IV ommmmmmana no reomerpuu uMm. V1.®.111apbsirnaa
®unau. Pemenus. 8 Kiacc. IlepBoiit 1eHb

1. (B.@penkun) CyuecTByer Ji BbILYKJIbIH YeTHIPEXYTOJIbHUK 0€3 apasieIbHbIX CTO-
POH, KOTOPBIl MOYKHO pa3pe3arh Ha YeThIPe PABHBIX TPEYTrOJbHUKA?

OtBet. /la. Cwm., nanpumep, puc.8.1.

Puc.8.1.

2. (®.Hunos) /Tau npsamoyroabubiii Tpeyroabauk ABC' ¢ rumorenysoit AC' u yriom
A = 50°. Toukn K u L ma karere BC' rtaxkoswl, uro LKAC = ZLAB = 10°.
Haiigure CK/LB.

OTBer. 2.

Pemenne. [lycrs L' — rouka, cummerpuunast L ornocureasno AB (puc.8.2). Tak
kak /LKA = 50° = /ZKAL', 'K = L'A = LA. C apyroii cropoust, ZCAL =
40° = LACL, r.e AL = CL. 3 3rux pasencrs caenyer, uro CK = LL' = 2L B.



L'
Puc.8.2.

. (J.IIxonb) B BHIMYKJIOM YeTHIPEXYTOIbHUKE ¢ HEePIICH UK Y ISPHBIME THATOHAISIMU
PaBHBI JBa MPOTHBOJIEZKAINMKUX YI/a. /JloKazxKuTe, 9TO B HEI'O MOYKHO BIHUCATH OKPY K-
HOCTb.

Pemrenne. [Iycrs B uersipexyronsauke ABCD /B = /D, O — To4uka nepecedeHnst
auaronageii. IIpeanonoxum, uro OB > OD. Torga touka D', cummerpuunast D
orHocutesbHo AC, sexkut Ha orpeske OB (puc.8.3). CienoBaresibHo, M0 CBOHCTBY
BHEITHero yrja tpeyroabuuka ZAD'O > /ABO, /CD'O > ZCBO. Ho Torma
/D =/AD'C > /B — nporusopeune. Takum oopaszom, OB = OD, 1.e quaroajb
AC gBisieTcst 0CbI0 CHMMETDPUHU YeTHIPEXYTOAbHUKA. 3HAYUT, OMCCEKTPHUCH YIJIOB
B u D uepecekator AC' B 0JJHO U TOii K€ TOYKE, KOTOPas PABHOYIATEHA OT BCEX
CTOPOH YEeThIPEXYTOJIbHUKA.

B

Puc.8.3.



4. (®.Hunos, A.3acnasckuii) Iycts CCy — meanana tpeyronbanka ABC, cepeaunn-
uwie nepneaaukyaapsl K AC u BC nepecekaior C'Cy B Toukax A', B', npavbie AA’
n BB’ nepecekatorca B rouke C7. Jokazxkure, uro LZC1CA = ZCyCB.

Pemenne. Taxk xak tpeyroabnunku CAA', C BB’ — pasnobeapennnbie, ZCAA" =
LCyCA, ZCBB' = ZCyCB. CaenoBarenbno, paccrosgaust o To9ku C' 10 IPAMbBIX
ACT u BC) paBubl coorBercTBeHHO paccrosuuaMm or A u B o nupsamoit C'Cy. Ho
CCy — MenmaHa, TaK 4TO 3TH PACCTOSHHUS paBHBI. Takum obpasom, Touka C' pas-
noynasena or npambix ChA u C1B, 1e. ZCC1A = ZCC,B. Orcroga moaydaem,
q9T0 ZCICA - chc'B - ZClBC - 401140 == ZC()CB — ZC(]CA (pI/IC84) STO,

O4Y€BUAHO, PaBHOCUJIbBHO YTBEPZKACHUIO 3a/1a49U.

Cc

Puc.8.4.

5. (A.3acaasckwuii) Janwr 1Ba tpeyroasuauka ABC, A'B'C’. O6o3nadum depe3 o yroi
MeyK/ly BBICOTOH M Meauanoii Tpeyroiabuuka ABC, NpoBeeHHbIMY U3 BepIMHbL A.
Ananoruuno onpexenum yrawt 3, 7, o, (', 7. Ussecrno, uro a = o, = ', v =~.
Ob6s3aTenbHO JTH TPEYTOJbHUKY MOT0OHDBI 7

Otser. Her.

Pemenne. Ilycrs croponsl Tpeyronbuuka A'B'C’ mapa/iesbHbl MeauaHaM Tpe-
yronpuuka ABC'. Torga cropousr ABC napamnensusl Meguanam A’ B'C’ u, 3uaunr,
YIUIbl MEe2Ky MeJuaHaMu U BbICOTaMU B O6OI/IX TpeyroJibHUKax OJHU U T€ 2KE. HpI/I
9TOM B 0ODIIEM CJIydae TPEeyroJbHUKH He MOJI00HbI.



IV onmummmana no reomerpuu uMm. 1.®.111apeirnuaa
®unasu. Pemmenns. 8 Kiaacc. Bropoii geHb

6. (B.®penknn) PaccmarpuBarorcsi TpeyroibHUKH, BCe BEPIIMHBI KOTOPBIX SIBJISIOT-
cs BepimHaMu Jlanaoro npasuabuoro 2008-yrosbanka. Kakux cpejgu Hux OosbIie:
OCTPOYTOJTBHBIX HJIH TYMOYTOJHHBIX !

