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1.Yrasl

¥raom Ha3uBaeTCHA reoMerpudeckasn gurypa (puc. 1), obpazosaunas asy-
MA JAYMaMH, HCXOAANMMMH M3 OTHON TOYKHM.

Touka O — sepuuHa yraa, a nyun OA u OB — CTOPOHB! yria.

Obosunauenue: ZAOB unu Zab.

Vroa s 90° naseisaercs npameim (puc. 2).

¥Yrox, MeHsIIHil OPAMOro, HA3LIBAETCH OCTPLIM (pPHC. 3).

Yroa, Goasmuil npsaMoOro, Ho MeHLIIHI PA3BEPHYTOr0, HA3BIBAETCA TY-
nem (puc. 4).

B

Puc. 1 Pue. 2 Puc.3 Puc.4

JIBa yrjia HA3LIBAKTCA BePTHKAABHLIMH,
€CJIH CTOPOHBI OJHOTO YIia ABJAAKTCH LPOAON-
HMEHHNAMH CTOPOH Apyroro (puc. 5).

ZAOC u £ZDOB; ZBOC u ZAOD — Bepru-
KaJbHBIe.

Bepruxaasusie yran pasan: ZAOC = ZDOB Pue.§ c

u ZBOC = ZAOD.
JIBa yria HasHIBAKOTCH CMEKHBIMH, €CAM V
HUX OZHA CTOpPOHA obmas, a ABE ApPYyrue co-
CTaBAAIT IPAMYK auano (puc. 6), ZAOC u
ZBOC — cMexHbIe. i : 0 A

Puc.6

6

Cymma cmexanIx yriaoe pasaa 180°,
BuccexTpHCO# yria Ha3eBaeTcH JAYy4, Opo-
XOMAUIHH MEXAY CTOPOHAMM YIia M JeNAmuit ero

WO [EOMETPHR. 3234 Ha (OTOBMX YEPIERAX ar8 noaroTossu k THA » EM3. 7-9 kaaccw
nonosam (puc. 7).
BuCCEKTPHCH BEPTHRAABHBIX YPI0B COCTAB-

JIAIOT NPOAOJIKEeHne ApyT apyra (puc. 8).

Puxc.7 BHCCERTPHCH CMEKHBIX YIVIOE B3AMMHO Iep-
neHARKYAAPHL (puc. 9).

>< N\

Puc.8 Puc.9

IIpn nepeceyeHHH ABYX NPAMEIX @ ¥ b Tperneii ¢ (cexymieif) obpasyerca 8

yraos (puc. 10):

E

COOTBETCTBEHHBI® YIJILL: ¢
Z1m LD, £20 £6, £Z4 1 £8, £3u LT,

BHYTPEHHHE HAKPECT JiexRamue: 1/2
Z4wu £6, L3 £5; 413
BHEIIHHE HAKPECT Jemamme:

Zlu 27, Z2u £8;

BHYTPeHHHE OJHOCTOPOHHME:

Z4n £, £3n L6; 518
BHEIIHHE OJHOCTOPOHKMKE: r1ki
L1u /8, £2m LT,

Puc. 10

2. MHOTOYrOALHMK
ABCDE — natuyroibHak (puc. 11).
Touku A, B, C, D, E — BepmiHHE
MHOTOYroAbHHKA; LA, £ZB, ZC, 4D,
ZLE — yrawm; AB, BC, CD u 1. g. — cro-
possl; orpeaku AC, AD, BE, BD, CE —

D C
szix auarosann; P = AB + BC + ... + EA —
A

B nepumerp MHOrOYronbHHKA.
MHOroOyroJibHHK HA3LIBAETCH BBINMYK-
amim (puc. 11), ecau oH ueaAMKOM
PACHOJIOMEH 110 OJIHY CTOPOHY OT KaX-
Puc. 11 Aoft npsamoit, npoxoasteit yepea ase
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ero coceauue BepIUMALL. B NPOTHBHOM Cclyyae MHOFOYIOBHHK HashiBaETCH
HeBBINYKJALIM (pHe. 12).

Ceoiicraa:

1. Cymma BHYTPEHHHX YIJIOB NPOH3BOJNLHOrO
n-yroasHuka pasuaa 180° - (n — 2).
2. CyMMa BHEWIHMX YIrJOB BRINYKIOro
n-yroJibHKKA, B3ATHIX M0 OAHOMY IPH Kax a0
Beplunse, pasua 360°,
3. B BRINYKJIOM n-YroJbHHKE H3 KaxJoi
BePITHHELl MOMHO NpoBecTH (n — 3) AHAroHa-
aeit, koropeie paabusaoT n-yroisauK Ha (n -
2) TpeyroasHUKOB,
4. B BHINYKJOM n-YrOJBHIKE YHCIO JMATO- Puc.12

Hanei paBHO %n(u - 3).

3.lMpaBHAbHbIE MHOTOYTOABHHKH

BoinyKabl# MHOMOYIOJbHHK, ¥ KOTOPOIO PABHBI BCE YIJILI ¥ CTOPOHLL, HA-
3bIBAETCHA MPpaBHJIbHBIM.

CaoiicTBa:
180°%(n -2)
—

2. OKoJo NPaBHALHOTO N-YTONBHHKA MOXKHO OMHUCATh OKPYIKHOCTh, H NpPH-
TOM TOJBKO OAHY.

3. B npaBHABHEINA N-YTOJBHHK MOYKHO BIHCATh OKPY/KHOCTb, H IPHTOM
TOMBKO OAHY.

4. OKpyXHOCTD, BIMCAHHAS B NPABHJIbHBIA N-YIOJAbHHK, KACAETCA BCEX
CTOPOH N-YroJAbHUKA B HX CepPeAHHAX.

5. IleHTp OKPYKHOCTH, ONHCAHHON OKOJO NPaBUJABHOrO N-YrOJbHUKA,
COBNAMAET ¢ EHTPOM OKPYHHOCTH, BIIMCAHHONR B TOT e N-YrONbHIK.

