1. B. loropenos

LULPVIA

MPOCBELWEHWE

M3IOATENbBCTUBO



A. B. Tloropenos

[ ECMETPW 4
KJ/TIACChbI

YuebHUK
0114 o0LleobpasoBaTe bHbIX
yUupexxaeHunim

PekomMeHA0BaHO
MWHUCTepCcTBOM 06pa3oBaHNsA N HAYKN
Poccuiickoil Penepaynu

10-e nsgaHune

MOCKBA
«[MPOCBELLEHWVE»
2009



YAK 373.167.1:514
BBEK 22.1514a72
M43

Ha y4yeO6HMK MosyyeHbl MOMIOXUTENbHbIE 3aKNOUYEHNA POCCUNCKOW aKageMuu
HayK (Ne 2-10106-5215/775 ot 07.07.2006 r.) m PoccuiicKon akKagemumu
o6paszoBaHus (Ne 01-167/5/7p ot 14.07.2006 r.)

Moropenos A.B.

M43 FeomeTpua. 7—9 knaccol : yyeb. ansa obweobpasosarT. yupexgeHui/
A. B. lNoropenos. — 10-e u3g. — M. : lpoceeweHune, 2009. — 224 c. :
nn. — 18BM 978-5-09-021849-8.

YOK 373.167.1:514
BEK 22.151a72

Y4yebHOe wn3gaHue

Moropenos Anekcein Bacunbesuy

FTEOMETPUA
7—9 Knaccsl

YyebHUK
ANA 06uleobpaszoBaTeibHbIX YUYPeXXAeHU

3aB. pegsakuuein T. A. bBypmucTposa, pegaktopbl T. A. bBypmucTposa, T.H. Akumosa,

XyaoxXHuUKn H. KO.MaHkesnu, T. B, [enarnHa, XyAoXXecTBeHHbI pegakTop E. P. [awyk,

O.I. boromosioBa, KoMMblTepHasa BepcTka T. B. BacuibKoBOW, TEXHUYECKMIA peaakTop
C.H. Tepexosa, koppekTopbl H. B. bypanHa, O. H. JleoHosa, . B. YepHoBa

Hanoroeasa nbrota — O6uiepoccMiicknini Knaccugpumkatop npoaykumm OK 005-93—953000.

nN3g. nuy. Cepusa MO Ne 05824 ot 12.09.01. MopgnmncaHo B nedatb 21.07.09. dopmart

70X90Y 16- bymara otpceTtHada. MapHuTtypa LU KonbHaga. MNMeyaTb opceTHadA. Yu.-usg. n. 13,17.
Odon. Typax 40 000 3k3. 3aka3 Ne 4218.

OTKpbITOE aKLMOHepHOe 06L1ecTBO «M3agaTenscTBO «lMpocBelleHme». 127521, MockBa, 3-i npoe3f
MapbuHoi pown, 41.

OTKpbITOE aKLNOHEpPHOe 06LecTBO «TBepcKoin opaeHa Tpygosoro KpacHoro 3HameHu nonvrpag-
KOMOWHAT fAeTCcKoi nutepatypbl um. 50-netua CCCP». 170040, r. Teepb, npocnekT 50 net
OkTA6ps, 46.

0

I8BN 978-5-09-021849-8 ©WN3paTenbcTBO «lpocBeweHne», 2000
©W3patenbcTBo «lpocBeweHne», 2006,
C U3MEHEHUAMN
© XypoxecTBeHHOe 0(opMIIeHMeE.
MN3paTenbctBo «[l1pocBeweHmne», 2000
Bce npaBa 3aljuuieHbl



OCHOBHbIE CBOWCTBa MPOCTENLLNX

reoMeTpuYeckKnx puryp
1

1. TleomeTpuyeckune urypsol

feomeTpuss — 3TO HayKa O CBOMCTBax reo-
MeTpuyecknx uryp. CnoBo ereomMeTpusa» rpevyeckoe, B
nepeBofle Ha PYCCKUI A3blK O3HA4YaeT 43eM/ieMepue».
Takoe Ha3BaHWe CBA3aHO C MPUMEHEHWEM TeoMeTpumn
ANA N3MEPeHUA Ha MeCTHOCTW.

[MpuMepbl reomMeTpuyecknx duryp: Tpe-
YroNibHUK, KBagpar, OKPYXHOCTb (puc. 1).

MeomeTpuyeckne ¢qurypol 6biBalOT BeCbMma
pa3Hoobpa3Hbl. YacTb N060M reoOMeTpUUYecKoOn urypeol
ABNAETCA reoMeTpuyeckon ¢urypoin. O6beaMHEHNE He-
CKONbKUX TFeoOMeTpuyYecKnx (Uryp ectb CHOBa reomert-
puyeckasa urypa. Ha pucyHke 2 ¢gpurypa BBepxy COCTO-
UT W3 TPeyrosbHMWKa W Tpex KBaapaTtoB, a Qurypa
BHM3Y COCTOUT M3 OKPY>XXHOCTU U YacTel OKPYXHOCTH.
BCAKYIO TreoMeTpuyeckyr QUrypy Mbl MNpefacTaB/ifiem
cebe COCTaB/IEHHOW M3 TOYeK.

[eoOMeTpUS WNPOKO NPUMEHSAETCA Ha npak-
Tuke. Ee Hafo 3HaTb M pabouyemy, U WHXeHepy, U ap-
XUTEKTOPY, N XYyAOXHUKY. OQHUM C/IOBOM, FeOMeTpuUto
Haf0 3HaTb BCEM.

eomeTpua, KoTopasd u3y4yaetTcs B LUIKONe,
Ha3blBaeTCA eBK/INAOBOW MO MmeHn EBKnupa, cosjas-
LLero PyKoOBOALCTBO MO MaTemMaTuUKe Moj HasBaHUeEM
¢+Havyana». B TeyeHWe ANUTENbLHOTO0 BPEMEHW TeoOMeT-
PUIO MU3ydanun Nno 3TON KHUre.

Mbl HauyHEM W3y4YeHWe TeoOMeTPuUM C NnaHu-
MeTpun. NMnaHMMeTpua — 3TO pasfes reoMeTpumn, B Ko-
TOPOM M3y4yarTCcA Urypbl Ha MJOCKOCTU.

Pur. 1

Pur. 2
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2. Touka n npamas
OCHOBHbIMM TeOMETpPUYECKUMU purypamm
Ha NJIOCKOCTU ABNAKTCA TOYKa U npamMad. To4yku npu-
HATO 0603HayaTb NPOMUCHLIMW NTATUHCKUMU OYKBaMM:
A, B, Cy Ny ... . TMpamble 0603Ha4YalOTCA CTPOUHbIMU
naTUHCKMMKM b6ykBamu: a, b, ¢, ¢ ... . Ha pucyHke 3
Bbl BUAUTE TOYKY A 1 npamyto a.
Mpamas 6eckoHeyHa. Ha pucyHkKe mbl K30-
bpaxaemM TO/IbKO 4acTb MPAMOMW, HO MNpefcTaBnsAeM ee
cebe HeorpaHM4YeHHO MPOAOMKEHHOW B 06€ CTOPOHHI.
[TocmoTpunTEe Ha pPUCYHOK 4. Bbl Buaute
npamble a, bun 1Touknm A, B, C. Toukn A n C nexart Ha
npaMor a. MOXHO cKasaTb TakKXe, 4To Touykm A n C
NpuUHagnexat NpsaMoii a UAKM 4YTo npsimas a npoxoauT  EBKAnA — fApesHe-
Llepe3 Toukn A n C. rpevyecKnMin ydeHblin
Touka B NexuT Ha npsamoil b Owa He ne- (118 A0 H.3)
XUT Ha npaMon a. Touka C neXxnT 1 Ha npamMon a, u
Ha npsAmoin b. Mpamble a n b nepecekatoTca B Touke C.
Touka C aBnseTca TOYKON nepeceyeHUa NpaMbiX a U b
Ha pucyHKe 5 Bbl BUAUTE, KakK C NMOMOLLbIO
NVNHENKN CTPOUTCHA Npsmas, Npoxoaaw,as yepes [Be 3a-
flaHHble TOYkn A u B.
OCHOBHbIMW CBOWCTBAMW MNPUHAANEXHOCTU
TOYEK M NPAMbIX Ha NJOCKOCTU Mbl ObyfeM HasblBaTb Puc. 3
cnefytow,me cCBOUCTBA:

|. KakoBa 6bl HM Oblna npsMas, CYWeEeCTBYKT TOYKMU,
npuHagnexaume 3TON NPAMON, U TOYKW, He NPUHaf-
nexatiune ei.

Uepe3 ntobble ABE TOYKM MOXHO MPOBECTU MPAMYIO,
N TONbKO OfHY.

MpAMYO MOXXHO 00603HayaTb ABYMSA TOYKa-
MU, fiexawmMmMmm Ha Heil. Hanpumep, NpsAMyr0 a Ha pu-
CYHKe 4 MOXHO 0603HaunTb AC, a npsmyo b MOXHO
0603HaunTL BC.

3apgava (3)1

MoryT nn aBe nNnpAMble UMETb ABe TOUYKU Me-
pecevyeHnss? OO6BACHUTE OTBET.

PelwweHune.

Ecnn 6bl gBe npsAMble UMENU ABe TOYKWU Me-  PUC. 4
peceyeHus, TO 4yepe3 3TU TOYKM nNpoxoaunum Obl ABe

1Uucno B ckobKax ykasblBaeT HOMep 3ajayn B CMNUCKe 3agad, npuBse-
LEeHHbIX B KOHLUe naparpada.
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npsaMblie. A 3TO HEBO3MOXHO, TaK KaK 4yepe3 ABe TOu-
KW MOXHO NPOBECTU TONbKO OfHY MNpPsSIMYH. 3HA4YWUT,
NBEe NpsMble He MOrYT UMeTb [ABE TOUKU NepeceyeHus.

3. OTpe3okK

[MTocmoTpuTE Ha pPUCYHOK 6. Bbl BuaguTte
npsAMyto a n 7pyn 104k A, B, C Ha aTtoin npamoi. Tou-
Ka B nexut mexpy Todykamum A m C, oHa pasfenser
ToOukn A n C. MOXHO TaKXe CKa3aTb, YTO TOYKU A U”
C neXaT no pasHble CTOPOHLI OT TOUKU B. Touyku B u
C nexart no ogHy CTOPOHY OT TOYKW A, OHU He pas3je-
nawTca Toukoin A. Toukm A n B nexaT no ogHy cTo-
POHY OT Touku C.

OTpe3KOM HasblBaeTca 4yacTb NPAMOM, KOTO-
pas COCTOMT M3 BCEX TOYEK 3TOW MPAMONR, nexauiunx
MeXAy ABYMSA AaHHbIMW ee ToOYKaMu. OTU TOUYKW Hasbl-
BalOTCA KOoHUaMu otpe3ka. OTpe3ok 0603HayaeTcsd yKa-
3aHMeM ero KoHUoOB. Korpga rosopaTt WauM MNUWYT: «OT-
pe3ok AB», To noapasymeBalT OTPe30K C KOHUamMu B
ToOYkax A un B.

Ha pucyHke 7 Bbl BuauTe otpe3ok AB. OH
fABNdeTCA 4YacTbto npsaMon AB. 3Ta yacTb NPAMON Bbl-
aeneHa KOPUYHEBOW NUHMEN. Touyka X NPSAMON NeXxuT
MeXay Toykamu A u B, No3TOMy OHa NPUHAANEXUT OT-
pe3ky AB. Touka Y He nexut mexpay Toykamum A n B,
NO3TOMY OHa He NpUHaanexXut oTpesky AB.

OCHOBHbIM CBOWCTBOM pPacrnosioXXeHUs TO-
4yeK Ha npsmoi 6ygem HasbiBaTb Clefyloliee CBONCTBO:

Puc. 5

II. 13 Tpex ToYeK Ha MPAMON ofHaA U TOMbKO OAHa ne-

XUT MexXay ABYMS ApYrumu.

4. W3mepeHue 0Tpe3KOB
Ona n3smepeHUa OTpPe3KOB MNPUMeEHATCA
pasHble WU3MepUTeNbHble WHCTPYMEHTbI. lMpocTeiwnm
TakKUM WHCTPYMEHTOM SBMSIETCA NUHENKA C feNeHUnAMHU
Ha Hel. Ha pucyHke 8 oTpe3ok AB paeeH 10 cm, oTpe-
30Kk AC paBeH 6 cM, a oTpe3ok BC paBeH 4 cMm. [AnnHa
oTpe3ka AB paBHa cymme anumH otpe3kos AC n BC.

A C B

Puc. 8

OcHoaHble cBoucTamn
npocTeiwnx reomeTpu-
Yyeckux duryp



OCHOBHbIMMW CBOWCTBaMU N3IMEPEHNA OTPEI-

KOB Mbl Oy[eM Ha3blBaTb C/eAyHLLNe CBONCTBA:

[1l. Kaxablil 0Tpe3oK UMeeT ONpPefeneHHY ANUNHY,
6onbwyo Hyna. [1nnHa oTpeska paBHa CymMMe AJIMH Ya-
CTeN, Ha KOTOopble OH pa3buBaeTca /MHOOON ero TOYKOMW.

JTO 3HAYUT, UYTO ec/in Ha oTpe3ke AB B3dATb
nmooby Touky C, To ANnMHa oTpe3ka AB paBHa cymme
AnvH otpeskos AC un BC. AnuHy oTpe3ka AB Ha3biBa-
IOT TaKXXe paccTofdHueM Mexay Todykamum A n B.

3apava (9).

Tpn Toukm A, By C nexart Ha ofgHoin nps-
MOW. V3BECTHO, 4TO

AB =43 cm, AC = 7,5 cm, BC = 3,2 cM™m.

MoXeT N Toyka A nexaTb MeXAy TouKa-
Mn B n C? MoxeT nu 1ouka C nexaTtb MeXAay ToukKa-
Mn A n B? Kakag mns tpex touyek A, B, C nexuTt mex-
Ay ABYyMSA APYyrumun?

PeweHue.

Ecnn Touka A nexuTt mexagy touykamu B un
Cy TO MO CBOWCTBY M3MepeHUsAs OTPEe3KOB AO0/MKHO ObITb
AB + AC=BC. Ho 4,3 + 7,5 " 3,2. 3HauuT, Touka A
He NeXunt mexpgy Touykamu B u C.

Ecnn Ttouka C nexuTt mexagy Toudykamm A u
B, 10 gomkHo 6bITb AC+ BC= AB. Ho 75 + 3,2 4,3,
3HaunT, Touka C He NeXxuTt mexagy Touykamu A un B.

N3 Tpex Touek A, B, C Ha npsmoii ofHa
TOUKa NEeXUT Mexay ABYyMS APYrMMWU. 3HAUYUT, 3TOW
TOuKoi sBnsaetca B.

5. TlonynnockocTtu

MocMoTpuTe Ha pUCYHOK 9. lNMpamaa a pas-
6mBaeT MNOCKOCTb Ha [Be MONAYNA0CKOCTU. ITO pasbue-
Hue obnafaeT crnegyrLW MM CBOMCTBOM. ECNM KOHUbI Ka-
KOro-HMOyab oTpe3ka npuHagaexar 04HON MonynaocKo-
CTU, TO OTPE30K He nepecekaeT NpamMyr. ECAM KOHLbI
0Tpes3Ka NpuHagnexat pa3HbiM NONYNIO0CKOCTAM, TO OT-
pe30K nepecekaeT NpAMYlo.

Ha pucyHke 9 Toukn A 1 B nexart B O[HOMN
M3 NONYN/IOCKOCTEN, Ha KOTOpble npsamas a pasbusaeT
NNOCKOCTb. llo3ToMy oTpe3oK AB He nepecekaeT npa-
Myto a. Toukn C n b nexaTt B pasHbIX MONYMNJ0OCKOC-
TAX. [Mo3ToMy oTpe3ok CB nepecekaeT npamyto a.

6
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OCHOBHbIM CBOWCTBOM PacrnooXeHus To-
YeK OTHOCUTENIbHO MPAMOI HAa NIOCKOCTU Mbl ByaemM Ha-
3blBaTb C/eflylollee CBOMCTBO:

*

IV. MNMpamaa pa3dbmBaeT NJOCKOCTb Ha ABe
KOCTW.

3agaya (17).

JaHbl npamaa n Tpyn Touknm A, B, C, He ne-
Xauime Ha 3To npssMoi. 3BecTHO, YTO 0Tpe3oK AB ne-
pecekaeT npamyto, a oTpe3ok AC He nepecekaet ee. le-
pecekaetT nun npsamyk oTpe3ok BC? O6BbACHWUTe OTBET.

PeweHwne.

Mpsamas pa3busaeT MIOCKOCTb Ha ABe Nony-
nnockoctn (puc. 10). Touyka A NpUHAANEXUT OAHOWN K3
HUX. OTpe3ok AC He nepecekaeT NpamMyr. 3Ha4YuT, TouY-
Ka C IeXXUT B TOW e MoAynaocKocTu, 4TO U Touka A.

OTpesok AB nepecekaeT NpaMyr. 3Ha4uT,
Touyka B neXxut B Apyroim nonynnockKocTu.

Takum obpasoM, Toukn B n C nexart B pas-
HbIX MONYN/JOCKOCTAX. A 3TO 3HayuT, 4TOo O0Tpe3ok BC
nepecekaeT Hally NpAMYIO.

6. [lMonynpamas

3agava (20).

JaHbl npamasa a u Touykm A, X, ¥, 2 Ha
aTou npsmon (puc. 11). M3BECTHO, 4YTO TOUKN X N Y
nexart no ogHy CTOPOHY OT TOUKM A, TOYKN X U 2 TO-
XXe nexaTt no ofgHy CTOPOHY OT Toyknm A. Kak pacnono-
XeHbl TOYKM Y N 2 OTHOCWUTENbHO TOYKW A: NO OAHY
CTOPOHY MM MO pasHble CTOPOHbLI? OOBACHUTE OTBET.

PeweHue.

MpoBenem 4yepes TOUKY A KaKyw-HUOY[Ab
npAMyto by oTnuyHyto oT a. OHa pa3buBaeT MAOCKOCTb
Ha fABe Monynnockoctn. OAHOW M3 HUX MPUHAANEXUT
Touyka X. B Toi e nonynnocKoCTW nexaT TOUYKU Y ”
2y NOTOMY 4YTO OTpe3kn XY u X2 He nepecekawT npa-
MY b. Tak KaK TOYKM Y M 2 nexaTr B OAHOW Mony-
NIOCKOCTU, TO OTPE30K Y2 He nepecekaeT npaMyr b, a
3HAUUT, He cOoAepPXUT TOYKy A. To eCcTb TOUKU Y U 2
niexaTt no ofHY CTOPOHY OT TOYKKM A.

MonynpAmon, wunuM nay4yom, HasblBaeTcH
4acTb MPAMON, KOTOpas COCTOUT M3 BCeX TOYEK ITOW
NPAMOW, Nnexawmnx no ogHy CTOPOHY OT JaHHOW ee TOu-
Kn. OTa TO4YKa HasblBaeTcAa Hada/ibHOM TOYKOW Mnony-

v

nonynnoc-

Puc. 10

1(9%) |
'Y MBH
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' [
IMNM .



npsAMon. Pas3nnyHble NONynpsMble OLHOWN M TOW Xe
NpAMONM, UmMeroLiMe 06LY HayalbHYH TOYKY, HasblBa-
FOTCA LOMOJIHUTENbHBLIMN.

Monynpsimble, Tak Xe Kak n npsamble, 060-
3Ha4yalTCA CTPOYHLIMM NAaTUHCKUMM ByKBaMu. MOXHO
0603HayaTb NONYNPAMY0 ABYMS TOUYKaMW: HayanbHOMW
N elle KaKOW-HMOYAb TOUYKON, NpuHagnexat,enh nony-
npAMon. lMpu 3TOM HayasbHas TOYKa CTABUTCHA Ha
nepsom MecTe. Hanpumep, nonynpamyr, Kotopasa Bbl-
feneHa KOPWYHEBOW JIMHWUEW Ha PUCYHKE 12, MOXHO
0603HauYnTL AB.

3apgayva (22).

Ha oTpe3ke AB B3daTa Touka C. Cpegn no-
nynpambix AB, AC, CA n CB Ha3oBUTe napbl coBnaja-
WKUX NOAYyNpAMbIX, AOMONHUTENbHbLIX MNONYNPAMbBIX.
OO6bACHUTE OTBET.

PeweHune (puc. 13).

[JaHHble nonynpsAMble WMEKT Ha4vanbHOW
TOYKON NnMbo TOoukKy A, nnbo Touky C.

PaccmMoTpuM CHadana nonynpamblie C Ha-
yanbHou TOo4ykonM A (nonynpambie AB n AC). Touka C
NeXUT MexXxpay ToykamMm A n b, Tak KaK Mo YyC/n0BuIO
3afjaun oHa npuHagneXxut otpesky AB. 3HauuT, To4yka
A He neXut mexnay touykamum B n C, 1.e. Toukn B n C
nieXXaT no oAHYy CTOPOHY OT TOoukuM A. T1o3ToMy nony-
npamble AB n AC cosnagarouime.

PaccmMoTpuM Tenepb NoNynpamMblie ¢ Havyanb-
Ho Toukoin C (monynpamble CA n CB). Touka C pas-
penaet To4ykn A n b. Tloatomy Toukn A n B He moryTt
NpuHagnexatb OAHOW MNONYNPAMONR, a 3HA4YUT, MNoNy-
npamble CA n CB pononHuTenbHoble.

7. Yron
Yrnom HasbiBaetca Qurypa, Kotopas co-
CTONT N3 TOYKWN — BEPLIUHbLI yrna — W ABYX pPa3/iny-

HbIX MONYNPAMbIX, MCXOAAUWMX W3 ITOW TOUKKU, —
CTOPOH Yyrna.

Ha pucyHke 14 Bbl BUAWUTE Yron C Bepllu-
Hoin O 1 cTopoHamun a, b. Yron o6o3HavaeTca nMbo yka-
3aHWEM ero BepluHbl, NN60 yKazaHUeM ero CTOpPOH, /-
60 yKasaHMeM Tpex TOYeK: BEPWMWHbI N ABYX TOYEK Ha
CTOpoHax yrna. CnoBo «yron» WHorga 3aMeHAKT 3Ha-
KOM Yron Ha pucyHke 14 MOXHO 0603Ha4yuTbL Tpe-
msa cnocobamu: /.0, /-(ab), AAOB. B TpeTtbem cnocobe
bykBa yrna, obosHavarouiad BeplIMHY, CTaBMTCA Moce-
pefvHe.

8
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Puc. 14
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Ecnn cTOpOHbI yrna AaBAg0TCA LONOMAHUTENb-
HbIMW MONYNPAMbIMW O4HOW NPAMON, TO Yros HasblBaeT-
CA pa3BepHyTbIM. Ha pucyHKe 15 Bbl BUAUTE pa3BepHYy-
Tbll yron ¢ sepwuHon O n ctopoHamm OA un OB.

Mbl O6yaem roBopuTb, 4YTO NIy4 MNPOXOAUT
MeXAay CTOpOHamMW AaHHOro yrnaa, ecim OH UCXOAUT K3
ero BepWWHbl M nepecekaeT KakKoW-HMOYab OTPe30K C
EMIOHUAMW Ha CTOpoHax yrna. Ha pucyHke 16 ny4 c npo-
XO0AUT MeXAay cTtopoHamu yrna (ab), Tak Kak OH MUCXO-
OUT U3 BepluMHbl yrna (ab) n nepecekaet oTpe3ok AB
C KOHLaMu Ha ero CTOpoHax.

B cnyvyae pas3BepHYTOro yrna Mbl CYMUTaEM,
4YTO NGO NyY, UCXOAAUNA N3 ero BEPLWNHbI U OTAKNY-
HblA OT ero CTOPOH, NPOXOAUT MeXAy CTOPOHaMu yrna.

Y bl n3MepaTCca B rpagycax npu nomoLym
TpaHcnopTupa. Ha pucyHke 17 yron (ab) paBeH 120°.
MonynpamMas ¢ NPoOXoAUT MeXxAy cTopoHamu yrna (ab).
Yron (ac) paseH 90°, a yron (bc) paBeH 30°. Yron (ab)
paBeH cymme yrnos (ac) u (bc).

OCHOBHbIMW CBOWNCTBaMMW W3MEPEHUA YINO0B ppc. 16
Mbl Oyfem Ha3blBaTb Cnejyloline CBOWCTBA:

V. Kaxablh yron uMmeeTt onpefeneHHy rpagycHy me-
py, 66nbINy0 HYNA. Pa3BepHy Toblin yron paseH 180e [Ipa-
AyCHas mMepa yrna paBHa CymMMe rpafyCHbIX Mep Yrnos,
Ha KOTOpble OH pa3buBaeTca NOObIM Ny4OoM, NPOXOAs-
W MM MeXAYy ero CTopoHamu.

3TO 3HAYMT, YTO €C/IN NYyY C NPOXOAUT MEX-
Ay ctopoHamu yrna (ab), To yron (ab) paBeH cymme yr-
nos (ac) n (bc).

3apgauva (25).

MoOXeT N1 Nyy ¢ NpoxXoauTb
MeXay ctopoHamu yrna (ab), ecnn A(ac) =
= 30°, /.(cb) = 80°, /.(ab)= 50°?

PeweHne.

Ecnm nyy ¢ npoxoauTt mMexnay
CTOpoHamu yrna (ab)y To no cBOMCTBY M3Me-
PEHNA YrnoB AO/MKHO OblTh:

/.(ac) + /[.(bc) = /.(ab).

Ho
30° + 80° * 50°.
3HAYNT, Ny4 C He MOXEeT Mpo-
X0AUTb Mexpay cTtopoHamu yrna (ab). Puc. 17

()CHOHM bIC CBOWCT BM
npocTel WmMx rcomcTpu
YyccKux duryp



8. OTKnaAbiBaHNe OTPE3KOB U YrioB

Ha pucyHke 18 nokasaHo, KakK C NOMOLbIO
NUHEWKN Ha NONynpsamMol a C HayalbHOW TOuykKOoW A
MOXHO OT/MIOXMWUTb OTPE30K AaHHOW ANUHbI (3 CM).

[MTocmoTpuTe Ha pucyHok 19. lMonynpa-
Mas a, NPOAO/DKEHHAA 3a HayanbHYK TOUYKY A, pasou-
BaeT NJIOCKOCTb Ha ABe MNOAynaocKocTtu. Ha pucyHke
nokKasaHO, KaK C MOMOLWbI TpaHCMopTMpa OTNOXUTbL OT
NONYyNpPAMOM a B BEPXHIOK MOMAYMNNOCKOCTb Yrofl C fAaH-
HOM rpagycHoi mepoin (60°).

OCHOBHbIMM CBOWCTBAMW OTKNafAblBaHUA
OTPEe3KOB W yrnoB Mbl OyfemM Ha3blBaTb Clejyrouiune
CBOWCTBA:

VI. Ha nwo6oin nonynpsamMon OT ee HayalbHON TOYKM
MOXHO OT/IOXWUTb OTPE30K 3afaHHOW ANIMHbI, U TONbKO

OfNH.

VII. OT nwob6on nonynpamon B 3afaHHYO
KOCTb MOXHO OT/IOXKMWUTb Yron ¢ 3afaHHOMu
Mepoun, MeHbwel 180°, M TOMbKO OAMH.

3apgayva (30).

Ha nyye AB oTnoxeH oTpe3okK AC, MeHb-
lWwunin otpeska AB. Kakasa u3 Tpex Touyek A, b, C ne-
XUT Mexay Asyma gpyrumn? OO6bACHUTE OTBET.

PeweHwne (puc. 20).

Tak KaK Touykun b n C nexart Ha ofHOW no-
NYyNpPAMOA C HavyanbHOW TOYKOW A, TO OHU He pasfens-
IOTCA TOYKON A, T. €. ToYKa A He NeXUT Mexpay Tou-
Kamn b un C.

MoXeT nn Toyka b nexatb MeXxpay TouKa-
M A n C? Ecnm 6bl OHa nexkana Mexpay Touykamu A u

10
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C, 10 6bI10 661 AB + BC = AC. Ho 3TO HEBO3MOXHO,
TakK KaK no ycnosuio oTpe3ok AC MeHble oTpeska AB.
3HaunT, Touka B He nexut mexpgy Toukamum A n C.

N3 Tpex Touek A, B, C ogHa NeXuT mMex-
Ay ABYyMA gpyrumu. oatomy Touka C NexuT Mexay
Toukamn A n b.

9. TpeyronbHUK

TpeyronbHMKOM HasblBaeTcAa urypa, KoTo-
pas COCTOUT M3 Tpex TO4YeK, He fiexauwmux Ha OfHOW
NPAMOW, N Tpex OTPe3KOB, NMOMAPHO COeAUHAKLWMUX 3TU
TOYKN. TOUYKWN Ha3blBAKOTCA BepLINHAMWU TPEyrofbHUKa,
a 0Tpe3kn — CTOpPOHaMMu.

Ha pucyHke 21 Bbl BUAUTE TPEYTrONbHUK C
BepwwuHamm A, b, C n ctopoHamn AB, BC, AC. Tpe-
YrofibHUK 0603HayaeTcAa yKaszaHWeM ero BeplwuH. Bwme-
CTO C/I0Ba «TPEYro/ibHNUK» MHOrfa ynotpebnatT 3Hak Jl.
Hanpumep, TpeyrofibHUK Ha puUcyHkKe 21 o603Hayaetcs
Tak: AABC.

Yrnom TpeyronsHnuka ABC npu BepwunHe A
Ha3blBaeTcA yros, obpasoBaHHbIil nonynpsambeiMmn AB
AC. Tak e onpepenarwTca Yrnbl TPeyroibHuUKa npu
BepwuHax b un C.

[Ba oTpe3kKa Ha3blBAOTCA pPaBHbIMWU, ecnu
OHW VMEKT O4NHAKOBYK ANWHY. [1Ba yrna Ha3blBalOTCH
paBHbIMW, €CIN OHW UMET OAMHAKOBYIO Yr/I0OBYH Me-
py B rpagycax.

TpeyronbHUKN Ha3blBAOTCA PaBHbIMU, €C/n
Y HUX COOTBETCTBYHLNE CTOPOHbI paBHbl U COOTBETCT-
Bylowne yrnbl paBHbl. [1pn 3TOM COOTBETCTBYlOLLME YT-
Nbl AO/DKHbLI NeXaTb NMPOTUB COOTBETCTBYHOLWNX CTOPOH.

Ha pucyHke 22 Bbl BUAUTE ABa paBHbIX Tpe-
yronoHuka AbBC n Aib1CL Y wux

Ab = AxXBIlyAC = AiC1l BC = BxXCD
OA = AAX Ab = ABX AC = ACX

Ha yepTe)e paBHble OTPE3KMU 06bIYHO OTMeE-
yaroT O,U,HOI7I, ABYMA UK TpeMAa 4epToydKaMWu, a paBHbIE

YyIrnbl — OfHOW, ABYMS UM TPeMS AY>XXKKaMM.
Ans 00603HaYyeHWs paBeHCTBA TPeEYro/ibHU-
KOB MCNONb3yeTca 06bIYHbIA 3HAaK paBeHcTBa: =. 3a-

nuce AABC = OA1b1C1 ymTaetcsa TaK: «TpeyrosibHUK
ABC paBeH TpeyronbHuky A ~C ~. Tlpn 3TOM uMeeT

3HayeHne NopsAfOK, B KOTOPOM 3anucbiBalTCA BepLlwn-
Hbl TpeyronbHuka. PaseHcTBo AABC = AAIBIC1 o3Ha-

Puc. 21

Pnc. 1

OCHOMHHj ‘e’

a(lin ('

nenuw

‘al WHLL,



6)

Puc. 23

yaeTt, yto AJl = AATTr AB = AB" ... .A paBeHCTBO
AABC = ABMA"C-* 03HayaeT yXe coBcem fpyroe: AA =
= ABIYO AB = AAr, ... .

3apaya (38).

TpeyronbHukn ABC n Pthin paBHbl. 3BeCT-
HO, 4YTO cTopoHa AB paBHa 10 m, a yron C paBeH 90°.
UemMy paBHbl cTOpoHa P mn yron B? O6bACHUTE OTBET.

PeweHue.
Tak Kak TpeyronbHukn ABC n PpK paBHbil,
TO y Hux AB = P(*, AC = AB. 3Hauut, P = Puc. 24

= 10 m, AB = 90°.

10. CyuwiecTBOBaHMe TpPeyronbHUKa,

paBHOIo gaHHOMY

[MycTb Mbl uMeeM TpeyronbHukKk ABC wun
nyy a (puc. 23, a). lNepemectum TpeyronbHuUK ABC
TaK, 4YT0Obl ero BepwmnHa A COBMECTMNACb C Hayaiom
nydya a, BepwuHa B nonana Ha ny4y a, a BepwuHa C
OKaszanacb B 3afjlaHHOW MONYMNNOCKOCTU OTHOCUTEJNIbHO
nyya a n ero npofosikeHua. BeplWWHbl Hawero Ttpe-
Yro/ibHNUKa B 3TOM HOBOM MO/IOXKEHUWU 00603HauYMM AT,
By Cr (puc. 23, 6). TpeyronbHuk AIBIC1 paBeH Tpe-
yronoHuKy ABC.

CyuwecTtBoBaHue TpeyronbHuka Aib1Cl, paB-
HOro TpeyronbHNMKY ABC 1 pacnosioXXeHHOro ykasaH-
HbIM 006pPa3oM OTHOCUTENIbHO 3afaHHOro fnyya a, Mbl OT-
HOCMM K YMCNY OCHOBHbIX CBOWCTB NMPOCTENLWNX DUTyp.
JT0 CBONCTBO Mbl 6ygem (opmynupoBaTb Tak:

VIIl. KakoB 6bl HU Obl/1 TPEYrO/IbHUK, CyLLLecTBYeT pas'’
HblA eMYy TPeyrosibHMK B 3aflaHHOM PacrnosIoXKeHUnN oT
HOCUTENbHO AaHHOW MOAYyNpPAMOMN.
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11. TlapannenbHble NpAMble

[Be npaAMble Ha3biBAKOTCA MapannefibHbIMU,
ec/in OHW He nepecekawTCH.

Ha pucyHKe 24 nokasaHO, KaK C MOMOLLbHO
YrofibHMKa U NUHENKN MPOBECTM Yepe3 AaHHYK TOYKy
B npamyt b, napanfienbHy AaHHOW NPAMON a.

Ana 0603HayYeHUsA napannesbHOCTU MPAMbIX
nmcnono3yetrcsa 3Hak |. 3anucb a | b uutaetca: «Ilp4a-
Masf a napansiefsibHa NpsMon b*.

OCHOBHOe CBOWCTBO MapasiefibHbIX MNpAa-
MbIX COCTOUT B C/iefyoLLeM:

IX. Uepe3 TOUKY, He fexally Ha AaHHOW MpAamMoMm,
MOXHO MPOBECTW Ha NJIOCKOCTM He 60siee O4HOW MpA-
MOW, napannenbHON AaHHOM.

3afava (41).

MoXeT nu npamas, nepecekawow,as ofHy U3
ABYX mnapanfienbHbiX NpAMbIX, He nepecekaTb ApYyryk?
OO6bsACHUTE OTBET.

PelwweHue.

[MycTb a U b — napannenbHbie NMpamble, U
NycTb nNpAmag C nepecekaet nNpaAMYyH a B Touke A
(puc. 25). Ecnn 6bl npsamas c He nepecekana NpaMyto
b, To yepe3 TO4YKy A npoxogunu 6bl ABe NpsiMble, He
nepecekawuwme npamyto b: npamaa a n npamada c. Ho
Mo CBOWCTBY napanfiefibHblX NPSAMbIX 3TO HEBO3MOXHO.
3HauynT, npamMmasa c, nepecekada NpaAMyr a, AOJ/KHa ne-
pecekaTb M napannenbHyl el npamyt b

12. TeopemMbl N foKa3aTeNbCTBa
[MpaBUNbHOCTL YTBEPXAEHUA O CBOWCTBE
TOW NN UHOW TeoOMeTPUYeCcKOn urypbl yctaHaBnnBaeT-
CA MyTeM pacCyX[eHuda. I3T0 pacCyXieHune HasblBaeTcH
[lOKa3aTenbCTBOM. A camMO YTBepXAeHne, KOTOpPoOe foKa-
3bIBaeTCA, HasblBaeTcd Teopemou. Npusegem npumep.

Teopema

Ecnn npsaHas, He NpoxoAslias HU 4yepes3 OfHY U3 Bep-
WWH TPeyronbHMKa, NepecekaeT OfHY M3 ero CTOPOH, TO
OHa NepecekaeT TONbKO OfHY M3 [BYX APYrUX CTOPOH.

[loKa3aTenbCcTBO.
[MycTb NpAMas a He NPOXOAUT HWU yepe3 Of-
HY W3 BepwunH TpeyronbHnka ABC ” nepecekaeT ero

OCcCHOBHble CBOWCTBa
NPoCT eNLWNX reomMcTpun
yeckux duryp



cTopoHy AB (puc. 26). MNpsamasa a pa3bmBaeT MNOCKOCTb
Ha [Be nonynjockoctn. Toykm A n B nexart B pas-
HbIX MONYMNJOCKOCTAX, TaK KakK oTpe3ok AB nepece-
KaeT npaMyto a. Toyka C feXXUT B O4HON M3 3TUX MO-
NYNIOCKOCTEN.

Ecnn Touka C nexwut B 0A4HOW nonynnoc-
KOCTM C TO4koi A, TO oTpe3ok AC He nepecekaet
npAMyto a, a otTpe3ok BC nepecekaeT 3Ty npamMylo
(puc. 26, a).

Ecnn Touka C neXuT B OA4HOW MONYNIOCKO-
CTW C TOYKOW B, To oTpe3ok AC nepecekaeT nNpsamyto a,
a oTpe3ok BC He nepecekaet ee (puc. 26, 06).

B ob6oux cnyyasx npamas a nepecekaer
TONbKO oaunH 13 oTtpe3koB AC unnm BC. BoT mn Bce fo-
Ka3aTe/ibCTBO.

dopmMynnpoBKa TeOpemMbl 0ObIYHO COCTOMUT
M3 ABYX 4yacTei. B ogHON yacTu roBopuTCS O TOM, YTO
faHO. JTa 4yacCTb Ha3blBaeTcd Yyc/l0BMeM Teopembl. B
APYTOid YyacTu rOBOPUTCA O TOM, YTO AO/DKHO ObITb A0-
KasaHOo. 3Ta YaCTb Ha3blBaeTCA 3aKNHOYEHNEM TEOPEMBbI.

Ycnosne Teopembl 1.1 cOCTOUT B TOM, 4TO
npAMas He NMPOXOAUT HU Yepes3 OA4HY BEPLUNHY TPeyrosb-
HUKa N nepeceKaeT OAHY M3 ero CTOpPoH. 3ak/lo4yeHne Te-
OpeMbl COCTOUT B TOM, UYTO 3Ta NpAmMas fnepecekaeTt TO/b-
KO OA4HY W3 ABYX APYTrMX CTOPOH TPeyrosibHuKa.

13. AKCUOMBI

YTBepXaeHusa, cofepxawmeca B popmMynn-
POBKax OCHOBHbIX CBOWCTB MPOCTEMLWIMNX QUryp, He fo-
Ka3blBalDTCA U Ha3blBalTCA akcmomamu. CnoBOo «aKCWU-
OMa» MPOUCXOAUT OT rpedyeckoro cnoBa «akKCcmMoc» K 03-
Ha4daeT «yTBepXgeHune, He Bbl3blBalOLLEE COMHEHUN».

Mpn pfoKasaTeNbCTBe TEOpPeM paspellaeTcd
nonb30BaTbCAd OCHOBHbLIMW CBOWCTBaMWU I1p00TeMUJMX
Guryp, T. e. akcmomamu, a TakxXxe CBOWCTBaMMU, yxe [0-
Ka3aHHbIMW, T. €. AOKa3aHHbIMW TEOpPEMaMWu. Hukaku-
MU APYTMMUK CBOWCTBaAMW (PUIyp, fAaKe eCc/iM OHM HaMm
KaXXyTCAa o4yeBUAHbIMU, MONb30BaTbCA HE/b3A.

Mpn [oKasaTeNbCTBe TEOpPeM paspellaeTci
MONb30BaATbLCA YEPTEXKOM Kak I'eOMETpI/Il—IECKOM 3alMnCbio
TOro, 4TO0 Mbl Bblpa>Xa€eM CJ/I0OBaMMN. He pa3pewaeTca nc-
No/b30BaTb B pPacCyXAeHUn CBOMCTBA (PUTYypbl, BUAHbIE
Ha 4YepTexe, eCINn Mbl HE MOXEM 060CHOBATb nx, Ornun-
pafcb Ha akCMOMbl WU TeOpembl, AOKa3aHHble paHee.

B reomeTpunm Hapagy c TaKMMWU cnoBamu,
KaK «aKCUoMa» N «TeopeMa», WUCMOMNb3YETCA TaKXe
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CNoBO «onpegeneHue». [latb onpegeneHue yemy-nmbo —
3HAYUT 0O6BACHUTL, YTO 3TO TaKoe.

Hanpumep, roBopaT: «JlaiiTe onpegeneHue
TpeyrofbHuUKa». Ha 370 oTBeyalwT: «TpeyrosibHUKOM
Ha3blBaeTCcA (urypa, Kotopas COCTOMT U3 Tpex TOYeK,
He neXawmnx Ha OAHOW MPAMON, U Tpex OTPe3KOoB, MO-
napHoO COEAMHAKLWMUX 3TN TOUYKUN».

AOpyron npumep: «[anTe onpegeneHune na-
pannenbHbIX nNpambix». OTBeyaem: «[1pAMble Ha3biBa-
OTCA NapanfienbHbIMU, €CNN OHW He NepeceKarTCa».
Bbl y)Xe 3HaeTe onpefeneHUa paBeHCTBa OTPE3KOB, pa-
BEeHCTBa YrnoB W paBeHCTBa TPeyrosbHUKOB.

KOHTpONbHbIE BOMPOCHI

MpuBeanTe NpuUmMepbl TeEOMeTPUYECKUX uUryp.

Ha30BMTe OCHOBHble TeOMeTpUYECKMEe (DUTYypbl Ha MNOCKOCTU.

Kak 0603HayaroTCA TOUYKM M Npsmble?

ChopmMynnpyinTte OCHOBHblE CBOWCTBA MPUHALNEXHOCTU TOYEK U

NPAMbIX.

OO6bACHMUTE, YTO TaKoe OTPEe30K C KOHLaMW B [JaHHbIX TOYKax.

ChopmMynupyinte OCHOBHOE CBOWCTBO PacnosioXXeHUA TOYeK Ha

npAMOiA.

ChopmynnpyinTe OCHOBHblE CBONCTBA M3MEPEHUA OTPE3KOB.

8. UTO HasbiBaeTCA pacCToOAHMEM MexXAay ABYMA [aHHLIMW TOY-
Kamn?

9. Kakumu cBoncTBaMun obnafgaet pasbueHune nNJOCKOCTU Ha ABe Nosy-
NN0CKOCTN?

10. Cdopmynmpyinte 0OCHOBHOE CBOMCTBO PacnofiOXXEHUSA TOYEK OTHOCHU-
Te/IbHO MPAMOK Ha MIOCKOCTH.

11. Y7o Takoe nonynpamaa uau nyydy? Kakue nonynpambie HasbiBaloT-
CA AONONHUTENIbHbIMN?

12. Kak o603HavaloTcd nonynpsimbie?

13. Kakaa gurypa HasblBaetcsa yraom?

14. Kak o603HayaeTcs yron?

15. Kakoul yron HasblBaeTCsi pa3BepHyTbIM?

16. OObBACHMTE, 4YTO O3HayaeT BblpaxeHue:«llonynpamas NPOXoauUT
MeXAy CTOPOHamMWn yrna».

17. B Kakux efuUHMULAX U3MePAKTCA YIrbl U C MOMOLWbLIO KaKOro WH-
cTpymeHTa? OOBACHWUTE, KaK MPOBOAUTCHA U3MeEpPeHUe.

18. CoopMynumpyinte OCHOBHble CBOWCTBa U3MepPeHUA YIrnoB.

19. Cdopmynupyinte OCHOBHble CBOWCTBAa OTKNafblBaHWA OTPE3KOB U
Yr/0B.

20. YTO Takoe TpeyrosibHuUK?

21. Y710 Takoe yros TpeyrosbHuUKa npu AaHHOWBepPLIUHE?

22. Kakue 0Tpe3KW HasblBalTCA pPaBHbLIMU?

23. Kakue yrnbl Ha3blBalOTCA pPaBHbIMWU?

o0 hwbE
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24,
25.

26.
27.

28.
29.

Kakune TpeyronbHUKW HasbiBalOTCA pPaBHbIMU?

Kak Ha pucyHKe OTMeyaloTCsa Yy paBHbIX TPeyrojbHUKOB COOTBET-
CTBYHOLLNE CTOPOHbI U YrAbl?

OO6bACHMUTE MO PUCYHKY 23 CcyllecTBOBaHWE TPeyrosbHMUKa, pPaBHO-
ro JaHHOMY.

Kakune npsmble HasbiBalOTCA napanfiefibHbIMU? Kakoi 3HaK ucC-
nonb3yeTcs AN 0603HaYeHUA napanfieNlbHOCTU NPAMbIX?
CopmynupyinTe OCHOBHOe CBOINCTBO NapansiefibHbIX MPAMbIX.
[MpuBeAnTe Npumep TeopeMbl.

3agauni

MYyHKT 2

1) MpoBegute npamytr. OTMeTbTe KaKyl-HUOYyab TOUKy A, ne-
Xawyw Ha npaMon, M Touky B, He nexawykw Ha nNpsmMoMu.
2) lpoBeguTe OBe nepecekawowmecs npamble a U b. OTMeTbTE TOU-
Ky C nepeceyeHuss NpAMbIX; TOYKY A Ha MPsAMOIn a, He nexauwyro
Ha npamon b; Touky B, He fexawyw HW Ha O4HOW M3 MPAMbIX
aunhb

OTMeTbTe Ha fucTte OGymarum fBe TOUKMU.

[MpoBeauTe yYepes HUX OT pPyku npsamyto. C

MOMOLWbI NUHENKWN NpPoBepbTe MNpaBU/b-

HOCTb NMOCTPOEHUA,

MoryT nn aBe NpAMblie UMeTb [Be TOUKU ne-

pecevyeHnda? OO6BACHUTE OTBET.

Ons npoBepkn nNPaBUIbHOCTU JIMHEWKN

MPUMEHSAT TakoW cnocob. YUepe3 fABe TOu-

KN C MOMOLLbIO NMHENKN MPOBOAAT NUHUIO

(puc. 27). 3aTeM NIMHeWKY nepeBopaymBaroT

M Yepe3 Te >Ke TOYKM CHOBa MPOBOAAT Nun-

HUto. Ecanm nnHnm He cosnagawT, TO NU-

Heillka Hernpasu/bHag. Ha KakoM CBOWCTBe

MPAMbIX OCHOBAH 3TOT Cnocob NpoBepKwu

NPaBUNbHOCTN NUHENKN? Puc. 27

MyHKT 3

MpoBeaute npamyt a. OTMeTbTe Ha NPSAMON ABe KakKme-HUOyAb
TOYkKN A n B. OtmertbTe Tenepb Touky C Tak, 4Ttobbl Touka A ne-
>Xana mexnay Touykamu B n C.

MpoBeaute npamyt a. OTMeTbTe Ha NPSAMON fABe KakKue-HUGYAb
Toykn A n B. OTmeTbTe Tenepb Kakyk-HMbyab Touky C oTpeska
AB.

1 MHorue 3agayuM HacToALero y4yebHukKa B3ATbl U3 LUKO/bHbIX YYEOHUKOB
N 3afja4HNKOB MPOL/bIX NEeT, B 0co6eHHOCTU 13 «lFeometpum» A. T1. Kuce-
neea n «Cé6opHuMKa 3agay no reometpum» H. A. PblI6KMHa.
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19.

20.

21.
22.

23.

24,

25.

26.

27.

28.

4) otpe3skn AB n CO He nepecekarT npsamyto, a otpe3ok BC ne-
pecekaeT; 5) oTtpe3kun AB, BC, CB He nepecekawT NpAMYIo;
6) oTpeskm AC, BC u BB nepecekatloT npsamy? O6bACHUTE
OTBeT.

[JaHbl NATb TOYEK M npAMasd, He NPoxoffAuwiasd HW yepe3 OA4HY M3
3TUX TOYeK. M3BEeCTHO, YTO TPW TOYKM pacnosioXeHbl B O4HOWN Mo-
NYNNOCKOCTU OTHOCUTENIbHO 3TOW NPAMON, a ABe TOYKW — B ApPY-
rov. Kaxpgasa napa 1o4yek coefjmHeHa oTpe3kom. CKOJIbKO OTPEe3KOB
nepecekaeTt npsamyto? OOGbACHMTE OTBET.

MYyHKT 6

OaHbl npaAMas a u Touknm A, X, ¥, 2 Ha aTtoil npsmoin (puc. 11).
3BeCTHO, UTO TOUKN X M Y nexart no ofHY CTOPOHY OT TOUYKU A,
TOUKM X K 2 TOXe nexaT no ogHy CTOPOHY OT Touku A. Kak pac-
MONIOXKEHblI TOYKN Y U 2 OTHOCUTE/NIbLHO TOYKW A: MO OAHY CTOpO-
HY WX MO pasHble CTOPOHbI? O6GBLACHMTE OTBET.

OTmeTbTe aBe Touku A n B. lpoBeaute nonynpamyw AB.

Ha oTpe3ke AB B3daTa Touka C. Cpegu nonynpameix AB, AC, CA,
CB Has3oBuMTe napbl coBnajarwlWmx nonynpambixX, AOMOMHUTENbHbIX
nonynpsambix. O6bACHUTe OTBET.

[MYyHKT 7

MpoBeanTe M3 OAHON TOUKW TPWU MPOU3BOJMbLHBLIX Nydya. Onpenenun-
Te Ha rnas yrnol, obpasyemble 3TUMKU nydyamu. [MpoBepbTe Ballu
OTBETbI, U3MepPSS Yrnbl TpaHCNOPTUPOM. [MOBTOPUTE YNpaXKHeHMe.
Jlyy a npoxogut Mexay ctopoHamu yrna (cg). Hangute yron (ei),
ecnu: 1) /.(ac)= 35° /(ap) = 75° 2) /.(ac) = 57° /(ap) = 62°
3) /(ac) = 94°, /(ap) = 85°.

MoOXeT M Nyy C NPOXOAUTb MeXxAay cTopoHamu yrna (ab), ecnu:
1) /(ac) = 30°, /(cb) = 80° /(ab) = 50° 2) /(ac) = 100°,
/(cb) = 90°; 3) yron (ac) 6onbwe yrna (ab)l

Mexnay cTtopoHamu yrna (ab), pasHoro 60°, npoxoauT ny4 e. Hai-
ante yrnel (ac) u (bc), ecnu: 1) yron (ac) Ha 30° 6onbwe yrna (bce);
2) yron (ac) B 2 pa3a 6onbuwe yrna (bc); 3) nyy ¢ gennt yron (ab)
nononam; 4) rpagycHole mMepbl yrnos (ac) n (bc) oTHocATCA Kak
2:3.

[MYyHKT 8

MpoBegnTe npsamyto. OTMEeTbTE Ha Heill KakKyl-HUOYyab TOUKy A. 3a-
TeM OTMeTbTe Ha rna3 Touyky B 3Ton npsamoin Tak, 4tobbl AB =
= 5 c™m. lMpoBepbTe TOYHOCTb NMNOCTPOEHUA TOUYKKM B nuHeinkon. Mo-
BTOpPUTE ynpaxHeHue ansa: 1) AB = 3 cm; 2) AB = 7 cwm;
3) AB = 10 cwm.

MocTpoitTe Ha rnas yrabl 30°, 45°, 60°, 90°. MNpoBepbTe TOYHOCTH
MOCTPOEHUA TpaHcnopTupom. [MoBTOpUTe 3afaHue.
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29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

CyuwecTtByeT N1 Ha nonynpamoin Ab Takasd Touka X, OT/IMYHaA OT
B, uto AX = AB? O6bBbACHMTE OTBET.

Ha nyye AB oTnoxeH oTpe3ok AC, MeHblwMin oTpe3ka AB. Kakas
n3 Tpex toyek A, b, C nexnt mexngy Aymsa apyrumm? OO6bACHMU-
Te OTBeT.

Ha nyye ABb oTmedeHa Touyka C. Hahgute gnunHy otpeska bC, ec-
nm: 1) Ab = 15 m, AC=0,3 ™M, 2) Ab = 2 cm, AC = 4,4 cwm.

MyHKT 9

[MocTpoinTe Ha rnas TPeyroibHWK C paBHbIMW CTOpOHamMu (paBHO-
CTOPOHHWUIW TPeyronbHUK). MNpoBepbTe TOYHOCTb MOCTPOEHUS U3Me-
PEHNEM CTOpPOH.

Ha ctopoHe AB TpeyronbHnka ABC B3ATa Toyka b.Yemy paBHa
cTtopoHa Ab TpeyronbHuka, ecnu Ab = 5 cm, a BB = 6 cm?

Ha ctopoHe AB TpeyronbHuka ABC B3sTa Touyka b. Hangute
yron C TpeyronbHuka, ecnm AACBE = 30°, a ABCB = 70°.
HauyepTuTe KakOn-HUOGYyAb TPeyrosibHWK. TOCTpoiTe OT PYKU Ha
rnas paBHblil eMy TpeyrofibHUK. MpoBepbTe NPaBUILHOCTbL MOCTPO-
eHNA, U3Mepsasa COOTBETCTBYHLWMWe Yrnbl U CTOPOHLI. lMoBTOpPUTE
ynpaxHeHue.

TpeyronsHukn ABC n P in paBHbl. N3BecTHO, 4yTo AB = 5 cm, BC=
= 6 cMm, AC = 7 cMm. Hailngnte CTOpPOHbI TpeyronbHUKa Pdin. O6b-
ACHUTE OTBET.

TpeyronbHUkn ABC n Pg i paBHbl. YT/bl BTOPOro TpeyrosbHuKa
n3BecTHbl: AP = 40°, A<? = 60°, Ab = 80°. Hangute yrnbl Tpe-
yronoHuka ABC.

TpeyronbHukn ABC n P paBHbl. M3BecTHO, 4TOo cTOpoHa AB
paBHa 10 m, a yron C paBeH 90°. Yemy paBHbl CTOpoHa P u yron
B? O6bACHUTe OTBeT.

TpeyronbHukn ABC, PPpB n XY X pasHbl. MN3BecTHO, 4To AB =
= 5c¢cm, B = 6 cm, XX = 7 cM. Hangute ocTanbHble CTOPOHDI
KaXX0ro TpeyrosibHuKa.

MyHKT 10
[aH TpeyronbHuUkK ABC. CyuiecTByeT i1 APYrouw, paBHblIi eMy Tpe-
yronsHuK ABB?

MyHkT 11

MoxeT nu npamasd, nepecekawwasa ogHy M3 ABYX napanfienbHblIX
NPAMbIX, He nepecekaTb Apyryt? OObACHUTE OTBET.

[aHbl aBe nepecekawwmecsa npaMmbie. MOXXHO N1 NPOBECTU TPETbLIO
NpAMYI0, napanfieNbHy KaXAoh M3 ABYX AaHHbIX?

MyHKT 12
MoXxeT nu npamasd, He npoxopduiasa HW 4yepe3 OA4HY W3 BepLUMH
TPeyronbHMKa, nepecekaTb KaXAyl ero CTopoHy? lMoyemy?

OcCHOBHble CcBOWCTBAa
NPOCT CAULWIMUX FCOMCTpHU
yccHnx Lu<-1p>



441 [aHbl yeTbipe Toukn A, b, C n b. M3BecTHO, 4To TOoukn A, b, C

45.

46.

47.

48.

49.

50.
ol.

neXat Ha ogHoON npsmon n Touykm b, C, b TakxXe nexaTr Ha of-
HOM NpPsSIMON. [JOKa)XuUTe, YUTO BCE YeTblpe TOYKM NexaT Ha OAHOM
npAMOiA.

[aHbl yeTbipe npsAmble a, b, ¢ U . N3BeCTHO, 4YTO npsamble a, b,
C nepecekawTCcs B O4HOW TOYKe M npamble b, ¢, < TakKXe nepece-
KalTca B OAHOW TouyKe. [OKaXuTe, YTO BCe 4YeTbipe fAaHHble Nps-
Mble MPOXOAAT yYepe3 OA4HY TOUKY.

Toukn A, B, C, b He nexaT Ha OAHON NPAMON. MN3BECTHO, 4TO
npamasa Ab nepecekaeT oTpe3ok Cb, a npamaa Cb nepeceKkaeTt 0OT-
pe3ok Ab. lokaxute, 4to oTpe3kn Ab n Cb nepecekarTcs.

OaH TpeyronbHuUkK ABC. Ha cTtopoHe AC B34Ta Touka B2 a Ha cTo-

poHe bC — Touka A}. [JokaxuTte, 4to oTpe3kn AAXu BB! nepe-

cekatoTca (puc. 28).

OTtpe3kn Ab n Cb, He nexauine Ha OAHOW MPAMON, NepecekarwT-
ca B Touke E. [lokaxuTe, 4To 0Tpe3ok AC He nepecekaeT npamMyH
BB (puc. 29).

MyHKT 13

[JoKaXute, 4To ecnuM Nnyd, UCXOL4AWMIA U3 BepWUHbI yrna, nepe-
cekaeT 0Tpe3okK AB C KOHUaMK Ha CTOpOHax yrna, To OH nepece-
KaeT: 1) oTpe3ok AC C KOHUaMu Ha CTOpOHax yrna; 2) nwo6on oT-
pe3ok CB ¢ KoHUuamu Ha cTtopoHax yrna (puc. 30).

[JoKaxute, 4To ABe npsAmMbie NU60 napannenbHbl, M60 Nepeceka-
lOTCA B OJHON TOuKe.

Toukn A n C npuHagnexart npamoi a. Ha nonynpamoin CA oTtno-
XeH oTpe3ok Cb, 6onbwnii otpeska CA. 1) Kakad u3 Tpex Touek
A, B, C nexunt mexay asymsa gpyrummn? O6bAcHUTe oTBeT. 2) [lo-
KaXXWUTe, 4TO Toyka A pa3buBaeT NpAMYK a Ha ABe Nonynpsamble
AB n AC.

1LBeToM OTMEYEeHbl 3ajauyun NOBbILLUEHHOW TPYAHOCTMW.
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CMeXHble " BEPTUKaAJ/IbHbIE YT /1bl

14. CMeXHble yrbl

OnpepenexHune.

[Ba yrna HasblBalOTCA CMEXHbIMW, ecnn y
HWX OfHa CTOpOHa obuwas, a gpyrue CTOPOHbI 3TUX Yr-
NOB ABAAKTCA AOMONHUTENbHLIMUA MONYMNPAMbIMMU,

Ha pucyHke 31 yrnbl (al& n (azb) cmexHble. Y

HUX CTOpOHa b O6LLI,3.F|, d CTOPOHbLI axX a2aBNnarTCA no-

NONTHUTENbHLIMU NONYNPAMbIMMU,

Myctb C — TOuKa Ha npamon AB, nexa-
wana Mexngy toukamm A n B, a I) — Touka, He nexa-
wasd Ha npamoin AB (puc. 32). Torga yrnel BCIM n ACU
CMeXHble. ¥ Hux ctopoHa CW obuwasa. CtopoHbl CA u
CB aBnawT1cA AOMNOMHUTENbHLIMM NOAYNPAMbIMUA MpPA-
Mo AB, TakK Kak TOYKM A U B 3TUX nonynpsmbIX pas-
AeNnsrTCcAa HayanbHOM Toukoin C.

Teopema

CymMMa CMeXHbIX yrnos pasHa 180°.

[loKa3aTenbCcTBO.
Myctb A(arb) n /-(a2b) — faHHble CMeXHble

yrael (cm. puc. 31). Jlyy b npoxoauT MeXpay CTOpOHa-
MU ar n a2 passepHyTtoro yrna. lostomy cymma yrsios
(axb) n (a2b) paBHa pa3sBepHyTOMY yray, T. e. 180°. Te-

opemMa [JOKa3aHa.
N3 Teopembl 2.1 cnepyeTt, 4To

€C/in ABa Yyrjia paBHbl, TO CME€XHble C HUMW YI/1bl PaBHBbI.

N3 Teopembl 2.1 cnefyeT TakXe, 4yTo

ecnn yron He pa3BepHYTbIA, TO ero rpagycHas mepa
MeHbLlle 180°.

3apava (3).

HagnTe CMeXHble Yrnabl, ecnum OAWH U3
HUX B [Ba pa3a 60/sblle Apyroro.

PeweHue.

O603Ha4YnM rpagycHyt Mepy MeHbLIero u3
YyrfnoB 4epes x. Torga rpagycHasa Mepa 60nbwero yrna
oyget 2x. Cymma yrnos paBHa 180°. NTak, x + 2x =

21

az

puc. 31

Puc. 32

CMe>XHble W
BEP TUKA.7bHbIC YTI.7bl



Mpsmoii yron Tynoii yron

= 180, 3x = 180. Orvctoga x = 60. 3HauuUT, Hawwm
CMeXHble yrnbl paBHbl 60° 1 120°.

Yron, paBHblii 90°, Ha3blBaeTCA MPAMbIM
yrnom. M3 teopeMbl 0 CYMME CMEXHbIX YI/I0B C/efyerT,
4yTo

Yron, CMeXHbI C NPsSIMbIM YI/0M, €CTb NPAMON Yron.

Yron, meHbwnin 90°, HasbIiBaeTCsA OCTPbIM
yrnom. Yron, 6onbwunin 90° n meHbwnii 180°, HasbiBa-
eTcsa TYMbIM.

Tak KakKk CyMMa CMEXHbIX YrnoB paBHa
180°, TO yron, CMEXHbIA C OCTpbIM Yrjaom, Tynowu, a
Yro/s, CMEXHbIA C TynbiM YrAoMm, OCTpbiin. Ha pucyH-
Ke 33 n3ob6paxeHbl Tpu BuAa Yrnos.

15. BepTukasbHble yrnbl

OnpepeneHue.

[Ba yrna HasblBatOTCA BepTUKa/IbHbIMU, ec-
NN CTOPOHbI OAHOrO yrna ABNAKTCA LONONHUTENbHLIMMU
noNynpaAMbIMU CTOPOH APYroro.

Ha pucyHke 34 yrnbl (a”) n (a2b2) Beptu-
KanbHble. CTOPOHLI a2 b2 BTOPOro yrna — AONOJIHUTE/Ib-
Hble MonynpsaMe CTOPOH ar v br nmepsoro yrna.

Teopema

BepTuKanbHble Yrnbl pPaBHbI.

[loKasaTenbCTBO.

Myctb (a”™) n (aZb2) — faHHblIe BEPTUKASb-
Hble yrabl (puc. 34). Yron (al&) ABnAeTCA CMEXHbIM C
yrnom (a”) u ¢ yrnom (az?2. Otcroga no Teopeme 0

CYMMe CMEeXHbIX Yr/iOB 3aK/l4yaeM, 4YTO KaXAblh W3
yrnos (al&!) n (a2b2) pononHdeTr yron (al&) po 180°,

T.e. yrabl (al&l) n (a2b2) paBHbl. Teopema goKasaHa.
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3apava (9).

CymMa [BYyX YrnoB, KOTOpble MnojsyyarTcA
Npu nepecevyeHUn [ABYX NpAMbIX, paBHa 50°. Hangute
3TN YTINbl,

PeweHue.

[Ba yrna, KoTopble nosyyarTca Npu nepe-
CeYeHUN [BYX NPSAMbIX, NNO0 CMeXHble, MO0 BepTU-
KanbHble (puc. 35). [laHHble Yr/ibl He MOryT ObITb
CMEeXHbIMWN, TakK KakK WX cymma paBHa 50°, a cymma
CMeXHbIX yrnos paBHa 180°. 3HauuT, OHW BepTUKaNb-
Hble. TaKk KaK BepTUKafibHble YIrNbl pPaBHblI M MO YCO-
BUIO MX cymma 50°, TO KaXAblii U3 YrNoB paBeH 25°.

16. [llepneHankKyndapHblie npsMble

[MycTb a 1 b — npamble, nepecekarolmecs
B Touke A (puc. 36). Kaxpfaa 13 aTux npaMbliX TOUYKOM
A penutca Ha fgBe nonynpsamble. Monynpsamble OLHOW
npaMoir o06pasyroT C NONYNPAMbIMUK APYTON NpAMON ye-
Tbipe yrna. Nyctb a — 0f4WH U3 3TUX yrnos. Torga nto-
601 M3 OCTaNbHbIX TPeX Yrnos 6yaetT NMG0 CMEXHbIM C
yrnom a, 6o BepTUKaibHbIM C YI10M a.

OTctofa cnefyert, 4To ecinm OAWH W3 Yr/0B
MPAMON, TO OCTalbHble Yrfbl TOXe OyAyT npsamble.
B 3TOM cnyyae Mbl FOBOPUM, YTO MpAMbIe MepecekarT-
cA nofg NPAMbIM YI/IOM.

OnpepeneHue.

[Be npamble Ha3biBalOTCA MeprneHanKynap-
HbIMW, €C/NN OHW NepecekakwTcA Noj NPAMbIM YrioMm
(puc. 37).

MepneHANKYNAPHOCTb NMPAMbIX 0603Ha4YaeT-
cqa 3Hakom 1. 3anucb a b uuTtaetcqa: «lpamas a nep-
NeHAMKYNSApHA NPAMOU b».

Teopema
K.Y

Pwne. 37

Uepe3 KaXAyl TOYKYy MPSAMO/ MOXHO MpPOBECTM nep-

NeHAVKYNSPHYIO el NPSMYI0, U TONIbKO OfHY.

JloKa3aTenbCTBO.
[MycTb a — faHHaa npamMaa u A — fgaHHas
TOYKa Ha Heil. O603Ha4YMM 4yepe3 ar ogHy M3 Monynps-

MbIX NPSIMOA a C HayanbHOW Touykoi A (puc. 38). OT-
NOXWUM 0T nonynpsamoint ax yron (a”), paBHbln 90°.

Torpa npamas, cofgepxxauiasa nydy bx, 6yger nepneHau-
KynapHa npsamoin a.
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18. bwuccekTpuca yrna

OnpepneneHnel

BuccekTpmucon yrna HasblBaeTCs /iyd, KOTO-
PbIi UCXOAUT N3 BEPLUHbI yrna, NPpoxXoanuT Mexay ero
CTOpPOHaMu W [AennT yrona nornonam.

Ha pucyHke 41 Bbl BuauTe yron (ab). Jlyu
C UCXOAUT N3 BeplWWHbI yrna, MNPOXOAUT MeXAy ero
CTOpPOHaMu W AeNUT Yrosa nonosam:

/.(ab)
/[-(ac) = /.(bc) = 5

3apgayva (17).

JoKaXunte, 4To 6mccekTpuca yrna obpasyet
C ero cTopoHamu yrnbl He 6onblwe 90°.

PeweHue.

Mbl 3Haem, 4TO rpagycHas mepa nboro yr-
na He 6onbwe 180°. [Mo3aToMy nonoBMHa ee He 60/b-
we 90°.

19. YT0 Hapo genaTtb, 4YTOObI ycneBaTb

No reomMeTpumn

Mpn M3y4YeHUU reoMeTpUM He3HaHMe 4Yero-
nmbo M3 NPOWAEHHOro Matepuana MOXeT ObiTb NPUYKM-
HOW HermoHUMaHWA HOBOro matepuana. lNpueegem npu-
Mep. JonycTum, Ha YpOKe y4uuTeNb [OKa3blBaeT Teope-
MY O paBeHCTBE BepTWMKalbHbIX YrnoB. Kak Bbl 3HaeTe,
B 3TOM [OKa3aTeNbCTBe WCNONb3YHOTCA ONpefeneHue
CMEXHbIX YIrN10B U Teopema O CYMME CMEXHbIX YrI/0B.
Ecnn Bbl He 3HaeTe, Kakue Yr/fibl Ha3blBalOTCA CMEXHbI-
MW, He 3HaeTe TEOPEMbl O CyMMe CMEeXHbIX YrfioB, TO
Bbl 3TO J0Ka3aTe/lbCTBO He nonmete. B pesynbTate 3To0T
YpPOK 6yaetr Ans Bac NycTol TpaToi BpemeHW. W K Ba-
LWeMy He3HaHWK CMEXHbIX YrioB npubaBUTCS He3Ha-
HWe TeOopeMbl O PaBeHCTBE BepTUKaNibHbIX Yyrnos. [lo-
3TOMY ANA TOro, 4tobbl XOPOWO ycneBaTb MO reomeT-
PUN, HYXXHO 3HaTb OCHOBHblE pe3y/ibTaTbl U3YYEHHOrO
maTepuana. A AN 3TOro Hago MOBTOPATb NPONAEHHbBIN
MaTepuan rno KOHTPOJIbHbIM BOMpPOCaM.

[MOBTOPATbL NMPONAEHHbIA MaTepuan MO KOH-
TPONbHbLIM BOMpocaM Hafgo Tak. [MpounTaniTe BONpOC.
YacHute ero cebe. Ecnm TpebyeTca paTb onpepeneHue
KaKon-nmbo urypsl, MbICNIEHHO fdaliTe Takoe onpegene-

1 B panbHeiillemM C/noBo «OnpeaeneHue» nucaTb He 6ygem, a onpegense-
MOoe MOHATUe GyaeM BbleNATb XUPHbIM WPUEDTOM.
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Hue. lMonesHo chenatb OT PYKWU 4YepTexX onpenensemMoin
(urypbl. Ecnm B BOMpoce peyb MAET O Teopeme, chop-
MYNUpYyinTe ee, yacHuTe cebe, B YeM YCN0BUE U 3aK/HO-
yeHne 3ToN Teopembl. Caenante 4YepTex, UANKOCTPUPY-
IOWNIA cofepXaHne Teopembl. [JokasaTebCTBO TeOpPeMbl
NPy KaXXAO0M MOBTOPEHMWN fJaBaTb Heobs3aTesbHO.

[MoBTOpPAATE NPOMNAEHHbIN MaTepuan Kaxk-

Oblii pa3, Korga npuW W3y4dyeHWU HOBOrO mMaTepuana Bbl
06Hapy>K1BaeTe He3HaHWe 4Yero-nnbo.

H
© ©

11.
12.
13.

B W N

©NO A wNE

KOHTpPONbHbLIE BONPOCHI

Kakue yrnbl Ha3blBalOTCA CMEXHbIMU?

JOoKaXxuTte, 4To cymma CMeXHbIX yrnos pasHa 180°.

[JOoKaxunuTte, 4To ecnn ABa yrna paBHbl, TO CMeXHble C HUMW YTI/ibl
TaKXXe paBHbI.

Kakoin yron HasbiBaeTcsi npsAMbIM (OCTPbIM, TYyMbiM)?

[JOKaXunTe, 4TO yron, CMeXHbl C NPAMbIM, €CTb NPAMONYTOJI.
Kakue yrnbl Ha3blBalOTCA BepTUKaNbHbIMU?

[JOoKaXunuTte, 4To BEepTUKANbHbLIE YINbl PaBHbI.

JoKaXunTte, 4To ecnin Npu nepecevyeHUn ABYX MNPAMbIXOAUH U3 YT-
NOB MPAMOW, TO OCTa/ibHble TPU yrna ToXe NpsMble.

Kakune npsimble HasblBalOTCA MNepneHAUKYNSApHbIMU? Kakol 3Hak
ncnosb3yetca A8 00603HaAYEHMA NMeprneHANKYIAPHOCTU MPAMbIX?
[JoKaXuTte, 4To yepes NOOYD TOUKY MPAMOIN MOXHO MPOBECTU Nep-
NEHANKYNAPHYIO el MpPAMYIO, U TOMbKO OfHY.

YTo Takoe nepneHAMKYNAp K NPsMoin?

OO6bACHUTE, B YeM COCTOWUT A0Ka3aTeNlbCTBO OT MPOTMBHOTO.

YTo HasblBaeTcs GuccekTpucon yrna?

3agayu

MyHKT 14

Hangute yrnbl, cMexHble ¢ yrnamm 30°, 45°, 60°, 90°.

MoryT nu fgBa CMeXHbIX yrna 6biTb 06a: 1) oCTpbIMU; 2) TYNbIMU;
3) npambiMn? OB6OCHYINTe OTBET.

Haingnute cmeXxHble Yrnbl, ecnym OAWH M3 HUX B [ABa pasa 60/blue
Apyroro.

Hangnute cmeXxHble yrnbl, ecnu: 1) oanH n3 HUX Ha 30° 6onblue
APYyroro; 2) nx pasHocTb paBHa 40°; 3) oguH U3 HUX B TPU pasa
MeHbLle ApYyroro; 4) OHW paBHbI.

Kakoin yron ob6pasylT 4yacoBas M MWHYTHass CTPENIKM 4acoB, KOT-
fa OHM nokasbliBalT: 1) 6 4U; 2) 3 4; 3) 4 4?

Haingute cMeXHble Yrnbl, eCn UX TrpagyCHble Mepbl OTHOCATCH
Kak: 1) 2:3; 2) 3:7; 3) 11:25; 4) 22:23.

MyHKT 15

O4VH 13 YyrnoB, KOTOpPble MONYyYarTCA MPU MepeceyeHNn ABYX Npa-
MbIX, paBeH 30°. Uemy paBHbl OCTas/ibHble Yrbl?
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10.

11.

12.

13.

14.

15.
16.
17.
18.
19.
20.
21.

22.

Uemy paBeH yrona, ecnnm fBa CMEXHbIX C
HUM yrna coCTaBfsAOT B CyMMe 100 °?
CyMma [BYX YrnoB, KOTOpble moJsiyyarTca
npu nepecevyeHUU [A[BYX MNPSAMbIX, paBHa
50°. Hangute 3atu yrnol.

OavH 13 yrnos, o6pa3oBaHHbIX NpU nepece-
YeHUWN ABYX NPAMbIX, B 4eTbipe pasa 60/b-
Wwe gpyroro. Hangute aTu yrnsbl.

O4VH M3 yrnoBs, KOTOpble MmosiyyarTca npu
nepeceyeHnn ABYX MNpsAMbIX, Ha 50° MeHb-
Wwe gpyroro. Hangute atu yrnsl.

Hangute yrnael, KOTOpble NoayvakTca npwu
nepecevyeHUn ABYX MNPAMbIX, eCnn CyMMma
Tpex U3 3aTUX yrnos pasHa 270°.

MyHKT 16
JOoKaxXnte, 4To ecnm TpU U3 YeTbipex yr-
NOB, KOTOpble MoJiyyarTcA Npu nepeceve-
HUW ABYX NPAMbIX, PaBHbl, TO NpsAMble nep-
NEHANKYNAPHbI .
Kak C NomMolibi0 NIMHEKN NPOBEPUTL, fAB-
NAeTca NuM NpPAMbIM Yrofl B YepTeXHOM
yronbHuke (puc. 42)?

Puc. 4.4
MyHKT 18
UeMy paBeH yron mexpay OGUCCEKTPUCOM WU CTOPOHOM [aHHOro yr-
na, paeHoro: 1) 30°; 2) 52°; 3) 172°?
Hangute yron, ecnu ero émuccektpuca obpasyeT co CTOPOHOM yron,
paBHbIW: 1) 60°; 2) 75°; 3) 89°.
[JoKaxnTte, 4To 6MccekTpuca yrna obpasyer C ero CTopoHaMu yr-
Nnbl He 6onbwe 90°,
[JOoKaXXnte, 4To ecnv nNy4y UCXOAUT U3 BePLUIMHbI yrna n obpasyer
C ero CToOpoHamMu paBHble OCTpPble Yr/bl, TO OH ABNAETCA OUCCEKT-
pucon yrna.
Hangute yron mexay ouccekTpucamm CMeXHbIX Yr10B.
[JOoKaXnTte, 4yTo GUCCEKTPUCHI BEPTUKANIbHbIX YIN0OB fieXaT Ha 0Of-
HON MpPAMOIA.
HainguTte yron mexay OGMCCEKTPUCOW M NPOAO/DKEHMEM OAHOW U3
CTOPOH AaHHOro yrna, pasHoro: 1) 50°; 2) 90°; 3) 150°.

MyHKT 19

N3 BepwnHbl O cmexXHbiX yrnos AOB n COB nposegeH ny4y 02) B
MoNynnoCKOCTb, TrAe nNpoxoauT obuwad ctopoHa OB yrnos
(puc. 43). Ookaxute, uto ny4y 02) nepecekaeT 60 oTpe3ok AB,
nmbo otpe3ok BC. Kakoil n3 oTpe3koB nepecekaeT ny4y 02), ecnu
yron A02) meHble (6onbwe) yrna AOB? O6bsiCHUTe OTBET.
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23. W13 BeplwMHbI pa3BepHyTOro yrna (aax B o4HY NONynaoCKOCTb Mpo-
BeAeHbl nyunm b u c. Yemy paseH yron (bc), ecnu: 1) /.(ab) =
= 50°, /.(ac) = 70° 2) A(axb) = 50°, *(oc) = 70° 3) /.(ab) =
= 60°, A(axc) = 30°?

24.  Win BepwwnHbl pa3BepHyToro yrna (aal) nposefdeHbl Nyuyn b n ¢ B
OAHY nonynnockoctb. M3BecTHO, uTto /.(ab) = 60°, a /.(ac) = 30°.
Hangute yrnel (aib), (aic) n (bc).

25. Ot nonynpsamoin AB B pa3Hble MOAYMJIOCKOCTM OTNOXEHbl YIbl
BAC n BA/. Haigute yron CAO, ecnu: 1) /.BAC= 80° /-BAN =
= 170°, 2) ABAC = 87°, [-BANT = 98°; 3) /[-BAC = 140°, /-BAJl =
= 30° 4) [-BAC = 60°, /.BAT = 70°.

26. [OaHbl Tpu nyya a, b, ¢ ¢ obuen HayanbHON TO4YKOW. KM3BECTHO,
yto /.(ab) = /-(ac) = /-(bc) — 120°. 1) MpoxoAUT NN KaKOM-HU-
Oyb M3 3TUX NIy4eil mexpay CTopoHamu yrna, obpa3oBaHHOro ABYy-
MA ApyrumMu nydamn? 2) MoxeT M npamas nepecekatb Bce Tpwu
AaHHbIX ny4ya? OO6BACHUTE OTBET.

Mpu3HaKM paBeHCTBa TPEYro/ibHUKOB

20. TepBbli NpU3HaK paBeHCTBa

TPeyrosibHNKOB

Teopema (NMpu3HaK paBeHCTBA TPeYrosibHU-
KOB MO ABYM CTOpPOHaM W Yrny Mexpay Hu-
MU)

Ecnn aBe CTOPOHbI 1 Yron Mesesy HUMWU OHOFO TPeyrofbHu-
Ka paBHbl COOTBETCTBEHHO [IBYM CTOPOHAM U YTy MeXay Hu-
MW APYroro TpeyrofibH1Ka, To Takue TPeYronbHUKN PaBHbI.

[loKa3aTenbCcTBO.
Myctb y TpeyronbHnkos ABC un Aib1Ci1

[-A = [-Ax, AB = AXBPLAC = AXCX (puc. 44). [oka-
XXEM, UYTO TPeyroJiHUKWN paBHbI.

Puc. 44



Mycte AIB2C2 — TpeyrosibHUK, paBHbIN
TpeyronbHnky ABC, ¢ BepwmnHoin B2 Ha nyye AIBB1l un
BepwMHON C2 B TOW Xe MOoNYyna0CKOCTU OTHOCUTE/NbHO
npamoin Ai1b1, rae nexut sepwunHa Cr (puc. 45, a).

Tak kKak AB1 = Ai1B2, 10 BepwmnHa B2 cos-
nagaet ¢ sepwuHo B1l(puc. 45, 6). Tak kak AB1A1CI=
= AB2A1C2, o nyy AXC2 coBnapgaet ¢ ny4dyom ATrCr
(puc. 45, B). Tak kKak A1C1= A xc2y 1o BepwmHa C2 coB-
nagaet ¢ sepwuHoin C1 (puc. 45, r).

NTak, TpeyronbHuk Ai1b1Ci1i coBnagaeTt c
TpeyronbHukom A1b2C2, 3Ha4ynT, paBeH TPeyrosibHUKY

ABC. Teopema foKa3saHa.

3agaya (1).

OTpeskn AB n Cb nepecekalTcAd B TOUKe
O, KoTopasa ABNAeTCS CepefMHON KaXAoro m3 HuUx. Ye-
My paBeH 0Tpe3oK bb, ecnun otpe3ok AC = 10 m?

PelwweHue.

TpeyronbHukn AOC u BbOB paBHbl MO
nepsoMy  NpU3HAaKy  paBeHCTBa  TPeyrojlbHUKOB
(puc. 46). Y Hux yrnel AOC n OB paBHbl Kak Bep-
TUKanoHble, a OA = Ob u OC = OB noTomMy, 4TO
Touka O aBnsieTca cepeanHon oTtpe3koB Ab n Cb. U3
paBeHcTBa TpeyronbHMkos AOC n 6Ob cnefyeT paBeH-
CcTBO UX cTtopoH AC n bb. A Tak KakK Mo yC/0oBUIO 3a-
fgaun AC = 10 m, To m bb = 10 m.

21. WVicnonb3oBaHWe aKCUOM

npu gokKasaTe/IbCTBE TeopeMm

Kak Mbl 3Haem, Npu foKa3aTenbCTBE TEOPEM
paspellaeTcd MoJb30BaTbCA akCMoOMaMW W [OKas3aHHbI-
MU paHee TeopemMamu. OObIYHO B [O0Ka3aTesibCTBE CCbl-
NnalTCA He Ha HOMep akCMOMbl MO CNWUCKY, a Ha ee Co-
AepxaHue. MIMeHHO Takum o6pa3om Mbl noctynanv B
[lOKa3aTenbCTBE MepBOro npu3Haka paBeHCTBa Tpe-
yronbHuUKoB (teopema 3.1). Pa3bepem elle pa3 3TO A0-
Ka3aTeNbCTBO, YKa3blBasg aKCUMOMbI, KOTOpPble B HEM WUC-
NoNb3yloTCA.

[Joka3aTenbCTBO HayuHaeTcA C/NOBaMWu:
«ycTb AXB2C2 — TpeyrosibHUK, paBHbI TPeyroabHU-

Ky ABC, ¢ BepwunHoin B2 Ha nyye AIBB1wn BepwmnHon C2
B TOW >X€& MONYMN/0CKOCTU OTHOCUTENbHO npsamoin A1b 1,
roe nexxut BepwmHa CTaKO W TPeyronbHUK, Kak Mbl
3Haem, cyu,ectsyeT no akcuome VIII.

Puc> 45

Puc. 46

Mprv3HakW paBeHCTBA
TpPeyroNbHMKOB



[anee yTBepXpaeTcsa CcOBMajeHWe BepLlUH
Bl1wn B2 Ha TOoM ocHOBaHuu, 4yT0 ABN = AIB2 3pgechb

MCMNOoNb3yeTcA akcuoma OTKNafbiBaHUA OTpe3koB (ak-
cnoma VI).

3aTem yTBepXpaaeTca coBMnageHue nyuden
AxXC2 « AIC1 Ha TOM OCHOBaHuMKu, 4yto ABRAIC1 =

= AB2A1C2 3pecb ncnonb3yetca akcmoma oTKNajblBa-

Hua yrnos (akcuoma VII).
HakoHel, yTBepXJaeTca coBnafeHue Bep-
wnH Cr n C2, tak Kak AIC1 = A2C2. 34ecb CHOBa UC-

nonb3yeTca akcmoma VI.
Mbl BUAUM, UYTO flaHHOe A0KAa3aTe/lbCTBO Te-
opemMbl 3.1 onupaeTcs TOMbKO Ha aKCUOMbI.

22. BTopon npunsHakK paBeHCTBaA

TpPeyrosbHNKOB

Teopema (Npu3HaK paBeHCTBa TPeYrosibHU-
KOB MO CTOPOHE WM Npunexaumnm K Hen yr-
nam)

Ecnn cTopoHa u npunexawine K Hei yrnibl OAHOro Tpe-
YyroibHNKa paBHbl COOTBETCTBEHHO CTOPOHE W Mpue-
XalllMM K Hell yrnam apyroro TpeyrosbHuUKa, To Takue
TPEYroNbHUKN paBHblI.

[loKa3aTenbCTBO.
Mycte ABC n AIBIC1 — aBa TpeyrofibHUKa,

y KoTtopbix AB =A1B1, AA=AA1 . AB = AB1 (puc. 47).

