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O npambrx CumMmcona, kpubon IllTennepa u Kyouke
Maxk-Koa

E. . Kyranun

B cTaThe paccMaTpUBalOTCA BOMPOCHL, 3aTPOHYTHIE B [3], a Takxke mpu-
BOAWTCA pemeHre 3ama4u 8.4 w3 3amagnnka «Maremarmaeckoro npocse-
MICHAA .

1. BBOJIHBIE 3AMEYAHUA

HamomuwMm cuawamra mekoropwie onpenenenus. [lycts P — Touka B mioc-
kocTu Tpeyroabuuka ABC, Ay, By, C1 — OCHOBaHUA MEPIEHANKYIAPOB, OIY-
meHHbIX u3 Touku P ua mpaveie BC, CA, AB coorBercTsenno. Torga Tpe-
yronaeuauk A1 B1C] Ha3BIBAaETCA TEIATBHBIM TPEYTOILHUKOM TOYKH P 0THOCH-
TenbHO Tpeyroabuuka ABC. IIpaMbie, mpoxoammme Yepes BEPUInHY AAHHOTO
yIJIa ¥ CUMMETPUYHBIE OTHOCUTENBHO OMCCEKTPUCHI DTOTO YIa, HA3BIBAIOTCSI
M30T OHAJIBHBIMYU OTHOCUTEIRHO 3TOr0 yria. OKpyXHOCTE, HA KOTOPOU J€XKAT
CepeuHbI CTOPOH TPEYTOJLHUKA, OCHOBAHUA €I'0 BHICOT U CEPEUHBI OTPE3KOB
OT BEPILIVH [0 TOYKU IEePECeTIeHNs BEICOT (OPTOLEHTPA), HA3BIBACTCA OKPY K-
HOCTBIO JDWIEPA WIN OKPYXKHOCTBIO AEBATH TOYEK DTOT0 TPEYTOJLHUKA.

[Ipusenem HopMyIMpoBKE TeX TeopeM u3 [3], KoTopble HOHAZ00ATCA HAM
B 5Tou crarhe. 2Kenamomye MOy T HAUTH UX NOKA3ATEILCTBA B [3], OJA 9ero
B CKOOKaX IMPUBOAATCA HOMEPA DTUX TEOPEM, KOTOPbIE OHU UMEIOT B [3].

TEOPEMA 1 (7). Ilycte P — Touka, He JeXalmas Ha OMUCAHHOU OKPY K-
woctu Tpeyroabanka ABC. Torma npsMmble, W30TOHAIBHBIE COOTBETCTBEHHO
npameiM PA, PB, PC oruocurensuo yraos A, B, C »5Toro TpeyroabHuka,
nepecekaTca B OJQHOU Touke P’

Touku P u P’/ Ha3LIBAIOTCA M30TOHAILHO CONPAKEHHBIME TOYKAME OTHO-
cuTenbHO Tpeyroabauka ABC miu mpocTo M30TOHAIBHBIMEA TOYKAMU.

B pganpmemimeM MBI MOKAaXXeM, ITO €CAH TOUKa P IeXUT Ha OMUCAHHON
OKpPYyXRHOCTH Tpeyroabuuka ABC, To mpAaMble, H30roHAILHEIE IpAMBIM PA,
PB, PC oraocurensuo yrios A, B, C, napamieasusl. Jlerko BupeTs, 9T0
IIEHTD ONMMCAHHON OKPYXKHOCTH TPEYTOILHNKA M TOUKA MEePECEICHNI €0 BLI-
COT M30TOHAJLHO COIPIXKEHEI.
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TEOPEMA 2 (9). [Iycts P w P’ — TOYKM, W30TOHAILHO COMPAKCHHBIE
orHOCHTENbHO Tpeyrombauka ABC, a A1B1C) u A|B]C| — negarsubie Tpe-
YTOIBHUKY DTUX TO4eK. Torga Bepmuubl Tpeyroasaukos A B1Cy u A B{C]
JeXKAT Ha OJHOU OKPYXKHOCTH.

Tak xak nerTp O ONUCAHHOW OKPYXHOCTH TPEYTOJIbHUKA U TOYKA H mie-
peCcedeHus ero BRICOT M30TOHAJIBHBI, TO M3 TEOPEMEI 2 CpPa3y JKe BLITEKAET,
9TO CEepEeNUHBI CTOPOH IMPOM3BOJBLHOTO TPEYTOMLHUKA W OCHOBAHUA €U0 BHI-
coT Jexat Ha ogHou okpyxHOocTH. O603HauUM Yepe3 AH 1, BHo, C'H3 BRICO-
Thl HENPAMOYTObHOro Tpeyroabunka ABC. Torga Tpeyroasauku AHoHj,
BH3H,, CH, Hs nono6us Tpeyroasuuky ABC ¢ koaddunmentamu mogo6usa
| cos A|, | cos B, | cos C| coorBeTcTBEHHO.

Takum o6pasom, Tpeyroavauku AHsHs, BH3zH,, CHi{H> sBaswoTcs
YMEHBITCHHBLIMU KOMUAMHA Tpeyroabunka ABC, moaToMy MOXHO PaCCMATPH-

BaTb TOYIKH, OANMHAKOBO PaCIIOJM0KEHHBIE OTHOCUTEIBHO HO,I[O6HI>IX TpEeyroJjb-
HWKOB ABC, AHQHg, BHng, CHlHQ.

TEOPEMA 3 (10). Iycts Ay, By, C; — npoeknum Touku P Ha CTOPOHBI
(mmm npopomxenus cropon) BC, C A, AB Tpeyroasauka ABC; Py, Py, P3 —
TOYKU, CUMMeTputHbIe P oTHOCUTEenbHO cepeaun cropon B1Cy, C1 Ay, A1 B
rpeyronsuuka Ay B1Cy; Hy, He, Hs — ocuoBauusa soicor AHy, BH,, C'Hs
Tpeyroapauka ABC. Torga Ttouku P, Pj, Py, P3 0JUHAKOBO DPACIOJIOXKEHBI
IO OTHOLICHNIO K Tpeyroabhuukam ABC, AHyH3, BH3H, CH;H> cooTseT-
CTBEHHO.

ChagnctBuE 1. Ilycts Ay, By, 7 — mpoeknum TOYKH P Ha CTOPOHEBI
(mmm mpogonxkenus cropon) BC, CA, AB tpeyronsuuka ABC; Hy, Ho, Hs —
ocHoBauwus seicor AH1, BHy, C Hs tpeyronbauka ABC'. Torga Touku Py, Ps,
Ps3, 0iuHAKOBO pACIONOXKEHHLIE ¢ TOUKON P MO OTHOIIEHNIO K TPEYTOJbHAKAM
AHsHs, BH3H|, CHHs, ABC', cOBIagaioT ¢ OpTOIEHTPAME TPEYTOJbHUKOB
AB1Cy, BC1 A, CA1B;.

CaenctBUE 2 (5). Ilycrs Hy, Hy, Hy — ocuoBanusa seicor AHy, BHo,
CHs tpeyroavhuka ABC; Ttoukw P, P, P, P3 0OJUHAKOBO PACIOMOXKEHbI
mo oTHomenuio K Tpeyroabuukam ABC, AHyHs, BH3H,, CH{H> coot-
BeTcTBeHHO. Toraa Tpeyroabuuk PP Ps paBeH memaibHOMY TPEYTOJILHUKY
A1 B1C} Touku P oTHOCUTERHO Tpeyroabauka ABC, npuyeM cTOPOHEI TPe-
yroapuukos Py P, Py n A1 B1C] cOOTBETCTBEHHO MapalelbHLL.

TEOPEMA 4 (11). Ilycts P — npomsBoJbHAA TOYKA B IVIOCKOCTHU Tpe-
yroabuvka ABC, ne gexamras Ha ero omucannoun okpyxmoctu; AH,, BH,,
C Hs — ero BBICOTHI, iepecekatoluecsa B Touke H; Ey, Fo, 3 — cepenunsl
orpeskos AH, BH, CH; Py, P>, P; — TO4YKH, OJIMHAKOBO PACIONOKEHHBIE ¢
P otnocureanrno Tpeyroasunkos AH,Hs, BH3H,, CH{H>, ABC cooTpert-
creenno. Torga mpaveie F1 Py, Es P>, F3P3 mepecekaloTca B TaKOU TOUKe K
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OKpYXHOCTH Junepa Tpeyroiabauka ABC, depe3 KOTOPYIO IPOXOAWUT OIHU-
CaHHAS OKPYXKHOCTD IeJATLHOTO TPEYTrOIbHUKA TOIKY P OTHOCHTEILHO Tpe-
yroasauka ABC.

2. IIpaMblE CUMCOHA

PaccmoTpum Temeps Komdurypanmio, nsobpaxenunyo Ha puc. 1. IIpose-
nem depes oproueaTp H Tpeyroapuuka ABC npaMyio, KOTOpas mepeceder
OTHUCAHHBIE OKPYX)HOCTH TpeyroabaukoB AHoHs, BHsHy, CHyHy B TO4kax
P,, Py, P. cOOTBETCTBEHHO.

