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TNPELHCJIOBHE K INEPBOMY H3IAHHIO

Hacrosas KHHMra cocTaBneHa Ha OCHOBE ONLITA YTEHHA
aBTOpaMu o0fi3aTeNbHBIX M (aKYABTATHBHbLIX KYpPCOB 3/€MEH-
TapHOH TreoMeTpHM B mnejarorHyecKMx HHCTHTYTax W mpejHa-
3HaueHa CAyXUTH yueOubiM nocobuem AAA CTYNEHTOB (PHU3HKO-
MaTeMaTHYeCKUX (PaKyJALTETOB NMPH M3YUYEHHH UMM ClELHAJLHOTO
Kypca ajleMeHTapHOR MaTeMaTHKH. OTHM onpefenserca o0béM
JaHHOH paGoTH M XapaKTep H3JOXKEHHS.

[naBa 1 nocesieHa BonpocaM 00OCHOBAaHHA KOHCTPYKTHBHOH
reoMeTpHi. 31eCh BLIICHAETCSl COLEPIKAHME OCHOBHLIX MOHATHH,
DaéTcs AKCMUMaTHKa 3TOro pasfena FeOMETPHHM, H3Jaraercs
METOJMKA pelleHHsi FeoMeTpHYecKoll 3aiayM Ha MOCTPOEHHe.

Faapn [1—VI nocssiiedbl U3N0XKEHHI0 OCHOBHBIX METOLOB
reoMeTPUYECKHX NOCTPOeHHH. JTH METOAL ONMPAIOTCA HA M3Y-
YeHHe IeoMeTPHYECKHX MeCT ToYeK, NpocTeHLInX reoMeTPUIecKHX
npeoOpasosanuil ¥ Ha npuMeHeHue anre6pu. Heckonvko mosuee,
yeM 3170 oOHYHO Jenaercd, paccmoTpeH B raase VI sonpoc
0 BO3MOXHOCTH NOCTPOEHHSI aareOpanyecKoro BHIPAMEHHs.

B rnase VII paccMaTpuBaloTcss HEKOTOpDhIE 3afauyH, He pas-
pelwuMble  UHUPpKyJeM M JHHEHKOH, NPHBOAATCA PAa3/NMYHLIE ChO-
co0nl pelleHns K/AACCHYECKHX 3aAau CPelCTBAMH, OT/HYHBIMH
OT UMPKyJds W JAMHeHKH, a Takke HeKoTopHe cnocobbi Npubmin-
HEHHOro pelleHHs 3THX 3alay.

B raaese VIII paccmatpuBaercs BORpPOC © I€oMETPHYECKHX
NOCTPOEHUAX NpH pa3NMYHHX orpaHayeHusx. [IpuBopsaTcs Hoka-
3atenbcTBa Teopem Mopa-Mackepoun u Llreftnepa. 3akmoyn-
TelbHble naparpadh 9ToR rsiaBbl MOCBSLIEHE TEOMETPHYECKHM
MOCTPOEHHUAM € pPAa3JAHYHBIMH MHCTPYMEHTAMH (ABYCTOPOHHSIS
MHHEKa, yroJ, UMPKYJbL M JIMHEHKAa OTPAaHUYEHHLIX Pa3Mepos),
4 TAKWe MOCTPOEHUAM C HENOCTYNMHHIMH TOYKAMM.

B kouue kamioft rnasu npuBomATCs Bompochl AJs MOBTOPE-
HHf M 3apaud A/ NPaKTHYECKHX 3aHATHIL.
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B konue kHure noMewdH CnucoK JUTEPATYPH, HA KOTOPYIO
IEeNalTcs CCHLUIKM B TEKCTe.

OcHoBHOMY TEKCTY NpennochH/IaeTcsl KPaTKHH MCTOPUUECKUH
oG3op.

Apropul BHpaxalT npusHatenbHocTh JI. C. Aranacsmy M
E. I'. LLiyneretidepy, KoToprie npocMoTpeau sty paGory B py-
KOMKCH M MOMOT/M aBTOPAM CBOMMM 3aMEYAHMAMH.

Asmopul

22 ¢espans 1955 r.
CrMonenck

OT ABTOPOB

B nacTodiemM BTOPOM H3JaHWH MHCNPABJIEHH 3aMEYEHHbLIE
HaMH ONEYaTKH H NOrpeliHoCTH. Buecennl Takxe HEKOTOpLhIE
IOTIONIHEHUS B COOTBETCTBUM C 1i0BOH HPOI‘PaMMOﬂ AJi1 nenaro-
TMYeCKHX HHCTHTY TOB.



BBEJEHHE

lFeomerpHueckve NOCTpOEHMsi NPHBAEK/IM BHHMaHHE NpEBHE-
rpeyeckux mareMatuios ew@ B VI—V BB. 10 Hawet spu. Mmu
3aHUMAMMCL NMOYTH BCE KPYMHHE rpeueckue reomerpo: [Tuda-
rop (VI B. no H. 3.) u ero yuennk#, Tunnokpat (V B.
Jo H. 3.), Esxnaun, Apxumen, Anoanonutt (Il s.
no H. 3.), I[Tann (Il B. H. 3.) ¥ MHOrMe Apyrue.

MaremaTukn u3 wkonn [ludaropa yme cymenu cnpa-
BUTBCA € TAKOM CPaBHHUTENLHO CJOXHOM 3anauelt, KaK nocrpoe-
HHe TNpaBUALHOIO NsITMyrofbHuka. B V B. 10 H. 9. BO3HMKAM
3HAMEHHTHIE KJACCHYECKHE 3ajaud O KsajapaType Kpyra, ob
yaBoeHuH KyOa, o rtpucekuuu yraa (cM. ria. VII). 9tu sanaum,
KOTOpLle, KaK OKasaloCh BMOCJAEACTBHM, HE pa3peliuMbl € Mo-
MOUIBLI0 LHMPKY/fl ¥ JMHeHKH, B TeUeHHME MHOTHX BEKOB BbLISbiBaJIH
HUBERIINH MHTEpec pasiMuHbX Hccaenoeatenell. B IV 8. 1o
H. 3. rpedeckue Mecadrenu paspaGoraan Ty ofuiylo cxemy
pelieHHs reoMeTpuuecKkol 3sanayM Ha nocTpoeHMe (aHagaHs —
NOCTPOEHHE — J0KA3aTENLCTBO — UCC/ENOBAHUE), KOTOPOH ML
NoAb3yeMCsl U MOHHIHE.

Bca ucTopusi reomerpuM M HEKOTOPHX APYFHMX pasfienos
MaTeMaTHKH TECHO CBA3aHA C pPa3BUTHEM TEOPHUHM FeOMeTpPHYE-
CKMX nocTpoennl. Baxueflline akcHOME reomeTpuu, copmy-
JUPOBAHHEIE  OCHOBOMOJOXHUKOM  HAayuyHOH  PEOMETPUYECKOH
cucremsl Epksmpom oxono 300 r. 1o H. 9., SICHO MOKa3HBAIOT,
KaKyl0 poJb Chirpa/i reoMeTpHYeCKHE MocTpoeHus B GopMHpO-
BaHUM reomerpud. ,OT BCAKON TOUKM JO BCAKOR TOUKH MOXHO
nposecTH npamylo JMHMIO®, ,OrpaHHYEHHYI0 MNPAMYI0 MOHO
HenpeprniBHO npojomxaTh, V3 BcAKOro ueHTpa ¥ BCAKHM
Pacrsopom MoxeT OBITHL OMKcal Kpyr® — 3TH noctynars Esxkanna
fIBHO YKa3LIBAIOT HA OCHOBHOE MOJIOKEHHE KOHCTPYKTHBHBIX
METON0B B reoMETpHH JApPEBHHUX.



Jpepnerpeyeckye MAaTEMAaTHKH CHHUTaMH ,HCTHHHO TeoMe-
TPHYECKHMH® JHLIL MOCTPOEHMS, NPOU3BOAMMBIE UHPKY/JIEM M
NVUHeMKOH, He NpHU3HABas ,33KOHHHIM® HCMO/b30BAHHE APYTrHUX
CpencTs A/A pelleHHs KOHCTPYKTHBHHIX 3ajay. Ilpu sTOM,
B COOTBETCTBMM C TNocrynaramu Eskauna, oHum paccmatpupanu
JMHeHKY KaK HEOrpPaHHYEHHYI0 W OAHOCTOPOHHIO, a LMPKY/IIO
NPUNHCHBAOCH CBOHCTBO YEPTHTH OKPYXKHOCTH /MOOLIX pasme-
poB. 3ra TPanMUMA 1O CHX MOP CKa3hbiBAETCH B LIKOJLHOM Kypce
reomerpud. C Apyro#t cTOpoHH, HMEHHO I'DEKH nepsble CTaJH
NPHUB/IEKATL I/ FEOMETPHUECKHX MOCTPOEHUN NpPYrHe CpencTsa,
OT/HMuHLIE OT UHMpKYy/af M JjuHelixu. Tak, Hanpumep, Ilnaton
okono 400 r. po H. 3. pewan 3ajnayy o6 ynasoesnH KyOa
¢ MoMOUIBI0 ABYX MpAMHX yrios. ApXumen Nan pelieHue 3aRayH
O TPHCEKLUMHM YrJia ¢ NOMOIUbIO JMHEHKH ¢ ABYMS NOMeTKaMu.
Ty ke 3anayy pemwany ¢ NoMOWBIO Pas/inuHbiX Kpushix Huko-
Mel (C MOMOWBI0 KOHXOMAHY), [HOKAeC (€ MOMOLLbIO LHCCOMILL),
ITann u npyrue.

JipesHerpeuyecKue reoMeTphl YCHelHO COPaBJsVIMCh ¢ TPYA-
HeflIIMK 3aJayaMH Ha MNOCTPOEHHE C MOMOUBIO LHUPKY/IA H
avnedky. Tak, nanpumep, Anonnouunit Ileprckuit pelwun ussecr-
Hyl0 3anauy, Hocsuuylo ero ums: ,ITocTpourt OKpYyKHOCTE,
Kacaouyloca Tpéx AaHHBIX OKPyXHocTel“. HekoTophe sonpoch
anmreOpbl CBA3LIBAMHCL B TO BpEMSl YUEHBIMH C pELIEHHEM KOH-
CTPYKTHBHEIX 3anay. Hanpumep, perienne ypasHeHufl mepsott
W BTOpPOH cCTemeHH T'PEKH JaBaji B TIeOMEeTpPHYECKOH ¢opme.
Ilpu sToM KOpHM ypaBHeHMH HAXOAWIMCh C TMOMOLBIO Onpele-
JAEHHEIX TE€OMEeTPHYECKHX MOCTPOEHHH.

CpenHesekoBbe Mano nano B o6nacTH passATHS KOHCTPYK-
THBHOH TeoMeTpHH, XOTfl €10 3aHHMAJHCh MHOIHME MaTEMaTHKH
3Toro speMeHH. JlOCTaTOYHO CKA3aTh, YTO HEKOTOpLIE 3anauu,
pELIEHHLIE [peBHEr PeYyeCKUMH MaTEMATHKAMH, OKA3a/JMChb He Moj
CUJIy MAaTEMaTHKAM MNEpPBLIX NMOJNYTOpPA ThiCAueseTHH Hallel sphl.
Tak, sanpumep, sanaya AnossoHus, pellieHve KOTOpoH OblIO
yTpaueno, Owblna cHoBa peleHa toibko B XVI B. (eé pewnn
U3BECTHLIM panuysckuit MmateMaTuk Ppancya Buer).

Toabko B HoBoe spems (XVII—XX BB.) Teopusi reomerpu-
YeCKHUX NMOCTPOEHHH cTana pa3BUBATLCA JaJblle IIaBHHIM 00pasom
B CBASM C CO3JlaHWEM HOBHIX pasfenos Marematuku. C apyroit
CTOPOHBL, W BONPOCH KOHCTPYKTHUBHON reOMeTpPHHU HapaLy € ApY-
UMM CTHMYJIaMH CNocoOCTBOBAMH CO3A3HMIO HOBLIX MaTeMaTH-
YeCKHX Teopuit M Meronos. B TecHOM cBs3M C reoMeTpHyYECKHMH
NOCTPOEHUAMH OKA3aJUCh AHAMUTHYECKAs] reOMeTpHUsl, MPOEKTHB-
Hasg reoMeTpHs, HauepTaTe/bHan re€OMETpHA, TeOpus aiareGpau-
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YeCKHX ypaBHeHHH (B YaCTHOCTH, BOMPOCH! NPHBOAMMOCTH ypaB-
Heunlt), rteopus anreOpaMyecKUX ‘U TPAHCUEHNEHTHHX YHCeJ,
TEOPHsl AHATMUTHYECKHX (YHKUHURA.

Muoro sHUMaHus yIENSTM KOHCTPYKTHBHBIM 33[auaM TBOPIibE
coBpemeHHON MareMmaTuku: [exkapr, Pepma, Huloron, [Mackadn,
Onep, laycc u npyrue. Tak, nanpumep, Iexkapt u Hrioton pe-
I/ 3afiayy O TPUCEKLUMH YI/a ¢ NOMOLIBI0 KOHHYECKHX CEYEHHH.
Hesasucumo or Buera Hekapr, Huloron, ditnep nanu csou pele-
Hug 3anayv Ano/ionus, a depma pellint aHAJOTHUHYW) 33844y
s npocrpaHcTsa. JleKkapT, cosnartesnn aHaIMTHYeCKOH recMe-
TPHUH, YCOELWHO MPHMEHA] METOA KOOPIMHAT K pelleHHI0 3anay
Ha NOCTpOeHMUe.

B XVII—XIX BB. paspabaTriBaeTCsi TEOPHS FEOMeTPHYECKHX
NOCTPOEHUH € MNOMOIUBIO PA3MMYHBIX HMHCTPYMEHTOB, OTJHYHBIX
OT TNpuHATHIX ApesHUMH. Yxke Jleowapno pa BuHum
(1452—1519) paccMaTpuBan MNOCTPOEHHSI C MOMOIUBLIO JHHEHKH
M UWPKYJsl NOCTOAHHOrO pasMaxa. [atyavun Mop (1672) u
utamesnel Mackepouu (1797) usyuand noCTpoeHus, BHINOJ-
HUMBlE UHPKYIeM, H OOHAPYKUIH, YTO LUHMPKYJIb NO3BOJAET PELINTD
BCAKYI0 KOHCTPYKTHMBHYI0 3afauy, pa3peliMMYI0O LMPKYyJeM |
aunedikoil. K He MeHee MHTepecHLIM BHIBOLAM NMPHXOAST OCHOBO-
NOJOXHUKH NpoekTHBHOM reometpur Llteftne p (1833) u [1on-
cene (1822), wuccnenoBaBuine TeOMETpPHYECKHE NOCTPOCHHS,
BHIIOJHAEMHE JIMHEMKOR MpH HalMuMM HayepueHHOH OKpYXHOCTH
€ OTMEYEHHBIM LEHTPOM.
i¥. IMocne paGoT 3THX ABTOPOB MOABJSIETCS PN HCC/efoBaHUN
O MOCTPOEHUSX C MOMOLILIO ABYCTOPOHHeH /AuHelku (¢ napas-
JeNBEHHME KPasiMH), € MOMOLLBIO YrOJBHHKA U APYTUX HHCTPYMEH-
toB. OnnH U3 KpynHedwnx reometpor koHua XIX u Havana XX B.
Jd. Tuan6Gepr B cBoelt knaccuyeckolt kuure ,OcHoBaHus reo-
MEeTPHH® paccMaTPHBAET MNOCTPOEHMS C [OMOIULIO JHHEHKH H
3TANIOHa JJIMHEL.

Ewd s XVII 8. (1774) wsetiuapen JlamOepr paccMa-
TPHBAJ HEKOTOPH€ 33Jay¥ HAa MNOCTPOEHHE HA OF PAHMYEHHOM
KyCKe MNJOCKOCTH. IJTOT e BOMPOC O NMOCTPOEHHAX ,C Heno-
CTYHHEIMHM 3JIeMeHTaMU“ HEONHOKPAaTHO H3Yyyajcsl BMOCJ/eACTBHH,
TAK KaK OH NpelcTaB/isieT GoJbliOf HHTEpec A NPaKTHKH
YepTEWKHUKA W reolesncTa.

Muorosekosbie HeylayHHE TNOMBITKM PELINTb KJaCCHYeCKHE
3ajayM o KsaapaType Kpyra, o0 yasoeHun Ky0a, o TpUCEKLMH
YIa HaselM Ha MEICAb, YTO 3TH 33fayd BOBCE He PaspeliAMbi
UMpKyaeM u JuHelKoft (Takoe mnpPeANOJOMEHHE OTHOCHTENBHO
3apgaun o KBajpartype Kpyra hickasan ewd B XV B. Jleonapno
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na Bunuu, a noannee — Llrude1s n usobperaTesb HIBECTHONO
usmepurephoro npuGopa Hownuyc). B casu ¢ 3TUM BO3HHKJA
HeOOXONMMOCTL BHACHUTb, KAKHe 3alayM pas3pelUUMBl LUPKYJEM
W JvHelKoH. DToT BONPOC 0Ka3ajcA TECHO CBA3AHHLIM C anare-
Gpauyeckoit nmpobGnemoll paspeliMMOCTH ypaBHeHHH B painKanax
(B 4aCTHOCTH, B KBaAPATHHIX PAaAMKa/aX). 3aMEYaTeLHEIE HCCNEN0-
BaHus, npopenguubie 8 3Tol obnactuK. Fayccom (1777—1855),
nosposuan emy 8 1796 r. nomocTeio pewnts oMy u3 Hauboiee
TPYAHHX npoGneM KOHCTPYKTHBHOH reoMeTPHH: KaKMM JOMKHO
GLITE HATYpAJbHOE YHCAO 1, UYTOOB NPaBHJBLHBIN 71-yIOJBLHHUK
MOXHO OLUJIO MOCTPOATL LMUPKYyAeM M JuHeHKol? 3anaua o Kpa-
aparype Kpyra npupena K rayGokuM HCcleloBaHusM B 00aacTH
TEOPHH YHCEJ, CBA3aHHEIM € H3yyeHHeM cBoHcTB uucna . IJTH
HCCIeN0BaNHA, KOTOphle ObuIM 3aKOHUEHH JHLIB BO BTOPOH Moo~
sune XIX B., MO3BOMMIM A0OKAa3aTh, YTO 3alaya O KBajapaType
Kpyra He paspelliuMa LUHPKyJeM W JHHEHKON.

Ha 6ase HakoneHHoro (aKkTHYECKOr0 MaTepuana B KOHLE
XIX u B XX B. nossiseTcs psn  counHeHu#, o6oGuiaioLux
peay/bTaThi TEOPHH TEOMETPHYECKHX RnOcTpoeHud,— palboThl
. Knetva u dupuxseca, ,Teopus reoMeTpHYECKHX NO-
crpoennit® A. Apnepa u ap. K paforam rakoro pona oTHocarcs
TaKke HelapHo onyO/ukoBaHHble Kuuru JleGera [34], Bu-
GepGaxa [33]*. [IlpuHuMnua’IbHBIM BONPOCAM TEOPHH TreoMe-
TPHYECKHX MOCTPOeHM# noceslleHbl riay0okne uCC/edoBaHus
C. O. UlaryunoBckoro [28], [29]. Bceobumyl uasecTHOCTb
nonyunia npesocxondnas kuwra M. WM. Anexcannposa
»MeTolbl pelleHns TeOMETPHYECKHMX Bafday HA MNOCTPOEHHE®,
snepsble phimienuas s 1881 r.; Ko cux nop oHa ocTaéTcsl OLHUM
U3 Ayylux nocoOMi MO KOHCTPYKTHBHOH reoMeTpuH.

Pan untepecnbix paboT no TeOpMM M METOLMKE TeOMETPH-
YeCKHX NoCTPoeHuH nHaneyataH copeTckumu yuéueimu H. ¢. Her -
sepyxuunuM, J. J. Mopayxa#i-Bonrosckum u
LpyTHAMH.

[eomerpryeckMe NoOCTPOEHMS]I B  €BK/AWJOBOH  TJIOCKOCTH,
KOTOpLIE M3yya/MCh APEBHMMH M NPEHMYLUECTBEHHO HU3Y4YaloTCs
Y NOHLIHE, CYLIECTBEHHO 3aBHCAT OT AaKCHOM EBKJ/MIOBOH recme-
Tpun. B reomerpmn, co3naHHON TeHHANBHEIM PYCCKHM YYEHBHIM
H. U. Jlo6aueBCcKuM, HMeeT MECTO HHas CHCTEMa aKCHOM,
a no3TOMY M TEOPHfl IE€OMETPHYeCKHX TNOCTPOEHM#i BO MHOTOM
uHas. Pewlenre paia BaxHeHluX 3253y HA NOCTPOEHUE B HEEBKJIH-
nosolt naockoct¥ Obin0 pano ewd B 1832 r. saMeuare/bHbIM

* CM. yka3atelb JHTEPATyPH B KOHLIE KHHIH.



BeHrepckuM MartematukoMm 5. Boau (1802—1860). dynnamen-
TaJbHBE HCCefoBanust B 3ToH oONacTH NPHHANJIEHKAT COBETCKHM
yuenbiM— JI. JI. Mopayxa#h-BontoBcKkomy u ero yue-
nukaM, a takke A, C. CMoropxesckoMy (cM. 00 3TOM
s [18]).

Bonpwo#t npakTuueckuit wHTEpec npeicTaBisOT NpUOAMKEH-
Hbie CnocoOnl pelieHHs TeoMeTPHYECKMX 3alay Ha MOCTPOEHHe.
HacTo oKasbiBaeTcs, yTo npUOAMKERHBIA cnoco0 pelieHus C TOUKH
3penusi uepTEKHOM NPAKTHKM 3HAUMTEJLHO BHITOJHEE W Mpolie
TEOPETHYECKH TOYHOro cnocoba moctpoenus. B Tevenwe Muoro-
BEKOBOH HMCTODHH KOHCTPYKTHBHOH reoMeTpuH OBUIM [aHH MHO-
rue uHTepecHble NpubimKEHHbIE crocoOb PElIEHHs 3HAMEHHTHIX
KJaCCMYECKMX 3anay, a TAKXKEe M MHOTMX Apyrux 3anad. Emg
Apxumen nan npuGankEHHEN cnocol MOCTPOEHHs MPABUIBLHOTO
CEMHYTO/MbHUKA; M3 €ro ke HCC/IeJOBAHME MOXHO BLIBECTH NpPH-
Omx&HHLIR cnocol pelllenus 3ajaun o Ksaaparype kpyra. I1pu-
OmxE€HHBlE MeToNbl FecMETPHYECKMX MNOCTPOEHMH COCTABMAIOT
B HACTOfILlEE BPEMA BaXHYI0 YaCTb TEOPHMH TEOMETPUYECKUX
NOCTPOEHUH.

IpakTHuecku#t W TeopeTHUECKHMH HHTEpPEC MNPEACTaBJIAIOT
TAKKEe HCC/IeNOBaHUA OTHOCHTE/ILHO KpPUTEpHMEB TOYHOCTH M Cpa-
BHUTEJNLHON MPOCTOTH pasiMuHHX cnocoloB pelueHusi Tol MM
HWHOH 3afayud TEMH WM HHBIMH CPENCTBAMM (TaK HashiBaeMas
2eomempozpaghus).

B HacToAmee BpeMs TeOpHs TeOMETpPHYECKHX NOCTpoeHuH
npencrasiser obwupHylo u rayboko paseurylo oOnacth MaTe-
MaTHKH, CBfI3aHHYIO € pelleHHeM pa3HOOOGpasHbIX MPHHIHNHAIL-
HBIX BOMPOCOB, YXOAAWMX B JApDYrHe BETBM MaTEMaTHKH.

Manoxenne MHOrMX reomMeTpdyecKHX BOMPOCOB OMHPAETCH
Ha TreoMeTpuuyeckHe [OCTPOEHHS. IJTO 0COOEHHO XapaKTepHo
i, OKa3aTeNnLCTB CYLIECTBOBAHUA“: CYLIECTBOBAHME LEHTPA
OKPYXHOCTH, BIHMCAHHO! B TPEYroJbHMK, CYLIECTBOBaHHE MOAOO-
HbIX TPEYrOJLHHKOB, CYILIECTBOBAHHE Napa/leNbHLIX NPAMBIX H AD.
LOKa3HBAETCA € MOMOIULIO MOCTPOEHUH.

OcHoBHHE 3Tanbl pelIeHHsi FeOMETPHYECKOH 33aJlayM Ha no-
CTPOEHHE XapaKTepHbt JJIfl N/1aHa pellenns Moboit colepkarenb-
Holl MaTemaTHuecKkoft 3anayM: aHanM3, CUHTE3, NOKAa3aTelb-
CTBO H HCCAEOBAHHE SAIBISIIOTCS €ro HEeOoOXOJMMLIMH 3JEMEH-
TaMHU.

Teopns reomeTpuueckux nocTpoeHUl! cOCTAaBIAET TEOPETH-
YECKYI0 OCHOBY NpaKkTHyecKoM rpaduku: MHOTHe YepTEXHLE|
NpUEMBI ONUPAIOTCH HA pelleHMs] FeOMeTPHYECKHX 3ajay Ha no-!
CTpoeHue.,
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* *
*

[eomerpryeckMe HOCTPOEHMS MOTYT CHIIpPaTb CePbEsHYI0
poJib B MaTeMaTHYeCKOR MOAroToBKe wxonpHuka. Hu onun Bun
3amay wHe 1naéT, noxanyH, CTONBKO MaTepuana AJisl PasBUTHs
MATEeMATHYECKOH WHMUMATHBEI M JIOTMYECKHX HABBIKOB y4aulerocs,
K4K FeoMeTPHYECKHe 3ala4H HA MOCTPOeHHe. ITH 3a1ayd OOLIYHO
He N0NVCKAloT CTaHZAPTHOrO NMOJAXoAa K HHM W (OpMAsbHOTO
BOCAPHUATHA MX YYalLUMMHUCA. 3afayd HA NOCTPOEHHe yROOHEI Ais
3aKpenneHHs TEOPeTHYeCKUX 3HAaHMK yuauuxcs no gwobomy pas-
Neny IUKOJNBHOTO Kypca reoMeTpuu. Pemas reomeTpuueckue
3anauM Ha NOCTPOeHHe, Yyualluhcs npuobpeTaeT MHOTO MOJAE3HBIX
YePTEKHBIX HABHIKOB.



Nnasa |
OCHOBAHHSI KOHCTPYKTUBHOW T'EOMETPHH

§ 1. OGune aKcHOMBI KOHCTPYKTUBHOH Te€OMETpHH

QDuzypoli B TeOMETPAHM Ha3wBAOT MO0YI0 COBOKYNMHOCTb
TOYeK (comepaluylo no KpallHel Mepe oauHy TOuKy).

ByneM npemnonarath, YTO B MPOCTPAHCTBE fAaHA HEKOTOpas
I0CKOCTh, KOTOPYIO Ha30BEM 0CHOBHOL n.iockocmeto. Orpa-
HHYUMCSA pPACCMOTpPEHHeM TOMBKO TAKUX (PUryp, KOTOphHE 0npH-
HALNEKAT 3TOH NJIOCKOCTH.

[Mpumepamu ¢uryp MOTYT CHAYXKHTB: TOYKA; fapa TOuek;
npsmas (paccMaTpuBaeMas KaK COBOKYMHOCTh [PHHALNEKAIUMX
el Touwek); mapa napaanenbHBIX TNPAMLIX; ompe3or (GuUrypa,
COCTOfIIAS M3 ABYX TOYEK M BCEX TOHYEK MPAMOH, Jemauux Mexny
HUMM); uHmepsas, WIM OTKPHTHH OTpe3oK (COBOKYNMHOCTH BCEX
TOYeK, JEKAIUMX MEXIy [BYMS NaHHLIMU TOYKAMH NpsMol); 2y4
(dpurypa, cocrosilllas M3 HEKOTOPOH TOYKH NPSAMOM M BCeX TOuek
3TOH mpsaMoNf, pacnonoXeHHBIX NO OQHY CTOPOHY OT STOH TOUKH);
OKPYMHOCTb (COBOKYNMHOCTH BCEX TOYEK MJIOCKOCTH OTCTOALLHX
Ha NAHHOE PACCTOSHHE OT HEKOTOPOH AaHHOW TOUKH 9TOH mio-
CKOCTH); KPYr (COBOKYMHOCTH BCEX TOYEK MAOCKOCTH, PaccTos-
HHUST KOTOPHX OT naHHOH B 9TOH NJOCKOCTH TOYKA HE MNPEBHI-
AT [JMHLL BAHHOTO OTPE3Ka) W AP.

Onna ¢urypa HasbiBaeTca uacmeto npyroft ¢uryps, ecim
Kaxcnias TOYKa nepeod Qurypoi NPHHALNEKHMT BTOPOH ¢urype.
Tak, wanpumep, wuactamm npsmol OymyT: BCsKHE aexaiuuht
Ha nell orTpesok, Jexaiui Ha 3TOH MpaAMOM AyY, TOYKA Ha TOH
npsaMoly, cama npsamas.

CoeOunenuem 1ByX WM HECKONBKMX (UIYp HA3LIBAETCS
COBOKYNHOCTb BCEX TOYEK, MpHHALJEKAIWHUX XOoTa Obt onnol us
9TX ¢uryp. Coennnenne ¢uryp P, u &, o603nayaloT TakK:
(I)1+(I>g nn ;U D, )
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Ipumep. Coennnenne nByx nyueft Am u Bn onHoH upsmoft
MONeT npenctaiasTe cobolt: a) Bcwo npsmyio (puc. 1,a); 6) nyd
sTolt npsmo#t (puc. 1,6); B) npsmyw Ges uarepsana (puc. 1,s).

MNonsTveM coOenNMHEHHS] MOXHO BOCMOJNBH3OBATHCH M/ ONpe-

neneHus HeKoTophLIX QUryp. Hanpumep, ecmu A, Ay, ..., 4,— 1
4 B TOYEK, TO COELNHEHHE OTpEe3-
a) O M xosAA, A4, ..., Ay 14p
n A,A, HasBBaeTCs N-yroib-

&) m_ A HHKOM.
n B Tepecenernuem, nm 06-
8) n - £ m  wel vyacThI0O IBYX HJIH He-
B CKOJMbKNX (UTypP, HasbIBAETCS
Puc. 1. COBOKYMHOCTb BCeX TOYeK,

KOTOpHE fBJAIOTCH OOWIMMH
ans 3tux ¢uryp. Ilepecevenne neyx ¢wuryp ®, u &P, obo-
aHavalor Tak: P, -®P, uan P, NDP,.

Ilpumep. Ecan paccrosHue npsMol OT LEHTPA OKPYXHOCTH
MeHblIe panuyca 3TOH OKPYXXHOCTH, TO NmepeceueHHe mpsMol C
OKPYXHOCTBIO MPENCTABNAET Mapy Touek. Ecnu paccTosiHue npsamoH
OT LEHTPA OKPYKHOCTH PAaBHO PALUyCy OKPYMHOCTH (Cnyual Ka-
caHusl), TO nepeceyeHHeM OyneT ONHA TOyKa (TOYKA KaCaHHs).

Pasnocmeio nryx ¢uryp ®, u P, HaspiaeTCs COROKYMHOCTD
BCEX TaKuX Toyek ¢urype P¥,, KoTOprle He NpHHALNEXAT (H-
rype ®,. Pasnocts ¢uryp @, u &, obosnavaercs Tak: P, \D,-
Hanpumep, pasHocTh.MeXny mpsMOH M JexaluMM Ha Hel. uHTep-
BANOM €CTb COROKYMHOCTb ARYX Jayuel, npHHaljexaliux sTof
npsMoi.

Moxer okasaTeCs, uTO nepeceueHue (WIH PasHOCTb) ABYX
¢uryp He conepxuT HM onHoM ToykH. B 3TOM Ciyuae rosopsr,
YTO nepeceyeHue (WIH COOTBETCTREHHO PA3HOCTb) NAHHHIX GUTYP
ecTb nycmoe MmHOXcecm80 ToyeK. Tak, nepeceueHue npsmol
C OKPYMXHOCTBIO OyneT MycTHM MHOMECTBOM, ECJIH PACCTOsSHWE
npsiMOH OT LEHTPa OKPY!HOCTH OKaxercs Gonplie paamyca 5ToH
OKPYXHGCTH. PasnHocTh Mexdy HHTepBanoM npsMolt u Bcelt mps-
MOH eCTb MyCTOE MHOMECTRO.

Slcno, yro ecou ¢urypa @, ectp uacte Qurype Dy, TO
pasaocte ®,\ P, ecrp nycroe MHOMecTBO. HeTpyano no-
Ka3aTb (CmocofoM oT npoTWHOro) u obpaTaoe: ecmu pas-
HocTb @\ P, —nycroe MHOKeCTBO, TO ¢urypa &P, ectb
yacte Quryps @,.

***

Pasnea reomerpu, B KOTOPOM H3yyalOTCsi T€OMETPHYECKHE

NOCTPOEHNS, HA3LIBAIOT KOHCMpPYKmusuoii zeomempuedi. Ocros-
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HbiM TOHATHEM KOHCTPYKTHBHOW reOMeTpHH sBJseTCs NOHATHE
nocmpoums 2eoMmempuieckyio duzypy.

Mpl npuMem 3TO nonsTHe 6e3 onpedesenus. KonkpeTHuH
ero CMHC/H H3BECTEH U3 MPAKTUKH, TLe OHO 03HAyaeT TO XKE,
YyTO ,HAYEPTHTH®, ,MPOBECTH® (NHHHMIO), ,OTMETHTb® (TOYKY)
¥ T. . B uHTepecax NOrMuyeckoll CTPOTOCTH H3NOXEHHs Heol-
XOMMMO 4&TKO (OPMYJHPORATH T€ OCHOBHbE TpeboRanus (mo-
CTY/IATH), KOTOPHIMHA XapaKTepH3yeTCs 3TO nousTHe. TN Tpebo-
BaHHs OOBIYHO He GOPMYJIMPYIOTCA B YCJIOBHAX LIKOJBHOIO Kypca
9€MEHTAPHON T'eOMeTpPHH, HO OHH MOAPA3yMeRaloOTCs B Mporecce
pelueHus moBol reoMeTpHYeCKol 330444 HA NOCTPOEHHE KAK HEYTO
camo coBolt pasymelomeecs. OcHorHHe TpeGopaHusi (MOCTYNATH)
KOHCTPYKTHBHOH reoMmeTpuu BoipaxaloT B abcTpakThHol ¢opme
Haubolee CylIeCTBEHHEE MOMEHTH 4epT&XHO#H mnpakTuku. OHH
ABMSIIOTCS AKCHOMAMH, MPHHMMAIOTCs Oe3 NOKAa3aTelbCTRA M CIIy-
kAT B NajbHeRuIeM JOTHYECKOH OCHOBOM KOHCTPYKTHRHOH reo-
mMeTpud. [lepelln€M K PACCMOTPEHMIO 3THX OCHOBHBIX MOJNOXEHHH
(AKCHOM) TEOpPHUM TEeOMETPUYECKHUX MOCTPOEHHH.

Ecmu o kakoli-nubo ¢urype ckasano, uyto OHa 0ara, TO
IpH 3TOM eCTeCTBEHHO MNOAPasyMeBaeTcsd, YTO OHA YXKE H30-
OpaxkeHa, HayepueHa, T. €. nocTpoeHa. Takum o6pasom, neproe
ocHogHOEe TpeGOBAaHWE KOHCTPYKTHBHOH TreOMeTPHH COCTOMT
B ClefyloleM:

I. Kaocoasn oannasn uzypa nocmpoea.

3aMeTHM, 4YTO He ClefyeT CMEeLIWBAaTb MOHATHS ., aHHASA
durypa“ u ,durypa, 3adanuan (WK onpedeséHHaN) TAKAMH-TO
LAaHHBIMU e€ aneMenTaMu“. B nocaennem ciyuae naHa He caMa
¢urypa, a JHWb HEKOTOPHIE €€ 3JeMeHTH, KOTOpPHE Onpene-
AF1I0T noJoeHuwe ITOM Qurypel. Hanpumep, ecam pasel nBe
TOYKH TpPAMOH, TO CYLIECTBYeT €NHHCTBEHHAs MNpAMas, COEIH-
HAIONIAS STH TOYKHW, T. €. 3Ta NpsiMas onpeneneHa AByMs TOY-
KaMH, HO STO He 03HAYAET, YTO MpsAMas 3Ta mocTpoeHa (Ha-
yepyeHa). Touno Tak e neHTp O M Touka A Ha OKPYIHOCTH
onpeneisioT 3Ty OKPYXKHOCTh [0 BEJHYMHE W MOJOXEHHIO, HO
eCliM CKA3aHO TOMBKO, 4To naHHl Touyku O u A, 10 emwé He
CienyeT CuMTaTh (B TOM CMEIC/IE, KAK 3TO MOHMMAETCS B KOH-
CTPYKTHBHOH TeOMETPHH), YTO RaHA CaMa OKPYXKHOCTb.

[pencraBum cebe, uyTO NOCTPOEHA MONYOKPYKHOCTE AmB
(puc. 2), a Takxke noctpoeHa W RNosayokpyxuocts AnB. Ko-
HEYHo, MOCJe STOTO HALO CYMTATH, YTO NOCTPOEHA BCS OKPYIK-
HOCTE AmBnA. Touso Tak e, ecnu nocTpoeH ayuy AM Heko-
Topo#t npsMo# (puc. 3), a 3areM nyu BN Tolt ke npsmoi,
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T0, ecTeCTBREHHO, CuWTaetés, uTO foctpoena upsmas MN,
ABMSIOIIAACA COenHHeHnHeM 3THX Jayue#. Ecau nocTpoeHB TpH
otpeska AB, BC u CA, T0 HeT HanoGHOCTH CTPOHTBH YTO-AHOO
m e, yTtoOH MOCTPOMTHL Tpe-
yronsauk ABC. 3Tu npumepbl
Pa3bACHAIOT CMBICA CJIENYIOIEro
NOCTyJaTa:
H. Ecau nocmpoensi ose
(wmn  Gonee) huzypor, mo no-

A B CMPOEHO U COCOUHEHuEe IMmUX
guzyp.
N M
A B
Puc. 2. Puc. 3.

INpenctagum cebe, 4TO NOCTPOEHH [Ba OTpe3Ka OAHON
npsmoii: AB w CD. EcrecTBeHHO, CYHMTA€TCH BO3MOXKHHM
OTBETHTb HAa BOMPOC, MpHHALNEKUT JH OTpesok CD uenukoM
orpe3ky AB (puc. 4@) wam Her (puc. 46). Ecam noctpoena

¢ D cC D
A B A B
Puc. 4a. Puc. 46.

OKPYIHOCTB H TOYKA, TO MPH HEMNOCPEILCTBEHHOM PAaCCMOTPEHHH
yepTeKa MOMKHO OTBETHTb Ha BONPOC, JEXHT JH MOCTPOEHHAs
TOYKA HA MOCTPOeHHOH OKPYMHOCTH HJM HeT. BoolOue, ecnm
noCTpOeHH nRe QUrypH, TO CYUHTAETCS W3RECTHHLIM, SIBJISETCS JIH
ONHA M3 HHX YaCThO ApyroH uam Her. A Tak Kak ¢urypa @,
ABAsieTCs 4acThio ¢urype @, B TOM W TOABKO B TOM Clyuae,
korna pasaocth O\ P, npeacrapaser cobol mnycroe MHO-
HeCTBO, TO TpeThe OCHOBHOE TpebORAHHE TEOPHH TeOMeTpH-
YeCKHX MOCTPOEHHH MOXHO BHPa3uThb B chaenywiue#l ¢opwme:

Iil. Ecau nocmpoenst 08e puzypsi, mo MONCHO ycma-
HOBUMb, ABASIEMCS AL UX PA3HOCME HYCMOIM  MHO-
JHcecCmeoM uan Hem.

Mycte A, B, C, D—4 toukn npsmo#t (puc. 5). JonycTum,
yro ortpe3sku AC u BD noctpoens. Torma Me, KOHeuHo,
fyneM CuMTATH MOCTPOEHHHIMH KaK o0Tpe3ok® AB, KoTopuLili
ABNAETCS PasHOCTbIO oTpe3koB AC wu BD, Tak ¥ 0Tpe3ok*

* Tounee — nosyuurepeaj.
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€D, xoTophit sBISETCS PasHOCTHI0 OTpe3ko BDw AC. Lpyro#
npuMep: €CHM MOCTPOEHA OKPYHHOCTh M HA HEH TOUKA, TO MH
cuMTaeM UOCTPOEHHOH Takxke Ty ¢uUrypy, KoTopas ocCTa-
gercs, €CAH M3 OKPYMHOCTH

yRATHTE 3Ty TOYKY, T. €. -z B—_E D
CUYNTAEM nocTpoeHHOH pas-

HOCTh MEXAYy OKDPYXHOCTBIO H Prc. 5.

TOYKOH.

1V. Ecau pasnocms 08yx nocmpoennvix Huzyp He
ABASEMC NYCMBIM  MHONCECMBOM, MO 3ME PAIHOCHD
nocmpoena.

[MocTpouR nBe 0PSMBIE, MBI BCErAA CYNTAEM BO3MOXKHBIM
CKa3aTb, NMEPECEKAIOTCA OHM HAM HeT. TOYHO Tak e, €CIH OB
OKPYXHOCTH MOCTPOEHH, TO Mhl CYHTAeM BO3MOXHEIM YCTa-
HOBUThL (MO YepTeKy), HMEWT nu ouu obulMe TOUKH. ITO XKe
OTHOCHTCH K n0ObIM  1ByM mocTpoennbiM ¢urypaMm. Takum
oOpasom:

V. Ecau dse guzypel nocmpoensvi, mo MmOHCHO ycma-
HOBUMb, ABASCMCA AL UX HEPECEHEHUE HYCMbIM MHO-
HCECMBOM UNIL HEM.

C ToukM 3peHus YepTEHOM MPAKTHKH MNOCHenHee YyCJIOBHe
oTpaxaeT onpeneNEHHAbe TPeOOBAHHS K KAYECTBY BHINOJ-
nennbix  ueprexel. Tak, nanpuMep, ecnd TOCTPOEHH HEKO-
TOpas OKPYXHOCTE M TOYKA, TO JMOMKHO ObITL SICHO, JEXHT
JM TOYKA HA OKPYXHOCTM WiM Her. Ecaum nocrpoeHn nge
OKPYXHOCTH, TO MOMHO CKa3aTh, HMEIOT NH OHM oOLUME TOYKH
WIH HET.

O6paTtuMca ew® pas K puCyHKY 5. [lycTh uWsBeCTHO, yTO
nmoctpoenbl oTpe3kh AC u BD. B 3TtoM cayuyae Mbl OyneM
TAKIKE CYHTATb MOCTPOEHHBIM M oTpe3ok BC, KoTophH
SBNSIETCS MepeceyeHHeM STHX OBYX OTpe3koB. Ecnu nayepuenw
LBE MepeceKalolecs OKPYIKHOCTH, TO MH OyneM CudTath 00-
CTPOeHHOH Take Napy TOueK MX mepecedeHus. Takoro pona
COTJialileHHs] BHPAKAIOTCH ClenylonM oGpasoM.

VI. Ecau nepecevenue 08yx nocmpoenHoix Puzyp ne
nycmo, r:0 OHO NOCMPOEHO.

B caenpyommx Tpéx OCHOBHBIX TpeGORAHMAX TOBOPHUTCS
O BO3MOXHOCTSIX NOCHPoeHusi OTHENbHHX TOYeK.

Vil. Moscno nocmpoume A1000€ KOHEUHOE HUCAO
00wux mouex O08YX HOCMPOEHHBLY Pu2yp, ecau maxue
mouxy cyujecmsyrom.

VIil. Moosicrno nocmpoume mouxy, 3a86e00M0 NPUHAO-
Aexcayyro nocmpoennol duzype.
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1X. Mooacno nocmpoume moury, Sasedomd He npu-
HQOneHCauwyYIo nocmpoernoli guzype*.

B nanbHefinem tpebomamms [—I[X sroro naparpada Mu
OyneM HasuBaTk OOWuMU QKCUOMAMU KOHCTPYKTHBHOM reo-
METpPHH.

§ 2. Jonoanutensunie 3amedanusi o6 axcuomax
KOHCTPYKTHBHOH reoOMeTpHu

Cucrema akcuom [—IX, nsnowennnix B § 1, He sBisercs Hesasu-
cumoil. B Hacrosuiem naparpage Mel cQOPMYJHPYeM CHCTEMY YeTHIPEX
aKCHOM H MOKaXeM, 4TO Bce akcuombl [—IX ciaenyior u3 370H cHCTEME
aKCHOM WJH COJlepwkaTcs B HeH.

Kak yxe orMeualoch BHILE, MBI BCerja Ipejinojaraem, YTO BCe
paccmarpupaeMble  (Hrypbl pacrnojioxeHhl B HEKOTOpPOH IJIOCKOCTH,
KOTOPYIO MH YCJOBHJIHChH Ha3ulBaTh OCHOBHOL [IOCKOCTHIO.

Arcuoma 1. OcHosHas naockocms NOCMpPoOeHa.

Axcuoma 2. Ecau nocmpoens 0se guzypei, mo moicro ycma-
HOBumb SBASEMCST AU UX PASHOCMb NYCMBLM MHOIMCECMEOM UAL
Hem.
Axcuoma 3. Ecsau pasnocms 0syx nocmpoenHnix Quzyp He
ABASEMCST  NYCMbIM  MHOMNCECTBOM, MO IMA PASHOCMS MAKHCE
nocmpoena.

Credcmsue 1. Ecan ape (Hryper NOCTPOEHH, TO MOXHO CUHTATh
M3BECTHLIM, #BJAAETCHA JH HX NEpPeceyeHHe IYCTEIM MHOXECTBOM HIIH
HeT.

B camom gexe, nycth ¢urypel ®; nu Py nocrtpoern. O6o3Hauum
yepe3 S; COBOKYNHOCTH TEX Tou€K ¢uryps @y, KOTOpble HE MpHHAN-
jgexar ¢Qurype Py 1. €. nycte Sq= @\ Dy SlcHo, uro S; MOmHO
fpencraBuTh Takie B Bufe: S;= O \D;- P, 12k uro ¥, =S5, |
+ @y - Pg.

Ecan nocrpoenst ¢urypu ®,u @y, TOB CHIY aKCIHOMBI 2 H3BECTHO,
ABJAETCH JH pasHocth @\ P, NycrsiM MHOMEcTBOM HJH HeT. Ecan
STa pasHOCTbE Sy — NYCTOe MROKECTBO, TO P(- Py= P U MBI MOKEM
cKa3ath, uTO [lepeceyenne ¢;-P, He nycro. Ecm wme O\ P,
He nycrd, TO B CHJIY aKCHOMBI 3 CYHMTaeTcsi IOCTPOEHHOH (Hry-
pa P\ Py, T. €. durypa Sy, H B CHIYy aKCHOMBI 2 H3BECTHO, fBJAfETCH
an ®N\Sy, 1. e. @Dy, nycthiM mHOMECTROM miH Her. Cuencreue
JOKa3zaHo.

Credecmeue 2. Ecam nocrpoenbl jaBe (UrypH H HX NEpeceyeHue
He NycTO, TO 9TO nepeceyeHHe AONMHO CHHTAThCH MOCTPOCHHBIM.

JTO  BHITEKAaeT H3 aKCHOMBI 3 B CHAY COOTHOLIEHHA: Py . Py—
== (I)l\Sl.

Credemeue 3. Ecam nocrpoennbl ase QurLyphl, TO HX cOeuHeHue
JIOJAHO CYHTAThCH MOCTPOEHHBIM,

HNokasatedapcTBo. Ilycth ®; u ®y— nBe MOCTPOEHHHE (u-
rypol, IT— ocHoBHasi miockocth. Ecay XO1a Obi ofna u3 Quryp @y
uin P, cosnajaer ¢ II, ro yTBepupmeHHe BEPHO B CHIY aKCHOMMH I,

* Ecau pe BCe TOYKH MJOCKOCTH MNp.iHA/IEKAT MoCTPoeHnod
¢nrype.
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flycrs @, oramuno or II, a Takwe &y otmuno o111 B cuny akcunomb 3
JLOJMHBI CYHTATLCH NMOCTPOCHHBIMH QUrypH Fy = IIN®y u Fg =TI\ D,.

Bocnosbayemcs Tenepb CAEAYIOLIHM TOMWAECTBOM (IOKa3aTeJbCTBO
9TOrO TOWJAECTBa CM., Hanpumep, B kuure Il. C. Aznekcanapoea ,Bee-
JeHHe B OOy TeopHio MHOXECTR u ¢yHkumii*, ri. 1,§2, gopmyaa 1):
@1 + q)z = 11\F1 - [“2.

Ecan MHOXectBO Fy-Fg nycro, 10" @1} ®y=1I u, caenosa-
teabo, ¢urypa & P, n0JMKHa CHUHTaThCA NOCTPOEHHOH B CHJIY
akcnoMbl 1. Ecan we Fy-Fy ne mnycro, 1o durypa @, ¥, rakxe
JIONHA CUMTATLCH TIOCTPOEHHOH B CHJY aKCHOMBI 3.

Arcuoma 4. Ecau nocmpoens. dse duzypei, nepecenenue Ko-
MmopuiX He nycmo, mo MONCHO nocmpoums nO Kpainei mepe o0Hy
MOLKY, NPUHAOACHCAWYIO 3MOMY NepeceieHuro.

Credcmeue 4. Ecay noctpoeHn nse ¢QHrype U n — Kakoe-in6o
HaTypaJbHOE YHCJO, TO BCerja MOXHO YCTaHOBHTb, COICPXKHT JH
nepeceueHne MOCTPOGHHBLIX (Hryp N0 KpadHeH Mepe n pasiMYHBIX
TOYEK WJIHM OHO COHEPKHT MEHEE, 4eM 7, TOUCK.

Ing noxasarednCTBa 9TOrO CJAEACTBHSl 3aMETHM [PCKAE BCErO,
YTO, COrJacHO caencTenio 1, MOXHO CKa3arbh, fBJRETCH JH Iepeceye-
Hue nocTpoeHHBX ¢uryp Pg-®y MyCcTHIM MHOXECTEOM HJIH OHO CO-
LepuT x0T OBl OgRY TOYKY. B mEpEOM ciiyyae CleNCTBHE, OYEBHAHO,
cnipaseganeo. Bo BTOpOM Clyyae, cOrjiacHO aKCHOME 4, MOXHO no-
cTpouts TOuKy P/, npuHajaexawyro nepeceueHuro ¢uryp ®y- D,
B cuiy akcHoMH 2 mpu 3TOM GYJeT H3BeCTHO, SBJAAETCH JH NYCTHIM

XOTA OBl OMHO H3 MHOXECTB (ID; =P \{P} u (I>;= PN{P'}, acae-

I'4 '4
IOBaTeJbHO, SIBJAAETCHA JH NYCTEHIM MHOMecTBO @y.®,. Ecan 310 MHO-
WECTBO NYCTO, TO TOouKa P’ sBJAsercss eJuHCTBEHHOH oO1el ToukoH
'4 '4
¢uryp @4 u @4 Ecan we ;- P, HE NYCTO, TO B CHAY aKCHOMH 4
MOXHO NOCTPOMTE XOT# OBl OXHY TOuKy P, npunajiexaniyio Kak
'4 '4
Qurype @,, 12Kk ¥ purype @,.
Paccmotpum tefieps Quryphi

. O = BN\{P', P’y U @y = O\{F, P}

Jlubo ux nepeceuenne nycto, # tTorga ®; u ¥, UMET JHLIL JE€
o6mue Toukw P’ m P", qu60 HX nepeceuenne He IMyCTo, M TOria
MOXHO NOCTPOHTH TpeThio 06umyo Touky ¢uryp ®; u @,

IoBropsisi 3TO pacCysmeHHe, NOCJHE KOHEYHOrO YKHCJa LIAFOB MH
NOJIyYHM OTBET Ha IOCTaBJEHHLIH BOHPOC: COJEPHHT JH NEepeceyeHne
@, - ®, 10 Kpaiineit Mepe n Touek mian Her. CiencTeHe JOKa3aHO.

Credemeue 5. Mowno nocTpouth Jio60e KOHEYHOE YHCJIo QOuIHX
TOYEK HBYX NOCTPOEHHEIX (Uryp, €CiM Takne TOUKH CYL{ECTEYIOT.

CripaBeIMBOCTE 3TOTO CJAEACTBHS HENOCPEACTBEHHO BEHITEKAET M3
X0ja J0OKasaTeabnCTBa caenctens 4.

Credcmeue 6. MOXHO NOCTPOHThL TOYKY, 3aBENOMO NpHHAJJIEMa-
Y10 BOCTPOEHHOH durype.

JokxasateabctBO. Ilycts mnocrpoeHa d¢urypa @. Bynem
paccMatpHeath e€ kak nepeceucHue ABYX Quryp: ®;=® un Oy= @,
Tak 410 O = P;- P, B cuny akcuomel 4 MOXHO [OCTPOHTH TOUKY,
npuHagnexawyo nepeceueHuo ®q- Pq, 7. €. durype P.
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Credcmsue 7. MOXHO NOCTPOHTL TOYKY Ha OCHOBHOH MJIOCKOCTH,

3aBefoMO He NpHHALewal[yIio NOCTPOCHHON (QUrype, eCIH HE BCE TOUKH
IJIOCKOCTH NpPHHa#Aexar 3ToH ¢urype.

JNoxkasareabCTBO. IlycTh Ha OCHOBHOH IJIOCKOCTH NOCTPOSHA
Hekotopass ¢urypa @, ommunas OF BCeil NAOCKOCTH., Torja B cuiy
akcuoM 1 W 3 JlOMkHA CUMTATBCS NOCTPOEHHOH Takxke durypa IIND.
B cuny caeacreuss 6 MOXHEO NOCTPOMTH TOYKY, NPHHALIEKAULYIO
durype II\®, a 3naunt, 3aBeIOMO He npHHapjIexal(yrw P.

Yro xacaercs NOHATHS ,JaHHas ¢urypa“, T0 €My MOXHO NpH-
IasaTk TOT K€ CMBICH, UTO M NOHATHIO ,OCTPOEHHasA (urypa“.

§ 3. HHCTpYMEHTH reoMeTpuyYecKHX MNOCTPOEHUi

AxkcuoMe VII wu VIII § 1 ycTanaBiMBalOT RO3MOMHOCTH
CTPOMTb TOYKH, MNpHHALJEKAIME YXKe [OCTPOEHHON durype.

Axcuoma IX nosponser CTPOHUTHL HEKOTOPblE HOBHE TOYKH,
HO STHM TOYKAM He NPHUIUCHBACTCS HHKAKHX OMNpeneNeHHHX
CBOHCTB, KpPOMEe CBOMCTBAa OBITb HOBHMH, paHee HEe MOCTPOEH-
HbIMM TOYKaMH. [lns ROCTPOeHHs HOBLIX TOYeK, 06Jaanalouux
HEKOTOPHMH OnlpeeN€HHBIMY, YKA3aHHBEIMH CBOHCTBAMM, a TaKiKe
LJIsl MOCTPOEHUs JHMHUK NOJB3YIOTCH pa3JHYHLIMU ,MHCTPYMEH-
TAMH TeOMETPHYECKHX MOCTPOeHui”.

Lns KOHCTPYKTUBHOH TreoMeTpuM HeoO6XOZHUMO pacronaraTh
TOUHEIM W AJ1f MaTeMaTH4YeCKUX Lesell MOJHEM ONHCaHHEM TOrO
WJIM HHOTO HHCTPyMeHTa. TaKoe onucaHWe [aércsi B BUZe
aKCHOM. OTH akCHOoMH B aBCTpakTHOM MaremaTHyeckol dopme
BHPAXAIOT Te€ CBOHCTRA pEaNbHBIX YePTEKHHX HHCTPYMEHTOB,
KOTOpHE HCHOONL3YIOTCH AJS TeOMeTPUYeCKUX NOCTpOeHHh.

HanGoJsee ynorpeOurenbHEIMH HHCTPYMEHTAMH TeOMETpPH-
yeCKHX NOCTpoenuH ABNAIOTCA: NHHeHKa (OAHOCTOPOHHSSR), UMp-
Kylb, IBYCTODOHHfA nuHefika (C napannejbHbIMH KpasMH) H
HEKOTOpblEe IPYTHe.

[Nepexonum K QGOpMyJUPOBKE COOTBETCTBYIOIMMX aKCHOM.

A. Axcuoma aunelku Jluwellka nospoaser BHMOJ-
HHTb CJELYIOIHE IeOMeTpHYECKHE MOCTPOEHHS:

a) MOCTPOUTbL OTPe30K, CoenuHsAolWMl IBe NOCTPOEHHBIE
TOYKH;

6) nocTpouTh npsaMyl0, NPOXOASAILYI0 Yepe3 ABe MOCTPOEH-
HHE TOYKH,;

B) MOCTPOUTb JYyY, HCXOASIMH M3 NOCTPOEHHOH TOUKH
H NPOXOASILMH Yepes APYryl0 NOCTPOEHHYIO TOUKy¥.

* MuTepeCcHO 3aMeTHTb, YTO JAOCTATOYHO OBLIO OB NOCTYJIHPOBATH
TOJBKO MOCTPOEHHE B), TaK KAK NOCTPOeHHs a) H 0) MOXHO BHIBECTH
U3 HerO € nomoubio akcuoM IV u Il § 1.
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B. Axcuoma uupkyas. Llupkyab nossoaseT BHINO/-
HHTH CJERYIOIUHE T'EOMETPHYECKHE MOCTPOEHHS:

a) mOCTPOHUTh OKPYMXHOCTb, €CIH MOCTPOEHH LEHTP OKPYH-
HOCTH M OTPE30K, PaBHHH PannyCy OKPYKHOCTH (MM ero KOHLH);

6) nOCTPOHUTDb mobyl0 M3 ABYX NOMNOJHHTEALHHX nyr
OKPYKHOCTH, €C/H MOCTPOEHH LEHTP OKPYXHOCTH H KOHLH
9THX RYT.

B. AxcuoMa naBYyCTOpPOHHel nunelku JlBycro-
pOHHSs JIMHEHKA NO3BOJsET:

a) BHOOAHMTL J06O€ M3 [OCTpoeHHH, MNepeuHCIeHHBIX
B akcuoMe A;

6) B KawpoH U3 nonyniocKkoctel, onpenesnseMHX NOCTPOeH-
HOH npsMOM, MOCTPOHMTb MPSAMYI0, MapasesbHYI0 3ToH npamolt
M MNPOXONSULYI0 OT HeE Ha paccTosuum h, rpe A — QuKcupo-
BaHHBI 1A AaHHOM JNuHelKW OTpe3ok (WHMPHHA JTHHEHKH);

B) €CIM MOCTPOEHE nBe TOuKH A W B, TO YCTaHOBUTb,
Gyner an AB Gonblie HeKOTOPOTo (PHKCHPOBAHHOTO oTpe3ka A
(wMpuHa JHHERKH), W €eCcJH
AB > h, TO MOCTpOMTb aBe
napH NapanjejbHBX NPsSMBIX,
npoXonfluX COOTBETCTBEHHO

yepes Touku A U B wu oT- y\/v
CTOAIMX OfHA OT NpPyrol Ha A
paccrosuun 4.

Peanphoe collepkanue

NYHKTa B) akcHoMb B BumHO
u3 pucynka 6. M3 3roro pu-
CYHKa BHIHO TaKke, YTO Puc. 6.
KaK1as U3 yNOMSHYTHIX Mps-
. h

MbiX 0Opasyer ¢ mpsmoit AB yrox ¢ = arcsin—-. 3aBHCsILHN]
TOJNBKO OT LIMPWHLI JHMHERKM W paccTosuus AB.

I Akxcuoma npsmoro yrna. Ilpsmo#t yron mo-
3BOJIET:

4) BHNOJNHHUTE NOCTPOeHHs, nepeyucieHHble B aKCHOME JiH-
Hellku;

0) uepesa pauHyi0 TOUKy MJIOCKOCTH NPOBECTH NpPsMYIO,
NepleniuKy apHyI0 HEKOTOPOH MOCTPOEHHOH NpsMOH;

B) ecM mocTpoedn oTpesok AB u mekotopas ¢urypa P,
TO ycrtaHoBuTh, copepxkut nu ¢urypa O Touky, Hu3 KoTopoH
3TOT OTPE3OK BMAEH MOA MPAMHM YIOM, U €CIM TaKas TOYKa
CYWIECTBYET, TO BOCTPOMTH TaKyl TOUKY.

Pucynok 7 noscusier cubicn nymkrta B) akcuomsi I
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flomitMo nepeunciennsix  uucTpyMeirtos, Aas feoMerpis
YyeCKMX NMOCTpOeHM#i MOXHO NOJNBb30BATHECH M APYTHMH HHCTPY-
MeHTaMHM: NPOH3BOJIBHBIM YIJIOM, YIOJbHHKOM, JiHHEHKOH C OT-
MeTKaMH, napoff NpsAMBIX YIJOB, PasMTHUHBIMHM NPHUCTIOCOBIEHHAMH
LS BHIYEPUMBAHMA CNEUMaNbHHIX KPUBHX M Ap. Ilpumepm Takux
focTpoennii BETPeTATCH HaM nosaHee. [Toka Mbl 3aMETHM TOJIBKO,
YTO FeoMeTpHyeckue Ino-
€TPOEHMS]  TIPOWBBOIATCA
KaxJheii pas ¢ onpejpe-
JIEHHBIMH, Hanepén yka-
3aHHBIMH MHCTPyMeHTamH,
npuuéM Kaxnw# Habop
MHCTPYMEHTOB XapaKTepu-
3yeTcs ONpencsEHHOl CH-
CTeMO#  aKcHOM.

[locTtpoennss, 0 Bos-
MOXHOCTH KOTOPHX CKa-
3aHO B akcuoMax VII—IX

Puc. 7. § 1, Bmecte ¢ noctpoe-

HUSIMH, TEePeUHCJeHHBIMH B

aKCHOMaxX TEX MHCTPYMEHTOB, KOTOPHE M36PaHH 1/ IOCTPOEHHd,

MBl B pajbHeRiueM OyneM HashBaTb OCHOBHbIMU TOCTDPOEHHAMH
(nns panHoro Habopa MHCTPYMEHTOB).

B uyacTHOCTH, UMPKYJib M JHMHERKA MO3BOJHIOT BHINOJIHUTH
CJeyIOUINE OCHOBHHE IOCTPOEHHS:

1. HocTpouts OTPE30K, COENMHAIOLMH [Be NOCTPOEHHBIE
TOukH (aKc. A, a).

2. THocTpoMTh NpPAMYI), TNPOXOIAULYI0 YEpe3 JBE [0
cTpoeHHule TOoukH (akc. A, O).

3. Toctpouts iydY, HCXomsum#t M3 NOCTPOEHHOH TOUKH
H npoxoisumit yepes APYryl0 NOCTPOEHHYIO TOUKy (akc. A, B).

4. TOCTPCHTL OKPYIKHOCTb, €CJH MOCTPOEHH LEHTP OKPYH=
HOCTH M OTPE3OK, PaBHBIfl painyCy OKPYXKHOCTH (MJIM €0 KOH~
un) (akc. b, a).

b. TIoctpowrs /06YIH0 H3 HBYX JNOMOJHHTEJNBHHIX YT
OKPYIHOCTH, €CJH NOCTPOEHB LEHTP OKPYWHOCTH H KOHILB
stux ayr (akc. b, 6).

6. IMocTpouTsb M0GOE KOHEYHOE YMCHO OOLIMX TOYEK OBYX M0-
CTpPOEHHHIX GUryp, €cjin Takue TOUKH cyuiectsyor (akc. VII § I).

7. THocTpouts TOYKY, NpHHALJIEKAIYI0 Kakoh-imbo mo-
cTpoenHoit ¢urype (axc. VII § 1).

8. INocTpouTe TOYKY, 33BEIOMO HE NPHHALJMEWALNYIO KaKOH-
inbo nmoctpoenHolt ¢urype (axc. IX § I).
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[MonoGHEIM #e 06pasoM MOXHO COCTaBHTb CHHCOK OCHOBHBHIX
nocTpoeHut  1Jis Jgoboro ykasaHHoro Habopa HHCTPYMEHTOB,

§ 4. 3apaua Ha mocTpoeHue

3agaua Ha TOCTPOEHHE COCTOMT B TOM, YTO Tpebyercs
NOCTPOMTL HANePEN YKa3aHHBIMH HMHCTPYMEHTAMM HEKOTODPYIO
¢urypy, €ciu naHa Hexoropas ipyras ¢urypa M yKasaHsl He-
KOTOPHIE COOTHOLUEHHS MEXIY 3JeMEHTAMH HCKOMOH ¢urypel
M SJEMeHTaMH [LaHHOH ¢urypsi.

Kaxpaa ¢urypa, yIOBJAETBOPSIOLLas YCJAOBUAM 3a1ayM, Hashl-
BA€TCA pelierueM ITOU 3anauu.

Hafitm pemeHHe 3alaud HZ NOCTPOEHHE — 3HAYNT
CBECTH €& K KOHEYHOMY YHCJIY OCHOBHBIX TNOCTpOeHuH, T. €.
yKa3aTh KOHEUHYIO NOCIENO-
BATEJBHOCTS OCHOBHBIX IIO-
CTpOeHuit, NOCJE BHINOJIHEHNS
KOTOPHIX  McKomasa ¢urypa
6ynmer yxe CuMTaThCa IO-
CTPOEHHOH B CMJIY NPHHATBIX
aKCHOM KOHCTPYKTHBHOH reo-
metpun. Ilepevenr nonycrtu-
MBIX OCHOBHEIX MOCTpOEHu#t, a
CJieIOBaTEJNBHO M XOJ, peme-
HYSl 3aauy, CYLeCTBEHHO 3a-
BHCHT OT TOrO, KaKie HMeHHO
HHCTPYMEHTH yNoTpebafoTcs
LISl TOCTPOEHHH.

B kavectse npumepa pac- Puc. 8.

CMOTPHUM CJeLYIOULYIO 3a/lauy: :
HNOCTPOUTL CEpenyHy OTpesKa, 3aaHHOTO CBOMMH KOHILAMH
A u B.

Haltpém pemenve 3ToR 8alauum ¢ NOMOLLBIO PasinyHbIX
HHCTPYMEHTOB.

I. lupkysem u suneitkott (puc. 8).

CTpoum nocsienoBaTesbHO:

1) npamyio AB (ocHoBHOE mocTpoenye 2 § 3);

2) oxpyxHoCcTs 0, (A, AB) (ocH. moctp. 4)%;

3) okpyxHOCTL ,(B, BA);

* 3necb u B najbueiiiem cumMBoa o (O, PQ) o6o3navaer OKpy-
HoCTs w ¢ yentpom O u panuycom PQ.
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4) o6uve Toukm M m N okpyxuocTelt ©; M ©, (ocH:
noctp. 6);

5) npamyw MN (ocH. moctp. 2);

6) obuyio touky O npsmbix AB u MN (ocu. moctp. 6).

Jlerko yGenntbesa, uto A0 = BO, T. e. Touka O HuCKOMas.

2. Unpkyanewm (puc. 9).

Crpoum nociie10BaTeNbHO: i

1) oxpywnocts o (B, BA) (akc. B, a, § 3);

2) oxpyxHOCTh o, (4, AB);

3) o6y Touky C okpyxHoctelt o, ¥ o (akc. VII § 1);

4) oxpywHocTh 0, (C, CA);

5) obuiyio TOuky D oOKpyKHOCTEH © H ®w,, OTIHYHYIO OT
TOUKH A;

6) okpymuocts wz3(D, DB);

7) obuyo Touky E okpymHOCTel © u ©g, OTHHUHYIO OT C,

Puc. 9.

3ameTnM, uT0 TOukM A, B u E pacnojioxeHb Ha onHOH
npsMoft, npuuém AE — 2AB. Crtpoum pajee:

8) oxpywHocts w,(E, EA),

9) obume Toukn M u N okpyxHocTe#h ©; M o]

10) oxpyxHocTh 0z (M, MA);

11) oxpyxuocts wg(N, NA);

12) o6uwyto Touky X OKpPYNkHOCTEH ©f H g, OTJIHUHYIO
ot A

HetrpynHo ycMoTpeTs, uT0o ToYKa X pacnosioxena Ha
npsMo#t AB.
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Kpome Ttoro, tpeyroapHuk AMX nonoGeH TpeyrojbHEKY
AEM, Tak Kak OHM paBHOOejipeHHble M HMel0T OOuim#t yroa
MAE npu ocHoBanvsx. Ilostomy AX:AM=AM:AE wm

AX:AB= AB:2AB, Tak 4TO AX::%AB W, 3HAYuT, TOuUKa

X ucxomas.

.3. IByctopounHeft nunelixo#i (puc. 10).

CTpouM nocCiie0BaTe/bHO:

1) npamyo AB (akc. B, a, § 3);

2) npsmyi0 @, napamiensnyio AB (akc. B, 6) u npoxons-
LYI0 Ha paccTosHUM h OT He& (B — UMpHHA JuHeHKH);

b \J/c @ | 8 ¢

C g j P

P

2 X\ B A X E
Puc. 10. Puc. 11,

3) npsaMyro b, napamiesbHYIO &, OTCTOALLYI0 OT HeE Ha
paccTosiHuY £ ¥ OTJMYHYIO OT mpsMod AB;

4) Touky C nHa npsmo# b (axc. VIII § 1);

5) npambie AC u BC;

6) Toukn D=a XX AC u E=a X BC (akc. VII § 1)*;

7) npsmuie AE w BD;

8) touky P= AE X BD;

9) npsmyio CP;

10) Touky X=CP X AB.

Tak kak DE — cpenuss aunus Tpeyroaenuka ACB, 10 AE
M BD-—ero menuanb, a cienopatedoHo, ¥ CP— mepuana,
TaK YTO Touyka X mnCKOMaf.

4. MpavMeum yraowm (puc. 11).

1) Crpoum npsmyio AB (akc. ', a, § 3);

2) nposonum npsmbie AA’ v BB’, nNepneHIHKYisipHBE
npsamoft AB (akc. I', 0);

3) BeibupaeM na AA’ npoumssosnHylo TOuKy C, OTIMHHYIO
oT A (akc. IV u VIII, § 1);

* 3nech u B panpHeiiieM 3anmmch P =g X b 03HauaeT, 4TO TOYKa
P ects nepeceuenue NpsMLIX @ W b,
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4) vepes Touky C nposomum CC’ | AC.

Jlanee CTpPOMM MNOCJAELOBATENIBHO:

5) Touky D==CC’' X BB’ (akc. VII § 1);

6) npsmrie AD n BC;

7) Touky P==AD X BC;

8) npamyio PP’ | AB;

9) Touky X== PP’ X AB.

Touka X ucKoMas.

MoxeT OKasaTbCfl, YTO Kakad-iubo 3ajaya Ha TNOCTPOeHHe
HMEeT HeCKOJBKO pasjuiHBX pelleHu, T. e. CyuleCTByeT He-
CKOJIBKO PasinyHeiX ¢uryp, YAOBIeTBOPSIIOUIMX BCeM YCJIOBHAM
3ajaun. Tak, HanpuMep, K IBYM IaHHBIM BHeIUHEPACHOJOKeH-
HBIM OKPYXHOCTAM MOXHO TNPOBECTH, KaK M3BECTHO, YeTHpe
pasJinuHeie o01pe KacaTeJbHBE.

Peuwums 30004y HO nocmpoeHue—3HaunT HakliTu sce e
peuienus,

[Nocneanee onpepnesenne tTpebyeT HeKOTOPHIX Pa3bacHeHHH.
durypH, yHOBJAETBOPSIOUIME YCIOBUAM 3alaud, MOryT pasiu-
yathcsd Kak ¢GopMoff WiM pasMepaMu, TaKk M IOJOXKEHHEM Ha
nJiockocT. Pasmiums B NosoXeHNU Ha IJIOCKOCTH NPHHHMAIOTCH
WIH HE NMPYHHMMAIOTCS B PacuéT B 3aBUCHMOCTH OT (POPMYJIHPOBKH
caMolt 3a7aY¥ Ha NOCTPOEHHE, & MMEeHHO B 3aBHCHMOCTH OT TOr'O,
npeiycMaTpuBaeT MJIH HEe INpelycMaTpuBaeT YCJIOBHe 3a-
Jaun OnpejeféHHOE pacrnojioxeHne HCKOMO# ¢urypnl OTHO-
CUTENBHO KakuX-Jubo faHHbiX ¢uryp. IloschumM 510 npu-
MEpaMHy.

PaccMoTpnM crefyouly0 npoctelinylo 3anayy: nocTpOHTh
TPeyroNbHHK N0 IBYM CTOPDOHAM M YIJAY MeXIy HUMH. ToOuHmH
CMEICJ 3TOH 3amaud COCTOMT B CJeNyloueM: NOCTPOUThL Tpe-
YJTOJBHHK TaK, YTOOH JIBE CTOPOHB! €ro ObIM COOTBETCTBEHHO
paBHBl [IBYM LaHHBIM OTpe3KaM, a YTroJi MexAy HHUMH ObUI paBeH
IaHHOMY yriay. 3pech HMCKoMasa ¢urypa (TpeyroJibHHK) CB3aHa
¢ naHHbiMM Qurypamy (IBa OTpe3ka M YroJ) TOJBKO COOTHOLie-
HHMSIMH PAaBEHCTBd, DPAacnoJiOXeHHe Xe HCKOMOIo TPEeyroJibHUKa
OTHOCHTEJbHO ILaHHBX ¢uryp Oespasmmuyno. B stoM cayuae
Jierko noctpouts TpeyroJouuk ABC, ynosietTsopsioimit ycio-
BUAM 3allaud. Bce TpeyrosibHHKH, paBHbie Tpeyroawuvky ABC,
TAK)KE YAOBJIETBOPAIOT ycijopusaM 3anaud. OJHaKo HeT HHMKAaKOro
CMBICJIA paccMaTpUBaTh 3TH TPeYTONBHHKH KaK  pO3AudHbLe
pelueHMs: LaHHOH 3asauu, HOO OHHM OTJMYAIOTCA OLMH OT APyrore
TOJILKO TMOJIOXKEHHEM Ha IJIOCKOCTH, O YEM B YCJOBMM 3alaud
HHYEro He CKasaHo. Bynem nostomy cuutaTh, UTO 3ajaua MMeer
€IMHCTBEHHOE pelleHue,
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Htak, eci YCJOBHe 3alayd He ApejfyCcMaTpuBaeT onpeje-
JEHHOrO PACIOJOXEHHUSI MCKOMOH (Urypel OTHOCHTENIBHO JaHHBIX
uryp, TO YCIOBHMCH HCKATh TONbKO BCE HePaBHHIE MeXILy
coboft (Guryph, YHOBJieTBOPSIOUIME YCIOBHAM 3apnaud. MoxHo
cKa3aTb, YTO 3alayd 3TOrO0 POAa PEINalnTCsi ,C TOYHOCTHIO HO
paBeHCTBa". 3T0 03HayaeT, UYTO 3ajayvya cuMTaeTcs peluEHHOH,
ecap: 1) MOCTPOEHO HeKOTOPOe UYHCJIO HePaBHBIX Mexny coboi
¢uryp @,» ®,, ..., &, YNOBIETBOPSIOWMX YCIOBUAM 3alau,
u 2) NOKa3aHO, YTO BCsKas QUIypa, YILOBAETBOPSIONIas YCAOBUIM
3ajayd, pasHa ogHolt wu3 3TMX ¢uryp. llpum sTom cumraetcs,
yTO 3ajaya HMeeT n Ppa3JHuHBIX pelreHuii.

PaccMOTpuM Temepb 3afayy HeCKOJBKO HHOTO COIepXaHws:
NOCTPOHTL TPEYTOJBLHUK TaK, YTOOE! OHO’ €ro CTOPOHOH caryxun
pauHbi oTpe3ok BC, apyras cTopoHa Obuia paBHa IPYromy
IaHHOMY OTpesky I, a yroJ 7 Y
MEWNY HuMH OblJ paBeH NaH- .~ ! A,
HOMY yriy c.

B sToM cJiyuae yclioBHe
3ajaud (pefycMaTpusaeT on-
penenéHHoe pacnoJjioxenue
HCKOMOTr O TPeyr OIbHHKa OTHO-
CHUTEeJIbHO OJHO¥ M3 JaHHHIX
¢uryp (MMeHHO OTHOCHTEJBHO
oTpeska BC). B cBs3u ¢ 3THM
Mbl HHaye CMOTPHMM Ha BO-
NpPOC O MOCTPOEHHH BCex pe-
wenuit stot sapaun. Kak BuaHo M3 pucyHka 12, moxer cyule-
CTBOBATL [0 YeTHIPEX TPeyroJibHHKOB, YIOBJIETBOPSIOIHMX YCJO-
Buio 3Toft 3apnaun. OHu paBHBEl MExDy COOoOM, HO HO-pasHOMy
PacnoyioKeHs OTHOCHTENbHO faHHOH ¢urypnl BC. B stom ciyuae
NOJHOe pellleHNe 3ajaud NpefyCcMaTpHBaeT NOCTPOEHHe B C e X
3TUX TPeyroiabHukos. CuMTaeTcs, YTO 3alaya MMEeT N0 ueTHIPEX
PasjMYHBIX pereHudi, pasAMyalOLMXCd CBOMM PAacloJioXKeHHeMm
OTHOCHTEJbHO NaHHOH (urypsl.

VTak, eciau yciosue 3apayd npejycMaTpHBaeT ONnpeleeHHoe
pacnosoxenne HcKoMOl UIypH  OTHOCHMTEJBHO Kakol-imbo
AaHHOft ¢GUrypH, TO MNOJHOE PpELIEHHE COCTOMT B MOCTPOEHHH
BCex ¢wryp, yILOBIeTBOPAIOUIMX YCJOBMIO 3afayud (€CJH Takue
durypn cyuiectsyior B koHeuHoM umcne). Tlpu 3TOM naxe pab-
Hele GUrypel, HO PasIMuHO PACTIONOKEHHBE OTHOCHTENBHO TAHHBIX
$uryp, paccmarpusaioTes kak passnunble penesys JaHHOH 3a1aun.

Betpeuaores  3agaun, uMelouiHe GecKOHEYHO MHOTO pelleHHit.
OBbl, Hallpumep, 3afayl; HOCTPOHTH OKPYIKHOCTb JaHHOTO paimyca,
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KaCalolylocs NaHHOH NPAMOl; MOCTPOMTH HPSIMYIO, KACAaTeNbHYIO K naH-
HOHl OKPYIKHOCTH; NOCTPOMTH OKPYXHOCTb, NPOXOLSILYIO 4epe3 IBE
naHHple Toukd. Takoro pona 3agau Ha3LIBAKT HEONPEOeAZHHbIMIL.
KoHeuno, He MOMET HITH peyb O NOCTPOEHHM BCEX DPEeIleHHH Heorpe-
lentuHo#l 3amauu. Korma e cuMTaTh HeONpeleféHHYIO 3ajgayy
petéHHOH?

Pewenne neonpenenénnolt reoMerpudeckoil 3afayn Ha NOCTPOEHUE
IIPOBOJHTCST B H3BECTHOM CMBICJE aHAJOTHYHO TOMY, K4K DeIialTCs
B ajrefpe HEONpeNeNEHHbIE YPaBHEHHS! MJH HEOIPENeJEHHbIE CHCTEMbI
ypaBuenuit. Pemenne neonpenesénHoro aireGpanueckoro ypaBHEHHS
HJM  HeonpenenéHHOM cHcTeMbl aare6panyecKMX YpPaBHEHHE COCTOHMT
B TOM, 4TO HCKOMbIE BEJNHUMHBI BHIPAWAIOTCS YEPe3 ONHH MJIH HECKOJBKO
NapaMeTpPoB, MNPUHUMAIIIMX TIPOM3BOJbHLIE 3HAYEHMS H3 HEKOTOpoil
onpenengnuoit o6nactn. Hanpumep, peuenne cucremer

2x43y+2=1
x+2y—2=3
IPEeACTaBJIAETCS B BHJE:
2=t y=543t x=—7—54,

TI€ TapaMerp { MOXET NPHHUMATh IIPOU3BOJBHBIE 3HAUEHHS H3 06JacTH
KOTOpas ONpENeJsaeTcs YcJAOBHEM 3ajauH. TOYHO TaK e peuieHue
HeollpenesEHHOI reoMeTpHYecKoll 3agauM MINeTcs B CBOEro pola napa-
METPHYECKOH (opMe. YKasbiBaeTcst NPHEM NOCTPOEHUS (UT'YD, YAOBJIE-
TBOPAOIHX YCNAOBHAM 3aayd, NPHYEM 3STH (QUIYPHl ONPERENAIOTCH
BLIOOPOM MOJOXEHHS ONHOH MJH HECKOJbKHX IPOM3BOJBHBIX TOYEK
H4 HEKOTOPHIX JaHHLIX MJIM NOCTPOEHHBIX (Urypax. 3TH TOYKH MIpaioT
poib ,TeOMETpPHUECKMX NlapaMeTpoB“. 3anaua CUMTAETCH
peLIEHHOH, ecJiM TIPH BCeBO3-
MOXHBIX JOIYCTHMBIX HOJO-
4 JKEHHUSIX TPOU3BOJBHBIX TOUEK
BO3HHMKAKT BCe (UTYDBI, YHO-
BJIETBOPSAIOL(HE YCJIOBHAM 3a-
P naqu.

TMosicHuM 3TH coobpaxe-

P HHUSI TIPHMEPaMH.
1. TlocTpouTb OKpY¥X-
HOCTb NaHHOro papuyca, Ka-

B CanIyICH NaHHOH NpsaMOi.
V36epém nHa nannoi nps-
Puc. 13 MO NPOM3BOJIBHYIO TOUKY P.

CTpouM OKPY¥HOCTH, HMEIO-
IHe JaHHbI PaIHYC U Kacaro-
mpecs gaHHoi npsiMoit B Touke P. Takux oKpyMHOCTeH ABe (mocTpoe-
HME MX HE BLI3bIBaeT 3aTpynHeuwit). Ilpu 6c€803MO0dtcHbLX TIONOWMEHUNX
Touku P Ha naHHOH TpsiMOH MBI NPH TOM XK€ NpPUEME [OCTPOEHHs
NOJYYUM B C € OKDYXHOCTH, YAOBJETBODPSIIOL{HE YCJIOBHAM 3alauH.
3ajgaya cuuTaercst pemiéHHOM.
2. TlocTpouTh OKPYIHOCTh, IPOXOAAINYIO YEPE3 ABE TaHHLIE TOUKH A
u B (puc. 13).
TlpoBenéM NpAMYK p NEPIEHAMKYIApHO oTpesKy AB uepes cepe-
IMHY 9Tero orpe3xa. M3bepém Ha npsMoll p IPOMIBOJBHYKO TOYKY P
W yKaxeM NMPHEM MOCTPOEHHS OKPYMHOCTH C LEHTPOM P, Ipoxonsiyeit
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yepe3 JgaHHble Toukn A ¥ B. 3ameyaeM, yTO NPM BCEBO3MOWHLIX NOJO-
EHMSAX Toukn P Ha npaMoi p BO3HHMKAaOT BCe pelleHHs! [aHHOM
samauM, [locne satoro cumraem, 4To 3ajaua pelleHa.

* %
*

MoxeT okasaTbcs, 4T0 ¢Urypel, objanamnuiefl yKkasaHHLIMH
B 3allaye CBOHCTBAMM, BOBCe HE cyulecTByeT. Tak, Hanpumep,
HeJb3sl TMOCTPOUTL OKPYMHHOCTb, BIHCAHHYI0 B AdHHLI} NpsgMo-
yrOJbHHK, E€C/IM OH He sBJsgeTCs KBalpaToOM, HeJb3sl NMOCTPOUTH
o0uyl0 KacaTeJbHYI0 K IBYM KOHIEHTPHYECKHM OKDYMKHOCTSM.
MoXeT cayunThcs TaKwe, YTO pelleHHe 3ajlauydl CyL[eCTBYyeT,
HO He MOxeT OBITb HalilleHo AaHHBIMU cpenctBamu. Hanpumep,
HeJIb35l, KOHEYHO, HOCTPOUTEL MPAMYI0, COeNVHAIOLYI0 NBE JaHHble
TOYKH, pacnojarasi TOMbKO LHHPKYJIeM, HIH NPOBeCTH OKPYKHOCTD,
NpPOXOJALIYI0 yepe3 TpH J[aHHLIE TOYKHM, pacrnoJaras TOJbKO
JpHelko#i. B nanpHelileM HaMm BcTpeTstcs 6oJee€ comepiKaTelsib-
Hble npuMepn 3Toro popa. Tak, B raase VII, § 1 Oyzner
NOKa3aHO, YTO 3a/laya O MOCTPOEHHH CepeluHbl OTpesKa, KOTO-
pad pellleHa Bbllle pPa3JHMYHLIMH MHCTPYMEHTaMH, HepaspelinMa,
ec/iu MoJb30BaThCA TOJNBKO ONHOCTOPOHHe# JmHelikod. Bo Bcex
3TUX CJyuasx pellUTh 3alayy Ha NOCTPOEHHe — 3HAYMT JOKA3aTh,
UTO HCKOMass ¢urypa He CyulecTBYeT HJH, COOTBETCTBEHHO, UTO
OHa He MOXeT OBITb NMOCTPOeHa AAHHBIMH CPelCTBaMH.

Vhorpa 3amaya He uMeeT pemieHMH [OTOMY, YTO Ha HCKOMYIO
¢urypy HaJOXEeHO CJHIIKOM MHOTO ycnoBuit. Hanpumep, Hesb3s, BoobLie
roBops, NOCTPOUTL OKPYXHOCTb, NPOXOASIUYIO YEPE3 YeThlpe 3afaHHbIe
TOYKM, MJH TNOCTPOUTb TPEYTOJBHHMK, 3Hasi TPH €ro CTOPOHHl H OJMH
U3 yIJOB. 3anaun TaKOro poLa HA3BIBAKTCH NEPeonpedensHHbLMU.

Jlns OPHEHTHPOBKH MNOJE3HO 3HATh, CKOJbKO HE3aBHCHMEIX YCJOBMIl
o0bIuHO [OCTATOUHO MJisl ONpPENeNeHUsT HCKOMOH (urypel. K3secTHo, 4To
AJi MOCTPOEHHSA TPEYroJbHHKa (eCJH IO YCJIOBHIO 3afadH ero IoJoxe-
HHe He (UKCHPOBaHO) JOCTAaTOYHO 3HATH TPH YCIOBMA, HANPHMED IBE
CTOPOHbI M yroi. MoOXHO NOKa3aTh, 4TO AJs1 NOCTPOEHHS NPOU3BOIb-
HOTO 7-YTOJbLHMKA HYXHO 3HaTb 2n — 3 ycnoBuit (cM. 06 9TOM, HanpH-
Mep, [25], ctp. 25—26). Tak, nns NOCTPOEHHS YETHPEXYrONLHHKA
JOCTaTOYHO 3anaTh MAThb YCJIOBML: Hampumep, YKasaTb, 4TO OH OpeX-
CTABJSET TPANeLUIo, H 3a4aTh IBE €ro CTOPOHLl M JBE JHATOHAJH.

* %
*

YcnoBue 3amaud yacTo naéT M3BeCTHH NMPOCTOP B BHIGOpe
Nauneix. Tak, Hanpumep, ecau Tpebyercs NIOCTPOUTH TPEYrOJb-
HHK 10 Tp&M CTOpPOHaM, TO [IaHHHIMH SIBJSIOTCA TPH OTpe3Ka,
KOTOpHE MOryT OBITh NPOM3BOJLHBIMH KaK IO BeJHYHHe, TaK H
N9 mnosoxkenuto. M ecam TpeGyeTcss TNPOBECTH KACATEJNBHYIO
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K OaHHOH OKPYKHOCTH M3 AAHHOH TOYKH, TO LaHHasd OKPYIKHOCTH
MOxeT OHTL JIHOOOH OKPYKHOCTBIO Ha NJIOCKOCTH, NPHYEM [aH-
Hasl TOYKa MOXET OKasaThCsl BHYTPH, BHE WJIH Ha JAHHOR OKpYyx-
HoCTH. 3ajaua B Takoh QopMyJHpPOBKE MOXET CUMTAThCA
MOJHOCTHIO Pel€HHO# JHIUb B TOM CJjyuae, €CJH OHa pelueHa
JIJs BCeX BO3MOXHBIX INPEAnosoxeHufi OTHOCHTEJbHO BHOOpa
ILaHHeiX. MoxeT okasathcs, 4YTO NpH OOHOM BHOOpE LAHHBIX
3ajaiya pelIaeTCs COBEpIlieHHO HHaue, YEM MNpPH JAPYroM HX
BHI6Ope, T4K YTO TNPHXOAHTCH pPacCMAaTPHUBATH DAL OTHEJBHBIX
cayyaeB M JaBaTb pelleHHe 3ajayd LJs KaXILoro M3 HHX.
Hanpumep, sanaua o mnposeneHHM KacaTeJibHOH K OKPYIXXHOCTH
Yyepe3 NAHHYIO TOUKY peliaeTcs (LUPKyJeM M JHHefiKOR) mo-pas-
HOMY B TPEX BO3MOMHBHIX CJyvYasx:

I-# canyua#. Touka samaHa BHYTpPH OKPYXHOCTH. 3ajaua
He MMEET pellueHHs.

2-# cayuai. Touka pacnojoxeHa Ha JaHHOH OKpYXK-
HOCTH. 3anaua MMEeT EeIUHCTBEHHoe pelnenue. ITlocrpoenue
o0111eM3BeCTHO:  JOCTATOYHO TIPOBECTH PAIMyC OKPYHKHOCTH
B JaHHYI) TOYKY M TNPOBeCTH Yepe3 TOYKY NpSAMyl0, NEpheH-
IUKYJAPHYIO K STOMY panuycy.

3-# canyuafh. Touka pacrnonodmeHa BHE LaHHOH OKpYX-
HOCTH. 3ajaua WMeeT IBa pas3jHuHbiX pewenns. CooTBeTCTBYIO-
lilee MOCTPOeHNE pacCMaTpHBaeTCs B IIKOJbHOM KYypCe reoMetpuu
(cm., nanpumep, [9], n. 128, 2).

B Gmoxaliumx paspenax M3jiaraeTcsl TEOpUSl reéOMETPHYECKHX
NOCTpPOeHNll, NPOUSBOLMMHIX UUPKYAeM W AUHEHKOR, KOTOpas
0cOGeHHO BakHa nJig yuuteJjs cpefHelt kosas. Vlsyuenwe no-
CTpOEHHH C STHMH HHCTPYMEHTAMH Ja&T NpencTapiente 06 ocHOB-
HHX HAedX ¥ MeToJaX KOHCTPYKTHBHOM reomerpun BooOule.
HekoTopnie cBefieHHst O TIOCTPOEHUAX € APYTMMHM MHCTDYMEHTaMM
npusonstcs B raasax VII m VIIL

§ 5. dnemenTapeLHIe reoMeTpPHYECKHE 3ajavu
HA NOCTpOeHue

PaccvoTpenbie B8 § 4 nmpuMepH reOMETPHYECKHUX MOCTPOeHHH
AOKa3LBalOT, YTO HENOCPeACTBEHHOe PACUICHeHHE PEILEHHsl Ha
OCHOBHHE MNOCTPOeHusl Jaxe B NPOCTefilIMX 3a/ayaX NPUBOIMT
K GOJBIIOMY YMCJXY JOTHMYeCKHX ,aros“. B ciyuae CKoJbKo-
HUOyIb CJOXHBIX 3anay 3TO MOXET NPHBECTH K TOMY, uTO
3a obuiet JorumYeckKofl CTPyKTypoli peluenus ycaemts OyIeT
TpynHo. [TosToMy B MpaKkTHKe pellleHHsl r€OMeTPHYECKHX 3anay
Ha NOCTPOeHHE MOCTYNAKT HECKOJBbKO HHave,
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Ecan naftneno peweniie kidxoi-nit6o 3amaum, To B HaljbHeli-
gleM paspellaeTcs NOJMb30BAaTbCS STHM DelleHHeM ,B LejoM*,
T. €. He pacujieHsss €ro Ha OCHOBHHIE NOCTPOEHHS.

CyuwecTByeT psl NpocTeHlINX reoMeTPHYeCKHWX 3ajgay Ha
[OCTPOEHHe, KOTOphie 0cOOEHHO uacTo BXOEAT B KayecTpe
COCTaBHBIX YacTeli B pelllende Oos€e CJIOXHBIX 3ajay. 3alauu
TAKOI0 pona pacCMaTpHBalOTCA MNPEeHMYUIECTBEHHO B [EPBHX
raapax IIKOJBHOIO Kypca reomerpuu. Dynem HaseiBaTh MX 3.e-
MEHMAPHBLMI TEOMETPHUECKMMH 3alla4yamMy Ha nocTpoente. CIIMCOK
3JieMEHTapHBIX 3alay fBJSeTCs, KOHEUHO, ychoBHHM. K uuciy
3JeMEHTAPHBIX 3alla¥ OTHOCAT OOBIUHO CllefyIONIHe:

1. JleJseHue NAHHOrO OTPE3Ka MNONOJaM.

2, JleseHue NaHHOTO YrJia TOMOJiaM.

8. Noctpoenne Ha pavHOft npsmMoH oOTpeska, paBHOrO
IaHHOMY .

4, IMocTpoeHne yria, PaBHOTO IaHHOMY.

B. ITocTpoenne npsmo#i, npoxopsweil yepes HaHHYI0 TOUKY
napajieJbHO HaHHOH NpsMOi.

6. ITocTpoerne npsMoli, npoxoidilelt Yepe3 JAHHYIO TOUKY
¥ NepneHIMKYJApHOK K MaHHOK npsMof.

7. lesienye oTpeska B JAHHOM OTHOILEHHH.

8. IlocTpoenne TPeyrosbHHKa 10 TPEM JAHHBIM CTOPOHAM.

9. IlocTpoenre TpeyroJbHMKa NO CTOPOHE M IBYM HpuJie-
KALMM yTiaM.

10. IHocTpoenne TpeyrosbHMKa NO IBYM CTOPOHaM M yriy
MEXJy HHUMH.

11. TlocTpoenne npsaMolt, npoxogsulefl Yepes NaHHYI0 TOUKY
N Kacgwoulefics NaHHOM OKpYXHOCTH.

12, TlocTpoenne MpSAMOYroJibHOrO TPeyroJbHHKA 1O THIOTE-
Hys3e U KaTeTy.

[lepBas w3 aTux 3amau paccMoTpeHa Ham¥ nonpobHo B mpe-
Aeinyulem mnaparpade. Ilo sToMy oOpasuy uuTaTedio Clelyer
COCTaBUTL AJA Ce0sl MOAPOGHHIE pellleHHs OCTAJBLHHX SJeMEeH-
TAPHBIX 3aflay C NOMOLILIO LMPKyJas u Juuelikn. HeoOxonnmele
s 9Toro ykasaHMs MOXHO HaliTM B IUKOJBHOM YyueGHHKe
reoMerpu. B paspHeBiineM MH OyleM TOJL30BaThCs ITHMH
PellenysaMy Ge3 [1ONONHHTENBHBIX pPasdbicHeHul.

§ 6. Metonuka pemwenus reoMeTrpuuecKod samauu
Ha nocrpoesHe

B § 4 Mu BuAcHMIM, uTO B3HAUMT ,pelUTL 3a7auyy Ha
HocTpoenye“. Bonpoc o Bubope TOH WiH MHOH cxembl peuienus
KOHCTpyKTHBHON 3azauM ABJseTCS YMCTO METOLHYECKHM BOMPOCOM.
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Peluenne reoMeTpHYECKOH 3afdud Ha moctpoeHHe aBAsETCH
pronHe 100pOKayeCTBEHHHM, eCJH OHO MPOBENEeHO, HATIpUMEP,
no caepywouie#i cxeme:

1. YcraHaBiuBaeTCsl KOHEYHOE WYHC/IO CAYYaeB, MCYEPNBLIBAIO-
HIMX BCe BO3MOXHOCTH B BHIOOpE MaHHLIX.

2. Jlns KaXHOro ciyuyasd La&TCs OTBET HA BONPOC, MMeeT JH
3anaya pelleHHs MU CKOJbBKO.

3. Has kaxnoro cayuyas, KOrina 3ajadya HMeeT pelileHne,
BaéTcs cnocob HaxOXEHHA (C MOMOLLILIO NAHHBIX TeOMETPHYECKHX
HHCTPYMEHTOB) Ka)JOI0 M3 BO3MOXHHX pelleHHH Wik YCTaHaB/H-
BAETCH, YTO OHO He MOXET OHTb MOJYYEHO AaHHLIMH CPeJCTBAMH.

B TakoM Bule HaMeyeHO pelleHMe 337a4Yd O NPOBeJeHHH
KacaTespHOH K OKPYMXHOCTH yepe3 LAHHYIO TOYKy B KOHUe § 4.
STo#t cXeMbl NPUIEPIKHUBAIOTCH B HAYYHHIX CTATHAX M MOHOrpa-
(Max; 01HAKO OHA Majno NMpHronHa nJs y4eOHBIX uenelt, 0coGeHHO
B yCJOBHSX CpeAHel IIKOJIbI.

[Tpu peluneHud KaxIOU CKOJMbKO-HHOYAb CHOXHOW 3apaum
H4 MOCTPOeHHE BO3HMKAET BOMPOC O TOM, KaK HYXHO PACCYKIATh,
yroObl pasbickaTb cnoco0 pelueHMs 3afaud, YToOH [ONYYMThb
BCe pelll €H U 3aRa4H, YTOOB! BBIICHUTL YCJOBMS BO3MOKHOCTH
peluéHus 3agaud ¥ T. n. [109TOMY npu pelleHMH KOHCTPYKTHB-
HbiX 34744 B YUeOHBIX YCIOBUSIX DPEKOMEHAYETCHA TMOJb30BATHCH
H3BEeCTHON CXeMOit pelleHHs, COCTOsllel M3 ClefyIOLHX YeThipEX
sranos: 1) amanus; 2) nocTpoeHue; 3) 1O0Ka3aTeEaAb-
ctBo; 4) mccaenosanue.

Koneuno, 3Ta cxema He aBJagTCa 0e3yCNOBHO HEOOXOonHMMOR
¥ Heu3MeHHOH, He BCeria ynoOHO H ueJecoo0pasHo CTporo
pasfenaTb OTAejbHblE €€ 9Tanbl M B TOYHOCTH OCYLeCTBAAThb
MX B ykaszaHHoM mnopsike. Ho no Ooseluel wacT ykaszannas
CXeMa cepb&3HO NMOMOTrdeT NpPH PellleHHH KOHCTPYKTHMBHBIX 3anav.
PaccMoTpuM KaxIbifl 5Tan 9TOH CXeMbl.

