decTmBanb nccnegoBaTeibCKUX N TBOPYECKMNX
pabot yyawmxcs «[NOPTOOJINO»

FNocypnapcTtBeHHOEe obpa3oBaTtesibHOe yuypexaeHue nuuen Ne1571
CeBepo-3anagHoOro OKpPYyXHOro ynpaBreHus
OenaprtameHta OGpa3oBaHua ropoga MoCKBbI

Tema HAYy4HO - NCCJ1€A0BATESIbCKOIO MNMPOEeKTa

«Teopema lNughazopa u pa3siuyvyHbie
criocobbl eé dokazamesibcmea»

(nocobue ans yunutens u y4yawmxcs)

dl |




ABTOp npoekKTa
KypmaHoBa CseTnaHa,
ydeHuua 9 «b» knacca

Hay4HbIn pykoBoaUTENb NPOEKTa
CasoHoBa TatbsiHa PE€gopoBHa,

yuynTesio MaTeMaTuKn BbiCLLEN
KBanMdmnkaunoHHOM KaTeropum
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Llenun nccnepoBaHus:

° cobpaTtb MHopmauunto o6 uctopum Tteopemsl NMNudparopa n nonckax
pPa3nnYHbIX CNOCOOOB €€ AOoKa3aTesibCTBa;

° paspaboTaTb HOBble CNOCOOLI AOKa3aTesnibcTBa Teopemsbl NMudaropa.

[MpeameT uccneaoBaHuA:

* Teopema lNudaropa n pasnnyHbie cnocooObl eé AoKa3aTenbCcTBa

'Mnorte3bl UccneagoBaHuA:

°* BO3MOXHOCTb NPMMEHEHUs1 TeopeMbl 06 OTpe3Kax XopA,
nepeceKaloWwmMxcs BHYTPU Kpyra, K AoKa3aTenbcTBy Teopembl MNMudparopa;

* BO3MOXHOCTb CyLLeCTBOBaHUS AoKa3aTesnbcTBa Teopemsbl Mudaropa c
OMnopon Ha TeopemMy O NPONOPLUOHANILHOCTN OTPE3KOB CeKyLlen n

OTpe3Ka KacaTenbHOU K OKPY>XHOCTMW.

- _d
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C6op n nsyvyeHune nHpopmaumm o 3HaMeHUTON TEOPEME.

15.09.2007 — 15.10.2007

ObpaboTka cobpaHHOW MHPpOPMaLMK, €€ aHanNu3, BbiBIEHNE 06X
TEeHOEHLUMA U 3aKOHOMEPHOCTEN B CNNUCKE HAaNOAEHHbIX CNOCOOO0B
AokasartenbcTBa Teopembl [Nudaropa.

16.10.2007 — 20.10.2007

Monckn HOBbIX eLWé He UCMONb30BaHHbIX TEOPETUYECKNX NOSTOKEHNN
NNaHUMETPUN, KOTOPbIE MOXHO Obino Obl NpUBNEYb K A0Ka3aTenbCTBY
Teopembl NMndparopa. Ispuka! EcTb ewé cnocob, ga He ognH!

21.10.2007 — 12.11.2007

dPopma npencraBrneHUs pe3ynbLTaToB:

BbicTynneHue ¢ oceeleHMeM JaHHOM NpobnemMbl Ha ypokax reomeTpumn 17.11.2007 e.

B 8-x knaccax no npocbbe yumntenen. 8 9 «A» u 8 9 «b»
[MogrotoBka U HanucaHWe cTaTbW ANA o4epeagHOro HomMepa Hallero 24.11.2007 e.
nuuemnckoro XxypHana «MartemaTnyecknn Kanengockony.

3almTa NpoeKTa Ha LWKONbHOM Hay4YHO-MPaKTUYECKON KOHGepeHLNN. 28.11.2007 e.
[MogroToBka 1 npeseHTaums NpoeKTa Ha OKPYXXHOM KOHKYpPCE NMPOEKTHbIX

n uccnegoBatenbckux paboT «byayuwee Cesepo-3anagay, 4 Heldens ¢besgparns 2008 e.
KOHKYpC «Wckatenny.

CpaTb B MeTogudeckumn kabmHeTt nuues ansbom npoekta ans

AarbHeunLwero UCronb30BaHUS €F0 Ha YpOKaX UeBO BHEKMACCHOW paboTe « Maii 2008 2.

yqynTenamMmm n nimuencrtamu.

NMouck HOBbLIX CNOCO6OB AOKa3aTenbCTBa 6y.qu NPOAOITKEeH. ‘
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CoaepxKaHue

Jlntepatypa

N3 Brnorpadum Nudbaropa

N3 nctopmmn teopembl

PopMynMpoBKN TeOPEMbI

PasnunyHble cnocobbl gokasaTtenscrBa TeopeMsbl [ndaropa
lNMpocTenwee aoKa3aTenbLCTBO

[JokaszaTtenbCTBO AnNwTEeNHA

Hoka3aTtenbcTBO Bxackapu - AyapHa (XIl Bek)
[doka3aTtenbcTBO HUnNbceHa

Hoka3aTtenbcTtBO beTxepa

Hoka3aTenbcTtBo lNepurans

Hdoka3aTtenbctBo NyTXEenns

Hdoka3atenbcTBO IX BeKka H.3.

[lokazaTenbCTBO METO4OM AONOSIHEHUA
[doka3aTtenbcTBO EBKNUAa

[okasaTtenbcTtBO XOyKMHCa

[JdokasartenbcTBO Banbaxenma

[oka3saTtenbCTBO OCHOBaHHOE Ha Teopun nogooums
ManeHbkKasa — MmaneHbKasl CKa3kKa, rae aBTop NpoeKkTa npMBoaAUT CBOMU

AoKasaTenbcTBa TeopeMbl Mudparopa

SSSSSSKSKSKSKSKKK+«»

‘ A



N

N O O s W

« 7;0/05/%7 /70/95420/% u /Uﬂj/{///%%{f (W&[&é;{ e %O/Cﬂ;ﬂ/"&{bf/ﬁgﬂ»

IlutepaTypa

bepesnH B. A. Teopema lNudparopa. KeaHT, Ne8, 1971 r.

