Teopema lNndparopa
MaTepuan ns Bukunegmm — cBoboaHon aHUMKNoneanm

Teopema lNndparopa — ogHa 13 ocHoBoMNosaraWwmx TEOPEM EBKITMO0BON
reoMeTpun, yCcTaHaBnmBatoLlass COOTHOLLEHMNE MEXAY CTOPOHaMU
NPSIMOYrONbHOrO TPEYrofnibHMKa: CyMmma KBaapaToB ASIMH KaTeTOB paBHa
KBagpaTy ANMHbI TMNOTEHY3bI.

CoOTHOLLEHME B TOM UNXU MHOM BuAe NpeanonoXmnTenbHo 6b110 N3BECTHO
pPasnUYHbIM APEBHUM LMBUNN3aALUSM 3a400S1r0 4O HaLLEN 3pbl; NepBoe
reoMeTpuyecKoe goKasaTefibCTBO npunuceisaeTca lNudparopy.
YT1BepxaeHue nossndaetcs kak [NpeanoxeHne 47 B «Havanax» EBknuaa.

Takke MoXeT ObITb Bblpa)keHa Kak reoMeTpuyeckmin oakT O TOM, 4YTO
nnowaab KBagparta, NOCTPOEHHOro Ha rMNoTeHy3e, paBHa CyMmMme
nnowazen kBagpaTos, NOCTPOEHHbIX Ha KaTeTax. BepHo n obpaTtHoe
yTBEpPXOEeHME: TPEYronbHUK, CyMMa KBaapaToB AJSIMH OBYX CTOPOH
KOTOPOro paBHa KBagpaTy AfMNHbI TPeTbEN CTOPOHbI, ABMNAETCS
NPAMOYTOfbHbLIM.

CywecTtByeT psg 0600LeHnin JaHHOM TeopeMbl — AJ151 NPOU3BOSIbHbIX
TPeyronbHUKOB, ANA ouryp B NPOCTPaHCTBaxX BbICLUMX pa3MepHocTen. B
HeeBKMNOOBbIX reOMEeTPUAX TeopemMa He BbIMONHAETCS.

NcTopusa

Mo MHeHUIO nctopuka matemaTtukm Mopuua KaHtopa, B [lpesHem Erunte
BO BpemeHa uaps AMeHemxeTa | (okono XXIII Bek oo H. 3.) 66110 M3BECTHO
O NMPSAMOYrosibHOM TPeyronbHuKe co ctopoHamu 3, 4, 5 — ero
Mcnonb3oBanu rapnegoHanTbl — «HaTArMBaTenu BEPEBOKY. B
OPEBHEBABUTOHCKOM TEKCTe, OTHOCMMOM KO BpemeHaM Xammypanu (XX
BEK 40 H. 3.), NpnBeAEHO NPUBNMKEHHOE BblYMCIIEHME TMNOTEHY3bI. [10
MHeHuo BaH-gep-BapaeHa, o4eHb BEPOATHO, YTO COOTHOLLEHME B 06LEM
Bnae 6u1110 n3sectHo B BaBunoHe yxe okono XVIII Beka Ao H. 3.
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B opeBHekuTamnckomn kHure «4xoy 6u cyaHb L3MH», OTHOCMMOM K nepuoay
V—III BekoB A0 H. 3., NPNBOANTCA TPEYrOSIbHUK CO CTOPOHaMu 3, 4 n 5,



npuTOM N306paxeHne MOXHO TpakToBaTb Kak rpaduyeckoe obocHoBaHWeE
COOTHOLLEHNSA TeopeMbl. B kntanckom cbopHuke 3agay «MatemaTtumka B
0eBaTn kHurax» (X—II BekoB [0 H. 3.) NPUMEHEHUIO TeOPEeMbI NOCBSALLEHa
OoTAeribHas KHura.

