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OT aBTOpPOB

Hoporue neBATHKIACCHAKA!

B aTom yueGHOM roay BeI mpogo/mkuTe M3ydeHue reomerpun. Hageemcs,
YTO BbI YCHEJIN MOJTIOOUTD 3TY BAXKHYIO M KPACHBYIO HayKy, 4 3HAYMT, C MHTEpe-
com OyaeTe OBJIa/eBaTh HOBBIMM 3HAHHAMH. XOTENOCh GbI BEPUTH, 4TO 3TOMY 6Y-
A€T CIOCOBCTBOBATH Y4EOHUK, KOTOPBIH BbI I€PKUTE B PyKax.

YuebHuk pasaenéH Ha NATH I7IaB, KKIAs M3 KOTOPBIX COCTOMT M3 Mapa-
rpagos. B naparpadgax uanoxen reoperndeckuii Mmarepuan. Oco6oe BHUMaHUE
obGpamaiiTe Ha TEKCT, BbUIEJICHHbIN XupHbIM mpudTom. Kak npasmro, usio-
JKEHUE TEOPETHYECKOTO MAaTEpUAa 3aBEPIIACTCS NPUMEPAMH PENIeHUs 33/a4.
VIX MOKHO paccMaTpuBATDL KaK OJIMH M3 BO3MOXKHBIX 06pa3iioB opopMIeHus pe-
IIeHUs.

K kaxuomy naparpagy nogo6pans 3aaum Juisi CAMOCTOSITEBHOTO pele-
HUSA, K KOTOPbIM Mbl COBETYEM IPUCTYIIATH TOJIBKO MOCJE YCBOCHUS TEOPETHYE-
ckoro marepuaia. Cpeam 3aianmii eCTh KaK HPOCThIE U CPEIHUE TIO CIOKHOCTH
YIPAKHEHHSA, TaK U TPyAHbIe 3a4aun. CBOM 3HAHUSA MOXHO NIPOBEPHUTH, BLIMOJ-
Hss 3aTaHNUS B TECTOBOM (hopme u3 pydopuku «IIposepbre cebs».

Ecin nocsie BbINOIHEHMs JOMANIHUX 3a/1aHMiA OCTAETCsl CBOGOAHOE BpeMsi
M Bbl XOTHUTE y3HATh OOJIbIIE, TO PEKOMEH/yeM OOpaTHThCA K pyopuke «Korma
cAeaHbl ypoku». Matepuan, uanoxeHHbli B Heil, Henpocroii. Ho Tem unrepec-
HEE UCIbITATh CBOU CHJIbI!

Hepsaiire! YKenaem ycrexa!
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3a1aun BBICOKOH CJIOKHOCTH

S) Kinouesbie 3aaum, pesyabTaT KOTOPBIX MOKHO MCIIOIb30BATh
IIPU PEIIEeHUH JIPYTUX 3324

« Oxonuyanue 10Ka3aTeNbCTBA TEOPEMbI WM PENIEHUs 3a1a9K
510 3agannsa, pekoMeHAyeMbIe Ul JOMANTHEH paGoTsI

327 3apamms s yCTHOH paboTbl



hasa 1. PeweHue TpeyrosibHUKOB

B 370/ rnaBe Bbl y3HAETE, YTO TAKOE CHUHYC, KOCUHYC, TaHFEHC W
KoTaHreHc yrna o, rage 0° < o. < 180°.

Bbl Hay4uTecb No ABYM CTOPOHaM TPEYroNibHUKA U Yry mMexay
HUMM HaxoauTb TPETbIO CTOPOHY, @ TaKX¥e Mo CTOPOHE U ABYM npune-
HalUM K Hel yrnam HaxoauTb ABe Apyrue CTOPOHbI TPeyronbHUKa.

B 8 Knacce Bbl HaY4HAUCh PeLIaTh NPSIMOYrO/bHbIE TPEYronbHU-
KU. U3yuue matepuan 3TOW rnasbl, Bbl CMOXKETE pelatb Npou3Bob-
Hbl€ TPEYroNbHUKMK.

Bbl y3HaeTte HOBble GOPMYNbl, C MOMOLLbLIO KOTOPbIX MOXHO Ha-
XOAWTb MNOLWaAb TPpeyronbHUKa. '

§ 1. TpuroHomeTpu4eckune QyHKUUM yria or 0° no 180°

[lepea m3ydenmem 3Toro naparpaga pexoMeHjayeMm NOBTOPHTL COAEP-
sanue nyakra 36 Ha c. 226.

TTOHATHA «CHHYC», «KOCHHYC», «TaHTE€HC» M «KOTAHTEHC» OCTPOro yria
BAM 3HAKOMBI M3 Kypca reometpun 8 xracca. Pacmupum 3TH NOHATHA JUIs 11060
ro yria o, rjae 0° < o< 180°.

B BepxHeil NOJYIUIOCKOCTH KOOPAMHATHON IUIOCKOCTH PacCMOTPUM IOy
OKPY/KHOCTb pajyca | ¢ HeHTPOM B Ha4ale KOOPAMHAT (puc. 1). Takyo nony-
OKPY)KHOCTH HA3bIBAIOT €AMHHIHOM.

bByaeM roBopuTb, YTO yriay O (0° < o < 180°) cooTBEeTCTBYET TOYKA M
€IMHUYHOMN TTOJTYOKPY:KHOCTH, €CIH ZMOA = o, rae Touku O u A UMEIOT COOT-
serctBenHo koopaunatsl (0; 0) u (1; 0) (cm. puc. 1). Hanpumep, Ha pucyHke 1
yray, paBaomy 90°, cooTBetcTyer Touka C; yriry, paBHOMY 180°, — Touxa B; yrauy,
pasBHoMmy 0°, — Touxa A.
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Ilyctb 0. — ocTpslit yron. Emy coorBeTcTByeT HekoTtopas Touka M (x; y)
ayru AC eAMHMYHOM 1IOTYOKPY)KHOCTH (pHC. 2). B npsAMOyroibHOM TpeyroabHu-
ke OMN umeem:

cosa:% sina=-—w—.

oM’ OM

[Tockonbky OM =1, ON =x, MN =y, T0 cos0. = x, sin o = y.

MTak, KOCMHYC ¥ CMHYC OCTPOTO yria ¢, KOTOPOMY COOTBETCTBYET TOY-
Ka M eANHUIHO# NOJIYOKPYKHOCTH, — 3TO COOTBETCTBEHHO abcumcca u OpAuHa-
Ta Touku M.

[Tonyuennplit pesyabTar MOACKa3BIBAET, KAK ONPEAETUTh CHHYC M KOCHHYC
aoboro yrua o, rae 0° < o < 180°.

Onpegenexnune \
KocuHycom u cuHycom yraa o (0° < o < 180°), KOTOPOMY COOT-
BETCTBYET TO4Ka M eAMHUYHOI NONYOKPYKHOCTH, Ha3biBaIOT
COOTBETCTBEHHO abcuuccy U opauHaTty Touku M (puc. 3).

IToabsysace aTum onpepenenuem, | Puc. 3
MOXHO, HAlPUMEp, YCTAaHOBUTb, 4YTO: . .
sin0° =0, cos0° =1, 5sin90° = 1, cos 90° =
=0, sin180° = 0, cos 180° = —1. YA

Ecm M (x; y) — npoussoabnas
TOYKA €/IMHUYHOM IOJYOKPY)KHOCTH, TO Mo ] sin a
-1<x<1u0<y< 1. Cregoparensno,
st mo6oro yraa o, rae 0° < o < 180°,
HMEeEM: o
0<sina<l, T ooen X

-1<cosa<1.

Ecma oo — tynoit yroa, To abenmcca
TOYKH, COOTBETCTBYIOLIEH 3TOMY yriy,
orpunarenpHa. (e 0BaTeIbHO, KOCHHYC TYHNOrO yria SBASETCS OTPUIATENb-
HBIM YuCIoM. CHIPaBeUIMBO 1 TAKOE yTBEPIACHUE: €CIH oS 0 < 0, TO 0L — Tynoii
WM Pa3BEéPHYTHIH YOI

M3 xypca reomerpun 8 kiacca Bul 3Ha€TE, UTO ISt TIOGOTO OCTPOTro yria o
BBINOJHAIOTCA PABEHCTBA:

Q
=y

sin (90° — o) = cos o,
cos (90° — o) = sin o
ITH QOpMYJIBI OCTAIOTCS CIpaBeUMBBIMA 1 U1st 0= 0°, 1 s o= 90° (yGe-
AUTECH B 3TOM CAMOCTOSITENILHO).



l'[yco'rb yraaM o u 180° — o, [ —
mea=0, a2 90" uma% 180, co- |
OTBEeTCTBYIOT TOukM M (x; y,) 4 YA
N (x,; Y,) €TMHUYHON MOJTYOKPYXK-
HOCTH (puc. 4).

[psamoyroabubie Tpeyromban- | N (Xgiyo) /| M (xy; y,)
kn OMM, u ONN, pasubl 110 - _
norenyse u ocrpomy yriny (ON = 180-a
= OM =1, ZMOM, = ZNON, = <P\ @ >
= o). Orcioma ¥, = Yy, ¥ X, = —X,. -1.N; o M1 x
Caie10BaTebHO!

sin (180° — o) = sin @,
cos (180° — o) = —cos O
V6enurech CaMOCTOATENBHO, YTO 3TH PAaBEHCTBA OCTAIOTCS BEPHBIMM JUIS
a=0° a=90°, a=180".
Ecau 0L — OCTpBIi yroJ, TO, KaK Bbl 3HA€TE U3 Kypca reOMeTpUH 8 xuacca,
CIIpaBe/UIMBO PABEHCTBO, KOTOPOE HA3bIBAIOT OCHOBHBIM TPHIOHOMETpHUE-
CKHM TOXJAECTBOM:

sinfo+cosfa=1

Owuo ocraércsa Bepubiv st o = 0°, o= 90°, o= 180" (ybexureck B 3TOM Ca-
MOCTOSTEJNBLHO).

IlycTs 0. — Tynoit yros, Toraa yroa 180° — oL ABISETCA OCTPBIM. HNmeem:

sin? 0, + cos? o = (sin (180° — a))2 + (—cos (180° — ))? =

=sin? (180° — @) + cos? (180° — o) = 1.

CJle0BaTe/IbHO, PAaBEHCTBO sin® o + cos? O = 1 BHINONHAETCSA VISl BCEX
0° < o < 180°.

F Onpepenenne \

TaHreHcom yrna o, rae 0° < o < 180° u o # 90°, Ha3biBaIOT OT-
sino
cosa

HOLWEeHHWe

, T. €.

sin o
cosa

tgo =

[Tockobky cos 90° = 0, To tg 0L HE ONpeAEEH A O = 90°.



)

Onpepenenue \
HKotaHreHcom yrna o, rae 0° < o < 180°, Ha3biBalOT OTHOLLE-
cosa

HUe —
sina

'T- e.

IMockonbky sin0° = sin180° = 0, To ctga me onpexenén mis o = 0°
u o= 180°.

Ouenuano, uro kaxaomy yray o (0° < o < 180°) coorsercrsyer edur-
CMEEHHAs TOUKA €IMHUYHON IOMYOKPYKHOCTH. 3HAYHT, KOKAOMY YIIy 0. COOT-
BETCTBYET CAMHCTBEHHOE YMCIIO, KOTOPOE SABJISETCA 3HAYCHUEM CHHYCA (KOCHHY-
ca, Tanrenca i o # 90°, xoranrenca s 0. # 0° u o # 180°). IToaromy 3aBrcH-
MOCTD 3HAYEHUS CHHyCa (KOCMHYCA, TAHIE€HCA, KOTAHTEHCA) OT BETMYHMHBI yIiia
ABJISIETCH (PyHKIIMOHAIBHOM.

Pynxnmm /(o) = sino, g(a) = cosa, A (o) = tga, p (o) = ctg o, COOTBET-
CTBYK)IJ.[HC 3THM Cl)yHKLlHOHaJlebIM 3dBHCHUMOCTSM, Ha3bpIBAOT TPEI‘OHDMETPH'
YeCKHMH (PyHKUMAMH yria o.

3apaya 1. Jlokaxure, qro tg (180° - o) = —tga, ctg (180° — o) = —ctgo.
Pewenue. tg (180° — o) = Sn(180°~a) _ sina _ _sina = i
e tg ( o) cos(180° - a) —cosa cosa &9
" cos(180° - a) —cosa cos o
s = = - = —Ct e
ctg (180° - o) sin(180° -a)  sina sin o R

Sapava 2. Haiizmre sin 120°, cos 120°, tg 120°, ctg 120°.
V3

PeweHue. sin 120° = sin (180° — 60°) = sin60° = 5
cos 120° = cos (180° — 60°) = —cos 60° = _%;
tg 120° = tg (180° - 60°) = —tg 60° = /3.

ctg 120° = ctg (180° - 60°) = —ctg60° = — 2=, «

w|&

-'%] 1. Kakyto nNonyokpyXHOCTb Ha3blBaloT €AUHUYHOM?
2. ObbACHUTE, B KaKOM Cllyyae roBOPSAT, YTO yrny o. CooTBeTcTByeT Touka M
€ANHUYHOWN NMONYOKPYXKHOCTM.
3. Y70 HasbIBalOT cMHYcoM yrna o, rae 0° < o < 180°?

7



. 4YTo Ha3bIBalOT KOCUHycom yrna o, rae 0° < o < 180°?

. Yemy paseH sin 0°, cos 0°, sin 90°, cos 90°, sin 180°, cos 180°?

. B Kakux npegenax HaxoaaTcs 3Ha4eHus sina, ecnm 0° < o < 180°?

. B Kakux npegenax HaxoaaTcs 3HavyeHus cos o, ecnm 0° < o < 180°7

. Kakum 4ncnom, NonoXuMTenbHbIM MU OTpULATENbHbIM, ABNAETCA CUHYC
octporo yrna? CuHyc Tynoro yrna? KocuHyc octporo yrna? KocuHyc Tyno-
ro yrna?
9. Kakum yrnom sBnsercs yron o, ecnm cos o, < 0?

10. Yemy paseH sin (180° — o), cos (180° — o)?

11. Kak cBsizaHbl Mexzy cobomn CUHYC U KOCUHYC OQHOMO U TOro Xe yrna?

12. YTo Ha3bIBalOT TaHreHcom yrna o, rae 0° < o < 180° m o # 9072

13. YTo Ha3bIBAIOT KOTaHreHcom yrna o, rae 0° < o. < 180°?

14. Mouemy tg o He onpeaenéH ana o = 90°?

15. MoyeMmy ctg 0. He onpeaenéH ans o = 0°naoa=180°?

16. Kak Ha3biBaloT GyHKUMM f () = sina, g (o) = cosa, (o) =tgaup (o) =

=ctgo?

o~ O A

F @ NpakTnyecKoe 3anaHue &

O

1.

HauepTuTe eIMHUYHYIO NOTYOKPYKHOCTb, B3SB 33 €MHNIHbIN TaKoM OT-
Pe30K, JUIMHA KOTOPOTO B 5 pa3 Gosbiie CTOPOHbBI KIETKH TETPAH. Ilo-
CTpOIiTe yroJ, BePHUHOI KOTOPOro ABIAETCHA HAYAJIO KOOpAMHAT, a O
HOW M3 CTOPOH — MOJIOXKUTEIbHAS MOJYyOCh OCH abCiucc:

1
1) KOCHHYC KOTOPOTO PaBEH 5

2) xocunyc koroporo pasen —0,4;
3) cunyc koroporo pasen 0,6;

4) cuHyc KOTOPOro paseH 1

5) KOCHMHYC KOTOPOTO paBeH 0;

6) xocunHyc KoToporo paseH —1.

O

2.

( SY HEeHU
__\_—ngamg a

Yemy pasen: . y
1) sin (180° — o), ecam sinoL = Pt
2) cos (180° — o), ecam cos o = 0,7;
3) cos (180° — o), ecnm cos oL = -%;
4) tg (180° — o), ecm tg oL = —5;

5) ctg (180° — ), ecm ctgor = — %?



3. VYol owu B CMEKHBIE, COS 0 = —é.
1) Haiigure cos p.
2) Kakoit u3 yrjioB o 1 B sBAsieTcss OCTPbIM, 4 KAKOM — TYIIbIM?
4. HaiignTe 3HaYCHUE BhIPAKEHUS:
1) 2sin 90° + 3cos 0°; 4) 6tg 180° + 5sin 180° + ctg 90°;
2) 3sin 0° — 5cos 1807 5) cos? 165° + sin? 165°;
° ° o, sin 0° + sin 90°
3) tg23° - 1g0° - tg 1067 6) o
5. Bbruuciaure:
1) 4cos 90° + 2cos 180°- ctg 90°; 2) cos0° — cos 180° + sin 90°.
6. Yemy pasen cunyc yria, ecm ero Kocusyc pasen: 1) 1; 2) 02 Yemy pasen
TAHTeHC YTJIa, €CJIM €ro KoTaHureHc pasex: 1) 1; 2) —%?
7. Yemy paBeH KOCHHYC yIJa, ecim ero cunyc pasen: 1) 1; 2) 0?
Yemy paseH KOTaHreHc yria, ey ero TaHresc pases: 1) —1; 2) 8?
8. Haiigure sin 135°, cos 135°, tg135°, ctg 135°.
9. Haiiaure sin 150°, cos 150°, 1g 150°, ctg 150°.
10.  Cymecrsyer Jm yroi 0., Uisi KOTOPOTO:
1) sino. = %; 8) cosoL = g; 5) cosa = 1,001;
2) sina=0,3; 4) coso=-0,99; 6) sino = %?
00 \__
11. Haiyure:
1) cosa, ecm sino = -:- u0° <o <90%
2) cos o, ecau sin o = % u 90° < o < 180°;
3) cosa, ecau sino = g;
4) sin o, ecan coso = —0,8;
5) tga, ecan sin o = % 1 90° < o < 180%;
6) ctg o, ecm coso = % n0° <a<90.
12. Haiigure:
1) cos o, ecam sino = %: 3) tgo, ecm sino = % n0° <o<90%
2) sino, ecam cosoL = -é; 4) ctg o, ecau cos oL = —%.



13.

14.

15.

16.

17

18.

Bepno nu yreep:xaenue (orser obocHyiTe):
1) xocuHyc ocTporo yria 60Jbllle KOCUHYCA TYIIOTO yrja,
2) CymecTByeT yroJ, CMHYC M KOCHHYC KOTOPOTO paBHBbI;
3) cymecTByeT yros, CMHyC ¥ KOCHMHYC KOTOPOTO PABHbI HYJIIO;
4) KOCHHYC yIJIa TPEYIOJIbHUKA MOKET ObITh PABHBIM OTPHUIATEILHOMY YHMCITY;
5) CHHYC yI/Ia TPEyroJbHHKa MOXKET GbITh PABHBIM OTPHULATELHOMY YUCTY,
6) KOCHHYC yryIa TPEYrOJIbHHUKA MOKET ObITh PaBHBIM HYJIO;
7) CHHYyC yIJla TPEYroJIbHUKA MOKET GbITh PABHBIM HYJIO;
8) KOCHHYC yraa TPeyroJbHHKa MOXKET GbITh paBHbIM —1;
9) cuHyc yria TpeyroJbHHUKa MOXKET GbITh paBHbIM 1;
10) cuHyc yraa, OTIMYHOTO OT NPSMOTrO, MEHbINE CHHYCA NPAMOro yria;
11) kocuHyc pa3BépPHYTOrO yria MEHbIIE KOCHHYCA YIJa, OTIMYHOrO OT pas-
BEPHYTOTO;
12) cuHyCbI CMEXHBIX YTJIOB PABHbI;
13) KOCMHYCbI HEPABHBIX CMEKHBIX YIJIOB SIBJIAIOTCA MPOTHBONONIOKHBIMU
IHCTAMY;
14) ecm KOCHHYCBI IBYX YIJIOB PABHBI, TO PABHbI M CaAMH YTJIbI;
15) ecam cMHYChI IBYX YIJIOB PAaBHBI, TO PABHBI i CAMH YIJIBL;
16) Tanrenc octporo yrja 6oJjblue TaHreHca TYNoro yria;
17) Taurenc ocTporo yria 60bline KOTAHT€HCa Tynoro yria?
CpaBHuTe ¢ HyJ1€M 3HAYEHUE BHIPAKEHUS:

1) sin 110°cos 140°%; 4) sin 70°cos 90°tg 104°;
2) sin 80°cos 100°cos 148" 5) ctg 100°sin 114°cos 11°%;
3) sin 128°cos® 130°tg 92°; 6) cos85°sin 171°ctg 87°.

Haiigure 3HaYeHHe BbIPAXKEHHUS:

1) 2sin 120° + 4cos 150° — 2tg 135%;

2) cos 120° — 8sin? 150° + 3cos 90°cos 162°;

3) cos 180°(sin 185°tg 60° — cos 135°)%;

4) 2sin? 150° + cos? 60° + sin® 45° + tg? 120° — ctg® 30"
YeMy paBHO 3HAYECHHE BBIPAKEHMIL:

1) 2sin 150° — 4cos 120°;

2) tg45°sin 120°ctg 150°;

3) sin 90°(tg 150°cos 135° — tg 120°cos 135°)?

HaiiguTe 3HaYeHUE BHIPAKEHUs, HE MOJIb3YACh TabIUIAMH U KATbKYJIs-
TOPOM:

‘i = A tg 18° tg 18°
yamiD g) o818 . g B, g S

sin 162 cos 162 tg162 cigl62
HaiijuTe 3HaYEHHE BBHIPAKEHWUsA, HE MONb3YACh TAOINIAMH ¥ KaJIbKYJIs-
TOPOM:

in 28° % tg 12°
GEL BT gj S 3) 2.

sin 152 cos 131 tg 168

10



19. Haiigure cymMMy KBaJ[paTOB CHUHYCOB BCEX YIJIOB MPSIMOYTOJIBHOIO Tpe-
YrOJbHUKA.

20. Haiiqure cymMMy KBaJpaTOB KOCHHYCOB BCEX YIJIOB IPSAMOYTOJBHOIO Tpe-
YrOJIbHUKA.

21. B rpeyromsunke ABC usBectHo, uro £B = 60°, Touka O — nenTp BnucaH-
HOI1 OKpy:KHOCTH. YeMy paBeH kocunyc yraa AOC?

22. Touka O — HEHTP OKPYKHOCTH, BIHMCAHHOH B TpeyroabHnk ABC,

cos ZBOC = - % Haiizure yron A TpeyroabHuKa.

B e T R

@0 YnpaxueH TOpEeHus

23. Beicora mapawresnorpaMma, IpOBEAEHHAs U3 BEPIIMHBI TYIIOTO YIJa, pPas-
Ha 5 CM M JeIUT CTOPOHY napasienorpamma nonosam. OcTparii yron na-
paurenorpamma pases 30°. Haiiure auaronans napajiesorpaMma, mpo-
BEJEHHYIO M3 BEPIUIMHbI TYIIOTO YIJIa, ¥ YIJIbI, KOTOpPbIE OHa O0pasyeT co
CTOPOHAMM MapaUieorpamMMma.

24. [Ilpamas CE napauieabna 60koBoii cropore AB tpanenuu ABCD u ne-
aut ocHoBanue AD wna orpesku AE u DE rakue, utro AE = 7 cm,
DE = 10 cm. Haiiiure cpeAHIO0 JMHHUIO TParenuu.

( ™ rovosumcs K usy4yeHuio
HOBOW TEMbI

25. /Ise cropoHbl TpeyronbHUKa pasubl 8 cm u 11 cm. Mosxker im yroa, nporu-
BOJIEKAIMIA CTOPOHE AMUHOH 8 cM, 6bITh: 1) Tynbiv; 2) npameivM? OTBer
obocnyiiTe.

26. B Tpeyroasnuke ABC nposeaena soicota BD, ZA = 60°, £ZC = 45°,
AB = 10 cm. Haiiamre cropony BC.

27. Haipure Boicoty BD tpeyronsuuka ABC u npoekumio croponst AB Ha
npsmyio AC, ecin ZBAC = 150°, AB =12 cm.

§ 2. Teopema KOCHHYCOB

M3 nepsoro npusnaka paBeHCTBA TPEYrOJbHUKOB CJIEAYET, YTO JBE CTOPO-
HBlL U yrOJ MEXJy HUMH OAHO3HAYHO ONPENENAIOT TPEYrOJIbHHK. A 3HAYUMUT, 11O
YKa3aHHBIM 3JIEMEHTAM MOXKHO, HAllpUMep, HalTH TPETBIO CTOPOHY TPEYrOJIbHU-
Ka. Kak 1o cenaTh, MOKa3bIBAeT CIEAYIONIAst TEOPeMA.



© Teopema 2.1 \
(reopema KOCUHYCOB)
KBagpaTr CcTOpOHbl TpeyrojibHWHKa paBeH CyMMe KBajpaToB
ABYX APYruxX CTOPOH MMHYC YABOEHHOE MNpou3BeJeHue 3TUx
CTOPOH W KOCHMHYCa yrna memay HUMHM.

Joxka3saTenbcTBo

Paccmotpum tpeyronbuuk ABC. JlokaxkeMm, Hanipumep, 4To

BC?=AB?+ AC?-2AB - AC - cos A.

BosmosHbI TpU caydas:

1) yron A — ocTpblii;

2) yron A — Tynoif;

3) yron A — npaMoii.

ITepewuii cayuaii. Tlycets yron A — octpsiit. Torga xors 61 ouH U3 yrios B
win C ABASETCH OCTPBIM.

- Tlycrs ZC < 90°. Ilposeém Beicoty BD. Ona GyAeT noNMHOCTBIO PUHAA-
nexatb TpeyroabHuky ABC (puc. 5).

B npamoyrossHom Tpeyromshnke ABD: BD = AB - sinA, AD = AB - cos A.

B npsimoyronsHoM Tpeyronbuuke BDC: BC? = BD? + CD* =

=BD?+ (AC- AD)2=AB? - sin2 A + (AC - AB - cos A)? =

=AB? . sin? A + AC2 - 2AC - AB - cosA + AB? - cos* A =

=AB?. (sin? A + cos? A) + AC* - 2AC - AB - cos A =

=AB?+ AC?*-2AB - AC - cos A.

- Tlycrs £B < 90°. ITposeaém ppicoty Tpeyronbuuka ABC us epumnb C.
Owua 6y/ieT NOAHOCTBIO npuHaIeKaTh Tpeyroabuuky ABC. JlokasaTeabeTBo 3T0-
ro cJaydas aHaIOTMYHO paccMoTpennomy. [IposeanTe €ro caMOCTOATENBHO.

Bmopoii cayuaii. Mycrs yron A — tynoit. Ilposeaém soicoty BD Tpe-
yroasauka ABC (puc. 6).

S—— Puc. 5 ' ___Puc.6
B B
A D C | D A C

B npsvoyroasnom rpeyroasauke ABD: BD = AB - sin ZBAD =
= AB - sin (180° — ZBAC) = AB - sin ZBAC,
AD = AB - cos ZBAD = AB - cos (180° — ZBAC) = —-AB - cos ZBAC.
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B npamoyroasHoM Tpeyroabauke BDC: liiar v
BC? = BD? + CD? = BD? + (AC + AD)? = ——
=AB? - sin*? ZBAC + (AC — AB - cos ZBAC)* = B
= AB?+ AC? - 2AB - AC - cos ZBAC.

Tpemuii cayuai. Ilycts yron A — npsamoii
(puc. 7). Toraa cos A = 0. Hago pokasate, 4TO
BC?= AB® + AC*. 310 paBeHCTBO ClieayeT U3 Te- | A c
opewmsl [Tugaropa s rpeyronsnuka ABC. <

Lo B h PSS

JloKazaTeabCTBO TeOpeMbl KOCUHYCOB TOKa3biBaeT, yTo meopema llugpa-
20pa S6ASCMCS YACMHBIM CAYHACM Meopembl KOCUHYCO8, A Meopema KocCu -
Hycoe seasiemcs 0606wernuem meopemvt Iugpazopa.

Ecnn Bocnonb3oBaThcs 0003HAYEHUAMHA AJiAd CTOPOH H YIJIOB TPEYIOJIbHU-
ka ABC, To, HanpuMep, VISl CTOPOHBI @ MOXHO 3aIIMCATh:

a*=b?+ c? - 2bc coso

C momompeio TeopeMbl KOCHHYCOB, 3Hasi TPU CTOPOHBI TPEYTOJbHHUKA,
MOXHO OIPE/ICTUTD, SBISETCS JM OH OCTPOYTOJIbHBIM, TYHOYTONBHBIM WIH Hpsi-
MOYTOJIbHBIM.

Teopema 2.2 s
NycTe @, b 1 ¢ — CTOPOHBI TPEYroNbHUKA, NPHYEM a — ero
HauGonbwan cropoHa. Ecnu a® < b® + ¢?, T0 TpeyronbHUK
ocTpoyronbHblit. Ecnu a®> > b* + ¢?, TO TpeyronbHUK Tyno-
yronbHbi. Ecnun a@® = b? + ¢?, T0o TpeyronbHUK NpAMOYrofibHbINA.

[okasaTtenbcTBO

[To Teopeme KOCUHYCOB:

a®>= b+ ¢® - 2bc cos .

Orciona 2bc coso = b? + ¢* - a®.

Ecmm a® < b* + ¢, to b? + ¢® — a* > 0. Caenosarenbuo, 2bc coso > 0,
T. €. cos 0. > 0. [TosTomy yron o — ocTpblii.

[Tockonbky @ — Haubobmas CTOPOHA TPEYroJbHUKA, TO MPOTHB HEE Jie-
HKHUT HAUGOABINMIA YroJ1, KOTOPBIi, KaK MbI IOKA3aJI1, ABIAAETCA OCTphiM. Creno-
BATEJILHO, B 3TOM CJIy4ae TPEYrOJbHUK ABAAETCS OCTPOYTOJbHBIM.

Ecm a? > b% + ¢, 1o b% + ¢? — a® < 0. Buaunr, 2bc coso < 0, T. e. cos o < .
CrenosarenbHo, yron 0. — Tymoit. B atom ciydae TpeyronsHMK SBASETCS TyIo-
YIOJIBHBIM.

Ecmm a® = b + ¢, rorga 2bc cos o = 0. CaegosaTensso, cos o = 0. Orciona
o = 90°. B 3ToM ciryyae TPEYroJbHUK ABAAETCA NPAMOYTOJbHBIM. <
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aroHazei mapauieorpaMMa paBHa CyMMe KBAaJpaTOB
BCEX €r0 CTOPOH. B b C

rpamm ABCD. a a

Toraa ZADC = 180° - o A b D

uro CD : AD = 1 : 2. Haiigure otpesok BD, ecimn
AB=14cM, BC=13 cm, AC= 15 cm.

uuka ABC (puc. 9):

3apaya 1. JlokaxuTe, 9TO CyMMa KBaApaToB u- [T EIaTa

Pewenune. Ha pucynke 8 nsobpaxkén mapawieno-

[Iycte AB=CD =a, BC=AD=5b, ZBAD = q.

ITo Teopeme KOCHHYCOB JUist Tpeyroibuuka ABD:
BD? = a? + b* — 2ab cos a. (*)
ITo Teopeme KOCHHYCOB juisi Tpeyroibauka ACD:

AC? = a® + b? — 2ab cos (180° — w).

Orciona AC? = a? + b? + 2ab cos . (%)
Croxkus paBeHCTBa (*) U (#%), mOJydUM

BD? + AC? = 2a* + 2b%. «

3agaya 2. B tpeyrosvauke ABC cropona AB Ha 4 cm Goabie CTOpPO-

uel BC, ZB = 120°, AC = 14 cm. Haiigure croponust AB u BC.

Pewenue. ITo Teopeme kocunycos AC? = AB? + BC? — 2AB - BCcos B.
IMycts BC =x cM (x > 0), Torna AB = (x + 4) cm.
Hmeem:
142 = (x + 4)% + 2% — 2x(x + 4)cos 120°;
1

196 =22 + 8x + 16 + 22 — 2x(x + 4) - (_5);
196 = 2x* + 8x + 16 + x(x + 4);

322+ 12x — 180 = 0;

x2+4x-60=0;

x, = 6; x, =-10.

Kopens x, = —10 ne yrosiersopser ycnosuio x > 0.
Cunepnoparenbuo, BC =6 cm, AB = 10 cm.

OtBeT: 10 cMm, 6 cm. «

3apauva 3. Ha cropone AC tpeyronbunka ABC ormernan touky D Tak,

P‘“”

Pewenue. ITo Teopeme KOCHHYCOB JUIst TPEYTOJIb- A

AB?=AC?+ BC?-2AC - BCcos C.
AC? + BC? - AB* _

Orcona cosC =

2AC - BC

_ 15 +18? 14 _ 295+169-196 _ 33

2-15-13

2-15-13

=55
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IMockonbky CD : AD=1:2, 10 CD = éACz 5 cm.

Toraa B Tpeyroasunke BCD:

BD?=BC?+ CD?*-2BC-CD -cosC=13*+52-2.13.5. = =128.
Cnenosarensto, BD = 128 = 82 2 (cm).

OTBeT: 8v2 cm. «

3apaya 4. /Ise croponsl TpeyroiabHuka pasubl 23 cm u 30 cM, a MeauaHa,
nposeA€HHas K 6osbimeil U3 U3BECTHBIX cTOPOH, — 10 cm. Haitaure TpeTsio cro-
POHY TpeyroJbHHKA.

Pewenue. Ilycte B Tpeyrompuuke ABC
AC =23 cm, BC = 30 cm, otpesok AM — mean-
ana, AM =10 cm.

Ha npopomxenun orpeska AM 3a Tou-
Ky M ornoxum orpesok MD, paBublii Meana-
He AM (puc. 10). Toraa AD = 20 cm.

B uerpipéxyronsauke ABDC puaronamu AD u BC toukoit M nepeceue-
Hus aensrcs nonojam (BM = MC no ycnosuio, AM = MD 10 nocTpoeHuio).
Cnenosarensno, yetsipéxyronbunk ABDC — napaiienorpamm.

Tak xak cymma KBajpaToB AMaroHaleil napaieorpaMma paBHa CymMMe
KBa/|paTOB BCCX €ro CTOPOH, TO:

AD? + BC? = 2(AB?* + AC?).

Torna

20% + 302 = 2(AB? + 232%);

400 + 900 = 2(AB? + 529);

AB?=121;

AB =11 cm.

Otsert: 11 cm. «

ri_) 1. ChopmynupyiiTe Teopemy KOCUHYCOB.
2. OCTpoyronbHbIM, NPAMOYTONbHBIM UK TYNOYroNbHbIM ABNAETCS TPEYrofb-
HUK CO cTopoHamu a, b 1 ¢, rae a — ero Haubonblas CTOpoHa, ecnu:
1) a®< b®+c% 2)a’>b%*+c% 3) a2=b%+c?
3. Kak cea3aHbl Mmexay coboit guaroHanu v CTopoHbl Napannenorpamma?

NS L N T AT LI

(o 8 !nggmuanu .

28. Haiigure HEM3BECTHYIO CTOPOHY TpeyroabHuka ABC, ecau:
1) AB=5cm, BC=8cm, ZB =60";
2) AB=3cm, AC = 2/2 em, ZA = 135°.
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29. Haiiaure HeusBecTHYIO CTOPOHY TpeyroabHuka DEF, ecnu:
1) DE = 4 cm, DF = 2J3 cm, 2D = 30°;
2YDF =3 cm, EF=5 cm, LF=120".

30. Croponbl Tpeyroabuuka pasubl 12 oM, 20 cm u 28 cm. Haiigure nan6ons-
HIMH YTOJI TPEYroJbHUKA.

31. CropoHbI TPEYrOJIbHUKA PABHbI V18 cm, 5 em u 7 cm. Haiigure CcpeHnr
IO BEJIMYUHE YroJi TPEYroJIbHUKA.

32. YcTtaHOBHUTE, OCTPOYIOJbHBIM, IPSMOYTOJbHBIM HIH TYIOYIOJIbHbIM SABJIs-
€TCsl TPEYTOJbHUK, CTOPOHBI KOTOPOTO PABHBbI:

1) 5em, 7emu 9 oM 3) 10 cm, 15 cm u 18 oM.
2) bem, 12 ecmu 13 oM

33. CTOpOHBI TPEYroJbHMKA PaBHbI 7 CM, 8 cM H 12 cm. BepHo s, 9TO NaH-
HBIN TPEYrOJBHUK OCTPOYTOJIbHbIN?

34. JlokaxkuTe, 4TO TPEYroJbHUK cO cTopoHamu 8 cm, 15 cm u 17 cm aBasercs
MPsIMOYTrOJIbHBIM.

35. Croponsl napauiejsorpaMma paBHbl 9J2 cM u 5 cm, a ofuH U3 €ro yrioB
pasen 45°. Haiijnre uaronaiy napauiesiorpamma.

36. B rpanewun ABCD (BC || AD) ussectno, uro BC =3 cm, AD =10 cm,
CD =4 cm, £D = 60°. HaiiauTe AyaroHaiy Tpamnenmm.

37. Ha cropone AB paBnocroponHero Tpeyroibauka ABC ormedeHa ToY-
ka D rtak, uro AD : DB = 2 : 1. Haitjgute orpesox CD, ecim AB = 6 cm.

38. Ha runorenyse AB npsmoyronsHoro tpeyronbanka ABC orvedena tou-
ka M rak, uto AM : BM = 1 : 3. Haitaure orpesok CM, ecin AC = BC =
=4 cm.

) -

39. /lse CTOPOHBI TPEYroJbHMUKA PaBHBI 3 CM U 4 €M, 2 CHHYC yI/Ia MEXy HU-
MM paBeH % Haitiure TpeThio CTOPOHY TpeyroabHuka. CKOJIbKO perre-
HUIT UMeeT 3aja4a?

40. B rpeyroasauke ABC ussectno, uto £ZC =90°, AC =20 cm, BC = 15 em.
Ha cropone AB ormermm Touky M Tak, uro BM = 4 cm. Haiinure otpe-
30k CM.

41. Ha mpOAO/KEHUM THIOTeHy3bl AB NPAMOYrOIbHONO PaBHOGEAPEHHOTO
tpeyroasunka ABC 3a Touky B ormerwm touky D Tak, uro BD = BC.
Haiizure orpesok CD, ecin karer tpeyroibanka ABC paseH a.

42. B rpeyroabuuke ABC usBectHO, uto £ZC = 90", AB = 13 cm, AC =12 cm.
Ha npoomkennu runoredysst AB 3a touky B ormernan Touky D Tak,
uto BD = 26 cm. Haiigure orpesok CD.

43. lleHTp OKPYXHOCTH, BIMCAHHOI B IPAMOYTOIbHbIN TPEYTONBHHK, YIQIEH

OT KOHIIOB IMIOTeHy3bl HAa @ cM M b oM. Haiignre runoreHysy Tpeyroib-
HHUKA.
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44,

45.

46.

417.

48.

49.

50.

51.

52.

53.

55.

56.

57.

58.

Touka O — HEHTP OKPYXHOCTH, BOMCAaHHOH B Tpeyroibuuk ABC, BC =a,
AC = b, ZAOB = 120°. Haiiqure cropony AB.

JIBe CTOPOHBI TPEYTrOJAbHUKA, YTOJI MEXAy KOTOpbiMU paseH 60°, oTHOCAT-
cs kak b : 8, a TpeThsi cropona pasHa 21 cm. Haiignre Hem3BecTHbIE CTO-
POHBI TPEYIrOJbHUKA.

/lBe CTOpPOHBI TPEYroJbHMKAa OTHOCATCA Kak 1 : 2J3 n obpasyloT yro,
pasubiit 30°. TpeTba cTOpoHa TpeyroJibHMKA paBHA 27 cm. Haiigure ue-
H3BECTHbBIE CTOPOHBI TPEYIOJbHHKA.

Cymma JIByX CTOPOH TpeyroJibHuKa, obpasyiomux yroa 120°, pasna 8 cm,
a JUIMHA TPEThel CTOPOHEBI cocraBaseT 7 cm. Haiiure Hem3BecTHbIE CTO-
POHBI TPEYrOJIbHHUKA.

ABe cTOPOHbBI TPEYroJIbHUKA, Yro/I Mexay KoTopbiMu pasen 120°, orHocaT-
ca kak b : 3. Hadiiure cTopoHbl TpeyroJibHUKA, €CJIM €ro MEPUMETP paBeH
30 em.

ABe croponsl TpeyroibHuKa paBHbl 16 cM 1 14 cM, a yroz, nporusoaexa-
M MEHbIIEH M3 M3BECTHBIX CTOPOH, paseH 60°. Halixure nenssecrnyio
CTOPOHY TPEYroJbHHKA.

ABe croponsl Tpeyroabuuka paBHbl 15 cm u 35 cm, a yros, npoTuBosIexa-
muii Gosbiiel U3 U3BECTHBIX CTOpPOH, pasen 120°. Haiinure nepumerp
TPEYroJbHHKA.

Ha cropone BC rtpeyroabauka ABC ormerwim Touky D Tak, 4ro
CD = 14 cm. Haiigure orpesok AD, ecim AB = 37 cm, BC = 44 cm
u AC =15 cm.

Ha cropone AB rpeyronbuuka ABC ormerwm Touky K, a Ha npogoske-
aun cropoubt BC 3a Touky C — touky M. Haiigure orpezok MK, ecom
AB=15ecm, BC=7cm, AC=13 cm, AK=8 cm, MC =3 em.

Onna M3 CTOPOH TPEYrosbHUKA B 2 pas3a Goblne APYroid, a yroia Mexay
3THMHM CTOpOHamu coctasiser 60°. Jlokaxure, 4TO JAHHBIA TPEYrOJIbHUK
ABJSAETCA NPAMOYTOIBHBIM.

JokaxkuTre, 4TO €c/m KBaJpaT CTOPOHBI TPEYTOJAbHHKA PABEH HEMOJIHOMY
KB3/IpaTy CyMMBbI JIBYX JIDYTUX CTOPOH, TO IIPOTUBOJIEKAIIUN 3TOH CTOPOHE
yrox pasen 120°.

JlokasxkuTe, 9TO €CIM KBaJIpAT CTOPOHbI TPEYTOJIbHHKA PABEH HEIOIHOMY
KBQ/IpaTy PasHOCTH JBYX APYTMX CTOPOH, TO NPOTUBOJIEKAMMIA 3TOi CTO-
pone yron pasen 60°.

Ase cropons! napauienorpamma paeael 7 v u 11 oM, a ogna u3 auarona-
aeit — 12 cm. Haiigure BTOpyio guaroHanb napauiesiorpamMma.

Jmaronanm napawienorpamma pasusi 13 cm u 11 cMm, a oaHa U3 CTOPoH —
9 cm. Hailizure nepumetp napauiesiorpaMma.

HAuaronamm napauiesorpamma paBHbl 8 cM 1 14 M, a OHA U3 CTOPOH Ha
2 cM Goubiue Apyroit. Haiiiure cTopoHb! napawiesiorpamMma.

17



59. Cropous! napauienorpamMma passaber 11 cm u 23 cm, a ero gparoHam OTHO-

carca Kak 2 : 3. Haliaure amaroHany nmapaulenorpaMma.
BE % i

60. B rpaneumn ABCD (AD | BC) usBectro, uto AB =5 cm, BC =9 oM,
AD =16 cMm, cos A = % Haiizure cropony CD Tpanenuu.

61. B rpanemuu ABCD (AD | BC) nasecrno, urto AB = V15 cM, BC =6 cm,
CD =4 cm, AD = 11 cm. Haiiaure xkocunyc yria D tpanenuu.

62. Haiimure quaronans AC gersipéxyroabanka ABCD, ecim 0KOJIO HETO MOX-
HO onMcaTh OKpyKHOCTb U AB =3 cm, BC=4 cm, CD =5 cm, AD =6 cm.

63. MoKHO I OnMCaTh OKPYKHOCTb OKOJIO YeThipéxyronbuuka ABCD, ecim
AB=4mM, AD=3cm, BD=6cmu £ZC = 30°?

? 64. Jlokaxure, 9TO MPOTHB GOJBIIEro yrjia mapaulejorpamMma JexXuT 60/b-
mas AuaroHatb. ChopmyimpyitTe U J0KaxKUTEe OOPATHOE YTBEPHKIAECHUE.

65. Cropons! TpeyronbHuka pasHbl 12 oM, 15 cm 1 18 em. Haitaure Guccek-
TPHCY TPEYrOJbHMKA, NIPOBEIEHHYIO U3 BEPIIMHbI €r0 HANOOABIIETO YIJa.

66. OcnHoBaHMe paBHOOEAPEHHOTO TPEYrOJbHHUKA PaBHO 5 cM, a 6OKOBas CTO-
porna — 20 cm. Haiignre GHCCEKTPHCY TPEYrOJbHHUKA, MPOBEAEHHYIO M3
BEPIIMHBI YIJIA IIPU €I0 OCHOBAHUH.

67. Croponsl Tpeyroabauka pasabl 16 oM, 18 oM u 26 cm. Haitaure meanany
TPEyroJIbHUKa, IPOBEAEHHYIO K €ro Gosbimeil CTopoHe.

68. OcHopanue paBHOGEIPEHHOIO TPEYTOJbHUKA PABHO 442 cm, a meamana,
nposenéHHas K 60koBoi cropone, — 5 cM. Haligure GOKOByI0 CTOPOHY
TPEYroJibHUKA.

69. JlBe CTOpOHBI TPEYroJabHUKA paBHbI 12 cM u 14 cm, a MeauaHa, NPOBEAEH-
Hasi K TpeTbeil cropoHe, — 7 cM. Haliiure HeM3BECTHYIO CTOPOHY Tpe-
YrOJIbHUKA.

70. B rpeyroasuuke ABC usBectno, uro AB = BC, ZABC = 120°. Ha npo-

? 71.

T N

nomkenun orpeska AB 3a Touky B ormerwam Touky D Tak, uro BD =
= 2AB. Jlokaxure, uro Tpeyroabuuk ACD paBHOGEAPEHHDINA.

Jloxaxure, 9TO M, = %v‘?aﬁ +2b% - ¢%, rae a, b n ¢ — CTOPOHBI TPEYrOJIb-

HHKA, M_ — MEIUaHa TPEYTrOJbHHUKA, TPOBE/IEHHAN K CTOPOHE C.

P e

B

73.

YnpamxHeHUa 418 NOBTOPEHUA ¥

B oxpyxknocTH nposesaeHbl auamerp AC u xopaa AB, pasHas pazuycy
okpyxHoctH. Hatigure yrist Tpeyroasuuka ABC.

Opun U3 yrioB, 06pa30BaBIIMXCH NPH NEpPeceYeHnr GHCCEKTPUCHI yria
napauieorpaMmMa ¢ €ro CTOPOHOM, paBeH OAHOMY M3 YIVIOB MapasLIeio-
rpamma. Hadiznre yribl napauienorpamma.
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74. B rpeyronpauk ABC Bnucan napausenorpamm ADEF rtak, uro yron A
y HuX o6mwmit, a Touku D, E u F npuHaiiexkar cOOTBETCTBEHHO CTOPO-
Ham AB, BC n AC rpeyroasauka. Hailiure CTOpOHBI mapauienorpam-
ma ADEF, ecru AB=8cm, AC=12 cm, AD : AF=2: 3.

iz

:

™ rorosumen k usyvenmo N\
HOBOMW TeMbl

75. Haiigure yron ADC (puc. 11), ecin ZABC = 140°.

76. Haiymre yron ABC (puc. 12), eciu LADC = 43°.

77. Orpesox AB — auaMeTp OKPYKHOCTHM, PaguyCc KOTOpO# paseH R,
ZABC = o. (puc. 13). Haitanre xopay AC.

=T

|

IMosTopure conepkanue nynxra 30 na c. 224.

D B

B (&) (&

3. T eMa CMHYCOB

l-[pﬂ JOKa3aTeJIbCTBEC paga TEOpPEM | PEHICHWH MHOIMX 3aJa4 HpHMeHﬂCT"
€A CAEAYIOAst IEMMa.

Nemma \

Xopaa OKpPYMHOCTH paBHa
NPoOU3BeAEeHUI0 AuameTpa M
CHHYca n60ro BMNUCaAHHOIO
yrna, onupaoouwerocs Ha a3ty
xopay.

JlokaszaTtenbcTBO

Ha pucynxe 14 orpesok MN — xoppaa
OKpy:kHOCTH ¢ ueHTpoM B Touke O. ITpopeaém
amametrp MP. Torga ZMNP = 90° kax Briucas-
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HBIH yrou, onupaiomuiics Ha guamerp. Ilycrs BermunHa Buucansoro yria MPN
pasHa 0. Torna B npamoyroasnom Tpeyroabauke MPN nonxyqaem:
MN = MP sino. (*)
Bce BnucanHble yriabl, onupaomuecs Ha xopay MN, paBHbl O wIH
180° — o.. CneoBaTensHO, X CHHYChI paBHbl. [ToaToMy nosyueHHOE paBeHCTBO ()
CIPABEUIMBO JUIsl BCEX BIMCAHHDIX YIVIOB, onupalomuxcs Ha xopay MN. <

W3 BTOPOro mpusHaKka PaBeHCTBA TPEYrOJILHUKOB CJIEAYET, YTO CTOPOHA
U /IBa NIPUJIEKAMX K HEH yI/la OAHO3HAYHO Onpenesior Tpeyroabuuk. Creno-
BATEJIBHO, N0 YKa3aHHBIM 3JIEMEHTAM MOXKHO HAWTH JiBE JPYyrHe CTOPOHBI Tpe-
yronsHuKa. Kak 3T0 crenatsb, nojckassisaeT caeayionas reopema.

Teopema 3.1 X
(Teopema CHHYCOB)
CTOpOHbI TPEYronbHHUKa NPonopuUoHanbHbI CUHYcaM NpoTH-
BOJIeXaLLMUX YrnoB.

[okasaTenscTeo
Ilycrs B Tpeyromsunke ABC ussectno, uto AB = ¢, BC=a, CA=b. Jlo-
Ka)KeM, 9TO
a _ b _ ¢
sinA  sinB~ sinC’
[lycTs paguyc onucaHHoOM okpyxkHOCTH Tpeyronbuuka ABC pasen R. Tor-
na no aemme a = 2Rsin A, b= 2Rsin B, ¢ = 2Rsin C. Orcioaa:

a b c 9R

sinA sinB sinC <

@ cneacreme

Paauyc OKpYXHOCTH, ONUCAaHHOW OKO/1I0 TPEYrofibHUKa, MOMX-
HO Bbi4MCUTB No dopmyne

a

2sina’

rae a — CTOpOHa TPeyronbHHKa, 0. — NPOTUBONEKALMA ei
yron.

3agaya 1. B rpeyroasauke ABC uspectno, uro AC = V2 cm, BC=1cm,
4B = 45°. Haiimure yron A.
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Pewenue. I1o Treopeme cunycos

BC _ AC

sinA ~ sinB’

Toraa J_

) _BCsinB . _1l-sind5° _+2 5 _1
smA—iAC ,smrfl—————\/§ 5 2 5

Iockonsky BC < AC, To ZA < ZB. CnepoBarenbHo, yroa A — OCTpBbIii.

Orciona, yunThiBas, 9T0 sin A = % noaydaem ZA = 30°.
OteeT: 30°. «

3apava 2. B rpeyrosbuunke ABC ussectHo, uto AC = V2 cM, BC=1 cm,

ZA = 30°. Haifnure yron B.
Pewenne. ITo Teopeme cunycos BC _ AC . Torpa sinB =

sinA  sinB
sinB:%.

ACsin A
BC

Tak xak BC < AC, o LA < £B. Torza yron B MoxeT GbITb KaK OCTpPBIM,
TaK 1 TynbiM. Otciona £ZB = 45° wiu £B = 180° — 45° = 135°.
OtseT: 45° wmu 135°. «

3apaya 3. Ha cropone AB rtpeyronbum- " Puec. 15
ka ABC ormernwmu touky D tax, uro ZBDC =y, ' : '
AD = m (puc. 15). Haitgure orpesox BD, eciu
ZCAD=qa, £ZB =§.

Pewenue. Yron BDC — BuemHwuit yron
Tpeyroneauka ADC. Torpa LACD + £CAD =
= £ZBDC, orciopa ZACD =y - q.

[lo Teopeme CHHYCOB JuIsi TpeyroabHH- 4 v B

. CD _  AD A B
AP oD~ i 2T wa
ADsin ZCAD _ msina
sin ZACD ~ sin(y-a)’
ITo reopeme cunycos st Tpeyronsunka BCD:

Cnenoparensuo, CD =

BD .. &b
sin ZBCD ~ sin Z£CBD*

_ CDsin ZBCD _ msinasin(180° - (B +7v)) _
Cnenosarensno, BD = sin/CBD sinBsin(y — o) h

_ msinaosin(p +y)
sinBsin(y —a)
Oitie mfiln a‘sm(B +7) '
sin Bsin(y — a)

21



3apaya 4. Orpesok BD — Guccexrpuca tpeyroapauka ABC, ZB = 30°,
ZC = 105° (puc. 16). Haitaute paguyc OKPYKHOCTH, ONMCAHHOWH OKOJIO Tpe-
yroasauka ABC, ecim paguyc OKPY:KHOCTH, OIMCAHHOM OKOJO TPEYroJbHUKA
BDC, pasen 8V6 cm.

e —— e ———ey—
B
(64 4
45°
D
A B A\60°
ATFE ¢

Pewenwue. Ilycte R, — pajuyc OKPYXKHOCTH, ONIMCAHHOM OKOJIO TPEYroJb-
uuka BDC, R, = 8V6 cm. 1

Tak kak orpesok BD — Guccekrpuca Tpeyroibuuka, 1o ZCBD = S ZABC.
Torpa ZCBD = 15°.

B rpeyronsauke BDC: ZBDC = 180° — (LCBD + £C),

4ZBDC = 180° — (15° + 105°) = 60°. BC

To ciexcTBHIO M3 TEOPEMBbI CHHYCOB o ——prr

= 2R, sin ZBDC, BC=2 - 8/65in60° = 2442 (cm).
B tpeyroasuuke ABC: ZA = 180° — (LABC + £C),
ZA =180° - (30° + 105°) = 45°.
ITyctb R — MCKOMBIH PafiMyC OKPY’KHOCTH, ONUCAHHOM OKOJIO TPEYTOIbHU-
ka ABC.
24+/2

BC _ ~
Tomm gana — 2 QTaom B=g o i

OtBeT: 24 cM. «

= R1 Orciona BC =

= 24 (cM).

@ 1. Kak HanTu Xopgy OKPYXHOCTW, eCnv M3BeCTHbl ANaMeTp OKPYXHOCTU
1 BNMCaHHbIN Yron, ONUPaIoWMIACA Ha 3Ty xopay?
2. ChopmynupyinTe Teopemy CUHYCOB.
3. Kak HalTu paguyc OKPYXHOCTU, ONMUCaHHON OKONO TpeyronbHuKa co
CTOPOHOI @ U NPOTUBONEXALUMM 3TOI CTOPOHE YrNoM 0.

S SHE SR T SR 2

_(_\E_anamueung M

78. Haityture cropony BC tpeyronpauka ABC, n3o6pax€HHOrO Ha PUCYH-
ke 17 (ummHa oTpeska [aHa B CAHTUMETPAX).



79.

80.

81.

82.

83.

Haiiyure yron A rpeyronsauka ABC,
n300paX€HHOro Ha pucyHke 18 (-
HBI OTPE3KOB JIaHbI B CAHTUMETPAX). B
Haiigure cropony AB TpeyronbHHKa
ABC, ecn AC = \J6 cm, ZB = 120", 642 6
ZLC =45b".
B rpeyrosbuuxke ABC usBectHo, uTO A c
AB =12 cm, BC =10 cM, sin A = 0,2.
Haitaure cunyc yria C TpeyroabHuka.
B rpeyronbauke DEF ussectHo, uro DE = 16 cm, ZF = 50°, ZD = 38°.
Haiinure cropony EF.

B tpeyronbuuxe MKP usBecrno, uro KP = 8 cm, ZK = 106°, ZP = 32°.
Haiture cropony MP.

st HaxoxAeHns paccTosHUA OT TOUKH A 10 KOJOKOabHH B, pacnono-
KEHHOI Ha Apyrom Gepery peuku (puc. 19), ¢ mOMOmBIO BeX, pyl1eTKH
¥ npubopa /it U3MEPEHUS YIJIOB (TEOXOINTA) OTMETHIN HA MECTHOCTH
Touky C Takyo, uro ZBAC = 42°, ZACB = 64°, AC = 20 m. Kak naiitn pac-
crosaue ot A o B? Haiiaure ato paccrosinue.

85.

86.

87.

sl

B tpeyronsnuxe ABC usBectno, uto BC = a, ZA = a, £C = v. Haiijaure
cropoust AB u AC.

Huaronans napanrenorpamma pasia d 1 06pasyer ¢ €ro CTOPOHAMYU YIJIbI
o u . Haiiure CTOpOHBI napauiesorpamma.

Haitaure yron A tpeyroasuuka ABC, eciu:

1) AC=2cm, BC=1 cMm, ZB = 135°;

2) AC= V2 cm, BC= /3 cm, £B = 45°.

Cxonbko pemenuit B Kaxaom crydae umeeT 3azaua? OTBeT 06OCHyiTE.



89.

90.

Cymecrsyer su Tpeyroasuuk ABC takoit, uto sinA = 0,4, AC = 18 cm,
BC = 6 cm? OTser obocnyiire.

B tpeyronbauke DEF usBectHo, yro DE = 8 cm, sin F=0,16. Haiiaure pa-
JIMYC OKPY)KHOCTH, ONHUCAHHON oKono TpeyronbHuka DEF.

Pazryc OKpyKHOCTH, ONMCaHHO# 0Ko0 Tpeyronbuuka MKP, pasen 5 oM,
sin M = 0,7. Haiigure cropony KP.

00 N

91.

92.

93.

94.

Ha npogoykennu croponst AB tpeyronpuuka ABC 3a Touxy B ormern-
qu touky D. Haiiqure paauyc OKpy:KHOCTH, ONMCAHHOW OKOJIO TPEYroJib-
uuka ACD, ecou ZABC = 60°, ZADC = 45", a paruyc OKpyKHOCTH, ONU-
canHOi 0k0J10 Tpeyronbauka ABC, pasen 4 cm.

Pazyc OKpY:KHOCTH, ONMCAHHOIT 0K0JI0 Tpeyroabinka ABC, pasen 6 cm.
Haiygure paamyc OKPYKHOCTH, OIMCaHHOM Okozi0 Tpeyroibhnka AOC,
rae O — Touka nepeceuyenus Ouccekrpuc Tpeyronpauka ABC, ecin
ZABC = 60".

Vcnonbays aaunble pucynka 20, naigure orpesok AD, ecm CD = a,
£ZBAC =Y, ZDBA = B.

Ucnionbays fannbie pucynka 21, Haiiure orpesok AC, ecn BD = m,
ZABC=a, ZADC = B.

Puc. 20 - n——— Puc. 21

o p
gy gt S p

95.

96.

97.

98.

99.

Ha cropone AB rtpeyroabHuka ABC ormermnim touxky M Tak, 4UTo
ZAMC = ¢. Haiigure orpesok CM, ectu AB=c, ZA=o, ZACB =Y.

B tpeyronbanke ABC uaBecTHo, uTo LA =0, 4B =B. Ha cropone BC ot-
meTim Touky D Tak, uro ZADB = ¢, AD = m. Haiigure cropony BC.
Jlokaskure, 9TO GHCCEKTPUCA TPEYTOJbHUKA J€TUT €ro CTOPOHY Ha OTpes-
KH, JUIMHBI KOTOPBIX OOPAaTHO NPONOPIHMOHAILHBI CHHYCAM MPHIEKATIIX
K 9TOH CTOPOHE YIJIOB.

JlBe CTOPOHBI TPEyrobHUKa paBHbl 6 cM u 12 oM, a BbIcOTa, NPOBEACHHASA
K TpeTheit cropone, — 4 cM. Hailinre paauyc OKpyKHOCTH, ONMCAHHOM
OKOJIO JaHHOTO TPEYroJbHHKA.

Haitiure paguyc OKPy)KHOCTH, ONMCAHHON OKOJIO PAaBHOGEAPEHHOTO Tpe-
yronbHMKa ¢ ocHoBaaneM 16 cM n 6okoBoii croponoit 10 cm.
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100. Cropona TpeyroJibHMKa paBHa 24 cM, a paiuyC ONMMCAHHON OKPYKHOCTH —
8V3 cm. YeMy paBeH yros TpeyroJabHHMKa, IPOTUBOIEKAIUN JAHHOM CTO-
pone?

101. Tpacca st BeJOCUIIEAUCTOB uMeeT GopMy TPeyroabHUKa, Ba yrjia KOTo-
poro passbr 50° 1 100°. MeHbIIyio CTOPOHY 3TOrO TPEYrOJbHUKA OJUH U3
BEJIOCUIIEAUCTOB ITPOE3KAET 3a 1 4. 3a KaKoe BpeMs OH MPOeJeT BCIO Tpac-
Cy-J Oreer NPEACTABLTE B YacCaxX ¢ TOYHOCTBIO IO NE€CATHIX.

) e——

102. B rpeyronsuuke ABC ussectno, yro AC = b, ZA = o, £C = v. Haijgure
6uccexrpucy BD TpeyrojabHuka.

103. OcHoBanune paBHOGEAPEHHOTO TPEYrOJABHUKA PABHO @, NPOTUBOJIEKAIIMIA

(j) 104.

105.

106.

107.
108.

109.

110.

eMy yros paseH o. Hafigure 61ccekTpucy TpeyroibHUKaA, MIPOBEAEHHYIO U3
BEPIIMHBI yIJia ITPpH OCHOBaHHWH.

Jlokaxkure, Mojab3ysich TEOPEMOI CHHYCOB, YTO GHCCEKTPHCA TPEYTOJbLHH-
K4 JACJIUT €ro CTOPOHY Ha OTPE3KH, JUIMHBI KOTOPBIX IMPOIMOPIHOHAIbHbBI
NPHIEKAIUM CTOPOHAM.

Ocnosanus paBHo60KO# Tpaneuun pasbl 9 cm u 21 M, a Boicota — 8 oM.
Haiigure paauyc oKpyXXHOCTH, ONMCAHHOM OKOJIO TPANeLyH.

Otpesox CD — 6uccexrpuca Tpeyronsanka ABC, B koropom ZA = «,
4B = P. Yepes Touky D nposejena npsimasi, napauieapHas cropone BC
u nepecekaomas cropony AC B Touke E, npuaém AE = a. Haiigure otpe-
3ok CE.

Mepnana AM tpeyroabanka ABC paBna m u o6pasyer co croponamu AB
u AC yramt o u B coorBercrBenno. Haiure croponst AB u AC.
Mepuana CD Tpeyroabuuka ABC o6pasyer co croponamu AC m BC
yribl 0. 1 B coorsercTBenHo, BC = a. Haiigure meanany CD.

BeicoTpr octpoyronsroro tpeyroasunka ABC nepecekaiorcs B Touke H.
JlokaxkuTe, 4TO pajiuyChl OKPYKHOCTEMH, ONMCAHHBIX OKOJO TPEYrOJbHH-
xos AHB, BHC, AHC n ABC, pasHbL.

Hoporu, coequnsiomue céna A, B u C (puc. 22), 06pasyior TpeyroabHuK,
npu4ém gopora u3 cena A B ceno C 3aacanbTrpoBaHa, a JOpOru U3 ce-

Puc., 22




na A B ceno B u u3 cena B B ceno C — rpynrossie. Jloporu, Beaymue u3
cena A B céna B u C, obpasyior yron 15°, a goporu, Beaymue M3 cena B
B céna A u C, — yron 5°. CKopocTb ABMKEHUSI aBTOMOOWIA 10 achanbTh-
pOBaHHOI1 fopore B 2 pa3a Gosblle CKOPOCTH JABMIKEHUS 110 PYHTOBOIA.
Kakoit mapmpyr Hajio BbIOpaTh BOAMTE/IO aBTOMOOMIA, YTOObI KaK MOJK-
HO CKopee Jo6paTthca u3 cena A B ceno B?

111. Jloporm u3 cén A u B cxoparcs y paspuiaku C (puc. 23). Jlopora us ce-

na A xo pasBuiku obpasyer ¢ joporoit u3s cena A B ceso B yron 30°, a no-
pora u3 cexa B no passuakm obpasyer ¢ joporoi ua cena B B ceno A
yrox 70°. OnHoBpeMeHHO U3 cena A B HanpaBJIeHUM Pa3BHJIKM BbIEXAJl aB-
TOMOGMIB €O ckopocThio 90 KM/ 4, a U3 cena B — aBTo6Gyc CO CKOPOCTBIO
60 xmM/4. ABTOMOGWIB MM ABTOGYC IEPBBIM AOEIET O PA3BUIKU?

= P . T =T S
( @ YnpaHeHus ana NOBTOpPEHUs
112. Buccexrpuce: yraos B u C npsmoyroasinka ABCD nepecexaior ctopo-
uy AD B Toukax M u K coorsercTBenno. Jlokaxure, aro BM = CK.
113. Ha pucynke 24 DE || AC, FK | AB. Yxaxure, Kakue TPEYrONbHUKHA Ha
9TOM PHUCYHKE NOJAOGHBI.
B
A B F
D E
Cc A X c
114. Ha cropoue AB xsanpata ABCD ormermm Touky K, a na cropone CD —
Touky M taxk, uro AK : KB=1:2, DM : MC = 3 : 1. Hailgure cTropony
kBazgpara, ecmn MK = 13 cm.
o
( @D rovoeumcs K uayyeHuio Sy
HOBO#W Tembl
115. PemmTe nMpsAMOYroJbHBIH TPEYTOJIbHUK:

1) no xBym Karetam @ =7 cm 1 b = 35 cm;
2) no runorenyse ¢ = 17 cm u xkarery a = 8 cm;
3) no runoTenyse ¢ = 4 cm u ocTpomy yray o = 50%



4) no karerty @ = 8 CM M IPOTUBOJIEKAIIEMY YTy O = 42°.
[Tosropure copepkanne nmynkra 37 Ha c. 226.

4. P He T rolbHUKOB

PemmTh TPeyroJbHMK — 3TO 3HAYUT HANTH €ro CTOPOHBI M YIJIBI 110 M3-
BECTHBIM CTOPOHAM H YIJIaM.

B 8 xnracce Bbl HAy9MIIMCh pEMIATh NPAMOYTOJibHbIE TpeyroabHuku. Teope-
Mbl KOCMHYCOB ¥ CMHYCOB IIO3BOJISIIOT PENIUTh 000 TPEYTOIbHUK.

B caeayiomux 3azavyax 3Haue€HHUs TPUTOHOMETpPHUYECKMX (YHKLMI Oyzem
HAXOAHMTH C MOMOIIBIO KAIBKYISATOPA M OKPYIJISITh 3TU 3HAYCHUS 0 COTHIX. Be-
JIMYHHBI YIJIOB 6y,ueM HaXoO/IMTh € TTIOMOIIBIO KATBKYJIATOPA U OKPYIJIATDL 9TH 3HaA-
YeHUA A0 eIUMHUIl. Bbruncags JUIMHBL CTOPOH, pPe3yabTaT 6y.11f:M OKPYIJISTh 0 Jie-
CATbIX.

3apava 1. Pemmre TpeyroabHuk [T N ——
(puc. 25) no cTopoHe @ = 12 cM 1 ABYM [
yraam B = 36°, y=119°.
Pewenue. Hcmoansys Tteopemy
O CyMME YIJIOB TPEYrOJIbHHUKA, ITOJYIUM:
o=180"- (B +7),
o= 180" — 155° = 25°. "
Ilo Teopeme cuHycOB: e

_ 125in36° 120,59
© sin25° 0,42
BuoBsp npumenss Teopemy CHHYCOB, 3alUIIeM ;'-:’;—Y = si:a . Orciona
e af.lny .
sin o

pny _a

asin
—— ., Orcioga b= —ﬁ HUmeem:
sin o sin a

=~ 16,9 (cm).

125in119° _ 12sin61° _ 12-0,87
sin 25° sin 25° 0,42
OtBeT: b = 16,9 cm, ¢ = 24,9 cm, 0. = 25°, «

Hmeem: ¢ = =~ 24,9 (cm).

3apaya 2. Pemure TpeyroxbHHK 10 ABYM cTopoHam @ = 14 cm, b = 8 cm
u yray Y = 38° Mexay Humm.

Pewenue. Ilo Teopeme kocumycos ¢* = a® + b® — 2abcosy. Orcona
=196 +64—-2-14 - 8 cos 38° = 260 — 224 - 0,79 = 83,04, ¢ = 9,1 cm.

Nanee nmeem: a® = b2 + ¢ — 2bc cos 0.

b? +c? - a? 8% +9,1% —14?
Orcona ¢ = — om—= = . =~
TCIOAA COS O 2 , COS .80 —-0,34. Orcona o.

= 110°.
Hcnonbays Teopemy 0 cymme yrioB TPEYroJbHHKA, MOTYIHM:
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B=180°- (a+7), p=180° — 148° = 32°.
OmeT: c=9,1 cm, a = 110°, B = 32°. «

3agaya 3. Pemure TpeyroabHUK 10 TpéM cTopoHam @ = 7 cm, b = 2 cwm,
c=8cm
Pewenue. Ilo Teopeme kocumycos a’® = b? + ¢* — 2bccoso. Orcona

_ b+t -a _4+64-49 .
cosa = 2be ;. COSQL = 9.9.8 0,59. Orciona o. = 54°.
b . bsin o
IT € ¢ g .= . ==
O TEOpEME CMHYCOB — — = — B Orciona sinf = [Monyuaem
coRas B
sinp = 212 » 2230 - 0,93,

[Mockonbky b siBisieTcsi HaMMEHbIIEH CTOPOHOW JAHHOIO TPEYrOJbHUKA,
10 yron B — ocrpsiit. Toraa Haxoaum, uro f = 137

Hcnonnays TeopeMy O CyMME YIJIOB TPEYTrOJIbHUKA, NOTYIHM:

y=180° - (a. + B), Y= 180" — 67° = 113",

OmeeT: o= 54", B = 13", y= 113", «

3apaya 4. Pemnre TpeyroabHHUK 10 ABYM CTOPOHAM M YIJTy, HPOTHUBOJIEXKA-
memy oHoit us cropou: 1) @ =17 cm, b =6 cm, 0.= 156" 2) b =7 cm, ¢ =8 e,
B=65°3)a=6cm b=>5cm, B=50"

PelweHue. i b o
1) I'lo Teo OB = . Orciona sinP = =22 | [Toaygaem
) peme CHIyCol Sna sin s B o
sinﬁ=ﬁsm156 . 6 sin 24 =6-0,41=0‘14'

17 17 17
Tax Kak yroJs 0. JaHHOTO TPEYroJbHHKa TYMOM, TO yroa B — octpsriit. Torxa
paxoaum, aro B = 8°.
Ucnons3ysi TeopeMy O CyMMe YIJIOB TPEYroJbHUKA, TOTyduM:
v=180° - (ot + B), y= 16".

ITo Teopeme CHHYCOB 8 - & =221 IMonyuaem ¢ = 1751—“16 ~
sina siny sin o sin 156
x17:0.28 _ 116 (o)
0,41 * i
Oteet: B = 8°, v= 16" ¢ = 11,6 cm.
2) ITo Teopeme CHHYCOB _b =—X_. Orcioga siny= Csmﬁ,
B BE 80,0 sinf  siny b
siny = SH; i — 7‘ 1 = 1,04. Tak xax 1,04 > 1, To yrza y He cymecTByeT.
OTBET: 3a/]a9a HC UMEET PENIEHU.
- asinfp
3) 11 0 & 2= O a sino = . Ionyaaem
) Ilo re pe:me CHHYCOB — = =P TCIOJ 3 Ty
= 6sin50° _ 6-0,77
sina = — » = (,92.



Bosmoskubl fBa caydas: o = 67° wim o = 180° — 67° = 113",
PaccmoTpum caywait, koraa o = 67°.

Mcnonsaya TeopeMy 0 CyMMe YIJIOB TPEYTOJILHMKA, TOJYIHM:
y=180" - (o + B), y= 180" - 117° = 63".

c bsiny 5sin63°
ITo reopeme cuHycoB —— = ——. OTtcioga ¢ = — y Cim=— — =
sinf siny sin p sin 50
~ 208 58 (cm)
097 ’ ’

PaccmoTrpum cirywait, korga oo = 113°.
Hcnonbsys TeopeMy 0 cymMMe yrJIOB TPEYrOJbHHKA, MOJYIUM:
y=180° - (0. + B), y= 180° - 163° = 17°.
g _ bsiny _ bsinl7 _5:0,29 _
Taxk xak ¢ ____sinB , TO C = sn50” o~ 19 (cm).
OmBeT: 0 =67°, y=63°, c= 58 cMmmwm o= 118°, y=17°, ¢ = 1,9 cm. «

< YTO 3HAUMT PeLnTb TPEYroNbHUK?

116. Peummre TPEYroJbHUK 110 CTOPOHE M JIBYM YIJIAM:
1) a=10 cm, B =20°, y=85";
2) b=16 cm, = 40°, = 110".

117. Pemmre TPEYroJbHUK II0 CTOPOHE M JIBYM yIjaM:
1) b=9 cm, o = 35°, y=70";
2)c=14cm, B=132", y= 24",

118. Pemmre TPEYrOJbHUK MO ABYM CTOPOHAM M YIJIy MEXKAY HUMH:
1) b=18 cM, ¢ =22 cm, 0. = 76°;
2)a=20cm, b=15cm, y=104".

119. Pemmre TPEYroJbHMK IO ABYM CTOPOHAM M YIJIy MEXKAY HUMMU:
1)a=8cm,c=6 cm, B =15°;
2)b=T7cm, c=5cm, o= 145",

120. Pemmre TPEyroJbHUK MO TPEM CTOPOHAM:
Ha=4cm,b=5cm, c=7 cm;
2)a=26 cm, b=19 c™m, ¢ =42 cm.

121. PemmTe TPEYTOJIBHUK 110 TPEM CTOPOHAM:
l)a=5cm,b=6cm, c=8cm;
2)a=21cm, b=17 cm, ¢ = 32 cm.

122. PemuTe TPEYroJbHUK, B KOTOPOM:
1)a=10 cm, b =3 cm, B = 10°, yron o — ocrpsrii;
2)a=10cm, b =3 cm, B = 10°, yron o — Tynoii.
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123. PemmuTe TpEyroJbHUK MO JABYM CTOPOHAM M YIJIy, IPOTHBOJIEKAMIEMY OJ-
HOW M3 IaHHBIX CTOPOH:
a=7cm, b=11 cm, B =46°;

2) b=15cm,c=17 cm, B = 32°%;
3)a=7cm, c=3cm, y=27".

124. Pemurte TPEYrOJBHMK IO JIBYM CTOPOHAM M YIJy, MPOTHUBOJEXKAIEMY OJI-
HOH M3 JaHHBIX CTOPOH:
1)@a=23% cm, ¢ =30 cm, Y= 102"

2) a=18 cm, b = 25 cm, 0. = 36°.

125. B tpeyroasuuke ABC ussectHo, yro AB = BC = 20 oM, ZA = 70°. Haii-
aure: 1) cropony AC; 2) meanany CM; 3) 6uccekrpucy AD; 4) pagmyc
OKPY>KHOCTH, ONUCAHHON OKOJO Tpeyroibauka ABC.

126. Jlnaronams AC pasno6oxkoit tpanemuu ABCD (BC | AD) pasna 8 cm,
ZLCAD = 38°, ZBAD = 72°. Haiigure: 1) cropoHs! Tpanenuy; 2) paauyc
OKPY)KHOCTH, ONUCaHHON 0KoJI0 Tpeyroabauka ABC.

TS

127. Ocuoanus Tpaneiyyu pasubl 12 M 1 16 cM, a GokoBbie CTOPOHBI — 7 €M

u 9 cm. Haiigure yrael Tpanenuu.

r oD ”’r;un. i NOBTO, S

128. buccexrpuca yrna B napawrenorpamma ABCD nepecekaer €ro cropo-
uy AD B Touke M, a npogomxkenue cropoust CD 3a Touky D — B Touke K.
Haitaure orpesok DK, ecin AM = 8 cm, a nepuMeTp napajiesorpamma
pasen 50 cm.

129. TlepumeTp OAHOTO U3 JBYX HOAOGHBIX TPEYTONLHUKOB HA 18 cM MeHbIIE rie-
pUMeTpa APYroro TPEyrojbHMKA, a HanGOIbIIHE CTOPOHBI ITHX TPEYTOJib-
HUKOB paBHbI 5 cm u 8 cm. HadfiauTe nepmMeTpbl JaHHBIX TPEYTOJIbHHUKOB.

— e

( ™ roro K_M3Y4EHUIO T < (W S

HOBOW TéMbI

130. Touxa M — cepeauna cropousl CD npsamoyrosub-
uuka ABCD, AB = 6 cm, AD = 5 cm (puc. 26).
Yewmy paBHa Iwiomap Tpeyronbauka ACM?

131. Ha cropone AC tpeyronpauka ABC orMeTHIH
touky D Tak, uro ZADB = o. Jlokaxure, 4TO @& D

1 .
Sime= §AC - BD sino.

ITosTOpHTE CoepKaHue NYHKTA 39 na c. 227.
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@™ Korpa caenanbl ypoku \_
TpUroHoMeTpua — HayKa 06 U3MEpPEeHUU TPEeyronbHUKOB

Bbl 3Haere, U4TO ApPEBHUE MYTEMECTBEHHUKH OPUEHTHPOBAIMCH 1O 3BE3-
Aam m 1aHeraM. OHM MOIJIM JIOCTATOYHO TOYHO OINPEAENUTH IOJOXKEHUE
KOpabJisi B OKeaHe WK KapaBaHa B ITyCThIHE 110 PACHOJIOXKEHUIO CBETWI Ha HE6O-
ckione. [Tpu 3TOM OHUM U3 OPUEHTHPOB CJAYXKUIA BLICOTA HaJl TOPU3OHTOM, Ha
KOTOPYIO NOAHUMAJIOCh TO MM MHOE HEOECHOE CBETHJIO B JAaHHOW MECTHOCTH
B IaHHBbIM MOMEHT BPEMEHM.

[TousTHO, 4TO HENOCPEACTBEHHO M3MEPHUTH 3Ty BBICOTY HEBO3MOXHO. [To-
ATOMY y4€Hble CTAIM Pa3pabaTbiBaTh METO/bl KOCBEHHBIX M3MEPEHMIA. 3xech cy-
LIECTBEHHYIO POJIb HIPAIO PELIEHUE TPEYrOJIbHUKA, /IBE€ BEPIIMHBI KOTOPOTO Je-
JKAIM HA MOBEPXHOCTU 3eMJM, a TPeThA ABIAIACH 3BE3OH WIM IIAHETOMH

(puc. 27).