6. JInuEa CTOPOHB! NPABMABLHOTO A-YPOALHMKA, BIMCAHHOrO B OKPYHK-

o
HOCTh paguyca R, pasua a = 2R sin _1_%0_ A

1. Kaxapiil yroa npaBHABHOTO N-YIOJbHUKA PaBeH o, =

7. Mnuna CTOPOHBI TPABHJIBHOTO N-VroJibHHKA, ONMHCAHHOrO OKOJiO

180°
OKPY’KHOCTH paguyca r, paBea a = 2r tg s

4. TpeyroAbHUK

TpeyroasHHKOM Ha3bBAETCA reoMeTpHYECKad (QHIypa, COCTOAINAN H3
TPeX TOYeK, He JeXKalluX Ha OAHOH NpsAMOi, H TPeX OTPe3KoB, HOCJIeI0Ba-
TebHO COEAHHAKIIMX 3TH TOYKH.
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Touku A, B, C — pepmunst AABC.

Orpesku AB, BC u AC — croponsl, ZA,
ZB u ZC — yraml.

Cropossl TPeyroabHHKA YacTo 0003HaYa~
T ManeiMu OykBaMu (puc. 13):

AB=¢, BC=a, AC=b.

P=a+ b+ ¢ — nepumerp TpPeyroJLHIKA,

TpeyroibHHK, ¥ KOTOPOro BCE YIJLI OCT-
pble, HA3BIBAETCA OCTPOYIoJAbEBIM (pHc. 13).

TpeyroibHHK, ¥ KOTOPOI0 YroJa npsiMoii,
HA3BIBAETCH MPAMOYTONBHBIM (pHc. 14),

Croponsl, obpasywiiue npAMOH yroua,
HaspBawTCA Kateramu (a u b), a cTropona,
Je)Kalasa npoTHB NPAMOro yrina, — TH-
MOTeHY30# ().

TpeyrolsHHK € TYIIBIM VIJIOM HasblBaeTCA
TYnoyroassbim (puc. 15).

TpeyronbHHK, ¥ KOTOPOTO BE CTOPOHBI PaB-
HbI, HA3LBaeTCA paBHobenperEsIM (puc. 16).

C
/\
A I B

Puc.13

B
c b A

Puc. 14

C
b
a
B ¢

Puc. 15

/\

Pue. 17

A
Prc. 16

PaBHbIe CTOPOHLL HAZLIBAKOTCH DOKOBBIMM,
4 TperhH CTOPOHA — OCHOBAHMEM DABHO-
BepeHHOro TPeyroJasHuKa,

Tpeyronsuuk, y KOTOpOro sce CTOPOHL! pas-
Hbl, HA3BIBACTCA paBHocTOpoHEuM (puc. 17).

Kaablil yroJ paBHOCTOPOHHEro Tpey-
ronsHHKA paBeH 60°,

CpoiicTBa paBHOOEIPEHHOrO TPEYTOJIBHHKA:
1. ¥rasl npy OCHOBAHNH PABHEI.
2. BuccekrpHca, NpoBeJeHHAsA K OCHOBAHHIO, ABJSETCH OJHOBPEMEHHO
MeJHAHOH M BEICOTOM.
3. Bricora, npoBeAieHHAS K OCHOBAHHIO, SBJASETCH OAHOBPEMEHHO MeaHa-
HOHM ¥ OHCCeKTPHCOMN.

Pazaea I Kparswe reopemmieckne caesermn o 9

4. Meauana, nNpoBejIeHHAA K OCHOBAHHIO, C
ABJIAETCA O/AHOBPEMEHHO BhICOTON M Guc-
CeKTPHCOI,

BremHMM yrjaom TpeyrolbHHKa Hadbi-
BAETCA YIoJ, CMeXHBIH ¢ kKakHuM-HUOYIL
YIJIOM 2TOrO TpeyroasHuka (pec. 18).

ZCBD — BReUmIHHH yron TpeyrolbHHKA. ¥

Buemuuill yron TpeyroJlbHHKa paBeH
CYMMe JIBYX YIJIOB TPEYTONBHHKA, HE CMEXK-
uplx ¢ #un (puc, 18): ZCBD = ZA + ZC. [

OTpeaok, COeNHHAINIHNA CepeHERl IBYX
CTOPOH, HA3LIBACTCA CPefHeH JuaHel Tpe-
yronsuEka (pec. 19). D E

Puc. 19

5.Tpu3naku paBeHCTBa TPEYrOAbHUKOB

I npu3BaK (npusHaxk paéeHcmea no 08yM CMOPOHAM U Yziy mexdy
HUMU )
Ecan aBe CTOPOHBI H Yroa Me:xAy
HHMH OJHOTO TPEyroJbHHKA COOTBET"
CTBEHHO PaBHBI ABYM CTOPOHAM H yIay
MeXXJy HHMH APYTOro TPeyroJibHHKA, TO 4 4
TaKHe TPeyroNbHUKH paBHbl (puc. 20). A B A

AB-AlBlvAC-AIC‘. LA~ Ml‘ Puc. 20

Il npusBak (nNpu3Hax pasercmea no CIMOPOHE U NPUREHKAULUM K Hell y2-
aram)

Ecau cTOpOHA M JBAa NMpHIeXKaNHX
¥ria OZHOTO TPEYroJbHHKA COOTRET-
CTBEHHO PaBHBI CTOPOHE M ABYM NpHie-
WHAMMM K HeH YyrIaM ApYroro TpeyroJb:
HHKAa, TO TAKHE TPEVIroJibHHKH PDaBHBI A = B A, g
(pxc. 21). Puc.21

AB=A|B], LFA= Ml’ LB oy [Bl.

III npu3BaAK (npusHax paseHcmaa no mpem cmopoHaM )

EcaH TPH CTOPORKI OZHOTO TPEYTOIb*
HHKA COOTBETCTBEHNO DABHKL TpeMm
CTOPOHAM JAPYTOrc TPeyrojlbHHKa, To
TAKHE TPEYroJbHHKH paBHE! (puc. 22).

