

Pewenue

CummMmetpust oTHOCUTENBHO ocu Ox,

cJIeI0BaTENbHO abciucca Touku Q0yaer

o

TOM ke, 94TO U y (), a OpJIMHATA CTAHET 3
paBHoO# (—Q,). 2

Omeem: Q(2; —4). i

2. Ha kakyro npsimyto oToOpaxkaercs npsimMasi x — 2y = 3 OTHOCUTEIBHO OCH:
a) abcimcc

0) opauHat?
Pewenue

a) 4ToObI OTPa3UTh rpaPuK
OTHOCHUTEIFHO OCH a0CITUCC
(ocu x) HEOOXOITUMO

HU3MCHHUTD 3HAK IIPpU V B

M3HAYaJIbHOW (PYHKIUU. \

x — 2y =3 (koxddunmeHt
npu y = —2)

CJICA0OBATCJIbHO,

oTOOpakeHHas npsiMas OyIeT:
x + 2y =3 (ko3 duuuent npu y =+2).

Omeem: x + 2y = 3.
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0) COOTBETCTBEHHO, MPU OTPAKEHUU
rpadka OTHOCUTEIIBHO OCH OpJAMHAT
HEOOXOAMMO U3MEHHUTH 3HAK

Koa(uireHTa npu x.

x — 2y =3 (koaddunmeHt mnpu x =1)

CJIEI0BATENIbHO, OTOOpaKEHHAANpsIMas

Oyner: | 20

—x — 2y = 3 (koadpuruent npu x = —1) .
Omeem: —x — 2y = 3.

3. . Jausl Touku A, B u npsimas /, oOpazyromas ¢ npsimoit AB yron 0° <o <90°.
Touku 4 u B He npuHaJIeKaT NPsAMO [ 1 JiexkaT B OJTHOM MOTYIIOCKOCTH
OTHOCHUTENIBHO NaHHOU npsamoi. Toukn C u D cuMMeTpu4Hbl TOYKaMm B u 4
COOTBETCTBEHHO OTHOCUTEBHO npsiMoit /. Jlokaxkure, uto urypa ABCD —
Tpamnenus.

Pewenue

1) [lockonbky mapel Touek 4, D u B, C cuMMeTpUYHbI OTHOCUTENBHO OAHOU U TOU
xe npsamoid, ipsimbie AD u BC OyayT o0e nepneHAuKyIsIpHbI TPSIMOU /,

CJIeI0BaTeIbHO, MapaliebHbl IPYT APYTY.
AD L [; BC Ll => AD |l BC

2) [Ipsimbie AB u CD cuMMeTpUYHBI OTHOCUTENBHO NMPSMOM / U HE TapaliiesIbHbI

eit o ycioBuio. Torna 3Ty npsiMble epeceKkaroTcsl Ha IPsIMOM /, a 3HAUUT He

napajielbHbl APYT APYTY.

Torna AB J/( CD, AD || BC=> ABCD — tpanenusl o onpeaeIeHuIO.
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4. Jloka3zaTh, UTO TOYKH, CHMMETPUYHBIE TOUKE NIEPECEUCHHUS BHICOT (OPTOLEHTPY)
OCTPOYTOJBHOTO TpeyrojdbHUKa ABC OTHOCUTENBHO MPSAMBIX, COAEPIKAIINUX ETO

CTOPOHBEI, JICKAT Ha OIMMCAaHHOM OKPYKHOCTH 3TOI'0 TPCYTrOJIbHHUKA.

Pewenue
A
H — Touka niepeceuenus ero BbICOT, ] —
TOYKA MIEPECECUCHUS MPOJOJIKEHUS OTpe3ka AH
3a TOUKY H C OIIMCAaHHOW OKPY>KHOCTBIO
tpeyrosnbuuka ABC. TornazBH \H = £BH|A =
2ACB = £BHH,.
IToaromy Tpeyronsuuk HBH; — a B
paBHOOepeHHbIN. Crie10BaTeNbHO, )¢

neprneHaukyisap BC k ero cropone HH,
MPOXOJUT YEPE3 CEpeIuny oTpe3ka [HH,, T. e. Touka H cumMeTpruyHa Touke

OoTHOCUTENbHO TipsiMoid BC.

5. Yerbipéxyronbauk ABCD, quaroHany KOTOPOTO B3aUMHO MEPIIEHIUKYIISIPHBL,
BIIMCAaH B OKPYXHOCTb. lIepneHauKysapel, onyleHHbIE Ha CTOPOHY AD u3
BepinH B u C, nepecekaror guaroHaniu AC u BD B toukax E u F
cootBeTcTBeHHO. Haigure BC, eciim EF = 1.
Pewenue

Pemum 3aauy nByms criocobamu:

Ilepeuviti cnoco6. O6030aunm £CBD = q,

2LACB =B (a.+ B =90°). Torna

2CAD =0, £BEC=90° —a =B, £DBE = a.

CaenoBarenbHo, BE = BC.

Amnanorununo £ACF = B. Ilostomy CF = BC.

3uaunt, BE = CF, a tak xak BE | CF

(meprneHANKYISIPBI K OTHOU U TOM ke TpsSAMOi
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AD), To BCFE — napamnenorpamm (gaxe pom0). Cnenosarensno, BC = EF = 1.

Bmopoti cnocob. Tlycts Q — TouKa nepeceueHust Auaronaneid. 3aMeTum, uro £ —
TOYKA [EPECEUEHHUsI BBICOT TpeyrojibHUKa ABD. 110 n3BeCTHOMY CBOMCTBY
oproueHTpa TpeyronbHuka EQ = QC. AHanornuno FQ = OB. [1oCcKonbKy
TuaroHanu yetbipéxyroyiibHuka BCFE neprneHIuKyJISIpHbI U JETATCS TOUKON
nepeceuenus Q nonojam, 1o BCFE — pom0. CnenosatenbHo, BC = EF = 1.