Jns pemenus nogoGHBIX 33/[a4 APEBHUM ACTPOHOMAM HEOGXOAMMO GBUIO
HAy4YnTbhC HAXOAMTb B3aMMOCBS3M MEX]IY dJE€MEHTaMU TpeyroibHuka. Tak Bo3-
HUKJIA TPATOHOMETPHA — HAyKa, M3y4alomlas 3aBHCHMOCTb MENIY CTOPOHAMM
M yrJlaMu TPEYroibHUKA. TepMun «TpUroHOMETpHsA» (OT FPEYECKUX CJIOB «TPH-
FOHOM» — TPEYIrOJbHHUK H «METPEO» — HBMepﬂTb) O3Ha4acT «M3MEpPEHUE Tpe-
YrOJIbHHKOB»,

Ha pucynke 28 usobpaxén uenrpanbhbiii yron AOB, pasubni 20. W3
HPsIMOYTOJIbHOTO TpeyroJabuuka OMB nmeem: MB = OB ssin o. CregoBaTensHo,
€C/M B €AMHUYHON OKPYXHOCTH M3MEPHUTh NOJOBUHBI JUIMH XOPJ, Ha KOTOpbIE

OIMPAIOTCA HEHTPaIbHBIE yrabl ¢ BeawuuHamu 2°, 4°, 6°, ..., 180°, To Tem ca-
MBIM MBI MOXEM BBIYMCIUTD 3HAUYEHUs CUHycoB yros 1°, 2°, 3°, ..., 90° cooTser-
CTBEHHO.

Wsmepss pmHbl IOAYXOp/, ApeBHerpedeckuit actponom mnmapx (I B.
A0 H. 5.) COCTABWJI MEPBbIE€ TPUTOHOMETPHYECKUE TABIMIbI.
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[TonaTHs «CHHYC» M «KOCHHYC» MO~
ABJIAIOTCS B TPUTOHOMETPUYECKUX TPAKTA-
Tax MHAMHCKHUX yuéHbix B [V-V BB. B X B.
apabckue y4éHble ONEPHPOBAIHM MOHATH-
€M «TaHI€HC», KOTOPOE€ BO3HHMKJIO M3 I10-
TpeOHOCTEN THOMOHUKM — YYEHHMS O COJI-
HEYHBIX yacax (puc. 29).

B Espone nepspiit TpakTaT no Tpu-
ronomeTpun «[laTh KHUr O TpeyroabHH-
Kax BCEX BHJIOB», aBTOPOM KOTOPOTO GbLI
HeMenKuil yuéHbiii PermomonTan (1436-
1476), 661 onybiamkosan B 1533 r. Sror
JKe y4EHbIA OTKPbLI MU TEOPEMY TAaHI'€HCOB!

—B B-v

a-b _ '8 bnc_tg 9 (i

a+b lgcna+ﬁ. b+c th+Y c+a

2 2

¥Y+a
2

rae a, b u ¢ — cTOpoHBI TPEYronbHUKA, O, B U Y — YI/Ibl TPEYrOIbHUKA, IPOTUBO-

JI€KalHue COOTBETCTBEHHO CTOPOHAaM &, buc.

CoBpemeHHBII BUJ| TPUTOHOMETPUS NpHoOGpena B paboTax BbIAAIOIIETOCS

matemaruka Jleonapaa Jirepa.

Neonapp 3inep
(1707-1783)

MarematuK, GU3UK, MEXaHWK WU acTpoHOM,
aeTop 6onee 860 Hay4Hbix paboT. YneH Metepbypr-
CcHOi, BepnuHcKoW, [MapWHCKOW axagemuin Hayk,
JIOHJOHCKOrO KoponeBcKoro obuiectsa, MHOMMX
[pyrux akagemui u HaydHblx obwecte. Mma 3unepa
BCTpeYaeTcs NoYyTM BO Bcex 06nacTax MaTeMaTUuKK
W NPUNOMEHWI: TeopemMbl dAnepa, TowaecTea Jine-
pa, 31MnepoBbl MOCTOAHHbLIE, YrNbl, GYHKLUMKA, UHTE-

rpanbi, GOpMynbl, YypaBHEHUS, NOACTAHOBKM U T. I.
| Po,qnncn B lsenuapuun, ¢ 1727 no 1741 r. u c 1766 r. u 4o cMepTH
. pa6otan B Poccuun. OKasan orpomHoe BAMAHWE Ha pasBUTUE martemaTtuye-
’ CKoro npoceeleHnua B Poccuu, Bosrnasnsn lNetepbyprekyilo mMatemartuye-
CKylO WKony. B Heit nog pykoBoacTBom 3Jinepa Gbina cosfaHa obwupHas U
3amMevaTenbHan Ana CBOEro BpeMeHu yiebHas nureparypa.
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5. ®opmynbl AnNg Haxo HUA NJaowaaM TpeyroibHUKa

M3 kypca reomerpun 8 Kracca Bbl 3HA€TE, YTO IUION@Ab S TPEYroJibHUKA
MOM¥HO BBIYMHMCJIHWUTD 1O cbopM)maM

=dah o dpE 1
S—Qaha 2bhb 26}‘?,

c
rae a, b u ¢ — cropons! Tpeyronbnuka, h, h,, h, — BbicOTBI, NpOBEAEHHBIE
K 9TMM CTOPOHAM COOTBETCTBEHHO.
Teneps y Hac nosBIIACH BO3MOKHOCTD MOJTYIUTh €IE HECKONBKO (hopMyIt
JUISl HAXOXKICHUS! IUIOIAJH TPEYTOJbHUKA.

4 —
© Teopema 5.1 \
Mnowaab TpeyronbHUWKa paBHa NONOBUHE NPOU3BEfleHUN

ABYX €ro CTOPOH M CHMHYCa yrna Mexay HUMHM.

[okasaTtenbcTBo
Paccmorpum Tpeyronbuuk ABC, miomais KOTOpPOro paBHa .S, Takoii, 4To

BC =a, AC = b u £C =Y. JlokaxeM, uto S = %absin Y, rae a n b — cropousi
TPEYTOJIbHUKA, Y — YTOJI MEXKy HUMH.

Boamoxubl Tpu carydas:

1) yron Y — ocrperit (puc. 30);

2) yroa Y — tynoii (puc. 31);

3) yron Y — npsimMoii.

R pe—— it i, 115
B B
[/
a
¥ Y 180°-y
A &
b D A== C D

[Iposeném seicory BD tpeyromsunka ABC (cm. puc. 30, 31). Toraa
S =5 BD-AC=1BD-b.

B rpeyromsanke BDC B nepBom cayaae (cm. puc. 30) BD = a sinYy, a Bo
BTOpOM (cm. puc. 31) — BD = a sin (180° - y) = a siny. Orciona ana o6oux cy-

yaeB umeem: S = éab sin y.



Ecsm yron C — npsamoit, To siny = 1. Jlns npsiMOyro/ibHOrO TPEYroJbHHUKA
ABC c xareramu a u b umeem:

1 1 . 1 s
= - b:— °='—' .
S 5@ 2r:zbsul‘.f)() 2cuf:’smy -

FepoH AneKcaHApPHACKHHA
(sTopas nonoBuHa | B. H. 3.)

[lpeBHErpeyecKuin MateMaTuk U MEXaHMK,
pa6oTaBwuii B AneKkcanapuu. Matemartu4eckue pa-
60Tul [epoHa ABNATCA IHUMKIONEAUENR aHTUYHOK
NPUKNAAHON MaTeMaTuKK.

® Teopema 5.2
(bopmyna lepoHa)
Mnowaas S TPeyroNibHUKa MOXHO BbIYUCAHTL No popmyne

S ={p(p-a)(p-b)(p-0).

rae a, b, ¢ — CTOPOHbI TPEYronbHUKa, p — ero noaynepu-
MeTp.

[lokazaTenbcTBo
Paccmorpum Tpeyroasauk ABC, muiomaip KOTOporo paHa S, Takoi, 4o

BC = a, AC = b, AB = c. Jloxaxewm, ato S = /p(p —a)(p — b)(p —¢).

[ycte £C = . 3anumem Gopmy.ry IUIOMANA TPEYrOJbHIKA: S= -12-ab siny.

Orcioga S2 = %u‘zb2 sin? .
a®+b -t

ITo Teopeme kocuuycos ¢* = a* + b* — 2ab cosy. Toraa cosy = —— &

Tak xak sin2 y=1 — cos? y= (1 — cos¥)(1 + cos¥y), To:

S %a%Q(l —cosY)(1 + cosy) =
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=_‘}agbg.(1_a2+b2—-c2)(1+a?+b2 C):

2ab 2ab

= 1,0p0 20b-a b +c® 2ab+a’+b-c* _

Bl 2ab 2ab
= 2(c - (@-bp)((@+by ~c?) =
_¢c-a+b c+a-b atb-c a+b+c _
B 2 2 2
_ (a+b+c)—2¢z.(a+b+c)—2b_(a+b+c)—2<:'a+b+c _
- 2 2 2 2

_2p-2a 2p-2b 2p-2c 2p _ B N B

Taxum o6pasom, S = \/p(p —a)(p - b)(p—c).

() Teopema 5.3
NMnowapab S TpeyronbHUKa MOMKHO BbIMUCAUTDL MO dopmyne
- - abc —
=%
rae a, b, c — cTopoHb! TpeyronbHuKa, R — pagnyc oKpymHo-
CTH, ONHCAHHOMW OKOJIO TPEYronbHUKa.

[okasaTtenbcTBO
Pacemorpum tpeyronsunk ABC, mwiomans KoToporo pasHa S, Takoii, 4To
BC =a, AC = b, AB = c. JlokaxeMm, ato Szi—?g.
Ilycre ZA = 0 m paguyc onucaHHOl OKPYKHOCTH JaHHOTO TPEYroJbHHKA

pasex R. [Lromans TpeyrosbHuKa MOKHO HAMTH 110 dopmyne: § = %bc sin o.

a

2R

M3 nemmbr § 3 crenyer, uro a = 2Rsino. Torga S = %bc sina = %bc-
_abc

T 4R"

3ameTuM, YTO AOKAa3zaHHAA TCOpPEMa MO3BOJSET HAXOAUTL PALUYC OKPYK-
HOCTH, OIMCAHHOM OKOJIO TPEYroJbHMKA, O ¢opmyne

; abc
E=1%



@ Teopema 5.4
Mnowaab TpeyrosbHUKa paBHa NpoM3BefEeHUI0 ero noayne-
pumeTpa U paguyca BNUCaAHHON OKPYXHOCTH.

[lokazaTenbcTBo

Ha pucynke 32“ nzobpaxén Tpeyroab- [ S e
nuk ABC, B KOTOpBI BIMCaHa OKPYKHOCTb ' e -
paauyca 7. Jlokaxem, 94To

S=pr,
rae S — IUIOm@Ab JAHHOTO TPEYrOJbHHUKA,
P — €ro IoJaynepuMeTp.

[Iycts Touka O — HEHTP BIHMCAHHOM
OKpYKHOCTH, KOTOpPas KacaeTcs CTOPOH Tpe-
yronpuuka ABC B toukax M, N u P. [Liomans Tpeyronpuuka ABC pasna cym-
me rwiomaneit Tpeyroasuuxos AOB, BOC, COA.

8= 58408+ Spoc+ Scon

Iposexém paauycsl B Touku kacanus. Iloxysaem: OM L AB, ON L BC,
OP 1 CA. Orciona:

Syon=30M-AB = -12-r-AB;

.1- . =l . %
20N BC i BC,;

Spoc =

Scoa= 3 OP - AC= ir.Ac.

CrnenoparenbHo, S = %r-AB+ %r-BC-#- %r-AC=

AB+BC + AC

=7 B

=pr. <

Creayomas Teopema o6o6maer Teopemy 5.4.

@ Teopema 5.5 ™ - -
Mnowaas MHOroyronbHHUKa, ONUCaHHo-
ro OKONO OKPYXHOCTH, paBHa NpPous-
BeJleHMIO ero nonynepumerpa u pagu-
yca BnUCaHHOH OKPYXHOCTH.

JloKaxuTe 3Ty TEOPEMY CaMOCTOATENBHO (puc. 33). _.




3ameTum, 4TO TeopeMa 5.5 NO3BONSET HAXOAUTH PaAUYC BIMCAHHOMN
OKPYKHOCTH MHOTOYTOJBHHKA 10 (popmyie

S
r==
p
? 3apava 1. JlokaxuTe, 9TO IUIOMAAb NAPAUIETOTPAMMA MOKHO BBIYMC-
JUTH 110 hopmyie
S=absina,

TA€ @ M b — coceHye CTOPOHBI NAPALIENOTPAMMA, 0L — YTOI MEKAY HUMH.
Pewenue. Paccmotpum mapawrensorpamm ABCD, B xoropom AB = a,
AD = b, ZBAD = o (puc. 34).
IIpoBepém muaronans BD. [Tockonmsky AABD = ACDB, To:

Sapcp=285p=2 " %ab sina = ab sino. «

Puc.34 : w—_

A D A
. D
? 3agaya 2. J/lokaxkure, 4TO IIOmMAb BBIITYKJIOTO YEThIPEXYTONbHUKA PaBHA

NOJIOBHHE IIPOU3BEACHHSA €r0 AMAroHANeit M CHHYCA YIJIa MEXITy HUMM.
Pewehue. ITycts yron mexay auaronansmu AC u BD 4eThIPEXYTONbHUKA
ABCD pasen ¢. Ha pucynke 35 ZAOB = ¢.
Torpa ZBOC = LAOD = 180° - ¢ u ZCOD = ¢. Umeem:

Sasco =Saos* Spoc+ Scop + Spas =
= 3OB- OA sing + %OB- OC - sin (180° - @) +

+-;-oc. OD . sing + —;-OD-OA-sin(ISO“—tp):

= %OB (OA +OC) -sing + %OD (OC + OA) - sin ¢ =

1]

-;—OB-AC-simp+ %OD«AC-sin(p= %AC(OB+OD)-simp=

%AC- BD . sin@. <
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3apaya 3. CropoHs! TpeyroabHuka pasubl 17 cm, 65 cm u 80 em. Haiipu-
T€ HAUMEHBIIYIO BHICOTY TPEYTOJBHUKA, PAJUYChl €r0 BIMCAHHOH U ONIMCAHHOM

OKpYKHOCTEH.
Pewenue. Ilycre @ = 17 em, b = 65 M, ¢ = 80 cm.
Hajiigém nosynepumeTp TPEYroJdbHHUKA: P = 17—+%§+—8~Q =81 (cm). ILro-

@b TPEYroAbHMKA BBIUYMCIUM N0 (opmysie I'epona:

S = \/81(81 —17)(81-65)(81—80) = V81:64:16 =9-8-4 =288 (cm?).
Haumensiieii BICOTOH TPEYroJbHUKA SIBJISAETCS BbICOTA h, npoBenénnas
K €ro HauboJbIIEeH CTOPOHE C.

1 25 2-288

T S = — = — = —= < e

aK KaK QCh, to h =5 h = .2 (cM)
Paguyc 7 BnMcaHHOM OKPY:KHOCTH PaBEH % Orciona 1 = ?g81§ = % (c™m).
Paguyc R onmcaHHON OKPYKHOCTH PaBeH %. Orcona R = % =
_17-65-5 _ 5525 (cM)

4-18 72 i
; 32 5525

orteeT: 7,2 cm, 9 cM, 79 CcM. <

fi 1. Kak MOXHO HaWuTu nnowags TpeyronbHuKa, ecn U3sectHbl ABe €ro cro-

POHBI U Yron Mexay HUMU?

2. 3anuwwuTe dhopmyny fepoHa Ans BbIYUCNEHWUA NIOWAAW TPEYronbHWKaE.

3. Kak MOXHO HaWTK Nnowagb TpeyroNnbHUKa, ecn U3BecTHbl TP ero cro-
POHBI U PaaMyC ONUCAHHOW OKPYXHOCTU?

4. Kak MOXHO HaitT paanyc OKPYXHOCTU, ONMCAHHON OKONO TPeyrofibHu-
Ka, CNV M3BECTHBI ero CTOPOHBI U NNoLWaaL TpeyronbHuka?

5. Kak MOXHO HaWTu niolwagb TPeyronbHUKa, ein N3BecTHbl €ro nonyne-
PUMETP W Paguyc BNUCaHHOM OKPYXHOCTH?

6. Kak MOXHO HaWiTh panyc OKPYXXHOCTH, BNUCAHHOW B TPEYronbHUK, ec-
N W3BECTHbI NNOLWaAb TPEeYroNbHNUKa U ero CTopoHbI?

7. Yemy paBHa nnoujajjb MHOroyrosibHlKa, OnMCaHHOrO OKOJNIO OKpyX-
HOoCTU?

e e e S T

ﬂ%\j-_xnmugm¥

132. Haiigure miomaas Tpeyroabauka ABC, ecan:
1) AB=12 cm, AC =9 cm, LA = 30%;
9) AC =3 cm, BC = 642 cm, £C =135".




133.

134,

135.

136.

137.

138.

139.

140.

141.

142,

143.

144,

145.

146.

147.

14s8.
149.

150.

Haiipure miomans tpeyronsuuxa DEF, ecnn:

1) DE=7 cm, DF =8 cm, £D = 60°;

2) DE =10 cm, EF=6 cm, ZE = 150°.

[Lromaas Tpeyroasunka MKN pasua 75 cm®. Haiigure cropony MK, ec-
au KN =15 cm, ZK = 30°.

Haiizgure yron mexay ranusimu croponamu Tpeyroasanka ABC, ecin:

1) AB =12 cm, BC = 10 oM, mrongans Tpeyroqsauka pasna 3043 cm

2) AB = 14 cm, AC = 8 cm, mioma/ib TpeyrosbHuKa pasHa 56 cm.
ITromans Tpeyronsuuxka ABC pasna 18 cm®. Haiaure yron C, ecim
AC=8cm, BC=9 cm.

Haiigure niomaas paBHOGEIPEHHOrO TPEYTOIBHUKA € GOKOBOH CTOPOHOI
16 cm u yriom 15° npu ocHOBaHuM.

Haiiure niomaan TpeyrosbsHuka co cropoHamu: 1) 13 cm, 14 cm, 15 cm;
2) 2 cM, 3 cM, 4 cm.

Haiijznre mwromans Tpeyronsuuka co croporamm: 1) 9 cm, 10 cm, 17 om;
2) 4 cm, b em, 7 em.

Haiigure HaumenbuIyio BHICOTY TpeyroabHuKa co croposamu 13 oM, 20 cm
u 21 cm.

Haiijure nanGosburyio BHICOTY TpeyroabHUKA co croponamu 11 cM, 25 cm
1 30 cm.

IlepumeTtp Tpeyrosbnuka pasen 32 cM, a pagMyc BIMCAHHO OKpYKHO-
cru — 1,5 cm. Hafiaure miomaap TpeyrogbHUKa.

[Iromanpb Tpeyronbauka pasxa 84 cm?, a ero nepumerp — 72 em. Haitaure
Pafnyc OKPY>KHOCTH, BIMCAHHOMN B TPEYrOJbHHUK.

Haiijure paauyce! BIMCaHHOM M ONMHMCAHHOM OKPYXKHOCTEH TPeyroibHUKA
CO CTOPOHAMM:

1) 5cm, 5 cm m 6 om; 2) 25 cm, 29 cm u 36 cm.

Haiipure paamycer BIMCAaHHOI M ONMCAHHOM OKPYXKHOCTEH TPeyroabHuKa
co croponamu 6 cM, 25 cm u 29 cm.

Haiipure miomans napawienorpamMma 1o ero croponam a u b u yray o
MEKIY HUMH, €CJIN:

1)a=5V2 cm, b=9 cm, o =45

2) a=10cm, b =18 cm, o = 150°.

“Hemy paBHa II0mMak NMapa/UIEIOrPaMMa, CTOPOHBI KOTOPOTO PaBHBI 7 M
u 12 cm, a oauH U3 yraos — 120°?

Hajizure niomans pom6a co CTOPOHOH 9\@ cM u yriaom 60°.

Jluaronanm BBLIMYKIOTO YeTBIPEXYTOJbHUKA paBHBl 8 cM 1 12 cM, a yrom
mesty Humu — 30°. Haiigure miomans 4eThIpeéxyronbHuKa.

Haiigure miomaans BHIYKIOrO 4eTHIPEXYTOIBLHUKA, AUATOHAIM KOTOpPOTo

pasib 3v/3 oM u 4 cm, a yron mexay Humu — 60°.



151.

Haiigure GOKOBYIO CTOPOHY PaBHOGEAPEHHOTO TPEYroJbHMKA, ILIOMAAL
koToporo pasua 36 cm?, a yron npu sepumne — 30°.

00 N\

152.

153.

154.

155.

Kakoiif TpeyrosbHMK C AByMsl JAHHBIMH CTOPOHAMHM MMEET HAaHOOJBIIYIO
IUIONIA/b?

MOXeT /i TUIOM@/ib TPEYTOIbHMKA CO CTOPOHAMM 4 ¢M 1 6 cM ObITE pas-
noit: 1) 6 cm% 2) 14 cm?; 3) 12 em®?

Jlpe coceHue CTOPOHBI MapalIeIoTpaMMa COOTBETCTBEHHO PaBHBI ABYM
COCEIHUM CTOPOHAM MPAMOYTOJbHHKA. UeMy paBeH OCTpbId yroji napai-
JIEJIOTPAMMa, eCJIM €ro IUIOMAjh B /iBa Pa3a MEHbIIE IUIOIAN MPSMOYroJib-
HUKA?

HaiiguTe oTHOmMEHUE IUIOMAEH Sl 71 .5'2 TPEYroJIbHUKOB, n300paKEHHBIX
Ha pucyHke 36 (A1uHbI OTPE3KOB JaHbl B CaHTUMETPAaXx).

Puc. 36

156.

157.

158.

159.

160.

161.

162.

Orpesox AD — Guccextpuca tpeyronbunka ABC. Thiomans Tpeyroabuu-
ka ABD pasna 12 cm?, a Tpeyroabuuka ACD — 20 cm?®, Haiiaure oTHOMIE-
aue croponsl AB x cropone AC.

Haiigure 1iomaib TPEYrOAbHUKA, CTOPOHA KOTOPOro paBHa @, a nmpuie-
Jamue K Heii yriabl paBHbI B u Y.

Pajyc OKPY)KHOCTH, OIMCAHHOH OKOJIO TPEyroJbHUKA, paBeH R, a nBa
yrJa TpeyroibHMKa pasHsl 0 u . Haigure miomais TpeyroabHuKa.

B rpeyromsunke ABC AC = b, ZA = a, £B = B. Haiigure niomazns Tpe-
YrOJIBLHUKA.

B tpeyronbuuke ABC yron A paseH O, a BbICOTHI BD wn CE pasHbl COOT-
BeTCTBEHHO /1, u h,. Haiiure mromajb TPEYroJIbHUKA ABC.

Otpesox BM — sricora Tpeyronsunka ABC, BM = h, ZA=o, ZABC=p.
Haitaure wiomaan Tpeyroasauka ABC.

B TpeyroibHUK co croponamu 17 cM, 25 cm u 28 cM BriHCaHa OKPYKHOCTb,
HEHTP KOTOPO# COEAUHEH C BEPIIMHAMU TPEYTOJIbHIKA. Haiigure nuoma-
M 0OpPa30BABIIMXCSA TPEYrOJBHHUKOB.
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163.

164.

165.

166.

167.

168.

169.

Orpesok AD — 6uccexrpuca Tpeyrosbuuka ABC, AB =6 cm, AC =8 cm,
ZBAC = 120°. Haiizure 6uccekrpucy AD.

Haiigure miomae Tpanenyum, ocHoBanusi Kotopoii pasael 10 cm u 50 cm,
a 6okoBbie cTopoHbl — 13 cM 1 37 oM.

OcHoBaHus Tpalenuy paBHbl 4 ¢cM U 5 cM, a auaroHan — 7 cM u 8 oM.
Haiigmre muion@aae Tpanemnmm.

Orpeskn BM u CK — BBICOTBI OCTPOYrosbHOro tpeyronsuuka ABC,
ZA =45°, Haiiiute oTHOmeHune omanei rpeyroabaukos AMK n ABC.
Croposnbl TpeyroibHuKa pasubl 39 cMm, 41 cm u 50 cm. Haitgure paauyc
OKPY:XHOCTH, LEHTP KOTOPO NPUHALICKHUT GONbIIEH CTOPOHE TPEyrosib-
HUKA M KOTOpasi KacaeTcs ABYX JIPYTHX CTOPOH.

Bepmunbl TpeyrolibHHKA COEAMHEHBI C IIEHTPOM BIMCAHHON B HETO OK-
pyxHocTu. IlpoBenénnbie oTpe3ku pa3GUBAIOT JAHHBIN TPEYTOJBHUK HA
TPEYroJIbHUKHM, IJIOMAIH KOTOPbIX paBHbI 26 cM?, 28 cvm? u 30 cm®. Haiian-
T€ CTOPOHBI nanﬂoro TpCYI‘OJI]:HPlKa

Jloxaxure, 9T0 — h] - _h; +— hs,, =, rae h,, hy, u h, — BbICOTBI TPEYrONBHUKA,

¥ — paguyc BIHCAHHOH or:pyoimo(:'m.

ey

170.

171.

172.

npaxHeHusa 1 NoOB HUA

[TeprieHanKyIAp, ONYMEHHbIH U3 BEPIIMHBI IPAMOYTOJIbHUKA HA €r0 JAua-
TOHJIb, ACJIUT €T0 yroJ B oTHOmeHuH 4 : 5. Onpenenure yroja Mexay 3TUm
NEPIEHUKY/ISIPOM U JIPYTOil IUArOHAIbBIO.

Cpenusist unua MK tpaneuun ABCD (BC | AD) pasua 56 cm. Yepes
cepeauny M croponst AB nposeaena npsmasi, KOTOpas MapaUieibHa CTO-
pore CD u nepecexaet ocuosanue AD B touke E rak, uro AE : ED =
=5 : 8. HaiiiuTe OCHOBaHHA Tpanenum.

Ortpesox CD — 6uccexrpuca tpeyronsanka ABC. Yepes Touxy D npose-
JieHa npsMasi, KOTopasi napauieiabHa npsmoinr AC u nepecekaer cTtopo-
Hy BC B Touxe E. Haiinure orpesok DE, ecin AC = 16 cm, BC = 24 cm.

173.
174.

175.

FoTtoBUMCH K U3Y4YEHUIO
HOBOW TeMbl

Haiiaure cymmy yriioB BeINyKIOro ceMUyroabHUKA.

CymecTByeT /1 BBITYK/IbIiT MHOTOYTOIbHUK, CyMMa YIJIOB KOTOPOTO paBHa:
1) 1080°; 2) 1200°?

CymecTsyer M MHOTOYrOJMBHHMK, KaX/blil yron KoToporo paseH: 1) 72°
2) 171°%?



176. Bepno nm yrBepxaeHue (OTBeT 0GOCHYy#TE):
1) ecn Bce cTOPOHBI MHOTOYrOJABHUKA, BIIMCAHHOTO B OKPYXKHOCTb, PaB-
HbI, TO H BCC €T0 YIJIbl TAK3KE€ pPaBHBI;
2) ecm BCe YIJIbl MHOTOYTOJBHUKA, BIMCAHHOTO B OKPY/KHOCTD, PaBHbI, TO
M BCE €ro CTOPOHbBI TAKIKE PABHBI
3) ecau BCe CTOPOHBI MHOTOYTOJIBHHMKA, OMMCAHHOIO OKOJIO OKPYXXHOCTH,
PaBHBI, TO ¥ BCE €TI0 YIJIbl TAKKE PABHBI;
4) ecim BCe yryibl MHOTOYIOJIBHUKA, OIIMCAHHOTO OKOJIO OKPYXXHOCTH, PaB-
HBI, TO U BCE €r0 CTOPOHBI TAKKE PaBHbI?

") Korpa caenawbl ypoku N
BHeBnMcaHHaA OKPYHKHOCTb TPEYro/ibHUKa

I1poBeaéM GUCCEKTPUCHI IBYX BHEIHMX yrioB ¢ Bepmmnamu A u C Tpe-
yromsanka ABC (puc. 37). Tlycte O — TouKa nepecedeHus STUX GMCCEKTPHC.
Toraa Touka O pasnoyzanena ot npsambix AB, BC u AC.

I[Iposeném Tpu nepnenauxyasipa: OM L AB, OK L AC, ON L BC. Oue-
BuaHO, uto OM = OK = ON. CrneoBaTenpbHO, CYMECTBYET OKPYXKHOCTD C I{€H-
Tpom B Touke O, KOTOpas KacaeTcsi CTOPOHBI TPEYTONbHUKA 1 MPOAOIKEHM
BYX APYTHX €ro cTopoH. Takylo OKPYKHOCTb HA3bIBAIOT BHEBIHMCAHHOM (CM.
puc. 37).

Tax kak OM = ON, 10 Touka O npunamiexuT Guccexrpuce yrna ABC.

5 d—




JioGoii TpeyroJbLHUK UMEET TPM BHEBINMCaHHbIE OKpy:xkHOCTU. Ha pucyn-

ke 38 ux nenrpst obosHauensl O,, Oy, O.. Paguycsr aTnx okpyxkHOCTEl 060-
3HAYHUM COOTBETCTBEHHO Ta, Tb, ?'c.

Ilo cBoiicTBy KacaTeNbHBIX, MPOBEAEHHBIX K OKPYXKHOCTH Yepe3 OHy TOY-

ky, umeem: CK = CN, AK = AM (cm. puc. 37). Toraa AC = AM + CN. Cneno-
BaTeJbHO, nepumeTp TpeyroibHuka ABC pasen cymme BM + BN. Opnako
BM = BN. Torga BM = BN = p, rae p — noaynepumetp Tpeyroashuka ABC.

Hmeem:
Sasc=Soa + Socs ~ Soac =
%OM-AB+ %ON- BC - %OK-ACz

I

=%rb(c+a—b)=
a+b+c-2b _
S et
2p -2b
=1- p2 =7, (p-b).
Orciona 7, = ;;{_& , rae S — mromaze Tpeyronasuuka ABC.
S S

AHATOTMYHO MOKHO NMOKA3aTh, UTO 7 = S ;
¥ p=a" " p=¢

Sy

( cs .!nn._amugi_ma R

1

ri = rl , TA€ 7 — PanyC OKPYKHOCTH, BIIMCAHHOM
a b c

B TpeyroabHuk ABC.

Hokaxure, 9T0 nIOMWAAL S NPAMOYrONBHOTO TPEYTOJIBHUKA BBIYHCIAETCS
no gopmyne S =7, -7, rae 7, — paaryC BHEBIUCAHHON OKPYKHOCTH, Kaca-
IOMEHCSA TUIOTEHY3bl TPEYTONIbHUKA, 7 — PAAMYC BIIMCAHHON OKPYXKHOCTH
J@aHHOTO TPEYroJbHUKA.

B paBHOCTOPOHHMII TPEYrOIBHUK CO CTOPOHON @ BIMCAHA OKPYKHOCTS.
K oxpyxkHOCTH mpoBesena KacaTesbHas TaK, YTO OTPE30K KACATEAbHOIA,
NPUHAUIEKAMMIA TPEYrobHUKY, paseH b. HaiianTe miomans Tpeyroabuu-
Ka, KOTOPBIH 3Ta KACATeJbHAS OTCEKAET OT PABHOCTOPOHHETO TPEYrOJb-
HMKA.

B uerbipéxyronsunke ABCD puaronans BD nepnenuxyispHa CTOpO-
He AD, ZADC = 135°, ZBAD = ZBCD = 60°. JlokaxuTe, 4TO AMAaro-
Hanb AC sBasiercs 6uccexTpucoii yrna BAD.

YkasaHue. Jlokaxure, uto Touka C — LEHTP BHEBMMCAHHOI OKPYKHOCTH
Tpeyronabuuka ABD.

1
Jloxaxxure, uro S
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B rpeyronsaske ABC yron B pasen 120°. Orpesin AN, CF u BK — 6uc-
ceXTpuchl Tpeyroannmka ABC. oxaxure, uwro yron NKF pasca 90°.
YKasanue. Ha npogomkeHun croponn AB 3a Touky B orMeTHM Touky M.
Torga ZMBC = ZKBC = 60°, 7. e. BC — SHCCEeXKTpHCa BHENIHETO Yria
MBK tpeyronsnuka ABK. Otciona cneayer, 910 TOYkd N — neHTR BHC-
- BIHCAHHOH OKDPYRHOCTH Tpeyraibsknka ABK. AnanornyHo MOXKHO ZOKa-
3ars, 970 TOYKA F — DEHTp BHEBOHCAUHON OKPYXHOCTH TPEYTOJILHU-

xa BCK.

Cropoua xeaapata ABCD pasua 1 cm. Ha croponax AB u BC otmerwim
roukr M 1 N cOOTBETCTBEHHO TaK, 9TO HEPUMETp TpeyronbHuka MBN
pasen 2 cM. Haitaute yron MDN.

YKazaHue. Jlokaxure, uTo Tovka ) — NeHTp BHEBNHUCAHHOW OKPY)KHOCTH
rpeyroasHHka MBN.,
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3apanue Nt 1 «llpoeepbre cebA» B TECTOROH pOpMe

Kakoe 13 paBeHCTE BEpHO?

A) cos(180° — o) =sing B) sin (180° — o} = cosax

B) cos(180° — o) =cos o I') sin (180° - a) =sino
. Kakoc 13 HepaBeHCTB BepHO?

A) 5in 100° cos 110" > 0 B) sin 100° cos 110° < 0

B) sin 100° cos10° < 0 I’} sin 100° cos 90° > O

Hemy panHa TPeThA CTOPOHA TPEYrONBHUKA, €CNH ABE €ro CTOPOHBI
pasusl 3 cM U 8 o, a yroa MEKAY HUMH paseH 120°7

A)«/fﬁcm B) 7 cu B) 9cm I‘)@CM

- Kakum sasnseTca yroa, nexammii npotms Boabwiell CTOPOHBI Tpe-

YTOJNBHHKA €O CTOpOHaMH 4 cM, 7 cmu 9 cM?

A) ocTpbiM - B) npameim

B) Tynemy I') nepoaMoxHO yCTanOBHTH

Yrom MeXy AByMHA CTOPOHAME TPEYTOJLHMEA, OJH2 H3 KOTOPHIX HA
10 cM Bonpime apyroit, panen 60°, a TpeTss cTopona pasma 14 om. Ka-
KUBA /UIHHA HAUGOMBIIEH CTOPOHBI TPEYIOARHEKAT

A) 16 cm B} 14 cm B) 18 cM T} 15 em

. Jlnaronany napamrerorpamya pasas 17 cv u 19 cm, a ero CTOPOHbBI

OTHOCATCA Kak 2 : §. YeMy paBeH mepHMeTp MapauienorpaMma?
A} 25 ¢Mm B) 30 em B} 40 cm I'Y 5O cM

- B tpevronsauke ABC mapectrO, uta AB =8 oM, £C = 30°, £A = 45°,

Yemy pasxa cropoaa BC?
A) 82 ou B) 42 em B) 16v2 M I) 1242 cu

Yeumy paBuo otnomenne AC : BC cropor tpeyronsuuka ABC, ecam
LA =120°, ZB = 30°?

A)% L) /3 B)% r)%

B rpeyroapanke ABC AB = 42 oM, ZC = 185" Yemy paBen gpa-
METP OKPYKHOCTH, OIUCAHHOA OKOJIO TPEYroJbHMKA?

A) 4 e B) 8 cm B) 16 cm )2 cm

Kakoe HauGosbmiee suadeHmIe MOXET NPAHEMATS UIOMATb TPCYTOTb-
HHKA Ca cTOPONAMA 8 cM 1 12 cm?

A) 96 cm® B) 24 cum?*

B) 48 ¢m? I') HeBOSMOXKHO YCTAHOBMTH

HYemy paBHA CyMMa PATMYCOB BIHCAHHON W ONUCAHHON OKPYRHOCTER
TPEYTOABHMKA co cropadamu 25 oM, 33 cm u 52 cm?

B} 30 em B} 32,5 cm I} 38,5 cm



12. JIse cTropoHbI TpeyroibHuKa paBHb! 11 cm u 23 cm, a meanana, npo-
BeI€EHHAA K TpeTbell ctopone, — 10 cm. Hemy paBHa HEM3BECTHASA CTO-
POHa TPEeyroJabHUKa?

A) 15 cm b) 30 cm B) 25 cm I') 20 cm

._\-

Utorun rnasebl 1

KocHHYC W CHMHYC
Kocunycom u cuHycom yrna o (0° < o < 180°), Kotopomy COOT-
BETCTBYET TOYKa M efuHUYHOW NONYOKPYXHOCTH, Ha3biBaloT
COOTBETCTBEHHO aGCcuuccy U OpAUHATY TO4KK M.

Tanrenc
TaHrexcom yrna o, rge 0° < o < 180° u o # 90°, Ha3bIBaIOT OT-

sin o

COSOL

HOLWeHWe

HoTtaHreHc

KoTtaHrexcom yrna o, rae 0° < o < 180°, Ha3biBalOT OTHOLEHHE
cos o

sina

Teopema KOCHMHYCOB
KeBagpaTt cTOpOHblI TpeyrojlibHMKa paBeH CyMMe KBaaparos
ABYX APYruX CTOpPOH MHHYC YABOEHHOE NpPOU3BEefeHUe ITUX
CTOPOH M KOCHHYCa yrna Mexay HUMM:
a® = b? + c? - 2bccos 0.

CnepAcTBHE W3 TeopeMbl KOCHHYCOB
Mycts @, b U ¢ — CTOPOHbI TPEYroNbHUKA, NPUYEM a — ero
Haubonbiian cropoHa. Ecnanm a®> < b* + % TO TPeyrosibHUK
ocTpoyronbHbiin. Ecnm a® > b® + c*, TO TPeyroibHUK Tynoyronb-
Hbii. Ecnmn a? = b2 + ¢2, TOo TPeyrofibHUK NPAMOYro/ibHbIN.

Jlemma o0 xopjie OKPYMHOCTH
XopAa OKpPYXHOCTM paBHa NpouM3BefeHMI0 AuameTpa Ha Cu-
Hyc n60ro BNUMCAHHOIO yrna, onupalowerocs Ha 3ty xopay.




Teopema CHHYCOR
CTopoHbl TpeyrofibHUKa NponopuUoOHaNbHbl CUHYCaM NpPOTH-
BONEMalWmx yrnos:
@G - b, @
sinA  sinB  sinC

@opmynbl ANA HAXOMACHHA nnowagm TpeyrolbHMKa

S=%absiu7

®opmyna lepona: S = ./p(p —a)(p - b)(p - ¢)
 abe
" 4R

S=pr

Dopmyna ANR HaAXOMACHHA PAfUYCa OKPYMHOCTH,
BNHCAHHON B TPEYroNnbHMK
reS

p
Dopmynbl AN HAXOMACHHA PaMYyCa OKPYIKHOCTM,
ONMCAHHON OKONO TPEeYroNbHHUKA

.
2sina

_ abe
— 45

Mnowags MHOroyronbHHKa, ONHCAHHOrO OKOMO OKPYMHOCTH
Mnowaab MHOroyrosibHMKa, ONMUCAHHOIO OKOMO OKPYMHOCTH,
paBHa npoMs3BefeHMI0 ero nosynepumeTpa v paguvyca Bnu-
CaHHOW OKPYMHOCTH.

T = e e

47




'naea 2. NpaBujibHbleé MHOIoyroJibHUKH!

B aToi rnaBe Bbl y3HaeTe, Kakue MHOroyro/ibHMKKM HasbliBaloT
npaBuWibHbIMK. M3y4uTe CBOMCTBA NpaBW/bHbIX MHOIOYro/bHWKOB.
HayyuTecb C MOMOLUBIO LMPKYNA U JIMHEHKW CTPOWUTb HEKOTOpblie WX
BuAbl. Hayuutech HaxoauTb paanychbl BMMCaHHOM M OMUCAHHOW OKPYX-
HOCTEN NPaBUALHOrO MHOTOYIrONBHUKE, ANUHY AYrY OKPYHHOCTH, nio-
LiaaM CeKropa M cermMeHTa Kpyra.

§ 6. NpaBuibHbIE MHOrOYroJlbHUKU U UX CBOHCTBA

‘Fs

Onpepenenne R e
MHOroyrofibHUK Has3biBaloT NpaBW/ibHbIM, €C/IH Y Hero Bce
CTOPOHbI paBHbl U BCE Yrfibl paBHbl.

C HEKOTOPBIMM NPABHILHBIMU MHOTOYTOJbHHKAMH BbI YK€ 3HAKOMBIL: PaB-
HOCTOPOHHUIA TPEYTOJIBHUK — HTO NPABHJIBHBIA TPEYTONbHUK, KBajpaT — 3TO
NpaBWIbHBIA yeThipéxyronpHuk. Ha pucynke 39 u306paxenbl NpaBuIbHbIE
MATHYTOJBHUK U BOCbMMYTOJIBHUK.

(O3HAKOMMMCS C HEKOTOPbIMM CBOMCTBAMM, KOTOPLIMH 00I/Ial0T BCE Tpa-
BUJIBHBIE 72-YTOJBHUKM.

| R
v

Teopema 6.1 =
MNpaBunbHbLI MHOrOYrolbHUK SIBASIETCA BbiNYKNbIM MHOro-
YroNlbHUKOM.

C 10Ka3aTenbCTBOM aTOH TEOpEMBbI BbI MOKETEC O3HAKOMHUTBLCH Ha C. 57.

180°(n — 2)
n

Kaapiii yro NpaBUJIbLHOrO 7-yrOJbHUKA PaBeH . JeiicTBuTeb-

HO, TIOCKOJIBKY CyMMa YIJIOB BBIIYKJIOTO 7-yrOJIbHMKA4 paBHa 180°(n — 2) u Bce
. 180°(n - 2)
OHM PaBHBI, TO KAWL U3 HUX PaBeH —— ——.

B npaBHILHOM TPEyroJbHUKE CyMECTBYET TOYKA, PABHOYIQIEHHAS OT BCEX
€ro BepIIMH M OT BCEX €r0 CTOPOH. DTO TOUKA MEPECCUCHHsA GHCCEKTPHC Tpa-
BIILHOTO TpeyroibHuka. Touka mepecedeHus AUaroHalel Kpaapara Takke 06-
JIafiaeT AHAJIOTHYHBIM cBOiicTBOM. TO, UTO B 1I060M NPaBHJIbHOM MHOTOYTOJIBHH-
Ke CymecTBYeT TOYKA, PaBHOYAQIEHHASA OT BCEX €ro BEPUIMH M OT BCEX €ro CTO-
POH, IOATBEPHIAET CIEAYIONasi TeopeMa.



Teopema 6.2 \

JIlo60i NnpaBuAbHbIH MHOTOYrONbLHUK ABNAETCA OAHOBPEMEH-
HO BNUCAHHBbIM B OKPYXHOCTb U ONMUCAHHbLIM OKONO OKPYHHO-
CTH, NPUYEM LIEHTPbI ONUCAHHOW U BNUCAHHOW OKPY)XXHOCTENH
coBnapaior.

JokazatenbcTeo
Ha pucynke 40 nsobpaxén npasmibubiii 7-yronsuux A A,A,...A . Jloka-
K€M, UTO B HETO MOJKHO BIIMCATh M BOKPYT' HETO MOXHO OIUCATh OKPYKHOCTH.

A4
AS
Vi
A, A,

IIposeaém GuccexTpucs! yrios A, n A,. Ilyers O — Touka ux nepecede-
uust. Coexprnm Touxn O n A, B tpeyroasuukax OA A, u OAA,: 22 = /3,
A A, = AA; m OA, — obmas cropona. [T03TOMy 5TH TPeyroabHUKH PaBHBI 110
EpBOMY IIPU3HAKY PABEHCTBA TpeyroabHuKoB. Kpome Toro, yrist 1 u 2 pasubr
KaK IOJIOBMHBI PaBHBIX yrnoB. OTciofa TpeyroiabHuK CMIA2 — paBHOGepeH-
HBIil, CJE/0BATENLHO, PABHOGEAPEHHBIM SBISETCS TPEYrONbHHK OA,A,. Tlo-
aromy OA, = OA, = OA.,.

Coepuusist Touky O ¢ pepmunamu A, A, ..., A, _,, A,, aHAIOTUYHO MOX-
HO nokasarb, 9yT0 OA; = OA, = ... = OA, =0A,.

Takum oGpazom, s MHOTOYTOJIbHUKA AIAQAS...A” CYLIECTBYET TOYKA,
PaBHOYJQIEHHAS! OT BCEX €ro BepmumH. 1o Touka O — LEHTP ONMCAHHOH OKPYK-
HOCTH.

Tax xax paBHOGENPEHHbIE TPEYrOJbHUKH OA,A2. OA2A3, OA3A4, Bl
o4, s OA"Al PaBHBI, TO DaBHBI ¥ MX BBICOTBI, TPOBEJEHHbBIC U3 BEpPIIU-
Hbl O. Orciona senaem BbiBoA: Touka O paBHOYAAJIEHA OT BCEX CTOPOH MHOTO-
yrombauka. Crreosarenbno, Touka O — HEHTP BIMCAHHON OKPY/KHOCTH. <



TO‘-IKY. KOTOpas ABJSETCH IIEHTPOM

ONMCAHHOI W BIMCAHHOH OKPYXKHOCTEMN
NPaBHJIBHOIO MHOTOYroJIbHUKA, Ha3bIBa-
10T HEHTPOM IPABHJILHOIO MHOIOYTI'0JIb-
HHKA.
Ha pucynke 41 usobpaxén ¢par-
MEHT INPABHJIBHOTO 7-yrOJbHUKA C IEH-
tpom O u croponoit AB, jmHy KOTOPO
o6osnaunm @,. Yron AOB Ha3bIBaloT HeH-
TPaIBHBIM YIJIOM HPaBHIBHOTO MHOIO-
360°

AWB

yronpauka. [IOHATHO, 9TO ZAOB =

B pasoGeapennoM Tpeyroabuuke AOB npoBeném BbICOTY OM (cm.
puc. 41). Torza ZAOM = ZBOM = — AM = MB = %"—. B Tpeyronbuu-

180°
: __MB _ %
ke OMB nonysaem: OB = 1 ®
sin— 251n—n=

MB 5 a,
180° 180° °
= 2tg =,

g

Otpesku OB n OM — pajuychl ONMCAHHON M BIMCAHHOH OKpPY)XHOCTEM
MPaBUIBHOTO N-yrONbHUKA. ECau ux UIMHbI 0603HaunTh R, U 7, COOTBETCTBEH-
HO, TO NOJIyIEHHbIE PE3YJABTAThI MOXKHO 3aIHCATh B BUAE POPMYIL:

R — n
n e
2sin 1?
= > = =
= m
™= g 180°
n

[oxcTasuB B 3TH (opmybl BMeCTO 72 uncia 3, 4, 6, noaxyanm $opmybr
[l HAXOMAEHUS PAAMYCOB ONMCAHHON M BIMCAHHOM OKPY)XHOCTEH I npa-
BIJIbHbBIX TPEYTOJIbHHKA, YeThIPEXYTOJIbHUKA U MIECTHYTObHHKA.

n=4 1n=0
a2
R,‘ = 42 Ry = ag
o %Y “5‘/5
?’_t —? fﬁ = 2




Popmyna R, = a; nOKa3bIBaeT, YTO CTOPOHA MPABHJIBHOIO MECTHYTOIb-
HUKA PaBHA pajHyCy €ro ONMUCAHHOW OKpykHOCTH. OTCIOAA IOJXydaeM airo-
PUTM [OCTPOEHHUs NPABMJIBHOTO MIECTUYTOJbHMKA: OT NPOM3BOJBHON TOY-
Ki M OKpYKHOCTH HaIO MOCAEJ0BATEIbHO OTKJIAJAbIBATh XOPJbI, PaBHbIE
paauycy (puc. 42). Takum 06pa3om 1mosy4aeM BEPHIMHBI PABHJIBHOTO MECTH-
YrOJIbHUKA.

Coexnnus yepes oaHy BEPIMIMHBI NPABWILHOTO MIECTUYrOJIbHUKA, IOJY-
YUM NPaBWIbHBIA TPEYrONbHUK (puc. 43).

st OCTPOEHHst IPABUILHOTO YETBIPEXYTOIBHHUKA JOCTATOYHO B OKPYXK-
HOCTH NPOBECTH JBa NepnenauKyaspubix auamerpa AC u BD (puc. 44). Toraa
ueTbipéxyroabauk ABCD — xBajpar (J0KaXuTe 5TO CaMOCTOATENBHO).

O

Ecnu yxe nocTpoeH npaBuwibHbIA 7-yTOJBHUK, TO JIETKO IIOCTPOUTD Ipa-
BUJIbHBIHA 27-yTONBHUK. JUIsl 3TOr0 HafoO HANTH CEPEANMHBI BCEX CTOPOH 7-YTOJb-
HUKA U TIPOBECTH Pa/IMyChl ONTMCAHHON OKPYKHOCTH Yepe3 MOJIydE€HHbIE TOYKH.
Toraa xoHIpBI pajiMycOoB M BEPHIMHBI JAHHOTO N-YTOJBHHUKA OyAyT BepIIMHAMM
HpaBuIbHOTO 272-yronbuuka. Ha pucynkax 45, @ u 6 nokasaHo NOCTpOeHHe 1pa-
BHJIBHBIX BOCBMUYIOJIbHUKA M JBEHAALATHYTOJIbHUKA,

C

T R b i s i o T i e e e
—— _ Puc. 45
ae s = Sl i -'ﬁ ” ety g s M Sl s s A , o
a 6




3apaya 1. CymecTByeT JiM NPaBHIbHBIN MHOIOYrOJBHMK, YIOJ KOTOPOIroO
pasen: 1) 155%; 2) 177°? B ciydae yTBEpANTENBHOIO OTBETA YKAKHUTE BUJI MHOTO-
YrOJIbHUKA.

PeweHue

1) Ilycte n — KOIMYECTBO CTOPOH MCKOMOIO NPaBUJILHOTO MHOTOYTOJb
uuka. C ofHOM CcTOpOHBI, cyMMa ero yrios pasHa 180°(n — 2). C apyroit cropo-
HbI, 3Ta cymma pasna 155°7n. CireposarenbHo,

180°(n — 2) = 155°n; 25°n = 360°; n = 14,4. Tak kak 7 JOKHO GbITH HATY-
PaJTbHBIM YHCJIOM, TO TAKOTO MpaBHJIbHOIO MHOTOYIOJIbBHHKA HC CYIIECTBYET.

2) 180°(n—2) =177°n; 180°n - 360° = 177°n; n = 120.

OtBeT: 1) He cymecTByeT; 2) CymeCTBYET, 3TO — CTOABAALATHYTOJIbHUK. 4

3apa4a 2. B okpyKHOCTb BIMCAH IPABUIb- Puc. 46 1
HBIH TPeyroJbHHUK co cropoHoit 18 cm. Haiture
CTOPOHY NPaBHWIBHOrO NIECTUYTOJbHHUKA, OINH-
CaAHHOI'O OKOJIO 3TOH OKPYKHOCTH. b
PeweHnue. Pajuyc OKpy:KHOCTH, OIIMCAHHON

OKOJIO TPaBHJIBHOTO TpeyrosbHuka (puc. 46),
V3

a
Beraucasiercs no gopmyre R, = —5 e a —

cropona TpeyroabHuka. Crepoparenbno, Ry =

ISJ_ =643 (cMm).

ﬂo YCIOBMIO Pajuyc OKPYKHOCTH, BIMCAHHOH B NPaBHIBHBIA WECTH-
YTOJIBHHUK, PAaBEH PAJUYCy OKPYKHOCTH, OIMCAHHOM OKOJIO MPaBUJIBHOTO Tpe-

NES
2

25 2.6v3 _
i —ﬁ =12 (cm).

YrOJIBHHKA, T. €. 7y = R, = 64/3 cm. Tax xak r,= , rae b — cropoHa npaBuIb-

HOTO MECTHYrOIbHUKA, TO b =

OteeT: 12 cMm. «

'%_3 1. Kakol MHOrOyrofibHUK Ha3blBaloT NPaBUibHbIM?

2. Kakoe gpyroe Ha3BaHWe UMeEeT NpaBuNbHbIA TPEYroNbHUK?

3. Kakoe Apyroe Ha3saHue UMeeT MpaBunbHbIA HeTbIPEXYroNbHUK?

4. OKONo Kakoro NpasuibHOrO MHOrOyronbHMKa MOXHO OnucaTtb OKpPyxX-
HOCTL?

5. B KaKoM NpasunbHbIA MHOrOYroNbHUK MOXHO BMMCaTh OKPYXHOCTb?

6. Kak pacnonoxeHs! Apyr OTHOCUTENBHO Apyra UeHTpbl BNMCaHHOW 1 onun-
CaHHOM OKPYXHOCTEN MPaBUABHOIO MHOFOYrONbHUKA?

7. 4710 Ha3bIBAOT LLEHTPOM NpaBunbHOro MHOroyronbHuKa?



8. 3anuwwuTte Gopmynbl pagnycoB BNUCAHHOW M ONUCAHHOW OKPYXHOCTEen
NpPaBUIbHOrO 72-yronbHUKa, TPEeyronbHUKA, YeTbiPEXyronbHMKa, WecTu-
YronbHuKa.

9. OnuwunTe NOCTPOeHMEe NPaBULHOTO LWECTUYroNbHUKA.

10. OnuwunTe NOCTPOEHME NPaBUILHOTO YETLIPEXYroNbHMUKa.
11. Kak, UMes MOCTPOEHHBIA NPaBUNbHbIA 72-yroNibHUK, MOXHO MNOCTPOUTH
NpaBunbHbIA 272-YrofibHUK?

_(ﬁgnganruqeguug 3agaHus N

177.

178.

Haueprure oxpyxnocts, paguyc kotopoit pasen 3 cm. Iloctpoiite Brn-
CaHHBIH B TY OKPYKHOCTb:

1) mpaBuIBHBIN MIECTUYTONBLHHK;

2) NpaBUIbHBIA TPEYrOJbHHUK;

3) mpaBWIBHBII ABEHAALATHYTONLHUK.

Haueprure okpyxnocTs, paguyc KoTopoii pasen 2,5 cwm. IocTpoiite Bin-
CAHHBII B 3Ty OKPYXHOCTb!

1) npaBuiIbHBIA IETHIPEXYTONBHHUK;

2) nNpaBHIbLHBIH BOCBMUYTOJbHHK.

_(O_Ig!!ngamueﬂua

179.

180.
181.

182.

183.

184,

185.

186.

187.

Haiigure yrasr npasuisHOro n-yroabhuka, ecmi: 1) n = 6; 2) n = 9;
3) n=15.

Haiipure yrabr npasuibaOro: 1) BoceMuyronsuuka; 2) JECATHYTOJIbHUKA.
CKosBbKO CTOpOH MMEeT NPaBUJILHBI MHOTOYTOJILHHK, YTOI KOTOPOTO pa-
Ber: 1) 60°; 2) 171°?

CKOJIBKO CTOPOH MMEET NPaBUJIbHBIA MHOTOYTOIBHUK, YTOJI KOTOPOTO pa-
BeH: 1) 90°; 2) 108°?

CymecTByer nm npaBUIBHBIA MHOTOYrONBHHK, YroJ KOTOPOIO paBeH:
1) 140°; 2) 130°?

CKOJMBKO CTOPOH MMEET NPaBH/IbHBIA MHOTOYTONBHUK, €CJH YTOI, CMEK-

" 1
HBIH C yrjiOoM MHOT'OYIOJIbHUKA, COCTaBJIsIET a yriaa MHOI‘()YI‘OJ’IBHHK&?

OnpeneanTe KOIMYECTBO CTOPOH IPABMILHOTO MHOTOYTOJIBHHKA, €CAH
ero yros Ha 168" 6osbnie cMeXHOro ¢ HUM yria.

CKONIBKO CTOPOH MMEEeT NPaBMIbLHBIA MHOTOYrOJNBHHK, BIMCAHHBIA B OK-
PYXKHOCTD, €CJIM TpafycHas Mepa AyT'H ONMCAHHON OKPYXHOCTH, KOTOPYIO
CTArMBACT CTOPOHA MHOIOYroJIbHMKA, paBHa: 1) 90°; 2) 24°7

Haiture K0IM4ECTBO CTOPOH NPABMIBHOIO MHOTOYrONLHUKA, IEHTPAID-
HbI yroJ KoToporo pases: 1) 120°%; 2) 72°.



188. Ilycrs @, — CTOPOHA NPABMIBHOTO TPEYTONLHUKA, R M 7 — COOTBETCTBEH-
HO PajnyChbl ONMMCAHHON W BIMCAHHOU €ro OKPYKHOCTEH. 3amojHUTE Ta-
6aumiy (JUIMHBI JaHbl B CAHTUMETPAX):

443
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189. Ilycrs @, — cTOpoHa KBajparta, R u 7 — COOTBETCTBEHHO PAJUyChI ONMCAH-
HOW M BINMCAHHOI €ro OKPyXKHOCTe. 3anonHuTe Tabauiy (UIMHBI IaHbI
B CAaHTUMETpaXx):

J2

190. BhicOoTa MPaBWILHOTO TPEyroJbHUKa pasHa 15 cm. Yemy paseH pajuyc:
1) ONMCAHHOI OKPYKHOCTH; 2) BIMCAHHON OKPYXKHOCTH?

191. JluaroHanb KBaJipaTa paBHA 642 cm. Uemy pasen pauyc: 1) onmcanHoi
OKPYKHOCTH; 2) BIMCAHHOM OKPYKHOCTH?

192. Paguyc okpyxksHocTH paseH 12 cm. Haiigure CTOPOHY BIMCAHHOTO B STy
OKPYKHOCTb HPABHIBHOTO: 1) MECTHYroNbHUKA; 2) ABEHAANATHYTOJIbHUKA.

193. Paguyc OKpY)KHOCTH paBeH 83 cm. Haipure CTOPOHY OIMCAHHOTO OKO-
JI0 3TOI OKPYKHOCTH MPaBMIBHOIO MECTUYTONbHUKA.

? 194. JlokaxuTte, 4TO PAAMYC OKPYKHOCTH, ONMMCAHHOW OKOJO MPaBMJIBHOTO
TpeyroJbHHMKa, B ABa pasza Goiblie paguyca OKPYKHOCTH, BIIMCAHHOM
B 9TOT TPEYTOJbHUK.

195. Paauyc OKPY)KHOCTH, OIMCAHHOM OKOJIO NPaBWIBHOTO TPEYrONbHMKA, HA
4 cm Gonbume paguyca BIMCaHHOU OokpyxHocTH. Haifure paauychl Brv-
CAHHOI M ONUCAHHOI OKPYKHOCTEH U CTOPOHY TPEYTrOJbHHKA.

196. CropoHa TpaBWIBHOTO MHOTOYTOJBHMKA paBHA @, paauyc OTIMCAHHOM
okpyHocTu pasen R. Haiiqure paauyc BIIMCAHHON OKPYKHOCTH.

197. Paauychl BIMCAHHON ¥ ONMCAHHO#H OKPYXKHOCTEMN NPABAUILHOIO MHOTOYTO/Ib:
HMKa paBHbI cooTBeTCTBeHHO 7 U R. Hatijjure CTOPOHY MHOTOYrOIbHUKA.




198. CropoHa NpaBMJIBHOTO MHOrOYrOJIbHHKA PaBHA @, PajHyC BIMCAHHOM
OKPYKHOCTH paBeH 7. Haliiure paguyc onucaHHO#H OKpPYKHOCTH.

199. Ox0J0 OKPYXKHOCTHU ONUCAH NPABWIbHBIN MECTHYTOJbHUK CO CTOPOHOMN
4/3 cm. Haiigure CTOPOHY KBajipaTa, BIMCAHHOTO B 3Ty OKPYKHOCTb.

200. B OKpyXHOCTH BIIMCaH KBaJpaT CO CTOPOHOM 62 cm. Haiiure CTOPOHY
NPaBUJILHOIO TPEYTrOJAbHUKA, OMMCAHHOTO OKOJIO 3TOH OKPY)KHOCTH.

201. /luameTp Kpyra paseH 16 cM. MOXHO JIM M3 HEro BbIPE3aTh KBagpaT CO
cTopoHo# 12 cm?

202. Kaxum A0/mkeH GbITh HAMMEHDBIIHE ANAMEeTP KPYraoro 6pesHa, 4To6bl U3
HEro MOXHO GBUIO M3rOTOBHTHL GPYC, MONEPEYHBIM CEYEHUEM KOTOPOTO
ABJIAETCA NPABUIBHBIA TPEYTOJLHUK CO CTOPOHOM 15 cm?

203. Kakum jomkeH 6bITh HAMMEHBIIMIA MAMETP KPYrJIOro GpesHa, uToGb U3

HETO MOJKHO GBUIO M3rOTOBUTH GpYC, MOMEPEYHBIM CEYEHHEM KOTOPOTO

ABJIAETCA KB/IpaT CO CTOPOHOI# 14 cm?

[, —

204. CKOJIBKO CTOPOH HMMEET NPABMIbHBI MHOTOYTOJBHHUK, YrOJ KOTOpOro
Ha 36° Gosblie ero NeHTPaIbHOTO yriia?

205. Yron mexay paadycaMu BIHCAHHOH OKDPY)XHOCTH MPaBWIBHOTO MHOTO-
YrOJbHHKA, MPOBEAEHHBIMU B TOYKN KACAHUS 3TOW OKPYKHOCTH C COCEJ-
HUMM CTOPOHAMM MHOTOYrojibHHKa, paseH 20°. Haijaure koaugecrso cro-
POH MHOrOYTrOJIbHHKA.

206. JlokaxuTe, YTO BCE JUATOHAIN IPABUIBHOTO MSATUYTOJIBHUKA PAaBHBL.

207. [oxaxure, 4TO KaxJas JAMATOHAIb NPaBHJIbHOTO NATHYTOJIbHHUKA Mapas-
JIeJIbHA O/(HOM M3 €ro CTOPOH.

208. Obmasn xopAa JBYX MEPECEKAIOIMXCS OKPYKHOCTEH SBJISETCs CTOPOHOI
[PaBUILHOTO TPEYTONBHUKA, BIMCAHHOTO B OJHY OKPYXKHOCTb, H CTOPO-
HO# KBajpaTa, BIIMCAHHOTO B JPYIYIO OKPYKHOCTb. JIMHa 3TOM XOP/bI
paBHa a. Haliainre paccTosHue Mexay HEHTPaMu OKPYKHOCTEH, €CIM OHU
Aexar: 1) 10 pasHble CTOPOHbI OT XOP/bI; 2) 1O OAHY CTOPOHY OT XOP/BL.

209. O6mas xopaa ABYX NEPECEKAIOMMXCs OKPYKHOCTEH ABISETCS CTOPOHOM
NpaBHJIBHOTO TPEYrOJAbHUKA, BIMCAHHOTO B OAHY OKPYXHOCTb, H CTOPO-
HOH MPaBUJIBHOrO MECTHYTONBHUKA, BIMCAHHOIO B APYTYIO OKPYXHOCTS.
Amuna aToit Xopael paBHa a. Haiiaure paccrosmme MEXAy LEHTpaMHu
OKPYKHOCTEH, €CJI OHM JIEkKaT: 1) no pasHbie CTOPOHbI OT XOPJbL; 2) 1O
OAIHY CTOPOHY OT XOPJBI.

210. B OKpyXHOCTDH BIMCAaH NPaBUIbHBIH TPEYrOJBHMK, M OKOJO HEE OMHCAH
NpPaBUJIBHBIA TpeyroabHuk. Haiiiure orHOmeHne ctopon aTux TPEYroib-
HUKOB,

211. B OKpYXHOCTb BIMCaH NPABMIbHbINA MECTHUYTOALHUK, ¥ OKOJO HEE ONMH-
CaH NPaBHJIbHBIH mecTHyroabuuk. Haliiure oTHOmEHWEe cTOPOH 3THX me-
CTUYTOJIbHUKOB.



212. JloxaxkuTe, 9TO CTOPOHA MPABHJILHOIO BOCBMHYIOJIbHUKA PABHA Ry2 - {2,
rae R — paauyc ero onucaHHo# OKPyKHOCTH.

213. JlokaxuTe, 4TO CTOPOHA MPABUJILHOTO JIBEHAALATHYTOJbHHKA pPaBHA
R\2 - /3, e R — paamyc €ro onMcaHHO# OKPYKHOCTH.

214, Kakas mmpyHa npoéma J0/KHa - * Puc. 47
GBITB y KIOYA sl IECTUrpaH- | B
HOW Trafiky, OCHOBAHUS KOTO-
poit umeloT Gopmy IPaBUIBLHO- 25
ro mecruyroabHuka (puc. 47),
€cay IMMPUHA TPAHM raifku paB-

Ha 25 MM, a 3a30p MEK/y rpaHsi- Q
My raiiku 1 kmoda — 0,5 mm?

215. Haiigurte miomaab NpaBuIbHO- —‘:_
rO BOCBMMYTOJIbHHKA, €CIH pa- 0,5
AMYC ONMCAHHOM OKOJIO HETO
OKpyXHOCTH paBeH R. et

216. Haiigure AMATOHAIN U IUIOMATH IPABIJIBHOIO WECTHYTO/NIbHUKA, CTOPOHA
KOTOpOro paBHa d.

B S T

217. Yruael KBagpara co CTOPOHO# 6 cM cpes3anu TaK, 9TO NOJYIHIN NPABHIIb:
Hblit BocbMuUyronpbHuK. Haiiure CTOPOHY HOJYIEHHOTO BOCHMHYTOJIb-
HUKA.

218. VYriabl IPaBWIBHOTO TPEYrOJbHAKA CO CTOPOHOM 24 CM Cpe3ain Tak, uTo
OJIYYWIN TIPABUIBHBIH mecTHyroabHuK. Hafiure CTOpOHY MOJydCHHOrO
MECTUYTOJbHUKA.

219. HaiiauTe AMaroHaIM MpaBMIbHOTO BOCBMHUYTOJIbHUKA, CTOPOHA KOTOPOTO
pasHa a.

220. B npasBwibHOM JBEHAUATUYTONbHUKE, CTOPOHA KOTOPOro pasHa 4, no-
CJIEIOBATEIBHO COEAMHIIIN CEPEAUHBI MECTH CTOPOH, B3ATBIX Y€PE3 OJHY.
Haiiure cTOpoHy 06pa3oBaBmIerocsi NPAaBMIbHOTO MECTHYTOMbHUKA.

221. B npaBmibHOM BOCBMMYrOJbHHUKE, CTOPOHA KOTOPOro paBHa @, NOCIEAO-
BATEJIbHO COEJMHWIN CEPEAVHBI YEThIPEX CTOPOH, B3ATHIX YEPE3 OJHY.
Haiigure cTopoHy 06pa3oBaBLIEroCs KBajpaTa.

e
' 222. Popmy KAKUX PABHBIX NPABWIBHBIX MHOrOYrOJBHUKOB MOTYT MMETDL /0~
MEYKH NapKeTa, 4ToObl UMH MOKHO 6BIJIO BBICTAATH TOJ?
223. Jlan npaBMIbHBIH MECTUYTOJNBHUK, JUIMHA CTOPOHBI KOTOPOrO paBHa 1-

TTosB3ysCh TOJIBKO JMHEIKOH, TOCTPOHTE OTPE3OK pmmoi V7.



€70 YnpaxHeHus ans noBTOpeHUs

224. OxpyXHOCTb pas/ieJieHa Ha NATb paBHbIX ayr: UAB = UBC = UCD =
= UDE = UAE. Haiigure: 1) £ZBAC; 2) £ZBAD; 3) Z/BAE; 4) ZCAD;
5) ZDAE.

225. Ha oaHoit cTOpoHE yria ¢ BepmMHON B Toyke A ormernsm Touku B u C
(rouka B nexur mexay roukamu A u C), a Ha apyroit — touku D u E
(Touka D nexut mexay roukamu A u E), npuaém AB = 28 cm, BC =8 cm,
AD =24 cm, AE = 42 cm, BE = 21 cm. Haiigure otpesox CD.

226. OcHOBaHHE PaBHOOEAPEHHOTO TYIOYTOJIBHOTO TPEYTOAbHUKA PaBHO 24 cM,
a paauyc OKPYKHOCTH, OIIMCAHHOM okojo Hero, — 13 cm. Haitaure ruio-
b TPEYroJbHUKA.

227. Yepes TOUKy A K OKPY:KHOCTH NPOBEIEHBI JBe KacaTeibHbie. Paccrosiuue
OT TOYKHM A 0 TOYKM KacaHus paBHO 12 cM, a paccTOsHUE MEN/TY TOYKa-
mu Kacauua — 14,4 cm. Hailyiure paauyc okpyxkHOCTH.

=St e Tl T e SR

) Korpa caoenaHbl YpoKu
O NOCTPOEHUM NPaBUNbHBIX 72-YrONbHUKOB

JlokakeMm, 4TO M0G0k NPABUIBLHBIN R-YyrOJIBHUK ABJISETCH BBHUTYKIBIM MHO-
rOyroJbHUKOM. JJIst 3TOro JIOCTATOYHO MOKA3aTh, YTO B TIOGOM MHOIOYIOJIbHUKE
€CcTh X0TA Obl oauH yrosi, menbmuit 180°. Torga us toro, yro B NIPABMJILHOM
N-yrOJILHUKE BCE YIJIbl PaBHBI, GyIeT CI€J0BATh, YTO KAXKAbIH M3 HUX MEHBIIE
180°, T. €. MHOTOYTOJLHUK GYI€T BBHIITYKJIbIM.

PaccMOTpUM NpPOM3BOJIBHBIA MHOTOYrOJIb- T F.;c‘q’“s" .
HHUK H IPAMYIO d, HE UMEIOIIYIO C HUM OOIUX TO- e e
dek (puc. 48). M3 KaxI0ii BEpUIMHBI MHOTOYTOJIb-
HUKa OIyCTHUM [EPHEHAUKYJISP Ha NPAMYIO . a b

Cpa.BHHB JUIMHBI 3THUX MNEPHEHAUKYISIPOB,
MbI CMOKEM BblﬁpaTb BEPIIHHY MHOTOYI'OJIbHHUKA,
HaMMeHee YAAIEHHYIO OT NpAMOM @ (ecam Takux A
BEPIIMH HECKOJBKO, TO BbiGepeM 00yI0 U3 HUX).
ITycrs 1M cBolicTBOM Ob6naxaet Bepmuna A. Ye-
pes Touky A nposeéM npamyio b, napauieabHyo
upsamoit @ (cm. puc. 48). Torpa yron A muoro-
YrojabHHUKa JEKHUT B OJTHOI MOJYTIJIOCKOCTH OTHO-
cuTenbHo npamoit b. Caexosarensuo, ZA < 180°.

Bl ymeeTe ¢ OMOMBIO MPKYIS ¥ IMHERKN CTPOUTD [PABUIBHbINA YEThI-
PEXYTOJILHUK, a 3HA4UT, U BOCBMH-, IECTHAAIIATH-, TPUALATHBYXYTOJbHHK, T. €.
mo6o# 2"-yroabHNK (7 — HATYpaIbHOE YMCIO0, 72 > 1). YMeHue CTpouTh npasmib-
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HbII TPEYrOJBbHUK JAET BO3ZMOXHOCTDH MOCTPOUTH CJIEAYIONYIO LENOYKY U3 Ipa-
BHJIBHBIX MHOTIOYIOJMbHUWKORB. IMECTH-, JABCHAALATH-, J],B&I[IJ,RTH‘ICTI:IP&XYI‘OJII)HHK
U T. A, T. €. mo6oii 3 - 2"-yroabHUK (77 — HaTypaJIbHOE YMCIIO).

3aaavy nNoCTPOCHUS NMPAaBUILHBIX MHOTOYTOJBHUKOB C MOMOMIBIO LUPKYJIs
M JIMHEHKH M3ydaay emé ApeBHerpedeckue reomerpsl. B wactHocTH, nmomumo
YKa3aHHBIX BbIIIE€ MHOTOYrOJIBHMKOB, OHM YMEIU CTPOMTH HpPaBHJIbHBIE NATH-
YrOJBHMK U MATHAAIATHYTONBHUK — 33/1a9¥ JIOBOJIBHO HENPOCTBIE.

JlpeBHue yuéHble, yMEBIIME CTPOUTE JIOOO0H U3 NPaBWIBHBIX 7-yrOJILHUKOB,
e n =3, 4, 5, 6, 8, 10, nbrranuch pemuTh 3Ty 3aga4dy 1 g n =7, 9. M sT0 He
yaatock. Boobmie, Goee ABYX THICAY JIET HUKTO HE MOT NPOJBUHYTHCA B pelre-
HUM 31O mpobaempl. Jlumb B 1796 r. Beimkumit Hemenkmit matematux Kapa
®puapux Tayce (1777-1855) cmor mokasaTh, YTO LMPKYIEM M JHMHEHKOH no-
CTPOUTD NPABWIbHBIE CEMUYTOJIbHUK U IEBATUYTONbHUK Hebss. B 1801 r. Taycc
MOKa3a1, YTO LHUPKYIEM U JIHHEHKOU MOKHO NOCTPOUTD MPABHILHbIHA 72-yTOJIHUK
TorAa U ToABKO TOorAa, Korman=2* meke N, k> 1, wmn=2¢.pp,- .. -p,
re kR — 1esoe HEOTPULATENbHOE YUCIO, P, Py, - , P, — Pa3HbIE MPOCTHIE YHC-
na Buga 22" +1, koropsle HasbiBalOT NpocThiMu ducaiamu Pepma. Ceitvac us-
BECTHBI JMIIb NSTh NPOCTHIX yncen Pepma: 3, 5, 17, 257, 65 b37.

! N

Moep ®epma
(1601-1665)

dpaHuy3cKui matematuk. OOWH U3 OCHO-
Bartenen TeopuMu Yucen. ABTOp paja BbijaloWUxcs
TPYAOB B pa3HblXx 06nacTax MaremMaTuKu, KoTopble
oKasanu 3HayuTenbHOEe BNUMAHWE Ha AanbHeillee
pa3BWTME MaTteMaTUKM.

[ayccy yAaioch MOCTPOUTD NPaBHIbHbIN ceMHaanaTHyronbuuk. OH npuja-
BaJl 3TOMY OTKPBITHIO CTOJIb OOJIBIIOE 3HAYECHHUE, YTO 3aBENAT YBEKOBEUUTD CEM-
HAIIATHYTOJNBHUK Ha CBOEM Haarpobun. Ha mormibHo# wmte [aycca sToro pu-
CYHKa HET, HO CaM MaMATHUK CTOUT HA CEMHAJIATHYIOJbHOM NOCTAMEHTE.



y A H . Mnowaas Kpyr

Ha pucynke 49 usobpaxeHbl NpaBubHbIE YETHIPEXYTOJbHUK, BOCBMM-
YTOJIbHMK M MECTHAAIIATUYTONbHUK, BIIMCAHHBIE B OKPYKHOCTb.

Mbl BHAMM, 9TO NpPM yBEIHMYEHUH KOJHMYECTBA CTOPOH NPABHIBHOTO
n-yroibHuKa ero nepumerp P, Bcé MeHbNIe U MEHbIIE OTAMYAETCH OT JuHbl C
OIHUCAHHON OKPY/KHOCTH,

Tak, 1a HamEro MpUMepa MOXKHO 3aIMCATh:

C—P>C—-EBy> C~- Py

Ilpu HeorpaHWYEeHHOM yBeNHMYEHHH KOJUYECTBA CTOPOH NPABHUIBHOTO
MHOTOYrOJIbHHKA €r0 NepUMETP GyleT KaK YrOAHO MajlO OTJMYATHCH OT JUIMHBI
OKPYXHOCTH. DTO O3Ha4aeT, YTo pasHocTh C — P, MOXHO C/eJaTh MeHbIIeH,
uem, Hanpumep, 107, 107, u Boobme, MeHbmeH MOBOTO MONOKHUTEIBHOIO
qHca.

PaccMoTpuM /iBa IPaBUJIBHBIX 72-YTOIBHUKA CO CTOPOHAMM @, U @,’, BIU-
CaHHBIX B OKPY)KHOCTH panuycamu R u R’ coorBerctsenHo (puc. 50). Torxa ux
nepumetpsl P, u P/ Beraucisior no gopmynam:

P=n-a = n-?Rsin%,

P'=n-a' =n2R sin%-.z.

Orcioga

.32, (*)
P' 2R

9TO PaBEHCTBO CIPABEIMBO NPH JTIO60M 3HaYeHUH 72 (72 — HATypaIbHOE,
n = 3). llpn HEOTrPaHMIEHHOM YBEIMYEHUM 3HAYeHUA 7 tepumeTpsl P, u P,/ co-
OTBETCTBEHHO GYAYT CKOJIb YroAHO Mano oTimyarkes oT e C u C' onucaHHbIX



o b
okpyxHocTeit. ‘Torga npn HEOTPAHUYEHHOM YBEARIEHHH 7 OTHOmeHRe —- Gy-

C . n
AET CKO/b YTORHO MANO OTANYATLCA OT OTHOMEHHA — . C yu€TOoM paBeHcTBa ()

2R
MpMXOMUM K BBRIBOIY, YTO YHCAQ —E CKOJIb YIOAHO MAn0o OTANYAeTCA OT YHCAA
2

£.A3m 3HAMMT, YTO i=E WIH £= ¢ .
' ' 9R 2R 2R
TMocneHee PABEHCTBO O3HAUAET, 4TQ OJIR 6CEX OXPYNCHOCMEL OMNO-
wenue DAUNHLL OKPYNCHOCTHU K OUAMEMPY eCNtb OOHO U MO HCE HUCRD.
U3 kypca MaTeMaTHEH 6 KIacca BRI 3HACTE, 4TQ ATO YHCAU TPHHATO 060

3HATATH Fpeueckoii GYKBOIL T (YHTAIOT: «IH»).

Mz paBencTra 2—% = T uoaydaeM QOPMYIY ZAA BLIMHCICHHS JTHHB] OKPYHK-

HOCTH

C=22R ]

Yucro T UpPaAlMOHAILHOE, 2 3HATUT, OHO HE MOXET GhITh MPCACTABICHO
B BRJIe KOHEYHOMH AecaTHuHOM Apo6n. OBRMHO TpK pELICHAH 33134 B KA9eCTBe
NpUOTHKEHHOTO SHAYCHMS & NPUHEMAIOT JHCIO 3,14,

Benwkuii gpesrerpedecknii yaensit Apxumes (I B, 1o 5. a.), BRIPa3HB ve-
pe3 AMAMETP OHHMCAHHOW OKPYKIIOCTH HEPUMETP UPABHJILHONC AeSSHOCTOMIE-
1
7

C MOMONL LD CGBPEMEHHIJX KOMHBIOTEP_OB H CIIEIHATBHERIX llpO]‘pﬂMM
MOKHO BLIYHCIMTD 9UCA0 K ¢ Gonbmoi ToyHOCTHI:. 1[pHBEAEM 3aITHCh YHCIA K
¢ 47 uudpaMH Nocae JAMATOH:

7 = 3,14159265358979323846264338327950288419716930937... .

B 1992 r. uncao T BENHCIWMH ¢ TOYHOCTLI 2o 1 011 196 691 nqudps: no-
cie sangToi. toT hakt Gnun saHecEn B KHUTY peKoOpAOR Tuunecca. Camo vuc-
A0 B KHATE HE IPHBENEHO, TAK KaK A/ 3TOro noHaoOHNoce Oel HoAee TLICATH
CTpAHMII,

Haliném dopMyay Ui BhidnCcIeHnS AIHEEl yTH OKPYXKHOCTH C Irpaiyc-
Hoii Mepoii 2°. Tlockoibky rpadycHas Mepa bcell okpyxHOCTH pasHa 360°, To
2Rk xR
360  180°

e i tRn —‘

=180

CTHYIOJBHHKA, YCTRHODH, ITO 3% < < 3. Orcwaa u caeAyer, 9To K= 3,14,

AAvMHA Ayri B 1° paBHa Toraa pnuna  gyri B £° BRIYMCAIETCA TIO

dopuyne




Beisenem Qopmyny ans Bbramcienus [ Em——

ILIOIIAAH prra- e e G N A B s i
O6parumcs k pucynky 49. Mb1 Buanm, 0

YTO TIPH YBEIMYEHUM KOJMYECTBA CTOPOH 180°

NPABHJIBHOIO 7-yTOJAbHMKA €r0 IIomans S, .