AB-AIB]. BC-B]CI‘ AC‘A,CI. ' B Al

Puc. 22

10 we Teomerpus. 34aaum Ha FOTOBRIX HEPTEXAX A% NOArOIOHKRK & THA w . 7-9 kaaccm

6.HepaBeHcTBa TpeyroAbHHKa

Kaxas cTopoHa TPEeyro/ibHHKA MeHbIEe CYMMB! ABYX APYIHX CTOPOH:
a<b+e,b<a+c,c<a-+b.

7.0npeaeaenne BMAQ TPEYrOAbHHKA M0 €70 CTOPOHAM

Ilycrs ¢ — HanboabLIas CTOPOHA, TOTHAL

a) ecau €2 < a? + b2, T0O TPEYTOJBHMK OCTPOYTONbHBIN;
6) ecan ¢2 > a? + b2, TO TPEYIrOJBHHK TYNOYIONbHbIN;
B) ecsiut ¢ = @? + b?, TO TPEYTOJBHUK NPAMOYTOJbHBIH,

8. MpamoyroabHble TPeYroAbHHKHM (HEKOTOpbie CBOWCTBA)

1) Cymma ocTphIX yruos paBua 90° (puc. 23). B
LA+ £ZB = 90°.
2) Karer, nexcamuit nporus yriaa g 30°, pa-
BEH TOJIOBHHE IrHnoTeHvan (puc. 24).
1
a= —c. 1
2 c A
3) Ecam kaTeT paBeH MOJIOBHHEE THIOTEHY3b, Puc.23
TO YroJI, JeXXaliuil TPOTHB 3TOr0 KaTeTa, paseH
30° (puc. 24). i
a
L] LN
Puc.24

9.MpH3HAKN PaBEHCTBA NPAMOYTOABLHbIX TPEYFOAbHHKOB

AN

A C
Pue. 25

1. Ecaiu KaTeThl OJHOIO IPAMOYTONb"
HOPO TPeyroJbiHKa COOTBETCTBEHHO
PABHLl KaTeTaM Apyroro, To TakHe
TPeYIOJLHHKH PaBHLI (pHc. 25).

AC -A,Cl. BC - B|Cl.

2. Ecan xkaTer M npuaexamui K
HeMYy OCTDBIH Y01 OIHOTO NPAMOYTOJIb*
HOI'0 TPeyrojJbHHKA COOTBETCTBEHHO
paBHLl KATETY H MpHJEKAIIeMy K HeMy B B,
VY APYToro, To TakHe TPeyroJibHHKH
pasawl (puc, 26).

AC = A,Cl, A= éAl.

3. Ecan runoTtenysa M OCTPBIH yroa C A C A,

OZTHOTO NMPAMOYI'OJLHOIO TPEYroJAbHHKA
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COOTBETCTBEHHO PAaBHBLI '’HIOOTEHY3€E H

B B,
OCTPOMY YIJAY APYroro, To Takue Tpe-
yroasHuxy pasyst (puc. 27).

4. Ecan rHnoTenysa H Karer oJHOIo C A C 4,
NPAMOYTONLHOrO TPEYrolLHHUKA COOT- Pue. 27
BEeTCTBEHHO PABHB 'HOOTEHY3e H Ka-

B B
TETy APYroro, To TAKHE TPeyroNLHHKH <
paBHE (puc. 28).
AB -AIB‘, AC -Alcl. - 5

™"

< A Cy 4,
Puc. 28

10.Yerbipe 3amevareAbHble TOUKH TPEYTOABHHMKA

C KaMmAbIM TPEYroJbEMKOM CBA3AHE! 4 TOYKM:

1) TouKa NepeceveHnA MeHaH;

2) Touka nepeceueHus GHUCCERTPHC]

3) TouKa nepeceveHHA BHICOT (HAM HX MPOAOIMEHIH);

4) TouKAa nepeceveHnA CePeAMHHBIX NEePHeHAMKYNAPOB K CTOPDOHAM,

OTH YeThIPe TOYKH HAZKIBAIOTCH 3aMEUATELHLIMHE TOYKAMHE TPEYTOJILHHKA.

BricoTolt TpeyroJiLHHKA HA3LIBAETCA AJHHA NepHeHAHKYAApPA, ONYINEeH-
HOro ua 0doil ero BepIINHEL! HA NPOTHEOJEKANIYIO CTOPOHY HJIH € MPOoAoJ-
HeHue,

B mynoyzoaviomx mpeyzoasvruxe (puc. 29) nBe BRICOTH NAAAIT HA IIPO-
JOJ/KEHHEe CTOPOH H JIeXKAT BHE TPEYNONLHHKA, & TPeThA BHYTPH.

B ocmpoyzoavrnom mpeyzoavruxe (puc. 30) Bce TPH BHICOTHI JIeXKAT BHYT-
DH TPeyroJILHHKA.

B npamoyzoavHoM mpey20ibKUKe KATETE OHOBPDEMEHHO CAVIKAT H BRICO-
Tamu (puc. 31).

s A D

H  pge.29 Puc. 30 Pre.31

Tpu BHICOTH TPEYrOJIbHHKA BCerja NepeceKalTcds B OAHOH TOYKe, HASHI-
BAeMOM OpTONEenTPOoM. B TYymoyronbHOM TPEeYroJbHHKE OPTOUEHTP JeMHT
BHE TPEVIOJABHHKA, B NIpAMOYronbHOM TPEYroJbHHKE OH COBOAA&ET C Bep-
IHHOH NPAMOro yriaa,

Meananoi TpeyroJibHMKA Ha3bIBAETCHA OTPE30K, COSAMHAINI BEPIUMHY
TPEYTONBHHKA C CePeIMHOM NPOTHBONONOMHOM CTOPOHKI.
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TpH MeaAHaHLI TPEYIOJbHHKA DepeceKanTes

B ONHOIN TOYKe, KOTOpad ABIAETCA LUEHTPOM TH-
ecTH Tpeyrojasuuxa (puc. 32).
O7a TOYKA JIeIAT KAMAVI0 MeJIMAHY B OTHOIe-
Hu# 2 ;1 (CuMTas OT COOTBETCTBYIONIEH BePIIHHE).
> —e BHCCEKTPHCOR TPEYTroJibHHKA HA3LIBAETCH
OTPe30K ODHCCEKTPHCHL YIUIA OT BEPIUMHLL 10 l1e-
Pue. 32 pecedeHus ¢ NPOTHRONEKALIEH CTOPOHOIM.