Tak kak 4PGHH2 == 4PCHH2 == 4PbHB, a 4AH2H3 == LCHQHl ==
= ,H,BH;, To Touku FP,, P,, P, oamHaKOBO PaCHOJOXEHBI OTHOCUTEIHLHO
nogo6HbIX TpeyroabuukoB AHoHs, BHsHy, CHy Ho. Ilycts P — Touka, ogu-
HAKOBO pacrosoxeHHas ¢ roukamvu Py, P, P, 0THOCUTEIBHO TPEYTOIbHUKOB
ABC, AHsH3, BH3H,, CH1Hy; H,, Hy, H. — ocHOBaHUA TepIEHIUKYLIA-
pOB, omyuieHHBIX w3 Touku P Ha mpamere BC, CA, AB cOOTBETCTBEHHO.
Toraa cormacuo caencreuto 1 Touku Py, P., P, coBnanaoT ¢ OPTOIEHTPAMET

H,
P B
Py
H.
Hj
P 2 h
P,
A T, C
H,
P,

Pwuc. 1.
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Tpeyroasuukos H,BH., H,CH,, H.AH} coorsercTrenno, T.e. BP, | H,H,,
CP. | HyHy, AP, | HyH.. Ho ,.BP,H = ,CP.H = /AP, H = 90° kak Buu-
CAHHBIE YIJIBI, ONMUPAIONINECA HA, [UAMETPHI ONMUCAHHBIX OKPYXHOCTEW Tpe-
yroasaukos BH3Hy, CH1Hy, AHyH3, nosromy H,H, | P,H, H,H, || P.H,
HyH,. || P,H. Bcuomuus, uro Touku P,, P, P,, H 1exat na ofHON IPAMOH,
mony4daem, uTo u Touku H,, Hp, H. Takxke mexaT Ha ogHou npsamou. Kpo-
me toro, H Hy, = P, P,, HyH. = P,P., H.H, = P.P, xak TIPOTHUBOIIOJOXK-
HBbIE CTOPOHHI mapaJneaorpamvos P, HyH, Py, P.HyH Py, P,H.H,P.. Takxum
00pas3oM, CAeACTBUE 2 CIOPABEIINBO U B CAYyYae BLHIPOXK JEHHOT'O IIEIAIBLHOLO
TpeyroabHuKa. MTak, MBIl OpUILIKM K CISAYIONEMY Pe3yIbTATy: OCHOBAHUSI
IEPIEH UKYIAPOB, OMYLUIEHHLIX 13 TOYKN, B3ATON Ha OMUCAHHON OKPYXKHOCTHI
TPEYTOIbHAKA, Ha €r0 CTOPOHLI WK MPOAOMIKEHUA CTOPOH, JEXKAT Ha OTHOU
MPSAMOM.
ITa NpAMasa HA3BIBAETCA TpaMon CUMCOHA.

TEOPEMA 5. [lpamas Cumcona Toukm P OTHOCHTEIBEHO TPEYrOIBHUKA
ABC mpoxoauT uepes cepenuny otpeska PH, rpe H — oprouentp Tpe-
yroabuvka ABC.

[OKABATEJBCTBO. Bepuemcsa k mHamen kondgurypamuu, n306paxeHHon
Ha puc. 1. Mur ycranoswiu, uro npavas P, P, P, mapamnensaa npsamou Cumco-
Ha TOYKU P, 0IMHAKOBO PACIOIOXKEHHOU ¢ ToukaMmu Py, Py, P. oTHOCHTEILHO
Tpeyroabuukos ABC, AHsHs, BH3H,, CH{Hs cOOTBETCTBEHHO, MOITOMY
coryiacHo Teopeme 3 Touku P,, P, P. cumMeTpudnsl Touke P 0OTHOCHTENBHO
cepeaun orpeskos HyHy, HyH., HyHy. [lpyruvu crosamu, npsmvas CrmMco-
wa HyH H, Touku P mpoxoauT uepe3 cepeaunwsl orpeskos PF,, PP,, PP,
a, 3HAYWT, U 9epe3 cepeamny orpeska PH (mamomuum, ato npamas P, P, P,
npoxoaut gepes H). O

Haxee, nycrts P — Touka, AMaMeTpalbHO HPOTUBOLONOXKHAA P OTHO-
CHTEIbHO OMUCAHHON OKPYXHOCTH Tpeyroabuka BHsH,. Torga ,PjHP, =
= 90°, r.e. P/H | P,H, vo PjH napannensna npamont Cumcona rouku P/,
MUAMETPAIBLHO TTPOTUBOTIOIOKHOU TOYKE P OTHOCHTENBLHO ONMMCAHHON OKPY K-
moctu Tpeyroabuuka ABC.

TakuM 06pa3oM, TOJYIEHO

[IPEATOXKEHUE 1. Ilpsameie CuMcOHA AUAMETPAIBLHO TPOTUBOIOIOKHBIX
TOYEK NEPICHIUKYIADHBI.

[TycTs Touka P ABMXKETCA TPOTUB 9ACOBOU CTPEIKH 110 OTTMCAHHON OKPY K-

HOCTH Tpeyroabarka ABC ¢ TOCTOSHHON yIIIOBOU CKOPOCTBIO w. Toraa yriao-
1

Boie Mepul ayr BP u BP, pasust u ,/BHF, = §VBP1, = th' DTO O3HAYAET,

uro npamasa P, P.H P, spamaeTca BoKpyr Touku H 1Mo acoBou CTpeIKe ¢ IMo-
CTOSHHOU YTUIOBOU CKOPOCTBIO w/2. IIpamas Cumcona Touku P, napaiieasHas
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npsmon P, Py, Takke BpalaeTcs ¢ yIIOBOU CKOPOCTHIO W/ 2 O IaCOBOU CTPE-
Ke BOKPYI' HEKOTOPOT'O MEPEMEHHOr0 IeHTpa BpalleHud. [Ipyrumu croBamu,
ecau pajguyc OP Bpamaercs ¢ MOCTOSHHOU YTIOBOU CKOPOCTHIO W, TO MPAMAA
Cumcona Touku P BpamaeTcs ¢ HOCTOAHHON yIVIOBOU CKOPOCTBIO —w /2.

IMPEANOXKEHUE 2. IIpamas Cumcona Toduku P, Jexaimen HA OOUCAHHOU
OKpPYyX)HOCTHU Tpeyroabunka ABC, nmepneHauKyIspHa OPAMBIM, CUMMETDHY-
M mpaMeiM PA, PB, PC otrocuTensno Guccektpuc yraos A, B, C' Tpe-
yroabanka ABC cooTBeTCTBEHHO.

JHOKABATEALCTBO. IIposegem orpesku AP,, BP,, CP.. Tak kak or-
pesku AH, BH, CH ABIAIOTCA AUAMETPAMU OMUCAHHBIX OKPYXKHOCTEN Tpe-
YIrOIbHUKOB AHQHg, BHng, CH1H2, TO AAPGH = LBPbH = LCPCH = 90°
u nooromy orpesku AP,, BP,, CP. napamtessubl. Ho nmockoabky Touku P,
P,, Py, P. 0nHAKOBO PACHIOJOXEHBI OTHOCATEIHLHO TPeyroabHukoB ABC,
AHyH3, BH3H,, CH{H5, To npamuie AP,, BP,, CP. cuMMeTpUIHLI TIpA-
meiMm AP, BP, C'P oTtHocuTensuo buccekrpuc yraos A, B, C TpeyroisHuKa
ABC'. Ocranock TOJIBLKO BCIOMHUTD, 9T0 upamas P, P.H P, napaieabHa mps-
mou Cumcona Touxm P. d

Wcnonp30BaB onpeeneHne U30TOHAJLHBIX IPAMBIX, IPEAIOXKEHTE 2 MOXKHO
epeOpMyINPOBATE CAETYIONUM 00pa3oM:

[MPEANOXKEHUE 3. [Ipamas Cumcona Touku P, mexaiien Ha OMUCAHHON
OKPYXHOCTU Tpeyroibauka ABC, nepneHquKyaspHa TPAMBIM, K307 OHATb-

weiM npsaMmeiMm PA, PB, PC ortaocurensuno yraos A, B, C' TpeyroisHuKa
ABC.