BCE MEHbIIE ¥ MEHBIIE OTJINYAETCsA OT ILIO-
waau S kpyra. [Ipu HeorpanuveHHOM yBe-
JIMYEHUH KOJIMYECTBA CTOPOH €ro IUIOMah
CTPEMUTCS K IUIOIIAAM Kpyra.

Ha pucynke 51 uso6Gpaxén ¢par-
MEHT NPaBUJIBHOTO 7-yTOJBHUKA C LEHTPOM
B Touke O, co cropoHoit AB = a, u paauycoM ONMCaHHON OKPYKHOCTH, Pas-
HpiM R. Onycrum neprnenaukynsp OM wa cropony AB. Umeem: S AO0B =

= -I-AB—OM=la -Rcosl—sgz.
2 21 n

ITockonbky pauycsl, NPOBEAEHHBIE B BEPHIMHBI NIPABIIBHOTO N-yrOIbHM-
Ka, pa3GUBAIOT €ro Ha 7 PABHBIX TPEYTOJILHUKOB, TO IUIOWAJb 7-TONbHNUKA S,
B 71 pa3 6osbwe maomanu rpeyroabuuxka AOB. Torna

S,=n-8,,p =-;;n«an-Rcos%.

A B

Orciona S, = % P Rcos% ; (%%)

rae P, — mepuMerp AaHHOrO NPABWILHOTO M-yTONLHUKA, ;
[Ipn HEOrpaHMYEHHOM yBEIMYEHMN 3HAYEHUA 71 BEAMYMHA o Gyner

180°
CKOJIb YrOAHO MaJo oTanuarbesa ot 0°, a ciegoBaTensHO, cos == Gyner crpe-

mutbes K 1. Ilepumerp P, 6yaer crpemurses k mHe C OKPYKHOCTH, @ TLIO-
mab S, — k niomaau S kpyra. OTcioa ¢ y46TOM PaBEHCTBA (*%) MOXKHO 3amu-

carhb S-—-%C»R.

Vs o10ro pasercrsa notysacs popuyay wn  [FIE—

HAXOXKACHUSA IUIOmAaM Kpyra

S=nR:

Ha pucynke 52 paauycer OA u OB pensar
KPYr Ha IB€ YaCTH, 3aKPalICHHbIE PA3HBIMY IBETA-
mu. Kaxayio ua aTux gacreit BMecre ¢ paauycamu
OA u OB Ha3biBalOT KPYroBBIM CEKTOPOM WK
CEKTOPOM.

61



ITonsTHo, 9TO Kpyr paamyca R MoxHO pasfenuTs Ha 360 paBHBIX cexTO-

POB, KayKJbliA U3 KOTOPBIX GyaeT cogepxats ayry B 1°. Iliomans takoro cexropa

R

pasHa Zoo . Torza mromazs S ceKTopa, COACPKAMEro Ayry OKPYKHOCTU B 7°,

BeIyucaseTcsa no gopmyne

B nRg;n
B S = 560
Ha pucynke 53 xopaa AB menut Kpyr Ha = | Puc.h -

JB€ YaCTH, 3aKpalleHHble Pa3HbIMU LBETAMM. [~
Kaxryio M3 3THX 4YacTeil BMecTe ¢ Xopaoit AB
HA3bIBAIOT KPYroBBIM CErMEHTOM WM CerMeH-
toM. Xopay AB npu 3ToM Ha3bIBAIOT OCHOBaHM-
€M CerMeHTa.

YroObl HAUTH IUIOMAAbL CErMEHTA, 3aKpa-
IIIEHHOTO KpacHbIM LBeToM (puc. 54), Hazo u3
IUIOI@A/IM CEKTOPa, coAepikaiero xopay AB, Bbr-
gecTs wiomaas Tpeyronbunka AOB (Touka O —
reHTp Kpyra). YroObl HalTH 10N/ CETMEHTA,
3aKpalIeHHOTrO roayObIM BETOM, HAZO K IUIOMA-
JM ceKTOpa, He cojepxkamero xopay AB, npuba-
BHTH IUIOMak TpeyroipHuka AOB.

Ecau xopaa AB siBasieTcs AMaMeTpoM Kpy-
ra, TO OHa J€JIUT KPyr Ha JBa CErMEHTA, KOTO-
pbie HasbiBaloT moxykpyramu. Ilromaas S mo-

2
JyKpyTa BHIUUCISIOT 110 (opmyre S = % rae
R — paguyc xpyra.

3apaya 1. /Uea Ayru OKPYKHOCTH, PaMyC KOTOPO# 25 M, paBHA T CM.
Haiigure rpajgycHyio Mepy IyTH. 2
nRn

1801
Pewenue. U3 dopmyast [ = Jgo MosyaeM n=—p. CrnenosaTeabHO, UC-

. _(180m ) :
KOMasi rpafyCHas Mepa 1 = (n-25) =7,2"
Oteer: 7,2°. «

3apaya 2. B okpyKHOCTD C IIEHTPOM O, paauyc KOTOpO#i paBeH 8 cM, BIIU-
can npauibHbI BochMuyroasank ABCDEFMK (puc. 55). Haiigure ruromaam
CeKTOpa M CErMeHTa, copepamux ayry AB.



Pewenue. Yron AOB — uentpainp-
HBIH YTOJI NPaBHJIBHOTO BOCBMHYTrOJbHHKA,
noaromy ZAOB = % = 45°,

Toraga miaomaznb cexTopa, KOTOPYIO
TpebyeTcs HAlTH, BBIYMCIAETCH Tak: S =

.82.
= % = 81 (cm?), a wIomank cerMen-
Ta — Tak: Sceru = Sr.e:srr - SAAOB = 8n -

= % OAZ2sin ZAOB = 8n — 16v2 (cm?).
OtBeT: 81 cm2, 8T — 164/2 o2, «

. Kakoe oTHoweHune obo3HavaioT bGykson nt?

. HazoBuTe NpubnuxXeEHHOE 3HaYeHne Yucna T € TOYHOCTBIO A0 COThIX.

. Mo kakow popmyne BbIMUCNAIOT AINHY OKPYXHOCTA?

- Mo kakow popmyne BbIMUCNAIOT AANHY AYrY OKPYXHOCTU?

- Mo kakown popmyne BbIMUCAAIOT NAOWaab Kpyra?

- OBbsAcHUTe, Kakylo reomeTpuyeckylo GUrypy HasbiBalOT KPYroBbIM CeK-
TOpOM.

. Mo kakon popmyne BLIMMCNAIOT NNOLAAL KPYrOBOro ceKTopa?

. OBbACHUTe, KaKylo reoMeTpuyeckyio hUrypy HasbiBaloT KPyroBbIM cer-
MEHTOM.

9. ObbsicHUTE, KaK MOXHO HalWTK NNOLWaab KPYroBoro cerMeHTa.

O hs,WNR

0w~

@B YnpaxHenns B
228. Haiignte ANMHY OKPYXKHOCTH, AMaMeTp KoTopoit pasen: 1) 1,2 cm;
2) 3,5 cm.

229. Haiigure JyIMHY OKPYXXHOCTH, paglyc KOTOpoit paser: 1) 6 cm; 2) 1,4 m.
230. Haiianre muomaas Kpyra, paauyc KoToporo pases: 1) 4 om; 2) 14 am.
231. Haiipure niomans Kpyra, inameTp Kotoporo pasen: 1) 20 cm; 2) 3,2 am.
232. Haiigure miomans Kpyra, JIMHA OKPYKHOCTH KOTOPOTo paBHa /.
233. BpluucauTe MII0MALb IIONCPEYHOr0 CEYEHMs AECpEBa, KOTOpoe B oGxBare
cocrasusier 125,6 cm.
234. Kak M3MEHHUTCS /IMHA OKPYXHOCTH, €CJIH €€ paguyc:
1) ysenumuuts B 2 pasa;
2) ymenbmuTh B 3 pasa’?
235. Pammyc oxpyxHocTH yBesmuman Ha 1 cm. Ha ckosnbko yBenmummach pu
3TOM JUIMHA OKPYKHOCTH?



236. Cawmpblii 601bm0# onrTHyecknil Tesieckon (pedruexrop) B Poccuu Haxoaur-
cs B ropax 3anajguoro Kaskasa (Apxsis). /luamerp oboaa ero sepkana pa-
BeH 6 M. Camblii GOIBIIONA B MUPE ONTHYECKUIT TEJIECKON HAXOAUTCSA B 06~
cepsaropun Kaimdopnuiickoro yauusepcurera Ha Iapaiinx (CIIA). Jlna-
meTp o6oxa ero sepkara cocraeiaser 10 m. Haiigure orHomeHue IImH
060/10B 3€pPKaJI POCCUICKOTO M aMEPUKAHCKOIO TEJIECKOMOB.

237. BbramcauTe JUIMHY KPacHOH JTMHUM, M306PXKEHHON HA pUCyHKe 56.

T e S
oo Lt s jar 2 i T - R s el R ¥ siadeie

238. Kak M3MeHUTCH IUIOLQ/b Kpyra, €ClIM €ro pajunyc:
1) yBesmuuThb B 4 pasa;
2) yMEHBIIMTH B b pas?
239, BblumMcauTe MIOMAL 3ANITPUXOBAHHON (UIYphI, M300PAKEHHON HA pu-

A
Y

[ )
Y

cynke 57,
i T
2 "' : : '!|||i ! illi:
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a 6 B




240. Berumcaure IUIOmMAAb 3alITPUXOBAHHOH ¢uryps! (puc. 58), ecim ammza
CTOPOHbI KJICTKH paBHA d.

Puc. 58

[ a 6 !

241. Ilpopaworca GauHumKy AByX BUjoB: guameTpom 30 cm u 20 cm. Eciu Ton-
MHA BCeX GAMHYMKOB OMHAKOBA, TO B KAKOM CJIy4ae MOKYIATedb ChECT
GoJible: KOrja ChecT OJUH GONbIION GIMHYMK MIN JBA MEHDBIITIX?

242. Haiipure JU1MHy OKPYKHOCTH, ONMCAHHON OKOJIO MPABHIJIBHOTO TPEYrOJh-
HHKA CO CTOPOHOM 4.

243. Haiianre JIMHY OKPYKHOCTH, BIIMCAHHOM B KBA/IPAT CO CTOPOHOI @.

244. Haiiaure m1omab Kpyra, OMHCAHHOIO OKOJIO KBaApaTa co CTOPOHOI a.

245. Haianre miomaan Kpyra, BIUCAHHOTO B NPaBAJILHBIN MECTUYTONBHUK CO
CTOPOHO a.

246. Haiiaure miomanp Kpyra, BIMCAHHOIO B NPABWIbHBIA TPEYTOJBHUK CO
CTOpPOHOMH a.

247. Haiipure niom@aab Kpyra, ONMMCAHHOTO OKOJIO MPSIMOYrOJIbHUKA CO CTOPO-
Hamu @ u b.

248. Haiiaute niomaab Kpyra, ONMCAHHOIO OKOJO PaBHOGEAPEHHOTO Tpe-
YroJbHUKA ¢ 6OKOBOW CTOPOHOM b 1 yr/IOM O IPM OCHOBAHMH.

249. Haiiure JIMHY OKPY>KHOCTH, OIMTMCAHHON OKOJIO NPsIMOYTOABLHHUKA CO CTO-
POHOIT @ 1 yrIOM O MEX/y JAHHON CTOPOHOM M JAMArOHAIBIO TIPAMOYTOJIb
HHEKaA.

250. Paamyc okpyxHOCTH pasen 8 cm. Haiizure juidHy Ayri OKpY:XHOCTH, Ipa-
JlycHas Mepa KoTopoii pasua: 1) 4°; 2) 320°.

251. /limHa AyTH OKPYKHOCTH paBHa 121 cM, a e€ rpagycnas mepa — 27°. Haii-

AUTE PAZUYC OKPYKHOCTH.



252,

JimHa gyru OKPY:KHOCTH paguycom 24 cM pasna 3n oM. Haiiaure rpaayc-
HYIO MEpY JyTH.

253. Boumcaure AamMHy AyrM 3KBaropa 3emim, rpajyCHasi Meépa KOTOPOM pas-
Ha 1°, e pagnyc sxBaropa npubamkénno pasen 6400 km.

254. Pajuyc xpyra paseH 6 cm. Haiaure miomab ceKTopa, €C/IM rpafycHas Me-
pa ero ayru pasaa: 1) 15%; 2) 280°.

255. [Inomanb ceKTopa COCTABJISIET —g mromanu kpyra. Haifiure rpajgycHyio me-
PY €ro ayru.

256. ILiomanp cexropa pasHa 61 am®. Haiyure rpajycHyio Mepy Ayr¥ 3TOro
CeKTOopa, €C/IN paauyc Kpyra paBeH 12 am.

257. Ilnomane cekTopa paBHA %ﬂ cM?, a rpajycHas Mepa Jyrv 3TOrO CeKTopa
cocrasager 75°. Haiipure paguyc Kpyra, 9acTbl0 KOTOPOro ABJISETCHA AaH-
HBIH CEKTOP.

258. MosKeT Jit CEKTOP Kpyra GbITh €r0 CErMEHTOM?

259. Haiigure 1uiomajab KPyroBporo CErMeHTa, €C/IM pajnuyc Kpyra paBeH 5 cm,
a rpajlycHas Mepa Ayru cermeHnTa pasua: 1) 457 2) 330°.

260. Haiigure romaab KPyroBoro CErMeHTa, €Ciau pauyc Kpyra paBeH 2 cm,
a rpaycHas mMepa Ayru cermenTa pasna: 1) 60% 2) 300°.

0T ) -

261. Konéca asromoGuwis umelor guametp 65 cm. OH ABMIKETCS € TAKOH CKOPO-
CTBIO, YTO KOJECA AENAI0T €KeCeKyHAHO 6 060poTOB. Hajigure ckopocTb
ABTOMOGHJIA B KWIOMETPax B yac. OTBET OKPYIIMTE 0 AECATBIX.

262. Haiigure JTHHY Ayr, KOTOPYIO ONMCHIBAET YACOBAS CTPEJIKA VIMHOH 6 cm
3alw

263. Haiigute JIMHY Jyrd, KOTOPYIO ONHCHIBAECT MHHyTHas CTPEIKA JUIMHOM
24 cm 3a 40 MuH.

264. Paguyc OKPY)KHOCTH YBEJIMYWIN Ha @. JIOKQKHUTE, YTO UIMHA OKPYKHOCTH
YBEIMUMTCS HA BEIUINHY, HE 3aBUCSNIYIO OT PaMyca JaHHOH OKPYKHOCTH.

265. CropoHa TpeyrojibHMKa paBHa 6 cM, a mpuiexamue K HEil yIJIbl paBHbI
50° 1 100°. Haiiaure /MBI YT, HA KOTOPbIE AENAT OKPYXHOCTD, OIMCaH-
HYIO OKOJIO TPEYTOJIbHUKA, €r0 BEPIIMHBI.

266. CropoHa TPEyrojbHHKa paBHA 5J3 cm, a HpHJIeKAMUE K HEH YIJibl PABHDI
35° i 25°. Haiiaure ummsbl Ayr, Ha KOTOPbIE AEIAT OKPYXHOCTb, OlUCaH-
HYIO OKOJIO TPEYTrOJbHUKA, €r0 BEPIINHDI.

267. Ha xarere AC npsmoyronsHoro Tpeyromsunka ABC (£C = 90°) kak Ha
AnameTpe IOCTpoeHa OKpyxHocTh. Haijure jmHy Ayri 9TON OKPYKHO-
CTH, IPMHAIEKAIIEH TPEYTOJIbHUKY, €CIH ZA =24°, AC =20 cm.

268. VYroz npu OCHOBaHMM PaBHOGEAPEHHOrO TPEYrOJIPHHUKA PaBEH 70°. Ha BbI-

COTE TPEeyroNbHUKA, IIPOBEAEHHON K OCHOBAHMIO ¥ PaBHOH 27 cm, xak Ha



269.

270.

271.

AMAMeTpe MOCTPOEHA OKPY:KHOCTh. HaliuTe JUIMHY AYTH OKPYKHOCTH,
NpUHAIEKAIEH TPEYrOIbHUKY.

Orpesok AB pas6uim Ha n orpeskoB. Ha kak1oM M3 HUX KaKk Ha Juame-
Tpe MOCTPOWIH TMOJIYOKPYKHOCTb. ITO JIEHCTBIE NOBTOPHIN, pa3tUB JIaH-
HBI OTPE30K Ha M OTpe3koB. Haiiiute OTHOmEHME CyMM JUIMH MOJy-
OKPYXKHOCTEMH, OJYYEHHBIX B IIEPBOM U BTOPOM CJIY4asiX.

Hokaxure, 4TO MIOMAAL MOJYKPYra, OCTPOCHHOTO HA THIIOTEHY3€ Mpsi-
MOYTOJIbHOTO TPEYrOJIbHMKA Kak Ha auameTpe (puc. 59), paBHa cymme 1io-
maaen IHOJYKPYT' OB, NOCTPOEHHBIX HA €ro KaTeTax KakK Ha AUaMeTpax.

/lBe BOZONIPOBOAHBIE TPYGBI, AUAMETPBI KOTOPLIX paBHbl 30 cM u 40 cm,
HaJl0 3aMEHHUTL OAHOM TPYGOil € TaKOil K€ NMPOMYCKHOI CIOCOGHOCTHIO
(mpomyckHas cnocoGHOCTL BOAONPOBOAHON TPYGBI — 5TO Macca BOJBI, KO-
TOpasi NPOXOAUT Yepe3 IONepeYHoe CeYeHue TPyObl 3a eAMHHIY Bpeme-
un). Haiigure guamerp sT0it TpyosL.

272. Ha CKOJIbKO NPOIEHTOB YBEJIUUUTCS TUIOMAAb Kpyra, eciu ero pajgHyc yse-
amantsb Ha 10 %?

273. B xpyr BnucaH KBaJIpaT cO CTOpoHOi a. Haiiiure miomans MeHbIEro us
CErMEHTOB, OCHOBAHHMEM KOTOPBIX ABJISETCA CTOPOHA KBajpaTa.

274. W3 smcra XKecTH, uMeomero (GopMy Kpyra, BbIPE3aIM TPaBHILHbIN 1ie-
CTUYroJbHUK Hanbosbmed mwiomamm. CKoJbKO MPOLEHTOB KECTH ONLIO
B OTXOJbI?

275. B Kpyr BIMCaH NPaBUIBHbINA TPEYTOJIbHUK CO cTOpOHO# @. Haijgure ruo-
a/1b MEHBIIETO U3 CErMEHTOB, OCHOBAHMEM KOTOPBIX ABISAETCSH CTOPOHA
TPEYroJbHHKA.

276. B kpyroBoii cexTop, paauyc KOTOPoro paseH R, a LEHTPATLHBIH Yrox cO-
crasasier 60°, Bnucan kpyr. Haiiure ruromaas sToro xpyra.

SN\
277. Haijpure mwiomab po3eTky (3amTPUXOBAHHON (PUIYPBI), M306PaKEHHOI

Ha pucynke 60, ecan cropona ksagpata ABCD pasna a.

=T 5 = - r— — T
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278. TIpyu HOCTPOEHUM YETHIPEX AYT € LEHTPAMMU B BepmMHax kBaapata ABCD
¥ PaJMycaMu, PaBHBIMU CTOPOHE @ KBapaTa, 06pasoBasachk QUrypa, orpa-
HUYEHHAs! KpacHOU auHued (puc. 61). Haliaure mHy 5T0M JIMHAM.

279. (3apayva unnokpata). Okon0 NPAMOYTOJbHHUKA OMHMCAIN OKPYXHOCThH
M HA KAKJAOH €ro CTOpoHe KaK Ha MaMeTpe IOCTPOWIH MOJYyOKPYKHOCTD
(puc. 62). JlokaxkuTe, 9TO CyMMa IO/l 3aKpamieHHbIX PUIYP paBHA
IUIONIA/IU TIPSIMOYTOJIbHUKA.

280. Jlpa kBanpara co cropoHamu 1 cm umerot obmwmit nentp (puc. 63). /loka-

o ry
JKATE, YTO IUIOAAL UX obmen yacTi Goblie, 4eM &

Puc. 61 o _ Puc. 62 . Puc R

FrunnoKpar XMOCCKUA
(VB. Ao H. 3.)

[lpeBHerpe4ecKuil reoMeTp, asTop nepeoro
CHCTEMATHYECKOrO0 COYMHEHWA MO reoMeTpuu (He
[OWeAWwero A0 Hac), KOTopoe, BEPOATHO, OXBaTbl-
Ba/ji0 MaTep1an nepebix HeTbipEx KHUr «Hadan» EB-
Knupa.




z

a7
281.

282,

283.

YnpaxHeHus Ans NOBTOPEHUA ¥

Haiipure ctopony pomda, ecin ero BbicoTa paBaa 6 cM, a yros Mexay cTo-
poHoit pomba 1 ogHOH M3 AMaroHatel paseH 15°.

buccekrpuca yrina A npamoyroasauka ABCD peaur ero cropony BC na
orpeskn BM v MC pmanoit 10 v u 14 cm coorBetctBenno. Ha orpeskn
KaKOM JUIMHBI 9Ta GUCCEKTPUCA JICIUT AMarOHAIb PAMOYTOJIbHUKA?
Cymma yriios npu Gosbmem ocHoBanun Tpanenuu pasna 90°. Jlokaxure,
UTO PaCCTOSHHE MEK/ly CEpeAMHAMM OCHOBAHUIT TPANelUy PaBHO IOJY-
PasHOCTH OCHOBaHMIA.

-

284.

285.

286.

287.

288.

289.

FoToBMMCH K M3YYEHUIO
HOBO# TeMbl

Uemy paBHO paccrostaue Mesy Toukamu A 1 B KOOpAMHATHO# TPAMOI,
ecau:

1) A (3) nm B (7); 3) A (-2) u B (-6);

2) A(-2) n B (4); 4) A (a) n B (b)?

Haueprure Ha xoopauHaTHO# MmIoCKOCTH orpesok AB, Haiiiure o pu-
CYHKY KOOPJMHATBI CEPEAMHBI OTPE3KA M CPABHUTE UX CO CPeAHMM apud-
METHYECKUM COOTBETCTBYIONIMX KOOPAMUHAT TO4YeKk A u B, ecau:

1) A (-1;-6), B (5; —6);

2) A (3;1), B (3;5);

3) A (3;-5), B (-1; 3).

[loctpoiite na KoopauHaTHOM IIOCKOCTH Tpeyroasuuk ABC u Haijanre
ero croponsl, ecmu A (5; 1), B (-3; 5), C (=3; -1).

B Kaxoii KOOpAMHATHOMN YeTBEPTH HAXOAUTCHA TOYKA:

1) A (8; —4); 3) C (—4; -b);

2) B (=3; 1); 4) D (1; 9)?

B xaxoii koopauHaTHOM YeTBepTH HaxoxUTCA Touka M, ecam:

1) e€ abcumcca monoOXMUTENBHA, @ OPAMHATA OTPULATEIBHA;

2) npousBesieHne e€ aGCLMCChI M OPAMHATBI — OTPUUATENBHOE YUCIO;

3) eé abcumcca M OpAMHATA OTPULIATENBHEI?

YTO MOXHO CKasaTh O KOOpPAMHATAX TOUKH A, eciu:

1) Touka A nexur Ha ocu abenucc:

2) Touka A JIEKUT HA OCH OPAMHAT;

3) Touka A seXNT Ha GUCcceKTpICE YETBEPTOrO KOOPAMHATHOTO YIIIa;

4) TouKa A NeXUT HAa GUCCEKTPUCE TPETHErO KOOPAMHATHOIO YIJIa;

5) Touka A sexuT Ha GUCCEKTPUCE IIEPBOrO KOOPAMHATHOTO yria?



290. VYkaxure KOOpAMHATHI BepuruH npsmoyronrsauka ABCD (puc. 64).

T = = = P Y P . T . “m
yh
B(-4:3) C
R C (7 4)
[ ] >
(0] X
.
A(-2; 1) D__
[0 x
a
A D (-1;-5)
6
Ui
AELD B
0 x
1
D C(2;-2)
B
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3apanue N2 2 «[lpoBepbTe cebs» B TeCTOBOW dpopme

- "‘ICM’Y PaBHO KOJHUYECTBO CTOPOH NMPaBHJIBHOI'O MHOTOYIroJibHMKa, €C-

Jm ero yroz pasen 170°?

A) 30 B) 36
b) 32 I') Takoro MHOrOyroJbHUKa He CyIECTBYeT
. Hemy paseH HEHTPAIbHBIH YroJ IMPaBHIbHOTO AE€CATHYTOJTbHHKA?
A) 18° b) 36° B) 144° r) 10°
- Kakoii HauGosbmuil NEHTPATBHBINH YrOJ MOXET UMETh TPABMUIbHbII
MHOTOYrOJIbHUK?
A) 90° B) 150°
B) 120° I') ykazaTh HEBO3MOKHO

: B OKPYHHOCTH BIIHCAaH Ilpa.B}UlI:HbIﬁ MmEeCTUYroJbHHUK, CTOPOHA KOTO-

poro pasHa a. Yemy paBHa CTOPOHA TPEYrOJIbHMKA, ONUCAHHOTO OKO-
JIO 3TOH OKPYKHOCTHU?

A) @ B) "—2‘51 B) aV3 I) 2a43

. YeMy paBeH pagvyc OKpPy)KHOCTH, BIMCAHHON B NPaBHIbHBII IECTH-

YTOJIbHUK, MEHbIIAA IMATOHATL KOTOPOro pasHa 12 cm?
A) 6 cm B) 63 cm B) 23 oM I) 12 cm

. Yemy paBHa JUIMHA IyTU OKPYKHOCTH, IPalyCHasi Mepa KOTOPOii pas-

Ha 207°, ecam paguyc OKpy:KHOCTH 4 cM?
A) 4,6 cm B) 4,6 cm B) 231 cm I') 23 cm

. Kakyio wacre momaam kpyra cocraBisieT IUIOM@Qb CEKTOpa, LEH-

TPaJbHbII YTOJl KOTOPOro pasex 140°?
@ 7 T 7
Ay & i 2 e
) 9 B) 12 B) 15 b) 18

- Brimcanubiit B OKpyxHOCTD yros1, paBubiii 40°, onupaercs Ha Ayry am-

HOi1 8 cM. Kakosa jiMHA JaHHOH OKPYKHOCTH?
A) 36 cm b) 72r cm B) 72 cm ') 361 cm

. Kaxoii 1o/mkHa 6bITH UIMHA XOPBI OKPY)XXHOCTH, PajyC KOTOPOii pa-

BeH R, 4TOGBI JUIMHBI YT, HA KOTOPBIE KOHIbI 3TON XOPAbI €T
OKPYXHOCTb, OTHOCHWINCH Kak 2 : 1?7

A) R B) 2R B) E-j—g I) RV3
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10. Ha pucynke 65 m3obGpaxén Bnucas- " Puc. 65
HbII1 B OKPY)KHOCTB Tpeyronbunk ABC,
ZA = 30°, BC = a. Yemy paBHa mio-
majgb CErMeHTa, OCHOBAHHME KOTOPOro
crarusaer ayry BAC?

a2(2n + 343) a%(10m + 3/3)
&4 12 8) 12

B) a2(2n - 3V3) r) a2(107 - 3/3)
12 12

11. B rpeyronbuuke ABC u3BecTHO, 4TO
ZA = 20°, ZC = 30°, AC = 14 cwm.
OKpYKHOCTB € HeHTpOM B Touke A kacaetcsi npsmoit BC. Yemy pas-
HA JUIMHA JyTM STOH OKPYKHOCTH, NPUHAUIEKAMEH TPEYrOJbHHKY
ABC?

n i L n L
A)ECM b)?cm B)ECM l)?cm

12. Paguyc OKPYXHOCTH, ONMCAHHON OKOJIO NPABHJILHOIO MHOTOYrOJIb-
HHUKA, paBeH 6+/3 cM, a pagMyc BIMCAHHOH B HETO OKPYXHOCTH —
9 cm. CKOJIBKO CTOPOH MMEET MHOTOYTOJIbHUK?

A) 6 B) 12 B) 9 I) 18

WUtoru rnaBbl 2

NMpaBuAbHbIA MHOTOYTONLHMK
MHOI’OYI'O.I’II:HI‘IH Ha3bIBAKT NpaBW/bHbIM, €CJ/IH Y Hero Bce
CTOPOHbI paBHbI U BCe YI/bl paBHbl.

CBOMCTBEA NPaBW/IbHON0 MHOIOYrolbHHKA

o MpaBuUNbHBLIA MHOrOYroJIbHUK SIBAAETCA BbiNYKNAbIM MHOro-
YroNibHUKOM.

e lio6oi npasuNbHbIA MHOTOYro/lbHUK fiBNfieTcsd OQHOBPEMEH-

HO BMUCAHHbLIM B OKPYXHOCTb U ONMUCAHHbLIM OKONO OKPYHHO-

CTH, NPUYEM LEHTPbI ONUCAHHOW W BNUCAHHON OKpY}KHOCTEN

coBnapalor.
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Dopmynbl AN HAXOMACHUA PAANYCOB ONUCAHHON
M BNHCAHHOM onpymnoc‘mi’l nNpaBM/ibHONro MHOroyroibHMKa

a
=—7"—, rae R, — paauyc ONMCaHHOW OKPYMXHOCTH

n
25in 180

NPaBuILHOIO 7-YroibHUKa CO CTOPOHOM a,

a
r, = ﬁ; » TAe 7, — pafnyc BMUCAHHOW OKPYXHOCTM npa-
2tg !

BH/IHOTO 7-YrONIbHUKa CO CTOPOHOI &,

—

KonuyecTeo cTopoH
npaBUALHOrO n-yronhﬂaﬁléﬁ
Paauyc onucaxHom aq

~ OKPYHOCTH R,

n=3 n=4 n==6

&
£
>

 Paaguyc BnucaHHo#M : a,
~ OKPY)KHOCTH e s :

[5

ANrHa OKPYKHOCTH
C=2rnR

ANvHa Ayr1 OKpYMHOCTH B 72°
_ xRn
180 i
Mnowaas kpyra
S=nR?
Mnrowags cexropa, cogepmailero Ayry OKpy»HoOCTH B 72°
_ nR%n
360
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naea 3. [leKapToBbl KOOPAUHATDI

Uzyyas MaTepuan 3TOi rnasbl, Bbl pacmupuTe CBOM 3HaHUA

0 KOOPAWHATHOM NMAOCKOCTH.

Bbl Hay4uTeCh HAXOAUTb ANIMHY OTPE3Ka W KOOPAWHATHI ero ce-
peauHbl, 3Han KOOPAMHATLI €ro KOHLOB.
Monyuute npeactasneHne 06 ypaBHEHWM ¢urypbl, BbiBEaeTe

ypaBHEHUA NPAMON U OKPYKHOCTH.

MNo3HaKomKTeCh C METOAOM KOOPAUHAET, NO3BONAIOLUM pewartb

reoMeTpuiecKue 3aaun CpeacTBamu anredpel.

§ 8. PaccTosiHMe Mexay ABYMA TOYKaMu C 3ajaHHbIMU

KoopauHaTtamu. KoopanMHaTbl cepeiuHbl OTpe3Ka

B 6 Kiacce BbI MO3HAKOMMJIACH C KOOPAMHATHOM IUIOCKOCTBIO, T. €. C ILIO-
CKOCTBIO, Ha KOTOPOW M300paKeHbl ABE NEPNEHIUKYISPHBIC KOOPAUHATHLIE

npsiMble (OCh abcuuce u 0Ch OpAMHAT) € 00-
muM Hagatom orcaéra (puc. 66). Bl yme-
eTe OTMeYaTh Ha HEM TOYKH 110 UX KOOpAU-
HaTaM, U Ha06OPOT, HAXOJAUTH KOOPAHHA-
THI TOYKM, OTMEYEHHOH HAa KOOPAMHATHOMU
MJIOCKOCTH.

[TpUHATO KOOP/MHATHYIO IUIOCKOCTH
¢ ochio X (oceio abcumcec) U ocbio Y (0Chio
Op/AMHAT) HA3LIBATH IUIOCKOCTBIO XY.

KoopauHaThl TOUKM Ha IUIOCKOCTH
XY HA3bIBAIOT AEKAPTOBBLIMH KOOpAMHATa-
MH B 9ecTh (ppaHIly3ckoro marematuka Pe-
ne Jlekapra (cm. c. 98).

Bnl 3HaeTe, KaK HaXOAUTh PACCTOSHUE
Mexc,ay ABYMH TOUYKAMH, 33/ITaHHBIMH CBOMMH
KOOpAMHATAMM Ha KOOPJAMHATHOMN NPAMOM.
Jlnst Touek A (x,) n B (x,) (puc. 67):

AB = |x, — x,].

HayuuMcsi HaXOIMTh PACCTOSHHE MEXK-
ay Toukamu A (x5 y,) n B (xy; Y,), 3anaH-
HbIMH Ha IIOCKOCTH XY.

L
1+ ©
o 19 IC}C:JJBGCSU-!E:(:‘_
3 -9 -1_;3‘_ 1 2 3 «x
94
-4
_ Puc.67
4B
n m -

PaccMOTpUM CTydaii, Kora oTpe3ok AB He NepreHANKyIsSpeH Hi OZIHO

U3 KOOPAMHATHBIX oceit (puc. 68).

74




“epes Touku A 1 B nposesém OTpPE3KH, NepPHEeHANKYIAPHbIE KOOPANHAT-
HbM ocaM. Tloryanm npsimoyrosusiii Tpeyromsnuk ACB, B koTopoM

BC= |x,-x,]|, AC= ¥, — y,|. Orciona

AB*=BC*+ AC?= |x, - x| + |y, — y, 12 = (x, - x,)? + Y, — y,)>%

Torna popmyry paccrosmms mexay Touxamm A (x; Y,) u B (x,; y,) mox-
HO 3aIIMCaTh TaK:

AB = [(x, - x,) + (y, - 4,

Hoxaxurte caMocTosTeNBHO, 4TO 3Ta (OPMYIa OCTAETCH BEPHOH M JuIA
Ciydasi, KOria OTpe3ok AB nepreHanKyIspen ogHo U3 oceil KOOPAMHAT.

Ilycts A (x; ) n B (%,; y,) — Touku Ha mwiockocty xy. Haitaém Koopau-
HaThI (X); Y,) Touku M — cepeamnni orpeska AB.

Paccmorpum cyuaii, koraa orpesok AB He NEPIECHAMUKYIAPEH HU OHON U3
KOOPAMHATHLIX oceii (puc. 69). Bynem canrats, uro X, > x, (caydait, koraa X %5,
PaccMaTpUBAETCS aHANIOTHYHO). Yepes Touku A, M u B npoBeaém npsmsie, nep-
NEHJUKYISPHbIE OCH aGCIMCC, KOTOpPbIE MEPECEKYT 3Ty OCh COOTBETCTBEHHO
B Toukax A,, M, u B,. ITo reopeme ®aneca AM, = M B,, toraa I - x| =
= |x, — x,|. Tak kak Xy > X, > X}, TO MOXKEM 3AMUCATH: X, — X, = X, — X,. Orcioxa
x, = 1 ;x2

AHAJIOTUYHO MOKHO MNoKa3aThb, 4TO

hty
=g
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DopmybI VI HAXOXKACHUSI KOOPJIMHAT CEPEAMHBI OTPE3Ka OCTAIOTCS BEP-
HBIMH U JUIsl CJTy9asi, KOrja oTpesok AB nepnenauky/isipeH OfHOM U3 oceit Koop-
auHaT. JlokakuTe 3TO CaMOCTOSATENbHO.

3apaya 1. Jlokaxkure, 4TO TPEYrOAbHUK ¢ BepiiHamu B Toukax A (-1; 7),
B (1; 3) u C (5; 5) sBasieTcss paBHOGEAPEHHBIM IIPAMOYTOIbHBIM.

Pewenue. Ucnonbayst popMyTy pacCTOSHU MENIY ABYMsi TOUKAMM, Haii-
A€M JUTMHBI CTOPOH JIAHHOTO TPEYroibHUKA:

AB=JA+12 +(3-7)2 = J4+16 = 20;
BC = (5-1) +(5-3) =16 +4 = J20;
AC = 5+1) +(5-7) =36 + 4 = J40.

Caenosarensno, AB = BC, 1. e. AABC — paBHOGEAPEHHBIIL.
Tak kak AB? + BC? = 20 + 20 = 40 = AC?, To AABC — npsaMOyroibHblit. <

3apaua 2. Touka M (2; —5) — cepenuna otpeska AB, npuuém A (-1; 3).

Haifiure KoopAvHATLI TOUKH B.
Pewenune. O603HaunM (X Y ) — KOOPAMHATLI TOYKH B, (x,; y,) — xoop-

auHaThl Touku A, (X, ¥,,) — KOOPAMHATBI TOUKN M.

X, +Xx -l+x
4 ) B _o9._ A s
s 5 Ry TOHOMACK =2; -1 +%,;=4 x5= 0

ITockonbky 5

Ya*¥p .. .. . 3+Yp
2 M8
Otget: B (5; —13). «

AHATOTHYHO: =-5; yz=-13.

3apaua 3. Jlokaxkure, 9o YeThIpéxyroabHuk ABCD c BepmuHaM# B TOY-
kax A (2; -1), B (1; 3), C (-3; 2) u D (-2; —2) sBaseTca NpAMOYTONbHUKOM.
Pewenue. Ilycts Touka M — cepeauHa AuaroHamm AC. Torna

ety L 2=8 : _Yat¥e, )
xM = _2 . 'LM P 9 s _0|5’ yM - 9 L yM 3= 2 L 0’5°
CnegoBartenbno, M (-0,5; 0,5).

ITycts ToOUKa K — cepeauna auaroHaiu BD. Torga

_Xp+¥p . A=2 .
xK——‘z——.lK——Q—-——O,B,
_Yptl¥p . _3-2 _
ye =By =322 05,

3uauurt, K (-0.5; 0,5).
Caenosarennno, Toukn M u K coBnagaior, T. €. IMaroHaIM 4eThIPEXYTob-

uuka ABCD uwmeior o6myio cepeauny. Orcioga caeayer, uro ABCD — napaje-
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norpamm. Mcniosnays dopmyny paccrosiHust MEXAy AByMsi TOYKAMM, HAMAEM M-
HbI JIMATOHAJICH NTapaUleiorpaMma:
AC=(-3-22+2+1? =34, BD = /(-2 1) + (-2-3)2 =/34.
3uaunt, auaronanu napauiesorpamma ABCD pasubl. Orciona caeayer,
YTO 3TOT HNAPAUIEJIOTPAMM SIBISETCA MPAMOYTOJILHUKOM. <

-r.%" 1. Kak HanTu paccrosiHue Mexgy AByMs TOYKaMK, eCnu U3BECTHbI UX Koop-
OWHaTbI?
2. Kak HaWTK KOOpAWHaTbl cepeanHbl OTPe3Ka, eC/i U3BECTHbI KoopauHa-
Tbl €ro KOHUOB?

@3 YnpaxHeuus

291. Haiigure paccrosaue Mexay roukamu A u B, ecnm:

1) A (10; 14), B (5; 2); 2) A (-1; 2), B (4; -3).
292. Haihaure PACCTOSAHUE MEXKIY TOUKAMM Cu D, ec:
1) C (-2; 4), D (4; -12); 2) C (6;3), D (7;-1).

293. Bepmmmnamu Tpeyroibnuka siasiorces Touku A (-1; 3), B (5; 9), C (6; 2).
HNokaxure, uto Tpeyronsunk ABC — paBHOGEApEHHbIIA.

294. Jlokaxure, uto Touka M (0; —1) aBasieTCs IEHTPOM OKPYKHOCTH, ONUCAH-
HOM okouio Tpeyronbauka ABC, eciu A (6; -9), B (-6; 7), C (8; 5).

295. Jloxkaxute, uro yrabl B u C tpeyronsuuka ABC pasusi, ecmn A (5; —7),
B (-3; 8), C (-10; -15).

296. Hailqure koopamHaThl cepeaunb orpeska BC, ecan:

1) B (5; 4), C (3; 2); 2) B (-2;-1), C (=1; 7).
297. Touxa C — cepeauna orpeska AB. Haiijure xoopausnats: Touku B, ecan:
1) A (3;-4), C (2; 1); 2) A (-1; 1), C (0,5; -1).
298. Touka K — cepeauna orpeska AD. 3anonaure Tabamuy.
Touyka KoopauHatsl ToYKu
A -=3; 1) (-8;2)
D (-1: -8) (-9; 2)
K (—4; 6) (1; 2)

299. Haiiure meanany BM TpeyroapbHHUKA, BEPIIMHAMU KOTOPOTO SIBJISIOTCS
Toukun A (3; -2), B (2; 3) u C (7; 4).

300. Jlanbt touku A (-2; 4) u B (2; -8). Haiigure paccrosuue ot Hauana KOOp-
JAMHAT A0 CepeanHbl oTpeska AB.
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301. JlokaxkuTe, YTO TPEYrOJAbHUK ¢ BepmuHamu B Toukax A (2; 7), B (-1; 4),
C (1; 2) sBasieTcss NPAMOYTOJLHBIM.

302. Touxu A (-1; 2) u B (7; 4) apasi0TCA BEPIIMHAMU [IPSIMOYTOJIBHOTO TpE-
yroabHuKa. MOXET /il TPeThsi BEPIIMHA TPEYTONLHUKA UMETh KOOP/MHATBI:
1) (7; 2); 2) (2; -3)?

303. Jlexar /i HA O/HOM NPAMOM TOYKH:
1) A (-2;-7), B (-1; —4) n C (5; 14);
2) D (-1; 3), E (2; 13) u F (5; 21)?
B ciyuae yTBEpAMTENBHOrO OTBETA YKAXKUTE, KaKas U3 TOYEK JICKUT MEK-
Ay ABYMS APYTUMH.

304. Jlokaxwure, uto Touku M (—4; 5), N (-10; 7) u K (8; 1) nexar Ha ogHOMI
HPAMOIA, U YKOKNATE, KAKad U3 HUX JIEKUT MEKIY ABYMS JAPYrHMH.

305. Ilpu xakom 3Hauenum X paccrosue Mexay Toukamu C (3;2) u D (x; -1)
paBHO 5?

306. Ha ocm abenwce Haiiiure TOUKy, paBHOyZaI€HHy0 oT Touek A (-1; —1)
u B (2; 4). ;

307. Haiijaure KOOPAMHATEI TOUKH, IPUHA/UIEKAMEH OCH OP/IMHAT ¥ PaBHOY/AA-
néunoii or rouek D (-2; -3) u E (4; 1).

308. Haiigure KOOPAMHATHI TOYKH, KOTOpas JEJHUT OTPE3OK AB B oTHONIEHUM
1:3, cunras or roukn A, ecm A (5; -3) u B (-3: 7).

309. Yersipéxyroasuuk ABCD — mapamrenorpamm, A (=5; 1), B (=4; 4),
C (-1; 5). Haiigure koopauHaThl Bepmmsbt D.

310. Yernipéxyromsuuk ABCD — mapamrenorpamm, A (-2; -2), C (4 1),
D (~1; 1). Haitaure xoOpAMHATHI BepmiuHbl B.

311. Jlokaxure, uTo 4deThipéxyroabHuk ABCD ¢ BepmuHamMu B TOYKax
A (=2; 8), B (3;-3), C (6; 2) u D (1; 13) apasieTcss napauiesiorpaMmoM.

312. JloxaxuTte, uto ueThipéxyroabuuk ABCD ¢ BepmmHamMu B TOYKaX
A (-3;-2), B (-1; 2), C (1; -2) u D (-1; —6) siBasiercst poMOGOM.

313. Jokaxure, uto ueTbipéxyronpHuk ABCD ¢ BepmuHaMm B TOYKax
A (-2; 6), B (-8;-2), C (0; -8) u D (6; 0) sBrsieTcsi KBaAPATOM.

314. Touxku D (1; 4) u E (2; 2) — cepeaunnt cropon AC u BC Tpeyronbhu-
ka ABC cootsercrsenno. Haiimure xoopauuater Bepmun A u C, ecin
B (=3;-1).

315. Haiiaure juimHY OTPe3Ka, KOHIbI KOTOPOrO NPHHAUIEKAT OCAM KOOPAH-
HaT, a cepeanHoit apngercsa Touka M (-3; 8).

S T—

316. Haiigure xoopaunare! Bepmmubl C pasHOCTOpPOHHErO Tpeyroabiuka ABC,
ecim A (2;-3) u B (-2; 3).

317. Haiimre koopausats! Bepumnsl E pasocropousero tpeyronsuuka DEF,
ecm D (=6; 0) u F (2; 0).
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318. B tpeyromsauke ABC AB = BC, A (5;9), C (1: -3), Mmogynu koopauHat
Touku B pasnbi. Haiiinre koopaunare: Touku B.

319. Haiiante KoopauHaThl Beex Todek C ocm abCIMCC TAKHX, 9TO TPEYroib-
Huk ABC — paBnoGeapennsiit u A (1; 1), B (2; 3).

320. Haianre KOOpAMHATBI BCEX TO4YeK B OCH OpAMHAT Takux, 4TO TPEeyroib-
Huk ABC — npamoyroasusiii u A (1; 3), C (3; 7).

W Ynpamuenus ans noeropenus \‘

321. B rpeyrompanke ABC £C=90°, AB=9 cm, BC = 3 cm. Ha runotenyse AB
oT™MeTHIH TO4YKy M Tak, uro AM : MB = 1 : 2. Haiinure otpesox CM.

322. Haiigure yrasl pomba, ecin YTOJI MEXTy BBICOTOM M JIMaroHaIbi0 pomba,
NPOBEAEHHBIMM U3 OJHOM BepIIMHbI, paBeH 28°,

323. Jlwaronans BD napawienorpamma ABCD pasna 24 cM, Touka E — cepe-
Auna cropousl BC. Haiigure orpesku, na xotopsie npsmas AE xenur
auaroHans BD.

€ rovosumcs K uayuenmio
HOBOW TeMbl

324. Touka A (1; —6) — nentp OKkpyx)HOCTH, Touka B (10; 6) npumamrexur
3TO¥ OKPYKHOCTH. UeMy paBeH pajyc OKpYKHOCTH?

325. Orpesox CD — amametp okpyksocTH. Haiiure koopaumHaTbl ueHTpa
OKpYXHOCTH M €€ paauyc, eciu C (6; —4), D (=2; 10).

326. Kakas ¢purypa Ha KOOPAMHATHOM IIOCKOCTH XY ABAAETCA rpaduKOM ypas-

HCHHA:
D y=1% 3) x=-2; 5)xy=1;
2) y =3x - 4; 4) (x+2)%+ (y-38)2=0; 6) y =x?
9. YpaBHeHue Gurypsi. E e
adBHEeHHe OK HOCTH yA
M3 kypca anreGps 7 k1acca Bbl 3Hae-
T€, KakKylo (UIypy Ha3bIBAIOT rpadukom
ypaBHeHus. B sTom naparpadge BBl mossa-
KOMMTECh C IIOHSITUEM YPAaBHEHUsI (PUTYPHI.
Koopmunater (x; y) kaxnoit Toukm
napaboJibl, M306pakEHHON Ha pucynke 70, 14
ABJIAIOTCH PELICHUEM YpaBHEHUs y = X2
W naoGopor, kaxioe pemenue ypasHeHus 19) 1 X
C ABYMs IEPEMEHHBIMM ¥ = X2 SBAAETCH KO-
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OpAMHATAMH TOYKHM, JeKamieil Ha 3Toll mapabone. B aToM cirydae roBOpAT, ¥TO
ypaBHenue 1n1apa6oJibl, H306pakEénHOi Ha pucynke 70, nmeer BUA Y = 2%

OnpegeneHue \
YpaBuenuem ourypbl F, 3ajaHHOW Ha NNOCKOCTH XYy, Ha3bl-
BalOT ypaBHEeHUE C ABYMS NepeMeHHbIMH X W ¥y, umellee
TaKue CBOWCTBA:
1) ecnn Touka npuHagnexur durype F, To eé KOOpAMHATHLI
ABNAIOTCA pelleHUeM AaHHOro ypaBHEeHHSR;
2) nw6oe pelweHue (x; y) AaHHOTO YpaBHEHUA ABIAETCA KO-
OpAWHATaAMM TOYKM, NPUHAANEXaLeh urype F.

Hanpumep, ypaBHeHHE NPAMOMH, N300paKE€HHOM Ha PUCYHKE 71, a, nmeet
Bua y = 2x — 1, a ypasHeHue runepsoiIbl, H30OPAKEHHON HA PUCYHKE 71, 6, —

1 o
g== [TpuHATO rOBOPUTD, YTO, HAIPUMED, YPABHEHHA Y = 2x—-1n y= 7 3

AQIOT NPAMYIO B THIIEPHOJTy COOTBETCTBEHHO.

Ec/n JaHHOE YpaBHEHHE SBISETCS YPaBHEHUEM QUIypbI F, To ary durypy
MOXKHO PaccMaTpMBaTh Kak F€OMETPUYECKOE MECTO TOYEK (I'MT), KoOpAMHATHI
KOTOPBIX YAOBJAETBOPAIOT JAHHOMY YPaBHEHHIO.

[MoB3YsACh HTUMU COOOPAKEHUAMH, BbIBEEM YPABHEHHE OKPYKHOCTH pa-
auyca R ¢ 1eHTpoM B TOUKE A (a; b).

Ilycts M (x; y) — NpOM3BOJIbHAs TOUKA JAHHOH OKPYKHOCTH (puc. 72).
Torana AM = R. Vcnoabsys (opMysy pacCTOSHHs MEKIYy TOUKAMH, MOJYIUM:

J(} —a) +(y - b)* = R. Orciona

(x—a)3’+(y-b*=R. (*)
o Puc. 71 ’- Puc. 72
YA
g M (x; )
. = A(@; b)
0 X
a . L

MBI mOKasaId, 9TO KOOPAUHATHI (2, y) MPOU3BOJBLHON TOYKH M paanOM
OKPYKHOCTH SIBJISIIOTCS PCIICHUEM YPABHCHIA (*). Tenepb noKaxeM, 410 Jodoe



pemenue ypasHenus (x — a)? + (y — b)?> = R?, rae R > 0, sBasieTcst KOOpAMHATA-
MM TOYKM, NpUHAUIEKAIENH JTAHHOH OKPYKHOCTH.
[lycts (X; ¥,) — npousBosbHOE pemenue ypasHenus (*). Torxa

(%, = a)® + (y, — b)* = R Orciona \ﬁxl -aP +(y, -bP? =R.
ITO paBEHCTBO MOKasblBaeT, yro Touka N (X5 ¥,) yAaleHa OT LeHTpa
okpyxkHOocTH A (@; b) Ha paccTosHMe, paBHOE PAAMYCY OKPYKHOCTH, @ CIEA0BA-

TeabHO, Touka N (X3 ¥,) NPUHAUIEKUAT JAHHON OKPYKHOCTH.
HTak, MbI 0Ka3a1u CAEAYIONIYI0O TEOPEMY.

Teopema 9.1
YpaBHeHHEe OKPYHHOCTM paguyca R ¢ UEHTPOM B TOuYKe
A (a; b) nmeeT Bug

(x - a)*+ (y — b)* = R?
oGoe ypaBHenue Buaa (x —a)’> + (y - b)*=R%, rpe a, b n
R — HeKoTopble yucna, npuyém R > 0, ABNSETCA ypaBHEeHU-
€M OKPYMHOCTH paauyca R ¢ LeHTPOM B TOYKe C KOOpAMHa-
Tamu (a; b).

3aMeTHM, UYTO €CIHM LEHTPOM OKPYXKHO- Puc. 73 1
CTH SABJSAETCA Ha4Yal0 KoopaumHat (puc. 73), To — - -
a=b = 0. B aToM ciyuae ypaBHEHHE OKPYXKHO-

CTH MMEET B/ ¥
2P+t =R. R
3apaya 1. CocraBbTe ypaBHEHHME OKPYK- / R

N,

HOCTH, AMAMETPOM KOTOPOM ABJISETCA OTpe-
30k AB, ectn A (-5;9), B (7; -3).

PeweHue. Tak kak LEHTP OKPYKHOCTH SIB- \
JIACTCS CEPEIMHON INAMETPa, TO MOKEM HANTH
koopauHatel (a; b) nenrpa C okpyKHOCTH:
-5+ 7 9-3 ———
S 1, b= = = 3

Cueposarensno, C (1; 3).

Papuyc oxpyxuoctu R paBen orpesky AC. Torga R? = (1 +5)2 + (8 — 9)2,
R2 =172

CiezoBaTeIbHO, MCKOMOE YPaBHEHUE UMEET BUJL

(x=1)2+ (y-3)2="72.

OTBeT: (x — 1)2+ (y — 3)2="72. «
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3apava 2. Jlokaxwure, uro ypaBHeHue x° + y° + 6x — 14y + 50 = 0 sagaér
OKpyKHOCTb. HailiuTe KOOpAMHATHI HEHTPA U PAAMYC 3TOH OKPYKHOCTH.

PeweHue. [IpeacraBum ganHOE ypaBHeHUE B Buae (¥ — @)’ + (y — b)* = R%:

22+ 6x+9+y?— 14y + 49 + 50 — 58 = 0.

Orciopa (x + 3)2 + (y — 7)2=8.

CnenoBaTenbHO, JAHHOE YPAaBHEHUE SIBJISIETCS YPABHEHHUEM OKPYXHOCTH
¢ ueHTpom B Touke (—3; 7) u paguycom 2.2.

orsert: (-3; 7), 242. «

3apgaya 3. /lokaxkure, 4TO TPEYroJAbHMK C BEPIIMHAMK B Toukax A (-2; -3),
B (1; 3) u C (5; 1) sBasieTcsi NPSMOYTOJIBHBIM, U COCTaBbTE YPABHEHHUE OKPYXK-
HOCTHM, ONMCAHHOM 0KOJ0 Tpeyronbauka ABC.

PeweHune. Mcnionnaysi opmyy pacCTOSHHA MEXIY ABYMsl TOYKaMH, Hai-
AEM KBa/[PaThl CTOPOH JAHHOTO TPEYTOJbHUKA:

AB?2=(1+2)%+ (3 + 3)2 = 45;

AC2= (5+2)%+ (1 + 3)2 = 65;

BC?2=(5-1)*+ (1 -3)2=20.

Tak kak AB? + BC? = AC? 70 AaHHBII TPEYrOJbHHUK ABJISAETCH NPIMO-
YTOJBHBIM C NPAMBIM YIJIOM 1py BepmuHe B. LleHTpoM OKPYKHOCTH, OIMCaH-
Hoit okosno Tpeyronshuuka ABC, spnsercs cepeauna runotenysst AC — Tou-

Ka (1,5; -1), paguyc okpyxuoct R = %AC = @
CJ1e10BaTEIbHO, UCKOMOE YPaBHEHUE UMEET BUJ
(x-1,5)2+ (y+1)2= %

Ormser: (x - 1,6)*+ (y+1)*= ﬁf. <

fé 1. Y710 Ha3bIBalOT ypaBHeHWEM (Urypbl, 33a4aHHOIN Ha NNOCKOCTM XY?
2. Kakoit BUA MMeeT ypaBHeHWe OKPYXHOCTU C LEHTpoM B Touke (a; b)
n paguycom R?
3. Kakol B1g MMeeT ypaBHeHWe OKPY>XHOCTM C LLeHTPOM B Hayane koopau-
HaT 1 paguycom R?
( @ YnpaxHeHnus
327. OnpexpenuTe Mo yPpaBHEHUIO OKPYKHOCTH KOOPAMHATHL e€ meHTpa u pa-
JUyC:
1) (x - 8)%+ (y — 3)®=25; 22+y2=1T,
2) (x+5)2+y*=9; 4H 2+ (y+1)*2=38.




328. CocraBbTe ypaBHEHHE OKPYKHOCTH, €CJIM U3BECTHBI KOOPAMHATDI €€ LeH-
Tpa A u paguyc R:
1) A (3;4), R=4 3) A (7;-6), R= 2;
2) A (-2,0), R=1; 4) A (0;5), R= /1.
329. CocraBbTe ypaBHEHME OKPYXHOCTH, €CJIM U3BECTHBI KOOPAUHATHI €€ 1eH-
Tpa B u paguyc R:
1) B(-1;9), R=9;
2) B (-8;-8), R=+3.
330. Omnpeaenure KOOPAMHATEHI IEHTPA U PATUYC OKPYKHOCTH, U306paKEHHOM
Ha pUCYHKe 74, M 3alMITMTE YPAaBHEHHUE DTOH OKPY)KHOCTH.
.a—-.T__. o ey = TR T ﬁc_ 73.ﬂ--;--- _.! ¥ —-,A,—,. T T T
e o ” o B T — —
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331. Paauyc OoKpyxHOCTH C HeHTpoM B Touke A pasen 4 (puc. 75). CocraBbre

YPaBHEHME HTON OKPY>KHOCTH.

_Pue. 75,

Q
Ry

=y
=

-
&

6

332. [locrpoiiTe Ha KOOPAMHATHON IJIOCKOCTH OKPYKHOCTh, YPABHEHHUE KOTO-
poil umMeeT BUJL:

)2 +y*=4 2) (x+ 1)2+ (y — 2)% = 25.

333. IlocrpoiiTe Ha KOOPAMHATHOH MJIOCKOCTH OKPYXHOCTb, yPaBHEHHE KOTO-
poit umeer Buza: (x — 4)? + y* = 9.

334. OxpyxHOCTS 3a7ana ypasnenuneM (x + 6)? + (y — 1)? = 10. Bouacuure, xa-
kue u3 Touek A (—3; 0), B (-5;-2), C (1;0), D (—4; 3), E (-7;-3), F (-9; 0)
nexat: 1) Ha OKPYKHOCTH; 2) BHYTPH OKPY)KHOCTH; 3) BHE OKPYXKHOCTH.

335. [lpunauiexuT 1 oKpyKHOCTH (¥ — 2)? + (¢ + 2)* = 100 Touka:

1) A (8; -8); 2) B (6; -9); 3) C (-3 7); 4) D (—4; 6)°?

336. CocrasbTe ypaBHEHME OKPYKHOCTH ¢ nieHTpoM B Touke M (=3; 1), npoxo-
asient yepes rouky K (=1; 5).

337. CocTaBbTe ypaBHEHHE OKPYKHOCTH, IMAMETPOM KOTOPO# SIBISETCH OTpe-
3ok AB, ecrn A (2; -7), B (-2; 3).

00

338. Jlokaxkure, 9To OTPe3oK AB sBIAETCS AMAMETPOM OKpyKHOCTH (X — 5)* +
+(y+4)?%2=17, ecn A (1;-5), B (9; -3).

339. Jloxaxure, 4ro oTpe3ok CD sBasieTcs XOpAoH OKPYKHOCTH 2+ (y-9)7°=
=169, ecim C (5; -3), D (-12; 4).

340. CocraBbTe YpaBHEHHME OKPY)KHOCTH, HEHTPOM KOTOPOM ABIACTCHA TOYKA
P (—6; 7) n xoropas KacaeTcsi OCH OpAWUHAT.

341. CocTaBbTe ypaBHEHHME OKPY/KHOCTH, IEHTP KOTOPOH HAXOAWTCs HA Ipsi-
Mot i = -5 u KoTOpas Kacaetcst 0cH aberucce B Touke S (2; 0).

342. CKOJIBKO CYMECTBYET OKPYKHOCTEIl, IPOXOAsAmumxX yepes Touky (3; 5), pa-

JAMYChI KOTOPBIX PaBHBI 3v5 U LEHTPBI KOTOPBIX TIPUHAVIEKAT OCH OP/H-
HAT? 3anuIIUTe YpaBHEHHE KAXA0M TAKOH OKPYKHOCTH.



343.

CocraBbTe ypaBHEHHE OKPYKHOCTH, LIEHTDP KOTOPOH NPUHAIEKUT OCH
abcuumce ¥ KoTopas npoxoaut uepes Touku A (—4; 1) u B (8; 5).

344. JlokaxwuTe, 4T0 OKpPYXKHOCTH (X + 6) + (¢ — 3)* = 36:

1) kacaercs ocu opauHarT;
2) nepecekaeT och abCIMCC;
3) e nmeer 06mux Touek c npsamoi y = 10.

5 S

345.

YCTaHOBPITf.‘, SABJACTCHA MU JaHHOE YPB.BHSHHC YPaBHCHHEM OKPYXKHOCTH:
1) 2 +2x+y?— 10y — 23 = 0

a2 -12¢+y2+4y +40=0;

3 x*+y*+6y+8x+34=0;

4) x> +y’—4x- 14y + 51 = 0.

B caysae yrBepAMTENBHOTO OTBETA YKAKUTE KOOPJAMHATHI LEHTPA U Pajiu-
yC 3TOM OKPYKHOCTH.

346. JlokaxuTe, 9TO JaHHOE ypaBHEHHE SB/SAETCS YPABHEHMEM OKPYKHOCTH,
U YKOKUTE KOOPAMHATBI HEHTPA U PAAUYC 3TOH OKPYKHOCTH:

1) 2+ 2 + 16y + 60 = 0; 2)x2+y?-8x+4y+15=0.

347. Jlokaxure, 9TO TPEYroJbHUK ¢ BepmmHamMu B Toukax A (-1; -2), B (-1; 2),
C (5; 2) ABAAETCA NPAMOYrONBHBIM, H COCTABbTE YPABHEHUE OKPYKHOCTH,
ONMCAHHON! OKOJIO 3TOTO TPEYroJbHHUKA.

348. CocraBbTe ypaBHEHUE OKPYKHOCTH, PAAHYC KOTOPOI paBeH 5 u npoxoas-
meii yepes Touku C (—1; 5) u D (6; 4).

349. CocrasbTe ypaBHEHHE OKPYKHOCTH, PAJMyC KOTOPOii paBeH V10 u npo-
xonsamei yepes Touku M (-2; 1) u K (—4; -1).

350. CocraBbre ypaBHEHHE OKPYKHOCTH, KACAIOMEHCs KOOPAMHATHBIX OCeii
M npaMoll y = —4.

351. CocraBbre ypaBHEHHE OKDPYXHOCTH, KACAIONEHCS KOOPAMHATHBIX OCEi
¥ npsamMoi x = 2,

[ We—
352. CocrasbTe ypaBHEHUE OKPYKHOCTH, IPOXOAALIEH YEPE3 TOUKU:

1) A (-3;7), B (-8; 2), C (-6; -2);
2) M (-1; 10), N (12; -3), K (4: 9).

&0 Ynpaxuenus ana nosropeHus

353.

354.

buccekrpuca yrna B mapamwienorpamma ABCD nepecekaer ero cropo-
ny AD B touke E, AB = BE = 12 cm, ED = 18 cm. Haiijure mwromans na-
paienorpamMma.

IleprienanKysp, onymeHHbIi U3 BEPIIMHBI NPSIMOYTOIbHUKA HA €ro Jua-
FOHAIB, AEJUT 3Ty AMATOHAIL HA OTPEe3KH JUIMHOM 9 cm u 16 cm. Haitaure
NEPUMETP NPSAMOYTOJbHHUKA.



355. B paBHOGOKYyIO Tpanenuio BIMCaHA OKPYKHOCTh pagmyca 12 cm. Oxna us
GOKOBBIX CTOPOH TOYKON KacaHHUs JEIUTCS HA IBa OTPE3Ka, OMH U3 KOTO-
pbix paBeH 16 cm. Haiiaure niomans Tpanenuu.

§ 10. YpaBHeHue NpAMOH

B npeasitymem naparpade, paccmarpu-
Basi OKpykHOCTb kKak I'MT, paBHOyman€HHBIX
OT JaHHOM TOYKH, MbI BbIBEJM €€ ypaBHEHHE.
Jlist TOro 9TO6B! BHIBECTH YPABHEHHUE NPAMOI,
paccmorpuM e€ Kak 'MT, paBHOY1aIEHHBIX OT
msyx JJAHHBIX TOYEK.

[lycte @ — naunas npsivas. Beibepem
ase Touku A (x;; y,) u B (x,; y,) Tak, 4T00bI
npsiMas @ Oblla CEePEIMHHBIM IEPIEHNKYJIs-
pom orpeska AB (puc. 76).

[lycte M (x; y) — npou3Bo/bHAs TOYKA
npsimoii @. Toraa mo cBOWCTBY CEPEAUHHOrO
HEePIEeHNKYIApa OTPE3Ka BHINONIHAECTCA pa-
BeHCTBO MA = MB, 1. e.

Jao-x 2 +y-5)7 = Jx-57 +@-u) (*)

Mbl 1OKA3aIM, YTO KOOPAMHATHI (X; ¥) MpOM3BOJIBHON Toukn M mps-
MOIi @ ABJAAIOTCS PEIIEHUEM ypaBHEHUS (*).

Teneps MOKaxeM, 4TO JII060€ peleHre ypaBHEeHHs (¥) ABNAETCH KOOPAU-
HAaTaM¥ TOYKM, IIPUHAUIEKANIEH TaHHOH IPAMOH 4.

Ilycts (X, ¥,) — Hpou3BoibHOe pemenue ypasHenus (*). Torxa

J(xu 5P+ Y-y = \/(xﬂ —%,)% + (Y, = Yy)? - DTO PABEHCTBO OZHAYAET, UTO
touka N (x,; ¥,) paBHOyaateHa ot Touek A (x; ¥,) 1 B (Xy; ¥,), C1€10BaATENBHO,
Touka N IPUHAIEXUT CEPEAMHHOMY NEPIEHANKYIapy otpeska AB, T. e. nps-
MOii a.

HTak, Mbl 0KA3a14, 9TO ypaBHEHUE (*) U eCTh ypaBHEHHE JIAHHOM mpsi-
MOt a.

Onnako U3 Kypca anre6pbl 7 KIacca Bbl 3HACTE, YTO YPABHEHUE NPAMOM
BRITISUIUT Tak: ax + by = ¢, tae a, b, ¢ — HexkoTopble UucHa, npuuém a u b ne
paBHBI HyMIO OAHOBpeMeHHO. [TokaxeM, 4TO ypaBHeHUE (*) MOXKHO npeobpaso-
BaTh K TAKOMY BHY.

Bosseaém obe yacTu ypaBHeHHd (¥) B KBApaT:

(x“x1)2 + (v _y1)2 = (x"xg)2 +(y _y2)2-

PackpsiB CKOOKHM M NPUBEAA MTOAOOHBIE CIaraeMble, MOJyUnM:

2(12 = I])I-f- 2(y2 o y])y = x22 B y22 T x[2 == ylg'



O6osuauns 2(x, — x,) = a, 2(y, — y,) = b, x] + y3 — x} — Yy} = ¢, nonyanm
ypaBHenue ax + by = c.

IMockonbky Touku A (x; y,) u B (x,; ¥,) pasnuusbl, TO X0Ts 6b1 OHA U3
pasHocTei X, — X, ¥ Y, — ¥, He paBHa Hym0. Cie0BaTeNIBHO, YnciIa a U b He pas-
HBI HYJIIO OXHOBPEMEHHO.

HTak, Mbl IOKa3aJI4 TAKyi0 TEOPEMY.

Teopema 10.1 \
YpaBHeHue NpamMoi uMeeT Buj

ax + by = c,

rae a, b n ¢ — HeKoTopbie YKucna, Npu4ém a u b He paBHbI
HYNII0 OJHOBPEMEHHO.

Mo6oe ypasHeHue Buaa ax + by = c, rpe a, b u ¢ — HeKoTo-
pbie yucna, Npu4ém a M b He paBHbI HYNIO OAHOBPEMEHHO,
fAIBNAETCA ypaBHEHHeM NpPAMON.

Ecm a = b = ¢ = 0, To rpadukom ypasuenus ax + by = ¢ spnsercs Bes
m10ckocThb XY. Ecmn a = b =0 u ¢ # 0, To ypaBHEHHE He UMEET peueHuil.

W3 kypca anre6pmr 7 xmacca
Bbl 3HaeTe, YTO YpaBHEHHE BHJIA
ax + by = ¢ Ha3BLIBAIOT TUHEHHBIM
YPaBHEHUEM C JIByMsl IEPEMEHHBIMU.
YpaBHeHUE NPSIMOUM ABAAETCS YaACT- JIuHeNHbIe ypaBHEHUA
HbIM BUJIOM JHUHEHHOIr0 ypaBHEHH. C ABYMSI NEPEMEHHbIMM
Cxema, msobpaxénHas Ha pHUCYH-
Ke 77, WLIOCTPUPYET CKa3aHHOE.

Takxe Ha ypokax anre6psI
B 7 K1acce Mbl IpHHsIN 6€3 1oKasa-
TeILCTBA TOT (paKT, 4TO rpadpuxom
JAMHENHOM (ynkuuu y = kx + p apasercs npsamas. Ceityac Mbl 3TO MOXKEM J10-
Ka3aTh.

[IpeoGpasyem ypasHenume y = kx + p Tak: —Rx + y = p. Mb1 noayawmm ypas-
HeHue BuAa ax + by = ¢ ans cayyas, korma a = -k, b = 1, ¢ = p. Ilockoabky
B 5TOM ypaBHEeHMHM b # 0, TO MBI NOJIYYHIN YPABHEHME NPSIMOIA.

A mobyio 1M NpsMyi0 Ha IUIOCKOCTH MOXHO 33/aTh ypaBHEHHMEM BWJA
Y = kx + p? OTBeT Ha 3TOT BONPOC OTPHULATETLHBIIA.

HAeno B TOM, 9TO NpsAMas, NEPHEHANKYISPHAs OCH abCIUCC, HE MOXKET SB-
JATHCA PAPHUKOM (PYHKIMH, a CIEIOBATENBHO, HE MOXKET UMETh YPaBHEHHE BU-
ray=kx+p.

TR T TR

__ Puc. 77
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Bmecre ¢ Tem ecim B ypaBHeHMM npsMou ax + by = ¢ npunats b = 0,
c i
TO €r0 MOXHO NPEACTABUTD B BUAE: X = . Mpb1 mosryauan 9acTHbINA BUJ ypaB-

HEHUs NPAMOF, BCe TOYKM KOTOPOH MMeEI0T oamHakosbie aGeruccst. Crexo-
BATEJBHO, 3Ta Npsamas NepleHguKyIapHa ocu abcuucc. E€ naspiBaioT BEp-
THKAJBHOM.

Taxxe orMeTuM, uto ecau b # 0, To ypPaBHEHHUE NPSAMOI aX + by = ¢ mox-

a c a c
HO 3aIucaTh Tak: Y = —— X + . Obo3Haums Tt k, 2 = P, monyaum ypasHe-

b b
Hue y = kx + p.

CnepoparensHo, ecau b = 0 n a # 0, mo ypaenenue npsamoi ax + by =
= ¢ 3adaém eepmuxanvuyro npamyio; ecau b # 0, mo smo ypaenenue
3a0aém HeeepMuUKaANLHYIO NPAMYIO.

YpaBHeHHE HEBEPTHKAILHON NpAMOM yA00HO 3amMCHIBATH B BHJE
y=kx+p.

Jlannaa TaGaMLA MOABITOKMBACT MATEPHAT, PACCMOTPEHHBII B 9TOM Ia-
parpade.

1
YpaBHeHue 3Hauenus a, b, ¢ Tpaduk -
ax+by=c b#0, aunc— nobble HeBepTuKanbHas npamas
ax+by=c b=0,a=0, c— no6oe BepTtuKanktHas npsimMas
ax+by=c a=b=c=0 Bca KoopaMHaTHasA NAoOCKOCTb
ax+by=c a=b=0,¢20 1 —
3agaya 1. Cocraspre ypaBHeHME NPSAMOI, NPOXOAAIIEN YEPe3 TOUKM:
1) A (-3;5) u B (-3; -6); 2) C (6; 1) u D (-18; =7).
Pelenue.

1) Tak Kak J@HHbBIE TOUKM MMEIOT paBHble abcumccsl, To npamas AB ss-
JIAETCA BEPTUKAIBHON M €€ ypaBHEHHE UMEET BUJ X = —3.

2) Tak Kak JaHHBIE TOYKHM MMEIOT pasHble aOCIMCCHI, TO IMpAMas CD ue
SIBJISIETCS BEPTUKAILHOM U MOKHO BOCIIOJIb30BATLCSI yPABHEHUEM NPAMOIL B BU-
ne:y = kx +p.

Ioacrasus koopauHaTel Touek C u D B ypasuenue y = kX + p, nonydaem
CHUCTEMY YPABHEHMI:

6k+p=1,
-18k+ p = -T7.



Penmms 9Ty CHCTEMy ypaBHEHUil, HAXOAMM, 4TO R = 2 p = —1. Mckomoe

3 ]

YPAaBHEHME UMEET BHJ, Y = %:r i =

OtBet: 1) x=-3;2) y :%x- 1. «

3apaua 2. Haiiure nepumerp u ‘ Puc. 78
IUIONa/b TPEYrOJbHUKA, OrPAaHUYEHHO- S :
ro npamMo# bx + 12y = —60 1 ocamu Ko- yA
Op/AMHAT.

PeweHue. Haiiném Toukm nepe-
CeYeHMs JaHHOM NPAMON C OCAMU KO- A o
OpAMHAT. -12

C ocrpio abenucc: npu y = 0 moay-
qaem bx = —60, x = -12. - HE

C ockio opaunar: npu x = () mmosy-
gaem 12y = 60, y = -5.

=y

CrenoBarenbHo, JaHHas NpAMas U OCH KOOPAMHAT OrPAaHNYMBAIOT NPS-
MoyrobHbll Tpeyroabauk AOB Takoit, uro A (-12; 0), B (0; -5), O (0; 0)
(puc. 78). Haiiném croponsi tpeyromsuuka: OA = 12, OB = 5, AB =

= JAO? + BO? =13.

Haiiném nepumerp rpeyronsuuka: P = OA + OB + AB, P = 30.

Haiiném nnomans TpeyroapHuka: S = %OA - OB, § =30.
Oteet: P =30, S=30. «

o 4

6.

. Kako Bua MeeT ypaBHeHME NpsMOM Ha NNOCKOCTH Xy ?
2.

Kak Ha3biBaloT npsamyio, Bce TOMKM KOTOPOM UMeIoT oAMHakoBble abc-
umceel? Kak pacnonoxeHa 31a npsmas oTHOCUTENbHO ock abeumcc?

- Nlioboe nu nuHenHoe ypaBHeHWe C ABYMS NepeMeHHbIMU ABNSETCA ypaB-

HeHUeM NpAMOoNn?

. B kakom Buge ynobHo 3anuceiBaTh ypaBHeHUEe HeBEPTUKAaNbHOW Mps-

Mou?

JlioBylo N1 npsAMyio Ha NNOCKOCTM MOXHO 3afaTb ypaBHeHWeM Buaa
y=kx+p?

Mpu Kakom ycnosun ypasHeHue npamomn ax + by = c aBnaeTcs ypasHe-
HWeM BepTuKanbHoOW nNpamoin? HesepTuKanbHOW NPAMOIA?



[ B yvmaowens

356.

357.

358.

359.

361.

363.

364.

365.

Kakue u3 JaHHBIX YpaBHEHUH ABJIAIOTCHA YPABHEHUAMH NPAMBIX:

1) 2x -3y =5; 4) 2x = 5; 7) 0x + Oy = 0;

2) 2x -3y =0; 5) -3y = b; 8) 0x + Oy =57

3) 2% - 3y = 5; 6) 2x + Oy = 0;

Haiigure KOOpAMHATEI TOUEK Nepecedenus npsmoi 4x — 5y = 20 ¢ ocsimn
koopaunart. [Tpunaiexur m sToit npsivoii Touxa: 1) A (10; 4); 2) B (6; 1);
3) C (-1,5; 5,2); 4) D (-1; 5)?

Haiiagure KOOpANHATHI TOYEK nepeceueHus npsamoii 3x + 4y = 12 ¢ ocsaimu
koopaunar. Kakas us Touek M (-2; 4) u K (8; —3) npuHamIex)uT sTOi
npAMO¥i?

CocrapbTe ypaBHEHHE NPAMOIi, poxojsimeii yepes Touky A (6; —3) u nep-
NEHAMKYIApHOI ocu X. Kakue KOOpAHMHATHI MMEET TOYKA INepecevdeHus
3TOM MPSIMOM C OCBIO X7

. CocrasbTe ypaBHeHHE NPAMOIL, Mpoxosiieit uepes Touky B (5; —8) n nep-

neHauKyaspHoi ocu y. Kakpe KOoOpAuHAThI MMEET TOYKA NepecedeHus
3TOM NMPAMOIi C OCBIO Y?

CocraBbTe ypaBHEHHE NPSAMOii, npoxoasmei yepes Touky C (—4; 9) ma-
pawtenbHo: 1) ocu abeumcc; 2) OCH OPAUHAT.

. CocrasbTe ypaBHEHHE MPAMOH, NPOXOAALIEH Yepe3 TOYKH:

1) A (1;-3) u B (-2; -9); 3)E(—4-1)nF (9 -1);
2) C (3;5) u D (3; -10); 4) M (3; -3) u K (-6; 12).
CocTaBbTe ypaBHEHME NPAMOW, IPOXOAANIEH Yepe3 TOUKH:
1) A (2;-5) u B (-3; 10); 2) C (6; -1) u D (24; 2).
Haiigure KOOpAMHATHI TOYKH NE€PECeUYCHUs IPAMBIX:
Dy=3x-Tuy=5x+09,

2) 2x - Ty =-16 u 6x + 11y = 16.

Hajiigure KoopAMHATBI TOUKH NEepecedeHrs NPAMbIX:
NHy=-4x+1uy=2x-11;

D3 +2y=10ux-8y=12.

T00

366.

367.

368.

Touku A (—6; 1), B (1; 2) u C (-5; —8) — Bepmunb! Tpeyroabauka ABC.
CocrasbTe ypaBHeHME NPAMOI, comepxameit meanany AK Tpeyroabuu-
ka ABC.

Touxku A (-3; —4), B (-2; 2), C (1; 3) u D (3; —2) — BepmuHbI Tparne-
wan ABCD (BC | AD). Cocrasbre ypaBHEHHE TIPAMOIA, COAEpamei
CPEAHIOK JTMHHUIO TPAIIEIHH.

A6cuuccsl cepeauH GOKOBBIX CTOPOH Tpanenud pasHbl. Bepno sm yr-
BEPI/ICHUE, YTO OCHOBAHUS TPAIELMH MePIeHMKYIAPHbI OcH abcuucc?



369.

370.

371.

Haiipgure nepuMeTp TpeyronbHMKA, OrPAaHMYEHHOTO OCAMH KOOPAMHAT
u npsamoit 4x — 3y = 12.
Haiigure muomaib TPEYTrOAbHUKA, OIPAHUYECHHOIO OCAMH KOOpPJAWHAT
u npsamMoit 7y — 2x = 28.
Hajiaure miomans TpeyroabHHKa, OFPAHMYEHHOIO NpsiMbiMu 3X + 2y =

=buny= ~%x M OCBIO OpPJAMHAT.