[JoKaXem, 4TO TPeyrofibHNUKN paBHbI.
Mycte AXB2C2 — TpeyrofibHUK, pPaBHbIl

TpeyronbHNnKy ABC, ¢ BepwunHoin B2 Ha nyye AIBB1l un
BepwnHon C2 B TOW Xe MONYNNOCKOCTU OTHOCUTENbHO
npamoit AiB1, rae nexut sepwunHa CL

Tak Kak A1IB2 = A1B1, 10 BepwmnHa B2 cos-
nafgaeTt ¢ BepwwuHon B”

Tak kak ABAIC2 = /-B"AMCA n AANCT =
= AA1B1C], +o nyuy ArC2cosnagaet ¢ nyyom ArC19 a nyu
B1C2 cosnapgaet ¢ nydyom BiCl Ortcroga cnefyet, 4To
BepwunHa C2 coBnafaet ¢ BepwunHoin C

NTak, TpeyronbHnk AIBIC1 coBnagaeTt c
TpeyronbHMKoMm AXB2C2, a 3HauyUT, paBeH TPeyrosibHu-
Ky ABC. Teopema gokasaHa. Puc. 47

/ knacc



23. PaBHO06efpeHHbIN TPeyronbHUK

TpeyronbHWK HasbiBaeTcsa paBHObOeapeH-
HbIM, €C/IN Yy HEero [Be CTOPOHbl paBHbl. 3TU paBHbLIE
CTOPOHbI Ha3blBalOTCA OOKOBbIMW CTOPOHaMW, a TPeTbA
CTOpPOHa Ha3blBaeTCA OCHOBaHWEM TpeyrosibHUKa.

Ha pucyHke 48 un3o6paxeH paBHOGeApeH-
HblA TpeyronbHUK ABC. Y Hero 60KoBble CTOpPOHbI AC
n bC, a ocHoBaHue AB. A

Teopema (CBOICTBO Yr/n0B paBHOGEAPEHHOTO
TpeyronbHMKa) 1>1c- 48

B paBHOGeapeHHOM TpPeyro/sibHUKe Yrfibl NpPU OCHOBa-

HUN pPaBHbI.

JloKas3aTenbCTBO.

Myctb ABC — paBHOOGEAPEHHbIN TPeyrob-
HWK C ocHoBaHuem AB (puc. 48). [JoKaxem, 4TO y He-
ro AJ1 = AB.

TpeyronbHuk CAB paBeH TpeyronbHUKY
CBA no nepBoMy NPU3HaKy paBeHCTBAa TPeyrosbHUKOB.
L ecTBUTENBHO,

CA = Cb, Cb = CA, AC = AC.

N3 paBeHCTBa TpeyrosbHWKOB cleayeTt, 4To
AJl = AB. Teopema foKa3aHa.

TpeyronbHUK, Yy KOTOPOro BCe CTOPOHbLI paB-
Hbl, Ha3blBaeTCA PaBHOCTOPOHHUM.

3apava (12).

JoKaXnte, 4to y pPaBHOCTOPOHHEro Tpe-
YTO/IbHUKa BCe YTI/bl PaBHbI.

PeweHne,

Myctb ABC — faHHbIN TPeyrosfibHUK C paB-
HbIMW CTOPOHaMMU:

ABb = BC = CA (puc. 49).

Tak Kak Ab = BC, TO 3TOT TpeyrojbHUK
paBHOOepeHHbIW ¢ ocHoBaHMem AC. To Teopeme 3.3
AC = AA.

Tak kKak BC = CA, 10 TpeyronbHuk ABC
paBHOGefpeHHbIN ¢ ocHoBaHuem AB. Mo Teopeme 3.3
Al = AB. Takum obpasom,

AC = Al = AB,
T.€. BCE Yr/bl TPEYrosbHNKa pPaBHbI.

Ipu.wwx'v paseHcTBa
TPCPAOHbLILL KOB



24. (O6paTHaa Teopema

Teopema (npu3HakK paBHOOELPEHHOro Tpe-
YronbHUKa)

A B H H H H H 1 H H H H B M 4 M H E 9 H K a 1

Ecnu B TpeyronbHUKe [Ba yrna paBHbl, TO OH pPaBHO-

6elpEeHHbIA.

JloKas3aTenbCTBO.

Myctb ABC — TpeyronbHWUK, B KOTOPOM
AA = AB (puc. 50). Jokaxem, 4TO OH paBHObGeApeH-
HblA C ocHOBaHMeMm AB.

TpeyronbHuk ABC paBeH TpeyronbHUKY
BAC no BTOpoMYy MpU3HaKy paBeHCTBa TPeyroJibHNKOB.
OenictentensHo, AB = BA, AB = AA, AJl = AB. 13
paBeHCTBa TpeyronbHNMKoOB cnefyet, 4to AC = BC. 3Ha-
4YnuT, N0 onpegeneHnto TpeyronbHMK ABC paBHOGeApeH-
Hblii. Teopema foKa3aHa.

Teopema 3.4 Ha3blBaeTCs 06paTHON TeopeMe
3.3. 3aknwyeHne Teopembl 3.3 ABNAETCA YCNOBUEM Te-
opembl 3.4. A ycnosue Teopembl 3.3 ABNAETCA 3aK/H0-
yeHuem Teopembl 3.4. e Bcsikad Teopema MMeeT obpart-
HYyl0, T.e. eCNM faHHas Teopema BepHa, TO obpaTHas Te-
opemMa MOXeT OblTb HeBepHa. lMOACHUM 3TO Ha MpuUMe-
pe TeopeMbl O BEPTUKAJIbHbIX yrnax. 3Ty TeOpeMy MOX-
HO C()OpPMYy/MpoBaThb TaK: ecnn fBa yrna BepTUKanb-
Hble, TO OHU paBHbl. O6paTHada el Teopema 6bisia 6bl Ta-
KOW: ecnu fBa yrna paBHbl, TO OHW BepTUKalbHbIE.
A 3TO, KOHEYHO, HeBepHO. [lBa paBHbLIX yrja BOBCe He
0643aHbl ObITb BEPTUKA/IbHBIMWA,

3apava (16).

Chopmynupyiite n fOKaXXuUTe Teopemy, 06-
PaTHYI YTBEPXAEHMUIO 3ajayn 12.

PeweHune.

B 3apaye 12 ycnosBue cCOCTOMUT B TOM, 4TO
TPeyrofibHUK PaBHOCTOPOHHWUIA, a 3aKN4YeHne — B TOM,
4YTO BCe Yr/lbl TPEyrosbHUKa paBHbl. MMo3aTOMy ob6paTHas
Teopema [O0/IXKHA (pOopMynupoBaTbCA TaK: ecnin y Tpey-
rofibHMKa BCe Yr/bl PaBHbl, TO OH PaBHOCTOPOHHMWIA.

Jokaxem 3ty Teopemy. lNyctb ABC — Tpe-
YronbHUK ¢ paBHbiMu yrnamum: AA = AB = AC. Tak
Kak AA = AB, 10 no Teopeme 3.4 AC = CB. Tak Kak
AB = AC, 10 no Teopeme 3.4 AC = AB. Takum ob6pa-
3oM, AB = AC = CB, T.e. BCe CTOpPOHblI TpeyrojibHuKa
paBHbl. 3HAYUT, NO onpepeneHuto TpeyronbHUK ABC
PaBHOCTOPOHHMUIA.

32
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25. BbicoTa, buccekTpuca n MmegmaHa
TPeyrosbHMKa

BbiCOTON TpeyrofibHWKa, ONYWEHHON W©3
NaHHON BepLWHbI, Ha3blBaeTCA NepneHAnKynap, npose-
[JeHHbIA N3 3TON BEPLWUHbI K NPAMON, KOTOopas cofep-
XUT NPOTUBOJEXaLlY CTOPOHY TPeyrosbHUKa.

Ha pucyHke 51 Bbl BUAWTE TPWU TPeyrosib-
HWUKa, Y KOTOPbIX NMPOBeAeHbl BbICOTbI U3 BeplwnH B, B1

n B2 Ha pucyHke 51, a OCHOBaHWe BbICOTbl NIEXXUT Ha

CTOPOHe TpeyrofibHMKa, Ha pucyHke 51, 6 — Ha npo-
LO/MKEHUN CTOPOHbI TPeyrosibHMKa, Ha pucyHke 51, B
— coBnafgaet ¢ Toukon C2

BuccekTpucon TpeyrosbHUKa, NpPoBeAeHHON
N3 LaHHOW BepLIWHbI, Ha3blBaeTCs OTPEe30K OMCCEeKTpU-
Cbl yrna TpeyronbHUKa, COeAUHAWMNA 3Ty BEPLWIUHY C
TOYKOW Ha MpoTMBOMEXallenh cTopoHe (puc. 52, a).

MefanaHoW TpeyrosibHMKa', NpoBefeHHON u3
NaHHON BepLWHbI, Ha3blBaeTCA OTPE30K, COEeAMHAO LA
3Ty BepPWMWUHY C CepefMHON NMPOTUBOJIEXALLEN CTOPOHDI
TpeyronbHuka (puc. 52, 6).

26. CBOWNCTBO MefduaHbl
paBHOOE4PEHHOr0 TPeyrosibHMKa

Teopema (CBOMNCTBO MefuaHbl paBHOOeApEH-
HOro TPeyrosibHNKa)

6)

B paBHOGeApeHHOM TPEYrofibHUKe MejnaHa, NPoBe/eH-
Has K OCHOBaHWI, ABNAeTCA GUCCEKTPUCON U BbICOTOIA.

[loKa3aTenbCcTBO.

Mycte ABC — paHHbI paBHOGEAPEHHbIN
TPeyronbHUK ¢ ocHoBaHnem AB n CB — megnaHa, npo-
BeeHHasa K OCHOBaHuiO (puc. 53).

TpeyronosHukn CAB n CBB pasHbl no nep-
BOMY MpPU3HaKy paBeHCTBa TPeYyrosibHNUKOB. (Y HUX CTO-
poHbl AC n BC paBHblI, NOTOMY 4YTO TpeyronbHuUK ABC
paBHOGeApeHHbIW. ¥Yrnbl CAB n CBB paBHbl KakK Yribl
NpuM OCHOBaHWUW paBHOGeApPeHHOro TpeyrosibHMKa. CTo-
poHbl AB n BB paBHbI, noTomMy 4TO B — cepeanHa oT-
pe3ka AB.)

3 paBeHCTBa TpPeyrosibHUKOB cnepyeTt pa-
BeHcTBO yrnos: AACB = ABCB, AABC = ABBC. Tak
Kak yrnel ACB n BCB paBHbl, To CB — 6GuccekTtpuca.
Tak Kak yrnoel ABC n BBC cMeXHble U paBHbl, TO OHMU

2levepmA O

Puc. 53

Mpu.wnnu puaencnHL
TpPCP.'OUbH UKOH



npamble, noatomy CI1 — BbICOTa TpeyronbHMKa. Teope-
Ma [JoKa3aHa.

3apava (28).

JoKaXnte, 4To 6GUCCeKTpmUca paBHOOEApPEH-
HOro TPeyrofibHMKa, NpoBefeHHas M3 BepPLIMHbI, NMPOTK-
BOJeXallleil OCHOBaHUIO, ABNAETCSH MeANaHOW U BbICOTON.

PeLueHue.
Mycte ABC — paBHOGeApeHHbIN Tpeyrofib-
HWK C ocHoBaHuem AB u CIl1 — ero 6uccektpuca

(puc. 54). TpeyronbHukn ACI1T n BCI1 paBHbl no nep-
BOMY Npu3HaKy. Y Hux ctopoHa CI1 o6uwas, CTOPOHbI
AC n BC paBHbl KakK 60KOBble CTOPOHbI paBHOGeapeH-
HOro TpeyronibHMKa, a yrnol npu BepwnHe C paBHBbI,
notomy u4to CI1 — 6uccektpuca. M3 paBeHcTBa Tpe-
YTO/IbHUKOB cneflyeT paBeHCTBO WX CTOpoH All u BII.
3Hauut, CIl — mepuaHa TpeyronsHuka ABC. A no
CBOWCTBY MefMaHbl pPaBHOOGEAPEHHOro TpPeyroJibHUKa
OHa ABNAETCA W BbICOTOW.

27. TpeTni NpuUsHaK paBeHCTBa
TPeyrosbHNKOB

Teopema (Npu3HaK paBeHCTBa TPEYrosbHU-
KOB MO TPeM CTOPOHam)

Puc. 54

3.6

Ecnn Tpu CTOPOHbI O4HOTr0 TPeyrosibHMKa paBHbl COOT-
BETCTBEHHO TPEM CTOPOHaM APYroro TPeyrosibHUKa, TO

TaKWne TPeyrosibHMKM paBHbI.

JloKa3aTenbCTBO.
Mycts ABC n A1B1C1 — faBa TpeyronbHuKa,

y kotopbix AB=A1B1 AC=A1Cl1l BC =BI1C1(puc. 55).

TpebyeTca gokasaTb, UYTO TPEYro/IbHUKW PaBHBbI.
JonycTnum, TpeyronbHMKN He paBHbI. Torga
y HuUx AA =AA" AB » ABN AC » ACT. NHauve oHHK

OblnnM 6bl paBHbI NO MEPBOMY MPU3HAKY.
Myctb A1B1C2 — TpeyronbHWK, pasBHbIWA

TpeyronsHukKy ABC, y KoToporo BepwmnHa C2 nexuT B
OLHOW MONYNJOCKOCTU C BepwMHON Cr OTHOCUTENBHO
npamon AIB1 (cm. puc. 55).

Myctb 1 — cepegnHa oTpe3ka CXC2. Tpe-
yronsHukn A1CiC2 v B1Ci1C2 paBHOGeApeHHbIe C 00LWUM
OoCHoBaHuem CXC2. lMoaTtomy ux meaumaHbl Ayb n B
ABNAKTCA BbicOTaMu. 3HaunUT, npamble Al n B:I1 nep-

/ Klucc



NEHAMKYNAPHbI npamoin CXC2 lMpamble 7 He
coBnaparwT, Tak Kak Touykm AlyBly[ll He nexart Ha of-
HO npAmoin. Ho 4vepe3 Touky I npamonn CiC2 MOXHO
MPOBECTM TOJIbKO OAHY MEPMNeHAUKYNAPHY el npa-
MYH. Mbl npuwnuM K npotuBopeynto. Teopema [AoOKa-
3aHa.

3apayva (29).

Y TpeyronbHnkos ABC n AIBIC1 AB =
= A-"B" AC = AxClyAC = ACX= 90°. [JoKaxute, 4To
AABC = JIA1B1C1l

PelwweHue.
Myctb ABC n AIBBIC1 — paHHble TpPeyrofb-

HUKK (puc. 56). MocTtpoum TpeyronbHNUK CBB, paBHbIl
TpeyronsHuky CBA, n TpeyronbHuk Cil1iB1, paBHbIN

TpeyronbHuky CiA1B1, KakK noka3aHO Ha pPUCYHKEe.

TpeyronbHukn ABB n A1Bill1 paBHbI no
TpeTbemMy npusHaky. ¥ HuUx AB = AIBB1no ycnosuo 3a-
payu; Al = A”1) tak kKak AC = ArCr; BI1 = B AN
Tak Kak BIl = AB, B*! = AiB1 W3 paBeHcTBa Tpe-
yronoHukos ABI1 n AiBill1 cnepyet paBeHCTBO YI/IOB:
AA = AAX Tak kKak no ycnosuwo AB = AB1 AC =
= AxClya AA = AAXnNO foKa3aHHOMY, TO TPeyrosbHu-
ku ABC n AIBI1C1 paBHbl N0 NepBoMYy MpPU3HaKY.

28. Kak rotoButbCA Mo yyebHUKY

CaMOCTOATE/IbHO

[JonycTum, No KakoOn-HMOYyAb NpUYnHE, Ha-
npumep no 60se3HU, Bbl He O6bIIM Ha ypoke. Torga ma-
Tepuan 3TOro ypoka BaM MNpuUAeTcs U3YUYUTb CaMOCTOSA-
TeNIbHO MO Yy4YebHUKY. TeKCT yyebHMKA HAQ0 4MTaTb He
crewa, nNo MpeanoXeHUAaM, He NMepexofs K clegytoule-
MY MPeAsioXeHUt0, He MOHAB CMbICna nNpefbigyLiero.
PaccCMOTPUM KOHKPETHbIW npumep — AOKa3aTeNbCTBO
TpeTbero npu3Haka paBeHCTBa TPeyrosibHUKOB. WTak,
ynTaeM TeKCT y4yebHMKa:

«EcnuM TpM CTOPOHbLI OAHOr0 TpeyrosbHUKa
paBHbl COOTBETCTBEHHO TpPeM CTOpPOHam Apyroro Tpe-
YyrosbHuKa...»

YToObl MOHATL CMbIC/NT 3TOr0 MpPeasioXeHuns,
Hafo 3HaTb, YTO TakKoe TPeyrosbHUK, ero CTOPOHbl 1 pa-
BEHCTBO CTOPOH. Bbl BCe 3TO 3HaeTe, MO3TOMY CMbIC/
NMPOYNTAHHOTO NPeANnoXXeHUs BaM fiCeH. YumTaem pfafb-
We: «...TO TakKue TPeyroibHUKN PaBHbI».

OoC

NN

Puc. 5))

Br

Puc. 56

//pn.0TKN paBeHCTBa
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YToObl MOHATb CMbIC/ 3TOr0 MpPeasioXeHus,
Hafo 3HaTb, Kakue TPeyrosibHMKWN Ha3blBakTCA pPaBHbI-
MU. HO Bbl M 3TO 3HaeTe.

TakuMm 06pasomM, CMbIC/T TeOpeMbl BaM fCEH.
Untaem pokasaTesbCTBO.

[loKasaTenbCTBO.

«[1yctb ABC n ABB1C1 — paBa TpeyronbHu-

Ka, y KoTtopbix AB = Aib1l AC — Ai1Cl BC = BiC:

(cm. puc. 55). TpebyeTcs AoKas3aTb, YTO TPEYroNbHUKM
PaBHbI».

3pecb Bce AcHO. O603HayawTCA TPeyronb-
HUKWN, KOTOPble YAOBNEeTBOPAKT YCMNOBUIO TEOPEMbl U
PAaBEHCTBO KOTOPbIX HAaAOo AOKa3aTb.

«[lonycTUM, TPeyrofibHUKN HEe pPaBHbI».

Bbl BUANTE, UTO AenaeTcsa npeanosioXXeHue,
MPOTUBOMOJNIOXHOE YTBEPXAEHUIO TeOopeMbl. 3HAYUT, B
X04e AaNbHENLWero paccy>XaeHus Mbl AO/MKHbI NPUATU
K MpoTuBOpeYnto (AoKasaTe/ibCTBO OT MPOTMBHOrO).

«Torga y Hux AA ~ AAX AB * ABX
AC * ACX WHaye OHM OblnnM Obl paBHbI MO MepBOMY
MPU3HAKY»,

BcnomHUTEe nepBbli NPU3HAK paBeHCTBa
TPpeyronbHMKoB. Ybeautecb B TOM, UYTO e€C/IN BbINOJIHE-
HO X0TA 6bl ogHO M3 paBeHCTB AA = AAX AB = ABr,

AC = = ACr, 10 TpeyronbHukn ABC n AIBIC1 paBHbl,

a 3T0 NPOTMBOPEYUT chenaHHOMY MpPeLnonoXKeHUIO.

«Myctb AIBIC2 — TpeyronbHUK, paBHbIN
TpeyronbHNUKY ABC, y KoToporo BepwnHa C2 nexuT B
OAHOW NONYMNMAOCKOCTU C BePWMUHON CX OTHOCUTENbHO
npsmoin AIB1 (cm. puc. 55)».

34ecb BCe ACHO. JTOW (Ypason HauyMHaNoChb
[0Ka3aTeNbCTBO M MEPBOro U BTOPOro NPM3HaKOB.

«[lyctb b — cepeanHa oTpeska CIC2».

Bbl 3HaeTe, YUTO Takoe cepefuMHa OTpesKa.

«TpeyronbHnkn A1C1C2 n B1CIC2 paBHOobGepq-
PEHHble C 06U MM OCHOBaHMEM CXC2».

YToObl NOHATH CMbIC/T 3TOr0 YTBEPXKAEHUSA,
Hafo 3HaTb, KaKOW TPeyronbHWK Ha3blBaeTCs paBHOOE[-
PEHHbIM W KakKas ero CTopoHa Ha3blBaeTCAd OCHOBAHMUEM.

«[MoaTomy nx megunaHel Atb n B> aBndawT-
CA BbiCOTaMU».

CMbIC/T 3TOr0 NPeanoXXeHUs Bam ACeH. Bbl

3HaeTe, 4YTO Takoe MegunmaHa W BbICOTa, U 3HaAETe CBOW-
CTBO MeAuaHbl paBHO6eAp8HHOFO TpeyrojsbHUKa.

7 Knuncce



«3HaunT, npambie AX6 1 BX6 nepneHanky-
napHel npamoin CiC2». AcHo.

«Mpamvbie J1IB » Bx6 He coBnagawT, Tak
Kak Touykun AX, Bly B He nexaT Ha O4HON MpPAMOW».

AcHo. Ecnm 6bl Touka B nexana Ha nps-
MO A1B1, to touku CXw C2 OblNM Obl B pasHbIX Nony-

MNOCKOCTAX OTHOCUTENbHO npamoint AiBL

«Ho uyepe3 Touky B npamoin CrC2 MOXHO
MPOBECTU TONbKO OAHY NepneHAUKYNAPHYK el nps-
MYl». FACHO. Bbl 3HaeTe TakKylo Teopemy.

«Mbl NPULWIAN K NPOTUBOPEUYNO». FACHO.

«Teopema goKasaHa».

KOHTpPONbHbLIE BONPOCHI

1. JloKaxwuTe nepBbl NPU3HaK paBeHCTBA TPeyroibHNUKOB. Kakue ak-
CMOMbI MCNONL3YTCA NPU AO0Ka3aTeNbCTBe Teopembl 3.17

2. Cdhopmynupyiite U [OKaXXWUTe BTOPON MpPU3HaAK paBeHCTBaA Tpe-
YroNbHUKOB.

3. Kakoi TpeyronbHWK Ha3blBaeTCsi paBHOOeApeHHbIM? Kakue cTopo-
Hbl paBHOGEAPEHHOIO TPeyrosbHMUKa Ha3blBalOTCA GOKOBbIMM CTOPO-
HaMn? Kakad CTOpOHa Ha3blBaeTCA OCHOBaHWEM?

[JOKaXXnte, 4TOo B paBHOOELPEHHOM TpPeyroibHUKe Yr/bl MPU OCHO-
BaHUWN pPaBHbI.

5. Kakoil TpeyronbHWK Ha3blBaeTCAA PaBHOCTOPOHHUM?

6. [JoKaxuTe, 4TO eCnn B TPeyrosibHUKe [ABa yrna paBHbl, TO OH paB-
HOGepPEHHbIN.

OO6bACHWUTE, 4YTO Takoe obpaTHas Teopema. [MpuBegnTte npumep.
[Ona BCAKOW Nn TeopeMbl BepHa obpaTHas?

8. UT0 Takoe BbiCcOTa TpeyronabHUKa?

9. Urto Takoe 6GuccekTpuca TpeyrosbHUKa?

10. Y710 Takoe MegmaHa TpeyrosbHuKa?

11. [dokKaxwuTte, 4TO B paBHOOeApeHHOM TpeyroibHUKe MeguaHa, Mpo-
BeeHHAass K OCHOBaHW, ABNSAETCSH GUCCEKTPUCON U BbICOTON.

12. [OoKaxuTe TpPeTWil NpPU3HAK paBeHCTBA TPeyrosbHWKOB.

3agayu

MyHkT 20

OTpe3kn AB n CI1 nepecekarTcs B TOUKe
O, KoTopas ABNSETCH CepeAMHON Kaxnoro
N3 HUX. Yemy paBeH oTpe3ok BIl, ecnm oT-
pe3ok AC = 10 m?

Uepe3 cepegnHy O oTpes3ka AB nposefeHa
npamas, neprneHaukynapHas npamoin AB
(puc. 57). [lokaxuTe, 4To Kaxpgasa tToyka X
3TOM NpPsSIMON OAMHAKOBO yAaneHa OT TOYeEK
A n B.

MPU.AWKW panrHrTan

TPEYronbHKOB



Puc. 58

Punc. 59

Ha ctopoHe AB TpeyronbHnka ABC B3ATa Touka b, a Ha cTopoHe
A1b1 TpeyronsHnka AIBI1C1 B3ATa Toyka B~ W3BecTHO, 4TO Tpe-

yronbHukn ABC n A1b1C1 paBHbl 1 oTpe3skn BB u b X XpaBHbI.
[Jokaxnte paBeHCTBO TpeyronbHuMkos ABC n Aibi1CL

UTo6bl M3MEPUTb Ha MECTHOCTU PacCTOsiHUE MeXAy ABYMS TOuKa-
Mnu A un b, Mexay KOTOPbIMW HENb3s MNPOATM NO NPAMOM
(puc. 58), BbIbUpalOT Takyt TOoUuKy C, U3 KOTOPOM MOXXHO MPOUTHU
M K TOYKe A, N K TOYKe b n 13 KOTOpON BUAHLI 06e 3TU TOYUKMW.

MpoBewnBaroTl pacctossHua AC u BC, npogomkalT UX 3a TOUYKY

C n otmepawT Cb = AC u bC = Cb. Torpa oTpe3ok bbb paseH
MCKOMOMY paccTosaHuto. OObACHUTE MOYeMy.

[MYyHKT 22

OTtpe3kn AB n CB nepecekatoTca B Touke O (puc. 59). Ookaxwu-
Te paBeHCTBO TpeyronbHMkos ACO m BBO, ecnum U3BECTHO, 4TO
yron ACO paseH yrny 660 n 6O = CO.

OTpe3kn AC n bbb nepecekatoTca B Touke O (puc. 60). JoKaxu-
Te paBeHCTBO TpeyronbHMkos BAO n BCO, ecnm U3BECTHO, 4TO
yron BAO paseH yrny bCO n AO = CO.

[JoKaXuTte paBeHCTBO TPEYrolbHWKOB N0 MeAnaHe U yrnam, Ha Ko-
Topble MeauaHa pasbuBaeT yron TpeyrosbHUKa.

YT06bl M3MEPUTbL HA MECTHOCTU pacCTosHMe MeXxAay ABYMSA TOuKa-
Mn A n b, U3 Kotopbix ogHa (Touyka A) HeAoOCTyMnHa, NpoBeLlnBa-
lOT HanpasseHne otpe3ka Ab (puc. 61) n Ha ero NPoOAO/IXKEHUN OT-
MepPAKT NPON3BO/MbHBLIA O0TPe30K Bb. BbibnpaldT Ha MECTHOCTM TOU-
Ky B, n3 kKoTopoi BMagHa To4yka A M MOXHO NPOATU K To4ykam b
n 6. MposewwnsaT npamole 66 n B6Bb 1 otmepsawT 66 = BB
n b<? = bb. 3atem nayTt no npamon P(2, rnaga Ha Touyky A, no-
Ka He HalayT Touky H, koTtopas nexut Ha npamon Ab. Torga HC?
pPaBHO MCKOMOMY pacCTOoAHUIO. [lokaxuTe.

1 OTmMeYalT HamnpaB/eHMEe WecTamMu-BeXamu.
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10.
11.

12.
13.

14.

15.

16.
17.

18.

Puc. 61 Puc. 62 Puc. 66

MyHKT 23

MepumeTp (Cymma ANWH CTOPOH) paBHOOeApPeHHOro TpeyrosibHMUKa
paBeH 1 M, a ocHoBaHue paBHO 0,4 M. HaliguTe ONMHY OGOKOBOI
CTOPOHHbI.

MepumeTp paBHOGeApPeHHOro TpeyrosbHWKa paBeH 7,5 M, a 60Ko-
Bafd CTOpPOHa paBHa 2 M. HalguTe OoCHOBaHwue.

MepumeTp paBHOGeApPEHHOro TpeyrosbHMKa paBeH 15,6 m. Hangu-
Te ero CTOPOHbI, eC/in OCHOBaHMe: 1) MeHblle B60KOBOW CTOPOHbLI Ha
3 M; 2) 6onblwe 60KOBOW CTOPOHbI Ha 3 M.

[JOoKaXunuTte, 4To y paBHOCTOPOHHEro TPeyrosbHWUKa BCe Yr/bl pas-
Hbl.

OT BepwunHbl C paBHOGeapeHHOro TpeyrofbHMKa ABC ¢ ocHoBaHu-
em AB oTnoXeHbl paBHble oTpe3kn:. CAr Ha ctopoHe CA n CBXHa

ctopoHe CB. [oKaXuTe paBeHCTBO TpeyronbHukos: 1) CABT u
CBAZ1, 2) ABBXu BAAX

Ha ocHoBaHun AB paBHOGeApeHHOro TpeyronbHuka ABC gaHbl TOY-
kKn Ax n Br. M3gecTtHo, yto ABX = BAX [OoKaxute, 4to Tpe-

yronbHukn ABXC n BAXC paBHbI.

TpeyronbHukn ACCXwn BCCXpaBHbl. VX BepwnHol A n b nexart
Mo pasHble CTOPOHbI OT nNpamMoil CCX [JoKaxXuTe, YTO TPEYrosbHU-
kKn ABC n ABCr paBHOoGegpeHHble (puc. 62).

MYyHKT 24

ChopmMynumpyinte n [AOKaXWUTE Teopemy, 006paTHYH YTBEPXAEHWUIO
3agayun 12.

Ha ctopoHax AC n BC TpeyronbHnka ABC B34Tbl Touku Cr n C2
JokaxuTte, 4to TpeyronbHUK ABC paBHOOeApeHHbIW, ecnum Tpe-
yronbHukn ABCr n BAC2 paBHbl (puc. 63).

1) JoKaXuTe, 4YTO cepefanHbl CTOPOH paBHOOGeAPEHHOro TPeyronb-
HUKa ABNAKOTCA TaKXe BepwuHamn paBHOOGEAPEHHOro TPeyronb-
HUKa.

Mpu.wakn pwu mcTem
TpcpcnabiHMalo



19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

2) [loKaXuTe, 4yTO CepefuHbl CTOPOH PABHOCTOPOHHEro TPeyrosb-
HUKa SIBNAKTCSA TaKXe BeplIMHAMW PaBHOCTOPOHHEro TPeyrosb-
HUKa.

[MYyHKT 25

1) HayepTnte TPeyronbHuUK ¢ ocTpbiMn yrnamu. C nomowbi 4ep-
TEXHOr0o YrosibHMKa n NMHENKN nposeguTe B HEM BbICOTbI. [MOBTO-
puTe ynpaxHeHue ANg TPeyrojbHWUKa, Y KOTOPOro OAWH Yron Ty-
nou.

2) Hayeptute TpeyrosibHMK. C nMoMoLWbiO TpaHCNopTUpa U NINHEN-
KN npoBeguTe B HEM OUCCEKTPUCHI.

3) Hauyeptute TpeyronbHuUK. C Nomowbi NUHENKN C AeNeHUAMU
npoBeAnTe B HEM Me[MaHbI.

MYyHKT 26

[JoKaxunte, 4To y paBHObGeApeHHOro TpeyrosibHuMKa: 1) 6uccekTpu-
Cbl, MPOBefEeHHble N3 BEPLINH NPU OCHOBaHWW, paBHbI; 2) Meaua-
Hbl, NPOBefeHHbIe N3 TeX e BEepLINH, TOXXe pPaBHbI.

JoKaxnte, 4to y pasBHbIX TpeyronbHukos AbC n Aib1CL 1) me-

ANaHbl, NPOBeAEHHbIE M3 BepWMUH A U AT, paBHbl; 2) 6UCCEKTPU-
Cbl, MPOBeAEHHblIe U3 BeplnH A 1 AT, paBHbI.

Toukn A, b, C, b nexar Ha ogHON Npsmoi, npuyem oTpe3kn AB
n Cb umeroT obwyto cepeguHy. [ OKaXuTe, YTO eCNu TPeyroibHUK
ABE paBHOGegpeHHbIW ¢ ocHoBaHuem AB, 10 TpeyronbHuk CBbB
TOXe paBHOGeApeHHbIN ¢ ocHoBaHWem CB (puc. 64).

[ OKaXnute paBeHCTBO TPeYyroJibHWKOB MO Yrnay, 6uccekTpuce aToro
yrna nu CTOpoHe, npuaexawen K aTomy yray.

B paBHoGeapeHHOM TpeyronbHuke ABC ¢ ocHoBaHuem AC nposefe-
Ha MeguMaHa BM. Ha Hel B3fiTa Touka b. [oKaXuTe paBeHCTBO
TpeyronoHukos: 1) Abb n Cbb; 2) AMB n CMB.

[Jokaxurte, 4yto TpeyronbHMK ABC paBHOGeapeHHbIW, eCNN Y Hero:
1) megnaHa bb saBnsetca BbICOTON; 2) BbicoTa BB sBndeTca 6uc-
cekTpucoin; 3) buccekTpuca bb ABnsetca MeaunaHoi.
[aHbl [Ba paBHOOGEAPEHHbIX TPeyrosibHMKa

C o0wKumM ocHOBaHMeM. [JOKaXuTe, 4YTo UX
MeAuaHbl, NMpoBefeHHble K OCHOBaHWW, ne-

XaT Ha Of4HON MpPAMOMN.

B paBHoGegpeHHOM TpeyronbHuke ABC ¢
ocHoBaHnem AC npoBefeHa meaunaHa bb.
Hangute ee ANVHY, ecnin nepumeTtp Tpe-
yronoHnka AbC paseH 50 M, a TpeyrosibHu-

ka ABb — 40 wm.

LoKaxunte, 4to GuccekTpuca paBHobeapeH-

HOro TpeyroJjibHMKa, npoeeageHHad W3 BeEP- C b
L NHbI, I'IpOTI/IBOI'IE)K&LLI,GVI OCHOBaHWKO, 4B- n un B
naeTcs MG,CI,I/I&HOVI N BbICOTOM. Puc. 64
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30.

31.

32.

33.

34,

35.

36.
37.

38.
39.

40.

A
Puc. 66

MyHKT 27
Y T1peyronbHnkos ABC n AIBIC1 AB =

= A|4|, AC =A1C1l, AC = ACX= 90°. fo-
Kaxunte, yuto AABC = JA1Bi1CL

[JoKaXnTe, 4To y paBHOOGeApPEeHHOro Tpe-
YronbHWKa BbICOTa, ONYyLlEHHAsA Ha OCHOBa-
Hue, ABNAETCA MeAMaHOW U BUCCEKTPUCONA.
TpeyronbHukn ABC n ABCr paBHOGenpeH-

Hble C 06wMM ocHoBaHMem AB. [dokaxwute
paBeHCTBO TpeyronbHMkoB ACCXwn BCCX

Toukun A, B, C, b nexart Ha 0lHO NPAMOINA.
JoKaXunte, 4To ecnu TpeyronbHUKn ABET 1

ABE?2 paBHbl, TO TpeyroabHukm CBUN u
Cbb2 ToXe paBHbl (puc. 65).

[Ba oTpe3ka AB n Cb nepecekamTca B TOY-

Ke O, KoTOpas ABNseTCA CepefnHON Kaxao-

ro M3 HUX. [OKaXuTe paBeHCTBO Tpe-

yronoHnkos ACbH n BEC.

[JOoKaxXunte paBeHCTBO TPeyrosibHWUKOB MO

ABYM CTOpPOHaMm v meguaHe, NPOBeAEHHOW K  Puc. 68

OAHON N3 HUX.

OTpe3kn AB n CB nepecekaoTca. [OKaxuTe, 4TO e€C/IN OTPe3Kn
AC, CB, Bb n ABb paBHbl, TO Iy4 AB aBnsetca GUCCeKTpuUCOn yr-
na CAb n nyy Cb — 6uccektpucon yrna ACB (puc. 66).
[Jokaxunte, yto B 3agaye 35 npamble AB n Cb nepneHANKYNAPHSI.
TpeyronoHukn ABC n BAB paBHbl, npnyem To4kn C n b nexar
MO pasHble CTOPOHbLI OT npamoin AB (puc. 67). LoKaxuTe, 4TO:
1) TpeyronoHukun CBEB u BAC paBHbl; 2) npamaa Cb genut oTpe-
30k AB nononam.

PaBHble oTpe3kn ABb u Cb nepecekatTca B Todyke O TaKk,
4yto AO = OBb. [okaxuTte paBeHCTBO TpeyronbHMkos ABC n BCB.
[LOKaXXnTe paBeHCTBO TPEYrojbHMKOB NO ABYM CTOpOHamMm W Meau-
aHe, NCXOAAWMUM U3 OAHOW BepWUHbI (pUcC. 68).

[JOKaXNTe paBeHCTBO TPeyro/ibHWKOB MO CTOPOHe, MeAnaHe, NpoBe-
NEHHON K 3TOW CTOpPOHE, U yrnam, o6pa3oBaHHbIMU C HEW MeaMaHON.

Illpu.wakn paBeHcTBa

\(Lw



”\ CymMma yrsioB TpeyrosibHMKa
|_|_

29. TlapannenbHoCcTb NPAMbIX
Teopema

[lBe npsmblie, napanfienbHble TPeTbeil, NnapannenbHbl.

[loKa3aTenbCcTBO.

MycTe npamble a ¥ b napannenbHbl Npa-
Mol c. [lonyCcTuM, 4YTO NpAMble a U b He napannenbHbl
(puc. 69). Torga OHM nNepecekawTCs B HEKOTOPOW TOu-
Ke C. 3HauuT, 4epe3 Touky C npoxopAaTt ABe npsamble,
napannenbHble NpAMol c. HO 3T0O HEBO3MOXHO, Tak
KaK u4epe3 TOUKY, He nexauyw Ha AaHHOW NpsimMon,
MOXHO MpoBecTU He 6onee OAHOW NPAMOW, Nnapannenb- Pwuc. 69
HOW AaHHOW. Teopema [AOKa3aHa.

3apava (4).

Mpamble AB n CO napannenbHbl. [JoKaxXu-
Te, 4To ecnn oTpe3ok BC nepecekaeT npamyi AB,
TO TOYKa MNepeceyeHUs npuHagnexut otpe3ky AO

(puc. 70).
PeweHune.

MycTb X — TOYKa nepeceyeHMsa oOTpesKa
BC ¢ npamoin AO. lpoBeaem 4vepes3 Hee NpsAMY X, na-
pannencHyt npamoin AB. OHa 6yaeT napannenbHa U
npamonn CB. lMpaAmaa X pas3buBaeT MNOCKOCTb Ha [Be
nonynnockoctu. Toukn B n C nexart B pasHbIX Nonay-
NNIOCKOCTAX, TaK KaK 0Tpe3ok BC nepecekaeT npamyto
X (B Touke X). Touyka A IeXXUT B TON XKe MONYNJI0CKO-
CTW, 4TOo U B, a Touka B — B TOM Xe NOAYyna0CKOCTH,
yTto N C. lNosTomy oTpe3ok AO nepecekaeT NpaAMyto X.
A TOYKOW nepeceyeHus ABnsieTcs Touka X otpeska BC.

30. Yrnbl, o6pa3oBaHHble NMpU nepeceye-
HUN OBYX MPSAMbIX CEKYLLEN Puc. 70

Mycte AB n CB — paBe npambie n AC —
TpeTba npaAmasn, nepecekawwaa npambie AB n CB
(puc. 71). Mpamaa AC no oTHOWEHUO K npaMbim AB
n CB HasblBaeTCH CeKyLen.

[Mapbl yrnos, KoTopble obpasytTca npu ne-
pecedeHun npsambix AB n CB cekyuwein AC, nMeroT cre-
LnanbHble Ha3BaHWa. Ecnu Toukm B n B nexar B ogf-
HOW NONYNNOCKOCTWM OTHOCUTENbHO npamoin AC, TO
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HaMn A 1 B paBHbl, TO OHW coBMagarwT C BHYTPEHHU-
MW HaKpecT nexawummu yrnamum. 3Hadynt, npamasa ACX

coBnagaeT ¢ NnpsamMoi a, a npamasa BClcoenagaeT ¢ nps-
Mol b. MonyyaeTcs, 4To yYepe3 Toukm C n Cx npoxoasat

[lBe pa3finyHbie npambie a U b. A 3TO HEBO3MOXHO.
3HaYnT, nNpambie a U b napannesnbHel.

Ecnn y npaAmMbiX a u b n cekyuiein AB cywm-
Ma BHYTPEHHUX OAHOCTOPOHHMX yrnos paBHa 180°, To,
KaK Mbl 3HaeM, BHYTPEHHWe HaKpecT nexawue yrabl
paBHbl. 3HAYUT, NO [LOKa3aHHOMY Bbille NpamMble a U b
napannenbHbl. TeopemMa goKa3aHa.

N3 Teopembl 4.2 cnepyet, 4To

ABe NpsAMble, NeprneHANKYNSPHble TPeTbe, napannenbHbl.

Ecnn y napbl BHYTPEHHUX HaKpecT nexa-
WKWUX YrnoB OAMH Yrosa 3aMeHWTb BePTUKaNbHLIM €My,
TO MONYy4YUTCA Napa Yr/noB, KOTOPble Ha3biBalOTCA COOT-
BETCTBEHHbIMW YyrnaMu [aHHbIX NMPAMbIX C CEKYLLei.

Yrnoel 1 n 2 Ha pUCYHKe 74 BHYTpPeHHUE Ha-
KpecT nexauine, a yrnol 1 U 3 COOTBETCTBEHHbLIE.

N3 paBeHCTBa BHYTPEHHUX HaKPecT nexa-
WKNX YrnoB cnepyet paBeHCTBO COOTBETCTBEHHbLIX YI/10B,
W HaobopoT. OTcloga nonyvyaetcda nNpu3Hak napanfefb-
HOCTW MpPAMbIX MO COOTBETCTBEHHbLIM Yyrnam. IMeHHO:

npsiMble NapannenbHbl, €CIN COOTBETCTBEHHbIE YI/lbl
PaBHHbI.

3apava (8).

OaHbl npamaa AB u Toyka C, He nexauias
Ha 3TOW NPsAMON. [oKaxuTe, 4To 4yepe3 Touky C MOX-
HO NPOBECTW MPAMYI, NapansenbHyt npamoin AB.

PelweHue.

Mpamaa AC pasbuBaeT NJOCKOCTb Ha ABe
nonynnockoctn (puc. 75). Touka B nexuT B ofHON u3
HUX. OTnoxum ot nonynpamon CA B Apyryt nonynso-
ckocTb yron ACI, paBHbiii yrny CAB. Torga npsimbie
AB n CO 6yayT napannenbHbl. B camom fene, And aTux
npambiX n cekyuenn AC yrnel BAC n MNCA BHYTpeHHUe
HakKpecT nexauime. A TaK KaK OHW paBHbl, TO NMpAMbIe
AB n CI1 napannenbHbl.

ConocTaBnfasa yTBepXaeHue 3ajavyn 8 U akK-
cuoMbl IX (OCHOBHOro cBOWCTBa MapanfiefibHbIX Nps-
MbIX), MPUXOANUM K Ba>XHOMY BbIBOAY:

yepes TOUYKY, He fieXxally Ha AaHHOW NPAMOil, MOXHO
NPoOBeCTW NapanfieNbHy en NpAMyt, U TONIbKO OfHY.

44
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32.

CBOWCTBO YrnoB, 06pa3oBaHHbIX
Npu nepeceyeHUN napannenbHbIX
NPAMbIX CEKYLLLEN

Teopema (obpaTHasi Teopeme 4.2)

Ecnn aBe napannenbHble NpsiMble MepecedeHbl TPETbel
NPSIMON, TO BHYTPEHHNE HAKPECT Nexallune yrnbl paBHbl,
a CymMMa BHYTPEHHUX OHOCTOPOHHUX YrnoB paBHa 180°.

JloKa3aTenbCTBO.

[MycTb a U b— napannenbHble nNpambie U
Cc — npAmad, nepecekarwwaa nx B Toukax A n b. lpo-
BefleM yepe3 TOYKY A npsamyto al Tak, 4TOObl BHYTPEH-

HWe HaKpPecT nexatjne Yyrnbl, 06pa3oBaHHble CeKylLl el
C C NpAMbIMKU ax U b, 6bINN paBHbI (puc. 76).

Mo nNpus3Haky napannenbHOCTN MNPAMbBIX
npAMbie alun b napannenbHbl. A TaK KakK 4Yepe3 TOYKy

A npoxoauT TOMbKO OAHa npsmasi, napannenbHas nps-
MOIn b, TO Npsmas a coBnafjaeT c NPAMON ax

3Ha4YnT, BHYTPEHHNE HAKPECT nexaline yr-
Nbl, 06pa3oBaHHbIe CeKyLlel ¢ napannenbHbIMu NPAMbI-
MW a N b, paBHbl. TeopemMa AOKa3aHa.

N3 cBolcTBa yrnos, o6pa3oBaHHbIX Mpu ne-
peceyeHUN napannefibHblX NPSAMbIX CEeKYLWen, creayer:

ecnu npamas neprneHANKYNsipHa OAHOW M3 napannenb-
HbIX NPAMbIX, TO OHA MepneHAMKYNsipHa U APYroii.

3apava (13).

Mpamble AC 1 BB napannenbHbl, Npuyem
TOYKM A 1 B nexar no pasHble CTOPOHbI OT CeKyLew
BC (puc. 77). Aokaxwute, 4yto: 1) yrnel BEC n ACB
BHYTPEHHME HAKPecCT nexal,ne OTHOCUTENIbHO CeKyLlel
BC; 2) nyy BC npoxogunt mexpay ctopoHamun yrna Abb;
3) yrnel CAB 1 BBA BHYTpeHHMe OAHOCTOPOHHWE OTHO-
CUTeNbHO cekywen AB.

PelwleHune.

1) Yrnel BBC n ACB BHYTpeHHWe HakpecT

nexawjme noTomy, 4To TOYKM A 1N b nexaTt no pasHble
CTOPOHbI OT cekyuweln BC. 2) Jlyy BC npoxoauT mexay
cTopoHamu yrna Abb notomy, 4TO OH nepeceKkaeT OT-
pe3ok ABb ¢ KoHLamMu Ha cTopoHax yrna (3agada 4).
3) ¥Yrnol CAb u BBA BHYTpeHHWEe OAHOCTOPOHHWE MO-
TOMY, 4TO TOYKN C n B nexart no ogHy CTOPOHY OT ce-
Kywen AB, a MMEHHO B MONYMNOCKOCTU, TAe NeXuT
Touka X nepeceyeHna otpeskos BC n AbB.

Cymma yrnos
TpeyronbHuWKa



33. Cymma yrnoB TpeyronbHuka
Teopema

Cymma yrnoB TpeyronbHuka pasHa 180°.

[loKa3aTenbCcTBO.

Myctb ABC — pfaHHbId TpeyronbHuK. Tpo-
BegeM uyepe3 BepwuHy B npamyto, napannenbHyw npsa-
Mo AC. OTMeTMM Ha Hel TouKy [ Tak, 4YTOObl TOYKM
A u nexanwu no pasHble CTOPOHbI OT npamoil BC
(puc. 78).

Yrnel NMBC n ACB paBHbl KakK BHYTpPeHHMUe
HakKpecT fnexawme, obpasoBaHHble cekyuiein BC c na-
pannensHoiMn AC u BIl. TMo3ToMy cymma YyrnioB Tpe-
yronbHuka npu sepwmnHax B n C pasHa yrny ABII.

A cymMma BCex Tpex YrnoB TpeyrosbHUKa
paBHa cymme yrnos ABIT n BAC. Tak Kak 3Tu yrbl
BHYTPeHHWe OAHOCTOPOHHWE ANnA napannefibHbIX Npa-
MbiX AC n BIT n cekywen AB, T0 nx cymma paBHa
180°. Teopema pokasaHa.

N3 Teopembl 4.4 cnepyeTt, 4To

y No60ro TpeyronbHnka xoTs 6bl ABa yrna OcCTpble.

L encTBUTENbHO, 4ONYCTUM, YTO Y TPeyrofib-
HWKa TO/NbKO OAWH OCTPbIN yron maum Booble HeT OCT-
pblIX yrnos. Torga y 3Toro TpeyrojsbHMKa ecTb ABa Yr-
na, KaXAabl U3 KOTOPbIX He MeHbwe 90°. CymMma 3Tux
ABYX YInoB yXe He MeHbwe 180°. A 3T0O HEBO3MOXXHO,
TakK KakKk cymMa BCeX Yr/ioB TpeyrosbHMKa paBHa 180°.
UYTto n TpeboBanocb AoKasaTb.

3apayva (30).

UeMy paBHbl Yyrnbl pPaBHOCTOPOHHEro Tpe-
yronbHuka?

PewweHne.

Y paBHOCTOPOHHErO TPeyrosbHUKa, KakK Mbl
3HaeMm, BCe Yr/lbl paBHbl. TakK Kak OHM B CymMMe [akT
180°, TO KaXAablhi U3 HUX paBeH 60°.

34. BHewHWe yrnbl TPeyrojbHUKa

BHewWHUM yrnom TpeyrosibHUKa npu faH-
HON BepLlMHE Ha3blBAETCHA YroJs, CMEXHbIA C Yr1om Tpe-
YrofbHUKa npu 3atoin sepwuHe (puc. 79).

YTobbl He nyTaTb Yrosa TpeyrojsibHUKa npu
NAHHOW BepllnHEe C BHEWHUM YrioMm Npu 3Ton Xe Bep-
LWWHe, ero MHOrga HasbiBalOT BHYTPEHHUM YT/0M.
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Teopema

4.5

BHeLWHWIA yron TpeyronbHMKa paBeH CymMMe ABYX BHY-

TPEHHUX YyrnoB, He CMEXHbIX C HUM.

[loKa3aTenbCcTBO.
Mycte ABC — [aHHbIA TPeyrosibHUK
(pnc. 80). Mo Teopeme 0 cymMMme YrfiioB TPeyrojibHUKa

AA + AB + AC = 180°.

OTcrofa cnefyeT, 4To
AA + AB = 180° - AC.

B npaBoi yacTu 3TOro paBeHCTBa CTOMUT rpa-
AyCHas Mepa BHELWHero yrna TpeyronibHMKa npu Bep-
wnHe C. Teopema foOKasaHa.

N3 Teopembl 4.5 cnefyeT, 4TO

BHELWHWUIW Yron TpeyronbHMKa 6onbe n0bOro BHYTPeH-
HEro yrsia, He CMeXHOro ¢ HUM.

3agayva (35).

B TpeyronbHuke ABC npoBejeHa BbicOTa
CIll. Kakaa u3 tpex To4yek A, B, Il nexuTt mexagy ABY-
MA ApYTrUMUKU TouyKaMu, ecnum yrnbl A m B TpeyronbHu-
Ka OoCTpble?

PelleHue.

Touka B He MOXeT feXxaTb MeXAy ToukKa-
Mu A n . Echn 6bl OHa nexana mexXxpay Touykamu A
M (puc. 81), 10 ocTpbih yron ABC Kak BHEWHWUK yron
TpeyronbHuka CBIT 6bin 6b1 601bWe NPAMOro yrna
ClBb. ToyHO TaK Xe [JoKa3blBaeTca, YTO U TOYKa A He
MOXXET NieXatb Mexay Toukamum B un 1. 3HauuT, TOo4ykKa
[T nexxunt mexpay Touykamun A n B.

35. TMpAMOYronbHbI TPeyrosibHUK

TpeyrofibHUK Ha3bIBAETCA MPAMOYTOJIbHbIM,
eCc/In Yy Hero ecTb MPAMOW Yyron.

Tak Kak cymma yrfioB TpeyrojsibHuMKa paBHa
180°, TO y NpAMOYro/ibHOro TpeyrosibHMKa TONbKO OfMWH
npsamon yron. [Ba Apyrux yrna npsaMoyronbHoro tpe-
YyronbHuka octpble. CymMa OCTpbIX Yr10B NPAMOYro/ib-
HOro TpeyronbHuKa pasHa 180° - 90° = 90°.

CTopoHa MpAMOYrosbHOro TPeyrosibHMKa,
npoTuBOMexXaliasd NPAMOMY Yray, HasblBaeTCs rmnote-
HY30W, [Be Apyrue CTOPOHbl Ha3blBAlTCHA KaTeTamu
(puc. 82).
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OTMeTUM cnefylWwmnii NpusHak paBeHCTBA
NPSMOYTrONbHbIX TPEYrofibHUKOB MO TMMNOTEHY3e U Ka-
TeTy:

Ecnm rmnoTeHy3a v KaTeT O4HOr0 NPsSiIMOYro/ibHOro Tpe-
YrofibHNMKa COOTBETCTBEHHO paBHbl TMMOTEHY3e U KaTe-
Ty APYroro TpeyrosibHWKa, TO TakKue TPeyroabHUKWU
paBHbl (puc. 83).

[ oKa3aTenbCTBO 3TOro Npu3Haka gaHo B BU-
[e peweHunsa 3agayunm 29 K § 3.

3apava (43).

Jokaxunte, 4to B NPAMOYrojibHOM Tpe-
yronbHuke ¢ yrnom 30° KaTeT, NpoTUBOMEXalW Ml 3To-
MY Yyrny, paseH MO/IOBUHE TUMOTEHY3bI.

PelweHue.

Myctb ABC — npAMOYronbHbIA TPeyronb-
HUK C npsMmbiMm yrnom C u yrnom By paBHbiM 30° Pwuc. 83
(puc. 84). Moctpoum TpeyronbHuK MNBC, paBHbIW Tpe-
yronbHukKy ABCy Kak nokasaHO Ha pucyHke 84.

Y TpeyronbHuka ABI1 Bce yrnabl paBHbI
(60°), noaTomMy OH pPaBHOCTOPOHHMI. TaK Kak

AC=*“A0, aA0O = AB, To AC=\aB .
UTto n TpeboBanoch: foKasaTh.

36. CyuiecTtBoBaHMe N eAVUHCTBEHHOCTb A
nepneHanKynspa K npsmMmon oe. 84
Teopema '

N3 no60in TOUKKM, He nexauwen Ha AaHHON NPAMOWN,
MOXHO OMYCTUTb Ha 3Ty MpPAMYK NepneHAUKYynsp,
N TONbKO OAWH.

[ oKa3aTenbcTBO.

[MycTb a — pgaHHaga npamasa u A — He fne-
Xauwaa Ha Hel Touka (puc. 85). lNMpoBeagem yepes Ka-
KYI-HNOYAb TOUYKY NPAMON a NepneHANKYNAPHYO Npa-
Myl0. A Tenepb npoBeAeM u4epe3 TOouKy A napan-
nenbHyto el npamyto b. OHa 6yaeT nepneHAMKynsapHa
NpAMOKM ayTakK Kak npamas a, oyayyuvm nepneHavKynap-
HOW OA4HOWN W3 napannefibHblX MNPAMbIX, NepPneHANKY-
napHa n 4pyroi.

OTpe3ok AB npsamoii b n ecTb nepneHgnKy-
nAap, NPOBefEeHHbIM M3 TOUYKM A K npsamon a.
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JokaxeM efWHCTBEHHOCTb MepneHANKYynNa-
pa AB. Jonyctum, cyuwecTByeT ApPYyrom nepneHauky-
nap AC. Torpa y TpeyronbHuka ABC 6yayT agBa npsa-
MbIX yrna. J1 370, KaK Mbl 3HaeM, HeBO3MOXHO. Teo-
pemMa foKasaHa.

OnvHa nepneHaukynapa, OnylweHHOro us3
NAHHON TOYKM Ha NpPAMYHO, HasblBaeTCA pPacCTOAHUEM
OT TOYKWN [0 MPSAMOMN.

3agava (50).

[JOoKaXunTe, 4TO pacCTOAHUA OT NHOObLIX ABYX
TOYEK NPAMON [0 napanfieflbHOM MPAMON pPaBHHbI.

PelwleHue.

[Myctb a 1 b — napannenbHble nNpamMblie U
A, AXx — nobble TOYKM Ha npamoih a (puc. 8e). Onyc-

TUM U3 TOUYKU AX nepneHaukynap Aibi1 Ha npamylo b.
OTNoXWUM M3 TOYKN Bx Ha npamoil b oTpe3ok BXB, pas.-
Hbli 0Tpe3ky AAX TakK, 4YTo6bl TOUYKM A, n B 6bian no
pasHble CTOPOHbI nNpaAMo ABXTorga TpeyrofibHUKK
AB)A X1 B)XAB paBHbl N0 nepBoMy MNpuU3HaKy. Y HUX
cTopoHa ABXob6uwasa, AAX= BBXno noctpoeHuto, a yr-
nel BAAA1w ABXB paBHbl KaK BHYTpPEHHUE HaKpecT fe-
Xauime npu napannenbHbiXx a U b ¢ cekyuein ABX

3 paBeHCTBa TPeyrosibHWKOB cnefyeT, 4To
AB ecTb nepneHAnKynsap K npamon bu AB = Aib 1, uto

N TpeboBanocb A0KasaTb.
Kak Buagum, paccTofdHuUA OT BCEX TO4ek
NpAMOW A0 napansieNbHOW NPAMONW paBHbI. Mo3TOMy ro-
BOPAT, YTO napannefibHble NPAMble PaBHOOTCTOALLME.
PaccTosaHueM mMexay napannefnbHbIMU Nps-
MbIMW Ha3blBaeTCA pacCTOssHME OT KakKoW-HUOyAb TOUKU
OfHOW NPAMONA [O APYroin NpPsAMoOMn.

37. N3 nctopum BO3HMKHOBEHMS
reomeTpumn

[MepBOHaYanbHble CBEAEHNS O CBOMCTBAaX re-
OMETPUYECKUX (DUTyp NAN NONYyYUnu, Habnwpas Ok-
PYXalwWnin Mmnup n B pesynbTate NpakTUYECKOW pAes-
TenbHocTn. CO BpPeEMEHeM Y4eHble 3aMeTUunun, 4To
HEKOTOpPble CBOWNCTBA FEOMETPUYECKUX (PUTYyp MOXHO
BbIBECTM W3 APYrnUX CBOWCTB MyTeM paccyXpaeHus. Tak
BO3HUK/M TeOpembl WU AOKa3aTe/bCTBa.

[MoABMNOCL eCTeCTBEHHOe XefnaHue no BO3-
MOXXHOCTWU COKPaTUTb YMCNO TeX CBOWCTB reoMeTpuyec-
KUX Quryp, KoTopble 6epyTca HenoCpPeACTBEHHO U3

49

Puc. 85

Puc. 86

Cymma yrnos
TPpeyronbHUKN



onbiTa. YTBEPXAeHUA ocTaBlWIKUXCA 6e3 A0Ka3aTeNbCTB
CBOWCTB CTannM akcuomamu. Takum o6pa3om, akKCUOMbI
MMET OMbITHOE MPOUCXOXKAEHMUE.

[eoMeTpua B paHHWUIN Nepuos CBOEro pasBu-
TNA [JocTturna 0cobeHHO BbICOKOro YpoBHA B Erunre.
B | Tbic. 4O H. 3. TeOMeTpuYeckne CBefeHUA OT erun-
TAH nepewnn K rpekam. 3a nepuog c¢ VII no Il B.
[0 H. 3. Tpeyeckune reoMeTpbl He TONbKO ob6oratunu re-
OMETPUKD MHOTOYUCNEHHLIMW HOBbLIMW TeopeMaMWu, HO
cienann TakKXe Cepbe3Hble LwWarv K cTporomy ee oboc-
HOoBaHMIO. MHOroeekoBass paboTa rpeyecKnux reomeTposB
3a 9TOT nepuof 6blna noabiToXeHa EBknugom (330—
275 rr. 0o H.3.) B ero 3HameHUTOM Tpygde «Haudana».

N3noxeHne reometpunm B «Havanax» EBK-
nnpa NOCTPOEHO Ha CUCTeMe akcuom. JTa cCuctema ak-

H. N. NobayeBCKNN —
PYCCKUIN MaTemaTuK

CnMomMm oTnmyaeTca OT CUCTEMbI aKCWUOM, I'Ipl/lHFlTOI7I B (1792—1856)

NAaHHOM yyebHWKe. HO B Heil TaKXe eCcTb akcMoma na-
pannenbHbIX.

AKcunoma napannenbHbiX B OT/INYME OT ApY-
TMX aKCMOM He MOAKPennsaercs HarnagHbIMU coobpaxe-
HUAMU. MOXeT ObITb, MO3TOMY CO BpemMeH EBKnnpga ma-
TEMATUKW MHOTMUX CTpaH NbiTaiuCb [OKa3aTb ee Kak
TeopeMy. HO 3TO HMKOMY He yjaaBanocb. HakoHeu, B
XIX B. 6bI/10 AOKa3aHO, YTO 3TO HEBO3MOXHO cfhenaTb.
[MepBbIM, KTO 0060CHOBAHHO BblCKa3an 3TO YTBepX[e-
Hue, 6bl1 BENUKWUI pyCcCKUiA maTeMaTuk Hukonah MBa-
HOBUY J10o6ayYeBCKUiA.

KOHTPO/bHbLIE BONPOCHI

1. [doKaxuTe, 4yTo ABe NpsAMble, NapansefbHble TpeTbei, napannenb-
Hbl.

2. OO6bBACHWUTe, KaKue Yrnbl Ha3blBalOTCA BHYTPEHHUMW OAHOCTOPOH-
HUMKW. KaKue yrfbl Ha3blBalOTCA BHYTPEHHMMW HaKPeCT fexalin-
MN?

3. [doKaXuTe, UTO eCNN BHYTPEHHME HAKPEeCT fexauwue yrabl OAHON
napbl paBHbl, TO BHYTPEHHME HAKPECT fexaline yrnabl Apyron na-
pPbl TOXE paBHbl, @ CyMMa BHYTPEHHUX OAHOCTOPOHHUX YIN0B KaX-
aon napbl paBHa 180°.

4. [JOoKaxuTe NpPuU3HaK napannenbHOCTU MNPSAMBbIX.

5. O06bBbACHWUTe, KaKue Yrfbl Ha3blBalOTCA COOTBETCTBEHHbIMW. [lOKa-

XWUTE, UYTO €C/IM BHYTPEHHWEe HaKpecT fexalu,ue yrfibl paBHbl, TO
COOTBETCTBEHHbIE YI/ibl TOXE paBHbl, KU HaobopoT.

[oKaunTe, 4YTO 4epe3 TOYUKY, He fexallyt Ha AaHHOW NpsAMOM,
MOXHO MPOBECTM NapanfienbHyt e npsamyto. CKONbKO NPAMbIX,
napanfienbHbiX AAHHOW, MOXHO MPOBECTU 4Yepe3 TOUKY, He /exa-
WY Ha 3TOW npsAmMon?



10.

11.
12.

13.
14.
15.
16.
17.
18.

19.
20.

[JOoKaXnte, 4To ecnu [Be napanfiefibHble MpPAMble MNepeceKarTCH
TpeTbei NMPAMON, TO BHYTPEHHME HAKPECT fiexauiue yribl paBHbl,
a CymMMa BHYTPEHHUX OAHOCTOPOHHMX Yyrnos pasBHa 180°.
JOoKaxXunTte, 4To ABe NpAMble, NeprneHANKYNApHbIe TpeTben, napan-
nenbHbl. ECnn npsamasa nepneHAnUKynsapHa OAHOW M3 ABYX napan-
NenbHbIX NPAMbIX, TO OHA NMeprneHAUKYNApHa U APYrou.
[JoKaXnte, 4To cymma yrnoB TpeyroibHuka pasHa 180°.

L OoKaXXnTte, 4To y N060Oro TpeyrosibHMKa No KpanHein mepe fABa yr-
na ocTpble.

UTo Takoe BHEWHWU Yyron TpeyronbHUKa?

[JOKaXXnTe, YTO BHELWHWA Yyron TpeyroibHUKa paBeH CymMMe [ABYX
BHYTPEHHUX YIN0B, HE CMEXHbIX C HUM.

[JOKaXXnTe, YTO BHEWHWUI Yron TpeyronbHuka 6onblue noboro BHy-
TPEHHEro yrna, He CMeXHOro C HUM.

Kakol TpeyronbHUK Ha3blBaeTCs MPSAMOYTrosibHbIM?

UeMy paBHa cymMma OCTPbIX Yr/10B MPAMOYTr0o/bHOTO TPeyrosibHMKa?
Kakas cTopoHa NpPsAIMOYro/fibHOro TPeyroslbHMKa Ha3blBaeTCcAa runo-
TeHY301? KaKue CTOPOHbl Ha3blBalOTCA KaTeTaMu?
ChopmynnpyinTe npu3HakK paBeHCTBa MPAMOYTO/IbHbIX TPEYrobHU-
KOB MO FMMNOTEHY3e U KaTeTy.

JoKaxute, 4to M3 NO6OM TOYKM, He Nnexalleld Ha AaHHON nps-
MO, MOXHO OMYCTUTb Ha 3Ty NPAMYI MeprneHAUKYynap, U TOoNbKO
OAVH.

YTo HasbiBaeTCA pacCTOAHMEM OT TOUYKW LONPAMOWN?

OO6bACHMTE, 4YTO TakKoe pacCToAHMe MeXAYy napanfieflbHbIMN Nps-
MbIMU.

3agayn

MyHKT 29

[JOoKaXunTte, 4yTO ecnuM HeKoTopaa npamas nepecekaeT OA4HY M3 ABYX
napaniefibHblX MNPAMbIX, TO OHAa MepecekaeT U LPYrylo.

[ OKaXnTe, 4TO ecnin ABe MpsAMble MepecekawTcs, To nobas Tpe-
TbA MpsiMas nepecekaeT Mo KpaHein mepe OA4HY M3 3TUX NPAMbIX.
HaHo: a | b I c I < [okaxuTe, 4to a | . A
Mpamble AB u CI1 napannenbHbl. JoKaXu-

Te, UTo ecnm oTpe3ok BC nepecekaeT npa-

mMyto AO, TO ToUKa nepeceyeHna npuHage-

XnT oTpesky AO (cm. puc. 70).

MyHKT 30
daH TpeyronsHUK ABC. Ha cTtopoHe AB oOT-
MeyeHa To4kKa a Ha ctopoHe AC — TOu-

Ka Cl (puc. 87). HasoBuTe BHYTpPeHHUE 0f-
HOCTOPOHHME W  BHYTPeHHWe HaKpecT
nexawue yrnol npu npambeix AB, AC n ce-
Kyuien BXCX Puc_s7
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10.
11.

12.
13.

14.

15.

16.

17.

18.

Ha3oBuUTe BHYTpPEeHHME HaKpecT fnexalme N BHYTPeHHUe OAHOCTO-
POHHWE YTINbl Ha PUCYHKe 72.

OTpeskn AO n BC nepecekatoTca. Ana npambix AC n BO n ceky-
wein BC Ha3oBWUTe napy BHYTPEHHUX HAKPeCT nexawux Yrnos.
Ana Tex e npambiXx v cekyweih AB HaszoBuTe napy BHYTPEHHUX
OAHOCTOPOHHUX YyrnoB. OBbACHUTE OTBET.

MyHkT 31

[OaHbl npamas AB mn Touka C, He nexauwias Ha 3aton npamon. [o-
KaXunte, 4To yepe3 TOoUyky C MOXHO MNpPOBECTU NpAMYK, napan-
nenbHyt npsmon AB.

JOKaXXnte, 4To GUCCEKTPUCHI BHYTPEHHUX HAKPecT fnexawux yr-
noB, 06pa3oBaHHbIX MapanfenbHbIMWU W CeKylWen, napannenbHbl,
T.€. NieXXaT Ha napanfieNibHbIX NpPAMbIX.

OTtpe3skn AB n CI1 nepecekaloTcsi B ToUKe E 1 genatcs aTon T0u-
Ko nononam. LokaxuTe, 4yto npsambie AC n Bl napannenbHbl.
TpeyronsHukn ABC n BAJI paBHbl. Toukn C u I1 nexar no pas-
Hble CTOPOHbI OT npamoi AB. [lokaxuTe, 4yto npsambie AC n BJI
napannenbHbl.

MyHKT 32

Yron ABC paseH 80°, a yron BCJ1 paseH 120°. MoryTt v npamMble
AB un CJ1 6bITb napannenbHbiMn? O6OCHYWNTE OTBET.

Mpamble AC n BJ1 napannenbHbl, npuyem TOo4Ykn A 1 J1 nexart no
pasHble CTOPOHbI OT cekyuieir BC (puc. 77). JokaxuTe, yTto: 1) yr-
nel JIBC n ACB BHYTpeHHMe HaKpecT fnexal,me OTHOCUTENbLHO ce-
Kywen BC; 2) nyy BC npoxoauT mexay ctopoHamu yrna ABJI;
3) yrnel CAB n JIBA BHYTpPeHHWe OAHOCTOPOHHME OTHOCUTESNbHO
cekyuiein AB.

1) PasHOCTb ABYX BHYTPEHHUX O4HOCTOPOHHUX YI/0B NPU ABYX Na-
panfefbHbIX NPAMbIX U cekyuwein paBHa 30°. Hangute 3T yrhbl.
2) CymMMa ABYX BHYTPEHHUX HaKpecT fiexawux yrnos npu AByX
napannefbHblX NPAMbIX U ceKyweh paBHa 150°. Yemy paBHbl 3TU
yrnbl?

Of4WH 13 YyrnoB, KOTOpble Noay4vyarTCcAa NpU nepecevyeHUn AByX na-
panfnefbHbIX NPAMbIX CeKylieW, paBeH 72°. Hangute ocTanbHble
ceMb YrI/0B.

OAWH 13 YyrnoBs, KOTOpblIe NONy4yarwTCAa NpU NepecevyeHUn ABYX na-
pannenbHbIX NPAMbIX cekywen, paseH 30°. MoXeT N1 OAUH M3 OcC-
TaNbHbIX CEMW Yr/ioB paBHATbCA 70°? OOGBACHUTE OTBET.
[JoKaxuTte, 4To ABe NpAMble, napannesibHble NeprneHANKYNApHbIM
NpAMbIM, caMu NepneHAUKYNAPHbI.

MYyHKT 33

Haingnute HEM3BECTHbIA Yron TpeyronbHUKa, ecnnm y Hero Asa yrna
paBHbl: 1) 50° n 30°; 2) 40° n 75°;, 3) 65° un 80° 4) 25° n 120°.
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20.
21.
22.

23.
24,
25.
26.
27.

28.

29.

30.
31.

32.
33.
34.
35.

Hangute yrnel TpeyronbHuKa, €c/iv OHW MPONOPUMOHANbHbI YUC-
nam: 1) 1, 2, 3; 2) 2, 3, 4; 3) 3, 4, 5; 4) 4, 5 6, 5) 5,6, 7.
MoXeT N1 B TpeyronbHuke ObITh: 1) ABa TynblX yrna; 2) Tynou u
npaMon yrnoel; 3) ABa NPAMbIX yrna?

MoxeT nun 6bITb TYMbIM Yroa MNpU OCHOBAHWW PaBHOOELPEHHOTrO
TpeyronbHuka?

Hangute yron mexay 60KoBbIMUA CTOPOHaMKN paBHOOeLpeHHOro Tpe-
YyronbHMWKa, ecnum yron npu OocCHoBaHuW pasBeH: 1) 40°; 2) 55°;
3) 72°.

Haigute yron npu ocHoBaHWW paBHOGEAPEHHOro TPeyronbHUKa, ec-
NN yron mexay 60KoBbIMM CTOpOHaMu paseH: 1) 80°; 2) 120°; 3) 30°.
OanH 13 yrnoB paBHOGeApPeHHOro TpeyronbHUKa paeeH 100°. Haii-
ANTEe OCTa/ibHble YTI/bl.

OAnH M3 yrnos paBHO6GeApPeHHOro TpeyrosbHUKa paBeH 70°. Hali-
AnTe ocTanbHble yrnabl. CKONbKO pelweHnii nmeet 3agadva?
[JOKaxXunte, 4To ecninm O4WH W3 YIN0OB paBHOOGELPEHHOro TPeyrosib-
HMKa paBeH 60°, TO 3TOT TPEYro/ibHUK PAaBHOCTOPOHHMUIA.

B paBHoGeapeHHOM TpeyronbHuke ABC ¢ ocHoBaHuem AC npoBege-
Ha 6uccekTpuca CB. Haingute yrnbl tpeyronbHuka ABC, ecnu
yron ABC paseH: 1) 60°; 2) 75°; 3) a.

B paBHOGegpeHHOM TpeyronbHuke ABC c
ocHoBaHuem AC ” yrnom npu BepwwnHe B,

paBHbIM 36°, npoBeageHa 6GuccekTpuca AB.
Jokaxunte, yto TpeyronbHukn CBA n ABB
paBHOGeapeHHble (puc. 8s).

B TpeyronbHuke ABC npoBefeHbl 6MCCEKT-

pucbl U3 BepwnH A n B. Toyka nx nepece-

yeHus obo3HayeHa B. Haigute yron ABB,

ecnn: 1) AJ1 = 50°, AB = 100°, 2) ANl =

= a, AB = P; 3) /.C = 130° 4) A = .

Uemy paBHbl Yyr/bl paBHOCTOPOHHEro Tpe-
YronbHNKa?

MoA KakuMM Yriom nepecekarTcsd OUCCEKT-

puUCbl ABYX BHYTPEHHUX OQHOCTOPOHHUX Yr-

NIOB NpW napannenbHblX APAMbIX? Puc. 88

B

MyHKT 34

OAMH 13 BHEWHUX Yri0B paBHOOeApPeHHOro TpeyrosbHUKa paBeH
70°. HanpguTe yrnbl TpeyronabHUKa.

Hangute yrnbl TpeyrosibHWKa, 3Has, YTO BHeWHWE YIribl NpuU ABYX
ero BepwuHax paBHbl 120° n 150°.

[lBa BHEWHMX yrna TpeyronoHumka pasHbl 100° mu 150°. HanguTte
TPeTU BHEWHWUIN Yron.

B TpeyronsHuke ABC npoBefeHa BbicoTa CB. Kakad M3 tpex To-
yek A, B, B nexunT mexay AByMA Apyrumn, ecnu yrinel A n B
TpeyronbHMKa ocTpble?

53 Cymma yrnos
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36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.
49.

50.
51.

B TpeyronbHuke ABC npoBefeHa BbicoTa b

Cb. Kakad u3 Tpex T0o4yek A, B, B nexut

MeXay AByMSa Apyrumu, ecam yron A Ty-

noi? O6GOCHYWNTEe OTBET.

[ OKaXxnte, 4UTo 6MCCEKTpUca BHELLIHEro yr-

na npu BeplwunHe paBHObOeLpeHHOro Tpe-

yro/fibHMKa napannesbHa OCHOBAaHUIO.

CyMMa BHeLWHUX yrnos TpeyronbHuka ABC

npu BepwunHax A n B, B3ATbIX N0 0gHOMY E
ANA KaXAOW BepwuHbl, paBHa 240°. Uemy Huc. sy

paBeH yron C TpeyrosbHukKa?

OaH TpeyronbHuk ABC. Ha npogomkeHUn cTopoHbl AC OTNOXEHbI
oTpe3kn Ab = AB n CE = CB (puc. 89). Kak HalTu yrnbl Tpe-
yronoHuka BBE, 3Haga yrnel TpeyronsHuka ABC?

Y TpeyronbHuka oAWH W3 BHYTPeHHUX yrnos paseH 30°, a oguH
N3 BHeWHUX — 40°. HalpguTe ocTasbHble BHYTPEHHWE YI/bl Tpe-
YrofibHUKa.

MyHKT 35

N3 BepwmnHbl npAaMoro yrna tpeyronbHuka ABC npoBsefeHa BbICO-
Ta BB. Hangute yron CBB, 3Had, uto: 1) AA =20°; 2) AA=
= 65° 3) AA = a.

N3 BepwmnHbl Tynoro yrna B TpeyronbHnka ABC npoBefieHa BbICO-
Ta BB. Hangute yrnbl tpeyronsHmnkos ABB n CBB, 3Has, uTo
AA = a, AB = p.

JoKaXxunTte, 4to B NPAMOYrobHOM TpeyronbHuKe ¢ yrnom 30° Ka-
TeT, NMPOTUBOMIEXALWWNIA ITOMY Yr/y, paBeH NOSIOBUHE TUMOTEHY3bI.
Hangute yrabl NpaMoyrofisHOro paBHo6eApeHHOro TpeyrosbHuKa.
B paBHOoCTOpoHHeM TpeyronbHuke ABC nposepeHa meanaHa Ab.
Hangute yrnbl TpeyronbHuka ABB.

BoicoTbl TpeyronobHuka ABC, npoBefieHHble U3 BepwH A n C, ne-
pecekatoTcs B Toyke M. Hangunte AAJ/C, ecnu AA = 70°,
AC = 80°.

B TpeyronsHnke ABC megnaHa BB paBHa nonoBuHe cTopoHbl AC.
HainguTte yron B TpeyronbHuka.

MyHKT 36

Mpamasa a nepecekaeT oTpe3ok BC B cepegnHe. JOKaXnTte, 4To TOY-
Kn B n C HaxoaATcs Ha O4MHAKOBOM pacCTOAHUM OT MpAMON a.
OTpesok BC nepecekaeT npamyr a B Toyke O. PaccToAHMA OT TO-
yek B n C go npsamoin a paBHbl. [JoKaxuTe, 4To TOouyka O ABNAET-
ca cepeagmHoun otpeska BC.

[JOoKaXunte, 4To paccToAHUA OT NHOObLIX ABYX TO4YEK NpAMoin Ao na-
panfieNibHOW NPAMOW paBHbI.

[JoKaxuTte, 4TOo paccTofAHMA OT BeplUH PaBHOCTOPOHHEro Tpe-
YrofibHMKa A0 NpAMbIX, COAepXKalwux npoTneonexatine mm cTtopo-
Hbl, PaBHbI.
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['eoMeTpuYeCKMe NOCTPOEHUA

38. OKpPYXHOCTb

OKpPY>XHOCTbIO Ha3blBaeTca Qurypa, KoTO-
pasa COCTOUT M3 BCEX TOYEK MIOCKOCTU, paBHOYyJasieH-
HbIX OT JaHHOM TOYKW. DTa TOYKA Ha3blBAETCH LLEHTPOM
OKPY>XHOCTHU.

PaccToAHMe OT TOYEK OKPYXHOCTW [0 ee
LLeHTpa Ha3blBaeTCcA pagMycoM OKPYXHOCTWU. Pagnycom
Ha3blBaeTCA TaKXe N060M 0TPe30K, COeAUHAKLWNIA TOYU-
KY OKPYXHOCTU C ee UeHTpom (puc. 90).

OTpe3oK, CoeauHAKOLWNIA BEe TOUYKU OKPYXK-
HOCTW, Ha3blBaeTCca Xophon. Xopha, npoxogau,as yepes
LLeHTp, HasblBaeTca AuameTtpom. Ha pucyHke 91 BC —
xopgaa, AO — auameTp.

3apava (3).

JOoKaXXnTe, UTO AMaAMETpP OKPYXXHOCTU, MPOo-
XOAAWMNNA Yepe3 cepeguHy XOpAbl, NeprneHAUKYNapeH
xopze.

PeweHwue.

MycTs AB — xoppga okpyxHoctn u C — ee
cepeaunHa (puc. 92).

TpeyronbHNK AOB paBHOGEeApPEHHbIN C OC-
HoBaHMeMm AB. Y Hero ctopoHbl OA n OB paBHblI Kak
pagnycbl OKPY>XHOCTHU.

Mo cBOMCTBY MefuaHbl paBHOGefpPeHHOro
TpeyronbHMKa, NPoBeAeHHONW K OCHOBaHMIO, 0Tpe3ok OC
SABNAETCS BbICOTOWA.

[TosTOMYy AuMaMeTp OKPYXXHOCTU, MPOBELEH-
HbliA Yepe3 cepefnHY XOpAbl, NEPneHANKYNAPEH XOpAe.

39. OKpYXHOCTb, onncaHHas 0KO0J10

TpeyronbHUKa

OKpPYXXHOCTb Ha3blBAeTCA OMWCAHHOW OKO-
N0 TPeyronbHWKa, ecnnm OHa MPOXOAMT 4epe3 BCe €ero
BEPLLMNHBI.

Teopema

LLeHTp OKPYXHOCTW, OMWCAHHON OKONO TPeyrofibHuKa,
SIBNAETCA TOUYKOW nepecevyeHMs NeprneHANKYNAapoB K
CTOPOHaM TPeyronbHWUKa, NMPOBeAEHHbIX Yepes cepeau-
Hbl 3TUX CTOPOH.

FcomeTpu yeckue

nocTpoeHus



[ oKasaTenbCTBO.

Myctb ABC — faHHbIA TPeyronbHNUK n O —
LLEHTP OMWCaHHOW OKOJI0O Hero OKpyXHocTu (puc. 93).
TpeyronbHUKk AOC paBHOOGEAPEHHbLIN: Yy HEro CTOPOHbI
OA un OC paBHbl KaK paguycbl. MeguaHa OI1 aToro Tpe-
YroibHUKa O4HOBPEMEHHO SIBNAETCA ero BbICOTOW. [lo-
3TOMY LEHTP OKPYXHOCTW NIEXUT Ha NPAMOW, MepneH-
AUKynapHoh ctopoHe AC u npoxopgduein uepes ee
cepefunHy. TOYHO TaK Xe [0Ka3blBaeTCHA, YTO LLEHTP OK-
PYXXHOCTWU NEXWUT Ha NepneHanKynapax K AByM APYTrUM
CTOpOHamM TpeyronbHuKa. Teopema goKasaHa.

3amMeyaHue.

MpamMyo, NPoXoaALLYyH yYepe3 cepeaunHy OT-
pe3ka MnepneHAMKYNApPHO K HeMy, 4acTO Ha3blBaKlT ce-
peavHHbIM neprneHANKYnsapom. B cBA3M C 3TUM MHOrAa
rOBOPAT, YTO LEHTP OKPYXHOCTM, OMUCAHHOW OKO/O
TPeyrosbHUKa, NeXWUT Ha MnepecevyeHUU cepeduHHbBIX
nepneHANKYNsApoOB K CTOPOHaM TpeyrosbHuKa.

3afava (6).

[JOoKaXunte, 4to cepefUHHble NeprneHANKY-
NApbl K ABYM CTOpPOHaM TpeyrosbHWUKa MNepeceKarTCA.

PelwweHue.

Mycte ABC — TpeyronbHuk u a, b — ce-
peauHHbIEe NepneHAnKynapbl K ero ctopoHam AC mn BC
(puc. 94). Jonyctum, npamMble a U &He nepecekarTCH,
a 3HayuT, napannenoHbl. NMpamaa AC nepneHanKynap-
Ha npamoun a. Mpamaa BC nepneHAuKynsapHa npsmou
b, a 3HauUMUT, U NpaMoON a, TaK Kak npsamble a un b na-
pannenbHbl.

Takum obpasom, 06e npsamble AC n BC nep-
NEHAUKYNAPHbI NMPAMOIA a, a 3Ha4YUT, napanfenibHbol. Ho
310 HeBepHo. lMpambie AC n BC nepecekakTcqa B TOYKe
C. Mbl Nnpuwnn K NpoTUBOPEYNID. Y TBEpPXAeHNe [oKa-
3aHo.

40. KacaTtesibHaa K OKPYXXHOCTWU

Mpamas, npoxoadauias yepes TOUKY OKPYX-
HOCTW MepneHAMKYNApPHO K paguycy, NpoBefeHHOMY B
3Ty TOYKY, Ha3blBaeTcAa KacaTeflbHOW. lMpu 3ToM AaH-
Hasi TOYKa OKPYXXHOCTW Ha3blBaeTCs TOYKON KacaHus.

Ha pucyHke 95 npamaa a npoBejeHa yepes
TOUYKY OKPYXXHOCTW A nepneHAMKYNApHO K pagnycy OA.
MpAMasa a ABNAETCA KacaTeNbHOW K OKPYXHOCTWU. Tou-
Ka A ABNSeTCA TOYKOW KacaHuss. MOXHO cKa3aTb TakK-
e, YTO OKPYXXHOCTb KacaeTcsa npsaMon a B Touke A.
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3agaya (8).

[JOoKaxXnte, 4To KacaTesibHasd K OKpPYXXHOC-
T He MMeeT C Hel [APYrux o6WwmMx TO4YeK, Kpome TOY-
KN KacaHus.

PeweHwne,

MycTb a — KacaTe/lbHasg K OKPYXHOCTU B
Touke A (puc. 96). JonycTum, KacaTesbHasd U OKPYX-
HOCTb UMEKT, KpOMe TOUKN A, 0bLLy0 TOUKY B, oTnunu-
Hyto oT A. TpeyronbHuk AOB paBHOGeapeHHbIW C OCHO-
BaHMeM AB. Y Hero 60KoBble CTOPOHbl OA u OB — Pwuc. 96
pagnycbl OKPYXHOCTW. Tak KaK Yy paBHOOeLpeHHOro
TpeyronbHUKa yrsibl Npyu OCHOBAHMW pPaBHbI, a Yron npu
BEPWMHe A NPAMON, TO y 3TOro0 TPeyronbHMKa aBa nps-
MbIX yrna. A 3T0 HEBO3MOXHO. Mbl npuwnmM K NpoTu-
BOpeUYnto. YTBepXAeHne A0Ka3aHo.