O6wenpnHATO, YTO AOKaA3aTENbCTBO COOTHOLLEHMS AaHO
apesHerpedeckum cunocodgom Mudparopom (570—490 go H. 3.). UmeeTcs
cBnaetenscTBo Npokna (412—485 H. 3.), uto Nudparop ncnonb3osan
anrebpanyeckme Metoabl, YTOObl HaXo4UTb NMAdAropoBbl TPOMKK, HO NP
9TOM B TEYEHMEe NATN BEKOB nocre cmeptu Nudaropa npsambix
YNOMWHaHUM O JoKa3aTenbCTBE ero aBTopcTsa He HaxoauTcsa. OgHako
Korga Takme aBTopbl, kak [nyTtapx un LimuepoH, nuwyT o Teopeme
Mndparopa, n3 cogepxaHna cneayet, 6yato asTopcTBo lNMudparopa
00LLEN3BECTHO 1 HECOMHEHHO. CyLlecTByeT npeaaHne, COobLLEHHOE
[dnoreHom JlaspTckum, cornacHo kotopomy lNudparop sakobbl oTnpasgHoBarn
OTKPbITUE CBOEN TEOPEMbI TMrAHTCKMM MMPOM, 3aKnaB Ha pPagoCTaX COTHIO
ObIKOB.

MpubnuautensHo B 400 rogy Ao H. 3., cornacHo Npokny, NnaTtoH gan
MEeTOA HaxoXaeHusi NMdaropoBbIX TPOEK, codeTaroLwmn anredpy u
reomeTputo. Okono B 300 roga Ao H. 3. B «Havanax» EBknuaa nosiBUNocCh
cTapeuLlee akcMomMaTn4eckoe JokasaTesibCTBO Teopembl [udharopa.

dopMynnpoBKn

OcHoBHas hopMynmMpoBKa coaepXxuT anrebpanyeckme gencTBmst — B
NPSIMOYrofibHOM TPEYrofbHUKE, ANUHbI KATETOB KOTOPOro paBHbl a U b, a
ONIMHA TMNOTEHY3bl — C, BbIMOSIHEHO COOTHOLLIEHUE:

a’ +b* =c?

BoamoxHa 1 akBMBaneHTHas reomeTpuieckas popmMmynmposka,
npuberatoLiasa K NOHATUIO NNowaan purypbl: B NPsiMOYrosibHOM
TpeyronbHUKe nnowaab KBagpaTa, NOCTPOEHHOMO Ha rMNoTeHy3e, paBHa
CyMMe nnouiagen ksagpaTtoB, NOCTPOEHHbIX Ha KaTeTax. B Takom Buae
TeopemMa chopmynmnposaHa B Havanax EBknunga.




O6paTtHas Teopema MNudparopa — yTBEPXKOAEHNE O NPSMOYTONBHOCTU
BCSAKOrO TPeyrorbHUKa, ANnHbI CTOPOH KOTOPOro CBSA3aHbl COOTHOLLEHNEM
a® +b* = c*. Kak cnencTsue, 4N BCAKON TPOWKW MOMOXUTENBHBIX YMCEN a,

b u ¢, Takon, yto a* +b* = c*, cyllecTByeT NPSIMOYrofbHbIA TPEYrofbHUK
C KateTamMun a n b 1 rMNOTEHY30M C.

[loka3zaTenbcTBa

B HayyHOn nuTepaTtype 3adomkcmpoBaHo He MeHee 400 foka3aTesibCTB
Teopembl MNudparopa, 4To 06bACHAETCSA Kak dyHAaMEHTaNbHbIM
3Ha4YeHneM ONna reoMeTpun, Tak U 3NeMeHTapHOCTbLIO pesyrbTaTa.
OcHoBHble HanpaBneHus aokasaTenbCTB: anrebpanyeckoe
MCronb30BaHNe COOTHOLLEHUI 3I1EMEHTOB TPeYrosibHuKa (Takos,
HanpuMmep, NONynApHbIA MeTo nogodus), MeTo nnowaaen, CyLuecTByoT
TaKkke pasfnuyHble 3K30TUYEeCKne aokasaTenbcTea (Hanpumep, C NOMOLLbLIO
anddoepeHumarnbHbIX YpaBHEHUI).