372. Jlokaxure, 4TO OKPYKHOCTH (X — 5)? + (¥ — 5)? = 9 u npsamas x + y = 7 ne-
PeceKaloTCst, U HaUANTE KOOPAMHATHI MX TOYEK MePeCcedeHusl.

373. Jloxaxwure, 4To mpaMas X + y = 5 ABJIAETCA KAaCATEAbHOM K OKPYKHOCTH
(x - 3)*+ (y + 2)? = 8, u HaiiUTE KOOPAMHATHI TOYKY KACAHMUS.

374. Jloxaxure, 4T0 OKPY)HOCTb (X —4)? + (y — 2)? =1 u npsavas S3x +y = 3
HE UMEIOT O0IMX TOYEK.

3 T

375. Haiyiure paccrosHue OT Hayana KOOPAMHAT A0 npsamoit 5x — 2y = 10.

376. Haiiaure paccTosiHue OT Hayala KOOPAMHAT J0 NPAMOM X + i = —8.

377. Haiiaure jummHy Xopanl okpyxkHocT (X + 1)? + (y — 2)? = 25, nexameii va

378.

379.

380.

381.

npsmoit y = 3x.

CocraBbTe ypaBHEHME reOMETPHYECKOTO MECTA LEHTPOB OKPYXKHOCTEIH,
npoxoasmux yepesd touku A (1; =7) u B (-3; 5).

CocraBpTe ypaBHEHHE r€OMETPHYECKOTO MECTa LEHTPOB OKPYKHOCTEIH,
npoxoaamux depes rouku C (2; 3) u D (-5; -2).

Haiiagure koopAMHATBI TOYKH, PABHOYAQIEHHON OT OCEN KOOPAMHAT U OT
Touku A (3; 6).

Haiinre KoopAMHATEI TOUKM, PaBHOYAAIEHHOMH OT OCEH KOOPAMHAT U OT
Touku B (—4; 2).

T ) T

382.

383.

CocraBbTe ypaBHEHHE OKPYKHOCTH, NPOXOAALIEi yepes Touku A (2; 0)
u B (4; 0), nentp koTOpOil NpuHAMIEKUT NpsMoit 2x + 3y = 18.
CocraBbTe ypaBHEHME TE€OMETPUYECKOTO MECTa LEHTPOB OKPYKHOCTEH,
Pajryc KOTOPBIX PaBEH 5 M KOTOPbIE OTCEKAIOT Ha OCH abCIMCC XOpAy Anu-
HO# 6.

s ey

€0 YnpamHenna ans nosropenus

384.

385.

Juaronanmu napajineiorpaMma paBHbI 6\@ cm u 8 cM, a yron MEKYy HUMM
cocrassier 45°. Haiimure cTopoHb! napajiiesorpamMma.

Onna u3 cropon Tpeyronbhuka Ha 15 cM Goabuie Apyro, a BHICOTA, IPO-
BE/IEHHAA K TPETbEH CTOPOHE, AeIUT €€ Ha OTPEe3Ku JUMHOK 32 cM 1 7 cm.
Haiizure nepumerp TpeyrosbHuka.

921



386. lleHTp OKpPYKHOCTH, OINMCAHHOH OKOJIO PAaBHOOOKOH Tpameunuu, JExKUT
Ha eé GonbmeM ocHoBaHuM. Haliure paauyc OKpyKHOCTH, €CJIM AUaro-
Haub Tpanenuu pasna 20 cm, a Beicota — 12 cm.

§ 11. YrnoBo# Ko3dbduLUMEHT NPAMOH

Paccmorpum ypasHeHue iy = Rx. OHO 3a1aéT HEBEPTUKAILHYIO TPSIMYIO,
[POXOJSINIIYIO YePe3 HAYaIO KOOP/IMHAT.

[NokaxeMm, 9yTo npsambie ¥ = kx u y = kx + b, rae b # 0, napauienbubl.

Touku O (0; 0) u C (1; k) npunaanexar npsmoii y = kx, a rouku A (0; b)
u B (1; k + b) npunajuiexar npsamoii y = kx + b (puc. 79). Jlerko ybenurncs (cae-
naiiTe 3TO CaMOCTOATENLHO), 4TO cepeaunbl auaronaneit AC u OB uerbipéx-
yroasunka OABC cosnapnaior. Cnenosarenvio, OABC — napauenorpamm. Ot-
ciona AB || OC.

Tenepb MbI MOKEM CAEJATH TAKOMH BBIBOJI:

ecnu k, =k, u b, # b,, mo npamvte y = kx + b, uy=kyx+ b, na-
painensvhnt (1).

Ilycts mpsMasi ¥ = RX nepecekaeT eJUHUYHYIO MOJYOKPYKHOCTb B TOY-
ke M (x; y,) (puc. 80). Yron AOM HasbIBalOT yII0M MEKAY AAHHOM IPAMOM
M [OJIOKHTETHHBIM HallpaBJieHHeM OCH abcmucc.

Puc. 79 Puc. 80
YA wc”b i
Y ]
B
/A Ufh’:‘ Mi(x: y)
C o
’ ; > -1 K 1.
0 1 x B [5) A x

Ecim npsiMas y = kX coBnaiaeT ¢ OCbIo abCIHCC, TO YTOJI MEXIY STON Npsi-
MOt M TIOJIOKUTENBHBIM HANPABIEHHEM OCH abCIMCC CUMTAIOT paBHbiM 07

Ecim npsivasi y = kx o6pasyeT ¢ MOJOKHUTEIbHbIM HAlPaBIeHUEM OocH ab-
CICC YroJ O, TO CYUTAIOT, YTO M npsaMas ¥ = kX + b, mapawieabHas npaMoi
y = kx, Takxe ob6pasyeT yroy ¢ ¢ MOJOKNUTEIBHBIM HAIPaBIeHUEM OCH abcumcc.



Paccmorpum npsimyio MO, ypasHeHue KOTOpOit mmeer BUA Y = kx (cm.

puc. 80). Ecm ZMOA = @, To tga = %iﬁ = i—" Taxk xax Touka M (x; y,) npu-
0

HAUICKUT TIPsIMOit i = Rx, TO i—'} =k. Orciona k = tgo.
0
Takum obpasom, arsa npsaMoit y = kx + b moaydaem, uTo

k=tga,
e 0. — yroJ, KOTOpbIil 00pasyeT aTa npaMas ¢ HOJOKUTENIbHBIM HAIIPABJICHUEM
ocu a6enucc. IToatomy koadduipenT £ HaspIBAIOT YrI0BBIM K03 PUIEHTOM
3TOW NPAMOH.

IToHATHO, YTO €M HeBEPTUKAIbHbIE MPSAMbIE NAPALUIEJbHBI, TO OHH 00-
PasyloT paBHBIE YIJIbl C IOJOXKWTEJIbHBIM Harpasienuem ocu abermce. Toraa
TAHIE€HCBI 3TUX YIVIOB PABHBI, CJIEOBATEIbHO, PABHBI U HX YIJIOBBIE KOa(pQHUIH-
C€HTDbI.

Takum obpasom,

ecau npamvie y = kx + b, u y = kx + b, napannenvuvt, mo
k, =k, (2).

BoiBoael (1) u (2) 06BEIUHUM B OIHY TEOPEMY.

@ Teopema 11.1 \
Mpameie y = kx + b, w y = k,x + b, napannensHsl Torpa
M TONbKO Toraa, Korpa k, =k, u b, # b,.

3apaya. CocraBbTe ypaBHEHME NPAMOI, KOTOPas MPOXOAUT Yepe3 TOUKY
A (—4; 3) n napawienbHa npamoi y = 0,5x — 4.

Pewenue. Ilycty ypasHenne uckomoi npsmoit y = kx + p. Tak kak sta
npaMas u npaMas ¥ = 0,5x — 4 napaaieabHbl, TO UX yrIoBbie KO3pPUIHEeHTbI
paBHbl, T. €, k= 0,5.

CaeposaTtenbHo, HCKOMOE ypaBHeHUe umeeT BUA i = 0,5x + p. YuureiBas,
4TO JAaHHasA npAMas NpPoxXoauT depes Touky A (—4; 3), moayuaem: 0,5 - (—4) + p = 3.
Orciona p = 5.

Hckomoe ypasnenune umeet sug iy = 0,5x + 5.

OteeT: y = 0,0x + 5. «

r_%] 1. YTo Ha3bIBAKOT YyrNOM Mexay NPAMON U NONOXUTENbHbIM HanpasneHu-
em ocu abecumcc?
2. Yemy CYMTalOT paBHbLIM Yron mexay npamMown, napannenbHow ocn ab-
CLUMCC MNKM COBMNajalolien ¢ Her, U NoNOXMUTeNbHbIM HanpaBneHMem ocu
abcumcc?



3. Y70 Ha3bIBalOT YyrnoBbiM KO3DGULMEHTOM NpsMon?

4. Kak CBfi3aHbl YrnoBon KO3(PPUUMEHT NPAMON U yron mexgy npamon
W MONOXWUTENbHbIM HanpasneHuem ocn abcumcc?

5. ChopmynupyitTe Heobxoaumoe M pocTaTodHoe ycnosue napannenbHo-
CTW ABYX HEBEPTUKaSbHbIX MPSMbIX Ha KOOPAUHATHOW NNOCKOCTW.

( &3 Ynpaxuenus N

387. Yemy paseH yrioBoit k03¢ pUIMERT NPAMOIi:
Hy=2x-7; )y=5-x
2)y=-3x; Sy=4
3)y=x+10; 6) 3x -2y =42

388. Kakue ma mpsimpix ¢y = 6x — 5, y = 06x + 1, y = %x+4.y=2—ﬁx
u y = 600 + 0,6x napawienbHbI?

389. Kakoe 9MCIO HAJA0 MOCTaBUTb BMECTO 3BE3JI0YKH, YTOOBI MpsAMbIE GbUIN
napauieIbHbIMM:
Dy=8x-14uy=x*xx+2;
Ny=4x—-1uy=3-4x?

390. Haiigute ypaBHeHME NPAMOW, NPOXOAAINEH Yepe3 HA4YaIo KOOpAMHAT
U mapajulieIbHOM MpsMOii:
1) y=14x - 11;
2)y=-1,15x+2.

00

391. CocraBbTe ypaBHEHME NPAMOiL, npoxoasieii depes Touky A (=3; 7), yrio-
Boi Koa(puument koropoit pasen: 1) 4; 2) =3; 3) 0.

392. CocraBbTe ypaBHEHHE NPAMOIi, npoxoxameii uepes Touxky B (2; -5), yrio-
BOM KO3(ppumeHT koTopoi pasen —0,5.

393. CocraBbTe ypaBHEHHE MPAMOIi, NPOXOAsAIEi Yepes 'romcy M (-1; 9) n na-
payutensHOM npamoit: 1) y =-7x + 3; 2) 3x — 4y = -8

394. Cocrasbre ypasHeHME NPAMOll, npoxojsmeii yepes Touky K (—; 10)
¥ mapauieabHoit npamoit: 1) y = 9x — 16; 2) 6x + 2y = 7. ‘

395. CocrasbTe ypaBHEHHE NPAMOM, KOTOpas NPOXOAUT depes Touky A (2; 6)
1 00pasyeT C M0J0KHUTENbHBIM HAlIpaBJIE€HUEM OCH a6cumcc yrox: 1) 607
2) 120°.

396. CocraBbTe ypaBHEHHE TPAMOM, KOTOPasi MPOXOAUT uepes Touky B (3; -2)

M 0Gpa3yeT ¢ MOJOKMTEABHBIM HanpasieHueM ocu abcuucce yrou: 1) 457

9) 185",



397. CocraBbTe ypaBHEHHE NPAMOM, N300PAKEHHO Ha pucyHke 81.

30° e
o 0

a 6

vy
o

o3 ~F

398. Omnpenenure, NapauIeNbHbI A NPAMbIE:
1) 2x-5y=9uby-2x=1; 3)Ix-2y=12n7x-3y=12;
2)8x+12y=15udx+ 6y =9; 4) 3x+2y =3 u bx + 4y = 6.
399. Jlokaxure, uyro npsameie 7x — 6y = 3 u 6y — 7x = 6 napauienbHbL.
3 S
400. CocraBbTe ypaBHEHHE NPSIMOI, KOTOPas NAapaUIeIbHa IPIMOit ¥ = 4x + 2
U mepecekaeT npsimyio ¥ = —8x + 9 B Touke, NpUHAUIeKANEH OCH Op-
JAHHAT.
401. CocraBbTe ypaBHEHUME NPSIMOI, KOTOpas NapauleJbHa NPAMOil ¥ = 3x + 4
M nepecekaer npsamyio ¥ = —4x + 16 B Touke, npunajrexameii ocu a6-
crucc.
[
402. CocraBbTe ypaBHEHHE NPAMOM, KOTOpas NEPHEHAMKYISPHA NPAMOif
Yy =-x+ 3 u npoxoaut 4epes touky A (1; 5).

70 Ynpaxnenus ana nosTopenus

403. B somykioMm yersipéxyronbunke ABCD Guc-
cextpucel yrios A u B nepecekaworcs B Tou-
ke O (puc. 82). Jlokaxure, uro yron AOB
pasen noxycymme yriaos C u D.

404. Broicora pom6a, MpoBeAéHHAs W3 BEPIIH-
HbI €ro TYIOrO yIJa, eJUT CTOPOHY POM-
6a na orpesku 7 cMm u 18 cm, cuuras or
BepmMHBI ocTporo yriaa. Haiigure amuaro-
HaJu pomo6a.




405. Meauanpl paBHOGEAPEHHOTO TpeyrojbHUKa pasubl 15 cm, 15 cm u 18 cm.
Haitgure naomans TpeyroibHMKa.

T

70 Korpa cpenaHbl ypoKu \_
MeTopa KoopauMHaTt

Mb1 yacto ropopum: npsivas ¥ = 2x — 1, mapabona y = X%, OKpyKHOCTb
2%+ y? = 1, Tem cambim oToxaecTsasis Gurypy ¢ eé ypasHenueM. Takoit moxxon
II03BOJISIET CBOAMTD 3aJiady O MOMCKe CBOMCTB (pUTYyphl K 33j1aue 06 ucciesosa-
HUM €€ ypaBHeHMs. B aToM M cocTOMT CyTh METOAA KOOPAMHAT.

ITpounimocTpupyeM CKa3aHHOE HA TAKOM IIpUMepe.

W3 HarasiHbIX c006pa.>1{eﬂm"1 OQYEBHJHO, YTO NPAMAA U OKPYKHOCTh MMe-
10T He Gonee ABYX 06[ILPIX TOYEK. O,EI,HE.KO 3TO YTBEPKACHHUE HE ABAACTCH AKCHO-
MOI M €r0o HaJ0 JA0KA3bIBATH.

dta 3aja4va CBOJHUTCS K HUCCIAENOBAHUIO KOJHYECTBA pCI.I.iCHHﬁ CHCTEMBI
YPaBHEHU N

ax + by = c,
(x=m)* +(y—n)® =R,
e uncaa @ u b ogHoBpeMeHHO He paBHbBI Hymo u R > 0.

Pemas ATy CHCTEMY MCTOAOM IMNOACTAHOBKH, MBI MNOJYYHUM KBaJ[PATHOC
ypaBHEHHE, KOTOPOE MOKET MMETh J(BA PEIIEHUs, OAHO PEmEHHE WM BoOGme
He uMeTh pemenuii. CrexoBaTenbHO, IS JAHHON CMCTEMBI CYIECTBYET TPH BO3-
MOJKHBIX CJIydasi:

1) cucrema umeer JiBa pelieHns — NpAMasg U OKPYKHOCTb I€PECEKAI0TCs
B JIBYX TOYKax;

2) cucTemMa UMEeT OJIHO pElIeHHE — NpAMas KacaeTcsd OKPYKHOCTH;

3) cuctemMa He MMEeT PElEeHUl — npsiMasi ¥ OKPYKHOCTh HE MMEIT 06-
IUX TOYEK.

C KaXbIM M3 3THUX CJIy9a€eB Bbl BCTPEUAINCH, pellas 3a1a4m Ne 372-374.

Meton koopaunat ocobenHo s¢deKTUBeH B TeX ciydasnX, Koraa Tpebyer-
cs1 HaiiTi uUrypy, Bce TOYKM KOTOPOH 0O0JaJaloT HEKOTOPBIM CBOWMCTBOM, T. €.
HAUTH Nr€OMETPUYECKOE MECTO TOYEK.

OTmeTuM Ha II0CKOCTH ABe Touku A 1 B. Bel Xopomno 3HaeTe, Kakoi ¢u-

" MA
TypOii SIBISIETCS FEOMETPHUYECKOE MECTO Touek M TakuX, 4To MB = 1. 9o cepe-
JAMHHBII nepneHauKyisp oTpeska AB. UnrepecHo BbIACHUTD, Kakyio purypy 06-

pasyloT Bce Touku M, juis KOTOPhIX % =k, rae k # 1. Pemum a1y 3axavy s
1
k==.

2



IL1ockocTh, Ha KOTOPOI OTMEYEHBI

ToYku A u B, «npeBpaTUM» B KOOPAMHAT-
Hylo. CesaeM 3TO Tak: B KaUYeCTBE HAuaia
KoopauHaT BbIOEpeM TOYKy A, B KadecTse
€MHUYHOro OTpes3ka — oTpe3ok AB, ock
abcumce mpoBeAéM Tak, 4Tobbl TOuka B
nmena koopausatel (15 0) (puc. 83).

ITycts M (x; y) — npousBosnbHas TOY-

Yi
M (x;y)
A

Ka uckomoit ¢purypsr F. Torna 2MA = MB,
4MA? = MB2. Orciona:
42 +y%) = (x - 1) + 3%

=Y

32+ 2x+ 3y =1;
gi: -2 P 1
+Zx+y? =<
TAITIY =3
5 (2 1 4
9,2 LR
Broxtgryi=g

2
1 -
+=] +y2=2.
(x 3) ¥ =3

(*)

Crenosarensno, ecim Touka M (x; y) npunamiexur ¢urype F, To eé ko-

OPAMHATBI ABJIAIOTCA PEHIEHUEM ypaBHeHuUs (*),

ITycrs (x; y¥,) — HexkoTOpoe pemenne ypasuerus (*). Toraa serko moka-
3ath, uro 4(x? + y?) = (2, — 1)* + y . A s70 03HauaeT, uto Touxa N (x,; y,) Ta-
xosa, uro 4NA? = NB?. Torna 2NA = NB. Crenosaressno, Touka N npunaie-

xuT urype F.

\
b
R

Anonnounui Meprckui
(Il B. go H. 3.)
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Taxum obGpasom, ypaBHeHueM (Gurypsl F ABAsS€TCs ypaBHeHHE (*), T. €.

cdburypa F — 3T0 OKPYyXXHOCTb C ieHTpoM B Touke O (—%; 0) Y paguycom %
1

Mb! pemmm 3aady VIS YaCTHOTO CJIydas, Koraa k = 5 - MoxHO noKasarb,

4TO MCKOMO#i DUTYpOil 1A MOBOTO TIONOKUTENBHOTO £ # 1 GyieT OKPYKHOCTS.
ATy OKPYKHOCTh HA3bIBAIOT OKPYXKHOCTHIO ANIO/UIOHHUS.

Kak cTpounu MOCT MeXay reomeTpuen u anrebpoun

Waest KOOpAMHAT 3apOAWIACH OYEHDb JaBHO. Beab €meé B cTapuHy JOAMN
u3yyann 3eMIio, HabIoaM 3BE3/bI, a 110 PE3yIbTaTaM CBOMX MCCIIECIOBAHUI CO-
CTAaBJAJIN KapThbl, CXEMbI.

Bo II B. 10 H. 3. ApeBHerpeueckuit yuénprii ['Mnnapx snepsble HCIOJIb30-
BaJ W€K KOOpAMHAT Ui onpeaeaeHus MecTa PacnonoKeHms 0OBEKTOB Ha I10-
BEPXHOCTH 3eMJIH.

Tonsko B XIV B. ¢ppannysckuii yuénsiit Hukons Opem (ok. 1323-1382)
BrEpBbIe NPUMEHII B MaTeMaTHKe wielo ['mnmapxa: oH pasGuil IUIOCKOCTD Ha
KIeTKH (KaK pasbuTa CTpaHMLA Bamled TeTpajiv) W CTaJl 3a4aBaTh MOJOXEHUE
TOYEK MHUPOTOH U JOJATOTOM.

OaHaKo OrpoOMHbBIE BO3MOKHOCTH IIPUMEHEHHUA 3TOM ujien GbLUIH pacKphbl-
o1 tumb B XVII B. B paborax Bbigalomuxcs marematnkos [Ibepa ®epma n Pene
Jlekapra. B cBoux Tpyaax aTH yuéHble MOKa3anH, Kak Giarojaps cucreMe Koop-
JAMHAT MOKHO TEPEXOAUTH OT TOYEK K UMCJIaM, OT JUHUI K YDaBHEHUAM, OT re-
oMeTpuH K anrebpe.

PeHe [lexkapt
(1596-1650)

dpaHLy3CKMA MaTemaTuK, dunocod, GUank
1 duanonor, cosgartens aHanMTHYecKon reoMeTpuu
W COBPEMeHHOIR anreGpan4yecKoi CUMBOJTUKH,




Hecmorps Ha vo yro 1. @epma onybaukosan cBolo paboTy Ha rojl paHbIne
P. Jekapra, CHCTEMY KOODXHMHAT, KOTOPOH MAl CCIOAHA HONB3YEMCSH, HASBIBAIDT
AexapToBoft, ITO CBA3AHO C TEM, UTO P. Jexapt n coeit pabote «Paccysuenue
0 MeTOfiE» M3VOPEN HOBYIO YAODHYIO GYKBEHHYI) CHMBOJHKY, KOTOPOH ¢ He3Ha-
TIHTEALHLIMH HIMCHCHHAMM Mhbl MOJABIYCMCA H CETOIHA. BC.HCII, SEI[CKapTOM MBI
060aHAYAEM IIePEMEHHBIE TTOCTEAHHMI GYKBAMH JATHHCKOrO andyaBura X, ¥, Z,
a KO3 MITAEHTB — EPBRIMM: @, b, C, ... . IlpuBbranbie HaM oGo3HaYenma cre-
meneii x°, ¥°, 2° M 1. 1. Taxcke wui P. Jlekapr.



3apnaHue N2 3 «[lpoBepbTe cebsi» B TECTOBON dopme

1. Kakue xoopauHaThl uMeer cepeanHa orpeska AB, ecm A (-6; 7),

B (4;:-9)?
A) (-5; 8) B) (=1 -1) B) (-5:-1) ) (-1; 8)
2. Yemy pasHo paccrosinue mexay Toukamu C (8; =11) u D (2; -3)?
A) 100 B) 10 B) V296 I) V164
3. Kakue KOOpAMHATBI MMEET HEHTP OKpy:kHOocTH (X — 5)% + (¥ + 9)* =
= 16?
A) (5;-9) B) (-5; 9) B) (5; 9) I) (=5;-9)
4. IleHTPOM Kakoil M3 JaHHBIX OKPYKHOCTEH fIBISAETCH HAYAI0 KOOp-
AMHAT?
A)22+(y-1)>= B) ®+y?=1
B) (x-1)2+y*=1 I x-12+@y-12=1

5. Haiiure paguyc OKpyKHOCTH, IHAMETPOM KOTOPOM ABJISAETCS OTpe-
30k MK, ecom M (14; 12) u K (-10; 2).
A) 26 b) 13 B) 25 )5
6. KakoBbl KOOpaAMHATBHI TOYKM nepecedenus npsamoit 5x — 3y = 15
¢ oceio abenuec?
A) (0; -5) B) (-5; 0) B) (0; 3) r) (3;0)
7. Yersipéxyronmsuuk ABCD — napawienorpamm, B (=2; 3), C (10; 9),
D (7; 0). Yemy paBHbI KOOPAMHATHI BEPUIMHBI A?
A) (1; 6) B) (19; -3) B) (-5; —6) I) (6; 5)
8. Yemy paBHbBI KOOPAMHATHI TOYKMA OCH OPAMHAT, PABHOYIAIEHHOH OT
touek A (-3;4) u B (1, 8)?
A) (-5; 0) B) (0; -5) B) (5; 0) I) (0; 5)
9. Yemy paBHa abGcuucca Touku npsmMoit AB, opanHaTa KOTOPOH pas-
Ha 2, ecn A (-7; 4), B (9; 12)?
5 A) 8,5 b) -11 B) 4 I)-2
. 10. Yemy paBHO pacCTOAHHME MENKAY TOUYKON INepecedyeHus IPAMBIX
' x—-y=4nx+3y =12 n Toukoit M (1; 7)?

A) 5 B) 50 B) 52 r) 25

11. KakoBo ypaBHeHHe NpsiMOii, Ipoxoasmeii gepes Touky P (-1; 6) ma-
: paUIeNIbHO NPAMOi ¥ = 2x — 5?

A)y=6-5x B)y=5x-6
| Byy=2x+8 N y=2c-8
| 12, Yewy pasen pamuyc oxpyxuoctu x2 + y? + 14y — 12x + 78 = 0?
AT B) 7 B) 14 r) Jiz
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Utoru rnasbl 3

PaccronaHne MeXly ABYMS TOUKaMM
PaccrosHne mempay Toukamm A (x; y,) w B (x,; y,) paBHO

AB = [(x, - x,)* +(y, - ¥,)*.

Koopaunarts! cepeanHbl OTpe3Ka

Koopaunatel cepeaunbl C (x; y,) otpeska AB ¢ KoHuammu
. ’ vl Vi Hty,
A (x; y)) M B (x;; y,) pasHbi: x, = 1, y, = =_=2,

YpasHeHnue pUrypbi
YpaBHeHuem ¢urypsl F, 3ajaHHOH Ha NNOCKOCTH XY, Ha3biBa-
10T YpaBHeHH1e ¢ ABYMSA NepemMeHHbIMU X U i/, UMeloLLee TaKue
CBOMCTBA:
1) ecnu Touka npuHaanemur ¢urype F, To eé KOOpAUHATLI AB-
NAKTCH pelleHHeM AaHHOro ypaBHEeHHUR;
2) nio6oe pewenue (x; y) AAHHOrO ypaBHEHUS SIBASIETCA KOOP-
AWHaTaMM TOYKH, NpuHagnexawen purype F.

YpaBHeHHe OKPYMHOCTH
YpaBHeHHe OKpYXHOCTU paauyca R c ueHTpoMm B Touke A (a; b)
umeert BUA: (x — a@)® + (y — b)? = R,
Nio6oe ypaBHenue Bupa (x — a)’> + (y — b)* = R%, rpe a, b w
R — HeKoTopbie yucna, npuyém R > 0, ABNAETCA ypaBHEHHEM
OKPY}KHOCTH paguyca R c LeHTPOM B TOYKEe ¢ KoOpAaMHaTaMu
(a; b).

YpaBHeHHe NpaMon
YpaBHeHHe nNpaMoi umeet Bua ax + by =c, rpe a, b n ¢ —
HEeKoTOopbie Yucna, NPpU4éM a U b He paBHbl HYNIO OfHOBpe-
MEHHO.
Nio6oe ypasHeHnue Buaa ax + by = c, rae a, b n ¢ — HekoTo-
pbie Yucna, Nnpu4ém a u b He paBHbl HYNIIO OJHOBPEMEHHO, AB-
NAEeTCA ypasHeHHWeM NpPAMOoi.

HeoGxogumoe M flocTaTouHoe ychoeMe napannenbHOCTH
HEeBRepPTHKaNbHbIX NPAMBIX
Mpambie y = kx + b, w y = k,x + b, napannensHbl Torga
W ToNbKO Torpa, Korpa k, =k, n b, # b,.
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hasa 4. BeKTopbl

W3yyas matepuan 3TOW rnasbl, Bbl y3HAETe, Y4TO BEKTOPbI UC-
NOAbL3YIOT He TONIbKO B GU3MKE, HO U B reoMeTpuu.

Bbl HayuuTech CKiagbiBaTb U BblYWTaTb BEKTOPbI, yunomarb
BEKTOpP Ha YACNO, HaXoA4WUTb Yron Mexay AByMs BEKTopamu, npume-

HATb CBOWCTBA BEKTOPOB ANS pelleHus 3aaad.

§ 12. NoHaTHE BEKTOpa

Bbl 3HAa€TE MHOTO BEJIMYMH, KOTOPBIE ONPEAEIAIOTCS CBOMMH YHCIOBBIMU
3HAYEHUAMH: Macca, IJIomaab, JUIMHA, 00bEM, BpeMs, TeMnepartypa u T. A. Takue
BEJIMYMHDBI HA3bIBAIOT CKAISPHBIME BeTHYMHAMM, WIH CKAXAPaMH.

U3 xypca (pM3aMKy BaM 3HAKOMbI BEJMYHMHDI, JUISL 33[dHHs KOTOPBIX HE0-
CTATOYHO 3HATH TOJBKO MX YMCJOBOE 3HaueHue. Hanpumep, eciu Ha NpYyXHUHY
JCACTBYET Y€N0BEK ¢ HEKOTOPOIA CIIOH, TO M3 3TOi MHpopMaLuu He ACHO, Gy-
T M MPYXMHA COKAMAThCi WIM pactsarusatbes (puc. 84). Hano emé anats,
B KAKOM HalpaBJICHUM AEHCTBYET CHJIA.

A T AT
: ‘.;351(‘;'.‘*'.‘3.'.'&u*.‘a‘fﬁﬂ.‘ﬂ;‘.f s

Beauunnbl, KOTOPbIE ONPEAENAIOTCS HE TOJbKO YMC/IOBBIM 3HAUEHUEM,
HO M HANpapJIeHHEM, HA3bIBAIOT BEeKTOPHBIMH BEJIMYHMHAMH WM BEKTOPaMH.

Cwuia, nepeMenieHune, CKOpocThb, YCKOPEHHE, BEC — NPUMEPBI BEKTOPHbIX
¢usnyecknx BeanunH. ECTh BEKTOPBI M B r€OMETPHH.

Paccmotpum otpe3ok AB. Eciu Mbl JOroBOpUMCS TOUKY A CYMTATh Hava-
JIOM OTpe3Ka, a TOUKy B — ero KOHIOM, TO TaKOi OTPe30k GyAeT XapakTepuso-
BAaTHCA HE TOJBKO JUIMHOI, HO M HanpasieHueM oT Touku A k Touke B.

Eciu yka3aHo, Kakasi TOYKa AB/IAETCS HAYaJIOM OTPE3Ka, a KaKas TO4YKa —
€ro KOHIIOM, TO TAKOH OTPe30K Ha3bIBAIOT HANPaBJIEHHBIM OTPE3KOM, MU BeK-
TOPOM.
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Bekrop ¢ HauasoM B TOouke A M KOHLIOM B TOY-
ke B o6Gosnawaior Tak: AB (umrawr: «BexkTOop AB»).
Ha pucynkax BeKTOp M306pakaloT OTPE3KOM CO
CTpEJIKOM, yKasbiBaiomeill ero xoHen. Ha pucynke 85

naobpaxennt Bekropsl AB, CD, MN.
Jlna 0603HaYeHMs BEKTOPOB TAKXKE MCHOJIb3YIOT
CTpPOYHbIE OYyKBBI JTATMHCKOTO axgaBuTa CO CTPEIKOH

ceepxy. Ha pucyrxke 86 uzobpaxennt sektopsl 4, b, c.
BexTop, y KOTOpPOro Havasno ¥ KOHEI — O/[HA ¥ Ta XK€ TOYKA, Ha3bIBAIOT HY-

M
S

JI€BBIM BEKTOPOM HJIH HY/IB-BEKTOPOM H o6osunavaor 0. Ecim Hauaio u xo-

HeI| HYJIEBOTO BEKTOpa — 3TO TOYKA A, TO €ro MOKHO 0603Ha4nTh U Tak: AA.
Ha pucynke HyneBoi BeKTOp M300pakaloT TOYKOI.

Mopaynem Bektopa AB maspiBaioT ammHY orpe3ka AB. Moayas BexTo-

pa AB o6osnauaior Tax: |4Bl, a MOJIy/Ib BEKTOPA @ — TaK: lal.

Monaynb Hys€BOro BEKTOpa CUMTAIOT PABHBIM HYJIIO: [6l=0

Onpepgenenne

\

HeHyneBble BEKTOPbI HA3bIBAKOT KON/IMHEAPHbLIMH, €C/TH OHU
Nnexar Ha napannenbHbiX NPAMbIX WIKW HA OAHOW NPAMOM.

HyseBoit BEKTOP CUMTAIOT KOJLUTMHEAPHBIM JTI0G0MY BEXTOpY.

Ha pucynxke 87 uaoGpa;erhI KOJUIMHEAPHBIE BEKTOPLI a, b, MN.

Tot axT, 4To BeKTOpHI @ ¥ b KoLMHeapHbI, 0603HavAOT Tak: 4 || b.

Ha pucynke 88 HenyneBble KOJUIMHEAPHbIE BEKTOPBI a u b ommakoso
Hanpasiensl. Takue BEKTOPHI HA3bIBAIOT COHANPABIEHHBIMH U OGO3HAYAIOT

allh.

Ecau allb u blc, mo alc.

AHaJIOTUYHBIM CBOMCTBOM OGJIAfAlOT U COHANIpaBI€HHbIE BEKTOPHI, T. €.

ecau at™h u b11¢, mo aTl¢ (puc. 89).

Puc. 86

o s e e e

F==

L Phe. 89

‘\b"F\

103



Ha pucyrke 90 HeHyIeBble KOIMHEAPHBIC BEKTOPbl @ U b mporusono-

J0XKHO HanpasaeHsr. 1ot pakT obosnayaor Tak: a 14 b.

Onpepgenenme \

HeHyneBbie BEKTOPblI Ha3bIBalOT PaBHbIMM, €C/IH UX MOAYH
paBHbI U OHM COHanpasneHbl. Jllo6ble ABa Hy/NeBbIX BEKTOpa
paBHbl.

Ha pucynxke 91 nzobpaxennl paBHbIC BEKTOPbI a u b. Aro sanmcpBaoT
Tax: @ = b.
PaBeHCTBO HEHyJIEBbIX BEKTOPOB @ U b O3HAYAET, UTO A a™%b ulal =8l

HeTpyano sokasats, uto e a = b n b=¢, 1o a=c.Yoemrecs B 3TOM
CaMOCTOSITEJILHO. .

Ha pucynke 92 uso6paxén BekTop @ ¢ Hauajnom B Touke A. ['osopar, uto

BEKTOP @ OTJIOXEH OT TOYKH A.

Puc. 90 Puc. 91 Puc. Qg_‘ |

SE oz | e

IToxaxem, Kak OT [POU3BONBLHON TOYKM M OTIOXHUTbL BEKTOP, PaBHBIN
JAHHOMY BEKTOPY a.

Ec/m BeKTOp @ HyJIEBOI, TO HCKOMBIM BEKTOPOM 6yner sexrop MM.

Teneps paccMOTpUM CiIyyai, Korjaa a#0. ITyctb Touka M n€XAT Ha Ops-
MOIi, cofepKalen BEKTOp a (puc. 93). Ha aToil npsaMoil CyIecTBYIOT ABE TOY-
xu E u F raxue, aro ME = MF = |al. Ha srom PHCYHKE BEKTOP MF Gyner pa-
BEH BEKTOPY a. Ero un cieayeT BpIGpaTh.

Puc. 93

oo e e s ha0E e o e e s
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Ecnu Touka M He npunajuiesxxuT npamoit, cofepkameii BEKTOp a, To ue-
pes Touky M nposeném npamyio, eil napauiensHyio (puc. 94). Narsueitmee no-
CTPpOEHUE AaHAJIOTHYHO ViKe paCCMOTPCHIIOMy.

Om danioii mouKu MONCHO OMAONCUMD TMONLKO 00UH 6€KMOP, PAG-
HbLll danHoMmy.

3apava. Jlan gersipéxyronbuuk ABCD. WUssectno, uto AB = DC
|AC| =|BDl. Onpepenure Bua yerbipéxyronbunka ABCD.

Pewenwe. M3 yciosus AB=DC caeayet, uto AB || DCu AB = DC. Cne-
AOBATEIBHO, YeTHIPEXYroMbHUK ABCD — napauiesorpamm.

Pasencrso |AC|=|BD| osmauaer, uro mmaromanm 4eTBIPEXYTONbHU-
ka ABCD papHbl. A mapaLiesiorpamMM ¢ PaBHbIMH HATOHAISAMH — HPSIMOYTOJIb-
HUK. <

.r%} 1. NpuseanTe Npumepbl CKaNAPHbIX BEAUYUH.
2. Kakue BenuynHbl Ha3biBaloT BEKTOPHbIMU?
3. Y10 B reomeTpun Ha3blBaKOT BEKTOPamMu?
4. Kakue 13 BeNUUUH ABNAIOTCA BEKTOPHLIMWU: BPEMS, BEC, YCKOPEHUE, UM-

nynbc, Macca, nepemeleHue, nyTb, NNoWaab, AaBneHue?

5. Kakou oTpe3ok Ha3biBaloT HanMpaBneHHbIM OTPE3KOM MU BEKTOPOM?
6. Kak obo3HayaloT BEKTOp € HaYanom B Touke A 1 KOHLOM B Touke B?
7. Kakoi BeKTOp Ha3blBalOT HyNeBbiM?

8. Yto Ha3biBaloT Moaynem Bektopa AB?
9. Hemy paBeH mopaynb HyNneBoro sektopa?
10. Kakue BeKTOpbI Ha3blBAIOT KONMHEAPHBIMI?
11. Kak obo3Ha4aloT coHanpasneHHble BeKTOpbl? [POTMBONONOXHO Ha-
npasneHHble BEeKTOPbI?
12. Kakune BeKTopbl Ha3bIBAIOT PaBHbIMU?

@ NpakTuyeckue 3agauus

406. Ormernre Tpu Touku A, B u C, ne nexamme Ha oaHOi npsmoit. Hauep-
tute Bektropsi AB, BA u CB.

407. IlposeanTe npamyio @ M OTMeThTE Ha Hell Touky A. Haueprure apa coma-
NPaBICHHBIX BEKTOPA, NPUHAUIEKANMX NPAMOIl @, KOHIbI KOTOPBIX CO-
BIIQ/IAIOT € TOYKOI A.

408. Haueprure Tpeyronbhuk ABC. HauepTuTe BEKTOp, COHANpPaBIeHHbIN

¢ Bekropom CA, Ha4an0 KOTOPOro HAXOAUTCS B TOYKe B.
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409. Jlanbl BEKTOp a u Touka A (puc. 95).

410.

411.

412.

OTnoxuTe OT TOUKH A BEKTOP, PaBHbIN
BEKTOPY a. ~
Jaupr Bextop b u Touka B (puc. 96).
Ornoxure or Touku B BekTop, pas-
HbIA BEKTOPY b.
Ormersre TOukn A u B. Haueprure

BEKTOP BC, paBHBIN BEKTOPY AB.

HauepTuTe BEKTOP @ M OTMETHTE TOY-
ku M n N. Orioxure OT 3THX TOYEK

BEKTOPBI, paBHBIE BEKTOPY @.

i) -

413.

414.

Haueprure Tpeyronbauk ABC u otmeTs
te Touxy M — cepeauny croponsr BC.
Ot Toukn M OTIOXHUTE BEKTOp, pas-
HBIH BEKTOPY AM , a ot Touku B — Bek-
TOp, PaBHBII BEKTOPY AC. Jloxaxure,
YTO KOHIIbI OCTPOEHHBIX BEKTOPOB CO-
BIAJAIOT.

Haueprure Tpeyroasuuk ABC. Ot Touek B u C OTIOKHUTE BEKTOPbI, CO-

orBercTBeHHO pasHbie BektopaM AC u AB. Jlokaxure, 9T0 KOHIBI 1O-

CTPOEHHBIX BEKTOPOB COBHAZAIOT.

[ @ ynpawsenus W
G .
415. YKaXWATe paBHbIEC BEKTOPbI, Hava-

416.

417.

Jia M KOHIbI KOTOPBIX HaAXOAATCHA
B BepumHax kBagpata ABCD.

B pombe ABCD nuaronanu nepe-
cexalorcsi B rouke . Ykaxure
paBHbl€ BEKTOPBI, HaYaaa U KOH-
I[bI KOTOPbIX HAXOAATCA B TOYKAX
A, B, C,D,O.

Kakue U3 BEKTOPOB, M306paxKEH-
HBIX Ha pUCyHKe 97:

1) paBHbI;

2) coHanpaBJIe€HbI;

3) NpPOTHBOIIOJIOKHO HAIIPABJICHBI;
4) KOJUTMHEAPHBI?
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418.

419,

420.

421.

422.

423.
424,

425,

426.

427,

428.

429,

Touku M u N — coorsercrBenno cepeaunbl cropod AB u CD napaue-
norpamma ABCD. Ykaxure BeKTOPbI, Ha4ala U KOHIIbI KOTOPbIX HAXO/ST-

ca B Toukax A, B, C, D, M, N: 1) pasusie sextopy AM; 2) xormueap-

Hbl€ BEKTOPY CD; 3) NPOTHBOIIONIOKHO HANPABJIEHHbIE C BEKTOPOM NC;
4) coHanpasieHHbIE C BEKTOPOM BC.

[Tycts O — Touka mepecedenus juaroHaieii napauenorpamma ABCD.
VKaXuTe BEKTOPBI, HAYala M KOHIIBI KOTOPBIX HaXo[sATcs B Toukax A, B,
C, D, O: 1) pasuble; 2) coHanpaBJIeHHbIe; 3) NPOTUBONONOKHO HAMPaB-
JICHHBIE.

Toukun M, N, P — coorsercTBeHHO cepeaunbl cropon AB, BC, CA tpe-
yroabauka ABC. YkaxuTe BEKTOPBI, HAYaIa U KOHIbI KOTOPBIX HAXOAT-

cs B roukax A, B, C, M, N, P: 1) pasusie sekropy MN’; 2) KOJLUTHHEAPHbIE

BekTOpy AB; 3) NpoTHMBONMONIOXKHO HampasjieHHble ¢ BekTopoMm MP;

4) coHanpasJieHHbIE C BEKTOPOM CA.
Bepno su yrBepxxaenue:

1) ecin m = n, T0 |7_n.i = |51'|;

2) ecmu m=n, o m| n:

3) ecn m # n, o |m| # |§|9

Hoxaxwure, uro ecnmu gersipéxyronpunk ABCD — napauienorpamm, To
AB =DC.

Onpenennre Bun serbipéxyronbumka ABCD, ecmm ABTTDC u BC | DA.
Onpeaenure Bux yerbipéxyroasunka ABCD, —

Pucsﬂ

ecm sektopst BC u AD KOJUTMHEAPHBI M e

1BC) « D). e
Haiipure moayau Bexropos a u b (puc. 98),
ec/iu CTOpoHa KIeTkH pasua 0,5 cMm.

B npsamoyrossnnke ABCD wu3BecTHO, 4TO
AB =6 cm, BC =8 cM, O — Touka nepeceue-
HusA auaronaieii. Haiinre Moy BekTopos

B npamoyrossnuke ABCD pmaronanm nepecekaiorcs B touke O,

IEI =5 cMm, IA_'Ol = 6,5 cM. Haiiaure Moy BEKTOPOB BD u E
Ty p

Ussectno, uto AB = DC. Bepno iu, uto Touku A, B, C u D spisiorcs
BEPUIMHAMM I1apa/LIelorpaMma?

UssectHo, uro AB = DC. Kakue emé paBHble BEKTOPBI 33Ja10T TOUKU A,
B, CuD?
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430.

431.

Jlan gerbipéxyronsauk ABCD. UssecTHO, 9TO AB = DC u |AB| =|BC|.
Onpenenure By deTbipéxyroabunka ABCD.
Jau gerpipéxyroapank ABCD. VU3BecTHO, 9TO BEKTOPBI AB n CD xon

JMHEAPHb! 1 |AC| = |BDI. Onpeznemure Buj YeTbipéxyronbauka ABCD.

432. Yro MOXKHO CKasaTb O BEKTOpE IB', ecJau EB. = E";?
i —
433. B npsamoyronsHoM Tpeyronpuuke ABC touka M — cepepuna runortexy-

434.

435.

436.

438.

sst AB u ZB = 30°. Haitture moxyiu sekropos AB u MC, ecm
AC=2 cm.

B npsivoyrosnbaom Tpeyrosibuuke ABC (£C = 90°) meanana CM pasna
6 cm. Haitaure Moy BekTopos AB u AC, ecnu LA = 30",

H3BecTHO, 94TO BEKTOPDI buc HEKOJUIMHEAPHBI. Bemop a xommHea-
PEeH Ka)JioMy U3 BeKTOpoB b n C. JIOKakuTe, 4To BEKTOP a sBAseTCs: Hy-
JICBBIM.

UssecTHo, uto BekTopbl AB u AC xonmueapHsl. JIOKaxKHUTE, YTO TOYKM
A, B n C nexkar Ha oiHOI npsaMoii. BepHo am o0parHoe yTBEpKACHHE: ec-

s roukn A, B u C nexar na oaHoi npsaMoit, To Bektopsl AB u AC xon-
JIMHEAPHBI?

. Jlnst wernipéx rouek A, B, C'u D ussectHo, 4To AB = CD. Jloxaxwure, 4To

cepeannbl otpeskos AD u BC cosnazaior. /lokaskure o6paTHOE yTBEpIK-
nenne: ecan cepennbl orpeskos AD u BC cosnanaior, to AB = CD.

UssectHo, uro MO = ON. Jlokaxure, uto Touka O — cepeiuHa OTpes-
ka MN. Jlokasxkure oGpaTHOe yrBepiaenue: ecru Touka O — cepeauna

orpeska MN, To MO = ON.

439.

440.

YnpamHeHUs ANnA NOBTOPEHUA

OpuH 13 YIJIOB NapaLIeorpaMMa paBeH MoIyCyMMe TPEX OCTAIBHBIX €ro
yraos. Haiiure yriibl napauiesorpamMma.

[lepuMeTp OAHOTO M3 JIBYX MOAOGHBIX TPEYTOJILHUKOB Ha 8 €M GOJbIIE 1ie-
puMeTpa Apyroro Tpeyroabauka. Hailjiure nepuMeTpsl JaHHBIX TPEYroJib-

1
HUKOB, eciu Ko OHUIMEHT No1o6musa paBeH 3

. Ha croponax BC u AD pomba ABCD ormernin COOTBETCTBEHHO TOUKM

M n K Taxue, uto BM : MC = KD : AK = 1 : 2. Haiiure otpesok MK,
ecin AB =a, ZABC = 60°.
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§ 13. KoopauHartbl BEeKTopa

Paccmo*rpnm Ha KOOpﬂHHaTHOPl ILTOCKOCTH BEKTOD a Ot Hauana KOOp}IH-

HAT OTJIOKMM PaBHBIH €My BEKTOP OA (pnc 99). KoopauuaTamu BexTOpa a

Ha3bIBAIOT KOOPAMHATBHI TOukH A. 3anuck a (x; y¥) osnawaer, yroO BEKTOP a
UMeeT KOOPAMHATLI (X; ¥).
Hucna X ¥ i Ha3bIBAIOT COOTBETCTBEHHO MEPBOH M BTOPOH KOOPAMHATA-

MH BEKTOpa a.

U3 onpenenenus ciaepyer, 4To pasivie 6eKMOpvL UMEIOM PAGHbIE CO-
omeemcmeyoujue KoopOunamwt. Hanpumep, Kaxablii U3 PaBHBIX BEKTOPOB

a, buc (puc. 100) umeet koopaunaTsl (2; 1).

Puc. 99 Puc. 100
Yk Iz
A a ___b' — |
I ! \ o L1 B
I
| { -
x 0 x /G—-’ 9] 1 #

Cnpasemmso 1 06paTHOE yTBEPIKICHUE: €CU COOMBEMCMBYIowuUe Ko-
opouHambL 6EKMOPOE PABGHBL, MO PABHBL U CAMU BEKMOPbL.
JleiACTBUTENBHO, €C/M OTIOKUTD TaKue BEKTOPBI OT HAa4Yala KOOPJAMHAT,

TO HMX KOHIIbI CO

BIAJIYT.

OueBuaHo, 4TO Hy/IEBOI BekTOp MMeeT koopaunaTs (0; 0).

( Teopema 13.1

[okasaTtenbcTBO

g’

Ecnu Touku A (x;y)unB (x,; ¥,) COOTBETCTBEHHO ABAAIOTCA

Ha4YanoM U HOHLIOM BeKTopa a4, To Yucna X, —

x, Wy, - ¥y,

PaBHbl COOTBETCTBEHHO NEepBOi U BTOPOIH KOOPAUHATAM BEK-

TOpa a.

Ilycte BekTOp @, paBblit Bektopy AB, umeer koopaunate! (a;; a,). Jo-

KdaXKeM, 9TO 4,

=Xy —X, 4y =

Yo~

Yy
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Eciu a =0, to yreepxaesue Teopembl ouesuano. llycts a # 0. Orno-

UM OT Hauana koopauHat Bekrop OM, pasusiit Bektopy AB. Toraa koopauna-
TbI TOUKM M pasubl (a; a,).

[Mockonsky AB = OM, 10, BoCnONB30BABIINCH Pe3yabTaToM 3aaun 437,
MOXKEM CJeJaTh BbIBOJ, UTO cepeaunbl otpeskos OB u AM cosnagaior. Koop-

O0+x, O+
auHaTh! cepeaun oTpe3koB OB u AM cOOTBETCTBEHHO PaBHBI [ S 2. 2;;2 ]
x +a y1+02] 0+x, x+a O0+yy Y +ay
% ; . Torma = : = . (dtu pas
[ 2 ) e ) 5 5 (Jru pasencrsa

BBITOJHAIOTCSA U TOrAa, Koraa Touka O conagaer ¢ Toukou B win Touka A co-
BHAZAeT ¢ TOYKOM M.)
Orciona @, =X, — X}, Gy = Yo — Y. <

M3 Gopmyisl pacCTOSHMA MEXKAY ABYMsi TOYKAMH CJIEAYET, YTO €CIU BEK-
TOp @ MMeeT KOOpAMHATHI (a,; a,), TO

|Z|=,/af +a;

3apaya. /Jlausl KOOpAMHATEI BepuuH napawieorpamma ABCD: A (3; -2),
B (-4; 1), C (-2; -3). Haiiaure koopauHaTHI BepmuHbl D.

Pewenune. Tak xak wersipéxyronbHuk ABCD — mnapaienorpamm, TO
AB = DC. CneoBatebHO, KOOPAMHATDI STUX BEKTOPOB PABHBI.

IMycts xoopanuatel Touku D pasubl (x; y). U1 HAXOKAEHMs KOOPANHAT

BEKTOPOB AB u DC BocriosbdyeMca teopemoit 13.1. Mmeem:
AB (-4 -8; 1 - (-2)) = AB(-7; 3); DC (-2 - x; -3 — ). Orciona:

-7=-2-x, [x=25,
3=-3-y; y=-6.
Oreet: D (5; —6). «

@ 1. ObbACHWUTe, 4TO Ha3bIBAKOT KOOPAWHATAMKW AaHHOrO BeKTOpa.
2. YTo MOXHO CKa3aTbk O KOOpAUHATax paBHbIX BEKTOPOB?
3. 4To MOXHO CKasaTb O BEKTOpax, COOTBETCTBYIOWME KOOPAUHATLI KOTO-
pbiX paBHbl?
4. Kak HanTu KOOpAMHaTbl BEeKTOpa, eCin U3BEeCTHbl KOOpAUHATbl ero Ha-
yana u KoHua?
5. Kak HaTv Moaynb BEKTOPa, €SI U3BECTHbI ero KoopanHaThI?
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442. C noMompio UUPKY/Id U JHHEHKH NOCTPOHTE TOYKY, KOOPAMHATBI KOTO-
PO¥i paBHbI KOOPAMHATAM JAaHHOTO BEKTOpA a (puc. 101).
443. Ornoxwure OT Hayala KOOPAMHAT BEKTOPSI a (-3; 2), b (0; -2), c (4; 0).
444. Ornoxure or Touku M (-1; 2) BekTOpBI a (1; -3), b (-2; 0), c (0; -1).
@B YnpaxueHus i T
445. HailiguTe KOOPAMHATBI BEKTOPOB, M300PaKEHHBIX HA pucyHKe 102,
TR TRy —Pt;clfl?m{!'ﬂﬂmq—v TETTVET T -rim T T ,_. YT
LT - o . et T LT — St - T ——— i i
S A =
o N [ ) (- -
z ._. =
a il
=354
+ . + . . : C
446. Haiigure KOOPAMHATEI BEKTOPA AB, ecn:
1) A (2;8), B (—1;4); 3) A (0;0), B (-2; -8);
2) A (8; 0), B (0; -3); 4) A (m; n), B (p, k).
447. Jlaunt Touka A (1; 3) u BexTOp a (=2; 1). Haitaure xoopauHaThl Touku B
TAKOM, 4TO BA=a.
448. Jlanbt Touku A (3; -7), B (4; -5), C (5; 8). Haligure KOOpAMHATBI TOY-
ku D Takoii, uto AB =CD. .
449. Or rouku A (4; -3) ornoxen Bekrop m (—1; 8). Haiaure KOOPZAUHATBI
KOHIIa BEKTOpa.
450. [lansl Toukun A (3; —4), B (-2; 7), C (-4; 16), D (1; 5). Jlokaxkure, uTo
CB=DA.
451. Joxkaxwure, uro yeThIpéxyroubauk ABCD ¢ Bepmmuamu B Toukax A (1; =5),

B (2;3), C (=3; 1), D (—4; —7) sBasiercs nmapauieJorpaMMoM.
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452. Cpemu Bextopos a (3; —4), b (—4; 2), ¢ (3; V11), d (-2, —4), ¢ (-1; -2V/6),
[ (—4; 5) naiigure TE, KOTOPbIE UMEIOT PABHBIE MOJYJIH.
453. Jlaubi Touku A (1;-4), B (-=2;5), C (1+a; -4+ b), D (-2+a; 5+ b). [lo-
——em | -
454, HaiiauTe Bce 3HAYEHU X, IPH KOTOPBIX MOJY/Ib BeKTOpa @ (x; —8) pasen 10.
455. Ilpm Kakux 3HAYCHMSX I MOAY/b BEKTOpA b (12 y) pasen 13?7
), -
456. Orpesok BM — meauana Tpeyroabauka ¢ sepmmnamu A (3; -5), B (2; -3),
C (-1; 7). HaiiguTe KOOPAMHATBI M MOJYJIb BEKTOpA BM.
457. Touxka F aemar cropony BC npsmoyronsunka ABCD B otHomennu 1 : 2,
cumrasi ot Bepmuubl B (puc. 103). Haifgure xoopaunarsr sektopos AF
u FD.
458. Touka E — cepeauna croponsi AC npamoyromsuuka OACD. Haiigure ko-
OP/IMHATBI BEKTOPOB DE u EO (puc. 104).
Puc. 103 Puc. 104
Yi
yA
5 5 :
= . 1A ;
O C D x 6 ; E 4 C
% I 24 s
O 8 x
B A 1
459. Moayib BeKTOpa a pasen 10. Ero nepsas koopauHara Ha 2 Gosblne BTO-
poii. Haliiure KoopAnHATBI BEKTOPA a.
460. Moaynb BeKTOpa [ paBeH 2, a ero KoopauHaThl pasHbl. Haiiaure koopau-
HATBI Bel{'ropa _C.
B S S

461. Touxu A (2; 5) u B (7; 5) — Bepmmubi npsmoyrombuuka ABCD. Moy

462.

sextropa BD pasen 13. Haitgute xoopauuars: Touek C u D.
Touku A (1; 2) u D (1; —6) — Bepumsb npsamoyroabiuka ABCD. Moayas

BEKTOpA AC pasen 17. Haiinmre xoopmusatst sepuna B u C.

112



£ Ynpa)HeHus ansi NOBTOPEHUs

463. J/lpa paBHBIX paBHOGEAPEeHHbIX TpeyroabHuka ADB u CBD (AB = BD =
= CD) umeroTr o6myio 6oxoByio cropony (puc. 105). Onpenenure Bug de-
Thipéxyroabuuka ABCD.

464. Ilepumerp TpeyrosibHMKa paBeH 48 cM, a ero GMCCEKTpHCA AENAT IPOTH-
BOJIEKAIIYIO CTOPOHY HAa OTpe3ky JummHoit 5 cm n 15 cm. Haiigure ctopo-
HbI TPEYTOJbHMKA.

465. bBokopas CcTOpoHa paBHOGOKOI Tparelnuy, ONUCAHHONH OKOJIO OKPYXKHO-
CTH, paBHa &, a ofvH u3 yrios — 60°. Haitgure niomazns Tpanenuu.

§ 14. ChoyeHue U BblYUTaHUe BEKTOPOB

Ecim reno nepemecrunocs u3 toukn A B Touky B, a sarem u3 Touku B
B Touky C, TO pesyabTHUpyiolee nepemenieHne u3 Touku A B Touky C ecTecTBeH-

HO TIpeAcTaBuTh B Buje BekTopa AC, cuMTas 3TOT BEKTOP CyMMOIl BEKTOPOB
AB u BC,1.e. AB+BC = AC (puc. 106).
DTOT NpUMEP MNOACKA3BIBAET, KAK BBECTU MOHSATHE «CyMMa BEKTOPOB»,

T. €. KaK CJIOXKWUTH JBA JAHHBIX BeKTOpa @ u b.
Omaosxcum om npoussonvrou mouxu A éexmop AB, pasénwviii 6exmo-

py a, a om mouxu B — eexmop BC, pasuwviii éexmopy b. Bexmop AC na-

3blBAION CyMMOM BEKTOPOB aub (puc. 107) u 3anucviearom a+b=AC.
OnucaHHbIN WITOPUTM CJIOMKEHHA JBYX BEKTODOB Ha3bIBAKT NpaBHIOM
TPeyroJabHHKA. o T ocal
9TO Ha3BaHME CBA3AHO C TEM, YTO €CJIU BeKTOpPbl @ u b Hexommneap-
Hbl, TO TOuku A, B u C 4Bas10TCA BepIIMHAMYU TPEYroabHUKa (cM. puc. 107).

Puc. 105 ~ Puc.106 ~ Puc. 107
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ITo npasury TpeyroJbHMKA MOKHO CKI/(bIBATH M KOJUIMHEAPHBIE BEKTOPDI.

Ha pucynke 108 Bextop AC PaBEH CYMME KOJUIMHEAPHBIX BEKTOPOB a ub.

T T TR TN Ty T aa T
Mo iy Pue. 108 _
PR 1 B ST S S, AT SN SRR oot L TR gt ez R Lt b i
A . B A B G
= . — ] = =
a 6

Urak, Oasn ar0bovix mpex mowex A, B u C svinoanaemca pasemn-
cmeo AB + BC = AC, xotopoe BbIpaXkaeT NpaBHIO TPEYrOJbHUKA.

& Teopema 14.1 \ L

Ecnu KoopAWHaTbLl BEKTOPOB a@ U b COOTBETCTBEHHO paBHbi
(a; a,) w (b;; b,), TO KOOpAUHATLI BEKTOpa a+b paBHbI
(a, + b;; a, + b,).

[lokasaTtenbcTBO
IMycrs Toukn A (x5 ¥,), B (x5 ¥,), C (x5 y;) Takosbl, 4TO a=AB

u b=BC. Umeem: a+b = AC. Jlokaxem, uro koopauuats: sekropa AC pas-
uel (a, + b; a, + b,). L
_ Haiizém xoopaumarts BexTopos @, b x AC: a (¥ = x5 Yp = 9
bi(%, — %5 ¥y —¥y)s AC (25— %5 U5 — 4,)-

E+b=A_C(x3 =X U —Yy) = Z_C'(xs—x2+x2 — X5 Ys Yo+t Yy~ Yy)-
C yquf TOTO, UTO X, = X} = @, X3 — Xy = b,, Yy, — Yy, = Gy, Y5 — Y, = by, nomyua-
em: a+b = AC(a, +b;a,+b,). «

3ameyaHue. OnuceiBasg IPaBUJIO 'rpeyro.rmﬂmca JUISI HAXOXK/JIEHUA CYMMBI
BCKTOPOB a Hu B MbI OTJIOXHJIM BEKTOPD a oT HPOHSBDJII:HOH Touku. Eciu Tou-
Ky A 3aMEHHUTb TOUYKOH A, TO BMECTO BEKTOpPA AC, PaBHOTO CyMME BEKTOPOB
awub, HOJIY4HMM HEKOTOPBIH BEKTOP A C,. U Teopempr 14.1 caeayer, 94TO KO-

OPAMHATBI BEKTOPOB AC u A]C1 pasubl (@, + b;: a, + b,), crenoparenbHo,

AC = AC,. 310 o3nauaer, 4TO CyMMa BEKTOPOB @ u b He 3aBUCHT OT TOTO,
OT KaKO¥M TOYKH OTKIAJBIBAETCHA BEKTOP a.
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CBOMCTBaA CIOKEHUS BEKTOPOB aHAJIOTMYHbI CBOMCTBAM CJIOKEHHSA YHCE.

Jna nobvix eexkmopoeé a, b u ¢ evinoansromcsn pasencmea:
1) a+0=a;
2) a+ b = b+ a — nepemecturenbHOE CBOMCTBO;

3) (@+8)+c=a+(B+¢) — coseraremsnoe cpoiictso.

Jlns nokasatenbcTBa 3THX CBOMCTB JOCTATOYHO CPaBHHTh COOTBETCTBY-
IOIME KOOP/IMHATBI BEKTOPOB, 3aIIMCAHHBIX B IPABOI M JIEBOU YaCTSAX PABEHCTB.
Caenaitre 310 CaMOCTOATENBHO.

Cymmy Tpéx u Gonee BEKTOPOB HaXOJAT TAaK: CHAaYala CKJIQJIbIBAIOT Iep-
BbIii U BTOPOI BEKTOPbBI, 3aTE€M CKJIAAbIBAIOT IOJYYEHHBIN BEKTOP C TPETbHUM

u 1. A. Hanpumep, E+E+E= (E+3)+E

M3 nepemMecTUTENHHOTO U COYETATENBHOrO CBOMCTB CIOXKEHUs BEKTOPOB
CJIeflyeT, YTO NPU CJIOKEHUH HECKOJbKUX BEKTOPOB MOMHO MEHATH MECTaMH
ClaraeMble M pacCTaBisTh CKOOKM JIOGBIM CIIOCOGOM.

B ¢usuke 4acTo NpUXOAMTCA CKAABIBATH BEKTOPbI, OTIOKEHHbIE OT Of-

Ho# Toukn. Tak, ecam x Teny npunoxenst cuisl [ u F, (puc. 109), To pasHo-

JACUCTBYIOIIAs 3TUX CHJI paBHA CyMME: :FT % F’;
s HAXOMKAEHUS CYMMBI JIByX HEKOJUIMHEAPHBIX BEKTOPOB, OTIOKEHHBIX
OT OJIHOI TOYKH, YIOGHO MOJIb30BATHCS MPABHIOM IAapa/UIe/IorpaMMa JUIst CJIo-
JKEHHS BEKTOPOB. . .
[TycTh Hao HaWTH CyMMy HeKoJUuIMHeapHbix BektopoB AB u AD

(puc. 110). OTno)XHUM BeKTOp R. PAaBHBINM BEKTOPY AD. Torma AB+AD =

= AB + BC = AC. ITockonbKy BeKTOpBI BC n AD PaBHBI, TO YETBIPEXYTOJIb-
Huk ABCD — napaunenorpamm ¢ auaroHansio AC.

[Tpuseaénnpie cOOBPaKEHHA MO3BOAAIOT CPOPMYIMPOBATH HPABWIO I1a-
pajIeIorpaMMa JUIs CIOKEHUsI HEKOJUIMHEAPHBIX BEKTOPoB a@ n b.
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Omanodcum om npouseorvnol mouku A eexmop AB, pasHbiil eexmo-
Py a, u 6eKmop AD, pasiwviii sexmopy b. Iocmpoum napannenozpamm
ABCD (puc. 111). Tozda uckomas cymma a+ b pasna eexmopy AC.

& Onpepenenune \
Pa3HOCTbIO BEKTOPOB a W b Ha3bIBalOT TaKoW BeKTop c,

CyMMa KOTOpOro ¢ BEKTOpomM b paBHa BEKTopy a.

IMumyr: ¢ =a-b.
IToxaxeMm, Kak MOCTPOUTH BEKTOP, PaBHBIH Pa3HOCTH JAHHBIX BEKTOPOB

amnb.
Ot npousBoibHOit Touku O ornoxum sekropst OA u OB, coorBercren-
HO pasHble BekTopam @ u b (puc. 112). Toraa Bexrop BA 6yser pasnocTbio

a-b. HeicTBuTensHO, OB + BA = OA. CrnepopaTenbHO, TIO ONPEAEIECHUIO pas-
HOCTH JIBYX BEKTOPOB OA-OB = BT‘L T.e. a- b= BA.

Puc. 111 o _ Puc. 112

———— T C—— |
7, %
a 7] |

B el A

Ha pucynke 112 sexroper OA u OB sexonmueapusr. OfHaKo onucas-
HBIH AITOPUTM NPUMEHUM M JUIS HAXOXEHUS PA3HOCTH KOJUIMHEAPHBIX BEKTO-

pos. Ha pucynkax 113, @ u 6 Bekrop BA paBeH PasHOCTH KOJLUIMHEAPHBIX BEK-

TopoB a u b.

_ Puc. 113
a a b
— A ———
B 0] A O B A
- - —  —
a
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Urtak, 0na ar0bvix mpéx mouex O, A u B evitnoansemcs paeen-

cmeo OA - OB = BA, xoropoe BbipaxaeT HMPaBAIO HAXOXKAEHHS Pa3HOCTH
ABYX BEKTOPOB, OTJIOKECHHBIX OT O,I[HOﬁ TOYKH.

—

ECnM KOOPAWHATBLI BEKTOPOB @ M b COOTBETCTBEHHO PaBHbI
(a; a,) m (b;; b,), To KOOpAUHaATLI BEKTOpa a-b paBHbI
(a, - b;; a, - b,).

(8 Teopema 14.2

JloxaxkuTe 3Ty TEOpEMY CaMOCTOATENBHO. B
N3 reopemnr 14.2 CHIENYET, UTO JUIs moﬁbtx BEKTOPOB awub CymeCTBYET

€/IMHCTBEHHbII BEKTOD C TaAKOM, 4TO d — b L.

]{@ Onpepenenne \

| ABa HeHyneBbiX BEKTOpa Ha3biBalOT NMPOTUBONONOMHbLIMM,
€C/IM MX MOAY/NM paBHbl U BEKTOPbl MPOTUBOMOJIOMHO Ha-
npaBieHsbl.

—_

Ecmnm BEKTOPbI d H b ﬂpOTHBOl’IOJ’lO}KHbI, TO TOBOPAT, YTO BEKTOPD a

TIIPOTHBOIOIOXKHBIH BEKTOPY b,a BEKTOP b - NPOTHUBOTIOIOKHDI BEKTOPY d.
BekTopom, NpOTHBONONOKHBIM HYJIEBOMY BEKTOPY, CUMTAIOT HYJIEBOI
BEKTOP.
BekTop, NpOTHBONONIOKHBINA BEKTOPY a, 0603HAYAIOT TaK: ~d.

W3 onpeznenenus caeayer, 4To BEKTOPY AB [IPOTUBOIIONOKHBIM ABJIAET-
cs Bexrop BA. Toraa s mobvix mowex A u B evinonnsemcs paeen-
cmeo AB =-BA.

M3 npasuia TpeyroibHMKa CIEAyeT, 9TO

a+(-a)= -

A M3 3TOro pPaBeHCTBA CJICAYET, YTO €CJIU BEKTOP @ HMMEET KOOPAMHATBHI

(a,; a,), To BEKTOP -a umeer KOOPAMHATHI (—d; —a,).

@ Teopema 14.3 \— =

Ana no6biX BEKTOPOB a u b Bbinonusercs paBeHCTBO

a-b=a+(-b).

st JoKazaTenbeTBa A0CTATOYHO CPABHUTH COOTBETCTBYIONIHE KOOPAUHA-
Thl BEKTOPOB, 3aITMCAHHBIX B IPABOil U JIeBOM yacTsx paseHcTsa. Caenaiite aTo
CaMOCTOATEIBHO.
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Teopema 14.3 MO3BOJAET CBECTH BHIYHTAHME BEKTOPOB K CIOKCHHIO:
umobbL u3 eexmopa a eviuecmv eexmop b, moxcHo K eexmopy a npuba-
8UMb GEKMOP -b (puc. 114).

3apaya. /lnaronamm napauiesorpamma ABCD nepecekaiorcs B Touke O
(puc. 115). Beipasure BeKTOPBI AB, AD u CB 4yepes BEKTOPBI CO=a
u BO =b.

SRS T T T

Puc. 114 et s
P i o e " [ WO g s La ns s )"L“'—'ﬂ

Pewexune. Tak kak Touka O — cepeauna orpeskos AC u BD, 1o
OA~CO=d u OD=-BO=-b.
Nmeem:
AB=AO+0B=-0A-BO=-a-
E:@'—ﬁ:b—
CB=-AD=a-b.«

(é 1. OnuwwuTe Npasuno TpeyronbHMUKa AN HaxOXAEHUsA CyMMbl BEKTOPOB.

2. Kakoe paBeHCTBO BblpaxaeT NMpaBuno TPeyronbHWKa AN HaxoXieHus
CyMMbl BEKTOPOB?

3. YeMy paBHbl KOOpAUHAaTLI BEKTOpPa, PaBHOro CyMMe ABYX AaHHbIX BEK-
TOpoB?

4. 3anuwunTe paBeHCTBa, BbipaXaiolue CBOMCTBA CIOXEHUS BEKTOPOB.

5. OnuwuTe npasBuno napannenorpaMmma Ans HaxoXAeHWUs CyMMbl ABYX
BEKTOPOB.

6. Kakoi BEKTOpP Ha3blBalOT Pa3HOCTbIO [1BYX BEKTOPOB?

7. Kakoe paBeHCTBO BbipaxaeT NpaBuio HaxoXAeHUs pasHOCTU ABYX BeK-
TOPOB, OTNIOXEHHbIX OT OAHOM TOYKK?

8. Yemy paBHbl KOOpAWHaTbl BEKTOpa, PaBHOro Pa3sHOCTUM ABYX AaHHbIX
BEKTOpPOB?
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9. Kakve BeKTOpbl HasbiBaloOT npomaononoxublmn"

10. Kak 0603Ha4aloT BEKTOp, NPOTUBOMONOXHbIN BEKTOPY a?
11. Kak MOXHO CBECTU Bbl4MTaHME BEKTOPOB K CNIOXEHUIO BEKTOPOB?

@ NpaxkTuyeckue 3agaHun \*

466.

C nmomompio npasuia TPEyroJbHUKa MOCTPOMTE CyMMY BEKTOPOB a ub,
M300pakE€HHBIX Ha pucyHke 116.

467.

468.

469.

470.

471.

472.

473.

474.

C nomompio npasuia napauiesorpaMma IocTpoiTe CyMMy BEKTOPOB d
u b, u306paKEHHBIX Ha pucyrke 116, @ — 2.
Hast BEKTOPOB awub, M300paKEHHBIX HA pucyHke 116, mocrpoiite Bek-

Top a-b.

Haueprure TPEYroNbHUK A, ABC. Otoxure OT TOYKH A BEKTOpP, IPOTHBO-
nonoxubii Bexropy: 1) AB; 2) CA; 3) BC.

Haueprute mapauienorpamu ABCD. Tlocrpoiite Bextopsi BC + BA,

BC +DC, BC +CA, BC + AD, AC + DB. o
Hauepture tpeyronbuuk MNP. Tlocrpoitre Bextopst MP + PN,

MN + PN, MN + MP. .
Haueprure napamwrenorpamm ABCD. Tlocrpoitre Bexktops: BA - BC,
BA-DA, BA- 4D, AC - DB. -
Hauepture tpeyromsauk ABC. Ilocrpoiite Bexkropst AC —CB, CA - CB,
BC-CA. -
Ormersre yersipe Toukn M, N, P, Q. Tlocrpoitre Bekrop MN + NP + PQ.
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475. Jlns BeKTOpPOB a, bwuc, n300pakEHHbBIX Ha pucyHke 117, nocrpoiire Bex-

top: 1) E+3+E; 2) E+5—E; 3) —a+b+c.

Puc. 117

476. OrnoXHUTE OT OAHOH TOYKHM TPH BEKTOPA, MOAYJIN KOTOPBIX PaBHBI, TaK,
9TOOBI CyMMa JIBYX M3 HHMX OBLIA paBHA TPETHEMY BEKTOPY.
477. Ornoxure OT OJHOM TOYKM TPU BEKTOPA, MOJYJIN KOTOPBIX PaBHBI, Tak,

9TO6BI MX CyMMa GbLTa paBHA HYJIb-BEKTODY.

478. Jlns rouek A, B, C, D, n3o6pakéHHBIX
Ha pucynke 118, nocrpoiire Takoil Bek-

Puc. 118

TOp x, aro6s1 AB+CB+CD + x = 0.
479. Haueprture rtpeyroasuuk ABC. Tlo-
cTpoiiTe Takyio Touky X, 4TOOBIL:

1) AX = BX + XC;
2) BX = XC - XA.

A.

( @9 YnpamHenus

480. Jau Tpeyroibuuk ABC. Beipasute BEeKTOp BC uepes Bexrops:

1)@HA_.B;
9) AB u AC.

481. Jau napawienorpamm ABCD. Beipasute BEKTOPDI AB, BC,

BEKTOPBI CA=a, CD =c.

482. Jlan napamenorpamm ABCD. Beipasure sexropst AC, BD,

BEKTOPBI BA=a, DA=b.

483. Jlan napawienorpamm ABCD. Boipasure Bextopst BC,

BEKTOPDBI A—-B = E. ﬁj = _b'
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484.

485.

487.

488.

489.

490.

491.

492.

493.

494,
495,

496.

497.

Hokaxure, yto and mobbix Touek A, B, C, D BbINOAHAETCS PpaBEHCTBO:
l)A_'B+B_(f=ZD'+§E'; 3)R+ﬁ—ﬁ=ﬁ.

9) CA-CB = DA - DB:

Hoxaxure, ato i modbix Touexk A, B, C, D BbINOJHAETCS PaBEHCTBO:
1) BA+AC =BD + DC; 3) BA-BD + AC = DC.

9) AB- AD =CB -CD:

. Touku M u N — cootBercTBenHO cepeaunsi ctopon BA u BC tpeyroas-

uuka ABC. Bripasure BeKTOpbI AM, NC, MN, NB 4epe3 BEeKTOPbI
BM =m w BN =n.

B mapamnenorpamme ABCD puaronanu nepecekaorcs B Touke O. Jloka-
JKHUTE, 4TO (74+O—B+O_C'+(_)ﬁ = 0.

Hannl getsipéxyroabuuk ABCD n Hexkoropas touka O. MssectHo, 4T0
AO+0B=DO0 +O0C. Hoxaxwure, 4ro yerbipéxyronbnuk ABCD — na-
paJ'UICJ'IOI‘paMM.

Mansbr yerpipéxyronpauk ABCD un Hekoropas touka O. Ussectno, uto
OA - 0D = OB - OC. Jloxaxure, uro derpipéxyroabauk ABCD — mapai-
JleJIOT‘paMM

Jlausr Bextopst @ (4; —5) u b (~1; 7). Haitgure:

1) KOOpAMHATEI BEKTOPOB & + b, a — by

2) [a+3l, [a-3l.

Hanbl Touku A (1; -3), B (4; 5), C (-2; -1), D (3; 0). Haiigure:

1) koopmunars! sexkropos AB + CD u AB-CD:;

2) |AB +CD|, |AB-CDl.

Cymma BEKTOPOB a (5; -3) n b (x: 4) paBHa BEKTOpY ¢ (2 y). Haiijure x
Eyyl\;ma BEKTOPOB a (x; -1) u b (2; y) paBHa BeKTOPY ¢ (~3; 4). Haitqure
ﬁ;ayr;emop MN (3; =5). Haiigure KOOpAMHATHI BEKTOpa NM.

Cropona pasnocropousero tpeyroasunka ABC pasna 3 cm. Haiimure
|AB + BC|.

Karer pasno6eapennoro npsimoyrosibnoro tpeyronsuuka ABC (£C = 90°)

pasen 4 cm. Haiigure |AC + CB|. R o e
Janbt Toukn N (3; =5) u F (4; 1). Haiigure |ON —OFl " IFO +ONL rae

O — npou3sBoJIbHAs TOYKA.
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00

? 498. Jlokaxure, 94TO JUIsl JIOOBIX 72 TOYEK A, A2 .y A, BBINOJHAETCS PaBEeH-

499.

500.

501.

ctBo AA, + LA + AA +..+ A A A1_A,:

Jlokaskure, 9TO i JIOOBIX TOYEK A, B, C, D, E BbInOJHAETCH PABEHCTBO
AB+BC +CD + DE + EA =0.

Bripasute Bektop AB uepes Bexrops a, b,

¢, d (puc. 119). A B
B napauienorpamme ABCD rouku M, N, K — 7 P §
cepeamHbl CTOPOH cooTsercTBenno AB, BC

u CD. Bblpaaﬂ're BEKTOPEI BA u AD uepes b c

exropst MN = m, KN =n.

502. B mapawrenorpamme ABCD nauaronanu TIEpeCeKaloTCA B TOTKe O. Boipa-
sure Bextopsl BA n AD uepes BexTopbl DO =a, OC =b.

503. Jlan uetnipéxyronsunk ABCD. Jloxaxure, 4TO MC + C"'E' +BD = MA-
— DA, rne M — npou3BoJibHasi TOYKA.

504. Yerwipéxyrorbuuk ABCD — mnapannenorpamm. Jlokaxure, 4TO
BM + MD + DC = CD + AC, rae M — npousso/bHast TOYKa.

505. Yersipéxyronbauk ABCD — napauienorpamu. Jlokaxure, 4TO:
1) AD-BA+DB-DC = AB;
2) AB+CA-DA=0.

506. B tpeyroasuuke ABC nposenena meamana BM. Jlokaxure, 4To:
1) MB + BC + MA = 0;
9) MA+AC + MB + BA =0. ~

507. Hdoxaxkure, YTO V1Sl HEKO/UTMHEAPHBIX BEKTOPOB a n b BuONHSETCH He-
PaBEHCTBO @+ Bl <lal +8l.

508. Jlokaxure, 4TO /Uil HEKOJUIMHEAPHBIX BEKTOPOB a u b BemonHseTCsH He-
PaBEHCTBO 2 - Bl <al +[8l.

e ) B e

509. /lis HeHyJAEBbIX BEKTOPOB @ W b BHINOTHAETCS PaBEHCTBO |a + b! =
= IE| + IZ-Il Jlokaxkure, 9TO a b,

510. Jlns HeHyJEBbIX BEKTOPOB @ n b BomonHAETCH PaBEHCTBO la-8l =
=|al +[Bl. oxaxure, aro a TLb.

511. MoxeT i GbITh HY/IEBBIM BEKTOPOM CyMMa TPEX BEKTOPOB, MOJYIH KOTO-
PBIX PaBHBL:
1) 5; 2 3; 2)4 63 3) 8;9; 18?
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512. Jlnaronanmu yernipéxyronsuuka ABCD nepecexaiorcsa B Touke O. Masect-

o, uro OA + OB +OC +OD = 0. Hoxaxure, uro ABCD — napanreno-
rpamMm. R .
513. Bekropst MN, PQ wu EF nonapHO HEKOLJIMHEAPHbI, NPUIEM

MN + PQ + EF = 0. Jlokaxure, 94TO CyWECTBYeT TPEYrOIBHHMK, CTOPOHBDI

Koroporo pasubl otpeskaMm MN, PQ u EF.