3aMeTuM, 9TO MOy THO MBI JOKA3AJIM, 9TO [JIA TOYKY P OIMCAHHON OKPY X-
vocTu Tpeyroabauka ABC npsmble, uzoronanbHeie npsavbeiv PA, PB, PC
oTtHOCUTEnbHO yrios A, B, C' Tpeyrombuuka ABC, mapaianenbunl. Bygem
CIATATD, ITO MAPALICILHEIE TPAMBIE TEPECEKAIOTCA B 6€CKOHETHO Y IAJCHHONT
Touke. Torga MOXHO cKazaTb, 9TO Touka P, mzoronanabHas Touke P, Jexa-
e Ha OMMCAHHOU OKpyx)HOCTH Tpeyroabauka ABC, GeckoHedHO ymaaeHa.
Bepno n o6paTnoe, T.e. Touka P, m3oronaibuas 6€CKOHETHO VIAJEHHON TO-
ke P’, orHocuTenbHO Tpeyroabauka ABC, 1eXuT Ha ONMCAHHON OKPYXHOCTH
DTOTO TPEYrOJbHUKA. [pyruMu croBaMu, CIIPABEIITABO

IIPEANOXKEHUE 4. Ilpambrie £, £y, £, M30rOHAIBHBIE TAPALICILHBIM IIPI-
MbiM £, £, ¢, orHOcHTEabHO TpeyroabHuka ABC, mepecekaloTca B TOUKE,
JIeXKAIEN Ha, OMMCAHHON OKPYXHOCTH STOT0 TPEYTOALHNIKA.

HemocpeacTBeHHBIM CIeICTBUEM TPEMIOKEHUA 4 ABIACTCA

TEOPEMA 6. [IycTs mpamas /¢, TpOXOAAIias <epe3 IMEeHTD OMUCAHHON
OKpYXRHOCTH Tpeyroabuuka ABC, oquHAKOBO pPACIOIOXKEHA C TPAMBIMEA £,
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4y, £, oTHOCUTENLHO Tpeyroapuukos ABC, AHsHs, BH3H,, CH{H>. Torga
npaMeie £, fy, {. IepeceKaloTCA B TOUKE, JeXKAUIEH HA OKPYXKHOCTH JUIepa
9TOro TpeyroabHUKA.

[TOKABATEJLCTBO. IlycTs F — uenTp okpyxHOCTH Jtepa, a H — op-
ToreHTp Tpeyroasiuka ABC; Ei, Ey, EF35 — cepenunst orpeskos AH, BH,
CH. llposegem wepe3 Touky E mpsamyio {1, mapamieibHyo £, a depe3 TOd-
ku Fy, By, E3 — mpaueie £y, £y, £., OOUHAKOBO PACIIOIOXEHHLIE C IIPAMOUN
¢ orHOCUTEaBbHO TpeyroasunkoB ABC, AHsHs, BHsH,, CHy{Hs. Tlockoas-
Ky Tpeyroasauku AHoHs, BH3Hy, CH{Hs npu cummMeTpun OTHOCATEIBLHO
COOTBETCTBYIOIINX OGUCCEKTPUC Tpeyroabuuka ABC mepexomaT B Tpeyroidb-
HUKW, TOMOTeTUIHBIE Tpeyroabuuky ABC, To npsambie £y, £y, £, M30rOHANBHBI
OTHOCUTEIbHO Tpeyroabuuka Fy Eo B3 npambiv £, ¢y, £, napaiieabHbIM Ips-
MOH /1 W HMPOXOIAIIMM tepe3 BEPUINHLI TpeyroabHuka [/ FsFs. IlosToMy B
cuny npemioxenua 4 npamele g, fp, £, MepeceKaroTCa B TOUKe, JeXAIIen Ha
OTMCAHHOU OKPYXHOCTH TPeyroabuuka FyFo K3, cOBIagaiomen ¢ OKpy K HO-
cThI0 Junepa Tpeyroasuuka ABC. O

TEOPEMA 7. Ilycth P — mpou3BoibHAS TOYKA ONUCAHHOU OKPYXHOCTH
rpeyroasuuka ABC; AHy,, BHy, CH3 — ero BBICOTBHI, TEPECEKAIOIINECA B
rouke H; K1, By, 3 — cepeaunnt orpeskoB AH, BH, CH; Py, Ps, P — To4-
KI, OJIMHAKOBO PaCHoJOXeHHbe ¢ P oTHOCUTE pHO Tpeyroabaukos AHoHs,
BH3H, CH{H>, ABC cootsercrenno. Torga mpaumoie [Py, EoPs, E3Ps
MEPECEKAIOTCA B TAaKOU Totuke K oxpyxuocTm Iurepa Tpeyroabunka ABC,
gepes KOTopyw npoxoaut mpamas Cumcona Todkw P OTHOCHTEABHO Tpe-
yroasauka ABC.

[JOKABATEJNLCTBO. O6osuatum wepes A, By, C1 npoekmun touku P
wa cropount BC, CA, AB Tpeyroasuuka ABC, ,CAB = a, /ABC = (3,
+BCA =+ (puc. 2). Tak xax P u P3 — opTouenTpsr Tpeyroasaukos A; BCy
n BiCA,; (cm. crencreue 1), To

S PyA Py =, PoAC+ ,P3AC =90° — ,C1PA; + 90° — Y=
== 1800 - 4C1P2A1 - 7.
Ho ,Ci1PA; = ,C1PA; kKak TPOTUBONOIOKHBIE YIIBI TAPALIEIOTPAMMA
PA P,Cy, a ,C1PA; + ,C1BA; = 180°, 10OCKOIbKY YeTHIPEXYTOIbHUK
PABC) suucanuwim (,PA1B + ,PC1B = 90° + 90° = 180°). IlosTomy
4P2A1P3 = (1800 — 401P2A1) -7 = 4ClBA1 -y =
= 180° — 6 -y =a= LEQKEL‘?, = 4P2KP3.
Wz pasencrsa yriaos PoKP3; u Po Ay Py caenyer, aro Touku P, K, Ay, Ps

JAEKAT HA OJHOU OKPYXRHOCTU. AHAIOTUTHO MOKA3BIBAETCA, ITO TOUYKU Pj,
By, P, K Takxe JqeXaT Ha OJHOH OKPYXKHOCTH.
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Manee, Tak kKak Touka Cq gexurt Ha npamon Cumcona A1 By, ro ,B1C1 P+
+ 4P01A1 = 18007 HO 43101P = 4A1P2P3, 4A1C1P == 431P1P3 KaK YIJIBL
C COOTBETCTBEHHO MAPALIETLHLIMA CTOPOHAMM, 3 W3 BIMCAHHBIX T€THIPEX-
yroneuaukos A1 PoP3sK u By P P3K waxoaum

4P3KA1 = 180° — 4A1P2P3 = 180° — 4B101P = chlAly
lpgKBl = 180° — ABlplpg = 180° — 4A101P = LPC&BL

Oxonuarennmo moaydaeMm ,B1KPs+  P3K A, = ,PC1 A1+ ,PC{ By = 180°,
OTKy [ a caeayer, aTo To4uka K jgexut uHa mpamou Cumcona A Bj. O

[psamele CumMcoHa MOXHO CYMTATH OMACAHHBIMU OKPYXKHOCTAMU (€CKO-
HEeYHO OOJBIIOrO PaJuyca BBIPOX AEHHBIX MEAAIbHBIX TPEYT OIbHUKOB, IIO3TO-
My TeopeMa 7 ABIAETCA AHAJIOIOM TeopeMHl 4, u, 60jee TOro, 3TU TEOPEMEL
MOXHO OOBEIMHUTEL B OTHY:

TEOPEMA 8. Ilycts P — mpom3BOJIbHAA TOYKA B INIOCKOCTH TPEYTOIb-
wuka ABC; AH,, BHy, C H35 — ero BBICOTHI, TIepecekaonmecs B Touke H;
E,, Ey, B3 — cepenaunnt otpeskoB AH, BH, CH; Py, Py, Py — Touxu, oau-
HAKOBO PACIOJIOXKEHHLIE ¢ P oTHocuTennno Tpeyroapuukos AHoHs, BH3H,,
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CHH,, ABC cootBercTienno. Torga npamoie [P, EsP;, E3P3; mepece-
KaoTCA B TakOW Touke K okpyxHOoCcTEH Juiepa Tpeyroabumka ABC, gepes
KOTOPYIO MPOXOAUT ONMUCAHHASA OKPYXHOCTH MMEeJAJIbHOI'O TPEYT'OJbHUKA TOY-
ku P orHOCHTEpHO Tpeyroapauka ABC.

Teopemy 8 MOXHO TIepedOPMYJIUPOBATH CIEAYIOIIM 06pa3oMm:

TEOPEMA 9. Ilycts P — mpom3BOJIbHAA TOYKA B IIOCKOCTH TPEYTOIb-
wuka ABC; AH|, BHy, CH3 — ero BBICOTHI, Tlepecekaonmecs B Touke H;
E\, By, B3 — cepenuunt orpeskos AH, BH, CH; O — 1eHTp OMUCAHHON
okpyxuocTu Tpeyroabuuka ABC; £1, {y, {3 — npaMble, TapaLIeIhHBIE TPI-
mout OP u npoxoasamue vepes rouku Ey, Ea, E3 coorsercrsenno; £, ly, 15 —
[IPAMBIE, U30TOHAILHLIE £1, {9, f3 OTHOCUTEIHLHO Tpeyroabuuka Fi EyFEs. To-
raa npamsle £, £, 05 nepecekaiorca B Takou TOUke K OKpPYXHOCTH DUIepa
Tpeyroapauka ABC, depe3 KOTOPY MPOXOAUT OMUCAHHAS OKPYXHOCTE ITe-
JATBHOTO TPEyroabHuKa TOYKH P oTHOCMTEabHO Tpeyroabauka ABC.

