JIBe chepsi. Tpu cheps: u Goaee
IIpexxie yeM NpUCTYNUTDH K PEIIEHUIO 3a/a4 Ha JBe, TPH chepbl

lod 6uccekmopHoli NoaynaA0CKOCMbio 08y2PAHHO20
(6uccekmopom) yena MOHUMAemcs MHOM(EeCMB0 MOYeK,

u GoJiee, OJIE3HO BHATH, YTO €CIH pasHoyodaneHHbIXx om 2paHeli 00HHO20 yana

npaMas B TouKkax A u B Kacaercsa ABYX BHeIIHUM 06pasoM Kacaw-

IuXcs OKpy:kHOocTel paguycoB R, m R,, To agnuna orpeska AB  _ 4 6uccekmope 08y2paHHO20 y2a Aewam UeHmpbl

paena 2,/R, - R,. ecex cehep, 8MUCAHHbLIX 8 3Mom Y2011,
IIpu pemeHny 3ajauu, B KOTOPOH AaHbI [Be, TPH U bosee mo-  _ Ha ayye npamoii nepeceyeHUs BUCCEKMOPHbIX

napHo Kacalomuecs chepsl, 6biBaerT yA00HO BOCIONB30BATHCH Ce-

YyeHHMEeM 3THX cdep IJIOCKOCTBIO, NPOXOoAAmeil yepes UX LEHTPLL nonynaockocmeli 08y2paHHbIX y2n108 aHHO20
Torpa panmas sajada CBOAMTCA K IVIAHUMETPUYE-  mpex2paHHO20 y2/1a Aexam yeHmpsl 8cex cgep,

CKOH 3ajjaue HA B3AMMHOE paclojio:KeHMe ABYX, Tpex M bojee mo-
HapHO KAcAMMXCH OKPYHHOCTEH.

BHyTPH K)"ﬁﬂ PACONOREHBI JIBA DABHBIX 1IAPE, KACAKIIHXCH

0.

B,
apyra. Ilpu oTom oamH wap kacaercs Tpex rpaseii kyGa, umeromux oGuyio I
BEPLIMHY, @ JAPYroi KacaeTcs TPpexX OCTABIIMXCH IPaHeil. a) JOKamHTe, 4T0 LUeHTPhL (2}
WAPOB NPHHALICHKAT JHATOHANH KyDa, Hexomameidi w3 obwell ana rpawei
sepunner; ) Haiinure pagnycs oTHX mapos, ecan pedpo kyfa pasuo 13 A

Pemenne: a) ueHTp mwapa paBHOYIANEH OT TPeX MIOCKoCTel rpaneii kyba.

8MUCAHHbIX 8 3Mmom mpE’X&‘paHHblu yeon»,;

ITH [BYIPaHHbIe yribl. T4k Kak TH IHArOHAIbLHBIE
ceueHHs HMMeT o0ly npAMYH —  IMATOHATE
MAHHOTO KyDd, TO OHA, COOTBETCBECHHO, COACPHMHT
MHOMKECTBO BeeX Touek KyDa, PaBHOYIAIEHHBIX OT
BCEX TpeX ero rpadeii ¢ obuweii BepumHoii. It

O3HAYACT, YTO JHAIOHANL I\'}ﬁﬁ ABJIACTCA HOCHTENNEM

LEHTPOB BCEX LIAPOB, BIHCAHHBIX B JaHHbIA TPEXIPaHHBIH yIou;

R\ C, Muomecteo TOYEK, PaBHOYIANCHHEIX 0T  ABYX

MAOCKOCTEH eCTh ‘SHCCCI\TUPHEDI NOAyMIoCKOCThb.

Muaronanensie  cedennss  Kyba ABCDAB,CD;,

CONEpHaT CONEPHAT UEHTPLI BCEX CI:]]EP. BITHCAHHBIX B

oTkyna R=

3ada4u 018 camocmosamesibHo20 peweHus.