1. Avanus. IDTO NOArOTOBUTEJbHHIA H B TO Ke BpeMs
Hanbojiee BaXKHLIH 5Tanm pelleHHs 3afayd HA NOCTPOEHHe, TaK
KaK MMEHHO OH HaéT KoY K pelleHulo sapaud. llesr ananusa
COCTOMT B YCTAHOBJEHMH TAKUX 3ABHCHMOCTEH MeXIy 3JeMEH-
TaMi MCKOMOH (UrypH ¥ 3JeMeHTAMH NAHHBIX QUryp, kotopble
no3soiuad Obi MOCTPOMTH WCKOMYIO GHUrypy. 3TO LOCTHraeTcs
C MNOMOLIBI) TOCTPOEHHs uepTexa-nabpocka, wusobpaxaollero
INaHHbi¢ W WCKOMble TNPHMepHO B TOM pAacHONOXeHUH, KaK 5TO
TpebyeTcs YyCaOBMeM 3anayd. ITOT YepTEX MOXHO BBINOJHATH
,O0T pyku“. HMHoraa nocrpoeHn¢ BCHNOMOraTeJBHOTO 4e€pTexka
CONpPOBOXAAKT CJAOBAMM: ,MPEANOJNOXHM, YTO 3ajaua  yxke
pelena“.
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Ha BcnoMoraTeJbHOM 4YepTeXe CllelyeT BbIIEIUTb OQHHbLE
oeMeHTHl H BaXHellume ucxoxmvie snementol. [1pakTuvecku 4acTo
ynoOHee HAUWHATL FHOCTPOEHME BCMIOMOTATENLHOrO  yepTexa
we ¢ HanHO# (urypel, a ¢ npuMepHoro uaoOpajkeBus HCKOMOH
¢urypel, TpPHCTpauBas K Hell naHHBle Tak, 4TOOB OHM HAXOLM-
quCh B OTHOILEHHAX, YKasaHHBIX B YCJOBUM 3alaud. Hanpumep,
ecqi HYXXHO NOCTPOHMTb TPeyroJbHHK 10 OHCCeKTpHCE, MeduaHe
4 BBHICOTE, MPOBeAEHHHIM H3 ONHO#l BEPIUHHBEI, TO NPHU aAHAJH3E
yaobHee cHavana u300pasuTb MPOMSBOJBHBIA  TPeyro/bHHK,
a 3aTeM yXe NPOBOIHTb B HEM YKa3aHHble B 3ajaye JMHHH.

Ecau BCcnomoratesbHbil 4YepTEK He HOLCKasblBaeT Hello-
CpencTBEHHOro cnocoba nocTpoenus uCKOMOH ¢urypel, TO
neITAlOTCA OOHAPYXUTb KaKyl0-1H00 uyacTe HCKOMOH ¢urypel
wid BooOlle HeKOTOpYW ¢urypy, koropas MoxeT OHTb IO-
CTpPOeHa U KOTOpOH 3aTeM MOMHO BOCIOJb30BATECS /LIS NOCTPOE-
nus uckoMo# ¢urypel. B Gosnee oOuweM ciyyae paccyxieHue
pegeTca caenymouuM obpasom. ITlopmeuaioT, y4TO mnoCTpoeHue
uckoMoit ¢urypsl @ CBOAMTCH K NMOCTPOEHHIO HEKOTOPOH Apyroi
¢uryppt ®,. 3ateM nNOIMEHAT, 4YTO mocTpoeHHe ¢urypol P,
cBonuTcsd K nocrpoenuto ¢urypel @, u 1. a. Ilocne koneunoro

£ 3
l%k |
A D F C
Puc. 14.

YNC/ia IAroB MOXHO NPUHTH K HekoTopoft ¢purype &, nocrpoe-
HHEe KOTOpOH yxKe H3BECTHO.

[lyctb, HanpuMep, TpebGyeTcs NOCTPOMTH TpPeYTOJbHHK MO
OCHOBaHHIO H 10 MEJUaHE U BBICOTE, NPOBEAEHHBIM K 9TOMY OCHOBA-
Huo. PaccmaTpuBas BCoMOraTeJbHbift yepTéx (puc. 14), same-
YaeM, yto TpeyroabHuk ABC MOXHO Jerk0 NOCTPOUTb, eC/H
Oyner noctpoen Tpeyronsuuk BDE: Torpa OCT4HETCS TOJbKO
OTJI0XuTb N0 00e CTOPOHH OT TOuku E Ha npsmoit DE oTpesku,
PdBHble nosoBuHE paHHOro ocHoBaHud. Ho Tpeyroavhmk BDE
NIpsMOYro/ibHBIl ¥ CTPOMTCA MO THNOTEHY3€ M U KaTeTy h
(§ B, snemenrtapuas samaua 12).
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flosiesno yueets caenyiomme yacTHbié 3aMeuanus, HOMOraigs
e ApH NMPOBENEHHH aHAMH3A.

1) Ecniv Ha BCNOMOraTesbHOM YepTee He YyIaeTcs He-
NOCPeACTBEHHO 3aMeTHTb HeoOXONMMBbIE [Jf pellleHus CBSA3H
MeXAy IAaHHBIMH M HCKOMBIMHU 3JieMeHTaMu, TO leJecoo6pasHo
BBECTH B 4epTEx BCroMoratejpHble (GUrypbl: COeLHHHTb YiKe
uMelol(keCsd TOYKM INPAMbIMM, OTMETHTb TOYKH NEpeceyeHus
UMEIOMMXCH JIMHHH, NPOJOMKUTb HEKOTOpblE OTpe3KH U T. I.
HHorna ObiBaeT nosiesHO NMPOBOLMTH NapaJjJesu WM IepreHIu-
KyJapH K YK€ HMelOLHMCH NPAMBIM.

[lyctb, Hanmpumep, TpebyeTcd NOCTPOMTH NpPsMyI0, MpO-
XOJSULYI0 Yepe3 [aHHYIO TOYKY A ¥ PABHOYIAJEHHYI0 OT LBYX
nanneix Touek B u C. TMocTpoenne uepreka-nHabpocka yno6HO
HayaTh C MCKOMOH (GuUIypH: CTPOUM CHauaia npamylo a (puc. 15),

Puc. 15. Puc. 16.

Ha Helt BbiOupaeM TOUKY A ¥ HAa PABHBIX PacCTOSHMAX OT Nps-
Mo#i a pelupaeM (o pasHble CTOpPOHB OT mpsaMofl) Touku B
u C. Tocne aToro ewE He BOBHMKAIT HA YEPTeNe TAKHE CBSA3H,
KoTOphie Mo3Bosuau Obl peluuTh 3ajayy. Ilposengm k mpsmoli a
nepnenpukyaspst BB; u CC,, noctpouM oTpe3ok BC u orme-
TUM Toyky M nmepeceuenus orpeska BC ¢ mpamoft a. Jlerko
3aMeTUTb, 4T0 M —cepenuna ortpeska BC, a 0TCIOAA yke [CEH
c¢noco6 nocrtpoeHus.

2) Ecaiv no ycaoBui0 3amaud jaHa CyMMa MM PasHOCTb
OTPE3KOB WIH YIJIOB, TO 3TH BEJWYMHBE CJeAyeT H300pasuTh
Ha BCIIOMOraTeésJIbHOM 4YepTexe, eCJH MX €ll€ HET HA HEM.

[Tyctb, Hanpumep, TpeCyeTcs NOCTPOUTH MNPSMOYIOJbHLI}
TPeYrOJBbHHK 10 OCTpOMYy YLy ¥ cyMme kaTetoB. MzoGpasum
Kakoli-mib0 npaMoyroasubiéf Tpeyrosbiuk ABC (puc. 16). Ilo
YCIOBMIO JaHb: <L 0 U OTpe3oK m. Mckombifi Tpeyroabuuk ABC
IO/MKeH YLOBIETBOPATh ycnosuam: < A=a, AC|CB=m,
£ C=90° Yrobel BBeCTH B yepTEX JNaHHBIA OTPe3OK m,
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OTKJabiBA€M HA NMPONOJMEeHHH CTOPOHbI AC o7pe3ok CD = BC;
toria AD = m. Jlerko nocTpouTs TpeyroJpHIK ADB, tak Kak
B HEM U3BECTHBI: CTOpoHA AD ==m u pnBa yria: L A=a
u =f D ==45° (anementapuas sanava 9, § 5). [locne mocrpoe-
uusg TpeyronbHuka ADB noctpoeHHe uCkoMITO TpeyroJbHHKE
CBONLMTCH K 3JeMeHTapHO! 3apmaue O.

3) B npouecce npoeenenns aHanusa Onpaer MOJE3HO BCMO-
MHHTB TE€ODEMBI W paHee pelu&HHbEé 3aldyH, B KOTODBIX BCTpeE-
yalTCA 3aBUCHMOCTH MeXAy 3J€éMeHTaMH, CXOLHbieé C TeMH,
0 KOTOPbIX T'OBOPHTCS B YCJOBMH PACCMaTpuBAEMOH 3anaum.

4) IlpoBonst aHanua Ha OCHOBaHMM H3YYy¢HHA HEKOTOPOro
yepTexka-Habpocka, Mbl HEBOJIBHO CBA3LIBAEM CBOHM DPACCYXKACHMSA
B U3BeCTHOH! Mepe C 3THM YepTexom. Tak, B MpUMEpE, WLIO-
cTpupyomeM nyHkt 1), mbl uabpanu touku B ¥ C no pasubie
CTOPOHb OT MpsMO# @, B TO BpeMs Kak MOXHO Obl10 M30path
ux u no 008y cmopowy or stoh mnpamch. ToT croco6
pelueHHs, K KOTODOMY Mbl INpHXOLHUM Ha OFHOB3aHHM aHAIH-
33, MOXKeT MO3TOMY OKa3aTbCsd NpPUrOAHbIM MHIIb JUIS HEKO-
TOPBIX 4YaCTHBHIX cayuaeB. Yrobn mnoayuaemc¥ HaMu cnoco6
pelueHus Obll NpUroleH Mg Bo3MOXKHO GoJiee IHMPOKOro BeIOOpA

c
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Puc, 17,

ILAHHBIX, )KenaTeJbHO U300paaTh HCKOMYIO (Urypy B BO3MOXHO
Oonee o6uiem pune. HanpuMmep, wuckombili Tp2YTOJBHHK, eC/u
B YCNOBMM 3alayM HET CrelLuaJbHOIO ykasanul O ero ¢opme,
Hano uso0parkaTh Kak pasHOCTOPOHHUM, ueTHPEXYrOJbHUK —
KaK Henpaswiphbif W 7. n. Yem Oonee obmuii cayyafh mbl
pasbepéM npu aHanaude, TeM mpolle Oypger NpoOBECTH B LaJb-
HelilueM MOJHOE pelueHHe 3alayu.

PaccMoTpum emé onu npumep ananusa. TpeOyercd Boucath
OKPYXHOCTb B paHHbiff Tpeyrosbhuk. Ilycte ABC-— nauHbi#
TpeyronbHuk (puc. 17). HroOb Bnucate B HEFO OKPYKHOCTb,
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Halo ONpeleNHTb NOJOXKEHHe e& ieHTpPa M HAHTH Beauunily
panuyca. Ilpencrasum cefe, yT0 O — LeHTP BIMCAHHOH OKpPyX-
HOCTH, & OM — panuyc, npoBefEHHL! B Kakyl0-MMG0 U3 TOUEK
KacaHusg OKPYXHOCTH K CTODOHAM TpPeYroJbHHKA (HanmpHMep,
B TOUKY KacaHus OKpYXHOCTH K crtopoHe AB). Toraa orpe-
3ok OM nepnenpukyisped k npamoit AB (cm. [9], n. 113, 2).
Hostomy OM — paccrosHue 1LieHTPa BIMCAHHOK OKpPyIKHOCTH
OT CTOPOHb TpeyrosbHuka AB. Tak kak Bce paguychl OKpyX-
HOCTH P@BHBI, TO LEHTP OKPYXHOCTH OJMHAKOBO YIAJI&H OT BCEX
CTOPOH TpeyYrojbHMKAa H, CleloBaTelbHO, OpaMeie OA, OB
u OC cnyxar Ouccexrpucamu (BHYTPEHHHX) YIJIOB TPEyTroJb-
Huka ABC. D1ux cooOpakennli, OYEBMIOHO, NOCTATOYHO JJs
NOCTPOEHHS 1eHTPa M ONpelelieHus Pajiuyca HCKOMOH OKpyX-
HOCTH.

2. [Mocrpoenue. JlanHbft 3Tan pellieHHsT COCTOMT B TOM,
yTO0bl YKa34Th NOCJHE]0BATENbHOCTh OCHOBHBLX MOCTPOeHuH (MiH
paHee peIUEHHBIX 3a1ay), KOTOpble NOCTATOYHO MNPOM3BECTH,
yToObl HCKOMas ¢urypa Oblia mocTpoeHa.

[TocTpoenue oOblyHO conmpoBoxadercs rpaduyeckum ogop-
MJICHHEM Ka)X(AOT'0 ero Iuara C MOMOLibI0 MHCTPYMEHTOB, Npu-
HATHIX IJIS TOCTPOEHuUs.

B KauecTBe npumepa o6paTHMCA ORATH K 3allaye O MOCTpOe-
HUH OKPYXKHOCTH, BNMCAHHOH B panubifl Tpeyromsuuk ABC. Kak
MOKasbiBaeT HpOBeNEHHbIi BbIlE AaHaJu3 3ToH 3anauu, nJ9
MOCTPOEHUsT MCKOMOH OKDYXHOCTH HYKHO HOCJEI0BATENLHO
noctpouth (cM. puc. 17):

1) Ouccextpuchl kakux-au00 JBYX BHYTPEHHHX yIJOB [aH-
HOro TpeyroJbHuka (2-1 3/MeMeHTapHas 3alava);

2) touky ux nepeceuenus O (§ 3, ocu. moctp. 6);

3) ApaMyI0, NPOXOLAILYI0 Yepe3 Touky O NepreHoMK yaAspHO
npamoit AB (6-1 aneMenTapHas 3anaua);

4) ocHoBamme M TWpOBeAEHHOrO NepHeHAuKyJaspa (OCH.
noctp. 6, § 3);

5) okpyxHoctb (O, OM) (ocH. noctp. 4, § 3).

3. lokasarenbCcTBO. JIOKAa3aTeJbCTBO HMeeT 1eJbl)
YCTaHOBUTb, YTO NOCTPOeHHas ¢urypa NeHCTBHTeJbHO VIOBJIe-
TBOpSAeT BCeM IOCTaBJeHHBIM B 3aJaYe YCJ/IOBUSIM.

Tak, ytoOH NpOBeCTH [OKA3aTeJbCTBO NPABHABHOCTH NMpH-
BELEHHOIO Bhillle NMOCTPOEHHUA OKPYKHOCTH, BNUCAHHOH B JAaHHBI
TPEYTOJbHUK, Hal0 yCTAHOBHTb, YTO INOCTPOEHHAs HAMH OKPYX-~
#ocTb (O, OM) nellcTBuTE/BHO KOCHETCS BCEX CTOPOH Tpeyrolb-
nuka ABC. Jlns 3TOro npexiue BCEro 3aMeTHM, 4TO npsiMas AB
Kacaercs NpPOBeIEHHOM OKPYKHOCTH, TaK KAK 3TA NpsMasd nep-
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HeHAMKYASpHA K Paguycy OM. Buecre ¢ stnm sicho, ure pi:
JHYC OKDYYKHOCTH PaBeH PACCTOSHHIO eé 1leHTpa 0T cTopoHH AB
namsoro Ttpeyronbhuka ABC. Jlanee 3ameuaeM, NuTO 1[eHTP
okpyxHOCTH O OIMHAKOBO YIAJEH OT BCeX CTOPOH TPeYrojib-
HuKa, TaK KaK JeXuT HA NepecedyeHWH GHCCeKTPHC YIJOB Tpe-
yroJbHHKA. CrenonaTesbHO, pPAacCTOSHUE LEHTPA OKPYKHOCTH
or cropobl AC umu oT cTopoHel BC Takke paBHO Paluycy
nOCTPOEHHOH OKDYHOCTH, TaK yTO eciu mnposecTH yepes O
nepneHaUKyIpbl K CTOpOHaM Tpeyronbhuka AC u BC, To ocHo-
paHusd 3THX Nepneniukynsapos (touku N u P Ha puc. 18) pac-
NOJNOXKATCS Ha TOH Xe OKpYK-
HoctH. TakuM oOpasom, Kax-
nas u3 mnpamex AC m BC
NepNeHRUKYIAPHA K COOTBET-
CTBYIOLLEMY PAIKYCY B KOHLE
ero, JexameM Ha OKpyX-
HOCTH, ¥ MO3TOMY Kaxnas u3
3THX TNPAMBIX KacaeTcs no-
CTPOEHHO# OKPYXHOCTH.

Jloka3aTeabCTBO  OOBIYHO
NpOBOJMTCSA B MPenINoJoKe-
HUM, YTO KaxIbiff war mno-
cTpoeHusl IeHCTBUTENBHO MO-
*eT OBITb BBINOJHEH.

4. Uccneposanue. [1pu noctpoeHun oOblyHO O paHUuu-
BAIOTCH OTBICKAHHEM OOHOZO KaKOro-iaubo pelleHus, NOpHUEM
npennonaraeTcs, YTO BCe INArd MOCTPoeHus HefiCTBUTEJIbHO Bbi~
NOJMHUMBL. [INSl nOHOZ0 pElleHHs 3a0dYd HYKHO €uiE BHIICHMTB
crenyionuie sonpockl: 1) Bcerpa Ju (T. €. npH a06oM au Beibope
JAHHBIX) MOXHO BBUIOJHMTb NMOCTPOeHHe u3OGpaHHBIM CHOCOGOM;
2) MOXHO /M W KaK NOCTPOUTH UCKOMYIO urypy, ecau usbpau-
Helf cnoco® Henb3st NpUMeHHTb; 3) CKOJbKO pelueHul uMeeT
3a71a4a npu KaxkIOM BO3MOXXHOM BeiOope HaHHbIX. PaccMoTpeHue
BCeX 3THX BONMPOCOB U COCTaB/IsfeT HccCiaefoBaHue. Takum oOpa-
30M, HCC/Ie0BAHME MMeeT lieJbl0) YCTAHOBUTH YCJIOBHS paspellH-
MOCTH M ONpeJeNHuTh YUCJIO pPellleHMH.

MHorna crasutcs Takdke 3afava: BbIICHUTB, NP KaKuX ycCJIO-
BHAX uckomasg ¢urypa Oyner yIOBJIeTBOPATb TeM WJIM HHbIM
DononuuTepHeM TpeOopanuaM. Hanmpumep, moxker ObITb nocra-
BiieH BONPOC: NMpH KaKKUX YCJIOBUAX MCKOMBIH TpeyronbHuk OyieT
NpsMOyrosibubl Wik pasHOGedpeHHbiM? Miu Takok sonpoc: npu
KaKHuX yC/IOBHSX HCKOMBI{ yeTBIPEXYTOJIbHUK OKaXETCs mnapaJ-
JenorpaMmMom wiu pomM6om P
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Hepeaxo mkonbumin u ndme yumrens nposonst uccienoni-
HHe, B U3BECTHOH Mepe npou3s0.bHO BHIOUpAs Te WIM MHBlE CJY-
yaH, NPUYEM HEACHO, TQYEMY PaccMatpHBalOTCAd MMEHHO TakHe,
a He Kakue-mu00 uHblE cayyan. OCTa&Tcs HesICHBIM TaKiKe, BCE JH
BO3MOXHBIE CHyydM paccMoTpeHel. [Ipu uccneloBanun pelleHus
CKOJIbKO-HUOYIIb CI0XHOH 3afayu Takolt MOAXon MOXeT NpHBeCTH
K NnoTepe pellleHuit, K TOMY, YTO HeKOTOpbIe Ciywau He OyaAyT
paccMOTpeHH.

Uro6bl AOCTHIHYTh HeOOXOAMMOR NJIAHOMEPHOCTH M MOJHOTHI
UCCJENO0BaHYS, PEKOMEHLYeTCsd TIPOBOAUTH UCCAeNOBAHUE ,N0
x00y nocmpoenus“. CyumHOCTb 3TOr0 NpHEMa COCTOMT B TOM,
yto6bl NepeCpaTh NOCAeNOBATeJbHO BCE INATH, U3 KOTOPHIX CJa-
raeTcs NocTpoOeHHe, W OTHOCHTE/JbHO KaX[O0ro Iuara yCTaHOBHTD,
BCerpga JM YK434dHHOe Ha STOM 1iare MnoCTpoeHHe BHINOJHHMO,
a eC/H BHITOJHHMO, TO CKOJBKHMH CHOCOGAMH,

INas sroro HeoGxonMMo:

1) Beisicumth, BCErna JM CYI(ECTBYIOT B NeHCTBHTENHHOCTH TOYKH,
IpAMElE, OKPYXHOCTH HJM JIPYTHE (MrYphl, NOCTPOEHHE KOTOPBIX Mpen-
NoJiaraeTcsi OCYL{ECTBHTb HAa KawlIOM Llare HaMeY€HHOTO IOCTPOEHHS,
HJH e HX CYI{eCTBOBAHHE 3aBHCHT OT CIeliHalbHOTO BrIfOpa MOJOME-
HHMSI WM Pa3sMepoB TeX MM HHBIX ¢uryp. Hanpumep, ecau npennoaa-
raercsi IOCTPOMTb TOYKH IlEPeceyeHHs] OKPY¥HOCTH C IpsiMOH, TO Hano
3aMeTHTh, UTO CYILUECTBOBaHME TaKHMX TOYEK 3aBHCHT OT COOTHOIIEHHS
MEXIY PajHyCoM 3TOH OKPYIKHOCTH M PACCTOSIHHEM LIEHTPa OKPYIKHOCTH
OT NpPsIMOH.

Jlancheiiimee uCcienOBaHHE HAXO HPOBOJHTH TOJBKO IJS TE€X Ciy-
yaes, KOrja NoCTPOEHHE BO3MOXKHO, T. €, KOrja Kanbil war neidcTBH-
TEILHO TPUBOIMT K MOCTPOEHHIO MCKOMBIX GQHryp.

2) Jlna xaxporo cayyas, KOria peuieHHe CylecTByeT, ONpenesiMTh,
CKONBKO HMEHHO TOYCK, NPSMbIX, OKPYXHOCTEl M T. 1. Ba€T KawAbi mar
nocrpoenns. HanpuMep, eciu cTposiTCst TOUKM IEPECEUEHHA OKPYXHOCTH
U npsMoi, TO HamO yueCth, YTO TaKHX TOuEK OynEeT Ise, eCiM pamuyc
OKpYXHOCTH Ooublue pacCTOSHHS 1€HTpa OT NpsMOH, M OLHa, €CJM
pamMyc OKPYXHOCTH PaBeH PaCCTOSHHIO LIEHTPa OT IpsIMOH.

3) YuuThiBasi pe3yabTaThl HcCNeNOBaHU KaXIOro 1ara, oGpaTuTbCs
K 3anaye B LIEJOM H YCTaHOBHTDb, IIPH KaKHX YCJIOBHSIX PacrONOMEHHS
I2HHBIX (UIYD MJH NpPH K4KHX COOTHOLIEHHSX MX pasMepoB 3anaya
REHCTBHTEIbHO HMEET pelleHue, a NpHu Kakux ero he cymecrsyet. Ecan
BO3MOX(HO, BBIDa3HTh YCJOBHs pa3peluMOcTH (opMynoit (B ¢opMe He-
PaBeHCTB WJin PaBeHCTB).

4y OnpepesuTh YuCJIO BO3MOMNHBIX PELIEHHH NpH KaXIOM onpexne-
JE€HHOM NPENNOJOM¥EHHH OTHOCHTENBHO NAHHBIX, IIPH KOTOPOM 9TH pe-
LIEHHS] CYULeCTBYIOT.

B wurore takmx paccysxienuf peluaercs BONPOC O BO3MOX-
HOCTH NOCTPOeHUs OanubiM cnoco60m. Ho ocraérca emg oTKphi-
ThIM BOI‘IpOCI HE BOsHIdKHyT JIU HOBGBIE pemeHuﬂ, €CJIi H3MEHUTb
Kak-m60 cnoco6 nocrpoenns? Wuorpa ymagrcs AoKasate, YTO
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pCAKOE pellieHne JIaHHOM 331a4u COBNANAET C OLHMM M3 yXe
[onyueHHbIX pelleHuit; B STOM ciyuae HCCENOBAHHE MOXHO
cunTaTh BaKOHUeHHbM. ECIH ke 9T0 He yAa€Tcs, TO MOXHO
[pEANOJIOKHTb, YTO 3alaua HMeeT Apyrue pellieHus, KOTOpbie
moryT ObITb HafileHbl IpYrHMH cnocobamu. B 3THX cayvasx
[oJe3HO euiE pas oOpaTHTbCs K aHAMM3y W NpPOBEPUTh, HET Ju
kakuX-MM00 HMHBIX BOSMOXHBIX CJIyYaeB pacnoJOXEHHS NAaHHBIX
WIH MCKOMBIX (MIYp, KOTOpHi€ He OblIM NpeiyCMOTpeHBl paHee
npogeﬂéHHbIM aHA4JH30M.

Jlns WUTIOCTPAlLMK NPHBENEHHBIX 3jeCh cooOpaxkeHuit oOpa-
THMCg el pas K paccMoTpeHHoMy Bhbille (cTp. 32) mpuMepy:
NOCTPOMTh FAPAMYI, MPOXOASLLYI0 Yepe3 NaHHYIO TOuky A u
paBHOYAANEHHYIO OT ABYX IAHHBIX TO4YeK B uC.

CornacHo aHaJu3y, NPHBELEHHOMY HA cTpaHulle 32, mocrpoe-
gHe CJedyeT NMPOBeCTH B TAKOM MOpsake: 1-# mar -— nocTpoenue
orpeska BC; 2-# ar — noCTpPOeHHe Cepe/MHbl M orpeska BC;
3-§f 1war — nocrpoeHne npsamoii AM, koTtopas u sBiseTcH
HCKOMOH.

Uccnenosanue JOMKHO NPOBOAMTLCS NMPHUMEPHO CJAELYIOLMM
o6pasom. IlepBuilt AT BCerna BHIMOJHAM, MPUTOM OJHO3HAYHO:
JIlO6hle JBe pasJuyHble TOYKHM MOXHO COeJUHMTH OTpe3KOM U
TOMbKO enuHCTBeRHbIM. OJHO3HAYHO BBIMOJHAM U BTOpPOH Liar
nocrpoenusi. TpeTull Wwar nocTpoeHus BCErja BHINOJHAM: BCerna
MOXKHO TNPOBECTH TPSAMYyI0, COeIHHSIOMIYI0 J[BE NaHHEE TOUKH.
Ho uepes nBe TOYKM MOXHO NPOBECTH €0UHCMEBEHAYIO TPAMYIO
Jullp B TOM CJy4de, €CIH 5TH TOUKH PA3jHyHbl; KOTAa TOYKH
A u M coBnapaiT, TO Yepe3 STH ABE TOYKH NpoxomuT Oecko-
HEYHO MHOro npsMbix. Htak: npu namem crnocobe mocTpoeHHs
MBI MOJyYHM OeCKOHEYHO MHOro peluenuH, ecau TOuka A cay-
HHT CepenuHOl oTpe3ka BC, M €IUHCTBEHHOE peIlleHHe BO BCeX
oCcTajbHBIX cayuasnx. OIHAKO 9TO He 3HAYMT, YTO Hesb3sl MOJY-
YMTh HOBbie pellé€HHd, NPOBOJA NocTpoeHHe uHave. W pelictBu-
TeJbHO, OoJlee TIATENbHOE MNPOBEJEHUE AHANM3A NPHUBELET HAC
elE K ONHOMY pellleHHIO: MpAMas, Npoxojduwas yepea A u na-
panensHas npsmott BC (ecan Taxas npsMas CyuiecTByeT), TaKxke
ABNsieTCA pelueHueM 3anauu. YrtoObl npuiTH K 9TOMy BEIBOLY,
IOCTaTOYHO npu aHAJH3e TNPUHATL BO BHMMAHHE, YTO TOuYkH B
1 C MOryT OHTb pacHo/OkKeHbl M NO OJHY CTOPOHY HCKOMOH
npsiMoii.

Ipyrux pewenu#t ObiTe He MOXeT. B camom gpese, mycTsb
npsMas o’ He MPOXOJMT 4Yeped cepeiuHy OTpeska BC u He na-
pannensua emy (puc. 19). OGosnauum uepes D Touky eé mepe-
cevenus ¢ npamolt BC, a ueped BB’ n CC’ — nepneuaukyspbi,
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npoBentHHbic u3 Touek B u C wa npamyw a’. Tak kak

A\ BB'Dco/\ CC'D’, T0 gg—,——: g—g . Ho ua Toro, uro npsmas a’
HE NpPOXOIMT 4uepe3 cepeauHy otpeska BC, cienyer, uto
BD = CD w nostomy BB’ =+ CC’, t. e. npsamas a’ He MoOXeT
YIOBAETBOPATH YCJOBUIO 3afauM.

Puc. 19. -

ITpupenéHHOe HCCeOBAHME NOKA3bIBAET, YTO 33a7aua UMeeT
6€CKOHEYHO MHOTO pellleHuit, €cau TOuKa A ABjaseTcs cepeluHoi
orpeska BC, u UMeeT B TOYHOCTH 084 pelueHus, eciu Touka A
we sexut Ha npsmoit BC. Ecnu xe A —npoussoibHas TouKa
npsamofi BC, He sapnsiouiasaca cepenuHoft orpeska BC, To 3a1aua
umMeeT OOHO pellcHHEe.

§ 7. llpumepn pelieHusl reoMeTprHvecKux 3axay
Ha NOCTpoeHue

[TpuBe nEM pellleHus HEKOTOPBIX 3a1ay HA NOCTPOEHHe.

3anaua 1. llocTpouTs TPEYroJbHHK MO OCHOBAHHIO U HBYM
MeJfuaHaM, NPOBEAEHHHM K GOKOBEIM CTOPOHAM.

Awuwanus, HonyctuM, uyto Ttpeyrombuuk ABC (puc. 20)
UCKOMBill, AB— ocHoBanue, AM; v BM,— menuansl, npose-
IEHHBIE K OOKOBBIM CTOpDOHAM, P -— TOouka népece4yeHHs MelMaH.
[To ycnoBuro 3apanbl OTPe3ku ¢, m, U M, ¥ Tpebyercd, yTOOHI
AB=c; AM, = m,; BM, — m,. lloctpoenue Tpeyroisuuka ABC
CBOAMTCA K NMOCTPOeHHI0 TPEX ToueK—ero BeplumH. Tak Kak
MOCTPOEHHE OCHOBAHus (T. e. 0Tpe3ka AB) He BLHI3bIBAaET 3aTpPy.-
HeHus, TO 3alaya CBOAMTCY K MOCTPOeHH0 BepliuHbl C.
C=AM, X BM;, Tak uyT0 HYXHO CTpouTb TOuku M, u M,.

Toukn M; u M, nexar coorseTcTBeHHO Ha Jyyax AP u BP,
npuyéM Touka M, ynanena ot A Ha paccTosHue m,, a Touka M,
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ynaneHa oT B Ha paccrosmue m,. ITosTomy sadaua cBopuTCs
k moctpoenno Touku P. Touky P MOXHEO NOCTPOMTB Kak Tpé-
Tbl0 BepUIMHY TpeyronbHuka ABP, ecmu BepliuHn A u B 3a-

2
naHel, TaK Kak AP=—3—m1, BP=§m2, T. €. BCE CTOPOHBI
tpeyronbHuka ABP  us- C
BeCTHbI.

[Toctpoenue. Crpo-
UM TIOCJEN0BATENBHO:

1) orpesok AB, pas-
Hbif JAHHOMY OTpe3Ky ¢
(3neMeHTapHas 3asava 3);

MZ

2) orpesok ry =g,
(37eMeHTapHbie 3ajaun 7 4 B
u 3); c

3) oTpesok ry == % o) Puc. 20.

4) tpeyroieuuk ABP no Tp&M cTOpOHaM: ¢, ry u ry (3Je-
MeHTapHas 3ajaaya 8);

5) nyun AP u BP (ocH. noctp. 3 § 3);

6) Touky M; Ha nyue AP Tak, ytoObt AM; ==m, (s7eMeH-
TapHas 3ajava 3);

7) nHa nyde BP touky M, Tak, ytobbn BM, == m.,;

8) touky C=AM, X BM,.

Tpeyronbhuk ABC uckoMbifi.

HNokazatenbctBo. Eciu Ny — cepeauna AP, N, — ce-
peauna BP, 10 ueTbipéxyronbHuk M, M,N,N,—napaJnejorpamm,

Puc. 21.

TdK kaK ero AUATOHAaAM B3aMMHO AeATCH nonosaM (puc. 21).
Crenoratemsto, otpesku M;M, u N,N, PaBHBI ¥ NapasilebHH,
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A tax xak N;Ny— cpennsist smnust \ APB, 1o M;M,||AB n

M1M2=§ AB. O1ciona MOXKHO BHBECTH, 4TO OTpe3ok M M,

CNyXHUT cpennet Nuuuelt Tpeyronshuka ABC, tak uto AM; u
BM, ne#icTBUTENBHO MeNMaHB! STOrO TPEYTOJBHHKA.

Mccnenosanue. INocrpoenus 1), 2) u 3) Bcerna Bunodn-
HHMBL. JIJs BLITONHEMOCTH NocTpoenus 4) HeoOXOLHMO W AOCTa-
TOYHO, YTOOB! BLIMOMHIHCH YCJIOBHSE:

2 2
Flm—my| <e <5 (m~+my.

IMoctpoenuns 5), 6) u 7) Bcerna pomonnumel. ITokaxeM, uTo
noctpoenve 8) Takike BCErna MOXKHO OCYLIECTBHTB.

IMpsmeie AM, u BM,; Bcerna nepecekyTtcsi, NPHTOM 1O TY XKe
CTOpPOHY OT npsmoit AB, rne pacnojoxena touka P. B camom
nene, ecin 6nl AM, Onna napannenssa BM,;, T0 napa/uienbHble
orpeskd AB u M,M; wMexny uapannejbHHIMH NpsMBEME AM,

u BM; Ounan Obl paBHbl, BONPEKH TOMy, YTO M2M1=—12—AB

(cM. nokaszarenbctBo). A ecnu 6w npsmeie AM, u BM; nepe-
CEeKJNCh 10 NPYryio ctopony ot AB, 1o oTpesok M, M, Ou1 Ou
6oabuie oTpeska AB.

Mtak, 3ajaua uMeeT pelieHHe NPH YCJIOBUU

2
Flm—my| <o < 5 (m+m).

IMpu wawiem cnocofe MOCTPOEHMS pPeUIEHHE €IMHCTBEHHO, TaK
KaK KaXXIH} 1ar rnoCTPOEHHs! BHITONHSIETCS ONHO3HAYHO (C TOUY-
HOCTBIO 11O PaBeHCTBA).

HOns nonnoro wuccinenobaHusi HyXHO el® nokasaTb, 4YTO HU
Npu KaKkoM JApyroM cmocobe moCTPoenust Helb3s MOJYYHTh Tpe-
YrOJBHYK, YNOBJIETBOPSIOUMI BCceM yCJOBHUSM 34]d4d, HO HE paB-
HBIH MOCTPOEHHOMY HAMHU TPEYTONBHUKY. DTO PABHOCHJIBHO Mpen-
JIOXEHUI0: eclid OcHoBaHuWe W ,00KOBHIE® MENHaHbl OQHOrO Tpe-
YrOJbHAKA COOTBETCTBEHHO PaBHBl OCHOBaHMI0 M, 60KOBLIM®
MelMaHaM JpYroro TPeyrolbHUKa, TO TaKHe TPeyroJbHUKH
paBHbl. [okasaTenbcTBO STOH HECJAOXHOH TEOPEMHl MHL  OMy-
CKdeM.

3amaua 2. [lpe npsimbie @ ¥ b nepeceyeHs! TpeTbelt nps-
Mot ¢. TlocTpouTs OTpPe30K, paBHEI NAaHHOMY OTpesky [, Tak,
uyToOB OH OHJ nmapansesieH NpaMoit ¢ W KOHUB €ro pacriosara-
JUCh Ha NpPAMBIX a M b,
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Ananus. Ilycte AB (puc. 22) McKoOMblE OTpe3OK, T. €.
AB=1, AB|c, A€a, BEb*.

Jlns BBISICHEHHs! CBSI3€H MeXNY NAaHHEIMM M MCKOMBIMH NpH-
J&TCSl BBECTH HEKOTOPLIE BCIIOMOraTelbHbie TOYKH M JIMHHK.

Mycts P=c¢ X b. Ilposengm AM[|D, u nycte Q=AM X c.
Torna PQ==AB=1I, TaKk Kak ueThpéxyrombiuk ABPQ—na-
pajenor pamMm.

Ilna noctpoenns oTpe3ka AB A0CTATOYHO ONpefeNuTs Nono-
skenrde TOUKM A, YTO CBOLUTCS K NMOCTPOEHHIO TOUKH Q. B cBow
ouepenb MOCTPOEHHE TOUKH Q He BLIBHBAET 3aTPYAHEHHH.

/ Q\ PN
M

Puc. 22

IMTocrpoenne. 1) Crpoum tTouky P=b X ¢ (ocH. noctp. 6
§ 3

2) Ha nopsiMo#t ¢ orknanbiBaeM oT Touku P otpe3ok PQ==1
(ssieMenTapuas sanava 3).

Ilanee cTpouM mnoclenoBaTENbHO:

3) npsamywo QM| b (snemenrtapuas 3anaua 5);

4) Touky A= QM X a (ocH. noctp. 6);

5) upsimyio AN | c (3neMentapuas 3anaua 5);

6) Touky B= AN X b.

AB— uckoMHH OTPe30K.

HoxazartenbcrtBo. Ma nocrpoenus BunHo, uro A€a,
Bgb nu AB|c. Kpome toro, AB= PQ=1, xax npotusomno-
JI0XKHEe CTOPOHBl NApasJenorpamMma.

Wccnenopanue. Touka P cyuiecTsyer, TaK KaK 1o ycao-
BAIO npamas ¢ nepecekaer upsiMyro b. IlostoMmy mnocTpoeHne
1) Beerna Bosmoxro. [NMoctpoenue 2) Bcerna BOSMOXHO U Ha&T
ABe Toukm Q u Q" (puc. 23).

—_—

E3 I
CumBog A¢a o3nauaeT, yTo Touka A MpHHALNEIKHT NpAMOH 4.
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IMocTpoenre 3) BCeria ONHO3HAYHO BBHINOJIHUMO ISl KaXIOH
u3 Touex Q u Q'.

BosMmoxHEl TpH ciyyas:

o) QM (onnoBpemenso Q'M’) nepecekaer a (puc. 23);

Puc. 23.

B) QM (onnospemenno Q'M’) napamnensha a (puc. 24);

7 QM nm Q'M’ coBnanaer ¢ a (puc. 25).

Cayuaf#t o) uMmeeT Mecto, ecau b nepecekaeT a. Ilpu srom
nocrpoennst 4)—~6) ONHO3HAUHO BLIMOMHEMBL AJIsl KAWKAOR M3 TO-
ek Q u Q. Tlonyuaem npa pelleHnst 3anavu.

b M a

Cnyuatt ) umeer Mecro, korna al|b, npuuéM npsMble @ u b
OTCEKalT Ha npsmolt ¢ orpe3ok, He pasHbit [. B sToM cayuae
nocrtpoeHde 4) He BHITONHUMO, MBI He MOJYYHM HHM OLHOTO
peuleHus.

B cayuae ) (puc. 25), T. e. korna allb u orpesok, orce-
KaeMbIl STHMM MNpPsIMBIME Ha npsiMoit ¢, paBeH [, 3ajnava umeer
feckoleunoe MHOMECTBO pellleHHH: MCKOMBIYf OTpe3OK MOXHQ
nposecTd uyepe3d molOyl0 POUKY NPsIMON a.
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Jlnsg MojHOTH MCCAEAOBAHUA HAZO ewWE MOKasarb, YTO NpH
BCAKOM JPyroM cnocobe MOCTPOEHH HE MOTYT BO3HUKHYTh
kague-mMO0 HoBble pewleHns. B cnyuae nepeceyeHnss NpsIMBIX
a ¥ b 9TO CBOAUTCSA K NPEAJOKEHUIO: BCe OTPe3KH, OTCeKaeMble

Q\ ¢ P\ @

Puc. 25.

CTOPOHAMM YTJ/ia Ha napannelbHBIX OPSAMBIX, PasinuuHBl MO Beld-
yuHe. SIcHO, 4TO B cllyyae mnapa/nelbHOCTH NPSAMBIX ¢ u b He
MOTYT BOBHUKHYTb peLIeHHf, OTJHMYHEE OT MOJYYEHHBIX HAMH.

3apaua 3. IlocTpouTb TpeyroJbHuK, 3Has OWCCEKTPHCY,
MENUWaHy ¥ BBICOTY, MPOBEAEHHLHE M3 ONHOH ero BEPUIMHBL

Ananua. Ilycre ABC (puc. 26) — ucKOMbllt Tpeyro/bHUK,
AH = h 4 — ero Buicota, AM = m 4 — vmennana, AD=—b4 — Guc-
cextpuca yrna BAC. Ilpencrasum ) 4
cefe OKPYIKHOCTb ®, OMHCAHHYIO
okono Tpeyronbnuka ABC. Ilyctb
O —e& uenrp. Torpa npsMas
OM nepneHnvkynspHa xopne B
BC v nosToMy neauT momnojaMm
KOKAYI0 U3 NBYX LYT OKDYX-
HOCTH, CTATHBAEMBIX 3TO#t XOp-
no#t. Ho 6uccexrpuca AD rakxe
JeNuT nonoJam 1y Ayry OKpYx-
HOCTH ®, HA KOTOPYK ONH-
paercs yron BAC. Ilostomy Puc. %6.
npsmas OM wu Guccextpuca AD
BCTpeTaTCs B Touke P onucaHHo#t OKPYXHOCTH. 3aMeTHM eUlE,
Yro neprnenauxynsp us O na AP npoxoaur uepes cepe-
Auny S orpeaka AP.

[Toctpoenue. Ilo runoreHyse by u karery hy CTpPOHUM
npsMoyroapubitt Tpeyroavhuy AHD, Ha ayue HD nHaxonmm
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Touky M, npoBons OKpy®HOCTE (A4, m4) MU nepecevenus ¢ nps-
mo#t DH. Haxonum touky P nepeceuenust npsimofi AD ¢ mep-
nenpuyaapom K npsamott DH B touke M. Crpoum uenrp O
onucanno#i OKPyXHOCTH ® Kak fepeceueHue npamoi MP c nep-
NEeHNUKYISIPOM K OTpesky AP, npoBelNEHHHM Yepes ero cepe-
nudy. Toukn B u C obpasyiorcss B nepecevenun npsmoft DH
¢ okpyxHocteio ® (0, OA).

HokasatenbcrBo. OTpe3ok AH CNyxuT BHCOTOH Tpe-
yrosbruka ABC, Tak kak npu Touke H cTpouics npsMot yrod.
Touka M— cepenuna orpeska BC, Taxk Kak sB/seTCHd OCHOBa-
HUeM nepreHAuKyaspa, ONYIIEHHOrO M3 LEHTPa OKPYXKHOCTH HA
e& xopny BC. Tax kak Touka P —cepenuna nyru BPC, 1o
pnucanubie yriel BAP u CAP pasubl Mexny coGoH, Tak 4To
AD — Guccextpuca yraa A.

Mccnenosanne. HeoOxonuMeM ycnoBueM paspelIHMOCTH
SIBJSIOTCA COOTHOLLEHHS:

mazbaz ha,

TAK KaK B TpeyrojeHuke nnbo OHccexTpHca pacnonaraercs
MeXny MeluaHo#t W BbicoTOH, MO0 BCce TH JIMHUK COBHANAIOT
(nokazaTenbCTBO STOrO TNPeAJOXeHud MoxHO Halttu B (7], 3a-
naun 9, 11). Ecnu mg=0bs="hy, TO 33amaya COCTOUT B MO-
CTPOEHHH PaBHOOENPEHHOTO TPeyTONBHHKA MO €ro BHCOTE (KOTO-
pasi OIHOBPEMEHHO ClyXHUT ero OuccekTpucoft M MenuaHol).
Takasi 3anaya sBIsieTCs HeonpejelEHHOH, OPUYEM TNOCTPOEHHE
OTJleNMbHEIX e¥ pelueHuit He npencrasisier nukakoro tpyna. Obpa-
TAMCH K CJIYyvalo ma>bsa>hyn UcclenyeM sapavyy no xony
npuBeNEHHOrO BHIIe nocrpoenus. Tpeyroawuk ADH wMoxeT
ObITe NMOCTPOEH U OMpenesieTcss yCIoBHEM OfHO3HAUHO. OKpyK-
Hoctb (A4, my) nepeceudrcs ¢ myyom HD B touke M (Tag Kax
mg > ha)-

Touka P Bcerna cyuiecTByeT W onpejensiercsd OJHO3HAUHO,
KdK lNepeceyeHHe NepneHAuKyJspa U HakJIOHHO# K OnHO# nps-
moli. Ilpsmas AP He nepnenpuxkydspHa MP, Tak Kak OHa He
napannesnbia DH; nostoMy nepneHIuMkyJsp k orpesky AP pcernia
Bcrpetntess ¢ MP, T. €. LeHTP OIHCAHHOH OKPYXHOCTH Cyule-
CTByeT W ompeessieTcss NpH NAHHOM crnocobe NMOCTPoenHsl OfHO-
anauno. Ilpsmas DH mnepecekaeTcsd C OKPYXHOCTBIO ® B 1BYX
toukax B u C, TaK KaKk NPOXOAMT Y€PE3 BHYTPEHHIOI TOUKy D
9TOH OKPYXHOCTH. MTak, ykasaHHbi# MPHEM MOCTPOEHHs BCerpa
NPHBOLUT K DellleHHo.

I pyro#t npuéM mocTpoeHusi HE MOXET AaTh HUKAKOrO HOBOTO
pellieHus: TNyTEM HANOKEHWs MOXKHO JO0Ka3aThb PaBeHCTBO ABYX
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i-peyrdileHKoé, ec/id Menuana, OMCCeKTpHCd W BHICOTA OJHOIU
TpeyTOJBHHAKA, NPOBENCHHHE U3 ONHOH €ro BepLIMHH, COOTBET-
CTBEHHO PABHBI MenuaHe, OWCCEKTpHCE M BHCOTE APYIroro Tpe-
JrOJBHHKA, TAKKE MPOBEAEHHHIM M3 ONHOH BepUIMHBL

3agaua 4. Iloctpouts TpeyroibHUK No ABYM BBHICOTaM /A p
n kg 4 Menuaue ma.

Ananus. Ilycte ABC (puc. 27) — ucKOME TPEYrONbHUK,
AD —ero menuasa my, BL=hp, CH == h¢. Ilocrpoenne Tpe-

Puc. 27.

yroaviuka ABC cTaHeT cOBCeM MPOCTHIM, €C/IH YAACTCs ONpe-
nemuts ero yron BAC. Ho ZX BAC = =2 CAD -} 2 BAD.
IMposeném DF | AC. Torna cranet sico, uto yroan CAD nerxo
onpenenisieTcss NyT&M MNOCTPOEHUs NPAMOYTOMBHOTO TPEYr oMb~
nuka AFD, B KOTOpOM usBecTHA TunoTeHysa AD = m 4 ¥ gaTeT

DF =%h3. Ananornuno onpepensercss U yron BAD.

B K

P
L F
Puc. 28.

Mocrpoenne (cMm. puc. 28). 1) Crpoum npsimoyroisHufl
Tpeyrosbnuk  ADF  no runorenyse AD=m, u Katery

1
DF:ghB- 2) CrpouM npsMoyrobhbif Tpeyrompuuk  ADE
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14K, yToObl TOUkK E 1 F pacnosaranuce no pasueie CTOPOHb npsimoht
1
AD wu urobn DE = 7/10. 3) Ha ayue FD otkaanbBaeM OTpe-

3ok FK=hp. 4) Uepes touky K npoBopuM mpsiMywo, napai-
aenpHyto AF, v oTMeuaeM Touky B e& Bctpeud ¢ JdyuoM AE.
5) Crpoum npsamyio BD. 6) Ormeuaem Touxy C BCTpeud npsi-
mpix BD u AF. Tpeyroavuuk ABC MCKOMBlfi.
IlokxazatedbcTBO. M3 paBencrsa TPEYr OJIbHUKOB DBK
u CDF caenyer, uro BD = DC, 1. e. AD — menvana. AD =m,
no nocrpoenuto. OnyctuM w3 B mnepnennuxyiassp BL Ha AF.
Torna BL=KF=hpg. llycte CH | AB. B tpeyronbuuke CHB
orpeaok DE cayxut cpennelt munuett. [lostomy CH=2DE =hg,

1
Tak gak DE = 5 hg N0 MOCTPOEHHIO.
Uccnenosanue, IlepBuft ar seluenpupendHHOrO Mo-

. 1
CTPOEHUs! BO3MOXeH U OJLHO3HAYHO BHUIONHAM, €Cld M4 > —Q—hB,

BTOpOH — ecaiu mA>%hg. [Haru 3, 4, 5 u 6 Bcernpa BO3-

moxHel. Tagum 06pasoM, npusendunuit cnocod NOCTPoeHus naeT
eJIMHCTBEHHOE  pellleHWe, ecld  OfHOBPeMeHHO hp < 2my
u he<2my4. Ecam wue Boinosusiercss XoTsd Obl ONHO M3 9THX
ycloBHit, TO peueHutt HeT. HeBO3MOXKHOCTH MONYYEHHS MHBIX
pelleHu#t fpyruM crnocofoM cienyer u3 TOrO, UTO [PU YCJIOBHH
m;l,= m,, hy=hg hp= h, nBa TpeyroibhHKa A'B'C
n ABC oKasbiBaloTcsl PaBHBIMU.

BOMPOCH 1Jisl ITOBTOPEHUWS

1. Mepeuncaure o6IHE aKCHOMB KOHCTPYKTHBHOH r€OMETpHH.

2 HazoBuTe uH3BeCTHbIE RAM HHCTPYMEHTBl [EOMETPHYECKHX IO~
CTPOEHHIL.

3. MepeuncanuTe OCHOBHBIE €OMETPHYECKHE [TOCTPOCHHS, BLHIOJNHH-
MBIE [PH HAQJHYHH ORHOTO H3 CJELYIOUHX HHCTPYMEHTOB: JHHEHKH,
LWMPKY s, IBYCTOPOHHEH JNMHEHKH, MpAMOro yriaa.

4. HUto naspiBa€TCs pelLIEHHEeM TIeOMeTPHYECKOH 3alayd Ha [o-
CTpOEHHE?

5. UTo 3HAuMT peIUHTh TEeOMEeTPHYECKYlo 3ajayy Ha MOCTPOEHHEe?

6. Vanoxure moiHoe pelleHne sjaeMeHTapHmXx 3anad 5, 6, 7, 11, 12
(cm. § 5).

7. VI3 KaKkuxX 3TanoB COCTOMT MOJHAsA CXEMa PelleHHs reoMerpHye-
CKOH 3ajiayd Ha MOCTpoenHe?

8. KakoBa LEnp aHain3a TIeOMETPHYECKOH 3ajaud Ha NOCTpoeHHe
H KaK OH IPOBOAMTCH?

9. B uéM 3aK/loyaioTCs BTOPOH M TPETHH STamp PelleHHs reomMer-
pHyeckoll 3alayn Ha NocTpoenue?

10. KakoBa uens wuccnepoBanus PpellEHHs FEOMETPHYECKOH 3anaun
Ha noctpoenne? KakoB ocHOBHOH mpakTHIeCKHH NMPUEM HCCNeLOBAHHA?
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3AJIAYH

i.,‘ INocTpouTs TpPeyronbHHK MO JBYM CTOPOHAM W yrily MpoTHB
onuOH M3 HHX.

2. INlocTpouts 06UIY10 KAacaTENbHYIO K ABYM JAHHBIM OKPYKHOCTAM.

3. [MoCTPONTE TPEYTrONBHUK [0 CTOPOHE, NPOTHROJEKAUleMy eii
yray H CyMMe JBYX APYTHX CTOPOH.

4. TlocTpouTh NPAMOYroJbHBIH TPEYrOJBHHK MO IHIOTEHY3€ H pas-
HOCTH KaTeTos.

5. [TocTPOHTE TPEYroJAbHMK IO Yriy W IBYM BBICOTaM, ONYIEHHHIM
Ha CTOPOHKBI STOrO yria.

6. Yepes panHylo TOUKY NPOBECTH NPAMYIO TAK, uTO6LI NBE JAHHBIE
paBHEIE OKPYHOCTH OTCEKa/H OT HEE PaBHEIE OTPE3KH.

7. MocTpours KBaZpaT Mo CyMME€ CTOPOHHI C JHAroHasblo.

8. IlocTpouts poM6 Mo CTOPOHE WM CYMME JgHAroHale.

9. Jlanw nse npsaMbie H TOYKa. [IpoBecTH yepes 3Ty TOUKY TaKylo
ceKyuylo, yToOpl 4actk e€, 3aKJIOYEHHAd MEWNIY NAHHHIMM IIPAMBIMH,
IENHJACh NAHHOH TOYKOH MoronaM.

IMocTpouTs TPEYrodbHHK MO BEICOTE, IEPHMETPY W yIrJy IpH
OCHOBaHHH.
[MocTpouTn, TPEYTONLHHK [0 ABYM yrjaM H IEpHMEeIpy.

12. TocTtponts paBHOGEAPEHHHIH TPEYroAbHHMK 1O (OKOEOit CTO-
pOHE M CYMME (WJIH DPa3HOCTH) OCHOBaHHS H BHICOTHL  +

13. IIpoBecTHn B JAaHHOM TPEYTONLHHKE MPAMYlo, MapallleNibHYIo
OCHOBaHHMIO, TaK, 4YTOOEI OTPE30K 3TOH MPAMOH, 3aKMIOYEHHOH Mewy
GOKOBLIMH CTOPOHAMH TPEeYrOJsHHKA, Obil paBeH CyMMe OTCEeKaeMBIX
npsMoii OTpe3Kor GOKOBLIX CTOPOH, CYHTasi OT OCHOBAHHS.

14. ITocTpouTh NapannenorpaMM MO CTOPOHE, Pa3HOCTH (WM CYMME)
IHaroHaled M yriy MeXUy HHMH,

15. Jlana OKPYXHOCTL M Ha HeH TpPH TOYKH, B KOTOPHX mepece-
KaloTcsl € OKPYIKHOCTHIO MPH MPONOMKEHHH BBHICOTA, OHCCEKTpHCA H
MelnaHa, HCXOAALUHE W3 ORHOIH BEpIUHHBI BIHCAHHOIO TPEYTOJBHHUKA.
[MoCcTpouTb STOT TPEYTONbHHK.

_ 16. IocTpouts Krapar, TPH BepLUHHBl KOTOPOro NewaiH Gk Ha
TPEX AaHHBIX NapalieNbHbXx OPAMBIX. &

17. Yepes TOuYKy, JaHHYl0 BHE OKPYXKHOCTH, MPOBECTH CEKYLYIO
TaK, YyToObl OHA AENuNach AAHHOH OKPYIKHOCTBHIO MOIONAM.

18. Jlaus nBe KOHUEHTPHYECKHE OKPYIHOCTH. YBpe3 naHHylo TOUKY
Ha Gonblueil N3 HMX MPOBECTH CEKYLIYIO TAK, uTOGH XOpJa, OTCEKaeMas
Ha sTofl cekylnell GofplleH OKpYyXHoOCTblo, Obifla B TPH pa3a Goublle
XOpAbl, oTceKaeMOH Ha TOH )K€ mpsAMOH MeHbIuel OKPY2KHOCTBIO.

19, IocTponTs mapannenorpaMy, 3Has CEpenuHEI TPEX ero CTOPOH.

20. TlocTpouth TpPEyroJbHHK Mo JABYM €ro BHICOTAM M MelHaHe,
Nporen€nHoH M3 TOH € BEPUINHbI, YTO H OJHA H3 BLICOT.



Fnasa Il

FEOMETPHUYECKHE MECTA TOUEK

§ 1. HousiTHe 0 reoMeTpHYeCKOM MecTe TOYeK

lFeomerpuueckast ¢urypa MoxeT ObTh 3a4aHa Pa3JIHUNBIMU
cnocobaMu: Kak nepecedeHne WM COEJMHEHHE NAHHBIX GUTYp,
NyTEM yKasanus onpepessiouero e cpoficrba, nyT&M yxasaHus
CBOMCTBA, KOTOPHM oOnanaer gaxpas e€ rtouka, ¥ 1. n. Tak,
HanpuMep, ONMH W TOT e OTpe30K AB (puc. 29) mOxHO 3a-
nate: 1) kak nepeceuenune
l ayuett AM u BN; 2) xax
IMaMeTp JaHHO¥ OKpYXKHO-
3 CTH ®, MEPHEHIMKYJAPHBIY K
N M nanso#t npsamott [; 3) kak co-
4 B BOKYMHOCTb Cepejul  BceX
XOpL OKPYKHOCTH ®w, mapan-
JeNpHbIX npsaMo#t [, u npy-
ruMu cnocobamu.
v Ecmu ¢urypa sanana ny-
Puc. 29, T8M YyKa3aHus CBOWCTBA, KO-
TOpHM 00.1a7a10T BCE TOUKH
5TO} (QUIypH U TOMBKO OHH, TO TAKYI GUIYPY HABHIBAIOT 280Me-
mpuneckum mecmom movex, 001analo X YKA3aHHEM CBOHCTBOM.
Takum 06paz3oM, reoMeTpHUECKHM MECTOM TOYEK MJOCKOCTH,
o0nanaloWnx yKa3aHHEIM CBOMCTBOM, HaswBaercs ¢urypa, co-
CTOALAs W3 BCEX TEX M TOJNBKO TE€X TOYEK INIOCKOCTH, KOTOpBIE
004122107 STUM CBOHCTBOM.
B nawem npumepe otpesok AB sBIIETCH FeOMETPHUECKHM
MeCTOM CEPENUH XOPJ OKPYKHOCTH ®, NapamiefbHblx npsmol /.
CBOficTBO, NPH NOMOLIY KOTOPOrO XaPaKTEPUBYETCH TO WM
HUHOE TeOMETPHUECKOe MeCTO TOYEK, HA3HIBAETC Xaparxmepi-
cmuteckum cBOWCTBOM TOYEK STOTO FeOMeTPHUECKOTO MeCTa.
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Yacto HOBHE (GUrypbl BBOAATCA B FeOMeTPHI0 HMEHHO Kak
reoMeTpHUECKHE MECTd, HANPUMED OKPYKHOCTb— B WIKOJBHOM
kypce TEOMEeTPHH, SJiuIC, ruriepGosa u napaGoisa—B Kypce
anaanTuyeckoit reomerpud. Ilpu cocraBnenun ypasHenuti nunuft
B AHAJMTUYECKOM TeOMETPHH HX DPaccMaTPHMBAOT HMEHHO Kak
reoMeTPHUYECKHE MeCTa TOYEK.

[eoMeTpuyeckoe MecTO TOYeK MoxeT OLITb He TONBKO
nuHHe#t WIH COBOKYMNHOCTBIO HECKOJNBKUX JHHHUM, HO Takke KO-
HeuHOH COBOKYIIHOCTBIO TOYeK, OONacTeio TNJAOCKOCTH W AP.
MoxeT OKas3arbCd TaKKe, UYTO TEeOMETPHYECKOE MECTO TOUEK,
06Ja1aI0UHUX HEKOTOPbLIM YKA33aHHLIM CBOMCTBOM, BOBCE He
CyLUeCTBYET-

Uro6bl 1OKa3aTh, uTo ¢urypa ¢ ects reomerpuueckoe
MecTO TOUYEK, 06JanaloliX YKa3anHbBIM CBOHCTBOM, HAAO JOKAa-
3aTh CjelylollHe 1Ba B3aUMHOOODAaTHHIE Ipejioxenus: 1) kaxk-
nas Touka ¢urypel P obanaer 9THM CBOKCTBOM; 2) Kaxcnas TOYKA,
o6aazawilas yKa3aHHBIM CBOHCTBOM, NpuHannexur ¢urype P,

B najpHefinlem,. panu KpaTKOCTH, BMECTO ,TeOMeTPHUYECKOE
mecto Touek“, Oynem nucate I'MT.

PaccMoTpuM HeKOTOpDHE NpPUMEPHL

INpumep 1. Ilyctb navbl npe napanjelbHble NpPsMbBeE a U b
U neprnenpuKynasipuas K HuM npsmas ¢ (puc. 30). Hasiném 'MT
IJI0CKOCTH, DPABHOYNAJEHHbIX c
oT 3TUX TpEX mpsmpix. [Tycrs @ ﬂi
A=aX ¢, B=bXc.Tlpo-

Belsl Yepe3 CepeluHy OTpe3- M
ka AB upsmyw I, napan- [ N
NesibHyI0 TPSMBEM @ U b, ~p * "

B3sIB HA 3TOR npsaAMOR TOUKH
P w Q, pacnonoxeHHble no b
pasHblE€ CTOPOHBI OT mNPpIMoH

8|

€ Ha PacCTOSHHH % AB ot
Pue. 30.

He€, JIerKO 3aMeTHTb, UTO

Kaxnasd M3 3TUX TOYeK P u  OJUWHAKOBO YIaleHa OT BCeX
TPEX MNAHHBIX npsMBIX @, b ¥ ¢. JIpyrux TOueK MJIOCKOCTH,
o0nanawuiuX TAKAM CBOHCTBOM, HE CyUIECTBYeT: eciu Touka M
HE MPHHALJEXKUT npsAMOi [, TO OHA HEONLMHAKOBO YyAajeHa OF
npaMeix @ u b; eciu ke Touka N pacnofoxena Ha npsiModt [
M He coBnagaet Hd ¢ P, HU ¢ @, TO HETPYAHO MOHATb, YTO
OHd HEeOAMHAKOBO yjalieHa OT npsaMbiX a u ¢. Takum 06pasom,
napa Touek P W Q siBisgeTcsl TeOMeTPUYECKHM MECTOM TOYEK,
paccTosinusg KOTOpbIX OT NMpAMHX @, & ¥ ¢ OIAMHAKOBLIL.

4 3ak. 1678. 49



lipumep 2. Paccmorpum M nnoc¢koctu, nns koTopsix
CyMMa paccrosuuit OT JIBYX IAHHBIX MaPAMJIEJSbHHX MPSMBIX
paBHa IaHHOMY OTpe3KY.

[lyetb @ W b— naHHble napajuleJbHEE MpsiMble, h-— pac-
CTOSHHE MEXNY HUMH, S— JaHHBIH OTpe3oK. 3aMeTHM TNpewne
BCEro, uro aas kaxno#t Toukn M, newame#t na mobGolt us nau-
M HHX MpsIMBIX, a TaKxe JJis BCsl-
- ko#t touku N, newxauleit B mo-
' N JOCE MENNY STUMH nNpPAMbIMH

(puc. 31), cymma paccrosnuii o1
l 3a1aHHEX NPAMbIX pasna h. s
OCTAJMBLHLIX K€ TOYEK MJIOCKOCTH
pl (nanpumep, nJas Touku P) sTa
cymma Goabiue k. OTcona scHO:
Puc. 31. 1) Ecmu s < h, TO HCKOMOE
I'MT ne cyuwectByer.

2) Ecnu s=h, 10 uckomoe 'MT npencrapnseT COBOKyM-
HOCTLb BCEX TOYEK, PACMONONEHHBLIX HA B34NdHHBIX MNpPAMEX H
B MOJOCE MeXNy HHMH.

3) Ocra&rcst paccMoTpers cayuyapt s > h.

Mlycte @’ m b'—napa npaMbLIX, napanfesbHBX JaHHBIM
npsiMBIM @ W b, npuuéM Kawnas us npsaMbix o’ w b’ pacnono-
MeHd BHE [OJOCH, OTPAaHHYEHHON NPSIMLMH ¢ M b, U OTCTOMT
OT ONHOH M3 3THUX MNPAMHX
S — . fQ
2 a’ &g

HokaxeM, 410 HCKOMOE
I'MT ectb 972 napa npsMbix.

B camom nene (cMm. pu-
cyHOK 32), nycts Touka P b
NPHHALNENHUT MpsMoOlt a’ wan
b’. Tlyers nanst ompenened-
soctd PEa’. Torna cymma
paccrossu#i Toukd P oT nps- Puc. 32.
MbX ¢ b pasna PP —+PP,—

= s___;h _|_(___s;h -+ h) =s. IlycTb TOUKa Q HE MPUHAAJIENHUT

Ha paccrosnuu

<
1

HE npsaMoit a’, uu npsaMoit b'. JlokaxeM, 4TO CyMMa paccrosiHuit
Tako# TOUKM OT npsMbix @& W b He paeHa s. Ecmu touka Q
JIEHUT B YIONOCE MEHNY AAHHBIMU NPAMEIMH @ U b uau Ha onHoh
M3 HHX, TO CyMMa €& paccTOsHull OT AAHHLIX MNpPAMbLIX paBHa /£
M, CJIeNOBaTeJbHO, MeHblle S. IlyCTh Tenepb TOuKa Q— BHE
37TO0 MOJOCH M NycTb LJsi ONPENENEHHOCTH OHA PACHONONEHA
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¢ toft CTOPOHBI OT MONOCH, e JeWHUT Mpsimas a’. O603nauum
s—h
paccTosiie TOUKH Q ot npsMoit a uepes m, torna m=#—2—.
C.re1OBATENEHO, CYMMA PACCTOSHHM TOUKA (Q OT NAHHEIX MPSMBIX @
s—h
w b pasna m-t+(m—-h)=2m—-h+2 5 —+h 1. e. 9r1a
cymma He papna S. MTaK, 10Ka3ano, YTO COBOKYMHOCTb NBYX
npsMbix @’ M b’ fBASIeTCS WCKOMEIM TEOMETPHYECKUM MECTOM
TOUeK.

Pasnoobpasunie npumepsl 'MT BosHuKaloT B cBsI3M ¢ yno-
Tpe6ieHHeM MeTONa KOOPIHHAT. Ecau Ha naockoct BHOpana
kakad-mbo cUcTeMa KOOPIHHAT, TO KaMJ0e YpaBHEHHE ME}Ly
KOODIMHATAMH TOYEK ONPENENsieT HEKOTOPYK COBOKYMHOCTH
toueK, a HMMeHHo I'MT, KoopmMHarhl KOTOPHX yJAOBIETBOPSIOT
TOMY yPaBHEHHIO.

Mpumep 3. TlpencrabaM cebe, u4TO HAa MJIOCKOCTH BHOpaHa
HEKOTOpPas npsMOYTOJLHAd cucTeMa Koopruuar xOy. PaccMor-
puMm I'MT, koopnunaTh

KOTOPHX YN OBJIETBOPSIOT b4
yPaBHEHHIO f
sin? wx -+ cos?my == 1. )
3ameHsst sin® wx uepes 1
1l —cos?wx, npuxonuM K Y X
Goiee MPOCTOMY COOTHO- ™N2N\3
LIEHHIO -1
cos? Ty = cos? X 2
W =3
14-cos2rny 14 cos2nx
h— ’
2 2 Puc. 33,

T. €. cOs 2wy == c0s 27X,
Ilocnensee cOOTHOLIEHHE yOBAETBOPAETCS MPU yCIOBHH

27y = 2nn == 2rnx,

T. e. mpyu yciaosud y == x -1, rae n— moGoe LeJ0€e YUCIO.
Takum oGpasom, 'MT, KOOPAMHATH KOTOPHX yNOBAETBOPSIOT
ypapnenuto sin?wx 4 cos?wy=1, npencrasnsor cobolt ceTb
BCEX MNpaAMBIX, uMewwuX yriaosoli kosdpduument 1 wm —1 wu
Nepecekamyx OCH KOOPIMHAT B TOYKAX C LEJTOYACAEHHBIMH
Koopnunatamu (puc. 33).
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§ 2. OG30p mpocTeRMX T€OMETPHYECKHX MECT

IMpocreiune 'MT Ha m10cKOCTH paccMaTPUBAIOTCS B LIKOJIb-
HOM Kypce reoMeTpuu. IlepeuncinM Bar<Hejilline M3 HMX.

1. TMT (1A0cKOCTH), BAXOMSILNXCS HA AAHHOM PAacCTOSIHUM I
OT HeKoTOpO# nannoit Toukm O (3TOH IMJIOCKOCTH), €CTb MO
OMpEAENeHHI0  OKPYXHOCTh
panuyca r ¢ UeHTPOM B TOY-
ke O.

2. 'MT (naockocrtu), pas-
HOY BaN€HHBIX OT NBYX NaH-
HEx (B 3TO#f TJIOCKOCTH) TO-
yeK, €CTb IpaMas, Npoxojs-
11as yepes CEpennHy oTpesKa,
COEUHSIONIEr0 JNaHHblE TOY-

Puc. 34. KH, W NepreHNUKyJspHAs K
9TOMy oTpesky (puc. 34).
dro T'MT unorna HasbBAOT CLUMMEMPAALIO VA MEOLAMPU-
coll RAHHHIX TOYeK.

IMoctpoenne storo 'MT obineunssectHo.

3. 'MT (rurockoctn), HAXOAAIMXCS HA LAHHOM PAcCTOSHUU ki
oT nanHolt (B 9TOH mNJOCKOCTH) NpsiMOft, ecThb napa MpsMbX,
napaJsiieJbHbIX JAHHOM mnpsIMOf.

I nocrpoenust sroro 'MT nano s moGo#t touke A nan-
Holi npsAMoOl @ NPOBECTH K HeH nepreHIUKyJsip p, OTJOXHUTL
Ha #H&M 1o o0e CTOPOHH OT
71Ol npsAMOf NAHHLIH OTPE3OK K >
¥ MPOBECTH Y€PE3 KOHIL OTJIO- p
WeHHHIX OTpe3koB npsmuie [, 1,

u I, napanienbiHe NauHol mps-
Mol -a (puc. 35). h

4, TMT (naockoctd), papto- @ | 4
yHanénHulXx OT [BYX A4HHBIX )
napajiiefbHelX  npAMEX  (3TOH h
MJIOCKOCTH), €CTb npsiMas, napal-
JeNbHas NAHHHM TNPSIMBIM.

Ias nocrpoenust storo'MT Puc. 35.
nposonsT  Kakywo-aubo  nps-

MYI0 ¢, NEPeCeKanlLyl0 NaHHble NPAMbIE @ M b, NeasT oTpe3ok
7ol cekyuieft, 3axNIOYEHHHNE MEXNY NaHHHMM NPAMLIMH, NOMO-
JaM ¥ TIPOBOASIT HMCKOMYIO MPSAMYIO YePes cepejiuHy 9TOTO Of-
peska mapamresbHO JaHHBIM TpsMeM (puc. 36). Tlonyuennyio

_{
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npaAMYI0 Ha3HBAIOT MHOTNA CpeOHed AuHuel JABHBIX Napajieb-
HBIX TPAMBIX.

5. 'MT (ul1ockoCTH), pPaBHOYNAJEHHBIX OT JABYX JaHHLIX
nepeceKaloLXcs NPIMEIX (37Ol MIoCKOCTH), NpescTaisieT coGol
7€ B3aMMHO TEPIeHNIMKYJspHEIE TpsiMble, siBasiolinecd Ouccek-
TpucaMu yrJOB, 00pasOBaHHLIX naHHBIMH npsiMbiMa (puc. 37).

d,
- c
(d
a W /
N\,
\\_ 4
N d £
z ¢ ’ >
\\\ A z %‘
b N % NP
/ 4/
Puc. 36. Puc. 37.

[Toctpoenne sroro I'MT cBomuTcs K sneMentapHOH 3anaue
O IeJeHnd NAHHOro yrJia momoJaM (rn. 1, § 5, sapmaua 2). Ha
pucynke 37 npsimbie d; u d, obpasyior T'MT, pasnoynanénnuix
OT mpsIMbIX a u b.

§ 8. Passickanue reoMerpuuecKUX MecT

Yacto BcTpeuaetcs 3apaya: natfitu I'MT, obnanawwux
TaKUM-TO cBoMcTBOM. IlocranoBka 37oH 3anaum mpenmnoJaraer,
UYTO BHIE/NE€HA HEKOTOPas COBOKYNHOCTL ,NpocTefmux“ unu
»2eMeHTapuLX“ Quryp. 3anaua cocrout B TOM, 4TOOH yKa-
3aTh, Kakasi U3 Quryp sTOl COBOKYNHOCTH NpencrasiasieT coboft
HCKOMO€ Te€OMETPHUYECKOE MeCcTo.

Takum oOGpasom, nns pelieHHs [OCTaBJEHHOH 3ajayn HEOGXOXHMO
pacrionarath NepeuHeM BCEX (uryp, KoTophie CUHTAITCHA YHKe u3Be-
CTHBLIMH, ﬂpOCTeﬁLﬂHMn, SﬂeMeHTaprIMH. 10T NEpeueHbp ABJACTCA
ycnosnpiM. B ycnoBusx asnemeHTapHOil niaHMMETPHH €CTECTBEHHO OT-
HECTH K YHCJy SN€eMEeHTapHHEX (uryp Npexjue BCero ciepyiouue
GUTypE: BCIO IIOCKOCTL, TOYKH, TNpAMBIE, OTPE3KH MPAMEIX, JyuH,
OKPYWHOCTH, JYTH OKPYXHOCTEH.

Ecan kakas-nnbo ¢urypa sisasercss nepeceyeHueM, CoelHHEeHHeM
WJIH  pa3HOCTBIO ABYX SJNEMEHTAPHHX (Uryp, 1O MBI TaKXe OTHECEM
€€ K yucny snemeHtapHux ¢(uryp *. Ecam kakas-nmGo snemenrapnas

* [lpn TaKkoM ycnoBMH H3 MpPUBENEHHOro CIHCKa 9JEMEHTAPHBIX
(QUryp mMowHO, CTPOro roBOPS#, HCKIIOYHTL MPAMYIO (KaK CyMMy nydei)
H OKPYHHOQCTR (KaK COEAMHEHHE Ayr).
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¢urypa pa3buBaer MIOCKOCTh Ha KOHEYHOE YUCHO Yacreil (oGaacreil ¥),
TO KaXAYI0 TaKyl0 YacTh Mbl TaKXE€ CYHTaeM sfeMeHTapHOH (urypoii.

3TOT MepeueHb ONpENENseT KiacC SNEeMeHTapHHBX GQHIYp.
K uncay Takux (Uryp OTHOCHTCS, B YaCTHOCTH, mo0as KOHEYHAas! COBO-
KYNHOCTh TO4YEK, BCSKHH MHOTOYTOJbHHK, KPyr, KPYrosoH CerMeHr,
CEeKTOp, roJioca MeXLY ABYMsl NAPAIENbHEMH IpAMBIME, MONYIIOCKOCTD.

Tounbiii cMblca 3amadn 0 Haxoxgpekhumun I'MT, obnamaounmx
JIaHHBIM CBOHCTBOM, COCTOMT B TOM, YTOoObl YKa3aTh, KaKyl HMEHHO
SNEMEHTapHylo (Hurypy Npencraenser cobolf HCKOMOE reoMeTpHYecKoe
MECTO TOYEK.

OcTaHOBUMCS HA METO/MKE pelleHus ToH 3anaud.

Pemenve 3anaun Ha naxoxnenwe I'MT cknanviBaercs o6biuno
U3 axaau3a, O0KA3amesbcmen v uccae008anus, nonobHoO ToMmy,
KaK 9TO [eJdaeTcsi MpH PpeLIeHuH -reOMeTpHuecKodl 3ajaud Ha
HOCTPOEHHE.

He crnenyer, onmnako, cMewmuBath Haxoxiaenue 'MT c ero
nocTpoenueM: 1neppoe camo no ceGe He mpeanoJjaraeT BTOPOro;
nHorna Hahtnennoe I'MT u He MO¥eT OHTH MOCTPOEHO € AdH-
HEIM HaBOPOM HMHCTPYMEHTOB.

Hear avanuwsa— NpuiiTd K HEKOTOPOH THUINOTE3€ OTHOCH-
TEJbHO TOro, ueM siBaserTcss uckomoe I'MT.

Avanus oObUHO HAUMHAIOT € TOTO, YTO HA yepTewe U30-
OpaxaloT JaHHy QUIypy W paccMaTpHUBalOT KaKylo-nubo TOUKY,
NpUHALJIENalyl0 no npejgnosoxenuto uckomomy I'MT. Ycra-
HABNHMBAIOT HEKOTOPble CBfASH 9TOH TOUKM € JAHHBIMH 3JeMeH-
TaMH, BHTekawlide u3 onpenenenus 'MT u nomorawomue onpe-
IeJuTL ero GpopMmy u nonoxeHue. MHorna anaausy cnocoOcTByeT
paccMOTpeHHe Kakoro-auG0 4acTHOrO ciyuash MM ke HeNocpes-
CTBEHHOE MOCTPOEHHE HECKONLKUX TOYEK, NMPUHALIEKANIUX HCKO-
MOMY reoMeTpHuecKOMy MecTy. B pesynbraTe anaausa Mbl mpu-
XOJMM JIHIUb K NPeLHOJOKUTEILHOMY PELIEHHI0 3a1ay, KOTOpoe
Tpebyer emd® oOocHOBaHUSA, T. €. LOKA3ATENbLCTBA.

B xone nokazaTenbcTBa yCTaHaBIUBAETCH CHPABENJIH-
BOCTb JIBYX B3auMHO oOpaTHbX npepioxenuii: 1) uto Bcskas
TOuKa HalinenHoft (B aHamuze) ¢urypr objanaer xapakTepuCTu-
YeCKUM cBoHCcTBOM Touek uckomoro 'MT u 2) uro kaxnas
TOUKd, 06Manaiuas yKasaHHbIM XapaKTepPHCTHYECKUM CBOHCTBOM,
NpUHANIEHUT HafaenHod npu aHanmze ¢urype. Ilonesno umers
B BHIY, 4TO IOKa3aTeJIbCTBO mnpennoxeHus 2) Moxer OwiThb
3dMEHEHO JIOKA3aTeNLCTBOM CHEAYIOLIETO npenfoxenus 27): ecau
KaKasg-mu00 TOUKa He MPUHALJMEKUT HafileHHO} ¢urype, T0 oHa
He O0sanaetT yKasaHHHIM XapPaKTePUCTHYECKHM CBOMCTBOM.

* O nonsitun 06aacTd cM., Harpumep, [20], 4. 1, cTp. 16,
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3aMeTHM, UYTO OIHO U3 ITHX NPEJOXeHHH yactTo ycraHa-
BAUBAETCS YK€ B XONe aHaIu3a.

Wccne poBanue 3akmouaercss B pACCMOTPEHHH Pa3/IMUYHLIX
cayyaeB, KOTOpPble MOTYT NPEACTABHTLCA NpH PELIEHWH 3a1auu
B 3dBHCUMOCTH OT TOTO WM WHOIO BHOOPA JaHHEIX.

[MosichuM cKasanHOe NpUMepaMu.

Mpumep 1. Haiitu 'MT, u3 koTophX nasHufl OTPEe3OK BHAEH
MOJ IAHHBIM YIJIOM.

Ananus. Ilycrs AB (puc. 38) — nasHu# OTPE3OK, G~ faH-
HeIf yroJ.

Ecmi M— touka uckomoro 'MT, 10 <X AMB =« no yciao-
put0. B CBfi3M ¢ 9TUM yclOBHeM €CTECTBEHHO BCTIOMHMTL TEOPEMY
0 DPAaBEHCTBE BIHCAHHBLIX YTJOB, OMHPAIOLIMXCH HA ONHY M Ty Xe
ayry (cm. [9]), rn. 2, pasp. V,
n. 125).

ITpoBentm OKpYHHOCTL uepes
tpu touku A, M u B, KoTopte
He JexaT Ha O#HOR NpsAMOH,
ecm 0° < e < 180° Torpa pns
BesikoM Toukn M’ nyru AMB
5TO# OKPY»KHOCTU (KPOME TO-
uek A u B)2X AM'B  Takxe
paBeH @, T. e. KawJias TOYKa
9TOM Ayr¥ Takwxe NPUHALTEKUT
uckomomy I'MT.

Kpome ToOro, oueBummo, Bce
ToukH (kpome A u B) nyru ANB,
cuMMeTpuuHolt ¢ nmyroit AMB
OTHOCHTENBHO NpsiMoit AB, obaa-
AT TeM e CBONCTBOM M OSTO- Puc. 38.

My npunaprexar toMy we I'MT.

HokazareabcTBo. Yrobu nmoOkasarb, uro ¢urypa &,
CocTaBjieHHas M3 ABYX CHMMETPHMUHBIX IYT OKpyXHOCTel, mpo-
XOnAwMx vyepes Toukd A u B, nefiCTBUTE/NLHO NpencTABAsET
uckomoe I'MT, ocranocs paccMOTpeTb TOYKH, He MPUHAMJIEKA-
e sroi durype. Ecan Touka P nexur B oGnactu, orpaHu-
ueHno#t ¢urypo#t ®, T0, nposens ayuy AP (unu BP) no BcTpeuu
¢ durypoit © B Touke @, 3aMeTuM, uto <L APB > 2¥ AQB— ¢,
Ecm e usabpath Touky P BHe yKa3aHHOH 00/acTH, TO mosyyuM
nporusononokHet pesyabrar: <L APB < a.

Urak, 'MT, u3 koTopeix HaHHEIH ©O1pe30K BUAEH nOJ aH~
HBIM YTJIOM, fpenciaBisier COGOf COenUBEHHE IBYX AYT OKPY¥ -
HOCTEH, nNpoxonsluX vepe3 KOHIL JAHHOTO OTPe3Ka ¥ pacno-
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JIOXEHHHX CHMMETPHYHO 10 OTHOIUEHHIO K 3STOMY OTpe3Ky.
Touku A uw B He clenyeT npuuucasTb K 9TOMY FeOMeTpuue-
CKOMY MeCTy, 74K KaK Npu coBnaneHud TOYKH M ¢ KakuM-inbo
KOHUOM™ oTpeska AB yron AMB cTaHoBATCS HeONpele/EHHBIM,

Uccnenosanue. Ecim yron o npsmoft, To gurypa P
obpaiuaercss B OKpyXHOCTh ¢ nnameTpom AB (6€3 KOHLOB 3TOro
Ivamerpa). Ecam yron o paseH Hymo, 70 nckombim FMT sBasercs
pasHocte Meway mnupsmoit AB u orpeskom AB. Ecam yroa a
pasen 180° T0 nckomoe 'MT — unreppan AB.

[Moctpoenue ¢uryput ¢ no nansomy orpesky AB u yriay o
U3NOXeHo, Hanmpumep, B [9], ra. 2, n. 132.

Hpumep 2. Halitn reomerpuueckoe MecTO cepeiuH xopi,
OTCEKAeMbIX IIAHHOH OKPYXHOCTBIO HA NPAMHX, MPOXONAILUX
yepe3 MaHHYI0 TOYKY.

Ilycts ©— nauwast OKpywHOCTh, O-—e& UeHTp, A-— na-
Has Touka (puc. 39).

ITyctb P — cepenuna Kaxoii-iu60 H3 paccMaTpHBAeMLIX XODPU,
HMEHHO xopanl MN.

Coenunum toukn P u O. Torma PO | MN. Takum obpa-
3oM, oTpe3ok OA BuieH U3 TOUKM P nOA MpSAMBLIM YTJOM.
3uauut, TOuka P npunanie-
HUT OKPYMKHOCTH, MOCTPOEH-
Hoii Ha orpeske OA Kak Ha
nuaMerpe.

Kpome Toro, rouka P
IOJDKHA JIeKAaThb BHYTPH LaH-
HOH OKpYXHOCTH. Mu npuxo-
IuM, TakuM obpasoM, K cie-
ILyioieMy OpPenroNOXeHHIO:
HUCKOMHM  T'eOMEeTpPHUECKUM

Prc. 39. MeCcTOM TOueK sBjsieTcs pac-

ﬂOJIO)KeHHaﬂ BHYTPH JaHHOM

OKPDYXHOCTH ® 4acTb OKPYHHOCTH nOCTpoeHHOH Ha OA
KaK Ha nuamerpe.

HOns nokasaTedbcTBa BEPHOCTH HALIEro TPeLNONOKe-
HUS HYHHO 10Kasath, BO-TIEPBbIX, YTO CEPelMHa Ka}Noi us
paccMaTpuBaeMbIX XOPA TMPHHAAJMEKUT ykasanHol ¢urype, Bo-
BTOPbIX, YTO KaxJas TouKa (), mnpuBanjexailas yKasaHHOR
YaCTH OKPYXHOCTH o, sIBisieTcsl cepenuHOd OLHON M3 paccMa-
TpuBaeMbx xopa. Ileppoe u3 9tux npemjoxenuft Oulao yxe
JOKasaHo npH anamuse. Jad NokasaTenbcTBa BTOPOro npenio-
weHuss npoBel&M uepe3 Q u A npsmywo (puc. 39). OHa mepe-
CeudT OKpPY¥HOCTb @ B JBYX TOuUKaX, TaK KK @ BHYTpH
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okpy*HOCTH. OG03naunM TH TOUKH uepe3 Su 7. <5 OQA == 90°,
kaK BIMCAHHLIK, omupamolMiics Ha nuamerp, T. €. 0Q | AQ,
fak u4T0 Q—cepennHa xopasl ST B cui1y TeopeMH: panuyc,
nepneHIHKYISPHEI K XOpIe, NeJuT € IMonosiam.

Iepetiném k uccnenoBaruw. Eciu Touka A BHe Okxpyx-
HOCTH ®, TO pPaccMaTpHBaeMOE TreoMeTpPHUeCKOe MeCTO — IyTa
OKPYKHOCTH, HMelol(as KOHUB Ha JAHHOH OKPYXHOCTH U pac-
[oJioeHuas BHYTpU ILaHHo# OKpyxHocTH. Ecam we A BHyTpu
WM H4a IAHHOM OKPYXHOCTH, HO He coBnaigaeT ¢ €€ LEHTPOM,
ro uckomoe T'MT — okpyxuocts ¢ auamerpom OA. Ecmun A
coBrafaeT € UEHTPOM JanHOR OKpYx#HOCTH, TO Hckomoe T'MT—
cama Touka A.

Npumep 3. Hatitn 'MT, nag KoTopbix pasHOCTL KBALPATOB
pACCTOSIHMI OT JBYX [AHHBIX TOUEK €CTh BEIMUYMHA IOCTOSHHAS.

Myctb AB = a. MiueM reoMeTpuyecKoe MeCTO TaKuX TOYEK M,
nist Koropux AM2— BM2==c?, rie ¢— naHnbift OTPe3OK.

Hasiném cnauana Ttouku npsiMod AB, obnanaoiuue JaHHHM
cpoiicTBoM. BriGepem Ha npsMoit AB mosoxuTeNbHOE HAlpaBJe-
uue or A k B. Tlocne 3TOro NpunMilleM KaXAOMY OTPE3KY
310 mpsMo#t onpenenEHHBIM 8HAK, KAK 3TO OOBIYHO nenaercs.
Torna npu moGOM MONOWKEHHH TOUYKM M Ha npsiMo#t AB wMeeT
MeCTO COOTHOLIEHHE

A7+ FB — AB*. a
Mo ycnosmo
AM?2 — MB? = c2,
T. €. —_— —
AM?2 — (a — AM)?2 = ¢2, A N MP B
AM = %ﬂz - @ Prc. 40,

Takum o6pasom, Ha mpsiMolt AB CyuwecTBYeT, U IPHTOM TOMBKO
onua, touka M, npuHanpnexaias wckoMomy I'MT, T. e. Taxas,
uto AM2-— BM? = c2.

IMonoxenne sroft ToukM oupeneisercd ¢opmyJioh (c).

ITonbitaeMcs wHatiTé npyrue TOUKM, NPUHALJIEKAUIE UCKO-
Momy I'MT. 3ameuaem, uTo Besikas Touka P (puc. 40) Ha mep-
Nenpukynsipe p &k AB, npoxopsiteM uepes Touky M, Takxe
00nana€er ykasaHHbIM CBOHCTROM, [leficTBuTembHo, AP?2— BP?=

¥ Teopemar Wans,
o



= (AM2 + MP?)— (BM? + MP?) = AM?*—BM? = ¢ Tak kak
npy naibHelilleM paccMOTPEHHMH HAM He YyRaércst oOHapyKUThb
IPYTHX TOuYeK, obnapawouiux TtpeOyeMLIM CBOHCTBOM, TO MpH-
XOn¥M K npennonoxenuio: uckombim 'MT saBnsercsa npsamas p,
nepneHAvKyasipHas npsMoi AB W npoxopsiuas uepes nHaiinen-
Hy1 Touky M.

Jlnsg mokasaTesbeTBa CUPABERJMBOCTH BHICKA3AHHOTO Mpef.-
noJoXeHus: HeoOXONKMMO ycTaHOBUTH: 1) YTO Beskas Touka P
npaMolt p obsanaeT TeM CBOKCTBOM, uTo AP2?2— BP? = ¢?; sT0
Y€ YCTaHOBJIEHO B XON€ aHamusa; 2) uTo TouKa, He MNPHHAn-
JAexanias npsMolt p, He o6/anaeT yKalaHHHIM CBOWCTBOM, T. €.
4as1 tako#t Touku Q Oyner AQ?— BQ2-£c2.

ITpoBendm uepes touky Q (puc. 40) npsmyio QN, nep-
nesnukyaspuyio Kk AB. Torna AQ2— BQ? = (AN2 -} NQ?)—
— (BN? -+ NQ*) = AN2 — BN2.

Tak kak touka @ He npuuapjtewur upsMoli p, to touka N
oriuuHa ot Touku M. Ho Mb ywe ormerwid, uto Touka M
SIBJISIETC € TMHCTBEHHOMN TOuKolt mpsmo#t AB, NMpunannexa-
wefi uckomomy I'MT. Creposarenabno, touxka N, Takxke pac-
nonoxeHnas Ha npaMoit AB, e npunapiaexur stomy I'MT.
TMosroMy AN2 — BN2=£c2, a 3uaunr, AQ2— BQ2+£c2.

Ipumep 4. lan kpanpar ABCD co croposo#t a. Hattru I'MT,
AN KOTOpHIX CyMMa pacctosmuit ot npsamux AB, BC, CD
u AD paBHa NaHHOMY OTpe3Ky S.

st kaxno#t Touky, nexaiueit BHyTpn kBanpara ABCD wmu
HA €ro CTOpoHe, CyMMa pacCTosHuit of npsmbix AB, BC, CD
u AD, oueBunno, pasHa 2q. HerpynHo npoBepuTh, YTo AJs
BCAKOM TOUKH, pacmosoxeHuod BHe kBaapata ABCD, cymma
paccrosiBuii OT Tex e MpsMblX 3aBenoMo Ooabumie 2a.

Orciona cnenyer: 1) ecin s = 2a, 10 uckomoe 'MT cocrout
U3 BceX BHYTPEHHHX TOUEK KBajapaTa ¥ TOYeK €ro CTOPOH;
2) ecim s < 2a, to nckomoe I'MT He cyuwiecTByeT: Ha IJIO-
CKOCTH HeT HM ONHOM TOYKH, cCyMMa paccrosanufl Kotopol oT
npsMux AB, BC, CD u AD 6una 6o MeHblie 2a.

Ocragrcs paccmorpersh cayuall s > 2a. llycts s = 2a - 2h.

Ins Touku M, nexaiwedt B mpenenax nonaockl, oOpasyemoit
npsaMuiMi AB w CD, xkak sunHo w3 pucynka 41, cymma pac-
ctosiHutt ot npamux AB, BC, CD u AD Oyner 2a- 2d, rne
d— paccrosve Touku M or Gmmxattimedt K nett us cropon AD
u BC. TlostoMy HCKOMOMY TeOMeTPHYECKOMY MecCTy TNpuHaj-
JEMAT T€ W TOALKO Te U3 TaKux Touek M, njis KoTopwx d ==h,
T. e. TOUKH oTpeskoB A,D; u B,C,, OTCeKaoix Ha NPonoJ-
weHusiXx cTopo AB u DC oTpesku, paphbie h. Anazorpwoe
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NONOKEHHE FMeeT MeCTO B npelelaX monoch, oOpasyemolt
npsMeiMd AD u BC: paccmarpubasi 5Ty 00AacTb, MBl MOJyYHM
orpeskn A,B;, u C,D,, nsobpaxénuble Ha pucynke 41.

Ocra&rcs HatiTH TOUKY HCKOMOT O F€OMeTPHYECKOr 0 MecTa, pac-
nonoXeHuLe BHyTpHU yrios A AA,, B, BB,, C,CCy u D;DD,. Nas
npuMepa PaccCMOTPUM yTOI

A,AA,. Tyers  P—kaxas- Bl pm G
uuGyAb TOUKA BHYTPH STOrO & T C
yraa, PP, u PP,—e& pac- ! 2

crosHuss oT npsmbix AD wu
AB. Tllposeném wuepes sty
TOUKy npsimyio QR, obpasyio-
myto ¢ npsivott AB (cneno-
BaTeJbHO, U ¢ mnpsamoit AD)
yroa B 45° Torna

PP, 4 PP, =

= PyA+4 RP,= AR,

TAK 4YTO CyMMa paccrosaHuil
Toukn P oT ueThlpéx nan- Puc. 41.
HbIX npsMbix OyneT cocTas-
aate 2a + 2AR. Cornacvo npussaTeM 0603HaYeHusIM, TOuKa P

NPHHAAJEHKUT HCKOMOMY TeOMeTpUYeCKOMYy MeCTy B TOM H
TOJMLKO B TOM cJiyuae, €C/y

%a+2AR =2a+2h, 1. e. AR=Hh.

Takum oOpasoM, sHyTpu yriaa A,AA, uckomomy 'MT npunan-
JexaT TOYKH oTpeska A, A, W Toabko ond, a Bcé& uckomoe 'MT
NpencTaBisieT BOCHMHYTOJb-
uuk A,4,B,B,C,C,D,D,.

WnrepecHoe NpUMepHI
I’'MT cBsizanbl ¢ paccMoTpe-
HMEM  TpaeKTOpuit  ABMKY-
LUXCS TOYEK.

Ipumep bB. PasuoGen-
peHHBIM npsMOyroJbHbill Tpe-
yroabuug AMB  (puc. 42)
nepeMeIaeTcs Io MmJIOCKOCTH
T4K, YTO €ro BepLIMHB A u

Puc. 42. B cKOmb3IT MO CTOpPOHAM

npsaMoro yraa COD. CO ==

=O0D = AB; AM == a. Kakywo Tpaektopuio omuueT Touka M,
Koraa toyka A onwwer orpesok CO?
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Iycte M,-— HauanbHOe noJ0XKeHHe BepiunHbl M, T. €. B
MoMenT, Koraa A naxonutca B C (puc. 43). Iongruo, uto M,
JexuT Ha Ouccektpuce yraa COD.

B ToM nonoxenun tpeyroabuuka AMB, koria OA= 0B
(puc. 44), ero BepmuHa M TakKe pacnofaraerca Ha 6uccex'r-
puce yraa COD B HeKOoTOpOM nodoxenun M.

ciA c
4 M,
P4O
“o|B D 0 B D
Puc. 43. Puc. 44.

Iycte renmepe tpeyrosshuk AMB 3aHuMaeT NpoM3BOJbHOE
W3 JONYCTHMBIX ero nosoxenuft (puc. 42).

OnyctuM u3 M nepnenpukyasipst ME u MF wa OC u OD
(puc. 42). Torna = AME = =X BMF, Kkak octpbie Yribl
C COOTBETCTBEHHO MepreHAMKYAspHbIMU CTopoHaMu. Kpome Toro,
AM= BM no ycaosuwo. Orcona caenyer, uro N\ AME ==
= A\ BMF, u nostomy ME = MF, Ttak uro touka M B mnpo-
M3BOJBHOM CBOEM NOJOMEHHM JEXUT TaKKe Ha 6nccempuce
yraa COD.

Herpynno nokasate, uro OM,< OM < OM,. Jeiictsu-
TeBHO:

MF < MB=a, OM=MFV2<Lay2=0M,,
TaK 4TO
ML OM,.

U c npyro#t croponb: nipu o6oM mOJOXKeHHH Tpeyroibnuka AMB
(cM. puc. 42) L MOA=45° a 2 MAO > = MAB=45°,
tak uro 2L MOA < & MAO, orkyna cienyer, uro AM < OM,
1. e. OM>a B 10 BpeMsi kak OM,=a.

Wrak, nokasano, yto npu JawOOM NOJOMeHHH Tpeyrobs
nuka AMB Bepuwimna €ro M Haxopurca Ha otpeske MoM;.
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Obpatho: ecan M’ — rtpoussonbHas touka oTpeska MoM,, T0
CylLECTBYET TaKOe MOJ0KeH e /\ AMB, npu kotopom Bepumna M
copnanaer ¢ Touko M’. D10 MOMHO M0KA3aTE MYTEM NMOCTPOE-
wist Tpeyroiphuka AMB B cOOTBeTCTBYIOIEM NOJOXeHHH. IT0
qCHO TAIOKE M M3 MeXanuyeCkux coobpaxenmit: Touka M, mepe-
meluagch MO oTpesky MyM;, He MoOxer HepefiTH M3 MOJOXNE-
s M, B nohoxenue M;, He NpolAs uepe3 KaxiAoe mpoMme-
XKyTOUHOE ToJoxenne M.

TakuM o0pasoM, oTpedok MyM; ectb reomMerpuieckoe MecTo
BCEBO3MOMKHBIX MOJ0KeHHH Bepluunbl M NOABHXHOTO TPEYTO/b-
nuxa AMB.

VipTepecHO 3aMeTHTh, YTO NPH MHepEMElleHHH TOYKH A H3
nonoxeuuss C B nonoxenne O 7Touka A onuchHBaeT OTpe-
aox MyM; nBanml.

§ 4. OkpyxHOCTH ANONAOHMA

Paccmorpum cienyiomyto 3agauy: Habiru [MT nrockocrtu,
175 KOTOPHIX OTHOUIEHHE PACCTOSHUI OT ABYX 3ALAHHHIX B 9TOMH
nI0CKOCTH TOYeKk A M B paBHO JAHHOMY HOJOXHTEIbHOMY
ugcny A(h £ 1).

Ha npsmo#t AB cyuwecTBylOT [Be TOYKH, NPHWHALJIEHAIHE
uckomomy I'MT. Ttouka M, neamuas orpesok AB B oTHOIIE-

K

900/

Puc. 45.