TEOPEMA 10. [Ipsvere Cumcona guaMeTpasbHO TPOTUBOIOIOKHBIX TO-
qex P u P’ mepneHuKyIapHLI I IEPECeKaIOTCA B TOUKE, JeKaIel Ha OKPYX-
HocTHu Juiepa Tpeyroabuuka ABC, mpuyeM BTOpLIE TOUKA IEPECeTeHnA DTUX
NPSAMBIX C OKPYXHOCTBIO JWIEPa ABIAITCA KOHIAMU €€ AuaMeTpa, Tapad-
nerxsHoro PP/,

HOKABATEALCTBO. Coruiacuo Teopeme 7 npaMbie CMMCOHA UaMETPAIb-
HO TIPOTUBONOIOKHEIX Todek P u P’ mepecexatoTca B Touke K, Jexamiell Ha
OKPYXRHOCTH Junepa Tpeyroabanka ABC.

Ho, xax 6bu0 ycTanoBaeHO Bhime (cM. npeamoxenue 1), npsmere Cum-
COHA MUAMETPATLHO MPOTUBOMOMOXKHBIX TOUEK MEPICHIUKYIAPHLI, TO3TOMY
K K| — pmametp okpyxnoCcTH Jiepa, rae Ki u K| — BTOpBIE TOUKH me-
pecedenma npambix Cumcona touek P u P’ ¢ okpyxuOCTBIO Dittepa (puc. 3).

Paccvorpum npsamyro Cumcona £ Touku P. Touka K mepecedenus sTou
MPAMOU € OKPYRKHOCTBIO JWIEPA COBMATAET € TOUYKOU TEPECETEHUA MPAMBIX
E\ Py, Es Py, E3P3, 0oIUHAKOBO PACIOMOXKEHHBIX ¢ TpAMOu O P 0THOCHTETHEHO
rpeyroasaukos AHyHs, BH3H,, CH1Hs, ABC (O — xax Bcerga uesTp onu-
caHHOU OKpyX)HOCTH TpeyroabHuka ABC). Bropas touka K, mepecedenus
npamon Cumcona £ Todku P ¢ OKpPYyXHOCTBIO DWIEpa COBIATAST COTVIACHO
Teopeme 5 ¢ cepenunon orpeska PH, rgpe H — OpTOUEHTD TPEYrOJIbHUKA
ABC.

Amanormano, Touka K| coBmagaet ¢ cepegunou otpeska P'H, m, Takum
o6pasom, guamerp K K| OKpyRHOCTH DUIepa ABIAETCS CPEAHEN INHUEH TPe-
yroabauka PHP' u, ciefoBaTensno, napanteaes guamerpy PP’ O

3AMEYAHUE. Iycte P’ — 6eCKOHEYHO yAaleHHAA TOYKA, W30TOHATbLHASA
rouke P. Torma Touka Ki, coBmagamomas ¢ cepegumHou oTpeska PH,
M30TOHATLHO compsxkeHa ¢ P’ oTHocuTenbno Tpeyroabuuka FyFsEs3 (cm.
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Kg

P/

Pwuc. 3.

npeanoxenus 2-4). Toraa, ecau cauraTs npamyto Cumcona £ rouku P o6men
HeaIbHOR OKPYKHOCTBIO TodeK P u P, To Teopema 9 GyeT cnpaBeamBa u
s 6ECKOHEeTHO yAaleHHOn Touku P’.

Hamomunwm, aTo Toukon Te6o HA3BIBACTCA TAKAA TOUKA OKPYKHOCTH DU-
aepa Tpeyroabanka ABC, B KOTOPOU MEPECEKAIOTCS TPAMbIE DUIEPa Tpe-
yroapuukos AHoHs, BH\H3, CHHs, tae Hy, Hy, H3 — ocHOBaHUA BLICOT
Tpeyroasuuka ABC.

ChaencTBUE 3. Ilycts mpamas Jurepa Tpeyroabuuka ABC mepecekaeT
ero ONMCAHHYIO OKPYXHOCTH B Toukax P u P’. Torga npambie Cumcona ToYek
P u P’ nepecekatorca B Touke Te6o Tpeyroasauka ABC.

CneACTBUE 4. [pamble CuMcoHa KOHIIOB JAUAMETPA, OMUCAHHOU OKPY K-
HOCTH TPEYTOJILHUKA, MPOXOAAIIETO Uepe3 MEHTP ero BIUCAHHOU OKPYKHO-
CTH, TIEPECEKAIOTCA BO BHyTpeHHen Totuke Penepbaxa sTOro TpeyroabHUKA,
a npamMble CHMCOHA KOHIIOB AUAMETPOB, TPOXOAAINIAX YePE3 MEHTPHI BHEBIIU-
CAHHBIX OKPYXHOCTEH, TIEPECEKAIOTCA BO BHEITHUX TOYKax Denepbaxa dTOT0
TPEYTOTLHUAKA.
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TEOPEMA 11. IIycts P u P/ — auaMeTpaldbHO MPOTUBOMOIOKHBIE TOU-
KU OMUCAHHOU OKPYXHOCTHU Tpeyroabuuka ABC, K — Totka mepecedenus
npambix CumMcona Todek P u P/, nexamas Ha OKPYKHOCTH DIepa TpeyTob-
muka ABC, K1 m K{ — BrOpbIe TOUKHU nepecedenns npaMbix CumcoHa TOIeK
P u P’ ¢ okpyxHOCTBIO Jitnepa, Ky — TOUKa, CAMMETPUIHAA OPTOIECHTDY
H otaocurennrno Toukm K.

Torga mpamas CmMcona toukum Ky mepnenawkynaapa amametpy Ki K|
OKPYXHOCTH Junepa Tpeyroabanka ABC.

JOKABATEALCTBO. Bepremcs k puc. 3. Ilycts K — ToIKa OKPYXKHOCTH
dunepa tpeyroabuuka ABC, a Ky — Touka, romorerusHas K ¢ UeHTPOM
romoreTnn H un kodddpunuenToMm roMmoreTnn 2.

Kax mur yxe ropopuau, npamele K F, KFE>, K3 m30roHaJIbHBI JUaMe-
rpanbHOM mpamon PP'. Tloaromy u mapaiienbabie M npamere KA, Ky B,
Ky C rakxe w3oroHaabHbl >Ton npamon. Ho, Kak Mbl 3HaeM (CM. mpejtoxe-
uue 2), npamas CuMcoHa TOYKE P nepneHguKyiapHa, TapalIelbHBIM IPAMBIM,
m3oronaabHbIM TpaMeiM PA, PB, PC. Orcioaa caenyer, 9To npamas Cumco-
Ha To4ku K g nepnesaukyiapHa auamerpy PP, a, 3Ha4UT, 1 HapaiLieqbHOMY
emy muamerpy Kj K| oxpyxuocTu Junepa Tpeyromsauka ABC. g

CneaCcTBUE 5. [ycrs Ty — ToYka, CAMMETPUYIHAA OPTONEHTPY OTHOCH-
TerbHO TOYKM Te60 mpom3BOAbLHOTO Tpeyroabuuka. Torga npamas CuMcona
Touky T MEPHEHAUKYIAPHA, TPAMON JDWIEPA BTOTO TPEYTOILHUKA.

CHEACTBUE 6. [psmas Cumcona TOYKH, CUMMETPUYHOW OPTOLEHTPY
MPOU3BOILHOTO TPEYTOILHUKA OTHOCUTEALHO €0 BHYTpeHHEW TOuKu Pen-
epbaxa, MePIeH AUKYIAPHA TPAMON, TPOXOASAIIECNA Yepe3 MEHTPHI BIUCAHHOU 1
OTMCAHHOU OKPYXHOCTEH DTOTO TPEYTrOIHHUKA.

[lokaxeMm Temepsb cleAyIOllee yTBEPX NEHUE:

[IPEANOXKEHUE 5. Ilycts Tpeyroavauku ABC u A'’B’'C’ ¢ opronenTpa-
vu H u H' uveroT o611yI0 OKPYKHOCTH DWIepa.

Torga, eciun Kakue-1u60 ABE B3AMMHO IEPIeHIUKyIApHbe mpaMble Cum-
cona Tpeyroibauka ABC coBHagaloT ¢ KAaKUMU-AO0 ABYMS B3aWMHO Tiep-
neH AuKyaapabivMu npaMbivu Cumcona Tpeyroabauka A'B'CY, to cosnagaroT
1 BCe OCTaTbHBIe TpAMble CUMCOHA 3TUX TPEYTOJILHUIKOB.

