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IIpeauncioBue

Hcropusa MaTeMaTHKU — Ba)KHasd 4acThb MaTeMaTHdeckoro o6paso-
BaHus. [lose3Ho 3HaTh U NMOHMMATh He TOJABKO CaMH MaTeMaTHyecKue
MOHATHA, HO U TO, KAK OHU BO3HMKJIM M KaK pa3BUBaJMCh. B aToll KHUTe
omycaHa IpexJe BCero HCTOPUs BO3HUKHOBEHUA U Pa3BUTHA MaTe-
MaTUYECKUX UJEH M NMOHATHH. 3HaMEeHUTHIE ceiyac TeopeMbl HEPEeAKO
OTKPBIBAJIUCh JJIs1 BeCbMa HEOXXUJAHHBIX Y3KUX Liesieil U JIUIIb IIOTOM
Haxozgwiu Oonee MIMPOKOe NpuMeHeHMe. il TOHNMaHUA UCTOPUU Ma-
TEMaTUKU HEOOXOAUMO TaKXKe UMeTh HEKOTOPOe Ipe/CTaBIeHue 0 61o-
rpa¢uax MaTeMaTUKOB. B 3TOM OTHOLIEHUH 51 CTPEMIJICS OTPAaHUYUTBCSA
caMBIM HeOOXOZAMMEBIM, OCOOEHHO cTapasich u3beraTtb o6CyKAEeHHUS pas-
JIMYHBIX YepT XapaKTepa BeJIMKMX MaTEMaTHKOB.

l'eomeTpua 3apogwiack B JlpeBHeM Erunte u BaBWioHe B CBA3U C
NoTpe6HOCTAMY N3MePEeHHUs 3eMeIbHBIX YYaCTKOB, IOCTPOEHHS XpPaMOB
u aBopuoB. Korga Huut paaMbIBan ygyacTok o6pabaTbiBaeMo¥ 3eMITH, IS
B3MIMaHHUA HaJOroB ObUIO Ba)XXHO 3HATh, CKOJIBKO UMEHHO 3eMJIU IIOTe-
paHo. EruneTckue 3emieMephl UCIONb30BAIM AJIA CBOMX U3MepeHUH U
[IOCTPOEHUH TYrO HaTAHyThle BepEBKU.

[lpumepHO TOrZa Ke reoMerpus mnosiBwiack B JlpeBHelt VHauu u
JpeBHeM Kurtae. B VMlHauu reomeTpudeckue CBeJEeHHA HU3Jarajauch B
MHOT'OYMC/IEHHBIX TPAaKTaTaX O MOCTPOEHMH ajlTapeid. DTH TPaKTaThl
HasbIBIUCH «[IpaBuia BepEBKM», IOCKOIbKY OCHOBHBIM HHCTPYMEHTOM
[JIS1 TIOCTPOeHMH, Kak U B Erunre, 6uti BepéBku. B Kurae cocrabie-
HUEM TpaKTaToB IO apu¢MeTHKe U reOMeTPUM 3aHHMAaJIUCh Ba)KHbIE
CaHOBHUKU. MaremaTuka ObUIa OJHUM U3 INECTHU HMCKYCCTB, KOTOPBIM
00y4asuch IeTH KUTAMCKUX apUCTOKPAaTOB.

BaxHelilllee M3MeHeHNe B IOHUMAaHUU TOTO, YTO TaKOe reOMeTpHs,
npousonuto B JIpeBHeit 'perun. Jlo rpeKoB reoMeTpus IpeACcTaBIsIIa
coboii cobpaHue MONTyYeHHBIX U3 ONBITa MPABWI U GAKTOB, M TOIBKO y
I'DEKOB TOABWINCH TEOPeMBI U JOKa3aTeslbcTBa. IMeHHO Torza reomeT-
pus npuobpesna 6IU3KUM K COBpeMEHHOMY BHZ.

Pa3BuTHe MaTeMaTHKU IUIO CJIOXKHBIMH ITyTAMU, MHOTHE 13 KOTOPBIX
Cpasy WX OCTENeHHO OKa3aluCh TYITMKOBBIMU. BakHele NOHATHS,
obIIenpHHATHIE ceifyac, CIOXWINCh He cpa3y. M3-3a aToro MHorue ma-
TEMaTHKH 10 pa3HbIM II0BOZIaM AOIyCKaIN OIIUOKH, KOTOPHIE YacTO XO-
POIIO XapaKTepU3yIoT COCTOAHNE MaTeMaTHKU UX BpeMeHH, U II03TOMY
HHOT/ZIa UMeET CMBICJI IIOTOBOPUTD U 06 3TUX OLIMOKaX.



I'maBa 1

- /lpeBani Erunet u BaBuioH

ApeBHuii Eruner

BO3HUKHOBEHUIO MaTeMaTHKU [TpeNIecTBOBAJIO BOSHUKHOBEHUE I10-
HATUA YUCciIa U GopMUpOBaHUeE CUCTEMEI 3alucy yuces. JIo MosBieHus
MaTeMaTHKH JO/DKHBI 6bUTH Taroke chOPMHUPOBAThCA IpeCTaBIeHHs 00
OCHOBHBIX TeOMeTpUYecKuX GUrypax. PUCYHKH MOIJIU NOABUTHCS TOMb-
KO TOTZa, KOrZa BO3HUKJIO IpejcTaBjieHue o nopobuu ¢uryp. Hekoro-
phle eTUIeTCKUe PUCYHKHU IOKAa3bIBAIOT, YTO U1 U306paxeHHsa 10g00-
HBIX QUTYP HUCIOIb30BAIUCH KBaZIpaTHbIE CETKU. Y)Ke Ha ITepBBbIX PUCYH-
KaX BCTPeYyaloTCs MONBITKY U300paKeHUA NepIeHAUKY/SIPHBIX U Iapal-
JIeJIbHBIX IIPAMBIX. B OpHaMeHTax 4acTo BCTPEYarOTCA MEeCTHYTOIbHUKH.
Ho mATUyTONbHUKY U JeCATUYTOIbHUKY Ha PUCYHKax B JlpeBHeM Erum-
Te He BCTpeyarTcs.

B Erunrte xpaHwiy, nepeiaBajyd U pa3BUBAJIU Hay4Hble 3HaHUA, B
TOM YHCJIe U MaTeMaTH4YecKue, TaK Has3blBaeMble IUCLBL. JIO/DKHOCTD
nucia 6bpUta oYyeHb MOYETHOM. B ogHOM TekcTe yuTaeM: «[lucen pyko-
BOAUT BCEMH, U He 06JIoKeHa HajoraMu pabora B nmucbMe. Ha Heé Her
HaJIOTOB». B ApyroM TekcTe O MUCIAaX TOBOPUTC: «JTO 6osblile, yeM
Jo6ast JODKHOCTD, U HET HUYEro paBHOTO UM B 3TOM CTpaHe».

Erunerckue TeKCThI 3alIICAHBI HA XPYIIKOM HaNupyce, MHOIZA Ha KO-
)e. Takue TEeKCTHI COXPAHSUIMCh I'Opas3zio XyXe U pexe, YeM BaBWIOH-
CKHe TeKCThl, KOTOphle NMUCAJUCh KIWMHONUCHIO Ha CHIpOH IIMHe, a 3a-
TeM OGXUramuch. /o Hallero BpeMeHH COXPaHIIOCh OTPOMHOE YHCIIO
BaBWIOHCKUX MaTeMaTU4YeCKUX KJIMHONMCHBIX TEKCTOB, a €rUIeTCKUX
MaTeMaTU4YeCKHX NTalupycoB COXPAHWIOCh OYEHb MaJIo.

CaMpblii GOJIBINONM M3 COXPAHUBINMXCA A0 HAIIMX AHEH MareMaTH-
YeCcKUil manupyc—a3To nanupyc PaiiHja, Ha3BaHHBIA IO UMEHU BJja-
Jieblia, KOTOPBIM npuobpén ero B 1858 r. [Tanupyc PaiiHaa cocraBieH
niucrioM AxmecoMm (1680—1620 10 H. 3.); OH coAepKUT 84 3agauu. Jlpyroi
6OJIBIION MaTeMaTUYECKUM MalupyCc — Tak Ha3blBaeMblii MOCKOBCKUIA
nmanupyc, xpaHamuiics B My3ee HM306pasuUTeNbHBIX HCKYCCTB HUMEHU
A. C.IlymxuHa. OH cogepxutT 25 3aga4. Oba 3TH MaTeMaTUYeCKUX Ha-
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nHpyca cocTaBJIeHbl i1 yue6GHbIX IieJieli U NepercaHbl C OPUTHHAJIOB,
BOCXOAAMX NpUMepHO k 1900 roay Ao H. 3.

[Tanmupyc PaiiHza HauMHaeTCsa obelaHueM HaydUTh «COBEPIIEHHOMY
Y OCHOBaTeJIbHOMY HCC/IEZOBAHUIO BCeX Belllel], TOHMMaHHUIO UX CYIIHO-
CTH, IO3HAHUIO BCEX TaliH...». A B IeHCTBUTEIbHOCTU peyb UAET TOJBKO
0 TaHax CcYyéTa U O BHIYHUCJIEHUAX C APOOAMM.

leeBHerpeqecKne CBH/IETEJILCTBA O ErUIETCKOH MaTeMaTHKe

JipeBHUE Ipeku cuuTanu Eruner cTpaHOU, B KOTOPOM 3apOAMUIHCH
MOYTH Bce HAyKH. IIpM 3TOM IPUYMHBI BO3HHMKHOBEHHS MaTeMaTHUKU
Ha3blBAJINCh €/1Ba JIM He NPOTUBONONIOXKHLIe. [Ipoxsi B «KoMMeHTapuu
K nepBoi kHure ,Havan“ EBxinza» mucan: «Kak y ¢uHUKUiiLEB Ha-
YaJI0 TOYHOMY 3HaHUIO Yuces GBUIO IOJIOXKeHO 6Garozapsi TOpProsie U
cZiesIkaM, TaK U y eTMIITSAH reoMeTpyA ObUla 3o0peTeHa 1o yKa3aHHOM
npuyrHe. Cve3zuB B Eruner, danec BnepBble mepeHEC 3Ty HayKy B
Onnagy...» ITogpo6HO 0OOCHOBHIBaJI IPOUCXOXKAEHUE reoMeTpuH (Tod-
Hee CcKa3aTh, 3eMJeMepHs) MpaKTUYeCcKUMU NnoTpebHOCTIMU [epozoT:
«3TOT 1apb (CecocTpuC), KaK IepeAaBaly Xpelbl, TAKKe pasJeI 3eM-
JII0 MEXJY BCEMU XKHUTEIAMHU U Jaj KOKAOMY 110 KBapaTHOMY y4acTKy
paBHOM BesIMyuHBI. OT 3TOr0 Ijaph CTaJl MOJY4aTh J0XOZ, TOBEJIEeB B3U-
MaTh eXerogHylo No3eMebHyI0 nojaTh. Eciii peka oTpeiBajsa y KOro-
HUOYAb YacThb €ro y4acTKa, TO Biajesiel] MOT IIPUHUTH U OObSIBUTH Lapio
0 CJy4uBIIEMcA. A 1apb IOChUIAJ JIIOAEH YAOCTOBEPUTHCSI B 3TOM U
HU3MepUTh, HACKOJIBKO YMEHBIIWICSA YYaCTOK, ISl TOTO YTOOBI BiIajester]
yIUlayMBaj I0ZaTh COpasMEPHO BeJWYMHE OCTaBillerocs Hazeja. MHe
JAyMaeTcs, 4TO MPU 3TOM-TO U GBUIO U306pETEeHO 3eMJIEMEPHOE HUCKYC-
CTBO U 3aTeM IlepeHeceHo B Jiiagy» («Victopus», kuura II). Apucroreib
e He CYMTAaJl MPAKTHYECKHe NMOTPEOHOCTU CKOMBKO-HUOYAb BaXKHBIMH
JJI1 BO3HUKHOBEHHA MaTeMaTUkH. B kHure «Metadusuka» oH mucan:
«...MaTeMaTH4YeCcKre UCKYCcCTBa OBUIH CO3ZaHbI NpexJe Bcero B Erumre,
160 TaM ObUIO IPEAOCTaBIEHO XKpelaM BpeMs AJIS JoCyTax.

M306peTeHne MaTeMaTHKH IPUIMCEIBATY HHOTZA €TUIETCKOMY 60-
ry Toty. B guanore Ilnatona «®ezgp» Coxpar ropopur: «Tak BOT, f CJIBI-
mwas, 4yro 6113 erumnerckoro HaBkpaTuca poAWICA OZUH U3 APEBHUX
TaMOIIHUX OOroB, KOTOPOMY IOCBsAllleHa ITHULA, Ha3biBaeMas U6HCOM.
A camoMy 60xecTBY UM 6bUTO TeBT. OH NepBBIN U300PEN YHUCIIO, CYET,
reoMeTpHIO, aCTPOHOMUIO, BJOGABOK UrPY B LIALIKU U B KOCTH, a TAKXKe
¥ MUCbMeHa».

OueHb Ba)XHBIM CBHZIETEILCTBOM ABJIAIOTCA cjioBa Jlemokpura: «Hu-
KTO He NpeB30LIEN MeHs B CKJIaZbIBAHUU JIMHUM, CONIPOBOXKAAIOMIEMCS
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Z0Ka3aTeJIbCTBOM, — IaKe TaK Ha3blBaeMble rapIie/[OHaITH Y ETUITAH».
OT0 ezBa I He eIMHCTBEHHOE NPSIMOE YKa3aHUe Ha TO, YTO B erUIeT-
CKOM reoMeTpUHU OBUIM ZOKa3aTenbcTBAa. KOCBEHHBIM yKa3aHHEM SBJIA-
10TCsl, HanpuMep, cyoBa [Ipoksa o ToM, yro dasec BrepBhe IepeHEC
reomeTpuio u3 Erunra B Jinagy. [l rpeKoB reoMeTpHs IoApasyMeBajia
ZIOKa3aTesbCTBa.

XapakTep eruneTcKoil MaTeMaTuKHA

B eruneTckux MaTeMaTU4YeCKUX MAPycax MHOTO 3a/ia4, BO3HUKAIO-
mux U3 npakTuku. OHU CBA3aHHI € pacupezeieHueM 3apaboTHOM IU1aThl
MeXAY U3BECTHBIM YHCJIOM pabovuX, BHIYUCTEHUEM HEOOXOAMMOIO KO-
JIMYecTBa 3epHa JJIs1 IPUTOTOBIEHHA 3aJaHHOTO KOJIMYeCTBa XJ1eba Wi
NU1Ba, IepeBOAOM OJHUX Mep B Apyrrue. OCHOBHOe BHUMaHUe yAeJsieTcsa
He MeToJaM pelleHUd 33/a4, a CAMUM BBIYHUCIEHUSAM.

DTH 3aa4yu uMesu 6OoJbIIoe 3HaYeHUe /Ui MUCLOB, YIPaBIABLUIMX
MHOTMMU BaXXHBIMM ZesiaMu B Erunrte. O6 3TOM CBHZAETENbCTBYET OAUH
OueHb MHTEPEeCHBII TEKCT ITanupyca, B KOTOPOM ITHCeL] YIIpeKaeT Apyro-
ro NHcLa B MaTeMaTH4eCKOM HeBeXXecTBe: «fI Xouy 06BsCHUTH Tebe, YTO
3TO Takoe, KOTZa Thl TOBOPUIIb: ,,f nucen, AalOmKi IpUKa3bl apMHK".
Tebe mopy4eHO BBIKONATh 03epo. Thl IPUXOAHUIIIb KO MHE, CIIPAIIMBaEIlb
0 3amacax AJ conjar U roBopuiib: ,,CocuuTail MHe 3T0". Thl OcTaBiIA-
elIb CBOIO paboTy, U Ha MOM IUIeYU CBaJMBAeTCA 3aiaya — yIUTh Tebs,
KaK eé HaZl0 BBIIOJIHUTE. §I cTaBo Tebs B TYMHK, KOT/A IPUHOIIY Tebe
IoBeJIeHHe OT TBOero rocrnojuHa, Tebe — ero apckoMy MHCILY... MYZA-
pOMy NuCLYy, IOCTaBJIeHHOMY BO IJIaBe 3TOro BoHcKa. JIOJDKHO cAejlaTh
HaCBIIb 1 noAbéMa B 730 JIoKTeH AJIMHBI U 55 JIOKTel MUpUHEL;, OHA
COCTOMUT U3 120 OTAE/NbHBIX ALIMKOB U NMOKPHIBaeTCs NepeKjlaJuHaMU U
TPOCTHUKOM. Ha BepxHeM KOHIle OHa UMeeT BHICOTY B 60 JIOKTeH, a B
cepeguHe 30 JIOKTell; yKJIOH eé — aBakAbl o 15 JIoOKTeH, a HACTHI —
5 nokTeii. CripalivBaloT Y BOeHa4a/IbHUKOB, CKOJIBKO IIOHaZIOGUTCS KUP-
nu4el, U y BcexX NUCLIOB, U HU OJUH HUYETo He 3HaeT. Bce oHU HazeroTeA
Ha Te6s U roBOpAT: ,,Thl UCKYCHBIN ITHCeLl, MO APYT, COCUUTAIL 3TO AJIs
Hac nockopeit. CMOTpH, UMsA TBOE cinaBUTCs. CKOJIBKO )Xe HaZ0 It 3TOTO
KUpIUyen?»!,

[l pasBjiedeHUs U3yYalOLUUX MaTeMaTHUKY IPUBOAIINCH U 3aJa4H,
SIBHO BO3HUKIINE He U3 IIPaKTHKU. BOT ogHa M3 Hanbosiee M3BECTHBIX
Takux 3a7a4: «EcTb 7 JOMOB, ¥ B KaXXJJOM >KMBET I10 7 Komek. Kaxxas
KOIIIKa Cchejia 7 MBIIIeH, KaXK/asd MBIIIIb chela 7 KOJoCcheB suMeHs. Kax-

1I_ln'mpye'rc;{ o [7, c. 20].
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JIbIiA KOJIOC MOT 1aTh 7 Mep xJie6a. HaiiTi cyMMy JOMOB, KOLIEK, MBIIIEH,
KOJIOCheB U Mep». B oTBeTe nony4aerca 19 607.

Erunerckue ApooHu

JleileHyie m : n €rMNTAHE WHOTZAA IPeACTaB/IsIM KaK YMHOXKEHHE m
Ha aJMKBOTHYIO Apo6b 1/n. Jpyrux Apobeit erunTsiHe He paccMaTpUBa-
JIM, 332 UCKJIIOYeHHeM Apobeit 2/3 u 3/4 (u uHoraa apobeit 2/n). ITH
apobu, Kak u apo6u 1/2, 1/3, 1/4, 1/6 u 1/8, yacTo BcTpeyaauch Ha
NpaKTHKe, a IOTOMY MMeJIH Cliel[hajlbHble Ha3BaHHsl.

[Manupyc PaliHza HayuMHaeTcs ¢ TabIUUBI IpeACTaBleHUA Jpobeit

2/n zum n ot 3 10 101 B Bme CyMM aJIMKBOTHBIX Apobeii. Hampumep,

2=l 22,1, 2

3 104

I/IcnonbsoBaHne TOJIbKO aJMKBOTHBIX Jpobeit — xapakTepHas OCO-
6EHHOCTDb €TUIEeTCKOM MaTeMaTUKH. OBBIYHO ZOCTAaTOYHO CKOPO BO3HU-
KaJM Apo6u o61iero Buja U pasBUTHE MaTeMaTUKU HE OCTaHABIUBAJIOCh
Ha aJIMKBOTHBIX APOGSX.

BeruncieHusa «axa»

Erurerckoe clI0BO «axa» O3HadaeT «Kyda», «IPyAa», «KOTHUYECTBO».
KonyecTBO 3s€ch — HeU3BecTHasi BeJIMYMHA, KOTOPYIO HYXXHO HaMHTH.
BhIYMCIEHUE «aXa» NPUOIU3UTENIBHO COOTBETCTBYeT HAIUM ypaBHEeHU-
SIM IIEPBOi CTEeNeHU C OHUM HeU3BeCTHHIM. [IpuMep Takux BBIYHCIIE-
HU faéT 3aja4a 26 u3 nanupyca Paitizaa: «KonuyecTBo U ero yeTBépras
4acTb JaloT BMeCTe 15». Takum o6pa3oMm, pedyb UAET O pelIeHUU YpaB-

HeHus X + x = 15. EruneTrckoe pelieHue HauyMHaeTcs Tak: «Cyurait
¢ 4; oT HUX TbI ZIOJDKeH B3ATb YeTBEepTb, a UMEHHO 1; BMecTe 5». 3aTeM
ripousBoAuTca AeneHue 15:5 =3, a B KOHIle YMHOXeHuUe 4 - 3 = 12.
TpebyemMoe KOIMYECTBO paBHO 12,

3zech UCIOoNb3yeTcs MPUEM, KOTOPHIH B cpefiHeBeKOBOI1 EBporne mo-
JIy9W1 Ha3BaHUe «MEeTOZ JIOXKHOIO NOoJNoXKeHuA». HaunHaeM ¢ Toro, 4To
B KayecTBe FICKOMOT'0 KoiuyecTBa 6epéM IpOU3BOJIbHOE YUCiIO (B pac-
CMaTpUBaEeMOM cily4dae 3TO 4, JJi1 KOTOPOro JIErKO BBIYHUCIUTh 4ETBED-
TYIO 4acTh). UeTHIpe U ero 4eTBEépTas yacTb BMecTe AaloT 5. Ho pe3yns-
TaT JO/DKEH OBITh paBeH 15, MO3TOMY BHIGPAaHHOE KOJIUYECTBO HYXKHO
elé yMHOXKUTb Ha 15:5=3.

BrelyncieHns «axa» KUCHOMb30BAIUCh U JJIA pelleHuA ABYyWIeHHBIX
KBaZIpaTHHIX ypaBHeHuUit Buaa ax? = b. HanpuMep, pelaetcs Takas 3a-

o 3
pada: «KBazpar U Apyroi KBaapar, CTOPOHA KOTOPOTO €CTh ; CTOPOHEI
NepBOro KBaZpara, UMeIT BMecTe Iwiomazb 100. Belyucian MHe 3TO».
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B pemeHuu 6epéTcsa KBaApaT CO CTOPOHOM 1, Torga CTOpOHAa APyroro

3 . 9 25
KBajpaTa paBHa ;. CymMa IUIolaZeli STHX KBaApaToB paBHa 1+ - ==>.
g oYM paros p 16~ 16

KBagpaTHbIll KOpeHb U3 3TOH IUIOIIAAU paBeH % KBagpaTHbIif KOpeHb

u3 100 paBeH 10. A cKonbKO pa3s % BxoauT B 10? flcHo, uTo 8 pas.
3

[ToaTOMy CTOPOHBI MICKOMBIX KBaZpaToB paBHH 8 1 8 - 7= 6.

JlaHHBIe B YCJIOBUH TOJIBKO YTO pa3obpaHHOM 3aJadyu BHIOpaHHI, KO-
HEYHO, He CJIy4aiHo. SICHO, YTO COCTaBUTEb 3TOH 3aJa4yu 6BUT XOPOIIO
3HAKOM C TOXZAeCTBOM 32 + 4% = 52,

BeruuciieHue wionaae

B /JlpeBHeMm Erumnre yMenu NpaBWIbHO BBIYUC/ATH IUIOLIAAbL Tpe-
yTOJNbHUKA U Tpaneuuu. [Ipu aToM Iwiomas NpeACTaBsUIu B BUZe IIps-
MOYTOJIbHUKA: IUIOIIaZAb TPeyroJbHUKa NpeACTaB/sUId B BU/e IUIOMAAU
NpAMOYTOJbHUKA, OJHA CTOPOHA KOTOPOr'0 paBHA IOJIOBUHE OCHOBAHUA
TpeyroJbHHMKA, a [pyras— ero BbICOTe; IUIOI[aJb Tpalelyy IpeJcTaB-
JISUIM B BU/ie IUTOIIAAV IPSAMOYTOJIbHUKA, OHAa CTOPOHAa KOTOPOI'O paBHA
[OJlyCyMMe OCHOBaHUM Tpalnenuy, a Apyras — eé BHICOTe.

Hapsazy ¢ mpaBwibHEIMU GOpMYJIaMU IPUMEHSUIA U MPUGIKEHHEIE

¢dopmynsl. HanpuMep, ruiommazp 4eTHPEXYTONbHUKA CO CTOPOHAMM a, b,

¢ ¥ d BRIYUCIATH 110 dopmyrie aT-H . % i 4eThIpE€XyToNbHUKA, He

OYeHb CWIBHO OTIMYAIOIIETOCs OT MPSAMOYTOJIbHUKA, 3TO IPUOIIKEHHE
ZIOCTaTOYHO XOpolIee.
. (8d)?

[nomazap kpyra AuameTrpa d CYUTaIN paBHOH (—9—) . 3ty dopmyny
MBI emmé obcyaum 6osiee OAPOOHO.

B oaHOM 13 eruneTcKUx Nanupycos, IpaBAa, CPaBHUTEIBHO II03JHEM
(III B. Zo H.3.), ecThb UHTepecHas NMpUOMKEHHAA GpopMysia JJI BEIYKC-
JieHuA IUIOWaZu cerMeHTa kpyra. Ecin h — BeicoTa cermeHTa, a — Jid-
Ha XOpAbl, OTCceKamwueil 3ToT cerMeHT (puc. 1.1), To ero rwiomazab S B

ah + h?

5 B kHure «MeTpuka» ['epoH

3TOM Ialupyce CYUTAETCS PaBHOM

s

a

T

Puc. 1.1
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HCronb3yeT GopMyty

_ah+h® 1 (a)?
s=3+54(5)"

OH TakKe NHUIIET, YTO «JPeBHUE» UCIONb30BaIu Gopmyiny S = ahT'*'hz.
TepoH mosarai, 4To 3Ty GOpMyJIy OHU HOIYYWIM, CUMTasA IUIOWAAb Kpy-
ra pasHoit 3R? (Torza A/ MOMYKpyTa, T.€. B ciaydae a = 2h, dpopmy-
Jla [aéT TOYHBINA pe3ynbTar). CaM OH MCIO/Nb3yeT Oojlee TOYHOe 3Haye-
uue 1 = 22/7. Ecu cuuTath, YTO 3TO 3HaYyeHHe TOYHOeE, a He Npubiu-
XEHHOe, TO /I MONyKpyTra ero ¢opmyna Aaér TOUHBIN pesyiabratT. Jis
CEerMeHTOB, OJIM3KUX K IOTYKpyTy, popmysa lepoHa TouHee eTUIIETCKOH,
HO IPY MaJIbIX [0 CPaBHEHUIO C a 3HAYEeHUAMU h IPUMeHATD e€ Hellb3.
CeuzieTenbcTBa [epoHa BaXKHBI I HAC, IIOTOMY 4TO OH XXWI B AJlek-
CaHJpYUU U TaM MO3HAKOMIUICS CO MHOTMMH TPAaJULIUAMU €TUIIeTCKOR
MaTeMaTHKH.

EruneTckuil TpeyroibHUK

[IpAMOyTONBbHBIM TPEyTOJIbHUK CO CTOPOHaMu 3, 4, 5 moay4wl Ha-
3BaHUE e2UNemckKoz20 mpeyzonbHukd. JTO IPOU3OLLIO, MO-BUIUMOMY,
Grarozapsi yIOMUHAHUIO 0 HEM B couynHeHuH Ilryrapxa «O6 Hcuge u
Ocupuce»: «/, BUAMMO, €TUNTSHE CPaBHUBAIOT Ipupoay BceobimHo-
CTU C KpacUBEWIIMM U3 TPEYTOJbHUKOB... DTOT TPEyTrOJbHUK HMeEeT
KaTeT U3 TPEX 4YacTell, OCHOBaHME — U3 YETBIpEX U TUIIOTEHY3y — U3
maTi... TakuMm 06pasoM, KaTeT MOXXHO CYMTaTh MYXCKUM HayasoM,
OCHOBaHHe — XEHCKUM, a TUIOTEHY3y — OTIIPHICKOM oboux». Ho cBu-
JeTenbcTBO ILryTapxa OTHOCHUTCA K CPaBHUTEJNBHO NO3JHEMY BpeMeHHU
(II B.). YTo Ke KacaeTcsa 4YaCTO BCTPEUYAIOUINXCS pacCKa3oB O TOM, 4YTO B
Erunre AJs1 MOCTPOEHUA IPSIMOTO yIIa IPUMEHSUIH BEPEBKY C y3JlaMU,
OTCTOSIILIMMH ZIPYT OT ApyTa Ha paccTosHus 3, 4 U 5, To 3Ta jiereHza 6e3
KaKUxX-JIM60 060CHOBaHMI MOsIBIIIACH B KOHIE XIX B.

CootHoureHue 32 + 42 = 52 erunTsHaM 6BUIO U3BECTHO; COCTABUTENb
3aza4yy, pazobpaHHOU Ha c. 10, aTo TOXZAecTBO 3Hal. Ho ToxzAecTBO
32 + 4% = 52 He mpezmNoNaraeT 3HaHUA TeopeMul ITudaropa; oHO Mor-
JIO BO3HUKHYTb U 6e3 CBs3U C IPAMOYTOIbHBIMU TpeyrolbHUKaMu. Bo
BCSIKOM CJIy4yae, B yKa3aHHOH 3aja4e IPSMOIL CBA3U C IPAMOYTONbHBIMU
TpEeyTrOoJIbHUKAMU HeT. .

ExuHCTBEHHOE NOATBEPXKAEHHE TOTO, YTO ErUNTAHAM ObUI U3BeCTeH
[IPAMOYTOJIBHBIN TPEYTOJBHUK CO CTOpoHaMu 3, 4 u 5, #aoT oO6Mepb
MMaMATHUKOB apxuTeKTyphl Erunra. Hanpumep, B xpame AMeHxoTelna Ha
octpoBe DinedanTuHa (XVI B. Z0 H. 3.) UCIIOIb30BAHBI IIPOIIOPIIMHU 3TOTO
TpEeyTOJIbHUKA.
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3agaya MOCKOBCKOTO mamupyca

B 1930 roay B.B. CtpyBe ony6iukoBan nepeBoz [40] maremarude-
CKOTO Hanupyca, xpassuierocs B locyzapcTBeHHOM My3ee H300pasu-
TeJIbHBIX UCKyccTB UM. A. C. [IymkuHna. [lecaras 3agada 3Toro nanupyca
Ipou3Bejla HaCTOANIYI0 CEHCAllMi0 B MHUpe HCTOPUKOB MaTeMaTHKH.
B aTOI1 3azaue, kak cuuTayn CTpyBe, BBIYHC/SLUIACSH IUIOMAAb HOTyCcephl.
BoT ero nepeBoz: «DopMa BEIYHCIEHNUA KOP3UHEI, eC/iU Tebe Ha3bIBAIOT

1 . "
KOP3HHY C YCThe€M JuaMeTpa 45. O, naii MHe 3HaTh €€ IOBEPXHOCTB!
o1 o
Cocuuraii 5 OT 9, mOTOMY YTO KOp3HHa eCTb II0JIOBUHA fAiiua. [Tomyyaer-

¢ 1. Tlocumurait ocraTok 3a 8. Cocuurait —;— ot 8. [lonyuntea % + % + %

OTHMMHU OT 8 3TH % + % + 1_18 IMony4yaeTcsa 7-91-. Teneps 7% cocyuTai

4% pasa. ITonygyaercsa 32. CMOTpU: 3TO U €CThb NOBEPXHOCTb. ThI Ipa-

BHJIbHO HallEJI». 1
CTpyBe cuuTal, YTO «KOp3UHA C YCTheM AuameTpa 45»—31'0 TIOJTy-

cdepa c auamerpom d = 4%. I[Tpu aToMm mwiomazs S norycdepsl B perie-
HUU 33/]a4y BbIYKC/sieTcs 1o popMyie

s=d{(2d— % -zd) - %(Zd— % -2d)}=2(§d)2. R

B Erunre mwiomazpb Kpyra ¢ AuaMmeTpoM d BeUMCIAIU Kak (8d/9)2. [Tpu
TaKOM NpUOGIDKEHUH i1 yucia 7 ¢opmyna (1.1) nmpaswibHasg. B camom
Jeiie, Iwiowazab coephl B 4 pasa bosbiie 1wiomaay 60apmoro kpyra (9K-
BaTopa) 3Toil cdepsl.

DTO TOJIKOBaHUE BeCbMa 3aMaH4YUBO, IIOTOMY 4TO $opMyia s Bbl-
YUCIeHH UIOIAAU chephl CBHAETEILCTBYET 00 OYeHb BEHICOKOM YPOBHE
pa3BuTusa MateMmatuku. Ho gaxe cam CTpyBe He CYMTaJ CBOE TOJIKO-
BaHUe eJUHCTBEHHO BO3MOXHBIM, U IOYTHU cpasy nocjie Hero ITut [34]
u Heiire6ayap [33, 13] npeasioXwiu Apyrue epeBogbl M TOTKOBAHUS.
BoJibliie BCEro CIOPOB BHI3BIBAET UEPOITH D |?, KoTophIi CTpyBe Ie-
PEBEI KaK «KOP3WHa». BEIpaXkeHUe «KOP3WHa eCTh II0JIOBUHA Si1ia» CBU-
JleTebCTBYET, II0-BUAUMOMY, O TOM, YTO «KOP3HWHa» —3TO HEKOTOPHIH
CrenUaabHBI TEXHUYECKUI TEPMUH, U 3TO BhHIpa)XKeHHE O3HaYaeT, Ha-
MpUMep, 4TO «IIOJIyLIapyUe eCTh NOMIOBHHA Iapa». OTMETHM, KCTATH, YTO
IepeBoOZ «HI[0» BeCbMa yCJIOBEH, IIOTOMY YTO COOTBETCTBYIOIEe Me-
CTO Iamupyca CWIbHO HUCIOPYEHO. DTOT TeXHUYECKUH TEPMUH MOXKET
O3HayaTh He TOJBKO IOJIOBUHY Ilapa, HO W IOJOBHHY Kpyra. CTpyBe

He MCKJII0YaJl TaKoH BO3MOXXHOCTH, TEM 6ostee 4TO 45 MOXET O3Ha4aTb
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He TOJIbKO AvaMeTp d, HO u paguyc r. Bo BTopoM ciiy4ae peub JO/DKHA
WATH O TOJMyKpyTe, IOTOMY 4TO €ro Iuiomajb paBHa 7ir2/2, a miomaab
nonycheps! paBHa nd?/2. Hepormud |?, CTOANIUH nepes 4%, TaKxe
CBHU/IETEJILCTBYET O TOM, YTO pedb HAET, IO-BUAUMOMY, O AByMEpHOH, a
He TpéxMepHoii purype. [103TOMy BecbMa BepOSITHO, YTO B 3aJayue MpH-
Be/IeHO BBIYMC/IEHUE [UIOIMAAY IOTyKpyTa.

EcTb ewié u gpyrue TOJIKOBaHUA TeKCTa 3TOU 3ajayu. IIUT mpearno-
JIOXWI, YTO peyb MJAET He O MOBEPXHOCTHU Noiycdephl, a O MOJOBUHE
6GOKOBOI1 TOBEPXHOCTH LIUIMHAPA JUAMETPOM 45 m TaKOM Ke BBICOTOH,
a Hetire6aysp — 4To pe4b WAET O BHIYKCIEHUY IOBEPXHOCTHU KYTIOJIA.

* * *

[Tpu mo60M TonKoBaHuM 3azayu 10 MOCKOBCKOro mamupyca siCHO,
YTO OHA CBI3aHa C YHUCJIOM 7T, IPUYEM AJIA Hero UCIojb3yeTca CTaHAapT-

2
HOe JJisl erHNTAH NpubmnkeHue 4 - (g) ~ 3,16. DTO mpUOMIKEHUE

BBIVIAZAUT CTpPaHHO. Ero nmpoucxoxxzeHue NbITaauch O6BACHUTD MO-pas-
HOMY, HO IIOYTH BCe TMIIOTe3bl HeyOeauTenbHbl. OfHa K3 Haubonee
NIPaBAONOAOOHKIX TUIIOTE3 BBABUHYTA B KHUre [19]. OHa ocHOBaHa Ha
¢dopmyne (1.1). CornacHo 3Toil dopmyste, wIomaLs Kpyra Auamerpa d

JIOJDKHA BBIYMCJIATLCA KaK (1 - %)dz - % 1- %)dz. Takyio moce-

ZOBaTeJbHOCTD BBHIYHCIEHUH MOXHO OOBSACHUTD CIEAYIOUMM 06pa3oM.
BrinmemM kpyr B kBazgpaT co cTOpoHOH 1. BrlpexxeM U3 3TOro KBaZpara
JeThIpe KBaJpaTHKa co CTOpoHOH 1/6 (puc. 1.2). ILiouazap ocTaBLieics

112 1 .
yacTd paBHa 1 — 4| =) =1 — =, HO OHa ewé ABHO GoJblIe IUIOLIA-
p 6 9

[ Kpyra. BelpexxeM elné BoceMb KBaJ[paTHUKOB CO CTOpOHOH 1/9. Ux

DZ

N 7

Puc. 1.2
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IUIOIaZib paBHA 8 _1 1- 1 , a IUIOLaAb OCTaBLIEHCA YacTH paBHA
P 819 9 P
1

1 1
1- 99 (1 - 5). B0O3MOXHO, 4TO erunTsaHe MOCTYIIWIA UMEHHO TakK
Y pelIWIN, YTO IUIOMAAb OCTaBIIeiics YacTH paBHa IUIOMIAAX KpyTa.
VHTepecHble, XOTA U MeHee IIPaBJONOAOOHbBIE MIIOTe3bl O IPOUC-
XOXKJEHUU JpeBHEETUNETCKOH GOPMYJIBI AJIf IUIOIAAH KpyTa Ipeioxe-
HHI B cTaThax [5] u [27].

O0BEM yceuéHHOIN MUpaMUbI

[TpumeHeHUe erunTaHaMuU GOPMYJIBI IS BEIYMCIEHH IUOIaAU coe-
pBl BbI3bIBaeT COMHeHHA. Ho npumeHeHHe UMU GOPMyJIBI AJIS1 BBIYHC-
JleHUs: 00béMa YCeYEHHOM NMUpaMMAbl C KBAaJPAaTHBIMU OCHOBAHUAMU
HecoMHeHHO. He coBceM scHa Jjivmib ¢popMa 3Toi mupamuzbl. Coxpa-
HUBIINICA 4epTéX HeTodeH. [lo-BuaMMOMYy, B 3ajja4e paccMaTpuBaiach
NMUpaMuJa, JBe CMeXHble GOKOBble I'PAaHU KOTOPOH INepleHAUKY/ISIPHBI
ocHoBaHuAM (puc. 1.3).

Puc. 1.3

O6béM yceyéHHOM MUpaMHIBLI, OCHOBAaHHAMHU KOTOPOH SIBISIOTCA
KBaZpaThl CO CTOpoHaMu a =2 u b =4, a Bricora h paBHa 6, B 3a-
gade 14 MOCKOBCKOI'O MaTeMaTH4ecKOro Ianupyca BBIYHCIUICH Kak

(224 2-4+4%), T.e. KaK g(a2 + ab + b?). dra popmyna TouHas.
O61BEéM nmupaMuzbl, BOOOIe rOBOpPs, Hellb3s HaWTH NyTEM paspe3a-

HHA Ky6a OTO MOXXHO CZeJaTh JIMLIb AJ1 HEKOTOPLIX NNpaMHUA. Hanpn-
Me€p, B BABWIOHCKUX INIMHAHBIX TabJIMYKaxX BBIMUCIAETCS JIUIIb OOBEM

win
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MUpaMUIBL, YTOJI MEXAY OCHOBaHUEM (KBaZpaTHHIM) U GOKOBBIMU rpa-
HSIMHU KOTOPO¥ paBeH 45°, a Ky0 MOXXHO pa3pe3aTh Ha LIECTh TAKUX IH-
pamuz (oApo6HOCTH CM. Ha c. 32).

JlaHHble €THIIETCKOM 3a/1a4yy B 3TOM OTHOLIEHHUH TaKOBBI, YTO OT 06-
HIlero cjry4yas 3Ta KOHKpeTHas 3ajadya HUYEM CYIIeCTBEHHHIM He OT/IU-
yaeTcs. TakuMm o6pa3oM, eciu ¢popmysia Ajis1 HaxoxeHus: o6béma yce-
4EHHOM NMUpaMU/Jbl He ObUIa CIy4aiiHON AOrajKoif, TO AJA €€ JoKa3a-
TeJIbCTBa TPeOOBaJIOCh MPUMEHEHHUE NPeJebHOTO Iepexoja B TOM WiIH
WHOM BHIE.

HeT HUKaK1X OCHOBAHUI COMHEBAThCS B TOM, YTO 0ObEM MUPAMU/IBI
ObUT HaiileH paHblile, YeM 00BEM ycedEHHOHM mupaMubl. Ho nepexos
OT NMUpaMUZABI K YCEYEHHOM NUpaMu/ie y erUnTsIH ZO/DKeH ObUT BBI3BaTh
3arpyaHeHud. Ha puc. 1.3 noka3aHo, Kak pacCMaTpHBaeMylo yCeu€HHYI0
MUPaMUY MOXKHO pa3pe3aTh Ha IPSIMOYTOJbHBIN NapaUieielune, IBe
MPU3MEI M nHpaMuzy. [103ToMy 06bEM yceuéHHOM MUpaMU/Ibl paBeH

a®h+ (b—a)ah+ (b — a)zg —abh+ (b — a)zg

(nepexoz oT ofHOU U3 3TUX GOPMYJ] K APYrOil MOXHO OCYIIECTBUTb,
CJIOKMB U3 [IBYX NIPU3M napasuiesienunes). Ho nepexoz ot atux dopmyn
K pUMeHsBIIeiica eruntadamu opmyne (a® + ab + b?)h/3 maneko He
oueBuzeH. Anrebpandeckoe ToxzaecTso 3ab + (b — a)? = a? + ab + b?
eTUIITAHAM BpSZ M 6BUIO XOPOIIO 3HAaKOMO. Ilepexon oT ofHOH ¢op-
MYJIBI K IPYyTOM, CKOpee Bcero, ObUI OCYLIECTB/IEH reOMeTpUYecKU. DTO
MOXHO OBUIO CAeNaTh, HallpUMep, CIeAyIomUM 06pa3oM. 3aMeHUM IpU3-
MBI ¥ TUPAMUZy Ha PaBHOBEJMKHE UM IPAMOYTOJbHBIE NTapasuieieli-
nmeasl (puc. 1.4(a)). 3areM OTpexeM OT Iapajllejlenuilesa, COOTBET-
CTBYIOLIIErO0 OZHOHM W3 IPU3M, YacTb, BO3BBIMAIOIIYIOCA HaJ Hapase-
JIenyIIeZIoM, COOTBETCTBYIOIIMM NupaMu/e (Ha puc. 1.4(a) aTu pa3pessl
H300paXXeHbl ITPUXOBBIMY JUHUAMU). OTpe3aHHyI0 YacTh IPUCTaBUM
K [apajuleJieliuIely, COOTBETCTBYIOLIEMY BTOpoil npusMe (puc. 1.4(6)).
I1ocKOCTH, yAaléHHble OT OCHOBaHUA NONy4eHHOH GUTYpHI Ha paccTo-
stuusA h/3 u 2h/3, paspe3aloT eé Ha IPAMOYTOJIbHbIE TapaJUleIeUIe bl
o6béma a*h/3, abh/3 u b*h/3.

ApxurekTypa

HccesoBaHYe eTUNIETCKOM apXUTEKTYPHI UMeeT 00o/blIoe 3HaueHue
JUISl UICTOPUM MareMaTuku. Hanpumep, B MaTeMaTH4YeCKUX Ianupycax
He YIIOMUHAaeTCs IPAMOYTO/IbHBIA TPEeyTroJbHUK CO CTOpOHaMu 3, 4 u 5
(erumeTckuii TpeyTONIbHUK), HO OOMEPH! apXUTEKTYPHBIX NaMATHUKOB
[TOKa3bIBAIOT, YTO IPONOPLMU 3TOTO TPEyTOJbHUKA UCIOIb30BAINCH B
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L 1 L7

--
-
E~

() (6)
Puc. 1.4

erUIeTCKON apxuTeKType. CBOJBI €TMIIETCKUX XPAMOB BBIMJISJAT OObIY-
HO cleayomuM o6pasoM. ITycte ABC — NpsIMOYTOJIBHBIN TPEeyTONTbHUK
¢ runoteHy3oit AB =5 u karetamu AC =3 u BC = 4; AB,C — Takoii
e TpeyroabHUK (puc. 1.5). IlpoBeném ayru B,D; u BD okpyXHOCTel
paguyca BB, c nentpamu B u B, (Touku D; u D nexar Ha npsAMbix AB
U AB; COOTBETCTBEHHO), a 3aTeM IIpoBeAéM Ayry DD, OKpYy>XHOCTH C
LIEHTpOM A.

D D,

B C

e

Puc. 1.5

OyHKIIMM apXUTEKTOPOB M MaTeMaTHMKOB CIWINCh B €TUNeTCKUX
raprnejoHanTtax («HaTAruBaTessIX BepEBOK»). [Ipu 3a/10KeHUH XpaMoOB
coBeplLIazach TOpXKeCTBEHHAs LlepeMOHMA — HaTATMBaHUe BEPEBOK JJIA
omnpeze/ieHUsl HanpasjleHul cTeH xpaMa. O BaXHOCTH 3TOU LiepeMo-
HUU CBHJETEJBCTBYIOT €TMIETCKUE PUCYHKH, Ha KOTOPHIX H300paxe-
HBI coBepuiaromue eé GpapaoHsl B 6eIbIX WIM KpacHBIX KOpOHaX, 60rH,
6oruHy, xpeubl. O HaTATMBAHUM BepEBOK ¢dapaoHaMH IpU 3ajoXe-
HUM XpaMOB €CTb U IIMCbMEHHBIe CBHUJEeTeNbCTBA. XpaM AMoHa-Pa B
KapHake opueHTHpOBaH Ha TOYKy Bocxoga CojHIA B ZeHb 3UMHEro
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conHnectosHusA. Ha ogHO# u3 ero creH usobpaxéHn ¢apaon Tyrmoc III
(1500 zo H.3.), HAaTATMBAIOIUI BepéBKY IpU 3ajJ0)KeHUM xpama. Ha
JpyroM pUcyHKe ¢apaoH IpU 3aJ0XXeHWU XpaMa HPOBOAUT MOTHITOH
CBSIIEHHYI0 60p03ay.

HenocpezncTBeHHOE OTHOLIEHHE K €TUIIETCKOH reOMeTpPUU HUMeeT
MOHATHE HAKJIOHA, IPUMEHABIIEECS B apXUTEKType. [Ipy 3TOM JJIMHBI
B BEPTHUKAJIbHOM HallpaBJIeHUM HU3MepPsUIM B LAPCKUX JIOKTAX, a B TO-
PU30HTAJIBHOM — B JIaZIOHAX (LApCKU JIOKOTh CYMTANU PaBHBIM CEMHU
NaZioHAM, a OOBIYHBIM — miecTu). HaxJOHOM HasblBalu BelW4duHy b/a
(puc. 1.6), rze a paBHO 1 JI0KTIO, b — paccTosiHUe, U3MEPEHHOE B JIaZ0-

b

Puc. 1.6

usax. Tak kak b/a = 7 ctga, TO 3Ty BeJUYMHY Jydllle Ha3BaTh [MOKATO-
CTBIO: OHA TEM MeHbIIle, YeM Oosiblie (Kpyde) HakJIOH. JIIOOOIBITHO, YTO
B BaBiioHe ropusoHTalbHble U BepTUKaJIbHbIE OTPE3KU TOXe U3Meps-
JIU B pasHBIX eJUHMIAX: BepTHKaJbHble, KaKk U B Erumnre, B JOKTAX, a
rOPU3OHTAJIbHBIE — B €JUHUIIAX «Trap», Ie 1 rap = 12 joKTel.

[loHATHe HAKJIOHA CBUAETENbCTBYET O TOM, YTO ETUITAHE HWMeIu
HEKOTOpOe NpeZcTaBjieHue O NOA0OUY TPeyToIbHUKOB.

Eannauia vsMepeHHa HaKJIOHa NT03BOJIAET cZesaTh J0CTaTOYHO IIpas-
Jonof06HbIe TPeANOIOXKEHUS O TOM, KaKUMU NPUHUUIAMU PYKOBOZ-
CTBOBAJIMCh €TUIIeTCKIEe apXUTEKTOPHI IpU BHIOOpE yIyia HaKJIOHA rpa-
Hel nupaMuZ. B 3ToM oTHOuEeHUU Haubosee u3ydyeHa mupaMuzga Xeo-
Tica, HO3TOMY MBI pa3bepéM HEKOTOPBIE THIIOTE3Hl O BEIOOPE YIJIa HaKJIO-
Ha eé rpaHeii. OZHO U3 ITepBbIX U3BECTHBIX HaM OOBSICHEHUH COAEPKUT-
ca B kuure l'epogora «Mcropusa» (V B. 0 H.3.): «OHa 4YeThIPEXCTOPOH-
HfIf, KQX/Jas CTOpOHA eé MUPUHOU B 8 IiedppOB U TaKOH e BBICOTHI».
JlivHa CTOpOHBI UpaMUAbl Xeonca paBHa 233 M; 3TO BeCcbMa XOpOILIO
comtacyercs co 3HaueHueM 8 wredpos (236,8 m). Ho BrIcoTa mupamu-
Abl paBHa 147 M U OoTIMYaeTcsa OT AJWHBI CTOPOHBI CIMIIKOM CHJIBHO.
BpéiiHc, perieH3UpysA KHUTY [0 HCTOPUM JpeBHeeruneTckoi MaTteMaTu-
KM, BbICKa3aJl IpeAIoNoKeHne, 4TO B 3TOM MecTe TeKCT [epogoTa uc-
nopueH (cM. [25]). OH npezsyioXX1 U3MEHUTD B 3TOM TEKCTe OZHY GYKBY,
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HOCJIe Yero IepeBoj TEKCTA BRIVIAAUT cleyloluM obpa3oM: «OHa ye-
TBIPEXCTOPOHHSASA, KaX/jasi CTOPOHA e€ MUpPUHOH B 8 1wiedpoB U paBHA
KBaZ[paTy BBICOTHI» (MMeeTcA B BUAY, YTO ILION[AJb CTOPOHBI IPaMUZbI
paBHa KBaZpaTy BHICOTHI). 3TO TOJIKOBAHHE OYeHb XOPOLIO coIacyeTcs
C peaJIbHBIMU pa3MmepaMu nupaMmuzbl Xeornca. B camoMm gese, mycTb a —
CTOpOHa NMUpaMuzAbl, b — BeicoTa rpaHu, h — BeIcoTa mupamuzsl. Toraa
1o ycrosuto ab/2 = h%, a no teopeme Iudaropa 4h? = 4b? — a®. Cre-
noBaTenbHo, (a + b)? = a? + 2ab + b? = a® + 4h? + b? = 5b?, a 3Hauwr,
2

b= ﬁa_ : :%- ‘/§2+1anh2=%=%-—‘/§—;-—l. Eciu ¢ — yrosn 60KoBO#
rpaHU TaKOW MUpaMMZBL, TO tg? ¢ = @, nostomy ¢ ~ 51°49’38”.
STO XOpOLIO corylacyeTcsi ¢ U3MEepeHUsAMHU yIvia HakIOHa rpaHU NHpa-
MUZBI XeoIlca, JalolMMH 3HadeHue 51° 507,

CoracHo ToskoBaHUIO BpéitHca, IIpy coopyXKeHuY NupaMuzbl Xeo-
I1ca MCIOIb30BaHb! MPOIIOPLIUU 30I0TOTO ceyeHus. (30/I0ThIM cedeHrueM
Ha3bIBaIOT TAaKoe JejieHue oTpe3ka AB Toukoit C, uto AC : AB=BC : AC;
e AC=xuBC=1Tox:(x+1)=1:x, Te. x=01++5)/2)
Ho 3T0 TO/IKOBaHHe He eAUHCTBEHHOE. BechMa UHTepecHOe 0ObscHEH e
BbIGOpA yTVIa HAKJIOHA I'PaHU He TOJBbKO NMMpaMuzbl Xeorica, HO U APYTUX
nupaMu peAaoXxeHo B ctaTtbe [35]. Kak MBI y»ke roBOpIIIH, AJIA U3Me-
peHus yIJia HakjIoHa B Ervnre UCHoib30BalIu BEJIMYUHY 7 ctg a. POGHHC
u III10T, aBTOpBI 3TOH CTAThH, YCTAHOBWIH, YTO Haubojlee pacrnpocTpa-

HEH ObUT HAKJIOH I'paHel, IpU KOTOPOM 3Ta BeJIMYMHA paBHA 5 5B 6osee
. 1
nosgHel apxutekType (okoso XVII B. 0 H. 3.) BeJIMYUHA 55 3aMeHWIach

Ha 5%. Ecmn 7ctga = 51, TO tga =7 5% = }—i, T.e. a ~ 51°50'34".

JTa BeJIMYMHA TOXe OYeHb XOpOouIOo comtacyeTca ¢ yIJIOM HaK/IOHa 'paHu

nupamuzsl Xeonca. Eciu ke 7ctga = 5‘1—‘, Totgaa=7: 24—1 =4:3,T.e.B
3TOM CJIy4ae MbI IPUXOAUM K NPOIOPIUAM TPeyrolbHUKa CO CTOPOHA-
MM 3, 4 U 5 (erUneTcKoro TpeyrojibHUKa). Bo3MOXXHO, U3MeHeHUe yIia
HaKJIOHa IMMpaMU/ CBSA3aHO C CO3HATe/NbHBIM IPUMEHEeHUEeM NIPOIOpLUi
3TOrO TPEYTOJIbHUKA.

BaBwion

Marematuka JIpeBHero BaBiwioHa u3BecTHa HaM B OCHOBHOM M3 pac-
uppOBaHHBIX TEKCTOB IVIMHIHBIX Tabnudek. HeKOTOpBIe U3 3TUX KIIU-
HOIIMCHBIX TEKCTOB COJEPXKAT pa3Hble 3aJadyd U TabJHUIbl YHCeI. DTU
3azayd GoJibIeii YacThio yuyebGHBIE; TaKhe IIMHSAHBIE TabIUYKy GpUTH
CBOEro poja yueOHUKaMU.
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B BaBwIoHE JO/DKHOCTD IMKCLIA CYMTAIACh CTOJIb JKe MIOYETHOM, KaK U
B Erunte: «ToT, KTO B COBEpIIEHCTBE OB/MaJeeT UCKYCCTBOM IKCATh Ha
tabyukax, 6yzer cBepKaTh HOZOOHO COMHIY». Kakablil mucen Jo/DKeH
OBLT XOPOIIIO 3HAaTh MaTeMaTHKY.

BaBIJIOHCKasA TeXHUKA BBIYHCIEHUI ObUla ropaszio 6osee coBeplleH-
HOH, YeM eruneTckas, U 3aJa4ydl pellajiich TOXe 6oyiee CIOXKHbIE, Ha-
IpUMED, CBSI3aHHBIE C CUCTEMaMHU JMHENHHEIX YpaBHEHUH U ¢ KBajpart-
HbIMU ypaBHeHHAMHU. OT aJIMKBOTHBIX Apobeli, Ha KOTOPHIX OCTaHOBH-
Jlach €runeTcKas MaTeMaTHKa, B BaBWIOHe GBICTPO Mepeluty K Apobsam
ob1ero Buza.

B BaBIIOHE HCIIOIb30BaIKCh JBE CUCTEMBI CYHCIEHHUA: AeCATHYHAA
U mecTuaecsaTepuyHas. TouHee TOBOPS, B LECTHAECITEPUYHOM CHUCTe-
Me 4Yuciia 3allMCBIBAJIUCh B BUZE a, - 60" + ... + a; - 60 + a,, a aunq 3a-
ITUCH YUCEI dy, ..., d, UCIOIb30BATUCh JBA CUMBOJIA, OZUH U3 KOTOPHIX
o6o03Hayal eJUHUIILI, a APYTOif — AecaTKU. 3aluch ObUla HEOZHO3HAY-
HOI{: YKC/Ia, OTHOIIEHHE KOTOPBIX paBHO 60, 3alMCHIBAIUCH OJUHAKOBO;
KpOMe TOTO, OTCYTCTBOBAJI 3HAK IPOITYyCKa pa3psja, COOTBETCTBYIOUUH
HaleMy HyJII0, TI03TOMY, HanpuMep, ducaa 60 + 1 u 602 + 1 Toxe 3anu-
CBIBAJIMCh OAMHAKOBO. Kakoe UMEHHO HallKCAHO YUCJIO, TOPO MOXHO
MOHATD JIUIIb U3 KOHTEKCTA.

JlJ1st BBIUC/IeHU! B BaBIJIOHE ITHPOKO UCIOIb30BATKCh pa3HOT'O po-
Ja Tabaunel. Bo MHOrOM 3TO CBA3aHO C TEM, YTO BHIYMCJIEHMS B Iie-
CTHUZECATEPUYHON cucTeMe 6oJiee CJIOXKHEIE, YeM B JeCITUYHOM. B yacT-
HOCTH, TabJIM1a YMHOXXEHHUSA CIMIIKOM BeJHKa, U 3allOMHUTH €€ IOYTH
HEBO3MOXXHO. BMecTO ZejieHHs IpOU3BOAWIOCH YMHOXKeHHEe Ha o6paT-
HYIO BE&JIMYUHY, [TO3TOMY YacTO NPUMEHSUTUCh TabaUIBl OOpaTHBIX Be-
sqnurH. CHavasia B Takue TabJIUIbl BKIIOYAIUCh TOJIBKO Te OOpaTHbIE Be-
JIMYMHBI YHCEJT, KOTOPBIE 6bUTM KOHEYHBIMH LIECTUAECITEPUYHBIMHU JPO-
6siMH, T.e. oOpaTHble BEJIUYMHBI YHUCET BUAA 223P5¢. B Gostee mo3zHee
BpeMs B TabIUIbl BKIIOYAINUCh U IPUOIIDKEHHDBIE 3HaYeHUA 06paTHBIX
BeJIMYMH yucen 7, 11, 13, 17, 19 u T. 1. Mi3BecTHa Aaxke Tabau1a yuces
Buza n° + n?. Eé, mo-BUAMMOMY, MCIOb30BaIM /I pellleHus ypaBHe-
HuA x> + x? = a, BcTpeyalonerocs B OHOH U3 TabIuYex.

OaHa BaBWIOHCKaA 3aZlada

Y106HI CTAIO AICHO, YTO MPEACTABIAIOT COBOM JoIeAIre 10 HAC Ba-
BIJIOHCKME MaTeMaTU4YeCKHe TEKCThI, IPUBEeIEM KOHKPETHBIH IpUMep.
K aToMy TekcTy HaM ellé He pa3 IpUAETCS BO3BpallaThCs, IOTOMY YTO
B HEM CJIMIHCh MHOTME OCOOEHHOCTHM BaBHJIOHCKOM MaTeMaTHKH. Bor
MepeBoj 3TOT0 TEKCTa.
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«/InuHa, mypuHa. JJIMHYy U IIUPUHY A NIePEeMHOXWI U IUIoaAb I10-
Jy4r1. 3aTeM U30BITOK AJIMHBI HA/l MIMPUHOM s IpUOABWI K IUIOINAJH;
183 nomy4wioch y MeHA. 3aTeM f AJIUHY U IUPUHY caoxuwt: 27. Crpa-
muBaeTcs AJMWHA, MIMPUHA U IUIOMAAb.

(Jausr) 27 1 183 CYMMBI,
(Pesynbrar) 15 gnmuna
12 mupuHa 180 rwromazb.

ThI caenaelnib Tak:

27 +183 =210,
27+2=29.

Bo3bpMu nonosuHy ot 29 (9T0 Aaét 14,5).

14,5 x 14,5 = 210,25,
210,25 — 210 =0,25.

0,25 umeeT KBaZpaTHBIN KopeHb 0,5.

14,54+0,5=15 AJIVHA,
145-0,5=14 LHIApUHA.

OTHUMU 2, KOTOpbIe ThI TpUOaBWI K 27, OT MUPHUHHI 14; 12 UCTHH-
Had IIMpHUHA.
15 pnuHy, 12 MUpPYHY A IEePEMHOXWI:

15x12=180 IUIOLIA/b,
15-12=3,
180 + 3 =183».

PemeHue 3aa4u IpUBEAEHO B BUJIE ITOCIIeZIOBATEILHOCTH Ollepaliuii
C HEKOTOPBIMM 4yucIaMu. JliA BaBWIOHCKUX TEKCTOB 3TO XapaKTEPHO.
O61mue mmpaBwiIa B HUX coep)KaTcs KpaliHe peako. Ho B zaHHOM ciiydae
JIerko IOHATD, YTO O3HAYaloT BCe BCTpevarollyecs Yucia, T. €. pelleHre
MOXXHO IlepeBeCTU Ha COBPEMEHHHIH anrebpanyeckuii a3bik. [TycTb x —
JUIVHA, Y — IIUPUHA NPAMOYTOJIbHUKA. B 3azaye TpebyeTcs peluTh CU-
CcTeMy ypaBHEHUH

xy +x—y=183,
x+y=27.

lI_[xfrrl«xpye'rc;{ o [7, c. 87]. Yucia 3anucaHbl B JeCATUYHOM CUCTEME, 4 HE B LIIECTHZAE-
cATEPUYHOI, KaK y BaH Jep Bapzena.
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Jls1 ynpoleHust 3TOM CUCTEMBI iejiaeTcsa 3aMeHa y’ = y + 2. Toraa
Xy =xy+2x=(y+x—y)+ (x+y)=183+27=210

Ux+y =x+y+2=27+2=29.
Cucrema ypaBHeHUH

Xy =p,
x+y=a

B BaBmioHe pelranack OGBIYHO MO MpaBWIy X =a/2+wuy =a/2 —w,

rae w = 4/ (a/2)? — p. OTO NpaBWIO NPUMEHEHO U B HALIEM CJydae:
(a/2)? = (29/2)? = 210,25 u (a/2)? — p = 210,25 — 210 = 0,25. [la-
nee Bouucaserca x = (a/2) +w =145+ 41/0,25=145+0,5=15u
y'=(a/2) —w=14,5-0,5=14. Hakonen, y =y’ —2=14—-2=12.

KoMMeHTHpOBaHHe 3TOr0 TEKCTa He BHI3BIBAET 3aTpyAHeHUi. Ho
Y MHOTHUX JPYTHX TabJM4YeK C MaTeMaTUYeCKUMHU TeKCTaMH BaKHbIE
JUTA MX TIOHMMAaHUSI YaCTH OTJIOMaHBI WIM CKOJIOTH. KpoMe Toro, B HUX
BCTPEYalOTCs OIMHUOKH U OTKMCKH.

KBaapaTHble ypaBHeHUA

B MaTeMaTH4YeCKMX TaOJIMYKaX YacTO BCTPEYalOTCs 3a/lauyM, CBA3aH-
HbIE C KBaJIpATHBIMHU YPaBHEHUAMU. PelienTsl 1S pellieHUA TaKuX 3aJa4
[TOKa3bIBAIOT, YTO BABWIOHCKHE MaTeMaTHKU 3HAJIHU 00lijee PaBIIO pe-
[IIEHUs TeX TUITOB KBaJIpaTHBIX YpaBHEHUI, KOTOPble OHU paccMaTpUBa-
JU. A paccMaTpuUBa/Jd OHHM TOJBKO ZIBA THIA KBaZpaTHBIX YpaBHEHUMH:
x?+ax=>bu x? —ax =b. B BaBWIOHe onepanyy CJIOKeHUS U BbIYUTA-
HUA OGBUTH M3BECTHBI, HO YMCJIa pacCMaTPUBAJIUCh TOJIBKO MONOXUTENb-
Hble. KopHY ypaBHEHHH, pa3yMeeTcs, MOIVIM OBITh TOJIBKO IIOJIOKUTENb-
HeIMU. ECTb elmié ouH TUIT KBaZpaTHBIX ypaBHEHUH, KOTOpble MOTYT
MIMeTh TOJIOKUTENTbHbIe KOPHM, a UMEHHO, X2 + b = ax. Ho ypaBHeHus
TAKOro TUIIAa B BaBMIOHe He paccMaTpUBaIU. DTO JOBOJLHO CTPAHHO,
IIOTOMY 4TO S3KBUBAJIEHTHBIE UM CUCTEMBI YpaBHEHUH X + Yy =a, xy =b,
KaK BHIHO W3 TIEPBOTO HAlllero NpuMepa BaBIIOHCKOHM 3ajauM, B Ba-
BIWIOHE pemaju. BoaMoxHo, ypaBHeHMs Tuna x2 + b = ax He paccmat-
PHUBaJIK IIOTOMY, YTO TaKUe YpaBHEHUSA MOIVIM UMEThb He OAUH IOJIOXHU-
TeJIbHBIA KOopeHb (KaK ypaBHEHUs x>+ ax=>bu x*—ax=>»), a asa.
[Mo-BHAUMOMY, BABWIOHCKHE MaTeMaTUKU He IOHUMaJd, KaK K 3TOMY
HY>XHO OTHOCHUTBCS.
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Kopenb ypaBHeHMs x? — ax = b HaXoAWICA MO MPaBHIY, KOTOpOE

MOXXHO BBIPa3UTh GpopMyIoit

b+ (%)2+§

CucreMa ypaBHEHUI Xy = p, X — y = q pelIasach 110 ClIeAyoLeMy

TpaBUIy:
_ q _ q _ [(9)?
x—w+§, y=w-35, w= 3 +p.

HeckoJbKO 3aiay ¢ IUIOIaAAMH

BaBIWIOHCKHE MaTeMaTUYeCKHE TEKCTHl COAEp)KaT HECKONbKO UHTe-
PECHBIX 33Ja4, CBSI3aHHBIX C IUIOMAASIMHU TPEYTOJbHUKOB U Tpalenuii.
O TOM, KaKUMHM MEeTOAAaMU OHU peIIaNCh, TOYTH HUYEro He U3BECTHO;
U3 TabIu4eK MOXKHO JIMIIb IOHATH, IT0 KaKUM GOpMy/iaM BBIYUCIISIICS
oTBeT. [0 HEKOTOPOIi CTENIEHU MOXHO OBITh YBEPEHHBIM JIUIIb B CIEAY-
ouem:

1) HUKaKUX CKOJIBKO-HUGYAb Cepb&3HBIX anrebpanyecKux rnpeobpa-
30BaHUI BaBWIOHCKHE MaTeMaTHKK He POU3BOAIIIY;

2) OHU 3HAJIM U UCIIONIb30BAIU TOT GaKT, 4To ecsiu GUrypy paspesarhb
Ha 4aCTH U CJIOXKXUTDb U3 HUX APYTYyIo GUrypy, To Iwiomaau obenx Guryp
U CyMMBI IUIOLIaZielt yacTel 6yayT paBHB (Haubosiee paHHHE U3BECTHHIE
JIOKa3aTeJbCTBa reoMeTprUiecKUx TeopeM B MHauu u Kurae ocHOBaHBI
HMEeHHO Ha 3TOM);

3) OHU 3HaJIU CBOMCTBa MOAOOGHBIX TPEYTOIHHUKOB M YMEJH UX UC-
NOJIb30BAaTh.

B BaBWIOHCKMX Tab/IMYKax eCTh 3aZja4a, KOTOPYIO MOXXHO chOpMYIH-
poBaTh CIeAyOMUM 06pa3oMm.

3azgaya 1. Ocnosanus mpaneyuu pasust a u b. Ompe3ok OnuHoil X,
napauienshslii 0CHOBAHUAM mpaneyuu, Oeaum eé Ha 0ge uacmu pasHoll
niowjadu. Haiimu x, ecau uzgecmmuut a u b.

OTBeT BHIYMCIAETCA MO MpaBWIbHOU dopmyne x = 4/ (a® +b?)/2.
Jlis peliieHUs 3TOM 3a/1a4u AOCTATOYHO 3HATh, YTO IUIOMAAU MOAOOHBIX
TPEYTOIbHUKOB IPONOPLUOHANBHBI KBaJpaTaM COOTBETCTBEHHBIX CTO-
POH. B camoM Jese, IPOZOIKUM CTOPOHBI Tpaleluu A0 IepeceyeHns
(puc. 1.7). Inowagps OAHOM YacTH Tpalely paBHa pa3HOCTH IUIOmajen
TPEYTOJIHHUKOB C OCHOBAaHUAMM X U @, a IUIOI[aJb BTOPOIi YacTH paBHa
Pa3HOCTH IUTOIIaJielt TPEyTOMbHUKOB C OCHOBAHUAMU b u x. Iloaromy
x2—a?=b*>—x%T.e. x>=(a®>+b%/2.
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b

Puc. 1.7

Cregyromas 3azadya He CBf3aHa HENOCPEACTBEHHO C MpeAblaylei,
HO e€ MOXXHO K Hell CBeCTH, U Takoe pelleHHe JJIs1 BaBWIOHCKUX Ma-
TEMaTUKOB BCE ke Oojiee eCTECTBEHHO, YeM pellieHHe, UCIIOIb3YIOlee
CJIOKHBIE anrebpanyeckue Mpeobpa3oBaHuUs.

3agaua 2. [IpaMoyz0abHblil mpey20ibHUK pA30eséH HA 08e uacmu
0Mpe3KoM, NAPALIeNbHbIM 00HOMY U3 Kamemos. H3gecmHbl gequHuHbL
b, A=S,—S,u 6=y, —y (puc. 1.8). HyxmHo Hailimu y;, Sy, y, U Sy.

a

Yo Yo
SZ SZ
a
z 2z
N S N S,
a
b b
Puc. 18 Puc. 1.9

OcHOBHas CJIOKHOCTb B PellleHUU 3TOH 3aa4yy — BEIYUCIIEHUE JJTH-
HBl 2 OTpe3Ka, AeJIEro TPEYroJAbHUK (IONTydeHUe OTBeTa B TabIu4-
Ke HayMHAaeTCs MMEHHO C BBIYUCIEHHA Z). DTOT OTPE30K MOXXHO BHI-
YUCIUTD CIefyIoIuM 06pa3oM. JIoCTpOUM TPeyTOJbHUK 0 Tpaleluy,
4yTO6Bl NPOAO/DKEHHE OTpe3Ka Z AeMWIo eé Ha ABe PaBHOBEIWKHE 4Ya-
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ctu (puc. 1.9). CymecTBOBaHUe TaKOH Tpaleunuu cjiefyeT U3 TOro, 4To
S;> S, uy; <y,. Bcamowm zene, c yBeamueHHeM a pa3HOCTb IUTolazeit
MIPSIMOYTOJIBHUKOB pa3MepoM a X Y, U a X y; BO3pacTaet, I03TOMY AJIs
HEKOTOpOTo a OHa paBHa S; — S,, U TorAa S; +ay; =S, + ay,. 310 3Ha-
5 -8 A
YeHUe a paBHO y‘ yz = 3 - BocroIb30BaBIIMCh Pe3y/IbTaTOM 3a/a4u 1,
’ 2N
nonyuum 2(a + 2)2 =a®+ (a+b)?, T.e.

S EORICIDNE

B ycioBuM OZHOM M3 BaBWIOHCKHX 3aad (CM. c. 25) B kadyecTBe Of-
HOI'O M3 JIaHHBIX HCIOJIb30BaH «HAKJIOH» — OTHOIIIEHE KaTeTOB MPSIMO-
YTOJIBHOT'O TpeyTobHUKA. [I03TOMY He 6yAeT oueHb OOJBIIOI HAaTDKKON

kz® kb?
3amucarb y; =k(b—2), S, = 5 U S+ 8;==-.Torna

kb® 2
A=Sl—52=(51+52)—252=7—kz

A b+2)y 2.
uyl=m(b—z).,ﬂanee,sl=Tl,y2=y1+5 I/ISz=—2‘%.

3agaua 3. [IpamoyzonbHblll Mmpey20bHUK pa30enéH ompe3kom, na-
DPALIeNIbHbIM 00HOMY U3 KAmemos, Ha MpeyzoabHUK U mpaneyuro. Hs-
secmubl nowads mpaneyuu S u Onunst ompeskos a u b (puc. 1.10(a)).
Tpebyemcs Halimu ONUHbL OMPE3KO8 X U Y.

a b a+b
X—Yy b

Yy
x| S y/

(a) (6)
Puc. 1.10

J1a pelieHUs 3TOU 3aJja4ll MOXXHO HCIIOIb30BaTh COOTHOIIEHUA X +

+y= %‘S UXxX—y= a-2+-82b‘ INoactaBuB 3HaueHusa S = 320, a=20 u
b =30, npuBe€HHEIE B TabIU4Ke, MOTyduM x =201 y =12.
CooTHolIeHHne x + y = %‘S nosny4yaeTrcsi U3 GOpMyJbl A IUIOIMALU

Tpaneyuy. COOTHOIIEHHE X — Yy = a-?-SZb
_alx+y)

Ae X =y =" Top- HecnoxueiMu anrebpanyeckuMu mpeobpasoBa-
HUAMH €ro MOXXHO IOJMyYUTh U3 COOTHOWEHHA y :b=x:(a +b). Ho

MOXHO Iepenvucatb B BU-



Basunon 25

€ro MOXHO MHOJIYYUTh U reoMeTpuyeckd. [IpsMOYyTONbHBIA TPEyTob-
HUK C KaTeTaMU y U b MOXXHO OTpe3aTh OT TPEYTOJIbHHUKA C KaTeTaMH
x ¥ a+ b gByma crmocobamu (cMm. puc. 1.10(a) u (6)). [MosTomy IwIO-
mazAb Tpanenuuyu ¢ OCHOBAaHUAMM a + b u b 1 BrICOTOH X — y paBHa S,
T.e. S=(x—y)(a+2b)/2.

3agauya 4. Ceuenue Hacvinu umeem ¢hopmy pasHobedpeHHoll mpane-
yuu ¢ gvicomoll h u ocHosaHusmu a u b. HMagecmuol nnou;aab S amoti

mpaneyuu, 6osblee 0OCHOBAHUE A U HAKJIOH HACLINU /5 = h (HaKJlOH —_

KOMAH2eHC yeaa npu ocHO8aHuu mpaneyuu). HyxwcHo Hatimu meHbluee
ocHosawue b.
Tak xak

h(a+b) a-b_a-b’
Sp= oh 4

10 b? = a® — 4SB. B Tabnuuke uuciIo b BEMMCAAETCA UMEHHO 110 3TOH
dopmyne. Bonee Toro, B Apyroit 3ajade 3TOTO Xe TEKCTa a BHIYHC/IA-
erca no popmyine a? = b? + 4S3. 13 3TOro, noxajyi, MOXHO CAeNaTh
BBIBOZ, UTO B BaBwione toxzaectso (a — b)(a + b) = a® — b? 6bU10 U3-
BECTHO. JTO TOX/IECTBO MOYHO ZI0Ka3aTh TeOMeTPHIECKH, IePeMEeCTUB
¢urypy 1 Ha mecto ¢uryps 2 (puc. 1.11). O6GHapy>KUTb 3TO TOXKIECTBO

P —

Puc. 1.11

apuPMeTHYECKH, BEIYUCIIAA CYMMY M Pa3HOCTbh KOHKPETHBIX YHcel a U b,
a 3aTeM UX NIPOU3BeJeHUe, BeCbMa 3aTpyAHUTENbHO. Takoro poja Zoka-
3aTeJbCTBO JO/DKHO UCIIONb30BaTh airebpandeckue npeobpa3oBaHUs.
[TosToMy ZJis1 BaBWIOHCKHX MaTeMaTHKOB Oojiee npaB/:(onop;o6Ho reo-
MeTpHYECKOe J0Ka3aTelbCTBO.

B 3Toii 3aa4ye Hy>KHO OTMETUTD elll€ NOsIBJIeHe B KaueCTBe OZHOTO
Y3 JaHHBIX «HAKJIOHa», COOTBETCTBYIOIIEr0 KOTAaHI'eHC Y yIJIa. DTO CBUJe-
TEJILCTBYET O TOM, UTO IIOHATHE HAKIOHA GBUIO JOCTATOYHO IIPUBBIYHEIM
JJIS1 BaBIWIOHCKMX MaTeMaTHKOB, a 3TO ITOHATHE BKIIIOYAEeT B ceOsl IpeJ-
CTaBJIeHUe O TO40OUY TPEYTONbHUKOB.
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3agay¥ c IWIOLIaAAMH U pelleHre ypaBHEeHH B Ie/IbIX YHcax

CocTaBUTeNN IIKOIBHBIX y4eOHUKOB U B Hallle BpeMs 4acTo cTapa-
I0TCA TOA0UpaTh JaHHBIE B YCJIOBUU 33la4M TaK, YTOOH B OTBeTe IOJYy-
YWIOChH L[eJIoe YUCIO. DTO Jejlaly U COCTaBUTeNN 3aZay KIMHOIMCHBIX
Tabnudyek B BaBwioHe. [103TOMy UM NPULLIOCH CTOIKHYTBHCS C pelleHHU-
eM ypaBHeHMi x° + y? = 22 u p? + ¢®> = 2r? B yesBIX uMcaax. Peme-
HUA [1IepBOTO YPaBHEHHUA HAa3BIBAIOT nu¢@azopossimu mpoiikamu, a pelie-
HUSA BTOPOTO — 8ABWIOHCKUMU Mpolikamu; IPY 3alMCcH Y1cIa B Tpoikax
OOBIYHO pacliosaraloT B IOpsiZIke BO3pacTaHHA. BaBWIOHCKUe Tpoiku
BO3HUKAIOT B 3a7a4ax 1 ¥ 2: JaHHbIE B YCIOBUAX 3THX 3a/1a4 10400paHbI
TaK, 4TO pelleHus ypaBHeHHs p2 + q? = 2r? He/OuUC/IeHHEBIe, 8 IMEHHO
(1,5,7)u (7,13,17).

[MTudaropoBsl TPOHKY BO3HUKAIOT IIPU pellleHUH CleAylolleil 3afaui.

3azava 5. [IpsamoyzoabHblil mMpey20abHUK pa3denéH 08yMs ompesKa-
MU, NAPALIENbHLIMU OOHOMY U3 KAMeMmos, Ha Mpu uacmu, niowadu Ko-
mopbix pasHul Sy, S, u Sz (puc. 1.12). Kakumu donncHbl 6bimb ONUHbBL
0mpe3k08 X1, Xy U X3, UMOObL BLINOJIHANOCH PABEHCMBO S = S3?

kx,

S

X1
k(x; —x1) S,

Xa
k(x; —x,) S;
X3
Puc. 1.12

Bocmonp3oBaBIuch 0603HaYeHUAMH puc. 112, jerko NnpoBepHTb,
uT0 S =kx?/2 1 S3=k(x3 — x3) (X3 + X,) /2. B3Ha4UHT, paBeHCTBO S1 =S
SKBUBAJIEHTHO PAaBEHCTBY X2 = X3 — X3, T. €. X3 = X2 + x2. Ha IIMHAHBIX
TablMYKax BCTpEYAIOTCs U300paKeHUs TaKUX pa3ObUeHU TpeyrojabHU-
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Ka Ha TPY 4YaCTH, IPUYEM 3TH YepPTEXU COOTBETCTBYIOT NMU(aropoBoi
Tpoiike (3, 4, 5). DTa 3azaya HoOKa3bIBaeT, YTO NMHGaropoBbl TPOUKHU
BO3HUKAJIU U HE3aBUCUMO OT TeopeMslI [Tudaropa.

BoJiee ecTeCcTBEHHO, Ka3aloch Obl, BESICHUTh CHayasa, KOIrZa BBIION-
HSIETCSI paBeHCTBO S; = S,. Ho Tabnuyek ¢ TakuMu 4epTeXkaMU HeT, U
3TO He CJyyaliHO. B camoM zejie, paBeHCTBO S; = S, 9KBUBAJEHTHO pa-
BEHCTBY X2 = X7 — x2, T.e. x5 = 2x3. [loaToMy Tab/IM4Ka C IPUMEpPOM
pelleHus 33a4y 5 CBUZETeIbCTBYeT, IO-BUUMOMY, O TOM, 4TO BaBH-
JIOHCKVI€ MaTeMAaTUKH IBITAJTUCh PEUIUTh B HATYpaJbHBIX YHUCIaX ypaB-
Henue x° =2y2.

BaBWIOHCKME TPOMKM MOXHO MONyYaTh M3 NHaropoBbIX TpPOEK.
B camom gente, ecmut x>+ y? =22 u p=x-y,q=x+y, r=z, 10
p2+q2=2(x*+y% =2r%

Ha mIMHAHBIX TabJaMYKaxX BCTPEYAIOTCA M300pakeHUs pa3bueHUi
Tparenui Ha Napbl paBHOBeJUKHUX Tpanenuil. Ha puc. 1.13 npuBezén

1
1
5
0,5
7
1,5
13
1 \

17
Puc. 1.13

(B uckaxx€éHHOM MaciTabe) OAWH U3 TaKUX IPUMepOB: IUIOWAAU JABYX
BEepXHUX Tpalnenuil paBHH 3, a IUIOIAJY ABYX HIDKHUX paBHH 15. Ms-
BecTHa Tabiuyka ¥ ¢ pa3bueHueM Tpaneluy Ha TPU Iaphl paBHOBEIH-
KuX Tpanernuii. CoryiacHo 3aade 1 JUIMHB OCHOBAHUM Tpanenuii B TAKUX
pasbueHusax 06pasyoT MOCIeA0BaTeNIbHOCTb X1, Xg, ..., OBJIAJAIONIYIO
TeM CBOMCTBOM, 4TO x? + x% = 2x2, xZ + xZ = 2x7 U T. A. B pesyabrare
MBIl IIPUXOAWM K 3ajade IOCTPOEHHUA IOC/IeJ0BaTeJlbHOCTH BaBWIOH-
CKUX TPOEK, B KOTOpOIl Haubosbliee YUCIO KaXJ0H TPOHKM coBNajaeT
C HaUMEHBIIUM YUCJIOM Clefylolled 3a Hel TpoHku. J|isi mocTpoe-
HHUA TaKOH IOC/IeZ0BATEeIbHOCTH PAaCCMOTPUM CHayasia I1oc/eZloBaTelb-
HocTh mudaropoBrix Tpoek ((n + 1)2 —n?, 2n(n + 1), (n + 1) + n?);
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eif COOTBETCTBYeT IOC/IeZ0BaTebHOCTh BaBHWIOHCKUMX Tpoek (2n? — 1,
2n4+2n+1,2n°24+4n+1). Tak kak 2n®*+4n+1=2(n+1)*>-1, o0
3Ta MOoCJeJ0BaTelbHOCTh 061afaeT TpeGyeMbIM CBOMCTBOM. [Ipu aTOM
MBI TTony4yaeMm Tpoiku (1, 5, 7), (7, 13, 17), (17, 25, 31), (31, 41, 49),
(49, 61, 71), ... [locienoBaTeNbHOCTb NIPOAO/DKAETCSA U AaJbIlie, HO MBI
OTPAaHUYWINCH IEepPEeYUCIEHUEM JIUIIb TeX TPOEK, KOTOphle AeiCTBHU-
TeJIbHO BCTPEYalOTCs B BaBWIOHCKUX TablIM4YKax.

IIpssMOyTO/IbHBIE TPEYTOJbHUKH

BaBuIoHCKHMe TaGIMYKHU COAep)XaT MHOIO 3aZa4d O IPAMOYTOIbHBIX
TPEYTOJIbHUKAX, UCIIOIb3YIOMMX TeopeMy [Iudaropa. VIx pelneHus CBU-
JETEIBCTBYIOT O TOM, 4TO 3Ta TeopeMa ObUia U3BeCTHA B BaBuIOHe 3a-
gonro fo poxaenus [Tudaropa. PeureHus, mpaeja, He Bcerga BepHbIE.
Hanpumep, runoreHysa z MpsMOYTOJbHOIO TPEYTOJbHUKA C KaTeTaMH
x =34 y =4 B ogHOl TabiuyKe BBIMUCIIAETCA Cpasy AByMs criocoba-

Y X o
MU z=x+35uz=y+3. O6e dopMysbl ZAIOT BEpPHBIN pe3y/bTaT,
HO JIMIIb B 3TOM YacTHOM ciydae. OZHAKO B PeLIeHMAX APYTUX 3ajad
TOM )Xe caMo¥i Tabinu4ky TeopeMa ITudaropa npuMeHsieTCsa BEpHO. Yxe
B Cylefiylolleld 3a/jauye KaTeT X NPSIMOYTOJIBHOIO TPEYTOIbHUKA CO BTO-
PBIM KaTeTOM Y = 4 U TMIIOTEHY30i z = 5 BHIYHC/AETCA MO Gpopmysie
x=14/22—-y2

Bo MHOrMX BaBWIOHCKMX 33Zlayax O IIPIMOYTOJIBHBIX TPEYTONbHH-
KaX 3aZjaHbl IBe BEJIMYUHEI (CyMMa WX Pa3HOCTb KaTeTOB, CyMMa HJIH
Pa3HOCTb KaTeTa ¥ TUIOTEHY3bl, CYMMa BCEX CTOPOH, ITPOU3BeJEHHE Ka-
TETOB) U HY)XHO ONpeAeNUTh AJNHB KaTeTOB. PACCMOTPUM HECKOJIBKO
TaKUX 33ja4, o603Hayas KaTeTHl NMPSAMOYTOAbHHKA OYyKBaMU X H Y, a
TMIIOTeHy3y 6yKBOH 2.

3azaua 6. BepmukanibHo cmosawasn pelika 8038bluiaemcst Ha0 cmeHotl
Ha 3 nokms. Ecau eepxHull koHely peliku onepembs HA 8epX CMeHbl, MO
HUXCHUIl KOHey omodsuHemcst om cmewbsl HA 9 nokmell. Haiimu dnuHy
peliku u 8blcomy cmeHbl.

B 3Toi#1 3afaue JaHbl BeIUYUHBI d = 2 — ¥ ¥ a = x. TpeGyeMble BeIu-

(@®+d*/2
YUHBI 2 ¥ Y BBIYUC/IAIOTCA B Tablauuke 110 popMmy/aM z = —g u
¥ =1/ 2% —a?, KareT y MOXXHO BBHIYUC/IUTD Ipoie: ¥y =z — d. Belpaxe-
HUE U1 2 MOXXHO MOJMYYUTh CIeAYIoUMM o6pa3oM. CIOKHUB paBeHCTBa
a?=x?=22-y?’=(z-y)(z+y)=d(i+y) ud*=d(z — y), nony4a-
eM a? + d? = 2dz.

M3BecTHa Takke 3aZjaya, B KOTOPOil BMeCTO BEJIWYUHBEI d =2 — ¥
JaHa BeJuduHa b = z + y. DTy 3aia4y MOXXHO PELIMTDb aHAJOTMYHO: CJIO-
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2 2
a‘+b
XuB paBeHcTBa a’> = b(z — y) u b?> =b(z + y), nonydaem z = 5
2 2
B raGmuiKe, npaja, CHava/a BHIYUCIACTCA y = ——, a 3aTeM BBIYHC-

agerciz=b—y.
3agaua 7. [lanst 8eauuunsl X +y + 2 =a u xy = b. HyxcHo Halimu x.
[l peLieHUA 3TOM 3aZayvl BO3BeJEM B KBaJpaT 0be YacTH paBeH-
cTBa X + y =a — z. B pesysnbraTe nonydum x2 + 2xy + y? =a? — 2az + z°.

2
a’—2b .
Yuuteisas, uto x? + y? = 22 u xy =b, nonyuaem z = ~—_=. B ozHo#i u3

Tabmuuek chOpMYyTMPOBaAHO 0O6IIlee MPABIUIO AJI BEIYHCIEHH 2 110 JaH-
HBIM a U b. DTO BecbMa peZiKuii CIy4aii; OGBIYHO pellieHHe B TabGIMYKax
MIPUBOJMTCA JJI1 KOHKPETHBIX YHCeJl.

b
3ameuanue. Popmyna z = —5-=— =5 — . KBUBWIEHMHA MOKIe-
b_ S .
a=p— paduyc 8NUCAHHOL

cmey z=p —r, 20e p—nojynepumemp, r =

OKPYXCHOCMU NPAMOY20/1bH020 Mpey201bHUKA.
3azayu 0 NPAMOYTOJBHBIX TPeyroJbHHUKAaX 4acTo NMPUBOAWIU K CHU-
cTeMaM ypaBHeHUH C JByMs Heu3BeCTHBIMU. Eciu 3agaHo mpousBeze-
HUe KaTeTOB U X CyMMa WIH pasHOCTh, TO ITOJIy4aeM CHUCTeMy ypaBHe-
HUI BUZA
xty=aq,
xy =b.

a a
PellieHVsI TAaKUX CUCTEM HaXOAWWIH I10 IPaBWIy X=5+W U y==% (5 —w) R

2
rae w = \/ (%)ZZFb.

PellieHUs CCTEM ypaBHEHUI BUJa
x> +y?=a,
x+ty=b>b
b b a b2
HAXO/WIV 110 IPaBHIY X = 5 + W ny=:l:(§ —w), mmew=4/5-(3) -

B oaHOI#1 113 TabIM4eK BEIYHUCIEHBI IUIOIAAN IPaBUIbHBIX ATUYTOJIb-
HUKa, HIECTUYTOJMbHUKA U CEMHYTOIBHUKA CO CTOPOHOM 1. TTo-BHUAMMO-
MYy, IUTOLIAAh S,, IPaBWIBHOTO N-YTOJIbHUKA CO CTOPOHOM 1 BHIYMCIIANACH

o ¢popmyse .
Su=15Vn2-9. (1.2)

d1y (npubmmxéHHy0) GopMyIy MOXKHO NOJYYUTh C TOMOLIBIO Teope-
mel [Tudaropa ciegyrouum obpasom. [IycTe a, — CTOpPOHA NIPaBUWIBHOTO
n-yrojabHUKa, h, — pacCTOsIHUE OT LIeHTpa ONMUCAHHON OKPYXKHOCTHU O
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CTOPOHHI, d — ilaMeTp ONKUCaHHON OKpy>XHOCTH. TorAa

ORI

JlTMHY OKPY>KHOCTH CYHTaNU paBHOi d /3. Ec/ii AJTMHY OKPY>XHOCTH CUU-
TaTh PaBHOH nd,, To Hpu a, = 1 noayuum d = n/3. Eun noacraBuTh
B (1.3) 3Hauenus a, =1 ud =n/3, To nonyuum (1.2).

Tabauuka 322 ILTMMIITOHA

B komrekuuu /pxopmxa ILtumnroHa moj HomepoMm 322 6buta 3a-
perucTpUpOBaHa OYeHb UHTepecHas IMIMHAHas Tabiudka, Aatupyemas
1800 rozoM Ao H. 3. B Hell mpuBeAeHHI YeThIpe CTOIOLA YHCEN, TPUIEM
HOCJIeAHYUE TPU CTONOLA B IPUBBIYHOM HaM AeCITHYHOM 3anucy (rmocie
HCIIpaBJIeHUsA HeCKOIbKUX OIMO0K WIN ONKUCOK) BHIIJIAZAT CI€AYIOIINAM
obpasoM:

119 169 1
3367 4825 2
4601 6649 3

12709 18541 4
65 97 5

319 481 6
2291 3541 7

799 1249 8

481 769 9
4961 8161 10

45 75 11

1679 2929 12
161 2890 13
1771 3229 14
56 106 15

Yuciia He IPUBEJEHHOTO 3/1eCh IEPBOrO CTONOLA TabIMYKY HOJIy4e-
HBI CJIeAyrouM o6pa3oM. O603HAYMM YHC/Ia BTOPOTO U TPETHETO CTON6-
0B (T. €. IEPBOrO U BTOPOTO CTO/I6IOB NPUBEAEHHON HaMH TabIUIIB)
6ykBaMHU b U ¢ COOTBETCTBEHHO. B mepBoM cTO/6LE 3amMCaHBl YHCIa
c?/a?, rae a® =c? — b2,

Jlerko 3aMeTHThb, YTO B TabJM4YKe 3alMCaHBl Yucjaa NrdaropoBbIx
TpOeK, TIpuYéM BelnuuHa c2/a® (a 3HA4uT, ¥ BequuMHa b/a) M3MeHs-
€TCs CTPOrO MOHOTOHHO. KpoMe TOTro, IpOCTHIMM JeTUTENIAMU YUCes d
ABIAIOTCS ULb 2, 3 U 5. Yncaa Buga 2K - 31 - 5™, e k, | 1 m — uessle
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YKCIa, XapaKTEPU3YIOTCS TEM, YTO COOTBETCTBYIOLME UM IMIECTHAECH-
TepUYHBIE ApOOY KOHeuHHI. Bce mudaropossl Tpoiiky Hamiel Tabiauibl
MOJIY4YaloTCA C IOMOIIBIO YHCes TAaKOTo BHZA CeyIoIuM obpa3oM. Js

MOJIyYeH!s TEPBOi TPOMKY HYXKHO B3AThb JpOOb % U PacCMOTPETh YUC-

12 5 119 12, 5 _ 169

T " 12= 60 U5 T 132 = go - AlA NONyYEHHs OCTANLHEIX TPOEK
HY)XHO B3ATD C/IAYIOIIHNeE APOOK: 5o, 35, 54> 2> 07 257 157 127 407 2
48 15 50 9
25’ 8’27’5
Bostee TOro, B yKa3aHHBIX IpeJieIax HeT ApyTHux Apobeit Buaa 2 - 3F . 57,
3HaMeHaTeJId KOTOPhIX MeHblile 60.

Haubosee mpaBzonofo6HO ciexyioilee OOBSICHEHUE NPOUCXOXKIE-

OTH Apo6U MOHOTOHHO YOBIBAIOT OT % =2,4 10 = 1,8.

2_}H2
HuA Tabmaxy 322 Thiumnrona. Tak Kak (5—9) (£+9)=C 2b =1,
c,b c b_1 c_1 ala l;l il la
TOE+E=t,E—E=?.H03TOMya=§(t+?)I/Ia'=§(t—?).yBa-

BIWIOHAH 6bUIM TaOMUYKK 3HAYEHHMI OOpAaTHBIX BEMTUYUH LIEJIBIX YKCEL.
ITH TabIUYKY MOXXHO OBbLIO HCIIONb30BaTh Ui BHIYMCAEHUS 3HAYEHUH
t=rs"'utl=sr"! raer us—unensle uucna. Kak MBI yXe TOBOPHIIH,
T TIONy4YeHUsT KOHEYHBIX IMIECTHAECITEPUYHBIX Apobeil HY)>XKHO ObUIO,
YyTOOBI YHCIA S U I' UMEJIU BHUJ, 2k.3l.5Mm Yycna B Tabmuxe yZAOBJIe-
TBOPSAIOT YCJIOBUIO b < @; [JIA TONOXUTENbHBIX t 3TO YCIOBHE MOXHO
3alucathb B BHUJE t2—2t—1<0, T.e.1—+v2<t<1+ v2. B namem
clydae ocTaéTes orpaHudeHre 1 <t <1+ +/2. Yucaa B Tabimiuke MOX-
HO OXapaKTepU30BaTh Kak Bce MU(AropoBsl TPOMKH, COOTBETCTBYIOIILE
qUCIaM t = Sr, TAe S ¥ r — neJble uicia puga 2 - 30 5™ npu4yém r < 60
n9/5<t<1++2.

OKpyXHOCTB

OaHolt U3 3aay, CBA3aHHBIX C OKPY>KHOCTBIO, SIBJIIETCA BEIYUCIEHHE
JUIVHEI S XOpJBI IIPY 33/IaHHBIX AviaMeTpe d U BHICOTE a CerMeHTa, OTce-
KaeMmoro xopzoii. ITpumeHuB TeopeMy [Tudaropa k TpeyronbHuKy OAB
(puc. 1.14), nonyyaem s2/4 =R%? — (R — a)?, T.e.

s=1/4R2 — (2R — 2a)% = V/d? — (d - 2a)2.
B Tabiuykax AJMHA XOpAbl BEIMUC/IAETCS UMEHHO 10 3TOH dopmyite.
* * *

C OKpYKHOCTBIO CBAI3aHa BeChbMa JII0OONBITHAA, XOTA U 04eHb rpybas,
npubmoxénHas dopmyna S = L?/12, rae S — mwiomazap Kpyra, L — aivHa
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Nl N

s/2 |B
R R—a

3
(0]
Puc. 114

OKpY>XHOCTU. B BaBmioHe uconb3oBanach Takke ¢opmyna L = 3d, rae
d — iuamerp.

TIpoucxoxaenue dopmynsl S = L2/12 HenoHATHO; y Heé HeT reo-
MeTpUYecKol HamgHOCTH. B craThe [38] 3aiizeH6epr BHIABUHYI ABE
TUINOTE3bl O IPOUCXOXKAEHUM 3TOi dopmynsl. KoMOUHUPYS BCTpedaro-
mueca B Tabnauykax GopMysl S = L2/12 u L = 3d, MOXHO MOTYy4HTb
dopmysbl S =Ld/4 u S = 3d?/4. 3alizeH6epr NO3TOMY CYMTAeT BechMa
BEpOATHBIM, YTO HHTepecylouas Hac ¢popmysa Gpuia IoIydeHa IoACTa-
HOBKOI1 BhlpaxkeHus d = L/3 B ogHy u3 aTux $popmyi. [IpeanoyreHuie oH
otAaéT popmysie S = Ld/4 mo ciaeayomuM NpuIrHaM:

1. 3ta dopmysa B oTIMYHE OT BCeX OCTANbHBIX ToYHas. (OHa cBsizaHa
C IIpeZicTaBjieHEeM KpyTa B BUZie 06 beArHeHNs 6eCKOHeYHO MaJIbIX paB-
HOOeZIpeHHBIX TPEYTONBHUKOB C BEPUIMHAMU B €T0 LjeHTpe.) B atoM city-
Yae CTaHOBUTCS ITOHATHHIM CIIOKOIHOE OTHOIIIEHHE BaBIIOHCKUX MarTe-
MaTHKOB K CTOJIb 'pybOMy IPUOIIKEHUIO, KaK TT & 3.

2. B oAHOI U3 BaBWIOHCKUX TablM4yeK IUIOWAAb IMOJIYKPYyTa BBIYUC-
JIfieTcA KaK 4YeTBepTh NPOU3BeeHU JJIMHBI JYyTH NOIYyKpyTa Ha ero Aua-
MeTp.

JlUIMHa OKpPY)KHOCTH U IUIOLIaZb KPyTa BHIPAXKAIOTCA Yepe3 AuaMeTp
dopmynamu L = 7t;d u S = 7,d?%/4. BBUTO M BABHIOHCKMM MaTeMaTH-
KaM U3BECTHO, 4TO 7, = 7,? [Ipubmxénnaa gopmyna S ~ L?/12 ak-
BUBaJIEHTHA PaBEHCTBY T,d /4 ~ n%dz/lz, T. €. nf = 37m,, U3 KOTOPOro
HUKaK Hejb3sl cAeNaTh BBIBOJ O TOM, YTO 7; = My. HO cOoOTHOIIeHMe
S = Ld /4 cpasy ke IPUBOJUT K PaBEHCTBY 7T; = 7T,. I103TOMy BaBHJIOH-
CKHe MaTeMaTHK{ MOIJIM IOHUMaTb, YTO TT; = Ty.

O06BEM yCeYEHHOM MUPaMHU/BI

B ozHOI1 U3 BaBIWIOHCKMX TabJIiyeK IpUBEAEHO BEIYUCIEHE 00bEéMa
yceuyéHHOH NUpaMUAbI C KBaJpaTHBIMU OCHOBaHUAMU. MeToj pa3pesa-
HUA Ha YacCTU IO3BOJSIET HAaWTH OOBEM He J1060i mMUpaMuAbl, MO3TO-
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My BBIBOZA GopMyssl 06béMa NHUpaMUAHI B 00IIeM ciydae TpebyeT mpe-
AenbHOro nepexoga. Ho BEIYUCIUTD 06BEM HEKOTOPBIX TUPaMUZ MOXKHO
nyTéMm paspe3aHus Kyba. Hampumep, ky6 MOXXKHO pa3pe3aTtb Ha IHECTb
PaBHBIX IMMpaMu/J, B3sIB B KauecTBe UX OOIIeil BepIIUHBI LIEHTP Kyba,
a B KauecTBe OCHOBaHUM — ero rpaHu (puc. 1.15). B atux nupamuzax

Puc. 115

YTOJI MeX/Y IUIOCKOCTSIMU GOKOBBIX I'paHell U IUIOCKOCThIO OCHOBaHHS
paBeH 45°. B TabiuKe BHIYMCIEHHS TPOU3BOAATCA AJIS YCEUEHHOM ITH-
paMuZbl IMEHHO C TaKUM YTJIOM MeXJy G0KOBBIMU IPaHIMH U OCHOBA-
HueM. TabJIMYKy ¢ BEIYUCIeHHeM 00bEMOB JPYTHX TUpaMH/ He U3BECT-
HBI, TO3TOMY HET OCHOBAHUI ZleslaTh BHIBOZABI O TOM, YTO BaBIJIOHCKUE
MaTeMaTHK{ YMeTU BBIYUCIATh OOBEM 000 MUpaMU/HL.

TekcT MHTepecylollell Hac TabGIWYKU, K COXaJIEHUIO, UCIOpYEH B
O4YeHb BaXXHOM JIf1 pacmin$poBKU MecTe. B 3azave Tpebyercss HalTU
06b€M, BEepOATHO, BOJOXPAHWIHINA, UMeIolero ¢popMy yCedEHHOM ITH-
pamMuZbl ¢ KBaZpaTHBIMU OCHOBAaHHMAMM, IPUYEM H3BECTHBH CTOpPOHA
BepxHero (6osbirero) ocHoBanus a = 10, BbicoTa mupamuzabl h = 1,5
(cropoHa M BBICOTA 33aJaHbl B pa3HbIX e€AUHUIIAX U3MepeHHUd, U pe-
nieHre HadyWHaeTCsl C TOro, YTO BHICOTA NPUBOJAUTCSA K TEM XXe eJu-
HHUI]aM M3MepeHUs], YTO U CTOPOHA) U «HAKJIOH» 1, COOTBETCTBYIOIIMI
yry 45°. CTropoHa b Apyroro oCHOBaHUs BhIMHUCIAETCA Kak 10 —3 =7,

T.e. b =a — 2h. 3arem GepércA BeJMYHUHA 177 =38,5, T.e. #. dra

BeJIMYMHA BO3BOAUTCS B KBaZpaT; NOJIy4aeM 72%. 3aTeM C BeJIUYH-
a-»o
2
MOTy4YaeTcs % Ho kakas UMeHHO omnepanus, HENOHATHO, IIOTOMY YTO
TEKCT HcropyeH. [To IOBOAY TOrO, YTO AeNaeTcsa B TabIHYKe C BEJUYH-

noit 2=
2

HOM NIPpOU3BOAUTCA HEKOTOpAaA olepanud, B pe3yjabTaTe KOTOpOfI

b
, €CTb IBaA MHEHHA. CorsiacHO OAHOMY MHEHUIO, BBIYUC/IAETCA
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1 a b 1 (3\2 3
BEIMYMHA 3 - =3'\3) =3 B sTOM Cilydyae MBI NOIy4aeM

BEPHYIO ¢0PMYJIY
v=n[(552)"+3(55)’)

HO TakKO€ TOJIKOBaHHE He O4Y€Hb XOPOUIO coriacyeTca C OCTaTKaMI/I TEK-
-b _ 3
cra. CorsacHo APyTroMy MHEHHIO, BbIYHCIAECTCA BeJIWYHMHA —(F— =

4 %
B 3TOM ciTyyae MBI TOJIy4aeM 6eCCMBIC/IEHHYIO GOpMYITy

V:h[(a+b a-— b]’

HO TaKoe TOJIKOBaHUE BCE >Ke HeJb3sl UCKJIIOYUTD.
dopmyna A1 BRMUCIEHUS 0O0BbEMa yce4éHHOM NUpaMHZBI MOIVIA

a+b
OBITH IIOJIyYeHa, HalpUMep, CJIeAyIoIuM obpa3oM. Ciaraemoe h 5
COOTBETCTBYET, CKOpee BCEro, llapasulejleNuIie[ly C BEICOTOH h, OCHOBa-
. a+b .
HHEM KOTOPOroO fBJIeTCA KBaApaT CO CTOpoHOU —5—. Takou mapai-

2
Jesenunes o6pasyloT IUIOCKOCTH OCHOBaHUN yCe4éHHOUN mUpaMuzbl U

IUIOCKOCTH, IPOXOJSINUE Yepe3 cpeJHUe JUHUM OOKOBBIX rpaHeid (ko-
TOpBbIe ABJISIOTCA TPaNelusaIMU) ITepIeHAUKYIIPHO IUIOCKOCTSAM OCHOBA-
HUI. PaspexeM yceuéHHYI0 MUpaMUAY 10 3TUM IUIOCKOCTSAM. B pe3syib-
Tare IOJyYUM YeTHIpe IMHpaMHJHI, YeThIpe NPU3MBI U ellé HEKOTOPYIO
¢urypy (puc. 1.16). Eciiu ke ¢urypy nonetaTbcs ZONOTHUTD IPU3MaMU

Y
7

7

Puc. 116

[0 Tapajulesienunesa, To MPU3MBL TIEPEKPOIOTCS, MPUYEM MX OBIIMMU
yacTAMU OYAYT 4eTblpe TaKue Ke NMUPaMHUZbl, KaKue ObUIH IOMy4eHBI

paHbLIE. BrICOTHI Yy BCe€X NIHWpaMy/i paBHbI 7, @ OCHOBAaHHUA ABJAKTCA

. a—b .
KBa/IpaTaMH CO CTOPOHOH ~——. CyMMa 06bEMOB 3TUX TMpaMU/, paBHa
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8 hfa—b\2_ h(a—b)2 ) )
330" % =33 , Ipr4éM GOpMyITy s BEIYUCIEHUA 00BE-

Ma TaKuX MUPaMUJ MOXXHO NOJTYYUThb IIyTEM paspe3aHus Kyba.

ApupMeTHYECKHE U TeOMETPUYECKHE NIPOTPEeCcCHH

BaBWIOHsIHE 3HAIM MPABIIO CYMMHPOBAHHUA n WieHOB apudmernye-
CKOM IIPOTPeCCUH Ay, Ay, ..., Ayt

Sn — a; ;an

B BaBWIOHCKUX Tabinukax [II—II BEKOB 10 H. 3. BCTpPeYyaloTcA 3aZjauu
C CyMMHpPOBaHHEM WIEHOB l'eOMeTpPUYECKON IIPorpeccuy, Hanpumep, 1,
2,22, ..., 2%

Hau6osee 3aMeyaTeNbHO IPABHIO BHIYUCIEHHUs cyMMBl 12 +22 + ...
...+ 10%. Ho oHO BcTpeyaeTcs yxe MOC/Ie TOro, KaK CyMMBbI KBaZ[paTOB
HayYWICA BBHIYUCIATh ApXUMeJ, 1 HEH3BeCTHO, ObUI JIU IOJNydYeH 3TOT
pesyJbTaT He3aBUCHUMO.