514. Jloxkaxure, uto i napawiesorpamma ABCD u npousBosibHOM ToOuku X
BBITIOJIHSAETCS PaBeHCTBO XA + XC = XB + XD.

515. Jlaus! nse Toukn A u B. Haiigure reomeTpuueckoe Mecto To4ek X TakuXx,
aro |AB + BX| =|4B.

516. Jlauw! ne Toukn A u B. Haiigure reomerpuyeckoe Mecto Toyek X Takux,
uro |AB + BX| = |BX|.

B 7 S—

517. Mepunans! Tpeyroasauka ABC nepecexaiorcs B Touke M. JlokaxuTe, 9T0
MA + MB + MC =0.

518. Ha croponax Tpeyroabuuka ABC BO BHEIIHIOW CTOPOHY MOCTPOEHbBI Ha-
pawienorpammel AA B\ B, BB,C,C, CC,AA. Tlpambie A A,, B\B,, C,C,
HONAapHO HemapauleabHbl. JIOKaKUTe, YTO CYIeCTBYeT TPEYrOIbHHK, CTO-
POHBI KOTOPOro pasHbl oTpeskam A A,, BB, u C,C,.

——

519. B rtpeyromsuuk ABC Bnucan napawienorpamm CDMK Ttak, uto yron C
y HuX obmuii, a Toukn D, M n K npuHamiexaT COOTBETCTBEHHO CTOPO-
Ham AC, AB u BC rpeyronpauka. Haiiiure cTOpoHBI napawienorpam-
ma CDMK, ecim ero nepumerp paseH 20 cm, AC =12 cm, BC =9 cm.

520. Tpwu okpyxHOCTH, paauychl KOTOPBIX paBHbl 1 cM, 2 cM 1 3 cM, nonapHO
KacaioTcs BHEIIHe Apyr apyra. Haiiaure paamyc OKpyXHOCTH, NPOXOAS-
el Yepes MEHTPBI JaHHBIX OKPYKHOCTEH.

521. JloxaxxuTe, 4TO IUIOmAJb NPABHJILHOIO MIECTHYrOJbHHKA, BIMCAHHOTO

3
B OKPYKHOCTDb, COCTaBJAAECT Z 0@ MTPABHJIbHOTO mECTHYTOJIbHUKA,

ONMUCAHHOTO OKOJIO 3TOM OKPYKHOCTH.
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§ 15. YMHOXEeHMe BEeKTopa Ha YMcno

IlycTb 1aH HEHYJIEBOH BEKTOP a. Ha pucynke 120 Pue. 120
M300paXKeHbl BEKTOP AB, PAaBHBINA BEKTOPY a+a, n
sexrop CD, pasusiit sextopy (-a) + (-a) + (~a). Oue- v //‘VB
BHIHO, 4YTO A

C
4Bl = 2lal w 2B G, p
|cD| = 3lal u CD M a.

Bekrop AB oﬁoauaqalo'r 9G4 W CYNTAIOT, YTO OH TIOJNYYCH B pesyabTaTe

YMHOXKEHHS BEKTOpa @ ma wucnao 2. AHATOTHYHO CYMTAIOT, 9TO BekTop CD
noJydaeH B pesyiabTare WHO}KGHHH BEKTOPA a Ha YHCIO —3, M 0003HAYAIOT
CD = -

DTOT NpUMEP MOACKA3bIBAET, KAK BBECTU NOHATHE «YMHOKEHME BEKTOPA
Ha YUCIIO».

Onpepenexnue \ .
MpousBeaeHUeM HEHY€BOro BEKToOpa a4 W 4uchna k, otnny-

HOrO OT HYNAl, HA3bIBAIOT TaKoW BekTop b, uTo:

1) 6l = kllal; U
2)ecnu k>0,70 bTTa;ecnmk<0,70 b Tla.

Eciu a =0 wm k =0, 7o cumraior, uro ka=0. [ T
Ha pucynke 121 nsoBpaxensl BekTopsi @, —2d, 57 —2»
9= = | s———
—da, ‘Jga. [ gﬂ_f
o
W3 onpeaeneHus CIegyeT, 4To =
l-a=a Ba
== )

-l1l-a=-a
Taxe u3 OnpeacIeHud CJICAYET, YTO ecju b ka, mo 6eKmopul a u

b xonnuneapmuot. _
A ecin BEKTOpPHI 4 " b KOJUTMHEAPHBI, TO MOJKHO JIH NPEeACTABUTH BEK-

Top b B Buze npomssenenus ka? OTBeT AaéT creAyomans TEOPEMa.



(@ Teopema1s1  \ -

!

ECNM BEKTOPbI @ U b KonnMHeapHbi M a # 0, TO CyliecTyeT
TaKoe uucno k, yro b = ka.

[oKasaTtenncTBo
Ecau b =0, To npu k = 0 nonysaem, uto b = ka.
Ecm b#0, o wm a 15, wm a TL5.

1) Mycrs a 11 b. Pacemorpum sextop ¢ = ka, e k = | |
a

IMockomsky & > 0,

10 ¢ T a, crenosaremsuo, ¢ TTh. Kpome toro, |c| = klal = [Bl. Taxum o6pa-
30M, BeKTOpbI b M ¢ coHampaBieHs u MoxyM uX pasubl. Orciona b = ¢ = ka.

2) Iycrs a T b. Pacemorpum sextop ¢ = ka, rae k = —: : Just aTOTO
a
CJTydas 3aBepUINTe JOKA3aTeAbCTBO CAMOCTOSATENBHO. <

Teopema 15.2 \

Ecnu BekTop a wmeer KoopauHaThl (a,; "2)- TO BEKTOp ka
umeeT KoopauHaTtel (ka,; ka,).

[oKasaTtenbcreo

Eciu a =0 wwm k= 0, TO yTBepiKIeHUe TEOPEMbI OUEBHIHO.

Ilycts @ #0 u k # 0. Pacemotpum Bextop b (ka,; ka,). Tloxaxem, uro
= ka.

Hmeen: |B] = Jm = |k|m = |kllal.

Otmnoxum OT Hawana kKoopausat Bektopsi OA u OB, pasubie cooTBer-

cTBenHO BexTopam @ u b . Tak kak npsimasi OA IpoXoauT yepe3 Havaio Koop-
JMHAT, TO €€ ypaBHEeHHE uMeeT Bua ax + by = 0.

roit npaMoit npuHaIeKNT Touka A (a,; a,).

Tornraa-a, +b-a,=0. Orciona a (ka,) + b (ka,) =0

Caenosarenvno, Touka B (ka,; ka,) Taxxe npunamiexut npamoit OA, no-

sromy Bekropsl OA u OB xommmeapnsy, T. €. a || b.

Ipu & > 0 uucna a, u ka, nmeoT oquHaKOBbIE 3HAKN (MM 062 paBHbI HY-
o). Takum ke cBoiicTBOM 06aa7a0T UMCIA a, n kaz. CrnenosarenbHo, npu
k > 0 Touxku A u B nexat B OAHOI KOOPAMHATHON YeTBEepTH (WM HA OHOM KO-
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OPAMHATHOM JIy4€), IOITOMY BEKTOPbI OA u OB coHamnpasieHsl (puc. 122),
r.e. aTTh. ITpu & < 0 BexTOpBI OA u OB GyAyT MPOTHBOIIOJOXHO Harpas-

nenHbiMuU, T. €. @ 14 b. 3
Wrax, Ml noayguiu, uyto b = ka. <

CnepcrBeue 1 \ —
BeKTopbi E(al; a,) n b (ka; ka,) konnmHeapHsi.

CnepcrBue 2 e
Ecnu BeKTopbi E(al; a,) n b(b; b,) KonnuHeapHbl, NPU4EM

az 6, TO CyWecTBYeT TaKoe Yucno k, uro b, = ka, w b, = ka,.

C nomonibio Teopemsl 15.2 MOXKHO 0KA3aTh TaKUe CBOHCTBA YMHOXKEHH A
BEKTOpa Ha YHCJIO.

Jna n106wvix vucen k, m u 1106vix eexmopoé a, b cnpasednusvi
paeencmea:

1) (km)a = k(ma) — couerarensnoe cpoitcTso;
2) (k+m)a = ka + ma — nepsoe pacnpesennTenbHOE CBOWCTBO;

3) k(a+b) = ka + kb — sropoe pacnpeaemTeBHOE CBOMCTBO.

,ILFIH JAOKA3aTEJIbCTBA 3THX CBOMCTB JAOCTATOYHO CpaBHHTb COOTBCTCTBY-
IOI{HE KOOP/IMHATBI BEKTOPOB, 3alIMCAHHBIX B [IPABBIX M JICBBIX YACTAX PABEHCTB.
CaenaiiTe 3TO CaMOCTOSATENIbHO.,

ATH CBOICTBA NMO3BOJSIOT NMPeO6GPA3OBBIBATH BbIPAKEHUSA, COAEpIKAIHe
CyMMbI BEKTOPOB, paanocru BCKTOPOB n HPOH3BCI[CHHH B(‘)KTOPOB Ha 4YHCJIO,
AHAIOrMYHO TOMY, KaK MbI IpeoGpa3oBbiBacM airedpandeckne BhIPAKEHU.

Hanpuwmep, 9(a-3b)+3(a+b)=2a-6b+3a+3b=5a-3b.

3apaua 1. /loxaxxure, 94TO €CIH OA = k(ﬁ. To Touku O, A u B nexar Ha
O/HO¥ NPAMOH.

Pewenue. 13 ycioBus ciefyeT, 9YTO BEKTOPbI OA u OB xommineapubr.
Kpome Toro, 3Ti BEKTOPbI OT/I0XKeHbI OT 0HOo#t Toukn O. CrepoBareibHO, TOY-
ki O, A u B nexar Ha OAHOI NpAMOM. <

3apaya 2. Touka M — cepeauna orpeska AB n X — nponasoJibHas TOYKA
(puc. 123). Jokaxure, 4TO XM = %(E + XB).

Pewenue. IIpuMensas npaBuio TPEYrojibHUKA, 3aNHIIEM:
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XM = XA + AM;

XM = XB + BM.

CJ103KMM 3TH JIBA PaBEHCTBA:

9XM = XA + XB + AM + BM.

Tak kak BEKTOpPBI AM u BM NPOTUBOINOJONKHBI, TO AM + BM =0.

Umeem: 2XM = XA + XB. OTrcona XM = é(m+ YB.) <

3apaya 3. JlokaxuTe, 9TO CEpeAMHbI OCHOBAHUI TPANeMy U TOUKa nepe-
CEeYEHHUs NPOJOJKEHHH €€ GOKOBBIX CTOPOH JIEKAT HA OJHOM IPAMOM.
Pewenue. Ilycts Toukn M u N — cepeannsl ocnosanuit BC u AD Ttpane-

mmn ABCD, O — Touxa nepecedenus npambix AB u CD (puc. 124).

Puc. 122 e JT v
Puc. 12: - _Puc.124
A
5 yA 0)
A
A
M B c
. M
1) x B
- A D
N

ITpumenas knodeByio 3azady 2, 3anumem:
W:%(@EW), W=%(EZ+O_D').
Tax xak OB |OA u OC | OD, to OB = kOA u OC = k0D, tae k u k, —

HEKOTOPbIC YMCJIA.

OB OC
Tax kaxk ABOC © AAOD, to 0A-0D" CaenoBarensho, k= k.

Hmeem: O"""'M=%(O_'B+O_C’)=%(k674'+k®)=k-%(m+6ﬁ)=k-07\"f.

W3 xmouesoii 3agaun 1 creayer, uyro rouku O, M, N nexar Ha oaHOI Tpi-

MOI1. <
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3agava 4. Jlokaxure, 4ro ecaim M — TOuKa MepecevyeHHss MEIHaH Tpe-
yroavunka ABC, to MA + MB + MC = 0.
Pewenue. Tlycrs orpesku AA , _ i
BB,, CC, — mepuanbi Tpeyronbuumka | Pue.125
ABC (puc. 125). Umeem: B )

A4, = 3 (4B + AC),

BB, = 2(BA + BC);

CC, = (CB+CA)

Orciona AA, + BB, +CC, =
(AB+BA+BC+CB+AC+CA) =

U3 cpoiicTBa MeAMaH TpEyroabHHKa cieayer, uro AM = AA1 Toraa

1
2

=-= E Ananoruuno MB=-= B_B:. MC = _2C0C C OTcrona

3
. vl

IEI

BB,

MA + MB + MC = (AA1+BB +CC,)=0

oDIN.'t

WIN}

-.\3[1\9
“l
L]

B ykasanuu Kk 3agade 517 npusenén apyroit cnoco6 e€ penieHusi.

rﬁ_ 1. Y10 Ha3bIBAIOT NPOU3BEAEHNEM HEHYNEBOro BEKTOPa @ Ha 4vcno k, ot-
NnUYHOE OT HynsA?
2. Yemy paBHO Npou3BegeHue ka, ecnv k=0 unm a=0?

3. YTO MOXHO CKa3aTb O HEHYNeBbIX BEKTOpax a w b, ecwm b=ka, rpe
k — HekoTopoe Yyucno? . L
. U3BecTHO, yTo BekTOpbl @ u b KonnuHeapHbl, npuyém a # 0. Kak

F-3

MOXHO BbIpa3uTh BEKTOp b uyepes BekTop a?

5. BekTop @ umeet koopauHatsl (a,; a,). HeMy paBHbl KOOPAWHATbI BEKTO-
pa ka?

6. YTO MOXHO CKa3aTb O BeKTOpax, KOOpAMHaTbl KOTOPbIX paBHbl (a,; a,)
v (ka,; ka,)?

7. Kak cBfi3aHbl Mexay coboil COOTBETCTBYIOWME KOOPAUHATbI KOnnuHe-
apHbiX BEKTOPOB a (a; a,) m b (by; by)?

8. 3anuwuTe coyeTaTenbHOE W pacnpeaenuTeNbHbie CBOMCTBA YMHOXEHUS
BEKTOpa Ha Yncno.

128



( l! .|'('r|m u. .
\___ oF

. Jlaubi BexTopsl @, b u ¢ (puc. 126). ITocrpoiite BekTOp:

z o ) 23 _17
1) 2b; 2) =2 3) s a; 4) -z a.
523. Jlasbl BEKTOpPBI a, buc (cm. puc. 126). IlocrpoiiTe BekTOp:
1= _of. _2=
1) Eav 2) Qb, ) 3 G
524. Jlanbl BEKTOPBI awu b (puc. 127). IlocTpoiite BexTOp:
1) 24+ b; 9) 1 a+b 3) a——b 4) é %?5.
E— ,....,.,,, = “- _. L ,_P“_t.:.._i__z_?_ —

525. TlocTpoiiTe /Ba HEKOJUIMHEAPHBIX BEKTOPA X owm ; OrmeTbTe KaKylo-1u-
60 Touxy O. Ot Touku O OTIOKHUTE BEKTOPBL:
1) 3% +7; 9) x +27; 3) —éhs‘yf; 4) —232-%;.
T g —
526. Ilocrpoiite Tpu Touku A, B u C takue, 4To:
1) AB=2AC; 9) AB=-3AC: 3) BC =%Z§; 4) A_'C_“BC.

527. Haueprure tpeyroabuuk ABC. OtmerbTe TOUKy M — cepeauHy cTopo-
ue1 AC.

1) Or Touku M OT/I0)KHUTE BEKTOD, PABHBINH BEKTOPY lCm'B.

C.

2) Ot Touxku B OTI0XKHUTE BEKTOP, PAaBHBIA BEKTOPY o 1B4 +—;—
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528. Haueprure tpanenuio ABCD (BC || AD). Ormersre TOuky M — cepenu-
Hy croponbl AB. Or Touku M OTJIOXWUTE BEKTOpP, PaBHbIH BEKTOPY
157, 197
—BC + - AD.
2 2

529. Haueprure rpeyromsauxk ABC. IlocTpoiite BEKTOp, paBHBIA BEKTOPY
%A—C, TaK, 4TOObl €ro HaYajIo0 MPUHAIEKANIO cTopoHe AB, a xoHen —
cropone BC.

FER——

_(_\g)f_pgmu_

530.

531.

532.

533.

534.

535.

536.

537.

538.

Haiire MOZy/M BEKTOPOB 3 —%m ecau |m| =

2 ~ 1- -
Kakoit u3a Bexropos, 3a win —3 @ COHANPpABJIEH C BEKTOPOM @, €CIH

a#0?
Hewnynessie Bextopsl @ u b apasiorcs conanpameuubma WM [IPOTHBO-

TOJIOXKHO HalpaBJIeHHbIMHE, ecyu: 1) b = 2a; 2) a= ——b 3) b = \2a? Hait-
JIUTE OTHOIIEHHE %.

Beipasure BexTop p 13 paBeHcTBa: 1) q 3p. 9) AC = B. 3) %5 =?;':
4) 2p = Sq.

B napamrenorpamme ABCD puaronamm nepecekaiorcs B Touke O. Boipa-
aure: 1) BexTOp AO Yyepes BEKTOP AC; 2) sextop BD yepes3 BEKTOP BO;
3) BexTOp co yepes BEKTOP AC.

B mapannenorpamme ABCD auarosanm nepecekaiotcs B Touke O,

AB =a, AD = b. Buipasure sexrop AO uepes sexropst @ u b.
B napawienorpamme ABCD wa auaronann AC ormernmnm Touky M Tak,
uro AM : MC =1 : 3. Beipazure BEKTOD MC uepes Bextopsl @ u b, rae
a=A4B, b=AD.

B mapanreorpamme ABCD Touka M — cepeita CTOPOHB . BC, AB =a,

AD = b. Bripasure sexropst AM u MD uepes extopsi a4 u b.
B rpeyronbauke ABC touku M u N — cepeaunsi cropon AB u BC coot-

BETCTBEHHO. Bripasure: 1) BexTOp MN uepes BexTop CA; 2) BEKTOP AC

uepes sextop MN.
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539.

541.

542.

543.

544,

Ha orpeske AB jumnoii 18 cm ormetiumi Touky C tak, uto BC = 6 cm. Bor-
pasure: 1) BekTop AB 4yepes BEKTOp AC; 2) BEKTOP BC 4epe3 BEKTOP
AB; 3) BEKTOP AC yepes BEKTOp BC.
Jan Bexrop a (—4; 2). Haiigure KOOPJIMHATBI ¥ MOJAYJIU BEKTOPOB 3a,
| el e
§a, Qa.
Han sexkrop b (—6; 12). Haiiaure KoOpAMHATBI M MOAYIH BEKTOPOB 2b,
~1F 2%
6 3
Jlan BexTOp a (3; —2). Kakue us sexropos b (-3; -2), ¢ (-6;4), d (g— -1),

e [_1; _%J 7(—3\@: 2\@) KOJUIMHEAPHBI BEKTOPY a?

JlaHbI BEKTOPDI a (3;-3)n b (~16: 8). Haiinure KOOpAMHATHI BEKTOPA:

i LT g 8 a—27
1)2a+2b, 2) 3a+4b, 3) a Sb.

Jlanp! BEKTOPDI m (=2; 4) u n (3; -1). Haitgure KOOPJMHATLI BEKTOpa:

1) 3m+2n; 9) —%Ewﬁ; 3) m—3n.

00 \__

545.

546.

547.

548.

549.

550.

Ha croponax AB u AC tpeyronsanka ABC OTMETIIN COOTBETCTBEHHO

toukn M u N rtak, uro AM : MB = AN : NC = 1 : 2. Beipazure BeKTOp

MN 4epes BEKTOp CB.

Touku O, A u B nexar Ha ogHO#N npsamMoi. Jlokaxure, 9TO CymecTByeT Ta-
xoe uncio k, uro OA = k- OB.

Ha croponax AB u BC napamrenorpamma ABCD ormeTnan cooTBeT-
crBeHHO Touku M u N tak, uto AM : MB=1:2, BN: NC=2: 1. Boipa-
3UTE BEKTOP NM 4yepes BEKTOPbI AB=a u AD =b.

Ha croponax BC u CD mnapamrenorpamma ABCD ormerwim cooTBeT-
crBeHHO TOuku E n F tak, yto BE : EC=3:1, CF: FD =1 : 3. Boipasu-
Te BeKTOp .E_'I': qepe:} BeKTOpbl A_B. = E H A_D- = E;.

Jlokaxkure, 9TO BEKTOPbI AB u CD xo/umneapssl, ecim A (1; 1), B (3; -2),
Cpenu BEKTOpPOB a (1; -2), b (=3; -6), c (-4; 8), d (-1; —2) ykaxure na-

Phbl KOJUIMHCAPHBIX BCKTOPOB.



551.

552.

253.
554.

555.

556.

557.

558.

559.

= e 3 7 9
Jansbr Bexropsr m (4; —6), n[—l; 5]’ k(S; —5). Ykaxkure napbl coHa-
NPABJIEHHBIX U IPOTHBOMOJOKHO HAMPABJIE€HHBIX BEKTOPOB.
w e T X
Haiiaure 3HaueHns X, Npu KOTOPBIX BEKTOPHI 4 (1; x) u b(z; 4) KOJLIH-
HEapHBI.

ITpy KaKuxX 3HAYECHUSIX Y BEKTOPBI a(2; %) m b (=1; ¥) xonHeapHbI?
Jlan BexTOp b (-3; 1). Haiture KOOPAMHATBI BEKTOPA, KOJIMHEAPHOTO

—

BEKTOPY b, MOJIy/Ib KOTOPOTO B JBa pa3a 6oJblie MOAyias BekTopa b.
CKOJBKO penieHMi uMeeT 3ajadar

Haiiinre xoopaunarbl BeKkTOpa f_r"t, NPOTHUBOIIOJIOKHO HAINPaBJIEHHOIO
BEKTOPY n (5; =12), ecan |le = 39.

HaiizinTe KOOPAMHATHI BEKTOPA @, COHANPABIEHHOTO C BEKTOPOM
b (-9; 12), ecan lal =

Joxkaxure, 9o yetbipéxyroabHuk ABCD c sepmmnamu A (—1; 2), B (3; 5),
C (14; 6), D (2; -3) sBaserca Tpanenue.

Hoxaxure, uro Touku A (-1; 3), B (4; -7), D (-2; 5) nexar Ha OfHOI
IPAMOM. B .

Jaus1 Bexropbr a (1; —4), b (0; 3), ¢ (2; —17). Haiaure Takue uncia x
U Y, 4TO E=x5+y?5.

5

560.

561.

562.

563.

564.

B mapamnenorpamme ABCD puaronanm mepecekaiorcs B Touke O. Ha
cropone BC ormernim touky K Tak, uro BK : KC = 2 : 3. BeipasuTte Bek-

top OK uepes extopst AB=a u AD = b.

Juaronamu yersipéxyronbauka ABCD nepecexaiorcs B Touke O Tak, 4To
AO : OC=1:2,BO: OD =4: 3. Belpa3ure BEKTOPBI AB, BC, CD u
DA uepes sextopsi OA =a n OB = b.

Ha croponax AB u BC Tpeyronbuuka ABC oTMETHIM COOTBETCTBEHHO
trouku K u F rak, uwro AK : KB=1:2u BF : FC =2 : 3. Beipasure Bek-

topet AC, AF, KC, KF uepes sextopwi BK =m, CF =n.
Ha croponax AC u BC rtpeyronsnuka ABC oTMETHWIM COOTBETCTBEHHO
Touykn M n N tak, yto AM : MC=1:3uBN:NC=4:3. Bb:pasrrre BEK-

topst BA, AN, BM, NM uepes sexropsi BN = k, AM = p.
Meauansbt Tpeyrosbanka ABC nepecekaiorcsa B Touke M. Boipasure Bek-

TOp m YE€pPE3 BCKTOPBI m u EZ?
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565. C moMombiO BEKTOPOB JOKAKUTE TEOPEMY O CpPeAHEN JUHHH TPEeyroJb-
HUKa.
? 566. Ilycrs Touku M, u M, — cepeamnnt orpeskos A B, u A,B, coorseTcTBen-

Ho. loxaxwure, uro MM, = -;—(A!A2 + ‘8132)'

567. HMcnonbays 3amady 566, nokakure TeopeMy o CpeaHei JMHUN TPaneyu.
568. Ilycrs Touku M u N — cooTBeTCTBEHHO cepeannsl auaronanein AC u BD
yeTsipéxyronbuuka ABCD. Hcnonbsys 3agauy 566, nokaxure, uyrto

W:é(A_'B—W).

569. Ilyctn Touku M u N — cooTBeTcTBeHHO cepeaunbl auaronaneit AC u BD
tpanenyu ABCD (BC || AD). Vicnoas3ys 3agauy 566, pokaxure, uto
MN | AD.

570. Ha cropone AC Ttpeyroapuuka ABC ormerman Touky M Tak, 4To

AM : MC =2 : 3. Jlokaxure, uto BM = gm +§R‘.
571. Ha cropone BC Tpeyroabnuka ABC ormernan Touky D Tak, 4TO

BD : DC =1 : 2. Jlokaxwure, uro AD = %A—B +%XC’
i - ! }
572. Jloxaxure, 4TO CYMIECTBYET TPEYrOJbHUK, CTOPOHBI KOTOPOTO PaBHBI Me-

AMaHaM JIAHHOTO TPEYIOJIbHUKA.
573. Ilycrs touku M, u M, — cepeamun otpeskoB A B, u A,B, cooTBeTcTBEH-
HO. JIOKa)XHUTE, YTO CEPEANHBI OTPE3KOB AIAQ, M 1JMQ, BIB2 JICJKAT HA OJ1-

HOW NIPSAMOIR.

574. Ha cropone AD n na qnaronamu AC napainenorpamma ABCD orvernnm

cooTBeTcTBeHHO Toykn M u N Tak, uro AM = éAD n AN = éAC. lo-

kaxuTe, 9To Touku M, N u B nexar Ha oHO# npsaMoi.

Eemamiy =R

575. Memnbmee ocHOBaHME M GOKOBasg CTOPOHA PaBHOGOKOM Tpanenuy paBHbI
12 cm. Yemy paBHa cpefHss JMHMs TPAelUy, €CJIM OfUH U3 eé yrioB pa-
Ben 60°7?

576. /lmaronanu napauiesorpamma pasHbl 6 cM u 16 cM, a oHa U3 CTOPOH —
7 cm. Haiiure yron Mexay AMarOHAISAMH NapauieorpaMMa U €ro Iuio-
@b,

577. Haiigure mmuny Xopabl OKPyKHOCTH paauyca R, KOHIBI KOTOPOii pasbupa-
10T 3Ty OKPY)KHOCTb Ha JIB€ AYTH, JUIMHbI KOTOPBIX OTHOCATCA Kak 2 : 1.



"€ Koras caenamiyooun

NpumeHeHne BEKTOpPOB

HPHMCHHS{ BEKTOPbBI K PCHICHUIO 3d/1da4, 4aCTO HUCIOJb3YIOT TAKYIO JIEMMY.

[ ® nemma \

Mycte M — Takas ToyKa oTpe3ka AB, uTo ﬂ=£'—

(puc. 128). Torpa ans no60i ToO4KK X BbINO/NHAETCH paBeH-
creo: XM =—" XA+ 2 _XB.

m+n m+n

[okasaTenbcTBO
Umeem: XM — XA = AM.
IMockonsxy AM =—"_AB, 1o AM = -"—_AB.
m+n

m+n

Sanmmem XM — XA = - AB.
m+n

ITockonbky AB = XB - XA, 1o MOJTyJaeM:
XM - XA = -"_(XB-XA),
m+n

XM = XA--—"—XA+-"—XB;
m+n

m+n

XM =—"_XA+-__XB.«

m+n m+n

3ameTHM, UTO 3TA JIEMMA SIBAAETCSA 0000IEeHHeM KIoueBoi 3axaun 2 § 15.

3apaya 1. Ilycte M — Touka nepecedenus Meanan tpeyroabauka ABC u
X — npoussonbHas Touka (puc. 129). lokaxure, uro XM = %(}TA' +XB+XC).

- -

e o

v I, s g ~-

B X
A




Pewetue. Ilycte Touka K — cepenuna orpeska AC. Umeem: BM : MK =
=k ks Toma, HCIONb3YA JIEMMY, MOXKHO 3alMCATh:

XM = XB QXK_—XB 2 1(XA XC) = ‘(X’E+7<§+ﬁ).4

JlokaxkeM BEKTOPHOE PaBeHCTBO, CBA3BIBAIOINIEE JIBE 3aMeYaTeIbHbIE TOY-
KH TPEYroJbHHKA.

Teopema \
Ecnu Ttouka H — oproueHTp TpeyronbHuka ABC, a TouKa
O — UeHTp ero oNMCaHHOW OKPYXHOCTH, TO

OH =04 +0B +0C. (*)
LokazarenbcTBo SRS . & D
Omnycrum u3 Toukn O meprenuky- i il
aap OK wua cropony AC TpeyroabHuka B

ABC (puc. 130). B xypce reomerpum
8 knacca 6b110 AoKasano, uto BH = 20K.

Ha nyge OK ormeTum Touky P Ta-
kyio, uro OK = KP. Torpa BH = OP. H 0

Tax kak BH || OP, 10 4eThIpéxyronbuuk
HBOP — napasienorpamm.
A i !
ITo npaBmiy napaaienorpamma K c
OH = OB +OP. v
ITockoneky Touka K sBasercs ce- P

penunoit orpeska AC, TO B 4eTbIpEX-
yroasauke AOCP nuaroHam TOYKoi nepecedenus aeastcs nononam. Cienosa-

TENBHO, 3TOT YETHIPEXyronbHMK — mapawienorpamm. Orciona OP = OA + OC.

Hmeem: E=ﬁ+()—P=O—B+(_)E+(7':.q

Ob6paTuMcs K BEKTOPHOMY PaBEHCTBY XM = é(ﬂ + XB+XC), tne M —

TOYKa nepecedenus meauan tpeyroabuuka ABC. Tak xak X — npousBosibHas
TOYKA, TO PABEHCTBO OCTAETCH CNPABEUIMBBLIM, €C/IM B KauecTBe TOYKM X BbI-
6pathb Touky O — HEHTP ONMCAHHON OKpyKHOCTH Tpeyronbuuka ABC.

Hmeewm: 353‘4'=m+0—8+ﬁ. e

YuureiBast paBeHcTBO (*), moaysaem: 30M = OH.

970 paBeHCTBO O3HaYaeT, uTo Toukn O, M u H nexar Ha OfHON npsMoii,
KOTOPYIO Ha3bIBAIOT npsaMo# Jitnepa. HamomuuMm, yTo 3TO 3amevarenbHOe
CBOMCTBO ObLIO JOKa3aHO B Kypce reomeTpuu 8 Kkiacca, HO APYTUM CIocoBoMm.
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16. CkanspHoe npou3BeeHUe BEKTOPOB

[ycts a u b — nBa HEHY/IEBBIX 1 HECOHAIIPAB- Puc. 131 |
neHHbIX Bekropa (puc. 131). Ot npousBonbHOl TOY- - -
ki O OTIOXKIM BEKTODBI OA u OB, coorsercrBenHO - >
paBHbIE BEKTOPaM @ W b. Benmauny yraa AOB 6y- B ""'J\
AeM HA3LIBATE JIOM MEKAY BEKTOPaM: aub. \D/

Yros Mexay BeKTOpaMu a u b obosnavaor o A

rak: Z(a, b). Hanpuwmep, Ha pucynxe 131 Z(a, by =

=120°, a Ha pucynke 132 Z(m, n) = 180°.

Puc. 132
Ecan BEKTOPbI aunb COHANpaBJeHbl, TO CYM-
Tatot, 4to Z(a, b) = 0°. Ecm xoTa Gbl OIMH U3 BEK- e it
m n
P

TOPOB @ WM b HYJIEBOii, TO TaKXKe CYUTAIOT, YTO

Z(a, b) = e o
Cnenosa'renbno JUIs JIIOOBIX BEKTOPOB 4 H b umeet mecTo HEpPaBeHCTBO:

0° < £(a, b) < 180°.
BekTopsl @ 1 b uaspiBaor NepueHANKY/IAPHBIME, €CJIN YTOJI MEXKIY HU-

mu paser 90°. TTumyr: a Lb.
Bbl yMeeTe CKIaAbIBATh U BHIMUTATH BEKTOPBI, YMHOXKATH BEKTOP Ha YMC-
n0. Taxke n3 Kypca PU3MKK Bbl 3HAETE, YTO €CJH MOA AEHCTBUEM ITOCTOAHHOM

cunsl Freno nepemectmnocs n3 Toukn A B Touky B (puc. 133), To coBepmén-

Has MexaHu4yeckas paboTa paBHa |F||AB cos ¢, rae ¢ = Z( F, AB).

y1. B
o
= A
b -
; R %

ITOoT (PaKT NMOACKA3BIBAET, YTO LEICCOOOPA3HO BBECTHU €INE OAHO AEH-
CTBHE HaQ BCKTDpaMH.
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@ Onpepenexne
: CKanfpHbIM NPOU3BEIeHUEM [IBYX BEKTOPOB Ha3bIBAIOT Npo-
M3BeeHue UX MoAynen U KOCHHYCa yrna Mexay HUMHM.

CxansipHO€ nNpou3ssejicHue BEKTOPOB a w b o6osmavaior Tak: @ - b. Umeem:

a-b= |a||b|cosé(a b)

_. Ecim xors Gb1 OfiMH U3 BEKTOPOB a wm b HYJIEBOH, TO OYEBHAHO, YTO
a-b=0. 3
Tycrs @ =b. Torna a-b =a-a =|allalcos0® =1al".
CKdJIHpHO(. l'[pOId:}BC}IeHHe d-@ HA3BIBAIOT CKAISIPHBIM KBaJpPaTOM BEK-
TOpa @ M 0603HAYAIOT a. L%
Mbl nostydamnu, 4to a =, r e cxanapuslii Keaopam eexmopa
paeen xsaapamy €20 MOOYn.

2
) Teopema 16.1 N
CransipHoe npou3BejeHue [ABYX HEeHyNeBbiX BEKTOPOB paB-
HO HYNIO TOrAa ¥ TONbKO TOrAa, Korga 3TM BeKTopbl nNepneH-

AWKYNAPHBI.

JlokazaTenbcTBo

l'lycnb alb. Jlokaxem, uto a-b = 0. Umeewm: L(E, 3) = 90°. Orciona

= al|B] cos 90° = 0

Hyc"rb Tenephb a-b = 0. Jlokaxem, aro a 1 b. 3anmmem lal|B| cos Z(a, b)
= 0. Tlockonsxy |al # 0 u [B] 0, To cos 2(a, b) = 0. Orciona £(a, B) = 90°,
T.e.alb. <

Teopema 16.2 \ : a ~
CranspHoe npoussepenue BexkTopoB a(a; a,) u b(b; b,)
MOMHO BbIYMCNUTbL No dopmyne

a-b= ab, + a,b,

[JokazaTtenbcTBO .
CHaqa.ua paCCMOTpHM (‘.JIY‘laf:I, Kormga BCKTOPLI a " b HEKOJ’IJ’!HHCRPI—II—;I

Om1okiM OT Hauasa KOOPAMHAT BEKTOPbI OA u OB, coorBerctBenHO
PaBHBIE BEKTOPAM anb (puc. 134). Torxa Z£(a, b) = LAOB.
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[IpuMenum TeopeMy KOCHHYCOB K Tpeyroisuuky AOB:
AB? = OA% + OB?-20A - OB - cos ZAOB.

Orciona OA - OB - cos ZAOB = %(OAQ‘ + OB? - AB?).

ITockoabKy |5| =0A n [EJ =O0B, To OA - OB - cos ZAOB = a-b.
Kpowme Toro, AB = OB -0A =b-a. Orciona AB (b, - a;; b, — a,).

— = 1 —12 —2 — 2
Umeem: a-b = §(|a| +[8]" - 4Bl ) Bocnons3oBasmmch (Gopmysioil Ha-

XOMJIEHUSI MOAYJIsI BEKTOPA 110 €ro KOOpAMHATAM, 3arnMumem:

a-b=2((ar+at)+ (5 +8)-(b-a) -(b-a)).

VYupouwas BeIpakeHHe, 3alMCAaHHOE B NPaBON 9aCTH IMOCJIEAHErO paBeH-
cTBa, HOJydaeM:

a-b= ab, + a,b,. B

Paccmo*rpum caydaii, Koraa BEKTOPbI a n b xowruHeapHbL.

Ecmm a=0 wmm b =0, To ouesuzno, uto a-b = a,b, + a,b,. Ecm a#0
ub#0, 10 CYWIECTBYET TAKOE YHCIO K, 9TO b=rFka,r.e. b, = ka,, b, = ka,.

Ecu k>0, 10 Z(a, b)=0°

Hmeem: EE = E(k&) = |E||kal(2050° = |JHIE|2 = k(al2 +a§) =
= a, -ka, + ay - ka, = a,b, + a,b,.

Coryuaii, korja k < 0, paccMOTpPHTE CaMOCTOSTEIBHO. <

Cnepcreue &
KocuHyc yrna mexpay HeHyneBbiMM BeKTOpamu ala; a,)
u b (b,; b,) MOXHO BbIYMCANTL MO dopmyne
e b b,
cosé(a,b)= e b Bl -
\/‘312+‘122'Jb|2+b22 (*)
JoKa3aTtenbcTBo

Hs onpe,ueﬂeﬂua cmnpﬂoro NPOM3BEAEHUSA BEKTOPOB a u b caenyer,

aro cos Z(a, b) = BocnoabsosaBmucek Teopemoit 16.2 u ¢opmynoi Ha-

|a” 1

XO/ICHHS MOJI/Isi BEKTOPA 110 €r0 KOOpAMHATaM, TorydaeM dopmyy (¥). <

C nomompio Teopemsl 16.2 1€rko 10Ka3aTh CI€/yiolue CBORCTBA CKasAp-
HOT'0 MPOM3BE/IeHHsI BEKTOPOB.
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Jna mobovix eexmopoe a, b, ¢ u aob6ozo yucna k cnpasednuevt
pasencmea:

Ya-b=>b-a;

2) (ka)-b=k(a-b);

3) (@+8)-c=a-c+b-c.

JU1st 10Ka3aTeNbCTBA 3TUX CBOMUCTB JJOCTATOYHO CPABHUTH CKAISIPHBIE TIPO-
M3BEJICHUS, 3AIIMCAaHHbIE B IIPABBIX U JIEBBIX YacTAX paBeHcTB. Cenaiite aTo ca-
MOCTOSATENLHO.

ITH CBOHCTBAa BMECTE CO CBOMCTBAMM CJIOKEHHS BEKTOPOB M YMHOKEHMSA
BEKTOPA Ha YMCJIO MO3BOJSIIOT IIPEO6PA3OBbIBATH BBIPAKEHMS, COAEPIKAIIHME CKa-
JISIPHOE MPOM3BEAEHNE BEKTOPOB, AHAIOTUYHO TOMY, KaK MbI 1PE0Opa3oBbiBacM
anre6panvecKkue BhIPAKEHUS.

Hanpuwmep,

@+5) =(@+9)-@+5)=@+8)-a+G+5) 53 +F-d+a-5+5 -

=52 +25-3+52.

3agaya 1. C noMompbio BEKTOPOB JIOKAXKUTE, YTO JH- Puc. 135
aroHa/M pom6a NepreHAuKyIAPHbIL. —

Pewenune. Ha pucynke 135 uso6paxén pomb6 ABCD. B

Iycts AB = E, AD =b. OueBuHO, UTO |E| = ﬁ;] ITo -
HpaBUJIy NapajLiesorpaMMa: AC=a+b u BD=-a+b. i c

o e, A T A T T
Orciona AC-BD =(a+5)-(-a+8) =% -a =[8 -lal' = .
b

= 0. CnepoBareanno, AC 1L BD. «

3apayva 2. MssecTHO, uTO |El= 3, |:b'|= 1, A(E, Z;) =

= 120°. Haiigure |9a - 3B,
PeweHnue. ITockoabKy CKalspHBIH KBQ/paT BEKTOPA PaBEH KBaJpaTy €ro

MOJYJIsl, TO MOKHO 3aIUCATh: |oa - 35]2 = (25 - ‘33)2 Orciona

|og — 35| = J(QE W e P T W

= \/4|?.EI2 ~12lallBl cos 2(2,5) + 9lB = V36 +18+9 = V63 = 347.
OtBeT: 3.7. «
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BM =

3ana4a 3. B tpeyroapnuke ABC AB = 4 o, Puc. 136
BC = 643 cm, ZABC = 30°. Haiizute meauany BM. B
Pewenue. Ilpumenss xnoueyio 3azauy 2 § 15,
samumem: BM = %(371 +BC) (puc. 136). Orciona
L(BA+BC) =1(BA" +2B4.BC+BC')- | 4
4 4 M C

1
4

(1BAF +2|BAIBT!- cos 2aBC + BCT) - U

= i[lﬁ +483 - —\g + 108] = 49. Caegosarensno, BM? = 49; BM =7 cm.

OrBeT: 7 cMm. «

o ;.

. Yemy paBeH yron mexay [iByMs COHanpaefeHHbIMU BEKTOpamMu?

N

OnuwuTe, Kak MOXHO noCTpoOUTL yron, BeNM4nMHa KOToporo paeHa yrny
Mexay AByMA HeHyNneBbIMKW U HECOHaNnpaeieHHbIMW BEKTOpPaMM.

3. Yemy paseH yron mexfy Bektopamu a v b, ecnm xotsa 6bl 0aMH N3 HUX

CWO~NOOOA

1

11.
12.

13.

14.

HyneBoOW?

. Kak obo3HavaloT yron mexay Bekropamu awb? o
. B kKakux npegenax uamepserca yron mexay niobbiMu BekTopamu awb?
. Kakue BexTopbl Ha3blBalOT NepneHanKynspHsiMmu?

. 4TO Ha3biBalOT CKanspHbIM NPOU3BEAEHUEM ABYX BEKTOPOB?

. YTO Ha3sbiBalOT cKanfApHbIM KBagpaTom BekTopa?

. Hemy paBeH ckanfipHblii KBagpaTt BekTopa?

. Chopmynupynte ycnosue nepneHAUKYNSPHOCTU ABYX HEHYNeBbIX BeK-

TOpOSB. o L

Yro cneayeT u3 paseHctBa a-b=0,ecm a#0 n b= 0?

Kak HalnTh ckanspHoe npov3eefgeHue BEKTOPOB, €CAU U3BECTHBI UX KO-
opAuHaThI?

Kak HanTu kocuHyC yrna mMexay ABYMS HEHyNeBbiIMU BEKTOpaMM, ecnm
U3BECTHbI UX KOOPAWHATHI?

3anuwuTe CBOMCTBA CKANAPHOro NPouU3BeeHNs BeKTOPOB.

( @ NpakTuyeckue 3anaHus ¥

578. Ilocrpoiite yrosa, BeJIMYMHA KOTOPOrO PaBHA YIJIy MEXK/AY BEKTOPaMU d H

b (puc. 137). B
579. IlocrpoiiTe yroi, BeMyuHa KOTOPOrO PaBHA YIJIy MEXAYy BEKTOpAMU M U
n (puc. 138).
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580. Ha pucynke 139 uszobpaxén BexTop a (umnHa CTOPOHBI KJIETKH PaB-

Ha 0,5 cm). Oraoxure or Toukn A sextop b Takoit, uro |bl= 3 cm

" A(E. 5) = 120°. Ckonpko pemeHuit UMeeT 3ajaJa’

Puc. i.‘i’.?ﬁ

Fa P rre

Puc, 138 |

TSI

o —

o T g S

e T

(

o

582.

583.

@B YnpaxHenus
581.

e

Ha pucynke 140 msobpaxéH paBHOCTOPOH-
Huit TpeyroabHuk ABC, MeamaHbl KOTOPO-
ro AM u BK nepecekaiorca B Touke F. Haii-

JUTE YroJl MEKAy BeKkTopamm: 1) BA u BC;
2) BA u AC; 3) BC u AM;4) AB u AM;
5)A—BHW;G)WHFK;7)C_FHZ"B.
Ha pucynke 141 mnzobpaxén xsaapar ABCD,

AUAroHaJIu KOTOPOTrO HNEPECCKATCA B TOY-
ke O. Haiizute yron Mexiay BeKTOpamM:

1)A—BHET4';2)ZBHA—C;3)A—BH(T&;
4)53&@;5)3—_014@'.

Haiiaure cxansipHoe NpPOM3BENEHUE BEKTO-
pos a u b, ecu:

1 lal =2, [8l =5, 2(a, b)=60";

9) lal =3, Bl = 2v2, «(a, B) =185%

8) lal =4, Bl =1, z(a, B) =0,

4) lal = % Bl =6, 2(a, b) =180

5) lal = 0,3, [Bl =0, 2(a, B) =137

141

S




584. Haiiiure cKanapHOE NPOM3BENEHUE BEKTOPOB m wu n, ecau:

1) |ml =742, |nl =4, 2(m, n) = 45°;
9) |lml =8, nl =3, 2(m, n)=150". .

585. HaiiauTe ckaisipHOE NPOU3BEJAEHNE BEKTOPOB @ u b, ecom:

1) a(2-1), b (1;-3); 3) a (1;-4), b (8;2).
2) a (-5 1), b(27); o

586. Hailaure ckansipHOe NpoOU3BEJEHUE BEKTOPOB M U N, €Cau:
1) m (3 -2), 7 (1; 0); 2) m(3;1). 7 6;9).

587. Ha pucynke 142 usobpaxén pomdé ABCD, T e, 142
B KoTopoMm AB = 6 cm, ZABC = 120°. Haii- ———

JIUTE CKAIAPHOE IPOM3BEAECHHE BEKTOPOB:
1) AB u AD;2) AB u CB; 3) AB u DC:; B c
4) BC u DA;5) DB u DC;6) BD u AD.

588. B rpeyronbauke ABC ussectHo, uro £C =
=90°, ZA = 30°, CB = 2 cm. Haligure cka- A ‘D
JIAPHOE [POU3BEICHNE BEKTOPOB: 1) AC n
E&;?)EHTB;B)@HEA. 3 B

589. Haiynre KocuHyc yria mexay Bektopamu a (1;-2) u b (2; -3).

590. Kakoii 3HaK MIM€ET CKaIAPHOE MPOU3BEJEHUE BEKTOPOB, €C/IH YO MEKIY
Humu: 1) ocrperit; 2) Tynoit?

591. HasBecTHO, YTO CKAISAPHOE MPOU3BEJEHIE BEKTOPOB ABIAETCS: 1) MOI0KN-
TeJIbHBIM 4YMCIOM; 2) oTpuuareibHbM Yuciom. Onpexenure Buj yraa
MENKJY BEKTOPAMH.

) .

592. B paBHOCTOpOHHEM TpeyroabHuke ABC, ctopona koroporo paBHa 1, me-
nnanbl AA, u BB, nepecekaiorcs B Touke M. Berunciure:
1) AA - BB; 2) BM - MA,.

593. Ilyctb Touka O — nentp npaBwibHoro mectuyronsauka ABCDEF, cro-
poHa KoToporo pasHa 1. Beraucaure:

1) BA - CD; 9) AD - CD; 3) AO - ED; 4) AC - CD.

594. Ilpu Kakom 3HaYEHUU X BEKTOPDI a3 x)u b(1;9) € PIEH/MKYIAPHBI?

595. HssectHo, uro x # 0 n y # 0. J/lokaxure, 4TO BEKTOPbI a (= y)n b (y; x)
nepHeHANKyIAPHbI. a ~

596. IIpu kakux 3unageHusx X BekTopbl a (2x; =3) n b (x; 6) nepnenauxy-

JNAPHBI?
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597.

598.

599.

600,

601.
602.

603.

604.

605.
606.

607.

608,

609.

610.

611.

s W

[Ipy KakoM 3HAYEHMM Y CKaIIpHOE NMPOM3BEJEeHHE BEKTOPOB a (4; v)
u b (3; —2) pasno 147 - N

Ilpn kakux smauenusix x yron mexay Bekropamu 4 (2; 5) m b (x; 4):
1) ocrpwrit; 2) Tynoit? - .

Haiiure xoopauHaTel BekTOpa b, KOJUIMHEApHOro BeKTopy a (3; —4), ec-
m a-b=-100. L o

HassectHO, 9TO BekTOpBI @ M b Hexo/MHEAPHBI M lal =Bl = 0. ITpn xa-

KUX 3HAUEHUSIX X BEKTOPHI a+xbh n a-xb e PIEeHAUKYIAPHBI?
Bexropsi a+b na-b nepneHauKyIapHel Jlokaxure, 4To |E‘ = |5|
Ussectno, uro |a| = 3; l?ﬂ =22, Z(a, 3) = 45°. Haiigure ckanspHoe
IpoU3BEJCHUE (22 - -5) -b.

Haiigure ckanspHOe npoussepenue (a-26)-(a+5), ecn lal =[B] = |8
Z(a, b)=120".

Ussectho, uro |al = V3, l?;l =1, Z(a, 3) = 150°. Haiigure |2E + 53|.

HssecTHO, uTO |;ﬁ| =il fﬁ| =2, A(;I, 5) = 60°. Hatigure |2r_n' - 3_?5|.
Hoxaxure, uro yersipéxyroabuuk ABCD ¢ sepmuHamu A (3; -2), B (4; 0),
C (2; 1), D (1; =1) aBaseTcs npsSMOYrOIbHUKOM.

Hoxaxure, 4To 4eTbipéxyrompuuk ABCD ¢ Bepmuuamu A (-1; 4),
B (-2;5), C (-1;6), D (0; 5) sBnsietcst KBagpaTom.

Haiipure xocunyce! yrios Tpeyrosibuuka ¢ Bepumnamu A (1; 6), B (=2; 3),
C (2;-1).

Haiiznre yrabi Tpeyroashuka ¢ sepmunaamu A (0; 6), B (443; 6),
C (3V3; 3). -

Jlokaxure, 9TO /U1l MOGHIX BYX BEKTOPOB @ M b BBINONHAETCS HEpaBeH-
crBo —|dl !?;'I <a-b<ldl |?5! L
Onpeznennre B3aMMHOE PacIIONOKEHHE JABYX HEHYJIEBBIX BEKTOPOB @ u b,
ecan:

1) a-b=lallzl; 2) a-b=-lall3l.

612, _Hai»‘w,nre YroJ MEXAY BEKTOPaMU m u ;z', €CJIMn (ﬁ + 3;'2) . (a —E) =-11,

613.

614,

Im| = 2, [nl=s.

Haiigute yron mexay sexktopamu a u b, ecm (a+5)-(a+25) = g
lal = [6] =1.

B tpeyroasnnke ABC ussecrno, uro ZC = 90°, AC = 1, BC = 2. Joxa-
KUTE, 4TO ero Meauanbl AK u CM neprnenmKyispHbl.

—
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615. B uerbipéxyronpuuke ABCD auaronam AC v BD nepneHaukyaspHbl 1
nepecexaiorcs B Touke O. Ussectro, uto OB=0C=1, OA=2, OD =3.
Haiiznre yron mexay npsmbeivu AB u DC.

616. B rpeyronbuuke ABC nposenena meqnana BD. Ussectno, uro ZDBC =

=90°, BD = ?

5 ——
617. Ha croponax AB n BC tpeyronbuuka ABC BO BHENHIOW CTOPOHY MO-
crpoennt ksagparsl ABMN n BCKF. Jlokaxure, uro meauana BD Tpe-

yroasunka ABC nepnenaukynsipaa npamoii MF.

AB. Haityinre ZABD.

( @ YnpaxHeHUs Ans noBTOPEeHUs ¥

618. Touka M — cepemuHa JHaroHaIN AC Bumyiio- | Puc. 143
ro uersipéxyroabunka ABCD (puc. 143). Jlo- s ——
KaKHUTE, 9TO deThipéxyronbuuku ABMD u |
CBMD paBHOBEIUKH. ‘

619. Ilepnenukyiap, NpoBeJEHHbIH U3 TOYKH Ie- |
pecevyeHns AuaroHaiel pomba, IEJUT €ro cTo- } A C

L

B

POHY HA OTPE3KH, OJHH H3 KOTOPBIX Ha 7 cm D

6oabme apyroro. Haiigure nepumerp pomba,

€CJIM €ro BbICOTA paBHa 24 cM. miei-a
620. Ha BbicOTE NPAaBWIBHOTO TPEYrOJBHUKA CO CTOPOHOM 633 oM Kak Ha qu-

ameTpe MmocTpoeHa okpyxkHoctb. Hailigure amuny ayru 310N OKPY:KHOCTH,

pﬂCIIOJIO)KCHHOﬁ BHE TPEYroJibHHUKA.




| 10.

3apanue N? 4 «[poBepbTe cebsa» B TECTOBOU popme

. Kakas M3 ZaHHBIX BEJIUYUH ABISETCH BEKTOPHOM?

A) macca b) 06bém B) ckopocTb I') Bpems

. Yemy paBeH MOJly/ib BEKTOPA, HAYaI0 B KOHEI[ KOTOPOrO COBNAJAIOT?
A) 1l b) -1 B) 5 r)o

. Jan napauenorpamm ABCD. Kakoe n3 paBeHCTB ABAAETCS BEPHbIM?
A) AB=DC B) BC = DA
B) AB =CD I) AC = BD

. UssectHo, uro AM = MB. Kakoe 13 JaHHBIX YTBEPXKACHUI BEPHO?

A) Touka B — cepepmna orpeska AM
b) Touka A — cepeauna orpeska MB
B) rouka M — cepeanna orpeska AB
I') Touka M — Bepmmna paBHOGepeHHOro TpeyronsHuka AMB

. JMaubl Touku A (-3; 4), B (1; —8). Touka M — cepeauna orpeska AB.

YeMmy paBHbI KOOpAUHATHI BekTopa AM?

A) (2;-6) B) (=2; 6) B) (-2; -6) L) (6; -2)

. IIpu KaKoM 3HaYEHHH X BEKTOPBI a(x;2)n b (—4; 8) Ko/MHEAPHDI?
A) -1 B) 1 B) 0 ) %

. Kakoe u3 jlaHHBIX paBeHCTB BEPHO?
A) AB+BC=CA B) AB- AC =BC
B)A_55+_B“6=:4—D+I)u€ I‘)E"B+B_C’+a)'=m

. Jlan BexTOp a (/3; -2). Kaxoii u3 BEKTOPOB PaBEH BEKTOPY J3a?
A) m (I; ~2v3) B) p (3 -2)
B) 7 (-3 —2V3) I) g (3 -2V3)

. Touka M — cepeanna cropount BC tpeyromsuuka ABC. Kakoe u3

JIAHHBIX PABEHCTB BEPHO?

A)W=A—B+TC B)W=;}A—B+%-ﬁé
B)W:E+%Z‘é r)m=%ﬁ'§-%A—c

Yemy paBHO CKaNSIpHOE TIPOU3BEACHHUE BEKTOPOB a(2%-3)u b (3; -2)?
A) 12 B) -12 B) 0 I') 6




11. IIpu KaKoM 3HaYE€HHUH X BEKTOPBI a (2x; -3) u b (1; 4) nepnenauKy-
' JISIPHBI?

| A) -6 B) 3 B) 12 T)6
| 12. Yemy paBeH KOCHMHYC yI/ia MEX/Iy BEKTOpAMM a (5 -12) u b (-3; 4)?
5 63 65 63 1
Vs Pos B) % D3
e B S S AP \\\_- .

HUtoru rnasbl 4

BexTop
Ecnu ykasaHo, KaKas TO4YKa ABAAETCA Havyanom OoTpes3Ka,
a KaKaf TovyKa — ero KOHUOM, TO TaKOW OTPe30K Ha3biBaloT
Hanpae/ieHHbIM OTPE3KOM, WK BEKTOPOM.

i KonnnHeapHbie BEKTOpbi

HeHyneBble BEKTOPbI HA3biBAIOT KO//IMHEAPHbLIMH, €C/IH OHWU
fieXar Ha napannefibHbiX NPAMbIX HIKW Ha OAHOW NpAMONX. Hy-
NeBOW BEKTOP CHMUTAIOT KO/VIMHEeApHbIM NI0GOMY BEKTOPY.

PaBHbie BEeKTOpbI
HeHyneBble BEKTOpPbl Ha3biBalOT PaBHbIMH, €CNU UX MOAYNH
PaBHbl ¥ OHKW COHanNnpaB/ieHbl. Mobuie aBa HyNneBbIX BEKTOpa
paBHbI.

HaxompaeHue KoOpAMHAaT BeKTOopa
Ecnu ToukM A (x; y,) M B (x5 ¥,) COOTBETCTBEHHO ABNAIOTCA

Ha4YanoM M KOHLOM BEKTOpa @, TO YMcha X,— X, W Y,— Y, pas-
Hbl COOTBETCTBEHHO NEpPBOW M BTOPOW KOOpAMHATaAM BEKTO-

pa a.
Mopaynb BexkTOpa
ECNM BEKTOP @ MMEeeT KOOpAWHATBI (a; a,), T0 lal = /al2 +aj.




MpaBuna cnoXeHWs ABYX BEKTOPOB

Mpasuno TpeyronbHMKa
OTNOXUM OT NPOU3BONILHOW TOY-

— b
Ku A BekTop AB, paBHblit Bek- R
A
B
T S
b
B

TOpY 5, a oT TouKu B — BeKTop
BC, pasHbiii BeKTopy b. BekTop

AC — cymma BeKTopoB a u b.

ﬂpanuno napannenorpamma
OTNOMMM OT NPOU3BONILHOM TOY-

KU A BeKTop ﬁ, paBHbIA BeK-

~8

TOpY E, U BEKTOp E, paBHbIA

BekTopy b. Mocrpoum napanne-
norpamm ABCD. Torpa wucKo- o

mas cymma a + b paBHa BeKTo- A D
py AC. S

HoopanHars! CyMMbl BEKTOPOB _ _
Ecnu KoopauHaTbi BEKTOPOB @ U b COOTBETCTBEHHO paBHbI

(a; a,) w (b; b,), To KOOPAWHATbI BeKTopa a+b paBHbI
(a,+ b; a,+ b,).

CBoOHCTBA CNOMEHNR BeKTOpOB P _
ins no6biX BEKTOPOB a, b U ¢ BbLINOAHAIOTCA paBEeHCTBa:
1) a+0=a;
2) a+b=>b+a — nepemecTUTENbHOE CBOWHCTBO;
3) (E + 3) +c=a+ (_5 + E) — coyeTtaTtesibHoe CBOWCTBO.

PasHocCTb BEKTOpOB . i
Pa3HOCTbIO BEKTOpOB a M b Ha3bIBalOT TAKOW BEKTOp C,

CYyMMa KOTOpOro ¢ BeKTopom b paBHa BEKTOpY 4.
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KoopauHaTLl pa3HOCTH BEKTOPOB B
Ecnu KoopauHaTbl BEKTOPOB @ U b COOTBETCTBEHHO PaBHbI

(a; a,) w (b; b,), T0 KoOpauHaTLI BekTopa a-b pasubi
(a,- b;; a,- by).

NpPOTHBONONOKHbIE BEKTOPbI
[lea HeHyneBbiX BEKTOpa Ha3biBalOT NMPOTHMBOMNONIOKHBIMH,

€C/IM UX MOAYNHU PaBHbl U BEKTOPbI NPOTUBONONOMHO Hanpase-
NeHbl.

YMHOXMeHHe BEeKTOpa Ha YMcho .
MpoussegeHnemM HEHYNeBOro BeKTopa a W uucna k, oTAMYHO-
FO OT HyNs, Ha3bIBAIOT TAKON BEKTOP b, uTo:
1) 6| = |kllal;
2)ecnuk>0 1o b1Ta;ecnmk <0,710 b Tla.
Ecnu a = 0 wam k = 0, To cumTalor uto ka = 0.
CBOHCTBa KONIMHEAPHbIX BEKTOPOB
e Ecnu BeKTOpbl @ M b KonnuHeapHbi M a # 0, TO CywecTByeT
takoe uucno k, uto b = ka.
* Ecnu BekTopbl a (a,; a,) u b (b,; b,) KonnuHeapHbl, NPUYEM
a # 0, TO cylecTByeT TaKoe 4ucno k, uto b, =ka,wb, = ka,.

CeolcTBa YMHOMEHHA Belrropa Ha YMCno

e Ecnu BeKTOp a wnmeer KoopauHaTtel (a,; a,), TO BeKTop ka
UMeeT KoopAUHaThI (kal, kaz) x

e [lns n06bIX Yucen k, m n NoGbiX BeKTOpoB a, b cnpaseanu-
Bbl paBeHCcTBa:

1) (km)a = k(ma) — couerarensHoe CBOWCTBO;

2) (k+m)a = ka + ma — nepsoe pacnpeaenurensHoe CBOW-
CTBO;

3) k(a+b)=Fka+kb — BTOpoe pacnpepenutenbHoe CBOW-
cTBO.

CranapHoe npoM3BefjeHHe BEeKTOpoOB
CHBHHDHHM npou3BegeHuemM ABYX BeKTOpPOB Ha3biBaloT Nnpo-
U3BefeHue ux Mop.yneﬁ W KOCHHYCa yrna memxay HumMu:

a-b= l&l|5| cos%(a,?}r).
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Ycnoeue nepneHgnKynsipHOCTH ABYX BEKTOPOB
CKansipHoe npou3BefieHHe ABYX HEeHYNEBbiX BEKTOPOB PaBHO
HY/IIO TOTAA U TONbKO TOrAa, KOrAa 3T BEKTOPbI NeprneHAuKy-
NAPHbI.

HaxompaeHne CKaNApHOro Npou3BejeHHs BeKTOpoB
CranfapHoe npou3BefieHUe BEeKTOpOoB E(al; a,) n E(bl; b2)
MOXHO BbIMMCAUTB 1o dopmyne: a-b = a,b, + a,b,.

Kocuuyc yrna mexay ABymMsa BeKTOpamu B
KocuHyc yrna mexay HeHyneBbiMM BeKTopamu a(a; a,)

ub (b,; b,) MOXHO BblYUCUTL NO popmyne:
ab, + azb

\/“1 +aj - \/b2+b2 )

CBOMCTBa CKaNfIPHOro NPoM3BeeHHUA

cosl a, b

Ans no6bix BeKTOpoB a, b, ¢ u nw6oro uucna k cnpaeseany-
Bbl paBEeHCTBa:

1) a-b=b-a;
2) (ka) b = k(a. 5)
3)(@+b)-¢c=a-c+b-c.
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Cnasa 5. leomeTpuyeckue npeobpasoBaHus

N

B a10i4 rnase Bbl y3HaeTe, YTO Takoe npeobpasoBaHue GuUrypbl.
Mo3HaKoMWUTECh C TaKUMW BUAAGMU Npeobpa3oBaHuid: napannefbHbii
nepeHoc, UueHTpanbHaa CUMMETpUs, oceBasi CUMMETPUS, NOBOPOT, ro-
MOTETUS, nogobue. : '

Bbl Hay4yuTECh NPUMEHATL CBOWCTBa npeobpasosBaHuid Npu pe-
lWeHuU 3a4ay U JoKal3aTenbLCTBe TeOpeM.

17. AsueHue (nepeme [} MUIYpbl.
MNapannenbHbli NepeHoc

Mpumep 1. Ha pucynke 144 uzobpaensl oTpe3ok AB, npsamas @ n T0Y-
ka O, He IpUHALTEKAMAA HU NpsiMOii @, Hu npamoii AB. Kaxzoit Touke X o1-
peska AB nocraBuM B cOOTBETCTBHE TOUKy X, npsAMoit @ Tak, 4ro6el Toukn O,
X n X, nexany Ha oHo# npsamoii. Touke A GyieT cOOTBETCTBOBATH TOUKA A,
touke B — Touxka B,. IlonstHo, uro BCe Takme Touku X, oGpasyior orpe-
30k A,B,.

MBI yKasatu 1npasuio, ¢ NMOMOMBIO KOTOPOro Kaxmo# Touke X orpes-
ka AB mocraBieHa B COOTBETCTBHE eAMHCTBeHHasi Touka X, orpeska A,B,.
B 3TOM CJIygae TOBOPAT, 4TO OTpe3ok A B, monyden B pesyisraTe mpeobpaso-
BaHu# oTpe3ka AB. <

Mpumep 2. Ha pucynke 145 usobpaxens nonyokpyxksocts AB u nps-
Mas @, napauienbHas auamerpy AB. Kaxjoit Touke X mojyoKpy:XHOCTH 1TO-
CTaBHM B COOTBETCTBME TOUKy X, NPAMOM @ Tak, 4To6bl mpsmas XX, Geuia
neprneHAuKyIspHa npamMoit a. IIoHATHO, UTO BCE TAKME TOUKH X, obpasyior

——rrer e T

e e S E T

A B
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orpesok A B,. B aTom ciyuae ropopsT, uTo OoTpe3ok A B, nonyueH B pesyib-
TaTe Npeodpas’oBaHus MOJAYyOKpyRHOCTH AB. <

Npumep 3. Ilycth pambl HekoTOpas [T g Eaaaas TR
¢urypa F un sekrop a (puc. 146). Kax- oot amivaiel
noit Touke X curypsl F nmoctaBuM B cOOT-

BeTCTBUE TOYKy X| TaKyio, 4TO X_XT =a.
B pesyabrare Takoro npeobpasosanus u-
rypet F nonyaum durypy F, (cm. puc. 146).
Takoe npeo6Gpasosanue purypsr F Hasbl-
BAIOT Mapa/UleIbHBIM IEPEHOCOM Ha BEK-

TOp 4. 4

O606muM npuBeAEHHbIE IPUMEPDI.

I[TycTs 3agana Hekoropas ¢urypa F. Kaxnoit rouke dpurypst F nocraBum
B COOTBETCTBHE (CONOCTABMM) IO ONPEACAEHHOMY NPABUIY HEKOTOPYIO TOY-
Ky. Bce conmocraBnennbie Touku oGpasyior durypy F,. ['osopsar, urto cury-
pa F, noxydena B pesyabTaTe npeodpasosanusa purypsl F. [Ipu stom du-
rypy F, naseiBaior o6paszom ¢puryper F, a urypy F nasbisaior npooGpasom
¢urypm F,.

Tak, B mpumepe 1 orpesok A B, sasasercsa o6pazom orpeska AB. Tou-
Ky X, HaspiBaloT obpaszom Toukm X. Orpesox AB — 3to npoobpas orpes-
xa A B,.

O6paTtum BHUMaHUE Ha TO, 4TO B npuMepe 3 durypa F pasua csoemy 06-
pasy F,. [IpeoGpasosanusi, onucaHHple B mpuMepax 1 u 2, Takum CBOHCTBOM He
0013/1310T.

Kakumu xe cBoiicTBaMM JOJDKHO 006JafaTh npeobpasoBaHHue, 9TOOBI 06-
pa3 u npoobpa3 GbumM paBHbIMM (purypamu? OKasbIBaeTCs, YTO JAOCTATOYHO
JIMIIb OJIHOTO CBOMCTBA: Npeobpa3oBaHue NOHKHO COXPAHATh PACCTOAHUE MEXK-
Ay TOYKaMu, T. €. e A u B — npoussosbabie Toukn durypst F, a A, u B, —
ux 06pasbl, TO J0JKHO BBINOJHATHECS paBeHcTBo AB = A B,

Onpepenenune \
lNpeo6pasoBanne ¢urypol F, coxpaHsaouiee paccrosiHue
MeM/ly TOYKaMM, Ha3biBalOT ABMIKEHHMEM (nepemelieHuem)
¢urypsl F.

Ecim kaxnoit Trouke X durypst F nocrapieHa B COOTBETCTBHE 3TA XKe TOY-
ka X, To Takoe npeobpasosanue ¢Gurypsbl F HazbiBaoT TOXAEecTBeHHEBIM. [Tpn
TOX/IECTBEHHOM npeobpa3osanuu obpasom ¢urypsl F ssasercs cama ¢urypa F.
OueBuaHO, YTO TOKAECTBEHHOE NMPeoOPA3OBaAHME ABAACTCH ABMIKCHUEM.
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MBI IaBHO UCTIONB3YEM HOHATHE «PABEHCTBO (PUIYP», XOTS HE JaBAIH eMy
CTPOroro ONpeAeIeHus.

Ha To, uro aABMiKeHME CBA3AHO C PABEHCTBOM (PUTYD, YKa3bIBAlOT CJIEJY-
OI[HE CBOMCTBA JABMIKEHHS.

Ecimn npeobpaszoBanme sBiseTcs JIBMKEHUEM, TO:

— 00paszom NPSAMOU SA6NAEMCs NPAMA,;

— 06pasom ompesKa A6NAemcs Ompe30K, PasHblli OAHHOMY;

— 06pasom yena si6Asiemcsi Yyzon, pasrvlii OGHHOMY;

— 06pasom mpeyzoNoHUKA ABNSEMCS MPEY2ONOHUK, PABHBLL OAHHOMY.

IlOKaSaTe.T[bCTBO 3THX CBOHCTRB BBIXOJIUT 34 paMKH paCCManHBaCMOI‘O Kyp’
¢a reoMeTpHH.

CaoiicTBa JABHKCHHS [MOJCKA3bIBAIOT CJ'!CZ[Y!OUJ.CC OI'IPCJICJICHHe.

Onpepenenune

ABe ¢urypbl Ha3biBalOT paBHbIMMU, €CNH CYLLECTBYET ABHUKe-
HUE, NPM KOTOPOM OfHAa M3 fAaHHbIX GuUryp saBnsieTca obpa-
30M [pyroi.

3anuce F = F, osnauaer, uro ¢urypst F'u F, pasHbl.

Ecnu cymecTsyer ABMXeHUE, IPH KOoTOpoMm (urypa F| ssiserca obpa-
3om ¢urypsl F, To 06s13aT€bHO CYMIECTBYET ABMKEHHUE, IPU KOTOPOM (ury-
pa F ssisiercs o6pasom ¢urypst F|. Takue ABMKEHUS HA3BIBAIOT B3AHMHO 06-
PaTHBIMH.

3ameyaHue. Panee paBHbIMU (PUIypaM# Mbl Ha3bIBAIH Takue (urypsei, Ko-
TOpbIE COBHNAIAIM MPH HAIOKEHMH. TepMHUH «HAIOKEHHE» MHTYHTHBHO IOHA-
TE€H, U B HAIIEM NMPEJACTABJICHUH OH CBS3BIBACTCH C HAJTOKEHHEM PCAJIbHBIX TEJ.
Ho reomerpudeckue (purypbl HEJIb3sl HAJIOKUTH B OYKBAILHOM CMBICJIE 3TOrO
caosa. Teneps Hanoxenue ¢purypst F Ha durypy F| MOXKHO paccMaTpuBaTh Kak
aswxenune ¢urypst F, npu kotopom eé oGpasom Gyaer ¢urypa F.

TEPMHH «ABHJKCHHMEC» TAKKE aCCOLMHPYETCHA C onpeﬂenémibm (bHSH‘lC"
CKMM J€HCTBHEM: M3MEHEHHMeM TosoxeHusi teaa Gea pedopmaryuu. Mmenno
C 3TUM CBA3AHO NMOSABJICHHUE 3TOI'O TEPMHHA B MATEMATHKE. OIlHaKO B r€OMETPHH
NpeaAMeTOM HCCIEIOBAHHA ABIACTCA HE npounece, HpOHCXOﬂSIIH.Hﬁ BO BpPEMEHHM,
a JMIb cBO¥icTBA (Urypel U €€ obpasa.

To, uro nzobpaxkénusie Ha pucynke 146 ¢urypnt F u F| pasubl, HOHATHO
U3 HarIsAHBIX coobpaxennit. Crporoe 060ocHOBaHME 3TOTO (hakra AaéT ciey-
@A TeopeMa.

Teopema 17.1 \
(cBOWCTBO napannensHoro nepeHoca)
MapannenbHblii NepeHoC ABNAETCA ABUHEHUEM.
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[oKasartenbcTBO

Iycre A (x; ) u B (X, y,) — n1poM3Boib-
Hble Toukn Gurypst F, Touku A, u B, — ux coor-
BETCTBYIOIME 00pasbl MPU MapaLIeTLHOM Iepe-

HOCE HA BEKTOP a (m; n) (puc. 147). Jloxaxem, / Ey
uro AB = A B,. F

Wmeem: AA| = BB, = a. Bextops AA n
BB, wumelor koopaunarsr (m; n). Caeposarens-
HO, KOOpAMHaTamMyu Toyek A, u B, apasioTcs co-
OTBETCTBEHHO Maphl 4ucen (X, + m; y, + n) u
(xy + m; y, + n).

Puc. 147

Haiigém paccrosuue mexay Toukamu A u B:

AB = \/(xg — 5P+ —y ).

Haiiném paccrosinue mexy Toukamm A n B

AB = \/(x2 tm—x, —mP+(y, +n—y, —n)? = \[(x2 -2, R+ (Y ~y, 2.

Hrak, mbl nokasanu, yro AB = AlBI, T. €. IAPA/UICIBHBIN IIEPEHOC CoXpa-
HAET PACCTOSTHUE MEAITY TOUKAMMU. <

Cnepacreue

Ecau durypa F, — o6pa3 ¢urypsi F npu napannensHom ne-
peHoce, 10 F, = F.

JTO CBOHICTBO MCTIOBb3YETCs TIPH CO3JAHNM TKaHEH, 060eB, MOKPBITHIL
Ast nosia U T. 1. (puc. 148).

" Puc. 148




Ecin ¢urypa F, snserca o6pasom ¢uryps! F npy napawiesbHOM nepe-
HOCE Ha BEKTOP a, o ¢urypa F sisasiercst oGpasom ¢urypst F) npu napajuieis-
HOM TIEPEHOCE HAa BEKTOP -a (puc. 149). ITapanienbHble IEPEHOCHI HA BEKTO-
pbl @ ¥ —4 SBNSIOTCS B3AMMHO OGPATHBIMK JBIKCHHAMI.

3apaya 1. Kaxoit Touke X (x; ) urypsi F cTaBUTCS B COOTBETCTBHE TOY-
Ka X, (x4 m; y + n), rae m u 1 — 3ajaHHBIE YHCIA. JlokaxuTe, 4TO TaKoe npeob-

pasosanue ¢urypbl F SIBIAETCS MapauIebHBIM IIEPEHOCOM Ha BEKTOP 4 (m; m).
PeweHune. PaccmoTpum BekTop @ (m; 7). 3aMeTHM, 9TO KOOPAMHATHI BEK-

topa XX, pasubl (m; n), 1. e. XX, = a. CireosaresbHo, onucansoe npeodpa:
3opanue Gurypsl F — napauiejbHblil IEPEHOC HA BEKTOP 4. <

3apaua 2. Touka A, (-2; 3) aBaseTcs 06pa3OM TOUKH A (-1; 2) npu na-
pajLIeIbHOM MIEPEHOCE HAa BEKTOP a. Haiiure KOOpAMHATBI BEKTOPA a u Koop-
auHaThl o6pasa Touku B (-7; -3). X ~

Pewehue. U3 ycrosus caenyer, uro AA = a. Orciona a (-1; 1).

Iycts B, (x; y) — 06pas Toukn B (-7; -3). Torma B_B-l' =a,r.e.x+7=-1
ny+3=1

Orciopa x =-8, y =-2. <

3apa4a 3. Jlaust yron ABC u npsmas p, He napauielbHas HI OHOM M3
cropon atoro yrma (puc. 150). IlocTpoiite npsMyio p,, Mapauie/bHyio Ipi-
MOIi ), TaK, 9TOGBI CTOPOHBI YIJIa OTCEKAIM HA HEH OTPE3OK 3a/laHHOM JUIMHBI 4.
Pewenue. Paccmorpum Bextop MN Takoit, uro MN || p u |MN| =a
(puc. 151). Iocrpoum ayd BjA,, ABASIOMMICS obpasom iysa BA npu napair-

JIeJIbHOM IIEPEHOCE HA BEKTOP MN. O603naunm TouKy nepeceyenus nyaeit BC
u B,A, 6yksoii E. Tlycts F — npooGpa3 Touku E npu paccMaTpuBaeMOM apast-

nensHOM nepenoce. Toraa FE = MN, . e. |FE|l =a u FE | p.
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crpoe

IIpuBen€HHbIE PACCYKAEHUS TIOACKA3BIBAIOT CJEAYIOMMIA AITOPATM IO-
HUS: e
1) naiitn o6pas nysa BA npu napauiessHom nepenoce Ha sekrop MN;
2) orMeTHTb TOUKY nepecedenns aysa BC ¢ nocTpoeHHbIM 06pasom;

3) Yepes HaliIleHHYI0 TOYKYy MPOBECTH NPAMYIO P, NAPALIEIBHYIO Nps-

Moi p. Ilpamas p, GyaeT MCKOMO. <

1
1

e e s

1. OnuwwTe, 4TO Takoe npeobpasosaHue GuUrypsi.
2. NpuseauTe npumepsl NpeobpasosaHuit HuUryp.
3. Onuwnre npeobpasosaxue purypsl F, KOTopoe Ha3biBaloT napannens-

HbIM NEPEHOCOM Ha BEKTOp 4.

4. B kakom cny4ae purypy F, HasbisaioT o6pasom purypel F, a ¢urypy F —
npoobpasom ¢urypsl F,?

5. Kakoe npeobpa3soBaHue purypbl Ha3biBalOT ABUXKEHUEM?

6. Kakoe npeobpa3oBaHue ¢urypbl Ha3bIBaIOT TOXAECTBEHHbIM?

7. ChopmynupyiTe CBOWMCTBa ABUXEHUS.

8. Kakve ase purypsl HasblBaloT paBHbIMA?

9. OnuwnTe, KaKne ABMXEHUS Ha3bIBAIOT B3aUMHO 0BpaTHLIMM.

0. Chopmynupyiite CBOICTBO NapannensHoro nepeHoca.

1. KakumMu ABUXEHUAMM SABASIOTCA NapannenbHble NepeHockl Ha BEKTOPbI

a v —a?

:
L=
621.

622.

m¥

Ha pucynxe 152 usoGpaxenst yron AOB u npsivas p, He napauteisHas
ero croponam. Kaxoii Touke X croponst OA nocrasiena B cCOOTBETCTBHE
Takas Touka X, cropoust OB, uro XX, | p (touke O nocrapirena s coor-
sercTBue Touka O). Ilocrpoiire 06pas Touku M u npoo6pas Touku K npu
AanHOM npeoGpasosanun. Kakas durypa saserca o6pasom ayaa OA?

Ha pucynke 153 uzo6paxens: orpesok AB u npamas a. Kaxaoit Touxe X
oTpe3ka AB MOCTaBIE€HO B COOTBETCTBHE OCHOBAHME HepneHauKyspa,

- - P-"c.:rishz-w R e o —— T P“c' 153
R N N I . SO
M2 B
B
A
e K B
a
p F
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623.

624.

625.

onymennoro u3 rouku X Ha npsmyio a. Ilocrpoiire o6pas Touku E u npo-
06pa3 Touku F npu ganaom npeobpaszosannu. CymecTByioT JIM TOUKH NP
Moii @, He umelomue npoobpasa? Ilocrpoiite o6pas orpeska AB.
IlocTpoiite o6passl orpeska AB u syya OM npu napauie bHOM HePEHO-
ce Ha BexTOp @ (pmc. 154).