Omeem: 1.

6. UYepes Bepmmny C kBaapata ABCD npoBeaeHa npsiMasi, epeceKaronas
nuaroHanb BD B Touke K, a cEpeIMHHBIN NEPIIEHANKYIISIP K CTOpOHE AB — B

touke M (M mexny C u K). Haiitu 2DCK, ecniusAKB = £AMB.

——

Pewenue. Gl ~

ITockonbky £ZAKB = £AMB, to Touku M, K, Anu B 1 4 p—— : \B
/ \
i

JIe’)KaT Ha OJTHOM OKPY>KHOCTHU. BricaHHBIE B 3Ty |

|

OKPYKHOCTB yriibl BKM v BAM onuparoTcst Ha OTHY U\ /
h

Ty &€ Iyry, no3tomy £BKM = £BAM, a Tak kKaK u3 % ¥
\\ 60° //
cummerpunl LAKB = £BKM, to LAMB = £BAM, Al
157
noatomy MB = AB. Kpome Toro, Touka M €Ut Ha b £

CEpPEANHHOM IMEPNEHINKYJIIAPE K OTpe3Ky AB, noatomy MA = MB, 3Ha4wur,
TPEYTrOJabHUK AMB — paBHOCTOpOHHMI. Cleq0BaTENBHO,
£LBKM = £AMB = 60°, £DCK = £BKM — £KDC = 60° — 45° = 15°.

Omeem: 15°.

7. LenTtp onucanHON OKpYKHOCTH (Touka O) TpeyroibHuka 4 BCcumMeTpuieH
€ro LEHTPY BIUCAHHOUN OKpYykHOCTH (Touka () oTHOcuTenbHo BC. Halinute
yron £ABC.

Pewenue
0O603Haunm £0BC = £QBC = 0. BO=0C= 0A4, 1. k. BO, OC u OA paBHbI

paanycy ONMMCaHHON OKpY)KHOCTU =>2QCB = £0OCB = £OBC = a, a Tak kak BQ
18



— ouccektpuca yria ABC, To £LABC = 2a.
Ananorununo, LACB = 20. 3Ha4uT,

TpeyroiibHUK A BC — paBHOOEIPEHHBI, €ro

ouccekrpuca AM siBnsieTCs BHICOTOH, a

touku Q u M nexat Ha otpeske OA.
[Tockonbky TpeyroinbHuk 4OB Takxke paBHOOenpeHHbIN, T0LOBA = £OAB, unu
30 =90° — 20.01croma HaxoauMm, uto o = 18°. CnenoBarenbHo, LZACB = £LABC =
20.=36°.

Omeem: 36°.

8. Haitnute paccTosiHuE OT BEPIIMHBI TPEYT'OJIBHUKA JI0 TOUKH TIEpeceUeHUs
BBICOT, €CJIM PACCTOSIHUE OT IIEHTPa ONMUCAHHON OKPY>KHOCTH 10
MIPOTHBOMOJIOKHON CTOPOHBI PaBHO a, TOUYKa H — TOYKa MepeceueHust BHICOT

TPCYTrOJIbHUKA 1 TOYKaA O - LOCHTP OIMMCaHHOM OKPYKHOCTH.

[Mockonsky £BHC = 180° — £A, TO paanycsl
ONMCAHHBIX OKPY>KHOCTEU ’

TpeyroiibHUKOB ABC u HBC paBHBbI (KaXIbli U3 HUX

paBeH ). CnenoBaTenbHO, 3TH OKPY>KHOCTH

2sin LA

CUMMETPHUYHBI OTHOCUTENBHO Npsimoil BC.

Ecmu O u O, — ux uentpsl, 0 OK = O,K (K —

cepenuna BC). C npyroil CTOPOHBI, 3TH OKPY>KHOCTHU MEPEXOAAT APYT B Apyra npu

ImapaJuICJIbHOM IICPCHOCC HA BCKTOP 001 .

CrnenoBaTeabHO, 701 = HA , moatomy HA = 0,0 = 20K = 2a.

OtBeT: 2a.
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3az[aqn I CAMOCTOATE/IBHOTO PCIICHUSA

. Ilpu cumMeTpun oTHOCUTEIBHO Ocu abciuce Touka K (2; 5) otoOpakaetcst Ha
TouKy K| ¢ KOOpIMHATAMH.

Omeem: (2; —5).
. IIpu cuMMeTpu OTHOCUTETHPHO OCH OpJUHAT Ha TOUKY M| ¢ KOOpAMHATAMU
(8; 2) orobpakaeTcs Touka M ¢ KOOpJIUHATAMU.

Omeem: (—8; 2)
. IIpu cuMMeTpu# OTHOCHTETBHO OCH a0cCIHce mpsimas y = 3 — 2x oToOpakaeTcs
Ha TPSMYIO

Hy+2x=3

2)—y—2x=-3

3)y—-2x+3=0

4)y+2x=-3

Omeem: 3
. Juaronanu  pomOa  ;exaT Ha  KOOpAMHATHBIX  ocsx.  Haiinure
KOOPAWHATHIBEPIIUH poMOa, €Clii cepeanHa OJHOW U3 €ro CTOPOH HMEET

KoopauHaTel (—2; 4).
Omesem (—4; 0); (0; 8); (0; =8); (4; 0).

. OcsMM cUMMETpUH NPAMOYTOJIBHUKA SIBASIOTCS IpsiMble ¥ = —3 u x = 0. OxgHa
U3 €ro BEpIIMH UMeeT KoopauHaThel (4; 1). HaliauTe koopAMHATBI OCTAIBHBIX

BEPIIIMH MPSIMOYTOIbHUKA.
Omeem: (—4; —7); (—4; 1); (4; 7).