[1Be OKPY>XHOCTU, UMetoL e 06LLYH TOUKY,
KacarlTcA B 3TOMW TOYKe, eC/IM OHWM MMEKT B 3TOW TOuY-
Ke 06wyt KacaTtenbHyt (puc. 97). KacaHue OKpy>XHOC-
Tel Ha3blBAETCHA BHYTPEHHMUM, €C/IN LUEeHTPbl OKPYXXHOC-
Te nexaT No OAHY CTOPOHY OT MX 06LW e KacaTe/ibHOW
(puc. 97, a). KacaHne OKPY>XHOCTel Ha3blBaeTCA BHeLU-
HUM, eC/Nu LEeHTPbl OKPY>XXHOCTEW nexXaT no pasHble CTO-
POHbI OT MX 06Weil KacatenbHon (puc. 97, 6).

41. OKpPYXHOCTb, BnucaHHasd
B TPeyrosibHMK
OKpPY>XHOCTb Ha3blBaeTCA BMUCAHHOWN B Tpe-
YIronbHUK, €C/IN OHa KacCaeTCA BCEX €ro CTOPOH.

Teopema

LIeHTp OKPY>XHOCTU, BNUCAHHOW B TPEYrosibHUK, SBNS-
eTCH TOYKOW rnepeceyeHUs ero GUCCeKTpuUc.

JloKas3aTenbCcTBO.

Myctb ABC — faHHbIA TpeyronbHuk, O —
LEHTP BMUCAHHOW B HEro OKpyXHoctun, B, B n B —
TOUYKWN KacaHWA OKPYXHOCTM CO CTOpOoHamu (puc. 98).
MpamoyronbHblie TpeyronbHUukn AOB n AOE paBHbl Nno
rMNOTeHy3e U KaTteTy. Y HuX runoteHys3a AO obuasd, a
kateTbl OB n OE paBHbl KaK pagunycbl. N3 paBeHCTBa
TpeyronbHNUKoOB cnepyet paseHcTBo yrnos OAB un OAE.
A 3TO 3HA4mMT, 4TO Touka O NeXuT Ha buccekTpuce Tpe-
YrofibHNUKa, MPOBeAeHHON M3 BepwUHbl A. TOYHO Tak
Xe [foKa3blBaeTcd, YTo Touka O NeXUT Ha ABYX APYTUX
buccekTpucax TpeyronbHmka. Teopema foKa3aHa. Puc. 98

[eomeTpu yeckne
NOCTPOEH nNA



42. UTO0 Takoe 3agayy Ha MOCTPOEHUE

B 3ajayax Ha NOCTpoeHue UAEeT peyb O No-
CTPOEHUN TeoMeTpUYecKorm (Urypbl C MOMOLLbK [aH-
HblX YepTEXHbIX MHCTPYMEHTOB. Takumu MHCTPYMEHTaA-
MW dYalle BCero ABNAKTCA NNHENKaA W LNPKYb.
PeweHne 3aavym COCTOUT HE CTO/IbKO B NOCTPOEHUN pu-
rypbl, CKO/IbKO B peLlieHUn Bonpoca 0 TOM, KaK 3TO cAe-
natb, M COOTBeTCTBYHLW,eM pgokasaTenbCTBe. 3ajaya
CYNTaeTCH peLueHHOVI, €C/n yKa3saH cnocob NOCTPOEHUA
d)l/lrypbl N AOKa3aHO, 4YTO B pPe3y/sibTaTeé BbIMONHEHUA
YKa3aHHbIX MNOCTPOEHUN [OEeNCTBUTENbHO MNONyvaeTcs
(hurypa c TpebyembiMNU CBOMNCTBAMM.

C nomouwbi NMHEWKN KaK MHCTPYMEHTa
reoMeTpnyeckKnx I'IOCTpOEHI/II7| MOXHO MPOBECTU MPOU3-
BOJ/IbHYIO NPAMYHK, NPOU3BO/IBHYK MNMpAMYyH, Mpoxoas-
WY 4Yepe3 AaHHYK TOUKY; NPAMYIO, NMPOXOoAALLYH Ye-
pe3 fABe fAaHHble TOYKU. HUKaKux [pyrnx onepayui
BbIMO/IHATb NNHENKOWN Henb3a. B YaCTHOCTWN, HENb34 OT-
KnajblBaTb NNHENKOMN OTpe3Kun, gaxe ecsin Ha Heill nme-
OTCA AeneHuns.

LIMpKynb KaK WHCTPYMEHT FeoOMeTpUUYeCKUXx
MOCTPOEHWNIA MO3BONAET ONUCaTb U3 JaHHOrO LLIeHTpa OK-
PY>XHOCTb [aHHOro paguyca. B 4YacTHOCTWU, UUPKYNem
MOXHO OT/IOXWUTb AaHHbIA OTPe30K Ha AaHHOW NPAMOMN
OT AaHHOW TOYKW. PaccMOTpUM MNpoCTelMllne 3afavymn Ha
NOCTPOEHMeE.

43. TlocTpoeHMe TpeyronbHUKa
C AaHHbIMWN CTOPOHaMWU

3apgaya 5.1.

[MocTpouTb TPEeyronbHUK C AaHHbIMW CTOpPO-
Hamu a, b, ¢ (puc. 99, a).

PelwweHue.

C nomouwbl NUHENKM NPOBOAMM TMPOMU3-
BOJIbHYIO MPAMYIO U OTME4YaeM Ha Hel NPOU3BOJIbHYIO
Touky B (puc. 99, 6). PacTBOpOM LMPKYNs, paBHbIM a,
ONUCbIBaEM OKPYXHOCTb C UeHTpoM B n pagmycom a.
Myctb C — TO4YKa ee nepeceyvyeHUs ¢ NPAMOMN.

Tenepb pacTBOpOM LUWUPKYNd, paBHbIM C,
OnncbiBaeM OKPYXHOCTb K3 UeHTpa B, a pacTtBopom
LWPKYNA, paBHbIM b, ONuUCbiBaeM OKPYXXHOCTb W3 LeEH-
Tpa C. MNycTb A — TOYKa nepeceyeHUs 3TUX OKPYXKHO-
cTeir. MNpoBegem oTpe3kn AB n AC.

TpeyronbHuk ABC MMeeT CTOPOHbLI, paBHbIe
a, b, c.

7 Knacc



44, TloCcTpoeHue yrnsa, paBHOro gaHHomy

3apgava 5.2.

OTNOXWUTb OT AaHHOW MNONYNPAMOW B [aH-
HYH MOJIYNJIOCKOCTb Yro/, pPaBHbI JaHHOMY Yrny.

PelweHue.

[MpoBefemM TMPOM3BOJIbHY OKPYXHOCTb C
LLeHTpOM B BepwwnHe A pgaHHoro yrna (puc. 100, a).
Myctb B 1 C — TOYKWN MepeceyeHUs OKPYXHOCTU CO
cTtopoHamu yrna. Paguycom AB npoBegeM OKPYXHOCTb
C UueHTpoM B Touke O — HayanbHON TOYKe AAHHOW Mo-
nynpamoi (puc. 100, 6). Touky nepeceyeHUs 3TOW OK-
PY>XHOCTW C fJaHHOW nonynpsamon o6os3Haumm B L Onu-

LLeM OKPYXXHOCTb C UeHTpoM Br n paguycom BC. Touka
Cl nepeceyeHunss NOCTPOEHHbIX OKPYXXHOCTEW B yKa3aH-

HOW MONYM/JIOCKOCTU NIEXXUT Ha CTOPOHE MCKOMOro yrna.
Ona pokasaTenbcTBa AOCTAaTOYHO 3aMeTUTD,
4yTo TpeyronbHuUkM ABC n OBIC1 paBHbl KaK Tpeyronb-

HUKW C COOTBETCTBEHHO PaBHbIMW CTOPOHAMW. YTbl A
n O ABNAOTCA COOTBETCTBYHLWMMU Yyrnamu 3TUX Tpe-
YrONbHUKOB.

45. TlocTpoeHne GUCCEKTPUCHI yrna

3apgaya 5.3.

[MoCcTpOMTL GUCCEKTPUCY [AaHHOro yrna.

PelwweHue.

N3 BepwmnHbl A gaHHOTO yrna KakK M3 LeH-
Tpa OMUCbIBAEM OKPYXXHOCTb MNPOM3BOJILHOTO pajuyca
(puc. 101). Myctb B 1 C — TOUYKKN ee nepeceyeHMs CO
cTtopoHamn yrna. W3 1oyek B u C TeM Xe pagunycom
onucbiBaeM OKpYXXHocTu. lycTb B — TouykKa UX nepe-
ceyeHuda, otanyHaga ot A. lposogum nonynpamyt AO.

Nlyy AO aBnsdeTca 6UCCEKTPUCON, TaK Kak
pennt yron BAC nononam. 3TO cnefgyeT U3 paBeHCTBA
TpeyronbHukos ABO n ACO, y kotopbix yrnel OAB u
BAC gaBngai01CcA COOTBETCTBYHLWNMU.

46. [eneHne oTpe3Ka nonosiam
3apaya 5.4.
Pa3fennTb 0Tpe3oK nonosam.
PelweHue.
Mycte AB — pfaHHbIW oTpe3ok (puc. 102).
N3 Touek A n B pagnycom AB onucbiBaemMm OKpPY>XXHOC-
TN. TlycTb C 1 CX — TOYKM MepeceyvyeHNa 3TUX OKPYX-

HocTel. OHM fieXaT B pasHbIX NOMYNAOCKOCTSAX OTHOCM-
TenbHo npamoi AB. OTpe3sok CC1 nepecekaeT MPsiMYHo



AB B HekoTopoil Touke O. OTa TOYKa eCTb CepefinHa OT-
pe3ka AB.
OeinctBntenbHo, TpeyronbHukn CACLl un

CBC1 paBHbl N0 TpeTbeMy MPWU3HAKYy paBeHCTBa Tpe-

yronbHukos. OTcrofa cnefyet paBeHCTBO yrnos ACO nu
BCO. TpeyronsHukn ACO u BCO paBHbl N0 NepBomMy
NPU3HaKy paBeHCTBA TPeyrosbHUKoOB. CTOpoHbl AO n
BO 3TuX TpeyronbHUKOB ABNAKTCA COOTBETCTBYHLLN-
MU, a NMO3TOMY OHW paBHbl. Takum ob6bpasom, O — ce-
peanHa oTpeska AB.

47. TlocTpoeHWe MepneHAUKYTAPHOM

NPAMOiA

3apgaya 5.5.

Uepe3 gaHHY To4yky O npoBecTn MNpsAMYIo,
NepneHAMKYNApHY0 AaHHOW NpsAMON a.

PelweHne.

Bo3MmoXHbl gBa cnydasa: 1) Touka O nexuTt
Ha nNpsamon a; 2) Touka O He NeXWUT Ha NPAMON a.

PaccmoTpum nepBblin cny4van (puc. 103).

N3 Touknm O npoBOAMM MPOWU3BOJIbHLIM pa-
ANYyCOM OKPY>XHOCTb. OHa nepecekaeT NpaMylo a B ABYX
TouKkax: A n B. N3 Touek A 1 B npoBoAMM OKPYXHOC-
™M pagmycom AB. Myctb C — TOUKa UX MnepeceyvyeHuUs.
ickomasa npamaa npoxoanTt yepe3 Toukm O u C.

MepneHankynapHocTb npambix OC u AB
cnefyeT U3 paBeHCTBa YrnoB npu sepwunHe O Tpeyronb-
HUKoB ACO n BCO. 3TN TpeyroibHUKKU paBHblI Mo Tpe-
TbeMYy NMPU3HaKy paBeHCTBa TPeyrosbHUKOB.

PaccmoTpum BTOpOi cny4yain (puc. 104).

N3 Toukn O npoBOAMM OKPYXXHOCTb, nepe-
cekawwyrw npamyto a. yctb A 1 B — TOo4Ykn ee ne-
peceyeHna ¢ npamoi a. 13 Touek A n B Tem Xxe pagu-
yCcOM NpoBOAUM OKpYyXXHoCcTU. llycTb Or — To4YKa uX

nepeceyeHnd, nexauias B MOMYMJOCKOCTU, OTANYHOMU
OT TOW, B KOTOpPOW nexut Ttouyka O. Vickomasa npsmas
npoxoauT 4yepe3 Toukn O n Or. [lokaxem 3TO.

O6o3Haunm 4epe3 C TOUKY nepecevyeHus
npaMmblx AB n OOr. TpeyronbHukun AOB n AOTB pas-
Hbl N0 TpeTbeMy npusHaky. lMostomy yron OAC paBeH
yrny OAC. A Torga tpeyronbHukn OAC n OrAC pas-
Hbl NO MepBOMY NpuU3Haky. 3HauuT, ux yrnel ACO un
ACO1 paBHbl. A TaK KaK OHW CMeXHble, TO OHU NpSH-
Mble. Takum obpaszom, OC — nepneHANKynsap, onyuieH-
Hbll M3 ToYkM O Ha NpsAMy0 a.

60

Puc. 103

Puc. 104

7 Knacc



48. [eomMeTpuyeckoe MeCTO TOo4YeK

OAHUM M3 MeTOAOB peleHus 3agay Ha no-
CTpOeHMne ABNAETCA METOL FeoMeTPUYeckKnux MecT.

[eOMeTpPMYECKMM MeCTOM TOYeK Ha3blBaeT-
ca urypa, Kotopas COCTOMT U3 BCEX TOYEK NJIOCKOCTH,
obnaparowmx onpegeneHHbIM CBONCTBOM.

Hanpumep, OKPYXHOCTb MOXHO onpeje-
NNTb KaK reoMeTpMYecKoe MeCTO TO4YeK, paBHOYyAasieH-
HbIX OT AAHHOW TOYKW. BaxHoe reomMeTpuyeckoe MecTo
TOYeK faeT crefyrouiad Teopema:

Teopema

5.3

FfeomMeTpuUYECKOe MECTO TOYeK, paBHOYAaNeHHbIX OT
ABYX [aHHbIX TOYEK, eCTb Npsmas, NnepneHANUKynsapHas
K OTpe3Ky, CoeiuHAILWEMY 3T TOUYKK, M Mpoxoasilas

yepes ero cepeguHy.

[loKa3aTenbCTBO.

Myctb A u B — [aHHble TOUYKM, a — Npa-
mMad, npoxojsauias yepes cepeauHy O oTpe3ka AB nep-
NEHAMKYNAPHO K Hemy (puc. 105). Jokaxem, 4To:

1) Kakaas Touyka NpsMoii a paBHOYyAaneHa

OoT Toyek A n B; 2) Kaxpasa touyka |) nnockoctu, pas-
HoyfaneHHas OT ToyekK A K B, nexuTt Ha npamon a.

To, uto Kaxpgasa Toyka C npAMoOi a Haxo-
ANTCA Ha OAMHAKOBOM paccToAHUKM OT ToyekK A n B,
cnepyet u3 paseHcTBa TpeyronbHnkos AOC mn BOC.
Y 3TUX TPeyronbHUKOB Yr/bl npu BepwunHe O npamMble,
ctopoHa OC obuwas, a AO = OB, Ttak kak O — cepe-
AVHa oTpe3ka AB.

MoKa)kem Tenepb, YTO KaXKhasd Touka 2) nno-
CKOCTU, paBHOyfaneHHasa OT ToyekK A N B, NeXwuTt Ha
npsamon a. PaccmoTpum TpeyronbHMK ABB. OH paBHOGe-
APeHHbIW, Tak Kak AO = 0. B Hem OO — wmeaunaHa.
M0 CBOWCTBY paBHOGELPEHHOr0 TPeyrosibHMKa MefunaHa,
npoBeAeHHass K OCHOBAHWIO, ABNSAETCA BbICOTON. 3HAUUT,
Touka O NexuT Ha npsaMmoin a. Teopema fAoKa3aHa.

49. MeToh reoMeTpUYEeCKMX MECT
CyWHOCTb MeToAa TFeoOMeTPUYecKMxX MecT,
MCMONb3YyeMOoro npu peweHnn 3agay Ha NOCTPoOeHue, Co-
CTOUT B cneaywouwem. lNycTb, pewasa 3agadyy Ha NocTpo-
eHne, Ham Hafo HanTu TOouky X, YLOBMIETBOPAHOLLYIO
ABYM ycnosuamM. NeoMeTpuyeckoe MecTo TO4YeK, yAoB/e-
TBOPAKOLWMX MEPBOMY YC/IOBMIO, €CTb HeKoTopas qury-
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FcomeTpbluecKuc
nocTpoeHUs



pa PIY a reomeTpnyeckoe MeCTO TOYEK, YAOB/IETBOPSAIO-
WNX BTOPOMY YC/IOBUIO, €CTb HeKoTopas qurypa P2
ckomaa Touka X npuHagnexuTt Pxun P2, T. e. ABnq-

eTcad MX TOYKOW nepeceyeHusa. Ecnm atu reomertpuyec-
Kne MecTa NpocTblie (CKaxem, COCTOAT U3 NPAMbIX U
OKPYXXHOCTEN), TO Mbl MOXEM WX MOCTPOUTb W HAWUTWU
NHTepecyrw LWy Hac Touyky X. [llpusegem npumep.

3apgauva (43).

HdaHbl Tpn Touku: A, B, C. lNocTpoiiTe TOY-
Ky X, KOTOpas oAMHAaKOBO yjaaneHa OoT ToYeK A u B un
HaxoAnTca Ha JaHHOM paccTofaHuUKM OoT To4dyku C.

PelwweHue.

Mickomasa Touyka X y[AOBNEeTBOPAET ABYM YycC-
nosuaAM: 1) oHa 0oAMHAKOBO ypganeHa OT ToyeKk A K B;
2) OHa Haxo4WTcA Ha AAaHHOM paccToAHUW OT TOUkW C.  puc. 106
[feomeTpnyeckoe MeCTO TOYEK, YAOBNETBOPAKLWUX Mep-
BOMY YC/NOBUIO, eCcTb npAmas, nepneHAuUKynapHas
oTpe3ky AB ©n npoxopdau,aa 4epes ero cepeanHy
(puc. 106). NeomeTpuyeckoe MeCTO TOYeEK, YAOBNETBO-
pPAKLWNX BTOPOMY YC/IOBUIO, €CTb OKPYXXHOCTb AaHHOrO0
paguyca ¢ ueHTpom B To4yke C. ickomasa Touyka X ne-
XWNT Ha nepecevyeHUn 3TUX FTEOMETPUYECKUX MECT.

KOHTPO/IbHbLIE BOMNPOCHI

1. YTo Takoe OKPYXHOCTb, LEHTP OKPYXHOCTW, pagnyc?

2. UYTo Takoe xopfha OKpyXHocTu? Kakaa xopja HasblBaeTcA Auame-
Tpom?

3. Kakafd OKpPYXHOCTb Ha3blBaeTCHd OMWCAHHOW OKONO TPeyrosb-
HUKa?

4. JlOKaXuTe, UYTO LEHTP OKPYXXHOCTW, OMNUCAHHOW OKOJI0O TPeyrosb-
HUKa, NEeXWUT Ha NnepeceyeHUU CepeauHHbIX MNepneHAuKYNapoB K
CTOpPOHaM TpPeyrosbHUKa.

5. Kakad npAmas HasblBaeTCA KacaTe/lbHOW K OKPYXXHOCTU?

6. UTO 3HAUMT: OKPYXXHOCTM KacakwTcA B JaHHOW TO4yke?

7. Kakoe KacaHue OKPY>XHOCTE Ha3blBaeTCA BHEWHWM, Kakoe —

BHYTPEHHUM?

8. Kakas OKpPY>XHOCTb Ha3blBaeTCs BMUCAHHOW B TPEYyrofibHUK?

9. [lOKaXWUTe, 4YTO LEHTP OKPYXXHOCTW, BMWUCAHHOW B TPEYroJibHUK,
NEeXUT Ha nepeceyeHUN ero GUCCEKTpPUC.

10. OO6bACHWUTe, KaK MOCTPOUTb TPEYrosibHUK Mo TpeM CTOPOHaMm.

11. O6bACHWUTE, KaK OT/NIOXMUTb OT AAaHHOW MONYyNpAMOW B JaHHYH MNoO-
NYNNOCKOCTb Yo/, paBHbIA JaHHOMY Yrny.

12. O6bsACHWUTe, KaK pa3feinTb AaHHbIA yron nonosam.

13. OO6bACHWUTE, KaK pa3fennTb OTPe30K Mornonam.

14. OODBACHWTE, KaK 4Yepe3 JaHHYI TOYKY MPOBECTU MPAMYIO, MepPMneH-
ANKYNAPHY AaHHOW NPsSIMOWA.

/7 K.wee



15.

10.
11.

12.
13.

14.

UTo npepacTtaBnsieT cobo reoMeTpmyeckoe
MECTO TOYeK, paBHOY[aleHHbIX OT [ABYX
AaHHbIX TOYeK?

3agayu

MyHKT 38

[JoKaxnTte, 4to NOOON Nyd, UCXOAALWNIA U3

LeHTpa OKPYXHOCTW, MNMepecekaeT OKPYX-

HOCTb B OAHOW TOYKe.

JoKaxuTte, 4To nNpAmas, npoxopduias uye-

pe3 LEHTP OKPYXHOCTW, NnepecekaeT OK-

PY>XHOCTb B [ABYX TOYKaX. 1>\ 107

JoKaxute, 4To AMaMeTp OKPYXHOCTU, Npo-

XO4AWMIN Yepe3 cepeanHy XOopAbl, NMepneHAUKYNAapeH Xopge.
Chopmynupyinte n [OKaXXuUTe Teopemy, 0OpaTHYH YTBEPXAEHUIO
3agaum 3.

1) N3 TOYKM [JaHHOW OKPYXHOCTU NPOBEAEHbl AMAMETP U XOpAa,
paBHas paguycy. Hangute yron mexgy Humu (puc. 107).

2) 13 TOYKWN [JaHHOW OKPY>XXHOCTWU MPOBeAeHbl [Be XOpPAbl, paBHble
paguycy. Hangute yron mexpgy HUMMU.

MyHKT 39

[JOoKaXuTe, 4To CcepefVHHble MeprneHAUKYNApbl K ABYM CTOpPOHam
TpeyrosibHMKa nepecekaroTcs.

[JoKaXxuTte, 4To OKOJI0O N06G0Or0 TpeyronbHMKa MOXHO OMucaTb
OKPY>XXHOCTb, MU TOJIbKO OAHY.

MyHKT 40

1) MoXeT Nn OKPYXHOCTb KacaTbCAa MPAMON B ABYX TO4YKax?
O6bAcHUTE 0TBeT. 2) [JOKaXMUTe, YTO KacaTenbHas K OKPY>XHOCTU
He MMeeT C Hel APYrux o6WMX TOYeK, KPOMe TOUYKW KacaHus.
Kakune yrnel obpasyeTt xopaa AB, paBHas paguycy OKPYXHOCTHU, C
KacaTe/libHON B Touke A?

Haligute yrnbl, noj KOTOpPbIMU MepecekalTCA NpsaMble, Kacatowim-
eCcsl OKPY>XHOCTM B KOHLLAX XOpAbl, paBHON pagunycy.
OKpy>xHocTu ¢ paguycamu 30 cm n 40 cm KacarTca. HanguTe pac-
CTOSIHME MeX[AY LeHTpaMn OKPYXXHOCTEN B CNy4yasaX BHELWHEro u
BHYTPEHHEro KacaHui.

MoryT nu KacaTtbCA ABe OKPYXHOCTM, ecnn UX paguycbl paBHbI
25 ¢cMm n 50 cm, a paccTodHue mexay ueHTpamun 60 cm?

1) Toukn A, B, C nexaTt Ha npamoi, a Touka O — BHe NPSAMOM.
Moryt nn pgBa TpeyronbHuka AOB n BOC 6bITb paBHOGeApPEHHbI-
MW C OoCHOBaHuAMU AB n BC? OG6OCHYITe OTBET.

2) Moryt nim OKpPYXHOCTb M npamMas nepecekatbcs 60nee 4yem B
ABYX TOYKax?

1) OKpyxHoctn c ueHtpamum O u O! nepecekaroTcqd B ToYKax A u”

B. Aokaxute, yto npsmas AB nepneHagukynapHa npsmoin OOr.



2) JoKaxnte, YTO ABE OKPYXXHOCTU He MoO-

rytT nepecekarbcsa 605ee 4em B [BYX TOY-

Kax.

1) Yepes TOUKY A OKPYXXHOCTU C LLEHTPOM

O npoBegeHa npAmMas, He Kacarllasacd OK-

pyxXHoctn. OB — nepneHaukynap, ony-

WEeHHbIM Ha npAMY0. Ha npogo/mHKeHun oT-

peska AB oTnoxeH oTtpe3ok BC = AB.

JoKaxnte, 4To To4kKa C NEXNUT Ha OKPYX-

HOCTW.

2) OoKaxuTe, 4Tto ecnuM npamas WMMeeT C

OKPYXXHOCTbI TO/IbKO OAHY OOy TOYKY,

TO OHa ABNAETCA KacaTe/llbHOW K OKPYXHO-

CTW B 3TOWN TOYKe.

3) JoKaxuTte, 4TO eCnu f[Be OKPYXHOCTWU

MMEKT TOMbKO OfHY OOLWYK TOYKY, TO OHMU

KacalTca B 3TOW TOUKe.

1) N3 ofHOW TOYKWM NpoBefeHbl [Be Kaca-

Te/lbHble K OKpy)>HocTu (puc. 108). [loka-

XWUTe, 4TO OTpPe3KW KacaTesibHbIX MP u

M($ paBHblI.

2) JoKaxnTe, YTO Yyepes OA4HY TOYKY He MO-

XeT MpoxoAnTb 60sblle ABYX KacaTe/lbHbIX

K OKPY>XHOCTH.

MyHKT 41 Puc. 109

OfHa OKPY>XXHOCTb OfmucaHa OKOJ/I0 PaBHOCTOPOHHEr0 TPeyrosbHU-
Ka, a gpyrasa BnucaHa B Hero. [lokaXuTe, 4TO LeEHTPbl 3TUX OK-
PYXXHOCTE coBMajator.

OKpY>XHOCTb, BNucaHHaa B TpeyronbHMK ABC, kacaeTcsd ero cro-
poH B Toykax A1? B1? Cr (puc. 109). [lokaxuTte, 4YTo

An _ AB+AC-BC

1 2 ‘
[oKaXunTe, 4To B NGO TPEYyroNbHUK MOXHO BMUCaTb OKPYX-
HOCTb, W TONbKO OAHY.

MyHKT 43

[MoCcTpoinTe TPeyronbHWK Mo TpeM CTOpoOHam a, b u c:
1) a = 2 cM, b = 3cMm, C =4 cMm;

2) a = 3 c™M, b = 4cwm, C =5 cwm;
a = 4 c™M, b = 5CM, c =6 CM,.

MocTpoiiTe OKPYXXHOCTb [JaHHOr0 paguyca, NPOXoAsULylo yepes fABe
NaHHble TOYKMW.

MocTpoliTe TPEYronbHUK MO BYM CTOPOHAM U Pagnycy OMMUCaHHOIA
OKPYXHOCTH.

64 7 K.lncc



23.

24.

25.

26.
27.
28.

29.
30.
31.
32.

33.
34.

35.
36.
37.
38.
39.

3 'eomeTpus, 7—9 wn.

MyHKT 44

MocTponte TpeyronbHuUk ABC no cnepyto-
WNM LaHHbIM:

1) MO ABYM CTOPOHaM W Yyrny mexmay HUMW:

a) AB = 5 cm, AC = 6 cm, AJT = 40°;
6) AB = 3 cm, BC =5 cm, AB = 70°

2) MO CTOPOHE W Nnpunexawmnmm K Hel yr-
nam: a) AB =6 cm, AJ1 = 30°, AB = 50°

6) AB = 4 cm, AT = 45°, AB = 60°.

MocTpoliTe TPeyronbHWK MO ABYM CTOpPOHaMm
W yrny, npotmsonexauiemy 6o0nblwen u3
HUx: 1) a = 6 ¢cm, b = 4 cm, a = 70°
2) a=4cm b=s6 cm, P = 100°.

MocTpoinTe paBHOGEAPEHHbIA TPEYroNbHUK
Mo GOKOBOW CTOPOHE W Yray npu OCHOBAHMUW.

[MyHKT 45

[MOCTPONTE OKPY>XHOCTb, BMUCAHHYK B [aHHbIA TPeyrofibHUK.
Pa3fennTe yron Ha YeTbipe paBHble 4acTu.

MocTponTe yrnel 60° n 30°.

MyHKT 46

[aH TpeyronbHWUK. lMocTponTe ero MmegunaHsl.

MocTpoiiTe TPeyrofibHMK NO ABYM CTOPOHAaM M MejuaHe, MPOBefeH-
HOM K OQHOWN U3 HUX.

[MocTpoiTe TPeyrosibHUK MO CTOPOHe, MeAuaHe, MPOBeAEHHOMW K
3TOW CTOPOHE, U paguycy OMUCAHHOW OKPYXHOCTW.

[MoCTpoiTe TPEyronbHWK NO ABYM CTOPOHaM U mMeguaHe, NPOBeLeH-
HOW K TpeTbeil cTopoHe (puc. 110).

MyHKT 47

OaH TpeyronbHUK. MOCTPONTE €ro BbICOTHI.

[MoCTpONTE OKPYXHOCTb, OMUCAHHYK OKOM0 [aHHOr0 TPeyrosb-
HUKa.

[MocTporTe NPAMOYTO/ibHbIA TPEYronbHUK MO TUMNOTEHY3e U KaTe-
Ty.

[MocTpoiTe paBHOOGEAPEHHbIN TPEYyrofbHUK N0 GOKOBOW CTOPOHE U
BbICOTE, OMYLLEHHON Ha OCHOBaHMe.

[MocTpoWTe TPEyrosibHUK Mo ABYM CTOPOHaM U BbICOTe, OMYLWEHHOWN
Ha TPeTbl CTOPOHY.

[MocTponTe TPEYrofbHWUK MO ABYM CTOPOHaM U BbICOTe, OMYLWEHHOWN
Ha OA4HY W3 HUX.

[MocTpoNTe TPEYroNbHMUK NO CTOPOHE W MPOBEAEHHBLIM K HelW meaun-
aHe N BbICOTE.

feomeTpuyeckue
nocTpoeHNA



40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.
51.

[MocTporiTe paBHOGeAPEHHbIW TPEYro/ibHUK
MO OCHOBAHWK W paAnmycy OMMUCaHHON OK-
PYXHOCTH.

[MTYHKT 48

[JOoKaXute, 4YTo reoMeTpMyYeckKoe MecTO TO-
Yyek, yAaneHHbIX OT A4aHHON NPSAMON Ha pac-
CTOSIHMe J1, COCTOUT M3 [ABYX MPAMbIX, Ma-
panfiefibHbIX AaHHOW W OTCTOAWMX OT Hee
Ha H.

Ha faHHOW npAMON Hangute TOYKY, KOTO-
pas HaxoAMTCA Ha AaHHOM pacCTOSHUKU OT
APYTOiA faHHOW NpsAMOi.

MyHKT 49
HaHbl Tpyn Toukm: A, B, C. MNocTpoiTe ToY-
Ky X, KOoTopas OAWHaKOBO yja/ieHa OT TO-
yeK A 1 B 1 HaxoguTca Ha JaHHOM paccTo-
AHUU OT Touku C.
Ha gaHHOW npAMOW HanguTte TO4YKY, paBHO-
yAaneHHY OT ABYX [aHHbIX TOYeK.
[aHbl yeTbipe Toukn: A, B, C, B. Hangute
TOUKy X, KOTOpad OAWHaKOBO ypaneHa OT
ToYeK A n B 1N 04AMHAKOBO yjaneHa OT TO-
yek C n B.
[MoCTpoOiTe TPeyrosibHUK, ecnu 3afaHbl CTO-
pOHa, npunexawmuih K HelW yron M cymma
ABYX APYTUX CTOPOH (puc. 111).
[MoCTpONTe TPeyrosibHUK, ecnn 3afaHbl CTO-
POHa, Npuaexawnin K Herl yron v pasHocTb
ABYX APYTUX CTOPOH.
[MocTponTe NPAMOYrO/ibHbIA TPEYyronbHUK
No KaTeTy U CymMme ApPYroro Kateta v runo-
TeHY3bl.
1) 3 ToUYkM A K OKPYXHOCTU C LeHTpom O
n paguycom B npoBefeHa KacaTefibHas
(puc. 112). AokaxuTte, 4yto Toyka C Kaca-
HUA NeXUT Ha OCHOBaAHMW paBHOOGEAPEHHO-
ro tpeyronbHmka OAB, y kotoporo OA =
= AB, OB = 2K.
2) MNpoBeaunTe KacaTeNbHY K OKPYXHOCTH,
npoxoadwy 4yepes AaHHYH TOUYKY BHE OK-
PYXXHOCTN.
MpoBeanTe 06LW Y KacaTeNbHYK K [ABYM
LAaHHbIM OKpYXHocTaMm (puc. 113).
JoKaxuTte, 4To nNpAMble, cojepxxaliune Bbl-
COTbl TPeyrofibHMKa, nepecekarTcs B OAHOWA
TOUKe.
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UHeTbIpeXyroibHUKN

50. OnpepeneHve YeTblipexyronbHMUKa

UeTblpexyrofibHMKOM Ha3blBaeTcsa Qurypa,
KOTOpas COCTOUT M3 YeTbipex TOYEK M YeTbipex nocre-
L0BaTe/IbHO COeAMHAWNX UX O0Tpe3KoB. Mpn 3TOM HU-
KakKue TPWU W3 [aHHbIX TOYEK He [O0/IXKHbl NeXxaTb Ha
OLHOW NPSAMON, a CoefUHAKLWNE UX OTPE3KU He [O0JIXK-
Hbl nepecekaTbCA. [laHHble TOYKM Ha3blBATCA BeEPLUU-
HaMu YeTblpexXyrofibHMKa, a COeAMHAKLMEe UX OTpes-
KW — CTOpPOHaMW 4YeTblpexyronbHUKa.

UeTbipexyronbHWK Ha3blBaeTCA BMUCAHHBIM,
eCc/in BCe €ero BepLIMHbl NeXaT Ha HEeKOTOPOW OKPYX-
HOCTW, W OMNMUCaHHbLIM, €CNU BCe ero CTOPOHbI KacakTcH
HEKOTOPON OKPYXHOCTH.

3apava (1).

Ha puc. 114—116 npeacTasieHbl 3 uUry-
pbl, Ka)gad M3 KOTOPbIX COCTOUT M3 4 TOoYeK U 4 no-
CnefioBaTeflbHO COEAMHAKLWMX MX O0Tpe3koB. Kakasa us
ATUX (PUTYp ABNAETCA YETbIPEXYTONIbHUKOM?

PelwweHue.

UeTblpexyrofibHUKOM ABNIAETCA TOMIbKO (Pu-
rypa Ha puc. 116, tak Kak y gurypbol Ha puc. 114 T0u-
Kn A, By C nexar Ha ogHOW NpAMOW, a y GuUrypbl Ha
puc. 115 otpe3kn BC n AO nepecekarTcs.

BepLlwmnHbl 4YeTbipexyronbHWKa Ha3blBalTCH
COCEeAHNMU, €CNN OHU ABNAKOTCSA KOHLAMWU OAHON U3 ero
CTOPOH. BeplKnHbI, He ABNAKOLWLIMECA COCeAHUMU, Ha3bl-
BalOTCA npoTuBofexawmmu. OTpeskun, coeguHArOLWMe
NpoTMBO/IeXaLLNe BEPLMHbI YeTblpeXyrosbHUKa, Hasbl-
BalOTCA AMaroHanamMmu.
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Y yeTblpexyrofbHMKa Ha puc. 117 guaroHa-
namn asnarTca otpeskn AC u Bb.

CTOpPOHbI YeTblpexXyrofbHUKa, uUcxoadauime
M3 O4HON BepLMHbI, Ha3blBalOTCSA COCEAHUMMWU CTOPOHa-
Mu. CTOPOHbI, He UMeloLne 06Lero KoHua, HasblBalT-
ca NpoTMBONEXawnmm CTOPOHaAMMW.

Y 4eTblpexyronbHukKa Ha puc. 117 npotu-
BoNeXawumu asnartca ctopoHsl AB n Cb, BC n AO.

YeTbipeXyroibHMK 0603Ha4yaeTCca yKazaHueM
ero BepwuH. Hanpumep, YeTbipexXyronbHUK Ha puc. 117
o603HavyaeTcd ABCE. B 0603Ha4eHUN YeTbIPeXYTro/bHU-
Ka pALOM CTOofiMe BepLWHbI AOKHBI OblTb COCEAHM-
Mu. YetbipexyronbHMKk ABCB Ha puc. 117 MOXHO
Takxxe 0603Haunte BCBA nnn BCBA. Ho Henb3s 060-
3HaunT ABBEC (B 1 B — He cocefHune BepLINHBI).

CymMMa ANUH BCeX CTOPOH YeTbIpexyrosbHu-
Ka Ha3blBaeTCcsad NepumeTpoMm.

51. Tlapannenorpamm
MapannenorpaMM — 3TO YeTbIPeEXyrosb-
HUK, Y KOTOPOro npoTuBONexalwue CTOPOHbI Napan-
nenbHLblI, T. €. JieXKaT Ha napaiajiefibHblIX MNPAMbIX
(pnc. 118).

Teopema

Puc. 117

Puc. 118

Ecnn amaroHanu 4YeTbipeXyronbHWKa nepecekalwTcs U

TOYKOW nepecevyeHnda gendartcda nonosjam, ToO 3TOT YETbI-

PEXYTONbHUK — Mnapannenorpamm.

[loKa3aTenbLCTBO.
Myctb ABCB — faHHbI 4YeTbipexyronb-
HUK u O — To4yKa nepeceyeHuUs ero puaroHanem

(puc. 119). TpeyronbHukn AOB n COB paBHbl. Y HUX
yrnol npu BepwmnHe O paBHbl KaK BepTuUKaNbHble, a
OB = OB n OA = OC no ycnosuio TeOpeMbI.

3HauuT, yrnel OBC n OBA paBHblI, a OHU
ABNAKOTCA BHYTPEHHMMM HAKpecCT nexawumn ang npqa-
MbiXx AB n BC u cekywein Bb. Mo npusHaky napan-
nenbHOCTN npambix npamble AB n BC napannenbHbl.
Tak e [JoKa3blBaeTcAa NapanfienbHOCTb NMpaMbiX AB U
Cb ¢ nomouibio paBeHcTBa TpeyronbHNkos AOB un COB.

Tak KakK NpoTuBOeXaline CTOPOHbI YeThbl-
pexyrofbHuUKa napannenbHbl, TO N0 ONpefeneHNn0 3TOT
yeTblpeXyronbHNUK — napannenorpamm. Teopema foka-
3aHa.

Puc. 119



52. CBOWCTBO AnaroHasnem
napannenorpamma

Teopema (obpaTHas Teopeme 6.1)

6.2

OwnaroHann napannenorpamma nepecekaknTca WU TOuY

KoW nepecedyeHna gendatca nonosnam.

[loKa3aTenbLCTBO.

Mycte ABCB — paHHbIR napannenorpamm
(puc. 120). Mposegem ero gunaroHans JO. OTMeTUM Ha
Hel cepeamHy O n Ha npogomkeHun otpeska AO oTno-
XM oTpe3ok OCI? paBHblin AO.

Mo Teopeme 6.1 uyeTbipexyronbHuK ABC)B
ecTb napannenorpamm. CnepgosaTenbHo, npamad BCX

napannenosHa AB. HOo uyepe3 TouKy B MOXXHO npoBecTwu
TONbKO O0AHY npAMYyto, napannenbHyw AB. 3HauwuT,
npamaa BCr coenagaet ¢ npamoi BC.

TOYHO TakK Xe [OoKa3blBaeTcsd, 4YTo npsamas
BCXcosnagaet ¢ npamoun BC.

3HaunT, Toyka Cr cosnagaet ¢ Touykoin C.

Mapannenorpamm ABCB coBnagaet ¢ napannenorpam-
mom ABCrB. lNoaTomy ero gmaroHanu nepecekakwTca U

TOYKOI MepecevyeHns aendatca nonosam. Teopema foKa-
3aHa.

3apava (e).

Uepe3 TOUKY nepeceyeHUss AuaroHanen na-
pannenorpamma nposefeHa npamas. [JoKaxunte, 4To OT-
Pe30K ee, 3aK/IIOUYEHHbIN MeXAay napanienbHbIMU CTO-
pOHamu, AenuTCcsa 3TOW TOYKOMW nononam.

PelleHue.

Mycte ABCB — paHHbIA napanfienorpamm
n EP — npamasd, nepecekarwliasa napansenbHble CTOpoO-
Hol AB n BC (puc. 121).

TpeyronoHukn OAE n OCE paBHbl MO BTO-
poMy npu3sHaky. Y HuUx ctopoHbl OA n OC paBHbI, TakK
Kak O — cepeguHa gunaroHanu AC.

Yrnel npu BepwuHe O paBHbl Kak Bep-
TUKanbHble, a yrnol E/1IO n ECO paBHbl KaK BHYTpPEH-
HMe HaKpecT nexawune npu napannenbHoix A, BC u
cekyuien AC.

N3 paBeHCTBa TpeyrosibHWKOB clefyeT pa-
BEHCTBO cTOpoH: OE = O, uto M TpeboBanocb AoOKa-
3aThb.

69

Puc. 120

UeT bIpEXYTONbHUKM



53. CBOMCTBO NpOTMBOMEXaUNUX CTOPOH
N YyrnoB napansenorpamma

Teopema

Y napannenorpamMmma npoTuBoONexal,me CTOPOHbLI paB-
Hbl, MpoTnBONeEXaw e yrinbl PpaBHBbI.

[loKa3aTenbCcTBO.

Mycte ABCIT — paHHbIA napannenorpamm
(puc. 122). lNposegeM AuaroHann napanfienorpamma.
[Myctb O — TOUKa UX MepeceyeHuUs.

PaBeHCTBO MpoOTUBOEXalWwnx cTtopoH AB n
CIl cnepgyet n3 paBeHcTBa TpeyronbHuMkos AOB n COIl.
Y Hux yrnel npu BepwmnHe O paBHbl KaK BepTUKaNb-
Hble, a OA = OC n OB = OI1 no cBOWCTBY AnaroHanem
napannenorpaMmma.

TOYHO TaK e W3 paBeHCcTBa Tpe- Puc. 122
yronbHunkos AOI n COB cneagyeT paBeHCTBO APYroW na-
pbl NpoTmMBonexawnx crtopoH — All n BC.

PaBeHCTBO npoTumBonexawmnx yrnos ABC u
CIA cnepyet n3 paBeHcTtBa TpeyronbHukos ABC un CI1A
(no Tpem ctopoHam). ¥ Hux AB = CI1 n BC =TA no
AOoKa3aHHOMY, a ctopoHa AC obuiad. TOYHO TaK Xe pa-
BEHCTBO npoTmBonexawnx yrnos MNCI1 n NMAB cnepyet
N3 paBeHcTBa TpeyronbHukos MNCIT n NMAB. Teopema pgo-
Ka3aHa MOJIHOCTbLIO.

3apava (18).

JOoKaXunTte, 4To ecnnm y 4yeTbipexyrosibHuKa
ABe CTOPOHbI MapannenbHbl W paBHbl, TO OH ABNAeTCA
napannaenorpammMom.

PelleHue.

Mycte ABCI1 — pfaHHbIA YeTbipexyronb-
HWUK, Y KoToporo ctopoHbl AB u CI1 napannenbHbl wu
pasHbl (puc. 123).

[MpoBegem yepe3 BepwnHy B npamyto b, na-
pannenbHyt cTtopoHe All. 3Ta npAMas nepecekaeT nyy
NMC B HekoTOpoi Touke Cx. UeTbipexyronbHuk ABCX6

eCTb napannenorpamm. TakK KaK y napannenorpamma
npoTMBONeXal e CTOPOHbl paBHbl, To CXB =AB. A no

ycnosuto AB = CI1. 3Hauut, NC = BCX OTcloga cne-
ayet, 4yto To4yknm C m C! coBnagaroT.

Takum o6pa3om, 4yeTbipexyronbHuUKk ABCBH
coBnapgaeTt c napannenorpammom ABA™I1, a 3HauuT, 9B-

ngaeTca napannaenorpammom.

Puc. 123
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54. T1pAMOYrosibHUK
MpAMOYronbHUK — 3TO Mapansieniorpamm, y
KOTOpOro Bce yrnbl npamblie (puc. 124).

Teopema

[AviaroHann NpsAMoOyrofibHNuKa paBHbI.

[loKa3aTenbCTBO.

Myctb ABCHA — faHHbI1 NPAMOYTONbHUK
(puc. 125). YTBepXxaeHWe TeOpeMbl CrefyeT U3 paBeH-
CTBa NPAMOYroO/ibHbIX TpeyronbHUKoB BAJ1 n CBA. Y
HUX yrnel BAB n CBA npsambie, kateT AO obwuii, a
KateTol AB n CB paBHbl KakK MpOTUBOJieXalue cTopo-
Hbl napannenorpamMmma. M3 paBeHCTBa TPeyrosbHUKOB
cneflyet, 4To UX TUNOTEHY3bl pPaBHbl. A TUNOTEHY3bl
eCTb AuaroHanu npaAMoyrosbHuUkKa. TeopemMa [OKa3aHa

3afava (24).

JoKaxuTte, 4to ecnum y napannenorpamma
BCe YI/ibl paBHbl, TO OH ABNAETCA NPAMOYTrO/IbHUKOM.

PelwweHue.

Yrnel napannenorpamma, npunexawume K
OLHOW CTOPOHe, ABNAKTCA BHYTPEHHMMWU OAHOCTOPOH-
Humn (puc. 126), nostomy uMx cymma paBHa 180°. Tak
KakK Mo YCNoBUIK 3afayun 3TU Yribl paBHbl, TO KaXAblid
M3 HUX NpaMon. A napannenorpamMmm, y KOTOpPOro BcCe
Yyribl NpsAMble, ecTb NPAMOYTO/IbHUK,

55. Pomb6
PomM6 — 3T0 napannenorpamm, y KOTOPOro
BCe CTOPOHbI paBHbI (puc. 127).

Teopema

Puc. 126

[varoHanu pomb6a nepecekawTcs Nog NPSAMbIM YIOM.
AvaroHann pomb6a ABNATCA GUCCEKTpUCAMM €ro yr-

NOB.
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[loKas3aTenbCTBO.

Mycte ABCIl — pgaHHbIn pom6 (cwm.
puc. 127), O — TOoUKa MNepeceyveHUs ero fuaroHanei.
Mo csBoicTBy napannenorpamma AO = OC. 3HauuTt, B
TpeyronbHnke ABC oTpe3ok BO aBnsetrcd MeauaHoOMW.
Tak kKak ABCI1T — pom6, To AB = BC u TpeyrofiibHuK
ABC paBHObGepeHHbIN.

Mo CBOWCTBY paBHOOELPEHHOrO TPEYrofbHU-
Ka MefunaHa, npoBefeHHada K ero OCHOBaHWIK, ABNAeTCA
OUCCEKTPUCON WM BbLICOTOW. A 3TO 3HA4YMT, 4YTO Amaro-
Hanb Bl asndeTtca 6uccektpucoin yrna B v nepneHau-
KynapHa guaroHanu AC. Teopema foKasaHa.

3apava (33).

[JoKaXxwnte, 4to ecnu y napannenorpamma
AvaroHanu nepneHAUKYNsSpHbl, TO OH ABNAETCA POMOOM.

PeleHue.

Mycte ABCI1T — napannenorpamm c nep-
NeHAUKYNAPHbIMW gnaroHanamm n O — TouKa nepece-
yeHUA guaroHanein (puc. 128).

TpeyronosHukn AOB u AOIT paBHbLI No nep-
BOMY MPWU3HaKy paBeHCTBa TPeyroJibHWKOB. Y HUX Yr-
Nbl Npwu BepwmnHe O No ycnosuo npamble, ctopoHa AO
obwas, a OB = OIl no cBOWCTBY AnaroHanen napan-
nenorpamma.

3 paBeHCTBa TpPeyrosibHUKOB cneayeTt pa-
BEHCTBO CTOpPOH AB = AIl. A no cBOWCTBY MpoOTMBO/E-
Xalwmnx cTtopoH napannenorpamma Al = BC, AB = CI1.

M Tak, BCe CTOPOHbLI Napannenorpamma pas-
Hbl, @ 3HAYUT, OH SABNAETCA POMOOM.

56. KBagpart
KBagpat — 3T0 NPAMOYTo/ibHUK, Y KOTOpO-
ro BCe CTOPOHbI paBHbl (puc. 129).
Tak KaK CTOpPOHbl KBajpaTa paBHbl, TO OH
ABNAeTCcA Takxe pombom. lMoaTtomy KBagpar obnafgaet
CBOMCTBaMU MPAMOYro/ibHUKA U pomba:

1. ¥ KBajpata BCe Yr/bl NpaAMble.

2. QwnaroHann KBagpaTta paBHBbI.

3. [AvaroHann kKBajpaTa nepecekawTcda nog nNpaMbIM
YriomM N ABAAKTCA GUcCeKTpucamu ero yrsos.

3apayva (40).

JOoKaxute, 4T0 eCnnm AmaroHanum npaMo-
yrofibHMKa nepecekakwTca nog MpPsAMbIM YraoM, TO OH
ABNSAETCA KBagpaTom.

72

Pnc. 127

Punc. 128

Puc. 129

8 K.yace



PeweHwne.

Tak Kak MnpAMOYrofibHUK ecTb napanfieno-
rpamMm, a napanfiefiorpaMm C neprneHANKynapHbIMKn gna-
roHansimu ectb pom6 (3agaya 33), TO y paccmaTpuBae-
MOro MPAMOYrosibHMKa BCe CTOPOHbI paBHbl (puc. 130).
Mo onpefeneHMo TaKOW NPAMOYrofibHUK ecTb KBajpar.

57. Teopema daneca
Teopema (Paneca)

Ecnv napannenbHble NpsMble, NepeceKaroLLi e CTOPOHbI
yrna, oTCEKalT Ha OfHOI ero CTOPOHe paBHble OTpes-
KW, TO OHM OTCEKAalT paBHble OTPE3KN U Ha APYroi ero

CTOPOHE.

JloKas3aTenbCTBO.
Myctb AX, A2, A3 — TOUKKN NepeceyeHuns na-

panfefibHblX NPAMbIX C O4HOW M3 CTOPOH yrna n A2 ne-
XUT mexagy Ax n Az (puc. 131). MNyctb BIY B2, B3 —

COOTBETCTBYHOLWNE TOUYKM MEPecevyeHns 3TUX MNPAMbIX C
APYroin CTOPOHOW yrna. Lokaxem, 4Yto ecnn AJA2 =

= A2A3, T0 B"B2 —BZ2B3.

[MpoBegem 4yepes Touky B2 npamyto EP, na-
pannenbHyt npamon AXA3. [lo cBOWCTBY napanneno-
rpamma AyA2 = EB2, A2A3 = BZX. U Tak Kak ARA2 =
= A2A3, T0 PB2 = BZ%.E.

TpeyronbHukn BBX n BB3E paBHbl No
BTOPOMY Npu3HakKy. ¥ Hux BP = BZE no pokKasaHHO-
MY. ¥YTNbl Npn BepwnHe B2 paBHbl KaK BepTUKa/NbHbIE,
a yrnel BBl BZB3 paBHbl KaK BHYTpPEHHWe Ha-
KpecT nexaw,me npn napannenbHolx AiB1 n AB3 u ce-

Kywen EE.
N3 paBeHCTBa TPeEyrosbHUKOB cnefyeT pa-
BEHCTBO CTOpOoH: BiB2 = B2B3. Teopema AoKasaHa.

3amMeyaHue.

B ycnosuu teopembl daneca BMeCTO CTOPOH
yrna MOXHO B3ATb /1l0Oble [ABe NpsiMble, NPU 3TOM 3a-
KMKOUYeHne TeopeMbl OyAeT TO Xe:

napannefbHble NPsiMble, NepeceKallle ABe AaHHbIe
npsiMble U OTceKallMe Ha OfHOM NpPsAMOl paBHble OT-
Pe3KN, 0TCEKAT paBHble OTPE3KN U Ha APYroi NpsiMOiA.
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NHorpa teopema daneca 6yaetr NPUMEHATb-
CA N B Takoin gopme.

3apayva (48).

Paszgennte fdaHHbIin oTpe3ok AB Ha n paB-
HbIX 4YacTeMn.

PeweHne.

MpoBegeM M3 TOYKM A nonynpamMyro a, He
nexauwyt Ha npamoin AB (puc. 132). OTNOXUM Ha no-
NynpAMon a paBHble oTpeskn: AAT, AIA2y APANY ...,
AnlAn. CoeanHmm Touyknm Anu B. lNpoBegem yepes TouY-
Kn A A2y ..., Anx npsamble, napannenbHble NPAMOM
ArmB. OHKM nepecekalT 0Tpe3ok AB B Toukax BIYB?2, ...,
Brm1» KoTOpble AenAT oTpe3ok AB Ha n paBHbIX OTpes-

KoB (no Teopeme daneca).

58. CpefHAA NUHUA TPEYrosbHUKa
CpefHeil NUHWEN TpeyronbHUKa HasblBaeT-
CA OTpe30K, COeAUHANLWNIA CepeiuHbl ABYX ero CTOPOH.

Teopema

CpefiHsS NUHUA TpeyronbHWKa, CoOefUHAOLLAS Cepean-
Hbl [BYX flaHHbIX CTOPOH, NapannenbHa TpeTbeill CTOPO-
He W paBHa ee MO/IOBUHE.

[ oKa3aTenbCcTBO.

[Mycte BE — cpepHAa NUHUA TPeyronbHU-
Ka ABC (puc. 133). lNposegem yepes To4ky b npamyio,
napannenbHyt cTopoHe AB. Tlo Teopeme daneca oHa
nepecekaeT oTpe3ok AC B ero cepefiuHe, T. €. COLEPXUT
cpegHiolo nnHuio BE. 3HauuT, cpeaHasa nuHua BE na-
pannenbHa cTopoHe AB.

[MpoBegem Tenepb cpefHww nUHUIK0O bBE.
OHa napannenbHa cTopoHe AC. YeTbipexyronbHUK
AEBE — napannenorpamm. [lo cBoictBy napanne-
norpamma Eb = AEy a Tak kak AE = EB no Teopeme
daneca, 10

EE = \ AB.

Teopema foKa3aHa.
3agaua (55). Pue. 133
JoKaXxnte, 4yto cepefnHbl CTOPOH YeThbl-
pexXyrofibHMUKa ABNAKTCA BepLIMHAMU NapannenorpaMmma.
PelwweHue.
MycTtb ABCB — faHHbIA YeTblIpexyronbHNK
n ey Ey Cy H — cepefunHbl ero ctopoH (puc. 134). OT-
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pe3ok EP — cpegHas nuHua tpeyronbHuka ABC. Tllo-
atomy EP | AC. OTtpesok OH — cpegHaa nuHuMa Tpey-
ronoHuka ABC. lMoatomy OH I AC. NTak, EP | CH,
T. e. npoTuBonexawmne ctopoHel EP n CH uyeTbipex-
yronoHnka EPCH napannenbHbl. TOYHO TaK e [AOKa-
3blBaeTCA MnapanfieNlbHOCTb APYroi mapbl MPOTMBOIEXa-
W MNX CTOPOH. 3HAUYUT, YeTblipexyronbHunk EPCH — na-
pannenorpamm.

59. Tpaneuund

Tpaneunen Ha3blBAETCA YETbIPEXYTO/NIbHUK,
Yy KOTOPOro TO/NbLKO ABe MPOTMBOEXallne CTOPOHbI na-
pannenbHbl. 3TU napanfienbHble CTOPOHbLI Ha3bliBalTCA
OCHOBaHuMAMK Tpaneuwnn. [Be Apyrve CTOPOHbl Ha3blBa-
l0TCS OOKOBbLIMU CTOPOHaMMW.

Ha pucyHke 135 Bbl BuUAUTe Tpaneyuto
ABCI1 ¢ ocHoBaHusmn AB n CIT n 60KOBbIMU CTOpPOHa-
mn BC n Arl.

Tpaneuns, y KOTOPOW OOKOBble CTOPOHbI
paBHbl, Ha3blBaeTcA paBHOOOKOW. OTpe3oK, COeAMHSALD-
WMin cepeinHbl 60KOBbIX CTOPOH, Ha3blBaeTCA CpefHeN
NNHWERN Tpaneyunu.

Teopema

Puc. 134

Cpe,qHFIFl NNHNA Tpaneynn napasnnenbHa OCHOBaHUAM
N paBHa NX MOJAYyCYMME.

[loKas3aTenbLCTBO.

Mycts ABCIT — paHHaa Tpaneuus
(puc. 136). lMNMpoBegem 4yepes BepwnHy B u cepeamHy P
6okoBon cTopoHbl CIT npamyto. OHa nepecekaeT nps-
Myto All B HeKOTOpoi Touke E.

TpeyronbHukn PBC n PEB paBHbl No BTO-
pOMY NPU3HaKy paBeHCTBa TPEYrosibHUKOB. ¥ HUx CP =
= BbP no nocTtpoeHuto, yrnbl Npu BepwnHe P pasHbI



KaK BepTuKanbHble, a yrnel PCB n PBE paBHbl Kak
BHYTPEHHNE HaKpecT nexawune npu napannenbHbIX
npamblx BC n Al un cekywen CO. N3 paBeHCTBa Tpe-
YrONIbHUKOB CriefyeT paBeHCTBO CTOpoH: PB = PE>
BC = EB.

3HauuT, cpegHas nuHua PG Tpaneuun SB-
naeTcsa cpegHeil nuHuMein TpeyronbHuka ABE. o csou-
CTBY cpegHeil nuHun TpeyronbHuka PA T AE n oTpe3ok

=y AE=y (All+ BC).

Teopema pgokasaHa.

3apava (60).

[ oKaxunTe, 4TOo y paBHOOGOKON Tpaneunum yr-
Nbl PN OCHOBaHWUWN pPaBHbI.

PelwweHue.

Mycte ABCO — paBHOGOOKas Tpaneyus
(puc. 137). [okaxem, 4YTO Yrfbl Tpaneynm npu OCHO-

BaHUK CI1 paBHHbI.

[MpoBegemM uyepe3 BepwWHY B npamyro, na- A
pannenbHyto ctopoHe All. OHa nepeceyet nyd MNC B He-
KoTopoun Touke E. YeTbipexyronoHuk ABEB — napan-
nenorpamm. o ceoicTBy napannenorpamma BE = All.

Mo ycnosuto Al = BC (Tpaneynsa paBHob6OKas), 3HaA4uT,
TpeyronbHUK BCE paBHOGeApeHHbIN ¢ ocHoBaHMeM EC.

Yrnbl TpeyronbHuka u tpaneuuun npu sepwnHe C coB-

najgarT, a yrnbl npu BepwmnHax E wu 1 paBHbl KaK CO- Pwuc. 137
OTBETCTBEHHbIE YINbl NPU MNepeceyeHUU napansienbHbiX

npamblix cekyuweir. Moatomy AABC = ABCB. YTBepX-

[leHne [oKasaHo.

Teopema 0 nMponopunoHanbHbIX
oTpe3Kax
Teopema
6.9

MapannenbHble NpsMble, Nepecekarolle CTOPOHbI YIna,
0TCeKaloT OT CTOPOH Yyr/a NPonopLUuoHaibHbie 0TPE3KMU.

[loKa3aTenbCTBO.
[MycTb CTOpOHbLI yrna A nepecekawTcd na-
pannenbHbiMn nNpAMbiMu B Touykax B, C u Bx, Clcoort-

BETCTBEHHO (puc. 138). Teopemoit yTBepXAaeTcs, 4TO
AC.  AB.
AC = AB (*)
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[JoKaxem cHadana paBeHCTBO (*) B cnyuae,
Korga cyuwecTByeT TakoW OTPe30K [A/IMHbI 8, KOTOPbIi
yKnafblBaetcsa uefnoe yncno pas v Ha otpeske AC, N Ha
oTpeske ACX lNMyctb AC = n6, ACl=Tbunun >T. Pa-

300beM 0Tpe3ok AC Ha N paBHbIX 4acTeil (ANuHbI 8).
Mpn 3ToM Touka CXx 6yaeT OAHOM M3 TOYeK AeneHus.

[MpoBefeM 4yepe3 TOUYKW [efieHUA npsamble, napannefnb-
Hble npsmoin BC. Mo Teopeme daneca 3T nNpsmMble pas-
buBalT 0Tpe30K AB Ha paBHble OTPe3KW HEKOTOPOW
AnnHbl 8X Nmeem:

AB = n8ly AB1= T$1
Mbl BUAUM, UTO

ACH T AB2 T

Ac  n " aB n
3HauuT,

ACr ABT

AC AB

4TO W TpeboBasoCb AO0Ka3aTh.
[lokaxxem Teopemy B 06LleM cny4vae (He gNs

3anomMuHaHung). Jonyctum, 4Tto , Hanpumep,
ACr aB X
4yTO ac > aB *
OTNnoXuM Ha nyde AC 0TPE30K

AC2=1g1'A B 1, (puc. 139). Mpu sTom AC2 <ACT. Pa-

300beM 0Tpe3oK AC Ha 60/blIOE YMUC/IO N paBHbIX Yac-
Te N NpPoBeAeM 4yepe3 TOUKU [eneHUa npamMble, napan-
nenoHole BC.

Mpu pocTaTtoyHo 60NbWOM N Ha OTpe3ke
CI1C2 6yayT TOYkuM peneHusa. O603HA4YMM OfHY M3 HUX

yepes Y, a COOTBETCTBYIOLIYH TOUYKY Ha oTpeske AB1

yepex X. llo gokasaHHOMY

AY  AX

AC ~ AB -

3aMeHUM B 3TOM paBeHCTBE BENUYUHY AY
MeHblIen BennunHon AC2, a BenmumHy A X 60/blUein Be-
nnynHon ABX Monyyum:

ACn  ABIL

ac < as?t
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AC
OTcropga AC2< *ABT.

AC
Ho AC2— *cABX Mbl npuwnm K nNpoTUBOPeUUIO.

Teopema JoKa3aHa.

61 [loCTpOoeHMe YeTBepToro
NPoONOpLMOHaNbLHOIo 0TpesKa
3apgava 6.1.
OaHbl oTpe3kn a, b m c. MocTpontb OT-

be
Pe30K X =~ . 0

PelleHue.

Ctpoum no60li Hepa3BepHYTbIN Yron ¢ Bep-
wuHo O (puc. 140). OTknaabiBaeM Ha OJHON CTOPOHE
yrna otpeskn OA = a n OB = b, a Ha Apyroin cCTopoHe
oTpe3ok OC = c. CoeanHsaem Touku J1 m C npsmon wu
NpoBOAMM MapannenbHyto e npamyto BO uepes TOuky
B. OTtpesok OO = 4.

[encTBUTENbHO, MO Teopeme 0 MponopLumo-
HalbHbIX OTpe3Kax

OA oC
0B Ob -

oBOC bec
OA

Takum o6pa3om, oTpe3ok OO ecTb MCKO-
MblA OTPE30K X.

3ameyaHue.

[MOCTPOEHHbIA OTPE30K X Ha3blBaeTCAa 4YeT-
BEPTbIM MPOMNOPLMOHANIbHbIM. 3OTO Ha3BaHMe CBA3aHO C
TeM, UYTO OH SABNSETCA YETBEPTbIM 4Y/I€HOM mnponopuynmu
a:b=c:x

OTtcroga OB =

KOHTpPO/bHbIe BOMPOCHI

Kakasa qurypa HasblBaeTCAa YeTbIPeXYrobHUKOM?

Kakne BeplwMHbl YeTblpeXyronbHNWKa Ha3blBalOTCA cOcCegHMMMU, Ka-
Kne — npoTtumeoiexawmmmn?

UTO Takoe AuaroHanum 4eTblipexyronbHUKa?

Kakne CTOPOHbI YeTblpexyroibHMWKa HasblBalOTCA cocegHummn? Ka-
KMe HasblBalOTCA NPOTUBOMEXALNMN?

Kak 0603Ha4yaeTcsl YeTblpeXyronbHuUK?

o kW DNpe
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10.
11.
12.
13.

14.
15.
16.

17.
18.
19.

20.

Uto Takoe napannenorpamm?

[JOoKaXunTte, 4UTO ecnyn AuaroHaan 4YeTblpexyrosibHMUKa MepecekarT-
CA N TOYKOW MepecevyeHma fLenarcsd nonosam, TO OH sABAAeTCHA na-
pansienorpammom .

[JoKkaXxunTte, 4To AuMaroHanu napannenorpamMmma nepecekarwTCs U
TOYKOW NepecevyeHUs AenaTcs nononam.

[JoKaxnte, 4To y napannenorpamma nNpoTuMBOJieXaline CTOPOHbI
paBHbl, MPOTUBOJIEXALLMNE YI/Ibl PaBHHbI.

YTo Takoe MpAMOYrosibHUK?

[JOoKaxXnte, 4To gmaroHan NpPAMOYro/sibHUKa paBHbI.

UTto Takoe pom6?

[JoKaxnte, 4To AgnmaroHanu pomba nepecekarTcs nog NpsAMbIM yr-
NOM; AuaroHanu pomba ABAAKTCA OGUCCEKTpMcaMu ero yrnos.

Uto Takoe KBagpat? [llepeumcnmTe cBOMCTBA KBajpara.

Jokaxunte Teopemy dPaneca.

[JOoKaXuTe, 4TO CpefHAS NMHNA TPeyrofibHNUKa paBHa NoOSI0OBUHE CO-
OTBETCTBYHOLLEN CTOPOHbLI.

Kakol 4YeTbipexyrofibHUK Ha3blBaeTca Tpaneyunen?

Kakasa Tpaneuunsa HasbiBaeTCsi paBHOOOKON?

JOoKaXXnTte, 4To CpefHAA NMHMA Tpaneuuum paBHa Moaycymme OcC-
HOBaHWMN.

[JOoKaXunTe Teopemy O NMPONOPLMOHANbHLIX OTpe3Kax.

3afayu

MyHKT 50

Ha puc. 114—116 npeacTtaBneHbl 3 pUrypbl, Kaxaasa n3 KoTopblX
COCTOUT U3 4 TOoYeK W 4 nocnepoBaTesibHO COEAUHAKLWUX WX
O0Tpes3koB. Kakas M3 qpuryp ABnsaetcs YeTblpPexXyroibHUKOM?
[MoCTpoiNTe KaKON-HUOYAb 4YeTblpexyronbHuUkK P("K8. Y KaxuTte ero
npoTuBonexawmne CTOPOHbl N BEPLUUHBI.

CKO/IbKO MOXHO NOCTPOWUTL NapannenorpammoB C BepliMHamMu B
Tpex 3aflaHHbIX TO4YKax, He fnexawmx Ha ofHoW npaAmon? Tlo-
CTpouTE MX.

BokoBasi CTOpOHa paBHOOEAPEHHOro TpeyrosbHMKa paBHa 5 m. U3
TOYKM, B3ATOW Ha OCHOBAHMWW 3TOr0 TPeyrosbHWUKa, NPOBEAEHbI [Be
npaMble, napanfefibHble G60KOBbIM CTOpOHam. Haigute nepumetp
noNy4ymBLLEeroca napannenorpamma.

LJoKaXnte, Uto y 4yeTblpexyrosibHMKa, ONUCAHHOI0 OKO/I0 OKPYX-
HOCTU, CYMMbl NMPOTUBONEXALWMNX CTOPOH PaBHbI.

[MyHKT 52

1) PaccTossHMS OT TOYKM MepecevyeHUs AmaroHanei napanneno-
rramMma [0 OBYX €ro BepWwWH paBHbl 3 cM U 4 cmM. Uemy paBHbI
PacCTOAHNUA OT Hee A0 ABYX APYruMx BepwmnH? O6BACHUTE OTBET.
2) Yepe3 TOUKYy nepecevyeHUd fpuaroHanen napannenorpamma npo-
BefleHa npamas. [OKaXuTe, YTO OTPE30K ee, 3aK/NHUYEHHbIN MeX-
oy napanniefibHbIMW CTOPOHaMM, AENUTCA 3TOW TOYKOW nononam.

'/eT bipexyra.lbHUKM
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23.

B napannenorpamme ABCB uepe3 TOUKY nepecevyeHus anaroHasnem
npoBefeHa npamas, KoTopas oTcekaeT Ha cTtopoHax BC un AB oT-
peskm BE = 2 m n AP = 2,8 m. Hangute ctopoHsl BC n AO.

[MYyHKT 53

Y napannenorpamma ABCO AB = 10 cm, BC =15 cm. Yemy paB-
Hbl cCTOpOHbI AO 1 CO? O6BACHUTE OTBET.

Y napannenorpamma ABCO AA = 30°. Yemy paBHbl yrnel B, C,
0O? O6bACHWUTEe OTBET.

MepumeTp napannenorpamma ABCO paBeH 10 cm. Haigute anu-
Hy AnaroHanun BO, 3Hada, 4To nepumeTp TpeyronbHnka ABO paseH
8 cM.

OAvH 13 yrnoe napannenorpamma paseH 40°. Haingurte ocTtanbHble
yrnbl.

Hangute yrnbl napannenorpamma, 3Has, 4To OAWH U3 HUX 00b-
Wwe gpyroro Ha 50°.

MoXXeT 1M oAnH yron napannenorpamma 6biTb paBHbIM 40°, a Apy-
rom — 50°?

OnaroHans napannenorpamma obpasyeTr C ABYMA €ro CTOPOHamu
yrnbl 25° n 35°. Hangute yrnel napannenorpaMmma.

HaihgnTe Bce yrnbl napannenorpamMmma, ecinm cymma ABYX M3 HUX
paBHa: 1) 80°; 2) 100°; 3) 160°.

HainguTe BCe yrnbl napannenorpamma, ecim pasHocTb ABYX M3 HUX
paBHa: 1) 70°, 2) 110°; 3) 140°.

B napannenorpamme ABCB Touka E — cepefuHa cTopoHbl BC, a
P — cepeanHa cTopoHbl AB. [JOKaXuTe, YTO YeTbipexyrosbHUK
BEBEP — napannenorpamm.

JOoKaxunuTte, 4To €C/AN Yy 4YeTbipexyrolbHWUKa ABe CTOPOHbLI Naparn-
NeNibHbl M paBHbI, TO OH ABNSAETCA MapanienorpaMmMmom.

B napannenorpamme ABCB npoBegseHa 6uccektpuca yrna A, KoTto-
pada nepecekaet ctopoHy BC B Touke E. Yemy paBHbl oTpe3kn BE
n EC, echm AB = 9 cm, AB = 15 cm?

[lBe CTOpOHbI napannenorpamma OTHOCATCA KakK 3:4, a nepumeTp
ero paBeH 2,8 M. Hailnaute CTOPOHbI.

B napannenorpamme ABCB nepneHankynsap, onyuweHHbIA M3 Bep-
WWHbl B Ha cTopoHy AB, genut ee nonosam. Haingute guaroHanb
BB © CTOpOHbLI napannenorpamma, eciiM M3BECTHO, UYTO MepumeTp
napannenorpamma paseH 3,8 M, a nepumeTp TpeyronbHuka ABB
paBeH 3 M.

[MocTpoinTe nmapannenorpaMmm:

1) no ABYM CTOpOHam W AuaroHasnmu;

2) N0 CTOPOHE W ABYM AMaroHanam.

[MocTpoiTe mapannenorpamm:

1) no ABYM CTOpPOHam W yray;

2) No AvaroHanaM u yrny Mexay HUMMU,
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[MyHKT 54

JoKaxuTe, 4To ecnn y napannenorpamma BcCe Yrnbl paBHbl, TO OH
ABNAETCA NPAMOYIO/IbHUKOM.

[JoKaxunTte, 4To ecnu B napannenorpaMmme XoTs 6bl O4UH Yron nps-
MOW, TO OH ABNSETCA MPAMOYTrOJIbHUKOM.,

JoKaxuTte, 4Yto ecnn y napannenorpamma juaroHanu pasHbl, TO
OH ABNAETCA MNPAMOYTO/IbHUKOM.

BeTOHHasa nauTa ¢ NPAMOMIMHENHBIMU KpasgMu LO/DKHA UMEeTb op-
MYy npaMoyronbHuka. Kak npu nomouiy 6eyeBKM MPOBEPUTbL Mpa-
BUNBbHOCTb (DOPMbl NANTHI?

buccekTpuca 04HOro M3 YrnoB NPAMOYTro/ibHUKA [AENUT CTOPOHY
NpAMOYronbHMKa nononam. Hangute nepumeTp NPAMOYronbHUKa,
eC/N ero MeHbllaa CcTOopoHa paBHa 10 cwm.

B npaAMoOyrosibHMKe Touyka MepeceyeHUs fAmaroHaneim OTCTOUT OT
MEHbLUEN CTOPOHbI Ha 4 CcM fanblle, 4eM OT OOMblUEA CTOPOHbI.
MepumeTp NpAMOYrosbHUKa paBeH 56 cm. HalguTte CTOPOHbI Nps-
MOYTO/NbHUKA.

N3 0gHOM TOYKM OKPYXKHOCTW MPOBEAeHbl [ABe B3aMMHO MeprneHAn-
KYNAapHble XOpAbl, KOTOpble YypasneHbl OT UeHTpa Ha 6 cM U
10 cm. Hangute nx ANWHBI,

B NpsAMOYrofibHbIA TPeyronbHUK, KaXAbli KaTeT KOTOPOro paBeH
6 cM, BNMcaH NPAMOYrO/ibHUK, MMEKLWMNA C TPeyroabHMKOM 006-
wuin yron (puc. 141). Hangnte nepumeTrp NPAMOYronbHUKa.

B paBHOGeApeHHbI NPAMOYTO/ibHbIA TPEYrolbHUK BNUCaH MNpPAMO-
Yro/IbHUK TaK, UYTO ABe ero BeplWHbl HaxoAATCA HAruMnoTeHyse,
a [Be Apyrme — Ha kKatetax (puc. 142). Yemy paBHbl CTOPOHGI
NPAMOYTo/ibHUKaA, €CNU WU3BECTHO, YTO OHM OTHOCATCA KaK 5:2, a
rmnoTeHy3a TpeyronbHUKa paBHa 45 cm?

MYHKT 55

[JoKaXunTte, 4to ecnu y napannenorpamMmma AuaroHann neprneHin-
KYNApPHbI, TO OH ABMAETCA POMOOM.
JOoKaxXnte, 4To ecnum fuaroHanb napanne-
norpamMmma fBnsieTca OGUCCEKTPUCOW ero yr-
NOB, TO OH SABNAETCA POMOOM.

Yrnbl, obpasyemble guaroHanamuy pomba c
OAHON N3 ero CTOPOH, OTHOCATCA KakK 4:5.
Haingute yrnol pomo6a.

JOoKaxXnte, 4TO YeTblPEXYTO/IbHUK, Y KOTO-
POro BCe CTOPOHbI PaBHbI, ABASAETCA POMOOM.
B pomb6e ogHa M3 AnaroHanen paBHa CTOPO-
He. Hangute yrnbl pomo6a.

MocTpoiTe pom6: 1) Mo yray v avaroHanm,
ncxoasllein M3 BepPWMWHBbI 3TOro yrna; 2) no
AnaroHanu v NpoTuUBONEXalwemy yray.
MocTponTe pom6: 1) MO CTOPOHE M AMaroHa-
nn; 2) No ABYM AuMaroHanam.
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CpepHsAs nuMHMA paBHOOepeHHOro TpeyrosibHWKa, napanienbHas
OCHOBaHuIO, paBHa 3 cM. HalpguTe CTOPOHbI TPeyrosbHWKa, ec/u
ero nepumeTp paseH 16 cwm.

KaK nocTpouTb TPeyrosibHUK, ecnu 3agaHbl CepefuHbl ero CTOpPoH?
JoKaXxuTte, UTo BepLIMHbLI TpeyrosibHMUKa paBHOYyAaneHbl OT nps-
MOW, NMPOXoAslLeld yepe3 cepefuHbl ABYX €ro CTOPOH.

JOoKaXute, 4To cepefuHbl CTOPOH YETbIPeXYrosibHNUKa ABNAKOTCA
BepWwWKMHamMK napannenorpamma.

HaliauTe cTOpOHbI napannenorpamma M3 npefbligywiein 3agayu, ec-
NN N3BECTHO, 4YTO [AuaroHanu 4yeTbipexyronbHuka pasHbl 10 ™
n 12 m.

Y 4yeTblpexyrosibHMKa guaroHann paBHbl a u b. Hangnte nepumeTp
yeTblpexXyronbHMUKa, BepWMHaMWU KOTOPOro fABNAKOTCA CepefuHbl
CTOPOH AaHHOr0 YeTbipexyrofibHuKa.

JoKaxunuTe, 4To cepefuHbl CTOPOH NMPAMOYTO/ibHUKa ABNAKTCA Bep-
lWnHaMmn pomba. M1 HaobopoT, cepefuHbl CTOPOH pomba SABSAKTCH
BepwmMHaMuM NpAMOYronbHUKaA.

MyHKT 59

BokoBas cTopoHa Tpaneuuun pasfefsieHa Ha TPpU paBHble YacTu U K3
TOYeK [efleHna NpoBefeHbl K APYron CTOPOHe OTpe3Ku, napanfefb-
Hble OCHOBaHWAM. HahguTte OAWHBLI 3TUX OTPE3KOB, €CNU OCHOBa-
HUA Tpaneuun paBHbl 2 M U 5 M.

[ oKaxute, 4to y paBHOOGOKOW Tpaneyuwn yrfibl NpU OCHOBAHWUU
paBHbI.

YUeMy paBHbl Yrfibl paBHOOGOKOW Tpaneuwuu, ecninm WN3BECTHO, YTO
pasHOCTb MpOTMBONEXawmnx yrnos pasHa 40°?

B paBHOGOKOI Tpaneuuun 60Sbllee OCHOBaHWe paBHO 2,7 M, 6OKO-
Bafd CTOpOHa paBHa 1 M, yron mexpgy Humu 60°. Hahgute MeHb-
LLiee OCHOBaHMe.

B paBHOGOKOW Tpaneyuu BbiCOTa, MPOBEAEHHAA U3 BEPLWUHBI Tyno-
ro yrna, penut 6o0sbliee OCHOBaHMe Ha OTpe3kn 6 cm u 30 cwm.
Haingute ocHoBaHMA Tpaneyuu.

MeHbllee OCHOBaHWe paBHOGOKOW Tpaneyuunm paBHO OGOKOBOM
CTOPOHE, a pAuaroHanb nepneHAUKynApHa 60KOBOM CTOpPOHe
(puc. 145). HanguTe yrnbl Tpaneyuu.

Mo ogHY CTOPOHY OT NPSAMON a AaHbl ABe TOYKM A 1 B Ha paccro-
AHMAX 10 M 1 20 M OoT Hee. HangnuTe paccTtosHue OT cepeAuHbl OT-
peska AB po npsamoin a.

Mo pa3Hble CTOPOHbLI OT NPAMOW a fAaHbl [Be

TOYkKM A n B Ha paccTtoaHuax 10 cm n 4 cm

OT Hee. Hangute paccTosHue OT CepeauHbl

oTpe3ka AB pgo npamon a.

OcHoBaHMA Tpaneuun OTHOCATCA KaK 2:3, a

cpefHAA NUHWUA paBHa 5 M. Haigute ocCHO-

BaHMA.
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KoHUbl AnameTpa yaaneHbl OT KacaTe/lbHOWM
K OKpy>XHocTn Ha 1,6 m n 0,6 m. Haingute
ANIUHY aunameTpa.

CpefHaa nuHue Tpaneuum 7 CM, a OLHO U3
ee OCHOBaHW 60nblle ApPYyroro Ha 4 cwm.
Haingute ocHoBaHMA Tpaneyuu.

BbicoTa, npoBefeHHas U3 BEPLIMHbI Tynoro
yrna paBHo6OKOW Tpaneuun, AennT 60/b-
LLee OCHOBaHME Ha 4YacTu, UMerlime 4NHbI
aun b (a>b) Hangnte cpefHO0 NUHUIO
Tpaneuuu.

MocTpoliTe Tpanewunto No OCHOBaHMUSAM U 60-
KOBbIM CTOpPOHaMm. Puc. 146
[MocTpoiTe Tpaneyuto No OCHOBAHUAM W AWU-
aroHansm,

MyHKT 61
HdaHbl oTpe3kn a, b, ¢, (1, e. MocTpoliTe OTPE30OK X =

1) B TpeyronbHuke ABC nposefeHbl meanaHbl AAXu BB, KOTO-

pble nepecekawTcs B Touke M (puc. 146). B TpeyronbHuke AMB

npoBefeHa cpefHAa NUHNA Pg. [JoKaXunTe, 4YTO YeTbIpexyrofibHUK
— napannenorpamm,

2) [LOKaXXuTe, YTO Nt06bIE ABe MefMaHbl TPeyrosbHNUKa B TOYKe ne-

peceyeHuUsa AenATCA B OTHOWEHUN 2:1, cuNTasd OT BepLUMUHBI.

3) [ oKaxute, 4To BCe TPWU MeAMaHbl TPeyrosibHMUKa NepecekarTCH

B O4HOWN TOuKe,.

Teopema lNMudaropa

KocunHyc yrna

KocuvHycOM OCTpOro yrnaa npAaMOYyrosibHoro
TPEyrojibHMKa Ha3blBaeTCd OTHOLWWEHNE NPU-
nexawero Kateta K r’mnoTeHyse.

KOCI/IHyC yrna a o603HavyaeTca TaK: coe a.

Ha pucyHke 147 noka3aH MPAMOYrO/ibHbIA TPeyrob-
HUK ABC ¢ yrnom A, paBHbIM a. KocuHyC yrna a pa-
BeH OTHOWeHNO KaTteTa AC, npunexawero K aTomy yr-
ny, K runoteHyse AB, T.e.

AC

coBa = AB
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Teopema

KocuHyc yrna 3aBUCUT TONbKO OT rpafyCHOW Mepbl
yrna n He 3aBUCUT OT PacrnonioXXeHus u pasMepoB Tpe-
YrofbHUKA.

9T0 03HaYaeT, 4YTo Yy [ABYX MPAMOYrO/bHbIX
TPeYroNbHUKOB C OAHUM U TeM e OCTPbIM YrNOM KO-
CUHYCbl 3TOr0 yrna paBHbI.

[loKa3aTenbCTBO.

Mycte ABC un A'B'C' — [Ba npamMoyro/ib-
HblX TPeYrosibHMKa C OAHMM W TEM Xe Yrnom npu Bep-
WwuHax A n A', paBHbiM a (puc. 148). TpebyeTca foka-

3aTh, UTO -o-= -25
’ A'B* AB
MocTpoum TpeyronbHUK ABXC  paBHbIN CrC
TpeyronbHuky A'B'C', Kak Mnoka3aHO Ha pucyHke 148.
Tak kak npamble BC n BIC1 nepneHAUKYNapHbl npa-
Mot AC, TO OHM napannenbHbl. 1o Teopeme 0 nponop-
LMOHaNbHbIX OTpe3Kax
AC, AC
ABN AB
A TakK Kak no noctpoeHunto ACX=AC', ABX= AB', T0O Puc. 148
A'C’ AC
AB' ~ AB’

Teopema foOKa3aHa.

63. Teopema lMundgaropa
Teopema (Mudaropa)

B npAMOyrosbHOM TpPeyrosibHMKe KBagpaTt rMnoTeHysbl
paBeH CyMME KBagpaTOB KaTE€TOB.

[ 0Ka3aTenbLCTBO.

Mycte ABC — [faHHbIA NPAMOYTO/bHbIN
TpeyronbHukK ¢ npambim yrnom C. [MpoBefeM BbICOTY
CIl n3 BepwunHbl npamoro yrna C (puc. 149).

[MTo onpepeneHN0 KOCMHYyca yrna cos A =

= . Otciopa AB « AO = AC2. AHanornyHo
AC AB A Puc. 149

Tropema Mu daropa



_ B> BC _
coB B= z. g Ortcioga AB «BB = BC2 Cknagbl-

Basd MOJIyYeHHble paBeHCTBa MOYNEHHO M 3amMeyas, 4To
AO + UB = AB, nonyuyum:
AC2 + BC2=AB (AO + OB) = AB2
Teopema pgokasaHa.
N3 Teopembl lNMudgaropa crnegyer, yuTto

B NMPAMOYro/ibHOM TpPeyrofibHWKe N60 M3 KaTeToB
MEHbLUE TUMOTEHY3bI.

OTcloaa, B CBOK ouepefb, ChedyeT, uTo
cos a < 1 anga nwo6oro ocTporo yrna a.

3apava (11).