Ha pucynke 155 npsimMas @ sisasietcsi 06pa3oM HEKOTOPOI NPAMOil NpH ra-
pautenbHOM nepenoce Ha Bektop m. [loctpoiiTe npoo6pas npamoit a.
OxpyxkHOCTE ¢ HeHTpom O, sBasieTcs 06pasoM OKPYKHOCTH C IEHTPOM 0]
IIpU MapaLIeNbHOM NepeHoce Ha Bektop a (puc. 156). Oraoxure Bek-

Top @ ot Touku M.

—r T

Puc. 154

) .

626.

627.

628.

[Toctpoiire 06pa3 napabobl Y = «? npu napauiebHOM NEPEeHOCEe Ha BEK-
Top: 1) a (0; 2); 2) b (-1; 0); 3) c (~1; 2). 3anumuTe ypasHeHue 06pasa
napabobl ¥ = X%

ITocrpoiiTe 06pas OKPYKHOCTH X% + y? = 4 npu MmapauieJbHOM NepeHoce

Ha BekTop: 1) a(2;0):2) b (0; -1); 3) c (2; —1). 3ammmmure ypasHeHue 06-
pasa okpyxkHocTH X% + Y = 4.

[Ipsivasi @ KacaeTcst MOMYOKPYKHOCTH AB ¢ IEHTPOM B TOUKE O (puc. 157).
Ipuaymaiite Kakoe-HUGYAb Mpeobpa3oBaHue, NPH KOTOPOM NpsAMast @ sB-
aseTcs 06Pa3oM TOMYOKPYKHOCTH AB ¢ «BBIKOJIOTHIMU» TOUYKAMU AnB.

Puc. 157 i Puc. 158

L

a ¢ D




629. Ilpuaymaiite kakoe-HuGyab» npeoGpasoBanue, Npu KOTopom orpesok CD
aBnsercs o6pasom orpeska AB (puc. 158).
f @8 Yn us \_
5, =ik
630. PaccmoTpuM OKpyKXHOCTB paauyca 7 ¢ nentpom B touke O. Kaxuoii Tou-

Cj) 631.

632,

633,

634.

635.
636.
637.

638.

ke X OKPY)KHOCTH MOCTAaBUM B COOTBETCTBHE TOUKY X, IPHHAIEKAIIYIO
pamuycy OX, Takyio, uro OX| = %r. Kakas durypa spisercs obpasom
AQHHO¥ OKPYKHOCTH? SIBAsieTCS 1M ABMIKEHHMEM ONMCAHHOE Mpeobpaso-
BaHMe?

Han yron AOB (puc. 159). Kaxnoit Tou-
ke X croponst OA nocTaBuM B COOTBET-
CTBUE TOUKY X, KOTOpAs NPUHAIEKUT
cropone OB u J€XUT HA OKPYKHOCTH
¢ uenatpom O pagnyca OX (touke O no-
craBuM B cootBercTBue Touky O). Ka-
Kasi (purypa siBasieTcs o6pa3oM CTOpo-
ael OA? JlokaxuTre, 4TO OMUCAHHOE
npeobpasoBaHme ABIAECTCSH ABUKEHHEM.
Han yron MON. Kaxnaoit Touke X cro-
poubt OM nocrasieHa B COOTBETCTBHE
Takas Touka X, cropoust ON, uro npamas XX, nepnengukyispua Guc-
cextpuce yraa MON (touke O coorsercrsyer Touka O). Jlokaxure, 4To
OITMCAHHOE NPe0OpPa3OBaHUE SIBISCTCS JABHKEHUEM.

HAaubl npsivast @ u otpesok AB, He umeomuit ¢ Helt 06mux Touek. Kax-
Aoit Touke X orpeska AB NOCTaBJIEHO B COOTBETCTBUE OCHOBAHME HEp-
NEHANKY/1APa, ONYIEHHOro u3 Toukn X Ha npsamyio a. [Ipu kxakom Bzanm-
HOM pacIONIOKEHHH NPsMOil @ u orpeska AB ommcanHoe npeobpasosa-
HUE ABAAETCA JABHIKEHUEM?

Toukn A, n B, ne npunaanexar npsmoit AB u ABASIOTCS 06pazaMu cOOT-
BETCTBEHHO TOuek A u B npu napauiensHoM nepenoce. Jlokaxure, 4ro
ueTbIpéxyronbuuk AA, B\ B — napauienorpamm.

Touxn A, u B, sBasioTcs 06pasamu COOTBETCTBEHHO Touek A 1 B npu na-
panneanHoM nepenoce. Haiaure pinny orpeska A B, ecim AB =5 cwm.
Bexrop m napauienes npsamoii a. Kakas gurypa sapiserca o6pasom nps-
MO¥ @ IpH NapaLIeIbHOM TIEPEHOCE HA BEKTOP m?

Man napanienorpamm ABCD. Kakoii BEKTOp 3aaéT napasieIbHbIA epe-
HOC, IpH KOTOpoM cropoHa AD sBasiercs o6pasom ctoporst BC?
Cymecrsyer sm mapauiebubiil nepeHoc, npu Kotopom cropona AB pas-
HOCTOpoHHEro Tpeyronbauka ABC sBasiercs o6pazom cropors BC?

I
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639. Haiinure Touku, apasiomuecs obpasamu Touek A (—2; 3) u B (1; —4) npu
MapajuIelbHOM NEPEHOCE Ha BEKTOP a (-1; -3).

640. CymecTByeT i NapaulebHbIl EPEHOC, NPH KOTOPOM 06pasoM TOYKH
A (1; 3) asasierca Touka A, (4; 0), a o6pasom Touku B (-2; 1) — Touka
B, (1; 4)? .

641. Ilpu napauieabHOM NepeHoce Ha BeKTop a (2; —1) o6pasom ToukH A sB-
nsierca Touka A, (=3; 4). Haiigure koopAuHATBI TOUKH A.

642. Touka M, (x; 2) siBasieTca oGpasom Touku M (3; y) npu napauieabHOM
nepeHoce, mpu KoTopoM Touka A (2; 3) asasiercss 00paszoM HavaIa KOOp-
aunar. Hafinure x u y.

00 N\

643. CKOJBKO CYNIECTBYET MAPALICIBbHBIX MEPEHOCOB, MPU KOTOPBIX 06pasoM
npamoii @ saBasercs: 1) npamas @; 2) npsMas b, napajuienpHas NPAMOii a?

644. PaccmoTpuM (bHrypy, COCTOSIIIYIO M3 BCEX TOUEK, MPUHAUICKAMNX CTOPO-
HaM npsiMOyrosbHUKA. OnumuTe Kakoe-HubyaAb peodpasoBaHue, mpu Ko-
TOPOM 00pa3oM 3TOi GUrypbl SBASETCH OKPYKHOCTD.

645. PaccmorpuM ¢uUrypy, COCTOSIIYIO M3 BCEX TOUEK, MPUHAVICKAINHIX CTOPO-
HaM MpAMOyroabHMKA. OnuunTe Kakoe-HuGY/ (b IPeodPasoBaHKE, IPU KO-
TopoMm 06pasoM 3ToM (urypsl ABAsETCs QUIypa, COCTOAMAA U3 BCEX TO-
4eK CTOpPOH pomba.

646. Tlpu npeobpazosanuu ¢urypsi F eé obpaszom ssisieTcst Ta ke (urypa F.
BepHO JiH, 4TO 9TO MPe06Pa3OBAHME ABJSCTCH TOKAECTBEHHBIM?

647. Jaun: Toukn A (3; =2) u B (5; —4). Ilpu napauiespHoM nepesHoce obpa-

648.

3om cepeaunbl orpeska AB smasiercs Touka M, (—4; 3). Haiure o6pasor
Todek A u B npu TakoM NapayieabHOM IepeHoce.

Touxku A (1; 3), B (2; 6), C (=3; 1) aBasioTCSA BEPHIMHAMM TTapaLIENIO-
rpamma ABCD. Ilpu napajuiesibHOM repeHoce 06pasoM TOUKH nepecede-
Hus quaronaeii napamwiesorpamma ABCD smasiercs Touka O, (=25 —4).
Haitnure o6pasnt Touek A, B, C n D npu Takom napauiejibHOM nepe-
HOCE.

Haiiiute ypaBHEHHME OKPY)XHOCTH, ABISIOMEIiCs 06pasoM OKPYyKHOCTH

2% + y* = 1 npu napauiesbHOM nepeHoce Ha BekTop a (=3; 4).
Haiizure ypaBHeHHe napaGoisl, ABasonieicss o6pasom napabonnt y = L
TIpY HMapa/UIeNbHOM NepeHoce Ha BekTop a (2; —3).

[TocTpoiiTe Tpanenuio Mo OCHOBAHUAM ¥ JIMArOHAJISIM.

[MocTpoiiTe TpaneMio o YeThIPEM CTOPOHAM.

IMocTpoiiTe OTPE30K, PaBHBI M NApaLIENbHBIA JaHHOMY OTPE3KY AB,
TaK, YTOObI OMH €ro KOHeI| MPUHAUIeKA JaHHOH NMpsMOM, a Apyroi —
JIAHHOM OKPYXHOCTH.
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654. Ilocrpoiite XOpAy AaHHO# OKPY)KHOCTH, PaBHYIO M NAPaUICIbHYIO JAHHO-

My orpesky AB.
3%

655. Ilocrpoiite YeTbIPEXYTONBHUK, Y KOTOPOTO IPOTHBONOJIOKHBIE CTOPOHBI
HONApHO HEeNapaUIEIBHbI, 110 YETHIPEM YIJIaM U JIBYM IIPOTHBOIIOIOKHBIM
CTOpPOHaM.

656. B xaxom mecre Hano nocrpouts MocT MN yepes peky, pasjensiontyio 1sa
Hacen€éHHbIX nyHkTa A u B (puc. 160), uro6sl myrs AMNB 6bL1 kpaTyaii-
muM (Gepera peKu CIMTaEeM NMApPaJLIENBHBIMU NPSMBIMU, MOCT TEPHEH/N-
KyasipeH Geperam pekwu)?

(&an;mwmnmmmmu\—

657. Yepes kaxayio BEpIIMHY TPEYrolbHUKA MPOBEAEHA npsimasi, Iapajuie/ib-
Hast IPOTHBOIIOJIOKHOM cTOpoHe. Yemy paBeH nepuMeTp o6pa3oBaBmero-
Csl TPEYTOJIbHUKA, €CJIM IEPUMETP JJAHHOTO TPEYroJbHUKA paBeH 18 cm?

658. JlokaxuTte, 4TO YETBIPEXYrOMLHUK € Bepmunamu A (-3; —4), B (0; 3),
C (7;6) u D (4; -1) sasasiercs pPOMOOM, U HAWJUTE €ro IUIOMA/Ib.

659. B npsmoyrosbHyio Tpamenmio Bnucana OKpykHOCTh. Touka Kacanus me-
JUT GOMBIIYIO M3 GOKOBBIX CTOPOH TpaNeLUM HA OTPE3KH 4 cM 1 25 oM.
Haitiaure rmomans TpanenuH.

18. OceBas cuMm WA

(] Onpepenenne \
Toukn A wm A, Ha3bIBalOT CUMMETPUYHLIMH OTHOCHUTENILHO
npamoi [, ecnu npamas [ sBnseTcs cepeMHHbLIM NepneHau-
Kynsipom otpeska AA, (puc. 161).

L ———— ————— - . S———————

My " B e e R T e— - AR e

A

MM
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B

Ecmm Touka A npunajiexut npsmoit /, To eé cunraior CHMMETPUYHOM ca-
MOii ceGe OTHOCUTEIbHO npAMoii /.
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Hanpumep, Touku A u A, OpAMHATBI KOTOPBIX PaBHbI, 2 A0CIMCCHI — MPO-
TMBOIIOIOKHBIE YMCIA, CUMMETPUYHBI OTHOCUTEILHO OCH opauHaT (puc. 162).

Paccmorpum ¢urypy F u npsimyio L Kaxoit Touke X purypni F nocrasum
B COOTBETCTBUE CUMMETPIYHYIO €it OTHOCHTEIBHO psaMoit / Touky X . B peayin-
tate Takoro npeo6paszosarus ¢urypst F noxyaum ¢urypy F) (puc. 163). Onu-
cannoe npeobpasopanue ¢urypst F HaspiBaioT 0ceBoil cHMMeTpHeH OTHOCH-
teasno npamoii L Tpsamyio /[ Ha3kBAIOT OCHIO CHMMETpPHH. TaikiKe TOBOPAT,
gro durypst F u F, CHAMMETPHYHBI OTHOCHTE/ILHO NPAMOI /.

Puc. 162 Puc. 163

YA |
7 TSR — .A Fx | xph

Teopema 18.1 \
(cBOWCTBO OCEBOI CUMMETPHH)
OceBas CHMMETPHUA ABAAETCA ABUHEHHEM.

JloKasaTtenbcTBo

BoibepeM cucTeMy KOOPAMHAT TaK, YTOObI OCh CMMMETPHM COBHaia
¢ ocbio opauHart. Ilycrs A (x; y,) 1 B (%, ¥,) — NPOM3BOABHbIC TOUKH dury-
put F. Toraa toukn A, (—x; ¥,) n B (=x; Y,) — MX COOTBETCTBYyIOIME 06paspl
MpU OCEBON CUMMETPUM OTHOCHTEIBHO OCH OPAMHAT.

Hmeem: AB = J(Tr::2 - xl)2 + (Y — ¥y, )2,
A'IBI = \,(_xg - (-x;))2 t (yz *!A)ﬂ = J(ixa * .1'1)2 + (yﬂ _y[)2 = AB.

[onyannn, uro AB = A B, T. €. oceBasi CAMMETPHsl COXPAHACT paccTo-
sire Mexay Toukamu. CreoBaTebHO, OCEBasi CHMMETPHS SBIACTCS ABHKE-
HUEM. <

( CnepcTBHe

Ecnn durypsl F u F, CHMMETPH4Hbl OTHOCHTE/IbHO NpAMOW,
7o F=F.
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© Onpepenenne \ _
DuUrypy Ha3biBalOT CHMMETPHUYHON OTHOCHUTENLHO NPAMO¥ /,
€C/Iu ANA KaXKA0W TOYKK AaHHOW GUrypbl TOYKA, CHUMMETPUY-
Has e OTHOCHMTENIbHO NMPAMON [, TaKKe NPUHAANEKUT ITOH

durype.

[psimyio / HA3BIBAIOT OCHIO CHMMeETPHH ¢uryps1. Taxxe rosopsr, uto
¢purypa nmeer 0oCb CHMMETPHH.

[Ipuseaém npumeps! GuUryp, MMEIOIMX OCh CUMMETPUH.

Ha pucynke 164 nso6paxén pasnoGeapenHblii rpeyroabuuk. Ipsamas, co-
ACpKalas ero BbICOTY, MPOBEAEHHYIO K OCHOBAHMIO, SIBIAETCA OCHIO CUMMETPUM
TPEYroJbHUKA.

Jlio6oit yron umeeT och cUMMETPHM — BTO NPsAMasi, COAEPIKAIIAs ero Guc-
cextpucy (puc. 165).

PaBHOCTOPOHHWIT TPEYrONTBHUK MMEET TPH OCH CUMMETPHM (puc. 166).

Puc. 164 Puc. 165  Puc. 166

. e S0l o 3

/lBe ocn CMMMETPHI MMEeT OTPE3OK: 5TO €ro CepeAMHHbIIl IepreHIHKy-
JSp M OpsiMasi, CoAepKalas 3ToT oTpesok (puc. 167).

Ksazpar umeer uetsipe ocu cummerpun (puc. 168).

Ectp durypsr, nveomue Geckoneuno MHOTo oceit cumMmeTpuy, Hanpumep
OKpyXHOCTb. JlI06ast npsmasi, MPOXOAsIAs Yepe3 EHTP OKPYKHOCTH, SBJISETCS
€€ ocbio cummeTpun (puc. 169).

Puc. 167 Puc.168 | Puc.169

- . & TS e PR
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BeckoHeuHo MHOro oceii CHMMETpMM HMEET M IpsAMas: caMa npsMas
1 o6ast npsiMas, el neprneHuKy/IsspHasi, ABITIOTCA OCAMU CUMMETPHH.

3apaua 1. HauepTtiim nepasnobeapennsiit Tpeyroasink ABC. Tlposenn
npsimyio [, conpepskamyio Guccextpucy yria C. TToToM pucyHOK CTEPIH, OCTABUB
Tonpko Touku A u B u npsimyio I. Boccranosure Tpeyronbauk ABC.

Pewenue. Tak kak npsmas [ ssasietcst ochio cummerpun yria ACB, To Tou-
Ka A, — 06pa3 TOUKM A NPU CUMMETPUH OTHOCHTEJILHO NPAMOH [ — npunajie-
xut ayay CB. Torna nepeceuenuem npsmpix [ u BA, siBisercs BepumHa C nc-
komoro Tpeyronbanka ABC (puc. 170). 9tn cooGpaKeHUs MOACKA3LIBAIOT, KaK
MOCTPOUTH UCKOMBIi TPEYTOIBHUK: CTPOMM TOUKY A, CHMMETPUYHYIO TOUKe A
otHOCHTenbHO npsamoit /. Haxoxum Bepmmny C Kak TOYKy IEpecedcHUs nps-
mbix [ 1 BA,. <

3agaua 2. Touka O npunayesxut ocrpomy yray ABC (puc. 171). Ha cro-
ponax BA n BC yrna waiigure takue Touku E u F, 4TI NEPUMETP TPEYroib:
Huka OEF 6GbUl HAMMEHBIIUM. '

Pewenue. Iycts Toukn O, u O, — 06paspl Touku O NpU CUMMETPUAX OT-
nocutensHo npambix BA u BC coorsercrsenso (puc. 172) u npamas 0,0, ne-
pecexaeT cTOpoHpl BA n BC B Toukax E u F coorsercrBenHo. JlokaxkeMm, 4To
toukn E u F — uckomble.

Puc. 170 ' o b ———— Puc.172 |
;C A Ol A
K
A o)
A 1 00 B
B B C M\EM =
! O

3ametnMm, uro ortpeskn EO, u EOQ cumMeTpnuHbl OTHOCHTEJBHO Nps-
moit BA. Cneposarensno, EO, = EO. Ananoruuno FO = FO,. Toraa nepumerp
tpeyroabunka OEF pasen pmune orpeska O,0,.

Ilycrs K u M — npou3BoJIbHbIE TOUKK Jydeit BA u BC cOOTBETCTBEHHO.
[ousartso, uro KO = KO, 1 MO = MO,. Torna nepuMeTp TpeyroabHuKa KOM
pasen cymme O,K + KM + MO,. Opnaxo O,K + KM + MO, = 0,0,. <

f_@ 1. Kakue TOUKM Ha3bIBAIOT CUMMETPUYHBIMW OTHOCUTENLHO MPSAMON [? Kak
Ha3biBaloOT npsimyto [?
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2. Kakue purypbl Ha3biBaloT CUMMETPUYHBIMU OTHOCUTENBHO NPAMOIA [?

3. ChopmynupyiiTe CBOWCTBO OCEBON CUMMETPUN.

4. Kakum cBONCTBOM 0BnapaloT uUrypbl, CUMMETPUYHBIE OTHOCUTENBHO
npamoin?

5. O kakou urype roBopsT, 4TO OHa UMEeT OCb CUMMETPUN?

6. NpuBeauTte npumeps! GUryp, UMEIOLMX OCb CUMMETPUM.

(_o\i._ KTUYECKH e N

660. ITocrpoiite o6pasbl huryp, nsobpaxkénnpix Ha pucynke 173, IIpY CUMMeT-
PHM OTHOCHUTEIBLHO NpPAMOii /.

661. Haueprure tpeyroasnuk. IToctpoiite TPEYroJIbHUK, CUMMETPUYHEIA emy
OTHOCHUTEJIbHO NMPAMOM, COAEpKalleld OIHY U3 €ro CPeHUX JUHHUIA.

662. Toukn A u B cCUMMETPUYHDBI OTHOCHTEIBHO TPAMON / (puc. 174). Ilo-
crpoiire npsmyio L

7 r auada Fante o

e —— 154 . ottt

oo N\____
663. Ilposeante nepecexaomuecs npavsie @ u a. [T e 178
ITocTpoiite npsiMylo, oTHOCHTENBHO KOTOpPO¥# — —
npsamas a, 6yaer cummerpudna npsmoit a. Ckomp-
KO pelleHu# MMeeT 3ajada’?
664. Tlposeanre napawienbHble npsameie @ U a,. Ilo-
CTPOUTE TPAMYIO, OTHOCUTEIBHO KOTOPOii Ipsi- C
Mast @, GyieT CHMMeTpHYHA NPAMOii 4.
665. Ilocrpoiite pom6 ABCD no ero sepmmnam B
u C u npsamoii [, conepxameit ero guaronans BD /
(puc. 175).
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666. Iloctpoiite pasnobeapennsiit Tpeyronbuk ABC no sepmmne A, TOW-
ke K, npunaiexaumeit 60koBoit cropone BC, u npamoii, copepxaimeit
BBICOTY, HIPOBEAEHHYIO K OCHOBAHUIO AB (puc. 176).

667. Ilocmorpure Ha pucyHok 177 uepes CTEKISAHHYIO NPOOMPKY, 3aIOJHCH-
Hy10 Boo#. [ToueMy HeKOTOPbIE GYKBBI BO BTOPOM CJIOBE€ OKA3INChH IIEpe-
BEPHYTHIMM, 4 B IIEPBOM — HET?

T . .

668. Oxpyxuocru ¢ uenrpamu O, u O, umeror e obmue Touku (puc. 178).
C DOMOMIBIO TOJIBKO HHPKYJAA MOCTPONTE OKPYKHOCTH, CMMMETPHYHbBIC
JIAHHBIM OTHOCHTENBHO npamoit AB.

(

Puc. 176  Puc. 177 ~ Puc.178
A
*K
CE30H_
Ae DOMAEN
B
L : |
@ YnpaxHenus L.
o E
669. Ilpsimas [ npoxoauT 4epes cepeuHy oT- Puc. 179
peaka AB. O6s3arensno m Touku A u B
SBJISIIOTCA CUMMETPUYHBIMU OTHOCHUTEIb B

HO npsiMoit [?

670. Ha pucynke 179 n300paxkKeHbl paBHOOE]-
pensblii TpeyroabHuk ABC n npsiMas l, N, M
copepKamasi ero BbICOTY, MPOBEACHHYIO
k ocnosanuio AC. Orpesxu AM u CN —
ero MeamaHbl. Ykaxure o6passl Touek A A C
u B, meguanpt CN u croponsl AC npu
CHMMETPHHM OTHOCHTENBHO NPAMOii /.

671. JloxakuTe, YTO NpAMasi, IPOXOJAIIAS YE€PE3 CEPEANHDI OCHOBAaHMM PABHO-
60KOit Tpaneuuu, SBIsgeTCs €€ OCbIo CUMMETPHH.

672. [doxaxuTe, uTO HpAMasd, Cojepikaiias MeAuaHy paBHOGEPEHHOTO Tpe-
YrOJILHUKA, MPOBEAEHHYIO K OCHOBAHMIO, ABJIACTCA €ro OChI0 CHMMETPHH.
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673. Ha pucynke 180 usobpaxkeHbl paBHOOO- Puc. 180
kas Tpanenus ABCD wn npamas [, npoxo- - -
AANas YE€pPe3 CEepefuHbl €€ OCHOBAHWM.
Vkaxure o6pasel Touek B u D, quarona- B
m AC u ocuosanus BC npu cummerpun
OTHOCHTENBHO MPAMOi /.

674. Jloxaxute, 4TO NpsiMble, COAEpIKAIME A D
JAuaroHain pomba, sIBISIOTCH €ro OCSMH !
CUMMETPHM.

675. Jlokaxure, 9TO NpsAMbIE, NPOXOASAIIME YEPE3 CEPEAMHBI TIPOTUBOTIOIONK-
HBIX CTOPOH NPSIMOYTOJIbHHMKA, ABAAIOTCA €I0 OCAMH CHMMETPHH.

676. Touku A, u B, ABAAIOTCS COOTBETCTBEHHO OOpasamu Touexk A u B npu
ocesoit cummerpun. Ussectno, uyro AB =5 cm. Hailiqure A B,.

677. Jloxkaxure, 4yTO npsamasi, coiepaKamas 6Hccempncy yrjia, ABJIAETCS €ro
OCBIO CHMMETPHH.

678. Hailgure KOOpAMHATHI TOYCK, CUMMeTpHUYHBbIX ToukaM A (-2; 1) u B (0; —4)
OTHOCHUTEJIBHO OCEeil KOOPIMHAT.

679. Touxu A (x; 3) u B (-2; y) cumMeTpHYHBI OTHOCHTEIBHO: 1) 0cu abeumcc;
2) ocu opauHart. Haiinure x u y.

00

680. O6pa3om NpAMOH @ NPH CMMMETPUN OTHOCHTENBHO TpsMoit [ sBaserca
cama npamas a. KakoBo B3aMMHOE pacrionoxenune npaMbix @ u [?

681. Jlokaxure, 4TO TPEYrOJbHUK, UMEIOMHUNA OCh CUMMETPUH, SBISETCA PaB-
HOGEPEHHBIM.

682. Jlokaxure, 9TO TPEYTOILHUK, UMEIONMI JIBE OCH CHMMETPHH, ABJIAETCS paB-
HOCTOPOHHUM. MOXET JIN TPeyroJbHUK UMETh POBHO JBE OCH CUMMETPHH?

683. Jlokaxure, 4TO €CIHU NapajuleyIorpaMM UMEET POBHO JIBE OCH CUMMETPUH,
TO OH ABJAETCSA WIH NPAMOYrOJBHUKOM, WK POMGOM.

684. JlokaxuTe, YTO €C/IM YeTBIPEXYTOJbHUK

MMEET YEThIPE OCH CHMMETPHH, TO OH Puc. 181
ABJISIETCSA KBAIPATOM.
685. Oxpyxnoctr ¢ nentpamu O, u O, nepe- A
cexalorcst B Toukax A m B. Jlokaxkure, Y7 M
1

4TO TOUKU A U B cuMMeTpUYHbBI OTHOCH-
reabHo upsmoit O, 0,

686. Touxka M MPUHAIEKUT MPIMOMY YTy B [ 1
ABC (pwuc. 181). Touku M, u M, — 06- C
pasbl TOYKH M 1IpH CUMMETPHU OTHOCH-
TenbHO npsmbix BA u BC coorsercrBen-
Ho. Jlokaskure, uro Touku M|, B, M, ne- 'M,
JKAT HA OAHOH MPAMOIi.
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687. Haiimure KOOPAMHATEI TOYEK, CUMMETPHYHBIX Toukam A (—2; 0) u B (3; -1)
OTHOCHTEJIBHO MPAMOM, cojepKaeit 6uccekTpucel: 1) nepBoro u Tperbe-
ro KOOPAMHATHBIX YIJIOB; 2) BTOPOTO M Y€TBEPTOro KOOPAMHATHDIX YIJIOB.

688. Touxu A (x;-1) u B (y; 2) cuMmMeTpUYHBI OTHOCHTEIBLHO TIPAMOI, COnEp-
JKalei OMCCeKTPHUCH] IEPBOr0 M TPETHETO KOOPAMHATHBIX YIJIOB. Haiinu-
TE X U Y.

.

689. Touku A u B nexar B pa3HbIX NOJYIUIOCKOCTAX OTHOCHUTEIBHO TPSIMOii 4.
Ha npsamoii a maiigure Takyio Touky X, uToOBI NpsaMas @ coaepxaia ouc-
cextpucy yria AXB.

690. Touku A u B nexar B OAHOH NOJYIUIOCKOCTH OTHOCUTENBHO MPAMOU a.
Haiigure Ha npsamoii @ Takyio Touky X, uro6sl sy XA u XB 06pa3osbl-
BAJIM C 3TOM NPSAMOI PaBHBIE YIJIbI.

691. Touku A u B nexar B OAHO MOJYILIOCKOCTH OTHOCHUTENBHO NPAMOM @.
Haiizure Ha NpAMOI @ TaKylO TOYKY X, uro6b1 cymma AX + XB 6buia nau-
MEHBbIIEH.

— TR

692. Tlocrpoiite TpeyroabHuk ABC no asym cTo- Ty
ponam AB u AC (AB < AC) u pasHocTH D
yrnos B u C.

693. Touku C u D nexar B OZHOI NOJYILUIOCKO-
CTH OTHOCHTENBHO npsamoit AB (puc. 182).
Ha npsmoit AB maiiure Takyio Touky X,

wrobin ZAXC = %ADXB.

§ 19. UeHnTpanoHan cummeTtpus. loBopor

( OnpepeneHue

[ Toukn A ¥ A, Ha3bLIBAOT CUMMETPUYHBIMM OTHOCHUTE/IbHO
Touku O, ecnu Touka O ABNAETCA CepeiMHON oTpe3Ka AA,
(pmc. 183).

Touky O cuMTalOT CUMMETPUYHOI camolt cebe.

Hanpuwmep, Touku A u A, y KOTOPBIX ¥ aGCUMCChI, H OPAMHATEI — IPOTHBO-
[IOJIOYKHBIE YMCJIA, CMMMETPHYHBI OTHOCUTE/IBHO Ha4ala KOOPAMHAT (puc. 184).

Paccmotpum ¢urypy F u touky O (puc. 185). Kaxnoii rouke X durypor F
TOCTABUM B COOTBETCTBHE CUMMETPUUHYIO il oTHOCHTebHO ToukH O Touxy X .

B peayibraTe Takoro npeobpasosanus ¢urypst F nonyunm ¢urypy F,
(cm. puc. 185). Onucannoe npeo6pasosanue Hurypsl F Ha3pIBaIOT NEHTPaIb-
Hoit cumMerpueit orHocurenbno Touku 0. Touky O Ha3HIBAIOT MEHTPOM
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_ Puc.183 P . o ———
UA
_______ A 1
A Yo . {
0] _:Fn (S
i (0] X x
AT T Y

cammerpuun. Taike rosopsar, uro ¢urypst F u F, caMMeTpHYHBI OTHOCH-
rexbno Touxa O.

[i Crepcrame  \__

Teopema 19.1 \
(cBOWCTBO LIEHTPaNbHOM CUMMETPUK)
LenTpanbHan cuMMeTpUs ABNAETCH ABUKEHUEM.

DOokasarenscTeo

BeiGepem cuctemMy KOOPAMHAT TaK, YTOGbI LIEHTP CUMMETPUM COBITAJ C Ha-
dasom koopauHat. Ilycts A (x5 y,) m B (x,; ¥,) — NpOM3BOIBHBIE TOYKU UTY-
pot F. Torpa Toukn A, (=x; —y,) n B, (—Xy —Y,) — COOTBETCTBEHHO UX OGpPa3bl
TIPY NEHTPAILHOH CHMMETPUM OTHOCHTENBHO Havyala KOOPAMHAT.

Hmeewm:

AB = J(x2 -2+ -y,
AB, = [(-x, - (=) + (~y, — (-1, ? = JEx, + 2,2 + (-, + 4,2 = AB.

Mber nonyannm, uto AB = A B, T. €. HEHTPIbHAS CAMMETPHS COXPAHSIET

paccTosHue MEKIY TOUKAMH. CraenoBaresibHO, LEHTPANTbHASA CUMMETPUS ABIAET-
Csl IBMOKEHHEM. 4

Ecnu durypel F un F, cAMMETpPHYHBI OTHOCUTENIBHO TOYKH, TO
F=F,

[a

Onpepenexue j
®uUrypy HasbiBalOT CHMMETPUYHON OTHOCHTENbHO TOYKM O,
€C/IM ANA KaXKAOM TOYKM AaHHOW PUrypbl TOYKA, CHMMETPHY-
Hasa ed OTHOCHTENbHO TOYKU O, TaKKe NPUHAANEKUT 3TOM
durype.
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Touky O Ha3bIBAIOT HEHTPOM CHMMe- e Pac, 186
Tpun ¢uryper. Taxke rosopsit, uro ¢urypa Shiae '
HMeeT LEeHTP CHMMETPHH.

IMpuseném npumepsl Guryp, HUMeOMMUX A 0 B
IEHTP CMMMETPHH.

IlenTpoM cuMMeTpUM OTpE3Ka ABJIAETCS
ero cepeauna (puc. 186). e

Touka mepeceueHMs JAMATOHAIEH NapauieorpaMma SIBISETCSH €ro LeH-
TpoM cummertpun (puc. 187).

Cymectyior ¢urypel, umeomue GeCKOHEYHO MHOrO HEHTPOB CHUMMeE-
tpun. Hanpumep, kaxzas To4Ka NPsAMOM ABISETCA €€ NEHTPOM CUMMETPHUH.

Takke GECKOHEYHO MHOTO LIEHTPOB CMMMETPHH MMeeT ¢urypa, cocTos-
masi U3 JABYX NapauleabHbIX NpAMbIX. JII06as TOYKa NPAMOI, paBHOYAAIEHHOM
OT JIByX JIaHHBIX, ABJISETCS LEHTPOM CHMMETPUM PacCMaTpUBAaEMO (uUrypbl
(puc. 188).

Puc. 187 Puc. 188

‘ WA
P

3apaya 1. Jloxaxure, 4T0 06Pa3OM JaHHOM NPAMOil / IpM cMMMETpHN OT-
HocuTenpHo Toukn O, He MpUHAUIEKANEH PAMOI /, siBsieTcs mpsmasi, napaj-
JIeJibHAA JIAHHOM.

Pewenne. Tak kak neHTpaibHAS CUMMe- Puc. 189
TpUA — BTO ABMKEHHE, TO O6pasom upsamoii / - :
6yaer npsamas. /st mocTpoeHus npsMoii 10CTa-
TOYHO OTMETHTH JBE JIOObIE €€ TOUKH.

Bribepem Ha npsMoi [ mpousBOJbHBIE
touku A u B (puc. 189). Ilycts Toukn A, u
B, — ux 06pa3bl NpH HEHTPAILHOI CHMMETPHUH
orrocureapno Toukn O. Torpa npsamas A, B, —
obpas npsamoii /.

Tak kak AO = OA,, BO = OB, yrasb
AOB u A OB, pasHbl KaKk BEPTHKIbHbIC, TO
rpeyroabunkn AOB n A, OB, pasubl 10 n1epBo-
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My NPHU3HAKYy PaBEHCTBA TpeyroabHukoB. Orciona £1 = £2 (cm. puc. 189). Cie-
AOBATEJILHO, 110 NPU3HAKY napautenbHbix npsmbix [ | A\B,. <

3apaya 2. Touka M npunamiexur yray ABC (puc. 190). Ha croponax
BA n BC yrna nocrpoiite Takue Touky E u F, uro6bt Touka M Gbuia cepeauHoii
orpeska EF.

PeweHue. Ilycrs npsimas A B, — o6pas npsimoit AB npu ueHTpasbHON
CUMMETPHUH OTHOCUTENBHO TOUkM M (puc. 191). OGosnaunm F — Touky nepece-
uenust npsmeix A B, u BC.

| Puc. 190 Puc.191

[

E

oM Bi

c F ¢
Al

Haiiném npooGpas touku F. O4eBHAHO, 4TO OH JEXUT Ha npsmoii AB.
Iosromy socraTouno Haittn Touky nepecedenus npamuix FM u AB. O603ua-
unm 3Ty Touky E. Torga E u F — uckomblie TOYKH. <

Hayuast oxpyxaiomuii MUp, MBI 4aCTO BCTpevaeMcst ¢ cummerpueii. [pu-
MEpDI TNPOSABJIEHUS CUMMETPHH B IIPUPOJIE MOKa3aHbl Ha pucynke 192, O6nex-
ThbI, UMECIOIHUE OCh WK OEHTP CMMMETPHH, JIETKO BOCTIPHHHUMAIOTCA M PaayioT
raa3. Hepapom B Jlpesneit ['penun cioBO «CHMMETPUS» CIYKIIO CHHOHIMOM
CJIOB «IAPMOHUSsI», «KPacoTa».

Puc. 192
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Wjess CMMMETPHH IIMPOKO MCIIOAL3YEeTCs B M300pasuTENbHOM MCKYCCTBE,
apxuTeKType u TexHuke (puc. 193).

Puc. 163

Ha pucynke 194 uszobpaxenst toukm O, X, X, u X, Takue, 4To
OX, = OX, = OX, £X,0X = £X,0X = 0. 'oBopAT, 4TO TOUK2 X, apnsietcs 06-
pasom Touku X Ipyu moBOpoTe BOKPYT meHTpa O NPOTHB YaCOBOH CTPENKH
Ha yron o. Takxe rosopst, 4ro Touka X, — 3T0 06pa3 Toukn X npu nosopore
BOKpyr nenTpa O no 4acoBoi CTpeJKe Ha yroi o.

Touky O Ha3bIBAIOT IEHTPOM MOBOPOTA, YTOJ (L — YIrJIOM HOBOPOTA.

Pacemotpum ¢urypy F, Touky O n yron o Kaxroit Touke X ¢urypsi F mo-
CTABUM B COOTBETCTBHE TOUKy X, ABJSIONIYIOCS 06pasoM Toukn X 1pu NOBOPO-
Te BOKpyr menTpa O MPOTHB YacOBOI CTPeaKH Ha yroa o (ecam Touka O npu-
najuiexut ¢urype F, To eii comocraBasercs oHa cama). B pesyibrare Takoro
npeobpaszosanusi purypst F nonyanm ¢urypy F, (puc. 195, a, 6). Takoe npeot-
pasosanme (urypnbi F HA3BIBAIOT MOBOPOTOM BOKpYT nentpa O mpoTus Haco-
BOii cTpesnku Ha yrox o. Touky O Ha3bIBAIOT NEHTPOM NMOBOPOTA.

Puc. 194 B e
Xl
o
0 <o "
Xﬂ

AHAJIOTHYHO ONPEAESIOT peobpasosanue nosopoTa urypsi F 1o gaco-
BOi1 cTpesike Ha yron 0. (puc. 196).

3ameTuM, UTO LEHTPAIbHAs CHMMETPHS ABASETCSH IOBOPOTOM BOKpYT
HeHTpa cuMMerpun Ha yroa 180°.
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{ © Teopema 19.2 \
(cBOWCTBO NoBoOpoTa)
MNoBopoT ABNfAETCA ABHIKEHUEM.

ﬂ,OKa.)KHTC ATy TEOPEMY CaAaMOCTOATEJIBHO.

(. Cnepcreue \
Ecnu durypa F, — o6pa3s ¢purypei F npu nosopore, 1o F=F,.

Sapaya 3. Ha pucynke 197 uzo6paxens! npsmas @ u Touka O. ITocTpoii-
Te 0Gpa3 npAMOii @ npu noBopoTe BOKpyr Toukn O NPOTUB YacOBOI CTPEKH
Ha yroa 45°.

PeweHue. Tax kak moBopoT — 370 ABMKEHME, TO 06PA3OM NPAMOiL @ GyeT
npsamas. Jlist mocTpoenus NMpsAMOR J0OCTATOYHO OTMETUTH JBE JIOGBIE €€ TOUKH.
BriGepem Ha npsimoii @ npoussoibusie Touku A u B (cm. puc. 197). Ilycrs Tou-
ki A, 1 B, — ux 06pa3sl 1pu 10BOpoTe BOKpYr Touku O IPOTHUB YaCOBOM CTpeJ-
Ku Ha yrox 45°. Toraa npsaivas A B, — 06pa3 npsamoii a. <

3apaya 4. Touka P npunauiexur yriay ABC (puc. 198). ITocrpoiite pas-
HOCTOPOHHMI TPEYroJbHUK, OJHA BEPUIMHA KOTOPOTO SBJASETCH TOUKOH P,
a ise apyrue npuHaiexar croposam BA u BC yria ABC.

A, A
M E
P
B F C
Bl

PeweHwue. Ilycts npsmas A, B, — o6pa3 npamoii AB npu IIOBOPOTE BOKPYT
nenrpa P nportus yacosoii crpesxu na yroa 60°. O6osnaunm F — touky nepece-
genust npameix A, B, u BC.

Ilycre Touka E — npooGpa3s Touku F npu paccMaTpuBaeMoM TIOBOPOTE.
Touka E npunamnexur cropone BA yrna ABC.

91H COOOpaKEHMS TTOACKA3BIBAIOT, KaK OCTPOUTH MCKOMBIH TPEYroJIbHUK.
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Crpoum npsamyio A, B, kak o6pas npamoit AB npu nosopore BOKpPYT IeH-
tpa P nporus yacopoil crpeaku Ha yroa 60°. Ilycte F' — Touka nepecevenus
npameix A B, n BC.

Crpoum yron MPF, pasubiii 60°. ITycts npameie MP u AB nepecexaiorcs
B Touke E. DTa TOUKa M sABASIETCSA PooGpazom Touku F.

Hmeem: PF= PE n ZFPE = 60°. CrepoBarenbno, Tpeyroabuuk EPF — pas-
HOCTOPOHHMH. <4

V%J 1. Kakve TOYKM Ha3biBalOT CUMMETPUYHBIMU OTHOCUTENBHO Toukn O? Kak

Ha3blBaloT Touky O?

2. Kakue ¢urypbl Ha3blBaloT CUMMETPUYHBIMW OTHOCUTENIBHO TOYKU o?

3. ChopmynupyinTe CBOMCTBO LIEHTPanbHON CUMMETPUN.

4. Kakum csoicteoMm obnagaioT durypbl, CMUMMeTpUYHble OTHOCUMTENBHO
TOYKU?

5. O KaKoW (hurype roBopsT, 4TO OHa MMEET LEHTP CuMMeTpun?

6. NMpuseauTe Npumepsl GUryp, MMEIOLWNX LEHTP CUMMETPUN.

7. OnuuwuTe npeobpasoBaHne NOBOPOTa BOKPYr TOYKW.

8. CopmynupyiTe CBOWCTBO NOBOPOTA.

9. Kakum cBoicTBOM 06nagaioT GpUrypbi, civ oaHa us Hux saensetcs obpa-
30M Apyrown npu nosopote?

(

0}

@ NpakTu4eckue 3afanus e 109

694. Haueprture Tpeyroibauk ABC 1 oT™MeTDb
Te Touky O, He NPUHAUIEKAIYIO €MY.
[TocTpoiiTe TpPeyroibHUK, CHMMETpHY-
HBbIi1 JAaHHOMY OTHOCHTEJIBHO TOYKH 0.

695. Haueprure Tpeyroasuuk ABC. Ilocrpoii- ' 161
T€ TPEyroJbHHMK, CUMMETPUYHBIN JaH- " =l
HOMY OTHOCHTEJbHO CEPEAMHbI CTOPO-
Hel AB.

696. HauepTure OKpPY)XHOCTH U OTMETLTE HaA | Puc. 200
neil Touky. [locTpoiiTe OKpyKHOCTb, CHUM-
MCTPHYHYIO I[aHHOI;”I OTHOCHUTENBHO OTME-

O

YEHHON TOUKH. *+
697. [locrpoiite oGpas orpeska AB npu no-

BopoTe BOKpyr nerrpa O npoTus yaco- A B

Boit crpenky Ha yron 45° (puc. 199). 7
698. IlocrpoiiTe 06pa3 TPEYroabHUKA ABC | A1

npu nosopote Bokpyr nentpa O mo ua- | C

coBoii crpenke Ha yrox 90° (puc. 200). | - ENSTR
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00 N

699.

700.

701.

ITocrpoiite mapamienorpamm ABCD mno ero BepmmnHam A u B u Tou-
ke O — Touke nepeceyeHus ero auarorare (puc. 201).

Jlaub! 1Be mapawienbHbie npsmbie @ u b (puc. 202). Haiigure Touky, or-
HOCHTEJIBHO KOTOPOMH npsiMas @ GyeT CMMMeTpHYHa IpsaMoit b.

Ha pucynke 203 nso6pakensl aBa paBHbIX oTpe3ka AB u BC takue, 4To
ZABC = 60°. Haiizure Touky O Takyio, 4ro oTpe3ok AB — s1o 06pas or-
peska BC npu nosoporte Bokpyr Touku O NpOTHB 4aCOBOW CTPEJIKH HA
yroa 120°.

702. Ha pucynke 204 nzo6paxkens! asa paBHbix orpeska MN n NK rtakue, 4to
ZMNK = 90°. Haiiaure Touky O Takyio, uto orpesok NK — 310 06pa3 or-
peska MN npu nosopote Bokpyr Touku O 110 yacoBoii crpeike Ha yroa 90°.

| Puc.201  Puc. 202 Puc. 203 ' Puc. 204 1

B 2 N K
a
A
Q A c M
b
3 T
703. Tlocrpoitte durypy, He UMEIOIIYI0 OCEH CUMMETPUH, 06GPA3OM KOTOPOIt

ABJISETCA caMa 3Ta (purypa npu noBopoTe BOKPYr HEKOTOPO# Toukn: 1) Ha
yrox 90°; 2) Ha yrox 120°.

I pe—

704.

705.

706.
707.

708.

Puc. 205
M

HAuaronamu napamnenorpamma ABCD nepe- B v c
cexaiorca B Touke O (puc. 205). Touka M —
cepeauna cropousl BC. Ykaxure o6pasbl To- A
uek A, D u M, cropoust CD, guaronamn BD A
Inpu CUMMETPHH OTHOCHUTEJIBHO TOYKH 0.
JlokaxxuTe, 4TO TOYKA NEpPecedeHus AMaroHaleil napauiesorpamMmma sis-
JAACTCS €ro NEHTPOM CHMMCTPHH.
JlokaxnTe, 4TO OKPYKHOCTh MMEET EHTP CHMMETPHH.
Touku A, u B, ssasiorca o6pasaMH COOTBETCTBEHHO Todek A u B npn
CUMMETPHUM OTHOCHTEIBHO TOYKH, HE NpuHayiexamein npamoi AB. o-
KQKUTE, YTO YeThIPEXyronbuuk ABA B, — napauienorpamm.

Haiianre xoopaunarer Toyek, cummerpuunsix Toukam A (3;-1) u B (0; -2)
OTHOCHTEJIbHO: 1) Havyana koopauHat; 2) Toukn M (2; -3).

D
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709. Jlokaxute, 94TO 06pa3oM NpsMO, IIPOXOAANIEH Yepes IEHTP CHMMETPHH,
ABJISIETCS CaMa 3Ta NpAMas.

710. Touku A (x; -2) u B (1; y) cUMMETPHYHBI OTHOCHTEIBHO: 1) Havana Ko-
opaunart; 2) Toukn M (-1; 3). Haiiaure x u y.

711. Ha pucynke 206 nzobpaxkeHnl GUTypbl, COCTABJIEHHbIE U3 PABHBIX IOJTY-
kpyros. Kakue u3 atux ¢uryp npu HEKOTOpPOM MOBOPOTE HA Yroa (L, rae
0° < o < 180°, Bokpyr Touku O coBnagamT co CBOMMHU O6pasaMu?

e T = —,-—m—. AT — G

: . - B S

% P W R o
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712. MeauaHbl paBHOCTOpOHHErO TpeyronbHuka ABC nepecekawrcs B TOY-
ke O (puc. 207). Yxaxure o6passl Touek C, C, u O, cropoust BC, mean-
ansl BB, orpeska OC,, Tpeyronbuuka A B C, npu noBopore BOKpyr
touku O npoTUB 4acoBOM cTpesnku Ha yroa 120°.

713. Touka O — uentp npaswibHoro mecruyronsiuka ABCDEF (puc. 208).
Vkaxure o6pasbl croponst AF, anaronanu BF, puaronamm AD, mecty-
yroabanka ABCDEF npn nosopote Bokpyr Touku O 1o 4acoBoii cTper-
ke Ha yrou: 1) 60°; 2) 120°.

714. Jlnaronanm ksaapara ABCD nepecexaiorcs B Touke O (puc. 209). Yxaxu-
te obpasel Touek A, O u C, croponst AD, nuaronanu BD npu nosopore
Bokpyr Touku O 1o yacoBoii cTpeaxe nHa yrox 90°.

st -"“a. e s - e o i e " TH s o P Sl
““ N . ¢
F &
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E D A D

00 Meme—

715. JlokaxuTe, 4TO TPEYrOJbHUK HE UMEET LIeHTPa CHMMETPHH.

716. JloxaxxuTe, 4TO JIyd HE UMEET LEHTPA CUMMETPHM.

717. JIoKaxkHMTe, 9TO €CIM YeThIPEXYrOJbHUK MMEET LEHTP CMMMETPUH, TO OH
ABAAETCA NAapa1eorpaMMOM.
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718. Oxpyxnoctu ¢ uenrpamun O, u O, CUMMETPHYHBI OTHOCHUTENBHO TOY-
ku O (puc. 210). IIpamas, npoxoaamas yepesa NEHTP CHUMMETPHH, Nepece-
KaeT MepBYI0 OKPY)KHOCTh B Toukax A, u B,, a Bropyio — B Toukax A, u B,.
Hoxaxwure, uro A B, = A,B,.

719. Ilyctn Bepmmua A paBHOCTOPOHHEro TpeyroibHuka ABC apnsercs neH-
Tpom nosopota Ha yron 120°. Haiinure orpesok BC,, rie Touka C, — 06-
pas Touku C npu ganHom noopote, ecan AB = 1 cm. CkosnbKo pemeHmi
UMEET 3a1aqar

720. Ilycrs Bepmumna A ksagpata ABCD saBnseTcs HEHTPOM NMOBOPOTA NPOTHB
vacoBoii crpeakn Ha yron 90°. Haiiaure orpesok CC,, rae Touka C, — 06-
pas roukn C npu gasHOM nosopore, eca AB =1 cm.

. X T

721. BepmuHBI OZHOrO NapajuiesorpaMMa JIEKAT Ha CTOPOHAX APYroro: 1o Of-
HOW BepHmIMHE HAa Kaxaoit cropoHe. JloKaXXuUTe, UTO TOYKU NEpecedeHus
AMArOHATEH 3TUX Mapa/UIeJIOrPaMMOB COBIIAJAIOT.

722. Touxn A n C npuHapIERaT OCTPOMY YIJIy, HO HE JIEXKAT HA €r0 CTOPOHAX.
ITocrpoiite napamenorpamm ABCD Ttak, uto6b1 Touku B n D nexanu na
CTOPOHaX yTrja.

723. IlocrpoiTe OTPE3OK, CEPEAMHONH KOTOPOro SIBASETCS AaHHAs TOYKA,
a KOHIbl NPUHAUIEKAT JAHHBIM HENAPA/LICIBHBIM HPAMBIM.

724. Touxa M npunamnexur yray ABC u He npuHaIIEKUT ero ctopoHam. [To-
CTpPOiiTE PABHOGEJPEHHDIH MPAMOYTOJBHBIH TPEYrOJbHUK, BEPIIMHON
NPSIMOTO yIJla KOTOPOTO siBJsieTcsl Touka M, a IBe Jpyrue BepIIHHbI Ipy-
HajiexxaT croponam BA u BC coOTBETCTBEHHO.

E ), o

725. Ha cropone BC pasHOocToponnero tpeyrosbanka ABC ormeTwim Tou-
ky D. Bue tpeyroabnuka ABC Bbibpamu touky E Takyio, 4TO Tpeyromn-
Huk DEC — pasnocroponnwmii (puc. 211). Jokaxkure, uro Touka C u ce-
peannbl oTpeskoB BE u AD gBIAIOTCS BEPIIMHAMH PaBHOCTOPOHHETO
TPEYrOJbHHKA.

R — e B

PTVr—— sl
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726. llocrpoiiTe paBHOCTOPOHHMUIT TPEYTrOJBHHMK TaK, YTOOBI €ro BEPIIMHbI
MPUHAVIEKATH TPEM aHHBIM TTAPALIETbHBIM TPSMbIM.

727. Tlocrpoiite pomMb, TOUKOI nepecedeHus JuaroHaieii KOToporo sSBJiseTcs
JAaHHAsA TOYKa, a TPH BCPIIHMHBI NPHHALIEKAT ’l'péM JIAHHBIM MOINAPHO HE-
Napaule/ibHbIM TPSMbBIM.

728. Ha cropoune CD xBagpara ABCD ormernan Touky E. buccexrpuca yria
BAE nepecekaer cropony BC B Touke F. Jlokaxure, uro AE = BF + ED.

729. B pasuocroponnem tpeyroabuuke ABC BpiGpanu Touky P Tak, 4ro
ZAPB = 150°. JlokaxxuTe, 4TO CymECTBYET NPAMOYTrOJbHbBIA TPEYrOJbHUK,
CTOPOHBI KOTOPOTO pasHbl orpeskam PA, PB u PC.

) YnpaxHeHus ana noBTOPEHUs

730. Haitaure croponst Tpeyronbanka ABC, ecim £A = 30°, ZB = 45°, a Bor-
cora, nposeiénnas u3 pepmunbl C, paBHa 4 cM.

731. Ha ocu abcuucc Haiiure TOYKY, paBHOyAaI€HHYIO OT Touek A (-2; 4)
u B (6; 8).

732. B paBHOGEApPEHHBIN TPEYroJIbHUK BIMCAHA OKPYKHOCTb. Touka kacaHus
JAeTUT GOKOBYIO CTOPOHY TPEYroJbHMKA B OTHOmMEHUH 25 @ 12, cunras oT
BEpIIMHBI paBHOGEPEHHOrO TpeyroabHuka. Haiiure paauyc BimcanHon
OKPYKHOCTH, €CJIM TUIOM@A/b TPeyroasHuka pasta 1680 cv?.

§ 20. lomorteTus. NMoao6ue dburyp

Ha pucynke 212 nzobpaxensl Touku O, X n X, Puc. 212

rakue, uto OX, = 20X. T'osopsit, uro TOuKa X, — 3TO

o6pas Toukn X nipy romorernn ¢ nearpom O u xoad-
¢$punuenrom 2. | __,./"}'('/Ji' 1
Ha pucynke 213 nuzo6paxens: Toukn O, X u X, o

takue, yto OX| = —%63( l'osopsr, uro Touka X, —

310 06pa3 Touku X npu romoTeTnu ¢ neHTpoM O mko- [T g T

aduenToM ——% L

Boobme, ecm toukn O, X m X, Takosbl, 9TO /-’5(
o

O_X_; = kOX, rae k # 0, T0 roBoOpAT, 9TO TOUKA X, — BTO X
o6pas Touku X npu romoreTHH ¢ nentpom O u xoad-
¢unuenrom k.

Touky O Ha3bIBAIOT MEHTPOM OMOTETHH, YNCIO R — K03 punuenToM
romoreTnn, k # 0.
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Pacemorpum urypy F u touky O. Kaxuoit rouke X durypst F nocra-
BMM B COOTBETCTBHE TO‘-le Xl’ HBJIHIO[[[}’IOCH oﬁpasum Touku X HPH romMore-
T ¢ uentpom O n xoapdunuentom & (ecam touka O npuHamiexur dury-
pe F, 1o eii conocrasasercs ona cama). B pesyibrare Takoro npeoGpasoBaHus
Guryper F nonyanm ¢urypy F, (puc. 214, a, 6). Takoe npeobpazosanue ury-
pei F HasbiBaioT romoTeTneii ¢ nenrpom O u xospdunuenrom k. Tawxe ro-
BOPAT, 4T0 (urypa I, romorernuna purype F ¢ uenrpom O u xosddurmen-
TOM K.

Puc. 214

Hanpumep, na pucynke 215 tpeyronsuuk A, B, C, romoreTnden Tpeyrob-
uuky ABC ¢ nentpom O u koadduuuentom, pasubivm —3. Takke MOKHO CKa-
3atb, uTo Tpeyronbuuk ABC romorernyen tpeyronsauky A B, C, ¢ TeMm xe uen-

1
TPOM, HO KO3(PDUIIMEHTOM, PaBHBLIM -3

OtrmeTnm, 4TO IpH R = —1 rOMOTETHS SIBASETCA LEHTPATBHON CHMMETPH-
eil orHocuTenbHo nenrpa O (puc. 216). Ecm k = 1, 1o romoretus sBasercs
TOXKAECTBEHHBIM NPEOOPa3OBaHUEM,

Puc. 215 v " Puc.216

Ouesnano, uro npu k # 1 1 k # —1 roMoTeTHs HE ABASETCHA IBHKEHUEM.
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(ﬂ Teopema 20.1 % )

Mpu romotetun ¢purypsl F ¢ KoapdpuuneHTom k Bce paccro-
AHUA MY eé TOYKaMu U3MeHsIoTCA B |kl pa3, 1. e. ecnu A
u B — npousBonbHbie TOYKU ¢urypel F, a A, v B, — ux co-
oTBeTcTBYlOWMUEe 06pa3sbl NPU roMoTeTHH € KodpdpuuueH-
Tom k, 70 A\ B, = |kIAB.

[oKa3zaTenbcTBo - SRS e
Tycrs Touka O — nentp romorerun. Torza OA, = kOA, OB, = kOB. Nve-

eM: ﬁ=@;—ﬁ;=kﬁ—km=k(@—m)=kﬁ, 1. e. A,B, = |k|AB. «

CnepcrBue L

Ecnu TpeyronbHuK A B, C, roMOTeTH4EH TPeyro/ibHUKy ABC
¢ KoapduuueHToM romoreTum k, 1o AA B C, & AABC.

Jlnsi AOKA3aTebCTBA 3TOM TEOPEMBI JIOCTATOYHO BOCIOJIB30BATHCS TEOPE-
moii 20.1 ¥ TPETHMM NPU3HAKOM MOAOGUS TPEYrOJIbHUKOB.

TF'omoTeTusi 06JaaLaeT HEAbIM PAAOM APYTHX CBOMCTB.

IIpu romoreTnu:

— 06pas’om npAMOU AAAEMCA NPAMAL;

— obpa3om ompesKa ABAAEMCsi OMpe30K;

— 06pasom yzna A6AAEMCsL Y20N, PAGHLLIL OAHHOMY;

— 06pasom mpeyzorvHUKa A6AAEMCs MPeYzZoIbHUK, nodobHvLl Oan-
HOMY;

— 06pa3om OKPYNCHOCTU ABNAEMCHA OKPYICHOCTD;

— naowads mHozoyzonvHuka usmensiemcs 6 k? pas, zde k — xo03gh-
uyuenm zomomemuu.

JloKka3aTeabCTBO ATUX CBOICTB BHIXOAUT 3a PAMKHM PacCMaTPHBAEMOTO Kyp-
ca reOMEeTPHUM.

TlepeuncicHHbIE CBOJICTBA TOMOTETHH YKA3bIBAIOT HA TO, YTO 3TO NpPeos-
pasoBaHMe MOXET M3MEHMTh Pa3Mepbl (pUIypbl, HO HE MEHSACT €€ dopmy, T. €.
pM roMoTeTHH 06pa3 U MPoo6pPa3 SABIAIOTCS NOAOOHBIMMU ¢urypamu. 3ameTnm,
4TO B Kypce reomeTpun 8 Kiacca, roBops 0 nofo6um (uryp, Mbl faBain onpese-
JIEHNE TOJIBKO MOAOOHBIX TPEYTOJbHUKOB. Celiuac OnpeaeanuM MOHATHE «II0J0-
6ue puryp», He OrpaHUYMBAsACH TPEYTOJIbHUKAMH.

Ha pucynxke 217 durypa F, romoternuna ¢urype F, a purypa F, cumme-
Tpnuna ¢urype F, OTHOCHTEIBHO NPSMO .

T'osopsT, uto ¢urypa F, momydena us ¢purypot F' B pesyibTaTe KOMIO3H-
MM JBYX PE0GPA30BAHUIA: TOMOTETHN ¥ OCEBOW CHMMETPHH.
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[ockonexy F) = F,, To y duryp F u F, onunakossie Gopmbl, HO pasHble
pasMepsl, T. €. ouu nogo6Hsl. ['oBopsr, uro ¢urypa F, nonysena us durypst F
B pe3yibTaTe mpeobpa3oBaHus mOA0GH.

Ha pucynke 218 ¢urypa F| romoreruuna ¢urype F, a purypa F, — o6pa3
¢urypoi F| npu HeKoTOpOM jBrikeHmu. Paccyxias aHaAIOrMYHO, MOKHO yTBEPXK-
AaTh, 4TO (purypst F u F, nogo6HbL.

W3 ckasanHOro cieayer, 9To 11€1€cOO6Pa3HO MPHHATH TAKOE OIpese-
JeHue,

] Onpepenenne \
ABe ¢urypbl Ha3bIBalOT NOAOGHBLIMH, €CNTH OAHY U3 HUX MOXK-
HO NONY4HTb U3 APYroi B pe3ynbTaTe KOMNO3ULIMK ABYX Nnpe-
06pa3oBaHUi: rOMOTETUM W ABUMEHMA.

ITO omnpejeeHre MUTIOCTPUPYET CXeMa, H300pakénnas Ha pucynke 219.

s mrTTT——

i Puc. 219

b M e o e S

Mono6ue = FomoTeTus + | ABHMeHne

3amucey F  F, osnauaer, uro ¢urypst F u F, nogo6usr. Takxke rosopsr,
uTo (urypa F, — o6pas ¢purypsr F npu npeoGpazoBanun nogobus.

M3 npusea€HHOrO onpeneseHus CIeayeT, YTo npu npeobpas’osanuu no-
dobus uezypvr F paccmosmus mencdy eé moukamu usmensiomcs 6 oono
U MO JHce KOAUUecmao pas.

Tax xak ToxaecTBEHHOE NpeobpasoBaHME ABASETCS ABHKEHUEM, TO M3
CXeMbI, M300PAXKEHHON Ha pucyHke 219, creayer, YTO roMOTeTHs — YaCTHBIH
CIy4aii npeobpa3oBaHus nog06us.

Ilycre A m B — npoussonbubie Toukn durypsr F, a Touku A, u B, — nx
06pasbl npu npeobpasosanuu noxobus. Toukn A, u B, npunamnexar ¢pury-
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A
pe F,, kotopas nopo6na ¢urype F. Yuncio k= /;—g‘ HA3BIBAIOT KOo3(pdunnen-

tom moao6us. ['osopar, uto ¢urypa F, nopobua ¢urype F ¢ xosppuuueHToM
noxo6us &, a purypa F nopodua durype F, ¢ kosdppuipenTom nogodus i-

3ameruM, 4TO npeoGpasoBaHie NMOAOOUs € KOIDPUIHMEHTOM k =1 saBns-
ercs apmkennem. OTCIOa CIEAYET, YTO ABMKEHNE — YACTHDIH Crydaii mpeobpa-
30BaHMSs OAOOUSL.

C npeo6pasoBaHMEM MOAOGHS Mbl YACTO BCTPEYAEMCS B MOBCEAHEBHOH
xuzan. Hanpumep, B pesyabrare u3MeHeHMs: MaciTaba KapThl OJIy4aeTCs Kap-
Ta, noAoGHas AaHHOIL. [lepeHOCst B CBOIO TE€TPaib PHCYHOK, CACTAHHBIN yuuTe-
JIeM Ha JIOCKE, BBl TAK)Ke BBINOJHAETE Mpeobpa3oBaHue noxoous.

Teopema 20.2 \ .
OTHOWeHUe nnowagen noaoGHbIX MHOMOyro/libHUKOB paBHO
KBagparty KoadpduuueHTa nopgobus.

JlokasaTeJbCTBO DTOM TEOPEMBbI BBIXOJAMT 3a PAMKH PacCMaTpUBaEMOTO
Kypca reoMeTpHu.

Mb! JOK2XKeM BTy TEOPeMy AUlsi YACTHOTO C/ydasi, pacCMOTPEB MOAOGHbIE
TPEeyroJbHUKH.

Ilycrs Tpeyroabuuk A B ,C, — obpas Tpe- [T pue 990
yroapnuka ABC npu npeoGpasoBaHuu noaoGus —
¢ xoapdunuentom k (puc. 220). Cropona A,C, — B
o6paa cropoust AC. Torna A,C, = k - AC. Ilpose-
aém seicoty BD. Tlycts Touka D, — o6pa3 Touku D.

I1oCKOJIBKY TIpH 1peoGpa3soBaHuu MOAO0MS COXpa- A— C
HAIOTCS YIJIbI, TO 0Tpe3ok B, D, — BbICOTa TPEYrOIb- B
uuka A B, C,. Toraa B,D, = k - BD. meem: d
1
1AC, -BD Al
SA1‘BICI=2 11 | ]=kAC.kBD=k2.4 Al D1 Cl

AC - BD

Sasc 1ac.BD

3agaya 1. Jloxaxure, uTo 06pa3oM npamoi / mpu roMOTETHM C LEH-
tpom O, He NPUHALIEKAMMM NPAMOA [, asasercs npsamas, napajieiabHas
JIAHHOM.

Pelenue. V3 cBOFCTB rOMOTETHH CIEAYET, 4TO 06pasom npsmoii / Gyrer
npsmas. 1 nocTpoeHus NPAMOiA A0CTATOYHO 3HATB ABE ob6bie eé Touku. Bor-
GepeM Ha NPAMOI / TPOU3BONBHBIE TOUKH A u B (puc. 221). ITycts Touku A,
u B, — ux 06passl NpH rOMOTETHHM C LEHTPOM O u xoadpduuuentom k (pucy-



Hok 221 coorBercTByeT Ciydaio, koraa k > 1). Torna npsivas A, B, — 06pas nps-
moit AB. = =

IIpu noxasatesnbcrse Teopembr 20.1 mbr nokasanu, uro A B, = RAB. Crne-
nosarenvho, AB | A B,. 4

3apaua 2. B ocrpoyroasuslii Tpeyronbuuk ABC BnummTe KBaJpaT Tak,
9TOOBI IBE €10 BEPIIMHDI JIEXaTN COOTBETCTBEHHO Ha ctopoHax AB u BC, a nse
Apyrue — Ha ctopone AC.

Pewenue. U3 npoussonsroii Toukun M croponst AB onyctum neprnenau-
kynsp MQ wna cropony AC (puc. 222). ITocrpoum ksagpar MQPN Tax, 4To6b!
Touka P nexana ua ayse AC. Ilycrs aya AN nepecekaer cropony BC B Tou-
ke N,.

AN
Pacemorpum romoteruio ¢ nenrpom A u koaddunuenrtom k = —2-  Tor-

AN
Aa Touka N, — 06pas Touku N npu 510t romorerun. O6pasom orpeska MN Gy-
aet orpesok M| N,, rae Touka M, npunaiexcur nyay AB, npuaém M,N, | MN.
AHanornyso orpesok N, P, takoii, uro Touka P, npunauiexur ayay AC
u NP, | NP, 6yner obpasom orpeska NP. CrenosateibHo, OTpesKu M N,
u N, P, — cocennmne CTOpoHsI NCKOMOTO KBagpara. [Uisi 3aBepuieHms nocrpoe-
HUS OCTAJIOCk ONYCTUTH nepuenauxyaap M,Q, Ha cropony AC. <

3apaya 3. Ilycrs CD — BbicoTa IPAMOYrOABHOTO Tpeyroabuuka ABC
(£C=90°). Haitqute paauyc 7 BiucaHHoit OKpyxHOCTH Tpeyronbhnka ABC, ec-
JIA PafinyCchl OKPYKHOCTEM, BIMCAHHBIX B TpeyroasHuku ACD u BCD, coorser-
CTBEHHO PaBHbI 7, U 7,
Pewenune. Tak kak yron A — o6mwuit A1si IPAMOYTOIBHBIX TPEyroJabHHU-

koB ACD u ABC, To 3T TpeyroabHUKM mofoGHbI (puc. 223). Ilyctb ko3 pu-
UMEHT N0A0Gus paseH k. Ouenano, uto k, = r?l Ananoruuno ABCD «~ AABC

%
¢ koadpurmenTom k, = e

1 P"e. 22,.5. S o e o e -yp-;c. 2,2...2 o q T _Ei‘-é:__ﬁi =
. TS T N i XL - -
B
M, N, ¢
M N
A D B
Q P Q, P, C




O60o3naunm mwiomaau TpeyroasHukos ACD, BCD u ABC cootseTcTBeH-
HO S, 8, u §. Umeem:

9 ¢ 9
§L=k12=i.5_2:k2=i
S 2’ 8 2,2

2 2

oty S; + 5, "
re S

MMonyaaem, uto 72 =71 +77, T.e. 1 = <72,

OTBeT: Jrﬁ +77.

ra, 1. B KakoM Cydae roBopsT, 4To Touka X, sBnseTcs obpasom Touku X npu

romoTeTuu ¢ ueHTpom O u Ko3dpduLmeHToM £?

2. OnuwuTe npeobpasosaHue Gpurypsbl F, KOTOpoe Ha3blBaloT roMmoTeTnen
c ueHTpom O 1 Ko3DPULMEHTOM k.

3. Kak n3MeHseTca paccTosiHue MexXay To4Kamu npy romMoTeTuu ¢ koapopu-
uneHTom k?

4. ChopmynupynTe CBOMCTBA FOMOTETUMN.

5. Kakune durypbl Ha3biaioT NofobHbIMu?

6. Yemy paBHO OTHOLLIEHME naolaaen noao6HbIX MHOTOYrONbHUKOB?

1.

Orciona

e

-

0]

@ NpaxkTu4yeckue 3afaHun : _ e, 22—4 _.

dn e

733. Ilocrpoiite obpa3s orpeska AB (puc. 224)
npu romoreTnu ¢ neHTpom O u Koappuun-
eHTOM:I)k=2;2)k=—%. |

734. Haueprure orpesok AB. ITocrpoiire o6pas
3TOro OTpe3Ka NP rOMOTETHM € KO3 du-
LUEHTOM R ¥ IIEHTPOM:

1) B Touke A, k= 3; L
2) B Touke B, k=-2;
3) B cepenune orpeska AB, k= 2.

735. Haueprure OKPYyKHOCTb, PaiMyC KOTOPOii paBeH 2 cM, ¥ OTMETHTE Ha HEH
touky A. ITocTpoiite 06pa3 3TON OKPYXHOCTH IIPH TOMOTETHH € k03 du-
[MEHTOM R ¥ LEHTPOM:

1) B uenTpe OKpyx)HOCTH, K = —%, k=2

1

5

736. Haueprture tpeyromsunk ABC. Iloctpoiite 06pa3 3TOro TPeyroibHUKA
NPU FOMOTETHH € KO3 (PUINEHTOM k u uenrpom:

2)BTouke A, k=2, k= -



737.

738.

739,

740.

1) B Touke B, k = 3; 4) B cepeaune cropoust AB, k = -51_;;

5) B cepepune croponst AC, k = -5

2) B Touke C, k= — 3

1
2 L
3) B Touke A, k= %;
Haueprure Tpeyromsuuk ABC. Haiigure TOUKy nepecedenus ero Meuas.
ITocTpoiite 06pas 3TOro TpeyroibHUKA [IPH FOMOTETHH C IEHTPOM B TOY-
Ke [epeceyeHus ero Meauad u KoappuuueHTom:

1) k=2 2)k=%; 3)&:-%.
Hageprure napamienorpamm ABCD. Touky nepeceyeHus €ro AmaroHa-
Jsieit oGosnauste O. [Toctpoiite 06pas 9TOro mapaLIeIoOrpaMma Ipu roMo-
Tetuu ¢ uentpom O u koapduumentom: 1) k= 2; 2) kb = -2

Haueprure xsaapar ABCD. ITocrpoiite 06pa3 3TOro KBapara npH roMo-
TeTHH ¢ KoadpunuenTom k u nenTpom:

1) B Touke A, k= %; 2) B Touke B, k= -2; 3) B Touke C, k=2,

OpueHTHpYsICh 110 ;UICTKaM, Haveptute nstuyroasunk ABCDE (puc. 225).
Iocrpoitre narayronsunk A, B, C,D, E|, nofo6ublii anHoMy, ¢ koaddu-

IUEHTOM NoJ0OHA %

Sl B o e e o s LS
c. 225

IIREDEATIIR




00 \

741.

742,

Ha pucynke 226 Touka A, — ob6pa3 Touku A NpU roMOTETHH C IEH-
tpom O. Ilocrpoiite 06pa3 Toukn B rnipu a3Toi roMoTeTHN.

Ha pucynke 227 touka A, — 06pa3 Touku A npu roMoTeTHy ¢ Ko3ppuun-
enrom: 1) k = 3; 2) k =-2. [locrpoiite HEHTP TOMOTETHH.

Puc. 226  Puc. 227

L

‘0 ¢ o

o
=

*B

a 6

743.

744.

Ha pucynke 228 uzoGpaxennl npamoyronsauk ABCD n toukn A, u D,
KOTOPBIE SBJASIOTCS 0OPA3AMHI COOTBETCTBEHHO TOYeK A 1 D npu npeo6-
pasosanmu mogobus. Ilocrpoiite o6pas npsvoyroabhiuka ABCD npu
aToM npeoGpasosarny. CKONBKO pemeHuii nmeeT 3ajada?

Ha pucynke 229 usoGpakennl npsmoyroabink ABCD u rouku A, n C,,
sasomuecs: obpasamu cootsercTBeHO Touek A n C npu npeoGpasosa-
aim nogo6us. [octpoiite 06pas npamoyronbunka ABCD npu 5ToM nipe-
o6pasosannu. CKOJIBKO PElIEHNH UMeeT 3a1a4a’

Puc. 228 Puc. 229

745.

746.

Ilocrpoiite 06pas Tpeyronbunka ABC npu npeobpasosanun moa06us,
KOTOpPOE SBJISIETCS KOMIO3MIMEH JABYX NMpeoGpasoBaHMi: IrOMOTETHH
¢ uentpom O u koa(ppurmeHToM £ = 2 1 OCEBON CHMMETPHU OTHOCH-
reabHo npamoit [ (puc. 230). Ykaxure koappuumeHT moaoous.

HauepTuTe OKPY)KHOCTB, PAZUyC KOTOPOii paBeH 2 cM. OTMETHTE TOUKY 0
Ha paccrosHuu 4 cm ot eé uentpa. I[locrpoiite 06pa3 aTOM OKPYKHOCTH
npu npeobpasoBaHMM MOAOGHS, KOTOpOE ABJIAETCH KOMITO3HMITHEN JBYX
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6 it: urpom O un koapduimentom k = Ly
Npeodpa3oBaHMii: TOMOTETUH C LEHTP 11 >

nosopora ¢ nearpom O 1o yacoBoii crpeske Ha yroa 45°. Ykaxure koagp-
unmeHT nogo6usL.
747. Ha pucynke 231 msoGpaxens! gBe mnapauieabHsle npsmoie @ u b. Ilo-
CTPOITE LEHTP FOMOTETUH, NPU KOTOPOiA npsamas b sBiasercs obpaszom
G 1 1
npAmMoit a ¢ koadpunuentom: 1) k=2; 2) k= 3 3) k= “5 CkonbKo pe-

NMIeHWI UMeeT 3aja4a?

Puc. 230 Puc. 231

748. Haueprure rpanenmio ABCD, ocnosauue BC koTopoii B Apa pasa MeHb-
me ocnosanns AD. ITocTpoiiTe HEHTP roMOTETHH, IPU KOTOPOil oTpe-
30k AD sBasiercs o6pasom orpeska BC ¢ koapdunmnenrtom: 1) k = 2;
2) k=-2.

@ ynpaxuenus

749. B napauienorpamme ABCD touka D, — cepepuna croponst AD. Ipu ro-
MoTeTHn ¢ ueHTpom A Touka D, ssasercs o6pasom touku D. Haiiaure
KOI(PUIHMEHT rOMOTETHH. YKaXHUTe, KakKue TOUKH SBJISIOTCH obpasamu
Touek B u C npu s10it romoTeTnu.

750. Kakwe u3 ¢uryp, nzoGpakéHHbIX Ha pUcyHKe 232, COBNAJAIOT CO CBOUMH
obpasamu 1nipu romorerun ¢ neaTpom O u kospdpuimentom k>0 u k # 17

. Puc. 2_32 .
Og 0 5
a 6 B T A
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751.

Kakue u3 puryp, n306pakéHnpix Ha pucyHke 233, coBnajaior co CBOMMH
o6pazamu ipu romotetnu ¢ uenrpom O u koapdunuentom k < 0?

s S LR 2 Al

—~ . — Puc.233 =7 T
Bl

r A

752. Meauanbt tpeyroabunka ABC mepece- [ pyc 234
kaiorcs B Touke M (puc. 234). Haitgure  EEEEEE— —
k03P PUIMEHT rOMOTETHUN C LEHTPOM:

1) B Touke B, npu KoTOpOIt TOuKa B,
ABnseTca obpazoM Toukn M; 2) B TOY-
ke M, npu KOTOpO# Touka A, ABIAETCA
obpasom Touku A; 3) B Touke C, npu
KOTOpO# TOuka M siBiasieTcst 0OGpasoM
Touku C,.
753. Meauaunn Tpeyroasunka ABC nepece-
Kaiotcsa B Touke M (cm. puc. 234). Vka-
xure K03(hPUIMEHT U [EHTP FOMOTETHH, NPH KOTOPOW TPEYrOJbHUK
A,B,C, sBasiercs oGpasom Tpeyroapauka ABC.

754. B tpeyrompunke ABC meauaHbl AA,, BB, n CC, nepecexaioTcst B TOY-
ke M. Touku K, F u N — cepeaunbl orpeakos AM, BM u CM cootseT-
cTBeHHO. YKakuTe Koa(hPUIMEHT U [EHTP rOMOTETHH, IIPU KOTOPO# Tpe-
yromsuuk ABC sasercs o6pasom tpeyronpunka KEN.

755. Haizmre o6passl Touek A (-2; 1), B (3; 0), D (0; —6) mpy romoTeTnu ¢ neH-
tpom O (0; 0) n xoadppuimentom: 1) & = 2; 2) k=3%3) k= —%; 4 k= 4%.

756. Touxa A, (-1; 2) — oGpa3 Touku A (-3; 6) npu roMoTeTUM C LEHTPOM
B Hauae koopaunar. Haiiinre xoadduument roMOTETHH.

757. TLiomamu AByX MOAOGHBIX TPEYTOJBHUKOB PaBHbI 28 cm? m 63 em®. OxHa U3

CTOPOH NEpBOro TpeyroibHuka pasHa 8 cM. Haiaure CTOpOHy BTOPOTO
TPEYroJbHMKA, COOTBETCTBYIONLYIO JAHHOM CTOPOHE IEPBOTO.
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758.

759.

CooTseTcTByIOmME CTOPOHBI ABYX MOAOOHBIX TPEYIOJBHUKOB PaBHbl 30 cM
u 24 cm. Tlnomans Tpeyronsauka co croponoit 30 cm paena 45 cm?. Hai-
AUTE MJIOMAAb IPYTOTrO TPEYroJbHUKA.

Iromans TpeyrosbHuka pasHa S. Yemy paBHa Iuiomaib TPEyroabHUKA,
KOTOPBII OTCEKAET OT JJAHHOTO €ro CPEJHss JIUHUS?

760. Ilromaae TpeyronbHuka pasha S. Haitaure miomaas TpeyroasHuka, Bep-
HIMHBI KOTOPOT'O — CEPEeANHbI CPEIHUX JIMHUH JaHHOTO TPEYroJbHUKA.
75 — — —
761. Orpesox MN — cpennsisi 1MHUS TPEYTOIbHH- ~ Pnc.235

762.

763.

764.