Orser:

0) nycrs uedtpel mapoe O,.0, nexar Ha auaroHams BD,;., a papmyce:
wapos paeuel R. Toraa auaronans kyba pasna BD) = 1343, ¢ JAPYToii CTOPOHEI —
ABNAACE OMCCEKTOPAMH  €ro  JBYIPAHHEIX  YIIIOB, BD, = BO, + 0,0, + 0,Dy, otkyna 0,0,=2R, a BO,=0,D= NET: SN

auaronans kyba co croponoii R. [lomywaem ypasuenme: 13J3=2R+ 23R,
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Codepa c ueHTpoM ¢ BNUCAHA B TPEXTPAHHbIN Yro/ C BEPLUMHOMN
SV KacaeTcs ero rpaHen B TouKax A, Z, M/ (Bce nnocKue yribl
TPEXrpaHHOrOo yrna pasindHbl). HaauTe yron ASO v nnowagb
ceyeHua AaHHOTo TPEXTPAHHOTO Yraa NAOCKOCTbO AZM, ecnu
W3BECTHO, YTO N/IOLWAAN CEYEHUI TPEXTPAHHOIO Yraa
NJIOCKOCTAMM, Kacatowmmmcs chepbl M NepneHanKyNspHbIMU
npamoin S, pasHbl 1 n 4.
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B ky6 ABCDA | B,C,D, noMeleHs! JBe KacaloliHecs
IpYT Opyra BHEIIHHM 00pas3oM cdepbl, paguychl KOTODHIX OT-
HOcATCA Kak 3 : 5. [lepsasa chepa KacaeTcs BcexX TpaHel Kyba,
COJepAIUX BEePIIHHY A, Bropas — BcexX IpaHell Kyba, cogep-
sxamux sepmury C;. HaliTi ux paguyesl, ecau pebpo Ky6a pas-
HO 16.

Tpu paBHule chepsl pafuyca 6 Kacaroresa Apyr Apyra.
HaiiguTe pagmnyc cdepbl, KACAIOIIENCA BCeX TpeX 8TUX cdep, ecnu
ee I[eHTD JIEXKHT B IVIOCKOCTH IIEHTPOB TPeX AaHHBIX cdep.

Paccmompum ceyeHue OaHHOU KombuHayuu
cpep nnockocmeoto ABC, npogedeHHol Yepe3




B BepLluMHax npaBuAbHOrO TeTpasapa ¢ pebpom 18 pacnonoXKeHbl LEHTPbI YeTbipex paBHbIX cdep, nonapHo
Kacatowwmxca apyr gpyra. Haitgute paguyc coepbl, Kacarowwencsa Bcex aTux chep.

PeweHue. NycTb LLEHTPAMM AaHHbIX chep ABAAOTCA BEPLUMHbI NPaBUIbHOIO TeTpasapa PABC, a ueHTpom
cdepbl, Kacatoweiica Bcex aTux chep, CAYKUT HEKOTOPAA TouKa F.

M3BeCTHO, YTO TOUKa KacaHuA AByX cdhep NPUHAANEKUT IUHUN UX LLEHTPOB M PACCTOAHME MeXKaY LieHTpamm
AaHHbIX chep paBHO CyMme AMH UX paanycoB (chepbl KacatoTcs BHEWHUM obpasom). 3To
03HauvaeT: FA = FB = FC = FP (paHHble yeTbipe cdhepbl paBHbI), TO eCcTb

K

TOYKa F paBHOYAaNeHa OT BEPLWUH AaHHOIO NPaBUAbHOIO
TeTpasgpa.

MN3BecTHO, 4TO B NpaBuabHOM TeTpasgpe PABC TOYKO,
paBHOYAANEHHOM OT BCEX €0 BEPLUMH, ABNAETCA

To4yka M nepeceyeHma OTPe30B, COEANHAIOWMX BEPLUMHbI TETPaAsApa
C LLeHTPOMAaMM NPOTMUBOMNONONKHbIX FPAHEN,

3
npuuem PM = ZOP rae O — ueHTpouA, NPaBUIbHOTO

TpeyronbHuKa ABC. Takum 06pasom, LeHTpom cdepbl, Kacatoweincs
BCEX YeTblpex AaHHbIX cdep, ABnAeTca Touka M.

Ha pucyHKe 12 nsobpaxeHo cevyeHne AaHHOM KoMbuHaumm Ten
nnockoctbto APH (H — cepeauHa BC), rae (APH) L BC,
(APH) L (ABC), TaK Kak BbicoTa TeTpasapa PO pacnonoxeHa B

Puc. 12 nnockoctu APH. CeyeHnem TeTpasapa 3TOM NAOCKOCTbIO ABSAETCS

TpeyronbHUK APH, a ceyeHMeMm ABYX AaHHbIX cdep C

LueHTpaMmn A n P — aBe paBHble KacalowmMecs OKPYKHOCTU W1 U W2 C TEMM XKe LLEHTPaMMU U paanycom 6. Tak
KaK ueHTp M cdepbl, Kacatolencsa Bcex YeTblipex AaHHbIX chep, NPUHAANEKUT cekyLen naockoctu APH, To
ee ceyeHueM ABNSETCA OKPYHKHOCTb W3, KACAlOLWLAACA OKPYKHOCTEN W1 M W3, @ PaAnyC OKPYKHOCTU W3 paBeH
paauycy aToi chepbl. Hallgem paanyc oKpyKHOCTU ws.