Uepes nogobHble TPeYrofbHUKK

OaHum n3 Hanbonee NonynspHbIX B y4eOHOM NuTepaTtype 4OKa3aTenbCTB
anrebpaunyeckon bopMynMpPOBKN ABNSIETCA AoKa3aTenbCTBO C
NCMNONb30BaHNEM TEXHUKN NOA0OUNA TpeyronbHUKOB, MNP 3TOM OHO NOYTH
HenocpeacTBEHHO BbIBOAUTCS U3 aKCUMOM U HE 3a4eNCTBYET NOHATUE
nnowaamn curypel. B HémM ansa TpeyronbHuka AABC ¢ npsamMbiM yriiom npu
BepwmnHe C co cTopoHamu a, b, ¢, npoTnBonexawimmm sepwnHam A, B, C
COOTBETCTBEHHO, NpoBOAMTCS BbicoTa CH, npu 3TOM (COrfiacHO NpuaHaky
nogobusi No paBeHCTBY ABYX YriOB) BO3HMKAKOT COOTHOLWEHMA nogobus:
AABC ~ AACH n AABC ~ ACBH, 13 yero HernocpenCcTBEHHO crneayoT
COOTHOLLIEHUS:

a _ |HBl b _ lAHI

C a e b
Mpy NnepeMHOoXeHUN KparHKUX YNeHOB NPOMNopLUiA BbIBOAATCA paBEeHCTBaA:
a’ = c- |HB|;b? = ¢ - |AH]|

NMOKOMMOHEHTHOE CINOXEeHWEe KOTOpbIX AaéT TpebyeMblit pesynbTar:



[loka3zaTenbcTBa METOA0M MnoLwagen

Bornblwoe Yncno gokasatensCTB 3a4eMCTBYIOT MOHATUE Nnowaau.
HecmoTps Ha BUOAMMYIO MPOCTOTY MHOIMX U3 HUX, Takne JoKasaTenbCTBa
MCMonb3ylT CBOMCTBA Nriowagen guryp, gokasaTenbCTBa KOTOPbIX
CNoOXHee foKasaTenbcTBa camoun TeopeMsbl [Nudgharopa.

[loka3zaTenbCTBO Yepes paBHOAOMOSTHAEMOCTb

[lokasaTenbLCTBO Yepes paBHOLOMOSTHAEMOCTb UCMOSb3YeT YeTblipe KOnuu
NPAMOYroNbHOro TpeyrofibH1Ka ¢ Katetamu a, b 1 runoteHysom c,
pacnonioXXeHHble Taknm ob6pa3om, YTobbl 06pas3oBbLIBaTh kKBagpaT Co
CTOPOHOM a + b 1 BHYTPEHHUN YETBIPEXYrOSIbHUK CO CTOPOHaMMU OJIMHOWN C.
BHYTpeHHI YeTbIPEXYrONbHUK B 9TOW KOHUrypauum asnseTcs
KBagpaToMm, Tak Kak cymma ABYX NPOTUBOMOSOXKHbLIX NMPSAMOMY OCTPbIX
yrnos — 90°, a pa3épHyTbI yron — 180°. Nnowaab BHELWHEro kBagparta
paBHa (a+ b)?, oH COCTOUT M3 BHYTPEHHEro KBaapaTa nnowaabio ¢ u

t-IeTpréX NPAMOYTOJIbHbIX TPEYroJibHUKOB, Ka)l(ﬂblﬁ nJowaagbio ?, B
ab
B
rlpeo6pa3OBaH|/||/| cneayert yTeepXXaeHune teopembl.

pesynbTaTe 13 CooTHoWweHus (a + b)? = 4-— + c?, npu anrebpanyeckom
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[lokazaTtenbcTBO EBKNMAa

Knaccuyeckoe aokasaTtenbcTBo EBkNMaa HanpaBreHo Ha yCTaHOBMNEHME
paBeHCTBa nrowagen Mmexay npsiMoyronbH1MKaMmm, oopasoBaHHbIMU U3
pacce4yeHus KBagpaTta Hag rmnoTeHy30M BbICOTOM U3 MPSIMOro yrna c
KBagpaTtamu Hag kaTeTamu.