Halgnte meamaHy paBHOOGeApPeHHOro Tpe-
YroflbHWKa C OCHOBaHMEM a WU OOKOBOW CTOPOHON 6,
NPOBeAeHHY K OCHOBaHMUIO.

PelleHue.
Mycte ABC — paBHOGEAPEHHbIN TPeyrosb-
HWK C ocHoBaHuem AB n CI1 — ero mejmnaHa, npose-

AeHHas K ocHoBaHuio (puc. 150). Kak Mbl 3Haem, Mme-
AnaHa paBHOGeApPEHHOro TpeyrofibHMKa, NpoBefeHHas K
OCHOBaHWIO, ABNSIETCA BbICOTOW. [103TOMY TpPeyronbHUK
ACTT npsAMOyronbHbIA ¢ npaMbim yriaom I, o Teopeme
Mundaropa

AT2+ Cl2=AC20 0 2+ ClN2= b2,

OTcropa

co

64. ErmneTckuin TpeyrosibHUK

3agava (17).

[JoKaXnTte, 4TO eCNn TPEyrosibHUK WNMeeT
CTOPOHbLI a, b, ¢ U a2+ b2 = c2, TO y Hero yron, npo-
TUBONEXALLNIA CTOPOHE CY NPSIMOIA.

PelwweHune.

Myctb ABC — faHHbI TPEYronbHUK, Yy KO-
Toporo AB = G/ AC = a, BC = b (puc. 151). NMocTpo-
MM NPAMOYTO/ibHbIA TpeyrofbHUK AIBIC1 ¢ kateTamu
AlICl1 =a un BIC1 = b Mo Teopeme lMudaropa y Hero

rmnoteHysa AB1l="a2+b2 =c. Takum obpasom, Tpe-

Muparop — apeBHe-
rpeyYecKnii yyeHbli

(VI B. o n. 3.

Pnc. 150

Puc. 151
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yronbHuUKn ABC n AIBB1C1 paBHbl N0 TpeTbeMy MpPU3Ha-

Ky. M3 paBeHcTBa TPeyronbHWKOB CneayeT, UYTO Yron
TpeyronbHuka ABC npu BepwmnHe C npaMon.

3emnemepbl ApesHero Ermnrta 4na nocrtpoe-
HWS MPAMOro yrna nofb30BajiUCb CAeAyHLWMUM Mpu-
eMoMm. beuyeBKy y3namu fenunm Ha 12 paBHbIX 4YacTei
M KOHLbl CBA3biBanu. 3aTteM 6e4yeBKY pacTArMBasm Ha
3emfe TakK, 4YTO nojay4yasnca TPeyrosibHMK CO CTOpPOHaMu
3, 4 n 5 pgeneHnn. Yron TpeyronbHWUKa, NPOTUBO-
nexaw,\min cTopoHe Cc 5 peneHuaAMu, OblT MNPAMOMN
(32+ 42=52).

B cBfA3M C yKaszaHHbIM Ccnocobom MocTpoe-
HUA NPAMOro yrfaa TPeyrosibHUK co CToOpoHamu 3, 4 u
5 efl. MHOTAa Ha3blBAKOT ErMneTCcKuUM.

65. llepneHANKYNAP WU HaK/IOHHas

Mycte BA — nepneHanKynsap, OnyuweHHbI
U3 Toukn B Ha npamyto a, 1 C — nobagd Touka npa-
Mo a, oTnmyHad oT A. OTpe3ok BC HasbiBaetcs
HaK/IOHHOW, MNpOBeAeHHON M3 TOYKM B K npaAmon a
(puc. 152). Touka C HasbiBaeTCA OCHOBAHWEM HAaK/IOH-
Hoil. OTpe3ok AC Ha3blBaeTCA MpPOeKLnenl HaKIOHHOW.

N3 Teopembl MNMudaropa cnegyet, yTo

ecnn K npAMoi M3 O4HON TOYKM NPOBEAEHblI NepneHAu-
Kynap W Hak/JOHHble, TO Nt06asa Hak/oHHaa Gonbue
nepneHAnMKynapa, paBHble HaK/OHHbIE MMEKT paBHbIE
NPOeKUnmn, U3 ABYX HAKNOHHbIX 60MblUe Ta, Y KOTOPO
npoekums 6onbLue.

[enctButensHo (cMm. puc. 152), no Teopeme
Mndaropa

AB2 + AC2 = BC2

OTcrofa sugHo, 4to BC > AB. lpun gaHHOM
AB uem 6onbwe AC, Tem 6onble BC.

3apava (19).

Ha cTtopoHe AB TpeyronbHnka ABC B34Ta
Touka X. [ oKaXwute, 4To 0Tpe3ok CX MeHblWe Mo
KpaiHein mepe ogHoi n3 ctopoH AC unu BC.

PewweHne.

MpoBenem BbicoTy CB TpeyronbHuka. B nio-
6om cnydae oTpe3ok OX meHbwe nnbo AO (puc. 153, a),
nn6o BO (puc. 153, 6). Mo CBONCTBY HAK/IOHHbIX, MPO-
BEleHHbIX W3 O4HOW TOYKW, cnefyet, 4To 0oTpe3ok CX
MEeHbLUEe MO KpanHeiln mepe O4HOro U3 oTpe3kos AC nnu
BC. Yto n TtpeboBanochb AoKa3saThb.
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HepaBeHCTBO TpeyrosibHMKa

Ecnn Toukn A n B pasnuuHbl, TO pacctod-
HUEM MEXAY HUMU Ha3blBaeTca A/IMHa oTpe3ka AB. Ec-
nn Toukn A n B coBnapgatoT, TO paccToaHue MeXAy HU-
MU NPUHUMAETCA PaBHbIM HYJHO.

Teopema (HepaBEHCTBO TPeyrofibHMKa)

WA A W ad sl AW W W g0 i wi i
KakoBbl 6bl HWU ObIW TPWU TOUKW, PacCTOAHUE MEXAY
NO6bLIMN ABYMSA M3 3TUX TOYEK He 60/blUe CYyMMbl pac-
CTOAHUW OT HUX [0 TPeTber TOYUKMU.

5 JTO 3HAUUT, 4TO KaXKAoe M3 3TUX paccTof- a)
HUW MEHbLUE CYMMbl WU pPaBHO CyMMe ABYX APYrux.
[ oKa3aTenbCTBO.
Myctb A, B, C — Tpu paHHble Touku. Ec-
NN ABe TOYKM U3 TPexX WUAM BCe TPW TOUYKW COBMajatoT,
TO YTBEPXAEHME TeOopeMbl 0YEeBUAHO.
Ecnu BCe TOUKM pasnNyHbl N nexaT Ha of-
HOW NPAMOM, TO OAHA W3 HUX NEXUT MexAy ABYMS
apyrumn, Hanpumep B. B atom cnyuyae AB + BC = AC.
OTcroga BUAHO, 4YTO KaxXpgoe M3 Tpex pacCTOAHUNA He
6onblle CyMMbl ABYX APYTUX. 6)
JonycTum Tenepb, YTO TOUYKW He fexaTt Ha
ofHoW npsamon (puc. 154). Ookaxem, 4yTto AB < AC +
4+ BC. Onyctum nepneHaunkynap CI1 Ha npamyo AB.
Mo gokasaHHomy AB < AIll + BIl. N Tak Kak All < AC
n BN < BC, To AB < AC + BC. Teopema gokasaHa.
3aMeTuM, 4TO B C/aydyae, KOorfja TOUYKM He
neXxat Ha OAHOW NMPAMOWN, B HEPABEHCTBE TPEYrosibHU-
Ka CcTporoe HepaBeHcTBO. OTCloga cnefyet, 4yTo

B N0OOM TpeyrosbHUKe Ka)kjas CTOPOHa MeHblle CyM-
Mbl [BYX APYTUX CTOPOH. Puc. 154

3apava (23).

JoKaxunTte, 4To nobad xopga OKPYXHOCTK
He 60/blle gnameTpa U paBHa AMaMeTpy TONIbKO TOrpAa,
Korga cama ABffeTca AMaMeTpoM.

PeweHune (puc. 155).

Mo HepaBEHCTBY TPeyrofibHUKa

AB < OA + OB = 2B,

npuyem ecnu UeHTp O He NeXUT Ha oTpe3ke AB, To He-
PaBEHCTBO CTporoe. PaBeHCTBO MMeET MECTO TO/bKO
B CNnyyae, KOrja xopAa npoxoauT yepe3 LEeHTp, T. €. sB-
naeTca AnameTpom.
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67. COOTHOLWEHNA MeEXAYy CTOpOHaMWU

N yrnamum B npsAMoyrosibHoOMm

TPeyrosibHuUKe

Myctb ABC — npAMOYro/ibHbIiA Tpeyronb-
HUK C NpambiM yrnom C u OCTPbIM YrioM MNpU BepLUu-
He Ay paBHbIM a (puc. 156). CornacHo onpefeseHuto
Coe a paBeH OTHOLWEHWK KaTeTa, NMpunexawero K yr-
ny a, K TMnoTeHy3e.

CuHycom yrna a (obo3Havyaetcs 3T a) Ha-
3blBa€TCA OTHOLWIEeHMEe npoTuBONexawero kateta BC

K runoTeHyse AR BT a = 34r.

TaHreHcom yrna a (0603HavaeTcs a) Ha-
3blBAeTCSA OTHOWEHWE MpoTuUBONEXawero kateta BC

K npunexawemy katety AC: =5°

CUHYC M TaHreHC yrna, Tak XXe KakK WU KOCUHYC, 3aBWu-
CAT TONIbKO OT BEMIMUYUHBI Yyrna.
[OencTBuUTENbHO, NO TeopeMe lMudaropa
BC="AB2—AC2.

BC
Mo onpegeneHnio 3Ta = ,p

YaB2- AC2

8wa AB oe a

Tak Kak coe a 3aBUCUT TONbKO T BE/IMYNHBI yrna, TO U
gif1 a 3aBUCUT TONLKO OT BENYUHBI YINa.

BC
Mo onpepeneHuio a .Pasgenum yuc-

NUTenbL U 3HameHaTtenb Ha AB:

BC AC alla
AB AB coBa

3HauuT, a 3aBUCUT TONMbKO OT BEMYUHbLI yrna.
N3 onpeaeneHus Tl a, co3 a U a Nony-
yaeM creayoline npasuna:

KateT, npoTuBonexauwuii yrny a, paBeH npoussefe-
HUK TUMNOTEHY3bl Ha 3l a.

KaTeT, npunexawmuii K yrny a, paBeH NpoW3BefleHMIO
FMMNOTEHY3bl Ha COE a.

KaTeT, npoTuBonexauiuit yrny a, paBeH npousBseje-
HUI BTOPOro KaTeTa Ha a.

89

Puc. 156
a—cBLWa
b- ccoBa
a=blea
Puc. 157
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AT npaBusia MO3BONAKT, 3HaA Of4HY U3
CTOPOH MPAMOYTO/IbHOTO TPeyrosibHWKa U OCTPbIA yron,
HaxoAuTb [Be APYrve CTOPOHbI; 3Had ABe CTOPOHbI, Ha-
X0AUTb oCTpble yrabl (puc. 157).

3apava (47).

B npAMOYronbHOM TpeyronbHuUKe fAaHbl TU-
NOTEHY3a C W OCTpbIA yron a. HanauTe KaTeTbl, WX
MPOeKUUM Ha TUNOTEHY3Y W BbICOTY, OMYLEHHYK Ha
TMNOTEHY3Y.

PeweHune (puc. 158).

AC = AB coe a = c coe a;
BC = AB silla = ¢ s8ill a;
Bl = BC silla = ¢ 8il2a;
AO = AC coe a C coe2a;

CIlT = AC silla

Ans BwW a, coB a u a COCTaBNeHbl cre-
UuanbHble Tabauubl. 3TN Tabnuubl NO3BOJIAKOT NO AaH-
HOMY Yrny a HaWTu BW a, COB a W a UM no 3Ha-
yeHnam s8ill a, cos a, a HaMTU COOTBETCTBYHOL NI
yron. B HacTosuee Bpema A1 3TOMN Lennm 06bIYHO Npu-
MEHAT MUKPOKaNbKYNATOPbI.

c sif1a coe a.

68. OCHOBHbIe TPUTOHOMETPUYECKUNE

TOX/ecTBa
OAHO TOX/[ECTBO Bbl Y)Xe 3HaeTe:

ala
Y = <oz

[JoKaXxeMm cnepyrouime ToXAecTBa:
BTZ2a + coB2a= 1,

1 -1 1
coe’a 1%a  3T?a
Bo3bmem N060A NPAMOYTONbHbIA TPEyronb-
HWK ABC c yrnom npu BepwunHe A, paBHbIM a
(puc. 159). Mo Teopeme Mudaropa BC2 + AC2 = AB2
Pasgenum obe yactu paBeHcTBa Ha AB2. lMo-

1+ a=

NYyYnNM:

BC : AC
Ho =8Ta, = coBa. Takum obpa-

30M, Bw?2a + coB2a = 1.
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JTO paBeHCTBO eCTb TOXAecTBO. OHO BepHO
Ana no6boro ocTporo yrna a.

UTo6bl NONYUYNTb BTOPOE TOXAECTBO, pa3fe-
nuM 06e YacTu MNONYYEHHOro TOXAecTBa Ha Coe2 a.
Monyynm:

silP a

co32 a

+1 —'  nam 1+ = — =

CO03 a coe a
Ecnu 06e yacTu ToxpaecTBa AN a + coe a =1
pas3gennTb Ha 3T 2a, TO NOAYYUM TpeTbe TOXAECTBO:

1 1

BT2a

1+

3HayeHne 3TUX TOX[AECTB 3aK/k4yaeTca B
TOM, YTO OHM MO3BOJIAKOT, 3HAA OAHY U3 BE/IMYUH BT a,
COB a UMK a, HanTu aBe Apyrue.

3apava (63).

Bbluncnnte 3HauyeHMs Bla WU ecnu

coBa =
13

PeweHwue.
TakK Kak BTZ2a + coB2a = 1, TO

— - N1 _ = ’

gilMa = VI - coB2a ="1 =TI Puc. 160
3Ta 12
co3a

69. 3HayeHUA cMHYyca, KOCUHYca
N TaHreHca HeEKOTOPbIX YI/0B

Teopema

Ana noboro ocTtporo yria a
811 (90° - a) = coe a, coB (90° —a) = BT a.

[loKa3aTenbLCTBO.

Mycte ABC — npsAMOYrosibHbIA TPeyroJsib-
HUK C OCTpbIM yriom a npu BepwwuHe A (puc. 160).
Torga ocTpbii yron npu sepwuHe B paeeH 90° - a. llo
onpeaeneHno

BC AC
91Ma=1in~"C8a =-X "’
811(90° - a)=KB , coB (90° - a) AB 7
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3 BTOPOro u TpeTbero paBeHCTB MoO/yya-
em 811 (90°— a) = coe a. 3 nepBoro M YeTBepToro
paBeHCTB nonydaem coe (90°— a) = 3w a. Teopema
fOKa3aHa.

Haifjem CcuUHyC, KOCMHYC W TaHreHc yrna
45°, Ons 3TOro MNOCTPOUM MNPSAMOYrO/bHbIN TPeyrofb-
HWK C ocTpbIM yrnom 45° (puc. 161). BTtopoi ero oct-
pblA Yron ToXe paBeH 45°, NO3TOMY TPeyroJibHUK pas.-
HoGeApeHHbIN. TlyCcTb KaTeTbl TPeyroJibHWKa paBHbI a.

Mo Teopeme Mudaropa rmnoteHysa o6yaer a42 . Haxo-
AUM:

gin4s =2 =21 =Y
ay2 \2 2
cogas = O 1. Ve

HaiigeM CWMHYC, KOCMHYC W TaHreHc yrna
30°. Bo3bmeM paBHOCTOPOHHWIA TpeyronbHUK ABC
(puc. 162). MNposegem B Hem MeauaHy AH. OHa 6yaet
buccekTpucoin n BbICOTON. Mo3aToMy TpeyronbHUK ABH
MPAMOYTO/IbHbIA C OCTPbIM YI/1IOM NMPW BepwnHe A, pas-
HbiM 30°. TlycTb a — CTOpPOHa PaBHOCTOPOHHEro Tpe-

yronoHuka. Torga BH :;‘ Mo Teopeme Mudaropa

an3
AH=4aB2—BH2="a2- (0
3HauuT,
BT30e=y :a=y , A
co3 30”=i/\-?’_-a= "3 Puc. 161
2 2
wn30° 1 V? 1 V?
1* 3 0 = co830B 2 2 V?
Tak Kak 8gna = coe (90° - a), 70
Y»
81re60° = 0B 30°= —
C0860° =81130°=y |,
A
coB 60 Puc. 162
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70. N3mMeHeHMe cUHYyca, KOCUHYcCa
N TaHreHca Npu Bo3pacTaHUK yrna

Teopema

Mpwn BO3pacTaHMWM OCTPOro yrnia aT a u (4 a Bo3pac-

TalT, a coa a ybObIBaerT.

JloKa3aTenbCTBO.

[MycTb a M p — OCTpble YrAbl, MNpPUYEM
a < p. OTNOXWM yrabel a u p ot nonynpamoin AB B ofi-
Hy nonynnockocTb (puc. 163). lNpoBegem 4yepes TOUKY
B npamyto, nepneHaukynapHyto AB. OHa nepecekaer
CTOPOHbLI Hawux yrnos B Toukax C wn T1.

Tak Kak a < p, T0 Touyka C nexuT mMexay
Toykamu B u IX Tostomy BC < BO. A 3HauuTt, no
CBOMNCTBY HAK/MOHHbIX, MPOBELAEHHbIX U3 OAHON TOUKU K
npamoin, AC < AB.

7)

Tak  kak coaazﬁ

AC '

coa a > coa p, T. e. NpU BO3pacTaHUU yrna KOCWUHYC
ybbiBaerT.

oo AB
coap=-1rr, 1O

Puc. 163

Tak Kak aTa =  —€oa2a , a coa a ybbl-
BaeT Mpu BO3pacTaHUW yrna, To aT a BO3pacTaert.

aTa
Tak Kak bea= co8a W aT a BO3pacTaeT, a

coa a y6bIBaeT Npu Bo3pacTaHUK a, TO a Bo3pacTa-
eT Mpu Bo3pacTaHWK a. Teopema AoKas3aHa.

KOHTpPO/IbHbIE BONPOCHI

1. JainTe onpeaeneHne KOCUHYca OCTPOro yrna NpsMOYyronbHOro Tpe-

YroNbHUKA.

Jokaxute Teopemy [lugaropa.

we nNb60Oro U3 KaTeTos.
Nokaxute, yto coa a < 1 gna ocTporo yrna a.

o0 ~w N

HaK/OHHbIX 60/blWEe Ta, Y KOTOPO NMpoeKumns 60MbLue.
[ OoKaXnte HepaBeHCTBO TPeyrosibHUKa.

oo

OBYX APYTUX CTOPOH.

LJOKaXXnTe, YTO KOCUHYC yrna 3aBUCUT TONIbKO OT rpa,quH0|7| MeEpPbI
yrna n He 3aBUCUT OT pPacCnosioXdKeHNA N Pa3MepPOB TPEyroJsibHUNKa.

[ oKanTe, 4To B NPSAMOYro/lbHOM TPeyronbHUKe rMnoTeHysa 60b-

[ OKaXXu1Te, YTO eCnn W3 OfHOIM TOUKM K MPsSMOI NpoBeAeHbl Mep-
NEeHAUKYNAP W HaK/MOHHble, TO Nt06as Hak/MOHHasA 60/blue nepneH-
AVKynsipa. PaBHble HAKNOHHbIE UMEKOT PaBHble MPOeKLUN, U3 ABYX

[ OKaXunTte, Uto B TPeyrosibHNUKe Ka)xjasd CTOPOHa MeHble CYMMbI

Tropema Mwu cdaropn



10.

11.

12.
13.
14.

S -

© oo

10.
11.
12.

[laliTe onpefeneHns CUHyca U TaHreHca OCTporo yrna. [lokaxuTe,
YTO OHW 3aBUCAT TONbLKO OT FPajycHO Mepbl yrnia.

Kak Bblpa)aeTcsi KaTeT NPsMOYronbHOro TPeyrosisHukKa vepes ru-
MOTEHY3Y W OCTPbIA Yron, yepes OCTPbIN Yyron v Apyron Katet?

[JoKaunTte ToXxpaectsa: BT2a + coB2a = 1,

1+18% = —+t—; 1+ .1

coB a a BT a

[JoKaxute, 4yto gna nboro ocTporo yrna a

BT (90° -a)= coB a, coB (90°— a) =BT a.

UeMy paBHbl 3HaYeHUA CMHYCca, KOCWHYyca M TaHreHca yrnos 30°,
45°, 60°?

LJOoKaxute, 4yTo BT a U N a BO3pacTalT Npu BO3pacTaHUU OCTpO-
ro yrna a, a coe a ybblBaer.

3agayn
[MYHKT 62

[MoCcTpoOTe Yrosi, KOCUHYC KOTOPOro pasBeH: 1) %; 2) g—; 3) 0,5;
4) 0,8.

MYyHKT 63

Y NpsAMOYronbHOro TpeyronbHuWKa 3afjaHbl KaTeTbl a U b. Hangn-
Te runovteHysy, ecnm: 1) a = 3, b=4; 2) a =1 b = 1
3) a=5 b=6.

Y nNpamMoyrosbHoOro TpeyrosibHWKa 3agaHbiTUNOTEHY3a C U Ka-
TeT a. Hangute BTOpOoi KaTteT, ecnu: 1) ¢ = 5, a = 3; 2) c= 13,
a=2>5 3c=6, a=5.

[Be CTOpPOHbI MPAMOYrO/IbHOTO TPeyrofibHMKa paBHbl 3 M U 4 M.
HaiiouTe TpeTbio cTOpoHy. (ABa cny4as.)

MOryT in CTOPOHbI NPSAMOYTO/IbHOr0 TPeyroJibHMKa ObITb Mponop-
LMOHANbHbI Yyucnam 5, 6, 7?

Haingnte cTOpoHY pomba, ecnv ero guvaroHanu paBHbl: 1) 6¢CM U
8 cm; 2) 16 gm n 30 am; 3) 5 M 1 12 wm.

CTopoHbl npamoyronbHuka 60 cm u 91 cm. Yemy paBHa pguaro-
Hanb?

OwvaroHanb KBagpaTta a. Yemy paBHa CTOpPOHa KBajparta?

MOXHO N1 N3 KPYrioro naucrta xenesa guametpom 1,4 M Bbipe3aTtb
KBaapaT CO CTOpOHOW 1 m?

HaiguTte BbICOTY paBHOOGOKO Tpaneuuu, y KOTOPOW OCHOBaHUA
5mMun 11 m, a 60KkoBasi CTOpoHa 4 M.

Hangute megnaHy paBHOOGeApeHHOro TpeyrosibHMKa C OCHOBaHWEM
a N B60OKOBOWN CTOPOHOW b, NpoBeAeHHY K OCHOBaHWUIO.

MoryT nn yBupeTb ApYr Apyra KOCMOHaBThbl, NeTallne Haj NnoBepx-
HOCTbIO 3eM/nn Ha BbicoTe 230 KM, ecnu paccTofAHUe MeXAy HUMMU
no npamoi paBHo 2200 kKm? Paauyc 3emnu paBeH 6370 Km.

9“ K k.Tcc



13.

17.

18.

19.

20.
21.

23.

24,

25.
26.
27.

B paBHOCTOPOHHEM TpPeyrosbHWKe CO CTOPO-
HON a HanWguTe BbICOTY.
[aHbl oTpe3kn a n b. Kak nocTpouTb OTpe-

30K: 1) Ala2+b2; 2) Va2-b2.a >b?
[JaHbl 0Tpe3kn a n b. Kak nocTtpoutb oTpe-

30K X =Vab ?

Mexay OBymMA (habpUUHbIMW 34aHUAMU YC-

TPOEeH MOKaTbl XXenob Ans nepegaynm marte-

punanoB. PacCcTosiHMe mMexXay 3faHuAaMu pas-

HO 10 M, a KOHUbl >Xenoba pacnonoXeHbl

Ha BbiCOTe 8 M U 4 M Haf 3emnein. Hangnte onuHyxenoba.
[JoKaXnTte, 4To ecnu TPeyrosibHUK WMMeeT CTOPOHbI a, b, C u”
a2 + b2 = c2, To yroni, nNpoTUBONEXAaLWl NN CTOPOHE C, NPAMON.
Uemy paBeH yron TpeyrosibHuKa co cTtopoHamu 5, 12, 13, npoTtu-
BONeXauni cTopoHe 13?

MYyHKT 65

Ha cTtopoHe AB TpeyronbHuka ABC B3ATa To4yka X. [OKaxwuTe,
4To 0Tpe3oK CX MeHble MO KpaiHeil mepe ofHOM M3 cTopoH AC
nnn BC,

JOKaXnTe, 4TO paccTosHUe MexpAy NbbiMU ABYMA TOYKaAMU Ha
CTOPOHaxX TpeyronbHUKa He 60nblle 60MbLIEN U3 ero CTOPOH.
HdaHbl npsmas n Touyka C Ha pacCTOAHWM K OT 3TOW npsamoi. [o-
KaXXnTe, 4To M3 To4YKM C MOXXHO NPOBECTW 4BE W TONbKO [Be Ha-
KNOHHble ANuHbl Yecnn | > K (puc. 164).

[JOoKaxXnte, 4To npamasn, OTCTOoAWAd OT LeHTpa OKPYXHOCTM Ha
paccTosHuWe, MeHbllee pajuyca, MNepecekaeT OKPYXHOCTb B [ABYX
TOYKax.

MYHKT 66
[Jokaxute, uto Nnrobas xopha OKPY>XXHOCTM He OOsblie guameTpa U
paBHa AMaMeTpy TONIbKO TOrfa, Korga cama SAB/ISeTCsa ANaMETPOM.

Jokaxute, yto Toukn A, B, C nexart Ha OAHOW NPSAMON, ecnu:
1)AB =5m, BC = 7 m, AC = 12 wm;

2) AB = 10,7, BC = 17,1, AC = 6,4.

[JoKaxuTte, 4to nobas CTopoHa TpeyrosibHWMKa 60MblIe Pa3HOCTU
ABYX APYTUX ero CTOPOH.

MoXeT nu y napannenorpamma co CTopoHamu 4 cM U 7 CM OfHa
N3 guaroHanein ObITb paBHOW 2 cCM?

B TpeyronbHuKe ofHa cTopoHa paBHa 1,9 m, a gpyrasa — 0,7 wm.
Haingute TpeTblo CTOPOHY, 3Had, 4TO ee AJIMHA paBHa LLe/IoOMYy YuC-
Ny MeTpoB.

[JokaxunTte, 4uto mepumaHa TpeyronbHuka ABC, nposegeHHas u3
BepwnHbl A, MeHble nonycymmbl cTopoH AB n AC.

Teopema Mudaropa



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

3BeCcTHO, UYTO AuaroHann 4eTbipexyrofbHUKa nepecekawTca. [o-
Ka)XWUTe, YTO CyMMa UX OJIUH MeHblle nepumerpa, HO 6onblue mno-
nynepumMmeTpa YeTblpexXyrofibHUKaA.

OTpe3kn AB n C!) nepecekatotca B Touke O. [loKaXnTte, 4TO CyM-
Ma pacCTOSSHUW OT N60M TOYKM NAOCKOCTM A0 ToueK A, b, C u
B He meHbwe yem OA + Ob + OC + OB.

Ha npsMmonnHeinHoMm wocce TpebyeTcAa yKa3aTb MeCTO aBTOOYCHOW
OCTAHOBKM TaK, 4T06bl CyMMa pPacCTOSAHMI OT Hee A0 HAaCeNeHHbIX
NYHKTOB A 1 B O6blna HaumeHblWel. PaccMoTpuTe fABa cny4as:
1) HacefleHHble NYHKTbl PacrnooXeHbl MO pa3Hble CTOPOHbLI OT LWOC-
ce (puc. 165, a); 2) HaceneHHble MYHKTbl PacrnosioXeHbl N0 OAHY
CTOPOHY OT wocce (puc. 165, 6).

MoryT Nnu CTOPOHbl TPeyrosbHWKa ObITb

nponopuynoHanbHbl yncnam 1, 2, 3?

[JOoKaxute, 4TOo B TpeyronbHUKe Kaxpjas

CTOpPOHa MEHbLLUE MOJIOBUHbLI NMepumeTpa.

BHYTpn oKpy>XXHOCTU paguyca b B3dATa TOY-

Ka Ha paccTtosfiHum < oT ueHTpa. Hangure

Hanbonbllee N HaMMeHblLee PacCTOSAHUA OT

3TON TOUYKWU [0 TOYEK OKPYXHOCTWU.

BHe OKpyXHoOCTM pagumyca B B3gTa TOuKa

Ha paccTosiHMum < OT uUeHTpa. Hangute Ha-

néosblee U HaMMeHblLLlee pPacCTOAHMA OT

39TON TOYKWM [0 TOYEK OKPYXHOCTW.

MoryT nn nepecekaTtbCAa OKPYXXHOCTU, LEH-

TPbl KOTOPbIX HaxoAATCcA Ha pPacCcToAHUMU

20 cm, a paguycbl paBHbl 8 cM 1 11 cm?

OO6bACHUTE OTBET.

MoryT nu nepecekatbCcad OKPYXHOCTHU

paguycamun 6 cm 1 12 cM, LEHTPbl KOTOPbIX

Haxo4AaTca Ha paccToaHum 5 cm? OBGbACHU-

Te OTBeT.

JOoKaxunTte, 4To B 3ajaye 36 OKPYXXHOCTWU

Haxo4AaATCA OfHa BHe ApYyroiu, a B 3agaye 37

OKPY>XHOCTb pagunyca 6 CM HaxoAuUTCA BHY-

TPU OKPYXHOCTW paguyca 12 cwm.

MoryT N nepecekatbCcAa OKPYXXHOCTU C pa-

anycamm Bx n B2 n paccTtosHUEM Mexay

LeHTpamun cl, ecnm Bx + B2 < 63

[aHbl TPYU NONOXMWTENbHbIX 4Yucna a, b, c,
yAOBNeTBOPAOLUME YCNOBUSM @ < b < ¢ <
< a + b [loKaxuTe NocneaoBaTeNbHO YT-
BEPXEHUS:

c2+a2-b?2 <a:
2c ’ Puc. 166

96 n;nace
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41.

42.

43.

44.

45,
46.

47,

48.

49.

50.

ol.
52.

2) cywecTByeT NPSIMOYro/bHbI TpeyronsHuk BCB, y KOTOpPOro ru-
c2+a2-b?2

noteHysa BC = a, a kater BB = --—--—-—-— (puc. 166);
3) TpeyronbHuk ABC, y koTtoporo BC = a, AB = ¢, a pacctodHue
BbE pasHO -E-Z-ta—z-'-l-a-g, nveet ctopoHy AC = b (puc. 166).

LJaHbl TpU NONOXWUTeNbHbIX 4yucna a, b, ¢c. [JOKaXuUTte, 4To ecnu
KaXkJoe M3 3TUX YUCEeN MeHblUue CYyMMbl ABYX APYrux, TO CyLWecT-
BYeT TpPeyrosbHWK CO CTOpOHamu a, b, c.

MOXHO N1 NOCTPOUTL TPEYyrosbHUK CO CTOPOHaMMU:

1)a =1cmM, b=2cm, c=3 cm;,

2) a =2 cm, b=3cm, c=4 cm;

3)a =3 cmM, b=7cm, ¢ =11 cwm;

4)a =4 cm, 6 =5cmM, ¢c=9 cm?

[aHbl aBe OKPYXXHOCTW C pagunycamm Bx, K2 n pacctoaHnem mex-
Ay ueHTpamu A, JOoKaXuTte, 4TOo eCcnm Kaxpoe m3 yucen BIr B2 u

A MEHbLUE CYMMbl ABYX APYTUX CTOPOH, TO OKPYXXHOCTK Mepeceka-
I0TCA B ABYX Touykax (puc. 167).

[MyHKT 67

Y nNpAMOYronbHOro TpeyrosibHMKa OAWH KaTeT paBeH 8 cM, a cu-
HyC NpoTMBO/MeXawero emy yrna paseH 0,8. Haingute runoTeHysy
W APYron KaTer.

B npamoyronbHoM TpeyrosibHMKe rMnoTeHys3a paBHa a, a OAUH U3
OCTPbIX Yr/noB a. Hanaute Apyron ocTpblil yron nU KaTeTsl.

B npaAmMoyrofibHOM TpeyronbHWKe KaTeT paBeH a, a NpoTMBOeXa-
wuim emy yron a. Hangute BTOpPOW OCTPbIM yron, NpoTUBONEXa-
WK eMy KaTeT U TUMOTEHY3Y.

B nNpsmMoyrofbHOM TpeyrofibHUKe fAaHbl TUMNOTEHY3a C U OCTPbIR
yron a. Hamgute kKaTeTbl, UX MNPOEKUWW HA TUMNOTEHY3Yy U BbICO-
Ty, ONYLWEHHY Ha TUMOTEHY3Y.

1) Hailgnte BT 22°, BT 22°36"; BT 22°38";

g1l1 22°41"; coB 68°; coB 68°18'; coB 68°23".

2) Haigute yron x, echm BT X = 0,2850;

BT X = 0,2844; coB x = 0,2710.

HananTe 3HauyeHUs cCMHYCca U KOCUHYyca yr-

nos: 1) 16°; 2) 24°36"; 3) 70°32"; 4) 88°49\

Haingnte BeNMYMHY OCTPOro yrna X, €ciu:

1) sin m = 0,0175; 2) BT i = 0,5015;

3) coB x = 0,6814; 4) coB x = 0,0670.

Hanante 3HayeHue TaHreHca yrna: 1) 10°;

2) 40°40" 3) 50°30"; 4) 70°15\

Hangute octpbiid yron x, ecnu: 1) X =
= 0,3227; 2) 1& x = 0,7846; 3) X =
= 6,152; 4) X = 9,254, Puc. 167

4 leovetpust, 7—9 K. 97 Teopema Mudaropa



53.

54,

55.

56.

S7.

58.

59.

60.
61.

62.

63.

BbicoTa paBHOGeApeHHOro TPeyrosibHUKa

paBHa 12,4 m, a ocHoBaHue 40,6 m. Hai-

AUTEe YINbl TPEYroJibHMKa n 60KOBYH CTOPO-

HY.

O%’HOLIJEHI/IG KaTeToB NPSAMOYro/ibHOro Tpe-

yronbHuka paBHo 19:28. Hangute ero yr-

Nbl.

CTOpPOHbI NPAMOYronbHMUKa paBHbl 12,4 n

26. Hanpgute yron mexpay guvaroHansamu.

OvaroHann pomb6a paBHbl 4,73 un 2,94.

Hangute ero yrnsl.

CTopoHa pomba 241 m, BbicoTa 120 M. Hait-

AUTE YIbl.

Pagnyc OKpyXHOCTM paBeH 5 m. N3 Touku, pnc.

OTCTOALLEN OT LeHTpa Ha 13 M, NpoBefeHbl

KacaTe/lbHble K OKPYXHOCTU. Hangurte gnu-

Hbl KacaTeflbHbIX U Yroi MeXay HUMMU.

TeHb OT BepTMKanbHO CTOALLEro LWwecrta, BbiCOTa KOTOPOro 7 M, CO-
ctaBnfetr 4 m. Bblpasnute B rpagycax BbICOTY CO/IHUA Haj rOPU30H-
ToM (puc. 168).

OcHOBaHMe paBHOOELPEHHOrO MPSMOYTrO/fIbHOrO TPeyrofibHUKa pas-
HO a. Halignte 60KOBYH CTOPOHY.

HalignTe Hen3BeCTHble CTOPOHbI W OCTPble Yr/ibl NPAMOYTrO/IbHOIO
TpeyrosibHMUKa no crefyrowmnum LaHHbIM:

1) no geym kKaTeTam: a) a = 3, b=4; 6) a=9, b=40; B) a = 20,
b=21;r)a= 11, b = 60;

2) Mo runoTeHyse n Kartety: a) ¢= 13, a =5; 6) ¢c = 25, a =7,
B) c =17, a=8;r)c= 85 a = 84,

3) Mo rMNoTeHy3e K OCTpPOMY yrnay: a) ¢ = 2, a = 20°; 6) c = 4,
a = 50°20'; B) c = 8, a = 70°36";, r) c = 16, a = 76°2[;
4) No KaTeTy M npoTuBOnexaulemy yrny:. a) a = 3, a = 30°27"
6) a =5, a = 40°48"; B) a =7, a = 60°35; r)a =9, a = 68°.
MyHKT 68
YNpoCcTuUTE BbIPaXXeHUS:
1) 1 - Bw?a; 2)(1 - coz a) (1 + coe a);
3) 1+ sin2a + c032 a; 4)3T a - 3T a Ccoe2a;
5) sifha + co3da + 23172a coe2a,;
6)1& a - sin2a 1&2 a; 7)coe2 a + 1& a coe2 a;
8) A4 (2/tos 2%a + 3%?a - 1 g).--1orB2a * 4&da

co32a

Boluncamre 3HayeHna 3w aum ™ a, ecinu:
1) c08a=-’1\6-:; 2) c03a=41]r-; 3) coe a = 0,6.

v K.TccC



64.

65.

66.
67.

68.

69.
70.

/1.

72,

73.
74.

Haingute coe a a, ecnu:
B BTazi; 5) 8r a =io;

3) setn a = 0,8.
MocTpolTe yron a, €cnu W3BECTHO, 4TO:

1)cosa=i; 2) BlWIA =i;3)3T a =0,5;

4) 1&a=-|-; 5) 1%a = 0,7.
Puc. 169

MyHKT 69

B npAMoOyronbHOM TpeyrosibHWKe C rMNoTeHy3oh a u yrnom 60°
HanguTe KaTeT, NPOTUBOJIEXAWMNA ITOMY Yyry.

Haingnte paguyc r OKPY>XHOCTW, BMNUCaHHOW B PaBHOCTOPOHHWMN
TPeyrofibHUK CO CTOPOHON a, 1 pagnyc A OKPY>XHOCTWU, ONUCAHHOMN
OKO/I0 Hero.

B TpeyrosibHWKe O4WH W3 Yri0B NPW OCHOBaHWM paBeH 45°, a Bbl-
coTa AennT OoCHoBaHWe Ha 4yactm 20 cm n 21 cm. Hangute 60Nb-

lWyto 60KoBYH cTOpoHY1l (puc. 169).

Y TpeyronbHWKa ogHa U3 CTOPOH paBHa 1 M, a npuaexaune K Hei
yrnbl paBHbl 30° n 45°. Hangute gpyrue CTOPOHbI TPeyrofbHUKA.
[AvnaroHanb npamMoyronbHuka B 2 pasa 60/blle O4HON M3 ero cTo-
poH. Haingute yrnbl Mexay AuaroHansimu.

AvaroHann pomba paBHbl a ” 3. Haingute yrnbl pomba.

MyHKT 70

Kakoin n3 yrnos 6onbwe— a unu (3 ecnu:

1) 3Ta= ,3T7Tp= ; 2) 3Ta=--,3Tp=;

3) coza=, COBP$-|-; 4) coe a = 0,75, coe P= 0,74;
5) béa=2]1 I# P=2)5; 6) a= ,1#P=y?

Y npsamoyronbHoro tpeyronbHuka ABC yron A 6onblie yrna B.
Kakoin n3 katetoB 6onbwe — AC unn BC?

Y npamoyronbHoro TpeyronbHuka ABC katet BC 6onble KateTa
AC. Kakou yron 6onbwe — A unnum B?

IMHorga B MPOW3BONbHOM TPEYTONbHUKE, Heobs3aTeNbHO PaBHOGEAPEH-
HOM, CTOpPOHa, NPOBEAEHHAas FOpPU30OHTaNbHO, Ha3blBaeTCS OCHOBAHMEM, a
NBe pyrne — GOKOBbIMU CTOPOHaMW, KaK B [aHHON 3ajaue.

Tropemun llugunropnm



,ﬂ,EKapTOBbI KoopAanHatbl Ha MJ/IOCKOCTU

71. OnpepfeneHne AeKapTOBbIX KoopAuHaT
[MpoBeeM Ha NAOCKOCTU 4vepe3 TouKy O aBe
B3aUMHO MepneHANKYNSApHbIe NpsAMble X U Yy — OCU KO-
opamnHat (puc. 170). Ocb x (OHa 06bIYHO TOPU3OHTASIb-
Haf) Ha3blBaeTCA OCbl abcumcec, a 0Cb Yy — OCbi0 OpPAM-
HaT. Touykoil nepeceyeHns O—HayasoM KoopaMHAT —
Kaxfas M3 ocend pa3busaeTcd Ha fABe MOJyocu. Ycro-
BUMCA OLHY M3 HWUX Ha3blBaTb MOJIOXWUTENbHOW, OTMe-
4yas ee CTPENIKOW, a APYryrww — OoTpuuaTenbHO.
Kaxpgo To4yke A NNOCKOCTM Mbl COMocTa-
BUM Mapy yYmcen — KOOpPAUHaTbl TOYKM — abcumccy (X)
N opAuHaty (y) mo Takomy npasuny.
Uepe3 Touyky A nposefem npsamyr, napan-
nenbHy ocu opguHat (puc. 171). OHa nepeceyet 0OCb
abcumcc X B HEKOTOpOM Touke AX. Abcumccon Toukm A

Mbl 6GyfleM Ha3blBaTb 4YMC/O X, abCOMOTHAs BeNUUYMHA
KOTOPOro paBHa PacCTOAHMI0O OT TOYkM O A0 TOUKM AX.

3T0 uncno 6yaeT MONOXUTENbHbIM, ecnn AX NpuHaane-

XUT NONOXMNTENbHOW NOAYOoCH, U OTPULATENbHBIM, ecnu
AX NpuUHagNeXuT oTpuuaTenbHOn nonyocn. Ecnm Touka

A NeXWT Ha ocu y, TO nojiaraeM X paBHbLIM HYJIO.
OpaunHata (y) ToOuknm A onpepensdetrcs aHa-
nornyHo. Yepes 104Ky A nposeaeMm npaAmyt, napan-
nenbHy ocu abecymcc x (cm. puc. 171). OHa nepeceyer
OCb OpAMHAT Yy B HeKoTopouh Toyke Ay. OpAnHATON TOY-

Ku A Mbl 6yleM Ha3blBaTb YWCNO Yy, abCONKOTHAs BeNU-
YMHA KOTOPOro paBHa pacCTOSHMI0O OT Touykn O Ao Tou-
Kn Ay. 9T0 ymcno 6yaeT NONOXWUTeNbHbIM, ecnu Ay

NPUHaAANEXMUT MOMNOXUTENbHOW Nonyocu, U oTpula-
TeNbHbIM, eCnu Ay NPUHAANEXUT OTPULATENbHON NONy-

ocn. Ecnu Touka A nexuT Ha ocu abcumcc x, TO nona-
raem y paBHbIM Hynt. KoopAuHaTbl TOUYKK Oyhem
3anucbliBaTb B CKOOKax pAafoM C OyKBEHHbIM 0603Haue-
HMeM TOo4KK, Hanpumep: A (X; y) (Ha nepBomM MecTe ab-
cuucca, Ha BTOPOM — OpAuMHaTa).

Ocn KooppauHat pas3bumBatoT MJOCKOCTb Ha
yeTblpe yactn — detrseptu: I, I, 1, IV (puc. 172).
B npepenax OAHOW 4eTBepTW 3HAKM 06enmx KoopauHat
COXPaHAKTCA M WMEKT 3HaYeHWUA, yKasaHHble Ha pu-
CYHKe.
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Puc. 170

Puc. 171
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Toukn ocum x (ocu abcuymcc) MMerT paBHble
Hynto opauHatel (y = 0), a ToOukn ocn y (ocu opamHar)
MMEKT paBHble HYyN abcumcebl (x = 0). ¥ Hayana Ko-
opAauHaT abcuucca U opamMHaTta paBHbl HYJIHO.

MnocKocTb, Ha KOTOPON BBEAEHbl OMMCaH-
HbIM BbllLle CNOCOOOM KOOpAMHAaTbl X My, OyAem Ha3sbl-
BaTb M/JOCKOCTbI XYy. [MPOM3BONBbHYH TOYKY Ha 3TOU
MNOCKOCTW C KoopauHatamu X u y o6yaem mHorga 060-
3Ha4yaTtb npocTo (X, y). BBeAeHHble Ha MIOCKOCTU KOOp-
AWHATbl X W Yy Ha3blBAKOTCA [LEKapTOBbIMW MO WMEHU
P. [lekapTa, KOTOpblIii BnepBble NPUMEHUN WX B CBOMUX
nccnefoBaHuAaX.

3apava (9).

OaHbl Toukn A (-3; 2) u B (4; 1). Jokaxu-
Te, 4To 0Tpe3oK AB nepecekaeT ocb opAgMHaT, HO He ne-
pecekaeT ocb abcyucc.

PelleHue.

Ocb y pasbuBaeT NAOCKOCTb Xy Ha fBe No-
NYNnoCKoCTU. B ofHOM MNonyniocKocTM abcumccbl TO-
YeK NMOMOXMTENbHbI, @ B A4PYTrOn — oTpuuaTesbHbl. Tak
Kak y Touyek A 1 B abcuymccbl NMPOTUBOMOMOXKHbBIX 3HA-
KOB, TO TOUYKM A n B nexat B pasHbIX MOAYynaocKoc-
TAX. A 3TO 3HA4YUT, YTO OTpPe3oK AB nepecekaeT ocb Y.

Ocb X TakXe pa3buBaeT NJOCKOCTb XYy Ha
ABe nonyniockoctu. B ogHOW NonynnocKocTu opauHa-
Tbl TOYEK MONOXWUTENbHbI, & B APYrom — oTpuuyaTenb-
Hbl. Y To4yek A n B opanHatbl 04HOro 3Haka (NofoXwu-
TeNbHbl). 3HA4YuUT, TOYkM A u B nexar B 0fHOW
Nonynaockoctn. A cnefosaTenbHO, 0Tpe3ok AB He ne-
pecekaeTcsd C OCb X.

/2. KoopauHaTbl cepeiuHbl 0Tpes3Ka
Mycte A (xr; yr) n B (x2\ y2) — paBe npo-
N3BOMbHble TOUKN N C (X; y) — cepepnHa otpeska AB.
Haligem koopgumHatbl X, y Touyku C.
PaccmoTpuM CHadvana cny4yai, kKorga oTpe-
30K AB He napanneneH ocn y, T. e. Xr * x2. [llpoBefem

yepe3 Toukum A, B, C npAmble, napannenbHble oCU Y
(puc. 173). OHM nepecekyT ocb X B Toukax Al (x; 0),

B\ (x2; 0), Cr (x; 0). INo Teopeme daneca Touka Cx by-
AeT cepeaunHon oTpeska AIBL

Tak Kak Toyka Cx — cepefiMHa oTpe3Ka
AIB1 o AXCx = BIC]1, a 3HauuT, \X - pgext = \X - g2 OT-
croga cnefyet, 4To IN6O X - XX=X - X2, MBO X - XX=
= - (x —m2). lepBoe paBeHCTBO HEBO3MOXHO, TaK Kak

1]
n" 1

Puc. 172

Puc. 173

OeknpTnnbl KoopOUHAT bl
Ha MAoCcKocTH



x1 ™ X2- [10o3TOMYy BepHO BTOpoe. A M3 Hero noay4aet-

*1 +*2

ca opmyna X =

Ecnnm xr = x2, T. e. oTpe3ok AB napanne-
NleH ocn y, To Bce TpU Touku A PoBXx, Cl nmeloT ofHY M

Ty Xe abcyuccy. 3HauymnT, popMyna OCTaeTcsa BEPHON U
B 3TOM C/lyyae.
OppavHata To4kn C HaxoguTCA aHanornyHo.
Yepe3 Touknm A, b, C npoBogatca npamMblie, napannienb-
Hble ocn x. lMonyyaeTtca popmyna
M+Y
=— 2 ~-
3apava (15).
[JaHbl Tpu BepwWHbI nNapanfenorpamma
ABCB: A (1; 0), B (2; 3), C (3; 2). Hangute koopan-
HaTbl BEPWWHbI B 1 TOYKM nepecevyeHUa fuaroHanei.
PelwleHne.
Touka nepeceyeHUs [uaroHanein sBnsercs
CepeauHON KaXpoin n3 HMx. NMoaTomy OHa ABNSETCH ce-
pegnHoin oTpe3ka AC, a 3HaA4YuT, MMeeT KOOpAMHAaThI
1+3 0+2

* D DY A

Tenepb, 3Haa KoopauHaTbl TOUKU nepeceye-
HWSA AnaroHanein, HaxoagMM KOOpAMHaTbl X, Y YeTBEpPTOM
BepWwWMHbl B. Tlonb3yacb TeM, YTO TOYKa MNepeceyeHuUs
aunaroHanein aBnseTca cepeAuHon oTpe3ka bbb, nmeewm:
2+X T 3+y
2 22 T

OTcopa x = 2,y = -1.

/3. PaccTtoaHue mMexpgy Touykamu
[TyCcTb Ha NNOCKOCTW XYy AaHbl ABe TOUKW:
AXxc koopguHatamn xIr ylu A2 c koopguHatamu x2, y2-

Bbipasnum pacctoaHue mexpay Touykamum Al n A2 yepes

KOOPAWHATbLI 3TUX TOYEK.
PaccmoTpuM cHauyana cnydyan, korga x1* x2
n Y * ¥-Tposegem yepes Toukn Alu A2 npsameble, na-
pannenbHble OCAM KOOpAMHAT, M 0603HayYMM 4epes A
TOUYKY KX nepeceyeHusa (puc. 174). PaccTosHne Mexay
Toykamm A n Al paBHo Tyr - y2l, a paccToaHue mexnay

ToukamMu A n A2 paBHo \x1 - XA TlNpumeHAd K nNpsamo-
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yronbHoMy TtpeyronbHuky AAJA2 Teopemy [lludaropa,
NONYyUYnNM:

a2 = {xx- x22+ (yr - y?2 (*)

roe < — paccrosiHue mexpay Todykamum Axun A2

XoTtda popmyna (*) Ansg paccTtoaHuUA Mexay
TOYKaMM BbIBeleHa HaMW B MPeAnoONOXeHUn XX N X2

Y\ A ¥2* oHa OCTaeTcsa BEPHOW M B APYrnx cryvasx.
OeiCTBUTENbHO, €CAN XX = X2, YI N y2> 70 < paBHO
bx - y2. Tot Xe pe3ynbtar gaet u popmyna (*). AHa-
NOTMYHO paccmaTpuBaeTca cnydal, korga xx  x2=
yX = y2. Tpn xx = X2, yXx = y2 To04kn AX, A2 coBnapa-
T 1 popmyna (*) paetr <= 0.

3apava (19).

HaiguTe Ha OCU X TOYKY, paBHOYAANIEHHYIO
oT Toyek (1; 2) n (2; 3).

PelleHue.

Myctb (x; 0) — mckomas Touka. lNpupas-
HAB PacCTOAHUA OT Hee A0 AaHHbIX TOYeK, MOJIyUYUM:

(*- D2+ (- 22=(x- 22+ (0 - 3)2

OTctopga Haxoaum X = 4. 3Ha4YUT, UCKomas
Touka ectb (4; 0).

74. YpaBHEHME OKPYXHOCTU

YpaBHeHNEM (DUTYpbl B [AeKapTOBbIX KOOP-
AMHATax Ha MJIOCKOCTW Ha3blBaeTCA ypaBHeHWE C ABYMSA
HEW3BECTHbIMU X M Y, KOTOPOMY Y[OBJ/IETBOPAKT KOOP-
AVHATbl N0601M TOUKKU urypbl. N obpaTHO: ntobble ABa
yucna, y4oB/MeTBOPAOLLME 3TOMY YpaBHEHUIO, ABNAKOT-
CA KOOpAMHATAMW HEKOTOPOM TOYUKU (hUTYPBI.

CocTaBMM ypaBHeHUE OKPYXHOCTW C LEHT-
poMm B Touke AM (a; b) n pagunycom K (puc. 175). Bo3b-

MeM MNPOWM3BONIbHYK TOUYKY A (X; Y) Ha OKPYXHOCTW.
PacctodaHue oT Hee Ao ueHTpa AO paBHo B. KBagpar

paccTtoaHMA OT TOYKM A A0 TOYkM AN paBeH (X - a)2 +

+ (y - b)2. Takum 06pa3oM, KOOpPANHATbI X, Y KaX/[OMW
TOYKM A OKPYXXHOCTU YAOBNETBOPAKT YPaBHEHUIO

(- 0)2+ (y - br =12 (*)

O6paTHo: nob6as Touyka A, KoOOpAaMHaTbl KO-
TOPOA YyAOBNETBOPAKT YypaBHEHMIO (*), NPUHALNEXUT
OKPY>XHOCTM, TaK KakK paccTofdHWe OT Hee [0 TOUKU AK Puc. 175

) el




paBHO B. OTcloa cnefyeT, uTo ypaBHeHue (*) AeicTBU-
TeNIbHO ABNAETCA YypaBHEHWEM OKPYXHOCTU C LEHTPOM
Au n paguycom B.

3aMeTUM, 4YTO eCnu LEHTPOM OKPYXXHOCTHU
ABNAETCA Hayano KoopauHaT, TO YpaBHEHUE OKPYXHO-

CTU MMeeT BUA: x2 + y2 = B2
3apgaua (30).
Kakaa reomeTtpuyeckad ¢urypa 3agaHa
ypaBHeHuneMm
a2 b2
X2+y2+ax+by+c=0,— +— ~c>07?

PeLwueHune.
Mpeobpa3yem [OaHHOe ypaBHEHWe cnefyto-
WM 06pasom:

X2+ax+ N +y2+by+\ N+ -c

(*+71) +(y+7Y = A7 -T -¢

Buaum, uto paccmatpuBaemas urypa — OOKPYXHOCTb

C LEHTpPOM F—g"» ~~EJ)-I N Paguycom B = ﬁ|| 12+ b_2

75. YpaBHeHMEe NPsAMON
[JoKaxem, 4To

nbas npsasmas B AeKapTOBbIX KoopAuHaTax X, y Ume-
eT ypaBHeHMe Buja

ax + by + ¢ =0, (*)
rge a, b, ¢ — HeKOTOpble Yucna, Npuyem XoTsa 6bl 0f-
HO M3 YMCes a, b HE PaBHO HYJIIO.

[TycTb K — Mpou3BO/ibHaaA npamasa Ha nno-
ckocTu xy. lNpoBefeM Kaky-HUOY[Ab NPAMYIO, MepneH-
AVNKYNAPHYIO NPAMOK J1, 1 OT/IOXKUM Ha Heill OT TOUKWU
nepeceyeHnss C ¢ npAMoil K paBHble oTpe3kn C/1ln CA2

(puc. 176).
NMyctb aly bl — KoopaguHaTbl TOYKU AT M

a2, b2 — koopauHaTbl TOUKN A2 KakK Mbl 3Haem, ntobas
Touka A (X; y) NpaAMOi K paBHOydaneHa OT ToyeK Alwu
A2 T10o3TOMYy KOOpAMHATLI ee Y40BNETBOPAKOT YPaBHEHUIO

(x - ax)2+ (y - bX2=(x - a2+ (y - b2 (**)
104
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O6paTHO: ecnM KOOpAuMHaTbl X M Yy Kakou-
HUOYAb TOYKM YAOBNETBOPAKT ypaBHeHUIO (**), To 3Ta
TOYKa paBHOYyfdaneHa OoT TouyeK AX 1 A2, a 3HaunT, Npu-
HagneXxut npamoin H. Takum obpasom, ypaBHeHue (**)
ABNAeTCA ypaBHeHMeM npsamoin H. Ecnm B aToM ypaBHe-
HUN PacKpbITb CKOOKM M MepeHecTU BCe 4Y/IeHbl ypaBHe-
HWSA B NEBYK ero 4yacTb, TO OHO NMPUMET BUA:

2(02 - ax)x + 2(b2 - bxy + (a* + bx - a\ - b2) = 0.

O6o03Hayaa 2(a2- ax) = a, 2(b2- bx) = b,
a1 + b\ ~ a\ - b\ = ¢, nonyyaem ypaBHeHune (*). lo
KpaliHeil Mepe OAHO U3 yucen a, b He paBHO HY/H, TakK
KaK TOYKN AX 1 A2 pasnnyHbl. YTBepXAaeHne A0KasaHo.

3apava (35).

CocTaBbTe YypaBHeHMe MNpAMON, KoTopas
npoxoaut yepes Toukm A (-1; 1), B (1; 0).

PelleHue.

Kak Mbl 3Haem, Hawa npaMas MMeeT ypas-
HeHne Bupga ax + by + ¢ = 0. Toukn A n B nexart Ha
NPpsAMOW, a 3Ha4YuT, UX KOOpPAWHAaTbl YLOBNETBOPAKT
3TOMY YpaBHEHUIO.

MopgcTaBnaa kKoopauHatbl ToyeK A n B B
ypaBHeHue NpsAMONn, MOMYYUM:

-a+b+c=0,,a+c=0.

N3 3TuX ypaBHEHU MOXHO BblpasuTb ABa
KoahuymeHTa, Hanpumep a M b, 4yepe3 TpeTuUi:
a =-Cy b= -2c. lNoacTtaBnaa 3T 3HayeHUs a u b B
YpaBHeHME NPSMONR, Nonyvymm: -cx - 2cy + ¢ = 0.

Ha ¢ MOXHO cokpatuTb. Torga nofyymm:

-x - 2y +1=0.
ATO M eCTb ypaBHEHME Hallein NpsAsMoMn.

/6. KoopaunHaTbl TOYKW MnepecevyeHnd

NPAMbIX
MycTb 3afaHbl YPAaBHEHUS ABYX MPAMbIX:

ax + by + ¢ =0,
alx + bBY + cx = 0.

HaingeM KoopAuHaTbl UX TOYKU MepeceyeHus.

TakK KaK TouKa nepeceyeHusa (x; y) npuHag-
NEeXUT KaX[oh M3 npaMbiX, TO ee KOOpAWHATbl y[0B-
NeTBOPAKOT M NepBOMY WM BTOPOMY ypaBHeHUw. [lo-
3TOMY KOOpAMHATbl TOYKM MepecevyeHus SABNAKOTCA pe-



LIEeHNEeM CMCTeMbl YPaBHEHU, 3ajaroWwnx npsiMblie. Pac-
CMOTPUM MpUMep.
MycTb YPaBHEHUSIMU AAHHbLIX NPAMbIX GYAyT:

3X -y +2=0,
bx - 2y + 1 =0.

Pewas 3Ty CcuUCTeMy YypaBHEHW, Haxogum X = -3,
= -7. Touka nepeceyeHusa npambix (-3; -7).

3apgayva (43).

JoKaxuTe, 4to npamble, 3agaBaemMble ypaB-
HeHUAMN ¥y = KX + Llyy = kx + 12, npn IX* 12 napan-
NenbHblI.

PelweHue.

JonycTtum, npAmble He napannenbHbl, a
3HAYUT, MepecekarTCA B HEKOTOPOW Touke (4" yX). Tak a)

KaK TOYKa nepecedeHnda npunHagnexunT Ka)K,EI,OI‘/JI n3 npAa-
MbIX, TO ANA HEE

yl= kxx+ IX
Y\ = kxx + 12
BblunTaa 3T paBeHCTBa Mo4yneHHo, umeem 0 = Ir - 12 0

A 310 npotusBopeunt ycnosuio (Ir A 12). Mbl npuwnm K
NpoOTMBOPEUMIO. YTBepXAeHue [0Ka3aHo.

77. PacnonoxeHune npsamon
OTHOCUTENIbHO CUCTEMbl KOOpAUHAT

BbiACHMM, KaK pacnoso)eHa npamMas OTHO-
CUTENbHO OCEN KoopaouHat, ecnin ee ypaBHeHUE

ax + by +¢c =0

MMEET TOT WUAWU WHOI YacCTHbIA BUA.
1. a=0, b 0. B aTom cny4yae ypaBHeHue

NPSMO MOXHO nepenucatb Tak: ¥ =~ e« Takum 06-
pa3oM, BCe TOUKM MPSAMON MMEKT O4HY U Ty Xe opau-

HaTy (-4~); cnepoBaTefnbHO, NpsAMas napanfesnbHa ocu

X (puc. 177, a). B yactHocTu, ecnm ¢ = 0, To npamas
coBnajgaeT C OCbl X.

2. b= 0, a ™ 0. 310T cNyyanh paccmaTpu-
BaeTCcA aHanorumyHo. lpAmasd napannenbHa ocuU Yy
(puc. 177, 6) n coBnagaeTt ¢ Hel, ecnm n ¢ = 0.

3. ¢ =0. Npamaa NnpoxoAnUT 4Yepe3 Hayano
KoopamHat, Tak Kak koopgauHatbel (0; 0) ygosnetsops-
0T ypaBHeHUO npamoin (puc. 177, B). Puc. 177
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3apava (45).

CocTaBbTe ypaBHeHMe NpsAMOi, KoTopasd na-
pannenbHa 0CKM X WU MPOXOAWUT 4yepe3 TO4YKy (2; -3).

PewweHne.

Tak KakK npAamas napannenbHa ocu *, +o
OHa MMeeT ypaBHeHue sunga y + ¢ = 0.

Tak Kak Touyka (2; -3) NexuT Ha npamoim,
TO ee KOOpAWMHATbl YAO0BJ/IETBOPAKT 3TOMY YpPaBHEHUIO:
-3 + ¢ = 0. Otctopga ¢c = 3. CnegoBaTenbHO, YpaBHeHue
npamon y + 3 = 0.

78. YrnoBon KospgpuuneHT B ypaBHEHUMU
NPAMOIA
Ecnn B obuem ypaBHeHUM nNpaAMOU ax +
+ by + ¢ = 0 KOIPMMUMEHT MpPK Yy He paBeH HYJI0,
TO 3TO YpaBHeHWEe MOXHO pa3pewnTb OTHOCUTENBHO Y.
Monyynm:
c

=—fX 4

Nnn, ob6o3Hayas - o= &, - AO~: Bnonyyum: y = kx + L.

BbISSCHUM reoMeTpUYecKnit cMbiCn KO3 gu-
LUMeHTa K B 3TOM YpaBHEHUMU.
Bo3bmeMm ABe TOYKM Ha npsamoin A (Xr; yr),

B (x2; y2 (x1 < x2). x KoopauHaTbl YLOBMETBOPAIOT
YPaBHEHUIO MPAMOIA:

W= kxx+ I, y2 = Kkx2 + |

Bbluntasa 3TM paBeHCTBa MOYJIEHHO, NONYy-
ymm y2 - yx = K(x2 - xr). OTcrofa
K= Y2 N
x2~ X1
B cnyvyae, npefcTaB/IeHHOM Ha pUCYHKe

Yr~ vyl
178, a, © Y =He-
X1

X 2~

B cnyuyae, npeAcTaB/fieHHOM Ha PUCYHKe

JAN *
178, 6, 2rp1 1*a.
Takum 06pa3oM, KOI(PULUMEHT K B ypaBHe-
HUM MPAMOA C TOYHOCTHIO [0 3HAKa pPaBeH TaHreHcy
OCTPOro yrna, KOTOpblii 0bpasyeT npamMas C OCbi X.
KoahuumeHT K B ypaBHEeHUW MNPAMON Ha-
3bIBAETCA YrN0BbIM KOIPPULUMEHTOM NPAMOIA.

OrkapToHbl KoOpAaMHATHI
HU NAUCKOCTHU



79. TpauK NUHeNHON PYyHKUNN

Mpn NOCTPOEHUUN TrpauKoB (PYHKUUIA Ha
ypokax anrebpbl Bbl, HaBepHOe, 3aMeTU/n, 4To rpafu-
KOM NMHENHON (hYHKUMK ABndeTca npsamas. Tenepb Mbl
AOKaXem 3To.

MycTb ¥y = ax + b — paHHad NuMHeilHan
GyHKUMA. JoKaxem, 4To ee rpaMkomMm ABAfeTCcA nps-
Mas.

Ons paHHOW yHKumMmM ecnm x = 0, TO
y =b,ecim *=1, 10y = a + b. Moatomy rpauky
GyHKUMKM npuHagnexart touykn (0; b) n (1; a + b). Co-
CTaBUM YypaBHEHUS NPSAMON, NPOXoAslUlLel 4yepe3 3TU
TOYKM, BUAa

y = Kx + |

Tak KaK yKaszaHHble TOUKM rpauka nexar
Ha MPAMON, TO MX KOOPAWHATbLI YAOBMETBOPAKT ypas-
HEHUIO MPAMOMN:

b=kKe0 + I,

m+ &=A"'l + /[

OTcroga Haxoaum | = b, K = a. NTakK, Ha-
la npamas UMeeT ypaBHeHue

y = ax + b.

3HaYuUT, ypaBHEHUIO MPSAMON YA0BNETBOPS-
0T BCE TOYKM rpaduka, T. €. rpa@uKoM NUHEHOI
GYyHKUMM ABNsSeTCA npsMas.

80. lMepeceyeHne npamon

C OKPYXXHOCTbIO

PaccMoTpuM BOMPOC O MepeceyeHnmn npsimon
C OKpYXHoOCTbt. TycTb [ — pagnyc OKPYXXHOCTU U
(1 — paccTtosfiHMe OT LeHTpa OKPYXHOCTM A0 MPSAMON.
MpMeM LEHTP OKPYXHOCTWM 3a Hayano KoopAuHaTt, a
NpAMYI0, NeprneHANKYNAPHYK K AaHHOW,— 3a 0Cb X
(puc. 179). Torpa ypaBHEHVMEM OKPYXHOCTW OypaeT
X2+ y2= [2, a ypaBHeHWEM MpPAMONA X = i.

Ona Toro 4tobbl NpsmMas U OKPYXHOCTb Ne-
pecekanucb, Hafo, 4TOObl CUCTEMA [ABYX YpPaBHeEHWMN

x2+ y2= 02 x =/l

nMmena peweHune. N obpaTHO: BCAKOe peLleHue 3TON cu-
CTeMbl 4aeT KOOpPAMHATbl X, Y TOYKN NepeceveHuns nps-
MO C OKPYXHOCTb. Pelwas Hally CUCTEMY, MONYYUM:

X =c¢l,y=++"~"E2— a?2.
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N3 BblpaXeHUs ANs y BUAHO, YTO cUCTeMa
NMeeT ABa pelleHuns, T. e.

OKPYXXHOCTb U nNpsiMas MMeKT ABe TOUYKUN MepecevyeHus,
echn K > J1 (puc. 179, a).

Cucrtema MmeeT O4HO pelleHue, T. e.

npaMasa W OKPYXHOCTb KacakwTtcda, ecnm d = J
(puc. 179, 6).

Cucrtema He UMeeT pelleHuUd, T. e.

npAMas M OKPYXXHOCTb He nepecekawTcd, ecim A < Ji
(puc. 179, B).

3apaya (50).

Hangute TOYKM MNepecevyeHUs OKPYXHOCTU
X2+ y2=1c npamon y = 2x + 1.

PeLleHue.

Tak KakK TOUYKW MepecevyeHUs nexar Ha OK-
PY>KHOCTU M Ha NPSIMOI, TO UX KOOPAWHATbI YA0BNETBO-

PAIOT CUCTeMe YpaBHeHUW x2 +y2 =1,y = 2x + 1,
Pewwnm 3ty cuctemy. lNoAacTtaBum y uU3 BTO-
pOro ypaBHeHus B nepsoe. [1onyynm ypaBHeHue ANa X:

5x2 + 4x = 0.
YpaBHeHNe WMeeT [ABa KOpPHA Xr -m 0 u

4
Xo= - 5. 9T0 abcumncchbl TOoYek nepecevyeHus. Opau-
HaTbl 3TUX TOYEK MONYUYUM W3 YPaBHEHUS NPSMOWA, noj-

CTaBnNAs B Hero xr u x2. NMNonyvaem yx= 1, y = -\.

NTaK, TOUYKM MNepeceyvyeHUs MNPSAMOA N OKPYXHOCTHU
(O;

81. OnpepeneHme cuUHyca, KOCUHYyca
N TaHreHca anga nwb6oro yrna

oT 0° npo 180°

[o cux nop 3HayeHMsa CUHYyca, KOCMHYyca W
TaHreHca 6b11M onpegenieHbl TOMbLKO AN1A OCTPbIX YIrN0B.
Tenepb onpegenum Ux ana nwb6oro yrna ot 0° go 180°.

Bo3bMeM OKPYXXHOCTb Ha MAOCKOCTU XY C
LEHTPOM B Hayane KoopauHat un paguycom A (puc. 180).
OTNOXMM OT MOJIOXUTENIBHOW NOJIYOCM X B BEPXHIOHO
MoNynaocKocTb (nonynnockocTtb, rge y > 0) yron a.

feKapToBbl KOOpP<)MHANrbI
Ha MA0CKOCTY



MycTb X U Y — KOOPAUHATbI TOUYKM A. 3HAYEHUS BT a,
coB a 1 1% a Ans OCTPOro yrna a BblpaxakwTcs uepes
KOOpAMWHAaTbl TOYKU A, @ UMEHHO:

coea = ~~, silla =~~, a=

Onpepenum Tenepb 3HayeHMsa 8in a, Coe a

n " a atumn opmynamm ana nwboro yrna a. (4ns
a yron a = 90° ucknwyaetcsa.)

Mpn Takom onpegeneHmm BT 90° = 1,
cos 90°= 0, BT 180°= 0, cos 180°= -1, Y* 180°= O.

CuuTad, 4TO coBnajawolime nyym ob6bpasyroT
yron 0°, éygem umets BT 0° = 0, coB 0° = 1, 0° = 0.

[JoKaxem, 4To

ansa nwb6oro yrna a, 0° < a < 180° BT (180° —a) =
= BW a, coB (180° —a) = —oB a. Ang yrna a o 90°
17™M(180° - a) = -1& a.

LOeincTtButenbHo, TpeyronbHukn OAB n
OAIB1 paBHbl N0 TWUMOTEHY3e W OCTpOMY yrnay

(puc. 181). N3 paBeHCTBa TPeyronbHWKOB CledyeT, UTo
AB =AXBly . e.y = yX\ OB = OBLY cnepgoBaTesibHO,

= -XX. [MoaTtomy

BT (180°- a) = =BTaQ,

coe(180° - a) = = -coea.

Pasgenne no4yneHHo paBeHCTBO BT (180°- a) = BT a
Ha paBeHCTBO coe (180° - a) = -coe a, Nojsyvyaewm:
18(180° - a) = a, 4Yto M TpeboBanocb [A0OKa3aTb.

KOHTpPO/IbHbIE BOMNPOCHI

N

(BTOpOW, TpeTben, YETBEPTOW) YeTBEPTU?

O6bACHNTE, KaK ONpeaenstoTcs KOOpAMHATbl TOYKMW.
Kakue 3HaKM y KOOpAMHAT TOYKMW, €CN OHA MPUHAANEXUT NepBoit

UeMy paBHbl abcuuMcCbl TOUYeK, neXxauiux Ha ocu opAuHat? Yemy
paBHbl OpPAMHATbLI TOYeK, Nexallnx Ha ocu abeumcc? Uemy paBHb

KOOPAWHATbl Hayana KOOpAMHaT?

BbiBeaNTe ypaBHEHMNE OKPYXXHOCTH.

ONmO A

HeHne Bupga ax + by + ¢ = 0.

110

BbiBeauTe (hopMynbl A1 KOOPAUHAT CepeanHbl 0Tpeska.
BbiBeanTe opMyny ANs pacCTOSHMA MeXay TOUYKaMW.
UTo Takoe ypaBHeHUWe (UTypbl B AEKAPTOBbIX KooOpAWHaTax?

[l oKaXxunte, 410 npamMas B AEKAPTOBbIX KOOPAMHaATaxX UMEET ypaB-



10.
11.

12.
13.

14.
15.

a k~ w N

10.
11.

12.
13.

Kak HaWTu KOOpAWHaTbl TOYEK MepecevyeHus ABYX MNPAMbIX, €CNu
3aflaHbl YpaBHEHUS 3TUX NPSAMbIX?

Kak pacnonoxeHa npamas, ecnim B ee ypaBHeHUU KOappuumeHT
a=0m=20,c=0)7?

UTo Takoe yrnoBon KosMOUUMEHT NPSAMONA U KaKOB ero reoMmeTpu-
YeCKU cMmbIcn?

LoKaxuTe, 4To rpauMkK NUHENHON (DYHKUUN — npAMas.

MpyM KakoMm yCnoBuUM npsamas M OKPYXHOCTb He NepecekakTcsd B
ABYX TOYKax, KacawTcs?

[ainTe onpefeneHns cuHyca, KOCUHyca U TaHreHca Ans noboro yr-
na ot 0° go 180°.

Ookaxute, 4to Aana nawboro yrna a (0° < a < 180°)
BT (180°- a) = 3T a, coe (180°- a) = -coe a, 48(180°- a) =
= a.

3apayu

MyHKT 71

MpoBeanuTe OCU KOOpAMHAT, BblOepuTe efUHMUY ANWHbI Ha 0OCAX,
NoCTpoinTe TOUYKM € KooppuHatamu: (1; 2), (-2; 1), (-1; -3),
2; -1).

(BO3I:>M)VITe Haygady 4yeTbipe TOYKM Ha MA0OCKOCTWM Xy. Hailgute Ko-
OpPAWHATBLI 3TUX TOYeK.

Ha npsamoi, napanfiefnibHOW OCKM X, B3ATbl 4Be TOYKWU. Y O4HON K3
HUX opAuHata y = 2. Uemy paBHa opauHaTta APYron TOUYKWU?

Ma npaAmMoun, NeprneHANKYNSAPHON OCU X, B3ATbl [Be TOUKW. Y OAHOWN
M3 HMX abcumcca x = 3. Yemy paBHa abcumcca Apyron TOUKK?

N3 Toukn A (2; 3) onyuweH neprneHAUKynap Ha ocb X. Hawngute
KOOpPAWHATbl OCHOBaHWA MepneHauKynapa.

Uepes Touky A (2; 3) nposefeHa npamMmasd, napanfienbHas ocu X.
Haingnte KoopauHaTbl TOUYKWM MepeceyeHUs ee C OCbio Y.

Haingnute reomeTpuyeckoe MeCcTO TOYEK NJIOCKOCTU XYy, ANS KOTO-
pbix abcuymcca x = 3.

Hangute reomeTpuyeckoe MeCcTO TOYEK MJIOCKOCTM XYy, ANSA KOTO-
pbiX bl = 3.

OaHbl Toukn A (-3; 2) u B (4; 1). AokaxuTe, 4to oTpe3ok AB ne-
pecekaeT OCb OpAMHAT, HO He MepecekaeT OCb abcuyumcc.

Kakyto u3 nonyocert ocn y (MNONOXUTENbHYO UAN OTPULATENbHYIO)
nepecekaeT oTpe3okK AB B npeabigyuiein 3agave?

Hanante pacctosaHue ot Toukm (-3; 4) po: 1) ocu x; 2) ocu y.

MYyHKT 72

Hangnte koopauHatbl cepeauHbl oTpeska AB, ecnu: 1) A (1; -2),
B (5; 6);2) A (-3; 4), B (1; 2); 3) A (5 7), B (-3; -5).

Touka C — cepegnHa oTtpe3ka AB. Hanagnte KoopauHaTbl BTOPOro
KoHua oTtpes3ka AB, ecnu: 1) A (0; 1), C (-1; 2); 2) A (-1; 3),
C (1; -1); 3) A (0; 0), C (-2; 2).

| | | "I aPTuww KoopauHaT**!
Ha NA0CKOCTMU



14.

15.

16.

17.
18.
19.
20.
21.

22.

23.

24.
25.
26.
27.

28.
29.
30.

31.

JoKaxunute, 4to yeTbipexyronbHuk ABCB c BeplwiMHamn B TOYKax
A (-1; -2), B (2; -5), C (1; -2), b (-2; 1) asnaetcsa napanneno-
rpaMmom. Hailamte TOYKY MepeceyeHus ero AmaroHanei.

[aHbl Tpyn BepwuHbl napannenorpamma ABCBE'. A (1; 0), B (2; 3),
C (3; 2). Hangnte KoopAnHaTbl YeTBEPTOW BepPLWMUHbI B U TOUKM
nepeceyeHns AuaroHasnen.

Hangute cepefWHbl CTOPOH TPeyrofibHMKa C BEPLIMHAMMU B TOYKax
O (0; 0), A (0; 2), B (-4; 0).

MyHKT 73

[aHbl Tpu TOoukM A (4; -2), B (1; 2), C (-2; 6). Haingute paccro-
AHNA MEXAY 3TUMU TOYKaMu, B3ATbIMUK MOMAPHO.

Ookaxute, 4to Toukn A, B, C B 3agaue 17 nexaT Ha OfHON nps-
MOM. Kakasa M3 HUX NeXUT Mexay ABYyMA ApYyrumn?

HaingnTe Ha ocuM X TOYKY, paBHOyganeHHyt oOT Touek (1; 2) u
(2; 3).

Hangute TOYKy, paBHOY[a/leHHYK OT OCel KOOPAWHAT U OT TOYKMU
(3; 6).

JoKaxunte, 4to 4veTbipexyronbHuk ABCHb c BepwnHaMu B TOUKax
A (4, 1), B (0; 4), C (-3; 0), B (1, -3) saBndetcAa KBaj-
paToMm.

Jokaxunte, 4to yetbipe Toukm (1; 0), (-1; 0), (0; 1), (0; -1) aB-
NATCA BepwMHaMW KBajpara.

MyHKT 74
Kakune n3 touek (1; 2), (3; 4), (-4; 3), (0; 5), (5; -1) nexaT Ha
OKPY>XHOCTU, 3afjaHHON ypaBHeHMeM X2 + y2 = 257?

Haingute Ha OKPY>XHOCTMW, 3aflaHHON ypaBHeHWEM X2 + y2 = 169,
Toukmn: 1) ¢ abcumccoin 5; 2) ¢ opamHaton -12.

[OaHbl Toukn A (2; 0) n B (-2; 6). CocTaBbTe ypaBHEHUE OKPYX-
HOCTW, AMaMeTPOM KOTOPOW fABNseTcsA O0Tpe3oK AB.

OaHbl Toukn A (-1; -1) n C (-4; 3). CocTaBbTe ypaBHEHUE OKPYX-
HOCTW C UeHTpOM B Touke C, npoxojduien yepes TOUKy A.
Hangute UeHTP OKPYXXHOCTM Ha OCU S, eCNM M3BECTHO, 4YTO OK-
PYXXHOCTb MPOXOAUT 4yepe3 Touky (1; 4) n pagnyc OKPY>XHOCTKU pa-
BEH 5.

CocTaBbTe ypaBHeHME OKPYXHOCTU C LeHTpoM B Touke (1; 2), Ka-
carouencs ocm Xx.

CocTaBbTe YypaBHeHME OKPYXHOCTU C ueHtpom (-3; 4), npoxoas-
e 4yepes Hayaso KoopauHar.

Kakas reometpuyeckas ¢purypa sajgaHa ypaBHeHUeM

a2 b2
X2+y2+ax +by+c=0, -*+-~--0 0?
HaiignTe KOOpAMHaTbl TOYEK MNepecevyeHUs ABYX OKPYXHOCTEN:
X2+ y2=1 x2+y2- 2x +y - 2 =0.
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32.

33.

34.

35.
36.
37.
38.

39.

40.

41.
42.
43.

44,

45,
46.
47.

Hangnte KoopAuHaTbl TOYEK MEPeceyeHUss OKPYXHOCTU X2 + y2 -
-8x-8y + 7 =0c ocbl X.

[JOoKaxunte, 4YTO OKPYXHOCTb X2 + y2 + 2ax + 1 = 0, \a > 1, He
nepeceKaeTcsd C OCblO Y.

[JOoKaXnte, 4UTO OKPYXHOCTb X2 + y2 + 2ax = 0 KacaeTca ocu Yy,
a* 0.

[MYyHKT 75

CocTaBbTe YypaBHEHME MPAMOW, KOTOpas MPOXOAUT yepe3 TOUKMU
A (-1; 1), B (1; 0).

CocTaBbTe ypaBHeHue npsamoin AB, ecnu: 1) A (2; 3), B (3; 2);
2) A (4; -1), B (-6; 2); 3) A (5, -3), B (-1; -2).

CocTaBbTe ypaBHEHUA MPAMbIX, COAepXKawnx CTOPOHbl TPEyroJfib-
Hnka OAB B 3apave 16.

Yemy paBHbl KO3(Q(MUUMEHTBI & M & B YypaBHEHUU MNPAMOMN
ax + by = 1, ecnn N3BECTHO, YTO OHa MPOXOAWUT yepe3 Toukn (1; 2)
n (2; 1)?

Hangnte TOUYKM nepeceyvyeHns ¢ OCAMM KOOPAWMHAT NPAMON, 3afaH-
HON ypaBHEHWEM:

NHx +2y +3 =0; 2) 3x +4y = 12;

3) 3* - 2y +6 =0; 4)4x - 2y - 10 = 0.

MyHKT 76

Hangnte TOUYKy nepeceyvyeHUs MPAMbIX, 3afaHHbIX YPaBHEHUAMU:
H)x +2y + 3 =0,4x + 5y +6 = 0;

2) 3x -y-2 =0,2x +y-8
3)4x + by + 8 = 0, 4x - 2y - 6
JoKkaxute, 4yTo TpU nNpaAMble X + 2y = 3, 2Xx - y = 1 n 3x +
+ y = 4 nepecekawTcAa B O4HOW TOYKe.

Hangnte KoopAuHaTbl TOYKWM NepecevyeHUs MeauaH TpeyrosibHMUKa
c sepwuHamm (1; 0), (2; 3), (3; 2).

JoKaXXnTte, 4To npsAmMble, 3afaHHble ypaBHeHMAMM y = KX + 1Y
y = KX + 12, npn Ir & 12 napannenbHbl.

Cpegn npamblX, 3afaHHbIX YpPaBHEHUAMWU, YKaXUTe napbl napan-
NenbHbIX NPAMBbIX:

0;
0.

1) x +y = 1; 2) y = x - 1; 3y X -y =2
4)y = 4; 5y = 3; 6) 2x + 2y +3 = 0.
MyHKT 77

CocTaBbTe ypaBHeHMe NPAMONW, KoTopasd napasnfefibHa oCu y U Npo-
X0AMT 4yepe3 TOuUKy (2; -3).

CocTaBbTe ypaBHeHMe NpPAMONM, napannebHOMW OCU X M NPOXOAs-
e yepes Touky (2; 3).

CocTaBbTe ypaBHeHMe MpPAMOM, NMPOXOoAALLerd 4Yepe3 Hayvano KOOp-
AVNHAT 1 To4uky (2; 3).

[ekap TOHbl KoOpAUHAT bl
HW MA0CKOCTHU



48.
49.

60.

51.

52.

53.
o4.

55.

56.

o7.

58.

69.

60.

61.
62.

MyHKT 78

Hangute yrnosble KO3QduunMeHTbl NpsambIX M3 3agaum 39.
Haingute ocTpble yrnibl, KOTopble 06pasyeT 3ajaHHasa npamas c
OCbH X:

1) 2y = 2x + 3; 2)x"N13-y =2; 3)x+y~r"3+1 =0.
MyHKT 80

Halignte TOYKM nepecevyeHMa OKPYXHOCTM x2 + y2 = 1 ¢
npAMOi:

1) y = 2x + 1; 2) y = x + 1;

3) y =30 + 1; 4)y = kKx + 1.

Mpy KakKnuX 3HaYeHUAX € npsamas X + Yy + ¢ = OU OKPYXHOCTb
X2 + y2 = 1. 1) nepecekaiTcs; 2) He nepecekawTcd; 3) Kaca-
rTCa?

MyHKT 81

Hangnte CUMHYC, KOCUMHYC W TaHreHc yrnos: 1) 120°; 2) 135°
3) 150°.

Hangute: 1) 37 160°; 2) co3 140°; 3) 130°.

HaiiguTe CUHYC, KOCMHYC W TaHreHc yrnos: 1) 40°;, 2) 14°36'
3) 70°20"; 4) 30°16";5) 130°; 6)150°30'; 7)150°33'; 8) 170°28\

Hangute yrnel, gnsa koTtopbix:1) 3T a =0,2; 2) co3 a=- 0,7;
3) a =- 04.
Hangnte 37 a u a, ecnu:
1) co3a =-|-; 2) co3 a = - 0,5;
N
3) co3a=— 4) co3a = y3

Hangnute co3 a u a, ecnu:

1) 3T a=10,6,0°<a<90° 2)3T1a=], 90° < a< 180°%
3) 3Ta=-p, 0° < a < 180°.

) \2

5 ~
N3BecTHO, 4TO a=-——. Haungnte 37 a n co3 a.
o _ 3
[TocTpouTe yron a, ecnm U3BeCTHO, 4YTO 3T a ==

MocTpoiiTe yron a, €CAu M3BECTHO, YTO CO3a = ~

oleo

LJOoKaXunte, 4To ecnm co3 a = co3 p, TO a = p.