Hun A BHyTpeHHuM oOpasom (puc. 45), u Touka N, Aensiuas
oTpe3ok AB B TOM e OTHOIIEHHH BHeWHUM 06pasoM, TaK 4TO
AM : BM==A. ¢))
AN : BN =) (&)
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My¢rs Tenepy P— npowssonbuas Touka uckomoro [MT.

Torna
AP : BP =\). (3)

Coenvuum P ¢ A, B, M u N. Us coornowenutt (1) u (3)
cnenyer, uto AM: BM = AP : BP. 3uaunt, ot1pe3ok PM,
ucxoudiuil w3 Bepuiwnb P, gpemur ctopoHy AB Tpeyrolb-
Hika APB BHyTpenHuM 00pa3oM Ha YACTH, NpPONOPLHOHAJbHbIE
6okopbiM cToponam AP u BP. Orciona HeTPyIHO 3aK/IIOUHTh,
uro PM— 6uccektpuca yria APB.

Ananoruuno u3 coorHouienuft (2) u (3) BHTEKaer, HTO
AN : BN = AP : BP, otkyna cienyer, 4yro PN — 6uccektpuca
yraa KPB (Buewnu#t yron tpeyrojenuka APB npu Bepiiuue P).
Ho 6uccektpuch IByx CMeXHHX yTJOB B3aUMHO MepNeHAHKY-
JApHBL, nostoMy 2L MPN = 90°.

Wrak, ua npoussoiehofl Touku P (orauunolt or M u N)
uckomoro 'MT orpesoxk MN Bunen non npsmbiM yriaom. Cie-
JIOBaTeJbHO, KaxJasd TOuka, 00Jafalolias yKasaHHEIM CBOMCTBOM,
pAactiofoeHa Ha OKPYIKHOCTH ®, NHAMETPOM KOTOpPOR sBisieTcs
orpesok MN.

IlokaxeMm Tenepb 06paTHOe NpelJO¥XeHWe: Kawnas Touka Q
1ol OKpYxHOCTH ® oOnanaer TeM cBofCTBOM, YTO AQ : BQ = ).

Eciu touka Q cosmamaer ¢ Toukoil M uau ¢ Touko#t N.
TO Npepnoxenne cnpapenupo. Ilycte Q ormmyna or M u or N.

Puc. 46.

Coenunum Q ¢ A, B, M n N (puc. 46). V3 nByx Touek
A u B onHa pacnonoxena na orpeske MN, npyras BHe ero.
Tonoxum nnaa onpenel8HHOCTH, YTO B-—BHyTpeHHss Touka
orpeska MN. IlpoBeném uepe3 B npamylo, napamienbhyio AQ,
U ormetuM Toukn C u D mnepeceyenus €& ¢ npambiMa QM
u QN. Tak kak /\ BMCco N\ AMQ, 10 BC: AQ=BM:AM
wMm BC:AQ=1:)\. Tak xkak /J\ BDNco /\AQN, 10
BD : AQ= BN : AN, 1. e. BD : AQ==1 : \. 3uauur, BC = BD.
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[utimu caosabm, B tpeyiomuuke CDQ orpesok QB apnaeics
menuaHoft croponbl CD. Ho rtpeyroswhuk CDQ npaMoyroiphbitt
(@60 X CQD = MQN =90°, kak BhNuCaHHbIH, OmHpaw-
wulica na nuamerp). Menuana e, npoBelEHHAS K THNOTeHY3€
NpAMOYTOJbHOTG TPEYTOJbHHKE, PABHA MNOJOBHHE THNOTEHY3H,
1. €. QB=BC. Ho paunbwe 6bui0 nokasano, uro BC: AQ=
=1:\ Cnenopareasto, AQ:BQ=), uro TtpeboBaioch 10-
Ka3aTh.

Hrak, reoMeTpHyecKMM MeCTOM TOYEK NJOCKOCTH, pacCTof-
HH KOTOPBEIX OT JIBYX JAHHHIX TodeK A W B Haxomarcd B jaH-
HOM OTHOWIEHMH }, OTAMYHOM OT HyJAsd M €NHUHMIB, ABJAAETCS
OKPYXHOCTb, KOHLAMH
OIHOTO W3 IMAMETPOB 4 M B M
KOTOpOMH ciiyxar TOUYKH,
Hesauue oTpe3ok AB
BHYTPEHHHM H BHEIIHHM
00pasoM B AaHHOM OTHO-
LIEHHH. T4 OKPYIKHOCTD
HABBIBAETCA OKPYICHO-
CMbI0 AnOANOHUSA.

Ecmu uucio A 3a-
JaHO B BHJle OTHOILEHUS Puc. 47.

IByX OTpe3KOB m H 1,

TO OKPYXHOCTb ANOJIOHHA Jerko MoxeT ObiTe NOCTPOEHA C
MOMOLIBI0 LHPKYAS U Juunelku. Jlasg 9Toro 1ocratouHo, OYeBHIHO,
noctpoute TOYKH M u N, nengume orpesok AB B nan-
HOM OTHOUIEHHH /1 :# COOTBETCTBEHHO BHYTPEHHHWM M BHEILHHM
o6pasoM. Crnoco6 noctpoenus ficen u3 pucyuka 47, rne DN| BC
u DM| BE, Tak uto

AM:BM=AD :DE=m:n 1 AN: BN=AD :CD=m : 1.

Mpu npeapnonaraid, uto A >0 u A ==1. Ecmm A=0, 10
uckomoe 'MT cocrout u3 enuncrBennolt Touku A. Ecom A =1,
T0 uckomMoe I'MT — cummerpans Touek A u B.

§ 5. Ilpumepsl pa3piCKAHHA TeOMETPHYECKHX MecT
METOIAMH AHAJHTHYECKOH TeOMeTpPHH

B ananurtuueckolt reoMerpuM Ha NMJOCKOCTH JIMHHA ONpeje-
JseTcsl, KaK TeOMEeTPUYeCKOoe MeCTO ToYeK, KOOpAHHATH KOTO-
PblX yAOBJETBOPSIOT JAAaHHOMY ajreOpanHueCcKOMY ypaBHEHHIO
Buna f(x, y)=10. 3anaya paswickanus ['MT crasurca 3pece
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UMEHHO B TOM CMELICHiE, YTO HIIEeTCd COOTBETCTBYIOIEE ypaBHe-
HUE, T. €. ypaBHEHHE, KOTOPOMY V.IOBJETBOPSIIOT KOOPIHHATEI
Kaxnoll Ttouku, oOnanalopniefl ykasaHHbBIM XapPAKTePUCTHYE CKUM
CBONCTBOM, H TO/MBKO OHH. Koneyno, BUA 3TOr0 ypaBHEHUs
CYILECTBEHHO CBA34H € TeM, KaK BHOpaHa KOOpAMHATHAsA CH-
creMa. LlenecooOpasuuift BH6Op cHCTEMb KOOPIMHAT MOACKA3LI-
BAeTC KOHKPETHHIMH YCJI0BuAMM TOH WM wHOH 3anaun. Muorzna
yp4BHEHHE MO3BOJIIET YCTAHOBHUTb, KAKYI0 HMEHHO 3JIEMEHTAp-
Hyl0 ¢Qurypy npeacTaBiser
P HCKOMOe reoMeTpuyeckoe
MecTO TOYEK.
} TNosicHuM CkasaHHOe HEKO-
| TOPHIMH TIpHME paMu.
7 Mpavep 1. Hatiru TMT,
! x AJs KOTOPHX CyMMa KBajpa-
TOB pacCTOsHUit OT JBYX JlaH-
HHIX TOYEK IJNOCKOCTH paBHA
KBaJpaTy [aHHOIO OTpe3Ka.
INNycts A w B— nBe naH-
Hboe Toukd. HineTca reome-
TPpUYeCkoe MeCTO TOYeK, Ta-
Puc. 48. kux, yro AP?2-4 BP%*= a2,
rje a-— gauHniit OTpPe3oK.
ITpumem npamylo AB 3a ocp abCumcc NpsMOYTOJbHOH CH-
CTeMbl KOODIHMHAT, a 33 Hayano O CHCTEMB KOOPIMHAT BO3bMEM
cepenudy orpedka AB. Ilycre P (puc. 48)— npousBosbnasn
Toyka uckomoro UMT, x, y—e& koopmunaru. Ecmu o6osna-
yuth AB uepe3 I, TO npu HalleM BHOOpE CHCTEMBI KOOPIMHAT

A(———é—; 0) " B(—é—; O). Ilo useectHoOlt Qopmyne aHanuTHye-

CKOl reOMeTpHH

AP? — (x+72’—)2;|-y2, BP? — (x——-QL)Z—{—yZ,

u nosromy wuckomoe I'MT cocrour W3 Takux TOueKk ILJIOCKO-

2 2
CTH, I KOTOPHIX (x—{——;-) + 24 (x—-—_é_) + 32 =a% wm

2a2 — (2
x2+y2=—4——.

M3 moJyueHHOTO ypaBHEeHWsl BUAHO, YTO TOYKM, ob/analoniye
yKa3aHHBIM XapaKTePHCTHYECKHM CBOMCTBOM, CylIECTBYIOT, €C/H

202—12>0, 1. e. aV 2> 1.
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Ecu aV/ 2>1, 10 5tu ToukM 00pasyior OKDYKHOCTH
¢ uentpom B Touke O.

Ias nocTpoeHMss 3TOM OKPYKHOCTH AOCTATOYHO MOCTpPOHTDH
xaKyio-1u60 e& TOuky. D1y TOUKY MOXHO MONYYHTH B Tepe-

2 2
ceyeHHH OKPYXHOCTeH g (A, a;/ ) H o, (B, a;/ ) (koro-

phHie HENpEeMEHHO INepeCeKyTCd, TaK KaK CyMMd WX pajuycos

aV§ 6oabitie paccTosuus Mexny ux uenrpamu [). llpu a =l
ucKOMasi OKpYXHOCTb Tpofingt yepea Touku A u B.

Mpu al/ 2=1 cywecrsyer ToAbLKO OHHA TaKas TOuKa,
umenno Touka O.

Npumep 2. Ilana okpyxHOCTb ® UM TO4ka A (puc. 49).
HallTy reomerpuyeckoe MeCTO CEPEJIHH OTPE3KOB, COEJMHII0-
mux TOUKY A ¢ TOoukaMu OKpy»HOCTH w. Ilyctb C— meHTp

Y
P

N|
o

Puc. 49.

naunolt okpyxuoctd, AC=a. IlpumeM Touky A 3a Hava/o
NpsAMOYro/ibHOH CHCTEMB KOOPAHHAT, a npamylo AC—sa ocb
abcuucc. Torzma, ecom cuutath HanpasieHue or A k C 3a no-
JgoxurelpHoe, Touka C nosyuaer koopaunars (g; 0) u Aannas
OKPYHOCTL NOJyYaeT ypasHenue: (X —a)2>-} y®>==r2, rue
r— paguyc. Ilycte P(X, y)— nNpou3BO/ibHAA TOYKA OKPYHK-
HOCTH ®, M —coOoTBeTcTByIOmas eft Touka wuckomoro [MT,

¢ u — koopaunatel Touku M. Torpa & = i;—, == —g—, TaK 4TO

x=2¢ y=2, u unrepecyiomee Hac MT npejcraBaseTcs
YpaBHEHHEM:

(2 —apf-4yp=r?
5 3ak. 1678. 65



HJH . .
=)= (e)

3T0— OKPYKHOCTH € LEEHTPOM (%; O) U panuycoM %

§ 6. Pemenne 3agay Ha NOCTPOEHHE METOXOM
réoMeTpuYeCKuX MecCT

CylHOCTE MeTona FeOMETPHYECKHX MeCT 3aKjlouaercsd B CJje-
nyloweM. Perienne 3amaud Ha nocTpoeHue CBOAAT K PasbiCKa-
HUI0 HEKOTOpOH TOYKH, MONYMHEHHON ABYM HE3aBUCHUMBIM YCJO-
pusiM. OrtOpacbiBaeM OHO M3 3THX ycnoBuit u uueMm [MT,
YIOBJETBOPAOIUNX BTOpOMY ycaosuio. Ilycte sto Oyner ¢u-
rypa ®,. Or0pactiBaeM 3areM BTOpoe ychosde W HieM [MT,
YILOBNETBOPSAIOIHUX HepBOMY YyciaoBu. Ilycte 310 6yneT du-
rypa ¢,. Slcno, uto oOoum ycCaAOBHAM yHOBAETBOpSET KaXias
Touka nepeceuerus uryp ®; u ®,, a Bcakad Touka, He Npu-
Hajjexalas fepecedeHHi0 3THX QuUryp, He yIOBJAETBOPAET
xora 66l omnoMy u3 3TuX yciosuH. Kawuas Touka durypu
@, - ®, naET BO3MOXKHOCTL HAWTH HEKOTOpOE pellieHHe 3a1auu.

Mpumep 1. TlocTpouTb OKPYMKHOCTH, KACATEABHYIO K IByM
JAHHBIM NAPaJIeNbHBIM NPAMEIM @ H O W NPOXOMSLLYI0 uepes
JlaHHy0 TOuky P.

Ananus. OO6o03HauuM pacCTOSTHHE MEXJY JAAHHBIMH Iipsd-
MuiMu Yeped d. Torfia pamuyc HMCKOMOH OKPYXHOCTH HOJDKeH

d
ObiTe paBeH — . Bajaya CBOXUTCSA K MOCTPOGHHIO LEHTPA OKPYIK-

HOCTH, KOTOPHH JIO/KeH YLOBJETBOPATL IBYM ycjoBuaM: 1) ou
nomxed OHTb OAMHAKOBO YAan€H OT mpaMux a 4 b; 2) om

d
JOKeH OTCTOATL OT TOYKH P Ha paccTodHuy 5 OT1cona

BBITEKAET NOCTPOEHHE.

INMoctpoeHnue. M3 mnpoussoipHOWH TOUKM A npsamolt a
onyckaeM nepneunnukyaap AB ua npamyio b (puc. 80). Ctpoum
ceperuy C orpeska AB. Crpoum 'MT, paBHOynan@HHbX OT
npaMbix @ 4 b; 310 Oyler npamad ¢, NPOXonsilas yepes Touky C
u napaijeibHas npambiM @ u b. Crpoum sarem I'MT, ynosne-

TBOPSIOLMX yCaoBuio 2). DTo OynmeT OKPYXHOCTb w(P; 521-)

OrMeraM TOUKy O, NepeceyeHMss OKPYXHOCTH o C Npsamoft c.
Crpoum okpyxHocTh ©,(0;, O;P). 3Ta OKPYXHOCTb HCKOMas.

INoxkasaatenbcTBo. OKPYXHOCTb ®; KacaeTcs HPIMbIX
a u b, 1ak kak pacctosHus €€ ueHTpa O; OT 9TUX NpPAMBEIX
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1
OIMHAKOBBl M PaBHbL —d. 3Ta OKPYXHOCT> NPOXOIMT Yepes

Toyky P 10 f10CTPOEHHIO.

MNccneloBaHue. Bosmoxub Tpu ciyuas.

1. Touka P pacnojioxeHa MeX A Y [JaHHbIMH NPIAMBIMH @
u b. VYkasauwupilt cnoco6 NOCTPOEHHS MAET L B4 pPELIEHHUS:
0, (O OP) u ©y(0y OyP). Ipyrux pemenuft ner, n6o

Puc. 50.

ecii OB CyLIeCTBOBAJH TPH OKPYMKHOCTH, YIOBJETBOPSIOIINE
yCJAOBUSIM 3afiaud, TO uX LeHTphl O, Oy u Og nomkub 6o Gbl
gexaTb HA onHOMN mnpamol ¢. C apyroft cropoubi, Mbl
JOMKHE. Obim Ok uMeTb O\ P == O,P = O P = AC, T. e. T04KH
O, O, u O4 pomxub Obun O J€xaTe HA OAHOM OKpY X-
Hoctu (P, AC), Tak 410 BO3HH-
KaeT NpOTHBOpeYHe.

2. Touka P-—mHa oOnnoft u3
npaMueX @ und b. 3anaya umeer
OJLHO pelieHHe.

3. Touka P—BHE MOJOCH,
OrpaHuyeHHOl NpsaMeiMu @ U b. 3a-
laya He uMeeT pelleHus.

Ilpumep 2. Ha auamerpe kpyr-
Joro Owumapanoro cToja Onm
pacrnionoxens! (Mo pasHble CTOPOHEL
OT IeHTpa M HA HepaBHLIX OT HEro
paccrosuuax) Asa mapa A u B.
llap B ynapunu tak, uro mocie Puc. 51.

OllHoro OTpaxeHus oT OopTa CToJa
OH nonaa B map A. Boccranosuts Tpaektopuio mwapa B (cum-
Ta", 4TO ylap He O HanpasjeH no aumaMerpy BA).

Hycte C (puc. 5l1)— rTouka, B KoTopoft map yia-

puics o Gopr crona, M—ueutp crona. CoraacHo 3akoHy
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OTpaxceHus,

Tak yro CM— Ouccektpuca yraa ACB.
TakuMm o€pasom, 3anaya CBOAMTCA K CJAEHLYIOIEMY reoMe-
TPUYECKOMY TOCTPOEHHIO.
ITocTpouTh TpeyroJebhuk, sHas OuccekTpucy b onHOro M3
yrios u OTpe3kd p ¥ g(p > g), HA KOTOphle 3Ta OMCCEKTpHCa
IeMUT MPOTHBOJEKALLYIO CTO-
9 poHy.

Auanuas. Ilycte N\ ABC
uckoMut (puc. 52), CM—
llanHaa Ouccextpuca, AM wu

b BM — nauubie OTpesku pu q.

Bepumnet A u B uCkoMo-

ro TpeyroJeHuka Jerko no-

P g B crpourb. Suauur, 3anaua

M CBOIUTCS K MOCTPOEHHIO BEp-

Puc. 52. wunbl C. Touka C JomkHa

YAOBAETBOPATL IBYM YCJO-

BusiM: 1) OHA JOMKHA HAXOMUTHCA HA pacCTOsHuM b 0T TOuKH M;

2) ortHoweHHe paccrosHMH 3TOM TOukH OT Bepuiu A u B
nomxHo OblTh paBHo p:q, 1. e. CA:CB=p:q.

IMocrpoenue. Ha npoussosbholt mpamot (puc. 53) Bhi-

Oupaem Tpu T0ukH A, M u B TaKk, yrobn AM=p, MB==gn

Puc. 53.

otpeaku AM u BM ue umesn obuux (BHyTpennux) Touek. Ctpoum
I'MT, ynosreTBopsiouux ycioBuio 1); 10 oKpyxHOCTE 0, (M, b).
Crpoum 'MT, ynosaeTBopsioiMx YCAOBHIO 2); 3TO HeKOTOpas
ofipefieI€HHas OKPYKHOCTb (OKPYKHOCTb ANOJJIOHHA) ®y.

OrmeyaeM kakylo-mubo Touky C HepeceueHds OKpymuHoOCTEH
0y M 0,. Tpeyroaptux ABC uckomzifi.

Jloka3aTeNbCTBO OYEBMIHO W3 PpACCyXIeHul, NpOBENSHHEIX
npu asanuae. '
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Nccnenosanue. Ilycte MN — nuaMeTp OKPYAHOCTH 1.
3azaua uMeeT pellieHHe JHIbL Torpa, korja b < MN. Ho

. BN 4. BN g
MN = MB- BN; ——— —— =% Friadesert
+ Pra+BN" p’ pFqg p—14
BN =1 +D
P—q

CrepoBaTennLHO,

2
MN=g- 2504 qmg. 2.
Takum o0Opasom, 3anaua HMeeT pellieHHe, €CIH b<

q
B sToM ciyuae pellenMe eJMHCTBEHHOE, TaK KakK oxpym—xocm’

®w, H ®w, nepecekalnTCs NMpH 3TOM B JHByx Toukax C; u G,
CHMMETPHYHHX OTHOCHTEJNBHO NpsMOi AB, U MO3TOMY TPEyroJb-~

auku AC,B u AC,B pasun. Ecmu 6> p2£ qq’ TO 3ajaya He

uMeeT peieHufl.

Npumep 3. Iloctpours TPeyroJeHHK NO OCHOBAHHIO, YLy
NpH BepUIMHE M PaJHUYyCy BNHMCAHHOH OKPYMKHOCTH.

Ananus. Ilycte ABC— uckoMslft TpeyroipHuk, A— laH-
HHIl ero yroj, r—3anaHubift paaMyc BNHCaHHON OKpYXHOCTH,
BC = a— 3ajaHHOe OCHOBaHHe.

A

Puc. 54.

Paccmorpum uenrp O BnucanHoft okpyxuoctd. Touka O
orctour or BC Ha paccTosnuu r (nepBoe CBOMCTBO WEHTPA).

Kpome storo (puc. 54), 2 BOC=90°— _g...}_ 90° — g. —

= 90°+._1.£':_23;C , Tak 410 2L BOC = 90°—{——‘2il (sTOpOe

CBOKCTBO LEHTPA).
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I'MT, o6sanawiux nepBuM CBOMCTBOM, MpenCTaBAfeT napy
npambx, napaineipHpx BC. TMT, obaanawoiux BTOpHIM CBOfH-

CTBOM (OTpeBOK BC Bupen us O mnoa yrjiom 90°+$24), npei-

o A
cTapiseT Mapy AYyr CerMeHT0B, BMewalowux yroa 90 —{-—2—.

Kawjas Touka nepeceyeHHs] STHX JBYX TFeOMeTPHUECKHX MeCT
MOYET CAYXUTH LeHTPOM BITH~
CaHHOM OKPYXHOCTH.
Moctpoenune. 1) Ha
NPOU3BOJLHON NpsAIMORt OTK/A-
LbBaeM oTpe3ok BC=a
(puc. 55). [Ianee crpoum
nocjienoBarejbHo:  2) napy
NpsMBIX p; H Py, Napaiieiib-
Hbix BC u orcrosux or BC
HA JlaHHOM PpACCTOSIHHH I
3) mapy cerMeHTOB, BMEILal0-

WHX yroa 90°+-2‘é; 4) 104~

T
{
_— :
]
i ky O Kak OjHYy M3 TOYeK
' nepeceyeHys yHOMSIHY THIX F€0-
Puc. 55. METPUYECKHX MECT; 5) OKpYK-
Hocte ® (O, r); 6) u3 Touek
B u C nposonuM Ayuu b W ¢, KacaTe/lbHHE K OKPYXHOCTH ®;
7) orMeuaeMm TOuky A mepeceyeHus sTuX Jyueit. Tpeyroaphuk
ABC — uckoMbiit.
JlokasaTeJLCTBO He NpejcTaBiaseT 3aTpyluexuil.
MccnenoBaHue. Yrobb CylmecTBoBadu TOUKH Tepece-
YeHUs] YNOMSIHYTBIX BBHILE IBYX TeOMeTPHUECKHX MeCT, HeoGX0-
IUMO M NOCTATOYHO, YTOOH CTpena cermeHta Oblia He MeHbIUE
oTpe3ka r, T. €. YTOOL BHIIOJHSIOCH COOTHOLUEHHE

a o 4 A
—2—ctg(45 —{——4—)>r. (1)
Llaru 5, 6 w 7 Bcersa BuimosnuMbl. llocienHee chepyer us

TOro, 4to

=2 (BC, b))+ =2 (CB, ¢)=2(2L CBO 4} =% BCO) =
— 2(180°— 2x BOC)=2 [180°—— (90°+ _24)] —
= 180°— A < 180°,
TAK YTO Ayud b u ¢ 3aBenoMo nepecekawtca. He nenas pas-

JMYMsl MEXALY YETHPbLMS BO3MOXHEIMM OLMHAKOBLIMH PeLIeHHIMH
(8 3aBucuMOCTH oOT BuiGOpa TOUkM O), HPUXOILUM K BHIBOLY,
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yro npu ycaosud (1) 3apnaya uMeeT eNMHCTBEHHOE peLieHHE,
a €CJH 9TO YCJAOBHE He BHIIOJHAETCH, TO peLUeHHMs HeT.

MNpumep 4. Hoctpours TPeyroJbHUK HO €r0 OCTPOMY YTay
npu BEpUIUHE, PAAMYCy ONHCAHHOH OKDYHOCTH H CyMMe KBaj-
patoB OOKOBHIX CTOPOH.

Aunanus. Ilycts ABC — uckoMblt TpeyrosbHuk, o (0, R)—
ONHUCAHHASL OKOJIO HEero OKPY¥HOCTb, 2L A == o ~— naHHH{t yroJ,
AB2 4 AC?2=d?, rae d — nauubiit
orpe3ok (puc. 56).

Besmuuuna xopabn BC onpene-
AfieTCsl M3 YCJOBusl, YTO OHA BUJHA
U3 HEKOTOPOH TOYKH OKPYKHOCTH
® MOA JAHHHM YTAOM a, a4 CJelo-
BarenbHo, U3 ueHTpa O—rnog
yrioM 2o (paBHHM LEHTPAJbHBIM
yriaM COOTBETCTBYIOT PABHHE XOp-
nel). Yro kacaerca Touku A, TO
OHA oOnpefenseTcss JABYMsA  ycClo-
BUsMH: 1) OHA JIeWMT HA OKPYX- Puc. 56.

HOCTH ®; 2) OHA MPUHALJIEXHT
['MT, naa Koropblx cyMMa KBaiaparoB paccrosuuit ot Touek B
u C paBHa d? (370 TOXE OKPYXHOCTb, CM. § B, mpumep I).

NMocrpoenue. Crpoum nocrenosateipHo: 1) oOkpyx-
sHocte (0, R) c uenrpom B npoussoieHolt Touke O; 2) nsa
patuyca OB u OC 370K OKPYXHOCTH HOML YrJoM 2o OIHH
K npyromy; 3) orpeaok BC u ero cepenuny M; 4) okpyx-
HOCTb [, CAYXAalUylo TeOMETPHUYECKHM MECTOM TaKuX Touek P,
1751 kotopeix BP?2—- CP? =d? (cM. § 5, npumMep 1); B) Touxky A
nepeceyeHus okpyxHoctelt w u I 6) orpe3ku AB u AC. Tpe-
yroibuuk ABC uckombift. J10ka3aTenbCTBO ICHO W3 AHAJM3A.

Mccaenosanue. Korna oxpywuocte I” cywectByer u
uMeeT 061y ToUKy ¢ Ayroft BDC okpyxHOCTH o (CM. puc. 56),
TO 3a/laYa HMeeT €IMHCTBEHHOe peluekHe. B mMpoTuBHOM Ciydae
peluieHuss HET.

3ameuaunue. Tak Kak pamuyc r oEpysHOocTH I” paBeH

—;~ Va24* — BC?
(cm. §5, npumep 1), MB = R sina, BC = 2R sin a, MD = R (1 -}- cosa)
T0 aHAIMTHYECKY YCAOBUE pa3pemmMOCTH MOXKHO 3anucath Tak:

MBZrLL MD
HIIM [OcAe COOTBETCTBYIOIUUX HpecbpasoBanuil:

2R sina < d < 2R V_il—cos%.
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§ 7. PapuxanbHasg och u panMKaJbHBIH LEHTP

B pane BonpocoB reoMerpud ucnoapayerca 'MT, Hasw-
BaeMoe paJiMKaJAbHOH OCHIO HABYX OKPYXHOCTeH. ITO
MNOHATHE CBA3AHO C IOHATHEM O CTelNeHH TOYKHU OTHOCHTEJLHO
OKPYHHOCTH.

IMyct, Ha mNI0OCKOCTH JaHA OKPY)KHOCTL ® W Touka M.
IlpoBengm uepea TouKy M mpOH3BOJBHYW MPAMYI0 @, fepece-
KAOIYI0 OKPYXHOCTH ®, H nyCThb A W A'— TOYKM HX mepe-
ceyeHus.

DyneM paccMatpuBats otpesku MA u MA’ kak manpa-
BJEHHHE M Ha30BEM MPOU3BELEHHEM STHUX OTPE3KOB MPOU3BELe-
HHe ux AqauH MA u MA’, B3a10e €O 3HAKOM —|- WM — B 3aBUCH-
MOCTH OT TOT'O, HANPABJEHH JH 3TH OTPE3KU OJMHAKOBO UJH IPO-
THBOMOAO¥HO. Eciau onsa us Tovek A wiam A’ coBnanét ¢ Tou-
Kokt M, 1o Gyzem cuurats npoussenenvie MA - MA” pasueiv Hymo.

CrnpaBepnyiMBo crenywiiee npellioKeHue.

Ecau wepe3 uexomopyo PuxcupOBGHEYIO MO%KY nposo-
onmes npsamvie, Nepecexauue OQHHYI OKPYICHOCHD, MO
npoussederue HanposAeHHBLX OMPE3K08, COEOURSIOWUX OOHHEYI0
MOYKY € MOUKaMU nepeceienus KaxcOol cexyujeid ¢ OKpyH-
HOCMbI0, COXpausen nocmosHROe 3Ha4eHue.

ﬂ’

Puc. 57. Puc. 58.

BosMoxHE Tpu caAyyas.

1. Touka pacrofioxeHa HA JaHHOH OKpyXHOCTH (pHC. 57).
B stom cayuae MA- MA"=0 npu moGom BeOOpe cekyiuell.

9. Touka M BHe okpyxHOCTH (puc. 58). B 3toMm cayuae
OTpe3kH MA wu MA’' HanpasieHb OLMHAKOBO, MA - MA =
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=MA- MA" = MT?, T. e. npouspeleHHe HANPABJIEHHHX OT-

peskoB MA u MA’ paBHO mpousBeleHHI0 X IJHH H PABHO
KBALPATY OTpe3ka kacaTeqabHolt MT, nposen&nHolt u3 toukn M
k naunoft oxpyxHoctd (cM. [9], ra. 3, n. 201).

3. Touka M BHyTpHu okpyxHocTH (puc. 59).

B stoMm cayuae orpesxu MA u MA’ nanpasieHb NPOTHBO-
NOJOXHO OJHH IPYroMy H HUX npousBeieHHe OTPHLATEJbLHO.
M3BeCTHO, 4TO NPH 3TOM Aa0COMIOTHAS BEJUYHHA TPOU3BELEHHUSA
HANPABJEHHHX 0Tpe3kos MA u MA’
paBHa NPOM3BELEHHIO  OTPE3KOB
auaMerpa, nposelEHHOTO 4epes
touky M (cm. [9], n. 200):

MA - MA =—(MA- MA") =
= —(MP - MQ) = const. A

Wrak, npu /moboM pacnoJo-
XeHHH TOYkH M OTHOCUTENbHO
OKPYKHOCTH ® MNPOU3BEJEHHE HA-
NpABJEHHBIX OTPE3KOB  CeKylieit
IefiCTBUTEILHO He 34BUCHT OT BHI- Prc. 59.
6opa cexyuiel.

[Tpoussenenne HANpaBieHHHX OTPe3KOB, NPOBENEHHBIX U3
ToukH M B TOuKM mHepeceYeHus] OKPYXHOCTH ® C Jo0oHt ceky-
welt, npoxodsiell uepes TouKy M, HABHBAETCH CMeEneHvo
mouru M OTHOCUTENBHO OKPYXHOCTH .

ByneM o6osHauaTh 9Ty BeaumuuHy cuMBoioM Ch.

Takum oOpasom, ecau kakas-7mubo Cekyiuas, Npoxonsiuas
uepes Touky M, MHepecekaeT OKPYXHOCTb o B TOukax A u A',
t0 Cu = MA - MA'.

flcHo (cMm. M. 2 npenHAYILEr0 LOKA3ATEAbCTBA), YTO €C/H
Touka M pacnonoxeHa BHe OKPYXHOCTH ®, To Ca paBHa KBaj-
pary orpe3ka KacaTelbHOH, npoBentHHON U3 ToukH M K OKpy*-
HOCTH W.

JokaxeM, yto npu mobom Bubope Touku M HA NIOCKOCTH

Ct —omM*— 13,

rie r— panuyc okpyxuoctu ®w, O—e&é nentp.

PaccmoTpuM Bo3MOXHEE CAyyad.

1. Ecim Touka M — BHEIUHAS OTHOCHTENBHO OKPYXHOCTH ©,
TO (cM. puc. 58)

C¥ =M =OM —OT* =0OM*— 2
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2. Ecim Touka M pacnosioxeHA HA OKPYXHOCTH ®, TO

OM =r u, 12K KaK, ¢ Apyro#t cropons, Cau =0, T0, HOHSTHO,

2 2
Co=0M—r".

3. B cayuae BHyTpeHHero pacnojoxenus (CM. puc. 59)
MA . MA" pasHo npoussesenuio orpeskos MP w MQ nua-
MeTpa, B3ATOMY CO 3HAKOM MHHYC, TaK YTO

Co=-—MP-MQ=—(r—O0OM(r+0OM)=
=—(r2— OM}) = OM2— r2.

2 2
dopmyaa Ci = OM*—r" nokasana, TakuM o0pasom, A.is
BCEX CJyuaes.

Hnorfa shipaxenne OM2 — r2 HaspBaloT cTeMesblo TOYKH IO Ofpe-
nedenuto. Ecau ymeHbIIaTs HeorpasHdeHHO paauyc r OKpyxuoctu w (0, r),
He MeHfs IMOJOXeHHS e€ LEHTPa, 10 B Ipegele OKPYKHOCTL @ mpe-
BpatutcA B 104Ky O, a cTeleHb HEKOTOpPOil TOYKH M OTHOCHTEABHO
OKpYMHOCTH © —B KBaapat oTpeska OM. Moxuo paccmarpusath
Touky O KaK OKPYKHOCTb HYAeBOro paiuyca ¥ BBECTH CHAELyiouee
onpeneselue: crenesplo Touku M otnocurensuo Touku O HasbiBaerTcs
kBaxpat orpeska MO.

Baengém Tenepb onpeneseHHe PaavkajbHOI OCH.

Papgukampholt ocwlo 1ByX okpy»HocTedl HaswmBaercs I'MT,
UMEIOLIMX PABHHE CTENeHH OTHOCHTEJNBbHO 3THX OKPY¥KHOCTefl.

[Tycte Ha naockocTH 3amanbl jBe OKPYXKHOCTH w,; (O, r,)
U wy (O, ry). llonowum nia onpenen€HHOCTH ry > r,. Pac-
CMOTpUM TeOMeTpPHUuUecKoe MeCTO Toyek M naockocTd, nus
KOTOpPHIX Cﬁ‘ = Ca,. Coraacro nocnenselt Gopmyse, 970 pasHO-
CHJIbHO TpebOoBaHUIO Ole—rf=02M2——r§, T. €. OIM2—02M2=
==r2-—r2, TaK uT0 A7 Toyek uckomoro I'MT pasnocts KBa-
IPATOB PACCTOAHHI OT LLEeHTPOB 3AJAHHLIX OKPYXHOCTEH ocTaércs
noctosuuolt. Takoe 'MT npencraBusieTr coOOH, Kak HM3BECTHO
(cM. § 3, npuMep 3), mNpAMYI0, NepNeHAUKYAPHYI0 K JHHHUH
LeHTPOB LAHHHX OKpyHocTelt (ecau Toibko ueHTpu O, u O,
HE COBNANAIOT).

Jis mOCTpoeHUsl panukaibHOR OCH ABYX OKPY¥XHOCTel mocra-
TOYHO MOCTPOUTH KaKyio-auO0 OjHy €€ TOuKy: fpsMas, npo-
BellEHHas yepe3 3Ty TOYKY MepneHAUKYJsSpPHO JMHUM LEHTPOB,
Oyner panvkaibHOM ochio. Eciu naHHBIE OKPYXHOCTH 00/ap8a10T
obluelt kacatenbHOM, TO B KayeCcTBe TAaKON TOYKH MOXHO B3ATb
cepeluHy oTpe3ka oOielt KacaTeJbHOH MEXIy TOUKAMH KACAHMS.
HeticTBuTeNbHO, TAK KaKk A/ BHelllHel TOYyKH CTeneHbL €€ OTHO-
CHUTENbHO NAHHOM OKPYXHOCTM BHIPAXKAETCA KBAAPATOM IJHHLL
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KacaTeJbHOH, T0 CepenuHa oOweH kacaTeMbHOR JBYX IHAHHBIX
OKPYXHOCTeH HMeeT paBHble CTENeHH OTHOCHUTENbHO JAHHBIX
OKpYHOCTEH U, CJENOBATENbHO, PACNOJIONEHA HA HX paiu-
kaibHOHM ocu (puc. 60).

OTcionia caenyet, MEXNY NPOYHM, TaKoH ¢akt: eciu K IBYM OKPyX-
HOCTAM MOXHO NpOBECTH YETHIpE obuue KacarenbHbE, TO BCE YETHIPL

CEepeAHHbE OTPE3KOB OBGLUIHX KaCaTeAbHBIX, 3aKMOUEHHEIX MEN(Ly TOYKaMM
KaCaHH#, pacloAararICi Ha OLHON NApPAMOI.

oce
ece

G
PaduransHas
o

Paduxanshnas

Puc. 60. Puc. 61.

Ecim nanHbie OKpy®HOCTH NepecekaloTcs (puc. 61), 1o ux panu-
KaJIbHOHM OCBIO CJIYUT NpsAMas, NpoBeAEHHAs Yepe3 TOUKU UX epece -
YeHHsl, TAK KaK CTeleHb J1000H ToUKH
nepeceyeHus OTHOCUTENBHO Kamaoh
W3 JaHHEIX OKPYXHOCTel paBHa HyTIO.

Ecau nanmeie okpy:XHOCTH Ka-
CalTCs APyr Ipyra, TO paiuKalb-
HOH oCbI0 cAyxuT o01uas KacaTtesb-
Hasl, MpOBef&HHasl B TOUKE KACAHHUfA
okpyxHocTelt (puc. 62).

[MocTpoeHue palukaibHOH OCH
g Caydasl SKCLUEHTPHYECKOro pac-
MOJOXEHUA NAHHBIX OKpYXHOCTell,
T. €. JJs cJAyyad, KOrjd OJHa M3
OKpYyXHOCTeHl pacnojoxeHa BHYTPH
Ipyrofi, HO WLEHTPH HX HE CoBNa-
DAI0T, MBI DACCMOTPHM MO3XKe.

Ecau nanHbe OKpPYy#HOCTH KOHUEHTPHYECKMe, TO JUId HHX
panukajnbHas OChb He CYlLUeCTByeT, IOTOMYy YTO He CYLIeCTBYyeT
TOYEK, PABHOCTENEHHHX OTHOCHTEJBHO TAKHX OKPYMXHOCTel:
coornouierne OMB— r? = OM2—r2 HeBO3MOXHO NpH I F I,

PadukansHar
oce

~
-
4
e
&
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Bce BbIHIBHpHBeﬂéHHbIe paccyneHusa OCTalOTCA B Culle, eCAH OngHa
M3 ABYX RaHHBIX OKPYyXHOCTe# o ,BhpoMaaerca“ B 104Ky (Oj. Ecam
9Ta TOYKa BHEIIHAA OTHOCHTENBHO BTOpOﬁ OKPYMHOCTH wg, TO panu-
Kaibhas OCb NPOXOIMT Yepe3 CepeluHy OTpe3Ka KacarelbnoH, mpo-
BensHHOM H3 ToukH Oy K OKPYWHOCTH ®, ITOT NpPEmedbHBIH CAydaid
HAXOIWT MpUMEHeHHe B HEKOTOPHIX 3ajayax (CM. Hampumep, sanaid
Ne 35—37 B KOHLe 3TOH riaBH).

B panbueHlIEeM NOL OKPYXHOCTBLIO MOWHO DOXPa3yMeBath Takme
,HYAEBYIO OKPYXHOCTB®, T. €. TOUKY.

K BaXHOMY TNOHATHIO paOUKAABHO20 LEHMPO NPVBOIUT
cilenywoluasa TeopeMa.

Teopema. Ecau yenmps mpéx OKPYICHOCMEN He Aecom
Ha 00nOf Npsamol, mo mpu paduKasbHbE OCU SMUX OKPYIHC-
Hocmell, B3AmblX NONOPHO, RPOXOOSM Hepe3 OOHY MOUK).

Jaa nokasaTenbCTBa PACCMOTPUM B IJIOCKOCTH TPH OKPYXK-
HoctH o, (Oy, 1)), 0y (0y 1y) u w3(0g, rg) M NpPeanosoxum,
yto Toukd O;, O, u Oy He mnpuHALIeXAT OIHOK mpsmolt

Puc. 63.

(puc. 63). Panuxanbuad ock @, OKPYXHOCTEl ®, H w, mepe-
CeKaeT PAlIUKATbHYIO OChb O;3 OKPYXHOCTER ®; H g TaK Kak
OCH G5 M Q;3 COOTBETCTBEHHO NEPHEHAHKYJAPHE K NBYM
nepecexawiuuMcs npameM 0,0, u 0,0;.

Oycte @, X a33=P. Tak kak P € a5, 10 Ch =C%.
Tax we C5 =C% . Hosromy C% = Ch, 1. e. Touka P wumeer
paBHHE CTeleHH OTHOCUTE]BHO OKPYIKHOCTEHl w, M wg U, Cleflo-
BATEJILHO, NIEKHT HA MPAMOH Gag.

Hrak, Touka P npuvHALJeXXHT BCeM TPEM palUKATLHHIM
OCsIM.
OO0was Touka panukaibHHX oceft TPEX okpyxHocTeH, pac-
CMATPHUBAEMHX IIONAPHO, HA3HBAETCH PAOUKQALHbLM UEHIMPOM
9TUX TPEX OKpyXHOCTEH.
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Cor/iaCHO IoKasaHHOH TeopeMe, 1js1 TPEX OKpYWHoOCTel,
LLEHTPH KOTOPHIX HE PpACHOJIOXEHBl HZ ONHOM NpaMolt, Cylue-
CTBYET E€LMHCTBEHHHIl panukaibHBIA LeHTp.

Ecnu uentpel TpEX OKpYXHOCTEH v, w, U B, PACHONATAIOTCS
HA OIHOM MpAMOH, TO BO3MOXHH TPH Cayuyas.

1. Ocb ayp (wim o) He cymectByert (cayyal, koraa
xo1s1 Obl 1Be U3 TPEX OKPYXHOCTEH KOHUEHTPUYHbI).

B sToM ciyyae He CYIUeCTBYeT W PAaJMKAJbHBIH LEHTP.

2. Ocu a,p u Gy3 pasauyHb. Toria OHH Napa/jesbHbi
H PALHKAJbHBIA LEHTP OnfAThb He CYIUECTBYET.

3. Ocu a5 ¥ a3 coBmanaoT. Torla ¢ HUMH COBNAlAET
TalKe OCb Oy Kaxnas Touka obiuell panukanbholt OCH ABAAETCA
panuKajibHbBIM LEHTPOM TPEX
JIAHHBIX OKPY¥KHOCTeH.

PanukaJbHeIM  LLEHTPOM
MOXHO BOCHOJb30BATLCHA IJIA
NOCTPOEHUA PAlMKAJLHON OCH
IBYX IaHHBIX OKpYy»HOCTEH,
B YACTHOCTH, U B TOM CJayuae,
€CJIH OKPYKHOCTH STH SKCLIEH-
tTpuyeckue. IlycTe Haj0 no-
CTPOUTh  PAAMKANBLHYI0 OCb
IByX okpy»xuocteit oy (O, ry)
H 0y(0, ry) (puc. 64).
Crpoum TNIPOU3BOJILHYIO
OKPYKHOCTE wg (O3, 1g), Nepe-
Cekauy obe OKPYKHOCTH
6, U Wy U MMEOILYI LEHTP Puc. 64.

O, sre npamoit O;0,. Crpoum

3aTeM paluKanbHbi LeHTD P KaK TOYKY NepeceyeHus panUKadbHEX
ocefl 0,3 U Gy3. Uepes Touky P NpoBonuM NPAMYIO @9, MEPIeH-
JukyJsapHyo npsamoit O,0,. llpsMas a,, aBAseTCs, OYEBHMIHO,
panMKajbHOM OCHI0 OKPYXHOCTER ©; M O,.

Vkaxem OllHO HHTEpeCHOe CBOUCTBO; paluKaibHOH —ocH,
MoJe3H0e NPU PELIEHHM HEKOTOPHIX 34144 HA MOCTPOeHHE,

Teopema. BreutHss omHocumensho Kaxcooli u3 08yx OGHHbLX
OKpyscHOCmel wacmy ux paodurxarvroli ocu ssasemcs I'MT,
KaoC0as 13 KOMOPBLLX CAYHCUM UEHMPOM HEKOMmOPOL OKpyHC-
HOCIMU, nepecexaiweli OGHHbIE OKPYICHOCML 10O NpAMbM
Yeaom.

[Tycts ©; U w,— NBE NaHHBIE OKPYXHOCTH, Q9 — MX PAIH-
KanpHas ocb. Mabepém Ha pajsukaibHOH ocH a4 JA100YI0
TOuKy A, BHEWHIOW K IAHHHIM OKpYyxHocTsaM. Torna (puc. €65)
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otpeaku AT; u AT, kacaTe/bHHX, MNPOBeNEHHEX W3 Touku A
K JAHHBHIM OKDYXHOCTAM, OAuHakoB. Ilycts AT = AT,=r.
[Mpopeném oxpyxuocTs © (A, r). Pagnycs O;Ty u O,T, nanuuix
OKPYXHOCTEH NepneHMuKyaapHb kacaredsntiM AT, u AT,
TaK KaK mpoBelendl B TOuYKH KacaHus. Ilostomy npsmeie O,7
u O,T, ciyxaT KacaTeJbHBIMH K OKPYHOCTH ® B TOYKaX e&
nepeceyeHuss C JaHHBIMH OKpyxHocTamd. Takum oGpasom,

KACATEeJbHBIE K OKDYXHOCTAM ® U ®,, NpPOBelEHHbie B TOUKE
ux nepeceuerus: Ty, KAK M KACATE/JbHbE K OKPYXHOCTIM ® H O,
npoBeEHHbIE B TOYKe UX nepecedeHuss Ty, B3AUMHO TNepreHnH-
KyJsipHbl, T. €. OKPYXHOCTb ® MepecekaerT KaXAYI W3 JAHHBIX
OKPYKHOCTEll 0, M ®, MOJ HPSIMEIM YIJIOM.

OOpatHo: eciu Kakaf-iMb0 OKPYXHOCTb ® fepeceKaeT
KAXIYI0 W3 JaHHEX OKDYXHOCTeHl ®; M ©, COOTBETCTBEHHO
B Toukax Ty u T, mNON MPSMBIMH YrJjaM, TO 5TO O3HAYAET,
uto B Touke Ty (COOTBETCTBEHHO Ty) KacaTe/bHasl K OKPYKHOCTH 0,
(COOTBETCTBEHHO K ®,) NPOXOAHT yepe3 UeHTP A OKPYKHOCTH .
Takum o6pa3oM, KacaTeJbHEIE M3 TOYKM A K OKPYKHOCTIM O
U W, PABHH, Kak panHycel OokpyxHoctd o. CrenosaTenbHo,
TOYKA " A TPUHAJJIEKHT PAIMKAJLHOH OCH Q.

IMousTus panukaibholt OCM M PalMKAJLHOTO UEHTPA MOTYT
6LITh WCHOJb30BAHEL MPH PEIUEHHH HEKOTOPHIX IeOMcTPHYECKUX
3anay HA MOCTPOeHHe.

3apgaua. [TocTpouTb OKPYIHOCTb, KACATENbHbIE K KOTOPOH
U3 JaHHbiX Toyek A, B u C Obuin Ob paBHB COOTBETCTBEHHO
TPEM NAHHBIM OTpe3kaM a, b u ¢.

Anaaus. Iycrs 0 (0, r)— uckomas okpyxuocts (puc. 66),
AA, — kacatenbHas Kk w, A;— Touka Kacanusa. Torna AA; =a
u 4,0 | AA,. NostoMy TOuKa A; JEXHUT HA OKPYKHOCTH wy (4, a)
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H KacaTe/lbHas K ®; u3 TOykd O paBHa r. AHAJOrHYHO MOJYYHM,
yT0 KacaTesbHBle M3 TOukH O K wo(B, b) u k wg(C, ) Takxe
1OmkHE ObTh paBHul r. WTak, kacareabHbie u3 Toukd O Kk TpEM
OKPYKHOCTAM ®,, Wy H ®g NONMKHbH ObLITH PABHH MeXAy CoOof.
Crnenosarenbno, 1ouka O sBIsieTCsl PAIWKAJILHBIM LEHTPOM 3THX
OKPYKHOCTEl.

MocTpoenue. Crpoum nocrnen0BaTENbHO:

1) tpu okpyxuocTH: (4, @), wy (B, b), v;(C, ¢);

2) panukajbHBH LEHTP 3THX OKpyxkHoctelt O;

3) xacareibHY10 13 TOYKH O K OKPYKHOCTH wg;

4) Touky kacamus Ag;

5) oxpyxuocts (0, r), rie r= 0A;. 313 OKPYKHOCTb
HCKOMa.

NokasatedbcTso. Ecin npusenéHHoe mnoCTpoeHue
BHUTOJAHHMO, TO Cff,l_——OA%=r2 > 0. Ho C§ =Ci =C3,
tak uro C9, >0, C% >0 u Touka O JeXHT BHE OKPYX-
HocTel ©, W ;. TlosroMy u3 Touku O MOXHO NPOBECTH
KACATE/NLHEE K OKDYXHOCTAM ®, U g OO6o3HauuM STH Kaca-
Tequtie yepes OB, u OC,. Torna Co, = OBI, C% = OC}, Tak
yt0 OB% = OC% = 0A}, 1. e. OB, = OC, = OA, == r, BCIeACTBHE
yero Touku B; u C; nexar Ha OkpyxHOCTH ©. Tak kak OA;
KacaeTcsi OKPYXHOCTH o;, To OA4; { AA;. Crenosareino, A4,
Kacaetcsi OkpyxHocTH w (O, r), npuyém AA;=a, kaK panuyc
OKPYXHOCTH ©;. AHAJOTHYHO MOXHO J10Ka3aTh, ut0 BB, u
CC, xacaworca (0, r), npuuém BB, =10, CC;=c¢, TaK 410
®w— JieflcTBUTELHO MCKOMAs OKPYKHOCTb.
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Hccnenosaune. IIpoBoas uCcreloBaHMe MO XOLY MO-
CTPOEHNUs, NPHXOLHM K TaKOMY BHIBOLY.

1. Ecim toukn A, B n C He nexar Ha OnHOH mpsMol, TO
BO3MOXHH TpH ciyuas: 1) rouka O BHe w;(A, a); Torna oHa
0043aTe/IbHO  JIEXHT BHE ®; H g (KAaK YCTAHOBJIEHO BbIlle
B XOJle OKa3aTe/IbCTBA); 3a/laua WMeeT eIMHCTBEHHOE pelleHHe;
2) Touka O BHYTpH 0,; pelleHuit Het; 3) Touka O Ha OKPYX-
HOCTH wg; toraa C) =Cg =C) =0, Tak uto O— obuas
TOuKa TPEX OKPYKHOCTel; 8ajauya He MMeeT pelleHuM: nCKoMmasi
OKPYXHOCTb ,BHIPOXJaeTCA® B TOUKY.

2. A, B u C ua onnoit npsmo#. [IpencTapasiorcs IBe BO3-
MOXHOCTH: JMOO PainKajbHOTO LEHTPa HeT, JMOO pajlMKaibHBIX
uentpoB OeckoHeuno MHoro. B cooTBeTcTBMM € 5THM 3alaya
6o Hepa3pemuMa, JuO0 HMeeT OeCKOHEYHO MHOTO pelleHHi.

§ 8. Iyuxku oxkpywHocTell

Ilpn pemiernn HEKOTOPHIX 3a1au Ha NMOCTPOEHHE OKA3LIBAETCH
NOJIE3HHIM NOHATHE O Myyke OKpyxHocTe#. Ilpexne yeM BeeCTH
970 MOHATHE, NOKaXeM HeKOTOphle TeOpeMBl.

Teopema 1. Ecau npsamasn a cayscum padukassHoli ocvio
oxkpyscrocmell w, (04, ry) u wy(0y, ry) u 00HO8pesenHo padu-
KaabHOl ocoio oxkpyscHocmeldl o, u wg(Og, rg), mo npsamas a
cayocum paduraabrol 0Cslo OKPYHCHOCMED w, U Wy U GeHmpbL
8cex MPEX OKpYXHCHOCMEl pacnoaqzaiomes Ha OOHOL npsmoil.

IMycte P — npousBoipHast Touka ‘npsMoft a. Ilo ycnoBuio
C8,=Ch n C5 =C%, otkyna crenyer, wto Cb =C%, tak
YTO nNpaMas CAHBaeTCs € PALHKAJILHOH OCBI0O OKPY)XKHOCTER 0y
H .

Toukn Oy, Oy u Oy wa onnol mpamo#, tak kak 0,0, | a
n 0,0; 1 a

Teopema 2. Ecau Oanst 0se oxpydcrocmu, 006Aadariuyue padu-
KQALHOL OCbI0, MmO 4epe3 KadiCOyo mouKy nAOCKOCIMU, AeHCAULYIO
8HE UX PAOUKAAbHOL OClL, MOJNCHO Nposecmu eOUHCIBEHHYIO OKDYic-
HOCMb, UMEIOWYIO ¢ KadcO0l u3 OanHblx my Jice paourKasbHy10 OcCh.

1-it canyuait. Jlannbie OKPYXHOCTH NEpPECeKaoTcs.

Hickomasi OKpYMHOCTb oONpenessercs IaHHOH TOUKOH u aByMs
TOUKaMH nepeceYeHns NaHHBIX OKPYXHOCTEH.

2-it caydail., Jlanunie OKPYXHOCTH KacCawoTCsl APYr Apyra.

Ilpu sTOM, KaK H3BECTHO, PaAMKalbHOH OCbIO CIYMMT HX ofLias
KacaTeJbHas. VICkomas OKPYXHOCTP NOMNHa KacaThCsl pagHMKajibHOMH
ocu B ToH e Touke. TakuM o6pa3soM, s TNOCTPOEHHs HCKOMOH
OKPYHOCTH MEl pacrojiaraeM NpsIMOi, Ha KOTOPOH NOMKEH Jexathb
e& LeHTp (3TO NMEepNEHAMKYJAAP K PaAHKAJILHOH OCH B TOYKE KacaHHH
IanHbIX OKPYXHOCTEH) M JBYMS TOUKaMH OKPYXHOCTH (TOUKa KaCaHHS
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y JAaHHadg TOYKa). DTHMH NaHHBIMH TOJOXEHHE HCKOMON OKDPYXHOCTH
OJIHO3HAYHO OTpELeJseTCs.
3-# cayvyaki. JlanHble OKDYXHOCTH HE HUMET OGIIHX TOYEK.
Ilycts A — pnannas TouKa, (O, r1) M ©y(0y ro) — RanHblE
OKPYHOCTH, g — HX panuKaJbHas OCb. PaccMOTpHM nBe BO3MOXHOCTH.

a,
9 A @

R P

A

Puc. 67.

1) Touka A Bue mpsmol 040y (puc. 67). Ilycts P — pamukanbuerit
UeHTp TPEX OKpYyHOCTEH: ©, wy H ,HYyJeBOH OxpyxHocTH* A. Torna

Cﬁl = Cﬁ’,’ = PAZ TlposeaéM BCIOMOTATEJLHYIO OKPYKHOCTE © (P, PA)

n ¥ neit kacareasuyw AQOz B Touke A no mepeceuenus ¢ npamoil 010;
B Touke (J3 (TaKkasm TOYKa CYLIECTBYeT, TaK Kak A BHE NpAMOH aqg)

A

%
&

Puc. 68.

Crpoum OKpYWHOCTb oy (O3, OzA4). Dta OKpyKHOCTL HCKoMas. Jleii-
cronrenbio, CB = PA® u C% = PA% cuenosatesbno, paiuKaibHas

OCb @3 OKPYIKHOCTEH wq H wz NMPOXOAMT uepe3 P.
Kpome Toro, ayy 1 010; Tak UTO Q3 = @g. AHAIOIHUNO Qg3 = dq3.
2) Touxka A na npsmoit 004 (puc. 68).

6 3ak. 1678. 81



ﬁ}’CTb D =010, X ai5, Moxwo nposectn oxpyxnocts I (D, R),
OPTOTOHAJMBHYI0O K ©f U oy a depe3 A-— OKPYKHOCTb g HMEIOLLYIO
uentp Ha npamoit O;0g H OPTOroHalbHyI0 OKPYMHOCTH [ (mJIst STOrO
IOCTaTOUHO MOCTPOWTh TOUKY mepeceuenuss mpamoit 010, € pamuKaib-

HOH OCbl0 OKpyXHoctH I" M Toukm A). Slcno, utO Cf;:li’2 = C£, T. €.
Touka [) Ha pajMKalbHOH OcH @3 OKpymHOCTEH ©y M ws. Kpome Toro,
a3 1 010;. CrenoBatesbHO, H B 9TOM Ciiydae @3 COBMAJaer C Qo

JlokaxeM, 410 uepe3 naHnyw TOuKy A mpu JMoOoM U3 ABYX pac-
CMOTPEHHBIX TPERNOJNONKEHHA MOMHO IPOBECTH TOJBKY OHNHY OKPYHK-
HOCTb, YROBJETBOPSIOLLYIO YCIOBHSAIM TeOpembl. J{OKa3atelbCTBO — OT
NMPOTHBHOTO. JIONMyCTHM, UTO JBE OKPYHOCTH wg M wy MPOXONAT Yepes
TOuky A, NMpuYEM IpsAMas Q9 CAYHMT pAfHKaJIbHOH OCBIO OKPYHO-
cTeil w3 M ©3 M B TO XK€ BpeMs pPajHKaJIbHOU OCbI0 OKPYMHOCTEH g4
u ;. Torna B crly Teopemsl | paaMKambHas och OKPYKHOCTER g H 0y
coBnajaer ¢ a,. Ho Cf}sr- Cf}‘=0, 160 A — obuiasl TOUKa OKpYiHO-
crell vy 1 o, Cnegopatenvno, A€ag, 7. 6. A€ayp BONPEKH YCIOBHIO
TEOPEMEL.

Cornacno TteopeMaMm 1 wu 2, kawAblft pas, KOrna 3anaHbl
KakHe-1n60 IBe OKPYXXHOCTH, 00Jafalline paLnKaJIbIlof OChl0 a,
MOXHO NOCTPOHTL GeCKOHeyHOe MHOMXECTBO TaKMX OKpYIKHOCTel,
41O I/ KaXABIX JBYX M3 HuUX fpaMas @ OyneT CAYXHTb pajgu-
KaJIbHOH OCBIO.

Onpedesenue. MuOXecTBO BCeX OKpYXHoCTeH NIOCKOCTH,
obJanaloumMx nonapHo OQHON M TOH e pamuKanibHOR OChIO,
HABLIBAETCA NY4KOM OKpYIKHOCTeH.

Puc. 69.

M3 npenwnymiero ficHo, 4TO ABe OKPYHOCTH NMy4YKa OMLHO-
SHAYHO ONpeleJI0T 9TOT MYyuOK, T. €. JJA KawHoH OKpyx-
HOCTH MOMHO CKa3aTh, NPMHALJIENKHT JH OHA STOMY NYYKY WM
Her. B saBucumocTH OT TOrO, MMEIOT JM 3TH OKPYXKHOCTH IBe,
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OIHYy MaM HA onHoH oOuieft TOuki, PA3NMYaIOT NYYKH I.4.41r-
muyeckue (puc. 69), napabosusecrue (puc. 70) n eunepéoru-
weckue (puc. T1).

Puc. 70.

Ipamas, cayxaias obuiedl panukanbHON OCbI0 AJg BCeX nap
OKpYXHOCTell Myuka, HaseBaeTCsl OCbi0 9TOro myuka. O6uias

Puc. 71.

TOYKa BCeX OKPY}HOCTell napaGoJMuecKOro MJIH JMIHITHIECKOrO
NyuKa Ha3bIBAETCH WHOTLA YEHMPOM NY4KQ.

IpuBenem HeKOTOpHE NMPHMepsl NPUMEHEHWs IMOHATHA MyuyKa
K pellleHHI0 TeOMETpPHUeCKHX 3aJai Ha MOCTPOeHHe.
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3anaua 1. Yepea nmBe pannele Todkn A M B mnpoeectn
OKPYXHOCTb TaK, YTOOB OHa Kacajiach LanHOM mpamolt a.

Ananwus. VckoMas OKPYXHOCTH NMPHMHALICHKHT SJJINNTHYE-
CKOMY MNYUKY OKpYXHOCTeH, mpoxopsuiux yepe3 TouykM A n B.
[IpaMas @ cAyxuT OCBI STOrO Myuka, W MO3TOMY KacaTeJbHble
KO BCeM OKPYXHOCTAM [y4YKa, npoBel&HHble M3 KaKoH-Im6o
TOYKM STOH npsAMON, paBHb MexAy co6oil.

B kauyectBe TakOH TOUKM MOXHO B3iTb TOuKy C nepeceye-
HuA npaMoll AB ¢ namnoft npamolt @ (puc. 72). Ilocne storo

PI

Puc. 72.

HETPYJHO MOCTPONTb TOYKYy P Kacamusd HCKOMOI OKPYMHOCTH
K npsMoit a: orpesok CP paBen kacateJpHOHN K mo0GO# OKPYx-
HOCTH MNyuKa,

Mocrpoenne. CTpouM nocienoOBaTebHO:

1) Touky C=AB X a;

2) NpOU3BOJLHYI0 OKPYXHOCTb ®, MPOXOAALIyl0 4Heped A
u B;

3) kacaresnphyio CT K OKPYIHOCTH ®;

4) oxpywuocts I'(C, CT);

5) Touky P nepeceuenusi OKpyxHOCTH I ¢ mpsaMOH a;

6) npamyw PQ | a;

7) cumMerpanb s Touek A u B;

8) Touky O=s X PQ.

9) okpyxuoctb Q(0O, OA). Ira OKPYHKHOCTH — HCKOMas.
JlokasaTenbCTBO OMyCKAaeM.

Necnenosanune. 3amaya nonydaet npa pemienns (2 (0,
OP)u Q' (O’, O'P’) ua puc. 72), ecom AB He napasnjierpna nps-
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MOt @ u TOukM A W B pacnojoxeHb N0 OxHy CTOPOHY mnpsi-
molt a. Ecin npamas a nepecekaeT otpe3ok AB, To peluenns
He cyluectByet. Ecan kakaa-mm60 opnwa u3 touek A M B pac-
nojioxeHa Ha npaMoft @, TO pelleHHe eAMHCTBEHHO WM MOCTpOe-
uue ynpoulaercs. Eciu onnospeMenno A€ a u BE a, TO pelle-
una Her. Ecan npsmas AB napamnenpha npsaMolt @, TO 3anaya
uMeeT eJMHCTBEHHOE pelleHHe, KOTOpoe MOXKeT GHTb MONy4YeHO
W3 COBEPILIEHHO 3JEMEHTAPHEIX COOOGpaxeHHi.

Bapnaua 2. IlocTpouTs OKPYKHOCTH ®, KACAIOLIYIOCS IaHHOM
OKPYXHOCTH ©, M LaHHOH npsiMofl a B maHHOH Ha Helt Touke A.

Vckomas OKpYKHOCTb NPHHALJIEKUT NapaboJMYecKOMY MYUYKY
c ocbl0 a u ueurpom A. Iycrs o (puc. 73)— mobas oKpyx-

P

Puc. 73.

HOCTh 9TOTO MNYuKa, mnepeceKalollas [aHHYK OKPYMXHOCTH
B toukax B u C. Touka P nepeceuenns npsmoit BC ¢ nps-
MOt g OyleT pajguKajbHeIM LEHTPOM TPEX OKPYKHOCTEH w,,
o’ 1 o. Ilosromy kacatesbHas u3 P k w, Gyner Takxe kaca-
TeJIbHO!l K MCKOMOH OkpymHOcTH w. IlpoB ms Takue KacaTelb-
ubile PT; n PT,, nonyiuM 5ABa BO3MONKHBIX MOJOXKEHHS TOUKH
Kacanusi MCKOMOR OkpywuocTM K Aanuoft. [locie sToro scuo,
KaK IOCTPOMTL HMCKOMYI0 OKpyxHOcTh. Ha pucynke 73 w; u
©, — 1B BOSMOXHBIX pelllenns. VccnepoBaHne pelleHHs npeno-
CTaB/NsieM YHMTaTeJIo.

[Tpn pellesnM HeKOTOPHX KOHCTPYKTMBHBIX 3amay (Hanpu-
Mep, MpPH TNOCTPOEHHH OKPYIKHOCTH, NepeceKallel LaHHYIO
TOA MPAMEIM yr/IOM HIH B JBYX AHAMETPA/ILHO NMPOTHROMOIOKHBIX
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TOYKaX) INOJe3HO BOCMOMb30BATHCA MOHATHEM CBS3KH OKPY K-
noctell. C8s3K0ll OKpYIHCHOCMED HA3BIBAENCS MHONCECTBO 8CEX
OKPYIHCHOCMED NAOCKOCMU, OMHOCUMEAbHO KOMOpPuX OGHHGA
mouka O umeem O0OHY u my sice cmenens. Touxy O Hasbl-
BAIOT LeHmpoMm CBA3KH. $ICHO, YTO LeHTP CBA3KM AIBJIAETCH
PAIMKAJBHBEIM LEHTPOM JM0GOH TPOHKH OKpyXHOCTel w3 1Ol
CBA3KH.

Uutareiic MOXeT MOJRPoOHee O3HAKOMHUTbCA CO CBOHCTBAMM
CBI30K OKPYXHOCTEH M NPHUMEHEHHSIMH TOrO INOHATHS MO KHHIe
H. &. Yerpepyxnua (25) nau mo kuure A. H. Ilepenénxunoit
u C. V. HoBocénosa ,l'eoMerpua u tTpuroHoMerpus® (Yunen-
rua, 1947).

BOITPOCH! 1JIs1 TTOBTOPEHMS

1. Uro nasnisaercs T'MT, obaaparoumux ykasauHbIM CBOHCTBOM?

2. Mepeyuciure ['MT, paccMaTpuBaembie B WIKOJBHOM Kypce Teo-
METpHH.

3. Kaxue Bbl 3naere I'MT, ne nayuaemsle B wxonsHoM Kypce?

4. Kak nago TOHMMaTh 3ajgauy: ,Haiith [MT, o6napanoumx Aan-
HBIM CBOICTBOM“?

5. BepHo Ju, YTO T'GOMETPHYECKOE MECTO BEPUIHH TPEYyrOJbHHKOB,
umeomux obuee ocHoBanue AB M paBHbIe BBICOTH (AJHMHBE F), €CTb
npsmas, napajiteabHas NpAMod AB M maxojsulascs oT He& Ha pac-
crosuun h?

6. B uém CyulHOCTb METOJa TEOMETPHYECKMX MECT MPH pelleHHH
reoMeTpHUeCKux 3ajad Ha MOCTpOeHHe?

7. Uro Ha3blBaeTCA CTEMEHBI0 TOYKH OTHOCHTENBHO OKPYXHOCTHP

8. Kakoii qopmyJoil Bblpaxaercs CTeneHb TOYKH M OTHOCHTEJBbHO
okpyxuoctu (O, r)?

9. Yto Ha3plBA€TCH PARHKAJIBHOH OCBIO JBYX OKPYHHOCTEH?P

10. Kakx noCTpouMTh PajMKanbHYI0 OCh ABYX OKPYXKHOCTEH, ecau
STH OKPYKHOCTH MEPECeKaloTCA? KacawTCs ORHa APYrou?

11. Kak noCTpOMTh PANMKaJbHYI) OCb HABYX OKPYXHOCTeH, He
HUMeIoIHX OGIHX TOYEK, HO obJanamoumx obueil KacaTeabHOI?

12. Kak nocTpouTh PAAMKAJIbHYID OCb JIBYX SKCLEHTPHYECKHX
OKPYXHOCTEH?

13. B kakom cJayyae HE CYIIECTByeT paiuKaJbHOH OCH JBYX
OKpYXHOCTEH?

14. Yto HazpiBaeTCHi PamHKAJbHBIM LEHTPOM TPEX OKpyXHOCTEH?

15. B kakux cayyaax AJs TPEX 3allaHHBIX OKPYXHOCTEH HE Cyuje-
CTBYET MX paJMKaJbHOIO LEHTpa?

16. Uto na3mBaeTCcsd MYYKOM OKPYMHOCTEH? KaKue BHAH IYYKOB
BHl 3Haere? .

17. Bepuo JM, 4TO pajMKaJbHas OCb JBYX OKPYXHOCTeil €CTh Ieo-
MeTPHUECKOe MeeTO TOYEK, KacaTeJbHbe W3 KOTOPBIX K JAHHLIM OKPYX-
HOCTAM OJUHAaKOBE?

3A0AYH

1. HaiiTH reoMETpHYECKOE MECTO LIEHTPOB OKPYXHOCTEH, MPOXOMsi-

L{ux yepe3 JBE AaHHBIE TOUKH.
2. HaiitTn reomeTpHuecKoe MECTO CEpenuH OTPe3KOB, OTCEKaeMbjy
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GOKOBEIMM CTOPDOH2MH JIaHHOI'O TPEYroJbHHKa Ha NPAMBIX, MpOBEnEH-
HBIX TapaJieJbHO €ro OCHOBAHHIO.

8. HailTh reomerpuuecKoe MeCTO LEHTPOE OKPYKHOCTEH, omucan-
HEIX J@HHEIM PafHyCOM H KacCaloU[HXCs JaHHOH OKpYXHOCTH.

4. HallTH reoMeTpHyeCKOe MECTO LEHTPOB OKPYXHOCTEH NaHHOrO
pammyca, OTCEKAOUMX HA NAHHON MPAMOI XOpAbl NAHHOH IJHHBL

5. HallTH reoMeTpHueCKO€ MeCTO LEHTPOB OKPYHHOCTEH NaHHOro
panuyca, HMEILHMX C NaHHOH OKPYXHOCTBIO (O, r) obune xopabl Aan-
HOH JJIHHBl d.

6. Haiitu 'MT, pacnonoxennsix Buytpu Rammoro yria AOB, ko-
TOpEIE BJBOE Aajblle OTCTOAT OT cToponsl (A, uem oT cToponn OB.

7. Haitru TMT, pacctosiHusi KOTOPEIX OT JABYX JaHHBIX NPAMHX

m
HAXOAATCsI B JaHHOM OTHOLUEHHH 7 .

8. Haftru CMT, peasuwx BHyTpenuuM 06pa3oM (COOTBETCTBEHHO
BHEIIHHM 006pasoM) XOpAbl JAHHOH OKPYMHOCTH, HMEIOUWHE IaHHYIO

m
IJHHY, B JAaHHOM OTHOLUEHHH —n' .

9. Haiitn reoMeTpHueCKOe MeCTO OCHOBaHMiI NepreHAHKYJISPOB,
ONYyuleHHHX M3 NaHHOH TOYKH Ha NpAMble, NPOBEN&HHbIE Yepe3 APYrYIo
JIAHHYIO TOUKY.

10. OTpe3ok naHHOH JJIMHBI JBHIKETCS TaK, YTO KOHLEI €ro
CKOJB3AT MO CTOpOHaM MNpsAMOro yria. Kakyio JHHMIO ONHIET ero
cepenuHar

11, JlBe nannble Toukn A u B Jexar Ha JanHOH OKPYKHOCTH
(O, r). Tlycte M — npousBoabHas TOuKa OKpyxHoctn. Ha mponomxe-
Huu xopasl AM oTknappiBalor orpe3ok MN, pasueiii BM. Kakywo au-
HHIO OnMIIET TOYKa N, ecan Touka M onuceieaetr OkpyxHOCTH (O,r)?

12. HNaunn oxpywuocts (O, r) u eé muamerp AB. Ha npoussos-
HOil xopre AM (umam Ha €€ DpPONOMKEHHH) OTKJajblBA€M OTPE30K
AN = BM. Haiith reomerpuueckoe MeCTO TOueK N, eciu Touka M
ormuceiBaeT OKpyxHOCcTh (O, r).

13. Haiitu 'MT, nas KOoTOpelX CyMMa KBanpaToB paCCTOAHHH OT
IBYX AaHHBIX TOYEK €CTh BEJIMYMHA MOCTOSHHas (He MPHMEHA METONOB
aHaIMTHYEeCKOH reoMeTpun).

14. Haittn I"MT, pasnoynan€nnelx or TPEX HaHHBIX MOMapHO mepe-
CEKAalOUIMXCH MPSAMBIX.

15. HaiiTH reoMeTpHyecKOe MeCTO LIEHTPOB OKPYMKHOCTEHl AaHHOro
panuyca, nepeceKalwilHX IaHHYIO OKPYXHOCTb MOA MPAMBIM YIJIOM.

16. JiBe OKpY:KHOCTH, KacaloilMeCsl oflHa JAPYroH, KacalTCs JaH-
Holt mpsAMOil B OBYX JpauHblx Toukax A um B. Haiith reomerpnueckoe
MeCTO TOUEK KaCaHHsi BCeX [ap OKDYXHOCTeH, YROBACTBOPAIOIINX
9TOMY YCJOBHIO.

17. Haittu I'MT, nns KOTOpBIX pa3HOCTb PaCCTOsIHME OT ABYX Jian-
HBIX MapaJlilefbHBIX MPSMBIX paBHAa RaHHOMY orpes3ky. Paccmorpure Tpu
BO3MOXHBIX CJyyas.

18. Haiitu TMT, cymMmma paccTosiHuii KOTOPHX OT CTOPOH J@HHOIO
PaBHOCTOPOHHErO TPeyroJbHHKa paBHa €ro BHCOTE.

19. Haiitn reomerpyueckoe MeCTO TOYEK, KOODRHMHATH KOTOPBIX
OTHOCHTEJHHO HEKOTOPO#l NpPAMOYrONBHOH CHCTEMBl YHOBJETBOPSIT
YPaBHEHHIO ) ’

jxi+lyl=1
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20. Ian ocTpoyronbHblii tpeyrombunk. Hafith reomerpuueckoe
MeCTO LIEHTPOB NMPAMOYIOJbHHKOB, BIHMCAHHEIX B 3TOT TPeYroOJbHMK TaK,
YTO OCHOBAHHA MPSAMOYTOJbHHKOB JIeXaT Ha OCHOBAHHH TPEYrOJbHHKA,
a ;Be BepuUIMHB — Ha GOKOBBIX CTOpOHAX TPEyrOJbHHKA.

21. TlocTpouth TPEYTOJBHHK 1O OCHOBAHHIO, BBICOTE H OOKOBO#
CTOPOHE.

22. Tloctpoutk TPEYrOJbHHK MO OCHOBaHMIO, BHICOTE H MeJHaHe,
nposendunoii Kk GOKOBOIT cTOpOHE.

23. TloCTpoMTh TPEYrOJLHHK MO OCHOBAHMIO, BEICOTE€ M PalmMycCy
ONMHCAaHHOH OKPYXHOCTH.

24. TlocTpOMTL OKPYXHOCTb, KOTOpas Kacagach Obl AanHOH OKPYk-
HOCTH B JaHHOH TOuUKEe M JaHHOH MpPAMOi.

25, TlocTpouTh OKPYXHOCTb HAHHOrO paavyca, Kacawoulyiocs naH-
HOif OKPYIHOCTH M J@HHOH MPSMOit.

26. IlocTpouTL OKPYXHOCTBH, NPOXOAAINYI0 Yepe3 JBe JaHHBlE
TOYKM B OTCEKAaIOLlY!0 Ha JABYX NAHHBIX repeceKalouMXCs NPAMbIX PaB-
HBIE XOPJHI.

27. Tloctpours OKPYXHOCTb JAHHOrO pagHuyca, mpoXonsulylo yepes
JIAHHYIO TOYKY H OTCEKawulylo OT JaHHOH NPSAMOH XOpAY RaHHOH
JUTHHBI.

28. IlocTpouth OKPY¥HOCTb RAaHHOrO Pajgnyca, Kacawulyocs IaHHoil
OKPYHOCTH H OTCEKawIyld OT JaHHOH NpsAMOH XOpRY JaHHOH
JJIHHBL.

29. IlocTpoHTb OKPYXHOCTb JAHHOrO Ppaanyca, OTCeKawuyK Ha
TPEX JaHHBIX MOMapPHO NepeceKaloluXCsl MPAMBIX paBHble XOPXBL.

30. ITocTpouTs OKPYXHOCTH JAHHOrO pajuyca r, Kacarulylocs AaH-
HOH TpAMOH ¢ M OTCEKalU[YI0 paBHble XOPAB Ha NBYX APYrHX JaHHBIX
napaJJieNbHbIX UPAMBHX a u b.

31, Pemurh anaJoOrHunyio safauy B MPEMNIOJNOMEHHH, YTO HpPAMBIE
a u b nepeceKaworcs.

32. BuyTpu NaHHOrO TPeYroOJbHHKa IOCTPOHTL TOUKY, H3 KOTOPOil
€ro CTopoHbl OulaM Obl BHIHBI 0] PABHBIMH YrJaaMH.

33. Habmonatenb, uMeloU{Hif B CBOEM paCNOpsIKEHHH Kapry TOro
yyaCTKa MECTHOCTH, HA KOTOPOM OH HaXORHUTCH, BHAHT TPH NPEIMETa,
OTMeYeHHBIX Ha Kapre. KpoMme TOro, OH HMEET BO3MOXHOCTb H3MePATh
YLl MEXJY HANPaBIE€HHSAMH, IO KOTODHIM OH BHAHT 3TH NPCAMETHL.
Tpebyercs yxasath Ha Kapre MNyHKT, r'je Haxomutca Habmopatedb.
(3anaua [Toreno.)

34. Tloctpouts pomM6 MO CTOPOHE H PajUyCy BIHCAHHOH OKpY-
HOCTH.

35. IocTpouTh TPEYrOJLHHK IO OCHOBAHHIO, BLICOTE H OTHOLIEHMUIO
6OKOBLIX CTOPOH.

36. Hanw 1pu Toukn A, B n C. [lpoBeCTH uepe3 A OKPYKHOCTH
TaK, yToGhl OTPE3KH KacaTeJbHHX K Helf u3 Todex B u € 6w coort-
BETCTBEHHO paBHbI HAaHHBIM OTpE3KaM b uc.

37. Hepes nmBe NaHHBIE TOYKH MPOBECTH OKPYXHOCTh, HEALIYIO
NonoJaM RaHHYIO OKPYHOCTD.

38. Haiith Takywo Ttouky, uToObl KacareJbHbie, NMPOBEAEHHHE H3
Heé XK JBYM JaHHLIM OKPYmHOCTsM, ObUIM paBHEl €€ PpacCTOAHMIO OT
JAHHOH TOUKH.

39. Ha nannoii OKpYXHOCTH HaliTH TaKylo TOUKY, YTOOHl Kacartelb-
Hafd M3 Hed K Apyroit mannofl OKpYxHOCTH OblJa paBHA PacCTOAHHIO
MCKOMOH TOUKH OT HEGKOTOPOH HaHHOH TOUKH,




Fnasa III

JBUWEHHA HA IJIOCKOCTH U WX NPUMEHEHHSA
K FEOMETPUYECKHUM HNOCTPOEHUSM

§ 1. OGmee nousATHE O TOYEUHBIX mNpeobpasoOBaHUAX
¢uryp

[Mycts P —uekoropas ¢urypa, pacrnosoxmeHHas B [LIO-
ckocth. IlycTh yCTaHOBJEHO HEKOTOPOE MpPaBHIO, B CHIY KOTO-
poro kaxnoi Touke M durypsl ® crTaBMTCA B COOTBETCTBHE
HeKOoTOpas onpenenénnas Toyka M’ Toi xe naockoctu. Torna
TOBOPAT, YTO B IIMOCKOCTH YCTaHOBJIEHO rnpeobpa3osrnue ¢n-
rypst ®. [lpu stoM touka M’ maspiBaerca 06pa3om Toukn M,
a TOoyky M uHasbiBaT npoobpazom toukn M’. COBOKYNMHOCTb
BCeX TOYeK, COOTBeTCTBYIOLIMX TOYKaM pauHoi ¢urypu &,
obpasyet nekotopyro ¢urypy &', xoropas HaswiBaercs o6pa-
304 paHHON GWMrypbl; NPH STOM MEPBOHAYAJBHYI0O GHUIYPy Ha-
3pBAIOT npoobpazom uryper @',

Purypa ¢ mower ObiTb, B WACTHOCTH, BCell MIOCKOCTBIO.

Yka3zaHHOe BEHIIIE MPABUIO COOTBETCTBHSI MOXET ObITH 3a1aHO
B CJ0OBeCHOM (opMe WM OCYIIEeCTBAATbCH B QOpPMe OnpenendH-
HOFO reOMeTpPHYECKOrO MNOCTPOeHHd, WJH, HakoHell, (OpPMyJH-
pOBaTBLCH aHAJIMTHYECKH.

Crenpyioupe npuMepsl B30T NPEACTABIEHHE O PAa3JIHYHBIX
cnocofax sanamus npeoGpasosaunit ¢uryp.

Mpumep 1. Kaxnofl TOYKe NIOCKOCTH CTaBUTCH B COOTBeT-
CTBHMe 9Ta e Touka. Takoe mnpeoOpasoBanue Ha3bIBaeTCs mo-
sicdecmeennblM npeobpasosarues niaockocru. Ilpu 9SToM mpe-
006pazoBaHnM MJIOCKOCTH Kamias ¢urypa npeobpasyercs B ce0s.

Mpumep 2. Kaxnolt TOuKe MJIOCKOCTH CTAaBUTCS B COOTBET-
CTBHE OfHA M Ta e Touka O 3TOH NJOCKOCTH.

Ipumep 3. Iyctb (puc. 74) uexoropas cdepa KacaeTcs
JlaHHOW MJIOCKOCTH @ Y MYCTh O—ueHTp 910} cephi,
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Ins noctpoenns oGpasa M’ touku M, NPOM3BONBLHO BbI-
6panHOil B JaHHOM MJIOCKOCTH, nposoiuM oTpesok OM u oT-
MeuaeM TOUKY P ero nepeceuenus ¢ nanHoit cdepoit. OGpasom
TOYKH A cuaTaeM OPTOTOHAJNBHYIO MpPOeKLHI0 TOYKH P Ha nan-
HYIO NJIOCKOCTb.

e ——
~
el O

Puc. 74.

IMpumep 4. Ha nanHolt maockocTH CTPOMM 1NpsSMOYTOAbHYIO
cucreMy koopaunat. Ilycrs M (x; y)— Kakag-m60 TOUKa [JIo-
ckocti. Ecmn x < 0, To nonaraem M’ =M, T. e. npHHAMaeM
3a 00pas Ty xe Touky. Ecam xe x>0, TO nosaraem

Bls’
44’
¢ C
x
D' |D, i
o—t0 } )
Puc. 75.

M (x—1; y). Unaue roBops, cOXpaHsieM OPAMHATH BCEX TOYEK,
a TaKXe COXpaHsieM HeMoJOXHTeNbHble a0CLUUCCH, a MOJIOXH-
TeJibHble abCUHCCH yMeHbIldeM Ha 1.

Ha pucynke 75 u3o0OpaxeHy HeKQTOPBIEC TOUKH H UX QOPasb]
B LaHHQM npeoCpa3oBaHHH.
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Hanbonee BakHYI0 poJib B reOMeTPHH HLPAIOT TAK HA3biBae-
Mble B3aMMHO OJHO3HayHble Npeo0pasoBanust. Ilpeo6pasoBane
(UrYyPBl HA3LIBAETCH B3QUMHO OOHO3HQYHLIM WIW OLHO-OJHO-
aHaynbiM (1 — 1-3HAYHLIM), eC/iM Kaujaas TOYKa Urypel-obpasa
HMeeT TOJbKO ONHH npoolpas.

Ilpumep 1 npepcraBaser 1 — l-3naysioe npeoGpasoBatne
Bcell MIOCKOCTH B cebd. B npuMepe 3 onucano 1 — 1-3Haunoe
npeo6pasoBanne Bcell IJOCKOCTH BO BHYTPEHHIOI0 4acTb KpyTa,
LEHTPOM KOTOPOTQ CHYKHUT fPOEKLHs
Toukn O Ha NJIOCKOCTb @, a Papuyc M m
paBeH pamguycy JnasHOM cdepnl (Ha 7
puc. 74 3ToT KpYr 3auITPUXOBaH). !

Ipocrolt npumep B3aMMHO OJHO3HAY- ;
HOTO npeo6pa3oBashs MOJYOKPYKHOCTH !
B OTPe30K MOJNYuHM, ecCiH corocraBuM 4 ,C,, 8

KaXnol TOYKe MOMyOKpy*HOCTH AmB
(puc. 76) e& OpPTOrOHa/IbHYIO NMpPOEK- Prc. 76.

M0 Ha IuaMerp AB.

CorzacHO onpefiesieHAI0, HapyllenHe B3aHMHOH OIHO3HA4-
HOCTH Mpeo0pa3oBaHug MPOUCXOAMT BCAeACTBHE TOrO, YTO pas-
JuyHble TOYKH (Purypel ® 0oTO6paXaAIOTCS B OLHY H TY XKe TOUKY
durypel ®’, TaK uyT0 HeKoTOpble TOUKH Gurypul ¥’ GyLyT
00/1a1aTb HECKOJBKHMH INpoobpa-
3aMH HAM Laxe OeCKOHeYHBIM MHO-
wecTBOM npoobpasoB. Tak, npe-
o6pasoBanne, MpuBeLEHHOe B IPH-
Mepe 2, He aBiaserca 1-— l-3nau-
HbIM, TaK Kak Jio0yl0 TOUKYy
JIOCKOCTH MOXHO CHUHTATb 34 MpPO-
o6pas Touku O.

PaccmorpuM  emw&  mpuMep.
IMycts Kampo#t TOYKe HeKOTOpPOH
OKpyxHOCTH » (puc. 77) craBurcs

Puc. 77. B COOTBETCTBHe €€ MPOEKLHS Ha

OLHH M TOT e nuaMetp AB; Takoe

npeo6pasoBaHne OKPYIHOCTH B OTPe30K He OyneT | — |-3HauHbIM,

TaK Kak KaxJas To4YKa auaMerpa AB (3a UCKJ0UeHHEM ero KOHILOB)

OyleT cayXuTb 006pa3oM IBYX PA3JHYHLIX TOYEK OKPYXHOCTH.

Ecnn ke Kaxao# TouKke HEKOTOPOTO Kpyz2a CONOCTaBHTL eb

NMPOSKLUMI0 HA OIMH U TOT e JUaMeTp 3TOTO KPyra, TO Kaxnaas

TOYKA TOTO AMaMeTpa (KpoMe ero KoHLOB) 6yIeT UMeTh 6eCKO-

HeyHo MHOro mpoo0pasoB, TaK YTO Mpe0O6pa3oBaHHe TaKKe HE
OyneT B3aUMHO OLHOBHAUHBIM, ’
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INpuBen€rHuit Bbllle npuMep 4 HHTepeceH TeM, YTO KaxJas
Touka (x; ¥), abcuncca KOTOPOH MOAOKHUTE/bHE, WIH MeHblle,
YeM MHHYC enuHdua, objafaeT enMHCTBeHHBIM npooOpasoM
(x-+1; 3). Takosw Touku A’ u C’ (puc. 75). Touxw xe (x; ),
pag korophix — 1 << x <0, obnapaior nByMs npoobpasamu:
(x; ¥y n (x-+1; y). TakoBw, wanpumep, Touku B’ un D’
(puc. 75). CrenoBatensHo, npeo6GpasoBaHue, OMUCAHHOE B NpPH-
Mepe 4, He fABJSIeTCS B3aUMHO OMHO3HAYHBIM.

B cayuae 1—1-3xaunoro npeo6pazopanust II, nomumo pas-
HOr0 cooTBeTCTBHS M — M’, BO3HHKaeT ONHOBPeMEHHO COOT-
BeTcTBHe M’ — M, tak Kak Kaxnas touka ¢urypm P’ obia-
aeT e[HHCTBeHHHM, BOJIHe oOnpepenEHHBIM npoobpasoM. ITo
HOBOe Mpe0o6pasoBaHie, KOTOpPOe CTABHT B COOTBETCTBHE KaX-
no#t touke urypel ®’ e& npoo6pas B JNaHHOM NpeoGpasoBa-
HHH, HA3LIBAT oOpamrsim HauHoMy npeo6pasoBasnmo II n 060-
3HayalwT 3HakoM I[1

Cpenn B3auMHO ONHO3HAUHHX NpeoOpasoBaHHi 0cobyi0 POJIb
UrpaloT OBUIKCeHUS.

Asusiceruem Ha NMIOCKOCTH HA3LIBAIOT B TeOMeTPHH BCSIKOe
npeo6pasoBarne, objanalollee CrefyOILUM CBORCTBOM: ecan A
n B— 1Be npouspoJibHbie TOYKH Gurypel ®, npeobpasyioiinecs
cootBercTBeHt0 B Toukn A’ u B’, 10 otpesku AB un A'B’
paBubl MeXay coGoii.

Ws caMoro onpellefeHus chaefyeT, YTO JBHXeHHS CYTb
1—1-3nayHble MPe06pa3oBaHust: eciu Obl nBe pasjuuHble TOYKH
A, u A, npeo6pa3oBaluCh JBHXeHHEM B OLHY H TY Xe TOuKy A’,
TO, 110 ONpeje/ieHHI0, HMeJIo 6Bl MeCTO CoOTHOW etHe A A,==A"A’,
1. e. Toukn A; U A, coBnafanu Obl, YTO HEBO3MOMKHO.

INondTHe paBeHCTBA OTPe3KOB B COBPEeMEeHHOW reOMeTpHH
BBOIMTCH HMHOrDa ©6e3 onpelesenuss. OTHOCHTENbHO 9TOTO
MOHATHA NPelflojaraeTcs TOJbKO, 4TO OHO YJIOBJeTBOpSeT
HEKOTOPHIM aKCHOMaM. Mpl MpuHMMaeM HMEHHO 3Ty TOYKY
apenns. BosMOxHa M gpyrag TouKa 3peHHs, KOraa B Ka-
yeCTBe OCHOBHOTO MOHSTHS MNPUHAMAeTCH IIOHSITHe [BHXXeHHd,
l0C/ie Yero MOHATHE PaBeHCTBA OMpPele/feTCs ¢ MOMOLILIO MO~
HATHS IBWXenHd. Bonpoc o paBeHCTBe W IABIXEHHHM NMOAPOGHO
paccMorpen, wuanpuMep, B [20], 4. I, § 18, 19 u 30. 3ame-
THM, 4TO TPH HAJINYHH HEKOTOPBIX HHCTPYMEHTOB (HarmpuMep,
pd HAJMUMM LHUPKYJsA) AR 1BYX JaHHHX OTPe3KOB BCelza
MOMHO YCTAHOBHWTb, PaBHBI OHH HJH HeT.

MoxHo nokasaTb, 4YTO [BIXeHHe npeoOpasyeT oOTpe3ok
B OTPe3OK, MPAMYIO — B TPAMYIO, Ay4 —~R Jy4, OKPYXHOCTb—
B OKPYXHOCTh TOrQ Ke papmuyca.
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JiBe nNpPOH3BONMbHLIe (GULYPEl TNPUHATO HASLIBATL PABHbIMU,
eClM CYUIECTBYyeT [BHIKEHHe, Ipeobpasysolliee ONHY M3 HHX
B APYrylo, TaKk YTO BCsKOe [BWXeHHe fpeobpasyeT Kamayo
¢urypy B pabuywo el ¢urypy.

[Tpumesienne npeoGpasoBannuil K TreOMeTpHYeCKMM MOCTpOe-
HUAM 4Y4CTO HA3BLIBAIOT B TeOPHH IeOMeTPHUECKHX IOCTPOeHHMH
Mmemodom 2eomempuieckux npeobpasosanuii. Wpes Merona
TeOMeTPHYECKHX NPeoOpPasoBaHull COCTOUT B TOM, YTO HCKOMYIO
WiM LaHRy10 QUrypy npeoOpasyioT Tak, 4to6Ll NOC/Ae 3TOTO
NOCTPOeHHE CTAJI0 TPOIle WJH AaXe HenocpelCTBEHHO CBeJIOCh
K Kakoh-inbo 3neMeHTapHOl 3apmade.

INocsie 3TMX NpenBapuTeNbHHIX 3aMeuaHMit nmepeitnEM K pac-
CMOTPEHHI0O HEKOTOPLIX BHAOB ABIXEHHH K KX npHUMeHEeHHH
K reOMeTPHYECKMM IMOCTPOEHHAM.

§ 2. HapannensHuidl nepenoc

> —>
TlycTh Ha MJIOCKOCTH 3alaH HeKOTOpbI BekTop v==0O0".
>
HNapannenshbiM nepenocom Gurypet © Ha BekTOp ¥  Hasui-

BaeTcsl Takoe Mpeobpasosanne ¢Gurypnl @, NpH KOTOPOM Kau o

TOouKe M a3TOR urypul CTaBUTCH B COOTBeTCTBHe TaKad

Toyxka M’ MIOCKOCTH, YTO BHI- ,
0’ M

—_— >
noJHgerca yeaosue: MM =
(cM. puc. 78).

OueBunHO, M00as 3anan-
Has [apa COOTBETCTBEHHHIX
TOUeK BITOJIHE onpeuenﬂe’r
nepeHoc, TaK KaK eciu 3a-
IaHa To4ka A H COOTBeTCT- 0 M
Bylolas et Touka A’, T0, no Puc. 78.

<t

> A
onpefeiennio, v = AA".
Tepesoc aBaseTcs IBMXeHWEM, TAK KaK M3 TOTO, YTO BeK-

—> -—)I —>
Topsl AA” n BB’ paBHH oIHOMy H TOMY e BekTOopy OO,

— —=
ciaenyer, yro AA’ = BB’, a orciona BhlTekaeT paBEHCTBO OT-
pesxos AB u A’B’. Tlostomy npm neperoce Kaxnas ¢urypa
npeoGpasyercs B pasuylo eit durypy.

Ins npamosunelinoix GUryp noctpoende ux o6pasoB B 1aH-
HOM HNepeHOCe OCYLLeCTBISETCA MO HECKOJbKMM TOukaM. [Jlas
nocrpoesnss o0pasa [aHHOM OKPYXKHOCTH CTPOST o06pas ek
LeHTpa M, OPUHHMAdA el0 33 LeHTP, NPOBOLAT OKPYKHOCTb TeM
e pamnycoM.
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HpnMeHeHne napaJfjieibHOro rnepeHoca s reOMeTpHYeCKHX
MOCTPOEHHH HA3LIBAIOT MeMOOOM NOPALLELbHOZO NEePEHOCH.
Cy1lHocTs 3TOM0 MeTOAA COCTOMT B TOM, 4YTO HApALY C AaH-
HbIMM M HCKOMBIMM (PHIYPaMH pacCMaTPHBAIOTCH HeKOTOpHIe
Apyrie GUrypbl, KOTOpble MOJNy4aiOTCH H3 JAHHBIX HJIH HCKOMBLIX
(pUryp win uX Hactell nyTéM mnepeHOCa Ha HEeKOTOPBHIH BeKTOP.
IdtuM nyTéM MHOriAa ynaérca oOjeryutb npoBelleHHe aHasn3a.
MeTon napanielbHOTO TiepeHOCA MPUMEHSIOT TJABHLIM 00pas3oM
11g 00belMHeHHS! Pa3pO3HeHHHX qacTelt puryp. OcobeHHO yacTo
3THM MeTOLOM MNOJIL3YIOTCA 1Ji NMOCTPOeHHS MHOTOYTOJIbHHKOB.
MHoraa MeTOL NMepeHOCA OKA3LIBAETCH INMOJESHBIM NPH pelleHHH
aajlay Ha ,Kparualmué nyTb“.

Mpumep 1. INocTponts TpameLH0 MO 3aAaHHLIM €& CTOPOHAM.

TonpoGhee: tTpebyeTcd nOCTPOMTL TpaneuMIo TaK, YTOOHI
e& ocHoBaHus OBIIM COOTBeTCTBEHHO pAaBHBI JAHHBIM OTPe3KaM
au b (a>>b), a O60OKOBble CTOPOHH ObLIH COOTBeTCTBEHHO

paBHbl IBYM JIAHHBIM OTpe3KaM
b C ¢ ud (cLd).

Anannsa. JonycruM, 4ro
ABCD—wnckomas Tparenus, 1pH-
yéM AD —e& 6GoJbulee OCHOBA-
nne, BC — MeHbulee OcHOBanHe,
AB n CD— 6oKoBLle CTOpPOHHI,
D npuitm AB=¢, CD =d.

Ipencrasum cebe nepenoc,

onpejiesigeMblif  BeKTOPOM C_’)B
Torna (cMm. puc. 79) cropona CD npeoGpasyercs B OTpe-
3ok BD’. Tpeyromvsuk ABD’ MoxeT OblTb MOCTPOeH, TaK Kak
BCe CTOPOHLI ero H3BeCTHH. YTOOLI NOCTPOHTL HCKOMYK Tpa-
fMelluio, OCTaHeTCq MOLABepTHYTb OTpe3ok BD’ neperocy Ha

—
Bekrop BC, Lnuxa KOTOPOrO HSBECTHa M KOTOPbIH HaNpasiew

OINHMHAKOBO ¢ BeKTOPOM AD

[Toctpoenne. 1) HOCTPOHM TPeyroabHUK ABD’ no ¢To-~
poHaMm AB==¢, BD'=d n AD’=a—0b. 2) Yepes 104Ky B
npoBelEM Jyd, ONMHAKOBO HanpasiaeHnbiit ¢ gydyom AD’. 3) Ha
3TOM Jyde noctpouM ToukKy C Tak, uyto6n BC = b. 4) Yepes C
nposeneM npamylo CD napamtensHo BD’ 10 nepeceuenus
¢ nponomxenneM AD’ B Touke D. ABCD-— ucKkomas Tpaneuus.

HokasarenbcTBo. AB==¢, BC="% no nocrpoenuo;
AD =AD"+ D'D=AD"4-BC=a—b—-4b=0. CD=RD’,
KaK OTPesKM napalejbHHX fPIMBIX MeXLy fapaielbHLIME
NPSAMBIMH.
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Mccnenosanne. Ilepsuift war BunonsaM npu ycjioBuut

d—cla—b<d+ec.

Ilpn 310M yCJOBUM OJHOSHAYHO BRINOJHMMBI M BCe OCTafib-
Hple LIATH I0CTPOeHNs. 3aMeTuM TaKxe, yTo Tpeyroabunk ABD’,
a cJenoBaTeNbHO, ¥ Tpanenys ABCD onpenefsioTCsi yCiAOBSMH
3afiaul OJHO3HAYHO 1O paBeHCTBa. [loaTOMy 1pH yCHOBHH
d—c¢ < a—b<d-}c sanaua uMeeT eIMHCTBeHHOE pelIeHHE.
Ecan Xe 3TO YCHOBHe He BHINOJHAETCH, TO 3a1aia peIleHns He
nMeeT,

Tpumep 2. IlocTpouTh BLINYKALIH YeTbIPEXYTONLHHUK, 3HAs
TPH e€ro yrija M ABe MNPOTHBOINOJOXHBIE CTOPOHH.