KoHcTpyKuus, ncnons3dyemasn ang gokasatenbCcrsa criegyoouias: ongd
npsiMoyronbHoro TpeyronbHuka AABC ¢ npsambeim yriom C, KBagpaTtoB Hag
kateTamu ACED n BCFG n kBagpata Hag runoteHy3on ABIK cTpouTcs
BbicoTa CH 1 npogomkatowmin eé nyy s, pasbmnsaromnn ksagpart Hag
rmnoTeHy3omn Ha aea npsamoyronsHuka AHJK n BHJI. [lokasaTtenbcTtBo
HaLleNleHO Ha yCTaHOBMieHWe paBeHCTBa nnowagen npamoyronbHnka AHJK
C KBagpaToMm Hafa katetoMm AC; paBeHCTBO nroLlagen BTOporo
NPAMOYrofibHUKa, COCTaBMAOLWEro KBaaparT Hag rmnoTeHy3oun, 1
NPSMOYrofibHUKa Hag ApYrMM KaTeToM yCTaHaBMBaETCa aHanormMyHbIim
obpasom.

PaseHcTBO nnowaaen npsmoyrosnibHka AHJK n ACED yctaHaBnnBaeTcd
Yyepes KOHIPYaHTHOCTb TpeyronbHukoB AACK n AABD, nnowaab KaXgoro
N3 KOTOPbIX paBHa nonosuHe nrowaan npsamoyrosibHMkos AHJK n ACED
COOTBETCTBEHHO B CBA3U CO CneaylLmM CBOMCTBOM: NroLwanb
TpeyrosibH1Ka paBHa NosI0BUHE Nriowaan npamMoyrosibHuka, ecnu 'y douryp
ecTb 0bLas CTOpOHa, a BbiCOTa TpeyrosfibH1Ka K obLien CTOpoHe aBnaeTcs



APYron CTOPOHOW NpAMOYrosibHuKa. KOHrpyaHTHOCTb TPEeYrosibHUKOB
cnefyeTt U3 paBeHCTBa ABYX CTOPOH (CTOPOHbI KBaApaToB) U yriy Mexay
HUMW (COCTaBIEHHOro N3 NPSIMOro yrra u yrna npu A.

Takum obpasom, JokaszaTenbCTBOM YCTaHaBNMBAETCS, YTO Nnowaab
KBaZpaTa Haf rmnoTeHy30Mn, COCTaBfeHHOro 13 npsmoyronbHmMkos AHJK n
BHJI, paBHa cymme nnowagen keaapaToB Hag KaTeTaMu.
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[oka3aTenbcTBo JleoHapao aa BuHum

K meToay nnowanen oTHOCUTCA Takke AoKa3aTenbCTBO, HANAEHHOe
JleoHapgo aa BuHun. MNycTb gaH npsmoyronbHbiv TpeyronibHUK AABC ¢
npsambim yriom C n kBagpatel ACED, BCFG n ABHJ (cMm. pucyHok 6). B
9TOM [oKasaTenbCTBe Ha CTOpoHe HJ nocnegHero BO BHELLHIOK CTOPOHY
CTPOUTCS TPEYrOSIbHUK, KOHTPYIHTHbLIN AABC, NpUTOM OTPaXXEHHbIN Kak
OTHOCUTESTbHO MMMOTEHY3bI, TaK N OTHOCUTESNIbHO BbICOThI K HEWN (TO eCTb
JI=BC n HI=AC). MNpsamasa Cl pasbueaeT kBagpar, NOCTPOEHHbLIN Ha
rMNOTeHy3e Ha Be paBHble YacTu, MOCKOSbKY TpeyrofibHUkn AABC 1 AJHI