Tpy GHCCEKTPHCEI TPEYIOJLHHEKA Nepecexa-

IOTCH B OAHON TOYKe, KOTOPas ABAACTCHA LEHT-
POM BnHcaHHEOrO Kpyra (puc. 33).

Tpu nepuneHAMKYJAPa K CTOPOHAM TPEYTOJb-
HHKA, MPOBEeHHbIE Yepes uX cepenuHsl (puc, 34,
35, 36), nepecexawTCA B OHON TOYKe, KOTOPAX
ABAAETCA HEHTPOM ONMCAHHON OKPYARHOCTH.

B rynoyrossHoM Tpeyroisunke (puc. 34) ara

TOYKA JEKHT BHE TPEYIOJbHHUKA, B OCTPOYTOMIb-
Pue.33 HOM (puc. 35) — BHYTPH, B NPAMOYTONBHOM —
Ha cepeJMHe 'MNOTeHY 3k,
OpTOLEHTP, UEHTDP TAMKECTH, UEHTP BIHCAHHON M ONHCAHHON OKPYIKHO-
CTeit COBHAJAIT IPYT C APYTOM TOJIBKO B PABHOCTOPOHHEM TPEYroJbHHKe,

11.T1pou3BOABLHBIH TPEYTOABHHK

1) CroilicTro Guccextpucel (pic. 37) BHYT-
PEHHEro yria TpeyrojibHHKa:
8.9
b b, ’ b
2) lanaa 6GHCCeRKTPHCHI:
lc = \Jab—a‘lbl :

o Jab(a+b+c)la+b-c) A b a, B
€ a+b ’ Pue. 37
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14.Teopema cunycos

Bo Beakom TPeyrojbHHKe CTOPOHBI OTHOCATCA KAK CHHYCBI IIPOTHUBO-
Jiexaiux yrios:

a b ¢
= e e == R,
sina  sinf  siny it

rae R — paanyc OKpY#HOCTH, ONMCAHHOMN OKOJIO TPeVIoJbHHKA.

15.Teopema KocHHycoB

Kragpar oiH0l M3 CTOPOH TPEVIOJIBHHKA PABEH CYMME KBA/IPATOB JBYX
APYI'HX ero CTOPOH MMHYC YABOGHHOE IPOMIBEJeHMe 3THX CTOPOH HA KOCH-
HYC YIJ1a MEMKAY HMNMM:

a? = b? + ¢2 - 2be cos a,
b2 = ¢2 + a2 - 2ca cos f3,
2= a2 + b2 - 2ab cos y.

16.MAowass TpeyroAbHuKa
1
1)S= 3 ah,;

1
2)S= —absiny;
) 2a sin ¥

3)S = Jp(p-a)p-b)p~c) (bopmyna Fepora);
4)S=pr,raep~- %(a +b+e)

5) S = 2.
4R
a®sin BsinC

6)S = -
2sin A

17. PaBHOCTOPOHHMI (NPaBHUABHBIF) TPEYTOALHHK (pic. 40)

Pazaea I, Kparxue Teoperwieckue caeaernws o 15

18.MoA0BHBIE TPEYTrOABHUKH
JlBa TPeYrOJILHIIKA HASLIBAIOTCA MOA06- c ¢,

HBIMHM, €CJIH MX YIJbl COOTBETCTBEHHO A

PaBHEI ¥ CTOPOHLI OJHOI'O TPEYIroJIbHH-
Ka NponopuHoOHAIBHEI CXOACTEEHHEIM

cToponam apyroro (puc. 41). A
ABWA,B,, BC u B,Cy, ACHAC,— B 4 By
CXOACTBeHHEIE CTOPOHEL. Puc.41

Ha nogodus TpeyrosLHHKOB CICAYeT:
LA = LA, £B= /LB, £C= LC,.
AB _ BC _ CA
AB ~ BC, CA
rae k — xoahprnuesT nogobus.
Ob6osnavernue: AABC ~ AA,B,C,.

=k,

Ecnu aBa TpeyronbHEHKa Dogo0HEI, TO OTHOLIEHHE MX MJomaneH pasgo k2,

T. €. Syupe t Supc =k

19. Mpu3Haku NOAOOHS TPEyroAbLHHKOB

1 npu3BaK: ecJid ABa yrjia oJHOro c
TPEYroJILHHKA COOTBETCTBEHHO PABHLI C,
ABYM yrjlaM ApPYroro, To Takue Tpe-

YrONbHHKH ogo0HH (pHe. 42).
LA = Al' LB - Bl'

11 npu3aBaK: eC/IH ABE CTOPOHLI OHOTO
TPEYrOoJIbHHKA MPOIOPIIHOHANILELI ABYM
CTOPOHAM JPYroro M yrikl, 3aKJI0-
YEHHBIE MEXKAY HHMH, DABHLI, TO TAKHE
TPEeYroAbHHKH n04006H! (pHe. 43).

Puc.42

LA = LA,,
AB _ AC
AB  AC S A B 4 B,
Puc.43

III npu3Bak: ecayu TPH CTOPOHB 04~
HOI'O TPeyrofIbHUKA NPONOPUHOHATBHBI

C
TPeM CTOPOHAM APYIOro, TO TAKHE Tpe- C,
YroasHuKn nogobus: (puc. 44).
AB b BC i AC
AlBl Blcl Alcl ' A B Al Bl

A B 4, B,
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Inomany nogo6HBIX GHUIYp (B YACTHOCTH, MHOTOYTOJLHHKOB) NPONOPLHO-
Ha/bHBl KBAJAPATaM HX CXOJACTBEHHLIX CTOPOH.

B yacTHOCTH, MJIOMIAAH KPYTroB OTHOCATCA KaK KBaJpPaThl PAZHYCOB (MM
AHANETDOB).