IMonpobHee: nanb 1Ba oTpeska a U b u Tpu yraa a, B uS.
Tpebyerca nocTpoutk 4HeTbipéxyroaphuk ABCD Tak, 4ro0bl
dA=0a, IB=8, D=8, AD =qa, CB=p. Ilpeanona-
raetcs, uro 0° < a < 180°% 0° < B < 180°% 0° <8< 180°.

Puc. 80. Puc. 81.

Ananuns. Jonyctum, uro ABCD (puc. 80) — ucromuii

yeTH pEXyrojbHuK. Ilepenecém cropony BC Ha BekTOp B_,)Zl, H
nycth orpesok BC 3aliMér nocne nepenoca nosoxenne AE.
Torna B /A AED wusBeCTHB:
AD=qa, AE =b, X DAE = X.BAD — 2 BAE ==
=2 A—(180°— . By=a-+f—180°
[o stum panseM /\ AED MoweT OHTH NOCTpOEH.

Mocrpoenne. 1) Ha npoussosesolt npamoli cTpoum
orpesok AD==aqa (puc. 81). 2) Yepea touxy A npoBopuM Nyu
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AM non yraom a~f—180° k ayuy AD. 3) OrknaneiBaeM
Ha snyse AM orpesok AE=p. 4) Crponm nyy EN, oGpasyio-
wuit ¢ EA yroa B u pacnonoxennnit ¢ Toukolt D 1o passble
croposbl OT npsmoit AM. 5) Crpoum Jay4Y DK TaK, uro6bl
¥ ADK 6ubin paBes 8 H 4TOGLI ayy DK pacnonarajgcs no Ty
e cropony npsamoit DE, yro u nyu EN. 6) OrMedaeM TOy-
Ky C nepeceyennn nydett EN u DK— TPeTbl0 BepIUMHY de-
THIPEXyTo/bHEKA. 7) HeTBEpTas Bepuinna B MOAyuaeTcs B nepe-
cevenhnn npamoit AF, napamtenvuoit CE, ¢ npaMoit CL, napan-
JensbHolt AE.
JlokasatenbCTBO.

=X BAD = ¥ BAE 4 =¥ DAE — (180°— By
+(@+p—180) =a.

<X ABC = 2{ CEA, KaK yribl, CTOpPOHb KOTOPBIX COOTBETCT-
BeHHO napasjesbHel ¥ NPOTHBOMOK0NKHO HANPABIEHH. 4CEA=B
no nocrpoenuio. <Y ADC=8 no nocrpoermio. Orpesok
AD = a no noctpoennio. BC = AE, kak OTpe3ku napaieb-
HEIX Mexay mnapamnenbHsiMi. Ho AE =p, a snaunt nu BC = p.

Mccanenopanmne.

Tak xak cymMma yrioB BCAKOTO 4YeTHPEXyroibHHMKa pasna 360°,
TO IJIS BO3MOXHOCTH NMOCTPOEHHS Heo6XomuMo, 4TOOBl CymMMa HaHHBIX
yraos a, B 1 & Guyna Menbme 360°. Dynmem mnpemmonarath Taxwxke, 4TO
48> 180°: B mpoTuBHOM Clyyae CyMMa ABYX JAPYrHX YIJOB YeTHl-
péxyrombuuka Y-8 Oyner Goavwe 180° tak 4TO pasHmna CBeETCS
TOJBKO K M3MeHeHHI0 0003HaueHHH.

Paccmorpum cnavana cayua#t a8 > 180°

Ilpn stom mocTpoenne Tpeyroybuuka AED BO3MOXHO. Yron ADE,
KOTOPHIH 0nHO3Hauno ompeneasercs, o6o3nauunmM Oykeoil A. O6o3naumnm
ewé vepes A touky nepeceuenns npameix EN u AD (puc. 81). O6pa-
U[asch K BHIUENPUBEAEHHOMY NOCTPOEHHIO, 3aMedaeM, uTo ward 1—5
BCErjla BHMOJHHMEL BhlMonHeHne e mara 6 3aBHCHT OT HEKOTOPHX
nanbHefinX npennoaoxennii. 3aMeruM, uTo

X CHD = % HAE 4~ ¥ AEH — a -} § — 180°+ 180° — f = a.

PaccMOTpHM TPH BO3MOMHBIX NPEANONOKEHHAS.
1) - A< 180° Ilpu stom Touxka H na orpeske AD (puc. 81).
Lar 6 mocTpoenus HeBO3MOMeEH, ecan d< A wam ecmt ¢>180°—a,
HO BO3MOMeH npu ycioBux [80° —a >3>A. Ho npu & =A Touka C
coenafaer ¢ F, Tak yro npu BenoJAHenuu wara 7 B copnangr ¢ A u
HHUKaKOro 4YerblpéxyronbHHKa He MoJyuuTcs. 3afada MOJyyaeT eaMHCT-
BEHHOE DELIEHHE MPH YCJIOBUH

180° —a >8>\

2) a}2=180° Ilpu stom Ttouka F{ coBmanaer ¢ TOuKOH D).
Ecan 8 £ X, 10 war 6 BOBCe He BHIMOJHUM I 3ajlaia pelIEHHs] He
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numeer. Ecan xe 8 =\ (cm. puc. 82), to ayun HN u DK umeor 6ecKo-
HEYHO MHOro OOUIMX TOYEK, TaK uTO 3afa4ya MoJyyaeT GeCKOHEUHO
MHOTO pelleHHH. C
3) a4+ k> 180°
Illar 6 HeBLIMOJHHM, €CJH
>N mm ecan b< 180°—ea.
Ecmu e 3=\, T0 HeBBINOJ- B
HiM mar 7. 3amaya MOJYYHT
eNMHCTBEHHOE  pellleHHe TpH
yeaosmt: 180° — e <8 <A (cm. E
puc. 83).
Ilepeitném K pacCMOTPeHHIO
cnyuas, Korga a-+fB=180°
B sToM cayuae uckoMol ueTwl- A D
PEXYroJbHHK — TpanenHs (ecJu Puc. 82.
a = b) wuInm napaanenorpaMm :
(ecin a="5). Touka E cosnagaer ¢ Toukoi K. Bo3amowxuel Tpu
cayyass pacnojoxennss Toukn E Ha ayue AD.

Puc. 83.

1-it cnyvaii. E— BuyTpeHusas ToYKa otpe3ka AD (a > ). 3a-
Iaya uMeeT eIHMHCTBEHHOE DelleHHe, echH a -} & < 180° (puc. 84).

K N
L B c / F NI w
L B C
(44 [ & £ ’3 M
A EcH) D g4 a D E
Puc. 84. Puc. 85.

9-it cayuai. E cosmamaer ¢ D (a=¥5). 3anava nmeer Gecxo-
HEeYHO MHOTO pemennii, ecan o -3 = 180°% ecan we a4 & 5% 180° 10
3aflaya Hepa3pennma.
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3-t cayuali. E na ayse AD sue orpeska AD {(a<Cb). 3atada
#iMeeT eHHCTBEHHO® peilenye, ecan a4+ o > 180° (puc. 85). Ecam me
a4 8 < 180° 1O 3ajaua HepaspewnMa.

VitaK, BOSMOXHBI CJERYIOILIME CJIyYaH.

I a4 B> 180°

1) @41 <{180° Enuncreennoe pemenue, ecmu 180°—a >8> L
2) a1 > 180° » ” »  180° —a B <A
3) a4 k= 180°. BeckoneuHoe uucno pewennii, ecan & =i

. o B = 180°.

Pewenne cymecrByer, ecar:
1) a>b, a-} 8 <180° (enuncreennoe),
mbo 2) a<Cb, o8> 180° (enuncTBeHnOE),
mi6o 3) a="5, a -} & =180° (GeckoneuHO MHOrO).

HMpumep 3. Mexay nysktamu A u B teydt Kanan. [ne
clienyeT BHIGpaTh MecTo Iis MOcTa, 4To6u nyTe oT A no B
6bi1 KpaTuabiiim?

INpencraBuM cebe Gepera KaHana B BHMAe IBYX mnapasienb-
HBIX npsaMblx a u b (puc. 86, @), a Moct — B BHIle OTpeska MN,
fepPMeHIUKYJIPHOr0 K 9THM NPAMBIM.

A
a M ¢ 4
»
a M.~

b b ///

B’ N //’/ N

5 it

9 B 8

Puc. 86.

3anaua 3aKyouaeTCss B TOM, YTOOGH BLIOpaTh TakOe NOA0Ne-
nae ToukM M na npsMolt a (mam Touku N Ha mpaMoft b), 4ToOb!
ngoManas AMNB uMesna HauMeHbLIYIO LJHHY.

Tax kak pauna otpeska AN nocTosHHa, TO YCJIOBHE 3a-
a4yl PaBHOCHALHO TpeOOBaHHIO, uTOObLI cyMMa oTpeskoB AM
H BN 6buia nauMenblleft.

YHrobbl cBa3ate oTpesku AM u BN, nepeHecéM OTpPe3OK

—
BN ua Bektop NM. Torna Ttouka N nepeitiér B Touky M,
a Toika B— B HekoTopylo TOYKYy B’, KOTOpas Jlerko MOxeT
ObiTe nocrpoena. Tak kaxk BN = B’M, 10 uymso naliTn Takoe
nonoxexnue TOYKH A, upn KotopoMm somanas B’MA, xouuu
KOoTOpPO#t M3BeCcTHH, HMeja Obl HauMeHbIYI0 LJuHy. $IcHO, uTO
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310 Oyliet B cnyuae, kofna toukn B’, M u A pacnonoxifes
Ha OJHON mnpaMoil.

Hoctpoenne nokasaHo una pucyske 86, 6. [lpopoauM nps-
Myl BC fepreHIuKyAsipHO NPSAMOH @ W OTKJajgblBdeM Ha Hel
oTpe3ok BB’, paBubiil mwupuHe kauana. Ctpoum npsmyro AB’.
Ypamas AB’ nepecekaeT npsaMylo @ B HCKOMOH ToukKe M.

3agaua BCeIJa MMeeT pellleriie, NPUTOM eJlHHCTBeHHOE.

§ 3. Ocenan cummerpus

Ilge Touku nnockocth M u M HABLIBAIOTC cummempuyu-
HoLMU OMHOCUMEAVHO NpAMOLE S, eCIM OHH PAaCHOJOXEeHB Ha
OIHOM IeprleHAHKYJape K NpaMO# S M npaMas S Jeaut oTpe-
8ok MM’ nononam.

TpeoGpasoBanne, npu KOTOPOM KaXIOH TouKe NaHHOR cu-
rypu CTaBUTCA B COOTBEeTCTBHME TOWK4, CHUMMeTpH4Has efl OTHO-
CHTeJIbHO IPAMOH §, HAa3BIBAETCH 0CesOl cummempued wiau
ompaoenuem B npaMoit s. llpaMas s HasmBaeTCsa fpH 5TOM
0CHI0 CuMMempuu.

jICHO, 4TO OcCeBad CHUMMeTpud onpelendercs J06o# mapoh
HECOBMANAI0MAX COOTBeTCTBeHHbIX Touek M u M’: oce mpoit-
DET vyeped cepelHHY OTPe3Ka
MM’ nepreHIUKyISpHO K HeMY.

Ilia noctpoenns Toukn M,
CUMMETPHYHON panHOR TOuKe
M (ue nexaileft Ha S), LocTa-
TOYHO MpPOBECTH M3 TOYKH M
KaK LEHTPa KaKyro-aAnb0 OKpyx-
HOCTb, NEpeceKaoLLylo S, a 3a-
TeM TeM e paluycoM Ipo-
BECTM M3 IOJYYeHHBIX TOYeK
fMepecedyeHHss JBe OKPYXHOCTH. Puc. 87.

Touka ux Mepecedexus, OTJIHNY-

Has oT M, u Oyner uckomoit toukoit M’ (puc. 87). Cirenosa-
TeJIbHO, MOCTPOeHHe CHMMeTPHUHBIX TOYeK MOXHO OCYILeCTBASTH
¢ MOMOLIBIO LUPKYJH, npuberaTh K ynotpebieHHIO AvHeHKH HeT
HalLOGHOCTH.

Ocesasn  cummempus ssasemcs Osusiceruem. JlehcTen-
TeJBLHO, NMYCTh B CHMMETPHM OTHOCHTEJBHO S TOYKe A COOTBeT-
ctByer Touka A’, a Touke B—rouka B’ (puc. 88). Torna
I\ AAB=/N\A"A,B, (no nByM kareTaM), a noatromy AB;—A’B,
u X AByA= 2 AB,A’. O1cio1a 1erk0 yCMOTpeTb, 4TO
. ABB=2XA'B;B’ u nosromy /\ ABB= )\ A’B,B’ no

T* 9

R

4
A

PEDNIDE ISR N
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AByM cToponam u yray Mexny wumu. Cnenosarensno, AB=A'H,
TaK 4YTO OCeBas CHMMeTpuss npeobpasyeT Kaxiywo ¢urypy
B paBHyl eit ¢urypy.
Hamwe paccyxienne nposeneHO B NpPeANOJOXEHHH, HTO OT-
pesok AB He mneprneHAMKy/speH K OCH cumMeTpun. Ecuam
4 AB | s, TO IOKasaTelbCTBO
JMb YNPOLIAETCS.
ITpumenenwe ocesoit cum-

B MeTpMM K peuIeHHI0 3ajay Ha
MOCTPOEHHE HA3LIBAIOT MEMOOOM
4, B, cummempuu. MeTon CUMMETPUH

s COCTOMT B TOM, YTO Hapsny C
JarHLIMHM M HCKOMBIMU (urypamu
B’ paccMaTpuBalOTCs Takke ¢ury-
pBl, CHMMeTpHYHBIE HeKOTOPHIM
M3 HHX OTHOCHTEJBHO HEKOTO-
A po#t ocu. Ilpu ynaunom sniGope
Puc. 88. ocu H npeobpasyemoft ¢urypu
peuieHpe 3anadd MOXeT 3Hauu-
TEJLHO OOJETUYHTHCS, a2 B MHBIX CHY4YasX CHMMeTpus Hemocpej-
CTBEHHO Ja€T HCKOMBblE TOHKH.
PaccMOTpuM HeKOTOpHlE NPHMEpHL.
Hpumep 1. Ilpamas MN nepecekaet orpesok AB. Hattu
Ha npsmolt MN Takyw Touky X, utoOb mnpsmas MN cnysxuna
Ounccextpucoft yraa AXB.
Ecin A’ — otpaxenne toukn A B npsmoit MN (puc. 89),
T0 no onpeneheHn®w AP = A’P n < MPA =2 MPA’ = 90°.

A
M X P N
B
4’
Puc. 89.

Mostomy /\ XPA= /\ XPA’ u, cnenopatensto, <. PXA =
= PXA’. Takum oGpasom, Touka B nomxsa pacnona-
ratecs Ha mnOpamolt A’X, wHade ropops, TOYKa X NOMKHA
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pacnonaratecs Ha npsmoit A’B. ITostomy Touka X MOxeT GbiTh
nocTpoeHa Kak nepeceuenwe npamoit A’B ¢ mpamot MN.

3apgaua MMeeT eIMHCTBEHHOE pelleHne, ec/IM pPacclosHus
toiek A u B or npamoft MN me onunakosn. Ecan 31H pac-
CTOSIHUSI OJIUHAKOBH, HO TOYKM A M B He cHMMeTpMUHB! OTHOCH=
TelpHO npsMo#t MN, TO 3ajgaya BOBCe He HMeeT pelleHust
(tak kak mnpsmas A’B noingr napamnensho MN). Hanoweu,
ecin Touku A u B cummeTpuuHn otHocurensHo MN, 1o sajaua
CTaHOBMTCs HeonpejenénHolt: mo6as Touka npsmo#t MN yjo-
BNETBOPSIET B STOM Cllyyae YCJOBMIO 3aAatH.

Mpumep 2. [MocTpouts TpeyronbHuk, 3uas cTopoHy AC=2b,
npunexaiyit K He#t yron A=« u pasHOCTb JBYX JPyrux
cropoH AB—BC=r.

IMycte ABC (puc. 90)— uckombit TpeyronapHuk. Beam-
yuHBl b W @ ABAMOTCH SaeMeHTamMM TpeyroasHuka ABC. Urobm

BBECTH B 4HepT&X [AHHYIO BEJWYMHY 7, NOCTATOYHO OTPAIUTH
cropony BC B OuccekTpuce yrna B; ecnm npu stom Towta C
npeo6pasyerca B Touky C’, 10 Touka C’ oOkayercss Ha ¢TO-
poue AB, npuuém orpedok AC’ =AB-—BC' = AB—BC=r.
B tpeyroabinke ACC’ Tenepp u3BECTHH [BE CTOPOHHL M TTOJ
MexIy HMMH, TaK YTO OH JIeTKO MoxeT OmTb moctpoeH. Kpome
3TOro, 3aMeuaeM, 4To OuccekTpuca yriaa B nepneHMKy/spHaA
npsmott CC” w nennt orpesok CC’ nononam.

Virak, nas noctpoenns Tpeyronshuka ABC Hano npen-
BAPWUTEJEHO TNOCTPOMTH TPeyroasHuk ACC’ mo aByM CTOpHam
M yray MexAy HHMM, a 3aTeM NPOBECTH NPSMYIO, mephekny-
Kyaspuylo CC’, yepes cepenmny oTpeska CC’ no nepeceutns
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c ayuom AC’; 3Ta TOYKa mepeceueHHs M SIBUTCH TpeThel
BeplMHOH B HCKOMOrO TpPeyrojbHUKA.

JloxasaTenbCTBO He COCTaBnseT Tpyha.

Hccaenopanue. 3ameTuM Ipexje BCEro, 4TO MO
yenosmo AB > BC u nostomy ¥ A< <X C, cienosatenbHo,
yrona o jpo/nkeH OnlTb OCTpuiM. Ilpu STOM YCJIOBHH CHMMETPanb
touek C u C’ nepeceuér ayy AC’ B TOM M TOIBKO B TOM
cnyuae, korna <X CC'B octpu#t, 1. e. 2L AC'C tyno#, Tak
yro oTpe3ok AC’ Menbiue npoekuwu otpeska AC Ha nps-
myio AB: r < bcosa.

DTO HepaBeHCTBO HE MOXET OCYLIECTBUTHCH, eciam a_> 90°.
Takum 06pa3oM, cooTHoweHue r < bcosa BBpPaXKaeT YCAOBHE
(onHO3HAUHOI!) pa3peLIMMOCTH 3a[auu.

CuMMeTpue#t 4acTo NOAB3YIOTCHA njd pellleHus 3ajad, CBs-
3aHHHIX CO CHPAMAEHWEM JOMaHHX JuHuH, B 4acTHOCTH 3aaad,
COlepalLHX B KauecTBe NAHHHIX CYMMbl MM PA3HOCTH 3BEHLEB
JoMaHofl, a Takke 3ajnay Ha [OCTpOeHHe GUIyp, NAIOUIKX
MUHHMaJIbHOE MM MAaKCHMaJbHOEe 3HaYeHHE HEeKOTOpOH BefMuUMHHL

M”

M

0 X
\lM:

Puc. 91.

A

|

o [Ilpumep 8. Ilan octpmit yron AOB u BHYTpR yria
touka M. HaiiTw wa crtopomax yraa Takme Touku X u Y,
yTo6L mepuMerp TpeyrospHHka MXY Ot HaUMEHBIIWM.
Ilycte X u Y (puc. 91) uckomwuie Touku. Ilocrpoum oTpa-
swenne Toukn M B cropoHax yrna—toukn M° uw M”. Torna
nepumeTp Tpeyroibhuka MXY pasen MX 4 XY+ MY =
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=MX+ XY+ MY, 1. e. npencrasnser cobok HepuUMeTp
nomaHo#t s M'XYM”. QueBunno, 3Ta BeAMYMHA MOAYHYHT
HavMeHbllee 3Hayewme, kKorna Toukn M’, X, Y u M” 6yayt
JexaTh Ha ojHOM npsmo#, T. e. korpa Touku X u Y pac-
HOJOKATCA Ha Npamolt, coepmHsmomed Touku M’ u M”.
Orciona acHO, 4TO fA18 OmpejesieHus MCKOMBIX Touek X u Y
JIOCTaTOYHO NOCTPOMTH oOTpawmenus M’ m M” Touku M B cro-
ponax yria AOB, coenvmute Touku M' u M” npsmolt U oTMETHTH
ToukM X # Y mepeceueHus 3ToM npsMOH €O CTOpoHaMM yTha
(puc. 92).

M"

Tpeyroashuk MXY UCKOMBIH.

Crenyowuft npumep WANIOCTPHPYET OLMH YNOTpeOHTeNbHBLIN
npuém pellleHus 3anad Ha MNOCTPOEHHE METOJO0M CHMMETDHH.

Hpumep 4. Tloctpowts pom6 Tak,
yTOOb OfHa M3 ero JAuaroHajeft 6wlia
PaBHL [AaHHOMY OTPE3KY / M jexana Ha
IaHHOoM npsamolt @, a ocranpHele JiBe
BepIllkHE pom6a nexaln COOTBETCTBEHHO
Ha JaHHBIX npaMbHix b um c.

Ananmns. Ilycts (puc. 93y ABDC—
uckoMbit pom6, AD=r.

3ameyaeM, 4TO 8ajaya O NOCTPOEHUH
pomba CBOAMTCE K MNOCTPOEHHID ONHOH
KakoH-mb0 ¥3 ero BepIUWH, HaNpHMEp Puc. 93.
sepunnbl C. Tlo ceoficteam pomba TOu-
ku B u C cuMMeTpuiHb OTHOCHTENLHO npamolt a. Ilostomy npu
3epKajbHOM OTpareHun B npaMod a Touka B npeobpasyeTcs
B Touky C, a cnepoBaTensHo, NpAMas b—B HEKOTOPYW mps-
Mmyio b’y npoxomamyw uepes Touky C. Takum o06pa3om,
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Touka C MomeT OLITb NOCTpOEHa Kak TOYKa INepeceueHHs mnpsi-
MHX ¢ M b’, U3 KOTOpPHX OfHa naHa, a APyras Jerko CTPOUTCS.

Moctpoenune. CTpouM moclejnoBaTenbHo: mnpsMyio b,
CHMMETPHUHYIO C npsMo#t b oTHocuTennHO mpsMolt a; Touky C,
obuiyo aas npsMbx ¢ ¥ b’; npamyw BC; touky O=BC X a;
Toukn A u D Ha npsmolt a, orcrosme oT Touku O Ha pac-

CTOsIHUE —;— ABDC — uckoMutt pom6.

Jloka3aaTeAbCTBO BBHAY €ro MPOCTOTH OMYCTHM.

Uccnenosaunue. Boamoxun caenyiomme cayuaw: 1) cf|b’,
pewenntt vet; 2) ¢=b’, peweHntt GeckoneyHo MHOro; 3) mps-
Mele ¢ n b’ mepecekaioTcs BHe NpSMOM @, ONHO pelUeHHe;
4) npsmele ¢ u b’ mepecekaloTcn Ha npsMOfl @, peluenuit HeT.

Cyusocts mpuéMa, HpHMEHEHHOro B moOCHeiHeM NpuUMepe,
COCTOMT B CHEAYIOLEM: 3a7aya CBOAMTCA K NOCTPOEHHK TOYKH,
npuy€M sTa Toyka oKasblBaercd oOuieit Toukoift HexOoTOpoOHR
navHO# @urypel M Qurypel, CcuMMeTpuuHO#t Jpyroft naHHON
¢urype OTHOCHTENLHO HEKOTOpPO# oOCH.

Ananoryunpift npuéM npuMeHseTcsl TaKXKe B 3ajauax, peuia-
€MBIX NpH NOMOLUM [PYTHX TEOMETPHYECKHMX MpeoOpa3zoBanuii.

§ 4. BpameHune OKOJIO TOYKH

Ilycte B mnockoctH pavel Touka O M OpMEHTHPOBaHHBIH
vron . Kaxnott Touke M naudo# niockocTd GyneM CTaBuTh B CO-
OTBETCTBHE TaKyw Touky M’,
4TOGHL 1) OM = OM;
2) X MOM’ = a (puc. 94).
Takoro popma coOTBeTCTBHE
Ha3bIBACTCH 8paljeHueM TRO-
CKOCTH OKoJio Touku O Ha
yron a. Touka O HazbiBaeTcs
yenmpom BpaujeHus, yron
o — Y220M HOBOPOMG.

Bpawenue asasemcs
osugceruen. B caMoM nele,
0 V) ecau O—LeHTp BpaileHus, a—

Pre. 94. yroa nosopora, AA’ u BB —

IBE€ MNapbl COOTBETCTBEHHBIX

TOueK, TO, Mo onpenenenno, 04 = 0A’, OB = OB’. Kpome Toro
(prc. 95),

X AOB =0a— 2 BOA = 2 AOA’ — 2 BOA’ = 2. AOB.
Mostomy A A'OB" = A\AOB u, cnesopatensho, A'B’ = AB.

104




TakuM 0Opa3oM, BpallleHie HEPEBOIHT BCAKYIO QHTypy
B paBHyiwo eil durypy.

Yrto6w nocTpouts 00pas HeKOTOpo# mnpsMo#, 1OCTaTOYHO
H30path Ha Hefl kakHe-NMMOO jBE TOUKM, NMOCTPOMTH WX o6pa3m
H COEeNMHUTH MX NpAMOH.

MoXHO Takke ONYCTHTb M3 LEHTpa BpalleHus MNepIeH-
nukyasp OP Ha AaHHYK0 NpAMYIO p, OCYLIECTBUTh ero NnOBOPOT
Ha JAHHE! Yron M npoBeCTH 3ateM depe3d Touky P’ (B Koto-
py© nepeingr touka P) npsmywo p’, neprnemnaukyasphyio k OP’
(puc. 96).

BI

Puc. 95. Puc. 96.

Yro6bl MOCTPOHTH 06pa3 OKpYXHOCTH, HafO MHOCTDOMTE
obpas et uweHTpa M, NPHHAB €ro 3a UeHTp, NMPOBLCTH OKPYiK-
HOCTb TEM K€ painycoM.

ITocTpoenve oOpa3a paHHOrO MHOTOYrOMBHHKA CBOAMTCSH
K MOBOPOTY €ro BepLIH.

[MomuMo 3amauus BpalleHHs] NOCPEACTBOM WEHTPa BpauieHus
W yraa noBopoTa, cleayeT OTMETHTL CnoOcO0 ero 3anaHus IByMs
napaMu COOTBeTCTBeHHBIX Toyek. lMmeeT MecTo chenyiwoias
TeopeMa.

Teope)na. Ecan nsa orpesxka AB u A’B’ pasubl, a Bek-

TOpHI AB u 4B ne paBHBl, TO CYILIECTBYET BpalucHue, Hepe-
Bonsuiee Touky A B 1ouky A’ u Touky B—B Touky B’ (cne-
JoBaTensHo, oTpe3ok AB—g orpesok A'B').

HlokazaTeascTBO. ByleM npennonarath cHavana, yto A Z A/,
—_— —
B#£ B, AB#+A'B/, tak uyro npsamsle AB u A’B’ mnepecekaiorcs.
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Bynem uckath LeHTp Bpalleliis Kak TOUKY, PaBHOYINan&Huywo or A u
A’ ¥ B 10 We BpeMs pasHOYRaJEHuyio or B u B’. Takas touxa nomkHa
6biTh O6ulell jas cuMmMerpanM @ Toyek A w A’ u cummerpanH & To-
yek B u B’. Moryr npejicrasHTeCsl ABa caywas. .

1) Ipambie AA’ u BB’ nepecexatorca (puc. 97). Torna npaMeie a u b
Toxe nepecekaiorcs. Ilycte @ X 6 =0. Torga QA= 04, OB=08".

Puc. 97.

Herpynro y6emutecs, uro <2 AOA' =33 BOB'. B camom lele,
NOAB = AOA'B’ no tpém croponaM. Orciona caegyer, uro < AOB =
= A'OB’, a 1ax xak 3 AOA = 3 AOB— <32 A’OB w X BOB =
=X A'OB — 3 A0B, 10 LAOA = BOB'.

0

Puc. 98a. Puc. 986.

Mocae sTOro sacHO, Yro NpH MoBOpoTe OKONO TOukM O Ha LAOA’
orpe3ok AB 3aiimér nonoxenue A'B’.
2y AA |} BB (puc. 98 a u 986).
Mycrs AB X A’B' = 0. SicHo, uto ¥ OAA = X OBB, X OA A=
= X OB’B. Tosromy
AO BO AO*B?D - AB

ZO" DO~ A0LBO_—AF "
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Taknm o6pasom, AO = A’0, BO = B’0, tax uyro tpeyroipHuku AOA’
U BOB’ — paBuoGenpenible. Ho Ttoria Npsmele @ u & NpOXOAAT ye-

B8 4’

A £
Puc. 99a.

pe3 O, utak xak a | AA, b | BB’ u AA || BB/, T0 a=¥4. Ouesuiuo
rakwe, uro <X AOA = ¢ BOB’. Tosromy Mpu MOBOPOTE BOKPYT
toukh O Ha yroa AQOA’ touxa A
nepeiinér B TOUKy A’, a TOUKa
B—B TouKy B/, u. T. L

O6parumcs Tellepe K HepacCMOT-
peHHblM HaMu caydasM. Ecim A= A4/,
TO IpH NOBOPOTE BOKPYT A Ha yrox
BAB’ orpe3zok AB npeoGpasyercs
B otpe3ok A’B’/. AHaloruyHo 6y-
let, ecti B=FH,

— e

Ecmt AB=-— A’B’ (puc. 99a Puc. 996.
u 996), TO JHOKa3areJbCTBO JHUIIb
yhpoujaercs: Ipu nosopore Ha 180° oxono cepenuunt O orpeska AA
AB — A’B’. IlokasaTeabCTBO ONyCTHM.

e —_—

Ecaw AB=A'B’, 10 BpallleHHs, MepeBOlALErO OJHOBpe-
menio A B A’ u B B B’, per. B 3ToM cnyuae cyuiecTByeT
napaniefbHHl nepeHoc, ocyuecTBasoMid Takoe npeoOpaso-
BaHHE.

Hrtak, moboe Bw¥Xehne OTpe3Ka B MNAOCKOCTH MOXHO OCY-
LLECTBUTh NOCPEACTBOM BpAILEHHA WAM MapaifielbHOTO NepeHoca.

BpailieHreM NOJB3YIOTCH KAK METONOM PpeluecHus TeOMETpH-
YyeCKMX 3aia4 Ha nocTpOeHMe. Mnes MeTona BPaLEHHMA COCTOUT
B TOM, 4TOOH MOBepHYTh KaKyO-An0o0 HNaHHYI0O WIH MCKOMYIO
¢urypy okono uenecoobpasHo usOpaHHOTO LEHTpPa Ha COOT-
BeTCTBYIOLUUI yros Tak, 4To6n OOJeryuTh MPOBENEHHE aHaIu3a
3a1ayd WM Ja)Ke HENOCPEACTBEHHO NpPHiTH K peluesHio. TlosgcHuM
3TOT NpHEM HECKONBbKWMH NpHMEpaMH.

Hpumep 1. IlocTponTb TpeyrodbHWK NmO ABYM CTOpPOHaM M
MeJuaHe, NpoBefEHHON K TpeThell CTOpOHE.

[lycts ABC (puc. 100)— uckomniit TpeyronoHuke, ¢ v b—
JlaHHLe ero cTopokbl, CD == m,— navHas MenwaHa.
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INosepuyB BCio ®urypy okomo touku IY na 180° nonyumm
napaanenorpaMm ACBC’, y KOTOpPOrO H3BECTHB CTOPOHB M
onna us nuaronanett CC’ = 2m,. 910 nojicKasbiBaeT Crenyioului

c

CI
Puc. 100.

XOI NOCTPOEHWS: CTPOMTCH
(no TpéM CTOpOHaM) TpeyT OJlb-
uuk ACC’ n nononusietcs 10
napannenorpamma ACBC’; co-
envnuB Touku A wu B, nony-
YHM HMCKOMHM TpeyrosbHHK
ABC.

[MocTpoenne TpeyroabHu-
ka ACC’, a cnenosaTelbHO
¥ MCKOMOIO TpeyroOJbHMKA,
BO3MOXHO  HpH  YCJOBHH
la—b|< 2m.<a—+b.

Ipu panuyuym 3THX yCho-
BHll pellleHHe eLMHCTBEHHOE.

Hpumep 2. Jlauw: Touka
O u npsmele a u b, He npoxo-

nsmue uepes He&. Ms toukm O, kKak M3 UEHTpa, NpPOBECTH
TaKyil0 OKpPYXHOCTb, 4To6H nyra e¥, 3akmoutHuas Mexay pnaH-
HHIMH npsMbiMu, Guna BunHa w3 Toukd O NOL JaHHEIM OCTPHIM

yrioM o.

Ananns. JonycrtuM, uYTO 3ajaya pelieHa, ©— HCKoMas
OKpYXHOCTb, A W B-—KOHUE 1yru, 3akJAo4€HHON Mexny

v

Puc. 101.

naHHbMu npaMbive, <L AOB=a (puc. 101). Ecam ocyue-
CTBHTL NOBOPOT npsvoit a okoio Toukn O Ha yron a, TO
touka A nonantt B Touky B. CrnenoBaTenbHo, Touka B MOxeT
6oiTh Hafimena kak nepecedenwe obOpasa npamolit a ¢ mpsamoft b.
[Tocne 3TOrO JNErKO CTPOMTCS HCKOMAas OKPYKHOCTE.
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floctpoenue. [osepuém npsiywo a oxono touku O
Ha yroa o. [lyctb oHa 3afiMET mocne mopopota nonoxenne a’
(puc. 102). Ctpoum 06wy Touky B npsmbx a’ u b. OKpyx-
Hocte @ (O, OB) uckoMmas.

HJokasatensctbo. IlonyctuM panm onpenen&HHOCTH,
YTO TPH NOCTPOEHMH NOBOPOT NpsiMoM a mnpou3BoiMicd B Ha-
npasneHuH nBWKeHus uyacoBod cipenku. IlosepuEM Touky B
okono nentpa O Ha yron o B HampaBieHuy, OGpaTHOM Hampa-
BICHMIO JBHXKEHHs uacoBoit cTpesku. Torma npsmas a’ 3aliMér
NONOMEHMEe @, a Touka B zaliMET HekoTOpoe mnoJNOMeHue A

Puc. 102.

Ha mnpsMoft a. flcHo, uto X AOB=a, W nO3TOMY OKpYX-
HOCTb © ACHCTBHTENBLHO YNOBJETBOPSET YCJOBMIO 3a1a4M.
UccnenoBanue. Tak Kak ycnoBueM 3aiaid Hanpasie-
HHe BpallieHust He NPEelyCMOTPEHO, TO NMPSMYI0 @ MOXHO NOBep-
ByTb okono Toukn O Ha yron o Kak nO 4acoBol cTpeJke,
TaK M B [OPOTUBONONONHOM Hanpabiehun. [losToMy mnpsmas
MOXET 3aHATh INOCJe MOBOPOTa [Ba PA3JHYHBEIX. MONOKEHHS:
a’ v a”. Tak kak yron o, MO YCHNOBMIO, OCTpH, TO @’ He
napamneasHa a” (yron Mexny HuMH 2a). BoamoxkHm caenyio-
uime ciayuau: 1) o’ M a” nepecexkaior b; 3ajgaua umeeT naBa
peutenus; 2) o’ (wim a”) napamnensHa b; oneo pelueue; 3) o
(uam @”) coenanaer ¢ b; pelileHnii GeCKOHEYHO MHOTrO.
Hpumep 3. TocTpoutrs kBanpaT Tak, 4ToOB TpH ero Bep-
LIKHEL J€xXany Ha TPEX LaHHBIX MapailelbHBX NMpsAMbiX @, b u c.
IMycte PQRS—uckomuitt kBagpat (puc. 103), npuuém
P€a, Q€b, REc. llpn moeopore Bokpyr ToukH Q Ha 90°
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fouka R cosnanét ¢ P, a npaMas ¢ npéobpdsyeics B npsimyio
¢/, npoxopswywo uepes P, tak uro P=a X c'. TlocTpous
orpesok PQ (cTopoHy KBappata), Jerko MNOCTPOMM 3aTeM H
BeCb KBajpar.

.

b S
c
R
cl
Puc. 103.

Bui6upass Touky @ Ha pa3NMuHBIX MNpPAMbIX, HOJAYYHM TPH
HepaBubiX kBappata (puc. 104). Hckmouewne cocTasnseT TOT

S,
a 'c.’a Qz /'?
b N[~k
Q R
Q

Sz

Puc. 104

cnyqan, KOrjpa oaHa M3 BaHHLIX MPAMBIX PaBHOYRaJcHA OT NBYX

npyrux: B 9TOM ciyuae ksanpatl PQ RS, n PyQuR,S,
pucyuka 104 oka3seBalOTCs PABHLIMH.
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Ita 3dn4ya umeer? OeckOHeuHo Muoro peuiennfl, KOTOPLE
MOKHO MONYYMTh, MeHfil NOJNOXeHHEe TOUKM @ Ha MpsMBIX @,
b, ¢. Kawneit n3 kBappatoB, KOTOpHE MOIYT GBITb MNOJYYeHBI
TakuM nyTéM, OyleT paBeH onHoMy u3 KeanpatoB P,QR,S,,
PyQuRySy m PyQ3RsS;.

Bpauienne Ba 180° yacto paccmarpuBaloT kKak  OcOGBIf
pHi npeo6pasoBanums. Ecmm O —neBTp BpauieHus, TO Kaxnias
Touka M niockocTy npeoGpaayeTcst Ipu STOM B Takylo Touky M’,
yro Touku M m M’ pacnonaraiotcs Ha upsmofi, npoxopsuiett
yepe3 Touky O, M HaxoBsTCs HO pasHhle CTOPOHBI OT TOukM O

180° .
A . . 7
0
Puc. 105.

Ha ONMHAKOBHX oT He& paccrosmusx (puc. 106). Takoe npe-
o0pa3oBanue Ha3LIBACTCH UEHMPAABHOL cumMmempueli OTHOCH-
TeapHo Toukm O. flcHO, 4TO LEHTpaljbHas CHMMMeTpus onpepe-
JsileTCsl 3ajaHMeM LEHTpa MIM ORHOR mapbl COOTBETCTBEHHBIX
TOYeK.

Mpumep 4. 3emesbumit yyacTok kKpappaTHolt ¢opmbl Onill
oropoxeH. OT ua3ropoaM COXpaHWMCh ABa cTon6a Ha napai-
JeJbHHX CTOpOHax kpanpara. Kpowme
TOro, OCTajCca CTON0 B LEHTpe KBaj- B
para. Tpe6yercs BOCCTaHOBHTH rpa-
HHLLY yYacTKa. N'

Awvanus. Ilycre ABCD — ucko-
mbift  kBanpar, O—ero ueutp, M
u N — paHHble TOUYKH COOTBETCTBEHHO
Ha croponax AB u CD (puc. 106). M

Ecin nosepHyTh KBajgpar Ha 180° 4
okono ero uenrpa O, 10 TOuka M Prc. 106.
3aliMET HekoTOpOe noJoxkenue M’ Ha
cropone CD, a Touka N — pekotopoe nonaoxenne N’ Ha AB.
IMocae 3T0r0 HETPYAHO YyKe BOCCTAHOBATH MCKOMBIEL KBanpat.

Mocrpoerne. 1) Crpoum Touky M’, cumMerpuunyio
M ortnHocutemsno O, u Touky N’, cummerpuunyio N oTHOCH-
temro O. 2) Crpoum npavse MN” u NM’'. 3) Tlosepuém
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roctpoeniibie npsmMoie okono Toukn O na 90°. Yetwpe rio-
CTpOeHHBIE MNpsiMble OFPaHMYMBAIOT MCKOMBI KBajpart.

JlokasatenbcTBO OnycKaeM.

Uccnenosanue. ITo cmbicny 3aladn HeBO3MOXeH CJy-
yait, korna Toukn M u N pacnonaraiorcs ¢ Touko#t O Ha onHOH
npsaMolt, Ho He CHMMETPHYHB! otHOocuTesnbHO O. Ecan toukm M
U N cumMeTpuyHBl OTHOCHTeqbHO (O, TO 3ajaya CTaHOBHTCH
Heonpenentunoil. B ocTanbHBEIX ciyuasx 3ajaYa uMeeT eluH-
CTBeHHOe pelleHue.

§ 5. 3ameuanue o pemreHuM Heompenea€uHbix 3apay

ToHsATHE O reOMETPHYECKHX npeo6pasoBaHUsAX [OJICKa3blBAET HOBBIH
riesiecoo6pasHblii MOAXOA K BONPOCY O MOJHOM PELIEHUH HEOIpejenéH-
HOil 3ajay¥ Ha moctpoeHde (cM. § 4, ra. I).

Bo MHOruXx ciyyadx ynaércd ykasarb OJJHO HJHM HECKOJBKO peLre-
HHii HeolpenenEHHON 3allayM, M3 KOTOPHIX BCE OCTajbHble eé perreHus
MOryT OblTh MOJYYeHH! € MOMOLbI0 TE€X HIH HHBIX [EOMETPHYECKHX
npeo6pasopanHii. B 3THX ciyyadx NoJydyeHHOe pelIeHHe 3ajayd ecre-
CTBEHHO CYHMTaTb IOJHBIM ,C TOYHOCTBIO N0 NMpeo6pa3oBaHHii“, KOTOpHIE
JOMKHEL GBITH COOTBETCTBYIOIIHM O6pa3oM OIpeeseHbl.

ITpyimep 1. IlocTpoHTH OKPYIKHOCTB, Kacawu(ylocss ABYX HAaHHBIX
napaanenbHbXx nNpsMblx @ u b (puc. 107).

b

"SI OY
NIV

Puc. 107.

N36upas B KauecTBe TOYKH KacCaHHs NPOH3BOJLHYIO TOYKY A Ha
npaMoil @, Mpl NOJNyyaeM KOHKPETHOE pelleHHe NOCTaBJCHHOH 3alaul—
OKDYWHOCTh ®,. Eca# RONONHMTL 3TO pellleHHE yra3aHHEM, YTO BCe
OCTanbHble pelleHus MOryT Oblth MOJNYyYeHbl M3 ©, NyTEM IepeHoca
Ha TMPOU3BOJLHBI BEKTOP, HOCHTENb KOTOPOro MNapanjeNien JaHHbIM
OPAMEIM, TO MOXHO CYMTaTh, YTO 3ajlaya OAyyHja MOJHOE pEeuIeHHE.
B naHHOM ciyyae ecTecTBEHHO CYHTATb, YTO 3aflaya HMEET €AMHCTBEH-
HOE peureHne ,C TOYHOCTHIO JI0 NepeHoca”.

ITpumep 2. Iocrpours OKpymHOCTH AaHHOIO pajmyca r, Kacaio-
YI0Csa AaHHOH OKpywHOCTH pajuyca R (r = R).

Paccysnas aHaJormyHo npefpliyiieMy, Mbl HaijEM, YTO 3anaqa
HMEET JIBa PelIeHMA ,C TOYHOCTHIO [0 [OBOpPOTA“ HA NPOU3BOJbHbIH
Yron OKOJO LeHTpa AaHHOH OkpysHOcTH (cM. puc. 108).
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Mpumep 3. 3anaua 4 u3 § 4 HMeeT GeCKOHEYHOE MHONKECTBO peLue-
nuil. C TOYHOCTBHIO 1O MEpeHoca MO HaNpaBIEHHIO JAHHLIX IPAMBIX

H 0 OTpaxeHuil B MpPAMBIX, MNEPNEHAYKYJAPHbIX JaHHbIM, OyaeM
CUMTaTh, OJHAKO, YTO PA3JHYHLIX PEUIECHHH TPH.

§ 6. MNousarue o rpynne npeoGpazoBauuii

[lycte Ha nAOCKOCTH 3agaHo Hexoropoe jsuuxenue D. Ecau
touka M’ — obpas "oqlm M B 9TOM JIBMXEHHH, TO OyneM 3allHChiBaTb
310 cuMBoJOM: D (M) = M’.

[lycte 3amaHbl JBa ,zuapm(ennﬂ Dy n Dy n nycts M — npou3sgosib-
Hafg TOuKa MiuockocTH. [lyectb Dy (M)=M u Dy(M’)= M". Takum
nyTéM BO3HHKAET HOBoe NpeobpasoBanue: M —>M” KOTOpOe sABJs€TCH
pesynbTaToOM MOC/IEA0BATEILHOrO BBUIOJHEHHS JBYX JaHHBLIX JBHMe-
Huit Dy n Dy, Bynem HaseBaThb 3TO HOBOE npeoﬁpa3OBaHue npousse—
Oenuen janHHBIX JiBMxeHuil n 0603Kayath cMMBOIOM D = D,

Ecmn Dy (Ay=4, Dy(AY= 4", D{(B)=H’, DZ(B’)— B, 10
no onpeaeneimo D (A)=A", D(B)=B". U 1ax xax AB=A'B' u
A'B’ = A"B", t0 AB=A"B”. CnejoBarenbno, npoussederue aayx
Osucenuii ecrmy Osuscenue.

IMycts 3afannl Tpu asmkenus Dy, Dy, Dy M Hexkoropas touka M,
opuwuém Dy (M) =M, Dy (M") = M", D (M”)——M”’

Torga Dy (Dy (M))= D, (M’)—M” Dy (M) =M™, 1ak uto
Ds (Ds (D1 (M))) = M. C npyroii CTOpOHEL, D1 (M) =M, D;Dy(M') =
= Dy (M") = M", tag uto DyDgy(Dy(M)) = M". CJIe}lOBaTe.YIbHO ans
moﬁon T04KkH M Dy(DyDy (M) = D3D2 (Dy (M)), 1. e. npeobGpasoBa-
nusi Dg-(DyDy) n D3D2 (D) nepeBopaT KaM(iyio TOYKY IIOCKOCTH
B OJIHy M Ty ¥e TOYKY. JTO CBOHCTBO JBHXKEHUIl 3alMCHIBAIOT TaK:

Dy (D3Dy) = (D3gDy) Dy

H HA3BIBAIOT cOYeTaTeNbHBM (MM AdCCOLMATHBHLIM) CBOHCTBOM
JIBHXEHHH.

flycts D — xakoe-nn60 3ajannoe jpHeHHe ¥ nycte D (M) =
raie M— mobas touka mnockocTd. Tak Kak jBHxesne D ectp 1—1
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npeo6pa3oBaHUe, TO MOXHO OnpefiesHTs o6patiioe emy npeobpasosa-
Aue D! tax, wrobm D1 (M) =M (cm. crp. 92). Ecom D (N) = N,
t0 D™ (V') = N. [pu stom MN = M’/N’ unu, uto 10 we, M’N’ = MN,
a 5T0 O3HauaeT, yTo npeobpasosamve D! Takwe ecrh ABHKEHHe,
Urak, A kawA0ro JBviKeHds cymjectsyer o6paTHoe eMmy MNpeo6pas3o-

BanHe, KOTOPOE TaKe ecTh ABuenue. [1ponssenenne D™D ym DD ™!
GyJeT TEepEesOHTL KAXAYI0 TOUKY MJOCKOCTH B CeBs:

D'DMy=D"t M)=M.

J10 — TOXAECTBEHHOE NPpeofpa3oBaHre, KOTOPOE HHOTAA Ha3LIBAIOT , e/lH-
HHYHBIM IIpeofpa3oBaHHeM“ H 0003HAYaloT CUMBOJOM E.

Ipusenénnpie paccyxJ€HHA IOKa3hblBaloT, YTO ABHMKEHHsS Ha ILIO-
cKoCTH O06pa3yloT rpYNIy: OHM 06Ja1al0T BCEMH TIpYNNOBLIMH CBOH-
CTBdMH, €CJIH B KayecTBE IPYNIIOBOH ONepalul Haj ABYMS JBHKEHHAMH
NPHHATL MOCAEAOBATENHHOE HX BHINOJHEHHE,

Herpyauso y6eautbcst B TOM, YTO JIBHMEHHA HEKOTODHIX ONpefeaéH-
HBIX BHJOB, HallpHMEP BCEBO3MOXHbIE IapaiieibHble MEePEeHOCH HIH
BCEBO3MOXKHBIE BpalljeHHs] OKOJO HEKOTOPOro ONpeneNEHHOro IEeHTPa,
o6pa3ylor, B CBOI0 Odepellb, rpynny. Kawaas H3 3THX CpPYNN CHYKHT,
MOHATHO, NOArpyINOH IPYNIE JABHMEHUH,

TloMHMO rpynnbl jiBueHul, B reOMETPHM PACCMaTPHBAIOTCA TAKKE
pa3nHyHbBle JpYyryHe rpynnb npeo6pazoBaHui, MPHUEM YMHOXEHHE IIpe-
o6pa30BaHMil BCErfa ONpenendercs Kak NOCAEJoBaTeNpHOE HX Ocyje-
CTBJIEHHE.

CoueratesbHOE CBOHCTBO HMECT MECTO JNA JIOGHX reOMeTpHIEeCKUX
npeoGpazoBaHmil: pacCyxeHus, NpusejéHHble BHILE A JOKa3aTelb-
CTBa COYETATENLHOCTH JBHMKEHHMH, JOCJHOBHO MNEPEHOCATCS Ha Jobbie
npeo6pa3osanus. [103TOMY, A TOrO YTO6H HEKOTOpas COBOKYNHOCTH S
reoMeTpUYeCcKHX Npeobpa3oBanuil 6ba rpyMNofi (OTHOCHTENBHO ,reo-
METPHYECKOro“ yMHOMX eHus1), HeOOXOAUMO U JI0CTaTOYHO, YTObb: 1) Mpous-
BeJleHHe MoGhIX JBYX Ipeobpa3oBaHuH 9TOH COBOKYMHOCTH MPHHANIECKANO
TOM e COBOKYIHOCTH (CBOHCTBO ,32MKHYTOCTH®); 2) AJs KaXJAOro npe-
o6pa3oBaHus, NPOM3BONLHO H3GPaHHOrO M3 COBOKYIHOCTH S, K 3TOH e
COBOKYITHOCTH NpHHAJAJeKaN0 o6paTHOe Mpeobpa3oBaHue.

SlcHO, uTO KawJag rpynna npeo6pa3oBaHHH COAEPKHT TOXAECTBEH-
HOe Mpeofpa3oBaHue, KOTOPOE MrpaeT poJib IPYNIOBOH €XHHHIEL.

BOIMPOCHI [J151 MOBTOPEHMS

1. Yto Ha3blBaeTcs TOYEUHBIM NMPeo6pPa3OBaHHEM MIOCKOCTH?

2. lNpuBeante npuMeps! TOUYCUHbLIX Ipeofpa3oBalHil IJIOCKOCTH.

3. Bo uro mpeobpasyercs Kakas-iu60 npsmas INOCKOCTH, €CIH
NOJBEPruHyTh 9Ty IMIOCKOCTL NPeofpas3oBaHH:AM, NEPeyucleHHBIM B TpH-
mepax 1—4 naparpaga 1?

4. Kakoe npeofpa3zopanHue IAOCKOCTH Ha3bIBAaeTCHd B3aAWMHO OXHO-
3HAYHBIM?

5. Hasosute M3secTHHIE BaM B3aMMHO OJ{HO3HaYHble Npeobpa3oBa-
HHs ILJOCKOCTH.

6. Uto Ha3bviBaercd B reoMeTpHu JBHKEHHEM Ha INOCKOCTH?

7. Uem onpeneisercs nmapamnenbHpiil nepexoc?

8. Iloctpouts 06pa3 HAHHOrO TPEYrOJAbHHKA B A2HHOM MapasieNn-
HOM IlepeHoce.
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9. Kak MOxer GbiTb 3afiaHa OceBasg CHMMETPMs?

10. Moctpouts 06pa3 MaHHOH NpPsAMOH B OCEBOH CHMMETpMH, 3a-
JaHHOH JABYMS TOYKAMH.

11. Kak ocyuecTBuTh NOBOPOT TOUKH Ha JaHHBIH Yrosl OKOJO AaH-
HOTO LIEHTpa, NOAL3YACh LHPKYJEM H JHHEHKON?

12. Kak noctpours o6pa3 AanHOH TOyKH, €CAH BpaNIEHHE 3a]aHO
JIBYMsI COOTBETCTBEHHBIMH OTPE3KaMHu?

13. B uém cocroHT npeo6pa3oBaHHE LEHTPANbHOH CHMMETDHH?

3AJAYH

1. TlocTpouTs Tparello M0 OCHOBAHMAM H JIHATOHAJSM,

2. MNMocTpouts TpamelHio N0 CTOPOHE, JHArOHalsM M yray MeXay
JHaroHansAMH.

3. llocTpouth TpeyroJbHHK MO TPEM ero MejHaHaM.

4. Ilannl fBe To4kH A H B 1o pasHele CTOPOHH OT J2HHOH IIps-
MOH a. OTnoxuTb Ha IpAMOH @ orpe3ok AMN, paBHB faHHOMY OT-
pe3ky I, Tak, urobbl AauHa nomanoii AMNB 6nina HanMeHbLIEH.

5. V3 TpEx jaHHLIX NPAMBIX JBE MapaljelbHbl, a TPETbA HX Mepe-
cexaer. IloCcTpOMTL DPABHOCTOPOHHHMIT TPEYrOJLHHK C BepLIMHAMH HA
STHMX MpsAMBIX H CTOPOHOH, PaBHOH JaHHOMY OTPE3KY &.

6. Uepes pamHylo TOYKY MpOBECTH IPAMYIO TaK, 4YTOOb OTPE3OK
€8, 3aKmMoYCHHEI MEwIY JABYMS JaHHBIMH I2palJelbHbIMH IpAMLIMH,
Obl1 paBeH JaHHOMY OTPE3KY.

7. MexJly ctopoHamu JaHHOTO yria MOMECTHTh OTPE3OK, PaBHBIH
JIAHHOMY OTpe3Ky [, TaK, YTOGEl OH 6bl1 NMapalyiejeH JaHHOH INpsAMOl,
nepecexaioniell 06e CTOpOHE! JaHHOTO yruia.

8. Mexy AByMA NapalleJbHBIMM NMpPAMEIMH flaHa TOuka. IIposectH
OKPYXHOCTb, MPOXOAAIIYIO Y€pe3 STy TOYKY H KacaTeabHylo K JaHHBIM
OpaMeM. (PenHTs METOMOM MepeHOca.)

9. Meway cTopoHaMu JaHHOrO yria I[OMECTUTh OTPE3OK, PaBHBIA
JlaHHOMY, TdK, 4TOOb OH OTCeKaJ OT CTOPOH Yria PaBHLIE OTPE3KH.
(PeLuTh METONIOM IepeHOca.)

10. Tloctpours mnapannenorpas, OCHOBaHMEM KOTOpDOrO CJYKUT
JlaHHBIH OTpe30OK, a JiBe JAPYTHE ero BePUIHHB JekaT Ha JBYX JaHHBIX
OKPYHOCTHX.

11. [TposecTd mnapainejbHO MAaHHOH npsAMOHl @ CeKyImyio K AByM
NaHHBIM OKPYMCHOCTSAM TaK, YTOOBl CyMMa (MJIM pa3HOCTh) OCpa3yeMbix
€10 XOp/l Ghijia paBHAa JAHHOMY OTPE3KY.

12, Tloctpouth 4eTHPEXYrOJbLHUK IO TPEM CTOpOHaM H JBYM yriaM,
MpHIEKAIGHM K HEH3BeCTHOH CTOpOHe.

13. IocTpOHTL 4eTHPEXYroOJLHUK, 3HadA YETHPe €ro CTOPOHB! H YroJ
Mexay ABYMsi NPOTHBOMOJOHBLIMH €ro CTOpOHaMH.

14. TIMoctpouth YeTHIPEXYrOJbHUK IO JAWArOHAaNAM, YIAy MEexay
HHMH H JIBYM CMEXHBIM (MAHM HECMEXHBIM) ero CTOpOHaM.

15. Ha 6okoBnix cropoHax AB u AC tpeyromphuka ABC Haiitu
COOTBETCTBEHHO Takue TOUKH X u Y, urtobn npsamas XYV Oblia MHapaJ-
nenbHa npsMoit BC M yToGEl BBEIMOAHAJNOCH cOOTHOweHue BX = AY.

16. Mexny nynxramu A H B pacnojomensl fBa KaHalha. I'jie Bbl-
6patb MecTa Anf MOCTOB Y€pe3 5TH Kaualbl, Yro6el NyTh H3 A B B
yepes 9TH MOCTHl Obln Kparuaiimum? ([peanonaraercs, 4ro 6epera
KauJioro KaHalla — apalJCAbHbIe NMPSAMBIC ¥ YTO MOCTH! AOMMHE! OBITH
MepreHjMKy apHbl Oeperam.) 15

8%



17. TloBepuyTh BOKPYT jaHHOH TOYkH M nHa fauHblif yron a B yKka-
3aHHOM HaNpaBJIEHHH:

a) JLaHHYI0 OKpYXHOCTD;
6) JdanHBIH KBaapar.

18. [Iloctpouth paBHOCTOPOHMMEI TPEYrOJbHHK, HMeEIO(Mi OXHOR
cBoeil BEpUIHHOH JaHHYIO TOUKY A, a Jise JApyrHe BEpLIMHEl — Ha JlaH-
HLIX MN2pajjelbHbX MPAMBIX.

19. M3 nauHoit TOoukM P, Kak H3 IEHTIpa, olMcath AYIy OKpY-
HOCTH TaK, 4to6bl KOHLE €€ Jexand Ha AaHHHIX JIBYX OKPYMCHOCTSX,
a rpafiycnas Mepa e 6plia paBHa rpafiyCHOH Mepe JaHHOrO yria.

20. Yepes jaHHylo TOUKy P mpoBectd MNpAMYI0 Tak, YTOGLI OTpe-
30K €8, 3aKJIOUEHHBIH MEWNY ABYMs NaHHBLIMH OKDPYKHOCTAMH, AEIHACHA
9TOI TOYKOH NOMONaM.

21. B npanuplii napaiasieqor paM BIMCaTh Kpajpart.

22, B nauHBI KBajpar BIHCATb PABHOCTOPOHHHH TPEYrOJbHUK.

23. TNMocrpowth TPEYrOALHHK IO ABYM CTOPOHAaM H PasHOCTH IPO-
THBOJIEKALHX HM YIJIOB.

94. Haiith Ha ABYX JaHHBIX NpAMBIX @ U b fBe TOYKH, CHMMETpPHY-
HBle OTHOCHMTENBHO TpeThell JaHHOH NpsAMOil c.

95, Jlaun nse OxpywHoctu. HailTh Ha nanmoit mpamoit AB takylo
TOuKY X, uTOOB KacaTelbHbe, MPOBEAEHHbIE M3 9TOH TOYKM K JIAHHBIM
OKDYHKHOCTAM, OBIM HAKNOHEHH K AB N0A PaBHBIMH yraaMu.

26. [Nocrpouts wersipéxyrombhuk ABCD no uerwpém ero cropo-
HaM, eciM M3BECTHO, 4TO ero juaroHams AC gequr yroa A nonoaam.

27. TocTpOUTb TPEYTOALHHK I10 BEICOTE, Pa3HOCTH OTPE3KOB, Ha KOTO-
pLie OHa JEUT OCHOBaHHe, H Pa3HOCTH YIJIOB, [IPHIEKAHX K OCHOBAHHIO.
98, Jauer A ABC u touka M BryTpH Hero. [loctpouts paBHOGE-
peHHHI TPEyroJbHHK C BEPUIHHOH B TOuke M TaK, UTOGH €ro OCHO-
BaHHe OLIO MapanjenbHO cropowe AB H
KOHLB OCHOBaHHsl HAaXONHAHCh Ha INpi-
A mbuix AC u BC.

29, Jlana npsamas @ 4 jige ToukH Au B
no pasxeple crOpoHsl or He€ Haiith Ha
o C nauHOil npsmoit @ takyio touky C, 4ro6bl
pa3HOCTb €€ pacCTOsiHMI OT ABYX JaHHBIX

TOYeK A H B Gblna HauGosbLIeH.
B 30. opora SA (cm. puc. 109) ne-
pecexaer peky SB 1oj OCTpLIM YriOM.
TConer u3 cropoxeporo nyuxra C JOMKEH
S n0 BO3MOXHOCTH CKOpee J06patbcsi A0
nopord SA (uro6bl ¢ MOMyTHOH MalUMHO#M
Puc. 109. nepeparb IMMCbMO), HO IIPH 3TOM €MY
HYHO MO IyTH HallOMWTb KOHA B peke SB.

Kak ou nomieH exars?

31, Iloctpouts poM6 Tak, YTOOH OfHA ero AuaroHanb Oblja paBHa
JaHHOMY OTPE3KY @ M Jeala Ha J4aHHOH npsMOH H 4YTOObl Apyrue jiBe
BepLIHHE] POMGa JIeai COOTBETCTBEHHO Ha JIBYX JlaHHHX OKPYXHOCTHAX.

32, Ha ocuoBaHuH JlaHHOrO paBHOOEIpeHIOro TpeyroabHuka ABC
HallTH TOYKY, pa3HOCTb PAcCTOAHHH KOTOpPOi 10 GOKOBLIX CTOPOH paBHa
JaHHOMY OTpE3KY.

33. Jlauel B OKPYMHOCTM H 0psaMas Mexdy HumH. [locTpouTh
PaBHOCTOPOHHHH TPEYrOJbHMK TaK, yTOOBbl JIBE €ro BepwHHL OblIH Ha
OKPYXHOCTAX, a OftHa H3 BHICOT JiexaNia Ha MaHHOH NpsAMOML.
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34. Jlanbl ToukM A u B, pacronoxeHHble N0 OfHY CTOPOHY OT
jAaHHOH mpsMoH a. Pacnonowure Ha 3TOH NpaMoll orpe3ok XY, pas-
Hblil ganHOMy OTpesky /, Tak, 4to6b JnoMmanas AXYB 6blna HaHMEHb-
welt JauHbL

35. Ha GuannapinoM crose B ABYX TOYKax A H B HaxoaHmch
aBa wmapa. Ilocne ypapa B wap A, OH, OTpa3uBIUKCh OT 1 NOCJENOBa-
TeJbHBIX 6OpTOB, nonal B mwap B. TlocTpouts JoMaHylo, KOTOPYIO NpH
sToM onucan map A. (Pewmrs 3agauy otgensHo npu n=1, 2, 3, 4.)



ratasa IV
romiOTETHS

§ 1. Onpege:fileHHe TOMOTETHH

Mycrb wa naockocTn 3analla HEKOTOpas TOUKa S un, Kpome
TOrO, 3anaHo neHcTBHTeJbHoe YHCIO R, HepaBHOe HYJIO.

Tomomemueii * (wm nepcril€KTHBHO-10100HHM npeoGpasosa-
HHMeM, MWIH ueHTpaanO-nono@HblM npeo0Gpa3oBanueM) ¢ yex-
mpom B TOUKe Swu Rjog&gf;ulﬂueﬂmo.ﬂl £k HasblBaeTCs Taxkoe npe-
o6pazoBaine Gurypsl, npu KoTOPOM:

1. Kawpo#t oramunot or S Touke P srtohi durypel comno-
cTaBisieTcsl Takas Toyka P/, 4iTO:

a) Toukn S, P u P’ nexaT Ha ONHON npsMol;

6) numma orpeaka SP’ B | k | pa3 Gosbiue paunb oTpeska SP,
1. e. SP'=|k]|- SP;

B) orpeakn SP u SP’ onWlHaKOBO Hanpasieur, ecin k > 0,
¥ MPOTHBOMOMNONKHO Hanpabnewidl; ecam k< 0.

2. Touke S conocrasagercs 3Ta Xe TOUKa.

nonbsyﬂc[) BEKTOPHBIMH 0'603H3‘1€Hl/mMH, ycnoBud, omnpepe-
JFIole FOMOTeTHIO, MOWHo OOBENMHMTL B OLHO, a HMEHHO:

—
SP’:k-g_ﬁ. TFomoteTmio ¢ UCHTPOM S W KO3QduuuenToMm k
6ynem obosnauats tak: I' (S, K}

Ha pucyske 110 usoGpaeHbl HECKOMLKO Touek A, B,C, ...
u ux obpasu coorsercteens® A’s B, C' ... B romoreruu
¢ uentpoM S u koapduumeHToM k=3. 3pecr SA':SA=
=8B’ : SB=SC’: SC =3.

ECJI[/] B HeKOTOPOH FOMOTC'JTHH TOYKE P CTABUTCH B COOTBET-
creue Touka P’, To ropopsif: YTO TOUKa P’ 20momemuuna
Touke P. AuaJormyHo, ecau HEKOTOpas romoreTtus npeoGpasyer

* OT rpey. 6poc — NoftoGubi, 96160 — pacronoenHI,
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kakylo-m6o ¢urypy ® B durypy @', 1o durypy &’ Hasmisaior
roMoTeTHUHOH ¢urype @.

slcho, yto ecau romotetus I'{S, k} npeoGpasyer ¢purypy @
g ¢urypy @', 10 romorerus I“’_l{{S, 715
rypy @ 8 durypy @.

Paccmo'rpmvx HEKOTOpLIC “HaCTHEIe npumepm roMoTeTHH.

:} npeobpasyer ¢n-

. k=1. B stoM cnyuae SP’—SP T. e. tTouka P’ cos-
na,uaeT ¢ Toykott P (npu moGoM BriGope P). WHbimu chosamu,
Kaxnas TOUKa IIOCKocTH npeoGpasyercs B ce6s. TakuMm oGpa-
3oM, npH k=1 romorerus npeicrapiser coO0l momclecmeen-
Hoe npeobpa3osariie MIOCKOCTH.

—_— —_—

2. h==—1. SP"=—S8P. Touka P’ cummeTpuuna Touke P
OTHOCHTEJIBHO 1leHTpa romorteTun. B srom cayuae romorerus
ABNAETCH cuUMMempucii OTHO-
CHTEJBHO TOYKM S.

Haragnpno moxuo npep-
CTaBUTbL cebe TOMOTETHIO mpH
k> 1 kak pacmsaacenue nno-
CKOCTH OT TOYkM S, a mpH
0< k<<l — Kak cocamue
INIOCKOCTH K IEHTPY ToMo-
TeTHH.

I'omoTeTnst  HasblBaeTcs
npanol npu k > 0 u obpam- Puc. 110.

Hoti npu k < O0.

B cayyae npsMo#t romoteTHm Touka u e& o6pasz pacmnoJa-
raiorcst Mo OAHY CTOPOHY OT IeHTpa, B caydae obpaTHoH ro-
MOTeTHH — MO0 pPasHble CTOPOHHI.

Eciu cyuiectByeT romoterns, npeobpasymouas nasHyl ¢u-
rypy © B HekoTOpYy Apyryio naudywo ¢urypy @/, 10 3mH
¢urypsl HaspBalOT MHOTAA AepCReKmUsHO-no000H6IMIE WIN RO-
000nbimu W nOIOGHO-POCNONONHCEHHBIMY, @ HEHTP TOMOTETHH
HaawBaeTCs Henmpom nodobus smux ¢uryp. B cayyae, korna
Kaxiass Touka ¢urype P u coorBeTcTBeHHass el Touka ¢wu-
ryps @’ pacnonaraioTcs Mo OfHY CTOPOHY OT UeHTpa HOROGHS
(romoreTuss npsaMas), UeHTP MNOLOOMSI HA3HBACTCS BHEULHUM.
Ecau e cooTBeTCTBEHHBIE TOYKM MNepPCHEeKTHBHO-N0L06HBIX ¢(u-
ryp pacnoJaraioTcs N0 pasHble CTOPOHB OT LeHTPa nOAoGus
(romotetnss o06patHas), TO UEHTP mnopoOus Ha3HbBaeTCsd BHY-
MPEHRUM.

Ha pucyske 111 S—BHewnntt uentp nonobust puryp @ u ¢°.
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Ha pucynke 112 S-—puyrpesnuft uestp monoGus ¢u-
ryp & u 9.

Puc. 111.

Puc. 113.

He cnenyer nymath, Yto BHewHHH 1eHTp mnopo0us ABYX
¢uryp Bcerna pacnosaraercs Bue Tux ¢uryp. Ha pucynke 113
noxasano npeoGpasosarue ¢urypsl @ B ¢urypy @’ B npsamol
TOMOTETHH, TOYKA S CAYXXHT BHEIUHHM LEHTPOM NOROOHA STHX
duryp, k=2.

§ 2. OcHoBHEIE CBOHCTBA rOMOTETHH

1. Tomomemusn sasasemcs B30UMHO OOHOSHOUHGIM npe-
o0pasosarues.
B camom pmene, nas xawpolt Touku P’ cyulecTByeT Ha Mmps-

—_— —_—
Mot SP’ enuncTBeHHas TOuka P, Takas, yToO SP=%SP'. T, €.
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—
:9-15’ =k - SP. VlHbiMp cioBamu, Aasg xkawxaol Toykm P’ cyute-
CTBYeT EIMHCTBeHHHI mpoolpas.

2. Bcsikas npamas, npoxoosuias .4epe3 yenmp zomome-
muu, npeobpasyemcs 6 cefs; 3TO BbTeKaeT W3 OMpeleleHus
roMoTeTHn u cBofictea 1.

3. Jyu, ucxodswyuli u3 yenmpa zomomemuu, npeobpa-
3yemcsi:

a) 8 cebn, ecan 20MOmemust NPAMas,;

6) 8 ayu, cumMempudnblll pACCMAMPUBAEMOMY OMHOCU-
MEABHO UEeHmpa 20MOMemuu, ecau 20Momemuss OGpOMHAsL.

4. Ompe3or, coeOunsouull 08e nPOuU3BOALHEIE MOUKLE NAO-
cxocmiu, He Jiexaulde Ha OLHOM NPAMON C LIEHTPOM FOMOTETHH,
I OMpe3oK, CoeOunawWul 06pass smux mouex, napaiLesbHsl
(npu k=1 CIMBAOTCA), Npuwém omuouenue OAUHbL BMOPO2O
K OAliHe nepsoz0 pasHO A6COAOMHOL Besudure KOIPHPuyuenma
20MOmemulL.

Al
a,

L)

rd

e a,

B B’

Puc. 114,

HoxasatenbcTBo. [lycts TOukam A u B (puc. 114
COMOCTaBAeHb COOTBeTCTBeHHo ToukH A’ u B’. Torna SA =
SA _ SB
S4 —SB’
Tak yto npsmble AB u A’B’ oTcexaioT nHa croponax yraa ASB
nponopuuoHaibible oTpeskd. (OTCIOJa $CHO, 4YTO, BO-MEpPBbLIX,
AB|A’B’ g, Bo-BrOphiX, A'B’=|k|- AB.

—_ Jr—

3ameuanne. Bektophl AB u A’B’ Hanpasienbl OLHHAKOBO,
eC/lM rOMOTeTHS Mp#AMast, M TPOTHBOIMOJOKHO HaNpaBJIeHEl, eciH
romoTtetus o0paTHad.

HeficrBurenbHo, npsmas AA” JeluT NIOCKOCTb Ha 1Be MOJY-
TUIOCKOCTH @ H 0,. Jlyu SB npunapiexur olHOH U3 STHX NOJy-
nmaockoctefl, ckamem o;. Ecau romoteruss mnpsmas (puc. 114),
TO TOUKAa B’ NpHUHALIENHT TOMY XK€ JyYyy H, CJelOBaTe]bHO,

=|k|-SAu SB'=|k|- SB, otkyna cienryer, uto
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TOH e TOJAYNJIOCKOCTH 0y. JTO 03HAY4eT, UYTO BeKTOpH AB
—_—
u A’B’ nexar mo oaHy ctopoHy ot mpsmod AA’, coepunsio-
—_—

—_
ulel UXx Hayajda, TaK yTto BekTopol AB u A’B’ 0nuHaKoBO Ha-
NpaBJeHkl.

AHaNOTHYHBIMM PacCyIleHHAMH MOXHO IOKasaThb, YTO B CIy-

— >
yae oOpaTHON romoTeTHd BeKTOpel AB u A’B’ uMel0T NmpoTH-
BOTIOJIOXKHHE Hampaslenus (puc. 115).

B 4

Puc. 115.

5. Bcakasa npamas, He npoxXoosu,as uepe3 LeHmp z0mMome-
muu, npeobpasyemcs 6 napasLessHyio el npamyno (ecau k <= 1).

Hloxasareabctpo. Ilyctb a (puc. 116)-—kakas-n1u6o
npsmas, He Mpoxonfulas yepea peHTp roMoretwH S, A wH
B — kakue-1u060 JBe TOYKH
na npsmo#t a, A’ u B'— ro-
MOTeTHYHHE UM Touku. [lps-
mywo A’B’ o6osnayum ye-
pes a’.

Ecaiy P-—mobas Touka
npamoi ¢ u P’'—e& obpas,
T0 no ceokictey 4 A'B'|AB
u A'P'|AP, 1. e. npamee
A’B’ w AP’ npoxonar yepes
Touky A’ nmapanienbHO 0LHOH
u Tofi e nmpsMoH. 3Ha-
YHT, OHH C.JIHBAOM, TaK YTO

Puc. 116. rouka P’ pacnonaraercss Ha

npsamo#t a’. Wrak, Besakas

TOyka mnpaMol a mnpeoOpasyercd B HeKOTOPYI0 TOYKY IIps-
Mot a’.

O6patHo: nycth P’ (TOT e pPHCYHOK)— Kakad-1u60 TOYKa
npsmo#t a . Ilpamas P’S, nepecekas npamyio a’, mepecedéT u
napannenpHyl0 el npaMyw & B nekotopol Touke P. Jlerko
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YCMOTPETE, YTO HMEHHO 3Ta TOUKA P 1npeo6pasyercs B LaHHYIO
rouky P’. Via nono6us tpeyrompuukos SA'P’ u SAP BupHoO,
yro SP':SP=S8A’:SA=|k}{, u, kpome TOro, scHo, YTO
roukn P u P’ pacnonaranrcs no omHy cropoHy or S B cay-
yae NpPAMOH rOMOTeTHM M IO pasHhie CTOPOHB OT S B clyuae
o6paTHoH romoreTHd. Takum 06pasoM, Kaxaas Touka NPsMoOH a’
cayxHuT 00pasoM HeKOTOPOH TOUKM NpAMOH a.

6. I1pu 20momemuu napassresvusle npsmsie npeo6pasyomes
8 NAPOAAeAbHbLE Jice NPSMble.

JIleficTBUTEILHO, MYCTb NpsMas @ NapalilelbHa Hpamolt b u
HeKOTOpadA romMoreTus mnpeobpasyeT 3TH NpAMble COOTBETCTBEHHO
B npsmble @’ u b’. Torma npamwie a’ u b’ He MOryT HMeTb
obuX TOYeK, TAK KaKk mpooOGpas obmeH Touku Jexan OH Kak
Ha NpAMOH @, Tak W H2 npaMolt b, a STH npsAMble, MO yCI0-
BHIO, OOUIUX TOYEK HE HMEIOT.

10 CBOHCTBO MOXeT OLITh BblBelleHO TaKXKe W3 CBOHCTBA D.

7. Ilpu zomomemunu ompesok npeobpasyemcs 8 Ompe3oK.

ITycts AB — kakoli-mi6o orpesok, A" u B’ — ToykH, cooT-
BeTCTBEHHO roMoTteTHunble ToukamM A u B. Ilyctb P — npous-
BOJbHAA TOYKa oTpeska AB, P’ —romotetnunas el touka. Ilo
ycnopuio AP -+ PB = AB. CaepoBatelbHO, B CHIy cBoHcTBa 4,

’P’+P’B’—|k| AP+Jk| -PB==|k|-(AP+PB)=|k|X
XAB=A'B’, 1. e. AP'"+P' B =A'B’, a 3T0 BO3MOXHO
JHIIL TOrAa, Korjla Touka P’ pacnodaraercs Ha orpeske A'B’
(s npotusHoM cayuae AP’ P'B’ > A’B’). Takum o6pasom,
Kamzaas TouKa oTpeska AB npeobpasyercs B Touky oTpeska A'B’.
AHanoruyHo noOKasbiBaeTcsi M ofpaTHOe: KaXaasd TouKa OT-
peska A’B’ romoTeTnyHa HeKOTOPOH TOuke. oTpeska AB.

Crepywouive 1Ba CBOHCTBA BBITEKAIOT W3 OMpeReNeHuit W 1O-
Ka3aHHbIX CBOHCTB.

8. Ilpu 2omomemuu ays nepexodum 8 Ay, NPHYEM Jy4
U ero o0pa3 HanpaBleHbl ORMHAKOBO B CiIyyae NpaMOH romo-
TEeTHH W INPOTHBOIOJOWKHO B cayuyae oO6paTHOH I OMOTETHH.

9. Ilpu zomomemuu yzosn npeobpasyemcs & PasHbll emy
yeoa.

10. Ilpu zomomemut mpeyzorsHux npeo6pasyemcs 8 no-
O006HbLE eMy mpPey2OLbHUK.

[Tycth Bepiunbl Tpeyrosabnuka ABC 1peo6pasyioTcs cOOT-
BercTBeHHO B Touku A’, B’ u C’. Torna, B cuny csofictsa 7, cTO-
poHH Tpeyroabiuka ABC npeo6pasyoTcsd cOOTBETCTBEHHO B CTO-

AIBI CIBI AICI
A8 =B — ac — |l

poHnl Tpeyroashrka A’B’C’, npuygm
Crenosarensuo, /\ ABCo» NA'B'C’.
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11. Ilpu zomomemuu MHO20y2046HUK NPeOOPA3YEMCs 8 NO-
OO00HbL eMy MHO20Y20AbHUK.

12. Ecau kaxas-aubo mouxa Oeaum HeKOMOpHLL ompe-
30K 6 OnpefenéHnOM OMHOULeHUN, MO 20MOMeEMU4Has el
moura Oesum 00pa3 3noEz0 OMPe3ka 6 MOM Jie OMHOULEHNH.

[Tycte AB— nanHbifl oTpesok u P — touka Ha npsmod AB.
OGosnauas vepes A’, B’ u P’/ TOYKHM, COOTBETCTBEHHO [OMOTE-
THYHble TOYkaM A, B u P, paliném mo ceofictey 4: AP/ =
=|k|.- AP, B'P'=|k|- BP, otxyna crepyer AP’ :B'P' =
== AP : BP, uT0 u Tpeb0BaioCh LOKA3aTh.

13. Ilpu zomomemun esucoma, meduana u Guccekmpuca
0anHO20 MPeyOAbHUKA nepexo0san COOMBEMCMBEHHO 6 Bbl-
comy, MeOuany u OuCCeKmPuCy 20MOMEMULHO20 MPey20nb-
nHuka (cM. csofictea 9 m 12).

O6o01uieHneM MOHATHA T'OMOTETHH fBIgeTcS ToHATHe 00 00-
meM npeoGpasosanuu nopo6us. I[IpeoGpasoBaHue MJIOCKOCTH
HasblBaeTCsl npeobpasosanuem nodobus ¢ KoshdHIHEHTOM IO-
nobusa k, ecan npu moGom BblOOpe NBYX TOYeK IJIOCKOCTH OT-
HOlleHHE PacCTOSHHH Mex Ry o0pasaMM STHX TOYEK K paccTos-
HUIO MEXJY CAMHMH TOYKaMM paBHO k. /IBe ¢(pUIypHl Ha3HIBAIOTCH
nodobruimu, eClli CyulecTByeT npeobpasosanue nonolus, mepe-
BOLAUlEe ORHY M3 3TWX (uryp B Ipyrywo. SIcHo, UTO BCsiKoe
IBHXXEHHE MM [OMOTETHS NPEeLCTABIMOT YacTHBE Cly4YaH mpe-
o6pasopanus noaoGusa. SICHO TaxKe, YTO MOC/]eLOBaTeNbHOE MPH-
MeHEHHe T'OMOTETHH H JIBH)KEHHS NPUBOAMT K NpeoOpasoBanuI0
nonobua. C npyrofl CTOPOHBI, MOXHO NOKa3aTh, YTO STHUM MO-
HATHE O ToJ00HMM HCUepINBIBAETCS, 4 UMEHHO, BCAKoe Mpeobpa-
30BaHME TNOROOHMS MOXHO pacCMaTpHBaTh KAk pe3yJabTaT nocle-
JOBATEJLHOI O TPHMEHEHHS HeKOTOPOro JABHXEHHS M HeKOTOPOH
roMOTEeTHH, T. €. eCllH HMEeWTCad ABe mnono6uble (GUTYpH, TO
BCeria MOXHO TepeMeCTUTb ORHY M3 HUX TNO IJIOCKOCTH Tak,
4TOOBl 3TH QUIyPH CTalH [epCneKTHBHO-NONO00HEME (00 5TOM
c™., Hanpumep [9], m. 176 nam [20], Teopemn 146 u 147).

§ 3. 'omoTeTHsl OKPYIKHOCTE

Teopema 1. Ilpu 20Mmomemun BCAKAS OKPYICHOCME ®
npeospasyemcs 8 HEKOMOPYIO OKPYICHOCME o, NPUYEM Yermp
OKPYICHOCMU © npeoGpa3yemcs 8 YeHmp OKpyscHocmiu o',
a omuoulenue paduyca okpyscHocmuy o' K paduycy oxpysic-
HOCMU ®© PABHO QOCOAOMHOL BesuduHe KO3HPuyLenma 20M0-
memuu.

HNokasateansctBo. Ilycte ©(0, R)—nanHas Okpyx-
HOCTb, P -— npousponbias e€ Touka, O° u P’ — ToukH, roMo-
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TeTuuHHEe cooTBeTCTBenHo ToukaM O u P. Torpa mo ceolicTsy 4,
§ 2 0P =|k|-OP, 1. e. O'P'=|k|-R. Vrak, Touka P’,
roMOTETHUYHAS NPOM3BOJBHOH TouKe P JaHHOH OKPYKHOCTH O,
JeXUT Ha OKpyxHoctdH o’ (O’, R’), npuueém R’ =k - R. Ana-
JIOTHYHbBIMH PaCCYXJEHUSAMH MOXHO IOKa3aTh, 4YTO H OGPATHO:
Kaxcaasd Touka P’ OKpYKHOCTH o' rOMOTETHUHA HEKOTOPOH TOuKe
OKPYKHOCTH .

Teopema 2. Bcaxue Ose HepagHbie OKPYICHOCMI Nepc-
nexmusrO-no00OKs 1 06240a10M BHEWHUM U BHYMPEHHUM
yeumpamu noooous.

IloxkasaTteabcTBO. IlycTh Aank 1Be oOkpywHOCTH 0 (Oy, R;)
" 0,(0,, R,), npuuém R, > R; (puc. 117). IlonycTum crauasa,

Puc. 117.

yro wentpul O; ¥ O, pasnuunel. Paspeanm orpesok 0,0, BHelu-
HHM ¥ BHyTpeHHHM o006pa3oM B OTHOWweHHH R, : R;. Iloayuum
Touky S u S;, takue, uro SO, : SO; = 8,0,:5,0, =R, :R,.

[Mokaxxem, yro romoreTus I” {S, ]]—52—} npeo0pasyeT OKPYKHOCTb 0,
1

B OKDYXHOCTb . Jlerko yOenuTnca Npexie BCero, 4To
Touka O, romoreTuyna Touke O,. JleHCTBUTENbHO:

1) S, O; u O, nexat Ha ORHOH mpAMOH;

2) 8O,: 80, =R,: R, B cuny camoro sb6opa TOuUku S.
ITpu sToM S— sHewnu#t nenTp nonobus, Tak Kak

Ry
Tl>0.

[Tycte Tenmepb P — npouspoJbHas TOYKA OKPYKHOCTH )y,
P’ —romorernyras el Touka. Torna, B cuay csolictea 4, § 2,
O,P': O,P=R,: R,. Ho rax xak O,P=R;, 10 O,P' =R,.
Wrak, Touka P’, romorerwusas Touke P B TOMOTeTHH

I"{S, %l}, pacrmioflaraetTca Ha OKDYXHOCTH o,. Herpyano
1
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npoBeputb, YTO ¥ 00paTHO: KawJas TOYKA OKDYKHOCTH
rOMOTETHYHA HEKOTOPOH TOUKe OKDYKHOCTH ©; (B rOMOTEeTHH
F{ , %]) [To5TOMy OKpYXHOCTH ®; H w, TepPCHeKTHBHO-
1101[061&11311 OTHOCHTEJbHO LenTpa nopobus S.

Taxum rxe 06pasOM MOXHO MOKa3aTh, YTO AAHHbIE OKPYIKHOCTH
nepereKTUBHO-NMOLOCHb OTHOCHTENBHO LEHTpa S;, eciu paccma-
TpHBaTh TOMOTETHIO OTHOCHTEJNBHO STOrO IEHTpa € Kos¢-

Ry
¢HLHEHTOM — R,

M3 xola RoKasaTenbCTBa TEOPEMBl BbIACHAETCHA CJelylOuluH
crnoco6 TOCTPOEHHS 1eHTPOB NOAO0MA ABYX HEPaBHbIX M He-
KOHI[EHTPHYHBIX  OKPYXKHOCTEH
©; (01, Ry) 4 0, (0,5 Ry)- Visbe-
pEM NPOMSBOJMBHO TOUKY P Ha
OKPYXHOCTH ; (BHE JHMHMH
uenrpos). IlposopuM nuamerp
P’'P" OKpyXHOCTH ®,, napal-
neapaplt O P (puc. 118).

Ecau panuycs O,P u O,P’
HanpaBleHH OLMHAKOBO, a pa-
auycsl O,P u O,P” mpotusono-
JIOXHO, TO B TepeceYeHHH Mps-
Mol PP’ ¢ nunuelt nentpos oOpa-
3yeTcs BHellHuH (S), a B nepece-
yenun npamoh PP” ¢ nunuedt

Puc. 118. LleHTPOB BHyTPEHHHH (.S;) LLeHTPH
nono6us NaHHBIX OKpPYKHOCTeH.

Hawe paccyxnenne nposeneHo B TPELIOJNOKEHHH, UTO
roukd O; u O, pasauunbl. Ecau e LBe RaHHbBle OKPYIKHOCTH
KOHIIEHTPHYHH, TO OOGIHMH WX [eHTP CAYWKHT IJas HHX Kakx
BHYTPEHHHM, TdK W BHEIUHWM LleHTpoM mnonobusa. JlokasaTenb-
CTBO TpELOCTABAAETCS YHTATENIO. :

Teopema 3. e necosnadarowe OKPYICHOCME UMEON
He 00aee O0HOZO BHeuwlHe20 Yermpa nooo6us.

JoxasareunbctBo. Ilycre npsamas romoreras [I'{S, k} mpe-
o0pa3yer HaHHYIO OKPYXHOCT (O, Ry) B APYIyI0 HaHHYIO OKPYi-
HOCTb g (Oy, Ry). JloKaweM, YTO B 3TOM Clyyae TOUYKa S COBmapaer
c ToukoH, gensumed orpesox 010y BHELIHHM 00pa30oM B OTHOILUEHHH
Ro: Ry, 1. 6. SOy: 80y =Ry: Ry. Tlpexae Bcero saMerum, 4T0 NEHTP
roMoretud § (puc. 119) fgomxeH nexarb Ha JNHMHHH 1EHTPOB, T. €. Ha
npsMoli, mpoxoxsimeli uepe3 toukn O ¥ Oy UYr106B mNOKa3aTH 37O,
nposenéM npsMyl Yepes S # (Op;. OHa Tepeceuét OKPYKHOCTb oy
B g8y X Toukax A u B. Ho torpa oHa jomiHa nepeceus H OKPYIKHOCTD @g
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B JBYX TOuKax A’ u B/, COOTBETCTBEHHO roMoreTnynnx touxam A u B,
n60 B TPOTHBHOM CIyyYae roMoTeTusi He GblNa Obl B3aMMHO OFHO3HAY-
HbEIM cooTBeTcTBHeM. [lyctp Temephb P — npou3posibHasi TOUKA OKPY¥-
HOCTH (, OTNHuHas oT Touek A u B. Torza romoTeruusas el Touka P’/
JOJN¥HA JiexaTh Ha OKPYMHOCTH «y H, CIEOBATENbHO, SBIAETCH OJHOM
U3 TOUEK MepeceueHus! OKPYIHOCTH wy i npamoil SP. CoemunuM P ¢ A
uB,aP—cA uB. Torna < A’P'B’ nonxen OuTh pasen X APB,

Ww?
Puc. 119.

Ho 3 APB = 90° n60 AB— nuaMerp OKPYMHOCTH «; 3HAUHT, H yrol
AP B =90° 1.e. A’B'— nuaMeTp OKPYMKHOCTH og. IIpH roMoreruu
cepenuHa orpesxa AB mnpeofpasyercs B cepequHy orpeska A’B/ (cum.
ceolicteo 12 u3 § 2), 1. e. touxa O; mnpeoGpasyercss TPH roMOTETHH
{8, £} 8 touxy Oy Orcioma BbiT€KaeT, uro TpH Touku S, Oy v Oa
JNEXAT HAa OJHOH NpAMOIL.

1424
Koaddunuent ron;oOTemn k= Ajg— = %‘;’
Taxum o6pa3om, -—~2=~@‘1 . Kpome toro, 1ouxka S BHe oTpe3sxa
SO, ~ R,

040,, 1Tax K4K rOMOTeTHsl, IO YCIOBUIO, IPAMaf.

TeopeMa poxasaHa, TaKk KaK CYueCTBYEeT TONBKO OJHa TOYKa
zenaniaa orpesok 010g BHEIIHUM 06PA30M B HAHHOM OTHOLIEHHH.

Jloxa3aTe€nscTBO MPOBOJAUIOCH B TIPEANONOXEHHH, uTo TOouKu Of
u Oy ne cosnapmaior. Ecmu xe O;=0, TO JKOKAa3aTENLCTBO JHIUb
ynpougaercs: 8 atoM cxyuae S= 0= O,

AHanoruuHo MOMXHO JOKa3aTh TEOPEMY: JBE HECOBIALamu{He
OKPYXHOCTH HMEKT He Oollee OAHOTO BHYTPEHHEro LEHTPa nojaobus.

Ecnmu ppe OKPYXHOCTH DaBHH, TO OHH MMEKOT TONLKO BHYTPEHHHH
LEHTp nojgobus.

Teopema 4. Ecau 0Ose Hepasuble OKpYICHOCMI UMEOM
00 yI0  BHEUHIOIN KACOMEABHYID, MO OHG Npoxooum uepes
ux 8Heuwnull yenmp nooobus.

JlokasateabcTro. [lycrb (puc. 120) 7; v T,— Touku
KacaHusg OKpYWHocTell w; ¥ w, K ux oOueR pHewHe# kaca-
TenbpHOH.

IIpamaa T,T, nepecexkaeT JIMHHIO LIEHTPOB B HEKOTOPOH
rouke S*. Wa nopobus 1peyroabrukoB SO, T; u S*0,T, cue~
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ayer, yro $%°0,:S8'0;,=R,: R,. C npyro#i croponsl, S* BHe
orpeska 0;0,, Tak kak kacareiavHas T,7, BHewmsa. [lostomy
TOYKa S* coBMajaeT C BHEIUIHWM IeHTpOM Nopobusa S (cMm. no-
Ka3aTeJLCTBO TEOpeMHl 2).

AHaloruyHO JOKa3blBaeTCAd W Takas TeOpeMa: eclH JBe
OKDYXHOCTH MMelT OOlLYI0 BHYTPEHHIOK KacaTelbHyl0, TO OHa
NPOXOAHUT Yeped MX BHYTPEeHHHH 1eHTp moAo0Hs.

Puc. 120.

Eciy pBe OKpDYXHOCTH KacaloTcd, TO TOYKA HX KACaHHS
ABJSIETCA UX LEHTPOM rnojnolua. B camoM lelle, B 3TOM clyuae
TOUKA KacaHHs JeJHT OTPe30K, COeNUHAIUIUH LEeHTPH OKPYK-
HOCTEH, BHEIUHWM HAM BHyTpeHHHM 00pa3oM B OTHOLUEGHHH,
PaBHOM OTHOLUEHHI0O pARUYCOB RAHHLIX OKpYXHOCTeH, M To-
9TOMY, COTJACHO Mpejbl-
AyunieMy, CIyUT LIEHTPOM
nonobus.

Teopema 5. Ecau mpu
OKDYIHCHOCIY RONADHO HE
DOBHbL U YEHmPbL UX He Ae-
cam Ha 00HOG npsIMol, mo
wecme yenmpos nooobus
amux OKpyscHocmed, pac-
cMampueaemMsx — nORApHO,
necam no mpu Ha empipéx
npaMbLX.

JoxasaTenNbCcTBO.
O6o3naunM 1eHrpst noxo6us
OKPY HOCTEH: BHeiTHAe — Ye-

Puc. 121. pe3 Ca Cis Cgg, BHYTPEH-

HHE — COOTBETCTBEHHO HYEpPE3

Pys, Pz v Pgs. Jloxaxem, uyro kaxapie Tpi 10ukH: Cyp, Cig Cog; Cio, Pias
; Cos, Pig, Pyg u Crgy Pig, Pgy— pacnionaraiorcs Ha OAHOH NpsMOIL.

PaccmotpuM, Hanpumep, TOUKH Cia, Cia ¥ Coy. O603uauum uepes E
(puc. 121) touxy nepeceuenus npamoii 00, ¢ npamoit CiaCrg. Yepes Oy
riposeséM NpsaMyo, niapamnensuyo O1Cig A0 TeEpeceueHds: ¢ npsaMoH
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CxC1s 8 Touke M. Torna EOy: EOy = MOy: C130;. Ho us tpeyronns

1uxos Ci150eM u C1304Cy, BUAHO, utO MOg = C12 02 - C01, Tag uyTO
1201

EOs  Cip0y Cis0y Ry Ry __ Ry

EO;  Ci01 CO3 Ry Ry Ry

Crenoratencho, £ — BHEIIHMHA IIEHTD TOLOOUS OKPYXHOCTEH g
H ©g U N0TOMY TOuKa E coBmajzaer ¢ TOUKOH Cog.

TaxuM e oOpa3oM JHOKa3blBa€TCs 9Ta TeopeMa H B OCTalbHBIX
cayvasx.

3akanuupas 3TOT naparpad, Ml JOMXHH IPEAYNPENUTD YATATENs
OTHOCHUTENBHO HEKOTOPHX pacnpocTpaHéHHBIX Omub0OK, KOTOpble He-
pelKo JIONYCKAIT JHANA, H3YYaloliue IOMOTETHIO.

1. HempaBunbHO pAyMaTtbh, YTO LEHTpPH TONOOHS TPEX mnomapHo
rOMOTETHUHLIX (UFYp BCeria Jewar Ha ojHoit mnpsaMoil. Ilycts, Ha-
npuMep, ©;, ©y3 H oy (puc. 122) — Tpu paBHBIE OKPYKHOCTH, LIEHTPbLI

S~ L,
N +S 3
S~
Ly
(]
Puc. 122

koropblx Oy, Og 1 Oy He nexar Ha oIHoH npsaMmod. llenrpamu nopo-
6usi 9TUX OXpY¥HOCTEH GyAYyT, OUERHAHO, CEPEAMHBI CTOPOH TPEYrOdib-
uuxa 070,0,, KOTOpHIE, KOHEUHO, He JexaT Ha OjHoll npsamoil (60
OHH CHYXAT BEPUIMHAMH TPEYroJbHUKA, IOJOGHOrO TPEYrOJbHHKY

0, 02031)_i
! 2. HesepHo mpepnoxeHue: ,B EBKIUAOBOH MIOCKOCTH JBE (HIypH,
roMoTeTHyHsle Tperbell (Qurype, roMoTeTHUHBl Mexily cobol®. Omnpo-
Bepraoliuil MpuMep NMpuBeA&H Ha pucyHxe 123,
Tpeyroxsiuxu A;B;C; u AyB,C, HepaBHOGepEHHbIE TPAMOYIOMb-
Hole. AAgByCy monyuen uz NA;B;C( napaiienbHsM IEPEHOCOM 1O
nanpasxenuo A;Cj.

By =A1B1 X BiCy, ByCy +# BiCr, AC3ll ACy Sy= 4143 X CC,

823 = C2C3 X AzAa.
Q 3ax. 1678. 129



NABCy 1 AAoB:Co~ MOpO3HL -TOMOTETHYHBl TPEYroabHUKY AgzByCs.
Ecmu 681 AA;B;C; uAAByCy Obli rOMOTETHUHEL, TO 0053aTeqbHO
BepliMHe Ay COOTBeTCTBOBala
661 BepuivHa A, BepiuHie
B, — Bepmuna B,, sepuiuie
Cy—pepumna Cy (B cuny
TOrO, YT0 ¥PU TOMOTETHH
yroa mnpeobpa3yeics B pas-
Helit emy yroda). Llentp romo-
TETHH Jexan Obl OoaHOBpE-
MeHHo Ha upaMeix C(Cy
BBy, 1. €. B TOUKE HMX Hepe-
cevennua. Ho rtaxoli 7rouxu
HeT, H60 ByBy || C,Co.
MpuMmeuanune. Ila-
pajleNbHBI  IePeHOC MOXHO
paccMarpHBaTh KakK YIpejiedsb-
HBI Cllyyall rOMOTeTuH, KOor-
S S Jia LeHTP FOMOTETHH Heorpa-
13 2 HUYEHHO yjansiercs B Oecxo-
HeuHOCTb. B cBA3M C 3tuM
Puc. 123. HEKOTOPHIE aBTOPLI NOHHMAIOT
IFOMOTETHIO ,B RIMPOKOM CMBbI-
cfe“, BKJWYasA B 9TO NOHATHE M §epeHoc. MOxHO TokKasath, 4TO JiBe
(HUryprLl, roMOTeTHYHbIE TPETbell ,B IIMPOKOM CMBICAE®, rOMOTETHYHBI
MEXAy coBOH TaKwe ,B IIMPOKOM CMBICIE".

§ 4. NocTpoenre roMOTEeTHUYHBIX (uryp

[loctpoenue ¢urypr, romoreTHuHoOl .1aHHOH, B MpOcTeHLINX
CIyYasX CBOJMTCH, KaK YBHULYM Hue, K HNOCTPOEHHI0 TOYEK,
TOMOTETHYHBIX JAHHHM. [109TOMY BBISICHUM CHaYasja, KdK MOMXeT
ObThb NMOCTpOEHA TOYKA, rOMOTeTHYHAss NAHHOH, NpH pPasaHuHbIX
criocobax 3alaHus TOMOTETHH. .

I-fi cayuah. lomoreTns 3amaHa UenTpoM S M mapo#
COOTBeTCTBEeHHbIX Touek A m A’ (npuuém Ttouku S, A u A’
pacrnonoxens Ha OAHON mpsMofl, a B OCTalLHOM MOI'YT OHTb
3alaHE I1POU3BOJLHO).