765.

ka ABC (puc. 235). Vikaxure koadppunment

Y L€HTP TOMOTETHH, TIPH KOTOpoii: 1) oTpe- y

30k AC ssasiercst o6pasom orpeska MN; 2) or-

pesok MN ssasiercs o6pazom otpeska AC. & o
[MTapannenbHble npsAMbIE TEPeCceKarT CTOPO-

Hbl yriaa A B toukax M, N, Pu Q (puc. 236). A C

Hssectno, uro AM : MP = 3 : 1. Ykaxure
KO3 (PULUUEHT M NEHTP TOMOTETHH, TIPU KO-
Topoit: 1) orpesok PQ sBisercs obpasom
orpeska MN; 2) orpezox MN sBnserca 06-

P
pasom otpeska PQ. M.
ITapanneasusie orpesku BC u AD Takossl,
uro AD = 3BC. CKOIBKO CyIecTBYeT TOUEK, |A
ABJISTIONMXCA LIEHTPAMM TOMOTETUH, IIPH KO- N
TOpoii o6pazom orpeska BC sBasercs oTpe- Q

30K AD? Jlns Kax/a0¥i Takol TOUKM onpese-
auTe KO3(PPUIMEeHT roMOTeTHH.
Oxpyxunocru ¢ nenrpamu O, u O, cooTset-

Puc. 237
. X —
CTBEHHO € paauycamMu R u 7 Kacalotcs BHeI-
HuM obpasom B Touke O (puc. 237). Jdoka-
JKHUTE, YTO OKPYKHOCTH ¢ nenrpom O, sBis-
ercst o6pasoM okpyxHocTH ¢ uentpom O,

npu romorerun ¢ nentpom O n xoaddunn-

" Puc. 236

=T R s it T s

=

SATLAs TIFY T

eHToM ——=. e

Oxkpyxnoctn ¢ nenrpamu O, u O, coorser-
CTBEHHO ¢ paauycamMu R u 7 KacaioTcst BHy-
TpeHHnM obpaszom B Touke O (puc. 238). Jlo- -
Ka)XHTE, YTO OKPYKHOCTB ¢ neHTpom O, siB- o\o,
nseTcst 06pasom okpykHocTH ¢ nientpom O,

npu roMorernn ¢ ueHtpom O u koagduim-

€HTOM —.
r
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766.

767.

768.

769.

770.

771.

772.

773.

774.

Oxpyxnocts ¢ nerrpom O Kacaercs Puc. 239
npamoii a. Jlokaxure, uro o6pas 3To1 .
OKPY)KHOCTH NPH FOMOTETHH C II€H-
Tpom A, rre A — Npou3BOIbHAsS TOYKA
npsiMoit a (puc. 239), xacaercst 3TOH

npPsIMOiA. o
Touxa A (2;-3) — o6pa3 Touku B (8; 6)
npu romoretnn ¢ nenarpom M (4; 0). 4 &

Haiignre koapHIMEHT TOMOTETHH.
Touka A (=7; 10) — o6pas Toukn B (-1; -2) npu romoreTnn ¢ KO3 Purm-
enrom —2. HaliauTe 1ieHTp roMOTEeTHH.

Touka A, (x; 4) — 06pas TOUKH A (—6; y) npu roMoTEeTHH C IEHTPOM B Ha-

yasie KoopaMHaT u Koadpuimentom: 1) k = %; 2) k = -2. Haiigure X u Y.

Touka A, (4; y) — o6pa3 Toukn A (x; —4) NpH roMOTETUH C LEHTPOM
B (1; =1) u xoapdunuenrom k = —3. Haiiaure x n y.

Cpeausist IMHUS TPEYTONbHUKA OTCEKAET OT HETO TPAICIMIO, IOl KO-
Topoii pasua 21 cM”. Haiiure miomaas AaHHOTO TPEYroJbHHUKA.
Ipsivasi, napautensnas cropore AC tpeyronpunka ABC, mepecekaer ero
cropony AB B Touke M, a cropony BC — B Touke K. Haiijjure nromann
tpeyroabanka ABC, ecan BM =4 cm, AC = 8 cm, AM = MK, a iiomain
tpeyroabinka MBK pasua b cM”.
ITponomxenust GOKOBbIX CTOPOH
AB u CD tpaneiymn ABCD ne-
pecekaiorcsi B touke E. Hai- | e
AWTE IUIONA]b TpanenuH, ec-
m BC : AD = 3 : 5, a wio-
maap Tpeyroabunka AED pas-
Ha 175 cm?.

Ha pucynke 240 uzobpaxeén
wIaH MKOJbL Bopramcawre, xa-
KyIO IUIOIIA/lb 3aHUMAET IIKOJIA,
ec/M IUIaH HAa4epYeH B MacmTa- | 1 .
6e 1 : 2000. Jnrusa CTOPOHDI [ L1 | | S [
kaeTku pasHa 0,5 om.

Puc. 240

E 5 -

775.

776.

Haiigure obpas npsaMoi y = 2x + 1 npu roMOTETHH C LCHTPOM B Ha4aiIe
1
Koopaunat u koadpuumentom: 1) £ = 2; 2) k= —5

Haitzute 06pa3 okpyxkHoCcTH (X + 2)% + (¢ — 4)* = 4 npn roMOTETHH C UEH-

TPOM B Hauaie KOOpAMHAT U KoaddumenTom: 1) k= %; 2) k=-2.



7717.

778.

779.

JBe OKpPY)KHOCTH KacaloTcs BHyTpPeHHUM oOpaszoM. Uepes TOUKy kacaHUsS
NPOBE/ICHbI [IBE NPAMBIE, NEPECEKAIIHME OKPYKHOCTH B Toukax A, A,,
B,, B, (puc. 241). lokaxure, uro A B, | A,B,.
JlBe OKpPYKHOCTM KacalioTCs BHEMHMM oOpasom. Yepe3 Touky kacaHHs
NPOBEAEHDI JIBE NPAMBIEC, NEPECCKAIONME OKPYXKHOCTH B Toukax A, A,,
B,, B, (puc. 242). lokaxwure, uto A,B, | A.B,.
Touxka A npunasiexur okpyxsHocta (puc. 243). Haitaure reomerpude-
CKOE€ MECTO TOYEK, SBJIAIOUIMXCA CEPEANHAMU XOPA AaHHON OKPYKHOCTH,
OJIHUM U3 KOHIOB KOTOPBIX ABJISAETCA TOYKa A.

Puc. 241 Puc. 242 Puc. 243

780.

781.

782.

783.

784,

JBe OKpyKHOCTH KacaloTcsi BHYTPEHHHM OGpa3oM, NMPUYEM MeHbIIas
OKPYXHOCTb NPOXOJAMT 4epe3 ueHTp Goabmeit. Jlokaxure, uro mobyio
Xopaty GoJbImei OKPYKHOCTH, NPOXOASINYIO 9€pe3 TOUKY KACAHMsI, MEHb-
mias OKPYXHOCTb JCJIHUT MMOIIOJIaM.

HAaner Tpeyroabuuk ABC u npoussosibHas Touka M. Jlokaxkure, 9TO TOU-
KU, CUMMETPUYHBIE TOYKe M OTHOCHUTENBHO CEPEeMH CTOPOH TPEYrob-
Huka ABC, SBASIOTCS BEPUIMHAMM TPEYrONLHUKA, PABHOTO JAHHOMY.
TlocTpoiiTe TpeyroabHUK MO ABYM €ro YriiaMm 1 pajuycy ONHCAHHOH OKPYXK-
HOCTH.

[TocTpoiiTe TPeyroabHUK O JABYM €ro yriiaM U pajuycy BIIMCAaHHOH OKpyX-
HOCTH.

Brmmure B ganubiii Tpeyronsauk ABC npsMoyroabHuk, CTOPOHBI KOTO-
poro oTHOCATCA Kak 2 : 1, Tak, 4To0bI IBE BEPIIMHBI GOMbIIEH CTOPOHDI
NpAMOYrOJbHUKA Jiexam Ha cropone AC TpeyroibHMKa, a JBe Apyrue
BEpIIMHDBI — HA cTopoHax AB n BC.

il T

785.

786.

Orpesok AB — xopaa jaanHoi okpykHOCTH, Touka C — NPOHU3BOJIBHAS
TOYKA 3TON OKpyxkHocTH. Haiiiure reomeTpnueckoe MeCTo ToYeK, sIBIIs-
IOIMXCA TOYKAMU IE€PECeIeHnst MeiMan TpeyroabHukoB ABC.

Hansr x8e Touku A u B u npsamas /. Haiiaure reomerpuueckoe Mecto To-
Y€K, SABJISIIONMXCH TOYKAMM NEpPeceveHuss MeauaH TpeyroiabHukos ABC,
rae C — npou3Bo/IbHAsE TOYKA TIPAMOH /.
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787. Touxa M npunamiexur yray ABC, HO He TIPHHAUIEKHUT €ro CTOPOHAM.
[MocTpoiiTe OKPYKHOCTb, KOTOPas KAacaeTcss CTOPOH YI/Ia U IPOXOAMT ve-
pesa Touky M.

T I T T

(a!mwmm

788. Haiizure miomaas pom6a U pajnyc OKPyKHOCTH, BIMCAHHOM B pomb, ec-
Ji1 ero auaroHanu pasubl 12 cm u 16 om.

789. Haiyure nepuMeTp TpeyrosbHHMKA, 00pa3sOBAaHHOIO IPH IEpeCceYeHUH
npsamoit 3x + 4y = 24 ¢ ocAMH KOOpJAMHAT.

790. JIBe OKPY)KHOCTH KacaloTCsl BHEIIHMM 06pasom B Touke A, Touku Bu C —
TOYKM KACAHMs C STHMHU OKPYKHOCTAMMI MX omieil kacaTeabHOi. Jlokaxu-
te, uro LBAC — npamoii.

e

rak r \ Hbl r KH \_,

NpumeHeHue npeoGpasoBaHuin Guryp npu pelieHuu sagas

3agaya 1. Ha croponax AB, BC u CA OoCTpOyroipHOr0O TpPEYroJbHu-
ka ABC nocrpoiire takne touku M, N u P cOOTBETCTBEHHO, 9TOGBI IEPUMETP
tpeyroabauka MNP Gbul HANMEHbIIHM.

Pewenue. Ilycts P — npomsBoibHas TOuKa cTopoHbl AC TpeyrojbHu-
xa ABC, P, u P, — eé o6pasbl Ipy CHMMETPHH OTHOCHTEIBHO NpaMbix AB
n BC cootBercrsenso (puc. 244). Ilpsamas
PP, nepecekaer croponst AB u BC coor-
peTcTBeHHO B Toukax M u N. B zamaue 2
§ 18 MpI nmokasanu, 4TO NpH (PUKCHPOBaH-
HOM TOJIOKeHun Touku P nepumerp Tpe-
yronpauka MNP sBiseTcs HanMEHBIIHM.
DTOT nMEpUMETp paseH juinHe oTpeska P Py,

3ametrum, uro EF — cpenHsas JuHUSA

tpeyroabauka PP P,. Toraa EF = %P]P2

Iockonabky ZBEP + £ZBFP = 180°, To ToukH P, E, B, F nexar Ha ogHo#
oxpyxHoctu ¢ guamerpom BP. Orcioga EF = BP - sin B. CieloBaTenbHO, AMHa
orpeska EF Gyner HaumeHbIeii npy HanMeHbIei amne otpeska BP, T. e. Tor-
na, korja BP — Beicora Tpeyroasauka ABC.

Ha pucynke 245 orpesok BP — sbicora Tpeyroabnuka AB C. Crpoum Tpe-
yroabuuk MNP HauMeHbIIEro NEPUMETPa MpH (PUKCMPOBAHHOM MOJOKCHUM
Touku P.

W3 nocTpoeHus cieyeT, YTO NePUMETP 1060ro Apyroro TpeyroabHMKa,
BEPUIMHBI KOTOPOIO JIEKAT HAa CTOPOHAX TPEYrONbHUKA ABC, 6onbme nepume-
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Tpa Tpeyroabuuka MNP. ITosromy Touku M, N, P ABIAIOTCS UCKOMBIMH. DTH
XK€ TOUKH MOXKHO IOJY4UTh, IPOBEs BbICOThI M3 BepmuH A u C.

CrepoBaTesbHO, MCKOMBIE TOYKM — 3TO OCHOBAHHUSA BBICOT JAHHOIO Tpe-
yroabuuka ABC. «

3apaya 2. Ilycts Touka O — neHTp npaswibHOTO N-yroabuuka A, A,...A
(puc. 246). lokaxure, 4T0O (ﬂ; + 072' +.t (_)ITH =0.

Pewenue. Ilycrs O_A: + (_)Z; + o+ OA, = a@. PaccMOTPUM TIOBOPOT ¢ HeH-

o

tpom O Ha yron 3—?10—, HanpuMmep, NpoTUB 4acosoit crpesku. [Ipu Takom npeo6-

pasoBaHuM 06pa3oM JAHHOrO N-yroJbHHUKA OyAeT 3ToT xe n-yroasuuk. Creposa-
TEJbHO, UCKOMas CyMMa HE€ HM3MEHHTCA. A 3TO BO3ZMOKHO JIMIIbL TOTAA, KOTAA

a=0.«

3apgay4a 3. Buyrpu rpeyronpuuka ABC, Bce yrasl kKoToporo Menbime 120°,
Ha#uTe TaKkyio Touky 7, urobnl cymma TA + TB + TC 6buia HauMeHbIIEH.

Pewenue. Ilycts T — npoussosibHasi TOYKA JAHHOTO Tpeyroabhuka ABC
(puc. 247). Paccmorpum osopor ¢ uentpom A Ha yroa 60° no yacosoit crpesr-
ke. Ilycts Toukn T} u C| — oGpasbi Touek T'u C cooTBETCTBEHHO (cM. puc. 247).
Tak xax nosopor ssaserca asmxenuem, o T,C, = TC. OueBngHo, 4to Tpe-
yroabunk ATT, sasercst pasnocroponnum. Torma AT = TT,.

T

Puc.245 Puc.246 | Puc.247

= k.

Ay
P,

Umeem: TA+ TB+ TC =TT, + TB + T,C,.

[lonsitHo, uro cymma TT, + TB + T, C, 6yaer nanmeHbmei, ecm Touku B,
T, T,, C, nexar na onnoii npsmoit. ITockoabky £1 = £2 = 60°, To ato ycIoBHe
GyaeT BBINOJHEHO TOTAa, Korja £3 = £4 = 120°,
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Tak kax yron AT,C, — obpa3 yrna ATC npn [
YKA3aHHOM [IOBOPOTE, TO JOJKHO BBIIIOJHATBCA pa- [
Benctso ZATC = 120", B

Hrak, Touku B, T, T, n C, 6yayr npuHaie-
)KaTh OJHON MPAMOI TOIZa M TOJBKO TO/A, KOTAA
LATB = LATC = 120°. Orciona £BTC = 120°. T

Takum o6pasom, cymma TA + TB + TC 6yzrer A C
nHauMmenbieit, eciun LZATB = ZBTC = ZATC = 120°.

Haiitu Touky T MmoxHO, Hanpumep, noctpous I'MT, u3 KOTOPbIX OTPE3KH
AB n AC Buanel nox yraamu 120° (puc. 248).

[MousTHO, YTO €cu OAMH u3 yrioB Tpeyroabuuka ABC ne menbme 1207,
TO TOYKA IEPECeYeHUs: NOCTPOEHHBIX Ayr He OyaeT paciojioKeHa BHYTPU Tpe-
yrobHuka. MOXHO NOKa3aTh, 4TO B TPEYTOJBHHKE C YIJIOM, He MeHbmuM 1207,
touka I, cyMMa paccTosiHuii OT KOTOPOM /10 BEPIIMH TPEYTOJIbHUKA ABAACTCIH
HAMMEHBIIEH, COBNAJAET C BEPUIMHOM TYNOTO yria. 4

3apa4a 4. Orpesku AA|, BB, u CC, — BbICOTBI OCTPOYrOIBLHOTO TpE-
YrOJIbHUKA ABC. JlokaxkuTte, 9TO PagHyC OIIMCAHHOW OKPYKHOCTH TPEYroJbHHKA
ABC B 1Ba pasa Gosbie pajyyca ONMCAHHO# OKpykHOCTH Tpeyroabinka A, B, C).
Pewenue. Ilycts mpsambie AA,, _
BB, u CC, nepecekaior OKpyKHOCTb, Puc. 249
onucaHHyio 0K0sI0 Tpeyronbhuka ABC,

A
COOTBETCTBEHHO B Toukax M, N u P P
(puc. 249). lokaxem, uto HA, =AM, 9
rjae Touka H — oprounenrp Tpeyroib-
unka ABC. Cy
Umeem: L1 =22=90"-ZLABC. |N
Vrael 2 1 3 paBHBI Kak BIIHCAH-
HbIE YIVIBI, ONMpalonwpecs Ha ayry MB. H
CneposarensHo, £1 = £3.
Torpa B Tpeyronbuuke HCM 1
c X

orpesox CA, siBaseTcs 6GuccekTpucon A, B
M BBICOTOI, A CJIEIOBATEJILHO, U MEU-
anoit. Orciona HA, = A M.

AHAIOTUIHO JOKa3bIBAOT, 4YTO M
HB,=B\N, HC, = C\P.

Tenepb HNOHATHO, YTO TPEYrOJALHUK MNP roMoTeTHYEH TPEYroJbHUKY
A B,C, c nenrpom H u xosduimenrom 2. Torna paguyc ONMCAHHOH OKPYIKHO-
ctu Tpeyronbuuka MNP B aBa pasa 6oJiblue paauyca ONMCAHHOM OKPYKHOCTH
tpeyronbamka A,B,C,. Octanoch sametuts, uro Tpeyroasunku MNP u ABC
BIIMCAHBI B OJHY OKPY>KHOCTD. <
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3apanue N2 5 «lpoBepbTe cebs» B TecToBoi popme

Kakoii us orpeskos, usobpaxénnpix Ha pucynke 250, Moxer GbITh
obpasom orpeska AB npu ABMKeHUN?

A) MN B) PQ B) EF ) DC

- YKaxure ypaBHeHHE 06pasa IPAMON ¥ = 2X IPH NapaUIeTbHOM Tepe-

HOCE HA BEKTOP a (0; 1).

A)y=2x+1 B)y=x+1

B)y=2x-1 NDy=x-1

Kakas u3 npsambix, n3ob6paxeénnpix na pucynke 251, MoxeT GbITh 06-
PasoM NpsMO @ NpHU NapaIebHOM IepeHoce?

A) b b) ¢ B)d Ia

_ Puc. 251

- Kakas n3 ykasanupix ¢puryp umeer ToabKo OiHY OCh CUMMETPHH?

A) kBajgpar B) nmapa6ona
B) okpykHOCTB I') orpesok

- Ilpy kakux snavenusx x u y Touku A (-1; y) u B (x; 6) cummerpuy-

HbI OTHOCHUTEIBHO OCH abcuucc?
A)x=-1,y=6 B)x=-1,y=-6
b)x=1,y=-6 MNx=1,y=6

. Kakas ua ykasanubix uryp umeer ueHtp cummerpun?

A) TpeyroabHMK B) Tpanenus
b) orpesoxk I') yron

- Kaxas n3 ykasanubix Quryp uMeer HEHTP CHMMETPUH M OCb CHMMe-

Tpun?

A) paBHOCTOPOHHMIT TPEYrOJIbHUK
b) mapauresorpamm

B) pasnob6okas Tpaneums

I') npsamasn
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- 8. Ilpm KaKuX 3HAYEHUSAX X 1 Y TOYKH A (X5 7) u B (—4; y) cummeTpHy-
§ HbI OTHOCUTEJIbHO Havara KOOPAMHAT?
' A)x=4,y=-7 B)x=—4,y="7
B)x=4,y="7 Dx=-4,y=-7
9. Touka O — uentp npaswibHOro BochmuyronbHuka ABCDEFKM
(puc. 252). Yiaxure o6pa3 croponbl EF npu noBopoTte BOKPYr TOY-
ku O 110 4acoBoii cTpenke Ha yroa 135°.
: A) AB b) BC B) AM I) CD
~ 10. IMpoxomxenns Gokosbix cropon AB u CD tpanenun ABCD
' (puc. 253) nepecexaiorcs B Touke M. Yikaxute K0a(PUIMEHT roMo-
TETHH C IEHTPOM B Touke M, npu kotopoii otpe3ok BC asasercs 06-
pasom orpeska AD, ecm AB: BM =17 : 2.

A) 2 B) 2 B) 2 r)

oo

| [P —— T Pc. 253

TPRNLrT e FIRTE E Vs & Py Lathited

\V}
VAV L,

11. Touka M (6; =3) — o6pa3 Touku N (2; 1) npu romoreTnu ¢ K0P Ppu-

1
LMEHTOM — 2. VKauTe KOOPANHATHI IEHTPA FOMOTETHH.

A) (5 -2) B) (8: -1) B) (-5; 2) r) (-8 1)

f 12. [Ipsmasi, napauiesbHas cropone AB TpeyroibHUKa ABC, nepecexa-
et ero cropony AC B Touxe E, a cropony BC — B Touke F. Hemy pas-
Ha mwiomazas Tpeyronsauka CEF, ecmn AE: EC =3 : 2, a ruiom@aip Tpe-

yroapauka ABC pasna 75 cm??
A) 36 cm? B) 50 cm? B) 30 cm? I) 12 cm?
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Utoru rnasbl 5

Oeumenne (NnepemeljeHmne)
lMpeo6pa3zosaHue Gpurypol F, coxpaHaiouee pacCTOAHUE MeX-
Ay TOYKaMu, Ha3biBalOT ABWXeHueM (nepemewjeHnem) owury-
poi F.

PaBHbie Gurypusi
Ase ¢urypsl Ha3bIBaOT PaBHLIMMU, €CNK CYLLECTBYET ABUKe-
HWEe, NPY KOTOPOM OflHa U3 aHHbIX GUryp aBnaerca o6pasom
OPYrown.

NMapannensHbii NepeHoc c
Ecnm Touku X n X Takossl, 4to XX, = a, TO rOBOPAT, 4TO TO4-
Ka X, — 370 06pa3 To4ku X npu napannenbHOM nepeHoce Ha

BEKTOp a.

CBoMcTBa napannenbHOro nepeHoca
e MlapannenbHblit NepeHoc ABNAETCA ABHUIHEHHEM.
e Ecnu durypa F1 — o6pas3 ¢urypsi F npu napannensHom nepe-
Hoce, T0o F, = F.

Ocepan cummeTpuna
Touku A un AI Ha3biBalOT CHMMETPUYHBIMM OTHOCHUTENBLHO NpA-
Moit [, ecnu npamas [ aBnaeTca cepeuHHbIM nepneHanKynsa-
pom oTpe3ka AA,.

CBOMCTBO OCEBOH CHMMETPHM
e OceBan CUMMeTPHUA ABNAETCH ABUKEHUEM.
* Ecnu ¢purypel F u F, cAMMETPHYHbI OTHOCUTENIbHO NPSIMOW, TO
F=F,. '

@urypa, MMeloWan oCb CHMMETPHM
®urypy HasbiBalOT CHMMETPUYHOH OTHOCHTENbHO npAmoN [,
€Ccnu ANa KaXAOW TOYKM AaHHOW DUrypbl TOYKA, CHMMETpPHUY-
Hafl el OTHOCHUTENbLHO NPAMON [, TaK)Ke NPUHAANEHKHUT ITOM
durype. Mpsamyio / Ha3bIBaIOT OCbI0O CHMMETPUU GUTYDBbI.

LenTpancHan cummeTpua
TOYKM A M A, Ha3LIBAIOT CHMMETPUYHLIMK OTHOCHTENIBHO TOY-
Ku O, ecnu TouKa O sABNsieTCA cepeiuHON oTpesKa AA,.
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CBOWCTBA LEHTPaNbLHOH CHMMETPHH
¢ LleHTpanbHasa CUMMETPUA ABNAETCA ABUMEHUEM.
e Ecnn ¢urypbl F u F, CHMMETPH4HbI OTHOCHUTE/IbHO TOYKH, TO
=1,
1

durypa, MMewL|an LeHTP CHMMETPHH
®urypy Ha3bIBalOT CHAMMETPHYHOH OTHOCHTENbHO TOUYKK O, ec-
NU ANA KaXKAO0W TOYKM AaHHOW GUrypbl TOYKa, CHMMETPU4YHanA
el OTHOCHTENBHO TOYKM O, TaKXKe NPUHAANEXHUT ITOH durype.
Touky O Ha3biBalOT LEHTPOM CUMMETPUK GUrypbl.

CeoicTBa noBopoTa
¢ [loBOpOT ABNAETCA ABUMEHUEM.
» Ecnun purypa F, — o6pa3 ¢urypsl F npu nosopore, 70 F, =F.

FomoreTun

Ecnm Touku O, X u X, Takossl, uto OX, = kOX, rpe k # 0, T0
FOBOPAT, 4TO TO4Ka X, — 3710 06pa3 TOUKM X Npu romMoTeTHH
¢ ueHtpom O u KoapduuueHTom k.

CBOMCTEA rOMOTETHM

e Mpu romoretun opurypsl F ¢ KoadpdpuuneHTom k Bsce paccrosn-
HUS MeXAY eé ToYKamu u3MeHsioTca B |kl pas, 1. e. ecin A
u B — npou3sBonbHble TOYKU durypel F, a A, n B, — ux coor-
BeTcTBylOWMe 06pasbl NP roMoTeTMH C KOIPPULMEHTOM k,
10 A B, = IkIAB.

. Ecnu Tpeyronbﬂuu A B,C, romoreTnyieH Tpeyronbuuuy ABC
¢ KoadduyneHTOM romore'mu k, 10 AA B, C & AABC.

Mopobue
OBe ¢urypbl Ha3blBaOT NOJOGHLIMKM, €C/IH OAHY U3 HHUX MOM-
HO MONYYUTb U3 APYroi B pesynbTaTe KOMMNO3WUUM ABYX npe-
o6pa3oBaHUii: FOMOTETHU U ABUHEHUA.

NMnowafu NOROGHLIX MHOrOYro/ibHMKOB
OTHOoleHUe naowagei NOAOOGHLIX MHOrOYro/ibHUKOB PaBHO
KBagpaty KoadpduuueHTa noaoo6ms.
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ApymuM ¢ KOMNLIOTEPOM

Brr NPOAOITAHUTE COBCPUJCHCTBOBETB CBOH HABBIKH INKThAGRAHHA KOMIIBIO-
TepoM, NpyolpeTeHHble B 7 1 8 KIaccax, OCBAMBATL HOBEIE HHCTPYMEHTBI M HO-
Bble IPOrPAMMHLIE CpecTsa. HAMOMHMM, UTO, XPOME 33JaHUH, TPHUBESENHLIX
B ATOM PA3JEIe, Bbl MOKETE HCMOABIORATh (AZHOOODUSHBIC IPOTPAMMBI, CO3-
JAHHEIE MM OCBOSHHAA HIKOJBHOIG KYpcCa MeOMETPHH. Bor cchinkM Ha HEKOTO-
phle K3 TAKMX TPOrpaMM:

http:/ /www.pcmath.ru /?parenti=1&page=1/

http:/ /obr.1cou/catalog.jsp?top=3 /

http:/ /school-collection.edu.ru /catalog /rubr #908077h702214825h549-
b236526d48d4 /1147602 /

hetp: / /www.dgeometry.ru /links /2d.htiml /

CnicoK NOAESHBIX 1IPOTPAMM JANEKO HE UCIEPILIBAETCA IIPHMBEIEHHBIMHY.
Bhi moxeTe Henoab3oBaTh rrobansay ceTe FIHTEPHET Ana nowcka HYAROHE Bam
uI1OpMATIHH.

B yueGrnke HpHBe/ACHbI KPATKHE UCTOPHIECKAE CREACHUN & SHAMEHUTLIX
YUEHBIX, TPYAbI KOTOPBIX CRAIAHK ¢ UIYIAEMBIMH TeMamt, C HOMOIILIO rnoGans-
HoH ceTn HuTepHeT 8L MOXeTe nonyunts fonkme mHpOpMaite 06 ux Guorpa-
$HAX 1 HAYYHDIX OTKPHITHSIX,

Ecnm BEl mmanupyere BuiGpath Tpodheccuio, xoTopas Tpehyer yraybaéu-
HBIX 3HAHWUI 111} MATEMATHEES, TO MOXHO Ha4Yark OCBAUBATH MATEMATHYECKHE IIa-
KeThl (Hamprmep, MathCad, MathLab u T. n.), cogepxamme MomsbIi HHCTDY-
MUHTADHE I MATEMATHIECKMX BBIYHCICHHI, I€OMETPHHECKMX NOCTPOCHHI
u T. I [last Gyymero HESKEHePa MOIYT OKasaThes TONe3HBIMM 3HAIMS 110 HHXKE-
HEPHOMA rpadiike U YMEHME CTPOUTE CIOKHDIE YepTexu (Hanpamep, AutoCad).
Brl MOMKeTe H3y4aTb STH HPOrpaMMHBIE CPEACTBA, BHIIOIHAL 3aJaAHMA 10 Kypcy
TEOMETHMH,

3apanun M OMIILIOTePOMs

B sTom paspenc mpuBegens! 3azaHusn, KOTOPhIC BbI CMOMKETE BBLITOIHATE
¢ NOMOWBIC KOMILIOTEPA 110 MEPE M3YUEHHA COOTBETCTBYIONWX TeM. (JCHOBHEI-
MM HATPABICHHAMY ABNAKTCH 347aHUS HA TIOCTPOEHHE [EOMETPUUECKHX du-
TYP. KOTOPBIC BLI GYAETC BBHIIOAHATH € MOMOLILIO TPapH4ECKOTo pPeaaxTopa,
H BBIMMCIEHHA, KOTOpI‘:IC BEI MOJK{TE RLIIIOWJIHATE C AOMOILIO l{a.TIbK}'JlHTOpa JIH-
G0 MATEMaTIYECKUX 1TAKETOR.

Kpoue aTux 3a1aHuii, kul MOXETe pEWATE 3a0auH 1a pyfipmkn «I[IpakTuge-
CKRE 3ANaHMA» HE TOJBKO B TETPAAM, HO M ¢ NOMOMbIO KOMITbIOTEPHBIX 1O

rpamMm.
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TpuroHomeTpuieckue ¢yHxumu yrna or 0° ao 180°

1. Hayaureck BRMBCAATL TPUrGHOMETPHYECKHE PYHKIMK YTAA, & TaKKe
HAXOAMTh BETUUMHY yIJ4 110 3HAUEHIAM €70 TPHIOHOMETPHYECKHX (PYHKUHI.

Teopema HOCHHYCOB

2. [NponamocTpUpyYHTE CIEICTPHE U3 TEOPEMBI KOCHHYCOB (EAYIOIHM
abpasom.

BriGepuTe Habop NOMOKUTENBHBIX TUCed d, b, C, yIOBIETBOPAOIMX yC10-
puio af < B2 + &, cie @ — Hauboasmee wacho U3 BhiGpanubix. [ocrpotite nabop
OTPE3KOB ¢ 3afaHHBIMU LiMEami a, b, ¢. COCTaBBTE M3 BTHX OTPEIKOB TPEYTOML-
HEK. Tloaysmaca A OH OCTPOyronsubiM? ITpoaenaiite 9TH Ke AeHCTBUS A
yenosuit @ > B2 + ¢2 u ¢* = b + ¢%. Hucna 4, b, © JOKHBI YAOBICTBOPATD Y0~
B0 @ < b +c.

TeopemMa CUHYCOB

3. MzofpasuTe NpPOMABOALHLIE TPEYrONBHUK, WU3MEPETE C MMOMOINLID
CPEACTB rpaduuecKoro PeIakTopa ero CTopoxsl M YLILL [IpoBepeTe, BhUIOAHA-
€TCS MU TEOPEMA CUNTYCOB. BLIMCIEHMs TPOBOTUTE TAKKE € NOMOMBIO KOMILIO-

Tepa.

PeleHne TpeyronbHUKOB. POpMYNbl ANA HAXOXMAEHHA
NIcWaan TpeyrofbHuKa

4, 3ananus § 4, TpeGyomue HAXONKACHHA 3HAYCHUN TPHIOHOMETPHTIC-
CKMX QVHKIHIA ¥ uposeseHna Goxsmoro ofnéma BLIYHMCIEHHH, BEINOAHHHTE
€ HOMOQINGI KOMOBKITEPA.

MpaBuNbHBIE MHOTOYIONbHHKY M WX CBOWCTBA

5. [Tpy NOCTpOECHHNK NPaBHILHLIX MHOTQYIOJLHHUKOB MOMHO BRIGpATh
OAWH B3 ABYX CEAYKNIUX MOAXOACB: 1) MCOONB3OBATE TEOPEMY 6.2 u dopmyry
ULl BHIYMCAEHUSA BCAMUMHBEL HEHTPAABHOIO Y14 8MACAHHOI0 MHOTOYTONLRMK2;
9) UCTIONBINBATH UHMPOPMALIHIO O BEIHYMHE YIIA IIPABMIRHOTO MHOTOYTOLHH-
Ka H JAHMHE €T CTOPOHDBL,

8. [ocrpoiiTe HECKONBKD MPABWIBHEIX MHOTOYTONBHHUKOR C 32aHHEIM KO-
AUYECTBOM BEPHINH.
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Anuna oxpyHocTH. Mnowagk Kpyra

7. BLYHCANTE HECKONBKO pas UIMHY OKPY)KHOCTH M IUIOINAES Kpyra, Hc-
NOAb3YA NPUOAKIKEHHA YHCTA T C PasdHUHOH TOYHOCTRIO.

PaccToiHHe MeXfy ABYMA TOYKAMM € 3alaHHLIMM KOOPAWHATAMM.
KoopanHatel cepefMHsl oTpe3Ka

8. BOMEMMHCTBO rPadQirdeckiX PEAAKTOPOB NPEICTABILIOT ONe LTS PH-
COBAHMA B BHAE KOOPAMHATHON mnockoctd. MceneayiiTe, xakum obpaloM aaza-
I0TCA KOOPAMBATHL TOYEK HA 3TOH IL10CKOCTH. I1poayMaiiTe, Kak BrI MOKETE WC-
HOB30BATE ITCT HHCTPYMEHTAPUH JUT8 BEHIOTHEHUA TOCTPOSHHEA.

YpaBHeHHe Gurypbl, YpaBHEHNS OKPYIHOCTH
9. Ecnu BBl U3yYaeTe MATEMATHHECKHE HAKETHI, TO MOXETe ¢ MX MoMo-
MBI HOCTPOUTS HECKOJIBKO NPOMIBAILHBIX IMIYD € 32JAHHBIMH YDABHEHIAMH.
YrnoBoi KoadgpuumeHT npamMoi
10. Kaxpe cpeacrsa rpaddecKoro PEXaKTOpa MOXKHO MCIIONB3OBATH,
4TOGBI HOCTPOHTH MHIMYIO € 33AAHHBIM YIJIOBBIM KOdh(HUMENTOM?
MonaTHE BeKTOPa

11. Hzobpasure ¢ IOMOMBIO rPpad)uyecKoro peAakTOPa HECKOIbLKO BEKTO-
pos. Kakoii tun simmnu yno6uo BeGpaTh 414 H306pakenus pexropa? Kakoi i
CTPYMCHT Bbl M(TIOJBIYETE [N NOCTPOCHUS KOJIMHEAPHBIX BEKTOPOBT COHZ-
NPaBJICHHNX BEKTOPOR? MPOTUBOMONOKHO HANPARIEHHBIX BEKTOPOB? Onpesne-
JTATE MOLYIH [OCTPOEHHDBIX BEKTOPOB, Kak 3TO MOKHG cAenaTh npoue Beero?

KoOpBaHHAaTH BeKTOpA

12. HM3o6paanre Ha 3KpaHE KOMITBIOTEPa JCKAPTORY CHCTEMY KOOPAMHAT,
BrRIGEpUTe YAOGHLIH eaMBMYHEIE OTpeaok. 3amaiite KOOPAHHATE]I BEKTOPA H KO-
OPXUHATBI HEKOTOPOH ToukK. OTAOKATE OT 3TOH TOUKA BEKTOD C 3afAHHBIMI
KoopauHaTtaMi. Kax npoine BCEro 3TO CAETATH?
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CrnoxeHne 1 BHIMHTAHME BEKTOPOB

13. HapwucyiiTe HeCcKOIbKO TPOU3BOJILHLIX BEKTOPOB. U MOMONIBIO KAKOTO
MHCTPYMEHTA NIPOILE BCETO HAXOAWTH CYMMY M PA3HOCTH STHX BEKTODOB?

YMHOMeHne BeKTopa Ha YUcho

14. HapucyfiTe NpOMIBOIBHBIN BEKTOP H 32JAHTE HCCKILIBKO TPOHIBOIL:
HEBIX YHCeN, YMHOKBTE MOCTPOEHHBIN BaMMU BEKTOP HA TH Yucaa. C noMOILI
KAKOrO MHCTPYMEHTA [IPOME BCETO MOCTPOUTE BEKTOP, HBINIINHNCA HPONIBE-
ZEHWEM BEKTOPa Ha YHCNO?

CKansipHoe npoM3BejeHue BeKTopoB

156. [TocTpoiiTe HAa KOOPAMHATHOH TUIOCKOCTA JBA TPOH3BOIBHBIX RCKTO-
pa. Halyyme seAMYHHY yIJIa MEAQY HEMH ¢ IOMONBK) CHCACTBHS H3 TEOpe-
mbl 16.2. IlpoBepsTe MOAYUEHHLNI PE3IYABTAT, ONPEACTHE YrOA MEXAY ITHMH
BEKTOPAMHE C TIOMOINBIO CPEACTB rpadmuceKoro pesakTopa.

Oeuxenue (nepemelieHre) ¢purypsl. MNapannensHoid nepeHoc

16. OmpenennTe, Kdkue CpeicTBa rpagu4ecKOre PeJjakTopa HOIBOJHAIT
BLIMOAHATh nepememenue (gurypsl. Kakue cmocobsl lepeMemenns, KpoMe Ha-
PAVIENBHOTO BEPEHOCa, MOKHO PEalTH30BATh?

OceBan M UeHTpanbHaa cHMMeTpHrK. [losopoT

17. Haiigure cpeicTBa rpaduuecKoro PEAKTOpa, ¢ MOMOMIBIC KUTOPHIX
MOXKHO TIOCTPauTH: 1} durypy, CHMMETPHUHYIO AHHOH hurype DTHOCHTEARNO
JaBpHOR npaMoit; 2) durypy, CHMMETPHUHYIO JAaHHOH (Irype OTHOCHTENBHO
JaHHOHM TOYKH.

FfomoteTvA. Mopobue duryp

18. Haiiaure cpeactea rpadguIeckoro peAakTopa, ¢ noMOMbLI0 KOTOPLIX
MOXHO N0CTPOHTL PUTYPY, Nogo6Hyie ganHoil durype. Kakue cpeacTsa Hano
HCIOALIOBATE, UTOGR! 3TH (BUrypsl Gblam MOAGAHAT ¢ 32NAHHBIM KospdhHIHen-
"FOM?



MpoexTHan oTa

Jra pyOpHKa AEPECOBAHA UPENAE BCETO TEM, KTO XOUET HAYIUTLCR NPHOG-
pPETATE 3HAHHA CaMOCTOATENLIIO, TBOPYECKH MLICAHTD, CPDPMHPDBEITB, BBIPA-
#ATb 1 OTCTaNBATh CBINO TOYKY 3PEHMS, BBUIBHIATEL FHMOTE3LI, HAXOAUTh HaHGo-
JCE PAMHOHATBHBIE U HECTAHAAPTHHE PCIEHAA.

IlepBhin aroM, KOTOPBIA MOXET MIOMOYb B PCANMAAIHY BTHX TIENeH, a8
JAACTCA YIACTHE B LIPOEKTHOH paboTe.

IIpoexT — 5T0 CAMOCTOATEARHOE HCCAENOBAHKE [0 BLIOPaHHOH Teme, Ko-
TOPOE MOMKCT BROOMIHATRCI KaK HEIWUBHAYAILHO, TAK H I‘p}T[HOﬁ YHAIHXCA.

JamuM HECKONhKO COBETOB 1O OPraHH3aNMK paGoThl HaX TIPOEKTOM
1 OPOPMIEHUIO PEIYALTATOB UCCAETOBAHHES.

1. Tlpu sriGope TeMbI HEOGXOAMMO YUHTHIHATE €6 AKTYANBHOCTE, HAMMIHE
HCTOTHMKOB ME(OPMALMK B JUTEPATYPE M HHTEPHET-PECYPCOUR. 34€Ch BAKHO
Ballle XeAdHHE OPOABUTL Cebd B KayeCcTBE UCCAEA0BATEIA D pafoTe nveHHo Hag
BHIGDAHHOI TeMOIA.

2. PaboTa HAYMHACTCA C COCTABNEHHS TPEABAPUTEILHOTO TUIAHA, B KOTO-
POM OTpasKAETCA 3aMBICEN 1 STAILL PEANH3AlMH 3anyManaoro, [Tocne sHakoM-
(TBa € OCHOBHPIMEL HCTOUIMKAMH M JNTEPATYPOM € MOMOMLIO PYKOBO/IMTENA
HPOEETA COCTABAACTCH OKUHIATENBNEIH ILIAH.

3. Baxmo uérko copMyanpoBaTh NENN Hecaenosanng. Oy MOTYT GBITh
3AMMCAHE]L B TaKOH (HOPME: MIYIHTh, ONMCATH, NPOAHANMIUPOBATS, AOKAIATE,
CPaBHHTb M T, II.

4. PaGoTa 3aBepIaeTCs NOABEACHNEM HTOIOB MCCACAOBANMSA, AETAIOTCH
BBIBOJILI, HAMCUYAIOTCH NEPCIEKTHBE] AaNhHEHINET0 H3YIEHH TEMEL

5. IlpmMeprsbit 06bém paBoter — 10-15 crpanmn. JODOAHHTEILHO MO-
HET HPUIATATLCA WUIOCTPATHHHBII MaTepHAaT.

6. PaGora moxeT 6517h opopmiena B Brge pedepaTa, JOKIAAE, KOMIThIG-
TEPHOH NMPE3CHTALIH.

Hixe mpuroaurca pexomengyeMbili CHUCOK TEM, KOTOpbIE MOTYT ObITL
BBISPAHLI IS IPOEKTHOM PaBoTEL

1. Bulaawineca reometpsl Poccun

Pexomendyemvie murmepamypa u unmepuem-pecypcot:

1) Bexr 3.T. Teopuni Maremarvxn. — M. : [lpocBemenic, 1979,

2) Ihedenxo 5.B. Onepkyn no ucropun matematikn s Pocemn. — M. :
KomKuura, 2005.

3) http://ilib.mceme.ru /djvu /istoria /istmat 3. hem /



2. TeOMSTPNA OPHAMOHTOE M YS0POR

Pexomendyemvie 2umepamypa 1 unmepHem-pecypcoi.

1} Anrexcardpos C. Usmennaatomuecs ysops! // Ksant. — 1980. — Ne 4,

2) Semunxoa A. Opnamentr // KeauT. — 1977. — N 3.

3) Kopenun B. Yaopsi Ilenpoysa i kpasukpucraniet // Keanr. — 1987, —
Ne 6.

4) http: //ilib.mccme.ru/djvu,/geometry/ geam_rapsodiya.htm/ Jlesn-
i K.@. Teomerpueckan pancommd.

5) http://www.math.ru/lib/ DaexrTporsas Gn6GIHOTERA KHMT N0 MaTEMA-
THEKE.

3. NMapHoTel U3 NDABNABHLIX MHOrOYTONLHNKOE

Pexomenoyemule Tumepamypa U Umeprem-pecypeoi.

1) Boamawnckuti B. Ilapker ma ueThipéxyronsankos // Keanr. — 1989, —
Ne 11,

9) Konmoeopos A. TlapkeThl H3 [IPABHIBHBIX MHOTOYTOJBHUKOB S
Kraur. — 1986. — No 8.

3) Muxatiroe . OpMHHEaaUATh OPABANLHBIX TApKETOB /7 KwaHr., —
1979. — Mo 2.

4) hup: //www.eunnet.net/mif /fr_setjsp? tnum=1%n0399%5/ [MapxcThL.

4. Kpusnio BTOPOro NopARKa

Pexomenoyembie IUMepamypa u uHnepHen -pecypeat
1) Bpownwmerin H. Tunepéona. TTapabona. damunc // Ksaur, — 1975, —

Ml 3 4

2) Bponwmetin H. Qbmue cpolCTEa KOHHIECCKIX ceuenutl // Keaut. —
1975, — Ne 5.

3y MKaymwixos O. Kpuswic sroporo nopsmea // Keant. — 1977. — Ne 8.

4) Mapryweeuy A.H. 3aMeuatensanie xpusbie. — M. Hayia, 1978.

5) Juyuxnonedun win nereit. — M. : AsanTat, 2003. T. 11 : MaTemaTHxa.

6) hitp: //94.143.53.1 00 /SUMIK /e-SUMIK-Matematika/objects/
hiblioteka/Matematika / MESI-bibl-matem / Vischaya%20matematika/G2_4_2.
htm/ TlosspHoe ypaBEeHHE KPHBOH BTOPOTQ DORAAKA.

7) http://www.etudes.ru/ru/mov,/ MaTeMaTHECKUE STOABL.

5. Metoa xoODAHHRAT

Pexomenoyemnie AUMEPAMYPA U URMEPHEM -PECYPCBL
1) Bonubpyx A., Ypoes B., Illabynun M. 3anadm #a KOOPAHHATHON
mnockoctd 4/ KeasT. — 1986, — Ne 11,



2) laboeuu H.I. AnropaTMirdeckuii DOIXOA K PEHIEHIIO [EOMETPHYECKHX
Jagaq. — M. : ITpocsemenne, 1996,

3) eavpand H.M., Thazoneea E.I., Kupurnos A A. MeTor XoopasEaT /7
buGianoredra Qpuanko-MaTeMaTHieckofl mkoabt. Maremarnka. — M. : Hayxa,
1973, — Bumn. 1.

4) IIpacoros B.B. 3agaan no naanmmerpuu. — M. : MITHMO, 2006.

5} hitp: //www.math.ru/lib /book /plm /v10.djvu/ Cmoropmescknit A.C.
MeTog KOOPIHHAT.

@) hitp: //www kvant.info/ Hayuno-nonyispesiii gpH3HEO-MaTeMaTHue-
CKMH XYPHAN Al WKOIbHUKOB K CTYAEHTOB «Knawrs.

7) http://school-collection.edu.ru/ Expuas xomnexums uud)possx o6pa-
SOBRUTCIbHBIX PECYPCOB.

6. BoxTopHbiit METOR B reoMeTpuN

Peromendyemvie Tumepamypa u unmeprem-pecypooL:

1) Boamsaunckuid B. Tpu tousu Ha oxuoii upsmoii // Ksaut, — 1978, —
MNe 10.

2) IaGosun H.I. Anropurmuseckuii HOXXOR K PEMEHHIO FeOMETPHIECKHX
3azaq. — M. : Ilpoceewenune, 19986,

3) IIpacoroe B.B. 3amaun no mnarmmerpuy. — M. : MITHMO, 2006,

4) http://www.kvant.info/ Hayano-nonyaapueiii ¢pHsuro-MaTeMaTiue-
CKHH JEYPHAT JUIH IKOJbHHKOR I CTYACHTOB «KBaHT».

5) http://school-collection.edu.ru/ Exmnas xowrexmmus L poBLIX ofipa-
30BATENBHBIX PECYPCOB.

7, Teopembl © HOHKYDOHTHBIX NPAMBIX W KOANIKHOAPHBIX TOUKAX

Pexomendyemvie numepamypa u unmepnem-pecypcn::

1) Jacaasckuii A. HexoTophie (hakTsl NpOeXTHBHOMN reoMeTpun //
Kraur, — 1986. — Ne 1.

2) Koxcemep I.C., Ipedmuyep C.II. Hobbie Berpeun FTEOMETPHEH. —
M. : Hayxa, 1978.

3) Kynanuwn E. O6 opsolt TpyaHoit reomerpuyeckaii 3anate // Kpanr. —
1892, — e 7. '

1) fipaconos B.B. 3agaun no wianumcrpuum. — M. : MEOJHMO, 2006.

5) Casun A. Tlpoexrusnaa mrockocts // Kpanr. — 1974, — No 5.

6) Hlapvtzun H.P. T'eomeTpus. Tradumerpus. — M. : Jpoda, 2001.

7) hitp://ru.wikipedia.org /wiki/ ITpoexkTrBHAN_reuMeTpHA — IPOEKTHB-
HAS FEOMETPUA,

8) http://schoolcollection.edu.ru/ Eamuas xowexuus LH¢ppoBLX n6pa-
JOBATCABHBIX PECYPCOB.



8. KpeBnie NOCTOANKON IHPMHBI

Pexomendyembie umepanypa U UHMEPHE -PECYPCbL:

1) Goamanckuii B.I., Zznom H.M. Bemykibie (purypsr. — M. : F'ocrexus-
Jar, 1961,

2) Koean 5. Yausurensunie karku // Kpant., — 2001, — Ne 5.

3) Pademaxep I., Tenauy O. Yncna u qurypel. — M. : ®usmarras, 1962,

4) huep: //ruwikipedia.org/wiki/Kpuras_rocroaunoit_mupunel / Kpu-
Bast 10CTOAHHOM IMPHHEL

9. NpuMoHOHNE NOOMETPHMBCHHX npeoGpazosaNMi B 3agadtax
HA NOCTPOBHWS

Pexomendyesvie IUMEPAMYPR 1 UHMEPHEN-PeCcYpCbi.

1) Arexcandposa H.FH. CGOpHUK reoMeTpPHYECKHE 343U Ha OOCTPOC
ume, — M. : Yunearua, 1950,

2} Baunxos AL, Baunkos FO.A. TeomeTpirteckne 3a1aQUH 12 AOCTpOE-
aue, — M. : MITHMO, 2010.

3) IIpaconos B.B. 3axauu no wanamerpun. — M. : MITHMO, 2006.

4) Hlapwizurs H.@D. Teomerpua. 1lnanmmetpus. — M. : ipoga, 2001.

) hutp: // www.kvant.into/ Hayuso-monynspHelil QUIMKO-MATEMATHIE-
CKHI JKYPHAA JAA MKGABHHKOB H CTYAEHTOR «KBaHT».

6) http://schocleollection.edu.ru,/ Exnnas koneKkuus nuudpoBbIK 0Hpa-
30BATEABHBIX PECYPCOB.

10. FreomeTpHA MACC

PeKoMeHOyeMble TuMePamypa 4 UHMEPHEm-Pecypcul.

1) Barx M.B. TcoMeTprueckue TPHIACHAA MOAATHL O NEATRE TAKE
cti. — M. : Tocrexmaaar, 1959,

9) Baax B.M., Boamsucxkui B.I. Teomerpua wmacc // bubinoredxa
Kpasat., — M. : Hayka, 1987. — B, 61.

3) Muxuutes AJ. IneMEHTH TeomeTpEHA TPEYTONEHAKA, — M. MIHMQO,
2002.

4) http://www.kvant.info/ HayysHO-mOmy/ 14 pHBIH (pUBHKD-MATCMATHYE-
CEKMI{ KYPHAN 1f WIKOJLHUKOB U CTYICHTOB «KBanT».

5) http: //school-callection.edu.ru/ Fannaa koniexnus U posbx 06pa-
30BATEbHBIX PECYPCOE.
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792.
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794.

795.

796.

7917.

798,

799,

800.

801.

802,

803.

804.

YnpaxHeHusa ans NMOBTOPEeHUA Kypca reomMmeTpuu

9 Knacca

§ 1. PewleHue TpeyroibHUKOB

/ABe cTopoHs! Tpeyronbuuka pasusi 4 M u 10 oM, a cunyc yria MEKAY HU-
4 .
MM paBeH . Haiiaure Tperpio cTopoHy TpeyroasHuKa.

B napannenorpamme ABCD AB =2 cm, AD = 4 cm, ZBAD = 60°. Haiiau-
T€ KOCHHYC yrzia mexay npsmbimu AC u BD.

YcTaHoBuTE, OCTPOYrOJILHBIM, NPSIMOYTOIBHBIM WIH TYIOYTOMBHBIM SBIS-
€TCS TPEYTOIBbHUK CO cTopoHaMu: 1) 4 cM, 4 cM, 5 eM; 2) 5 cm, 6 cM, 9 cm;
3) 5eMm, 12 em, 13 oM.

Onna n3 cropon TpeyroabHnka pasua 21 cm, a ase Apyrue CTOPOHbI OTHO-
carcst kak 3 : 8. Haiiinte HemaBecTHblE CTOPOHBI TPEYrOJIbHMKA, €CIH
Yros MexJay HuMu pasen 60°.

Onma u3 cTopon TpeyrosbHuKa paHa 3 oM, a Bropas cTopona — 7 cwm,
IPUYEM YTOJI, IPOTUBOJIEXANMi BTOPOii cTopone, pasen 60°. Haitnure
HEM3BECTHYIO CTOPOHY TPEYrOJIbHUKA.

Onua u3 cropon napaunenorpaMma Ha 4 cMm 6oabme JAPYTroH, a ero auaro-
Hamu pasHbI 12 cM 1 14 cm. Haiigure nepumerp napauleorpamMma.

B nmapaurenorpamme ABCD wssectso, uto AD = a, BD = d, BD 1 AD.
Haiinure quaronans AC.

B tpanennn ABCD wussectno, uto BC || AD, AD =8 cm, CD = 443 cum.
OxpyxHoCTb, mpoxoasmas uepes touku A, B u C, nepecexaeT nps-
myio AD B touke K, ZAKB = 60°. Haitqure orpe3ok BK.

OcnoBanus Tpanenmu pasus! 3 cM u 7 cM, a GOKOBBIE CTOPOHBI — 6 cm
u 5 cm. Haiiure kocumycs! yrios tpanenum.

OxpyxHocTb, BrnmucanHas B Tpeyronsuuk ABC, xacaercs cropoust AB
B Touke D, BD =1 cm, AD =5 cm, ZABC = 120°. Haiigure orpesok CD.
Cropons! Tpeyronbauka pasabr 11 cM, 12 cm u 18 om. Haiimure mepuany
TPEYroJbHUKa, NPOBEAEHHYIO K €ro GoJbleli cTopoHe.

Haipure 6uccexrpucy TpeyronpHuka, KOTOpas A€IHT €ro CTOPOHY Ha
OTPe3ky JMHOM 3 cM u 4 cm m obpasyer ¢ 3Toii CTOpOHOI yrox, pas-
HbIit 60°.

Otpesox BD — 6uccexrpuca Tpeyronsuuka ABC, BD = a, ZA = 45",
ZC =75°, Haitqure orpes3ok AD,

Haiinure otHOmenue CTOPOH pPaBHOOEIPEHHOTO TPEYrOJbHHUKA, OIUH U3
YTJI0B KOTOpOro pasen 120°.



805.

806.

807.

808.

809.

810.

811.

812,

813.

814.

815.

816.

817.

818.

819.

B tpeyroabuuke ABC ussectHo, uto AC = 643 oM, ZABC = 60°. Haiinu-
T€ PaAMyC OKPYKHOCTH, IPOXOJAINIEH YePe3 EHTP BIUCAHHOM OKPYKHO-
cru tpeyronbanka ABC u Toukun A n C.

JIBe CTOPOHBI TPEYTOTLHMKA PABHBI 5 cM i 8 €M, a yros Mexy Humu — 60°.
HaifinTe paanyc OKpy)KHOCTH, OMHUCAHHON OKOJIO JAHHOT'O TPEYTOIbHUKA.
Haiiqure 6Guccekrpucy tpeyroibHuka ABC, npoBEAEHHYIO M3 BEPIIM-
upl A, ecmu ZBAC =0, AC=b, AB=c.

Buccextpuca yria BAD napauienorpamma ABCD nepecekaer cropony BC
B Touke M. Haiyure mwomaas tpeyronsanka ABM, ecan AB = 4 cMm,
£BAD = 60°.

Haiiaute HauGONBIIYIO BBICOTY, PAJMyChl BIUCAHHOM 1 ONMCAHHON OKPYX-
HOCTeil TpeyronbHuKa co croponamu 4 e, 13 em u 15 em.

Pauychbl ABYX OKpyKHOCTEl paBHbI 17 cM 1 39 €M, 2 paccTOSHUE MEKIY
ux nentpamu — 44 cm. Haliure ummHy 061meit XOpAb! JaHHBIX OKPYXHO-
cTei.

BbIuMcIHTe IUIOMALHL NaPALIeI0rPamMma, 0/iHa U3 CTOPOH KOTOPOro paBHa
15 cm, a anaronamm — 11 cm u 25 cm.

OcCHOBaHUA TPANEUUN PABHbI 16 cM 1 44 cM, a 6O0KOBBIE CTOPOHBI — 17 M
u 25 cM. Haiiure muiomags Tpanenuu.

OcHoBaHusi Tpanenyy pasHbl 5 M 1 12 oM, a anaronam — 9 cM 1 10 cm.
Haiizure miomaas Tparnenmu.

§ 2. NpaBu/ibHbleé MHOIOYroOIbHUKH

HaiizuTe miomaab MpaBUIbHOTO 7-YTOJBHUKA, €CIM pajHyc BIMCAHHOMN
B HETO OKPY)KHOCTH paseH 6 cm, a 7 pasno: 1) 3; 2) 4; 3) 6.

B OKPYXKHOCTb BIMCaH KBaPaT cO CTOPOHOH 4 ¢m. Haiiaure miomajs mnpa-
BHJILHOTO TPEYTOJbHMKA, BIIMCAHHOTO B 9Ty K€ OKPYXKHOCTD.

Haiiiure OTHOIMEHHE IUIOMAZei NPaBWIbHBIX TPEYroJbHUKA W MECTH
YrONbHMKA, BIIMCAHHBIX B OJIHY M Ty K€ OKPYKHOCTD.

CepeauHbl CTOPOH MPABHJIBHOTO JBEHAIUATHYTONBHMKA COCAMHEHBI HEs
pe3 OfHy TAK, YTO MOJY4EHHOH (PUIYPOH ABAAETCA MPaBWIbHBIM MECTH-
yronbuuk. Haiigure CTOPOHY AaHHOTO ABECHAANATHYTONBHIKA, ECIH CTOPO-
Ha [OJTY4€HHOTO NIECTUYTONbHHUKA PaBHA d.

JlmHa IyTM OKPY:KHOCTH paBHa 67 cM, a e€ rpajycHas mepa — 24°, Haiian-
T€ PAAMyC OKPYKHOCTH.

Ha xarere AC npsmoyronsaoro tpeyronsinka ABC (£C = 90°) xak Ha
AMamMeTpe MoCTpoeHa oKpyxkHocTh. Haiinure smHy ayru STOM OKPYKHO-
CTH, KOTOpas COAEPHKHUTCSH BHE TPEYrOJbHMKA M OTCEKACTCS TMIOTEHY:
30it AB, ecin ZA =42°, AC =8 cm.
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Cropona kBajpaTa paBHa 22 cm. Haiigure JUIMHY JyT¥ ONHCAHHOW
OKPY)XHOCTH JaHHOT'O KBa/[paTa, KOHLAMU KOTOPOIA ABJISAIOTCA JIBE €ro Co-
CEJIHUE BEPIIMHBI.

Paccrosnne mexay nenrpamu AByx Kpyros paauyca R pasuo R. Haitgure
IWIOma/b (PUTypbl, SBISIOMECs 06Iei YacThIO STUX KPYrOB, U JUIMHY JIHU-
HHHU, OrPaHUYMBAIOIIEN 3Ty hurypy.

[Lromanes kpyrosoro cexropa pasna 2,4m cm®. Haiigure rpagychyio mepy
AYTH 3TOrO CEKTOPA, €CJM Pajuyc Kpyra paBeH 4 cM.

JlnameTp Kozeca BaroHa METpOnoJuTeHa paseH 78 cM. 3a 2,5 MuH Koneco
Aenaetr 1000 o6oporos. Haigure ckopocTs Barona METPOIIOJNTEHA B KH-
JAomeTpax B yac. OTBET OKpyriure 10 AeCATHIX.

Haiiare Uiy OKpy>HOCTH, BIMCAHHON B CETMEHT, JUIMHA AyTH KOTOpO-
ro pasHa m, a rpajaycHas Mepa pasua 120°.

K okpyxkHocTH, pagmyc koTopoii paBen R, npoBeneHbI Be KacaTenbHbIE,
YroJ Mexty KoTopeiMu pasen 60°. Haiiinre mromans ¢urypsi, orpanu-
YEHHON KaCaTEIbHBIMM U MEHbIICH M3 YT, KOHIAMH KOTOPbIX ABJISIOTCS
TOYKH KacaHus.

§ 3. [leKkapToBbl KOOPAMUHATbBI

Bepmunamu tpeyrossuuka apasiores Touku A (4:1),B (-2;4) u C (0; 1).
Hoxaxure, uro Tpeyromsunk ABC — paBHOGeAPEHHBIH, U HaiiauTe €ro
IO/ b.

Haiijure KOOpAMHATBI TOUKH M€pecedeHns CePeIMHHOrO NepIEeHANKYJIS-
pa orpeska AB c oceio abcnmce, eciu A (5; -3), B (4; 6).

Haiture K0OpAMBATBI TOYKN IEpeceYeHns CEPeanHHOrO HepreHIUKyIs-
pa orpeska CD c ocbio opaunar, ecu C (2; 1), D (4; -3).

Hoxaxure, uro d4eThIpéxyronbiuk ABCD ¢ BepmmuHaMM B TOUYKax
A (-12; 6), B (0; 11), C (5; -1), D (-7; —6) sBaserca KBa/[PaTOM.

Touka M (5; ~2) sBasiercs opHMM U3 KOHIIOB AMAMETPA OKPYKHOCTH, TOU-
ka N (2; 0) — nentp okpykuoctn. Haliinre KoOpIMHATBI BTOPOro KOHI@A
AuaMeTpa.

Ycranosure, nexar sm Touku A (—4; -3), B (26; 7), C (2; -1) na oxuoit
npsAMoH. B cirydae yTBEpANTENLHOrO OTBETA YKAKHUTE, KAKAS M3 TOUEK Jie-
HKHUT MEXKAY IBYMS JIDYTUMH.

JlokaxuTe, YTO TPEYrOJLHUK, BEPIIMHAMM KOTOPOTO SIBJASIIOTCS TOYKH
A (5 1), B (9; -2), C (7; 2), — npaMOyroibHbIiA, ¥ COCTaBBTE YPaBHeHME
OKPYXHOCTH, ONIUCAHHOM OKOJIO HETO.

Veranosure, spasercs nu otpesok CD auameTrpom OKpyxkHOCTH (X + 2)2 +
+(y—8)?=52, ecn C (-8; 7), D (4; -1).
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834.

835.

836.
837.

838.
839.

840.

842.

843.

845.

OKpYKHOCTD, IIEHTP KOTOPO# NPUHAVIEKUT OCH OPAMHAT, TPOXOAUT Ye-
pes Toukn A (15 2) u B (3; 6). [Ipunaiexur g 3TOH OKPYKHOCTH TOY-
ka C (-3; 4)?

OxpykHOCTB ¢ nienTpom B Touke M (-5; 3) xacaercs ocn opaunat. Haii-
JJATE KOOP/IMHATHI TOUEK NEPECEeYeHNsi OKPYKHOCTH € OChIO abcicc.
HaiiuTe JUIMHY JIMHAY, 331aHHOH ypaBaerneM x° + y* — 2x + 4y — 20 = 0.
CocraBbTe ypaBHEHME TIPAMOii, Ipoxosieil uepes Touky P (=3; 5), yrio-
Boit KoadpuimenT KOTOpoii paseH 6.

CocTaBbre ypaBHEHME NPSAMOM, KOTOPasi IPOXOUT Y€PE3 TOUKY S (-1;:4)
u obpasyer yroa 135° ¢ nmoa0KUTENBHBIM HAIIPABICHUEM OCH abcruce.
CocraBbTe ypaBHEHHE TPAMOil, Ipoxosieii yepes Touky A (=3; 1) ma-
pauienbHO npamoi 5x + 3y = 6.

Haiijure ypaBHEHHE Ie€OMETPHYECKOrO MECTa HEHTPOB OKPYKHOCTEMH,
npoxoasmux yepes Touxkn A (=3; -2)u B (2; 5).

§ 4. BeKTopbl

. /JlBe BepIIMHbI NPSAMOYTOILHIKA ABCD — touku A (3; 2) u B (3; —4). Mo-

JlyJIb BEKTOPA BD pasen 10. Haiiure KOOPAMHATDI TOUEK CubD.
Jnaronanu nmapauieaorpamma ABCD nepecekaiorcs B TOUKe O (puc. 254).

BoipasuTe BEKTOPbI CD n AD uepe3 BEKTODbI CO=a wu OB =b.
Yerpipéxyromunk ABCD — napauienorpamm. Haiiure:

1) BA +CD - CB;
9) AB- DA-BD +CD;
3) AD - BA - AC.

Haiigure Moayib BEKTOPA n=3%a- 23, e a (1; -2), b (-1; 3).
Touxu E n F — cepenunni cropor AB u BC napauiesorpamma ABCD co-

oTBeTcTBEeHHO (puc. 255). Boipasure BEKTOP EF yepes BEKTOPbI BC=a

u CD = b.

Puc. 254 Puc. 255
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850.
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853.

854,

855,

856.

Ha croponax BC u CD napauienorpam- P Puc. 256 ' I
mMa ABCD ormeuensr Toukn M u K

i 1
COOTBETCTBEHHO, mpuuém BM = ZBC’ B M C

GR = %CD (puc. 256). Boipasure:

1) exropet AM u AK uepes BEKTOPbI K
z_ﬁ - 5 H ED. = E; A gl )

2) sextopst AB u AD Yyepes BEKTOPBI
AM =m u AK =n.

- Ha croponax AB u BC rtpeyronsuuka ABC ormeuens: takue Touku DD

u E coorserctBenHo, uto AD : DC=1:2 BE: EC=2: 1. Bripasure:
1) BexTOpBI BC, AB, AC, AE wu CD gepes sekropsl BE =a u AD = b;
2) BEKTOPBI AB, BC u AC 4epes BEKTOPBI AE=a u CD =b.
Komwmueapubi mu Bekropst MN u KP, ecru M (4; -1), N (-6; 5),
K% =), P &1 - -

Haiture snauenne k, npu koropom sexropsr @ (k: -2) u b (6; 3) xomwm-
HEAPHBI. N B

Haubr Bextopsr a (3; -2) u b (x; 4). ITpu kakoM 3HAYE€HUM X BBIIOIHAET-
€ PaBEHCTBO a-b=1

Haiinure xocumycet yriios Tpeyronsanka ABC, ecm A (=3; -4), B (2;-3),
C (3; 5). Ycranosure Bua TPEYroJbHHKA.

anp1 BeKTOpBI a (2;,-1)u b (1; =2). Haitaure snauenue m, IIPY KOTOPOM
BekTOpBI @+ mb u b N€PIEeHNKYIAPHBL

Haiigure KOCUHYC YIJIa MEXIy BEKTOPAMH a= Sm+n un :’; =m-— 25, ecau
I5I=I5'=l umln.

Hansbl BexTOpBI a (2; -4) n b (-=1; 1). Haiigure:

1) la-3l; 2) |22+ 5|

CocraBbTe ypasueHme npsmoii, koTopas Kacaercs OKPYXHOCTH C I€H-
Tpom M (0; —4) B Touke A (5; —3).

§ 5. TeomeTpuyeckKue npeo6pa3soBaHus

ITpu mapawiensuom nepenoce o6pasom Touku A (3; =2) sBasiercs Tou-
ka B (5; -3). Kakas Touka sisasercs o6pasom toukn C (-3; 4) npu sTom
MapauieIbHOM IEpeHoce?




857.

858.

859.

860.

861.

862.

863.

865.

866.

868.

869.

870.

[Mocrpoiite o6passt Touexk A (1;-3), B (0; =5) n C (2; 1) npu napawiens-
HOM nepeHoce Ha BekTop a (—2; 1). 3amummTe KOOPAMHATHI MOCTPOEH-
HbIX TOYEK.

Jlaup Touku C (7; —4) u D (-1; 8). Ilpu napauiesbHOM nepeHoce obpa-
30M cepeaunbl otpeska CD asnasercs Touka P (-1; =3). Haiiaure xoopau-
HATHI TOYEK, sABsomuxca obpasamu Touek C u D.

Ha pucynke 257 CB = CD, LACB = LACD.
Joxaxure, uyTo Toukn B n D cuMMeTpUIHDI
orHOCHTENbHO npsiMoit AC.

Haitiure KOOpAMHATEI TOUEK, CUMMETPHYHbIX B
touke K (4; -2) OTHOCUTENIBHO OCEH KOOPAH-
HAT ¥ HavaJa KOOPAMHAT.

Haiiyure x u y, ecm toukn A (x -2) u
B (3; ) cuMMeTpUYHbI OTHOCHTEJIBHO OCH a0-
CIMCC.

Jaub: 1ya OA u Touka B, emy He NpHHAIEKA- “A D
mas. TTocTpoiiTe yd, CHMMETPHIHBINA JAHHO-
My OTHOCUTEIBHO TOuKH B.

Cummerpuunbl gu Toukun M (=35 10) u N (-1; 6) oTHOCHTENBHO TOY-
xu K (1; 4)?

3anummure ypaBHEHUE OKPYKHOCTH, CHMMETPHYHOMN OKPYKHOCTH (X + 4)%+
+ (y — 5)? = 11 oTHOCHUTEIBHO:

1) Hayasa KOOPJAMHAT; 2) Touku M (-3; 3).

Jaupt Toukn K u O. Tocrpoiite Touky K, ABAAIOUIYIOCS ob6pa3oM TOY-
kn K npy moBopoTe BOKPYr TOUKH O: 1) na yroa 130° npoTus 4acoBoii
crpenku; 2) Ha yroan 40° M0 4aCOBOM CTPEJIKE.

Jlaus otpesok AB 1 Touka O, eMy He pUHA/UIEkKamAs. [Tocrpoiite oTpe-
30k A, B,, apasomuiics 06pa3om 0Tpe3ka AB npu nosopore Ha yroa 50°
Bokpyr Toukn O 1O 4acoBOil CTPEJIKE.

Ha Kakoii yroJ Hajio IIOBEPHYTh MPSIMOYTOJbHUK BOKPYT €ro HEeHTPa CHM-
MeTpuH, 9TOObI €ro 06pasoM GblI STOT XKe NPAMOYTOJIbHUK?

I[locTpoiiTe TPeyroJbHUK, FOMOTETHYHbIH JAHHOMY TyNOyTOABHOMY TPC-
YIONBHUKY, €C/IM LEHTPOM TOMOTETHH ABJSETCS UEHTP OKPYKHOCTH, OIH-
CaHHOI OKOJIO TPEYroJbHUKA, KO3(PUIMEHT rOMOTETHH k=-2.
O6pasom Touku A (8; —2) npu roMOTETHM C LUEHTPOM B HA¥aIC KOOpAU-
nat apaserca Touka B (4; —1). Hafiaure koadGuuneHT roMOTCTHH.
CTOpPOHBI /IBYX NPaBWIbHBIX TPEYrOJIbHMKOB PABHbI 8 cm u 28 cm. Hemy
PaBHO OTHOIIEHHE UX TIOMANEH?

T TR

Puc. 257
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871. Muoroyroasuuk F, nopo6en muoroyronbuuky F, ¢ kosgdunuenrom no-
no6us k. Byksamu P, P,, S|, S, 0603HAYMIN COOTBETCTBEHHO MX IEpUME-
TPBI U IUIOIAAN. 3aMIOJHUTE MyCThIE SIEHKHU TaGIHIIbL.

— E’l e PE - u‘sﬂi...u ... 32 - ,-“,,.‘.,..},;. —
” | 19 64 16
12 36 7
35 - 100
21 36 | 2

872. Tlpsmas, napauieibHasi CTOPOHE TPEYroAbHUKA JUTMHOHN 6 CM, AeauT ero
Ha ZBe (UTYPBI, IUIOMAAM KOTOPBIX OTHOCATCA Kak 1 : 3. Haiigure orpe-
30K 9TO¥ NPAMOH, COAEPKAMMIICA MENKITY CTOPOHAMH TPEYTOJIbHUKA.

873. Ha cropone BC ksanpara ABCD ormerwmm touky M rtak, uro BM : MC =
=1:2. Orpeskn AM u BD nepecekaiorcs B Touke P. Haitinre niomazn
Tpeyronpunka BPM, ecou miomans tpeyroabuuka APD pasha 27 oM.

874. Ilpoxomxenust Gokosbix cropon AB u CD tpaneumn ABCD nepecexa-
orcd B Touke M. Haiigure miomans Tpaneunn, ecim AB : BM =5 : 3,
AD > BC, a nomans rpeyroasauka AMD pasua 32 v,

875. B rpeyrompnuke ABC usBectno, utro AB = BC = 13 cm, AC = 10 cwm.
K OKpy:KHOCTH, BIIHCAaHHO! B 5TOT TPEYTOIBHUK, POBEIEHA KacaTeabHas,
napauieabHas ocHoanmio AC, KoTopas nepecekaer cropoust AB u BC
B Toukax M u K coorsercrBenHo. Burumciaure miomansb TPEYroJbHU-

ka MBK.

876. Ha npojo/okeHusxX Meauan AA,, , T Puc. 258 o
BB, u CC, tpeyronsauka ABC —
OTMETHIM COOTBETCTBEHHO TOY- B
ku Ay, B, n C, tak, uro AA,= G, /\ A,

1 1
= 3AA, B\B,= 3BB, C,C,=
o %cc1 (puc. 258). Haiinure

A c
IIOMaAb Tpeyroabuuka A,B,C,,
€CJIM IJIOmAJb TPeyroJbHUKa B
ABC paBHa 1. 2
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877.

878.

879.

880.

881.

882.

883.

884.

885.

B886.

Ha6awoaaite, pUCYHTE., KOHCTPYWPYHATE,
danTazupyiTe

TMoxaxkuTe, 910 A300M TPEYFOALBAHK MOKI0 Pa3pe3aTk HA TPH 9aCTH TaK,
YTO W3 NONYYEHHBIX YaCTeH MOXKIIO CIKNSKHUTE HPAMOYTUIbHKE.

B kpyr paauyca 1 cm saucad naTuyronsHuk. JIOKAKHATE, YTO CyMMA AAUH
ero CTOPOH M AMATOHAACH meHbme 17 oM.

Juan ksagpar pasmepom 99 X 99 knetok. Kakaas wacrka KBafpaTa OKpa-
weHa B I€pHEI WM B Genbil nser. PaspemaeTca oIHOBPEMEHHO NEpe-
KPaCUTb BCC KJICTKH HEKOTOPOTO CToAGIIA WIH HEKOTOPOH CTPOKH B TOT
IBCT, KIETOK KOTOPOro B 3TOM CTONGIE MAM 8 BTOH CTPOKE AO NEPEKpa-
[MHBAHMA OBUIO Gonpime. Berma 1y MOXKHO JOOHTBCS TOTrO, 9Tobhnl BCE
KJACTKY KBAZPATA CTATM OKPAMIEHHBIMH B OFH IBET?

Ha nioCKoCTH OTMETHAM [IECKONBKO Touck. HekoTopsie 3 HHX OTMETH-
MY KpacHblM LBETOM, ApyrHe — cuHmy. 3BecTHo, [9TO TOMEK KAKIOTO
I(BETA HE MEHbIIE TPEX H HUKAKHE TPH TO'IKH QAHOrD NBETA I1¢ NEKAT HA
oHOH npaMoi. JoxaikaTe, YTO KAXKHe-TO TPH TOYKH GAHOTO IBCTA HEAS:
JOTCS. BEPUIMHAMI TPEYTONBHIKA, HA CTOPOHAX KOTOPOTQ MOXET NEXATE
He DoMee ABYX TOUYEK APYroro HBeTa.

Ha mrockoctd oMot Touky A u B, C nomomsio ogHOro DHPKYAs 0o~
cTpoBite Touky € Taxyio, 4ToOm Touka B apistach CepeAMHOR oTpes
ka AC,

Kakoe HapMeHbniee IHAGEHHE MOXKET IPUHUMATD PAUYC KPyTd, M3 KaTO-
POIe MOXKHO BBIPE32Th TPEYTOARHHUK CO CTOPOHAMH 2 cum, 3 oM, 4 oM?
MoKHO MM K3 KBIpaTa €O cTopoHoH 10 cM BBIpE3aTh HECKOABKO KPYTOB,
CYMMA JUAMETPOE KOTOPLIX Goxbine 5 m?

Jlag keaapat pazmepos 101 > 101 krerky. KaeTkn kpagpaTa packpaciin
B IIAXMaTHOM [OPARKE B YEPHBIA ¥ Gesielif UBETA TaK, UTO MEHTPAIbHAA
KWIETKA oxasanack uépHO. [l1g KaKA0l Maphl pasHONBETHBIX KIETOK O
KI2ILBAIOT BEKTOP, HAYAT0 KOTOPOro COBNANAET ¢ HEHTPGM YEPHOH
KIETKH, a4 KOHell — ¢ errpoM 6enofl. JOoKaKATe, YTO CyMMa BCEX OTIO-
KEHHBIX BEKTOPOB PaBHA HYJIb-BEKTODY.

BHYTpH [PaBRALHOTG MIECTHYTOIBHHKA €O CTOPOHOR 1 m pacnosnokeno
7 Touek. Jloxaxure, yre cpeA HUX HAWAYTCS 2 TOUKH Ha PACCTOSHEM HE
Boapme 1 m.

OTMeTETe HA IUIOCKOCTH B Touek Tak, YTOOb MoObIe 3 M3 HHX ABIATHCH
BEPIIHHAMW PABHOOEIPEHHOr0 TPEYTOIbHUKA.
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CBeaeHusn U3 Kypca reomerTpum 7—-8 Knaccos

MpocTehume reomerpuyecKkue durypbi u ux cBocTBa

1. Touku u npambie

v Ocnoenoe ceoiicmeo npsamoii. Yepes mobGble ABe TOUKH MOXKHO MPOBE-
CTH NPSIMYIO, U TIPUTOM TOJNBKO OJHY.

v JlBe npsamble, umeiomme o6y TOYKY, HA3LIBAIOT I1€PECEKAIONMMUCS.

v Jlio6uie ABE mepeceKalonMecs npsiMble UMEIOT TOJTBKO OZIHY OBIIIYIO TOYKY.

2. OTpe3oK u ero gnWHa

v Toukn A u B npamoii a (puc. 259) orpa- | Puc. 259
HHYHBAIOT YACTDh MPAMOI, KOTOPYIO BMe-
cre ¢ Toukamu A m B HazeBaioT oTpes- A B
KoM, a Toukn A u B — KoHaMu 3toro or- e
pe3aka.

v JlBa oTpe3ka Ha3bIBaIOT PaBHBIMH, €CJIH WX MOMKHO COBMECTUTH HAIOMKE-
HHEM.

V' PagHble OTpe3ku UMEIOT paBHbIE TMHBI, ¥ HAOGOPOT, €CIM ATHHBI oTpes-
KOB PaBHbI, TO PABHBI M CAMM OTPE3KH.

v Ocnosrnoe ceoticmeo Onunnvt ompesxa. Ecim rouxa C ssasercs BHYTPEH-

Hell Toukoi orpeska AB, To oTpesok AB pasen cymme orpeskos AC
u CB, 1.e. AB=AC+ CB.

v Paccrosnnem mexay Toukamn A n B HaseiBaloT umHy otpeska AB.