20.YerbipexyroAbHHK

1. [Ipouapoapublil BRINYKALIA (d, H
dy, — AMATOHANM, @ ~— YIOJ MeMAY HHMH)
(puc. 45).

S= %d,dz sin ¢.

2. Bnucauusti (puc. 46).
at+y=p+3=180°

B 11000M BNHCAHHOM HeThIPEXYIOJIbLHH-
K€ CYMMa MPOTHBONOJOMKHEIX YINIOB PABHA
180°, Bepro 1 obparnoe.

ac +bd =dd,
(Teopena IMronemes). )
S=\(p-a)lp-b)p-c)p-d),

I‘):lep=%(a+b+c+d).

3. OnHcaHABINA.

B ni060M ONMHCAHHOM HeThIPEXYIoib-
HHKE CYMMBl NPOTHBOMOJOMKEBIX CTOPOH
¢ paBHB (puc. 47).

a+tc=b+d, S=p-r.

21.Mapaasrerorpamm

r TapanienorpaMMoM HA3LIBASTCS YETHIPEX-
VIONBHHK, ¥ KOTOPOTO MPOTHBONO/IOKHBIE
CTOPOHEI IOTIAPHO Napanienbhbl (puc, 48),
ABIDC,AD| BC

(@ u b — cMeKHBIE CTOPOHBI; & — YTOJ
MeXAV HUMM; i, — BBICOTA, NPOBEleHHANA
K CTOpOHE a).

d? + d? = 2(a? + b?) — 3aBHCUMOCTB
MEKIY CTOPOHAMM M AMATOHANSAMM;

1
S=a-h,=absina~- éd,dzsinq)—

maomans napajiesorpaMmmMa.
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Hexoropsie CBOHCTBA:

1. B napannesorpamMmMe MpOTHBONO/JIOKHbBIE CTOPOHB M YI/IbI pPaBHb (AB =
= DC; AD = BC; LA = £C; ZB = £D).

2. JInaroHany NapajjiesorpaMMa B TOMKE Nepeceviesusd JAeNATCA Nonojaam
(A0 = OC; BO = 0OD).

3. Cymma yrios, NpHJIEKAUUX K OAHON CTO-
pone, pasra 180° (ZA + ZB=180°u . 1.).

4. [lnarosans napannenorpaMma AeJHT ero
Ha Ba pasHBIX TpeyroasHuka (AADC = AABC,
AABD = ABCD).

5. BuccexTpica yria napajjienorpaMma or-
CeKaeT 0T Hero paBHOGE/PEHHBIR TPEYroNbHIK
(puc. 49).

Prc.49

Hpusnaxn napaanenorpamma (puc. 48)

1. Ecau B 4eThIpexyroJibHHKE ABE CTOPOHB PABHE M NAPAIeNnbHE (AB =
= DC, AB | CD), T0o TaKo# 4eThIPeXVYIroJbHHUK ~— IapajiesorpaMM.

2. Ecau B weThIpeXyroJbEHKe TPOTHBOMONOMKHEEIE CTOPOHL! IONAPHO PaB*
uel (AB = DC, AD = DC), T0 TaKOH YeTLIPEXYIOAbHHEK — MapajjejiorpaMM.

3. Ecan B 4eThIpexyroNibHHKe NPOTHBOMOJIOM HbIE VIVIbl HONAPHO PaBHBI
(£A = £C; £B = £D), T0 TaK0# YeTHIPEXYIONbHAK — TapasieorpaMm.

4. Ecain B HeThIPEXYTrOJbHHKE AHATOHAIN NEPECEKAIOTCA H B TOUKE Iepece-
YeHHA AENATCH NON0JAM, TO TAKOH YeTHIPEXYTOJBHHUK — IapasjesorpaMm.

22. Tpaneuus

aub - ocHoBauHA; i — BricoTa; dy # D b C
d, — NHUATOHAIH; ¢ — YIOJ MEXAY HIUMH
(puc. 50).

Tpaneunei Ha3HIBAETCH HYeThIPEXYrob-
HHK, ¥ KOTODOrO ABE CTOPOHEI NApasjienkb:
HBI, 4 IBe He MapaIeabHbl.

AB | DC, AB u DC — ocHOBAHMSA Tpane-
uun, AD 1 BC ~— GOKOBEIE CTOPOHBL. ul

Orpesok [, coeguuAmMil cepeannt A E
60KOBBIX CTOPOH, HA3LIBAETCH CPeaHeit an-

HHeH TpanemHH.

Puc. 50

1.
l= 3 (a + b) — nnuHa cpeaHeil AMHHM TPaNeIHH.

2ab
mlla[lb,m a—+-b-

LA+ £D =180°; £B + ZC = 180°,
1 1
S=l-h= —2—(a+b)-h-= Ed,-dzsimp—nnomanbwpanenun.

D b C
h
d
L.
A E a
Pue. 51
D b C
0O hk
A a
Pue. 52

Puc.53
C b B
]
h h
-
D E
‘ a
Puc.54

1. PasHobeapennas Tpaneums

Ecnu y Tpanenun G0KOBLIE CTOPOHBI
pPaBHEI, TO TAKASA TPANENHS Ha3bIBAETCH
paBHoGeapenHO#H (prc. 51).

AD = BC.

B paBHOOeaApeHHON Tpanemuy yrijbl
NPH OCHOBAHMAX paBHbl (LA = ZB; ZC =
=~ £D) u guaronann pasusl (AC = BD).

AE-=%(a—b).

Ecnun AC L BD, 10 S = h2,

AB + CD = 2AD (puc. 52).

h = 2r, r — paguyc BOHCAHHOH
oxpyscHocTH; i — \/a—b .

R — pasiuyc ONMCAHHOM OKPYIKHOCTH.

Touka O — NEHTP OKPYMHOCTH,
OIIMCAHHO 0KOJIO J1000T0 TPeyrojibHu-
Ka, BePIIHHBI KOTOPOro COBNAJAKT ¢
BepIIHHAMHE Tpamenuu (puc, 53).

2.MpamoYroAsHas Tpaneums

Ecan B Tpaneuus o4HH U3 YIJIOB 0pA-
MO#, TO TAKAH Tpaneuusa HasblBaercs
npAMOYTOALHOMH (puc. 54).