ITycte P — npousponbHasi TOYKA IJNOCKOCTH, He nexaluas
na npsmoit SA. Tlpomeném uepes rtouky A’ npsmyio, Napaa-
nenthy1o AP, u nycty P’ — Touka e& mepecedenus ¢ npsmo# SP
(puc. 124). Torpa P’ u smasercs ob6pasom Touku P B naHHOH
TOMOTEeTHH.

Ecan Touka P newwut Ha npsmoit SA, To cHayana BHOepeM
NpPOM3BOJLHYI0 TOUKY @ BHe mpsiMolt SA4 M 1OCTpOMM TrOMOTe-
THUHY0 elt Touky Q. ITocne storo, ucroabsys napy romoTte-
THYHHX TOYeK Q U Q', CTPOMM WCKOMYI TOUKY P’ ONMHCaHHHM
Bhillle CITOCOGOM.
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2-% ¢ayualt YomoTerHs sdafard Apyms frapamu COOIBEl=
¢TBeHHBX TO4YeK. Ilyctb 3amanel Touku A, P U COOTBETCTBEH*
pume oM Toukn A’ m P’ (puc. 124). Tlpu stom npsmue AP
u A’P’ nomxHu OHTH NapajaelbHHMH, eCJH HCKJIOUHThL CayyaH,
KOT'la BCe 3TH YeThpe TOUKW PacnonaraloTCs Ha olHol NpsaMOH:

AI

PP

Puc, 124.

KpoMe TOro, 3TH OTpe3kH JOMKHE OHTL HEPABHHIMM HIH IKe
pPaBHHIMH, HO IPOTHBONOJOXNHO HanpasnenHbMH. Ilpu 3THX
YCIOBHAX NETKO OlpelelNTh 1leHTP MOMOTETHH KaK TOUYKY Nepe-
ceuennsi npsimuix AA” w PP’, a 3areM noctynaTh, Kak B Hep-
BOM Clyuae.

3-i cayuah, T'omoreTns 3amana LeHTPOM H KO03bdHu-
uventoM- Jlyctb npu 3TOoM KO03bPHUHEHT TOMOTETHH 3alaH
KaK OTHOLIEHHE JAaHHHX OTpe3KOB m M N, T. €. k=,
[Tokaxkem, 4TO 3TOT cayuall nerko
cBoauTca K neppoMy. [lposeném
U3 TOYKH S INpOM3BONBHHIY nyu [
(puc. 125) u oTnokUM Ha HEM OT-
peskn SA=n n SA = m. Slcno,
yTo ToUKH A H A’ ABASIOTCHS COOT-
BeTCTBEHHHMH B JdaHHOH romoTe~
THH, TaK YTO MBl NpHIUIH K CIy- Puc. 125.

Yal MmepBoMy. -

Ha pucynke 125 nokasano mnocrpoense Touku P’, romore-
THYHOH TOUKe P.

Ecam xo3d¢duuueHT rOMOTeTHH 3alaH K4K OTHOLUEHME LByX

HATYpaNbHEX UHCEN, HANpHMEP k=—’;—, rie p U ¢— Hary-
panbHeEe yucia, TO BHOHpaeM INPOH3BOJLHHE OTpe3ok d H

m
CTpouM jBa oTpeska m=pd u n=gqd. Orciopa k=—,

n
H 3a1aya CBenaCb K paHee PacCMOTPEHHOMY cCayyalo.
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lycts femepy Tpebyercs MOCTPOMTL OTPE3OK, roMoTeiny-
Helf 1aHHOMY 0TpesKy PQ OTHOCHTeNbHO LEeHTpa S, eclH Kosd-

m
GdbuLHerT k:7, rie m M n— QaHHblEe OTPe3KH.

OTJ0XXHM Ha MPOHU3BOJILHOM Jyde, UCXOASLIEM U3 TOUKH S,
otpeskn SA=rn, SA"=m. Slcno, yt0 Touka A’ Gyner romo-
Q' TeTHUHOH Touke A B paccMar-

puBaeMOH roMoTeTHH.

Crpoum satem Touku P’
u Q. roMoTeTHYHLE TOYKAM
P u Q (puc. 126). Orpesok
P’Q’ uckomuifi.

Ecan toukn P u Q He
JNexar Ha oaHOH mpamol c
TOUKOH S, TO MOXHO cHayana
paHee YKas3aHHHIM CIOCOOOM
NOCTPOUTL TOUKY P’, roMo-

Puc. 196. TeTHYHYI0 Touke P, a saTeM

npoBecTu yepes P’ upsamyo,

napainetbhyio PQ. ITycrs Q' — Touxka e& nepeceyenus ¢ Inps-
moit SQ. Otpesok P'Q" uCKOMHH.

[ToctpOeHHe MHOTOYTOJbHHKA (TPeyroNbHUKA, YeTHPEXYTOb-
HMKa M T. A.), FOMOTETHYHOrO JIaHHOMY, CBORMTCS K IpeAbl-
RyuleMy [OCTPOEHHIO.

Ha pucynke 127 nokasaHo MOCTpOeHHe TPEyroJbHUKa, COOT-

m )

BETCTBYWLIETO TPeyrolbHuky PQR B romoretuu F%S, Y

3neck SA==n, SA’=m, A'P'||AP, P'Q|PQ, Q'R'|QR.

Puc. 127. Puc. 128.

Ha pucynke 128 nokasaHo nocTpoexue TpeyroibHukd, CooT-
BETCTBYIOILErO TPeyroJbHUKY PQR B roMOTeTHH C LEHTPOM B
sepumne P H k03¢ dHUHeHTOM —-’:— . 3necb PA==n, PA ' =m,
A'QAQ Q'R'IQR.
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[Tpusentm ewg nupumep. Ilycte PQRT — nannas TparelLus,
S — naHHas TOYka Ha npsMoRt PQ.

M pucyska 129 scuo noctpoenme tpaneumd P'Q'R'T,
romoternunoll rtpaneuun PQRT ortHOocuTeNLHO lLeHTpa S H

Puc, 129,

k03¢ bulenTa k:%—. 3nec SA=n, SA"=m, A'P'||AP,
P'T'|PT, T'R'|TR, R'Q||RQ-

Jas mocTpoeHHs OKPYXKHOCTH, COOTBeTCTBYIOILeH AanHOH
OKDYHOCTH B HEKOTOPOH roMOTeTHH, JNOCTaTOYHO MOCTPOUTD
TOYKH, COOTBETCTBEHHO [OMOTETHUHBE LEHTPY ILaHHOH OKpyx-
HOCTH W Touke Ha neH. [locTpoenme sicHo u3 pucynka 130.

Puc. 130.

3necb S— LEHTpP TOMOTETHH, a KOSGhGbHUMEHT TrOMOTETHH
m
paBeH —, rae m W n-— laHHLe oTpesku. SA=mn, SA"=m,

A’0O’|| A0, P — npouspoisHasi TOUKA HA OKPYIKHOCTH (BHE ps-
Mot SO), O'P’||OP,
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§ 5. Pemenne 3agau Ha nocTpoeHHe METOROM NOROGHA

OcuoBhast Mpess MeTona mnopofGus COCTOMT B ClenYIOUlEM.
Cunayana crpost ¢urypy, nonobGHyl0 MCKOMOH, Tak, yTo0b OHa
YLOBIeTBOPs/A BCEM YCJIOBHAM 3aavH, KPOMe OLHOro. 3aTem
CTPOAT yXe MCKOMY0 ¢urypy, kak ¢urypy, mnonobHyn Imo-
CTPOEHHOH M YAOBIETBOPAOLIYI0 ONYULEHHOMY TPe6OBaHHIO.

Meton monoOusg HAaXOAHT NpuMeHeHye OOHYHO B ClyyasX,
KOraa cCpeid IAHHLX JHIOL OJHO #ABJAETCH OTPE3KOM, a BCe
ocTalbHEE RaHHHE — Ju00 yraw, JIuG0 OTHOLUEHHS OTPE3KOB.

OO6ruHO 1enecoo0pasHo BCOMOraTelbHYO GUrypy CTPOHTH
T4K, YTOOH OHa OhlNa He TOJLKO NOAOOHAa HCKOMOH, HO W I10-
100HO pacnoloxkeHa ¢ Hefl. Ycrex pelleHHd CYLUECTBEHHO
3aBHCHT B 3THX cllyyasx oT Bh6opa LieHTpa nonobus.

Ilpu peluenMH 3anay Ha MNOCTPOEHHe MeTOAOM noLo0us
Y4CTO MOJNE3HO BOCIOJIL30BATHCS CAEAYIOUIMM 3aMeyaHneM. Ecmm
ABe (QUryps nofoOHH, TO Ko3(PduUHeHT 1n0oN00us PaBeH OTHO-
MEHHI0 JIOOBIX ABYX COOTBETCTBYIOIIMX OoTpe3koB. Ecau oTpes-

KaM a, b, ¢, ... ¢urypu ® coorBercTBYlOT OTpesku a’, b’,
’ 4
¢’y ... nopnobuoft ¢uryps @’, 1o Ko3pPuyuent nonobus
al + bl al —_ bl
paBeH TaKKe OTHOLUEHHSIM ————, ———,
at+b’ a—0b
al + b/ —— C,
—————— WU T. L.
atb—c

Mpumep 1. Tloctpouts paBHOGen-
peHHHH TPEYTOJbHHMK MO yray IpH Bep-
LIMHE H CyMMe OCHOBaHHSl C BLICOTOH.

Ananna. Vckomult TpeyroibHHK
ILO/XKEH YAOBNETBOPATL TPEM YCIOBHAM:

1) on nomxen OpITHL paBHOOenpeHHLIM;

2) yroa npu BepllMHe N0MKeH OHTH
paBeH LAaHHOMY Yray o;

3) cymMMa OCHOBaHHS H COOTBETCT-

Puc. 131. Bywuleft BHCOTH Jo/okHa OnTh paBHa
JnanHoMy oTpesky [.

3ameyaeM, 4TO JNeTKO MOCTPOUTHL TPEYTrOJbHUK, YIOBIETBO-
PAIUIME MepBHIM ABYM YCIOBusiM. TaKUX TPeyro/JbHHKOB Cylle-
ctByeT OecKOHeYHO MHOro. [lycTb MH IOCTPOMIH OJMH H3
HHX — TpeyroasHuk B’AC’ (puc. 131), npuuém 2L B'AC’ =a.

WickoMult  TpeyroibHHK, YAOBIeTBOPSIOUMH ycnoBusM 1) —
3), OyneM HckaTb cpelH TpeYroJbHHKOB, TOMOTETHYHHIX
Tpeyroabiuky B’AC’ oTHOCHMTENLHO KAKOro-iub0 LeHTpa Mo-
1o6us, nHanpuMep oTHOcHTenbro ToukH A. Ilycts /\ BAC
uckoMullt. Slcho, uro BC||B'C’ (uwm BC= B'C’). Ilycty AP’ —
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pricota Tpeyronsuuka B’AC’, P—Touka mepeceyeHus HPSIMBIX
BC u AP’. Slcho, uro AP—Bricota tpeyroabnuka BAC.

Ecin B HEKOTOpPOH roMoTeTHH Touke B’ COOTBeTCTBYET
rouka B, T0 Toukam C’ u P’ coorsercteylor touku C u P.
Hatingém ko3(duLMEHT roMOTeTHu, NpeoGpasyioulel TPeyrob-
ik B’AC’ B tpeyroawnuk BAC. Tlo ycnosmio man oTpe3ok [
rako#t, uro BC -} AP =1I. Kpome Toro, pacnonaras [ocTpoeH-
ppM TpeyrodsHukoM B’AC’, MH Mo-
)eM IOCTPOMTL OTpesok I’, paBHbif
cymme B'C'4 AP'.

Torna HCKOMHHE KO3(¢HUIUEHT TO-
BC -+ AP ;
B———,C,+AP,, T. e. '-IT.

Wrak, tpeyroibuuk BAC romore-
tuuen Tpeyrombuuky B'AC’ otTHOCH-

TeILHO LeHTpa mnonobus A, NpUuUEM

{
K03 PHUHERT NOROOUS paBeH 7

MOTETHH paBeH

[To 3Tum nanHbIM HCKOMHE Tpe-
yroabHux BAC MoxeT GBTH NOCTPOEH.

[locTpoenue.

I. CrpouM mnpousBObHHHA Tpe-
yrombuuk B’AC’ (cm. puc. 132), yno-
BreTBOpsOIME ycaosuaMm 1) u 2) (tak, Puc. 132
yto BPA=C'A n 2L B'AC' =q). © o

2. CtpouM BHICOTY 3TOrO TpeyronbHuka AP’ u Ha npo-
noKeHnH otpeska AP’ otknanmbaeM otpesox P'F'= B'C’
taK, uro AF' = AP’ -+ B'C’. 31y cymmy o6oanauum uyepes [’.

3. Crpoum na ayye AP’ touky F takyw, uro AF =I.

4. Crpoum /\ BAC, cootsercrryiolnii A\ B’AC’ B romo-
retin ['{ A, —ll—,—} Ilns  sToro mnocielopaTembHO CTPOUM
FB||F'B’, BC|B'C’. )\ BAC uckomui.

IHokasatenncTBO.

lMycty P’ = B’C’ X AP. Tax kak /\ BAC «» A\ B'AC’, 10
AP~ BC __ AB __AF __ 1

AP T RO T AR T AP T T

ITostomy fﬁ,%%z—ll;— Ho AP’ B’C’'=1!" mno mno-
cTpoeHHw. 3naunt, AP+ BC =.

Wrak, /\ BAC ynosnerBopsier yciaoBuio 3). OueBHLHO, YTO
OH yNOBIeTBOpsieT M ycaosusM 1) u 2).

Nccnenopanune. Bce warn npoBen&HHOro NOCTPOEHHS
OILHO3HAYHO BHINMOJAHUMH, [103TOMy JNaHHHH cOCO6 MOCTPOEHHA
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na&T eLUHCTBEHHOe pelenne. Beaku# 1pyro# TpeyronbHHK
A(BC,;, ynosietsopsioluil yCIOBUAM 3a5aud, AOJKeH OHTh,
OYEBHJIHO, NOLOGEH NOCTPOeHHOMY Tpeyrodshuky ABC. Ilo-
3TOMy IJs BCSkoro Rpyroro pewenuss A;B;C;, NONyUeHHOrO
KakuM-nu60 LpYruM NyTéM, OYAYT BHIIOJHATLCS COOTHOLUEHHS:

BiCy APy AP+ BiCy
BC — AP ~ AP BC

Tak kak AP} BC,=AP+4+BC, t wuw B;C,=BC,
otkyna scuo, uyto N\ A;B,C, ==/ ABC. Takum 006pasow,
BCAKUH ApYro#i npuéM nocTpOeHus NPHBERET K TOMY e pelle-
HMIO, TAK YTO 3ajaya paspelluMa OJ]HO3HAYHO.

Npumep 2. B nannsifi ocTpOyronwHui#t TpeyrodsHuk ABC
BHMCATb KBanpaT Tak, 4TOOH 1Be BepUIUHB KBaLpaTa Jewalu
HA OCHOBAHMH TPEYTOJbHHKA, a JBe-—HAa OGOKOBHIX CTOPOHAX.

Aunanus. Tpebyercs IOCTPOUTb KBAaApaT, YLOBJIETBOPSIO-
WHH CJIelyIOUUM YCIOBHAM:

1) nBe ero BepLIHHbI LOMKHHE JewaTb Ha AB;

2) onna BepuinHa —Ha AC;

3) onna Bepumna —Ha BC.

3ameuaeM, UTO JETKO NMOCTPOHTH KBaapaT, YLOBJIETBOPSIO-
wuit mepsHM nBYM ycrnoBuam. Ilycte 3To Oyner KBappar
K'L'M’N’ (cMm. puc. 133).

SICHO, UTO IPU rOMOTETHH C LEHTPOM A H MOGHM KO3(d-
¢uiuentoM romoteruu ksanpat K’L’M'N’ npeoGpasyercs
B kpagpat K”L”M’N”, uputoM Takie ynOBIeTBOPsIOLIUH ycno-
pusM 1) u 2). Ilpu stom Touka M” oxaxercs 3aBeloMO Ha
npsiMolt AM’.

Yro6Hl peluTh 3anady, HyxHO cpenn kBanpatos K”'L”M'N”,
romoTeTHuHHX kBanpaty K'L'M’N’, BuGpaTte TOT, y KOTOPOro
touka M” nexwur na BC,
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B TakoM cayuae touka M” okaxercs TOukoH Tepeceyenus
npameix AM” u BC. O1ciona BoiTeKaeT IOCTPOEHHE.

[TocTtpoeHme.

1. Crpoum npousBoabHEHE kBaspar K'L’M’N’, ynosinerso-
pstounfi ycnosusm 1) u 2) (cm. puc. 134).

2. Ctpoum npsmylo AM’ u oTmeyaeM TOuKy M eE mepe-
ceuentst co cropouno#t BC.

3. Yepes M npoBoauM npsaMylo, napamtenavuylo M'N’, u
oTMeyaeM TOUKy /V, B KOTOpoH ona nepecekaer cropony AC.

4. UIs M u N onyckaem Ha AB nepneHaukyaspu ML
u NK. TonyueHHul mnpsmo-
yroneiuk KLMN — nckomuii
KBaApaT.

B camom nene, KLMN —
KBalApar, u60 IO CcaMoOMy
cr1oco0y noCTpPOeHHs OH T OMO-
tetnyeH kBanpary K'L'M'N’.
Kpome TOro, oH, OYeBMAHO,
YILOBIETBOPSAET BCEM OCTaJb-
HelM TpeOOBAaHMSAM 3anaud.

3anaua Bcerna OJHO3HAY- Puc. 134.

HO paspeliuMa.

Ipumep 3. IlocTpouts TpeyronbHHK, 3Hasi OTHOLIEHHS
m:b:h wmenuaHb, OGHCCEKTPHCH H BHICOTH, IIPOBENEHHHX H3
OLHOH BepLIMHE, a TaKe pPasHOCTh § PAIHYCOB OMNMCAHHOH M
BIIMCAHHOH OKpYKHOCTEH.

[MpensapurensHo focrpoum Tpeyroasiuk A'B'C’, nns koto-
poro laHHwe OTPE3KH m, b W h ABIAIOTCS COOTBETCTBEHHO Me-~
AvaHol, 6uccekTpHCON U BLICOTOH, NPOBEREHHEIMH U3 BepIUHHE A’.
Takoe mocrpoeHHe pacCMOTpeHO B 3apade 3, ra. 1, § 7.

MckOMEI TpeyTOJEHMK MOMXHO HOJYHYHTb H3 TPeyroOJbHHKA
A’B’C’ nocpenctBoM romoreTud € 1eHTpoM A’ M k03dpduunen-

S ’ ’ 7
TOM k:s—,, rie s -— pasHocTb pammycoB R’ u r’ okpyHo-

CTell, M3 KOTOpPHX OJHA ONHCAaHA OKOJO Tpeyroavhuka A’B'C’,
a apyras Bnuacana B nero. Ilpu sToM Touka A’ nepelnér
B cebs;, a Touku B’ u C' cooTseTcTBeHHO B TOyku B u C.
Tpeyroaphnk A'B C ynoBieTBOpsieT YCIOBHSM 3ajauH.

B camom pene, MeAuaHa, GHMCCEKTPHCA H BHICOTA TPeyTOJb-
nuka A’B’C’ nepeBLyT COOTBETCTBEHHO B TAKHE e SJeMEHTH
Tpeyronpuuka A’BC, NpuuéM rOMOTETHS He M3MEHHT HMX OTHO-
wennfl. Ecim R ¥ r — papuyCcH OKpy»xHOCTeH, onucanHOH W
BUHCanHO# B Tpeyroawhuk ABC, TO R:R=Fky r:r' =&,
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R R—r r
OTKyna cneayer, 4TO T k. Takum o6pa-
soM, R—r=k(R —r)=ks' =s, uT0 H TpebOBaIOCH 10-
K43aTh.

3ajaua OLHO3HAYHO PaspelluMa NPH yCHOBUH: m > b > h.
Ecnu m = b= h, 70 321a4a CTaHOBUTCs Heonpenen&ntol. Jpy-
I'He COOTHOUIeHHs MexLy Menunanof, OHcCeKTPHCOH W BHICOTOH

TpeyroIbHHKa HEBO3MOMHEL-

R
~

§ 6. Mauntorpad

CyectByer MeXaHH3M, KOTOpHH NaET BO3MOXKHOCTH BHIYEp-
THTL GUTYPYs [epCrIeKTHBLO-TIOR00HYI0  1060#t  3ananHol Gu-
rype, npuTOM C moGuM TOJOXUTENBHEIM KO3 GhHUUHEHTOM I10L0-
6us. 910 — nanmozpath. Breppne OH OHI CO313aH B Hayale
XVII B.

Manrorpad (puc- 135) cocront H8 4eTHpEX crepuuet SC,
BC, DA u AF, cxpeni€HHbX WAPHUPHO B TOUKAX D, C, F

Puc. 135.

¥ A. O ToukH BHOMPAIOTCH TaK, YTO B HEKOTODOM HAYAJILHOM
1oNoe MM  raHTorpada HeTHpPEXYTOJbHIK ADCF — napanae-
7OrpamM, MPUUEM TOUKH A ¥ B nexar Ha ONHOM Jy4e, HCXO-
nseM w3 Toukn S. Touka S 3aKpEMUSETCs HA MIOCKOCTH He-
nonpwkEo. TlycTh Luubl CTepicHed BC w AD paBHH cooTBeT-
CTBeHno m ¥ f. Korna T0Uka A Omnumer Kakyw-mbo durypy P,
T0 TOuxa B onuwer HeKOTOPYio (urypy @', COOTBETCTBYIOLLYIO
¢urype ® B romorerH ¢ LUEHTPOM B TOUKE S u koshuunen-
m

ToOM BR=—.
n

138



HokaxeMm 3TO.

[lycte B HekoTopuifi MOMeHT nanTorpad [RCOOJONEH TaK,
yTo TOYkH A4, B, C, D, F 3aHWMAIOT COOTBETCBEHHO I10JI0MKe-
uve A, B,, C,, D,, F,, npuu&m touka A; nexuT Ha Juuuu P.
[ToxaxeM, yro TOuUKAa B, roMorerwuyna Touke 4; B TOMOTeTHH

{S X Ilnst 3T0r0 HYXHO NoOKasarth, uro: I Touku A, u B,

nexar Ha OLHOM Jy4e, HCXOOdIeM H3 TOUK! S (nns uero
AOCTATOYHO  INOKaszaTh, 4t0 <L 142X 2--23=180°,
2 SBi__m

)S4,=7"

Tax kak npH nepeMmelleHHn nanrorpagda O CTEPKHH He
MEHSIOT cBoeH namHb, 10 SD, = SD; SC, = S7; DA, = DA4;
D,C, =DC; AF,= AF; C,F, =CF. Ilo ycmBuio ADCF —
napannenorpamM. CreposatenbHo,

AF = DC, AD=—CF. (1)

IMostomy A, F, = D,C,, 4,;D,= C,F,, 1. e. 4,[,CF;— Taxxe
napaanenorpam™. 3uaunr, D,C;[|A,F;. ITosrom

2 AF,B,— X 5=2%2. ©)
Kpome toro, u3 mnonoGusi Ttpeyroishukos SDA w AFB
AF _SD
CJIellyeT, qTO 'B}‘ A—‘, a 3HauuT
AF, __SD,
B~ AD; ®

Us (2) u (3) sacwo, uro ASD, A, A\AlB;. Tlostomy
=24

Orciona cnepyetT, yto A; H B, JnexaT H: OLHOM Jyde,
HCXOMSUIEM M3 TOYUKH S.

SBy __ B c,
Kpome ToOro, fdcHo, uro S4, = AD." Ho 1 xax B,C| =
=BC=m, ADy=AD=n, 1O %:ﬂ. y1oH TPeboBaNOChH
1

II0Ka3aTh.
BOMNPOCH! IJIs NMOBTOPEHUS

1. Uro taxoe romorerusr

2. Bo uro npeo6pa3yeTcd NpH rOMOTeTHH Ipsivas JyY? OTPE3OK?
OKPYKHOCTB? KBajpar?

3. Nuomaas tpeyroasuuka ABC pasua S. Yewm X paBHa IIOIanb
TPEYroNLHMKA, COOTBEICTBYIOIErOo Tpeyroibhuky AK B roMoreThu
¢ xo3pduuuentom k?

4. Korpa nentp mojoOHs JABYX (PUryp HaselBaeTch BHYTPEHHUM M
KOrja BHEIIHHM?P

139



5. CKONBKO LEeHTpPOB NOAOGMS HMMEeTcs y JBYX HECOBNanaloLiux
OKpyxHOCTeH? Kakne BOSMOMHEI cltyuau?

6. ITocTpouth HEHTPE NOAOOHS ABYX IKCLEHTPHYECKUX OKPYHHO-
cTei.

7 CoopmynupoBaTh TeOpeMy O LUEHTpax nojo6us TpEX OKPYMHO-
CTel.

8. Kak moctpouTth (urypy, roMOTeTHYHYK JHaHHOMY MHOrOyroJb-
HUKY? N@aHHOH OKPYMHHOCTH?

9. B uéM COCTOMT CYI[HOCTb MeTOna MoAoOMs Ipu pelleHUd 3anay
Ha MOCTpPOeHUe?

10. Yro TaKoe nanTorpad U KaKk OH yCTPOEH?

3AJAYH

1. Jlan npsmoyronbHbiii TpeyrodbHuk ABC ¢ katetaMu @ v b u
runoTeny3ol ¢. M3BecTHo Take, 4T0 B Tpeyroabnuke A’B’C’, nono6-
HOM Tpeyronbuuky ABC, cyMMa KaTeTOB GOMblie TUIOTEHY3Bl Ha OTpe-
30K 4. Yemy paBeH K03()¢HMIHEHT MOJOOHS STHX TPeyrojlbHUKOB?

2. Jlaun tpeyronviuk ABC co ctopoHamu @, b, ¢. B nonoGuom emy
Tpeyrosbanke A’B’C’ cymMa nuoianeil KBaipaTOB, NOCTPOEHHHIX Ha
ero CTOpOHaX, paBHa IIOL[AfH NPAMOYrOJLEHKA CO CTOPOHAMH p U ¢.
Yemy paBeH Kos¢GuuueHT nono6us TpeyroiavHukos ABC u A'B/C’?

3. TIoCTPOUTL MPAMOYTOMbLHEI TPEYronbHUK, y KOTOPOrO ONMH Ka-
TeT BaBoe GOnblie BTOPOro, a TUNOTeHy3a paBHA JaHHOMY OTPE3KY (.

4, TlocTpouTh NPSMOYTOJbHBIH TPEYTOJbHUK, Yy KOTOPOTO OJMH
KaTeT BABOE (OJbIIe BTOPOrO, a BEICOTa, OflylileHHafl Ha FUNOTEHY3y,
paBHa J@HHOMY OTpe3Ky k.

5. ITOCTPOUTL NPSAMOYrOJBHEEN TPeyYrofbHUK, Yy KOTOPOrO OjuH
KaTeT BJIBO€ 6OJbIle BTOPOro, a CyMMa KATETOB M BBLICOTHI, OMyIL{eHHOH
Ha TUIOTeHY3y, paBHa NaHHOMY OTPe3Ky.

6. INocTpouTs TPEYronLHUK MO JBYM YrdaM, NPUNeXaniiM K OCHO-
BaHMIO, U BBLICOTe, OIYI[eHHOH Ha OCHOBaHMe (UJH Ha GOKOBYK CTO-
pOHY).

7. To e — o AByM yraaM, TpUJIexal(iM K OCHOBaHMIO, U NEpH-
MeTpy.

8. IlocTpouTh TPeyroJbHUK MO YINy MNP BepLidie, OTHOUICHHIO

m N .
E—(m>n) OOKOBHIX CTOPOH M MejMaHe, NPOBeACHHOH K GoJbliedl U3

GOKOBHIX CTOPOH.

9. TlocTpOMTL TPEYrOJMbHUK, 3Has OTHOIUEHHE €ro CTOPOH m:n:p
(m>n>>p) u GUCCEKTPHCY HAUMEHBLIEr0 U3 €ro Yrios.

10. ITocTpouTh TPeYroJbHHK MO yraaM o U f§, npunexanuM K OCHO-
Banuio (o <(45°% B <(45%, u pasHoCcTH MexJy OCHOBaHMEM M BBICOTOW,
OINyLIeHHOH Ha OCHOBaHUeE.

11. INocTpouTb TpPeyroMbHYK, 3Hast YIJbl NPH OCHOBaHMM W pa3-
HOCTb KBagpaTOB OCHOBaHHsi U COOTBETCTBYION[EH BEICOTH, PABHYIO p?
(rne p— naHHBI OTpe30K).

12. B nanselii TpeyroJbHUK BNUCATH NPAMOYrOJLHHK, § KOTOPOro
0iHa CTOPOHa B TpU pa3a GoJblie BTOPO.

13. B pauumiii tpeyrosviuk ABC BlicaTb apyroél TpeyroisHuk
TaK, YTOGBl €ro CTOPOHE GHIM NapamnieNbHE JaHHBIM NPAMBIM &, U ¥ 0.

14. B nanuwii Tpeyronvhuk ABC Brucath poM6 ¢ JaHHEIM OCTPEIM
yriioM o TaK, yTo6Bl OnHA M3 €ero CTOPOH Jlexala Ha orpeske AB,
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5 jpe €ro BepLiMHbl — Ha OOKOBHIX CTOPOHAaX TPEyrO/bHHUKA. (Herios-
poe PElIeHHE ITOH 3ajiaud UMEeTCs B CTabUIBHOM yueGHUKe reOMeTpuu
A. Il. Kucenépa (4. 1, § 181, 3apaua 3). Jlaiite nosHoe pelueHue 3TOM
3a7au¥ U CPABHUTE €ro ¢ TeM peuleHneM, Koropoe npusomut A. I, Ku-
cenéB.)

15. B nanHbii TpeyronbHUK BNHCATH [1aPAJIeJOrPaMM, NOAOGHEI
JaHHOMY.

16. JlaTe monHoe peuwlenue 3ajgaud 2 u3 § 181 yue6uuka A. I1. Ku-
cenéBa U CPaBHUTb €ro ¢ TeM peuleHHeM, KOTOpOe NpHBOAMTCH B yueG-
HUKE.

17. BmicaTh B JaHHYIO OKPYXHOCTb TPEYrOJNbLHUK, Y KOTOPOrO JaHbE
OCHOBaHHE U OTHOLIEHHE OOKOBLIX CTOPOH (pelluTh 3anady MeTOIOM
1101061 U METOJOM reOMeTPUYECKUX MECT).

18. BriucaTs B JaHHYI0 OKPYIHOCTb PaBHOOEIPEHHBIN TPEyroJjb-
HUK, 3Ha5 OTHOLIEHUE OCHOBaHUA K GOKOBOH CTOPOHE.

19. BriucaTh KBajpaT B NaHHBIK CErMeHT.

20. BrcaTh KBajpaT B JaHHbIi CeKTOp.

21. Jlay npaMok yroa u BHyTpU ero Touka M. ITocTpouts mpsiMo-
yroJbHbH TPEYrONbHUK, KaTeThi KOTOPOro Haxomuiuch 6H Ha CTOpO-
Hax 3TOro yria, a rHIoTeHy3a, NpoxXoxs uepe3 Touky M, memunach Ovl
€0 B JJAHHOM OTHOLUEHWW M 1.

22. Yepes npe nannble To4ku M u N BHYTpu nanHoro yrna AOB
NPOBECTH Napy HapaifieNbHbX NPSMBIX TaK, YTOObI UX OTPE3KH, 3aKJIo-
yEHHBIE MEX(Iy CTOPOHaMH JAHHOro yria, OTHOCWIHChH, Kak 3: 1.

23, Nan octpeii yron AOB u BuyTpu Hero Ttoyka C. Haiitu na
ctopone OB Touky M, paBHoynanéunyw ot ctopous OA u ot Touku C.

24, YuacTox uMeeT GoOpMY ceMuyronbHuka. VmeeTcs mnan yyactka
B Macwtabe 1:25000. BoiuepTuts IaH TOro e yyacTKa B MacwiTaGe
1 :15 000.

25, Jlpe (HecoBmagajolue) OKPYXHOCTH HMeIOT He GoJee IBYX LEH-
TpoB mnojo6us (cM. § 3). Moryr au gBe (HecoBmazamuiHe) (Hrypb
1MeTr Golee ABYX LIeHTPOB nomo6us?



Fnasa V
HHBEPCUSA

PaccMoTpum B 9710l riaBe el onHO reomerpuueckoe mpe-
o0pasoBaHye — WHBepPCHIO, KoTopasi N4&T BO3MOXHOCTbL PEIIHTH
PsLL CPaBHMTeJbHO CJOXHBIX 3a1a4y Ha NOCTpPOeHHe, TPYIHO
NOALAIIIMXCS PellleHHIO C MOMOIUBID INPYTHX PACCMOTPeHHBIX
HamMu npu&moB. HoBuifi crnioco6 peltennsi KOHCTPYKTHBHHIX 3a-
a4y, KOTOPHH MH 31eCh PAacCMOTPHM, HOCHT HA3BaHHe MeTOId
uHsepcun, WM MeTola o0paujenus, Wid MeTola OOPGMHBLX
paduycos. 3aMeTuM NONYTHO, YTO STOT MeTOL 3HAUMTEJLHO
»MOJIOXe® paHee paccMOTpeHHHIX. llHBepcmi0 cTanm H3yyaTh
BriepBeie Juwb B 30-X romax npoisioro Beka.

§ 1. Onpenenenvie nnepepcun. IlocTpoenne HHBEPCHBIX
TOYEeK

Ilycts Ha niockocTH JaHa HeKoTopas okpyuHocTh o (O, R)
(puc. 136).

[lycTe, nallee, P— NpousBOJBHAS TOUKA MJIOCKOCTH, OT/NY~
Hast o1 ToukH O. Conocrasum el Touky P/, KoTopasi ynosie-
TBOpsina OB JBYM YC/IOBHSM:

1) Touxa P’ nexwt na nyue OP;

2) OP.OP" =R=.

Takyo Touky P’ Mb HA3HBAeM LHBEPCHOH WM 0OpPamHOL
Touke P OTHOCHTENBHO OKPYXHOCTH ©. OKPYXHOCTH ® HA3LI-
BaeTcs 6a3UCHOL OKPYICHOCMBI0O WNHBEPCHH, €€ LieHTP — YeH-
mpom unsepcuyu, a panmyc— paouycom uHeepcuy.

IIpeoCpasopanue, Npu KOTOpOM Kawiol Touke HeKoTopoOlh
¢Quryphl CTaBHTCS B COOTBeTCTBHMe WHBepCHas efl TOuka, HasH-
Baetcad uHsepcueli, a Qurypa, oGpasoBaHHAs BCeMHM TOUKAMH,
MHBEPCHBLIMH TOUKAM JaHHOH (UIYPH, HABLIBACTCS UHBEPCHON
no OTHOWIEHMIO K nanHo#t ¢urype.
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i .
O"‘Fr
TAK UYTO ecan Touka P mHBepcHa Touke P’, 1o paccrosmus OP
u OP" seamotcd B3aMyMHO oOpaTHuiMp uyuciaamu. C 9TuM cBS-
3aHo T0, uT0 Touky P’ naseiBaloT o6pamwuofi touke P, a pace
cMaTpuBaeMoe Ipeo0pasoBaHue HasbiBaeTcsi npeobpasoBaHueM
obpamnbx  paduycos (paccrosuii),
uiK Ke oOpawjenuer (NO-NaTHiHH —
inversio).

OtMeTum npocTelillive cBolicTra
HHBEPCHH, HEMOCPe/ICTBEHHO BEITEKAI0-
1IMe M3 OMNpejlelieHMs.

1. Ecan Touka P’ wmBepcma Tou-
ke P, To u o6patho: Touka P uHBepcua
Touke P,

2. Ecan npu wvHBepcun ¢durypa P
npeobpasyerca B ¢urypy ®’, 1o wu
naobopor: ¢urypa ®’ npeobpasyercs Puc. 136.

B ¢murypy @.

3. Hurakas Touka IJIOCKOCTH He sBAfeTCSl MHBEpPCHOM ag
LEeHTPA WHBEPCHH.

B janbHelinem Mbl MO3TOMY MPH H3YYeHHH HMHBepCuM OyjieM
HMeThb B BWLY IIOCKOCTh, M3 KOTOpOH ylanéH, ,BeiKOAOT®
ueHTp MHBepcud. HanmpuMep, ecim ropoputcs 0 npeoGpasosa-
HUM J1y4Ya, BLIXOLAIUETO W3 LeHTPa MHBepcuu (n. 8), wim o npe-
obpasoBauun npaMol, NPOXOAsilel uvePe3 LEHTP HHBEpPCHH
(n. 9), To uMeeTcs B BULY ¢urypa, xoropas obpasyetcs, ecau
YAAAMTL M3 Jyua (i NpsIMOR) LeHTP WHBePCHH.

4. Ha nnockocTH € ,BHKOJOTHM® HeHTPOM WHBEPCHM MH-
BepCHS sIBJisIe™CSl B3aMMHO OJIHO3HAYHEIM npeoGpasoBaHmeM.

5. Kaxpnas Touka O06asucHOM OKPYXHOCTH WHBEPCHA camoli
cele.

6. Eciu nannHad Touxka JexuT BHe 6asucHOl oKpyiHocTH,
TO MHBepCHast el TOUKA JIeXUT BHYTPH 9TOH OKPYIKHOCTH, H
nao6opoT.

O0patuM BHHMAHMe HA (o, 4Yro npu R=1 OP =

JTO BHITeKAeT W3 PaBeHCTBA: OP'_—_O&P.

7. Ecan Touka, nexaulas BHe OasucHOli OKPYXKHOCTH, He-
OrPaHMYeHHO YJlanseTcsd OT 3TOH OKPYXHOCTH, TO WHBePCHAs
ell Touxa (BHyTpH GasuCHOll OKPYXHOCTHM) HeOTPAaHMYeHHO MHpu-
GnmxaeTcst K llenTpy WHBepcud. BepHo n o6paTHOE npelsiokeHne.

8. Ilpn wmuBepcHM JyY, WCXOUSAIIMH M3 LeHTPA WHBEPCHH,
npeoGpasyercss B ce0g. Ilpm 3TOM uwacTp Jyya, BHYTpPeHHss
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OTHocuTedibno GasucHoll oxpyxmoctn, npeoGpasyercs B €rO
BHeIlHIOW YacTh, W HA0060poT.

9. Tlpn wEBepcuM NpsiMasi, NPOXOASIUAS YePE3 LeHTP HHBep-
cum, npeobpasyercs B ceOs. (KoHeuHo, npwm 39TOM muMeeTcd
B BMAY, YTO LeHTD WMHBeDPCHMH MpelBapHTe/ibHO YIaJE€H 13 3ToH
npsimolt.)

INocTpoeHre TOYKHM, MHBepCHOR AaHHOM, mMOXeT OHITH BHIOJ-
HeHO C NOMOLIbIO LMPKYJNS W JuHellku. Takoe NocTpoeHue
MOXKHO PACCMATPHBATH KAK FeoMeTpPHUECKOe ollpelleieHre HH-
Bepcur. IlocTpoenme 9TO ocHOBaHO Ha JBYX Teopemax, u3Be-
CTHBIX W3 INKOJBHOIO Kypca FeoMeTpuM:

1) KacaTenbHas Kk OKPYXKHOCTH NepneHMKYJSPHA K PALMYCY,
COe/IMHSAIONLEMY LEHTP C TOUKOR KacaHwus.

2) KareT npsAMoOyroJiIbHOro TPeyFOJbHHKA SBJseTCS CpelHAM
NPONOPLUKOHANILHEIM MeXNy FHNOTeHy3oHl M ero npoeknmell Ha
FUNOTeHY 3Y.

Crenyer paccMoTpPeTh TPH cllyuasl NOCTPOeHHs.

1-#i cnyuvat. Touka P na Gasucuolt oxpyuuocTu. HMupepc-
Hasi TOUKAa-—cama Touka P.

2-i cnyuait. Touka P BHe GasucHolt okpyxHOCTH 0 (0, R).
Crpoum nyu OP (puc. 137). Yepes touky P nposonum Kaca-
TenpHylo PT x  GasucHolt
OKpYxHOCTH. 3 ToukH Kaca-
Huss T onyckaeM mepreH/M-
kynsp Ha npamyo OP. Ocuo-
BAHKE 9TOT'0 MepPreHAMKYJIsIpa
P’ aBisetcs TouKoli, HHBepC-
HOl Touke P. [lelicTBUTe/ILHO,
W3  NPAMOYT'OJBLHOFO  Tpe-
yroasauka OTP BuitHo, uTO
OP . OFP = 0T? = R=2.

Puc. 137. 3amevanue. daxruye-

CKH 3TO [MOCTPOEHKe MOXeT

OLITH BHIOJNHEHO ClleAYIOIWM 00pasoM. CTpouM NocCiefoBaTe/ILHO

(prc. 138): nyu OP, okpywmuocts o' ¢ Iuamerpom OP,

xopay 17T), coOeAMHAIONIYI0 TOUKM MepeCeUeHHss BCHNOMOTATel]b-

HoW okpyxmoct o ¢ 6aswcHoH oKpyxHocTHO ®. Toraa

touka P’ nepeceuenmss 3TOH xopAw ¢ jayyoM OP uHBepCHa
Toyke P.

3-#f cayuait. Touka P BHyTpum OasucHOH OKPYKHOCTH.

BBuay B3ammMuHOCTH COOTBeTCTBHS Touek PP w P’ npwu wmHBep-
CHIt 9TOT clyuall CBOAMTCS K MOCTPOeHuI0 Npoobpasa Mo oOpasy
B yCJOBUSIX MNpelBAYILEro cJayuas, Tak YTo Haio B Touxe P
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BOCCTABHTD TePleHinKysp K npsMoit OP, wnailtu OBHY W3 TO-
yeK ero fepeceuenus ¢ 6as3WCHON OKDPYKHOCTBIO W B 3TOH TOuKe

(Y

Puc. 138.

MPOBECTH KacaTellbHYI0 K 0asiCHOM OKPYKHOCTH 1O NePpeceue-
uus ¢ Jyuom OP B Touxe P’.

§ 2. Jlemma 06 anTunapaiieNbHBIX NPAMBIX

Ina nanpHelilero HaM MoHAaLOOMTCA ONHO BCIOMOraTeNLHOE
HOHSITHE.

Ilycre HekoTopas mnpsiMas @ rnepecekaer o6e CTOPOHH He-
Kotoporo yriaa (B, I) (puc. 139). B nepeceyennn ¢ kagoh-
mu60 w3 CTOPOH Yyria, Hanpumep R, 91a npsaMas oGpasyer
YETHPE YIria, M3 KOTOPBX TOJBKO OLMH JIEXHT BHYTpHM Tpe-
YrOJBHHKA, OTcexdeMoro npsimott ot yria (k, I).

/

Puc. 139. Puc. 140.

B nansHefimeM, korfia 6yieT UATH Peus o0 yrie MeXy nps -
MO#t M cTopoHOM yria, MBl 6yAeM UMETh B BULY HMEHHO STOT yro J.
Iycte Teneper npe npameie (puc. 140) nepecexawr cr o-
poHH yrna, npuyéM opHA U3 HMX oOpasyeT ¢ OxHOH M3
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CTOPOH Yrja TakOH e yros, xaxoli Bropas npsmas ofpasyer
¢ Ipyrolt croponoli yrna (na puc. =L 1 = =¥ 2). Jlerko nonsts,
YTo TOFJa W mepBasi Npsmasi oGpasyeT €O BTOpol CTOpoHOH
yria taxolt ke yroJ, kakol oOpasyeT BTOpas mnpsmas C nep-
BOfl cTopoHoll yria (2L 3= 2L4).

[

7 _x ‘
\¢d \ \

Puc. 141. Puc. 142

Onpenenenue. Jlpe npsiMple, NepeceKaiou(He CTOPOHBL
HEKOTOPOFO YIJ/a, HasHBATCA GHMURAPOALEAHBIME OTHOCH-
TeJBHO 9TOr0 YFJ/a, eC/iM OAHAa u3 HHX oOpasyeT C olHOH W3
€ro CTOPoH TakoOfl e yroJs, Kakoh
oOpasyer Aapyras npamas c Ipy-
roff e€ro cTopoHoi.

AHTHNApaNeNbHBIMUH  fBJISIOTCA
npsiMele ¢ M b Ha pucynxe 140,
npaMeie ¢ u d Ha pucynke 141,
rnect kudll

ArTHnapasieibHbie  NpPsIMBE,
BooO1le TOBOPSA, He NapalJelbHbL.
Wcekiouenne  coctaBlisieT  TOJBKO
ciyualt, xorna ofe NpsMue nep-
NeHLMKYJIAPHBL K OCCeKTpHCe [aH-
Horo yrna (puc. 142),

Puc. 143, Teopema (nemma 06 anTH-

napajjiefbHEX NpaMbix). flpamas,

COCOUHAIOWAN 08e MOUKL HNAOCKOCHMU, U BPAMAs, COCOUHSIO-

wasn 08¢ UHBEPCHOIC UM MOYKL, GHMURODOAAEABH. OMHOCU-

MeAbHO Y2aa C 8epULUHOL 8 YeHmpe LHBEPCUL 1 CMOPOHAMU,
RpOXOOsuUML Yepe3 OaHHBlE MOYKU.

JlokazaTenbCTBO.

IMyers © (0, R) GasuchHas OKpYXHoCTb, Toukn A’ u B’
(puic. 143) wnBepcHel cootseTcTBEHHO TOukam A u B. Toraa
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0A-0A’=O0B.-OB'=R?, 1ak_uto OA:0B=0B": 04’
KpoMe TOFO, B TPEyTOJBHMKAX AOB w B’OA’ yron O obuiui.
Cnepoatenbho, A AOBw /\ B'OA" w, suaunt, <Y OBA=—
=X 0OA'B'.

Taxum obpasom, npsmMee AB u A'B’ antunapannenbnst
omHocuTebHO yrna AOB, uro W TPeGoBanOCh NOKA3aTh.

Eciu (puc. 143) xakum-mi60 0o6pasoM MOCTPOEHE ABE COOT-
peTCTBEeHHBE B MHBEPCHM TOUKH A u A’, TO NokasaHHas JeMMa
naéT npocTolt nMpu€M NOCTpoenust 00pasa NPOU3BOJBHON Touxu B
(ne nexawell na npsmoft OA): coenumnnts B ¢ A u nposectn
npsmyio A’B’ tak, uro6n <X OA'B = 2 OBA. -

[TpensnaraeM uyuTATENIO NMPUMEHHTL STY XKE JEMMY IJS 1O-
crpoennsi 006pasa xako-nuGo Touxu npamoft OA.

§ 8. Hueepcuna OKpPYKHOCTH, Npoxopsuieii uepes LEHTp
MHBEPCHH

[TycTe HexkoTOpas OKPYXHOCTb T NPOXOANT uepe3 LEHTP
uHBepcud — Touky O. IIpu uHBepcum Bce TOUKM OKPYXHOCTH T,
3a Mck/OyeHHem Toukd O, npeoOpasyloTCs B Kakue-TO JLPYrue
rouk. Kakywo d¢urypy o6pasyior sti Touxm?

a
Pl

Puc. 144,

Teopema. Ilpu unsepcuu OKPYICHOCMS, HPOXOOALAR e~
pe3 yenmp uHgepcun, npeobpasdyemcsi 8 upaAmyo. dma nps-
MAS NepHeHOUKYANPHQ K JAUHUL UEHmMpO8 OGHHOI OKpydic-
Hocmu 1 6Q3UCHOI OKPYIHCHOCHLLL.

IHokasateancTBo. [lycts © (0, R)— GasucHas OKpYx-
Hoctb mHBepcuu, 7(0,, R,)-—NaHHasg OKPYIKHOCTb, OPOXonsi-
mas yepes O. I[posengm npsmyio OO;. IlycTh oHa Nepeceuér
OKpyxHOCTL | B Touke A (puc. 144). OGosmauum ~uepes A’
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TOUKYy, MHBepCHYI0 Touke A. Bu6epem Ha Oxpyxuoctd § npos
W3BOJIBHYI0 TOuxky P M noctpoum el uHBepcHY® Touky P’.
CoenynuM P ¢ A, P ¢ A. B cuny neMmb 06 aHTHnapaiens-
HHX NOpaMBXx <X OA’P'=_3X OPA. Ho =X OPA=90° kak
OnMMpaIoWiics Ha IHMaMeTp okpyxHocTH Y. Ilostomy OQA’P’
raoke pasen 90° 1. e. Touka P’ nexutr Ha npsamofi, npoxo-
nsuett yepes Touky A’ M neprneHnHkyJspHo# K mpsivo OO’.
O6oaHauum npsimyio P'A’ yepes a. Mu noxasanu, uTo Kawnaas
TOUYKA OKPYXHOCTH 7T npeobpasyercs B Touxy npsamolt a. He-
TPYAHO MOKa3aTh, 4YTO K 00paTHo: Kaxnasd Touka npsmoll a
HHBEPCHA HexoTOpofl Touke OKpyxHocTH 7. ClenosaTesbHO,
OKPYXHOCTb 7 NpeoCpasyeTcs NP HHBePCHH B INpSAMYO a,
uyro ¥ TpeboBaloCh MOKA3aTh.

Vs paccMorpenHolt TeopeMbl BHTeKaeT €nocof NMOCTPOEHHS
npsaMoli, MHBEPCHON NanHOH OKPYXXHOCTM, €CJIM NOCJENHAA Npo-
XOIUT uepe3 LeHTp HHBepcHm: 1) crpoum npsmyio OO,, npo-
XOIALIYIO yepe3 LeHTP HHBEPCHH M LEHTP LAHHOH OKPYKHOCTH;
2) ortMeuaeM TOouky A nepeceveHmsi 9Tofl npsamoll C LanHOH
OoKpyxHOCTBI0O (A # 0); 3) cTpouM Touky A’, HHBEPCHYIO
Touke A, U 4) uepes Touky A’ NPOBOAMM OpPAMYIO @, NepneH-
dukynspryio npsmofi OO,. ITonyuennas npsMas @ HCKOMas.

Puc. 145.

B ToM cayuae, xorna GasucHas OKPYXHOCTb INEPECEKaeT
ILaHHYI0 OKPYIKHOCTB 7|, TNOCTPO€HHE YNpOIlaeTcs: npsaMoH,
HHBEPCHOH OKpYXHOCTH 7, €BJA€TCS NpAMas, onpelensdeMas
IABYyMSl TOUKAMU Nepeceuelds OKPYXHOCTH T ¢ 6asHCHOM OKpYX-
HOCTBIO (puc. 145).
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Ecnv oKpy»HOCTL | kacaeTcsi OasHCHOM OKPYXHOCTH ®,
T0 7 Npeobpasyercds B OOLIyI0 KacaTelbHYI0O 3THX OKPYKHO-
creft. - .

Ecau 1Be OKPYXXKHOCTH KAaCalOTCsl B LEHTPE MHBEPCHH, TO
OHH MNpeoOpasyloTcs NpH HHBePCHM B Napy napalesbHEIX
NpsMHIX.

§ 4. Hupepcua OKpYXHOCTH, He Mpoxopsiieil
yepe3 LeHTP MHBEPCHH

Teopema. Tlpu unsepcuu OKpYICHOCME, He NPOXOOAUAS
uepe3 Uenmp UH8epCUll, NPeobpasyemcs 8 OKPYICHOCMS.

HokasarenbctTBO. IlycTh 0 (0, r)— GaswcHas oKpyi-
HoCTh (puc. 146), 1(0,, ry)— nanHas okpyxHocTb. IlpoBeném

d

Puc. 146.

npamyilo OO, u orMetuM Toukd A W B e& mnepeceueHus
¢ oxpywuoctbi0 7. Ilycts A" u B’ — vnBepcHble uM  TOUKH.
O6o3HauuM uepe3 P NPOMSBOJBHYIO TOUKY OKPYMHOCTH 7,
uepes P’ — unBepcuyio e#t Touky. Coenumnum P ¢ A u B, P’
¢ A v B’. 3 neMMB 06 antunapanielbHHX INPSMBbIX BHTe-
KaeT, ut0 2 /=21, 2L 2 =¥ 2. Ho = 1 4+ 2 2=90°.
Hostomy <% 17+ =¥ 2=90°. Cnenosareisho, XA’ P'B'=90°
Taxkum o6Gpasom, us tTouks P’ oTpesok A’B’ puien non nps-
MBIM yrjioM. 3HauWT, Touka P’ JeXuT HAa OKPYKHOCTH C JIua-
MmerpoMm A’B’. OGosnaunM 93Ty OKpyxHOCTH uepes 7Y’'. Mu
NOKasa/Nd, YTO Kaxaas TOUKA OKPYXHOCTH | TNpPH WHBePCHH
npeo6pasyeTcd B TOUKY OKpyxHoctu 7’. Kcxoms w3 cBolicTs
1 u2 § 1, MmoxHO 10Ka3aTh, YTO M HAOOOPOT: Kaxnas TOUKa
OKpYxHOCTH 7’ sBIsieTCs 06Pa30M HEKOTOPOM TOUKH OKPYHK-
HOCTH |. Teopema noKasaHa.
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Ho xony nokasaTennCcTsa TeOPEMH BHISACHSeTCH CJAeAYIOLINH
cnoco0 NOCTPOeHHs OKPYHKHOCTH, HHBEDCHOH JHaHHOM OKpyx-
HOCTH (ecllM NOCNeJHAS He NMPOXOJAWT Yepe3 LEHTP HHBEPCHUH):
1) mposonyum npsmylo yYepes wueHtp uHBepcun O M uentp O,
JlaHHON OKPYXHOCTH T; 2) oTMeyaem TOYkHM A W B nepeceye-
HUA 9TOR NpAMOll ¢ OKPYKHOCTBIO 7; 3) CTPOMM MHBEPCHHE
toukn A’ u B’; 4) crpoum okpyxnocts 7’ Ha oTpeske A’ B’
Kak Ha auaMerpe. Okpy;HOCTH |’ HCKOMasi.

3ameuanue. Ilpu Bcex paHee pacCMOTPEHHHX npeo6pa3oBa-
HUAX (MEpeHOC, BpalleHMe, CHMMETPHfl, 'OMOTETHS)) OKPYHHOCTh Ipe-
o6pa30BbIBanack B OKPYHHOCTb, NPHYUEM WEHTP AaHHOH OKPYMHOCTH
npeopa3oBLIBANCA B LeHTP o6pasa sTOH OKpywHOctd. Jluna, usyyaio-
e reoMeTpuuecKHe NOCTPOEHMS, YacTO MNONaraloT, YTO aHANOTUYHOE
0GCTOATRILCTBO HMEET MECTO W AN MHBEpCUM. DTO HEBEPHO: eCaM NPU
HHBEpCUH OKPYXHOCTh 7 npeofpasyeTca B OKPYHHOCTh 7/, a weHTp Of
OKpYXHOCTH ¥ npeo6Gpasyercsi B T0ouky O,, TO TOUKa O{ 3aBeflOMO He
6yzner UeHTPOM OKPYXHOCTH 7.

Teoperqa. IIBe HHBepCHO COOTBETCTBEHHHI® OKPYXHOCTM MOXNHO
pacCMaTpuBarh TaKke Kak TOMOTeTWYHBle, NPUYEM LEHTP rOMOTETHH
COBNajaeT C UEHTPOM uHBepCHM, a, KO3(QQUUHUEHT rOMOTETMH paBeH
OTHOLUEHHIO PaJMyCOB.

O6patumcs emé pa3 k pucynky 146. Ilycts P; — BTOopas Touka
nepeceyenus npaMoit OP ¢ okpyxHOCThIO 7. Torza, ¢ ONHON CTOPOHH,
X BPPy =X AB’PT 1o neMve 006 aHTUnapaliedbHHIX IPAMBIX,
a, ¢ Apyroi croponsl, X BPP; = 32 BAP;, Tak Kak o6a 9Tu yria Bru-
CaHbl B OKPYXHOCTH Y U ONHMPAIOTCH HAa ONHY U TY ke ayry BPy.
Cnenoparenbno, X A/B/P/ = ¥ BAP;. Otciona JEerKO 3aKMOUMTh, YTO
PO’ | PyO,, a nostomy OP’: OPy = O'P! : 0Py = const, Takum obpa-
30M, OKPYMHOCTL 7Y/ COOTBETCTBYET OKPYWHOCTH Y B TOMOTETHHM

O’P 4
r {O, O.P; ; , IpUYEM 3Ta rOMOTeTUsl NepeBOnUT TOUKY Py B TouxKy P/
(B TO Bpem#l KaK NaHHaA MHBepcus nepeBosur P B PY).

§ 5. MpeoGpasoeaHue mpAMOil mPH HHBEPCHH

Mmu yxe BHLeNW, YTO NpPW UHBEPCHM NPsMasd, NPOXOAALLAsA
Yyepe3 1eHTp wHHBEPCHM, Npeobpasyercs cama B cebsa. Kax
OGCTONT AeJ0 ¢ mpsiMol, He MPoXoAsiuiel uepe3 LEHTP HHBEP-
cun?

Teopema. [lpu unsepcun npamas, He RpPoxXoOAwasn
uepes yewmp unsepcun, npeobpasyemcs 8 OKPYHCHOCME, RPO-
XO0RWYI0 “epe3 yewmp uxsepcul.

Nycts (0, r) (puc. 147)— GasucHas  OKPYIKHOCTD,
a-— fannas npsMas. Onycrum u3 Toukd O nepnenpukyisp OA
Ha npsMyio a. Ilycte A’—rtoyka, HHBepcHas Touyke A,
a T— OKPYXHOCTb, uMeouias AvamerpoM OA’. Ilpu wuBepcun
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OKPYKHOCTb Y Npeobpasyercst B npamyio @ (cM. TeopeMy § 3).
B culy ceofictBa B3aumHOCTH (cM. § 1, cpoficTBo 2) mpsamas &
npeo0pasyercs B OKPYXHOCTb Y.

Puc. 147.

31y TeopeMy MoxHO ORJIO N0OKA3aTh W HeNMoCpe/CTBEHHO,
0e3 CChUIKM HA Teopemy § 3.

3aMeTHM, UTO MO XOLY JOKA3aTeNbCTBA MH BBISICHWIH CHO-
¢o0 MmoCTpoeHHs OKPYKHOCTH, MHBEpCHOH MaHHOH npsMofi.

§ 6. HnpapnanTHEle OKPYXHOCTH

[Mpu wuHBepcuu GaswucHass oKPYXHOCTH NpeoOpasyercs
B ceba (§ I, ceolictBo 5). CymecTByioT /1M LPyFrHe OKpyxK-
HOCTH, 06Janawiiue TAKHM CBOHCTBOM?

HanoMuuM HekoTOpHE onpeleleHus.

VrnoM Mexny ILByms JMHHMSMH B TOouKe HX nepeceueHusi 7
HA3EIBAETCS YroJl MexAYy KacaTeJbHHIMM K STHM JIMHHAM, Opo-
BENEHHEIME B TOuKE 71\

JlBe OKPYXHOCTH HA3HBAOTCA OPHLOZOHAALbHLIMI, €CIH OHH
nepecekalTcs nopx npsmeM yrioM. Ecmm nee okpyxHOCTH
OPTOroHAJNBHH, TO WX PalMyChl, NpPoBEIEHHHE B TOYKy MNepe-
ceueHus, NepreHfHiy/IApHE MexLy cobolt, # HaoGopoT. Orcioaa
BhiTeKaeT cnocol MNOCTPOEHMA OKPYXHOCTeH, OPTOroOHAJIbHLIX
IaHHOH OKPyXHOCTH ® B AanHo#t Touke 7. Ina aToro HdocTa-
TOYHO Ha KacaTeJbHOH [ K OKPYXHOCTH ® B Toyke I BHOpATh
NPOM3BOJIBHYI0 TOUKY Oy W MOCTPOUTH OKPYxHOCTE W, (O, O,7T),
Kotopasi ® OyleT uckoMott (puc. 148).

OrBeTHM Teleps HA BONPOC, NMOCTABJIEHHHII B HAyaje 3TOTO

naparpada.
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Teopema. Lan moz0 umobb. OKPYICHOCMS, OMAUYHAR
om 0a3ucHol OKpYIHcHOCMU, hpeobpasosaisact npu uxsepcuu
8 ce0s, HeOOXOOUMO & OOCMamouHO, umobt OHG Gblia OpMo-
20HQAbHA 6a3UCHOU OKpYICHOCMIL,

HoxkasarenbcTBo. 1) locTaTOYHOCTE. Iycrs
okpyxnocts  7(0,;, ry) (puc. 149) oproromammna GasucHoH
okpyxHoctd © (0, r). Iloka-
)KEM, YTO OKPYHOCTH | Mpe-
ofpasyerca B cebs. Ilycts
P — npou3BosibHAS TOYKA OK-

Puc. 148, Puc. 149.

pyxsaocti 7. INposengM npsmyio OP. Ona nepeceddT OKpyx-
HoCcTh 7 em€ B HekoTopo# Touke P, (ecin npsmas OP kacaercs
OKpYXHOCTH 7, TO 3a P; npumem Touky P).

Tak kak OKPYXHOCTb 7 OPTOroHaJbHA OKPYKHOCTH ®, TO
pajuyc OT, coelMBsIOIMI LEHTP HHBePCHM C TOUYKOH Nepece-
ueHHs] OKpykHOCTell, Kacaercs oxpyxHoctd 7. Ilostomy
OP - OP, = OT?==r?, 1ak uro Touka P, unpepcua touxke P.
Wtak, npu uHBEpCHM OTHOCHUTEJHHO OKPYHKHOCTH © Kaxnas
Touka P OKpymxHocTH T NpeoGpasyercs B TOuky P, Takxe
JeXAWYI0 HA OKPYXHOCTH 7.

[lpunrmas Bo BHMMaHHe CBOHICTBO B3aUMHOCTH MHBEPCHHIX
Touek (§ 1, csoitcTBo 1), MOXHO B3aKMIOYUTH TAKXKE, YTO M
o0paTHO: Kaxdasd TOYKAa OKPYXHOCTH 7 CIYXHT oOpasoM Heko-
Topolt ToykM 3TOH ke OKpyxHocTH. Takum 0OpasoM, OKpyx-
HOCTH | Npeobpasyercsa B cels.

2) Heo6xonuMocTh. [lycTs OKPYKHOCTH 7|, OT/IMYHAS
oT 0asuCHOM OKPYXHOCTH HHBEPCHM, Npeobpasyercs B cebs.
JloKaxeM, 4To 71— OKPYKHOCTb, OPTOronainHas OasHMCHOR.
Tak xaK okpyHOCTH 7| OTJHYHA OT OKPYXXHOCTH ®, TO OH2
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conepXUT TOYKy P, He nexailylo Ha o. [lycts Touka P,
uuBepcHa Touke P (puc. 149); Torma onma us AByX Touek P
u P, HaxojuTcs BHe, a APyras BHYTPH OKPYXHOCTH . Cne-
D oBATeJIbHO, OKPYXHOCThH | MHepecekae? OKPYyxHOCTH . O6o-
sHauum Yeped I ONHYy M3 ToueK MX mnepeceyenus. [lokaxe,
uro OT—xKacaressHass K OKPYXHOCTH . 3TO MOXHO yCTaHO-
BHTb CrnocoboM ,OT NmpoTuBHoro®. JlonmyctuM, 4TO, MOMHMO
toykd T, npsimas OT pcTpedaeT OKPYIKHOCTH 7 ellE B TouKe Ty.
3aMeTum, uTo Todkd P u P, pacnolloxeHH MO OXHY CTOPOHY
ot Toykn O, Tak yTo Touka O pacnosioxkeHa BHE OKPYXHOCTH Y.
B cuny usBecTHOro cpoficTBa cexyuiuxX, NPoBeAEHHEIX U3 OJHOH
U TOM ke ToYkH K okpyxuocTH, OT-OT,=OP.0OP;=r2
W rak kak OT=r, 1o u OT, =r. CleloBaTEJLHO, TOYKA T,
JLOJOKHA COBNACTL € Toukol 7, BoNpekH ponyiiendo. Hrak,
OT —kacarensnas K okpyxHoctd 7. CnenoBaTesnsHO, OKpYXK-
HOCTH ® W | OPTOrOHAJBHHL.

Teopema. Ecru oxpyscnocmy npoxodum uepe3 Ose 83a-
UMHO UHBEPCHblE MO4KU, MO Npu UHBepLul OHG npeobpa-
3yemcs 8 ce6n.

HokxasateancTBo. IlycTs OKpYyXHOCTH T NPOXOLHUT
uepe3 ToykH P u P’, vHBepCHbHE OTHOCHTENHHO OKPYXHOCTH
© (0, r). Torna OP-OP'=r2.
flcno, uro Touka O BHe
okpyxHoctd 7. Ilycts Q—
NpoHU3BONbHAS TOYKA HA OK-
pyxnocth 7 (puc. 150). [1po-
sendm ayd OQ, 4 nycTh OH
BCTpeYaeT OKPYHOCTHL 7 B
Toukax Q u Q' (8 ciyuae
Kacauud snyya OQ C OKpyx-
HOCTEIO ¥ Q' =Q), Torna
0Q- 0Q' =O0P - OF =r?, Puc. 150.

T. €. Toyka @ mMHBepcHa

Touke Q. Hrak, ecnu kakas-mHOO TOUKA JEKMT HA OKPYyX-
HOCTH 7, TO MHBEPCHast efl TOYKA TaKXe JIeXHT Ha 3TOH OKpyIK-
Aoctd. Orciona 3ak/ioyaeM, YTo IPH HHBEPCHM OKPYIKHOCTH 7
npeobpasyercs B cebsl.

Cuedemeue. OKpPy HOCTH, NPOXOAfLIAs uYepe3 ABe B3aMMHO
WHBEPCHHE TOUKH, OPTOTOHa/bHA K 0asMCHOM OKpYXHOCTH
nHBepcun. Bee OkpyixHOCTH, NPOXONsiine 4yepe3 NBe B3aHMHO
HHBEPCHBIE TOYKH, OCPA3YIOT S/UIMITHYECKHH NMYYOK, COCTOALUMH
U3 OKpY»HOCTel, OPTOroHAJbHHX 0(a3uCHON OKPYXHOCTH HH-
BEPCHH
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§ 7. Coxpanenue yrjos ONpH WHBEPCHH

[Tycts uepe3 Touky M npoxomsat ABe JUHMM Y; U Ya IIpennono-
WUM, 4TO CyilleCTBYeT €MHCTBeHHaf KacaTelbHafl K KamKJOH W3 9TUX
quHui B touke M. Ilycre npu umsepcuu TOYka M mnpeofpasyetcs

7 /7
B TOuKy M/, a JuHUY 71 H Y3 COOTBETCTBEHHO B JHHMH Y; U Yy OxKa-

/ ’
3biBa€TCA, YTO Yrod MEWAY JUHHAMH Y, U Yo B TOuke M’ pasen yray

MeX(y JHHHMAMH Yy H yg B TOuke M.

Jlemma. Ecau npu uHsepcuu OMHOCUMEABHO OKDYHCHOCIU
© (0, r) moura M u npoxoOsujas 4epes Hed aunus y npeodpa-
syromest 8 mouxy M/ u sunuro Y, mo aunuu y u Yy’ 8 Imux mou-
Kax ofpa3ymwm ¢ npsMou
OM pasnbie yenvl.

JoxaszareanbcTBO.
ITycte P (puc. 151) — npous-
BOJbHAS TOYKAa Ha JUHWH T,
P’ —eit wuHBepcHas TOUKa;
torga P’ ;exut Ha Y.

Coenunum Mc P, M’ ¢ P/,
B cuny nemmet 06 anTunapad-
JleNbHBIX NPAMBIX SXMM! P/ —
=XMPO umu X MM’'P’ =
=M MP—XMOP...(1).

Iycts npu Heorpanuyen-
HOM npubmienud TOuku P
BAOAb JMHMU Y7 K TOuKe M
cekymaa MP crpemurcs X
nonoxenuio MA, Tak wTO
MA— xacatenbnag K quuud Y B Touke M. Ilycrb X M/MA=¢.
Torpa PlimM X M'MP =¢. B 10 e Bpems, Korga P crpemurcs ¥ M

>

BAONb MuHuM Y, yron MOP cipemutcst x Hymo. [lostomy, B cuny pa-
BenctBa (1), yron MM/P/ takike CTpeMHTCA X ONpeneNEHHOMY Ipe-
neny, paBHoMy ¢. Takum oOpasoM, xoraa P cipemurca ¥ M BRoIb
JunuM Y (1, cienoBatenbuo, P’ ctpemurcs K M/ Ha nvHum '), cexy-
mas M/P’/ cTpemurcsi K HEKOTOPOMY NpefiebHOMY TOJNOXEeHWIO M'/r’.
A’M’ — kacatenbhan 7/ B TOuke M/ (IO ONpeleneHMio KacaTENbHOM).
Mbi BUUM, UTO & MM/ A’ = ¢. JleMma noxasaua.

Teopema. Ecau Ose auHuu Y, u Yo & mowka ux nepecedernus M
npeolpa3yromes 8 HeKOMOPOIL UHBEPCUL COOMBEMCMBERHO 8 AUHUL

1{ u -{; u moury M/, mo yzon meacdy AutusMu §; u g 8 mowxe M
4 /
pasen yzay meacly JAUHUSMU |y U Y, 8 moixe M,

Puc. 151,

JoxasateabctBO. IlycTh @ ¥ 43— KacaTenbHbie X 7; H Y5
4 4 4 4 7
B TOUKE M, @) ¥ @) — KacaTelbHHE K Y, U ¥, B Touke M’ (puc. 152).

Bynem npeanonarath, 4To HU OfHa W3 NPAMBIX & U &, He COBINa-
naet ¢ npamoit OM, rae O — UeHTp HMHBEPCHH; B TPOTHBHOM Cnyyae
JOKa3aTeNbCTBO TOMbKO ympolyaetcd. Ypamoit MM’ nnockocrs pa3stu-
BaeTCs Ha JIBE NMOMYNJNOCKOCTH. BbifepeM B OJHOR M3 HUX Ha KaX o

o r 7 o . Y4 ’
npaAMOli @, @, W @, dy o onnolt touker A, u Ay Ay w A, B cnny
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JIeMMBbI
XM MA = x MM 4] @
XM MA, = x MM’ 4 @)

[Tyctb Aas onpenentHHOCTH %:M’MA;J<§CM'MA1, orciona XA MA=
=X MMA— X MMA v ¥XA4MA =3 MM A]—x MM 4,
TaK YTO B CHIy paBenctB (2) u (2) {A{M'A;:g:AIMAz. Teopema
JIOKa3aHa.

Credcmsue. Ecm nBe IMHMM KacaoTcsi B HEKOTOPOH TOYKe, OT-

nIMYHOH OT LeHTpa MHBEpCHY, TO WpH MHBEPCHM OHH TNPEO6Pa3yloTCs
B JIBE NMHUH, KOTOPHIE KacaloTcsl B COOTBETCTBEHHOH TOuKe.

Ml

);I
Puc. 152.

PaccMoTpennylo TeopeMy MHOTAA KPaTKO GOpMyJHPYIOT M TaK: Npu
MUBEPCHY COXPaHSETCA Yrod MeXny AByMs MunusMu. ViMes B Bumy aro
CBOHCTBO, I'OBOPAT, YTO WHBEPCHA sIBAfieTcs KOHMOPpMHbBM (. €. CO-
XpanfiioniuM ¢oepMy) npeobpasoBaHuEM.

Ha pucynke 152 netpynso ycmotpets, uro yrisl A, MA, u A{M’A;
[IPOTHBONOJIOXHO OPMEHTUPOBaHbl (4TOGHI NMONYYMTH 9TH YriH, HYXHO
ayy MA; Bpamarth npOmug YacoBOH CTpenkH, a Jnyd M'A{——no qaco-
BO#t cTpenke). DTO OGCTOATENLCTBO HOCHT OOLIMH XapaKrtep: NpH HH-
BepcuM COXpaHsleTcsl BeNMYMHA yria, HO H3MEHseTCs €ro OpHeHTalusl.

§ 8. Pemienne 3ajay Ha MOCTPOEHHE
METOJ0M HHBEPCHH

CylHOCT, METOLAa HHBEPCHH B3aKMNIOYaeTcl B CJELYIOLLEM.
Hapsiny ¢ paRHBIMM H WCKOMBIMH (UTypPaMH pacCcMaTpHBaeM
¢urypH, WHBEpCHHIE MM MAM uX gactaM. HHorna 9T1oro oka-
3LIBAETCH YK€ ILOCTATOMHO LJifl HAXOMIEHUS TAKMX CBsiselt Memny
HWCKOMHIMH W IaHHHMH, KOTOPHE HYXHEl [/ PeIleHMs 3alaud.
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B 6ospmMacTBE CAyuaeB peluleHue 3alaud CBOJAMTCH K MOCTpoe-
HHIO GQUrYpH, MHBEPCHOM HMCKOMOH, B MPENNOJOKEHHM, 4TO yHKe
nocrpoena ¢urypa, uHBepcHas napunofl. Sr1a nocienuss 3ajada,
npu ynaunoM BoiOope Oa3sUCHOH OKPYKHOCTH, MOXET oKa-
3aTkCs Npouie paHHOM sapayu. [loctpouB ¢urypy, HHBEPCHYIO
ucKoMoM, 3aTeM CTposT HcKoMyw ¢urypy. Meton muHBepcuu
1a€T BO3MOXHOCTL PEIINTh paj Haubolsiee TPYLHHX KOHCTPYK-
THBHBIX 3aJla4 3JI€MEHTAPHON reoMeTpuM.

HepocTatkoM 3Toro MeTopna siBisieTCsl €r0 FPPOMOSBIKOCTb,
CBA3aHHASA ¢ HeOOXOIMMOCTBIO BHIOJHHTE OOJbILIOE YUCHO MO-
CTpoeHuit.

PaccMOTpHM HeCKOJNBKO NpPHMEPOB.

Ilpumep 1, Uepes nee pannbe Toykk A W B npoBecTH
OKPYIKHOCTb, OPTOFOHAJNBHYIO JaHHOM oOKpyxHoctH o (0, r)
(puc. 153).

Eciu npuMem OKpYKHOCTL ® 33 O0asHCHYIO OKPYIKHOCTE,
TO NPH HHBEPCHUM MCKOMAS OKPYIKHOCTH 7 Npeobpasyercs B cebs,

Puc. 153.

a Toukd A M B mnepeiipyr B Toukn A’ u B’ Ha 3TOH OKpYX-
rocti. Ho oKpyxHOCTH 7 BHoJHE onpenensercsd, €clH HaBe-
CTHBHl TPH TOYKHM Ha mHell, Hanpumep A, B u A’. Orciona Bhi-
TeKaeT MOCTPOeHMUE.

1) CrpouM TOYky A’, HHBEPCHYIO TOYKE A OTHOCHTEJBHHO
OKPYXHOCTH .

2) CTpoHM OKPYXHOCTEH Y, MPOXOAANYI0 uepe3 TOuKH A,
B u A’. 71— uckoMast OKPYXHOCTb.

Ecin toyka A nexuT Ha OKpPykHOCTH ®, To Toyka A’
COBMajaeT ¢ Toykol A M yKasaudbifl NyTh pellleHUs] HENpHro-
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sen. B otoM ¢nyyae uyHO NpOBECTH aHANOrMuHOE IOCTpOeE-
Hie OTHoCuTenpkO Toykd B. Eciu o6e touku A u B nexar
Ha OKPYXHOCTH ®, TO NOCTPOE€HHe MOIKHO BHIOJHMTL Tak:
yepes A u B npoBosuM KacaTenbHbie K OKPYXHOCTH ® U OT-
mMeyaeM Touky ux nepeceuenns (O, O,— LeHTP HCKOMOMH
OKPY2KHOCTH.

ITH NOCTPOEHHS] HEMPUroiHH, eciu Toukd A, B u O pac-
[OJIOXeHH Ha OAHOM mpsimod. Eciu npu stoM Toukd A M B
He MHBEPCHE, TO 3aJaua He HMeeT peluends. EcCiH Ke TOUKH
A 1 B nHBEPCHH OTHOCHTENHHO OKPYXHOCTH ®, TO 3ajaya
nMeeT OECKOHeuyHO MHOro peluenufi: n06as OKpPY¥XHOCTH, NpO=
xXonsiiasg uyepes ToYkH A W B, OpTOromajbHa OKPYXHOCTH ©
(cm. § 6).

Mpumep 2. Iaun: Touka O W IBe He NPOXOAfLIHE uepes
HeZ npsimble @ u b. Tlposectw uepes Touky O Takofi nyd,
yToOH NpOM3BeleHHE €ro oTpe3kos oT Toukd O [0 TOueK
nepeceyenus ¢ MLAHHHIMH NPSMBIMH OBLIO paBHO KBalpaTy JaH~
HOI'O OTpesKa.

o 4 B
a'

Puc. 154.

Ananus. Ilyete O (puc. 154)— navmas TOYKa, @ W
b—nanvpe npsameie, O AB—uckoMHift J1yd, Tak uto OA - OB=r?2,
rne r— gadasfl OTpEesoK.

Husepeust oTHOCHTENRHO OKpyXHOCTH © (O, r) nepepelér
TOuky A B TOuKy B, a npamyl0 @—B HEKOTOpyI0 OKpyX-
HOCTh @', MNpPOXOASIYI ueped Touky B. Takum o6pasowm,
B=a'Xb.

I[Toctpoenue. Crpoum mocnenosatenbro: 1) OKpyx-
Hocts ©(0, r); 2) ob6pas o’ npsMoit @ B HHBEpCHMM OTHOCH~
TensHo ®; 3) Touky B==a’ X &; 4) nyu OB, xoropwift H yI0-
BIETBOpSAET YCJOBHIO 33a1au.
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IDoxasarensctBo. [lyete A=0BX a. Torna A—
npoo6pas Toukd B B uHMBepcuH oTHOCHTelpHO (0, r), Tak
Kak Npsmas @ -—— npoo6pas okpyxuoctd a’. CrenoBaTelbHO,
no onpepnenentio unsepcun, OA - OB ==r2.

Hccnenosanne. DBoaMokHH  crenywoiuwe — caydau:
1) oxpyxHocTs @’ nepecekaeT NpAMy© b; 1Ba pellEHHs;
2) okpyxHocT, @’ xacaercs npsmofl b; opnHO peluenue;
3) okpyxHOCT: @’ He UMeeT OOGWIMX ToueK C npsiMolt b; pe-
LHIeHn HeT.

Tak Kak HckoMass Toyka B 00g3aTejbHO COOTBETCTBEHHA
rouke A B uHBepcHH OTHOCHTENbHO © (0, r), TO0 Toyka B
BomkHa OuTh obulelt Touko#t npsMoH b u  oxpyxkuHocTH a’.
Orcioa cnenyer, uTO HpPYIHX pelleHuit, KpOMe HaiileHHHX,
3aj1aya MMeTh HE MOXET.

IIpumep 8. ITOCTPOHTE OKPYKHOCTh, KacaTeNbHYI) K NaH-
HOlt OKpy»HOCTH /° ¥ NpOXOASLLYI0 yepe3 [BE IAHHbE TOUKH
A n B e paHHOH OKPYXHOCTH.

Puc. 155,

Avanus. Ilyere § (puc. 155)—uCKOMas OKPYKHOCTE.
Kenareneno npeoOpasoBaTh (GUIYPY Tak, YTOOH OKPYXHOCTDH Y
(wau oxpyxnocts [) npeobpasosanack B npamyn. G s1o#
1eJBI0 OpHMEM TodyKy B 32 UeHTp HHBEpCHM, a4 OTPE3OK
BA ——3a panuyc wunsepcuu. Torma okpymrocts I” npeobpa-
3yeTcs B HEKOTOPYIO OKpyxHocts I, Touka A mpeoGpasyercs
B cebsi, MCKOMAas OKPY}XHoCTb 7-—B npsMy ¢’. [lpsMas ¢’
LOMmKAA NpoHTH uepes Touky A’ (cosmapamowmyio ¢ A), Tak Kak
OKPYHOCTh 7 NPOXOAMT ueped TOYKY A, a TaiKe KacarhCs
okpyxnoctn 17, TaK K4K OKPY»XHOCTb 7| KACaeTcss OKpPYX-
AHocti I (puc. 156). Takum ob6pasoM, 3afiaya CBOAMTCA K mO-

158



CTPOEHHIO KaCaTe/JbHOHl W3 MOCTPOEHHOH! TOYKH (A") k nocrpoen-
ot okpyxuoctu (I).

[Toctpoenue. CTPOMM MOCNENOBATEIBHO:

1) OKPYHOCTL ® ¢ LEHTPOM B Touyke B panmyca BA;

2) okpyxnocTs [¥, MHBEpPCHYIO OKpy)HOCTH I OTHOCH-
TenbHO OKPYXHOCTH ]

3) mpaMyo q’, npoXoasulyl0 uyepes Touky A H Kacawo-
wyiocs okpyxnocta [

4) OKPYHOCTb 7, HHBEPCHYI0 NpsiMOH ¢’ OTHOCHTENHHO
OKpyXHOCTH ©. OKPYXHOCTH T HCKOMAs.

Y’ T' 4

Puc. 156.

HokasarenbctBo. [IlpaMas 7' Kkacaercs OKpyx-

Hocth [¥, TOSTOMYy COOTBETCTByIOuias €M OKPYXHOCTb 7Y
KacaeTcst cootBeTcTBeHHON okpyxuoctd [ TlpsMast 7’ mpoXo-
IHT uepe3 TOUKY A, H NO3TOMY OKPYXHOCTH 7 HPOXOLUT
yepes Ty e TOUKY; BO BCeX CJIyuasX, KOrja npsmas 7’ He
NPOXOLHT YEPes LEHTP MHBEPCHHM, OKPYXHOCTH 7 NPOXOILHT Yepes
LleHTp HWHBEPCHH, T. €. uyepe3 TOUKy B.

Mccanenosanume. V3 ueTHpEx warosB NOCTPOEHUA Waru
1) u 2) Bcerna BENOJHHMH, NPUATOM OAHO3HAuHO. PaccMorpum
noctpoenue 3).

[Tposenenne kacateibhoft K okpyxunoctd I’ uepes Touky A
3aBHCUT OT PACHNOJIOXKEHH TOUKH A OTHOCHTENBHO OKPYXK-
soctd Y. MOXHO IONyCTHTH TP NMpennoiomeHus: a) Toyka A
HAa oKpyxwmoctH [I”; 6) Touka A BRYTpM OKpyxHocTH IV
B) Touka A BHE OKpyxHOCTH [”.

Crnyua#i a) HeBO3MOXeH, Tak Kak M3 A’ €17 cnepnosano GH
AET, uTo NPOTHBOPeYHT YCJIOBHIO 3alauu.

IloxamemM, uto cnyuall 6) Takke HEBO3MOxKeH. IIpuMeHHM
LISl 9TOFO JL0KA3aTENLCTBO ,O0T NPOTHBHOrO“. JlonycTHM, YTO
Touka A pacronaraercs BHyTpd okpyxnocti I (puc. 187).
Tak xax Touka B, mo ycnosuio, BHe I', To B taixe Bue I”
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(310 cneayer wm3 crnocoGa nocrpoenmst okpyxuoctu [7). Ilo-
sTomy ayu BA’ Bcrpernt okpyxHOCT> 7 B JAByX TOYKax,
NpuyéM OfHA U3 HHMX BHYTPHM OKPYIKHOCTH ®, a Ipyras BHe eg.
O603HauuM BHYTPEHHIOI0 TOYKYy nepeceyeHms udepes P’, a pHell-
nio10 — yepes Q. Ilpu meeepcun Toukn P/, Q' u A’ npeoGpa-
3yloTcd B ToukH P, @ n A, npuuéM Q BHYTPH w, P BHE v,
A va o, 1ak wro A nexur Mexay P u Q. Oxpyxuocts I7,
npoxonsias tepes P’ u @, nepeiingr B okpyxHocte I, npo-
xonsuy uvepes P n Q.
W tak kak TOuka A npmu-
Hajaexutr xople PQ ok-
pyxHocth I, 10 A BHY-
Tpu ', BONpeKH yCIOBHIO
3a0auH.

Takum o6pasoMm, BO3-
MOXeEH Jullb chiyuyall B),
T. e. A Bue IV. [lo310-
My H3 TOukM A Bceraa
MOXHO MNPOBECTH IBE Ka-
cateibHHe K OKDYKHO-
cru I”.

ITepexonnM x uyeTBEp-

Puc. 157. TOMy wary. [Ipu uusepcun
npamas |’ npeoGpasy-
eTcd B OKPYMHOCTh JHUIL B TOM clyuyae, KOria 31a mnps-
Mas He NPOXOAWT duepe3 HEHTP wuHBepcuH. Ecam e nps-
Mas 7’ mpoxoamt uepes Touky B, To npsMas BA kacatenbHa
Kk okpyxHocrd 7. Ho npm weBepcum npsmas BA npeoGpa-
ayercss B cebs, a okpywHoctb I — B okpyxuocts I. Caeno-
BaTeJbHO, €CAM NpsMas |’ NPOXOAHMT 4Yepe3 TOuky B, To OKpy-
Hoctb I” kacaetrca npsamoll BA (m nHao6opor). B s1oM nocaen-
HeM cJayyae mnpsMas 7’ WHBEPTHPYeTCss B MPAMy10. TakuM
00pa3oM, NPHXOAMM K CAeAYIOHIEMY BEIBOAY: MpPH LAHHOM CIO-
cofe MOCTPOeHHs MBI IONyyaeM eIHMHCTBEHHOe pellleHHe, eCiH
npsaMas AB kacaetcs OKPYXHOCTH /', M JBa pelleHns BO BCH-
KOM 1pyroM chayuae.

Pewas 3anauyy kakuM-au00 HHEIM CMOCOOOM, Ml He Moay-
4HM HOBBIX peuieHuil. B caMoM jnene, ecim 6w 3amaya uMena
Oonee oaHoro peulenus B chayyae, koria AB kacaercs I, WIH
6osee nByx peurenuit B moGOM HHOM ciyuae, TO MOC/ie MHBep-
CHA OTHOCHTEBHO OKDYXHOCTH © OKasaloce Oul, uyTo uepes
Touky A’ (A’ == A) npoxonnio O6b He MeHee TPEX KacaTelbHBIX
K OKpPYXHOCTH I, YTO HEBO3MOKHO.
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3aMeTnM, 4YTO naHHyI0 3a7aly MOXHO peIMTH, NPHHMMAadA
33 1lEHTP MHBEPCHH TOYKY Ha AaHHOH okpywxHocts I. IIpn stom
3a7a4a CBOAHTCS K Clelyiolleli: NOCTPOUTh OKPYXKHOCTb, Kacai-
UIyI0Ccq LAaHHOM MpsaMoOll M NPOXOAAWY 4Yepes JBe JaHHblE
TOYKM. DTa 3ajaua MoweT ObITh peiteHa (e3 nMpuBiedeHHA Me-
tona rueepcun (cm. ra. II, § 8).

§ 9. 3anaua Anojjonus

MertonoM uHBepcHn MOXeT OHTh pellleHa B ofmieM cayyae
u3BecTHas 3a1aya AnosiOHMS O KACAHHH OKPYIKHOCTeH:

Tocmpoums OKpyscHOCHD, Kacaouyiocs mpéx oannbLX
OKpyICHOCMEL.

Srta sanasa BrnepBbe G pellleHa W3BECTHHIM TI'PEYeCKHM
reomerpoM AmonnonueM Ileprckum B IIl B. 10 H. 3. B coyn-
HEHMM, KOTOpOe IO HAaCc He JOWJIO, HO O KOTOPOM YMNOMHHAIOT
HeKOTOpHle apeBHMe MaTeMaTuku (nanpumep, Ilanm). Croco6,
C TOMOUIBI0 KOTOPOro peumn 3Ty 3aaauy Anosnonuii, Heus-
pecTeH. MHOr'He 3ajaun M3 yiCaAa PACCMATPHBAEMBIX B IIKOJbLHOM
Kypce reOMeTpuH MpeicTaBAsi0OT YACTHHIE MW MpelelibHble cay-
yay sanayu Anoanonus. YacTHele cayyau BO3HMKAIOT MPM Crie-
LMaJBHOM PACIMOJIOKEHHH JAHHBIX OKPYXHOCTell, npepesibHbe —
KOria BCe MW HEKOTOPHeE H3 JAHHEIX OKPYMHOCTeH BHIPO-
HJAIOTCA B TOYKH (PajnyC OKPYIKHOCTM HeOTPAHHYEHHO YMeHb-
uiaeTcs) MM NpsMble (Panuyc HeOl PAHHYEHHO BO3PACTAaEeT).

ITpexxne uem peumts 3amayy AmnoanoHus B o0uieM Ciyvyae,
pPacCMOTpHMM HeKOTOPHIE YAaCTHBEIE M MpefefibHble €€ CAyYau.

3apaua 1. IlocTpoute OKpPYXHOCTb, NPOXOLALIYI0 Yepes
TPH JaHHHE TOUYKH.

Peutenne 061uenssecTHo.

3apaya 2. Iloctpouth OKPYKHOCT, Kacawuyiocs TPEX AaH-
HbIX GipsAMbIX. Pelllenne s7tof 3anauM rakxe ofuienssectHo. Ona
MOXeT MMeTb 0 HeTHIPEX pelleHHH.

3anaua 3. IlocTpoHMTe OKDYIKHOCTH, MNPOXOAAILYI0 Yepe3
JaHHYI0 TOYKY M KAacamwuyiocs ABYX [aHHbX MapanjieibHbix
npsMuix. Pewenne 7ol 3anaun manoxeno B § 6 ra. IL

3anava 4. ITocTpoutb OKpYKHOCTH, NPOXOAALLYI0 4Hepes
JaHHY10 TOYKY H KACAIOWYIOCHd ABYX LaHHLIX nepecexaloumxca
npameix. (Pewenne cm. [9], ra. IlI, pasnen IV.)

3apnaya 6. IlocTpouTs OKPYMHOCTH, MNPOXOLAILYIO Yepes
JABe NaHHHE TOYKM M KacalolLyiocsi LaHHOH npsMoH.

Dra 3amaya MOXKeT OBLITh pelleHa MeTOLOM MHBEPCHHM, €C/H
32 LEHTP MHBEPCHM [IPUHSTb OIHY W3 J[AHHHX TOueK, 4 e
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pacctosuue Ao fanHofl mpsaMolt npuusTe 33 panuyc uHBepCuy.

Ona moxer OuiTh peweHa u Ge3 umBepcuu (cM. § 8, ra. 2).
3apaua 6. IlocTpouTh OKpPYXKHOCTb, KacCalOWYICsS NaHHOH

OKDPYHOCTH M INPOXOASHLLYI0 Yepe3 JABE JaHHLIE TOYKH.

ATy sanayy Mol PEWMIH B MpelbliylleM naparpadge B mpen-
TN0JI0XEHWH, 4TO [AHHbLIE TOYKH PACNOJOXKEHL! BHE LAHHON OKPYyK-
HOCTH. B Apyrux cayuasix pelleHHe aHalOrMyHO WM ewd
npotute.

3apnaya 7. IlocTpouTh OKpPYXHOCTB, KaCAlOWYHOCH TPEX
JAaHHBIX ~ OKPYXHOCTeH, mnpoxodsuMx 4Yeped ofHy o06ulywo
TOuKy P.

Ecau npubate o0uiyio TOYKY TPEX AAHHLIX OKPYKHOCTEH 7,
Tz M g 33 ILEHTP MHBEPCHMM, TO 3ITH OKpYKHOCTH 1npeobpa-
3yioTcad B Tpu npamule. Taxum o0pasoM, 3anaya CBOAMTCH K IMO-
CTPOEHHI0 OKPYKHOCTH, Kacawouiefcss TPEX MOCTPOEHHLIX NPAMBIX.
Hckomaa okpyxtocte — 00pa3 3TOM OKPYXKHOCTH B AaHHOH MH-
BEPCHH.

[MepexoauM Kk peuleHmio 3ajayv ArnoJjioHus B oOueMm cay-
yae, NMPHYEM OCTAHOBUMCS /WIb HA OCHOBHBIX MOMEHT4X 3TOTO
pelueHysi, He BHHKAA B OTLefbHbE ero JeTaiu.

Pewenne, KOTOpoe Mbl JaiMM, OCHOBAHO Ha INpeNBAPHTE]b-
HOM pelleHMM JBYX BCNOMOraTefpHbIX 3alau (NpeicTaBsiOninx
npenaenbHHlt M 4acTHHH
ciyuau  oOmel  3anauu
Anoannonusy).

o l-aBCcnomMorareip-

Hasg 3a/]avya: NoCTPONTh

OKPY3KHOCTb, Kacaiouiyocs

IAByX IAHHBIX napanfiefb-

HHIX TMPSAMBIX K JaHHOH

\A< OKPYKHOCTH.

b 3anaya o0OBYHO pe-

LIaeTCsT METOAOM TeOMeT-

Puc. 158, puueckux mect. Ilycts a

U b— navHbe MpsIMbIE,

7(0, r)—pannas okpyxHocte (puc. 168). I3 npoussoapHOH

TOYKH A Ha npsMmoll @ onyckaem reprnesaukyasp AB Ha nps-

My10 b. Yepes cepenmny C orpeska AB npoBoAMM INpSMYIO ¢

napannenbio a. CTponM OKPYXROCTb 8 ¢ nestpoM B TOuke O

pannyca r— AC (manm panmyca |r— AC|). OTmeuaeM TOUKY

nepeccyeHuss STOH OKPYXHOCTM C mpaModl ¢; 310 u Cyner
IEHTP HMCKOMOH OKPYXHOCTH. !

DTa 3ajaua MOXeT MMETh HO YeTHPEX Pa3NMuHbIX pelleHHH.
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9-9a BCnOMOraTedbHas 3ajava: NOCTPOMUTH OKPyX-
HOCTh, KAcalOUlyloCsl TPEX JaHHLIX OKpy»XHOCTeH, eciu ABe
y3 HEX B3aMMHO KACAIOTCH.

J1a 3a7a4a pelIaeTCs MeTO-
noM uneepeun. flyetb 74, 7, ¥
{3 — AAHHBIE OKDYXHOCTH, MPH-
yéM 7, M 72 Kacaiorcs B Touke T
(puc. 159). Tlpumem Touky T
33 1leHTP MHBEPCHH, 4 32 paiuyc
yHBEPCHA — ITPOH3BOJIbHLI  OT-
pe3ok (yAoOHO n3bpath ero Tak,
yro0b 043HCHASA OKPYMHOCTh ®
nepeceKsa OKPYXHOCTH Yy U Tp)-
[Ipn MHBEPCHA OKDPYIHOCTH Ty
W 7Ty NpeolpasywTcs B napy
napanienbHHX MPAMBX 7] H Tg Prc. 159.

(cM. § 3), 2 OKPYXKHOCTb 73—

B HEKOTOPYIO OKDYKHOCTH (WM npsimyto) ;. Ilocrponts okpyx-
HOCTb 7', KAaCAIOWYIOCH NMpSMBIX 7, M 7, H JHHWM {5 MBH yMeeM
(cM. 1-10 BCcromorartesb-
Hy10 3anauy). Ilpn unBep-
CHH 3TOH OKPYXHOCTH OHa
npeofpasyercssi B OKPyx-
HOCTb (MAM TIPAMYI0) T,
Kotopas OyLeT KacaTbCs
TPEX JaHHHIX OKPY)KHO-
CTedl 11, 2 B {3

Pewense 3anaun Anos-
JAoHus B ofweM cayyae
CBOAMTCA K 3TON 2-1 BCMO-
MorartesnpHol 3anaue. Mol
BOCMO/b3yeMCS I 5TOTO
[IPpUEMOM, MHOTJA Ha3H-
BaeMbIM ,MeTOJO0M paculH-
penus“.

Ilas  onpelen€HHOCTH
paccMoTpuM TOT cayuaH,

Puc. 160. Korja Kamynasa M3 TpPEX

ILLaHHHIX OKpY)KHOCTeH pac-

nosoxeHa BHe AByX APyrux (cM. puc. 160). B npyrux cayuasx
pellleHde NPOBOAMTCH AHANOIMYHO.

Mycts 71 (05, 1) 72(Oyr 75) 1 75(Oyy r5)— Rammitie OKpy-
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wocu. Tlycts, Aanee, npsmas O,C, nepecekdet OKPY*HOCTH Yy
B Toukax A, u A, a OKDPYXHOCTb T2 —B TOlI}faX A, n Ap. Us
ueThpex otpesko A,As, Ajds, AA; u AiAz puGepeM xpar-
yatiunit. ITycre 910 Gyner oTpesox A,Ay O6osHauuM yepes T
ero CcepefuHy. YBeaMYMM panuych Bcex AGHHBIX OKpYKHOCTeH

14
wa orpesok A,T, 1. e. nocrpoum o<pysuectdt 11(On 11+ AT)s

15(Ogs ra—+ A T), 15(0gs ry—- AT). V3 BMX OKPYXKHOCTH 71 H
7, Kacaiotcs B Touke T. Mbl MoxeM Tenepb UOCTP‘I)"TB OKpy3-
HOCTh 7|’, KACAIOULYIOCS TPEX OK[YMKHOCTEH T Te BTy (o
2-10 BCMOMOTaTenbHy10 3anauy). OGossauiM UEHTP OKpysi-
HOCTH T, yepes O, a paauyc — uepes r’. Ecan 3aTeM NOCTpOUTb
KoHenTpuueckyo el okpyxHocts (00 7 "4+ AT), To 12
nocienHsas GyAeT KacaThCs TPEX AAHHBIX OKPYKHOCTEH.

Upcno BCeX BOBMOXHHIX pelenmil 3aidn ANOJUIOHHMS 3aBH-
CHT OT B3aMMHOI'O PACNoJOXKeHus LaHHbIX oK pyxHOCTell. IMpn-
BelEM (es 10Ka3aTeNbCTBA HECKOJAPKO MPHMEPOB-

1. Eciu OKpYsHOCTB 7|, pacriofioxesd BHYTPH OKpyKHO-
CTH 7, & OKPYXHOCTh 7, BHe OrpysHOCTH Y1 (PHC. 161), 7o
3a1a4ya Arnoj/oHHS BOBCE He MMeeT pelueHHA. 310 OTHOCHTCH,

D

Puc. 161. Puc. 162.

B YACTHOCTH, M K Cyuaio, Korjna Bce TpH A2HHHE OKPYKHOCTH
KOHILEHTPHYECKHE.

2. Ecan naBe OKpyxHOCTM 7T, H 12 KACATCH, 4 Tperbd
OKPYXHOCTh 75 IepecekaeT MX B TOUKe HX KaCatMd, TO 3a7a4a
Anonnonns umeer aga pewenus 1y v I (puc. 162).