3akaodyeHHe

MartemaTuka B J[peBHeM Erumnre u BaBwioHe He 6bUIa JeIyKTUBHOM
HayKOH, KaK BIIOCIeACTBUU B penyu. OHa MMesna ZorMaTuyeckuit xa-
pakTep, YTO OTPaXKajo aBTOPUTAPHBIN CKJIaJ MBIIUIEHHUA B JeClOTHYe-
CKHX U XKECTKO HepapXHUiecKUX rocyAapcTBax. MareMaTukaM He HY>KHO
65UTO YOeXAaTh APYTUX B UCTUHHOCTHU X IPaBWI U METOZAOB, HUKTO C
HUMU He criopwl. CTaHOBJIeHHE U pa3BUTHE MaTeMaTHKU KakK JeAyK-
THUBHOM HayKu cBsi3aHO c JlpeBHel I'perjueil, e 1o MHOIMM BOIIpocaM
TIPOUCXO/VUIH JXapKue cropsl GHIocodoB.



I'naBa 2

JApeBHAa I'penua

Pa3BuTue MaTeMaTHKH B JIpeBHell ['periuu Havanock B Masioit A3uu,
B MOHUHCKUX ropogax. ®anec MuwieTckuil HCIbITaA 60IbLIOE BIUSAHUE
MmareMaTuku JlpesHero Erunrta u BaBuioHa, KOTOpbe OH IOCETHI BO
BpeMsA CBOMX IyTelleCTBUM U KyZa OH yXe B CTapOCTH COBETOBAJ IIO-
exaTb 10HoMYy [Tudaropy. B nocyeayromneM pasBUTHN BOXXHEHIIYIO pOJb
urpaia nudaropeiickas MKojia, OCHOBaHHas B TaK Ha3blBaeMoii Bemu-
kot I'pentuu (tor Mrtanuu, rae B TO BpeMA GbUTA MHOTOYMCIIEHHBIE Tpe-
yeckue KOJIOHUH). 3aTeM LeHTp cMecTwIcA B AQUHBI, B IIKOJE! [L1aToHa
U ApuctoTend. A nocieaHsasa CTajus CBA3aHa C ropogoM AjieKcaHJpHUs
B Erunre; nocie 3aBoeBaHuil AjsiekcaHgpa MakeJOHCKOTO 3TOT rOpOZ
HaxoAwicsa B cdepe BIUAHUA IpedecKol KylbTyphl. U 34ech cHOBa rpe-
Yyeckas MaTeMaTHKa HCIBITHIBaeT 60JIbIIOe BIUIHUE MaTeMaTHKH JIpeB-
Hero Erunta u BaBuwioHa (OueHb BeJMKO OBUIO TAaKKe BIUSHHE BaBU-
JIOHCKOHN aCTPOHOMHUU).

C/10BO «MaTeMaTHKa» IpedecKoro NpouCcXoXAeHusa. B coBpeMeHHOM
3HaYeHWH OHO BCTpedaeTcs BlepBble y Apucrorend. Emeé y ero yuure-
s [naToHa 3TO CJIOBO O3HAYasIo JI060i BaXKHBIM IpeAMeT U3y4eHHUs.
B nuainore «['ocysapcTBo» [L1aTOH cuMTaeT I7TaBHOM MaTeMaTHKOM Helo
Bora. Ho B «3akoHax» OH FTOBOPUT, YTO €CTh TPY MaTeMaTHKH, Harboiee
MOAXOJSAIINX CBOOOJHOPOXKAEHHOMY: apudMeTHKa, HayKa nsmepelmﬂ
(reomeTpuA) U aCTPOHOMHUA. DTO yKe BecbMa GIU3KO K COBPEMEHHOMY
CMBICIIY CJIOBA «MaTeMaTHKa». Takoe yroTpebieHHe 3TOro CI0Ba CBA3a-
HO ¢ nudaropeiickoi LIKOJIOH, MHOTHE NpeJCTaBUTENU KOTOPOH GBUTH
Apy3bamu I[LnatoHa. [Tudaropeiinsl Ha3pIBaIM MaTeMaTUKaMU TeX, KTO
ITybOKO YCBOWI HX y4eHHe, OCHOBHYIO YacTb KOTOPOI'O COCTaBJsIa
MMEHHO MareMaTuka B COBpeMeHHOM cMbicie. [lociesoBarenu Apu-
CTOTeNs OOBACHAIN 3HayeHHe CJIOBa «MaTeMaTHKa» TaK. PUTOpUKy U
MO33UI0 MOXET TIOHMMATh U TOT, KTO UX CllellMa/JbHO He usy4aJ. A npez-
MET, Ha3bIBaeMblii MaTeMaTUKON, MOXeET IOHATHb TOJIBLKO TOT, KTO €ro
NpeBapyUTeNIbHO U3YUWIL.

I'pedecKylo HayKy 4acTO M300pakaloT YHUCTO TEOPETHYECKOH, Jané-
KOH OT NIPaKTUKHU U OT HabioZeHUuH. DTO HeNpaBWIbHOE IIpeACTaBie-
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Hue. Hanpumep, acrpoHoMuYeckiie HabIi0feHUs TPOBOAWINCH O4Y€Hb
TIATeJTbHO. B 4acTHOCTH, GBUIO OTMEYEHO JIYHHOE 3aTMEHHe B TaKOi
MoMeHT, korzia ConHile u JlyHa HaXOAWINCh HaJ TOPU30HTOM (6bUTH BU-
JVIMBI). 3TO IPOTUBOPEYIO O6BICHEHUIO JIYHHBIX 3aTMeHMit (JIyHa mo-
maziaeT B TeHb, oTOpackiBaeMyto 3eMi€it). Hag aTuM sABIeHHEM rpeye-
ckue GU3MKU U MaTeMaTUKU JOJIro AyMalu. Bo3MOXXHO, UMEHHO U3-3a
Hero Anakcarop (496—428 10 H.3.) U HEKOTOphle Jpyrue CYUTAIU, YTO
ecTb Apyrue HebecHble Tesla, KOTOpble MHOTZA BHI3BIBAIOT JIYHHBIE 3a-
TMeHuA. [IOTOM HalUIM IIpaBIIbHOE OOBsICHEHNE: B A€ HCTBUTENBHOCTH
CosHIle HAaXOAUTCS HIDKe FOPU30HTA, HO M3-3a IIpeJIOMIeHHUs Tydeli cBe-
Ta Ka)keTcd, YTO OHO HaXOAUTCA BhILIe TOPU3OHTA. B cBA3Y ¢ 3TUM IIpU-
BOZWIM ONBIT C NYCTHIM KyBHIMHOM M KOJIBLIOM, JIeXKalllMM Ha ero JHe.
CHauasia KO/IbLI0 HEBUAUMO, HO 1OC/Ie HaJuBaHKA BOZbI B KyBIIMH OHO
CTAaHOBUTCS BUJUMBIM.

TpyZHO NpOC/IeANTD, KaKie UMEHHO O0OCTOATENbCTBA IPUBEIU K TOH
CTPOTOCTH pacCy>kJeHHl, KOTOpOH NpUZAep)>XUBATHICh JpeBHerpeyeckue
MareMaTHKU. CTPOroCTb UX PACCYy>KAEHUHN — sIBIeHHEe UCKITIOYUTENbHOE.
Korza zpeBHerpeveckas Hayka yracjia, 3Ta CTpOrocTb ObU1a yTpaueHa Ha
JBa THICAYENEeTHA, U BO3BPAT K ApeBHerpe4eckoi CTPOroCTH paccyxze-
HU npousomén aunib B XIX B.

danec Muwiaerckuii (624—546 10 H.3.)

OHUM U3 MEepBHIX JpeBHErpedeckux reomeTpoB 6pu1 Pasec, KoTo-
PHIH pomwics B ropozie Mwiere B Masoit Asuu. ®anec MuneTckuit MHO-
roe nepeHsu1 u3 reomerpuu Erunra u BaBwioHa Bo BpeMs CBOUX IIyTe-
mecTBui. M3BecTeH pacckas O TOM, YTO OH BBIYUC/IWI BHICOTY eruIier-
CKOM IMTUpaMHZbl, U3MePUB e€ TeHb B TOT MOMEHT, KOr/la ZI/INHA TeHU, OT-
6pacrIBaeMOi IIpeAMeTOM, paBHa JUIMHE caMoro npeaMera. Tak mUunryT
paHHue uctopuku. Ho IlmyTapx (kuBLIMI y)Xe TOpaszo Mo3xe) NMUIIET,
yro dajiec Ipy 3TOM U3MEPEHHH pacCMaTPUBaJl IOAOOHbBIE TPEYTONbHU-
KM ¥ TIPUpaBHUBAJI OTHOIIEHHUS COOTBETCTBEHHEBIX CTOPOH. JTO, CKOpee
BCEro, IpocTo AOMBICIHI [LtyTapxa.

Opunaxabl Panec, mpeABUAA GOJIBIIOHN YPOXKaidl OJIMBOK, B3I B HAéM
BCe MaCJIOJABIWIbHU U, CTaB paKTHUYEeCKMM MOHOIIOJMCTOM B U3rOTOBJIE-
HHUH OJIMBKOBOT'O Macjia, HaXKIWI LieJI0O€ COCTOSTHHE. :

U3BecteH paccka3 I'epozoTa o ToMm, uyro ®Pajec npesckasasn ComHed-
HOe 3aTMeHue (COBpeMeHHBIe HCTOPUKH I10JIaraloT, 4YTO pedb UAET O COJ-
HEeYHOM 3aTMeHUH 585 roga Ao H. 3.). [Ipeacka3aHue COTHEYHOTrO 3aTMe-
HUA TpebyeT MHOrOJIETHUX acCTPOHOMHUYECKUX HaOIIOZeHUH, ITO3TOMY
®dastec JOMKeH GBUT XOPOILIO 3HATh BABWJIOHCKYIO aCTPOHOMUIO.
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CuyuTaercs, 4ro dajec OTKpBLI CJIeAYIOIIHEe reoMeTpudeckre GpaKThI:
1) AvaMeTp JeNUT KPyT IONOJIaM; 2) YIVIBI P OCHOBaHWM paBHOOex-
PEHHOr'0 TpeyroJibHUKa paBHBI; 3) YIVIBl MeXJy AByMs IlepeceKaloliy-
MUCS IPSIMBIMU PaBHBI; 4) eI CTOPOHA U IpWIerapliye K Hell yIibl
OZHOI'O TpeyroJbHUKA paBHBI CTOPOHe W INpWIEeralollUM K Hel yriam
JAPYTOro TPeyroJbHUKA, TO TaKue TPeyroJbHUKU PaBHBI; 5) BIIMCAHHBIM
yToJI, onuparomuiica Ha JuaMeTp, IpAMOH.

Coob6ienue Ilpoxia o ToM, uro dajec nepBbIM AOKa3aj, YTO JUa-
MeTp AeJUT KPYT IO0II0/aM, IBITAJUCh OCIIOPUTh MHOTHE UCTOPUKHU Ma-
TeMaTUKU. JTO NpejioXKeHUe He JoKasbIBaeTcsa Aaxke y EBkiuza, u eciu
Qajiec cyuTax HEOOXOAMMEIM JIOKA3bIBaTh TaKWe OYEBH/HBIE BellH, TO
9TO O3HayaeT, YTo MaTeMaTuka dajeca obazana CTPOroi JOrHYeCKOH
cTpykTypoit. Ho co cBuaeTennctBoM [Ipokiia, KOTOpOMY GBUIH JOCTYII-
HBI yTepsiHHEBIE BIOCJIEACTBUY MCTOYHUKH, CIIOPUTH TpyAHo. Panec 3a-
CJIy’KeHHO II0JIb3YeTCsl CIaBOM 4esioBeKa, KOTOPBIH BBEJI B reOMETPUIO
JloKa3aTeJbCTBA.

B crmucok reoMeTpuueckux GpakToB, OTKPHTHIX dasecoM, BKIIOUYEHO
JIMIIb TO, O Y€M eCThb HelloCpe/CTBEHHBIEe CBU/ETENIbCTBA JpEBHErpeye-
CKMX MCTOYHHUKOB. B HEM OTCyTCTByeT TeopeMa, KOTOpas B IOCIeAHHe
JeCATWIETHS Ha3bIBaeTCsA Y HaC BO MHOTHX IIKOJIBHBIX ydeGHUKaX Teo-
pemoii daseca, a 10 Toro 6e3 crenuaJbHOTO Ha3BaHUA BXOAKMIA OOBIYHO
B pasgesi «Te0peMbl O IPONOPLIMOHATBHBIX OTpe3Kax». HeKoTopele UCTO-
PUKHM MaTeMaTUKH, OCHOBBIBasACh, B YAaCTHOCTH, Ha KpailHe COMHUTENb-
HOM cBuzeTesnbcTBe [ltyrapxa, penntu, yto Panec Mor 3HaTh Teope-
My, IPUIIHNCHIBAEMYIO €My LIKOJIbHBIMU y4yeOHUKaMu. [103TOMy TepMUH
«TeopeMa Paseca» IOMy4Yw1 pacipocTpaHeHHe B Halllell cTpaHe U OTYa-
ctu Bo ®paHiuy, HO He B AHIVINY U He B I'epmanun. TouHee roBops,
Ha aHIJIMHCKOM s13bIKe TeopeMoi ®Pajieca 0GBIYHO HA3BIBAIOT TEOPEMY O
TOM, YTO BIIMCAHHBIN yT0JI, ONUpaoIIKiica Ha AuaMeTp, IIPSIMOii.

dajseca, Korga OH yXe ObUI CTAapUKOM, TOCETHI foHoma [Tudarop.
®asnec nogeawicsa ¢ HUM TeM, YTO 3HaJl, M IOCOBETOBaJI noexaTh B Eru-
TeT A NPOAO/KEHNs U3ydYeHUs reOMeTpUU.

IMudarop (580—520 g0 H.3.)

st coBpemeHHUKOB [Tudarop 6bUT Hpexzie BCETO PEIUTHO3HBIM
npopokoM. OH c037ajl MECTHYECKOe PEJIMTMO3HOe YueHHe, KOTOPOe OT-
JIMYAJIOCh OT MHOTOYUCJIEHHBIX MUCTHYECKUX PEJUTUI TOTO BpeMeHU
TeM, YTO OYMINEeHWe AYIIM U COeJUHEeHHe C GOXXECTBOM JOCTUravCh
IIPY NIOMOIIM MaTeMaTHUKU. JDTO ydeHHe 6BUIO CTONb BIUATENIbHBIM, YTO
[Mudaropa MHOTHE €ro YYEHUKU 060XKECTBIISIIH.



IMugazop 39

Iudarop poawica Ha octpoBe Camoc B JreiickoM Mope. FOHomiei
OH OTIPABWICA B CTPAHCTBUS, NpoaiauBLIecs 6onee 20 jeT. IIpexae
Bcero [Tudarop nocerwn Mustet, 4To65!I BcTpeTuThes ¢ Ganecom. Panec
nepeiaj eMy 3HaHHs, KaKye MOT, U TOOYAWI ero IWHITh B Erunet. MHOrO
JeT [Tudarop nposén B xpamax Erunra, usyyas acTpOHOMHIO U reOMeT-
puto. ITocie atoro 10 jieT OH HaxoAWICA B IUIeHy B BaBwioHuuy, a 3ateM
BepHy/csa Ha Camoc. Hezo/ro noxxuB TaM, OH Nepeexas B ropoz KpotoH
Ha fore Mrtanuu (TaM 6bUIO TaKk MHOT'O JpeBHETPEUECKUX KOJIOHUH, 4TO
aTa obsacTh MTanuu Ha3blBalach B TO BpeMs Benukoii I'penueit). B Kpo-
ToHe y [Tudaropa cHayana 66010 200 y4eHUKOB, a moToM 6osiee 2000. OH
IIPOTIOBeZIOBaJ NIpe3peHye K cIaBe U OOraTcTBy, yBakeHUeE K CTapLiNM,
BO3/iep>KaHUe OT MsAcCa, OTKa3 OT BUHA; ero yYeHUKH NpUHUMAaIU obeT
IAZIUTh U He IyOUThb KUBOTHBIX, He BPEeJHBIX Ui deioBeka. [Iudaro-
peHIIbI CYNTAIN CBOE UMYILECTBO OGIINM U He 6pasu IIaTy 3a obyuyeHue
TeX, KTO K HUM IIPUXO/IIL.

BaxxHyI0 posib B BOCIIMTAaHUU YYeHHUKOB [Tndarop oTBOAMI My3HIKE.
OH mnepBHIM pa3paboTan TeOpeTUYECKHE OCHOBBI MY3BIKM U YCTaHO-
BHWJI, YTO YMCJIOBBIE OTHOLIEHHA UTPAIOT B My3blKe OOJIBIIYIO POJb. ITO
nobyzwio [Tudaropa o6paTUTh BHUMaHUe Ha BaXKHOCTh KOJIMYECTBEH-
HBIX COOTHOIIEHWH B NO3HAHWM IPUPOJBI; €My NPUHAJJIEXUT TE3UC
«Bce Belmu CyThb 4yMcaa». B ero yueHMM 4yucjia MU MUCTHUKA YUCEN UT-
panu BaxHylo ponb. Hampumep, ITudarop yuma, 4uro HebecHBIM 60-
ram HY>KHO IPUHOCHUTb HEYETHOe, a N0J3eMHBIM YETHOE YHCJIO NPUHO-
ii(S2170%8

[Mudaropeiiipl Bepiuin B iepeceyieHye ayu. Kak numet AMBiaux, [Tu-
¢darop o4eHb XKUBO U ACHO NPUIIOMHUHAT MHOXXECTBO CJIy4aeB U3 CBOUX
MPeXHUX XU3HEeH, KOTOpble NPOXKIIA KOrZa-To ero Ayiia Inepej TeM,
Kak ObUIa 3aKIi0¥eHa B 3TO TeJIO, U C NOMOIIbI0 HECOMHEHHBIX JIOKa-
3aTesIbCTB YTBEp)KJaj, 4TO OH 6buU1 DBGoOpOOM, chiHOM IlaHdos, mpo-
TUBHUKOM [laTpokua. M3 ctuxos l'omepa ITudarop oco6eHHO BOCXBAJISI
CTPOKH O «ropZioM cepzueM JBdopbe».

Yuyennku [ludaropa 6butM paszieseHbl Ha JBe TPynmbl. B mepBoii
rpynne 6bUTM HaynHaroue. Mx Ha3plBald aKyCMaTUKaMH, T. €. CJIylia-
TeJISIMH, IIOTOMY YTO OHM NPOCHYHUIMBaIM OOOOGIIEHHBIN CBOJA 3HAHUIA
6e3 oZIpOGHOr0 U3JNIOKEHUA U CIyIIAIN NOy4YeHUs 6e3 JOKa3aTelbCTB.
Bosiee mpoABHHYTBHIX y4eHUMKOB Iludaropa HasbBaIu MaTeMaTHKaMH,
T. €. TO3HABATEJIAMH; OHU U3y4alu BCIO CyTh HayKU U 3aHUMAaJMCh JO-
Ka3aTeJbCTBaMU.

W3BecTHa uctopus o6 yyenuke [Mudaropa, kotopomy Iludarop cHa-
yajia IUIaTWI JIeHbTU 3a KaXAYyI0 YCBOEHHYIO UM TeopeMy, a IIOTOM yde-
HUK TaK yBJIEKCH, YTO y)Ke caM 3axoTeJ IUIaTUTh 3a oOydeHUe.
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TpazuiMoHHO MUdaropeibl U3yvyaau YeTHpe MpeaMeTa: apupme-
THKY, My3bIKY, F€EOMETPHIO 1 acTpoHOoMMUIO. [IIkona [MTudaropa cyiecTso-
BaJla MHOTO CTOJIETUI ITOCJIe ero cMepTU. VIMEHHO B 3TO Hikose ObUta
obHapy*eHa U ZI0Ka3aHa MppalMOHANbHOCTDb yucia v2 (HecousmepH-
MOCTb AMiaroHaIu KBaZipaTa U ero CTOPOHBI). DTO OTKpBITHE NOTpeboBa-
JIO TIEpECMOTPA BCEX OCHOB IU}aropeicKoil MaTeMaTHKH, IOTOMY YTO
HIPOTHUBOPEYIIIO OCHOBHOMY Te3UCy «Bce Bellly CyThb Yucia». Jleio B ToM,
YTO 1OJ, YUCJIaMH NOJpa3yMeBa/MCh TOIbKO HATypaJbHbIE YUCIA U UX
OTHOILIEHUS.

[Mudaropeiiip! HANLUTM PEKYPPEHTHBIHN CIIOCOO MOCTPOEHU IpUbIU-
KeHUIt 4rcsia V2 paldoHaNbHEIMU YUCTaMu d,,/a,, TAe dyq = a, +d,,
dyy1=2a,+d,nua;=d;=1.

Pa3szeneHue yrces Ha YETHBIE U HEYETHBIE BOCXOAUT K ITudaropy.

[Mudaropeiinsl JoKa3aau TEOPEMY O TOM, YTO CyMMa YIJIOB JII060r0
TpeyroJbHUKA paBHa ABYM IIPAMBIM ymiaM. VX JOKa3aTeJbCTBO ObLIO
ciezylolee: yepe3 BepUINHY TPEYTOJIbHUKA IIPOBOAWIACH HpsAMasd, Na-
pauiesibHasi IPOTUBOIONOKHOM CTOPOHE, Y TPUPAaBHUBAIUCE JBE ITaphl
HaKpecT Jiexamux ymios (puc. 2.1). [To-Bugumomy, nudaropeiinam 6u1-

Puc. 2.1

Jla U3BeCTHA U TeopeMa O CyMMe YIJIOB MHOTOYTOJbHUKA (M O cymMMme
€ro BHEIIHUX YIJIOB — 3Ty TeopeMy YIIOMUHaeT Apucroreib). ITudaro-
pelibl 3HaIM, KAKMMHU NTPaBWIbHBIMA MHOTOYTOJIBHUKAMH MOXXHO 3a-
MOCTUTD ILTOCKOCTb.

C umeneM [Iudaropa cBsa3aHa TeopeMa O TOM, YTO IUIOLIaZAb KBaJpa-
Ta, HIOCTPOEHHOI'0 Ha TUIIOTEHYy3€e MPSIMOYTONbHOI'O TPEYTONbHUKA, paB-
Ha cyMMe IUIoLaZieil KBaZipaToB, IOCTPOEHHBIX Ha ero kKarerax. Ceze-
HHUA O TOM, KaK MMeHHO ZoKa3biBas [Iudarop 3Ty Teopemy, 0 Hallero
BpeMeHHU He Aonuty. COXpaHWIMCh JIMIIb HesCHble YIIOMHHAHHA O «3Ha-
MeHUTOM 4YepTesxe» [Tudaropa, NpuyéM yxe JpeBHerpedecKkre UCTOPH-
KM He ObUIM yBepeHB, YTO 3TOT YepPTEX OTHOCHICA UMEHHO K TeopeMe
[Mudaropa. CUTyanus OCJIOXKHAETCS ellé U TeM, YTo y nudaropeiinen
6bU1 06BIYAll BCE CBOU OTKPHITHSA NPUIUCHBATh [Tudaropy.

[Mudarop 3Ham, yTO IUIOMAAbL KBaJpara, CTOPOHA KOTOPOro paBHA
1IeJIOMY YHMCILY N, paBHa n?. [103TOMY ISl IPAMOYTOJIBHBIX TPEyTObHU-
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KOB C IIeJIOYMCJIEHHBIMH CTOPOHAMHU OH 3HaJl, YTO KBaApaT I'MIIOTeHY-
3bl paBeH CyMMe KBalpaTOB KaTeToB. [Iudaropy 6bU1 U3BECTEH MPSIMO-
YTOJIbHBIA TPEYTOJIbHUK CO CTOPOHaMHU 3, 4 U 5, T. €. OH 3HaJl TOXKAECTBO
32 4 4? =52, OH nony4mn u 6osee obiee PaBEHCTBO

m? + (mz—l)z_ (m2+1)2

2 - 2 >
[Zie YUCIO M He4éTHO. [eoMeTpUYeCKUii CMBICI 3TOTO paBeHCTBa — JI0-
6aBieHUe THOMOHA K KBaZpaTy. Tpe6yeTcs JIUIIb BEIOpaTh THOMOH TaK,

4TOOKI €r0 IUIoMaAb 6GbUIa OMHEIM KBaApaToM. JIJist 5TOr0 THOMOH C IIH-
m?—1
2
m2+1

TOMY4aeTCA KBApaT CO CTOPOHOM ———; IUIOW[a/b THOMOHA IIPU 3TOM

paBHa m?2.

Jpyroe paBeHCTBO TAKOro THIIa IIPUIUCHBAIOT I1aToHYy:
(2m)*+ (m* — 1) = (m* + 1)%,

rae m — ar06oe 1eyioe YUcIo. [eoMeTpUIeCKH 3TO paBEeHCTBO O3HAa4YaeT
nobaBieHMe K KBaJpaTy cO CTOpoHOi m? — 1 ZByX Moc/ieloBaTeTbHbIX
CHOMOHOB C IIMPUHOM 1 (MM OFHOTO THOMOHA C LIMPUHOM 2), YTOOBI
TIOMYYIIICS KBAZpaT co CTOpoHOit m? + 1.

[TepBoHAYaJIbHO 2HOMOHOM (T.e. MHAUKATOpoM) B JlpeBHeill I'penu
Ha3bIBaIM 4aCTh COTHEYHBIX YacOB, OTOPACHIBAIOIIYIO TeHb. 3aTeM TaK
CTaI Ha3blBaTh UHCTPYMEHT, IIpeHa3Ha4YeHHbIH A/ IOCTPOeHHA Ips-
MBIX YIVIOB. B MaTreMaTHKe 3TOT TepMHUH O3Ha4al QUIYPY, HOTydeHHYIO
IpY BbIpe3aHMH MeHbIIero KBazpara u3 6onbuiero (puc. 2.2(a)). Bonee
061Mi1 THOMOH, ITOJTy4YeHHBI NPU BHIpE3aHUU MeHbIIEro napaeso-
rpamma u3 6osnbiiero (puc. 2.2(6)), paccmarpuBaet EBxituz.

() (6)

Puc. 2.2

puHoi 1 f06aBisieTcs K KBaZipaTy cO CTOPOHOM U B pe3y/bTaTe

'HOMOH Urpas 60/MbIIYIO Pojib B MaTeMaTHKe nudaropeiinues. B reo-
METpPHUH C IOMOII[bIO THOMOHA pelliajiy 3aZjayyl Ha IpWIOXKeHHUe IUIOoIa-
Jed, a B apudMeTHKe C ITOMOIIbI0 THOMOHA AoKa3bBaau, yro 1+ 3 +
+5+...+ (2n — 1) = n?. Ota dopmyna 6bu1a usBecTHa ITudaropy. Jo-
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KasblBaJIM €€ TaK: CHayaja KBajpaT CO CTOPOHOU n paszie/suid Ha THO-
MOH Y KBaJ[paT CO CTOPOHOU n — 1, 3aTeM Tak ke pa3zesuid MeHbIUN
KBajJpar U T. A.

Meroz npunoxeHUsa IWomaZel (MCTOPUMKM MaTeMaTHUKH 4YacToO Ha-
3bIBAIOT €r0 «reoMeTpHuYecKas anrebpa») 6pu1 paspaboraH mudaropeit-
namu (ecau He camuM [udaropom). ITOT METOA IIO3BONAET FEOMETPHU-
YeCKH pellaTh KBaZlpaTHbIe ypaBHEHUS.

Y nudaropefines 6pU1a TEOPUA NPONOPLUIL, HO TOIBKO JJIsI COU3Me-
PUMBIX Beqn4uH. ([II1 HECOM3MEPUMBIX BEJIMYUH TEOPHIO IPOIOPIUii
pa3paboran EBgokc.) Ho mudaropetitpl 6e3 konebaHUil MOIb30BaIICh
eli B IpUMEHEHUH K JIIOOBIM BeJIMYHUHAM JI0 TOTO MOMEHTa, KorAa 6buia
OTKpPHBITa HECOU3MEPUMOCTDb CTOPOHHI KBaJ[paTa U ero ANMaroHamuy.

TTudarop oTKpLLT 30/I0TOe ceyeHue!, T.e. AeeHue OoTpeska AB Tou-
Ko¥ M, ayis koToporo AM : AB = MB : AM. OHo urpaet 60/bUIyI0 POIb
B nudaropeickoi TeOpuu My3blKH. 30JI0TOE CedyeHHe TECHO CBSI3aHO C
IIpaBWIbHBIM IATHYTOJIBHUKOM: OTHOILIIEHHE CTOPOHHBI IPaBIIBHOIO IIf-
TUYTOJBHUKA K €r0 JUaroHaayu paBHO OTHOUIEHUIO OTPE3KOB B 30JI0TOM
ceyeHUH. COOTBETCTBEHHO, OHO CBSI3aHO U C NPaBWIbHOMN IATHKOHEY-
HOH 3Be3i011 (meHTarpaMmoi). [IaTukoHeyHad 3Be3/1a CIy>KIIa OIIO3Ha-
BaTeJIbHBIM 3HAKOM JJIf1 udaropeinieB; oHa CUMBOJIU3MpPOBaja 3J0po-
Bbe. Korza ogus nudaropeer] ymMupan Ha 9y>k61He U He MOr 3aIUIaTUTh
YeJIOBeKY, KOTOPBI 3a HUM YXaXUBaJl, OH BeJleJl eMy U306pasuTh Ha
XKWINIIE NTeHTarpaMMy: ecji MUMO 6yzeT MpoxoauTh nudaropeelr, To
OH 06s13aTe/NIbHO CIIPOCUT O Hell. U eiCTBUTEIbHO, HECKOJIBKO JIET CITy-
CTS IPOXOAMBILINI MUMO IHdaropeel] yBUzes 3TOT 3HaK, ¥ X035 IUH jloMa
noy4w1 6oraroe Bo3HarpaxjeHue.

IMudaropeitupl, MO-BUAUMOMY, VMeJH NpeJCTaBJIeHUe O INPaBWIb-
HBIX MHOTOTpaHHUKax. HailileH aTpycckuil JozeKas[p; 3TO O3HAYaerT,
YTO AozeKaszp ObLT U3BecTeH C ApeBHUX BpeMéH. [Tudaropeer 'unmac
Jaj MocTpoeHue IIapa, ONMMCAHHOTO BOKPYT Aozekasgpa. EcTb ykasa-
HUe, YTO KyO, TeTpasap U AOJeKadp NMpoUcXogaT oT nudaropeiiies, a
OKTasZp U MKocasjp BBezeHHl TeateTtoM. Ho, Bo3MoxxHO, TeaTeT suiib
060CHOBaJI TO HaIVIAAHOE IpeACTaBIeHUE, KOTopoe ObUO0 y mudaro-
pefinieB. OKTa’gp U UKOCA3Jp OTIMYAIOTCA OT OCTANbHBIX ITPABIWIbHBIX
MHOTOIPaHHUKOB TeM, YTO B BepIIMHe CXOAATCA He 3 rpaHu, a 4 wiu 5,

MepBoe aomezmee o Hac MUCbMEHHOE YTIOMHHAHME O 30JI0TOM CEYEHHM COAEp-
)utea B «Havanax» EBkimzga. Ho TaM oHO Ha3blBaeTcs AeJIeHHEM OTpe3Ka «B KpalHHeM
U cpejHeM oTHolleHMH». B 1509 r. u3aBecTHBIN HTaNbAHCKUN MareMaTHK Jlyka Ilavonu
HCIIO/Ib30BaJI TEPMHUH «6OXKECTBEHHAA NPONOPLHUA». A TEPMHH «30/I0TO€ CEeYeHHe» BBET
HeMellkuif MaTeMatik MapTud Om (1792—1872), miaamuii 6paT 3HaMeHUTOro Qpu3HKa
T'eopra Oma, B 4eCTb KOTOPOro Ha3BaHa eJUHHIIA U3MEPEHHUA COTIIPOTHUBIIEHHUA.
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¥ MO3TOMY AJIS1 OKTa’3Jpa U JJIsl UKOCadApa CXOASAILIUECs B OJHON Bep-
IIMHE IPAaHU 06pa3yioT HeXECTKYIO KOHCTPYKLMIO. BO3MOXHO, MMEHHO
C 3TUM CBSI3aHO TO, YTO OKTA3p M UKOCas3Ap ObUTH OOHApPYKEHBI ITO3)XKe
OCTaJIbHBIX NPABWIbHBIX MHOTOTPaHHHUKOB.

Becbma BeposTHO, 4YTO [Tudarop BBEN TpeyrombHble umcia. (Tpe-

yrolbHBIE YUCJIAa —3TO yhcaa BuAa 1 +2+3+...+n= n_(%l); npo-

HUCXOXKAEeHNe TAaKoro Ha3BaHMA NoscHseT puc. 2.3.) KBagpaTHble yucia
(xkBazpaTH! LeJIbIX YKces) 6putd U3BecTHHI [Tndaropy.

° o0
° o0 o 0o 0
° o0 e 0o 0 o 0o 0 o
1 3 6 10
Puc. 2.3

Bo BpeMeHa [udaropa 65UTH U3BECTHHI TP CpeJHUX: apudmeTHye-

ckoe (4ucia a, ¢ u b 06pasyioT apudpMeTHYECKYIO IIPOTPECCHIO, T. €. ¢ =
a+b
= T)’ reoMeTpuieckoe (Yucia a, ¢ U b 06pasyoT reoMeTpUIECKYIO

IIPOrpecculo, T. e. ¢ = v ab) ¥ rapMoHnYeckoe (dYucia %, % u % obpasy-
10T apudpMeTHIECKYIO IPOTPECCHIO, T. €. € = a‘f b).

[Mudarop czenan BaxHble OTKPHITUA U B acTPOHOMHUU. OH OAHUM
13 NEepBBIX YTBEPXKAAJ, YyTo 3eMis uMeeT popMy 1apa. Bpag mu Takoi
BBIBOZ[ OH CZieJIajl U3 TOrO, YTO BO BpeMs JIyHHOTO 3aTMEHHs TeHb, OT-
6paceiBaeMas 3eMiiéi, kpymiad. Takoe o6bsiCHEHUE JIyHHBIX 3aTMeHUM
MIPEAJIOKII JIMIIb ropa3zfo noaxe AHakcarop. Ckopee Bcero, ITudarop
HUCXOAWI U3 DCTETHUECKUX MaTeMaTH4eCKHUX Ipe/CTaBIeHHN O COBep-
[IEHCTBe KpymIoH ¢opMmel. ITndarop Taxke yCTaHOBWI TOXKIECTBEH-
HOCTb yTpeHHel U BeuepHel 3Be3qbl (BeHeprl). Jlo HEro cuuTasiu, 4To
BeHepa yrpoM U BeHepa BeuepoM (yTpeHHAA 3Be3Za U BedepH:AA 3Be3-
Jla) —3TO JBe pasHble IUIaHeTHI.

3eHoH (490—430 f0 H.3.)

3eHOH He ObUT MaTEMaTHUKOM, HO €ro pacCcyJeHus o nmpupoze bec-
KOHEYHOI'0 OKa3aly OYeHb OOJIbLIOe BIWAHUE Ha Pa3BUTHeE IpedyecKou
MaTeMaTHKH, 3aCTaBUB MaTEMATHKOB OCTOPOXXHO 0OpaIaThCs ¢ 6ecKo-
HEYHOCTBIO — He TOJIBKO UCKJIIOYUTD aKTyasbHYI0 6ECKOHEYHOCTh, HO U
C IIOTEHI[HAILHOM 6eCKOHEYHOCThIO ObpaIaThcs 6ojee akKypaTHO, YeM
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3TO 6BUTO IPUHATO 0 3eHOHA (IO MOBOAY aKTYaJbHOM U MOTEHIUANb-
HOI 6ECKOHEYHOCTHU CM. C. 46).

3€eHOH IPUBEJI JIOTUYECKHUE pacCyXJEeHUsA, NTOKa3bIBaollle, YTO KaK
IIPOCTPAHCTBO, TaK U BpeMs OZHOBPEMEHHO JO/DKHEI OBITH HECKOHEYHO
JEeJMMBIMU U He MOTYT OBITh OECKOHEYHO JeTUMBIM U YTO HEBO3MOX-
Ha MHOXeCTBEHHOCThb Beleil. OH ObUI JIOGUMEIM y4yeHHKOM [lapme-
HUJa — [VIaBbl IIKOJIBI 3J7IeaTOB, KOTOPHIM IepBbIM Hayaj CTPOUTH GU-
JIocoQHUI0 Ha OCHOBe JIOTMYECKUX paccyxzeHui. CUMIUIMKUI Iucai,
yto g0 ITapMeHuza ¢uiocopsl BHICKA3HIBAMIU CBOE MHeHUe 6e3 JoKa-
3aTesnbcTB. MiMeHHO [TapMeHu/ BliepBble BbICKa3asl IOTUYeCKe 3aKOHBI
TOXZAECTBa U UCKJIIOYEHHOr0 TPEThEro U MPUMEHSI UX B CBOUX Ji0Ka3a-
TeJbCTBaX.

Anopuu 3eHOHa COXpaHWIMCh JIMIIb B IIepecKa3e ero IpoTUBHUKOB,
JaBaBLINX CBOU OOBACHEHHUSA €ro «3abiyxaeHuii». He UCKIIOYEHO, YTO
OHM HECKOJIbKO MCKa3WIU pacCy>XAeHus 3eHOHa, YTOObI UX GBUIO Ipolle
onpoBepratb. [Ipy 3TOM cOXpaHWIaCh JIUIIb Majias 4acTh 13 40 pa3pabo-
TAHHBIX 3eHOHOM anopui, OCHOBAaHHBIX Ha TPYAHOCTSAX, IPOUCXOSAIINX
W3 aHa/IN3a HeIIPEePHIBHOCTH.

Hawubosiee u3BeCTHHI CyIeAyIoIye anopur 3eHoHa (IepBble 4 U3 HUX
NpUBOJUT APUCTOTENb C cBoel kHUre «dusnka»).

1. «/luxoroMus». JIBrKylieecs TeJo llepeMelaeTcsa Ha Kakoe-TO pac-
crosiHUe. Ho BcsIKoe pacCTOsIHUE JeIUMO 10 6eCKOHEYHOCTH, MO3TOMY
ABIDKYILleecs TesIo Z0/DKHO CHayasia MpOUTH NOJIOBUHY TOI'O PAaCCTOSTHUA,
Ha KOTOpOe OHO IlepeMelllaeTcs, U JIUIIb I10CJIe 3TOro BCE pacCTOSHUE.
OAHaKO 0 3TOr0 TeJIO AOIKHO IIPOUTHU MOJIOBUHY OCTaBIIEHCS IIOMTOBH-
HBI pacCTOSAHMA U T. . CTaJo GBITh, IOJIOBUHBI GECKOHEYHEI, a 6eCKOHEe-
HBIE 110 YHCJIy BeJIMYMHBI HeJlb3f IPONTH 3a KOHEYHOe BpeMs.

2. «Axwiiec U 4epemnaxa». [1ycTb OBICTPOHOIHE AXIuiec 6eXHUT 3a
yepenaxoil. EMy TpebyeTcs kakoe-TO BpeMsi, YTOOH! J06exaTh 0 UCXOJ-
HOTO NyHKTa Yepelaxy, YyIoi3aoleil oT Hero. 3a To BpeMs, 3a KOTOpoe
Axwiiec JOCTUT NTyHKTA, IZle HaXOAWIach yepeliaxa, OHa IIPOIOJ3a Ka-
KOe-TO pacCTOsIHUe, KOTOpoe Axwliecy NpHAETCA IpobexaThb. 3a 3TO
BpeMs uyeperniaxa CHOBa INPOINOJ3ET KaKoe-TO pacCTOsHUeE U T.J. B cu-
JIy 6€CKOHEYHOM JeITMMOCTH NIPOCTPAHCTBA MOXKHO OpaTh BCE MeHbIINe
Y MeHblIIHe pacCTOsAHUA — A0 6eckoHeyHOCTH. CeoBaTeNIbHO, GBICTPO-
HOTUI1 AXWleCc He CMOXXeT JIOTHATh Me/JIEHHO MOJI3YILYI0 Yepemnaxy.

3. «Ctpena». [IBrKymascsa cTpeia B J1060# MOMEHT 60 JABUKETCS,
60 HaxoAMTCsA B NOKoe. Ecii MOMEHT BpeMeHH HeZeInM, TO CTpejia B
3TOT MOMEHT He MOXKET JBUTaThCs, IOTOMY YTO eCIi Obl OHa ABUTaach,
TO MOMEHT MOXHO ObUTO OBl paszenuTsb. Ho eciu cTpesa He MOXeT JBU-
raTbCs B K&X/bIIl MOMEHT, TO OHa He MOXeT ABUTaThCA BOOOIIE, TOTOMY
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YTO BpeMs CKJIaJbIBaeTcsi U3 MOMeHTOB. CileZioBaTe/NbHO, JABWKYLIAAC
cTpea npebhIBaeT B IIOKOE.

4. «Craguon». Ha craguoHe HENOABIKHO CTOAT OAVHAKOBbIE IIpeJ-
MeTH A, ..., A, (Ha puc. 2.4(a), Hanipumep, n = 8). [IpeameTH By, ..., B,

[A1]A2]As[ A4 [ 45 Ao |47 4]

[B1 B2 Bs [ B4 By | Bs [ B, |Bs

~—— [G1]Ca[Gs]Ca ]G5 [Co |G| G
(@
[A1]42[ A3 | A4 [ A5 | A [ A7 | 45|
[B1[B2|Bs | B | Bs [ B | B/ | Bs |
[C1[Ca[ C5[Ca[ G5 [G6[ 7 [ Go]
(6)
Puc. 2.4

u Cy, ..., C,, paBHble IO pasMepy IipeMeTaM A U pacIojoXKeHHbIe Tak,
KaK TOKasaHO Ha puc. 2.4(a), HAUMHAIOT BUTaTbCA B YKa3aHHBIX Ha-
NpaBJIeHUAX C paBHBIMU CKOpOCTAMU. [IpeameTh B, u C; ofHOBpeMeH-
HO OK&)XXyTCs Ha IPOTUBOIOMIOXKHBIX KOHIIAX IIpeAMeToB A (puc. 2.4(6)).
[Ipu aToM mpeamet C, NpoHAET MUMO BcexX NpeAMeTOB B, a mpesMer
Bg MIMO JIUIIb NOJMIOBUHHI NTpeaMeToB A. CliegoBaTeslbHO, BpeMs OyzeT
TOXKEe TNIOJIOBUHHBIM, TaK KaK KaXJbIi IIpeZIMeT MUMO KaXJOro IpoXo-
JUT B OIWHAKOBOe BpeMA. (ApHUCTOTeJIb, OIIpOBEpras 3TO pacCykAeHue
3eHOHA, FTOBOPUT, YTO OIIMOKa B IIPEAIION0XKEeHUH, YTO IpeAMeT 3aTpa-
YMBaeT paBHOE BpeMsl, BUrasACh MUMO HENIOJBYDKHOTO IIpeJIMeTa U MHU-
Mo ABxyierocs. Ho 3eHOH 34ech paccy/JaeT 0 HeAeJIUMbIX MOMEHTax
BpeMeHHU U HeZleJJMMBIX 3/leMeHTax IIPOCTpaHCTBa.)

5. «Kyua». OnHa mecyuHKa, O4eBHJHO, He o6pa3yeT Kyuu necka. Eciu
n MeCYUHOK He 06Pa3yIoT Ky4y IecKa, TO Iocie Jo6aBIeHus ellé OfHOM
IIeCYMHKY OHU IIO-TIpexkHeMy He OyZAyT 06pa30BbIBaTh Ky4uH necka. Cie-
JOBaTeJIbHO, HUKAKOe YUCJIO NIECYMHOK He 06pasyeT Kydy necka.

[TepBas ¥ BTOpas anopuy AO/DKHBI ObUIM IOKa3aTh NPOTHUBOpPEYH-
BOCTb IIPEJIOJNOXKEHNUA O TOM, YTO BO3MOXXHO OGECKOHEYHOe JiesieHhe
IpoCTpaHCTBa ¥ BpeMeHHU. [lociie 3TOro ocraBajoch IpeJIoa0XUTh, YTO
NPOCTPAaHCTBO W BpeMsl COCTOAT U3 HeJeJMMBIX 3/eMeHTOB. VIMeHHO



46 I'nasa 2. [lpesuas Ipeyus

IPOTHUB 3TOr0 MPEZTNOIOKEeHNA HalpaBJeHb! TPEThS U YeTBEpTasd amo-
puu.

TexHUKa JOKa3aTeJbCTB ObUIa pa3paboTaHa B )KapKUX CHOpax Ipea-
CTaBUTeNeH pa3HbIX GWIOCOPCKUX WIKOJ, IOZ JKECTKON KPUTHUKOH CO
CTOPOHBI GHIOCOPOB-IPOTUBHUKOB. BasKHYIO POJIb CHIFPAIH TAKKe Myd-
JIMYHBIE BHICTYIUIEHUA B CyZE, TZie HYXXHO ObUIO ZOKa3bIBaTh CBOIO ITPABO-
Ty Ge3yIpedYHbIMH pacCy’KJEHHAMHU U OIPOBeprarhb yTBEPXKAEHHUs IIPO-
TUBHUKA. [IpeAcTaBieHre ApeBHETpeYECKUX MaTeMaTHKOB O TOM, YTO
TaKoe A0Ka3aTeJIbCTBO, NMPAaKTUYECKH TaKoe Xe, Kak y Hac. Jlokasa-
TENbCTBO COCTOUT M3 HCXOAHBIX HMOJIOXKEHUI, KOTOpbIE JO/DKHBI OBITH
SICHBI BCEM, M IIPOMEXYTOYHBIX PacCy)XAeHUH, C KOTOPHIMU JODKEH
6BITH corviaceH cobecegHUK. [IpaBiia paccyxJeHui ObUTH BHIpabOTaHBI
3KCIIepUMEHTAIBHO, B clIopax. Kak TOIbKO aKCHOMEI CpOpMY/ITHpPOBaHH,
HUKAaK{e HOBbIE INONBITKY NPUGETHYTh K UHTYWUIUU YK€ HeJOIYCTH-
MBI — NIPaBAONOAOGHEIE PACCYKAE€HUA Helb3sl IPUHUMATh B pacuéT. Ho
3TO, KOHEYHO, ObUIO TOJIBKO TEOpeTHYeCcKOoe TpeGOBaHUe, Ha MPAKTHKE
OHO He MOIVIO OBITh BBEIIOIHEHO.

OT pa3pylmMTeNbHONH KPUTUKA 3€HOHOM IIOHATHS OeCKOHEeYHO-
CTH BHeyaTieHWe y Bcex ¢mrocodoB ocramoch Heusmiagumoe. Ilo-
BUAMMOMY, UMEHHO UM3-3a 3TON KPUTHKHU JpeBHerpeyecKre MaTeMaTy-
K1 u3berajqu BBOOUTHh B PAaCCyXKZAEHUA «aKTYaJbHYIO GeCKOHEYHOCTb»
(T.e. MHOXeCTBa, coAep)kalye OeCKOHEYHOE YHCIO 3eMEHTOB, KO-
TOpBIE NPEAINONaralTcsa CyIeCTBYIOIIMMU OJHOBPEMEHHO) U OrpaHU-
YUBAJINCh «IIOTEHL[UAJbHOH OECKOHEYHOCTBIO», T.€. BO3MOXHOCTBIO
YBEJIUYUBATh AAHHYIO BEJIMYUHY (WIM yMeHbUIATh €€, eClIU pedb HIET
0 «HEeNpepbIBHOM» BejnuuHe). TUNUYHEBI npuMep — GOpMyIHUpOBKa
EBrnza: «IlepBbIx 4ucesl CyIecTByeT 60Jblile BCAKOIO NPeJI0XKeHHOr0
KOJIMYECTBa NEpPBHIX Yuces». EBKINA Takke HUTrZe He TOBOPHUT O bec-
KOHEYHBIX IIPSMBIX, 8 TOBOPHUT TOJIBKO 06 OTpe3Kax, XOTA U UCIIOJb3yeT
IIPU 3TOM CJIOBO «IIpsiMasi». OH OTMeYaeT, YTO OTPe30K MOXXHO MHOTO-
KpaTHO INPOZOJDKATh, MOJIydasd IPU 3TOM KaXKABI pa3 HOBBHIA OTPE30K
(HO He BCIO NPsAMYI0). 3HAaMEHUTHIH NATHINA HOCTYJIAT TakKe MCIOIb3YeT
BO3MOXXHOCTh NPOZO/DKUTHL OTpe3ku: «ECM ceKylas nepecekaeTr JBe
HOpsSIMBIE TaK, YTO CyMMa OZHOCTOPOHHUX YIJIOB MeHbIIE ABYX MPSIMBIX
YIJIOB, TO IPOAO/DKEHHbIE HEOTPAHUYEHHO 3TH /IBe IpsAMbIe BCTPETATCA
C TO CTOPOHBI, TZle CyMMa OJHOCTOPOHHHX YIJIOB MEHbIIIE ABYX IPAMbBIX
yII0B». (3Z€ech MoA ABYyMs NPAMBIMU, KOHEYHO, NOZPa3yMeBaloTCs JBa
OTpe3Ka, IOTOMY U TOBOPUTCS O NPOAO/DKEHUU TIPSIMBIX.)

MeTop ucuepnbiBaHUA, pa3pabOTaHHBIN JpeBHEIPEYeCKUMH MaTe-
MaTHUKaMU JJIs I0Ka3aTelbCTBa TeOpPeM, KOTOphIE BIIOCIEACTBUU JOKa-
3bIBAJIMCh IIEPEXOAOM K IpeZiesty, u3bera akTyanabHOH 6eCKOHEYHOCTH,
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¥ MUMEHHO II03TOMY yZAOBJIETBOPSUL BRICOYAHIIMM TpebGOBaHUAMU CTPO-
roctd. Co3zaTesy aHaIM3a HEOZHOKPATHO CETOBAJH, YTO pa3paboTaH-
HBIE UMU MeTOZbI C TOYKM 3PEHHUA CTPOrOCTU OYeHb CHIBHO YCTYIalOT
METOJY WCYEpPIBIBAHUA, U JIMIIb WHOIZA BBICKA3bIBAIM HaZleXZy, YTO
KOrZa-HUOyb UX METOZBI OTydaT TaKoe Xe CTPoroe 060cHOBaHMe.

TPH KJIaCCHYE€CKHE 3aJa9H Ha ITIOCTPOEHHUE

B panbHelinmeM, HauMHaA yxe ¢ I'unnokpaTta XMOCCKOTO, HaM HeoJ-
HOKpaTHO IIpeACTOUT BCTPETUTHCA C TpeMs KIaCCHYeCKUMM 3aJadaMu
Ha IOCTpO€HHEe, UHTepeC K KOTOPHIM Y JApeBHerpedyecKuX reoOMeTpOB
BO3HHUK O4YeHb PAaHO U COXPAHSUICA 0 CaMOro 3aKaTa JjpeBHerpedeckomn
MaTematuky. [103TOMy ceifdac yMeCTHO BKparTile paccKas3aTb 06 3THUX
3ajayax, HapyluB XpOHOJIOTMYECKYIO ITOC/Ie0BaTeIbHOCTD.

YaBoenue Kyo6a

O BO3HUKHOBEHUH 33/ja4¥l yABOEHUA Kyba COXpaHWIACh CIeAYIoLas
JiereHza: «...Bo BpeMs anuzeMuu 9yMmel rocianu apuHsaHe B Jlenbdwl Bo-
IIPOCUTH OpaKyJa, YTo UM cZeJlaTh, 4Tob yyma npekpaTwiack. bor oTBe-
TWI UM: YIBOUTD aATaphb U IPUHECTH Ha HEM )KePTBHI. A TaK KaK ajJTapb
6bU1 Kybudeckoit GOpMbI, OHU B3rpOMO3JWIN Ha Hero emé ofNH TaKoi
Xe Ky0, Zymas TeM UCIIOJHUTD NoBeJleHHe opakyna. Koraa xxe yyma rno-
CJIe 3TOTO He NpeKpaTWIach, OTIIPABWINCh OHU K ILTaTOHY U CIPOCIUIH,
YTO e Tenepb Aeiarb. ToT oTBeyan: ,,CepAnUTcs Ha Bac 60T 3a He3Ha-
HUe reOMeTpUN, — ¥ OOBACHIUI, YTO CJIeZJ0BAJIO IoZpa3yMeBaTh 37ech
He MPOCTOe yABOeHUe, HO HAalTH HeKoe cpeZiHee NPONOPLHOHAIBHOE U
MTPOU3BECTH YBOEHHE C €r0 IIOMOIIBI0; U KaK TOMbKO OHU 3TO CAesallH,
YyMa TOTYAC XKe KOHYWIACh». JTa JiereHJa CPaBHUTENbHO NO3AHAA; B
Hell MHOTOe MCKa)XeHO: 3aZladyell yABoeHUs Kyba 3aHuMaics emé 'um-
mokpar Xuocckuii, xxuBumit no IliatoHa. Ho 3Ty jiereHAy COXpaHWIO
HECKOJIbKO UCTOYHHUKOB. B Heii MHOTO MHTepecHOro: AJs APeBHUX rpe-
KOB COBCEM He YYXJBIM ObUIO MHEHHe, yTO 60TM MOTYT THeBaThCA 3a
He3HaHUe reOMeTpHH.

sl IpaKTHUYeCKUX Lieleil TOYHOe pellleHUe 3aJadyd YABOEHHA Ky-
6a He 6BUIO HY’KHO, HO MaTeMaTHKOB OHAa 3aWHTepecoBasa. ['unmokpar
Xuocckuil nepedpopMyIMpoBall 3aa4y IpUMepHO Tak: «[lo oTpe3kaM a
U 2a NOCTPOUTD TaKHe OTPe3KU X U ¥y, YTo a: X =Xx:y =y :2a». B ca-

MOM JeJie, Torga
(2)3_2.5.1_1
x) “x y 2a 2
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T.e. x3 = 2a°. D1a nepedpopMyupoBKa 6bUia CymecTBeHHa. Anre6pa
BO3HUKJIA FOpa3Zio MO3XKe, U JpeBHerpedecKrie MaTeMaTHKH TpoU3Beie-
HUEe JBYX OTPE3KOB IIPEACTAB/IsUIN KaK MPSIMOYTOIbHUK; ISl CJIOKEHUS
[BYX IIPOM3BEAEHU OTPE3KOB IPUXOAMIOCH IPe0Opa30BEIBATE NIPAMO-
YTOJIbHUKY B PAaBHOBEJIMKHE UM MPSIMOYTOJIbHUKH C 0OOIell CTOPOHOMH,
YTOOBl ‘UX MOXXHO OBUIO NPUKJIAJBIBATH APYT K Apyry. IIpousBeAeHue
TPEX OTPE3KOB NIPUXOAWIOCH PACCMATPUBATD yKe KaK NapalieenuIes.
[Tpeo6pa3oBHIBaTh NapasulesienuIesl 6bUI0 ObI CIUIIKOM CJIOXKHO, a 3a-
MevaHue ['UIINOKpaTa MO3BOJLUIO paboTaTh C OTHOIIEHUAMH OTPE3KOB.
B panpHeiineM Bce pewiany 3ajayy UMeHHO B ¢opmyiupoBke I'umro-
Kpara, Ipu4éM, Kak IpaBWwIO, B OOIIEeM BHJe: OTPE30K 2a 3aMeHsIH
Ha IPOM3BOJIbHBIN OTPe30K b M CTpOWIM Takue OTPe3KH X U Y, 4TO
a:x=x:y=y:b. Barom ciaydae
a\® _a x Y _a Y\3 _a
(%) =%3%=5 » (}) =%

T.e. x = y/a%b u y = ¥/ ab?. PemeHue 5Toii 335241 MO3BOIIIO TAKKe
JUIs TIPSIMOYTOJILHOTO Iapasulejlenunesa CTPOUTh pebpo Kyba, o6béM
KOTOPOr'o paBeH 00bEMy Mapaslieienumnezia (1o 3TOMy IOBOAY B OZHOM
JpEeBHErpeYeCcKoOM TeKCTe FOBOPUTCS: «[1ociie 3TOro Mbl CMOXKeEM BOOOI1e
106011 3a1aHHEBIN OrpaHUYeHHBI TapajulelorpaMMaMy 00bEM ITpeBpa-
aTh B Ky0...»; 3TOT TekcT EBgema Pogocckoro (370—300 zo H. 3.), Apyra
U y4eHHKa APUCTOTeNS, AT NpsIMOe yKa3aHUe Ha UHTepeC MaTeMaTH-
KOB K 3a/ja4e NpeBpallieHus napauienenumnesa B Ky6). I1ogcHUM, Kak 110
pé6paM p, q ¥ r IPAMOYTOIBHOTO Mapasljesenuiesia MOXXHO IIOCTPOUTh
pebpo HyxHoro kyb6a. ITo JaHHBIM CTOPOHaM p U ( IPSIMOYTOJIbHU-
Ka CTPOUTH CTOPOHY a KBaJpara, IUIOmAb KOTOPOro paBHaA IUIOLIAAU

NpSIMOYTOJIbHUKA, YMEJIH y)Ke Ha CaMOM paHHEM 3Tale pa3BUTHUSA ApeB-
Herpedeckoil MaTeMaTHKU. SICHO Takxe, 4TO eciu a = ./pq u b =r, To

Ypar = 3\/ a?b. TakuM 06pa3oM, HCKOMOE pe6po Ky6a — 3TO OTPE30K X
(B mpeabiAyIMX 0603HAYEHUSIX).

[To pa3HbIM IIPpHYMHAM ApeBHerpeyecKre MaTeMaTUKHU IIPU IOCTPO-
€HUAX UMPKYIb U JUHEWKY NpeANOYUTATU BCEM APYTUM HHCTPYMEH-
TaM. 37ech, BIpOYeM, HY>KHO cZeaTh yTouHeHUe. Hu o uupkyse, HU O
JIMHeHKe B UX COYMHEHUSAX pe4yd HeT; TOBOPUTCSA JIUIIb O «IOCTPOEHU-
AIX MOCPEACTBOM IPAMBIX U OKpYXXHOCTeil». Bosee Toro, ana EBxiuza
IIOCTpOeHNEe OKPY)KHOCTH O3HayaeT He COBCEM TO Ke caMoe, YTO HC-
[ToJIb30BaHue UPKYJsa. COIIacHO TpeTheMy IOCTyIaTy EBKiga, MOXHO
CTPOUTD JIUIIL OKPYXXHOCTb C JZAHHBIM LIEHTPOM A, IPOXOASAIIYIO 4e-
pe3 JaHHYI0 TOYKY B. OKpY>XHOCTb C ZaHHBIM LIEHTPOM A U JaHHBIM
pazauycoM BC 3TOT IOCTY/NaT CTPOUTH He MO3BOJLSUT (3TO NOCTpOeHHe
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onucano EBKoM B npeayioxeHuu 2 KHUTH 1). IJUPKY/Ib, KOHEYHO XKe,
MO3BOJIIUI OBl BHIIIOIHATE TaKue HOCTpoeHus. [1o-BuanMomy, GopMyIu-
POBKa nocrysara EBKInzia CBs3aHa C YXOAALIVIM B ITyOOKYIO JPEBHOCTD
MOCTPOEHUEM OKDYKHOCTEH C IIOMOLIBbIO KOJBIIIKA U HPUBA3aHHOM K
HeMy BepéBKH. B 3TOM cily4ae 1 TOCTPOEHUS OKPYKHOCTH C LIEHTPOM
A v paguycoM BC npunuiock 6v1 cHayaia 3a6UTh KOJBILEK B TOYKe B,
OTMETUTD Ha BepéBKe TOUYKy C, a 3aTeM BBIIEPHYTh KOJIBIIIEK U 3a0UTh
ero B Toyke A. JIUIIb MOC/e 3TOT0 MOXXHO OBUIO CTPOUTH TpeGyeMylo
OKPYXHOCTb. Takoe NOCTpOeHHe, IPY KOTOPOM HYXKHO GbUTO 3a6UBaTh
KOJIBILIEK He OAIUH, a 1Ba pa3a, CyI[eCTBEHHO OTIMYaeTCs OT JleMeHTap-
HOT'O IIOCTPOEHMUA.

B I'periuu nupKynb 66T U306peTéH B X BeKe 0 H. 3., 3a40/ro Ao Es-
KJIMJa, B CBA3M C IOTPeGHOCTAMH KEpaMUYeCKOro IPOU3BOACTBA. B 3T0
BpeMs HIMPOKOe paclpoCcTpaHeHUe IOMYYI reOMeTPHUYECKUI CTUIIb, U
UUPKY/Ib GBUT HYXeH JJIs1 U306pakeH!s Ha KepaMHKe KOHIIEHTPUIECKUX
OKpyHOCTel. 'peyeckas MUGbOIOrUa CBA3BIBaeT U300peTeHe [UPKY-
Jis1 c uMeHeM Tasoca (coryiacHO ApyruM UcTouHMKaM — [lepaukca), mwie-
MAHHUKA [lesana. O Tanoce nuuieT gpeBHerpe4ecKuii MCTOpUK Jluozop
Cunwuiickuii (I B. 10 H. 3.): «TOYHO TaK Ke, U300peTs HUPKYIb U HEKO-
TOpbIe JpyTHe TEXHUYECKUe IPUCIIOCOOIeHNs, OH ZOCTUT GOJIBIIOH ca-
Bbl». Pumckuit mucaresb FuruH (I B. 70 H. 3.) coobuiaet: «[lepauKc, ChIH
cectpsl Jlefana, n3006pé LUPKYIb U HIWIY U3 PhIGbero xBocTa». O6 3ToM
M300peTeHUN [BEHaAUATIIETHEIO MaJbUYUKa YIOMUHAET JaXke 3HaMe-
HUTBIN puMckuii 1oaT OBuzwmii (I B. 10 H.3.) B moaMe «MeTaMOpdO3bi»:

HepBblﬁ €JWHBIM Y3JIOM CBA3aJI OH AB€ HOXKH XEJIE3HBIX,

YT006BI, KOIZJa APYT OT APYTa OHHM B PACCTOSHUHU PAaBHOM,
TBEpAo CTOsUIa OflHa, APYTas Xke KpyT o6BoamIal.

Jleaan usBecTeH B rpevyeckoil MHUQOJIOTHH KaK UCKYCHEHIInii 1306-
pertaresb U apxuTekTop. (CTpaHHBIM 06pa3oM ropaszo 6ojnee 3HaMEHUT
HBIHE ero Hepa3yMHBIN CblH VKap, KOTOpBIA HpPOCIaBWICSI TeM, 4TO,
HeCMOTPs1 Ha NOAPOOHEIe HACTaBJIeHUA OTLA, TaK U He Haydwics Ipa-
BWIBHO TIOJIb30BaThCA CZAENAHHBIMU JlefajioM KpBUIBSIMH U3 IEPHEB,
CKpPeIUIEHHBIX BOCKOM.) OlapéHHOCTh OTJAHHOTO €My B OOy4eHHe ILIe-
MSHHVKa, IPO3UBIIAsA 3aTMUTH €T0 CJIaBy, BhI3Baia y Jleaasa 3aBUCTb, U
OH CTOJIKHYJI €70 C aKPOIOJIA.

* * *

Ckopee BCero, JpeBHerpeyecKre MaTeMaTHKU JOCTaTOYHO GBICTPO
TIOHSUIH, YTO 33/a4Yy YABOEHHUS Ky0a HeJb3sl PelluTh C IIOMOIIBIO LUp-

y6muit Opuauit Hazon. MeTaMopdo3el. M.: XyaoxecTBeHHas TUTepaTypa, 1977. Ile-
peBoz c natuHcekoro C. B. IllepBuHckoro.
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KyJIfl U JINHEUKY, XOTs ZOKa3aTh 3TOrO OHU He MOIVIU U, 0-BUAUMOMY,
Jaxe He nbITanuch. [1o NOBOAY TOro, Y4eM NOMUMMO LUPKY/IA U JUHENHKU
MOKHO IOJIb30BaThCA MPU NOCTPOEHHUAX, Y ApeBHerpeuecKux MaTeMa-
THUKOB ObUIM pa3Hble MHeHHUA. [lepBoe pellleHMe 3aZa4y yABOEHUA Ky-
6a, MoMy4eHHOe BEJIMKHUM IOJKOBOALIEM U MaTeMaTHKOM ApxutoMm Ta-
PEHTCKUM, TPYZAHO JaKe Ha3BaTh NOCTpoeHHWeM. OH HOJy4II pelieHue
KaK IlepeceyeHHe LWIMHAPA, KOHyca U Topa. HU o Kakoll mpakTuye-
CKOH peasn3aliyiyl TAKOTO pelIeHUsA He MOIVIO ObITh U peun. Heckonb-
KO Gosee mo3gHee pelleHre MeHexMa ObUIO yoke B HEKOTOPOM CMBICTIE
ONTUMAJbHBIM: OH HaXOJWI pellleHHe KaK IlepecedyeHUe JBYX KOHUYe-
CKUX ceyeHMH. ONTUMaIbHBIM 3TO pPelleHre O6bUIO BOT B KAKOM CMBICIIE.
Ha nocnegHeM aTane pasBUTHA JpeBHerpedyeckoil MaTeMaTUKH, dyepe3
HECKOJIbKO BeKOB Iocjie MeHexMa, CJIOXKWIACh clleAytolas kiaccuduka-
IIMA 3aa4 Ha NOCTPOeHHe, U3JIoKeHHAas aJleKCaHAPHUIICKUM MaTeMaTu-
koM [lanmom:

1) rwiockuie 3aa4M (peliaeMble C IOMOIIBIO IPSIMBIX U OKPY>KHOCTEH,
T. €. C IOMOILBIO IUPKYJ/IS U JTUHEUKH);

2) pocTpaHCTBEHHHBIE 33/jauy (penraeMble ¢ IOMOIIBI0 KOHMYECKUX
ceyeHUH, T.e. napabosbl, TUnepbOIbl U UIMIICA; Ha3BaHUE, MO-BUAU-
MOMY, CBSI3aHO C TeM, 4TO HUCIOIb30BaNCh CEYeHHs IPOCTPAaHCTBEHHON
urypsr — KoHyca);

3) rpaMMuYecKye 3aja4H, peliaeMble JIMIIb C TIOMOIIBIO APYTHX, 60-
Jiee CJIOKHBIX KPUBBIX JIMHUH (OT rpeyecKoro Ypouuy — JIMHUA).

[Tann nucast, 4YTO ey 3a4ady MOKHO PEIIUTh ¢ TOMOIIBIO IPSIMBIX U
OKPYKHOCTeMH, TO 6bUI0 OB OIKOKOM UCIONIb30BATh B TeOMETPHH IS eé
peleHHs Apyrue MHCTPyMeHTHl. OH 6bUI YBepeH, 4YTO 3aJa4y YABOEHHA
Ky0a HeJib3s pelIUTh C HOMOIIBIO NPSIMBIX U OKPY>KHOCTEHH.

Krnaccudukauua 3azay Ha NOCTpoeHHe, NpexnoxeHHas [lanmom,
HernonHadA. OHa He BKJIIOYAeT IOCTPOEHHA, UCHONb3YIOIMe ClenHalb-
Hble UHCTPYMEHTEI, a TaKue NOCTPOeHHA BCTPeyaluch y JpeBHerpeye-
CKHX MaTeMaTHKOB HepeZko. CriellanbHble MHCTPYMEHTHI AJIf pellieHUA
3a7ayM yABoeHUA Kyba ucnonb3oBaiu dparocoeH u Hukomen; crenu-
aJIbHBIA MHCTPYMEHT UCIONIb30BaH TaKKe B pellleHUH, IPUITHCEIBAEMOM
[L1aTony.

3a NepBHIM pellleHHeM 33/1a4yl YABOEeHUs KyOa, NOTydYeHHBIM ApXU-
TOoM TapeHTCKUM, NociefoBanu peunieHus [InatoHa, MeHexma u Huxko-
Meza. O60 Bcex 3THX pellleHUAX NOAPOOHO paccKa3aHo B pasjeliax, Io-
CBALIEHHBIX 3TUM Y4EHBIM.

Tpu Maremaruka ApeBHOCTH — AnoyioHui, ®wioH BusaHTHICKMI
(280—220 10 H. 3.) 1 l'epoH — B pa3HOe BpeMs NPeAJIOKIIU GaKTUIECKH
OZIHO Y TO e pelleHHe 3aJa4yu yABoeHUs Kyba. Ho oHU He ykasaiy, ¢
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MOMOIIBI0 KAKUX WHCTPYMEHTOB MOXXHO OBUIO GBI OCYILECTBUTH TaKOe
IIOCTpOEHHE.

PaccmoTpuM npsamoyronbHUuk ABDC, rae AB u AC — faHHbIE OTpes-
k. [Tyctb E — TOYKA NepecedeHus AuaroHajiei 3Toro NpsaMoyrolbHUKaA.
Jl1s1 pelieHUs 3a/1a4yy yABOEHHUA Ky6a JOCTaTOYHO BHIIIOHUTH JII060€ U3
CJIeZyIOMUX SKBUBaJIEHTHBIX IIOCTpoeHUi (puc. 2.5):

1) npoBecTH OKPY>KHOCTb C IeHTpoM E Tak, 4ToOn! Touka D jexana
Ha OTpe3Ke, COeJUHAIOIIEM TOYKU NlepecedyeHus 3TOH OKPY>KHOCTH C JIy-
yamu AB 1 AC (ATOJIJIOHUE);

2) MpoBecTH Yepe3 TOUKy D NpsAMYIO TaK, YTOOBI OITUCAHHAA OKPYXK-
HOCTb IpsiMoyronbHUKa ABDC u nipsimble AB 1 AC BbiceKalu Ha Hel
paBHble oTpe3ku GH u DF (PunoH);

3) mpoBecTH Yepe3 TOYKy D HpsAMYIO Tak, YTOObI OHa IlepeceKasa
npsiMele AB 1 AC B TOYKaxX, paBHOYZaJIEHHBIX OT Touku E ('epoH).

G
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\
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y| o\
\\\ H
\ D
C \
\
\
a I~
E ‘\\\‘\
A b B x F
Puc. 2.5

ITocTpoeHusa Anosnnonusa u 'epoHa, 0O4eBUAHO, SKBUBaJIEHTHHL. YTO
e KacaeTcs nocrpoeHus ®uioHa, TO ZOCTaTOYHO 3aMeTUTh, YTO TOY-
Ka E ysieXXuT Ha cepeAMHHOM IepHeHAVKY/sipe K oTpe3ky DH, noatomy
paBeHctBa GH = DF u GE = EF 3KBUBaJIeHTHBHI.

[lyctb a =AC,b=AB,x =BF uy =GC. JIoKaxeM, YTo a : X =Xy =
=y : b. U3 mopobus tpeyronsHukoB CGD u BDF ciezyert, uro xy = ab.
PaBeHCcTBO GE = EF MOXXHO 3anucaTrh B BUJie

a\? , bv* _ b\2 , @
(y+§) +7—(x+-2-) +T,

a+
T.e. x(x +b) = y(y + a). Mnl gokasany, 4To % = %, ITO3TOMY ﬁ =
—a_Y x_yta
= = % Kpome TOro, MbI ZJ0Ka3asmH, 4TO Y =%Fb CiieoBaTeIbHO,
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Jnst peuieHus 3azayu yaBoenus kyba Juoxn (240—180 zo H.3.)
MIpeAJIOXKIWI MCNO0/Nb30BaTh KPUBYIO, KOTOPYIO BIOC/IE€/ACTBUM Ha3bIBa/IU
yuccoudoti. ITa KpuBas Mojly4aeTcs cieayroumum obpasom. [IpoBeném B
OKPY>KHOCTH /JBa NepleHAUKY/IAPHBIX AuaMeTpa AB 1 CD. OTIOXKHM Ha
Ayrax BC u BD pasHble ayru BF u BE. Ilyctb P — TO4Ka IepeceyeHus
oTtpeska CE v nepneHAUKy/IApa, OMYIIEHHOro U3 TOYKU F Ha oTpe3ok CD
(puc. 2.6). Korga Touka F nepememaeTcs 1o ayre BC, Touka P 3ameTaer
uuccouay Jluowia.

A

E B F
Puc. 2.6

fcho, yro LHDF = Z/HFC v /HDF = LHCP. Tloatomy ZHDF =
= /HFC = /HCP = a, tae a — HeKoTophI# yroi, u DH : HF = HF : HC =
= HC : HP =tga. /I/11 NOCTPOEHUA TaKHUX OTPE3KOB X U y, 4TO A : X =
=Xx:y=y:b, rne a u b— jaHHbBle OTpe3KH, NPUYEM a > b, MOXKHO
MOCTYTIUTh CleAyouM o6pa3oM. BospMéMm Ha paguyce OB Takyio Tou-
ky K, yto DO : OK = a : b. Ilyctb P —Touka mepeceueHus jsy4a DK
u uuccougnl. Torga DH : HF = HF : HC=HC : HP u DH : HP =a:b.

CnenoBaTtenbHo, x =kHF u y =kHC, rae k= Bgﬁ = up-

[Tocne [luokia NOYTH Takue ke penieHua npeaaoxwi [ann u Criop
Huxkelickuit (240—300). B aTux pelieHusax npoBoAwiach nmpsamas DK
(cM. puc. 2.6), a 3aTeM BOKpYT Touku C HauMHaIU BpalllaTh JUHEHKY;
HYXXHO OBUIO JOOGUTBCA TOro, YTOOBI AUameTp AB gmennn orpe3ok EP
nononaM (E U P — TOYKM IepecedyeHUs JIUHEHKU C OKPY>KHOCTBIO U C
npsaMoil DK cOOTBETCTBEHHO).

[MokaxxeM, YTO HUcCcOMJa 3aZaéTcs ypaBHEHUEM TPeThel CTeleHH.
[TycTh paguyc paccMaTpuBaeMoi OKPYXHOCTH paBeH a. BBezsém cucre-
My koopauHaT Oxy Tak, 4To x = OH u y = HP. PaBeHnctBo DH - HP =

= HF - HC nepenumercs Torga B Buze (a + x)y = v/ a? — x?(a — x),
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T.e. y2(a+ x) = (a — x)*. /luokn paccMaTpuBaJl JIUIIb Ty YaCTh KPUBOIA,
3aZlaHHOY 3TUM ypaBHEHHeM, KOTopas JIeXXUT BHYTpH yria BOC.

Tpuceknusa yria

O BO3HMKHOBEHUH 33Jla4d TPUCEKLUHU ymIa (T.e. JeJleHHUA yIvia Ha
TPU paBHbIE YaCTH) HUKaKWX MHTEPECHBIX JiereHs HeT. I1o-BUANMoMYy,
OHa NOsIBIUIaCh BHYTPU CAaMOU MaTeMaTHKH B CBSI3U C pellleHHeM 3a/ja4u
0 MOCTPOEHUU NPaBWIbHBIX MHOTOYTOJIBHUKOB. [locTpoeHue IpaBMiIb-
HOTO HATHYTOJbHUKA LUPKYJIEM U JUHENKOH JOMKHO OBUIO IpOU3BeE-
cTH Ha mudaropeiineB 60/bIIOE BlleYyaTIeHHe, IOTOMY YTO paBUIbHAA
NATUKOHEYHAs 3Be3Ja ObUla MX ONO3HABaTeJIbHBIM 3HAaKOM (OHa CUM-
BOJIM3NPOBaJIA 3[I0POBbe). LIUpKyseM UM JIMHEMKON MOXHO IIOCTPOUTH
NIPaBWIbHBIE HIECTUYTOJIBHUK U BOCBMUYTOIBHUK, HO HeJIb3s IIOCTPOUTD
NpaBWIbHBIE CEMUYTONbHUK U AEBATUYTONbHUK. A IOIBITKH IIOCTPOUTD
NIPaBWIBHBIH JEeBATHYTONBHUK KaK pa3 U JO/DKHEI ObUIM NPUBECTH K 3a-

Jadye TPUCEKIHHU yIyla, IIOTOMY 4YTO AJIs IIOCTPOEHHA ITPAaBWIBHOIO Je-
360° _ 120°
BATUYTOJIbHHUKA HY>XXHO IIOCTPOUTD yTOJI 9 = 3 T. €. pa3J€JIUTh Ha

TPH paBHBIE YacTH yTroa 120° (KOTOPHIH MOXXHO OCTPOUTD LUPKYJIEM U
JIMHEMKOM).

[lpu penleHny 3aZady TPUCEKLMH yIJla MOXXHO OIPaHUYUTBHCA CIIy-
@ —90°

=T+30,a

w|6

4aeM OCTPOTO yIJia, IOTOMY 4TO ecau ¢ > 90°, To
yron 30° JIerKo IMOCTPOUTD LUPKYJIEM U JIMHEHUKOM!.

[lpy pellleHMM 3aZad Ha IIOCTPOEHHE ApeBHerpedyecKue reoMeTphl
9acTO MCIO/Ib30BaIM TaK Ha3blBaeMbIlt MeTo/ BcTaBku. OH 3aK/I04aeTcs
B TOM, YTOOBI BCTABUTh OTPE30K AAHHOH JJIMHBI MEXAY ABYMs JaHHBIMU
NpPAMBIMHY, T. €. Yepe3 JaHHYIO TOYKY IPOBECTH MPAMYIO TaK, YTOOHI JBe
JlaHHBIe NIpsAMEle BhICeKaIu Ha Hell OTpe30K JaHHOM AJIMHBI.

C noMolbi0 MeToAa BCTAaBKU pasfeluThb Yol Ha TPU paBHbIE 4acTH
O4YeHb JIeTKO. Bo3bMEM Ha CTOpPOHe yIvia C BepUIMHOM B IPOM3BONb-
HyI0O TOYKY A ¥ OIYCTHM U3 Heé nepneHAUKy/sIp AC Ha ApPyTyrO CTO-
poHy (puc. 2.7). IlpoBegéM depe3 TouKy A Jyiyd [, COHaIpaB/leHHBIH C
aydom BC. BcraBuM Tenepb Mexay Jgydamu AC u | otpe3ok DE pnu-
HOUM 2AB Tak, 4TOOBI €ro NpoJO/DKEHHe IPOXOAIIO Yepe3 TOYKy B.
Torma ZEBC = LZABC/3. B camoMm zene, nycTb G — cepeAlHa OTpe3-
ka DE. Touka A JIeXUT Ha OKPYKHOCTU C AuameTpoM DE, mosToMy
AG = GE = DE/2 = AB. Tpeyronbuuku BAG u AGE paBHOGeApeHHbIE,
noatomy £ABG = ZAGB =2/AEG =2/EBC.

[Manm AnekcaHapHiiCKul NTOKa3aJ, YTo 3aZada «BCTaBJIeHUA» OTpe3-
Ka MeXXAy JaHHBIMU NTepleHAUKY/ISIPHBIMU OPAMBIMH [; ¥ |, cBoAUTCA K
MOCTPOEHHIO TOYKY IlepeceyeHus OKPYKHOCTH U rumnepbossl. JleiicTBuy-
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Puc. 2.7 Puc. 2.8

TEJIbHO, PaCCMOTPUM NPAMOYTONbHUK ABCD, poaomkeHua cTopoH BC
u CD KOTOPOro ABJAITCA JaHHBIMU IIPAMBIMY, a BeplIMHa A ABJAETCA
JaHHOHN TOYKOM, yepe3 KOTOPYIO HY)XHO IIPOBECTH NPAMYI0, IlepeceKa-
ouyio npamele [, u I, B Takux Toukax E u F, uto orpe3ok EF umeer
JaHHyIo uHy (puc. 2.8). loctpouMm TpeyronbHUK DEF [0 mapajuieno-
rpamma DEFG. /Iyl OCTPOeHUsI UICKOMOM NPSMOM JOCTaTOYHO IOCTPO-
UTh TOYKY G, a 3aTeM 4epe3 TOYKY A IIPOBECTH IpsIMYyI0, Napajuleyb-
Hy1o npamoi DG. Touka G yAaneHa OT TOUYkH D Ha JaHHOe pPacCTOsTHUE
DG = EF, nostoMy To4yka G JIeXKUT Ha OKPY>XKHOCTH, KOTOPYIO MOXXHO
nocTpouTh. C APYTroi CTOPOHEI, U3 NOAOOHA TpeyronbHUKOB ABF u EDA
nony4yaeM AB : ED = BF : AD, T.e. ED - BF = AB - AD. CiefioBaTeJbHO,
FG-BF =ED -BF = AB - AD = S 45¢p, T. €. Touka G JIEXXUT Ha runepboie
(ecim HanpasBuTh ocu Ox u Oy no jaydyam BF u BA, To 3Ta runep6ona
3a/aé€Tca ypaBHEHUEM XY = S pcp).

OTo mocTpoeHue NoyTH 6e3 U3MeHEeHNI MO)KHO IIPUMEHUTH U B CIIy-
yae HellepIeHAUKYIAPHBIX MPSMBIX [, U [,.

OnHO M3 pellleHUI 3aJja4yy TPUCEKIIUU yIJIa MTOJIy4YeHO ApXUMenoM
(cMm. c. 118).

Ksagparypa kpyra

3azava kgadpamypbl Kpyea, T. €. IOCTPOEHUS KBaJpara, paBHOBEJIH-
KOr'o AaHHOMY KpyTy, B JlpeBHel ['periuu 6pL1a, 10-BUAUMOMY, OYEHb I10-
mynsapHa. [Lryrapx coobmaer, 4to ¢priocod AHaKcarop B TIOpbMe 3aHH-
Maics 9Tol 3azayeit. O Hell rOBOpUTCA U B KoMeAuu ApucTtodana «I1Tu-
ubl» (414 10 H.3.): «[IpWIOKUB cloZa JUHENKY, KPYT OIUCHIBAIO IUPKY-
JleM, ¥ BepxX U Hu3... [loToM suHelikol oTHoury mpsimyto. Kpyr Tenepb
1og06eH YeThIPEXYTONbHUKY». JTO YIIOMUHAHUE B KOMEAUU O3HAYaerT,
9TO 3aJaya KBaJpaTyphl Kpyra ObU1a 00ler3BecTHa.
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Haubosee paHHuUe JomieIIye A0 Hac ApeBHerpedecKye pelleHus 3a-
Ja4y KBaZpaTypHl Kpyra Ha IepBblil B3I/ KAXKYTCA IPOCTO DIYIIOCTHIO.
AdunsaauH AnTUdOH (480—411 K0 H.3.) BIUCHIBAJ B KPYT MHOTOYTOJIb-
HUK (TpeyTOoNbHUK WIKM KBaApar), 3aTeM Jelw1 AYyTH I0II0JIaM U CTPOII
BITMCAHHBIII MHOTOYTOJIBHUK C YIBOEHHBIM YHCJIOM CTOPOH U T.A. OH
ZAyMaJl, 4TO B KOHIIe KOHIIOB ITOJIy4UTCSI MHOTOYTOJIbHUK, KOTOPBIi, 6J1a-
roAapsA KpaliHed MaJOCTU CBOUX CTOPOH, COBHIAZET C OKPYKHOCTBIO.
Bpuson I'epalefickuil B3s1 KBaJpaT, BIIUCAHHBIA B KpyT, U KBaJpart,
OIIMCAHHBIN OKOJIO KpyTa, a 3aTeM B3sUI KBaJparT, JIeXaluil MeXxJy HU-
Mu. OH yTBep)KJall, YTo IUIOIIAAb NoCIeJHEro KBaJApaTa paBHa IUIomaju
KpyTa.

[No3aHelinMe fpeBHErpeyecKrie KOMMEHTATOPH! K pellleHUsAM AHTH-
¢doHa 1 Bpr3oHa OTHOCWINCH TpeHeOpEeXXUTEIBFHO U UX BOOOIIE He 006-
cyxaanu. Ho gearenpHocTs AHTHOOHA U BpHU3oHa He cileayeT HeAoole-
HUBAaTh. 11 pellleHus 3aa4y KBaZApaTyphl Kpyra Heo6XxoguMo 6bUI0 Io-
HATb, YTO K€ Takoe IUIOIAZb KpyTa, a JJIg 3TOro ObUIO HY)XHO Ipea-
cTaBieHue o npezeie. B JlpeBHelt VIHAUK 0601UIH 3T TPYAHOCTH, IIPU-
HfIB Ha Bepy HETOYHOe pelleHHe dToi 3ajayu. AHTU(OH U BpusoH Ha
OIIyIb MCKAJM NOHATHE IpeZesia. B ux paccyxeHUAX HEBEPHOTO MHO-
ro, HO eCTh U KOe-4TO OYeHb Ba’KHOE; CO3/IaHHbBII BIOCIEJCTBUU MeTO],
HcuepIIbIBaHUA MHOTO€ Y HUX TIepeHsUl. ApXUMe/| IIpY BEIYUCIIEHUH YHUC-
Jla 7T KaK OTHOIIEHUA AJMHBI OKPY>KHOCTH K ZilaMeTpy UCIOIb30BaJl KaK
nzeio AHTUQOHA (Ilepexo OT BIUCAHHOTO N-YTOJbHUKA K BIIUCAHHOMY
2n-yTONBHUKY), TaK U uzgero bpusoHa (IpuMeHeHNe He TOIbKO BIIHCAH-
HEBIX, HO U ONIMCaHHbIX MHOTOYTOJILHUKOB).

Pemenue 3afauu KBaZpaTyphl Kpyra ¢ IIOMOIIbIO KpUBOM, Ha3BaH-
HOM BHOCJeACTBUU keadpampucoli Junocmpama, nomydun JUHOCTpaT
(cMm. c. 70).

Ha 3TOM MBI 3aKOHYUM OTCTYIUIEHUE O TPEX KJIACCHYECKUX 3ajavdax
Ha IIoCTpOeHHe.

I'unnoxpar Xuocckuit (470—410 fo H.3.)

I'unmokpatr nepBbIM cocTaBWI «Hadana», aHasoruusele «Havyamam»
EBruMza. OTOT ero Tpys He COXpaHWICH.

Haubonee usBecteH 'MINOKPAT OTKPHITHEM TaK Ha3bIBAEMBIX. IYHO-
yek ['unmokpara. Jpyroe BaxHoe OTKphITHe ['MIIIIOKpaTa COCTOUT B TOM,
YTO OH CBEJ 3aZjayy yABOeHUs Kyba K HaXOKJEHUIO JBYX CPEAHUX 4Jie-
HOB X M y B IIPOIOPIUM A : X =X :y = y : b A/ 3afjaHHBIX a U b. DTUM
BIIOCJIEACTBUM IIOJIb30BAIMCh BCE, KTO 3aHMMajcAd 3ajaveil yABOoeHUA

Kyba.
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C Touku 3peHHsA MaTeMaTHKU KBajpaTypa JyHoueK, BBIIIOJHEeHHas
l'unmokparoM, ¢ pelilleHHeM 33aJa4yu KBaJpaTyphl Kpyra He cBsidaHa, IIo-
TOMy 4YTO BCE €ro NnpuMephbl OCHOBaHBI KaK pa3 Ha TOM, 4TO YHCJIO T
He BXOAWUT B BhIpaXKeHMA JJIA IUIOLIalel HEKOTOPHIX JyHoueK. Ho wHc-
TOPUYECKH €ro JeATeJbHOCTh HENOCPeJCTBEHHO CBS3aHA C ITONBITKON
pemuThb 33avy KBaZparypsl kpyra. Bosee Toro, nosaHeiinyue KOMMeH-
TaTOPHI Aake nucanu, 6yaTo cam I'Unmokpar 6bUT yBEPEH, YTO OH P
3ajady KBagpaTyphl kpyra. Ho 3T0, no-BUaMMOMY, IPOCTO HeAopa3yMe-
Hue. ['Mnnokpar ZookeH 6bUT XOPOIIO MOHUMATh, YTO OH Aejial U YTO
caenan. XoTA OH XKWl 3azoiaro Ao EBxinzga u ApxuMmeza, ypoBeHb €ro
MaTeMaTH4YeCKUX [T03HaHUN BeCbMa BBICOK.

Byzem Ha3bIBaTh JiyHoukoll GUTypy, OrpaHUYEHHYIO JBYMs AyTaMH
OKpyxHocTel (puc. 2.9). l'unnokpar MpuBE TPU NpUMepa KBaApHPY-
€MBIX JIyHOYEK, T. €. JIyHOUYeK, JJid KOTOPBIX JIerKO IIOCTPOUTh paBHOBe-
JIMKWE UM MHOTrOyTronbHUKU. Hanbosee u3BecTeH ero nepBalii mpUMep.
PaccmorpuM nonykpyr ¢ aguamerpoMm AB. Ilycte O — cepesuHa OTpes-
ka AB, C —cepeauHa gyru AB. IlocTpouM Taxke NMOJyKpPYyT Ha KareTe
BC npamoyroibHoro TpeyronbHuka ABC. Torza mwiomazb 3akpanieHHOM
Ha puc. 2.10 JIyHOYKHM paBHA IUIOMIAAU IPSAMOYTOIBHOIO TPEYTrOJbHUKA
BOC. B camomMm gesne, Kak miomazabs cekropa BOC, Tak u mwiomajp mo-
JIyKpyTa ¢ AuaMeTpoM BC paBHa 1nosioBHUHe IUIOLIAAM NOIyKpyTa C Jua-
MeTpoM AB. ITo3TOMy, BhIpe3aB U3 3THX GUryp MX OOIIYIO YacTh (cer-
MeHT BC), No/ly4yuM paBHOBeJMKHe QUTYDEHIL.

B
Z@
A 0 B A

Puc. 2.9 Puc. 2.10 Puc. 2.11

S

Jlist mocTpoeHus BToporo npumepa ['unnokpar B3sn paBHOGeIpeH-
Hyto Tpanenuto ABCD, ocHoBanus BC u AD kotopoii pasHel 1 1 V3, a
60KOBBIE CTOPOHEI AB 11 CD paBHHI 1. PAaCCMOTPUM JIyHOUYKY, OTpaHHYeH-
HyIO OIIMCAaHHOU OKPY>KHOCTBIO S Tpamneuuui ABCD U OKPY>XHOCTBIO S,
MOJIy4eHHON U3 OKPYKHOCTH S IIpU 'OMOTETHH, IlepeBOoJsIel OTpe30K
BC B oTpe3ok AD (puc. 2.11). ILtomazapb cermeHTa AD B TpH pa3a 6osblire
IUTOIIAAM KaXKA0oro U3 cerMeHTOB AB, BC u CD, T.e. OHa paBHa CymMMe
ux wiomazei. IlosToMy 1ioniaZb JyHOUYKH paBHA IUIOMIAAY Tpalelyuy
ABCD.
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Jlia nocTpoeHus TpeTbero npuMepa ['MINIOKpaT B3Aa TpaleLuio
ABCD, B KoTOpO#i ocHOBaHUe BC u 60koBbIe cTOpOHBI AB 1 CD paBHHI
1 u, kpome Toro, AO =0D = x/§—/§, rie O —TOYKa IepeceyeHUA JUa-
roHajieil. DTy Tpanenuo OH CTPOUT CIeAyoIuM obpa3oM. Bo3apbMéM Ha
Jayde BC Takyro Touky E, yro BE = 2BC, 1 pacCMOTPUM OKPYXHOCTb S
¢ aunamerpoM BE. IlycTh | — cepefUHHBIN NepIeHAUKYIAP K OTPE3KY
BC. Ucnonp3ysas MeToZ BCTaBKU, IIOCTPOUM OTpe3oK OD = x/§—/§BC C
KOHILIAMH, JIe)KallUMH COOTBETCTBEHHO Ha NPSAMOM | M OKPYXKHOCTH
S, pogo/DKeHHe KOTOPOro INpoxoguT depe3 Todky B. Touka A cum-
MeTpu4yHa Touke D OoTHOcUTenbHO mpsamoii [ (puc. 2.12). PaccMoTpum
ONMCaHHBIE OKPYXHOCTH Tpanenuu ABCD u TpeyronbHuka AOD. fIcHO,
YTO IUIOIIAZU KaXKAOIO U3 CerMeHTOB, OrpaHHWYeHHBbIX xopgamMu AO u
OD, B 3/2 pa3a Gosnbliie IUIOMAAY K&X/JOrO U3 CETMEHTOB, OTPAHUYEH-
HbIx xopAamu AB, BC u CD. IToaToMy IUIOIIaAb NTEPBBIX JByX CETMEHTOB
paBHa IUIOIAAU TPEX APYrMx cermMeHTOB. CieAoBaTe/bHO, IUIOLIaAb
JIYHOYKH, orpaHudeHHON Ayramu ABCD u AOD, paBHa IUIouniaii MHO-
royroinsHUkKa ABCDO.

Puc. 2.12

B KaXxZJ0M U3 3THUX TPEX IPUMEPOB 1Al I0Ka3aTelbCTBa Hy>KHO 3HaTh,
YTO IUTOLIAZU KPYTOB OTHOCATCS KaK KBaJpaThl UX JUaMeTpPOB. YUeHUK
Apucrorens EpgeM Pojocckuil B HalMcaHHOM UM MCTOPUM JpeBHerpe-
YeCcKOW reOMETPUH YTBepXKJaeT, 4To ['MIINOoKpaT 3TO JAeHCTBUTENIbHO
yMmen AoKa3biBaTh. Y EBKIMZA 3TO AOKasbIBaeTCA METOAOM MCYepIIbl-
BaHus, U 6e3 4ero-HUGYAb BpoZEe METOAA MCYEPIIBIBAHUA 3/eCh HeJlb3s
0BGOHTHCE.

BriocsieacTBUM KOHCTpykIMs ['unnokpara 6su1a o6061ena. Ho mpex-
Je 4eM IepelTH K 3ToMy 0006IIeHNI0, Hy>KHO OOCYAUTh TPETHH IpH-
Mep ['unmokpara. Jlesio B TOM, 4TO IpUMEHEeHNe MeTo/ia BCTABKH B 3TOM
ciydae U3nuiIHe: Tpamnenuio ABCD MOXHO NOCTPOUTD € IIOMOILBIO LIUP-
KyJI1 ¥ IMHEHKU. PaccMOTPUM OKpYKHOCTH ¢ AuaMmeTpoM AB. [Tycts O —
LEHTDP 3TOW OKPYXHOCTH, | — cepe[UHHBIM NEPIEeHAUKYISAP K OTPE3KY
OB. JlokaxeM, 4TO C ITOMOIIbIO LUPKY/SA U JUHEUKHU MOXHO BCTaBUTh
MeXJy OKPY)KHOCTBIO U mpsMoii | oTpe3ok PQ naHHOM AMUHH d, Npo-
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Puc. 2.13

JO/DKEeHHe KOTOpOro IpoXoAuT yepe3 Touky B (puc. 2.13). Beezém cu-
CTEMY KOOPAMHAT C HAaYaJIOM B IIeHTPe OKPY>KHOCTH U ocbio Ox, Halpas-
JIeHHO# 1o ay4y OB. IlycTh Toyka P umeeT koopAauHarhl (x,y). Toraa
x% + y?> = R?, rze R— paauyc okpyxHocTH, ¥ PQ : KQ = PB: LB (cMm.
puc. 2.13), T.e.

d: (%—x)z\/y2+(R—x)2:(R—x).

YuuTeiBas, 4To

Y2+ R-x)?=(*+x*+R>-2Rx=2R(R—x),

nonyaum d2(R — x) = ZR(g - x)z, T. €. X — KOpPeHb KBaJpaTHOrO ypas-
HeHHs. DTO 03HAYAET, YTO TOUKY P MOXKHO IOCTPOUTH C IIOMOIIBIO IIUP-
Kyl U IMHEHKU.

KoHcTpykiuio ['unmokpaTta MOXXHO 0606IIUTH cieayrouyM obpa-
3oM. Pa3zenum Ayry AB HEKOTOpOI OKPY’KHOCTH Ha N paBHBIX 4acTel
U COeIVHUM TOYKU A M B ¢ Toukamu gejeHus (puc. 2.14). Touyku me-

Puc. 2.14

peceyeHHs NMOMYYEHHBIX OTPe3KOB JIeXKaT Ha n — 2 OKPYXHOCTAX, Ipo-
XOAAIUX Yepe3 TOUkM A U B. Eciu nyp — ymoBas BesM4uHa Ayru AB
HUCXOAHOW OKPYXXHOCTH, TO AyTH AB 3TUX OKPY)XHOCTell COCTOAT COOT-
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BETCTBEHHO M3 n — 1,n — 2,...,2 AyT C yIJIOBOX BeJIWYuHOMN . K aTUM
OKPYXHOCTSIM cJlefilyeT J06aBUTh Taloke OKPYXKHOCTb, YIJIOBas BeJH-
4yvHa AyTu AB koTopoil paBHa (. ILtomazb JIyHOYKH, OrpaHUYEHHOM
ayramu AY;B u AX;B (cM. puc. 2.14), paBHa IUIOWaJy MHOIOYTOJIb-
Huka AY;...Y, 1BX,,_;...X;, el OTHOLIeHUe IUIOIIaJell CerMeHTOB
AY, u AX, paBHO m/n. B camoMm geje, Torza IUIOLIab N CETMEHTOB
AY,,11Y,, ..., Y, B paBHa mwiomaau m cermeHToB AX;, X; X5, ..., X;,_1B.
CermeHTHl AY; u AX; nozoOHBI, TaKk Kak Ha HUX OMUPAIOTCS paBHbIE
ymisl ABY; u ABX;. VITak, Mbl IIPUXOAUM K COOTHOILLIEHUIO

AY?: AX?=m:n.
Ilo TeopeMe CHHYCOB UMeEM

—-my . 2m—nyp
3 isin— =
=sinma:sinna,

2
AY, : AX, = sin AX, B : sin AY; B = sin =

re a =@ /2. B uTOre nosy4aeM, 4To €CJIU KOPEHb YpaBHEHHSA
sinma :sinna=+vm:vn

MOXXHO IIOCTPOUTH C IOMOIIbBIO LUPKYJIS M JUHEWKH, TO CYIECTBYeT
KBaZipupyeMas JyHOYKa ONMCAHHOTO Bbllle TUNa. HaiigeHHble 'umnmo-
KpaToM IIpMMephl KBaJpHUpyeMbIX JIyHOYeK COOTBETCTBYIOT apam (1, 2),
(1,3) u (2,3). B 1766 r. 6pU10 OOHapyxeHO, uTo mapa (1,5) Toxe co-
OTBETCTBYyeT KBaJpHUpyeMoOM JiyHOuKe, a B 1840 r. 6buta o6HapykeHa
emé ogHa Takas mapa— (3,5). Y smmp B 1934 r. U3BECTHHI COBET-
ckuit Mmarematuk H.T.Ye6oTapés (1894—1947) moka3as, YTO HUKAKUX
JPYTUX KBaJpHUpyeMBIX JyHOUEK C HeYéTHBIMU m U n HeT. (OcHOBHas
TPYAHOCTb 3aKJIIOYAeTCA B TOM, YTOOBI BBIACHUTb, MOXKHO JIU KOPEHb
ypaBHeHUs sinma : sinna = 4/m : 4/n MOCTPOUTH C TIOMOLIBIO IIUPKYJIS
Y JIMHeWKH.)

l'unnokpar He OTpaHUYIIICS TeM, YTO HAIIEN 3TH BecbMa peAKHe U
HHTepecHble IPUMePHI KBaZIpUpyeMbIX JIyHO4YeK. OH UX JeTaJbHO HCCIe-
JIOBAJI: JIOKa3aJjl, 4YTO BO BTOPOM Cjlyyae BHeIIHAA Ayra Gosbire 180°, a
B TpeTheM MeHblle 180°. [To-BUAMMOMY, UMEHHO 3TO NPUBEJIO K He0-
pasymeHuio. Ilo3zHelinie JpeBHerpeyecKke KOMMEHTATOPHI PEINIy,
6yaro T'mnmokpar, HaliiA KBaJpUpyeMEBIE JYHOUKU C BHEMIHEH Ayroi
180°, 6osbiie 180° u MeHblie 180°, mogymas, 4TO TEM CaMbIM OH JO-
Ka3aJl KBaJ[pUpyeMoCTb J1060ii IYHOUKH U KBaApUPyeMOCTb Kpyra. Ho
COYMHEHUA 3TUX KOMMEHTAaTOPOB IOKA3hIBAIOT, YTO MaTeMaTHKy OHH
NMOHUMaIU Xyxe 'mnmokpaTa. Tak 4TO 3abMyXJaluch, CKOpee BCero,
OHM caMy, a He ['UIIIOKpart.
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®eopop Kupenckuii (465—398 10 H.3.)

®eoznop KupeHckuii usBecTeH TeM, 4To 06y4mn [LiaToHa MaTteMaTH-
Ke U JI0Ka3aJl UppallOHAIbHOCTh HEKOTOPHIX KBaJpaTHBIX KOpHeH U3
HaTypaJabHBIX YHUCeJl.

VppaunoHasibHOCTD YUCIa V2 6bU1a U3BecTHA emé MUparopeiam.
B auanore IlnatoHa «TeareT» roBopurcsd, yrto Peopop Aokasan uppa-
LMOHAJIbHOCTh KBaJpaTHBIX KOpHeH u3 uuces oT 3 Ao 17 (uckimoyas
4, 9 u 16). IIporuTHpyeM COOTBETCTBYIOIlee MecTo Auasora: «TeaTer.
BoT ®eosop 06BsCHI HaM Ha YepTe)XaX HeYTO O CTOPOHAaX KBaJpara,
[romazb KOTOPOro BhIpaXKeHa NPOJOJArOBaTHIM YMCJIOM], Hajlaras Ux
Ha TpéxyToBbIi U MATUQYTOBHIN [OTpe3ku] COOTBETCTBEHHO U JJOKa-
3bIBad, YTO IO JJINHEe OHU HECOM3MepUMBI C OZHOGYTOBBIM [OTpe3KoM];
U Tak nepebupas [3TU oTpe3ku] OAUH 3a APYTUM, OH AOLIEN JO CEMHa-
anatudyroBoro. TyT ero YTo-To OCTAaHOBHIIO».

Cpasy BO3HHUKAIOT ZiBa Bompoca. [TouyeMy nudaropeins ocTaHOBU-
such Ha v/2? [Toyemy Peogop ocTaHoBIWIC Ha v/17?

Ha mepBBIif BOIIpOC OTBETHUTH Jjierko. Iludaropeiinbl He 3HaMH 00-
meil TeopuHU JeNUMOCTH LeNbIX yuces. s JoKa3aTeabCTBa TEOPEMBI
0 TOM, 4TO J1060€e HaTypaJbHOE YUCJIO eAUHCTBEHHBIM 00pa3oM pasia-
raeTcsi B IIpou3BeZieHHe NPOCTHIX YHCes, Hy)KHa BecbMa IpOJBUHYTadA
TeopHsA, BKIIOYamIas ajaroputMm EBximzga. OTol o6ieil Teopueid mu-
daropeitis He Bragemu. Ho ana ucna +2 ata obmas Teopus 6bU1a He
HYXXHa, JOCTaTOYHO ObLIO TEOpHUU AETMMOCTH Ha 2, KOTOpPyIO nudaro-
peiiibl 3HaIu.

[lo moBoAy OoTBeTa Ha BTOPOH BOIPOC €CTh TOJIBKO HECKOJIBKO JOTa-
JOK M TIpeAIoNoXeHU. Brulo npeaiokeHO HeCKONbKO J0Ka3aTelbCTB,
KOTOpble TOAATCA AJiA 4yucel oT 3 Ao 17, HO He rogATcs B OOLIEM CITy-
qae. (/111 fOKa3aTeNbCTBA B O6IIEM CIIy4ae OOBIMHO UCIIOb3YeTCs eV H-
CTBEHHOCTh Pa3JIOKeHHUA Ha IPOCThIE MHOXXUTEU, KOTOpas OOBIYHO Z10-
Kas3bIBaeTCs ¢ nomolipio anroputMa EBxuinza.) Haubosnee ybexurenn-
HOU IpeACTaBJseTCs rUnore3a, IpejjoXeHHas B cratbe [4]. OTa ru-
IoTe3a COCTOMT B TOM, YTO CIleHaJbHO OTMEeYeHHble B Juajore 4uc-
ja 3 1 5 o3HayaioT, 4To PeoZop B CBOEM JOKasaTelbCTBe NMPUMEHSI
OCTaTKU OT AejieHud Ha 3 U Ha 5. [lejleHHe C OCTaTKOM — CyLIeCTBEeH-
HO 6Oosee 31eMeHTapHasA onepauus, yeM ajroputMm EBkimza, KOTOpPHIi
3aKIIOYaeTCs B MOCIeJOBaTENbHOM BHIIOTHEHUM JeJIeHUH ¢ OCTaTKOM
10 oINpeZileJIEHHOMY IIPaBWIY; 3Ta ollepanyA ObUia U3BECTHA U JIO IIO-
siBJleHnA anroputMa EBximza. Yucio /n, rae n — HaTypaJbHOE YHCIIO,
ABJISIETCS pallMOHAJIBHBIM TOTZAA U TOMbKO TOTAA, KOTAA ypaBHeHUe

a® =nb? €))
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HMMeeT leJIoYHCIeHHoe pelieHue (a,b); IPH 3TOM MOXHO CYMTATh, YTO
yycsa a ¥ b He UMeIoT o61mux geauTtenei. CocTaBUM TaOJIUIBI OCTaTKOB
OT Je/ieHns Ha 3 U Ha 5 IPOU3BeAeHUA ABYX YHCEN:

0(1|12|3|4
0(1]2 0|{0|0|OfOfO
0j0(0]|0 110(1(2|3|4
110|112 2(0(2(4(1(3
2(0(2]1 3(0{3]|1]|4|2
4(0(4[3[2(1

OTU TabauUBbl MTOKA3BIBAIOT, YTO Npou3sedeHue 08yX HAMYPAIbHbIX YU~
cen deaumca Ha 3 mozda u moawbko mozdda, ko20a xoms 6bl 00HO U3 HUX
denumcs Ha 3, ¥ npouseedeHue 08YX HAMYPAIbHLIX UYUCEN 0eaUMCS HA
5 mozda u mosvko mozoa, koz0a xoms 6bl 0OHO U3 HUX 0eAUMCA HA 5.
OTU YTBEPXKJEHUA NO3BOJAIOT AOKa3aTh, YTO €CJIU N JeJUTCA Ha 3 win
Ha 5 U He JieJIUTCA Ha KBaZpaT HaTypaJbHOT'O YKUCJIa, IPEBOCXOASIIEro 1,
To ypaBHeHUe (1) He UMeeT LieJIOYNCIEHHBIX pelleHuH. JefcTBUTEIbHO,
nyctb n = 3k, rae k He genutcs Ha 3. Torma a? =a - a genuTca Ha 3,
noaToMmy a Zienutcs Ha 3. CrezoBarenbHo, a® = 3kb? genurtes Ha 9, 1o-
sToMmy kb? nenutcs Ha 3. TTo ycoBuio k He AenuTes Ha 3, moaToMy b?
JeJUTC Ha 3, a 3HAyuT, b JeuTes Ha 3, a 3TO IPOTUBOPEYUT TOMY, YTO
4ucia a ¥ b He UMeIOT o6uMx genutenei. JUis ducesn Buga 5k paccyx-
JEHUA aHATOTUYHBL.