OtBert. Tynoyrojbubix.

Pemenne. 3adukcupyem ase Bepunibl A u B Tpeyronbanka. Ecim onn gaBiasgioT-
¢S TPOTUBOMOIOKHBIME BepimuHaMu 2008-yroabHIKA, TO TpH 000 TpeTheil Bep-
nmne C' rpeyroabink ABC — upsimoyronabubiii. B nporusnom ciaydae nycrn A’
B’ — Bepmmnnr 2008-yronbunka, nporusononaoxusie A, B. Tpeyronsunk ABC' 6y-
JIeT OCTPOYTOJBbHBIM TOTJA M TOABKO TOraa, Korga C' HAXOAUTCS Ha MeHbIIel u3
JIBYX orpanndeHHbIX Toukamu A’, B’ nyr onucamnoit okosao 2008-yroibHIKa OKPY K-
mocru. CremoBaTenbHO, IpH JMOOBIX (PUKCHPOBAHHBIX A, B cpeanm TpeyroabHHUKOB,
UMEIOIINX 3T JIBe BEPIIUHbBI, OCTPOYT'OJbHBIX He DOJIbIIIe, YeM TYIOYT'OJbHbBIX, a JIJIs
HEKOTOPBIX TTap BEPINUH CTPOTO MEHBINEe. SHAYUT, ¥ BCETO TYIMOYTOJIbHBIX TPEYTOTh-
HUKOB OOJIbIIIE.

7. (®.Hunos) /lan paBHoGeapennsbiii Tpeyroibank ABC' ¢ ocaoBanuem AC u yriom o
npu Bepmae. Ha orpeske AC BO BHEIIHIOIO CTOPOHY IIOCTPOEHA JyTa ¢ IPayCHOI
Mepoit 3. [IBe npsamble, IPOXOALAINUE Yepe3 BepUInHy B, IeaaT KaK OTPe30K, Tak u
nyry AC' na tpu pasubie wacru. Haitaure o/ 3.

Otser. 1/3.

Pemenne. Ilycre X, Y — mouku, gensmnme orpe3ok AC Ha Tpu paBHBIE YacTh
(AX = XY =YC(C); U, V — 1oukn nepecevennst npsimbix BX, BY ¢ nyroit AC;
Z — rouka nepecevenust npsambix BC u UV (puc.8.7). Torga, rak kak UV || AC, To
VZ =UV =VC. Cnenoarensno, ZUCZ = 90°. C apyroii CTOpoHBI, IO TEOpEME O
sroucannom yriue ZACU = LZUCV = /6, a ZBCA = 90° — /2. I3 3Tux paBencrs
BBITEKaeT, 910 [ = 3.

B

Puc.8.7.



8. (B.®penkun, A.3acnasckuii) Ha mocke 6blI HADUCOBAH BBIMYKJIbI Y€THIPEXYTOIb-
HUK. Bopst OTMeTHT IeHTPHI YeThIpeX OKPYKHOCTel, KaK/1ad U3 KOTOPHIX KacaeTcs
OJIHOU CTOPOHbBI YETHIPEXYTOJIbHUKA U ITPOJIOJIKeHul JIByX cocejnux ¢ Heit. [locie
qero Agiénra cTép dersrpexyronbauk. Cmozker jiu Bops onpeseinTsb, deMy paBHSLICS
MePUMETD IeTHIPEXYTOJIHHIKA !

Otger. /la.

Pemenne. [Tycts ABC'D — 4deTbipexyroibHUK, 00pa30BaHHBINA IEHTPAMU OKPY K-
Hocreit, X — BepIIuHA HCXOJHOIO YeTHIPEXYTOJIbHUKA, JezKalnas Ha cropone AB.
Tak Kak ero CTOPOHBI SIBISIIOTCS OMCCEKTPUCAME BHENTHUX YTJIOB HUCXOJHOTO YeThI-
PeXyTroTbHUKA, OUITHADIHBINA TTap, BBHIMYIIEHHBIH n3 X BI0JIH CTOPOHBI MCXOTHO-
IO 4eThIpexyrojbHuKa, oTpazkaschb or ¢ropon ABCD, Gyjer Bce Bpemsi JBUTATH-
cst o croponam. "Beimpsimum''TpaekTopuio mapa, MOCTPOUB HYeTHIPEXYTOJbHUKH:
A1BCD;, cummverpuunstit ABCD ornocurensuo BC, Ay B1C' D, cuMmMeTpudHbIil
A1 BC Dy ornocurensuo C' Dy, u Ay BoCy D1, cumMerpuanniii Ao B1C' Dy oTHOCHTEID-
no D A,. Torna Tpaekropuga nepeiizer B orpe3ok X X', rne X' — Touka nHa Ay Bs,
taxast ur0 A X' = AX (puc.8.8). ITpu srom LX'XB = ZXX'Ay, 1e. AsBs || AB.
CiieioBareibHO, B3sIB BMECTO X JIPYryH0 TOUYKYy oTpe3ka AB, COeJluHHUB ee ¢ CO-
OTBETCTBYIOIIEH TOUYKOil oTpeska As By U npou3Beas oOpaTHbIe OTpazKeHHs JacTeil
MOJTY9€HHOTO OTPe3Ka, MbI TOJYYUM HOBBIH Y€THIPEXYTOJIbHUK, Y0BIETBOPSIIONIHIT
yCaoBugAM 33j1a9n. Takum o6pa3oM, CyIIecTBYeT OECKOHETHOE MHOYKECTBO UeThIpeX-
YTOJIBHUKOB, J1ijist KOTopbiX A, B, C'; D — nenTpbl BHEBIUCAHHBIX OKpYzKHOCTEi. O 1-
HAKO NEePUMETPBI BCEX 9TUX YeThIPEXyroAbHUKOB PaBHbI JyiuHe oTpeska X X' = AAs,
He 3aBUCAIIEH OT BbIOOpa TOYKU X .