BaH-gep-BapaeH B.J1. Tpobyxaatowasca Hayka. Matemartunka [pesHero ErnnTa,
BaBunoHa n Npeunn. M., Yunegrus, 1959 r.

meunsep U. UcTopuna matematukm B wikone. M., lNpoceeweHne, 1982 r.
Enenbckun L. o cnegam lNudgparopa. M., Yunearus, 1961 r.

Jlntuman B. Teopema lNudparopa. M., lNpoceelweHune, 1960 .

Ckoneu 3.A. l'eomeTpuyeckne muHuatiopbl. M., Npoceeluenne, 1990 r.
deoktnctos U. l'eomeTtpua go EBknuaa B odepkax u 3agadax. M.,
Uncrtele npyabl, 2005 .
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U3 onorpadcdum NMudbaropa

s

* Benukui y4énbin MNMudparop poaunca okono 570 r. 4O H.3. Ha SR Y _ b Lt
octpoBe Camoce. Otuom MNMudparopa 611 MHecapx, pesdnk no { -
AparoueHHbIM kKaMHaM. ms xxe matepu Nudbaropa HEN3BECTHO.
Mo MHOMMM aHTMYHbIM CBMAETENBbCTBAM, POAUBLUMIACS Manb4imK
OblS1 CKa304HO KpacuKB, a BCKOPE NPOSIBUAS 1 CBOW He3aypsigHble
cnocobHocTw.

* Cpeam yuntenen toHoro NMudgaropa Tpagmumna HasbiBaeT UMeHa
ctapua lepmogamaHTta n ®epeknga CmMpocckoro (XoTa n HeT
TBEPLOW YBEPEHHOCTU B TOM, YTO MMEHHO ['epmMogamaHT v
®epekng 6611 nepebiMu yuntenamm MNudaropa). Llenbie gHu
npoBoaun oHbIN MNudrarop y Hor ctapua epmogamaHTa, BHUMas
mMernoann kndapsl n reksametpam lomepa.

« CTpacTtb Kk My3blke 1 No33un senukoro lomepa MNudparop
COXpaHun Ha BCIO Xn3Hb. W, Byayun NpusHaHHbIM MyapeELIOM,
OKPY>KEHHbIM TOMMOW y4eHUKoB, NMudarop Ha4nHan geHb C NeHns
ogHon u3 neceH Nomepa. ®epekng xe 6b1n punocodom un
cuyuTancsa ocHoBaTenem UTanunuckom WKonbel ounocogun. Takum
obpasom, ecnn NepmogamaHT BBEN toHOro Mudbaropa B Kpyr mya,
TOo Pepekng obpaTnn ero ym K norocy. Pepekung Hanpasun B3op
Mndparopa k npupoae n B Hen ogHOM COBETOBAr BUAETL CBOEro
NepBOro 1 rnaeHoro yuntens. Ho kak 6bl To HM BbINo,
HEeyroMoHHOMY BOOGpaxxeHuto toHoro MNMudaropa o4eHb CKOpo
cTarno TecHo Ha maneHbkoM Camoce, 1 OH OTNpaBnsAeTcs B
Mwunert, rge BCTpeyaeTcs ¢ Apyrnm y4éHoim - ®anecom. danec
COBETYET eMy OTnpaBuUTbCs 3a 3HaHUsAMU B Eruner, yto Nudparop
ucpenarn: a =
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* B 548 r. oo H.3. Mudparop npmnbbin B HaBKpaTnc - CaMOCCKYH0 KOMOHMIO, rae 6bIno y KOro HauTu KPoB 1 nuuy. N3yunB s3bIk
N penuruio ervnTsiH, oH yeaxaet B Memduc. HecmoTpst Ha pekomeHaaTernlbHoe NUCbMO hapaoHa, XMTPOYMHbIE XpeLbl He
crnewwunnn packpbiBatb [udgaropy cBou TanHbl, Npeasniaras eMy CroXHble UChbiTaHus. Ho, BIEKOMBIN XaXXa0W K 3HAHUAM,
Mudpbarop npeogonen Bce 3TU UCMbITAHUS, XOTS, NO AaHHBIM PACKOMOK, eruneTckue Xpeubl He MHOrOMY MOTN ero
Hay4uTb, TaK KaK B TO BPEMS ErMneTckas reomeTpumsi 6binia YNCTO NPUKNaaHON HayKown (Y4OBNETBOPSABLUEN NOTPEOHOCTb
TOro BpEMEHU B CHETE N B U3MEPEHUMU 3eMENbHbIX Y4acTKOB). [10aTOMy, Hay4YMBLUMCE BCEMY, YTO Jann eMy XpeLbl, OH,
ybexaB OT HUX, ABUHYNCA Ha poauHy B Onnagy. OgHako, npogenas YacTtb nyTu, MNMudarop peliaeTcsa Ha cyxonyTHoe
nyTelecTBMe, BO BPEMSI KOTOPOro ero 3axsatun B nneH Kambus, uapb BaBunoHa, HanpaensBLUMACS 4OMOW.