TakuM 06pa3oM, Mbl MOXKEM HCKJIIOYUTD U3 PACCMOTPEHHUS YUCIIA N,
JeJsiiyecs Ha 2, 3 wiM 5, a Takke BCe YUCIIa, JeJsIIyecs Ha KBaJpaThl.
[Tocne sToro ocrarorca yncna 7,11,13,17,19, ... [1ycTs n — OAHO U3 3TUX
quces1. Tabnuma oCcTaTKOB OT AejieHUA Ha 3 MOKa3bIBAeT, YTO €CIM ypaB-
HeHue (1) uMeeT LeJIOYMCJIEHHOEe pelieHUe (M YUCiIa a ¥ b He UMeloT
obmux Aenureseit), To oba yuciaa a u b He AensTcd Ha 3 M UX KBajpa-
THI TIPY Je/leHUH Ha 3 AaroT B ocTatke 1. [ToaTOMy uucno n umeem aud
3k + 1. [locse aToro 3amMmeyaHus MPUXOAUM K criucky 7,13,19, ... ITyctp
n — oAIHO U3 3THX 4Kces. TabauIla OCTATKOB OT Jie/IeHUA Ha 5 MoKa3bIBa-
€T, YTO eI ypaBHeHHe (1) UMeeT 1eJIOUUCIeHHOe pelieHue (U Yucia a
u b He UMeIOT OOIIUX AeIUTeNel), To 0ba ynucia a U b He fgenaTca Ha 5
Y UX KBaZpaThl IIpU JeJIeHUH Ha 5 AaroT B octatke 1 wiu 4. [TosTomy
yucno n umeem 8ud 5k + 1 unu S5k + 4. Tlocie aToro 3amevyaHus OCTa-
éTcA CIMCOK, HauMHAaIoIIMiica ¢ yuciaa 19, koTopoe Ipu AejieHUM Ha 3
JaéT B ocTaTke 1, a Ipu JejleHWU Ha 5 JaéT B ocTaTke 4, U AJiA HEro
Hallli pacCyxieHus He paboraioT. Takum 06pa3oM, 3TH pacCyAeHUI
JalOT 0Ka3aTelbCTBO AJIA BCeX yucea oT 2 zo 17 (uucmo V18 = 3+v2
HCKJIIOYAETCs U3 PaCCMOTPEHMUS 110 OYEBUAHBIM IIPUYHUHAM).
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Apxut TapenTtckuii (428—350 zo H.3.)

B nHauasne IV Beka 70 H.3. nudaropeinp! ObUIM U3rHAHBL U3 MTOYTH
BCEX IpeyecKMX KOJIOHUH B I0HOH Mrtamuu. Jlumb B TapeHTe ApXUT
CyMeJI COXPaHUTb NOTyapUCTOKPaTUYeCKUM PeXUM, U 3TOT FOPOJZ OCTa-
¢l €AVHCTBEHHBIM CyIIeCTBEHHBIM NOJUTHYECKUM LEHTPOM Iudaro-
peiinieB. B cBoéM ropozse ApXUT ObUI OUY€Hb BIMATEJIbHBIM Y€JIOBEKOM.
JluoreH JlaspTckuit mucan o HEM: «BcsTiecKMMU CBOUMU 0OpoAeTeIAMU
BBI3BIBAJI OH BCceoOblee BOCXUIIeHNEe U ObUT HaJZl CBOUMU COTpaXKAaHaMH
BOEHa4YaJbHUKOM CeMb pa3, TOrZia KaK JpyTHe II0 3aKOHY He BoeHa4asTb-
cTBOBa/IX OoJiee OZHOro roza... B cBOé BoeHayanbCTBO OH HU pasy He
roTepres NOpaXkeHHs; a OJHaX/bl, KOorZa eMy CTalu 3aBHJOBaTh, OH
OTKa3ajics OT HayaJbCTBa, U BOMCKO TOTYAC OBUIO pa3buTO».

Apxut 6bUT O4eHb ApykeH ¢ ¢puiocopom [LiaroHoM. Mx 06oux 06y-
1yt MmaTeMaruke ®eogop KupeHckuii. OgHaxxabl ApxuT gake crac [Lia-
TOHa OT CMepPTHU. DTy UCTOPHUIO paccka3ai JluoreH JlaspTCKui: «...BO BTO-
poii pa3 oH ([LraToH) e3awn K JMoHHCHIO MiIafieMy IIPOCUTDb O 3eMiie
Y JIIOJSIX, YTOOBI XKUTH IO 3aKOHaM ero locyzapctsa (,focyzapcTBo —
kHura Iliatona). JluoHucHit obelan, HO He Aaj. HeKoTopele MMINYT,
YTO IIPU 3TOM OH nomnaju 6puto B Gefy, oTTOro uro nobyxzgan Juona u
®eozoTa Kk 0CBOOOXKAEHUIO OCTPOBA; HO MUdaropeer; ApXUT B IIMCbMe K
JlvoHMCcHIO JOGWIICA AJI HETO NPOIIEHN U CBOOOJHOIO BO3BpallleHHs B
AduHBI».

Apxut o6yunn Mmatematuke EBfiokca.

HayuyHble HTepechbl ApxyTa Ha NepBbIH B3I/ IIOPAXAOT PasHO00-
pa3ueM. CaMbIM I[TIaBHBIM €r0 JOCTH)KEHHEM ABJIAETCS pelleHue 3aa4u
yABOeHHUA Kyba. JIpyrTMM BaXXHBIM JOCTHXXEHUEM SIBJISIIOTCS €ro Teope-
THUKO-YUCJIOBblE HCCIeZOBAHUsA, COCTABUBIINE OCHOBY BOCHMOU KHUTH
«Hauas» EBxinzga. Kpome Toro, Apxura ¢ ojHbIM OCHOBaHHWEM Ha3bIBa-
JIM KpyITHeH1uM nudaropeiickuM TeOpeTUKOM My3bIkU. Bosiee Gim3koe
3HAKOMCTBO CO BCEMU 3TUMH pe3ylbTaTaMu ApXUTa IOpaXaeT, OJHAKO,
CTPaHHBIM eJUHOOOpasueM IpU TaKoM pa3HoOOpasuu. Pemas 3agady
yABOeHHUA Kyba, OH MeXAy JaHHBIMM OTpPe3KaMH d W b BCTaBiseT oT-
pe3ku X U y, obpa3yloliye HpOMOpLHUIo a : X =X : ¥y =Y : b. B Teopun
yuces ApXUT UCCIeyeT, Korja Mex Ay JaHHbBIMU HaTypaJbHbIMU YHCJIa-
MU a 4 b MOXXHO BCTaBUTb HaTypasbHEIE YUCIA X7, ..., X,, OOpa3syioliye
MpOINOPLUIO

A:1X]=X]:Xg=...=Xp_1:Xn=2Xp:b.

B Teopuu My3bIKA APXUT U3y4aeT CPeJHUE U IIPOIIOPLMU: CpeaHee apud-
metuyeckoe (a —b=>b—c¢, T.e. b= (a+c)/2), cpeaHee reoMeTpuye-
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ckoe (a:b=b:c, T.e. b= +/ac) u cpeaHee rapMoHHUYECKOE (CI;:C = %,
_ 2ac
T.e.b= _a+c)'

ApXWT 3aHUMAJICA TaKKe MeXaHUKOH U, MO-BUANMOMY, JIOOWI Ma-
CTepuUTh pasHble npucrocobnenus. JluoreH JIa3pTCKUH HHUCAI O HEM:
«OH nepBhIl yIIOPAAOYIWI MEXaHUKY, IPWIOXKHUB K Hell MaTeMaTh4ecKkue
OCHOBBI, ¥ NEPBLII CBEJ JBH)KEeHHE MeXaHH3MOB K r€OMeTpUYECKOMY
yepTexy». O6 usobpeTeHHAX ApXHUTa ecTh He OYeHb JOCTOBEPHBIE CBe-
JeHus, OyATO OH U3TOTOBWII IePEBAHHOTO Toly0s, KOTOPBINA MOT JIeTaTh,
U COBEPIIEHHO JOCTOBEPHOE COOOIIeHe APUCTOTENS, YTO APXUT HU3006-
PéJ IeTCKyto norpeMymky: «C Apyroi CTOPOHBI, U AETH JODKHBl UMETh
Kaxoe-HUOyZb 3aHUMAaTeIbHOE ZIeIO, U B 3TOM OTHOLIEHUH HYXXHO CYU-
TaTh NPEKPACHHIM H306peTeHHEM Ty IOIPeMYIIKYy ApXHUTa, KOTOPYIO
JAlI0T MaJIbIM ZI€TSM, YTOObI OHU, 3aHUMASACh €10, He JIOMalIX HUYEro U3
JOMAIIHUX Bellleil: BeZlb TO, YTO MOJIOZO, He MOXET OCTaBaThCA CIIOKOM-
HBIM». APUCTOTEJIIO IPUXOAUTCS OBEPUTD, IOTOMY YTO OH ObUI JIYYIIIUM
y4ueHukoM [LraTtoHa, 6;1u3Koro gpyra Apxura.

ADXUT NOJMY4WI IIepBOe pellleHNe 3a/la4y YABOeHUA Kyba. Ero pere-
HUe IIpSMOe U eCcTeCTBeHHOe, HO AJIA COBPEMEHHOIO BOCIHPHATHUS OHO
OZIHO U3 Hauboslee CJIOXKHBIX, IOTOMY YTO OHO IOJHOCTBIO reoMeTpHuye-
CKOe U COBpeMeHHas anrebpausaliyisi HU4eM He IIOMOTaeT ero IOHATD.
[Ipexzae yeM nepelTu K pelieHUI0 ApxuTa, paccMoTpuMm puc. 2.15. Ha
STOM PHUCYHKe U300paéH MOMYKpyT ¢ AzuameTpoM AC; U3 Touku P, je-
JKalleil Ha OKpYXXHOCTH, OIyIlleH NepneHAuKyaap PM Ha auametp AC,
U3 TOYKU M olyllleH nepneHAUKyassp MQ Ha orpe3ok AP, a U3 Touku Q
omyluleH nepneHAUKyaAp QN Ha auameTp AC. ficHO, 4TO

TIO3TOMY

AC _AC AP AM_(AM 3

AQ ~ AP AM AQ ~\AQJ -

B wactHOCTH, eciu AC = 2AQ, To AM = %AQ.

A k C

Puc. 2.15
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p D

Puc. 2.16

YTOO6BI NIPUHATH K pHUC. 2.15, MOCTYNUM clegyioluM obpasom. ITyctb
AB u AC — paHHBIe OTpe3kH, npuuéM AB < AC. Torzia MOXXHO CUMTATh,
YTO TOYKA B sexuT Ha OKpyxkHOCcTH S ¢ guamerpoM AC (puc. 2.16).
PaccMOTpUM TpU IOBEPXHOCTHU:

1) HWIMHAP C OCHOBAaHUEM S;

2) KOHYC ¢ ocblo AC U obpasyiolieit AD, rae D — Todka repece4eHus
npsMoil AB u KacaTeJIbHOM K OKPY>KHOCTU S B Touke C (3TOT KOHYC IIO-
JiydaeTcs IIpY BpallleHUM NpAMOYTOJIbHOIO TpeyroibHuka ACD BOKpYT
KaTteTa AC);

3) noBepHéM OKpykHOCTH S Ha 90° Bokpyr ocu AC u OyzeMm Bpa-
I[ATh TOMy4EHHYI0 OKPYXKHOCTb S’ BOKDPYT OCH, ITPOXOZASIIEN Yepe3 TOY-
Ky A IepneHAUKY/SIPHO IUIOCKOCTH OKPY)KHOCTU S; B pe3y/ibTaTe HOTy-
YUM IIOBEPXHOCTb BBIPOXKAEHHOrO Topa (TOp Mojy4aeTcs NpHU Bpalle-
HUH KpyTa OTHOCUTEJIBHO OCH [, JieXKalleil B IUVIOCKOCTH KpyTa U yAanéH-
HOU OT Hero Ha HEKOTopoe paccTosiHue a (puc. 2.17); ecsiy, Kak B HalleM
city4dae, a = 0, TO nojsly4aeM BBIPOXK/JEeHHBIN TOD).

[Tycth P —ozfHa U3 TO4ek IlepecedyeHUs TPEX pacCMaTpHUBaeMBbIX I10-
BepxHocTel (cM. puc. 2.16); M — npoekiua TOYKU P Ha IUIOCKOCTDb OK-

l

~__ ya

Puc. 2.17
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pykHoctu S. Touka P jieXKUT Ha IOBEPXHOCTH LIWIMH/APA, I03TOMY TOYKa
M nexut Ha okpyxHocTU S. [IpoBesém yepe3 Touky B xopay BE, nep-
NeHAVKY/ApHYIo AuameTpy AC. Ilyctb Q — TO4Ka oTpe3ka AP, npoenu-
pyIomasncs B HeKOTopyio Touky N orpe3ka BE. Tak kak AP — o6pasyto-
mas KoHyca, To AQ = AB. Touka Q JIeXXUT Ha OKPY>XKHOCTH C JUaMeTPOM
BE, nostomy

QN*=EN-NB=AN -NM,

T. €. TOYKa Q JI&XXHUT Ha OKPYKHOCTH C JuaMeTpoM AM u ZAQM = 90°.
CnegoBaTenibHo, QM || PC’. B uTore MBI IPUXOAUM K puc. 2.15, HY)KHO
JIUIIb B 0603HAYEHUAX STOTO PUCYHKa 3aMeHHTh C Ha C’. CliegoBaresib-
HO, AC: AP=AP:AM =AM : AB, a eciu AC = 2AB, To AM = ¥2AB.

IInatoH (428—347 mo H.3.)

IL1aToH ocHOBaJ Gru10cOdCKyTO MIKOIY, ITOMTYIUBIIYIO Ha3BaHUe AKa-
JeMus OT poiy 6113 AQUH, B KOTOPOit OHa Haxogwiack. [taToH Tpebo-
BaJl OT BCEX CBOMX YYEHUKOB, YTOOBI OHM OCHOBATEJIbHO U3yYWIH I'eo-
METpPHIO, TIpeXKJe 4eM OH oOy4yuT ux cBoed ¢wiocopuu. Hax Bxogom
B AKaZeMHIO 6bUTO HamucaHO: «Jla He BOMZAET ClojJa He 3HAIOUIWK reo-
METPUM».

[L1aToH C yBlIeYeHUEM 3aHUMAJICS MaTeMaTUKOH, MHOTHe 3HaMeHU-
ThIE MaTeMaTHKHA TOTO BpeMeHU ObUTH ero GIU3KUMU JPy3bAMU. ApU-
CTOTEJIb, MHOTO JIET ITPOBE/IINI B 1IKoJIe [1aToHa, ZOCTaTOYHO XOPOIIO
3HaJI MaTeMaTHKY, HO He ObUT eif yBJIeUéH Tak, Kak [L1aToH.

Cam IL1aToH He cAea Ba)KHBIX MaTeEMAaTHYECKUX OTKPHITUNA, HO OH
LEHW MaTeMaTHKy KaK IPeBOCXOJHOE CPeACTBO TPEHUPOBKU yMa, U
y6exaénHocTh [L1aToHa B LEHHOCTH MaTeMaTHKHU OKa3ajach Ba)KHOH
JJI1 e€ pasBUTHA.

IL1aToOH TIIATEe/JIbHO pa3pabaThIBaj UAel0 AoKa3aTesnbcTBa. OH HacTa-
VBaJI Ha TOYHOCTH OINpe/eIeHUI U ICHOCTH NpeANoNIoXeHH. Bcé aTo B
JajibHelleM IOCTYXWIo EBKINAY, NpyUHaziexasuieMy k mikosne Iliato-
Ha, OCHOBaHUEM /LI CHCTEMAaTHYECKOI'O IT0AX0Ja K MaTeMaTHKe.

[TpaBHIbHBIE MHOTOTPAHHUKH YacCTO Ha3bIBAIOT NUIAMOHOB8bIMU Mme-
JaMu, TIOTOMY 4YTO O HUX MJET peyb B Auasnore IliaroHa «Tumeii». Ho
OHM He ObLIM OTKpHITH [L1aToHoM. Ky6, TeTpasap u aozaekasgp 6Gvuin
M3BECTHBI MUdaropeiam, a OKTadAp U UKOCA3AP OTKpbLI TeaTerT.

[laTon pasnu4an apudpMeTHKy (HayKy, M3ydalolIyl0 CBOMCTBa 4YHU-
CeJ1) M JIOTUCTUKY (MCKYCCTBO BBIYMCIIEHUM).

EBTOKMi1 (480—540), KOMMEHTaTOp COYMHEHUH ApxuMeza, coobia-
eT, uTo [1aTOH MpeAJIOXKILUI CleyIollee pellleHe 3a/ja4yy yABOeHHA Ky-
6a. [TocTpOUM NPAMOYTONBHBIN TpeyronbHUK OAB, KaTeTaMU KOTOPOTo
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A
. i
X’ A
xd X OLb g X’ A
Y’ B’
Y Y’ B
Puc. 2.18 Puc. 2.19 Puc. 2.20

SIBJISIIOTCA JlaHHBIe OoTpe3ku a U b (puc. 2.18). Eciu Ha npoAo/DKeHUAX
kateToB OB u OA HaMm yzacTcad IOCTPOUTH Takue TOYKU X U Y, 4To
npamele AX 1 BY napainieinbHbl, a npaMas XY UM NepleHAUKY/IApHa,
TO 3aZa4a yaBoeHUA Kyba byzer penieHa. B camoMm fesie, TpeyrolIbHUKH
AOQOX, XOY u YOB nozmo6HsI, TO3TOMy A : X =X:y =1y :b.

s moctpoeHus Touek X U Y MOXHO BOCIIO/Ib30BaThCA HHCTPYMEH-
TOM, COCTOSILIMM U3 ECTKOro npsmoro yria X'Y’B’, o cropone X'Y’
KOTOPOTrO CBOGOAHO ABWIKETCA MeplNEeHAUKY/sApHas ed npsamas X'A’.
Pacnionoxum st 3Toro npsamoii yron X'Y’B’ Tak, 4yTo6bl €ro CTOpoHa
Y’B’ npoxoawuna yepes TouKy B, a BepuinHa Y’ niexana Ha npsamou AO.
3areM nepeaBuHeM NpsaMylo X’'A’ Tak, yTOGH OHa NPOXOAWIA Yepe3
TOYKy A. HaM Hy»XHO, 4TO6bI TOYKa X’ OKa3ajach IIPH 3TOM Ha IPAMO
OB. DTOro MOXXHO ZOOUTHCA, TOBOpAYMBasA HALl HHCTPYMEHT.

EBTOKUMI onucasn Takke YCTPOHCTBO HYXKHOTO JJISl IOCTPOEHUS MH-
ctpymeHTa. OH cocTosu1 U3 XEcTKoi [1-06pa3HOil paMbl, B CTOMKaX KO-
TOpPO# OBUIM BHIpEe3aHBI Masbl M II0 HUM JABUTajMach peiika (puc. 2.19).
PaccMaTprBaeMoe NOCTpOeHHEe MOXHO TaKKe BBIOTHUTDH C ITOMOILBIO
JBYX MpPSIMBIX YIVIOB, JBUras CTOPOHY OJHOTO yIJia 110 CTOPOHE APYToro
yria (puc. 2.20).

[TprHaANeXXHOCTh 3TOro pelleHud [L1aToOHy BecbMa COMHHUTEJIBHA.
06 sTOM pelieHMM cOOOINaeT TONbKO EBTOKMH, a Apyrvie UCTOYHUKU
cpelu aBTOPOB pellleHU 3aZayul yABoeHUA Kyba [lraroHa He ymoMmu-
HaioT. Ho aTo He m1aBHoe. [lesio B ToM, 4TO IL1aTOH OTBEpraji MexaHHu-
yeckue JoKa3aTeJbCTBa KaK paspyluaroliye Bcé Jydlilee B TeOMETPUU.
OH mnpeArounTan ujeu B YUCTOM BUZe. Bceppés paccmaTpuBaTh Takoe
peuieHue [naToH AelicTBUTENbHO He Mor. Ho He MCKJIIOYEHO, YTO 3TO
pellleHNe OH MNpeAyoXWI B LIYTKY, HacCMeXaschb HaJ MOCTPOEHUAMHU C
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IIOMOIIbI0 MHCTPYMEHTOB, KOTOPBIMM HaZJJIeXKUT I107b30BaThCA JIUIIb
peMecIeHHHUKaM (TaKyro TMIIOTe3y BbICKa3al U3BeCTHBIM MaTeMaTHUK U
ucropuk marematvku b. JI. BaH fep BapaeH).

Tearetr Apunckuii (415—369 a0 H.3.)

Huxaxux counHeHuit TeaTreTa Ha COXpaHWIOCh, HO O €r0 MaTeMaTu-
YecKUX paboTax, OTHOCAIUXCA K TEOPUU UPPALMOHATBHEIX YUCeJI, yie-
HHIO O IPONOPLMOHAIbHOCTH Y IPaBWIbHBIM MHOTOIPaHHUKAaM, MOXKHO
COCTaBUTb JOCTAaTOYHO IOJHOE IpeZCTaBjieHue MO COYMHEHUAM JpeB-
HerpeyecKUX MaTeMaTHKOB U ¢miocodoB. [L1aToH OYyeHb BBICOKO lie-
Hwi TeaTeTa ¥ OTBEJ eMy BakHYIO pojb B AByX guanorax («TeareT» u
«Coduct»). B aByx kuurax «Hauan» EBKINga U3/1araloTcsi pesyabTaThl
TeareTa: B kHUTe X, NOCBAIEHHON COM3MEpPHUMBIM U HECOM3MepPHUMBIM
BesinunHaM, U B kHure XIII, mocBAMEHHONH IpaBWIBHBIM MHOIOrpaH-
HUKaM.

[Tponomxkas uccnenoBanusa ®eonopa KupeHckoro, KOTOPHIH JoKa3as
HMppalMOHaTbHOCTb KBaJpaTHBIX KOpHeH yuces oT 3 g0 17, He ABIAO-
MXCA NOJHBIMU KBaZpaTaMu, TeaTeT 0Ka3al UppalMOHaIbHOCTh BCEX
KBaZIpaTHBIX KOPHell U3 HaTypasbHbIX YHCeJl, He ABJISIOMUXCS TOTHBIMU
kBaZipaTamMu. OH JloKa3aj TakKe aHaJOrM4YHOe yTBep)KJeHue I Kyou-
yeckux KopHell. Kpome toro, TeateT mony4ymn kiaccudukaiuo KBagpa-
TUYHBIX UpPallMOHAIbHOCTEH Ollpe/ie/IEHHOTO BUA.

TeareT BBEI OKTa3p U UKOCA3JP B AOIMOIHEHHUE K Ky0Oy, IPaBIIbHO-
MY TeTPadApy U AOAEKasZpy, KOTOphle ObUIN U3BeCTHH nudaropeiinam.
PaHHee OTKpHITHMe Ky0a M NpaBWIBHOTO TEeTpasZpa HEYAWBUTENIBHO,
a Jofexadgp TpebyeT KOMMeHTapHeB. B mpupoze BCTpedaroTCsi Kpu-
CTaJUIBl MUPUTA, O61u3KMe 1o popMe K JoAekasapy. COXpaHWICA TaKKe
JOZeKas3p, HEM3BeCTHO AJI1 KaKUX Iiejielf U3rOTOBJIEHHBII 3TPYCCKUMU
peMecsieHHMKaMu okoso 500 roga g0 H.3. Kpome Toro, mpaBWIbHBIN
TETpasAp, KyO M AOAeKasZp IpOollle U3TOTOBUTH U3 NPABWIBHBIX MHO-
TOYTOJIHUKOB: CKPENUB TPU TPeyroJbHUKA, KBaJpaTa WiIN NATUYTOJIb-
HUKA, MBI Cpa3y I0Jy4aeM JXKECTKYI0 KOHCTPYKLHUIO. A YTOGBI IIONTYyYUTh
OKTadZp U UKOCAdZAP, HY)KHO CKPEeIIUTb COOTBETCTBEHHO YeThIpe U IATh
TPeyrOJbHUKOB, TIO3TOMY CHayaja IoaydaeTcsi HeXécTkad KOHCprK—
LIKA; OHA CTAHOBUTCA XKECTKOM TOJBKO IIOTOM.

EBpokc Kuuackuii (408—355 10 H.3.)

ITo cBuzeTenbCTBY ApxuMeza, JleMOKPUT YCTAHOBIII, YTO OOBEM IH-
paMuzbl paBeH 1/3 o6bEMa MpU3MBI, UMeEIOIEH ¢ HEM OMUHAKOBBIE OC-
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HOBaHMe U BHICOTY, a 00bEM KOHYyca paBeH 1/3 06bEMa COOTBETCTBYIO-
1ero MWINHAPA, HO AoKa3aTesbCTB He jajl. [To-BugumoMy, JleMOKpUT B
COOTBETCTBUU CO CBOell prtocodueil MbITaNCsI COCTABUTh MUPaMUAY U
KOHYC M3 KOHEYHOTO YMCia 3JeMeHTapHbIX YacTeil — aTOMOB.

Crporo obocHoBan pe3ysnbraThl Jlemokpura EBfokc. Apxumes Cuu-
Taj, 4To JleMOKpUT, yraJaBUIMii OTBET, CyLIeCTBEHHO MOMOT EBJOKCY.
Cam ApxuMme/; 4acTO HCIIOIb30Bal MeTOABI MeXaHUKH, YTOOHl yraaTh
OTBET, KOTOPHIN OH BIOC/IEACTBIH 0OOCHOBEIBA CTPOTO.

EBzoxkc poawica B KHuge Ha toro-3anaze Masoit Asuu okono 408 ro-
Ja zo H.3. B monogoctu oH nmobeiBan B Benukoii 'penuu, rae usydan
MaTeMaTHUKy 110Z PyKOBOACTBOM ApxuTta TapeHTCKOro.

EBzOKC co3gan obliee yueHe 06 OTHOLIEHHAX (IPONIOPUUIX) U Me-
TOJ MCYepIIbIBaHUA — aHAJIOT peZieJIbHOTO ITlepexofia, He 0OpallatoLyii-
¢ K aKTyalbHOU 6eckoHeuHocTH. (Ha3BaHUe «MeTOJ MCUEPIIBIBAHUA»
mosiBWiIoCh B Havase XVII B. B cBs3u ¢ paboramu I'peryapa ge CeH-
BeHcaHa u ObUIO IlepeHeceHO Ha cIocob Z0Ka3aTelbCTBa, IpUMeHse-
MBIH JpeBHerpe4yeCKMMH MaTeMaTHKaMH, XOTA U BecbMa IUIOXO OTpa-
JKaJIo CyTh 3TOr'0O METOAA.)

[TonsaTtue BesnuuHBl y EBJOKCA OXBATHIBAET JJIMHBEI OTPE3KOB, IUIO-
maay, 065EMbl. OHO BBOAUTCA C IOMOIIBIO aKCHOM, ONpeZeIAIOINX OT-
HOIlIeHUA paBeHCTBAa U HepaBeHcTBa. Y EBxinga s3Tu akcuoMsl ¢popmy-
JIVPYIOTCS TaK:

1) PaBHBIE OAHOMY U TOMY K€ PaBHbI MeXAy CO6OI.

2) U eciiu K paBHBIM IPpUOABUTH paBHBIE, TO U Iiejible OyAyT paBHEL

3) U ecnu OT paBHBIX OTHUMAIOTCS PaBHBIE, TO U OCTAaTKU OyayT
paBHBI.

4) U1 coBMelnamomyecs ApyT C ZPyTOM paBHBI MeXAY CO6O.

5) U uenoe 60sblie 4acTH.

OTHoOLIeHHe MOXXHO paccMaTpuBaTbh He I BCeX BeJUYUH. EBAOKC
BBOJAMUT B CBA3U C 3THM 3HAMEHUTYIO aKCHOMY. DTOU aKCHOMOH Briocies-
CTBHUU HECKOJIbKO pa3 Mojb30BasIcs ApxuMmez (He 3a6bIBast OTAATh AO/DK-
Hoe EBZIOKCY), TO3TOMY €€ 4acTO Ha3BIBAIOT akcuomoll Apxumeda WiId
akcuomoti Esdokca — Apxumeda. Y EBrxuinzia sta akcuoma cGopMyIHUpO-
BaHa Tak: «[OBOPAT, YTO BEeJMYUHBI UMEIOT OTHOIIEHHE MeXAy cOOOi,
€CJIV OHM, B3ATHIE KPaTHO, MOT'YT IPEB30KTH APYT ApyTa». DTO 03HAYAET,
YTO BEJIMYUHBI @ U b UMEIOT OTHOLIeHNe MeXAy coboi, eci HaiayTca
TaKye HaTypaJbHble YUCiIa m U n, 4To ma > b u nb >a.

PaBeHCTBO Byx oTHOWeHU EB/IOKC onpezessieT ciaegyomuMm obpa-
30M. BesIMuuHBI a ¥ b UMEIOT Takoe XKe OTHOILIeHHe, KaK BEJIUYUHHI ¢
u d, ecyiy AJis1 TIOGBIX HaTypaabHBIX m U n: 1) 1160 ma > nb u mc > nd,
2) 160 ma =nb u mc =nd, 3) 160 ma < nb u mc < nd.
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JlBe maphl BeJIMYMH, UMEIOIIUX OJHO U TO XK€ OTHOLIeHHe, Ha3bIBa-
I0TCS1 NPONOPUUOHAIbHBLMU. JIOKA3bIBAETCS, YTO €CJIU ZABE Maphbl BeJ-
YUH MPONOPIMOHAIBHEI TPETheH Mape, TO OHU CaMU IIPOINOPIUOHATb-
HHL. (Ecmma:b=e:fuc:d=e:f,To0a:b=c:d.)

EBAOKC FOBOPUT, YTO OTHOUIeHWEe a : b 6osbuwe oTHOMmEHUd c : d,
ecId HalAyTcs Takue HaTypajibHBIE YUCIAa M U N, YTO OJHOBPEMEHHO
ma >nbumc<nd.

YyeHue 0 mponopuusax ¢GaKTUYECKH 3KBHUBAJIEHTHO AKKypaTHOMY
oIpe/ieJIeHHIO JeiCTBUTENbHBIX yuces. JlefieKuH, pa3paboTaBIInii CTPO-
IYI0 TEOPUIO JeHCTBUTENbHBIX YHCEJ Ha OCHOBE TaK Ha3blBaeMEIX dede-
KUHO08bLX ceweHUll, OCHOBHIBaJICA Ha uiesx EBrokca.

MerToz ucuepnbBaHus, pa3paboTaHHbli EBIOKCOM, OCHOBaH Ha Ipef-
noxenuu X, 1 u3 «Hauan» EBxinzga: «Eciiu gaHbl JBe BEJIUYUHBI U U3
6oJIbIIIel BEIYUTAETCS YacTh, OG/IbIas IOJI0BHUHEL, a U3 OCTaTKa — CHOBA
4acTh, GOJIbIIAsA MOJIOBUHBI, U 3TO ITOBTOPSETCA ITOCTOAHHO, TO KOrJa-
HUOYb OCTaHeTCS BeJIMYMHA, KOTOpas MeHbllle, YeM MeHbIJ.[aﬂ W3 JfaH-
HBIX Benmnm» JleicTBUTENIBHO, €CJIN U3 a BHIYECTD d, >4 5 TO IOy 4HM
a—a; < 2, T. €. K&X/IbIH pa3 NoJy4aeTcs BeJUYHHA, KOTOpass MeHbIIle
NIOJIOBUHBI UCXOAHOM. [103TOMY IOC/Ie HECKOJIbKUX TAKUX Ollepaliyii 1mo-
JIYYUTCSA BEJIMYMHA, KOTOpas MeHblile, YeM MeHbIllass U3 JaHHBIX BeJH-
yuH. (34ech IpUMeHseTcs akcuoma EBokca — Apxumeza.)

BoT kak MeToJ UcCYepNbIBaHWA NMPUMEHSUICA AJIA J0Ka3aTeJIbCTBa
TOTO, YTO IUIOIAJY KPYyTOB OTHOCATCA KaK KBaZpaThl AuaMeTpoB. [1ycTh

S, u 82 — IUIOLIAZY KPYTOB C AraMeTpaMu d, U d,. IIpeAnonoxum, 4To
2

S,
S—l ;é . BelbepeMm I, Tak, 4To i:— = F' 3zech X, JO/DKHO OBITh MeHblle
2 2

WA 6011bme S,. IpeAnonoxuM cHavana, 4rto %, < S,. Brnumem Bo BTO-
PO KpyT KBaZApart, 3aTeM IIPaBWIbHBIN 8-yrOJIbHUK, 3aTeM NpaBWIbHBIN
16-yronbHUK U T.Z. Iliomazp kBazpara 6osblile IMOJOBUHBI IUTOLIAAN
Kpyra. Iliomazb KaX[oro U3 TPeyroJlbHMKOB, IIOCTPOEHHBIX Ha €ro
CTOpPOHAX TP NIOCTPOEHUU 8-YTONbHUKA, 6OJIbIe ITOJIOBUHBI IUIOIAAN
cerMeHTa Kpyra, B KOTODHIM 3TOT TPeyroJbHUK BIHCaH. AHaJOTMYHO
Ha KaX/IoOM IIare M3 ocrarka (Kpyr MUHYC MHOTOYTOJIbHUK) BBIYUTAET-
cs Gosblile MOJIOBUHBI, ITOITOMY Ha KaKOM-TO LIare IUIONIaZb OCTATKa
OKaxeTcd MeHble S, — X,. IlycTh P, — IUIOIaib MHOTI'OYTOJNBHUKA Ha
sToM mare. Toraa S, — P, <S, — %,, T.e. P, > ¥,. B mepBblii KpyT TOXe
6yzeM BIVCHIBaTh aHAJIOTUYHO NPaBIWIbHBIE MHOTOYTONbHUKY, U ITyCTh
P, —miomaap NpaBWIbHOIO MHOTOYTOJIbHHUKA, IIOJy4YEHHOTO Ha COOT-
BeTcTByloLeM miare. Il1omazan noAo6HBIX MHOIOYTOIBHUKOB OTHOCATCS
i _ s,

P,
KaK KBaJpaThbl UX COOTBETCTBEHHLIX 3JIEMEHTOB, IIO3TOMY —~ P, d2 Z
2
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s %I = % Ho 3Toro He MOXeT ObITh, HIOTOMY 4TO S; > P,
a X, < P,. YTo6HBI IpUHATH K IPOTUBOPEYUIO, IPEAITIONIOXKUB, UTO Xy > Sy,
JOCTAaTOYHO NIOMEHATh MeCTaMHU NepBhIii U BTOPOM KpyT.

EBZOKC 3aHUMAJICA U 3afadeli yABOeHHUA Kyba, HO 06 3TOM U3BECTHO
JIUMIb TO, YTO OH PelII eé ¢ IOMOIIbIO KPUBBIX TUHUH.

EBZIOKC IpeZIOXXIWI CUCTeMY ABID)KEHUA IUIaHeT o chepaM. B ueH-
Tpe mokourcs 3emiA. [l 06bACHEHHA ABYDKEHHA KXKAO0H [UIaHETHI UC-
MIOJIb3YEeTCs MO YeThbipe cepshl, a A 0O6bscHeHUA ABMKeHUs CONMHIA U
JIyHBI — 11O TPH.

CnenoBaTeIbHO

Aunoctpar (390—320 g0 H.3.)

JuHocTpaT — 6pat MeHexma, O KOTOPOM CKOPO IOHZET peyb.

Tunmuii u3 dmuzab! (460—400 10 H. 3.) NPeAJIoKII UCIIONIb30BaTh I
JleJieHHd yIyia B JaHHOM OTHOILIEHWM KPHBYIO, KOTOPYIO BIOC/IE€ACTBUHU
JlMHOCTpaT UCNOoNIb30Bal AJIA pelleHua 3aJadu KBaJpaTyphl Kpyra. OT0O
pellleHHe COXpaHWIOCH JUIIb B NlepeAave I1anma, KOTOPHIi XWI Ha AT
BeKOB Io3xe JluHocTtpara. Mbl cHayasa nepeckakeMm TekcT [lamma, a
3aTeM IIPOKOMMEHTHPYEM ero, cjiefys crarbe [37], IOTOMY 4TO C TOUKHU
3peHHA UCTOPUY MaTeMaTHKH B 3TOM pellleHWHU CAULIKOM MHOro 3ara-
ZAOYHOIO.

KBazpaTpuca JluHocTpara mojiydaercs ciefylomuM obpasom. Pac-
cmoTpuM kBagpaT ABCD (puc. 2.21). Ilycth koHUBI oTpe3ka BC pas-
HOMEPHO ABWXYTCA 0 npsaMeIM BA u CD, a oTpe3ok AB paBHOMEPHO
BpalaeTcst BOKPYT TOYKU A, TpU4éM B nosiokeHue AD oba oTpeska npu-
XOJAT ofAHOBpeMeHHO. I1ycTh, fasee, B HEKOTOPHIMf MOMeHT oTpe30K BC
3aHUMaeT nosoxenue B'C’, a oTpe3ok AB 3aHMMaeT NojuokeHHe AN;
L —TouKa nepeceyeHus otpeskoB B'C’ u AN. Ksagpatpuca JluHocTpa-
Ta —3TO MHOXECTBO BceX Todek L. Eciu kBazpaTpuca Ilepecekaer oT-
pe3ok AD B Touke K, To gnuHa gyru BD (T.e. JjuHaA AyTW 4eTBEPTHU

B Cc

K

Puc. 2.21
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OKpyHOCTH) paBHa AB?/AK (3To MbI IOKaXXeM 4dyTb 1osxe). [1osToMy
IUIONIaAb Kpyra paguyca AB paBHa IUIOIIaAX IPAMOYTOJIbHUKA CO CTO-
ponamu 4AB%/AK u AB/2; 3T OTpe3KH JIETKO CTPOSTCS C MOMOIIBIO
LUPKY/IS ¥ IMHENKHU, ecii u3BeCTHHI oTpe3ku AB u AK. [Toctpous mps-
MOYTOJIbHUK, MOXXHO IIOCTPOUTh paBHOBEJIMKUII eMy KBaJpar.

[MTann nuueT, YTo NPOTUB 3TOro peuleHus Crnop Hukelckuil BEIABU-
HyJI iBa CePbE3HBIX BO3Pa’KeHMs, C KOTOPBIMH CaM OH IOJIHOCTBIO COria-
CEH.

1) Yto6HI cornacoBarth ABIXeHUe oTpe3koB BC u AB, Hy»HO 3apa-
Hee 3HaTb OTHOILIEHUE JJUHH AyTH YeTBEPTH OKPYKHOCTU K pajguycy.
[ToaToMy peluTh 3afady KBaApaTyphl Kpyra C IOMOILBIO KBaJpaTpHUCH
JluHOCTpaTa MOXHO, TOJILKO €CJIM e€ pellleHue yXKe U3BeCTHO.

2) Touky K mOCTpOUTD HeJlb3s, IOTOMY YTO B COOTBETCTBYIOIIUI MO-
MEeHT BpeMeHM OTPe30K U pajuyc coBnajaroT. Kak nepeceyenus orpes-
kOB B’'C’ 1 AN MOXHO CTPOMTb JIMIIb TOYKH, 6/M3KHe K Touke K, HO He
caMmy TouKy K. [0BOpsA COBpeMeHHBIM f3bIKOM, TOUYKY K MO>XHO IIOCTpO-
WTD JIMIIb KaK IpeZiesl TOYeK KBaJpaTpHUCHI.

JlokayxeM Teneps, cnexys [lanny, yto anvHa Ayru BD pelicTBUTebHO
paBHa AB?/AK, T.e. BD : AB= AB: AK, tae BD — anuna ayru BD (B
3TOM pasziesie Mbl OyZeM HCIOIb30BaTh TaKOe HecTaHAApTHOe 0003Ha-
yeHue). Jloka3aTesbCTBO IPOBEJEM MeTOJOM OT IIPOTUBHOTO. SICHO, 4TO
BD : AB=AB: AK;, rie AK, —HEeKOTOpHIi OTPe30K, U MO3TOMY JI0CTa-
TOYHO JIOKa3aTh, YTO AJIMHA oTpe3ka AK; He MOXeT 6BITb HU OoJblle,
HM MeHblie JJIUHEBI oTpe3ka AK.

IpeanonoxuM cHavazna, 4to AK; > AK. Torga okpy>KHOCTb pajguyca
AK, ¢ ieHTpOM A nepeceKaeT KBaJpaTpuCy B HEKOTOpoO#1 Touke L, a cTO-
poHy AB— B TouKe Z (puc. 2.22). Tak kak BD : AB=AB: AK,; =BD : ZK;,
TO AB= ZK1 Ilo ompezeneHNI0 KBaApaTPUCHI BD : ND = BA : LH. Ho
BD:ND=ZK, :LK, u BA:LH = ZK, : LH, moatomy LK, = LH, 4To0, KaK
nuieT [lanm, «HeJeno».

B C B C

z

H K K, K, K

Puc. 2.22 Puc. 2.23
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[Ipeanonoxum Tteneps, 4To AK; < AK. Torza kacaTtesibHasd B TOY-
Ke K; K OKpYXXHOCTH paguyca AK; ¢ IEeHTpOM A IepeceKaeT KBajpa-
TpUcy B HeKoTOpod Touke L. [Ipsamas AL nepecekaeT OKpPYXHOCTH C
paguycamu AK; u AD B Toukax M u N COOTBeTCTBEHHO (puC. 2.23).
Tak kak BD : AB=AB: AK, = BD :ZK,, To AB= ZK1 Ilo onpezere-
HUIO KBap;panHcm BD:ND =BA: LK,. Ho BD : ND = ZK, : MK; u
BA: LK, = ZK, : LK;, noatomy MK, = LK;, uTo, KaK cHOBa mumeT [lamm,
«HEJIEIO».

B sToM pelieHMM MHOrO 3araZoyHoro. IIpexie Bcero, HEIOHATHO,
KaKyl0 UMeHHO 3aZiady peman JJMHOCTpaT: 3aZady KBaJpaTypHl Kpyra,
T. €. IOCTPOEeHUA KBaJpaTa, paBHOBEJIUKOrO JaHHOMY KpYTy, WM Xe 3a-
Jady CIIpAMJIEHHS OKDPY>XKHOCTH, T.€e. IIOCTPOEHMs OTpe3Ka, AJMHA KO-
TOPOro paBHA JJjIMHe JaHHOH OKpyXrocTU. Co BpeMEH ApxuMeZa 3TH
3aziayy ObUTH SKBUBAJIEHTHBI: OH ZI0Ka3aJl, YTO eCJIU PaJuyC OKPYKHOCTH
paBeH R, a AylvHa OKPY>XHOCTH paBHa L, TO IUIOIaAb KpyTra paBHa ILIO-
IaJH IPsSMOYTOIbHKKA €O cTopoHam¥ R u L /2. Ho Beas JIMHOCTpAT KU
3aJ0Jro A0 ApxuMeza, a TO JOKa3aTeJbCTBO, KOTOpoe NpuBoAUT Ilami,
JaéT UMEeHHO CIpsAMJIeHHe OKPYXXHOCTH, a He KBaZparypy kpyra! Kak
)Ke 3TO MOHUMAaTh? Bo3MoXxHO, y JlMHOCTpaTa 6bUTO J0KA3aTENbCTBO, Aa-
1olllee UMEHHO KBaJpaTypy Kpyra, a [lamnm nmpocTo npuBén gpyroe Jo-
Ka3aTeJbCTBO, HO 3TO COBEPIIEHHO HeBepoATHO. CKOpee BCero, Teope-
Ma, lokazaHHas ApXUMeZoM, ObUIa u3BecTHa (6e3 Zoka3aTelbCTBa) elé
Bo BpeMeHa JluHocTpara. K coxxaneHnuto, kuura Apxumeza «/amepenue
KpyTa» Jio1lu1a /10 Hac B CWJIbHO UCKaXXEHHOM BU/Zie. BO3MOXXHO, YTO Y Heé
6BUIO NTpeUC/IOBUE, B KOTOPOM ApXUMe/ M3J/arai IpeJbICTOPUIO CBOEH
TeopeMBl, HO 3TO IPeJUCI0BHe He COXPaHWIOCh; KHUI'a HaYMHaeTCs cpa-
3y GopMy/SMPOBKOI TeOopeMbl: «BCAKUU Kpyr paBeH NPSAMOYTOILHOMY
TPeyToJbHUKY, IPUYEM paZuycC Kpyra paBeH OZHOI U3 npuieraommx K
NIpAMOMY YTJIy CTOPOH, a IepUMeTpP — OCHOBAHHUIO TPEyTOJIbHUKa».

B npuBes€HHOM ZOKa3aTe/JbCTBE CBOMCTBA KBaJpaTpHcH Ilanm uc-
[OJIb3yeT TeOpeMy O TOM, YTO OTHOLIEHHE JJIMH OKPYXHOCTE€H paBHO
OTHOLIEHUIO UX pajuycoB. DTO BecbMa cTpaHHO. B «Havanax» EBximza,
KOTOPBIH XMW1 nocie JIMHOCTpaTa, ecTh TeOpeMa O TOM, YTO IUIOaAu
KpPyTOB OTHOCATCA KaK KBaJpaThl PaZLycoB, a BOT HYXKHOI HaM Teope-
MBI HET, IPUYEM 3TO He ciaydaiiHo. /g cpaBHeHus Iutouiazed Gpuryp
€CTh eCTeCTBEHHBIH Crocob: ecau ogHa GuUrypa JeXUT BHYTPH APYyToH,
TO IUIOLIaAb BHYTPeHHell GUI'ypHl MeHblle IUIOaJy BHEIIHeH. A Kak
CpaBHMBATh AJUHBI KPUBBIX? EBKIMJ He CMOr NpeAJIOKUTh HUKAKOI'o
pa3yMHOro crnocoba, CTpOrocTs KOTOporo ero 6vl ycrpausasia. Boamox-
HBIN 1OZAXOJ K CpaBHEHMIO AJWH KPUBHIX y EBKIKZA ciierka HaMedeH.
B ero «Hayvanax» ecTb Teopema O TOM, YTO OAHa CTOPOHA TPEYrOJIbHU-
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Ka MeHbIIle CyMMBI IBYX APYTUX CTOPOH. [IpOKJI mucaj, 4YTO 3IMUKypei-
CKHMe MaTeMaTHMKH CYUTAIHU CMELIHBIM JOKa3blBaTh TaKoe IIONOXeHUe,
TaK KaK ero IpeKpacHO 3HaeT OCEJ, MAYIIMHI K CeHy II0 IIPAMOH JUHUU.
ApxuMe/] IOCTYTIWII el1ié pelluTebHee 3UKypelieB. OH cuén Heo6xo-
JVIMBIM IIPUHATD 6e3 0Ka3aTeNbCTBa, YTO €C/IU JABe BHITYKJ/Ible KPUBEIE
HMMeIoT 061IMe KOHITH U OHA U3 HUX JIEXKUT BHYTpU ApyroH (puc. 2.24),
TO AJIMHA BHyTpeHHeH KpHBOH MeHbllle JJIMHBI BHellHel. Bosee Toro,
aHaAJIOTMYHOE YTBEPXKAEHHe OH NPUHSUI 6e3 J0Ka3aTeJbCTBa HE TOIBKO
JUI KPUBBIX, HO U JIS1 IOBEPXHOCTEMH, U JIMIIb 3Ta CMEJIOCTh NI03BOIIA
eMy Z0Ka3aTb 3HaMEHUTYIO TeOpeMy O TOM, YTO OTHOLIeHHe IuIolazei
MOBEPXHOCTEH Iapa ¥ OMHCAHHOIO OKOJIO HEro WWIMHApPA paBHa 2/3.
(ApxuMe[ oueHb rOpAWICS 3TOU TeopeMo¥ U TeopeMoi 06 06béMe mia-
pa ¥ 3aBelljas BBICeYb HA ero HaArpoOouy LWINHAD, OIMUCAHHBIN BOKPYT
1mapa; 1o 3ToMy 3Haky LlunepoH Hauén Morwiy Apxumeza «Cpeiu Tep-
HUEB U 4epTolIo0Xxa».) [IpuHuMaTh 6e3 ZoKa3aTenbCcTBa ApXuMeZ MOT,
Ka3aJIoCh Obl, JIUIIb Te YTBEPXKAEHUS, KOTOPbIe OGLUTH OYeBUAHBI AJIS TeJ
u GuUryp, ¢ KOTOPEIMU OH yMen obpaiarbesi. Ho BoBce He 04eBHAHO, Ha-
IIpUMep, 4TO €CJIU OAUH TeTPadAp JIeXKUT BHYTPHU Jpyroro, TO IUIOIAJb
[IOBEPXHOCTH BHYTPEHHEro TeTpasZpa MeHblle IUIOMaAy TI0BEpXHOCTH
BHeIIIHEero.

Py
p

o QQ

Puc. 2.24 Puc. 2.25

B Tekcre [anma ecTs elné gBa 3araZloyHbIX MecTa, a UMEHHO Hepa-
BEHCTBA, KOTOPbIe OH CYMTAeT OYE€BUAHBIMU U MOTYaInBo 06xoauT. [Tpu
pa3bope ciyyas AK < AK; Tlann cyuTaeT o4eBUZAHBIM, 4TO LH < L?l
(cMm. puc. 2.22), a npu pasbope ciyyas AK > AK; OH cuuTaeT O4YeBU-
HeIM, uTo MK; < LK; (cM. puc. 2.23). Jlis yao6cTBa H306pa3uM Bee Hyxk-
Hble OTPe3KHU Y IyTU Ha OJHOM pHcyHKe. HepaBeHcTBa PQ < Pal <P
(puc. 2.25) 1 OKpYKHOCTU pazuyca 1 MOXXHO 3amucaTh B BUZe sin a <
< a <tga. [leppoe HEPABEHCTBO €l1l€ MOXKHO CYeCTh OYEBUIHBIM: PQ <
<PQ; < Pal. Ho kak 6bITh CO BTOPHIM HepaBeHCTBOM? OOBIYHO ero
JIOKa3bIBAIOT CJIEAYIOIUM 06pa3oM: eciii paJuyc OKPY>KHOCTH paBeH 1
U S—miomaap cekropa POQ;, To HEpaBeHCTBO 25 < 25pp o, MOXKHO
nepenucarb B Buzie a < tga (a HepaBeHCTBO 2Sppg < 25 MOXHO Iiepe-
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mycaTh B BuZe sina < a). Ho npu 3ToM Hesb3st 060iTHCh 6€3 COOTHO-
menus S=R-L/2, rae S — wiomaab ceKTopa, R — pasinyc OKpy:KHOCTH,
L — anvHa ayru ceKTopa, a 4o ApxuMeza A0Ka3aTeJbCTBA 3TOTO COOT-
HoIlleHUs He 6bUT0. [To-BUAUMOMY, GOpMYyJia AJI BEIYUCIEHUS IUIOMAAN
cexTopa JluHOoCTpary 6bUTa U3BeCTHA, HO 6e3 Jjoka3arenbCcTBa. JTy Gop-
MyJIy ApeBHerpeyeckre MaTeMaTUKH MOIVIM IIEPEeHATb OT erHUIeTCKUX
WM BaBWIOHCKUX MaTeMaTUKOB (110 KpaliHell Mepe, IUIOIIAAb IIOIYKpY-
ra B BaBrioHe BBIYUCISUI UMEHHO 110 Takod popmysie).

* * *

[TpuBeEHHOE BHILIE ONMCaHWEe KBaJpaTPHCHl He YCTpauBaJo ApEB-
HerpeyecKUx MaTeMaTHUKOB I10 MHOTMM Ipu4yriHaM. OHU BOOO1IIe He JII0-
61N BBOAUTH JBI)KEHNE B MaTEMaTUKY, a B JaHHOM ClIy4ae peyb LLIa
0 ABIKEHUU Cpa3y ABYX OTPe3KOB, IPUYEM 3TH ABMKEHHA HYXKHO ObUIO
COIVIacOBBIBATh. I103TOMY OBUIH NpeIOKEHH! 1Ba ONIMCAHUA KBaZpaTpy-
CBI C IOMOIIBIO NlepeceyeHNs IOBEPXHOCTel (OHU COXpaHWINUCh B COYH-
HeHusx Ilanmna). 3agaHre KPUBOH KaK IlepecedeHHs TIOBEPXHOCTEH cyn-
TaJoCh Haubojiee 3aKOHHBIM. I'peyeckyie MaTeMaTHKHU 6e30rOBOPOYHO
BEPWIH B TO, UTO [lepeceyeHre TOBEPXHOCTEN JAET «XOPOILYI0» KPUBYIO,
a TaKkKe B TO, YTO KpHBBle 0043aTeJIbHO IlepeceKaloTcs B Tex Cydasx,
KOTZa 3TO, TaK CKa3aTh, «<BUAHO». ApXUT TapeHTCKuUIi 6e3 Kakux-I1bo co-
MHEHM# paccMaTpuBall iepecedeHUe IWINHApPA, KOHyca U Topa (To4Hee
roBOps, OH pacCMaTpHBaJl CHavyajsa KpUBYIO, KOTOPYIO BhlYepYMBaeT Ha
LWIMHApE BpalalolIUiiCcsa NOMYKPYT, a 3aTeM 6pajl TOUKy IepecedeHus
3TOM KpUBOH U KOHyca). EBK/INZ He c4éil Hy»KHBIM B CBOIO CUCTEMY aKCH-
OM BBOJMTb aKCHOMBI, CBSI3aHHEIE C IlepeceuyeHreM OKPY>KHOCTeH, a yxe
B CaMOM I1epBOM IIpeZyIokeHUM «Hauas» 47151 IOCTpoeHNUs paBHOCTOPOH-
Hero TpeyroJbHUKa OH MCIIOJIb30BAJ TO, YTO OKPY>KHOCTB paguyca AB ¢
LIEHTPOM A IlepeceKaeTcs ¢ OKPYXXHOCTbIO paguyca BA ¢ ueHTpoMm B.

IMepBHlii crioco6 3aJaHusA KBaZpaTPUCH! UCIONb3yeT BUHTOBYIO JIM-
HUIO. BUHTOBAsA JIMHUA NONyYaeTca IPU ABH)KEHUU TOYKH 110 IOBEPXHO-
CTH UWIMHZAPA, cylaralolieMcs U3 IBYX ABIDKEHUI: ABU)KeHHUA C IOCTOSH-
HOM CKOPOCTBIO, HallpaB/JieHHOM ITapalyieJIbHO OCH LWIMHAPA, U Bpallie-
HUA 110 OKPY>KHOCTH OCHOBAHUA LWIMH/IPA C IIOCTOSHHOMN YTJIOBOMH CKO-
pocThio (puc. 2.26). PaccMOTpUM 4eTBepTh Kpyra M JIEXKaIylo Haj Heit
4acThb BUHTOBOM JUHUU (Ha puc. 2.27 oHa u3o6paxkeHa NMyHKTHPOM).
OmnycTuM U3 TOYKU L, Jiexxalieil Ha paauyce AN, nepnesauky/sap LH Ha
paauyc AC. Tlyets LH : NC = p; ecnu p = AB : BC, To Touka L JIeXuT
Ha kBazparpuce. Eciu Q — Touka BUHTOBOM JIMHUM, IIpOeUpyomasacs
B TouKy N, TO 110 CBOMCTBY BUHTOBO# TnHKK QN : NC = q — IIoCcTOAHHAsA
BesMuuHa. [TycTh P — Takas Touka nepneHauKyssapa l k iwiockoctu ABC,
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Puc. 2.26 Puc. 2.27

BOCCTaBJIEHHOTO U3 TOYKHU A, 4TO PQ || AN; R — Touka oTpeska PQ, mpo-
enupylomasics B Touky L. Torga LH : RL=(LH:NC) : (RL:NC)=p :q,
T.€. TO4YKa R JIeXXuT B IUIockocTH 1, mpoxoasmieii yepe3 npsamyio AC u
obpasyromeii ¢ rwiockoctbio ABC yron a, rae tga = p/q. Kpusas, obpa-
30BaHHasA TOYKaMU R, ABJIAeTCA epeceyeHUeM IUIOCKOCTH [1 U noBepx-
HOCTH, 00pa3oBaHHOH oTpe3kaMu PQ (Touka P ABHDKETCS IO HMPAMOit
[, a Touka Q ABWXXeTCs IO BUHTOBOM JIMHUM), a KBaJpaTpuca ABJsieTca
OpPTOrOHAJIBHOM IpoeKIINel 3Toi KpUBOH Ha IuiockocTh ABC.

Bropoii cnoco6 3azaHUA KBaJpaTpUCH KaK NepecedyeHUs IOBEpPX-
HOCTel HCIOMb3yeT CHUpasb ApxuMeza, T.e. KPUBYIO, KOTOPYIO 3aMe-
TaeT ToYyka M, paBHOMEpHO JBIKYIIAsAcs N0 paguycy AN, KOTOpPHIH B
CBOIO OYepeAb PaBHOMEPHO BpallaeTcsi BOKPYT TOuku A. PaccMoTpum
YacTh CIIMpasH, NOJIyYeHHYI0 Ipu HoBopoTe paguyca AN Ha 90° ot
nonokeHuss AC Jo nosnoxeHus AB (puc. 2.28). OmycTUM U3 TOYKHU L,
Jlexalell Ha KBaZpaTpuce, nepneHgaukyiasip LH Ha otpe3ok AC. Ilo
cBoitcTBy KBaaparpuckl LH : NC = AB : BC, a mo cBoiicTBy cnupamu
Apxumezna AB : BC = AM : NC, nostomy LH = AM. BocCTaBUM U3 TOYeK
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A, M u L nepnenaukynapsl AP, MQ u LR k mwiockoctu ABC JIUHOM
LH = AM. Touka Q JIeXXUT Kak Ha UWIMHJpe HaJ CIUpajblo, TaKk U
Ha KOHyCe, OCbI0 KOTOPOTroO fBjseTcA Jyd AP, a yron Mexay OCbIO U
obpasytolieit paBeH 45°. KpuBasi, o6pa3oBaHHas ToYKaMu Q, sIBISETCS
IepeceyeHUEM 3TUX JBYX ITOBEpPXHOCTeH. PaccMOTpUM Tenephb NOBEpPX-
HOCTb, 06pa3oBaHHyI0 Jy4amu PQ. Tak kak RL = LH, To To4yka R sexur
Ha IlepecevyeHUH 3TOil NMOBEPXHOCTH U IUIOCKOCTH, NpoXojslleil yepes
npsimyio AC u obpasytoleii ¢ rockocTbio ABC yron 45°. KBagpatpuca
SIBJIAETCST OPTOTOHAJIBHON IPOEKIVeld KpUBOM, 06pa3oBaHHOM TOYKa-
MU R, Ha 1w1ockocTh ABC.

Apucrorens (384—322 go H.3.)

B 17 seT ApucroTens Hadaa oby4yaTbes B Akasemuu [iaToHa, KOTo-
poit B To BpeMsa BMecTo [lnaToHa, yexaBuiero Ha CHUI[WINIO, BpEMEHHO
pyxoBozaw1 Epokc Kumzackuii. 3aTeM ApHCTOTeNb caM CTajl y4uTeslIeM
u ocraBasica B Akagemuu 20 jeT. B 335 r 70 H.3. OH OCHOBaJ CBOIO
¢rnocodckyro KoMy, KOTopas HolIy4drnia HasBaHue Jiunei.

ApuCTOTeNIb BIEPBBIE OTYETINBO cHOPMYIUPOBAT OCHOBHbIE IIPUH-
LUITBI aKCHOMaTHYeCKOro MOCTPOEeHUs HayKy, pa3BuBas yueHus [Tuda-
ropa u IlnaroHa. OH oTMeyYaJ, YTO IIpU J0Ka3aTebCTBe TOTO WIKW HHOTO
yTBEpXZEeHUs MBI ONIIPAeMCs Ha paHee yCTaHOBJIEHHBIe ¢aKThl. [103TO-
My Te IIOJIOXKeHHA, C KOTOPBIX MBI HAaYMHaeM IIOCTpOeHNe HayKu, He MO-
T'YT OBITH JIOTUYECKH JO0Ka3aHbl — UX CJIefyeT IPUHATh B Ka4eCTBe aKCH-
OM. ApHCTOTeJIb JeTalIbHO pa3paboTas MOHATHA aKCHOMBI U IIOCTYJIaTa.

ApuCTOTeNb CYNTAI, YTO 3aKOHBI ABWKEHHUA TeJl 3€MHBIX U HeGeCHBIX
pas3juyHEL. B npezenax 3emyu ecTecTBEHHOe ABIDKEHUeE Tesla — IO Nps-
MOI4, a 1151 HebGeCHBIX TeJsl eCTECTBEHHOE JBI)XeHHE — 10 OKPY>KHOCTH.

ApucTroTesnb 4acTO LMTHPYeT aKCHOMY, YTO €ClIM W3 paBHBIX Bbl-
YyecTb paBHbIe, TO OCTAaTKU paBHBEL. HO OH HUTZle He IPUBOAUT IPUMEPOB
reoMeTPUYECKUX INOCTYJIAaTOB. JTO O3HA4aeT, YTo MOCTy/JaThl EBKmMza
chopmynupoBai cam EBxing,.

BorutomeHreM yueHUss ApPUCTOTeNst 06 aKCOMax, ITOCTy/IaTax, olpe-
JeJIeHUsX U AO0Ka3aTelbCTBaX SABWICSI 3HaMeHUTHIH TpyZA EBximza «Ha-
yasa». B HéM chOpMyIHPOBAHO CPABHUTENLHO HEGOMBIIOE KOMMYECTBO
aKCHOM M IIOCTYJIaTOB, U3 KOTOPBIX BBIBEJEHBI IIOUYTH BCE U3BECTHHIE B
TO BpeMs TeopeMbl. Apucrorenb (a ciexysa emy u EBxinj) pasiaudan
aKCHUOMBI (MCTHHEI, O6IIHe AJIs BCeX HAayK) U IMTOCTYJIATHl (MCTHHEI, CBOH-
CTBEHHEbIe OllpeZie/IEHHOU Hayke). BIociaeACTBUUM 3TO pasniuyue MOYTH
yTpaTWIOCh, U ceidac To, YTo EBKINMA Ha3blBaJ NMOCTY/IAaTaMH, OOBIYHO
TOXXe Ha3bIBAIOT aKCHOMaMH.
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ApHCTOTeIb HEOAHOKPATHO YIIOMUHAET TUIIOTe3y O TOM, YTO CyMMa
YIJIOB TPEYyTOIbHUKA HEe paBHA JBYM IpPAMBIM yriaM. OH Jaxe NUIIET
(«O Hebe» 281b 5-7), 4yTO ecyii MPUHATD TAKYIO TUIIOTE3Y, TO AUArOHAaIb
KBaJpara COM3MepHMa C ero CTOpoHoi. B zpyrom mecre («Mertadusu-
ka» 1052a 6-7) OH muuIeT, YTO CyMMa YIJIOB TPeyroJbHUKa He MOXeT
OBITh UHOTZIA PaBHOM ZBYM NpPSAMBIM, a MHOTZAA He paBHOH. JTO O3Ha-
4aeT, 4TO emé A0 EBKinza ApeBHErpeyecKre MaTeMaTHKH 3aHUMAJIUCh
obcykeHreM BOIIPOCA, YTO MONYYUTCH, €CIU IPUHATD HOCTYJIAT O TOM,
YTO CyMMa YIJIOB TPEYTOIbHUKA He pPaBHA JBYM IIPSIMBIM YTJIaM.

B counHeHuu «MeTeoposnoruka» (kHura lII, rmaBa 5) ApucCTOTesb
pu 06CY>XAEHUU CBOMCTB paZiyTHl JOKa3hiBaeT TeopeMy 06 OKPYKHOCTH
Anoionus. Tak 4TO MO0 3TO MeCTO — IO3[HEeHIIas BCTaBKa, JHOO0
TeopeMa 06 OKPY>KHOCTH ANIOJIJIOHUA ObUIa M3BECTHA 3aJ0Jr0 A0 ATo-
JIOHUA. VI MHEHUA 110 3TOMY ITOBOAY pacxoaaTcsa. EBTOKMIA, 3HAMeHUTHIN
KOMMEHTATOp TPYZOB ApxuMmezaa U ATOJ/UIOHHS, CUUTAJ, YTO 3Ta TEO-
pema 6bU1a JoKa3aHa Ano/uloHMeM. V3BeCTHBIH aHIMIMHCKUNA HUCTOPUK
marematukd Xut (Heath) cyuran, 4ro 3Ta TeopeMa Morjia OBITH U3-
BeCTHA BO BpeMeHa ApXUMeZa U I0TOMY MOIVIa ObITh BKJIIOYeHa B TEKCT
«MeTeopOoJIOTUKN» UM CaMUM.

B counnenuu «O Hebe» (I 4, 287a 27) yTBepXKJaeTcsA, YTO CPeAU BCEX
¢$uUryp ZaHHOrO NepuMeTpa HauboNbINYIO IUIOIAAb UMeeT KpyT. Tak 4To
HM30IepUMeTPUYECKOH 3aZiaueil 3aHMMAaINCh 3aJJ0/IT0 10 3eHoZopa.

ApHCTOTeNIb BO MHOTOM IIPOSICHWI TaKHe BRXKHBIE /11 MaTeMaTHKU
MIOHSATHSA, KaK HenpepbieHOCMb U beckoHeuHocms. OH NPU3HABAJI TOJIBKO
MOTEHI[UATBbHYI0 GECKOHEYHOCTh. APUCTOTENb NUINET, YTO MaTeMaTH-
KaM Hy)KHO JIUIIIb, YTOOBI KOHEYHYIO NPAMYIO (T. €. OTPe30K) MOXHO 6BI-
JIO TIPOZOIKATh, CKOIBbKO TpebyeTcs. EBKIMA IONb3yeTCs TOMBKO 3THM
cBOMcTBOM (HanmpuMmep, B GOpMy/IMPOBKe IATOrO MOCTysnaTa). ApUCTO-
TeJIb OTPHUILIA AaXe NOTEeHINAIbHOe CYIeCTBOBAHUE CYMMBl BETUYUH,
MIPEeBOCXOAAIIEH JaHHYI0 BEJIMYUHY. DTO IPOTUBOPEYWIO akcuome EB-
JOKca, U BIIOCTEACTBUM ApXUMeJy IPUXOAWIOCH ONPABJABIBATHCA B UC-
MTOIb30BAaHUU 3TOM aKCHOMEI 110 IPUMeEpY APEeBHUX reOMETPOB.

Apucroresb HEOJHOKPATHO IHUCaI 06 OTKPHITOM elé nudaropeiina-
MU HECOM3MEPHUMOCTH AMaroHaay KBaZpaTa U e€ro CTOPOHBI, HO OH He
YIIOMHHAET O XOpOLIO U3BecTHOM I1aToHy fanbHelieM pasBUTHH Teo-
pUM KBaJpaTUYHBIX UppanuoHaibHocTeit Peogopom u TeateToM.

MenexMm (380—320 a0 H.3.)

MenexM, yueHuk EBgokca, 6par JluHoCTpaTa, IpOCIaBWICA KaK acT-
POHOM M MaTeMaTHK.
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O MeHexMe pacCKa3bIBalOT, YTO Korga Asekcanap MakeZoHCKUH 10-
MIPOCHJI €ro MoKa3aTh eMy 6ojiee KOPOTKHI IMyTh, YTOOB! U3YUUTh 'eo-
MeTpulo, MeHexm oTBeTwI: «O Ijaph, JJjIs MyTEeUIECTBYIOMIUX M0 3TOH
CTpaHe eCTh LIapCKHe AOPOTrY U JOPOTU AJIA IIPOCTHIX I'PaXKJaH, HO B r'eo-
MeTpHHU AJIS1 Bcex ofiHa Jopora». To ke camoe pacckasblBaloT o EBxiinzie
u uape [Itonemee, HO, BEpOSITHO, 3Ta UCTOPHUA MPOU3OILIA UMEHHO C
MeHexMOM.

BaxkHeliniee gocTibkeHMe MeHexMa — OTKPBITHE KOHUYECKUX cede-
Huit. OHU IOHAZOGWINCh eMy Ui pellleHHs 3a/lauu yaBoeHus Kyba. Ha
COBpEMEHHOM aireOpanyecKoM s3bIKE 3TO pelleHHe U3JIOKUTh OueHb
Jjterko. Eciiu aaHbl OTpe3ku a U b ¥ MBI XOTUM HaMTH Takue OTPe3KU X
HUYy,4T0a:X=Xx:y =Y :b, TO UX MOXHO IOJY4YUTh, PELIVB JIO6YI0 U3
JBYX CUCTEeM ypaBHeHUH:

x*=ay, x?=ay,
y*=bx; xy = ab.

C reoMeTpHYECKOI TOYKU 3peHUs pellleHue [TepBOM CUCTeMBI CBOAUTCA
K IIOCTPOEHMIO TOYKHM IlepeceyeHHs AByx mapabon (puc. 2.29), a pelie-
HUe BTOPOI CHCTEMBI — K IIOCTPOEHUIO TOYKH IlepeceyeHHs napaboibl
u runep6ossl (puc. 2.30). O6e napabosis! ¥ runepboia NPOXOAAT Yepe3

OZIHY TOYKY.

x?=ay

y*=bx

Puc. 2.29 Puc. 2.30

MeHexM npefoXWw 06a 3TH peleHus.

[Mapabony u rumnepbory MeHexM, CKOpee Bcero, noiydaa Kak ce-
YeHHsI KOHYCa IUIOCKOCTBIO, IepIeHAUKY/ISIPHON ob6pasylolleli KOHyca.
B To BpeMs paccMaTpUBaZM TOJBKO KOHYCHl BpallleHHA W Ha3BIBAIU
UX OCTPOYTOJIBHEIMH, ITPSIMOYTOIBHBIMU U TYTIOYTOJILHEIMU B COOTBET-
CTBHM C TeM, KaKUM OBUIO OceBoe ceyeHue. [Tapabosa nomyyanach Kak
ceyeHHe MPSIMOYTOJBHOIO KOHYCa, a runepbosia — TYyIoyroJIbHOro. JTO
6bUIO OTPa)XXEHO B APEBHEHIIMX Ha3BaHUAX Napabosbl ¥ runepoosbl.



Esxnuod 79

B /lpeBHeii I'penii He 6BUIO CHCTEMATUYECKOI'O HCIOIb30BAHUSA
CUCTEMBl KOOPAUHAT, HO JJIsi KOHUYEeCKUX CeYeHUH ObUTM M3BECTHHI UX
ypaBHEHHA CHadaja B IPSAMOYTO/NbHBIX, @ 3aTeM M B KOCOYTOJIbHBIX KO-
opzavHarax. /lpeBHerpeyeckyue MaTeMaTHKU Ha3bIBAJIU 3TH YpaBHEHUA
cumMnmomamu KOHMUYeCcKux ceueHUi. [IpeanoxeHHEle MeHEXMOM pelile-
HUA 33Ja4d yABOeHHsA Kyba IOKa3blBalOT, YTO OH JODKEH ObLI 3HATh
CHIMITTOMEI 1apabosibl M paBHOGOYHO TUNEpOOIIBL.

CuMIToM Iapabosibl, ABIAIOIIEHCA ceueHHeM HMpPSIMOYTOJILHOTO KO-
Hyca, epHeHAUKY/SIPHBIM oOpasyoouel, MeHeXM MOT IOJYy4YUThb Cle-
JyomyM obpazoM. PaccMOTpuM oceBoe ceyeHMe KOHYCa IUIOCKOCTHIO,
NepNeHAVKYJSIPHOM IUIOCKOCTH, B KOTOPOH JIe)XXUT napabosa. [Tycts P —
TOYKa napabonbl, N — IIPOEKIUA 3TOM TOYKH Ha IUIOCKOCTh OCEBOI'O ce-
yeHusa (puc. 2.31). CeyeHue KOHyca, NIepIeHANKY/IPHOE ero OcH, sBJA-
eTCsl OKPYXKHOCTBI0, oaToMy PN2 = BN - NC = v/2AN - AG = 2AN - AL.
Takum o6pa3om, PN? = 2AL - AN. DTo 1 eCTb CUMIITOM Napa6oIbl: eIy
ocb abcipicec — 3To Och Mapabosibl, a Ha4aJo KOOpAUHAT — TOYKa A, TO
ypaBHeHuUe apabosbl 3anucHBaeTcs B BUAe y2 = 2ax, rae a = AL.

A G

Puc. 2.31

Curyauus ¢ runepbosnoii ropasgo ciaoxHee. MeHexMy Hy)XHa ObUia
MMEHHO paBHOGOYHas rumnep6osa. YTo6bI MOyYUTh €€ KaK ceyeHHe KO-
Hyca IUIOCKOCTBIO, IepIeHAUKYIAPHON 06pa3yioleil, KOHYC HY>KHO BBbI-
6paTh CIlelHaIbHBIM 00pa3oM, U 3TO CJIOXKHAaA 3aZada. [103ToMy Helbast
HCKJIIOYUTD, YTO MeHexM IMojydan paBHOOOYHYIO TMIep6osy KakK cede-
HUE TOro JKE€ CaMOro MPsSIMOYTOJIbHOTO KOHYyCa, HO Teleph yXKe ILIOCKO-
CThI0, TAapaLIeIbHOI OCH.

EBxing (325—265 f0 H.3.)

O xusHU EBKIMZIa TOYTH HUYETO He U3BECTHO. COXpaHI/IJII/ICb JINIIb
OTPbIBOYHBIE YIIOMUHAHUA O HEM Yy €ro KOMMEHTaAaTOpOB, HO U 3THU KpaT-
KHe AeelnucCaHUuA ITPpOU3BOAAT BIIeYaTIIEHHWE W 3aCTaBJIAIOT 3aJyMaTbCA.
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Haub6osee usBecteH pacckas [Ipokiia o ToMm, uro korga [Itonemeii I, nappb
Erunta, cipocun y EBkinzia, HeT ik 60jiee KOPOTKOTO MyTU K reoMeT-
puw, yeM ero «Hauasna», EBKIu/ TBEpAO OTBETWI, YTO B FeOMETPUHU HET
LAPCKUX ZOpOr. A KOpoTkuii paccka3 Crobes (V B.) ¢ IOJNHOI ompeze-
JIEHHOCTBIO ITOKa3blBaeT B3IVIAAB EBKIMZAA Ha NMpakTH4ecKoe 3HaYeHue
MaTeMaTukd. OZWH K3 TeX, KTO TOJbKO Hadasl y4UTbCS FeOMeTPUH Y
EBrunzia, cnpocui ero, yCBOMB JIMIIb IIEPBO€ INpeJJIoKEeHUEe: «A 4UTO A
oJTy4y, BbIy4UB BCE 3T0?» EBKIINMZ M03BaJ cBoero paba u ckasan: «Jlai
eMy Tpu obonal, eMy, 6eIHKKe, Belb HY>KHO U3BJe4b U3 y4eHHS Bbl-
rOAy».

JatupoBka xu3HU EBKIMAa ocHOBaHa Ha pacckase [Ipoxa: mpas-
senue Iltonemes I, ¢ koTopeiM GecenoBan EBKIM/ B 3pejible TOABI, IPHU-
xozutcsa Ha 306—283 rogsl A0 H.d.; 3TO BIIOJIHE COIVIACYeTCs CO CJIOBA-
mu [Ipoxsa o ToMm, uTo EBKIMA 6BUT MOMOXKE, YeM ydeHUkH [liaToHa,
HO cTapie, 4eM DpartocdeH u ApxuMez. [IpokJ FOBOPUT TakKxe, 4TO
EBxunz ObUI IUTAaTOHMKOM; BO BCAKOM CJIydae, IIO-BHAMMOMY, €ro y4u-
TeJIAMM reOMeTpUM ObUTH aduHCKUe IUIaTOHUKM. [Tanm coobiaer, yTo
Ano/UTOHUY O4eHb J0JIroe BpeMs NPOBEJ ¢ yueHHKaMu EBkinga B Anek-
caHApUM; 3HauUuT, EBKINA OCHOBa B AJIeKCaHAPHUU IIKOILY.

BoT, 1o cyTH Ziesa, U BCe CKOJIbKO-HUOYb ZOCTOBEpHBIE CBEIEHUA O
»ku3HU EBkinzia. Ho U ABHO HeZOCTOBEpPHEIE BHIMBIC/BI TOXKE MHTEpeC-
HBI: OHU CBUZETEJIbCTBYIOT O PacnpoCTPaHEHHOCTH TpyAoB EBximza u
0 ero ciaBe. Apabckuie UCTOYHUKY, HAllpUMep, COOOLIaloT, YTo EBKmmy
K1 B JlaMmacke, M jaXke IPOU3BOJAT €ro UMs OT apabCKUX CJIOB «YKJIIH»
(xrtoy) U «Juc» (U3MepeHUe, reOMeTpUs), T. €. «KJII0Y K reOMeTpun».

Korza B EBpone Hayanu BO3HMKaTh YHUBEpPCHUTETHl, BO MHOI'HMX M3
HUX CTyAeHTH udydyanu «Hadana» EBkinga (3Ta KHUra U3HAYalbHO ObI-
Jla ipeAHa3HayveHa JJi1 B3POCJbIX JIIOJEeH, He IS HIKOJIbHUKOB; IIepeHOC
CTPYKTypHI «Hayas» B HIKOJIbHBIE y4eOHUKY ABJSAETCA ABHBIM He0pasy-
MeHHeM). UsyyeHue «Hayasn» 6bU10 BecbMa IOBEPXHOCTHBIM; OHH CYH-
TaJIUCh O4YeHb TPYAHOU U 3anyTaHHOU kHUrou. B XVI B. couckarenu cTe-
IIEHU MarvcTpa UCKyCCTB JODKHBI ObUTH TOP)XeCTBEHHO IOKJIACTBCH, YTO
OHMU NPOCJyIIaay JIEKIIMHU 110 NepBrIM LiecTd kHUram EBwxinza. Teope-
Ma O paBEHCTBE YIVIOB IIPY OCHOBAaHUH PaBHOOEPEHHOI'O TPEYTOJIbHUKA
(kuura I, mpeznoxxeHue 5) Ka3anach CTyJeHTaM O4eHb TPYAHOU «BCIe-
cTBUE 6OJIBLIOTO KOJIWYECTBA BCTPEYAIOUIUXCSA B Hell IMHUN U YIVIOB».
W3-3a HenpuBLIYKY K MaTEMaTUYECKUM PacCyXA€HUAM CTyAeHTaM IpHU-
XOAWIOCH 3ay4MBaTh JOKa3aTe/bcTBa EBKInAa HausycTs. [1epByro KHUTY

106on — ApeBHerpeYeckas MOHeTa; AHEBHOM 3apaBOTOK peMeCIeHHHMKA COCTABJII
Kak pa3 NpHMepHO TpH oboa.
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«Hayan» ycBanBajiu oueHb HeMHOrHe. Hanpumep, yxe f0Ka3aTelbCTBO
TeopeMmsbl [Tudaropa (npeanoxenue I, 47) Moo ObITH AuccepTanyeit
Marucrpa MaTeMaTHUKU.

Jo EBkimza ToXe MUCAIM KHUTM TAKOro poza. IlepBeIM Hamucasn
cBou «Hauasa» I'unnokpat Xuocckuii. bonee TiiatenbHO cocTaBui «Ha-
yasia» JleoHT, yueHuk Heoxumza. Xopomue «Havana» cocraBwt TeBauit
u3 MarHecuu. Ho Bce 3Tu «Haudana» yTpaTWIu CBOE 3HadyeHHUe IOcie
nossneHua «Havan» EBKinza U 40 Halllero BpeMeHU He COXPaHWINCh,
MOTOMY 4TO UX OOJIbllle He IepenyChIBaIU.

«Havasia» EBKIH/Ia MCIIONIb30BAIUCH B KayeCTBe y4yeOHUKA reoMeT-
puM BILIOTH A0 XIX B. Bce coBpeMeHHbIe HIKOJIbHEIE y4eOHUKYU reoMeT-
pUM OTJIMYAIOTCA OT KHUTY EBKIIMJa IMIIb HeCcyllleCTBEHHBIMU AOIONIHe-
HUAMMU U CyLIeCTBEHHBIMU COKpalleHUAMU.

EBxnz cobpas MHOroe U3 OTKpPHITOro EBZOKCOM U YIy4IITHI MHOTOe
u3 oTkphIToro TeateTom. OH Taike Jasl CTPOTHe AOKa3aTe/lbCTBa TOTO,
YTO Z0 Hero JoKa3blBajiochb MeHee cTporo. CpaBHeHHe [JOKa3aTe/bCTB
EBKJIMJA € TEMU JOKa3aTeIbCTBaMH, KOTOPbIe BCTPe4aloTcs y ApUCTOTe-
Jif1, TIOKa3bIBaeT, 4YTO MHOTHeE JloKa3aTeabCTBa EBKINa OpUTrMHA/IbHEIE,
MPUYEM yKe IS CaMBIX [TepBBIX NTpeJIoKeHUH.

EBK/IM/ ONHUCHIBAJ TeOMETPHUIO KaK CHCTEMY INpeJjiodXeHH# (Teo-
peM), KOTOpble N0C/IeZloBaTelbHO BHIBOAATCA U3 HECKOJIBKUX Iepeduc-
JIEHHBIX UM OCHOBHBIX ITOHATUY U UCTUH. Takoe ocTpoeHre reoMeTpUHU
Ha3BIBAIOT CUHMemuueckum. Bce HanycaHHBIE BIIOCTEACTBUY YUeOHUKU
reoMeTpHM OYeHb MHOIMM 00s3aHbl KHUTe EBximza. Ero cxemy uaio-
JKEHUA HCIONb30BAIM He TOJbKO B KHMUrax II0 MaTeMmaTHKe, HO U IIO
MexaHuke (HploToH) U aaxe no ¢unocoduu (CnuHOo3a).

/13 Bcex U3BECTHHIX BO BpeMeHa EBKIN/Ia MaTeMaTUYeCKUX TEOpUH B
«Hayasia» He BOLIJIO He TaK y»K MHOI'O: y4eHHe O KOHUYECKUX CeYeHHUAX;
chepuyeckas reoMeTpus; UCCIeJOBAHNA, CBA3aHHBIE C TPpeMs KIaccuye-
CKHMMH 33Jja4aMH Ha IOCTpOeHNe; KBaZpupyeMble JIyHOUKH ['uIlIoKpara.

EBryiij, He NPUBOAUT HHU OAHOrO YMCJIeHHOro npumepa. OH HudYe-
r'0 He FOBOPUT O CIOCO6ax BHIYUCJIEHHH, KOTOPHIE JODKHBI OBLTH Cyliie-
CTBOBATh B €ro BpeMmsl.

IMomumo «Havas» Esxuing Hanvcan eié 10 KHUT 1o MaTeMaTHKe U eé
MIPWIOXKEeHUAM (aCTPOHOMMUSA, OIITHKA, TEOPUA MY3bIKH), MHOTHE U3 KO-
TOPHIX COXPaHWINCh A0 Hamero sBpeMeHu. Ho BiIusiHUE Bcex OCTaJIbHBIX
kuur EBkinza 6pU10 HeCpaBHEHHO MEHBIIIe.

IMo-rpevyecku Tpya EBkimnza HasbiBajcs Ztolxela (OT 3TOro cjaoBa
[IPOMCXOAUT PYCCKOE «CTUXUA»), B TIATUHCKOM IlepeBozie — Elementa.

«Havana» EBKiInga COCTOAT U3 13 KHUT, NOC/IeAHAS U3 KOTOPHIX IIO-
CBsillleHa NOCTPOEHUIO NPaBWIbHBIX MHOIOIDAaHHMKOB. BriociencTBuun
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JAPYTHMHU aBTOpaMH ObLIM HaIMCAHBI AOMOJIHUTENbHO KHUTH XIV 1 XV,
MOCBALIEHHbIE NpaBWIbHBIM MHororpaHHukam. (Kuaury XIV Hanucan
anekcanzpuen 'uncuxi okosno 150 roga #o H.3., a kHura XV 6buta Ha-
nycaHa, BeposiTHO, B VI Beke H. 3.).

Knwura I

EBxyin HauMHaeT C olpezeieHuH.

1) Touka ecTh TO, YTO He UMEET YacTeH.

2) JIuHuA ke — AnuHa 6e3 MUPUHBHI.

3) KOHLIBI )Ke TMHUU — TOYKHU.

4) IIpssmas IMHUA eCThb Ta, KOTOPAas paBHO pacIloyioKeHa [0 OTHOLIe-
HUIO K TOYKaM Ha Hel.

5) [ToBepXHOCTh €CTh TO, YTO UMEET TOJbKO JJIMHY U LIHPUHY.

6) KoHILIBI ke TOBEPXHOCTH — JIMHUH.

7) Tlnockas MOBepPXHOCTh eCTh Ta, KOTOpas pPaBHO pacIlOIoXKeHa 110
OTHOILIEHUIO K IPAMBIM Ha Heil.

Jlanee cienyioT onpeesieHNs yIia, Kpyra, TPeyrolbHUKA, YEThIPEX-
yronbHUKa. [lociesHee onpeseieHye Takoe:

23) IlapasienbHbIE CYyTh IPSMBIE, KOTOPhIE, HAXOASCh B OAHOH IUIOC-
KOCTHU U OyZy4u IPOJOIKEHH B 06 CTOPOHBI HEOrpaHHUYEHHO, HU C TOM
HH C pyTOil CTOPOHBI He BCTPEYAIOTCA.

[Tocne onpezesnieHui cleAyOT HOCTY/NATHL.

Jonyctum:

1) YTo OT BCAKOU TOYKU Z0 BCAKON TOUKH MOYXKHO IIPOBECTH MPSAMYIO
JIMHUIO.

2) V1 yTO OrpaHUYeHHYIO NPSAMYIO MOXXHO HEIPePHIBHO MPOAO/DKATh
110 IPSAIMOM.

3) Y1 uyTo 13 BCAKOTO LIeHTPa U BCAKUM PAaCTBOPOM MOXET ObITh OIH-
CaH KpyT.

4) V1 yTO BCe HpsIMble YTJIBL PaBHBI MEXKAY COBOI.

5) U ecnu npsiMas, nagaliomas Ha ZBe IpsiMble, 06pa3yeT BHYTpPEH-
HUe U IO OJHY CTOPOHY YIVIbI, MEHBbIINE JBYX IPAMBIX, TO IIPOAO/DKEH-
Hble 3TH JBe NpAMble HEOIPaHUYEHHO BCTPETATCSA C TOU CTOPOHHI, IZe
YTJIBl MeHblile IBYX IMPSAMBIX.

3a nocryJaTaMu, KOTOpble OTHOCATCA K ONlpe/ie/IEHHBIM reoMeTpUYe-
CKUM TOHATHUAM, UAYT aKCUOMEI (0011Irie MOHATHA), KOTOPhIE OTHOCATCSA
KO BCeM HayKaM: «PaBHbIe OJHOMY U TOMY K€ pPaBHHI U MeXJY COO0¥i»,
«Ilesnoe 6ospllie YaCTH» U T. II.

B TpeTbeM noctynare EBKIMZA FOBOPUTCA, YTO MOXXHO IIOCTPOUTH
OKPY>KHOCTb C JaHHBIM I[EHTPOM U JJaHHBIM paJilycoM, IPOBeAEHHBIM
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U3 3TOro LieHTpa. Bo3MOXKXHOCTb IOCTPOUTD OKPYXKHOCTb C JAaHHBIM LieH-
TPOM U paJlycoM, 3alaHHBIM B IpYTOM MecTe IUIOCKOCTH, J0Ka3blBaeTCcA
B IpeyIoxkeHuH I, 2. YV Takol GOpMyJIMPOBKM TPETHETO MOCTYJIATa €CTh
pasHble 0OBsicHeHuUA: 1) 3TO coriacyeTcs ¢ TpeboBaHHEM He JeslaTh U3-
JIMIIHUX TUIIOTE3; 2) TAKOE MOCTPOEHHE OKPYKHOCTHU MOIJIO OBITh CBf3a-
HO C IIOCTPOEHMEM C ITOMOILBIO KOJBIIIKA U BEPEBKH, a He C IIOMOLIBIO
LOUPKYJIA.

[TaTHI mOCTY/IAT CBOEH TSXKeNIOBeCHOH GOPMYIMPOBKON U MeHbIIeH
OYEBUZIHOCTBIO PE3KO OTIMYAeTCs OT OCTaJbHBEIX IOCTYJIATOB. JTO IO-
6yzwI0 MHOTHX MaTeMaTHUKOB I10JIaraTh, YTO ISATHIH ITOCTY/IAT JUIIHUM,
T. €. OH Ha CaMOM JeJie IBJIAeTCA TEOPEeMOIi, KOTOPYIO MOXKHO BBIBECTHU U3
OCTaJbHBIX IOCTY/IATOB U akcUOM EBiuinga. M uiib OTKphITHE HeeBKIN-
JoBoii reomerpuu ayccoM, JlobaueBckuM U Boiisu MOATBEpAWIO, YTO
EBring GbUT IpaB: 6e3 MATOro MoCTy/aTa Hejlb3A OG0OUTHUCH B OCTpOe-
HUU ero reoMeTpUH.

CucreMa NoCTyJ1aTOB U akcMoM EBKIna Heno/lHa, NO3TOMY JIoTHde-
ckas cTpykTypa «Havan» EBxinjia, Ha COBpeMeHHBIi B3IVIsiZ, CTpaHHAasA.
C ogHo¥t cropoHsl, EBking dopmynupyeT onpejesneHHs, TOCTYAAThl U
aKCHOMBI, U3 KOTOPHIX OH 3aTeM BHIBOAUT TeopeMbl. C Ipyroil CTOPOHHL,
HEKOTOpbIe YTBEPKAEeHUs OH CIUTAeT OYeBUAHBIMH U HCIIONb3yeT UX 6e3
KaKUX-160 oroBopok. Y EBKINA HET akCUOM ABIDKEHUS, HET aKCHOM
HeIlpepBIBHOCTH, HO eMy IIPUXOAUTCA MMM NT0/Ib30BaThbeA. [IpudnHa, no-
BUJMMOMY, B TOM, 4TO GOPMY/IUPOBKA U TeX U JPYTUX aKCHOM B TO Bpe-
Ms 6bUTa GBI Ype3BHIYAHO TPYZAHA.

JBroxeHuit EBKIMZ cTapasics 1o BO3MOXXHOCTH u3beratb, HO C Hellpe-
PBIBHOCTBIO €MY IIPUIIUIOCh CTOJIKHYTBCS Y2KE B IepBOM NPeJJIOXKEHUH O
CyILIeCTBOBAHUM PaBHOCTOPOHHEro TPeyroJbHUKA C JaHHOI CTOpPOHOM
AB. Ero paccyxgeHua ciegyioomue. [IocTpouM OKPY>KHOCTb C LIEHTPOM
A u paguycoM AB U OKPY>XHOCTb C I1leHTpoM B u paguycoMm BA. (Boamox-
HOCTb TaKUX IIOCTPOEHUI OroBOpeHa NocTynaroM 3.) DT OKPY>KHOCTH
o6s13aTesIbHO NepeceKyTcst B HeKoTopoii Touke C. (BoT mpumep yTBep-
XZeHUs, O4eBUAHOrO ¢ TOYkY 3peHud EBkinza.) IlpoBesém npsamele AC
U CB. (Bo3aMOXHOCTb NIpOBeJileHHsA NPAMOI Yepes ZiBe TOYKM OTOBOpeHa
noctynatom 1.) Torza AC = AB u CB = AB, noatomy AC = CB. (9T0
cleAyeT U3 aKCUOMEBI 1: paBHble OZHOMY U TOMY K€ PaBHBI U MeXZAY
coboii.) TpyaHO ckasaTh, [0 KaKUM IPUYMHAM YTBEpXKAEHHUE O TOM,
YTO pacCMaTpUBaeMbIe OKPYKHOCTH ITepeceKaloTcs B HEKOTOPOIi TOUKe,
kasanoch EBxinzly 6osee O4eBHAHBIM, YeM Te YTBEPXKAEHUS, KOTOPhIE
OH BBUIEJIWJI B Ka4eCTBe MOCTY/IaTOB U aKCHOM. [10-BHAUMOMY, 3TO 6BUIO0
CBfI3aHO C TeM, YTO IIOHATHA, CBA3aHHbIE C HENIPEPBIBHOCTHIO, B TO BpEMs
elé He O6bUTH pa3paboTaHBbI.



84 I'nasa 2. Jpesrnss I'peyus

Emé oguH npumep yTBepxAeHHUA, KOTopoe [ EBKinMza o4yeBUA-
HO, — 3TO €JWHCTBEHHOCTb IIPAMOM, Ipoxojsiiell yepe3 JBe TOYKH (Y
EBKINZa ecTh NOCTY/IAT O CyHIECTBOBAaHUU TaKOH MPSIMOM, HO HUYEro
He T'OBOPHUTCA O TOM, YTO TakKas NpsaMas eAUHCTBEHHA).

«Havasna» EBKInzia oTBe4aau BceM TpebOBaHUAM CTPOTOCTH PacCyx-
A€HWi, KOTOpble 6bUTM BHIPAGOTaHB! JpeBHErpeYyecKMMH MaTeMaTHKa-
Mu U dwrocodamu. sl rpeKoOB NTOCTpOeHUE OBUIO €AMHCTBEHHBIM J0-
CTOBEPHBIM CIIOCOOOM JIOKa3aTeNIbCTBA CyLIeCTBOBaHUA 4ero-iubo. Bos-
MOXXHO, MMEHHO ITI03TOMY ZI0Ka3aTeIbCTBO CyIIeCTBOBAHUSA IIPABIIbHO-
ro TpeyroabHUKA C 3aJaHHOU CTOPOHOM IIpeZCTaBsIoch EBKINAY U ero
COBpeMEHHMKaM O6e3ylpeyHbIM. AKCHOMAaTUYECKUii METOJ B TO BpeMs
elmé TOJIbKO HayWHaJ pa3pabaThiBaTbCA U HE JOCTHUI TOrO YPOBHsA, Ha
KOTOPBIi noctaBui ero I'wibbept. MHOrHe pacCyKAeHHs, KOTOphIe He
6bUTH HelloCcpeCTBEHHBIM JIOTHY€CKHUM BHIBOZOM U3 aKCHOM, CYUTAUCh
rpekaMH JOCTOBEPHBIMU.

B nepBoii kHure «Havas» oOCy>XZAalOTCA pa3jiUYHEBIE reoMeTpude-
ckue noctpoeHus. HauynHaeTcss OHa C IOCTPOEHHSA PaBHOCTOPOHHEro
TpeyTo/lbHUKA, 3aTeM CJIeJyIOT NOCTpOoeHHe GUCCEKTPUCH! yIIa U Io-
CTpOeHHe NepleHANKy/IApa K npaMoii. Jlajee B IepBOH KHUTE JOKa3bl-
BalOTCA IPU3HAKY paBeHCTBa TPEYT'OJIbHUKOB.

EBruiny, mno-suguMoMy, 6bUT HeJOBOJNEH (OPMY/IHPOBKOM IISATOro
nmocrynara. OH u3beran UM IMOJIb30BATHCA JO TEX IOP, IOKa 3TO GBLIO
BO3MO)XHO — B TIepBBHIX 28 TeopeMax NATBHIA IOCTYJIaT He HCIOJIb3yeT-
ca. TlepBoe ero ucnonb3oBaHue — B TeopeMe 29 (0 paBeHCTBe HaKpecT
JIeXallUX YIJIOB, 0Opa30BaHHBIX IIPU IlepeceuyeHUN CeKyIel AByX ma-
pasUleNbHBIX IPAMBIX). [Ipy TaKOM NOCTpPOeHHH reomMeTpun EBKIng Mor
ONMpaThCs Ha UCCIeJ0BaHUA NIPEALIeCTBYIOIUX reOMETPOB, TIATENTbHO
M3y4aBUIMX KakK CJIeACTBHUA M3 FMIIOTE3bl O TOM, YTO CyMMa VIJIOB Tpe-
yTOJbHMKA paBHa AByM IIPAMBIM yIJIaM, TaK U CJIeCTBUA U3 TUIIOTE3El O
TOM, YTO CyMMa yTJIOB TPEYTOJIbHUKA He paBHA JBYM IIPSIMbIM.

[Ipexxze 4yeM Bocnonb30BaThesA cepeAnHol orpeska (I, 16), EBkmig
JokasbpiBaeT nyTém noctpoenus (I, 10), 4To 3Ta TOYKA AEHCTBUTEIHHO
cymecTByeT. Tak ke OH IOCTYTIaeT U BO BCEX APYTUX HOZOOHBIX CIIydasx.

IIpu nocTpoeHuy TpeyroibHUKA C 3aZaHHBIMU cTopoHamu (1, 22) Es-
KINJ He JOKasblBaeT, YTO TPEYTOJbHUK CyIleCTByeT (XOTA U OoroBapu-
BaeT, YTO Kak/Jasd CTOPOHA JO/DKHA ObITh MeHbIIE CYMMBbI IBYX APYTHX
CTOPOH).

[Tpeanoxenus 33—48 oTHOCATCA K IUIOIIA/SAM apalyIeJIorPaMMOB U
TpeyTOJbHUKOB. 37eCh BBOJUTCSA IIOHATHE PaBHOBEIUKUX QUTYD.

[IpegnoxeHnusa 42—45 OTHOCATCA K 3aZiade O IOCTPOEHUH KBaZpa-
Ta, paBHOBEJMKOI'O AaHHOMY MHOIOYTOJbHUKY. OKOHYATeJbHO 3Ta 3a-
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Javya Gyzer pelieHa Tonbko B kKHure 11 (npeanoxenue 14). B xuwure I
EBKIM/ cHayala CTPOUT IapajlleJlorpaMM C JaHHBIM yIJIOM, paBHOBe-
JIMKUP JaHHOMY TPeYTONbHUKY (IpelsoxeHue 42). 3aTeM OH JOKa3bl-
BaeT JIeMMy, Ha KOTOPOM OCHOBAaHO pellleHHe 3TOW 3aZiayu: Napasie-
JIOTpaMMBl, 3aKpallleHHble Ha pucC. 2.32, paBHOBeJIMKHU. JTa jieMMa I103-
BOJIAET II0 JAaHHOMY IapalleJIorpaMMy IIOCTPOUTH PAaBHOBEJIUKUN eMy
napasuieJiorpaMM C JaHHOW CTOPOHOM M TakuMHU Xe yriamu. Ha atom
Y OCHOBaHO pellleHMe 3aZlayy: U3 ABYyX MapajuleorpaMMOB C OJUHAKO-
BBIMHM yIJIaMH, Y KaXZOTO M3 KOTOPHIX €CTh CTOpPOHA JaHHOM AJIMHBI,
MOXHO COCTaBUTh OAUH napauieynorpaMmm. iMeHHo Tak EBKinj Z0Ka3HbI-
BaeT IpeljioxeHue 44, KOTOpoe 3aKJII0YaeTcs B IIOCTPOEHUM Mapasiie-
JlorpaMMa C JaHHBIMU yTJIaMH, paBHOBEJIMKOIO ZJaHHOMY MHOT'OYTOJb-
HUKY.

G
H
A K
F
B C
D L E
Puc. 2.32 Puc. 2.33

EBxm cuCTeMaTH4eCKH H3/araeT pesyJjbTaThl, IOJy4YeHHBIE ero
npejlIeCTBEeHHMKaMHU, He YIIOMHUHasd KMX UMEH. Hampumep, TeopeMma
[Mudaropa — ato npegnoxenue I, 47 «Havan». EBInJ He yIOMHHaeT
HU uMeHH [Tudaropa, HU UMeHHU aBTOpa TOTO JA0Ka3aTelbCTBa, KOTOpOe
OH npuBOAUT. JloKazaTenbCcTBO TeopeMbl ITudaropa y EBximza cieny-
fomee. ONMycTUM U3 BepUIMHBI A nepneHAUKyaAp AL Ha cropoHy DE
kBazipaTa (puc. 2.33). Tpeyronbuuku ABD u FBC paBHBI, TO3TOMY ILIO-
mazp NpAMOYTOJbHUKA C AMaroHanbio BL paBHa yABOeHHOU IUIOIIAZM
TpeyronbHuKa ABD, T.e. yagBoeHHOMH Iuiomazu TpeyronbHuka FBC, a
OHa, B CBOIO oYepeAb, paBHA IUIOIIAAW KBajpaTta ABFH. AHaJOrH4YHO
ZIOKasbIBaeTCsA, 4To IUIoWaAb IpAMOYTOJbHUKA C AMaroHanbio CL paBHa
wiomazau ksagparta ACKG.
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3TO J0Ka3aTEIbCTBO BO MHOTOM ITOX0XKe Ha I0Ka3aTeIbCTBO Npe/,io-
skenusa VIII, 17, Ho oHO u3beraeT NpUMeHEHHUA IPOMOPLUI U OIHpPaeTcs
TOJBKO Ha KHUTY . 3TO AOKa3aTenbCTBO, O-BUAUMOMY, IpUAYMaJ cCaM
EBxuuz.
Knura II

OcHoBy KHUrH Il cocTaB/sieT TaK Ha3bIBaeMasi 2eoMempuueckas -
2ebpa, paspaboranHas emé nudaropeiinamu. lfeomerpudeckas anrebpa
MOpa3UTeIbHO HAalIOMHHAET OGBIYHYIO HIKOJLHYIO aiarebpy, HO Bce aj-
rebpaudeckue npeobpa3oBaHus, BKIOYas pellleHUe KBaJpaTHBIX YPaB-
HEHUH, BBHINOJIHAIOTCA reOMEeTpUIecKH. Bo3HUKaeT Jaxe BIeYaTIEHUE,
6yATO rpeKH HapOYHO IlepeBesi Ha FeOMeTPUYECKUI 3K anrebpanye-
CKue onepanuy (MIMEeHHO [TI03TOMY M BO3HUKJIO BIIOCJIEJCTBUY TaKOe Ha-
3BaHUe: «reoMeTpuyeckas ajare6pa»). BoamoxxHo, nudaropeHis! B paH-
HUe BpeMeHa HCIOJIb30Ball Kakue-To aarebpaundeckue npeobpas3oBa-
HusA ¢ yrciaamu. Ho nociie OTKpHITHSA HECOM3MEPUMOCTH CTOPOHEI KBaJ-
paTa ¥ ero AMaroHaysu Takue Ipeobpa3oBaHUA CTAIN HEBO3MO)XXHEIMH.
J11 ApeBHerpevyecKUx MaTeMaTHKOB YHCJIO ObUIO JIMOO HATypalbHBIM,
Jn60 TIOJIOXKUTENIBHBIM PallMOHAIBHBIM, [TO3TOMY JilarOHaIb KBaJgpara
CO CTOPOHO¥ 1 OHU He MOIVIM IPeACTaBIATh cebe KaK YUCIO, OHU MOTJIN
Mpe/CTaBJIATh €€ TOJIbKO KaK OTPE30K. A IpPOoU3BeZieHUE ABYX OTPE3KOB
OHM NIpe/[CTABJISUIA KaK NPSIMOYTOIbHUK.

B 3TOH KHUTe pacCMaTPUBAIOTCA He MapajlieJIorPaMMBbl OBIIETO BU-
Jia, a TIPAMOYTOJIbHUKYM U KBaJparhl. BakHOe MeCTO BO MHOTUX KOH-
CTPYKIMAX 3aHUMaeT THOMOH.

B npeanoxenuu I, 4 EBxIng Joka3bIBaeT reoMeTpudecku GopMyny
KBaZipaTa CyMMBL:

(a+b)?>=a®+b%>+ 2ab

(EBxnz GopMysHpyeT 3TO KaK paBEHCTBO IUIOLIAJAU OAHOTO KBajpara
cyMMe IUIOLIaZiedt ABYX JAPyrUX KBaZpaToOB U YABOEHHOU IUIOIIAJAY Ips-
MOyTOJMIbHUKA). MAes aToro foka3aTeJbCTBA NIpeAcTaBieHa Ha puc. 2.34.

JlpeBHerpeveckrie MaTeMaTUKHA He ObUTU 3HAKOMBI C IIOHSATHEM OT-
pHUILIATeJIbHOrO YUCIA, [03TOMY $OpMy/a KBaZipaTa pa3HOCTU JOKAa3bl-
BaeTcA OTAENBbHO B IpeaaoxeHud I, 7. Thiomaan MOXXHO 6bUIO TOJBKO
CKJIaAbIBaTh, HO He BBIYMTATh, N03TOMY Y EBKiIMAa dopMysna KBagpaTa
pasHocTH (Ha A3bIKe IUTolael KBaZipaToB U IPAMOYTOIbHUKOB) BBIIVIA-
auT Tak: a? + b? = 2ab + (a — b)?. Vizes gokasarenbcTBa 3TOM GOPMYJIBI
npeAcTaBjieHa Ha puc. 2.35.

C airebpanyeckodl To4kH 3peHus npegioxenus II, 5 u 11, 6 npea-
CTaB/IIOT cO6OI OZHO U TO Xe ToxAecTBo: (a — b)(a + b) + b% = a?.
Y EBxuinzia oHU GOPMYIUPYIOTCS Ha s3bIKe IUTomazei. Eciu Bocmosb30-
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b b
a
————
a b a
Puc. 2.34 Puc. 2.35

BaTbCsl PUCYHKOM 2.36, TO 3TU NpeAOXKeHUA MOXKHO cHopMyIHupoBaTh
TaK: CyMMa IUIOIIA/Y 3aKpallleHHOT'O IPAMOYTONIbHIKA U 3aKpaIIeHHOTO
KBaZlpaTa paBHa IUIomazu 6oipmoro kBagpara. TpeGyemoe yTBepxKae-
HUe CJIeflyeT U3 TOro, YTO 3aKpalleHHbIH IPAMOYTOJIbHUK PaBHOBEIUK
THOMOHY, KOTOPBIH MOJTy4YaeTcs BeIpe3aHHUEM 3aKpalleHHOro KBajpara
13 GOJIBIIOro KBaApara.

\
|

(a) 6)

Puc. 2.36. (a) [Ipegnoxenue 1, 5; (6) npepnoxenue I, 6

B kHure «O 3aZaHHBIX BeJIWYMHaX» EBKIWJ IIpUMeHsAeT Npejjoxe-
Hus 11, 5 u 11, 6, 4TOGBI JOKa3aTh, YTO €CJIM AAHO IPOU3BEAEHUE UV U
cymMma u + v (WM pasHOCTb U — V), TO U3BECTHHI U CAMU OTpe3KU U U
v. [Ipu 3TOM npousBeZeHue UV AaHO KaK CTOpOHA ¢ KBaJpara, IUIolajb
KOTOpOro paBHa uv, T. €. c? = uv. Eciv faHbl OTpEe3KU c U u +v = 2a, TO

u—v
EBxIn/ puMeHsieT npeioxenue II, 5 u HaxoquT b = —5 Kak KareT

MIpAMOYTOJIbHOI'O TPpeYyroJbHHKa, Y KOTOPOT'O U3BECTHBI KaTeT ¢ U I'hIlo-

TeHy3a d. A ecJIy IaHbl OTPe3KH ¢ U u — v = 2b, To EBKuz npuMeHser

u+v
npeaioxenue II, 6 ¥ HAXOOUT a = 5 KaK TMIIOTEHY3y NPpSAMOYTOJIbHO-

ro TPEYTOJbHUKA, Y KOTOPOT'O U3BECTHEI KaTeTHl ¢ U b.
[peanoxenus 11, 5 u II, 6 TecHO cBA3aHHI ¢ IpeAJoXkeHUAMHU VI, 28
u VI, 29, B KOTOpPHIX K JAaHHOMY OTpe3Ky TpebyeTcs NpPWIOXKUTH Ips-
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MOYTOIBHUK' ZIaHHOM IUIOIAAM C HeJJOCTaTKOM MM C U36BITKOM. UTO
TaKoe MPWIOXKEeHHe C HeJOCTATKOM U C U36BITKOM, MOsACHAET puc. 2.37:
6epéTcs MpAMOYTONbHUK, OZHON U3 CTOPOH KOTOPOTO ABIAETCA JAHHBII
OTPEe30K, U OT 3TOr0 NPAMOYTOJIbHUKA MO0 OTpe3aeTcsi KBaJpaT, 1160
K HeMy IIpUKJIa/ibIBaeTcs KBaZpaT. Ha anre6panyeckoM A3bIKe 3TO O3Ha-
4aeT, YTO HYXKHO PelMTh ypaBHeHHe 2ax — x2 = ¢? wm 2bx + x? = c?,
rZe c — CTOpOHa ZaHHOTO KBajpara. ([IpeanonaraeTcs, 4To IIOMazAb 1C-
KOMOTO NIPSIMOYTOJbHMKA 3a/aHa KaK KBaZ[paT CO CTOPOHOM ¢; TaKuM
o6pasom, ¢ = (a — b)(a + b).) Cornacuo npeanoxenuam II, 5 u II, 6 no-
nygaeM: ¢ + b? = a?. Jina pemenus ypasHeHusa 2ax — x> = ¢ Haxogum
b =a — x KaK KaTeT IPAMOYTOJLHOTO TPEyTONbHUKA, Y KOTOPOro H3-
BECTHHI KaTeT ¢ ¥ TMIIOTeHy3a a; A/IA pellleHus ypasHeHus 2bx + x? = c?
HaXoZUM a = b + X Kak rMIIOTeHy3y NPAMOYTOJILHOTO TPEYTOMbHUKA, Y

KOTOPOr'o U3BECTHBI KaTEThI ¢ U b.