Puc.8.8.



IV ommmmmmana no reomerpuu uMm. V1.®.111apbsirnaa
Punasa. 9 kaacc. IlepBsbrii 1eHb

1. (A.BacnaBckuit) Belmykiibiii MHOrOYroJIbHIK MOXKHO paspe3arh Ha 2008 paBHBIX de-
THIPEXYTOIHLHUKOB. OOsI3aTE/IHHO JIN Y HETO €CTh MEeHTP WM OCh CUMMETPUN?

OtBer. Her. Hanpumep, u3 rparenuii, ocHOBaHUsi KOTOPBLIX paBHbl 1 1 2, a OOKOBbIE
CTOpOHBl — 1 1 \/5, MOYKHO, TPOJIOJIZKasi KOHCTPYKIINIO, N300parKeHHyo Ha puc.9.1,
COCTaBUTb HECUMMETPHUIHBII MIeCTUYTOJbHUK.

Puc.9.1.

2. (®.Hunos) Han uerbipéxyronbank ABCD. Haiiqure T'MT, Takux, 4T0 OTPE3KH,
COeTMHSIIONINE UX MPOEKINH Ha TPsSMbIe, COAePKAIINe ITPOTUBOIOIOKHBIE CTOPOHBI
4eThIPEXYTOJIbHUKA MEePIEHIUKYISTPHBI.

Pemntenne. Eciiu yeTbipexyrojbHUK — Tpamnelus, TO mpsMasi, COeJUHIonas mpoeK-
o1 TOYKHU HA 6OKOBbIe CTOPOHBI, JOJI2ZKHA 6bITb IMapaJijie;ibHa OCHOBAHUAM. O“IGBI/I,ZL—
HO, 9TO reoOMeTprUuIeCKOe MECTO TaKHUX TOYEK — IMpdMad, MPOXoddinad depe3 TOYKY
nepecevdenns OOKOBBIX CTOPOH 6e3 camoii 3Toit Touku. Takzke sicCHO, YTO JIJIT HPSIMO-
yroabauKa nckomoe ['MT — Bca mIockocTh, a JIId mapaJiiesorpaMMa, OTJTHIHOTO
OT IIPpAMOYI'OJIbHUKA, TAKUX TOYEK HE CylIEeCTBYET.

[Tycrs npsavbie AB u C'D nepecexkatorest B rouke X, BC' u DA — B touke Y. O6o-
3HAYUM HPOCKLIHUK HPOM3BOALHON Touku P ma upambie AB, BC, CD, DA uepes
K, L, M, N, a touky nepecedennss KM u LN qepe3 O (puc.9.2). Tak kak dersi-
pexyronpauku Y LPN u X K PM — Buucannsle, moaydaeMm, aro ZPLN = /ZPY A
n /ZPMK = /PXA. Crnenosarenvuno, ZMOL =1 — /C — ZPLN — /PMK =
m—ZLC — (LA — ZXPY). Ilosromy yenosue ZMOL = 7/2 paBHOCHTIBHO YCIOBHIO
LXPY = LA+ ZC — 7/2. Buaunt, uckomoe I'MT — OKpYKHOCTB, TIPOXOASIIAS
qepe3 Toukn X m Y 0e3 caMuX ITUX TOUYEK.



Puc.9.2.

3. (P.IIupkynuen) [Jokazkure HepaBeHCTBO

1 1 1 < [P

+ + < :
V2sinA  V2sin B v/2sinC r

Ijle p — MOJIYIIEPUMETP, a 7" — PAANYC BIUCAHHON OKpY2KHOCTH Tpeyroabanka ABC.

Pemenne. [Iycte R u S — paanyc onucanHoil OKPYKHOCTH U ILJIOIIAIL TPEYTOTbHHI-
ka ABC'. cnonwb3ys teopemy cuuycos u dopmynast S = pr = abc/4R, npeoGpasyem
MIPaBYI0 4aCTh HEPABEHCTBA:

__ R(sin A+sin B+sin C)
S~ V2R2sin Asin BsinC

_ sin A 4 sin B + sin C'
- 2sin Bsin C 2sin C'sin A 2sin Asin B *

-

T

|
5

W3 nepasencrBa 0 CpejiHUX CIEYET, YTO

2 sin B sinC'
< - - + A —.
vsin A sin C'sin A sin Asin B
CJ102KMB 3TO HEPABEHCTBO C ABYM$ aHAJOIMIHBIME, MOy IUM YTBEPIKJICHUE 3 1a9H.