. Jlana okpy>KHOCTb ¢ 1uamMeTpoM AB. BTopast OKpyKHOCTb C LIEHTPOM B TOUKE 4
nepecekaeT neppyto B Toukax C u D, a nuametp AB — B Touke E. Ha nyre CE,
HE coeprkalleil Touku D, B3sTa Touka M, otinuuHas ot Touek C u E. JIyu BM
MEPECEKAET NMEPBYIO OKPYXKHOCTh B Touke N. M3BectHO, uTo CN =4, DN = 9.
Hawnpgure MN.

Omeem: 6.
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7. Jlan paBHOCTOpOHHUM TpeyroibHUK ABC. Touka K — cepennHa CTOPOHBI AB,
Touka M nexur Ha ctopoHe BC, npuuém BM: MC =1 : 3. Ha ctopone AC
BbIOpaHa Touka P Tak, 4To nepumMeTp TpeyrojibHuka PKM — HauMeHbIINUN U3

BO3MOXHBIX. B KakoM oTHOIIeHUHU Touka P aeaut ctopony AC?
2
Omeem: >

8. Jlan tpeyronpHuk ABC 1 IOCTpOEHA BHEBIMCAHHAA OKPYXHOCTb ¢ LEHTpoM O,
Kacaromiascsi croponsl BC u npoaoikeHuit ctopoH AB u AC. Touka O,
cUMMeTpHU4YHa Touke O OTHOCHUTENBHO npsimoit BC. Halinure BenmnunHy yria 4,
€CJIM U3BECTHO, 4TO TOUKa (| JIEKUT HA OMUCAHHON OKOJIO TpeyrojibHuka ABC
OKPY’KHOCTH.

Omeem: 60°.

9. B Boeinykiiom yetbipéxyroibauke ABCD AB = BC, AD = BD u ZADB =

2 /BDC. U3BectHO, ut0 ZACD = 110°. Haiinure ZADC.

Omeem: 30°.
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IenTpanbHasgs cuMMeTpUs

Touku 4 n A Ha3BIBAIOTCS CUMMEMPUYHBIMU OTHOCUTENBHO TOUKU O, ecinu O
— cepenuna otpeska AA4,. Llenmpanvnas cummempus ¢ yenmpom O — 3T0
npeoOpa3oBaHue,IEPEBOISIICE JTIOOYIO TOUKYA B TOUKY Aj, CAMMETPUIHYIO TOUKE
A otHOcUTeNbHO TOUkH O. HammockocT 1eHTpaibHas CAMMETPHUS €CTh TOBOPOT
— (e]
BOKpyT Touku O Hayroi o = 180°. O6o3HauaeTcs 1eHTpaIbHasi CUMMETPUS

CHUMBOJIOM: Z.

CummeTpuro ¢ IeHTpoM B Touke O Ha3bIBAIOT TAKIKE OMpadCeHuem om

mouxu O.

Teopema. LleHTpanbHass CHMMETPUS €CTh IBUKECHUE.

Joxazamenvcmeo. Ecmu Zp(A) = Ay u Zo(B) = By, To AJ1s1 TIOOBIX TOUeK A U B
MJIOCKOCTH A1 B = AB, 4TO HENOCPEICTBEHHO YCMAaTPUBAETCS U3 PABEHCTBA
TpeyroibHUKOB OAB u OAB,. B cnyuae, xorna touku O, A u B KOJUIMHEAPHHBI,

PAaBCHCTBO 3THX paCCTOHHI/Iﬁ TaKo# € OYCBUIHO.

A

4;

B,

Ceoticmea yeHmpanbHOU CUMMEMPUU.

-1
1. llenTpanbHas cCHMMETpHS — 3TO TIpeodpa3zoBanue, oopaTHoecaMoMy cebe: (Zp)
= Z.0T1cro/1a HEMOCPEACTBECHHO CAEAYET, YTOKOMITO3HIIUS ABYX CUMMETPHH C

OJIHMM U TEM e IIEHTPOM €CTh TOXJIECTBEHHOE Mpeodpa3zoBanue: Zp Zo= E.
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2. Komno3uius IByX LHEHTPaIbHBIX CHMMETPUN C pa3iuuHbIMU leHTpamu Ou O,

e ——

€CTh MapauIeNIbHBIA NEPEHOC Ha BEKTOp d = I, 1,.

3. JIro6as mpsimasi, mpoxosiias yepe3 HEHTP CUMMETPUHU, €CThUHBAPUAHTHAS

npsiMasi mpeoOpa3oBaHusl.

4. Ilpu neHTpaJIbHOW CUMMETPUH NIpsAMasi, HE MPOXOAIIAs YEPE3LUEHTP

CUMMETpPHH, OTOOpakaeTcsl Ha MapauiesIbHYIO el MPsAMYIO.

5.1lenTpanbHasi CAMMETPHS TUIOCKOCTH €CTh JBHKEHHUE TIEPBOTO POJA.

Ecau npu cummerpun otHocuTenbHO Touku O durypa F otoOpaxkaercs Ha
ce0s1, TO TOBOPAT, 4TO TouKa O — yermp cummempuu gueyput F. [IpaBUIbHBIMA
MHOTOYTOJIbHUK C YETHBIM YKCJIOM CTOPOH UMEET LIEHTP CUMMETPHUH — 3TO TOUKA
nepeceveHust ero OoJabIMX AuaroHaneil. Llentpom cummerpun napasienorpaMmma
SABJISICTCS TOUKA MepeceueHus ero guaronanei. [lapa nepecexaromuxcs npsiMbIxX
CUMMETPUYHA OTHOCUTEIBHO TOUKH NIEpeceUeHus 3TUX npsiMbIx. [Ipsimas numeer
OECKOHEYHO MHOTO IIEHTPOB CUMMETPUHU — OHA CUMMETPUYHA OTHOCUTEIBHO

KaXXI0U CBOEH TOUKH.