2a 2b
A P, —
x x
(a) (6)

Puc. 2.37. (a) [Ipeanoxenue VI, 28; (6) npeaioxenue VI, 29

[IpunoxxeHe ¢ HEJOCTAaTKOM Ha3BIBAJIOCHh 3/LIUNMUUECKUM NPLIO-
HeHuem maowadell, a MPWIOKEHUE C H3OGBITKOM — 2unepbosuyeckum
npunoxcenuem naowadeti. I 6pU10 emé napabonuueckoe NpuioxceHue
nuowadell, Korja K JaHHOMY OTpe3Ky Tpe60oBaloCh NMPIIOXKUTH IPAMO-
YTOJIBHUK JaHHOU IUIOIIAJH.

B npeayioxenuu 11, 11 EBKJINA CTPOUT 30JI0TOE ceveHHe: «3alaHHbII
OTpe30K pa3JesuTh TaKUM 00pa3oM, 4TOOHI NMPSIMOYTOJIBHUK, ITOCTPO-
€HHBII Ha BCEM OTpe3Ke U Ha OZHOH M3 yacTel, paBHSICA KBaJpary,
[IOCTPOEHHOMY Ha JIpyTO¥ YacTH». DTO MOCTPOEHHE TECHO CBA3aHO C pe-
IeHWeM KBaZ[paTHOro ypaBHeHHs x2 = p(p — x). EBkinz He pemaeT
3To ypaBHeHHe. OH 3apaHee 3HAaeT KOPeHb 3TOT0 YpPaBHEHUS U NPOCTO
ONKCHIBAET, KaK 3TOT KOPEHb [TOCTPOUTH, @ 3aTEM C IIOMOIIBIO IIPEAJIO-
»keHus I, 6 npoBepsieT, YTO JeHCTBUTENBHO ITOCTPOEH HYKHBIA KOpEHb.

1B peitcTBuTeNbHOCTH, Y EBKIMAA GOPMYIHPOBKA HECKOMbKO Gontee obiias: paccMat-
pUBAIOTCA He NPSIMOYTOBHUKH, a NapajlieJIorPaMMBl.
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Jenaetca aTo Tak. Paccmorpum kBagpaTr ABCD co CTOPOHOH p U Io-
CTPOUM cepeHYy M cTOpoHHI AB. Ha siyue MB nocTpoum oTpe3ok MP,
paBHHIi oTpe3ky MC (puc. 2.38). Toraa BP — uckoMBIH OTpe30ok x. Jlei-
CTBUTEJIBHO, BOCHOIb3yeMcs NpezioxeHueM II, 6, U pu 3TOM, YTOOBI
comiacoBaTh Haly 0603HadeHus ¢ 0603HaYEeHUAMU pUC. 2.36, TOTOKUM
b= p/2. B pesyabrate noayaum x(2b + x) + b? = (b + x)2. Ilo noctpo-
ennto (b + x)? = MP? = MC? = b? + (2b)? (31eCh MBI BOCIIO/Ib30BAIKCh
TeopeMmoii [Tudaropa), moatomy x(2b + x) = (2b)?, T.e. x(p + x) = p2.
9To ypaBHEHHWe MOJy4YaeTcs U3 MCXOAHOTO ypaBHeHMA X2 = p(p — x),
ecJiy K 06euM ero yacTsaM J06aBUTh px.

A bMbPB x P

1
|
1
|
1
-
1
1
1

~
]

]

|

|

]

|

]

|

L
e
S
@

Puc. 2.38 Puc. 2.39

U3 reopemsl [Tudaropa EBxin/ BHIBOAUT yTBEPKAEeHUE, OYeHb GIM3-
KOe K TeopeMe KOCHHYCOB. OH OTZeJIbHO paccMaTpUBaeT CJIy4au TYyIoro
¥ OCTpOTo yIia TpeyronbHuKa (npegnoxenus 11, 12 u I, 13). Hanpumep,
JJIs1 TYTIOTO yIvia paccyxzaeHusa EBximnza cieayromuye. OnycTUM NeplieH-
Zukyasap BD Ha npozomxeHue cTopoHsl AC (puc. 2.39). 13 ToxzaecTBa
(a+b)? = a® + b% + 2ab cneayer, uto DC? = DA? + AC? + 2DA - AC. Jlo-
6aBUM K 06eMM YacTAM MOJTy4eHHOTo paBeHcTBa DB? 1 BoCIob3yeMcst
TeM, uTo 10 TeopeMe [Tudaropa DC? + DB% = BC? u DA? + DB? = AB2.
B pesyinbrarte nomy4yum

BC?=AB?+ AC? + 2DA - AC.

OT TeopeMBI KOCUHYCOB 3TO OTIMYAaeTCs JUIIb TeM, 4TO DA Hy)XHO 3a-
MeHUTb Ha —AB cos A. Ho Bo BpeMeHa EBxinzia CHHYCOB ¥ KOCUHYCOB
ewé He OBUTO.

B npeanoxenuu 11, 14 EBxiiny 3aBepuiaeT pelieHre 3aadu O IPUIO-
JKeHUM IUTomazedi, Hayatoe B kHure 1. /i JaHHOrO MHOTOYTOJBHUKA
OH CTPOUT PaBHOBENUKUI eMy KBajpaT. B kuure I yxxe 6bUT ITOCTpO-
€H NpAMOYTOJIbHUK, PaBHOBEJIUKUI JaHHOMY MHOI'OYTOJIBHUKY, IIO3TO-
My OCTa€TCsA NIOCTPOUTH KBaZpaT, PABHOBEIMKHUI JaHHOMY IIPAMOYTO/b-
HUKY. [locTpoeHne CTOPOHBI KBaZipaTa, paBHOBEJIMKOIO IPIMOYTO/IbHU-
Ky CO CTOPOHaMH a U b, npeAcTaBleHO Ha puc. 2.40: CTOPOHA UCKOMO-
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A

Puc. 2.40 Puc. 2.41

ro KBagpara — 3To oTrpe3ok CD. Jloka3aTeJlbCTBO OCHOBAHO Ha TeopeMe
IMudaropa:

CD?=0D? — 0C? = (0D + 0C)(OD — OC) = ab.
Kuura III

Kuura Il nocssiimeHa KpyraMm, B Hell 06Cy>KAal0TCs CBOMCTBA BIIUCAH-
HBIX YIJIOB M KacaTeJbHBIX. BOT Kak, Hanpumep, EBkinz cTpout kaca-
TeJIbHYI0 U3 JaHHOM TOYKU A K AaHHOM OKpyXHOCTHU. ITycTh E — UeHTp
JaHHOU OKPYKHOCTH, D — Touyka IepecedyeHHs ZAaHHON OKPY)KHOCTH U
orpe3ka EA. ITocTpouM OKpy:KHOCTb paguyca EA ¢ neHtpom E u Haii-
ZEM TOUKY I, B KOTOPOH 3Ty OKPY>KHOCTb IlepeceKaeT NepleHANKYIIP K
npsimoii AE, BoccTaB/leHHbIH U3 Touku D (puc. 2.41). [TycTh B — TOuKa
nepeceyeHus oTpe3ka IE ¢ ucxozHo# okpyxHocTblo. Toraa AB — UCKO-
Mas KacaTejbHad. DTO CJeAyeT U3 TOro, 4To TpeyroibHUku ABE u IDE
PaBHBIL.

B aTOi1 KHUre JOKa3BbIBAIOTCSA MHOI'ME TEOPEMBI O CBOMCTBAX OKPYX-
HOCTeH, BXOAAIYe HhIHE B LIKOJIBHYIO IporpamMMy. Hanmpumep, Teopema
0 BIMcaHHOM yriie (nmpeasoxxenue III, 20), TeopeMa o AByx IlepeceKkaro-
muxcsa xopzaax (npeginoxeHrue I, 35: «Eciu B kpyre ABe NIpsAMEIe Ilepece-
KaloT ApyT ApyTa, TO IPAMOYTOJIbHUK, 3aK/II0YEHHBIN MeXy OTpe3KaMu
OJHOU, paBeH NPAMOYTOJbHUKY, 3aKIIOUYEHHOMY MeXZY OTpe3KaMH Jpy-
roii»), Teopema o KBaZipare KacarejabHOH (npeasoxenue III, 36).

Kuaura IV

B 9T0if KHUT'e CHOBA pacCMaTPHUBAIOTCA KPYTH, HO yKe BMECTe C MHO-
rOyroJIbHUKaMU, BIMCAHHBIMU WM OIUCAHHBIMHU.

EBKINZ ONMCHIBAET IIOCTPOEHUE NIPABIIBHOTO MATUYTOIBHUKA. DTO
MIOCTPOEHME JOBOJIBHO CI0)KHOe. OHO BBIIVISAUT KaK [lepeBo/ Ha reoMeT-
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pHYecKuil s13bIK HEKOTOPOH anrebpandeckoit Gopmysisl ¢ KBaZpaTHBIMU
KOpHAMM. 3aBepliaeTcs KHura [V HoCcTpoeHHeM NPaBWIbHOTO 15-yTo/b-
HHUKa (Ha OCHOBE IIOCTPOEHHA MPaBIWIbHBIX IATUYTOIbHUKA U TPEYTOJb-
HUKa).

JlpeBHErpevecKrii KOMMEHTATOP YTBEPXKAAET, YTO BCE B 3TOM KHUTE
MPUHAJIeXUT nudaropeinam.

Kaura V

Teopus NPONOPUUOHAJIBLHOCTH OTPE3KOB ObUIa pa3paborana EBJOK-
coM Kauackum. OHa mogpo6Ho usnoxxeHa B V kHure «Hauasn» EBxiuza.
JTa Teopus JOBOJIBHO CJIOXKHAaA. [lesio B TOM, YTO y ApeBHErpedyecKux
MaTeMaTHKOB He ObUIO MOHATHA JeHCTBUTEIBHOTO YHUCJ/IA; OHU paccMar-
PHUBAJM TOJIBKO HaTypaJbHbIe YHC/IA U yKe B 6ojlee N03Hee BpeMs U3-
peZika MCIOIb30BAIH MOJOXKUTEIbHbIE PallUOHa/IbHbIE yKcia. [loaToMy
OHM He MOIJIM OTOXZAECTBUTh AJIMHY OTpe3Ka C YMCJIOM. B Teopuu npo-
nopuuoHanpHocTU EBOKCa paKTUUeCKH JOKa3bIBAIOTCA CBONCTBA Aei-
CTBUTEJIbHBIX YHCeJ, U UMEHHO II03TOMY OHa Takas CJIOXKHasd.

JlpeBHerpevecKrii KOMMEHTATOp IUILIET, YTO BCE COIVIACHBI C TEM,
YTO [0CJIel0BaTeIbHOCTD U3JIOXKEHNA B KHUTe V IIeIMKOM NIPUHAAJIEKUT
EBxutngy.

Bo BpemeHa EBwinza Teopus nponopiuii EBgokca 6bu1a elné HOBUH-
KOIi, ¥ OHa He MOIVIa HaiiTu cebe MecTO B Ha4yasle COYMHEHUs EBKIM-
ga. Jlo V xkuuru EBKINMAY NMPUXOAWIOCH U36eraTh TEOPUM NPOHMOPIIMIA.
[No-BuAMMOMY, UMEHHO I10 3TOM Npu4KrHe EBKIN/ npuayMas To ZoKa3a-
TEJILCTBO TeopeMbl ITndaropa, kKoTopoe nomeineHo B kuure 1. be3 npo-
MOpUUI JOKA3BIBAIOTCA TeOpeMBbl O CTelleHW TOYKH 10 OTHOUIIEHUIO K
OKPY’KHOCTU B KHUre Il ¥ ¢ MX NMOMOIIBIO CTPOUTCS NIPABWIbHBIN -
THUYTO/IbHUK.

OmnpezesieHne 4 xapakTepusyeT BEJIMYUHBI, K KOTOPHIM MOXeT MpU-
MEHSATBCS TEOPUS NPONOPIHiL: «[OBOPAT, YTO BEJTMYMHBI UMEM OMHO-
weHue MEXAY cODOM, eClIi OHM, B3AThIE KPaTHO, MOTYT IIPEB30ITH ApyT
Jpyra». 3To onpeZeieHue GpaKTUYECKH SKBUBAJIEHTHO aKCHUOMe ApPXU-
MeZia, Ha KOTOPOUl OCHOBaH METO/, UCYepIbIBaHUs.

BaxxHel1y1o posib UTpaeT ollpe/ieieHle paBeHCTBA OTHOLIeHUH (o1-
pezenenue 5): «[OBOPAT, YTO 8eUHUHbL HAXOOAMCS 8 MOM JHe OMHO-
weHuu: repBas Ko BTOPOU U TPeThsl K YeTBEPTOM, ec/ii paBHOKpaTHbIE
HepBOM U TpeThell OJHOBPeMeHHO 6oJIblile, WIH OAHOBPEMEHHO PaBHHI,
WM OZHOBPEMEHHO MeHbllle paBHOKPATHBIX BTOPOil U 4eTBEPTOM Kax-
Jiasi KaKAOM NpU KaKoH OBl TO HU OBUIO KPAaTHOCTH, €CJIM B3ATh UX B
COOTBETCTBEHHOM IOPSZKE».
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Knura VI

3zech ob11as Teopys NPONOPLMIL, U3/I0XKEHHAA B KHUTe V, TpUMeHs-
eTcs K IulaHuMeTpuM. KHura HaunHaeTcs ¢ onpezieleHUil; B 4aCTHOCTH,
JAal0TCsA OIpeJesieHUs OZOOHBIX GUTYD U OesleHUss ompe3Ka 8 KpaiiHem
u cpedHem omHouweHuu (Tak Ha3bIBAJIOCh BO BpeMeHa EBkumiza 3omoroe
ceyeHHe).

EBKJIMZ He olpeZiesisieT Npou3BeZleHUe JByX oTHouleHui. Ho B npea-
snoxxeHUu VI, 23 paKTUYECKH COAEPKUTCA IPAKTUYECKOe OIpeAesieHUe
9TOro Ba)XHOT'O MOHATHA. DTO NpeAJioXKeHHe TaKOBO: «PaBHOYTO/IbHBIE
napaJuieJIorpaMMBbl UMeIOT JPYT K JPYTy COCTaBHOE OTHOIIEHHE UX CTO-
poH». JIpyruMu ¢JIOBaMHU, OTHOLIeHMe IUIolaZieil AByX Napasuiesiorpam-
MOB C OOIIUM YIJIOM paBHO NPOM3BeeHUIO OTHOIEHUH UX CTOPOH.

[peanoxenue VI, 25 3aKI049aeTcs B TOM, YTOOBI IOCTPOUTH MHOIO-
VTOJIbHUK, TTOAOOHBIM JaHHOMY U PaBHOBEJUKUI ZaHHOMY. JTa 3aza4da
BOCXOAMT K mudaropeitnam.

B npezanoxkenuu VI, 27 Ha s3bIKe IUIOIIQZEH IapajlesiorpaMMOB
¢dbopMysMpyeTcs M pellaeTcsa 3ajavya O HaXOXXAeHUN MaKcHUMyMa yHK-
uuu x(a — x).

IIpeanoxenusa VI, 28 u VI, 29, oTHOcAIMeCca K IPWIOKEHUIO IUIO-
mazieit, Mel y>ke 06CyAMIH Ha . 87. 3TO — reOMeTPUYEeCKHH SKBUBaJIEHT
pellleHHsa KBaJpaTHOTO ypaBHEHHUs, KOIZja 3TO ypaBHeHHe HMeeT Bellle-
CTBEHHBIH IOJIOKUTENbHBINA KOPeHb.

CTpaHHO BHIVIAZUT INpegyioxeHue VI, 33 0 TOM, 4TO yIJIbl IIPONOP-
LIMOHANbHBI AyraM, KOTOpble OHM BBIPE3alOT Ha OKPYKHOCTH. YIVIBI He
YZOBJIETBOPSAIOT XapaKTepUCTHYEeCKOMY CBOMCTBY BeJIMYMH, K KOTOPHIM
MOXXET IPUMEHATHCA TeOpUs nponopuuii (cM. c. 91). IToaTomy K yriiam
He MoIJIa IPUMEeHATbCA TeopHA Mponopuuii. [To-BuAUMOMY, 3TO NIpeAJIo-
JKeHUe — No3JHelIas HeyMesad BCTaBKa, UTO NOATBepP)KJaeTcCs U BeChb-
Ma HeyKJIIOKUM J0Ka3aTeJbCTBOM.

Knaurn VII-IX

OTU KHUTU NOCBSIIEHH apudMeTHke. Teopus pallMOHAIBHBIX U Iie-
JIBIX YHCeJ M3jlaraeTcsA B HUX yXKe Iocjie oOlueil Teopuu IpOIOpPLIMiA
(xuwura V), HO He OCHOBBIBAsICh Ha Hell. Jloka3aTe/IbCTBa 34eCh, I0-BUAU-
MOMY, Te e caMble, KOTOPbIMU IT0JIb30Banuch 0 EBfokca. VIHTepecHO,
YTO TPAH3UTHUBHOCTbH NPOIOPIMOHAIBHOCTU Nap HaTypalbHBIX 4YHCes
EBxuinz He JOKa3blBaeT, XOTS TPAH3UTHUBHOCThH PONOPLIMOHATBHOCTU
Mmap BeJUYHUH OH CTPOro ZAokasbiBaeT (mpegnoxenue V, 11). Kommy-
TAaTUBHOCTb YMHOXXEHUSA LeJIBIX YUCcesl JOKa3bIBAeTCA B IpelsoXKeHUU
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VII, 16, a KOMMYTaTUBHOCTb ITPOU3BEeZEeHUs OTHOILIEHUH JOKa3bIBaeTCs
B NIpeAyIOKeHUAX V, 22—23.

B npezanoxenusax VII, 1—3 HaxoguTcsa obmas Mepa JBYX HIN TPEX
HepaBHBIX yuces. [IpeayioxxeHre 1 —3TO TeCT A NPOBEPKU B3aMMHOM
IIPOCTOTHI ABYX uKces. B npeanoxenuax VII, 4—19 nosropsaerca Teopua
[IPOTOPIIMIA, HO Tereph yXKe He B 00lieM, a B YacTHOM ciydae. [Ipezsio-
sxenue VII, 34 —3T0 aneopumm Esknuda AAsl ABYX 4UCe), a IPeAJIOxKe-
uue VII, 39 — ayis mo6oro Habopa yuces.

Kuwura VIII nocesanieHa reoMeTpUYECKHUM IIPOrPeCCUAM.

[Ipeanoxenue IX, 14 5kBUBaJEHTHO TeOpeMe O €JUHCTBEHHOCTU
pasjioKeHHs 4Yucia Ha IpocThle MHOxuUTenu. [Ipegnoxenue IX, 20—
J0Ka3aTeJbCTBO GECKOHEYHOCTH MHOXECTBa IIPOCTHIX YHCEN; 3TO ZO0-
Ka3aTeJbCTBO TO JKE CaMoe, YTO U ceidyac 0ObIYHO AaéTca (mpeAmosna-
raercs, 4T0 a,b,c,... —3TO Bce NMPOCTHIE YUCIA U UX KOHEYHOE YUCIIO,
paccMaTpMBaeTCs HauMMeHblIee YKCI0, KOTOpOoe Ha HUX AeJNTCH, U K
HeMy npubapisieTcs 1; mosydeHHOe 4YHMCJIO He AeJUTCA HU Ha OZHO U3
npocThix uncen). [Ipegnoxenus IX, 21—34 TpakTyioT 0 Haubosee Mpo-
CTBIX CBOMCTBAX JeJIMMOCTU Ha 2. OHU BOCXOZAT, [T0-BUAMMOMY, K TOMY
BpeMeHH, Korzia elé He 6puIa pa3BuTa obijas Teopus NPOCTBIX YHUCEIL.
[Mpepnoxenue IX, 35—cymMma reomerpudeckoil nmporpeccuu (KoHeu-
HO¥). 3aBepuiaer kHUTY IX npeanoxeHue 36 0 coBeplIeHHBIX YUC/IAX:
ecmu cymma 1 +2 + 22+ 23+ ... + 2" =2""1 — 1 _npocroe uucno, To
OHO, YMHO)KEHHOe Ha 2", ZaéT cogepuleHHOe UUCA0, CyMMa JenuTeneit
KOTOpOro paBHa camoMy uuciy. CoBeplieHHbIe YKcia BllepBble BCTpe-
yatored y EBxmza.

Ha kakoe-To BpeMs IrpeKOB 3aBeJIO B TYIIMK TO, YTO IIPOU3BeAeHHe
JBYX JUIMH OHU CYUTAJIM IUIOWAZABIO, T. €. IPOU3BeZieHUe AByX OOBEKTOB
OZHOTO poZia 6bUI0 OOBEKTOM COBCEM JAPYroro pozga. B yacTHocTH, Be-
JIMYMHBI ¥ IPOU3BEIeHUs BEIUYHMH Heslb3s O6bUTO CKIaAbIBaTh. VI3 aToro
TYNHUKA Pa3HBIMU MyTAMU BHIWIM [epoH u JuodaHT. I Apxumes, no-
BUJMIMOMY, TOXe.

Knaura X

Kuura X mocssiieHa COU3MEPUMBIM U HECOU3MEPUMEIM BeTHYHUHAM.
B Heit mpuBoOgUTCA KiacCUGUKAUUsA KBaJpaTHUYHBIX HMPPAlMOHAIBHO-
creit onpezenéHHOro BUAa. DTa KIacCUpUKALUA o4eHb IIyOOKas, HO B
JajbHelllleM OHa He pa3BHBajJach U He HCIOJIb30BaJach, IO3TOMY Ha
Heit MBI He OyZeM ocTaHaBaMBaTbCs. OTMETHM TOJBKO, YTO BO MHOTHX
OTHOIIIEHUSX 3TO camas COBeplieHHas U NPOoABUHYTas KHUra «Havai.
3HaYUTeIbHAsA YacTh Pe3yIbTaTOB KHUTHU X, B TOM YHCJIE KBaAPaTUYHBIX
UppaLyoHaJbHOCTe, NpuHaAIexuT TeaTeTy.
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Ha npeanoxenuu X, 1 oCHOBaHO IIpUMeHeHHe MeTOAa HCYepIbIBa-
HUSA: JJIA ABYX 3alaHHBIX BEJIMYUH, €CJIU OT O0JIblliel OTHUMAaeTcs 60/Ib-
1Ile IIOJIOBMHKI M OT OCTaTKa O0Jbllle IIOJIOBUHBI U 3TO Jej1aeTcs IIOCTO-
SIHHO, TO OCTaETCs HEKOTOpast BeJIMYMHA, KOTOpasA OyZeT MeHblle 3aJaH-
HOM BEJIMYMHBIL.

Kuaura XI

CrepeomeTpusa HauuHaeTcsa y EBximga ¢ xHuru XI. B aToit kHure
OH JIOKa3blBaeT pasHble TEOpeMbl O IUIOCKOCTAX, Napaliesenunesax,
TpéxrpaHHbIX yriax. HanpuMmep, oH JoKasblBaeT, YTO B TPEXTpaHHOM
yme 10601 IUIOCKUH YyTOJI MeHblle CyMME! IBYyX APYTHX IUIOCKUX YTJIOB
(mpeanoxxenue XI, 20), a cymma Bcex IUIOCKMX YIVIOB MeHbIIle YeThIpEX
NpsAMBIX YII0B (npeanoxenue XI, 21).

Mpegnoxenue XI, 20 EBKIN A0Ka3bIBaeT CIeAYIOUIUM o6pa3oM. J[o-
CTaTOYHO ZOKa3aTb, YTO HAMOONBLIVK IUIOCKUI YToJ MeHbLIE CyMMBI
JABYX JPYTHX IUIOCKUX YIJIOB. [103TOMY 6yZieM CUUTaTh, YTO B TPEXI'PAH-
HOM yrsie ABCD c BepmuHOit A yron BAC Haubonbuuii. Torza BHyTpu
yriia BAC MOXHO BBHIOpaTh TOUKY E Tak, uto /BAE = /BAD u AE = AD
(Toukoit C MBI cuMTaeM IpPU 3TOM TOYKY IepecedyeHus Ipsamoi BE u
pebpa AC). B Takom ciyyae TpeyronbHuUKU BAE u BAD paBHHI, a 3Ha-
yut, BE = BD. [lostomy u3 HepaBeHcTBa BD + DC > BC u paBeHCTBa
BC = BE + EC cnepgyet, utro DC > EC. B TpeyronbHukax DAC u EAC
croponsl DA u EA paBHEL, a ctopoHa AC y HUX obmas. IToatomy u3
HepaBeHcTBa DC > EC cnegyer, utro ZDAC > /EAC. 3TO 03Ha4aeT, 4To

/BAD + /DAC > /BAE + ZEAC = /BAC.

[Tpeanoxenue X1, 21 EBxiunz BeIBOAUT U3 npegioxenus X1, 20. Bme-
cTo TpéxrpaHHOro yria ABCD c¢ BepuIMHON A OH paccMaTpuBaeT TeT-
pasap ABCD u npuMeHseT HepaBEeHCTBO, JOKa3aHHOE B IIPEJIOKEHUH
XI, 20, K TpEXrpaHHBIM yIiaM ¢ BepminHaMmu B, C u D. B pesynbraTe oH
IoJiy4aeT, YTO CyMMa yIJIOB TpeyrojibHUKa BCD MeHblile CyMMBI TeX YT-
JIOB TpeyTonbHUKOB BAC, CAD u DAB, kOTOpBIe IpWIeramT K ero CTOpo-
HaM. [locneanas cymma paBHa 37 — X, rie £ — CyMMa yIJIOB TPeyTroib-
HUKOB BAC, CAD, DAB npu BepuiviHe A. Takum obpasom, m < 371 — X,
T.e. X <27.

Knaura XII

Knura XII nocsAmeHa MeTogy UCUYepIBIBAHUA: I0C/IeIOBATENbHO A0-
Ka3blBaeTCsd, YTO IUIOIMAAM KPYTOB OTHOCATCA KaK KBaApaThl UX AMaMeT-
POB; 06BEMBI THPaMUZ C PAaBHBIMH BbICOTAMM OTHOCATCA KaK IUIOIAAN
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OCHOBaHMI1; 06bEM KOHYCa paBeH TpeTH 0ObEéMa LIIMHAPA C TEM XKe 0C-
HOBaHMEM U TOM JKe BBICOTOH; 0O'bEMBI KOHYCOB (LIWJIMHAPOB) C paBHbI-
MU BBEICOTAMU OTHOCSTCS KaK IUIOIIAAY OCHOBAHUM; OOGBEMBI MOZOGHBIX
KOHYCOB (IIJIMHAPOB) OTHOCATCSA KakK Ky6bl IUaMeTPOB UX OCHOBaHMIA;
00BEMEI chep OTHOCATCA KaK KyObl MX JUaMeTPOB.

Knwura XIII

«Hauana» EBkinza yBeHuuBaroTcs kHUroi XIII, mocBsiméHHOA Teo-
pHUM IIpaBWIbHBIX MHOTOI'DaHHUKOB. MHorue ucciegoBarenu «Havam»
BBICKa3bIBIM MHeHUe, 4yTO EBKINZ Bech CBOU TpaKTaT Hamucasl JUIIb
JUISL TOTO, YTOOBI CUCTEMATHUYECKH U3/I0KUTh TEOPHIO IPAaBIIbHBIX MHO-
TOrPAaHHUKOB. DTO MHEHHE OCHOBAHO Ha TOM, 4TO EBKIMZA 6bUI mocie-
posaresieM [lnaToHa, a [L1aToH yAeisyl NpaBWIbHBIM MHOTOTpaHHUKaM
6osbiioe BHUMaHue. OcHOBHas Liesib EBKIMAA B 3TOM KHUTe — IIOCTpoe-
HUe MTpaBWIbHBIX MHOTOTPAHHUKOB, BIIMCAHHBIX B ZaHHYIO cdepy.

[Ipu nocTpoeHuHU MKocaszzpa EBKINZA uCHONb3yeT cleAylolye ABa
BCIIOMOTaTeJIbHBIX YTBEPXKAEeHUA.

1. Ecnu coedunums cmopoHy AC npaswnsHozo 10-yzonbHuka u cmo-
poHy CB npasunbvHozo 6-ye0bHUKA, BNUCAHHBIX 8 0OHY OKPYJ#CHOCMb, U
cocmasums u3 Hux ompe3ok AB, mo

AB:BC=BC:AC.

2. Ecnu npasunbHble 5-yz2onbHuk, 6-yzonbHuk u 10-y2016HUK 8NUCAHbL
8 OOHY U My Je OKPYHCHOCMb, MO K8adpam CMopoHbL 5-y201bHUKA pad8eH
cymme k8adpamos cmopoH 6-yeonsHuka u 10-yzonsHuka.

J1s foka3aTebCTBa IEPBOro yTBepxKAeHUA EBKiIn paccMaTpuBaeT
npaBWIbHBIA 10-yTOJIBHUK €O CTOpoHON AC M Ha IPOAOIKEHUU CTO-
poHbl AC oTkiIaZbIBaeT oTpe3ok CB, paBHBIN CTOPOHE IPaBWIBHOIO
6-yrolbHMKa, BIIMCAaHHOTO B TY K€ CaMylO0 OKPYXXHOCTb (puc. 2.42).
[Tocsie 3TOrO OH IOKA3bIBAET, YTO TPeyToNbHUKU ABO u AOC nogo6HBL.
CnenoBatenbHo, AB : AO = AO : AC. YuutbhiBas, 4yto AO = CO = CB,
nosiy4aeM TpebyeMoe.

Bropoe ytBepxzAeHue EBKINA JOKa3blBaeT CJIeAyHIOIUM 06pasoM.
CpaBHUBasA ymibl, OH IIOKasbIBaeT, YTO TpeyroJbHUKUA IBN u ABI no-
nobHe! (puc. 2.43) u tpeyronbHuk BAK u KAN Toxe nogo6Hsl. ITo-
atomy IB: AB=BN : Bl u BA: KA= AK : AN, 1.e. IB2=AB-BN u
AK? = AB - AN. YuutbiBad, uTo AN + BN = AB, nosiaydaem Tpe6yeMoe
paBeHCTBO

IB® + AK?* = AB%.

Vikocaazp (IpaBWIbHBIN MHOIOTpaHHUK € 12 BepHIMHAMM, T'PaHAMU

KoToporo ciyxar 20 InpaBWIbHBIX TpeyroJbHUKOB) EBKIuz momydaer
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Puc. 2.42 Puc. 2.43

o cyezpymwoueit cxeme. BosbMéM oTpe3ok O;0, =R ¥ IOCTPOUM B IIPO-
cTpaHCTBe Kpyru paguyca R c nentpamu O, u O,, Jexaliye B IUIOCKO-
CTSIX, OPTOrOHANBHEIX IpsiMoit O, O,. BrinmieM B 3TH KpyTH IIPaBIUIbHbIE
5-yTONbHUKY TaK, YTO6BI MPOEKIMH BEPUIMH KaKAOrO 5-yroabHUKA Ha
IUIOCKOCTDb JPyroro 5-yrojlbHUKA IONafalyd B CEpeJuHBbl AYT, CTACMBA-
€MBIX CTOPOHaMM 5-yrojbHUKa. OTIOXHM Ha NPOJO/DKEHHUAX OTPesKa
0,0, 3a ero koHIbl oTpe3ku 0;A; U O,A,, paBHbBIE CTOPOHE IPABWIb-
Horo 10-yrosbHMKa, BIUCAHHOI'O B OKPYXKHOCTb pazuyca R. Touku A,
U A, BMecTe C BepUIMHAMHU JIByX paccMaTpHUBaeMbIX 5-yTOJIbHUKOB CIIy-
’KaT BepLIMHAMHM HMCKOMOIO HKOcaszzgpa. B camom geine, us yrBepxze-
HuA 1 cilefyeT, YTO BEPUIMHBEI pacCMaTPUBAaeMBbIX 5-yTOJBHHUKOB JieXar
Ha cdepe ¢ AuamMeTpoM A, A,, a U3 YTBep)KAEHUA 2 CIeAyeT, YTO AJTUHBI
Bcex pébep NOoIy4yeHHOr0 MHOTOrpaHHUKA PaBHBI CTOPOHE NIPABIWIBHOI'O
5-yrospHUKA, BIMCAHHOI'O B OKPY)XHOCTb pazuyca R (Hy>XKHO OTZAeIbHO
paccMOTpeTh PacCTOSHUE MeXJy TOUKOH A; Y BepHIMHON 5-yrolbHHUKA
Y pacCcTOsIHUE MeXZy AByMs BepIIMHAMH Pa3HBbIX 5-YTOMbHUKOB).
Jonexasap (IpaBWIbHBIA MHOTOrpaHHUK ¢ 20 BepIIMHAMU, rpaHi-
MU KOTOPOTO CIy»KaT 12 NpaBWIbHBIX MATUYTOIBHUKOB) EBKINZ cTpoUT
¢ moMouIpio Ky6a. Mbl M3/10)KUM €ro KOHCTPYKIUIO Ha 6ojiee coBpeMeH-
HOM s13bIKe, UCIIOJIb3YA He TOJIbKO FeOMeTpHIO, HO U anre6py. IlycTb x —
TaKoM OTPe30K, uTo X : 1 =1: (x + 1), T.e. x? + x = 1. PaccMoTpuM Ky6
¢ pebpom 2(x + 1) u pa3genum cpefHUeE JIUHUM €ro rpaHeii Ha OTPe3KH
JJIUHOH X, 2, X. 3aTeM U3 TOYeK JeJieHUs NPoBeléM BHeNIHHEe HOpMalu
K CpaHAM Ky0a U OTIOKUM Ha HUX OTpe3ku AauHoH 1. [TokaxkeM, 4To
natuyronbHUK ABCDE (puc. 2.44) npaBwibHbIHA. [Ipex e Bcero Hy»HO
y6eauThCs, YTO BEPUIMHBI 3TOr'0 MATUYTOJIbHUKA JIeXaT B OZHOM IUIOCKO-



Esxnud 97

Puc. 2.44

CTH. JIJIs 3TOr0 MOXKHO PacCMOTPETD NPOEKIIUIO Ha IUIOCKOCTD, IepIleH-
JUMKYJIsIpHYI0 pebpy CE, ¥ BOCIO/Ib30BAThCS TEM, UTO NOJyYeHHBIE NIPU
TaKoi NMpOEeKLHU NPSMOYTOJIbHble TPeyrolbHUKU ¢ KaTeTamH (1,x) u
(1 + x,1) noxo6HEI. PaBeHCTBO CTOPOH paccMaTpUBaeMOro IATHYTONb-
HUKa cJefyeT U3 TOro, 4yTo

BC?’=CD*=(1+x)?>+x*+1=4=AB>.
IlJIH JOKa3aTeJIbCTBa paBeHCTBa yl"JIOB BOCl'IOJlbsyeMCH TEM, 4YTO
AC’=BE’=(1+x)*+ 2+ x)?+1=4Q +x)?=EC>.

Takum o6pasom, TpeyronbHUkU EAB, ABC u CDE sABJAIOTCA PaBHBIMHU
paBHOOEpeHHBIMH TPEYTOJIbHUKaMU, a TpeyronbHuku ACE u BEC paB-
HOGeapeHHbIe. [I03TOMY B paccMaTpUBaeMOM IATHYTOJIbHUKE YIJIBI IPU
BepuIMHax A, B u D paBHbL. Kpome TOro, paBHHI yIVIbl IPU BeplIvMHAax B u
C, tak KaKk ZABE = /DCE u /EBC = ZECB. AHaJIOTU4YHO JJOKa3bIBaeTCsA
PaBeHCTBO YIVIOB IIpY BepuivHax A U E.

Touku A,B u D nexat Ha onucaHHoOU cdepe Kyba, HOCKONBKY OHU
yZAajeHsl OT IleHTpa Kyba Ha paccTOsiHUe, KBaZipaT KOTOPOro paBeH

Q2+x)?+1=3(1+x)>

Teneps HY>XKHO BHIOpaTh B KOK/0M I'paHU Kyba CpeIHIO0 IMHUIO TaK,
4YTOGH! BEIOpaHHBIE CPEAHYE JIMHUY He UMesH O6IUX ToYeK (1ocie Toro
KaK B OJIHOI U3 rpaHeii Kyb6a BblOpaHa OfHa W3 JBYX CPEeJHUX JIMHUH,
3TO JeJlaeTcsi POBHO OAHUM criocobom). IIpogesaB Ans KaxXJ0H U3 3TUX
CpeIHVX JIMHUN ONMCAHHYIO BBIIIe KOHCTPYKIMIO, NOTYyIUM JOAEKadp.
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Jpyrue counHeHus EBxianza

W3 apyrux counHeHuit EBxinia Hanbosblliee 3HaYyeHre MMeeT KHUTa
«O 3azaHHBIX BeJMYMHAX» (Aedopéva), yxxe yrmoMHHaBmasAcsa Ha c. 87.
OHa COCTOUT U3 NpeAJIoXKeHUI TaKoro THNA: ecIU AaHbl WIK oNpeJese-
HBEl HEKOTOPHIE BEJIMYHMHBI, TO KaKue-TO JpyTHUe BeTUYUHEI TOXe OyAyT
oInpezieIeHbl.

B apabckoM HepeBozie COXpaHWIOCh Hebosbioe counHeHHe «O Jee-
HUU GUTYp». B HEM 06CyKaeTcs BOIPOC O AeJIleHUU MHOI'OYTOJIbHUKOB
Ha JIBe paBHOBeJIMKHe YacTH (WIX Ha JBe YaCTH C 3alaHHBIM OTHOLIEHH-
eM IUIolaZie) IpsMOi JaHHOTO HallpaBJlIeHUs WIH NPoXosieli yepes
JAaHHYIO TOYKY. B 4acTHOCTH, pelllaeTcs BaBIIOHCKAA 3aa4ya o AeJleHUU
Tpanenuy NpsaMo¥, apa/uleJIbHOH OCHOBAHUAM, Ha JIBe PABHOBEJIMKHUE
yacTtH (cMm. c. 22).

Apucrapx Camocckuii (310—230 g0 H.3)

Apucrapxa CaMOCCKOro, IepBbIM BBICKa3aBLIero IUIIOTe3y O TOM,
yTo 3emsid BpamjaeTcsa BOKpyr CosHLIAa, HUCTOPUK MaTeMaTWku c3p To-
mac Xut HasBaj KonmepHHKOM aHTUYHOCTU. ['mmoTe3a ApucTapxa, Kak
u runore3a KomepHuka, He 6bUla MoJJep:kaHa UX COBpEMEHHUKAMHU,
HalleJIMINMH MHOT'O JOBOZOB IIPOTUB 3TOH runotessl. OfUH U3 AOBOJOB
6bL1 TaKoM: ecau 6b1 3eMiiA He 6blIa HEIOABIDKHOM, TO JO/DKHEI OBUIH
6Bl MEHATHCA BUJUMEIE PAaCCTOSIHUA MexAy 3Bé3gamu. Ha 3To Apucrapx
CIIpaBeAJIMBO BO3PA3wI, YTO OpOUTa 3eMIH YPE3BBIYAMHO MaJia I10 CPaB-
HEHHIO C pacCTOAHNEM OT 3eMIH O 3BE3/,.

ApucTapx BbIYMCIWI paccToAHuA OT 3ewmH Ao ConHua ¥ JIyHH U
oTHouIeHNe AuaMeTpa CoslHLA K AuaMmeTpy 3emud. [Ipu aToM eMy npu-
LUIOCh pa3paboTaTh OCHOBBI TPUTOHOMETpPUU. B wacTHOCTH, ApHcTapx
TepBbIM NOJYYWI OLIEeHKU CBepXy U CHU3y AJIA, TOBOPS COBPEMEHHBIM
SI3BIKOM, CUHYCOB yTJIoB 3° 1 1°. ApucTapx HCIIOIb30BaJl HEpaBEHCTBa
JUIA OCTPHIX YTJIOB @ U f3, KOTOPHIE B COBPEMEHHBIX 0603HaYeHUAX MOX-
HO 3allKiCcaTh TaK: dna o tga

sinf =B " gh’

ecmu a> 3.
Apxumen (287—212 o0 H.3.)

Buorpadus

Apxume[, GbLT HEe TOMBKO YYEHBIM-TeOpeTUKOM. OH ChIrpa BBIAAIO-
HIYIOCS POJIb B OpraHU3anu 060POHBI OT PUMJIAH CBOETO POAHOTO To-
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poza, Cupakys. [loaToMy cBeleHUI O ero XHM3HU COXpaHWIOCh HecpaBs-
HeHHO Oosblile, YeM o xu3Hu EBxinga wiu [lamnmna.

Apxumen poawica B 287 rogy A0 H.3. B ceMbe acTpoHoMma duzaus.
[1epBble npousBeJeHNs, IOCBAIIEHHbIE MeXaHUKe U MaTeMaTHKe, OH Ha-
nucan B Bo3pacrte 40 sieT. ToT4koM K pa3BUTHIO FeHUANbHBIX MaTeMaTH-
YeCKHX CIocobHoCTel ApxrMezia B CTOJIb ITO3HEM BO3pacTe IOCAyKIIa
noe3sika ApxuMezia B AJIeKCaHJpHIO, Ile OH Io3HaKkoMuWiIca ¢ KoHoHoMm
u OparocheHoM. IToce cmeptu KoHoHa Apxumes NOAAEPKUBAJ CBA3b
c ero yueHukoM Jlocudeem. MHorue JomieAnivie 10 HaC TPaKTaThl ApXU-
MeJla HAYMHAIOTCA CJI0BaMU: «Apxume/ IpuBeTcTByeT Jocudes».

OcHOBHbIe CcBefleHHA 00 ApxuMezie, KOTOpble IPUBOAAT UCTOPHKH,
OTHOCATCA K IOCIeJHEMY 3TaIly ero XXU3HU — 06opoHe Cupakys. 13 apy-
I'MX UCTOpUH Haubosee U3BeCTEH CJIeAYIOMUI paccka3 pUMCKOTO apXu-
TeKkTOopa ButpyBus («/leciTb KHUT 06 apXUTEKType», KHUra IX).

«YT0 xe Ao ApxuMe/a, TO U3 BCeX ero MHOTOYMCIEHHBIX U 3aMeya-
TeJbHBIX OTKPBITUI IPUBOAUMOE MHOIO ABJIAETCSA, HECOMHEHHO, /J0Ka3a-
TEJILCTBOM IPAMO-TaKH 6e3rpaHUYHOM U306peTaTeIbHOCTH. A UMEHHO,
Korza I'nepoH, gocTurmuit napckoit Baacti B Cupakysax, Iocie yaad-
HOTO 3aBepIIeHN CBOUX IIPeANPUATHH, pelIul 1o 06eTy 6eccMepTHHIM
6oraM NOMEeCTUTb B OZHOM M3 XpaMOB 30JI0TOH BeHell, OH 3aKa3aJs ero
3a OINpeZie/IEHHYIO IUIaTy M OTBECHI HY)XXHOe KOJIMYeCTBO 30JI0Ta IOJ-
pPAAYUKY. B Ha3HaYeHHHIH 110 JOTOBOPY CPOK TOT JOCTABMJI LIAapI0 TOH-
KO HUCIIOJHEHHYIO paboTy, B TOYHOCTH, BUAUMO, COOTBETCTBYIOILYIO BECY
OTITyLIEHHOr'O Ha Heé 30/10Ta.

IToce e TOTO KaK cZeyaH ObUT JOHOC, YTO YacTh 30JI0Ta ObUIa yTa-
€Ha U IIpY M3TOTOBJIEHNH BEeHLIAa B HEro ObUI0 IPUMENIAHO TAKOe JKe KO-
J4yecTBO cepebpa, 'MepoH, HeroAys Ha HaHECEHHOe eMy OCKOpOJIeHue
Y He HaxoZs crocoba joKa3aTh 3Ty MOKPaxy, 0OpaTwicsa K Apxumezy ¢
npockboit B3ATh Ha cebsl pa3pelieHUe 3TOro Bompoca. CIy4diioch Tak,
YTO B TO BpeMs Kak ApxuMeZ HaJ 3THUM AyMasl, OH IOMIEN B GaHIO U,
caJsach B BaHHY, 3aMeTII, YTO YeM IVTyOke OH IOrpyKaeTcs B He€ CBOUM
TeJIOM, TeM OosIblile Yepe3 Kpail BEITeKaeT BOABL. 1 KaK TOJNBKO 3TO yKa-
3aJI0 eMy criocob pa3pellleHHA ero BoIIpoca, OH, He Me/JIf, BHe cebs oT
PaZioCTH, BEICKOYIUT U3 BaHHBI U TOJIbL Opocuuics k cebe Z0Moii, TPOMKO
KpH4a, YTO HAIEN TO, YTO UCKasl; u60 Ha 6ery oH TO U [ieJI0 BOCKJIULA
rno-rpevecku: ebpnka, ebpnka. :

Torza, vcxoAa U3 3TOrO OTKPBHITHA, OH, TOBOPAT, CAeJasl JBa CIUT-
Ka OJUHAKOBOT'O Beca C BEHIIOM — OAMH U3 30JI0Ta, Apyroi u3 cepebpa.
CzenaB 3TO, OH B3sU1 06BEMUCTBIN COCY/], HAOJHWI €T'0 IO CAMBIX KpaéB
BOJIOH U OITYCTIUI B HETO CepeOpsSIHBIi CIUTOK, IPH HOT'PY>KEHUH KOTOPO-
ro Boja BhITEKJIa B KOJIMYECTBE, PABHOM BeJIMYKHE CIUTKA. BHIHYB 3aTeM
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CJIUTOK, OH JIOJIJ BOJABI, OTMEPUB €€ ceKCTapyueM, Tak, YTOOBI OHa OIATh
CpaBHsLIACh C KpasMHM, KakK U paHblle. Tak OH oIpezesil, 4YTo cepebpo
10 BECY COOTBETCTBYET N3BECTHOMY KOJIUYECTBY BOZHI.

[TpozesiaB 3TOT OIBIT, OH HOZOOHEIM e 06pa3oM OIlyCTWI B Haroi-
HEeHHBI BOJOU cocy/ 30710TOM CJIIMTOK U, BHIHYB €ro, Hamléna nocpe-
CTBOM IIPE)XXHEro U3MepPEeHUs, YTO BOABI YOABWIOCH He CTOJIBKO XKe, a
MeHblIle, HACKOJIbKO MeHblle 6bUI 06bEM 30JI0TOTO CJIUTKA CPAaBHUTEb-
HO C PaBHBIM €My IO BeCy cepeOpsiHBIM. Ilocute ke 3Toro, BHOBb HAmoJ-
HUB COCYZ, ¥ OITYCTHUB B TO e KOJIIT4eCTBO BOJABI CAMBbIi BeHell, OH HallIéI,
YTO BOABI BHITEKJIO OOJIbIIE, YeM IIPU NTOTPYKEHUH 30I0TOrO CJIMTKA Ta-
KOTO JKe Beca, U TaKUM 06pa3oM, UCXOAA U3 TOrO, YTO BeHel| BRITECHWI
6osblile BOABI, YEM CJIMTOK, OH ITOKasaj NpuUMech B 30J0Te cepebpa H
OOHAPYKIWI MOKPAXy NMOAPATINKA>.

Haubosnee panHee onucaHue o60poHbl CHpaKy3 COAep)XUTCA B KHU-
re VIII «Bceobueii ucropuu» [lognbus, HanrcaHHON BCero depes Noj-
BeKa Iocje pa3pyueHusa Cupakys. BoT 4yTo oH nucat.

«[IpUrOTOBUBIIY IIAJIAIIY, METaTeJbHBIE OPYAUA U BCE ITpoYee, HyX-
HOe JJIs1 0caZibl, pUMJIIHE HaJIesUIMCh IIPY MHOTOYHUCJIEHHOCTH pabouux
PYK ITOKOHYUTDH C IPUTOTOBJIEHUSMU B TedyeHUe IATU JHeN U He JaTh
HeNpUATeNIO NOArOTOBUTHCA. HO mpy 3TOM OHM He IPUHSUIM B PacuyéT
HCKyccTBa ApxuMeZia, He JOrajajuch, YTO MHOIZA JapoBaHUE OFHOIO
YeJIOBeKa CIOCOGHO cZenaTh 6osblile, Y4eM OrPOMHOE MHOXKECTBO PYK...

...ApXUMeZl COOpPYZII MalNHEI, IPUCITOCOOUB UX K METaHUIO CHAps-
JIOB Ha J060e paccrosiHue. Tak, eciu HellpUATeIb TOAIUIbIBAI U3JalH,
TO ApxuMe/ ITopakasl ero U3 JadbHOOONHBIX KAMHEMETaIbHUI] THKEIBI-
MU CHapsilaMM WIM CTPeJlaMU U NOBeprajl B TPyAHOe U OecroMOIHOe
nosioxxeHue. Korzaa xxe cHapsabl HAYWHAJIY JIeTaTh IOBEPX HENPUATEA,
TO ApxuMe/; yrIoTpe6JIsI B IeI0 MEeHbIIVe MaUIUHbI, KaXXAbIH pa3 coob-
pasysAch C pacCTOSHUEM, U HABOAMI Ha PUM/IAH TAKOW yXac, YTO OHU
HUKAaK He pellajich WATH Ha NMPUCTYII WIKN NPUOIU3UTHCA K rOpoAy Ha
cyaax...

HekoTopble MalllHBI OTPKAIU HallaleHUue HellpUATeIs, 3allUIEH-
HOTO U NIPUKPHITOTO IUIETHEM OT CTpeJI, BHITyCKaeMbIX Yepe3 OTBepCcTHe
B CTeHe; B TAKOM CJIy4ae HpocaeMble KAMHU COOTBETCTBYIOIEH TSKECTH
MIPOTOHUIA HaNaJaloluX PUMIAH ¢ NepeAHUX YacTeil kopabisa. Kpome
TOr0, C MAIlINHBI CITyCKaJach NPUKPEIUIEHHAd K LeNU JKejle3Had Jana;
yIIpaBAABLIMH JXepJIOM MAaUIVHBI 3aXBaThIBaJl B KaKOM-HHOYyAb MecTe
3TOH J1anoii Hoc KopabJia U MOTOM OITyCKasl BHU3 HaXOASAUIMICA BHYTPH
ropoza KoHen MamuHbl. Koraa Hoc cyaHa 6bUT TakuM 06pa3oM MOAHAT
U CyZHO IIOCTaBJIEHO OTBECHO HAa KOPMY, TO IUIEYO phIYara 3aKperuis-
JIOCh HEITOABIDKHO, a Jlala BMeCTe C LENbI0 OTAE/SUIMCh OT MAlIWHBI
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0CBOOOKAAIOIIET0 IPUCIIOCcObIeHHA. BeiieCcTBYE 3TOrO HEKOTOPHIE CyZa
JIOXWINCH Ha OOK, ApyTrHie COBCEM ONMpPOKHABIBAINCDH, OOJBIIMHCTBO XKe
OT NaZieHUs1 HOCOM C 3HAa4YUTEeNbHOI BHICOTHI B MOpe HOTPYXXalucCh U
HaTOJIHSUTUCh BOZOM, BHOCSA OOJBIION 6eCropsAgoK U y)Kac Cpelu 3KH-
naxa...

...PUMJIAHe ocTaBaMCh NIOZ CTEHAMU ropoZia B TeYeHHE BOCbMU Me-
cA1eB, U He OBUIO TAaKOM YJIOBKU WIH OTBAXKHOTO JieJIa, Iepesl KOTOPhIM
OHH OCTaHOBWIKCDH Obl, HO Ha IIPUCTYTI HATH OHU YXKe HU pa3y He ocMe-
JINBAJIUCh.

TakoBa 4yzecHas CrIa OZHOTO YeJIOBEKA, OZHOTO AapOBaHUsA, yMeJIO
HarpasJ/IeHHOTO Ha Kakoe-Tub6o zeso. BoT u Temeps: pacrionaras CToslb
3HAYUTEJbHBIMU CIJIAMH CYXONYTHBIMM M MODCKHMH, PUM/ISHE MOIJIU
OBl OBICTPO OBJIAZETH FOPOAOM, €CIH OBl KTO-TUO0 U3BSUI U3 CPelbl CU-
paKy3sH ofHOro crapua. Ho Tak Kak 3TOT OVH ObUI Cpefy CUPAKY3sH,
TO PUMJISIHE He Jiep3aJly HalaJiaTh Ha TOPOJ WM 110 KpaiiHeil Mepe yIio-
TpebIATh Te CIIoCco6bl Hama/leHue, OTPa3uTh KOTOpble ApxuMez GbUT B
CHIax».

[Nocte AnuTebHOM OCaZibl pUMIISIHE BCE e B3sUIu CHupakysbl. Bo Bpe-
Ms rpabexxa ropoga Apxumea moru6. Haubosnee mogpo6HO 06CTOATEND-
CTBa ero cMepTu onucain ILiyTapx B )ku3HeonmucaHUU Mapueiia, pum-
CKOTr'0 NOJIKOBOZA1IA, ocaxaBllero Cupakyssl.

«Bcero 6ostee xanen Mapuet o cMepTi Apxumeza. IlociaegHuii Ha-
XOAWICS JOMa, paccCMaTpUBas KaKylo-TO FeOMeTPUIecKyIo GUTypy; Tak
KaK OH MOTPY3WICSA B 3TO UCCIeAOBAaHWE BCEM CBOMM yMOM U BCEMHU
YyBCTBaMH, TO He 3aMeTWJI IIyMa, IPOM3BOAUMOro 6eraBuIMMHU Tyza U
Crola pUMJITHAMH, U He 3HaJI, 4TO ropoZ yxe ObUI B MX BlacTU. Bapyr
nepej HUM SIBWICS COJLAAT C IPUKA30M CJIe[loBaTh 3a HUM K Mapiiesry.
ApxuMeJ; OTKa3asCcA UATH, ITOKa He HalAET JOKa3aTeNbCTBA CBOEH 3az1a-
4. PasfpaX€HHBIM pUMISHUH BBITaCKUBAaeT Med M youBaeT ero. Jlpyrue
TOBOPAT, YTO KAaKOH-TO COJAAT ITOIIEN HAa HEro ¢ Me4oM 4YTOObI YOUTB, a
ApxuMe/; HaCTOSATEILHO CTaJl IIPOCUTH €ro MOJOXKJaTb HEMHOTO, ITOKa
OH 3aKOHYHT 33Ja4dy, HO COJIZaT, KOTOPOMY ObLIO MaJjio Zejia o ero Jo-
Ka3aTeJbCTBa, IPOH3WI ero MedyoM. TpeTbU rOBOPAT, YTO ApXuMe/ caM
noméyn k Maplesnny, Hecsl B sLUKe MaTeMaTUYeCKWe MHCTPYMEHTH —
COJIHEeYHble KBaZPaHTHI, HebecHble II0GYCH U YTJIOMEPHI I U3MepEeHUs
BUAUMOI BesuduHbl COMHIjA, HO HOMaBIIMECS €My IO IOpOTe COAJATHI
MOAYMaJIH, YTO OH HECET B SII[UKE 30JI0TO, U YOUIU eT0, YTOGH OBJIaZETh
3TUM 307I0TOM. Bo BCAKOM cilyyae, Bce UCTOPUMKHU NIPU3HAIOT, 4TO Map-
e/ 6BU1 OYeHb OlleYasleH CMePThbI0 ApXuMeza, CTOPOHIUICS YOUMIIE,
KaK CBATOTATIA, ¥, IPUKA3aBIIN OTHICKATh POACTBEHHUKOB ApXHUMeZa,
MIWIOCTHBO C HUMH OOOIIENCS>.
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Kak numier Hunepon («TyckynaHckue 6ecefpl», kuura V), Mapiiesn
B3su1 cebe nocJie B3sTUA CHPaKy3 eAUHCTBEHHYIO 0611y — cdepy, u3ro-
TOBJIEHHYI0 ApxuMezioM. JTa cdepa npeacrapisiia ApkeHus ColHua,
Jlyns! u natu wiaHeT. Coepa ApxuMeza U3ymsia BCeX, KTO €€ BUAEL.
B snoxy /luoxieTHaHa eé jaxe MCHOIb30BAIN KaK apI'yMeHT B TEOJIOTH-
YecKHX CIopax:

«f] Bac cnpammuBaro, BeZlb MOT e CULIHEl] ApXUMeZ BOCIIPOU3Be-
cTH 06pa3 U nogobue MUpPa B BHITYKJIOW OKPYIJIOCTH MeAH, I7ie OH TaK
pa3MecTw1 U nocraswi ConHile U JIyHy, YTO OHM Kak OGyATO COBEpLIAIH
Ka)X/JOAHEBHO HepaBHbIE JBY)KEHHS U BOCIHPOU3BOAWIN HebGeCHbIEe Bpa-
IIeHUA; OH MOT He TOJBKO ITOKa3aTh BOCXoZ U 3axof CoJsHIA, poCT U
yObiBaHMe JIyHEI, HO cZeaTh TaK, YTOOBI IIPU BpalleHHUH 3TOi chepu-
YeCKOH [TOBEPXHOCTH MOXKHO ObLIO BUJETh PA3INYHbIE TEYEHHUA IUIAHET;
TaK Hey)xeJIU ke bor He MOT BOCIIPOM3BECTH U COTBOPUTH HaTypasibHBIE
Belly, nogobue KOTOPHIX MOT CZeaTh 4YeJOBEK CBOUM HMCKYCCTBOM U
XUTPOCTBIO».

H3ymuTenbHYIO XapaKTepUCTUKY ApxuMeZa ocTaBwiI HaM [Liytapx B
IIMTUPOBAHHOM BBIIIe XXU3HeonucaHuu Mapuesna. Ho npu e€ ureHud
cjlefiyeT UMeTb B BHUZY, 4TO [LTyTapX *WWI CHYCTS HECKOIBKO CTOJIETHI
nocsie ApxuMeZia U OH ONUCHIBAeT HE CTOJBKO peajbHOTO ApxuUMmesa,
CKOJIBKO CBOM COOCTBEHHBIN Hzieasl y4EHOTO U YeJioBeKa.

«ApxuMeJ, UMeJl BO3BBILIEHHYIO AYLIY U DIyOOKUH yM, W, obiazas
rpOMaJHbIMU 60raTCTBaMU FeOMEeTPUIECKUX TEOPHUH, OH He XOTeJI OCTa-
BUTb HY OHOTO COYMHEHHUA OTHOCUTEJIbHO TIOCTPOEHUS TeX MallluH, KO-
TOpble ZOCTABWIN eMy CJIaBy 3HaHUs, He TOJIBKO JOCTYITHOTO Y€JIOBEKY,
HO moyTu 60)XeCTBEHHOrO... Bo Bcell reoMeTpHH HeJb3s HalTH 6oee
TPYAHBIX U ITTyDOKOMBICJIEHHBIX 3a/1a4, KOTOpble ObUTH OBl pElleHb! TaK
MPOCTO U ACHO, KaK Te, KOTOPHIMH 3aHUMasIcs Apxumes. OfHH IpUIIH-
CBIBAIOT 3Ty SICHOCTb €0 BEICOKHMM JapOBaHUAM, ApyTHeE XKe — TOMY Ha-
MPXEHHOMY TPYAY, IIPU IIOMOIIY KOTOPOTO €My yiaBaloch JaTh CBOMM
OTKPBHITUAM TaKOe BBIpaKeHHE, YTO OHU CTAHOBATCA AOCTYTIHBIMU 6e3
Tpyaa. Eciu uuTaTesb caM He HaXOAWT ZIOKAa3aTeNbCTBA, TO MPH U3yde-
HHUU apXMMeJIOBBIX COUMHEHUHN Y HEero co3faéTcs BlleYaTieHUe, YTO OH
U caM cMor Obl 6e3 TpyZa HaiiTH pellieHHe — TAKUM JIETKUM U GBICTPHIM
MyTéM ApxuMeJ IPUBOJUT K TOMY, YTO OH XOTeJI IoKa3aThb. [103ToMy He
Ka)keTcsl HeBePOATHBIM, YTO OH, KaK PacCKasbIBAIOT, OyAy4U OKOIAOBaH
reoMeTpuel, 3abbiBayl 0 mullle U npeHebperan 3a60TaMU O CBOEM Te-
Je. YacTo ero HaCWIbHO 3aCTaB/SUIM IPUHUMATh BAaHHY M HATHPAThCA
Ma3fgMM, a OH YepTHI Ha 30jie TeoMeTpudeckre GUTYphl U Ha CBOEM
HaMa3aHHOM MacJIOM TeJie IPOBOAWII HaIbLIEM JUHHH, — HACTOIBKO OH
ObLT OXBa4yeH STHM 3aHATHEM U JeHCTBUTEIbHO OAYXOTBOPEH My3aMH.
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U x0Ts y Hero 6bUT0 MHOTO NPEKPAaCHBIX OTKPBITHUH, OH, TOBOPAT, MPO-
CWI CBOMX POACTBEHHUKOB U Jpy3ell HauepTUTh Ha ero MOTWIe TOJIbKO
LWIMHAD U cOepXalllhiica B HEM HIap U yKa3aTb COOTHOUIEHHE MEXIY
ob6béMamu 3TUX Tesl. TakoB GbUT ApXHMe/, KOTOPHIH 61arozaps CBOUM
DIyGOKHM MO3HAHMAM B MEXaHUKe CMOT, HaCKOJIBKO 3TO OT Hero 3aBU-
CeJI0, COXPaHUTh OT HOPaXXEHUS U cebs1 caMoro, ¥ CBOH ropoJ».

ApxuMe]; O4eHb TOPAWICS TEM, YTO BBIYMCIWI IUIOIIAJAb IOBEPXHO-
CTH Iapa, U AaXKe 3aBellasl I0OCTaBUTh Ha CBOEM HaArPOOGHOM ITaMATHU-
Ke Iap ¥ mwinHAp. luuepoH o aToMy npusHaky Hamén B Cupaky3ax
BCeMHU 3a6BITYI0 MOTWIYy APXHMeZa, CO BCeX CTOPOH 3apOCIIyI0 TEPHOB-
HUKOM.

CaMoe paHHee coyuMHeHHe Apxumezia — «KBagparypa nmapaboisi» —
nocnano Jlocudeto. B HEM ApxuMeZ MUIIET, YTO y3HAJI O CMEpPTH Ma-
TeMaTHKa U acTpoHoMa KoHoHa. M3BecTeH pacckas, YTO KOIZia erumeT-
ckuii napb [1Tonemeit III DBepreT yxogwn B NOXo4 Ha AHTHOXHUIO, €ro
xeHa BepeHuka npuHecia B Zjap 6oraM CBOM BOJIOCHI, YTOOBI IIOMOYb
6J1aronoyy4HOMy BO3BpAlIEeHHIO My>Xa. DTU BOJIOCH U3 XpaMa IIpOoIau.
KoHOH 06BsIBIII, YTO OGHAPYKWI Ha HeGe HOBYIO TPYIIy 3BE3[, KOTO-
pble U eCTb BO3HeCéHHbIe Ha Hebeca Bosockl. Tak HOABIIOCH Ha3BaHUE
co3pe3zausa «Bomocel bepeHuku». Jlata noxoza I1tonemes Il uasectHa —
aTo 246 rog Ao H. 3. TakuM 06pa3oMm, mepBoe COUMHEHUE ApXUMeza Ha-
MHUCaHO No3Xe 246 roja Ao H. 3., a poAwicsa oH B 287 rozy, T.e. KO Bpe-
MeHM HalTUCaHUA 3TOM paboThl eMy 6bUIO Gosblie 40 JieT.

Jleifi6HuL ucal: «BHUMAaTeIbHO YUTasi COYMHEHUA ApXUMeZa, repe-
cTaéllb yAUBIATHCA BCEM HOBEMIINM OTKPHITHAM I'€OMETPOB».

Teriepb Mbl O6CYANIM MaTeMaTH4YeCKHe COYMHEHNA ApXUMe/ia, OCTaB-
JISS1 B CTOPOHE O4YeHb BAXKHBIE 11 UCTOPUM QU3HUKHN COYMHEHUS 10 Me-
XaHUKe U TUIPOCTaTHKe.

«MeToz»

CounHeHue Apxumeza «O MexaHUYECKHX TeopeMax. MeToz, coo6-
IEHHBIA JpaTocdeHy» JOIroe BpeMsl CYUTAJIOCh YTEPAHHBIM. JIUIIb B
1906 r. ero o6Hapyxwu1 B KoHcTaHTHHONONE JaTckuii ¢uosor [eitbepr,
MOATOTOBUBIINK MHOT'O U3ZaHUI TEeKCTOB JpeBHerpeuyecKUx MareMaTH-
KOB. XpOHOJIOTMYECKH JTO He IlepBoe COUMHeHNe ApXUMezia, HO UMEHHO
B HEM OH paccKa3bIBaeT, KaK MOJNYYII HECKOJIbKO CBOUX BaXKHBIX pe3yilb-
TaTOB, KOTOpBIE 3aTEM CTPOTO JOKa3al yxke APyTUMHU MeToZaMU. ApXH-
MeZ He CYUTAaJl, YTO 3TOT MeToZ AAET CTPOroe AOKasaTelbCcTBO: «Pac-
CMOTpeHMe IIPU IIOMOIIM 3TOTO METOoZA ellé He sABAAETCA AOKasaTesb-
CTBOM; OZHAKO IOJYYUTH IPU ITOMOIIY 3TOT0 METOZa HEKOTOPOoe Ipes-
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BapUTeJIbHOE NpeJCTaBleHue 06 UcCcaeyeMoM, a 3aTeM HaiTH U caMo
[I0Ka3aTeJIbCTBO, TOpa3jo yaobOHee, 4YeM HPOU3BOAUTH U3BICKaHUSA, HU-
4ero He 3Has. [103TOMy U OTHOCHUTEJILHO TEOPEM O KOHYyce U IIpaMuze,
JJs1 KOTOPHIX EBJIOKC IepBBIif HAIIEN JOKa3aTelbCTBO, 8 UMEHHO, YTO
BCAKUI KOHYC COCTaBJIfeT TPEThIO YacTh LWINH/PA, a I1paMuja — Tpe-
TBHIO YaCTh MIPU3MBL C TEM K€ CAMBIM OCHOBAHUEM U PaBHOM BEICOTOH,
HEMAaJIyIO JIOMIO 3aCIyTH S YAeIA0 U JIleMOKPUTY, KOTOPHIiA IT€PBEIii BbI-
CKa3aJl 3TO IOJIOXKEHNE OTHOCUTENFHO YIIOMAHYTHIX GUTyp, XOTA U 6e3
JI0Ka3aTeJIbCTBax.

ApxuMe], paccka3blBaeT O HECKOJBKHX TeopeMax, KOTOpHE OH OT-
KpBUI C IOMOII[bI0 MEXaHUYECKOTO MeToza. HauuHaeT OH ¢ TO# Teope-
MBI, KOTOPYIO OTKPBUI IIepBOii. B 3T0it TeopeMe BHIUUC/AETCA IUIOLIAAH
cerMeHTa napabosbsl. Mbl pa3bepéM 3Ty TeopeMy U elilé TeopeMHl 00
06BpEMe 1Iapa U O IEHTPe THKECTH TapaboIuyecKoro cerMeHTa.

ILromazp cerMeHTa mapa6Gosbl. PaccMOTpUM cerMeHT napabosisl,
orpaHUYeHHBI IpsaMoi AC u mapabonoit ABC (puc. 2.45). Yepes TOUKy

Puc. 2.45

C npoBeAéM KacaTejIbHyIO K Iapabose, a yepe3 cepeanHy D oTpeska
AC npoBeziéM NpsAMYIO, TapaJUIeIbHYI0 OCH ITapabosbl. DTa NpsiMas Ie-
pecekaeT KacaTeJlbHyIO0 B Touke E, a mapabony —B Touke B. Apxumern

YTBep)KJaeT, 4To IUIOIaZAb cerMeHTa napabossl paBHa % IUIOIIaZAHX Tpe-
yronbHuka ABC.

[TpoBeséM yepe3 TOUKY A NPAMYIO, NTAapaUIeNbHYIO OCU HapaboJikL.
Ona nepecekaeT npamele BC u EC B Toukax K u Z. Ha npozomkeHun
oTtpe3ka CK 3a Touky K otmnoxum orpe3ok KT, paBHbIi oTpe3ky CK.

[TpeacraBuM, 4TO OTpe30K CT — pblyar, KOTOPBIA MOXeT BpalllaThCs
BOkpyr Touku K. [IpoBezéM yepe3 IMPOU3BONBHYIO TOUYKY O mapaGosbl
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IpAMYI0, NapalieIbHYI0 OCH ITapabosbl. JTa IpsAMas IepeceKaeT OT-
pe3ku AC u ZC B Toukax F u M. ApxuMmeJ AOKa3blBaeT, YTO OTPe30K
TH, paBHbIii oTpesky OF, ypaBHOBemuBaeT 0Tpe3ok FM. JIjist 3TOoro oH
3aMeyaert, 4To

FM :FO=AC:AF =KC :KN =KT :KN.

PaBeHcTBO FM : FO = AC : AF — 3TO CBOMCTBO IapaboJibl, U3BECTHOE BO
BpeMeHa ApxuMezia. Ero Hecs0)KHO IIpOBepUTh B KOOpAMHATAX, a 4YTO-
6Bl IOHATH, KaK CBOMCTBA TAaKOro poZa JOKa3blBaIU JpeBHErpeYecKre
MaTeMaTHKH, cIefyeT 0OpaTUThCA K paszeny 06 AMOJIOHHUH.

Jlo aTOro MecTa paccy>kAeHus 6bUIH CTPOTUMH. 3aTeM Apxume[ ro-
BODUT, YTO CEIrMeHT NapaboJibl COCTaBeH U3 OTPE3KOB, NOAOOHBIX OF,
a TpeyrolbHUK AZC cocTaBjieH U3 OTPe3KOB, NoA0OHbIX FM, moaromy
CerMeHT Napabosbl, TOABEIIEHHBIN B TOYKe T, ypaBHOBECUT TPEYTOJIb-
HUK AZC. JTO — KJII0YeBOl MOMEHT BO BCeX paccykieHusax. Y moboit
maremaTtvk XVII wiu XVIII B. cuén 6B Takoe JOKa3aTelbCTBO BIIOJIHE
crporumu. Ho gy ApxuMeza 3To UMb y6eAUTENbHBINA CIOCO6 HANTH
IPaBWIbHBIN OTBET, KOTOPHIH 3aTeM Hy>KHO CTPOro 060CHOBATh.

Jlanbiie y>xe Bcé mpocto. YacTHBIM ciay4aeM paBeHcTBa FM : FO =
= AC : AF sBnsercs paBeHCTBO ED = 2BD, T.e. BD = BE. IloaTomy OT-
pe3ok CK —MezanaHa TpeyronbHUKa AZC, a 3Ha4uT, eHTp Macc X Tpe-
yronbHuka AZC nexuT Ha otpe3ke KC U JesUT ero B OTHouleHuu 1 : 2.
[Lteyo KT priyara BTpoe 6osbiiie wieda KX, moaToMy Bec TpeyroabHUKa
AZC BTpOe bosbIlie Beca cerMeHTa Iapabosibl. A IUIonaas TpeyrolbHUKa
ABC B 4 pasa MeHbllle IUIOIIAAM TpeyroabHuka AZC.

O6éM mapa. ApxuMe/ JOKa3bIBaeT, YTO 0OBEM LWIMHApA, ONU-

CaHHOI'O BOKPYT IlIapa, B 1% pa3a 6osbiiie 06b€Ma miapa. [ 3Toro oH
paccMarpuBaeT IWUIMHID, paJlyC OCHOBAHUA KOTOPOTO BABOE GOJblie
paauyca mapa, ¥ KOHyC, OCHOBaHHeM KOTOPOI'O CIYXKUT OCHOBaHUe HO-
BOTO IUIMH/PA (Ha puc. 2.46 306pakeHO OCEBOE CeYEHHE STOrO KOHY-
ca). JIerko IpoBepUTh, UTO

CD? + CE%2=CA®? + CE? = AE*> = AC - AB,
103TOMY
(CD? + CE?) : CF?> = (AC - AB) : AB> = AC : AB.

To 03HAYaeT, 4To CyMMa Iutolazeii Kpyros ¢ paguycamu CD u CE oTHO-
CUTCA K IUIOLaAU Kpyra ¢ paauycoM CF, kak AC otHocutes k AB. TloaTo-
MY €CJIM MBI PACCMOTPHUM PAaBHOIUIEYHHIH perdar TB ¢ TOYKOM ONOPHI A,
TO KpyTH ¢ paguycamu CD u CE, nepeMeléHHbIe B TOUKy T, ypaBHOBe-
cAT KpyT ¢ paaguycoM CF. BonbIoi IWIMHADP COCTOUT U3 TaKUX KPYTOB.
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Puc. 2.46

W3 aTOro MOXHO cAejaTh BHIBOJ, YTO IIAp M KOHYC, IOJABELIEHHBIE B
Toyke T, ypaBHOBECAT OOJBIION WIUHAD (PaCHONOKEHHBI B HCXOZHOM
nonoxeHuM). LleHTp TsokecTH OOMBLIOro UMIMHAPA HAXOAUTCA B TOUYKE
O — cepenyHe oTpe3ka AB. [ToaToMy 06BEM 6O/IBIIOTO LUIUHAPA B Ba
pasa 6osibliie CyMMEBI OOBbEMOB IIapa U KOHyCa. YYUTHIBasA, YTO OOBEM

KOHyca paBeH % o6BéMa 60JIBIIOrO IMIMHAPA, oTy4aeM TpebyeMoe.
LleHTp TsDKeCTH cerMeHTa mapaboion/ia BpaleHusa. ApXume/ 1o-
KasbIBaeT, 4TO LIeHTP TsxecTH K cerMeHTa napabosonja BpallieHus, OT-
Ce4EHHOTrO IUIOCKOCTBIO, NTepIEeHAUKYIAPHOIN OCH BpallleHHs, JIEXKUT Ha
OCH BpallleHuA U AeauT oTpe3ok OB B oTHoweHuM 2 : 1 (puc. 2.47). Jna

Puc. 2.47

3TOrO OH BIMCHIBAET B CETMEHT KOHYC U NOJIb3yeTcs TeM, 4To AC2:AD?=
= OB : OA (3TO cBolicTBO napabossl 66U10 U3BECTHO Apxumeny). Pac-
CMOTPHM PaBHOIUIEYHBIH prryar TB ¢ TOYKOoH onops! O U IOABECHUM KPYyT
paguyca AD B Touke T. DTOT KpyT YpaBHOBECUT KpyT pazuyca AC, Haxo-
JAmuiica Ha cBoéM MecTe. TakuM 06pa3oM, KOHYC, II0ZBellIeHHBIH B TOY-
ke T, ypaBHOBEeCUT IapaboMYecKuii cerMeHT. JTOT mapaboruvecKuii
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3
CErMEHT BECUT B 5 pasa 6osbiie, 4eM KOHycC, oatomy Iwieuud OT u OK
OTHOCATCA Kak 3 : 2.

«O mape u HWINHApE»

Counnenue ApxuMeza «O mape U LUWIMHApe», COCTOAILee U3 ABYX
6onpminx miceM Jlocudero, 3aHUMaeT B MaTeMaTHYeCKOM Haciaeauu Ap-
XUMe/ila LIeHTpaJIbHOEe MEeCTO KaK 110 CBOeMYy 0OBbEMY, Tak U IO pa3pabo-
TaHHBIM TaM METOZAaM.

Ha cBoém Hagrpobum ApxumeZ 3aBellan U306pasUTh LWIMHAP U
miap, BnMcaHHBIA B 3ToT uwinagp. (I[To aTomy Hagrpo6uro llunepoH
BIIOCJIECTBUM CMOT OTHICKaThb Morwiy Apxumeza.) To, uyto Apxumen
BBICOKO LIEHWI TeOpeMBbl, JOKa3aHHble UM B COYMHeHMH «O mape U
LWIMHApPe», BUAHO U U3 caMoro ero nucbMa Jlocudeto:

«KoHEeYHO, 3TH CBOMCTBA GBUTH U paHbIIIe 110 CAMO TPUPOJAE IPUCY-
Y YTIOMAHYTHIM $UTrypaM, HO BCE XXe OHU OCTaBaJIUCh HEM3BECTHBIMU
TeM, KTO [0 HaC 3aHUMaJICA reoOMeTpUeli, U HUKOMY U3 HUX He IIPUIIUIO
Ha yM, YTO BCe 3TH GUTYPHI ABJSIIOTCSI COM3MEPUMBIMHU APYT C APYTOM;
MO3TOMY f He MOKonebascsi 6bl CPaBHUTH 3TU TEOPEMEI C TEMH, KOTO-
pble OBUIHM OTKDBITH APYTUMU TeOMeTpaMu, U B YaCTHOCTH C Haubosee
BBIZIAIOLIMMHCS TeOpeMaMH, KOTOphle ObUIM yCTaHOBJIEHH! i Ten EB-
JOKCOM, a MMEHHO, YTO BCfAKasg NUpaMKJa COCTaBiasAeT TPeThbl0 4acTb
NPU3MBI, UMelolel ¢ MHMpaMUZON OZHO U TO XKe OCHOBAHHE U OAMHAKO-
BYIO BBICOTY, U YTO BCAKHMIH KOHYC COCTaBJIsIeT TPEThIO YacTh LIIIMHAPA,
HMMEIOIIero ¢ KOHYCOM OZHO U TO K€ OCHOBaHHe Y OJWHAKOBYIO BBHICO-
TY; AeHCTBUTEIBHO, XOTS 3TU CBOMCTBA 10 CaMO¥ NIpUpoze Bcerga Obutu
IPUCYILIM yKa3aHHBIM TejlaM, HO BCE ke OKa3ajoCh, YTO OHU OCTaIUCh
HEM3BeCTHBIMA MHOTHM >KUBIIKUM 0 EBZIOKCAa 3HAMEHUTHIM reoMeTpaMm
Y HU OJHOMY M3 HUX He NpUIWIM Ha yM. Telepb ke UX MOTYT YCMOT-
peThb Bce, UMeIOIINe K TOMY CHWIBL. BBUIO GBI OYeHb XOPOIIO, ey Obl
OHU ObUTM OGHApOAOBAHH ellé Ipu KU3HU KOHOHA; OH ObUI, KaK MBI
cyuTaeM, Haubosee CIIOCOOHBIM NPOAYMaTh UX U AAaTh O HUX ITOJXOAS-
mui or3mbiB. [lonaras, 4ro 6pUI0 6Bl OYEeHb XOPOLIO NepeAaTh UX CBe-
OyIIMM B MaTeMaTHKe JIIOASIM, MBI ITOCbUIaeM Tebe 3aluch UX JOKa3a-
TeJIbCTB; TENepb MX MOTYT pacCMOTpeTh BCe 3aHMMAIIIMecs MareMa-
THUKOM». :

Jlns1 BBIYMC/IEHNA TUIOMAY IOBEPXHOCTH U 00bE€Ma IIapa ApXxumeny
MIPUIUIOCHh CO3aBaTh HOBLIE METOABI, KOTOphIE BIIOCJIeICTBUY IIPUBEIN
K MHTETpaJbHOMY UCYMCJIeHMIO. [103TOMy ero Aoka3aTeslbCTBa, BKIIO-
Yamlllie ¥ IMOATOTOBUTEIbHBIE TEOpEeMBl JJI1 3TUX METOJOB, BecbMa
JJIVHHEBIE.



108 I'nasa 2. [lpesuss I'peyus

IlepBoe nucbMoO. B nepBoM nucbMe ApxuMe/, AOKasbiBaeT CJIefyo-
e TEOPEMBI:

1) HOBEPXHOCTH BCAKOTO LIapa B YeThIpe pa3a 0oJblile ero 601b1I0ro
Kpyra;

2) NOBEepPXHOCTb BCAKOIO IIAPOBOTO CErMEHTa paBHA KPyTy, pafuyc
KOTOPOTO paBeH [0Tpe3Ky] NpsAMOH, IpOBeJEHHOM U3 BepIIMHBI CerMeH-
Ta K OKPY>KHOCTH KpyTa, COCTABJIAIONIEr0 OCHOBaHMeE CerMeHTa;

3) A BCAKOTO IIapa LFIMHAP, UMEIOIUH OCHOBaHHEM OOJBILOMH
KPYT 3TOrO 1Iapa, a BEICOTON — IIPAMYIO, PaBHYIO MaMeTpy Lapa, U cam
[T. e. ero 06béM] OyzeT B nmosTopa pasa 6oJbliie 3TOrO Miapa, U I0BepX-
HOCTb €ro TOXe B IIOJTOpa pa3a 6osblile MOBEPXHOCTH 3TOrO Lapa.

Jia [oKa3aTesbCTBa 3TUX TEOPEM HeJOCTAaTOYHO akcuoMm EBkiuza,
U ApxuMez BBOAUT JONOJHUTENIbHBIE aKCHOMEBI U JOIyIleHudA. B aTux
aKCHOMax OIpeZlesIlOTCs, B YaCTHOCTH, BBINYKJIblE KPHBBle U BBINYK-
Jible TIOBepXHOCTH. JlonmymeHus (1oCTynaTel) ApxuMeZa IpeJCcTaB/sIoT
60JIbIION UHTEpeC, TI03TOMY IIEPEeYHCINM UX BCe.

1) VI3 BCex JIMHMIA, UMEIOIUX OAHU U Te XKe KOHIEI, Impsmas Oyzer
HauMeHblIeil.

2) Eciu ABe KpUBHIE C OOIIMMU KOHIIAMH, PacIlONOKEHHbBIE B OJHOH
IUIOCKOCTH, BBITYKJIBI B OJHY CTOPOHY U OfHA U3 HUX L[eJIMKOM OXBaThl-
BaeTcs Apyro, To nepBas OyAeT MeHbIlle BTOPOH.

3) VI3 Bcex MOBepXHOCTeMN, OrpaHUYMBaeMbIX OHOU U TOU ke ILIoC-
KOI KpUBOW, HauMeHbIIeH OyAeT IUIOCKOCTb.

4) AHasor nocTysnaTa 2 A1 IOBEPXHOCTe.

5) Eciu pa3HOCTb JBYX HepaBHBIX JIUHUM, TIOBEPXHOCTEN WK 00B-
€MOB CJIOXKUTBH caMy C cOOOM JOCTATOYHOE YUCJIO pa3, TO OHA MOXeT
NpEeB30UTH JI0OYI0 3aJaHHYIO BeJIMYHUHY TOTLO XXe poja. JTO — 3HaMe-
HUTaa akcuoma Apxumeda. OHa TeCHO CBfi3aHa C aKCMOMOH, KOTOPYIO
npuMeHsu1 EBfiokc, u ApxuMe/ yrmoMmuHaeT EBjiokca Kak CBOero npejiiie-
cTBeHHUKa. Ho HekoTOpasd pasHuua ects. HamtoMuuwMm, yro y EBKiInja ak-
cuoma EBziokca BrICTyIaeT B ciefyolieM Buze: «[OBOPAT, YTO BEJIMYU-
HBI UMEIOT OTHOIIeHHEe MeX/y cobOi, ecIi OHH, B3AThlE KPaTHO, MOTYT
IIpeB30HTH JpyT Apyra». Takum ob6pa3omM, y EBZiokca MeHbINas BeJINMYH-
Ha, CKJIaZibiBaeMasi ¢ co60ii, MOXeT IIPeB30HTH 60IbLIYIO, a Y ApXuMe/a
MeHbIlIasA BeJIMYUHA 3aMeHs1eTCsI Ha pa3HOCTb Oosbineil U MeHbIei. [To-
BUAVMOMY, 3TO BHJIOM3MEHEHUe HalpaBJeHO IIPOTHB aTOMUCTUKH Jle-
MOKpHUTA, ¥ KOTOPOTO PasHOCTb JBYX IUIOIaZiell MOIVIAa IIpe/CTaBIATh
JIMHUIO, a pa3HOCTb OOBEMOB — IUIOUIA/b.

Apxumez f1aéT onpezeieHHe IUIOMAAU OOKOBOH ITOBEPXHOCTH LHU-
JIMHZApA Y KOHycCa, pacCMaTpUBas BIMCAHHbIE U ONMCAHHbIE IPU3MEI U
MUpaMHJBL. 3aTeM OH B 060UX CIy4asX HaXOAWT KpyT, IUIOLaAb KOTOPO-
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ro paBHa IUIOMAAU 60KOBOM MOBEPXHOCTH. B cilydae muinHzapa (COOT-
BETCTBEHHO, KOHyCa) paZNyC 3TOrO Kpyra paBeH CpefHEMY reoOMeTpH-
4eCcKOMy 0Opa3syroleil kKoHyca U JuaMeTpa (COOTBETCTBEHHO, paJuyca)
OCHOBaHMUsA. JOKa3aTeJbCTBO IPOBOAUTCS METOAOM HCUEPIIBIBAHHA.

3aTeM ApxuMe/ IIEPEeXOIUT K ONpeAeeHUIO IUTOIaAM IIOBEPXHOCTH
U o6béMa mrapa. OH BIHCHIBAET B OKPYXXKHOCTb IIPaBHJIbHBI MHOTO-
YTOJILHUK, YUCJIO CTOPOH KOTOPOTO IEJTUTCA Ha 4, ¥ BpalllaeT ero BOKPYT
MpSAMOH, COeAUHSIONEH JBe INPOTHBOIOIOXKHbBIE BEPUIMHEL. B pe3ysb-
TaTe B IIAp OKAa3bIBAaeTCsl BIIMCAHHOU GUIypa, COCTOAIAA U3 ABYX KO-
HYCOB U HECKOJIbKUX YCEYEHHBIX KOHYCOB. ApXHMeJ] pacCMaTpUBaeT
TakKe aHAJIOTUYHYIO QUIYpPY, ONKMCAHHYIO BOKPYT miapa. OH BBIYHC-
JIIeT CyMMYy IUIOIaZeil GOKOBBIX IMOBEPXHOCTEl BIIMCAHHBIX (COOTBET-
CTBEHHO, OITMCAHHBIX) KOHYCOB M 3aTe€M HaXOAMT IUIOIaAb ITOBEPXHO-
cru mapa. Ytobel HaliTH 00BEM, ApXHUMeZ CHayajla JOKa3blBaeT, YTO
cymMMa 06BEMOB BITMCAHHBIX KOHYCOB MeHbIIe y4eTBEpEHHOr0 06bEMa
KOHyca C BBICOTOHM r U ocHOBaHueM r (r —paauyc cdephl), a cymMMa
06BHEMOB OITMCAaHHBIX — 6OJIbLIIE, @ 3aTE€M IONb3YeTC TEM, YTO 0OBEMBI
BITMCAHHBIX KOHYCOB OTHOCATCA K 06BEMaM ONMCAHHBIX KaK KyObl MX
CTOPOH.

AHaNOrmyHO ApXuUMeZ HaXOAUT IUIOIAb TOBEPXHOCTU U 06BEM Iiia-
poBOro cerMeHTa. IIpy 3TOM OH Ha reOMeTPUYECKOM SI3bIKe PpaKTUYECKH
BHIYMC/ISET UHTErpasl

f:sin9d9=1—cosa.

Bropoe mucbMo. Bo BTopoM mucbMe ApXuMe/ peliaeT 3aady, CBA-
3aHHBIE C 06BEMOM LIapa U IIapoOBOrO CErMEHTA.

s 3a0anH020 KOHYca Wiy YunuHopa Haiimu wap, pasHslii no 06sé-
MY ImMoMy KOHycy unu yunuxopy. dTa 3aZada CBOAUTCA K KyOHYECKOMY
ypaBHeHHIO x> = b2, XOpOIlO U3y4eHHOMY JpeBHErpeYecKMMH MaTeMa-
THUKaMH [P pellieHuH 3aJa4u yABOeHus Kyba.

Pazdenums dauHblil wap mak, umobbt omuoweHue 06sémo8 ezo cez-
MeHmoa 6bL10 3adaHHbIM. DTa 3adaua Apxumeda IPUBOJUT K KyOUYeCKo-
My ypaBHEHUIO x?(a — x) = b%c. PelrleHueM 3TOIl 3aJa4y 3aHUMAJIUCh
MHOTHe apabckuie MaTeMaTUKH. Ta 4acTh TpyZAa ApxumeZa, B KOTOpPOit
pa3bupasioch pelleHUe 3TOro ypaBHeHUs, He coxpaHmnack. OgHako EB-
TOKWI HaIIEN PyKONKCh, HAIIMCAHHYIO Ha OGBIYHOM AJIs1 ApXxuMeZa J0-
pUIiCKOM AMaJIeKTe, ¥ IOTOMY pumkcai eé Apxumesy. B aToii pyxomucu
pemenue ypaBHeHMs x2(a — x) = b?c HaxoAUTCA KaK IepeceyeHHe napa-

2
C o
6ombl x% = Tyu paBHOGOYHOIM runep6oisl (a — x)y = ab. YpaBHeHUe
x?(a — x) = b%c uMeeT pelIeHHUe, €CTH MAKCUMYM BEIPOXeHH x2(a — X)
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HE IIPpEBOCXOAUT bZC. B PYKOIIMCH AOKAa3bIBA€TCA, YTO MAKCHUMYM 3TO-
2
'O BbIpaX€HHSA AOCTUTAE€TCA IIPU X = §(1. JlokasaTeJIbCTBO OCHOBAHO Ha

4
TOM, YTO ecjiu bc? = ﬁag‘, TO nmapabosia U runep6osia KacaroTcs B TOUKE,

JJIs1 KOTOPOU X = %a.

3aBepiaeTcsa BTOpoe MucbMo Apxumesa Jlocudero J0Ka3aTesbCTBOM
CJIefyIoNIel TeOpeMBbl: cpedu 8cex ceputeckux ce2zMeHmos, 02paHUUeH-
HbLX DABHBIMU NOBEPXHOCMAMU, Haubonbwull 065ém uMeem nosywapue.

«/I3MepeHHe Kpyra»

B sTOM courMHeHUU ApxuMe/ CHayasa METOAOM MCYEPIILIBAHUA JI0-
KasblBaeT, YTO IUIOLIaJb Kpyra paBHA IUIOLIAAW TpPeyroJlbHUKa, OCHO-
BaHUEM KOTOPOTrO ABJISAETCA JJIMHA OKPY>KHOCTH, a BBICOTON — paZHyc
Kpyra. 3aTeM, BbIYUC/ISAA [TepUMETpP BIIMCAHHOrO 96-yTolbHUKA, OH IIO-

1
KasbIBAET, 4TO (TOBOPs COBPEMEHHBIM A3BIKOM) YMC/IO 7T MeHblle 37, 3
BBIYUCJISAS IEPUMETP OIMUCAHHOTO 96-yTONBHUKA, TOKA3bIBAET, YTO OHO

10
6oubliie Bﬁ an/I 3TUX BBIYHCJIECHHUAX Apnge/:[ CYHUTaeT M3BECTHHIM,

4ToO
265 1351
ﬁ < \/§ < _780 .

«O KoHOMZax U chepouAax»

[TpAMOYTONILHBIMU KOHOMAAMU ApXMeZ Ha3bIBas TapabonIousl Bpa-
[IeHUs, a TYNOYTOJbHBIMU KOHOMJAMU — IIOJIOCTH JBYIIONIOCTHBIX T'H-
nepbosonoB BpaiieHus. ChepongaMy OH Ha3blBaj 3JUIMIICOMABI Bpa-
mieHuA. ApxumeZ BeIYHCIAET 06BéM cheporzia M 06BEM cerMeHTa Ko-
HOUJa, OTCEYEHHOI'O ITPOU3BOJIbHOM IUIOCKOCTBIO.

CHayasia ApxuMeZ JOKa3bIBaeT, YTo 06BEM cerMeHTa mapabosnonza
BpallleHUs], OTCeYEHHOTO IUIOCKOCThIO, NTepeHANKY/IIPHOM OCHU Bpallle-
HUsA, B IIOJITOpA pa3a 6osbie 06béMa KOHycCa C TeM JXKe OCHOBaHUEM U
TOH Ke BBICOTOH. Jl/I1 3TOr0 OH paspe3aeT CerMeHT Ha n CJI0éB OAUHa-
KOBOM TonMmMHBI (puc. 2.48). DT CJIOM IO3BOJIAIOT IIOCTPOUTH Habop

Puc. 2.48
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UWIMHZAPOB, COZEepPKalX CETMEHT, M Habop LIUIMHAPOB, COAEPXKALTUXCS
B cermenTe. O6B€M nepBoro Habopa paBeH A +2A+3A+ ... +nA, a
proporo A+ 2A+3A+ ...+ (n — 1)A (3aech A — 06BEM HaIMEHbBIIETO
LWIMHApPA). ApXuMe/ IPUMeHseT JOKa3aHHble UM B Hayajle COYMHEeHUS
HepaBeHCTBa

2(A4+2A+3A+...+nA) >n2A>2(A+2A+3A+ ...+ (n— DA).

[Nocsie 3TOro OCTAETCsA JIMIIb 3aMETUTh, YTO Pa3HOCTh MeXAY 00bEMOM
nepBoro Habopa U BTOpOro paBHa 06bEMy HauboOsbIIero HWINHAPA (1
OH CTPEMHTCS K HYJIIO IIPU h — 00), a 0ObEM KOHYycCa, C KOTOPHIM CpaB-

HUBAeTCs CeTMEeHT, paBeH %nzA.

[lepexox OT cedyeHMs, NEPIEHAUKY/IPHOTO OCH, K IIPOM3BOJIbHOMY
CEeYeHUIO yKe YUCTO FeOMETPUYECKUH, XOTA U AaJeKO He TPUBHAJIbHBIM.
ApxuMe[ ZOKa3blBaeT, 4TO Bce ceyeHHs napabosousa BpallleHus napai-
JIeJIbBHBIMU IUIOCKOCTSAIMU SIBJIAIOTCS JUIUIICAMU, ITOZOOHBIMU APYT ApY-
ry. [Tocie 3TOro y>Ke MOXXHO ITOBTOPUTD NpPeAbIAYINUE pacCcyxAeHusI Oe3
ocoboro Tpyza.

st runepboIOMAOB U JLIUIICOMAOB BpallleHUs pacCyxiaeHua Ap-
XYMMeZla aHaJOTHYHBle, HO BHIYMCJIEHHs Tenepb Oojiee ciioxHBIE. s

n

napa6onouI0B BpalleHUs IOHAA06HIKCh OlleHKH cyMMBI Y, k. Tereps

k=1

n
e TIOMHUMO 3THX OLIEHOK Hy>KHBI €llé OleHKU cyMMBl Y. k2. JleficTBu-
k=1

TEJIbHO, YPaBHEHUA JUIMIICA M TUIepOOIbl MOXKHO 3alHCcaTh B BHJE
x? = b? F a®y?. Hac uHTepecylOT cedyeHHsA NPAMBIMU Yy = Y, + kh, u
06BEMBl L[WIMHAPOB C OAMHAKOBBIMU BHICOTAMU IPOHNOPIIMOHATHHBI
KBagparaM abcuucc. YTo6B! HOMYYUTD OLIEHKH AJISI CyMM O6BEMOB 3TUX

n n

IIIMHAPOB, HYXKHO MOJNYYUTb OLEHKH AN cyMM Dk u 9. k. [Jlns

k=1 k=1
BTOpOﬁ CyMMBI ApXHMeZ[ HCIIOJB3YyeT JOKa3aHHbIE UM OLIEHKH
n—1 n
33 k*<n®<3 Y k%
k=1 k=1

«O crniupanax»

ApxuMme[ JaéT KMHEMaTH4YecKoe omnpezesieHHe crupand. ITycTs ayd
pPaBHOMEPHO BpalllaeTcsi BOKPYT TO4YkH O, a [0 3TOMY JIydy paBHOMep-
HO JBIDKETCS TOYKa X; Torga Toyka X JABIDKETCS IO KpUBOM, KOTOPYIO
BIIOC/IEACTBUY Ha3BaM CNUPAIbI0 Apxumedd.

K yiaM He MoIVIa IPUMEHSTHCS TEOPUA OTHOIIEHUH (Tponopnuii),
MOTOMY YTO OHAa IPUMEHSUIACh TONBKO K BeJWYHHaM, KOTOpble MOLIU
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OBITh CKOJIb YTOZHO BEJIUKH, @ ¥ TPEKOB YTOJI He MOT ObITh 60JIbliIe ByX
NpsAMBIX. ApxuMe/, Aa€T KMHeMaTH4YecKoe Ollpefie/ieHHue CIUpasy, II0-
CKOJIbKY OH HEe MOXXET TOBOPUTDH O IPONOPLIMOHAIBHOCTH paJUyC-BEKTO-
poB U yriioB. Ho u3 3TOro onpezesieHNs OH U3BJeKaeT BCE, 4TO eMy HyX-
HO, KaK eCJId OBl OH UCIIOJIb30BaJl 3TY IPONOPLMOHAIBLHOCTE. Hanpumep,
ApxumeZ fokasbiBaeT ciegyromiee: «Eciau K cliMpany, OMCaHHOH B Te-
YeHUe OZHOTO KaKoro-HuOyab 060pOTa, IPOBECTHU U3 Hayala CIIUpaIN
HECKOJIbKO NPSIMBIX, 0Opa3youux ApyT ¢ APYyTOM paBHbIE YIJIBI, TO 3TH
IpsMBble OyAyT NpeBHIIATh APYT APyra Ha PaBHbIE BeJIMYUHbI».

ApxumeZ pelnaeT JBe 3aJa4yu: IIOCTpOeHKE KacaTeJbHOU K ClIMpay
U BBIYKCJIEHME IUIOIAAN MeXAy ABYMs INOCief0BaTeIbHBIMU BUTKaMU
Cnypaly WK BHYTpU NI€PBOTO BUTKa.

KacarenpHy!o K crivpaiu ApxuMmez NpUMeHWI JJis PelIeHUs 3aAadu
KBaZpaTyphl kpyra. PaccMOTpuM OAMH BUTOK CIHpaJsy, T.e. 4acTb CIU-
pajii, KOTOPYIO IPOXOJMT TOYKa X IpU HOBOPOTe Jiyda Ha 360°. Ilycth
[ —HavanbHOE monoxeHUe Jyda (OHO K€ COBMAJaeT ¢ KOHEYHBIM I10-
JoxxeHueM); A —Touka X B KOHEYHOM IOJNIOKEHUH; B — TouKa Iepece-
YeHUs KacaTeJbHOU K CIIMpaju B TOYKe A U NEepIeHAUKY/Ipa K JIydy
[, BoccraBnenHoro u3 Touku O. TeopeMa, Joka3aHHasA ApXUMeJOM, 3a-
KII0YaeTcs B TOM, YTO JjiMHa oTpe3ka OB paBHa AJIMHE OKPYKHOCTH C
paguycom OA (puc. 2.49).

Puc. 2.49

Jloka3aThb 3TO yTBEpXKZEHHE MOXHO ClefyoIuM obpasoMm. Ilycts
P —TOuKa OKpyxHOCTH S paguyca OA c ueHTpoM O, 6iM3Kas K TOYKe
A; Q—Touka nepecedyenus jy4ya OP u crnupanu. [lo cBoHcTBY cnupa-
mu AP : PQ =L :R, rae L—panmuHa OKpYXHOCTU S, R— paauyc 3Toi
OKDYKHOCTHU. 3HA4MT, €CJU TO4Ka P cTpeMUTCS K A, TO OTHOIIeHUe
AP : PQ ctpemurca K L : R =27. [Ipu 3ToM HanpasyieHus CTOpOH AP u
PQ TtpeyronbHuKa APQ cTpeMATCA K HallpaB/leHUAM oTpe3koB BO u AO
COOTBeTCTBEeHHO. Cej0BaTe/IbHO, HallpaBleHue oTpe3ka AQ CTpeMUTCA
K HallpaB/IeHUIO TUIIOTEHy3bl IIPIMOYTOJBHOTO TPeyTOJbHUKA, KaTeThl



Apxumed 113

KOTOPOI'0 napasule/ibHb NpAMBIM BO U AO ¥ UX OTHOLIEHHE PaBHO 27T.
[oatomy BO : AO = 27, Tak Kak HalpasjeHUe KacaTeJbHOH B TO4Ke A
€CTb IIpeJieJIbHOe HalpabjieHue oTpeska AQ. :

CaM ApxuMmez Aaér, KOHEYHO e, Oojlee CTporoe JAOKa3aTeabCTBO.
OHO NpOBOAUTCA METOAOM OT IPOTUBHOTIO C MCNO/Ib30BaHUEM HEKOTO-
PBIX HEPABEHCTB.

s BBIYMC/IeHHd TwIomazu GUryprl, orpaHU4eHHOH BUTKOM CIIHpa-
1, ApXuMeZ pacCMaTpUBaeT CEKTOPHI Kpyra, Jalolllie OlleHKY CBEPXY U
oneHKy cHu3y (puc. 2.50). V1 Bcé cHOBa, KaK U B COYMHEHUHU O KOHOUJAX
U cpepousax, CBOAUTCA K oleHKe cyMMul 12 + 22 + 32 + ... + n?. Ho
Terniepb ApxuMeZ JaéT TOYHYI0 GOpMYILy I 3TOW CYMMBI U BEIBOAUT U3
Heé Hy>KHBle OLIeHKU.

Puc. 2.50 Puc. 2.51

«KBagparypa napa6oibl»

B 3TOM counHeHuU ApxuMe/ IPUBOAUT JBa BEIBOJA JOKAa3aHHON UM
TeopeMHI O IUTOIIAAV TPOU3BOJILHOTO cETMeHTa Hapabosibl. ITa Teopema
chopmynupoBaHa U AokasaHa Ha c. 104. [TepBoe Z0Ka3aTeJIbCTBO TaKOe
e, Kak IpUBeAEHHOE BhIlIe, TOJLKO Telepb ApXuMe/ JejaeT ero CTpo-
UM, UCIO/Ib3Ysl METO/, UCYepIIbIBAHMUA. Bropoe J0Ka3aTebCTBO reoMeT-
pudeckoe. ApxuMe/, IIPOBOAUT 4epe3 cepeJUHY oTpe3ska AB mpsamyio,
napaJuleJIbHyO OCH ITapaboIbl; 3Ta psiMas liepeceKaeT napabosy B TOY-
ke C (puc. 2.51). AHasoruyHo crposarcsa Touku D u E. Apxumes aoka-
3bIBAET, YTO IUVIOUIA[b KaXAOro U3 TpeyronbHUKOB ADC u BEC paBHa

1

g TUIOIazu TPeYrobHUKA ABC. Takue e TpeyroJIbHUKH MOXHO CTpO-

UTb U Janbine. [ToaToMy KBagpaTrypa napaboibl, TOBOpsi COBpPeMEHHBIM

SI3BIKOM, CBOZUTCA K HaXOKJEHHIO CyMMbI GECKOHEYHOI reoMeTpuye-
. 1,1 4

cKoif nporpeccuu 1 + s zte=3 Apxumes dakTUYeCKU 3TO U

[ieJlaeT, He TOBOPSI, KOHEYHO, O CyMMe OEeCKOHEYHOTO psAAa.
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«KHura asemMm»

B Hacneguu Apxumeza «KHWra jieMM», COXpaHMUBIIAsACA TONBKO B
apabCcKOM IepeBOZe, 3aHUMaeT AaleKo He lieHTpajibHoe MecTo. Ho B
OTHOLIEHUH FeOMETPUYECKHX 33/{a4 3TO OZHA U3 Haubosiee UHTEPECHBIX
KHUT 32 BCIO UCTOPUIO MaTeMAaTUKH. B 3TOl KHUTe cogepKuTcs 15 teMM.
MpbI npuBeiéM HEKOTOPBIE U3 HUX, YKa3hIBas UX HOMepa.

III. Xopda AC omcekaem om Kpyza ceemenm. Ha ozpanuuusaroujeii
amom cezmenm dyeze okpyicHocmu 83samel mouku B u F mak, umo AB=
= BF. U3 mouku B onywen nepnendukynsp BD na xopdy AC u na AC
e3ama mouka E mak, umo AD = DE (puc. 2.52). Toeda CE = CF.

B
B
m
A D E C C D A
Puc. 2.52 Puc. 2.53

Jloxa3aTenbcTBO. YeThlpéxyrosbHUK CFBA BIMCaHHBIHM, IIO3TOMY
/BAC + /BFC =180°.
A Tak Kak
/BEA+ /BEC=180° u /BEA=/BAC,

T0 /BFC = /BEC. Ho TpeyronpHuk EBF paBHOOGeZpEHHBIH, 103TOMY
TpeyroabHUK ECF Toxe paBHOOEeJpEHHBIH.

IV. Ha ompeske AC 83sama mouka D u na ompeskax AC,AD u CD
Kak Ha duamempax nocmpoeHsl nosyokpyxcrHocmu (puc. 2.53). 3axpa-
wennyto guzypy Apxumed Hazsan «apbenoc»'. Boccmasum u3 mouku D
nepnendukyasp BD. Tozda nnowjads apbenoca pasua niowadu kKpyaa ¢
duamempom BD.

Joxka3arenbeTBo. [Tycth AD = a u CD = b. Torga mwiomags apbenoca
paBHa

% [n(a+b)* — ma® — nb*] = nab.

Kpome Toro, BD? = ab. (ApxuMeJ Bce 3TH pacCyAeHUs MPOBOJHUT Ha
SI3bIKE TeOMEeTpHH. )

Irpey. &pPNAog — cKpeGOK, CKOPHKHEIH HOX.
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V. Kpyeu, enucanHble 8 ne8yl0 U npagyio uacmu apbenoca, pasHbvl
(puc. 2.54).

Puc. 2.54

Joka3zarenbcTBo. CaenaeM 6Gosee mogpobHbIil YepTéx (puc. 2.55).
Touku kacanus F u G cryaT lleHTpaMu oZo6us oKpyKHocTeid. [10aTo-
My, HaripuMep, Touku F,H u B jexxar Ha ogHoOU mpsaMoi u Touku H, G
U A nexaT Ha ogHOH npaMoH. ITycTe I —Touka nepeceyeHUs NPSMOH
AH u 6onbiioii nonyokpyxHoctu. Toraa Touku B, I, D jexaT Ha OAHOMK
IpAMOMH. JTO cllefyeT U3 TeOpeMbl O TOM, YTO BBICOTHI TPEYTOJbHUKA
IepeceKaroTcs B OJHOW TOYKe: B CaMOM JeJle, B TpeyronbHuke ADB oT-
pe3ku BF u DC aBIAIOTCA BEICOTaMM, NO3TOMY Al ToXe BBICOTA.

D
I
F
H E
G
B C A

Puc. 2.55

Urtak, /BIA = ZCGA =90°, noatomy BD || CE. CinegoBaTesbHO,

AC:HE=AD:DE=AB:BC,

AC-BC
HE = AB -

g AuamMeTpa BTOPOH OKPYKHOCTH ITOJyYaeM TOYHO TaKOE XKe BHI-
paXkeHUe.
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Teopema o JIoOMaHO#, BIUCAHHON B KPyT

TeopeMa ApxuMeza O JIOMAHO¥H, BIIUCAHHOM B KpYT, COXpaHIIach, B
YaCTHOCTH, B IlepeJadye apabCKOro MaTeMaTuKa ajlb-BUpyHHU.