* He ctout gpamaTtuanpoBaTtb XusHb MNudaropa B BaBunoHe, T.K. Benukun Bnactutenb Kup 6u1n Tepnmm Ko Bcem
nneHHnkam. BaBnnoHckas matematuka 6bina, 6eccnopHo, 6onee passuTon (NPUMEPOM 3TOMY MOXKET CIY>XUTb
No3MUMOHHAsa cMCTEMa NcHUCNeHns), 4em erunetckas, u MNMudparopy 6110 Yemy noyunTbes. Ho B 530 r. 4o H.3. Kup
ABVHYrCcA B noxof NpoTtmB nneMéH B CpeaHen Asnn. W, nonb3ysicb nepenornoxom B ropoge, Nudarop cbexan Ha poanHy.
A Ha Camoce B T0 Bpems LapcTsoBan TupaH lNonukpat. KoHevHo xe, [Nudaropa He ycTpaunBara Xu3Hb NpuaBOpPHOro
nonypaba, n oH yaanuncs B newepbl B okpecTHocTsax Camoca. MNMonukpat ero npecneayet, u Mudarop BbIHYXAEH
nepecenntbcs B KpoTtoH. B KpoToHe NMudarop yupeaun He4To Bpoae penmrmo3Ho-aTn4eckoro bparcrea unm TanHoro
MOHaLleckoro opaeHa ("nudgaropeniubl"), YneHbl KOTOPOro 0653bIBanncb BECTU Tak HasbiBaeMbI Nudparopenckmnin obpas
XN3HW. 3TO BbIN OAHOBPEMEHHO M PESNTUTMO3HBINA COK3, N MNONMUTUYECKUIA KNyD, N HAay4YHOEe ObLLECTBO.

* ... Mpowno 20 net. CnaBa o 6paTcTBe pasHecnacb No BceMmy mupy. OgHaxapl k MNudparopy npmxoamt KnnoH, yenosek
BoraTbii, HO 3N0N, Xenas cnbsiHy BCTynNUTb B 6GpatcTBo. MNony4nB oTkas, KnnoH HauymHaet 60pbby ¢ MNMudaropom, He
OCTaHaBMNMBasiCb Nepea NoAXoromM ero goma. [Npu noxape nugaropenybl Cnacnuv Xmn3Hb CBOEMY YYNTENO LLEHOM CBOEN —
OHW CBOMMM Tenamm BbIMOCTUIIM JOpOory nobumomy yuntento ns ropsiero goma. bes ceoen wkonbl n 6e3 cBomx
yyeHukoB [ludparop 3aTockoBasn 1 BCKOPE NOKOHYMI XXN3Hb CaMOyBUNCTBOM.

* Ho B pasnunyHbIX UCTOYHMKAX MOXHO BCTPETUTL U ApyrMe Bepcun nocnegHux aHen Mudparopa.
3apadva gaHHoro npoekTa - obpaTUTbes K UcTopun Teopemsl MNudparopa n pasnuyHbiM cnocobam eé gokasaTenbCTBa.
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U3 nctopmum teopemsl

NcTopuueckuin 063op HauHEM ¢ [JpeBHero Kutas.

Camoe gpeBHee KuTanckoe maremMaTMKko-aCTpoHOMUYeckoe =
COYMHeHne «Yxoy-6m», HanncaHHoe okosno 1100 . 4O H.3., B . "
NepBOW rMaBe COAEPXUT NPEanNOXeHUs, OTHOCALLMECS K
NPAMOYrofibHOMY TPeYronbHUKY, Cpean KOTOpPbIX — U
Teopema lNndgparopa. B netonucax otmeyaetcs, 4To
Mudparoposa Tponka 3;4; 5 0Obina nssectHa B Kutae
ewe okono 2200 r. 4O H.9.

Mpuyém hopmynmnpoBKa CreayoLero YTBEPXXAEeHUsS1 COOTBETCTBYET MMEHHO NPSIMOK, a He oBpaTHOM

TeopeMme:

"Ecnu npsiMou y2011 pa3fioxXums Ha cocmasHble Yyacmu,
mo JIUHUSI, COeOUHSAWas KOHUbl €20 CmopoH, bydem 5,
Ko20a ocHogsaHue ecmb 3, a ebicoma 4".




KaHTop (KpynHeuLwmmn HeMeLKui NCTOPUK MaTteMaTuKM) CYUTAET, YTO
paBeHCTBO 3 2 + 4 2 = 52 ObINO N3BECTHO YXXe erunTsaHam eLle
okono 2300 r. 4o H. 3., BO BpeMeHa uaps AmeHemxeTta |

(cornacHo nanupycy 6619 BepnuHckoro myses).

Mo MHeHnto KaHTopa eapriedoHanmael, unn "HatarmBaTenun BepeBok”,
CTpOUnn NPSIMbIE YIibl NPU MOMOLLM NPAMOYIOSIbHbIX TPEYrONbHUKOB CO
cTopoHamu 3,4 n 5.

*  OyeHb Nerko MOXXHO BOCMNPOU3BECTU MX CNOCOH NOCTPOEHMA.
Bo3bmem BepEeBKY ANMHOKW B 12 NNHENHbIX eANHUL, U
NPUBS>XXEM K HEW NO LIBETHOW NOSIOCKE Ha pacCcTosiHUK 3
eQVHNLbI OT OAHOro KoHUa U 4 eguHuLbl OT ApYyroro.
[MpamMon yron okaxkeTca 3aKnYEHHbIM MeXay CTOPOHaMM
AnvHon B 3 n 4. NapnegoHanTaMm MOXHO Obino 6bl
BO3pa3unTb, YTO MX CNOCOB NOCTPOEHNSA CTAHOBUTCS
N3NULWHMM, €CNX BOCMONb30BaTbLCA, HaNpuvep,
OEepPEBAHHbIM YTrOfIbHUKOM, MPUMEHSIEMbIM BCEMMU

nnoTHUKamn. I nencTBnTenbHO, N3BECTHbI ermneTckne

PUCYHKWN, Ha KOTOPbIX BCTPEeYaeTCcs Takom NMHCTPYMEHT:

Hanpumep, PUCYHKU, n3obpaxatome CToNsApHyH

MacTepcKy. Ho B TOM-TO 1 geno, YTo Ana U3rotoBneHuns

Takoro wabnoHa Kak pas 1 Ucrnonb3oBanu naeto

[10HaNTOB. <




= COOTHOLLEHME MeXaY KaTeTaMu U TMNOTEHY30M MOXHO
BCTPETUTb Y BaBUIOHSH. B 0gHOM TeKCTe, OTHOCMMOM KO
BpeMeHn LapcrteoBaHmMa Xammypanu, T. e. K 2000 r. go H. 3.,
npuBoaAMTCA NPUBNMKEHHOE BblYMCIIEHNE TUMOTEHY3bI
NPAMOYrofibHOro TpeyronbHuka. OTcloga MOXHO caenaTtb
BbIBOA, YTO B [1Bypeybe ymenun npomsBOanTb BbIYUCIIEHUS
CTOPOH MPSAMOYrosfibHOro TPeyrosfibHuKa, rno KpamHen mepe, B
HEeKOTOpbIX crnyyasix. BaBunoHaHe cMOrnmn HamTn Takue
«nNudaropoBbl TPOMKN», Kak 65; 72; 97 nnn 3456; 3367; 4825.