HCHTpaJIBHaSI CUMMCTpPHUA OOBIYHO HCIIOJIB3YCTCA B TCX CIIyHadX, KOraa

M3BCCTHA TOYKaA, ABJIAKOIIAACIA CCpCIII/IHOﬁ KaKoro-inoo OTPC3Ka.
IIpumeps! pemieHus 3axa4

1. He o0nagaeT LeHTpOM CUMMETPHUH YETHIPEXYTOJIbHUK, N300pa’KEHHBIN Ha

PUCYHKE TI0JT OYKBOIA:

a) 0)
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Pewenue. 1leHTpanbHON CUMMETPUEH HA3bIBACTCSI CUMMETPUS
OTHOCHUTEIBHO HeKOoTOpor Touku O. Ecnu aig kaxaol Touku pUrypsl ecth
CUMMETPHUYHAs €l TOUKa OTHOCHUTENIBHO TOUKH (), TaKyKe MpUHAJIEkKAIAs dTON
¢urype, To purypa CHMMETpUYHa OTHOCUTEIBHO TOUKU O. Y OKPYKHOCTHU TaKast
TOYKa — LEHTP, Yy KBaJapaTa U MPAMOYTOJbHHUKA — TOUKA IEPECECUEHUS TUArOHAJIEH.
JIns Tpanenuu Takol TOYKH HET, IO3TOMY M LIEHTPAa CHUMMETPHUH y Tpareliuu

TaK>X€C HCT.

Omeem: B.

2. Touka 4 nmeet koopauHathl: x = 1; y =—1. Haliniure koopauHaThl TOUKH B,

CHMMCTpPI‘IHOﬁ TOYKE A OTHOCHUTEIILHO Hayaa KOOpAWHAT.

Pewenue. N306pa3uB CUMMETPUYHYIO

TOYKke A OTHOCUTEIBHO Havajaa KOOpAWHAT

TOYKY A’ MBI ONpEaEsieM €€ KOOPAUHATHI : * ‘
—1; 1).
1: 1) )
=1 C‘. 1
Omeem: (—1; 1) )
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3. Ilpu neHTpanbHOM CUMMETPUHN OTHOCUTENBHO TOUkH M (2; 2) cama Ha cebs

oToOpakaeTcs nmpsimas

1) 2x—4=y
2) 3Ix—4=y
3) 3x-3=y
4) 2x+3=y
Pewenue. llpsimas OyaeT oTpakaTtbcsi Ha : /
ce0s1 OTHOCUTENBHO JaHHOW TOYKHU €CJIH OHa .

MMPOXOOUT YCPEC3 OTY TOUKY. HOIICT&BJIHCM

KOOPAWHATHI TOYKHU B YPABHCHUA IIPAMBIX U UIIICM

BCPHOC PAaBCHCTBO.

Omeem: 2. L

4.HaﬁHHTC KOOpAUHATBI TOYKU, OTHOCUTCIIBHO KOTOpOﬁ CUMMCTPUYHBI TOYKHN

A(1;1)u B (3;-3).

Pewenue.lleaTpoM cummeTpun

JUTSL IBYX TOYEK OyAET cepeanHa

COCAUHAIOIICTO UX OTPE3KaA. L - o 1 3 : 5
KOOpIII/IHaTBI 9TOM TOYKHU MOKHO HAUTHU o
KaK IMoJIyCyMMY COOTBCTCTBYIOIIIUX

KOOPpAHWHAT 3dIaHHBIX TOYCK.

Omeem: (1; —1). 5

5. B wetbipéxyronbauke ABCD Touku K, L, M, N — cepeirHbI CTOPOH
cooTBeTCTBEHHO AB, BC, CD, DA. llpsimbie AL n CK nepecekaroTcsi B TOUke P,
npsimMble AM u CN — nepecekarorcs B Touke (. Okazanocsk, uro APCQ —

napasuienorpamm. Jlokaxure, uto ABCD — ToXe napajienorpamm.
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Pewenue

W3 TeopeMsbl 0 cpeHen JIMHUY TpeyroiabHuKa cienyer, uro KLMN —
napasuiesniorpamm. [lycts O — ero 1neHTp, T.e. obmias cepenrna orpeskoB LN u KM.
IIpu cummeTpun OTHOCHUTENBHO TOUKH O Touka K nepexoaut B Touky M, nyuy KC
— B IPOTUBOIIOJIOKHO HAIIPABICHHBIA ¢ HUM J1y4 MA, Touka L — B Touky N, j1y4 LA
— B IIPOTUBOIIOJIOKHO HAIpPaBICHHBIA ¢ HUM Jayd NC. 3HaYuT, IpH 3TON
cuMMeTpun Touka P nepeceuenus nyueid KC u LA nepexoqut B TOUKY O
nepeceuenus gyueid MA u NC. Iloatomy O — cepenuna PQ, T.e. IEHTP
napayenorpamma APCQ. CrnenoarensHo, ALCN — Takke napajienorpamm (ero
JMaroHanu aensarcs Toukout nepeceueHus: O nomnonam). Toraga CL || AN.

Ananoruuno, CM || AK. Otcrona cieayer yTBepKAeHUE 3adauH.