ITycems D — cepeduna dy2u AC, B— Hekomopas mouka amoii Oyeu
(puc. 2.56). Tozda ocnosarue E nepneHduKyaspa, onyujeHHO20 U3 MO4KU
D na siomanyto ABC, deaum dnuHy 3moil 10MaHoll nononam.

B D
C A
Puc. 2.56

B apabckux nepeBozax COUMHEeHUH ApXuMezia COXpaHHWIOCh HECKOb-
KO JJOKAa3aTeJIbCTB 3TOH TeopeMbl. OZHO U3 [I0Ka3aTeIbCTB CleAyloliee.
Onoxum oT Touku D ayry DF, paBHy1o Ayre BD, a oT Touku E oTioxum
otpe3ok EM, paBHblii oTpe3ky BE (puc. 2.57). Torga

/FDA + /DAB = /DBA = /DMB,
/MAD + /MDA = /DMB,

noatroMmy /MDA = /FDA. Ho B TakoM ciydae U3 paBeHcTtBa DF = DM
cnenyeT paBeHCTBO AF = AM, T.e. BC = AM.

B R F
/gé E ?': §
M
C A
Puc. 2.57

®opmyna 'epona

Mo HeaopasymeHUI0 GOpMYJTy, ZOKa3aHHYIO APXUMeZOM 32 HECKOJb-
KO BeKOB 210 ['epoHa, HaseIBaOT hopmynoti lepoHa. Jleyio B TOM, 4YTO 3Ta
¢dopmysia cTana U3BECTHA €BPONEMCKUM MaTeMaTUKaM U3 COYMHEHHH
Tepona. Jlumib B koHIe XIX Beka U3 HECKOJIBKHUX apabCKUX pyKOmHCcel
BBIACHWJIOCH, 4TO 3Ta ¢popMyJia ObUIa U3BeCTHa yxke Apxumeny. Jlokasa-
TeIbCTBO ApPXUMeZa OIUPAETCs Ha IPeJbIAYLIyIO «TeOpeMy O JIOMaHOH,
BIIMCAHHOH B KpyT». (I'epOH IPUBOAUT COBCEM JpyTroe JOKa3aTelbCTBO.)
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Puc. 2.58

I1pu AoKa3aTe/bCTBE TEOPEMBI O IOMaHOH, BIIMCAaHHOH B KpPYT, 6BUIO
NIOKa3aHo, YTo TpeyroibHuku AMD u CBD paBHH (puc. 2.58), noaromy
wIoaap Tpeyroinbauka ADC paBHa Iuiomaau natuyronbuuka AMDBC,
a IUIolaZb 3TOro NATUYTOIbHUKA paBHa CyMMe IUIoLa/iell TpeyrolbHU-
k0B ABC 1 BDM. Takum o6pa3om, Iioniazb TpeyroibHuka ABC paBHa
pasHOCTH IUIowaeit TpeyronbHukoB ADC u BDM, T. e. OHa paBHa

DG -GA — DE -EB.
PaBHOGegpeHHbIe TpeyronbHUKY ADC 1 BDM mogo6HBL, TaK Kak yT-
sl DBA 1 DCA onupaloTcs Ha OJHY U Ty e Ayry. [loaTomy

DG®*—DE? _ DG-GA—DE-EB
DG-GA—DE-EB~  GA2?-EB?

JleHiCTBUTEIbHO, 3TO paBEeHCTBO UMeEeT BH/J

x*—y*  x(kx)—y(ky)
x(kx) —y(ky) — (kx)? - (ky)* "~

Jlns BeraucaeHus pasHocty DG? — DE? MOXHO BOCIONb30BaThCA
TeM, uTO
DG* + AG*> = AD* = DE? + EA*

EA? = AH? + 2AH -EH + EH? = AG® + 2AH - EH + EH?.
B pesysnbrare nosydyum
DG? — DE? = EH(EH + 2AH).

HecinoxxHo nokasatb, yto EH =p —b u EH + 2AH = p (31ech p — noiny-
[epyuMeTp TpeyroibHukKa ABC, b AQ).

Jins BuIMMCIeHUA pasHocTu GA? — EB? ApxuMe/ CTPOUT Ha 0Tpe3Ke
AG BcriomorarebHylo Touky K Tak, yto BE = GK. Torza

GA? — GK? = KA? + 2KA - GK = KA(KA + 2GK).

HecnoxHo nokasatp, 4T0 KA=p —-cu KA+ 2GK=p —a.
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Tpucexkiusa yria

ApxuMeZ mpeJIoKIWI OAHO U3 pelleHUH 3aZjauy TPUCEKIMH yTJIa Me-
TOJZOM BCTaBKU. B ero pemeHuy HyXKHO BCTaBUTh OTPE30K JaHHOU -
Hbl M@XJy NPSAMOU U OKPYXXHOCTbIO. PaccMoTpuM yron ADE; MOXHO
CYUTaTh, YTO D — I[eHTP OKPY>KHOCTH, a TOUYkH A U E jiexxaT Ha OKpyx-
HocTH. [IpoBeiéM 4Yepe3 TOUKY A NpAMYIO TakK, YTOOBI OKPYKHOCTb U
npsamasa DE Beicekasi Ha Hell oTpe3ok BC, JjiiHa KOTOPOro paBHa pa-
JAUycy oKpyxHocTH (puc. 2.59). Torna /BDC = ZADE/3. B caMoM JeJte,
/ADE = ZACD + ZCAD, a Tak kak TpeyroibHUku CBD u ADB paBHO-
6expennsle, To ZBCD = /BDC u ZABD = /BAD, noatomy

ZACD + £CAD = £BDC + 2/BDC = 34BDC.

Puc. 2.59

J1s TpUCceKUMH yIvia cnocoboM ApxuMeza yA0OHO UCIIONb30BATh JIH-
HellKy c AByMs JeJeHUSMH, pacCTOSHHe MeXJy KOTOPBIMH paBHO pa-
JVyCY OKPY>KHOCTH. MOXHO Cjlerka U3MeHUTh CIIocob6 Apxumesa U Uc-
N0JIb30BATh JJIS1 TPUCEKLIMH yIvIa IMHEHKY C JBYyMA JeJIeHUAMHU, paccTo-
sTHHe MeXJy KOTOPBIMU PaBHO He PaZuycCy, a JuaMeTpy OKDPY>KHOCTH.
PaccMOTpUM 7151 3TOr0 IPAMOYTONBHEIN TpeyroibHUK CDF, runoreHys3a
CF kotoporo sexut Ha npsamoi CA (cM. puc. 2.59). Touka B asisgeT-
cs cepeayHoM rumnorteHyssl CF, noatomy CF = 2CB = 2DE. 3HauuT, A4
TpUceKuu# yria ADE Hy»XHO BOCCTaBUTb U3 TOYKU D neprneHAUKyIsp [
K npsaMoii DE ¥ BcTaBUTh Mexay npsaMeiMu DC u [ otpe3ok CF aymiHON
2DE Tak, uTro6nl nnpsimas CF npoxoauia depe3 TOUKY A.

HOCTPOGHHG MIpaBWIBHOI'O CEMHYTOJIBHUKA

ApxUMeJIOBO IIOCTpOEHME IPaBWJIBHOIO CEMUYTOIbHUKA COXpa-
HWIOCh TOJIKO Ha apabCKoOM s3blKe, B Iepezade aidb-BupyHu. Apxu-
MeJl CTPOUT TPEYTOJbHUK CO CTOPOHAaMHU X, ¥ U 2, 3aKpalleHHBI Ha
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o

Y

Puc. 2.60

puc. 2.60. Ha 3TOM pHUCYHKe JIETKO BBIZEIUTh TPHU HOAOGHEIX TPEYTOJIb-
HUKA, Y KQKJO0Tr'0 13 KOTOPHIX OZIUH YTOJI paBeH a, a Apyro# 2a. 13 nogo-
61 3TUX TPEYTONBLHUKOB NosyyaeM z: x=x:(y+2z)uz:(x+y)=y:z2,
T.e. 2(y +2)=x%u y(x + y) = 2. Cunras 3a/laHHO Be/JIYUHy ¥ +2=a,
noyyaeM cucTeMy ypaBHeHuit a(a —y) =x% u (x + y)y = (a — y)2.
OTH ypaBHEHHA 3aJal0T JBa KOHUYECKUX CeYeHUs, U MBI HaXOAUM HCKO-
Moe pellleHHe KaK IlepecedeHUe JIByX KOHUYeCKUX ceuyeHUH. (LlupkyneMm
Y JINHEMKOH NIOCTPOUTD NPaBWIbHBII CEMUYTOJIBHUK HeJIb3s.)

«McuncieHue nnecka»

B counHeHun «lcuucieHue necka» Apxumez paspaboTan croco6
o6o3HaveHus OOJBUIMX YHCeT U MOKasas, YTO 3TUM CIOCOO0M MOXXHO
3anycaTh YACJIO NEeCYUHOK, 3alONTHAIOMIUX BCEé MUPOBOE IIPOCTPAHCTBO
(xoTopoe, 0 MHEeHUIO ApxuMeza, ObUIO OYeHb 6OJIBIIUM, HO OrpaHU-
YeHHBIM). DTO COYMHEHHNE WHTEPECHO TaKkKe COOBIIEHUAMU ApxuMeaa
06 acTPOHOMHYECKHX NPe/CTaBJIEHUAX TOTO BpEMEHHU.

IonynpaBUIbHbIE MHOTOTPAHHUKH

CourHeHHe ApxuMeZa O MOMYIIPaBWIbHEIX MHOTOI'DAaHHUKAX He CO-
xpaHwiock. O HéEM coobiaeT [lann B nATOM KHUTe cBoero «MaTteMaTH-
YecKoro co6paHuA».

Huxomep (280—210 g0 H.3.)

MbI y>e HEOZHOKDAaTHO YHOMHHAI, YTO BeCbMa paclpOCTpPaHEH-
HBIM CIIOCOOOM pellleHHA 3aJa4 Ha ocTpoeHue B JlpeBHeii I'peryiyt ObLT
MeToZ BcTaBKU. OH 3aKIIOYaCs B TOM, YTO 4epe3 JaHHYIO TOYKy O
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MpoBOAWIACh NpsIMas, Ha KOTOPOH /[Be AaHHbIe IpsaMble [; u I, (wiy,
HanpuMep, HIpsAMas U OKPY)KHOCTb) BBICEKAJIHU OTPe30K JaHHOW -
HHl (puc. 2.61), T.e. MeXAy AaHHBIMU IIPIMBIMU BCTaBJIsUICA OTPE30K

Puc. 2.61

JAHHOM JUIVHEL, IPOAO/KEHHE KOTOPOTO NIPOXOJMIIO Yepe3 AaHHYIO ToY-
Ky. 3azady IOCTPOEHUA TAKOTO OTpe3Ka HeJb3fl PEelIUThb C IOMOIIBI0
UUPKY/IA U JIMHEHWKH, HO A eé pelieHUs MOXHO, BOOOlle roBops,
HCIOIb30BaTh JUHEUKY C ABYMSA Je/IeHUAMH, PACCTOSHHE MeXAY KOTo-
PBIMH PaBHO JUIMHE ZAaHHOTO OoTpe3Ka. Tak HEKOTOphle ApeBHerpeyeckue
MaTeMaTHK{ U JieJIay, HO, CyZsi II0 BCeMy, K IIOCTPOEHHUAM C TIOMOILIBI0
JIMHENKHU ¢ AByMs AeieHusaMU B JIpeBHeii ['pelluu OTHOCHINCH HEOZ00-
PHUTENBHO.

Ui mocTpoeHUi, UCHONB3YIOMIKUX BCTaBKY, HUKOMeZ NpesIoxXul
CHeIUaIbHYI0 KPUBYIO — KOHXOMAY. OTa KPUBas CTPOUTCH CJIeAYIOIIUM
obpasom. ByzeMm BpamaTth BOKpyT Touyku O npamylo. Iycts A; — Touka
repeceyeHns 3TOM IPSAMOM c mpsaMoii l;, a B; —Takas eé TOYKa, YTO
OTpe30K A, B, uMmeeT gaHHyI0 JuHy (cM. puc. 2.61). Kpusylo, KOTOpyio
3aMeTaeT IIpH 3TOM TO4YKa B,, 1 Ha3bIBaIOT koHxoudoli. Touka B nepece-
YeHUs KOHXOMBI U NpAMOH I, 3a7aéT nuckoMyto npsamyo OB.

HukoMez M3roTOBWI TaKXKe WHCTPYMEHT /U1 BBIYEpUYMBAHUA KOH-
XOMJ. DTOT UHCTPYMEHT COCTOSUI M3 HEINOABIKHOM T-06pa3HOi pambl
C IPSAMOJIMHEHHOW HMpOpe3bl0 U LIMIIOM A M U3 IOABIDKHOH pelKH c
npope3bio ¥ munoM B (puc. 2.62). Illunm A xEcTKO 3aKpeIUI€EH Ha pa-
Me, a WK B —Ha pefike. /luamMeTp IIUIIOB paBeH MIMpPHHE Npope3eit.
3a0CTpEHHBIN KOHell pelKU NP ABWXEHUM, HallpaBlIieMOM LIMIIaMU
¥ IpOpe3sMH, ONUCHIBAeT KOHXOUZAY (TO4YHee roBOps, YacTb KOHXOU-
Abl). MeToj BCTaBKU JAa€T BO3MOXKHOCTb IIPOM3BOAUTH IIOCTPOEHMHS,
KOTOpble HeJib3Sl BBHINOIHUTH C IOMOILIBIO LMPKYIS M JUHeHku. OH,
HaInpuMep, JIETKO II03BOJISIET pasZie/iMTh JII0OOHM yrosl Ha TpPU paBHHIE
4acTH (CM. c. 53); IpH 3TOM MOXKHO JjaXke OTPaHUYMUTHCA CIydaeM, Koraa
npsamble [; U 1, MeXy KOTOPHIMH HYXXHO BCTaBUTb JAaHHBIA OTPE30K,
MepreHAVKYIAPHBL. 3aa4y yABOEHUs Kyba ¢ IOMOIIBIO MeTO/Ia BCTaBKU
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Puc. 2.62

PELINTh TOXKe MOXHO, HO 3TO pellleHHe CYI[eCTBEHHO CJIOXKHee TPUCEK-
LUU yIVIa, ¥ npamsle [; U [, yXe Heslb3s CYUTATh NepHeHANKYIAPHBIMU
(ToyHee roBops, 4TOOH! PEUINTH 3aAady YABOEHHS Kyb6a MOCpeICTBOM
BCTaB/IeHUA HEKOTOPOro OTpe3Ka MeXJy NepleHAUKYIAPHBIMU IIpf-
MbIMM, NPHAETCA AOINOJHUTEIbHO IIPOU3BECTH CJIOXHBIE IOCTPOEHUA
C ITOMOLIBbIO IIMPKY/IA M JMHelku). BecbMa IpocToe nmocTpoeHue s
pellleHHUA 3aJa4y yABOeHUs Kyba Hamén HukoMmes, HO ero AoKa3aTeslb-
CTBO TOT'O, YTO 3TO ITIOCTPOEeHUeE JelCTBUTENBHO AAET HY)KHBII OTpe30K,
CJIVIIIKOM JJIMHHOE U CJIOXKHOE, a [MIaBHOe, U3 JOKa3aTeJIbCTBA COBCEM He
BUZIHO, KaK 3TO pellleHHe MO)XXHO ObUIO NpuAyMaTh. [103TOMy MBI Had-
HEM C TOTO, YTO IIOCTapaeMcs IOHATh, KAKUM 00pa3oM METOZ BCTaBKH
MOXXHO NPYIMEHHUTD K PelIeHHUIO 3a/ja4y YABOeHHA Kyba.

[Tyctsb faHb! npsamele [, u l,, Touka F 1 0Tpe30K JjIUHOiA 1. [Tonpoby-
€M BBIACHUTD, KaK JO/DKHBI OBITh PacliooKeHbl 3TH IPAMbIE ¥ TOYKA U
KaKUM JO/DKHO OBITh YUCJIO ', YTOOH AnuHa x oTpe3ka CK (puc. 2.63)

OKa3ajach paBHOMU 3 a®b, rae a u b— ganuHble orpesku. OMyCTUM U3
Touku F nepneHauKynAp FE Ha npamyio [, ¥ npoBeséM yepe3 TOuKy F
npamyto FG, napanienpHyro npsamoii [, (G —Touka npsamoii l,). YTo6st
3aZlaTh pacHooXeHue NpAMBIX [, u [, u Touyku F, gocraTodHo 3ajaTh
yucnas =FC,u=ECuw = GE.Yucnas, u, w 4 r Hy>KHO 1og06paTh Tax,

3
4TO6HI IOMYYHIOCh X = 3/ a?b ¥ OTPe3KH C JUIMHAMU §, U, W U ' JIETKO
CTPOMIHCH OBI C TOMOIIIBIO OTPE3KOB a U b.

rut+w) _rlu+w)x* _r(u+w) _r(utw)
x T S o mec=— ==

flcHO, 4TO ¥ =
A Tak Kak

(x+u)®+ (s> —u?) =KE* + EF> =FK* = (r + y)* = (r + cx%)?,
rosy4yaeM

X2+ 2xu+s?=r? 4 2rex? + Ax3x =r? + 2rex? + 2a®bx.
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Puc. 2.63

Brio/IHe eCTeCTBEHHO IPUPABHATE Ko3dGHUIMeHTH mpu x2, x u x°. B pe-
synbraTe nomygyaem 2rc = 1, 2u = c2a®b u r = s. CiefioBaTeNbHO, 2U =
2
a‘b
=c?%a’b = 2 e 8ur? = ba?. Kpome Toro,

T.e. w = 3u. Wtak, 4uwia u ¥ r JO/DKHBI YA0OBJI€TBOPATb COOTHOLIEHHUIO
8ur? = baz, a yucaa s U w 3a4aloTca paBeHCTBaMu s =r U w = 3u. [lo-

JKajyi, Hanbosnee eCTeCTBEHHO MOJOXUTD U = g ur= %' Tak Hukomef,
U cZiejiajl, XOTs Mbl U He MOXEM C YBepeHHOCTbIO CKa3aThb, YTO XOJ, ero
ITIOMCKOB OBUT TAKUM e, KaK y Hac. Ho ezBa sin HukoMez cMor 651 HalTH
3TO peleHue, ecyid ObI KCKaJ ero HaobyMm.

[MocTpoeHue Hukomeza u3obpaxkeHO MyHKTUPOM Ha puc. 2.63. Tlo-
CTpOUM MpsiMOyToabHUK ABCL co cropoHamu AB =a u BC =b. Ilycts
D u E — cepeaunsbl cTopoH AB u BC, G — TO4Ka Ilepece4eHHU NPAMEIX
DL u BC. Tlloctpoum Touky F Tak, uro FE 1 BC u CF = AD, a 3areM
yepe3 TouKy C IpOBeAEM HMpAMyIO [, mapajulenbHyto npsmoi GF. Ecim
Ternepb NPOBECTU yepe3 TOUKy F mpsamyro Tak, uro HK = CF = AD, To

CK = 3/ AB? - BC u, xax Jierko nposeputb, AM = 3/ AB - BC2, rae M —
TOYKa nepeceyeHUs NpAMbIX AB u KL.

Msr! He GyzZeM BOCIIPOU3BOZAUTH ZAOKa3arenbcTBO HukoMeza, a Boc-
moJib3yeMcsl CHOBa 0003HauyeHUAMHU puc. 2.63. [ToacTasiAs HallM 3Ha-
YeHHA YHCeN U, W, S U I B paBeHCcTBa xy =r(u +w) u x% + 2xu +s? =
= y2 + 2ry + r?, nonyyaem xy = ab u x(x + b) = y(y + a). Cneznosa-
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TEJIbHO,
a_y_aty x_Yyta_a_Yy
b~ x+b y x+b x b
Hukomez B KkauecTBe UCKOMBIX OTPE3KOB yKa3asl oTpe3ku CK u MA;
OH, MO-BUAVMMOMY, He 3ameTwi, 4To MA = FH. CBouM pemeHueM Hu-
KOMe/] O4eHb I'OPAIICA U CUUTAJ, YTO OHO ropasZo Jy4llle NOCTPOeHUA
OparocdeHa, KOTOpOe OH BBICMEHBaJI KaK HENPAaKTHYHOE U HereoMerT-
puyeckoe.

JIerKo NpOBEPUTDH, YTO KOHXOM/A 3aJaéTCs1 ypaBHEHUEM 4YeTBEPTOM
creneHy. B caMmoM zeste, u3 puc. 2.64 BugHO, 40 \/ X2 +y?:y=r:(y—a),
T.e. (X +y?)(y —a)?2 —r’y?=0.

,y_ &, y)
r r y—a
a
0 X
Puc. 2.64

[Tann AJleKcaHAPHICKUIA IOKA3aJ, YTO BCTABKY OTPe3Ka MexAy Ips-
MBIMH MOXXHO CBECTH K HaXOXXKAEHUIO TOYKH IlepecedyeHUs OKPYKHOCTH
Y TUIepoOoIEL.

dparocden KupeHnckuii (276—194 g0 H.3.)

Kpyr unrepecos dparocdeHa, cOBpeMeHHHUKa ApxuMeZia, 6bUT O4eHb
mupok. OH 6oslee TOYHO, YeM ero NpeAuIeCTBEHHUKU, U3MEPH JJIVHY
3eMHoOro Mepuauasa. [IInpoko U3BecTeH €ro crnocob HaxOXAeHHUA MPO-
CTHIX YyHces — peutemo Spamocgera. (ITOT criocob 3aKuo4aeTcs B cie-
aytomeM. CHayasa K IPOCTBIM YKCIaM Mbl OTHOCHUM 2 Y BBIYEPKUBAEM
BCe YMCIIa, Aessuuecs Ha 2. 3ateM 6epéM HauMeHbIlee U3 OCTaBIINXCA
YuCes; ero Mbl TOXKe OTHOCUM K IIPOCTHIM M BBIYEPKHBAeM Bce 4YHCIa,
JeyAlyecsa Ha Hero, ¥ T. A.) Ho HM B 0HO#M M3 MHOrOYHCIEHHBIX 06/1a-
cTeli CBOMX UHTepeCcoB OH He JJOCTUT IepBEHCTBA, 3a YTO U MOMy4HI JBa
npo3BaHua: bera (Bropas GykBa rpedyeckoro ajndaBuTa ZODKHA ObUia
HaMeKaTb Ha TO, YTO JpaTocdeH BO BCéM BTOpOii) u [IaTubopel,.

V3amepeHMe 3eMHOr0 MepyauaHa JpaTtocdeH IPOU3sBEI cieAyIoIuM
obpasom. PaccrosiHue ot Anekcanzipuu 40 CHeHBI, paclioNoXXeHHON Ho-
YTU TOYHO K IOTY OT AJIeKCaHZpHHU, OH NpHUHsUI paBHHIM 5000 cragu-



124 I'nasa 2. [pesuas Ipeyus

M. Bo BpeMs jieTHero cosnHuecToAHuA B CueHe COJNHIIEe CTOUT B 3€HUTE,
T.€. BEPTUKAJIbHO YCTAHOBJIEHHBI THOMOH He OTOGpachIBaeT TEHH, a B
AJIeKCaHIPUH COJIHIIE OTKJIOHAETCA OT 3eHHUTa Ha 1/50 0o YeThIpEX
MpSAMBIX yIIOB. VI3 aToro dpatocdeH BbIBeJ, YTO OKPYKHOCTb 3eMIH
paBHa 50 x 5000 = 250000 crazuii.

OparocdeHy Taxke NIPUHALIEKUT OJHO U3 pelleHul 3a1a4u yaBoe-
HHA Kyba. DTO pellleHUe HCIIONb3yeT UHCTPYMEHT, COCTOSIINN U3 TPEX
PaBHBIX IPAMOYTOJIBHUKOB A;B,C1D;, A;B,CyDy U A3B3C3D3, IpOTH-
BOITOJIOXKHBIE CTOPOHBI KOTOPHIX MOTYT IlepeMelaThCA 10 AByM Iapal-
JIeIbHBIM NPSAMBIM, U Ha 3THX NPSAMOYTONbPHMKAaX HapHUCOBaHBI UX JHa-
roHamu A,C,, A,C, u A3C; (puc. 2.65). IlycTb paccTossHHE MeX/Y Ips-

Al AZ Bl A3 BZ BS
\\\L\\\K:\\\
1 ~J \
a AR
: . M
. | b
1 |

MBIMHM paBHO JJaHHOMY OTpe3Ky d, a Ha CTopoHe B;C; B3ATa Touka M
TaK, 4To oTpe3ok C3M paBeH AaHHOMY OTpe3Ky b. [luaronanu A,C, u
A;C; nepecekaroT cTopoHsl B;C; u B,C, B Toukax K ¥ L COOTBETCTBEH-
HO. [IpAMOYTONBHUKN MOXHO CABUHYTH TaK, YTOOBI TOYKH A;, K, L 1
M oxka3anuch Ha OZHOH NpsaMoi. PuKcHpyeM AJI 3TOro NPAMOYTOIbHUK
A;B,C,D; u 6yzem ABuUraTh IpsIMOYTOIbHUK A,B,C,D, Tak, 4TOOHI TOY-
ka K mpoliula myTh OT TOYKHU B, A0 ToukH C;. /I KaKJ0ro MoJ0oXeHHUA
NpsSIMOYTOJMbHUKA A,B,C,D, HaWAETCA Takoe IOJOXXeHUe NPSIMOYTO/b-
HUKa A3B3C3D5, 9yTo TOUKA L nexxuT Ha npamoit A, K. Ilycts npsamas, Ha
KOTODOI JIeXKaT TOYKH A,, K ¥ L, mepecekaeT cTopoHy B;C; B Touke M.
flcHo, 4TO ecv TouKa K mpo6Geraet Bech 0Tpe3ok B, C;, To Touka M’ nipo-
GeraeT BeCh OTpe30K B3C5, a 3HaUUT, B HEKOTOPBIII MOMEHT OHa COBIIa-
Jaet ¢ Toukoi M. Korga npsMoyroibHUKY NpUBeJEHHl B HYXHOEe II07I0-
XeHue, Tpaneuuu A;KC,D,, KLC,C; u LMC;C, nogo6Hs! (Tpaneuu, y
KOTOPBIX COOTBETCTBEHHO NapaJlIeJIbHbl CTOPOHBI M OfHA U3 I1ap Auaro-
Hasteit, ToA06HEI), MO3TOMYy a: X =X:y =Y :b,rtae x=KC, u y =LC,.
Ecm BBl BO3bMETe TpU NPAMOYTOJIBHUKA, HapycyeTe Ha HUX AMaro-
HaJI ¥ NONpobyeTe OCYIIECTBUTH NOCTpoeHe DparocheHa, TO YBUAU-
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Te, YTO €r0 MeToJ He OYeHb YA06eH — XJIONOTHO IPOBEPSATh, YTO TOUKU
Ay, K, L u M nexat Ha ogHo npamoii. Ho DparocdeH cBouM peleHneM
o4eHb ropAuicsa. OH Aaxe U3JI0XKII ero B CTUXAX:

Ecu u3 Manoro Ky6a ABOWHOMH 3aMBIIUIsElIb YCTPOUTD,
Jpyr, win gaHHbIH 06BEM K dOpMe Apyroit puBecTH,

Y106 XOpOIIO yAanock Tebe 310, B3AyMas Jiv norpe6
Thbl U3MepATD, WK POB, WIH IIHUPOKYIO NTACTh

Iy6u kosoaLa, BO3bMK Ha CMEXHBIX KOHLAMHU IUTaCTUHKAX
CpeJHue JIMHUH JBe, CKaTble MeXay Tabnui,.

He npuberaii A1 TOro Th K TSXKEIBIM IWIMHAPAM ApPXUTa,
KoHyca Thl He cekH, KOpHA MeHexMa Tpuaz;

Taroxe He HaZio Aepxath ¢ 6oropaBHEIM EBIOKCOM coBeTa,
BBITHYTHIX IMHUI €ero GOPMBI He HaZl0 YePTUTh.

C 3TUMH X Thl TaOJIMYKAMH THICYH CPEAHUX ITOCTPOUIID,
JiBUrasch cMeJIo BIlepéJ, C MeHblleil U3 JaHHBIX HAaYaB...

[TycTs xe cBepIIMTCA BCE 3TO, U KAXKAbIA CMOTPALIMIA IMyCTh CKaXXeT:
«310 KupeHs! chin BrgyMan 3patochen»!,

Anosunonuii Ileprekuit (262—190 o H. 3.)

Emé roHoniel! ANOJ/JIOHUI Npuexas B AJIeKCAHJPUIO U YUIICS TaM Y
yueHukoB EBximza. OH ObUT He TOMBKO BEJIMKMM MaTeMaTHUKOM, HO U
BeJIMKUM acTpoHoMoM. Haubosliee 3HaMeHUTOe COYMHEHME ATNO/UIOHUA
MOCBALIIEHO KOHWYECKMM cedyeHUAM. KoHnyeckue cedeHusa oTkpoul Me-
HeXM; UM OBUIH IOCBSIIIEHHEI HE COXPAHUBLIMECHA JO HAIIero BpeMeHM
counHeHus Apucres u EBrinza. ApxuMe/; B CBOUX COUMHEHHUAX CBO6OJ-
HO KCIOJIb3yeT MHOI'ME CBOMCTBA KOHUYECKUX CeYeHUH, NO0-BUANMOMY,
onyvpasch Ha TpakTtaT EBxinza.

Jlo ATIO/NIJIOHUA SJUJIUIICH], MTapabosbl M rUNep6OIbl NOTyYalnuch Kak
CeyeHHA IUIOCKOCTHIO, NEPIEHAUKYIIPHON K OZHOH U3 06pa3syrouux,
OCTPOYTOJILHOTO, IPAMOYTOJIBHOI'O M TYIIOYTOJIbHOTO KOHYCOB. AIOJLIO-
HUI e JieTalbHO pa3paboTas TeOpHIo cedeHUi KOHyca IPOU3BOIbHbI-
MM IUIOCKOCTAMU. Kpome Toro, oH mepBblM CTal pacCMaTpuBaTh JBe
BETBU TUIepOOJBl KaK OZHY KPUBYIO. DTO IO3BOJIIO €AWHOOODPA3HO
chopMypoBaTh HEKOTOPBIE CBOMCTBA /UIMIICA U TUIIEPOOJIHL.

VHTepecHO, 4TO B OOLIMPHOM TpaKTaTe ANIOJIJIOHUA He BCTPeYaloTCs
pupekTpuchl. (Y [lanna AUpeKTPUCH Y>Ke eCThb: OH JOKa3bIBaeT, YTO eCIu
JaHbl TOYKA U IIpsAMas, TO MHOXKECTBO TOYEK, AJisd KOTOPBIX OTHOLIEHUE
PacCcTOSHHUA A0 AAaHHOM TOYKM K pacCTOSHUIO 0 ZaHHOU NpAMOM MMeeT
3aZlaHHOe 3Ha4YeHMe, ABJIAETCH KOHMYECKUM CeyeHHeM.)

urupyeres no [1, c. 475]; Apyroit MepeBOJ 3TOrO CTHXOTBOPEHHA NPHUBEAEH B [7,
c. 223].
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Knwura I

[TepBasg KHUra COAEPKUT CHOCOO MOJMyYEHUS] KOHMYECKUX CEeYeHUH
U UX CUMIITOMH (T.e. ypaBHEHHA B IPSIMOYTOJBHBEIX U KOCOYTOJNBHBIX
KOOpZUHATax). 37ech e ANO/UIOHUM BBOAUT «IIPOTUBOJIEXAIle KOHHU-
YecKHUe CeYyeHHs», T. €. BTOpble BETBU I'MIepboil.

AnosIoHUI HaYMHAaeT C onpeZesieHUs KpyroBoro KoHyca ob1ero Bu-
Ja (#e npsmMoro, a HaKIOHHOTO0). KoHyc 3azaércs okpy»XHOCTbIO (orpa-
HUYHMBAIOIe# OCHOBaHUE KOHYca) U TOYKOMH, He Jiexalell B IUIOCKOCTH
OCHOBAHHUA: Yyepe3 TOYKY IIPOBOAATCA NIPSAMEIe, COeAUHAOLIE e€ C TOY-
KaMH OKPY>KHOCTH. TakuM 06pa3oM, KOHYC y ANO/JIOHUA GecKoHeyeH B
o6e CTOpOHBI.

3aTeM ATNIOJUIOHUY OIpeJesfieT JuaMeTp KOHUKYU KaK IPAMYI0, JeJs-
IIYI0 IONOJIaM KaXAYH U3 BCeX XOpA, UMEIOINUX 3aJlaHHOe HallpasJie-
Hue. CaMU 3TH Napa/lleJbHble XOpAbl OH HaskBaeT opdunamamu.' Co-
NpsXEHHBIE JYaMeTphl — 3TO Ba AnaMeTpa, KaXAbIN U3 KOTOPBIX AeUT
II0TI0JIaM XOpZHl, TapajuieibHble ApyroMy. Ocb — 3TO AMaMeTp, AeNAIui
MIOI0JIaM IleplieHAUKY/ISIPHBIE €MY XOPAHIL.

Ocbhio (HAaKJIOHHOTO) KOHYyCa ATIO/NIJIOHUM Ha3bIBaeT NPAMYIO, COefu-
HAIOUIYIO €ro BepLIMHYy C LIEeHTPOM ero ocHoBaHHA. OH JOKa3bIBaeT,
YTO BCe Ce4YeHHUA IUIOCKOCTAMH, NapajjlelbHBIMH IUIOCKOCTH OCHOBa-
HUA, ABJAIOTCA OKPYKHOCTAAMM M 4YTO €CThb elllé OZHO CeMeWCTBO Ma-
paJlyie/IbHBIX CeYeHUM, ABIAIOIIUXCA OKPYXHOCTAMHU. 3aTeM AIOJIIOo-
HUM H3y4yaeT NPOU3BOJIbHBIE CedeHHs KOHyca. [l B 3TOM yxe O4eHb
CylLIleCTBEHHOe 00O00IIeHNe 110 CPaBHEHUIO C ero InpejulecTBeHHHKa-
MM, pacCMaTpUBAaBUIMMU JIMIIb Takue CeYeHUA KOHyca, AJA KOTOPHIX
KOHYC M CeKyllas IUIOCKOCTb UMEJU OOIIyI0 IUIOCKOCTh CHUMMETDHH.
ATIOJUIOHUH OYeHb IPOCTO IOAy4YaeT CHMIITOM KOHMYECKOIO CeYeHHA
B 3TOM o061eM ciydae. [TycTh IUIOCKOCTh IlepeceKaeT OCHOBaHHe KO-
Hyca C BEepUIMHOU S 1o HekoTopoMy oTpe3ky. [IpoBezém auametp PQ
OCHOBaHWs, NepIeHAUKYIAPHBINA 3TOMY OTPe3Ky, ¥ Yepe3 dTOT AxaMeTp
¥ BepIIUHY KOHyca MpPOBeAEM IUIOCKOCTh (puc. 2.66). JTa IUIOCKOCTb
repecekaeT KOHMYeCKOe ceyeHUe B Toukax A U B. Yepes MpOU3BOILHYIO
TOYKy X KOHUYECKOI'O CeuyeHHA IPOBeAEM IUIOCKOCTh, NapaliebHylo
IUIOCKOCTH OCHOBaHMA. OHa nepeceyéT KOHYC 110 HEKOTOPOH OKPYXHO-
ctu. [InockocTs SPQ mepecekaeT 3Ty OKPY»KHOCTb B To4kax C U D, rze
CD — nyaMeTp OKPY)XHOCTH, NapasulefbHbli PQ. Cekylias IUIOCKOCTb
IlepeceKaeT HOBYIO OKPYXKHOCTb B TOukax X ¥ X', rae XX’ — oTpesok,

1KoHeuHO, CIOBO «OpAMHATA» HE IPEYECKOe, a IATHHCKOoe. iMeeTcs B BUAY He TepMUH
caMoro ANOJUIOHHSA, a MOCIeAyIoluii NIepeBoj 3TOro TepMHUHA Ha JIaTUHCKUHA A3bIK. Ho
BOLIEALINIA BO BCE A3bIKM TEPMUH «OpAMHATa» 6ePET Ha4alo HUMEHHO OTCIOAA.
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Puc. 2.66

HepIEeHANKY/IAPHBIA CD, nosToMy cepeauna E oTpeska XX’ JeWT Ha
CD. Tlpu atom XE? = CE - ED. [IpoBefiéM uepe3 BepIIMHy KOHyca IIpsi-

Mylo, napajienbHylo AB. OHa mnepecekaeT npsaMyio PQ B HeKOTOpoi

EC _FP ED _FQ
Touke F. V3 mogo6us TPEYTONbHUKOB HOMYYaeM: == = 7o U T7 =

EB_FS " EA  FS’
C/IeJ0BaTEeJILHO,
XE? _ EC-ED _FP-FQ _
EA-EB~ EA-EB~ FS*
OTO ¥ eCTh UCKOMBIH CHMIITOM: eC/Id 0603HAYUTh JJIMHY oTpe3ka EX de-
pe3 y, a AJiuHbI 0Tpe3koB AE u BE yepes x u x; (puc. 2.67), To CHMIITOM
3amUchIBaeTcA B BUAe y2 = axx;. CHMITOMBI TAKOTO k€ BU/A MOTydaIu

Puc. 2.67
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U 0 ANOJ/UIOHMsA, HO B YaCTHOM CJIydae, Korga xopAa XX’ meprneHau-
KyJsipHa AuameTpy AB, pensmeMy eé nmononam. JpyruMu cioBaMH, A0
ANo/IOHNA CUMIITOM IOy4Yaau TOJABKO B IIPAMOYTONBbHOM cucTeMe Ko-
OpAMHAT, a ANIOJUIOHUH HOJY4YWI CUMIITOM U B KOCOYTOJIBHOH cuCTeMe
KOOpAWHAT.

Otpesku AE u BE HaspiBanu abcyuccamu OT JJaTHHCKOrO abscissus —
«OTpe3aHHbIl». TepMUHOMOrHA U 0OIIas cxeMa CHUCTEMBI KOOpAWHAT
37ech BHAHBI OTYETIMBO. Ho 3TO He ObUIa cucTeMa KOOpAMHAT B CO-
BpeMeHHOM IOHMMaHUU. [Ipexxje Bcero, oHa NMpUMEHSIACh TOIBKO KO
BIIOJIHE KOHKPETHOM 3aJjaue U He MOIJIa ObITh OTZAeIeHa OT KOHUYECKUX
ceyeHUH. JIpeBHerpeyeckye reoMeTphbl He INBITAIUCH JaXe 3alucaTbh
ypaBHeHMe NpAMOii! B KOOpAMHATAX, a Y IIPO Mpe/ICTaB/IeHNue KPUBBIX
CTelleHH BBIIIE JIByX He MOIVIO OBITh U peuu.

ATo/IJIOHUH IPUBOZUT CUMIITOM 3/UIMIICA K HOBOMY BUJY, BOCIIOJ/Ib-
30BaBUINCh TEM, YTO X + X; = a, IZle a = AB — IIOCTOSHHBII OTpPe3oK.
TakuM o6pa3om, y2 =ax(a — x) =x(p — ax). AHaNIOru4yHO I TUIep-
6one TonydaeM y?2 = x(p + ax), a A1s napabonsl y> = px. Jins anivmca
NPAMOYTOJNBHUK X X (p — aX) OmIMYaeTcs OT IPAMOYTOJbHUKA X X P
HEZOCTAaTKOM X X aX, AJISl TUIEePOOIIbl IPIMOYTOIBHUK X X (p + ax) oT-
JINYaeTcs OT MPSAMOYTOAbHUKA X X p U3OBITKOM X X ax. Ha3paHuA «Ia-
pabosa», «3JUIUIIC» U «TUIlepOOosIa» IPOU3OUUTH OT IPEYECKHUX CJIOB «IIPH-
JIOXKEHNE», «<HeZIOCTaTOK» U «U30BITOK». 3/1eCh IMEETCs B BUAY ITPIJIOXKe-
HUe OZHOTO NPAMOYTOIbHUKA K APYTOMY: TOYHOe NPUIOKeHUe, TIPIIIO-
JKEHME C He[JOCTAaTKOM U NPWIOKEHHE C M3OBITKOM.

B aTol KHUTe ATIOJJIOHUM BBOAUT TaKKe LIEHTP KOHUYECKOTO ceye-
HUA U CONPHKEHHBIE JVaMEeTpHI.

Knawura I1

Bropas KHHWra pacCMaTpMBaeT JUAMETpHI, [VIABHEIE OCH, aCHMIITO-
TBl U HEOOXOAMMOE I TaK Ha3blBaeMbIX OUOPU3MO8 — T. €. BbIICHEHH,
BO3MOJKHO JIH KaKOe-TH60 IMOCTPOEHHE WIH HET. ANO/UIOHWM MOKAa3H-
BaeT, YTO OTHOCHUTEJbHO aCHMIITOT THIlepbosa 3aJaéTcs ypaBHEHHEM
Xy = const.

Kuawura III

B npeaucinoBuu k «KOHMYECKMM CeyeHUAM» ATOJIJIOHUIN TOBOPMT,
9TO mpeAsIoKeHUA KHUrH Il MoryT ObITh UCIOJB30BAHHI ISl OKOHYA-

1y Anonionus 6bUI0 yTBEpIEHME, KOTOPOE MOXHO PaCCMaTPHUBATh KaK 3aITHCh yPaB-
HEHHUA NPAMOil B HEKOTOPO# CHCTeMe KOOPAMHAT, HO OHO GBUIO MOMy4eHO KaK YaCTHbIH
cIydaii obuieit 3a/1a41, He UMelollel OTHOWIEHHA K CUCTeMe KOOpAKHAT.
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TEJILHOTO pellieHuA 3aZauyl O reOMeTPHUYECKUX MeCTaX K TPEM WIM 4e-
TEIPDEM IIPAMEBIM, AJI1 KOTOpoX y EBKIMZAa HET MOJIHOTO pellleHuA. Peyb
UZET O cefyrolel 3aZiade: ONpeAe/uTb reoOMeTpUYeCKoe MECTO TOYEK,
pacCToAHMA X, ¥, 2 U t OT KOTOPBIX [0 YEThIPEX JAaHHBIX IPSAMBIX YZAO-
BJIeTBOPAIOT COOTHOWIIEHMIO Xy = agzt (eciu [Be IOCHeAHHE IpsAMbIe
COBNIAZAIOT, TO IOJy4YaeTcs reoMeTpUYecKOe MeCTO K TPEM NPSIMBIM).
BriocsiegcTBrM oTa 3asada nocayxwia ®epma u JlekapTy CTUMYJIOM A
BBeIEHHA CUCTeMbI KOOPAVHAT Ha IUIOCKOCTH. ATIOJUIOHUH He IPUBOJUT
pellieHus 3TOH 3aZiayy, HO NpeAJIo’KeHUH KHUTH 111 aeHCTBUTENBbHO AJIA
3TOrO BIIOJTHE AOCTAaTOYHO.

B TpeTheli kHUTe ANO/UIOHUH pa3pabaThiBaeT TEOPHIO IOIIOCOB U
HOJAp.

Kxura IV

B 4eTBEpPTOIT KHUTe U3y4aeTCs, BO CKOIBKUX TOYKaxX KOHUYECKUE Ce-
4YeHHA MOTIYT IlepeceKaThb APYyT APyTa WIH OKPYKHOCTb. 34eCh HOBOE II0
CpaBHEHHUIO C IpelIeCTBEHHUKaMU — PacCCMOTPEHHE JBYX BeTBel Iu-
nepOOIBL.

Kaura V

B naTOM KHMre paccMaTpUBaeTcs 3ajilaya O TOM, KaK U3 ZaHHOH TOY-
KU NIPOBECTU HAWOOJIBbIIUIN WM HAUMEHBIIUN OTPE30K K KOHUYECKOMY
ceyeHUIO. ANO/UIOHUIN HAXOAWUT BCe HOPMaIM K KOHHKe, IPOXOAAIIUe
4yepe3 JaHHYIO0 TOYKY, U BBIACHAET, IPX KaKOM IOJI0KeHUH TOYKY 3a/a-
4Ya MMeeT /IBa, TP WIH YeThIpe pelleHusa. ATIOJUIOHUH GepéT TOUKy Ha
IJIaBHOM OCH KOHMKMY, IPOBOAUT Yepe3 3TY TOUKY NEePIEHAUKYAP K OCU
Y HaXOAMT Ha 3TOM IleplleHAMKY/IApe TOUKY, IpU Iepexoje depe3 KOTO-
PYIO YMCJIO HOpMaslell MeHseTCs C ABYyX Ha 4eTblpe. DTU pacCyXXJeHUs
¢dbaKTHYeCKH IMO3BOJIAIOT OMUCATh 3BOJIOTY KOHUKHU (T.e. Oorubaroiiyro
ceMelcTBa HOpMaJei).

Knura VI

B miecToif KHUre pacCMaTpHUBAeTCsA pPaBeHCTBO U Mojgobue KoHU4Ye-
CKHX CEYEeHHH.

Knauru VII u VIII

B ceabMO¥ KHUTe pacCMaTPUBAIUCh NPEAJIOKEHHUA, HEOOXOMUMbIe
JJIS1 JMOPU3MOB, a B BOCbMOH ([0 Halllero BpeMeHU He COXpaHMBLIEiH-
cA) — 3aZlayM, K KOTOPHIM OTHOCATCS 3TH AMOPU3MEL. B cebMOM KHMre
ATIONJIOHUH, B YaCTHOCTH, JOKa3bIBaeT, YTO IS 3JUIMIICA CyMMa KBal-
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paToB JBYX CONPSKEHHBIX AMAMETPOB PaBHA CyMMe KBaZpaToB IVIaB-
HBIX OCell ¥ 4TO IUIOaJb IapajesiorpaMMa, AByMs CTOPOHAaMM KO-
TOPOTO CJIYXKAaT IOJIOBUHBI CONPSKEHHBIX AUAMeTpPOB, paBHA IUIOMIA-
OU TPSIMOYTONbHUKA, ABYMA CTOPOHAMH KOTOPOTO CJIYXKaT ITOJIOBUHEI
[JIaBHBIX OCel. 3HaMEHUTBbIN aHIVIMHCKUHA acTpoHOM JamyHZ Tamreit
(1656—1742) mnomnbiTajsicA BOCCTAHOBUTh YTEePAHHYI0 BOCBMYIO KHHUTY
TpaKTaTa AIOJUIOHUA.

Jpyrue counHeHus ANO/UIOHUSA

MHorue coyrHeHHUs ATIO/IJIOHUS He COXPaHWINCh, U O HUX U3BECTHO
TOJILKO M3 YIOMHHAHUN O HUX B APYrHMX TpaKTaTaX ApeBHerpedyecKux
reOMeTpOB, B OCHOBHOM B reomMeTpudeckoM «Cobpanumn» Ilanmna. Tam, B
YaCTHOCTH, YIIOMUHAETCs O 3HAMeHUTOH 3a/jaue ANIOJUIOHUA O NOCTpoe-
HUM OKPY>KHOCTH, Kacalollelcs TPEX JaHHBIX OKPYXKHOCTeH, U O Tpak-
Tare, B KOTOPOM AIO/UIOHUH HCC/IeZOBaJI, KaKHe BCTaBKM MOXXHO BBI-
MTOJTHUTD C IIOMOIIBI0 KOHUYECKUX CeYeHUM, a Kakue Hesb3d. [lamm jo-
BOJILHO ITOAPOGHO paccKa3blBaeT O COYMHEHUH ANO/UIOHUSA «O IUIOCKHX
reoMeTpUYeCKUX MecTax» B JBYX KHUTrax («IUIOCKHe reoMeTpHUecKue
MecTa» — 3TO NPAMbIE U OKPY>KHOCTH) . B ITepBoii kKHUTre AIOJLIIOHUH pac-
cMaTpHUBaeT HEKOTOPHIH K1acc Ipeo6pa3oBaHUM, TepeBOJSIINX OKPYX-
HOCTH U NpAMBIE B OKPY>KHOCTH W IIpSMBIE, B YACTHOCTH OH paccMar-
pUBaeT MHBEPCUIO OTHOCUTEbHO TOUYKU. ATIOJUIOHUH NPUBOJAUT TaKKe
yTBep)keHue, SKBUBaJIleHTHOe TOMY, YTO ypaBHEHHUE X + ay = ¢ 3aZaéT
npsAMylo (ToyHee roBOpsA, YacTb IPAMOM, IOTOMY YTO BCe YMCJa pac-
CMaTpUBAIOTCA KaK OTPe3KH, T. €. OHU MOJIOXKUTENbHE). Ho 3TO yTBep-
YKJeHUe HeJlb3s1 pacCMaTPUBAaTh KakK BbIBOZ, ypaBHEHHs NIPAMOM B CUCTe-
Me KOOpZAWHAaT. AIOJJIOHHA UHTEPecyeT coBceM Jpyroe. IIycTh AaHO n
NpAMBIX U N OTPE3KOB dg, ..., A, U MNyCTb X7, ..., X, — PACCTOSAHUSA OT
TOYKM [0 JAHHBIX IPAMBIX, TOrZa reoMeTpU4YecKoe MeCcTO TOYeK, [
KOTOPBIX ayX; + ... + QpXy = Ap1Xg4q + ... + X, NIPEACTABISET CO-
60ii mpsamyto. (I[Tann npuBogUT GOPMYIUPOBKY YTBEPXKIEHUSA ATIOILIO-
HHA TOJBKO IPU N = 3 W TOBOPUT, YTO AJIA HECKOJBbKUX IPAMBIX BCE
aHaJIOTHUYHO.)

Bo BTOpPOI KHUTe COZEPXKUTCA TeopeMa 00 oKpyxucHocmu Anosno-
HUs: TeOMeTpUYecKoe MecTo Touek X, A KOoTopeix AX : XB = const —
OKPYKHOCTb. (JTO yTBep)KJeHHe BcTpedaeTcs B COY4MHEeHUN APUCTOTeA
«MeTeoposioruka», Ho HeT yBEPEeHHOCTH, 4TO 3TO He No3/Helmas BCTaBs-
ka.) Tam e copepxuTcsa TeopeMa O TOM, 9TO reOMeTpHUYecKre MecTa To-
yeK, 111 KOoTopeix AX? = a? + mBX? win aAX? + BBX? +yCX% +...=
= const, — OKPY>KHOCTH.
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B nmpezucnoBun k Tak HasbiBaeMou kHure XIV «Hauwan» EBximza
(mpuHazexamei ['MIICUKTy) TOBOPUTCS, YTO ATIO/UIOHH HaMKCas TPak-
TaT O CpaBHEHUHU HUKOCA3ZApa U AOAEKAa3Apa, BIUCAHHBIX B OAHY cdepy.
Tam OH ZOKa3aJjl, 4TO IUIOMAAY ITOBEPXHOCTEH 3THUX MHOTOTPAaHHUKOB
OTHOCATCA KaK UX 00bEMBI. JIoKa3aTeJbCTBO OBUIO OCHOBAHO Ha TOM,
YTO pacCTOSTHUA OT IieHTpa cephl 0 rpaHel UKocasZpa U JoAeKasapa
paBHEI, T. €. MHOTOTPAaHHUKY OIHMCAaHBI BOKPYT OZHOU U TOH Xe chepsl.

3enogop (ok. 200—140 g0 H.3.)

3eHoz0p Hanucas TpakTar «O6 u3onepuMeTpUIecKix GUrypax», He
COXpaHUBIINIiCA [0 Hamero BpeMeHu. O cozep)XaHUU 3TOrO TpaKTaTa
coobmatot TeoH Anekcauzgpuiickuii (335—405) u [Tann. 3eHoaOp A0OKa-
3aJ1, 4TO M3 BCEX MHOTOYTOJBLHUKOB C 3aZlaHHBIM YKCJIOM CTOPOH U 3a-
[aHHBIM IEPUMETPOM HaubOIbLIyIO IUIONIALb UMEET IIPaBUIbHEI MHO-
royronbHUK. OH JOKa3as Takke, YTO IUIOIIAJb Kpyra Gosblile, YeM IUTO-
mazs JI060ro MHOTOYTOJILHUKA C TEM )K€ IEPUMETPOM; 3TO JOKa3aTelb-
CTBO UCIIO/Ib3YeT TeOpeMy ApXxyUMeza O TOM, YTO IUIOLIaJb Kpyra paBHa
HOJIOBUHE IUIONIAAU NPIMOYTOIbHUKA, CMEXHBIE CTOPOHBI KOTOPOTO —
HepyMeTp Kpyra U ero paauyc. 3eHOAOp 3aHUMAJICS U CTepeoMeTpuye-
ckuMH 3aza4aMu. OH yTBepxja, 4To cdepa UMeeT HauMEHBIIYIO IUIO-
WazAb cpesu Bcex GpUryp, OrpaHUYMBAIOMIMX 3aJaHHBI 00BEM, HO ZJ0-
Ka3aJl 3TO TOJILKO B TOM CJy4ae, Korga ¢purypa — npaBWIbHBI MHOTO-
rpaHHHUK.

I'uncuka AlekcaHAPHUNCKUN
(ox. 190—120 g0 H.3.)

[UrcuKI Hamycaa HebGoJbIIoe COYMHEHHE O NMPaBWIBHBIX MHOTO-
rpaHHUKAaX, KOTOpoe OOBIYHO BKJIIOYAIOT B COBpeMeHHbIe u3ziaHus «Ha-
yas» EBkimza B kayecTBe KHUTH XIV. B 3ToM counHeHuu ['MIICUKII CpaB-
HUBaeT NIOBEPXHOCTU U O6BEMBHI ZoJeKa3Apa U UKOCa3gpa, BIMCAHHBIX
B OAMH U TOT ke map. OTen [MIICHKIA C APYTOM OOCYKAaNNU COYMHEHHE
AmonsIoOHUs Ha 3Ty TeMy U pellwIM, YTO JOoKa3aTelbCTBa AMNOJIOHUA
HeyJIoBlIeTBOpUTebHE. OHU HallUTM CBOM JOKa3aTeabCTBa, U ['UncuKI
UX u3jnaraeT. Bciaea 3a ANO/IOHMEM OH JOKasbIBaeT, YTO eC/IM JoZe-
Kas3Zp U UKOCa3[p BNMCAHBl B OJWH U TOT e LIap, TO pacCTOAHUE OT
[IeHTpa 1Iapa 0 TpaHU UKOcasdipa paBHO PacCTOSHUIO OT LieHTpa 1apa
[0 TpaHM JoAeKasgpa, U BHIBOAUT M3 3TOrO, YTO OTHOIIEHHWe 06BhEMa
Jozekaszpa K 06bEMY MKOcaspa paBHO OTHOIIEHUIO IOBEPXHOCTH 0~
JeKaspa K IIOBepXHOCTH HKOocasJpa.
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TUIICHKI TaKKe Aay obliee OIpeesieHHe MHOTOYTOJbHBIX YHCE.
Mbl HauuHaeM ¢ 1 U yBeJMYMBAEM CjlaraeMble Ha OOIIYI0 PasHOCTb.
Eciiu o611as pasHOCTh paBHa 1, TO MOJIy4aeM TPEYTOIbHBIE YHCIIA, eCIH
o611as pasHOCTh paBHA 2, TO MOJIyYyaeM KBaZipaTHbIE YHCJIa, eCI obmias
pasHOCTh paBHa 3, TO MMOJIy4aeM IMATUYTONbHBIE YKcIa. Hanpumep, Tpe-

The MATUYTONbHOE yucio paBHo 1+ (1 +3) + (1 + 3 4 3). B coBpemeH-

n[24+(n—-1)(m-2)]
HBIX 0603HaYeHHUAX N-€ M-YTOJIbHOE YUCJIO PaBHO 5 .

T'epon Anekcanzapuiickuii (ox. 10—75)

TepoH OYeHb MHOTO NHCAT O PA3IUYHBIX 0OJACTAX MaTeMaTUKU U
$U3MKY; ero COXpaHUBIIMECS JO HAIIero BpeMeHU COYMHEHHs 3aHU-
MaloT 5 ToMOB. [IpakThyeckue BOIPOCH HMHTepecOBald ero ropaszo
6osblie, yeM TeopeTudeckue. Ero OCHOBHbBIe TPAaKTaTHl IO MaTeMaru-
ke — «MeTpHKa» U «JJuonrtpa».

B kuure I TpakraTta «MeTpHKa» 06CY:KIAIOTCS IUIOLIAAN TPEYTOMb-
HUKOB, YeTbIPEXyTONbHUKOB, IPaBWIbHBIX MHOTOYTOJIbBHUKOB, 3/UIMIICA,
cerMeHTa napaboJibl, a TakKe IUIOIIAAU MOBEPXHOCTH IIPOCTPAHCTBEH-
HbIX Guryp (winHApa, KOHYca, cdepsl U cekTopa coepsl). B npeauciio-
BUM I'OBOPHUTCH, 4TO BIIepBble reOMeTpHsi BO3HMKIA U3 NPaKTHYeCKUX
noTpebGHOCTel M3MepeHUA U paclpejesieHusa 3eMiId (OTKyAa U IPOUC-
XOIUT e€ Ha3BaHMe), a yXKe [IOTOM BO3HHKJIA NOTPeOHOCTh U3MEPEHHA
NpOCTPaHCTBEeHHbIX Uryp. iMeHHO B kHure | fokazaHa gopmyna [epo-
Ha. Kak MBI yoxe ynomuHamu (cM. c. 116), ata ¢popmysna 6ruta JokazaHa
ApxumeznoM 3agonro Ao 'epoHa, HO JAoka3aTelbCTBO ['epoHa oTinyaeT-
Cs1 OT IOKa3aTenbCcTBa ApxyuMezia. [epoH MPUBOAUT ABa Crtocoba BHIYKC-
JIeHHA IUIOIIAZU TPeyrolbHUKA, CTOPOHHBI KOTOPOr'O U3BeCTHHI. [TepBbIit
U3 HUX HeNoCpeJCTBEHHO OCHOBaH Ha mpeanoxeHusax I, 12 u 13 Es-
winga (cM. c. 89). C moMoIIpIo 3TUX NpeAJIOoXKeHUNH MOXXHO BBIYMCIUTh
orpesku BD u CD, rae AD —BricoTa TpeyroabHuka ABC (puc. 2.68).
a’+b2-¢?
—F.3a

JeitctBuTensHo, c2 = a® + b? F 2a - CD, noatomy CD = + o

A

Puc. 2.68
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TeM 1o TeopeMe ITrparopa MOXKHO BEIYUCTUTD BbIcOTY AD = 4/ b% — CD?
Y, HaKOHel], IUToIaZAb TpeyroJbHUKa. B KauecTBe mpuMepoB [epoH npu-
BOZUT OCTPOYTOJIBHEIN TPEyroJlbHUK cO cropoHamu 14, 15 u 13 u Ty-
[IOYTO/IbHEIN TPEYTONbHUK €O cTopoHamu 11, 13 u 20. BricoTta B 060ux
cilyyasx paBHa 12 (3TH TPeyTONBHUKU COCTaBJIEHH U3 MH(AropoBhIX,
puc. 2.69).

13/ {12 \15 12| \13 20

Puc. 2.69

Bropoii crioco6 BRIYUCIEHHS IUIOMAAN TPeyrolbHUKA, CTOPOHBI KO-
TOPOTO M3BeCTHHI, —3TO M eCTb CO6CTBeHHO dopmyna IepoHa: S? =
=p(p — a)(p — b)(p — ¢), rae p —noxynepuMeTp. [epoH NpUBOAUT
[IOKa3aTebCTBO 3TON GOPMYJIBI HE TONBKO B KHUTe «MeTpHKa», HO U B
kHure «/luonrtpa». Ero fokasarejbCTBO Takoe. BnuieM B TpeyroibHUK
ABC oKpy>KXHOCTB € 11leHTpoM H, koTopas kKacaeTcs ero ctopoH AB, BC u
AC BToukax D, E u F (puc. 2.70). [Ltomazs S TpeyronbHuka ABC paBHa

A

=x
o
)

Puc. 2.70

cyMMe Iutolazeii TpeyronbHukoB AHB, BHC u CHA, noatomy S = pr,
rae p — nojynepuMeTp TpeyronbHuka ABC, r —pazuyc BIHCAaHHOH B
Hero OKpyXHOCTH. OTI0UM Ha jiyde CB Touky G Tak, 4yTo CG = p. Toraa
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BG = AD. B peayssrare nonyyaeM S2 = (pr)? = CG? - EH?. PaccmoTpum
Tenepb TOYKY L, B KOTOpOI NepeceKaroTcs NMepIeHANKYIAPEl, BOCCTaB-
JieHHBle B TouKax B u H k npameiM BC u HC cootBeTcTBeHHO. Touxku B
U H nexxat Ha OKPY>KHOCTH ¢ AuaMmeTpoM CL, mosTtomy

ZCHB+ ZCLB=180°. @)

BoiziesuM Tenepb Naphl paBHBIX ymioB: BHE u BHD, CHE u CHF,
AHD u AHF. CymMa BceX 3THX YIVIOB paBHa 360°, moatomy

/ZCHB+ ZAHD =180°. 2

U3 paBeHcTB (1) u (2) nerko BuzeTh, yTo yribl AHD u CLB passbl. Cie-
JOBaTeIbHO, IPAMOYTO/IbHbIE TpeyronbHUKU AHD u CLB nopo6HH!. Ilo-
aromy BC : BL=AD : DH =BG : HE, a 3HauuT, BC : BG=BL: HE.

U3 nogo6us TpeyronbHukoB BLK v EHK nony4yaem BL:HE =BK :KE.
U3 aByx mocjiegHUX mporopuuii cieayet, uro BC : BG = BK : KE, wiu
(BC+BG) :BG=(BK +KE) :KE, T.e. CG : BG = BE : KE. [1loatomy

CG*> _ BE-EC
CG-BG KE-EC’

WIN
__ (BE-EC)(CG-BG)

2
6" = KE -EC
Tpeyronbauk KCH npamoyronbHbIl, noatomy KE - EC = HE 2. B uro-
re rnojiy4aemM

$2=CG?-HE*>=CG-BG-BE-EC=p(p—a)(p—b)(p — o).

CoBpeMeHHUKY 'epoHa TPyZHO GBUIO NMOHATH CMBICI COOTHOIIEHHS
$2=p(p — a)(p — b)(p — ¢). B TO Bpems reoMeTpHI 3HAJIH, YTO IIPOU3BE-
ZleHue JByX OTPEe3KOB — 3TO IUIOLA/b, IpOM3BeJeHre TPEX OTPe3KOB —
00BEM. A UTO Ke TaKoe IPOU3Be/leHHe YeThIPEX OTpe3KoB? I faxe B ro-
paszo 6osee no3aHIOK0 310Xy [lann AseKcaHAPUHCKII HeoZoOpuTeIb-
HO IHCAJI, YTO HEKOTOPHIE aBTOPHI IO3BOJAIOT cebe FOBOPUTD O NPAMO-
JTOJIbHUKE, YMHOXEHHOM Ha IIPSIMOYTOJIbHUK, He OOBSICHSS TOIIKOM, 4TO
XK€ OHU I10J] 3TUM IIOHHUMAIOT.

TepoH paccMaTpuBall U Apyrye 3aayl, HeJONyCTUMBble C TOYKHU 3pe-
HUA MHOI'MIX €r0 COBPeMEHHUKOB: OH JIOIyCKaJ CJIOXKeHHe HeOJHOPOZ-
HBIX BEJIMYHMH, HAIIpUMep IUIOLIaJU U TIEPUMETPA, a TAKOro pa3paboraH-
Haa EBpokcoM u EBKINMZOM TeopHs He AonycKkaia. Y [epoHa BcTpeyaert-
cs, HaIpuMep, Takas 3ajaya: «/laH KBaZpaT, CyMMa IUIOIIaJu U NepHU-
MeTpa KOToporo paBHa 896; OTAeIUTb IUIOMAAb OT IEPUMETPa».

TepoH, KOHEYHO, MOHUMaJ, YTO 06a ero crnocoba BHIYNCIEHHUA ILIO-
Iazy TpeyroJbHUKA C 3aZlaHHBIMU CTOPOHAMHU 3KBHBaleHTHB. Ho emy
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He yZanoch BbIBeCTH GopMyny I'epoHa HelmoCpeACTBEHHO M3 HOPMYJIBI
I JVHHL oTpe3ka CH. He ypanock 3To0 U Apxumezy. 3TO SABIAETCSA
SAPKHUM CBHZJETeIbCTBOM TOTO, CKOJIb HeyZo6Ha U rpoMo3/Ka Obl1a reo-
MeTpudeckas aarebpa. [lepBeIM Takoii BHIBOZA $opmyisl [epoHa moiy-
g1 HeloTOH U NpUBEI ero B kHure «Bceobuias apupmeTrka». K Tomy
BpeMeHHU 6ojlee yoOHasA TeXHUKA airebpanudecKux Ipeobpa3oBaHui 3a-
MeHWIa FeOMeTPUYECKYI0 aare6py, YTO U HO3BOJKWIO NONYYUTh TAKOE
[I0Ka3aTeNbCTBO.

B cBfA3u ¢ BeIYMC/IEHMEM IUIOMIAAM TPEYroJIbHUKA CO CTOPOHAMH 7,
8, 9 (ona paBHa +/720) TepoH NpUBOAUT CleAyioliiee MPABWIO MPH-
6/1KEHHOTO BEIYMCIIEHHA KBAZPaTHBIX KOPHEH U3 HaTypalbHBIX YHCE]I.
Iycts a? — 6ivxalimnii KBaZpar K UeoMy uucity A. B xayecTse mep-

BOro npubmkeHus k VA 6epém a; = %(a + %), B KayecTBe BTOPOTO

1 A
as = §(a1 + El-), U T. 1.
Jna xkpyra [epoH ucnonb3yeT NpubimkeHre ApxuMesa st Yucia 7,

44
T.e. . OH cuuTaeT, 4YTO AJUHA OKPYKHOCTH paBHa ~ T, a Iomazap

KpyTa paBHa %dz, rae r — paguyc, a d — fuaMeTp Kpyra. [epoH IHIIeT,
YTO ZipeBHUE HCIONb30BAJH /i IUIONIAZK CErMeHTa Kpyra NpHOJIKe-
HUe %(b + h)h, rae b — ocHoBaHue cermeHTa, h — ero BbICOTa. JTO, 11O
€ro MHEHHIO, COOTBETCTBYET NMPUOIKEHHOMY 3HAYEHHUIO 3 IS Yucaa

7T, TIOCKOJIbKY AJIA TOJIyKpyTa TorAa Noiy4aercs TouHas popmyia. Te xke,
KTO MccleoBas Iwiolaay 6osee THIaTeNbHO, A00ABISIA K 3TOH ¢op-
Myse %‘(%bz), T. €. UCTIONIb30BATU GOPMYJTY %(b +h)h + 1L4 (%bz),
KoTopas AaéT AJiA IUIOLaAH MOIyKpyTra TOYHOe 3Ha4eHUe, eCJIh CIUTATh,
41O T = 27

B xHure II 06cyxgaroTcss 06bEMEI pa3IMYHBIX TPEXMEPHBIX TEJI: yCe-
4EHHOW NMpaMuzbl, KOHyca, chepbl, cermeHTa cdepsl. [epoH paccMmar-
pMBaeT M JpyrHe Teja, HanpuMep, Top. OH BHIYUC/SAET TaKKe 00bEMEI
NIPABWIBHBIX MHOTOI'DAHHUKOB.

Kuwra III nocesieHa geleHUIo IUoIazeil 1 06bEMOB B JAHHOM OT-
HolIeHUU. B 3Toit kHure 'epOH NMPUBOAUT TaKXKe CIOCOO BBIYHCIEHHSA
KyOUYeCcKUX KOpPHe.

TpakTar «/luontpa» HauWHAaeTCsA ¢ NOAPOOHOrO onucaHuA npubopa
ZJIs1 U3MEPEHUA YIJIOB U Ollpe/ie/IeHUA HallpaBleHUuN, KOTOpbIil Kak pa3s
U HasbiBajIcA duonmpa. CaM TpaKTaT MOCBAINEH U3MEPEHUIO BBICOT W
paccTosHUI U ApyruM usMepeHusaM. B «Juontpe» [epoH pacckaswiBaer,
B YaCTHOCTH, O 3aZlaye BOCCTAHOBJIEHUA TPAHUI] 3eMeJIbHBIX Y4aCTKOB,
pasMBITHIX ITpu pasnuse Huia.



136 I'nasa 2. /lpesusas I'peyus

B TpakTaTe «MexaHuKa» ['epOH [OKa3bIBA€T, YTO CKOPOCTH CKJIA/bI-
BaIOTCA M0 MIpaBWIy apajlejiorpaMma.

Cpeau MHOTOYMC/IEeHHBIX KOMMeHTapueB 'epoHa k «Havamram» EB-
K/IWJla UHTEepPEeCHHBl Te HOBHIE J0Ka3aTeJbCTBA, KOTOPHIE IO3BOJIAIOT U3-
6eraTb NIpUMEHEHUs METOZA OT IPOTUBHOTO.

Menenaii Anekcangpuiickuii (70—130)

V13 MHOTOYMC/IEHHBIX KHUT acCTpOHOMa M MareMaTuka MeHesas co-
XpaHwiachk (B apabckoM nepeBozie) ToibKo «Cdepuka». B 31Ol KHUre
paccMaTpuBaloTcs cdepudeckve TPEYTOJbHUKM U UX NPHIOXKEHHA B
acTpoHOMUU. MeHesail IepBEIM Jaj onpezeneHue chepruyecKoro Tpe-
yToJbHUKAa KaK (pUTYpHl, OTpaHUYEHHOM AyraMu OOJIBUINX OKPYXKHO-
creit. I cheprUyecKux TpeyrolbHUKOB MeHesail 1o0Ka3bIBaeT TeopeMy,
aHaJIOT KOTOPOH /ISl TPEYTOJIbHUKOB Ha IUIOCKOCTH BIIOC/IECTBUY CTAIN
Ha3bIBaTh meopemoti Menenas. (s TpeyroJbHUKOB Ha IUIOCKOCTH 3Ta
TeopeMa, IO-BUANMOMY, ObUTa U3BecTHa A0 MeHesnas.) MeHenaii f1oka-
3bIBaET, YTO i1 cGepUYECKOr0 TPEeyroJbHUKA CYIIeCTBYIOT BIIMCAHHAasA
OKPY>KHOCTb Y ONMCaHHAaA OKPYKHOCTb.

MeHnenaii usberan JoKa3aTeJbCTB OT NPOTUBHOro. EBKIM/ oKa3an
npeioxenue I, 25 (ecsiu ctoponsl AB u AC Tpeyronbauka ABC dukcu-
POBaHBI, TO cTOpoHa BC Bo3pacTaet IpY BO3pacTaHUHU yIvia A) METOZOM
OT NpOTUBHOro. MeHeail NpeJyIoXIWI NPAMOe JOKa3aTeJbCTBO 3TOr0
Npe/JIOXKEHUA.

Knasauii [ITonemeit (85—165)

Camasn 3HaMeHWTas kHura Iltonemes — «MaTemaTudeckoe cobpa-
HUe», BCKOpe IOJMydYMBlIasg Ha3BaHHUe «Besndvaiiiiee cobpaHue»; 3To
Ha3BaHHUe ObUIO IepeBeZieHO Ha apabCKUil A3BIK, M KHUra CTajJa Hashl-
BaTbCA «AJIbMarecT». B 3Toi KHUre JaHO MOAPOOHOE OIMCAaHUE JBIKe-
Husa ConHua, JIyHBl Y IUIaHeT ¢ IOMOIIBIO TaK Ha3blBa€MBIX SIIULIMKIIOB,
T.e. KOMOWHALUN JBIDKEHUN 110 OKPY)KHOCTH. DTa KHUTa OCTaBajlach
HEeMNpeB30MAEHHOM 10 MOSBJIEHUA reJIMOLeHTPHUYecKol Teopuu Komep-
HHUKA.

B JpeBHeii ['pelud TPUTrOHOMETpPUYECKHE METOZABI OGBUIM OCHOBa-
HBl Ha COIIOCTaBJI€HUU KaXXJOMY LIEHTPaJIbHOMY YIJIy AJIMHBI XOPZHL,
Ha KOTOpYIO OH omnupaeTcA. OTa QyHKIHMA TECHO CBA3aHa C CHHYCOM:
AN OKPYXXHOCTHM paguyca 1 AJrMHa XOpABI PaBHa YABOEHHOMY CHHY-
Cy TOJIOBUHHOTO yrvia. JIisa AnvHBI X0opAsl [IToneMeit BbiBes GOPMYIIH,
aHajoruyHele GpopMysnaM JJsi CHHyca CyMMBI M Pa3HOCTH ZIBYX YIVIOB U
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JUIS1 CHHyca NOJIOBUHHOTO yria. s BeIBoAa GOpMysibl CHHYCa CyMMBI
¥ pasHOCTH /IByX YIJIOB [ITojieMel HCIONMb30Ba TEOPEMY O BITHCAHHOM
4YeTHIPEXyTONbHUKE (TaK Has3blBaeMylo meopemy IImonemes), KoTopas
6bUIa U3BECTHA ellé ApXUMeay.

Jna Tabnuupl xopz IIToneMel BEIYUCTIUL CTOPOHBI IPABWIBHBIX I1A-
THYTOJILHUKA U A€CATHYTONbHUKA, T. €. GaKTUIeCKH OH BBIYUCIW Sin 36°
nsin18°.

[TTosnemeto He 6BUTH U3BECTHBI TPUTOHOMETpUYECKHe GOPMYJIBL, CIIpa-
BeZUIUBbIE AJIA JIIOOBIX TPEYTOJIbHUKOB. [Ipu paboTe ¢ OCTPOYTOIBHBIMHU
WIY TYTIOYTObHBIMU TPEYTOMbHUKAaMU OH pa36HBas X Ha IPSIMOYTOJIb-
Hble. Ho eMy 6bUTH 3HaKOMBI TPUTOHOMETpUYECKHEe GOPMYJIBL HE TOMBKO
ZUIA1 IUIOCKOTO, HO U 1A chepHYeCcKoro NpsiMOYTOJIbHOT'O TPEYTOJIbHUKA.

[Ttonemeit paccMarpuBain crepeorpadpu4ecKyro IPOEKIUI0 U JOKa-
3aJI, YTO IMpH cTepeorpadpUyecKoil POeKIUH COXPAHIIOTCS YIJIBL.

AunodanT Anexcanapuiickuii (200—284)

Haubonee BaxxHoe counHenue [JluodaHTa — «ApudMeTHKa» B TPU-
HaAUATH KHUTaX, U3 KOTOPBIX COXPAHWIKCH JIUIIb HIeCTh. «ApuUpMeTH-
Ka» — 3TO COOPHUK, COCTOSIIIUI U3 189 TiiaTenbHO NOAZOOPAaHHBIX 3aJa4,
CHabXEHHBIX pelleHUsIMHU. DTU 33Jja4d WUIIOCTPUPYIOT OIpeJe/iEHHbIE
MeTOZbI, KOTOpEIe He GOpMYJIHPYIOTCS B O6IeM BHJe, HO BIIOJHE SICHBI
Y3 pellleHHUs OZHOTUITHBIX 3a/1a4.

CoxpaHwica Takke ¢parmeHT Tpakrara /lnodanra «O MHOTOYTO/Ib-
HBIX YMCIaX».

JuodaHT AOIyCKaeT He TOJBKO IieJble, HO U pallMOHaJIbHBIE pellle-
HUf; UppauMoOHaJIbHBIE U OTPUIIAaTe/IbHbIE pellleHHs OH UcKIoYaeT. Cu-
Tyaluy, KorJa U3 MeHbIIero yucjia BeduTaeTcs bomnbiiee, luodaHr uc-
wnoyaeT. Ho B IpOMeXyTOYHBIX BhIKIaZKaxX JJuodaHT UCIONb3YeT OTPH-
LaTeJbHbIE YHCIIa; OH Jjake chOpMYIMPOBAJI TPaBWIO 3HAKOB JJIs1 YMHO-
YKEHUS MTOJIOKUTENbHBIX U OTPULIATEIbHBIX YU CeI.

Y luodaHTa BiepBhle MOSBIsAeTCA OyKBEHHAA CUMBOJIUKA anrebpsl,
OH HCIOJIb3yeT HEKOTOPble COKpalleHHA /IS 4acTO BCTPeYaloluxcs Be-
JIMYUH ¥ ollepanuii. JlnodaHT ucnonp3yeT 0603HaYeHUA, COOTBETCTBYIO-
IIMe HAIIMM CTelleHAM HeusBecTHo#t x2, x3, x* (kBagparokBagpar), x°
(xBazpaToky6) u x® (ky6oky6). Jlamblle mecToi CTeNeH OH He MAEST.
JlnodaHT UCIIONb3yeT TakKe OTpUIaTe/bHbIE CTelleHU. 3HaKU I olle-
pauuii yMHO)XXeHUA U AeyieHua JuodaHTy ObUTH He HYXXHBI, CJIOXKEHHE
0603HayYanoch MyTéM 3aUChIBaHUA NOZAPSAZ COOTBETCTBYIOUINX WIEHOB.
CrienuasbHbIi 3HaK JJuodaHT UCIIONb30BaJl TONBKO AJI BHIYUTAHUSA.
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JuodaHT He cobmogaeT TpebOBaHUA OJHOPOAHOCTH CKIAJBIBAEMBIX
BEJIMYUH: OH MOXET CKJIaJIbIBaTh CTOPOHY U IUIOLIAJb, T. €. OH TPAKTyeT
UX KaK YUCIa, a He KaK reoOMeTpUYECKHe BeJWYMHBL. HaloMHUM, YTO
TepoH TOXe paccMaTpUBaJI Takue 3ajga4u (cM. c. 134).

JuodaHT paccMaTpuBas TOJNBKO ITONOXKUTEJbHBIE 3HaYeHHUA KBaj-
paTHOI'0 KOPHS, HO TPYZAHO HMOBEPUTH B TO, YTO OH He 3HaJI, YTO KBaJ-
paTHOe ypaBHEHHE MOXET UMeTh /IBa MOIOKUTENbHBIX KOPHSA.

JuodaHT He 06CyKJaeT pellleHue ypaBHEHHUA BUAa ax + by = c. g
3TOrO ypaBHEHHUA UHTEPeC NPeJCTaBIsAET TOIbKO PELIEHNE B IIeJIbIX YHC-
nax, Ho JluodaHTa UHTEPECOBAJIO TOJIBKO pellleHHe ypaBHEHUH B pauy-
OHaJIbHBIX YHCIAX.

[py pellieHUU HeONpeZeEHHBIX KBaJIpaTHBIX ypaBHeHUH JlnodaHT
MoJIy4aeT, TOBOPS Ha COBPEMEHHOM SI3BIKE, PAUUOHAILHYI0 NApamempu-
3ayuro koHuku. OH NOKa3bIBaeT, YTO €CJIM ypaBHeHHe

ax? +bx +c=y?

(c paunoHaNBHEIMU K03¢$ULIEHTaMH) UMeeT OZHO paljMOHaJIbHOe pe-
menue (Xxg,Yp), TO OHO UMeeT GeCKOHEYHO MHOro pemeHui. JJuodanr
paccMaTpUBaeT TOJNLKO ypaBHeHHe ax> — ¢ = y2, HO ero MeTo/l TOAUTCA
U B 06meM ciayyae. OH UIleT peleHue Buga (x, +t, yo — kt). IToacras-
N9 X = Xo +t U y = y, — kt B ypaBHeHUe ax? — ¢ = y? ¥ y4uTHIBad, UTO
ax? — c = y2, nonydaem 2ax,t + at* = =2y kt + k%%, T.e. t = ZCl;c(g—t?’

JUist KaXXJ0ro palOHaJILHOT'O k MBI IOJIy4aeM pallioHaJIbHOe pellleHue
(xo+t,yy—kt), rne t= 2%

Ecu 4epe3 JBe palnlioHaJbHblE TOYKU KyOU4eCcKOl KpUBOM, 3aJaH-
HOW ypaBHEHHEM C pallMOHAIbHBIMU K03 UIMeHTaMU, TPOBECTH IIpA-
MYIO, TO TPeThsl TOYKA, B KOTOPOil 3Ta mpsiMas HepeceKaeT KPHUBYIO,
TOXE palMoHaNbHadA. /IBe TOYKM MOTYT IIPH 3TOM CJIMUBAThCA B OJHY,
T.e. KacaTejlbHas K KyOM4YeCcKON KPUBOW B PAallMOHAJIBLHOW TOYKe Iie-
peceKaeT KpUBYIO B paljMOHAJILHON TOYKe. JTO JaéT crocod Haxoxzje-
HUA HOBBIX paljUOHAJbHBIX PelIeHUH KyOU4YecKOro ypaBHEHHA C ABYMA
HEW3BECTHBIMU IO paHee HalJEHHBIM pelleHUAM. JluodaHT NPUBOAUT
3aiauy, pemaemMele GaKTHYECKH TAaKUM crioco6oM. I1py 3TOM UCIIONb3Y-
eTcs KaK NpoBeZleHUe KacaTeJIbHOW, TaK U IIpoBejeHUe cekymieil (Ho
ceKyIiasd HPOBOAMTCA 4yepe3 OECKOHEYHO YAalEHHYI0 TOYKY; B ITOM
clydae BBIYMCIeHHA Oosee IpoCThle, YeM B CJIydae, KOTAA ceKylas
MPOXOAUT Yepe3 JBe KOHeYHbIe pallioHalbHble TOUkH). [lomyTHO Jvio-
¢daHT paKTHUYeCKH MoTydyaeT i KyOU4ecKoil KpUBOii anrebpandecKuii
crocob6 HaxOXZAeHHs YIJIOBOro koadgduuueHTa KacaTeabHOMH, T. e. Npo-
H3BOJHOM.
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JnodaHT pelraeT TakKe CIeAYIOIIYIO 3afady: HalTH Ba pa3HbIX ITH-
¢$aropoBhHIX TPeyTOJbHHUKA C O6Ieli rHNoTeHy30i. PelleHue OCHOBaHO
Ha UCIIOJIb30BAHUU TOXKAECTBA

(@® + b?)(® + d?) = (ac £ bd)? + (ad F bc)?.

Eoma=1,b=2,c=2ud=3, To Mbl IOJIy4aeM ABa NpeJCTaBICHUA
yrcia 65 B BUJe CyMMEBI ABYX KBaZipaTroB. JJUOdaHT He 3alUChIBAET 3TO
TOXJECTBO; B IBHOM BHJE BIIEpPBble OHO BCcTpeyaercsa y PuboHavyu.

IMann Anexcanapuiickui (290—350)
Buorpadus

[Mann AnekcaHAPUNHCKUN GBUT TOCJIEAHUM BHIJAIOLUIMMCS T€OMEeTPOM
aJIeKCAHAPUICKON MIKONBI. A IepBas KHUTA II0 TeOMETPUU, B KOTOPOM
MOABWIOCh MHOT'O HOBBIX II0 CPaBHEHHUIO C IpeBHerpevyecKoil MaTeMaTu-
KOHM Mel, HauMHaeTcs Kak pa3 ¢ o6Cy)KAeHUs ofHOM U3 3aja4 [lanma.
Ora kHUra HaseiBaeTcs «[eoMeTpusi». OHa 6bUIa OMyOIMKOBAaHA B MPU-
noxeHUu K ¢wiocopckomy Tpakrary Pene JlekapTa «PaccyxzaeHue o
MeToZie» B KauecTBe obOpasiia NpMMeHEeHHs 3TOro pa3paboTaHHOTO MM
Mmetoza. ([IpaBza, JlekapT cHayasa Hanmucan «['eoMeTpHIo», a IOTOM YXe
«PaccyxzeHue o MeToe».) JlekapT BHUMAaTEeJbHO U3Y4WI COYMHEHU
INamnma ¥ BEICOKO UX IleHWI. B TpakTate «[1paBiia AJid pyKOBOACTBA yMa»
OH IHcan:

«...Ho 51 y6exxaéH, 4yTO KaKue-TO IepBble ceMeHa HCTHUH, KOTOpble
MIPUCYLIN YeJOBEYECKUM yMaM OT IPHPOJBI U KOTOPHIE MHI B cebe 3a-
DJIyIIaeM, eXXeJHEBHO YUTAA U CJIBILIA O CTOIBKUX Pa3/IUYHBIX 3a6IyKie-
HUAX, 061azanu B TOM 6e3BICKYCHOM U He3aTEIIMBOM APEBHOCTHU TAKOIO
CWIOH, 4TO 6y1arofiapsi TOMy CaMOMY CBETY yMa, IPU IIOCPECTBE KOTO-
POTo JIOAY BHUAENH, YTO CJIeAyeT MPeJIoYnuTaTh A0OpoaeTelb yA0BOIb-
CTBHIO, 8 YeCTHOE — I10/Ie3HOMY, AKe eI OHU U He 3HaJIH, I04eMy 3TO
06CTOSLI0 UMEHHO TaK, OHU TAaKXKe TI03HAIN UCTUHHBIE Heu Griocodpuu
Y MaTeMaTHKH, XOTs U He MOIVIM elllé OB/IaZleTh B COBEPIIEHCTBE CaMU-
MU Haykamu. [ MHe 1o KpailHell Mepe KaXXeTCs, YTO KaKUe-TO CJieJbl
3TOM UCTUHHOM MaTeMaTHKU OGHapyKuBaroTcA ewé y [Tanna u luodan-
Ta, KOTOpbIe XWX IIyCTh U He B CaMyl0 PaHHIOIO SIIOXy, HO BCE ke 3a
MHOTO BEKOB /IO HAIllero BpeMeHu»'.

O >xu3HHu [lanma moytu HuYero He M3BecTHO. COXPAaHIIMCH JIMIIb
HEKOTOpble CBeJleHUs O TOM, KOorJa MMEeHHO OH Xwl. Hanpumep, oH
Habu1I071a71 CONTHEYHOE 3aTMeHIe U OITHCaJl €T0; 3TO COIHEYHOE 3aTMEHUE

1p, JlexapTt. CounHeHud B 2 ToMax. T. 1. M.: Meicis, 1989. C. 89.
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OTHOCAT K 320 rofy H.3. JTO He OYeHb XOPOIIO COIJIACYyeTCd C KOM-
MeHTapueM TeoHa AJeKCaHIPHUICKOTO!, KOTODPBIA B XPOHOIOTUYECKUX
TabyuIax HanpoTUB MMeHU JIMOKIeTHaHa OTMETHI: «B ero amoxy mu-
can [Nann». JluokieTnaH GbUT MPOBO3IVIAIIEH PUMCKUM HMMIEpaToOpoM
B 284 1., a B 305 I. OH CJIOXKHJI ¢ ceOs MOJTHOMOYHUS B COOTBETCTBHU C
3apaHee IPUHATHIM UM pelleHHeM.

OcHoBHOe couyuHeHue [lanma — «MaTemaTHdeckoe cobpaHue», CO-
cTosinee U3 8 KHUT. B HUX OH cobpasy BCE, YTO HaméJT MHTEPEeCHOro
B TpyZax CBOUX IIpeAlIECTBEHHWKOB, IPUCOEAUHUB K 3TOMYy U CBOM
Haxogku. Kuura I u nepBas nonosuHa kHUrHu Il yrepsansl. B xaure II1
pa3bupaercs 3aja4a 0 IOCTPOEHUU JBYX CPeJHUX NPONOPLHUOHATBHBIX
U cpefHUX (apudMeTHYEeCKOro, reOMeTpUYECKOro, FapMOHUYECKOro U
JPYTHX) JBYX OTPE3KOB; B Hell Takoke NOKa3aHO, KaK IpaBWIbHbIE MHO-
rOrpaHHUKYM MOXHO BucaTh B coepy. Kuura IV HaunHaeTcs: HECKOIb-
KMMU TeopeMaMH IUIaHUMETpUHU, a NMocIeJHAS e€ 4YacThb IOCBAlleHa
PpasIMYHBIM KPUBBIM, B TOM 4HC/Ie CMpanu Apxumeza, koHxouze Hu-
KOMeZia ¥ KBagparpuce JluHocTpaTa. MiMeHHO B 3TOM kHure Ilamnm npu-
BOZAUT CBOIO KIaccUUKAINIO KPUBBIX (cM. c. 50).

B npeaucioBuu k kuure V [lanm numer o MyApocTu m4éin. Ilioc-
KOCTb MOXXHO 3aMOCTHUTD JIUIIb TpeMs BHJaMU OANHAKOBHIX NpaBWIb-
HBIX MHOTOYT'OJIbHUKOB: TpeyroJbHUKaMH, KBaZpaTaMy U HIECTUYTOJIb-
HHUKaMH, U MyZpble MYéIbl BHIOpaIu JJId CBOMX cOT GUrypy ¢ Haubornb-
IIMM YUCJIOM YTJIOB, IOTOMY YTO TaKasi ¢Urypa MokeT BMECTUTH O0JIbIIe
MéZa IIpH TOM K€ caMOM pacxoZe Bocka. ITocie aroro Ilamn obpaia-
eTcAd K pas/W4yHbIM M30llepUMeTPUYeCKUM 3aZadaM, IIoHadaly clenysa
3eHogopy. K usonepumerpuydeckum Teopemam 3eHozopa [lanmn gobasun
TaKyI0: CpeJyl BCEX CErMEHTOB Kpyra, UMelolMX 3aJJaHHbIN IIepuMeTp,
Hau6OMBIIYIO IUIOLIAAh UMeeT HOAYKPYT. [lann He cMoOr JOKa3aTh, YTO
CpeZAu BCeX TeJl C JaHHOM IUIOMIabIo TOBEPXHOCTU HAUBOMBIINI 06BEM
HMMeeT IIap, HO OH Ji0Ka3aJs, YTO 00béM miapa Gosblle 06béMa Jr060-
ro MPaBWIbLHOIO MHOIOrpaHHHUKA C TaKOM e IUIOIa/blo TOBEPXHOCTH.
Kpome Toro, B kuure V Ilann obcyxzaaeT 13 mosynpaBHIBHEIX MHOTO-

ITeon AnexcaHzpuiickuii —oTtel] 3HaMeHHTOH MnaTuy, nocieaHero MareMaTHKa
aJieKcaHAPUHCKOH 1Kokl OHa 6bUIa 06aATeIbHA K KPaCHOPEYHBa, TUCaia KOMMEHTapHH
K TpyAaM Jlnodanrta u Anotonus. B Anexcanapuu Mnatus 6bUia IM1aBOI LIKOJBI Heo-
IIATOHUKOB. OHA JPY>KWIa CO MHOTMMH XPUCTHAaHAMH, HO OCTaBajlach BEpHA TPaAULIMAM
KJIACCHYECKOTo (I3bI4eCKOro) 3/UIMHM3Ma. B XpucThaHCKoil OOI[HHE pacnpocTpaHWICH
CIIyX, 6yATO OHa BOCCTaHOBWIA puMckoro npedekra OpecTa MpoTHB enuckona Kupwuia.
U3-3a aToro ciyxa B 418 rozy H.3. TojMa XpUCTHAHCKOM YepHH yowia UnaTuio oCTphIMH
YepenkaMH, pacTep3aja e€ TeJo Ha KyCku M coxria. ITocie Minatum ¢ BeJMKOH ajek-
caHZpUHCKOH MaTeMaTH4YecKoi Koo 6bU10 MokoHYeHo. IlocieHAA coOXpaHUBIIAACA B
AsnexcaHapuy 6ubnroTeka 6bUIa pa3srpoMJIEHa 32 HECKOJIBKO JIeT Ao youiicTBa MnaTuu.
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IPaHHUKOB, OTKPHITHIX ApxuMezoM. B kuure VI [Manm o6cyxaeT Tpak-
TaThl JPYTUX aBTOPOB IO acTpoHoMuUu. B kuure VII ITamn obcyxzaaer
counHeHuA EBrmza, ATIOJUIOHHA U ApUCTes ¢ TOYKY 3peHHUA aHa1u3a 1
CuHmMe3a: IIpYU aHaJIM3€e MBI IpeAIonaraeM y>ke U3BeCTHBIM TO, YTO HyX-
HO JI0Ka3aTb, U CMOTPUM, U3 Yero 3TO cleAyeT, IoKa He AOHAEM J0 de-
ro-HUOYADb yoKe JeHCTBUTENBHO U3BECTHOIO WIH 10 OCHOBOIIONIAralouux
NIPUHIUIIOB; IIPY CHHTe3e MBI ABIDKEMCS B IPOTHBOIOJIOXHOM HallpaB-
slennd. B kuure VII Tlannm BBOAUT ABOMHOE OTHOIIEHUE YETHIPEX TOYEK
U JOKa3blBaeT ero MHBapUaHTHOCTb NPU IIPOEKIMAX; B 3TOM XKe KHUre
OH BBOJUT ITOJIIOC U MOJSIPY OTHOCUTENBbHO OKpy>kHOCTU. KHura VIII no-
CBAllleHa MeXaHUKe, HO TaM BCTpe4aeTcs MHOI'O YUCTO MaTeMaTUYeCKUX
3aja4 U TeopeM. B yactHocTy, Ilann CTpOUT KOHUYECKOe CeYeHUe 110
IIATU TOYKaM; CTPOUT OCH KOHUYECKOTO Ce4eHH IO IBYM CONPSKEHHBIM
AvameTpam.

MHorue TeopeMbl U3 «MareMaTH4eCcKoro cobpaHus» Ilanma cramu
LIMPOKO M3BECTHHI JIMIIb IIOCIe TOr0, KaK MX 3aHOBO OTKPBLUIM 3HaMe-
HUTbIe y4éHble. DTO OTHOCUTCH K TeopeMe ['yibauna 06 06béme Tesa
BpauleHus U k teopeme Jlesapra. 1 ecsin teopemy I'ynbanHa 4acTo Ha-
3bIBalOT Teopemoii [Tanna — I'yspAuHa, To TeopeMy Jlesapra HUKOIa He
HasbIBalOT Teopemoii [lanna — Jlesapra. bosnee Toro, roBops o Tex, KTO
3aJI0XKII OCHOBBI IIPOEKTUBHOM reoMeTpuH, npo [lanmna yacto 3abbiBa-
IOT, XOT UMEHHO B ero «MareMaTniecKOM cO6paHUN» BIepBble NOSABU-
JIUCh BCe OCHOBHEIE TeOpeMBbl IPOEKTUBHOM TeOMeTPHH, B TOM YUC/Ie U
Teopema O COXpaHeHUHU ABONHOIO OTHOLIEHUs IIPH IPOEKIUAX.

O6cyaum Teneps OGosiee IOAPOOHO HEKOTOPBIE U3 Hauboee UHTEPeC-
HeIX TeopeM [lanma.

O6061enue Teopemsl ITudaropa

B kuwure IV [lann zokassiBaeT 06061eHne TeopeMsl [Tudaropa, ko-
TOPYIO OH HasbIBaeT npeayioxkeHueM I, 47 Esximza.

ITycme Ha cmoponax AB u AC mpeyzoavnuka ABC nocmpoenst npous-
gonbHble napanenozpammst ABDE u ACFG. ITycms, danee, H — mouka
nepeceuenust npodosncenuti cmoporn DE u FG (puc. 2.71). Toeda cymma
naowadeil napaanenozpammos ABDE u ACFG pasna naowadu napan-
Jlen02pammd, CrmopoHbL KOMOpP0o20 pAéHbL U NapaLienbHbt ompeskam BC
u AH.

Joxazamensvcmso. Ilapannenorpammel ABDE u ACFG MOXHO 3aMme-
HUTH Ha napajenorpammbl ABHH n ACH,H, He MeHsA IIpH 3TOM MX
wiom@azab. SICHO Takxke, 4YTO CyMMa IUIOLIaZiel AByX HOBBIX Ilapasuiesio-
rpaMMOB paBHa IUlolazy napauienorpamma BCH,H, .
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Puc. 2.71

OKpYKHOCTH, BIIUCAaHHbIE B apbesioc

B kuure IV [Tanm pacckasriBaeT TaKKe U O JBYX TeOpeMax 06 OKpYX-
HOCT#AX, BIIUCAHHBIX B apbesioc. Ilamn He Ha3bIBaeT aBTOpA 3TUX TeEO-
peM, OH IIPOCTO MUIIET, YTO «B HEKOTOPHIX KHUraX IIPUBOAUTCS IpEBHEE
MpeJJIoXKeHHE TAKOTO poja». BecbMa BEpPOSATHO, YTO aBTOPOM 3TUX Teo-
peM ObUT ApXUMeJ.

Paccmompum nocnedogamenvHocms okpyscHocmell ¢ yenmpamu Oy,
O,, ..., snucaHHbix 8 apbenoc (puc. 2.72(a)), u cucmemy okpyxcHocmeil
¢ yenmpamu O, O,, ..., BNUCAHHBIX 8 uzypy, NOXoxcylo Ha apbenoc, Ho
8 KOmopoli 8MeCMo 3aKpAuLeHHO20 NOJLyKpy2a 835M 3aKpAWeHHbLl Kpye
(puc. 2.72(6)). ITycms p; — paccmosinue om O, do duamempa AB, d;—
duamemp okpymcHocmu ¢ yenmpom Oy. Tozda

px=kd, 8 cnyuae (a),
1
Pk = (k + E)dk 8 cayuae (6).

Ms1 06cyauM Juib caydaid (a). s Tex, KTO 3HaKOM C UHBepCUeH,
OTMETHUM, YTO IIOCJIe HHBEPCHH C IeHTpoM A 06a yrBepxenus (a) u (6)
CTAHOBSTCA OYEBUZHBI.

<N
=0
v

N
>}

(@ ©)
Puc. 2.72
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JokasaTesnberBo ITanma oCHOBaHO Ha CIeAYIOUIMX TPEX JeMMax.
JlemmMma 1. Jna mpéx nonapro kacarouwjuxcs (8HewHUM obpazom) ok-
DYHCHOCMell 8bINOJIHAIOMCS. COOMHOWEHUS

AB:BC=AE:EC u KE-EL=EB?
(puc. 2.73).

Puc. 2.73

Hokazamensvcmao. Tak Kak CD || AG, To
AB AK  AE

BC ™~ CD ~ EC
Kpowme Toro,
KE_AE_AB_ AB_ AE—AB_ BE
ED EC BC CF EC—-CF BF’
CregoBaTesibHO,

KE-EL _  BE*
EL-ED ~ BE-BF’
Ho EL - ED = BE - BF, noatomy KE - EL = BE?.
JlemMma 2. /Ina okpysmcHocmu paduyca r ¢ yenmpom A, kacarowetics
08YX nosLyokpyxcHocmetl, 8bINONHAIOMCA CAedyrouue COOMHOWEHUS:

BM _ BC+BD

—— . — 2
- =3c_pp» BK-LC=AM
(puc. 2.74).
G
H AJF
B KDM L C

Puc. 2.74
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JlokasaTesbCcTBO. VI3 nozo6us nap TpeyronbHUkoB BCG u BHK, BFL
u BDE crepyer, 4TO

BC-BK=BH-BG=BF-BE=BD-BL.

ITosTomy
: BC+BD _ BL+BK _ 2BM M

BC—-BD ~ BL—BK KL r’

U3 noao6us TpeyronbuukoB BHK u FCL crieayert, 4To
BK -LC=KH -FL=AM?.

JlemMma 3. /lge okpyxcHocmu ¢ yenmpamu A u P u duamempamu d u d’
kacaromes dpye dpyea u ewé d8yx nosyokpyxcHocmelii (puc. 2.75). Toeda

AM+d _ PN
d ~d-

Jloka3areiabcTBO. CorjyiacHo jeMme 2

BN _ BC+BD _ BM
PH BC-BD AH"

[Tycte F — TOouyka nepecedyenus npsamelx AP u RE. CorsnacHo jemme 1

FA _AH _ BM

[MoaToMy Touka F JIeXKUT Ha KacaTeJbHOMU K ITOTyOKPYKHOCTH, ITPOXOAS-
el yepe3 TOUYKy B.
CornacHo jemMe 1

FH?=FE -FR=FB?, T.e. FH =FB.
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M3 aToro, B 4aCTHOCTH, cleAyeT, yTo TOYkH O U S, B KOTOPHIX IIpsAMas
BH nepecekaeT nepneHguKyasapel PN u AM, nexaT Ha OKPY>KHOCTSIX C
LeHTpaMu P 1 A cOOTBeTCTBEHHO. [1oaToMy

KS _BK _BM _FA_AH _AS

PO"BP BN FP_ PH PO’
T.e. KS = AS, a 3HauuT, KA =d.
flcHO Takke, 4TO

MK _PN _  AM+d_ PN
kS —po’ %

9TO U Tpe6OBAIOCH.
Tenepnb yxe MOXKHO [JOKa3aTh OCHOBHOe yTBepxkZAeHue. VI3 jeMMbl 3
cyeayer, YTo

[ToaToMy AOCTaTOYHO JOKa3aTh, 4YTO p; =d;, T.e. AM = KL (puc. 2.76).

e A L
B K DM L C
Puc. 2.76

[Ipu foKa3aTeNbCTBE JIEMMBI 2 ObLIO IIOJIyYEHO COOTHOLIEHUE
BC-BK=BD-BL,
13 KOTOPOTO CJIeJyeT, YTO

CD _BC—BD _ BL—BK _ KL

BD ™~ BD BK ~ BK® )

Touyku B u C UrparoT OZUHAKOBYIO POJIb, IO3TOMY BBHIIOJIHAETCA TAKXKe
Y COOTHOLIEHHE

BD _ KL '

CD ~ CL* @)

U3 cooTHomenuit (1) u (2) creayet, uro BK - CL = KL2. C apyroii

CTOpOHHI, coriacHo gemMe 2, BK - CL = AM?, a snauur, KL = AM, 4rto
U TpeboBaJIOCh.
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Teopema Ilanna — I'yipAuHA

B xuure VII, mocBsiméHHON aHanmusy U CHHTe3y, cOpMyIHpOBa-
Ha olegyromad Teopema [lanmna (BnociescTBUY nepeoTKphITas ['yabay-
HOM): 06bEM Tesia, 0Opa30BAHHOTO NpPU BpALleHUU IUIOCKOH GUIypH
BOKPYT KaKOH-JIU6O Jyiexalneil B e€ IUIOCKOCTH IIPSIMOM, paBeH IPOM3-
BeJIeHUIO Iwomazu GUrypel Ha JJIMHY OKPY)KHOCTH, OIMCaHHOH INpH
BpallleHUH e€ IIeHTPOM TSDKECTH.

Teopemsl [lanmna u Jlesapra

B xuure VII [lann npyuBOAUT JIEMMBI K COYMHEHUAM AIONJIOHUA U
EBKJINZIa, MHOTHE U3 KOTOPHIX yTepsAHbl. OCOOEHHO MHTEPECHH! IEMMBI
IManna k yrepsAHHOU KHUre EBKTnza «I1opUsMBbl» (IIOPU3MBI — 3TO Ipe-
JIOXEHHUA, 3aHUMalollee IPOMEXXYTOYHOe IOJIoXKEeHHe MeXZAy TeopeMa-
MU U ocTpoeHUsAMH). [Tanm, B 4aCTHOCTH, OTMeYaeT, YTO HECKOJIBKO I10-
pu3MoB EBkiIMza MOXXHO O6BEIUHUTD B OZHO yTBEPXKAeHHe, 8 UMEHHO:

ITycmwb uemvlpe npsimoie nepecekaromcsi 8 moukax A,B,C,P,Q u R
(puc. 2.77). Echu mouku A,B u C ¢ukcuposansl, a mouku P u Q dsu-
HCYMCS N0 NPsAIMbLM, MO mouka R dguxcemcst no npsimotl.

Puc. 2.77

OuyeBUZHO, YTO KOI'Z]a TOYKA P u Q CJIMBAIOTCA B OAHY TOYKY, BECH
TpeyrolbHUK PQR TOXe CIUBaeTCA B OZHY TOUKY. [ToaToMy TpeThbs GpUK-
CHpOBaHHas NpsAMad IPOXOAUT Yyepe3 TOUKY IlepecedyeHHs NIePBIX ABYX.
(CnpaBegyiuBOCTH paju cjiefyeT OTMETUThb, 4YTo caM Ilanm sToro ode-
BUZHOTO 3aMeYaHuA He JienaeT.) Takum o6pa3oM, B3sB APYTyIo Napy To-
4ek P; 1 Q;, MBI IOJIyYUM KOHOUTYpaIuIo 3HaMeHUTOH TeopeMsl Jle3ap-
ra (puc. 2.78).

[Tone3HBIM MHCTPYMEHTOM IIpU JOKa3aTeJbCTBe PasjM4YHBIX JIEMM
[Manmy cay>XUT yTBep)KI€HHEe O COXpAaHEeHUH JBOHHOrO OTHOLIEHUS

AB-DC
AC-DB
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Puc. 2.78

IIpY NIPOEKUUAX OAHOU NMpAMOH Ha APYTYIO, T. €.

AB-DC _ AB,-D,C; (1)
AC * DB - ACI * DlBl

(puc. 2.79). [1ann paccMaTpUBAeT TOJBKO YaCTHHIN C/Iydail cOXpaHeHHA
JBOMHOrO OTHOIIEHHA, a UMEHHO, TOT C/y4yal, Korza Toyka A nepece-
YeHUs NMPSAMBIX caMa y4acTByeT B ABOMHOM oTHolleHuU. Ho 3To Hecy-

IecTBeHHO. JeJio B TOM, YTO eCIi A’ — IpOU3BOJIbHAA TOYKA MPAMOM,
. . A'B-DC
Ha KOTOpoM JiexxaT Touku A, B,C u D, To ABOMHOe OTHOIIEHHE AC-DB

O4YeBUAHBIM 00pa30M BBEIpQXKaeTCA Yepe3 JBOIHBIE OTHOLIEHUS %
AB-A'C

H——

AC-A'B’

Puc. 2.79

Coornourenue (1) [Tann gokasbiBaeT ciaegyoumm obpasom. IIpoBe-
IEM 4epe3 TOYKY A NpsAMBble, apajulenbHble IpAMbIM OD 1 OC. OHu
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Puc. 2.80 Puc. 2.81

nepecekyT npsimele OB u OD B Toukax K u L (puc. 2.80). Toraa

AB _AK - AB, _ AK
DB~ OD DB, ~ OD,’
pc_op _ DG _ 0D,
AC — AL AC, — AL"

ITosTomy
AB-DC _ AK _ AB, -D,C;
AC-DB AL AC,-DyB;’
C moMouUIbI0 YTBEPKAEHHUS O COXpPAaHEHUM JBOHHOrO OTHOLIEHHSA
[Tann goKa3bpIBaeT CBOIO 3HAMEHUTYIO TEOPEMY:
Ecnu na ompeskax AB u DE e3simst mouku C u H u npogedeHsl npsi-
mbte AH u CD, CE u BH, BD u AE, mo ux mouku nepeceueHusi P,Q,R

Jsiencam Ha o0Holl npsaimoll (puc. 2.81).

TeopeMa O LI€EHTpe TAKECTH

Kuwura VIII nocesiiieHa B OCHOBHOM MexaHuke. OfHa u3 Hauboiee
WHTepeCHBIX TeEOpeM 3TOU KHUTH cleylolas.

Ha cmoponax BC, CA, AB mpeyzoanvHuka ABC e3amwt mouku D, E,F
maxk, umo

BD :DC =CE :EA= AF : FB.

Toz0a yenmpuL msincecmu mpeyzonsHuko8 ABC u DEF cosnadatom.

[Tann npuBOAUT JOBOJIBHO AJIMHHOE Z0Ka3aTeJIbCTBO 3TOU TEOPEMEI,
omnuparoleecs Ha TeopeMmy MeHesas.