paBHbl MO NOCTPOEHUID. [lJokaszaTenbCTBO YCTaHABIMBAET KOHIPY3HTHOCTb
yeTblipéxyronsHmukos CAJI n DABG, nnowagb Kaxgoro n3 KoTopbix,
OKa3blBAETCS, C OAHOW CTOPOHbI, paBHOM CyMMe MOSIOBUH Mowagen
KBaZpaTOB Ha KaTteTax M noLwiaan NCXO4HOro TpeyronbHUKa, ¢ Apyrom
CTOPOHbI — MOJSIOBMHE NIOLaan KBagparta Ha rmnoTeHyse nitoc nnowanb
NCXOAHOro TpeyronbHuka. Toro, nonosmHa cymMmbl NoLlagen keagpaTos
Haj KaTeTaMu paBHa NOSIOBUHE NSoWaan KBagparta Hag rmnoTeHy30u, YTo
pPaBHOCUITbHO reoMeTpuYeckon qopMynnpoBke Teopemsl Nndaropa.
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Uepes nnowaan nogobHbIX TPEeyrofbHUKOB

Cneaytowee aokasaTenbCTBO OCHOBAHO Ha TOM, YTO niowaan nogobHbIX
TPEeyronbHUKOB OTHOCATCA Kak KBagpaTbl COOTBETCTBEHHbIX CTOPOH.

[MycTb ABC ecTb NpsAMOYrosibHbIN TpeyronbHuK, AD — nepneHankynsp,
OMYLWEHHbIN Ha rTMNOTEHY3Y U3 BEPLUNHLI MPAMOro yria. TpeyrosibHUKN
ABC, DBA nogo0Hbl, Tak Kak UMeKT N0 NPSIMOMY YrIy U eLLé oOLLNIA Yros
B. 3nHauut



mromank DBA . AB?
mromags ABC BC2

ToYHO Takke nosny4vyaem, 4to

mromags DAC  AC?
mromats ABC BC®

Mockonbky TpeyronbHukn DBA 1 DAC BmecTe coctaBnaoT AABC, cymma
nnowagen ADBA n ADAC pasHa nnowaan AABC. Otcroga

nnu
AB?+ AC? = BC?

N

[lokazaTenbCTBO METOO0M DECKOHEYHO MarbIX

CyuiecTByeT HECKONbKO AOKa3aTeNbCTB, Npuberatowmx K TeXHMKe
andgepeHumarnbHbiX ypaBHeHU. B yacTHocTin, Xapam npunuceiBaeTcd
AoKasaTenbCTBO, UCNOSb3ylolee BECKOHEYHO Marble NpupaLLeHns
KateToB a u b n runoteHysbl . Hanpumep, npupalleHne kateTta da npu
NOCTOSIHHOM KaTeTe b npMBOAUT K NpUpaLLeHnto rmnoTeHy3bl dc, Tak 4To
da

dc a

c

MeTooom pasgeneHusi NepeMeHHbIX U3 HUX BbIBOOUTCH
andpdepeHumansHoe ypaBHeHUe ¢ dc=a da, MHTerpupoBaHne KOTOPOro
naét ¢ = a* + Const. MNpumeHeHne HavarnbHbIX ycrnosuin a=0,c=b



onpeaenseT KOHCTaHTY Kak b?, yTo B pesynbTaTe AaéT yTBepXxaeHue
TEopEeMBI.