4. (®.Hunos, A.3acnasckuii) Ilycts CCy — meanana tpeyronbunka ABC, cepeann-
ubie nepnerukyaapbl Kk AC' u BC nepecekator C'Cy B roukax A., B, npsvbie AA,
u BB, nepecekaorcs B touke C. Anajormuno omnpegeanm touku A;, By. Jloka-
JKUTE, 9T0 OKPYKHOCTH Ay B1C] MpOXoauT 4yepe3 HEHTP OMUCAHHONH OKPYKHOCTH
rpeyronbanka ABC.

ITepBoe permenmne. 13 pemmenns 3aga4n 8.4 ciaemyer, aro npameie AA, BBy, CCy
nepecekarTcest B 0/iHOM Touke L, a Touka C] JIeXKUT HA OKPYKHOCTH, TTPOXO/ISIIEit
yepe3 A, B u nenrp O onucannoii okoso ABC' okpyxkuocru. [Tostomy ZOCL =
LACC — LACO = LAC,C — LABO = (n — £C) — (n/2 — LC) = w/2, Te.



C} nexut Ha OKpyzKHOCTH ¢ guaMmerpoM OL. Amamorundno momxydaem, aro A; u By
TOXKE JIEZKAT HA 9TOH OKPYKHOCTH.

Bropoe pemenne. Paccmorpum Touky Cy, m3oronanabHo compszkennyio Ch. 3
ycaosus cieyer, uro LOyAB = ZCyCAu LOyCB = ZCyBA. 3aauut, OKpy KHOCTH
CyAC' u C5BC kacarorcs nupsamoit AB B toukax A u B. Tloxkromy pajaukaibHas 0Ch
9TUX OKpy:kHOCTEN — npsimast C'Cy ipoxoauT yepes cepequny AB, 1.e. Cy JeKuT Ha
meanane Tpeyronbanka ABC. CoorBercrBenro C' JIeXKAT HA CHMeIHAHE, a MPIMbIe
AAy, BBy, CC} nepecekatorcs B Touke Jlemyana L.

Kak ussectno, cumennana C'L npoxoaut yepe3 Touky C’ mepecedenns KacaTeIbHBIX
K OIHCAHHOI OKpyKHOCTH Tpeyroibunka ABC, mpopenennnlx B Toukax A m B.
OueBuano, uro Toukn A, B nexar na okpyznocru ¢ guamerpom OC”. Kak nokasano
B niepBoM perernn, () JJeXKUT Ha 3TOi ke okpyzxkuocTu. Ciaegoarenvuo, ZOC, L =
/2 u C} jexur Ha OKpY:KHOCTH ¢ auamerpoM OL.

(H.ABusioB) MOKHO Jiil OKJIEUTH TIOBEPXHOCTH IIPABUJIBHOIO TETPA3/IPa OJNHAKOBbI-
MU TPABUJIBHBIMA TIECTUYTOJTHHUKAMUT !

Pemtenne. /la, nanmpumep, CKJIeuB TeTPadIp U3 pa3BepTKu, n300parKeHHoi Ha puc.9.5,
U pa3pe3aB ero MOBEePXHOCTH MO KUPHBIM JUHUAM, TOTYINM /IBa PABHBIX ITPABUIb-
HBIX [IECTHYTOJbHUKA (TeMHBIN U CBETIIbI).

Puc.9.5.



IV onmummmana no reomerpuu uMm. 1.®.111apeirnuaa
®unasa. 9 Kjaacc. Bropoii g1eHb

6. (B.®penkun) [TocrpoiiTe TpeyroJbHUK, €CJIU JAHBI €10 HEHTD TIZKEeCTH U OCHOBAHUS
BBICOTHI U OMCCEKTPUCHI, TPOBEJIEHHBIX K OJHOII cTOpOHE.

Pemenne. I[Iycrs C;, Co — ocHOBaHHS OHCCEKTPHUCHI U BBHICOTHI, IPOBEICHHBIX U3
Bepmuabl C' Tpeyronbauka ABC, a M — ero nentp Tskectn. OUeBHIHO, BEPIINHA,
C nexkut Ha 1epleHauKyaspe, Boccrasaenaom u3 Cy K upamoit CCy. Kpome Toro,
npoeknus M Ha 3TOT NEePIeHAMKY/ISIP JEIUT BLICOTY TPEYTOJbHUKA B OTHOIICHUU
2 : 1, aro mo3BosseT cpasy nmocrpouth ToUky C u cepeauny Cy ctoponb AB.

[Tycts C" — Touka nepecedenust nupsimoit C'C1 n nepnenankyaspa | k npsamoii CpCs,
nposeaennoro u3 Cy. Touka C’ 1eKUT HAa ONUCAHHOI OKPY2KHOCTH TPEyTrOJbHHKA
ABC' (puc.9.6), cremoBaresibuo, cepepunnbiii nepruenaukyasp Kk CC' mepecekaer [
B 1enrpe O 310i okpyzKkHOCTH. [ToCTPOUB OKPYKHOCTD, Mbl HaiijieM Bepiiunbl A, B
KakK TOYKH ee mepecedenust ¢ npsamoit C7C5.

Puc.9.6.