= Teopema o0 KBagpaTe rmnoTeHy3bl BCTPEYaeTCs B CBALLEHHbIX APEBHEUHANNCKNX KHUrax « CynbBa-
cytpa» («lMpaBuna BepEBKN») co3gaHHbIX B nepmog ¢ VII no 1V Bekax go H.a.

G\ "N W YvTtaem npaBunio Ans NOCTPOEHMUs MPSMOro yrna -
' R 4 ©  NepneHavKynspa K HanpasneHuo xepTBeHHuKa: «K KoHyam
ompe3ska OruHou 39 npukpenumMm KOHUbI 8epésKu OrnuHou 51
C y3/10M Ha paccmosiHuu 15 om 00HO20 U3 KOHU08; 0epxxa
3a y3en u, No0mMsHy8 8epEesKy, Mosy4um fpsmMoul y2or».
MN3BecTHast Ham Teopema lNndgaropa Tam nmena
cnegytoLyto hopmynupoBky: «Keadpam duazoHanu
<= [IpsIMOy20sIbHUKa paseH cyMMme keadpamos e2o bonbwed u
%/ MeHbwel CIMOPOH.

- Keadpam Ha duazoHarnu keadpama & dea pa3a boriblie
AJO #eadpama». « el

o
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Kak Bugum Teopema ata bbinia oTkpbiTa npaktnkamu novtn 3a 600 net go MNudaropa.
Ho 3TO HNUYYyTb HE yMarnseT ero 3acnyru nepes Haykowu.

B "lNepeyHe matematukos”, npunuceiBaemom Eefemy, o lNMudarope ckaszaHo Tak: "Kak
nepepatot, MNudarop npespatun 3aHATNE 3TON OTPachblo 3HaHUSA (rEOMETprEN) B
HaCTOSILLYIO HayKy, paccMaTpmBasi €€ OCHOBbI C BbICLLEW TOYKN 3pEHNA 1 nccneays eé
Teopum MeHee matepuanbHbIM U 6oree yMCTBEHHbIM 0bpa3om”.

OcHOBbIBasACh, C OAHOW CTOPOHbI, HA CErOAHALIHEM YPOBHE 3HAHWI O ETMMNETCKON U
BaBWJIOHCKOW MaTematunke, a C ApYromn - Ha KpUTUYECKOM M3YHEHUMN TPEHECKNX
NCTOYHMKOB, BaH-aep- Bap,u,eH (ronnaHackuin MaTemMaTuk) caenan cneayoLwnin BbiBoA:

"3acryzol nepsebix epedyeckux mamemamukos, makux kak ®anec, Nugpazop u
rnughazopelusbl, 6119€emMcsi He OMKpbIMue MamemMamuku, HoO eé cucmemamu3auusi u
obocHosaHue. B ux pykax eblducriumeribHble peuermsl, OCHO8aHHbIE Ha CMYMHbIX
rnpedcmaeneHusix, rnpespamursiuchb 8 MoYHy Hayky."

[Mndparopy npunuUceLIBatoTCS CO3a4aHMe OCHOB MNaHUMETPUKN, NPaBU NOCTPOEHUS
HEeKOTOPbIX NPaBUNbHbIX MHOMOYrofibHUKOB U MHOFOrPaHHUKOB, BBEAEHNE LLMPOKOro U
0bs13aTenbHOr0 NCMNOb30BaHUS AoKa3aTeNbCTB B reOMETPUN, CO3AaHNE YHEHUS O
nogodun, U , HakoHel,

NHTepecHa nereHaa, n3 KOTOPOW Mbl y3HaAEM, C Kakown cTpacTbio Nundparop nsydan yxe
AOCTUrHYTOE B MaTeMaTuKe U CoBepLUasi HOBbIE Hay4YHble OTKPbITUS.
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N3BecTHa, Hanpumep, nereHaa, pacckasbiBatoLwasi Ham 0 ToM, Kak Nudparop, cymeBLumm
AoKasaTb TeOpeMy, MPULLIES B HEONUCYEMbIN BOCTOPr U B BnarogapHoCcTb 6oram NpUHEC UM B
xepTBy 100 6bIKOB.

Hemeuknn nmncartesib-poMaHnCT LLlamucco c FOMOPOM MULLET:

[Tpebydem seuHolU ucmuHa, Kak CKOpO
E€ nosHaem cnabsbil Yyerosek!

U HbiHe meopema [Nucghazopa

BepHa, Kak u 8 e2o darnékuu 6ex.

OburibHO bbIr10 XXepmeorpUHOWEeHbE
bozam om lNughazopa. Cmo bbiKkos

OH omQdar Ha 3aKraHbe U COXXXeHbe
3a ceema nyd, npuwedwul ¢ obriakos.

[loamomy eceada ¢ mex cambiX rop,
Uymb ucmuHa poxodaemcsi Ha ceem,
bbiku pegym, eé royys ,ecried.

OHu He 8 cunax ceemy rnomewams ,
A Moz2ym nuwb, 3aKpbie 2r1a3a, Opoxamhb
Om cmpaxa, 4ymo ecernusn 8 Hux lNughazop.