£ZD = ZC=90°.
BE = CD = h (seicoTa Tpanenumn).
AE=a-b.

23. NpAMOYroAbHHK

IIpaMOYroIbHAKOM HasbIBAETCA ma-
pajanesorpamMM, v KOTOpPOro BCe Yribi
npsamMsie (piuc. 55).

c B
d
b
d ®
D > A
Puc.55

Pazaea 1. Kparkwe Teopetnveckme ceeacrmns om 19

[Ipamoyroabunk ofsanaer pcemu csolicTBaMu napajaesorpamma. Kpove
TOrO, ¥ NPAMOYTOJABHHKA IHATOHAIH PABHbL.
CTOpoHBI NIPAMOYTOJBHHKA ONHOBPEMEHHO ABNAKTCA H BLICOTAMH.

d?=q?+ b,

S=ab~ %dzsimp.

24.PombO

PombGom HA3HIBAETCA NApaNaesorpaMm,
¥ KOTOpOTO BCE CTOPOHEI paBHu (puc. 56).

Tak kax pomb ABnAeTCA mapanyieno-
rpaMMoM, TO OH 00J1aflaeT BCEMM €ro CBOM-
CTBAMM. A

Kpone Toro, duazonaru pomba e3aum- o
HO nepnenouKYyRAPHLL U ABRANOMCR Ouc- A " B
cexmpucamu e2o Yyzroe. P 86

AC 1 BD.
AC — Buccexrpuca yraos A u C; BD — 6uccexrpsuca yrnos B u D,
d} + d; = 4a2,

S=a-h,=~a’sina = -;—dl~d2—nnonxanbpou6a.

25.Ksaapar

KBanpaTom HA3BBAETCA NPAMOYIONAbHHK,
¥ KOTOPOro BCe CTOPOHK! paBHal (puc. H7).

Moo ckaaars, 4To KBaapar — aTo pomd ¢
OPAMBIM YIJIOM. d

Keagpar obnazaer BceMH CBOMACTBAME OPAMO-
yronsHHKa ¥ pomba.

OcHoBHBIE CBOMCTEA
1. ¥V kxBajgpara Bce YIJibl IpAMbIE.
2. ¥V xBajgpaTa qHAroHANH PABHLI, B3AHMHO

nepueHgHKYIAPHEl B ABIAIOTCA GHCCEKTPHCAMH
€ro yrios.

=

Puc. 57

26. OKpyXHOCTH

ORpYy®HOCTBIO HA3LIBAETCA TEOMETPHYECKOE MECTO TOYEK MJIOCKOCTH,
paBHOYAANEHHBIX OT 0AHOI ee Touky (uenTpa) (puc. 58).

Orpezok, COEAMHAIMA LEHTP OKPYHHOCTH ¢ TOYKON HA OKPYIKHOCTH,
HA3BIBAETCH PANMYCOM.



20 «® [eomerpun. Faaaum Ha roOTOBHX HEPTEXAX AR MOArOTOBKH K [VIA 1 E3. 7-9 xaaccw

Ofosnavenue; r nan R.

Ha pucyure OC = OE = 0D = R.

YacTts okpyscHocTH (Hanpimep, CmD) Haswl-
BAETCH XYTO.

OTpesokK, COeqUHAIOIMI ABE TOYKH OKPYK-
HOCTH, Ha3biBaeTca XOpAoi, a XopJa, TPoOXoas-
uias 4epes UeHTp, — AHAMeTpPOM.

AB, BC, CD v CE — XOpabl OKPY’KHOCTH.
CE — Hawuboabmias U3 XOpA — OHAMETD.

O6osnaverue: d wau D,

D= 2R.

YacTh NJIOCKOCTH, OrpaHHYEHHANA OKPYKHO-
CThHI0, HA3LIBAETCH KPYTOM.

Yacre Kpyra, orpaundennas ayroi (CmD) 1 erarusamomeit ee Xopaoi
(CD), Ha3LIBACTCH CEIrMEHTOM.

YacTh Kpyra, OrpaHM4YedHas ABYMSA PAAMyCAMM M QVIoiil, HA3LIBAeTCH Cex-
TOPOM.

¥ron, obpasoBaHHBI ABYMA PAJHYCAMH, HA3LIBAETCH LEHTPAJABHBIM
(£COD ua puc. 58).

¥YroJ, y KOTOPOro BepUIMHA JEKHT HA OKPYHOCTH, & CTOPOHEL ABJIAIOTCS
XOpAaMH, HA3LIBACTCH BNHCARHBIM (Hanpumep, ZABC).

27.CBOWCTBA KAacaTeAbHbIX K OKPYXHOCTH

¥Yrox, obpazoBaHHBIH ABYMA KacaTeab-
aeimu (CA u CB), vcXoaammmn U3 0QHOIM
TOMKM, HazelBaeTcH onucanawim (LACB
Ha puc. 59).

1. Paawnye, npoBe/leHHBIH B TOMKY Kaca-
HUSA, TEPIEeHANKVIADEH KACATEIbHON.

2. Jlge KacaTe/ibHbIe, HPOBEACHHEBIE K
OKPYIKHOCTH M3 OJHOM TOYKM, DABHLI, M
UEHTP OKPYHCHOCTH JICKHT Ha DHCcceKTpHCe
VYIJIa MEKAY HIUMM,

28. OKpYXHOCTb ¥ TPEYroAbHHUK

1. OKOJIO BCAKOTO TPEVIOJBHHKA MOMHO ONH-
CaTh OKPVXXHOCTD; UEHTPOM OKPYKHOCTH ABJIACTCA
TOYKA NepecevyennA NepresanKyaspos, NposeieH-
HBIX K CTOPOHaM uepes ux cepesuusnt (puc. 60).

2. Bo BCAKHIT TPEYIOJBHIMK MOXHO BINCATSH
OKPY/KHOCTh; LEHTPOM OKPYXHOCTH ABNAAETCA
ToYKa nepeceueHun OuccerTpuc (puc. 61).