7. (A.Bacnasckuii) Pajguyc oKpy:KHOCTH, OMUCAHHON 0KOJIO Tpeyronbuuka ABC, pa-
Ben R. Yepes opronentp H 3TOro TpeyrojbHUKA IIPOBEJH JAPYIYIO OKPYKHOCTH
TOrO 2Ke pajiuyca, NepeceKaronlyio OMMCaHHyI0 OKPYKHOCTH B Toukax X, Y. Touka
Z — derBepras BepinHa napaJstenorpavmva C' X ZY . Halinure pagmyc OKpyKHOCTH,
npoxodiieil yepe3 Touku A, B, Z.

OTser. R.

ITepBoe peruenne. /lokazkem, 94To TOUKa 7 JIE2KUT Ha OKpyzKHOCTH ABH, pamuyc
koropoii pasen R. ITycrs H' — Bropas Touka nepecedenus okpyzxuocreii XY H u



ABH, C" — oprouentp tpeyroabauka ABH' (puc.9.7). Torma C' nexut Ha OKPY K-
Hoctu, cumMmerpuanoii ABH ornocurensuno AB, T.e. Ha okpy:xuoctu ABC. Ilo-
srtomy CH = C"H' = 2R|cosC| u CHH'C" — napaanenorpavm. Taxk kak CC’ n
HH' — xopap paBubix okpyxkuocreit ABC w XHY, o cMMMeTPUIHBI OTHOCH-
TEJHHO IEHTPA CUMMETPUU TUX OKpPY:KHOCTell — cepeaunbl X Y. CienoBaresbHO,
XCY H' — napamtesnorpamMm, u H' copnagaer ¢ Z.

Puc.9.7.

Bropoe pemrerne. Touka Z nonydaercs u3 C' orpazxkeHneM OTHOCHTEIHHO cepesiy-
ubl 1 orpeska XY Ilycrs H' — orpazkenne H ornocurensno 1. Toraa CH=HZ.
Samerum, 9TO TPHU CJBUTE HA C—I-)I okpyxHOoCcTh ABC 1mepexoJuT B OKPYZKHOCTh
ABH (10cTaTo9YHO TPEACTaBUTH STOT CABHI KaK KOMIIO3HUIUIO CHMMETPHIT OTHOCH-
TeJIbHO JuaMeTpa, mapasuteibuoro AB, u ornocurenbuo AB). 3uaqur, Touka H'
IIPH 9TOM CJIBUTe IEePeXOJUT B TOUKY Z, JeKallyto Ha okpyxkHoctu ABH, pammyc
KOTOpoii paBeH R.

Tperbe pemterue. (A .Edbumon) [Tycrs O, O — UeHTPBI ONMUCAHHON OKPYKHOCTH
rpeyroiabanka ABC u okpyzkHocru, npoxogdmeii yepes H. Torpa O; Jiexxur Ha
OKpyzkHOCTH ¢ nenTpoM H u paguycom R. 3nauut cepeauna orpeska OO j1exKuT Ha,
OKPY?KHOCTH C TIEHTPOM B cepeune orpeska OH u paanycom R/2, T.e. OKpYKHOCTH
neBaru Touek Tpeyroapauka ABC. [Tockonbky cepeaunnl orpeskoB OO0, XY u C'Z
COBIIAIAIOT, TOYKA Z JIEXKUT HA OKPYKHOCTH — 00Opasze OKPYKHOCTH JAEBIATH TOUEK



npu romorernn ¢ meHTpoM C' u KodddunmeHToM 2, T.€. OKpPYKHOCTH pajamyca R,
npoxogameii yepes A u B.

. (J.-L.Aime, France) Ha okpy2KHOCTH w, ONHCAHHOIT 0KOJIO Tpeyroabauka ABC, B3si-
Tl aBe Touku P u (). CepenuHHBINH HepHeHIuKYIIp | K oTpe3ky P() mepecekaer
npsambie BC, CA, AB B Toukax A', B', C". Tlycrs A”, B”, C” — Bropble TOYKH
nepecedenns [ ¢ OKPYKHOCTSIMH, OIIMCAHHBIME OKO0/10 Tpeyroabaukos A’ PQ), B'PQ),
C'PQ. Hoxaxwure, uro npameie AA”, BB”, CC” mepecekaioTcss B OTHOI TOUKe.

Pemenue. Ilycte X, Y — 1ouku nepeceuennst w u [. PaccmorpeB neHTpabHy o
npoekiuio u3 w Ha [ ¢ mearpom C, mogydaeM paBeHCTBO JABOWHBIX OTHOIICHUIL:
(AB; XY) = (B'A’; XY'). Janee, tak kak LA'PA—/B'PB—/XPY = m/2, nony-
qaem, uto (A'B’; XY) = (A”B”; Y X). Crenosarenvuo (AB; XY) = (A”B”; Y X),
T.e. TOuKa nepecedenus npsambix AA” u BB” jexur Ha w. Yepes sty ke TOUKY
npoxout u npsimas CC”.



IV ommmmmmana no reomerpuu uMm. V1.®.111apbsirnaa
®unana. Pemenus. 10 kjgacc. IlepBblit 1eHb

1. (B.®penkun) Buncanno-onucannplit n-yroJbHUK pa3pe3aH NpsiMoii JuHueil Ha J1Ba
BIIMCAHHO-OMMCAHHBIX MHOTOYTOJIbHUKA C PA3HBIM KOJIMYECTBOM cTOpoH. [Ipu kakux
N 9TO BO3MOZKHO?

Orser. IIpu n = 3.