HOKABATEABCTBO. Kak caegyer m3 reopemer 10, coBmagaronme mpsaMbie
Cmvcona PK u P,K Tpeyromsamkos ABC u A’B'C’ spasioTcsa mpaMbiMm
CuMCcoHA KOHIOB MapasIeIbHBIX AHaMeTPOB ONMCAHHLIX OKPYXHOCTEH Tpe-
yroabaukos ABC u A'B'C’, nonydamomuxca us gmaverpa PPy ux obmei
OKPYXHOCTH DiIepa TOMOTeTHAMH ¢ HeHTpaMmu B Toukax H u H' u xoapdu-
uenToM 2 (puc. 4).



O npameix Cumcona, kpusou IllTennepa u xkyouke Mak-Kos 253

Puc. 4.

Haunem BpamaTh 5Tu napaielbHbIC AMaMeTPbl BOKPYT IEHTPOB COOT-
BETCTBYIOIMUX OKPYKHOCTEN B OJHY U TY XK€ CTOPOHY C OUHAKOBOU YIVIOBOU
CKOPOCTBIO, TOT[a ¢ TOU XK€ YIMIOBOM CKOPOCTBIO M B Ty XK€ CTOPOHY Oy-
JeT BPaIIaThCA U COOTBETCTBYIOMIAN DTUM AuaMeTpaM auamerp PPy obmen
OKpyXHOCTE Jitnepa Tpeyronbaukos ABC u A'B'C’. Ilpambie CuMCcOHA KOH-
0B BPAINAIOMIAXCA UAMETPOB OyAyT MPOXOAWTE HUePe3 CEPEeAUHEI OTPE3KOB,
COeMHAIOMMX >TU KOHIBI ¢ Toukamu H u H' (ana koHnos aumameTrpa onu-
CAHHOU OKpyx)HOCTU Tpeyroiabuuka ABC — ¢ H, a qusa KOHIOB BTOPOTO
mmamerpa — ¢ H'), T.e. gepes Troukm P u Ps.

Ho, xax 6bL10 ycTaHOBIEHO panee, mpamble CHMCOHA KOHIOB MAapaLIeTh-
HBIX JMaMeTpPOB OyAyT BpalIaThCA BOKPYT To4dek P, u P B IPOTMBOIOIOXK-
HYIO CTOPOHY C yIVIOBOM CKOPOCTBIO B /IBa Pa3a MEHbIIEH CKOPOCTHU BPAICHUA
HapaLICIbHBIX JAAMETPOB.

Nrax, npavele CUMCOHA KOHIIOB HAPALIGILHBEIX AUAMETPOB OMUCAHHBIX
okpyxHOCTen Tpeyronbankos ABC u A’B'C’ B HavaIbHBIA MOMEHT BpEMEHH
COBNAJAIOT, a 3aTEM HAYMHAIOT BPAIATHLCA BOKPYT' OJHUX M TEX XKe TOYCK
P, u P, B OfiHy 1 Ty e CTOPOHY C OJMHAKOBBLIMK yTJIOBBIMU CKOPOCTAMU U
HO3TOMY COBHAAIOT B JIOOOH MOMEHT BPEMECHH.

Boaee Touno: mycts O m O' — HIeHTPHI OMUCAHHBIX OKPYXKHOCTEH Tpe-
yroabaukos ABC u A'B'C’. Torpga, ecim aasa asyx Touexk P u P/, nexammx
Ha, OIMCAHHBLIX OKPYXHOCTAX Tpeyroabaukos ABC u A'B'C’, sexkroper OP u
O'P' conanmpasaensl, To mpaMble CumMcona Touex P u P’ coBmaaior. O

3. KACAHUE OPsMBIX CUMCOHA C OKPYXKHOCTBIO DWUJEPA
OTAHHOT'O TPEYTOJILHUKA

Hanomuaum caepyrommin (paxT, SBASIONANCA HETOCPEICTBEHHBIM CJIE/[CTBHY-
eM TeopeM 2 1 9.

IIycts P u P/ — m30r0oHAILHO CONpAXKEHHLIE TOUKHA OTHOCHTEILHO Tpe-
yroapauka ABC. Torma, ecau npamasa PP/ mpoxomuT depes MeHTp ONUCAHHOR
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OKPYXHOCTH BTOT'0 TPEYTOJIbHUKA, TO O0IIad MeJadbHad OKPYXHOCTDL TOIEK
P u P’ xacaerca okpyxnocTu Junepa Tpeyroabauka ABC.

B cay4ae, xorga P meXuT Ha ONWCAHHOW OKPYXKHOCTH TPEYTOJILHUKA
ABC, npsawmbie, uzoronaisusie mpaveiMm PA, PB, PC, napaiieibHBI, T.e.
Touka P’ GeckoHEYHO ypaateHa, a oOMmAas MeJalbHAA OKPYXHOCTb TOYeK P
u P’ Beipoxgaerca B npamyio Cumcona Toukm P. Kak MbI yxe 3maem (cm.
3amedanme nocae Teopembr 10), 6eckoHedHO yaamennoun Touke P’ cooTBeT-
cTByeT TOYKa nepecedenus npsamon Cumcona Touku P ¢ OKPYXHOCTBIO OU-
nepa Tpeyroabuuka ABC, coBmagatoman ¢ cepeauuon orpeska PH, roe H —
opTonenTp Tpeyroabuuka ABC.

Bropas Touka mepecedenus mpamon CuMcOHA TOYKU P ¢ OKpyXHOCTHIO
OJUnepa MOAYyIUTCA B pe3yabTare nepecedeHus npambix Fy Py, Fo Py, F3Ps,
“30rOHAJIBHEIX TpsiMou O P oTtHOcuTeabHo yraos Fy, Fo, E3 TpeyroisHuKa
E\EsE5 (3pech, kax u panblue, By, Fy, E3 — Touku Juaepa, T.e. CepeIuHbI
orpesko AH, BH, CH). llpamas Cumcona Touku P GygeT KacaThCsa OKPYX-
HOCTH JWiepa Tpeyroiabauka ABC B TOM U TOJIBKO B TOM CAy9ae, KOTAa DTHU
[IBe TOYKU COBMAMAIOT, & A 3TOT0 HEOOXOAUMO U HOCTATOYIHO, YTOOHI Mps-
MbIe, M30TOHAIbHBIE TpaMbiMm AP, BP, C'P oruocurenbuo yraos A, B, C
Tpeyroapauka ABC, 6bun napamaeasusr OP.

[lpyrumu caoamu, npamas OP [01XHA TPOXOAUTH 4Yepes GEeCKOHETHO
yaanreHHyo Touky P’ T.e. u B aTOM ciydae npamas PP’ npoxoaur uepes
menTp O OMUCAHHON OKPYXHOCTH Tpeyroabuuka ABC.

TEOPEMA 12. Cpenu Bcex mpsambix CUMCOHA IPOU3BOJIBLHOTO TPEYTOIb-
HUK3, WMEETCS POBHO TPH, KOTOPBIE KACAIOTCA OKPYKHOCTH JWIEPa DTOTO
TPEYTOAbHUKA. TOYKY KACAHUA ABAAIOTCA BEPIIUHAMEA PABHOCTOPOHHETO TPE-
yroapuHuka. Heam «, [, 7 — BeIWYWHBI YIJIOB AAHHOTO TPEYTOJbHUKA
(¢ < B < ), TO CTOPOHBI HTOr0 PABHOCTOPOHHETO TPEyTOIbHUKA 06pa3y-
I0T ¢ COOTBETCTBYIOIUMH CTOPOHAMH TAHHOI'O TPEYTOJBHUKA YIVIBI, DABHBIC

(Y =)/3, (B=a)/3, (v = B)/3.

[NOKABATEJNLCTBO. Ilycth AL — 6uccekTpuca yraa BAC, N — Totka,
OUAMETPATbLHO TpoTuBonoaoxuas P, K — rouka nepeceuenua AL u PN,
1/2_AP = ¢ (puc. 5). lIpamere AP u O P n30roHajibHbI OTHOCUTEABHO yIUIa
BAC Torga u Ttoabko Torga, korga PAK = ,PKA. Ilockonbky PN —
muametp, 10 ,PAN =90°u JAPK = JAPN =90° — JANP = 90° — ¢ n,
npeanonaras, 9ro ,PAK = (PK A, naninem

4PAKE:%O&P—4APK):%ﬂ&f—(%o—wﬂ)z

= 2(90° + 1) =45° + g1
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C mpyrou CTOpPOHEL,
/PAK = ;PAB + /BAL = {_PB+ /BAC =

1 1 1 1
[Hostomy 45° + w1/2 = v — 1 + /2, orkyma 3p1/2 = v + a/2 — 45°,
01 = 2/3(7 + /2) — 30° = 2/3 + /3 — 30°.