Pazaea I. Kpatxue Teopetmieckwe coeaens o0 21
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29. OKpPY»XHOCTb M YETbIPEXYIOAbHHUK

1. I Toro 4yrobul OKOJNO YeThIpex-
VIrOJNIbHHKA MOXHO OBIJIO ONHCATH
OKPYKHOCTH, HeoOX0AHMO B JOCTATOY"
HO, 4TOORI cyMMa NPOTHBONOJIOMHEIX
yraos 6su1a pasua 180° (puc. 62).

o+ B = 180°.

2. ns Toro 4rofLl B YeTHIPeXyroib:
HMK MOMHO OBELIO BOHCATH OKPYIK-
HOCTH, HEOOXOAHMO B JOCTATOYHO, YTO-
bl CyMMLI IPOTHBOMNONOMKHEIX CTOPOH
6uinn pasrE (pHe. 63).

a+ece=b+d.

0]
o]
p
v
Puec.62
c
b m
d %
a
Puc.63

30. YrAbl ¥ OKpPYXXHOCTB

HenrpaasHuil yron HaMepseTcsa Ay-
roit, Ha KOTOPYIO OH ouxpaercs (puc. 64).
ZAOB = UAmB.

BnucamHBIA YTOA H3MEPAETCA MOJ0~
BHHOM YTH, HA KOTOPYIO OH ONKpaeTcsa
(puc. 65).

ZABC = %uAmC.

B

Puc.64

B

o0

> B
m
8]

Puc.67

Yroa mexay XopaoH H KacaTensHOH HaMe-
pAaeTcs NoNOBMHON AYIH, 3aKJIIOYEHHON BHYT-
pu Hero (puc. 66).

ZABC = %uBmC.
Y101 MexAY ABYMS KACATEJbHBIMH HIMe-
pAETCS NOJAVPa3HOCThIO AT (puc, 67).
ZABC = %(uAmC = UARC).
Yron mexay ABYMs XOpAAMH H3MepsaeTcs

noJycyMMoit Ayr, Ha KOTOPHIE OH ONMMpaercs
(puc. 68).

ZAEC = %(\.}AmC + wBnD).
Vroa mexy cexymMMHu HaMepseTes Nnoay-
Pa3HOCTHIO AYT MeKAY HEME (puc. 69).
ZABC = %(uAmC — JEnD).
¥Vron memay KacaTeabHON M cexyumel Ha-

MEepAETCA MOJYPAZHOCTLIO OTCEKACMBIX HMH
JIVT, MPHJeKAUIMX K KacaTensHolt (puc. 70).

ZABC = —;—(uAmC - wCnD).

A Puc.70
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31.MeTpHruyeckne COOTHOMEHHS B OKPYKHOCTH

Ecau xopas AB u CD nepecexalTcsa B
Touke E, TO Npou3sefieHHe 0TPE3KOB OAHOINM
XOP/ibl PABHO NPOMIBEJIEHHIO OTPEIKOB JApY-
rod (puc. 71).

AE +EB = CE - ED.

Ecny 13 ToukH B K OKPYXHOCTH NpoBeae-

HEI ABe cexymue BDA n BEC, To
DB+ AB = EB - CB (puc. 72).

Ecnu #a To9ki B K OKPYKHOCTH NpOReje-
HEt cekymaa BDA u xacarensuas BC, 1o npo-
M3BeIeHHE CEeKYIeH HA e¢ BHEUIHION 4aCTh
paBHO KBajAparty Kacareasnoi (puc. 73).

AB - DB = B(C2,

Puec.72

32. Aanna okpyxHocTH. laowaas Kpyra u ero yacTen

C = 2R = nD — AnuHA OKPYXHOCTH;

=

180° Ro — aauHA AYTH OKPYHHOCTH;

1 1
S, =R2 = 1 nD? = ECR — NAOMAAL KPyra;

C
n= D = 3,14 — oTHOMIEHHE AJMHHBI OKPY -

HOCTH K ee JjuamMerpy;
aRn Puc. 74

Sy, === — 1IN0 b CEKTOPA.
-~ 7360 wman P

33. Nonatne BexkTopa

Bexmopom nassiBaeTcA HanpaBJeHHBIH 0Tpe3ok (puc, 75).

Besikiil BeKTOP XapaKkTepHayercs: 3 B
1) HauanbHO TOYKOIL; /
2) HanpasneHuem; A

3) aanroit (Moavaen). Puc. 75

Jaunon (sodyres ) Henyneporo sekropa AB HazmBaeTCA AIMHA OTpe3Ka
AB u obosnauaetcs | AB| wau |al.

34. PageHcTBO BekTOpoB

Ecnu HenysneBbie BEKTODPHI JIEKAT HA OAHOM NPAMOMK MK NapaijesbHbIX
OpAMEIX, TO OHH HA3LIBAIOTCA KoadaAuHeapHboimu (puc. 76).
KonuHeapHble BEKTOPEI:

d, m, CD, KP, AA=0.
Hexonmmeapnble BEKTODLI:

CD u ST, KP u ST.
Konnuneapssie BEKTODPBI HA3hIBA*

10TCH CONANPpAGAEHKHBIMU, €CIIH OHH
HMEeT OJHHAKOBLIC HANIDABJIOHHA.

Hanpumep, a Tt m, @ TTKP,
m 11 KP.

KoanuHeaprbie BEKTOPH HAILIBAIOTCA NPOMUBONOIONHO HANPABACHHbI-
MU, €CJIH OHHM MMEIOT PAa3Hbie HANpaBJIeHuns.

Hanpuwmep, @ u CD , 7w CD, CD u KP .

BeKTOpb! HA3bIBAKTCH PAGHbLMU, €CHAH OHH COHANIPABIECHBI H MX JTHHEI
paBHHI.

Ae

Puc. 76

35. Koopaunxars! BekTopa

TTyers A(xy; y,) — Hauasno BeKTopa d, B(x,; y,) — KoHen BexTopa d (puc. 75).

Koopduramamu éexmopa d HA3LIBAOT YHCIA @) = X; ~ Xy, @ = Yz ~ Y,
u obosHAauaAwT d(a,; a,).