8. Ecin Kawaas M3 JLaHHBX OKpYXHOCTEHl pacroioxena
BHE IBYX IPYruX, npuuéM KacareipHai K KOXALIM IBYM M3
LAaHHLIX OKpY»HOCTe#l He nMMeer oOLueH TOUKH c TpeTbell OKpyx-
HOCTLIO, TO 3a/aYa MMeeT BOCeMb pellenuf (puc. 163).
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4. Ecni Bce TpM nanHble OKDPYXHOCTH MOMAPHO KacaoTcs
B OJAHOH TOYKE, TO MOXHO (pOBeCTH GE€CKOHEYHO MHOro
OKPYHHOCTeH, Kacaomuxcs Kawaofi u3 AabHUX (cM. puc. 164).

Puc. 163. Puc. 164.

[TonHoe wWecjenoBaHMe MOKA3bBAET, YTO €C/M 331ayd Anon-
JOHHA HMeeT JMIUb KOHEYHOe YHCIO pel.I_IEHPlH, TO HX He OoJee
BOCHEMH.

§ 10. Hueepcust u ocepasi CHMMeTpHA

MOXKHO yCTanOBUTh NajieK0 HAYIUYI0 aHANOTHI0 B CBOUCTBaX HH-
BepcHH M oceBofl cuMmeTtpuH. Jlist STOrO HANOMHHMM HEKOTOpHle CBO#-
CTBa HHBEPCHH.

1. MiuBepcus coxpaHsieT yroi nepecedyeHHsl ABYX JMHMI, MEHAS NPH
STOM €ro OpPHEHTALHIO.

2. Mpsamas, oproroHanbHas 6a3HCHON OKPYMXHOCTH, Npeofpasyercs
B cels. .

3. BasucHasi OKPYIKHOCTh HHBEpPCHH npeoGpa3zyercs B cels.

4. Besikas OKpYIKHOCTS, OPTOrOHaJjbHasi 6a3HCHOH, nmpeobpasyercs
B celsl.

5. Benkasi OKPYIKHOCTL HIM NpsAMas npeolpa3yercs B OKPYIKHOCTb
HJIH TIPAMYIO.

6. Jlee TouUKM TOrZa W TOJbKO TOFAa HMHBEPCHBl OTHOCHTENBHO HE-
KOTOpoil Ga3HCHOH OKPYIKHOCTH, €C/IH OHH fIBJISIOTCS BePLIMHAMH Nyuka
OKpY XHOCTel, OpTOroHajibHHX K 6a3HCHOH.

Ecnau B STHX NPEAJOKEHHAX CIOBO ,HHBEPCHA® 3aMEHHTb CJOBaMH
»OCEBAs CHMMETpHA“, BbIpaxeHHe ,06a3uCHas OKPYIKHOCTL® — uepes
»OCb CHMMETPHH® M ,HHBEPCHbLIE TOUKH* — 4epe3 , CHMMeTPHYHbIE TOuKH*,
10 NOJYYHM CBOHCTBA OCeBOH CHMMETPHH.

IokaieM, 4TO B W3BECTHOM CMHICAE OCEBYI0 CHMMETPHIO MOKHO
paccMaTpHBaTh KaK INpPERelbHblil Cayyail HHBepPCHH.

Iycrb 6asucuas OKPyxHOCTL HHBepcHH o (O, r) mpoxonut uepes
Touky A (puc. 165), 1ai 490 OA s=r. OG03HaYMM Yepes ¢ KacaTebHYyo
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k¥ oxpywHocTH o B Touke A. Tlycth, nasee, P-—nexotopas nammast
TOuKa, a P’ — uHBepcHas el TOUKa OTHOCHTENbHO OKPYKHOCTH . [1pen-
CTAaBHUM ceée, YTO LEHTP HHBechH Heor paHH4YeHHO YHaJsercs or TouxH A
Baoab ayda AQ, tax yr0 paanyc mHBepcun OA HeOrpauHyeHHO BO3-
pacraer.
B M3BeCTHOM cMhCJe MOMHO TOBOPHTB, YTO NPH 9TOM OKpYH-
HOCTb © (O, r) HeorpaHHYeHHO TNpHOMMMNGaeTCs K NpsmoH a, ,BbipoO-
AHpaeTCA* B STy mnpsmyio ¥
Oxa3blBa€ICs, uTO MNpH STOM

L m_.pP T04Ka P’ Gynet nepemearsca
p 1O TUIOCKOCTH, HEOT paHHYEHHO
a Al F npubmmxasice x Touke Py,
N CMMMETPHYHOH C TOukOH P
OTHOCHTENILHO mpsaMol 4. Jlo-
K—P' KaweM STo.

Iina onpenenénnocts no-

JIOXXHM, YTO TOoyka P u TOu-

0 ka O jnexar no pasmbie CTO-

poHbt oT nipsiMoit a (puc. 165).

OnyctuM M3 Touxku P nep-

neHaukynsp PN Ha npamyio

a ¥ nepnengukyasp PL Ha

npsaMyio OA. Iyere PN = p,

Puc. 165. PL=m. Us ~ Ttouxm P,

HHBEPCHOH TOuke P OTHOCH-

TeJbHO OKPYXHOCTH u)(O, r), TaKe Oy CTHM nepneH,Lme.rmpbl P’F H
P’K na npamme a u OA. HaM HywHO noxasatb, 4to P/F-—»p u

P’K ->m, eciu r — oo. JlefCTBHTEIBHO,

r2 r2cos3a
L —_— = — —=— =7 — —a——— =
PF=KA=r—OP c0se=r—gmgrcosa=r OPcos o

ricos®a _ pr4risinfa

R +r -

Ho
t } m
Ee=r¥r
H 1nosToMy
1 1 . 1 m2
sin3q = cosecta - 1F dgia = 1y (ﬂ)a=mz+ For
m

* VscuuM ceGe TouHpE CMBICASTOrO Bhipaenns. Hasopém Touxy M
LJIpenespHOR" JJisi COBOKYMHOCTH OKPy)}(HOCTeﬁ o (0, r), Kacaoumxcs
npsMoii @ B Touke A, ecan Ads JPGOH CKOMb YTOAHO Manol Okpect-
HOCTH TOYKH M MOXHO yKa3aTh TaKOH OTPE3OK d, 4TG BCe OKPYIKHOCTH
pazuyca, 6oabinero d, UMeloT B 9TOH OKPECTHOCTH X07# 6Bl GLHY TOUKY.
COBOKYIHOCTh BreX NpelelbHbX TOUeK Las OKpYXHOCTedl w (O, r) o6par

3yer NpsMyo a.
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CaenonateJibHO,

me
r2m? P+ m2 r\2]
prp 2 TR _ e+ (+5)]-
B r4p - 1L 2 :
r

Orciona BugHO, 4TO FP/F > p, Korna r -0, C gpyroil CTOpOHH,

r2sina  r2 m2 m

OPsina=ﬁ'm2+(r—{—p)2:m2 P\?
o (1+5)

P'K= 0P .sina=

Otcona sicho, yto P/K —> m, xoraa r —co.

Hanoiennble 3fech cooGpaienta NMOKA3blBafoOT, YTO Lenecoobpasno
pAaCUIHPHTL NOHATHe 00 HHBEPCHH TaK, YTOOB MOXHO ObLIO paccMaTpH-
BaTb OCEBYI0 CHMMETPHIO KaK ClelHaJbHblii cilydail HHBepcun. I1as 5TOro
yCAOBUMCH Ha3bIBATh ,OKPYXHOCTBIO B HIHPOKOM CMBICHE ClioBa® jo0yio
OKPYXHOCTb H Mo6y10 npsamylo. Torna mMomHO o6a npeoGpa3oBaHHs —
HHBEPCHUIO H CHMMETPHIO OTHOCHTEJbHO NpAMOil — OObeNMHUTL B GJHO
NOHATHE € MOMOWBIO ciedyfoulero onperenenns. Toyka P’ HasbiBaercs
o6pamruoti TOuke P (wiH cOnpsocdHrol Touke P) OTHOCHTENLHO OKPY -
HOCTH (B WIHPOKOM CMHICJR) ©, eciH TOoykH P u P/ apuasiorcs BepulH-
HaMH My4Yka OKPYWHOCTeH. OpPTOroHaibHHX K . Taxoe mpeo6pazoBa-
HHE, NPH KOTOPOM Kaxjo#t Touxe P conocrasjsercss conpsix@uHas el
Touka P/ OTHOCHTENBHO OKPYXKHOCTH (B IUHPOKOM CMEICHE) ©, Ha30BEM
Ompasceruem OT OKPYIHOCTH o. B TOM cilyuae, xOrla o sBAseTCSs
OKPYXHOCTBIO B Y3KOM (OOBLIYHOM) CMbiCAe, Haile npeolpasoBaHue
NpeACTaBiseT HHBEPCHIO OTHOCHTeNbHO . Ecmi e o —npsMas, T0
paccMaTpuBaeMoOe npeoGpa3oBaHie fBJfeTCS CHMMETPHEH OTHOCHTENbHO
STOH MpsSMOX.

§ 11. HuBepcop

CyuecTByioT npuOOpH, C MOMOLIbI0 KOTOPHX MOXHO 6e3
BCAKMX BbluMcleHuil v Oe3 nprBieYeHus] OOLIUHBIX HHCTPYMEHTOB
TeOMeTPHYECKHX MOCTPOEHHHl BHYEPTHTb JAMHHIO, HWHBEPCHYIO
mobo#t nanHoft sauwmn. Takne npuOOpPH HA3BIBAIOTCH LHBEPCO-
pamu.

Briepssie uHBepcop Obll nmpejioieH (paHIly3CKMM Kanura-
HoM [Toceabe B [864 r. dtor npubop nosyuua M3BECTHOCTH
TOALKO Yepes CeMb J€T, Korja oH Obul HeaapucuMo ot [Tocenne
M306peTéH MeTepOyprckuM CTynaeHToM JIm MKMW HE M, BHAMMO,
non eausiuvem unett I1. JI. Hebbvmena.

,Knetka Ilocenpe“, Kak NpPHHATO Ha3biBATH 3TOT MHBEP-
COp, COCTOMT M3 1IeCTH CTepxHel, CBA3AHHLIX LIaPHAPAMM
(puc. 166). Yethpe na Hux coctapasit poM6 PAQB. Ocrans-
lible fBa CTEPIKHS paBHb MeKAy cOOOH, WO KaApli U3 HUX AJAMH-
Hge cropoun pomba PAQB;
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O6o3naunM PA uyepes a, OA uepes I, a pasHocty [2— g2
yepea R2. [lpennonoxuM, yro Ttouka O 3akpemseHa Ha nnao-
ckoctd. Toraa npu moOoM nojaoXxeHuM TOYKM P Ha MJAOCKOCTH
Touka @ Oynet el uHBepCHa OTHOCHMTENBHO OKpYXHOCTH © (O, R).
B camom gene: 1) P u @ aexar Ha OJHOM /yue, UCXOJsIEM
3 Toukn O, u 2) OP.O0Q=(0C— PC)(OC-} PC)==
=0C?— PC? = (]2 — AC?) — (a2 — AC?) = [2 — g% == R2.

Korna Touka P onucbiBaet Kakyio-im0O JMHWIO 7, TOUKa Q
ODNCHIBAET MHBEPCHyI0 el auamio |’. B wactHoctm, korpa P
ONKMCHIBAET OKPYIKHOCTD, NMPO-
xonaulyww vuepes touky O,
TOYKAa () OmMIeT MpaMyIo.
Takum oO6pasom, wuHBEpCOp
IMocespe nospoaser npeobpa-
30BaTh BpaulaTenpbHOE LB e-
HYe B npsMoauuetinoe. Ecau
HyXHO npecGpasoBaTh B MH-
BEPCHH OKPYIKHOCTH paiuy-
car, To K MHBEPCOpPY B TOY-

Puc. 166. Ke P UAapHupHO npucoeu-

nsfercs crepxeus MP pavHbl

r. Ecam toukn O wm M 3akpenjeHs HeNOABWXHO T4K, YTO
crepnu OA u OB MoryT Bpauiatscs 0k040 Toukn O, a cTepieHn
MP —okono touku M (cM. puc. 167), To Touka P onuuier ayry

B D

Puc. 167. Puc. 168.

HEKOTOPOH OKPYKHOCTH, 4 TOUKA () —AyT'y MHBEPCHOH et oKpy k-
HOCTH UM MPSIMOAMHERHHH oTpe3ok (B cayyae, eciy OM = MP).

Hupepcop Tapra. IlycTe uyeTHlpe CTepHs CBSI3aHHI
LIAPHHPHO TaK, KAK yKasdaHo Ha pucydke 168, Yamw 4, B, C
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y D fBASIOTCS 3JleCh BEPUIMHAMM PaBHOGOUHOH Tpanelyu, MNpH-
yeM AB==CD =d, AD=CB=1. Ilycts O, P u Q Tpu TOY-
ki H4 9THX CTepxHax, npuueM AO: OB = AP: PD = CQ: QB.
HeTpyRHO TNpOBepuTh, YTO B TakoM ciayyae Touku O, P n Q
neXaT Ha onHol npsiMoll, napannenbHOHl OCHOBaHMIO Tpamne-
uun ACDB. TlpennonoxuM, yro Touka O sakpensnena Ha MJo-
CKOCTH, 8 YeThpe CTePXHs KAK-TO PAaCOAOMeHH HA 3TOH
naockocTi. OkaspiBaeTcs, YTO MpH M06OM pacnonoikeHHH Mexa-
gnama npouspenerve OP - OQ nocTosHHO.

IMokaxem 3t0. OGosHaumm AO:AB wuepes ¢,, OB: AB
yepes ¢p; orcwna OP: BD =¢,, 0Q: AC = c,.

[MostoMy OP - 0Q=¢, - ¢, - BD - AC.

OnyctuM u3 B u D nepnennukyaspn BB, uw DD, na AC.

Torna

AC - BD == AC - B,D, = (AD,+ D,C) - (AD,— AB,) =
= (AD,+ D,C) - (AD, — D,C) = AD} — D,C*=
= (AD*— D,D")— (CD* — DD}y = AD* — CD? = I’ — d*.

Moatomy OP - 0Q=¢; - ¢5 - (12— d?). O603HaAUMM ¢, « ¢ X
Y (12— d?) yepes r2. Torna OP - OQ = r2, Tak uto Touku P u Q
MHBEPCHBl OTHOCHTENBHO OKPYIKHOCTH
(0, r). Korna Touka P onmvuer Ka-
Kylo-1M6o nuHMO, TOYKa @ omnuuer
WHBepCHY10 ell auHuMi0. B uyactHOCTH,
eciy rouka P Oynetr mepeMemarbcs
[0 OKPYKHOCTM, IPOXOAsiledl yepes
touky O, wuHBepcHas el Touka @
Oyier nepeMewaTbCsi MO HPSIMOH.

HOas ynobcrBa wHBEPCHOrO rmpe-
00pasoBaHusi OKPYIKHOCTH, MPOXOAS-
el yepes LEHTP HHBEPCHMH, TMPU-

COEJIMHAIOT K YeTHPEM PACCMOTPEHHLIM M
CTepHAM €& oauH crepxenb MP, '
KOTOPHIH 11APHHPHO CBS3aH CO CTePX- Puc. 169.

Hem AD B Touke P W MOMeT Bpa-
LATECS OKOJAO HenoaBmxno# Touku M, npuueM MP = MO,
Pacrionoxenve crepHelt B MeXaHW3Me BMIAHO M3 pucyHKa 169.

BONPOCH 1UJ1§1 MOBTOPEHNKSA

1. Nalire onpenejeHHe HUBECHH H nepeyHcjuTe €f MpocTenuye
CBOMCTBA. .
2. Kag cTpourcs TOYK3, MHBEpCHAS JHHOH}
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3. Bo uro npeoGpa3yerca OKpyxHOCTH TPH MHBEPCHEH?

4. Bo 410 npeo6pasyercs npsmas npu HHBEPCHH?

5. Kakuie OKpYMHOCTH npeobpa3yworcs B celsi NpH HHBEPCHH?

6. Copmyanpyiite JeMMY 06 aHTHNAPANNETLHLIX TPSMSIX.

7. Vouemy MHBEpCHsl OTHOCHTCA K 4MCHY KOHQOPMHEIX TpeoGpa-
30BaHui?

8. B u&M CymHOCTh METOLA HHBEpCHH [PH PEMIeHHH reoMeTpHuye-
CK¥X 327ay Ha NOCTpOeHHe?

9. Cpopmynupyiite 3anauy Anoanonns. Kaxos niyad e€ peulexus
B o0ulem cayuae?

10. Cxoabko peulennii MOwer HMerh 3agaua AnouioHusi?

11. TMpusenure npumeppl npefiefbHBIX H YAaCTHBIX CAyYaes 3agadu
Anoxaouus.

12. Vkawure, B 4&M CXOACTBO Meway HuBepcueill M ocesoil chm-
MeTpueil.

3AIIAYH

1. M3 pByx uMBepCHBIX TO4Yek Kaxkad GnnKe K 6a3uCHON OKPYX-
HOCTH: BHeHIHAa HAM BHyTpeHHsa? Tlouemy?

2. Bo u4To npy HHpepcHH npeolpasyercst OKPYKHOCTb, KOHI[GHTPH-
yeckas Ga3UCHON?

3. loxasatre: €Cim TIPH MHBEPCHH OKPYIKHOCTh [, He KOHI[EHTPH-
uecKas Oa3ucHol, npeobpa3yercs B OKPYWKHOCTS /7, TO LeHTP AaHHOH
okpyxuoct [ ne npeobpasyerca B yeHTp npeo6Gpa3sOBaHHON OKPYHK-
uoctu I,

Yxasaune. Paccvorpers fiBa ciyuas: KOrJa LEHTD HHBEpEHH
BHYTpPY M KOrfa BHE JAHHOH OKPYHOCTH.

4, Ecay nedtp HHBepCHM JeXMT BHE MAaHHOH OKPYMHOCTH, TO
TOYKd, MHBEDPCHAd LEHTPY AaHHOH OKpYyKHOCTH, GiMKe K LEHTpPY HH-
BEPCHH, YeM LEHTp NpeoOpa3oBaHHON OKPYKHOCTH. JlOKa3aTs.

5. Bo uto npu HHBepcHM npeoOpa3yerca Ayd? PaccMorpers Bee
BO3MOMHEIE CiydaH.

6. Touka onuchlgaeT XOpAY Oa3HCHOH OKPYXHOCTH, OTIHYHYIO OT
ouaMerpa. Kaxylo JMHMIO ONHIUIET MPH STOM WHBEPCHAS TOYKaA?

7. Touka ONHMCHBAET HEKOTOPYIO OKPYKHOCTh, HE TNPOXOAAULYIO
depe3 peHTp MHBEPCHH, NPOTHB 4acoBOfi crpesnxy. BHACHHTHL, B KaKOM
ciyuae uHBEpCHasi ef TO4KRA OMHiNeT COOTBETCTBYIOHIYIO OKPYIKHOCTH
IIPOTHB YaCOBOH CTpenNkH, a B KaKOM 1O 4aCoBoii cTpenxe.

8. Bo uro npu HHBepCHH Mpeolpa3yercA CeKTOp GasHCHOU OKpyM-
HOCTH?

9. Bo yro npu uHBepcuM npeobpasyerca Kpyr, OKPYHHOCTb KOTO-
POTO HE NMPOXOAHT YEpe3 LEHTP HHBEPCHH?

Yrkaganue. PaccMOTpeTy fBa cayyasd: KOrja HEHTP HHBEPCHH
BHE [aHHOro KPyra M KOrjfia LeHTp HMHBepCHH BHYTPH AaHHOrO Kpyra.

10. 3uast paguyc uHBepCHM, paccTOsuua iBYX Ttodek A u B o
HeHTpa MHBEPCHH M pacCTosHue AB, BBUUCAUTD PACCTOSHUE MEXKAY
1oykamMu A’ u B’ coOTBETCTBEHHO MHBepCHHMH TOYKaM A u B.

11. OtHoulenue Ha3blBaeTCs ABOHHBIM OTHOUIEHHEM dYe-

C .
BC'BD
Teip€x touex A, B, ’C u D u o6osuauaerca ABCD. Jloxasate, 410
ABOHHOE OTHOIICHHE YeTHPEX TOYEK fBIAETCSH HHBAPUAHTOM HHBEPCHH,
T. €. 4TO 1pOiiHOe OTHOWIGHNE YeTLPEX AAaHULIX TOYEK PaBHO ABOHKHOMY
OTHOLIEHHIO COOTBETCTBEHHO HMHBEPCHBIX UM TOYEK, ’
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Va3 aHHUe Bocnons3oBaTeCs JeMMOH 00 aHTHNApasieNbHBIX
npﬂMbIX.

12. Jloxa3aTb Teopesy lltozieMes:: B BHNYKJOM YeTHPEXYronbHUKe,
pricayHoM B OEDYIXHOCTb, mpOu3Belenye Juarosaledl paBHO CyMme
npOHBBe,&eHI/IH MPOTUBONOJOKHBIX CTOPOH.

vrasat#ue Tlyere ABCD — 4eteipEXyroapbHux,  BriMCauHBI
B OKPYH®HOCTD- PaceMoTpute npe06pa3oBanue STOro 4eTHIPEXYrONbHUKE
s uHSepCHH, LEHID KOTODOH pacroioxeH s OJHOH M3 ero BepiluH;
poCHONb3yHTECh 3aaueH 10.

13. Jlate TOIHEE penleHlst YACTHLIX M NPEENbHHX clyYyaeB 3ajadu
Anonnonus, YNOMAHYTeIX B § 9 uacrosimeidl raasoi

14. TlocTpOHTs> OKPYXHOCTE, APOXOAAWYI0 Yepe3d AAHHYIO TOUKY
4 KAcAOLYICA LBYX JaHHLIX OKpYymuoOcTef.

15. Tlonb3YsACk MeTOAOM paculypeHus, CBECTH penleHHe 3afayu
AnonnoHus K CAy4aw, yka3aHHOMY B 3ajaue 14.

16. Uepe3 MaHHYIO TOYKY NPOBECTH OKPYIKHOCTb, OPTOrOHAJIBHYIO
K ABYM 3aiaHHBIM OEDYHHOCTSM.

17. Uepes [HIaHHYIO TOUKY NPOBECTH OKDYHHOCTb, MEPECEKAION(YI0
gpe JAaHHpie NPAMBE [HOX AaHHLIMH YrYaMu.

18. TloCTPOMTL OKPYHHOCTh, TPOXOAALIYIO 4Yepe3 HAHHYIO TOUKY
¥ nepecexaloulyio JiBe aHHBE OKPYMLHOCTH NON JAHHHLIMH YIIAMH.

19, Jlaunl TPH OKPYKHOCTH, U3 KOTOPBHIX JiBe OPTOroHaJbHbI
tpetbeil. [TOCTPOHTE OKPYKHOCTE, OPTOTOHATBHYIO KO BCeM TpéM pau-

HbIM Opr}KHOCTﬂM.



Fanasa VI
AJITEBPAMYECKHI METOJ,

§ 1. MocranoBka 3apayd O MOCTPOEHHH OTpesKa,
sagannoro (popmyJioi

B 1tenoM psige CiyuaeB MPHXOMHMTCA pellaTh Cleldyiouryio

3ajlauy. _

llank OTpesku a, b ¢ ... boa, byoc, ..., I —ux pauns
npH HexoTOPOH Wabpantoll enunHie usMepeHus. TpeOyercs no-
CTPOMTE C TOMOIILI) NAHHBIX HMCTPYMEHTOB OTpe30K 3} JuHa

KOTOPOro ¥ MpH TOH e elMHULE H3MeDeHHsi BLIPAKALTCS Yepe3

JUHHY @, b, €, ..., | NaNHBIX OTPe3KOB 3a/aHHOH (opMyJoh:

y;f(a, b, ¢ ..., l)

Msl roBopuM B STHX CJIyyasx KPaTKO, YTO CTPOMM BEIDce-
nue f(a, b, ¢, ..., [). B kauecTBe ILaHHBIX HHCTPyMeHTOB OyneM
B 9TOH IJiaBe MNpPUHAMATh LMPKyJb U JuHeHKy. Bcoly B namb-
HefilleM MH npenmonaraeM, yro ¢ybkuws f(a, b, ¢, ..., ),
3a1a101ias JUMHY MCKOMOTO OTpe3Ka Yepe3 IUIMHB! JaHHBIX OTpes-
KOB, PACCMATpUBAaeTCsi M TaKHX 3HAYCHHH MOJOXKHTEJbHBIX
apryMeHTOB, MPH KOTOPBIX OHA HMeeT CMBICJS H NOJOXHUTeJbHA.

Yro6r  pasmaumte OTPe30K H eT0 LJuHy, ME OyneM oGo-
3HaUaTh OTpe3KH CTpOuHbIMH OyKBaMH C vyepTodl cBepxy
(a, b, ¢, ..., 1, X )7, ...), a HX NauHbl— TeMH e OyKBamu

6e3 ueptl (@, b, €, ..or L X1 Y0 +--)-

PaccMoTpuM Hekorophe NpHUMEPHL.
1. llan orpesox, npuBMMaenmbifi 32 elmbuubbi. TpeGyercs

NOCTPOMTh OTPe30K, JAJHHA KOTCPOro Owna Okl paBHa yuCay
y= V2 —7V/ 3. Moxer nokasareCsi, UT0 s HOCTPOEHHs HCKO-

MOro OTpe3ka HeoOxomnMMO MpelCTaBUTh Y B Bulle NeCaTHiHON
npobu (4 ero Juwb NPUG/WKEHHY MOXHO NPeiCTaBuThL B BHAS
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xoHeyHo!t nHecsaTuuHoM ApOGH) m 3ateM OTJIOKRTH Ha npsMol
COOTBeTCTBYIOLlee HHCJO Pa3 elWHMYHEIH OTPE30K, ero Jecarhie,
coteie H T. A. JAond. OQHAKO CyHieCTBYeT COBeplIEHHO HHOH
cnoco0, Mo3BOJALINYE MOCTPOUTE HCKOMBIH OTPe30K C IIOMOLLBIO
IMPKYJSl W JAHefiKH Oe3 BCAKHX BLIYHC/]eHuH, NPUTOM He IpH-
61uKEHHO, a TouHO. Takol crioco noctpoedks OyleT yCTaHOBIeH
HHXE. -

2. Ilycte Tpebyercs MOCTPOMTL HECKOJBKO TOYeK rpaduka

4 _
¢yuximn y =" x. Hanpumep, Hano nocrpouts Ha maockoctu
4

Touky X=>5, y=1/5. Moxer mnokasathCs, YTO AJS ITOTO
HeOOXOAMMO BHYHCAATL Y MpHOAMKEHHO W 3aTeM OTIOKHTH HA
nepredauxyaspe K ocu abcuucc B TouKe X =5 OT 9T0H TOUKH
roc/e0BaTelbHO Liesible, JecAThle, COThle W T. M. 10Jd HaHneH-
pHoro npubnmxEsHoro 3sHavyedus Kopus. OueBHIHO, YTO TaKUM
06pasoM Mbl felCTBHTEJLHO MOXEM IOJYYHTb TOUYKY, ODIMHATA

4 ___
KOTOpOH TnpuGauautensio pasia ) 5. Ho Mokuo nocrponts

0Tpe30K JAJuHOH f/g 6e3 BbIYMCAEHHH TAKOrO pOla, NPUTOM
tTeoperdyeckd abcomotHo ToyHo. O TOM, KaK 9T0 JendeTcs,
CKa)eM HHKe.
3. VMeeTcs 1Ba OTpesKa @ M b, MPUYEM JLAMHB MX PaBHbL
cootsercTBenro 6,8 u 3,7. TpeGyercsi MOCTPOMTH OTPe3OK Y,
4

LIHHA KOTODOTO oOnpefedsercs Gopmynod y =71 at— b*. Mu
VBULKM HiDKe, YTO IS TMOCTPOeHHS] TAKOIO OTPe3Ka ILHUPKyleM
K JuHeHKON BOBCe He HY)XHO HM BO3BOAMTH uHCla a==6,8
# b==3,7 B yeTBEPTYIO CTelleHb, HU H3BleKaTh KOpeHb U3 Pas-
HOCTM 3THX CTelleHeH: BCE 3TO CHeNdl0T LMPKy/lb M JduHelKa.

[Toctpoelne He ycaowHATCA, ecin @ U b aBasiorca u Gonee
CJIOXHHMH [JI BLIYACAeHWs YACAAMA HAH JldKe He H3BECTHHI

ILJMHE LaHHHX (HayepYeHH®IX) OTPE3KOB a u b.

§ 2. MNoctrpoeHne OTPE3KOB, 3aJaHHLIX NMPOCTEHLIHMH
dopmynamu

B wxoabHOM Kypce reoMeipud B paslelie ,lIpunoxenne
anre6pn Kk reoMeTpuM® Ha OCHOBAHMH METPHYECKHX COOTHOUIE-
HAH B TpeyroJbHHKe M Kpyre JNalTC CNOCOOH 1Jisl MOCTPOeHHs
IMPKyJdeM H JUHeHKOH OTpe3KOB, 3allaHHBIX MPOCTeHHMHA Gop-
Mynamd. HanomMHuM noctpoeHue OTpPe3KOB 1O OCHOBHBIM (oOp-
My 1aM.
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1. x=a-} b. Mocrpoenne scuo u3 pucynra 170.
2. x==a—~b(a > b). Tlocrpoenne cM. Ha pucynxe 171,
3. x=na, rie n—wvarypasbhoe uucao. CBOAMTCA K ToO-
crpoenmio 1. Ha pucyuke 172 moctpoen 0Tpesok X TakoH, uTo
x = 6a.
a
4, x=—.
n
CrpouM ayu, BHIXOAswHl U3 kakoro-jiu6o xowua O naHHoro
OTpe3Ka @ MO MPOU3BOALHLIM yraoM K HeMy. OTkianbBaeM

a b
- —_— X -
Puc. 170.
a
X | b
I
Puc. 171.
—O——0-—=—0——~O—g=—O—y=—0—
X
Puc. 172

Ha 9TOM Jiyue n Pa3 NMPOH3BOJBHBIA OTPE30K b, taK uto OB =nb
(puc. 173). CoenunsieM T0uKy B o BTOpEIM KOHLOM A 0Tpe3Ka a.
Yepes TouKy By, omnpelne/seMylo yCclOBHEM OB, = b, nposonum
npsMy1o, napanieibHylo AB, m oTMeuaeM TOUKy A, B KOTOpOH
OHa MNepecCey€T OTPe30OK a.

X = OAI.
n
5. X==-—a (n W Mm-—JaHHke HATYpaibHEe YHCTIA).

lMepeu# cnoco6. PasnemnM oTpe3oK a Ha M paBHBIX
yacted (cM. noctpoende 4) M yBeiMyMM I0JyYEHHH! OTpe30K
B n pa3 (CM. moctpoenue 3).

Bropo# cnoco6. Ilycte OA=a. Ha npoussonbHOM
nyue, ucxopsuieM u3 Toukun O (puc. 174), oTknanmBaeM oOrpe-

3ok OB, ==mb u orpesok OB = nb. Uepes Touky B, nposonum
otpe3ok B,A,, napamnensubifi BA. Toraa OA1=%—a.
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ab \
6. X == (rocrpoenne OTpeska, yeTpEpTOro mnponopuHo-
HATBHOTO TPEM NAHHLIM OTpE3KaM).
3anuuieM YCJAOBHE B BHiAe NPoONopiuu: ¢ :a==>5: x. Ilycm
(puc. 175) OA==a, OC==c¢, TaK YTO uieHbl OJHOrO M3 OTHO-

Puc. 173. Puc. 174.

weHAH OTJIOXEHH HA ONHOM JyYe, ucxonfuleM M3 Toukd O.
Ha npyrom nyue, ucXOisiieM H3 TOH e TOUKH, OTKAaLBBaeM
H3BeCTHHIH uneH Apyroro otHowenuss OB =b. Yepes touky A
APOBOLUM MpPsMyl0, napaiiesbHyio BC, u oTmeuyaeM TOuKy X

B

L

o
¢

Puc. 175.

e mnepecevetus c npsMoR OB. Otpedok OX uckOMHii, T. e.
OX=x.
7. x=-—.

[Tepuit cmoco6. Bocrnonbsosarbes noctpoeduenm 6,
Nonaraa b= a.
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Bropott cnoco6 (mpumennmbil, ecan a < c). Crpoum
(puc. 176) mnoayokpyxuocte ¢ nauametpoM AB==c¢, xopay
AC == a, neprienguxynsp CD x AB. Torna AD = x.

8. x=1ab (nocrpoenne Cpe/lHero  IPOMNOPLUHOHAIBLHOTO
IBYX JAHHBIX OTPE3KOB).

c D

>

B
¢ d b—4

Puc. 176. Puc. 177.

IMMepBu#i cnoco6. CrpouMm otpesxku AC ==a, CB==1b,
TaKk yro AB=a--b. Ha AB, xak va nuaMerpe, CTPOMM MHOJY-
oKpyxHocTe (puc. 177). B touke C BoccTamiseM nepreHiuKyasp
K AB W oTmeuaeM TOUKy [) €ro mepecedeHds] ¢ OKDPYIKHOCTHIO.
Torpa x=CD.

Bropo#t cnoco6 (m1s a>b). CrponM OKPYIKHOCTH
nuaverpoM MN =a, va MN orknaneBaeM orpeaok MK =0b

(puc. 178). B touke K BoccTaBisiem meprlenaukyJsp K MN u

T
X X

+

a-b

a
d

Puc. 178. Puc. 179.

OTMeudeM ToYKY X €ro mnepeceyeHdss ¢ OKpYxHoCThio. Xopaa
MX = x.

Tperutt cnoco6 (ans a >0b). CTPOMM OKPYXHOCTH
auaMerpa a—b (puc. 179), depea ueHTD NMPOBOLUM CeKyy1o
H OTKJanbiBaeM Ha Hell BHeUIHIOK 4acTe, pasHyio b. I3 noay-
yenHo#l ToukH A npoBoguM Kacatenbnyw AT, x = AT.

176



9. x:Va2—}—b2 Orpesox X CTPOWTCA KaK THIOTeHy3a
l'lpﬂMoyI‘OJleOI‘O TPeyroJbHuka ¢ Kateramu a u b (puc. 180).
10. x =7V a®— b2 (a > b). Orpesok x CTPOMTCSH KaK KaTeT

NPAMOYTOJIPHOTO  TPeyroJibHUKa ¢ THIIOTeHy30H & W KaTeToM b
(puc. 181).

Puc. 180. Puc 181.

K paccMOTpeHHHIM MNOCTPOEHHSIM MOXHO CBECTH MOCTPOEHHE
OTPe3KOB, 3a/aHHBIX Oollee CAOKHHIMH (QopMynaMu. Ipusengm
HeKOTOpHE NpPHMepH.

Mpumep 1. x=a}/n, rae n— narypanenoe uucao. Ecau

n=pq, The P B ¢— HATYpaJbHLIE YUCAd, TO x==V(pa) (qa)
H 3a/a4da CBOAWTCS K MOCTPOeHHo 8.

Ecan n=p®-}-¢%, 10 x =V (pa)>+-(ga)? u sanaua co-
IuTCcs K nocrpoeHnio 9.

AnanoruuHo, ecin n==p?-—g?, TO 3anaya CBOAMTCA
K nocrpoenuio 10.

Tipumep 2. xza]/—, P W @g—HaTypalbdble uYHCHal

MoxHO 3amucath: x=]/ (po) -(E), H no3TOMYy _3ajnauvi
ceoamTCA K TOCTpoeHusiM © H 8.

abe
Ipumep 3. X=rr
] . ab -
CrpouM cuauana y 1o Gopmyie = =~ , aTeM X no ¢op=

Myne x=€l—;v~ (cM. mocrp. 6).
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a

r 2
CrpouM BhpaxceHue y———- (cM. moctp- 7), a 3aTeM x—%—.
Mpumep 6. x =1V a?—b:—c>+ d? (a®+d% > b2 +-c?).
CrpouM mnoCneloBaTe bHO OTPESKH ¥s 2, X Mo (GopMynaM:

y2V02+d2, ZZVbz—l—Czﬁ, =Vy2_22'.

44 bt _
Mpumep 6. x=?¥i—;b}_3ﬁ (ag*_i}“03> b9).

Iipumep 4. x =

7
a—l—ﬁ
IlepenuieM 3ananHoe BbipaeHHe TAK: X == —g——s- 4.
SR
b4

CTpouM Terepb OTPe3KH y, 2z, x no dopMynam: y=a -~

(cM. npuamep 4), z——a—~m—4—a2 (cM. nmpumep 3).

Q
x=——y.
4

. 4 .
Mpumep 7. x=V at—bt (a > b).
ficHo, yto X —l/]/az——b2 -V a® 32 Crpoum otpesks
s 2, x no gopMynam: y =V a>—b2 (nocrp. 10), z=1V) a® 4 b
(noerp. 9), x =1V yz (nocrp. 8).

§ 3. MNocrpoenne KOpHEii KBaaPATHLIX YpaBHEHHH

Ilycts mMeloTCs ABa OTpe3aka p H ¢. [AWHE HX p M q.
MosHo Jarte NpaBuna, M03BOJSIOLINE MOCTPOMTH Ged BbiulCAes
Huli OTpe3KH, JJIMHB KOTOPHX B TOYHOCTH PaBHH JeHCTBHTe b=
HBIM KODHfM KBajpatHeX YpaBHeHHH X2 px=i=¢?==0, Touy-
Hee — a0CONMIOTHHIM BennynHaM 3TuX Kophell. CBoGOAHBIH YieH
3anucniBaeM 3l0ecb B BHIe ¢2 (2 He ¢), Tak KaK B TAKOM ciayyae
pasencrBy x2== px = ¢% = 0 MoxHO npuaTh NPOCTOH reoMeTpH=
yeCkull CMBICH, PACCMATPHBAS 9T0 PABeHCTBO KAK COOTHOLIeHHe
Mex(ly TIoILAansMH NBYX KBanparoB (x2 u ¢%) u npsMoyrone-
HBKa (pX). .

Has pellieHNs nocTaBjeHHON 3anayd MOXXHO BOCNMOJIL30BATHCS
m6o GopMyJaMu KopHel KBajpaTHOrO ypaBsHeHus, JHGo ¢op-
mynaMmu Buera. PaccMmorpuM o6a cmoco6a.
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[lepBH# cnocob.
1) Llas ypaphenns x2— px—+ q2=0.

5+ @~ n=s—V B —

CTponM NpsSMOYTOJbHEH  TPeyroJbHHK € THNOTeHy30#
0A= —— u kateroM AC=gq (puc. 182). CrpouM OKpYKHOCTb

0 (0, OC) Tposoaum npsimyro AQ 1o
repeceyeHnsi e€ C OKPYXHOCTBIO @ B TOY-
kax D; u Dy(AD, > AD,). Jlerko mno-
HATh, UT0 X, = AD,, X;=AD,.

A
2) ILas ypaeHennst x2— px — g% =0.
W
s=5+ (5 +e c
xz=——-%-—~1/ (5

CrpouM nOCITeNOBaTe/bHO: NpSAMO- D,
yroaeHsit tpeyrosbuk OCA ¢ kateramu

OC=% , CA=gq (puc. 182), oxpyx- Puc. 182

HOCTh w(O, %), npsmylo AO. OtmeyaeM toukn Dy u D, ed

nepecevenuss € OKPYHOCTHIO ©. Jlerko npoBeputs, 4YT0O
%y = ADy, | x| = AD,.

@
F E Peulenne ypapHeHmn: Buna x2-4 px ==
D —\ =—g? =0 cBoauTCcAd K pelleHHi0 ypapHe-
T HUS ONHOI'O U3 PACCMOTPEHHBIX BHIOB C

N
)

C B noMolupl0 MOACTAHOBKH X == — Y.
Bropo#t cnmoco6 (c noMowpio
¢opmyn Buera).

1) YpaBuenne Bana x2 — px-}-¢2 = 0.
KopHu 3T0ro ypaBHeHus X; W X, CBSI3aHBL
dopMynamu: X, Xp==p, X Xo==¢g>.
3anaua cBOLMTCH MOTOMY K NOCTPOEHHIO
IBYX OTPe3KOB IO UX CyMM€ H CpelHeMY
reoMeTpHyecKOMy Mexny HuMH. CTpoMM
nociefopdtentHo (cM. puc. 183): oxpywHOCTh © ¢ JAuaMers
poMm AB=p, npsmyw DE, napannenphyio ImaMerpy AB u
OTCTOSIWyl0 OT Hero Ha PACCTOSHHM @, TOYKY F mepeceyeHns
WIH KacaHus STOH NPSAMOH € OKPY}KHOCTBIO o (eC/M TaKas TOUKA
CyuiectByeT), NepheHaukyasp FC x nuamerpy AB. Ilonaras
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¥, = AC, x,==BC, ybenumcs, uto 9Tu uitna yHOBICTBOPAIOL
obouM cooTtHouleHHsM Buera, a chaegoBaTesbHO, M JIAHHOMY
Y PaBHEHHIO.

3ametuM, uTo npsMas DE nepeceudT OKPYXHOCTb ® JHMb

TOrna, Koraa q<§ . B 31OM cayvae 3apmaya uMeer jABa pas-

Juynblx pewenus. Eciu npamas DE KOCHETCA OKPYXKHOCTH ©,
10 AC=BC, T. e. x;==X,, YypaBHeHHE HMeeT Ba PaBHbIX

NEeACTBUTELHLIX KOPHS; TIPH 3TOM ¢ =—123- . Hakonew, ecnu nps-

mMast DE ve uMeer OOLIMX TOYEK € OKPYIKHOCTHIO ®, TO § > 1—2’=

r % LaHHOe ypaBHEHHe He HMeeT
P q RelCTBUTENBHLIX KOPHEH.
2) Kopuu ypasHeHHsi BMIa
D x2— px — g%==0 cBs3aHH ycJO-
Y, BUAMU: X} Xp==p, X Xp==

=-—g2 Ofciofla BUIHO, YTO

OJlHH KOpeHbL MNOJIOWHTEBHBIA

(nyctb sto Oynper x,), a BTO-

poli (T. e. X;) OTpPHUATENbHBIH.
D, Taxum obpasow,

xy=|x], Xp==2—| x|

Puc. 184. Mostomy — x;—| X, [=p,
‘ *y o | x| =g~

3anaya CBOAMTCA K INOCTPOEHMIO ABYX OTPE3KOB O WX Das-
HOCTH H CPeIHeMy TeOMeTpUYECKOMY.

Crpoum nocnenosatesHO (puc. 184): OKpyHOCTE ® (O, %),
KacaTeJbHyl0 K HEH B npoussosibHOM TouKe 7, TOUKy A Ha
KacatTeJpHoH, Takylo, uro TA==gq; npamye OA. Ilycte D; u
D,—rouku nepeceyenuss mpamMofi OA ¢ OKPYIKHOCTBIO ® H
AD, > AD,. Hetpynso nposeputhb, 4t0 X, == AD,, | 5| = AD,.

§ 4. Mousatne 06 ORHOPOLHLIX (DYHKUUAX
Ipexne uem ocraHOBUTLCA Ha OOLLMX NPHEMaX NOCTPOEHHs
anre0panyecKuX BBIP@XEHHH W HA BLIENEHHH INHPOKHX KJI4CCOB
BHIPQXK€HUH, KOTOPHE MOXHO MOCTPOHUTHL LHPKYJIeM H JIHHEHKOH,
HaM HyXHO OyleT paccMOTperb MOHATHE OLHOPONHON yHKLHH.
Haungém ¢ npumepos.
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PaccMotpum Tpn QyHKiuu:

2 2)3 ———
1) y=a2+2b; 2) y:ﬂ-l#; 3) y=]7a6—b6+abc4.
[ToacrasuM B 37H QopMyssl BMecto OykKB @, b, ¢ coorBer-
cTBeHHO kRa, kb u ke, rae k— npousponbHOe MOJIOKUTENBHOR
yncio. Torama nosyyum:
B l-M cayuae (ka)2—+ 2kb =k (ka2 2D),
[ (ka)> + (ROPP _ [ (@4 692
(ka)? T a8
B 3-M cilyuae. -

V (ke — (RD)° +(ka) (kD) (ko) — k2 V a®— B0 abie.

Mb sameyaeM, Y10 BO 2-M M 3-M CIyyasix NpPOH3BeAEHHAs
NOJACTAHOBKA DPaBHOCHJIbHA YMHOXEHHIO (YHKLHH Ha HEKOTOPYIO
cTeneHp Yucsa %, HMEHHO: BO 2-M ciyvyae—Ha K, B 3-M—Ha B2,
¢yHkuus ke 1) 3THM cBoHcTBOM He oOJjajaer. PyHKuuM 2)
u 3) OyneMm OTHOCHTH K KiacCy 0OHOPOOHBIX, a (yHKuMIO 1) —
K KJaccy HEeoOHOPOOHBLX.

Onpedesenue. Pyuxuuw y= F(a, b, ¢, ..., ) Gynem Hasb-
BATb OOHOPOOHOU u3meperuss n, eciu npH JobOM NOJOKUTEb-
HOM 3HayeHUH Yucaa KR 3aMeHa BCeX apryMmenTos a, b, ..., [
cooTBeTCTBeHHO HA ka, kb, ke, ..., kl paBHOCHJbHA YMHOKe-
uuio Bcefl QynkuuH Ha k% MHbiMu CnoBaMH, opHOpOAHasi QyHK-
LHs JOJDKHA YNOBJETBOPATH PaBEHCTBY:

F(ka, kb, ke, ..., RI)=Fk" F(a, b, ¢, ..., I) npu Bcex
MOJIOXKHUTE/bHBIX 3HAYeHHsX R.

B npusenéHunix npumepax ¢yukuus 2)— 0aHOpOAHASA
1-ro uaMepenus, Qynkuus 3) — onHOpOAHAs 2-r0 H3MepeHuf,
dynxuusa 1) He sBageTcs OfHOPOLHON.

a? - be

Pynkuus —i— npencTaBiser npumep OIHOpOAHOH QYyHK=-

BO 2-M chyuae

as
LMK HYJIEBOrO H3MepeHHf, & (yHKLHUSA —rm——o,uﬂopo,uﬂaﬂ
uamepenust (— 1).

§ 5. O mocTpOeHHH HEKOTOPRIX ONHOPORHEIX
BRIpaXeHHH LMPKYJeM-H JHHeHKol

[osbaysicy nousiTieM OnHOPOAHOH (YHKIHH, HETPYJHO Bblae-
JUTH HEKOTOPHIE KJACCH a/reOpaHyeCKuX BblPaXeHHH, KOTopble
MOryT ObiTh MOCTPOEHB LHPKyJeM H JuHelikofi. [locTpoenue
9THX BHIpaXeHHH NMPOH3BOAUTCHA C MOMOLIBIO OCHOBHHIX MOCTPOE-
HuH, paccMoTpenHnx B § 2.
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1. C noMowEl0 UMPKYJS U JHHEHKH MOXHO CTPOUTbL OLHO-
ponubie anrebpanyeckne BhipaxKeHuss 1-ro H3MepeHHS, KOTOPHie
0o0pasopanbl M3 IJMH JlaHHBIX OTPE3KOB MCKJIOYMTEJLHO € MO-
MOLUbI0 AeHCTBUIt yMHOMeHHs U penenus. OOwMA BUL Takoro

aag ... ay
bibg ... by’
bys -v.s b,y —ILIMHBI NAHHBIX OTPE3KOB.

3anaya CBOAMTCA K MOCNENOBATEJNLHOMY BHINOJHEHHIO MO-
crpoenuit no dopmyJam

44y X143 Xn—38n 1 Xn—29n
=T2, xp=2, ..., X, =120, x—="0"fR
! by 2 by ’ » Tn-2 bn-a3 ' bp—1

T. €. K NOCTPOEHHAM YETBEPTHIX MNPONOPIHOHAJBLHBIX OTPE3KORB

¢ 2, n. 6).

BHIDAXEHHS: X = TLe G, Gy 5..., Qn by,

x5

Puc. 185.

310 nocrpoenne yLOGHO OCYLIECTBUTH CIELYIOLHM 00pPasoM
(puc. 185): ma mnpoussosbHOM TOYkM O npoBoavM n nydeli;
Ha KaXIOM Jydye CTPOUM ABe Toykn A, M B, tak, utoOn

OAkZak, OBk:bk (k:—-—'I, 2,..., n—“"l).

Ha nocnensem Jayye otkaansiBaeM OA, = a,. Ctpoum sateM
orpe3ku B;A,, ByAs, ..., B,_A,. Haxoueu, nposonum noma-
nyw A Xp,X; ... X, takylo, yro touka X; (=1, 2, ..., n)
aexur na ayue OA; ¥ orpesok Xj_,X; napamienen By _,Aj.

aas... a
bybababy )

B yactHOCTH, BCeraa MOXHO NMOCTPOUTH UUPKYJEM M JHHel-
KOit OoTpeskd, 3ananHble GOPMYysaMH BHIA

Torna x =0X (Ha puc. 185 nocTpoen oTpesok x =

a’ i
x=bn_1 H x=—_‘(“1+“3+ . to=n)



2. yem a, b, ¢, ..., l—nanuvie ovpesku P, {a, b,
¢, «-o» Du Py(a, b, ..., I)—onxHoponuwie Muoroyneun (C pa-
IMOHAILHEIME  Ko3(duunentaMd) ot a, b, ..., | wamepeHus
cooTBeTCTBEHHO 11 U n. LupkyjeM u sauneiikol MOXHO ro-
CTPOMTH OTPe30K 3anamHui dopmynofi

X o= Pn+1(a, b,..., [)
T Pp(a b,.... 0

Yacrupll NpuUMep MNOCTPOEHHS] NOMOGHOTO BbIPAXKEHHS MBI
paccvotpend B § 2 (cM. npum. 6). Vicnoskzosaunuit TaM npuém

npumensercs ¥ B oOuleM ciyyae. Muorounen P,,, fBIseTcs
’Y
CyMMOH OIHODOAHBIX BhIPaX€HHH BuIa Ad® .. 1

Ppyy= X AdB® ... P,
rnea+B4 ... +r=n-41, A— paunonaienoe uncno. Ana-
noruwuno P,= X A" ... 1, rne a8+ ... 4+ =n,
A, — palHonaJLHOe YUCHO.
Tyctb d— npousBOMbHLIA MOCTPOEHHHIH OTPE3OK, HANPH-
Mep a umu b. Pasnemum uuciurens P,,, Ha d®, a 3HaMena-
tems P, na d"V.

Torna
P(,l,g_l
X == dﬁ-.
dn—l
Ppyy 8., .

a
npencrasnseT co0Oit CyMMy BhipaxkeHuH BHna A -

qanr
Kaxnoe takoe BhpaxeHHe MOXHO NOCTPOMTHL (KaK YKa3aHO
B M. 1), nocie yero nerko CTPOMTCH ¥ CYMMa TakuX BhipaxKeHHH.

dn

P

OGosnauum nouyyeHHbl OTPE3OK Yepes y, TaK uro y=—Trl.
- P,

AHa/IOTHYHO NOCTPOMM OTPE3OK 2, Takolh, 4ro z==—™-. Hcko-

dn
f— d . y
MBIl OTpE30K X MOCTPOHM Mo Qopmyne X=—=.

Takum o06Gpa3oM, C MNOMOIUBIO LHPKYJAS H JHHERKHM MOXHO
[OCTPOUTh OTPE30K, AJHHA KOTOPOro sallaHa B BHAE JI060H
paudoHaJbHON opHOponHOH QyHkimu 1-ro uaMepenns (C pauuo-
HAIbHBIMH KO3(QUIHeHTaM)) OT JJIHH JLaHHBIX OTPE3KOB.

3. LinpkyneMm u nnueftkolt Bcerna MOXHO MOCTPOHTL BHpa-

wenue Buna x =Y R,(a, b, ..., I), re nomkopeHsoe BHpa-

183



JeHHe —— ONIHOPOAnas pauroHanbuas (QyHKUHS 2-FO H3MEpEHHd
¢ pauHOHaJbHBLIMU KO3(¢HUHEHTaMU.

Iycts d— npoussombhbii otpesok. Torna

. Rg(ﬂ;b,..., l). .
x———l/——————d——-——-—— d.

CTpOoMM NOCIeNOBaTENbHO OTpe3kn y H X no (opMynams

Rg(ﬂ, b ..., l)
V= Qg ('ITO BO3MOXHO, HOO npasasi 4actb — pa-

uHoHaJbHas GYHKUMS 1-rO HBMEpEHHS! OTHOCHTENBHO @, D, €, . . .,
ludyw x=Vyd (cu. § 2, 1. 8).

Ilpumep. Ilycte Tpebyercs NOCTPOUTL BHIpAXKEHHE X ==
=V ab4cd . 370 BHpaxeHHe MOXKHO TpPENCTABUTL KaK

ab j ab
x=]/—(—d——|—c)d. Crpoum y=-—-c u sareM x= Vyd.
3aMeTuM, YTO HNaHHOE BHIPaXEHHE MOXHO CTPOHTb M TaK:
cnayana mnocrpouts u=V,ab u v=1Vcd, a sareMm x=
=V .

O6uuit NpuéM NOCTPOEHHS] OTPe3Ka, 3aJdHHOr0 OJHOPONLHOH
¢yHkuuell 1-ro U3MepeHHs OT AJMH JaHHBIX OTPE3KOB, 3aKJIO-
yaercsd B TOM, YTO Mbl BhLAEJSEM MOC/EJOBATENHHO OJHOPOJHEIE
BhIpaeHHsi 1-ro H3Mepenus, KOTOpHE MOMHO IOCTPOMTH Kak
ykasano B § 2 nn. 1—10. VimMenno Tak MH M mMOCTYnamM npu
pacCMOTpeHHH NOCTPOeHuH, yKasanHbX B nn. 1-—3 storo mapa-
rpada.

L
Mpumep, x =V a*—F BE.
IIpencraBuM 3a1aHHOE BHIpAXKeHHE B BHLE X == V]/a4—|— bt

[Mon kBaapaTHBEIM KOPHEM HAaXOMUTCs MHorousleH 4-ro H3Mepe-
Husl. HyKHO OCTaBUTb NMOA 3HAKOM KOPHS BHpa)eHue 2-ro HaMe-
penusi, YTOGH KOPEHb OKa3aJCfi ONHOPOLHBEIM BhipaXKeHHEM

=7 .
l1-ro usMepeus: x = ]/a ]/az—l— % . CrpouM Tenepb

OTpe3oK y Mo  opmyie y=]/a2+—2—:, T. e. y==

2\2 —
:]/az—k(—fl—) » a 3aTeM U OTPe30K X N0 ¢opmyJe

x=Vay.
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§ 6. XapakrepucrHueckoe cBoHCTBO (hyHKIHN,
onpepeNAoIiell AJHHY ORHOIO H TOTO e OTpe3kKa
npn a1000M BeIGOpe eNHHHIL H3MepeHMs

Bce paccMoTpennre B § 2, 3 M 5 Bupaxenuss fBAAIOTCH
ONHOPOLHLIMH (YHKUMSIMH 1-rO M3MepeHusl OT BXONSIUHX B HHX
oJivH OTpe3kOB. Ilpn nocTpoeHnn STHX BHIpAXKEHHP Mbl He HHTe-
pecoBa/IMCh BOMPOCOM, KAaKOH eJMHHIlel ANMHBI U3MEPEHbl AaH-
peie OTpe3kH. Jleno B TOM, YTO, KaK MOMXHO MOKAa3aTh, B KaXIOM
{3 PacCMOTPEHHBIX CJydYaeB npu JOOOM BhiOOpe elHHULB H3Me-
peHHsl Mbl nONyYwim Obl ONMH M TOT e OTPE3OK.

Opnako He BeAkaa ¢ywkums y=f(a, b, ... [) onpeje-
JseT AJMHY OJHOTO M TOTO e OTpe3ka npu JmoboM BHOOpe
eAMHHULEl H3MepeHHus.

PasbsacHHM 3TO Ha mpuMepax.

[lycte @ — nanuuit orpe3ok. Paccmorpum nBe ¢yHKuMH:
Y=2a (1)

y=a2 )

Iast onpenensHHOCTH MOJNIOXKUM, HAMpPUMEp, YTO OTPe30K 4
conepxur 4 Ox. IlepBad ua paccMaTpuBaeMbx GyHKUUA — OLHO-
ponuass 1-r0 HM3MepeHus, a BTOpas-— OfHOPOIHas 2-ro uame-
peHusl.

PaccmotpumM cHavana 1-10 ¢yekuuio. Ilpumem 3a enuuuiy
1 om. Torna a=4, Y=8. CnenosarenbHo, Y — OTpe3oK,
conepxaumit 8 Ox. Tlonyyum nu Mb OonpuiuMB WM MeHbLiMb
OTpe30K, ecMM TMpuMeM B KayecTBe €JMHHYHOTO OTpe3ka
ve 1 0m, a npyre#t orpesox? IlycTb epuHHuHbIl OTpE3OK
paBed 1 ¢m. Torna a =40, Y=80, 1. e. Y—o1pesok, co-
depxaumutt 80 cm wmu, yro TO ke, 8 Oom. Wrak, MB BO BTO-
poM clyyae MOJYYHJIH TaKoH jxe OTpe3OK Y, Kak U B NePBOM
Cnyyae. MOXHO MOKasaTe, YTO TakoH e OTpPe3OK Y MH nony-
Yy Obl U MPH BCAKOM APYroM Boifope eNyHHYHOTO OTpesKa.

[TepetinéM Tenepb K paccCMOTpeHHI0 2-H QyHKUHH: Y= q2
(xotopast e sBiasleTca opHOpOAHOH 1-ro uamepenus). Eciu npu-
MeM 33 eIMHHYHHI OTpe3oK 1 O, TO a=4 u y=16, T. e.

OTpe3ok y AoMmkeH comepxath 16 dm. Ecnu xe npumste 3a
ennHuyHLll orpedok 1 cm, 10 a =40, y=1600, 1. e. orpe-

30Kk y nosoked cogepxath 1600 cu, wam 160 Ox. Takum
00pa3oM, OTPE30K, KOTOPHH MEHI IOJyyaeM BO BTOPOM Clyyae,
B 10 pas GoJabuie oTpeska, NOJYYEHHOrO B MEPBOM clyyae, TaK
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yto QyHKuUus (2) onpejenser nepaBHble Mexny CoGOH OTpesku
npy pasinyHoOM BHIOOpe eNMHMYHOrO OTpe3Ka.

Hucno y = a? MOXKHO paccMaTpHBaTh KaK OPAHHATY TOYKH,
umewulelt abcudccy a n Jexamel Ha napabonse y==x2. Ana-
JIOTHYHO MOXHO HCTOAKOBAaTH Y (¥ == 2a) KaK ODIHMHATY TOYKH,
Jqexainelt Ha npgmoft Y — 2ux.

Mul Bunenw Bhie, YTO OTPESOK y, TAe y==a?, 3aBUCHT
OT BLIOOpA €NMHMIL H3MepeHus, B TO BpPeMsl KaK OTpe3oK Y,
ILns KoToporo Y ==2a, He 3aBHCHT OT 3TOro. JTO pasiHyne
NpOfBAAETC MEXAy MNpoYynM B TOM, 4YTO Tpaduk ¢yHnkiuu

y
Yy
y=xi| /o .
7 y = x
A\ I(’];\'
\
) X ; X
Puc. 186. Puc. 187.

Y =2x (puc. 186, 187) He U3MeHHTCH, €CIM H3MEHMTL €lH-
nuny Macwrtaba, a rpaduk ¢ynkumn y=x2 B pesyibTare
3TOr0 HU3MEHHTCH.

Bosunkaer Bonpoc: KakMMHM CBOHCTBaMH LO/DKHA 00J1anaTh
nonoxurenbuas Gpyuxuns y=f(a, b, ¢, ..., D@ b, e, ..., I —
ILJHHH JaHHBIX OTPe3KOB) JJAf TOro, Y4toOH OHAa npH MOoGOM
BHOOpe eNMHHLIb M3MEPEHHs ONpenessia JJIHHYy ONHOTO H
TOro e orpeska? OxasuiBaercs, 4TO 370 OyleT HMETb MECTO
TOrja 4 ToJbKO Ttoria, korna f(a, b, ¢, ..., [)— ogHOponHas
¢yuxuus 1-ro uaMepenuss OT CBOKX apryMenTtoB. JlokasaTeibCTBO
970l TeopeMbl MOxHO Hahiti B [21], 4. 1 § 47.

ViMenno B cuny storo cboficTBa npH NOCTPOEHHH ONHOPOL-
HBIX BHp@XEHRft 1-TO U3MEPeHHs HET HYXAE YKa3HBaTh, NOMUMO
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LAHHBIX OTPE3KOB, el M ENHHHYHBI! OTpe3oK: NpH moOoM
pribope eINMHHYHOTO OTPe3Ka B pe3yJbTate MOCTpoeHHs Oyler
roJiyyeH OLMH H TOT e OTpe3ok. CoBepiueHHO HHaye OOCTOMT
Le10 € NOCTPOEHHEM HEOJHOPONHLIX BHIp@XEHHH, a TaKXke OLHO-
POLHBIX BhipaeHui, HO He 1-ro HaMepeHufl.

§ 7. MocrtpoeHnue BHIpaXeHuil, He SABJAIOWHXCA
OMHOPOAHEIME (DYHKIOKAMH 1-r0 H3MepeHHsA OT JJMH
JAHHHIX OTPE3KOB

C nocrpoenveM BhpaxceHuH, He SBISIOIMXCSH OLHOPONHBLIMH
1-ro W3MEPEHHSA, Mbl MOXEM CTONKHYTBLCA NPH NMOCTPOCHAH KpH-
BbIX, B3aJaHHBIX CBOMMH YDA4BHEHHUSIMM, & TaKXe H B JAPYrux
cydasx.

Hocmpoerue npouasosbrozo BHPAdiCeHus Om 1 apzyMenmos
MOJICHO 8Ce20a c8ecmu K NOCMPOCHUIO HEKOMmMOopozo 00HOpoO-
Hozo swipasceduss 1-z0 u3mepenus om n—1 apeymermos.

B camMoMm jaene, MyCTb HYXHO NOCTPOXNTEL OTPe30K y no ¢op-

myne: y==f(a, b, ..., ), rne f(a, b, ..., ) ne sBasiercs
oanoponHol QyHkiMelt 1-ro M3MepeHHs OT AJAHH NaHHBIX OTpe3-
ko8 a, b, ¢, ..., l. Tlyctb wnam 3aman (M71n Hamp BHOpaH)
HEKOTOpHIt OTpPe30K € B KayeCTBe elNMHMYHOro. Takmm oOpasom,
a b !
e=1. Orciona f (a, b, ...,l)—e-f(-e—, - —e-).HOSTOMy
3ajaya CBOJIHMTCS K INOCTPOEHHI0 OTpe3ka no ¢opmye:
a b !
y—e-f(-e—, —é-, ey -E').

IMpaBas yacTe 570r0 paBeHCTBa — OAHOPOAHAS (YHKUuA 1-rO H3-
Mepenus OT LuuH n—1 otpeskoB a, b, ..., Il u e. Ecau Mbl

CyMeeM MOCTPOHTb OTPE30K y no 370H (opmyne, T0 on u Gyner
HCKOMBEIM (npu BHOpaHHOM enunmie Macmiraba). 3aMeTHM, YTO

MBI MOJNYYUM pasjiHyHble (T. €. HepapHele Mexay co0off) OTpeskH

B 3aBUCUMOCTH OT BHIOOpa OTpeEska e.
PaccMOTpuM HECKONBKO NPHMEpOB.

1. y=1a?, rie a— nasasift OTpe3ok.

IMycte e—orpesok, nNpuHumaemblt 3a eNMHHYHEIM; TOrna
y =-‘-Zé— (¢e=1). Banaua cBesacb K nocrpoeHuio 7 us § 2.

2. y=a", rie n— Lenoe,
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an
en——l .

3ajaya CBOLMTCH K TMOCTPOEHHIO BLIDAXKEHUS Y ==

[locrpoesne MOXHO BHINOJHMTL TaK, KaK YKA3aHO HAa pH-
cyuke 188. Ha stoM pucynke 2% Ay Ay, = 90°% O4y=1,

Puc. 188.

OA, =a. Torna, kak nerxko nposeputb, OA,==a" (n=0,
41, *=2,...)
3. y=ab.

OTpesox y CTpOUTCH MO (opMyne: y ==

ab
- Xoxn nocrpoe-

HAsl nokasaH Ha pucynke 189. 3aech

OA=aqa, OB=0b, OE=e, AP=}y.

4, y:%. abupas e =1, nonyuum; y=%. IMocrpoenue
nokasaHo Ha pucymke 189, rae EQ==y.
5. y='|/a.

Crpoutcss no ¢opmyne y=7V ae, rae e=1. Tocrpoenne
uamocTpupyer pucynox 190.

6 _BFbVa—1
'y_———a2+1 .
flcno, uro
_@tbeVai—e
= vata ¢
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§— ofinoponnas ¢yuxims 1-ro usmepeniis oF ninn Tpéx HiBés
CTHHIX OTpeakoB @, b u e. TlosTOMy €& MOXHO MOCTPOHUTD,
noJb3ysch npuémamu, ykasauubiMH B § 5. [Tocrpoenue MOxHO
BHIIOJHUTL H HEMOCPeNCTBEHHO HA OCHOBAHHM MOCTPOeHHit 1—5

HACTOAILEr0 naparpada: CTPOMM INOCNefOBaTeNbHO OTpe3ku £,

P

£ 4 a e
Puc. 189. Puc. 190.
2z, 4, U, O, ;no dopmynam: t = a3, z =V a®—1, u=b} a®*—1,
v=Va¥+ 1, w==t+u u, Haxonell, y=lv—

7. y=V2——V§. ’

Brons epunuunbifi OTpe3cK €, NOAYYHM:

y= 2e2;—e1/§§.

CrpouM Tenepr noClrenoBaTelbHO OTPE3KH X, 2, 4, Y IO
dopmynam:

x=V@aye, z=Vex, u=V@ee, y=Vu+2.

3ameuande. PaccmoTpeHHBIE 371eCh TIPHEMBI IIOCTPOCHHSA HEOJHO
POIHEIX BHIPAXEHHH MOMHO NPAMEHHTH U K IOCTPOEHHI0 OJHOPOIHEIX
BRIpaxKeHuii 1-ro HaMepenus,

§ 8. Hpuanak BO3MOXHOCTH NOCTPOEHHS OTpesKa,
ABNAOUErocA 3anaHHoil (yHKUMeid maHHbIX OTpEe3KOB,
C MOMOIbI0 IUPKYJA M JHHEHKH

[Noab3ysck uMpKyaeM M JUHEHKOH, MBI CTPOMJIW DS BbIpa-+
Wenul, KaK ONHOPONHHIX, TaKk M Heoguopoaunx. Onuako
He BcAKoe aireOpaHyeckOe BhIPaXKEHHE MOXHO MOCTPOUTH STHMH
HHCTpYMeHTaMH. I3 ToOro, uTo IJHMHA HEKOTOPOTO (MCKOMOYO)
OTpe3ka fABAseTCS M3BeCTHOM (yHKILMelt NAaHHBIX OTPE3KOB, elig
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iie Cienyer, Y4TO ero MOXHO MOCTPOMTb LHPKYyJeM M JuHelKOH.
Tak, nanpuMep, STUMH MHCTPYMEHTAMH He MOTYT OHITL

8 p—
NOCTPOeHsl OTPe3KH, 3anarHble Qopmynamu y =} a8 b3,

[ J—
y =V a%b®, u muorue npyrue.

Ycranosum KpuTepu#t, Koropuft 1o3Bosma OLl  BLISICHHTDL
B KaIOM OTIeNbHOM Cclyyae, MOMHO JU OTPEe30K, SaNaHHBIN
¢dopmynoll, NOCTPOMUTL LMPKyJeM u JHHelkoft miu Hesbasl. Jlns
KPAaTKOCTH OMepalMy CJIOMKEHHS, BHIYHTAHUS, YMHOXEHHd, Iele-
HHSl, U3BJEYEHHUS] KBalPaTHOTO KOpHS (apn)MeTHYECKOrO H3 HeOT-
PHUATENBHOrO YMC/A) HA30BEM OCHOBHLLMU JCHCTBUSMU.

B nanbuefiuieM Mbl npepmnonaraeM, 4YTO maH (WiM BhiGpar)
eIHHHUHEI OTpe30K. B TOM ciyyae, KOTia CTpOMTCS OLHOPOL-
HOe BhipaXKcHHe 1-rO M3MepeHHs, MBI MOXeM BBHIIOJHHUTL MNO-
CTpOeHHe, He IOJb3YACh STUM OTpPe3KOM. Bo Bcex OCTaNbHEIX
ciyyasix OH CYL1eCTBEHHO HeOOXONUM 1Jf NOCTPOEHHs.

Teopema., ULrs mozo umobbs yupkysem u auxelinoli
MOICHO GBLAO NOCHPOUMD OMPEIOK, OAUHA KOMOPOZO SBASEMCSL
3a0aHHOL noaoHumesvroll dynxKyued Oasun Oannbix ompes-
K08, HeoOX00uMo u 00cmamouno, wmobb. OAUHY UCKOMO2ZO0
OmpesKa MONCHO ObLA0 8bLpA3UMb 4epe3 OJUHb. OOHHLLX OMm-
Pe3K08 npu NOMOWU KOHEUHOZ20 YUCAQ OCHOBHbIX OeficmBud.

JdoxasarteabcTBo. 1. JloctratouynocTs. [lycthk
HYHO MOCTPOMTh HEKOTOPLIH OTPe3OK, AJNMHA KOTOPOTO BhIpa=
JaeTcsl uepe3 NJHHB JJAHHBIX OTPE3KOB C NOMOILBI0 KOHeYHOrO
yucna OCHOBHEIX nefictBuil. TTokaxkeM, YTO Takol OTPE3OK MOXKHO
NOCTPOUTH € MOMOLILIC LHPKYJAs U JAnHelkH. Mel yxe BHpean,
YTO LMPKYyJeM H JHHeHKOM MOXHO mOCTpOUTHL OTPe30K, AJHHA
KOTOpOro paBHa OLHOMY H3 cieiyloiHx Boipaxienui: 1) cymme
IJHH NOCTPOEHHBIX OTPe3KOB, 2) PasHOCTH IJHH MOCTPOEHHBIX
OTpeskoB (rne yMeHbliadeMoe 0OJblue BHIYHTAEMOro), 3) Mpou3-
BeleHMio, 4) YA4CTHOMY [JMH JBYX MOCTPOCHHHIX OTPeSKOB
i 5) KBaLipaTHOMY KODHIO M3 JJIMHB [MOCTPOEHHOrO OTpe3Ka.
[MoMHMO nepeduC/eHHBIX BbipaXceHuil, NOJOKUTeNbHAS (YHKLUS,
COCTaBJieHHas TOABKO € INOMOIUBIO OCHOBHHX Omnepatiuil, MoxeT
copepaTb ONHY HJIM HECKOJBKO OTPHUATENBHBIX —pasHocTel.
Ho kaxnpwifi pas, KOrpa BCTpeTHTCA Takasi pasHOCTb, OT Hed
MOXHO NepedTH K NOJOXKHTeAbHO! Pa3HOCTH, HOMNb3YACH TOXKIe-
CTBEHHBIM COOTHOLIeHHeM g — b = — (b— a). locse koHeyHOro
YMCJIA TAKHX TOXAECTBEHHBIX mnpeoOpa3oBaHuil nanHas (QyHKUHS
Gyner comepxaThb yXe TONbKO Pa3sHOCTH, B KOTOPHIX YMEHb-
miaeMoe Oousblie Bouutaemoro. OTclOfa BhHTekaeT, YTO neh-
CTBHTEJBLHO MOYHO BBITOJNHHTL MOCJELOBaTeNbHO BCe IOCTpoe-
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jiiisi, COOTBETCTBYIOIUHE OCHOBHEIM OfepauusM, B TOM fopsflke,
p KaKOM 3TH OfepaluH yKasaHel B 3anannod ¢opMysne, Tak 4TO
gocie KOHEYHOTO YHCIa 1MaroB Mbl LeACTBHTeNbHO MOCTPOUM
0TPe30K, IJIHHE KOTOPOrO BEHIPAXAeTCsi 4Yepe3 [JAHHBI NaHHBIX
oTpe3KOB 3ananHolt QopMyoft.

2. Heo6xonuMocTb. TIycTh H3BeCTHO, YTO OTPE3OK 4,
[JMEA KOTOPOro # fBAfETCH 3a1aHHOMN ¢yukiyeidl OT AJHH jaH-
HEIX OTPE3KOB Gys Qg ...s Gp [T. €. 4 =f(a;, a3 ..., ap),
moxeT OHTH NOCTPOeH LUpKYyJNeM M JHHelikolt. JlokameM, uTO
B TA4KOM clyyae JJHHa OTpe3Ka # MoxeT ObITL BHpPaXKeHa
yepes IJHHB AdHHBLIX OTPE3KOB C MOMOUIBI) KOHEYHOI'o Yucha
OCHOBHEIX JleHCcTBUA.

Kak wu3BeCcTHO, BCIKOE TMOCTPOCHHE TOYEK, BHIMOJHHMOE
LMpKYJleM M JIHHeAKOM, CBOINUTCA K BbITOJHEHHIO KOHEYHOro
yycJa CeYIOLMX OCHOBHBIX MOCTPOeHHit: 1) mocTtpoende nps-
MOH, MpoXoisfilelf uepe3 IBEe MOCTPOEHHLIE TOYKH; 2) nocTpoe-
HHe OKPYXHOCTH C LEHTPOM B IOCTPOEHHOH TOYKe H PANHYCOM,
paBHBIM PACCTOSHUAIO MEXLY JIBYMst NOCTPOEHHBIMM TOYKAMH;
3) nocTpoenne OOIHX TOYEK: @) ABYX MNOCTPOEHHBIX MPAMBIX,
6) nocTpoeHHOH NpsMOH M NMOCTPOEHHOH OKPYMXHOCTH, B) NBYX
NOCTPOEHHLIX OKpYyxHocTeH; 4) mocTpoeHHe TOYKH, 3aBelOMO
He nOpuuHapnexamed NOCTPOEHHOH ¢Hrype UM XKe 3aBeLOMO
eit mpunapnexaiefl (cMm. ra. [ § 3).

BO3MOXHOCTb MOCTPOCHHST OTpe3Kd # Halo0 MNOHMMATh KakK
CYilleCTBOBAHHE ,LEeNMOYKU® M3 KOHEYHOrO YHCAAa OCHOBHBIX
noctpoenuil, KOTOpas MPUBOLUT K HCKOMOMY OTpe3Ky # MpH
M0GOM PACMONONKEHHH NaHHBIX OTPE3KOB. [lpu stom pesyabTat
nocrpoenuss (T. €. BelMYuHa OTpe3Ka u) He JIO/KEH 3aBHCeTb
OT MOJIOXKEHHsI HLAHHLIX OTPE3KOB @y, Ggs «« . a . Brbop npo-
H3BOJIBHEIX TOYeK (3aBefOMO NPUHAALJEXANUX mm 3aBEL,OMO
He MNpHHanJe}aux Kakoht-nubo nonyTro NOCTpOeHHOlt ¢urype)
TAK)KE He JOMKEH CKA3LBATLCHA HA BeNUYHHe # (XOTS H MOXKeT
NOBAHATL HA €r0 PaCHOJONKEHUE).

[TocTpouM Ha NMAOCKOCTH MPSMOYrONBHYIO CHCTEMY KOOpHU-
Hat (puc. 191). Bcerna MOXHO pacnonioXuTh OTPe3KH Ha MOJIO=
XKuTeapHOM Jnayye ocu abcumcc Tak, yToOb OLHMM H3 KOHLOB
Ka)(Ioro oTpeska CIymu/io Hayano koopameat O. Takkm oGpa-
30M Ha ocu abcuuce OCPASYIOTCA TOUKH: Gy Gpy -+ vy Oy

flcno, YTO MOCTpOeHHe OTPe3Ka ¥ PaBHOCHJLHO MOCTPOEHHIO
ero KOHUOB A u B. Tak kak OTPe3oK # MOXKHO HOCTPOHUTB,
TO ROMKHA CyUleCTBOBATHL Ile€Nb M3 KOHEYHOTO YUCAA OCHOBHHIX
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HoCTpoeHuit, B pedynpTaTe BLIMOJHEHHS] KOTOPHIX HA KAaKOM-TO
m-M piare OyneT mOCTpOeH OnMH H3 KOHLOB OTpe3Ka (HalpH-
Mep, TOYka A), 4 HA HEKOTOpPOM §-M miare (S > m)— Npyro#
ero koHei, Touka B. JliHHa oTpe3ka # omnpejensiercsd dYepes
koopnusatsl (o, B) u (¢, ') Touex A u B mo ¢opmye:

. u=V(—ap+@F —pE.

Ham nyxHO Temephr nokasaTb, -YTo uucna a«, 8, a’ u [’
BLIDAKAIOTCS Yepe3 YHCIA Gy, Gy «-., G, JHUIL C MOMOLIBID
KOHEUHOTO YHCJ/d OCHOBHLIX AeHcTBHH.

4 y

N

Pue. 191

YcnoBuMes nasbiBaTh KOOPIMHATH LEHTPa OKPYIKHOCTH i e
panMyc¢ napaMeTpaMH OKPYHOCTH, KO3(pULHEeHTH ypaBHeHHSs
npaMoil (3amucarHoro B Buge Y =£Kkx-}b wiH x = ¢)-—napa-
MeTpaMHd MNpsAMOH, KOODAMHATH TOYKM — mapamMeTpaMu 3STOH
TOYKH. . .

BrisichuM, B Y4éM CYyuHOCTh AajibHeHLIMX HAalUUX pacCyxie-
Huft. TOUKM MOryT MOSBJATBCS B XOle NOCTPoeHus aubO Kak
nponsBoJbHO BeIOHpaeMble (cM.. m. 4), 6o kak oGuipe TOYKH
IByX paHee NOCTpOeHHHX JuHui (n. 3). B mepsoM. ciayyae Mbi
MOXeM OrpaHduuTL celsi B BHOOpe M BHOHpaTh TOJLKQ TAKHE
TOYKH, KOOPIHHATE KOTOPHIX BEIPAKAIOTCH YePe3 ay, Qg . .+, Op
NpH MOMOIH TOJBKO OCHOBHHIX oOMNepauifi. Bo BTopom cayuyae
MHI, K&K MOXHO MOKasaTo, Bcerna GyneM MoJyyaTh TOUKH, KOOP*
AinHatel KOTOPHIX BEIPAXAIOTCA 4Yepe3 NapaMeTphl- paHee MO+
CTPOERHBIX "TOUEK M AMHHA JMWIb NpU OMGIH OCHOBHEIX nebts
¢reutt. Ho napametpn panee noctpoéHebix Touek #f suumi, xak
MBl YBHIHM, BHP@KAWOTCS, B CBOK Oyepelb, yepe3 mapaMeTpH
€€ paHblI¢ MOCTPOGHHBIX TOYEK W JAHHHIT TAK)Ke JIMLUL MPU MOMOILH
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OCHOBHBIX JefcTBuft. DTH paccykIeHds H NPUBOLST HAC B KOHEY-
HOM Cu&Te K BBIBOLY, YTO Hapamerpbl Touek A u B Bhipa-
HKAIOTCA yepe3 KOOpIMHATH ToYeK (a,; 0), (ay 0), ..., (a, 0),
T. €. Yepe3 uMCia @y, Qg ..., @p JHIb NPH MOMOMM OCHOB-
pbIX LEHCTBUH, YTO ¥ HYKHO NOKasaTb.

Humxe cTporo noxaseBaercsi caAelyioniee MNpelJioXeHue:
S OCHOBHBIX MOCTpOeHul, B pe3yJbTaTe KOTOPHIX MOJYYalOTCA

KOHLBl OTpe3Ka &, MOXHO BCerga BHUIOMAHUTL TaK, YTOOH
B pesyJ/ibTaTe KaXNOr0 M3 HUX CTPOHIACh IMHHMA MJM TOUKa,
napaMeTpsl KOTOPoH BbIpaXaroTca yepes LIMHBl LAHHBIX OTPE3KOB
ay, Qg « .., Gp JMWb C NMOMOUBI0 KOHEYHOrO WYHCIA OCHOBHBIX
neflctBuil. [lns nokasatenncTBa NMPHUMEHAEM METOA nNOJHOH HH-
LYKLUHH.

Paccmorpum chayana 1-ff war. Ha 1-M 1ware Bhmosnsercst oo
N3 CHEAYIOUMX HOCTPOEHHH: 1) moCTpoeHHe OKPYMHOCTH € LEHTPOM
B JHaHHOH Touke (az; ) W pamuycoM, pPaBHbIM PACCTOSHHIO MEWIY
KaKuMH-JTH6O ABYMsl JaHHBIMH TOUKaMHM; ypaBHeHHe €& Oyner (x—ay)2+
+ y2 = (a; — a;)? rne yucna a;. @z, @ O3HAYAIOT ANUHEL JAHHBIX OTPE3KOB
HIH HYJb; 2) nocrpoemxe MPsAMOH, NPOXONALIEH Yepes JBE faHHbIE TOUKH,
B pe3yJbTaT€ Yero IMoJyydtcs och adcuucc; 3) BHIOOP NPOH3BONLHOM
TOUKH, fBASIOU{EHCS] OpHOM M3 JaHHBIX TOYEK MJH K€ 3aBEIOMO He
Apasolelicss ofHOH M3 HUX. B mepBbX HBYX clyyasX, OYEBHEHO, Iapa-
METpPHl IIOCTPOEHHBIX JUHUII BHIPAXAIOTCA Yepe3 IMHHB JaHHBIX OTPE3KOB
panuoHanbHO. B TperpeM Cnyuae Bcerja MOXHO BHOpath B KauecTse
NPOHM3BOJBHOH TOUKH TaKyl TOYKY, KOOPAMHATH KOTOPOH panuoHafb-
HO BBIPAXAIOTCA YEpE3 HJHHY ORHOrO H3 JaHHBIX OTPE3KOB.

Taxkum ofpa3doM, Iisi 1-ro miara noCTpoeHHs CHpPABeNIHBOCTD KO-
Ka3bBa€MOro NpEmJIoXeHNs ycraHoBaeHa. [lycts temepb B pesyibrare
NepBnx H-—1 1UaroB HaMH IOCTPOEHB JHHHM M TOYKH, HapaMeTphi
KOTOPHIX BHPAXAKTCA € IMOMOIUbI0 JNALIb OCHOBHBIX HEHCTBHH uepes3
HHCHA Gy 8z - -y Gy

IMokaxem, uto TO W€ GymeT HMMETb MECTO H IIOCHe n-ro Liara.
PaccMoTpuM KaxHmi#t M3 BO3MOXHBIX CNY4YaeB.

1-ii cnyva#l. Ha n-M ware crpontcsa npaMas, npoxoasauias yepes
IBE N3BECTHBIE TOUKH (X5 ¥1) U (Xg; Yg). B cuny uniyKtuenoro xormy-
LICHAs MOXHO CYMTAaTh, YTO HX KOODAMHATH BHIPAXAITCA uUEpe3
uMCNa 4y, dg, - .-, dp NOCPEACTBOM KOHEUHOrO WYHCJNA OCHOEHBIX JeH-
CTBHH. Y paBHEHHE IPAMOH, KOTOPYIO MBI CTPOHM, MMEET BHI:

Y—n __X—*4
Ya— Y1 Xa— X'

T. €.
Y2 Xa¥1—X1Ys
y_xz—‘x1 x+ xXp—Xx
UM
y:kx+b

rge & u b paluMOHANBHO BHIPAKAKTCA UYEPE3 HHCAA Xy, Yy, Xg H ¥a,
a chemosateNnbHo, mapaMerpel k£ M b BHPaX@KTCS YEpe3 uuCaa
@y, Qg -« ., p C MOMOWBIO NHIIH KOHEUHOTO UHCJA OCHOBHHIX nedcTBuil.
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Hamwe paccyxnenue Henmpuronso, ecimu Xj= X, Ho B 3srom cay-
yae yPAaBHEHHEC MNPAMOM HMEET BHL X = Xy M CAENOBATEJbHO, Mapa-
MeTp €€ TaKxe BHpPaxaercs uepes uucia 4y &y --., 4y TOCPENCTBOM
KOHEYHOrO YHCH4 OCHOBHBIX HelicTBuii.
2t cnyuaih. Ha n-m 1ware crpoutcs OKpPYKHOCTH C LEHTPOM
B IOCTPOEHHOH TOYke (¢; d) M paguyCcoM, PaBHHIM PacCTOAHHIO MEWAY
JBYMA MOCTPOEHHHIMH TOUKaMH (Xg; y{) 4 (X9 Yo). YpaBHEHHE OKDYXN(-
HocTH uMeer BHE (X —¢)2-}- (y —d)2=r? rne

r?=(xg3—x2- (y2— y1)%

B cuny uHAYKTHBHOIO LOMYINEHHs 3aKJAI0YaeM, YTO NapaMeTphl oCTPOeH-
HOM OKPYMXHOCTH BHDAKAIOTCH YEPe3 WHCHa 4y, Gp - - -, &p MOCPENCTBOM
KOHEYHOrO YHCNA OCHOBHBIX HEHCTBUHL.

3-#t cnyuait. Ha n-m ware crpourca Touka repeceyenus ABYX
NOCTPOEHHBIX MPAMBIX. ITyCTh YpaBHEHHS STHX MPAMBIX:

=kx-+}0& )
y="Fkyx -} by )

Koopmunatel TOukM mepecedenusi (a TaKoBas CYyul€CTBYeT, echaH
k=£ k) Moryt ObIThb HaHHeHB! NMyTEM PEIIeHHs CUCTEMBl NBYX YpaBHe-
nuit (1) u (2). Mbl Haltném mpu sToM:

b—b _ Rby—keb
F—k YT R—k -

Ho mnapametpn npsameix (1) ¥ (2) Beipakaiorcs, B CHIY HHIYKTHBHOI'O
JOMYIeHHs, 4Y€pes uucla 4y, dg, - .., dp C MOMOIbI0 NHIUL KOHEYHOro
YyuCja OCHOBHBIX JeiicTBull. 3HAUMT H KOOPIWHATHL TOYKH IE€peceyeHus
JAHHBIX TIPAMBIX OMPENENAITCS Yepe3 HuCHa &y, dg - .., dp C MOMOLIBIO
KOHEUHOr0 yHcsa OCHOBHBIX peHcrBuil. Emé mpoute ycraHoButh Cropa-
BEIJUBOCTb NPENNOXEHHA JiA Chyyas, KOIrJa YpaBHeHHe OJHOH u3
MPAMBIX UMEET BHL X = X.

4-f canyua#. Ha n-m mare crpoarcs o6iiue TOUYKH NPAMOH
H okpyxHOCTd. IIyCTh ypaBHEHHE OKDPYKHOCTH

=P+ (y—np=ra )
Iyctb ypaBHenue NpaMoH

u

X =

y=kx-}b 2
TMapaMeTpH MPAMOH M OKPYMHOCTH BHIPaXaiorcs, B CUNy AOMyL{edus,
yepes uucia ay, & ---, &y TMOCPEICTBOM KOHEUHOTO YHCIa OCHOBHBIX

neictuil. Koopaunarel 0o6LMX TOYEK IPAMOH H OKPYXHOCTH HaHnEM,
peluas coBMecTHO nsa ypasueuusa (1) u (2). Mckmouas u3 stux ypas-
HeHuil Y, TMONYYHM KBaApDATHOE YpaBHEHHE OTHOCHTENbHO X, Pemius
ero, HainéM X, a 3aT€M H Y, KOTOpHIE BHIPAXAKTCH Yepe3 uuclia xj,
Yo f k£ u b mocpencTBOM KOHEYHOrO YHCJa OCHOBHBIX JeHcTBHIL.
BriuucieHud MOKa3bBalT, Y10

_ kyy kb V (ky i — k0 (L 1) (0P—2by, -yt xi—r )
T1 72
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y HaxonuM 3areM mno ¢opmyte (2). ITox panukaioM HE MOMET BO3-
HUKHYTb OTpULlaTeNbHOE YHCJO, TAK KaK 9TO 03Hayajo Gbl, YTO YuCHa X
MHHMBIE, T. €. YTO OKPYXHOCTb HE Ilepecexaercsi C IpAMoii, a 310
MPOTHBOPEYHT yCROBulo. Paccyxias, Kak U pauee, HaHIEM, UTO KOOP-
nUHATHL OOLIMX TOYEK NPAMOH H OKPYWHOCTH BBHIPAXAKIOTCS UYepes
yucia ay Qg ..., p JULIb MOCPEACTBOM KOHEYHOrO YHCAZ OCHOBHBIX
nefictBuil. Peaynbrar ocraércs B Cuie W ans cliydas, KOIHa paccmar-
pyBae€Mas mpAMas napanienpHa OCH OPAHHAT.

5-it cnyvaii. Ha n-m ware crposarcs o6uiMe TOYKH ABYX OKPYX-
unocrell. Koopmunathl 06mMX TOYEK HOMNHBL YHAOBRETBOPATH JABYM
ypaBHEHHAM:

(x—x ) (y—y,) =1 4))
(— x5 — ) =rk @

HpHYEM MapaMeTpHl 9THX OKPYMHOCTEH BBLIPAMAIOTCS, B CUNY JONMyILe-
nus, Yepes yHcia &y, d, - - ., @p MOCPEACTBOM KOHEUHOrO YHCNa OCHOB-
HblX jgeHctBuil. Cucrema ypasHeHuil (1) u (2) nerko mnpuBOauTCH
K CHCTEME, COCTOfimeH U3 ONHOrO JNMHEHHOr0 ypaBHEHHs u OIHOrO
ypaBHEHUS 2-H CTemeHi:

{2 (X, — %) X420 — ¥) ¥+ X2+ yi—ri— 2 —yitri=0... (1)
( (x— %)+ (y—y)P=ri... )

VpaBuenne (1’) moayyaercss myTéM MOYJIEHHOrO BHIMHTAHHSA ypPaB-
Henuit (1) uw (2). Pewmasa cucremy ypaBueunuit (1) u (1), Brpasum x
H y 4Yepe3 uHucia Xy Y1, Xg Yo rp T CH€JOBaTeNbHO, Uepe3 uyucha
Qp Gy « .y Gy AUMWB C MOMOIbK KOHEUHOrO YuC/ia OCHOBHBIX jeHCtsuil,

6-i cayuail. Ha n-M ware cCrpouTcss mpOU3BOJbHAA TOYUKA, 3a-
BEIOMO He IMpUHaJJIe}alias HeKOTOpoH paHee nmocrpoenHoll ¢urype 0.
INokaxem, yTo 3Ta TOYKA MOXET OBITH OCTPOEHA TaK, YTOObl €€ mapa-
MeTpBl (KOOpnuHAThl) BHPAXANHCh YEPE3 4ucha 4y, dy, -.., 4y pa-
1HOHAJBHO.

Tak kak MO YCHOBHI JdaHB TORBKO HECKOJbKO OTPE3KOB H MBI
MONb3yEMCA TONBKO LMPKYJNEM u NHHEeHKOH, To ¢urypa @ moxer GHThH
TOJNBKO COEIWHEHHEM KOHEYHOro Yuclia TOYeK, IpPAMBIX, OTPE3KOB,
Jayuell, okpyxHoctel u wnx gmyr. Ilyctb B mpopecce nocrpoeuuii, KOTO-
pHe NpOM3BOLMIMCH Ha MEpBhIX n— 1 uarax, MoCipoeHo Bcero k
OpPsMBIX, OTPE3KOB H xyuyel. BriGepeM na ocu aGeumcc 2--1 rtouek
¢ abcyuccaMu @y, 24y, 3ay, ..., kay, (k-}-1) a; n npoBenéM yepes Hux
npsaMble, MapanielbHbe OCH OpAHHAT. SICHO, 4TO XOTs 6B OOHa H3 HuX
He fABNfeTCA ONHOM W3 paHEe MOCTPOEHHBIX MPAMBIX H HE CONEPKUT
HH OHOrO H3 paHee IIOCTPOCHHBLIX OTPE3KOB WIH JyueH.

Wa6epém sty npamyrw. dta npamas uMmeer ¢ ¢urypoit & xoneunoe
yucno obuux Touek; mycts uX 6Gymer ¢. IlocTpoMM Ha u36paHHO#M
npsmoit g -1 Touek ¢ oppuHaramu ay, 24y, ..., (g-} 1) ai. OueBumuo,
4yt0 o KpaliHefi Mepe omHa M3 HuUX OTiMyHa OT Touek ¢urypn D.
(O6mue axkcHOMBI KOHCTPYKTWBHOH reoMerpuu (rn. 1, § 1) o6ecneun-
Bal0T BO3MOXHOCTH MOCTPOEHHUA TaKoH toukH.) Koopmunars! 91oH TOYKH
PaiFiOHANbHO BHIpANAWTCA Yepe3 ay.

7-h cayvai. Ha n-m mare crpourcd TOUKa, MpuHANNEXaIas
onuoit u3 moctpoenubix !nunuit. Hano pokasate, 4to sTta TouKa MOMXET
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6biTh BHIOpaHa TaK, 4TOObl €€ KOOpAMHATH BBIPAXaJHCh YEpe3 AaHHble
yucna {a;} WCKIIOUHTENHHO C MOMOIIbI0 OCHOBHHIX OIepaiMil B KOHey-
HOM yuclie, NPUYEM OHA NOJMHA OBLITH OTJIMYHA OT PaHee NMOCTPOEHHBIX
TOYEK YyKa3aHHOH JuHUH.

Ilycts pns onpenen€HHOCTH paHee NMOCTPOEHHAs JNMHHA — OKDY-
HOCTh, YpaBHEHHE KOTODOH HMeeT BHA:

(x—x PR+ (y—y )P =r=2.. (0

ITycts Ha 3TOH OKPYMHOCTH HAKO MOCTPOHTH TOUKY, OTAHUHYID OT
KakuX-10 k UMemuXxca Ha He#l rouex Py, P,,.. ., Pr. Ha oxpyxuoctu (1)
Bcerga MOWHO BmiGpate k-1 TOuek ¢ aGcuuccamy, paiOHANIBHO
BRIpAXAIONEMUCS Yepe3 yucha xy U r. Jlna sroro MOMHO, Hampumep,
pa3penutb OTpe3oK (Xy—r, X1 -}-r) ocu aGcuuce Ha B paBHHIX YacTeH,
U TOrJa KOHIH 9TOr0 OTpe3Ka H TOUKH JeNeHus MoJyuart aGCilkcCH,
palMOHANBHO BHIpaXawIluecs uYepe3 Xy u r. B kax ol u3 sTux royex
BOCCTABHM IE€PNEHAUKYJNAP K OCH aOCLHCC H OTMETHM KaKYw-Iu6o
TOUKY IepeceueHHsl ero ¢ OKpyxHoCTbio (1). Xorsa G OfHA U3 Takux
k-1 touex ormnuuea ot BeeX ToYeK Py, Py ..., Pp. OGo3nauuMm e
uepez M. flcHo, uro e€ abcuucca X PalHOHANbHO BHIpaMaeTcs yepes
yucja Xy U r, @ CIEXOBATENbHO, BHIPAXAeTCsl MOCPENCTBOM KOHEYHOIo
ypclia OCHOBHBLIX JeHCTBUH uepes uucha 4y, ay ..., ap. Oprunary xe y
9TOH TOYKHM MBI HaHnEM u3 ypaBuenus (1), TaKk YTO OHA BHIPA3UTCH
C MOMOU[bI0 KOHEYHOr'O0 WYHCNa OCHOBHBIX NEHCTBHH yepe3 uucia X,
Y X M r, @ 3HAUMT, B UEPe3 UHCIA &y, dg, ..., Gp.

WUrak, MH nokasanu, 4TO n-i mAar MOXHO BBLIUIOJHUTH TakK,
yroObl HA STOM lIare MOAYYHTb TOYKH M JHHHH, NapaMerphl
KOTOPHX BBIP@XAlOTCA Yepe3 UHCIA @y, Qp ..., Qp JHUD
C MOMOLIBI0 KOHEYHOTO YHMCJa OCHOBHBIX AeftctBufi. B uyacTho-
CTH, B pe3yJbTaTe M-ro ¥ S-ro WaroB Mbl MOAYYHM TOYKH A
¥ B, KOOPAMHATH KOTOPHIX BHIPAXAIOTCH uepes uucaa {a;} auwb
MOCPEACTBOM KOHEYHOrO 4YMCJd OCHOBHBIX HAelcTBuil.

-TeopeMa IOKasaHa.

Caedcmeue. Ecin paH TOJBKO OTpPE30K, MPUHAMAaeMbift
334 enMHWuHbIft, W [— NaHHOE 4YHCIO, TO OTPE30K IJUHOH [
MoeT ObITh MOCTPOCH LMPKYyJeM H JuHeHKOH Torma M TOJIBKO
TOrna, Korna uucio ! moxer ObITh nosydyeHo u3 1 mocpencTBoM
JIHIIb KOHEYHOrO 4YuChd OCHOBHHIX OdeHCTBUHN.

§ 9. Pemenue 3agay Ha NOCTPOCHHE METONOM
aareGpandecKoro aHasusa

CymnHocts Metona anre6paH4ecKOro aHaiusa 3aKJI04aeTcs
B caenywuleM. Peuiende 3ajaud Ha MOCTPOEHHE CBOAAT K MO-
CTPOEHHI0 HEKOTOPOrO OTPe3Kka (MIM HECKOJBKUX OTPE3KOB).
BeanuuHy vCKOMOrO OTPe3Ka BHPaXalOT uepe3 BeAUYUHEI U3BECT-
HBIX OTPE3KOB C MOMOUIBI0 (opMyJiEl. 3areM CTPOAT HCKOMBIA
oTpe3ok Mo mnojydyenHoll Qopmyure.
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PaccMOTpUM HeCKONBKO NPUMEpOB.

Tpumep 1. (3anava o6 ynBoenud Kpajapata.)

[ToctpouTs KBazpat, MNAOWALL KOTOpOro BABOe OoubLie
AOIANM JAHHOTO KBaLpaTa.

O06o3HayuM CTOPOHY IAHHONO KBajpaTa yepes @, a CTOPOHY
HCKOMOTrO KBanpata yepes x. Torma x%==2a2, x==0a}/ 2.

Crpoum Tenepb OTpeaoK x mno mnodyuyensolt QopmyJe:
X — T'HNOTEHy3a DPaBHOOCIPEHHOTO MNPAMOYTOJILHOTO TPEyroJb-
HHKa ¢ KateToM a. IlocTpouB OTpe3ok X, Jierko sateM IoO-
CTPOHTH HCKOMEIH KBanmpat (puc. 192).

,, v

a
Puc. 192. Puc. 193.