Touno Tak xe HaugeMm eme aBe TOYkM R u (), 1S KOTOPHIX WX MPAMBIE
Cumcona KacaroTces OKpyXHOoCTH Juiaepa Tpeyroabauka ABC. Ouu ompege-
asroTesa yeaoBuamu po = 1/2_BK = 2/3a + /3 —30°, @3 = 1/2_CQ =
=2/35 +v/3 — 30° (kak Bcerga, canraeMm, 4To o < f§ < 7).

Hanpgem yrasr Tpeyroasuaumka PQR:

JPQR = %VPR - %VPB + %VBR =y -1+ 2=
=y — (2/3y + 1/3a — 30°) + 2/3a + 5/3 — 30° =
= /3 +a/3+B/3=(a+B+7)/3=180°/3 = 60°.
Awnanoruuno, ,PRQ = QPR = 60°.

Wrak, mbr monyamiu, aTo Tpeyroabauk PR pasHocToponuui. [1ockoas-
Ky Touku Kacauua P, (J1, R npamerx Cmmcona Touek P, (, R ¢ okpyx-
HOCTBIO Jurepa Tpeyroabuuka ABC apasioTcsa cepenmuavu oTpeskoB PH,
QH, RH, rire H — opronentp Tpeyroasauka ABC, To Tpeyroasauku PQR
u P ()1 R TOMOTETHUYHEI U, CIE€0BATEIBLHO, Tpeyroabuuk P ()1 R Taxxke pas-
HOCTOPOHHNMN,



256 E. /I. Kyraouna

P
B
P2
D R
Y1 0
A c

Q ¥3

Puc. 6.

Hangem yrom mexay croponavu PR u AC Tpeyroasuukos PQR u ABC.
[lna sToro mposegem wepes Touky R xopay RD, napamnensmyio AC (cm.
puc. 6). Toraa

JPRD =*_PD =

AP-L1 ap=
2 2

Loap-Lt cr-=
2 2

= AP~ (;_BC - BK) =1 — (a — ) =
=2/3y+1/3a —30° — (a — (2/3a + /3 — 30°)) =
=2/3y+ /3 —30° —a/3+ /3 —30° =
= (y+a+8)/3+7/3—a/3—60°=180°/3+(y—a)/3—60° = (y—a)/3.

Ananorugno, yrasr mex gy croponamu QR u AB, PQ) u BC paBuBI cOOTBET-
crBerHo (8 —a)/3 u (v — f)/3.

3aMeTHM, 9TO B XOO€ JOKA3aTEeALCTBA TEOPEeMLI 12 yCTAaHOBIEHO, TTO
HAa OMUCAHHOU OKPYXHOCTHU KAX OO TPEYTOJbHUKA CYIIECTBYIOT POBHO TPH
TOYKY, TpsAMbie CHMCOHA KOTOPHIX KACAIOTCA OKPYKHOCTH DUIEPA, TPEYTOMIh-
HUKa, IPUIEM 5THU TOYKK COBIAJAIOT C BEPIIMHAMY IPABUILHOIO TPEYTOJIb-
Huka. /[JaHHOE YTBEPXKACHUE COCTABAAET COAEpXKAHUE 330349 8.4 33 aTHUKA,
«Maremarmaeckoro npocsemeramws (Boir. 9, 2004, c. 246). Taxum o6pazom,
MOTYTHO MBI IIPUBEIY PELIEHUE DTOU 33, AT,

N | =

HanmoMmuuM, 9T0 reoMeTprdeckoe MecTo Todek P Takux, 1To mpamas PP,
rae P/ — Touka, usoronaabHas P, IpOXoauT Yepe3 HeHTP OMUCAHHOM OKPYX-
HOCTHM TPEYTOJILHUKA, HA3HIBAETCA Kybukon Mak-K»ss sToro TpeyroibHuka.
U3 Teopem 2 m 9 caexyer, uro kybmxa Mak-Ksa TpeyroarbHuka coBmajgaetT
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El
M/

Pwuc. 7.

C TeOMETPUYIECKUM MecTOM Touek P, 0600uieHHas mefanlbHas OKPYXKHOCTD
KOTOPBIX KACAETCSA OKPYXKHOCTH JUWIEPA DTOrO TPEYTOIbHUKA.

Tak xkak npsameie Cumcona touex P, (), Rrme P, (), R — BepunHbI paBHO-
CTOPOHHETO TPEYTOJAbHUKA, JEXKAIINe HA ONMUCAHHOU OKPYXKHOCTU TPEYTOIb-
wuka ABC, xacanoTcs OKPYXHOCTH JWIepa 3TOTO TPEYTrOJbHUKA, TO TOIKU
P, Q, R npunanexar kKybuke Mak-Koasa Tpeyroasauka ABC. Takum obpa-
30M, kKybuka Maxk-Kas mepecekaeT OMUCAHHYIO OKPYXHOCTH TPEYTOJALHUKA,
B TpeX TOYKAX, ABIAMIIAXCA BEPIIMHAMU PABHOCTOPOHHETO TPEYrOJbLHUKA,.

Paccvorpum Teneps ogHy u3 npambix CUMCOHA, KACAOMUXCA OKPYXKHO-
cTu Juiepa TaHHOTO TpeyroabHuka B Touke M (puc. 7). Ilycte sra mps-
masg Cumcona ¢ spasercsa mpamon CuMcoHa TOYKU P, Jexaiei Ha OMUCAH-
HOU OKpYXHOCTHU Tpeyroiabauka ABC, u nycts paguyc OP nosepHyJacs mpo-
THUB JaCOBOW CTPEIKM Ha yTOd « Tak, 9TO TouKa P mpuHATa nmoaoxenue P’.

Torga B cmIy TOMOTETHYHOCTH OMUCAHHOW OKPYXHOCTH TPEYTOILHUKA,
ABC w OKpy®)HOCTH ODUIEPa DTOTO TPEYTOJLHUKA, C IMEHTPOM B TOYKE ITe-
pecedernsa soicoT H mpamas Cumcona ¢ Touxm P’ GygeT mpoxoguTh €epes
Touky M’ oxpyxHocTu Ditepa Takyio, aTo MM’ = «. Ilpu aTOM, KaK yxe
HEOJHOKPATHO T'OBOPUIOCH, TpAMas £ moBepHeTCA BOKpYT Touku M’ Ha yron
«/2, T.e., ecu nposectu xopay M’ N, napamnensuywo £, o ,KM'N = /2 n
KN =q. lyru M'M u MN cuMMeTpUHHEI OTHOCATEIbHO guameTpa LM,
nooromy _NM = _MM' =au _KM = _ KN+ _NM = o+ «a = 2a.

Wrak, cipaBemaunso

[TPEANOXKEHUE 6. Ilycts M — Totka kacamua mpamon CumMcona mpons-
BOJLHOT'O TPEYTOJILHUKA C €r0 OKPYXKHOCTBI0 Jwiepa. Torma mpousBoabHASL
npsyas CUMCOHA DTOr0 TPEYTOMBHUKA MMEPECEKALT €r0 OKPYXKHOCTH JWIepa,
B Toukax K m () Takmx, uTo Touku K u () JeXKAT TO PA3HBIE CTOPOHBI OT
IUaMeTpa, Ipoxoadinero depes Touky M u _ KM = 2_M{Q).
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4. O KYBUKE MAK-K»2s1 1 kpuBoul IIITEAHEPA
B sToMm nynkTe HaM MOHAZOOUTCA CIeAyIONIee YTBEPXK ACHUE U3 [3]

TEOPEMA 13 (12). Msoronassabiv 06pa3zoM mpamMon £, mpoXoAsamen qe-
pe3 HMEHTp ONMMCAHHOW OKPYX)HOCTU Tpeyroabiuka ABC w He comepxkaiien
€ro BEepINUH, ABIACTCA PABHOCTOPOHHAA THUMEPOOIa, OMUCAHHAI OKOJIO B3TO-
0 TPEYTOJIBLHUKA, IPUTIEM ACUMIITOTAMM 3TOU TUIEPOOIBI ABIAIOTCI TPAMBIE
CuMcoHa TOEK TepecesieHns IPAMON £ ¢ OMMCAHHON OKPYKHOCTHIO TPEYTOlb-

auka ABC.