JoKaXurte, 4to ecnm 3T a = 3T p, To NM6o a =P, nubo
a = 180° - p.
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[BUXeHune

82. lpeobpasoBaHuna quryp

Ecnn kaxpayr TO4YKYy JaHHOW purypbl cme-
CTUTb KaKMM-HMOyab 06pa3om, TO Mbl MONYYUM HOBYIO
urypy. FoBopaT, 4To 3Ta urypa nonyyeHa npeobpa-
30BaHMEM W3 AaHHoOW (puc. 182).

Mpeobpa3zoBaHne OAHOW (UIypbl B APYrYyHO
Ha3blBaeTCA ABUXEHWEeM, ec/in OHO COXpaHfAeT paccTof-
HUe MeXxnay Touykamwu, T. e. NepeBoAUT Nobble ABe TOuY-
Kn X n Y ofHON purypbl B TOUKN X' 1 Y' apyron ¢u-
rypol tak, 4uto Xy = X'¥Y' (puc. 183).

3ameyaHue.

[TOHATME ABUXEHUA B FreOMETPUN CBA3AHO C
06bIYHbIM MNpeAcTaBfeHWEM O nepemeuweHun. Ho ecnu,
roBops O NepemelleHUmn, Mbl nNpeacTasisieM cebe Hernpe-
PbIBHbIA MpoLUecc, TO B reoMeTpun ANA Hac o6ypyT
MMeTb 3HayeHWe TOJIbKO HayalbHOe W KOHe4yHoe MoJio-
XeHUs urypsl.

MycTb purypa P nepeBoauTCs LBUXEHUEM
B urypy P\ a urypa P' nepeBoautca ABUXXEHWEM B
purypy P" (puc. 184). lycTb nNpu nNepsBomM [ABUXEHUMU
Touka X urypbel P nepexoaut B Touky X' dpurypbl P\
a nNpuv BTOPOM [ABMXeHUM Touyka X' gurypbel P' nepexo-
ANT B Touyky X" d¢urypbl P". Torga npeobpasoBaHue
purypbl P B ¢urypy P, npu KOTOpOM NPOU3BOJibHas
Touka X urypol P nepexoauT B ToUky X" durypsl P",
COXpaHAeT pacCToAHMe MeXAy TOYKaMu, a 3Ha4YnT, Tak-
Xe ABNAeTca ABMXKEHMeM. ITO CBONCTBO ABUXEHUSA Bbl-
paxakwT C/noBamMu:

ABa ABUXEHWNA, BbIMOMHEHHbIE NOCAeAOoBaTe/ibHO, Aal0OT
CHOBa ABUWXEHWNE.

MycTb npeobpa3oBaHue gurypol P B dury-
py P' nepeBoguT pasfinyHble TOYKW ¢urypol P B pas-
NNYHbIE TOYKW urypel P' (cm. puc. 182). MycTtb npo-

p P’
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M3BONbHAA Touyka X qurypel P npu 3atom npeobpaso-
BaHUWN nepexoamT B TOo4uky X' urypbl P'. Tpeobpaso-
BaHWe urypol P' B qourypy P, npu KoTopom Touyka X'
nepexoauMT B TO4YKY X, HasbiBaeTcd NpeobpasoBaHuEM,
o6paTHbIM JaHHOMY. [BWXXeHWe COoXpaHsAeT paccTofAHue
MeXAy ToyKaMWu, MO3TOMYy MepeBOAUT pas/IMyHble TOY-
KM B pa3nnyHblie. OyeBUAHO,

npeobpasoBaHue, obpaTHOE ABUXEHUID, TaKXe ABNAET-
CA ABWXXEHUEM.

83. CBoicTBa ABUXEHNA
Teopema

m Y
Toukn, nexaume Ha NPSMOW, NPU ABMXKEHUMN MEPeXo-
O0AT B TOUYKM, nexallne Ha NPAMON, U coxpaHsieTcs no-

paAgoK MX B3aMMHOIO paCnoioXeHud.

3T0 3HauuT, 4to ecnn Toukm A, B, C, ne-
Xauime Ha npsamoin, nepexofsat B Toukum Ax Bx Cx To
3TN TOYKM TaKXe fiexxaT Ha NnpAMoi; ecnum Touyka B ne-
XNT Mexay Toukamum A n C, To Touka Bl nexunt mex-
oy Toykamu At n Cx

[loKa3aTenbCTBO.

MycTb Touka B npamoin AC nexunt mexpay
Toukamn A n C. [okaxem, 4to TO4kn AX, Bx Cx ne-
XaT Ha Of4HOW MPAMOMN.

Ecnn Toukm Ax BX Cr He nexat Ha nps-
MO, TO OHU ABNAKTCA BepWMHAMMK TpeyrosbHuKa. lo-
aTomy AXCX< AIB1 + BICL1 [llo onpepeneHno ABUXe-
HNUa oTtcroga cneagyet, 4yto AC < AB + BC. OagHako no
CBOMCTBY M3MepeHunsa otpeskos AC = AB + BC.

Mbl NpUWAN K NPOTUBOPEYUto. 3HaYuT,
Touyka Ba nexuT Ha npsmoint AICL TllepBoe yTBepxae-
HVe TeopeMbl [0Ka3aHo.

[Tokaxem Tenepb, 4YTO Touyka Bl nexwut
Mexay Touykamum Ax nm Cx. [donycTum, 4yTo Touyka AX
nexuT mexpagy Toykamm Blwu CL Torgpa ABl1+ AICL =
=B1C1, n, cneposatensHo, AB + AC = BC. Ho 3To0

ngomsopeqm paBeHcTBY AB + BC = AC. Takum
obpasom, Toyka Al He MOXeT fiexaTb MeXAay ToukKa-

Mn Bxun Cx
AHanornyHo pokasbiBaeTcs, 4To TOouyka C1l
He MOXET NnexaTb MeXxAay Toykamun Axu Bx
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Tak Kak 3 Tpex To4eKk AIYBIY Cr ogHa ne-
XUT Mexnay ABYMA LPYTMMU, TO 3TOM TOYKON MOXeT
ObITb TONbKO BX. Teopema fgoKa3aHa MONHOCTLIO.

N3 Teopembl 9.1 cnepyeTt, 4To

npu ABVKEHUU NpAMble NepexoadT B npAMble, MOny-
npsMble — B MONYynNpsMble, OTPe3KM — B OTPe3KU
(puc. 185).

LJoKaxeMm, 4To

MPU ABVMXXEHUU COXPaHAKTCA YrAbl MeXAy Nonynps-
MbIMMW.

Mycte AB n AC — fBe nonynpambie, UCXO-
adawmve M3 Toukum A, He fexawue Ha OLHOW MpPAMOWA
(puc. 186). Mpu ABUXEHUU 3TKU MONYyNpsAMble Mepexo-
AAT B HeKoTopble nonynpamble ABB1 n AICL Tak Kak

[BUXXEHMEe coxpaHAeT pacCTOAHWUA, TO TPEYrobHUKN
ABC n AIBIC1 paBHbl N0 TpeTbeMy MpPU3HaKYy PaBeHCT-

Ba TPeyrosibHNKOB. N3 paBeHCTBa TPeYyrosibHUKOB Cne-
ayet paBeHcTBO yrnos BAC n BIAICL uTto mn TpeboBa-

NoCb AoKa3aThb.

84. CUMMeTpPUA OTHOCUTE/IbHO TOYKMU

Myctb O — (uKcMpoBaHHaa Touka U X —
Mpou3BOMibHAA To4yKa nnockoctn (puc. 187). OTNOXUM
Ha npofo/mkKeHUn otpeska OX 3a Touky O oTpes3ok OX'y
paBHbli OX. Touka X ' Ha3blBaeTCAd CUMMETPUYHOM
TOYke X OTHOCUTeNbHO TOYkM O. Touka, CUMMETPUY-
Haa Touyke O, ecTb cama Toyka O. O4yeBMAHO, YTO TOY-
Ka, CMMMeTpuyHaa Toyke X'y ecTb To4yka X.

Mpeo6pa3oBaHue ¢urypol P B ¢urypy P’y
NPy KOTOPOM KaXpjas ee Touyka X MepexoAuT B TOUKY
X', CAMMETPUYHYIO OTHOCUTE/NIbHO AaHHON Toykn O, Ha-
3blBaeTCcAa npeobpasoBaHMEM CMMMETPUN OTHOCUTENIBHO
Toukn O. Mpn atom gpurypbl P n N'Ha3biBalOTCA CUM-
MeTPUUYHbIMKU OTHOCUTENbHO TOoYkn O (puc. 188).

Ecnn npeobpasoBaHne CUMMETPUU OTHOCU-
TeNlbHO TOouykn O nepeBoauT gurypy P B cebsd, TO OHa
Ha3blBaeTCA LeHTPasbHO-CUMMETPUYHON, a Touka O Ha-
3blBAeTCA LLEHTPOM CUMMETPUN.

Hanpumep, napannenorpamm ABnfeTcH
LEHTPaNbHO-CUMMETPUYHOWU QUrypoil. Ero ueHTpom
CUMMETPUMN SABNAETCA TOYKA MepeceyeHns AuaroHasnem
(punc. 189).
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Teopema

Mpeobpa3oBaHne CUMMETPUN OTHOCUTE/IBHO TOUKU SIB-

nAaAeTca ABUXEHUEM.

JoKas3aTenbCcTBO.

Myctb X U Y — [ABe NMPOU3BOJIbHbIE TOUKMU
¢urypol P (puc. 190). MNpeobpa3oBaHne CUMMETPUN OT-
HOCUTENbHO TOYKM O nepeBOANT UX B TOUKM X' N Y'
PaccmoTpum TpeyronbHMkn XOY un X’0Y. 31K Tpe-
YrONIbHUKW paBHbl MO MEepBOMY MNPU3HAKYy paBeHCTBa
TPEYTrONIbHNUKOB. Y HWUX Yrnbl Npu BepwnHe O pasHbI
KakK BepTuKanbHble, a OX = OX', OY = OY no onpe-
[leIeHUI0 CUMMEeTpPUKM OTHOCUTeNnbHO Touku O. N3 pa-
BEHCTBA TPEYroNbHWKOB cnefyeT PaBeHCTBO CTOPOH:
XY = X'Y. A 3T0 3HaUNT, YTO CUMMETPUA OTHOCUTENb-
HO ToYkM O ecTb ABUXKeHMe. Teopema [oOKa3aHa.

85. CuMMeTpuMs OTHOCUTESIbHO MPAMONA

Myctb 8 — @QuUKcupoBaHHada npaAmas
(puc. 191). Bo3bMemM NPOM3BONbHYK TOUYKY X U onyc-
TMM nepneHankynap AX Ha npamyto 8. Ha npoposnxe-
HUW nepneHaMKynapa 3a TOUKY A OT/IOKUM OTpe3oK
AX', paBHbI 0Tpe3kKy AX. Touka X' Ha3blBaeTcqd CUM-
MeTPUYHOMN TOoYKe X OTHOCUTE/IbHO MPSAMOWA Ecnu
TOYyka X N1eXMUT Ha NpAMOi §, TO CUMMeTpUYHasa eW
TOYKa ecTb cama Toyka X. O4YeBMAHO, YTO TOYKA, CUM-
MeTpu4yHaa Touyke X', ecTb Touka X.

MpeobpaszoBaHune ¢urypol P B durypy P,
Npy KOTOPOM KaXkjaa ee Toyka X MepexoguT B TOUKY
X', CUMMETPUYHYI OTHOCUTENbHO AAaHHOW NPAMOW A,
Ha3blBaeTcHA npeobpasoBaHMEM CUMMETPUN OTHOCUTESb-
HO nNpsamMon A. Mpwu atom durypbl P n P' Ha3blBaloTCA
CUMMETPUYHBIMWN OTHOCUTENIBHO NpAmMoi g (puc. 192).

8 8
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Puc. 194 Puc. 195

Ecnn npeob6bpaszoBaHWe CUMMETPUU OTHO-
CUTeNbHO NpAMoW 8 nepeBoguT ¢urypy P B cebs, TO
aTa (urypa HasblBaeTcad CUMMETPUYHON OTHOCUTENbHO
npamoin 8* a npsamas 8 Ha3blBAeTCHA OCbHO CUMMETPUM
Gurypel.

Hanpumep, npamble, npoxoduwue uyepes
TOUYKY MNepecevyeHUs AuaroHane NpsAMoOyrosibHUKa na-
pannefbHO ero CTOpoHam, ABAAKTCA OCAMMU CUMMETPUN
npamoyronbHuka (puc. 193). MpsaAmble, Ha KOTOPbIX fe-
XaT gmaroHanu pomba, ABAAKTCA €ro OCAMU CUMMET-
pun (puc. 194).

Teopema
9.3

Mpeobpa3oBaHWEe CUMMETPUU OTHOCUTENLHO NPSAMOIN
SABNSETCSA [BUKEHUEM.

[loKa3aTenbCcTBO.

Mpumem [aHHYHO MNpPAMYIO 3a OCb Yy [AeKkap-
TOBO cuUcTeMbl KoopauHat (puc. 195). MycTb npowus-
BONbHaA Toyka A (ac, y) purypbl P nepexoanTt B TOUKY
A' (x'; y') qurypbel P'. 3 onpepeneHns cCUMMeETpUN OT-
HOCUTENbHO MPAMOW cneayeTt, 4To y TouyeK A n A' pas-
Hble OpAMHaThbl, a abcuuccbl OT/IMYAKTCA TONIbKO 3Ha-
KOM: X = -X.

Bo3bmem [BEMNPON3BOJIbHbIE TOUKMU
A Y\) n 8 (X2* Yr)) OHunepengyt B TOUKMU
A (x> Y\) ns> ("*2, 3"-

Nveewm:

AB2 = (x2~ xX2 + (y2- yX?2
A'B'2=(~x2 4+ xx2+ (y2- yr2
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OTctoga BuagHO, 4To AB = A B A 3T0 3HA4YUT, 4YTO Mnpe-
ob6paszoBaHMe CMMMETPUM OTHOCUTENbHO MPSAMOW €ecTb
ABUXXeHne. Teopema poKasaHa.

86. [lloBopoT

MOBOPOTOM MAOCKOCTU OKONO AaHHOW TOu-
KM Ha3blBaeTCA TaKoe [ABWMXXeHWe, MPU KOTOPOM Kax-
Abl Ny4d, UCXOAAWMA N3 3TON TOYKM, NMOBOpayMBaeTcs
Ha OAWH M TOT Xe€ Yyrona B OAHOM M TOM >Xe Hanpasie-
HUM (puc. 196). ITO 3HAYMT, 4YTO ec/lU MpPU NOBOPOTE
0KO0Mo To4ykn O Toyka X nepexoAuT B TOUKY X', TO Nny-
yn OX n OX' obpasyloT OAMH M TOT Xe Yrona, Kakosa
Obl HM OblNna ToYka X. ITOT Yron HasbiBaeTcsd YyrjiomMm no-
BopoTa. Npeobpa3oBaHue uryp npu noBopoTe Ma0CKO-
CTW TaKXe Ha3blBaeTCA MOBOPOTOM.

3afayva (25).

1) MocTponTe TOUYKY AT, B KOTOPYHO MNepexo-
ANT ToYyKa A npu noBopoTe 0KoNo To4ykm O Ha yron 60°
MO 4acoBOW CTpenke.

2) MocTpoiTe ¢urypy, B KOTOPYH Nepexo-
ANT 0Tpe3oK AB npu noBopoTe 0KO/O TOYKM O Ha yron
60° MO 4acoBOW CTpenkKe.

PeweHue.

1) Mpoeegem nyy OA u noctpoum nyy OM
Tak, 4to /AOM = 60° (puc. 197, a). OTNOXKMUM Ha ny-
ye OM oTpe3ok OAlr paBHbI oTpe3ky OA. Touka AX

ABNAETCA MCKOMOIA.
2) MocTtpoum TOoUKM Alun BX B KOTOpbIe ne-

pexoaAaT npu 3agaHHOM MNOBOpPOTe TOUkM A u B, aBnf-
lowmeca KoHuamy otpeska AB (puc. 197, 6). OTpe3ok
A1B1laBsndetca UCKOMbIM, MOCKONbKY NMpu MNOBOPOTE OT-

PE30K MepexoAunT B OTPE3OK.

87. TlMapannenbHblil MepeHoc

N ero CBOWCTBA

HarnagHo napannenbHbIA NepeHoCc onpege-
nsaeTcs Kak rnpeobpasoBaHue, NPpU KOTOPOM TOYKWU CMe-
L arTCcAa B O4HOM M TOM XK€ HanpaB/leHWN Ha O4HO U TO
e pacctosaHune (puc. 198). Takoe onpegeneHue He SB-
nfeTca mateMaTU4yecKu CTPOrMm, MOTOMY UTO B HEM
ynoTpe6nsieTca BblpaXeHWe «B OAHOM U TOM XXe Ha-
npaBneHNN», KOTOPOE CamMO HYXJaeTcsa B TOYHOM oOnpe-
aeneHun. B cBsA3nM ¢ 3TUM napansieNlbHOMY MEPEHOCY Mbl
fafMMm Apyroe, oOTBevyarwl,ee TOMY Xe HarnsgHomy
NpeAcTaB/IEHUIO, HO YXe CTporoe onpeaeneHue.
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BeefemM Ha NJIOCKOCTW [eKapTOBbl KOOPAW-
HaTbl XYy Y. lpeobpa3oBaHne ¢urypol P> npu KoTOpoMm
npon3BosibHad ee To4yka (X; y) NepexoanuT B TOUKY
(x + a;,y + b), rae aun b— ogHN N Te Xe AN BCeX
ToyeK (/:; Y)Yy HasblBaeTcsA mnapannefbHbIM TMepPeHo-
com (puc. 199). MapannenbHbi NepeHoc 3afgaeTca op-
My/laMmu

X'=x+ay =y + b
AT popmMynbl BblpaxakwT KOOpAMHATHLI X',

y' TOUKKW, B KOTOPYH MepexoauT Touyka (ac, y) npu na-
pannenbHOM nNepeHoce.

MapannenbHblii NEPeHOC eCcTb [JBUXEHME.

[encTBUTENbHO, [ABE MPOM3BOJIbHbIE TOUKN A (g1 yr) u
B (X2, y2) nepexopAat npu napannenbHOM MepeHoce B
TOYkn A' (xr + a; yx+ b), B’ (x2 + a; y2 + b).

[MoaTomy

AB2 = (x2- xx2+ (y2- yx2

AB'2= (x2- xnN2+ (y2- yx2

Otcioga AB = AB".

Takum o6pasom, napanfiefibHblA NepeHocC
COXpaHAeT pPacCTOAHUSA, a 3HAUYUT, ABMAETCHA ABUXKEHMU-
eM, 4To ¥ TpeboBanocb A0Ka3aTb.

Ha3BaHue «napanfiefibHblA NepeHoOC» onpas-
AblBaeTCA TEM, 4TO

Npu napanfieibHOM MEPEHOCE TOYKU CMelLarTca no
napannenbHbIM (MU COBMaAalOLLMM) NPAMbIM Ha OfHO
N TO Xe paccTosiHue.

[enctButenbHO, NycTb ToOUkM A (X yr) n B (x2; y2) ne-
pexoaAaT B Toukn A (xx+a; yr+b) n B' (x2+ a; y2+ b)
(pnc. 200). CepeanHa oTpes3ka AB' nmeeT KOOpAUHATHI
yl+y2+b

Te e KoopAuHaTbl UMeeT M cepefnHa oTpeska A'B. OT-
cloja cnepyeTt, 4YTO AuMaroHannm YeTblpeXyronbHUKa
AA'B'B nepecekalTC U TOYKOW MepecevyeHUs AensaTcs
nonosamMm. 3Ha4YuT, 3TOT UYeTbIPEXYTO/IbHUK — napanne-
norpamm. Ay napannenorpamma npoTuBoiexaliue
CTOpoHbl AA 1 BB' napannenbHbl U paBHbI.

3ameTum, 4To y napannenorpamma AA'B'B
napannenbHbl N ABe Apyrnue npoTUBOeXalue CTopo-
Hol — AB 1 AB'. OTcloga cnegyet, 4To

Puc. 200
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npu napansieNbHOM NepeHoce NpAmMasa nepexoaumT B Ma-
pasisieNlbHyl0 NpsAMyto (Mnn B cebs).

3ameyaHue.

B npeabigywem fokasaTenbCTBe npepnona-
rasocb, YTo TOo4yka B He nexuT Ha npamoinn AA'. B cny-
yae, Korga Touyka B nexuTt Ha npamoin AA', Touyka B’
TOXEe JIeXXUT Ha 3TOW NpAMOKM, TakK KaK cepeguHa
oTpe3dka AB' coBnagaer c cepeAuMHOM oOTpe3ka BA'
(puc. 201). 3HauwnT, BCce TOoukM A, B, A', B' nexart Ha
ofHON npsamoun. [Oanee,

NA'=n/(nl+a-xnN2+ (yl+b -y )2 ="a2+ b2 |,

BB'=V(x2+a- x$ + (y2+b-y$ =~la2+b2.

Takum o6pa3om, B 3TOM ciyyae TOUKM A ©
B cmewatoTca no npamoil AB Ha ogHO M TO Xe paccTo-

88. CyuiecTtBoBaHMe U eQNHCTBEHHOCTb
napannenbHOro nepeHoca
Teopema

KakoBbl O6bl HM 6bl/in ABe TOYKM A N A', CyLlecTBYeT
OIMH M TONMbKO OAWH MapannesibHblii NepPeHoc, NpN Ko-
TOPOM TOUYKa A nepexoguT B TOUKYy A'.

[ oKa3aTenbCTBO.

HayHeM C pgoKa3aTenbCTBa CYL,ECTBOBaHUA
napanfienbHOro nepeHoca, nepesoadwero Toyky A B
TOouky A'. BBegem fekapTOBbl KOOpAWHATLI Ha MNOCKO-
ctn. MycTb al9 a2 — koopaMHaTbl TOYKM A un a\,
a'2 — KoopauHatbl Toukn A'. TapannenbHbll nepeHoc,
3aflaHHbIW hopmynamu

X'=x +a\- alby’=y + a2- a2
nepeBoANT TO4YKYy A B TOUKy A'. [eWCTBUTeNbHO, Npwu
X = axuny = a2nonydyaem x' = a\, y' = a'2

[oKaXxeM efWHCTBEHHOCTb nNapaniefnbHoro
nepeHoca, nepesoadwero To4yky A B TouKky A'. TlycTb

X — npou3BofibHas Touyka (uUrypol m X' — TO4Ka, B
KOTOpPYHO OHa nepexoanT MnMpu napansenbHOM nepeHoce
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(puc. 202). Kak Mbl 3Haem, otpe3km XA un AX' nmerot
o6wyto cepeanHy O. 3agaHume TOUYKM X OLHO3HAYHO On-
pegenset Touky O — cepegnHy oTpe3ka AX. A TOYKU
A n O ogHO3HaYHO onpefendrT ToUuKy X', TaK KakK Tou-
Ka O aBnsdetcsa cepegumHoin oTpeska AX'. OpHO3Hau-
HOCTb B OMnpefeneHUn ToYku X' N 03HayaeT efUHCTBEH-
HOCTb MapanfiefNibHOro rnepeHoca.

Teopema goKa3aHa MOMHOCTLIO.

3apava (30).

Mpn napannensHOM nepeHoce Touyka (1; 1)
nepexoauT B TOUKy (-1; 0). B Kakyt TOUYKY nepexoaut
Hayano KoopAauHart?

PewweHne.

Jllo6o napannenbHbIn MepeHoc 3agaeTcs
hopmynamu

X'=x +a,y =y + b

Tak kakK To4yka (1; 1) nmepexoAnT B TOUKY
(-1; 0), To -1 =1+ a, 0=1+ b. OTcioga a = -2,
= - 1. Takum o6pa3om, Halw napannenbHbli NepeHoc,
nepesogawnii Touky (1; 1) B Touky (-1; 0), 3agaetcs
opmynamu x' = x - 2,y =y - 1. loacTtasnaa B 3Tu
bopmynbl KoopAuHaTtel Havana (x = 0, y = 0), nony-
ymum x = -2, y' = -1. WTakK, Hayano KoopAauHaT nepe-
X0OAUT B TOUKy (-2; -1).

89. CoHanpaB/IeHHOCTb MOYNPAMbIX

[Be nonynpamble Ha3blBalOTCA OA4WHAKOBO
HanpaBneéHHbIMN UMK COHaMpaB/iEHHbIMW, €C/IN OHW
COBMELWAOTCA NMapanjiebHbIM NEPEHOCOM, T. €. CYLLECT-
BYeT napajnenbHblil NepeHoc, KOTOPbIN MNepeBOANT Of-
HY nonynpamMmyro B APYIryto.
Ecnn nonynpamMmbie a " b O0ANHAKOBO HaMnpaBNEHbLI
N nonynpsambie b U1 ¢ 04UHAKOBO HanpaB/ieHbl, TO MNO-
nynpambie a M C TOXe OAMHAKOBO HanpaBJ/ieHbl
(puc. 203).

[elicTBUTEeNbHO, NYCTb NapanfenbHblii ne-
PEHOC, 3afaBaeMblii popmynamu

X' =X + T,y =y + 7, (*)

nepeBoANT MONYNPAMYK a B nonynpsiMywb, a napan-
NenbHbI NepeHoc, 3ajaBaeMblii hopMynamu

X" =x'+ TOY" =y +nl9 (**)
nepesoAnT Nonynpsmyo b B nonynpamyto c.
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PaccmoTpuM napannefbHblil MepeHoc, 3afa-
BaeMbll hopmynamm

X" =x + 7T +TYY' =y +n + nr. (**%)

YTBepXXaaeM, 4TO 3TOT napaniefnbHbliii NEPeHOC NepeBo-
ANT NONynpamyto a B nonaynpamyt c. [lokaxem 3To.

Myctb (X; y) — Npon3BONbHAsA TO4YKa Mony-
npamMoin a. Toyka (X + T; Yy + M) NpUHALNEXUT no-
nynpsmon b cornacHo d¢opmynam (*). Tak KakK Touka
(Xx + T; y + n) npuHagnexut nonynpamon b, To co-
rnacHo opmynam (**) touka (x + T + TX\y + n 4 n")
NPUHAANEXUT NONYNnpPAMON C.

Takum o6pasom, napannenbHblil NepeHoc,
3afilaBaeMblin popmynamu (***), nepesoguT nonynps-
MY a B NMOAYynpamyr c. A 3TO 3HaA4YUT, YTO NoNynps-
Mble @ U C OAMHAKOBO Hanpas/ieHbl, YTO U TPebOBaNOCh
[loKa3aTh.

[Be nonynpAmMble Ha3blBalOTCA MPOTUBOMNO-
NIOX)KHO HanpaBNeHHbIMW, ecnu Kaxpgaa M3 HUX ofAMHa-
KOBO HamnpaB/ieHa C MONynpamoi, AONONHUTENbHOW K
apyron (puc. 204).

3apava (32).

Mpamble AH 1 CI1 napannenbHbl. Touyku A
n I nexart no ofgHy CTOPOHY OT cekyuen BC. okaxu-
Te, 4to nyuyn BA n CI1 ogMHAKOBO Hamnpas/ieHbl.

PewweHne.

MoaBeprHem nydy CI1 napannenbHomMmy ne-
peHocy, npu KoTopom To4yka C nepexognT B TOUKY B
(puc. 205). Mpun atom npsamaa CIl coBmecTutca ¢ nps-
Mo BA. Touka I, cmewascb no npsamon, napannenb-
Hoil CI1, ocTaeTcs B TOW Xe No/yn/JoCKOCTU OTHOCUTE/b-
HO npamoun BC.

MoaTtomy nyy CI1 coBmecTUTCca ¢ nyyom [A,
a 3Ha4YUT, 3TU NIy4Yn OAMHAKOBO HaMpaB/IEHbI.

90. PaBeHcTBO (uryp

[Be Qurypbl HasbiBalOTCA paBHbIMU, ec/u
OHU ABUXEHUEM nNepeBOAATCA OAHa B APYrYHO.

Ons o603HayeHUs paBeHCTBa (QUryp MWcC-
Nonb3yeTca 06bIYHbIA 3HAK paBeHcTBa. 3anucb P = P’
Oo3Hauvaert, 4to ¢urypa P paBHa turype P'. B 3anucu
paBeHcTBa TpeyronbHukos: AATMNC = JAIT1IC1 — npea-

nonaraetcs, YTO COBMELLaeMble NPU ABUXEHUMN BepLLK-
Hbl CTOSIT HA COOTBETCTBYHOLIMX MecTaX. Mpu Takom yc-
NoBUY
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PaBEHCTBO TPEYronbHWKOB, OMpefenseMoe 4Yepes MUX
COBMelleHne JBMKEeHNEM, N PABEHCTBO, KaK Mbl €ro no-
HUManuW 40 CUX MOP, BbipaXkalT OJHO U TO XE.

3TO 3HAYUT, 4YTO €C/NN Yy ABYX TPeyrosbHu-
KOB COOTBETCTBYIOLLME CTOPOHbI pPaBHbl U COOTBETCTBY-
loWKne yrnabl paBHbl, TO 3TU TPEYrosibHUKMU COBMELLAKOT-
CA ABUXXEHUEM.

N ob6paTHO: ecnu fgBa TpeyrojibHWKa COBMe-
warTCca ABUXEHMUEM, TO Y HUX COOTBETCTBYHL,ME CTO-
POHbI pPaBHbl M COOTBETCTBYHOLWME YIrbl paBHbl. [loKa-
Xem 06a 3TN yTBepXAeHus.

Myctb TpeyronbHnK ABC coBMmelLaeTcs
ABUMXEHMeM c TpeyronbHMkKom AIBIC1, npuyem BepLlln-

Ha A nepexoauT B BepwuHy Ar, B — B Bxun C — B Cr.
Tak KakK npu [ABUXXEHUM COXPAHAKTCA PacCToOAHUA WU

yrnbl, TO ANg Hawux TpeyronbHMkos AB = AIB],
BC = BxCX¥ AC = AXC¥ AA = AA:, AB = ABX
AC = ACX

MycTb Tenepb Yy TpeyronbHuUkos ABC wu
AXBIXCX AB =AXBX¥BC =BIC1 AC = AIC1, AA = AAX
AB = ABr, AC = ACX [lokaxeM, 4TO OHW COBMella-

IOTCA ABUXEHUEM, Npuyem BeplwnHa A nepexoauT B
BepwnHy AYB — B B9 C — B Cx

MoaBeprHem TpeyronbHUK ABC npeobpaso-
BaHMIO CUMMETPUM OTHOCUTENIbHO MPAMOW a, MepneHau-
KynsapHouW K oTpe3ky AAX W npoxofauwen yepes ero ce-
peanHy (puc. 206). Monyumm TpeyronbHUK AXB2C2
Ecnn Toukn Bxun B2 pa3nnyHbl, TO NOABEPrHeM ero cum-

METPUM OTHOCUTENbHO NPAMON b, KOTOpas NPOXOAUT Ye-
pe3 ToOuKy AX 1 nepneHAnKynsipHa K npamoi BXB2 MMo-

nyyunm TpeyronbHuk AIBIC3.

Ecnn 1toukm Cx n C3 nexart no ogHy CTOpO-
Hy OT npsmoi A>Bly To OHM coBnagawT. [encTtBuTeNb-
HO, TakK Kak yrnol BXAXCXun BIAIC3 paBHbl, TO Nyuu
AXCXun AXC3 coBnapaloT, a TaK KakK oTpe3sku AXCXnu
A)XC3 paBHbl, TO coBnagawT Toukn Cx n C3. Takum 06-

pasom, TpeyronbHukK ABC gBMXeHnem nepeBefleH B Tpe-
yronsHnKk AIBICL

Ecnn Toukm Cx n C3 nexkat no pasHble CTO-
POHbI OT npsaAmoit AxBly TO gna f[oKasaTenbCTBa Hafo

eue NPUMMEHUTb CUMMETPUIO OTHOCUTENIbHO MNPAMOMN
A1B1.
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12.

13.
14.
15.
16.
17.
18.

19.
20.
21.
22.

C© oo

KOHTpO/IbHbIE BOMPOCHI

Kakoe npeobpa3oBaHue (hMUrypbl HasblBaeTCs ABUXEHUEM?
[JOKaXunTe, 4UTO TOYKWU, fiexauime Ha NPAMON, NPU LBUXKEHUM Ne-
pexoAdT B TOYKM, fiexauiue Ha NPAMOW, U cOXpaHAeTcA MOpPAAoK
MX B3aMMHOI0 pPacnonoXXeHus.

Bo uTO nepexoAAat npAmblie, NONYyNnpAMble, OTPE3KN MPU LBUXEHUN?
[JoKaXunTe, YTo Npu ABUXKEHUU COXPaHAKOTCHA YIbl.

OObACHUTE, KaKme TOYKM Ha3blBAOTCA CUMMETPUUYHLIMU OTHOCHU-
TeNbHO AaHHOWN TOYKMW.

Kakoe npeobpa3oBaHuMe Ha3blBaeTCA CUMMETPUEN OTHOCUTENbHO
AAHHOW TOYKMK?

Kakas (urypa HasblBaeTCcA LEHTPasbHO-CUMMETPUYUHON?

YTo Takoe UEHTp cuMMeTpun gurypol? lMpuBegnte npumep LEHT-
panbHO-CUMMETPUYHOW (DUTYPBI.

[JOKaXunTe, YTO CUMMETPUSA OTHOCUTENIbHO TOYKMK eCTb ABUXEHMWE.
Kakne TOUKM Ha3blBalOTCA CUMMETPUYHLIMW OTHOCUTENIbHO [AaHHOWN
npsamMon?

Kakoe npeob6bpasoBaHMe Ha3blBaeTCA CUMMETPUEN OTHOCUTENbHO
AAaHHOW NPsSAMON?

Kakaa urypa HasblBaeTCi CUMMETPUYHON OTHOCUTENIbHO [aHHOM
npsamMon?

YTo Takoe oCb cummeTpun gurypbl? lNpusegute npumep.
[JOKaXnTe, 4TO CUMMETPUSA OTHOCUTENIbHO NPSAMOW eCTb [BUXEHMUE.
Kakoe AgBuXeHue Ha3blBaeTcsas NOBOPOTOM?

YTo Takoe napasnnefibHblil nepeHoc?

Kakue Bbl 3HaeTe CBOWCTBa napansesbHOro nepeHoca?

[JOoKaXute cyuwecTtsoBaHne M eAWHCTBEHHOCTb MapaniesbHOro ne-
peHoca, MepeBOAALWEro AaHHYI TOYKY B APYTYH AaHHYI TOYKY.
Kakue nonynpsamMble Ha3blBalOTCA OAMHAKOBO Hanpas/ieHHbIMWU?
JOoKaxnte, 4To ecninm nonynpsamMblie a U b OAMHAKOBO Harnpas/ieHbl
W nonynpsamble b 1 ¢ 04MHAKOBO HanpaB/ieHbl, TO MOAynpsaMble a
M C TOXe OAWHAKOBO HarpasJ/ieHbl.

Kakue nonynpsmble Ha3blBalOTCA MPOTUBOMOJIOXHO HanpasB/ieHHbI-
Mn?

Kakue ¢gpurypbl HasblBalOTCA paBHbIMU?

3agayu

MyHKT 83

[JoKaxuTte, 4To NpPU ABUXXEHUW napannenorpamm nepexoauT B Mna-
pannenorpamm.

B Kakyl urypy nepexoauTt npu ABuMXeHuun kKeagpat? OOBACHUTE
OTBeT.

MyHKT 84
OaHbl Toukn A n B. TocTpoiTe TOUKY B\ CUMMETPUUYHYIO TOuYKe
B OTHOCMTENbHO TOUKM A.

H K. Kue
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10.

11.

12.

13.
14.
15.

16.
17.

18.

19.

PewnTe npeablifywyt 3agady, nofb3yacb TONbKO LUPKYNEM.
[JOKaXnTe, 4TO LEHTP OKPYXHOCTU ABNAETCA ee LEeHTPOM CUMMe-
TpUK.

Mpy CUMMETPUM OTHOCUTENIbHO HEKOTOPOM TOYKM Touka X nepe-
XO0AUT B TO4YKY X'. TTOCTpOMNTe TOYKY, B KOTOPYH MNPW 3TON CUM-
MeTPUN NepexoauT To4yKa VY.

MoXeT nn y TpeyrosibHMKa ObiTb LEHTP CUMMETPUN?

[JoKaxnTte, 4To y napannenorpamMma To4YKa MepecevyeHus gmaroHa-
nein ABNAETCA LEHTPOM CUMMETPUMN.

[JOKaXnTe, 4YTO YeTbIPeXyro/ibHUK, Y KOTOPOro ecTb UEeHTP CUMMe-
TpUKU, ABNAETCA napanfiefiorpaMmMom.

[aHbl nepecekarolwmeca npAMble U TOYKa, He fnexawada Ha 3TUX
npaAMbIX. TOCTpPOTE OTPE30K C KOHUAaMMW Ha [AaHHbIX MNPAMbIX U
cepegnHoin B faHHOW Touke (puc. 207).

YTto npepcrtaBnseT coboi ¢urypa, CMMMeETpUUYHasd OTHOCUTE/IbHO
AaHHOM TOo4ukwu: 1) oTpesky; 2) yrny; 3) TPeyronbHuKy?

MyHKT 85

OaHbl Toukn A, B, C. MocTpoinTe Touky C', CUMMETPUYUYHYIO TOY-
Ke C oTHOCUTeNnbHO npsamoi AB.

PewwnTe 3agavyy 12, nonb3yacb TONbKO LUPKYNEM.

UemMy paBHbl KOOPAWHATbI TOYKWN, CUMMETPUYHON Touke (-3; 4) OT-
HocuTenbHO: 1) ocm x; 2) ocu y; 3) Hayana KoopAuHaT?

Mpn CUMMETPUN OTHOCUTENILHO HEKOTOPOW NpAMON Touka X mepe-
X0ANT B TOYKy X'. TloCcTpouTe TOYKY, B KOTOPYH NPU 3TOW CUM-
MEeTpuUuM nepexognT To4ka V.

[JoKaxurte, 4To npAmMas, cofepxauiad 6uMccekTpucy yrna, apnset-
CsA ero OoCblo CUMMETPUMN.

[JoKaxunte, 4To npamas, cofepxauiasd megunaHy paBHO6efpeHHOro
TpeyrosibHUKa, NPoBeAeHHYI K OCHOBaHUIO, ABNAETCA OCbH CUM-
MeTpUn TpeyronbHMUKa.

LJOoKaXnTte, 4To ecnm y TpeyrojbHMKa ecTb OCb CUMMETpPUU, TO:
1) OHa NPOXOAUT 4yepes3 OAHY M3 ero BepLluH; 2) TPeyroibHUK paB-
HOoGeApPEHHbIN.

CKONbKO OCel CUMMETPUN Yy PAaBHOCTOPOHHErO TPeyrosibHMKa?

Puc. 207 Puc. 208 Pnc. 209
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20.

21.
22.

23.

24,

25.

JoKaXnte, 4Tto nNpamble, Npoxofaume ye-
pe3 TOUKY nepecevyeHUsa guMaroHanein npsamo-
YrofibHNUKa napannenbHoO ero CTopoHam, fB-
NAKTCA ero ocamu cummetpun (puc. 208).
[JoKaxuTe, 4To AmMaroHanu pomba ABNAKOT-
CA ero oCAMU CUMMETPUN.

[loKaXunTe, YUTO AMaroHanu KBagparta v nps-
Mble, MpoXoAdaline vyepes TOUYKY UX Mepece-
YeHUs napannenbHoO ero CTopoHam, ABNAKOT-
cAa ocamu cummeTpum kKeagpata (puc. 209).
[JoKaXnte, 4To npamas, npoxopAwas de-
pes LEeHTP OKPYXXHOCTWU, ABNIAETCA €e OCbi
CUMMETPUN.

[aHbl Tpy nonapHo nepecekakowmeca npsa-
Mble a, b, c. Kak noctpoutb 0Tpe3okK, nep-
NEHAMKYNAPHbLIA NPAMOA B C cepefuMHON Ha

Puc 21w

npAMoON b M KoHUaMK Ha npaMmbiXx a n ¢ (puc. 210)? Bcerga nu

3agavya MMeeT pelleHune?

MyHKT 86

1) MocTpoinTe TOUKY AT, B KOTOPYK MepexoauT Toyka A npu no-

BOpOTe 0KONO TOYKM O Ha yron 60° no 4acoBOil CTpenke.

2) TMocTpoinTe hurypy, B KOTOPYH nepexoanT oTpe3okK AB npu no-
BOpOTe 0KOMO Touykn O Ha yron 60° no 4acoBOWl CTpesnkKe.
[MocTpoiiTe (hMUrypy, B KOTOPYK MepexoauT TpeyrofbHUK ABC npwu
NoBOPOTe ero oKono BepwuHbl C Ha yron 60°.

MyHKT 87

[aHbl Toukn A, B, C. MocTtpoitte Touky C', B KOTOPYK nepexoauT
Toyka C npu napannenbHOM nepeHoce, nepesogallem To4ky A B B.
MapannenbHbln nNepeHoc 3agaeTca Gopmynamm x' = x + 1,
y =y - 1. B Kakue TOYKW npu 3TOM napanjienbHOM MNepeHoce ne-
pexogat Touku (0; 0), (1; 0), (0; 2)?

Hangute BennyYnHbl a U bB (opMynax napannefnibHOro nepeHoca
X' =X + a, y =y + byecnm nsBecTtHo, 4yTo:

1) touka (1; 2) nepexoaut B Touky (3; 4); 2) Touka (2; -3) — B
TOuky (-1; 5); 3) Touka (-1; -3) — B TOuKy (0; -2).

MyHKT 88

Mpn napannenbHom nepeHoce Toyka (1; 1) nNepexoAUT B TOUKY
(-1; 0). B Kaky TO4YKY MepexoanT Hayano KoOopAuHaT?
CyluiecTByeT NU napanfnenbHbli NepeHoc, Npu KoTopom: 1) Touyka
(1; 2) nepexogut B TOuKy (3; 4), a Touka (0; 1) — B TOUKY
(-1; 0); 2) Ttouka (2; -1) nepexoauT B TOukKy (1; 0), a Touka
(-1; 3) — B TOuUKYy (0; 4)?

8 K.uace



MyHkT 89

32. Tlpamble AB n CIl napannenbHbl. Toykn A n Il nexar no ofHy
CTOPOHY OT cekyuwein BC. Aokaxute, uto nyun BA u CI1 ognHa-
KOBO HarnpaB/eHbl.

33. [okaxwute, yto B 3agaye 32 nyuym BA n CI1 npoTUBOMNOMOXHO Ha-
npaBfieHbl, ecnv Toukn A un Il nexaTt no pasHble CTOPOHbLI OT Ce-
Kyuwein BC.

34. YetbipexyronbHnk ABCb — napannenorpamm. Cpean nydyein AB,
BA, BC, CB, CI1, NC, All, A Ha3oBuTe napbl 0AMHAKOBO W Mpo-
TUBOMOJIOXXHO HamnpaBNeHHbIX Ny4en.

MyHkT 90

35. [OoKaxuTe, YTO OTPE3KM PaBHON A/IMHBLI W Yr/bl C paBHOW rpagyc-
HON Mepoil COBMeLLarTCs ABUXKEHUEM.

36. Yy napannenorpammos ABCB u AIBICIE1 AB = AIB1 A =
= Arbrn AA = AA:. [lokaxuTe, 4To napannenorpaMmmbl paBHbl,
T. €. COBMELLATCA ABUXEHUNEM.

37. [JoKaxunte, 4To poMObl paBHbl, €CNU Y HUX pPaBHbl AuaroHasnu.

38. [oKaXwuTte, 4TO [ABe OKPYXHOCTU OAWHAKOBOro paguyca paBHbI.

BekTophl

01l « AOGCONKTHAA BeJIMUYMHa

N HarnpaB/1€EHNE BEKTOpPa

BekTopom Mbl 6yaemM HasblBaTb HamnpaBJ/ieH-
HblA O0Tpe3oK (puc. 211). HanpaBneHue BeKTOpa onpe-
LenaeTca yKasaHUWeM ero Hadasna U KoHua. Ha yepTexe
Hanpas/ieHMe BeKTOpa OTMevaeTcd cTpenkon. Ansa obo-
3HAYeHUs BEKTOPOB OyAeM M0/Ib30BaTbCA CTPOUHbIMU
NnaTUHCKMMK BykBamu a, b, ¢, ... . MOXHO TakXxe 060-
3HayaTb BEKTOpP YyKa3aHMeM ero Hayvana W KOHUA.
[Tpn 3TOM Hayano BeKTOpa CTaBUTCA Ha MepBOM MecCTe.
BwmecTto cnoBa «BeKTOp» Haj OyKBeHHbIM 0603Hauye-
HMeM BEeKTOpa WHOorga cTaBUTCA CTpesika UAnM 4epTta.
BekTop Ha pucyHKe 211 MOXHO 00603HayYuUTb Tak:

a, a nanm AB, AB

BekTopbl AB u CI1 Ha3blBaroTCA O4MHAKOBO
HanpasneHHbIMKU, ecnu nonynpameie AB n CI1 oanHa-
KOBO HanpasneHbl. BekTopbl AB n CI1 Ha3biBaloTCA
MPOTMBOMNO/IOXHO HanpaB/eHHbIMUK, eCNn nonynpamble
AB n CI1 npoTUBOMNOMOXHO HanpaBieHbl. Ha puUCYyHKe
212 _BekTOpbl a U b 04NHAKOBO HamnpasB/ieHbl, a BEKTO-
pbl & U C NPOTUBOMOJIOXXHO HanpasJ/iEHbI.

5 eometpud, 7—9 K.
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AOGCONKTHOW BeNUYMHON (MNM moaynem)
BEKTOpa Ha3blBaeTCA [A/IMHA OTpe3Ka, M306paxaroLllero
BeKTOp. ABGCoNOTHaA BelMYMHa BekTopa a 0603HavaeT-
ca \a\

Hauyano BekTOopa MOXeT coBnajaTb C €ro
KOHUOM. Takoli BeKTOp 6yaemM Ha3biBaTb HY/EBbIM BEK-
TopoMm. HyneBoi BeKTOp 0603HayaeTca HY/NlemM C 4YepTou-
Kol (0). O HanpaBNEHUW HYNEeBOro BEKTOpPa He roBOpST.
AGCONOTHAA BeIMYMHA HY/IEBOr0 BeEKTOpa CyYMUTaeTcs
PaBHOWN HYJIO.

92. PaBeHCTBO BEKTOPOB

[lBa BeKTopa HasbiBalOTCA pPaBHbIMU, eCnn
OHN COBMELWAKTCA nNapannenbHblM MEPEHOCOM. 10 03-
Ha4daeT, YTO CyLWleCTBYyeT napanneanblﬁ nepeHoc, KOTO-
PbI NepeBOAUT Ha4yano M KOHeL Of4HOro BeKTopa CoOoT-
BETCTBEHHO B Hayaslo U KOHeL Apyroro BekTopa.

3 paHHOro onpegeneHus paBeHCTBA BEKTO-
poB cnepyeT, 4To

pPaBHble BEKTOPbl OAMHAKOBO HamnpaBieHbl U pPaBHbl NO
abconoTHOM BennumnHe. O6pPaTHO: eCNN BEKTOPbI OAMNHa-
KOBO HamnpaB/leHbl M paBHbl N0 abCONOTHON BENNYMHE,
TO OHW pPaBHbI.

[enctBuTenoHo, nyctb AB n C!) — ofunHa-
KOBO HamnpaB/ieHHble BEKTOPbI, paBHble MO abCoMOTHOW
BennunHe (puc. 213). MapannenbHblil NepeHoC, Nepeso-
aawmim Touky C B TOYKy A, cOoBMewaetr MoNynpsmyto
CI ¢ nonynpamoin AB, TaK KaK OHW OAMHAKOBO Ha-
npasneHbl. A Tak Kak oTpe3kn AB n CI1 paBHbl, TO npu
3TOM Touka 1 coBmeliaetcs ¢ Touykon B, T. e. nmapan-
nenbHbIW nepeHoc nepesoanTt BekTop CI1 B BEKTOp AB.
3HaumnT, BekTOpbl AB 1 CI1 paBHbl, 4TO 1 TpeboBanochb
[loKa3aTh.

3apava (2).

YeTbipexyronsHuk ABCIT — napanneno-
rpramm. flokaxkute paBeHCTBO BekTopoB AB un TIC.

PelwweHue.

MogBeprHem BekTop AB napannensHomy ne-
peHocy, npu KOTOpPOM TOouyKa A nepexoauT B TOUKy [1
(puc. 214). MNpwn 3aToM nepeHoce To4ka A cmelLaeTca Mo
npamon All, a 3Ha4yuT, To4ykKa B cmellaetca no napan-
nenbHol npsamoit BC. Mpsamas AB nepexoauT B napan-
NenbHYy nNpamylo, a 3HauuT, B npamyto MNC. Cneposa-

TenbHo, To4yka B nepexognt B TOouky C. Takum pnc. 214
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06pa3oM, Haw napanfiefibHblii NepeHOC MepeBOAUT BeK-
Top AB B BekTop .OC, a 3Ha4uUT, 3TN BEKTOpPbl pPaBHbI.

[MycTb a — BeKTOp U A — NpPON3BONbHAA
Toyka. Torga oT TOYKM A MOXHO OTNOXWUTb OAUH W
TO/IbKO OAMH BEKTOP a', paBHbl BEKTOPY a.

[enCcTBUTENbHO, CYLW,EeCTBYEeT e4UHCTBEHHbIN
napannenbHbli MepeHoc, NpPU KOTOPOM Hayaso BekKTopa
a nepexoguMT B TO4YKy A. BeKTop, B KOTOpbIA Nepexo-
OUT NPW 3TOM BEKTOpP a, U ecTb BekTop a'.

[Ana npakTU4eckoro oTknajblBaHuUA OT faH-
Ho Toukm () BekTOopa, paBHOro gaHHomy (AB), MOX-
HO BOCMO/Nb30BaThCS 3ajayein 2.

93. KoopagnHaTbl BeKTopa
[TycTb BEKTOp a WMeeT HayanioM TOUKY
A\ (xx; yX), a KOHLOM TouKy A2 (w2; *2). KoopaunHara-
MV BeKTOopa a OyfeM HasblBaTb 4YuUcCna ax = X2 - XWU
a2 = Y2 ~ Y\' KoopanHaTbl BeKTOpa OyAem CcTaBUTb ps-

AOM C OYKBEHHbIM 0603HayeHMeM BeKTOpa, B AAaHHOM
cnydae a (ax; a2) unm npocto (ax; a2). KoopanHatbl Hy-

NeBOro BEKTOPa PaBHbl HYJIO.

N3 opmynbl, Bblpa)kalwLleil paccTossHUE
MeXay ABYMS TOYKaMW 4yepe3 UX KOOpAWHaTbl, cnemy-
eT, 4To abCconTHaa BenNMyMHa BeKTopa C KoopAuHaTta-

MW ax, a2 paBHa "lax+ a\ .

PaBHble BEKTOPbl UMEKT paBHble COOTBETCTBYHOLLIME KO-
opAuHaTbl. I 06paTHO: ecnn y BEKTOPOB COOTBETCTBYIO-
e KOOPAMHATbl PaBHbl, TO BEKTOPbl PaBHHbI.

OeincTtButenbHo, nyctb AX (XX; yr) wu
A2 {x2\ y2) — Hayano n KOHel, BeKTopa a. Tak Kak paB-
HblA eMy BEKTOp a' Mojy4vyaeTcs M3 BeKTopa a napan-
NnenbHbIM MEPeHOCOoM, TO ero Hayaaom M KOHLOM 6yayT
A\ (xx+ c; yx + o)yA'2(x2 + Cc; y2+ [) COOTBETCTBEH-
Ho. OTclofa BUAHO, YTO 06a BEKTOpa a U a' UMEKT 0f-
HU N Te e KoopAuHaTtbl: X2 - XX Y2 - yX

[lokaxem Tenepb o6paTHOe YTBEPX[EeHWUe.
[MycTb COOTBETCTBYKLWME KOOPAMHATbI BEKTOPOB A2
n A\A2 paBHbl. [loKaXem, 4YTO BEKTOPbl PaBHHbI.

Myctb x\ n y\ — KoopAuHaTbl TOYKKM A\,
a X 2>y'2 — KooppuHatbl Toyku A'2. 1o ycnosuio Teo-
pembl X2 - XX = x2- x\, y2- yx=y2 - y\. Otcroaa
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X2 =X2+ X\ ~xX y2=y2+ y\ ~ Y\- MNapannenbHblil
NMepeHoc, 3afaHHbln popmynamu

X =X +x\ - xxyy =y +y\ - yw
nepeBoAnT TOYKY AX B TOUKY A\, a TOUKY A2 B TOUKY
A'2, 1. e. BekTOpbl AJA2 n A\A 2 paBHbl, 4YTO N TpeboBa-
NoCb A0Ka3aTb.

3apava (7).

OaHbl Tpn Toukm A (1; 1), B (-1; 0),
C (0; 1). Haingnute Takyt Touky I (X; y), 4T0oObl BeK-
Topbl AB 1 CI1 6b1/1n paBHbI.

PeweHune._

_BekTop AB wnmMeeT KoopAauHaTthl -2, -1.

Bektop CP umeeT KoopAauHatbel x - 0, y - 1. Tak Kak
AB =CIl, Tox - 0= -2,V - = -1. OTclofa Haxo-
ANM KoopAuHaTbl Touku I: x = -2,y = 0.

94. CnoxeHune BEKTOPOB _

CymMoOli BEKTOPOB a U & C KOOpAMHaATaMu
ax, ar u bx, b2 Ha3blBaeTCA BEKTOP C C KOOpAMHATaMMu

@ r "D
a (ax; a2 + b (bx b2 = ¢ (ax + bx; a2 + b2).
Ona nobbix BekTopoB a (ax; a2), b (bx, b2, ¢ (c1*cr)
at+b=b+a, a+(b+c)=(a+b+c.
Ona pokasaTenbcTBa AOCTaTOYHO CPABHUTH
COOTBETCTBYHOLWNE KOOPAMHATbI BEKTOPOB, CTOAWMX B
NpaBoW N NIeBOM YacTAX PaBeHCTB. Mbl BUAUM, YUTO OHWU

paBHbl. A BEKTOPbl C COOTBETCTBEHHO pPaBHbIMU KOOpPAU-
HaTaMW pPaBHBbI.

Teopema

a (x

N>
Puc. 215

N B6lL tON
KakoBbl Obl HU Obinn TOUYkM A, Br C, nmeeT MecTo BeK-

TOpHoe paBeHcTBO AB + BC = AC.

[loKa3aTenbCcTBO.

Myctb A (xX; yX), B (x2;_y2y C (*3; y3) —
faHHble ToYyku (puc. 215). Bektop AB nMeeT Koopau-
HaTbl X2 - XX'y2 - yX Bektop BC nmeeT KoopAnHaTHI
X3 ~ X2>¥3 ~ ¥2- CnefgoBatensHo, Bektop AB + BC ume-
eT KoopAuHaTtbl X3 - XX y3 —yx. A 3T0 ecTb Koopau-

HaTbl BekTopa AC. 3HauuTt, BekTopbl AB + BC n AC
paBHbl. Teopema [JOKa3aHa.
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Teopema 10.1 pgaeT cnegywowmin _crnocob no-
CTPOEHUA CYyMMbl NMPOU3BO/IbHLIX BEKTOPOB a B b. Hago
OT KOHLa BEKTOopa a OT/IOXWUTb BEKTOpP b', paBHbIA Bek-
Topy b. Torga BeKTOp, Hayano KOTOPOro coenajaeTte Ha-
Yya/loM BeKTOpa a, a KOHel — C KOHLOM BeKTopa b', 6y-
AeT CYMMOW [BYX BeKTopoB a B b (puc. 216). TakoMu
cnocob nosyyeHMss CyMMbl [BYX BEKTOPOB Ha3blBaeTcCH
«MPaBUIOM TPeyrosibHMKa» C/I0XeHNSA BEKTOPOB.

[na BEeKTOpPOB C 0O6WMM HayanoM MX cymMma
n3obpaxkaetcqd AguMaroHanbi napansienorpamma, fnocTpo-
eHHOro Ha 3TUX BeKTopax («MpaBWNO Mmapannenorpam-
Ma», puc. 217). OewncteutensHo, AB + BC = ACy a
BC = AO. 3HauurT,

AB + AO = AC.

PasHocTbio BekTopoB a (ar; a2) mb (bX\ &)
Ha3blBaeTCA TakoW BeKTOp C (Cr; c2), KOTOPbIi B CymMme

C BEKTOPOM b fgaeT BekTop a: b + ¢ a. OTcioda Ha-
X0[MM KOOpPAWHAThl BeKTopa ¢ = a —b:

C\= O\ —*1» C2 = 02 « b2

3afjava (11).
[aHbl BEKTOPbI C 06WMmM Havyanom: AB n AC
(pnc. 218). [okaxute, 4YTo

AC - AB = BC.

PelleHue.

NMvmeem AB + BC —AC. A 3TO 3HA4YUT, 4TO
AC - AB = BC.

OTclofa nosnydaeTca chneaywlee npasuno
ANS MOCTPOeHUA pPa3HOCTU ABYX BEKTOpPOB. UTo6bI no-
CTPOUTb BEKTOP, PaBHbI Pa3HOCTU BEKTOPOB a W by Ha-
00 OTNIOXWUTb paBHble UM BEKTOPbI a' U b' OT 0gHOIN TOU-
Ku. Torpa BeKTOp, Hayano KOTOpOro coBnapgaeT_cC
KOHUOM BeKTopa b\ a KOHeu — C KOHUOM BeKTopa a',
OyneT pa3HOCTbHO BEKTOPOB a B b (puc. 219).

Puc. 218
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95. CnoxeHue cun

Cuny, NpUNOXEHHY K Teny, yaobHo n3ob-
paxaTb BEKTOPOM, Harpas/ieHMe KOTOPOro coBnajaet C
HanpaBfeHNnem AencTBus cunbl, a abcontoTHas BeNnUYun-
Ha nponopuuoHanbHa BefnynHe cunbl. Kak nokasbiBa-
eT ONbIT, NP TakKOM cnocobe M306paKeHUsd CUN paBHO-
AeNCTBYIO L as ABYX Nnu HEeCKO/IbKNX cun,
NMPUNOXEHHbIX K TeNny B OAHOW TOYKe, M306pakaeTcs
CYMMOI COOTBETCTBYHOLWMX WM BEKTOPOB. Ha pucyHKe
220, a K Teny B TOYKe A NPUNOXEHbl ABe CUNbl, N30-
OpaXeHHble BeKkTOpamMy a v b. PaBHOAeNcCTBYytoLLanA
3TUX CUN m3obpaxaeTcs BEKTOpoM ¢ = a + b.

MpeactaBneHne cunbl B BUAE CYMMbl CUII,
AEeNCTBYHOWNX B ABYX 3afaHHbIX HanpaB/ieHUAX, Ha3bl-
BaeTCA pas3NoXeHUem Cuabl MOo_3TUM HanpaBleHUAM.
Tak, Ha pucyHke 220, a cuna C pasnoxeHa B CymMmy
cMn a n b — cocTtaBndoWwmMe cuibl ¢c. YA06HO npouns-
BOAWUTb pasnoXeHue BeKTopa Mo ABYM NepneHAuUKynsap-
HbIM OocAM. B 3TOM cfiyyae cocTaBnfdlLWMe BeKTopa Ha-
3blBalOTCA NPOeKUMAMU BeKTopa Ha ocu (puc. 220, 6).

3apava (16).

C KakoW cunoin P Hago yaepxaTb rpys Be-
COM P Ha HakK/IOHHOW NNOCKOCTWU, YTOObl OH He Cnon3an
BHU3 (puc. 221)?

PelweHue.

MycTtb O — UeHTPp TAXKECTU rpysa, K KOTO-
pomy npunoxeHa cuna P . Pa3noXxum BekTop P no
ABYM B3aWUMHO MeprneHAUKYNApHbIM HanpaB/ieHUAaM,
KaK nokas3aHO Ha pucyHke 221. Cuna OA nepneHpunkKy-
NApHa HaAK/JIOHHOW MMOCKOCTU M He Bbl3blBaeT Mnepeme-
weHuna rpysa. Cuna P, ygepxusatouwiaa rpys, gosxHa
OblTb paBHOW MO Be/IMYMHE N NMPOTMBOMOOXKHON MO Ha-
npasneHnto cune OB. MNMostomy P = P BT a.

96. YMHOXeHWe BeKTOopa Ha 4ucno

MponssegeHnemM BeKTopa (ar; a 2) Ha 4Yncno
X HasbiBaeTcA BekKTop (Xar; Xa2), 7. e. (al, a2dX =
= (Xal; Xa?2). o onpegeneHunto (ax, adX = a?2.

N3 onpepeneHna onepaunum YMHOXeHUA
BEKTOpA Ha 4uCno cnefyet, 4yTo
Ana nboro Bektopa_a v yucend, »n

A+ /1) a=Xa+ ua._
Ona nobbiXx ABYX BEKTOPOB a U _b un yucna A

A(a + b) = Xa + 4b.
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Teopema

Ab6conTHaa BennynHa BekTopa Ha paBHa Sl 1lal Ha-
npasneHune BekTopa An npu a * O coBnagaeT c Hanpas-
NeHnemMm BekKTopa a, ecim 9 > O, 1 NPOTUBOMOIOXKHO

HanpaBneHUO BeKTopa a, ecnm 4 < O.

[ oKa3aTenbLCTBO.

[MocTpoum BekTOopbl OA 1 Ob, paBHbLIe a U
Xa cooTtBeTcTBEHHO (O — Hayano koopawuHat). MMycTb ar
N a2 — KOOpAMHaTbl BeKTopa a. Torga KooppguvHaTamu
TOYkM A O6yAayT uynucna alwu a2, a KoopauMHaTaMu TOUKMU
b o6yayT Xaly Xa2 (puc. 222). YpaBHeHue npamon OA
nmeet Bua: ax + $y = 0.

TakK KaK ypaBHEHU Y[AO0B/IeTBOPAKT KOOP-
ANHaTbl TOYkKM A (ar; a2), T0 emy yAOBNEeTBOPAKOT U KO-
opauvHaTtbl Toukn b (Aa® Xa2). Orvcioga crnepyert, 4To
Touyka b nexunt Ha npamon OA. KoopAuHatbl cCX U c2
nbon Toukn C, nexauier Ha nonynpsamoir OA, nMeroT
Te Xe 3HaKu, YTO M KOOpAMHATbl ax U a2 Touku A, a
KOOpAMHaTbl 060 TOYKM, KOTOpasd NeXWUT Ha Mony-
npamoi, gonofHutenbHon K OA, MMeKT MpPOTMBOMNO-
NIOXHbIe 3HaKW.

[MoaTtomy ecnn A > 0, To ToYka b NeXxuTt Ha
nonynpsmoin OA, a cnegoBaTeNlbHO, BEKTOpPbl a U Xa
OAWHAKOBO HanpasneHbl. Ecnu A < 0, To Touka_b ne?
XWT Ha AOMOMHUTENbHOW MONYNPAMOW, BEKTOPbLI a N Ha
NMPOTUBOMOJIOXXHO HarnpaB/eHbl.

A6GCoNTHAA BeNMUYMHA BeKTOpa Xa pasHa:

|Aal="4A an2+ (Xan2=|a|Ya|"+a” =|q]||a].

Teopema JgoKa3saHa.

JA JA

(=>0)

Puc-. 221»

[ckTaT)!



3afgava (17).

[aHbl aBe Toukn A (o, yr) m B (w2 y2). Ao-
KaXnte, 4to BekKTOopbl AB 1 BA npoTMBOMNOMOXHO Ha-
npaB/eHbl.

PeweHune”

Bektop AB umeeT KoOpAMHATbLI X2 - XX U
y2 ~ YA> BekTtop BA uMeeT KoOpAMHATbl XX ~ X2 U
¥ —y2. Mbl Bugnm, 4uto AB = (-1) BA. A 3HauuT, Bek-

TOpbl AB 1 BA NpoTUBONOMOXHO HanpasB/eHbl.

97. PasnoXxeHue BeKTopa no ABYyM
HeKO/lI/InHeapHbIM BeKTOpam
[Ba HeHyNeBblX BEKTOpa Ha3blBalTCA KO-
NUHEapHbIMU, €CNIN OHM fiexaT Ha OA4HOW NPAMOW UK
Ha napannenbHblX npambix (puc. 223). KonnnHeapHsble
BEKTOPbI HanpasneHbl M60 04MHAKOBO, NM60 MPOTUBO-
MOJTIOXHO.

[MycTb @ U b — OT/NNYHbIE OT HYNA KONNUHeapHble
BeKTOpbl. JlOKaXxemM, 4YTO CyLleCTBYeT 4ucno X, Takoe,
yto b = Xa

Jonyctum, BeKTopbl a U b 0O4WHAKOBO Ha-
npaBneHbl. BekTtopbl K u /L a 04MHaKOBO Hanpas/e-

Hbl U UMEKT OAHY M Ty >Xe abCONTHYH BeNYUHY |b|.
3Ha4YUT, OHW paBHbI:

= bl _ |6l
b—  a—XmA—. ..
a a

B cnydae NpoTMBOMONIOXKHO HamnpaBNeHHbIX BEKTOPOB a
N b aHaNnorMyHo 3aKn4yaem, 4YTo

=- ¥la =XaX=-1%r
\a\ \a \
4TO N TpeboBanoOCb_f0Ka3aTb.
[MycTb @ U b — OTANYHbLIE OT HYNA HEKO-
NINHeapHble BEKTOpPbl. JOoKaxXem, 4To

n060N BEKTOP C MOXHO MpeAcTaBuTb B BUAE
C = Xa + pb.

Myctb A 1 B — Hayano n KoHel, BeKTopa
c (puc. 224). MNMposenem yepes To04KM A U B npamsble,
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napannenbHble BeKTOpaM a U b. OHN nNepecekyTcsa B He-
Kotopo Touke C. Nmeem: AB —AC + CB. Tak Kak
BekTOopbl a U AC_konnuHeapHbl, To AC = Xa. TaKk Kak
BekTOopbl CB M b KonnuHeapHbl, T0 CB = ub. Takum
obpasom, ¢ = Xa + pb, uto 1 TpeboBanocb A0OKa3aTb.

98. CkanapHoe npowusBefeHue

BEKTOPOB
CKangpHblM Npou3BeeHMEM BEKTOPOB
a (al, a2 nu b (bl b2) Ha3biBaeTCA 4YUCNO + azb2

Ons cKanApHOro npov3BefeHUs BEKTOPOB
MCNOMb3YyeTCA TakKasd Xe 3anucb, Kak n”"na_npoussene-
HUa ducen. CkanapHoe npomussedeHne a * a 0603Hauva-
eTca a2 u Ha3blBaeTcsA CKanspHbIM KBagpaTtom. OueBug-
HO, a2 = \a\2

3 onpegeneHna CKansapHoOro npousBegeHuns
BEKTOPOB cnefdyeT, 4TO

Ana nobbix BekTopoB a(ar; a2), b(br; b2), c(cl; c2
(a + b) ¢c =ac + bc.

[encTtBnutenbpHo, neeBas 4acTb paBeHCTBa
ectb (o!+ bX cr + (a2+ ) c2 a npasas alcl+ aXx2 +
+ blcl + X2 Ou4yeBMAHO, OHW PaBHbI.

Yrniom mexnay HeHynesbiMW BeKTopamn AB
n AC HasblBaeTcs yron BAC. Yrnom mexpny nobbiMu
ABYMA HEHYNEeBbIMW BEKTOpaMu a U b HasbiBaeTcsa yrosn
MeXAy paBHbIMW WM BeKTOpamu C 06LMM Hayanom.
Yron Mexpay OAMHAKOBO HamnpaB/ieHHbIMW BeKTOpamu
CUYMTaEeTCA PaBHLIM HY/IO.

Teopema
10.3
CKansipHoe Mpou3BefeHNe BEKTOPOB PaBHO NMpou3Beje

HUIO MX abCOMOTHBIX BE/IMUMH HA KOCUHYC yrna mex
oy HUMMN.

JoKa3aTenbCcTBoO.
MycTb @ U b — [aHHble BEKTOpPbl U @ —
yron mexnagy Humu. Umeem:

(@ + b)2=(a +b) (a +b)=
= (a+b)a+(a+b)b=
= aa + ba +ab + bb =
a2+ 2ab + b2

BekTOp®I
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h + b\2- \a\2 4 \b2 + 2ab.

OTciofa BUAHO, 4YTO CKanfpHoe npousBefe-
HMe ab BblpaXkaeTcs 4epe3 AJIMHbI BEKTOPOB a, b U
a + by a noaToMy He 3aBUCUT OT BblGOpa CUCTEMbI KO-
OpAVHaT, T. e. CKaNiipHOe NPOn3BefeHNe He U3MEHUTCH,
ec/in CUCTeMy KOOpAMHAT Bbl6paTb creumanbHbIM 06pa-
30M. Bo3bMeM cucTemMy KOOpAMHAT XYy TakK, KakK Moka-
3aHO Ha pucyHke 225. lpun Takom Bbl6Ope CUCTEMbI KO-
OpAMHAT KoopAuHaTamu_ BekTopa a byayt bl n 0, a
KoopauHaTamn BekTopa b oyayT \b\co& cpn 1ul1er ch Cka-
NApHOe MpPOun3BedeHUE:

ab = 1allKlaB do 4 Olbler b= Ilallslas o

Teopema foKasaHa.
N3 Teopembl 10.3 cnepyer, 4To

ecny BEKTOPbl MePneHAUKYNAPHbI, TO MX CKanspHoe
npousBeeHNe paBHO Hy/0. M o6paTHO: ecnu ckansap-
HOe MpPOn3BeJeHNE OT/INUHbLIX OT HYNS BEKTOPOB PaBHO
HY/l0, TO BEKTOPbI NEPNEHANKYNAPHbI.

3apaya (38).

[JOoKaXunTe, 4yTO CymMMa KBagpaToB AuaroHa-
nei napannenorpamma paBHa CymMme KBajpaToB ero cTo-
POH.

PeweHwue.

MycTb 4yeTbipexyronsHuk ABCI1 — napan-
nenorpamm (puc. 226). imeem BeKTOpPHble paBeHCTBA

AB + AO = AC,
AB - AX) = BB.

Bo3segem 3T paBeHCTBa B KBagpart. lonyynm:

AB2 + 2AB -AB + Wl = AC2
uw - 2AB -AO + AO2=TI1B2

CNoXUM 3TN paBeHCTBa NOYNeHHO. [Monyyunm:
2AB2 + 2A02=AC2+ WU 2

Tak Kak y napanfnenorpamma npoTuBO/e-
Xallue CTOPOHbl PaBHbl, TO 3TO PABEHCTBO M 03HAYaeT,
4YTO CyMMa KBaApaTOB [uaroHaneii napannenorpamma
paBHa CyMMe KBafpaTOB €ro CTOPOH, YTO M Tpe6oBanoch
[0Ka3aTh.
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99. PasnoxeHune BeKTopa

No KOOPAMHATHbLIM 0OCAM
BeKkTop HasbiBaeTCca eAUWHUYHbLIM, €CNn ero

abconTHaA Be/fiMYMHA paBHa eAuHuue. EQWHMYHbIE

BEKTOpPbI, UMetoLW e HanpaBaeHUa MONOXUTENbHbIX KO- eZM
OPAMHATHBLIX MOJIyOCel, Ha3blBAOTCA KOOPAMHATHLIMMU 0-¢

BeKTOpaMu uAnm optamu. Mbl 6ygem mx 0603HayaThb 1
ex (1; 0) Ha ocn x n e2(0; 1) Ha ocu y (puc. 227). Pw. 227

Tak KaK KOOpAWHaTHble BEKTOPbl OT/IMYHBI

OT HYNA N He KOJIIMHeapHbl, To ntobon BekTop a (ar; a2
[ONYCKaeT pasfioXkKeHue No 3TUM BeKTopam:

a = Xex + \xe2 (*)
Haingem kKoaguumeHTbl X 1 p. 3TOro pasno-

XEeHUA. YMHOXUM 06e yacTu paBeHCTBa (*) Ha BeKTOp
el TaK Kak

a B, ader=aly eer=1 e2eer=20, 1o ar = X

AHanornyHo, ymHoxas o6e 4yacTtu paBeHcTBa (*) Ha
BEKTOp €2, nonyymm a2 = p.

Takum o6pasom, Ang NO0Oro BekKTOopa

a (ar; a2) nony4yaetcs pasfioXXeHue

N =

S0k w

~

10.
11.
12.

o] 4+ a202T

KOHTpPO/IbHbIE BONPOCHI

Uto Takoe BekTOp? Kak 0603Ha4yaloTCqd BEKTOPbI?

Kakue BeKTOpbl Ha3blBalOTCA OLMHAKOBO HamnpasfieHHbIMW (NPOTU-
BOMO/IOXXHO HanpaBieHHbIMW)?

UYto Takoe abCco/lOTHas BenMyMHa BekTopa?

YTO Takoe HyneBoill BEKTOP?

Kakue BeKTOpbl HasblBalOTCA pPaBHbIMU?

[JOoKaXunTte, 4To paBHble BEKTOPbl OAWHAKOBO HamnpaB/ieHbl U paB-
Hbl MO abCcoNOTHOW BenuuymnHe. VI obpaTHO: 04MHAKOBO HamnpaB/ieH-
Hble BEKTOPbl, paBHble N0 abCONOTHON BENUYMHE, PaBHbI.
[JoKaxunTe, 4To OT N060M TOUYKM MOXHO OT/IOXWUTb BEKTOpP, paB-
HblA JaHHOMY BEKTOPY, W TONbKO OAWH.

UTo Takoe KoopAuHaTbl BekTopa? Uemy paBHa abCONOTHas BeNu-
YyMHa BeKTopa C KoopauHatamu aly a?Z?

[ OKaXunTe, 4UTO paBHble BEKTOPbl MMET COOTBETCTBEHHO paBHble
KOOPAMHATbl, a BEKTOPbl C COOTBETCTBEHHO PaBHbIMW KOOpAMHAaTa-
MW PaBHbI.

[laliTe onpegeneHne CymMMbl BEKTOPOB.
[lOKaXX1Te, 4TO ANA NHOObIX BEKTOPOB a M b

a
[JoKaxuTe, 4to ANa NOO6bLIX TPeX BEKTOPOB a, b,
a+(db+c)=(a+ b +c.

+ b="Db+ a.
C



13.
14.

15.
16.

17.
18.

19.
20.

21.
22.

23.
24.

25.
26.

JoKaxnuTte BeKTOpHoe paBeHcTBO AB + BC = AC. _ _
Jokaxunte, 4yto *nga nonyyeHMsa CymMmbl BEKTOpPOB a U b Hago oT
KOHLLa BEKTOpa a OTNOXWUTb BEKTOp b, paBHbIM b. Torga BekTtop,
Hayano KoToporo”“oBnajaeT_C Haya/loOM BeEKTOpa a, a KOHel — C
KOHUOM BekTopa b\ paBeH a + b.

Chopmynupyinte «npaBuno napansenorpamma» ClOXeHUA Bek-
TOPOB.

[aniTe onpepeneHne pasHOCTM BEKTOPOB.

[anTe onpegeneHne yMHOXeHMA BeKTOpa Ha 4uCno.

[JoKaxnte, 4Tto abCcoNTHad BeNMYMHa BeKTOopa Xa paBHa Y1 14l
HanpaBneHue BeKkTopa Xa npu a ™~ 0 coBnagaet Cc HanpaB/ieHUEM
BeKTopa a, ecnnm X > O, U NMPOTUBOMO/IOXHO HanpaB/NEHU BEKTO-
pa a, ecim X < 0.

Kakue BeKTOpbl HasbiBalOTCA KONNUHEAPHbLIMWN?

LJoKaXxnte, 4To ecnn BeKTOpPbl & U b OTANYHbLI OT HYNEBOro BEK-
Topa U He KON/IMHeapHbl, TO /It060N BEKTOP C MOXHO MpeacTaBuTh
B Buge ¢ = Xa + \b.

[anTe onpegeneHne CKansapHOro rnpovssefeHNs BEKTOPOB.
[Jokaxnte, 4to Ana nOObIX Tpex BEKTOpoB a, & C

(@ + b) c =ac + bc.

Kak onpepgensetca yron mexpay BekKTopamu?

Uemy paBeH yron Mexpay OAWHAKOBO HanpaBfeHHbIMWU BEKTO-
pammn?

[JoKaXunTe, 4To cKandApHoe Npou3BefeHMe BEKTOPOB pPaBHO MPOWU3-
BEEHMNI0O UX abCONMOTHBLIX BE/IMYUH HA KOCUHYC yrfia Mexay HUMW.
[JOoKaXuTte, UTO ecNiM BEKTOPbl NMEPNEHAUKYNAPHbI, TO UX CKandap-
HOe Mpou3BefeHNe paBHO HYMH. W obpaTHO: ecnu ckansipHoe MNpo-
N3BefeHne OTNNYHbIX OT HYNS BEKTOPOB pPaBHO HY/K, TO BEKTOPLI
nepneHANKYNApHbI.

3agayu

MyHKT 91

Ha npamoin gaHbl Tpu Touykn A, B, C, npuuem Touka B nexuTt
mexay Toukamm A n C. Cpeaun BektopoB AB, AC, BA n BC Haso-
BUTE OLWHAKOBO HanpaB/IEHHble W MNPOTUBOMOJIOXHO HampaB/iEH-
Hble.

MyHKT 92

UeTbipexyronsHuk ABCP — napannenorpamMmm. [loKaXunTte paBeH-
cTBO BeKkTopoB AB wu IC.

[aHbl BekTop AB 1 Touka C. OTnoxute oT Toukn C BeKTOop, paB-
Hblii BeKTOpYy AB, ecnu:

1) Touka C nexut Ha npamoin AB;

2) Touka C He NnexuT Ha npsmoin AB.
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10.
11.

12.

13.

14.

15.
16.

MyHKT 93_

Bektopbl a (2; 4), b (-1; 2), ¢ (cr; c2) OoTNOXeHbl OT Hayana Ko-
opavHat. Yemy paBHbl KOOPAMHATbI UX KOHUOB?

Ab6contoTHaa BennymHa BekTopa a (5; T) paBHa 13, a BekTopa
b (n; 24) paBHa 25. Hangute Tmn.

OaHbl Toukn A (0; 1], B"*1; 0), C (1; 2), M (2; 1). AokaxuTe pa-
BEHCTBO BekTopoB AB n CI1.

AaHbl Tpy Toukm A (1; 1), B (-1|_0), C_(0; 1). Hangnte Takyto
Touky I (oc; y), 4uto6bl BeKTOpbl AB 1 CIT 6blnn paBHbI.

MyHKT 94

Haingute BeKTOp C, paBHblil CymMMe BEKTOpPOB a U b, n abcontoT-
HYl0 Benn4yuHy BekTtopa c, ecam: 1) a (1; -4), b (-4; 8);
2) a (2; 5), b (4; 3). _ _
[aH TpeyronbHuk ABC. Haingute cymmy BekTopoB: 1) AC n CB;
2) AB n CB; 3) AC n AB; 4) CA n CB.

Haingnte BeKToOp ¢ —a — b 1 ero abContoTHYIO BENIMYUHY, €C/N:
1) a (1; -4), b(-4; 8); 2) a (-2; 7), b (4, ™).

[aHbl BeKTOopbl ¢ obwum Havyanom: AB u AC. [oKaxwuTte, 4To
AC - AB = BC.

B napannenorpamme ABCP auaroHanu nepecekalwTcss B Touke M.
BoipasuTte BekTopbl AB n CI1 yepes Bektopel a = AM, b = BM
(puc. 228).

HauepTnte TpuM NPOM3BONbHLIX BEKTOpa a, b, C, KaK Ha PUCYHKe
229. A Tenepb MOCTPONTe BEKTOPbI, paBHbleN

l)a + b+ ¢c;2)a-b+c;3) ~a+b+c._

1) Qokaxute, uto ansa Bektopos AB, BC n AC nmeeT MecTO He-
paBeHCTBO hcl< hel+

2) [oKaXuTe, 4To ANA NOObIX BEKTOPOB @ U b MMeeT MeCcTO He-
paBeHCTBO \a + B < la + Il

MyHKT 95

K ropusoHTanbHoOW 6anke Ha ABYX PaBHbIX HUTAX MOABELUEH Tpy3
Becom P. Onpegenute cunbl HaTsHXXeHUA HuUTen (puc. 230).

C Kakol cunoin P Hago yaepXuBaTb rpy3 BecOM P Ha HaK/IOHHOMN
MNOCKOCTKN, YTOOGbI OH He crnosizan BHU3?

Puc. 228 Puc. 229 Puc. 230
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17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

MyHKT 96

[aHbl aBe Toukn A (8™ yr) n B (x2; y2e Oo-
KaXkute, uyto BeKTopbl AB 1 BA npotusono-
NOXHO Hanpas/eHbl.

Jokaxute, 4yto BekTtopbl a (1; 2) wu
b (0,5; 1) oAMHaKOBO HamnpaB/fieHbl, a BeK-
Topbl ¢ (-1; 2) u i (0,5; -1) npoTmBONoO-
NOXXHO HanpaB/eHbl.

[aHbl BekTopbl a (3 2) u b (0; -1). Hal-
ANTe BeKTop ¢ = -2a + 4b n ero abcontoT-
HYIO BENYUHY. _
AGCONTHAA BeNMYMHa BeKTOpa Xa paB-
Ha 5. Hangute A., ecnu: 1) a (-6; 8);
2) a (3; -4); 3) a (5; 12).

B TpeyronbHuke ABC npoBegeHa mefunaHa

AM. Ookaxwute, yto AM =y (AB 4 AC).

Toykn M n N aBnawTCa cepeAnHaMn OT-
pe3koB AB u CI1 cooTBeTCTBEHHO. [ OKaXu-

Te BeKTOpHoe paBeHcTBO Mbl = y (AC +

4- BI) (puc. 231). _ .
OaH napannenorpamm ABCI1, AC = a, B =
= b (puc. 232). Bbipasute Bektopbl AB, CB,
CIl n ATl yepe3 a u b.

MyHKT 97

JOoKaXXnTe, 4TO Y KONIMMHEAPHbIX BEKTOPOB COOTBETCTBYHOLLME KO-
OpAuHaTbl MPOMoOpPLMUOHanbHbl. M 06paTHO: ecnm y ABYXHEHY/e-

BbIX BEKTOPOB COOTBETCTBYHLME KOOPAMHATHLI NPOMNOPLMOHANbHBI,
TO 3TW BEKTOPbl_KOJI/INHEAPHbI.

[aHbl BekTOpbl @ (2; -4), b (1; 1), ¢ (1; -2), 1 (-2; -4). YKaxu-
Te napbl KONNMHEApPHbIX BEKTOPOB. Kakue M3 faHHbIX BEKTOPOB
O,D,I/’I)HaKOBO Hanpas/ieHbl, a Kakue — MNPOTMBONOJMIOXHO Hanpas/e-
Hbl*

3BecTHO, 4TO BekTopbl a (1; -1) n b (-2; T) KoNnMHeapHbl. Hali-
ANTe, YeMy paBHO T.

OaHbl BekTopbl a (1; 0), b (1; 1) m ¢ (-1; 0). Haingute Takme 4uc-
na X_ #n "1, 4t0b6bl WMEN0 MeCTO BEKTOPHOe paBeHCTBO
c = Xa + b

MyHKT 98
JoKaxunte, 4to Ans NobbiXx BEeKTOpoB a U b (ab)2 < ab2

Haingnte yron mexay sektopamun a (1; 2) u b(l;,—
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30.

31.
32.

33.

34.
35.
36.

37.

38.

39.

40.

41.

42.
43.
44,

45.

46.

[aHbl BeKTOpbl a U b. Hangute abCOMOTHYK BeIMYUHY BeEKTOpa
a + b, ecin M3BeCTHO, YTO abCONKOTHbIE BE/IMYNUHBLI BEKTOPOB a U
b paBHbl 1, a yron mexay Humun 60°.

Hangnte yron mexpay Bektopamu a n a + b 3agaum 30.

[aHbl BepwuHbl TpeyronbHuka A (1; 1), B (4; 1), C (4; 5). Hai-
ANTE KOCUMHYCbl YIN0B TPeyrosibHuKa.

Hangute yrnbl TpeyronbHuka ¢ sepwuHamu A(0;>/3~), B(2;J71/1IN),

JokaxunuTte, 4to BeKTOpbl a (T; N) U b (-N; T) NepNneHANKYNAPHbI
WNN paBHbl HYNIO.