HTepanoHHOe yABOEHHE Ky6a

C IOMOIIBIO UPKYJIA M IMHEHKH 3a KOHEYHOE YHCJIO IIaroB PeLIUTh
3ajiayy yABOEHUsS Kyba Hesb3si, HO pellleHre MeTOZOM MOocIefoBaTelb-
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HBIX IPUGIDKEHUI [TOTYIUTh MOXHO, IIPUYEM MHOTHUMH Pa3HBIMHU CIIO-
cobamu. OZHO U3 TaKUX pellleHUN coxpaHwioch B kHure III «Marema-
THYECKOro cobpaHus». VicTopus 3Toro penieHus 3arafioyHa. YenoBeka,
KOTOPBIii coobuput ero [lanmy, MHOTHE CYMTAJU XOPOLUIMM MaTeMaTH-
koM. Ux obuivie gpy3bs nonpocwy [lanmna BEICKa3aTh CBOE MHEHHUE 110
NoBoZAy 3Toro pemieHusd. [lanm pasgpakéHHO OTBETH, YTO aBTOp CaM
He TIOHUMAeT, YTO TOBOPUT, — OH yTBepXkZAaeT, OyATO HAIIEN pelieHMe
3aJa4y yABOeHUA KyHa ¢ IOMOIIBIO JIMIIb IUPKY/IA U IMHelKu! B3aumo-
HOHMMAaHHUA, KaK BUZHO, He 6bUI0. BO3MOXXHO, OHM lJaXKe He IOTOBOPIIN
IpyT ¢ apyroM. IIpousomuio, ckopee Bcero, cieayoulee. Hexuii MmaTema-
Tuk ([Tanm He yIIOMHUHAaeT ero UMeHH) NPeJIOXKII IOCTPOeHHe C TOMO-
IIBIO IUMPKYJIS ¥ IMHEHKH, MOBTOPAA KOTOPOe, Ha Ka)XIOM 1are MOXXHO
MoJMy4aTh BCE 6osiee U Goslee TOUHbIE pellieHUs 3aJja4M YABOEHUA Kyba.
Bpsz i1 OH MOT CYUTaTh, YTO TOYHOE pellieHUe IoNIydaeTcs Ha TpeTbeM
iare, Ho [lanm ero nMoHsI UMeHHO Tak. [lann 6e3 Tpyaa ybeawics, 4To
Ha TpeTbeM liIare TOYHOI'O pelleHHA He MOIy4aeTcs, U OT JAaJbHeHIIuX
obcyxeHnit HaoTpe3 oTkasazcsa. Ho Bcé xe OH NpUBEJ 3TO pemieHue B
CBOMX COYMHEHMAX KaK IIpUMep HeBEPHBIX PAaCCYyXIeHUH.

[Mann U3JI0KWI pellieHHe cieayomuM obpasom. Ilycts AB u AD —
JaHHble OTpe3KH, npu4éM AB > AD u AB | AD (puc. 2.82). OT10XuUM

E c’ F’ G K’ L’
A D Q R; ¢ Q1 R¢ ' M
X/ \Z P. [ Pl Pe

2
Y’ \ ' N
Z'\ |N; S M S
B C F G K L
Puc. 2.82

Ha NlepIeHAUKY/IApe K NpAMoil AB, BoccTaBJIeHHOM U3 TOYKHM B, oTpe-
30K BC, paBHblfl oTpe3ky AB. I[Iyctb E — TOuKa IlepeceyeHHs IPAMBIX
AB u CD. Omioxum Ha jayde BC orpe3ok BL = 5BC u pa3aenuM ero
toukamu C, F, G 1 K Ha IATh paBHBIX YacTeil. PacCMOTpUM HPSAMOYTOJIb-
Uk EBLL’. BosbMéM Ha oTpeske LL’ Takywoo Touky M, uto LM = AB.
Ilyctb N — cepeauta otpeska LM. [loctpouM Ha oTpeske LL’ Takue ToY-
ku PuQ,uro L'L:L’'N=L'N:L'P=L'P:L'Q. Ha puc. 2.83 nokasa-
HO, KaK MOCTPOMTb 3TH TOYKH: 4epe3 TOYKy L’ mpoBOgUM IPOM3BOIIb-
HyIO NIPAMYIO U OTKJIaJblBaeM Ha Heldl oTpe3ok L'N; = L'N; aanbHeii-
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3
X
1-a n )
/
L X
>xn
Q
Q P,
P
N, a L
N
1- Xn+1
L a
Puc. 2.83 Puc. 2.84

lee MOCTPOEHHE BUAHO U3 pUCYHKa. OTIOXKUM Ha orpeske KK’ oTpe-
30k KR = LM = AB, a Ha oTpe3ke LR IMOCTPOMM TaKyl0 TOYKY S, 4TO
SN || RQ (cm. puc. 2.82). Ha orpeske GG’ MOCTPOUM Takyio TOYKy N,
uto SN; || BL, vt fyia Toukn N; MpOBeAEM Takue ke IIOCTPOEHUs, KaK |
Assi Todkr N (T. e. IOCTpOUM TOYKH P, U Q;), 3aTeM HOBTOPUM HX I
ToukH N,. Ecyiu 6b1 OKasanock, uto Q,A || BC, To BC:Y'Z'=BE:Y'E=
=C'C:C'N,; Y'Z': X'Z=C'N,:C'P, u X'Z: AD =C’P, : C'Q,. A TaK
kak C'C:C'N,=C’'N,:C'P,=C'P,: C'Q,, nonyyaem

BC:Y'Z' =Y'Z :X'Z=X'Z:AD,

T.e. Y'Z' u X' Z — uckoMble oTpe3ku. Ilanm, KOHEYHO, 3aMEeTHJI, YTO IIpSi-
Mas Q,A He 00s13aTeNIbHO NMapaJliesibHa MpsAMoii BC, HO OH He 3aMeTi1
60siee IIyGOKNX CBOMCTB 3TOr0 MIOCTPOEHUA.

JlokaxeM, 4YTO IIpU IOC/IEeLOBAaTeJbHOM IOBTOPEHUM IIOCTPOEHHA
yros Mexay npsaMbeiMu Q,R,, u BL cTpeMUTCA K Hy/IIO, T. €. lim xg =1-a

n—0o
3

S S SR ot
l_xn+1 l—X"’ T n+l 1—X3
JIOXKHM CHayaia, 4to 0 < xg <1-—a. Toraa, c OAHOM CTOPOHHL, 1 — X, 1 =

1-x,

— .3
1-x’

(puc. 2.84). fAcHo, uTo . [peario-

- 3 -
=a <1 —x,, Tak KaK 1 — x; > a. C Apyro CTOpOHHI,

a

a
> =
T+x,+x2 7 1+ YT—a+ (¥1-a)?

_1-¥Y1-a_ 3
—am_—a)'—l— V1—a,

1 —Xnp41 =
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T.e. X,.1 < ¥1— a. [loC/Iel0BaTeNbHOCTb {X,} OFpaHHYEHA CBEpXY U
MOHOTOHHO BO3PACTaeT, [I03TOMy OHa uMeeT npezel. Eom 1—a<x> <1,
TO pacCy>k[eHHUsI aHaJIOTMYHHL. TakuM 06pa3oM, Ipouecc MOCTPOEeHUs
CXOAUTCA /I IPOU3BOJIBHOM TOUKU N, B3sTOM Ha orpeske LL'. Ho yem
6mwke L'N/L'L x ¥/1—a, TeM Jydilie CXOAMMOCTb. ABTOp pellleHHs 3a-
Jauu yABOeHMs Kyba ana 3/1—0,5 = W ~ 0,79 BBIOpan npubiu-
wenue L'N/L'L =3/4 =0,75. OH, 0-BUAMMOMY, JOCTATOYHO XOPOIIO
[IOHUMAVJI, 4TO JeJIall.



I'maBa 3

Kuraii. UHauA. ApaGckue cTpaHbl

BosbIinHCTBO MaTeMaTukoB Kutas, MHAUM U apabckux cTpaH Obl-
JIU OZHOBPEMEHHO U aCTPOHOMAaMM; UX pabOTHI IO MaTeMaTHKe 4acTo
TECHO CBSI3aHBI C UX UCCIeJOBaHUAMHU IO aCTPOHOMUHU. Hanpumep, ux
HMHTEpeC K PEeLIeHUIO B UEJIbIX YHCIaX YpaBHEHUH BUAa ax + by = ¢ 6vUI
CBsI3aH C acTpoHOMMei. TpUTOHOMETpHSA TaKKe pa3pabaTeBasach s
HYX/] aCTPOHOMHUH.

IMogpobHee 0 MaTeMaTHKe 3THUX CTPaH MOXHO IIPOYUTATh B KHU-
re [23]. Tlo noBoay maTeMatuku JlpeBHero Kurtaa cMm. Takxke [2], a o
ooy ¢opmel antapeii B JlpeBHeit MHauu cM. [36].

Kuraii

JlpeBHeKUTaNCKUe JIETONUCU OTHOCAT IpUMEHeHHe YTOJbHUKA U
LUpKyJA g usMepeHus 3emenb Kk 2000 rogy Ao H. 3. Ha kamHe 3roxu
XaHbp (206 g0 H.3.—220 H.3.) usobpaxensl 6oru-npapogureinn Pycu,
JepXKaluil yroabHUK, U HioiBa, Zep)xalas HUpKyab. MaTeMaTHKa Obl-
Jla OAHUM W3 IIECTU OCHOBHBIX HCKYCCTB, KOTOPBIM OOyYasIHCh AETH
KUTaNCKUX apUCTOKPATOB ellé 10 3ITOXU XaHb.

«MaTeMaTHKa B eBATH KHUTaXx»

OCHOBHO¥ NMUCbMEHHBIN UCTOYHUK JJIS U3y4eHUS ApeBHEKUTANCKON
MaTeMaTUKU — TpakKTaT «MaTeMaTUKa B IeBATU KHUT'aX», B YUCJIe COCTa-
BUTEJIEH KOTOPOTO ObUTH BaXKHbIE CAHOBHUKH: [VIABHBIA MUHHUCTP DxaH
Llan (II B. m0 H.3.) 1 MuHucTp I'3H Yoy-uaH (I B. 0 H.3.). OTOT TpaKTaT
SHuMKIoNeAuYeH. OH COAEPKUT MHOTO pasHbIX 33Jay o apudpMeTUKe
U reOMEeTPHH C IpaBWIaMHU UX pelleHUs, HO 6e3 A0Ka3aTeJbCTB 3TUX
npaBwl. «MaTeMaTuKa B eBATH KHUTax» Joliula o Hac B pegakuuu Jlro
Xyast (220—280), KOTOpBIM HamucaJ K Hell KOMMEHTapuu W AOIOJIHe-
Hus. OH cHaGAWI ZoKa3aTeJIbCTBAaMH HEKOTOpHIE NpaBWIa, HAllpUMep,
dopmyiy aJ1s BEIMUCIeHUA 06béMa mupaMubl. K coxkaneHu1o, HUKaKue
caMocCToATeJIbHbIe cCoOYMHeHUA JI1o Xyast He COXpaHWIUCh.
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CylecTBeHHOe 3HaueHUe HUMeeT Takxke «TpakTaT 06 HM3MepHUTeb-
HOM IIlecTe», HaITUCAaHHBIN paHblile «MaTeMaTUKHU B AeBATH KHUTaX», HO
6e3 eé SHIMKIOIEeIUYHOCTH.

Apobu

JleficTBUA HaJ APOOAMU B KMTAMCKOM apudMeTrKe ObUTH paspabora-
HHI TOAPO6HO. IlepBhle 3a7a4n «MaTeMaTHKU B IeBATH KHUTaX» ITOCBA-
IeHbl COKpaleHHuIo Jpobeii, KOToOpoe LIMPOKO NpUMeHsUIoch. [Ipume-
HseMoe IIPaBWIO COKpalleHUA Apobeil paBHOCWIBHO OTHICKAHUIO Hau-
6oJIbLIEro ObIero AeUTeNs AByX HaTYPaIbHbIX YHCeJl C TOMOMUIBIO aJIro-
purMa EBxinza: «To, YTO MOXKeIllb, pa3zesy IONoIaM; eCIU Heslb3s pas-
JeIUTh TIONOJIaM, TO YCTAHOBU KOJIMYECTBA YUCIUTENIA U 3HaMeHaTesd,
U3 GOJIBLIErO BHIYTU MeHbliee; POAO/DKail B3aMMHO YMEHbIIATh, TIOKa
He MoJIy4yaTcsl paBHBIE YMCJIA; Ha 3TO pPaBHOe U COKpaTu». COBpeMeH-
HOe TIPaBWIO AeJIeHHs JBYX Apobeil Kak YMHOXXEeHHs OZHOU Apobu Ha
nepeBEpHYyTYIO ApoOb B KuTae ucnonbayer Pxa Loussaup (430—490);
B EBpomne aTo nmpaBwio nepBeiM chopmysnuposai ltudens B XVI B.

ILnomaan

Knura | «<MaTeMaTHKH B JeBATH KHUTax» Ha3biBaeTcA «Obliee u3Me-
peHue noseit». HaunHaeTcs oHa 3aayaMu 06 apudMeTHYECKUX onepa-
IUAX ¢ ApobamMy, a 3a7a4u 25—38 MOCBAIIeHb BEIYUCIEHUIO IUIOIAJEH.
B 3azaue 25 npuBeZieHO IpaBWIO JJIs HAXOXAEHUA IUIOIAAU TPeyToJb-
HUKa, a B 3aladyax 27—30 npuBeZeHO IPaBWIo AJIA HaXOXKAeHHUs IUlola-
[V Tpaneuuu.

B 3azavax 31 u 32 TpebyeTcs BEIYUCINUTD IUIOMAAbL KpyTa. IIpy aTOM
B YCJIOBUAX IpUBeZeHbl U3JMIIHUE U JaXe, CTPOro roBOps, NPOTHUBO-
peuuBble JaHHbIE: yKa3aHbl AuaMeTp d U AJMHA OKpyXHOCTU C, KOTO-
pHle B 06eux 3ajavax cBs3aHbl cooTHoumeHueM d = 3C. Ilocie ycioBus
3aZay¥ 32 npuBeZeHbl ABa MpaBWiIa AJA BbIYMCIEHUA IUIomaau S Kpy-
ra. Jliss npyuMeHeHUs IIepBOro IIpaBWiIa HY)KHO AeHCTBUTENbHO 3HATh d
u C. 310 npaBwio TouHoe: S = dC /4. Bropoe npaBwiIo MpUGIIKEHHOE:
S=3d?/4.

Jns BBIYMCIEHUs IUIOIAAU CEeKTOpa Kpyra B pelleHMAX 3azad 33
u 34 npuBefieHa TouHas ¢opmyna S =dC/4 , rae d —aAnaMeTp Kpyra,
C — TMHa OrpaHUYUBAIOIIEN CEeKTOp AYTH.

BecbMa MHTepecHa NpUbMmKEHHasA GopMysia AJIs1 BBIYUCIEHUs UI0-
maau cermeHTa kpyra: S = (ah + h?) /2, rme h — BBICOTa CErMeHTa, d —
JUIMHA OTCeKalolel ero Xopasl. AHajsoruyHas ¢opMysna MpUMeHsIach B
Erunre; oHa cBf3aHa ¢ NMPUOIKEHHBIM 3HadyeHueM 7T = 3 (cMm. c. 11).
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dTa ¢popMysia UCIONb3yeTCs i pelileHus 3aza4d 35 1 36, npuyéMm B 3a-
Jade 35 paccMaTpuBaeTcs IOMYKPYT, a AJS NOJAYKpyTa, ¢ y4ETOM IpHU-
6mxeHusa 1 = 3, ata popmysia TOUHa.

Jl1d BBIYMC/IEHNA IUIOMAM KOJIbLia C BHyTPEHHUM paJuyCcoM I, BHEIl-
HUM pajuycoM R U AJMHaMU BHYyTpeHHell U BHeIIHeHd OKPYXHOCTel ¢
u C cooTBeTCTBeHHO B 3azadax 37 u 38 npumensercsa dopmyna S =

C;C(R—r).TaKKaKc:r:C:R,'ro (C+)(R—r)=CR—cr.

H3BjieyeHHe KBaJpaTHHIX H KyOHYeCKHX KOpHeH

B kHure IV IpUBOAATCA MPUEMEI U3BJIeYeHHs KBaJPaTHBIX U KyOude-
CKUX KOpHeli, OCHOBaHHbIe Ha BO3BEAECHUH JBYWIeHa B KBaJpar U B Ky6
Ha CYETHOM JIOCKe.

O6BbEMBI

BrryucieHnI0 06bEMOB NOCBsAIIeHa KHUTa V «MaTeMaTHKU B JeBATH
KHHUrax». JTa TeMa pa3paboraHa o4eHb NOZPOOHO. [ BHIYMICIEHHA
06BEMa LWIMHAPA U YCeYEHHOr0 KOHYyca IPUMEHSIOTC COOTBETCTBEH-

2 2 2
HO ¢opmyibl V = Cl—zh (3agavya 9) u vV = @%ﬂ (3amaya 11),

rae C U ¢ — JJIMHBI OKPY>KHOCTel ocHOBaHuUM, h — BrIcoTa. Eciu yuecTs
npuMeHsBIIeecs B JlpeBHeM Kutae npubnxeHue 7 = 3 U 3aMeHUThH 12
Ha 47, a 36 Ha 127, TO MONYYUM TOYHBle GOPMYJIBI.

st BBIYMC/IeHUsA 00bEéMa yCeUEHHOM MUpPaMUABI BHICOTOH h, OCHO-
BaHHUA KOTOPO# CyTh KBaZpaThl CO CTOPOHAMHU a U b, UcIosnb3yeTcs Gpop-

2 2
myna V = w (3amaua 10). Ilo-Bugumomy, ¢opmysa A Bbi-

4KCJIeHUs 00bEMa YCeYEHHOTO KOHYca OpUIa MoTydeHa o aHaJIOTHH.
[ToMuMo yceuy€HHOU nupamMuzbl B «MaTeMaTHKe B JIeBATH KHUTax»
BBIYMCJIEHB 0OBEMBI MHOTUX JPYTMX MHOTOIPaHHUKOB. Hampumep, B
3aziade 17 BeIYUCIEH 06bEM MHOTOTpaHHUKA, AByMsI T'PaHSIMU KOTOPOTO
ABJIAIOTCA NepleHAUKY/IApHbIe pYyT Apyry Tpamneuuu (puc. 3.1).

Puc. 3.1
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Eciii OCHOBaHHA 3THUX Tpaleluii paBHbI d U b, b ¥ ¢ COOTBETCTBEHHO,
a BoIcoThl paBHHl h u [, To V =1lh(a + b + ¢)/6. O1y dopMyry MOKHO
[OKa3aTh, HalpUMep, CJIeAYIoIUM 06pa3om:

b+ 58 =@ +b+o.

3

Ho HeNnoHATHO, KaK UMEHHO OHa ObUTa MmosyueHa B J[peBHeM KuTtae.
B 3agayax 18, 19, 21 u 22 BEIYUCIAIOTCSA 06bEMEI 00€INCKOB pa3iny-
HoM ¢opMHl (puc. 3.2). B oTimune OT yce4éHHOM MUPaMUBI IUIOCKOCTH

V=%lha+2[%(

GOKOBBIX IpaHeil 3TUX 0OeJINICKOB He IlepeceKaroTcs B OAHOM Touke. [
BBIYUCJ/IEHUA 0O6BEMa obesricka puMeHsaeTcs dopmysia

V= (2a; +a,)b, -g (2a,+ay)b, h
HWcnonb3ys cooTHoumeHua x +u=b; — b, u y + 2z =a,; — a,, AoKa3aTb
3Ty GOpMY/ly MOXKHO CIeAYIOIIUM 0b6pa3oM:
6V =h(6a,b, +3a,x +3au+3b,y +3byz + 2xy + 2x2 + 2zu 4+ 2uy) =
= h(6a2b2 + 3a2 (bl - bz) + 3b2 (al - a2) + 2(a1 - az) (bl - bz)) =
= h((2a1 +a2)b1 + (al + 2a2)b2).

* * *

BerunciieHre 06b€MOB BCEX PACCMOTPEHHBIX HAMU MHOTOI'DaHHUKOB
MOXXHO CBECTH K BBHIYHCIEHUIO 00bEMA YETHIPEXYTOIHHON MUPAMUJEI C
KBaZIpaTHBIM OCHOBaHHEM (XOTA U HeT CBUZETeJIbCTB TOro, 4YTO COCTaBU-
Tenu «MaTeMaTHKH B IeBATH KHUTaX» yMeJu 3To JenaTs). PopMmyiy ana
BBIYMC/IEHUA 00BéMa NMUpaMuzbl Hesb3dA A0Ka3aTh 06e3 UCIOoNb30BaHUA
npeJebHOrO Ilepexoja B TOM WIM MHOM Bufe. IlepBoe joueziiee Jjo



156 I'nasa 3. Kumaii. Mnous. Apabckue cmpambl

Hac JpeBHEKUTalCKoe A0Ka3aTelbCTBO 3TON GOpMYNBI COAEPKUTCA B
KoMMeHTapuax JIto Xyssa K «MaTreMaTHUKe B A€BATH KHUTaX». JlIA BEIYUC-
JieHus 06béMa MUpPaMUABI C IPSAMOYTOIBHBIM OCHOBAHUEM U BBHICOTOM,
OCHOBaHMe KOTOPOH ITONaZlaeT B OAHY U3 BEPLINH IPSMOYTOJIbHUKA, OH
[OCTYMaeT CIeAYIUM 06pa3oM. Pa3perxeM NpsMOYTO/bHBII ITapasuie-
JleluneZ Ha JBe paBHble IPU3MBI, a 3aTeM OAHY U3 IIPHU3M paspe)keM Ha
nupaMuay u terpasgp (OHU u3o0b6pakeHbl Ha puc. 3.3, HO C HEKOTOPHI-
MU JOTIOJIHUTENBHBIMU paspe3aHuamu). IlycTs ag, by ¥ ¢y — 0OBEMEL

AN
A Y

Puc. 3.3

NUpaMU/bl, TeTpasdjpa U IpUsMbl. fIcHO, 4TO ag + by =¢o U ¢o = 3,
rae V — o6BéM napamienenunesa. HyxxHo gokasats, uto a, = 2b, (To-
2cg V ..

Tia ap = 3 = §)' Iycth a;, b; U ¢; —06BEMBI MUpaMUABI, TeTpa-
94pa W NIpH3MBl BBO€ MEHbLIWX pa3mepoB. U3 puc. 3.3 BUAHO, 4TO
ag = 2a; + 4¢; (MMpamMuza COCTOUT U3 ABYyX MaJIeHbKUX MUPaMUZ, ABYX
MaJleHbKUX IIPU3M U MaJleHbKOTO Iapajuleienunesa) u by = 2¢; + 2b;
(TeTpasAp COCTOUT U3 ABYX MajJeHbKUX IPU3M U AByX MaJeHbKUX TeT-
paszapos). IIpogomkas npolecc fejieHUs NOoNolIaM, IoIy4aeM

ag=4c; +2a, =4c, +8c, +4a,=...,
bo =2C1 +2b1 =2C1 +4C2 +4b2 =y

ay = (4c, + 8¢y + ... + 25 1¢) + 2k,
2by = (4c; + 8¢y + ... + 2K + 2K+ 1p, .

JIro Xyaii, KOHEYHO, He BBOAUT HOZOGHEIX 0603HAYEHH U HE [oMy4a-
€T aHaJIOTUYHBIX GOPMYJI, HO €ero reoMeTpUIeCKUe pacCy K IeHHUS UMeH-
HO TaKoOBBHI. [I0 NMOBOZY 4YacTeif, OCTAIOUIMXCS NPH IOCTEAOBATENBHBIX
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JleJIeHUAX moronaM ¢uryp (CooTBeTCTByromuX wieHam 2%a, u 25+1b,),
Jiio Xyaif TOBOPHT, YTO OHU CTAHOBAITCA BCE GoMee TOHKMMH, a B KOH-
Ile KOHIIOB COBCEM HeyJOBHUMBIMU. B Ipe/ieIbHOM MONOKEHUH OHH, O
€ro MHEHHIO, He UMeIOT GOPMBI U 06 MX pa3Mepax HeT CMBIC/Ia TOBO-
DUTB, TIOTOMY YTO 3TO 3a Npe/ieAMH 4el0BeYecKoro MOHMMaHuA. Tak
YTO OCTAIOMUMUCH GUTYPaMU MHTEPeCOBAThCA He3aueM.

* * *

Jst BeIBoga GopMysibl 06bEMa NMPaBWIHHOM yCEUEHHOH IMHUpaMUZABI
C BBICOTOH h, OCHOBaHHA KOTOPOH CyTh KBaJpaThl CO CTOPOHAMH a U b
(a < b), JIro Xyaii MoCTyIaeT CIeAyIOIUM 00pa3oM. YCEUEHHYIO IMHpa-
MHZYy MOXHO pa3spe3aTh Ha IPSIMOYTOJbHBIN NMapallesienunes pa3me-
POM a X a X h, yeTelpe NUpaMuAbl C KBAAPATHBIMH OCHOBAHUAMHU U Ye-
THIPE TPEYTOJbHEIE NPU3MEL. [IyCcTh u, Vv U w — 06BEMEI ITapasuieseny-
neja, NUpaMUZbl U NPU3MBL; V — 06BEM yceuéHHOM mupamuzbl. Toraa
V =u+4v + 4w. C apyro¥i CTOpOHBHI, 3Has, YTO 0OHEM IMUPAMUJLI BTPOE
MeHblIe 06'bEMa IPAMOYTOILHOTO ITapajllesielIuiesa c TEMHU e OCHOBa-
HHEM U BBICOTON, MOXHO IOJYYUTh COOTHOLIEHHUS

a*h=u,
abh=u+ 4w,
b*h=u+2-4w+3-4v.

CI0XUB 3T paBeHCTBa, nonyduM h(a® +ab+b?) =3(u+4v +4w)=3V.

2 2
ITomumo ¢opmysnsl V = (abta +b)k JIro Xya¥i mIpUBOJUT SKBUBAJIEHT-
2
HyI0 el popmyny V = w + abh.

CucreMbl IMHEHHBIX ypaBHEHHH

Kuuru VII u VIII «MaTteMaTuku B JAeBATH KHUTaX» MOCBAIIEHBI pe-
[IEHUIO CUCTEM JIMHEMHBIX YpaBHEHUH. B HUX onMcaHbl METOABI, pa3pa-
GoTaHHbIE B pa3HOe BpeMs, 6e3 yKa3aHHA CBA3M Mexay HuMu. CHava-
Jla pacCMaTpUBAIOTCA METO/bI PellleH!s IBYX YPaBHEHUI! C AByMs Heu3-
BECTHBIMH, a 3aTeM OoJsiee MO3JHUE MeTOAbl OOIIero pelieHus CUCTeM
JIMHEWHBIX YPaBHEHUN CO MHOTMMU HEU3BECTHBIMH.

CaMBIMU JpeBHUMU SIBJIAIOTCA JBa METOAA «HU3OBITKa-HeJoCTaTKa»,
NpUMeHsAeMble [JI1 pelleHUs CUCTeM JIMHEHHBIX ypaBHEHUU C AByMs
HeU3BeCTHBIMU. [IepBBIH U3 5TUX METOAOB IIPUMEHSIETCA B TOM CJIy4ae,
Korza koa¢uLMeHTHl IIPU OZHOM HeU3BeCTHOM paBHHI 1. Ha3paHue
CBfI3aHO C TeM, YTO B 3ajavyax HAET peyb 00 MU3OBITKEe WIHM HeJAOCTaTKe
HEKOTOPO¥ CyMMHI ieHeT. HanpuMep, B oZHOH U3 3aza4 HY>XKHO HaWTH
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YUCJIO MOKYyIaTeel U CTOMMOCTD IOKYIIaeMOU BellH NpU JABYX YCJIO-
BHAX: €CJIM KaXKIBIH MOKYIaTelb 3alUIaTUT 9, To u3bbIToK 6yaer 11, a
eCJIM KaXkbli NTOKyTIaTesIb 3aIIaTUT 6, To HegocTaTok byzer 16. Cocra-
BUTeNU «MaTeMaTHUKH B AeBSITH KHUTAX» pacCMaTPUBAIU TOJBKO IIOJIO-
JKUTEbHBIE YUCJIA, TIO3TOMY HapsiZy CO CIydaeM «U30bITOK-HeJOCTaTOK»
OHH paccMaTpPUBAJIH APyTHE CIy4au: «JBa U3ObITKa», «Ba HEJOCTATKa»,
«M36BITOK-paBHOBECHE» M «HEJOCTAaTOK-paBHOBECHE». B COBpeMeHHbIX
0003HaYEHUAX B 33/la4e HA «M30BLITOK-HEAOCTAaTOK» HYXKHO PEelIUThb CH-
CcTeMy ypaBHeHUH a;x =Yy + d, a,x =y — d,, TAe a; > a,. ComacHo
NpaBWIY HY>KHO COCTaBUTh

«Wu» = ayd, + a,d;, «da»=d;+d,, pasHOCTb=a;—a,.
Iocste 3TOro HeM3BeCTHbIE HAXOAATCA MO GopMyIam

_ «(1)3» _ dl + d2 _ «JIIH» _ a1d2 + azdl
pasHOCTb  a; —a,’ Pa3sHOCTh a,—a, °

JlJifg ocTa/JbHBIX CTydaeB ObUTH pa3paboTaHbl aHAJOTUYHBIE ITPABUIIA.

Kuwura VIII «MaTeMaTHKH B AeBATH KHUTaX» HasbIBaeTcA «DaH-YoH»;
OHAa IOCBAIIEHA pPEeIlIeHUI0 CUCTEM N JIMHEHHBIX YpaBHEHUI C n Heus-
BECTHBIMH. MeToZ pellleHHs 110 CBOeH CyTH coBIaJaeT ¢ MeTogoM [ayc-
ca: MaTpHILa CUCTEMBI IMHEMHBIX YpaBHEHU II0C/Ie0BaTEIbHO IPe0h-
pasyeTcs K TPeyrobHOMY BuAy. KuTalicKuil MeTO/ OT/IMYAeTCs OT METO-
Ja laycca JIMIIb TeM, YTO BCe ONlepally IPOU3BOAATCS Ha CYETHOM J0C-
ke. CaMo ¢JI0BO «aH-Y9H» O3HAYaeT BEICTpaUBaHUE YHCE IO KJIETKaM.

B KuTae npu pellleHUH JMHENHBIX YpaBHEHUI BIIEPBBIE B UCTOPUH
cTajli IPUMEHATHCA OTPHUIATe/bHbIe YucIa. [ pasTudeHus MOT0XKH-
TeJIbHBIX ¥ OTPHULATEIbHBIX KO3 PUIUEHTOB GBUTH BBEAEHDI CIIELAAb-
Hble TEPMHUHBI M Ha CYETHOM ZAOCKE HCIIOIb30BATKUCH AJIOYKH Pa3HOIO
1[BeTa: KpacHbIEe /ISl TOJIOKUTENbHBIX YHUCE U YEPHBIE JIJISI OTPHULIATEb-
HbIX. OTpHIaTebHEIE YKcia 6bUTH BBeJEHH! 151 GOPMaIbHOTO PacIpo-
CTpaHEHHMsl aJIrOPUTMa pelleHUs JIMHEUHBIX YpaBHEHH Ha JIo6Oble 3a-
Jauu.

Teopema IIndaropa u nmudparopossl TPOHKH

Kuralickye jleTONNCH OTHOCAT NpUMeHeHHe IPAMOYTOIbHOTO Tpe-
YTOJIBHMKA CO cTOpoHaMmu 3, 4 u 5 k 2200 rogy Ao H. 3., HO Ha 3TO 3a-
sIBJIeHUE BpsZ JIM MOXKHO ITojyiaraThbces. JlpeBHeKkuTalckas «MaTeMaTrka
B [IeBATU KHUTraX», CocTaBjleHHas B | Beke 0 H. 3. —I Beke H. 3., cogep-
JKUT MHOTO 33/lay, pellleH!sA KOTOPBIX MCIONb3YIoT TeopeMy ITudaropa.
PemeHus 3THX 33724 IPUBEZIEHBI B BH/E O6GIIUX TpaBWI, HO J0KA3aTellb-
cTBa TeopeMsl [Tudaropa B 5Toit kHure HeT. E€ 0Ka3aTenbCTBO NpUBe-
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JleHO B KOMMEHTAapHUAX K 3TOHM KHUTe, oTHOCsAmuxcA K 111 Beky H. 3. Ha co-
OTBETCTBYIOLIEM yepTexke (OH cxeMaTU4YHO BOCIIpOU3BeZEH Ha puc. 3.4)
1306paXE€H TPEYTOJIBbHUK CO CTOPOHAaMHU 3, 4 U 5, HO J0Ka3aTesIbCTBO r'o-

D A
A S
F
B C
~ Y
E
Puc. 3.4

JUTCS AJIs1 I060ro IpsIMOYTOJNILHOTO TpeyroabHUKa. [IpousBeseHue Ka-
TeToB BC 1 AC npsAMOYTOJILHOTO TpeyrolibHUKa ABC paBHO ILIOIIAAH
npssMoyTonbHUKa ACBD, T. €. paBHO YABOEHHOH IUIOIIAAU TPEYTOJIbHU-
Ka ABC. CnepoBaTenbHO, TpUOABUB IUIOLIAAb YETHIPEX IPAMOYTOIBHBIX
TPEYTOJIbHUKOB K IUIOIIAAX BHYTPeHHEro KBajpara, [oJyquM IUIoIajb
kBagpata ABEF, T.e. 2ab + (b — a)? = ¢, a 3auur, a® + b%* = 2.

INocneansas kHura Tpakrara «MareMaTUKa B A€BATU KHUTaX» MOCBA-
[IeHa IpAMOYTOJIbHBIM TpeyrojlbHUKaM; NepBble 14 3aza4, KOTOpBIE pe-
LIAlOTCA B HEM, CBA3aHBI ¢ TeopeMoii [Tudaropa. dTa KHUra Ha3bIBaeTCsA
«[Oy-I'y», HOTOMY 4TO 20y — 3TO MEHbIINI KaTeT (0OBIYHO PUCYEeMBIii To-
PHM30HTAJIBHO), 2y — GonbIINil (BEPTUKANBHBIN) KaTeT, a 20y-2y — 3TO U
ecth TeopeMa IIudaropa. 'unorenysa HasbIBaeTcs cAHb. [0y, Ty U CAHD
MbI 6yZieM 0603Ha4aTh d, b ¥ ¢ COOTBETCTBEHHO.

3agzaua 1 Haubosnee npocra. M3gecmHo, 4to a =3 u b = 4. HyxcHo
Hatimu c. PellleHue faHO B Bujie OOIIEro NpaBuiIa, IPUYEM €ro 3aruch
OoYeHb KOPOTKAs — OHA COCTOUT U3 13 0ZHOCIOXKHBIX Neporn¢oB: «Bo3-
BeJu B KBaApar roy u ry. CIoku Mx M HaWau KBaJpaTHBIH KOpeHb us3
CYMMBI. JTO U €CTb CAHb».

3agaum 2 ¥ 3 TOXKe BecbMa IIPOCTHI: B HUX N0 0aHHbiM d =3, ¢ =5
(coomeemcmsento b =4, ¢ = 5) mpebyemcs Hatimu b (coomsemcmeeH-
HO a).

3azauu 4 ¥ 5 TOXXe OTHOCATCA K 3TOMY IIpOCTelillleMy TUIy 3aJad,
HO uX GOPMY/IMPOBKHM ropasfio MHTepecHe!, a AJjd pelleHHd 3ajadyu 5
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HY>XKHO JaXXe MMeTb IIpe/iCTaB/lieHHe O pasBOpPAaYMBAaHUM LWIMHApHYE-
CKOI1 ITOBEPXHOCTHU Ha IUIOCKOCTb.

3apmaya 4 taxoBa: Mmeemcs 6pesHo duamempom 2 yu 5 yyHeil. Ec-
JIU 8bINUAUMB NPAMOY20JibHbLLU 6pyc moawuHotl, Hanpumep, 7 yyHell, mo
cnpawusaemcs, kakosa 6ydem ezo wupuHa?

Tak kak 1 uu = 10 uyHeit u 25% — 72 = 242, To mmpuHa 6pyca paBHa
2 4yu 4 uyHs. PemeHue 3Toi 3a71auul HEABHO MCIOJIBb3YeT TO, YTO BIMCAH-
HBII yTOJI, ONTMpaIOLIUICs Ha JUaMeTp, IPSIMOIL.

B 3agaue 5 peub UAET GaKTUYECKU O BHIYUCJIEHUU JJTUHBI BUHTOBOH
nuHun: Mmeemcs Oepeso 8 2 umcana OauHol, obxeam ezo 3 uu. Y ezo
NOOHONCUS pACMEM Nyapapus, KOmopasi NOOHUMAem sl CeMblo 8UMKAMU
80kpyz Oepesa 00 e20 sepuluHbl. Cnpawiugaemcs, Kakosa OJIUHA My3pa-
puu?

Pa3BepHyB BUHTOBYIO JIMHUIO Ha IUIOCKOCTb, NOJYYUM IPAMOYTO/Ib-
HBI TpeyroJbHUK C KaTeTaMu 2 wkaHa = 204u u 7 X 3 yu = 21 um.
JUiiHa myspapuM paBHa TUIIOTeHy3e 3TOro TpeyrojabHUKa. OcTaércs
3aMeTHTh, 4To 20° + 212 = 292,

Creayromue 11 3aa4 Toxe CBA3aHBI C COOTHOIIEHHeM a? + b? = c2,
HO UX pelileHUs 6ojlee CJIOXKHBI; U3 9TOrO COOTHOIIEHHUA OHU CJIeAyIOT He
cpasy. Harmpumep, B 3agayax 6—10 1o JaHHOMY KaTeTy U Pa3HOCTH MeX-
Jy TUIOTEeHY30M U KaTeTOM HY)XKHO HalTH ocTajibHble d/IeMEHTHl Tpe-
yrosbHUKa. [Ipu aToM B 3azavyax 6 1 7 gaHbl a u d =c — b, a B 3a7a4ax
8—10 zaubl b u d = ¢ — a (HanoMHuM, 4To a < b). K 3agayam 6—10
BecbMa 6im3Kka 3azada 13. B Hell BMeCTO pa3HOCTU I'MIIOTEHY3HI U Ka-
TeTa JaHa UX CyMMa. Pemenus 3azay 6—10 npuBeZieHbl B BUZE 3KBU-

BaJICHTHBIX, HO BCE Xe Pa3JINYHBIX ITPpaBUII. Pemenue 3agauyu 6 ocHo-

2 _ g2
BaHO Ha ¢opmyne b = a_Zd_d_, rae d = c — b, a peumenus 3agaqy 7—10

1/ a?
OCHOBaHHI Ha ¢opmyse ¢ = 5 rika d ). llpaBwio A pelleHUs 3aja-
4y 13 aHaJOrMYHO MpaBWIaM pelleHus 3aga4d 7—10: b= —;—(dl - S—),
1
rae d; = ¢+ b. Otu GopMysIbI MOXKHO NONYYUTh ABYMS PasHbIMU CIO-
co6amu. Bo-niepBhIX, MOXKHO BOCIIOIb30BaThCsA IEPErPYIITUPOBKOM IUIO-
mazed (puc. 3.5). Tak Kak

a?=c?-b?>=8;+S5,+ 83 =25, +S3=2b(c — b) + (c — b)? =2bd + d?,

a? —d?
TOb= 2d . A Tak Kak

S1+8S3+83=8,+8,+S3=(b+c)*—2b(b+c)=d?—2bd,,
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d?—a? a2 a2
T0 b= —2d, Bo-BTOpHIX, TOXxJecTBa ¢ — b = —ﬁ mc+b=—3
2
MOXHO npeo6pa30BaTb crepyomuM obpazom: (c +b) —2b = +b
Y, _1(a
2c—(c—b)— , a 3HAUUT, b—z(d1 a—l)nc—z(d+d).l'lep-

BHIH CIIOCOO 60J1ee €CTeCTBEH /I MaTeMaTUKH JPEBHOCTH, HO OH IPH-
BOAUT K $opMyJie, KOTOpask HCIIOJIb30BaHa JIMIIb B pellleHUU 3aJauu 6;
B pellleHUAX APYTUX 3aAa4 UCIIOIb30BaHbl (pOPMYJIbI, K KOTOPHIM IPUBO-
JWUT BTOPOH CIIOCO6.

b

Puc. 3.5

MaremaTudeckoe cofiepxkaHue 3agad 6—10 u 13 mbl usnoxwid. Ho
ux GOpMyJIMPOBKU BecbMa UHTEPeCHBI, IO3TOMY Mbl IPUBEAEM uX (A1
pelLIeHUs 3TUX 3a/la4 HY>KHO 3HaTh, uyTo 1 wkaH = 10 yu = 100 uyHeit).

3agzaua 6. Mmeemcs 8000émM co cmopoHoll 8 1 uxncan. B yenmpe ezo
pacmém kamwlwt, komopbslii 8bicmynaem Haod 800oli Ha 1 uu. Ecau noms-
Hymb kamblw k bepezy, mo OH Kak pas KocHémcs ezo. Cnpawiusaemcs,
Kakosa 2ytybuHa 800bl U KAK08a OJIUHA Kamblula?

3agaua 7. Umeemcs cmonb, k e2o sepwuHe npussisax kanam. Koxey
kanama OnuHoll 3 yu sexcum Ha 3emue. Ecru kaHam HamsiHyms, mo
paccmosiHue 00 ocHosaHust cmoaba 6ydem 8 uu. Cnpawugaemcs, Kakosa
OonuHa kauama?

3agaua 8. Hmeemca cmena svicomoli 1 uxwcan. K cmeHe npucnouén
cmonb mak, 4mo 8bLCOMA HAKLOHHO20 CMoaba CPABHSNACL CO CMeHO.
Ecau cmon6 ommawums Ha 1 uu om cmeHsl, Mo OH ynadém Ha 3emio.
Cnpawusaemcsi, kakos cmon6?

3agaya 9. Hmeemcs 3amyposanHoe 8 cmeHy bpesHo, duamemp ezo
HeusgecmeH. Ecau cnunums ezo Ha 1 yyHb, mo wupuHa cpesa 6ydem pas-
Ha 1 yu. Cnpawusaemcs, kakos ouamemp 6pesna?

(Ha puc. 3.6 c — b=1 uyss, 2a =1 uu, 2¢ — UICKOMBIH AUAMETP.)
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a
c—b b y
]
Puc. 3.6 Puc. 3.7

3azaua 10. Imeromcsi omkpbimsle 80pomd, Komopble yOdneHbl om
nopoea Ha 1 uu u He cosnadarom Ha 2 yyHsa. Cnpawusaemcs, Kakosa
wupuHa gopom?

3apaua 13. Hmeemcs 6ambyk avicomoii 1 uncan. BepuwiuHy e2o cozHyau
mak, 4mo oHa Kacaemcs 3emJu Ha paccmosiHuu 3 uu om kopHsi. Cnpautu-
saemcsl, KaK08a 8bLCOMA NOCAe c2ubanus?

3azaua 11 emé 6osee cioxHasn: Mmeemcs 0seps, 8blcoma Komopot
6onbute eé wupuHnst Ha 6 yu 8 yyHeli. Haubonvuiee paccmosHue mexcdy ye-
namu (Quazonans) 1 uxcan. Cnpawugaemcs, KAK08bL WUPUHA U 8bLCOMA
Osepu? B arToii 3asa4e no JaHHBIM d = b — @ U ¢ Hy»KHO HaiiTi a u b. OT-

. 2—2(d/2)?
BeTAaETCHBBI/LD,ea=f—di,b=f+%, rae f =/ #—.BKOM-

MeHTapuax K «MaTeMaTuKe B JeBATHU KHUrax», oTHocamuxcsa k III Be-
2 2

. c“—d
Ky H. 2., pellleHHe 3TOU 3aJlayy OCHOBAHO Ha YpaBHEHUU x*4dx= 5 s

rge x = a. DTO COOTHOIIeHVe B KOMMEHTAapUAX A0Ka3aHO CIeAyIOoluM
o6pazom. Ilycth S — IOWaZib KaXKJOro U3 3aKpalleHHBIX Ha puc. 3.7
TpeyroiabHUKoB. Torga

c2—(b—a)?
2

3azaya 12 no ¢opmynupoBke 6;1u3Kka k 3agade 11: Hmeemca dsepb
HeuszgecmHoll 8blcombl U wWupuHbl. LupuHa dsepu Kopoue Heu3B8ecmHol
OnuMbl 6ambykosozo wecma (He xeamaem 4 uu), OAuHa 08epu Kopoue
Onumbl wecma (He xeamaem 2 yu), ¢ OUAZOHALIO OIUHA Wecma KAK pa3
cosnadaem. Cnpawusaemcs, Kakosbl WUPUHA, 8bLCOMA U OUAZOHANb 08e-
pu? B aToii 3ajaue N0 AaHHBIM ¢ —a = p U ¢ — b = q TpebyeTcsa Hai-

=2S=ab=x(x+ (b —-a)=x*+ (b —-a)x.
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™ a, b u c. OTBeT NpuBeA€H B BUAe a =q + 1/2pq, b =p + 4/2pq,
c=p+q+ 4/2pq. 3TO BecbMa cepb€3Had 3afada. EfBa s He camoe
npocToe eé pellleHUe JAIOT Ipeo6pa3oBaHUsA

2 +2pg=a’*+b*+2pq=(c—p)*+(c—q)*+2pg=
=22 -2(p+q@)c+ (p+ 2,

T.e.2pg=(c—(p+ q))z.

B 3agayax «MaTeMaTHKHY B IeBATHA KHUT'aX» HaM y>Ke JOBeJIOCh BCTpe-
TUTh HECKOJbKO NudaropoBrix TpoeK. Pemenus 3azay 14 u 21 mo-
Ka3blBalOT, YTO COCTABUTENU 3TOU KHUTH BIaJed OOLIVM IPaBHIOM
nosy4eHus nudparopoBEIX TPOEK.

3agauya 14 takoBa: /[ga uenoseka Haxodsimcsi 8 o0Hom mecme. Hop-
Ma x006b6bt A ecmb 7, Hopma xo0vbbt B ecmb 3. B udém Ha 80cmok.
A udém 10 6y Ha 12, 3amem UOEM NO KOCOMY HANPABJEHUIO HA Cedepo-
socmok 0o ecmpeuu ¢ B. Cnpawusaemcs, kakoti nyms npowén kaicowil
u3 Hux, A u B? B ¢opmynupoBke 3azayd 21 TOXe y4acTByeT «HOp-
Ma xoapObl». B 3asade 14 Hy>XHO HAWTH NPSMOYTOJBHBIA Tpeyrojb-
HUK C JaHHBIM KaTeTOM d, CTOPOHBI KOTOPOIO YZAOBJETBOPAIOT COOT-

7b
HOWIEHMIO @ + ¢ = 5. [IpaBwiIo, 0 KOTOPOMY HAXOAMTCA OTBET, rO-
b 2 + 2
JUTCA AJs oblero ciydas a +c¢ = % CHayajia HaxouM w = P 5 g ,
2 _ 42
u=p2—w=p 2q UV =pq. 3aTeM u, v ¥ W YMHOXaeM Ha a U
JieJIMM Ha U; B pe3y/IbTaTe IOoIy4aeM a ¥ UCKOMBIe b U c. Tpoliku ducen
(2u,2v,2w) = (p? — ¢%,2pq, p?> + q%), e p u q — HaTypaJbHBIE YUCIA,
COCTaBJISIIOT B COBOKYIIHOCTH Bce NMHGaropoBbl TPOMKHU.
B KOMMeHTapHsX K «MaTeMaTHKe B IeBATH KHUTaX» IPUBEAEHO CJie-
Zylolllee I0Ka3aTeJbCTBO IIpaBWia JJjiA pelleHuA 3agadu 14. Ha puc. 3.8
S, =S,, moatomy b?=c? —a?=S; +S; =S, +S;, e 0BaTENbHO,

2c(a+c¢)=(S4+Ss) + (S +S3) =(a+c)?+b?

u
a(a+c)=(S4+Ss) —S,=(a+c)*—cla+c)=(a+c)*>— ((a+c)*+b?)/2.
Ecmu (a+c¢):b=p:q, TO 4

a:b:c=ala+c):bla+c):cla+c)=
(a+c)2+b2]
2

(a+c)2+b2]

=[(a+c)2—- :b(a+c):[ 2

=(p*—-q*:2pq: (p*+¢?.
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A £ D
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| S2
1
1
!
c 14 S
S] S
S 2
1 L S3
B C
Sg (-]
Sz
Sz Q
S3
S3
c a  c—a
Puc. 3.8 Puc. 3.9

JlBe 3aia4y O MPSMOYTOJIBHBIX TPEYTOAbHUKAX

[Tocne 3azay Ha npuMeHeHUe TeopeMbl [Tudaropa B «MaTemaTuke
B JeBATU KHUTAX» UAYT [Be 3aJayd O IPSMOYTOJNbHBIX TPEYTOJbHU-
Kax, He CBf3aHHBIe C 3TOH TeopeMoii. B 3agade 15 TpebyeTcs no dan-
HbLM Kamemam Haiimu cmopoHy keadpamd, 8NUCAHHOZ0 8 NPSMOY201b-
Hblll mpeyzonbHUK. B KOMMeHTapuax K «MareMaTHKe B ZIeBATH KHATax»
NpUBeJEHO Cileyiolllee pelleHUe 3TOH 3ajayd. IIycTh B NPSIMOYTOJb-
HBIH TpeyronbHUK ABC BIucaH KBaJpar C AUaroHaabio BP. Jloctpoum
TPeyTroJIbHUK A0 NpAMOyroibHUKa ABCD U MOCTPOUM NPAMOYTOIbHUK
AEFG, mwiomaab KOTOpPOro paBHa IUIOLIaAM INpsAMoOyroiabHUKa ABCD
(puc. 3.9). Inomage npsimoyroibHuka ABCD paBHa 2(S; + S, + S3), a
IUIOIIaAb YacTH NIpsMoyTonbHuKa AEFG, nexalleil BHyTpY IPAMOYTOJb-
Huka ABCD, paBHa 2S; + S,. [loaToMy IUIOI@AbL YaCTU NPAMOYTO/b-
HuKa AEFG, nexameii BHe npsamoyronbHuka ABCD, paBHa S, + 2S;.
CnegoBatenbHO, BG = BC, a 3Hauut, AE = S 4zpg/AG =ab/(a +b).

B 3agaue 16 TpebyeTcs no daHHbimM kKamemam Haiimu duamemp d
8NUCAHHO020 Kpyaa. [ Beruucienus d npuMeHseTcs GopMyria

d=2ab/(a+b+0),

rge c—TUINOTeHy3a. Jia pellleHHUs 3TOM 3aJa4Ml JOCTATOYHO IPHUpaB-
HATb IpaBble YacTH paBeHCTB 2S =ab u 2S=ar +br+cr,taer=d/2.
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BbIYHC/IEHHE PAaCCTOSHUI 0 HEAOCTYNHBIX 06BEKTOB

B mocneznHeit riaBe «MaTeMaTUKU B JeBATH KHUTaX» eCThb HECJIOXK-
Hble 33la4il 006 U3MepeHUU PAacCTOSHUN A0 HEeJOCTYIIHHIX O6BEKTOB.
B III Beke H.3. JIro Xys#i 106aBWI K 3TUM 33jadyaM ellé AeBsTh 3ajad,
KOTOpbIE BIIOC/IEACTBUH OBUTH 0ObeANHEHB! B CAMOCTOATEIbHBIN «Mare-
MaTUYECKUH TPaKTaT O MOPCKOM OCTpPOBe». K coXxajleHUIo, YepTeXu U
Joka3zaresnbcTBa JIto Xyast 6butd yTepsiHbl. Ho coxpaHUBIIMECS TEKCTHI
3aZlady ¥ UX pelleHHI CBHAETeJbCTBYIOT O BecbMa JeTajJbHON paspa-
60TKe 3TOM TeMBI. DTU UCC/IeZIOBAaHUA YHUKaIbHE; B EBpone uHTepec
K TaKUM 33/layaM BO3HUK ropaszio Io3xe, IPU4EM IoTalu OHU TyAa U3
Kuras.

[TpocTeiimian 3azaya Ha BBIYUCIEHUE HEAOCTYITHOIO PACCTOSTHHSI —
3agada 23 u3 JeBATOM KHUTHM «MaTeMaTHKU B JeBATH KHHUTax». B Hell
TpebyeTcs Hailimu ebicomy 20pbl A, ecau u3gecmuo paccmosiHue b om
2opst A do wecma B, paccmosnue d om wecma B do nabawodamena C
U pasHocms ¢ mexcdy ebicomamu ulecma u Habmodamens (puc. 3.10).
PelleHre OCHOBAHO Ha COOTHOLIEHUU a = bc/d. B «MaTeMaTHKe B JeBs-

Puc. 3.10

THU KHUT'ax» U Aake B KOMMeHTapUAX K Hell He BCcTpedaeTcs NOHATHE I10-
JOOHBIX TPeyrONbHUKOB. [10-BUANMOMY, Z0Ka3aTelbCTBO COOTHOLIEHUS
ad = bc 6bUIO OCHOBAHO Ha paBEHCTBe IUIOWaZieil. JluaroHaab NpsMo-
YTOJIbHUKA JIeJIUT €ro Ha Ba paBHBIX TPEYT'OJIbHUKA; OTpe3aB OT HUX 110
ZBa PaBHBIX TPEYTOJILHUKA, IIOTy4YHUM ABa PaBHBIX 3aKpallleHHBIX IIPAMO-
yronbHUKA (puc. 3.11). Pasmepsl 3TUX NPSIMOYTOJIBHUKOB PaBHBI a X d U
b x ¢, noaromy ad = bc. KommeHTapuu K «MareMaTuke B JeBATH KHU-
rax» IOATBEP)KJAOT, YTO JOKA3aTeJIbCTBO ObUIO UMEHHO TaKUM.

Puc. 3.11
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3agauy, pemiaemble Jlio XyseMm, ropaszo cioxHee. OH IOJb3yeTcCA
TeM, YTO JBa U3MepeHHUA I03BOJIAIOT BHIYUCIUTD CPa3y U BHICOTY HeJo-
CTYIIHOrO OOBEKTa, U pacCTOsSIHUe JI0 Hero. Y»ke B IepBO ero 3ajade
HY)XHO C TIOMOUIbIO JBYX HAOJIIOEHUA BBIYUCJIUTDL BHICOTY OCTPOBa U
paccrosiHue Jo Hero. Ha puc. 3.12 usBecTHH a — BBICOTA LIeCTa, f —
paccTosiHhe MeXJy AByMs IOJOXKEHUAMH IIeCTa U PacCTOSHUA C; U Cy.

Puc. 3.12

TpebGyeTcs HaiiTu b u e. Jra 3ajava, npaBia, He opurMHaibHa. C eé
noMoIunpio emié Ao Jiro Xyas NBITaJINUCh ONpeJeuTh pacCTogHMe OT 3eM-
au po ComHlla, Ipejmnosaras, yTo 3ewid IUIockas. Pemenue 3azayu

a fc
OCHOBaHO Ha ¢opMynax e = z fc +a, b= c——lc— VX MOXHO [OKa-
27 41 27 O
e—a_b e—a_b+f
3aTh C ITOMOIIBIO TOAO6GHUSA TPEYTOIbHUKOB: =M=
1 2
C
[TpupaBHUBas MpaBble YaCTU 3TUX PaBEHCTB, Noay4aeM b = c J lc , TIo-
27 41

ab _ daf
3TOMy e —a = — =

€1 CG—G
3TUX COOTHOUIEHUH, [T0-BUAUMOMY, OBUIO OCHOBAHO Ha paBeHCTBE IUIO-
magei. Takoe AOKa3aTeNIbCTBO MOIJIO OBITh, HApUMep, CJIEAYIOUIMM.
Byzaem o6o3Ha4aTh S(AB) IUI0OIAaAb IPIMOYTOIbHUKA C AUAroHanbo AB.
U3 puc. 3.12 BuzHo, yto S(AB’) = S(B'Q) u S(AB) = S(BC) = S(B'C’),
T.e. ab = (e — a)c;. CnefoBaTeyNbHO,

S(DB’) =S(AB’) — S(AB) =S(B'Q) — S(B'C’) = S(PQ),

T.e. af = (e — a)(cy — ¢7). [ToaTomy

. Ho, kak MBI yxe rOBOPWIH, JOKa3aTeJIbCTBO

b _ab (e —a)c ¢

f o af T (e—a)lcy—c) T cp—cy”

HabumiogeHUsA OZHOM TOYKM U3 JIBYX Pa3HBbIX TOYE€K MOXXHO KOMOUHU-
pOBaTh C HabGIIOAEHUAMU JIBYX Pa3HbIX TOUEK U3 OJHOU TOYKU. DTO HYX-
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HO, HaNmpuMep, AJs HAXO)XXJAEHUS BBICOTHI JepeBa, PAacTyILIero Ha Bep-
muHe ropsl (puc. 3.13). Vi3 mozo6us TpeyroibHUKOB JIETKO MOXKHO ObUIO

Puc. 3.13

OBl TOMY4UTh cooTHOIIeHUe g:h=(b+¢):c, T.e. gc=h(b + c). C no-
MOIIBIO IUIOLIAJel 3TO COOTHOIIEHE MOXKHO IOTYYUTh CJIeAYIOLIM 00-
pasom: S(DF) = S(AF) — S(AE) = S(FQ) — S(EP); seruutas S(FP) us
S(FQ) u S(EP), nony4aem S(DF) = S(GQ) — S(ER), T.e. bh = gc — hc.
CoyeTaHue AByX BUAOB HabmogeHul nossistercs y Jlio Xyad yxe B
3aza4e 2. B oToi1 3agave 1Mo JaHHBIM h, f, ¢; U ¢, HY’KHO HalTH BBICOTY
JepeBa g u paccrosiHue 0 ropsl b (puc. 3.14). Eciu e — BeicoTa rophl

U ZiepeBa, a — BBICOTA IIECTa, TO, KaK U B 3afave 1, e = +amn

GO
a2 +h

CZ—CI.

b=

ATaKKaKe:a=(b+cl):C1=g1h,T08=C —c
2 1

b [ Cy
Puc. 3.14

Emé oauH BM/ HaOJMIOAEHUI CBA3aH C M3MepeHUeM DIyOHHBI yIie-
JIbSI C TIOMOIIBIO YTOMbHUKA. JIJI1 3TOTO OAHY U TY K€ TOYKY AHa yIe-
JIbs1 HAaOJIIOAAIOT NP ABYX MOJOXKEHHAX yroibHUKa (puc. 3.15). Ilo us-
BECTHBIM BeJMYMHAM dq, dy, C U f HY)KHO HaWTH IIyOuHY b yiieibs.
Vcnonb3ys nozobve TpeyrolbHUKOB, CAeNaTh 3'(1*;) 6bUI0 OBl HECJIOXK-
a;(b+¢)

HO. B camomMm Jese, ¢ OZHOH CTOPOHBI, SP = z

, C Apyrou cro-
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Puc. 3.15
ay(b+c+ f)
poHBI, SP = P IIpupaBHMBasA 3TU BHIpAXEHUA, IONy4YaeM
a
(a; —ay))b+ (a; —ay)c=a,f, Te. b= @ ifaz — ¢. C moMop0 IIo-

maﬂeﬁ 9TO COOTHOILLIIEHHE MOXHO AOKa3aThb CJIeAyIOIIUM O6pa30M. Tak
KakK S(RA]) = S(PAI) - S(PD]) u

S(PA]) - S(QIAI) = S(QzAz) = S(PDz) - S(TDz),

TO
S(RA,) =S(PD,) — S(TD,) — S(PD,) =S(B,D,) — S(TD,).
CnenoBarenbHo, b(a; —a,) =a,f —c(a; —ay), T.e. b= asza— —c.
1 2

OcranbHble 3agayu JIro Xyas CBOAATCA K COYETAHUAM 3THUX BHZOB
HaOJIIOIEHNH, ¥ UX MOXXHO PeLINTh, KOMOUHUPYA yKa3aHHBbIE BhIlIe GOp-
MYJIBI.

BeruucieHue

B xoMMeHTapHsax K NepBoii KHUre «MaTeMaTUKU B J€BATH KHUTAX»
JIro Xya#t Hamén npubmnkéHHOe 3HaYeHVe YUCiIa 7T, BRIYUCIAA [UIOMa-
AV TNpaBWIbHBIX (6 - 2")-yTONbHUKOB, BIMCAHHBIX B OKPY)XXHOCTb. [l
3072-yrosibHUKA OH HOJIYyYIUT MpUOImKkEHHOe 3HaueHue 3,14159.

Emé 6oee TOUYHOE 3HAYEHHE 7T MOJYYHJI aCTPOHOM U MaTeMaTHK
Lisy Yynwku (429—501). B He gouieanieM 40 HaC COYMHEHHH OH IOKa-
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3aJ1, 4To 3,1415926 < 1 < 3,1415927. DTa TOYHOCTb ObLIA IpEB30iieHa

Jiimib 1000 steT cycTs apabckuMmu MateMaTukaMu. Y L3y UyHwKH Brep-

Bbl€ BCTpeYaeTCsa IIpI/I6JII/DKEHI/Ie Yhciaa 7T BUaa %

BuHOMMAaIBLHBIE KO3GGHUITHEHTHI

B TpakTaTe Wxy Iuize (1260—1320) «fAumMoBoe 3epKajlo YeThIPEX
JIEMEHTOB» COAEPXKUTCA TPeyrojibHas Tabiuna OMHOMHANIBHBIX KO3g-
GUITEHTOB BIUIOTH 0 8-1 cTeneHu. (UeThIpe 31eMeHTa — 3TO HEU3BECT-
Hble, KOTOPBIMM CJTy>KaT CTOPOHBI IPSIMOYTOJIBHOTO TPEYTOIbHUKA U e1lé
Kakag-HUOyab CBA3aHHAA ¢ HUMH BesinyuHa.) Takas tabivua o 6-i cre-
ey ObLIa M3BeCTHA U paHblie: e€ 3Han L[za Caup (1010—1070). Ot
KUTalicKue MaTeMaTUK¥ IIOHUMaIU cnocob o6pa3oBaHUs GHUHOMHUAIb-
HBIX K03 HUIIMEHTOB TOCPEICTBOM CIIOXKeHuUs (TpeyronbHUK [lackains).

Kuralickas Teopema 00 ocraTrkax

B «MareMaTi4yeCcKoM TpaKTaTe», HanucaHHOM CyHb L[3b1 (400—460),
BCcTpeyaeTcs ciefyromas 3ajada: «HaiiTu yucio, KoTopoe Ipu AejleHUu
Ha yucaa 3, 5 ¥ 7 JaéT COOTBETCTBEHHO OCTAaTkul 2, 3 u 2». IIpaBu-
JIO pellleHUs IPUBOAUTCA Takoe: «[Ipu JeneHUU Ha 3 OCTaTOK eCThb 2,
noaroMy Bo3bMmuTe 140. IIpu AeseHHHU Ha 5 OCTaTOK €CTb 3, MO3TOMY
Bo3bMuTe 63. [1pu ZesieHUM Ha 7 OCTaTOK ecTh 2, M03ToMy Bo3bmute 30.
CnoxuB ux BMecTe, nonyyum 233. U3 atoro BeiyTUTe 210, M MBI 1IO-
JIy9uM OTBeT». 3aTeM CyHb L[3bI coobiaeT oblee MpaBUIO pelleHus:
«Ecin ocratok OT ZAeneHus Ha 3 ecTb 1, Bo3bMmuTe 70; eCjiM OCTATOK
OT JiejieHus Ha 5 ecThb 1, Bo3bMUTe 21; ec/iy OCTAaTOK OT JAeJieHUsa Ha 7
ecTb 1, BospMmure 15. Eciu cymma atux yuces 6onbiie 106, BeIYUTalTE
1o 105, nmpexze 4eM NOJy4YUTh OTBET».

B coBpeMeHHBIX 0603HaYEHHUAX Peyb UAET O pellieHUH CUCTEMEI CPaB-
HeHMH x =r; (mod q;), x =r, (mod q,), x =ry (mod g3) ¢ nonapHo
B3aMMHO IIPOCTBIMU MOZYIAMHU (¢, (5, 3. A pellleHHUA 3TOH 3aza-
YM CHayasla HaxXoJAT BCIIOMOraTeJbHble YUCIa Ny, N, U N3, A KOTO-
PBIX N;q>q3 =1 (mod q;), n2q,93 =1 (mod g,) 1 n3q,9, =1 (mod g3),
T.e. 35n; =1 (mod 3), 21n, =1 (mod 5) u 15n; =1 (mod 7). Ilo-
JlydeHHble CpaBHEHHA MOXHO YIIPOCTUTbH, NoAeauB 35 Ha 3 c ocrar-
KoM, U T.A4.: 2n; =1 (mod 3), ny, =1 (mod 5) u n; =1 (mod 7). Pe-
HeHYe JIeTKo noabupaercs: ny =2, n, =1 u n; = 1. Obliee pemeHue
HUCXOAHOU CHCTEMBI CpaBHEHUI HAaXOAUTCA TaK:

X = (n1q293, +n2q193m + N3q192r3) (mod q14293),
T.e. x = (70r; + 21r, + 15r3) (mod 105).
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Lluns Lzromao (1202—1261) B cBoéM TpakTare (1247) NpUBOAUT IIO-
apo6Hoe pelieHue 3agauyu CyHb LI3BI ¥ TOBOPHUT, YTO METOJ pelIeHUsA
TaKUX 3aZa4 pa3paboTaay COCTaBUTENU KajeHAapeid U aCTPOHOMBL.

3agava CyHb L[3bl npuBoauTcsa B «Kuure abaka» (1202) JleoHapzo
IMusanckoro (PuboHayym).

YuceHHOe pellieHHe KyOu4yecKHX ypaBHeHHIt

Ban CsotyH (580—640) kw1 B caMOM Hayajle [{apCTBOBAHUA AOMa
Tan (VII-IX B.). OH Hanucan «MaTeMaTHYeCKUH TPaKTaT O IPOJODKe-
HUU JpEeBHUX METOJOB», B KOTOPOM pacCMaTPUBAEeTCs, B YaCTHOCTH,
YUCJIEHHOe pellleHHe KyOU4ecKuX U OWKBaJpaTHBIX ypaBHEHHH. JTO
camoe paHHee COYMHEHUe, ITOCBAIIEHHOe pellleHUI0 ypaBHeHU! anre6-
paunyeckuM crocobom. 3azauM, peumiaeMble BaH CAOTYHOM, CBA3aHHI C
pacy€ToM 3eMJIAHBIX paboT IIPU CTPOUTENIBCTBE AaMObl, IVIOTHUHBI, KaHa-
Ja, ¢ BBIYMCIeHHeM éMKOCTH 3eMIeXpaHWINIIA. B 3Tux 3aziayax Hy»KHO
BBIYUCIATh OOBEMBI HEKOTOPHIX HENPABWIBHBIX TeJ, YTO HMPUBOAUT K
KyOW4eCKUM ypaBHEHHUAM.

IMo3axe, yxxe B X B., pelieHHeM KyOUYeCKUX YpaBHEHUH 3aHUMAJIC
Owmap Xaiam.

Beryucienue cymm

AH Xysit (1238—1298) npuBOAUT IPABIIO CYMMHUPOBAHUA NEPBLIX N
KBaZpaTOB U NEPBBIX N TPEYTOAbHbIX YHCell.

NHuTepnonauusa

Jlnst pellieHUs 3aa4 aCTPOHOMUU KUTaHCKUe MaTeMaTHUKH HUCIOJb-
30BajiM UHTepnossAuio. OHU NepBHIMH NIepelUTd OT JMHEHHON UHTep-
MoK K KBaAparuyHoi (VII B.), a 3aTeM M K Ky6uueckoii (XIII B.).
[Mpu KBaZipaTUYHOM MHTEPIONALUY HUCIIONb3YETCs IPpUOIIDKEHNE KBa-
paTHBIM TPEXWIEHOM, a P KyOUYeCcKoi — MHOTOWIEHOM TpeTheld cTe-
MeHH.

Metog Pyddunu — lopHepa

B XIII—XVI Bekax B KuTae 6bu1 pa3paboTad MeTOZ YHUCJIEHHOTO pellie-
HUA ypaBHEHUH BBICIINUX CTelleHel, KOTOPbIi NToMy4Yi1 Ha3BaHUe «MeTo/,
HebecHOro ayeMeHTa». DTOT MeTOZ ObUI co3ZaH B paboTax Lluub Lisio-
mao, Jiu E, Yxy llIunse u Apyrux. STOT METOA IepeoTKpbUd Pyddunu
(1809) u l'opuep (1819) He3aBUCHMO ApPYT OT Apyra. OH OCHOBAH Ha Tak
HasbIBaeMoii cxeMe ['opHepa — anroOpuTMe BBIYHUCIEHUA 3HAaYeHU MHO-
rowieHa P(x) npu ganHoM x. Kopenb x =a,10" + a,,_,10""! + ... MHo-
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rowieHa P(x) BeUUCIAETCA CJIeAyIomUM obpazom. CHavana nmog6opom
HaxoAUM a,,, 3aTeM JiejlaeM IOACTaHOBKY X = a,,10™ + y u no cxeme I'op-
Hepa BeruuIAeM Q(y) = P(x) = P(a,10™ + y). Ilocie 3TOro Haxogum
nepByo qubpy 4uciaa y U T. 4.

B «MarteMaruke B eBATH KHUTaX» 3TOT METOJ, IPUMEHSICA JJIA BbI-
YuCJIeHUs KOpHel BTOpOii U TpeThbeli cTeleHU, HO TOJIBKO B TeX CIyJasXx,
KOrZla OTBeT — 1esoe yuciao. B Tpakratax Cyns LI3b1 u WxaH Llon3saus
00BACHAETCA, KaK BBIYUCIUTDh KOPEHb C TOYHOCTBIO 0 JII060T0 3HaKa.

Nuausa

MaremaTHueckue paccy:xaeHus B JlpeBHeil VIHAUY He 6bUTH TaKUMU
crporuMy, Kak B JlpeBHeil I'penyiii. O6GBIYHO pHCOBAICA YEpTEK, Ha
KOTOpPOM OCHOBAHO [JOKa3aTeJbCTBO, M 1OJ HUM 6bUTa Kparkas IOJ-
muchk: «CMOTpU!». DT YepTeXKU ObUTH JOCTAaTOYHO SICHBIE, U TAKOH MoJ-
X0 K M3y4eHMIO MaTeMaTHMKM MMeJ HeCOMHEeHHble JOCTOUHcTBa. Ha-
npumep, Bxackapa Il gna AokasarenbcTBa Teopemsl ITudaropa mpes-
Jlaraj mocMoTpeTb Ha puc. 3.16 (AJHUHBI KaTeTOB @ U b U TUIOTeHy-

Puc. 3.16

3bl C HA 3TOM PHCYHKe ZO6aB/Ie€HH!, YTOGH! IOSICHUTh A0Ka3aTeNbCTBO:
¢ =(a—b)? + 2ab = a* + b?). JlokasaTenbCTBa reOMeTPUYECKUX yTBEp-
KAeHUH ObUIM KpakiHe JaKOHWYHBI, HO YaCTO BeCbMa HAT/ISAHHI.

ndpsl 66U1H IpHAYMaHH B MHAMKU. MBI HazsiBaeM 1udph! apabeku-
MH, [IOTOMY YTO 3aMMCTBOBaIU UX y apaboB. Ho camu apabrl HasbIBaIN
WX WHAWWCKUMH, IIOTOMY YTO 3alMCTBOBAJIM UX y UHAMiLEB. Anre6-
panyeckasi CAMBOJIMKA y UHAUMNIEB ObUta 60/ee NPOABUHYTasA, YeM Y
Juodanra.

VHauiickue MaTeMaTHKH PacCMaTpUBAIM OTAebHBIE 3aJa4M, MPU-
BOJSIIIME K JIMHEHHBIM ypaBHEHUAM, HO OOLIEr0 MeTOZA pelleHUs JIU-
HEeWHBIX ypaBHEHUH (B OTIMYUE OT KUTAHCKHUX MaTEMaTHKOB) OHU He
paspaboraiy. Y HUX BCTpevaloTcs 3aJayuy, Iie TpebyeTcs HAlTH YUCIO,
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KOTOpOe IIpU ieJIeHUU Ha pa3INyHble JaHHbIe YHUCJIa JaBaIo Obl JaHHbIe
OCTaTKU. BO3MOXHO, 33/1a4¥ TaKOTO BU/a MpoHUKIU B MHauio u3 Kuras,
rZie B APEBHOCTH ObUIO HaleHO IPABWIO I UX PellleHU .

OT BBIYHCIIEHHH € XOpAaMu K 6osiee yZOOHBIM /I BRIYMCIEHUH CH-
HycaM IepBBIMU IlepellUId MHAUMCKUe acTpOHOMHI B Hayasue V B. Ca-
MO Ha3BaHHe «CHHYC» BOCXOAUT K 3THM y4éHbIM. OHU HCIIONb30BaIU
TEPMHUH «)KUBa» — XOpAa, TETHBA Jiyka. B apabckux KHUTax ero nepe-
JeJlaid B CJIOBO «IKuba», KOTOpOe He MMeJIO OOMXOZHOTO CMBICIA, a
[MOTOM 3aMeHWWIN Ha HacTosllee apabCKoe CIOBO «Kaib» — «I1a3yxa,
BBIpe3 IUIaThsl, BHIIYKJIOCTD>. [Ipu HepeBogax apabCKUX KHUT Ha JIaTEIHb
CTa/ii IPUMEHATD CJIOBO Sinus — GYKBaJIbHBIM [TEPEBOJ CI0BA «KaHb».

B XVI B. uHAMIICKMEe MaTeMaTUKHY NTOMY4YWIN pAAbl AJI1 apKTaHTeHca,
cuHyca U kocuHyca (Ha 100—200 jyieT paHblile, 4yeM B EBpore).

ITocTpoeHue anrapeit

Haubosnee BaXHbIe CBeJeHUA O PAaHHEM 3Talle pa3BUTUA JpPeBHEUH-
JUNCKOI MaTeMaTHKH COAEPXKaTCsA B TPAKTaTaX O IOCTPOEHUH ajiTape.
DTH TpaKTaThl HOCAT OOllee HazBaHHe «CyJIbBa-CyTpbl», YTO B Ilepe-
BOJle C CAaHCKpHUTAa O3HayaeT «IIpaBWia BepéBKU» (OCHOBHBIM HMHCTPY-
MEHTOM IIpU pas3MeTKe ajTapei ciayxwia BepéBka). OHM COXPaHWINChH
B HECKOJIbKMX peJaKLUAX, COCTaB/IeHHBIX B pasHoe BpeMs: bayaxasdHa
(800 g0 H. 3.), ManaBa (750 z0 H. 3), Amactamba (600 10 H. 3.), KaTbsasgHa
(200 70 H.3.). OCHOBOH A1 UX ZATUPOBKU CJIYXKUT JIMIIb NCTOpUYECKast
rpaMMarTuka caHCKpuTta. B V Beke n0 H.3. [laHMHM cOCTaBWI O4YeHb
nogpo6HyI0 rpaMMaTHKy CAaHCKpPUTA, KOTOpas BIUIOTH A0 XIX B. ocTaBa-
Jlach Haubosiee MOJTHOM U pa3paboTaHHON rpaMMaTHKOM BO BCEM MHpe.
Ona cozepxuT cBbillle 4000 mpaBWI U JaéT OOWIbHBINA MaTepual it
JaTUPOBKY Ha OCHOBE HCTOPUYECKOW rpaMMaTHKH.

dopwme anrtaps B JlpeBHeit VHauu npuzaBanock 6o/blIoe 3HaYeHUe.
CYHTaANOCh, YTO JI060E OTKIIOHEHHE OT YCTaHOBJIEHHOM GOPMBI WIH pas-
Mepa ayTaps He TOJbKO JIMIIAeT XePTBONPUHOLIEHNe BCAKOTO CMBICIA,
HO U MOXXET BBI3BaTh HexeJaTelbHbIN 3¢¢eKT. B Takoi cuTyanuu Tpe-
60BaHHe TOYHOCTH IIPUOOPETAIO yXKe He IMpaKTUYecKui, a MaTeMaTH-
YecKUil XxapakTep.

Wupuiickuie antapu 6bUIM camoil pa3Hoi ¢opmbl. Beutn anTapu B
¢dopme KBazpara, Kpyra, OJIYKpyTra, paBHOOeJpEeHHOTO TPEYTONIbHUKA.
BoUtM anTapu B BHJE COKOJA C NPSIMBIMH MWIM U30THYTHIMHM KDPBUIbSI-
MU, ajTapu B Buie depernaxu. OfuH U3 Hauboslee MOYUTAEMBIX aj-
Tapeii, MaxaBegu, UMes GOpMy paBHOOeapeHHOU Tpamenuu. [ITupoko
pacrnpocTpaHéHHbIM TpeboBaHHEM ObUIO PaBEHCTBO IUIOIAZel Yy al-
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Tapeil pa3Hoil popMEI. B CBA3M C 3TUM BO3HUKAaJIA, HallpUMep, 3ajayda
[peBpallleHUs KBaZpaTa B paBHOBEJMKUII eMy KpyT, Kpyra B paBHOBe-
JIUKUN eMy IOJIyKpyT, IPSIMOYTOIbHUKA B PaBHOBEJIMKUN eMy KBaZpar.
KpoMme TOro, B HEKOTOPBIX CJIy4asx TPeOOBAJIOCh YBEJIMYUTH IUIOMIAJb
ajTaps Ha CTPOrO ONpeAeN€HHYI0 BeJU4YMHY, COXpaHUB IIPU 3TOM €ro
dopmy.

C mocTpoeHUeM ajiTapell cBA3aHa Takke OJHA MHTepecHad 3ajada.
Antapp B popMe COKOJIAa COCTOSUI U3 IATH CJIOEB KUpNuyei. B kaxxaoM
cioe 66u10 200 KMpIMyeit; cou 1, 3 u 5 6bUIM OANHAKOBBIE, CJIOU 2 U
4 toxxe. Ho mpu aToM Tpe60oBanioch, YTOOb! HU HaZ KAaKUM IIBOM MeEXAY
KMPIIUYaMU OZHOT'O €051 He OBUIO HIBA MEXAY KUPIMYaMHU CJIe[lyIolIero
ctost. Kupnvyu Zo/mKHBI ObUIH pacioyaraTbCs JOCTaTOYHO CHMMeTpPUY-
HO, U )XeJIaTeJIbHO ObUI0 060HTHCH HAMEHBIINM KOJTUYECTBOM Pa3iIny-
HBIX GOpM KUpITUYei.

Kak MBI y)Xe rOBOpWIM, IIOAXOJ K NOCTPOeHUAM B «Cy/bBa-CyTpe»
BO MHOT'OM CKOpee MareMaTH4ecKul, Hexesnu npaktudeckuil. TouHo-
CTH ¥ NIPaBWIbHOCTH IIOCTPOEHU npugaércs 6onbuioe 3HaYeHue. [Ipu
3TOM BO3HUKAIOT 3JIEMEHTHI ZioKa3aTesbcTB. HanpuMep, 41 onpezere-
HUA IUIOLIAY paBHOOEpEeHHOI Tpaneluy OgHy U3 eé JacTeil OTpe3aloT
¥ MepeKIaZblBaloT, KaK MOKa3aHo Ha puc. 3.17. DTo, H6eccriopHo, yxKe
MaTeMaTH4ecKoe JZoKa3aTeabcTBo. PopMynupoBka TeopeMsl [Tudaropa,
cozepxamascsa B «CyJlbBa-cyTpe», TOXKe CBUAETENbCTBYeT O MaTeMaTH-
YeCcKOM IIOJXOJE.

Puc. 3.17

IocTpoeHue KBazipara

«Cy/ipBa-CyTpa» COAEPKUT HECKOJIBKO PA3HBIX CIIOCOOOB MOCTPOEHUA
kBagpara. Haubosee mpocroe U3 3THX NOCTPOEHUMN — NIpOBeZieHHe B
Kpyre ABYX IepIeHAUKYISIPHBIX JuaMeTpoB. Bo3bMéEM BepEBKY JJIH-
HOU 2r U OTMETUM €€ cepenvHy. 3aTeM HaTSHeM BepEBKY U 3abbéM
KOJIBIIIKH A M B B eé KOHLAX, a Kojabllek O B eé cepeauHe. [locTpo-
UM OKPY)XHOCTb paguyca r ¢ 1eHTpoM O U OKpY>KHOCTH pazuyca 2r ¢
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mnentpamu A ¥ B (puc 3.18). CoeaAMHUB TOYKU NepeceyeHHs GObIINX
OKpPY)XHOCTeMH, mocTpoumM kBagpaTr ACBD. Ho cTopoHa 3Toro kBajpara
paBHa rv/2, T. e. cpa3y OCTPOUThL TAKUM 06pa3oM KBaZpaT C 3aJaHHOM
CTOPOHOH HeJIb3sl.

9
A 0 B
D

Puc. 3.18 Puc. 3.19

YT0o6B! MOyYUTh KBAZAPaT C ZAHHOM CTOPOHOM 2r, 3TO IOCTPOEHUE
HY>XHO NPOAO/KUTE. [IpoBe€éM OKPYXHOCTU pajuyca r ¢ LleHTpaMU A,
B, C u D. Touku IlepeceyeHHs ITUX OKPYKHOCTeH AB/IAIOTCSA BeplUIMHaMU
kBagpaTa PQRS co ctopoHoii 2r (puc. 3.19).

B «CynbBa-cyTpe» NpUBEJEHO IIPOCTOe NOCTPOEHHE KBajparTa C Io-
MoOIbI0 6aMOYKOBOI Hajiky, AJMHA KOTOPOM paBHa CTOPOHE KBajpa-
Ta (TO4YHee roBOps, YyTh OOJbIIE CTOPOHE! KBaJpaTa). BeicBepium Ha
KOHIIax 6aMOyKOBOI IaJKU Ba OTBEPCTUS, PACCTOSTHUE MEXAY KOTO-
PHIMHM paBHO CTOPOHE KBajipara, a 3aTeéM BBICBEPJIMM OTBepCTHe IIocpe-
JVHE MeX/y STUMHU OTBEPCTHUAMU. [10I0KUM NaJIKy U 3a0bEM KOJIBIIKU
B KOHIIeBble 0TBepcTHA. CHUMeM IaJIKy C OAHOTO KOJIBILIKA U, Bpalas eé
BOKDYT BTOPOT'O KOJIBIIIKA, IPOBEJEM OKPY>KHOCTb. AHAJIOTMYHO IIPOBe-
ZEM OKPY>KHOCTb, 3aKpellMB BTOPOI KOHell ajky. PacnonoxuM Tenepb
MKy TaK, YTOOBI OAUH e€ KOHel| HaXOAWICA B CepeJiiHe UCXOAHOTO I10-
JIOXKeHHA, a caMa OHa IIpY 3TOM IIPOXOAMJIA Yepe3 TOUKY IepecedyeHus
okpyxHocTe#t (puc. 3.20). [TycTb A — IoyoXKeHUe BTOPOT'O KOHIIA MaJIKH.
Hawm ocraércs pacionoxuTh NalKy Tak, YTOOHI eé cepeiiHa HaXxOrIach
B TOYKe A, a caMa OHa Kacajach OKpyxHocTel (Ha puc. 3.20 aTo nono-
JKeHUe U306paKEHO IITPUXOBOM PaMKOIf).

Becbma MHTepecHO MoCTpOeHHe KBaZpaTa CO CTOPOHOM a C IIOMO-
1IbI0 BEPEBKU C IATHIO y3eJIKaMHU, AeJANMMY e€ Ha YeTblpe YacTH JAJH-
HOIf a/4. HaTsiHeM 3Ty BepéBKY U BOObEéM KombIku A, B, C, D u E B
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Puc. 3.20 Puc. 3.21

y3enkax. CHIMeM BepEBKY C KOJIBIIIKOB U HaleHeM e€ KOHIIeBbIe Y3€e/K!
Ha KOJMBIINKU B u D. 3aTteM OTTAHEM BepPEBKY 3a CepeANHy U BOOBEM
B IOMy4eHHOH Touke O konbimiek (puc. 3.21). HagzeHeMm o6a KOHIIEBBIX
y3eJiKa Ha To4Ky C, OTTHEeM BepEBKY 3a CepeIMHy TaK, YTOObl OHa Ipo-
xoawia yepe3 TOYKy O, U BOObEM B IONYyYEHHYIO TOYKY F KOJbllekK.
AnajornyHo nmocrpouM Touky G. HazeB KOHUEeBble Y3/Ibl BEpEBKM Ha
KOMBIIMKY A U G U OTTAHYB BepEBKy 3a CepeJrHy, MOXXHO IIOCTPOMUTH
BepuuHy P xBazpata PQRS co CTOPOHOM a; ocTalbHbIe BEpIIUHBI CTPO-
ATCA aHAJIOTUYHO.

Teopema ITndaropa

B ozHOI U3 paHHUX peAakuuii «CyIpBa-cyTphl» (Amactamba) cogep-
*utcs GopMynupoBKa TeopeMsl [Tudaropa: «/[uaroHasab NpPsSIMOYTOJb-
HHUKa o6pa3syeT oba KBaZipaTa, KOTOpbIe BepTUKaJIbHasd U FOPU30HTAIIb-
Hasl CTOPOHBEI 06pasyioT MO OTAENbHOCTU». Ciiyyall NpAMOYTOJbHUKA C
paBHBIMM CTOPOHAMHU BblZesleH 0c060: «JluaroHaab KBagpaTa obpasyeT
YABOEHHYIO IUIOLIab».

HeT HHUKaK{X JOCTOBEPHBIX CBH/JETENbCTB TOrO, YTO COCTaBUTENH
«Cy/IbBa-CyTpPbl» 3HAJIH He TOIbKO GOPMYIUPOBKY TeopeMsl [Tudaropa,
HO U eé JoKa3aTesnbCTBO. Ho A/ mocTpoeHus kBazpara, Ivolaab KoTo-
pOro B /iBa pa3a MeHbllle IUIOIAAy UCXOAHOr0 KBaZpaTa, OHU [TOCTyNalx
clegytonM o6pa3oM. B cepearHax CTOPOH MCXOZHOTO KBaZpaTa 3abu-
BaJIM KOJIBIIIKY; OHU GBUTH BepHIMHAMU MICKOMOTO KBazipara (puc. 3.22).
U3 3TOro NoCTpoeHUs JOKa3aTeIbCTBO TeopeMsbl [Tudaropa A1 kBagpa-
Ta cIeAyeT OYeBUIHBIM 00pa3oM: IUIoIab 60IBIIOro KBagpara, CTopo-
Ha KOTOPOTO paBHa JuMaroHald MajJeHbKOro KBaJpaTa, BABOe 6oJblle
IUTOMIaI MaJIeHbKOT'O KBaZpaTa.
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3

(@ (6)
Puc. 3.22 Puc. 3.23

OcHOBHBIe IpUMeHeHUA TeopeMbl [Tudaropa npu pasmeTke aiaTa-
peli cBsi3aHBI ¢ IIOCTPOEHUEM KBaJpaTa, IUIoNab KOTOPOro paBHa CyM-
Me WIM pa3HOCTH IUIomaJel ABYX JaHHBIX kBaZpartoB. [locTpoeHue
cTopoHbl PQ KBazpara, IUIOIIAaZAb KOTOPOrO paBHa CyMMe IUIOIIaZel
JBYX AaHHBIX KBaZpaToB, M300paxkeHO Ha puc. 3.23(a); mocrpoeHue
CTOpOHBI RS KBajpara, IUIOIaAb KOTOPOI'O paBHa pa3HOCTH IUIOLIA-
Jielt IByX ZaHHBIX KBaJpaToB, M306pakeHo Ha puc. 3.23(6). [TocnenHee
MMOCTPOEHHE KCIIOIb30BAIN IPU IMPpeo6pa3oBaHUM IPAMOYTOIbHUKA B
PaBHOBEJIMKUI eMy KBaZpaT. [/l 3TOro oT INpSIMOYTOJbHUKA OTpe3auu
KBaJpaT, a OCTaBUIyIOCA 4acTb pas3pe3ansy Ha /Ba PaBHBIX NPAMOYTOJb-
HuKa (puc. 3.24(a)). 3aTeM OAUH U3 IPAMOYTOJIbHUKOB IlepeKIaJbIBaIN
TaK, KaK IIOKa3aHo Ha puc. 3.24(6). B pesynbrare wioniaib NpsMOYTONb-
HUKa OKa3blBaJIaCh PaBHOM pasHOCTH IUIOLIaZel AByX kBaaparos. [Tocie
3TOr'0 OCTAaBaJIOCh JIMIIb IIOCTPOUTD KBaZApaT, IUIOMIab KOTOPOTO paBHa
PasHOCTH IUIOIIAZel ABYX JaHHBIX KBaJpaToB.

(a (6)
Puc. 3.24
[IpeacraBieHue IUIOIIAAYN NPAMOYTONbHUKA B BUZE PasHOCTH IUIO-

mazei AByX KBaZIpaTOB MOXXHO IIepeBECTU Ha ajarebpanyeckuil A3bIK:
€CJIU a ¥ b — ANIMHBI CTOPOH HNPSAMOYTOJIbHUKA, IIPUYéM a > b, To

=352 - (55 - (5 - (47"
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BrU10 6B CIMIIKOM IIOCHENIHO Cpasy e JejaTh BEIBOJ O TOM, 4TO 3TO
TOXAECTBO I 4rces1 ObUIO U3BECTHO, HO TOMY €CThb elllé U pyTHe HOJ-
TBep)KAeHuA. I1o kpaiiHell Mepe 4151 b = 1 3TO TOXAECTBO AeHCTBUTENb-
HO OBUIO U3BECTHO. [leJI0 B TOM, YTO NO3JHAA peAaKuus «CyIbBa-CyTphl»
(KaTtpsissiHA) COAEPXKUT ceAylollee IPaBWIO AJiA IOCTPOEHUA KBaZpara,
IIoLaAb KOTOPOTo B N pa3 Gosblile IUIOIAaAU JaHHOTO KBapaTa co CTO-
poHOI1 a. [TocTpouM paBHOGeApeHHEIH TpeyTonbHUK ABC ¢ OCHOBAaHHEM
AB = (n — 1)a u 6okoBrMH cTOpoHamul AC = CB = (n + 1)a/2. Toraa
ero Beicota CH paBHa CTOpOHE HCKOMOTroO KBajparta. B camom zeje, mo
teopeMe [Tudaropa
2

CH?=CA% — AH? = (@)2 _ (@) —nd,

T.e. CH = a4/n. 3T0 nocTpoeHue TPYAHO OOBSACHUTD YUCTO F€OMETPHYE-

n+1\? [n—-1)2
CKH, 663 HCIIOJb30OBAHHUA YHCJIOBOT'O TOXKAECTBA T —_ T =n.

l'oBops o Teopeme ITudaropa, cregyeTt pasnuyarh gBe e€ GOpMyIH-
POBKHM, KOTOpHIE SKBHMBaJIEHTHHI AJI1 HAaC, HO 9KBUBAJIEHTHOCTb KOTOPBIX
AJIA JpeBHUX HapozoB 6bUia COBCEM He OYeBHZHA. B mepBoii popmysu-
POBKe pedb WJET O IUIOIIAAAX KBaJpaTOB, IOCTPOEHHBIX Ha CTOPOHAxX
TPEYTONbHUKA, @ BO BTOPOH 0 HEKOTOPHIX YKCiIax (KBaApaTax JIMH CTO-
POH Tpeyro/nbHUKA). [IpHBeJ€HHOE BHIIIEe TIOCTPOEHUE OTpe3Ka AJIUHOMN
a/n CBUZETEbCTBYET O TOM, 4TO TeopeMy [Tudaropa B JlpeBHeit UHanu
yMeJIH IPUMEHATD B 06enx GOpMYIHUPOBKaX.

IMudaropossl TpeyroibHUKH

OzpHuM w3 Haubosee IMOYNTaeMbIX anTapei B JIpeBHeil MHAUM GbUT
asTapb MaxaBeAu, uMeomuil GopMy paBHOGeIPEHHON TpaneLnuu ¢ oc-
HoBaHUAMHU 24 u 30 u BeicoTOM 36 (puc. 3.25). Eciu M u N — cepeinHBl

B M C
12

36

A N D

Puc. 3.25
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ocHoBaHuit BC u AD 3Toii Tpanenuu, To
MD? =36% + 15% =32(12% + 5%) =32.132 =392,

Takum o6pa3oM, ¢ anTapéM MaxaBeAU eCTECTBEHHBIM 00pa3oM CBs3aH
¢ aropoB TPEYTOJbHUK cO cTopoHamu 15, 36 u 39, nopobHbIi (¢ Ko3d-
dunmreHToM 3) TPEYTONBHUKY co cropoHamMu 5, 12 u 13. C aTuM anTapém
CBSI3aHO YAUBUTEIBHO MHOT'O NMU(aropoBbIX TPEYTOJbHUKOB; OHU U300-
paxeHHI Ha puc. 3.26. YIIOMHUHaHUEe TPEYTOJMbHUKOB, M300pakKEHHBIX Ha

12

16
20

36

20 25

15 15

(a) (6)

(9]

15
(B8) ™ (@)
Puc. 3.26

puc. 3.26(B — &), MOXKeT IIOKa3aTbCA HEKOTOPOM HaTsHKKOM. Ho 3TO He
TaK. Bo-nepBbIX, B «Cy/lbBa-CyTpe» IepeYUCIeHbl Bce 3TH MU(aropoBsl
TPeyTOJIbHUKH, Y TOJIBKO OHU. BO-BTOPBIX, /i1 IOCTPOEHHUs anTapa Ma-
XaBegy MOXXHO ObUIO HCHO/IB30BATh MUaropoBH TPEYTOIBHUKY, ¥ KOTO-
PBIX OZWH U3 KaTeToB paBeH 15 wiu 12. B camoMm fene, 47151 OCTpOeHUs
TpeyroibHuka MND (cMm. puc. 3.25) «CynbBa-cyTpa» peKOMeHJyeT Io-
CTYTIUTD CIeAyIoUM 06pa3oM. Bo3asMEM BepéBKy AyuHOIM 39 + 15 = 54,
Ha KOTOpo¥ ecTb oTMeTkH 39 u 15. IlocTpouM C e€ OMOIIbIO OTPE30K
MN pnuHoit 36. 3aTeM IPUBSKEM KOHLIBI BEPEBKU K KOMbImKaM M u N
U OTTAIHEM BepEBKY 3a OTMeTKy 15. B pesysbTaTe NOIy4YUM HCKOMYIO
Touyky D. UTO6Bl MOCTPOUTH aHAJIOTHMYHBIM 06pa3oM TOYKy C, HY>KHO
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BOCIIO/Ib30BaThCs MHUGaropoBBIM TPEYTOIHHUKOM, OAUH KaTeT KOTOPOTo
paBeH 12.

Ha puc. 3.26 Bcrpeyatores ciegylomue mubaropoBbl TPEYTOIbHH-
ku: (3A,4A,51), tme A =4 wiu 5; (5A,124,131), tae A =1 wiu 3;
(8,15,17); (12,35, 37). IIudaroposy Tpoiiky (12, 35,37) Bpaj 1 MOX-
HO OBUIO HAWTHU NpOCTHIM HepebopoM. Buzaumo, cocraBuremn «Cyiib-
Ba-CyTphl» 3HAJIM KaKOWU-TO CIOCcO6 HaxXoxAeHUA NudaropoBbIX TPOEK.
BecbMa BepOAITHO, 4TO UX Crocob 6bul cieayromuii. Kak MBI yxe roBo-
pWIH, UM OBUTO U3BECTHO TOX/ECTBO

n+13)2 n—1)2
( 2 ) N ( 2 ) =

9 m?—1 m*+1
[Tyctb n = m*. Torga TpeyroJlbHUK CO CTOPOHAMU 5, MmHu
IPAMOYTONBHBEIN. [t m =2, 3, 4, 5 u 6 nonyyaeM ciefyomue nuda-
ropossl Tpoiku: (3,4,5), (4,3,5), (15,8,17), (12,5,13) u (35,12,37).
10 Kak pa3 Te MUparopoBbl TPOUKH, KOTOphIe cogepkarcs B «CyabBa-
cyTpe»; BpsiZi JIU 3TO CIy4alHO.

Ilromazas xpyra

Ocoboe 3HayeHUe MpU NOCTPOEHUM aiTapei MMesa Iuomazs. [lo-
9TOMY JJ/IHa OKPY>XHOCTH CTpPOUTeJIel ajiTaped He MHTepecoBasa, HO B
KaxJoi pesgakuyu «CyJbBa-CyTphl» IPUBEIEHO HECKOJIBKO pasHBIX 1Ipa-
BWI AJIA NIpeBpalleHys Kpyra B paBHOBEJIMKHM eMy KBaJpaT WX KBaj-
para B paBHOBE&JIUKUU eMy Kpyr. OTU IpaBWia AalOT HEKOTOpbIe NpU-
GmkéHHble GOPMYIIBL I BEIMUCIEHUA [UIOMIAAU KPyTa, T. €. Mpubiu-
JKEHHBIE 3HAYEHUs Yucia 7. Cpefu 3TUX NPUOIIDKEHUN BCTpedyaroTcsa
U BecbMa rpy6rle. Hanprumep, o4HO U3 NpaBWI AJI1 HOCTPOEHUA CTOPO-
HBI KBaZlpaTa, paBHOBEJIMKOTO IAHHOMY KPYTY, PEKOMEH/yeT pa3/ie/IuTh
AuaMmeTp Ha 15 paBHBIX 4acTeil u B3sTh 13 Takux yacreil. COiacHO 3To-

nd? 2 1312 ,, 132
My [paBWIy T=S=a = (E) d*,T.e.m=4- (-1—5) ~ 3,004.

Xopotee npubDKEHNe AJI YKCiIa T COAEPXXUT ofHA M3 Haubosee
paHHUX pezakiyii «CynbBa-cyTphl» (MaHaBa). B aToit kHUTe rOBOpUTCH,
YTO IUIOUIAAb KBaJpara cO CTOPOHOH 2 gaBHa wiowazsau prrg paauy-
ca l%. CoryacHO 3TOMy IIpaBWIy T - (g) =4, Te.t=4- (g) & 3,16.
Takoe ke mpubIIKeHUe AJIA YUCIA 7T UCI0NIb30BaMu B JlpeBHeM Erunire.

Cpezu pasjMyHBIX NpUGIMXKEHUH A1 yucia 1 B «CynbBa-CyTpe»
pe3ko BeyeseTcs 3HadyeHue 3,088. IIpaBwia, NpUBOAALIME K HEMY,
coZlep)kaTcsAd BO BCeX peAaKUMAX, NPUYEM 3THUX IIpaBWI JBa — reoMmer-
pudeckoe u anrebpanyeckoe. [T0-BUANMOMY, UMEHHO 3Ty BeJIUYMHY
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cocTraBuTeIn «CylbBa-CyTPhl» CYUTAIN TOYHBIM 3HAY€HUEM OTHOLICHUA
IUIOIaAy Kpyra K IUIOIIaAy KBajpara, IOCTPOEHHOI0 Ha ero pajauyce.
OCHOBHO€ NIOCTpPOEHUE, CBA3aHHOE C 3TUM IPUOIIDKEHHBIM 3Haye-
HueM, TakoBO. OnuiieM BOKpYT kBaApaTra ABCD OKpPY>KHOCTb U IIpOBe-
ZéM B Hell paguyc ON, nepleHAUKY/IAPHBIA CTOpOHE AB; aTOT paguyc
IepecekaeT cTOpoHy AB B Touke M (puc. 3.27). [locTpouM TOUKy P, zme-

N
A P B
N

o)
D o
Puc. 3.27

JisuIyto oTpe3ok MN B oTHowmieHUd MP : PN =1 : 2. Torga OP npeaJara-
ercA B3fTh B KayeCTBe paZuyca Kpyra, paBHOBeJIMKOro ksagparty ABCD.
ECJm a— CTOpOHa KBaapaTa ABCD, R — paauyc NOJIly4€HHOTO Kpyra, TO

R=3 + ( 2) ( 2) 3HauUT, COIJIAaCHO IIpeAaraeMo-
MynpaBpmy

2_ _p2_ 27 2  1\_d&n,

@® =R = a*% (1+ﬁ+2)_ L. (3+2v2),

T.€. T = ~ 3,088. Iy nony4eHUs TOYHOr'O pellleHUs YUCJIo

18 1
3+42v2 3
HY)KHO 3aMEHWUTb Ha YUCJIO A, YAOBJETBOPSIOIEE COOTHOIIEHUIO 1 =

2 1
—n( +7L(———)) T.e. A= ———) INocnegoBaTenb-
2 V2-1\Vx 8

HBIMU HaAWIy4YOINMHU IIpI/I6JII/I)KeHIfIHMI/I yucia A panOHa/JIbHBIMU YUC-

1 4 9
JlaMU SIBJISIOTCA Apobu 3, 13’ 29 -

MOJIyYUM I YCIa 7T pUbmnKEHHOe 3HadeHue 3,147...

Jlns pemieHus obpaTHOM 3ajayy, T.e. [JI1 TIOCTPOEHHUA KBaJpaTa,
PaBHOBEJIMKOIO JaHHOMY Kpyry, «Cy/lbBa-CyTpa» IpejjaraeT Cieayro-
mee npaBuno. Ilycte d —auaMerp kpyra. Torga cTopoHa a MCKOMOTO
KBajpaTa paBHa

4 1
BasB, Hanpumep, 13 BMecTO 3,

7 1 1

d'(§+8-29' 8'29~6+8~29~6~8)'
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d? .. ..
Tak kak a® = T, TO 3TO MPaBMIO AAET A1 YMCHA 7T NpUOIIKEHHOE

3HaueHue 3,088. [opa3zo Gosee TOYHOEe 3HAYEHUE YUCIA TT JAET Me-
Hee rpoMo3aKas ¢opmyna a=d - (g + 8-%); B 3TOM CJIy4dae AJif Yucia

2 2
7T MoJy4aeM NpUOTIKEHHOE 3HaYeHHe 2(%) =2- (% ~ 3,1426.

[TouTH coBnazarwlye He O4YeHb TOYHbIE IIpI/I6JII/I}KéHHbIe 3Ha4YeHHA YUC-
Jla 7T B reOMeTpu4eCKOM U anre6panqec1<0M npaBWiIax CBUAETEIbCTBYIOT
O pOACTBE 3THUX IIpaBHIIL. 310 POACTBO IIOATBEPXAAETCA TEM, YTO BTO-
poe npaBWIO MOXHO IIOJNY4YWUTh U3 II€PBOro, BOCIIO/NIb30BABUINCH ITpH-
OMKEHHBIM 3HaYeHHUEM

_ 1.1 1 _577
V2=1++ 3+ 377~ 37433 = 208 ™ 1414216,

KOTOpOe cofepXutcsi B «Cy/IbBa-CyTpe». OT TOYHOrO 3Ha4eHHA v2 =
=1,414214... OHO OTIMYAETCA JIMIIb B IIECTOM 3HaKe IIOC/e 3amAaTOoMH.
ToxaecTBO

5772=332929=2-408*+1

CBUJETEJILCTBYET O TOM, YTO 3TO IPUOJIDKEHHE OYeHb Xopoliee; Apobb
577/408 BXOAUT B YUCJIO MOAXOAAIINX Apobeii pasioxkeHUs V2 B nen-
HYyI0 Zpo6b. CortacHO nepBoMy (reoMeTpUdecKoMy) IpaBHIy

d 2R=g'(1+_1_)=2+3«/'2"

a a

Ec/ti Mbl OACTABUM /11 V2 yKa3aHHOe IIpUGIMKEHHOe 3HauyeHHe, TO

IIO. UM g = &93' T. € 2 1224 .Hel"KO II BEPUTDH, YT
Iy = 1224’ €47 1393 POBEp °

1224 —1— 1 1 + 1 _ 41
1393 8 29 8-29-6 ' 8-29-6-8 8-29-6-8-1393"
Or6pocuB nociegHee ciraraeMoe, IOJy4YuM BTopoe (anreb6panyeckoe)

NPaBIJIO.

[No-BuaNMOMY, IepBOe U3 PACCMOTPEHHBIX HAMU NIPaBII (TeOMeTpH-
YeCKOe) CYUTAIOCh TOYHBIM. Penuruo3nsle 06pszbl 3aKpenif aBTOpPH-
TEeT 3TOro pellleHus 3aa4y O NpeBpalleHNH KBaJpaTa B paBHOBEJIUKHUH
eMy kpyr. Ho obpaTuth 3TO nmocTpoeHre reomMeTpuyecku (4 mpespa-
IIeHUs Kpyra B PDaBHOBEJIUKWH eMy KBaZApar) ApeBHUe UHAUWLIBI He
cymeny. VIM npuIuIoCch BOCIONIb30BaThCs anre6poil; mpuMeHUB IPUOIY-
XEHHOe 3HaYeHHe Yucia v/2 , OHM HAILTU BecbMa Heyno6HOe, COBCeM
He reoMeTpUyeckoe IOCTPOeHue, NP KOTOPOM OTPE3KH HYXXHO OBUIO
HECKOJIbKO pa3 Je/IuTb Ha paBHBle 4acTH. PaccMoTpeHHBle HaMM JBa
MpaBWia, IpUBOAALINE K IPUOMIDKEHHOMY 3Ha4eHUIO 7T ~ 3,088, cBu-
JETENbCTBYIOT O TOM, YTO cocTaBUTenu «CynbBa-CyTpbl» K pelleHUIO
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3aZa4y IOAXOAWIN HE TOJbKO IeOMEeTPHYEcKH, HO U aarebpandecku.
3zech, paBza, oA aaredbpoi Mbl Iogpa3yMeBaeM BCEro JIUIIb YMeEHe
COIIOCTABJIATh OTHOUIEHUIO OTPE3KOB OTHOILIEHHE YHCes U YMeHHUe Ipo-
WU3BOJUTH C 3TUMU OTHOIIEHUSAMHU HEKOTOphle Tpeobpa3oBanus. Ho aTo
He TaK MaJjIo, KaK MOXeT I10Ka3aThCs Ha MTepBHIY B3I,

TlocTpoeHue KBajjpaTa, PABHOBEJINKOTO MPSAMOYTOJALHUKY

B «CysnbpBa-cyTpe» KBaApaT, PABHOBEJIUKII JAHHOMY IPSIMOYTOJIBbHU-
Ky ABCD, ctpowics ciegyromum obpasom. IIycTsb As onpeseéHHOCTH
AB < BC. OrpexeM OT npaMoyroibHuka ABCD KBaJpaT CO CTOPOHOM
AB u pa3pexxeM OCTaBLIMNCA IPAMOYTOJbHUK Ha JBa paBHBIX IIPSIMO-
YyTOJbHUKA; OAUH U3 3THUX NPAMOYTOJbHUKOB IPWIOXKHUM K KBajpary.
B pesysbraTte nonygum GUrypy, sakpauieHHyo Ha puc. 3.28. dTta ¢purypa
ABJIIETCA KBaApaTOM CO CTOPOHOHM d, U3 KOTOPOrO BHIpe3aH KBajApar
co cTopoHoii b. Eé miomaap paBHa IUIOMaAX KBaZipaTa cO CTOPOHOH X,
rae x? = a® — b2. /I noCcTpoeHUs OTpe3Ka X MOXXHO BOCIONIb30BaThCA
TeopeMmoti [Tudaropa: 3TOT OTpe30K ABJSAETCA KaTeTOM IPIMOYTOIBHOTO
TPEYTOJIbHUKA C TUIIOTEHY30M a U KaTteToM b. B «CysbBa-cyTpe» Teope-
ma ITudaropa npusBeseHa B ciexymomeil GopMyTHPOBKe: «/luaroHaab
NpsIMOYTONMbHUKA obpa3syeT oba KBajpara, KOTOpble BepTHUKAJIbHAasA U
TOPU30HTAJbHAsA CTOPOHBI 00Pa3yloT 10 OTAENBHOCTH». JTO, MO-BHIU-
MOMYy, IlepBas II0 BpeMeHH GOpMYINpPOBKAa TeopeMsbl [Tudaropa (cam
[Mudarop poAwics, cCKopee BCETo, y)Ke IOC/Ie TOro Kak ObUla HalmucaHa
«CynbBa-cyTpa»; K TOMY € COXpaHHUBIIMecs ApeBHerpeueckue Gopmy-
JIMPOBKU U JJOKA3aTeJbCTBA €r0 TeOPeMbl OTHOCATCA K ropaszo Gosee
I03JHel a1roxe).

i SR i Q
Puc. 3.28 Puc. 3.29

[MocTpoenue, onvcaHHoe B «Cy/lbBa-CyTpe», JajJeKO He caMOe Ipo-
croe. Bonee npocroe pemeHne BUAHO U3 puc. 3.29: eciu xopAa PQ,
nepHeHAMKy/sApHas auameTpy EC, nepecekaeT ero B Touke B, To PB% =
=PB-BQ =EB - BC, T.e. PB—cTOpoHa KBajpara, IUIOIaJb KOTOPOIro
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paBHa IUIOIAAH IIPSMOYTOIbHUKA cO cTopoHaMu EB u BC. EBxing npu-
BOJWUT MMEHHO TaKOe IOCTPOE€HHe, HO JOKa3aTeJbCTBO y HEro TOYHO
TakKoe e, kak B «Cy/ibBa-CyTpe»; OHO TOXKe OCHOBaHO Ha TeopeMe [Tuda-
ropa. BosbMéM Ha IIpoO/DKEHUM CTOPOHBI BC 3a TOUKy B Takyio TOYKY
E, yro BE = AB. ITlycte O — cepeanHa otpeska EC, P —To4ka Iepece-
yeHus syd4a AB U okpyxHocTH ¢ auamerpom EC (puc. 3.30). EBxing

p

L JA D
Puc. 3.30

JIOKa3bIBaeT, YTo IUIOLIaZb KBaJpaTa co CTOpOHOM BP paBHa Iuloumazu
npAMoyronbHUKa ABCD, cienyroumm obpaszom. Iltomaab mpsaMoyToib-
HUKa ABCD paBHa IUIOIagu 3aKpanieHHOH ¢urypsl. CeoBaTeIbHO,
OHa paBHa pa3HOCTH IUIOIaJel KBaZpaToB co cropoHaMu EO = OP u
BO. Ilo Teopeme ITudaropa mwiomazab KBaZpara, IOCTPOEHHOT'O Ha KaTe-
Te BP nipsiMoyro/iibHOro TpeyroibHruka OBP, paBHa pasHOCTHU IUIomajei
KBaJpaToB, NIOCTPOEHHBIX Ha runoreHy3e OP u kartete BO.