B npasuabHOM TpeyronbHuKe ABC co cTopoHoM 18 nmeem:

AB3 183
- = =0./3;
5 5 0.3

AO=§AH=%9¢'§=6J§,

AH

Toraa B NnpamoyronbHom TpeyronbHuke AOP (OP L AO):

OP =\JAP'— AQ® =\[19.2 ~(6v3 ) =6+6.

PM=%DP=%6E=4*5JE,

Tenepb HaxoaAnMm:

0603Haunm yepes T u K ToukKn nepecedyeHns npsamoi MP c OKpy*KHOCTbIO w,. Torga
oTpeskn MT n MK paBHbl pagnycam KOHLLEHTPUYECKUX OKPYKHOCTEN W3 U W4 C LEHTPOM M, oaHa U3 KOTOPbIX
KacaeTca OKPYXKHOCTEN W1 M W2 BHYTPEHHMM 06pa3om, Apyras — BHELHMM. TaK Kak

MT = PM—PT M= PM + Pk To MT =4,5:/6 -9, MK =4,5\6 +9.

Takmm o6pa30M, CYLLECTBYIOT ABe KOHLLEeHTPUYECKNE OKPYKHOCTU C LeHTpom M, KacatloLwwmeca Bcex AaHHbIX

yeTblpex chep: paguyc oaHomn cdepbl paBeH 4, 5\’% - g, a paauyc apyromn — 4, 5*/% +9.
Omeem: 4 5"{6 - 9; 4, 5\’% +9.



[5 6annoe] Cdepa ¢ nenrpom O BrmcaHa B TPEXTpaHHBIN yroJ ¢ BepumHoit S n Kacaercs ero rpameii
B Toukax K, L, M (Bce miockue yriabl Tpéxrpannoro yria pasziu4nsi). Haiiaure yron KSO n
IUIONIA/b CEYEHUs JIAHHOTO TPEXTPAHHOrO yTila IockocThio K LM, ecinm m3BecTHO, YTO IUIONIAIH
CeHeHUit TPEXTPAHHOTO yIla MIOCKOCTAME, KACAIOMAMUCH C¢(hepbl U MePIeH UK YIAPHBIME TPAMOii

SO, pasusel 1 u 4.
OTger: /K SO = arc 3111 o m

Pemenne. O6oznatum Toukn mepecetennst npsmoit SO co cepoit wepes P u () (Touxka P jiexur
na orpeske SO, a ) — Bue mero). [lycrs paguyc cdepst pasen r. Tpeyromsnuku OK S, OLS w OM S
upsiMoyroJibubie (yrubl upu Bepmunax K, L, M upsiMble, TAK KaK KACATEJIbHBIE [EPIEH MK Y/IADHbI
pajuycaM, MPOBEIEHHBIM B TOUKY KACAHHS). DTH TPEYTOJLHHKH PABHBI M0 KATETY I THIIOTEHY3e
(OK = OL = OM = R, SO - obmas), caeposarensio, ZKSO = /LSO = ZMSO (nycrsb
ZKSO = a, SO = x). Boicorsl, onymennsie u3 touek K, L, M na runorenysy SO, paBHbl, a HX
OCHOBaHUSI — OJIHA W Ta ke Tovuka H, nexamas B mwiockoctn K LM (Ha30BEM 3Ty IUIOCKOCTE T).
IIyers S u v KacarenbHBIE IUIOCKOCTH K cdepe, npoxoadnue dyepes Touka P u (), a F u I’ — touku
nepecetenns THX 1ockocTeil ¢ mpsamoit SK. [lo yeroBuo mwiomaan cedeHnit TPEXTPAHHOTO YIIa
STUMU TLJIOCKOCTAMI PaBHBI cooTBeTcTBenno S; = 1 u Sy = 4. PacemoTpuM cedenne TpeXrpaHmoro
yruia u cepbl mockocTbio SKO (em. puc. u obosnavenus na vem). Tak kak SH | HK uw SH | HL,
to 7 L SH. Torma cedenusi TpEXTpaHHOTO YTIJIA IJIOCKOCTSIMA T, [3 H Y — MOJZ0OHBEIE TPEYTOILHHUKH,
MJIOCKOCTH KOTOPBIX MAPAJICILHBI (BCe OHM TepHeHuKyasapanr SO).