PaccvoTpuM mapy B3auMHO TEPHEHIUKYIAPHBIX NpAMBIX CuMcoHa, OIHA,
73 KOTOPBIX KACAETCA OKPYXKHOCTU Juiaepa gaHHOro Tpeyroiabanka ABC, a
BTOpasd MPOXOIUT Hepe3 UEHTP 5Tou okpyxkuHocTu (puc. 8). Torga sTu mps-
MBIE ABIAAIOTCA ACAMITOTAMA PABHOCTOPOHHER Trunep6oast [ omucannon oko-
a0 Tpeyroabanka ABC v cOBIanaromen ¢ n30rOHAIALHBEIM 00Pa3oM IPAMON £,
npoxosmien vepes neHTp () ONMCAHHOU OKPYXHOCTHU Tpeyroiabauka ABC
MAPALTETLHO TOW ACUMIITOTE, HA KOTOPOU JEXKUT MEHTD OKPYXKHOCTU JUIEPa,
DTOro Tpeyroiabuuka. [pamas ¢ mpoxoauT depes TOuKy P mepecevenus ru-
nep6oasr ' ¢ omucanuou okpyX)HOCTBIO Tpeyroabuuka ABC, ueatp O sTou
OKPYXHOCTH ¥ GECKOHETIHO yAATCHHYI0 TOUKy P, M30roHambHyIo TOdke P,
nostomy Touku P u P’ npunamrexat kyouke Mak-Koa Tpeyroamsauka ABC.
Ecau BpamaTte npsaMyo £ Bokpyr Touku (O 10 9aCOBOU CTPEIKE, TO MPIMAS

Puc. 8.
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P/

&

<0

P\ l(

Pwuc. 9.

Cumcona Touku P HadHET BpAlIATLCA OPOTUB YACOBOM CTPEIKM (CM. Hada-
JIO TIYHKTA, 2), COOTBETCTBEHHO TPOTUB YaCOBOU CTPEAKM OyAeT BPAIATHCA U
MEPIEH IUKYIAPHAA €U TPAMASL.

Orciona crexyer, aro npamas £ nepecetder runepboay [, apramonryocs ee
M30rOHAJbHBIM 00pa3oM, B ABYX M30TOHaAbHLIX Toukax P u P’ (puc. 9). Tak
KaK TpaMasdA £ MPOXOANT Hepe3 IMEeHTP ONMUCAHHOU OKPYXKHOCTH TPEYTOALHIKA
ABC, To »T0 o3HadaeT, uTo Touku P u P’ npunagiexat xkyouke Mak-Kos
5TOr0 TpeyroabarKa. Ho mociae 6€CKOHETHO MAJIOr0 IOBOPOTA MCXOMHOU HPS-
Mont £ Bokpyr Touku O Touka P’ 6yeT Malo OTIMIATHLCA OT OECKOHETHO
VAATEHHOU TOYKU, YePe3 KOTOPYIO MPOXOAUT UCXOaHad runepbona [, a Tax-
Ke ee aCHMIITOTA, COAEPXKAMAA [IEHTD OKPYKHOCTH JWIEPA TPEYTOJIbHUKA
ABC m TouUKy KacaHuWA 3TON OKpyXHOCTE ¢ mipamon Cumcona Touku P. U3
MPUBEIEHHBIX PACCY XK [EHUN BBITEKAET

TEOPEMA 14. Ky6uka Mak-Ksa Tpom3BOJLHOTO TPEYTOILHUKA WMEET
TPU ACHMITOTHI, KOTOPHIE MEPECEKAIOTCA B IEHTPE OKPYXKHOCTH JWIEPa
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BTOr0 TPEYTOJHLHUKA U MPOXOAAT F€pPe3 TPYU TOTKYU KACAHUA OKPYKHOCTH JH-
Jaepa ¢ npsMbiMu CuMcoHA.

PaccmoTpum Teneps paBHOCTOpOHHIOW THnepGoay ' m U3 mpomsBoIbHOR
Touky I 5TOU rumepOOJIbI KAK M3 MEHTPA TPOBEAEeM OKPYXKHOCTD, TPOXO/Ii-
myio depes neaTp O runep6oast [ (puc. 10). Ilycts D — Totka runep6ost,
OUAMETPATBHO TPOTUBOMOIOKHAL [, & OKPYKHOCTD C IEHTPOM | U paguycom
1D nepecekaeT Ty BeTBb runepbOIBL, HA KOTOPOU JEXUT ee eHTp I, B To4-
kax A m B, C — BTOpad TOUKa MEPECEUEHUA BTOU OKPYKHOCTH C APYTOn
BETBBIO TUmep6oTnI I

[Toxaxem, aro Tpeyrompauk ABC npasuiapabin. Onyctum w3 Toukum D
Ha TpAMyl0 AB mepneHguKyJIsap, KOTOPHIU mepeceteT Tunepboay B TOWKe
H. Torga H — oprouenTp Tpeyrombauka ADB u Touka H', cummeTpud-
vag H orHOCmTenpHO meHTpa () rUnepOOMBI, JEeXWUT HA TOW runepboe.
C apyrom cTOPOHBI, TOCKOTLKY meHTp O rumepboasl ' meXuT Ha OKPyX-
HOCTH Junepa Tpeyroabauka AD B, BoucaHHOTO B 5Ty rumepbory (CM. JeM-
My 1 B [3]), a onucaHHas OKPYXHOCThb DTOr'0 TPEYrOJbHUKA FOMOTETHYHA
OKPYXHOCTH Jitnepa ¢ neHTpoM H u xoaddummenTom 2, To Touka H' cosna-
JAaeT C TOUKOW IMepeceveHnsa OMMCAHHOU OKPYXHOCTH Tpeyroabumka ADB
¢ runepbomou [, T.e. ¢ Toukou C. Ho Torga nuaroHaiu HeTHIPEXyTOJb-
muka ICDH penarca Toukon mepecedennsa () MOMOJAaM W, TAKIM 00pa3oM,

Pwuc. 10.
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ICDH — napamnenorpamm. Tak kax CI | DH,a DH 1 AB, Tou CI 1 AB.
[Tockoavky I nexuT Ha Tunepboge [', oTciona BEITEKAET, 9TO I — OPTOIEHTP
Tpeyroapauka ABC. Becnomuus, 9o I — MEHTD OMUCAHHOW OKPY XHOCTH TPe-
yroaparka ABC, nory<auMm, 9T0 B 5TOM TPEYrOABHUKE OPTOLEHTD COBIIAIAET
C TMEHTPOM OMUCAHHON OKPYXKHOCTH, U, CIEIOBATEILHO, Tpeyroabuuk ABC —
PaBHOCTOPOHHUMU.

Urak, cymecTByeT TpeyroJsHUK, BIUCAHHBIA B runepboay I’ u onucanubm
oKom0 OKpyxHOCTE I, mosTomy mo Teopeme llonceme (cm. [4, c¢. 166]) Takux
TPEYTOIHHUKOB CYIIECTBYET OECKOHEMHO MHOT'O: 33 BEPIIUHY A MOXHO B3AThH
A0y TOYKY runepbOobl, JeXAIIyo BHe OKpYyX)HOCTH | U ipoBecTn yepes A
mpAMEBIE [0 Tiepecedennsa ¢ runep6ogon B Toukax B u C. Torga mpamas BC
6yneT KacaTbesa okpyxuoctu I (puc. 10).

TEOPEMA 15. IlycTh I — OKPYXHOCTBH C NEHTPOM HA PABHOCTOPOHHEN
runep6oae I', mpoxomamas <epes menTp F sTou rumepboani. Torga acmm-
nToThl KyOuk Mak-Kbsa Bcex TpeyroJabHMKOB, BIMCAHHBIX B runepboay I' u
OIMMCAHHBIX OKOJO OKPYXHOCTHU I, COOTBETCTBEHHO IIAPaJJICJIbHBI, & NX TOYKHA
mepecevenns JaexaT Ha mpamon FI.

[TOKABATEJLCTBO. Paccmorpum tpeyroapuuk ABC, BOMCAHHBIA B T'H-
mep6oay I' m onucannbit okomo oxkpyxuOocTH /. [l0CKOIBKY OKPYyXHOCTDH JU-
nepa Tpeyroabauka ABC mpoxoauT depes mentp F rumep6oaw I' ogHOBpE-
MEHHO CO BIIMCAHHOW OKPYXHOCTBIO | DTOT0 TPEYyTOAbBHUKA, TO IO TEOPEME
Denepbaxa dTH OKPYKHOCTH KACAOTCA B TOYKe F' U, Takum 00pa3oM, TOY-
ka F' coBnagaet ¢ oguon ms rouek Penepbaxa Tpeyroapauka ABC. Orcona
crenyeT, uTo UeHTp F okpyxHOCTH Juiepa Tpeyroabuuka ABC mexut ma
npsyvou FI, Ho mo Teopeme 14 1eHTpP OKPYXHOCTH IJWIEPa TPEYTrOIbLHUKA
SBIAETCA TOYKOU mepecedenus acuMnToT Kybukum Mak-Kos aroro Tpeyronb-
HUKA.