Takoe cTpaHHOe Ji0Ka3arenbCcTBO EBKINzAA TpyAHO O06BsICHUTH. Teo-
pema o ToMm, uto PB - BQ = EB - BC (cM. puc. 3.29), eMy U3BecTHa, IIpU-
4yéM JoKa3blBaeT e€ OH, ONUpasch TOXXe (aKTUYECKH JIUIIb Ha Teope-
my [Tudaropa (He UcIonb3ys BecbMa CIOKHOM TeOpUU OTHOLIEHUI). Bo
BCAKOM CJIy4dae, COBIaJieHHe ApeBHErpedyecKoro M JpeBHEMHAUICKOro
JI0Ka3aTeJbCTB BPpAJ JIU CIy4aiiHo.

MaremaTHKka paHHEro MKailHU3Ma

Kuura «CynbBa-cyTpa», cofiep)kallias IIpaBwia AJA NOCTPOeHUA ail-
Tapel, CJIOXWIACh B CBSI3M C PUTyaJlaMU BeJUNCKOM penuruu. Beausm
ObUT He eAMHCTBEHHOH pesurueii JpesHei Unauu. B cepeaune [ ThicA-
YeJieTHA 0 H. 3. BO3HUKJIU JIBe HOBbIE PeJIUTHH — OYAAU3M U [DKAHU3M.
Pannue mpxaifHCKHMe TEKCTHI COZepXKaT MHOIO MaTeMaTH4YeCKUX CBeZe-
HuM. JIaTUpOBKa 3THUX TEKCTOB 3aTPyJHUTEbHA, HO IPEATION0XUTEIbHO
HUX OTHOCAT IIPUMEPHO K TOMY K€ BpeMeHH, 4TO U «CyJ/IbBa-CyTpy».
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Beauiickue U KallHCKMe MHTepechl K MaTeMaTHKe CYIIeCTBEHHO
pasnuyamice. CTpouTesnell BeAWHCKUX aiTapeil MHTepecoBasa JIHUIIb
wIoaAb Kpyra, a [pKaliHOB — He TOJIBKO IUIOIIaJb KpyTa, HO U AJIMHA
OKpyxHOCTH. Bojiee Toro, [xaliHCKHME MaTeMaTHUKU AO/DKHBI GBUTH 110-
HHUMaTh, YTO OTHOLIEHUE IUIOIIAaJM Kpyra K KBaJpaTy paguyca paBHO
OTHOLIEHUIO /IJIHBI OKPY>XHOCTH K JuaMeTpy. B caMoM zete, OHU 3HaIM

TOYHYI0 GOpMyJLy A IUTOWAAU Kpyra: S = %, rae S — IUIOaAb KpyTa,
L — pnviHa OKpY>XHOCTH, d — AnaMeTp. A u3 3Toi GOpMyJIBI CIeAyeT, YTo
L:d=S:§=S:R2.

JUIA JJTMHBL OKPYXKHOCTU /DKAMHBI HUCIONb30BAIM NMPUOIIDKEHHYIO
dopmyny L = 4/ 10d?. Ora popmyna maér 3HayeHue 7 ~ 3,162... OHO

. 812
BecbMa OJIM3KO K NPUOIINKEHHOMY 3HAYEHUIO TT A 4 - (5) , IOTOMY 4TO

(4. (§)2)2= (@)Zz 65536 _ 1o _ _74
9 81 6561 6561°
JhxaltHCKMX MaTeMaTHKOB MHTepecoBasla TaKXKe CBA3b MeXJy djie-
MeHTaMH cerMeHTa kpyra. IlycTb d — auameTp Kpyra, h — BBICOTa cer-
MEeHTa, ¢—/JIMHa XOpABI, OTCeKalolleil cerMeHT, a — JJIMHA CerMeH-
Ta. [IpuMeHuB Teopemy [ludaropa k TpeyronbHuky AOQ (puc. 3.31),

d\2 d 2 c)2
TOTYYUM (5) = (5 - h) + (5) . VI3 3TOro COOTHOLIEHHS MOXHO

MOJIyYUTh GOPMYJIBL

c=+/4h(d —h),
_ (/9 +h?
d=—=—

h=""Yr—%

d—+d*—c?
3 .

p

CEIN
PN

.S
>}

Puc. 3.31
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Bce ot dopMyJbl cosepkaTcs B [PKaWHCKUX TeKCTaX. B HUX ecThb Takoke
dopMmysbl, CBA3BIBaOLIME BEJIUYUHEL d, h U C:

=1/6h? +c?,

S9TH GOpPMYNBI CEAYIOT U3 COOTHOIIEHUs a’ = c¢? + 6h%, CBA3aHHOrO
b

CKOpee BCero, ¢ NMpUbImkEHHOM Gopmynoit L = v/ 10d? ans ANKMHBI OK-
pyxHocTu. Ilpu uameHeHuu yrna a = ZAOB ot 0 go 180° BesuuuHa

k(a), rae a® = ¢? + k(a)h?, usmeHseTcs OT 5l ~ 5,33 10 m%2 —4~5,87.
Ho ecsu z71s nosiykpyra Mbl pUMEHUM q)opMyJIy L=1/10d?, KOTOpyIO

4,c =d’uh e

_at—c¢*_[(10d> 5\ /d* _
k=" _(4 d)/4_

HanoMHUM, YTO MOJyYEHHAs TOYHO TAKUM Xe 06pa3oM (C IOMOIIbIO

2
MPUOIIDKEHHOTO 3HAYeHHUA 7T & 3) MpUOMKEHHAsA popMyia s = Sh—_zt-’l-

KCIIONb30BAJIM /PKAWHEI, TO HOJYYUM d
H03TOMY

JUts IUIOI[aZI CeIMeHTa eCTh Y €rHMITSIH U B COYMHeHHuAX 'epoHa (cM.
c. 11), a Taxke B IpeBHEKUTANCKON «MaTeMaTUKe B J€BATH KHUTAX» U Y
UHAMMCKOro MaTeMaTtuka MaxaBupsl (850 r. H. 3.).

[pubmokéndyo ¢opmyny L = v/ 10d? mxaliHbl MOIIM IOIYYUTh C

nomomibio Gopmysnsl h = (d — v/ d? — ¢?) /2 crneayromum o6pa3om. Brico-
Ta hg CerMeHTa, OTCEKaeMOro CTOPOHOM NPaBHIBHOTO LIECTHUYTOIbHH-

Ka, paBHa
/ d2 d(2-+v3)
— 2 _ 2 e VoI
d 4)/2_ 4

Ecu yncno +/3 3aMeHUTDb ero nNpUb/IKEHHBIM 3HaYeHueM 5/3, To 1mo-

d 5
nyauM he ~ 75 (B AeficTBuTenbHOCTH g < 75, TaK Kak v3 > 3). Cro-
DOHEHI g U alz TIPaBIIBHBIX IIECTH- U ABEHA/IIATHYTOJbHUKOB, BITHCAH-

2

a;
HBIX B Opr)KHOCTb CBSI3aHBI COOTHOLIEHHEM a12 = h2 +7 . [ToaTomy

d2 _ lod?
12 o~ 12 a4 > @ 3HAYMT, KBAZpaT NepUMeTpa IIpaBI/IJIbHO-
ro ABeHa,auamyronLHnKa npubmoxénHo paseH 10d?, npuuém BeaMyH-

Ha 10d? 4yTb 6onblIe KBaJpaTa MepUMeTpa, JUIMHA OKPYXXHOCTH TOXe
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9yThb 6oJblile nepuMeTpa BIHUCAHHOI'O ABE€HAAaTUYTOJIbHUKA, II0O3TOMY

uyucno y/ 10d? BlosHe MOIVIM CYMTATh 3HAYEHUEM JUIMHBI OKPY>KHOCTH
(TOYHBIM WIH MPUOIKEHHBIM).

ApuabGxara (476—550)

B 499 r. ApuabxaTa COCTaBWJI TPaKTaT B CTUXaX II0 aCTPOHOMHUU U
MmaTeMaTuke. TaM OH JaéT pellleHHe 3aJa4dd Ha CJIOKHbBIE IPOLEHTH,
NpUBOJsANIel K KBaJpaTHOMY ypaBHeHUIO. [IpUBOZUT OH Takke U pelle-
HUe ypaBHEHUA ax + b = cy B ueibIx 4Uciax, HO 6osee mOAPOGHO OHO
H3JIOKEHO 1103Ke B cOYMHeHHnAX Bpaxmarynthl u Bxackapsl. Apuabxata
6BUT XOPOILIO 3HAKOM CO CBOHMCTBaMU apudMeTHYeCcKol nporpeccuut. OH
IIPUBOJUT TAK)Ke IIpaBWIa CYMMUPOBaHHUA TPEYTONbHBIX YHCesl, KBaApa-
TOB U Ky60B. JlJIs1 yKcCjIa 7T OH IOIYYMI CAMO€e TOYHOE JIJIs TOT'O BpeMeHH
3HaueHue 3,1416, HO IMpeANOYNTall UCIIONb30BATh Ha IPAKTUKe 3Haue-
Hue v 10~ 3,1622.

Bapaxamuxupa (505—587)

BapaxaMuxupa OJy4u TPUTOHOMeTpUUecKue GopMyIibl, KOTOPHIE B

. T
COBpPEMEHHBIX 0003HaYeHHAX MOXKHO 3aIKCcaTh TaK: sinx =cos| = — x),

. 9 9 1 —cos2x ) 2
sin“x +cos“x=1, ——p  =sin"x.

Jo Hero DKaMHCKMe MaTeMaTUKU 3aHUMaJUCh KOM6HHaTOpHOﬁ 3a-
L[a‘IEﬁ O BBIYHUCJIEHHH TOrO, CKOJIbKHMMH crocob6aMu MOXKHO Bbl6paTb

m NpeAMETOB U3 N, T.€. O BHUUCIEHUN GUHOMHUAIBHBIX K03ddUIueH-

T0B C™. OHM NOJNy4MIM BhIpaxeHue CT = nin 1)"7'75? —m+1) Bapa-

XaMHUXUpa [OJOMIEN K 3TOU 3aJaye NOo-ApyroMy U GpakTU4eCcKH MOMydrI
TpeyroibHuK [lackans.

Bpaxmarynra (598—670)

Okosto 628 r. BpaxmaryrTa cocTaBWI TPAKTaT B CTHXaX «YCOBEpIIEH-
cTBOBaHHas Hayka Bpaxmbl». MaTeMaTHKe ITOCBAIIEHbl BCETO JIUIIb JIBe
13 20 1aB 3TOr0 TPaKTaTa, HO OHU CYIIECTBEHHO MTPOABUHY/IM MaTeMa-
TUKy [JpeBHeit MHauu. Bpaxmarymnra cbopMynupoBai obiee IpaBUWIO
pellleHus] KBaJpaTHBIX ypaBHeHUH. OH BBEN He TOJIBKO HYJb KakK pe-
3y/IbTAT BEIMMUTAHUA YKHC/IA U3 CaMOro ce6s1, HO M OTPHUIIAaTEIbHbIE YHCIIa,
KOTOpEIE OH UHTEpPIIPETHPOBAJI KaK A0JT. BpaxmarymTa chopMyrpoBa
MpaBHJIa Ollepalyi CJIOKEHUA ¥ BBIYUTAHUA C HYJIEM U C OTPHUIIATEIbHE-
M yrciamMu. Ho, ToBopst 0 «BosbliieM» U «MEHbLIEM» B CJIy4ae OTpHULia-
TeJIbHBIX YKCe, OH IToJpasyMeBaeT UX abCOMIOTHRIE BeJTMYUHEL. VHANN-
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CKHMe MaTeMaTHKM 1ocjie bpaxMarymTsl ke cucTeMaTH4eCKH I10b30Ba-
JIMCh OTPULIATEJbHBIMU YU C/IAMHU.

Bpaxmarynre emjé He ObUTa M3BeCTHa JBY3HAYHOCTh KBaZPaTHOTO
KOPH#A, HO y»ke MaxaBupa B 850 r. mucas, 4TO KBaJpaTHBII KOpeHb U3
HOJIOKUTEIbHOTO 4MCJIa — 3TO INOJMIOKUTENbHOE U OTpULlaTe/IbHOE YHUC-
Jla, a OTpULAaTe/IbHOE YHCJIO He UMeeT KBaJpaTHOTO KOPHA.

BpaxmarymnTa IpMBOAUT Tak HasbiBaeMylo popmyity I'epoHa A rwio-
Ay TPeyroJIbHUKA U 00061aeT eé Ha YeThIPEXYTOJIbHUKHY, BIIMICAHHbIE
B OKPYXHOCTb: S = \/(p —a)(p—-b)(p—)(p—4ad), rae a,b,c,d — gmu-
HBl CTOPOH YeTHIPEXYTOJbHUKA, a p — UX noiycymma (dopmyna Bpax-
mazynmut). BpaxMarymta IpuBOAUT TakKe BBIDOKEHHUA JJI KBaJpaTOB
JJIMH JuaroHanaei BIMCAHHOTO YeThIpEXYTONbHUKA Yepe3 ero CTOPOHBI:

2 _ (ad +bc)(ac + bd) 2 _ (ab+cd)(ac+bd)
= ab+cd Y= ad + be

Bpaxmarynra He OroBapuBaeT, YTO 3TU (pOPMYJEI BepHBI TOIBKO JJIA
BIIMICAHHBIX YEeTHIPEXYTOJIHbHUKOB, HO €r0 UHTEPECOBAIM TOJBKO TaKHe
4eTHIPEXYTONBHUKY. Boslee TOro, ero MHTEpPEeCOBaIU BIMCAHHBIE YETHI-
PEXYTOIbHUKY C IIepIeHANKY/IIPHBIMU AUaroHaxaMu. BoamoxHo, Bpax-
Marynra HoJy4w1! cBou GOpPMy/El UMEHHO JJI1 BIMCAHHBIX YeTHIPEX-
YTOJIBHUKOB C IepIEeHANKYIAPHBIMU JUaroHaasiMu. Bpaxmaryrmita ckiia-
[bIBaeT BITUCAHHBINA YeTHIPEXYTOJIBHUK C HEPIEeHAUKYISIPHBIMH JHAro-
HaJISIMH U3 4eTBIPEX MuaropoBbIX TPEYTOJIbHUKOB U IOIydYaeT YEeThl-
PEXYTONBHUK C LIeJIOYUCIIEHHBIMY CTOPOHaMHU, JUaroHaSIMU U ILIOIIA-
apto. (KateTsl 3TUX m1QaropoBbIX TPEYTOMBHUKOB JO/DKHBI YAOBIETBO-
PATb COOTHOLIEHUIO d,d, = b b,, puc. 3.32).

b,
a, a;
b,
Puc. 3.32

Bpaxmarynra JaéT IpaBiIo Hax0XAeHUs MIPSIMOYTOJIbHBIX TPEYTOIb-
HHMKOB C PallOHAIbHBIMH CTOPOHAMU:

aTeThl m 1("1—2— ) 3 l(m—2+ )
K » 5\ 7y —n), rumoredysa 5| —-+n|.
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Jlia pellleHUA B LieJIBIX YMCJIaX ypaBHeHUA ax + ¢ = by Bpaxmaryn-
Ta, II0-BUAMMOMY, UCIIOIb30BaJl HelpephIBHbIE Apo6u. OH TaKKe HANIEN
pellleHHs B IeJbIX YMCIaX HECKONTBKUX ypaBHeHMil BuAa ax? + 1= y2.
Hanpumep, OH Hallé HaUMeHblllee pellleHre ypaBHeHus 61x2 + 1 = y?
(x=226153980, y =1766319049).

BpaxmarynTa chopMynupoBan (6e3 0Ka3aTeNbCTBa) MPABHIO Bbi-
YHCIEHHA CYMMBI TIEPBBIX N KBAaAPATOB M Ky6OB U MOTyYHI HHTEPIIOA-
LIMOHHYI0 GOPMyJTy /Il BHIMUCIEHHUS CUHYCOB.

Maxasupa (800—870)

Oxkorto 850 r. MaxaBupa cocraBui «KpaTkuii Kypc apudmetrxu». Ilo
COZiepKaHUIO 3TOT TPAKTAT OJIM30K K TpakTaTy bpaxmarymrel, HO coaep-
JKUT KaK YIPOIEHHUs, TaK U JAOIOIHUTENbHYI0 UHPOPMAILIHIO.

OTO caMblii paHHUN MHAMNCKUI TPAKTaT, LEJIUKOM IMOCBSIIEHHBIH
MaTeMaTHKe. Bojiee paHHUe TpaKTaThl TIOMHUMO MaTEeMaTHKH COAepKa-
JIX TaKXe acCTPOHOMMIO.

MaxaBupa IpUBOAUT NIPABIIO CyMMHUPOBAHHSA reOMeTPUYECKOH IIpo-
I'PECCHH.

BpaxmarynTe elné He 6bUla M3BeCTHA JBY3HAYHOCTh KBaZpaTHOTO
KOpHA, HO ye MaxaBupa nuca, 4To KBaJpaTHBHIA KOpeHb U3 IOJIO-
JKUTEJTHHOrO YUC/Ia — 3TO NOJIOKUTENbHOE U OTpHUIaTeNbHOE YUCIIa, a
OTpULIATEbHOE YUCJIO He UMEET KBaJpaTHOTO KOPHSI.

Cpuaxapa (870—930)

B cBO&M TpakTaTe «[laTUraHWTa», HAMKMCAHHOM IO OGBLIYAIO TOTO
BpeMeHH B cTuxax, Cpuzxapa IPUBOAUT Pa3/IMyYHbIe IPABHIA BEIIOMHE-
HUA apuMeTHYECKHX ONepaliyii, BKIIOYas BHYHMCIeHHEe KBAaJPATHBIX U
Ky6uueckux KopHeil. OH PUBOAUT NMPABWIO BEIYUCIEHHUSA, CKOMTbKUMH
Ccroco6aMy MOMKHO BHIGpaTh n MpeAMETOB U3 m IpeAMeToB. Cpuaxa-
pa TPUBOAWT TaKkKe COCOGH HAXOM/IEHWA PAlOHANbHBIX pelleHHi
ypaBHeHuit Buza ax? + b = y2. OH ofHUM U3 TIepBLIX cHOPMyIUPOBAT
PaBUJIO PellleHHUs KBaJPATHLIX YPaBHEHUIA.

Bxackapa II (1114—1185)

Bxackapa BriepBble chOpMY/IHPOBa IPaBIIa YMHOXKEHHA U JAeTeHuUA
JUI OTpULIaTeNbHBIX ynces. OH Takxe chopMyIHpOBas YCIOBHE Cylle-
CTBOBaHMA JBYX IOJIOXKUTEIbHBIX KODHEH KBaZIpaTHOTO ypaBHEHHUA.

Bxackapa pemas 3ajauy 0 HaXO)KJ€HHH KaTeTOB U TUIIOTEHY3HI IpA-
MOYTOJIBHOTO TPEYTONbHUKA 110 IUTONAZU U IEpUMeTpy. DTa 3aZa4ya CBO-
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JUTCA K cucTeMe ypaBHeHUH. OH TakKe pacCMaTpUBaJl CllelHaJIbHO 110~
JobpaHHbIe ypaBHEHNs TPeTbell U 4eTBEPTOl cTeneHu. bxackapa npu-
BOAUT GOPMYJIBI ISl CHHYCA CyMMBI U Pa3HOCTH JBYX YTJIOB.

Bxackapa MHOT'O 3aHUMAJICA pellleHNeM YPaBHEHUI B EIbIX YUCIIaX.
OH IpHUBOJUT pellleHHe YpaBHEHUA ax + b = ¢y B LeJIbIX YUCIaX, OCHO-
BaHHOe Ha LENHHIX Apo6sX, U pelIlaeT ypaBHeHUe xy = ax + by + ¢ B
LIEJIBIX YUCIIaX, IPUBOJSA €T0 K BUAY

(x —=b)(y —a) =c+ab.

Boyeg 3a BpaxmarynToil OH 3aHUMAaJICS pellieHHUeM B IeJbIX YHCIax
ypaBHeHus ax? + 1 =b? u Ha NpUMepax M3NOXWI obIUii CIIOCo6 pe-
IIEHUA STOrO ypaBHEHUS.

Bxackapa pUBOAXUT NPUEMBI BEIYUCIEHUSA [IEPECTAHOBOK U COYETa-
HUIA.

Maaxasa u3 Canramarpamsl (1350—1425)

MagxaBa OTKpbUI PAZABI JJI sin X, cos X U arctg x okosno 1400 roza, 3a
200 JieT 10 TOro, KaK OHU ObUTM NEPEOTKPHITH B EBpone. 3TH OTKPHITHA
MazxaBsl U3BECTHHI JIUIIb B O0Jiee MO3AHUX Iepeckasax, HO U Jaxe 3TU
nepeckasnl 6bUTH HanucaHbl 3a 100 jeT 10 OTKphITUIT B EBpomne. Paabl
JIaloTCA B CJIOBECHOH GOPMYJIUPOBKE.

HunakanTta Comaamku (1444—1544)

B 1501—1502 rogax HutakaHta Hamucan «Hay4HbIi cOOpHUK». B HEM
oH 6osee yeM 3a 150 et go xeiimca I'peropu u Jlefi6HMIIA IPUBET P
JJI1 apKTaHreHca B CJIOBeCHOH GOpMY/IUpOBKe: «BO3bMU AYTY OKPYKHO-
CTH, TaKylo, YTO e€ CMHYC MeHbIlle KOCUHyca. YMHOXb CHHYC AYTH Ha
paZivyc ¥ pa3Jiesid Ha KOCHUHyC. JTO JacT IepBoe KOJIUYECTBO. YMHOXb
3TO KOJIMYECTBO Ha KBaJpaT CHHyca M pasfieiM Ha KBaZpaT KOCHHYCa,
MOTY4YHIIb BTOPOe KOJMN4ecTBO. [IoBTOpsii 3TO, yMHOXas Ha KBaZpaT CU-
Hyca U JeJjis Ha KBajpaT KocuHyca. [losydyeHHBIe KoJinyecTBa paszesu
Ha HeyéTHhIe Leble yucia 1,3, 5, ... Eciau nonyyeHHble KOJIUYECTBA ThI
CTaHellb [TOIepeMeHHO BBHIYUTATh U3 [IEPBOTO U NIPUOABIATH K HEMY, TO
B KOHEYHOM C4€Te MOJIy4YHUIIb AYTY OKPY>KHOCTH».

Ota cyoBecHas GopMyIMpOBKa COOTBETCTBYET PasoKeHUIO

g8y gy
p=tgp——3 -+ —..

B «HayyHoMm cOopHUKe» [JI1 YHMCJIa 7T NPUBEAEHO NPUOIIDKEHHOE

104348 _ 3 1415926539...

3Ha4YeHHe m
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Apabckue cTpaHbl

Apabckas MaTeMaTrHka, B ominuue oT /JlpeBHero Kutas u JlpeBHeit
Wuauu, pasBUBajach IOJA CHIbHBIM BIMSHHEM MaTeMaTuku JlpeBHel
Iperyn. Ipu AG6acuaax Ha apabckuil s3bIk ObUTM NepeBeeHbl «Hayua-
Ja» EBKIMAA U «AbMarecT» [ITonemesi. 3aTeM 6bUTH NlepeBeleHB TPYZAbI
Juodanra, l'epona, Apxumesa, Aro/IOHUA. ApabBl yCBOWIN I'PEYECKYI0
MaTeMaTHKy HeCpaBHEHHO ITy6ike, YeM PUMIIAHE, AJIs1 KOTOPHIX MaTe-
MaTHKa He CTajla 3JIeMEHTOM UX LUBWIM3aluu. Apabckiie MaTeMaTUKU
BIIOJIHE OBJIaZIeIN HE TOJIbKO KOHKPETHBIMU 3HAHUAMH, HO U JAeyKTUB-
HBIM METOZIOM I'DEKOB.

Apabckuie MaTeMaTHKU MTOCTYXXIWIU TaKkKe IToCpeHUKaMH IIpY 3Ha-
KOMCTBE eBpOIIEHCKHUX MaTeMaTHKOB B CpeZIHUe BeKa C JOCTH)KeHUAMU
WHIUHACKUX MaTeMaTUKOB (HalpuMep, C MO3UIMOHHOMN AeCATUYHOH CcU-
cTreMoii 3anucu yucen). CaHCKPUTCKUM TEPMUH cyHbs (ITycTOe), KOTO-
PBIM Ha3bIBAJIM Hy/Ib MHAWHNIE, apabbl epeBe Kak ac-cuidp, OTKyAA
NIPOUCXOAUT CJIOBO yudpa.

Xa6aw ans-Xacu6 aab-Mapsasu (770—870)

Xabaw anp-Xacub anb-MapBa3u COCTaBIJI HECKOIBKO TPUTOHOMET-
pUYecKux Tabiul, B YaCTHOCTH, TAbJUIy 3Ha4eHWH cuHyca. Kpome
TOr0, OH COCTaBWJI TGNy OTHOLIEHWH JJVHB BEPTUKAJBHOIO HIeCTa
K JUINHe OTOpachiBaeMoOil UM TE€HU B 3aBUCHMOCTH OT BHICOTH COJNHI,
T.e. TabJWIy KOTAHTEHCOB, a TaKKe TabJuLy «OOpalléHHEIX TeHel»,
T. €. TaHreHCcoB. TakuM 06pa3oM, TaHI'€HC U KOTAHTeHC MOSBUIUCH BHa-
Yajie He B CBSI3U C JUHUAMH B KPyTe, a B CBA3U CO CpaBHEHHEM KaTeTOB
HIPSIMOYTOJIBHOT'O TPEYTOJIbHUKA.

MyxammMaz anb-Xopeamu (783—850)

Xamud anp-MamyH (celH 3HameHuUToro l'apyHa anb-Pamuiza) cosgan
B Barzaze akazemuro oz Ha3paHueM /JloM MyapocTu. TaM IepeBOAWIH
JApeBHerpedeckre ¢riocopckue U HaydyHble TPyAbl. Anb-Xope3Mu pabo-
Tas B 3ToM JloMe MyZpOCTHU 0/, TOKPOBUTEIBCTBOM CaMOI'o ajb-MaMmy-
Ha, KOTOPOMY Y IIOCBATIJI JBa CBOUX TpaKTaTa.

JlecsiTiyHasA NO3UIMOHHAA HyMepaLyA BIlepBble Ha apabCcKOM sI3bIKe
omucaHa B KHUre ajlb-Xope3Mu «O6 UHAUICKOM C4éTe». OpUruHaIbHBIN
TEKCT He COXPaHWICH, U3BECTEH JIMIIb JaTHHCKUI nepeBoz (Algoritmi
de numero Indorum; 3aech Algoritmi — iaTuHU3UpoBaHHasA popMa da-
MWINM aBTOpa). JTa KHUTa— IIepBOe PYKOBOJCTBO IO apudMeTHKe,
OCHOBaHHOE Ha MO3ULOHHOM IIPUHIUIIE. AJTb-X0Ope3MH TOAPO6GHO OITH-
CBIBaeT CJIOXKEHUe, BHIYUTAHUE, YMHOXeEHUe, JieJieHue U U3BJIeYeHHe
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KBaZIpaTHOrO KOpHA. Ero pyKoBOACTBO CHIrpajio OOJbIIyI0 posib B pas-
BuTUU apudmetnku. daMwinA aBTOpa B JIATUHU3UPOBaHHOU ¢opme
Algorismus wiu Algorithmus B cpezHeBekoBOi1 EBporie cTana o603Ha-
4aTh BCIO CHUCTEMY AECATUYHOU MO3ULUOHHOU apudmeTUkd. TepMUH
an20pumMm B CMbICJIE PETYJIAPHOTO BEIYUCIUTENBHOTO IpoLecca, 3a KO-
HeYHOe YHCJIO LIaroB NPUBOJAAILIETO K pelIeHHI0 HEKOTOPOro Kiacca
3azia4, BIEpBbIE CTaJ yIIOTPe6saTh Jlelb6HuL,.

IleHTpanbHOE MECTO B KHUTe ajib-Xope3aMu «KpaTkas kHura ob uc-
YUCJIEHUU anb-ZKabpa U anb-Mykabasbl», ¢ KOTOPOHM CBfI3aHO IIPOUC-
XOXKJeHHe TepMHHa asieebpa, 3aHUMaeT pellleHUe KBAJPaTHBIX ypas-
HeHu#. [Ipy 3TOM paccMaTpUBAIOTCA LIECTh OCHOBHBIX KJIACCOB ypas-
HeHUIi epBoii 1 BTopoi crenenu: 1) ax? = bx; 2) ax?=c; 3) bx =;
4) ax® + bx =c; 5) ax® + c=bx; 6) bx + ¢ = ax?. Yrobbl pemuThH
ypaBHeHHe IEepBOM WIM BTOPOH CTENEHU, ero HyXXHO ObUIO CBECTH K
OZIHOMY M3 3THX IIECTH THNOB. [IJI1 5TOr0 NPUMEHsUINCh BE OCHOBHBIE
orepanuy: amb-xabp (BoCHmOIHeHHE) W anb-Mykabasa (IIPOTHUBOIIO-
craBjieHUe). Ab-JPKabp — 3TO NepeHOC BEIYUTAEMBIX WIEHOB B JPYTYIO
4acTh YpaBHEHUS B BUJe NpUOaBIieMbIX WIEHOB. Ajlb-MyKabaia — 3To
COKpallleHHe paBHBIX WIEHOB B 06eux 4acTax. Anb-Xope3smu $opMysIu-
pyeT IpaBwia, Aalolliye JIUIIb IOJOXUTeNbHble KOpHU. [IpaBuia s
4eTBEPTOro U IIECTOrO KJIACCOB OGOCHOBAHBI C IOMOIIbIO Ipeobpaso-
BaHUI NPAMOYTONBHBIX QUTYD.

Ab-Xope3Mu IPUBOAUT iBa criocoba peleHusa ypapHeHus x2+10x=
= 39: cHavyasa anrebpandeckuii, a 3aTeM reoMeTpudeckuil. [eomer-
puyecKoe pelleHue cileaywoouiee. [IocTpoUM KBajpaT CO CTOPOHOH X,

TIPWIOKUM K HeMy 4 NpSAMOYTOJIbHHMKA CO CTOPOHaMHU % = % U Xx,a
3aTeM J06aBUM ellié 4 KBaJpaTa CO CTOPOHOMH % (puc. 3.33). B pesyib-

TaTe IMOJYYUTCA KBaZpaT coO CTOPOHOU x + 2 - % =x + 5. [Inomazap aToro

(3)°

Puc. 3.33
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2
KBaZpaTa paBHa x° + 10x + 4(%) =39+ 25 =64, nmoatromy x +5=38,
a 3Ha4YMUT, X = 3. DTOT CIMOCO6 AAET TOMBKO IONOKUTENbHBIA KOPEHb,
OTpulaTeJbHble KOPHU ajib-XOpe3MHU He UHTEPEeCYIOT.

Hukakux cUMBOJIOB anb-XOpe3MH He HCIOJIb3yeT, ero U3JIoXeHHe
YUCTO CJIOBECHOE U BecbMa IpocTpaHHoe. [l apobeii OH MCIIONb30BaI
Ha3BaHHUe «Kacp», OT «Kacpa» — «JIOMaTh». TaK BOZHUKJIO JIATUHCKOE Ha-
3BaHue fraction ¥ Ha3BaHUA B JPYTUX A3bIKaX. Alb-XOpe3MU OIMUCHIBAET
NpeXx/ie BCero ecTueciTepudIHbIe JpOOH.

Ajb-Xope3Mu pellaeT U IpocTelliive 3aZja4y O TPeyTroJbHUKAX, CBA-
3aHHBIE C IpUMeHeHHeM aure6prl. Hanpumep, oH BHIYUCIAET IUIOMAAb
TpeyToJbHUKa co cTopoHaMu 13, 14 u 15. OH NpUBOAUT BhIpaXXeHHe
IUIOIIaAY KpyTra uepe3 JuaMeTp, UCHONb3yIolee i1 7T MPUOIIDKEHHOe

1
3Ha4YeHHEe 37, NpaBWIO BbIYHUCIEHUA IUIOIIAAN CErMEHTA Kpyra IIO AyTeE,

XOpAe€ U BbICOTE CErMeHTa, a TaAaKXKe ITpaBujia BEIYHCI€HHUA 00BEMa pus-
Mbl, MHPaMUAbl, DWIWHAPA, KOHYyCa.

Ans-/xayxapu (800—860)

Anb-J/Dxayxapu Hanucasa TpakTaT «KomMeHTapuu k EBxingy», cogep-
XKaluii npuMepHo 50 IpezsoxXeHUH, gononHsAomux «Havana» EBkim-
za. Hanbonee WHTEPECHEI €ro MCC/IeZ0BaHusA NATOrO NocTyIaTa EBKiIun-
za. Anp-Jl>xayxapy IepBbIM U3 apabGCKUX MaTeMaTHKOB IONBITAJICS J0-
KasaTb NATHIH nocTyaT. [IpeyioxKeHHOe UM [J0Ka3aTeJIbCTBO OCHOBAHO
Ha cJIeZlytollleM HessBHOM JIONyILeHUHU: eCJIU IIpH NlepeceyeHuH ABYX Ipsi-
MBIX HEKOTOPOH ceKyIeil 06pa3yioTcs paBHbIe HAKPECT JIeXKall[He YIJIb,
TO IIPU IlepecedeHUH 3THX e NPAMBIX JI000i Apyroil cekylei Toxe
06pa3yroTcs paBHbIe HAKPECT JIeXKallyie yIIbl. V13 3TOro OH BEIBOZUT, YTO
cpeJHAA IMHUA TPEeYTroJbHUKA paBHA IIOJIOBUHE €ro OCHOBAHMUSA, a TaKKe
YTO Yepe3 JI0OYIO JaHHYI0 TOYKY BHYTPH JAaHHOTO yIJIa MOXXHO IIPOBe-
CTH [IPAMYI0, IIepeceKaloliylo ob6e CTOpOHHI yiia. M3 ocie[Hero yreep-
YKAEeHUA yXKe U BBIBOAUTCS MATHIH 1ocTysaT. HelomHOTY AoKa3aTeIbCcTBa
Anb-Jxayxapu ormeTw1 Hacup az-/luH aT-Tycu.

Cabut n6H Koppa (836—901)

Cabut ubH Koppa mpumeHsu1 apudMeTHYECKHE ONlepaliii K OTHO-
HIEHUAM I'eOMeTPHUYECKMX BEeJMYUH, Yero He Jejlany TpeKu. DTO ObUIo
Ba)XHO JJIs1 BBeJleHUA OOLIero MOHATUA YUCTIa.

161 Koppa cdopmysipoBan TeopeMy CHHYCOB i ChepUIecKoro
NIPSAMOYTOJILHOTO TPEYTolbHUKA: sina : sinA =sinb : sin B.

V6H Koppa zokasbiBas MATHIM HOCTYIaT EBKIMAA, OCHOBEIBAsACHh Ha
TOM, YTO €CJIU ABe NPAMBIe Y aIAI0TCA APYT OT Apyra B OAHOM HalpasJie-
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HUH, TO B IPOTHUBOIIOJIOKHOM HalpapjieHHH OHU cOkarorcs. 13 aToro
OH BBIBEJI CHayasla CyllleCTBOBaHUe IapajuleJiorpaMmma, a 3aTeM yxKe U
nATHIA noctynar. [Ipy ApyroM nozgxozie OH UCXOAUT U3 CYIECTBOBAHUSA
PaBHOOTCTOALIMX NPAMBIX. V13 3TOro OH CHayasa JOKa3blBaeT CyIeCTBO-
BaHUe NIPSIMOYTOJbHUKA.

ApabckuM MaTeMaTHKaM, IIO-BUAUMOMY, He ObUI HM3BECTEH Tpak-
TaT ApxMMeZa O KBajparype napabosnbl. 1160 Koppa mpousBén kBaj-
paTypy cerMeHTa napabossl ApyruMm croco6oM. OH BIepBble IPUMEHIT
HepaBHOMepHOe JiejieHHe OTpe3Ka UHTerpUpPOBaHUsA, pa3JeuB ero Ha
YacTH, oTHocAumuMeca kKak 1:3:5:7: ... Torga opauHATEl OTHOCATCSA
Kak 1:2:3:4:... Ero BHYKC/IeHHMEe PaBHOCWIbHO BBIYMCJIEHUIO UHTe-
rpaia f: Vvxdx. N6 CunaH, BHyk VI6H Koppbl, IpoM3BE&I KBaapaTypy
napabossl ZpyruM criocoboM, BrepBrle BBeZsA adhduHHbIe Ipeobpa3oBa-
HuA. CHavana OH IoKasasl, YTo ecau npu abpdUHHOM Npeobpa3oBaHUU
OJVH MHOTOYTOJBHUK IIEPEeXOJUT B [PYrOi, a TPEYTOJbHUK B IIEPBOM
MHOTOYTOJILHUKE ITepeXOJUT B TPEYTOJIbHUK BO BTOPOM, TO OTHOLIEHHE
IUIOLaZied MHOIOYTOJBHHUKOB PaBHO OTHOLIEHUIO IUIOLIaZiell TPeyTroyb-
HUKOB. 3aTeM C IIOMOIIbIO METOZa HUCYEPIIBIBAHUA OH IIEPEHOCUT 3TO
yTBepXK/JeHHe Ha CEerMeHTHI Tapabosibl U BIIMCAHHbBIE B HUX TPEYTOJIbHU-
KM, OCHOBAaHUAMHU KOTODBIX CJIY>KAaT XOPABI CETMEHTOB, a BepIIMHAMH —
KOHIIBI INaMeTPOB, CONPSDKEHHBIX C 3TUMU XopAaMmu. Ha cropoHax Ta-
KOTO TPeyTOJbHUKA OH CTPOUT MEHbIINe TPEYrOJIbHUKY, BIMCAHHBIE B
XOpZABl, M AOKa3bIBaeT, YTO IUIOUIAZIM 3THUX TPEYTOIbHUKOB OTHOCATCSA

kak 1:8. Jlanee, Ha COBPEMEHHOM $I3BIKe, €CJIH IUIOLa/lb TPEYTONbHUKA
3x

=

V61 Koppa BBIYHCIIIT TaKKe 06bEM NTapabosIyecKoro Kymoa (orpa-

HUYEHHOro napaboJionioM BpalleHus).

V61 Koppa nokasaJ, 4To IIpu mpocThix p=3-2"—1,g=3-2""1 -1,
r=29-22""1 gycna M = 2"pq u N = 2"r aBIAIOTCA OpyHceCcmBeHHbIMU,
T. €. K&)XJ0€e U3 HUX paBHO CyMMe JeyuTeseii gpyroro. [Ipu n = 2 momy-
yaeTcs Mapa Apy>XecTBeHHbIX yucen 220 u 284, usBecTHas Heonudaro-
pelinam.

paBHa X, TO IUIOIIAAb CEIMEHTA paBHa X (1 + %— + 1_16 + )

AGy Kammn (850—930)

A6y Kammun, poausuiuiica B Erunte, mepBbiM 1ocJie aab-Xope3MH Ha-
mucas TpakTar no anrebpe. Aiarebpa y Hero orpaHuYeHa KBa[paTHbIMU
ypaBHeHHAMU. O60CHOBaHYE IPABIJI PellleHNA KBaZpaTHBIX yPaBHEHUIT
y A6y Kamuia, kaK u y anb-Xope3Mu, reoMeTpUYecKoe, HO OH obpa-
11aeTcsA HENOCPEACTBEHHO K COOTBETCTBYIOLIMM IIpeAJIoKeHUAM EBxin-
Aa. Hanipumep, ypaBHeHue x2 + q = px OH pellaeT ceAyromuM obpa-
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p

[~}
[N}

N

E—X

Puc. 3.34

3oM. [IpunoXUM K KBaZpaTy CO CTOPOHOH X IPSIMOYTOJIbHUK IUIOLIA-
v q (puc. 3.34). KBagpat u npAMOYTOJIbHUK BMECTe COCTaBJISIOT Ips-
MOYTO/IbHUK IUIomaAu x2 + q = px. [103TOMy COI/IacHO NMpeAJIoKeHHIO

p 2_[p\? p
11, 5 us «<Havan» EBxiuga q + (5 - x) = (i) . B ciiyyae, korza x < 3,

HU3 3TOro l'IOJIy‘IaeM
_P_ . [(P)_
X=3 (2) q-

Aby Kamun gejnaeT cjioKHbIEe Ipeo6pa3oBaHusA KBaZpaTUYHBIX HP-
panuoHanbHOCTel. OH peliaeT GUKBaZpaTHHIE YpaBHEHHUSA U CHCTEMY
ypaBHeHHUH

x+y+z=10,

xz=y?,

X2+ y? =22,
rme x<y<zs.

A6y Kamu He cobimogaeT 06bIYHOE /IS ApeBHel MaTeMaTHKH Tpe-
60BaHUe, YTO CKJIAABIBATH MOXKHO TOJILKO OZHOPOAHEIE BeIW4YMHHL Ha-
IpUMep, OH pellaeT TaKylo 3ajaudy: «HalTu BBICOTY paBHOCTOPOHHETO
TPEeYTOJIbHUKA, Y KOTOPOro CyMMa IUIOIIAAU ¥ BBICOTHI paBHa 10».

BaxHblii mar Brepéa, caenaHHulil A6y Kamitom B anre6pe, — pabo-
Ta CO CTeNeHsIMH BbIlle X2, BILIOTh /10 Xx°. TIpeioxeHHas UM TepMHHO-
JIOTHsl aHaJIOTWYHA TepMUHosoruu JJuodaHTa.

CnenyanbHoe couynHeHue AGYy KaMui mocBATWI pelieHHWIO B HaTy-
PaJbHBIX YUCJIaX CUCTEM HeolpeZej€HHBIX JUHENHBIX ypaBHeHUH. OH
MEPBBIM U3 apabCKUX MaTeMaTHKOB OOpaTWICSI K pelleHHIo JuodaH-
TOBBIX ypaBHeHHui. AGy KaMui HpUBOAUT NpUMeEpHI, KOIJa LIEJIOYKC-
JIeHHOe pellleHWe eAMHCTBEHHO, KOrZJa pelleHWil HEeCKOIbKO M KOTAa
peumieHu# Her. B 3TMX HmpuMepax HepBOe ypaBHEHHE OJHO U TO JKe:

x + y + 2 =100, a BTOpHIlEe ypaBHEHHA pasHble: 5x + % + z = 100,
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% + 35, + 22 =100 u 3x + 2},—0 % = 100. Haubosnee caoxHass cucTeMa

ypaBHEHHH, KOTOpyto pemaeT A6y Kamiul, ciepyromias:
x+y+z+u+v=100,
Yoz u,.
2x + 51T 3 +4+V—100.

OH CTPOUT ABe CepUU pellleHUH U BCero HaXxoAUT 2676 pelieHUH.
CounHeHusa AGy KaMuia BaXHBI eljé U ITOTOMY, YTO OHU OKa3aiu
6osbiiioe BAUsAHUE Ha PUOOHAYYH.

Aib-Barranu (858—929)

Anp-BaTTaHu u3BecTeH CBOMMHU Ype3BblYaifHO TOYHBIMHM aCTPOHOMH-
yeckuMH HabmozeHuamMu. OxHoBpeMeHHO ¢ CabutoM ubH Koppoii oH
chopMyIUpoOBa TEOpPEMY CUHYCOB ISl cpepuuecKoro npsaMoyTroJbHOro
TpeyToNbHUKA:

sina:sinA =sinb : sinB.

OH TarKe Z0Ka3all TeOpeMy KOCHHYCOB 1 chepuuecKiX TpeyrolbHU-
KOB:

cosa =cosbcosc+ sinbsinccosA.

An-Hatipusu (875—940)

AH-Haiipusu pasBuBaj TeOpHIO NapajulejbHbIX, OIIMpasAch Ha Ollpe-
AejieHNe NapaulejIbHBIX NPAMBIX, KOTOPOe Jajyu JpeBHerpedyeckuit Ma-
teMaTuK [locugonmii (135—51 A0 H.3.) M apMSHCKUI WIX BU3aHTUH-
ckuit maTemaTuk Aranuc (VI B.). ToBOpsA COBpeMeHHBIM f3BIKOM, OHH
OIpeAeNIsUTY IPAMYIO, NapajUleIbHYI0 AAHHOM IPAMOM, Kak 3akeudu-
cmaumy, T. €. KaK MHOXXECTBO TOYeK IUIOCKOCTH, HaXOAAIIUXCSA Ha OJHOM
U TOM K€ pacCTOSTHUU OT AAHHOM IPAMOH. DTO onpejesieHHe HesSBHO
T0ZpasyMeBaeT, YTO S3KBHAUCTAHTA — 3TO NMPAMAs’, a U3 TAKOTO IIPeATo-
JIOXKEeHHUA MATBIHA [TOCTYIAaT MOXXHO BBIBECTH, YTO AH-Halipusu u genaer,
CHavaJla YCTaHABIUBas CyLIeCcTBOBaHUeE IIPAMOYTONbHUKA.

An-Haiipusu Zoka3an oOIIyl0 TeopeMy CHUHYCOB s chepHUYecKUX
TPeyToNbHUKOB:

sina _ sinb _ sinc
sinA ~ sinB "~ sinC’

1B reomeTpuu JIo6a4ueBCKOTo U B chepryeckoit FeOMETPUM IKBUAMCTAHTA — 3TO KPH-
Baf.
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Aap-Xazun (900—971)

Asb-Xa3uH Hanucal KoMMeHTapuii K X kaure «Havain» EBxmza. OH
Takxke Jajl pelleHUe 3ajayu ApxuMeza (O JejleHMM LIapa Ha 4acTH C
3aZIaHHBIM OTHOIIIEHHEeM O6BEMOB) C IIOMOIIBI0O KOHUYECKHUX CEYEHHIT.

AGy-nb-Bada (940—998)

A6y-n1p-Bada Hamucas MHOTO OpUTHHAJBHBIX COUYMHEHMI IO MaTe-
MaTHKe M OOUIMpHBle KOMMeHTapuu K EBkiuzy, Juodanty u Iltone-
Melo.

AGy-np-Bada (1mo-BuauMoMmy, oJ, BIUSHUEM UHAMHCKUX MaTeMaTH-
KOB) UCITOJIb3yeT OTpUILIaTeIbHbIE YHCIIA; ApyTHe apabcKkue MaTeMaTHKI
CpeJHEBEKOBbsI 3TOTO He JesIalu.

B «KHure 0 TOM, 4TO HeOOXOZUMO peMeCJIEHHUKY U3 reoMerpuye-
CKHX IIOCTPOEeHUit» AGy-1b-Bada paccMarpuBaeT okosno 15 3azay Ha 1mo-
CTpOeHHe C IOMOIIBIO [IUPKYJIA MOCTOSTHHOTO pacTBopa. Takue 3azauu
BCTPEYaUCh U paHbllle, HO OH NEPBBHIM UX CUCTeMaTH3upoBal. OTaesb-
Has [VlaBa 3TOW KHUTU INOCBAIEHA 3aJjade O pa3pe3aHUU HECKOJIbKUX
KBaZIpaTOB TaK, YTOOBI U3 MX YacTel MOXHO GBUIO COCTaBUTh OAVH KBa/-
pat. B wacTHOCTH, OH pa3pesaeT ABa IPOU3BOJIBLHBIX KBaZpaTa U COCTaB-
JIIeT U3 HUX OAVH KBaZApar, 4To pakTHYecku JaéT JoKa3aTeJbCTBO TeO-
pemsl [Tugaropa.

22
1 uKcia 7T OH BCerga UCHOMb3yeT NPUOIIKEHHE =

Aby-1b-Bada onucai criocobbl U3aMepeHUs PacCTOSHUH A0 HEAOCTYTI-
HBIX IIPeJ]MEeTOB U UX BHICOTHI. Beies 3a aH-Halipuau OH ApyTUM CIoCo-
60M foKasas O6IIyI0 TeopeMy CHHYCOB Jis ChepHUYecKUX TPeyroNbHH-
KOB. AGy-ib-Bada cocTaBwi TabIHIbl CHHYCOB C UHTEpBasioM B 15’. OH
COCTaBWI TaK)Ke TabIUIbl TAHTEHCOB U KOTAHI'€HCOB.

Anb-Kyxu (940—1000)

Anb-Kyxu fas IONHBIA pa36op 3agayu ApxuMeZa o JieJIeHUH 1Iapa,
KOTOPO#1 10 Hero 3aHuMascs aab-XasuH. Alb-Kyxu chopmynupoBai Ho-
BYIO 3aJja4y TaKOr'O JKe TUIIA: IOCTPOUTH CETMEHT Iapa, 06EM KOTOpo-
ro paBeH 06bEMY OZHOI'O JaHHOT'O CErMeHTa, a IUIOIab IIOBEPXHOCTH
paBHa IUIOIAJY NTOBEPXHOCTH JPyroro AaHHOrO cerMeHTa. JTa 3ajada
TOXE CBOAUTCA K pelIeHUI0 KyOUYEeCKOro ypaBHEHUs, U anb-Kyxu aan
eé pelleHue ¢ IIOMOIIbIO TapabosIbl ¥ TUNEPOOJIHL.

H6H I0HYC anb-Mucpu (950—1009)

V6H IOHyc M3BecTeH IpeXkJe BCero Kak acTpOHOM, U ero MaTeMa-
THUYECKHE KCCJIeZIOBaHMsA CBA3aHbl ¢ acTpoHOMUeN. CocTaBIeHHble UM
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aCTPOHOMHUYECKHE TaOJMIBl OTIMYAINCh O4YeHb GONBLION TOYHOCTHIO.
OH COCTaBWI TaKXKe O4YEeHb TOYHBbIE TAOGIUIBI CMHYCOB C HHTEPBAaJIOM
B 1’; TpuroHoMeTpudecKkre GYHKIMU OH ONpeAessUl AJiA AyT, a He IS
yrnoB. Coepuueckas TPUTOHOMETPHUA B €r0 paboTax JOCTUIIA BLICOKOTO
YPOBHSI.

H6H IOHyC ¢ TOMOIIIBI0 OPTOTOHATBHOM HIPOEKI[UHU BbIBEJ COOTHOILIIE-
HHe, paBHOCWIbHOE (popMyie

cosAcosB= %(cos(A + B) + cos(A — B)).

Anb-Kapamxu (953—1029)

Anb-Kapamku onucan crocob mocTpoeHus TpeyronbHuka [Tackans;
3TO ONMCaHUe COXPaHIIOCh TONBKO B OoJiee MMO3JHEM IlepecKase.

Anb-Kapa/pxu Hamésn npaBwia BeIYMCIEHUSA HEKOTOPHIX CyMM, Ha-
TpUMep,

12+22+32+...+n2=(1+2+3+...+n)(%n+%)

1P+22 4334+ ... +n8=Q+2+3+...+n)>

Jli1s1 cyMMBI KBaZIpaTOB OH HaIIéN TONBKO NPaBWIO, JOKa3aTeJIbCTBO eMy
HaWTH He y[aJoch. A Uil CyMMBI KyOOB OH IPUBOAUT Takoe JOKa3a-
TesbCTBO. Pa3ob6péM KBazipaT co cTOpoHOH 1+ 2+ 3 + ... +n Ha TrHo-
MOHBI, TOMIIMHA KOTOPHIX paBHa n,n — 1,... (cM. puc. 3.35 ana n =4).
[omazs KaXXAoro Takoro THOMOHA JIErKO BBIYHCIUTD. JlefiCTBUTENb-
HO, THOMOH TOJIIIMHBI N MOXXHO TPeACTaBUTH B BUJE 0O0beIUHEHUA JBYX
MPSIMOYTOJBHUKOB pa3mMepoM n X (1+ 2+ 3 + ... + n), npuyém oobuiei
YaCThIO 3TUX MPSIMOYTOJIbHUKOB SBJISETCS KBaZlpaT CoO CTOPOHOM n. ITo-

1 2 3 4

Puc. 3.35
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3TOMY IUIOILIaAb THOMOHA paBHa

1
n(n2+ ) _ 23
CyMMa mIomazieif Bcex 3STUX THOMOHOB U KBaZipaTa co CTOPOHOM 1 pas-
Ha 13 +23+3%+ .. +nd
Aub-Kapaixut IpUBOAUT U HEKOTOPBIE APyTHE MTPaBIla BEIYUCIEHHSA

CyMM:

2n(1+2+3+...4n)—n’*=2n

1-2+z-3+...+(n—1)n=(1+2+...+n)(§n—%)

u

1:2:342:3:44...+(n—-2)(n—1n=
=(13+224+ ... +(-DH-A+24...+(n-1).
ITocneaHee nmpaBWIO HENTOCPEACTBEHHO CleAyeT U3 TOXKAeCTBa
(k—Dk(k+1)=k>—k.

Anb-Kapa/xu HIIeT palyoHaibHble pellieHus ypaBHeHui x2 +5=y?
u x? — 10 = y? cneayromum obpa3oMm. B mepBoM ciIyyae OH IomaraeT
y=x+1, a Bo BTopoM y = x — 1. OH nojiy4yaeT COOTBETCTBEHHO X = 2
Hx= ?

Anpb-Kapaxu B 3HaYUTEIbHOM Mepe ocBobomwt ainrebpy ot reomer-
PHYECKUX ONepanuii, 3aMeHUB X apuPMeTHUYECKUMU. JTO ITO3BOIIIIO
MIPOM3BOAUTH ONEPAllMM C HEWM3BECTHOW BEJMYMHON TaKUM e CIIOCO-
60M, Kak apudMeTHYeCKUe Ollepallyl C U3BECTHON BeludyuHOil. Ero
BaXXHbIM JOCTHXeHUeM 6bUTo ompefeneHue x2,x°3,... 6e3 cCHUIOK Ha
reOMeTpHIO; OH 6/IM3K0 Nofowén Kk Gopmyse x"™ = x"x™. Onpeaenvs
MOHOMBI, ajb-Kapa/ky nepemnén K onpezeieHuI0 MHOTOWIEHOB U Olle-
pauui ¢ HUMU.

H6H anb-Xaiicam (965—1039)

16H anp-Xaiicam B EBporne 6bU1 M3BecTeH oA MMeHeM AsbraseH. OH
ITOCTaBWJI U PELIWI C IOMOIIBIO OKPYKHOCTHU Y TUIEPOOJIEL CIIEAYIOIIYIO
3ajaqy U3 ONTUKH (3adaua AnbzaseHa): IO JaHHBIM IOJIOXKEHHUAM IJIa3a
A U cBeTslelcsa TOYKM B HallTu TOYKy X LWIMHIPUYECKOTO 3epKaJa,
B KOTOpOI1 MpoucxoauT oTpaxkeHue (puc. 3.36). 3agaya AsrbraseHa rnpu-
BOAUT K ypaBHEHMUIO 4YeTBEPTOM cTelneHU. BriocieacTBuu aTo 3azadeit
3aHuMautuch Toiirenc u Bappoy. Taxke M6H anb-Xaikicam BCKOpe ITocie
anb-Xa3uHa Jajl pelleHue 3ajadu ApxuMeza ¢ IOMOIUIBbIO Mapabossl U
rUnepoosIsL.
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X A C H E
dl
A
D B F
Puc. 3.36 Puc. 3.37

VI6H anb-XaiicaM BBIYUCTIUI OOBEM Tesla, MOTyYEeHHOTo MpU Bpalle-
HHUU cerMeHTa napabobl. JTy 3aza4dy peli 10 Hero ApxumMe/ B COYH-
HeHuu «O KOHOMZAAxX U cpepounzax», KOTOpoe He ObUIO U3BECTHO apal-
cKuM MaTteMaTukaM. Pemenuie M6H anbp-XaiicamMa omIMYaeTcs OT pelie-
HUA ApxuMmezia. Vcnonb3ys MOMY4YeHHYI0 UM GOPMYITy AJISI CyMMBI YeT-
BEPTHIX cTeneHeit, I6H anb-XaiicaM GpaKTUYeCKH BEIYUC/IAET f: x*dx.

W6H anp-XaiicaM 3aHUMAJCA JOKa3aTeNbCTBOM IISITOrO IIOCTYyJaTa
EBwinza. OH uCnonb30Ball onpejesieHNe NapajulelbHbIX IPAMBIX, KOTO-
poe B apabCKyio MaTeMaTHKY BBEN aH-Halipusu (npsimas, napaienbHas
JlaHHOM, OIpeAeNsIach Kak SKBUAUCTaHTa: cM. C. 195). MI6H anb-Xaiicam
paccMoTpesl MHOXXeCTBO KOHILIOB INEepIeHAUKYISIPOB AaHHOW JIMHBI K
JaHHOM NPAMOY U NMyTéM JJIMHHBIX, HO HEYOeJUTEbHBIX PACCyXAeHUN
«JJOKasa», YTO 3TO MHOXXeCTBO — IpsiMad. Iloce 3TOro yxe MOXHO
CMeJIo ZOKa3blBaTh MATHIM HOCTynaT, 4yTo VOH anb-Xaiicam U caesai.
Jlj11 3TOro OH paccMOTpeJT YETBIPEXYTONBbHUK C TpeMs NPAMBIMU yIJIaMU
(4eTpIpéxyronbHUK ABDC c npambiMu yriamu A, B u D Ha puc. 3.37;
3TOT PUCYHOK CXeMaTHYHO BOCIIPOM3BOJUT YepTEX U3 pyxonucu V6H
anp-Xaiicama). YTo6Bl jl0Ka3aTh, YTO YETBEPTHIHA yroa C ToXKe NMPSAMOH,
V6H anp-XalicaMm cHayaja JOKa3blBaeT METOAOM OT IIPOTUBHOTO, 4TO
CD = AB. Tlpeanonoxum, yro CD > AB. Tlpoaomxum cropoHy CA Ha
orpe3ok AE, paBHbIH ell, U npoBeaéM neprneHAuKyasAp EF K NpsMou
DB. Jlerko pokasaTb, 4TOo EF = CD > AB. IlpoBeséM 4Yepe3 TOYKy B
nepneHANKynAp BH k npsamoit DF, paBHelit CD. Touku C, H u E paB-
HOyZAaJIeHBl OT NpsAMOi DF, moaToMy, KaK «ZoKa3ai» M6H anb-Xaiicam,
OHMU JIeXXaT Ha ofHoU npsamoii. Tem cambiM, npsimble CAE u CHE orpa-
HUYUBAIOT OBEPXHOCTb, YEro He MOXeT ObITh (Tak mumeT M6H anb-
XaticaM; mHo-ZpyroMy MOXHO CKa3aTb, 4yTO 4epe3 Touku C u E mpo-
XOJAT ABe pasHble NpsAMble). AHAJIOTUYHO IOJy4aeM IpOTHBOpeuue B
ciy4dae, korga CD < AB. Jloka3aB paBeHCTBO CTOpoH AB u CD, yerko
JI0Ka3aThb, YTO 4eTBEPTHI yrona C mpsMoi. JlokasaHo CylleCTBOBaHUeE
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NpSAMOYTOJIbHUKA, a U3 3TOr'0 yXK€ MOXKHO BBIBECTH M CaM IIATHIA IOC-
TyJaT.

OaHUM U3 [JIaBHBIX pe3y/ibTaToB M6H anb-Xaiicama 6bUIO TO, YTO OH
YCTaHOBWI CBfA3b MeX/y MATHIM IIOCTY/IaTOM U CyMMOMH YIJIOB YeTHIPEX-
yronbHUKa. KpoMe Toro, oH BBEN 06a 4eTHIPEXYTOIBHUKA, KOTOPHIE BIIO-
CJIeICTBUM IIPU HCCIeJ0BAaHUHU IIATOTO MOCTy/IaTa BCTpPeYanauch y Xais-
ma u Cakkepu (4eTbIpéxyroibHUK CDFE c AByMsA NPAMBIMU yTJIaMU U
ZBYMsI PaBHBIMU IIPOTUBOIOJIOXKHBIMU CTOPOHAMU — TaK Ha3blBa€MBbIH
4eThIpEéxyronbHUK CakkepH) U y JlambepTa (deThpéxyronbHuK ABDC ¢
TpeMs NPAMBIMU YTJIaMH).

VI6H anb-XaiicaM pelwI OAHY 3aJjaqy U3 TEOPUH YHCeJl, CBA3aHHYIO C
TaK Ha3bIBaeMOU TeopeMol BWibcOHA: HANTH YMCIIO, KOTOPOe IIPU Jejie-
HUM Ha 2, 3, 4, 5 1 6 1aéT B ocTaTke 1 U genuTcs Ha 7. OTa 3aZiaya UMeeT
6eCKOHEYHO MHOI'O pellleHUit; OH ykasbiBaeT pemeHue (7 —1)! 4+ 1. Je-
JIUMOCTh 3TOr0 YHCJa Ha 7 cjiefAyeT U3 TeopeMbl Bibcona. M6H aib-
XaiicaM HaXOZWUT TaKXKe BCe pelIeHHs 3TOH 3azauyu (3T0 daKTUYeCKU
YaCTHBIM C/Tydail KUTAMCKOM TeopeMbl 06 OCTaTKax).

Anb-Bupynu (973—1048)

Bcé HOBBIE U HOBBIE 33/la4M IIPUBOAWIN apabCKUX MaTeMaTHKOB K
KybudeckuM ypaBHeHUAM. Hanpumep, anp-BUpyHU A1 BEIYHCIEHUA
cHHyca 1° BHIYHMCIIII CTOPOHY IIPAaBHJIBHOTO AeBATUYTOJIbHUKA. CHavasa
OH IIOKasaJl, YTO CTOPOHA X IPaBWIBHOTO 18-yTolbHUKA, BIIUCAHHOIO
B OKPYXKHOCTb pazuyca 1, sBjsieTcs KOPHEM KyOHYECKOro ypaBHEHMS
x3 + 1= 3x. Ero Z0Kka3aTeJbCTBO 3aKJII0YaTOCh B cieAyromeM. ITycTb
O — 1IeHTp OIKMCAHHOH OKPYXXHOCTH, AB = X — CTOpPOHA IPaBWIBHOTO
18-yronbauka. Iloctpoum touku C, D u E Ha orpe3kax OB u OA Tak,
yto ED = DC = CA = x (puc. 3.38). IIpocToe BrIYMC/IEeHUE yTJIOB IIOKa-
3bBaeT, 4To OF = ED = x. VI3 nogo6HbIX TpeyroabHUKoB OAB u ABC
nonygaem 1: x = x : BC, T.e. BC = x?. 13 noAo6HbIX TPEYTOTLHUKOB

Puc. 3.38
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OEH u OAM nonydyaem

T.e. x>+ 1=23x.

3aTeM aib-BUPYHU BHUUCISAET CTOPOHY NPaBWIBHOTO JEBATUYTOJIb-
HUKa (eC/IM M3BeCTHA CTOPOHA MPaBWIBHOTO 2n-YTOAbHUKA, TO BBHIYUC-
JIEH!e CTOPOHHI IPABWILHOTO N-yTOJIbHUKA, BIUCAHHOT'O B TY XKe OKPYXK-
HOCTb, CBOAUTCA K peIIeHHIO KBaZpaTHOrO ypaBHeHHs). B pesynbrare
MPUOTKEHHBIX BHIYUCJIEHUH ajb-BUpyHU HaWéNn 4 mecTHaecsaTepud-
HBIX 3HaKa cHUHyca 1° (3To O6bUIO eMy HYXXKHO [JISl COCTaBJIeHUs TabJIuig
CHHYCOB).

Omap Xaitam (1048—1131)

B 1077 r. Omap Xaitam Hanucan «KoMMeHTapuu K TPyAHOCTAM BO
BBeZeHUAX KHUTH EBxuinga». [lepBas kHura «KoMmMmeHTapueB» IIOCBALLE-
Ha TeOpUM NapaUleJbHBIX. XalaM He CYUTaN yOeAUTeNbHBIM JOKa3a-
TeJIbCTBO NATOTO IocTy/aTa anb-XakicamoMm. OH Bo3paxkasl MPOTHUB HC-
[I0JIb30BaHUA ABI)KeHUH IIPU Ollpe/ie/leHNH Napajule/IbHOM IPAMOM Kak
SKBUZAUCTAHTHL. XaisiM npezjaraeT 3aMeHUTb IATHIN NOCTY/IAT APyTUM
MIOCTY/IATOM: ZIBe COIMDKAIOIINECs NPSIMBIE TIepECceKaloTCsl, 1 HEBO3MOXK-
HO, 4TO6HI COMIDKAIOIIMeCs IIPSMBIE PACXOAWINCH B HaNlpaBjieHUU cOmu-
’KeHHA. B aToM mocTysnarte cpa3y ABa yTBepXAeHHs, IPUIEM U3 KaKI0ro
M3 HUX MOXXHO BBIBECTH IIATHINM mocTysnar. M3 cBoero mocrysnaTa Xaiam
BBIBOJUT, YTO /IBa NIEPIEHANKY/IsIpa K OZHOW U TOM Xe IPpAMOU SKBUJU-
CTaHTHBI. 3aTeM OH HCCIeAyeT YeThIPEXYTONbHUK ABCD ¢ AByMsI paBHHI-
MU cropoHamMul AD u BC, neprneHAUKY/IIPHBIMU K TpeTheil cTopoHe AB
(Tako¥ )Ke 4eTHIPEXYTOJIbHUK paccMaTpUBaJl BHoclaeJCTBUU CaKKepH).
CHauvasia Xa¥aMm Joka3sbiBaeT, yTo ZC = /D u cepe/UHHBIN [TepIeHAUKY-
JISIp K CTOpOHe AB sBJISIeTCS CepeAHHBIM IIepIIeHUKY/IIPOM K CTOPOHE
CD (puc. 3.39). ITo nmoBoay yrioB C u D Xaiiam zesaeT TpU NpeAINono-
XeHUs: 1) 3TU YIVIbI OCTPhIe; 2) 3TU YIVIBI TYyIble; 3) 3TU YIVIbI IPSAMBIE.
[Tpeanonoxus, 4yTo ymibl C U D ocTpble, IPOAO/KUM NepleHAUKYIAP
EG na orpe3ok GH, paBHulil EG, u yepe3 Touky H npoBezéM IeplieH-
JUKyIsp K npaMmoit EH. [leperuém 4epTéx 1o npsamoil CD; mpu aToM
npsMas PQ niepeinér B npamyio AB. Iycts P’ u Q' — 06passl Toyek P
u Q. Toraa £P'CG = /PCG > /BCG, noatomy Q'P’ > AB, T.e. QP > AB.
OJTO 03HAYaeT, 4TO NepIlIeHAUKYJIAPEI K IPAMON AB, IpoBeZi€HHEIE Yepe3
TOYKM A U B, pacxogarcsa. Ho 3To NpOTUBOPEYUT TOMY, YTO IepIEeHUKY-
JISIPBI K OZHOM MPSAMOM 3KBUAMCTAHTHBI. AHAJIOTMYHO IIPeAIIONOXKEeHHE O
TOM, 4TO Ykl C ¥ D Tymble, IPUBOAUT K TOMY, YTO TaKue >Xe NepleH-
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JUKYJISPBI OKa3bIBalOTCA cxogamumucsa. Takum obpasoM, Omap Xaitsam
COBepILIEHHO NPaBWIBHO ZI0Ka3aJ, YTO B reoMeTpuu JIobaueBCKOro nep-
MEHAVKY/ISAPHI K OJHOM NPAMOM CXOAATCA, a B chepHUYeCcKoi reOMeTpun
pacxoAsTcs.

Bropas u TpeTbsa KHUTH «KOMMeHTapueB» IOCBAILIEHb TEOPHH OT-
HOIIeHUH. XaiAM CYHUTaeT eBKJIHAOBO OIpeesieHue MPOIOPLUOHAb-
HOCTY IPaBWIbHBIM, HO He OOBSCHAIOIINM CyTH Zesa. [1o ero MHeHHIo,
HOZAJUHHBIN CMBICJ OTHOLIEHHS 3aKJI0YaeTcs B Ipoliecce U3MepeHUA
OJHOM BEJWYUHBI C IOMOINBIO APYroi. s ompejesieHUs paBeHCTBa
¥ HepaBeHCTBA JBYX OTHOIIEHWH XaiiM IpUMeHseT IpOoueaypy, dK-
BUBAJIEHTHYIO pPa3/OK€HUIO B HeNpephBHYIO Apobb. JTa mpolexypa
ocHoBaHa Ha amroputMme EBwiuza. IlycTh gaHO oTHoireHue a/b. Ilo-
CTPOUM IIOCJIEA0BATEIBHOCTD LIeJIBIX HEOTPUIIATENbHBIX YHUCe)I Ny, Ny, ...
cyefyomuM obpa3oM: a=n,b+ry, b=n,r + 1y, 1y =nzr, +r13, ..., Ie
0<r<a,0<r,<b,0<r; <r,_,. Ecm gano apyroe otHomeHue c/d, To
ZUIs1 HETO aHAJIOTMYHO MOXKHO IIOCTPOUTH NOC/IEA0BATENBHOCTD N7, M), ...
OtHomenusa a/b u c¢/d paBHsl, ecnu n; = n; AA Beex i. OnpenesneHye
HepaBeHCTBa OTHOIIEHUM 6ojiee TOHKOe, MOTOMY YTO LielmHas Jpoob,
BKJIIOYAIOLIAs HEYETHOE YMCIO 4Kcel n;, MeHsble, yeM a/b, a BKIO-
Jajolas 4€THOe YUCIo — Gobie. [103TOMY ecu ny = ny, Ny =Ny, ...,
Ng_y=n,_,un >n;, toa/b<c/d,ecmnk HeuétHo,ua/b > c/d,ecmu k
4éTHO. XalAM IOKa3bIBAET, YTO €ro ONpezesieHIie HepaBeHCTBA OTHOILe-
HUI 5KBUBaJIEHTHO ompezesieHuIo EBxnza. JlokaszaTebCTBO OCHOBAHO
Ha TeopeMe O CYLIeCTBOBAHUU YeTBEPTON IPOIOPIUOHAIBHOMN K TPEM
JaHHBIM BeJIMYMHAM a, b u ¢ (3Toii TeopeMnl HeT y EBKINzA, XOTA OH
HesIBHO HCIOJIb30BaJl €€ HeCKOIBbKO pa3). XailsiM 3aHUMaJICs U3yYeHueM
COCTABHBIX OTHOIIIEHUH (T.e. IPOU3BEJEeHUIN OTHOLIEHUI). DTO IOHA-
THe BcTpeuaeTcs y EBxinga B ¢popmynnupoBke npeznoxeHus VI, 23 o



Apabckue cmpansl 203

TOM, YTO IUIOIIAJY IapajuleJIorPaMMOB C OOIIMM YIJIOM HaxXOJAATCS B
COCTaBHOM OTHOLIEHWH HMX CTOPOH, HO caMo 3TO MoHATHe y EBkinza
He ompegensercs. VicarepoBaHus XaiisiMa CyIIeCTBEHHO NOBJIUSUIM HA
¢dopMupoBaHHe NOHATHA YHCIIA.

XaltaM nozpoOHO HcclenoBai pellleHHe KyOWYeCKUX YypaBHEHUH.
Ero uHTepecoBaso reoMeTpuyecKkoe IOCTPOEHHe KOPHEH ¢ IOMOIIbIO
KOHUYECKUX CEeYeHW, onpezie/leHre YUCIa MOTOXUTENbHBIX PelleHNi
U ux rpaHun. OH Bbienn 14 kraccoB Ky6UYecKUX YpaBHEHUI; B 3Ty
KIaccu(pUKAIUIO BOULTH TOJIBKO YPaBHEHHUsA, Y KOTOPHIX €CTh IOJIOXKHU-
TeJIbHble KOpHU. OH 3aMeTHII, YTO KyOU4YecKoe ypaBHeHHUE MOXKET UMETh
JiBa TIOJIOXKUTEbHBIX pellleHus, HO NIpu pas3bope ypaBHeHMs x° + bx =
=cx? + a caenan omubKy U MOTOMY He 3aMeTHI, 4TO Ky6udecKoe ypaB-
HeHMe MOXXeT UMeTh TPH IOJIOXKUTENbHBIX peliieHus. B ciydae ogHOro
WY JBYX pellleHUH ero aHajlu3 NpaBWIbHBIHA. XaisaM paccMaTpUBaeT
TaKylo 3aga4y: «HalTu NpsIMOYTOMbHBIN TPEYTOJIbHUK, Y KOTOPOTO T'H-
MOTEHy3a paBHa CyMMe OJHOT'O U3 KaTeTOB U BBICOTHI, ONYIIEHHOHN Ha
TUIOTeHy3y». OH IPUBOAUT €€ K ypaBHeHMIO x° + 200x = 20x2 + 2000.
[NonoxuTeabHBIN KOpeHb OH HaXOAUT KaK IepecedeHHe runep6osl (¢
NepHeHAUKY/SIPHBIMA aCUMITOTaMK) U OKPY>KHOCTH U BBIYHCISIET TaK-
e IPUOIDKEHHOe 3HaYeHUe 3TOr0 KOPHA C IOMOILIbIO TPUTOHOMETPH-
YecKHUX Tabiui.

XaiiaM mUIIeT, YTO AJIS pelieHus KyOU4ecKoro ypaBHeHHUs HeobOXo-
JVMBl KOHUYECKHe CeYeHHA, U KOPeHb TaKOTO YpaBHEHUs Helb3f I0-
CTPOUTH UUPKY/IEM U JIMHENUKOH. VIcTOpyU4ecKH 3TO IIepBOe yKa3aHUE Ha
TO, YTO YPaBHEHHUA TpeThel cTeneHH, BOOOIIe TOBOPs, He PeIaloTcs ¢
MTOMOIIBIO UUPKY/IS U JIMHEHKH.

H6H fIxba anb-Marpu6u anb-Camasan (1130—1180)

TpakTarhl anb-CaMaBaja, MPOUCXOJUBIIETO U3 €BPEMCKOIl ceMbH,
HamucaHbl no-apabcku. OH croco6CcTBOBaj JajibHeliei apudmeTu-
3anuu anre6pel, ONpeAeiUl MHOTOWIEHH W Ollepaiuu ¢ HUMHU. Pac-
CcMaTpHUBaJ OTpUliaTesbHbIE YUCIa U HyIb (B EBpome aTo cranu jgenaTh
JIMIIb MHOTO CTOJIETHI crycTs). ApudMeTndeckye AeHCTBUA C HYJIEM U
C OTpUIATebHBIMU YUCJIAMHU OH IOHHUMAJI BIIOJIHE XOPOLIO.

Mlapa¢ aa-AuH ar-Tycu (1135—1213)

B TpakTate no anrebpe llapa¢ aa-ZuH aT-Tycu NpOJOKWI HUCCIIe-
JoBaHHe Kybuueckux ypaBHeHuil. Ilpu paszbope ciydas, Korza ypas-
HeHHe uMeeT BUZ X° + a = bx (a,b > 0), oH anre6panyecKy HAaXOJIUT,
4TO MaKcUMyM GyHKIMH bx — x> IIpU MONOKUTENIBHBIX X JOCTUTAeTCA
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_ /b b3
IIpU X = 4/ 3; OTOT MaKCUMyM paBeH 2 (§) . Takum obpasom, ecnu

3 3 2
a<2 (%) ,T.e. 3—7—%
TOJIOXKUTEJIbHBIN KOpeHb.

> 0, To paccMaTpUBaeMoe ypaBHEHUE MeeT

Hacup ag-Zlux at-Tycu (1201—1274)

B «TpakTaTe 0 NOJIHOM 4eTHIPEXCTOPOHHUKe» aT-Tycu (1260) pac-
CMaTPUBAIOTCHA, B YaCTHOCTH, 3aZa4yu chepruiecKoil reoMeTpuu. B HEM
BIIEPBBIE CHUCTEMAaTUYECKH OOCY)KZaeTcsi pellieHHe TPEYTOJbHUKOB U
BIlepBble JaéTcA IOJHOe TIOCTPOeHre TpuroHomeTpuu. Haubonee Tpyz-
Hble 3aZlaYyl pelleHus cpeprUvecKUX TPEYTOIHHUKOB (110 TPEM CTOPO-
HaM WM 10 TpéM ymiaMm) pa3obpan umeHHo at-Tycu. B aTom TpakTaTe
5 xuur. B kuure I at-Tycu emé 6osmee nogpobHo, yem Omap Xaiiam,
u3jaraeT TEOPUIO COCTaBHBIX OTHOIIeHUH. OH JJ0Ka3bIBaeT, HalpuMep,
KOMMYTaTUBHOCTb YMHOXXeHHUA. B xHure II faércsa HeCKONBKO [0Ka3a-
TeJIbCTB TeopeMbl MeHesnas Ha IUIOCKOCTU. B kHure III BBOAATCA IOHA-
THUA CHHYyCa Y KOCUHYCa U JOKa3bIBalOTCA OCHOBHBIE TeOPEMBbl TPUIOHO-
MeTPUH. 3[ecCh e AAa€TCA pelleHNne IUIOCKMX TPeyrOlbHUKOB, CHadala
NpsAAMOYTOJIbHBIX, & 3aTeM IIPOM3BOJIbHBIX. B kHure IV gokaswviBaeTca
TeopeMa MeHenas A1 cpepudecKoro TpeyronabHrUKa. OHa BEIBOAUTCS U3
TeopeMbl MeHesas Ha IUIOCKOCTH € IIOMOIIbIO BCIIOMOraTeIbHbIX YTBEP-
xzaenuit u3 xuury III. Kuura V mocesiieHa penieHUIo cepUvecKux
TPEYTONIbHUKOB. JIJIf IPsIMOYTOJIbHOTO cpepUIeCcKOro TPeyroNbHUKA aT-
Tycu nomyuwn ¢opmyiy cosc = ctgA - ctgB u TeM cambM paszobpan
NoCJIeIHUM ocTaBaBUIMICA ClIy4ail pellleHHA IPAMOYTOJILHOTO chepuye-
CKOrO TpeyToibHUKa (110 ZaHHBIM yr7iaM A u B). B 3Toil KHUTe NOITyTHO
BBOJATCA IIOHATHUA TaHIeHCa, KOTAaHTeHCa, CeKaHca M KocekaHca. AT-
Tycu Aoka3bIBaeT meopemy mauzeHcos JJisi IPSAIMOYTOIbHOTO cdeprde-
CKOI'O TPeyToJIbHHUKA: i—g = sin A. PenvB nnpsaMoyTonbHbIe chepudeckie
TpeyToJbHUKHY, aT-TyCcu NepexOAUT K IIPOU3BOJBHBIM TPeyrOJbHUKaM.
Ar-Tycu BnepBble pellaeT 3aZadyy O BBIYHUCIEHUU CTOPOH chepuyecKo-
ro TpPeyrojibHUKa II0 TPEM yIjlaM; B CBA3HU C 3TUM Yy Hero IosBjsaeT-
¢ TEOPHUA NOJAAPHO20 Mpey20/bHUKA, BEPIIMHBI KOTOPOTO ABIANOTCA
MOJTIIOCAMHU CTOPOH MCXOZHOr'O TPeyroJbHUKAa M HaobopoT. s pelue-
HUA cdepuyecKoro TpeyrojbHUKa IO ymiaMm aT-Tych ycTaHaBJIMBaeT
CBA3b MEXAY CTOPOHAMH U yIVIaMH MCXOZHOTO TPeyTOJIbHUKA U IIOJIAp-
HOTO.

At-Tycu npejJjIoXIWI HOBYIO MOAEb ABW)XeHUA JIyHbI, OTVIMYHYIO OT
IITO/IeMeeBCKOM. B 3TO¥ Moy OH UCIIOIb30Basl 8 paBHOMEPHO Bpalla-
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fomuxcs cdep. B CBSA3U ¢ 3TUMU aCTPOHOMHYECKUMH HCCIIeJOBAHUAMU
At-Tycu [oKa3aJl, YTO TOYKA OKPYKHOCTH, KaTAIIEHCs BHYTPU OKPY)XHO-
CTH BABOE OOJIBIIEro pajuyca, OMUCHIBAET AMaMeTp 6OJIbIIei OKPY)KHO-
cTU. DTO O3HAYAJIO, YTO NPSIMOJIMHEHHOE JBIDKEHNE MOXHO Pa3JIOKUTh
Ha /IBa PABHOMEPHBIX JBIXEHUA [10 OKPYXKHOCTHU.

AT-Tycu pa3paboTas pas3jauyHble METOABI BHIYUCJIEHUA TabINL CUHY-
coB. OH cocTaBWI TabGIULBI CHHYCOB C TOYHOCTBIO IO TPEX MIECTHUAECH-
TEPUYHBIX 3HAKOB.

AT-TycH NpOZOKWI UCCIEeAOBaHUA 110 TEOPUM NapasuieNbHbIX. OH
NMOAPOGHO M3IOXKWI U KPUTHUYECKH pa3obpajs Teopuu IapajulesbHBIX
anb-J[xayxapu, I6H anb-Xaiicama u Xaiisama. Boren 3a Xatiamowm at-Ty-
CH pa3bupaeT rMIIOTe3bl TYIIOTO U OCTPOTrO yTia [JIf YEeTBIPEXYTONbHUKA
creyuanbHOro Buza. OH NpeJIoKWI APyToe ONpOBep)KeHUE 3TUX THIIO-
Te3, KOTOpPOe OCHOBAHO Ha IIOCTy/IaTe, IOXOXKEM Ha HocTyiaaT Xaiama:
€CJIH IBe IIpAMBIe, JieXKallle B OHOMN IUIOCKOCTH, B OAHOM HalpaBjieHUH
pacxofiTCsA, TO OHU He MOTYT B 3TOM HallpaBJIEHUU CXOAUTCA, €ClU
TOJIbKO OHH He IlepeceKaroTcs. [IoMUMO 3TOro ImocTysnaTa OH UCIIOIb30-
BaJI TAKXKe TO, YTO TUIOTEHy3a IIPAMOYTOJIbHOIO TPEYTOIbHUKA O0biie
KareTa.

At-Tycu Hanucas 5 TpakTaToOB 10 Jioruke. OH Hanucal Takke Tpak-
TaT O BEIYUCJIEHUH KOPHA CTENEeHHU N U3 IieJIoro yucia. B aToMm Tpakrare
OH onpezienu1 Ko3pUIUEHTH pa3IoKeHUA GUHOMA 060 HaTypaib-
HO CTEeNeHHU U yKa3al Ha COOTHOLIEHHEe MeX Ay GUHOMUAIbHEIMU KO3-
¢unuentamu. Tak 4TO GUHOMMAIbHBIE KO3)PULIUEHTH! U TPEYTONBHUK
[Tackas 6bUTH €My U3BECTHEI.

Joxemuna anb-Kamu (1380—1429)

Asnb-Kammu BBEN AecaTUYHbBIe Apo6u. OHU M3ZjaBHa YIOTpe6IsUTUCH B
Kurae, HO MOAPOOHO OMKCas ONEepaIiH C AECATUYHBIMH JPOOSIMU U pe-
CYJIAPHO CTaJl UX IPUMEeHATh UMeHHO ajnb-Kammu. /o Hero A acTpoOHO-
MMYECKUX BBIYMCIEHUH HIMPOKO YIOTPEOGIINCH LHIECTHAECITEPUYHBIE
apobu. Cam ajnb-Kaiu npexxzie Bcero papabaThiBasl Ollepalyy C MeCcTH-
JeCITEpUYHBIMU APO6SIMHY, a IeCATUYHBIE JPOOU OH BBEJ [0 aHAIOTHHU C
HiecTUAECATEpUYHBIMU. B EBporne cucTemaTHyeckoe yrorpebieHue fe-
CATUYHBIX Apobeii BBEN rosuianzen CreBud (1585).

st Tpucekuuy yriia anb-Kamm pa3paboTan UTepauuoHHbBIN MeTo/,.
3

OH 3amnucas ypaBHeHMe X° +q = px B Buze X = . B kauectBe nep-
. q+x
BOTO NpUbIIKeHNs 6epeTes x; = 1 4 nonaraeres Xp41=——". Tak oH
p p

¢ 6OIBLION TOYHOCTBIO BEIYMCIMII Sin 1°.
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MHorue apabckye MaTeMaTUKY 3aHUMAaTUCh BEIYUCIEHHEM YHUCIIA T
(oTHOIIEHUA AJMUHBI OKPY>KHOCTH K ZilaMeTpy), HO OHH JIOJIT'O He MOIJIU
MpeB30UTH TOYHOCTH, JOCTUTHYTOH B JlpeBHel I'perjuu. IlepBEIM 3TO-
ro go6wics anb-Kamu, nonydynB 16 BepHBIX JeCATUYHBIX 3HAKOB. OH ¢
o4YeHb 60JIBIION TOYHOCTHIO BEIYUCIII JJIMHY OKPYKHOCTU KaK CpefHee
apudmMeTHYeCcKOe BITMCAHHOTO U ONMCAHHOT'O IPaBWIbHBIX MHOTOYTOJIb-
HUKOB ¢ 3 - 228 cToponamu.

Anp-Kaliy U3N0KWI IpaBWIO BO3BeJeHUsA GMHOMA B JIIOOYIO HaTy-
pajJbHYyIO cTeneHb. OH AaéT aAAUTHBHOE MPaBWIO IOC/IEA0BATENIbHOTO
BBIYHCJIEHUA GUHOMHUAIbHBIX K03 OULIMEHTOB U IPUBOAUT TabIUIy OH-
HOMMAIbHBIX K03 UIMEHTOB A0 9-i cTeneHu BrIouuTebHO. Dopmy-
JIy BO3BeZleHUs1 OMHOMA B cTelleHb aib-Kalu MCIonb3yeT AJs mpubiu-
JKEHHOTO BBIYUCJIEHUA KOPHEU n-i CTeneHH.

Ann-Kanacaau (1412—1486)

B Tpakrare anp-Kamacagu mo aarebpe HeT CyI[eCTBEHHO HOBBIX pe-
3y/bTaTOB, HO B HEM BIEpBble MOABIAETCS pa3paboTaHHas airebpa-
HW4ecKkas CMMBOJIMKA (4O 3TOro apabckue MaTeMaTHKH KCIIOIb30BaIH
TOJIBKO CJI0BeCHBIE GOPMYJIUPOBKH). Y anb-Kanacaau ects 0603HaYeHHE
KBaZlpaTHOT'O KOpHA, 0603HauYeHNA HEU3BECTHOM, a TakkKe e€ KBaJpara
U Kyba, ecTb 3HaK paBeHCTBa. Ero 0603HaueHHs — KOPOTKUE apabcKue
CJIOBa WIM HavyaslbHble OYKBHI cjioB. B EBpomne pa3Butue anreGpaude-
CKOU CIMBOJIMKHM HayajJoCh IPUMEPHO B 3TO K€ BpeM.
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Cpenuue Bexka u Bo3poxaeHue

BuzanrTusa

O BU3aHTUICKUX MaTeMaTUKaxX COXPaHWIOCh OYeHb MaJsIo CBeZeHUH.
WsBecTtHO, uTo AHdemuit u3 Tpamr (ym. 534), Bmecte c Vicugopom us
Muera mocrpouBiuii cobop CB. Coouu B KoHcTaHTHHOIIONE, HAK-
caJl TpaKTaT O 3aKUraTeJbHBIX CTEKIAX, UHTEPECHBIA A1 MCTOPUM KO-
HUYEeCKUX CedeHUil; B HEM OH INpeJIoXKWI OCTpOeHHe 3JIUIIca C I10-
MOIIBIO HUTH, 3aKpeIUIEHHOM B ¢okycax. OguH u3 yueHUKoB Vcuzgopa
MuteTckoro Hanuvcasa TpakTaT O IIpaBWIbHBIX MHOI'OIPaHHUKaX, 4acTo
NpUCcOeANHAEeMBIN K u3zanuaM «Havan» EBkinza B kayecTBe KHUTH XV.
ToBopsA 0 mpaBWIe HaxOXAEHUA YIJIOB MeXJy I'PaHAMM IpaBHWIbHOIO
MHOIOTpaHHHKa, OH MUIIET, YTO 3TOT BOIPOC OBUI HOCTaBJ/IEH «II0 UHU-
uuMaTtvBe Mcuzopa, BeJIMKOro Hallero y4uTesns».

C XI B. B Bu3aHTHH HEKOTOpOe paclpoCTpaHeHHe IOIydalT apab-
cKue IUdphl ¥ MO3UIMOHHAA HyMepanusa. Makcum Ilianyz u3 Hukome-
auu (1260—1305) ob6bsicHseT ynoTpebieHue JeBATH 3HAKOB I YUCeT
oT 1 10 9, a TakKe 3HaKa, Ha3BIBAEMOTO yudpa 1 «0b603HAYaIOIIETO HUI-
4yTO». BCce aTH 3Haky, no ciaoBaM ILtanyza, npoucxoaar us Muauu.

CpenueBekoBas EBpomna

BospoxzeHne MareMaTHKy B EBpolle Hayasoch ¢ epeBofOB apab-
CKUX TPaKTaTOB II0 MaTeMaTHKe (B TOM 4YMCJIe U lepeBeJ€HHBIX, B CBOIO
odepeanb, ¢ rpedeckoro). [lepeBoAbl C TpeyecKoro Joiroe BpeMs ObUIH
PeAKOCTbIO. BaskHyI0 posib B pa3sBUTHUM MaTeMaTHUKU UTpad yHUBEPCHU-
TeThl, KOTOphIE NOABWINCH cHavasia B Mtanuu (XI B.), a 3aTem Bo ®paH-
uuu ¥ B Ay (XII B.). YpoBeHb pasBUTHA MaTeMaTHUKHU OYeHb JOJIr0
ocraBaJicsl kpaiiHe HuU3kuM. Emé B XVI B. B [laprxckoM yHUBepcuTeTe
KaHZWJATHl Ha CTelleHb MarucTpa BMeCTO cAady 3K3aMeHa II0 reoMmer-
PpUHU NIpUCATAH, YTO NPOCTIyLIaNY JEeKUWH IO IIeCTH NepBbIM KHUTaM
«Hauan».



208 I'nasa 4. Cpednue geka u Bo3poxcdenue
TFep6GepT ABpwiakckuii (946—1003)

®paHiy3ckuit MoHax 'epbepT ABPIUIAKCKHH, CTaBLIMii B 999 I. puM-
CKMM Iamno¥ noz umeHeM CuibBecTpa II, Hamucan HECKOJIBKO COYMHe-
HUH 10 MaTeMaTHKe. B 4aCTHOCTH, OH BOCCTAaHOBILI 3a0bITHIE CO BpEMEH
Pumckol uMnepuu npasuia cuérta Ha abake (Regulo de abaco computi,
980—982). KpaiiHe HU3KUI1 ypOBEHb MaTeMaTUYeCKOW KYIbTYphl TOTO
BpeMeHHU XOpOIIO XapaKTepu3yeT BBIABUHyTOe NPOTUB ['epbepTa 06BU-
HeHUe, YTO OH yMeeT JeJUTh JIIo6ble CKOMb YTOAHO OOoJbIive YUcIa, a
IIOTOMY 3alpoAajcs AbsBOIY.

Jleonapzo IuzaHckuii mo nposanuio PuGonauun (1170—1250)

JleoHapgo Tlu3aHckuii 6onee u3BecTeH nox uMmeHem ®uboHayywy,
T.e. cbiH boHawyuu. Ero orell — Kymen, ToproBaBmuii B Apkupe. Tam
JleoHap0 U3y4yas MaTeMaTHKY V apabCKUX yIUTeJeH.

OcHoOBHOI1 TpyZ JleoHapao — «KHura abaka» (Liber abaci) — Hanucan
B 1202 r. u cymiecTBeHHO nepepaboTaH B 1228 r. OH MOCBAIIEH HE TONBKO
CYéTHOH JOCKe, HO U apuMeTHKe BoobI1e. JleOHApAO MOKAa3kIBaEeT Ipe-
UMYyILeCTBA UHAUNCKOM 3anucH yucesl (OH FOBOPUT O JeBATU IUdpax —
6e3 HyJIA).

B rnase XII npuBeseHa 3HaMeHUTad 3afZadya O KpojluKax: «CKOJIBKO
nap KpOJIMKOB POAUTCA B TeYyeHUe roja OT OZHOW Napbl KPOIUKOB, €CIIH
KaXAasd napa NpUHOCUT eXeMeCAYHO IO Nape, poXKJaloT KPOJIMKH CO
BTOPOT'0 MecsIja I1ocje CBOero poxZeHus U eC/IM HU OZHA Ilapa He IIo-
rubaeT?» [locie nmepBoro Mecsia 6yayT 2 mapsl. ITocjie BTOporo mMecsua
U3 HUX OZHA Napa IpUHECET OZHy Iapy W noayuyurca 3 mapsl. Ilocie
TpeTbero Mecsna oOyzer 2 + 3 =5 map, ..., [TOC/Ie JBEHAALATOrO Mecs-
ua oyzer 144 + 233 = 377 map. OTy nocjieJ0BaTelbHOCTh MOXHO IIPO-
Jo/DKaTh Janblie. Yucia, BoO3HUKaloUIMe IPYU 3TOM, NOIy4IWIN Ha3BaHue
uucen Pubonauuu.

Y JleoHapZo BnepBble NOABIAETCA U NMOMyAApHAasA BIOCIEJCTBUU 3a-
Jada O HauMeHbIIeM 4YHCJie THpb, C IOMOIIBIO KOTOPHIX MOXXHO B3Be-
CUTBb BCe Liejible Beca, MeHblre AaHHoro. OH ucnonb3yeT rupu 1, 3, 9,
27 U T. .: Mmoboe HaTypaJbHOE YHUCJIO MOXKHO IIPEJCTaBUTh B BUJE CyM-
MBI ¥ Pa3HOCTH TaKUX 4uces (KaxJoe Yucio 6epércsa He Gosiee OHOTO
pasa).

JleoHapzo pa3bupaeT MHOI'O pPasHBIX 3afay, MPUBOJAIINX K JUHEH-
HBIM ypaBHeHUAM. B cBf3u Cc 3TUMU 3aZayaMu OH NepBbIM B EBpome
NpUILIEN K MBICJIU O BBeleHUU OTPHULATeIbHbIX YHUCeT U UX TOJKOBAHUU
Kak gonira. B miaBe XIV JleoHapAo u3naraeT crioco6bl NpUOIMKEHHOrO
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BBIYMC/IEHVS KBAJPAaTHOTO U KyOMYECKOTO KOPHEM:

3/ 43 ~ __r
a +r~a+3a(a+1)+1.

UsnoxeHve y JleoHapZo cloBecHOe. Heu3BeCTHYIO BeJIMYUHY OH
HasbIBaeT res (Bemp) win radix (KOpeHb); 3TO — JIATUHCKUE IEPEBOABI
apabCKUX TEPMUHOB.

B 1220 r. J/leonapzo Hanucan KHUTY «[IpakTuka reomeTpun» (Practica
geometriae). Tam BrepBble IIPUBOAUTCA [0OKa3aTeJIbCTBO TOrO, YTO Me-
JUAaHBI TPEYTOJIbHUKA ITIepeceKaloTCs B OZHOM Touke (caM 3TOT $paKT ObUT
usBecTeH Apxumezy). JleoHapZo NIPUBOJUT TAKXKe TeOpPeMy O KBaJpare
JAUaroHaIM NPSMOYTONBHOIO Napaieyenunesa.

B kuure «I[Betok» (Flos, 1225) JleoHapzo u3syyan Kybudeckoe ypas-
HeHue x° 4 2x? + 10x = 20; cHaya/ja OH ZOKa3aJ, YTO OHO HE MMeeT
LesbIX (IIOJIOXKUTENbHEIX) pellleHUH, 3aTeM — YTO He UMeeT paiuoHaJlb-
HBIX pellleHHi U pellleHHe He MOXKeT ObITh HU KBaZIpaTOM pal{MOHaJIb-
HOT'0 YHCJIa, HU OZHOM U3 HppalMOHAIbHOCTEH, BcTpevarouuxcs y EB-
xnga. ITocie 3Toro oH ¢ 6OIBIION TOYHOCTHIO BEIYUCIAET KOPEHD 3TOTO
ypaBHeHUA. DTy 3aJady, CpeJu HeCKONbKUX APYTUX, MY INpeOXKIIN
Kak BbI30B (OHa ectb y OMapa Xaiisima, KOTOpBIiI IPUBOAUT pellieHUe
MTOCPeZICTBOM IlepeceyeHuUsI OKPY>XHOCTH U TUIep6OJIbl; Y HEero 3Ta 3a4a-
Ya BO3HUKJIA U3 reOMeTpUN).

B «Knure kBagpaToB» (Liber quadratorum, 1225) ®duGonayyu zA0-
Ka3bIBaeT, YTO KaXJBIH IOMHBIA KBaJpaT — CyMMa IOCJIel0BaTeIbHBIX
HeuyéTHBIX uucesn. OH ONMUCHIBAET IOCTPOeHHe NMUGParopoBHIX TPOEK U
JIOKa3bIBaeT, 4To uicaa x2 + y? u x? — y? He MOryT 6bITh OAHOBPEMEHHO
KBazpataMu ¥ 4T0 X* — y* He MoxeT 6HITb KBaApaToM. dUGOHATIM
JIOKa3bIBaeT TaKKe TOXAECTBO

(@® + b (c* + d*) = (ac £ bd)? + (ad F be)?.
Tomac BpaaBapaun (1290—1349)

Anrnmuiickuii Meiciutenb Tomac BpazBapavH, B KOHIlE KU3HU CTaB-
muii apxuenuckonoM KeHtep6epuiickuM, Hanmucaa HECKOIbKO COYMHe-
HUU 10 MaTeMaTHKe U MexaHUKe. B «TpakTaTe O NpONOpLUAX CKOPO-
cTelt ipu gBKeHUU» (De proportionibus velocitatum in motibus, 1328)
OH M3y4aJl paBHOMEpHOe ABI)KeHHe Tesl. MaTeMaTUYeCKUMU paccyxzje-
HUAMMU [TOKa3aJj, 4TO Cjlefylole ABa yTBep)KAeHUA APUCTOTEIA O CKO-
POCTU JBIKEHUA HECOBMECTUMBI: 1) ABIDKEHHE BO3MOXKHO JIUIIb B TOM
cJlydae, Korja JeHCTBYyIolas Ha TeJo Cuia 6oblie CHIBI COIPOTHBIIE-
HUA; 2) CKOPOCTh TeJla IIPOINOPIMOHAIbHA JeHUCTBYONed Ha HEro Cu-
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Jie, AeJIEHHOM Ha CIIY CONPOTUBIeHUsA. JelCTBUTENbHO, eClTH MBI QUK-
CHpyeM JeHCTBYIOILYIO CHIIY, a CIUIY CONIPOTHBJIEHUS OyAeM Ioc/Ie[0Ba-
TeJIbHO YABauBaTh, TO B KAKOU-TO MOMEHT CIJIa CONIPOTUBJIEHHUSA CTaHeT
6osblIe AeicTByIOMmIel cubl. Torza 1o nepBoMy MpaBWIy CKOPOCTb Tesla
JOJDKHA OBITH paBHA HYJIIO, a 10 BTOPOMY IPaBIIy CKOPOCTb 3TOT'O Tela
He MOXXeT ObITh paBHA HYJIIO.

B cBsi3u C ucclIegoBaHUeM cKopocTeil BpagBapauH Mogpo6GHO U3ia-
raeT y4yeHHe O COCTaBHBIX OTHOIIEHUSX, IPUOJIIDKAACH IIPU 3TOM K Hjee
APOOHBIX NOKa3aresied crerieHd. OH BBOAUT «IIOJIOBUHHOE» OTHOILIEHHE,
cooTBeTcTBYyIOIIEee +/a : vb. Bckope aTy mzero passiut Hukomns OpeM.

B «TpakTare o xoHTHHyyMe» (Tractatus de continuo) BpazBapaux
UcciefyeT HellpepblBHOE U AUCKPETHOE, M3JlaraeT pasjuyHble B3IVIAABI
Ha CTpOeHUe KOHTMHYyMa, KOTOPHIX IPHAEPXUBAIUCH €ro Ipejile-
CTBEHHUKU U COBPEMEHHHWKHU, U NPUBOJUT CBOU PACCY>KAEHUSA O TPH-
pole KOHTUHyyMa. CBOIO IO3UIUIO OH GOpMY/IMpYyeT Tak: «Bce Hayku
OKa3bIBAIOTCS UCTUHHBIMHU B TOM CJIy4yae, KOrzila He IpeAIIoNaraprT, YTo
KOHTHWHYYM COCTaBJISIETCS U3 HeJeJIMMBIX» (IuT. o [10, c. 390]).

Puuapp CyaiiHcxez (nepsas nmonoBuHa XIV B.)

B «Kuure kanpKymanui» Puuapzaa CyaiiHcxezaa (Liber calculationum,
ok. 1350) BmepBble NOABAETCA NOHATHE O MIHOBEHHOHN CKOopocTU. OH
paccyxzaeT 06 UHTEHCMBHOCTH GOPMBI KaK O IepeMeHHON MHTEHCUB-
HOCTH KadyecTBa. CyaifHcXeZl aHa/IU3UpyeT IPUMeEPHl U3BMeHEeHUA UHTEeH-
cuBHOCcTeil. OH IOBOpUT, YTO NPU PAaBHOMEPHOM pOCTE UHTEHCHBHO-
CTU CpeZAHAA UHTEHCHUBHOCTh Ha HEKOTOPOM IIPOMEXYTKE eCThb cpeliHee
apudmeTHYeCKOe HAYaJbHONW M KOHEYHOH MHTEHCHUBHOCTeH. Paccmart-
pUBas Apyrou npuMmep, Korza UHTEHCUBHOCTH Ha IOC/IeJ0BaTeIbHbIX

. 1
y4acTKax MPOMEXYTKA, pasbUTOro B reOMETPUYECKON MPOrPECCHH 5,

1 1 o
527 33>+ PaCTyT B apudMeTHdeckoi nporpeccud 1, 2, 3, oH noiyvaer
(Ha coBpeMeHHOM f3bIKe), YTO

1 1 1 1
§'1+§'2+§'3+?'4+...=2.
YETKOTO ONpe/ie/leHHs IOHATHA MIHOBEHHO# ckopocTH y CyaiiHcxe-

Aa He 6])1]10, Aa U He MOIJIO 6])ITIJ, IIOTOMY 4YTO B CpeAHPIe B€Ka, KaK H
B APEBHOCTH, pacCMaTpHUBaJIM OTHOLICHHA TOJIBKO OAHOPOAHBIX BEJIU-
YHH — HeJb3sl 6BUIO PAaCCMOTPETh OTHOIIEHHeE ITyTH KO BpeMeHH. [103To-
My IIpU CpaBHEHUH CKOPOCTei CONOCTAB/ATH JTH60 MyTH, MPOHIeHHEE
3a OAHO U TO XK€ Bpems, 60 BpE€MEHa, 3a KOTOpbI€ ITPOXOJUTCA OAVH H
TOT e TyTb.
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Huxomns Opem (1323—1382)

®paHiy3ckuit MatemaTuk Hukonss OpeM HpOJO/DKWI HCC/IeA0Ba-
HUA BpajgBapayHa o0 cocTaBHBIX OTHomIeHUsaX U CyaifHcxeza 06 MH-
TeHCHBHOCTH. OH Hamucasa ABa TpakTara o6 oTHomeHusax (Algorismus
proportionum; De proportionibus proportionum), o4eHb BaKHBIX JISI
JanbHeHIIero pasBUTUs MaTeMaTHKU.

Hapsgy ¢ n-xpaTHeIMH OTHOIIeHHAMH OpeM BBEN APOOHO-paIyio-
HaJIbHBlE OTHOLIEHUSA, COOTBETCTBYIOIIME APOOHBIM CTENEHAM YHCe), U
MOAOWIEN K NOHATUIO MPPALMOHAJIBHOTO NOKa3aresis (OH CUMTaJ, YTO
Takye OTHOIIEHHA MOXXHO 3aKJIOYUTb MeXZy AOCTaTOYHO OIU3KUMU
JAPOOHBIMM OTHOIIEHUSAMH).

OpeMm BBEN NoHATHE ycKopeHHA. OH HCCIe0Bal paBHOYCKOPEeHHOe
JBDKeHHUe U 0Ka3asl, YTO IIPU TaKOM ABIDKEHUU CPeAHSIS CKOPOCTh paB-
Ha cpefHeMy apuMeTHYeCKOMY HadaJbHOH M KOHEYHOH CKOpOCTeH, a
MIPOMeHHHIH IyTh NIPONOPIMOHAJNIEH KBagpaTy BpeMeHU. [I1pu 3THUX uc-
ciegoBaHuAX OpeM BBEN rpaduyecKoe NnpecTaBIeHUe 3aBUCHMOCTEN.