[aHbl BekTopbl @ (3; 4) u b (T; 2). NMpn Kakom 3Ha4YeHUU T 3TU
BEKTOPbl NepneHAUKYNAPHbI?

HaHbl BekTOopbl @ (1; 0) n b (1; 1). Hangnute Takoe ymcno A, yTto-
Obl BeKTOp a + Xb 6bl/1 NepneHAUKYNApPeH BEKTOPY a.
[JoKaXxunute, 4to ecim a © b — eANHUYHbIE HEKONNMHeapHble Bek-
TOpPbl, TO BEKTOPbl @ + b1 a —b OTAIMYHbLI OT HYNA N NepneHan-
KYNAPHBI.

[JoKaXxunTe, 4TO cymma KBajpaTtoB fAuaroHanein napannenorpamma
paBHa CymMMme KBajpaToOB ero CTOPOH.

[aHbl CTOPOHbI TpeyronbHUKa a, b, c. HanguTe ero mMeaunaHsl T a,
ThH MrC.

[JOoKaXXnNTe, YTO reoMeTpuMyeckoe MeCTO TOYeK, CymMMa KBajpaToB
PacCTOSAHMI OT KOTOPbIX 4O ABYX AaHHbIX TOYEK MOCTOAHHA, ecTb
OKPY>XHOCTb C LEeHTPOM B CepefuHe 0Tpe3Ka, COEAUHANLLEro AaH-
Hble TOYKMW.

Bektopbl a + b 1 a —b nepneHAUKYNnapHbl. [JOKaXunte, 4To
1l = 1l

[JOKaXXnte ¢ NMOMOLWbI BEKTOPOB, YTO AuaroHanyu pomba nepneH-
AVNKYNAPHBI.

[aHbl yeTbipe Toukn A (1; 1), B (2; 3), C (0; 4), 1) (-1; 2). Oo-
KaXXnTe, 4TO YeTblpexyrofbHuUK ABCl) — npAMOYro/sibHUK.

[aHbl yeTblpe Toukn A (0; 0), B (1; 1), C (0; 2), U (-1; 1). Oo-

KaXXUTe, UTo 4eTbipexyronbHuk ABCB — KBappar.
MyHKT 99
Cpean BeKTOpOB bO0-;-0, ~(0;-1),

H8.I7I,EI,I/IT€ EANHNYHbLIE N YKaXWNTE, KaKNUE N3 3TUX BEKTOPOB KO-

HeapHbI.
HananTte eAMHWYHbIA BEKTOP €, KOJN/IMHeapHblIn BekTopy a (6; 8)
M OJMHAKOBO C HUM HarnpaBfeHHbIN.
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47,

48.

49.

50.

[JaHbl KoopAuMHaTHble BeKTOopbl ex (1; 0) n e2 (0; 1). Yemy paB-
Hbl KOOpAMHaTbl BekKTopa 2er - 3e2?

1) AaHbl Tpy To4ukn O, A, B. Touka X penut otpe3ok AB B OT-
HoweHuMn A : " cumtad oT Touku A. BbipasnuTte BekTOop OX Ye-
pe3 BekTopbl OA = a n OB = b.

2) [OoKaxuTte, YTO MefuaHbl TPeyronbHWKa MepecekarwTca B 0f-
HO TOYKe, KOTOpasd AENUT MX B OTHOWeHWM 2:1, cuuTasd oOT
COOTBETCTBYIOLLMUX BEpPLIUH._

[JoKaXute, 4YTo NPOEKLMA a BeKTopa C Ha ocb abcuucc ¢ Koop-
ANHaTHbIM BekTOpoMm ex (1; 0) 3agaeTcs opmynou

a = kKelYrpe K = cel

LOoKaXnte, 4to NpPoeKLMa CYMMbl BEKTOPOB Ha OCb paBHa CyM-
Me I'IpOEKLI,I/II7I cnaraeMblxX Ha TY X€ OCb.



Mopobue duryp

100. T[lpeob6bpasoBaHue nogobus

Mpeobpa3oBaHne ¢urypol P B urypy P’
Ha3blBaeTca npeobpasoBaHMeM nopgobusa, ecnu npu
3TOM Mnpeo6bpa3oBaHMN PaCCTOAHUA MEXAY TOUYKaMu M3-
MEHATCA B O4HO M TO Xe uucno pas (puc. 233). 310
3HAYMT, YTO eCcnu MNPOU3BOJIbHbIE TOUKU X, Y Qurypsol
P npu npeo6pa3oBaHMn nopobus nepexogdaT B TOUKMU
X', Y durypoel P\ 10 X'Y = KXY, npuyem 4nucno K of-
HO W TO Xe Ana Bcex Toyek X, Y. Hucno K HasbiBaeT-
ca KoapuumeHtom nogobusa. Mpm Kk = 1 npeobpasosa-
HWe Nofo6msa, OYEeBUAHO, ABNSAETCHA LBUXKEHUEM.

Myctb P — paHHaa gurypa n O — pukcu-
poBaHHaa Touyka (puc. 234). lMpoBedem 4yepe3 MPoOU3-
BOJIbHYO TOUkKy X ¢urypbl P nyy OX ”n OTNOXWUM Ha
HeM oTpe3oK OX', paBHbI K * OX, rge K — MOM0XN-
TefbHOe yucno. lNpeobpasoBaHne purypsl P, npu KoTo-
poM Kaxpaa ee Toyka X nepexoauT B Touky X', no-
CTPOEHHYI0 YKa3aHHbIM Crnocobom, Ha3blBaeTcsa romoTe-
TUel OTHOCUTEeNbHO LeHTpa O. Ynucno K HasblBaeTCs KO-
appuyneHToM romotetun, urypoel P n P' HasblBalOT-
CA TOMOTETUYHBLIMU.

F)

X ,/n

Puc. 233 Puc. 234
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Teopema

foMOoTeTUSA ecTb NpeobpasoBaHMe nogobus.

[loKa3aTenbCTBO.

Myctb O — LEHTP rOMOTETUU, K — KO3I(P-
GuyneHT romotetun, X n Y — fBe NPOU3BO/IbHbIE TOUY-
Kn qurypsl (puc. 235).

[Mpn romoTeTMnM TOUKN X N Y NepexondTt B
TOYkKM X' n Y Ha nydax OX m OY COOTBETCTBEHHO,
npunyem OX' = K « OX, OY = K « OY. OTtcilofa cnefy-
IOT BEKTOpPHbIE paBeHCTBa

OX' = k6X, OY = KOY.
Bbiuntasa atu paBeHCTBa MOYAEHHO, MONYYUM!:
oY' - OX' =k (OY - OX).

Tak Kak OY - OX'= XY. OY - OX = XY, 70 XY=
= AXY. 3Hauut, IXT1 = Kk IXY], 1. e. XY = AXY. Cne-
[loBaTeNlbHO, TOMOTETUA eCTb NpeobpazoBaHMe Nofo6MUS.
Teopema foKasaHa.

[Mpeobpa3zoBaHMe NoAOOMS WIMPOKO MNpume-
HAETCA Ha MpPaKTUKe MPU BbIMOJHEHUN 4YepTexeun feTa-
Nnei MalWwnH, COOPYXeHU, NNaHOB MEeCTHOCTU U Ap. ITK
n306paXKeHns npeacTaBnsaOT coboil NogobHbIE Npeobpa-
30BaHMs BOOOpaXKaemblX N300paKeHWn B HaTypasibHYH
BennunHy. KoaggpuumeHT nogobus npm 3TOM HasblBaeT-
cA macwrtabom. Hanpumep, ecnm yyacTOK MECTHOCTU
n3obpaxaerca B macwrtabe 1 : 100, TO 3TO 3HAYMT, 4TO
OfHOMY CaHTMMETPY Ha nJjaHe COOTBETCTBYeT 1 M Ha
MECTHOCTM.

3apgauva (4).

Ha pucyHke 236 n3obpaxeH nnaH ycaabObl
B macwTabe 1 : 1000. Onpegenute pasMepbl ycagbobl
(ANVHY N WUPUHY).

PeweHwue.

OnvHa n wupuHa ycaabbbl Ha nnaHe pas-
Hbl 5,3 cM 1 3,6 cM. TaK KaK naaH BbINO/IHEH B Mac-
wTrabe 1 : 1000, TOo pa3mepbl ycaabbbl paBHbl COOTBETCT-
BeHHO 3,6 X 1000 cm = 36 m, 5,3 X 1000 cm = 53 wm.

FO1l. Csounctea npeobpasoBaHnUs noao6ms
Tak Xe Kak U gna ABUXeHUA, LOKa3blBaeT-

CA, 4TO Mpu npeobpasoBaHUM nofobusa Tpu Toukm A, B,
C, nexauinme Ha OAHON NPSAMON, NepexopAaT B TPU TOY-
Kn Aly Bly Cx, Takxe snexaume Ha OLHOW NPAMOMN.
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Mpuuem ecnm Touyka B nexunt mexay touykamum A un C,
TO Touyka BXx nexut mexay touykamum Al u Cr. OTcroga

cnefyet, 4To
npeo6pasoBaHne Nogo6uUs MepeBOAUT MNpPsMble B NPs-

Mble, nonynpamMmblie B nonynpamMmblie, OTPE3KNM B OTpPE3-
KIN.

[ oKaxemM, 4To

npeobpa3oBaHMe NoAoOUSA COXpaHsAeT yrnbl Mexay no-
NyNpsiMbIMK.

OenctButenbHo, nycTb yron ABC npeobpa-
30BaHMeM nofobusa ¢ KoaPuULMeHTOM K MepeBoOAnTCA B
yron AIBIC1 (puc. 237). MopseprHem yron ABC npeob6-

pasoBaHUO TOMOTETMN OTHOCUTE/NIbHO ero BepluHbl B ¢
KO3a((uumMeHTOM romoTeTum K. Mpu atom Touknm A n C
nepengyT B Toukn A2 n C2. TpeyronbHukun A2C2 wu

A1BIC1 paBHbl MO TpeTbeMy nNpusHaky. W3 paBeHCTBa
TPeyrobHMKOB CcneayeT paBeHCTBO Yyrnos AZ2BC2 wu
A1 1C1 3HauuTt, yrnel ABC n AT IC1 paBHbI, 4TO U”
TpeboBanocb AoKasaTb.

102. Tlopgobue quryp

[Be purypbl HasbiBalOTCA NOLOOHLIMK, ec-
NN OHW NepeBOAATCA APYr B Apyra npeobpasoBaHuem
nogobusa. Ona o6o3HayeHUs nofobusa uryp Mcnosb3y-
eTcsd crneuuanbHbIA 3HaA4YoK: co. 3anucb p™p' yntaetcs
Tak: «®durypa P nogobHa urype P'».

LJoKaxeMm, 4To
echn urypa P2 nogobHa durype P2, a dpurypa P2 no-
nob6Ha gurype '3, 1o urypbl N2 n P3 nogo6H®bI.

Myctb XX 1 Y\ — [Be NPOu3BO/IbHbIE TOY-
Kn qurypel Pr. lNMpeobpa3oBaHne nopobus, nepesofs-
wee qurypy Pre P2l nepeBOAUT 3TU TOUYKU B TOUKK X2,
Y2, pna KoTtopbix X2¥Y2 = KIX Y1

[MpeobpaszoBaHne nopobusa, nepesoadulee
urypy P2 B P3, nepeBoguT TOUkN X2, Y2 B TOUKN X3,

Y3, ona kKotopbix X3Y3 = JX2Y2. 13 paBeHCTB
X2Y2 = KXX{I’'Y X3¥Y3 = kX Y2

cnepyet, uto X3¥3 = KIk2X I¥ L A 3TO 3HA4YUT, 4YTO npe-
obpaszoBaHue urypol Pr B P3, nonyvatouieecsd npu no-
cnefoBaTeslbHOM BbIMOJHEHUN ABYX Mpeobpa3oBaHui
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nogobusa, ectb nogobue. CnepgosatenbHO, PUrypel Pr u
P3 nogo6Hbl, 4TO 1 TpeboBanocb A0Ka3aThb.

B 3anucu nogobua tpeyronbHukos: JABC™
CAAIBIC1 — npeanonaraeTca, 4To BeplWwWHblI, COBMe-

waemble npeobpasoBaHMeM nofo6bua, CTOAT Ha COOTBET-
CTBYHOWMX MecTax, T. €. A nepexoant B Ar, B — B Br

n C —o8Cr.

N3 cBoicTB npeobpasoBaHus nofobus cne-
AyeT, 4uTo

Yy NOAOOHbIX (YUTyp COOTBETCTBYIOLWME Yr/bl paBHbI, a
COOTBETCTBYKOLWME OTPE3KN NpONOpUNOHaibHbl. B yacT-
HOCTK, Y Nofo6HbIX TpeyronbHnkos ABC n A 1BIC1

AA = AAITr AB = ABITr AC = ACX
AB BC AC

AlB1 B1C1 ArCr

103. TMpusHak nofobua TPeyrobHMKOB
no ABYM yrnam
Teopema

Ecnu gBa yrna OAHOro TPeyrofibHWKa paBHbl ABYM Yr-
nam Apyroro TPeyrofibHWKa, TO TaKuWe TPeyronbHUKY

MOAOGHbI.

[loKa3aTenbCTBO.
MycTtb y TpeyronbHnkos ABC n AIBIC1

AA =AAlyAB = ABr. lokaxem, yuto AABC AABICL

AB
[MycTb K=o [MogBeprHem TpeyronbHUK
a

A 1B 1C1 npeob6pa3oBaHMio NoAo6mMsa ¢ KOIh(ULMEHTOM MoO-

nobus kK, Hanpumep romotetunm (puc. 238). Mpu atom
MONYYMM HEKOTOpPbIN TpeyronbHNK A2B2C2, paBHbIin Tpe-

yronbHukKy ABC. [leiicTBUTENbHO, TaK KakK npeobpasoBa-
Hue nogobua coxpaHseTt yrnbol, T0 AA2 = AAT, AB2 =

= ABX A 3Hauut, y TpeyronbHukos ABC n AZB2C2
AA =AA2 AB = AB2 [fanee, AB2=kKkAB1=AB. Cne-
foBaTenbHO, TpeyronbHUkn ABC n AZB2C2 paBHbLI NO

BTOPOMY MpPU3HaKy (MO0 CTOPOHE M NpuUaexawmm K Hew
yrnam).
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Tak Kak TpeyronbHukn ABIC1 n AB2C2
rOMOTETUYHbI U MOAO06GHLI, a TPeyronbHukn A2B2C2 n

ABC paBHbl 1 NO3TOMY TOXe MOAOOHbI, TO TPEYrosibHN-
Kn AIBBI1C1 « ABC nogo6Hbl. Teopema goKa3aHa.
3apava (15).
Mpamada, napannenbHaa cTopoHe AB Tpe-
yronoHunka ABC, nepecekaeT ero ctopoHy AC B Touke
Aly a cTtopoHy BC B Touke Bx. [lokKaxem, u4To

AABC JIABICL

PeweHune (puc. 239).
Y AABC n JAIBIC1 yron npun BepwwnHe C

ob6wmnin, a yrnel CAIb1u CAB paBHbl KaK COOTBETCTBY-
loume yrnbl napannenbHolx AB n A ~ ¢ cekyuleir AC.
CneposatenbHo, AABCcoJAL 1IC no ABYM yrnam.

104. TlpusHak nofobusa TpeyrosibHMKOB
Mo ABYM CTOPOHaM W yrny mexpy
HUMW

Teopema

Puc. 239

11.3

Ecnn aBe CTOPOHbI OAHOTO TPeyrosbHWKa Mponopuuo-
HanbHbl [BYM CTOPOHAM ApPYyroro TpeyroibHWKa M yr-
Nbl, 06pa30BaHHbIE 3TUMWU CTOPOHAMW, PaBHbI, TO Tpe-

YITOIbHUKN ﬂOAOﬁHbL

[ okasaTtenbCTBO (aHaNOrMYHO AOKasaTesb-
CTBY Teopembl 11.2).
Myctb y TpeyronbHnkos ABC u AIBIC1

AC = ACXn AC = AAIC], BC = JIBICL [okaxem, 4To
AABC ~ AALL IC1.
MogseprHem tpeyronbHuMk Alb IC1 npeobpa-

30BaHMIO nogobusa ¢ KoaguumeHToMm nopobmusa K, Ha-
npumMmep romotetun (puc. 240). Mpu 3TOM NONYy4YUM He-
KOTOPbIA TpeyronbHuUK A2 2C2, paBHbIA TPeyroibHUKY

ABC. [elCTBUTENbHO, TaK KakK npeobpasoBaHue Mnopo-
o6uns coxpaHsaeT yrnabel, To AC2= ACX A 3HauuT, y Tpe-

yronsHukos ABC n A 2C2 AC = AC2 [fanee, A2C2 =
= JTATCr = AC, B2 = k BI1C1 = BC. CnefoBatesibHo,
TpeyronbHUkKNn ABC n A2 2C2 paBHbl MO nepsBomMy npu-

3HaKy (N0 ABYM CTOpPOHam W Yrfay Mexpay HUmun).
Tak Kak TpeyronbHukn A 1C1n A% 2C2 ro-

MOTETUYHbLI W, 3HAYUT, HOAO6HH, d TPEYIrobHUKMU
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AB2C2 . ABC paBHbl 1 NO3TOMY TOXe NOAO06HLI, TO Tpe-
yronsHukn AIBIC1w ABC nogobHbl. Teopema foKasaHa.

3apava (31).

B TpeyronbHuke ABC c¢ octpbiMm yrnom C
nposefeHbl BbicoTbl AE n BB (puc. 241). [dokaxuTe,
yT0o AABC™AEI1)C.

PelweHue.

Y TpeyronoHnkos ABC n ENC yron npu
BepwmnHe C obwwnii. [JokKaeM NPONOpPLUOHaNbHOCTb
CTOPOH TPEyronbHWKOB, MpUAeXawmnux K 3ToMy Yrnay.
Nmeem EC = AC co3y, INMC = BC co3y, T. e. CTOPOHHI,
npunexawue K yrny C, y TpeyrosbHMKOB nponopyno-
HanbHbl. 3Haunt, JIABCMTE-OC no gBYyM CTOpOHam W
yrny Mexay Humn.

105. TlMpusHak nogobumsa TpeyronbHUKOB
Nno TpemM CTOpPOHam

Teopema

Ecnn CTOPOHbI OAHOrO TPeyrosbHMKa NPOMNoOpLUUOHanb-
Hbl CTOPOHAaM APYroro TPeyrosbHWKa, TO TakKue Tpe-

YITONbHNKN HOAO6HbL

[lokasaTenbCTBO (aHaNOrMYHO AOKasaTesb-
CTBY Teopembl 11.2).
MycTb y TpeyronsHMkoB ABC n ABIC1AB =

= /rTNB1l AC = /r/11IC1, BC = J/IBIC1l [oKaxeM, 4TO
OABC™ JIAIB|C|.
MoaBeprHem TpeyronbHMK AIBIC1 npeobpa-

30BaHMIO nopobus ¢ KoahpuumeHTOM noaobus K, Ha-
npumep romotetun (puc. 242). NMpu 3TOM NONYYUM He-
KOTOPbIA TpeyronbHUK A2B2C2, paBHbIil TPEYrosibHUKY

ABC. [leicTBUTENbHO, Y TPEYroNbHMKOB COOTBETCTBYHO-
LLlne CTOPOHbI PaBHbI:

AZB2 = KAIBB1 = AB, A2C2 = KAIC1 = AC,
B2C2 = kB1C1 = BC.

CnepoBaTtenibHO, TPeyrofbHWKKU paBHbl MO
TpeTbeMy npu3Haky (Mo Tpem cTopoHam). TakK Kak Tpe-
yronbHukn AIBIC1 v A2B2C2 roMOTETUYHbI U, 3HAYUT,

NOAOGHbLI, a TpeyronbHUKNM A2B2C2 1 ABC paBHbl U
MO3TOMY TOXe Mofo6HbI, TO TpeyrofbHUKn AI1BIC1 n
ABC nopno6Hbl. Teopema foKa3aHa.
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3agayva (36).

[JOKaXXnTte, 4TO Y NOJOOHBLIX TPEYrofibHUKOB
nepuMeTpbl OTHOCATCA KaK COOTBETCTBYHLLNE CTOPOHBI.

PelwweHue.

Myctb ABC n A1BIC1 — nopobGHble Tpe-
YronbHUKK. Torga cTopoHbl TpeyronbHnka AIB IC1 npo-

nopumoHanbHbl CTOpOHam TpeyronbHuka ABC, T. e.
AB1 = kAB, B1C1 = k BC, ArCr = HAC. CknajbliBas

3TN paBeHCTBa MOYJIEHHO, MONYYUM:
AyBt + BIC1+ A"l =k (AB + BC 4 AC).

OTcrofa
altl+slcl +altl all all 87"

AB +BC+AC AB AC BC 1

T. €. NepunMmeTpbl TPEyroibHNKOB OTHOCATCA KaK COOT-
BETCTBYIOLWMNE CTOPOHHI.

106. T[llogobme NPAMOYrofibHbIX

TPeyrosibHNKOB
Y nNpAMOYronbHOro TpeyrosibHMKa OfAWH
yron npamou. loatomy no Teopeme 11.2

and I'IO,£||06I/IFI OABYX MPAMOYIoOJ/ibHbIX TPeyronbHMKOB
AOCTaTO4HO, YTOObI Y HUX O6b110 NO paBHOMY OCTpPOMY

yrny.

C nomoLblo 3TOro NMpu3Haka nogobus nps-
MOYTO/IbHbIX TPEYro/ibHMKOB JOKa)eM HEeKOTOopble COOT-
HOLWeHUA B TpeyrojibHMKax.

Myctb ABC — npAMOYrofibHblii Tpeyrosnb-
HUK ¢ npambiMm yrnom C. lMposegem BbicoTy CIT u3 Bep-
WKHbLI npamoro yrna (puc. 243).

TpeyronbHukn ABC n CBI umeroT obuwimin
yron npu BepwuHe b. CnegoBaTefibHO, OHW MNOAO6GHbI:
OABCAACBEIN. N3 nogobusa TpeyronbHWMKOB cnepyer
NPONOpPLMOHANLHOCTL COOTBETCTBYHOLMUX CTOPOH:

»unnn BC =n/ABTBII
9T0 COOTHOLIEHME 0ObIYHO POPMYNUPYIOT TaK:

KaTeT MPsSMOYTrofbHOr0O TPeyroibHUKa ecTb cpefHee
MPONOPLUMOHANbHOE MeXAY TMNOTEHY30/ WM NpoeKLuneit
3TOr0 KateTa Ha TUMOTEHY3y.

MpaMoyronbHble TpeyronbHUkun ACIT n
CBI TakXxe nNofgo6HbLI. ¥ HUX paBHbl OCTPble Yrabl Npu

A
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BepwinHax A n C. M3 nopobuss 3Tux TPeyronbHUKOB
cnefyet NPonopLMOHanbHOCTb UX CTOPOH:

AO co R ——
~cb=~Bby unn Crl=y AQ <bIl.

ATO COOTHOLWEHNE 06bIYHO POPMYNUPYIOT TakK:

BblCOTA MPAMOYrONbHOTO TPeyronbHWKa, MpoBefeHHas
W3 BepLMHbI NPAMOro yrna, ecTb CpeAHee nponop-
LMOHANbHOE MeXAy NPoeKuuUsiMU KaTeTOB Ha runo-
TeHy3y.

[JoKaxem cnegytollee CBOMCTBO GUCCEKTPU-
Cbl TPeYrosibHUKA:

buccekTpuca TPeyronbHUKa AenNnT MNPOTUBONEXALLYO
CTOPOHY Ha OTPe3Ku, NPOMOPLUOHaNbHbIe ABYM APYTrUM
CTOPOHAaM.

Myctb CI — 6uccekTpuca TpeyroabHUKa
ABC (puc. 244). Ecnu TpeyronbHUk ABC paBHObGefpeH-
Hbli C oCHOBaHMeM AB, TO yKa3aHHOe CBOWCTBO GMCCEK-
TPUCbl 0YEBUAHO, TaK KakK B 3TOM C/ly4yae GuccekTpuca
CI aBnsetcs U MeLnaHoN.

PaccmoTpum obwwuin cnyyan, korga AC ~
A BC. Onyctm nepneHaukynapbl AB u BE 13 BepwuH
A n b Ha npamyw CI1.

MpamoyronbHble TpeyronsHNUkn ACE n BCE
MOAOOHbBI, TaK KakK Y HUX paBHbl OCTpble YI/bl MNpU Bep-
wnHe C. M3 nogobus TpeyrofbHWKOB cliegyeT nponop-
LMOHANbHOCTb CTOPOH:

AC AP
BC BE

[MpaMoyronbHble TpeyronbHukn AJIB n
BME ToXe nofo6Hbl. ¥ HUX yrnabl npu BepwunHe I pa.-
Hbl KaK BepTuKanbHble. VI3 nosobusa TpeyrosibHUKOB
cnefyet NpPonopLMOHanbHOCTb CTOPOH:

AP  AO

BE ~ BM o

CpaBHMBas 3TO PaBEHCTBO C NpeablayL MK,
MNoONyYnM:

AC  AO AC  BC

Bc -s5 M A0 B>

T. €. oTpe3kn AIll u BI1l nponopuuoHanbHbl CTOPOHAM
AC n BC, uT0o 1 TpeboBanoCb A0OKasaTb.
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107. ¥Yrnbl, BNUCaHHble B OKPYXHOCTb

Yron pasbusaeT MJOCKOCTb Ha [Be 4YacTu.
Kaxpgad u3 vyacTeil HasblBaeTCcA MJIOCKUM yriom. Ha
pUCYHKe 245 3aKpalleH oAMH U3 NOCKUX Yr0B CO CTO-
poHamMu a n b. nockue yrabl ¢ 06WMMKM CTOPOHAMU Ha-
3bIBAKOTCA LOMOSHUTENbHBLIMU. ECNYM NMOCKUIA yron AB-
NAeTCA 4acTbl MOMYNJOCKOCTM, TO €ero rpagycHoi
Mepon HasblBaeTCcA rpagycHasa mepa 00ObIYHOro yrna
C TEMM >XXe CTOpOHamu. Ecnv NNOCKWUI Yyron COAepXUT
NONYNNOCKOCTb, TO ero rpagycHaa mepa npuHuUMaeTcs
paBHO 360° — a, rae a — rpagycHasa mepa AOMOJHU-
TeNbHOro Maockoro yrna (puc. 246).

LleHTpa/ibHbIM YI10M B OKPY>XHOCTWU Hasbl-
BaeTCAa MNOCKMIA Yyron c BEPLIMHON B ee UeHTpe. YacTb
OKPY>XHOCTU, pacnofiodxeHHas BHYTPW MIOCKOro yrna,
Ha3blBaeTCA AYroM OKPY>XHOCTW, COOTBETCTBYHOLLEN 3TO-
MY UeHTpanbHoMy yrny (puc. 247). 'pafyCHO Mepoi
LYTU OKPYXHOCTW HasblBaeTca rpajgycHas mepa CoOT-
BETCTBYIOLLEr0 LEHTpPaNbHOro yrna.

Yron, BeplivHa KOTOPOro NEeXXUT Ha OKPYX-
HOCTW, & CTOPOHbI MepeceKkarT 3Ty OKPYXXHOCTb, Has3bl-
BaeTCcA BMUCAHHbLIM B OKPYXHOCTb. Yron BAC Ha pu-
CYHKe 248 BnucaH B OKPYXHOCTb. Ero BepwuHa A
NEXWUT Ha OKPYXXHOCTU, a CTOPOHLI MEPECEKAT OKPYXK-
HOCTb B Touykax B m C. [0oBOpAT Takxe, 4yto yron A
onupaetca Ha xopay BC. Mpsamasa BC pasb6buBaer
OKPY>XHOCTb Ha ABe Ayru. LleHTpanbHbIN yron, cooTBeT-
CTBYIOLWMNA TOW M3 3TUX AYr, KOTOPas He COLEPXUT TouY-
Ky A, Ha3blBaeTCcA UeHTpanbHbIM Yra0M, COOTBETCTBY-
WWM JaHHOMY BMNUCAHHOMY Yrny.

Teopema

PLi- 245

11.5

YTon, BMNUCAHHbI B OKPY)XHOCTb, PaBeH MOMIOBUHE CO

OTBETCTBYIOLLErO LIeHTPasbHOro yra.

Puc. 246 Puc. 247

Punc. 248

HoOoounc duryp



[ oKa3aTenbCcTBO.

PaccMOTpMM CHavalla 4YacCTHbIi cny4an,
Korga ofgHa M3 CTOPOH Yyrfna npoxoAuT 4yepe3 LLEHTP OK-
py>xHocTtu (puc. 249, a). TpeyronbHUK AOB paBHObej-
PEHHbIN, TaK KaK y Hero ctopoHbl OA 1 OB paBHbl Kak
paguycol. Moatomy yrinbl A 1 b TpeyrosbHMKa pasHHbI.
A TakK KaK MX CymMMa paBHa BHELWHEMY YIrny TPeyrob-
HUKa npu BepwuHe O, TOo yron B TpeyronbHuKa paBeH
nonosuHe yrna AOC, 4yTo 1 TpeboBasocb A0KasaTb.

O6wmin cnyyah CBOAUTCA K PacCMOTPEHHO-
MY 4YacTHOMY C/iy4yal MNpoBefeHWeM BCMOMOraTe/lbHOro
anametpa bb (puc. 249, 6, B). B cnyvae, npeacras/ieH-
HOM Ha puUCYyHKe 249, 6,

AABC = ACBB + AABB =
=y ACOB + y AJIOB = y AAOC.

B cnyvae, npeactaBleHHOM Ha pUCYHKe 249, B,
AABC = ACBB - /Abb =
=y ACOB - y AAOB = y AAOC.

Teopema foKa3aHa MOMHOCTLIO.
N3 Teopembl 11.5 cnepyet, 4To

BNUCaHHbIE YrNbl, CTOPOHbI KOTOPbIX MPOXOAAT yepes
TOYKN A N B OKPY)XHOCTW, a BEPLWIMHbLI fieXXaTt no of-
HY CTOpPOHY OT npsamoin AB, paBHbl (puc. 250). B ua-
CTHOCTU, YI/Nibl, ONuparwLlmeca Ha gnameTp, npambie.

108. TlponopynoHabHOCTb OTPE3KOB
XopAa N CeKYWUX OKPYXXHOCTU

Ecnm xopabl AB u CB OKpPYXHOCTM MnepecekawTCca B
TOYke 3, TO

A3 -B8 = C8 <bb.

[ oKaXem cHayana, 4to TpeyronbHukn A8B
n C8B nopobHbl (puc. 251). BnucaHHble yrnol BCB u
BAB paBHbl N0 cneAcTBUO M3 Teopembl 11.5. Yrnbl
A3B un B8C paBHbl KakK BepTUKaNnbHble. 3 paBeHCTBa
yKa3aHHbIX YIr/0B CNefyeT, 4To TpeyrofbHuUKuM A8B u
C8B nofo6HbI.
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nponopuus

OTcroga

N3 nojobus  TPeyronbHWKOB  cledyeT

X5 A3
B3 C8

A3 «B8 = C8 48,

4To M TpeﬁoBaﬂOCb [OOKa3aTb.

Ecnm M3 Toukn P K OKPY>XHOCTU MPOBefEeHbI [1Be CeKy-
lwune, nepecekarwulime OKPYXXHOCTb B Toukax A, B wu
C, A cOOTBETCTBEHHO, TO

AP «BP = CP +4P.

MycTb Toukn A n C — 6imxanwme K T0Y-

Ke P TOUYKM NepeceyeHUs CeKYWMUX C OKPYXHOCTbIO

(puc. 252).

TpeyronbHukn PAO n PCB nofo6HbI.

Y HUX yron npu BeplwmnHe P ob6wuin, a yrnbl npu Bep-
WnHax b n A paBHbl NO CBOWCTBY Yr/i0B, BMUCAHHbIX
B OKPYXHOCTb. M3 nofobus TpeyrofbHUKOB cnepyeTt

nponopums

OTcrofa

4UTo U TpeﬁoBaﬂOCb [OOKa3aTb.

N =

B w

oo

PA PX>
PC ~ PB =

PA - PB = PC - P4,
Punc. 252

KOHTpONbHbIe BOMPOCHI

UTto Takoe npeobpaszoBaHue nogobua?

Yto Takoe romoteTuss (LEHTP FOMOTETUM, KOIDMPUUWMEHT romoTe-
T™Mn)?

JOoKaxXnte, 4yTo romoTeTUa ecTb npeobpasoBaHne nofobums.

Kakue cBoicTBa npeobpa3oBaHms nofooma Bbl 3HaeTe? [OKaxuTe,
4yTo npeobpasoBaHMe NoA06UA coXpaHAeT Yrabl MexXxay nonynps-
MbIMW.

Kakune urypbl HasblBalOTCA NOJ0OGHLIMMN?

Kakum 3HakoM o0603HavaeTca nogobue uryp? Kak 3anucbiBaeTcs
nogobue TpeyronbHUKOB?

ChopmynunpyinTe U LOKaXUTe Npu3HaK nogobma TpeyronbHUKOB Mo
ABYM yrnam.

Chopmynunpyinte n LOKaXUTe NpU3HaK Nogoomusa TpeyrosibHUKOB Mo
ABYM CTOpPOHaM W yrany mexgay Humu.

Chopmynnpyinte n LOKaXUTe NpuU3HaK nogobus TpeyrosibHUKOB Mo
TPeEM CTOpPOHAaM.
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10.

11.

12.

13.
14.
15.
16.

17.

o o

10.
11.

[ oKaXunTe, 4To KaTeT NPSIMOYrONbHOr0 TPeyronbHWKa ecTb Cpej-
Hee MPONOPLMOHANbHOE MeXAy TUMOTeHY30/W W npoekuueld 3Toro
KaTeTa Ha FUnoTeHy3y.

[loKaXXnTe, 4To BbICOTA MPAMOYTOJ/IbHOrO TPEeYrofibHUKa, NPOBe/EH-
Has M3 BEpPLWWHbI NPAMOro yrna, ecTb cpefiHee MPOMNOPLMOHANbHOE
MeXAy NPOeKUUsSMM KaTeTOB Ha FMMNOTEHY3Y.

[loKaxunTe, 4To GuccekTpuca TpeyronbHUKa AenUT MPOTUBONEXa-
LY CTOPOHY Ha OTPe3Ku, MPONopLMOHaNbHble ABYM APYrMM CTO-
POHaM.

UTO Takoe MNOCKWIA yron?

UTO Takoe LEeHTpanbHbIli yron?

Kakoil yron HasblBaeTCs BMNUCAHHLIM B OKPYXHOCTb?

[lOKaXNTe, YTO BMUCAHHbI B OKPYXHOCTb Yron paBeH MOMOBUHE
COOTBETCTBYIOLLEr0 LIEHTPaNbHOro yrna.

[oKaXunTe CBOMCTBA OTPE3KOB MEPeCceKalllnXxcs XOopA M CBOKCTBA
OTPe3KOB CEeKYyL|UX.

3agayu

MyHKT 100

Mpn romoTeTum TO4YKa X NepexoamT B TOUKY X' a Touyka Y — B
TOUKY Y'. Kak HallTu UEeHTP roMoTeTuun, ecnm Toukn X, X', Y, Y
He neXaT Ha O4HOWN MpPAMOW?

Mpn romoTeTnn Touka X NepexoauT B TOUKY X'. MOCTpONTe LEHTP
roMOTeTUM, ecnm KoaPULUMEeHT roMoTeTUM paBeH 2.

HayepTute TpeyrofbHMK. T1OCTPOMNTE TOMOTETUYHLIA emy Tpe-
YTONbHUK, NPUHAB 3a LLeHTP TOMOTETUM OAHY M3 ero BepLlnH U KO-
appuyneHT roMmoTeTUN pPaBHbIM 2.

Ha pucyHke 236 wu306paxeH nnaH ycaabbbl B MacwTabe
1 : 1000. Onpegenute pasMepbl ycagbbbl (ANMHY U WNPUHY).

MyHkT 102
Uto npeacrtaBnsetr cobon curypa, nogobHas TpeyrosibHUKY?
Y nopo6Hbix TpeyronbHnkos ABC n AIBIC1 /-A =30°, AB =1 m,

BC = 2 m, BIC1= 3 m. Uemy paBHbl yron At n ctopoHa AXB X

JokaxuTte, 4To urypa, nogobHas OKPYXHOCTU, eCTb OKPYX-
HOCTb.

[aHbl yron v BHYTpu ero Touyka A. MNoCTpoiNTe OKPY>XXHOCTb, Kaca-
IOLLYOCA CTOPOH yrfia M MpoXoAslyt 4yepe3 TOUKy A.

BnvwwnTe B AaHHbIA TPeyroibHWK KBagpaT, Y KOTOPOro ABe Bep-
WMHbI NeXaT Ha OA4HOW CTOPOHe, a ABe [Apyrue BeplWMHbl — Ha
ABYX APYTMX CTOpPOHax.

MyHKT 103

[Jokaxute nofobue paBHOGeApPEHHbIX TPEYrosibHUKOB C PaBHbIMU
yrnamMmu npu BeplwnHax, NPOTUBOJIEXALUX OCHOBaAHUAM.

Y [ABYX paBHOGeApeHHbIX TPeyroibHUKOB Yr/ibl MeXAay OGO0KOBbIMU
CTOpOHaMK paBHbl. BokoBada CTOpOHa M OCHOBaHWe OAHOro Tpey-
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12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

rofibHUKa pasHbl 17 cm 1 10 cM, OCHOBaHWe Apyroro pasHo 8 cwm.
Haingnte ero 60KOBYH CTOPOHY.
Y 1peyronoHnkos ABC n ABBIC1 AA = AAX AB = ABXAB = =

5mM,BC=7m ABX= 10 m, AIC1 = 8 M. Hangunte ocTasbHble

CTOPOHbI TPEyroJibHNKOB.
Pewwnte 3agavy 12 npu ycnosun, 4to AB = 16 cm, BC = 20 cwm,
AIB1= 12 cm, AC - AXCX= 6 cMm.

JOoKaxnuTe, YTO BbICOTA MPAMOYTO/IbHONO0 TPEYrosibHMKa, ONYyL,eH-
Hafd M3 BepWMWHbI NPAMOro yrna, pasbueaeTt ero Ha fABa TPeyronb-
HUKa, NOLOOHbIE UCXOLHOMY.

Mpamada, napannenbHaa ctopoHe AB TpeyronbHuka ABC, nepece-
KaeT ero ctopoHy AC B Touyke AX, a cTtopoHy BC B Touke Bx. [o-

KaXXnrte, yto &ABC™ &AXB XC.

B TpeyrosibHWK C OCHOBaHMeM a M BbICOTOW K BNucaH KBajpart Tak,
4YTO [B€ ero BepLMHbl NeXxaT Ha OCHOBaHWUW TpeyrosibHWKa, a Apy-
rme gBe — Ha O60KOBbIX cTOpoHax (puc. 253). Bbluncnmte CTOPOHY
KBajgparta.

Mpamas, napannenoHaa cTopoHe AB TpeyronbHuka ABC, penut
ero ctopoHy AC B OTHOLWEHUN T : N, cyuTasa oT BepwuHbl C. B
KakOM OTHOLUEHWWN OHa AenuT cTopoHy BC?

B TpeyronbHnke ABC npoBefeH oTpe3ok BE, napannenbHbi cTO-
poHe AC (KoHeu B oTpe3ka nexwut Ha ctopoHe AB, a E — Ha cTO-
poHe BC). Hangnte AB, ecnu AB = 16 cMm,

AC = 20 cm 1 BE = 15 cwm.

B 3agave 18 HanauTe oTHoweHue AB : BB,

ecnu ussecTtHo, 4to AC : BE = 55 : 28.

Hangute gnnHy oTtpeska BE B 3agadve 18,

ecnm: 1) AC =20 cm, AB = 17 cm 1 BB =

= 119 cm; 2) AC = 18 am, AB = 15 am

n AB = 10 gwm.

OwvaroHann Ttpaneynn ABCB nepecekaroTcs

B Touke E (puc. 254). [lokaxuTe nogobue

TpeyronsHMKos BCE n BAE.

Haingute OTHOLWEHMe OTPe3KOB AuaroHanu

Tpaneunn, Ha KOTOopble OHa pasbuBaeTcH

APYron guaroHanblo, ecny OCHOBaHWUA Tpa-

neynm OTHOCATCA Kak T : M.

Mpamada, npoxopdal,aa yepe3 TOUKY rnepece-

YeHWA [AuaroHanen Tpaneyun, LenUT OAHO

OCHOBaHWe B OTHOWEHUNM T : n. B Kakom

OTHOLUEHUWN OHa AEeNUT [ApYyroe OCHOBaHMe?

B Tpaneuun ABCB c guaroHanbto AC yrnbl

ABC n ACB paBHbl. Haingute gnaroHans AC,

ecnu ocHoBaHua BC u AB COOTBETCTBEHHO

paBHbl 12 M n 27 wm. 3C- 254
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25.

26.

27.

28.

29.

30.

31.

32.

33.

34,
35.

NTnHnAa, napannenbHas OCHOBaHWAM Tpaneuwuu, LenUT ofHY 6GOKO-
BYIO CTOPOHY B OTHOLWEHMN T \ n. B KaKOM OTHOLWEHUN LeNNT OHa
APYTyt0 GOKOBYK CTOPOHY?

MpopomkeHna 6okoBbIX cTopoH AB n CI1 Tpaneuun ABCI1 nepe-
cekawTca B Touke E. Haingute cTtopoHbl TpeyronbHuka AETI, ec-
nm AB = 5 cm, BC = 10 cm, CIT = 6 cm, Al = 15 cm.

Haingute BbicOTy TpeyronbHuka AET 13 3agaun 26, onyuleHHYH
Ha cTopoHy All, echm BC = 7 cm, All = 21 cm u BbicoTa Tpane-
LN paBHa 3 CM.

OvaroHann Tpaneyuun nepecekarwTca B Toyke E, a npogomkeHusd
OOKOBbIX CTOPOH — B Touyke P. [JokaxuTe, yto npsmas EP genut
OCHOBaHWA Tpaneuun nononam (puc. 255).

Y paBHOoGegpeHHOro TpeyronbHuka ABC ¢ ocHoBaHuem AC n npo-
TuBonexawum yrnom 36° npoBegeHa 6uccekTpuca All. 1) [oka-
Xute nopgobue tpeyronbHnkos ABC un CAIl 2) Haingute ocHoBa-
Hue TpeyronbHuka ABC, ecnu ero 60koBas CTOpoHa paBHa a.

MyHkT 104

CTopoHbl TpeyronbHnka ABC, npunexauiune A
K yrny B, B 2,5 pa3a 60nblue CTOpPOH Tpe-

yronsHuka AIBIC1, npunexawmx K yrny

Bx. ¥rnel B n Bx paBHbl. Hangnte AC 1
AIlC1 ecnn nx cymma paBHa 4,2 M.

B TpeyronsHuke ABC c ocTpbim yrnom C
nposefeHbl BbicOTbl AE n BIl. JokaxuTte,
yto AABC*AEGBC.

B ocTpoyronsHom TtpeyronsHuke ABC npo-
BefeHbl BbicOTbl All, BEy CP. Hawnpgute yr-
nbl TpeyronbHuka [MEE, 3Hasa yrnbl Tpe-
yronosHnuka ABC (puc. 256).

[ oKaXunte, 4YTo GUCCEKTPUCHI TPeyrosbHUKa

MEE B 3apgaye 32 nexaTt Ha BbicoTax Tpe- B
yronoHunka ABC.

MyHkT 105

Mofo6HbI N fABa PaBHOCTOPOHHUX Tpe-
YroNibHNKa?

Moao6Hbl N TpeyronbHukn ABC n AIBICL,
ecnu:

HAB = 1 m, AC = 15 m, BC = 2 wm;
AIB1= 10 cm, AXCX= 15 cm, BXCX= 20 cm;
2)AB = 1 m, AC = 2 m, BC = 1,5 wm;
AB1=8 am, AlIC1= 16 gm, BIC1= 12 awm;
3)AB = 1 m, AC = 2 m, BC = 1,25 wm;

AB1= 10cm, AIC1= 20 cm, BXCX= 13 cm? Puc 256
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36.
37.

38.

39.

40.

41.

42.
43.
44.

45,

16.

1,62

Puc. 257

JOoKaxXnTte, 4To y MNOAOOHbLIX TPeyro/sibHUKOB NMepuMeTpbl OTHOCAT-
CA KaK COOTBETCTBYHLLINE CTOPOHbI.

CTOpOHbI TpeyrosibHMKa paBHbl 0,8 M, 1,6 m n 2 m. Haingute cto-
POHbI MOAOGHOr0 emMy TpeyrofibHUKa, NepuMeTp KOTOPOro paseH
5,5 M.

MepumeTp OfHOrO TpeyronbHWKa cOCTaBAfeT , — MepumMeTpa mo-

[O6GHOro eMy TpeyrosibHuMKa. Pa3HOCTb ABYX COOTBETCTBYHOLWNX CTO-
POH paBHa 1 M. Haingute 3T CTOPOHHI.

MyHkT 106

Mofo6HbI N ABa NPAMOYrO/IbHbIX TPEYrosibHMWKa, €Ccnnm y Of4HOro
M3 HUX ecTb yron 40° a y Apyroro yrona, paBHbiin: 1) 50°;
2) 60°7?

OcCHoBaHMe BbICOTblI MPAMOYrO/IbHONO TPeyrosibHUKa, ONyLWeHHOM
Ha FMNOTEHY3Yy, AeNNT ee Ha OoTpe3kn 9 cm n 16 cm. Hangute cTo-
POHbI TPeyrosibH1Ka.

[MNoTeHy3a NPAMOYro/sibHOro TpeyrojbHWKa paBHa 25 cM, a O4UH
N3 KateToB paBeH 10 cM. HaliguTe nNpoekuuto ApYyroro kKarterta Ha
TMMNOTEHY3Y.

[JOKaXXnTe, YTO COOTBETCTBYHOLME BbICOTbI MOAOOGHbLIX TPEYrobHU-
KOB OTHOCATCA KaK COOTBETCTBYHOLLME CTOPOHHI.

KaTteTbl NpAMOYTro/iIbHOIro TPeyrosibHMKa OTHOCATCA KaK T : n. Kak
OTHOCATCA MPOEKUUN KaTeToB Ha TUMOTEeHY3y?

OnvHa TeHn habpuyHon Tpyobl paBHa 35,8 M; B 3TO Xe Bpems
BEPTUKANIbHO BOTKHYTbIA B 3eMJ/Il0 KON BbICOTOM 1,9 M faeT TeHb
AnnHoin 1,62 m (puc. 257). Hangute BbICOTY TpPyObI.

B tpeyronbHuk ABC BnucaH pom6 ABEP Tak, 4To yron A y Hux
o6wWmnin, a BepwmnHa E HaxoauTcs Ha cTopoHe BC (puc. 258). Hail-
AnTe CTOpPOHY pomba, ecnm AB = c n AC = b

buccekTpuca BHelWwHero yrna tpeyronbHnka ABC npun BepwunHe C
nepecekaet npamyto AB B Touke B (puc. 259). LoKaxute, 4yTo
AO : Bb = AC : BC.

B

Puc. 258 Puc. 259
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47.

48.

49.
50.
ol.
52.

53.
54.
55.
56.

S7.

58.

59.

[ OKaXXunTe, 4TO reoMeTpMYeckoe MecTO TOYEK, OTHOLUEHUEe paccTo-
SSHUIA OT KOTOPbIX A0 ABYX [aHHbIX TOYEK MOCTOSAHHO (He paBHO
efNHNLIE), eCTb OKPYXHOCTb.

MyHkT 107

Hangute LONONHWTENbHbIE MAOCKMe YI/bl, 3HafA, 4To: 1) OAUH M3
HUX B 5 pa3 6onbwe fApyroro; 2) oguH M3 Hux Ha 100° 6Gonblle
apyroro; 3) pa3HOCTb UX paBHa 20°.

Toukn A, B, C nexart Ha OKpy>XXHocTu. Yemy paBHa xopaa AC, ec-
nn yron ABC paseH 30°, a gmameTtp oKpyXHoctu 10 cm?

Toukun Ay By C nexxat Ha OKpy>HocTu. Uemy paBeH yron ABC, ec-
nn xoppa AC paBHa paguycy okKpyxHoctn? ([Ba cnyuyas.)
JOKaXute, 4TO LUEHTPOM OKPYXHOCTW, OMUCAHHOW OKO/M0 MPsSIMO-
Yro/fIbHOr0 TPeyrofibHuKa, ABNAETCA cepeguHa TMMOTEHY3bI.
[JoKaxuTte, 4yTo MefnmaHa NPAMOYTrO/iIbHOro TpeyrojibHuUKa, npose-
AeHHasd K rMnoTeHys3e, pa3buBaeT ero Ha ABa paBHobGeApeHHbIX Tpe-
YronbHUKa.

MocTpoliTe NPAMOYTO/bHbIA TPEYroNbHWK MO TMMNOTEHY3e U BbICO-
Te, ONYLWEHHON N3 BEPLWUHbI NPAMOro yriaa Ha rMnoTeHysy.

Ha OKpPY>XHOCTW OTMeueHbl yeTbipe Touku A, B, C, B. Yemy pa-
BeH yron ABC, ecnu yron ABC paseH a? ([Ba cnyuvas.)

Xopabl okpyxXHoctn AB u BC nepecekaioTtca. Yron ABC paBeH
50°, yron ACB paseH 80°. Hangute yron CAB.

[LOKaXXnTe, YTO Yy YeTbipexyronbHWKa, BNUCAHHOT0 B OKPYXXHOCTb,
CyMMa npoTmBoOMexawmnx yrnos pasHa 180°.

[JOoKaXXnNTe, 4T0O reoMeTpmyeckoe MECTO BEPLUWH MPAMbIX YI0B,
CTOPOHbI KOTOPbIX MPOXOAAT 4epe3 [ABe AaHHble TOYKWU, eCTb OK-
PYXHOCTb.

[LOKaXXnTe, 4TO reomMeTpMyeckoe MeCTO BEpPLIWH Yrn0B C 3afaHHOM
rpagyCcHoOM mMepoi, CTOPOHbI KOTOPbIX MPOXOAAT 4yepe3 [Be faHHble
TOYKM, a BEPLIMHbI f1eXXaT Mo O4HY CTOPOHY OT MPAMOW, COeAUHA-
loWen 3T TOYKKN, eCTb Ayra OKPY>XHOCTU C KOHLAMW B 3TUX TOY-
Kax (puc. 260).

[LOKaXXnTe, YTO OCTPbIA Yron Mexay XOpAoin OKPY>XKHOCTWU M Kaca-
TeIbHON K OKPYXHOCTW B KOHUE XOpAbl paBeH MOMOBUHe Yyrna
MeXay paguycamu, nNpoBefeHHbIMU K KOHUaM XopAbl (puc. 261).
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60.

61.

62.

63.
64.

109.

(puc. 263).

MocTpoiiTe TPeyronbHWK MO CTOPOHE, MPOTMUBONEXALWleMy el yrny
M BbICOTE, MPOBEJAEHHON M3 BepLIMHbLI 3TOr0 yrna.

MyHkT 108
N3 Toukn C oKpy>XXHOCTW nposedeH nepneHaunkynap CI Kk agname-

Tpy AB. [Jokaxute, uto CI12 = ATl « BIl.
[JoKaXxnte, 4To NpPouM3BefeHMNe OTPE3KOB CeKYL|eil OKPYXXHOCTU
paBHO KBajpaTy OTpe3Ka KacaTe/llbHOW, MPOBEAEHHOW N3 TON Xe

Touykn: AC « BC = CIM2 (puc. 262).

Kak faneko BMAHO W3 camoO/fieTa, NeTallero Ha BbicoTe 4 KM Haj
3emnen, ecnn paguyc 3emnm 6370 kKm?

Bbluncnmte paguyc ropusoHTta, BUAUMMOIo C BEPLUMHbI TeneballHu
B OCTaHKWHe, BbICOTa KOTOPOW 537 M.

PeweHne TpPeyronbHMKOB

Teopema KOCUHYCOB
Teopema (TeopemMa KOCUHYCOB)

12.1

KBagpat nw6oil CTOPOHbI TPeyrosbHWKa paBeH CymMMe
KBagpaToB ABYX APYruMX CTOPOH 6e3 YABOEHHOr0 NPou3-
BeAEeHNA 3TUX CTOPOH Ha KOCUHYC yrna Mexpay HUMWN.

[loKasaTenbLCTBO.
Mycte ABC — [faHHbIA TPeyronabHUK a) C
LJoKaxem, 4To

BC2=AB2+ AC2- 2AB « AC -« coe A.
MMeeM BEKTOPHOe PaBEHCTBO

BC =AC - AB.

Bo3Beass 3TO paBeHCTBO CKaNlipHO B KBaj-

paT, NoNy4mm:

nnn

BC2=AB2+ AC2- 2AB <AC, 6) C

BC2=AB2+ AC2- 2AB «AC - coe A.

Teopema goKa3saHa.
3ametmm, 4to AC e+ coe A paBHO Nno abco-

NOTHON BenuumHe npoekuum Al cTtopoHbl AC Ha CTo-

poHy AB

(puc. 263, a) wnnnm ee nNPOAO/HKEHUe

(puc. 263, 6). 3Hak AC ¢co3 A 3aBUCUT OT yrna A: «+», Puc. 263

6 eomeTpud, 7—9 K.
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ecnm yron A ocTpbli, «-», ecnu yron A Tynoin. OTclo-
fla nonyvaeTcs crneacTBue:

KBajpaT CTOPOHbI TPeyrosibHMKa paBeH CymMMe KBajpa-
TOB AABYX APYTUX CTOPOH «*» yABOEHHOE MPou3BefeHne
OLHOM M3 HUX Ha MNPOeKUMIO Apyron. 3HaK «+» Hafgo
bpaTb, Korga npoTMBONEXaWNMini yron Tynou, a 3Hak
«-», KOrga yrosi ocTpbli.

3agava (7).
[laHbl CTOPOHbI TPeyronbHWUKa a, b, c. Hali-
ANTE BbICOTY TPeyronbHMKa, ONyLWEeHHYH Ha CTOPOHY C.

PeweHne.
NMmeem a2 = B2 + c2 £ 2c *Al) (puc. 264).
a2-b2-c2
Otcroga Al =+ 2 Mo Teopeme lMudaropa

Cll=vnCr-AAr="b2-(a2~%~c*y.

110. Teopema CMHYCOB
Teopema (TeopemMa CMHYCOB)

6)

12.2

CTOpOHbI TpeyrosibHMKa rnponopuymnoHaibHbl CHUHYCaM

npoTumBOEXal nx yriosB.

[oka3aTenbCcTBO.

Myctb ABC — TpeyrosibHMK co CTOpPOHammu
a, b, c n npoTueoNexawmumn yrnamu a, p, y (puc. 265).
LJoKaxem, 4To

3Wwa 3T P 8iMy

Onyctum n3 BepwuHbl C BbicoTy CI1. U3
npaAmMoyronbHoro TpeyronbHmuka A.CI1, ecnn yron a
ocTpblin, nonyvyaem CIT = b 3w a (puc. 265, a). Ecnu
yron a tynou, 10 ClN = b 3w (180° - a) = b3T a
(puc. 265, 6). AHanorm4yHo U3 TpeyronsHuka BCI1 no-
nydyaem CI1 = a sin p.

NTak, a 3T P= b3T1T a. OTcloga

b a
3w p 3Llia
AHaNoOrnyHo [AOKa3blBaeTCA pPaBEHCTBO
b c
3Wp 81Ny
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Ona pokasatenbcTBa Hago NPOBECTU BbICOTY TPEYrob-
HUKa N3 BeplwnHbl A. Teopema goKasaHa.

3apava (13).

L[ OKaXunte, 4YTo B TeOpemMe CUHYCOB Kaxpaoe

a b c
N3 Tpex OTHoOWeHMN: 8ua * 8up * &8y — paBHO 2B,
roe K — paguyc OKpY>XHOCTM, OMMWCAHHOW OKOMO Tpe-
Yro/ibHMKa.
PelwleHne.

MpoBegem pauametp BB (puc. 266). Tlo
CBOMCTBY YIrN0B, BNUCAHHbIX B OKPYXHOCTb, Yron npwu
BepwKnHe b npamMoyrosbHoro tpeyronsHmuka BCHE paBeH
nmbo a, ecnm To4KM A 1 B nexaT no of4HY CTOPOHY OT
npamoin BC (puc. 266, a), nm6o 180° - a, ecninm oHU fNe-
aT No pasHble CTOPOHbI OT npamoin BC (puc. 266, 6).
B nepsom cnyyae BC = Bb 3T a, Bo BTOpom BC =
=Bb sin (180° - a). Tak kKak 37 (180° - a) = 3T a,
To B ntobom cnyvyae a = 2K Bw a. CneposaTtenbHO,

A,

4UTOo U Tpe6OBaJ'IOCb [O0Ka3aTb.

111- CooTHOLWeHNEe MeXxay yrnamu
TPeyrobHNKa 1M NpoTuBoNeXal,nummn
CTOpOHamMu

B TpeyronbHUKe NpPoTMB 60/bLIEro yrna nexuTt 60/b-
lasg CTopoHa, NPoTUB 60/bLUE CTOPOHbLI NEXUT 60/b-
LN yro.

[MycTb @ 1 b — [Be CTOPOHbI TPeyrosabHMKa
n a, P — npotusonexauine M yrnbl. [Jokaxem, 4To
ecnm a > p, 710 a >b. N obpatHO: ecnn a >b, ToO a > P.

Ecnn yrabl a n P octpble (puc. 267, a), 10
npu a > P 6yger 3T a > 3T p. A TakK Kak

giNa _ s8iMP
a ~ b *

To a > b. Ecnu yron a tynoi (oba yrna He MOryT ObITb
TynbiMu), To yron 180° - a ocTpblin (puc. 267, 6). Mpu-
yeMm yron 180° - a 6onbwe yrna P Kak BHEWHWA Yrof
TpeyrosibHUKa, He CMeXHbI ¢ yrnom p. MNoatomy BWw a =
= gin (180° - a) > 81N P. I Mbl CHOBa 3akK/l04Yaem, 4YTo
a > b.

[okaxem obpaTHoe yTBepXfeHue. TycTb
a> b. Hapo gokasatb, 4to a > p. flonyctnum, 4yto a < p.
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Echm a = p, TO TpeyronbHUK paBHOGEAPEHHbLIN W
a =b. Ecnu a < P, To no gokazaHHoMy a < b. B o060-
NX cny4dadax nosyyaetcs nNpoTMBOpeyune, Tak KakK Mo
NPeanonoXXeHWto a > b, 3HauuT, a > p, YTo U TpeboBa-
NOCb [J0KasaThb.

3apayva (17).

[JOoKaXXnNTe, 4To e€cnu B TPeyrosibHUKe ecTb
TYynoW yron, To NpoTMBOaexal,ad emy CTOpOHa Hau-
6onbLuas.

PeweHue.

B TpeyronbHuUKe MOXeT OblTb TO/IbKO OAWH
Tynown yron. NMoatomy oH 6onbue NO6G0ro M3 ocTanbHbIX
Yyrnoe. A 3HayuT, NpPOTMBOEXaLWas emy CTOpoHa 60/b-
Wwe N60M M3 ABYX APYTUX CTOPOH TPeyrosibHuUKa.

112. PeweHne TpeyrosibHNKOB

PeweHne TpeyrosibHWKOB COCTOUT B HAXO0X-
LEHUN HEW3BECTHbIX CTOPOH W YrN0B TPeyrosibHWKa mno
M3BECTHLIM ero yrnam u ctopoHam. bygem o6o03HauyaTb
CTOPOHbI TpeyrosibHMKa 4yepes a, b, ¢, a NpoTUBOSIEXKA-
wue UM yrnaol yepes a, p, y (puc. 268).

3apava (26).

1) B TpeyronbHuKe fgaHbl CTOPOHa a = 5 u”
asa yrna P = 30° y = 45° Hangute TpeTuin yron un oc-
TaNbHble [Be CTOPOHbLI.

PeweHne.

TaK KaK cymMMa YrfioB TpeyronbHuWKa paBHa
180°, TO TpeTWM Yron a BbipaXkaeTcsd uyepe3 3afaHHble
yrnel: a = 180° - p - y = 180° - 30° - 45° = 105°.

3Haa CTOpPOHY W BCe TpW yrna, Nno Teopeme
CMHYCOB HaxoAuWM [Be OCTa/ibHble CTOPOHbI:

sl P 8130 0.500
b=2 gk = O 4y 105 0066 20

BT 0,707 _
c=as M=~ 5*—0,966r ~ 3,66.

3apava (27).

1) B TpeyronbHuUKe pfaHbl [Be CTOPOHLI
a =12, b= 8 n yron mexgy Humu y = 60°. Hangute
OCTanbHble [Ba yrna n TpeTbi CTOPOHY.

PelweHue.

CTOpOHY HaxoAguM No TeopemMe KOCUHYCOB:

c ="a2+ b2- 2ab* =

= *N\144 + 64 -2* 12-8 -0,500 = ¥n2 ~ 10,6.
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Tenepb, UMest TP CTOPOHBI, MO TEOpeMe KO-
CUHYCOB HaxXxOAUM KOCWUHYCbl [BYX HEW3BECTHbIX YI/IOB

N camn Yrbl:
2,.2 .2
coBa = -I-%--fc— . 0,189, oTkygaa ~ 79,
P= 180° - a - y ~ 41°.

3apava (28).

5) B TpeyronbHWKe fAaHbl [Be CTOPOHbI
6, b = 8 1 npoTtuBoaexalwmnih CTOPOHE a yron
30°. Haingute ocTafibHble YIrNbl U CTOPOHY.

PewweHne.

Mo Teopeme CUHYCOB HaxoAuMm BT p:

a
d

BTp=—°BTa =-(|5-l3T 30°~0,667.

DTOMY 3HA4YeHWUI0 CMHYCa COOTBETCTBYIOT ABa yrna: P! ~
~ 42° n P2 ~ 138°.

PaccmoTpum cHavana yron P! ~ 42° T1o He-
MYy Haxogaum TpeTuid yron yx = 180° - a - p ~ 108° u
No TeoOpeMe CUHYCOB TPeTbi CTOPOHY:

1 BLUA BT 30 0,500

AHanormyHo no yrny p2 ~ 138° Haxoaum y2 ~ 12° n
c2~ 2,49,

3ameyaHue.

Mbl BUAMM, 4YTO 3Ta 3afjiaya B OT/AMuue OT
npeablaywmx nMmeeT gsa peweHunsa (puc. 269). MNpu gpy-
T’MX YUCNEHHbIX AaHHbLIX, Hanpumep npu a > 90°, 3a-
favya MOXXeT MMETb NNWb O4HO pelleHne UIN BOBCE He
MMETb peLleHNnn.

3apava (29).

1) [aHbl TPpU CTOPOHbI TPEyrosibHUKa: a = 2,
b= 3, c =4. Haihgute ero yrnsol.

PelweHue.
YTInbl Haxo4AaTca No TeOpeme KOCUMHYCOB:
2| c2_p2
coBa = --—--2kC ="8"~ 0,875, oTKypa a ~ 29°.

AHanornyHo Haxoautca cos p = 0,688, oT-
Kypa p ~ 47° ny = 180° - 47° - 29° = 104°.
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KOHTpPONbHbLIE BONPOCHI

[JoKaXunte TeopemMy KOCUHYCOB.

[ oKaXxunTe, 4To KBagpaT CTOPOHbI TPEyrosb-
HMKa paBeH CyMMe KBajpaToB ABYX APYTuX
CTOPOH «*» Y[BOEHHOe MpPOou3BefeHue 0f-
HOW M3 3TUX CTOPOH Ha MPOEKUMUIO APYrou.
OT 4ero 3aBUCUT 3HAK «+» UIN «-» ?
[JOoKaXunte Teopemy CWHYCOB.

[JokaxuTte, 4to B NOOOM TpeyrosbHuKe
NPOTUB 6O0NbLUEN CTOPOHbLI NEXUT 60MbWNNA  Puc. 270
Yyron v npoTuB 60MbLUEro yrna nexuT 60/b-
lwas CTopoHa.

3agayu

MyHkT 109

CTOpOHbLI TpeyronbHMKa 5 m, 6 ™M, 7 M.

Haingute KOCUHYCbl YIrnoB TPeyrosbHMUKa.

Y TpeyronbHMKa ABe CTOPOHbI PaBHbI 5 M U

6 M, a cMHyc yrna mexay Humun paseH 0,6.

Haingute TpeTbio CTOPOHY.

CTOpOHbI TpeyronbHMKa paBHbl a, b, c. [JOKaXute, 4TO ecnu
a2 + b2 > c2, To yron, nNpoTuUBOMeXal,uin CTOPOHe C, OCTpbIin. Ec-

nn a2 + b2 < ¢2, TO yron, nNpoTuMBonexaunm CTOPOHe C, Tynowu.
[aHbl gnaroHanu napannenorpamma c 1 M yron mexay HAMK a.
Hangute CTOpOHbLI mapanfenorpamma.

[aHbl CTOPOHbLI nNapannenorpamMma a U b n oguH n3 yrnos a. Hau-
ANTe AmaroHanu napannenorpamma.

CTOpOHbI TpeyrofbHuka 4 m, 5 M n 6 M. HanguTte nNpoekumMmn cTo-
poH 4 M 1 5 M Ha Npamyt, cofepXalyt CTOPOHY 6 M.

[aHbl CTOpPOHbI TpeyrofbHMKa a, b, c. HainguTte BbICOTY Tpe-
YrofibHMUKa, ONYyLEeHHY Ha CTOPOHY C.

Hangute BbICOTbl TpeyrosibHMKa B 3agade 1.

Hangute meguaHbl TpeyrofbHMKa B 3ajade 1.

Hangute 6uccekTpucbl TpeyrosibHuKa B 3agave 1.

Kak un3meHseTca ctopoHa AB TpeyronbHuka ABC, ecnn yron C
BO3pacTaeT, a ANuHbl cTopoH AC n BC ocTaloTcd 6e3 M3MeHEHUN
(puc. 270)?

MyHkT 110
Y T1peyronoHnka ABC AB = 15 cm, AC = 10 cm. MoXxeT nu

8wp =-|-?
[JoKaXxute, 4yTo B TeOpeMe CUHYCOB KaXXAoe W3 Tpex OTHOLUEHWUN
> Kp"’ MKT PaBHO 2K' rge K ~ PagnYc oKpy>XHOCTU, ONn-

CaHHOW OKO/I0 TPeyronbHUKa.
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15.

16.

17.
18.
19.

20.

21.

22.

23.

24.

25.

26.

Kak HalTu pagunyc OKPY>XHOCTU, OMUCAHHOW OKOJIO TPeyrofibHUNKa,
3Has ero CTOPOHbI? Hangnte pagnmyc OKpPY>XHOCTU, ONUCaAHHOMW OKO-
N0 TPeyrosbHMKa co CTOpPOHaMW 5 M, 6 M, 7 M.

O6bACHUTE, KaK HaWTW paccTosiHMe OT TOYKM A [0 HeAOCTYNHOW
TOukn B (puc. 271), 3Hasa pacctodHne AC n yriel amnp.
OO6bsAACHWUTE, KaK HaWTKW BbICOTY X Maska (puc. 272) no yrnam a u
P 1 paccTtoaHuio a.

MyHkT 111

[LOKaXXnNTe, YTO ecnnm B TPEYrosibHWUKe ecTb TYMO yros, To NPOTU-
BO/MeXallasa eMy CTOpOHa HambonbLlas.

B TtpeyronoHnke ABC AA = 40°, AB = 60°, AC = 80°. Kakaa u3
CTOPOH TpeyrofibHMKa Hambonblwasa, Kakas HaumeHbLllan?

Y TpeyronoHnka ABC ctopoHbl AB = 5,1 m, BC = 6,2 M,
AC = 7,3 M. Kakoil 13 yrnos TpeyronbHuMKa HanmbonblWWiA, Kakow
HauMeHbLINA?

Yto 60nblle — OCHOBaHMe MNKM GOKOBas CTOPOHA paBHOOeApPEeHHO-
ro TpeyronbHUKa, ecnu npunexauwmin K OCHOBaHWK yron 6onblue
60°?

Y TtpeyronbHuka ABC yron C Tynoi. [JoKaXmuTe, 4TO eCnu To4kKa
X nexuTt Ha cTtopoHe AC, To BX < AB.

Y TtpeyronbHuka ABC yron C Tynoin. [oKaxXuTe, 4TO eC/iM TOYKa
X NeXuUT Ha cTopoHe AC, a Touyka ¥ — Ha cTtopoHe BC, 70
XY < AB.

Ha ctopoHe AB TpeyronbHuka ABC oTmedeHa Touka B. [loKaxwu-
Te, 4TO 0Tpe30K CB MeHblue No KpalHen mepe OAHOW M3 CTOPOH:
AC nnun BC.

OaH TpeyronbHuk ABC. CB — me-

AnaHa, npoBefeHHad K CTOpPOHe

AB. [okaxuTte, 4t0o ecnn AC >

> BC, 10 yron ACB meHbLle yrna

BCB.

[oKaxnte, 4to buccekTpuca Tpe-

YrofibHMKa He MeHblle BbICOThbl U

He 60/blle MeAuaHbl, NpoBejeH-

HbIX M3 3TON XK€ BepPLUIUHBI.

MyHKT 112

[laHbl CTOpOHa W pABa yrna Tpe-
yrofibHUKa. Hangute Tpetuini yron
MW oCTaNibHble [iBe CTOPOHbI, ec/u:
1)a =5 p =30° vy = 45°

2) a =20,a =75° p = 60°%

3) a =35, p =40° y = 120°
4) b =12, a =36° p = 25%
5) c =14, a = 64°, p = 48°. Puc. 272
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27. [laHbl gBe CTOPOHbI W Yron Mexgy Humu. )
Hangnte ocTanbHble fABa yrna M TPeTbiO
CTOPOHY, ecnu:

a = 12, b =8, = 60°
2) a = 7, b =23, y = 130°%
3 b = 9, c =17, a = 95°%
4) b = 14, c =10, a = 145°
5) a = 32, ¢ =23, p = 152°
6) a = 24, C =18, p = 15°.

28. B TpeyronbHuWKe 3agaHbl [Be CTOPOHbLI W
yron, NpoTuBoOnexawmnin OAHON M3 CTOPOH.
Haingute ocTanbHble YrAbl U CTOPOHY Tpe-
yrofbHUKa, ecnu:

1)a =12, b=5, a - 120-
2) a =27, b=9, a = 138°%
3)a =34, b=12, a = 164°
4)a =2, b=4, a = 60°%
5a =6, b=8, a = 30°

29. [daHbl TpXU CTOPOHbI TpeyronbHuka. Hangu-
Te ero yribl, ecnu:

a =2, b=3, ¢ = 4
2) a =7, b=2, ¢ = 8;
3a =4, b=5 ¢ = T,
4)a =15 b=24,c = 18;
5 a =23,b=17, ¢ = 39;
6) a =55b=21, ¢c = 38.
Puc.
MHOroyronbH1KN

113. JlomaHad
NomaHon AJA2A3 ... An Ha3biBaeTcsa Qury-

pa, KOTOpasa COCTOUT M3 TOYEK A2 ..., Anun coegu-
HAKLWKUX UX 0Tpe3koB A>A2 AMAN, ..., AnDAN. Touku
Al A2 ..., An Ha3blBalOTCS BepwMHaMu NOMaHON, a

oTpe3kn AJA2 A2A3 ..., AnJAn — 3BEHbSAMWU NIOMAHOIA.

JlomaHas HasblBaeTCsd NPOCTOM, eCNU OHA He MMeeT ca-
MOrMepeceyeHNn.

Ha pucyHke 273, a nokasaHa npocTtad No-
MaHasd, a Ha pUCyHKe 273, 6 — fiomaHasa c camonepe-
ceyeHmem (B Touke B). OnnHOW nomMaHOW HasbliBaeTCH
CymMMa ANNH ee 3BEHbEB.

273
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Teopema

13.1

O nnHa NOMaHO He MeHblle ONMNHbI OTPeE3Ka, cCoeanHAa-

OLWero ee KOHLUbI.

[loKas3aTenbLCTBO.
Myctb AJA2A3 ... An — paHHag nomaHas

(puc. 274).
3aMeHUm 3BeHbA AR 2 n AMAN ogHuUM 3Be-

HoM AJA3. TMonyuum nomaHywo AJA3A4 ... An. Tak Kak

Mo HepaBeHCTBY TPeyrofbHMKa
BAA3 < AA2 + A2A3,

To nomaHasa AJA3A4 ... An umeeT ONHY, He 6ONbLUYIO

YyeM UCXOAHas NomaHas.
3aMeHsAs TakuM e 06pa3oM 3BeHbS AXA3 K

AnA4 3BeHOM ATA4, nepexoaum K nomaHoin A JA4AS5 ... An,

KOoTopas TakKXe MMeeT AJINHY, He 60NblY YeM UCXO0[-
Hagd nomaHada. M 1. 4. B utore mbl npuaem K OTpPes3Ky
A1AN, coegnHAOLWEMY KOHLUbI nomaHoin. OTcroda cnegy-

eT, UTo UCXoAHaa noMaHad umMena ANWHY, HE MEHbLYIO
ANnHbI oTpe3Ka AXAn. Teopema goKasaHa.

3apava (1).
[aHbl [Be OKPYXHOCTU C pagumycamum Ax u
A2 n pacctoaHnem mexnay ueHtpamum (I > Ar + A2 Ye-

MY paBHbl Hambo/nbliee W HaMMeHbllee pPacCTOSHUSA
MEXAY ToukamMu X U Y 3TUX OKPYXHOCTein?
PewweHne.
Ana nomaHon OrXY 02 no Teopeme 13.1

0102< OXX + XY + Y02 (puc. 275). 3HaunT, 1 <
+ XY + 42 OTtcoga XY > i - Ax — A2 Tak Kak
AC = (1- Ax- A2 TO HaMMeHblUee pacCcToAHME MeXAy
TOYKaMUM OKPYXXHOCTEN paBHO K - Ax - A2

Ona nomaHon XOXONY no ToW XXe Teopeme
Xy Ax + N1 + A2 Tak Kak BB =1 + dr + A2, 710

HanbonbLlee pacCTOAHME MeXAY TOYKAMU OKPYXXHOCTeN
paBHo (I + Ar + A2

114. BbInyKable MHOMoyronbHUKN
JlomaHas Ha3blBaeTCA 3aMKHYTOW, ecnu y
Hee KOHLUbl coBnagaroT. |_|p00TaFI 3aMKHYTaAa JioMaHad
Ha3blBa€TCA MHOIoyrosibHMKom, eciam ee coceaHune 3Be-
HbA He NeXaT Ha o4HOWN npsamon (puc. 276). BeplwuHbl
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NOMaHOM HasblBaTCA BepLINHAMM MHOrOYrosibHMKa, a
3BEHbS NIOMaHOW — CTOpPOHaMX MHOroyrosnbHuka. OT-
Pe3KN, COeAMHAKLIME HecoCefHWe BepPLIMHbI MHOIO-
YrofibHUKa, HasblBalOTCA AmaroHanamu. MHOroyronb-
HUK C N BepwuHamu, a 3HayuT, U Cc N CTOPOHamMMu
Ha3blBAETCHA M-YyTO/IbHUKOM.

MNOCKNM MHOrOyrosibHUKOM, WAN MHOTO-
YrosibHOM 061acTbl0 Ha3blBaeTCA KOHeyHas 4yacTb M/0-
CKOCTW, OrpaHnUYeHHas MHOroyronbHuUKom (puc. 277).

MHOroyronbHMK Ha3blBaeTCHd BbINYK/bIM,
eC/in OH NIeXXUT B O4HON MOJYNNOCKOCTU OTHOCUTESNIbHO
n60oMk NpamMon, copepxxallein ero CTOpoHy. lNpu aTom
cama npsamas cuymMTaeTcsd npuHagniexawen noaynnocko-
cTn. Ha pucyHke 278, a n3006paxKeH BbIMYK/bIA MHOTO-
Yro/ibHWK, a Ha PUCYHKe 278, 6 — HEeBbINYK/bI.
Yrnom BbIMYK/IOF0 MHOrOyrosibHUKa npu fAaHHOW Bep-
LWMHE Ha3blBaeTCHA Yros, 06pasoBaHHbIN ero CTOpoOHaMM,
CXOAALWMMUCA B 3TON BepLUMHE.

Teopema

Punc. 276

13.2

CymMMa yr/noB BbINyK/0ro n-yrofibHMKa paBHa

180° « (0 - 2).

[loKas3aTenbCTBO.
B cnyyae n = 3 Teopema cnpaBefnunBa.
Mycte ATA2 ... AN — [aHHbIA BbINYK/AbIA MHOIOYrosb-

HUK u n >3 (puc. 279). MNMposegem n - 3 gunaroHanu:
A"3, ATA4, ..., AJAnl. TaKk KaK MHOroyroJibHUK Bbl-

NYKAblA, TO 3TW fAuMaroHanu pasbuBaldT ero Ha n-2
TpeyronoHuka: AA-"AMA3, JTAIA3A4S, ..., NAIATIIATI Cym-
Ma YrioB MHOTroyrosbHuka AXA2 ... AncosnajaeT c CyM-

MOW Yrf0B BCEX 3TUX TpeyrosbHMKoB. Cymma Yyrnios
KaXaoro TpeyronbHmka pasHa 180°, a yMcno atux Tpe-
YroNIbHWUKOB ecTb M- 2. [lo3TOMYy CymMMa Yr/ioB BbIMyK-
noro n-yronbHnka AXA2 ... AnpaBHa 180° «(n - 2). Te-

opema fokKasaHa.

BHEWHNMM yrnoM BbINYKAOrTO0 MHOTFOYro/fib-
HWUKa NpW [aHHOW BeplIVMHe Ha3blBaeTCA Yrosa, CMeX-
HblA C BHYTPEHHUM YI/1I0M MHOTFOYrojibHUKa Mpu 3TOW
BEpLUMHE.

3agava (9).

Uemy paBHa cymMma BHELIHWUX Yr/0B BblMYK-
NOro0 MN-yrosibHWKa, B3ATbIX MO O4HOMY MpPK KaXAoWn
BEpLUMHE?
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PeweHue.

CyMMa BHYTPEHHEr0 yrna MHOTOYyrosbHUKa
M CMEXHOro ¢ HMM BHewWwHero paBHa 180°. lMoaTomy
CyMMa BCexXx BHYTPEHHWUX U BHEWHWUX YrnoB paBHa
180° e n. Ho cymma BCex BHYTPEHHWX Yr/0B paBHa
180° ¢ (n - 2). 3HAYUT, CymMMa BHELWHUX Yr/0B, B3ATbIX
Mo OAHOMY MNpU KaX[AoW BepwuHe, paBHa 180° ¢ n -
- 180° « (n - 2) = 360°.

115. TllpaBuU/bHbIe MHOTOYTrOJIbHUKWN

BbII'IyKI'IbII7I MHOTOoyrofibHMK Ha3blBa€TCH
npaBnjibHbIM, €C/N Yy HEro BCe€ CTOPOHbI pPaBHbl N BCE
YINbl PaBHbI.

|\/|HOF0yFOI'IbHI/IK Ha3blBaeTCA BMMWCaHHbIM B
OKPYXHOCTb, €C/1IN BCE €ro BEPLUNHbLI NeXaT Ha HEKOTO-
pOI7I OKPY>XHOCTW. |\/|HOF0yF01'IbHI/IK Ha3blBae€TCA OMUCaH-
HbIM OKO/0 OKPYXHOCTW, €CAU BCe ero CTOPOHbl Kaca-
IOTCA HEKOTOPOM OKPYXXHOCTH.

Teopema

MpaBUNbHbIA BbINYKAbIA MHOTOYrofbHUK

A3

279

13.3
ABNAETCH

BMMNCaHHbIM B OKPYXHOCTb N OMWCaHHbLIM OKOJ/10 OK-

PYXXHOCTH.

[ oKasaTenbLCTBO.

Myctb A 1 B — [ABe cocefjHWe BepLUUHBbI
npaBubHOro MHoroyronbHuka (puc. 280). lNposeaem
OUCCEKTPUCHI YIN10B MHOTOYrofibHUKA U3 BepWUH A #©
B. Myctb O — TOoYKa UX MepeceyeHus.

TpeyronbHNK AOB paBHOGEAPEHHbIN C OCHO-

BaHMeM AB ¥ yrnamMum npu OCHOBaHWW, PaBHbIMU Yy

rge a — yroj MHOroyroJjibHuKa.

CoegnHum 104Ky O c BepwwuHoi C, coceg-
Hel ¢ B. TpeyronbHukn ABO n CBO paBHbl Nno nepso-
MY NPU3HaKy paBeHCTBa TPeyrosbHUKOB. Y HUX CTOpO-
Ha Ob obwa#d, ctopoHbl AB 1 BC paBHbl KaK CTOPOHbI

a
MHOTFOYrofibHWKa, a Yrabl Npu BepwunHe B paBHbl —.

3 paBeHCTBa TPeyrosibHMKOB CneAyeT, 4YTO TPeyrofib-
HUK OBC paBHOGeApeHHbIN C yrnom npu BepwuHe C,

paBHbiM Yy , T. e. CO ecTb 6uccekTtpuca yrna C.
Tenepb coegnHsem Touky O C BepwmnHon b,
cocefHer ¢ C, un fokasbiBaeMm, 4to TpeyrosbHUK COB
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paBHOOEAPEHHbIN U 2)0 — buccekTpuca yrna O MHoro-
yronbHuka. 1 1. p.

B utore nony4yaeTcs, 4TO KaXAbll Tpe-
YrofIbHWK, Y KOTOPOro ogHa CTOpOHa eCTb CTOPOHA MHO-
royrosibHMKa, a NpoTMBOJiexXal,asa BepwmnHa —To4ka O,
ABNAETCA paBHOOELPEHHbIM.

Bce 3T TpeyrosbHWUKM WMeEKT paBHble 60-
KOBble CTOPOHbI W paBHble BbICOTbI, OMYLUIEHHble HA UX
ocHoBaHusa. OTcrofda cnefyeT, YTO BCe BEPLIMHbI MHOrO-
Yro/lbHUKa Haxo4ATCA Ha OKPYXHOCTU C ueHTpoM O wu
paguMycomM, paBHbIM GOKOBbIM CTOPOHaM TPeyrosbHUKOB,
a BCe CTOPOHbI MHOTOYroO/ibHUKA KacarTCAd OKPYXHOCTHU
c ueHTpom O ” pagmycom, paBHbIM BbiCOTam Tpeyrofb-
HWKOB, ONMYyWeHHbIM K3 BepwuHbl O. Teopema [OKa-
3aHa.

BrnucaHHas n onucaHHas OKPYXHOCTW Mnpa-
BUNbHOTO MHOFOYro/ibHUKa WMEKT OAMH W TOT Xe
LeHTp. Ero HasbiBalOT LEHTPOM MHOrOyrojsibHuKa.
Yron, nof KOTOpbIM BUAHA CTOPOHa NPaBWU/IbHOTO MHO-
royronbHuKa 3 ero LeHTpa, Ha3blBaeTca LeHTpaibHbIM
YrNOM MHOTOYTO/IbHUKA.

116. ®opmynbl A4NA pagnycoB BMNUCAHHbIX
N OMUCAHHbIX OKPYXXHOCTEN
NpaBU/IbHbIX MHOTOYroJibHUKOB
Hangem paguyc B ONUCaHHON OKPY>XXHOCTMU
N pagnyc r BNUCAHHOW OKPYXXHOCTU ANA MNPaBUIbHOTO
MHOTOYro/fibHMKa CO CTOPOHOW a W YWUCNOM CTOPOH 1

(puc. 281).
Nmeem:
180e
= n
_ _ CB a
E=0B= 8P 180
23T
r=oc= °° a

180-

A na npaBunbHOro (paBHOCTOPOHHEr0) Tpe-

180°
YyronbHuka n=3,p= = 60°.

a a
23w 60° 218 60° 23
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[1na NpaBUNbLHOTO YeTbIPexyronbHuka (Kaa-
npaTta) n=4 p=180" _ 4K

I a _a a a

28145° A2 * 217 45° 2
ANn NpaBuUNbHOTO WeCTUYronbHMKa N = 6,
p="1 =30-.

I R a _ . a ays”

A= ez =% ' 300 2

3apava (16).