R y “ Ry A‘




« 720/5/%7 %ﬁﬂZﬂ/ﬁﬂ U /ﬁﬂj/{///%%{f [ﬁ&(&égf e %0/(%;%7&(%7%%»

POopMYINNPOBKU TeOpEMbI

Y EBknunoa ata Teopema rnacut (4OCNOBHbIN NepeBos):
"B ripsiMoy20/1bHOM mpey20/iIbHUKe Keadpam CmMOPOHbI, HAMSAHYmMou Hao rpsiMbIM yaI1oM,
paseH kgadpamam Ha CmopoHax, 3aksrodarouwux npsmou yaon"”,

JTatnHckun nepesog apabckoro Tekcta AHHavpuum (okorno 900 r. 4o H. 3. ), caenaHHbIn
epxapgom KnemoHcknm (Havano Xl B.), B nepeBoge Ha pycCKUm rnacurT:

"Bo 8CSIKOM r1psiMOy20/IbHOM mpey20/ibHUKe Keadpam, obpa3oeaHHbIlU Ha CMOpPOHE,
HamsiHymou Hao rpsiMbIM y2J10M, pageH cyMme 08yX Keadpamos, 0bpa3oeaHHbIX Ha 08yx
CMOPOHaXx, 3aKrrdarowux rnpsmou yaon".

B Geometria Culmonensis (okono 1400 r.) B nepeBoge Teopema Yntaercs Tak :
"imak, nnowadb keadpama, UMepeHHO20 o O/ITUHHOU CMOPOHE, CMOJIb Xe 8erluKa, KakK y
08yx Keadpamos, Komopble U3MEPEHbI 110 A8YM CMOpPOHaM €20, NMPUMbIKaroWUM K rpsiMomMy

yeny".
B nepBom pycckom nepesoge eBknnaosbix "Havan", caenaHHom
@. WN. MNMeTpywesckum, Teopema Nunudparopa nsnoxeHa Tak:

"B npsiMoy20sibHbIX mpeyaoribHUKax keadpam U3 CmopOoHbI, ripomueornexxauwiel rnpsiMomy
yerly, pagseH cymme Keadpamoe U3 CmMOPOH, cooepxkauux rnpsamou yaon".

Bonee cTporon Hago cymTaTbh Takyo OPMYNUPOBKY: «Ecnn runoteHy3a v KaTeThl
NPSIMOYrOfIbHOrO TPEYrofibHMKa N3MepeHbl O4HOW N TOW Xe eAVHULIEN ANWHbI, TO KBaapaT
YMCMOBOro 3HA4YEHUA ONMMHbI TMNOTEHY3bl paBEH CyMMeE KBagpaToB YMCNOBbLIX 3HAYEHUN
OJINH KaTeTOBY.
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Pasnn4yHble cnocoObl AoKa3aTenbCTBa
Teopembl lNudaropa

MpocTenwee AoKa3aTenbCTBO

Ha pucyHke gaH npoctenwmnn pasHobenpeHHbIN
NPAMOYrosSibHbIN TpeyronbHk ABC (3akpalueH cepbim
usetom, AB n BC -kateThl).

Mo gaHHOMY PUCYHKY S NpuBeny ABa
[AoKasaTenbCcTBa.

Ecnu kBagpaTtbl OTNOXNTb B 0OLLYHO YacCTb
nonynnockocten ¢ rpaHmuamm AB n BC, To cymma
YMCNOBbIX 3HAYEHUN NIoLagen KBagpartos,

MOCTPOEHHbIX Ha KaTeTax, paBHa 4SABC (kBagpaThi
coBnanu). Ho n nnowaap kBagpara, NOCTPOEHHOro Ha

rMnoTeHys3e, Toxke paBHa 4SABC

Ecnu xe kBagpatbl OTNOXUTb HA CTOPOHAaXxX BO
BHELLIHIOW 06nacTb, TO U B 3TOM cnyyae 2+2=4.

Teopema gokasaHa.
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[Joka3aTenbCcTBa METOAOM pPa3rioXeHus

CyulecTBYeT Lenblii psa AokasaTenbcTB TeopeMbl [Mudaropa, B KOTOpbIX KBaapaThl, MOCTPOEHHbIE Ha
KaTeTax 1 Ha MMnoTeHy3e, paspe3aloTcs Tak, YTO KaXKaon YacTu KBaapaTa, NOCTPOEHHOro Ha rMrnoTeHyse,
COOTBETCTBYET YacTb OJHOIO 13 KBaApaToB, NOCTPOEHHbIX Ha KaTeTax. Bo Bcex aTux cnyyasx Ans noHMMaHus
naev gokasaTenbCTBa JOCTaTOMHO OAHOro B3rnsaa Ha YepTéx. [IpeBHne MHOYCCKue MmaTtemMaTukn APEeBHOCTM
BOOGLLIE OrpaHNYMBanuncb €guMHCTBEHHbIM CrioBoM: «CMoTpu!».

Ho, 6e3ycnoBHO, 4oKa3aTenbCTBO HEMb3SA CYMTaTh NOSHLIM, NOKA Mbl HE JOKa3anu paBeHCTBa BCEX
COOTBETCTBYHOLMX APYr APYry YacTen.

B naHHOM npoekTe naéTcs B OCHOBHOM 0030p nael gokasaTenbCTBa, HO YYMTernb Bcerga MOXET Yy Bac
MOMNPOCUTb A0Ka3aTb PaBEHCTBO COOTBETCTBYHOLLMX uryp.

[Noka3aTenbCcTBO JAnNwTEenHa

Touku E, C n F nexar Ha ogHOM NpsiMOn; 3TO criegyet u3
HEeCII0XKHbIX pacye€ToB rpagycHon mepbl yrna ECF (oH
pas3BEPHYTLIN).

CD nposoanm nepneHankynapHo EF. E -

[MpogormkeHbl BBEPX fieBas 1 npaBasi CTOPOHbI KBagpaTa,
MOCTPOEHHOrO Ha rmnoTeHy3e, Ao nepecedenus ¢ EF; npogomkeHa
ctopoHa EA o nepecedenus c CD.