Toraa abconwTHan BeAMUMEA (MOAYJIB) BEKTODA ¢ KOOPAMHATAMH 4, d;

pasga |d|=\/ai +aj.

Ecai BeKTOPL! PABHEI, TO ¥ HHX PABHBI COOTBETCTBYIOIIME KOOPAMHATEL
H obpaTHO, ecJiM ¥ BEKTOPOB PABHLI COOTBETCTBYIOIIHE KOOPAHHATHI, TO BEK-
TOPBI PABHBI.

Pazaea I. KpaTkwe Teopetiyeckme coeactimy o0 25

36. AeficTBus HaA BeKTOpamH

B
1. CymMa nBYX BEKTOPOB.

Kaxossl 6b1 HH OblTH TOUKH A, B, C, nmeer
MEeCTO BeKTOPHOE paBeHcTBO (pHue. 77):

AB+BC=AC (DpaBHJIO TPEYTONbHHUKA),

unud+b=2¢.

2. BeKTOps! CKAAABIBAKTCH MeOMETDHYE-
CKH 110 IpaBnay napanaexorpamma (puc. 78):
cyMMa ABYX BeKTOpOB d u b, nMeomux obulee
Ha4ano, uaobpaxkaeTca ARATOHANBIO apaJie-
Jorpamma, NOCTPOEHHOrO Ha 3THX BEKTODaXx.

3. JlaA BEKTOPOE cNpaBeiuBLl NepeMecmu-
MEAbHBUL M COEMAMENbHLIE 3AKOHBL CIOMEHHA!
i+b=b+d n d+(b+é&)=(a+b+e.

4. Pasnocmuio eexmopoé d(a,; a;) u b(by; by)
HA3LIBAETCH TAKOH BexTOp €(C); ¢;y), KOTOPHIH B
cymme ¢ Bekropom b faer BekTop d, T. €.

b+ é = a (pmc. 79).

5. YMHOXeHHEe BEKTOpa Ha YHCJIO.

Ilpouseederuem eexmopa a(a,; a,) H@ HUCAO
k HaswiBaeTcs BeKTOp ka(ka,; ka,).

W3 onpenenenus cueayer, 4To:

1) npouzeedenue 1100020 6eKMOPA HA YUCAO HYAL ECMb KYAEEOl 6EKMOP;

2) das awbozo wucaa k u 2106020 eexmopa @ eexmopst @ u kd KOAAUHEAPH DL,

OcHOBHBIE CBOHCTBA YMHOMKEHHA BEKTOPA HA YHCIO0:

1) (kl)a = k(ld) — covemameavHbill 3aKOH;

2) (k + l)a = ka + la — I pacnpedeaumenbHbtil 3aKOH;

3) k(d + b) = ka + kb — II pacnpedeaumensnviii 3aK0H.

A

Puc. 79

37. CxaaspHoe npou3BeseHHe BEKTOPOB

Cranrspuobin npoulgedenuesm ABYX BEKTOPOB HA3LI-
BAETCA MpOM3BEAEHNE X AJAHH (MOAYJAeH) HA KOCHHYC
vraa Mexay sumu (puc. 80).

d-b=|d| 5" cos a. a

1)Ecana L b, toa =90, cosa=0,tornad-b=0, 3

Bepuo u obparroe: ecnund - b=0,rtod L&, Puc. 80

2)Ecam o <90, 10d 6> 0;ecmma > 90, Tod 6 <0. g

(S8
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38. CkaasipHoe NpoM3BeACHHE B KOOPAHHATAX
Pazaea I. Kpatkwe teopermyecxmue coesenns o 27

Ecan d@fx,; yi b blags yo), 10d - b = 225 + y,y0.
Caedemeue 1.d L b Torsa u TonbKO TOrAA, KOTAA XXy + yyys = 0. c
2)Ecana=0,b20, 10 y=-3 — ypaBHenne ¥}

XX, + YU,
1Yz T Y, =+ [ 0 — YFOJI MEXAY HeHY/eBbl- £

Caedcmeue 2. COS (= —p ) _c
NE TR E AT upAMoi, napaaaensHoit ocu Ox (puc. 83). Re

mu sexTopamu a@lx;; y, 1, Blx.; ya).

39. CBOMCTBA CKAASPHOTO NPOM3BEACHHUS BEKTOPOB

1)d-a=af%

2)a- b =b"d(nepeMecTHTE BHBIN 3aK0H); 0 x
3)(@a+b)-¢=a-¢+ b-¢(pacnpesenuTeabHLIi 3aKOH);
4) (kd) - b = k(d - b) (coueTaTensHEIA 3aKOH). Puc. 83
40. YpasHeHue OKpPYKHOCTH ¢ ¥
3)Ecanb=0,a#0, 10 Xx=—— — ypasHeuue
vy Ecan nenTpoM OKpYKHOCTH ABAAETCH HAYAIO a
Alx,y) KOOPAHHAT (puc. 81), To ypaBHEHHE OKPYHOCTH npaMoit, napaiaaeassoi ocu Oy (puc. 84).
! HMeeT BHA prpoey. 2
ol %
¥ o :x
A Puc. 84
Puc, 81
A-- ¥
Ecan 1enTp OKpyRHOCTH M(X4; ¥g), To Y0 4)Ecinc=0,a20,b+0,T0oax +by=0—
ypaBHEeHME OKPYRHOCTH umeeT BuA (pic, 82) ypaBHEeHHEe OPAMOil, IPOXOAAIIeH Yepes Hauaao
(x = xp)% + (y ~ yo)* = R2. rxoopaunar (0; 0) (puc. 85).
i s ax+by~0
0 xo X
Puc. 82
41. Ypasuenune npamon iy %
Puc. 85

1) JIrobaa npsamas B ACKAPTOBLIX KOOPAMHATAX X M Y 3ajaercs ypasHe-
HueMm Bujtta ax + by + ¢ = 0, rae a n b — Koa(hdHUHEHTLI NPY HEHIBECTHRIX,
¢ — cBODOAHEII WeH,