6. /IBe okpyx)HOCTH TiepecekaroTcs B Toukax 4 u B. Uepes Touky A npoBeaeHa
psiMasi, BTOPUYHO MEPECEKAIOIIAs IEPBYIO OKPYKHOCTH B ToUuke C, a BTOPYIO — B
touke D. [Iycte M u N — cepenunsbl ayr BC u BD, He conepxkamux Touky 4, a K
— cepeauna otpe3ka CD. [{okaxure, uto LMKN = 90°. (M0oXHO CUUTATh, YTO

Touku C U D nexar 1o pazHble CTOPOHbI OT TOUKH A.)
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Pewenue

IIpu cuMMeTpun OTHOCUTENBHO TOUKH K Touka C mepexoauT B TOUKy D, a
TOYKa M — B HEKOTOPYIO TOUKy M |, mpuuém otpe3ku DM u CM paBHBI 1
napasienbubl. 3Hauut, BM = CM = DM, BN = DN. O603nauum £CDM, = a,
£2CDN = B. Torna £ACM = o, £LABM = 180° — a, ZABN = 180° — 3,
£MBN =360° — (180° — a) — (180° — B) = a + B = ZNDM,.
3HauuT, TpeyroJbHUKU MBN u M{DN paBHBI 110 BYM CTOPOHAM U YTIIYy MEXIY
HUMU, o3ToMy NM = NM,. B paBHOOenpeHHOM

TpeyrosibHuke MNM, menuana NK sBisieTcs BBICOTOM, ciaenoBarenbHo, LMKN =

90°.

)
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7. I[OKa)KI/ITC, 4dTO MPOTHUBOIIOJIOKHBIC CTOPOHBI IICCTUYT'OJIBHUKA, O6paBOBaHHOFO
CTOpPpOHaMM TpPCYIroJbHUKA N KAaCATCIIbHBIMU K €TO BIIMCAHHOM OKPY>XHOCTH,

napasuieIbHBIMA CTOPOHAM, PAaBHBI MEXKTy COOOM.
Pewenue

Ilycte AB, CD n EF — cTOpOHBI paccMaTpuBaeMoro mectuyroyibHuka ABCDEF,
JIe)KalllMe Ha YKa3aHHBIX KacaTelabHbIX. [Ipr cMUMMETpUM OTHOCUTENIBHO LIEHTPA
BIIMCAHHOM OKPYKHOCTH TAaHHOT'O TPEYTroJIbHUKA NpsAMas AB NepexoIuT B
npsamyro DE, a npsimasg BC — B npsmyto EF. 1loaToMmy Touka B niepecedeHus
npsMbIX AB u BC nepexonut B TOUKy E nepeceduenus npsamoix DE u EF.

AHaJIOTMYHO JOKAKEM, YTO IIPU 3TOM CUMMETPHUU BEpPIINHA 4 MEPEXOAUT B
BepmnHy D, a BepminHa /' — B BepuinHy C. CnegoBaTenbHO, LIEHTP OKPYKHOCTHU
€CTh LIEHTP CUMMETPUH 11ecTuyroinbuuka ABCDEF.

[loatomy AB = ED, BC = FE u CD = FA.

8. Touka K — cepeaunHa runoTeHy3bl 4B mpsIMOYTOJIbHOTO PaBHOOEIPEHHOTO
tpeyroibauka ABC. Touku L u M BeiOpanbl Ha kaTeTaXx BC u AC COOTBETCTBEHHO
TaK, 4to BL = CM. JlokaxuTe, 4TO TPEYTroabHUK LMK — Takke NpsMOyIroJIbHbBIN

paBHOOEIPEHHBII.
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Pewenue.

Ilepsuiii cnoco6. Menunana CK nipsiMmoyrojibHOro Tpeyrojibuuka A BC paBHa
MOJIOBUHE TUIIOTEHY3bl AB, a TaKkXKe SIBISETCS BHICOTON U OUCCEKTPUCOM, TIOITOMY
CK =0,54B = BK, £KCM = 45° = £KBL. 3nauut, tpeyroibauku KBL u KCM
PaBHBI 10 ABYM CTOPOHAM M YIJ1y MEXAY HUMH, 03ToMy KL = KM u £CKM =
£BKL, cnepoBatenbHo, LLKM = £CKM + £CKL = £BKL + £CKL = 90°. Yto n

TpC6OBaJIOCB A0Ka3aThb.

Bmopoti  cnoco6.  Otpa3uB
KApTUHKY OTHOCUTEJIBHO TOYKHU K, MBI
MOJIy4YUM kBagpatr  ACBC' u
BIUCAHHBIN B Hero keaapar LML'M',

nuaroHanu LL' w MM’ xotoporo

MMCPCCCKAOTCA B TOYKC Ku ACIIAT €Io
Ha YCThIPC paBHO6erCHHBIX
MNpAMOYTOJIBHBIX TPCYI'OJIbHUKA. OIII/IH

U3 HUX — TpeyroiabHuk LMK.
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33[[3‘11/1 I CAMOCTOATE/IBHOTO PCIICHUSA

1. Bepummnsl napamnenorpamma ABCD nexaT Ha CTOPOHAX APYroro
napayenorpamma MNKL. JIoka3zats, 4TO 3TU NapajuIeIorpaMMbl UMEIOT

OOIIIHIA LICHTP.

2. JIBe OKpy»KHOCTM mepecekaroTcs B Toukax A u B. Uepes Touky 4 mpoBeaeHa
npsiMasi, BTOPUYHO IEepeceKarolas NeEPBY0 OKPYKHOCTh B Touke C, a BTOPYIO
— B Touke D. IIycte M u N — cepenunsl nyr BC u BD, He cofepKalluX TOUKY

A, a K— cepenuna otpeska CD. Haiinure yron £ZMKN.
Omeem: 90°.

3. K OKpyHOCTH, BIUCAHHOU B TPEYroiabHUK KLM, NpOBENEHBI KacaTelIbHBIE,
napajuleJbHbIe €ro CTOpoHaM. B pe3yibpTaTe 00pa3oBajcs MeCTUYTOJIbHUK

ABCDEF. Haitnute ctopony ED,eciu AD = 3.
Omeem: 3.

4. Touka K — cepenrHa rUNOTEeHY3bl AB MPSAMOYToJIbHOIO PaBHOOEAPEHHOTO
tpeyronbHuka ABC. Touku L u M BeiOpansl Ha katetax BC u AC

COOTBETCTBEHHO Tak, uTo BL = CM. Haigute LK, eciu MK = 5.