3. Nly4. Yron

v Touka O npamoit AB (puc. 260) pas6usa- Puc. 260 [
€T MPAMYIO Ha JIBE YaCTH, KAKIAYIO U3 KO-
TOPBIX BMecTe ¢ TOuKoi O Ha3bIBAIOT Jy- A B !

goM wiaH noaynpsamoit. Touky O vasbiBa- 0
IOT HAYAJIOM JIy4d.

v [lBa siyua, umeomue obuiee HAYANO U TEKAIUE HA OHOM IIPSMO¥, Ha3bI-
BalOT JONOJHHTEIbHbBIMHA.
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v’ JlBa tyua OA n OB, nmelonue obimee Ha-

qano (puc. 261), pasébmBaioT IUIOCKOCTD
Ha JIB€ 4aCTH, KWKAYI0O M3 KOTOPBIX BMe-
cre ¢ aydamu OA u OB Ha3bIBAIOT YTIIOM.
Jlyau OA n OB na3pIBaloT CTOPOHAMU YT-
na, a Touky O — BEepmMHOMN yra.

Yroa, cropoHaMu KOTOPOTO ABJAAIOTCH 10-
MOJHUTEIbHBIE Y4, Ha3bIBAIOT Pa3BEp-

HYTBIM.

v IlBa yria Ha3bIBalOT PaBHBIMH, €CJIH MX MO¥HO COBMECTHTDH HAJIOXKEHHEM.

v

BUCCEKTPHCOIl YI/Ia HA3BIBAIOT JIyd C HAYAJIOM B €rO BEPUIMHE, JeJIsuuii

ATOT yroJ Ha JBa PaBHBIX yrja.

4. UamepeHue yrinos

v Kaslii yro uMeeT onpeenéHHyio BeIHUMHy (IPajyCcHyio Mepy).

v Vrou, rpaaycuasi Mepa koToporo Mesbie 90°, Ha3bIBAIOT OCTPBIM.
Yrou, rpagycHas Mepa KOToporo pasHa 90°, Ha3bIBAIOT MPAMbIM.
Yroi, rpaaycHas Mepa KOTOpOro Goabie 90°, Ho menbiue 180°, HazbIBAIOT

TYIBIM.

PaBHbI€ yr/ibl MIMEIOT PaBHbIC BEJIUYNHDI,
¥ HA00O0pOT, €CJM BEJIWYUHBI YIJIOB PaB-
HBI, TO PABHBI ¥ CaMM YIJIbL.

OcHo8HOE CBOUCMBO GEIUUUNDL YZla.
Ecm iya OC gennt yron AOB na apa yr-
1a AOC n COB (puc. 262), To ZAOB =
= ZAOC + £LCOB.

5. CMeXHbie M BepTHKa/bHbie Yribl

Puc. 262
A
C
B

¢ Jlpa yrja Ha3bIBAaIOT CMEKHBIMHU, €CJIM Y HUX OJiHA CTOpPOHA obmas, a gBe

Apyrue ABJasgloTCH JOIIOJHHUTEIbHBIMA TYIaMH.

¢ Cymma CMeXHBbIX yr7ioB pasHa 180°.

« Jlpa yra, OTIMYHBIX OT Pa3BéPHYTOrO, HA3LIBAIOT BEPTHKATBHBIMH, €CIN
CTOPOHBI OJIHOTO YIJIa SIBJASAIOTCS AONOTHUTENLHBIME JydaMi CTOPOH APy

roro.

v/ BepruxaibHble yrjibl paBHBIL
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6. MepneHAUKYAfAIPHbIe NpAMbie. CepeiMHHbIN NepneHguKynsap

v

v

v

v

JlBe npsaMble Ha3BIBAIOT MEPIEHANKYIAPHBIMH, €CJIM IPU UX [EPECEYeHNUN
06Gpas3oBaiCcs IPAMOIA yroJ.

Henepnenaukynsipusie npaMble OpH NepecedyeHur 06pasyloT mapy pas-
HBIX OCTPBIX YIJIOB M [IAPy PaBHBIX TYNbIX yrios. Beanuuny ocrporo yria
Ha3bIBAIOT YIJIOM MEXJIy HENEPNEHANKYIAPHBIMUA IPAMBIMHU.

Ecam npsiMbie nepneHaAMKy/IsspHbI, TO CYMTAIOT, YTO YIOJA MEXKIY HUMH pa-
BeH 90°,

JBa oTpeska HAa3BIBAIOT NMEPIEHAMKYISPHBIMHU, €CIM OHM JIEXKAT Ha mep-
HNEHJIMKYISPHBIX IPAMBIX.

Ha pucynxke 26‘% H:ioﬁpa)l{erlbl npaMast @ v nep- NN,
TIEHJMKYISPHBIN eil oTpe3ok AB, konen B xo- | o
TOpPOTroO NPUHAVIEKUAT NpAMOil a. B Takom ciry- A

Yae TOBOPST, YTO M3 TOYKH A HA npsamyo a
onymeH nepnesaukynsap AB. Touky B Hasbisa-
I0T OCHOBaHMEM Nepnenukyaspa AB. | a
B

Anuny nepnenauxynsipa AB HaseiBalOT pac-
CTOSTHMEM OT TOUKM A 10 npsimoit a. Ecsm Tou-
Ka A NPUHAVIEXUT NPAMON @, TO CYMTAIOT, YTO PACCTOSHUE OT TOUKH A
A0 MPSIMOA @ PaBHO HYJIIO.

Yepes nannyio TOYKY NPOXOAUT TONBKO OJiHA NpPAMAs, Ne€PHeHAHKy 1A pHAs
JAHHOMH.

[IpsimMyio, nepreHANKYIAPHYIO OTPE3KY M IPOXOASILYIO YEPE3 €TI0 CEPe-
Hy, Ha3bIBAIOT CEPE/IMHHBIM NEPNEHUKYISPOM OTPE3Ka.

TpeyronbHUKHU

7. TpeyronbHMK M ero anemMeHTsl. PaBHbie TPeyronbHMKH

v

Tpu touku A, B u C, He nexamue Ha ogHOi [T " Puc. 264
NPAMOM, COEAMHEHBI OTpeakamym (puc. 264). |t Cnii
O6pasosaBmascs ¢purypa orpaHMuMBaeT 4acThb
TUIOCKOCTH, KOTOPYIO BMecTe ¢ oTpe3kamu AB, B
BC n CA naswBaioT TpeyronpamkoM. Toukn
A, B, C Ha3pIBaloT BepmmHaMu, a otpeskn AB,
BC, CA — croponamu TpeyroibHuUKA. % C
TpeyroabHuK Ha3BIBAIOT U 06O3HAYAIOT MO €r0
BEPIIMHAM.
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-

[TeprMeTpOM TPeyroJbHUKA HA3BIBAIOT CYMMY JUIMH BCEX €rO CTOPOH.

S

TPEYI‘OJ[I:HHK Ha3bIBAKOT OCTPOYIOJLHBIM, €C/IM BCC €TI0 YIJIbl OCTPBIE.

v TpeyrosbHUK Ha3pIBAIOT MPAMOYIOJLHBIM, €CJIH OJHH U3 €ro YrJIOB Ips-
MOJ.

¢ TpeyroabHUK Ha3bIBAIOT TYIOYTOJBHBIM, €CJIM OAWH U3 €ro YIJIOB TYNOil.

¢ CTOpPOHY NPAMOYTOJABHOTO TPEYrOJbHUKA, MNPOTHBOJIEKAUIYIO NPAMOMY
yIVIy, Ha3bIBAIOT FMIIOTEHY30M, 4 CTOPOHBI, NMPUJIEKAIIUE K TPAMOMY YIIIy, —
KaTeTaMu.

v Hepasercmeo mpeyzoavruka. Kaxnas cropoHa TpeyrojibHUKa MEHbIIE
CYMMBI JIByX APYTHX €r0 CTOPOH.

¢ JlBa TpeyroJibHMKA HA3bIBAIOT PABHBIMM, €CJIH MX MOXHO COBMECTHUTE Ha-
JIOKEHUEM.

¢ B TpeyrosibHUKe NPOTUB PaBHBIX CTOPOH JIEXKAT PABHBIE YIJIbL.

<

B TPEYroJbHUKC NpoTHB pamimx yrjioB JIEJKAT paBHbIE CTOPOHBI.

S

B TpeyroibHUKE IPOTHB GOJIBbIICH CTOPOHBI JIEKHUT GOTBIIMIA YTOJI, U Ha-
060poT, POTUB GOJIBLIETO YIJIa JAEKNT GOIBIAs CTOPOHA.

8. BuicoTa, MmejHaHa, GMCCeKTpHCa TpeyroibHMKa

v TleprenauKysip, ONMyIIEHHbI U3 BEPIMHbI TPEYTOABHUKA HA MPAMYIO, CO-
JIePKAIIYIO IPOTHBOJIEXKALIYIO CTOPOHY, Ha3bIBAIOT BBICOTO# TPEYTOILHMKA.

v OTpesoK, COeMHSAIOMUI BEPIINMHY TPEYTroJbHHUKA C CepEeAMHON TIPOTHBO-
JieXKaneit CTOpOHbI, Ha3bIBAIOT MEAMAHOM TPEYrOJIbHUKA.

v Ceoticmeo meduan mpeyzonrvHuKa. Bece meJlMaHbl TPEYroJbHUKA niepece-
KalOTCsi B OfIHOM TOYKeE, KOTOpas AEJIHAT KaAJIYIO M3 HUX B OTHOIIECHHH
2 : 1, cunTas OT BEPIIMHBI TPEYTONBHMKA.

v Ceoiicmeo 6uccexmpucvl mpeyzonvHuxa. buccekrpuca TPEYroabHUKA
JEJUT CTOPOHY, K KOTOPO¥ OHA MPOBEAEHA, HA OTPE3KH, IPONOPIHOHATL
HbIE NPUJIEKATMUM K HUM CTOPOHAM.

¢ OTpe3ok GUCCEKTPUCHI YrIa TPEYroJbHUKA, COEMHSIOMMUN BEPIIMHY TPe-
YTOJIBHUKA € TOYKOM HPOTUBOIEKAINEH CTOPOHDI, HA3BIBAIOT OMCCEKTPH-
COil TPEYroJbHUKA.

¢ BuccexTpUCHI TPEYroJbHUKA IEPECEKAIOTCH B OJHOH TOUKE.
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9, NMpU3HaKK paBeHCTBa TPEYroNbHHKOB

v

llepeviii npusnax pasencmea mpeyzorvHUKo8: no 08ym CMopoHam
u yany mexncoy numu. Ecam ipe CTOPOHbL U YTOJI MEKIY HUMU OJHOTO Tpe-
YroJibHHMKA PaBHBI COOTBETCTBEHHO ABYM CTOPOHaM H yriry Memy HHMH
APYTOTO TPEYrOJIbHUKA, TO TAKME TPEYTOJLHUKNA PABHBI.

Bmopoii npusnax pasencmea mpeyzonvnuxos: no cmopomne u deym
npunelcauum K ne yzram. Ecai cropona u Isa IPHIEKAIHUX K HEH yria
O/AHOTO TPEYTOJIbHUKA PaBHbI COOTBETCTBEHHO CTOPOHE M /IBYM IpHJIEKA-
UM K HEH yI/1aM IPyroro TpeyroJibHHUKa, TO TAKHE TPEYTOJbHUKU PABHBI.

Ipemuii npusnax pasencmea mpeyzonvHuxos: no mpém CMOPOHAM.
Ecau Tpu cTopoHs! 0fHOrO TpeyroabHMKa paBHBI COOTBETCTBEHHO Tpém
CTOpOHaM APYI‘OI‘O TpC}’l"OJ’IhHHI{a, TO TaKHe Tpe)/]‘OJIhHHKH paBHbI.

10. PagHoGeApeHHbIH TPEYronbHMK M ero cBOMCTBA.
PaBHOCTOPOHHMH TPEYroNnbHUK

v

v

TpeyroabHuk, y KOTOPOro ABe CTOPOHBI PaBHBI, HA3LIBAIOT paBHOGe-
PEHHBIM.

PaBHBIE CTOPOHBI PaBHOGEAPEHHOTO TPEYTOIBHIKA HASBIBAIOT GOKOBBIMU
CTOPOHAMH, A TPETHIO CTOPOHY — OCHOBAHMEM DPaBHOGEAPEHHOro Tpe-
YTOJIBHUKA.,

BepmmHoii paBHOGEAPEHHOrO TPEYroILHIKA HA3BIBAIOT O6IIYI0 TOYKY €ro
GOKOBBIX CTOPOH.

B pasHOGepeHHOM Tpeyroapuuke:
1) yrael npu ocHOBaHUYM paBHEL;
2) 6uccekTpuca yriia npu BepIIMHE SBISETCS MEAMAHON U BBICOTOIA.

Tpeyroabnuk, y KOTOPOro Bce CTOPOHBI PaBHBI, HA3BIBAIOT PaBHOCTO-
POHHUM.

B pasrocroponnem Tpeyrosbumke: 1) Bee yrabr pasubr; 2) Guccekrpuca,
BBICOTA U ME€JIHAHA, NPOBEAEHHBIE U3 OJHOI BEPIIMHbBI, COBIAMAIOT.

11. Npu3naku paBHOGegpeHHOro TpeyronbHMKa

v

v

Ecim B TpeyrosbHuke nsa yrja paBHBI, TO 9TOT TPEYroJbHHK paBHOGE]-
PEHHBIIA.

Ecim mepmana TpeyronbHuka SBAAETCS €ro BBICOTOM, TO 3TOT TPEYroJib-
HUK PaBHOOECAPEHHBII.
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v Ecim GuccekTpuca TpeyroJbHUKa ABISAETCA €ro BbICOTOW, TO ITOT Tpe-
YTOJbHUK PaBHOOGEAPEHHDIM.

v Ecam MeamaHa TPeyroJbHMKA SIBISIETCS €10 GUCCEKTPHCOM, TO STOT Tpe-
YrOJIbHUK PaBHOGEPEHHBIH.

NapannensHbie npamblie. Cymma yrinos JibHUKA

12. NapannenbHblie NpAMbIe

v JlBe npsMbie HA3BIBAIOT MAPAUIENBHBIMH, ECTH OHU HE MEePEeCeKaloTCs.
Ecm npsvbie @ u b napauieasssl, To numyT @ || b (uuraior: «ipsvbie @
u b napa/uiebHbl» WM «IPAMas @ NapaUieNbHa TPAMO b»).

v OcroeHoe CB0LCMBO NAPALIEILHBIX NPAMBIX (AKCUOMA NAPAINEN-
Hocmu npsmvix). Yepes ToUKy, He JIeKaIyio Ha JaHHOH npAMOH, NMPOXO-
JUT TOJBKO OJHA NpAMAast, NapaulebHas AAHHOMN.

v Jle npsMble, ePHEHNKY/IIPHBIE TPEThEH NpAMOM, Napauie/bHbl.
v Ecim ase npsiMble napauieNbHbl TPETheH NPAMO, TO OHM NapajIeIbHbL
v PaccrosiHEeM MEX/Iy AByMs IapaLieabHbIMU NPSMBIMU HAa3bIBAIOT PaCCTO-

sHMe OT MoGOit TOYKM OJHOMN M3 NPSMBIX 10 APYroil MPSMOM.

13. Mpu3sKaku napannenbHOCTH ABYX NPAMBIX

v Ecim ase npsambie @ n b nepecedn TpeTheil nps- Puc. 265
MO ¢, TO 0BpasyeTcs BOCeMb YIJIOB (pHC. L I -
[IpaMyIO C HA3BIBAIOT CEKyIEN NPAMBIX d 1 b.
VYrast 3 u 6, 4 u 5 Ha3pIBAIOT OAHOCTOPOHHUMHM.
Vrast 3 u 5, 4 1 6 Ha3BIBAIOT HAKPECT JIEKAMIMHU.
Vraet 6 1 2, 5u 1, 3u 7, 4 u 8 Ha3pIBAIOT COOT-
BETCTBEHHBIMH.

v Ecim HakpecT Jexamme yribl, 06pasosaBmuecs 7/8
Py MEpecedyeHnn JBYX NPAMbIX CEKylIeH, pas-
HBI, TO NPAMBIC NIApaJUie/bHbI. |

v Ecam cyMMa OJHOCTOPOHHMX YIJIOB, OGPa30BaBINMXCH MPH HEPECCHCHIH
JABYX TIPSMBIX cexymieii, pasna 180°, TO npsMbie MapauieIbHbl.

v Ecam cOOTBETCTBEHHBIE YIJIbI, OGPA30BaBIIMECS NMPH ME€PECEICHNH JABYX
IPSMBIX CEKyIIeH, PaBHbI, TO NPAMbIE TAPA/UICALHEL.



14. CroiicTea napannenbHbiX NPAMBIX

v

v

Ecm e napauiesbhble NpsMble NEPeceKkaloTcst CeKymei, To:

1) yrab1, o6pasyiomue mapy HaKpecT JeKalux YrioB, PaBHbl;

2) yrab1, o6pasylomue mapy COOTBETCTBEHHbIX YIJIOB, PABHbI;

3) cymma yriios, o6pasylonux napy oAHOCTOPOHHHMX YIJioB, pasHa 180°.

Ecnn npsivast neprnienukynsipaa 0AHOM U3 ABYX NapaLIeNbHBIX IPSIMBIX,
TO OHA NEPNEHAUKYISIPHA U APYTOii.

15. Cymma yrnoe TpeyronbHuKa. BHewnui yron TPeyroibHHKa

v
v
v

Cymma yrioB Tpeyroabnuka pasua 180°.
Cpeau yrioB TpeyronbHuka 110 Kpaiiseit Mmepe asa yrj1a ocTphbie.

BuemnuM yriom TpeyroisHmuka Ha3bIBAIOT YrOJ, CMEKHBII ¢ YTJIOM 3TOrO
TPEeyroJIbHHKA.

Buemnnii yros tpeyronbnuka pasen cymme ABYX yriios TPEYroJIbHUKA, HE
CMEKHBIX C HUM.

Buemnuit yron Tpeyronsuuka 6oabe Kaxaoro us YIJIOB TPEYroJIbHUKA,
HE CMEKHBIX C HUM.

16. Mpu3HakK paBeHCTBa NPAMOYroAbHbIX TPeyronbHMKOB

v

Hpusnax pasencmea npsimoyzorvnvix mpeyzonvnukos no 2unomeny-
3¢ u xamemy. ECIM runoTeHy3a M KaTeT OJHOTO MPAMOYrOJBHOTO Tpe-
YPOJIbHUKA COOTBETCTBEHHO PABHbI IMIIOTEHY3€ M KATETY APYTOro, TO Ta-
KHE TPEYTOJIbHUKA PaBHBI.

lpusnax pasencmea npsamoyzonvnbvix mpeyzoisnuxos no deym xa-
memam. Ecian KAaTeThl OAHOTO ﬂpﬂMOY]‘OJ'IbHOI‘O TPEYroJbHHKA COOTBET-
CTBEHHO paBth KaTeTaMm APYroro, To Takme Tpe}’]‘OJIbHHKH PAaBHBI.

Ilpusnax pasencmea npsamoyzonvivix Mpey201bHUKO8 No Kamemy
U npureicawemy ocmpomy yeny. Ecau xarer u npuaexammii K HeMy
OCTPbIH YrOJ OAHOTO MPAMOYTONBHOTO TPEYTOJBHMKA COOTBETCTBEHHO
PaBHBI KaTETy M NMPHJIEKAMEMY K HEMYy OCTPOMY yriy APYyroro, TO TaKue
TPEYroJIbHUKH PaBHBI.

Ilpusnax paeencmea npsmoyzonvuvix mpeyzorvHuKkoe no xamemy
U npomueoneNcauemy ocmpomy yauy. Eciu karet 1 npoTUBOIEKAIMIT
€My OCTPBIH Yroji OAHOIO NMPSMOYrOJBHOTO TPEYrOJbHHUKA COOTBETCTBEH-
HO paBHBI KaTETy M NPOTHBOJIEKAIEMY €My OCTPOMY YIJIy APyroro, TO Ta-
KH€ TPEYrOJAbHUKH PaBHBI.
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v Ilpusnax pasencmea npsimMoyzoibHblX MPeYyzoibHUKOE NO ZUNOMeHY -

3e u ocmpomy yzay. Ecam runoreHysa M OCTPBII Yyroj OAHOTO MpPSAMO-
YIOJbHOTI'O TPEYroJibHHKa COOTBETCTBEHHO PaBHBI TMNOTECHY3C H OCTPOMY
YIJIy APYroro, TO TaKue TPeYroJbHUKHA PaBHbI.

17. CeolicTBa NPAMOYroNibHOro TPEeyro/ibHMUKa

¢ B npsaMoyroJibHOM TPEYroAbHUKE MMIIOTEHY3a OOJIblIe KATETa.

v
v

Karer, nexammii nporus yria B 30°, paseH N0J0BMHE TUIOTEHY3bI.

Ecy KaTeT paBeH 1MOJOBHHE THIIOTEHY3bI, TO YTOJI, JIEKAWMNA IPOTUB 3TO-
ro karera, pasex 30°.

OKpYXHOCTb U KPYr

18. Nl’eomeTpuyecKoe MecTo To4eK

v

4

v

I'eomerpuueckum Mectom Todek (I'MT) HaspiBaloT MHOKECTBO BCEX TO-
qek, 061a[aI0IUX ONpeAeCHHBIM CBONCTBOM.

CepeAvHHBIA NEPHEHINKYIAP OTPe3Ka SBJIAETCS I€OMETPHICCKUM Me-
CTOM TOY€K, PABHOY/AJEHHBIX OT KOHI[OB 3TOr0 OTPE3Ka.

BHCCCKTPHC& yria ABAAETCSH FE€OMETPHYCCKHUM MECTOM TOYE€K, KOTOpPbIC
HPHHBJZUIC)KRT yroy 1 paBHO}’ﬂEUIEHhI OT €ro CTOpPOH.

19. OKpPYMHOCTb M KPYr M HX 3/IeMeHTbl

v

v

OKpPYKHOCTBIO Ha3bIBAIOT I€OMETPUYECKOE MECTO TOUCK, PaBHOYAATEH-
HBIX OT 3a[AHHOI TOYKH. DTy TOUKY HA3bIBAIOT LIEHTPOM OKPYKHOCTH.

JTi060#i OTPE3OK, COEANHSIONMMUIA TOUKY OKPYKHOCTH C €€ NEHTPOM, Ha3bl-
BAIOT PA/IMYCOM OKPYKHOCTH.

OTpesoxk, COeAMHAIONUN JBE TOYKM OKPYXKHOCTH, Ha3bIBalOT XOppoii
OKPYXHOCTH. Xopay, TPOXOASLIYIO Yepe3 HEHTP OKPYKHOCTH, Ha3bIBAKOT
JAMAMETPOM.

JluameTp OKPY)KHOCTH B Ba pasa Gozbuie € paguyca.

KpyroM HasbIBalOT F€OMETPUYECKOE MECTO TOUEK, PACCTOAHME OT KOTO-
PBIX 10 331AHHOM TOUKU He 6OJIbIIIE JAHHOTO MONOKUTENLHOTO THCIA. 3a-
JAHHYIO TOUKY Ha3bIBAIOT IEHTPOM OKPYKHOCTH, a IAHHOE YMUCJIO — Pali-
ycom kpyra. Ecmm X — mpousBosbHasi TOYKA Kpyra pajuyca R c unen-
tpom O, To OX < R.

OKPpYXXHOCTb, OrPAHHYNBAIOAsE KPYT, €My TPUHAUIEKHAT.
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v

Xopaa u AuaMeTp Kpyra — 3TO XOpAa U AHAMETP OKPYKHOCTH, OrpaHNYH-
BAIOWIEH KPYyT.

20. CBOHCTBA OKPYMHOCTH

V' JluameTp OKPY)XHOCTH, IEPIEeHAHKYISPHBIA XOpAE, ACMUT 3Ty XOpay Io-

v

moJam.

JluamMeTp OKPY)KHOCTH, KOTOpBIi ACANT XOPAY, OTIMYHYIO OT ANAMETPa,
[oroJjiaM, NeprueHIuKyIapeH aToi Xopie.

21. BzaumHoe pacnonomeHne npsaMol W OKPYIXHOCTH.
KacarenbHan K OKpyXHOCTH

v

v

[IpsiMas 1 OKPYXKHOCTH MOTYT HE UMETh OBNIMX TOYEK, MM UMETH ABE 06-
M€ TOUKM, WA UMETD OJIHY OOIIYIO0 TOUKY.

IIpsiMyio, MMEIOMIYIO ¢ OKPYKHOCTBIO TOJBKO OHY OBIMIYIO TOYKY, Ha3bIBa-
IOT KAaCATEJIbHOH K OKPYKHOCTH.

Kacarenbnasi K OKpyKHOCTH HepPIeHAMKYISpHA pajuycy, NIPOBEAEHHOMY
B TOUYKY KaCaHUSI.

Ecnn npsivasi, npoxoasimas yepes TOUKy OKpyKHOCTH, HEePIEeHIUKYIIpHA
paauycy, NpOBEAEHHOMY B 3Ty TOYKY, TO 3Ta NpsAMas ABIAETCS KACATED-
HOI K IJAHHOH OKPYXKHOCTH.

Ecim paccrosanme or nenTpa okpykHOCTH 10 HEKOTOPOH NPAMOH paBHO
Paycy OKPYXKHOCTH, TO 3Ta NpAMas ABJSETCA KAacaTeNbHOW K AAHHOM
OKPYKHOCTH.

Ecnn uepes januyio TOuky K OKpYKHOCTH TPOBEICHBI ABE KACATEABHBIE,
TO OTPE3KHM KACATEJIbHBIX, COCAMHSIONME JaHHYIO TOYKY C TOUKAMU Kaca-
HUsA, PABHBL.

22. OnucaHHan W BNUCAHHANA OKPYKHOCTH TPeyronbHMKa

v

v

v

v

OKpy:KHOCTh HA3BIBAIOT ONKCAHHON OKOJNO TPEYTONbHUKA, €CIU OHA npo-
XOAMT Y€pe3 BCE BEPUIMHBI 3TOrO TPEYTOJIbHHUKA.

LlenTp onucaHHON OKPYXXHOCTH TPEyroJibHMKa PaBHOYJ@IEH OT BCEX €ro
BEPIIHH.

I_IeHTp OKPYKHOCTH, OIIMCAHHOH OKOJIO TPEYroJlbHHKA, — 3TO TOYKA Me-
peceucHms CEPEAUHHBIX [I€PICHANKYJIAPOB €ro CTOPOH.

Opr}KHOCTb HA3bIBAIOT BIIMCAHHOW B TPEYrOJbHHK, €CJIHM OHA KacaeTcs
BCEX €TI0 CTOPOH.
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v LleHTp BOMCAHHOH OKPYXHOCTH TPEYroJbHUKA PABHOYAAIEH OT BCEX €r0
CTOPOH.

¢ LleHTp OKPY)XHOCTH, BIMCAHHOW B TPEYrOJbHHUK, — 3TO TOYKA Nepeceye-
HHA €ro OMCCEKTPHUC.

v Paguyc OKpy)KHOCTH, BIIMCAHHOM B NPAMOYTOJIbHbII TPEYrONbHUK, BBITHC
a+b-c
nserca no gopwmyae r = —5 —» FAE T'— paxmyc BITMCAHHOMH OKPYXKHO-

ctH, @ 1 b — JUIMHBL KaTeTOB, ¢ — JUIMHA TUIOTEHY3bI.

YeTbIpEXYrobHUK

23. Napannenorpamm. CBolcTEa Nnapaanenorpamma

v TlapaiieorpaMMoM Ha3bIBAIOT 4ETHIPEXYTONBHUK, Y KOTOPOrO KaX/ble
ABE MPOTUBOIOJIOKHBIE CTOPOHBI NMAPAUIEIbHBI.

¢ ¥ mapajuiesiorpaMma npOTHBOIOIOKHbBIC CTOPOHBI PAaBHBL M IPOTHBOIIO-
JIOXHBIE YIJIbl PABHBIL.

v Jlparonaay napajuiesorpaMMa TOYKOM IepecedeHus AesTCs nomoaM.

¢ BbIcOTOW mapauiesiorpaMMa Ha3bIBAIOT NEPHEHANKYIAD, ONYIIEHHbIA U3
moBOoN TOYKK IPAMOI, COEpPKAIEH CTOPOHY NMapauIejorpamMMa, Ha mps-

MYIO, COIEPKANLYIO POTHBOIONOKHYIO CTOPOHY.
24. Npu3HakK napannenorpamma

v Ecin B 4eThIPEXYroJIbHUKE KaxIble IBE IPOTHUBOMOIONKHDBIE CTOPOHDI paB-
HBI, TO 3TOT YE€ThIPEXYTOJbHUK — MAPAICIOrPAMM.

v Eciu B 4eThIPEXYroNbHUKE JIBE IPOTUBOIONOKHBIC CTOPOHBI PABHDI H ITd-
paJUIeNIbHBI, TO 3TOT YETHIPEXYTONBHUK — MapAJLICI0rpamMM.

¢ Eciu B 4eThIPEXyroIbHHUKE JIMAarOHAINA TOYKO#H NMepecedeHns ACAATCA 1o-
[OJIaM, TO 3TOT YE€ThIPEXYTOJbHUK — IAPALIEJOTPAMM.
25. MNpamMoyronbHHK

¢ TIpAMOYrOJIbHUKOM Ha3bIBAIOT MAPALIENOrPaMM, Y KOTOPOTO BCE yIJIbI
[IpAMBIE.

¢ JlnaroHajiu npsaMOyroJbHUKa PaBHbIL.

¢ Eciu OfMH M3 YIJIOB NAapauieiorpaMma IMpsSMOM, TO 3TOT Hapajieso-
rpaMM — NPAMOYTONbHUK.



v Ecm B napannesorpaMme JMaroOHaId paBHbI, TO 3TOT NapaUIeOrpaMM —
NIPAMOYTOJbHHUK.
26. Pom6
v PoMGOM Ha3bIBAIOT MApaUIENIOrpaMM, y KOTOPOro BCE CTOPOHBI PaBHBIL.

¢ Jlnaronanmm pomba NEpPHEHJAMKY/ISPHBI M SBJISIOTCH OMCCEKTPUCAMU €ro
YIJIOB.

v/ Ecm puaronanm napauiesiorpaMma nepreHnKy/IsipHbl, TO 3TOT Napauie-
JlorpamMmm — pomo.

v/ Ecan anaronans napawienorpamMma siBasieTcsi GUCCEKTPUCOit ero yria, To
TOT NAPALIEIOTPAMM — POMO.
27. Keapgpar
v KBazpaToM Ha3bIBalOT NPSMOYTOJBHHK, Y KOTOPOTO BCE CTOPOHbI PABHBI.
Taxxe xBagpar — 9T0 POMG, ¥ KOTOPOTO BCE YITIBI IPSMBIE.
28. CpepHsAs NMHHA TPeYronbHHUKa

v Cpeaneit tMHMElN TPEYroIbHIKA HA3BIBAIOT OTPE3OK, COEAMHAIOMMIT cepe-
JAHHBI ABYX €r0 CTOPOH,

v Cpejusisi IMHUSL TPEYTOJIbHMKA, COEAMHSIONAN CEPEAMHBI JBYX €r0 CTO-
POH, napajie/jbHa TPEThEH CTOPOHE U PaBHA €€ MOJOBUHE.

29, Tpaneymus - ‘Puc, 266

v/ Tpaneuueii Ha3pIBAIOT YETHIPEXYTOJIBHUK, TR
Yy KOTOPOro JB€ CTOPOHBI NapalielbHbl, & o
4 JIBe Ipyrue He napaslesIbHbl. 5 § 23

S s

v IlapannenbHbie CTOPOHBI TPANELMU HA3bIBA- &5 25
IOT OCHOBAHUSIMH, a HenapauienbHble — 60- OcHoBaHue
KOBBbIMH CTOPOHaMH (puc. 266).

v B tpaneuuu ABCD (BC || AD) yrant A u D HasbIBaioT yraamu npu oc-
HoBaHuM AD, a yrabt B u C — yriamu npu ocuopauuu BC.

¥ BbICOTOMH Tpamenuu HasblBAIOT HEPIEHAMKYIAP, ONYMEHHbIH U3 M06OH
TOUKH NPSAMOH, COAEPIKAMEH O/IHO M3 OCHOBAHMIA, HA NPAMYIO, CONEPIKa-
LIYIO IPYTO€ OCHOBaHHE.

v Cpeaneii 1unuei Tpanenuu Ha3bIBAIOT OTPE3OK, COEAMHSIOUIMIA cepenu-
HbI €€ GOKOBBIX CTOPOH.
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v/ Cpeansis JIMHUSA Tpanelnuy NapaulefbHa OCHOBAHUSAM M paBHA MX MOJY-

CyMMe.

30. LenTpanbHblie H BNHCaHHbIE YIrAbl

v

v

v

v
v

LleHTpasbHBIM YIJIOM OKPYKHOCTH HA3bIBAIOT YroJ C BEPIIMHOM B IEHTPE
OKPY/KHOCTH.

BrucaHHbIM yIJIOM OKPYKHOCTHM Ha3blBAaiOT YroJ, BEpUIMHA KOTOPOro Je-
HKHUT HA OKPYKHOCTH, @ CTOPOHBI II€PECEKAIOT OKPYKHOCTD.

BrincanHblii yros uaMepseTcs MoJOBUHOM rpajlyCHO MephI Iyrd, Ha KOTO-
PYIO OH OIIMPAETCA.

Brnucaunabie YIJibl, ONIUPAOIIHECH Ha OJHY W TY K€ JyTY, PaBHbL

BrnmcaHHblil yroj, ONMpPAIONMICS HA AHAMETD (IOJIyOKPYKHOCTB), —
NpAMOIA.

31. BnucaHHbie W ONHCAHHbIE YeTbIPEXYro/IbHUKH

v

v

YeThIpEXYrONBHUK HA3BIBAIOT BIMCAHHBIM B OKPY/KHOCTb, €CIH CyIICCTBY-
€T OKPYKHOCTb, KOTOPO#H IPUHAIENKAT BCEC €r0 BEPUIMHBL.

Ecu 4eThIpEXyronbHUK ABIAETCS BIMCAHHBIM B OKPYXHOCTb, TO CyMMa
€ro NpOTHBOIIOIOKHBIX yrJIOB paBHa 180°.

Ec/u B 4eThIPEXYrOIBHAKE CYMMa MPOTHBOTIOIOKHLIX yrios pasua 1807,
TO OH SIBJIAETCS BIMCAHHBIM B OKPY)KHOCTb.

YeTbIPEXYroIbHUK HA3bIBAIOT OMMCAHHBIM OKOJIO OKPYXKHOCTH, €CIU Cy-
MECTBYET OKPYKHOCTh, KOTOPast KacaeTcsi BCEX €ro CTOpPOH.

Ecu 4eThIPEXYroJbHUK ABJISETCA ONMCAHHBIM OKOJO OKPYXHOCTH, TO
CYMMBI €r0 IPOTUBOTIOJIOKHBIX CTOPOH PaBHbI.

Ecam B BBINYKJIOM 9€TBIPEXYrOJbHUKE CYMMbI IIPOTHBOINOJIOKHBIX CTOPOH
PaBHBI, TO HTOT YETBIPEXYTONBHUK SIBIAETCH ONMCAHHBIM OKOJIO OKPYX-
HOCTH.

Moao6ue TpeyroibLHUKOB

32. Teopema ®aneca. Teopema o NPoNOPLHOHANBHBIX OTPe3Kax

v Teopema @Paneca. Eciy napaiie/ibHbIE TIPsAMbIE, MIEPECEKAIOIIE CTOPO-

HbI yIJId, OTCEKAIOT Ha OJ[HOM €r0 CTOPOHE PAaBHbIC OTPE3KM, TO OHH OTCE-
KaIOT PaBHBIC OTPE3KU M HA JIPYroil €ro CTOPOHE.
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v

Teopema o nponopyuonarvnvix ompeskax. Ecim napauiesbabie mpsi-
MbI€ ME€PECEKAIOT CTOPOHBI YIJIA, TO OTPE3KH, 0GPA30BABIINECS HA OJHON
CTOPOHE YIJia, NPONOPIMOHATBLHEI COOTBETCTBYIOIMM OTpe3KaM, 06pa3o-
BAaBIIMMCS HA JIPYroi CTOPOHE yrJia.

33. Nogo6ue TpeyronbHUKOB

v

v

HABa TpeyronpHnKka Ha3BLIBAIOT MOAOGHBIMH, €CJIH Yy HUX PABHBI YIJIbI M CO-
OTBETCTBEHHBIE CTOPOHBI MPONOPIMOHAIbHBI.

Jlemma o nodobuvix mpeyzonvrukax. lpsvas, napawuienbnas CTOpOHE
TPEYroJbHUKA U MEepeceKaomas Ase JpPyrue €ro CTOPOHbI, OTCEKAeT OT
AQHHOTO TPEYTOJbHUKA €My 100GHBIIA.

llepeviit npusnax nodobus mpeyzoivnuxos. Ecim xsa yIJIa O{HOTO Tpe-
YPOJIbHHKA PAaBHBL ABYM yIJlaM APyroro TpeyroJabHHUKa, TO TaKHe TPEeyrojib-
HUKH MOA0GHBI.

Bmopoit npusnax nodobus mpeyzonvuuxos. Eciu ase CTOPOHBI OIHOTO
TPEYroJIbHUKA MPONOPUHUOHAIBHBI JIBYM CTOPOHAM JIPYrOro TPEyroJbHHUKa
U yriibl, 0Gpa30BaHHbIE STUMH CTOPOHAMH, PABHBI, TO TAKHE TPEYroJbHHU-
KW 1TOAOOHBI.

Tpemuii npusnax nodobus mpeyzonvruxos. Ecam tpu CTOPOHBI OJIHOTO
TPEYroNbHUKA NPONOPIMOHAIbHbI TPEM CTOPOHAM APYTOTO TPEYrOJLHM-
Ka, TO TAKHE TPEYrOJbHHUKHU TOJ0OHDI.

PeweHue NPAMOYro/ibHbiX TPEYro/ibHUKOB

34. MeTpu4ecKne COOTHOWIEHHS B NPAMOYIroNbHOM TPEYroNbHHKe

v

Ksazpar BbIcOTBI mpsiMOyroabHOTO Tpe- Puc. 267
YPOJbHUKA, NMPOBEAEHHOM K rHUIOTEHY3eE, —
PaBEH IPOU3BEAECHMIO ITPOEKIMIA KATETOB C

Ha runoredysy. Ksagpar karera pasen
MPOU3BEACHUIO TUIIOTEHY3bI U MPOEKIHH
STOro KaTeTa Ha rMNoTeHy3y (puc. 267).
CD?2=AD . DB;

AC?=AB - AD; A D 2
BC?=AB - DB. S

35. Teopema NMudaropa

v

B npAMOYroJlbHOM TPEYIOJIbHUKE KBajapar FHIIOTEHY3bl paBEH CYMM€ KBa-
ApPaTOB KATETOB.



36. CuHyc, KOCHHYC H TAHIeHC OCTPOro yria NPpAMOYroibHOro TpeyroibHMKa

v/ CuHycOM OCTPOTO yrjia NpsMOYroJbHOTO TPEYroJbHUKA HA3bIBAIOT OTHO-
HIEHMEe NPOTHBOJIEKANIEro KaTeTa K MIOTEHY3eE.

v KOCMHYCOM OCTPOTO yr/ia NpsIMOyrOJbHOTO TPEYrOJbHUKA Ha3bIBAIOT OT-
HOIIEHUE MPUIEKAIIETO KaTeTa K IHIOTEeHy3€.

¢ TaHreHcoM OCTPOTO yrjia NpsIMOYTOJLHOTO TPEYrOJAbHUKA HA3BIBAIOT OT-
HOLIEHME MPOTHBOJIEKAIETO KaTeTa K MpHIeKXameMy.

v KoTaHreHcoM ocTporo yria npsaMoyrojbHOro TpeyrojbHUKa Ha3bIBAIOT OT-
HOIIEHHE NPHIEKANMEro KaTeTa K MPOTHBOJIeKAIEMY.

4 CHH}’C, KOCHHYC, TAHT€HC ¥ KOTAHTE€HC yIJjla 3aBHUCAT TOJIBKO OT BEJAUYHMHBI
3TOTrOo yria.

v Tpuronomerpuueckne popMyIbL:

i sina |
8 cosa’
cCosa
ctgo = —;
sina

sinfa+cos?a=1;
cos (90° — o) =sin oy
sin (90° — o) = cos 0.

—— - - =, 50. _ e _' t_____ u::-r4'—.5.r-._1 : —— _u.= 6.(:)“ -
ino = _\FZ_ ﬂ
si 2 9 9
V3 V2 1
cos o -5* ‘? 9
tgo 3{3—% 1 V3
ctgo J3 1 _%‘?’_

37. Pewienme NpaMOYro/ibHbiX TPeyro/ibHHKoOB

¢ Karer npsMOyroJibHOrO TPEyroJbHUKA PaBEH NPOU3BEACHUIO IHIIOTEHYbI
Ha CHHYC yIJIa, MTPOTHBOJIEXKAIIETO STOMY KaTeTy.
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v Karer NPAMOYTOJIBHOI'O TPEYTOJbHHKA PABEH IIPOU3BENEHHIO TUIIOTEHY3bI
Ha KOCHMHYC y1IJId, NMPHUJIEKAIIETO K 3TOMY KaTeTy.

¢ KareT npsiMOyroJibHOrO TPeyroJabHUKa PaBEeH IPOU3BEACHUIO BTOPOTO Ka-
T€Ta Ha TAHI'CHC yrJa, MPOTHBOJIEKAIIETO NEPBOMY KATETY.

¢ Karer npsMOyroisHOro TpeyroipHMKa paBeH POM3BEAEHUIO BTOPOTO Ka-
TeTa Ha KOTAHIEHC yIJla, MPHJIEKAIIEro K IEPBOMY KaTeTy.

¢ Tunorenysa npAMOYrOILHOrO TPEYTOALHUKA PABHA YACTHOMY OT JA€JCHMUS
KaTeTa Ha CHMHYC NPOTHUBOJIEKAIIETO MY YIJia.

v I'mnorenysa npsiMoyroibHOrO TPeyroJbHNKa PaBHA YACTHOMY OT J€JIEHMs
KareTa Ha KOCHHYC IPUIEKAMIEro K HEMY yIJia.

¢/ PemmuTh NpSAMOYrONbHBIH TPEYrOJbHUK 3HAYUT HANTU €ro CTOPOHBI H
P yT! peyr
YIJIbI IO U3BECTHBIM CTOPOHAM M YIJIaM.

Mnowaab MHOroyronbHuKa

38. Mnowags napannenorpamma
v Ilnomaas NapajiesiorpaMmMa paBHa POU3BEJECHHUIO €I0 CTOPOHBI Ha BbICO-
Ty, COOTBETCTBYIOIIYIO 3TOM CTOPOHE.
39. Mnowaas TpeyronbHUKa

v/ ILiomanpb TPeyroabHUKA PaBHA TIOJIOBHHE [IPOM3BEAEHMS €TO CTOPOHBI Ha
NPOBEAEHHYIO K HEH BBICOTY.

¢ Tliomans HpPsAMOYroJBHOTO TPEYrOJbHMKA paBHA IIOJIOBUHE ITPOM3BEJE-
HHA €ro KaTeTOoB.
40. Nnowagb Tpaneumu

v/ Iliomaas Tpanenun paBHA MPOU3BEACHUIO IIOJIyCYyMMBbI €€ OCHOBAaHHI Ha
BBICOTY.

v Tlnomans Tpanenmu paBHa NPOU3BEAEHHUIO €& CpeAHeil JIMHUM Ha BBICOTY.
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OTBETbl ¥ YKA3AHHA K YNPAMHEHUAM
11. 3) @ I 13

4 4

40612, 1) 22 wm =12, 9 V35 s, 1) 243
13 13 6
2) -2,5; 3) —/3 -2 16, 1) 3; 3) % 21, -é. 22, 190°. 28. 10 cm, 30°, 120°.

26. 576 o 30. 120°. 31, 45°. 37. 247 om. 38. V10 om. 39. V21 cmamm /29 em

40. 13 cm. 41. a2 + /2. 42. 3./89 cm. 43. Ja? + b + abV2. 48, Ja? + b2 - ab.
45. 15 cM, 24 cM. 46. 2 oM, 43 o, 47, 3 o, 5 om. 48. 10 o, 6 oM, 14 o

49. 6 o wm 10 om. 50. 75 cae. 51. 13 . 52. 79 com. 58. 14 cm. 57. 34 cm.
58. 7 cm, 9 cm. 58. 20 oM, 30 cm. 60. 8 ov. Yxazanue. [Tposegare uepes sepun-
uy B npaMyio, napamensylo cropore CD, n paccMoTpHTe 08pa3oBaBIIHicH

TpeyroabHuk. 61. % 62, —2-%2 cm. 63. Her. 85. 10 cm. 66. 6 cM. 67. 11 cm.

asinp

68. 65 cm. 69, 22 cv. T4. 4 cm, 6 om. 91, 246 o 92,6 em. B3 ——————.
cos(p + y)siny

, . . . . . oz
94, m?.ln nsinp 98, c sm‘u smv(a +¥) 986, .m 3111- asing  gg gy 99, .;D AL
sin( — ) sin ¥ sin ¢ sin fsin(x + B} 3

o
o . & sin a sin ¥ acos g
100. 60° wax 120°. 101. 4.5 u. 102, . 103, ——&——.
. a—7 . . da
sin(a + y) cos 5 sin| 45° + 1

105. %5- M. Yxasarue. Vickomniil pafHyc MOKEO HANTH KaK PAIMYC OKPYXKHO-
CTH, OTTMCAHAOIT OKONO TPCYrOABHHKA, CTOPOHAME KOTOPOTO ABIAIOTCA OAHO H3
OCHOBARMIl, GOKOBAR CTOPOHA M AHATOHANG Tpanenwy. 106. E{%. Ywasanue.

2msinf 2msinw
sinfa + By’ sinf{o + B)
v mennaasr AM 3a Toaxy M ommetnre Touxy K Taxyio, uta AM = MK, u npu-
asin@ +P) 599, Yiasa-

2sina

#ue. Bopasute yrawt AHB, BHC u AHC uepes yribl TPEYTOJBHMKA ABC.
110. BricTpee poexath veped ceno C. Yxaaanue. 1IpUMATE PACCTOAHNE MEXJTY K2-
KIMI-HIOYAB ABYMA CEAMH 33 /1 M BRIDASATE Yepes 4 PacCTOSHUA MEATY ApyTaMi
cémamu, 111, Aprodyc. 114, 12 cm. 127. 1077, 787, 132°, 48°. Yxasanue. ITposenp:
TE Yepes OJHY U3 BEPUIMH BEPXHETO OCHOBAEHA TPAMYIO, TAPLLICABHYIO BoxoBOM
CTOpOHE TPaneuMn, u pacCMOTPATE oGpazorasiLmiica TpeyroaesHuk. 128. 9 o
129. 30 oM, 48 oM. 135. 1) 60° wim 1207 2) 90°. 136. 30° wm 150°. 140, 12 cm.

Hoxaxure, wro CE = DE. 107. . ¥xazanue. Ha npogoinke-

MeHUTE TEOPEMY CUHYCOB K TpeyroabHHEY ACK. 108.



5 ]4?’
141. 24 cm. 142, 24 cu’. 143, % oM. 144, 1) g v, 2 e 2) 8 em, = o

2 . N .
145. 2 o, 15 . 156, 3 5. 157, LI0BSNY 488 9 R%in wsin Psin (o + B).
2sin{f + v)
2 o : g .
159, Psimosin@+B) jon Al g0 BSnB ges 51 cwt 75 ont.
2sinp 2sina 2sinasinie + )

84 cM?, 163. % oM. Yeasanue. Bocnonsayitrecs Tem, 910 8, =5, 1+ Saacn

164. 360 cM®. Ykasarae. [poscnte gepes OOHH B3 KOHUOB BEPXIIErO OCHOBAHFS
TPATICIAH TPAMYIO, TRAPALICALHYI0 GOKOBOHA CTOPOHU TPANTEIHH, 1 BAIMTE BHICO-
TY TPEYTOJILHMKA, KOTOPBIA 3Ta NpaMasg OTCEKAET OT Tpaucumu. 165, 12J5 com?.
Yeasanue. Tycre ABCD — pannaw rpancuns, BC | AD. IposesuTe uepes
BepIIHHY C Mpamyio, napawtebHyio npamMoti BD n nepecexaomyo npamyo AD
B Tonke E. JlokakKTe, 9ro tpeyronsuux ACE v gaaHas Tpancuns pPaBHOBETH-
5 1 AK . AM sin A
k. 186, 1 : 2. Vensawue, 2K _ 2 =cos? A. 187. 19,5 cm.
AdBC 3 AC - ABsin A

168. 13 cM, 14 cm, 15 cm. 170. 10°. 171, 91 cm, 21 o 172, 9.6 cMm.

2 2
196, ,fRﬂ - 94— 197. o&JR? - 72 198, .jr? + %‘ 202, 17,4 cM, 203. =198 cm.

204, 5 cropon. 205, 18 cropor. 208. 1) "(?’E‘@); 9) “(3;‘5‘)_ 209. 1) 2_?/_5

2
2) “—%‘@ 210.1:2 211 V3: 2 214. 44 om. 215, 2R%\2. 216. a3; 2a; 3a2J§.

217. 6{(V2-1) cm. 218. 8 om. 219. @242, a2 +1); a4+ 208,

220. a_(ﬂ_é—@ 221, a(g—';l/é. 222, TpeyroIbHHKOB, MIH KRAJApPaTOR, WIH 1Ie-

+

CTHYTONMBHUEOB. YRazaxue, QOKOA0 OAHONH TOYKH MOMKHO VIOMHTE CTONLKO J0-
., 180°(n -2

WEYEK, BO CKOABKO Paz yrojl IPH BEPITHHE JOMETKH, PABHLIH _{T_)’
180°(n -2y  9n

3 n-2

MEHBb~

n
n-—2

me 3607, 1. e. 360°:

AOIETEK. 3HAYETIME BLIPAKCHMS

2n _In-4+4 4
= = +
n-2 n-2 2 n-~2
4 5 AOMKHO GbITh LATYPANEELIM YuCIoM. 223, Ykasa-

AOGKHO GBITE HATYPAILHBbIM uypcaoM. Tax kax . TO

3BAMEHHE BBIPOECHHA
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nue. Iycrs ABCDEF — npaBuibHbIi mecTHyroabHuk (puc. 268), K — rouka ne-
peceuennst npambix CD u EF. Torpa AK — uckombiii otpesok. 225. 18 cm.

95(n — 24/2)
8

226. 96 cm? 227. 9 cm. 252. 22,5°. 257. /6 cm. 259. 1) cmZ;

3 3

BIn+3)

5 c? 260.1) @5 oM 2) 10::; 3V3

2) cm2. 265. 271 oM,

20x cM. 266. 2is CM, — CM, 20z

18 18 3
Vkasanue. Jlokaxure, 9To B 060MX CIydasx CyMMa JUIMH OJYyOKPYKHOCTEH paB-

35n 8n

cM. 267. 3 cM. 268. 6T cm. 269. 1 : 1.

a%(4x - 33)

2
- %n . AB. 271. 50 cm. 273. “—(’;—2). 274. =17.3 %. 275. .

2
276. % 2717. a* (g - 1). 278. QTM Vxasanue. Paccmorpure AAND u noxa-

JKUTe, 4TO OH PaBHOCTOPOHHMIA. 279. Ykasanue. Cymma 1uiomaseii Bcex 3akpa-
MIEHHBIX ¥ HE3AKPAUIEHHBIX «CEPINHMKOB» PaBHA CyMME IUIOMAJEH ABYX Kpyros,
JMaMeTPbl KOTOPBIX SBASIOTCA COCEAHMMM CTOPOHAMH MPSMOYrOJbHHKA, a CyM-
Ma IUIOMa/ieil HE3aKPAMIEHHBIX «CEPIHMKOB» U MPAMOYTrOJbHUKA PaBHA IUIOMA1M
Kpyra, AMaMeTp KOTOPOTO ABJIAETCSH AMArOHAIBIO NPSMOYTOIbHHUKA. IMoxkaxuTe,
uTo 3TM CcymMmbl pasubl. 280. Ykasanue. O6mas 4acTb KBa/[paTOB COACPXKHT

KpYT, patiyc KOTOPOTO paBeH % oM (puc. 269). 282. % o™, % cm. 283. Yka-
et e e~ e
C D K
B E
A F

3anue. Yepes cepeanHy MEHBIIETO OCHOBAHMS IIPOBENUTE NPMBIE, MAPaJLIE/Ib:
Hble GOKOBbIM cTOpoHaM Tpaneryu. 303. 1) [a, Touka B 1exuT Mexiy TouKa-
s A u C; 2) ner. 305. x = 7 wm x =—1. 306. (3; 0). 307. (0; 0,5). 308. (3; -0,5).

309. (-2 2). 310. (3; ~2). 314. A (-5; 3), C (7; 5). 315. 2\/73. 316. (3J3; 243)

wim (=343; —243). 317. (-2 44/3) wm (-2; —4+/3). 318. (3; 3) wm (-6; 6).
Vxasanue. Paccmorpute asa caydas: B (a; a) win B (a; —a). 319. (5,5; 0),



(3; 0}, (=1; 0). ¥xasanue. Paccmorpure Tpu cayvan: AC = BC, AC=AB u
BC =AB. 320. (0; 6}, {(0; 4), (0; 3,5), (0; 8,5}. ¥xasanue. PaccMoTpure Tpu ca1y-

uan: AC? + BC? = AB?, AB? + BC? = ACE, AC? + AB? = BC?. 321. /33 cm.

322, 56°, 124°. 323. 8 cm u 16 cm. 342, Jlpe okpyxuocTH: X2 + (i — 11)2 = 45
M+ (y + 1) = 45. 343, (x - 3)* + y* = 50. 345. 1} /Ia, Touka (-1; 3} — wewTp
oxpyxractH, R = 7; 2) mer; 3) mer; 4) Ka, Touxa (2; 7) — nenTp oxpyxHOCTH,
R= 2. 346. 1) Touxa (0; —8) — uenTp okpyxnocTH, R = 2; 2) Touxa (4; -2) —
ueHTp oxpyxrocTH, R = /5. 347, (x— 2)? + 32 = 13. 348. r—22+(y-12=25
Wi (x - 3)° + (iy — 8)°=25. 349, (x +5)? + {yy - 2)*= 10 som (x+ 1)2 + (7 + 2)2 = 10.
350. (x - 22+ (y + 2 =4 wm (x + 2)? + (y + 22 = 4. Wxasanue. Jnaverp uc-
KOMOH OKPY)KHOCTH PABCH PACCTOSHHIO MEXIY OCbIO a6cupce u npamoii g = —4,
2 HEHTP OKPYXHOCTH OPHHAJICKHT DICCEKTPHCE TPETHETO HAH 9eTBEPTOro Ko-
opaunarHoro yraa., 361, (x - 1P + ( - 1¥ =1mwm (x~ 12+ (¥ + 1)2= 1.
352. 1) (v + 3 + (g — 20 =25 9) (x + 1)? + (v + 3)? = 169. 353. 1803 o
354. 70 cm. 355. 600 cv”. 362. 1) y=2xr -5 2) x=%;3) y=-1;4) b + 3y = 6.
363. 1) y =-3x+1: 2) x - 6y = 12. 364. 1) (-8; -31); 2) (-1; 2). 365. 1) {2; -7)

2) (4;-1). 366. yy =—0,5x — 4. 367. y = %x - é . 389, 12. 370. 28, 371. 6. 372. (2. 5),

(5; 2). 373. (5; 0). 375. 102‘2)2_9. Yxasanue. HexodMoe paccrosnme paBHO BbI-

COTE TPEYrOALHHMKA, OFPAHWYEHHOrO OCAMM KOOPAHHAT H JAHHOH IIpaMOit,

376. 4./2. 377. 3/10.378. x - 3y = 2. 379. 7x + 5y = 8. 380, (3; 3) wm (15; 15).
381. (-2; 2) wrm (-10; 10). 382. (x -~ 3)2 + (y - 4) = 17. 383, (y — 4){y + 4) = 0.

384. 10 o, VB8 cum. 385. 104 cm, 386, 125 cm. 381 1) 7 = 4x + 19;
2)y=-8x-23)y="7392, y=-0,50-4.393. 1) y =—Tx + 2, 2) S - dyy = -39,

394. 1) y=9r+13;2) Bx+y=9.395. )y = xV/3+6— 23: D) y=—x/3+46 +

+ 2./3. 396. Dy=x-52) y=—x+1.387.a)y= 53—’/§+ %:6)y= —%+ 2.
398. 1) Ml 2) aa; 3) ner; 4) ner. 400. y = 4x + 9. 401, y = 3x — 12. 404. 30 cm,
40 cpe. 405, 144 cv®. 431. TIpAMOYTONEHHK M PABHOGOKAK Tpaneuus. 439, 60°,

120°. 440. 4 cm, 12 cm. 441, @. Ykasawnue. TIposeante uepes sepmuny B

NPAMYIO, DAPULTELHYI0 upsymolt MK, 457, AF (-2 9), FD (2; 4). 488, DE {~4;6),
EO (-4; -6). 489, @ (=6; -8) wim 4 (8; 6). 480. ¢ (V2; V2) wmn ¢ (—3; —V3).
461. C (7:17), D (2 17) wmn C (7 -7), D (2; 7). 482, B (16; 2), C (16: -6)

win B (—14; 2), C (-14; -6). 464, 20 oM, 7 o, 21 cm. 465. 5‘%_3}- 511, 1) Ja;



2} na; 3) ner. 512. Yxazanue. [lokaxuTre, 4T0 KOKABIN U3 BEKTOPOR 0A+0C
u OB+ O pascu mynpsextopy. 534. Ykazauue. JoCTaTOMHO TOKA3aTh, YTO

XA -XB = XD - XC. 515. Oxpyxuocte paguyca AB ¢ nestpom » touke A.
516. Cepeansuplii nepnesguevasp orpeska AB. 817, ¥Yxasanue. Ilycty
AA| — meauana rpeyroasnuka ABC. Ha npoaomxkeiau oTpeska AA, 3a Tow
Ky A, oraoiknTe oTpedok A D, pamumiit MA, 518. ¥Yxaszanue. Hmeenm:

AA +AB +BEB, +BC +CC,+CA =0, AB +BC, +C,A, =0, orcoona
AA +BB,+CC,=0. 519. 4 cm, 6 cm. 520, 2,5 cm. 562. —4; 4. 553. -15.
555. i (~15; 36). 556. @ (-%; 4). 559, x = 2, y = -3, 560. OK = 0,52 - 0,15,
s64. BM =3 BA+1BC. 866. Viasanue. MM, =M0B, +BE, +EM,.

C ppyroit cropomnt, MM, = M(A + AA + A,M,. Cnoxnre STH paBeHCTBA.
572. Ykasanue. ITycre otpeaxn AA,, BB, u CC, — meauaHsl TPEYrONABHIKA

ABC. Bocnomsyitrech Tem, uto AA + BB, + CC, = 0. §73. Ykasanue. Boc-
noabL3yiTeCh 3anaueit 566 n kaouesoi dagaved 1 § 15. 574. Yxaaanue. Boipain-

TE€ BCKTOPBI BM w BN wuepea pektopm BA u BC. 575. 18 cm. 576. 60°;

243 cwm? 577. RV3. 593. 1) %; 2) 1; 8) % 4) 0. 596. —3 n 3. 597. —1.

509, 5 (~12 16). 600. -1 1 1. 602, 4. 603.-0,5. 804. /7. 605. 2./7. 608. % 0, 3

A
809. 30°, 60°, 90°. 612. 0*. 613. 120°. 614. Yxaaanue. Ilycrs CA =a, CB =b.
Toraa CM = %Ei + %5, AK =2 +%5. Haiimare CM - AK. 615. 45°. Ykasanue.

IIycms OB=b5 . OC = ¢. Quenngno, 4To bh-c=0. Toraa AO = QE, DO = 35.
OTcoaa AB = 2E+3, DC = ¢ +36. 616. 30°. Yxaszawnue. BD = %(ﬁ + 'BZ?‘)

OTcioaa Fﬁg = %(E-E‘l+?ﬁ-ﬁf), El_jg =%I"@|‘|m’|-cos ZARD.

617. Yxasanue. BD = %(ﬂ + B?] MFE = MB + BE. Qctanock noKasaTh, 9T0

BD - MF = 0. 619. 100 cm. 620. 671 cm. 633. [Ipu AB | @. 643. 1) Beckonedno
MHOTO; 2) Geckoneuno MHOrD. 649, (x+ 3)2+ (¥ -4)°=1.650. y =x" —4x + L.
651. Yxasanue. lycte ABCD — uckomas tpaneuus (BC | AD). Tlocrpoiite

06pas auaronany BD npy napavielbHOM MEpPeHoCe HA BEKTOP BC. 853. Yxa-
sanue. TlocTpoiiTe 06pa3 AAHHON NPIMOM OPH NAPAIEALHOM NCPEHOCE A

sextop AB (mm BA). PaccmoTpure TOUKH nepecedeHns o6pasa ¢ AaHHOM
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OKPYXKHOCTBIO. 3aMETHM, YTO €CJIM MOCTPOEHHBIA 06PA3 U JaHHAs OKPYKHOCTD
HE MMEIOT O0IMX TOYEK, TO 3ajadya HE HMMEeT pemenus. 655. Vrasanue.
Hycrs ABCD — uckoMblit 4eTHIPEXYronbHUK ¢ AaHHBIMU cropoHamu AB u CD

(puc. 270). PaccMOTpHM napaienbHslii nepexoc croponst AB Ha sekrop BC.
Tpeyronbuux A, CD moxuO noctpouts no asym croposam CD u CA, = BA
u yriy A,CD, pasuomy ZBCD - (180° — ZABC). Tpeyroasnux AA,D moxHO
nocTpoutsh no cropone A, D u asym npurexammm yraam AA D u ADA,.
656. Viasanue. Ilycts Touxa A; — o6pas Touku A npu napauieIbHOM nepeHo-

ce na sektop MN. Coeunure Toukm A, u B. 657. 36 cm. 658. 40. 659. 490 cm2.
680. a L [/ wnu npamele a u [ cosnanaior. 683. Yikazanue. Ecin YETBIPEXYT OB
HHK MMEET OCh CHMMETPHH, TO 06pa3omM 0601 €ro BepIUIMHbI ABJSIETCS BEpIIy-
Ha 3TOro e YEeThIPEXyrojibHuKa. Boibepure HekoTopyio BEPUIMHY IAPajLIesno-
FpaMMa M pacCMOTPHUTE ZBE BO3MOXHOCTH: €€ 0Opa3oM SIBIAETCS WIM COCEN-
fUlsl BEpIIMHA, MM NpoTHBOJeXKamas. 686. Ykasanue. Yrnmt M,BA n MBA
CUMMETPUYHBI OTHOCHTENBHO npsamoit AB. CnepoBarensuo, /M BA = ZMBA.
Ananormano ZM,BC = ZMBC. Ocranoch nokasats, 9To £ZM BM, = 180°.
687. 1) A, (0; -2), B, (-1; 3); 2) A, (0; 2), B, (1; -3). 688. x = 2, y = 1.
689. Yxasanue. Ilycts Touka A, — o6pas ToukM A NpPU CUMMETPUM OTHOCH-
TEILHO NPAMON a. Tora Touka nepecedenus nNpAMbIX @ 1 A, B 6yret uckomoii.
3ameTnm, uTo e TouKi A u B CHMMETPHYHBI OTHOCHTENTHHO OpsSIMOH @, TO
3ajaua nmeeT 6ECKOHEYHO MHOTO pemennii. 691, Ykaszanue. ITycrs Touka A, —
06pa3 TOYKH A PN CUMMETPHH OTHOCHTETBHO npsamoi a. Toraa Touka nepece-
HEHHA NpAMbIX @ u A, B Gyner uckomoii. 692. Yikaszanue. Iycrs TPEeYroabHUK
A,BC — 06pas tpeyronsunka ABC IpH CUMMETPUHM OTHOCUTENBHO CEPEAUHHO-
ro nepnenamkyasipa orpeska BC (puc. 271). Tpeyroasnux ACA, moxHO 10

Puc. 270 " Puc. 271

| 4

CTPOMTE 1O M3BECTHBIM CTOpoHaM AC n A,C (A,C = AB) u yray ACA,, paBao-
My pasHocTH yriios B u C. 693. YVrxasanue. Ilycrs Touka C| cummerpmuna Tou-
ke C ornocurensio npsmoit AB. [ locTpoiiTe OKpyKHOCTB € IEHTPOM B TOUKe C,
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KoTopas Kacaetcsi npsmoit AB. Iposesure uepes ToUKy DD KacaTeIbHYIO K 1MO-
CTPOEHHOI OKPYKHOCTH. DTa KacaTelbHas nepecekaeT npsmyio AB B uckomoit
rouke. 715. Ykasanue. Iycts AABC umeer nentp cummerpun. Toraa, Hanpu-
Mep, 06pa3oM BEPIINHbI A snsiercs sepumna B. CiefoBaTeIbHO, HEHTP CUM-
MeTpUM — 3TO cepeuHa cToponbl AB. OxHako B 3TOM Cydae 06pa3 BepIMHbI
C ne Gyner npunanexars Tpeyroasunky ABC. 717. Yxaszanue. Ilpn nenrpaib-
HOIl CHUMMeTpMHM O6Pa3oM CTOPOHBI AAHHOTO YETHIPEXYrOJNbHHUKA SBJISCTCH
CTOpOHA 3TOrO ke 4eThlpéxyronpuuka. Jlaree BOCIIOJIL3yHTECH KII0YEBOH 3a-
nageit § 19. 718. Vxasanue. Ilpn cuMMEeTPUH OTHOCHTENILHO TOYKH O obpa3sbl
Touek A, u B, npuHajIexaT OKpy)KHOCTH C IEHTPOM O,. Tak kax 06pa3om nps-
MO, IPOXOASIIEli Yepe3 HEeHTP CUMMETPHH, ABJISETCS 9TA JKe IpsAMast, TO obpa-
abl Touex A, n B, Taxxe npunapiexar npamoit A,B,. CreposarenbHo, oTpe-
30k A,B, — 06pas orpeska A,B,. 719. 2 cm 1 cm. 720. 2 oM. Yrasanue. Ilpn
PACCMATPUBAEMOM TIOBOPOTE TOYKA B sBiseTcs oGpasoM TOUKHU D, touka C, —
o6pasom Touku C, TOuKa A — obpasom Toukmn A (puc. 272). CrepoBaTeNbHO,
AABC, — 06pa3 AADC. Orciopa ZABC, = ZADC = 90°. CnemoBarenbHO, TOY-
ku C,, B, C nexar ua ofHoit npsaMoii. 721. Yxasanue. PaccmoTpuTe HEHTPAIb
HYIO CUMMETPHIO C IEHTPOM B TOUKE NEPECEICHNA JAMaroHaiei mapajuiieaorpam-
va. 722. YVxasanue. Haitiure cepenuny otpeska AC, a aanee BOCIIONTb3YUTECH
npumepom 3 § 18. 723. Ykasanue. Ilyctb O — nannas Touka, [, u [, — nanHbIe
npsimbie. [TocTpoum 06pa3 npsMoi [, npu cHMMETPHH OTHOCUTENLHO TOUKH 0.
onyunm npsmyio /" (puc. 273), xoropast nepecexacT NpaMyio l, B Touxe E.

s PErT s Fheer s pyr

.

Puc. 272

Haiizém npooGpas Touku E npu paccMaTpUBaEMOl CHMMETPHH. QOueBUIHO, 4TO
OH JOJDKEH TIPUHAJUIEXKATh NPAMO l,. CnenosarenbHO, TOYKA, CAMMETPHYIHASA
rouxe E orHocuTeabHO Toukn O, TakKe IPUHAUIEXUT NPAMOH [,. 724. Yxasa-
nue. Bocronwayiitech maeeil pemenus npumepa 5 § 18. 725. Yxasanue. Pac-
CMOTPHM MOBOPOT C IIEHTPOM B TOYKE C npoTHB YacOBOH CTPEJIKH Ha yron 60°.
[1pu TakoM MOBOPOTE OGpasaMu TOYEK E u B 6yayT cOOTBETCTBEHHO TOYKM D
u A. Cnenosarenbso, orpesok AD u ero cepeanHa K 6yayr cooTBETCTBEHHO 06~
pasamu orpeska BE u ero cepemunnt M. 726. Viasanue. ycts 1), Iy, l; — pan-
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HbI€ napauienbHble npsvbie, () — npou3BoAbHAs TOUKA IpsAMOil [, (puc. 274).
Ipsamas [, — oGpaa npsamoii /; npu nosopore Bokpyr Toukn O IPOTHB YaCOBOM
crpenku Ha yroa 60° — nepecekaer npsivyio /, B Touke M. Haiiném npoo6pa3
TOuKH M 1npu 3a1aHHOM MOBOPOTE. OYEBUAHO, YTO OH IPUHAIEKHAT npaMoit /.
oaromy nocratouno ornoxuts or aysa OM yron, pasusiit 60°. 727. Ykasa-
Hue. llycre O — panmas Touka, [, I, u I, — qanmsie npsamsie. [Tocrpoiite oTpe-
30k AC, cepeannoii Kotoporo ssasercs Touka O, a KOHIIBI NPUHAUIEKAT NPS-
MbIM [, 1 [, DTOT OTpesok sBasieTcs 0xHOI M3 AuaroHae pomba. Haiizure Toyu-
Ky I€PEeCeueHUs NPAMOi /; ¢ CepeAMHHBIM NePNeHIUKYIIPOM orpeska AC.
728. Vxasanue. PaccMoTpum IIOBOPOT C LIEHTPOM B TOYKe A NPOTHB 4acoBOIi
crpenxn Ha yroa 90°. Tlpn stom nosopore o6pasom orpeska AD Gyner orpe-
30k AB (puc. 275). Ilycts E, — 06paa Touku E. Torxa Tpeyroasunk ABE, — 06-
pas Tpeyronbuuka ADE. Orciona AABE, = AADE. Torpa DE = BE » AE=AE,,
ZE\AB = LEAD. imeem: LE,AF = ZEAB+ £BAF= LEAD + LFAE = ZFAD.
Ho LFAD = ZE\FA. Cregosarensno, AAEF — PaBHOGEAPEHHDBINA U AE, = EF.
729. Yxasanue. Paccmorpum [IOBOPOT € LEHTPOM B TOYKe A IO YaCcOBO¥ CTpeKe
Ha yroux 60° (puc. 276). Ipn stom mosopote o6pasom Tpeyronsuuka ABP Gyner

P
I _—
i]

Tpeyrombunk ACP, (Touka P, — o6pas touku P). Otciona LAP,C=LAPB =150".
Tpeyrombuux APP, — pasHocToponnnii. Torna ZAP P = 60°. CnexoBarensHo,

APP]C = 90°. Ocranoch 3aMeTUTH, 4TO P,C=PBnu PP, = AP. 732. % cM

752.1) 1,5, 2) -%;3) % 756. % 757. 12 cm. 758. 28,8 cv2. 760. % 761.1) k=2,
Touka B wm k = -2, Touka nepeceuenms amaromaeii Tpaneuun AMNC,

766. Yxasanue. Ilycts pannas OKPY)XHOCTb KacaeTcsi npsmMoii @ B Touke M.
Touka M, — o6pas Touku M fpu roMoTeTH ¢ ueHrpom A. Tak kak 0o6pazom
TNPSIMOH @ SIBISIETCS TA JKE NPAMAs, TO TOUYKA M, npunamnexur npsmoii a. Io-
K&KHTE, 4TO 06pa3 JaHHOH OKPYKHOCTH ¥ NPAMAA @ UMEIOT TONBKO OAHy 06-

uyio Touky M,. 767. —%. Yxasanue. Tlo onpenenennio romorernn MA = kMB.
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Haiinure KoopAMHAThI BEKTOPOB MA n MB. 768. (-3;2).769. 1) x=-3, y =8;
9) x=12, y=-2.770. x = 0, y = 8. 771. 28 cm?. 772. 20 cm?. 773. 112 cm™

775. ) y=2x+2;2) y = 2x - % Vxazanue. Boibepute IpOM3BOJILHYIO TOY-

Ky M, npunajyiexantyio JanHOH npsamoii. Hailiute KOOpAMHATEI BEKTOPOB OM

u OM, =20M. Touka M, — 06pa3 Touku M npu JaHHOH rOMOTETHH. Boc-
MOJIB3YHTECh TEM, UTO YrI0BO KO3(p(HUUMEHT NCKOMO NpAMOil paseH 75
776.1) (x + 1)2+ (y - 2)2=1;2) (x — 4)* + (y + 8)* = 16. T77. Yka3sanue. llps-
mas A,B, aBaserca o6pasom npsmoii A, B npu roMOTETHH C NEHTPOM B TOUKE
KacaHusi U KO3(PUIMEHTOM, PaBHBIM OTHOMEHMIO GOJMBIIEIO PagHyca K MEHb-
memy. 779. OKpyKHOCTH, KOTOpas ABAAETCH 06pPa3OM JAHHOW OKPYKHOCTH IIPH

1
rOMOTETHH € HEHTPOM A U KO3(PQHUUMEHTOM, PABHBIM 3, 32 HCKIIOUCHIEM TOU-

ku A. 781. Yrazanue. TpeyrojibHUK € BEPIIHHAMM B MOJTY4E€HHBIX TOUKAX SIBJIA-
ercss 06pPasoM TPEYroJbHUKA C BEPIIMHAMM B CEPEAMHAX CTOPOH JAHHOTO TpPe-
YrOJbHHMKAa NpHU IOMOTETHHM C LEHTPOM M n xosddunuenToM, paBHBLIM 2
782. Ykasanue. IlocTpoiite npon3BOIbHbIA TPEYrOJbHHK, JBa yIJIa KOTOPOro
PaBHbI ABYM JaHHBIM yraaM. OnumuTe OKOJIO HETO OKPYKHOCTD. Hckompblii Tpe-
YTOJIBHUK SBASETCS OOPA3OM IIOCTPOCHHOTO TPEYTOJIBHMKA MPH FOMOTCTHH
¢ LEHTPOM B TIPOM3BOJNBHON TOUKE M KOI(PPUIMEHTOM, PaBHbIM OTHOMIECHMIO
J@HHOTO PaAMyca K PauyCy MOCTPOCHHON OKPYKHOCTH. 784. Yxasanue. CM. pe-
menne npumepa 1 § 20. 785. Ykaszanue. PaccMoTpUTE roMOTETHIO € HEHTPOM

B cepeaune orpeska AB u k0a(pPUUHUEHTOM, PABHDIM l% 786. Ilpsamas, sBIsIO-

mascs 06pasom NpsAMoii [ mpu roMOTETHH C IEHTPOM B CEPEAMHE OTPE3KA AB

1
u KO3 pUIMEHTOM, PABHBIM Z, 32 HCKIIOUE Pyc. 277

HueM Toukn nepecedenns npambix AB u [
(ecam Takas Touka cymecrsyer). 787. Ykasa-
nue. Iocrpoiite modyi0 OKPYKHOCTD, Kacaio-
myiocs cropon yraa (puc. 277). Tlyers M, —
oJHA U3 TOYEK NepeceueHus MpAMOi BM
¢ MOCTPOEHHO# OKpyKHOCTBIO. PaccmoTpuTe
FOMOTETHIO C IIeHTpoM B Touke B u koaddu- B

BM
[IMEHTOM, PABHBIM BM 3ajaua UMeeT JABa
1

2
o
794. 9 cm, 24 cm. 795. 1 oM win 2 cm. 796. 36 cm. 797. 4a® + d*. 798. 4 cm.
Viasanue. Tax xak tpanerus ABCK sapisieTcs pnucaunoii, to AB = CK. Tor-

pemenusi. 788. 96 cm?, 4,8 cv. 789. 24. 791. 917 ov wmm 2441 cm. 792.
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na 2KAC = ZAKB, AC = BK. 799. 3_; R

1. 2k
=i ki ; . 95 cm.
6 "8 8.800 111 cm. 801. 9,5 cm

802. 12 cm. 803. “‘f .804.1:1: /3. 805. 6 cuv. 806. 7{@1307 _besina
- (b+c)9m;

Yxazanue. Boctionsayitrecs (popmyn0ii JUIst BBIYMCAEHHS TUIOMALK TPEYTrONbHU-
Ka 10 ABYM CTOPOHAM W yriy Mexay uumu. 808. 44/3 cm2. 809. 12 cm, 15 cm,
£ cm. 810. 15 cu. 811, 182 cv?. 812. 450 o, 813. 36 cv?. 815. 643 on
816. 1: 2. 817. 2a(2 — V/3). 818. 45 cu. 819. T5E o, 821, RL“E)‘B—‘@; 2n

2 —_—
822. 54°. 824. 3m. 825. ﬂ@. 827. (-9; 0). 828. (0; -2,5). 832. (x — 7)% +
+ (¥ + 0,5)* = 6,25. 833. J[a. 834. Jla. 835. (-1; 0), (—9' 0). 836. 10m. 837. y = 6x +

B . 5 J§
+23.838. y =-x+3.839. y = -3%-4.852. -~ 853. Y=, 855. bx + y = 22,

872. 3 cm wm 33 cm. 873. 3 cm2. 874. 27.5 cv2. 8T5. m2. 876. =2, Via-

lb
3anue. Tpeyromwnnk A,B,C, spasiercs obpasom Tpeyromsauka ABC 1IpU rOMO-

320
7

5]
TETUU C KO3PPULIMEHTOM, pPaBHBIM ~ 7 Y IEHTPOM B TOUKE NEPECEYEHHs! Me-

Man tpeyroabunka ABC.

OTBeTbI K 3ajaHuam «[poBepbTE Ccebn»

B TectoBoU dopme

3:;:% 1 I 9 | 10 | 11 | 12
1 ris|{als|alr|ale|6l6|r]|E
| 2 |e|le|slrlalalrlialsls 5| A |
3 6 |6 |A|B|B|r|B8|r|s]|B8]|s6]|a
¢ Jelrlalelal s islrliataslsl B
LS__LE. Ajr|e|s|s|rfajle | B | AT
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[Tpasuio TpeyronbHUKa IIpasuio napanresorpaMmma
B
AZD

AB+AD = AC

A

OA-OB=BA




Paccroauue mexay
JIBYMsI TOYKaMH

Koopaunarst
CepeAnHbI OTPe3Ka

VYpasuenue
OKPYKHOCTH

YpaBuenue
npAMoi

Ecm A (x; y)) u B (x,; y,), T0
AB = [(x, — 2, + (y, — 1,2

Ecm C (x; y,) — cepeauna orpeska AB ¢ konnamn
A (x; y)) n B (xy; y,), TO
i G ek |

xﬂ 2 I 9

(x-a)’+(y-b)?=FR,
rae A (a; b) — uentp okpyxnoctu, R — paanyc okpyx-
HOCTH

ax + by =c,
rae a, b u ¢ — nekoropsie unca, npuyém a n b "e pas-
HBI HYJTIO OJHOBPEMEHHO