KBagpaTuyHas 3aBUCMMOCTb B OKOHYaTeNbHOM hopMyrie NosBseTcs
Gnarogapsi MIMHEMHOW NPONOPLMOHANbHOCTU MeXay CTOPOHaMM
TpeyrosibHMKa 1 npupaLleHnamu, Toraa kak Cymma cBsidaHa C
He3aBMCUMbIMW BKIlagaMu OT npupaLleHnsa pasHbiX KaTeTOB.
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Bapuauuun n o6obuieHuns
MoaobBHble reomeTpuyeckme purypbl Ha TPEX CTOPOHaX

BaxxHoe reomeTpuyeckoe o6o0LLeHne Teopemsbl Nudbaropa gan Esknua B
«Havanax», nepengs oT nnowagen KBagpaTtoB Ha CTOPOHaxX K nriowaaam
NPOM3BOSbHLIX MOAOBHLIX FeoMeTpMUYECKNX ouryp: cymma nnowiagen
Takux puryp, NOCTPOEHHLIX Ha KaTeTax, byaeT paBHa nnowagm nogobHom
UM pUrypbl, NOCTPOEHHOW Ha rNNOTeHY3e.

(maBHasi ngea atoro o606LeHNs 3akno4aeTcs B TOM, YTO nnouwiagb
nogobHoOM reoMeTpnyeckon ourypbl NponopunoHansHa keagpaTty nboro
CBOEro NIMHENHOro pasmMepa 1 B YaCTHOCTU KBagapaTty ANUHbI 6o
cTopoHbl. CnegoBaTenbHO, A4Na NogobHbIX duryp ¢ nnowagamm A, B u C,
NOCTPOEHHbIX HA KaTeTax C AfMHaMn a U b 1 rmnoTeHyse ¢
COOTBETCTBEHHO, MMEET MECTO COOTHOLLEHUE:

c a® b*



Tak kak no Teopeme Nundparopa
a’ + b? = ¢?, To BbINonHeHo A+B=C.

Kpome Toro, ecnu BO3MOXHO oka3aTb 6e3 NnpuBneyYeHns Teopemsol
[Mucpbaropa, 4To ANa nnowanen Tpéx NoAobHbIX reoMeTprUyYecknx puryp Ha
CTOPOHax NPSIMOYrosibHOro TPEYrosfibHMKa BbINOSTHEHO COOTHOLLEHME
A+B=C, To c ncnonb3oBaHmMem obpaTHOro xoaa AokasatenncrBa
0606ueHna EBknnga MoXXHO BbIBECTU JOKa3aTeNbCTBO TEOPEMbI
Mudparopa. Hanpumep, ecnu Ha rMNOTEHY3€e NOCTPOUTL KOHIPYAHTHbIN
Ha4anbHOMY NPAMOYrOSIbHbIN TPEYrofbHUK nrowaabto C, a Ha KaTeTax —
ABa NogobHbIX eMy NPAMOYrofbHbIX TPeyronbHuKa ¢ nnowaaamm A u B, To
OKa3blBaeTCs, YTO TPEYroNbHUKN Ha KaTeTax obpasyoTcs B pesynbraTe
OeneHns HavyanbHOro TpeyrosibHUKa ero BbICOTON, TO €CTb CyMMa ABYX
MEHbLUMX NAoLwaaen TpeyronbHUKOB paBHa nnowagun TpeTbero, Taknum
obpasom A+B=C 1, npumeHsis cooTHoLeHne ans nogobHbIX duryp,
BbIBOAUTCA Teopema [Mudbaropa.



Teopema KOCMHYCOB

Teopema lNudparopa — 3710 YacTHbIN cnyyvam 6onee obuwen Teopembl
KOCMHYCOB, KOTOpasi CBA3bIBAET ASIMHbI CTOPOH B NPOM3BOSIbHOM
TpeyronbHUKe:

aZ+b*—2ab-cosB =c?

roe 8 — yron mexay ctopoHamu a n b. Ecnu yron paseH 90°, To cos8 = 0,
n cpopmyrna ynpowjaetcsa Ao obblvHOM TeopeMsl [Nnudaropa.