Omeem: 5.
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IHoBopoT

Ilosopomom eokpyz mouku O na y2on o Ha3bIBAaeTCs NpeoOpa3oBaHUE
IJIOCKOCTHU, TPU KOTOPOM TouKka O MepexoauT B cedsi, a MPOU3BOJIbHAS TOUYKA A,
otinyHas ot O, MEPEXOINUT B TaKyt0 TOUKY A1, 4T0 OA4| = OA 1 OpUEHTUPOBAHHBIN
yron mexay itydamu OA u OA, paseH yrity o. Touka O Ha3bIBa€TCS YyeHmMpom
nogopoma, yroi o. — yenom nogopoma. 11oBopot Bokpyr Touku O Ha yroiu o

obo3Hauaercs Ry.

a+360°
RO

ScHo, uTo Beeraa = R{, MO3TOMY OOBIYHO MPEAIOIAraeTCs, YTO

0° < a0 <360° 1u60 —180° < a < 180°.
Teopema. [10BOpOT MIIOCKOCTH SIBJISIETCS IBUKECHUEM.

[yctb RG(A) = A1n RG(B) = B;. ITokaxkem,4to aisi Tr00BIX ABYX TOYeK 4 U B
Oynet BBIOJHATHCS A 1B = AB. 910 0ueBUIHO, Koraa Touku O, A, B
KOJUTMHEapHBI. Eciii OHU HEKOJTMHEAPHBI, TO IO ONPEEICHUI0 IOBOPOTA Oy IyT
HEeKoJITMHeapHbI ux oopassl O, 4y, B;. U3 paBenctBa £AOA| =£BOB,
OPHEHTHUPOBAHHBIX YTJIOB clieAyeT paBeHCTBO LAOA| + £A4,0B = £A,0B +
£BOBwmu £AOB = £A4,0B,. Tak kak, kpome Toro, OA = OA; u OB = OB,
tpeyroiabHuku OAB u OA B paBHbl U o3ToMy A B) = AB.

4+ B

,\O/
a

/
Ceoticmea nosopoma.

o 0
1. TloBopoT Ha HyJIEBOIi yroJ ecTh TOXKAECTBEHHOE TIpeodpaszoBanue: R =E.

2. IlpeoOpa3oBanue, 06paTHOE TOBOPOTY, €CTh OBOPOT C TEM KELIEHTPOM Ha

npOTHBONONOXKHEIHA yron: (RS ) = Rg%.
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3. KOMHOBI/IHI/IH ABYX IMIOBOPOTOB € OAHHUM U TCM KC LICHTPOM €CTh ITOBOPOT C TEM

Ke IEHTPOM: Rg - Rg = Rg+B. B wactHoctH, ecnu o + = 0° wnm o + f = 360°,

TO KOMITIO3HUIIHA €CTh TO)KIICCTBCHHOCHpCO6paSOBaHI/IC.

4. Komno3uius AByX NOBOPOTOB C Pa3IMYHBIMU LIEHTPAMHU €CTh TOBOPOT (ecauo +

B# 0° wm a + B # 360°) mubo napasmienbHblid nepeHoc (ecau o + = 0° unum o +

=360°).
5. I1oBOpOT SBIIETCS ABUKEHUEM TIEPBOTO POJA.

6. [Ipu moBopoTe yroa Mexay Mpor3BOJILHBIM JTy4OM M €ro 00pa3oM paBeH

YIIIyIIOBOPOTA.

Hokasamenvcmeo ceoticmea 6.B 4acTHOM cilydae, KOTja Hadajao JaHHOTO JTy4a
coBmagaeT ¢ neHtpom O MOBOPOTA, 3TO YTBEPKACHHE oueBUIHO. Eciin Havamo
ay4a k otiimgHo oT O, To U3 Touku O MPOBEEM JIyd /1, COHAPABICHHBIN C Ty4OM
k. Tak xak r000€ IBIKEHUE TIEPEBOIUT COHANIPABJICHHEIC JTyUd B
COHaIpaBJIeHHbIE, TO 00pasbl k' u A' ydelt k u h ToXe COHANPABIICHBI.
CrnenoBatesibHO, YroJl MEXKAY JTyd4aMHU k U k' paBeH yriy Mexay jJydyamu h u /', T. e.

paBeHyTIy MOBOPOTA.

7. JIto60ii paBUIIBHBIN 71-YTOJIBHUK MTPU MOBOPOTE OKOJIO €ro LIEHTpa Ha YroJl

360°
o=

oToOpakaeTcsi caMm Ha ceosl.
n

32



CuMMeTpHUs n-HOTO MOPAIAKA

["oBopsT, uTo QuUrypa F~ nomydaercs HOBOPOTOM (pUrypbl F BOKPYT
Touku O Ha YroJl 0, €cliid Bce TOUKU Gurypsl F’ nmonyyarorcss BCeBO3MOKHBIMU

MOBOpPOTaMu TouyeK QUrypsl F Bokpyr Touku O Ha yrod o.

@ R S

Touxa O Ha3bIBaeTCsA yenmpom cummempuu n-Ho2o nopsaoxka purypsl F,

360°
n

€CJIM NpHU oBopoTe Gurypsl F Bokpyr Touku O Ha yron—durypa F

COBMCIIACTCA CaMa C CO0OIi.
IIpumeps! pemieHus 3axa4

1. IIpu noBopoTe okoJio Touku O Ha yroj o TouKa A NEPEXOIUT B TOUKY A, a

TOYKa B — B TOUKY B’. YKaKuTe BEpHbIC PAaBEHCTBA.

1) 2A0A4’> = 2BOB’
2) LAOB = 2£404°
3) 04 =04
4) 04 = OB

Pewenue. 11o onpenenenuto

OPUEHTHPOBAHHBIN YTrOa MEKIY
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orpeskamu OA u OA’ paBeH yrity moBopoTa o. Toraa OyTyT BBIOJIHSITHCS

paBeHcTBa OA4 = OA’ n LAOA’ = £BOB’.
Omeem: 1, 3.