Pemenne. [Ipeanonoxum, aro n # 3. Ecim n > 4, To rpanuna Xorst Obl OJHOTO
13 NOJYyYeHHBIX MIPH Ppa3pe3aHul MHOTOYTOJBHIKOB CO/IEPYKUT OTPE3KH, IO KpaitHeil
Mepe, TpeX CTOPOH UCXOJHOTO MHOTOYTOJbHUKA, W 3HAYHUT, BOUCAHHLIE B 9TU MHO-
TOYTOMBHUKH OKPYKHOCTH COBHAIAIOT. DTO YTBEPZXKICHUE OCTACTCS BEPHBIM W TTPU
n = 4, Tak KaK MHOTOYI'OJIbHUKHU, HA KOTOPbIe pPa3pe3aH UCXOJ/HbIl, UMEIOT pa3Hoe
YNCJI0 CTOPOH W, CJIEIOBATETHLHO, Pa3pe3aronias mpsiMas He sBJISAeTCS JUarOHaJIbIo
YeTHIPEXYTOIbHUKA.

Taxum obpazom, pazpesalolas npsiMasi KacaeTcst OKPYKHOCTH, BITUCAHHON B MCXOJI-
HBIl N-yTOJTBHUK, U OTpe3aeT OT Hero TpeyroJbHuK. Bepmunamu ocraBieiics 4acTu
SABJIAIOTCA 12— 1 BepIInHA HCXOHOTO MHOTOYTOTLHUKA U JIBE TOUKH, JIeZKAIIe Ha ero
croponax. [Tockosibky n—1 > 3, 9Tu BepUIMHbBI OIPEIE/ILAIOT €JIMHCTBEHHYIO OKPY 2K-
HOCTb, KOTOPasi IIPOXOJUT Y€Pe3 OCTABIIYIOCH BEPIIUHY MHOTOYTOJILHUKA, U, 3HAUUT,
HE TPOXOJUT UYepe3 BHYTPEeHHHE TOYKU ero cropon. Cjre0BaTelbHO, OCTABIIASICS
JacTh He BIIMCAHA B OKPYKHOCTH — MPOTUBOPEYNE.

ITpumevyanune. O4ueBuaHO, YTO JJIsd JTIOOOTO TPEYTrOJbHUKA MOXKHO IPOBECTU Kaca-
TeJbHYIO K BIIMCAHHOW B HErO OKPYKHOCTH, PAa3Pe3arollyl0 ero Ha TPeyroJbHUK U
BIHUCAHHBIN 9eTHIPEXyTOJNbHUK.

2. (A.Msxkumes) [Tycrs Ay BiC] — TpeyroabHuK, CiMMeTpHUHbIi Tpeyroabauky ABC
OTHOCHUTEJIHHO TEHTPA OKPYZKHOCTHU, BIHHCAHHOH B €r0 CepeInHHBI TPeyroJbHUK.
Hokazkure, 410 oproueHTp Tpeyroabiuka Ay Bi1C coBnajaer ¢ HEHTPOM OKPY K-
HOCTH, OMUCAHHON OKOJIO TPEyrojbHUKa, 00PA30BAHHOIO HEHTPAMU BHEBIHCAHHBIX
okpyHocTeit Tpeyrosbauka ABC.

Pemenne. [lycre H — oprouenrp tpeyroabauka ABC, [ — ueHTp BOUCAHHOI
B Hero okpyxkuHoctu, O — meHTp ommcauuoi, M — menTtp Tsxkectu, Iy — meHTpP
OKPY?KHOCTH, BIIMCAHHON B CepeIuHHBbINA TpeyroibHUK. OYeBHIHO, YTO OPTOIEHTP
H, tpeyronpauka A;B1C; cummverpuden H oraocurenbuo ly. C apyroit ¢cTOpoHBI,
JUUIsL TPEYTOJIbHUKA, 00PA30BAHHOTO MEHTPAMU BHEBIUCAHHBIX OKPYZKHOCTEH, [ siB-
asiercst oproneHTpoM, ABC — opTOTPEyroJbHUKOM, a 3HAYUT, OMUCAHHAST OKOJIO
ABC 0kpy»KHOCTH — OKPYKHOCTBIO JIeBATH To4YeK. (C1e10BaTeIbHO, EHTP OMUCAH-
HOIl OKPYZKHOCTH TPEyTroJibHUKA, 00pa30BaHHOIO IMEHTPAMU BHEBIHMCAHHBIX OKPY K-
Hocreii, cumverpuder I ornocurenbao O. Pacemorpum tpeyronbuuk [ H H. Ero
Meauana [y npoxoaur depe3 M wu jgesmrcest 910l Toukoit B orHomenun 2 : 1. 3Ha-
qut, M — HEeHTp THAXKeCTH 3TOro Tpeyrojibauka. Ho M Takzke JieJIuT B OTHOIIEHUU
2: 1 orpesok HO. Caenosarennno, O — cepeanna orpeska [ Hy (puc.10.2)



10

Pnc.10.2.

3. (B.4{cunckuii, Ykpanna) /IBe OKPYKHOCTH W) U Wy MEPECEKAIOTCS B JBYX TOYKAX X
n Y, a TpeTbsi OKPYKHOCTh W KACAETCsl BHYTPEHHUM 00Pa30M OKPYKHOCTEH Wy 1 W
B Toukax P u () coorBercrBernno. Orpe3ok XY mepecekaer OKPyKHOCTh W B JIBYX
roukax M u N. Jlyau PM u PN nepecekaor w; B Toukax A u D, a ayan QM n
QN nepecekaroT we B Toukax B u C' coorBercrBenno. /lokazxkure, uro AB = CD.