COOTBETCTBEHHO paBHbIE TPEYrONbHUKM OANHAKOBO

NPOHYMEepPOBaHbLI.
P
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Hoka3aTenbcTBO bxackapu - AyapHa (XIl Bek)

C OTOT MHOWWUCKUIN MaTeMaTUK B MOACHEHUU K PUCYHKY Hanucarsn

TONbKO OAHY CTPOYKY: "CmoTpun!". YUYEHbIE CUMTAIOT, YTO OH
Bblpaxkan nnowazb KBagpaTa, MNOCTPOEHHOro Ha rMNoTeHy3e, Kak
CyMMYy nriowiazien TpeyrosibHUKOB (4ab/2) n nnowaab BHyTPEHHEro
kBagpara (a - b)*:

Q C
2o c*>=4ab/2+(a -b)?;
c?=2ab+a%-2ab+b?;
c*=a%+b?
C Teopema gokasaHa.

Noka3zaTtenbcTBO HUNbLCceHa

HunbceH npeanoxun Takoe pasdneHue.

MHoOroyronsH1Kn paBHbIX nrowagen (paBHoBenukne urypoil)
OOMHaKOBO MPOHYMUPOBaHLI.
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Joka3aTtenbcTBO beTxepa

BeTxep nokasbiBaeT, Kak U3 TPeYrofibHUKOB, BXOAALLMX B COCTaB KBaapaToB, MOCTPOEHHbIX Ha
KaTteTax, COCTaBUTb KBagpaT, NOCTPOEHHbIN Ha rMNOTEHY3e.

HwxkHue TpeyronbHuku 8 n 4 otogsuraem ot curypel 5-1, nepepacnpegensem 7;6;2;3 Tak, Kak
NOKa3aHO Ha BTOPOM PUCYHKeE.

OyeHb HagewCh, YTO BaM CaMMM 3aXOYETCS B3ATb B PYKU HOXHULILI, Bymary 1 cocTaBuUTb 3Ty
KOMMO3nLMIo, YTOObI YOeanTbes elweé pas, YTo nnollaab KBagpata, MOCTPOEHHOro Ha rMnoTeHys3e,
OEeNCTBUTENbHO paBHa CymMMe Mrolladen KBagpaToB, MOCTPOEHHbIX Ha KaTeTax.
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Joka3aTtenbctBO [lepuransa
[Mepuranb Yyepes LEHTP KBagparta, MOCTPOEHHOro Ha bonbLuem KaTeTe, 2 3
NPOBOAUT NPAMbIE: OLHY - NapanenbHy U OgHY - NepneHanKynspHyro
rmnoTeHyse. 5
B KkHUrax doparmMeHT 3TOro pyCcyHKa HasbIiBalT «KOJS1IeCO C JIonacTaMm». 1 4

CooTBETCTBEHHO paBHbl€ MHOIOYrosfibHUMKn OAMHaAaKOBO MPOHYMepOBaHbl.

[Joka3aTtenbcTBO ['YyTXENns

['yTXennb Npegnaraet Takoe HarnsagHoe pacnosioXeHne oTaesibHbIX
yacTen.

Monpobyn 3akpacuTb COOTBETCTBEHHO paBHblE YacTu, N CTaAHET
NOHATHA nages matematuka. BHOBb Mbl ybexxgaemcs, 4To nnowagb
KBagpara, MOCTPOEHHOro Ha rMnoTeHy3e, paBHa CymMMe nnowagen
KBagpaToB, MOCTPOEHHbIX Ha KaTeTax.

Ecnu TpeyronbHuk 6yaeT paBHoGeapeHHbIM NPAMOYrOfbHbIM, TO

MCYE3HYT YacTn 5; 6 n 7

_ar _ _
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Noka3aTenbcTBO IX Beka H.3.

Mbl ¢ BaMKn paccMOTpenu gokasatesibCTBa B KOTOPbIX KBadpaT, NOCTPOEHHbIN Ha MMMOTEHY3e, U
KBagpaTbl, MOCTPOEHHbIE HAa KaTeTax, CKraablBannCb N3 COOTBETCTBEHHO PaBHbIX
Hernepecekarowmxca ouryp. Takme gokasaTtenbCcTBa HasblBalOTCA JOKa3aTenbCTBaMu Npu NoMoLLm
cnoxeHus ("agauTMBHbIMUK AoKasaTtenbcTBaMmn") Unu, Yalle, AokasaTenbCcTBaMmm MeTogom
pasnoxeHus. Matematuku |X Beka npeanaranu gpyroe pacnosioxXeHue KsagpaTos.

MaTtemaTunkun 9 cToneTuss HoBOW 3pbl pa3MecTunm
KBagpaThbl, MOCTPOEHHbIE Ha KaTeTax, CTyneHAMN,
OOWH pAOoOM € ApyruMm. MHAOycbl HasbiBanu aTy
KoMno3amuuio "cTtynom HeBecTbl". [10CTPOEH un
KBagpaT CO CTOPOHOW, paBHOW runoteHy3e. Obwas
YyacTb OBYX KBagpaToOB, MOCTPOEHHbIX Ha KaTeTax, U
KBagpara, MOCTPOEHHOro Ha rmnoTeHyse, -
HenpaBWUSTbHbIN 3aLUTPUXOBAHHbIN LLECTUYTOSNbHUK 5.
[MpucoegnHmB K HeMy TpeyrosibHUkM 1 ; 2 1 ewwe
OOVH ManeHbKUn TpeyronbHU4Yek, nonydnm oba
KBagpata, MOCTPOEHHbIE Ha KaTeTax; eCrn Xe K
3aLUTPUXOBaHHOW dourype npucoeanHuUTb
TpeyrosfibHUKM 3 1 4 (COOTBETCTBEHHO paBHble 1 1 2)
N TAKOM e MarneHbKUN TPEYrofbHUK, TO MNOomnyyYmum
KBagpar, MOCTPOEHHbLIN Ha rTMNOTEHY3e
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[oka3aTenbCTBO MeTOO4OM AO0NONHEeHUsd

[ToBOPOTOM MNOCKOCTU C LIeHTPOM B T.A Ha
«-90 rpagycoB» YeTblpéxyronbHnk ACKJ
COBMECTUM C YeTblpéxyronbHnkom ADGB.
[Mnowanb Kaxgoro n3 HUX COOTBETCTBEHHO
nosioBmHa nnowaan wectnyronbHnkos ACBHKJ
n ADEFGB.