Ipumep 2. Vi3 BepuiMH N4HHOIO TPEYroJbHUKA, KAaK U3
IIeHTPOB, OMHCaTh TP OKPYMKHOCTH, KAaCAIOHHECs MOMapHO

BHeIHUM 00OpasoM.
IMycre ABC (puc. 193)— nansmift Tpeyroiavuuk, a, b, c—ero

CTOPOHBl, X, y ¥ Z— Pafuychl MCKOMBIX OKpyHOCTeH. Bripa-
3UM JUIMHBl OTPE3KOB X, V, 2 uépe3 JIHHb U3BECTHHIX OTpe3-

KOB a, b, ¢. Torma x-y=¢, x+z2=b y+z=a.
[Tostomy

9x 42y 22 =a-tbte x4 ytz=sg@tb+to)

OTKyZa

_c+b—a

_atc—b _atb—c
* 7 V=T g EE T

CTpouM Tereph ONHMH M3 HalIeHHLIX OTDE3KOB, HAMPHMEDP X,
c-+b—a
no ¢opmyne X=-——7—— M MPOBOLUM OKDYHOCTH A4, x).
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IlBe npyrue OKpPYXXHOCTH MPOBOXMM M3 LeHTPOB B u C panuy-
CaMH COOTBETCTBEHHO ¢ —x U b— x.

Jns pokasatenbcTBa MOCTATOYHO 3aMETHTH Telephb, YTO IiBe
nocnenHue OKPYIKHOCTH KacaloTca Mexny co0ofl, Tak Kak
CYMMa UX PalHYyCOB

(c— %)+ (b—x) = ¢+ b—2x = ¢ 4 b—(c +b—a) = a = BC,
T. €. PaBHA PacCTOSAHHIO MEXNy HX ILECHTPAMH.

3anaua Bcerja OfHO3HAYHO paspewiuMma, Tak Kak 1) B Tpe-
yrojerauke ABC b—-¢ > a u no3TOMy OTpe3OK X MOxeT OhTb

NOCTPOeH; 2) ¢ > x, MOTOMY 4TO C_x=6—6+g_a=

=_—_(a+;)—b>0, TaKk Kak a--c > b; 3) b > x, noromy uro

b——x=£‘%———c>0.

Ilpumep 3. TlocTpouTs NPAMOYTONBHEIR TPEyrOAbHUK IO
runoTeHyse ¢ u GuccekTpuce ! mpsAMOro yrJja.

Arvanus. 3anaua Jerko pewuTcs nocne TOro, Kak ynacres
ofpefeNUTh BHICOTY # MCKOMOI'O TPEYTONbHMKA, TPOBELEHHYIO
H3 BepPUIMHB NPAMOro yria.
Wz pucyeka 194 Buaso,
4yT0 SAB?::SADIC"‘I— ;931)0,
T e o ch 2 b V2—+

l
—a—= HIH
T3 V3

chV2=(@+bl... (1)

b A OcTaéTca UCKNIOYHTHL U3 STO-

Puc. 194, FO COOTHOLIEHHMS [BA HEH3-

BecTHbIX Kateta ¢ U b. Jlna

S3TOrO HYXHO COCTABUTb €l [Ba He3aBHCHMBIX yDaBHEHHS,
KOTOPBLIM YLOBJAETBOPSIOT 3TH KATETHI:

at - b2 = c%; 3]
5 ab =1 ch. ©)

Orciona: a®—- b2+ 2ab =2+ 2ch uim
(a + b)2 = c2 - 2ch. 0]

U3 ¢opmyner (1) umeem:
20212 = (a -~ b)212 uan 2¢%h? = (¢ 2ch) 2.
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Takum 00Da30M, HCKOMasi BLICOTA ONpelenseTcsi U3 ypaBHEHHS
9ch?—2I2h — c[2==0, M3 KOTOPOro HaXOLHM eILHHCTBEHHOE
HONOKHUTEbHOE pelleHHe:

P 4+ VEFid
- 2c -

)

[Toctpoenue. Crpoum ortpesok 4 mo d¢opmyne (5).
Ha npou3BOJILHOH NpsaMOH OTKianbiBaeM OTpe3ok AB=—c.
Ha AB, Kak na IHaMerpe, CTPOHM OKpYXHOCTb. [IpoBomum
napy MnpfAMeX, napannenbHulx AB, Ha pacctosHMd k OoT 3TOH
npamofi (puc. 195). OTmeyaem Touky C nepeceueHHs STHX
npsMbIX € OKPYXHOCTbIO. TpeyronbHuk ABC HCKOMHA.

RN

I
Bl

Puc. 195.
IHokasaTenbcTBO BuTeKkaeT U3 OGpPaTUMOCTH BCeX NpPH-
BEeIEHHLIX B aHa/M3e DacCy»IeHHH.

Hccnenopanue. [IlepeGupas mnochenoBaTelsHO —LIar
NMOCTPOEHMA, 3aMeyaeM, uYTO IMOCAeNHUH miar BHINOJHAM TOrLa

4
H TOJpKO TOrma, korna k< 5 T- €. KOrna

e+ 1gzcz+2c2) <%. 6)

c
Ilocne ynpowerus 5TO ycnoBHe NpPHHUMAET BHA: <5

c
Ecnu l<-§-, TO MNapa MNpAMBIX H OKPYXKHOCThb TNepecekanTcs

B YeTHIPEX TOYKAX, TAK YTO MBI MOJYYUM YeTbpe TPeyroJbHHK4,
VIOBNeTBOPMOWHX ycaosuio 3anaud. ONHAKO OMM BCe PaBHHL-

c
HNostomy s3anaya uMeeT enuncTeennoe pemenye. Ecnu xe =,

TO napa MNpaAMBIX KacaeTcs OKPYIKHOCTH, H MBl NOJydaeM IBa
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paBHOOEAPEHHBIX MPAMOYTO/BHEX TPEYTOJbHUKA, YAOBIETBOPSIO-
UWIMX YCJOBHMIO 3afaud. DTH TPeYroOJNbHMKH TdKxe DABHHL MEXLY
coboft, sanaua umeeT elMHCTBeHHOe pellleHne. MTak, mpusen&n-
HHit cnoco0 Bcerfa noaBosisieT HAWTH eIMHCTBEHHOE pellleHHe

(4
8aLa4d, eCly BHINOJHeHO ycnoBue: [ < 5 -

Hurtatelp caM AOKaueT, YTO JBA NPAMOYTOMBHHX TPEYrOJb-
HMK4, WMEIOl(We paBHbie TUMNOTEHy3H W paBHble OMCCEKTPUCH
OPSMBIX yTNIOB, paBHbH Mexay coGolt. Ilostomy apyrux peile-
Huit 3a1aya He MMeerT.

§ 10. TocTpoenne TpUroHoMeTpHYECKHX Bhipaxenuii

C noMoulbI0 LVPKY/s M JHHeMKM MOXHO NOCTPOUTbL psf
BHIPAXEHUH, 3aBUCSUIMX OT TPHIOHOMeTpuuyeckux (QyHKLMH
W3BECTHHIX YTJIOB.

PaccMoTpuM HECKOJBKO NPUMEPOB.

Ipumep 1. Jlan otpe3ok ¢ ¥ ocTpuit yron a. Iloctponts
OTPe3KH X W ; no ¢opMynaM x ==ccosa, y=csina.

CtpouM npsMoOyrofbHbift TPeyroNbHMK MO THNOTEHy3e cu
yray o (puc. 196). Ipunexammit kK yriy KareT paBen X, a npo-
THMBOJIEXKAL U] — )_;

A
42 . B

c %09 90

Y
o o 90/" 909
) 7/
X A, !
Puc. 196. Puc. 197.

Ilpumep 2. ITocTpouTs OTpe3ku x ¥ y no dopmyiam
x=acos%a, y=uasitda,

raie a-— paHHbit OTpe3ok, a— AaHHBH yroua.
[locrpoenne BupHOo w3 pucynka 197. 3peck OA=a,
OA; = acos®a, BA=asinda.
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AHANOTHVHO MOXHO MOCTPOMTH M OTpe3ku no Qopmynam
x=acos"{, y=asin"t

3ameuaHnve. Qopmyin x =acos?f, y=asin®f onpe-
neasmiot (npu 0 < #<C 27) KPUBYIO MMHUIO, HA3LIBAEMYIO 4 CT P O -
noi. Tlone3ysick yKasaHHHM B mnpuMepe 2 NOCTpOeHWeM,
MOXHO (€3 BCSKHMX BHUMC/eHMil, BEINOJHAS JUIIb HOCTPOEHUS
LMPKyJeM H JvHeltkoit, HaliTH M000e YMCIO TOYEK, JeXKallUux
Ha 3TOH JIMKuH.

BOTIPOCH IJIs1 [TOBTOPEHMSA

1. Kak ctaBuTCs 3ajlaya MOCTPOEHMA OTPe3Ka, 3ajaHHoro ¢op-
Mynoii?
2. YKanHTe HECKOJBKO CIIOCOOOB IIOCTPOEHHS CPENHEro reoMert-
PHUECKOro K ABYM HaHHBIM OTPE3KaM.
3. ¥Ykamure croco6el MOCTPOSHHS YETBEPTOrO IMPOMOPHHOHAILHOTO
K TPEM JaHHHM OTpPE3KaM.
4. TepeynciuTe OCHOBHHIE LIAry MOCTPOEHMsT KOPHEH KBajpatHOro
ypaBkenust X3 4-px — g2 =0,
5. To me s ypaBhenust Bua X2 -4 px - g2 = 0.
6. Kax pemmrts Ha ochuoBanun ¢(opMmyn Buera ypasnenne Buia
x2—px—g?="0 ¢ NOMOW{bI0 LUPKYIs W JuHEHKH?
7. Kakas ¢yuxnusi Ha3biBaeTcsi OZHOPOAHOMH?
8. [Npusenute npumepH OAHOPOIHBIX ¢yHknuil 1-ro uamepewns,
HYJIEBOTO U3NEpPEHus, 4-rO H3MepeHus
9. Kax nocTpours uMpKyleM H JuHefikOfi Bbipawenue BHja
x=VRy(ab ..., 1), rae Ry— pauuoHaibHas OAHOPOAHAs QYHKLHs
2-ro m3mepenus: OT AJMH JaHHLIX OTPE3KOB?
10. Kakun cBoiicteoM ofaagaer ¢yHKNuA, onpepensiomas MIHHY
OJHOrO M TOrO e OTpe3Ka IpH JO0M BbIOOPE €AHHHULL H3MEPEeHHS?
11. Kak crpositcsi HEONHOPONHbBIE BBIPAXKEHUS OT JMJIHH JaHHHIX
OTPE3KOB?
12. Cgopmyaupyiite UpH3HaK BO3IMOXHOCTH HOCTPOEHHS LUPKYJIEM
u JuHeiikoil OTpe3ska, 3amanHoro ¢opmynoil. Pasbackure, 4to 3uauuT
HEeO6XOIMMOCTh M JOCTATOYHOCTh ITOrO NpU3HAaKa.
13. Kakos muan AoKa3aTeNbCTBa HEOOXONAMMOCTH IpU3HakKa, YIo-
MSAHYTOrO B BOIpoOce 127
14. B 4éu cymHocrh MeToAa anre6pauyeckoro aHajinsa IPH peLle-
HHH TeOMETPHUECKHX 3alay Ha MOCTPOEHME?

3AJAYH

1. ByayT JIu ONHOPOAHBIMY, a eclu 6YAyT, TO KaKOro M3MEpeHHs,
caenywiie ¢yHKIHA:
a—b

D s — 9 2—9 e
)a a’ at-6’ a2+ 62’
2. Jan epuHuyHbii OTPE3OK. [1OCTPOUTL OTPE3OK, AMMHa KOTOPOro
Gbina 6kl pasua 2— V' 2; Va_ V2+ V2.

3) a% — cd; 4)
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3. Ioctpoutb orpesxn Mo dopmynam:

ad - 63 a8 - b3 4
=T xzabi—l—ac; x =) % —ba.

4, Kak MOCTpOMTh CHEAYIOLHE BHIPaEHHS:

—_ a’ - &7 ) T ¢ .
*= (@b +cd) A - c9? 'x':]/‘az_g,x=]/abcd,

x__ly_aﬁ——[ﬁ—]—@_ Y Vas—t 5
atbtc’ VAFBE— Vs — 68

8
5. Kak mocrpontb oTpesok, Amua Kotoporo pasha |/ 3,48 - 2,38,
He npoM3BOAS daKTHYECKH YKa3aHHbIX NediCTBuil HAX JaHHBIMH YMCJIAMU?P
6. IToCcTPOMTL HECKOJBKO TOYEK, HPHHAIMENAL(UMX rpaduKaM Cie-
Aywuux GyHkuul, He NPOM3BOAS HHKAKMX BHIMMCAEHWMIH:
1

) y=s
2) y = 8

3) y=
)y Vvi=i2

b
4y = V a2 — X2 (a, b, X — nIuHHL JaHHBIX OTPE3KOB).

7. He npousBons BhuucieHui, HOCTPOHTh HECKOJNBKO TOYEK, J€-
HauMX Ha 9JiMIce X=¢acosf, y=bsint.
8. IMocrpouth yroa a, 3uasl, Yro:

_a, _a—b, _Vas—b3
1) sina=—; 2) cosa_a+b,3)tga—— —=

9. [locrpouth KBajpat. Miol{adb KOTOpPoro 6blia Ob paBHa CyMMe
mwiolfaneii ABYX RaHHBIX IPAMOYFOJbHUKOB.

10. B panubii Kpyr BIHCaTh NPSMOYrOJbHHUK, PABHOBEIMKHH Hak-
HOMY KBazpaty.

11. B nanHyi0 OKpDYXHOCTb BIIMCATL UIPAMOYTOJbHHK JaHHOTO
NepuMerpa.

12. Yepes nannyo BHEIIHIOW TOYKY MPOBECTH CEKYL(YIO K HaHHOH
OKPYJHOCTH TaK, 4r00H €€ BHeWHssi YacTh Oba BTpoe OoJbiue
BHYTPEHHEI,

13. Yepes 3apaHHYI0 BHE OKDYIKHOCTH TOUKY IIPOBECTH TaKYIo
MpSAMYIO, YTOOH OKpYIKHOCTh OTCeKala Ha Hell OoTpe3OK AaHHOHM NJMHBI.

14. Ot pamHOro KBajapata oOTCEYb ONMHAKOBHE INPAMOYTOJbHEIE
TPEYrodbHUKM TaK, 4T06H 06pa3oBajcfl NpPaBUIbHBL BOCHMHYTONBHUK.

15. ITocTponTth OKPYKHOCTH, OrPaHHYMBAIOL(YI0 KPYF C IIOW{ajbio,
PaBHOH IIOL(aju KOJbla MEXAY ABYMS JaHHBIMH KOHIEHTPUYECKHMH
OKPYKHOCTAMH.

16. TNoctpouts OKPYKHOCTb, MPOXOASILLYIO Yepe3 ABe HaHHbE TOUKH
U Kacamow(yioc NaHHOH MpsIMOH.
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17. Ilannbi#t oTpe3ok pasf€NHTb B CPEIHEM M KpaiiHeM OTHOWIEHHH
(cm. [9], w I, m 209).

18. B nmaHHYI0 OKpYiXHOCTb BIMCAaTb IPABHILHEIH NECATHYrONLHHK.

19. B nanHYIO OKpPY3KHOCTb BIHCATb TPEYrOJbHMK, €CITH AaHBl TOYKH
repeceyeHns] ero GHCCEKTPHC C OKPYKHOCTHIO.

20, IpoBecTu mpsMyl0, KOTOpasi OMHOBPeMEHHO Aenuia 6bl nononaM
mIoll{ajih ¥ MEPHMETP HAHHOIO TPEYroJbHHKA.

21, IlocTponTh TPeYroJbHHMK M0 TPEM BHICOTAM.

22, Pagpenaurb Tpanenuio Ha JBE PaBHOBEIMKHE 4acTtd, IIPOBOASA
NpsIMYIO, APAJIeIbHYI0 OCHOBAHMIO,



Fnasa VII

HEKOTOPBIE 3AJIAYM, HE PA3PELIMMBIE
LIUPKYJIEM U JIMHEMKO#

§ 1. TipeapaputeabHbie 3aMeyaHus

HerpynHo ykasate mnpuMepb 3anay Ha nNOCTPOeHue, He
uMeiowmx pemeruit. Hennas BnucaTh OKPYIHOCTH B AaHHHIH
NPAMOYTOJBHMK (He SBJISIOLNMCH KBaapaToM), HeJb3q MPOBECTH
KacaTe/NbHYI0 W3 J4HHOW TOUKM K JNaHHOH OKpPYXHOCTH, eciu
TOYKd 5T4 PACNOJOXKEHd BHYTPM JNAHHOH OKPYXHOCTH, H T. I

HepaspeuinMb 0OBHYHO TaK HasbBaeMBE ,NEpeONpe/elEn-
HbHle® 3ajauM, T. e. 337auM, COMepialuye W3JIMUIHUE YCIOBUS:
NOCTPOUTL TPEYTrOJNBHHK NO ABYM CTOPOHAM MW JBYyM yriaMm,
NPOBECTH OKPYXHOCTb Yepe3d YeTHPe J[dHHBHlEe TOYKH M T. I

3HAuMTENMbHO WHTepPecHee 3alayM, pellleHHe KOTOPHX 3aBe-
LIOMO Cyujecmsyem, HO He Moskem. Obimb Hafdeno NPH MOMOLIM
TeX WAM MHHX u30paHHBIX MHCTPYMEHTOB T e€OMETPUYECKHX Io-
cTpoernit. B 3Tux ciyuasx craBuTCS 34idaua O NOKa3aTeNbCTBE
HEBO3MOXHOCTH BHINOJHEHMS JNaHHOTO MNOCTPOEHUS JAdHHBIMM
cpenctBaMu. Takoro popa ,AOKa3aTelbCTBA HEeBO3MOKHOCTH®
BCTPEYAOTCd M B APYTrMX pasnendx MaTeMaTHKM W YacTO NpH-
HajJexaT K 4uchy HauOoJsee TPYAHHX BONPOCOB. Jlokasatelb-
CTBO HepPa3peuiuMOCTH AaXe MPOCTHX Nno (POopMyNupoBke 33nau
Hd [M[OCTPOEHME B5TOr0 pOJa 4YacTO OKashlBAETCS CBSI3@HHBIM
¢ HauGoJlee TPYAHHIMH BOMpOCaMu afireOpH H aHalM3a M YBOLUT
naneko 3a mpefesb 3jJeMeHTapHolt reomMeTpuu. Bompoc o pas-
pPeUINMOCTH HEKOTOPHIX 3a1ay Ha MOCTPOEHVe (C MOMOULLIO ILMP-
KyJs M JuHelKW), BO3HMKIUMX eIUE B riyOokoft mpeBHOCTH, OLlI
paspelléH TOMBKO BO BTOpoit moJiopune XIX B.

JlMuib B pefKux CIyuasx 00Ka3amenscmso Hepaspeuumocmi
TOR WJIW MHON 33ahayM Ha MOCTPOEeHHWe MOXHO MNpPOBECTH Cpenl-
CTBAMH 3JIEMEHTApHOM reoMeTpuu. B KkauecTBe npuMmepa NoOKa-
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seM, UTO HeAb3s nposec.mit Hepnenourxyaisp K Oanwoil nps-
MO uepes  Oanuyio m OUKY, HOABIYACH MOABKO  Aumel-
Kod.

J10Ka3aTe bCTBO NOBeMEM CMOCO60OM , 0T NMPOTHUBHOTOX.

[lycTs B mniockocTw o 3amaHa Touka P u mpsMas a. Jo-
nyCTHM, 4T0 OKa3aJoch BO3MOXHBLIM npOBECTH 4Hepe3 TOuKy I
npAMYI0 p, NeprneHNuKYI#MPHYI0 K npsiMoft a, mOAb3ysch TOJNBKO
anHelikoit. D10 o3HauaeT, YTO HaljmeHa KOHeuHas MOC/IENOBA-
TENBHOCTD OCHOBHHIX MOCTPOeHwH, KoTOpas Bceraa (T. e. He3a-
BUCHMO OT BblOOpa naHHOM npsmo# a w naHHo# Touku P) npu-
BOAUT K TMOCTPOEHHI0 HCKO-
Mor'0 NepHeHANKYJIspa. 2

[Tycts (puc. 198) O —oc-
HOBaHHE MNPOBeAEHHOrO miep-
neHpvkynspa. Ipoeném uye-
pes  HNAaHHYI0 TMpAMyl0 @
KaKyo-am6o niaockocts o,
OT/IMYHYI0 OT 0, U B 3TOH
MJIOCKOCTH — HaKJIoHHyio  p’
K npsmolt o uepes Touky O.
[lycts P’ — npowusBosibHas
TOYKa Ha npsaMod p’, owINY- o
nas ot O. IlpencraBum cebe,
YTO CeTb TOYEK W MpPAMBIX, Puc. 198.

NOCTpOeHHast HAMM Ha MJIQCKO~ ,
CTH &, NPOEKTHPYETCH Ha MJOCKOCTb & Jy4dMH, napajlie/bHbiMu
npsmoit P'P. Tlpu atom T0YKH GyayT MPOEKTHPOBATLCA B TOUKH
(8 yactHocty P B P’), npaMeie—B npsMble (npsimas a—B ce0s),
npuugM OymyT COXpaHsITbCs BCe OTHOUIEHMS] MPUHAILJICKHOCTH,
CyulecTBylOU(He MEeXAY TOYKAME M MPAMBIMA, TaK 4HTO BECH
npopengHHbit HaMu npollece l'lOCTpO’e‘HI/Iﬂ B IJIOCKOCTH O B TOY-~
HOCTM MOBTOPUTCA B [1LIOCKOCTH & - N ecin B mIOCKOCTH &
Haliennas nOCJAen0OBaTe MLHOCTh OCHOBHBIX MOCTPOeHMM npuBena
K MOCTPOEHMI0 MNepnemAMKylspa p ¥ NPsIMOH 4, TO W B MJO-
CKOCTH ¢ OKaweTcs, WTo npsMas p’ mneprenaukyispua a. Ho
3TO 33aBELOMO HE TaK.

Ta e wujes NPOELKTHPOBAHMS MO3BOJAET JNOKA3aTh, HTO
UCKAIOUUMEABHO AUKELKOl HeAb3A Pa30eatimb Ompe3ox nono-
AQM, 4All nposecmu napassens K OGHHOL npAMOL, uil 1o-
cmpoums yenmp Haue PLEeHHON OKPIIHCHOCIY ¥,

* JloKA3ATENbCTBO NOCIENANEro yTBepPiIens MoxHo Hafith B [10],
§ 26 win B [21].
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B HacTosuelt riaBe MbB MOSHAKOMMMCS € HEKOTOPHIMH KJaac-
CHYECKVMH 33/layaMy Ha [OCTpPOEHMe, PelleHMss KOTOPHIX He
MOTyT OHTb HalileHsl C MOMOWLIO LMpPKyas u Jupetiku. Oco-
OeHHO BaXHO 3AMETHTb, YTO 3TH e 3aJaYy PewiaoTcs ¢ npu-
BJleYeHHeM JADYIMX WHCTPYMEHTOB NOCTPOEHMS, a Takke JO-
NYCKalT npuOINKEHHOe pellleHWe C NOMOWEBI0 LUPKYJIS H /M-
nuHetiky. Bo MHOMMX c/yuasx peuieHMs C APYTHMM HHCTPYMeHTAMH
HE NpPEeACTaBJAOT HUKAKOro 3aTPyAHeHHs, a4 NPHOMDKEHHBE TO-
CTpOeHMsl RAIOT pelleHMs, NPaKTHYECKU BIOJHE YIOBAETBOPHU-
TefbHbie. [109TOMY WMCC/lefOBaHHs HepA3peUIMMOCTH KOHCTpPYK-
THBHBHIX 3aJlay OPEACTABISIOT TJaBHEIM 00pasoM ucTOpHYeckulh
M MeToAo/norvueckuit mutepec. KpoMme TOro, OHM BCKDHBAOT
CBfI3b TEOPHM TFeOMeTPHYECKMX MOCTPOEHMH C HEKOTOPHIMM BaX-
HEIMM BOmpocaMu Apyrux oOsacTelt MaTeMaTHKM.

§ 2. Copamaenue OKPYXHOCTH M KBagpatypa Kpyra

3ajaua 0 KBanpaType Kpyra mnojb30Bajach VICK/TIOUHTeJBHOM
U3BECTHOCTHIO C JipeBHEHIUMX BpPeMEH M THCSYETeTHS MM npHBJe-
Kana x ceOe BHUManWe MaTeMatukoB. OHa npubiekaer x cebe
BHHMMaHKe Mpex/ie BCero NpocToTolt GOPMYIMPOBKN: ROCMpOUms
Ksaopam, niowadb KOmMo-
pozo 6viia 6vt pasHa nao-
wadu 0anHozo Kpyza.
Joiroe BpeMsi ne BO3HM-~
KaJlo COMHEHHS B BO3MOX-
B HOCTHU OCYyLIeCTBUTb KBajpa-
TYpy Kpyra. 9Ta yBepeHHOCTb
NOAKpensaNacy, MO-BUAMMO-
My, TeM, 4TO e B V B. 10
H. 9. T'DeYecKOMy TreOMeTpy
'mnnokpanty yaajnoch
0 NpeBpaTHTh B KBAAPaT HEKO-
Puc. 199. TOpble ,KPYroBbie JYHOUYKH®
(4aCTh IJIOCKOCTH, OTpaHHYECH-
Hag jayramu asyx okpyxnocret). Ha pucynxe 199 nsoGpaxena
»lyHOUKa* AmBn, paBHoBe/nkas Tpeyroabuuky ABO (kortopuift
HEeTPYAHO NPeBPATHTL B PaBHOBEJNKMH eMy KBaipar).
INonynsprocTh 3al4a4yd O KBadpaType Kpyra ,pocia BMecTe
C YNCJOM HEeyLAuHLIX MOMLITOK e paspeuieHHs® *.

* @, Pynuo, O kBagparype kpyra, M. —JI., 1934,
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B XV B. Ouiin BLICKA3aHB MPENAONOKEHUS O HEBO3MONK-
HOCTH PELINTb 3TY 3anauy HMPKyJeM M JuHebikolt (J/leonapnmo
na Buruu n apyrue).

B XVII n XVIII BB. nenaiuck nOMBITKH NOKAa3aTh Hepaspe-
IUMMOCTL 3aflauyMl O KBalpaType Kpyra. VccilemoBanus 3Toro
BONPOCA BBISBAMY K KM3HH HEKOTOpHe MNpobseMb u3 obJactu
anreOpe ¥ Teopuu yucelnl.

2
N r
paBHa MJOWANM KBajpaTa CoO CTOPOHOMH 1/21'!!‘--5-, KOTO-

pasi CTPOUTCA KaK cpeinMM npOMOpPIHOHANBHLIA OTPE30K Memay

A
[Mnoulans kpyra paanyca r paBHa nr? = (]/ 2nr - —’-) , T. €.

r
OTpe3KaMu 27r n 5 -

N ecau OB Moxuo Onilo, 3Has pannyc Kpyra r, MOCTPOMTb
OTPEe30K AJMHOH 2mr, TO JIerKO MOXHO OHJIO OH NOCTPOUTDH
TaKOW KBalpaT.

W ob6patno: eciu Obl OPH AGHHOM 7 MOXHO OHIIO MOCTPOWTH
KBaApaT, PaBHOBENMKHH KPYTY, TO MOwHO Obl0 OH HOCTPOMTDL
OTPE30K, paBHHl no aavMHe OKpyxHocTH. B camom nene: ecmm
a— CTOpPOHA YMOMSHYTOrO KBaipaTa, TO wr?=a?% TaK 410

2a2 .
27cr=—r— W UCKOMHIH OTpEe30K CTPOMTCA KaK 4YeTBEPTHH mpo-

NOPLHOHANBHbIE OTpe3OK K OTpeskaM 2a, ¢ M 7.

Urak, 3adana 0 Ksadpamype Kpyza paBHOCUABHG 3a004e
0 »CRPAMACHUL OKPYICHOCME®, T. €. O NOCTPOEHHH OTpe3Ka
nmunodt 2=r. llpm r=1 nmuna okpyxuocty pasna 2w. [lo-
3TOMY 3351244 O COPSIMJIEHHM OKDYXHOCTH NpuBeNia K M3YYeHHIO
CBOHCTB yuCIa .

B 1766 r. vaBecTHHIM U0iBejillapCKMM MaTemaTHkoM loran-
vom Jlambeprom (1728—1777) Ouno nano mepBoe J0Ka3a-
TeJLCTBO UPPOYUOHAABHOCHLL YWCIA T, BHOCIEACTBUM yCOBep-
mwencTsoBauHoe Jlexanapom (1752—1833) #. JlokasatenncTba
MPPALVIOHATBHOCTH yucia T aanu takxe Ottnep, Faycc, Spmut
u apyrue. Ho sTuM sump HameTwncs nyTe AN AadbHeluiux
WCC/IeN0BAHMI: MPPAlMOHANIBHOCTL 4YMCId 7 eué He pewiala
BOMPOCa O BO3MOXHOCTH KBALPATYpH KPYra HU B [OJIOXHTENb-
HOM, HH B OTPHLATENLHOM CMLIC/e.

Yrobbl yscHuTh cebGe anre0panyeckyio CTOPOHY NpPoOieMH,
BCMOMHAM NpPH3HAK BO3MOXHOCTH TNOCTPOeHMS] OTpeska Lup-
KyJeM u JuHebxo#t (rnaBa VI, § 8) ecam nauHa oTpeska,

* I1M JoOKasaTelnCTBa IIPHUBEJEHBl, Halpumep, B KHUre Pyauo
»O xBanparype kpyra“.
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KOTOpHIf MOXeT ObTh MOCTPOEH € MOMOLIBIO LHPKYJS U MuHeHKy,
aBasieTcd yHKuMed NJMH NaHHEIX OTPE3KOB, TO OHA MOXeT ObTh
BBHIPAXK€EHA YePes IJMHB LAHHHX OTPE3KOB C MOMOLIBI0 KOHEYHOTo
YyCaa palMOHANLHBIX OfNepanuit u onepauuit V3eleueHus KBal-
pareoro kopus. Mcxons Toasko w3 r W nonaras r==1, Mu
3aMeTHM, YTO AJHHA MCKOMOTO OTpe3Ka J0JuKHa o0pasoBaThCs
u3 1 ¢ NOMOWLI0 TOJNBLKO PalMOHa/JBHBIX Onepanvit ¥ onepanuh
W3BJleyeHUs] KBAaAPATHOrO KOpHsg. VI3BeCTHO, 4YTO Takue uucia
SBNSIOTCS aJ2e0pauiecKumu, T. e. CIyXar KOPHAMM MHOroO-
YJeHOB C palUMOHAJABLHEIMM KO3(duuuentamu (CM., HanpUMep,
A. I'. Kypouw, Kypc Bucuelt anreGpr, 1985, § 55%). Yucna,
He sBJasiolMecss anreOpavuecKuUMM, Ha3BIBAIOT MPOAHCHEHOCHN -
Hoemu. Takum oOpasoM, 4/ paspemiMMOCTM 34hauM O KBajapa-
Type Kpyra HeoOxon¥Mmo, uToOb yucno = Obuto anreOpau-
YeCKHM, & He TPAHCIEHIEHTHHIM.

[lepBrie mpuMepbl TPAHCUEHLEHTHHIX yMcel ObJIM MONYyYeHH
TOMBKO BO Bropoit monosune XIX B. BrnocneicTsun okasanocs,
YTO MHOXECTBO TPAHCUEHILEHTHHIX YUCeJl ABJIgeTCs ,,60][66 MOulL-
HBIM ¢, ,007ee GOraTeIM” sJieMEHTaMH, YeM MHOXeCTBO alrebpau-
yeckyux yuces. B 1882 r. Oburo noKasaHo, 4TO YMCIO T SIBASETCS
TpaHCUEeRLeHTHEM uncaom (®. Jlunnemann, 1852-— 1939) *.

BuMecTe € 3THM, HakoOHel, Obuia paspemleHa npoO/iema KBaj-
patyph Kpyra: xéadpamypa Kpy2a HEBO3MONCHO € HOMOULbIO
yupryan U audedrd.

HecmoTpst Ha TO, 4TO 3alaya O COPAMIEHHM OKPYXKHOCTH
(v 3apaya O KBaipaType Kpyra) C MOMOL(bIO LUMPKYJs M JH-
Hellkd TeOpeTHYeCKM TOYHO He paspeUiMMa, MOXHO YKasaTb
pasfMuHble MpOCThle NPUEMB NPUOAUNCEHHOZ20 DeLleHHs 3TOH
8alayu € JOCTATOYHON /i MNpPaKTHYECKUX Lesiell TOUHOCTLIO.

Eciy paspenuts OKPYKHOCTH TOYKAMU Ha JOCTATOYHO OOJb-
1I0e YyucIO JLOCTATOYHO ManbX AYT, TO MepUMeTpP MHOTOYTOJb-
HMK4, AJS KOTOPOr0 3TH TOYKH CHAYXaT MOCJeNOBATENbHO Bep-
WIMHAMM, MOXeT OBTb HpPUHAT 32 AJMHY OKPYXHOCTH. ITOT
NpUEM UIMPOKO WCHOJB3yeTCs B uepTéxHOM npakTuke. Heno-
CTaTOK €ro COCTOMT B TOM, YTO TOYHOCTb pellleHHsi CpaBHH-
TeJIbHO TPYAHO MNOAAAETCA YUETY.

HsBectHO, yto ewé B IIl B. no H. 3. Apxumen Hawén,

22
uTo TR . IMpu TakoM jpomyueHun oOTpe3oK AMMHOR 2%r

CTPOMTCHS KAaK TPM LEJbX M ONHA CeAbMasds nvaMeTpa AaHHOH

* JloKa3aTesbCTBO TPAHCHEHAEHTHOCTH YHCIA T H3NOKEHO B JOCTYII-
uolt ¢opme B Gpommope I, M. pundenvua , TpakclenIeHTHOCTL YHCET T
n e“ (Xapbkos, 1952).
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OKPYXHOCTH. DTO nocTpoeHue NaéT npubJmkéHHOe pelleHye
3ala4d C M30BITKOM, npuUYéM OTHOCHTE/LHASI MOTPEIIHOCTE He
npepuimaer 0,139/,.

Mutepechuit npuém npubGIMKEHHOrO CHpPSMJIEHHS OKDYyX-
HOCTH € MOMOLUBI0 TONBKO LMPKYJS MPELIOKHI HTANbAHCKHH
reoMerp Mackepouu (1750—1800). Ilycrs O— uenTp nas-
Hot OKPYXHOCTH, A—KaKas-mibo Touka okpyxuocty (puc. 200).

Puc. 200.

CTpoum yeTHpe MOCIefOBaTe/NbHble BEPIUVHE MPABUALHOTO BIH-
caHHoro miectuyronehuka: A, B, C n D. Ilyere E—Touka
nepeceuenusi okpyxuoctu (A, AC) wn okpywuoctv (D, DB).
IMycte B mepeceuennn ayry BC paHHOH OKPYKHOCTH C OKPYMK-
HocTeio (B, BE) oOpasyetcs Touka M. Torna navsa orpeaka AM
paBna OnHOH YeTBEPTOR YAaCTH JIJIMHBI OKPYMHOCTH € TOYHOCTBIO
no 0,049,.

Ob6ocroBanne 3T0ro cnoco6a MOXHO HaitTH, HanpuMep, B [1],

§ 20, n. 161. OxasuBaercsi, yTo npu r==1 AM=—;—>(

X(VQ—-S]/E—FVI —{—VE): 1,6712. .., B TO BpeMs Kak

T
5 = 1,67079. ..

OpurnHajdbHLE npyEM NPuOIMKEHHONO CHpsAMJIEHHS OKPY K-~
HoctH Obl mpennoxen B 1685 r. moinckum matemarukoM Ko-
xauckum (1631—1700). Cyuirocts 3TOro mnpuéMa sicHa M3
npuiaraeMoro pucynka 201. Ha stom pucyske AB = BC =
=AD=DB=DE = FQG=0H=HI=1.

cr=y 2—V12~3,141533,

14 3ax. 1678. 209



t. e. orpesok CI naér npubankEHHY0 BeIMUMHY IJRHH ROMY=
okpyxHoctH panuvyca 1. Crnoco6 KoxaHckoro HHrepecen
TEM, YTO MNOCTPOEHME OCYLIeCTBIsAeTCSs JHHeHKOH M LHPKyJeMm
MOCTOSIHHOTO pa3Maxa.

[Mpoctoit cnoco6 npHOIUIKERHOTO CNpPSMJEHHS OKPYKHOCTH
HOCPe/ICTBOM LUPKYJS M JMUHeHKH npeanoxeH Hepasuo ['. Mo 1-

Puc. 201. Puc. 202.

nepoM. X0 TOCTPOeHMs TO 3TOMY crnocoly Jerko mpocie-
auth mo pHcyHky 202, rne OE =1, OA=0B =14, =2 BEC =

—45°, CD 1 AB, AD=4(7-+4V31)=62840 ...~ 2x.

§ 3. O nocrpoenns KopHeil KyOGnuecKOro ypaBHeHHs

Msl nmpegnonaraem paccMOTpeTh €€ HEKOTOphle KJIACCHYECKHe 3a-
flayM Ha MOCTPOEHME, anre6panyecKoe pelleHHe KOTOPHIX BeadT K CO-
CTaBJEHHIO KyOuuecKux ypaenenuii. PaccMOTpuM nosToMy Bompoc ¢ mo-
CTPOEHHH KOpHefl Ky6HueCKOro ypaBHEHHSI.

Yro6bI MOJYUHTE OCHOBHOH JJIfi AAHHOTO BOIPOCA Pe3YJbTaT, HEoO-
XOIMMO OCTAHOBHTbCH HAa HEKOTOPHIX MOHATHAX ajreGpel.

Kak H3BeCTHO, 4%uCAOBBIM NOAEM HA3LIBAIOT JIO60E MHOXECTBO
ypces, B KOTOPDOM pe3yJbTaT Kawporo apudmMeTHUECKOro AeHCTBUs Haj,
Io6LIMH ABYMSl YHCIAMH STOrC MHOXKECTBAa (fieJleHHe Ha HyJdb HCKJo-
yaeTcd) BCETAA IPHHANJEKNT TaKKe RaHHOMY MHOXeECTBY uncen. Opuum
M3 MpOCTEHIIMX MPHMEPOB YHCIOBOTO IIONA ABNAETCS MHOKECTBO pa-
IMOHAJLHBIX YHCEN: CIOKEHNE, BLIYMTAaHME, YMHOXKEHHME M JeJeHHe pa-
IHOHANBHEIX YHCEN BcerAa Na&T pauHOHalbHOe uucio. Hamporus, Bce
neipie yucra He oO6pasyOT MONfA, TaK KaK NpH AEJeHHH ABYX LENbX
yrces He Bcerja IloxayyaeTcd nenoe wyucno. Has wammx neneli Baxmno
OTMETHThL €u(€ CIeAYIOIHH NpHMep.

Ynucna Buga r{-+ry ¥V 3, rile ry M ry NPHHUMAIOT BCEBO3MOXHbIE
palHOHaNbHEIE 3HAYeHus, ob6pasysor none. M Boobie, ecin p — xakoi-
au6o Hamepén u3bpauublil GUKCHPOBAHHBIA SJIEMEHT AaHHOIO YHCIOBOrO

noast P, 1o uncia Bupa Py pa VP, YA€ py W Po-— MOBLE 9JeMeHTH
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hona P, ofpasyiot B cBG0 Giepénr Hekofopoé uiciosoe mone. B stoM

MOKHO );6e1m}'bcn Henocpe,ucn;,eﬂﬂoﬁ nposepkoil. Hanpumep, nenerne
_ w TPO

wicna p +p, Vp wa uncno p; +p, Vp npusonur x

7 7 14 {4 - r n rn
) (Pi P2 V) (o — P2 VP) Pl —Pipop

"2 72 - 72 ”2 +

Py — PPy Dy —Ppy

PPy — PPy
1 7 U

+ 2 72 V—p—=p1 +-p, V——:
Py — PP,

V4 " o
rjie p; W p, npuHajgnexar P, Kak pe3yJbraThl apH(MeTHyecKHX Aeii-
CTBHIl Haf sieMeHTaMH 9toro noisd. Eué npoiue nposeputs, 4T0 CymMMa,

Pa3HOCTH M MPOM3BENICHHE ABYX 4HCEN BHHA Py} pp V p Takme mawor
YHCAO TaKoro Buaa. [locie sTOro M3 ompeneNeHMs CIefyer, 4To Yucia

BuAa py - pa V' p nedicteuTensio o6pasyior mode.

Ecmn P — paHHoe 1moze, e — 4iCio, He INpuHagiexailee momo P,
TO MHMHUMaJbHOE ToJle, copepiauiee P M e, HA3BIBACTCH pacliuperuem
nonss P myTtéM mpucoepuHeHust sjaeMeHTa € M 0603HAYAETCH CHMBO-
oM P [e]. Tosicunm 9TO mOHsATHE cleayolum npuMepoM. Ilycts P—
KaKoe-IM60 4uclIoBoe Ione, e = } p, p — snement nois P, e He mpH-
HapaexuT nomo P. [one Ple] nomxHo copepxarb Bce uyucaa p’, npH-
HajJexanfue nomo P, u uucna suna p” Vp, rme p” — uuclo, npuuaj-
Jexanjee Iomo P; crenopatenbHo, OHO AOMMHO CORepxkaTh B cebe

none P* cocTosuiee u3 Bcex yucen Buma pf - p” Y p. Ho sto none P*
conepxuT B cebe nose P (uTo6GH B 95TOM YOeauThCs, AOCTATOUHO H3-

6pats p” =0) u VY p (nonowutb p’ =0, p” = 1). CregpoBaresbHO, pac-
umpenne P [V pl cosnagaer ¢ nomem P% T. e. pacmmpenue mons P
MyTEM TPHCOEJMHEHHS sJeMeHTa 'V p IpeAcTaBisieT MHOXECTBO BCEX

uncen Bupa p' +-p” Vp, rae p/ u p” — BCEBOIMONKHbIE SNEMEHTHI
moas P.

[Mocne 3THX mpepBapMTENbHLIX 3aMe€yaHHil mepeliAEM K JoKasa~
TENbCTBY CIEAyIoL{eH TeOpeMbl, KOTOpasi CIYXKHT OCHOBOM aias Hccle-
JOBAHMS] HEKOTOPHIX KJACCHYECKHX KOHCTPYKTHBHBIX 3ajat.

Teopema. Ecau raxoii-au6o xopeHs npugeOZHHO20 KyOu4ecxo0z0
YpasHerus ¢ payloHAAbRbME KO3(hduyuenmanmy movcem Gvime no-
CmMpoex nocpeoCcmsoM yUPKYASt u JUHELKL, MO 3mQ YDPasHeHue 061a-
Oaem no Kpalinell mepe OOHUM PAULOHANBHLM KOpHEM.

PaccMoTpuM ypaBHeHue

fayitby+e=0, ®

rge nok a, b m ¢ Mol OymeM rOHMMaTh Kaxue-1u60 palHOHaNbHbie

a
gucia. SaMeTHM, YTO IMOACTAHOBKA Y = X — — INEPEBOANT AaHHOE ypaB-

3

B4-rx4-ry=0, @

ThE ry, ro— TaKXKe panuoHalbHble yHcaa, mpuuém ypasuerus (1) u (2)
OJlHOBPEMEHHO HMEIOT WJIM He MMEIT PpalMoHalbHble KOPDHH H KOPHH

14* 211
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5TnX ypaBHeHuil OSHOBPEMEHHO MOI'YT WJIHM HE MOTYT ObITh MOCTPOEHL]
C MOMOIUbI0 IUPKYJIS M JMHEHKH. DTO O3BOJSET OrPAHHYNTHLCA HCCIe-
JOBAaHWEM TOJbKO 0OJie€ Mpocroro ypaenenus (2).

[lycte KOpeHb Xy YpaBHenuss (2) Moxer ObITH IOCTPOEH C IO-
MOI(bIO LMPKYJNss M JHHEHKH. Jto o3Hayaer (cM. ra. VI, § 8), uro
YHCIO Xy OO6pa3yeTcs H3 EIHHMILI [10CPEACTBOM PpalMOHANLHBIX Olle-
paimii W onepauuii H3BJECYEHHS KBajJPaTHOrO KOPHS, IPOU3BOIHUMBIX
B KoHeyHoM uucie. YHCIO Xy MOKET CaMO OKa3aThCsl PALMOHANbHBIM,
U TOrja TeopeMa JOKasaHa. Ecinm ke xy Belpaxaercss depe3 1 He
TOJNLKO € IIOMOIbI0 PAIMOHAJBHLIX Orepanuii, HO H C MOMOU[LIO Olle-
pauuil U3BJeYeHHMs KBaJApaTHOTO KOPHS, TO MOXHO IIOCTPOWTH ITloJe,
cojepxaniee xq, NMYTEM IOCAEAOBATENLHOTO IIPUCOEJUHEHHS K MO0
paLMOHANLHBIX YHCEN COOTBETCTBYIOUMX KBAaJPAaTHLIX PaiNKalOB, T. e.
nyTéM MOCTPOEHHS IMOCAENOBATENbHBIX PACIIMPEHHH 110Js palUOHAk-
HBIX yuCeJ MOCPEACTBOM IPHCOENMHEHHS] KBAaNpaTHbLIX pajukaios. Ecim

14+2V3
V5E—1Vo2—7v2 _
upix wnced, Ry =R[ V3], Ry=R [V 2], Ry =R, [V2 — V2], Ry=
= R3[1/§], u torja nole Ry yme copepxur uucio xq. Ecim Ry;q —

nepBoe U3 IOCIEAOBATEJbHO 00padyeMblX mMOJeH paculnpeHus, copep-
wailee YHCAO Xy, TO, COTJACHO CKAa3aHHOMY B Hauyale STOro maparpada,

7 ” 7 ”
YUCIO Xy UMEET BHJ rk +rk '/ ryg, rjpe Iy, ry, rp— '4ncia, npuHajie-

Wau(ue npexblaylieMy paciiupeuio Ry.
[MoxcranoBKa HAHJAEHHOTO BLIPAMEHHsT X; B AaHHOE YpaBHEHHE

14 U4 —
TIPHBONUT K COOTHOWIEHHIO Py, -+ py. Vrr =0, rae

HarpHMep, Xy = » TO IyCTh R —110Je palMOHalb-

4 73 7 n2 7 ” 72 n@ 73 ”
Px=rg 3 ryrytrrgt+r,npy=38r, -rpytr,r,4rr,
'4 I
Tag yroGul 062 WHCNa Py W P, TNPHHAANERANH Nomo Ry.
4
” . Py,
Ecin nonommuth p, # 0, TO mnoayuum: Y rp=——; . 3uauur,
P
Vri, a cnemoeatensho, m Xy OYAyT npuHajgiexats nomo Ry, uTo
IPOTHBOPEYUT CHENAHHOMY IPEANONONEHHIO, 4YT0 KRy 1y —TepBoe U3
”
noseil paclumMpenus, coaepmal(ux xy. CienosatenbHo, p, = 0, oTKyzna

/ Ud — /
B CHIYy pp -+ pp Vrr =0 BLITEKAET, 4TO U Py =0.
HerocpeacTeentas MOACTAHOBKA IOKA3bIBAET, YTO IPH ITOM YHCIO
7 7
Xy =ry—ry Vry TaKixe CIYXUT KOPHEM JaHHOTO ypaBHEHHs. A TaK

KaK 10 H3BECTHOMY CBOMCTBY KOPHEH anrefpawyecKoro YpasHeHHS
X1 + x9 4 X3 = 0, TO TpeTHii KOpEHb NAHHOrO YPAaBHEHHH Xg=
= — (X1} x9) =—-2r§c H, 3HAYNT, KOPEHb Xg HPHHANIENKHT modio Ry.
TakuM 006pa3oM, pmoONycKas, 4TO OfMH M3 KOpHel maHHOro ypas-
HEHMf, HMEHHO Xy, TIPUHAJIEKHT IONI0 Ry 4.q, Mbl IPHILIA K BHIBOAY,
Y70 APYroll KOpeHb X3 3TOrO YPAaBHEHMs IPHHALICKHT OO Ry. Mc-
XOif M3 STOTO BHIBOAA, NYTEM TAKUX K€ PacCyxJeHHH MOWKHO joKa3ath,
Y70 HEKOTOPHIH KOPE€Hb AAHHOrO YPaBHEHUs IIPHHAMIENHT HOMO Rp—1-
MoeTopsis Takoe paccyxkieHne, Mbl MPHAEM K 3aKJIOYEHHIO, YTO HEKO-
TOPHIi W3 KOpHEH JAaHHOrO YPaBHEHHS IpPHHAJJIEKUT MOMO R, T. €
ABJACTCS PAIMOHANBHBIM YHCIOM, YTO M TPe6OBAaNOCh AOKA3aTh.
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§ 4. 3apaua yaBoeHns kyGa

3anaua ynBoeHuss Ky0a COCTOMT B CHeLyIOlLeM: 3HAS pebpo
0aHHO020 KY6a, nOCMpouRs Pe6po maxozo Ky6a, 00BEM KOMo-
pozo Gbin Obr 8080e Goabwe 06BEma Oanno20 Kyoa.

OGosuauass peOpo HCKOMOro KyGa uepes x, NPHXOLUM
k ypasnenuio x%=20%. [lpunnumas nausy peGpa naunoro kyGa
sa 1, nomyunm: x8-—2=0. Wa aareGpu usBecTHO, YTO PauUMO-
HaJbHHE KODHHM MNPUBEAEHHOTO YPABHEHMs C UeJbIMH KO3(du-
UMEHTAMU MOTYT ObITh TOJNBKO UeJHIMH H COLEPIKATCH CPenH
nenurenelt cBOOONHOTO uleHa ypaBHenus. Ho nenutensmu uucaa 2
CIyXaT TOJpKO umcna 1,
—1, +2 u —2, unu oano
M3 HHX, KaK JerKo mnpoBe-
pHUTb, He YRZOBJIeTBOPSeT AaH-

Puc. 203. Puc. 204.

xoMy ypasrenuio. CrenoBatenbno, ypasredue x3—2=0 pa-
LLMOHAJBLHBIX KOpHell He uMeeT, 4 9T0 O3Hayaer (CM. Teope-
My § 3), uro 3azaua ynasoenus kKyOa He MoxeT ObITe penieHa
C mMOMOUIbI0 UMPKYJs U JIMHEHKH.

3aMeTHM, ONHAKO, YTO 331a4a ynBOEHUS KyGa MomeT ObITH
MaTeMaTHyeCKH CTpPOrO pelieHa C INpHUBJIEYEHHEM NAPYIMX HH-
cTpyMentoB. Tak, Hanpumep, ewg okono 400 r. no H. 3.
[TnaTon Ham@n pelienne 9ToH 3aKayM € NpUBJIEYEHUEM NBYX
NPSMBEIX yTJIOB. :

[Mycrs OA=a— narnoe pebpo kyOa. [lposeném uepes
Touky O npsmyio, neprneHaukyaspuyl0 OA, 0 QTAQKUM Ha Helt
oTpeaok QB = 2a (puc. 203).
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Pacnosioxum nBa npsAMBIX yraa Tak, uytoOw: 1) Bepumiuna C
NepBOro yria okasanach Ha npopomxenun ayya OB, a Bep-
muHa D BTOporo—wua nponomkenun ayda OA, 2) onua ua
CTOPOH MepBOro yr/ia NPOXOLWIa uepe3 TOUKY A H OfHA CTO-
poHa BrOoporo—vuepes B u 3) ytoObl IBe NPyrHe CTOPOHH
YTJIOB PACNoOJOMKHUINCL Ha OfHOU mpaMot CD.

[lo usBecTHOH TeopeMe O NepneHIUKY/spe, NPOBENEH-
HOM M3 BepPUIMHB NPAMOTO yrjaa K TUNOTeHY3e TPEyrofb-
nika, OA:0C=0C:0D u OC:0D==0D:0B, 7tak 410
a:0C=0C:0D u ¢:0C=0D:2a wm a-0D=0C? n
2a®*=0C - OD, otkyna 2a%=O0C® u, cnenoparenbno, OTpe-
30k OC HCKOMBHIL.

3anaya 00 ynBoenun KyOa MOxeT ObITh pellieHa ¢ MOMOUIBIO
UMPKYJS M JMHeHKM Jumb TPpuOmuxkEHHo. [lpuBenéM ONMH U3
CaMBIX MPOCTHIX CNOCO00B NPUO/HIKEHHOIO pelleHus 3TOM 3anayu.

Mycts AB= BC = q, npuuém AB | BC (puc. 204). Crpoum

3
AD = —(IS—AC. Torna CD~a}/2 ¢ Tounoctio 10 1%,. B camon

nele,
CD=Va2+BDz=al/1+( Iy
=5 V74—12)/2=0a.1,2586...

8 __
B 10 e Bpems }/2=1,2599....

§ 6. 3agaua o TpuceKuum yrJaa

3anaya O TPUCEKLUMH yr/ia COCTOMT B TOM, 4To0bl pasde-
aume OGHHBIL Y204 HQ mpl PAaBHbE “HQCTLL.

OrpaHuynmMcs pellleHneM 3anayd JJsi YTJIOB, He NPeBHIMIAI0-
mux 90°. Ecmu a—rtynott yroa, 1o a = 180°—3, rne § < 90°,
TaK 4YTO —§ = 60°—%, M NO3TOMY 3alaya O TPUCEKLUH TyMNoro
yrna o CBOLUTCS K 3anaye O TPUCEKLUM OCTporo yrhaa f.

3ameTuM, YTO (NpH HAJHYMKM ENHHUYHOrO OTPeska) 3anaud
o noctpoennu yraa ¢ (o < 90°) paBHocuabHa 3anaue o NocTpoe-
HHUH OTpe3Ka x = c0S ¢. B camom Aese, ecn yroa ¢ nocTpoe,
TO TNOCTPOEHHE OTPe3Ka X = COSY CBOAUTCA K MOCTPOEHHUIO
NPAMOYTOJBHOTO TPEYrobHUKA MO FUNOTEHY3e H OCTPOMY YLy
(cm. puc. 208). OOpatno, eciu NOCTPOeH OTPE3OK X, TO MNO-
CTPOEHHe TaKOr0 yraa ¢, 4TO X ==COS¢, CBOLAMTCH K NMOCTPOe:
HUI0 NPAMOYTOQJILHOTC TPEYTQJAbHUKE MO TUNQTEHY3C M KATCTY.
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Nycts o— paHHB YoM, ©—UCKOMBIt yroa, TaKk YTO
a
¢ =-3. Torna cosa=cos 39 =4 cos® o —3cos¢. [Noatomy,

riosiaras coscpz—-—g-. cosa——-%, MPHXONNM K ypaBHeHmio: x3—
— 3x—b=0. Orpesok x, a CIENOBATEJbHO, H YTOJN © MOTYT
6bTb DMOCTPOEHH JHIIb B TOM cJayyae (cM. § 3), Korza 370
ypaBHeHHe HMeeT X0Ts Obl OfMH pauuoHanbHbtt KOpeHb. Ho ato
AMeeT MeCTO He NmpH BCAKOM &, W NOITOMY 3a/1aya O LelleHHH
yriia Ha TPH paBHble 4acTH, BooOule roBops, He paspeulinMa
¢ MOMOLUBI UMUPKYJs W JuHeiku. Hampu-
Mep, npu a:-;-r— nonryuuMm b =1 u naltnen-
HO€ yPaBHeHHe [PUHUMAET BUA: X3—3x—1=
==0. Jlerko npoBepuTh, UYTO 3TO ypaB- /
HeH#e He 00JanaeT HUKAKHUM PalHOHA/bHBIM
KOpHeM, OTKyZLa CclelyeT HeBO3MOXHOCTh
nefednst yraa B 60° Ha TpU paBHble uyacTu

C TNOMOUIBI0 UMPKYJs U JuHeHKH. @
Takum oOpasom, 3adaua 0 mpuceryuu X
yena He pO3PeULUMA GYUPKYAeMm U AUHelKOl Prc. 205,

8 o0wem sude. HeoOxXonuMM0O OTMeTHTb,

YTO OHA MOXeT OHTh pelleHa STHMH HHCTDYMEHTaMM B HeKO-
TOPHX 4acTHBIX cayuyasx. LIupoko usBecTHO, Hanpumep, JelieHue
Ha TPU PaBHBE YACTH NPAMOro yriaa. [lpenpayune paccy i exus
NPHBONAT B 3TOM Clyude K ypaBHeHuio x3— 3x =0, kortopoe
uMeeT kopHu 0, ]/3 U -—]/3. IlpakTHyeckn nocrpoeHue CBO-
LUTCS B 3TOM cJyyde K JleJleHHI0 HA TPU PaBHBIE YACTH 3aKJIO-
USHHOH MewJy CTOPOHAMH NpSIMOrO yr/ia AYrH OKDPYXHOCTH €
ILeHTPOM B BEPIIHHE [IPSIMOro yrJ/a. DTO LOCTUTAeTCH MY TEM OTKAG~

AbIBAHUSA HA JiyTe 7= YACTH OKPYXKHOCTH OT KAXJIOrO KOHUA JyTH,
[Tocne aToro Jerko 3aMeTHTh, YTO TPHUCEKLUWs BO3MOXHA npH
“;'gﬁ (n — naTtypajpHOe). 3anaua O TPHUCEKUMH OKa3HRaeTcs
paspemiuMolt ¥ NpPH HeKOTOPHIX JAPYTHX YaCTHBIX 3H3YEHHSAX
yraa a.

Jloctatouno HeOOMbUIOrO YCUMeHHS KOHCTPYKTHBHHIX EBO3:
MOXHOCTEH UMPKyJs ¥ JuHeHKH, 4ToOb TpuceKuus mo6oro yria
CTaNa yxe BHNOMHUMOR. IleneHue npouaBOJBHOrO yria Ha Tpu
pasHble YacTH MOxeT OblTh NMPOM3BENLEHO NPH NOMOIUH UMPKYJIs
M JunelikH ¢ ABYMsi OTMeTKaMH. [IpH 9TOM K OCHOBHBIM MOCTpOE-
HYsIM, OCyLieCTR/IseMEM ¢ TQMOULRID UWPKyns W JuHeliku,
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np UCOEeNHHAETCS €l1e€ OAHO OCHOBHOE nocTpoenue: yepes ILdHHY10
TOUYKY NPOBECTH MNPSiMyi0 Tak, yToOLl €€ OTPE30K MEeXny LBYMs
NOCTPOEHHBIMH JINHUAMH OB paBeH PACCTOSAHMIO MEXIY OTMeET-
KaMud Ha JuHelike (ecau Takas npsMas BooOlle CylL(eCTBYeT).
[lpakTuuecku 9Ta oNepalus OCyU|ecTBIsAeTCH NYTEM NepeMereHns
onHoM M3 OTMeTOK, HanpuMmep A (puc. 206), no onHoH us
IaupbiX nuHud (Ha pucynke no [) A0 Tex mop, MOKa Bropas
oTMeTKa B nonanér Ha sropyw Junuio (f,), nmpuuéM Jupefika
BCE BpeMsl OCTa&rca npoxonsivlelt yepes nauHyio Touky P.

Puc. 206. Puc. 207.

Tpucekuust yria ¢ NMOMOWBIO LUPKYJd U JduHeHKH C AByMS
OTMeTKAaMH NPOU3BOAUTCA clelyloluM obpasom. Ilycrs a — aan-
ueiit yroa (puc. 207). OnupieM u3 BepUIMHE yTia OKPYKHOCTD
panuyca r, The r-— paccTosiHie MexJy OTMeTKdMH Ha JMHelike.
[lycte P — Touka nepeceHus NpOBefEHNOM OKPYMHOCTH C OLHOR
3 cTOopoH yriaa a. [lpoBeném uepes TOuky P npsmyl0 Tak,
yToOB OTPE30K e& Mexay BTOpOH TOukoH (Q) e€é mepeceyenus
C OKPYXHOCTBIO M TOukolft R nepeceueHuss C MpPORLOMKEHHEM
BTOpOH croponbl yria o Obur pasen r. O6oswauas yron ORQ
yepe3 ¢ M MUCXOAS U3 CBOHCTBAa YIJIOB paBHOOeNpeHHOrO Tpe-
yTOMbHUKA M U3 CBOMCTBA BHEIIHEro yria TpeyrojbHMKa, Mbl Oes
Tpyna aaMeTum, uTo o= 3¢. Takum o0pasoM, yroa ¢ npen-

CTaB/seT 5 JGHHOrO yria . DT10T ¢nocob NOCTPOEHUS MPUIU-

chiBaeTcs Apxumeny.

Cy1ecTBy10T npuOOpPbl, MOSBOJAIOUIME BHITOIHATL TPUCEKLIHIO
yria. Takne npuGopwl HaswiaoTcs TpucekTopamd. Onun us HUX
u3o6paxen na pucynke 208. On npencrapiser COenMHeHHE JBYX
wiaprupubx poM6oB ABCD u AB'C'D'. Bepuina C moxer
cKOMbauth [0 crepxtio AD’, a Bepmnna C’— no crepxnio AB.
Yro6el nanubit yron MON pasneiuTs Hd TPU paBHble YACTH,
noMelaioT T04KYy A B BepuiuHy yriaa O M HAanpaBiafioT CTOPOHY
pom6a AD no ¢topong yrag QM. a cropony pomba AB'—1Q
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cropone yraa ON. Tlocne sroro nmaronanu pom6os AC u AC’
pasnensat yron MON na tpu paBHBE YaCTH.

3HaunTeJBHO TIpOUle IS W3TOTOBJEHUS TPUCEKTOpP, H306pa-
wEHHpIN Ha pucyrke 209. OH COCTOMT W3 MOMyOKPYKHOCTH ©,

A D M P N M
Puc. 208. Puc. 209.

CTepxHSl S, KacaTeJbHOrOo K Helt B konue nuamerpa MN,
1 crepxns NP, Nnpopo/mKaiolero [UaMeTpP 3a KacaTeJbHYI0 Ha
OTpe30K, paBHulft PafHyCy OKPYMHOCTH.

Vs pucynka 210 Bunro, uto nJas nefenust yraa AOB na
TPH paBHHe YACTH NOCTATOYHO NOMECTUTL NPUOOP TaK, YTOOHI
Kacare/bHas § npousa yepea BepuinHy yriaa O, OKpyXHOCTb ®
KOcHyach onHolt u3 cropon OA, a konew P crepyus NP nonan

1
ha npyryio cropory OB. llpu 3TOM KacaTenbHas s OTLENMT =

LaHHOrO yrna, cuutas OT cropoun OB.

B yepréxnoft npakTWKe TPHUCEKIMS MaJbiX YTJIOB OCyule-
CTBASETC TNPUOJUKEHHO Tak: NPOBONAT OKPYKHOCTH U3 Bep-
WIWHB NAHHOIrO yTJd, Kak W3 UeHTPa, nejJsT Ha TPH paBHble
YacTH XOpRY, CTATHBAIOLLYI0 RYTy 3TOH OKPYMKHOCTH, 3aKJIO0~
YEHHYIO “MeXAY CTOPOHAMM yria, M NOPOBOLAT Pafuychl uyepea
TOYKH AeseHus (cM. puc. 211). ITOT NpUEM OCHOBAH HA TOM,
YTO [ MaJHX UeHTPaNbHBIX YTJOB COOTBETCTBYIOI(Ad NyTa
Majno OTJIuyaerTcs OT CTaruBacued ed xopAbl. ITOT cnocod
OYyeHb NMPOCT, HO He BCerjia AA€T yMOBIETBOPUTEIbHbIY pe3y/bTaT.

B pasnoe BpeMst GbUIO MpPELIONKEHO MHOTO PA3THYHBIX CIIO-
€0060B npuOIMKERHOH TPHUCEKUUH YT.a,

Xopouiee npubauiKeHHe MONKHO IOAYYUTb, HAPUMep, IO
cnocoly, npennoxenHoMy ew® B Hayane XVI B. aHaMeHHTHIM
nemeuxum xynoxuukom AnpGpextom Lo pepom (1471-=1328).
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Ha pucynke 212 nokasano npuGumxéHHoe nenenne AyrH AB
Ha Tpu paBHble uYacTM no cnocoOy Jliopepa. 3necw AC—-

—CD = DB=—1—AB CE | AB; AF — AE; FG—-—FC

Puc. 210. Puc. 211.
AM=AG. Torpa ~ AM =~ —:13— ~ AB. Jlns octpux yraos omun0Ka
He npesocxonut 187,

HurtepecHnit cnoco0 npuOmuKEHHOH TpPUCEKUMM yTJa Tpel-
noxer JI. A. Ulpy6ko B ero pabore ,Tpucekuuss yrmia®

mE
/CNF D
A G

Puc. 212.

(,VsBectuss Axanemun nayk Kasaxcko#t CCP*, Ne 115. Cepus
reosorud, Beim. 12, 1952, crp. 99—103). Ilpennoxennbist um
enoco6 naéT BOSMOXHOCTb MOC/TEOBATeNbHO YJIyuliaTh MOJYy-
ueHHble NPUO/MUIKEHHs ¥ TNPOM3BECTH TPHMCEKLMIO yriaa ¢ JioGoH
CTENEeHbI0 TOYHOCTH.

§ 6. MNocTpoeHne MpaBHJIBHBIX MHOTOYrOJBbHAKOB

B wkonpHOM Kypce reoMeTpun paccMaTpuBaeTcs NOCTPOEHHUE
NPaBuU/bHBIX TPEYTOJbHUKOB, KBAAPATOB, NPABUIbHBIX DIECTH-
YTOJLHUKOB H BOCbMHY FOJBHUKOB. MIHOTIa paccMaTpuBalOT TaKike
MOCTPOEHHE MpPAaBHIBHBIX MNATHYIOJNBHUKOB (M BMecTe C 9TUM
JleCﬂTPIYFOJIbHHKQB), Meton NOCTPQRUHAA MEHACTCA MpH 3TOM
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B 3dBUCUMOCTH OT uucaa cTopoH. EctecTBento Bosuukaer Bonpoc
00 u3bICKaHMK O0ULEr0 MeTONAa NOCTPOEeHHs NMPaBUJIBHBIX MHOIO-
YTOJIBHHKOB H 00 MCC/MeOBAHHH BO3MOXHOCTH NOCTPOHTL Mpa-
BUJILHBIHl fl-YyTOJILHUK NMPU TOM WIH WHOM 3HAYEHHH 1.

Peuienne 3toro ponpoca ObIO cBfizaHo ¢ GoMbUIMME Teope-
THYECKUMH TpynHocTaMu. Onnako npoGreMa 6blia NMOJHOCTBIO
peuieHa BeJUKUM HeMelUKMM MateMatukoM K. &. [layccom
(1777—1855) B 1796 r. Mbl ocCTaHOBMMCS HA 3TOM BONpOCe
Judlb B TJIdBHBIX 4YepTax.

[lonsTHo, 4To BONPOC O BO3MOXKHOCTH NMOCTPOEHUS NPABUIb-
HOr0 A-yTrOMbHUKA PABHOCHJIEH BONPOCY O BO3MOMHOCTH Jle/leHus
OKDYXHOCTM HA # PaBHHX uacTell: eC/¥ OKPYKHOCTh pasieleHa
Ha 1 paBHbIX Yactell, TO noc/enoBaTelbHOE COeNMHEHHE TOYeK
LeleHHs NPUBOAMT K MNOCTPOEHHI0 NPABHJIBHOIO fl-yTOJbHUKA;
00paTHO: eciM TNOCTPOeH NPaBUJBLHBI #-YTOJBHMK, TO JETKO
onpepenseTcs ero UEHTP, a4 CJHefOBATeNbHO, M LEHTpaNbHHMH

1
yroJs, COOTBETCTBYIOUIMt —-# UaCTH AYLH OKDYIKHOCTH.

3HaYUTEJbHOE YNPOLLEHHE BONPOCa O BO3MOKHOCTH MOCTpOe-
Husl NPaBW/IBHOrO f-yroJbHUKA RAET CleLyloulas Teopema.

Teopema. Ecau uucao n passczaemcs HA 080 83QUMHO
npocmoLx MHOMCUMEAS P U ¢, MO B03MONCHOCMb OeneHus
OKPYIHCHOCIMY HQ 1 PABHBLX “acmell PABHOCUABHQ BB3MONCHO-
cmiu 0eAeHUS OKPYICHOCMIL 8 OMOCABHOCMU HA P U q DABHBLX
yacmei.

Xon paccyxneHuss ,B OLHYy CTOPOHY“ COBepUIeHHO siCeH:
€C/Ii OKPYIKHOCTb pasneleHa Ha 7 paBHHIX yacTelt, To, rpyn-
nUpys 3TH YacTH NO p uyactel, NOJYYUM TOUYKH JLeJleHUst OKPY K-
HOCTH Ha ¢ yactell, a rpynnupys Te Xe yaCTu 1O §, Pa3nerM
OKPYXHOCTb Hd P PdBHBIX uddcTeH.

JlonycTuM Tenepn, YTO0 OOGPATHO: OKPYMKHOCTb MOMeT OHITH
pasnefiena Kak Ha p, TaKk W Ha ¢ paBHelX uyacrteit. CocTaBuM
ypaeHerue gx — py = 1. Takoe ypaBrenue, KaK U3BECTHO, BCErnd
paspeuluMo B LeMBHX uuciax (TaK Kak KO3(QuUUUEHTH €ero
B3auMHO NpocTeie). [lycTh X U y-— lesble pPeUleHUs 3TOTO Y paB-

y 1 2% 2n 2n

X
Henns. Torpa ——-= =—, TaK YTO0 X ——— Yy —— = — , H IJIfl
p q n 4 q n

noJy4yeHust Tz"ﬁ YaCTH OKPYHHOCTH LOCTATOYHO M3 NMOBTOPEHHOM
1 1 ”
X pas ;-H e€ 4acTH BHYECTh NOBTOPEHHYID y pas —‘7-}0 et

wactb. Hanpumep, yToOb pasnennTh OKPYHHOCTb Ha 13 paBHBEIX
vacTeil, LOCTATOYHO M3 YLBOEHHOH TPEThEH 4a¢TH OKPYKHOCTH
BHIYECTR YTPOGHHYYQ 9:10 &6 4aCTh
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W3 noxasanHol TeopeMbl ciaenyeT, YTO TNPHHUUNKHAJLHBLIH
HHTEpeC NMPENCTABIAET TOJLKO H3yUYeHHE TeX CAy4yaeB, KOTLA 7
eCTb IPOCTOE YHCAO0 WM CTeleHb MNPOCTOTO WYHCJa.

ITepetingM x anrefpanuecKoMy NpeLCTaBJEHHIO 3a/1auH JeJe-
HHSl OKPYXKHOCTH.

Kaxk wmaBecTHO, KaxaoMy uucay 2= xX-}{ yi comocraB.isercs
HAa JEeKapTOBOM KOOPAWHATHOM IUIOCKOCTH TOYKa Z € KOODPIH-
HataMu (X; J). KommiexcHoe umcino 2z HasbBalOT aghpurconm
TOukH 2. Jlig KpaTkocTH BMECTO ,NOCTPOHTL TOUKY (HA NaHHOf
JLleKapToBOH KOOPLMHA&THOR IJNOCKOCTH), addukcoM KOTOpOH
CNYXHUT YHCJIO 2 =X yi“
(T. €. TOUKY C KOOpILHMHATAMH
(x; ¥)), yacTo ropopsr: ,Mo-
CTPOMTL TOYKY 2Z“ WM ,TO-
CTPOMTL UHCIO 2.

IMycte naHa OKPYKHOCTDL
o (0, r), koropyw Tpebyercs
pasienuTh H& AN paBHBIX Ya-
crell (n—npocrtoe). bea no-
TepH OOLIHOCTH MOXHO MOJO-
wuTh, yto r = 1. IlpoBeném
yepe3 O JnBe B3aMMHO Tep-

Puc. 213. neHpvkyJaspueie ocu Ox w

Oy, KoTOpLIE IpHMeM 33 OCH

koopauHat (puc. 213). Ilycrts nonoxurensHbift ayu ocu abeumce

nepecexaeT OKPYXHOCTb ® B Touke E, Tak uto 9Ta TOuKa MMeeT
koopauHate (1; 0).

3anaua LeneHusi OKPYIKHOCTH Ha A PaBHBIX yacTell COCTOMT

2% .. 2
Jiaee B TOM, 4TOOB! IOCTPOUTL TOUKH 2j = COS - k—isin - k

(=1, 2, ..., n—1), 1. e. 4TO6bH HOCTPOUTL OTJHYHbIE OT
elMHUIBl KODHH ypaBHeHusi 2%—1 =0.

KopHuy mnociensero ypasHeHHs, OT/IHYHbie OT ELMHHULIbI, ABJS-
I0TCA KOpHAIMM ypaBHenns 2zP~—1-} 2721 ... 424+ 1=0,
KOTOpPOE HA3HBAIT VPABHEHUEM OeNeHUSL OKPYICHOCHL.

3aMeTHM, YTO (IPU NPOCTOM #) ISl [IOCTPOEHHMS BCEX BEPILHH
MPaBWILHOTO BIIMCAHHOTO A-YTOJBHUKA NOCTATOYHO IOCTPOHTDH
Kakyo-1mbo OAHY ero BepluuHy, OTaHuHyl0 ot E. Jleficteu-
TenbHO, W3 anre6pel uaBectHo (cM. A. [. Kypow, Kypc
Bhicweft aare6pe;, OTM3, 1946, ra. 1, § 5), uro nyTém nocae-
JOBATEJLHOTO BO3BEJleHHs B CTEleHb JI60ro neppoolpasHOro
KOPHA M3 ENHHHIb MOXHO TMOJYYHTb BCE KODHH ypaBHEyHs
27— 1 == (., [¢OMETPUUECKH 9TQ Q3HAYAET, HTQ €CaH (NoMHMO E)
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fioérpoena kakas-nibo ofiHa BEpI1IKHA E,, To, oTknanbiBas

TOC/JEL0BATENLHO TI0 OKpy¥HOCcTH Ayry EE,, Mb nocae n—2
[I4roB TOJYYHM BCe OCTaJbHble BEpPILIHHEIL.

Ins panvHelilero noJie3Ho ewd chenymoliee 3aMeuaHHe.

2n 1 . 1 2r

IMycts 2 =cos —n——i—zsm—n—zx—i—yt. Torna z—|—?=2 cos —.

Otciona chlenyer, YTO €C/AH MOXHO NOCTPOMTL LUPKyJNeM H

1 .
NuHeHKOM OTpe3oK v ==z —» TO MOMHO MOCTPOUTL  TOUKY 2,

¥ HaobopoT. B caMom nene, Jerko saMeTHTb, 4YTO x=%.

CornacHO CIeNaHHOMY BHIIE pa3bsiCHeHHI0, ofmui MeTon
pelleHMsl 3a1aud O JeJIeHWH OKPYXHOCTH H& A PAaBHBIX yYacTeh
C MOMOMILI0 HMPKyJsl H JHHEHKM CBOLMTCS K HCCIAEN0BAHUIO
BONPOCA: MOXHO JIM MOCTPOMTb KakoH-1nO0 KOpeHb yPaBHEHHS
zn-1} zn-21 .-} 24+1=0, u ecain MOXHO, TO Kak?
PaccMOTpyM HeKoTOpHE TpPUMEPH.

IMycte n==>5. YpasueHue neneHus OKPYIKHOCTH UMEET B HTOM
cilyvae BHI:

2B+ 24+ 2+1=0. )

BhisichuM, Moxer san ObITh [OCTPOEH LHpKyJNeM M JuHEHKOH
Kakoii-nnbo KopeHb ypasHenus (1), nHanpumep:

z=c032—5ﬂ—|—isin2?ﬂ. ©@

TeM caMbiM OylleT peIl&H BONPOC O BO3MOXHOCTH JLEJIEHHS] OKPY -
HOCTH HA4 O paBHbIX uacTefl nupkynem u Junelixo#h. [lonoxmum

e5—o. ©)
rie nop 2 noHumaeM umucio (2). Torna
'v=2cos%>0. 4)

Tak kak uncio z yLoeleTBoOpseT ypaBHeHHIO (1), TO OHO LOMKHO
YIOBNETBOPSITL W Y PABHEHHIO

2zt 14145 =0 )

Tak Kak z—|—%:'v, TO 224——2—12—:02—2, TaK YTO ypaBHe-
Hue (5) MOXHO NpelCTaBHTb B BHIE:

v?4+v—1=0. 6)
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I - i . . .-
IT10 ypaBHeHHe uMeeT OAMH MOAONWTENbHLH ¥ ONMH OTpHUA-
TeJbHbiH KOpeHb. B cuiy (4) v — nonoxuTensHeii KOPEHL Y pas-
5—1
Henns (6), T. e. 'U=K2—-. OTpe3oKk TaKOH JJIMHBI MOXeT
OHTh MOCTPOEGH LHpKyJeM ¥ JuHefikoh. ClleloBaTeNbHO, MOMHO
2n I .-
NOCTPOHTL M TOUKY 2 == COS—¢- —f-isifl—. TaxkuM o6pasom,

VCTaHOBJIEHO, 4YTO WMpKyJeM ¥ JHMHERKOH MOXHO paslielnTDb
OKPYXHOCTb Ha O PaBHBIX YacTeh.

[ycTs Tenepes n=7. 10T cayuali NPHBOLHT K YPaBHEHHIO
24D 4242842224 1=0, xoTOopoe pABHOCHILHO

1 1
ypasHennio 284221 2L 1-} —} +azt+m= 0. TIlomoxum
1 .
2 —I—? =v. BosBens 5710 paBeHcTBO MOWIEHHO B KBajpaT H

B Ky0, TOJyuHM: 22—|—-—217='02—2, zg-l—?lg:'vg—&v, ¥ Mbi
NPUXOLMM K ypaBHeHno %+ v2 —2v—1 == 0. Herpyauo npo-
BEPHTb, YTO 3TO YPaBHEHHE HE MMeeT palMOHaJbHLIX KOpHel,
TaK YTO OTPE30K ¥ He MOXeT ObiTb NOCTPOEH LHPKYJeM
u JuHehkoh (cM. § 3). TakuM o6pasoM, ycTaHaBlHBAeTCSs, YTO

NOCTPOEHKE TPABWILHOIO 7-yTOJbHHKA € TOMOLILID HMPKY/Is
W JIHHeNKH He OCYLIECTBHMO.

B canyuae n==17 3apnaua onaTb CBOLMTCA K IOCTPOEHHIO
oTpeska

2
v:z-}-%:z-}—zlG:Qcos—l;.

K nocTpoensio 3TOl BesnuMHBI MOXHO INONOHTH MNOCTENEHHO,
OTNPABJASACH OT COOTHOIUEHHS;

2224284 ... 420 =—1. *

O6o3HaunM:

@+ 25) 4 (22 4 29+ (4 -+ 29) - (5 + 2 =1,
(23 + 214) + (25 + 212)+ (26 + zll) + (27 + zlo) f— 12.

Vs coorrowenns (¥) fcHo, uro 7, -+ 1,=-—1. C npyro#
CTOPOHbI, HCXONifl U3 TOr0, UTO 2'Y=—1, HeTpyLHO yCTaHOBHTb,
YTO 7,.72=—4. CuepnosaTelbHO, |, ¥ Ty CyTb KODHH KBall-

. —1+ Y17
patHoro ypasuennsi {2 —4=0, Tak uyro 7y, R
Kopuu 3TH nerko MoryT ObThL mnocTpoeHu (Mo abconTHON
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pemiunre). YroOnl oTmiwife ofimm xopéib oF apyforo, damd-
THM, 4TO

—2(cos—6~n——cos—7—ﬂ——c 5—5—7: ——cos——r:)
T2 = 17 17 0517 i7"

DT0 YHCJIO 3aBELOMO OTpulaTeNIbHO, TaK 4YTO

—1— V17 17—1
Tzz_—TV——’ n=—V—2——-

Pacronarasi BeAn{HHAMH |y H 7Ty MOXHO [OCTPOWTb BEJIMUYMHLI
By=z4 2t} 218428, B,=22] 284 294215,
By==284 2522 214 u B, ==28- 27} 2104 2L

HefictBuTenbHo, By~ 8, =17y, By -8s=—1, Tax uro f; u B,
CyTb KODHH ypPaBHeHus

pP—rp—1=0

wt V414
——.

H, CIeNOBaTECJLHO,

Bra==
Tak kak
B,=2 (cos—%n—kcos-%—n) >0,
TO

14+VE+4 w—VE4a
b= B=—ey——.

TouyHO Tak e MOXHO IOKa3aTh, 4TO

6tV E+e w—VE+4
__-—-——*——‘2—' .

Bs » By= )

[lepexons x nocnepHeMy wary, o603HauuM

z2-+28=q,, zt42B¥=q0,.
Torna:
oy o =Py, 0.0 ==Ps,

TAK YTO BEJMYMHBI &, H Oy CyXKaT KODHAMH ypPaBHEHHMS

o2 —Ba-4-B3 =0,
Bt VB — 48,

al.Z“—‘—“ 2
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Y 1ax xak

a2=2cosf—;,

2
oy =2cos—l;,

TO oy > Oy W, CHEJLOBATEJLHO,

B, + VEE—48,
W=y -

Cuwtas, 4To B, ¥ f3 YK€ NOCTPOEHB, 3aMETHM, YTO LHPKYJb
4 JuHeflka MoaposAl0T TENEPL MOCTPOUTL OTPE3OK oy == .

IMoctpoerne 17-YTOJbHKKE ObIJIO BBIMNOJIHEHO Pa3JHYHBIMK
crocobaMu ewld B npournoM Beke. OnucaHue 5TOro NOCTPOEHHs
moxuo Haftti B [1] B [30].

[Tposons aHajOTMUHBlE —paccyxJesus B oOLieM  BHue,
K. @. Taycc B 1796 r. nokasan cienyoumyio Teopemy.

Hocmpoenue npQBUALHOZO N-Y2ZOABHUKA € NOMOWbIO HUP-
KyAs u Aunelicy 603MOJILHO 6 MOM U MOAbKO & MOM CLY-
woe, K020a wucro N Modcem Ovimb npeOcmasieHo 8 6ude
2Mmp Py -« - Ds» 208 P1> Pgs « -« P§— PASAUYHBIE BPOCHIbLE HUCAQ

suda 22k-|—1.

B vyactHOCTH, €CAH n—TIpPOCTOE UHKCJIO, TO JJs TOro
yTO6L TNPaBWILHBIfl A~YTOJLHHK MOXHO ObLi10 TOCTPOUTL MO-
CpelcTBOM UMpKyas H AuHelKH, HEOOXONHMMO H JOCTATOuIO,

yT0ObLl UHCJIO 1 UMEJI0 BHIL 22k—|— 1.

Mbl He uMeeM BO3MOXHOCTH NPOC/IENAHTb 3MECh paccyxue-
HHf, KOTOpbie NPHBOLAT K 3TOMY 3aMEUATEILHOMY KPHUTEPHIO.
JlokasaTeAnCTBO TeOPEMbl Il'aycca Moxuo Halith B [30].

BocnoanayeMca KPHTEpHEM [Faycca pjs BLSICHEHHSI BO3-
MOXHOCTH MOCTpPOeHHs NMPaBWILHOTO #-YTOJIbHHKE eug B HEKO-
TOPBbIX KOHKPETHBIX CHydasiX.

ok

dopmyna n=2" —+1 npn k=3 naér n=257. Taxoft
MHOTOYTOJIbHHK MOMET ObiTL MOCTPOEH HMPKYyJeM M JnHeHKoH,
u6o 257 — npocToé YHCAO. IDTOMY NOCTPOEHHIO MOCBSILLEHA
pabota, mnosBuBluaaAcd B 30-x ropax npoumoro Beka (P u-
u e J0).

Mpu k=4 n==605537. D10 Takxke MpPOCTOE HUCIO, H,
clleoBaTeNLHO, MHOTOYTOJBHHK € TAKHM YHC/IOM CTOPOH MOXET
6uTb mocTpoeH LHPKYJeM M auHelkoff. Takoe mnocrpoenne
JleﬂCTBHTeJIbHO ObL1C BHIIOJHEHO HEMELKHM l'lpO(peCCOpOM r ep-
MECOM.
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Ipn k=05 n=2%8241=4294967297. Kak 3amerun
eulg DHnep (no Apyromy HOBOLY), 3TO YHCJO COCTaBHOE:
oHo Hemntca Ha 641 %*. Ilpocroe uucno 641 nHe umeer Buia

k
2
2 -1, u nosroMy npaBWIbHLI A-YrOJILHHK C TaKHM HHCIOM
CTOPOH He MOXET ObiThb NMOCTPOEH LHPKYJEM H JHHEHKOH.
Kax nokasan (B 1877—1878 rr.) ypaiabckull MaTeMaTHK-J10-

X
Oureds IlepBywwH, npu k=12 nan 23 wuncno 2% 41
TAKIKe fBJISIETCS COCTABHBLIM,

ok

Brito Taxke oGuapyxeno, uro umcao Buaa 27 -1
fBAsSIETCS COCTAaBHBIM npu k=6, 7, 8, 9, 11, 18, 36. Ilo cux
nop ocCTaéTcsl OTKPHITHIM BONPOC: HMEETCSl JIKi CPelH UHCesa

BUIA 22k—|—1 KOHEYHOE YMCJ/IO IIPOCTHIX UYHCE] WK TAKHX YHCEeJ
GeckoHeyHo MHOro? [losToMy 1o CHX MOP HEM3BECTHO, CKOJLKC
MOXHO BIHCATE B OKPYXHOCTb J@HHOTO pajinyCa HepPaBHLIX
Mexny COOOH NPaBHILHBIX MHOTOYTOJLHHKOB C IIPOCTbIM YMC-
JOM CTOPOH—— KOHEYHOE UHC/IO MM OECKOHEYHO MHOrO.

Ha reopemb I'aycca BuIHO, B YACTHOCTH, UTO HeJb3f MO-
CTPOUTL LMPKYJIEM M JHHeHKON mpaBUALHBIN 7-YTOJBHHK, TaK KaK

NPOCTOE YHCIO 7 Henbas npeicTaBUTh B (opMe 22k—|— 1. Hasa
TPaKTHYECKHX 1leJlefl MOXHO CUHTATb, UTO CTOPOHA IPABHIBHOTO
BIIMCAHHOI'O 7-yroJbHMKA NPHOJU3HTENLHO PaBHA TOJOBHHE CTO-
POHBI IPABWILHOTO BIIHCAHHOTO B TY KE OKPYXHOCTh TpPEyroJb-

Huka: npur=1 a;=2sin 3?4 ~ 0,868, B TO BpeMs Kak
3
%:12—_%0,867, TaK 4TO MOrpellHOCTh TAKOTO HPHOmKeHuUs

ne npesbimaer 0,3%.

HeBoaMOXHO 10ocTpOeHHe HMpKysneM W JHHeHKOH Takie
npasuabHoro 9-yroabHmka, w6o 9 =32 u, caenoBaTesbHO, HE
BLIIOJHAETCS OfHO H3 ycaosuit Teopemnl [aycca (Bce p;
LOMKHBL ObITh pasnnuHbl). Ilocne 3TOro sCHO, YTO Henbas TaKKe
HUMPKYJeM W JuHeHKOHM NMOoCTpoMTh yroa B 1°, T. e. pasnennThb
OKpy»XHOCTL Ha 360 paBHBIX uacTeh.

Meton 'aycca CAMIIKOM C/OXEH, KOHEYHO, ISl HCIIOJb-
B0BaHMA B IUKOJLHOM TMpenofaBaHud. YToObl BOOPYXHTH yua-
nuxcsl o0lUMM MeTOLOM TOCTPOEHHS (PABWILHBIX H-yTOJbHH~
KOB, MOXHO PEKOMEHIOBATb TOJbKO Kakne-a1nbo npubankéHHble
NPHEMBbI, KOTOpble OOLIYHO M yNOTPeOJSIOTCS B TNPaKkTHKE IJd

#2521 1=228.2411=22.(641 — 625 1=2%8.64]1—228.5¢
+1—228+641—[(27 54_)4_.1] ¢ )+ bl—28- S

Ho [(27.5)4—1] npeantca Ha (27-5+4-1), 1. e.:Ha 64]..Cnenosa-
TENBHO, H (224 1) neaurcs na 641.
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peirennss 9Tol 3sanaun. IlpuBeném smech oAMH W3 TaKuX
NpHEMOB.

IMycte ®-—pandas okpyxkuocts M AB-—e& nmamerp
(puc. 214). Toctpoum npaswabhbi TpeyroasHuk ABC w pas-
JeavM auametp AB Toukot#t D B otHowenun AD: AB=2:n.

[Mycts nponomxenve orpeska CD ne-
c pecekaeT OKPYHOCTL @ B Touke Ej
TOT 14 MOXHO NOK&3aTh, 4T0 Xopna AE
NpelcTaBisieT CTOPOHy TNPaBWIBHOTO
BOWCAHHOI'O N-YIOJbHMKA € TOY-
HOCTBIO, LOMYyCTHMON BO MHOTHX NpaK-
Tiuecknx paborax. [lpn n=3, 4, 6

4 2 /DO B yKasaHHu#l cioco® 1aéT TOYHOE pelle-
4 nue sanaud. [lppy n=>5, 7, 9, 10
NOTPEIIHOCTL MOCTPOEHHs HE Mpe-

£ souuget 19, C BospacrandeM uyucaa

1 TOr pelHOCTb Npulamxennsi pacTer,
Puc. 214. HO ocragrcsi membie 10,3%;. OmHo-
cfulMecsd COLa BHUKC/IEHHS YHTaTeNb
Moxer HaltlTi B sametke DB. A. Kopnemckoro, nomeuwgs-
HOH B ypHane ,Marematuka B 1wkone* (Ne 1 sa 1953 r.).
B Tex cayuasx, korga sanaya noCTpOEHHs NpPaBHJILHONO
n-yronbHuka He MOXeT OHTbL pelleHa UMPKyJeM M JnHeHKoH,
OH& MOXET OKa3aTbCAl PaspellnMoi MHBIMH CPelCTBAMH.
Tak, HanpuMep, npaBUAbHLH CEMHYTONLHHK MOMXeET ObITh
[OCTPOEH MPH HAJIWYHK JABYX IPSAMbLIX YTJIOB.
Ilokasano (cm. [33]), 4T0 npu HanWuuk JHHEHKH C IBYyMd
[OMeTKAMHM MOXeT ObITb TOILA M TOJAbKO TOFIA NOCTPOEH Npa-
BWIBHBIN N-yTOJLHHK, €CJAW N HMEET BHI

2G.3ﬁ.pl.p2'.' Pgs

OpuuéM Py, Pos ..., Pg— PA3IHYHBIE [POCTHE WYHCAA BHIA
k
2°-3"+1 (o B, k» m— nenvie uncaa).

B 4acTHocTH, MuHeHKOf C IBYMS NMOMETKAMH MOXKeT ObITb
NOCTPOEH NpaBHIbHLIA n-yroJpHMK npu n=17, 13, 19 n ap.,
HO HeJb3sl [OCTPOMTb, Hanmpumep, NpaBuabbifl 11-yroJbhuk.

BOITPOCH /i TTOBTOPEHHY

1. Ykaxute HECKONbKO 3ajay Ha MOCTPOEHHE, HE HMEIONHX pe-
meHui.

2. llepeuucinte M3BeCTHblE BaM 3axaud Ha NOCTPOEHHE, HE pas-
PELINMBbIE C MOMOLLBIO LHPKYAS H JHHEHKH.
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3. Jloxaxmre, yt0 KOPHH YpaBHenu x3—5x - 1=0 ne mMoryr
GbiTb MOCTPOEHB! LMPKYJAEM H JUHEHKOMH.

4. Jlokaxwure, 410 KOpHH ypapHenns 2x3 —7x2}-3x}-5=0
MOXHO TIOCTPOHTb, MMOJIb3YsiChb TOABKO LHMPKYJAeM H JHHEHKOM.

5. Hammumre Kaxoe-nn6o ypaBHenue 3-if CTEMEHHM € palHOHalb-
HbIMH KO3((MHLHEHTAMH, KODHH KOTODOrO HE MOryT OBITb MOCTPOEHEI
C MOMOIbIO IIHPKYAA H JIUHEHKH.

6. Hanmuunre kaxoe-nu60 ypapHenue 3-ii cremesd ¢ pagHOHafb
HbIMH KO3()pHIHEHTAMH, KODHH KOTOPOrO MOLYT OBbITb MOCTPOEHBL
C TIOMOLbIO LHPKYJAS H JMHEHKH.

7. Kakne yucna Hasbigalorcsi anreGpanyeckuvu? Kak Ha3blBaoTCH
ocTaNbHble NeHCTBUTENbHbIE YHCAE?

8. OObaAcHUTE, KaK M3 TPAHCUEHAEHTHOCTH YHCIA 7 BBITEKAET, YTO
3ajaya CpAMAEHHA OKPYMKHOCTH He paszpeuniMa LUHPKYJAEeM M JH-
HEKOH.

9. lokaxure, YTO 3ajaya O KBajpaType Kpyra paBHOCHIbHa 3a-
Iaue O CIpAMAEHHH OKPYKHOCTH.

10. Kakue BaM u3BeCTibl cnioco6bi NpPHOAHAEHHOrO CHIPAMJEHH A
OKPYHHOCTH?

11. Kak unraercs teopeMa aycca O meneHuH OKPYIKHOCTH?

12. MOXHO JH_C NOMOIBIO LMPKYJH H JHHEIKH Pa3NElHTh OKpPYk=
Hocts Ha 11, 12, 25, 100 paBHsIX yacTeii?

15*



Faasa VIII

FEOMETPHYECKHE NOCTPOEHHSA
NPH PA3JIMYHbIX OrPAHHYEHMAX

l'eomeTpuueckas 3alaya Ha MOCTPOEHHE BCeria pelaercs
C [OpHBJeYeHHEM TOJLKO HEKOTOPLIX Hamepél YKasaHHbIX
CPeLCTB. DTHM CAMBIM KPYr [POW3BOJMMLIX TOCTPOEHHHl Bcerna
OTrpaHHUEH: pa3pelleH0 TO.JIbKO KaK YroJHO KOMOMHHPOBATL T€
OCHOBHLIE TOCTPOEHHS, KOTODLIMH XaPaKTePHU3YIOTCSl [IPHHATLIE
HHCTPYMEHTE, H TO0Jb30BaTLCd OOLIMMH 3KCHOMAMH KOHCTPYK-
THUBHOHI reomeTpHH.

Jlo cix mop MH pacCMaTPHMBaJM IIOYTH HCKJIIOUHTENLHO reo-
MeTpHYECKHe TMOCTPOEHUs] B YCJOBHAX HEOTPDaHHUEHHOTO IIPH-
MeHeHUsl LMpKyJs H JuHeHKH. DTH VCIOBHSI MOTYT ObiTh OoJee
OrpaHHUEHbl 38 CU&T COKPAIUEHMS] UHC/IA NPHMEHAEMbIX HHCTPY-
MEHTOB, 34 CYET OrpaHWueHHs] Pa3MepOB uepTexa M HHCTPY-
MenTOB. PaccMOTpHMM 3pech HEKOTOPbie BOIIPOCH 3TOr0 poaa.

§ 1. Nocrpoedus oAHUM HHPKYJIEM

MHorue reoMeTpuueckye 3anayd Ha NOCTPOEHHE eCTecTBeH-
HBIM O0pasoM pelaiTcs C NpPHBJEYEHHEM TOJbLKO NUDKYJS,
NpHuéM B NpHUBJEYEHWH JHHeHKM MHOrNa He TOJbKO HEeT Heol-
XOILMUMOCTH, HO 9TO Jaxe He MOXEeT YNPOCTHTb PelueHHe TaKUX
sanay. TakoBbl, Hampumep, salauu: ,PasneNuTs LaHHYIO OKPYK-
HOCTh Ha © paBHbIX 4acTelt“ (peLleHKe KOTOPOH OOLIEH3BECTHO);
»IIOCTPOHTb TOUKY, CHMMETDHYHYK) IaHHON TOUKe, OTHOCH-
TeAbHO JanHoN npsiMoi“ (pelieHne KOTOpON OLHHM LHUPKYJeM
npusenero B ria. III § 3). PaccmotpuM eug HekoTopbie mpH-
Me 32784 MCKJIOYHTENLHO NHPKYJeM.

3amaua 1.)[loBTOpHTh HaHHBIM OTpe3oK # pas, MNOJL3YSCH
TORRKO JeM.
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IMycte A u A, — nBe NaHHble ToukM. Tpebyercsas HaliTu Ha
npsaMolt AA; Takue TOUKH A,, Az, ..., A, uToOH AA, =
=24A,, AA;=3AA; ..., AA,=nAA,.

[MposengM okpyxuoCTH ®©(A;, A;A) 1 w, (A, AA)), u nycTb
B——onHa u3 ToYek ux mnepeceueHus (puc. 215). Ctpoum nanee
OKPYKHOCTb w, (B, BA;) n oTMeuaeM Touky C eé mepeceuenusi
C OKpPYXHOCTbED ®, otanuHyr ot A. Haxowen, nposopum

okpyxuocts oy (C, CAy), ¥ nycts A,— TouKa e& nepeceyeHus

Puc. 215.

C OKPYXHOCTbIO ®, OTAHuHas ot B. Toraa toukm A, A, n A,
pacnonoxeHbl Ha OnHOM mpsiMol u A A, = AA;, TaK KaK TOUKH
A, B, C v A, NpencrapisiioT YeThipe MNOCAE/LOBaTE]bHHE Bep-
INMHBI TPEBMALHOTO LIECTHYTOJLHUKA, BIHCAHHOTO B OKpyX-
HOCcTL w. Takum obpasom AA,=2AA;, T. e. A,— neppas H3
MCKOMBIX TOoueK. [llpuMeHss Takoe e MHOCTPOEHHE K OTPesKy
AA,, NONYUYAM TOYKY Ag, TaKywo, UT0 AsA; = A;A, W, SHAUNT,
AA;=3AA; u 1. L. (3aMeTHM, YTO TPH NMOCTPOEHHH TOUKH Az
MOKHO HCTIONb30BATH YK€ TPOBENEHHbIE OKPYIHOCTH ® H wg.)

1
3apaua 2. IToctpouts 7, Y4CTh 3alaHHOT'O OTpesKa.
lyctb A v B-—nBe pnauHbie Touku. Haxonwres takas
1
touka C otpeaka AB, uTo6bI AC:;AB. Iycts (puc. 216)

AA,=n-AB (Ha pucyHke n=3). CTpomm okpys;HOCTH
o, (A, AB) n vwy(4,, A A), n nycts M u N— Toukn nx nepe-
cederns. bickoMas Touka C MoxeT ObITL IOJyueHa Tenepn Kak
TOuKa mepeceveHus okpyxkuocreht (M, MA) u (N, NA), orauu-
Has or A. B camoMm nene:

1) Orpesox AMN-—obwas Xxopna nByx OKpyHOCTEH ),
W w,. [To3TOMY JIMHMSI LEHTPOB STHX OKpYXHOCTeh AA,, nep-
neHnuKyAsipHa 0Tpe3ky MN ¥ mpoxomut uepes ero cepenuny.
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Orciona u BHTEKaeT, YTO Ha npsMoit AA, Jnexar BCe TOUKH,
paBHOyLaneHHye oT Touek M u N, B uacTHocTH Touka C.