Haingnte BbipaXeHUs ANA CTOPOHbI an npa-
BUNIbHOTO M-YrosibHMUKa Yyepe3 paguyc .KonncaHHoOW 0KO-
N0 HEro OKPYXHOCTU W paguyc r BNUCAHHOU OKPYXHO-
cTu. Bbluncnute an npu n = 3, 4,

PelwweHue.
an
Tak Kak -K= --------——, TO 0TCloja efne-
28W -—1-—
_ _ 180
Ayet: an= 2[Jaw " . B uyactHoOCTH,
a3=k43 , a4=K"12 y ab=E.
a
Tak KakK r=---—--- 500 TO OTClofa cnepy-
2le —
eT. a_ = 2T 120 . B yacTHoCTWN,

a3=2r™[3 , a4=2r, a6= -\’\r.
3

117. TloCcTpoeHne HEKOTOPbIX

NnpaBUJ1IbHbIX MHOIoyroJibHMKoOB

Ana NocTpoeHWs NpaBUNbLHOTO MHOFOYrofb-
HWKa, BMUCAHHOIO B OKPYXHOCTb, AOCTAaTOYHO MOCTPO-
WTb €ro LeHTPanbHblA yron. Y nNpaBWU/IbHOTO LWECTU-

YronbHMWKa Takoil yron paseH 3 = 60°. [MoaTomy Ans

MOCTPOEHMA MPaBUIbHOTO WeCTUYronbHUKa OAHY Bep-
WwnHy (A!) Ha OKPY>XHOCTU bGepem NPOn3BONbLHO. M3 Hee

KaK W3 LeHTpa pafnycoMm, paBHbIM pagnycy OKPYX-
HOCTW, AeNaeM 3aceyky W MosyyaeM BeplwnHY A2 Puc. 282

N/HOroyro. lbHun'n



(pnc. 282). 3aTtemM aHaNOrMYHO CTPOUM OCTa/lbHble Bep-
WnHbl A3, Ady A5 A6« coeguHaeM UX OTpe3KaMmu.

Ana NocTpoeHUa npaBUIBHOTO BMUCAHHOTO
TpeyronbHMKa A0CTaTOYHO COEAMHWUTL 4Yepes ofHYy Bep-
WWHbI NPaBWAbHOr0 BMUCAaHHOIO LWECTUYTONbHUKA
(puc. 283).

Onsa nocTpoeHUa nNpaBU/IbHONO0 BMWUCAHHOIO
yeTblpexyronbHMKa (KeBajpara) LOCTAaTOYHO MPOBECTU
yepes UEHTP OKPYXHOCTU MNepneHAUKYNAPHbLIE NpSAMble.
OHM nepecekKyT OKPYXHOCTb B BepllMHax KBagparTa
(puc. 284).

Ona nocTtpoeHUa npasuUILHOTO OMUCAHHOIO
MHOTOyrosibHMKa AOCTaTOYHO MPOBECTM KacaTeflbHble K
OKPYXXHOCTU B BepllMHaxX NPaBUIbLHOT0 BMNWUCaHHOTO
MHOroyrofbHuKa. KacaTenbHble, npoxojauine yepes
BEpPWWHBLI NPaBUIbHOI0 BMWUCAHHOINO0 MHOTOYroO/bHUKA,
nepecekarTCca B BeplIMHaxX NPaBUAbHOTO OMWCAHHOTO
MHOroyrosnbHuka (puc. 285).

Ecnn B OKPYXXHOCTb BMMUCAH MpPaBU/bHbIN
Tr-yrofibHWK, TO 1erKO NOCTPOUTbL NPaBWU/IbHbIA BNUCaH-
Hbli 2Tr-yronbHUK. Ha pucyHke 286 nokasaHO MNOCTPO-
eHMe NpPaBUIbHOTO BOCbMUYTONIbLHUKA.

118. Tlogobue npaBUNIbHbIX BbIMYK/bIX
MHOI0yro/ibHNKOB

Teopema

MpaBunbHble BbIMYK/ble /1-yroNibHUKN NOA06HbLI. B yacT-
HOCTW, €CNM Yy HUX CTOPOHbl OAWHAKOBBbI,

PaBHbl.

JloKa3aTenbCcTBO.
[JoKa)xeM cHayana BTOpPOe yTBepXXAeHue Teo-
pembl. Tak, nyctb Px: A2 ... A,, P2 BIB2 ... Bn —

NPaBUNbHbIE BbINYK/ble Tr-yrofbHUKW C O4MHAKOBbLIMMU
cTopoHamu (puc. 287). [loKa)kem, UTO OHW pPaBHbI, T. €.

COBMeLlalTCA ABUXKEHNEM.
TpeyronbHukn AJA2A3 1 B1IBZ2B 3 paBHblI MO

nepsomMy npusHaky. ¥ HUx AA2 = BB2, A *3 = BB3
n AAIA2A3 = ABBB3.

[MoaBeprHeM MHOTOYTO/IbHUK P X ABUXEHUIO,
Npn KOTOPOM ero BepwuHbl AT, A2, A3 nepexoasaT B Bep-
WwuHbl BLY B2, B3 cooTBeTcTBEHHO. KaK Mbl 3HaeM, Ta-
Koe ABWMXXeHWe cyuiectyeT. llpn 3TOM BepwunHa Aa
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nepenaetr B HekoTopyt Touky C. Toukn B4 u C nexar
Mo OAHY CTOPOHY C TOYKOMW BX OTHOCUTENBHO NPSMOWA
B2B3 Tak KaK ABWXXeHMEe COoXpaHAeT Yyrnibl U paccTos-
Huda, 1o /.B3BAC = AB2B3B4un B3C = BBA A 3HauuT,
Touka C coBnagaet ¢ To4Ykon B4. MNTak, npum Hawem
ABUXeHUN BepwmnHa A4 nepexoauT B BepwnHy B4, Aa-
Nnee TakKMM >Ke CNocobom 3aknt4vaem, 4TO BeplwMHa Ab
nepexognT B BepwnHY B5u 1. o. To €CTb MHOIOYyrosb-
HUK PX nepeBoanTCa ABUXEHWEM B MHOTOYrosbHUK P2,
a 3HAUYNT, OHU pPaBHHbI.

YTobbl [OKa3aTb MepBOe YTBEpPXAeHue Teo-
pemMbl, MOABEPrHEM CHayasna MHOroyronbHukK P 1 npeo6-
pa3oBaHWO NoAo6us, Hanpumep roMoTeTUM, C KO u-

MEHTOM MOZO6MsSt K= - - s TMpW 3TOM MOAYYUM Mpa-
L A ATA2 P y p

BU/NbHbIA Tr-yronbHMUK P' ¢ TaKUMW >Xe CTOpPOHaMK, Kak
Ny MHOToyroibHuka P2

Mo AoKa3aHHOMY MHOroyronbHuK P’ nepe-
BOAUTCA [ABWXXEHMEM B MHOTOYrofibHUK P2» a 3Ha4yuT,

MHOTOYronbHUK PX nepeBoAMTCS B MHOTOYronbHUK P2

npeobpasoBaHnemM nopobus n gBMXKeHMeM. A 3TO eCTb
CHOBa npeobpa3oBaHMe nogoobus.

Teopema foKa3aHa.

Y nofo6HbIX QUryp KosagpduuneHT nogobus
paBeH OTHOLWEHWUK COOTBETCTBYHLWUX NNHENHbIX pas-
MepoB. Y MNpaBWU/bHbIX 71-yrofibHUKOB TaKUMWU NIUHEN-
HbIMW pasmepamMu ABNAKTCA A/IMHBLI CTOPOH, paguychl
BMMCAHHbLIX M ONWCAHHbIX OKpYXHocTei. OTcloga cne-
AYET, 4YTO Yy NpPaBWU/IbHbIX Tr-yrollbHUKOB OTHOLIEHUS
CTOPOH, paguycoB BMUCAHHbLIX U pPajuycoB OMUCAaHHbIX
OKPY)XHOCTEW paBHbl. A TakK Kak nepumeTpbl 71-yronb-
HWKOB TOXE€& OTHOCATCA KaK CTOPOHbI, TO

Yy NpaBUbHbIX /1-yrofibHUKOB OTHOLWEHNA NEPUMETPOB,
pPagnMycoB BMUCAHHbIX M PagnycoB OMUCAHHbIX OKPYX-
HOCTEW paBHblI.

119. [OnnHa OKPY>XHOCTH
HarnagHoe npeacraBfieHne O ANHE OKPYX-
HOCTW NoJsiyyaetca cregywuwmnm obpasom. lMpeactasum
cebe HUTL B (DOPME OKPYXHOCTU. Pa3pexem ee U pac-
TAHEM 3@ KOHUbI. [lMHA MONYyYeHHOro oTpe3ka U ecTb
ONWHA OKPYXXHOCTU. Kak HaWTu ANNHY OKPYXHOCTH,
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3Haa ee paguyc? AcHO, 4YTO NMpu HeorpaHMYeHHOM YyBe-
NINYEHUN Yncna CTOPOH BNUCAHHOTO B OKPYXXHOCTb npa-
BU/IbHOTO MHOTOYrO/lbHNUKa ero nepuMeTp HeorpaHu4eH-
HO NPMOGIMXKaeTCA K AJIMHE OKPYXHOCTU (puc. 288).
Ncxoas n3 atoro, AOKaXem HeKOoTopble CBOWCTBA ANN-
Hbl OKPY>XHOCTMU.

Teopema

13.5

OTHOWEHNe ANWHbI OKPYXHOCTU K ee AMaMeTpy He 3a-
BUCUT OT OKPYXHOCTU, T. €. OAIHO U TO Xe ANs N 6bIX

ABYX OKPYXHOCTEN.

[loKa3aTenbCTBO.
Bo3bMeM [ABe NMPOU3BOJIbHbLIE OKPYXHOCTMU.
Mycts Ern E2 — ux paguycbl, a IXu 12 — nx ANNHBLI,

[lonycTuM, 4YTO YTBEPXAEHWE TEOPEMbl He-

BEPHO U ﬂﬁ."/\ ORy . Hanpumep:

Al 12

X 2H2” (*)

Bnuwem B HalWnM OKPYXHOCTU MNpaBUNbHbIE
BbIMYK/Ible MHOTOYro/ibHUKN C OOMbWKWM YUCOM CTO-
POH N. ECNM N OYeHb BENNKO, TO ANNHbI HaWNX OKPYXK-
HOCTei OyAyT O4YeHb Mano OTAMYaTbLCA OT NepUMeTpPoB
Plun p2 BONCAHHbLIX MHOTOYrosibHMKOB. 103TOMYy Hepa-

BEHCTBO (*) He HapywmuTca, ecnn B HEM 3ameHUTb 1XHa
plYa 12 Hap2

P\ Pr
< (**)
2HT 2K2

Ho, Kak Mbl 3Haem, nepuMeTpbl NpaBusb-
HbIX BbINYK/bIX Tr-yrosibHUKOB OTHOCATCA KaK pagunychl
OMUCAHHbIX OKPYXHOCTEMN:

P\ 1

P2 B2 *

Brcroga %:—% A 310 npoTuBOpeunT

HepaBeHCTBY (**).
Teopema foKasaHa.

176
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OTHOLWEHNE ONVHbI OKPYXXHOCTU K AnaMeT-
py NpuHATO 0603HayaTb rpeyvyeckoi O6YKBOW N (4YMTaeT-

CA «MN»): —2!11—:r|. Ynucno n vppaynoHanoHoe. Mpunbnm-

XeHHoe 3HayeHue n ~ 3,1416.
MpnbnmxeHHOe 3HaYeHME Yynucna K 6b1/10 13-
BECTHO YXe ApeBHUM rpekam. OuyeHb Npoctoe npubnun-

XEHHOe 3HayeHMe N Hawen Apxumepg: 32. OHO oT1/K-
yaeTcA OT TOYHOro 3HadyeHUss MeHblWwe 4vem Ha 0,002.
Tak Kak = TO ANMHA OKPYXHOCTHU
Bbluncnaetca no opmyne
| = 2nE.

120. PagunaHHaa mepa yrna
Hangem LAWMHY AYyrM OKPYXHOCTWU, OTBeYa-
lowen LeHTpanbHoOMy yrny B n° (puc. 289). PasBepHy-
TOMY Yrfly COOTBETCTBYET A/IMHA MONYOKPYXHoOCTU NE.
CnepoBaTenbHo, yrny B 1° cOOTBeTCTBYeT Ayra AJINHGI

NE
180e “a YIJIY B N° COOTBETCTBYeT Ayra ANNHbLI

, 1B

PagnaHHOMW Mepoil yrna HasblBaeTCs OTHO-
lUeHMe AJIMHbI COOTBETCTBYHLEN AYyrM K paguycy OK-
PY>XHOCTU. V3 popMynbl Ana ANUHbI AYTW OKPYXXHOCTHU
cnepyert, yTo

1 n_
E ~ 180e %1’
T. €. pagnaHHas Mepa yrna nonay4yaetcs M3 rpaaycHol

Iy
YMHOXeHunem Ha 1800 . B yacTHOCTW, paguaHHas Mepa

yrna 180° paBHa n, pagnaHHaa mepa nNpsamoro yrna pas-

Ha
2

EanHnuen pagnMaHHOW Mepbl YrnoB SIBNSET-
cA paguaH. Yron B OAMH pagnaH — 3TO Yron, y KOTO-
poro AnvHa Ayru pasHa paguycy (puc. 290). NpagycHas

180e
Mepa yrna B OAMH paguaH paBHa — —~ 57 .

77

Apxnmes — [ApeBHe-
rPevYecKnUin yYeHbli
(11 8. go wn. 3.)

Puc. 290
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3apgayva (50).
Hanante pagnaHHyl Mepy YrioB Tpe-

yronoHnka ABC, ecnin AA = 60°, AB = 45°.

PeweHwne.

PagnaHHaa mepa yrna A paBHa 60 e

PagnaHHasa mepa yrna B paBHa 45°*

Mo Teopeme 0 CyMMe YI/N0B TpeyronbHuKa

N

© o0~

10.
11.

12.
13.
14.
15.
16.

17.
18.

o okw

KOHTpONbHbIE BONPOCHI

UTo Takoe nomaHas, ANnMHa NOMaHOnN?

JOKaXXnTe, YTo ANMHA NOMAHOW He MeHble A/IMHbI OTpe3Ka, Cco-
eANHAIOLWEro ee KOHLUbI.

YTO Takoe MHOrOYrosbHWK, BbINYKAblA MHOTOYro/ibHUK?

YTo Takoe NJIOCKUA MHOTOYrofbHUK?

YTo Takoe yron BbIMYK/A0Oro MHOrOYrosbHMKa nNpu AaHHONBEPLIN-
He?

BoiBegute opmyny And CyMMmbl Yr/10B BbIMYKNOr0o MHOTOYrolbHU-
Ka.

UTo Takoe BHELIHWA Yron BbIMYK/JOro MHOMOYrofisHMKa?
[JOoKaXunTe, 4YTO NPaBU/IbHbIA MHOTOYroNbHUK ABNAETCA BMNUCAH-
HbIM B OKPYXHOCTb M OMWCAHHbLIM OKO/I0 OKPY>XXHOCTW.

UTO HasbiBaeTCA LEHTPOM MHOTFOYyrosibHMUKa? UeHTpasibHbIM Yr/iOM
MHOToyrosnbHuKa?

BbiBeante opmynbl 4ns pagmycoB BNUCAHHOW UM ONWCAHHOW OK-
PY>XHOCTe NpPaBUNbHOIO N-yrofibHUKa.

Haligute pagmycbl BNWUCAHHOW M OMUCAHHOW OKPYXHOCTEW ANf
NpaBUIbHOTO TPeyrosibHUKa, YeTblpexyronbHuka (keagpara), Lec-
TUYTONbHUKA.

Kak nocTpouTb MNpaBUSIbHbIA BbIMYK/AbIA WeCTUYTONbHUK, Tpe-
YFONbHUK, YeTblPpexyrofibHUK, BOCbMUYTONbHUK?

[OKaXnTe, 4YTO NpaBu/ibHble BbINYK/ble N-YrONbHUKN MOAOGHbI.
B yacTHOCTKU, ecnm y HUX CTOPOHbI OAMHAKOBbLI, TO OHW PaBHHbI.
JOKaXXnTe, 4TO OTHOLUEHME A/INHbI OKPYXHOCTW K ee fuaMeTpy
He 3aBMCUT OT OKPYXXHOCTW, T. €. O4HO M TO e AN1A BCeX OKPYX-
HOCTEMN.

Mo Kakoi (opmyne BblYUCASETCA ANMHA OKPYXXKHOCTU?

Mo Kakoi (hopmMynie BbIYUCNAETCA ANWHA LYTU OKPYXXHOCTU?

UTO Takoe pagmaHHas mepa yrna?

Uemy paBHbl pagunaHHble mepbl yrnos 180° n 90°?
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MyHkT 113
[aHbl Be OKPYXHOCTU C pagumycamm BXx u

B2 u pacctodHMem MexXAy LUeHTpamu
W > Bx + B2 Yemy paBHbl Hanbonbluee U

HauMeHbllee PaCCTOAHUSA MeXAy To4vyKaMu
X N Y 3TUX OKPY>XHOCTEN?

PewwnTte 3apgayy 1 npu YyCcnosuu, 4To
m <Br- B2 (puc. 291).

L OoKaXunTe, YTO €CNn BEPLIUHbI TIOMaHOW He
nexaT Ha OAHOW NPSIMON, TO ANIMHA NOMa-
HON 60NblUe ANWHBLI OTpe3Ka, coeAuHsoLLe-
ro ee KOHLUbI.

[JOKaXxXnTte, 4To y 3aMKHYTOMW JIOMaHON pac-
CTOAHNE MeXay NbbiMU ABYMS BeplUMHa-
MU He 60/blUe MOJIOBUHbI ANVHbLI JTOMaHON.
JoKaXuTe, YTo y 3aMKHYTOW NOMaHON Anu-
Ha Ka)[0ro 3BeHa He 60/blle CyMMbl O/UH
OCTa/lbHbIX 3BEHbEB.

MOXeT 1M 3aMKHYyTas floMmaHasd UMETb 3Be-
HbA ANIMHOW 1M, 2 M, 3 M, 4 M, 11 M? OOb-
ACHUTE OTBeET.

LOKaXnte, YTO €CcNn KOHLUbl NOMaHOW ne-
aT Nno pasHble CTOPOHbI OT AaHHOW nps-
MO, TO OHa nepecekaeT 3Ty MNPAMYIO
(puc. 292).

MyHkT 114

CKONbKO AuaroHanen y n-yrosibHuKa?

YUeMy paBHa CyMMa BHEW HUX YyraoB BblNYyK-

noro M-yrOZIbHWMKa, B3ATbIX MO OAHOMY MMpwu Pur. 292

KaXX40in BepLlunHe?

Y bl BbINYKAOr0 YeTblpexyrosbHUKa MPOnopuMoHanbHbl Ymncnam
1, 2, 3, 4. Haigute ux.

JOoKaXxunTe, YTOo y YeTblpexyrosbHWKa, ONUCAHHOIO0 OKO/0 OKPYXX-
HOCTWU, CYMMbl A/IUH NPOTUBOJIEXALWNX CTOPOH PaBHbI.

MyHKT 115

CKONbKO CTOPOH UMEEeT MpaBU/IbHbIA MHOTOYTOMIbHUK, KaXXAblii U3
BHYTPEHHUX YIrN0B KOTOpPOro paseH: 1) 135°; 2) 150°7

CKONbKO CTOPOH WMMeeT NpaBWU/IbHbIA MHOTOYro/IbHUK, €CNn KaX-
Abli N3 BHEWHMX ero yrnos paseH: 1) 36°;, 2) 24°7?

[JoKaxute, 4To B3ATble 4epe3 OAHY BeplWUHbLI NpPaBUILHOTO
2N-YyrofibHUKa ABNAKOTCA BepllMHaMW NPaBWUIbHOTO M-YrofibHUKA.
[JOoKaXXnTe, 4TO cepefuHbl CTOPOH MPaBUIbLHOTO M-yrofibHUKa fB-
NAKTCA BeplWMHaMKU APYroro nNpaBUbHOIO M-YrosbHUKa.

HOMNy.' NAblWKX



16.

17.

18.
19.

20.

21.

22.

23.

24.

25.
26.
27.
28.

29.

30.
31.

MyHKT 116

Haingnte BblpaeHUA ANS CTOPOHbI an NpaBUbHOTO Tr-yrosibHMKa
yepe3 pagumyc E onucaHHO OKOJI0O HEro OKPY>XXHOCTWM W paguyc r
BMMCAHHON OKPYXXHOCTW. Bbluncnute an npu n = 3, 4,

XoppAa, nepneHanKynapHaa paguycy MU npoxofduias 4yepes ero ce-
pefuHy, paBHa CTOPOHe NPaBWU/IbHOIO BMWCAHHOTO TPeyroJibHUKa.
LJoKaxure.

Y npaBuNbHOr0O TPeyrosibHMKa paguyc BMMUCaHHON OKPYXXHOCTWU
B 2 pasa MeHblle pajgunyca OMUCAHHON OKPYXHOCTU. [OoKaxure.
CTopoHa NpaBUILHOTO BMWUCAHHOTO B OKPYXHOCTb TPeyrosbHMKa
paBHa a. Hangute CTOpOHY KBagparta, BNWCAHHOTO B 3Ty OKPYX-
HOCTb.

B OKpYyXHOCTb paguycom 4 am BnucaH npaBUSibHbIN TPEYronbHUK,
Ha CTOpPOHEe KOTOPOro NMOCTPOeH KBajpart. HanguTe paguyc OKpyX-
HOCTW, OMWCAHHOW OKOJI0 KBajparTa.

KoHey Banuka gnametpom 4 cMm onuneH nop ksagpat. Kakmm mo-
XeT OblTb HaMboNbW NI pasMep CTOPOHbI KBajparta?

KoHel BMHTA rasoBOi 3afBVXKW MMeeT NPaBU/IbHYI TPEXTPaHHYH0
hopmy. Kakmum MoXeT 6bITb HaUOONbLINIA pasmep rpaHu, ecnu au-
aMeTp UMNUHAPWUYECKOW YaCcTW BUHTA 2 CM?

[oKaXXnTe, YTO CTOPOHA NPaBUILHOIO BOCbLMUYTO/IbHUKA BblYUCNA-

eTca no qopmyne a8=E"2-y2 , rge E — pagnyc onucaHHoMu
OKPY>XHOCTH.
[LOKaXXnTe, YTO CTOPOHA MPaBUIbHOTO 12-yrofbHUKa BblYMCAAETCH

no popmyne al2=E V2 - y[s , rge E — pagunyc onncaHHOn OKpyx-
HOCTMU.

Hangute CTOpPOHbI MPaBWU/IbHOTO MATUYTO/IbHUKA W MPaBUIbHOTO
10-yronbHmMKa, BNMCaHHbIX B OKPYXXHOCTb paguyca E.

CTopoHa npaBU/IbHOTO MHOrOYrojsibHMKa paBHa a, a paguyc OnucaH-
HOW OKpYy>XHOCTW E. Haingute paguyc BNMCAHHON OKPYXXHOCTW.
CTOpOHa NpaBWULHOTO MHOTFOYrosbHMWKa paBHa a, a paguyc BMu-
CaHHOW OKPYXXHOCTU I. Hangute pagnyc OMUCaHHOW OKPY>XXHOCTH.
Bblpasnte CTOpoHY b npaBW/IIbHOTO OMNUCAHHOTO MHOTOYTroOJiIbHUKA
yepes paguyc E OKpPY>XHOCTM W CTOPOHY a NpaBU/ILHOTO BMUCaH-
HOr0 MHOTOYrosibHMKa C TEM X€ YUC/IOM CTOPOH.

Bblpasute CTOpPOHY a MNpaBW/ILHOTO BMWUCAHHOI0 MHOTOYroJibHUKa
yepes pagunyc E OKPYXHOCTWM M CTOPOHY b NpaBUILHOIO OMUCaH-
HOr0 MHOTOYro/slbHMKa C TEM XE€& 4YUC/IOM CTOPOH.

MyHKT 117

BnunwmnTe B OKPY>XXHOCTb MPaBubHbIA 12-YroNbHUK.

OnuwKnTe OKONO OKPY>XXHOCTU NMpaBUNbHbLIN TPeyronbHUK, KBagpart,
NMPaBU/IbHbI BOCbMUYTONbHUK.
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32.

33.

34.

35.
36.
37.
38.
39.
40.

41.
42.

43.

MyHkT 118
Pagmycbl BNMMCAaHHON M ONWCAHHON OKPY>XHOCTEN OAHOr0 npaBWUfib-
HOro N-yrofbHWKa paBHbl TX N BX, a pagnyc BNUCaHHON OKPYXHO-

CTU APYroro NpaBWIbHOIO N-yro/ibHMKa paBeH r2. Yemy paBeH pa-

AVNYC ONUCAHHOW OKPYXXHOCTWU APYroro n-yronbHuKa?

MepumeTpbl ABYX MNpPaBWU/bHbIX N-YroNbHWUKOB OTHOCATCHA Kak
a : b. Kak oTHOCATCA pafuycbl UX BMUCAHHBIX W OMUCAHHbIX
OKpPY)>XHOCTen?

MyHkT 119

Bbluncnute ANMHY OKPY>XHOCTWU, €CNU ee pajuyc paBeH:

1) 10 m; 2) 15 wm.

Ha CKOMbKO WM3MEHUTCHA AJINHA OKPYXHOCTWU, ecnu paguyc nsame-
HAUTCA Ha 1 MMm?

Hangnte OTHOWeEHWe nepumeTpa MPaBWIbHOIO BMUCAHHOTO
BOCbMWYTO/IbHUKA K AWaMeTpPy W CpaBHUTE €ro ¢ NpubAnXeHHbIM
3Ha4YeHuem .

PewnTe 3agayy 36 AN nNpaBUIbHOTo 12-yronbHuKa.

Hangute paguyc 3eMHOro wapa, Mcxofs M3 Toro, 4yto 1 M cocTaB-
naet ogHy 40-MUANIMOHHYO [LOMKO A/IMHBI 3KBaTOpa.

Ha CKONMbKO yannHuAca 6bl 3eMHOW 3KBaTOp, ecnn Obl paguyc 3em-
HOro wapa yBenumuumncs Ha 1 cm?

BHYTpY OKpPYXHOCTU pagunyca A pacrnonoXXeHbl 1 paBHbIX OKPYX-
HOCTell, KOTOpble KacalwTcs Apyr Apyra U LaHHOW OKPY>XHOCTW.
Hangnte paguycbl 3TUX OKPYXHOCTeW, €CNM YUCN0 WX pPaBHO:
1) 3; 2) 4; 3) 6 (puc. 293).

Pewunte npeabigywyr 3agadvy, ecim OKPYXXHOCTU pPacnosioXeHbl
BHEe [JaHHON OKPY>XXHOCTH.

L knB mnmeetT B gnametpe 1,4 m v fgenaet 80 060p0OTOB B MUHYTY.
Haingnte CKOpPOCTb TOYKM Ha OKPYXHOCTWU LWKKUBA.

MyHKT 120

Hangute ANWHY AYrM OKPYXHOCTM paguyca 1 cM, OTBevalollei
ueHTpanbHoMy yray: 1) 30° 2) 45°; 3) 120°; 4) 270°.

Iwur. 29a
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44.

45,

46.

47.
48.

49.
50.

o5l.

121.

CKONMbKO FpajycoB COAEPXWUT LieHTpanbHbI/ Yron, eciyu COOTBETCT-

Bylowaa emy Ayra cocrtasngdert: 1) )}l; 2) 4 ; 3) 1; 4) 1;

2 3
5) T »6) -4 OKpYXHOCTKN?

Kakoil yron ob6pasylT pagumycbl 3eMun, MpoBefeHHble B [Be TOY-
KW Ha ee NOBEPXHOCTWU, pacCcTofAHME MeXAYy KOTOPbIMW pPaBHO
1 km? Paguyc 3emnmnm 6370 KM.

Mo pagunycy A = 1 M HauguTe OAUHY AYTW, OTBeYaloLlell LEeHT-
panbHomy yrny: 1) 45°;, 2) 30°; 3) 120° 4) 45°45'; 5) 60°30
6) 150°36\

Mo pgaHHOW Xophe a HanguTe OINHY ee AYruW, ecnu rpagycHas me-
pa gyru pasHa: 1) 60°, 2) 90°, 3) 120°.

Mo pgaHHOW AnvHe Ayrun | HalauTe ee XOpAYy, €Cnun ayra COAepXuUT:
1) 60°;, 2) 90°; 3) 120°.

Hangute pagnaHHy mepy yrnos: 1) 30°; 2) 45° 3) 60°.
Halgnte pagunaHHyo Mepy Yyrnos TpeyronbHuka ABC, ecnu
[A = 60°, AB = 45°.

HanguTe rpafyCcHyt Mepy yrna, ecnv ero pajnaHHas Mepa paBHa:

1) 2) -5.;3) ;4 ; ) 6)
m 7K * lMnowagn duryp

[MoHATME nowaan
CeoMeTpuyeckyto (urypy O6ynem HasbiBaTb

MPOCTOW, eCNM ee MOXHO pa3buTb Ha KOHEYHOe 4MCno
MNNOCKUX TPEyronbHWKOB. HamoOMHWUM, 4YTO MNJOCKUM
TPEYrofibHUKOM Mbl Ha3blBaeM KOHEYHYI 4acTb MNioC-
KOCTW, OrFPaHUYeHHYI0 TPeyronbHuUKom (puc. 294).

Mpumepom npocToii hurypbl SBNSETCS Bbl-

MYKNbIA NAOCKUIA MHOroyronbHuMkK. OH pa3buBaeTcs Ha
MNOCKWE TPEeyrosibHUKNU AuaroHanaMmu, npoBefeHHbIMU
N3 KakoW-HMbyab ero BepwuHbl (puc. 295). B aTom na-
parpae Mbl paccmaTpuBaem TO/ILKO M/I0CKWE MHOrO-
YIrO/IbHUKW U MO3TOMY MNOBTOPATbH KaXAbli pas CnoBO
«NNOCKU» He 6yaem. [agum onpegeneHve njaowianu
418 NPOCTbIX Uryp.

Ana npocTbiX ¢uryp nnowagb — 3TO MO-

NOXWUTeNbHas BeNUYMHA, YMUC/IEHHOE 3HA4YeHWe KOTO-
poil o6bnagaeT cnegyrLWMUMU CBOMCTBaAMMU:

1) PaBHble (hUrypbl MMEKT pPaBHble MNNO-
wagu.
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2) Ecnn hurypa pas3bunBaeTca Ha 4yacTu, AB-
nalwmeca nNpocTeiMn gurypamu, To naowagb 3TOK
(hurypbl paBHa cymme nsoliajein ee yacTeu.

3) Mnowaab KBagparta CO CTOPOHOW, paB-
HON efUHULIE U3MepPeHMUs, paBHa eguHULe.

Ecnn kBagpart, 0 KOTOPOM MAET peyb B On-
pefeneHnn, MmeeT CTOpPoOHY 1 M, TO naowapb 6yaer B
KBagpatHbiXx MeTpax (m2). Ecnm cTOpoHa KBajpara
100 ™M, TO nnowaab 6yaet B rektapax. Ecnu cTopoHa
KBagpata 1 Km, To nnowanb 6yaetr B KBaApaTHbIX KU-
nometpax v T. 1.

122. Tlnowanb NpAMoyrosibHUKa
Haingem nnowagb NpssMOYronbHMKa co CTO-
poHamun a, b. [nAa 3Toro cHayana AOKaXem, 4YTOo njo-
waan ABYX MPAMOYrosibHMKOB C paBHbIMW OCHOBaHWA-
MW OTHOCATCA KaK WX BbICOThI.
Mycts ABCIT n ABICITT — paBa npamo-

yrofibHuka ¢ obwum ocHosaHuem ATl (puc. 296, a).
Myctb 3 u 3r — wnx nnaowagn. J[okaxem, 4To

5 AB
= . Pazobbem cTopoHYy AB npsimoyrosibHMKa Ha

51 NniB 1
60/bLLOE YNCNO N PaBHbIX YacTel, KaXaas U3 HUX paB-

AB
Ha IlycTb T — 4YMUCNO TOYEK [efleHns, KOoTopble
neXat Ha ctopoHe ABT. Torga

NTANA B
(m
OTcrofa, pasgenus Ha AB, nony4dyum:
m 2By ¢ 1 *
~1 A ~ABM 't e ()

[MpoBegeM 4epe3 TOUKWU [eneHUs npsamblie,
napannenbHble ocHoBaHUo All. OHM pa3o6bLIOT NpAMO-
yronbHuUK ABCI1 Ha N paBHbIX NPAMOYroibHUKOB. Kax-

Abli U3 HUX uMeeT nnowagb — . MPAMOYronbHUK

ABICI copepXWT nepsble T MNPAMOYro/iIbHWUKOB, CYU-

Tad CHU3Y, U COAEpPXUTCAa B T + 1 NpAMOYrosibHUKax.
[MoaTomy

(4-)T< 8x<(4-) (et l)e

a)
B
B,
6)
a
Puc. 296
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OTcroga

T 81 T 1 / u
+ (**>

N3 HepaBeHCTB (*) u(**) Mbl BMAMM, 4TOOba 4mucna

AB1 81 T T 1
W —3aKMOYeHbIMEeXAy — — W —+—J[loaTomy
N 1B 5

ao

1
OHW OTNMYaAlTCA He 60onee 4yem Ha Ll A TaK KakK n
MOXXHO B34Tb CKOJIb YyrogHo 6OI'IbLIJI/IM, YTO 3TO MOXET

AB1
OblTb TONBKO NPU ~”-=— , YTO N TPebOBANOCh [J0Ka3aTh.

BosbMeM Tenepb KBajpaT, SBAAKOLLMIACA
eaVHMLEN nnowagn, NpAMOYrosibHUK CO CTOpoHamu 1,
a n npaMOYrosbHUK co cTopoHamu a, b (puc. 296, 6).
CpaBHuMBas Ux naouwiagn, no gokasaHHoOMYy 6yaemM MMeTb:

8" _a
T “7 37-1"

[MepeMHOXad 3TW paBeHCTBa MOY/IEHHO, NO-
nyyunm: <8 = ab. NTaKk,

nnouiagb NPSMOYronbHMKA CO CTOPOHaMM a, b BblUucC-
nsetcs no dhopmyne <8 = ab.

123. Tllnowagb napannenorpamma

Myctb ABCBb — paHHbIA napansienorpamm.
Echnm oH He dBndeTca npaMoyrosbHWKOM, TO OAMUH
n3 ero yrnoe — A vam B — ocTpbii. MycTb gnsa onpe-
AeNeHHOCTN yron A OCTPbll, KaK M300paXKeHo Ha pu-
CYHKe 297.

OonycTum nepneHAMKynap AE 13 BeplnHLI
A Ha npamyw CB. lMnowapb Tpaneyuun ABCE paBHa
cymMme nnouwiagein napannenorpamma ABCB u Tpeyronb-
Hnka ABE.

Onyctum nepneHaukynap BE n3 BeplwunHbl
B Ha npamyiwo CBb. Torga nnowagb Tpaneunn ABCE
paBHa CymMme naowagein npamoyronbHuka ABEE n Tpe-
yronoHuka BCE.

MpamoyronbHblie TpeyronsHukn ABE n BCE
paBHbl, a 3Ha4yuT, UMeEKT paBHble naowaau. OTclOAa
cnefyet, yto naowanb napannenorpamma ABCB paBHa
nnowaan npamoyronbHnka ABEEYT. e. paBHa AB *BE.
OTpe3ok BE Ha3bliBaeTCsA BbICOTOW Mapannenorpamma,
cooTBeTCTBYHOLEN cTopoHam AB un CBb.

184
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NTak,

nnowaab napannenorpamma paBHa NPOU3BEAEHUIO €ro
CTOPOHbI Ha BbICOTY, MPOBEAEHHY K 3TOl CTOPOHE.

124. Tlnowapb TpeyrosibHNUKa

Mycte ABC — paHHbI  TpeyronbHUK
(puc. 298). JononHUM 3TOT TPeyrosbHWK 4O napasnne-
norpamma ABCI1, KakK yKasaHO Ha pucyHke. lnowagb
napannenorpamma paBHa CymMme nnouwagei TpeyronabHu-
koB ABC n CITA. Tak Kak 3TWU TPeyrosbHWKWU paBHbI,
TO naowajb napansienorpaMma pasHa YABOEHHOW no-
waan TpeyronsHuka ABC. BbicoTa napannenorpamma,
COOTBETCTBYHOLWasa cTopoHe AB, paBHa BbICOTe TPEYro/ib-
Huka ABC, nposegeHHONn K cTtopoHe AB. OTctoga cre-
LyeT, uTo

nnouw,agb TpeyroibHWKa paBHa MOM0BUHE MpPoOuU3Beje-
HUS ero CTOPOHbl Ha MPOBEJEHHYH K HEl BbICOTY:

8 ="aK

[ oKaxxem Tenepb, 4TO

nnouw,agb TpeyrosibHWKa paBHa MONOBUHE MpPoOuU3Beje-
HMUA OBYX NOObIX €ro CTOPOH HA CUHYC yrna Mexay Hu-
MU.

Myctb ABC — fjaHHbIl  TpeyronbHUK
(pnc. 299). [okaxem, 4To

B=-2ABAC-8|_uA.

MpoBeaem B TpeyronbHuke ABC BbicoTy BIT.
meewm:

8 =-ACBO.
2

3 npamoyronbHoro tpeyronbHuka ABITI
Bl1 = AB < sin a,

ecnm yron a octpeld (puc. 299, a),
Bl = AB < 8in (180° - a),

echm yron a Tynoi (puc. 299, 6). Tak Kak
gin (180° - a) = 81N a, T0 B NwboM cnyyae BIl =
= AB < s8in a. CnepoBaTtenbHO, naowaAb TPeyrosibHUKa

8 ="-ACAB-8LUA, uto 1 TpeboBanocb AoKa3aTb.
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125. dopmyna [epoHa gna naowagn
TpeyrosibHMKa
3apava (29).
BoiBeanTte opmyny [epoHal ang nnouwiagn

TpeyronbHuka: 5 = njp(p- a)(p- b)(p- ¢c), raea, b, c —

a+b+c
ANVHbI CTOPOH TPEeyrosibHUKa, a p =-------------- nonyne-

pUMeTp. A
PelwweHue.
Nmeem: 5 =—0b3Ty, rge y — yron tpe-
2
YrofibHWUKa, NpoTUBO/EXaw i cTopoHe c. Mo Teopeme
KOCMHYCOB c2 = a2 + b2 - 2ab co3Yy.

OTtcroga co3y=° # b C . 3HauwurT,

3T2y=1- co32y= (1- co3y)(1+ co3y)=

_2ab-a2-b2+c2 2ab+02+b2- c2 _
2ab 2ab
=c2-(0- b2 (0+b2-c2_
2ab 2ab

4a%b_ (c- a+b)(c+ta-b)(a+b-c)(a+b+c).

3ameyada, yto a + b+ c =2p,a+b- c=2p- 2c,
a+c- b=2p- 2byc- a +b=2p - 2a, nonyyaem:

3T y=A AP(P“°)P“ B(P~ Y

Takum ob6bpasom, 5 =—ab3Ty =

126. Tllnowaab Tpaneywuu
Mycte ABCIl1 — pgaHHas Tpaneywus P C
(puc. 300). AuaroHanb Tpaneunn AC pasbuBaeT ee Ha
ABa TpeyronbHuka: ABC n CIA. CneposaTesibHO, N/0-
wanb Tpaneuuu paBHa Cymme njouwagend aTux Tpey-
ronbHnkKos. Tllnowapab TpeyronbHnka ABC paBHa

1
—AB < CE, nnowaab TpeyronoHnka ACIT paBHa

M—I‘IC *AE. BbicoTel CE 1 AP 3TuX TpeyronbHuUKoB pas- Puc' 300

1 F'epon AneKCaHAPUNCKUN — [PeBHErpevYeckuin yyeHbolin, | B. H. 3.
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Hbl PAacCTOAHUIO MeXAy napanfefibHbiMU npsimbiMn AB
n CI1. 3T0 paccTofAHME Ha3blBaeTCH BbICOTOW Tpamneuun.
CnepoBaTesnibHO,

nnouwiagb Tpaneyumum paBHa NPOU3BEAEHUID NONYCYMMbl

ee OCHOBaHWI Ha BbICOTY: 8 =""-K.

3apaya (40).

[JoKaxunTte, 4To €cnn AmaroHanu 4eTblipex-
YrofibHMKa nepecekawTCcsa, TO Maolladb YeTblpexyro/fib-
HWKa paBHa MONOBWHE MPOMU3BEAEHUA AMaroHanen Ha
CUHYC yrna mexmgay HUMW.

PelweHne.

Mnowanb 8 YeTbipexyrofibHMKa paBHa CyMm-
me nnowagen tTpeyronsHukos ABC n ABC (puc. 301):

5=\AC BE+"AC Ul =
= \AC ¢BO esilla+ \ AC¢[MO 3T a =
=\AC 37 a (BO+OIM=\AC «Blle3T a,

4To M Tp96OBaﬂOCb [O0Ka3aThb.

127. ®opmynbl Ana pagnycos
BMNWUCAHHOW N ONMUCAHHOW
OKPY>XHOCTEN TpeyrosibHUKa
3afava (42).
BoiBeguTe cnepytouwme hopmynbl ans pagu-
ycoB onucaHHoi (B) n BnucaHHoW (I) OKPY>XHOCTen Tpe-

akc ,
yronbHuka: B =5 [=--m——-—-- , Tae a, 0, C — CTOpPOHHI

TpeyronbHuka, a 8 — ero nnaowapgb.
PelleHue.
HauHem c opmynbl ana B. Kak Mbl 3HaeMm,

a
0= 23mna»rge a — yroa, NpoTMBOEXallMii CTOPOHE a

TpeyronbHMKa.
YMHOXas 4YucnuTeNnb M 3HaMeHaTeNb npa-

BOi yacTuM Ha bc M 3ameuasi, uTo -2& c3Ta =8 , nony-

YUM: - abe
48
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Boisegem ¢opmyny gna r (puc. 302). Ino-
waab TpeyronbHuka ABC paBHa cCymMMe nfaouiagen tpe-
yronoHukos 0AB, OBC u OCA:

8 zicr +—1ar+ibr.
2 2 2

Otcropa r
atb+c

128. Tlnowagn nofobHbIX uryp

Myctb P' n P” — pgBe nopobHble MpPOCTble
purypbl. BblicCHUM, KakK OTHOCATCA naowagn saTux ¢u-
ryp. Tak Kak gpurypbl nofo6Hbl, TO CyL,ecTByeT Mnpeoo-
pazoBaHMe nogob6bus, npu Kotopom qurypa P' nepexo-
ant B gurypy P".

Pazobbem curypy P' Ha TpeyronbHuku O\,
a2, 03, ... (puc. 303). MNpeobpasoBaHne nogobusa, nepe-
Boadulee urypy P' B urypy P", nepeBoguT 3Tn Tpe-
YroNbHUKK B TpeyronbHukn A7, 0°2, O'3, ... pa3bueHuns
purypbl P". Mnowagb purypel P' paBHa cymme noua-
nen TpeyronsHukos A\, 42, ..., a nnowaab purypsl P"
paBHa cymme nnouwiagein tpeyronbHukos O O 2, ... .

Ecnn koahuymeHT nopobusa paseH JI, TO
pasMmepbl TpeyronbHuka A" B K pa3 60sblle COOTBETCT-
BYHOLWKNX pasMepoB TpeyronbHuka An. B yacTHOCTU, CTO-
POHbI U BbICOTbI TpeyronbHUKa A" B K pa3 60nble co-
OTBETCTBYIOLWMX CTOPOH M BbLICOT TpeyronbHuka An.
OTcrofa cnefyeT, 4To

a (@) = K3 (8>
CKI'Ia,EI,bIBaFI 3TN paBeHCTBa MOYJIEHHO, MOAYYUM:
5 (P") = k28 (IN).

KoapuuneHT nogobma K paBeH OTHOLIe-
HUKO COOTBETCTBYHLLNX NIMHENHBbIX pasmepoB quryp P"
n P'. TMoatomy nnowagnm noaobHbIX (Uryp OTHOCATCA
KaK KBagpaTbl MX COOTBETCTBYHLNX NNHENHBIX pasme-
POB.

129. Tlnowapb Kpyra
Ecnu durypa npocraq, T. e. AJONyCKaeT pas-
OVeHne Ha KOHEeYHOe 4ucno TPeyronbHMKoOB, 1O €€ MJio-
waAb paBHa cymme njouwafgen 3TUX TPeyrosibHUKOB.
[Ana npou3BOoNbHOW (UTrypbl naowagb onpegensiercs
cnegyroumm obpasom.
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JaHHaa durypa umeet nnowagb 8, ecnu
CYLLeCTBYIOT coepXalime ee npocTble GUrypbl n cogep-
Xaumecs B Heill MpocTble YUrypbl C naouwagaMum, Kak
yrogHo mano oTnnyawwmmuca ot 5. FNpuMeHUM 3TO
onpegeneHne K HaxoX[eHuUo naowaan Kpyra.

Kpyrom HasblBaeTca (urypa, cocroquiaa us3
BCEX TOYEK MJIOCKOCTU, pacCcToAHME OT KOTOPbIX A0 AaH-
HOW TOYKM He 6Osblle JaHHOro. JTa TOYKa Ha3blBaeTCH
LeHTpPOM Kpyra, a faHHOe pacCToaHue — paguycom
Kpyra. 'paHuuein Kpyra ABnseTcqd OKPYXXHOCTb C TEMMU
e ueHTpom u paguycom (puc. 304).

Mnowaib Kpyra paBHa MOJIOBMHE NMPOWU3BEAEHUA ANN-
Hbl OrpaHM4YuMBalOLLLEeil ero OKPYXHOCTU Ha paguyc.

Jokaxem 3T10. lNlocTpoum fgBa nNpaBUNbHbIX
N-yronbHuMKa: PXx — BNucaHHbIn B Kpyr n P2 — onu-
caHHbI okono kpyra (puc. 305). MHOroyrofibHMKu PX
n P2 aBnd0TcAa NpocTtbiMn purypamu. MHOToyronbHuK
P2 cofepXWUT Kpyr, a MHOTOYTOo/IbHUK PX cofepXntca B

Kpyre. Pagnycbl, NpoBeAeHHble B BEPLUNHbI MHOTOYTO/lb-
HUKa PX, pa3buBalT ero Ha N TPeyrofibHUKOB, pPaBHbIX

TpeyronbHuky AOB. lMostomy 5 = n8AOB. Tak Kak
acio —AC OC =AC AO coB a, TO

&L = (nAC) AO co3 a = 9,5_003 a,

roe p — nepuMeTp MHoroyronbHuka PIY B — paguyc
Kpyra. AHanormMyHo Haxogmm naowagb MHOTOYrosibHU-
kKa P4 8T =N8gop»

8sop =AB -AOm “° AO,

co3a
(nAC)AO pB
co3a 2co3a

NTak, MHOroyronbHUK PX, cogepxawjuiics

B Kpyre, umeeT naowags ° :ﬂacosa, a MHOrFOYyrofb-
n

HUK P2, cogepxawnii Kpyr, umeeT nnowagb
pB
2co3a

Tak Kak npu JocTaTO4YHO 6ONbLWIOM N Mepu-
METP P OT/IMYAeTCs CKOMb YFroAHO Mano OT ANWHbI | OK-
PYXXHOCTMK, a CO3 a CKOMb YrofiHO Mano OoT/AM4yaeTcs OT
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eAVHULbI, TO NAOWaAb MHOFOYronbHUKoB P1un P2 cKonb

YTOAHO Mano 0TanualTCA o1 —. CornacHo onpegene-

HUIO 3TO 3HAYUT, 4YTO Naowagb Kpyra 5=I:I'IBZ,
4yTo N TpeboBanocb A0Ka3aTh. n

KpyroeblM CeKTOPOM Ha3blBaeTCA 4acTb
Kpyra, fiexat,as BHYTPU COOTBETCTBYIOLWEro LeHTpasb-
Horo yrna (puc. 306).

Mnowaab KPYroBoro cektopa BblYMCAAETCH
no gopmyrne

A2

8 a,
360

roe K — paguyc kpyra, a — rpagycHas Mepa COOTBET-
CTBYIOLLEro LeHTpasbHOro yrna.
KpyroBblM CcermMeHTOM Ha3biBaetTcs obuias
4yacTb Kpyra v nonaynnockoctu (puc. 307).
Mnowaab cermeHTa, He pPaBHOro NOAYKpPY-
ry, BblyncnsgeTrca no gopmyne
2

roe a — rpajgycHas Mepa LeHTPanbHOro yrna, KoTopblii
COAEPXUT AYyry 3TOro KpPYroBoro cerMeHTta, a <g§1 —

nnouiagb TpPeyrosbHMKa C BeplWMHAMWN B LEHTPe Kpyra
M B KOHLAX pafnycoB, OrpaHM4YmBaroLLLNX COOTBETCTBY-
loWKniA cekTop. 3HaK «-» Hado 6path, Korga a < 180°,
a 3HaK «+» Hafgo 6paTb, Korga a > 180°.

KOHTpPO/NIbHbLIE BOMPOCHI

Puc. 307

CopmynupyinTe cBoucTBa naowagn ANA NPOCTbIX GuUryp.

© N

o o A W e

Jokaxunute, 4yTo naowaib NPAMOYro/sibHMKa paBHa MPOU3BeLEHUIO
ero CTOPOH.

[JoKaXxuTe, 4To NaolWanb napannenorpaMmma pasHa NPoOU3BEeLEeHUIO
ero CTOPOHbl Ha BbICOTY, NPOBEAEHHYID K 3TOW CTOPOHe.
JoKaxuTte, 4To naowajb TpeyroibHMKa paBHa Nos0BMHe Npounsse-
LEHNA ero CTOPOHbI Ha BbICOTY, MPOBEAEHHYK K 3TOW CTOPOHE.
JoKaxuTte, 4To naowajb TpeyroibHNMKa paBHa Nos0BMHe Npousse-
AEeHNA ABYX NOOLIX €ro CTOPOH Ha CUHYC yrfia Mexay HUMW.
JoKaxuTte, 4To naowanb Tpaneuuum paBHa NPOU3BELEHUIO MONY-
CYMMbl OCHOBaHW Ha BbICOTY.

Kak oTHocATCA niowagn nofobHbIX guryp?

BoiBeguTte opmyny nnaowagn Kpyra.

Mo KakuM ¢opmynam BblYMCNAKOTCA NAOLWAAM KPYroBoro cekropa
N KPYroBOro CerMeHTta?
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10.
11.
12.
13.
14.

15.
16 .
17,
18.

3apayu

MyHKT 122

[JokaxuTte, 4yTo cymma nnouwiagen Keaapartos,

MOCTPOEHHbLIX Ha KaTeTax MPAMOYro/ibHOrO

TpeyrosbHMKa, paBHa njowagn Ksagpara,

MOCTPOEHHOro Ha runoteHyse (puc. 308).

CTOpPOHbI ABYX Yy4YacTKOB 3eM/IN KBaApaTHOM

¢hopmbl paBHbl 100 m n 150 M. Hangurte

CTOPOHY KBaApaTHOro y4acTkKa, PaBHOBENU- p,. 308

KOro um.

Hangute nnowafb kBagparta <8 no ero guaroHanu a.

Bo ckonbKO pas naowaib KBajpara, OMUMCAHHOTO OKOJI0 OKPYXXHOC-
TV, 6onblle naowagn KBagpara, BMUCAHHOTO B TY XK€ OKPY>XXHOCTb?
Kak n3smeHuTCA naowanb KBagpata, ec/iMm KaXAYyk ero CTOPOHY
yBe/n4unuTb B 3 pasa?

Bo CKOMbKO pa3 Hag0 YMeHbWWUTb CTOPOHbI KBagpara, 4ToObl ero
naowanb ymeHblwmnnacs B 25 pas?

UemMy paBHbl CTOPOHbI MPAMOYrO/IbHWKA, €C/IM OHW OTHOCATCA Kak

4 :9, aeronnowanb 144 m2?
UYemy paBHbl CTOPOHbl NPAMOYTrOJibHWKA, €C/AN ero nepumeTp

74 gpm, a nnowapb 3 mM2?

MyHKT 123

Mapannenorpamm 1 NPAMOYrobHUK UMET 04WHAKOBble CTOPOHLI.
Haingute ocTpblid yron napannenorpamma, ecim nnowajb ero pas-
Ha MOMOBWHE MaolWagn NPAMOYrofibHUKaA.

KBagpaT U poM6 MMeKT OAMHAKOBble MepumeTpbl. Kakas u3 u-
ryp nmeet 6onbwyto nnowagb? O6bACHUTE OTBET.

Hangute nnowagb pomba, ecnu ero Bbicota 10 cm, a OCTpbIi
yron 30°.

Hangute nnowanb pomba, ecnm ero Bbicota 12 ¢Mm, a MeHbWwaa au-
aroHano 13 cwm.

[JoKaxute, 4to nnowajb pomba paBHa MO/OBMHE MPOU3BeLEHUNSA
AnaroHanem.

Hangnte cTOpoHbl pomba, 3HadA, 4TO €ro gMmaroHaam OTHOCATCHA Kak

1:2, animowanb pomba paBHa 12 cm2

MyHKT 124

PasfennTte [faHHbI TpeyrosibHWUK Ha TPW pPaBHOBENUKWE 4YacTu
NPAMbIMU, NPOXOAALLUMN 4Yepe3 OLHY BeEPLUUHY.

PewnTe npeabigywyt 3agady, B3fB BMECTO TpPeyrosbHMKa napan-
nenorpamm.

Yemy paBHa nnouwajb paBHOOELPEHHOrO TPeyrofibHWKa, eciin ero
ocHoBaHue 120 m, a 60okoBad cTtopoHa 100 m?

Hangute nnowafb paBHOOEAPEHHOro NPSIMOYro/bHOro TPeyrofb-
HMKa C TMNOTeHY301M a.

1 o] Munuyuan curyp



19.

20.

21.
22.
23.
24.

25.
26.
27.
28.

29.

30.

31.
32.

33.

34.

35.

Y TpeyronbHMKa co CTOPOHaMM 8 CM M 4 CM MNPOBEJEHbI BbICOThI
K 3TUM CTOpOHam. BbicoTa, MpoBefeHHass K CTOPOHe 8 CM, paBHa
3 cMm. UeMy paBHa BbICOTa, NPOBefeHHass K CTOPOHE 4 cM?

[loKaknTe, 4YTO CTOPOHbI TPeyrosnbHMKa 06paTHO MPONOPLUOHANb-

Hbl ero BbicoTam, T. e. a : b :¢c= = *—h —,
K 4 K

HaignTe nnowafb pPaBHOCTOPOHHEro TpPeyrojibHWKa CO CTOpPO-
HOW a.

Hangnte nnowajb MNPaBUIbHOINO TPeyrosibHMKa, BMUCAHHOrO B
Kpyr paguyca B.

Hangute nnowagb NPAMOYrofisHOro TPeyrofibHWKa, eCcnu ero Bbl-
coTa AeNUT TUMOTEeHY3y Ha OTpe3kn 32 cm 1 18 cwm.

Uemy paBHbl KaTeTbl NPAMOYTr0/ibHOrO TPeyrosibHWKa, ecnv ero ru-
NoTeHy3a paBHa 73 cM, a nnowaab pasHa 1320 cm2?

Y 1peyronsHnka ABC AC = a, BC = b. lNpu kakom yrne C nno-
waab TPeyronbHuka 6yaer Hanbonblien?

Hangute nnowagb paBHOGeLpeHHOro TpeyrosbHUKa, Y KOTOPOro
O0KOBble CTOPOHbI paBHbl 1 M, a yros Mexpay HuMu paseH 70°.
Hangute nnowagb napannenorpamMmma, €cfim ero CTOpPOHbl 2 M W
3 M, a oguH 13 yrnos paseH 70°.

Hangute nnowajb TpeyrosibHUKa no CTOPOHe a U npunexawumm K
Hel yrnam amp.

MyHKT 125
BoiBegnte dopmyny [epoHa pnsa nnowagn TpeyronbHUKA:

g»=Vp(p-0)(p- b)(p-c), rae a, 6, C — A/INHbI CTOPOH TPeyrob-

HUKa, a p — MNOoNynepumeTp.
Hangute nnowafb TPeyrosibHMKa (I)'Il? TBXM CTOpPOHaM: 11)2 13, 114,
15; 2) 5, 5, 6; 3) 17, 65, 80; 4) 6; 5) 13, 377, 47"

1 44
6) 272» "75%» 1*83.

CTOpPOHbI TpeyronbHukKa a, b, ¢. Hailgnute BbICOTY TpeyrosibHUKa,
ONYLEHHYI Ha CTOPOHY C.

BokoBble CTOpPOHbI TpeyronbHuka 30 cm n 25 cm. Haingute BbiCcO-
Ty TpeyronbHukKa, OMyLeHHY Ha OCHOBaHue, paBHoe: 1) 25 cwm;
2) 11 CM.

[MepumeTp paBHOOEAPEHHOrO TpeyrosbHUKa paBeH 64 cM, a ero 60-
KOoBas CTOpOHa Ha 11 cm 60nblue OCHOBaHUA. HalianuTe BbICOTY Tpe-
Yro/ibHUKa, OMNYyLWEeHHY Ha GO0KOBYI CTOPOHY.

HaignTe BbICOTbl TPeyrosibHUKa, Y KOTOPOro CTOPOHbl pPaBHbI
13 cm, 14 cm n 15 cm.
44

o 1
Hangute BbICOTY TpeyronbHMKa CO CTOpPOHamMu 272 » 1,83,
NpoBefeHHYK K CTOpPOHe 27



36.

37.
38.
39.

40.

41.

42.

43.

44.

45.

46.

47.

48.
49.

7 r'eomeTpus, 7—9 KA.

HainanTe HaMMEHbLIYK BbICOTY TPeyrosibHMKa COo CTOPOHaMMW:
1) 5, 5, 6; 2) 17, 65, 80 — 1 HanbonbWy BbICOTY TPEYrosbHUKa

CO cTOpoHamu: 3) 25, Z,L? 6; 4) 13, 3731/,20,, 47y1p,.

MyHKT 126

Halignte nnowapb Tpaneyuu, y KOTOPOW napansesibHble CTOPOHbI
60 cm n 20 cm, a HenapannenbHole — 13 ¢cm N 37 CMm.

B paBHOGOKON Tpaneuwun ocHoBaHMs paBHbl 10 cM n 24 cM, 60KO-
Bas CTOpoHa 25 cM. HaliauTe nnowagb Tpaneuuu.

B paBHO60OKOW Tpaneuuun 6ofbliee OCHOBaHWe paBHO 44 M, 60KO-
Basa cTopoHa 17 m u pguaroHans 39 m. HahguTe nnowagb Tpane-
Lumu.

JOKaXnTte, 4TO eCcin AgMaroHanm 4YeTblpexyroibHMKa NepecekarT-
cA, TO Naowafb YeTblpexyroibHMUKa paBHa MO/IOBMHE MpoOuU3Befe-
HUSA ero guaroHaneim Ha CUHYC yrna Mexay HUMM.

[JOoKaxXnTte, YTO Cpean BCex napannenorpaMmMoB C JaHHbIMW Auaro-
HanaAMM HaMboNbWY Nnaowagb MMeet pomo.

MyHKT 127
BoiBegnte cnegywouwme gopmynbl ans paguycos onucaHHon (K) u
BMMUCAHHOW (I) OKPY>XHOCTEW TpeyronbHUKa:

abc 25
R="—, [=oioiee ,
45 at+tb+c

roe a, b, ¢ — CTOpPOHbI TpeyrosibHMKa, a 8 — ero nJjouiaib.
Hangnte pagunycbl onucaHHoit (K) m BnmucaHHOW () OKPYXXHOCTeMN
AN TpeyrofbHMKa co ctopoHamu: 1) 13, 14, 15; 2) 15, 13, 4;
3) 35, 29, 8; 4) 4, 5, 7.

BokoBasf CTOpoHa paBHOOeApPEHHOro TpeyronbHMKa 6 CM, BbICOTA,
NpoBefeHHas K OCHOBaHW, 4 cM. HanauTe pagmyc onMcaHHOM OK-
PY>XHOCTH.

Hangute paguycbl OKPY>XHOCTEW, OMUCAHHOW OKOJI0O paBHOGefpeH-
HOro TpeyrosibHMKa ¢ OCHOBaHMEM a M GOKOBOW CTOPOHOW b 1 BNU-
CaHHOW B Hero.

Hangute paguyc r BnucaHHonm n paguyc K onmcaHHOW OKPYXXHOC-
Te fna paBHOGeLpPEHHOro TpeyrosbHWUKa ¢ OoCHoBaHMeM 10 cM U
OO0KOBOWN CTOpPOHOM 13 cM.

[loKaXunTte, 4To B MPSAMOYro/ibHOM TPeyrosibHWKe paguyc BMMCaH-
HOW OKPYXXHOCTW paBeH MOMIOBUHE PasHOCTM MeX[JYy CYMMOWN KaTe-
TOB M TUMNOTEHY30M.

KaTeTbl NPAMOYronbHOro TpeyronbHuUkKa pasHbl 40 cm N 42 cwMm.
Hangute paguycbl ONUCaHHOW M BMUCAHHON OKPY>XXHOCTEN.
JOoKaxunTte, 4To njaowiafb MHOroyrofibHMKa, ONMCaHHOT0 OKOM0 OK-
PY)XHOCTW, paBHa MONOBUHE MNPOW3BeLEHUA MNepumeTpa MHOrO-
YrofibHNUKa Ha paguyc OKPYXXHOCTH.
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58.

59.

60.

61.

62.

MyHKT 128

Uepe3 cepeiMHY BbICOThbl TPEYyrosibHMKa npo-
Be[leHa MeprneHANKYNsApHasa K Hell npsmas.
B KakoM OTHOLWIEHWW OHa AenuT nnouiagb
TpeyronbHuka?

Mpamada, nepneHAUKynapHasa BbiCOTe Tpe-
YronbHWUKa, AenuT ero naowagb nonosam.
Hangnte pacctodHume OT 3TON MpPAMOM [0
BEPLIMHbI TPeyronbHWKa, M3 KOTOPOW Mpo-
BefleHa BbICOTa, €C/IM OHa paBHa K.
[MepuMeTpbl NPaBUNbHBLIX N-YTONbHUKOB OT-
HOCATCA KaK a : b. Kak OTHOCATCA UX Nno-

wagn?

MyHKT 129

HaingnTe nnowagb Kpyra, ecnu fA/MHa OK-
py>XHocTn |I.

Hangute nnowajb KPYrosoro Kofbua
(puc. 309), 3aKAOYEHHOro Mexay [ABYMSA
OKPYXXHOCTAMW C OAHUM WU TEM XK€ LEeHTPOM
n paguycamun: 1) 4 cm n 6 cm; 2) 55 M u
6,5 m; 3) aunb a>hb

Bo CKOMbKO pas yBennyumTca naowaib Kpy-
ra, ecnim ero guameTp yBennynTb: 1) B 2 pa-
3a; 2) B 5 pa3; 3) B T pas?

Haingute oTHOWeEHMe Nnowaan Kpyra K nno-
waan BMMcCaHHOro B Hero: 1) kBajparta;
2) NpaBUNbLHOTO TPeyronbHUKa; 3) npasuib-
HOro LUEeCTUYrofibHUNKa.

Haingute oTHoWweHWe naowaan Kpyra, Bnu-
CaHHOTo B MpPaBU/IbHbIN TPeEyrofibHUK, K
nnowagn Kpyra, onMcaHHOro OKO/0 Hero.
Haingute oTHOWeHWe naowaan Kpyra, onu-
CaHHOro OKOM0 KBajgparta, K njaouwagnm Kpy-
ra, BMMCaHHOro B Hero.

Hangute nnowagb CeKTopa Kpyra paguyca
B, ecnn COOTBETCTBYHOLWMNIA 3TOMY CEKTOPY
LeHTpanbHbIn yron paeeH: 1) 40°; 2) 90°%
3) 150°; 4) 240°; 5) 300°; 6) 330°.

[aHa OKPYXHOCTb paaumyca B. HailguTe nnowiagb cekrtopa, COOT-

Puc- 309

Puc. 310

BETCTBYIOLLEro Ayre ¢ AIMHOW, paBHoW: 1) B; 2) I

HalgmTe nnouiagb KPYroBoro cermMeHTa C OCHOBaHuWeM an/3 W Bbl-

. a
coTonm 2 -

HaiouTe nnowaab TOW 4YacTu Kpyra, KoTopas pacrofioXeHa BHe
BMMUCAHHOro B Hero: 1) KBagpaTta; 2) NpaBWIbHOIO TPEYronbHUKA;
3) npaBWAbHOrO wWecTuyronbHuUka. Paguyc kpyra B (puc. 310).
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ONeMeHTbI CTEPEOMETPUM

130. AKCUOMBbI CTEpPeoOMEeTPUN

CTepeomeTpmna — 310 pasfen reomeTpun, B
KOTOPOM M3y4yarTca gurypbl B npocTpaHcTBe. B cTe-
peomMeTpnn TaK Xe, Kak U B MJaHUMETPUN, CBOCTBA
reomeTpuyeckmx puryp ycraHaBinMBarTCA NyTeM AOKa-
3aTeNbCTBa COOTBETCTBYHOLWMX TeopeM. OCHOBHbIMU (hu-
rypamm B MNMPOCTPaHCTBE ABAAKTCA TOYKW, NPAMbIE U
NOCKOCTW.

Cucrtema akKCMOM CTepeoMeTpun COCTOUT U3
akcuom nnaHumetTpuun I—IX n Tpex NPoCTPaHCTBEHHbIX
dKCNOM:

AKCNOMBI

Cx KakoBa 6bl HM 6bl/la MIOCKOCTb, CYLLLECTBYIOT TOY-

KW, MpuHagnaexauime 3TOoW MJOCKOCTU, U TOYKWU, He
npuHagnexawme en.

C2. Ecnn pgBe pasniMyHble MJIOCKOCTU UMEKT 06ulyto
TOUKY, TO OHUM MepeceKarTcsa N0 NPAMON, NPOXOAALLEN
yepes 3Ty TOYKY.

C3. Ecnu gBe pasnnMyHble nNpsamMble UMeT 00W Y TOu-

Ky, TO 4Hepe3 HNX MOXHO MPOBECTU MMOCKOCTb, N MpU-
TOM TOJ/IbKO OAHY.

MpuBesemM B KayecTBe Npumepa A0Ka3aTeNb-

CTBa [ABYX TeOpeM W3 CTEPeOMeTPuMU C UCNONb30BaHUEM
akcmom Cx, C2, C3.

Teopema

Uepe3 TpW TOYKW, He nexaline Ha OfHOW NPsIMON,

MO>XXHO MPOBECTN M/OCKOCTb.

[ oka3aTenbCcTBO.

Myctb A, B, C — paHHble TpU TOUYKMU
(puc. 311). lMposegem npsamble AB n AC (akcuoma 1).
Mpamble AB n AC pasnuyHbl, Tak Kak Toudkn A, B, C
He nexarT Ha ofHOW npsamoi. lNpoBegem yepes NpsaMble
AB un AC nnockocTb (akcuoma C3). OTa NAOCKOCTb MPo-

XoanT Yepes Touknm A, B, C, TaK KaK COAEpPXUT npa-
mble AB 1 AC. Teopema goKasaHa.

[9C/VH1bI
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Teopema

Ecnu gBe Touku I'IpFlMOI7I npuHagnexat MnaoCKoCTU, TO

BCA npAmMad npuHagne>xxuT njaocKoCTn.

JloKka3aTenbCTBO.

[MycTb a — paHHasa nnockoctb U A, B —
TOYKM MPAMOW, nNpuHagnexaume nJoCKoCTM a
(puc. 312). OTmeTum TOUKY C, He nexkawlyr B MA0CKO-
ctu a (akcuoma C!). lNposegem 4yepes Toukn A, B, C

NA0CKoCTb p. lnockocTu a u P nepecekakwTca no npa-
MOI, cofepxauiein Toukm A u b, a ata npamas efuH-
cTBeHHada (akcumoma 1). Ntak, npamada AB npuHagne-
XWT NNOCKOCTM a. Teopema [oKa3aHa.

[ANna BO3MOXHOCTU pelleHns MNpoCcTenmx
3afay CTepeoMeTpun Mbl AaguM OnpefeneHna OCHOBHbIX
MOHATWUIA CTepeOMeTPUN N NPUBELEM OCHOBHble TEOPEMbI
(6e3 goKa3zaTenbCcTBa).

131. [lapannenbHOCTb NPAMbBIX

N NNOCKOCTEN B NPOCTPaAHCTBE

[lBe npsamble B MPOCTPaAHCTBE Ha3blBaKTCA
napansenbHbIMU, €CIN OHW NeXaT B OA4HON MN0CKOCTU
N He nepecekatTca (puc. 313). MpAMble, KOTOpble He
nepecekarwTCAa U He nexarT B OAHOW NIOCKOCTWU, Hasbl-
BalOTCA CKpeLw,MBaroLWMMUCA.

Uepe3 TOYKY, He fieXaulyt Ha JaHHOW MPsAMOiA, MOX-
HO MPOBECTN MNPAMYI, NapanienbHy AaHHOW, U Mpu-
TOM TO/IbKO OfHY.

[Be npsMmble, napannesbHble TPETbEN NPAMON, Napan-
NeNbHbI.

[MpAmMaa U NNOCKOCTb B NMPOCTPaHCTBE Ha3sbl-
BalOTCA MapannesibHbIMW, €C/IN OHW HE MNeEpPeECEeKak TCA.

Mpamasa napannenbHa MJ0OCKOCTWU, ec/iM OHa napan-
nefibHa KaKoW-HMUOyab NPAMON, nexkauw,el B 3TOM MJi0-
ckoctn (puc. 314).

[1Be NMIOCKOCTN HasbliBakwTCA NapannenbHbl-
MW, €CIN OHWN HE MNMEepeceKarTCA.

Ecnun gBe napannesibHble NJIOCKOCTU NnepeceKarwTCcA Tpe-
Tbell MNJIOCKOCTbIO, TO MPsAMble MepecevyeHUs MNA0CKO-
CTeil napannensHbl (puc. 315). Yepe3 TouKy, He nexa-
LY B [AaHHOM MNJIOCKOCTM, MOXHO MPOBECTU napan-
NeNbHYI0 MJI0OCKOCTb, N MPUTOM TO/ILKO OAHY.
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OTpe3kn napannenbHblX NPAMbIX MeXAy na-

panniefibHbIMMU MAOCKOCTAMU paBHbl (puc. 316).

132.

3agayu

Toukn A, B, C n 1) He nexaTt B OHOMN MNOCKOCTU. [OKaxunTte, 4To
npamele AB n Cl) He nepecekarTCs.

MOXHO N 4Yepe3 TOUKY nepeceyeHUs ABYX AaHHbIX NPAMbIX MNpo-
BECTM TPETbIO MPAMYIO, He fieXxallyr ¢ HAMW B OAHOW MIOCKOCTU?
OO6bsACHNTE OTBET.

UeTblpe TOYKW He nexaT B OAHOW nnockocTu. Moryt num Kakue-
HNUOYAb TPW M3 HUX NeXaTb Ha O4HOW NpAMON? OOGBACHMTE OTBET.
Ookaxunte, uto ecnn npamble AB un Cl) ckpewimBaroumecs, TO
npaMmble AC n Bb ToXe ckpelwmparLmecs.

Yepe3 KOHLUbI oTpe3ka AB u ero cepegnHy M npoBefeHbl napan-
NenbHble NpAMble, Nepecekakwlne HEKOTOPYH MJOCKOCTb B TOYKax
Ax, Bxun Mr. Hangnte anuHy oTtpe3ka M Mr, ecnm otpe3ok AB He
nepecekaeT nNaockocTb u ecnu: 1) AAX= 5wm, BBX= 7 m; 2) AAl=
= 3,6 am, BBX= 4,8 am; 3) AA1= 8,3 cm, BBX= 4,1 cwm;
4) AAX= a, BBX=b.

Mpamble a U &He nexaTt B O4HON NJOCKOCTU. MOXHO nu npose-
CTU NpPAMYI C, NapannefnbHy npamMbiMm a n b?

OaH TpeyronbHuk ABC. TlnockocTb, napannenbHas npamoin AB,
nepecekaeT cTopoHy AC 3TOro TpeyrosbHMKa B TOYKe AX, a CTOpO-
Hy BC —B Touyke BXx. Hahgute panuHy oTpeska AXB, ecnu:
1) AB = 15 cm, AAX:AC=2:3; 2)AB = 8 cm, AAX:AXC=5:3;
3) BXC= 10 cm, AB : BC= 4:5; 4) AAX=a, AB = b AX=c.
JoKaXxunTte, UTo ecnu yeTbipe NpAMblie, NpoOXoAdAllMe 4yepe3 TOUKY
A, nepecekalwT NJIOCKOCTbL a B BeplMHax Mnapannenorpamma, TO
OHUM MepeceKalT NOOYH MNOCKOCTb, Mapanfie/ibHy0 a U He MpoXo-
AALWLYI0 Yyepe3 TOUYKY A, TOXe B BeplIMHax napannenorpamma.
[aHbl Tpu napannenbHble NAOCKOCTW a,, a2 ad [llycTtb XX, X2
X 3— TOYKM MepecevyeHns 3TUX MNAOCKOCTEW C NMPOU3BONLHOW Nps-
MOI. [OKaXWUTe, 4YTO OTHOLWEHWE ANUH OTPe3KoB X XX 2:X 2X 3 He

3aBUCUT OT NPSAMOWA, T. €. OMHAKOBO ANS NOOGLIX ABYX NPAMbIX.

MepneHANKYNAPHOCTb MPSAMbIX

N MNJIOCKOCTEN B MPOCTPaHCTBE
MpsaMble B MPOCTPAHCTBE Ha3blBalOTCA MNep-

MeHAUKYNSPHbIMKU, €CNMM OHW MepecekawTcs nog nps-
MbIM YF/IOM.

Ecnv npsAMble a U b NEPReHANKYNSPHbl U a1y bx — Me-

pecekarollMeca npsiMble, NapannesbHble NPAMbIM a U
b, TO OHM TOXe MepneHANKYNSPHbI.
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Mpaman, nepecekarow,as NA0OCKOCTb, Ha3bl-
BaeTCA MNepneHANKYNSPHOM 3TON NIOCKOCTWU, eCnu OHa
nepneHANKynsipHa N060i NPSAMON B NAOCKOCTU, NPOXO-
AAawen vyepes Touky ux nepeceveHunsa (puc. 317).

Mpaman, nepecekawuiasa MJA0OCKOCTb, Mep-
NeHANKY/ApPHa MA0CKOCTWU, ec/lin OHa MnepneHANKYNap-
Ha ABYM MNPAMbIM B MJIOCKOCTU, MPOXOAALMM Yyepes
TOUKY UX nepeceyeHuns (puc. 318).

Uepe3 KaXAayr TOUYKY MJIOCKOCTUM MOXXHO
NPOBeCTN NEPNEHANKYNAPHYIO el NpsMylo, U TONbKO
0fHY. Bce npsamble, neprneHANKYNSAPHbIE AaHHOW MJoc-
KOCTW, napannenbHbl (puc. 319).

MepneHANKYNAPOM, ONYLULEHHbIM W3 AaH-
HOW TOYKW Ha JaHHY MN0CKOCTb, Ha3blBaeTCs OTPe30K,
COEAMHAWMNA OaHHYH TOYKY C TOYKOM MNOCKOCTU WU
nexawui Ha NPAMON, NepneHAUKYNAPHON MJOCKOCTU.
KoHeu 3TOro oTpeska, nexawumin B MI0CKOCTU, Ha3blBa-
eTCqd OCHOBaHMeM neprneHAuKynsapa.

PaccTosaHMemM OT TO4YKM [0 MNJOCKOCTU Ha-
3blBaeTCA ANMHA NepneHAnKynsapa, onyweHHOro n3 aTou
TOYKM Ha MNOCKOCTb (cm. puc. 318).

Hak/oHHOW, NpoBeAeHHOMW M3 AaHHON TOYKMU
K [aHHOW NJOCKOCTKW, Ha3blBaeTca N060M OTpPe3oK, CO-
eAVNHALWMIA [aHHY TOYKY C TOYKOW MIOCKOCTKM, He
ABNAOWMNIACA MepneHANKYNApOM K NaockocTu. KoHey
OTpes3Ka, fiexawmin B NNOCKOCTM, HasblBaeTCsd OCHOBa-
HMEeM HaK/IoOHHOW. OTpe30K, COeAUHAKUWMA OCHOBaHUS
nepneHANKynspa v HaKNOHHOW, Ha3blBaeTCA MPOeKL e
HaknoHHon (puc. 320). Ha pucyHke AB — nepneHaun-
Kynap, AC — HaknoHHasa, BC — npoekyna HaK/IOHHOW.

Teopema (0 Tpex nepneHaukynapax)

Puc. 318

15.3

Ecnn npamas, npoBejeHHas Ha NJOCKOCTU Yepe3 OCHO-
BaHMe HaK/IOHHOW, nepneHANKYNspHa ee NPoeKunun, To
OHa NepreHAMKYNApHa U HaKNOHHOW. 1 obpaTHO, ecnu
npsamMasi Ha MJI0OCKOCTU MNeprneHANKYApHa HaK/IOHHOW,
TO OHa NepneHAUKYNAPHa W NPOEKUUN HAKJ/IOHHON
(puc. 321).

[lBe nepecekarouiMecs NNOCKOCTM Ha3blBa-

l0TCA MepneHAVKYNAPHbIMWU, eCc/lin NN0CKOCTb, MepneH-
ANKYNApHaa NPAMON MX nepeceyveHUs, nepecekaet AaH-
Hble TMJIOCKOCTM MO MNepneHAUKYNAPHbIM NPAMbIM
(puc. 322).
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Puc. 321

Ecnn npamas a nepneHAMKyndapHa naockKocTu a, a nno-
CKOCTb P npoxoguT 4yepes3 nNpsaAMylo a, TO MJOCKOCTM a
n P nepneHaunkynapHbol (puc. 323).

10.

11.

12.

13.

14.

15.

16.

3agayu

Mpavble AB, AC n All nonapHo nepneHaun-

KynapHbl. Hangnte otpesok CI1, ecnu:

1) AB =3 cm, BC = 7 cm, AO = 1,5 cwm;

2) BT 9 cm, BC = 16 cm, All = 5 cm;

3) AB b, BC=a, AB =

4) BMN = ¢, BC=a, AB =1i.

Yepes LLeHTP ONUCAHHOMW OKOJIO TPeyronbHMKa OKPY>XHOCTU MpoBe-
[leHa npamas, nepneHauKynapHasa MAOCKOCTU TpeyrosibHuKa. fo-
Ka)XMUTe, UTO Kax[das TOYKa 3TOW NPsSIMOA paBHOydaneHa OT Bep-
LWNH TPeyrosbHUKa.

Uepes BepwunHy A npamoyronbHuka ABCIT npoBefeHa npamas
AK, nepneHAWKynApHaa ero niocKOCTU. PacCToAHMA OT TOUKMU
K L0 Apyrux BepLlWH MPAMOYro/ibHUKa paBHbl 6 M, 7 M N 9 M.
Hangnte otpesok AK.

Uepes Toukn A 1 B npoBeaeHbl nNpamble, NepneHAnKynapHbie nno-
CKOCTW a, nepecekawwme ee B To4kax C u 1 COOTBETCTBEHHO.
Hangute pacctosHue mexpgy toukamm A n B, ecnm AC = 3 wm,
BlM=2wm, Cl1=2,4 m n otpe3ok AB He nepecekaeT MNJIOCKOCTb a.
BepxHune KOHLbI ABYX BEPTUKa/IbHO CTOSAWMX CTONOGOB, YAaneHHbIX
Ha paccTosiHue 3,4 M, COefWHEHbl NMepekKnaguHoOn. BbicoTa 0aHOro
ctonba 5,8 m, a gpyroro — 3,9 M. Hangute onnHy nepeknaguHbl.
Touka A HaxoAuUTCA Ha pacCTOAHUW a OT BepLUH PaBHOCTOPOHHE-
ro TpeyrosbHMKa CO CTOPOHOM a. Halnaute paccTosiHUEe OT TOYUKMU
A [0 NNOCKOCTN TPeyrosibHuKa.

PaccTtodHua OT TOYkM A [0 BeplIMH KBajpaTa paBHbl a. Haingute
paccTosHMe OT TOYKM A [0 NNOCKOCTU KBagparta, €Cnu CTOpPOHa
KBajpaTta paBHa b.

]O0O AKMHIbI
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133. MHoOrorpaHHuKu

[ABYyrpaHHbIM Yr/si0M Ha3blBaeTCs reomMeTpu-
yeckas (urypa, Kotopas COCTOMT M3 ABYX MONYMNJI0CKO-
CTeil Cc obulelt orpaHMumBaroLWwen nx nNpsmon — pebpom
yrna. 3a mepy [ABYrpaHHOro yrjia npuHUMaeTca Mepa
MIOCKOro yrna, KOTOPbI MOJiyyaeTcs B MepecevyeHunu
ABYTPaHHOIO yrfia njoCKOCTbio, NeprneHanKYISapHON pe-
opy (puc. 324).

MHororpaHHbIM yrfioM Ha3sblBaeTCcs (puUrypa,
KoTopasa COCTOWUT M3 MocnefoBaTe/lbHO COeAUMHEHHbIX
NNOCKUX Yrnos ¢ obuien BepwnHoim. CTOPOHbI NIOCKUX
YrN0B MHOTOrpaHHOro yrsa HasblBalOTCHA ero pebpamu.

B cTepeomeTpun un3y4yaroTcsd reometrpuye-
CKMe Tena, orpaHUYeHHble KOHEYHbIM YWUC/IOM MNOCKUX
MHOFOYro/flbHUKOB, — MHOrorpaHHuUKW. MpocTenwnmm
Cpean HUX ABNAKTCA NPU3Mbl U Nupamugbl. dagum on-
pefeneHNs 3TUX MHOrorpaHHMKOB.

Mpunsma.

MycTb a n al — [ABe napannenbHble Noc-

KOCTU M P NNOCKWIA MHOFOYrofbHUK B MNAOCKOCTU a.
MpoBegeM uYepe3 MPOU3BOMbHYH TOYKY X MHOFOYro/ib-
HUKa P npamyto, nepneHAMKYNspHYO nnockocTu. OHa
OyaeT nepneHANMKYNsapHa U MJOCKOCTM ap U nepecever

ee B HEKOTOpoil Touke X X. [eomeTpuyeckoe Teno, obpa-
30BaHHOe BCeMM oTpe3kamm X X Ha3blBaeTCA MPAMOWA

npusmMoli (puc. 325). MoOBEPXHOCTb NPAMON NPU3Mbl CO-
CTOMT U3 MHOrOyronbHuka P B MMOCKOCTW a, pPaBHOrO
eMy MHOFOyrofbHMKa B NJOCKOCTWM a, — OCHOBaHWIA

NPU3Mbl, U MNPAMOYTO/NbHUKOB, MNOCKOCTU KOTOPbIX
nepneHAnKYNapHbl MAOCKOCTAM OCHOBAHW MPU3Mbl a
M a,, a CTOPOHbI, COeANHAIOLLNE BEPLINHbI MHOTOYTrO/b-

HUKOB P n P p paBHbl. OHM Ha3blBalOTCA OGOKOBbIMWU pe-

6pamu npu3mMbl. BbicoTol Npu3Mbl HasbiBaeTCs paccTo-
SSHUE MeXAY NNOCKOCTAMU OCHOBaHMWIA.

MpaAmas npuama Ha3blBaeTCs MpPaBU/IbHOMN,
ec/n y Hee OCHOBaHWS — MpaBU/IbHbIE MHOTOYTO/IbHUKNA.

CeueHus NpAMOl NpMU3Mbl NIOCKOCTSAMM, Na-
pannenbHbIMW OCHOBAHWUSIM MPU3Mbl, ABNSOTCA MHOTO-
YronbHUKaMmn, paBHbIMU OCHOBAHMAM Npu3Mbl. CeyeHuns
NpsiMO/  NpPWU3Mbl  NNOCKOCTAMMW, MNepneHANKYNap-
HbIMW OCHOBAHMAM MPU3Mbl, SBAAKTCSA NPAMOYrO/bHU-
KaMu. B yacTHOCTWM, NPsSIMOYronbHUKaMKU SBASAOTCS
AnaroHanbHble CEYeHUS.

MpsaAmas npuama HasblBaeTca napannenenu-
neaom, ecnM y Hee OCHOBaHMA — mMapannenorpaMmmbl
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(puc. 326). Ecnn e OCHOBaHMSA NPU3Mbl — TMPAMO-
YIrONIbHUKW, TO OHa Ha3blBaeTCcA MNPAMOYrosibHbIM MNa-
pannenenunegoM. Y MpsaAMOYrofisHOro napansenenune-
fa BCe TpaHW — nNpPAMOYronbHUKW. LOnuHbl pebep
NPAMOYro/ibHOro napanfenenunega, cxogdawmecs B 0of4-
HO BepLIMWHE, Ha3blBAlOTCA JIMHEAHBLIMN pasMepamwu
napannenenunega. MNMpamoyronbHbIA napannenenuneq,
Yy KOTOpPOro BCe /INHEWHble pa3mepbl PaBHbl, Ha3blBAeT-
cAa Kybom. Takmum obpa3om, y Kyba Bce pebpa paBHbI, a
rpaHn — KBajgparhbl.