OT OoByX paBHbIX NAoWaaen HY>XHO OTHATb
paBHOBESIMKMNE YacTn (Napbl paBHbIX
NPAMOYroSibHbIX TPeyronbHukos 1;2 n 1;3) Tak,
4TObOLI B OQHOM Crlydae octanuchb ABa KBagpara,
NOCTPOEHHbIE Ha KaTeTax, a B pyroM- KBagpar,
NOCTPOEHHbIN Ha rMMOTEHY3E.

A ecnu ot PpaBHbIX YNCEJ1 OTHATb paBHbIE YNCI1A,
TO N PA3HOCTH 6y,EI,yT [paBHbI.

F G
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Noka3aTenbcTBO EBKNMMAaa

OT0 gokasaTenbCcTBO 6bIN10 NpuBeaeHo EBknuaom B ero "Havanax". o
ceuaetenbcTBy [NMpokna (BusaHTtus), oHo npuaymaHo camum EBknngom.
[okasaTenbctBo EBKNMaa npmBeneHo B npeanoxeHun 47 nepsoun kKHurm "Havan".

Ha runoTteHy3e u katetax npsiMoyronibHoro TpeyronsHuka ABC ctpodaTtcs
COOTBETCTBYHOLLME KBagpaThl U JOKa3blBaeTCcH, YTo npamMoyronsHuk BJLD
paBHoBenuk ksagpaTy ABFH, a npamoyroneHuk JCEL - kBagpaty AGKC. Torga
cyMMma nnowiagen KsagpaToB Ha KaTteTax OyaeTt paBHa nnowaan keagpara Ha

rMNOTEHY3e.
B camom pgene, TpeyronsHukn ABD n BFC

paBHbl NO ABYM CTOPOHAM W YrIy Mexay HUMMU:
FB = AB, BC = BD, a yrmbl mexgy HUMW paBHbl
KaK Tyrble yribl CO B3aUMMHO
nepneHankynapHbIMM CTOPOHaMN.

SABD =0,5S BJLD, )
Tak Kak y TpeyronbHuka ABD u npsimoyrosnibHuka BJLD obuiee ocHoBaHue

BD v o6wast Bbicota LD. AHanornuHo SFBC=0,5S ABFH

(BF-06Lwiee ocHoBaHne, AB-obwas BbicoTa). OTcioga, yumTbiBas, 4YTo
SABD=SFBC, nmeem SBJLD=SABFH.

AHanorn4Ho, ecnu Bbl NpoBeaeTe oTpe3ok AE ncnosnb3yete paBeHCTBO
TpeyronbHukoB BCK 1 ACE, To gokaxete, yto SJCEL=SACKG.

Nrak, SABFH+SACKG= SBJLD+SJCEL= SBCED, yTo 1 TpeGosanocs
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[lokazaTenbcTBO XOYKMHCA

XOYKMHC 3aa€T NOBOPOT NSIOCKOCTM NO YaCOBOW CTperike
c ueHTpom B Touke C Ha 90 rpagycos. Toraa o6pasom
TpeyronbHuka BCA npu aTom NoBOpoOTE CTAHET
TpeyronbHuk B’CA’ lNpoeeném BoicoTy B'D TpeyronbHuka
B'AB. Bblgenvm LUTPUXOBKOW HEBbLIMNYKIbIN
yeTblpéxyronbHnk A'AB'B. Ero MOXXHO pasnoXxuTb nnm Ha
ABa paBHobeapeHHbIx TpeyronbHuka CAA' n CBB' ,unun Ha
nBa TpeyronsHuka A'B'A n A'B'B.

SCAA'=b22 , SCBB'=a22

SA'AB'B=(a2+b?)/2

TpeyronbHukn A'B'A n A'B'B umetot obLlee ocHoBaHue
A'B’=c n BbicoTbl DA 1 DB, noatomy :

SA'AB'B=c*DA/2+ c*DB/2=c(DA+DB)/2=c?/2

CpaBHuMBasi ABa NOSTyYEHHbIX BblpaXXeHnsa Ons
BbIYMCMEHNSA MOWaan OgHOW U TOM e ourypbl, NONYyYMM:
a*tb?=c?

Teopema gokasaHa.
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[Noka3aTenbcTBO Banbaxenma

Banbaxenm nonb3yeTcs Tem, 4YTO nnowaib
NPAMOYroSibHOro TpeyroribHYKa paBHa
NosIoBUHE NPOU3BELEHUS €r0 KaTeToB, a
nrowaab Tpaneunn paBHa NponM3BeaEHNIO
NoNyCcyMMbl napasnsienbHbIX OCHOBaHUM Ha
BbICOTY.

Tenepb, 4YTOOLI IOKA3aTh TEOPEMY,
[IOCTaTO4YHO TOMbKO BbIPasnTb MroLlaab
Tpaneuun AByMS NyTSMU.

Stpaneunn=0,5(a+b)?
Stpaneunn=0,5ab+0,5ab+0,5c?
[MprpaBHUBas npaBble 4YacTu, NONYy4nUM:
a2+b2=c?

Teopema gokasaHa.
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[loka3aTenbLCTBO OCHOBaHHOE Ha Teopuu nogoodus

B npsimoyronsHom TpeyronbHnka ABC npoBegém 13 BepLUmHbl NpAMOro yrra soicoty CD; Torga
TPeyrosibHUK Pa3obbLETCA Ha [ABa TpeyroribHUKa, Takke ABNAKLLNXCA NPAMOYToSTbHbIMM.