2. YKaxkute KOOpJIMHATHI TOYKH, B KOTOPYIO NIEpeX0auT Touka A (2; 3) npu
IIOBOPOTE OTHOCUTENIBLHO Havaia

koopauHaT Ha 90° o 4acoBoOM CTpeEKe.
Pewenue.

N300pa3uB Ha KOOPJIMHATHOM TIOCKOCTHU

oBOPOT Ha 90° Mo YaCOBOM CTPENKE MbI

noJjiyuaem oopa3 Touku 4 ¢ ; T R ; : :

KoopauHaTamu (3; —2).

Omeem: (3; —2).

3. JIBa paBHOOEeApEeHHBIX TpeyroiabHuka ABD u BDC MOTYyT ObITH COBMEILICHBI
MIOBOPOTOM BOKpPYT TOukHM B Ha yron 90°. Haitgute cyMMy muiomanei s3Tux

TPEYTrOJIbHUKOB, €CIIU IJIMHA UX O0IIel CTOPOHBI paBHa 3.

Pewenue. TpeyronbHuku
paBHOOEAPEHHBIE C OOLIUM
KAaTeTOM, 3HAYUT UX IUIOLIAIN

PaBHBI. Torna CyMMa UX

Hnomaneﬁ%-S -3 :2=0.

A 58

Omeem: 9.

4. lnaronanu kBagpata ABCD nepecekarorcs B Touke O. [Ipu moBopote ¢

LEHTPOM B Touke O KBaapaT oToOpaxkaercs Ha cebs. Haliaure yron noBopora.
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Pewenue.Bocrionb3zyemcsi CBOMCTBOM MMOBOPOTA:

0001 MPaBUIIbHBIN #-YTOJIBHUK MPU TOBOPOTE

[e]

3
OKOJIO €I'0 OCHTpPA Ha YrojJo= OTO6pa)KaCTC$I

n
cam Ha ce0s1. Torga yroa noBopora Oyner paBeH

360°
4

= 90°.

Omeem: 90°.

5. Jlan npaBuibHbIN TpeyroibHUK 4ABC. Hekotopas npsiMasi, napajuieiibHast
npsmoit AC, nepecekaet npsamble A8 u BC B Toukax M u P cOOTBETCTBEHHO.
Touka D — neHTp npaBWIbHOTO TpeyroiabHuka PMB, Touka £ — cepenuHa

otpe3ka AP. Haitnute miomans tpeyronsauka DEC, ecau DC = 36.

Ilepeuviii cnocob.

IIycte K — npoekuus touku D Ha BC, a Q — npoekuust Touku B Ha AC.
Touku K, D, Q u C nexat Ha okpyxHocTu ¢ auamerpom CD. [lockoneky £EQD =
2AQD — £LAQE =90° — 60° = 30°, £DKE = £DKC — £EKC = 90° — £4ABC = 90°
— 60° = 30°, To oTpe3ok DE BuaeH u3 touek O u K 1o OTHUM U TEM KE yIIIOM.

CnenoBatrenbHo, TOukH K, D, E, O nexar Ha TO# ke OKpyXKHOCTH. [ToaTomy
£DEC = 90°, £DCE = £DQE = 30°. Torsa DE = -DC = 18, EC =VDC? — DE? =
18V3.

S==-18V3- 18 = 162V3.

Bmopoti cnocob.
[ToBepuém Tpeyrosbuuk BMP Ha 60° oTHOocUTENbHO TOYKH C Tak, YTOOBI
Touka B nepenuna B A. Torna Touka P nepedaér B Touky P; orpe3ka AC, Touka M

— B TOUKy M, nexainyro BHe TpeyrojibHuka ABC, Touka D — B TOUKY D), HEHTP
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TpeyroyibHuka A M, P;. UeTbIpEXyronbHUK
DPD;A — napamnenorpamm, DD; — ero
nuaroHans. [loatomy DD npoxomut
yepe3 Touky £ u DiE = DE. Tlockonbky
CE — wMenMaHa paBHOOEIPEHHOIO
tpeyroasauka DCD, (CD = CD,), 10
£LCED = 90°, a tak kak £DCD; = 60°, To

2/DCE = 30°. Torna DE = %DC =18, EC
=VDC? —DE? = 18V3. S == -18V3 - 18

= 162+/3.
Omeem: 162+/3.

6.Ha croponax BC u CD napannenorpamma ABCD nocTpoeHbl BHEIITHUM 00pa3om

npaBwibHble TpeyroyibHukn BCK n DCL. Halinute paguyc BIMCAHHOW B

Tpeyronsauk AKL oxpyxnoctH, ecm KL = 10v/3.

Pewenue

Ilepeuviii cnocob.

O603naunm £BCD = a. PaccmoTpum

ciyudail, korga o< 60°. ITockoneky KC = BC =
AD, CL = LD, £KCL = £KCB + £BCD +
2DCL = 60° + o + 60° = 120° + o, ZADL =
360° — 24DC — £CDL = 360° — (180° — a) —
60° = 120° + a. To Tpeyronsuuku KCL u ADL

paBHBl O JBYM CTOPOHaM H YIUIy MEXAY

HumHu. [loatomy KL = AL. TouHO Tak ke nokaxem, 4to KL = AK. AHamOru4Ho

JUISl OCTAJIBHBIX CIy4YaeB. 3HAUUT, TPEYroJdbHUK AKL — paBHOCTOpOHHUMH. Torna

o 103
paauyc BIMCAHHOW OKPYKHOCTH PaBEH —= = 3.

243
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Bmopoti cnocob.