[nsa moboro Tpeyroabanka ABC, Bumcannoro B runepboay ' u onucan-
HOTO OKOMO OKpyx)HOCTH I, runepboaa [ spiaseTcs m3oroHaabHBIM 06pa3oM
npamou O, rage O — HEHTp OMUCAHHON OKPYXHOCTHU Tpeyroabuuka ABC.
Tak xax npsamas O kacaercsa runep6oast I' B Touke I, TO 3T0 03HAYAET, ITO
IEHTPHI OMUCAHHBIX OKPYXHOCTEN TPeyroabHukoB ABC 1exaT Ha KacaTeib-
vOou K rumepbome ' B Touke I, 4 acUMOTOTH 3TOU TUHEPOOJIBI COBIAAAIOT
¢ mpaMbiMu CUMCOHA TOYEK MEPECeHIeHra 3TON KACATEIHLHON ¢ OMUCAHHBIME
OKPyX)HOCTAMU Tpeyroasaukos ABC.

[pumenum k Tpeyrompuuky ABC romoreTwio ¢ meaTpom F, mepeso-
MANIYIO OKPYXHOCTH JWIEPa STOTO TPEYTOILHUKA B OKpyX)HOCTH [. Torma
OKPYXHOCTH Jurepa Tpeyroabunka A By C, TOLyYeHHOr O B pe3yJbTaTe 3TON
POMOTETHM, COBIAAET C OKPYXHOCTBIO [, ABIAIOIIENCA OKPYXHOCTHIO JWJIe-
pa TMPAaBUABLHOTO TPEYTOALHWKA, BIOUCAHHOTO B rumepbory [N u ommcamHOrO
okono okpyxuocTu I. Tak Kak, KpoMe TOro, aCUMITOTHI TUNEPOOILI Gy Iy T
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npsaMeiMu CEMCOHA 060UX TPEYTOIBHUKOB, TO COMVIACHO MPEIJIOXEHUI0 H CO-
BIAAYT U OCTAJIbHBIE COOTBETCTBYOMNE NpsaMble CHMCOHA 3TUX TPEYTOJIbHIU-
koB. OTCcI0a caeyeT, 9TO COBMAAYT TaKkKe TOIKM KAaCAHMA TpIMbix Cumco-
HA DTUX TPEYTOIHHUKOB C UX OOIIEN OKPYKHOCTBIO JUIEpa U 10 Teopeme 14
COBIAAYT ACHMITOTH X KyOouk Mak-Kasa. [lockonbky Tpeyroavuuku ABC
moayYarTca u3 TpeyroabHukos A B1 () romoreTuen ¢ neatpom F, To acum-
oToTel uX Kyouk Mak-Kos cooTBeTCcTBEHHO mapaIeabHBL. g

Kpuson IllTenmepa HaswpiBaeTCa TPeXporad THUMOIMUKAOUIA, T.€. KPUBAI,
OMMCHIBACMASA TOIKOU M OKpPYRHOCTH PATUYCA T, KOTOPAA KATATCS IO OKPY K-
HOCTU pajmyca Jr 06e3 CKOJbXKeHWA, BCe BpPeMA KacadACh e€e BHYTDPEHHUM
obpa3oM.

TEOPEMA 16. IlycTts S u S| — KOHIEHTpUYIECKHE OKPYKHOCTH PATAYCOB
3r u r coorrercTBenno, K — kpusas [llTerrepa ¢ BepumuaMu Ha OKPYXKHO-
cru S, Kacawomaaca okpyxuaoctu S1 B Trouke M. Torga kacarenbHas K Kpu-
Bou [llTennepa mepecekaeT OKPYXKHOCTL S1 B AByX Toukax N u P Takux, 9TO
PM=2_NM.

[TOKABATEJILCTBO. O6o3HaMuM [epes So OKPYXKHOCTH DPATUYCA T, Ka-
CAOMIYIOCS OKPYXHOCTHU S| BHemHuM 06pa3oM B Touke M u okpyx)HOCTH S
BHyTpeHHUM 06pasoM B Totuke M (puc. 11). Kpusas llTennepa, ykazanuas B
YCJIOBUM, COBIATAET C TPACKTOpPUEN TOYKU M OKpyXKHOCTH So NMpU KATCHUN

Pwuc. 11.
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BHYTPEHHUM O0GPa3OM OKPYXHOCTE S; TO OKPYXRHOCTEH S 6e3 CKOMbLKECHU.
[IpeAnosoxmM, IT0 OKPYXKHOCTE S TOCIe HOBOPOTA IMIPUHALA IOJOXKEHHE S
7 CTata KacaTbCcsa OKpyx)HOcTen S; m S B Toukax N u K COOTBETCTBEHHO,
npu 3toMm oK EM| = o, roe E — nentp okpyxuaocTen S u S1, a Touku M u
M, mepemmn 8 M u Mj.

Tak kak K — IEHTP MIHOBEHHOTO BPAIIEHUS OKPYXHOCTH S5, TO BEKTOD
cKOpoCTH TO4YKU M', HaITpaBIeHHBIN 10 KACATEILHOR K €€ TPACKTOPUH, COBIA-
natomen ¢ kpupoit [llTeirnepa, nepnengukyaaspes npamoui M' K. Ho y NM'K =
= 90°, KaK BIMCAHHBIM YyIOX OKPYKHOCTHU S5, ONMPAIOIMUNCA HA €€ THAMET]
NK, nostomy npamas M'N apaserca xacaTenbHol k kKpusou IllTeliHepa B
touke M’'. Ilycts P — Touka mepecedenusa KacaTeibnoi M'N ¢ oKpyxXHO-
creio S1, a O — nertp okpyxuocTu S). M3-3a 0TCyTCTBUA CKOIBKEHUA 1yTra
KM, oxkpyxuoctu S pasra nyre KM, okpyxnoctum Sy: _KM; = _KM]
wwm - 3r=p-r, orkyga B = ,KO'M{ =3a=,M'O'N.

Manee, u3 paBeHcTBa paBHOOeAPeHHBIX Tpeyroabaukos PEN u M'O1N
BuiBOguM, uT0 ,PEN = ,M'O'N = 3a, orkyga morydaem: ,PEM =
= /PEN — /MEN = 3a — a = 2« u, takum obpasom, _PM =2_NM. U

W3 Teopemur 12, mpemnoxenus 6 u TeopeMbl 16 BrITEKAaeT

TEOPEMA 17. OrubGatomenn mpaMbrx CuMCOHA TPOU3BOJBLHOTO TPEYTOIh-
HuKa, saBiaseTca kpusas llTerHepa, Kacamomaaca ero OKpyXKHOCTH JUiaepa B
TPeX TOUKAX.

Ha pwuc. 12 wm3o6paxeHbl TPEYyroOJbHUK, €rQ OMUCAHHAA OKPYXKHOCTD,
OKPYXHOCTHL Jmiepa u Kpubasa lllTernnepa 5TOro TpeyroibHUKA.
B cBoto odepens n3 reopem 14 u 17 BuiBogmTCA

CJEACTBUE 7. AcuMnTorsl Kyouku Mak-Kas mpou3BoIbHOTO TPeyTroah-
HUKa COBHANAOT ¢ ocamu Kpuson lllTennepa »Toro TpeyroibHuKA.

O6o3ua~uM, Kak Beerga, depes H oprouentp Tpeyroasuuka ABC. Torma
OKPYXHOCTH Jumepa Tpeyroabanka ABC mpoxoauT depes cepeauHbl CTOPOH
Tpeyroavaukos ABC, ABH, BCH, CAH v nooTOMY 5TH TPEYTOIBHUKA UME-
10T O0IIYIO OKPYXHOCTH DWIEPA.

Ormerum 6e3 nokaszaTenabcTBa, uTo Tpeyroasuuku ABC, ABH, BCH,
CAH uwvetor Takxe o6myto kpuByio llrennepa, a ux kyouku Mak-Koa —
COOTBETCTBEHHO OOIINE ACUMITOTHI.

ITpuBesem B 3akIOveHme eme OAWH wHTEepecHBM (akT. Kak mssecTHO,
MpAMEBIE, KOTOPBIE AEJAT yUOd Ha TPU PABHBIE YACTH, HASBIBAIOTCA TPUCEK-
Tpucamu 3Toro yriaa. Teopema Mopies yTBepX 1aeT, 9YTO TPUCEKTPHUCHL YTIIOB
TPEYTONBHUKA, IPUICKAIINE K €r0 CTOPOHAM, MEPECEKAIOTCI B TPEX TOYKAX,
ABJAIONUIMXCA BEPUIMHAMEA PABHOCTOPOHHETO TPEYTOAbHUKA (6oiaee Tmoapo6HO
o Teopeme Mopaes cMm. [2] u [1]). HazoBem 5TOT TpeyroasHUK TPEYTrOILHIKOM
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Puc. 12.

Mopaes. OxaswpiBaeTcs, 9TO AIA JA0O0M0 TPEYTOJBLHUKA CTOPOHBI €TI0 Tpe-
yroabauka Mopaes n paBHOCTOPOHHETO TPEYTOJbHUKA, BEPITUHBI KOTOPOTO
coBOaAa0T ¢ Bepmmaamu kKpuBou lllTerHepa MCXOAHOrO TPEYrOJBLHUKA, CO-
OTBETCTBEHHO IapaJIeIbHEI.
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