Mony4yeHHble TpeyronbHMKK ByayT No40OHbI APYr APYrY U UCXOOHOMY TPEYrofibHUKY. OTO JNerko
AoKasaTb, NOMb3yACb NEPBbIM NPU3HAKOM NOA0OUS NPSAMOYIrOSbHbIX TPEYrofIbHUKOB
(mo ocTtpomy yrny).

C

N3 nponopLUnoHansHOCTU CTOPOH NOAOOHbIX
TPEeyronbHNKOB CneayoT BEPHbIE paBEeHCTBA: b

AC*AC=AB*AD; BC*BC=AB*BD; a

CknagbiBasi 3T ABa BEPHbIX PaBEHCTBA, B
M nony4um, 4to c*=a*+b%.  Teopema gokasaHa. C D

U TyT 1 noaymana: a BeAb Ha 3aHATUAX MaTeMaTUYeCKOro KpyxkKa Mbl Usyyanu v gpyrue
3apa4u no Teopumn nopobus. Henb3A N X NPUMEHUTB K flOKa3aTeNbCTBY TeOpPEeMbl
NMudparopa?
U nonyuunnocsb!

HNaBante BMecTe C BaMu nNpoynmTtaemMm ofiHy ManeHbKY reoMeTpU4eCcKyro CKa3Ky.

‘ _ __db
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ManeHbKass — MmaneHbKasi cKka3ka,

20e asmop rpoexkma rnpusodum ceou 0oKazamesibcmea
meopemsbli lNMughazopa

Knn-6bin Ha ceeTe NMpamoyronbHbin TpeyronbHk ABC. XKun, H1 0 4éM He nevanuncsa. W sapyr
ofHaxabl Y3HAET, YTO B ero BnageHusx HaspesaeT 6onbLION ckaHaar, O KOTopoMm, He fau bor,
y3HaeT BCE 4ernoBeyecTBo.

[erno B TOM, 4YTO ABe ero CTOPOHbI KaTeTbl @ U b pewwnnun, 4To OHM BMecTe rnaBHee [MnoTeHy3bl:
Bedb CyMMa UX AfnH 6ornblie annHbl TMNoTeHy3bl, Tak , TeM 6onee, cymma KBagpaToB KaTeToB
bonble kBagpaTa AnnHbl [TMNoTeHy3b!

«TyT n gokasblBaTb HeYyero!» - BbICOKOMEpPHO TBeEpAUn bpaTbsi.

MnoTeHy3a ¢ 6biria CNoKoNHas, ypaBHOBELLEHHAs U MO3TOMY OYEHb OropymMnacb TeM, YTO
npoucxoauT B Aylax e€ bpatbes KatetoB a n b. OHa Bcerga ux cesasbiBana v 6oinia onopon ons nx
noma - lNpsamoyronsHoro TpeyronsHuka ABC.

Hapo gokasatb 6paTtbsiM, YTO OHA He TOSbKO CBA3bIBAET MX, HO M NNowaab KBagpara,
MOCTPOEHHOrO Ha rmnoTeHy3e, BOBCE HE MEHbLLE, a paBHa CyMMe NoLagen Ksagparos,
NOCTPOEHHbIX Ha KaTeTax. «Ho meHst oHn He cnywatoT! NMongy Hangy [obporo Yenoseka, KOTOPbIN
Obl AoKasan um aTo,»-pewunna fmnoteHysa. A ganeko natm n He npuvwnock. CoBcem psgom - nuuen
Ne1571, a B HEM yunTcsa KypmaHoBa CBeTa, kKoTopasi AaBHO 3aHMMaeTCHa 3Ton npobrnemon.

Y __
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[TpoBEOEM OKPYXKHOCTL C LIEHTPOM B TOYKEe A 1 pagnycom cC.

S

B Teopunn nogobus

[0Ka3blBanocb, YTo ecnu gse
xopAab!l okpyxxHocT MN n BD
nepecekatTca B Touke C, 1O

BC-CD=MC -CN
a:a =(c-Db) (ctb)
92 = c2 - p2

c’ = a® + b?

Teopema gokasaHa.
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[MpoBenEM OKPYXKHOCTbL C LIEeHTPOM B TOYKe A 1 pagmycom b.

N3 Teopumn nogobust NI3BBECTHO, YTO
ecnn 4yepes Touky B, nexatuyto BHe
OKPY>XHOCTW, MPOBECTN KacaTesibHYo
BC (C — Touka KacaHusl) 1 CekyLLyto,
nepecekaroLLyo OKPYXXHOCTb B TOYKaX
MwuN, 10

BC? = BM-BN
a’ = (c + b)(c-b)
2 o2
c’ = a’+Db?

Teopema gokasaHa.




[MnoTeHy3e noHpaBunocb, Kak CBeTa
KpaTKo, YETKO, ACHO AoKasana ,opaTbsm
KaTeTam Teopemy [lludparopa, ga Takmmm
cnocobamu, KOTopbIX HET B y4eOHUKe.
«On, kakasa el monogeu! Cnacmnbo, 4to
nomMupuna Hacy,- ckasana [lmnoTteHysa.
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BpaTbeB Tak odapoBana BonwebHasd
Teopema, YTo OHU cripocunin CBeTy, OTKyda eu
9TO M3BECTHO. «B Mupe yxe nssectHo bonee
500 pasnunyHbIX goKasaTenbCTB TEOPEMDI
[Mndparopa, HO Marusi €€ CcTosb BenuKa, 4Yto
BCerga Haxogarcs nobutenn mateMmaTuku,
NpoaosKaloLne nonCK BCE HOBbIX
AokasartenbCcTB. S odeHb paga, YTo Bbl
NOMWUPUNUCH, U MO TAaKOMY CIlydar0 pacCcKaxy
BaM UCTOPUIO STOW BENUKOW TEOPEMBI. .. »
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