Pemenne. Touka P gBiseTcsa MeHTPOM FOMOTETHH OKpYy:KHOCTel w u wi. CregoBa-
renbHo, AD || M N, 1.e. orpesok AD mepueHuKy/IspeH JUHAH [EHTPOB OKPYKHO-
cTeil w1 1 wy, a TOUKH A 1 D cHMMeTpHYIHBI OTHOCUTEIBLHO 3TOM JTUHUU. AHATOTHIHO
B u C cuvmerpudHbl OTHOCHTEIBHO 910 JiuHun, u 3aaunt, AB = C'D (puc.10.3).

Pnc.10.3.

4. (A.Bacnasckuii) Ha npsamoit | gausr Tpu touku Cy, C, Cy. Haiiaure reomerpute-
CKOe MEeCTO [EHTPOB OKPYZKHOCTel, Buucanubix B Tpeyroibuuku ABC, y KOTOpbIX



cropoHa AB jiexXuT Ha mpsaAMOii [, a OCHOBAHMS MeIUAHLI, OMCCEKTPUCH M BBICOTHI,
npoBeaeHHbIX 3 Bepmuubl C, coBmagaor ¢ Cy, Cq, Cs.

Orser. [Ipamas, nepnengukynasapuas [ u npoxoggamas depe3 Touky C’ Ha oTpeske

0002, TaKyIO 9TO 000/2 = 0001 . C()CQ.

Pemenne. [Iycrs C3, Cy — TOUKHN KacaHus cTOpOHBI AB ¢ BONCAHHOI 1 BHEBINCAH-
HOW OKpPYzKHOCTsIMU TpeyrosibHuKa. Torga Cy — cepeauna orpeska C3Cy. C apyroit
cropoubl, Toukn C3, Cy sBISIOTCS poeKnusiMu Ha npsamyo AB nenrpos I, I. Buu-
caHHOII W BHeBMUCaHHO OKpykHOCTH (pnc.10.4). Tak Kak STH IEHTPHI JeXKaT Ha
npamMoii C'C', BBIIOJIHSIOTCHI PABEHCTBA:

0203 Cl r . 01] o 0103

0204 n O[c n Te Cllc n 0104.

c

Pnc.10.4.

U3 5Tux paBeHCTB caeayeT, uTo Touka (3 COBMAIAET ¢ ONPEeIeTeHHON BBITTe TOIKOI
C'. Bosbmem Tenepn Ji06yi0 TouKy I, nmpoeknus koropoii Ha [ cosnagaer ¢ Cs.
[Mpsamas C)1 nepecekaer nepreHaukyasapsl K [, BoccraBaenusie u3 Cy u Cpy, B TOUKe
C' v 1ieHTpe ONUCcaHHON OKpy KHOCTH TpeyroibauKka [ AB. [Iposeis 5Ty OKPYKHOCTH
U Hall1s TOUKH ee MepecevdeHns ¢ [, Mbl MOJYIUM UCKOMBIIl TPEYTOIHHUK.

(U.Borganos) Ceuenne mpaBUIIbHOI Y€TBIPEXYTOJBHON MUPAMUJIbI SIBJSIETCS Pa-
BUJIbHBIM MATUYTOMbHUKOM. HaiiiuTe oTHOIIEHNE ero CTOPOHBI K CTOPOHE OCHOBA-
HUA MAPAMUIBL.



3—5
OTBerT. VR

Pemenue. [Tycrs X, Y — T04Kk#, B KOTOPBIX IJIOCKOCTH CEYEHUS MEPECEKAET CTO-
poubt CD u DA ocuoBanuss ABCD mupamuasl. Torga nsruyronsauk ABCXY
SIBJISIETCSI TIEHTPAJIHHON MPOEKINel MpaBuIbHOTO nATHYTOoIhHUKA. CJ1e10BaTeIbHO,
npoitnoe orHomrenne A, Y, D u GeckoHedIHO ymaeHHON Touku mpamoit AD paBHO
JIBOITHOMY OTHOIIIEHHUIO YeThIPpEX TOYEK, B KOTOPBLIX YeThIpe MPSMBIE, COJIeprKallne
CTOPOHBI MPABUJILHOTO MSTHYTOJIBHUKA, TIepeceKaloT matyio (puc.10.5), T.e.:

DY 3-+5
AD 2
B Cc
X
A Y D
Puc.10.5.

Touka X nemur orpesok C'D B TakOM K€ OTHOLIEHHH, CJIEJIOBATEJTLHO, HCKOMOE
OTHOIIIEHHE paBHO

XY 3—-+5

AB 2

ITpumegyanme. Tak Kak OTHOIIEHHE CTOPOHBI IATUYIOJIbHUKA K CTOPOHE OCHOBA-
HUS ONPEJIE/IsieTCs OJIHO3HAYHO, OTHONIEHUE CTOPOHBI OCHOBaHUs K OOKOBOII CTOpPOHE
MAPAMHIBI TaKyKe ONpenessieTcss oano3Hadno. C apyroit CTOPOHBI, W3BECTHO, UTO
IJIOCKOCTH 8 rpaHeii MpaBUJIBHOTO WKOCA3IPa OTPAHNINBAIOT MPABUJIBHBIN OKTAIIP.
[TosTomy mupamMuia, yI0BIETBOPSIONIAS YCIOBUIM 3a9H, ABISIETCS TIOTOBIHON OK-
Ta’3Ipa, T.e. ee DOKOBOE PeOPO paBHO CTOPOHE OCHOBAHMSI.