[MpOn3BONbHLIN TPEYroNbHUK

CywectByeT 0606LeHMe TeopemMbl [Mudaropa Ha NPON3BOSbHbLIN
TPEYrosfibHUK, ONepupytoLlee NCKNIYNTENbHO COOTHOLLEHNEM OJTNH
CTOpPOH. CunTaeTcs, 4TO OHO BnepBble ObINIO YCTAaHOBNEHO CabUNCKMM
actpoHomom Cabutom noH Kyppon. B HEM ons Npon3BONbHOMO
TPEeyrosibHMKa co CTopoHamu a, b, ¢ B HEro BNUCbLIBaeTCA
paBHOGeaApPEHHbIN TPEYrONIbHUK C OCHOBAHMEM Ha CTOPOHE C, BEPLUMHON,
coBnagatoLlen ¢ BEpLUMHON NCXOLHOro TPeyrosibH1Ka, NpoTUBOSeXaLlen
CTOPOHE C 1 yrnamMmm npu OCHOBaHWM, paBHbIMK yriy 6, npoTnBonexaiiemy
CTOpOHE C. B pesynbTate obpasyoTcs aBa TpeyronbHUKa, NnogobHbIX
NCXO4HOMY: NepBbIN — CO CTOPOHaMU a, JanbHen OT He€ BOKOBOW



CTOPOHOW BNNCaAHHOIo paBHOGEAPEHHOrO TPEYronbHMKa, U r — 4acTu
CTOPOHBI C; BTOPON — CUMMETPUYHO K HEMY OT CTOPOHbI b CO CTOPOHOM S
— COOTBETCTBYIOLLEN YAaCTbO CTOPOHLI C. B pesynbTaTte okasbiBaeTcs
BbIMNOSTHEHO COOTHOLLIEHHUE:

a® +b* = c(r + s), BblpoxaatoLleecs B Teopemy Mudparopa npm 6 = g

CooTHoLLeHWE aBNsaeTcHa cneacTtesmem nogobmst o06pasoBaHHbIX
TPeyronbHUKOB:

b
=- s cr+cs = a*+b?
5
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Teopema [NManna o nnowagax

Teopema lNanna o nnowaasx, No3BonsAwLasn Ans NpoM3BOSIbHOIO
TpeyrosnbHMKa U NPOU3BOJIbHbLIX NapannenorpaMmMoB Ha ABYX €ro CTOPOHax
NOCTPOUTbL NapannenorpaMm Ha TpeTbeln CTOPOHE TakumM 06pa3om, YTOObI
ero nnowanb 6bina paBHa cymmMme nnowagen aByx 3agaHHbIX
napannenorpammMoB, Takke MOXeT BblTb pacCMOTpPeHa Kak 06o6LieHne
Teopembl [Nudparopa: B criyyae, korga UCXOAHbLIN TPEYronbHUK —
NPSIMOYTOJIbHbIN, @ Ha KaTeTax B KadeCcTBe napansienorpaMmoB 3agaHbl
KBagpaTbl, KBagpaT, MOCTPOEHHLIN Ha rTMNOTEHY3e OKa3blBaeTCs
YLAOBIETBOPSOLNM YCNOBMAM TeopeMmsbl anna o nnowagsx.

MHoromepHble 06006LLeHUS

O6006LweHnem Teopemsbl MNMndgaropa ang TPEXMEPHOro eBKNNaOBa
NpoCTpaHCTBa ABNseTCs Teopema ae 'ya: ecnu TeTpasgp MMeeT npsiMmon
yron, To KBagpar nfoLwagmn rpaHu, nexatien HanpoTuUe NPSIMOro yrna,
paBeH CymMMe KBaZpaToB nrowazgen apyrux Tpéx rpaHen. 3ToT BbIBOS,
MOXeT ObITb 0600LLEH M Kak «N-mepHasa Teopema lNMudaropa» ans
€BKTMOO0BbIX MPOCTPAHCTB BbICLUMX Pa3MEpPHOCTEN — OIS rpaHen
OPTOroHasIbHOro N-MepHOro CUMMEKca ¢ nnowagamm Sy,...Sn
OpPTOroHasbHbIX rPaHen 1 NPOTUBOSIEXALLEN UM rPaHK nrowanbo So
BbINOSTHEHO COOTHOLLIEHUE:

Ewé ogHo MHoromepHoe 0600LLeHne BO3HNKAET M3 3a4a4M HaXoXaeHUs
KBagpaTa ANWHbI AMaroHanu npsiMoyronbHOro napannenenuneaa: ons eé
BblYMCIEHNS He0O6X0ANMO ABaXKabl NPUMEHUTL Teopemy nudbaropa, B
pes3yrnbTaTe OHa COCTaBUT CYMMY KBaApaTOB ANMNMH TPEX CMEXHbIX CTOPOH
napannenenunega. B obuwem cnyyae, anvHa gnaroHann N-mepHoro
NPSIMOYroSibHOro Napannenenunena co CMeXHbIMU CTOPOHaMM C ANTMHaMu
ai,...,an COCTaABNAET:



Kak n B TPEXMEPHOM Crny4vae, pesynbTaT sIBMsieTcsa crneacTBuem
nocnegoBaTenbHOro NpUMeHeHNss Teopembl MNMudaropa k NPsIMOYrofbHbIM
TpeyronbHMKam B NepneHanKynsapHbIX NIIOCKOCTAX.

O606LweHnem Teopemsbl MNudparopa ona 6€CKOHEYHOMEPHOIO
NpPOCTpaHCTBa ABNSAETCHA paBeHCTBO [lapceBans.

NpmeHeHne
PacctosiHne B ABYMEPHbIX MPSAMOYTOSibHbIX CUCTEMAX

BaxHenwee npumeHeHue Teopemsbl [Mndaropa — onpeneneHne
PacCTOSAHUA MeXAy ABYMSA TOYKaMU B NPSIMOYrofibHOM CUCTEME KOOPANHAT:
paccTosHMe S Mexay TouKaMu C KoopamHaTamu (a, b) u (¢, d) pasHo:

s=,/(@a—c)®+ (b—d)?

[na KoMmnnekcHbIX yncen teopema lNudparopa gaeT eCTECTBEHHYHO
dopmyny ona HaxoXa4eHUs MoAyNnsA KOMMMEKCHOro Ynucna — gnsa z=x+yi oH
paBeH AfMHe pagnyc-BeKTopa Ha KOMMMEKCHOW MIOCKOCTU K TOYKE (X, Y):

Izl = Jx* +y?

PacctoaHne mexay KOMMMAEKCHbIMU YMCramMmn Z1=X1+Y1i N Zo=Xo+Yy2i Takke
npeacraensaetcs B popme Teopemsbl Nudparopa:

Teopwus yncen

Mndparoposa Tporka — Habop 13 TPEX HaTypanbHbIX Yncen (X, Yy, z),
KOTOpble MOryT ObITb AfIMHAMMN CTOPOH MPSIMOYrOSIbHOrO TPEYrofbHUKa, TO
eCTb HaTyparibHble Yicna, yaoBreTBopsAoLLne AN0OPaHTOBY YPaBHEHUIO
x* +y? = zZ. MNMudaropoBbl TPOWKW UrPatoT BaXKHYIO POSib B TEOPUM YMCET,
3agayva Ux 9(pdPeKTUBHOrO HaxXoXaeHUs1 nopoanna WMpPoKUM nnact padoT
HayMHas C ApPEBHENLLMX BPEMEH BMMOTb 4O COBPEMEHHOCTN.
dopmynuposka Benunkon Teopembl Pepma aHanornyHa sagade
HaxoXXaeHusi nnaropoBbIX TPOEK AN cTeneHn donee 2.