MNMupamunpa.

dagum onpepeneHue nupamuibl. Iyctb P —
MNOCKMI MHOTOYroibHWK B MJIOCKOCTM a U 5 — TOuKa,
He nexawasd B naockoctn a. CoeMHUM MPOU3BOJIbHYIO
TOYKYy X MHOroyrosbHuka P ¢ Toukoih 8.

[feomeTpuyeckoe Tesio, COCTaB/IeHHOe U3
TOYEK BCeEX OTpe3koB X 8, Ha3blBaeTcd NuUpamuniomn
(puc. 327). NMoBepPXHOCTb 3TOr0 Tena COCTOUT M3 MHOrO-
yronbHukKka P — ocHOBaHUA nupamugbl — U OGOKOBbIX
rpaHen, npeacTaBNAlWNMX COBON TPeyrosibHUKKU C 06-
e BepwWMHON 8 — BeplIMHOW nupamugbl. OTpesku,
COeVHAN L ME BEPLIMHY NMUPaMUAbl C BEPLIMHAMWN OCHO-
BaHWA, Ha3blBalOTCA 60KOBbIMU pebpamu. BbicoToin nu-
paMubl Ha3blBAaeTCA MEPNeHAUKYNAP, OMYLLeHHbIA U3
BEPWWHbI NMMPaMUAbl Ha MNOCKOCTb OCHOBAHMA, a Tak-
Xe ANnHa 3Toro nepneHaukynsapa. Nupamunpa HasbiBa-
eTcAa NnpaBW/IbHOW, ec/in ee OCHOBaHWEe eCTb MpaBU/b-
HblA MHOTOYTO/IbHWUK, & OCHOBaHWEM BbICOTbI NMUpamugbl
ABNAETCA LUEHTP 3TOr0 MHOrOYrofibHMKa. TpeyrosbHas
nupamMmuga HasbiBaeTcad TeTpasgpom (puc. 328). Ho
4aCTO Ha3blBalOT TeTpPasfgpoM TPeyrosibHyK nupamuay,
y KOTOpoi Bce pebpa paBHbl (MpaBuUbHbIA TeTpasap).

CeyeHuaMU nupamupibl NAOCKOCTAMMU, na-
panfiefibHbIMY OCHOBAHWIO, ABNAKTCA MHOTOYTONbHUKMA,
Nofo6HbIe OCHOBAHUAM nupamuiabl. CevyeHUs nupamupbl
MNOCKOCTAMU, NPOXOLAAWMMN Yepe3 BepLIMHbI NupamMm-
Abl, ABNAKTCA TPeyroibHUKamu.

[MnockocTb, napannenbHas OCHOBAHWUK MNU-
pamnibl, paccekaet nupammay Ha yvactm (puc. 329). Ta
N3 HUX, KOTOpas COAEPXWUT BEPLIMHY nupamnpibl, npea-
cTaBnseT cobol nupammuay, nogobHyw ucxogHon. Apy-
ras 4yacTb HasblBaeTCH yCeYeHHOW nupamungon. Moeepx-
HOCTb YCEYEHHOW nupamuibl COCTOMT M3 OCHOBAHWN —
NOoAO6GHLIX MHOTOYro/fibHMKOB B MapanienbHblX MJOCKO-
CTAX — M OOKOBOW MOBEPXHOCTU, COCTaBNEHHON N3 Tpa-
Neunmin. YceyeHHada nupamupa, Kotopas noayyaerca u3
NpaBMUNbHON, TakXe Ha3blBaeTCs NpaBu/ibHOW. BbicOTOW
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YCEYEeHHOW MupamMmupabl Ha3blBAETCHA PacCTOAHWE MeXAay
MNOCKOCTAMWN OCHOBAHWUMN.

B cTepeomeTpun BBOAMUTCA MOHATUE 06beMa
ANnA reomeTpuyecknx Ten. CHavana paccmaTpuBaroTCcs
npocTble Tena, Tena, gonyckawuwune pasbueHne Ha Ko-
HEeYHOe 4YMCNO TPeyronibHbiX nupamug. O6beMbl TakuXx
Ten onpegenawTCca crefyvwmmm  TpeboBaHUAMM:
1) paBHble Tefna MMeKT paBHble 00beMbl, 2) eCnu Teno
npeAcTaB/ieHO KakK o6beAnHeHWe ABYX MPOCTbIX Ten, TO
006beM BCero Tena paBeH CymMMe OOBLEMOB €ro 4acTem,
3) 0b6bem kyba C NUHENHbBIMW pasmepamMu, PaBHbIMU
eAVUHNLe, paBeH eauHuue. N3 3TUX CBOMNCTB obbema
MPOCTbIX TeN nonyvarkTcsa cnegytowmne Gopmynbl:

1. O6beM NMPAMOYrosibHOro Napasnsenenuneia ¢ ANHen-
HbIMWU pasMepaMu a, b, c: V = abec.

2. O6bem N60M NPU3Mbl paBeH MPOU3BEAEHUIO NJO-
LagM OCHOBAHWSA Ha BbICOTY MPU3MBbI.

3. ObbeM nupamufbl paBeH OA4HOW TPeTU Npou3Befe-
HMA naowagn OCHOBaHMA Ha BbICOTY NMuUpamujbl.

4. O6beM yCeYEHHON nupamMmunibl paBeH PasHOCTU 00b-
eMOB MOJIHOW nupamMuibl U O0TCeKaeMoin OT Hee Mopo6-
HO nMupamunpbl.

5. Ob6bemMbl NOAOOHBIX Te/T OTHOCATCA KakK Kybbl MX CO-
OTBETCTBYHOLWMX IMHENHbIX Pa3mMepoB.

3agauu

17. W3 Touek A n b, nexawmnx B rpaHax ABYrpaHHoro yrna, onyue-
Hbl nepneHaukynapel AA1 n BB1 Ha pebpo yrna. Hawngute:
1) oTpe3ok AB, ecnim AAX=a, BBX=b, ABB1l=cCc u [gByrpaHHbli
Yron paBeH a; 2) ABYrpaHHbIn yron a, ecnm AAr= 3, BB1l=4,
AB1=6, Ab = 7.

18. B npamMoW TPeyrosibHOM NpuM3amMe CTOPOHbI OCHOBaHWSA pPaBHbI
10 cm, 17 cm n 21 cm, aBbicoTa npusmbl 18 cM. Haingute nno-
Waib CeyeHUsa, NpPoBefeHHOro 4yepe3 60OKOBOe PebPO M MeHbLUYHO
BbICOTY OCHOBaHUA.

19. B npaBuibHOW 4YeTbipexyrosibHOW Npu3Me nnaouwafb OCHOBaHUA
144 cm2, a BbicoTa 14 cM. Haigute guaroHanb Npu3sMbl.

20. B npsaAmoi TpeyronbHoOi npu3ame Bce pebpa paBHbl. BokoBasd no-
BEPXHOCTb paBHa 12 M2, Haigute BbICOTY.

21. Tlo cTOpOHe ocHOBaHMA a U 60KOBOMY pebpy b HaWguTe MOMHYIO
MOBEPXHOCTb MPaBWNbHOW NPU3Mbl: 1) TPeyronbHOW; 2) YeTblpex-
Yro/fibHOW; 3) LWEeCTUYro/ibHON.

22. Y napannenenunega Tpu rpaHu MmeroT naowaan 1 M2, 2 m2u

3 M2. Yemy paBHa nonHad NOBepXHOCTb napannenenunena?
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23.

24,

25.
26.

27.

28.

29.

30.

31.

32.

33.
34.
35.

36.

37.

B npamom napannenenunefe CTOPOHbl OCHOBaHUA 3 ¢cM U 5 cm, a
oAHa M3 AnaroHanei ocHoBaHua 4 cMm. Hangute 60nbly Anaro-
Hanb Mapannenenunega, 3Has, 4YTO MeHblUas AMaroHanb obpasyer

C MNNOCKOCTbK OCHOBaHuMA yron 60°.
Haligute gnaroHanu npamMoro napanfnenenunega, y KOTOpOro Kax-

noe pebpo paBHO a, a Yron ocHoBaHusA paBeH 60°.

Haingnte noBepxXHOCTb MPSAMOYrO/fIbHOr0 napannefnenunega rno Tpem
ero msmepeHunam: 10 cm, 22 cm, 16 cwm.

AnaroHanun Tpex rpaHen NpsAMOYrofibHOro napannenenunega, cxo-
AAwmecs B OAHOW BeplIMHe, paBHbl a, b, c. Haingute nuHenHble
pasmMmepbl napannenenunega.

OcHoBaHMe nupamugbl — NPAMOYTO/IbHUK CO CTOPOHaMW 6 CM U
8 cMm. Kaxpoe 60koBoe pebpo nupamupibl paBHo 13 cMm. Bbluncnu-
Te BbICOTY NMUpaMmupbl.

OcHOoBaHMe nupamuabl — napannenorpaMmmMm, y KOTOPOro CTOPOHbI
3CM 1K 7cMm, aogHa U3 anaroHanen 6 cMm; BbicOTa NUpaMuabl Npo-
XOAUT 4epe3 TOUKY TMepecevyeHWa p[uaroHanen, oHa paBHa
4 cm. Hanpgnte 60KoBOe pebpo nupamupbl.

Y 4YeTblpexyrosbHOW YCeYeHHON nupaMmuabl CTOPOHbI OAHOIO
OCHOBaHuA paBHbl 6, 7, 8, 9 cM, a MeHbLIAasA CTOPOHa Apyroro oc-
HoBaHWA paBHa 5 cM. HanWguTe ocTanbHble CTOPOHbI 3TOrO
OCHOBaHUA.

BbicoTta nupamupbl paBHa 16 M. [llnowafb OCHOBaHWA paBHa
512 mM2. Ha KakKOM pacCcTOAHMUW OT OCHOBAHWA HaxXoAUTCA CeyeHwue,

napannenbHoe emy, ecin nnowagb cedyeHus 50 m2?

Mo gaHHO CTOpPOHe OCHOBaHMA a U 60KOBOMY pebpy b Hangute
BbICOTY NpPaBWU/NbHOW nupamupbl: 1) TPeyronbHoW; 2) 4eTbipex-
YrofibHOW; 3) WecTUyronbHOM.

BbicoTa npaBU/ibHOW YeTblPeXyrosbHON yCeYeHHOW NupaMmuibl pas-
Ha 4 cM. CTOpPOHbI OCHOBaHWn paBHbl 2 cM U 8 cM. HanguTe nno-
Waan AuaroHanbHbIX CEYeHUil.

Tpun natyHHbIX Kyb6a ¢ pebpamn 3 cM, 4 cM U 5 cM nepennase-
Hbl B 0AMH Ky6. Kakoe pebpo y atoro kKyb6a?

Ecnn kaxpoe pebpo kyba yBennyuntb Ha 1 M, TO ero obvem yBe-
nnuutca B 125 pa3. Hangute pebpo.

N3mepeHna npamoyronbHoro 6pycka 3 cMm, 4 cm, 5 cm. Ecnm yBe-
NNYNTbL KaXkgoe pebpo Ha X CaHTUMETPOB, TO MOBEPXHOCTb YBE/N-

ynTcsa Ha 54 cm2. Kak yBennumtca o6bem?

B npamom napannenenunene CTOPOHbI OCHOBaHUA 272 CM U
5 cm o6pa3ytT yron 45°. MeHbllad AnaroHanb napannenenunega
paBHa 7 cM. Haigute ero o6bem.

OcHoBaHMe NpAMOro napannenenunega — pom6, naowajb KOTOpo-

ro 1 m2. MNnowaan AnaroHanbHbIX cevyeHUn 3 M2 n 6 M2 Hangu-
Te 06beM napannenenunepa.

YHTbI
cTepeomMeTpun



38. TI1o cTOpOHe ocHOBaHUA a u 6OKOBOMY pebpy b Haingute obbvem npa-
BUNbHOW nNpu3Mbl: 1) TpeyrosbHOW; 2) 4YeTblIpPeXYrosbHOW;
3) WeCTUYronbHOM.

39. [AwnaroHanb MNpaBWU/IbHOW YeTblpexyrosisHOM nNpusmbl paBHa 3,5 cm,
a funaroHanb 60koBOW rpaHu 2,5 cm. Haingute o6beM NpusMbl.

40. CeyeHue XenesHOAOPOXKHOWN HacbiNX MMeeT BUA Tpaneynunm ¢ HUXK-
HUM OCHOBaHWeM 14 M, BepXHuMM 8 M u BbicOTOM 3,2 M. Hangn-
Te, CKOJIbKO KYOMYECKUX MeTpPOB 3eM/IN MPUXOAUTCA Ha 1 KM Ha-
CbIMu.

41. Tlo cTOpOHe OCHOBaHWUA a U GOKOBOMY pebpy b HalnauTe 06bLeM npa-
BUNbHON Nupamuabl: 1) TpeyronbHON; 2) YeTblpexyrosibHONi; 3) we-
CTUYTONbHOIA.

42. bBokoBble pebpa TpeyrosibHOM NUpaMuabl B3aMMHO MepneHanKynsap-
Hbl, Kaaoe paBHO b Haiaute o6bem nupamupbl.

43. HangnTte 06beM yCeYEHHOW NUpaMuAbl C NAowagsimMmum OCHOBaHWMIA

> (?2) n BbicoTon Jl.

44, Yepe3 cepefUHY BbICOTHI MUpamMmubl NpoBegeHa Na0OCKOCTb, napan-
nenbHas OCHOBaHWIO. B KakOM OTHOWEHWM OHa AennT 06bem nu-
pamunabl?

134. Tena BpaLllieHnd

Teno Bpal,eHNa — 3T0 reomeTpuyeckas Qpu-
rypa, KOTOpyk OMUCbIBaeT njaockad qurypa npu Bpa-
LLeHUN ee OKOMO OCU, fieXallein B MAOCKOCTU PUTypbI.
MpocTenW MK TenaMmu BpaweHUs ABNAKTCA UUNUHAP,
KOHyCc u wap (puc. 330). LUunnHap onucbiBaeT npamMmo-
YrO/IbHUK MPW BpalleHMn ero OKOM0 CTOPOHbI KaK OCwu.
KoHyC onucbiBaeT MPAMOYrO/ibHbIA TPEyronbHUK Npu
BpalleHUN ero OKOM0 KaTteTa Kak ocu. LWap nony4aet-
CA NpW BpawieHUn NoNyKpyra OTHOCUTENbHO AMameTpa.

[MoBEPXHOCTb UNANHAPA COCTOUT N3 PaBHbIX
KPYyros B napannenbHbIX NJOCKOCTAX — OCHOBAHUM LK-
nMHApa — M OGOKOBOW MOBEPXHOCTU. MPAMONUHENHbIE
OTpe3kn Ha 6GOKOBOW MOBEPXHOCTWM UWMAMHApPaA napan-
nefibHbl OCWM LWUNWHAPA M Ha3blBalOTCA 06pasyrolwumu
unnumHgpa. Bce oHM napanfiienbHbl U UMEKT LNAUNHY,
paBHYK BbicoTe uunmHapa. CeyeHua UUANHAPA NJoC-
KOCTAMMW, napanfiefbHbIMM OCHOBaHUAM, SABAAKTCH
Kpyramu, paBHbIMW Kpyram OCHOBaHWi. CeyeHus LK-
NNHAPa NAOCKOCTAMW, napanfiefibHbiIMW OCuU, — npa-
MOYTO/IbHUKW.

Mpu3ma Ha3biBaeTCA BMNMCAHHON B LMINHAP,
ec/in ee OCHOBAHWUA BMMUCAHbl B OKPYXXHOCTWU OCHOBaHW
unnuHapa. Npusma HasbiBaeTCqd OMUCAHHOW OKOMO LK-
NUHAPa, eCnv ee 0CHOBAaHWS ONUCaHbl OKONO OCHOBAHUW 5 ,. 33
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umnuHapa. PagMycom uUuAMHApPa HasblBaeTca pagunyc
Kpyra B OCHOBaHWW UWINHAPA.

O6beM UMNMHApPa HaAXOAUTCA U3 CPaBHEHUS
ero ¢ 06bLeMOM BMUCAHHOW W ONUCAHHOW npuaMm. [Mpw
3TOM nonyvaetcsd ¢opmyna gnsa ob6bema UMInHApa:

Y= nKH,

roe nE2 — nnouwaib OCHOBaHUSA UMAMHApa, a H — Bbl-
coTa. BOKOBasi MOBEPXHOCTb LMAMHAPA BblYMCASETCA MO

hopmyne
8= 2nEH,

roe 2nE — gnvHa OKPYXXHOCTW OCHOBAHMS LUIWHAPA,
a H — BbIcoTa.

[MOBEPXHOCTb KOHYCa COCTOUT U3 Kpyra B
OCHOBaHMKN KOHyca U G6OKOBOW MOBEPXHOCTWU. MMpsaAMOIn-
HelHble OTPe3KM Ha 60KOBOW MOBEPXHOCTW KOHYycCa, CO-
eANHAOUME BEPLINHY KOHYyCa C TOYKAMWU OKPY>XHOCTHU
OCHOBaHMA, HasblBalTCA obpasyrouwmmnm koHyca. Ceuve-
HMe KOHYyca MJ0CKOCTbIO, MapansefsibHOMN OCHOBaHWUIO,
ecTb Kpyr. CeyeHume MNNOCKOCTb, NPoOXoAsilienh 4epes
BEPLIMHY, €CTb TPEyronbHUK. BbICOTOW KOHYCa Ha3blBa-
eTca nepneHAnKynap, onyweHHbIW U3 BEPLUIUHbI KOHY-
ca Ha OCHOBaHWue.

MnockocTb, napanfiefilbHas OCHOBAHWK KO-
Hyca, paccekaeT KOHYC Ha ABe yacTu. OfHa U3 HUX, CO-
Aepxauias BeplWMHY, eCTb KOHYC, NOAOOHbLIN MCXOAHO-
My. [pyras 4yacTb Ha3blBaeTCH YCEYEHHbIM KOHYCOM
(pnc. 331).

O6bemM KoHycCa BbluMcnseTca no opmyne

Y =\nB.H,

roe nE2 — nnouwaab OCHOBaHMA KOHYyca, a H —BbicOTa
KOHyca. lMnouwaab 60KOBOI NMOBEPXHOCTM KOHYycCa

8 = nEl,
roe E — pagumyc OocCHOBaHMSi KOHyca, a ! — panuHa
obpasytollein KoHyca.

O6bEM YyCEUYEHHOr0 KOHYyCa BblYMCNSeTCS Kak
pa3HOCTb 06bEMOB MOMIHOFO KOHYCa M OTCEKAEMOWN 4acTu.
AHanornyHo nnowaab 60KOBOVW MOBEPXHOCTM YCEYEHHO-
ro KOHyCa BblYMCNSETCSA KaK Pa3HOCTb GOKOBbIX MOBEPX-
HOCTeli MOMHOro KOHYyCa M OTCEKAaeMOW 4acTu.

N3 onpepeneHns wapa Kak Tena Bpale-
HWA, NONYy4YaemMoro Npu BpalleHWM MNONYKpyra OKOMO
AnameTpa Kak oOcCu, CneflyeT, yYTo BCe TOYKM Llapa Ha-
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XOLATCA Ha paccToAHWMK, He 6oNblIeM pajnyca, OT LeH-
Tpa. A TOYKM MNOBEPXHOCTM Lapa — cpepbl — Haxo-
AATCA Ha pPacCTOAHUKW, paBHOM pajuycy, OT LeHTpa.

CeueHue wapa M0G0 NNOCKOCTLIO €CTb KPYT.
Ero ueHTpom ABNAeTCA OCHOBaHWe nepneHAuKynapa, ony-
LLeHHOro U3 LeHTpa Wapa Ha CeKyL Yyl MJOCKOCTb.

[Mpu Bpal,eHMM NONYKpPYyra OKOM0 AnameTpa
AB KakK ocu nmonykpyr onucbiBaeT wap pagnyca K, pas-
HblA pagnycy nonykpyra (puc. 332). Npu 3TOM NJOCKUNA
Yyron a ONucbiBaeT LWApPOBOM CEKTOP, a MOJIyCerMeHT
Kpyra AOC onucbiBaeT WwapoBoil cerMeHT BbicoToil AO.
Ayra nonykpyra AC onucblBaeT cpepuyecKnii CerMeHT. Puc-. 332

Ona onpepeneHns nnowagein n o06LEMOB UC-
NoNb3ylTCA cnegytowne popmybl.

Mnowaab cpepbl paguyca A: 8 =4nK2
Mnowanb chepuyeckoro cermeHta pagumyca K n BbICO-
Tl H: 8 = 2nKH.

O6bbvem wapa: V = ﬂ-m‘/’lq.

O6bem WapoBoro cekrtopa: V = E, nK2H.

roe H — BbicOTa COOTBETCTBYHOLLIETO CPEPUUECKOTO Cer-
MeHTa.

3agayu

45. Paguyc ocCHOBaHUA uunuHgpa 2 M, BbicoTa 3 M. Hangute guaro-
Ha/lb OCEBOro cevyeHus.

46. BbicoTa umMnuHgpa 6 cm, paguyc ocHoBaHua 5 cm. Haingute nno-
waib CeYeHns, NpoBefeHHOro napansiesbHO OCUM UuUanHApa Ha pac-
CTOAHUN 4 CM OT Hee.

47. Pagunyc ocHoBaHMA KOHyca 3 M, BbicoTa 4 M. Halgute obpa3syto-
LLYHO.

48. Pagauyc ocHoBaHuA KoHyca A. OceBbIM CeUYeHUEM ABNAETCA NPAMO-
YrO/IbHbIA TPeyrofibHUK. Hangute ero nnowagb.

49. KOHYyC nepeceyeH NNOCKOCTbO, MapasnfefibHOM OCHOBaHMIO, Ha pac-
CTOSHMM W OT BeplMHbl. Haingnte nnowafib Ce4YeHus, ecnu pagu-
yC OCHOBaHuA KoHyca K, a BbicoTa H.

50. BbicoTa KoHyca H. Ha Kakom paccToaHWM OT BepLUMHbI HaJo Npo-
BECTW MJIOCKOCTb, NapanienbHyl OCHOBaHWI, 4TOObLI naouwagb ce-
4yeHUA Oblna paBHa MOMOBUHE MNAoOWAaAM OCHOBaHWUA?

51. Paaunycbl OCHOBaHWM YyCeYeHHOro KoHyca 3 M M 6 M, BbicOTa
4 M. Hangnte ob6pasyroLLyto.

52. Paaunycbl OCHOBaHWIA YyCEYEHHOro KoHyca 3 AM M 7 Am, obpasyto-
waa 5 am. Hangute nnowafb OCEBOro CeYeHMS.
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53.
54.

95.

56.

S7.

58.

59.

60.
61.

62.

63.
64.

65.

66.

67.
68.

Wap, pagnyc kotoporo 41 gm, nepeceyeH MIOCKOCTbH Ha paccTo-
AHUM 9 AM OT uUeHTpa. Hangute nnowanb cevyeHus.

Uepe3 cepenHy pagnyca wapa npoBefeHa nepneHanKynapHas emy
nnockocTb. Kak oTHOCUTCA niowanb NOJIYYEHHOro ceyeHusa K Nno-
waan o6onbworo kpyra? (bonbwWKUM KPYrom HasblBaeTCA Ce4vyeHue
lapa MJOCKOCTbIO, NMPOXOAALLEe Yyepe3 ero LeHTp.)

LLlap paguyca E BnucaH B yCeYeHHbIN KOHYC. YTO/ Hakl0Ha obpa-
3yHOLen K NJOCKOCTM HWXXHEro OCHOBaHWA KOHyca paBeH a. Hai-
OVUTe paguycbl OCHOBAHMI M 060pasylollyld YCEYEHHOro KO-
Hyca.

Bo CKONbKO pa3 Hajgo YBe/NNMYUTb BbICOTY LUWAMHAPA, HE MEHAA ero
OCHOBaHMe, 4ToObl 00bEM yBenuuuaca B n pas3? Bo CKONbKo pas
Hafo YBeNUUYUTb pajnyc OCHOBaHUA LUNUHAPaE, HE MeHAs BbICOTY,
4yTO6bl 06BEM YyBeENUYUICA B N pas?

B umnnHpap BnucaHa npaBubHaa TpeyrosbHaa npusma, a B npus-
My BMucaH uunnHap. HanguTte OoTHOWeEHWEe 0O6BLEMOB LUIMHAPOB.

OceBbIM CeyeHMeM KOHYyca fABNSAeTCA paBHOOeApPEeHHbIW NPAMOYTO/ib-
HblA TPeyrosibHUK, naowagb Kotoporo 9 M2 Haingute o6bem Ko-
Hyca.

CTor ceHa uMeeT @QOpMy UMAMHAPA C KOHWYECKUM BEPXOM.
Pagunyc ero ocHosaHus 2,5 M, BbicoTa 4 M, NMpuyem LUIUHA-
puyeckaa 4yacTb CTOra MMeeT BbiCOTY 2,2 M. [1NOTHOCTbL CeHa

0,03 r/cm3. Onpegennte mMaccy ctora ceHa.

PaBHOCTOPOHHMWIA TPeyrofibHWK BpallaeTcs BOKPYr CBOeW CTOpO-
Hbl a. HailanTte 06beM MONYyYeHHOro Tena BpalleHUs.

Paguycbl OCHOBaHM yceyeHHOro koHyca K u r, o6pasytouas

HaK/MOHeHa K M/JIOCKOCTU OCHOBaHMA nof yrnom 45°, Hangute o6b-
em.

Cocyp nmeet opmy nonywapa paguyca K, LONONHEHHOTO LUANHA-
poMm. Kakoi BbICOTbl AO/MKHA ObITb LWANHAPMYECKAA 4YacTb, 4YTO-
6bl cocyn umen o6bem VI

[M10CKOCTb, MepneHANKYNsapHasa AnameTpy wapa, AefIMT ero Ha 4ya-
ctm 3 ¢cM 1 9 cM. Ha Kakme 4yactm fenutca obvem wapa?

Yemy paBeH 06beM LWIAPOBOro CeKTOpa, eciv pagumyc OKPY>KHOCTU
ero ocHosaHua 60 cm, a paguyc wapa 75 cm?

Kpyroson cektop ¢ yrnom 30° 1 paguycom E BpauiaeTcs 0K0Mo of-
HOro u3 60KOBbIX paguycoB. Hangute o06beM MNOMAYYEHHOTO
Tena.

[MoBEpPXHOCTM ABYX LWIAPOB OTHOCATCA KaK T : n. Kak oTHocATCA
NX 06bLEMBbI?

B umnmHape nnowiagb 0OCHOBaHMUA paBHa A, a naowajb OCeBOro ce-
yeHna M. Uemy paBHa MmosiHas MOBEPXHOCTb UuMnnHAapa?
KoHycoob6pa3Has nanaTtka BbICOTOW 3,5 M C AuamMeTpOM OCHOBaHUS
4 M NOoKpbiTa napycuHoin. CKOMbKO KBafpaTHbIX MeTPOB Mapycu-
Hbl NMOLWINO Ha MnanaTtky?

(Tl
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OTBeTbl U yKa3aHuUsa K 3ajga4vyam

8 1. 4. Yepe3 [Be TOUYKM MOXXHO TMPOBECTU TOMILKO OAHY NPAMYIO.

8 2.

8§ 3.

8§ 4.

7. 1) 6 cm; 2) 7,7 gm; 3) 18,1 m. 10. He npuHagnexut. 11. He
moxeT. 12. He moryTt. 13. He moryt. 14. 0,5 M uam 5,9 wm.
15. 1) AC =9 wm, BC =6 mM; 2) AC =10 m, BC = 5 m; 3) AC =
=BC =75 wm; 4 AC =6 m BC = 9 m. 18. 1), 4), 6) lNMepeceka-
et; 2), 3), 5) He nepecekaeT. 19. 6 oTpe3kosB. 24. 1) 110°
2) 119°; 3) 179°. 25. 2), 3) He moxet. 26. 1) A(ac) = 45°,
A(bc) = 15° 2) A(ac) = 40°, A(bc) = 20° 3) A(ac) = A(bc) =
= 30°, 4) A(ac) =24°, A{bc) = 36°. 29. He cyuiecTByerT.
31. 1) 1,2 wm; 2) 2,4cm. 33. 11 cm.34. 100°. 36. PA = 5 cm,
AK = 6 cm, PK = 7 cm. 37. AA = 40°, AB = 60°, AC = 80°.
39. B AABC AB =5 cm, BC = 6 cm, AC = 7 cm. 40. Cyulect-
ByeT. 42. Henb3da. 43. He moxeT. 49. 2) Yka3aHue. CoegnHun-
Te 0Tpe3koM Touykn A M C M BOCNOMb3YNTECb YTBEPXKAEHUEM
3agaum 49, 1). 51. 1) Cm. peweHune 3agaunm 30 B TekcTe; 2) npo-
BeAMTe 4yepe3 TOUKY A npAMY, OTAIMYHYK OT a.

1. 150°,135°, 120°, 90°. 2. 1), 2) He wmoryTt; 3) MOryT.
4. 1) 105° wn 75° 2)110° n70° 3) 45° u 135° 4) 90° n 90°.
5. 180°, 90°, 120°. 6. 1) 72° n 108° 2) 54° n 126°, 3) 55° u
125°; 4) 88° un 92°. 7. 150°, 150°, 30°. 8. 130°. 10. 144° n 36°.
11. 65° n 115°. 12. Bce yrnbl npamble. 15. 1) 15°;, 2) 26°;
3) 86°. 16. 1) 120°; 2) 150°, 3) 178°. 18. Yka3aHue. Cropo-
Hbl yrna nexaT B pas3HbIX MOMYMNOCKOCTAX OTHOCUTENbHO MNpf-
MO, 4acTbld KOTOpOW ABNAeTCA [AaHHbIA nyd. 19. 90°.
20. YKa3aHue. Bocnonb3yintecb pesynbtatom 3agayuum 19 wu
Teopemon 2.3. 21. 1) 155°; 2) 135° 3) 105°. 22. YKa3aHue.
Bocnonb3yintecb Teopemon 1.1. 23. 1) 20°, 2) 60°; 3) 90°.
24. A(alb) = 120°, A(arc) = 150°, A(bc) = 30°. 25. 1) 1107
2) 175°; 3) 170°; 4) 130°. 26. 1) He npoxoguT; 2) He MOXeT.

7. YKa3aHwune [poannte meauaHbl Ha ux pgauHy. 9. 0,3 wm.
10. 3,5 m. 11. 1) 3,2 ™M, 6,2 ™M, 6,2 ™M; 2) 7,2 ™, 4,2 ™, 4,2 wm.
22. Y Ka3aHune. Bocnonb3ynTecb CBOWCTBOM MeAuaHbl B paB-
HobelpeHHOM TpeyronbHukKe. 25. 3) YkaszaHwue. [llpoagnute
buccektpucy BB Ha ee gnuHy. 27. 15 m. 30. YKa3zaHue. Boc-
Nonb3ynTecb yTBepxpaeHuem 3agayunm 29. 39. YkaszaHue. [lpo-
ANUTe MeAuaHbl Ha UX ANUHY.

5. Yrnel ABIC1w NCIB1 v yrnel BBIC1 n CCB" BHYTpeHHUe of-
HOCTOpOHHMe, a yrnel ABIC1+w CCIB1 v« yrnel BB1C1 m ACIBB1

BHYTpeHHMe HakpecT nexawmue. 7. ¥Yrnol BCA n BBC BHYTpeH-
Hue HakpecT nexauine, yrnel CAB u BBA BHYyTpeHHUe OLHOCTO-

OTwunbl ©n
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85.

pOHHMe. 14. 1) 105° wu 75° 2) 75°. 15. Tpu yrna no 72° Kax-

Abl M yeTblpe yrna no 108° kaxpablh. 16. He MOXerT.

18. 1) 100°; 2) 65°; 3) 35° 4) 35° 19. 1) 30° 60° 90° 2) 40°
60°, 80°; 3) 45°, 60°, 75°, 4) 48°, 60°, 72° 5) 50°,60° 70°.
20. He moxet. 21. He moxert. 22. 1) 100°, 2) 70°, 3) 36°.
23. 1) 50°; 2) 30°; 3) 75°. 24. 40°, 40°. 25. 70° n 40° vnn 55° un
55°. 27. 1) 80°, 80°, 20°; 2) 70°, 70°, 40°, 3) gBa yrna pasHbl

120°--8-a u oanmH y a - 60° 29. 1) 105°; 2) 180° (a + 0);
3) 155°; 4) 9OB+ﬁ". 31. 90°. 32. 110°, 35°, 35°.33. 60°,

30° n 90°. 34. 110°. 36. Touka A. 38. 60°. 39. AJl =

AE = 45-, ANNBE = AB + A . 40. 140°, 10°. 41. 1) 20°;

2) 65° 3) a. 42. Yrnel AABJ1: AA = a, AO=90° AB =90°- a;
yrnel ACBJ/1: ANl = 90°, AB = a + P - 90°, AC = 180°- a - p.
44. 90°, 45°, 45°. 45. ANl = 90°, AB = 60°, AA = 30°. 46. 150°.
47. 90°,

1. YKa3aHue OTNOXUTE Ha Ny4ye OTPe30K, pPaBHbIN pagunycy.

2. YKasaHune. Cwm. 3agayy 1. 5. 1) 60°, 2) 120°. 7. He mo-
xet. 9. 30°. 10. 60° n 120°. 11. 70 cm, 10 cm. 12. He moOryr.

13. 1) He moryT; 2) He moryT. 14. 2) YKasaHue. Bocnosb-
3yWTecb [A0Ka3aTe/NlbCTBOM OT MPOTUBHOro. 15. 2) YKa3aHMue.

Bocnonb3ynTecb JOKa3aTenbCTBOM OT MPOTMBHOro. 3) Y Ka3sa-
Hue. [LOKaXuTe CHayasna, 4To 06wWAasf TOYKa [AaHHbIX OKPYX-
HOCTEN NeXWUT Ha NPSAMON, NPOXOoAsAWEen 4epes WUX UEHTPHI.

16. 2) YKa3zaHue. Bocnonb3yintecb AoKa3aTeNbCTBOM OT Mpo-
TUBHOro. 18. Y Ka3aHue. Bocnonb3yitecb yTBEPXAEHUEM 3a-
faum 16, 1). 28. Yka3zaHune. HayHWTe C MNOCTPOEHMS paBHO-
CTOPOHHEro TpeyronbHuka. 32. YKa3aHue. B nckomom Tpe-
Yro/ibHNUKe NpoagnnTe MefmaHy Ha ee OAMHY. 36. Y KasaHue.

CMm. 3apauvy 35. 37. YKas3aHue. Cwm. 3apayy 35. 38. Y Ka-
3aHne. Cwm. 3apgayy 35. 39. YKaszaHune. HayHuTe Cc nocrtpoe-
HMA BbICOTbl. 41. Y Kka3aHune. Cm. 3apgayy 50 § 4. 42. Y Ka-
3aHune. Cm. 3agauyy 41. 46. YKa3zaHue. [locTpoiiTe CHaua-
na TPeyrosbHWK, Yy KOTOPOro ojHa CTOPOHA paBHa 3afjaHHOW CTO-
pPOHE MCKOMOTO TpeyrojfibHUKa, Apyras CTOpoHa — CyMMe [ABYX
APYTUX €ro CTOPOH W Yron Mexay HUMW paBeH 3aflaHHOMY Yyrny.

47. Y Ka3aHune. Bocnonb3yintecb ykazaHuem K npeabigylien
3afjaye C TOW pasHULEN, 4YTO BMECTO CYMMbl ABYX CTOPOH WCKO-
MOro TpPeyrosbHMKa Hago B3ATb UX pasHocTb. 48. CM. ykasaHue
K 3afjadye 46. 50. YKa3aHue. CBeauTe pelleHne 3agaym K npe-
AblAyuied, MOCTPOUB BCNOMOTaTesibHYH OKPYXHOCTb, KOHLEH-

ONKH'TbI 1"
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8 6.

8 7.

TPUYHYO OAHOW M3 AaHHbIX, C paguMyCcoM, paBHbIM CyMMe MW pas-
HOCTW PafinyCcoB AaHHbIX OKPY>XHOCTEA.

3. Tpn. 4. 10 m.6. 3cm mna4 cm. 7. BC=A0=4,8 wm.
8. AO=15 cm, CB= 10cm. 9. AB = AO = 150°,AC = 30°.
10. 3 cm. 11. 40°, 140°, 140°. 12. 115° u 65°. 13. He moryrT.
14. 60°, 60°, 120°, 120°. 15. 1) 40°, 40°, 140°, 140°; 2) 50°, 50°,
130°, 130°; 3) 80°, 80°, 100°, 100°. 16. 1) 55°, 55°, 125°, 125°
2) 35°, 35° 145°,  145°; 3) 20°, 20°, 160°,  160°.
19. BE = 9 cm, CE = 6 cM. YKa3aHue. J[JoKaxuTte, 4To
NABE paBHO0GeApeHHbI ¢ ocHoBaHuem AE. 20. 0,6 m u 0,8 m.
21. AB = BB = 11 m, AO = 0,8 m. 28. 60 cm. 29. 10 cm M
18 cm. 30. 12 cm, 20 cm. 31. 12 cm. 32. 10 cm n 25 cm unn
7,5 cm n 18,75 cm. 35. 80° mu 100°. 37. 60° n 120°. 41. 4 wm.
43. 2 M. 44. 2 m. 45. 4 m, 8 m. 46. 1 m. 47. 10 cm. 50. 4 cm,
5 cm, 6 cm. 51. 6 cm. 52. 6 cM, 5 cm, 5 cM. 56. 5 M, 6 M.
57. a + b. 59. 3¢, 4 m61. 70°n 110°.62. 1,7 m. 63. 24 cwm,
36 cm. 64. 60° n120°.65. 15mM.66. 3 cm. 67. 4 ™M, 6 M.
68. 2,2 M. 69. 9 cm m 5 cm. 70. a. 71. YKa3zaHue. [locTponi-
Te CHayana TPeyrosibHWK, [Be CTOPOHbl KOTOPOro paBHbl 60KO-
BbIM CTOpOHam Tpaneyummnm, a TpeTbd — pPasHOCTM OCHOBaHMUN.
72. YKa3aHwue. [locTpoinTe cHayana TPeyronbHUK, [Be CTOPO-
Hbl KOTOPOro paBHblI AWaroHanam Tpaneuunn, a TpeTbd — CYyMMe
ee OCHOBaHM. 73. Y Kka3zaHwue. [llocTponTe cHayana OTpPe30K

X — , , BOCMOMb30BABLINCH pelleHnem 3ajauu 6.1.

2. 1) 5, 2) V2 «1,4; 3) U6l ~7,8. 3. 1) 4; 2) 12; 3) n/1I~3,3.

4. 5 M uamm V? M ~ 2,6 m. 5. He moryt. 6. 1) 5 cm; 2) 17 awm;

a —
3) 6,5 m. 7. 109 cm. 8. ~r*9. Henb3d. 10. \7 m ~ 2,6 m.

12. MoryT. 13. — . 15. Y Ka3aHue. T[locTpoinTe cHayana

a+b \a- H o
OTpPE3KN :_I-/I_ n a:—é—. Tor,u,a MCKOMbIN OTpPE3OK

X =V*2- h2. 16. V116 m ~ 10,8 m. 18. 90°. 20. Y Ka3aHwue.

CoegnMHUTe O4HY M3 TOYEK C BEPLWINHON TPeyrosibHUKA OTPe3KOM
M BOCMOJMb3YNTECb pe3ynbTatom 3agaum 19. 22. Y KkasaHue.
Bocnonb3yntecb pesynbtatom 3agayunm 21. 26. He moxert. 27. 2 m.
28. YKa3aHue. lMpoagnnte meanaHy Ha ee gnmHy. 31. 2) Yk a -
3aHuNe. CBeaute pelleHne 3TOW 3afjaynm K npeabliaywen cornac-
HO pucyHky 165, 6. 32. He moryt. 34. B - 1, B + <1 Y Ka3a-
Hue. Bocnonb3yiiTecb HepaBeHCTBOM TpeyronbHUKa. 35. 1 + B,

OTBETHLI U
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8 8.

M- B. YKazaHue. Bocnonb3yiTecb HepaBeHCTBOM TPeYyrofib-
HuKa. 36. He moryT. 37. He moryTt. 38. YKa3zaHune. CpaBHU-
Te pacCTosHue MeXAy LeHTpaMu OKPYXXHOCTEW C UX pagumycamu.
39. He moryT. 41. YKa3aHue. [laHHble ynucna yLoBneTBops-
T ycnosuam 3agaum 40. 42. 1), 3), 4) Henb3d; 2) MOXHO.
43. Bocnonb3ynTecb pesynbTatom 3agaum 41. 44. 10 cm, 6 cwm.
o o a a
45. 90° — a, aco3 a, a3T a. 46. 90° - a, -— ' 373
49. 1) 31 16°= 0,2756, co3 16°= 0,9613; 2) 317 24°36'= 0,4163,
co3 24°36'= 0,9092; 3) 31 70°32'= 0,9428, co3 70°32'= 0,3333;
4) 31 88°49' = 0,9998, co3 88°49' = 0,0206. 50. 1) x = 1%
2) x = 30°6"; 3) x =47°3"; 4) x = 86°9\ 51. 1) 10° = 0,1763;
2) bé 40°40'= 0,8591; 3) be 50°30'= 1,213; 4) 1% 70°15'= 2,785.
52. 1) * = 17°53"; 2) x = 38°7"; 3) x = 80°46'; 4) x = 83°50"
53. 31°25"; 31°25" 117°10"; 23,8 M. 54. 34°10' n 55°50". 55. 51°,
56. 116°16' n 63°44'. 57. 29°52' n 150°8'. 58. 12 m, 45°14',

59. 60°16'. 60. 61. 1) a) 5; 36°52" 53°8"; 6) 41; 12°41";

77°19'; B) 29; 43°36'; 46°24'; r) 61; 10°23"; 79°37'; 2) a) 12;
22°37'; 67°23'; 06) 24;16°16"; 73°44'; B)15;28°4";, 61°56"; r) 13;
81°12'; 8°48" 3) a)70°;, 0,68; 1,88;6) 39°40'; 3,08; 2,55;
B) 19°24' 7,55; 2,66; r) 13°39' 15,55; 3,78; 4) a) 59°33"; 5,92;
5,10; 6) 49°12'; 7,65; 5,79; B) 29°25"; 8,04; 3,95; r) 22°; 9,71;
3,64. 62. 1) co32a; 2) 372a; 3) 2; 4) 312a; 7) 1, 8) 3T 2a;

9 1 + béea. 63. 1) 81ta =-U-, léa="-; 2) 3Ta =-"-,

8 4 4 3
ea=Mr’>»~ 8na = 0,8; a=—.64. 1) <coza=—a=—;
2) cos3a=-"-béa="~; 3)co3a = 0,6, 18ra=-|-. 66. a”"
67. r=—"4-, B=— . 68. 29 cm nnn 882 cm ~ 29,7 cwm.

2Y3 \3
69. (>/3-1) ~ 0,732 w; 0 ~ 0,517 m. 70. 60° n 120°.

71. 60°, 60°, 120° 120°. 72. 1), 6) a; 2), 3), 4), 5) p. 73. BC.
74. AA.

3. 2. 4. 3.5 (2; 0). 6. (0; 3). 7. Npamaa, napanfenbHas ocu y.
8. [OBe npamble x = 3 1 X = -3. 10. MNMonoxutenoHyt. 11. 4; 3.
12. 1) (3; 2); 2) (-1; 3); 3) (3; 1). 13. 1) (-2; 3); 2) (3; -5);
3) (-4; 4). 16. (0; 1), (-2; 0), (-2; 1). 17. AB = 5, AC = 10,
BC = 5. 18. Touka B. 20. (3; 3) n (15; 15). 23. (3; 4), (-4; 3),

011 OTBETHl M
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(0; 5). 24. (5; 12) n (5; -12);(5; -12)m (-5; -12). 25. x2 +
+(y - 3)2 =13. 26. (x + 4)2 +(y - 3)2 25. 27. (-2; 0) nam
(4; 0). 28. (*- D2+ (y - 2)2=4. 29. (x + 3)2+ (y - 4)2= 25.
31. O; 1) m (“y?*y)- 32. (7; 0)wm (1; 0). 36. 1) x+y- 5=0;

2) 3* + 10y - 2 =0; 3) x + 6y + 13 = 0. 37. x =0,y =0,
X+2y-4=0.38.a=b=y. 39.1) (-3; 00 un (0;,—|); 2) (4; 0) n

(0; 3); 3) (-2; 0) m (0; 3); 4) (2,5; 0) m (0; -5). 40. 1) (1; -2); 2)
(2; 4); 3) (0,5; -2). 41. YKaszaHunue. Hangnte Touky nepe-
CeYeHMa [ABYX MPAMbIX WU MNPOBEPbTE, NIEXUT NN OHA Ha TPeTbeu

npamoun. 42. (2; -y). 43. 1) n 6), 2) n 3), 4) n 5). 45 x = 2.

46. y =3. 47. 3x-2y =0. 48. 1) *="y; 2) &= -"-; 3) &=-|;
4) K = 2. 49. 1) 45°; 2) 60°;, 3) 30°. 50. 2) (0; 1) n (-1; 0);

. AY . 1 _ _ * L1
3) (0; 1) m 00 H-); 4) (o; !) u KT+1> A +1 51* MN°PHA
Masi KacaeTcda OKPYXHOCTM npu Cc = = , nepecekaeT ee

npn < JV2 n He nepecekaet npn > 42 . YKa3zaHue. lpa-
Mas, KacawLl,adca OKPY>XHOCTWU, UMeeT C Hel eAUHCTBEHHYI 06-
WY TOYKY, T. €. KOPHM COOTBETCTBYHLIEro KBagpaTHOro ypas-

V?
HeHWa [OO/DKHbI coBnafjaTtb. 52. 3w 120 = , coe 120 = - —1

1e120°=-n/3 ; eT 135°=-"~r, coe 135°= — 16 135° = -1;

eT 150°=-y, coe 150e:-—5~, bé 150e - }?33. eT 160° =

0,3420, coe 40° = 0,7660, 1€ 40° = 0,8391; 2) eT 14°36"' =
0,2521, coe 14°36'= 0,9677, 1é 14°36'= 0,2605; 3) eT 70°20'=
0,9417, coe 70°20' = 0,3365, 1é 70°20' = 2,798; 4) eT 30°16'=
0,5040, coe 30°16' = 0,8637, be 30°16' = 0,5836; 5) eT 130°=
0,7660, coe 130°=-0,6428, 1é 130°=-1,192; 6) eT 150°30'=
0,4924, coe 150°30' = -0,8704, bé 150°30' = -0,5658.
5. ~ 132" nnn 168°28";, < ~ 134°26'; o3 ~ 158°12".

O I 1 1mn

56. 1) et a = eTa=-"yN, 1l&a=2"; 2) BTa=y |,

lean=-43 ; 3 eta=-—, a=149 3Ta=—1,1#a=—

OTBeTHl M
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8 9.

§10.

57. 1) coe a = 0,8, 1l&a=-|-; 2) coea=- 2" — ;

3) coea=——, le a = -1 wmm coea=—, 1c a = 1
\2 \2

5 12
58. 3Ta=——, coea=-—. 61. YKaszaHue. PaccmoTpure

CHayana cnydan, korga ob6a yrna a u P octpble. 62. CM. yKa3sa-
HMe K 3ajade 61.

2. B kBagpaT. 4. YKa3aHue. locTpoilTe nocneaoBsatenbHoO Bep-
WwuHel C, N n E paBHOCTOPOHHUX TpeyronbHukos ABC, ACII,
ATE. Toyka E wnckomasa. 7. He moxeT. 9. YKa3aHue. Bep-
LWWNHbI JAHHOIO0 YeTbipexyrosibHUKa nepexoaaTr Npu CUMMETPUN
OTHOCUTENIbHO €ero LueHTpa B BepwuHbl. 10. Y KasaHMUe.
Bocnonb3yintecb CUMMETPUE OTHOCUTENbHO [aHHOW TOUYKMU.
11. 1) OTpesok;2) yron; 3) TpeyronbHuk. 14. 1) (-3; -4);
2) (3; 4); 3) (3; -4).19. Tpu. 24. YKka3aHue. Bocnonbayn-
TeCb CMMMETPMEN OTHOCUTEeNnbHO npsmon b. 28. (1; -1), (2; -1),
(1; 1). 29. 1) a=b=2;2)a=-3, b=28;, 3) a=>b-=
31. 1) He cyuwectByet; 2) cyuwectsyeT. 34. OagMHaKoBO Hanpas-
neHHole nyun: AB un MNC, Al n BC, CIT n BA, TIA n CB. Tpo-
TUBOMOJIOXXHO HanpasnieHHble nyun: AB n CI1, BC un T1A, TI1C u
BA, All n CB.

1. AB, AC, BC oanHakoBO HanpaBneHbl, BA n KaXAablil U3 BeK-
TopoB AB, AC n BC npoTvBONOMNOXHO HamnpasneHbl. 4. X2, 4),
(-1; 2) m (cz cd. 5. 1 = 12, n = x7. 8. 1) c (-3; 4), Id = 5
2) ¢ (6; 8), \c\.* 10MHKO._ 1) cM(5; -12)M\c\ =13; 2) ¢ (-6; 8),

Il = 10. 12. AB =a—b, ClNl = b —a. 14.2) YKas3aHue.

MocTtponte JTABC, y kotoporo AB = a, BC = & Torga AC =

= a+ & 15, \ 19. c(-6; -8), \c\ = 10. 20. 1) i-’z\; 2) *£1;
3

3y . 23.AB =\ (0o + &), CIN = -~~(0o + b), CB =

= -y (b - a), All = -y (a - b). 25. a n c, b nu n. BekTopbl a

W C O4MHAKOBO Hanpas/ieHbl, a b U I NMPOTMBOMOJIOXHO Hanpas-
NeHbl. 26. T = 2. 27. X= -1, y4 = 0. 28. YKa3aHue. Boc-

nonb3yntecb Teopemoin 10.3. 29. 90°. 30. . YKa3zaHune.
lat+b|2= (a+b)2 31. 30°. 32. coe A=0,6, coe B = 0, coe C=0,8.

33. AA = 30°, AB = 60°, AC = 90°. 35. T=-\. 36. X= -1.

OTO OTHATHLl U
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§ 11.

§ 12.

39. Ta=~"2{b2+c2)-a2, m=\"2(a2+c)-b2,

T C= G'\Z(a2+b2)- c2. 40. YKka3aHue. Bocnonb3yntecb 3a-

payein 38. 45. EAMHMYHbIE BEKTOPbl a, C U N, BekTopbl a K <

— na+ xXb
KonnuHeapHol. 46. e (0,6; 0,8). 47. 2, -3. 48. 1) OX= +" |

5. TpeyronbHuk. 6. AA = 30°, ArBr= 15 M. 8. YKa3aHune.
[MocTporTe CHayana Kakyw-HMOYyAb OKPYXHOCTb, KacarLlyrCH
CTOPOH yrna, W BOCNOJb3yWATeCb FrOMOTETMENW OTHOCUTENIbHO Bep-
WWHbl yrna. 9. YkasaHue. Bocnonb3yintecb romortetuen or-
HOCUTENbHO OAHOW W3 BeplWWUH TpeyronbHmka. 11. 13,6 cwm.
12. AC = 4 m, BrCr = 14 m. 13. AC = 24 cm, AXCX = 18 cm,
5A=15 cm. 16. yy-. 17. y-. 18. 4 cm. 19. 20. 1) 14 cwm;

2) 6 am. 22. T :n. 23. n : T. 24. AC = 18 M. YKasaHue.
TpeyronbHukn ACI u CBA nofgo6Hbl. 25. T : n. 26. 15 cm;

18 cm. 27. 4,5 cm. 29. o . 30. AlIC1=12 m, AC = 3 wm.

32. Ab = 180° - 2AAYAE = 180° - 2”B, AP = 180° - 2AC.
34. MopobHbl. 35. 1) Aa; 2) pa; 3) Her. 37. 1 m, 2 M, 2,5 M.
38. 6,5 M, 55 m. 39. 1) Mogo6HbI; 2) He nNogo6Hbl. 40. 15 cMm,

20 cm, 25 cm. 41. 21 cm. 43. T2 : n2. 44. ~ 42 m. 45. &

o+cC
46. Y Ka3zaHue. [llpoBeante 4yepe3 TO4yKy B npamyro, napan-
nenbHyt npamon NMC. 47. Y Ka3zaHune. Bocnonb3yintecb npe-
Ablgyulen 3apadein. 48. 1) 300° m 60°; 2) 230° m 130° 3) 190°
n 170°. 49. 5 cm. 50. 30° mnm 150°. 52. YKka3aHune. Cwm. 3a-
pady 51. 54. a nnm 180° - a. 55. 50°. 56. YKas3aHue. fo-
Ka)MUTe cHayana, 4To MNMpoTuMBONeXallne BepLUHbl BMUCAHHOTO
YeTbIpeEXYTroJibHMKA JfieXaT Mo pa3Hble CTOPOHbl OT MPAMOW, Mpo-
xopAawen 4epes [Be [Apyrve nMpoTUBONeXalime BepLlUMHBI.
60. YKa3aHue. Bocrnonb3yntecb ABYyMA npeablaywimMmmn 3agada-
MWU. 63. ~ 225,8 KM. Y Ka3daHune. Cm. 3agauy 62. 64. ~ 82,7 KM.

1. vy, y. 2. n/13 wvnn Y109 wm. 4. y Yc2+ih2+ 2ciicosa .

5. Ma2+b2+ 2abcoBa. 6. 2,25 m, 3,75 M. 8. 1%’\ M, 26 My

1TO g VHS 9N YLy fp, 222, S8,

OTBEeTH U
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§ 13.

12715

1 M. 11. CtopoHa AB yBenumumsaetca. 12. He MOXeT.

35 __ ACs8Ire aBTas3Tp

oapr 10 AB= 8m|qa+p')*16' X= Sr(a-p) 18. CtopoHa AB
Hanbonbwasa, ctopoHa BC HammeHbwasd. 19. Yron B Hanbonb-
wun, yron C HaumeHbwwuin. 20. bokoBasa CTOpOHa 6O/bLUE.
24. YKkaszaHune. lNpognnte meamnany C!) 3a Touky b Ha ee anu-
Hy. 25. YKa3aHune. Bocnonb3yintecb CBOWCTBOM MEPMNEHANKY-
nspa WU HaKMNOHHbIX, MPOBEAEHHbIX K MPSAMON M3 OQHON TOYKM,
N YTBEPXAEHMEM Mpeablgywen 3agayu.

14.

26. 1 a = 105°, b~ 2,59, c ~ 3,66
2 Y= 45°, b~ 17,9, c ™~ 14,6
3 a =20°, b~ 65,8, c ~ 88,6
4 y =119°, a 16,7, c 24,8
5 Y= 68°, a ~ 13,6, b~ 11,2
27. 1 a ~ 79°, P~ 41°, c ~ 10,6
2 a ~ 11°, p~ 39°, c ~ 28;
3 P~ 27°, Yy ~ 58°, a~ 19,9
4 P~ 21°, y 15°, a 22,9
5 a ~ 16°, y~ 12°, b 534
6 a ~ 130°, y ~ 35°, b 8,09.
28. 1 ¢ ~ 8,69, p =~ 21° y 39%
2 ¢~ 19,6, p ~ 13°% y 29°
3 ¢c- 22,3, p~ 6°, y 10°%
4 pelweHNa He UMEET;
5 c« 11,4, a 42°, y 108°
mnn ¢ ~ 2,49, p~ 138°, y 12°
29. 1 a ~ 29°, p = 47°, y 104°;
2 a ~ 54°, p~ 13°, y 113°;
3 a ~ 34°, p ~ 44°, y 102°
4 a ~ 39°, P 93°, y 48°;
5 a ~ 15°, P~ 11°, y 154°;
6 a ~ 136°, p 15°, y 29°

2. Kr + K2+ &> Kr - K2 ~ Jl. 6. He moxet. 8 -~ n(n - 1).

10. 36°, 72°, 108°, 144°. 12. 1) 8; 2) 12. 13. 1) 10 cTopoOH;
2) 15 ctopoH. 14. Y Ka3aHue. Y 3Toro /r-yrofibHMKa BCe CTO-
POHbI paBHbI, BCe Yrnbl paBHbl. 15. Y Ka3aHue. Y 3T0oro
/r-yronbHUKa BCe CTOPOHblI paBHbl, BCe Yrnbl pasBHbl. 18. ¥ Ka -
3aHune. Bblpasnte oba paguyca yepes CTOPOHY TpPeyrosibHUKA.

19. a][Y* YkasaHwue. Haingute paguyc OKPYXHOCTH.

OTneThbl K
YKU.WHUM K .wOayum



§ 14.

20. 21/6 Om. 21. 272 cm. 22. n/[3 cm. 24. YKa3aHune. Boc-

NoNb3yiNTecb TeopeMoOil KOCMHYCOB. 25. Y Ka3aHwue. CHavana
C nomowblo 3agaum 29 8§ 11 HamgmTe cTOpOoHY 10-yronbHuKa,

a 3aTteM MO TeopemMe KOCWMHYCOB — CTOPOHY 5-yrofibHMKa.
« » = 26. 27.
b 2 aB 2bH
28. 0~ - «29. ... ~r. 30. YKaszaHune. Bnuwute
14B2-a 2 M4B2+b2
E1r2

CHayana npaBWbHbIA LWECTUYTONbHUK. 32. 1 « 33. a : b
34. 1) 62,8 m; 2) 94,2 m. 35. 6,28 mm. 36. - 3,06. YKa3sa-

Hue. Bocnonb3ylhtecb pesynbTatom 3agaym 23. 37. - 3,11.

YKaszaHwune. Bocnonb3yinTecb pe3ynbTaTtoM  3agayun 24,

38. -6366,2 kKm. 39. -6,3 cm. 40. 1) = ; 2) * 5 3) —.
2+\3 1+Y?2 3

YKaszaHue. LIeHTpbl Kpyros ABnAwTCA BeplwMHaMW NpaBUNb-

Horo /r-yronbHuka. 41. 1) B (3 + 2713); 2) B (1 + JI'I"); 3) B.
YKkaszaHue. LeHTpbl Kpyros #ABNAKTCA BepwMHAMU NpaBUlb-

HOoro /r-yronbHuka. 42. —351,9 m/muH. 43. 1) -y cm; 2) -z CM;
3) -N- cm; 4) cm. 44. 1) 120°; 2) 90°; 3) 72°; 4) 60°;

5) 240°; 6) 270°. 45. 31". 46. 1) - 0,79 m; 2) - 0,52 wm;
3) —2,09 m;4) —0,80 m; 5) —1,06 m; 6) —2,63 m. 47.1)

9} — ﬂo§32;[?>_ YkaszaHue. [Io Xxopae U COOTBETCTBYIO-
2\2 3y3
ulemMy LUEeHTpanbHOMY Yray HaliiuTe paguyc OKPYXHOCTU.

31 ryrl 3Ys3l .
48. 1)**» 2) ——; 3) 2n ’ Y Ka3zaHwue. Hangute cHauva-

na pagumyc OKpyXXHoctu. 49. 1) . 2) i 3) . 51. 1) 90°;
2) 45°; 3) 22,5°; 4) 150°; 5) 70°;, 6) 240°.

1. YkKasaHue. [MpumeHuTe Teopemy I[lndgaropa. 2. —180 wm.

a2
3. 8= 4. B 2 pasa. 5. lMnowapab ysBennumtca B 9 pas.

6. B 5pa3. 7. 8 m, 18 m. 8. 12 gm, 25 am. 9. 30°. 10. KBag-
pat. 11. 200 cm2. 12. 202,8 cm2. 14. VIx*cm. 17. 4800 m2

O7I/C OTBeThHbl "
YKU.WHNUA K .WwOnYum



§ 15.

18. - 19. 6 cm. 21. “H4E. *22.43,13,2;‘ 23. 600 cm2
24. 55 cm, 48 cm. 25. AC = 90°. 26. 0,47 m2. 27. 5,64 m2

28. °24UBa 8InP . 30. 1) 84; 2) 12; 3) 288; 4) 10; 5) 252°..
281l1(@ + p) 13’

6) 1,4. 31. (p~a)p- b)(p- ¢). 32. 1) 24 cm; 2) 24 cm.

33. 13,44 cm. 34. 12 cm; 11,2 cm; oy cm. 35. 1,344, 36. 1) 4,
2) 7,2; 3) 4,8; 4) 37. 480 cm2. 38. 408 cm2. 39. 540 m2

43. ) B="-, 1 =4;,2) A=-"-, 1= 15, 3) B="-, 1=-|;

4) B=-U=, r=— . 44, 45 cm. 45 B = ,
41/6 2 1/4b2-a 2
r=—Mn-28a . 46. A= 7 CM, cM. 47. YKa3aHue.
2'Y2+a 24 3

Bocnonb3yintecb CBOMCTBOM KacaTe/lbHbIX, MPOBEAEHHbIX W3 OAHOW
TOYKM K OKpyXHocTum. 48. E =29 cm, 1 = 12 cm. 50. 1 : 4.

51. 52. a2 : b2.53. 54. 1) 20 acm2, 2) 128 m2
Y2 4n

3) a(a2-b2. 55. 1) B 4 pa3a; 2) B 25 pa3; 3) B T2pas3. 56. 1) -y;
~N—=r"

2) L 3) 313 57. _41. 58. 2. 59. 1)3 o 22_) A

3) W ) K s) AT 6) Y so. 1) 2 D)y

61. 62. 1) 2)

3) (a-~)4a 2

2. MoxHo. 5. 1) 6 m; 2) 4,2 am; 3) 6,2 cm; 4) atb . 6. Henb-

39. 7. 1) 5 ¢cm; 2) 3 ¢cm; 3) 8 cm; 4) A . 9. YKasaHune.
CpaBHMUTEe OTHOLLUEHWEe OTPe3KOB ABYX MPOU3BOJSIbHbLIX MPAMbIX.
10. 1) 6,5 cm; 2) 15 cm; 3) Va2-b2+in2; 4) a2-c 2+ 2<12.

OTneTsbl un
/1,'a.wHmna K ..(n)numn.u



13. 26 wm. 14. «3,9 wm. 15. 16. 2_'% ‘
17. 1) "a2+b2-2abcoBa +c2; 2) 60°. 18. 144 cm2. 19. 22 cwm.
20. 2 m. 21. 1) 3ap+ , 2) 4ab + 2a2; 3) 6ab +3a2U4 3.

22. 12 m2. 23. 10 cm2 24. 2a,ad42 . 25. 1464 cm2

Al a2+b2-c2 \ a2+c2-b2 \ ®+c2-a2 27 12

26. 1 2 | 2 1 2 M.
28. 5 cm, 6 cm. 29. cm, 20. cm, N cm. 30. 11 wm.
31. 1) ¥b2--*-; 2) ~ 4 3) Vb2-a2. 32. 20>/2

33. 6 cm. 34. 25 cm. 35. BpBoe. 36. 60 cm3. 37. 3 M3
38. 1) W -azb\ 2) aZb, 3) * - a 2b 39. 3 cm3. 40. 35 200 m3.

41. 1) *b2-a2; 2) "4 b 2-2a2; 3) "3 {b 2-a2.

42. -1&3 43. y Ne +~n~2 +$2. 44, 1:7. 45 5 w.

46. 36 cm2 47. 5 m. 48. A2 49. -------meem- 50. 51. 5 m.
52. 30 gm2. 53. 16n m2 54. 3:4. 55, 5 B2 a
56. B n pas; B pas. 57. 4:1. 58. 9 M3 YKa3aHMue.

BbicoTa KOHyca paBHa pajuycy ero ocHoBaHua. 59. » 1,6 T.

60. ™ 1. " (B3-r3). 62 ~B. 63. 453 cwm,

aE 2

243n cm3. 64. 112,59 gm3 naun 4500 gm3. 65. -y aB2(2-43).

YKaszaHue. Teno ABnAeTCH LapoBbIM CEKTOPOM.
66. UT3:1/nd 67. nT + 2(2. YKas3aHue. [lo naowagm oc-

HOBaHWA HanguTte ero paguyc. 68. « 25,3 M2



MpeaMeTHbIN yKa3saTeslb

A

Abcuucca 100
Akcunoma 14

— napannenbHbix 13
AKcnombl cTtepeomeTpun 195

b

buccekTpuca TpeyronbHuka 33
— yrna 25

B

BekTop 129
— eAUHNYHbIN 139
— Hynesoin 130
BekTopa abcontoTHad BeMUYMHA M Ha-
npasneHue 129
— KoopAauHatel 131
BekTopbl KonnnHeapHble 136
BbicoTa napannenorpamma 185
— Tpaneuun 187
— TpeyronbHuka 33

r

["feomeTpMyeckoe mMecTo To4yek 60
["feomeTpua 3

'mnoTteHysa 47

[fomoTeTna 145

["pagycHas mMepa Ayrn OKpY>XHoOCTU 153

A

ABuxxeHne 115
[JekapToBbl KOOpAWHATLI Ha nNno-
ckoctn 101
[eneHne oTpeska nononam 59
OwnaroHanb MHoroyronbHuka 170
— YeTblpexyrofibHuKa 67
OnameTp OKPYXXHOCTU 55
OnnHa okpyXHoctn 175
JokasaTennctso 13
— OT MNPOTUBHOIO 24
Ayra okpyxHoctun 153

K

KacaHue AgByX OKpy>HocTeil 57
KacaTenbHad npamas K OKPY>XHOCTU 56
Katet 47

KBagpat 72

KOHLUbI oTpe3ka 5

KoopaunHaTbl cepegnHbl oTpeska 102
— To4kun 100

KocuHyc yrna 84

KoathgpmnuymeHT romotetun 145
— nopgobusa 145

Kpyr 189

Kpyrosoi cermeHT 190
— cekTop 190

Il

NlomaHaa 168
— 3aMKHyTasa 169
— npocTaa 168
Nyy (nonynpsamas) 7
— TMPOXOAUT MeXpJy CTOopoHamu
yrna 9
Nlyun pononHutenbHble 8

M

MacwTab 146
MeanaHa TpeyrosibHMKa 33
MHoOroyronbHuK 169
— BMUCAHHbIA B OKPY>XHOCTb 171
— OMMUCaHHbIA OKOJI0 OKPY>XHOCTU
171
— nnockuii 170
— npaBu/bHbIA 171
— BbINyKNbln 170

H

HaknoHHaa 87
HepaBeHCTBO TpeyrosbHuKa 88

o)

OKpy>XHOCTb 55, 62
— BMMCaHHaa B TPeyrosbHUK 57
— OonucaHHaa 0KoJo
TPeyrosibHMKa 55
OnpegeneHne 15
OpaunHata 100
OpTt 139
Ocun kooppgmHat 100
OcHoOBaHVe nepneHankynapa 24
Ocb cnmmeTpun 119



OTpe3ok 5
OTpes3ka geneHne nononam 59
— KOHUbI 5

M

Mapannenorpamm 68
MapannenbHblin nepeHoc 121
[MepeceyeHre NPAMOIA C OKPYXXHOCTbIO
109
[MepnuMeTp YeTbipexyrosbHuUKa 68
MeprneHAUKynap K npsmon 24
[MepneHanKynsapa cyLlecTBoBaHNE U
eJNHCTBEHHOCTbL 48
MnaHnmeTpus 3
Mnockocts 101
Mnowaab 182, 183
— Kpyra 189
— Kpyrosoro cermeHta 190
cekTopa 190
— napannenorpamma 185
— npaMoyrosbHuka 184
— Tpaneuun 187
— TpeyronbHuMka 185, 186
Mnowann nofgobHbIX uryp 188
MosopoTt 120
Monynpamasa 7
[MocTpoeHne GuccekTpucol yrna 59
— neprneHANKYNApHOM npamoi 60
— TpeyrosbHUKa C AaHHbIMU CTO-
poHamun 58
— yrna, paBHoOro gaHHomy 58
MpaBuno napannenorpamma 133
— TpeyronbHukKa 133
MpeobpasoBaHne o6paTHoe 116
— nopgobus 145
— cummeTpumn 117
— ¢uryp 115
[Mpn3Hak paBeHCTBa NPAMOYTOJIbHbIX
TPeyrosibHMKoB 48
[Mpu3Hakn napanienbHOCTU NPAMbIX
43, 44
— nopobus TpeyronbHMKoB 148,
149, 150
— paBeHCTBa TPeYyrosbHUKOB 28,
30, 34
[Mpoekuna BekTOopa Ha ocb 134
— HaK/IOHHOW 87
Mpamana 4
[MpamMoyronbHNK 71

Mpamblie napannenbHble 13
— nepneHanKynsapHole 23
— CKpewmBaroLwmeca 196

P

PaBeHcTBO BekTOpoB 130
PaBeHCTBO OTpe3koB 11
— TpeyronbHMkKos 11
— yrnos 11
— uryp 124
PagnaH 177
Paguyc kpyra 189
— BMWCAHHOW N OMMUCaHHON OKPYXK-
HOCTEW N TpeyronbHuKa 187
— OKPYXHOCTK 355
Pa3HOCTb BeKTOpoB 133
PaccTofHMe mexay napansienbHbIMU
npambimMu 49
Toykamu 6, 88, 103
— OT TOYKM o npsaAmon 49
Pomb 71

C

CBoliCTBa BHELWIHEro yrna Tpeyrosb-
HUKa 47
— ABWMXXeHua 116, 117
— Map BHYTPEHHUX HAKPECT nexa-
WNX N BHYTPEHHUX OLHOCTOPOH-
HUX yrnos 43
— napannenbHoro nepeHoca 121,
122
— nepneHanKynsapa N HakIOHHbIX
7

— npeobpasoBaHus nogobus 147,
148
— YIN0B, BMWCAHHbIX B OKPYX-
HocTb 153, 154
CBOMCTBO BepTUKaNbHbIX YrioB 22

— [AnaroHanen napannenorpamma
69

npAMOYronbHnKa 71

pomba 71
— [O/IMHbLI NoMaHoi 169
— KOJI/IMHeapHbIX BeKTOopoB 136
— MeAunaHbl B paBHO6eApeHHOM Tpe-
YyronbHuke 33
6— CepefMHHOro nepneHankynapa
1
— CpefHel NuHUK Tpaneuun 75

MpeamMe THbIN
yKanaTc/b



------------ TpeyronbHuka 74
— YII0B MapannefnbHblX C CeKyLlen
45
Cekywaa 42
CMMeTpUA OTHOCUTESIbHO NPSAMOiA
118
OT Touku 117
CuHyc yrna 89
CkandapHoe npousBefeHne BEKTOPOB
137
CpefiHne nponopunoHanbHble OTPE3KU
B NMPAMOYronbHOM TpeyronbHuke 151,
152
CpepHaa nuHua Tpaneummn 75
TpeyronbHukKa 74
Ctepeometpusa 195
Cymma BeKTOpoB 132

T

TaHreHc yrna 89
Teopema 13

— KOCuHycoB 161

— obpaTHas 32

— [Mwndaropa 85

— CUHycoB 162

— ®Paneca 73
Teopembl ycnosue n 3aknwuyeHune 14
Touka 4

— KacaHua 56

— NeXUT Mexay Touykamu 5
TOYKN, CUMMETPUYHbIE OTHOCUTENLHO

— npamon 118

----------- TOYku 117
Tpaneuynsa 75

— paBHO60Kaa 75
TpeyronbHukK 11

— ermneTcknin 87

— NPSAMOYTONbHbIN 47

— paBHOOeApeHHbIN 31

— PaBHOCTOPOHHMIA 31

Yy

Yron 8
— BMUCAHHbIN B OKPY>XHOCTb 153
— BHewHun 170

Yron mexpny Bektopamun 137

— OCTpbIin 22

— NNockum 153

— nosopoTa 120

— npsmon 22

— pasBepHyThbIn 9

— TpeyronbHukKa 11

BHELIHWNI 46
BHYTPEHHUIN 46

— Tynown 22

— UeHTpanbHbin 153
Yrnoson KoahgpuumeHT npamon 108
YTNnbl BepTUKanbHble 22

— BHYTPEHHME HaKpecT nexauiue

N OQHOCTOPOHHME 43

— [OMOJIHUTeNbHbIe (nockne) 153

— CMeXHble 21

— COOTBETCTBEHHbIe 44
YMHOXeHne BekTopa Ha 4ymucno 134
YpaBHeHne okKpyxHocTu 103

— npsmoin 104

— ¢urypsl 103
Ycnosue nepneHAMKYNApHOCTU BeK-

TopoB 138

durypa npoctas 182

— LeHTpanbHO-CUMMeTpUYHaa 117
durypbl romoTeTuUHble 145

— nofobHble 147
®opmyna NepoHa 186

X
Xopga OKPY>XHOCTU 55

y

YeTbIpeXyronbHUK 67
— BMUCaAHHbIN 67
— ONWUCaHHbIN 67

LleHTp romoTteTun 145
— Kpyra 189
— MHOroyronbHuKa
— OKPY>XHOCTKN 55
— cummeTpun 117



Copaep>kaHune

7 KNACC
8 1. OCHOBHble CBOWCTBa MPOCTEMLLINX TEOMETPUYECKUX PuUryp

8 3.

§ 4.

§ 5.

1. TeomeTpunyeckne ¢urypol 3. 2. Touyka n npamasa 4. 3. OTpesok 5.
4. W3wmepeHune oTtpe3koB 5. 5. MNMonynnockoctn 6. 6. NMonynpamasa 7. 7. Yron
8. 8. OtknagbiBaHMe oTpe3koB n yrnos 10. 9. TpeyronbHuk 11. 10. Cyule-
CTBOBaHWE TPeyrosibHWKa, paBHOro gaHHomy 12. 11. lMapannenHble nps-
mble 13. 12. Teopembl 1 pgokasatenbctBa 13. 13. AKcuombl 14. KOHTPO/b-
Hble Bonpocbl 15. 3agaun 16.

CMeXHble U BEPTUKaAJIbHbIE YT /bl

14. CmexHble yrnbl 21. 15. BepTuKanbHble yrabl 22. 16. NepneHAnkynap-
Hble npAmMble 23. 17. [lokasaTenbCTBO OT NPOTUBHOro 24. 18. buccektpuca
yrna 25. 19. YTto Hafo AenaTb, 4TOObI ycneeatb Mo reometpum 25. KOH-
TPO/NbHble BOMpockbl 26. 3agauun 26.

[Mpn3Hakn paBeHCTBa TPEYrosibHNKOB

20. TMepBbli MPU3HAK paBeHCTBA TPeyronbHUKoB 28. 21. Vcnonb3oBaHue
aKCMoM Mpu [oKasaTenbCTBe Teopem 29. 22. BTopoil npu3Hak paBeHCTBaA
TpeyronbHnkoB 30. 23. PaBHOGeApeHHbI TpeyronbHuUK 31. 24. O6paTHas
Teopema 32. 25. BbicoTa, 6uccekTpuca U mMefmaHa TpeyronbHuka 33.
26. CBOICTBO MeAMaHbl paBHOOEeAPEHHOro TpeyronbHuka 33. 27. Tpetui
NMPU3HaK paBeHCTBa TPeyronbHMKOB 34. 28. KakK roToBUTbLCA MO YYeOHUKY
camoctoATenibHO 35. KOHTponbHble Bonpockl 37. 3ajauun 37.

CymMMa yrnoB TpeyrosibHuKa

29. MapannenbHocTb npamMbIX 42. 30. Yrnbl, obpa3oBaHHble NPU MNepeceye-
HUM ABYX NPAMbIX cekylei 42. 31. Mpu3HaK napannenbHOCT NpPAMbIX 43.
32. CBOICTBO yrnoB, 06pa30BaHHbIX MPW MepeceyeHnn napannenbHbiX Nps-
MbIX cekylien 45. 33. Cymma yrnos TpeyrosibHuka 46. 34. BHelHuWe yrbl
TpeyronbHuka 46. 35. MpsAMOYronbHbIA TpeyronbHMK 47. 36. CyuwiecTBoBa-
HUe N eAMHCTBEHHOCTb NepneHaukynspa K npamoin 48. 37. U3 uctopum
BO3HMKHOBEHMA reomeTpun 49. KoHTposbHble Bonpockl 50. 3agaumn 51.
["'eomeTpunyeckme nocTpoeHuns

38. OKpy»XHOCTb 55. 39. OKpYyXHOCTb, ONMMcaHHaa OKOJI0 TpeyrosibHMKa 55.
40. KacaTtenbHad K OKpYy>XXHoCTW 56. 41. OKpYyXHOCTb, BNuCaHHadA B Tpe-
YronbHUK 57. 42. Yto Takoe 3afjaym Ha noctpoeHume 70. 43. locTpoeHue
TpeyronbHUKa ¢ gaHHbIMW cTopoHamn 58. 44. TocTpoeHue yrna, paBHOro
naHHoMy 59. 45. MocTpoeHne 6uccekTpuckl yrna 59. 46. [eneHne oTpeska
nononam 59. 47. TlocTpoeHne nepneHAuUKynapHoin npsmoint 60. 48. [eo-
MeTpuUYecKoe MecTO Toyek 61. 49. Meton reometTpuyecknx mect 61. KoOH-
TPO/IbHble BOMpoCbl 62. 3agaun 63.

CopepxaHue



8 KJIACC

§ 6.

8 T.

§ H

8 9.

§ 10.

YeTbipeXyroibHUKK

50. OnpegeneHne 4YetbipexyronbHukKka 67. 51. [lapannenorpamm 68.
52. CBOICTBO AmaroHanen napannenorpamma 69. 53. CBoOMWCTBO NpoTMBO/E-
Xawmux cTopoH u yrnos napannenorpamma 70. 54. lNpamoyronbHuk 71.
55. Pom6 71. 56. KBagpat 72. 57. Teopema daneca 73. 58. CpeaHsaAa nu-
HUA TpeyronbHuka 74. 59. Tpaneuuna 75. 60. Teopema 0 nponopuuoHab-
HbIX OTpe3kax 76. 61. NocTpoeHne 4eTBEPTOro NPOMNOPLMOHANIbHOI0 OTpes-
Ka 78. KOoHTpo/bHble Bonpockl 78. 3agavm 79.

Teopema Mudaropa

62. KocuHyc yrna 84. 63. Teopema lNMudaropa 85. 64. Ermnetckuin Tpey-
rofibHUK 86. 65. lNepneHaUKynap N HaknoHHaa 87. 66. HepaBeHCTBO Tpe-
yronbHuka 88. 67. COOTHOLWEHMA MeXay CTOpOHaMW M yrnamum B Mpamo-
YrofibHOM TpeyronbHuke 89. 68. OCHOBHble TPUTOHOMETPUYECKNE TOXKAECT-
Ba 90. 69. 3HayeHMsA CMHYCA, KOCMHYCa W TaHreHca HeKOTopbIX yriaos 91.
70. NI3meHeHMe CUHYyCca, KOCMHYCa W TaHreHca npu Bo3pacTaHuu yrna 93.
KoHTponbHble Bonpockl 93. 3agaun 94.

[ eKapToBbl KOOPAMHATbLI Ha MI0CKOCTHU

71. OnpepeneHve gekapToBbiX kKoopauHat 100. 72. KoopauHaTtbl CepefnHbl
oTpeska 101. 73. PaccTtoAHne mexay Touykamn 102. 74. YpaBHEHUE OKPYX-
HocTu 103. 75. ¥YpaBHeHue npsmoit 104. 76. KoopanHaTbl TOUKK Mepeceye-
HMa npsambix 105. 77. PacnonoxeHue NpsAMon OTHOCUTENbHO CUCTEMbI KO-
opanmHat 106. 78. Yrnosoi KoappuuueHT B ypaBHeHUM npsamoinn 107.
79. 'pank nuHenHon QyHkumm 108. 80. MepeceyeHne NPSIMONA C OKPYXK-
HocTbto 108. 81. OnpepdeneHve cuMHyca, KOCMHYCca W TaHreHca ansd noboro
yrna ot 0° go 180° 109. KoHTponbHbie Bonpockbl 110. 3agaum 111.
ABunxxeHue

82. T[lpeo6pasosaHne ¢uryp 115. 83. CsoitctBa pgBuxXeHusa 116.
84. CMMMeTpUa OTHOCUTeNbHO TOoukM 117. 85. CUMMETpPUA OTHOCUTE/ILHO
npamon 118. 86. MosopoT 120. 87. MMapannefnbHbll NEPEHOC N €ro CBOMCT-
Ba 120. 88. CyulecTBoBaHMe N eQMHCTBEHHOCTb Mapan/ienlbHOro nepeHoca
122. 89. CoHanpaBfieHHOCTb nonynpambix 123. 90. PaBeHcTBO (huryp 124.
KoHTponbHbIe Bonpockl 126. 3apgauun 126.

BekTopbl

91. A6contoTHas BeNMYMHA WU HanpaeneHue BekTopa 129. 92. PaBeHCTBO
BekTOopoB 130. 93. KoopanHaTel BekTopa 131. 94. CnoxeHue BeKTOpoB 132.
95. CnoxeHne cun 134. 96. YMHOXeHMe BeKTopa Ha uucno 134.
97. Pa3noXeHune BeKTOpa NO [ABYM HeKONNWHeapHbIM BekKTopam 136.
98. CkangpHoe npoussegeHue BekTopoB 137. 99. Pa3noxeHue BeKTopa Mo
KoopAnHaTHbIM ocaAm 139. KoHTponbHble Bonpockl 139. 3agaum 140.

9 KJTIACC

§11.

Mogobue guryp

100. MNMpeobpaszoBaHue nopobusa 145, 101. CeoiicTBa npeobpaszoBaHuUa Mofo-
oua 146. 102. Mopgobue curyp 147. 103. Mpu3Hak nogooma TPeyronbHKU-
KOB no Asym yrnam 148. 104. MNpusHak nogooms TpeyrosbHUKOB MO ABYM
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§ 12.

§ 13.

§ 14.

§ 15.

CTOPOHaM W yrny mexay Humu 149. 105. MpusHak nogobmsa TpeyronbHu-
KOB no Tpem cTopoHam 150. 106. [llogobue nNpAMOYrofibHbIX Tpe-
yronoHukos 151. 107. Yrnbl, BMOUCaHHble B OKpYXHoOCTb 153.
108. lMponopuMoHanbLHOCTL OTPE3KOB XOPA M CEeKYLMX OKPY>XHOCTU 154.
KoHTponbHbIie Bonpockl 155. 3agaum 156.

PeweHne TpeyrosbHUKOB

109. Teopema kKocuHycoB 161. 110. Teopema cuHycoB 162. 111. CooTHOLLe-
HUe MeXay yrnamMu TpeyrosibHMKa v npoTuBo/ieXawmmn cTtopoHamn 163.
112. PeweHue TpeyronbHUKoOB 164. KOHTpONbHble BOMpocbl 166. 3agauyu
166.

MHOroyronbHuUKM

113. JlomaHaa 168. 114. Bbinyknable MHOroyronbHukn 169. 115. MNpaBunb-
Hble MHOTOYroficHnku 171. 116. ®opmynbl ANA pagMycoB BMUCAHHbLIX U ONWU-
CaHHbIX OKPY)XXHOCTe NpaBWU/IbHbIX MHOroyrofibHMKoB 172. 117. TocTpoe-
HNEe HEKOTOPbIX MpaBu/ibHbIX MHOrOyronbHMKos 173. 118. MNMopobue npasusib-
HbIX BbIMYK/AbIX MHOrFoyronbHukos 174. 119. [AnuHa OKpyXHocTu 175.
120. PagmaHHaa mepa yrna 177. KoHTposnbHble Bonpockl 178. 3agaum 179.

Mnowaan guryp

121. TMoHATMe nnowaan 182. 122. Tnowanb nNpaAMoyrosibHuMka 183,
123. Tlnowagb napannenorpamma 184. 124. lMNnowafb TpeyronbHmka 185.
125. ®opmyna NepoHa ana naouwiaan tpeyronbHuka 186. 126. MNnowaab
Tpaneyun 186. 127. ®opmynbl 4NS pagnyCcoB BNUCAHHON M OMUCAHHOW OK-
PY>XHOCTeil TpeyronbHuka 187. 128. TMnowaan nogobHbIX (uryp 188.
129. Mnowaab Kpyra 188. KoHTposnbHble Bonpockl 190. 3agaum 191.

DNIeMeHTbl CTepeoMeTpum

130. AKcuombl ctepeomMeTpun 195. 131. MNapannenbHOCTb NPAMbLIX U MNJ0-
CKoCTen B npocTpaHcTBe 196. 132. TMepneHAUKYNAPHOCTb MPAMbIX U
naockocTen B npocTtpaHcTee 197. 133. MHororpaHHukn 200. 3agaumn 202.
134. Tena BpauwieHna 204. 3agaumn 206.

OTBeTbl N yKaszaHna K 3afgadvyam 208.
MpeaMeTHbIN yKa3aTenb 219.