2) NAMC o N\ AA,M, Tak kak oHHM 00a paBHOGEIPEHHblE
¥V MMEIOT OLMH M TOT e yroJ npu ocHoBawnu (yroa A). Ilo-

stoMy AC:AM=AM: AA, wim AC:AB=AB: AAn=7li—.

Puc. 216.

3amaua 3. Jlawsl tpu Toukn A, B u C. [lonb3ysick TOJbKO
LMPKVJEM, YCTAaHOBHUTh, JE€XKAT JU 3TH TOYKH H& OLHOM MpsMOH.
[TpoBeném okpyxHocTH wy (A, AC) u w,(B, BC). B cuny
akcroMbl 2, ra. I, § 1 MOxXHO cunTaThb MOCTPOEHHHM mepece-
ueHHe 9THX OKpYXHocTeH. Irtn
OKPYXHOCTH MMe0T OOW VIO TOu- w, @,
ky C. Ecan rtouka C sBasiercs

[7)
i w,
o C "
B
C'\
Puc. 217. Piuc. 218,

enVHCTBEHHOH nx obuledt Toukott (puc. 217), TO OKpPyKHOCTH
5TH KacaloTcs W Touka C nexur Ha npsmoét AB. Ecau xe
OKPYXHOCTH w; B w, MMEIT ABe obOwwue Toukn (puc. 218), TO
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rouka C He NeXMT na npsMoit AB, Tak KaK TOUKH [epeceyeHus
IBYX OKPYXHOCTefi CHMMEeTPHUHbl OTHOCHTE/bHO JHHHH LIEHTPOB.

Bo MHOrMX cayuasX NOCTPOEHMs, NPOM3BOLMMEIE MOCPen-
CTBOM LMpPKYJsi, OKa3bIBAIOTCS BHAUMTENbHO TOYHEe, YeM Io-
CTpOeHusi, TIPOM3BOJMMblE C TpHBJIEUEHHEM JMHEHKH. ITO JaBHO
vike OG0 OOHAPYIKEHO NPH MPAKTHYECKHX H3MEPEHHHX M Io-
cTpoenusix (HalpHMep, B TEXHHUECKOM UepUEHHH, IPH PasMeTKe
neqWTeJbHBIX KPYTOB &CTPOHOMHUECKHX MHCTPYMEHTOB M T. 11.).
VtaapsiHckut reometp Jlopenuo Macke pouu (1750—1800)
3aHsICST B CBOE BpeMsi MCCIENLOBAHHEM KOHCTPYKTHBHBIX BO3MOX-
HOCTEH LHPKYJs, TIOCBSTHB 3TOMY BONPOCY CIELHANbHYIO KHHTY
,Feomerpust wupkyas® (1797). Hemasno (8 1928 r.) Obina
obuapyxeHa kHura parckoro reomerpa [eopra Mopa
(1640—1697), wnanucannas ew@ B 1672 r. roll HasBaHHEM
oJHdamexuii Esraud“. B stoh pabore Takxe paspaboTana
TEOPHs FEOMETPHYECKMX NOCTPOEHHH, NPOH3BOAHMBIX HCKJIOUH-
TeJBHO LHPKYJEM.

§ 2. Teopema Mopa — MackepoHn

PaccmoTpennsie B § | samaum XapakTepHbl TeM, YTO HCKO-
MBIMK GHMIYpPaMM SBJASIOTCS TOYKHM. $icHO, YTO HMKakas 3anauva,
rie TpebyeTcs IPOBECTH KaKylO-1HOO NpAMYI10, HE MOXET OBITh
pellleHa KCKJIOUHTENLHO LMPKYJeM: UCKOMas [psiMasi He MOXeT
OblTh B NeHCTBHTENBHOCTH IIPOBENEHA, E€CAH DPaspelleHo yIho-
TpebAsSTL TOJNBKO UHMPKYyJab. Ho mnonoxenue mnpsiMolt Ha nJo-
CKOCTH oInpenensercs Mo0bMu IByMsi e€ Toukamu. IloaTomy
eCTECTBEHHO CYMTATb, 4YTO [psiMasi B H3BECTHOM CMBIC/IE YyaKe
HaliieHa, KaK TOJbKO YyLaloCh IOCTPOMTH IBE €& TOUKH. Takas
TOUKA B3PEHHsI HAXONMTCH B COOTBETCTBHH C TEOpETHUECKUMH
NPUHUMNAMH [EOMETPHH M BO MHOTHX CJAyYasiX YILOBJAETBOpPSET
[pPaKTHYECKHM IOTPeOHOCTSAM UePTENHHKA WIH reole3ucTa.
Kpyr sanay, paspeluMMBIX C HNOMOLUBIO LIHPKYJsi, TPH Takoh
TIOCTAHOBKE BOMPOCa SHAYMTENbHO paclupsiercs. Hanpumep,
LMPKYJb I03BOJsET PAa3AEHHTH I[IONOJAM [aHHBH Yroa Wiu
HaliTu NEPTEeHIMKYJsp K LaHHOHW npsiMol, NpOXOLsiuuit uepes
HaHHYI0 TOYKY, TaK K4K B 9THX 3anauax JHHelika ynorpebasercs
TOJILKO 151 BHIIOJIHEHHs1 MOcjelnel onepaund— s BeYEPYH-
BaHHg TMPsMON. .

Mop (8 1672 r.), a sareMm (B 1797 r.) MackepoHH
NpHIUIK K BHIBOLY, YTO BC€ TEOMETPHYECKHME 3alau# Ha Mo-
CTpOeHHe, pellaeMble NpH CBOOGOINHOM NONL3OBAHMH HHUPKYJEM
H Junefikoll, MOryT OHTb pELIeHH MCKJIOUHTEJbHO LMPKY JeM.
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[IpuBenéM JokasatenbCctso 9TON HMHTEPECHOM TEOpPEMEl.
Yro6wl nabexaTe HelOpPasyMeHHH, KOTOPHE Y4CTO BOSHHKAIOT
H& TI0UBE TOrO, YTO LHMPKYJeM HeJb3s, KOHEUHO, CTPOUTHL Nps-
MHE H OTpeskH, Oynem dopmyaupoBarh Teopemy Mopa—M a-
CKEPOHHU Tak:

JIrnbas zeomempuueckas 3a0a4a Ha nocmpoexue uzypul
U3 KOHEYHO0ZO0 HuCAQ mouex, paspewumas npu Heiusuu yup-
KyAs u  JAuHeiiku, mojcem Oumb pelleHq npu HOQAudu
MOALKO YUPKYAS.

Ilpn sToM HMeeTcs B BHLY, YTO JaHHas ¢urypa COCTOHT
TOJPKO M3 KOHEUHOTO UHC/Ia TOYEK, OKPYXHOCTeH M HMX YT,
IpsiIMBIX, OTPE3KOB K Jyuell. Be3 970l oroBopku Teopema TaKxe
MOXET TpPHBECTH K HelopasyMeHuto. Hanpumep, ecinm Ha uep-
Texe MpOBELeHa CHHYCOMLA W JaHH JBe TOYKH A M B, TO
HeJb3sl YTBEPWIATh, YTO MPH HaJMUUH TOJBKO HHPKYJs MOXHO
NOCTPOMTL TOUKM MepeceyeHus: STol JMHMH C npsMol  AB,
XOTst DK HAJIMYMH JUHeHKM 5Ta 3a1aud, OYEBMIIHO, paspemmma
(ec1M TOYKH [1€pPECeYEHHsI CyLIECTBYIOT).

YcenosuMcst B sToM naparpade HasblBATH MPAMYIO u38ecm-
HOl, eciM NOCTPOeHH Kakue-aubo nBe eé Toukn. OTpesok
Ha30BE&M w3BeCmHbLM, €CIH TNOCTPOEHbl €ro KOHHBl, & Jay4—
eciii TMOCTPOEHBl €ro HauajJo M Kakas-n1Hbo mpUHaLIexaulas
eMy TOuKa.

flcHO, uTO ,M3BeCTHas* NpsMas He SsBJSETCS MOCTPOEHHOM:
OHZ MOMXeT OHTh NOCTPOEHAa, €CAM MH pacmofiaraeM JHHeHKoOH,
HO HHMPKYy/b He JaéT BOBMOXHOCTH IIOCTPOMTL ,U3BECTHYIO®
TIPAMY10.

[lycth, oTNpaBissch OT HEKOTOPOH NaHHOM QuUryphs, oOka-
3aJ10Ch BOBMOXHEIM MOCTPOMTH HekoTopywo ¢urypy @, cocros-
LIYI0 M3 KOHEYHOro 4YMC/Ia TOYEK, MOJb3YsCh LUPKYJEeM W JH-
Hetikofi. Haiua asanaua -— ycraHOBHTB, YTO BCe TOUKH purypu @
MOHO NOCTPOHTH, YNOTPeO/sst /s MOCTPOEHHH HCKIIOUHTENBHO
HHMPKYJIb.

[Moctpoenne ¢uryps @ ¢ nomowblo LUKy W JnHeHKH
COCTOMT B TOM, YTO YCTaHAB/JWBaeTCs KOHEYHass TMOCJelOBa-
TENLHOCTb OCHOBHBLX (ILASL (MPKYJas W JnHeHkm) noctpoeHni
(cm. ra. 1 § 3), B peaydbrare BHIOJHEHHS! KOTOPHIX OyneT
nocrpoena ¢urypa P.

Pelnas samauy c noMoOWIbIO UMPKYJsl M JHHEHKM, Mbl [OJY-
yaeM TOYKH JHIIb npu BLITIOJMHEHHH CJEAYIOUHX IIOCTpoe-
HHUH]:

(1). Moctpoenne TouxkH nepeceveHysi IBYX M3BECTHBHIX MPs-
MbIX (KOTODHE 45 9TOrO HPELBAPHTEJBHO CTPONTCH).
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(2)- Tocrpoenne oOUMX TOYEK NOCTPOEHHOH OKPYIKHOCTH
H M3BECTHON npsMOH (Ml YEro 9Ta M3BECTHAs MPSMast CTPOMTCS
Ha OLHOM H3 MpPeLLYLNX 3TaNoB MNOCTPOEHHS).

(3). INoctpoexne OOWHMX TOYEK NBYX NOCTPOEHHBHIX OKPYX=~
HOCTeH.

(4). TocTpoenne moOOrO KOHEYHOTO HHCAA TOYEK, MPHHAL-
JeXallMXx W3BeCTHOM (psMOM (WIM W3BECTHOMY Jydy, WM
M3BECTHOMY OTPe3Ky), ILJsi Yero 5Ta [psMas MNperBapHTEbHO
CTPOHTCS.

(5). TocTpoenne MOOOTO KOHEYHOTO YHC]& TOYEK, INpHHAIL-
JeXalluX NOCTPOEHHON OKPYKHOCTH (WIH Lyre OKPYIKHOCTH).

(6). Tlocrpoenne TOukHM, 3aBelOMO He npuHaLIexauled
COEJIHHEHHIO KOHEYHOT'0 YHCJa [OCTPOEHHHIX TOYEK, [OCTPOEH-
HBIX OKpy¥HOCTEN (MM LYr OKpPYIHOCTEH) M M3BECTHBIX Mps-
MBIX (L7151 4ero M3BeCTHbie MPAMBHE IPeABAPHTEJBHO CTPOSITCH).

[TousiTHO, uTO A/ BHIOJHeHus: nocTpoenuit (3) u (5)
IOCTATOUHO pacroarats TOAbKO uupkyaeM. (craércs 10Ka-
3aTh, YTO M I PYrH€ [MOCTPOEHMs, YKaszaHHLIE B TOM CIHCKE,
1. e. nocrpoenns (1), (2), (4), (6), Taxkke BHLIIOJHHMBI MCKJIO-
YHTEJBHO LUPKYJEM.

VHBIMM COBaMHM, MBl LOMXHB JOKa3aTh, YTO [pH HAJHUHH
TONBKO LHUPKYJsi MOXHO BBIIOJHHTH CJAENYIOUIHE TOCTPOEHHUS:

(1). TlocTpouTh TOUKY IepeceueHHs IBYX H3BECTHBIX HEMa-
paniebHbX [OpsMBIX (HE CTPOSI 9THX [PSAMBIX).

(2). TlocTpouTh TOYKM MepeceueHusi HOCTPOEHHOH OKpPYX-
HOCTH M M3BECTHOH npsMO# (ecan Takue TOUKH CYyLIECTBYIOT).

(4'). TlocTpouth TOYKM, MpPHHALJENKALIKE HBECTHOH NPAMOH.

(6"). TlocTpouTs TOUKH, 33BELOMO He NpHHALJIEKALIHE CO-
€[ MHEHHI0O KOHEYHOTO YHCJ4 IIOCTPOEHHBIX TOYEK, MMOCTPOEHHBIX
OKPYXHOCTeHl M M3BECTHHIX NPSMHX.

YroOH LOK&3aTh BHIOMHMMOCTL Moctpoenut (17), (2°), (4))
H (6") MCKIIOUNTEJBHO LMPKYJeM, peliMM MpelBapHTENbHO Clie-
LyIOULyI0 3anauqy:

VlaBecTHBl OTpE3KH a4, b U ¢; MOCTPOUTh, MOJb3YSChH TOIBKO
HUPKY 1€M, YeTBEPTHH NMPONOPLHOHAJILHEIN OTPE3OK, T- €. TaKoh
OTpe30K X, UTOOH a:b=c: x.

MoxHo mpennojarath, YTO @ = b, TaK Kak B cjayuae a==b
aajavua TpPUBHAIbHA, MOTOMY 4TO X =C.

WabepéM Ha& HAOCKOCTH MPOH3BOJAbHYKW Touky O M mpoBe-
IEM okpyxHocTh w (0, a) (puc. 219).

[MocTpoOKMM Tak)e KOHIEHTPHYECKYIO el OKpyxHOCTs ' (O, b).
H36epEM npousBoJbHO TOYKY A Ha OKPYXHOCTH o M TOuky A’
Ha OKpy¥HOCTH o', [lycto B-— TOYKa MepecevyeHus OKPYXK-
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Hott o ¢ okpyxkioctsio (4, ¢), a B’——,Toiixa nepeceyeHis
OKpYKHOCTH ®© € OKPYIKHUCTBIC (B, AA") (rakas, yt0 Tpe-
yromsuukn AOA’ u BOB' onmnakoso opucHTHpOBan:). Tenepn
/\ AOA’ = [\ BOB' no TpéM CTOPOHaM, TaK 4To ZLAOA =
= 2L BOB'. Orciona BHTEKAET,
yro 2. AOB = 2. A’OB’. Cne-
[OBATEJBHO,  PaBHOOEPEeHHbI
tpeyroabink  AOB  nonoben
paBHOGEIPEHHOMY TPeYrOJbHH-
ky A’OB’, Tak uto AQ: A’O =
= AB: A’B’ nau, no noctpoe-
HUIO, a: b ==c: A’B’. Takum 06-
pasoM, oTpesok A’B’ HCKOMEIH.

Ilpumeuanue Onucannmlii
3fgeck Crnoco6 nocTpoeHHs ueTsép-
70r0 TPONOPLHOHAIEHOTO OTpPEe3Ka
e MOXeT OnTh TNpPHMEHEH, eCiH

Puc. 219. ¢>2a, TaK KaKk B 9TOM cCiyuae
CKpymHOCTH @ U (4, ¢) He uMewT
o6umx Toyek. Ecau mpu stoM b<{2a, T0 B Mponopuwmm a:b=c:x,
a crenoBaTeJbHO M B XOZE TNOCTPOEHHS, MONHO I[OMEHATH MeCTaMH
orpeaku b u ¢. Ecmi we ¢>2a4 H ONHOBPEMENHO b>2a, 10 crpost
OTpe3oK @’ = n-a TaKoit, 4o a’ >>c. [locie 9T0r0 cTpoOsT OTpe3oK
b = rb. VickoMbil OTpe3sox X yIOOBACTBOPAET YCIOBMIO a: V'=c:xmn
MONET GHTb NOCTLOCH yKa3aHHBIM paHee crocoGom.

[MepexoAnM K pAcCMOTPEHHO OCHOBHBEIX (1OCTPOEHHH an,
@), (&) u (6).

Moctpoenne (1°). [Tauu vernpe toukk A, B, C u D.
[TocTpouTh TOUKY mepeceyeHns TPAMBIX AB uw CD, noms-
8ysiCb TOJIBKO HHPKyJEM.

B

Puc. 220.

Jonyctum, uro sanaua pelieHa ¥ TOUKa L (puc. 220) uckomas.
MNoctponm Touku C’, D', cCUMMETPHUHbIE TOUKAM C, D ornocu-
TelbHO upsimoii AB. MckOMyo TOUKY mrepeceveHus fpsaMbix AB
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n CD MoxHO paccMarpuBaTh Telepb KaK TOUKY Nepeledenusi
npsivbix CD u C'D’. Ecii CDD'E — napannenorpamm, TO TOYKH
C, C' v E nexar Ha omnol npsmol. Touka E Moxer OblTh no-
CTpOEHa KaK TouKa nepeceyerusd okpyxuocreft (C, DD"Yu (D', DC).

Wz mopobus tpeyromvunkos CLC’ w ED'C’ Bummo, uro
CE:C'D'=C'C:C’L. Tosromy otpesok C’L moxeT OuTb
NOCTPOCH KaK 4-fi NPONOPLUMHOHANBHEY K TPEM H3BECTHHM OTpéa-
kam C'E, C'D’ u C’C. Vickomas Touka L nHatinérTcs mocje 3Toro
B nepecevennn okpyuocrelt (C', C'L) u (C, C’L).

Ecin npsmbie AB n CD OKaxyTcsi TNepHeHIHKY ISPHBIME
(CC' v DD’ Ha onuoti npaMoft), TO pellleHHe 3&1aud yrnpo-
ugercs: MckoMas Touxka L MoxeT Ob'Th HOCTPOEHZ KaK CepelHHa
orpeska CC'.

Moctpoenue (27). JNauo nBe TOUKH A ¥ B ¥ OKpyKHOCTH
(O, r). Tpebyercs noctpouts obuive ToYkM Opsimoll AB u
okpyxHoctu (O, r), He mposoasi npsmofi AB.

Puc. 221.

[ycts O’ (puc. 221)— Touka, CHMMeTpHuHas C TOYKoH O
ornocutenbHo AB. O603naunM depes M u N TOYKHM mepeceye-
Hust okpyxnocTH (O, r) ¢ okpyxHocthio (O, r). Tak Kak Kax-
nas W3 9THX TOUEK OLMHAKOBO ylLaleHa oT Touek O u O,
TO 9TH TOYKHM Pacroaraircs Ha npsMofl AB, KOTOpasi CJIyKHT
cumMeTpanblo orpeska OO’. 3uaunt, M u N — HCKOMBIE TOYKH.
Ecan oxpywuoct (O, r) n (O, r) kacaiorcss, 10 ux ofuias
TOYKa sBAsieTCHd HCKOMOM.

Mocrpoenne (2) HeCKOMBKO yCAOKHsieTcs:, ecan Touka O pac-
nozoxena na npsmoft AB: B arom cayuae Toukn O u O’
COJBIOTCS M ONHMCAHHOE MNoCTpoeHHe He mnpoxomut. [lpu Takux
YCJOBHSIX TMPHAETCS BOCMOJMb30BATHCS CAELYIOUIEH BCIOMOraTenb-
HO¥H 3anavefi.
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v 3apauva., [locTpouth cepennHy NaHHOM JIYTH OKDPYXHOCTH.
= IlyTre (O, r)— naHHEs OKPYHOCTb, AB— nauHas nyra 1ol
OKpyx#HocTH (puc. 222). Honomum ¢urypy ABO no napanieno-
rpamMa ABOC u no napaanenorpamma ABDO. Jlas sroro nocra-
TOYHO [POBECTH OKPYIKHOCTb
(O, AB) u nepeceur eé
okpyxHoctamu (4, r)u (B, r).
ycte E—onHa #u3 TOuek
nepeceyeHns OKpYXHOCTEH
(C, CB) u (D, DA). Ipo-
poauM okpyxHocts (C, OF)
IO nepecevyenms ¢ LauHoH 1y-
roi AB B Ttouxke F. Torza
F —cepennna nyru AB. s
HoKasateaoCTBA 3TOr0 000-
3HAYMM HCKOMYIO CepejLuHy
ayru AB 6yxsoit X. Torma
Puc. 222. CX2=CO%2}r2. C npyro#
CTOPOHH, 110 H3BeCTHOMY CBOM-
CTBY napajjenorpamma noayuum: 2AB%2—+ 2AC?=CB*-} AO?,
otkyna CB?* = 2AB% - r®. Cnenosarensho, OE? = CE? — CO?=
=CB?— AB? = AB2+ r? = CO?- 72, 3naunt, CF?2 = CO°-}-
—+ 7?2, Taxk kak CF = OE. Takum obpasoM, CX=CF, oTtkyna
ciaenyer, uto Touka F coBnamaeT ¢ cepeiuHoit nyru AB.

[Moasaysick sTOl BCcoMoraTeAbHO!H 3azauelf, MOMHO BHIOJ-
HuTh nocrpoexne (27) B cayvae, ecnn mnpsmas AB npoxoput
uepes uentp O 1aHHOR OKpyX-
HoctH (O, r).

Jas sroro u3bepém Ha Han-
Holt oxpyxuoctu (O, r) npo-
13BobHYI0 Touky C (puc. 223)
#l NP OBOILUM OKpyXHOCTh (A, AC).
[ycts C” — BToOpas Touka nepe-
CEUeHHMsI 3TOH OKPYIKHOCTH C LaH-
HOM OKpYyHocThIO. Toraa cepe- Puc. 993.
ouael M u N obenx ayr CC’
okpyxHoctd (O, r) ¥ GYLYT HCKOMBIMK TOUKAMH [epeceueHus
npsiMvolt AB ¢ okpyxuocteio (O, r). Moxer, KOHeuHO, cay-
unThCst, YT0 TOuka C' copnanér ¢ toukoit C. B arom cayuae
Touka C OynerT OILHOH K3 HCKOMBIX Todek. Jasi MocTpoeHus
BTOPOl MCKOMOH TOUKHM HOCTATOYHO yIABOWTb oTpe3ok CO.

MMocrpoenne (4°). Ilycts usBectHHl ABe TOukH A u B.
TpeOyeTcs MNOCTPOUTH NPOM3BOJBHOE KOJMYECTBO TOWEK mps-
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Mot AB, He nposoas 37olf npsmoit. M3bepéM npou3BOJBHYIO
Touky C miockocTH. Eciau oHa OKaxerTcs paclojoXeHHOU Ha
upsmoli AB, TO 3Ta ToYka HCKOMas. JlOMYCTHM, 4YTO 3TO
HE TaK.

Torna nocrpoum (puc. 224) Touky C;, CHMMETPHUHYIO C TOYU-
ko#t C ortHocHTenwHO npsimo#t AB. Ilocne storo nas moayueHus
HOBHIX TOYEK npsmofl AB (Ha pucynke toukn M, u M,) nocrta-
TOYHO IPOBECTH OKPYIKHO-
ctt (C, r)y n (Cy, r), roe
r — NPOM3BOJLHEI  OTPE3OK,

6onblunii, yem %CC1 (sanpu-

Mep, orpesok CC;), ¥ [o0-
CTPOHTh TOYKM HX Ilepece-
UeHHUs:; 9TH TOUYKH 3aBElOMO
npuHapnexar unpsmolt AB, M,
T@K KaK KaXK[Iast U3 HHX OLH-
HAKOBO yJajJeHa OT TOuYeK
Cu C.

o
3aMeuanue OnHcauHbil
3nech NpHéM MOKHO ObLIO M He Puc. 224,
NPUBOJMTE, TAK Kak 3ajaum 1
u 2 sroro maparpada yxKe Aal0T BO3MOXKHOCTb [OCTPOEHHs IPOH3-
BOJLHOrO YHCIa TOYEK Ha NMPfAMOM, 3aJaHHOH JIBYMs TOYKaMH.

MocTtpoenne (6°). Ilycts nocrpoens! k Touek A,
Ag,..., Ay M n OKpPYXHOCTelH wy, ®y 3 .., ®,, & TaKKe
M3BECTHLl M MNPSAMBIX Gy, @i Qg5 ..., 0O,. Huercs touxa,
HEe COBMAfaoLasi HM € ONHOH M3 STHX TOYEK M He [PHHaLNe-
waulasg HH OLHOH M3 3TUX MPAMBHIX WK OKDPyIKHOCTEH.

M36epéM npousBoJbHYI0 TOUKy A H Kakyw-inbo Touky B,
He JleXalllyld HH H& OLHOH H3 MOCTPOEHHBIX OKPYKHOCTER
(nnst wero He Tpebyercs HU JuHeHKW, HW LHpPKyas). Torma
OKDPYXHOCTb w,,,, (A, AB) He coBnajaet Hu C OLHOH K3 OKpYX-
HocTel wy, Wy, ..., w,. ITOH OKPYKHOCTH MOT'YT IIPHHANJIEKAT
HEeKOTOpHE W3 ToueK A;, A, ..., Ay, Ha Hell MOI'yT OK&3aThCS
TAK)Ke TOYKH MepeceueHysi ¢ 3aLaHHHMHK OKpyXHOCTsMH. }136e-
PEM HA OKPYXHOCTH ®,,,, CBEPX 3TuX, eumé 2m | 1 TOUeK.
Torna no xpalineti Mepe onHa us 3thx 2m 1 Touek ynosie-
TBOpAeT TPeOOBAHMAM B3aMauh, TAK KaK NPSAMBE Qg Qg - - .5 Oy,
MOryT BCTPETHTBCS C OKPYIHOCTBIO w,,; camoe O6oJbliee
B 2m rtouxkax. IlyTéM KOHEUHOro UMCIa HCmbITaHuh (cm. § 1,
sanauy 3) cpenyt 2m 4 1 M3OpaHHEIX TOYEK MOMKHO BHILENHTH
HCKOMYIO.
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Teopema Mopa—Mackepoun, Takum 06pasom, LOKad-
3aHa.

Jas  nokasateasctBa TeopeM Mopa—Mackepoumu
MOXHO BOCIOJB30BATLCSI TAKIKe CBOHCTBAMH HHBepcuH. Takofi
MEeTOJL IOKA8aTeNbCTBA NpPUMEHsieTCsl B KHure Apnaepa [I].

OOwwuit  MeTON peleHHs KAKOH-THOO  reoMeTpHYecKoh
3allay¥ Ha [OCTPOEHHE MHCKJIUUTEJIbHO IHDPKYJAEeM COCTOUT
B TOM, YTO HaMEUAIOT MJaH €€ pelleHMs MOCPENCTBOM LIUPKY.Js
¥ JIMHEHKH, & 3aTEM TMOJb3YIOTCS MINOKEHHHIMH 3IeChb CIOCo-
6amMyn 3aMeHH MOCTPOEHWH UMPKyJdeM W JHHEMKON MOCTPOEHHSIMH
HCKJIIOUHTENLHO LIHPKYJEM.

§ 3. Hocrpoenus omHOl JauHelKoi

leoneanctsl B cBoelt paboTe TeCHO CBs3aHH C reoMeTpHue-
CKHMH [OCTPOEHMSIMH H H3MEDEHMsIMH, [pHUEM B MPAKTHKE
reofesnueckux paboT NPHUXOILUTCS NOJB30BATHCS [IOYTH HCKJIO-
YUTeJLHO MpPOBEelEeHHEM MPSAMHEX JMHHA.

B cBsasu ¢ 3TnmM BHMMaHMe MaTemaTtnkoB euié B XVII B.
ObI0 NPHBEUEHO K HM3YUYEHHIO FeoMeTPHYeCKMX [OCTPOeHuH,
MPOM3BOLMMBIX HCKJIOUMTENLHO JnHelikol. Takoro poma mo-
CTPOEHHS] paccMaTpuBa] yTIOMHHABILKECH Yyie HamMu Mo p (B ne
nowenneft 1o nac kuure ,Euclides curiosus®, o koTopo# yno-
MHHAETCSl B [epernucKe HeKOTOPHX MaTeMATHKOB TOTO BpeMeHH).
Pgn sanau Ha nmocTpoeHye c JMHeliko# paccmatpuBaau: K. Jla m-
6ept (B 1774r.), Bpuanmoun (1783—1864), nanucasiumi
kuury ,I1punoxenns Teopun Tpancsepcaneit (8 1818 r.), npen-
HA3HAYEHHYI0 [JIS /MM, 32HMMAIOLIUXCS 3eMJAeMEPHHMH paboTaMy,
[Moucene (1788—1867) B cCBsu3W ¢ €ro HCCAENOBAHUSMH
1O MPOEKTUBHOH reoMeTpHH.

HawGosee nosxHele HccelOBaHusi B 9TOH 06J1aCTH IPOH3BELEHE]
wefinapckum reomerpom . lrefimepom (1796—1863),
KOTOpHIl HM3/IOXHJI KX B M3BECTHOM CounHeHMH ,[eomeTpuue-
CKHE TMOCTPOEHMs, NPOM3BOLMMBEIE C MOMOWIBIO NPAMON JHHHH
H HenoaBmKHOro kpyra“ (1833).

Kak yxe ormeuanocs (ra. VII, § 1), noawaysice Toapko
JUHEHKON, MOXHO pelInTh OYeHb OrpaHHYeHHHMN Kpyr reomer-
puueckux sanau Ha nocrpoexne. Hespss, HanpuMep, noasaysice
HCKJIIOUMTENIBHO JHHeHKON, pasie/dTs OTpPes3OK IOMoJaM WK
NpOBeCTH Napajiesb K NaqHOH npsMoM. ONHAKO 9TH W MHOTHE
Jpyrue 3ajauft MOryT OKa3aThCs PaspellMMBIMH HCKIIOUMTENHHO
JHHEeHKOM, eC/ii Ha IJIOCKOCTH AdHa HEKOTOpas BCIOMOTaTe/bHas
¢urypa. PaccMOTpUM HeKOTOpPble TOCTPOEHHSt TaKOro poOLa.
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Ilnst 97010 HAM MOHAMOOHTCS OLHO KCIOMOrATe/bHOE MpemIo-
Kenue (,JeMMa O TpameLun“).

IIpanas, coeQUHAOWASL MOUKY nepecewerus OuazoHaiel
mpaneygun ¢ MOYKOU nepecedenust nPoOOANCEHHbLx eE GOK0BbLX
CMOPOR, Oeaum 000 OCHOBAHUS MPaneyuu nrONVAGM.

JoxasareascrBo. [lycre ABCD (puc. 225)— nanHas
tpaneunsi, AB u CD— eé ocnopanus, O — TOUKa MEPeceqeHns
nuaronanseti, P — toyka ne-
peceyents: IPOLOJKEHHBIX 60~
KOBBIX CTOPOH, M 1 N — T0Y-
KM nepeceuennst npsmoit OP
C OCHOBaHMSIMH  Tparelyu.
N3 nonobusi TpeyroibHHUKOB
AOM u CON cnenyert, uTo
AM:CN=0OM:0N, a us
nonobugTpeyroabuukos BOM
w DON cnepyer, uro
BM:DN=0OM:0ON. s
ABYX NOCAENHHX nponopuui
cienyeTt:

AM.DN=CN-BM. (1) g M, B

M3 nonobusi TpeyroJbHHKOB Puc. 225,

APM w DPN cnenyet, uto

AM:DN=PM:PN, a us nopobus TpeyrojbHukos BPM
n CPN Butexkaer, uto BM:CN=PM: PN. V3 atux IByx
nponopumi 3akauyaeM, YTO

AM - CN = DN - BM. 2)

Wa cootHowenuft (1) u (2) sakmouaem, uro AM?= BM?, or-
kyna AM = BM. Teneps yxe He coctaBasieT TpyLa yOennTscs,
yto DN = CN.

PeinyiM Ternepb HECKONBKO 3a7ad, MOJB3YSCh HUCKIIOUHTENHHO
JuHekKeH—— \

3agaua 1./ Jlanot nBe napajiencHbie Npsivbie a ¥ b n
Ha m M3 HUX, HanpuMmep a, orpeaok AB. TIloctponte
CepellHHy 5TOro OTpesKa.

Uabepém MPOMBBOJBHYIO TOUKY P, nexaulyl BHe [O0JOCH,
OrpaHnMueHHON 3alaHHHIMH OpsMbeiMu (puc. 226). Ilposengm
npsimble PA w PB w ormetuM Touku D n C uX nepeceueHus
¢ npsmolt b. Ilycte O —Touka nepeceuenus npamuix AC u BD.
Torna, corjdacHo npepwiayulefl nemme, npsmas PO nepeceuér
otpesok AB B ero cepennte M.
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3apava, 2. 3nas cepgauny M naHHoro orpeska AB, npo-
BecTH 4qepe3 LaHHYW Touyky C npsimylo, napainensHyio AB.
V136epém Ha npamolt BC, pHe orpedka BC, npousBoJbHYIO
TOuky P (puc. 227) n coenmHum 91y TouKy ¢ Toukamu A u M.

P

P

1}
]
]
L]
|
1
[}
[}

b bl t\¢
28N
a //f/; ‘ 5\

Puc. 226. Puc. 227.

[lycte O — rouka nepeceuenus npsambix PM u AC, D — touka
nepeceuenus npambix AP u OB. Torpa npamas CD uckomas.
JloxasaTenbCTBO MPOBONMTCS HA OCHOBAHHW JIEMMBl O Tpaneluuu
no MeToAy —,0T NPOTUBHOTO.

Bapaua 3. Yepes ueHTp 1aHHOTO NapasIeslOrPaMMa NpoBECTH
UpAMYI0 NMApaielbHO ero CTOPOHe.

Puc. 228.

[ycre ABCD (puc. 228)— nanwuuft napamnenorpamm, O —
ero nenrp. Yurs, yro A0 = CO u BO = DO, MOXHO BOCNOJIb-
30BaThc Npeabnyuted sanadeft u nposecru CE|BD u DF||AC.
Ecnmw M— rouka nepecevenust npameix CE u DF, t0 npsamas
OM napannensHa cropone AD.

Ins nokasarenscrea paccMoTpuM Tpeyronsiuk ACK, rine
K —rouka nepeceyennss npameix AD u CM. TpeyroabHuk
DKM pasen tpeyrombHuky ADO no IBYM CTOPOHAM M yray
Mexay HuMu. A nosromy KM= OD=CM. CrnepnosareibHo,
npsamass OM cnyxur cpenHed suHueR TpeyrodsHuka ACK u
NOTOMY MNapalnelibHd ero OCHOBAHHK).
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§ 4. Teopema Llteiinepa

Tlonesysach Toabko NHHEMKOH, Hesmb3s penluTh BCAKYHIO 3a-
Jlauy, pPaspeliuMyl0 € NOMOIULK UMpPKYAst M nuHedlku. Ho
UCC/IEJIOBAHMSL 3TOrO BOMPOCA NOKA3ahW, YTO IS pelleHus] Kak
YrOLHO CIIOXHOH reoMeTpuyeckoh 3alaud Ha nOCTPOEHWe, pas-
pewyMOl IHMPKYNeM M JIMHERKOM, MOCTATOYHO BOCNOJIbL30BATHCSH
nupkyseMm He Ooaee ongHoro pasa. TouHee TOBOpA. BCAKASA
zeomempuneckas 3adawa Ha nocmpoente guzypol, cocmosiujell
U3 KOHEeYHOZO HUCAQ MOYEK, pOA3PeULUMOs WUPKYLeM U Al-
Helikoll, Moxcem Obime peuleHa OOHOU AUHENKOL, ecAl HG NAO-
CKOCMU NOCMPOCHO KAKAA-AU60 OKPYICHOCMb U OmMe4eH eé
yeump. Tlpn stoM npennonaraercs, 4YTo HAaHHas ¢gurypa co-
CTOMT TOJNbLKO H3 KOHEYHOrO YHC/Ad TOYEK, MNPAMHIX, JyuYedn,
OTPE3KOB W LY OKPYXHOCTeH. 3T0 npenaoxenue Owpuio ycra-
HOBreHo mBednapckum marematikom fl. Hlre iHe pom B 1833 .
Bes nokasatenscTBa ©OHO ObIO TpuBeneHo ewE B 1822 r.
¢pannysckum reomerpom ITonceae B ero ,Tpakrare o npoek-
THBHBIX cBOMcTBaXx (uryp“. TlosroMy 3Ty TeopeMy HaablBawOT
nunorna reopemob IloHcene — LirefiHepa.

Hokazarensct3o teopembt llltefiHepa npuBodMTCS aHa-
JOTHYHO TOMY, Kak Obl0 NpPOBENEHO BhLIEe J0Ka3aTeJbCTBO
TeopeMs Mopa — Mackeponu.

YcnoBuMcst HasblBaTh OKPYIKHOCTb M3BECTHOH, €CAM MOCTPOEH
e LLeHTP ¥ MOCTPOEHH KOHIB OTPE3Ka, PAaBHOTO panuycy 3Toh
okpyxHocti. Ecin no.aesoBathcsl TONLKO JMHeBKOH, To Takas
OKPYXHOCTh He MOXeT ObTh NOCTPOEHA, X0TH ¢ 00ulereoMeTpu-
yecKOM TOYKH 3peHWs OHa BIOJHE OMPejesieHa STHMH JlaHHbIMU.

Paccywnas rtak e, kak B § 2, Mb 3aMeTuM, 4YTO AJA
JIoKazatenanbctsa TeopeMsl llItefiHepa noCTaTOYHO YCTaHOBUTD,
YTO NPHM HAJHWYMM JIMHERKH W NOCTPOEHHOH OKPYXHOCTH C OTMe-
YeHHbIM LEHTPOM (KOTOPYI0 MK B JasibHeHLleM HasbiBaeM BCHO-
MOrateJbHOH MJM ITEMHEpOBOM) MOXHO BHIOJHUTL CJENYIOLiHe
NOCTPOEHHS-

(27). Tlocrpoenne OO6IUMX TOYEK H3BECTHOH OKPYXHOCTH
M MOCTPOEHHOH npsmol (ecau TaKue TOUKM CYIUECTBYIOT).

(3”). TlocrpoeHue OOLIMX TOYEK IBYX H3BECTHHIX OKPYXK-
HOCTel (ecnu Takue TOUKM Cy LeCTBYIOT).

(5”). Tlocrpoenne moOOro KOHEYHOrO 4YMCJIA TOYEK, MPH-
HaJIJIeXalMX H3BECTHOM OKPYXHOCTH.

(6"). TlocrpoeHue TOYKM, He TpHHALAENALlEH COEIMHEHHIO
KOHEYHOT'0 YHCHA NOCTPOEHHHX TOYEK, MNOCTPOEHHBIX MNPAMBIX
U M3BECTHHIX OKpYIKHOCTel.
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BLInONHYMOCTS OCTaJbHBIX MOCTPOEHHH M3 UHCIa NOCTPOEHHUH
(1) —(6), npusenénbix B § 2, B ychosusix reopemn LTefiHepa
HE BHI3bIBAET COMHEHMH.

Ilepefingém K paccMOTPEHHIO WHTEPECYIILUX HAC NOCTPOCHUI.

PewnM™ipenBapureibHO HECKOJBLKO BCIOMOTaTesIbHHX 3a/ay.

1-1 BchioMorartennnas sagsaua. Yepes JNaHHy
Tw;nposecm NpsAMy10, napaljfeapHyl0 JaHHo# npamolt a.

Puc. 229,

[ycts (puc. 229) O — uenrp BCcioMOraTeibHOR OKPYXHOCTH.
Buifepem Ha npsmoft ¢ npousBoibHyl©d TOUky M. DBroibepem
Ha BCMOMOTATEJbHOH OKpYX-
P HOCTH TaKyl0 TOUKy A, 4ToOH
npgMas MA He O6wlna Kaca-
TeNpHOlt W He nNpoxoiauna
uepes Touky O. Ilpamas MA
- nepeceyéT BCMOMOTATENBHYIO
OKPYXHOCTh €wwé B OnHOH
toyke C. TlposenéM uepes
A n C nBa nnamerpa AB w
D ! CD. §ICHO, YTO YETHPEXYTOJIb-
Q Huk ACBD —napanneiorpamm
(naxe npaMoyroneHuk). [lycts
a Ok — npsamas, napaniienbHas
AC (cMm. 3zanauy 3, § 3)-
Puc. 230. Eciu npambie AC, Ok u BD
nepecekawT AaHHYW NOPAMYIO
a COOTBETCTBeHHO B Toukax M, L n K, 10 ML =LK, TaKk xak
AQO = BO. Jlna BuinofHeHust TpefyeMoOro noCTpPOEHUs oCTabrcs
npuMeHnTs sajauy 2, § 3.
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Eciv mpsamas @ nNPOXOLMT uepes UEHTP BCHOMOrATe]bHOH
OKPYHOCTH (MIM XOTs Obl fepecekaer ef), TO pelleHne 3anauH,
OYEBMIHO, Ynpolaercs.

2-1 BcnoMoraTeJbHas 3anava. Yepes paHHyw
TOuKy P npopectM NpsMy0, NepneHAMKyJsIpHYyH [aHHOH nps-
molt a (puc. 230). Tlposeném npewxne Bcero nuamerp AB
BCOOMOraTteJibHOH OKPYXKHOCTHM, napannesbHbllt AaHHOR npaMoi
(cM. npensinyuyto sagauy). ITlycrs npsameie PA u PB nepece-
KalTCd €O BCMOMOraTelbHOM OKpY)HOCTBH B Toukax C u D.
O6ozHauast uepea Q TOuky mnepeceyenns npsambix BC n AD,
Hattném, uyro PQ | AB, a cneposartesvHo, PQ | a. IlefictBu-
TensHo, npaMue CQ u DP cnyxar BbiCOTAMH TpeyrodbHuka APQ.
CnenosatencHo, AB—Tpetbss ero BLICOTA, TaK KaK BCE TPH
BHICOTH TPEyrolbHUKA JOJKHBL TMPOHTH yepe3 ONHY TOUKY.

3ameuanne. OnucanHoe MOCTPOEHHE HEBO3MOMKHO B JIBYX CJy-
yanx. 1) Ecan npamas PB (ummu npaMas PA) Kacaerca OKPYKHOCTH.
B stoM ciayuae npamas PB (cooreerctBenno PA) ABRAAETCH HCKOMOI.

2) Ecau touka P pacliofoieHa Ha OKpyHOCTH WM HaNpamoi AB.
B s10M ciyuae n3bepéM BecromoratesibHylo TOUKy F’, He npHHamaexa-
Ulylo HM OKpy:XHOCTH, HH Tipamoii AB, npoeeném uepes P’ nepnes-
IHKyJiAp K JaHHOH NPAMOH 4 yKasaHHbIM CrocoGoM, a 3aTeM NpoBenéM
Yepe3 TOUKY P npAMYIo, Nlapaiie/ibHylo STOMY NepHeHHKYaspy.

—

3-7 pcnoMorarteabHas 3anaya. Ha dauHoll npsMoit a
OTIOKHTbL OTF LAHHOM ToukM P OTpe3soK, paBHbl LaHHOMY
ol\p%rﬂ(y AB.

Tycts O —1eHTp BCHO-
MOraTesbHOM OKPYIKHOCTH
(puc. 231). Crpoun napas-
nenorpamm  OABC  (cm.
1-10 BcmoMorarteJibHy10 3a-
nayy). Tlyem ayu OC
BCTpEuaeT BCMOMOratesib-
HY10 OKPYXHOCTH B TOu-
ke M, a npamag OL, npo-
pengHHag yepes O napan-
neibHO npsmoft a (3ana- Puc. 231.
ya 1), BcTpeuaeT OKPYK-
nocte B Touke N. Tlycts, nanee, npsmas, npoBenéHHasi uepes
rouky C napainenbHo npamoit MN, scrpeuaer npamyw OL
B rtouke Q. [Ilpsmas QR, nmposenénsas napannensio OP,
BCTpeuaetr MNpAMYK @ B HcKoMoH Touke X. IleHcTBuTesbHO:
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[lepexoaum K BHIOJNHeHMIO mnoctpoeHutt (27), (37, (5”)
H (6”).

[Tocrpoenue (27). Ilocrpoenne 06WHMX TOueK nPAMOl
U M3BECTHOH OKPYIXKHOCTH.

Mycts O, — ueHTp naHHOM oOKpyxHOCTH, P;— narHas eé
Touka, (0, r)— BcnoMorarenbHas OKPYXHOCTh, @ — IAHHAg
npsvas (puc. 232). TpeOyercs nocrpouts 00L(HE TOUKH OKPY K-
Hocu (O,, O, P;) ¢ npamoit q,.

Puc. 232.

Mnes nocrpoeHust CcOCTOMT B WCMOJbL3OBAHMH TOMOTETHH
laHHoM ¥ BcnoMoraTeabHOM OKpyXHOCTH. [lasg noCTpoeHus
netpa S 9TOR roMOTETMH JOCTATOYHO TPOBECTH paiuyc
OP BcnoMmoraTenbHO!t OKpYwHOCTM napaanensHo O,P; ¥ no-
CTPOUTL TOUKy nepecedenus npsameix 0,0 wu P,P. Tlycrms
npamas O.P; nepecekaetT naHHYW NOpaMyl0 @, B TOuke M,.
B nepecevenun OP ¢ SM; wuabingrcs npoobpaz M toukn M,
B YyNOMAHYTOR roMoTeTuu, a mnpsMad @, NPOBELEHHAs depes
M napannensHo a,, Oyner npoobpasom npsmolt a,. B nepe-
CedeHMH MpAMON @ C OKPYXHOCTHIO ® HalnyTcss npoobpasbr X
M Y ncKkOoMBIX TOYEK, a CaMM MCKOMHIE TOYKM X; W Y, 6yayT
TOUKAMM NepeceyeHuss npsambix SX u SY ¢ npsmot a,. Moxer
OKa3aTbCd, YTO NPsAMas @ He MepeceyéT OKPYIKHOCTL «. 370
Oyner 03HauaTh, YTO AaHHas okpvxHocts (O,, O,P;) He BCTpE-
yaerci ¢ npamoH @,. Ecan npsamas a KocHércs w, TO M nps-
Mast ¢; OyNneT KacarbCst OKPYIKHOCTH .

INocrpoenue (). TloctpoeHWe NPOU3BOALHOTO KOHEY-
HOTO YMCNa TOYEK HA H3BECTHOM OKPYIKHOCTH.

YMess CTPOMTb TOUKM MNepeceueHuss NpPSIMOit M OKPYIKHOCTH,
MOXHO MOCTPOMTH CKOJIBKO YrOJHO TOYEK HA OKPYKHOCTH,
3a1aHHOM UeHTPOM ¥ TOYKOW Ha Hell: J0CTaTOuHO nepecedb
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91y OKPYXHOCTL MPOU3BONLHOH mpsMoit. Ewé npowe Bocno:b-
30BATLCS NS 3TOH 1eaw 3-H BCioMorarensHol sajauelt: mpo-
BeCcTM JIOOYK mNpsiMyKd 4Yepe3 LEeHTP 3aAaHHOM OKPYXHOCTH
W OTJOXHTb Ha 3TORt npsAMOH OT wLEHTpa OTPE3OK, paBHbil
panuycy.

MMocrpoenune (37). TlocrpoeHue oOuyx ToUYEK MABYX
HU3BECTHHX OKPYXXHOCTEH. .

Kak ussecto (cm. ra. II, § 7), 3T TOUKHM sBAAOTCA TOY-
KaAMM MepeceyeHuss LAHHBIX OKpYy)HocTell ¢ HuX pannkansHoil
ocbto. Takum oOGpasom, nocrpoenue (3”) cBoiuFcs K 3ajaue
0 NOCTPOEHWH palMKaJLHON OCH ABYX M3BECTHHIX OKPYXKHOCTEN
u K nocrpoeHuo (27). PanukanbHas 0Cb JBYX OKpYXHOCTeH
NepneHJMKVISpHA K JHHMM HWX NEHTPOB H Nepecekaer e€
B Touke P, nnas Koropo# pasHOCTb KBaJpaToB PAaCCTOAHUIL OT
LeHTPOB OKPYXHOCTEH paBHa pPAa3HOCTH KBAJPATOB PANMyCOB
grux okpyxHocrelt (cm. ra. I, § 7). Tak kak MH yMeeM yxe
NpOBECTH MNEPNEHAMKYAAp K JaHHOW npgMmolt 4depes naHHYIO
TOuKy (CM. 2-10 BCIOMOrafTesibHYH 3allauy), TO OCTatTCs TOJLKO
YKasaTh cnocol NOCTPOEHHs TOUKH P.

4,

N

Myctb (O, ry) n (Oy, ry) — naHHble OKPYXHOCTH (puc. 233).
B toukax O; u O, npoBen&M NepneHAMKYAsp X JHMHUH KX
ueHtpos (2-s BCcoMmorare/ibHas 3anaya). OTJOXHMM Ha HUX COOT-
sercrBenHo oTpeskn O,A, =r, v 0,4, =r; (3-2 Bcnomora-
TejbHasl 3alaua).

[lycte M-—cepenvHa orpeska A;A, (cM. 1-10 BCriomora-
TenbHy0 samady W sagauy 1 us § 3).

[Mycts npsimast, npoeenéHHas udepes TOUKy M nepneHnuky-
ngpuo A,A,;, mepecekaer suumio uedrpos 0,0, B Touke P.
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Sra rTouka — mckomas. [ebicreurensho: OIPZ——_AIPZ—rg
u 0,P2=A,P2—r? Ho tak kak AP = AP, r0o O,P*—
— 0,2 =ri—r2.

MMocrpoenune (67). TlocTpoeHHe TOYKM, B3aBELOMO He
npuHaniexautet kakoh-mmbo masectHolt ¢urype.

Ocy1itecTBUMOCTs OCHOBHOro nocrpoenus (67) nokaswipaercs
aHANIOTUYHO TOMY, KakK 3T0 Obuio cllenaHo B § 2. BuiGupaem
JIBE TOYKH, HE MNpHHALJEXAIUE YXKE MNOCTPOEHHBIM NPSIMBIM,
U CTPOHUM COEIMHSOILYI0 WX npsMy a. Ha 3srolt npamod
MOr'yT OKa3aThCsl PACMOJOXEHHHIMH HEKOTOPHIE M3 MOCTPOEHHBIX
toyek (ur0 OyIeT yCTaHOBJIEHO HenocpencreeHHo). Kpome Toro,
MoryT OBbITb MNOCTPOEHB BCe TOUKH MNeEpeceueHuss npsaMoll a
C TNOCTPOCHHHIMM TIPAMBIMM M C H3BECTHHIMM OKPYXHOCTAMU
(nocrpoenne (2”)). Tlocne 3TOro MOXHO NOCTPOMTH HA OPAMOM
@ TOYKY, OTJIMYUHYK) OT BCEX YMNOMSHYTHIX 37eChb ef TOYeK.
IMonyuennas Touxka Oyner uckomott. Teopema lllretinepa no-
KasaHa.

Cosercknit MareMatik JI. II. Mopanyxafl-BontoBckoit
(1876—1951) B 1910 r. nokasan, uyro Tteopema lllrefiHepa
ocraéTca B CMJe, €CIU NaHa He BCA BCOMOTarelibHas OKpYX-
HOCTb, a KaK yrolHO Maljasg e& nyra (M oTMeueH LEHTP OKPYXK-
HoctH). JlokasaHo TakXKe, 4FrO 3Ta Jyra OKPYXHOCTH MOXET
OmTh 3aMeHeHa Ayro# sjumnca WaM runepGoJEl € OTMEYEHHBIM
nentTpoM M ¢Gokycom wiaM pyroil napabossl ¢ OTMeueHHOH Bep-
wnHolt U ¢dokycom (H. B. HayMosuuy, 1936 r.).

Boime (ra. VII, § 1) yxe 6610 OTMeueHO, UYTO, NOJB3YACH
TOJNLKO JUHEeHKOH, HeNb3s NOCTPOUTH LEHTP HauyepyeHHOU
okpyxHOoCTH. TIpu 9STOM HpPEANOJIAraidoch, YTO Ha MJIOCKOCTH
HET HHKAKHX JAPYrMX NOCTPOeHHBIX ¢uryp. B ceasu ¢ srum
WUHTEPECHO OTMETHTb, YTO €CIIM MNOCTPOeHH JBE MEPECEKAI0-
lMecs (MM KacawLMecs) OKPYKHOCTH, TO LEHTP KaxaoH u3
HUX MOxeT OHTb MOCTPOEH € MNOMOLILI TOJNBKO JHHeHKH (cM.
06 stoM B kHure Panemaxepa u Tenauua ,Yucna u ¢urypwu®,
crp. 206—218 n 234—236).

§ 5. MocTpoennst ¢ HENOCTYNHBIMH TOYKAMH

O6ulass Teopuss reoMeTPHUUYECKNX MNOCTPOEHHHt C MOMOLUBIO
UMPKYJst W JMHEHKW pasBuBaetcs OOHYHO B MPENNOJIOXKEHUH,
yTo MOOLIE KBE TOYKM MNJOCKOCTH MOXHO COELMHMTH TpAMOH,
YTO MOXHO MPOBECTH OKPYXHOCTb, LEHTP KOTOPOH HAXOJAWTCH
B w060l Touke M panuyc KOTOpoi umeer nobbie pasMepwl,
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yto Moxetr Owith NOCTpPOEHA H B IalbHelueM MEnonp30BaHa
TOUKd, B KOTOpPOH mnepeceKawTcs [BE NOCTPOEHHHE JHHHUH.
B npakTHueckMx ycC/NOBHAX 9T NPELNONOMKEHUS MOTYyT W HE
BBLINOJIHATLCS. B 4acTHOCTH, 9TOMYy MOTYT NPENsTCTBOBaThH pas-
MEpPHl YEPTEXKA, B CWIY YEro HEKOTOPHIE 3JEMEHTH JaHHBLIX MJIH
UCKOMBIX ()UIYp MOrYT OKasarhbCf 3a €ro npenefiamu, Kak 9To
B IeNCTBUTENILHOCTH HEPEIKO clIyyaercst B 4epTéxHON npakrtuKe.
Ilpy uaMepeHugx M NOCTPOEHHSIX HA MECTHOCTH HE BO BCHKYIO
TOUYKY MOXHO NOMECTMTh [re€o/e3u4eCKMil HMHCTPYMeHT W He
BCAKMH MNpAMOJMHEHHHH nyTh [LOCTYyNEH JAJs NPOXOXKJEHHs.
B cBasu ¢ 3TuM 00OCTOATENLCTBOM BO3HMKJIA M PasBUJIACH Mate-
MATHYECKAs! TEOPHS TeOMeTPHUECKHX NOCTPOeHHH ¢ HemoCTyn-
HHIMH 3JIeMEHTaMMU.

[Tpocrefiiine 3amauv Ha NMOCTPOEHMS C HENOCTYNMHBIMH 3SJe-
MeHTaMu paccmarpuBas ew@ Jlambepr B kHure ,CBo6onHag
nepcnekrusa“ (1774).

TTosiBaeHre HENOCTyNHLIX JEMEHTOB CYLIECTBEHHO W3MeHseT
X0, TEOMETPHUYECKHX MOCTPOeHHH M OOBIUHO YCAOXKHSET WX.
OnHako MOXHO JOKa3aTh SJEMEHTAPHLIMM METOAaMu, YTO
NofBJEHNE Ha MJOCKOCTH HECKOJNbKHX HELOCTYNHEIX TOYEK
He MOXET MepeBecTM TEOMETPUYECKYK) 3ajauy Ha NOCTpoe-
HHEe UUpKyJeM M JHHeHKOH ¥3 Kiacca paspellMMblX B
Knacc HepaspelunMuix. OCHOBH TAKOTO J0Ka3arelibCTBa M3J0-
»eHnl B [3]. .

Mbl He craBuM cebe 3anauy fAaTh NOJHHI Ouepk TeOpuM
reoMetTpUYecKnx TMOCTPOEHHWH ¢ HeNOCTyMHLIMM  3JeMEHTaMHU.
Takag Teopust mMorna 65 ObHTbH pasBuTa HauboJiee e€CTECTBEHHBHIM
o6pasoM Ha 6ase OCHOBHbIX TeOpeM NPOEKTHBHOH reoMerpuH
(cBoficTaa MOMHOrO 4eTHPEXBEPIUWHHMKA, Teopema Jlesapra,
teopeMa Tlanna—I[lackauns, ceottctea nonap u np.). Orpa-
HMYHUMCSl HEKOTOPBIMH DPa3bACHEHMSMH W NpUMepaMM.

Bynem HasbiBate TOUKy Hedocmynxol, €ciM K Hell Henbss
NPUMEHHTH AKCUOMH KOHCTPYKTHBHOH TFeOMETPHUM, B YacTHOCTH
AKCHOMBI JIMHEHKM MJIM nupKynsi. durypa cumraercs Hedocmyn-
Holi, ecmu Bce e TOuKM HenocTynHbl. Hepocrynnas touka
CUNTAETCH U38eCMHOL, €CNM MOCTPOEHH OTPe3KH IBYX NPSAMBIX,
nepecekawumxcs B 7ol Touke. Ha pucynke 234 rtouka P
onpesneneHda NBYMs NpsMbiMi @ W b; obosHauum eé P (a, b).

PaccmMoTpuM HeKOTOpHIE  3JleMEHTapHble TeOoMeTPHYECKHE
331444 Ha NOCTPOEHME C HELOCTYyNHBIMM TOYKAMH.

3apaua 1. Yepes mannyw Ttouky M (puc. 235) npopectH
npamyw MP, ecnn P(a, b)— 13BeCTHas HelOCTYNHAs TOYKA.
[Mposeném uepez M kakyw-anO0 NpAMYIO, NEPECEKAIILYIO
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JaHHble npsmMbie @ w b coorpercTBeHHO B Toukax A u B.
[TpopengM ew@ kakyl-mu6o mnpaMyw, napaasenshyw AB,
M MyCTb OHA BCTPEYAETCT € @ W b COOT3ETCT3EHHO B TOYKAX
A" w B'. Tlycrb Touka M’ nennt orpesok A’B’ B TOM xe

b

Puc. 234. Puc. 235.

OTHOLLUeHWH, B KakoM Touka M pnemur orpesok AB. Torna
npamass MM’ uckomas
3apaua 2. Paznesnts B 1DaHHOM OTHOWIEHWH m :n (m W
n— naHibie oTpeakd) OFpesok AB, OnMH KOHEU KOTOpOro
(nanpumep, B) HeloCTymneH.
a INpoBengém  kakoit-aAu60
ayy AL (puc. 236) u no-
CTpoUM Ha HEM AM =m,
MN =n. CrpouMm npsamyio
BN (cm. sanauy 1) u npo-
BoguM  MM’||BN. Torna
npsamas MM’ nepecekaer
npamyw AB B uckoMolt Tou-
ke X.
[ToctpoeHue 3TO MOXHO
Puc. 936. NpOBECTH M B TOM Clyuae,
korpa o0a KOHUA JLaHHOTO
otpeska AB HenocrynHel: BHe oTpeska AB Bubupaercs npo-
uaBosbHas Touka N, orpesaok AN penuTcs B DAHHOM OTHOILUE-
HMM YKas3aHHbIM cnocoOOM, a 3aTeM MOBTOPSIeTCs BhHIIEONH-
CaHHOE MNOCTpOeHHe.
3anaua 3. Jlann Tpu Toukn A, B u C, nexauye Ha onHOR
npamolt, npuuém rtouka C HepocrynHa. Haiitn Takue OTpeskKH
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m u n, uyro6u othomenne AC: BC 6bo0 paBHO OTHOLUE-
HUIO m : 1.

Iycte C’— npoussosibHass TOUKA Ha OpPAMON ¢, MPOXOJf-
welt uvepes wemoctynHyw Touky C (puc. 237). Tlposonum
BM|CC’. Tlycts npamas BM nepecevér AC’ B rouke B'.
Torna, noustno, uckomoe otHowenne AC: BC = AC' : B'C'.

Puc. 237. Puc. 238.

3agaua 4. A v B nBe u3BeCTHbie HENOCTYNHBIE TOUYKH.
Uepes nanHy®© TOUKY P mNpoOBecTM NpSIMYI, NapaiielibHy0
npsmoit AB (puc. 238).

[Mocrpoum npamywo PA (cm. sapauy 1).

[lycrs C—npousBoapHas Touka mnpsmolt PA. Onpenenum
oruouenne AC: PC (cMm. 3apauy 3). Pasnennm orpesok BC
Toukot D B TAaKOM e OTHOuleHWM (cM. 3anauy 2). Torna
upaMas PD wckomas, Tak Kak b
/\ PCD o /\ ACB 8 cuny nanu-
uMsl Yy 9TMX TPEYroJbHHKOB 006-
uiero yrna C ¥ NponopuyoHalb-
Hoctu (AC : PC == BC : DC) cro-
pOH, 3aKJIIOYALEX 3TOT YroJ.

K srtolt samaue nerko cBo-
LWTCA 3a1a4ya O [POBEJLeHHH
uepes JAHHYI TOYKY MEPIEHIH-
KyJfpa K npamol, npoxongulet
uepea JiBe WU3BECTHHIE HENOCTY M-
HBIE TOUKH.

3apgaua 5. Paspennts nono-
naM  yroa (a, &), BeplunHa Puc. 239.

KOTOPOro HeLOCTYMHA.

[lycts P (puc. 239) — npowssonbHas TOuKa Ha npsamolt b.

CrpovM npamyo a’, NpoXoNfiy uepe3 TOuky P mapasieinbHo
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npaMott a. VI3 ToukM P, K3aK M3 LEHTPa, NPOBOIAMM OKPYyX~
HOCTb & MPOM3BOJNLHOrO panuyca. IlycTb 3Ta OKPYKHOCTHL
nepecekaer npambie ¢’ M b coorBercTBeHHO B Toukax A’ u B
(Bn A’ —no pashble cropodsl npsmoit a’). Tlpamas A’B Ha-
KJIOHEHa K JaHHBIM ApPAMbIM ¢ M b Noj PaBHHMM YIJaMH, TaK
yTO eCli OHa nepecekaercst ¢ npsmoit a B Touke A, TO Tpe-
yroapuuk AOB, rtie O—BepliMHa JaHHOTO yria, pasHoGen -
pennblfl. TlosToMy Hckomass OMCCeKTpHCa JOJKHA NPOXOLUTH
yepez cepenuHy M ofpeska AB nepneHAMKYJApDHO K Tps-
Mmoit AB.

3agaua 6. Ha nannofi npaMoll a OTnOXKHTL OT HM3BECTHOMH
HELOCTYynHOH €& ~Touku A OTpesoK, paBHHIL J[aHHOMY OF-
pesky [.

Mycrs b (puc. 240) —eTopas mnpsaMas, Onpeleffiolias He-
LoctynHyilo Touky A. Bruibepem Ha npsamoil b npoM3BOABLHYIO

Puc. 240.

touky B n nposenéM uepea Heé npamyio a’[la. Crpoum nps-
Myl a”, cummeTpuuHyl0 ¢ @’ OTHOCcuTeNbHO b, M OTKJaLHBaEM
Ha sroit npamoit orpesok BC=1I. Ecin ¢ —npsamas, npose-
ngnnas depe3 Ttouky C mnapasiensHo ApaMo# b, TO TOuka X,
B KOTOpOH 5Ta mpsMasi mepecekaeT NPsSMyl0 @, HCKOMaf, T. €.
AX=1. B camom pnene, tpaneuus ABCX papHoGenpenHas,
TaK KaK yrjul NPH €€ OCHOBAHWM OJHMHAKOBHI.

KoMOunMpyst paccMOTpPeHHHIE TNPHMEPHI, MOXHO PELIMTh
60JLLIOE KOJMYECTBO 3484 HA NOCTPOEHHE C HENOCTYMHHIMH
94E€MEHTAMH.

B kauectse 061iero Npuéma pPeLIEHHs 3a1ay Ha NOCTPOEHHe
C HENOCTYNHLIMM TOYKAMH MOXHO MNOJbL30BATHCSl FeOMeTpHye-
CKHMH npeoOpasoBaHusMH. EciM paHHOe npeoGpaaosaHue He
NEePEeBOANT NAHHYK) HELOCTYNHYIO TOUKy B cebst, TO e o6pa3
Boobwe rosops, Aoctyned. IloyroMy nocne npeo6pasosanus
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3anaua pewaercs oObluHbIMM Metomamu. [locre Toro Kak mno-
JYUEHO COOTBETCTBYIOLUEE pelueHHe, OCTAETCA NPHUMEHHTH
oOpatHoe npeo6GpasoBanue, 4To0B MNOJYYHTH pEIUEHHE LIS
HePBOHAYANLHOrO PacnoNOXEeHUs (DUryphl.

ITpumep 1. A(a,, a,) n B(b;, by,)—nBe HenOCTYNHBE
Toukn. Tloctpours cepenuny orpeska AB.

[lpumennM MeTon CUMMETDHH.

[lycre S (puc. 241)— npoussonbHas npsamas, KOTOPYHO
tpHUMEM 332 OCb CHMMETPHH.

Crpoum npameie a3, aj, b, b;, COOTBETCTBEHHO CHMMe-

TPHYHble MPAMHM @, Oy Oy M b, OTHOCHTENLHO nNpAMOH s.
Oycrs af X af= A’, b] X b= B’. Crpoum cepenusy orpeska
A’B’ — touxy C’. Touka C, cum-
merpuuHag C’ OTHOCHTENLHO S,
UCKOMasl, TaK Kak pPaBEHCTBO
OTPE3KOB TNpPH CHUMMETPUM CO-
XpaHgercs, HAPUYEM  JBANKAHI
NOBTOPEHHAST CHUMMETPUS €CTh
TOXJECTBEHHOE  npeobpasosa-
HUe.

WHorpa nanobuocts B 00paT-
HOM npeo0pasoBaHMU OTNANAET,
KaK 3TO BUIHO M3 CJENYIOLUEro Puc. 241.
upHMepa.

Ipumep 2. UYepea nannyo HenoctynHywo Touky A(e, b)
TPOBECTH MPAMYI0, NapasJelbHY0 AaHHoH npsaMoil p.

ITpousBeném napamjenvHelli NepeHoCc HAHHOH ¢Urypsl Ha
—>
Hekotopuil BekTop V, KOnnMHeapHuit npamoit p. llpamue a

U b npeoOpasylorcas NPU ITOM
COOTBETCTBEHHO B mNpsaMbe a’
u b'. Tycrs (puc. 242) a’ X
W b' = A’. Tipsmas, nposenEH-
Has uyepes A’ napalsiensHo p,
HCKOMast.

Tak kak B uepT&éxHOH npak-
THKE BCEIla NPUXOIUTCA HMETD
JIeN0 He €O BCelt MJOCKOCTDHIO,
a Jiuulp ¢ OrpaHuyeHHoll ed

Puc. 242. obnactbio  (uepTEXHBIR  JHCT),

TO BIECH HEPENKO BO3HMKAKT

331444 O ,NOCTPOEHNSAX HA OrPAHUUEHHOM KYCKe MJIOCKOCTH®, KO-
14 BCHO OCTANLHYIO YacTh MJIOCKOCTH IPUXOLUTCS PaccMaTpHBaTh
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KaK HepocTynHyw. B 9TMX ciyuasx ocOoOGEHHO TNOJIE3HBIM OKa-
abiBaercss npeoOpasoBaHHe TOMOTETHM, TaK KaK OHO MNO3BO-
JseT ,CKaTh“ BeCh YepTEX B NPOM3BONLHOM OTHOLIEHWH. [lpw
COOTBETCTBYIOLLEM BhLIOOpPE LEHTPA M  KOI(PQUUHEHTA TOMO-
TETHH MOXKHO JOOMTHCH, YTOOH HOCAEe TaKoro npeobpasoBaHHs
BCE, KaK YrojiHO panékue, HELOCTYyTHble TOUKH MJOCKOCTH
npeo6pasoBaiuch B TOUKH, PACNOJIOKeHHble B mpejetiax I aH-
HOTO KyCKa [MJIOCKOCTH.

§ 6. O reomeTpHYECKHX NOCTPOEHHUSAX
¢ Apyrumu CpeacTBamu

B uepréxHOM npaktuke pnAs TIOCTPOEHMIl IIMPOKO MNOJb-
38y1OTCH  YrOJLHUKOM, NByCTOPOHHeH JMHeHkOH W JApyrumm
MHCTpyMeHTaMH. Dbiio  6b HEnpaBUNILHO TOSTOMY  paccMa-
TPUBATHL 9TH HHCTPYMEHTbI KaK He 3aC/yXXHBAKLIMNE TeOpeTH-
YEeCKOT0 M3YYeHHs M CYHTAThb COYEeTaHWE UHMPKyJf C JuHelikoh
e/IMHCTBEHHbIM TEOPETHYECKH JONYyCTUMBIM HaOOPOM HHCTPY-
MEHTOB L]t [€OMETPHUYECKUX MOCTPOEHHH.

B mnacrosiuiee BpeMs NpaBWIbHEE BCero CMOTPETH Ha TO-
CTPOEHUSI C LUMPKYJIEM W JIMHEHKOH JMlIb KAK HA OJIHMH W3 BO3-
MOMXHBIX NPUMEDPOB TEOPHH TEOMETPHYECKMX MOCTPOEHHH ¢ Ha-
nepéj 3alaHHBIMM CPEJCTBAMH, NMPUYEM 3TOT NMPHUMEP Hanbolnee
TpapuuMoHeH. [losToMy HaM npeicTaBjsieTcs KpaiiHe Xenaresb-
HBHIM, 4T0Obl B MPAKTUKE WIKOJBLHOIO MNPENOAABAHMS, HApPALY
C CHCTEMaTUYeCKMM H3yuYeHMEM TOCTPOEHUH € MOMOLULI0 UHUP-
KyJast ¥ JuHelkH, OblIM 3aTPOHYTH TaKKe BOMNPOCH O NOCTpoOe-
HUSIX C Pa3JUYHBME JPYTHMH MHCTPYMEHTaMH. Yualuiuecst OTHO-
cATCs K BONPOCAM 3STOr0 poOAa C XKHUBbIM MHTEPECOM, H ITH
BONPOCH CHOCOOCTBYIOT PASBUTHIO F€OMETPHUYECKON HHHIMATHBH
W U300pETATEIbHOCTH yualuxca.

B rn. [, § 4 Onno nokaszaHo, Kak pasfeuTth JAaHHHG
OTPE30K TNONOJAM, TOJb3YSACh NPAMBIM YIJIOM WJH ABYCTOPOH-
Hell JMHEHKOH.

ITpuBenem 3nech el€ HEKOTOPHIE MpPUMEPHI.

Mpumep 1. Pasnenuts naHHBE yron nononaMm, NoJb3YAck
TOJILKO JIMHEHKOH € napase/ibHBIMH KpasMy.

Pewenne (puc. 243). Ilpunokur, nuneliky onHuM Kpaem
K ONHOH M3 CTOPOH yria, a MHo APYroMy Kpaw NpOBeCtH
npsamyo. [loBroputh 3Ty OnNepanuio /s BTOPOH CTOPOHEI
yriaa. Touka nepeceyeHMsi NMPOBENEHHHX NPAMBX PACHOJNOKEHA

Ha OMCCEKTpHCE IaHHOro yria, Tak YTO OCTa&TCsi COELMHHMTD
et ¢ BepluMHOiL.
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fipamep 2. Onpepemmts lleHTp HauepYehHOH OKPYIKHOCTH,
10/1b3Y iICb TOJILKO MPSAMHIM YTIJIOM.

Xol pewmeHus BHAEH M3 pucyHka 244. Vron nsa pasa
NOMEWAT BepLWIMHONW Ha OKPYXHOCTM M OTMEYAlT TOUKH Ne-
peceueHuss CTOPOH yrja ¢ OKPYXHOCTbIO. COEHNWHSIt STH TOuKH
NONapHO, MOJYUMM [Ba NMAMETPA OKPYKHOCTH.

( L7 f
e

Ipumep 3. Yepe3 naHHYw TOYKY NPOBECTH NPAMYIO, MNa-
pannenbHylo paHHOR npaMoOl, nOJNB3YyACL TOJNBKO  AAHHBIM
yTJ0M.

IMycts (puc. 245) a — nanunas npsimas, A-— JlaHHasi TOuYKa.
Pacnonoxum nanHb#t yroa Tak, uto6b O@Ha M3 ero CTOPOH

Puc. 245.

coBnajana ¢ NpaMoi @, a Jpyras ApoOXoiuia uepes TOuky A.
Tlposeném npamyw [ nmo Bropoit cropome yriaa. [lepenBuHem
yroa BLOMb npsMol [ HACTONLKO, YtoOH €ro BeplMHA Tonana
B Touky A. TIlocsie 3Toro AOCTATOYHO MPOBECTH MO CTOPOHE
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yfnd, Hé coBnajawwe# ¢ npamoft l npaMmyn p, xoropas #
6yneT McKoMoft.

Mpumep 4. Yepea naudyw TOUKY A nNpoOBeCTH NPIMYIO,
fMapauyienbHy0 JaHHoW npsMoil @, NOAbL3YACH TOJNLKO JBYCTO-
poHHelt nviHelkoH

Bri6epem na mpsmolt @ mpousBosbHYIO Touky B (puc. 246).
[focrpoum npsmyo AB. TlpoBen&M no onHy CTOPOHY OT nps-
Mot AB nocrnenoBaTeNsHO ABE NapaluiefibHble elt npsimeie b U ¢,
Kak 3T0 mnpenycMOTpeHO axcuomoit B, 6) (§ 3, ra. I). Tlycrs
BTOpas W3 3STMX HPAMHIX, NpsMas ¢, Nepecey€T NpPAMYW a
8 touke C. Ilycts npamas AC nepeceu¥r mpsamyio b B Touke P,
a npsMas BP nepeceuér mnpsamyio ¢ B Touke X. Torpga yeThi-
péxyroasHuk  ABCX ecTb napasjjenorpaM, NOTOMy 4YTO €ro
JnaroHaiu AC v BX Bsaumuo nensrcs nononaM. ITosromy AX —-
HCKOMas MnpaMas.

A

N

Puc. 246. Puc. 247.

Mpumep B. YnBouTs paHHu OTpesok AB, MOMb3YACh TOJNBKO
NpsSIMBIM YT JIOM.

OGpatumcst ¥ noCTpoeHusM a), 6) u 8) akcuomsl 1™ (§ 3, ra. I).

[Iposeném uepes HaHHYIO TouKy A (puc. 247) npousBO/IbHYIO
npsaMyi a, a uepes Touky B npsmyw & | AB (noctpoenud
a) u 6), akcuoma TI). Ilycts npamele a M b nepecexyrco
B Touke C. Tlpopentm ew€ uepes Touky A npamyw ¢ | a,
W NyCcTh 3Ta fpaMas BCTPETHTCH ¢ mpsamoHt b B touke D. Ilpo-
Bengm uepes D npsmyio d | ¢, a uepes C mpamyw e | a,
¥ nycrs npaMwe d M e Bcrpersrcs B Touke E. Ecau Teneps
X — ocHoBaHue mepneHiHKyJspa p kK npamolt AB, nposen€H-
Horo ua touku E, 10 BX=AB, 1aKk uro AX=2AB, u zanaua
pewena. B cnpasennuBocTH nNoclellner0 COOTHOLIEHWS JIETKO
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yOendtues, ecm nocTponis npsimoyronphuft tpeyromsuuk CEF.
Torpa A CEF = A DAB no runoteHyse W OCTPOMY YTy,
tak Yro AB=EF. B cBol0 ouepenb, oueBUnHO, EF = BX.

Ipumep 6. Ha nanHoft npsaMoit @ OTIOXMTH OT JaHHOM
Toukn O OTpe3oK, paeHHt DaHHOMY OFpeaky AB, noawL3ysch
TOJLKO MPAMBIM YTJIOM.

Peulenne, npupen&HHoe B npuMepe 3, noaBoJsieT MOCTPOMTDH
napannenorpaMm OABB’ (puc. 248). Tlycts, nanee, B'B" =280

B

Puc. 248.

(cM. npumep 5). Tlycr, X—Taxkas Touxa npsMmott @, us KOTO-
poit otpesok B’B” BuieH nop NPSMBM YoM (NOCTPOEHWE B
axchoMet ). Tenepy OX==0B’, kaKk MeluaHa NPsMOYIrOJBLHOTO
TpeyronvHuKa, NpPOBelEHHAs W3 BEPLIMHB NPSMOro yraa. A Tak
Kak OB = AB, 10 OX = AB u Touka X Wckomas.

IAs cuCTeMaTHYeCKOr0 M3YUYeHMs PA3JMUHBIX HHCTPYMEHTOB
reOMETPHYECKHX ROCTpoeHHl HEOOXOIMMO Npexje BCero ycra-
HOBUTb TOYHBIH CNHMCOK OCHOBHBIX MNOCTPOEHHH, BBHIMOJHAEMBIX
TEM W/IM MHBIM HHCTPYMEHTOM, KaK 3T0 ObUIO CIegaHO HaMM
Anst HekoTopeiX uHcTpymentoB B § 2, ra. I. Tocne aroro obbiu-
HO BHIACHAIOT, MOXHO 1M TE€M WIM MHBIM MHCTPYMEHTOM BHIOJ-
HHTb OCHOBHbI€ NOCTPOEHHMS, NPOU3BOLMMHE LMPKYJIEM U JH-
HelkOH.

TakuMm nytém ObBUIO YCTAHOBJEHO, YTO BCAKAf TeOMeTpH-
Yeckast sajlaia Ha MOCTPOEHHE KOHEYHOrO YMCIa TOYeK, KOTOpas
MOxeT ObTb pellleHa UMPKyJleM M JauHelikof, MoXeT ObTb
pellieHa TaKKe MCKJIOUMTENHHO C MOMOLBI0 IBYCTOPOHHeH
JUHEAKM MIM  MCKJIOYMTENLHO C  HOMOLULI0  I@HHOrO  yraa
(cM. 06 sToM, Hanpuwmep, [I]).
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Ua 6onvioto xpyrda BonpocoB 9TOro posna Mb 0CTaHOBUMAS
aleck nojapobHee Ha ONHOM BOHPOCE, ONUBKOM K LIKOJLHOMY
Kypcy reoMeTpHM M TOuYTM He OCBEIUEHHOM B JUTEpaType, —
Ha NOCTPOEHMAX C UMPKYJeM W JUHEAKOM OrpaHHueHHHX pas-
MepOoB.

IonycTtiM, uyTo pasMax uMpPKYJSl HE MPEBHILAET HEKOTOPOIO
ONpeleNiéHHOTO OTpe3kKa r, a JHHEeHKa MMeeT OMNpeleNEHHYI0
pnuny I. ViMenHo Tak oOcTowr nello B IEeHCTBUTEJLHOCTH, KOTNE
NPOBOAATCH MOCTPOEHHSt C UUPKYJIeM W JHMHEHKOH.

JokaxeM, 4TO BCAKGA 2eoMempudecKass 3ada4a Ha no-
CHMpOeHlle KOHEYHO020 Hucaa moO4eK, pa3peliumas yupKyiem
U auHetlroll, mogcem Ovime peULenO YUPKYAEM U AUHeUKOU
O0ZPAHUHERHbLY POA3MEPOS.

Ins sToro npueen&M npex/e BCETO COHCOK OCHOBHHIX T0-
CTpOeHHil, KOTOpHIE BLINOMNHSIOTCA LMPKYJIEM M NHHeHKOR oOrpa-
HWueHHbX pasmepoB. [locTpoenuit 3TH ClenyOMe.

1*. Tloctpoutrh OTpe3ok, cOoCHMHAKWMI JiBe NOCTPOEHHbE
ToukH A w B, ecrn AB L.

2%, TlocTpoennsilt npsmonunelHbit oTpe3ok AB Heorpauu-
YEeHHO NPONO/KWTH B HanpaenenvM AB winu B nanpasnenwy BA.

(Tounsiit cMpica nocTpoennst 2* COCTOMT B CAGNYIOLLEM: eCiH IO-
cTpoen oTpe3ok AB, 10, KakoB 6nl HM OBl MocTpoeHHbH orpesok CD,
BCErZla MOKHO MOCTPOMTH TaKoii oTpe3ok AM, conepxautmil orpesok AB,
uto AM > CD, u taxoii orpesok BN, conepxaumii otpesok AB, uro
BN>CD.)

3*. TlocTpouTb OKPYKHOCTbs UEHTP KOTOPOH HaXomMTcst
B MOCTPOEHHOH TOuke W pajpuyc KOTOPOH paBeH MOCTPOEHHOMY
OTpE3Ky ro<7-

4%, Tlocrpouts oOLiye TOYKM JIBYX [OCTPOEHHHX JHHUHA
(echu Takwe TOUKM CYILECTBYIOT).

5%, TlocTpouTs NPOU3BOJLHOE KOHEUHOE YUCIO TOueK, Npu-
HaAJeXauMx MoCTPOeHHOR ¢urype.

6*. INocTpourh TOuUKy, 3aBelOMO He MPHHALJIEHAULYID HEKO-
TOpo#t mocTpoerHON ¢urype.

PeuinM Tefieps HEKOTOpHE BCTIOMOraTelibHbiE 32124 NOCpen -
CTBOM UMPKYJs W JuHellku OrpaHMuYeHHHX pasMepos. Panm
onpeneséHHocTH GyneM npennonaratTs B NasnbueiieM, uro r < L.

Bapgaua 1. Ha nocrpoennom mpamonuueiinom otpeske AB
OTJIOXHUTbL OT TOYKM A OTpesOK, pPaBHHI NOCTPOEHHOMY
otpesky CD (CD < AB).

Ecin orpesok CD He mpepblllaeT r, TO pelueHue oGuie-
ussectHo. B mpoTuBHOM cnyuae OTKJalbiBaeM Ha OTpeske CD
or Touku C u Ha orpesaxe AB OT TOukH A OTpe3oK r mocie-
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DOBaTelbHO IO TeX 1nop, MoKa ocTaBuiascd yacts orpeska CD
HE CTaHeT MeHplue r, MOCNE 4Yero OTKJAAbBaeM Ha orpezke AB
TAKXKE 3Ty OCTaBLIYHCH 4acCTb.

3apaua 2. [locTpouTb cepenrHy NOCTPOEHHOTO oTpeska AB.

Ecin AB < 2r, TO MOXHO NPUMEHNTH OGBIYHBIK CPHEM.

B npoTHBHOM cryude MOXHO OTNOXMTH HA OTpe3ke AB
0T o0OMX €ro KOHILOB MO OTPE3KY I M MCKaTh CEpPeluHy Mo-
NY4YeHHOTr0 TakWM 00pasoM orpeska A,B, (puc. 249). Taxoe

r\ [ r
4 A, ] B 1\ B
Puc. 249.

»YKOpauMBaHHe® NAHHOTO OTpe3ka NpMAETcH, ObITh MONKET, NPO-
W3BECTH HECKONBKO Pas.

3apgaua 3. Yepe3 nocTpoeHHyw TOuKy P mpoBecTH OTpesox
npsamoit, napajjessHOR MOCTpoeHHOMY oTpesky AB (puc. 250).

[MocrpouM okpyxHocTs (P, ry), riae ro<Lr (ocH.
nocrp. 3%). Ilyctb M u N-—kakue-mub0 J1BE TOYKM 3Toh
OKPY2HOCTH, He JeiKallMe Ha
OLHOM nuaMeTpe 9STOH Ok-
pyxHoctH (OCH. moctTp. d%). p
QOueBHpHO, YTO 10 KpaliHeli
Mepe oiHAa W3 mnpaMex PM
u PN nepecekaeT nps-
Myww AB. Tlosromy npwu M
LOCTaTOYHOM  MPOJOJIKEHHH
orpeakoB PM, PN n AB, y
Kaxnuit B 06e cropoHsbl (OCH.
nocrp. 2%), HenpeMeHHo Puc. 250.

OKaMXeTcs MNOCTPOeHHOH XOTH

6n oiHa M3 ToyeK mepeceveHus npamoit AB ¢ npamoit PM uan
PN. Tlycrb nns onpenenénHocti PM nepecekaercs ¢ AB
B Touke C. B nepeceyenmm o6pasyerca HexoTopult yrosa. Ocra-
ETcst NMOCTPOMTHL NP TOuke P paBHbilt eMy HakpecT nexaimit
yroJ. [loctpoenye yria, paBHOro AaHHOMY, MOXeT OHITH BEHNOJ-
HeHO 001 en3BeCTHHIM CHOCOOOM He3aBMCHMMO OT OrpaHuueHuit
B pasMepax MHCTPYMEHTOB.

CornacHo OCHOBHOMY mnocTpoeHuro 1%, nmse Toukn A u B
MOXHO COEIHHUTL OTpe3koM npsmo#t, ecnu AB-<I. [lokaxem,
YTO Takoll OTpPe3ok MOMKET ObITL NOCTPOEH C NOMOLIBLI0 HHCTPY-
MEHTOB OrPaHMueHHHX PasMepoB Taxxe M B TOM Chyuae,
ecmm AB >1.

N
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Tycte A m B— npe nocrpoeHHsie Toukn (puc. 251). Tlpo-
BeléM yepes Touky A kakol-imbo OTpPesoK a, a uepes TOuky B
(teM e MeTolOM, 4YTO W B 3ajaue 3)— Nepecekawuuil ero
orpesok b, Tlycts C-—Touka ux nepeceuenus. Ilocrpoum
cepennHy orpeska AC-—Touky D (sapaua 2). Tlposeném uepes
Touky D oOrpe3ok ¢ napauienbHO OTpesky b mo Ty ke cTo-

o poHy npsiMoit a, yTo W oTpe-

sok CB. B cuny ocHosHo-
E B 'O mocTpoeHus 2*  Mox-
HO CUYMTaTh, 4YTO OTPe3OK

c}—;—BC.

A<—

OTnoxuM Ha OTpesKe ¢
OTpe3oK DE:%—BC (1-s

BCNOMOTaTe/bHAS 3ajaua).

Jlerko sameruts, uro E — ce-

Puc. 251. peanwHa orpeska AB. Eciu

AE = BE I, T0 oTpesox

AB yxe Moxer Obtb nocTpoeH. B nporuBHOM chyuae MOMXHO

TaKMM Xe nyTéM NOCTPOMTH cepeiuHH oTpe3koB AE wu BE

u 7. A. llocne xoHeuHoro uMcna 1naroB Bcerga o6pasyloTcs

orpesku npsmoil AB, xamamii ua koropbix </, Tak YTO Kax-

IAbll M3 HUX (2 cheloBaTeJbHO, M MX COEAMHEHHe) MOxer OwlTh
NOCTPOEH.

[locne Toro Kak Mbl YCTAHOBWJM, 4YTO JOObe JBe TOYKH
MOryT OBbITh COEIAMHEHb OTPE3KOM, MOMHO Y¥e He NpHHUMaTh
BO BHMMaHWe orpaHuMueHufl B pasmepax auHelku. [Ipu atom
CNpaBell/IMBOCTL JOKA3HBAEMOr0 MPENJIOKEHHS HENOCPELCTBEHHO
cnenyer w3 teopembl Ulteiltnepa (§ 4 srolt rnasbl), Tak Kak
Mbl BCErJla WMeeM BO3MOXHOCTH HM30paTh HA NJOCKOCTH KaKylo-
Jub0 TOUKY W MOCTPOUTH OKPYKHOCTb C LIEHTPOM B TOH TOUKE
M moOLIM 3a7aHHHIM PapuycoM, MeHbluuM r. llpakTuyeckn npu-
€Mbl pelleHMs 3ala¥ HA MNOCTPOEHHE C LHUPKYJEM U JHHeHKoH
OTPaHHUYEHHHIX Pa3aMEPOB HE JOJOKHB OIHAKO BCErla KOMUpOBAaTh
npuéMel NOCTPOeHuil ¢ JMHeHKOR M LITeliHepOBOH OKPYIKHOCTLIO,
TaK KaKk 3JleCh MH pAacrnojaraeM AOBOJILHO IIMPOKWMHM BO3MOX-
HOCTAIMM B MPOBEJIEHHH OKpYKHOCTEH.

Ipumep 1. M3 nanHo#t Touku P OnycTHTb NepHeHIUKYJsp
Ha JIaHHYI0 OpAMYIO @.

OO6blunbllt puéM MOxeT ObTh MCNOMNL3OBAH JMUIb MPH YCJIO-
BMHM, YTO PacCTOfHHE TOYKM P of mpsMoil @ He npeBHILaer 7.
C noMoupb0 HHCTPYMEHTOB OTPaHMUYEHHbIX PA3MEPOB 9Ty 3ajady
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BCeria MOXHO peluuth ciedywoum obpasom. Tlposectu uepes
Touky P otpesok npsmofl, napanienvHuil @ (cM. 3-10 BCnOMO-
ratesbHy10 3a7ady), 2 3aTeM NOCTPOUTH HEPNEHIUKYJIAP K STOMY
oTpesky B Touke P. TlocrpoeHMve nNepneHAMKYNsipa K AaHHOK
npsaMoil B naHHolM Ha Hel Touke MOXer 6HITH NpoOu3BeLEHO
o6 L1eH3BeCTHHIM CIIOCOOOM HE3ABMCUMO
OT OrpaHuMyeHMit B PaaMepax HMHCTPY-
MEHTOB. %
Ilpumep 2. Tloctpours npsmo-
YyroNbHBil  TPEYTOAbHHK MO TUNOTe- .
Hyae ¢ W KaTeTy a, CyWTas, 4TO
- 7
a<lr, c>r. Ch
Hemim  orpesok ¢ Ha 2, 4,
8, ..., 2" yacrelt 1o Tex nop, mnoka

[+
HE MONYUWHM Cp = 55 < T (sanaua 2).
Ilenum Ha CcTONLKO e uacTelt orpe-

a
30K @, M MYCThb Q== 5.

CrpounM BCcrnioMoraressHbil npsmo-
yrombuwiii Tpeyromhuk A,BC, (cMm.
puc. 252), rakoit, uro ero karer BC,=a,, a runorenysa
A,B==c¢,. Ha nponomxenun orpeska BC,, crpoum Touky C 12K,
uro661 BC = ¢ (3anaua 1). Ilposonum uepes touxy C oTpedok
CM|C,A, v npopomxaeM orpeskn CM n BA, no ux psanm-
Horo nepeceuenust B Touke A. Tpeyroabnnk ABC uckombiii.

Puc, 252

% * %

Mub yxe Bulle/IM, YTO 3aa4M, DPEIUEHHE KOTOPHLIX CBOLMTCA
K MOCTPOEHHI0 KOpHeH ypaBHeHMst 3-#i CTeneHH, HENnPOBOLMUMOrO
Hal TOJNEM palHOHAJbLHBIX YHCEJ, He MOryT ObiTb PelleHpl LUMp-
kyseM u JuHebkott (rn. VI, § 3). Oun He MOryT GniTh peLieHsl
TaK)Ke C HOMOUILI0 JBYCTOPOHHeH JMHEHKM MIM yroJibHUKa,
VCTaHOBJIEHO, YTO BCE TaKME 3aJa4d MOXHO PEUIUTb, €CIH NOJb-
30BaThCs JIMHEHKOH ¢ IBYyMSi NOMETKAMH WU JBYMS NPAMBIMH
yraamu (npuMepsl Takoro poja peineHuit OBUIH NpHBeseHs! HAMH
B ra. VII).

Hasnune Ha NJI0CKOCTH KAKUX-THOO HAYEPUYEHHBIX (ULYD YacTO
pacuiMpsieT KOHCTPDYKTMBHHE BO3MOXHOCTH TOrO WJIH HHOIO
nHcTpyMenTa. HawGonee spkuilt mpumep sToro popa mpexcra-
BASIOT TNOCTpOeHHs € JuMHEHKOW npu HanMumM HauepueHHOH
OKPYIKHOCTH (nocTpoenus Ulrestnepa). B npesrocty Hukomen
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UCTIONb30BAsI KOHXOMAY IJIf TpucekuMHM yria, Jluoxnec yka-
3an cnocob yneoenus ky6a ¢ npupieuedHeM unccoupudl. Jl e Ka-
prom (1596—1650) Obto oGHapyxeHO, HTO BCskas 3akaua
TpeTbel WaH ueTBEPTON CTemNeHH MOXeT OHITL PellieHa LHPKYJeM
H JMHellkoff mpW HAIMUMM HayepyeHHoH mnapabons. HeroToH
(1643—1727) npvwén K TakoMy e BBIBOLY OTHOCHTENbHO
9AAMICAa HAH runepboiH (MojJHOe MOKA3aTENbCTBO ITOrO Npej-
Joxenuss 6uno RaHo B cepenune XIX B.).

Bonpoc 0 nocrpoeHusix npu HaJdWYHH HAuYEPUYeHHHX GHryp
oceeuldn B kHurax [1], [33], [35].

BONPOCH 1Ji51 TOBTOPEHUS

1. Kakne ocnomupie NOCTpOeHHH MOXHO BHTOJMUMTb NOCPENCTEOM
HMPKVIA U JMHeHKu?

2. Kax untaercs teopema Mopa-—Mackepouu? Koraa ona
6bita nokasana?

3. KaxoBa ocuoBHas uues jnoKa3aTenncTa Teopembi Mopa—
Mackeponu?

4. Kakoit o6mmil mpuéM cyulecTByeT IJisi pelleHMs 3ajau Ha
NOCTPOEHHE ¢ NMOMOIUBI) TOJNBKO LUPKVJH?

5. Kaxk unraercs Teopema lllTeilne pa? Korna 6bina nokasana
9Ta TeOpeMa?

6. Kakoea ocHoBHas WBes noKasaTesnbcTa TeOpemsl LIl Tedi He p a?

7. Kakan TOuKa Ha3blBaeTCA B KOHCTPYKTHUBHOH reOMETPUHM HeXo-
CTYIHOH?

8. Kakum 00paszomM MOMHO 3apaTh HEHNOCTYNHYIO TOUKY?

9. Kakne HHCTDYMEHTbl MOTYT MNOJHOCTBIO 3aMEHHTb LMPKYJb
M JUHeHKY MpM mOcTpPOeHHH ¢Uryp, COCTOSIIMX M3 KOHEUHOrO wuHCia
Toyek? (IIpuBecTH mpHMepbl.)

10. KakoBsl OCHOBHBIE TOCTPOEHHf, TNPOM3BOIMMbIE JHHEHKOM
C napajuieJibHLIMM  KpasNu? MpPAMbIM YILJIOM? IMPKYyleM H JHHeHKoH
OorpaHuyenHLIX pa3MepoB?

3AAYH

1. Hanei tpu T0oukn A, B n C, He jexainive Ha OmHOH NpAMOH,
Ionb3ysicb TONBKO HMPKVJAEM, NMOCTPOUTb TOUKY D TaK, uroCbl TOUKH
A, B, C v D 6uum BepuMHaMu mapajjielorpamma.

2. Au B — nBe npoTHBOMOJOMHBEIE BEPWHHE KBaxparta. [locTpouTh
IBe JpYrHe ero BEepPLIHHH, TOJL3YSACh TOJAbKO LHUPKYJIEM.

3. Jannt pBe Ttoukn A m B. Tloctpourp touky C TaK, uTOOBI
< BAC = 90°. Ilosb3oBaTbcsl TOJMBKO LMpPKyJNem paguyca AB.

4. Naubi touku A, B, C v D. Tloab3ysich TOJBKO IUPKYJeM, NO-
cTpouTh ToukH M u N TaK, yrobut MN = AB -} CD.

5. Jlanel nIBe mapallelibHbie NPsMble M TNPOM3BOMNbHAas TOYKA.
[Nonb3yschk TOJMLKO JMHeHKON, mporecTH depe3 STy TOUKY NPAMYIO
napajieibHyl0 NaHHLIM TP AMBIM.

6. B kpyre npoeemeHpl nMaMeTp M J[Be mnapaljiefibHble MexAy
coGoit xopsbi. [loCTpoMTh LEHTp Kpyra, MONb3yfich TONBKO JMHEHKOH.
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7. Tloapaysich TOJNBKO JMHEHKOH, nposectn 6uccexkTpucy IaHHOroO
yria, eclid HauyepueHa BCTIOMOraTelibHasi OKPYXHOCTb M OTMedYeH ed
ueHTp.

8. IposecTH mexpuaHbl TPEYrOJbHHUKA, CYUTAs €rO BEPIIMHLI HENO-
CTYIHBIMH.

9. lpoeecTH BLICOTHI TPEYrOJIbHUKA, CUlNTasi €rQ BePUIHHBI HENO-
CTYNHBIMH.

10. ITpoBecTn KacaTefIbHYI0 K OKDYXHOCTHM B JAanHOM Ha Hell
TOUKE, HE MOJb3YSCh LEHTPOM OKPYHHOCTH.

11. B KoHne paMuoli AYrM OKPY:HOCTH NpPOBECTH KacaTeJbHYIO
K 9TOH OKpYXHOCTH, He MONB3YHCh LEHTPOM.

12. TlocTpouTh TPEYrOMbHUK TNO TPEM 3aiaHHBIM €ro CTOpPOHaM,
npennosiaras, 4To HaubONbIUMH pasMax UMPKYJis Menble Hanbodbiued
CTOPONDI, HO GoJibille e& MOJOBHHBIL.

13. llo runoreHyse M KaTeTy TOCTPOUTH € ITOMOLUBIO LMPKYJs
H JUHeflKM NpPSMOYroJbHbil TPeyrofibHHK, mpennonaras, 4T0 Hau6oJb-
I pa3sMax IMPKYJs MeHblIe NaHHOFO Karera.

14. Ha nanHoli npsMoil nHalfiTH TOYKM, Haxonsiuecs OT HaHHOM
TOUKM Ha JaHHOM paccTosiHuM d, mpeamnoJjarasi, 4t0 HaubGOJbIIMH pas-
Max LUpKyhasi MeHblue d.

15. Moab3ysicb TOJNBPKO JUHEHKOH € mapaiielibHbIMH KpasiMy, BOC-
CTaBUTh HEPNEeHAHKYJISP K NaHHOH NPsMOH B naHHOM e& TOuKe.

16. YnBouth nanmblli OTPe30K, MOJNb3YHCh TOJHKO JIBYCTOPOHHeH
nHHeHKOH,

17. lMoab3ysick TONBKO NPSIMBIM YFJOM, pa3neiuTb JaHHBIH yrox
1onojaM.

18. 3anansl TpU TOYKH OKPYxHOCTH. IlocTpouTs ¢ moMowbio LMp-
Kyns v JuneHKH e Kakyio-iMOO TOUKY STOH OKpYHHOCTH, He IPOBOJS
OKPY*KHOCTH.
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