Ecim ¥ — mwiomaas TpeyroJbHUKA, HOJIYYAIONIErocs B CETeHHH TPEXIPAHHOIO YIVIA IUIOCKOCTBIO
KLM, to u3 nojobuz 3 : Sy : Sy = KH? : EP? : FQ*. Cunenosarensto, EP : FQ = /S \/S2~
Torna /S : V/Se =SP:5Q = (x—r): (x+7), oTKyza r = 3:\/‘/:*_?, asina == = %

Orcona ZK SO = arcsin %

ck I

Puc. 1: Bapuant 5, 3ama4a 4

Hanee, OH = rsina, SH = SO — OH = -*— —rsina, SP = SO —r = =~ — r. 3na4ur,

511 ¥ ’ S11 (¥

¥ :S8 = KH?: EP?> = SH? : SP? = (ﬁ.l —sina)2 : ( . —1)2 = (1 +sina)? = % OTKYIa

16 sinax sin o




3.394. B ky6 ABCDA B,C,D, nomemeHsl ABe KacalOIlHeC:d

APYT ApYra BHEIMHHM ob0pazoMm cdepbl, pagHychl KOTODBIX OT-
"HOocATeA Kak 3 : 5. Ileprasa ciepa Kacaercsa BceX rpaHeil kyoda,
CONEepPIKAINHX BEepIIHHY A, BTopas — BceX I'paHed KybOa, comep-
samux BepmuEy C,. Haiitu ux paguycsl, ecau pedbpo Kyba pas-
HO 16.

Pewenwe. Obosraunm: K 1 H — meHTpEI cep, KacawIHXCA
BCeX IpaHel KyDa, coIep:KalliX COOTBETCTEEHHO BEPINHHY A H
sepmuEy C,. Ecim pagnyc nmepsoii cheprl paBeH R, To paguyc

BTOPOI paBeH gR. Jro ozHauaer, uTo KA = R JE ,HC, = gﬂﬁ .

KH=R+ gR. Tak kak pebpo Kyba pasro 16, To ero gHaroHaIb

AC, pasna 16 /3. Ho AK + KH + HC, = AC,, noaTomy ToJry4a-
6./3

J3+1

=3(3 — J3 ). Torga paguyc BTopoH chepbl paBeH 5(3 — ,Jﬁ ).

eM: RJE + R+ gR + gﬁ’ﬁ = lﬁﬁ, oTeyaa R =

3.398. Tpu paBHBIe cepsl paguyca 6 KacarwTcda Apyr Apyra.
Hailigure paguyc cheprnl, Kacarmlleica BceX TpeX 3TUX cdep, eCau
ee IeHTP JIeXKHUT B IIJIOCKOCTH IIEHTPOB TPeX JaHHBIX cdep.

PeweHune. B ceuennn Bcex derbipex cdep ILIOCKOCThBIO, IIPOXO-
Asdei depe3 MX IEHTPHI, [OJIVYaeM TPHM MOIapHO Kacaloluecs
OKDYXKHOCTH ®,, 0y, )3 Paguyca 6 ¢ HeHTpaMM COOTBETCTBEHHO A,
B, C u okpy:xHOCTE B ¢ merrpoM O, Kacamwmasacsa KaXJIoi u3 Hux.
IIpuuem Touka O coBHajaer C IEHTPOMIOM IIDaBMJIBHOI'O Tpe-
yronxsEuKa ABC co croporoit 12, nosromy OA = OB = OC =

=4./3.

BoamoxxHEl 1 Ba CAyYad.
1. OxpysxHOCTh B KacaeTca OKPYXKHOCTeH M, Wy, (¥; BHOIIHAM

obpazom. Ecim npu srom K — ToYKa BHEIIHEro KacaHUA OK-
py:kHOCcTelt @, u B, To OK — pazguyc okpy:xuoctu B u OK =
=0A - AK =4./3 - 6.

2. OxpyxHOCTE J Kacaercs OKPy»KHOCTEH O, ©0,, (V3 BHYTPEH-

HUM obpasom. Ecim 1ipm sTom M — TouYKa BHYTPEeHHero KacaHusd
OKpysxHOCTEH W, u B, To OM — paguyc oxpyxkHoctu B u OM =

= OA+AM =4./3 +6.