IIpu noBopoTte Ha yros 60° BEKTOpBI
LC u CK MEPEXOIAT B BEKTOPHI LD wu

CB = DA . CnenoBatelsHo, IIpU  3TOM

IIOBOPOTE BEKTOP LK = LC + CK

MIEPEXOIUT B BEKTOP LD + DA =LA .

IToaToMy  TpeyroyibHUK AKL  —

PaBHOCTOPOHHUH. Torna panuyc

o 10V3
BIIMCAHHOW OKPY>KHOCTH PAaBEH —= = 3.

2V3

Omeem: 5

7. Cropona kBagpata ABCD paBHa 1. Ha ctoponax AB u AD BbIOpaHbl TOUKH P 1

0O, npuuém nepumetp Tpeyroibauka APQ paseH 2. Haiinure £2PCQ.

Ilepeuviii cnocob.

ITycthb BHEBIUCAHHAs OKPY>KHOCTb
TpeyroiabHuka APQ kacaercs runotenyssl PO B
Touke F, a mpoaoiskeHuil katetoB AP u AQ —B @
ToukaxXx X 1 Y coorBeTcTBEHHO. Torma AX + AY =
AP+ PX + AQ + QY = AP + PF + AQ + QF =
=AP+ AQ + (PF+ QF)=AP+AQ+PQO=2,a
Tak Kak AX = AY, To AX=AB u AY = AD, 1. e.
TOouka X COBIIaJaeT ¢ TOYKOM B, a Touka ¥ — ¢

toukoit D. [ToaTroMy C — 11eHTp oKkpyx)HOCTH. ClieI0BaTENBHO,

LPCO=90"— 0,5 -£BAC = 90° — 45° = 45°,

Bmopoti cnocob.

[lycte M — o6pa3 touku D mpu Q@

(o] o
noBopore Ha 90 1O YacOBOW CTpeEJIKE

BOKpyr touku C. Torma touka M nexur  p° C
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Ha npsamoit AB. Ilockoneky PM = PB + BM = PB + DQ =2 — AP — AQ = PQ, 10
tpeyronsauku CPM u CPQ paBHBI 10 TpEM cTOpoHaM, a Tak kak ZQCM = 90°, To
LPCQ = £PCM =45°,

Omeem: 45°.

8. lllectuyroneauk ABCDEF — npaBUIIbHBIN, b

K u M — cepenunsl otpe3koB BD u EF. £ .
Haiinure pagnyc BHMCaHHON B TPEYTOJIbHUK

AMK oxpyxHocTH, eciii AM =5. M

Pewenue B

3ameTnM, 4To Touka K — cepeilnHa OTpe3Ka
OC, rae O — UeHTp TaHHOTO

MPaBUIHLHOTO IIECTUYTOJILHUKA.

IIpu noBopore Ha 60°

OTHOCHUTEIBHO TOUKH A,

oY

nepeBoseM Touky O B TOUKY B,

BepLIMHA [ iepexoaut B Touky O, a
BepminHa £ — B Touky C. [ToaTomy

cepenuHa M orpe3ka FE nepexoauT e

B cepeauny K orpeska OC.
CreoBaTeNbHO, TPEYTrOJIbHUK o,

AMK — paBHOCTOpOHHUU. Torma

o 5
paanyC BIUCAHHOHN B HCI'O OKPYIKHOCTU PABCH — .

2V3

5
Omeem: —.

2V3

9. Touka P pacnonoxxeHa BHyTpH kBaapara ABCD, npuuém

AP :BP:CP=1:2:3. Halinure yron APB.
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Pewenue

bynewm cuutath, uto AP =1, BP=2,

CP = 3. Ilycth P; — 06pa3 Touku P
pu noBopote Ha 90° BOKpyr
BEPIINHBI B, IEPEBOJIAILIEM TOUKY 4 B
C. Torna PBP; — paBHOOEAPEHHBIN

MPSAIMOYTOJIbHBIN TPEYTOJIbHUK.

[ostomy 2BP\P = 45°, PP =2+/2. o
CnenosarensHo, PPZ + P,C% =8+ 1 ° :

=9 =32 = P(C?. 3uauur, TpeyronbHuk PP,C — npsaMoyronbubiii, ZPPC = 90°.
CrnenoBarenbHo, ZAPB =£CP\B =£CPP +4BP,P = 90° + 45° = 135°,

Omeem: 135°.
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3az[aqn I CAMOCTOATE/IBHOTO PCIICHUSA

1. B Bemyxnom nsatuyronsauke ABCDE yrinbl ABC u CDE paBabl 110 90°,
ctopoHnbl BC, CD u AE paBHbl 10 1 1 cymma ctopoH AB u DE paBHa 1.

Haipgure mmomans maTuyroibpHUKA.
Omeem: 1.

2. Ha otpeske AE 110 0AHY CTOPOHY OT HETO ITOCTPOEHBI PABHOCTOPOHHUE
tpeyroiabHuku ABC u CDE; M u P - cepenunsbl oTpe3koB AD u BE. Jlokaxure,

9TO TpeyroabHUK CPM paBHOCTOPOHHUM.

3. VYron npu Bepune A pomba ABCD pasen 60°. Ha ctoponax AB u BC B34ThI
COOTBETCTBEHHO TOYKU M u N, npuuém AM = BN. Haiinute pannyc BOMCAaHHON

B TpeyroiabHUK MDN OKpyx’HOCTH, ecniu MD = 4.

Omeem: Zx/g )

4. B pom6e ABCD yron ABC pasen 120°. Ha ctoponax AB u BC B3sITbl TOUKU P 1
0O, npuuém AP = BQ. Halinure nepumeTp Tpeyroiapauka POD, eciiu PQ = 3.

Omeem: 9.

5. Buaytpu paBHOCTOpOHHETO TpeyronbHuka 4BC BeIOpanu Takylo TOUKy M, 4To

LAMB =120°, MA = 1, MB = 2. Haiinute MC.

Omeem: \/g )
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