IV onmummmana no reomerpuu uMm. 1.®.111apeirnuaa
®dunau. 10 xkaacc. Bropoii nenp

6. (B.®penkun) B TpeyroibHuKe TpOU3BeIeHNE IBYX CTOPOH paBHO 8Rr, rme R u r —
pPaJinychl ONMCAHHON U BIIMCAHHOM OKPY2KHOCTEe. /loKakuTe, 9T0 yroa MexK/1y HUMU
menbiire 60°.

Pemmenne. [lycts npouspenenne cropon AC' = b u BC' = a Tpeyroabuuka ABC
pasuo 8Rr. Tak kaxk maomaasr Tpeyronbauka S = pr = abc/4R, riue p — noaynepu-
MeTrp, moaydaem, ato 4dprR = abc = 8Rrc, 1.e p = 2¢ wim a + b = 3c. Tlockoabky
b < a-+c, orcroaa caemayer, 9To 2a > 2c u ¢ < a. Anamorundno ¢ < b. Takum obpasom,
C Kak cTpPOro HaMMeHBIIHil yroJ TpeyroJbHuKa MeHbIre 60°.

7. (®.Hunos) Ha memnanax AA" uw BB’ tpeyrosbhuka ABC' noctpoeHbl B CTOPOHY
Bepmnabl C' Iyru ¢ OAWHAKOBOW TpajycHoit Mepoii. /lokarkure, aTo obmast xopia
OKPY’KHOCTEIi, comepyKaiux 3Th Jyru, npoxoaut depes C.

Pemenne. [Tycrs okpykuocTh, mocrpoennas na AA’, nepecekaer AC' B Touke X,

a OKPY’KHOCTb, mocTpoennasi Ha BB’ nepecekaer BC' B touke Y (puc.10.7). Tak
kKak LZAXA = ZBY B, tpeyronbauku CX A" u CY B’ nonobusi, t.e. CX/CA =
CY/CB'. Toraa

CX-CA=2CX-CB =2CY - -CA =CY -CB.

Pnc.10.7.

CnenoBarenbno, crenenn ToYkn C' OTHOCUTETHHO 00€MX OKPYKHOCTEH PaBHBI, T.e.
C JeXKUT HA WX PATUKATBHON OCH.

8. (A.Axkonsu, B.JonbaukoB) MHOXKECTBO TOUEK HA ILIOCKOCTH TAKOBO, UTO U3 JIIOOBIX
TpexX ero To4YeK HaMIyTCsd JiBe, PACCTOSHUE MEK/y KOTOPBIMU He TPEeBOCXOAUT 1.
JlokazkuTe, 9TO 3TO MHOYKECTBO MOYKHO Pa30UTh HA TPH YaCTH, JJHAMETP KazKJIOi u3
KOTOPBIX HE IPEBOXOIUT 1.



Pemntenne. Hazosem 1-0TM3KHME TOUKH, PACCTOSHHIE MEK/Iy KOTOPBIMH He ITPEBOC-
XomuT 1.

Ecn quaMeTp JTaHHOTO MHOZKeCTBa V' He MpeBOCXOAUT /3, To V' MOKHO MOKPHITH
KPyroM pajuyca 1. DTOT KpPyr MOXKHO BBIOpATh TakK, 4TO HA €ro rpaHune OymayT
sexkar Touku u3 V. Obo3HAaYMM HMEHTP 9TOro Kpyra depe3 X, a TOYKY HA I'PAHUIE
qepe3 Y.

Bamerum, uro Touku Muoxkecrsa V' \ B(Y, 1) nonapuo 1-6/u3ku, a 3Ha4uT, JuamMerp
9TOr0 MHOXKecTBa He mpeBocxoauT 1. Kpowme Toro, orpesok [X, Y| paszbusaer muo-
xkecto V () B(Y,1) Ha aBe wacTu, JuaMeTp KayKJIO#H U3 KOTOPBIX HE MPEBOCXOIUT
1. Tax MBI TOTy9aeM HY:KHOe HaM pa3OueHwue.

Ecmu ke maiizyrcs Takue ase Toukn X,Y € V, uro d(X,Y) > +/3d, Torga merko
nonsTh, uro muoxecrsa V' \ B(X,1), V\B(Y, 1) u VN B(X,1) B(Y, 1) B 06be1u-
HEHUU JTAI0T BCE V', 1 jimaMeTp KaxKJioi u3 3Tux dacreit ne npesocxogut 1. /leiicTBu-
TeJIbHO, TOUKH Kazkaoro n3 Muaoxkects V' \ B(X, 1) n V' \ B(Y, 1) nonmapuo 1-6au3kn.
A wmuoxectso V() B(X,1) B(Y,1) nemukom nexur suyrpu B(X,1)(B(Y,1),
JEaMeTp KOTOporo He Gosbime 1 (1 jgocTHraeTcst Ha OTpe3Ke, COeTUHSIONM TOYKNA
nepeceuenus okpyzxuocreit S(X,1) u S(Y,1)).