B Tpakrarte «Bomnpocsl o reomerpuu EBxinza» (Quaestiones super
geometriam Euclidis) OpeM zgoka3ajs pacXoZUMOCTb TapMOHHYECKOTO
pa/:[z;, 3aMeTUB, 4YTO KakJad U3 CyMM % + l, % + % + % + l, ... 6oJIb-
e E

[NocnegoBarens Opema nopryraznen Axbap Tomac B 1509 r. chopmy-
JIMpoBaJ obliiee NpaBWIO CYMMHPOBAHUA psa

1+2x 432 +..= ——
1-x)?

mpH |x| < 1.

Bo3poxaenue

Horann Mrojuiep no npo3saHuio PernomonTan (1436—1476)

Horann Mioniep pogwics B MajieHbKoM ropogke Kéuurcbepre B ba-
Bapuu. B nepeBoie Ha pycckuil A3bIK Ha3BaHHe 3TOrO ropoja O3Haya-
€T «KOpoJIeBCKas ropa», a ecjIM IepeBecTH Ha JIaThIHb, TO IOIY4UTCS
«Regio monte». IToaromy VMoranHa Mio/iepa Ha3blBaJlM Ha JIATHHCKHUH
MaHep PernomoHTaH. OH Hamnucal IepBoe KpyIlHoe couuHeHHe B EB-
pore 1o TPUrOHOMeTPUHU — «[IATh KHUT O TPeyrojbHUKaX BCEX BUJOB»
(De triangulis omnimodes libri quinque, HanucaHo He no3aHee 1463 T.,
omy6irikoBaHo B 1533 r.). MHoroe PernoMoHTaH B3s1 U3 apabCKHUX HC-
TOYHUKOB, HO, IOMHUMO CHCTEMaTH3aI[iy STOr0 MaTepHaa, OH CHabAwI
HEKOTOpbIe YTBEPXKAEHHUA CBOMMU OPUTHHAIbHBEIMU J0Ka3aTeIbCTBaMU.
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PernoMoHTaH IepBHIM JOKa3aj TeopeMy KOCHHYCOB B 3HaKOMOM
HaM Buze. TeopeMy CHHYCOB OH Takke GOpMy/IHUpyeT U NIpUMeHseT A
pellieHHs TPeyTOIbHUKOB. KpoMe TOro, oH cocTaBmI TabIUIBl CHHYCOB.

PeroMOHTaH CYUMTAJ, YTO €r0 COYMHEHHUE O TPEeyTOJbHUKAax Heob-
XOZVIMO acTpOHOMaM (caM OH MHOTO 3aHHUMaJICA acTpoHoOMHUel). Kuuru
III, IV 1 V nocesiueHs cpepuiecKoil reOMeTpUHY, BAXKHOM AJIs1 aCTPOHO-
MUHU.

PerrioMOHTaH IEPBBIM CTaJI [Te4aTaTb KHUTH I10 aCTPOHOMUU U Ma-
TeMaTHKe, Bcero 20 JIEeT CIyCTs nocjie n306peTeHNs 1eYyaTHOro CTaHKa.

TeOPI/IH MnepCrIeKTUBBI

B nasbHeieM Ha BO3HUKHOBEHUE U pa3BUTHe NPOEKTHUBHOI reo-
MeTpUM OOJIbIIOE BJIWAHUE OKa3ala TeOpUA IEPCIEKTHUBBI, KOTODYIO
pa3pabaTrbiBali MHOTHE XyZOXKHUKU M apXUTEKTOPHI 3II0XU Bospoxze-
HuA. Teopuro NepCHeKTUBHI pa3pabarhiBald, B 4acTHOCTH, JleoH-Bat-
TicTa AbbepTu (1404—1472) B TpakTaTe «O >xuBomucu» (De pictura,
1435), IIbepo genna Ppanyecka (1415—1492) B TpakTare «O NepCIeKTH-
Be B xwuBonucu» (De prospectiva Pingendi, 1474—1482), JleoHapzo zxa
Bunum (1452—1519) u AnsbpexT Jiopep (1471—1528).

Jlyka IMavonu (1445—1517)

OcHoBHOI# TpyA Ilavomu — «Cymma apudMeTHKY, TeOMEeTPUU, OTHO-
meHuit u npomopuuii» (Summa de arithmetica, geometria, proportioni
et proportionalita, 1487 r., uzgas B 1494 r.). B 3T0¥ SHUMKJIONEANN MaTe-
MaTU4YeCKUX 3HaHUI Toro BpeMeHu [ladyonu m3naraeT npaBuia U Npué-
MBI apupMeTHUIECKUX AeHCTBUIM, ZeHCTBHA ¢ Ap0obAMY, a TakxKe anrebpy,
KOTOpYyI0 OH HasbiBaeT regula della cosa. OH paccMaTpuBaeT JMHeHHEIe
ypaBHeHHs, KBaJipaTHbIE YPaBHEHUS U HEKOTOPHIE BUABI ONKBaZpaTHBIX
ypaBHEHMUI.

«CyMMa» COIEp>KUT TakKe MHOTO pasHblx 3aZad. OaHa U3 HUX BIO-
CJIeCTBUM CTajia 3HAMEHUTOH B TEOPUM BEPOSATHOCTEH. Mrpa B KOCTH,
B KOTOPOH BBIUIPBIBAET TOT, KTO IoJNy4YaeT 6 OYKOB, ObUIa IpepBaHa,
KOTZIa OAVH U3 UTPOKOB NOJIy4YWi 5, a BTopoi 2 ouka. CripamiuBaeTcs, B
KaKOH MPONOPLMH CJIeAyeT pa3jeauThb CTaBKy? [1aqomu omnb0YHO CYu-
TaJI, YTO B OTHOLIEHUHU 5 : 2.

B «Cymme» uznoxeHa u3obperéHHas Jlykoii [layonu aBoitHas 6yx-
rajiTepusi, Korja Bce leHe)KHbIe OIlepalliy 3alMChIBAIOTCA B IBYX CTONO-
ax — kpeauTa (goxox) u gebera (goar). OHa, MO-BUAMMOMY, MOBJIMSIA
Ha ero TPaKTOBKY OTpULIATEIbHBIX YHCe.
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ITo HacTtosauuro JleoHapzo fa Buxuu Jlyka Ilayosnu Hamucana KHUTY
«O 60ecTBeHHOU nponopuuu»! (1497 r., usgana B 1509 r.). JleoHapzo
cZiesiasl K 9TOM KHUre PUCYHKM IIPaBWIbHBIX MHOIOTPaHHUKOB.

Huxonsa lroke (1445—1488)

Huxons ioke cocTaBI PyKONUCHBIHA TpyZ «Hayka o ynciax B Tpéx
gacTax» (Le triparty en la science des nombres, 1484). B HéM OH UCHIONb-
30BaJl OTpHUIIaTeNbHbIE YUC/IA U BBEN He TOJIBKO HyJeBOH, HO U OTpHU-

LaTeJbHBINA IOKa3aTenu. YTBepxkaan (6e3 JoKa3aTeabCTBA), YTO YUCIIO

a+b a_b
<~ q JAKTIOUeHO MeXAy U 5. Bocrnonb3oBancs 3TUM A1 UTepanuoH-

HOTr'O pellleHHs KBaZApaTHOIrO ypaBHEHUS.

Jleonapzo aa Bunuu (1452—1519)

B 3anuckax JleoHapAo Aa BUHYM 4acTO BCTpeYyarTcs pa3IMYHbIe Ma-
TeMaTH4YecKye 3aZadyu. MHOro BHUMaHUsA OH yZeJI 3B€3A44aThIM MHO-
rorpaHHMKaM U IIOCTPOEHUIO NTpaBIWIBHBIX MHOTOYTOJIbHUKOB. I1pu no-
CTPOEHHSAX OH 4acTo TpebyeT, YTOOB! [UPKY/Ib MMeJl TOCTOSHHBIA pac-
TBOP (IIOCTPOEHHUSAMH TAKOTO poAa 3aHuUMasics AGy-n1b-Baga).

[1pu uccie0BaHUY LIEHTPOB TSXKECTH NOJIyKpyTa U TeTpasjpa, a Tak-
’Ke TpU BBIYKCIEHUH IUIOMAAM 3/uiuiica JleoHapAo IPUMEHII METOABI
Apxumeza. Teopernuecku JleOHapAO BHICKA3BIBAICA INPOTUB HeJeU-
MBIX, HO Ha NpaKTUKe OH NPMMEHsI MeTO/, HeJeIMMbIX (I10-BUANMOMY,
OH NPUMEHSI ero He JJIs OKa3aTeJlbCTBa, a JIMIIb /A IOMCKa OTBeTa).

JleoHapAo U300pEN UPKYJIb JI1 IPONOPIUOHAIBHOTO YBEITUYEeHUA
WIK yMeHbIlleHUs GUryp ¥ npubop Ajisi NOCTpOeHUs mapabosbl.

Koccuctel

BaxHble Imarv B pa3BUTUU airebpanyeckoil CUMBOJIMKU CAeIalu
KOCCHCTHI — HeMellkue aure6pauctel XVI B. Takoe Ha3BaHUe CBS3aHO C
TeM, YTO OHU Ha3kIBaIU aire6py Coss — OT UTAJIBIHCKOTO «COsa» (Bellp),
0603HaYaBIIero HEM3BECTHYIO Y UTAJIbAHCKUX anre6pancToB. FIMEHHO
KOCCHUCTHI IEPBBIMU CTAIH YIIOTPe6IATh 3HAKU «+» U «—». V3BECTHBI
KoccucT Agam Puse (1492—1559) uszai B 1550 r. y4eOHUK, PO KOTOPHIi
OH ITUIIIET, YTO €T0 OPUTHHAJ HalMCaH 110-apabCK, NepeBeléH Ha rpe-
YecKUil ApXUMe/ZIoM, a IIOTOM Ha JIaThIHb ArysieeM (B TO BpeMs aBTOPbI
JUISl TIpUBJIeYeHNUs BHUMaHHA OXOTHO IPUITMCHIBAJIM CBOM IIpOM3Bele-
HUSA 3HAMEHUTBIM YYEHBIM U NUCaTeNsIM JPEBHOCTH).

Ulyka IMauonu. O 60xecTBeHHOH TPONOpIUHH. PenpunT u3z. 1508. C mprIokeHHeM
nepesoga A. U. llleTHukoBa. M.: ®oHa «Pycckuit aBaHrapa», 2007.
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Muxasas HItTudens (1487—1567)

Kpymueiimuii koccueT — Muxaans HItudens. B pesysnbraTe CBOUX Hy-
MepOJIOTUYECKUX U3bICKaHUM OH BBIYMCIIWI, YTO KOHel] CBeTa HacTaHeT
19 okTabps 1533 r. [Tocie TOro Kak ImpefckasaHHOE UM He ITPOU30LLIO,
Itudens, jxean MOHATh CBOIO OMMUOKY, BCEpPhE3 3aHsUICA MaTeMaTH-
KOH.

itudens pan cioBecHyto ¢GopMynupoBky 6uHoma HeioToHa A1s
JI060r0 HaTypaJbHOrO N, cGOPMYJIMPOBA IPABWIO BEYUCIEHUA GHHO-
MUaIbHBIX K03 dULINEeHTOB (3TO He coBceM IpaBmio [1ackas, moTomMy
yro IlITudesns 3anuceBaI JUIIb YacTh TPeyrolbHUKa [lackasns, nsberas
ITOBTOPEHUIT) M COCTABIJI TabIUIy GMHOMUAIbHBIX K03 HUIUEHTOB A0
17-# cTeneHu.

Hitudens 6bUT NEPBBIM, KTO pacCMaTpUBal OTpULIaTelIbHbIE YHCIA
Kak 4yucia, MeHblue Hyss. Vicnonb3oBaHye OTpULIaTe/IbHBIX YHCe 103-
BOJIAET BMECTO TPEX BUZIOB KBaIpaTHBHIX ypaBHEHMI

x*=ax+b, x*+ax=b, x*+b=ax

paccMaTrpuBarth Jito60# u3 HUX. B HAWY Tak fenan yxke Bpaxmarytra,
a B EBporne Takas eanHas TpPaKTOBKa BIIepBEIe BeTpevaercs y llItuderns.

Itudesns nepsbiM B EBpone chopMyn1upoBas coBpeMeHHOE MPaBUIo
JeJIeHUsI OOHOM Jpo6U Ha JPYTYIO KaK yMHOXEHHE Ha IepeBEPHYTYIO
Apo6b. Jlo 3TOrO /14 fiesieHrs OAHOM Apo6U Ha APYTYIO MX OOBIYHO MPH-
BOAWIH K 006111eMy 3HaMeHaTeJIIo.

Huxonait Konepauk (1473—1543)

KonepHuk okasas cyllleCTBEHHOe BJIMAHVE Ha pasBUTHE TPUIOHO-
metpun. Emy 6putn 6imxe Tpyab! [ITonemesi, a He apabckux Marema-
TUKOB U PernoMoHTaHa. KonepHuk AoKasaj, 4TO TOYKa OKPYXXHOCTH,
KaTALleica BHYTPU OKPYKHOCTH BJBO€E OOJIBILIETO pafuyca, OHUCHIBAET
auameTp 60iblieii OKpyHOCTU. HensBecTHO, y3HaI OH 06 3TO¥ Teope-
Me u3 counHeHui Hacup azg-Zluna aT-Tycu wid oOHapy:KWI €€ caMm.

PenreHye KyOM4eCKOro ypaBHeHUS

IepBeIM KyOudeckoe ypaBHEHHE B pajuKajax pell npodeccop
BonoHckoro yauBepcutera Crunuod genb ®eppo (1465—1526). Caenan
OH 3TO /A ypaBHeHHUsA BuAA X° + ax = b. OH He ONMy6JMKOBAN 3TO
pellieHNe, HO COOBIIMWI ero cBoeMy yueHUKy Puopy, KOTOPHIH NOIb30-
BaJICS1 UM Ha MaTeMaTH4eCKUX TypHUpax. Ha oZHOM U3 TaKuUX TYpHU-
poB B 1535 roay ®uop Bcrpetwicsa ¢ Hukosno Tapraneei (1500—1557).
TapTayibsg CaMOCTOATENBHO HAWEN npaBwio Aenb Peppo u pemmn Bce
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Ipe/JIOXKEeHHBIE eMy 3aZadyd. JTO HACTOJIbKO obeckypaxwio ®uopa,
YTO OH He CMOT PellIuTh HU OJHOM M3 IpeAJIoKeHHBIX eMy 3azgad. Ha
cleyromuii ieHb nocle TypHUpa TapTajbsa Halén U pellieHue ypaBHe-
HuA x> =ax + b. B 1539 r. 06 oTkpbiTuu TapTanby y3Han JHKUpOIaMo
Kapzano (1501—1576) u BBIIpOCHI Y Hero ¢OpMYJIMPOBKY pelIeHUs,
MOKJIABIIUCH €€ He mybnukoBaTh. [103HAaKOMUBHIUCE ¢ GyMaramu Jejib
®eppo, KapaaHo Hapymw1 KISTBY U onybiukoBas 06paboTaHHOe UM
pellleHUe ¢ yTIOMUHaHUeM 00 aBropcTBe Tapranbu. TeM He MeHee, 3a-
Kpenwiock Ha3BaHue gopmyna Kapdaro.

Ypaeuenue x° + ax = b aenp ®eppo u Tapraiba pemanu Tak. CHa-
Yajla OHU HaXOAWIN U U V, YAOBJIETBOPSIOUINE CHCTeMe ypaBHeHUMH

3
a
u—-v=>b, uv= ( 5) (3TO CBOAMTCA K pelleHHI0 KBAPAaTHOTO ypas-
HeHMA), a 3aTeM yXe HaXoAWny x = yu — 3/v. [Ipu pemreHuu ypas-
3
a
HeHMA x° = ax + b TapTanbs MocTynaji Tak: u+v =b, uv = (5) u

x = ¥u+ 3/v. JlokasarensctBo KapziaHo 6bU10 reoMeTpHyeckoe, ¢ No-
MOIIbIO pa3pe3aHusa Kyba Ha 4acTH.

KapzaHo npusHaBas OTpULiaTelIbHbIE KOPHU ypaBHeHUsA. OH 3HaJ He
TOJILKO O HaJIMYMH TPEX KOPHeH Ky6HYecKOro ypaBHEHUs, HO U O TOM,
YTO CyMMa 3THX KOPHeli paBHa (110 aGCONIOTHOM BeIMYuHe) Ko3hduuu-
eHTy IIpu Xx°.

Jlnst ypaBHeHusA x° = ax + b moy4anoch peuieHve

b\2 a)3 .
ITpu (5) < (5) 3TO pellleHWe CTAaHOBUTCA HENPUTOAHBIM: AEUCTBU-

TeJIbHBIN KOPEeHb OKa3bIBAETCA CyMMOI BYX KOMIUIEKCHBIX yucesl. Kap-
JlaHo He cMor pa3obpaTbces ¢ 3TuM. C 3Toit npobiieMoii pazobpacs Pa-
¢das Bombesu.

YpaBHeHUe 4eTBEpTOU cTeneHu pewmwn Jlynmxu ®Peppapu (1522—
1565), yuyenuk Kapaano. Oblee ypaBHeHHe cBOAUTCA K BUAY x* + ax? +
+ bx + ¢=0. ®eppapu 3ameTw, YTO

2 2 2
2,0\ _ 4 2,0 _ 3. a
(x +2) =x"+ax +4— bx c+4,

a .
# 106aBWI K 06eUM YacTAM 2 (xz + 5) t + t2, YTOOBI OMYYHUTH B JIEeBOM
YacTH IOJHBIN KBagpaT. [Ipu 3TOM IpaBast YacTb IPUHUMAaET BUJ

2
2tx? — bx + (t2+at—c+ QZ)
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DTOT KBaApaTHBIN TPEXWIEH SBJIAETCS IOMHBIM KBaZpaTOM, KOIZA ero
JUCKPUMUHAHT 06paliaeTcs B HyJIb, T. €.

b% = 2t(4t? + 4at + a® — 40¢).

T[Monmyuunock Kybuyeckoe ypaBHeHUe; HalZIEM ero KOpeHs t,. V3Brekas
KBaJpaTHBI KOpeHb M3 ABYX CTOAIIMX B JIeBOW M IPaBOM 4acCTH IOJ-
HBIX KBaZpaToB, NOJy4aeM AJid KOpPHEH HMCXOAHOIO ypaBHEHHUA 4eTBED-
TO cTeleHU /iBa KBaJpaTHBIX YypaBHEHUA

X%+ 5+ tg=+1/2t (x—%to).

TapTanbs onpeAeiul YUC/IO Pa3IMYHBIX COYeTaHUMN U3 N 3JIEMEHTOB
no m (6e3 moBTOpeHU#). [103HAKOMUBIIUCH C TabaUIEel 6MHOMUATD-
HBIX K03¢UIUEeHTOB, cocTaBneHHOM LlITudenem, TapTanbs pacIMpHI
eé U cTaj 3amuchiBaTh B BUJE KBaJpaTa; AUAroHalb OTCEKaeT OT 3TO-
ro KBaZpara TpeyroibHUK [lackansa. Tabnuny 6MHOMHANBHBIX K03¢ddU-
ueHTOB TapTaybs COCTaBJIsLI, YTOOH ONPEJENUTh, CKOTBKO BO3MOXHO
CYLLIECTBEHHO pa3JMYHBIX BHINAJEHUI Ipy OPOCaHUM I UTPAIbHBEIX KO-
creil. KapgaHo Toxke usydas 3azjaqy o 6pocaHiM KOCTeMH.

T'epapa Mepkartop (1512—1594)

®namanackuil kaprorpad u reorpad I'epapa Kpemep nepeBén Ha
JIATBIHb CBOIO GaMIUTHIO, O3HAYAIOUIYI0 «KYTIEl», ¥ CTaJ Ha3bIBaThCA
Mepkatop. IIpu cocTaBieHUMH KapT MCNOAb3YIOTCA pasjN4YHbIe TPOeK-
nuu cheprl Ha IUIOCKOCTb. B 1569 r. MepkaTop BIepBBlE IPHUMEHH
MIPOEKIINIO, MOJYy4YMBIIYIO €ro UMs, IIPU KOTOPOU Napasulenyd U MepH-
AWaHbl IPeJCTaB/AITCA NepleHUKY/IAPHbIMHU IPAMBIMH.

Padasnp Bombesun (1526—1572)

Kuura Bombenm «Anrebpa» (LAlgebra) omy6smkoBana B 1572 T.
B 3TOi KHUTe OH CBOGOAHO O6palaeTcs ¢ OTPULATETHHBIMU YHUCIaMHU
Y IIPUBOJMUT NPABIJIO 3HAKOB ZJisi yMHOXKEHUS YHCell.

b\?2 a)3
Kak yxe roBopuioch, IIpH (5) < (5) pemenue Kapaano s

ypaBHeHus x> = ax + b CTaHOBUTCA HENPUTOAHHIM, IOTOMY YTO Aeii-

CTBUTEIbHBIH KOpeHb YpaBHEeHUA OKa3bIBAETCsI CyMMOM JBYX KOMILTEKC-
HBIX yuces. KapgaHo He cMmor pa3ob6patbces ¢ 3TuM. bombeiu o6Hapy-
JKWI, YTO IIPU 3TOM JBa KyOUYECKUX KOPHS ABJSAIOTCA CONPSKEHHBIMU
guicnamu. Hanpumep, AeiicTBUTEbHBII KOpeHDb ypaBHeHuUs x° = 15x +4
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BhIpaXaercs Gpopmysnon Y2F11i+ ¥2—11i, unpustom V2 E11i=
=2+ i. Bombesu pa3paborasn npaBwia obpaleHUa ¢ KOMIUIEKCHBIMU
qUCIaMH.

B «Anre6pe» Bombennu npeacTaBifeT KBaZpaTHblE KOPHU U3 HaTy-
pasIbHBIX YKCes B BUZIE€ HENPEPHIBHBIX JpObeii.

®pancya Buet (1540—1603)

®pancya Buer 6bU1 coBeTHUKOM Koponsa I'enpuxa III, a mocie ero
cMmeptu — lerpuxa IV. CnaBy emy npuHecia pacmudpoBKa MepenucKy
Bparos ['enpuxa III.

BueT oTBepraj CI0OBO «ajrebpa», HOTOMY 4YTO TaKOr'o CJIOBa He ObLIO
B eBPOIIEICKUX 3bIKAX; OH IIpejJiaraj 3aMeHUTD ero Ha «aHaaus». Hago
CKa3aThb, YTO U B OoJiee NO3JJHUE BpeMeHa CJIOBa «anrebpa» U «aHalInu3»
yIIoTpebIsUINCh KaK CHHOHUMEL. Hanpumep, Tak gesan Jlanambep B 3Ha-
MEHHUTOM «DHIIUKJIOTIE U,

BueT, KaK ¥ ApeBHerpeyeckre MaTeMaTHKH, CYATAT HEOOXOAUMBIM
cobJII0aTh 3aKOH OZHOPOAHOCTH, T. €. CKJIaZbIBATh TOJbKO OMHAKOBBIE
CTENeH!U.

BueT ucnonbp3oBall cioBecHoe obo3HayeHHe crenieHell. OH npeasio-
JKIWI HEU3BECTHBIE BeJIMYUHBI 0603Ha4aTh MIACHBIMM (6OJIBIIUMHU) OyK-
BaMH, a U3BECTHbIE — COIVIACHBIMM.

BueT mpesIOKIWI HOBBIM IOAXOJ K pelleHUI0 KyOU4YecKux ypaBHe-
HUii: ypaBHeHMe x° + 3ax = 2b 3ameHoit y? + xy = a cBoaurca K y° +
+2by® =a’.

[Tpu penreHny Ky6HU4eCKUX ypaBHEHUH BBI3BIBAJ TPYZHOCTH TaK Ha-
3bIBa€MBI HENPUBOAUMEIM C/Iy4aid, KOrZia IpY pelieHn KyOuyecKoro
ypaBHEHUs C BellleCTBEHHBIMU KOPHAMM 10 ¢popMmysne KapaaHo Bo3HU-
KaloT KBaJ[paTHble KOPHU U3 OTPULIATEIbHBIX YHcesl. HecJIoXKHBIM Ipe-
obpa3oBaHHeM KybOuyecKoe ypaBHeHUe B HEIIPUBOJUMOM CJIydae IIpH-
BOAUTCA K BUAY q = 2° — 32. BUeT BOCIIO/Ib30Ba/ICA U3BECTHBIM €My TOX-
JleCTBOM

2cos3x = (2cosx)? — 3(2cosx)

U TOKa3aJl, YTo pellleHHe ypaBHeHHsA q = z° — 3z CBOAUTCA K HAXOX-
JIeHUIO HEeM3BECTHOM BEJMYMHBI 2COSX = z MO W3BECTHOM BeJMYHHE
2cos3x =q, T.e. K Tpucekuuu yma. (KoadpduuneHnr 2 nepes KocuHy-
caMHM CBfi3aH C TeM, YTO BueT uclonb30Bal He CUHYChl U KOCHHYCHI, a
XOpPAB! OKPY>KHOCTH.)

Buer 3Has 1 obInye BHIpa)XKeHUA COSNX U sinnx yepe3 cosXx U sinx.
DTO NO3BOMWIO eMy pelMTh B 1594 r. ypaBHeHU e 45-i1 cTeneHH, IpeJio-
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JKEHHOe rO/JIaHACKUM MaTeMaTUKoM AzpuaHoMm BaH PomeHoM (1561—
1615). OT0 6BUIO YpaBHEHUE AJIS XOPABl OAHOM 45-i1 ayTu B 24° (OKpYy*X-
HOCTH pagmyca 1). BueT Hamén u 22 gpyrux NOJOXKUTENTbHBIX KOPHA
3TOTr'0 ypaBHEHH .

OTpuuaTenbHBIX KOPHeil BueT He mpusHaBas, XOTSA U ObUI XOPOIIO
3HAaKOM ¢ pa6oramu KapaaHo, KOTOpHIN IpU3HABal OTPHULIATEIbHbIE
kopHHU. [ToacTaHOBKY y = X + a, KoTopyto KapzaaHo ucnonb3oBat AJs
YHUYTOXXEHHUA WieHa BTOPOH cTeneHU B KyOUdecKOM ypaBHeHUH, Buer
PacnpoCTpaHWI Ha ypaBHEHHA NTPOU3BOJIBHON cTeneHu. Ha mpumepax
ypaBHEHUH C MOJOXUTENbHBIMU KOPHAMM OT BTOPOU [0 IATOU cTelle-
HU U Ko3odunueHTOoM £1 IpU CTapliei cTeneHU IoKasas, YTo Koad-
unuents mpu x" 1, x"2 x"3, ... —3T0 (B3ATHE C YepeAYIOIMMMUCT
3HaKkaMM) CymMMa KOpHel, cyMMa IIpOU3BeJeHUH Nap KOpHeH, cymMMa
IpousBeZieHUHN TpoeK KOopHei U T. . ([y11 KBaZpaTHBIX YpaBHEHUH Ta-
KOe yTBep)K/eHUe paHee BbIcKasblBas KapzaHo.)

Buet Hamén BeIpakeHHe YuciIa 7T B Buze 6€CKOHEUHOTO NIpoU3Bee-
HUA KBaJpaTHBIX KOpHel:

2 90° 90° 90°
=C0S =~ COS —— COS —/—

_ %\/%(H—\E) 1+ %(1+\/§)

JlokasaTenbCcTBO 3TOH GOpPMyJIEI OCHOBAHO Ha CJIEAYIOlIeM cOoOpake-

HUU: €CJIU IvIollaAb NMpaBWIBHOI'O n-yrojbHUKa, BIMCAHHOI'O B OKPYX-

HOCTb paguyca 1, paBHa S, T0 S, : S,, = COs H;O .

BuieT Hamésn peleHye C HIOMOIIbIO IUPKYJIA U JIMHEHKH 3aia4u ATIOJ-
JIOHMA O IIOCTPOEHUM OKPYKHOCTHU, Kacarolencsa TpPEX JaHHBIX OKPYX-
HocTel. (Pemenune AnosioHus 6sut0 yTepssHO. OHO COAEPXKAIOCh B €ro
TpakTare «O KacaHUAX», O KOTOPOM pacckasbBaeT [lamm.)

BueT BBéN TepMUH Ko3dduyuenm, cCHayajaa B BecbMa CIEINaIbHOM
ciIydae.

N

CumoH CteBHH (1548—1620)

IIupokoe pacnpocTpaHeHHe JeCATUYHBIX Apobeit B EBpomne Haua-
JIOCh TOCJIe MOCBSAIIEHHON UM KHUrM ¢uiamaHfckoro martemaTuka Cu-
moHa CreBuHa «[lecsatas» (De Thiende), usgannoii B 1585 r. Jlo aToro
OOBIYHO HCIIOIb30BANCH WIECTUAECATEPUYHEIE APOGH.

CreBUH ITHCca 0 HEOOXOAUMOCTH NPU3HAHUSA UPPAI[MOHATbHBIX K-
ceJl ¥ BO3paXKaJl IIPOTUB TOTO, YTOOBI MX HA3bIBAIU HPPALHOHATbHBIMA
WM HEBBIPA3UMBIMU, IOTOMY YTO OHU BCETO JIMIIb HECOU3MEPHMEIL.
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XVII Bek

B XVII B. BriepBble NOABIAIOTCA akageMuu. B 1601 r. B Pume 6bU1a oc-
HOBaHa AxaZiemus Jeu JIuHyeu («aKaZeMUs phICheria3bix»); e€é WieHOM
¢ 1611 r. 6bu1 Tamuneit. Bo ®panuuu Jesapr, Jekapt, [Tackanb, Pepma
U ApyrHe 1noj pykoBoacTBoMm MapeHa MepcenHa (1588—1648) BcTpeua-
JIUCh 4aCTHBIM 06pa3oM ¢ 1630 r. a1 ob6CyXAeHHs HaydHBIX Mpo6eM.
B 1666 r. JltogoBuk XIV npezocTaBwI UM IIpaBo co3zxaTh KoposneBckyto
aKaJeMHIO HayK, KOTOPOW OH OKa3bIBaJ NMOJAEpPXKY. B AHIIMU rpym-
1a MaTeMaTUKOB U acCTPOHOMOB IO/l pyKOBoACTBOM /[>koHa Basuca co-
6upanack c 1645 r. dta rpymnmna 6bU1a 0opUIUAILHO IPU3HaHa B 1662 T.
Kapnom II u crasna HassIBaThCA JIOHAOHCKUM KOPOJIEBCKUM OOIIECTBOM.
B 1700 r. B l'epmanuu 65u1a ocHoBaHa BepiuHckas akagemMus Hayk. [lep-
BBbIM €€ ITpe3uzieHToM cTas Jleli6Hu1. B 1724 r. B Poccuu I1étp I ocHOBaN
Cankrt-Iletepbyprckyio Akazemuto Hayk.

AxaZieMHuU He TOJIBKO JaBaid BO3MO)XXHOCTD YYE€HBIM OOCYXAaTh UH-
Tepecyolye X NpobieMbl U 0OMEHUBAThCA HUAEIMHU, HO U OPraHU30-
BHIBAJIM M37laHMe Hay4HBIX XKypHaJoB. [IpaBja, nepBeIi Hay4HBIH XKyp-
Haji — «Journal des Savants» — HavaJ u3gaBarbcs Bo PpaHuuu B 1665 T,
Jo co3zanusa KoponeBckoit akazeMuu Hayk. B TOM ke rogy Hayas BBIXO-
auth xypHai «Philosophical Transactions of the Royal Society».

OznHO M3 BaXXHEWIIMX IMpuobpeTeHuit MateMatuku XVII B. — MeTof
koopauHaT. KoopauHaTHbIHN OAX0A pe3KO pacIIMPHI KJIACC KPUBBIX, KO-
TOPBIMU MOIVIM 3aHHMMAThCsl TeOMeTPHI, 10 CPaBHEHHUIO C TEMU KPHBBI-
MH, KOTOPBIMU 3aHUMAaJMCh JpeBHerpeyecKkre reoMeTprl. Yxe JlekapT
IYcal, YTO METOZ KOOPJAMHAT MOXKeT paboTaTh He TOIBbKO Ha IUIOCKOCTH,
HO U B IIPOCTPAHCTBe, U JaBas KpaTkue HosicHeHus 3toro. depma Toxe
06 3TOM BKparTie Imucan U obeman Hanucarth MoApobHee, Korjaa y Hero
Hahzgétcs cBoboaHoe BpeMsA. UyTh 6osee mogpo6GHO 06 3TOM Hamucas
Jla Tup. Ho ckonbKko-HUOYAb NoApOOHbBIe paboOTH 0 KOOPAUHATAX B TPEX-
MEPHOM IIPOCTPAHCTBE MOABWINUCH aulIb B XVIII B.

Boree noszHee, HO U 0Oojiee BakHOe NpHOOpeTeHHE MaTeMAaTHUKU
XVII B. — auddepeHnanbHOe U MHTErpalibHOE HCYUCIeHHe. B3anMHO
oOpaTHBIH XxapakTep 3a/1ay, pelllaeMbIX Tellephb ¢ IIOMOIIbI0 AuddepeH-
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IUPOBaHHUA U UHTErpUPOBaHUs, He 6L siceH 11 Pepma u Jekapra. Ero
oTkpbUl Hcaak Bappoy, yuurens HeloroHa. OCHOBHOM BKJIaZ B pa3BU-
THe MaTeMaTH4ecKoro aHanusa B XVII B. BHecau HbloTOH U JIeHGHMUII.
O6o3uaueHus JleiGHMLa (f U dx) okaszaiuch 6osee yZOOHBIMU, YeEM
o6o3HayeHus1 HpioToHa (X). [TlepBbIM IPOGHBIM KaMHEM /I UCITBITAHUS
MPaBWIBHOCTH ¥ IIPUMEHMMOCTHA HOBOI'O MCYHCJIEHHUA SBWIACh 3aaa4a
0 LIENHOU JIMHUU (T. €. 0 TOM, KaK BBIIJIAJUT TsDKENAs HUTD C 3aKpeIUIéH-
HBIMU KOHIIaMU). DTY 3aJja4y BIepBble TOCTaBWI ['ajnieii; OH BeICKa3all
npeAmnonoxeHue (oOka3aBlileecsi HEBEpPHBIM), YTO 3Ta KpUBas MpeACTaB-
nsieT coboit mapabory. Jleit6uun u MoraHH BepHy/uln pemwiu e€ c
IIOMOIIIbIO HOBOT'O UCYUC/IeHUA, a ['TolreHc, KOTOPHIN He CyMeJ1 OCBOUTD
HOBO€ UCYHCJIEHNE, UCCIIeZIOBaJ €€ CTaphIMU METOAAMU.

Anre6pa u aHamu3 B XVII B. He UMeJH JIOTUYECKOTO 0OOCHOBAHUS,
HO 9TO II0Ka MaJIo UHTepecoBajo MaTeMaTukoB. ®epMa, [Tackanb u bap-
POy IpU3HaBa/Y, YTO UX paboTaM O BBIYMCJIEHUH IUIOUIaZel U MeToze
HeJeMUMBbIX HeJOCTaéT CTPOroCTH, HO OBUIM yBEpeHHI, 4TO 3TU pabo-
Thl MOXXKHO 0OOCHOBATh Ha TaKOM )K€ YPOBHE CTPOTOCTH, KaK 3TO ObUIO
vy Apxumeza. Y HeloToHa u JlefiGHMIIA He OBUTIO CTPOTHX ONpeZieNeHUui
NPOU3BOJHOM U MHTerpaia. OHU Moiarajauch Ha COIJIaCOBAHHOCTb pe-
3yJIbTaTOB U ILUIOJOTBOPHOCTh MeTOZa U JBUTAIIUCH BIEpES.

B XVII u XVIII Bekax HUKTO U3 TeX, KTO BHEC HAaUOONbIIUKI BKJIAJ B
pa3BUTHE MaTeMaTHKH, He GbUI MaTeMaTHKOM IO IpeuMyllecTBy. Je-
KapT, I'oiireHc 1 HpI0TOH BHeC/ M 6O/BIINIA BKIAZ B pa3BUTHE GU3HKH,
yeM MareMaTukd. [Tackanb, ®epma u JIeHOHUI] aKTUBHO 3aHUMAaJKCh
¢usukoil. JlekapT cyuTal, YTO B MaTEMaTUKY ITIOMHUMO ajirebphl U reo-
MEeTPUH BXOZAAT aCTPOHOMHSA, My3blKa, OIITUKA U MEXaHHKa.

Tamunei ¥ HbIOTOH, XOTA U HacTauBaJId Ha HEOOXOAUMOCTH 3KCIie-
PHUMEHTOB, HO 3TO OBUTH 10 IPEUMYILECTBY MBICJIEHHbIE 3KCIIEPUMEHTHI
JUIs1 IOATBEPXKAEHUS Y)Ke MTONy4eHHBIX pe3yibTaToB. OHU GBUTH YBEpEHBI
B TOM, YTO MUP YCTPOEH MPOCTO, U JOCTAaTOYHO HEMHOT'OYUCIEHHBIX, HO
XOPOIIO IPOAYMAaHHBIX 3KCIIEPUMEHTOB. A Bepa B IIPOCTOTY YCTPOHCTBA
MUpa onMpajach Ha UX Bepy B TO, YTO 3aKOHBI IPUPO/JBI ONMCHIBAIOTCA
Ha A3bIKe MaTeMaTHUKH.

CiegyeT oTMeTUTh, yTO B XVII B. 1Ie/Ibl0 MaTeMaTHUKHU ITOCTEIIEHHO
CTaHOBSTCA O6IIMe, a He YaCTHHIE pe3y/IbTaThl.

Jlorapu¢mel

IIseitnapern Moct Bropru (1552—1632) okosio 1610 T. (He3aBUCHMO OT
Henepa) usroroBui jorapudpmudeckue Tabauibl, KOTOpbIE OITyOIHUKO-
BaJI CITyCTS IeCATH JIET, yoke nocie Hermepa. OH UCXOAKI U3 COOTBETCTBUA
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MEXIYy YMHOXeHHEM B reOMeTPHYeCKOl NpOrpeccuy U CIOKEHUEM B
apupMeTHIeCKoii porpeccud. Biopru cocTaBwl Tabiuiy reomeTpuye-
CcKo¥ mporpeccunt co 3HaMmeHaresieM 1,0001. Ero Tabnuna He momydmia
pacrnpocTpaHeHus1, IOTOMY 4TO OoHa 6bUIa MeHee ynoOHa, YeM Tabauna
Henepa, u nosBuiack, korga Tabmunsl Henepa yxxe ObUIM HIMPOKO H3-
BECTHHI.

[otnanzgern MxoH Hemep (1550—1617) K OTKPHITHIO JjiorapudMOB
npUIIén He no3gHee 1594 r., HO TabiuUbl OMyOJIMKOBaJ JIMIIbL CIIYCTS
20 jieT, B 1614 1. OTH TabIUIBI COAepXKaH IorapudMbl CHHYCOB U KOCH-
HycoB. B ommiuue ot Bropru, paccMaTpuBasliero Jise AUCKpeTHbIe IIpo-
rpeccuy, Henep paccmaTpuBai orapuMsl AJis1 Bcex 3Ha4eHUH Herpe-
PBIBHO MEHSIOIIUXCSA TPUTOHOMETPUYECKUX BeJUYMH — CHHyca M KOCH-
Hyca. JlJorapudM OH ornpejeiieT KHHEMaTH4eCKHU CIeAYIOIUM 06pa3om.
[IycTh AiBe TOYKY HAYMHAIOT JBUTAThCSA OJHOBPEMEHHO C OAHOH U ToOM
)Ke HadaJIbHOHM CKOPOCTBIO. [lepBas TOYKa ABMIKETCA IO Jydy C IOCTO-
AHHOM CKOPOCTBIO, BTOpas TOUKA JBIDKETCA 10 OTpe3Ky AnuHH 107 co
CKOPOCTbIO, PaBHOM pacCTOSAHUIO OT Heé Z0 TOro KOHIIAa OTpe3Ka, o
HarpaB/IeHUI0 K KOTOPOMYy OHa ABikeTcA. Torza [yIMHA NyTH, NPOH-
JEHHOTO IIepBOH TOYKOM, paBHa HENEPOBY JOrapudmy AJIUHBI IyTH,
MPOMAEHHOr0 BTOPOH TOYKOi. HemepoB jiorapudm 4yuciaa x JUHEHHO
BBID@)XAeTcsl depe3 HaTypaibHEI jorapuém: —107Inx + 1071n107.
Takoe oTIMYMe OT HAaTypaJbHOTO joraprudma CBI3aHO C TO 1eNblo, KO-
TOPYIO CTaBUT Iepes coboit Henep: BeryucieHUe 1orapu$pMoB IONYXOPZ
OKpYXHOCTH pazuyca 107. Herep XoueT, YTO6HI OHU GBUTH TIOIOXKUTEb-
HBIMH. B BhIuMcieHusax y Henepa 6puta ommbka, noBiékuias 3a coboi
omubKy B 60/1bIIel YacTH TabHIBI B CEIbMOM 3HaKe.

Hermnepossl iorapudmsl 6bU1H HEYZ0OHEI TeM, YTO Jorapudm 1 He 6bUT
paBeH 0. OT 3TOro HeyzobcTBa uszbaBwicsa I'enpu Bpurc (1561—1630);
KpOME TOro, OH CTaJl UCIIO/Nb30BaTh B KayecTBe OCHOBAHMA Jorapud-
MOB ocHoBaHue 10. OT0 emy npegyoxwt B 1615 r. cam Hemnep, koTo-
pOMY yXyZAUIUBIIIEECS 3J0POBbe He IO3BOJIUIO IPOoJeiaTh HeOOXoAMEbIe
OTrpOMHBIE BHIYMC/IEHUA. Bpurc ony6iukoBai cBoU Tabmuipl B 1624 r.

Bcé aTo fenanock AJis YIPOIIeHUs BHIYUCIeHUH B acTpoHOMuUH. Jla-
IUIac TOBOPWI, YTO JIOrapudMBI BIBOE YBEIWYUBAIOT XKU3Hb aCTPOHO-
MOB, COKpauas ux paboTy, CBA3aHHYIO C BbIYHMCIEHUAMU. OFHUM U3
MEPBBIX OLEHWI NOJb3Y JorapudMOB /Il BEIMUCIEHUH B aCTPOHOMUHU
Kemuep.

DKCIIOHEHIMa/IbHAA QYHKIIUA MOSBIWIACH MO3Ke, IOTOMY YTO B TO
BpeMms ellé He pacCMaTpPUBAJIM CTENIEHU C ApOOHBIMU IIOKa3aTe/SIMU.

[TosiBeHue JorapudpMoB CIOCOGCTBOBAIO PA3BUTHIO NTpe0Opa3oBa-
HUIH TPUTOHOMETPHYECKUX GOPMYJI K BUAY, YAOOHOMY s Torapudmu-
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poBanus. B yacTHoctu, Henep npezsioxuwn ciezayromye GOpMyIsl As
chepuyecKkoro TpeyroibHHUKa:

tg%(A+B) cos%(a—b) tg%(A—B) sin%(a—b)
1 =7 ) 1 =1 :
cthC cos §(a+b) ctg EC sin E(a+b)

Ot GOpMYyIIHI MOIYYIN Ha3BaHUe aHanozuu Henepa. Jleno B ToM, 4TO
rpedyeckoe CJIOBO «aHalorus» B XVII B. 4acTo ymoTpebiisioch BMeCTO
JIATUHCKOTI'O TepPMHHA «IIPOIIOPLIUA».

Tomac I'appuor (1560—1621)

Tomac FappHOT OCHOBaJ aHIVIMICKYIO HIKONMY anrebpsl. [Ipu pere-
HUM ypaBHEHUH OH paccMaTpuBaj OTpHllaTeJbHble U JaKe KOMIUIEKC-
Hble KOpHHU. ['appHOT 3HAYUTENbHO YCOBEPIIEHCTBOBAJ airebpande-
CKYI0 CHMBOJIUKY. 3HaKU «>» U «<>» BIIePBbI€ NOSBWINCh B IOCMEPTHOM
U3ZIaHUM ero KHUTHU 1o anrebpe (1631), HO 3TU 0603HAYEHUS BBEAEHHI
He caMuM 'appHoTOM, a U3jaTesleM 3TOU KHUTH.

B 1601 r., 3a 20 neT Ao Bwine6popzaa Cuemmuyca (1580—1626), I'ap-
PHUOT OTKPBUI 3aKOH IIpeJIOMJIEHHUA CBETa.

TFappuoOT M3y4ay TpaeKTOPUIO ABIDKEHHA CHapsiia M packiaZiblBal
JeHCTByIOIlMe Ha Hero CWIbl Ha TOPU3OHTAJbHYI0 U BEPTUKAIbHYIO
cocTaBmAomue. OH O4eHb GIU3KO NMOAOIIEN K BEKTOPHOMY pelIeHHI0
3aJayM 0 HaxXOXZeHUU CKOpOCTH cHapsaga. B 1607 r. [appuOT BBIACHUI,
YTO CHapsA ABWXXETCs 10 napaboie.

B nucbMme Kk Keriepy ['appHoT yIOMAHYI 3aZady 0 Hanbosee IVIOTHON
ynakoBke cdep. Kemiep He cMor pemuTh 3Ty 3ajady, Ho B 1611 r. BHI-
CKa3aJl TUIIOTe3y, YTO Haubosiee IUIOTHAsA YIIAKOBKa IOJIydYaeTcs TOTAa,
Korza cdepsl YKIaJBIBAIOTCA CIOSIMH, IIPUYEM LIEHTPHI chep BEPXHETO
CJI0S1 pacIoNIOXKeHbI Ha/l LIeHTPaMU OTBEPCTHUI HIDKHEro CJIos. JTa 2uno-
me3a Kennepa ocraBanach HeIOKa3aHHOH 10 1998 r.

T'anmineo 'anminei (1564—1642)

OtkpoiTusa lanuies B o6sacTu MaTeMaTHKY He TaKue BeJHUKHe, Kak
B aCTPOHOMMM U MeXaHUKe, HO BCE JKe OHU BecbMa CylleCTBEHHBIE.

He noszanee 1586 r. oH HaIIéN EHTP TSHKECTH yceyéHHOro napabosno-
vza Bpamenus. Ho Bckope Jlyka Bamepuo (1552—1618) nosnyuun 6onee
ob1ue pe3y/nbTaThl, U lannieii 0Tkasancsa oT my6IuKauy CBOEro CoYu-
HeHuA. ([To3xe OH BKJIIOYII €r0 B CBOU «becebi».)

3agyMaHHBIHA TPyZ 0 HeeMMbIX [ajiteli He 3aBepLIIUI, HO ero uieu
oKa3anu 6osbioe BivsgHUe Ha KaBanbepu.



Kennep 223

B kHure «becespl 1 MaTeMaTH4eCKUe AOKa3aTeIbCTBa ABYX HOBBIX
Hayk» (Discorsi e dimostrazioni matematiche..., 1638) Tamwieit noka-
3bIBAeT, YTO BCEX KBa/paTOB HATYPaJbHBIX YHCEJ, C OJHOW CTOPOHHI,
MeHbIIIE, YeM BCEX HAaTYPaJbHBIX YHCEJI, a C [PYTOil CTOPOHBI, UX CTO/b-
Ko ke. OH 0ObsACHAeT 3TO Tak: «CBOMCTBa paBEeHCTBAa, a TakKe GOJb-
e ¥ MeHblIeHl BeJUYMHBI, He UMEIT MecTa TaM, IZe Ael0 MIAET O
6EeCKOHEYHOCTH, OHM IIPUMEHUMBI TOJIBKO K KOHEYHBIM KOJUYECTBaM».
Tajieii [OKa3bIBaeT, YTO MPH PABHOYCKOPEHHOM JBM)KEHHUH, HaYyMHAa-
IOIEMCS C HYJIEBOI CKOPOCTBIO, ITYTh IPOXOJUTCS 3a TO JK€ BpeMsi, YTO
4 TIIpY paBHOMEPHOM JBIDKEHUHU CO CKOPOCTBIO, PAaBHOM IOJIOBHHE KO-
HEYHOM CKOPOCTH PaBHOYCKOPEHHOTO JABIKEHHUA. DTO OH JeJIaeT, CpaB-
HUBas IUIOIaAb TPEYTOIbHUKA U IUIOLIAAb NPAMOYTOIbHUKA. Takke OH
o6HapyXHUBaeT, YTO HanbosbIIIasA JaJTbHOCTD IONETa IPU 3aJlaHHOM Ha-
YaJbHOM CKOPOCTH JOCTUraeTCs, KOra TeJo GpoIeHo oA YIioM 45° Kk
TOPU3OHTY.

lanwieil yCTaHOBWI, YTO TSDKENIAs TOYKA Che3XKaeT B HIDKHIOKI TOY-
Ky BEPTHKaJIbHO PacClOOXEHHOU OKPYXHOCTH IO AyTe OKPYKHOCTHU
ObICTpee, YeM IO Xopze. B CBA3M C 3TUM OH OMIMOGOYHO CYUTAJ, YTO
JIyTa OKPY»KHOCTH — 3TO Ta KpUBasi, 110 KOTOPOH TKENasd TOYKA OBICT-
pee Bcero IomnajZiaeT U3 OAHOIO IOJIOXKEHHs B Apyroe. BmociaeacTBuu
KpUBasg HaWCKOpeHlIero CIycka HOJy4iia Ha3BaHUE 6paxucmoxpoud.
B 1696 r. cpa3y HeCKOJbKO MaTeMaTHKOB He3aBHCHMO JOKa3alH, 4TO
6paxuCcTOXpOHa — 3TO He yTa OKPYXKHOCTH, KaK OMKU60YHO cyuTai la-
JWIeH, a Apyras KpuBas — XOpPOLIO M3BeCTHas K TOMY BpeMeHM I[UK-
JIoHuJa.

Horanx Kerrep (1571—1630)

C 1594 r. Kemuiep paboTtan npodeccopoM MaTeMaTHKH U MOpalIu B
[paue. B kauecTBe acTposiora OH JO/DKEH ObUT 3aHUMAThCs MpeACcKa3a-
HHEM He TOJIbKO IOTOZBL, HO U HNOJUTUYeCKuX cobbiTHil. Kemnep roso-
PHJI, 9TO MaTh acTPOHOMHUA rojyozgana Ovl, ecik Obl eif Ha x1eb He 3a-
pabaTeiBasia e€ foub acTposiorud. Keluiepy npuuuioch HOKHHYTH ['pant
MoCJIe TOTO, KaK TaM Hada/JMCh F'OHEHHA Ha mporecTaHToB. B 1600 r.
Kerep nepeexan B [Ipary no npumiameHuIo NpUABOPHOrO aCTpPOHOMA
u actposora Tuxo Bpare (1546—1601). ITocne cmepTtu Bpare Keruiep 3a-
HSUI €ro ZO/DKHOCTD. Mcnob3ys acTpoHOMUYeckue HabioaeHus bpare,
Kerutep OTKpBLT IIEpBEIE 1Ba U3 CBOMX 3aKOHOB U OIyOJIMKOBAJ UX B KHU-
re «HoBas acTpoHOMUs» (Astronomia nova, 1609). [1epBrlif 3aKOH: KaX-
Jias IUIaHeTa JBH)KETCS 110 3JUIUIICY, B OZHOM U3 GOKYCOB KOTOPOT'O HaXo-
autcs ConHue. Bropoii 3akoH: Kaxas IUIaHeTa JBHXKETCS B IUTOCKOCTH,
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npoxogslueil yepe3 ueHTp CoslHIA, IPUYEM IUIOMAAb CEKTOpa OPOUTHI,
oIKCcaHHas paZinyCc-BEKTOPOM IUIAHETHI, U3MEHSETCS IPONOPLHOHATBHO
BpeMeHH. [Ipu ¢popMynupoBKe BTOpOro 3akoHa Kerwiep roBopur He o
IUIOUIAZIH, @ O CYMME paZinyc-BeKTOPOB. UTOOBI pHaTh 3TOMY CMEICT,
HY)XXHO 3a/laTh paclipeie/ieHre TodeK Ha opbuTe, HO Keruiep aTtoro He
JeJlaer.

3akoH IUIOLIaZiell CBOAUT OlpejesieHUe NON0KEeHNA IUIAaHETHl Ha eé
op6uTe B JaHHBI MOMEHT BPEMEHU K pelIeHHI0 TPaHCIEHAEHTHOro
ypaBHEHHA

¢ + esiny =kt,

KOTOpOe IOJNyYWwI0 Ha3BaHUe ypasHeHue Kennepa.

I'unote3a KonepHuka o ToM, 4To 3eMis BpanjaeTcs: BOKpyr CoslHIa,
JaBaja eAUHOOOpa3HOe ONMCAaHUe IS ABKEHUA IUIaHeT, HaXOASIIHX-
¢ Kak omoke K CosHIy, 4eM 3eMIs, Tak U Jajbiie. YIpOUanioch Tak-
>Ke OIMcaHue N0CpeZCTBOM SNHMIMKIOB (YMEeHbIIANIOCh YUC/IO OKPYXKHO-
CTel, y4acTBYIOUINX B ONMCAHUM). HO BBIMIpHIIIA B TOYHOCTHU He ObLUIO.
Haob6opor, cuctema IItonemes faBasa 6osee TOYHOE ONMCAHUE, YEM CH-
crema Konepnuka. VI Tuxo Bpare, BEINOTHUBIIMEI caMble TOYHBIE JJIs
TOTO BpeMeHM U3MepeHHs ABIDKEeHMs IUIaHeT, OTKa3aics OT CUCTEMBI
KomepHuka u npegnouutai eit cucremy Iltonemes. Mamepenus Tuxo
Bpare nossonwiu Kerulepy npeanoXXuTh OIKUCAaHUE ABIXEHUA IUIAHET,
KOTOpOe COBMeIlajIio NMPOCTOTY onucaHua KonepHuka ¥ TOYHOCTb OIU-
canus ITtoneMes. Keriep npeamonoxui, 4To 3eMis U Jpyrye IUIaHeTH
ABIDKYTCS 10 3/uivIcaM, npuuém CosHIle HaxXOAUTCA B OJHOM U3 JBYX
(bOKyCOB KaXI0Tr0 U3 3THX 3JUIMIICOB.

Bonbiioe 3HaueHue A1 UCTOPUM reOMETPUM MMeeT KHUra Kerure-
pa «OmnTuka B acTpoHOMUM» (Astronomiae Pars Optica, 1604). 3zech
BIlepBble BBOAUTCSI TEPMUH (OKYC U BIIepBble MOSABIAETCSA TEPMHH bec-
KOHeuHo yoanéHHblil. Keruiep roBoput, 4to napabosna — 3To ayuync (wiu
runepbosna), y KoToporo oguH ¢okyc yaanéH Ha GecKOHEYHOe paccTo-
SIHUe.

B ypoxaitHblil Ay BuHOrpaga 1612 rox Kerwtep 3auHTepecoBasics
[IpaKTUYECKUMU IIpaBWIaMU HU3MepeHUs1 06BEMOB Gouek. BUHOZENH
onpeze/sUTH BMECTUMOCTb GOYeK pa3sHOW (GOpPMBI C ITOMOIIBIO BCETO
JIMIIb OAHOTO IIpOMepa — OTMETKHM Ha JIMHelKe, IPOCYHYTOHN yepe3 Ha-
JIUBHOE OTBepCTHeE JI0 HIDKHEH yacTu gHua. B 1615 r. Kerutep ony6iu-
KOBaJ KHUT'Y «<HoBasi crepeoMeTpus BUHHBIX 604ek» (Nova stereometria
doliorum vinariorum). [1aBHas 1eJIb 3TOH KHUTY — BBIACHUTD, IPH Ka-
Kol ¢popMe 60uKa UMeeT HaUBOIBIUIYI0O BMECTUMOCTb. M3y4yas aTOT BO-
npoc, Kertep npumeén k u3onepuMeTpudeckuM 3azadaM. [TomyTHO oH
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3aMeTHJI, 4TO 110 0be CTOPOHHI OT MecTa HauboblIero sHaueHusa (Mak-
cMyMa) BeIMYUHBI eé yObIBaHUWe BHayaje O4eHb Mayo. JTo 6bUIO 3a
13 seT mo Toro, kak depMa OTKpBUT Oblllee NPaBWIO HAXOXKAEHUA JKC-
TpeMyMOB. DTUM HabmofeHueM Keruiep BOCIO/NB30BaJICA )11 pELIEHHUA
cjlefymoolleld 3aJa4yy: BIIMCATh B JaHHBIM IIap UWIMHAP HauboJbIIero
ob6BEMa.

[NepBast 4aCTh KHUTH COAEPKUT U3JI0KeHHe COYMHEHUA ApXxuMeza o
mape ¥ mwinHzApe. Ho Keruiep ucnonb3yeT He CTpOrye AoKa3aTelbCTBa
ApxuMeZia, OCHOBaHHBIE Ha METO/Ie MCUepIbIBAHMA, 8 HEIIOCPEJCTBEHHO
BBOAUT GECKOHEYHO MaJIble BeJMYUHEL. 3aMeHa CTPOTHX, HO T)KeJIoBecC-
HBIX METOJOB Ha HeCTporue, HO Gosee yZOOGHBEIE U JIErKHe MO3BOIIIA
Keruiepy HOJIyYUTh HOBBIE PE3y/IbTaThl, U OH BEIYUCIWI 00bEMEI 87 HO-
BBIX TeJl.

Tpetuii 3akoH Kemepa (kBagpaTsl BpeMEH obOpalljeHHs [UIaHeT BO-
kpyr COJMHIIAa OTHOCATCS KaK KyObl MX CpeJHUX paccTosHui ot CoiHLA)
ony6iukoBaH B KHUre «apMoHua mupa» (Harmonices Mundi, 1619).

Kerutep 3aMeTi1, 4TO OTHOILIEHUE NOCIeJ0BaTelbHbIX yncen dubo-

Ha4Y4YUu CTPEMUTCA K @—1

Bo BpeMs cyze6HOro mporecca IPOTHB €ro MaTepu, KOTOpPYIo 0OBU-
HWIN B KOJZIOBCTBe, Kelliep ¢ pycKOM /i COOCTBEHHOM JKU3HU 3allly-
I1aJI €€ U crac OT COXOKEHHUs Ha KOCTpe.

Mayns I'ynasaun (1577—1643)

C 1635 o 1641 r. uzgasajnoch counHeHue ['yibauHa «O LeHTpe Taxe-
ct» (De centro gravitatis...) B 4eTbIpEX KHUTaX. Bo BTopoii kxure (1640)
cozepKaTcs iBe TeOpeMbl 06 06'bEMe U IUTOIaAN TIOBEPXHOCTH TeJa, I10-
JIydeHHOTO NP BpallleHUHU 3aMKHYTOH KpPUBOH BOKPYT HEKOTOpPOH ocu
(npeamnonaraeTcs, 4TO OCh He IepeceKaeT KPUBYIO U KpUBad JIEXUT B
IUTOCKOCTH, coZiepXKalleif och).

1. Inowazp NMOBEPXHOCTU Teja BpallleHWsi paBHa IIPOU3BEJEHUIO
JUIMHBI KPUBOU Ha JJIMHY OKPY>KHOCTH, 3aMeTaeMO! LIEeHTPOM TSXKeCTH
3TOU KPUBOH.

2. O6béM Tesa BpallleHUA pPaBeH IIPOU3BEIEHUIO IUIomaau GUTypH,
OrpaHMYEHHOM KPUBOH, HA JAJIMHY OKPY>KHOCTH, 3aMeTaeMOH LIeHTPOM
TSDKECTHU 3TOU QUTypHL.

OtH TeopeMnl 6e3 JokasarenbcTBa 6pUM emé y INamma (HO uxX He
ObUIO B TOM U3aHUU, KOTOpOe 6bUI0 AocTymHO ['ynbauHy). Jlokasarenb-
crBa I'ynbayHa BecbMa TyMaHHBI M HeBpa3yMUTeNIbHBI. Bosee sicHOe z10-
Ka3aTeJbCTBO (MeTOZOM HeZenuMbIx) Aan KaBanbepu (1647).
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Horann Paynsrabep (1580—1635)

daynbrabep 3aHUMaJICS U3ydeHUEM CYMM CTeIleHeH LeJIBIX YHCeL.
OH nonyymwt ¢opmynsl s cymm 1"+ 2"+ ... +n" npu r < 11 (1617),
a 3ateMm 4 npu r < 17 (1631). Ilpu aToM OH mony4mwt ¢paKTHYECKH Iep-
Bble BoceMb uucel BepHy/iu. @ayinbrabep oTMeTII TOCTOSHCTBO 20-X
pasHocTeii nociegoBaTenbHoct 120,220,320

daynbprabep samerwnt, yro 1" + 2" + ... + n” = §5,(n) — MHOrowIeH
crene’u r + 1 ot n. OH yTBepxzaa Takxke, 4To S,(n) MOIMHOMHUAIBLHO
BBIpQXXaeTcs Yyepes /IBa NepBhIX MHOrowieHa S, (n) u S,(n). Jlokasaress-
CTBA OH He IPUBEI. BriepBrle J0Ka3aTeNbCTBO 3TOM TEOPEMBI MOyl
Sko6u B 1834 1. (y fxobu 6puta kHura daynsrabepa, 103TOMy OH MOT
y3HaTb U3 Heé GOPMYIUPOBKY 3TOM TEOPEMEI).

I'peryap ae CeH-BencaH (1584—1667)

OcHoBHo TpyZ I'peryapa ze CeH-BeHcana «['eoMeTpuieckuii Tpyz o
KBaJpaType Kpyra ¥ KOHUYECKUX cedeHUi» (Opus geometricum quad-
raturae circuli et sectionum coni...) 3akoH4eH B 1629 r., HO Omy6/IUKO-
BaH TOJBKO B 1647 r. (B 1632 r., crmacasch 0ercTBOM U3 OCaXAEHHOM
HIBeICKUMH Boiickamu [Iparu, oH He CMOT B3ATb CBOM OyMaru ¥ noiy-
YWI UX TOJIBKO MHOTIO JIET CIYCTA.) B 3TOM COYMHEHWH paccMaTpuBa-
eTcs CpaBHeHHEe OOBbEMOB TeJl, OTPaHNMYEHHBIX LWIMHAPAMU U IUIOCKO-
CTAMH; B KOOpAWHATAX 3TU TeJa 3aJal0TcA HEPABEHCTBAMU a < X < b,

0<y<y),0<2<z(x). O6bEM TaKoro Tejla paBeH fab y(x)z(x)dx.

Bri6upas ¢yHkuuu y(x) u z(x) Tak, YTOOH UX NpOU3BeeHUe ObUIO I10-
crosiHHO, CeH-BeHcaH nosy4aer Tesa paBHoro o6véma. Hanpumep, eciu

y(x) =1 a? - x? u z(x) = v/ a?® + x?, To noNy4EHHOE TEJIO UMEET TaKOH
ke 06BEM, KaK U TeTpaszp, KOTOPHIH Moydaercs, Korga y(x) =a —x
u 2(x) = a + x. ITogxox CeH-BeHcaHa noxox Ha nozgxof Kasambepu, HO
OTKPBIT HE3AaBUCUMO OT Hero.

CeH-BeHcaH BbIYHUCIWI O6BEM TesIa, OTCEKAeMOT0 OT IIPSIMOT'O KPyTo-
BOTO LWIMHAPA IUIOCKOCTBIO, IPOXoAslell yepe3 EHTP OZHOTO U3 OC-
HOBaHMI (U He IepeceKkalolleii Apyroe ocHoBaHHe). JTa 3ajava ObUia
yKe pellleHa ApXHMeZIoOM B OCTaHUU DpatocdeHy, B TO BpeMA ellé He
O6Hapy>KEeHHOM.

CeH-BeHcaH nepBBIM YCTAHOBIJI, YTO eCId GUrypy, OrPAaHUIEHHYIO
runepbonoit y = c?/x u ocbio aberuce, paspe3aTbh NpPAMBIMH, Hapai-
JIeJIbHBIMU OCH OpAUHAT U IPOXOASAIIUMU Yepe3 WieHbl FeOMeTpUIeCKO
IIPOrpecCUH, TO IOIydaTcs paBHOBeNuKUe GUrypsl. JleitbHul crpaBes-
JIUBO CYMTAJI 3TO OTKPHITHE, YCTaHABIUBAIOIIee CBA3b MEeXY IUIOIaAb0
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noA rumepbosioi M Jorapupmamu, BaXHEHIIUM AocTibkeHueMm CeH-
BencaHna.

CeH-BeHcaH cuuTall, YTO €C/IU B TeJIO BIIMCBIBAaTh TOHKYeE NapaJjuiesie-
nunezp! ¥ yBeJIMYUBATh UX YMCJIO, TO OHU ucuepnaioom Bcé Tesno. Tepmun
ucuepnslganue MOCJie 3TOro NoJAy4dI MIKUPOKOe paclpoCcTpaHeHue, u Ja-
JXKe MeTOJ [PEBHUX I'PEKOB CTAIX Ha3hbIBATh MeMoO0OM UCUEPNbIBAHUS.

Kepap Je3zapr (1591—1661)

Kepap Jle3apr 651 10 npodeccuy apXUTEKTOPOM U UHxXeHepoM. Ero
3HaMeHUTasA TeOpeMa COAEPXKUTCA B 12-CTpaHUYHOM cOYUHeHUH «Obpa-
3el] YHHBepCaJIbHOTO criocoba MpuMeHeHMs nepcneKTUBhl» (Exemple de
I'une des maniéres universelles..., 1636). OHa ¢opMyIUpyeTCs CIEeAYIO-
UM 06pa3oM: eCJTu IPSIMEIE, COEAUHAIONINE COOTBETCTBEHHBIE BEPLIN-
HbI TPeYToNbHUKOB ABC 1 A’B’C’ nepecekaroTcs B OJHOM TOYKe, TO TOY-
KU TlepeceyeHHUs X COOTBETCTBEHHBIX CTOPOH JIeXKaT Ha OZHOU NPSIMOM.

OcHoBHO¥ TpyZ Jle3apra «HepHOBOI HaBPOCOK MOAXO0/A K ABJIEHUAM,
MIPOUCXOJAIIMM IIPU BCTpeye KOHyca ¢ IUIOCKOCThIo» (Brouillon project
d’une atteinte aux evenemens des rencontres du cone avec un plan,
1639) saHumaet Bcero 30 cTpaHUL. 3Zech yXKe IIMPOKO NPUMEHAIOTCA
MPOEeKTHBHEIE ITpeobpa3oBaHus. [lesapr omnpezeni 6eCKOHEYHO yaa-
JIEHHBIE TOYKY KaK TOYKY llepecedyeHUs IyYKOB NapaUle/IbHbIX MIPSIMBIX,
a 6ecKOHeYHO yZaj€HHBIE NpsIMble KaK IpsIMble IepecedeHus MyYKOB
napaJUleJIbHBIX IUToCKocTel. OH 06paTi BHUMaHHe Ha TO, YTO ABOMHOE

BA DA " .
OTHOWIEHHE 7~ : = YETHIPEX TOYeK A, B, C u D, nexaumux Ha OJHOH
IIPSMOM, COXpaHsIeTCs IpU NpoeKuuax. CaM 3TOT reoMeTpUdecKuil GakT
65U1 U3BecTeH emé [Tanny u MeHesnaro (MeHesaro OH ObUI U3BeCTEH AaXe
B coepuyeckoii reomeTpun). Ho OHM He BOCIHPUHUMAJM €ro C TOYKHU
3peHus NpOoeKIIUii, a MIPOCTO pacCMaTpUBaIN KOHOUIYPALUIO U3 YeThl-
PEX IpAMBIX Ha IUIOCKOCTH, IepeceKalolUXCs B OJHOUM TOYKE, U ABYX
IepeceKaoMUX UX NpAMBIX. Jlesapr paccMaTpyBasl Ha NPSMOM TOYKU B
WHBOMIOLIMY Y rapMOHU4YecKHe 4eTBEPKHM TouyeK. MHBomouuu npsmoit
OBIBAIOT JBYX THIIOB: THIepOoIHYecKre U UIMNTHYecKue. ['unep6o-
JMdecKas WHBOJIONMA 3aiaéTca Gopmysoit x — a?/x; oHa uMeeT /Be
HeITOJBDKHBbIE TOYKM ta. DJIUNTUYeCKass UHBOMIOUMA 3ajaérca ¢op-
MyJI0#t X — —a?/X; OHa He UMeeT HeMOABUKHEIX TOYeK. VIHBOMOHs —
3TO IPOEKTUBHOE Ipeobpa3oBaHHe MPSIMOH, COBHAZAIOIUIEE CO CBOUM
ob6patHbIM. [TocTeleHHO B MaTeMaTHKe CTajJd Ha3blBaTh WHBOMIOLUEH
Joboe npeobpasoBaHue, COBIaZaloIlee CO CBOUM OOpaTHBIM.

Jle3apr mosb30BaJics CBoeii CO6CTBEHHOH TEpPMUHOIOTHEMH, 4acTo 3a-
MMCTBOBaHHOM U3 60TaHUKU. Bce ero TepMUHBI 3a6BITH, 3a UCKIIIOYE-
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HHeM TEPMHUHA «UHBOMIONUA» (involution — CKPY4eHHOCTh MOJIOZBIX JIH-
CThEB).

Jle3apr U3y4wI TIOMHBIA YETHIPEXCTOPOHHUK' C TOYKU 3PEHHS MHBO-
Jqroyuid. OH JoKa3all, 4YTO eC/IM pacCMOTpPeTh CeMeiCTBO KOHHK, ITPOXO-
JAIMX Yepe3 YeTbIpe TOYKM, TO Ha JII060H NpPAMOH 3TH KOHHUKU OyAyT
BBICEKATh IIaphl TOYEK, HaXOAAIIUXCA B UHBOAIOLMHU. DTy TEOpeMy TO-
’Ke 4acTo HasbIBaloT TeopeMoii Jlesapra. Cpeau paccMaTpUBaeMBIX KO-
HUK €CTb TPU BHIPOXKJEHHble KOHMKH, COOTBETCTBYIOIIME IapaM Ips-
MBIX, IIPOXOJAIINX Yepe3 JaHHble TOYKH.

Jlesapr usyqas nossapsl, kotopele BBEN emgé [lamnmn. Ilomspa Touku A
OTHOCHUTEJILHO JAHHOU KOHUKH OllpejesisieTcs cieayomum obpazom. Ha
KaXAOU IpAMOU, IpoxoAsAllel yepe3 TOYKYy A, IIOCTPOUM YETBEPTYIO
rapMOHMYECKYIO TOUKY ZJIA TOUKU A U IBYX TOYEK IlepecedeHUs IpAMOi
U KOHUKU. Bce MOCTpOeHHbIe TOYKHY JIexKaT Ha OJHOU NPsIMO#, KoTopas
U Ha3BIBAETCA IONAPOUN TOUKM A OTHOCUTEIBHO JAaHHOU KOHUKH.

JlOTIONHSASA IIOCKOCTh GeCKOHEYHO YAaléHHOM npAMoii, Jle3apr Tpak-
TyeT runepbossl U napabosbl Kak 3aMKHyThle KpUBHIe (IlepeceKaroliye
3Ty NpAMYIO B JByX TOYKaxX WIU Kacarolyecs eé€).

Tpyab! Jlesapra 6bUTH MaJIONOHATHEL AJI1 €70 COBPEMEHHUKOB (I10JI-
HOCTBIO ero uzeu ycsowi juiib Ilackanb, a yactuyHo — Jla I'up). MHo-
rve counHeHud Jleaapra ObUTH YyTEPSAHBI U He OKa3alu GOJMBIIOrO BIUA-
HuA. Jlume B 1845 r. Ians Hamén konuio «IepHOBOro HabpOCKa», cae-
JaHHY0 B 1679 r. Jla Tupom. B 1951 r. 661 OGHapy)XeH U IeYaTHBIH
3K3eMIUIAP 3TOr0 COYMHEHHH.

Ans6ep Kupap (1595—1632)

B 1626 r. )Kupap ony61ukoBan KHUTY « TpUrOHOMETPHS», B KOTOPOi
BIIepBbIe MTOSABJIAIOTCA COKpAIEHHBIe 0603HaYeHH sin, cos, tan. B 3Toit
KHUTe OH J0Ka3aJ, YTO IUIOWaAb chepUYecKoro TpeyroJbHUKA IIPOIop-
[MOHAJIbHA U3OBITKY CyMMEBI €ro YIJIOB HaZ ABYMs HMPSAMBIMHM YIJIaMH
(dopmyna XKupapa).

B xuure «HoBvle OTKpHITHA B anrebpe» (Invention nouvelle en 'al-
gebre, 1629) XKupap nepBeIM HUHTepIIpETHPYeT OTpULIAaTETbHBIE YUCIA
KakK JBW)XeHHe B IIPOTHUBOIIOIOKHOM HalpaB/leHUH 10 CPaBHEHHUIO C 110-
JIOXUTENbHBIMU yMcIaMi. OH IPUHUMAET U UCIIOJb3YeT He TOMBKO OT-
puLaTe/NbHble, HO U KOMIUIEKCHBIE KOPHU. DTO IIO3BOJIIIO eMy chopMy-
JINPOBAaTh OCHOBHYIO TeopeMy aire6phl B BecbMa o01eit popme. B atoit
kHUre XXupap npuBoAUT TpeyroabHUK Ilackanda 3agonro ao Ilackana u

I[ToMHBIM YeTHIPEXCTOPOHHMKOM HA3HBAIOT GUTYDY, 06Pa30BAHHYIO YeTHIPLMS TOU-
KaMH U TpeMs NapaMy NPAMBIX, IPOBEAEHHBIX Yepe3 3TH TOYKH.
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WCMOJb3YeT ero I U3y4eHUs CUMMeTpu4eckux GyHKIMN. B yacTHOCTH,
OH BBIp@XaeT CyMMBbl KBaZIpaTOB, KyOOB 1 YETBEPTHIX CTelleHeH KOpHeH
MHOrowIeHa yepe3 ero ko3¢ ¢unueHtsl. (Obuue GopMysbl TAKOrO poja
nosy4wi HploToH.)

B 1629 r. XKupap BBEN 0603HauYeHHe /X a1 0603HAYEHUS KOpHEH
IIPOU3BOJIbHOM CTEeIleHH.

B 1634 r. XKupap nepBbIM cHopMyIHUpOBaT UHAYKTUBHOE OIIpeZeie-
Hue yucen dubonayuu (F, ., = F,,, + F,) 4 NOKa3aj, 4TO OTHOLIEHUE
cocezHUX yuces PrOOHAYYHN CTPEMUTCA K 30JI0TOMY CEYEHHUIO.

Pene lexapTt (1596—1650)

[Manp B «MicToprdeckoM 0630pe NMPOUCXOXKAEHUS U pa3BUTHUA reo-
METPUYECKUX MeToZoB» [22] nuuieT 06 uzesx, KOTopele pa3sul JlekapT
B cBOei1 «[eomeTpuu» [9]: «ITO AeTH, MosiBUBILINECS 6e3 MaTepu». Uzaeun
JlekapTa Z1efiCTBUTEJIbHO UMeIU OIPOMHOE IIPEeMMYIIEeCcTBO Nepesi TEMH,
KOTOpbIe TOCIIOACTBOBAIY B MaTeMaTHKe Jj0 Hero.

Korza JlekapT y4wics B LIKOJIE, €r0o 3Z0pOBbe ObUIO CabBIM, U OH
MIOJTY4IUI pa3pelieHye crath 40 11 yacoB. JTO CTaIo ero IPUBBIYKOM, KO-
TOpO¥ eMy NpUILIOCh U3MEHUTD JIIIb B [TOCAeAHUA rof xu3HU. OKOJIOo
20 net JexapT npoxxun B l'ostanauu. B 1630 r. JlekapT 3asaBuin MepceH-
HY, YTO yCTaJ OT MaTeMaTHKH, U Mocje 3TOr0 MaTeMaTHUKOHN He 3aHU-
MaJIcs, 3a UCKIIIoYeHHeM KpaTKoro nepuoza B 1637 r. B 1649 r. mBeackas
KoposieBa XpuctuHa ybezguna Jlekapra nepeexaTsb B CTOKIOJIBM U ZIaBaTh
el ypoku. Ho cBo6oAHOE A1 3TOrO BpeMs ObUIO Y He€ TOJNBKO B 5 4a-
coB yTpa. JlekapTy NpUIUIOCh OTKAa3aThCs OT MHOT'OJIETHEH NPUBBIYKY
MIO3JHO BCTaBaTh, Y OH B XOJIOAHOM CeBEPHOM KJIMMaTe e)XeJHEBHO PaHO
IO yTpaM e3JW1 B KOpOJIEBCKUI ABopel]. Yepe3 HECKONIbKO MecsAleB OH
yMep OT BOCHaJIeHUs JIETKUX.

«[eomeTpus» JlekapTa 6bU1a OITy6IMKOBaHA KaK TpeTbe INPWIOKeHHe
K ero ¢unocopckoMy Tpakrary «PaccyxzeHue o MeToze». DTO — UCTO-
PHUYEeCKH IepBas KHUT'a, KOTOPYIO COBpeMeHHBII MaTeMaTHK MOXXeT YH-
TaTh 6e3 3aTpyAHEHH, CBI3aHHBIX CO CJIOBECHBIMU HOPMYIHPOBKaMH
BMecTo ¢popmyit. Emé Buet coBceM He3azonro ao JekapTa BMeCTO IpU-
BHIYHOTO HaM ypaBHeHMs x° — 3r2x = r® numet

A cubus minus Z quadrato ter in A aequatur Z cubo.

JlexapT BHUMaTebHO YUTal BreTa 1 MHOIMM eMy 06s3aH, HO OH rop-
IO TOBOPWJI, YTO Hayas TaM, rze BueT ocraHOBWICA. CUMBOJIHYECKHE
ob6o3HayeHua JlekapTa KapAUHAJIbHO OTIUYAMCh OT NPEJIIeCTBYIOIINX
eMy CJIOBECHHIX popMynupoBok. OH 0603HaYa/M U3BECTHHIE BEJTMYUHBI
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nepBeIMHU GykBaMu andaBUTa, a HEM3BeCTHBIE — nociegHumu. Ho Gyk-
BaMH OH 0003Hayaj TOJbKO IOJIOXKUTENIbHbIe Yucia. bykBeHHblE 000-
3HaA4YeHMs JJIA TOJMIOXKUTEIbHBIX U OTPULIATEIbHBIX YHCEJ BCTPEYAIOTCA
y I'yaze B 1657 r.; HpIOTOH yke CBOGOZHO UCIONB3YeT 3TH 0603HAYEeHHUs.
O6o3HavyeHys AJi CTeneHel y JlekapTa IpUHUMAIOT COBPEMEHHBIN BUA:
x2,x3, ... (npaBza, KBaZpar eImé Z0/roe BpeMs MHOTHe 0603HaYaMM XX).
Ho oTi 0603HaueHHUs OH ellé He paclpoCTPaHWI Ha ApOGHbIEe U OTpULIa-
TeJIbHBbIe NIOKa3aTenu (3To czesnan HploToH).

JlekapT 3aMHTepecoBaJICa 3aZadeil 0 NPAMBIX, KOTOPOH 3aHUMaJICs
cHavasa Anio/IoHuH, a 3aTeM [Nanmn. Vx pemieHue 6bU10 yTepsiHO. Jlekap-
TY IOTPe6OBAJIOCH WECTh HeZleNb Ha pellieHue 3TOH 3aZa4, U IT0CJIe 3TO-
ro oH u36aBWICS OT HEBBLICOKOTO MHEHHUA 06 aHAMTUYECKUX CIIOCOGHO-
CTAX JpeBHUX. 3aZady O NPAMBIX B CIy4ae 2n IPSAMBIX MOXHO cHOpMy-
JIMPOBATh CyIeAyomuM o6pa3oM. Ha IUIocKoCTH AaHb! ABa Habopa mps-
MBIX 110 N NPAMBIX B KaXJOM, U JJIA KOXJ0U npaMoy 3azaH yroa. M3
Touky C IPOBOZATCSA NpAMBIE, 0O6pa3yoliye 3ajaHHble YIVIbI C JaHHBIMU
npaMeIMU. OHU IlepeceKaloT IpsiMble IepBoro Habopa B ToYkax Xj, ...,
X,, a IpsMble BTOporo Habopa — B TOYKax Yi, ..., Y,. TpebyeTcs Haii-
TH MHOXeCTBO Touek C, Ay koTopelx CX;...CX, = kCY;...CY,, rae k —
JaHHOe yuciao. Jlig 2n — 1 npsAMBIX UIeTCa MHOXKeCTBO Todek C, And
KoTophIX CX;...CX, = kCY;...CY,_,; 3mechb A coxpaHeHHS pa3sMepHO-
CTH B KayecTBe k 6epéTcs oTpe3oK. JDTa 3aZaya OKa3aaach Ype3BhIYaitHO
yAOOHOM i1 pellieHUs B KOOpAWHATAX, IOTOMY YTO, HallpuMep, /s 2n
NPSAMBIX MICKOMOE MHOXXECTBO 3a/1aéTCs1 ypaBHEHUEM BUZA

n 2n

n(aix + bl_y + Ci) -k l_[ (a,-x + bly + Ci) =0.

i=1 i=n+1
Bes ucnonb3oBaHUA KOOpAMHAT 3ajava INo/iy4daeTca TpyAHad. YpaBHe-
HUe KpUBOW (KOHUYECKOIro ceyeHHs), NOMydeHHOe Npu pelieHuu Je-
KapTOM 3a/layM O YeTBHIPEX NPSIMBIX, ObUIO IEPBHIM 3aJJaHUEM KPHBOI
ypaBHeHHEeM B KoOpAuHarax. [Ipu peneHuH 3Toi 3aza4u AJis ATH IIps-
MBIX, YeThIpe U3 KOTOPbIX NepIeHAUKY/IAPHBl U HaXOJATCA Ha paBHBIX
PacCTOSHHUAX OT COCEJHUX C HUMH, a IATad UM IepleHAUKY/IApHA, BIep-
Bbl€ B ICTOPUY reOMeTpUU NOABJIsIeTCA ypaBHEHe KpUBOU TpeThell CTe-
MeHHU.

[Mocse aToro JlekapT NpUMIéN K oOleMy HOHATHIO O 3aJjaHHUU KpHU-
BoH ypaBHeHueM F (x, y) = 0 u paspaboTan MeTos koopAauHat. CHavYana
JlekapT cyuTaJl, YTO ZOMYCTUMBIMU ABJIAIOTCS JIUIID Te KPUBbBIE, KAXKYI0
TOYKY KOTOPBIX MOXXHO IIOCTPOUTD LIUPKY/IEM U JIMHENKOM.

11 KpUBBIX BTOPOH cTeneHu JlekapT He [JOKa3bIBaeT, YTO OHU UMe-
10T JBE€ OCH; OH CYMTaeT 3TO U3BECTHHIM (3TOT aKT yCcTaHOBIEeH ANoi-
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JIOHMeM). AHaJIUTH4YecKas reOMeTpUs JajeKo He cpa3y CMOIVIa BO BCEM
NIPEB30MTH JOCTIKEHUS JpeBHerpedyeckux reomerpoB. Emé HproToH
IIPM BBIBOZE 3aKOHOB KeIulepa mpesnoynTaeT cChUIaThCs HAa ATIOJUIOHUA,
a He Ha [lekapra.

Jnsa anrebpanyeckux KpUBBIX JleKapT peuIwI 3ajadyy O Haxoxze-
HUU KacaTeJbHOU U HOpMa/d MeTOJOM UCKIIIOUEeHHs OZHOU IepeMeH-
HOU W3 AByX aurebpanyeckux ypaBHeHuil. CHayala MepBHUYHOM s
Hero ObUTa 3ajjaya NMOCTPOEHUS HOpMad. JIjig HOCTPOeHUs HOpMasu
B Touke (a,b) anrebpaundeckoit kpusoii f(x,y) =0 JekapT pa3spabo-
TaJl CIeAyIoImui anrebpandeckuii Meto. [1penonIoXKuM, YTO 3Ta HOp-
MaJb IepeceKaeT ock abciuce B Touke (c,0). PaccMOTpPUM OKPY:KHOCTh
(x —0)?>+y?=(a—c)? + b? c uenrpom B Touke (c,0), IPOXOAAILYIO
yepe3 Touky (a,b). VMickoMoe 4YUC/IO c OIpefesseTcs TeM YCJIOBUEM,
YTO paccMaTpuBaeMas OKPYXHOCTb KacaeTcs KpuBoH. Ha anre6pau-
YEeCKOM f3bIKe€ 3TO O3HA4aeT, YTO €CNM Mbl MCKJIIOUMM U3 ypaBHEHUS
f(x,y) =0 u u3 ypaBHEHHA OKPYKHOCTHU IIEpeMEeHHYIO Yy, TO IOIydYeH-
Hoe ypaBHeHMe F (x) = 0 JO/DKHO UMeTb ABYKpPATHBIM KOpeHb X = a. Jlis
HaxoxJieHU ¢ JlekapT UCIOIb30BaJI OTKPHITHIM UM METO/, HeonpeAeéH-
HBIX K03¢dUILIMeHTOB. 3aMuiIeM paBeHCTBO

F(x) = (x — a)*(ap + ayx + a,x? +...),

rae ag, d,, ... — HeonpezenéHuule k03¢ dunueHThl. [IpupaBHuBas B obe-
HX 4acTAX paBeHCTBa K03$HUIMEHTH IPYU OZUHAKOBEIX CTENEHSX X, Ha-
XOAVM C U q;.

PaccMoTpuM npocTedimuii mpuMep: IOCTpOeHNe HOpMAaIU K Iapa-
6one y?> =kx B Touke (a,b). Vickmouasa y u3s ypaBHeHuit y2 = kx u
(x — )2+ y?=(a—c)? +b?, nonyuaem (x — c)?> + kx — (a — c)?> —b>=0.
OTOT KBaZpaTHBIA TpPEXwieH Ao/keH GuITh paBeH (x — a)?, mosTomy

c=a+ g B uwactHOCTH, ¢ — a = 7, T. e. HIOAHOPMAaJb TapaboJIbl OCTO-
SIHHA.

Cawm JlekapT B 1638 r. 3aMeTIJI, YTO €ro MeTOZ NpoIile IPUMEHSATD He
K HOpMaJIfiM, a K KacaTeJbHbIM: IIPY 3TOM HY>KHO MCKJIIOYaTh IlepeMeH-
HYI0O He U3 ypaBHeHUA f(x,y) =0 U KBagpaTHOTO YpaBHEHHs OKpPYXK-
HOCTH, a U3 ypaBHeHHUA f(x,y) =0 U JUHEHHOro ypaBHEHHUS NPSIMOH
(xacaTesnbHOM). '

B 1638 r. [JlekapT, He3aBucuMO OT PobepBaif, MOCTPOWI HOpPMaJb
k nuwtouge. Ero nozaxon 6uu1 ciaegyromuii. PaccMOTpUM BMECTO KaTs-
IIeHCs OKPYKHOCTH KaTAIIUHACSA MHOTOYTOJMBHUK (puc. 5.1). JInis Kaxxa0H
BepILMHBl MHOTOYTOJIbHUKA HOPMaJsb K TPaeKTOPUH ABW)KeHUs BeplIN-
HBl ITPOXOAUT Yepe3 ONOPHYI0 Touky O. [1o3TOMy A/ UKJIOUABI HOP-

i;
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Puc. 5.1 Puc. 5.2

MaJIb B KaXI0H Touke M TpaeKTOPHUH IIPOXOAUT Yepe3 ONIOPHYIO TOUYKY O
OKpY>XHOCTH (pHc. 5.2)

Hayano yactu III mocBAmeHo MHOrowieHaM. 3Zecb OHU BIlepBble
0603HavyaloTCA Tak JKe, Kak U ceituac. JlekapT roBoput (6e3 oKasaTeib-
CTBa), YTO YMCJIO KOPHEH MHOrOwIeHa He IPEBOCXOAUT €ro CTeleHH.
dopmynupyer (Toxxe 6e3 JoKasaTeJbCTBa) TaK Ha3bIBAEMOE Npaslio
3nakos /[lexkapma: KOJIUYECTBO IOJIOXKHUTENbHBIX (COOTBETCTBEHHO, OT-
pULaTeIbHBIX) KOpPHENl MHOrowleHa He NpPeBOCXOAUT YUCJIA IepeMeH
(cooTBeTCTBEHHO, NOBTOPEHUI) 3HaKa B IOC/IEZ0BATEIbHOCTH KO3ddH-
LUEHTOB.

JlekapT ZaéT HOBOe pellleHHe ypaBHeHHUA 4eTBEPTOU CTENeHU B pa-
AvKanax. /I 3TOro OH 3aMedvaer, 4To ypaBHeHMe x* + px?+qx+r=0
MO>XXHO 3amnMcarhb B Buze

(xz—yx+%y2+ %p+ %) (x2+yx+%yz+% - %) =0,
rJe y HaxOAWUTCA U3 ypaBHEHHUA
¥ +2py*+ (p2 —4r)y*—¢*=0.
TocneaHee ypaBHeHNE — Ky6UYeCKOe OTHOCUTEIBHO 2.

OpVH M3 OCHOBHBHIX BONIPOCOB AJiA JlekapTa — Kakue JIMHUU CITyXat
npeaMeToM reomeTpuy. CHavana OH CYUTal reOMeTpUYeCKUMU JUHUA-
MM Te, KOTOpble CTPOATCSA IIOCPeACTBOM IapHUPHBIX MeXaHU3MOB. [Ipy-
rve JUHUM (HallpuMep, CNIUpalb U KBaJpaTpUCy) OH Ha3bIBaJl MeXaHU-
YyeCKUMHU. JlekapT NOCTYIMpPOBaL, YTO IOCTPOEeHNE KPUBOU IOCPECTBOM
LIaPHUPHOTO MeXaHW3Ma U 3aJlaHue KpUBOU ajrebpandecKkuM ypaBHe-
HUEM dKBUBaJieHTHBI. Ho aTO Aoka3an svmb Kemne B 1876 1.

Ksazparpuca /JluHocTpaTta 3aHMMaeT BHUZHOE IOJIOXKeHUe B KHUTe
JlekapTa «'eoMeTpusa». OfHOM M3 IVIaBHBIX ero uejeil 6vUI0 paszee-
HHe KPUBBIX Ha «I€OMETPUYECKHEe» U «MeXaHUu4eckue». Y JlekapTa HeT
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€WHOrO OIpe/ie/IeHNA «TeOMEeTPUYeCKUX KPUBBIX»; K 3TOMY IOHATHIO
OH MNOAXOJMUT PasHBIMU IyTAMH U He TOJBKO He J0Ka3blBaeT DKBUBA-
JIEHTHOCTH TOJy4aloMMXCA [IPU 3TOM OllpeZieJieHUH, HO Jaxe U He AaéT
CKOJIBKO-HUOYZb CTPOTUX onpezesieHuil. C COBpeMeHHOM TOYKY 3peHHUs
CaMbIM IVIaBHBIM CBOMCTBOM 3THX KPHUBBIX SIBJIIETCA TO, YTO OHHU 3a-
JarTcd anrebpandyecKMMHU COOTHOUIeHUAMH. Y [JleKkapTa TakOW IOAXOZ
HaMeueH, HO JIMIIb KaK HeYyTO BTopocTeneHHoe. CaMbIi IVIaBHBII ero
NOAXOJ, K 3TUM KPUBBIM — OHU JO/DKHBI 33JaBaThCs HEKOTOPOH KOM-
6uHanuell ABKeHUN. [IpUYUHEL, O KOTOPHIM JleKapT HCKIIOYaeT U3
Yucjia 3TUX KPUBBIX KBaJpaTpUCy, He coBceM sCHbI. OH IUIIET, YTO AJIf
KBaZlpaTPUCHl MEeXAY AByMs ABWKEHUAMH OTPE3KOB HET COOTHOIIEHU,
KOTOpO€ MOXHO U3MepUTh TOYHO.

JlekapT Zie1aeT 3aMe4aHHe O BO3MOXKHOCTH PacIpOCTPaHUTD ero Me-
TOJ, Ha NIPOCTPaHCTBEHHBIE KPUBbIE [TOCPEACTBOM IIPOEKTUPOBAHUA UX
TOYeK Ha ZiBe B3aUMHO IepleHAUKY/IApHbIe IUIOCKOCTH. CaM OH He 3a-
HUMaJICA pa3pabOTKOI 3TOr0 BONPOCa, U 3TOr0 3aMeYaHUsA COBEPLUIEHHO
He JIOCTaTOYHO /I BBeAeHHA TPEX KOOPAUHAT B IPOCTPAHCTBeE.

B 1630 r. JexapT nosy4yw1 BblpaXeHUe JJIS1 CYMMBI IUIOCKHX VIJIOB
BBIIYKJIOT'O MHOTOTPAaHHUKA. EC/IM 0603HAYUTh YUCIO BEpIIUH, pEGep
U rpateii yepe3 V, E u F COOTBETCTBEHHO, TO CJIOBECHO CHOPMY/IHPO-
BaHHOe BBIpakeHUe, NoaydyeHHOoe JleKapToM, MOXXHO 3anucaTh B BHJe
27t (V — 2). C gpyro¥ CTOpPOHHI, eC/Ii IPOCYMMUPOBATh YIJIBI BCEX rpa-
Hel MHOTOTpaHHUKA, TO AJI1 CYMMBI IUIOCKUX YTJIOB MHOI'OTpaHHUKA I10-
JygaeM BolpaxkeHue 27 (E — F). [IpypaBHUBas 3TH BEIpRXKEHUSA, MOXHO
BBIBECTH TeopeMy Diltepa, CBA3BIBAIOILYIO YHCJIO BEPIIUH, pébep U rpa-
Hell BBITYKJIOI'O MHOTOrpaHHUKa. 3anucky JlekapTa 0 MHOrOrpaHHUKaX
6bUTH OITy6JIMKOBaHKI JIUIIL B 1860 T.

B «['eoMmeTpuu» JlekapT BBOAUT €AVHUIYY U3MEPEHUA U ITOKa3bIBaeT,
KaK TOTZja MOXXHO IIPOM3BEJEHHUIO OTPEe3KOB CONOCTAaBUThH OTPE30K. JTO
NO3BOJIIET pacCMaTpUBATh IPOU3BeJeHue JII0O0T0 YKCiIa OTPE3KOB U OT-
Ka3aTbCs OT NPUHIUIA OAHOPOAHOCTU. JleKapT IHIIeT, YTO OH AejaeT
3TO, YTOGH! YCTaHOBUTH H0JIee TECHYIO CBA3b ¢ YucaaMH. (Takoii moAxos
6bU1 y2Kxe v BoMbesiii, HO B TOM 4acTH ero «Anre6pbl», KOTOpasi OCTalach
HeoITy 6IMKOBAHHOH.)

JlekapT IpUHUMaeT OTpHILaTebHEIE Ylcia B anrebpe (KOPHU ypas-
HEHUH), HO He IIPUHUMaeT UX B reOMeTpUH. Bo3paxxeHUA NPOTUB MpU-
3HAHUA OTpHUIATENbHBIX uyuces y Jlekapra CileAylollue: TaKoe YUCIIO
JODKHO OBITH MeHblile, YeM HUYTO. B «TeomeTpuu» JleKapTa rOBOPHUT-
c O «JIOXHBIX» KOPHAX ypaBHEHHWH, HO OH OOBeJUHfeT X BMeCTe C
«UCTHUHHBIMU» KOPHAMM B KaTETOPHIO «JJeiCTBUTENbHBIX» KOPHEH B Ipo-
TUBOIIOJIOXXHOCTh «MHUMBIM». TepMUHBI «JeHCTBUTeIbHbIE» (réelles) u
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«MHHUMBbIe» (imaginaires) 4yucia BIIOCJAEACTBUHU ObUTH IPUHATHL APYTUMU
MaTeMaTuKaMu. Kuura /lekapTa chirpajia BaKHYIO0 pOJIb B pacnpocTpa-
HEHUU INpUMEeHEeHHUA OTpHUIaTeJbHBIX 4rcel. JlekapT reoMeTpU4ecKd
HCTOJIKOBAJ OTpULIaTeJbHBIE YUCIa KaK IPOTUBOIOIOXKHO HallpaBJIeH-
HbIe OTPE3KH.

JlekapT paccMaTpUBaJ TOJMLKO Ty 4acTh KpUBOH x° + y° —axy =0
(Ha3pIBaeMO¥ 0ekapmossbim JIUCMOM), KOTOpas JIeKHUT B IEPBOM KBaJ-
paHTe; JONOMHUTe/NbHbIE BeTBU JeKapTOBa JINCTa BliepBble pacCMOTPe
I'rorirenc (1692).

JlexapT IpeAsIoXKWI OTHECTH KpPUBHIE CTelleHU 2n — 1 ¥ 2n K OAHOMY
pozy, IIOTOMY YTO OLIMOOYHO CYUTAJ, YTO YpaBHEHUE CTElleHH 2n CBO-
JWTCA K ypaBHEHMIO CTeNeHU 2n — 1, Kak ypaBHeHHe 4eTBEPTOi cTele-
HU CBOOUTCS K KybudyeckoMy ypaBHeHUI0. [Ipu aTom JlekapT OTYET/IMBO
MMOHUMaJI, YTO CTelleHb KPUBOI He 3aBUCUT OT BhIGOpa (IIPSAMOYTONIb-
HOI WJIM KOCOYTOJIbHOI) CUCTeMBI KoopAUHAT. Ho ZIoKkasaTesibCcTBa 3TOro
¢dakTa y Hero HeT.

Jekapt (1 He3aBucumo oT Hero ®epma) HamIén ZBe HOBHIE ITAPHI
ZPY>KeCTBeHHBIX yucen: 17296 u 18416, 9363584 u 9437 056.

BonaBenTypa KaBanbepu (1598—1647)

BonaBeHntypa KaBanbepu — yuyenuk lamwnes. B 1622 r. KaBanbepu
coobmwt l'anriero CBOIO KOHUEMIHIO BHIYMCIEHHA IUTONa/eli oBepx-
HOCTelN 1 06'bEMOB TeJI, CHCTEMAaTUYECKU U3JIOKEHHYIO Juib B 1635 T. B
KHUre «['eoMeTpus, U3JI0XKEeHHAss HOBBIM CIIOCOOOM IPU IIOMOIIY Heze-
JIUMBIX HelpepbIBHOro» (Geometria indivisibilibus continuorum nova
quadam ratione promota). 3Ta KHUTra Chirpaja Ba)XHYI pOlb B pas-
BUTHUU UHTErpajbHOro ucyucieHusa. ComacHo KaBanbepu HelenuMble
MMeIOT Ha OfHO M3MepeHHe MeHblle, yeM ¢urypa, KOTOpPYI0 OHHM IIo-
POXZAAIOT NIpM ABWKeHUU. HezenrMble —3TO NapaslesibHble CeYeHH .
JlokasarenbcTBo laywies A 3aKOHA IYTH § = %gt2 10 U3BECTHOM CKO-
pocTH CBOOOJHO HAZAIOLIEro Teja v = gt IPOBEJEHO BIIOJHE B JAyXe
koHUenuuu KaBanbepu.

B «[eomeTpuyeckux 3TI0Ogax» (Exercitationes geometricae, 1647) Ka-
BaJIbepH Zian GoJiee SICHOEe [0Ka3aTeJbCTBO TeopeM ['yibJuHa METOLOM
HeZeMUMBIX. B 3Ty kHury Kapanbepu BKJIIOUIUI TaK)Ke BRIYUCIEHUE IUIO-
AU 1oJ KpUBOH y = x™ A1 HAaTypaabHHIX n < 9. B Heil oH dopMmynu-
pyeT Tak HasbIBaeMbIi npunyun Kasanvepu: eciv Bce COOTBETCTBEHHEIE
ceyeHUs ABYX GUIYp HAXOAATCS B IOCTOSHHOM OTHOIIEHHH, TO IUTOLIA-
A 3TUX GUTYP TOXe HaXOAATCA B TaKOM >Xe OTHolleHUM (37ech KaBa-
JIbepU paccMaTpUBAET CeYeHHs NapalIeIbHBIMU IUIOCKOCTSIMU).
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KaBanbepu B OoTBeT Ha YIPEKH, YTO €ro MeTOABl BBIYUCIEHUA IUIO-
mazieli 1 06bEMOB HEJJOCTATOYHO CTPOTHE, OTBEYAJ, YTO O CTPOTOCTH
JO/DKHA 3a60TUTHCA rutocodus, a He reOMeTpHS.

IIbep ®epma (1601—1665)

Ilo npodeccuu ITvep ®epma 6vu1 roprcTom. C 1631 r. OH 6bLT COBET-
HUKOM napsiamMeHTa B Tyiy3e. MaTeMaTHKOI OH 3aHUMAJICS B CBOOOAHOE
BpeMdA, KOTOPOro Yy Hero ocTaBajJoch He Tak yxX MHoro. ®epma mucan
MaJio M oueHb KpaTKo. CBoM paboTHl OH He MyGiaukoBaa. OH H3JI0XKHII
HX B PYKOIIUCSIX, C KOTOPBIMHM MOTIJIM II03HAKOMUTHCA OYeHb HEMHOTHE,
U B ucbMax. Paborer ®epma no apudmeTrike 6pUTH Oy BIUKOBAHBI €I0
CBIHOM B 1670 T., a ocTanbHble paboTe — B 1679 .

HcuncieHne 6€CKOHEYHO MaJIbIX

Okosno 1629 r. ®epma Hamén obUMil MeTOj HAXOKAEHUS MaKCH-
MyMOB XU MMHUMYMOB. OH $OpMy/IHUpOBaJ €ro ClAeyIoIUM 06pa3oM.
B BeIpa’keHHe, 3KCTpeMalbHOE 3Ha4eHHe KOTOPOro Hy)>XKHO HalTH, BMe-
CTO HEM3BeCTHOI BeJIMYMHHI A nozcTasisiercs A + E, u 06a BelpakeHUs
NPUGIKEHHO NTPUPABHUBAIOTCSA APYT APYTY. 3aTeM B 00eUX CTOpOHaX
paBeHCTBa BBIYEPKMBAIOTCA OAMHAKOBBIE WIEHBI, IPOM3BOAUTCA Jejle-
HHE Ha MHOXHUTeJb E, u mocse 3toro E mosjaraeTcsi paBHBIM HYJIIO.
[Nomyyaromeecsa B pesyibTaTe ypaBHeHHe JAa€T 3HauyeHUe A, COOTBET-
CTBYIOIIlee SKCTPEMyMY.

K 1629 r. ®epma ymesn BBIYUCIATD IUIOMIAAb ITOJ KpUBOi y = x" As
BCeX HaTypasbHBIX N, HO 06 3TOM OH COOOIIa/l TOJIBKO B HEPENHUCKE.
CHayaJsia OH HUCIIO/Ib30BaJl HepaBeHCTBa

mz_llk" < " < % k"

k=1 ntl oS
Ho aT0 A0Ka3aTesbCTBO OBUIO BeCbMa IPOMO3JKUM U He TOAWIOCH IS
JPOOHEIX WIN OTpHuaTeNbHbIX n. [loaromy ®epma npuaymain Apyroi
IOZXO0Z, OCHOBaHHHBII Ha HEpaBHOMEPHOM JleJIeHUH OTpe3ka. |y KBaj-
paTypsl KpuBOH y = x", rae n = p/q > 0, ®epma nocTymnas cjaeayroumm
obpasoM. Pasgenum oTpesok ocu abemuce oT 0 70 x TOUKaMu akx,
rae k =1,2,3,... lna kBaapaTypbl HY»KHO NIPOCYMMHUPOBATh IUIOIIAAU
IPSAMOYTOJIBHUKOB, TpeJCTaB/AaloNe cob0ii 6eCKOHEYHYI0 reOMeTpH-
YeCKyI0 IPOTPECCHIO ¢ HadaabHEIM wieHoM (1 — a)xP+9/4 y 3HameHa-
tentem aP*9/4, Cymma aT0it mporpeccuu paBHa

1
1— qPta/e”

(1- a)x(p+q)/q .
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IMonoxum a = B9. Toraa

1-a 1+B8+p*+...+ B!

1— q@+a/d 1+B+p2+...+prral —(@)/p+gq

mpu 3 — 1.

BriocneactBruu ®epMa BRIYHMCIWI IUIOMAAU U T0A 60jIee CIIOXKHBIMU
3

a
KPpHBBIMY, HalIpUMED, 110 TaK Ha3bIBA€MbIM JIOKOHOM AHvesu y= m

U 1oz KpuBbIMU ¥ = (a? — x?)™ A7 HEeUETHBIX HAaTYPAJIbHBIX M.

MeToa xoopAUHAT

depma paszpaboTas MeTOZ KOODAUHAT U 3alaHue KPUBHIX YPaBHEHU-
SIMHM OZHOBpeMeHHO c JlekapTOM B PYKOITUCH 1107 Ha3BaHueM «Ad locos
planos et solidos isagoge» («BBeeHue B U3ydeHHE [UIOCKUX U IPOCTPaH-
CTBEHHBIX MeCT»). /I[peBHerpeuecKkrue reOMeTpsl Ha3blBalH «[UIOCKUMH
MeCTaMH» IIPAMBIE U OKPY>KHOCTH, a «IIPOCTPAHCTBEHHBIMH MECTAMU» —
UIAIICH, Napabosbl U runep6onasl. Pepma He cTal MyOIMKOBATh CBOIO
PYKOIIMCB, XOTA U Iocsan eé JlekapTy, IOIy4uB OT Hero ak3eMIuisap «[eo-
MeTpuM». PepMa, Tak ke Kak U JlekapT, OMUpPaICS B 3TOM Ha TPYAbl
Buera. ®epma 06BACHWI, KaK ypaBHEHHE C JBYMS HEHU3BECTHBIMHU 3a-
Ja€T KPUBYIO, U paccMOTpeJl IpocTeiiliiie npuMepbl. OH Z0OKa3as, 4To
ypaBHeHUe IepBOli CTeNeHU 3aJaéT NPSMYIO, U PacCMOTpes IpUMePH
ypaBHEHUI BTOPOIi CTeNeH! U COOTBETCTBYIOIHE UM KPUBHIE.

depMa 3axoTes JOKa3aTh NPeJIOKEHHUA U3 YTEPIHHOTO COYMHEHUs
Amo/IoHHMA, KOTOPHIE J0UUTH A0 Hac 6iarogaps [anmy. PaspaboTaHHbli
UM MeTOZ IO3BOJIMJI JIETKO UX Joka3arh. Hampumep, ®epma nokasan
C/IeAiYIONIyI0 TeopeMy ATIOJIJIOHHUSA: reOMeTPUYECKOe MECTO TOYEK, CyM-
Ma KBaZIpaTOB PacCTOSHUI OT KOTOPHIX JI0 JaHHBIX TOYEK IIOCTOSTHHA, —
3TO OKPYXXHOCTb.

®depma NpUMeEHsUI CBOIO aHAJIMTUYECKYIO TeOMETPHIO U K Onpezee-
HUIO FreOMeTPUYECKHX MeCT B IIPOCTpaHCTBe. [Ipu 3TOM OH, OZHAKO, He
HCIONb3YeT IIPOCTPAaHCTBEHHbIE KOOPAWHATHI, a OIpeJiesisieT IOBEPXHO-
CTH, UCC/Ieysl CBOMCTBA JIMHUHU UX NlepecevyeHus C 000 IIOCKOCThIO.
B yactHOocTH, PepMa AOKA3BIBAET, YTO FEOMETPUIECKOE MECTO TOYEK,
CyMMa KBaZIpaTOB PaCCTOSHUIA OT KOTOPBIX O JaHHBIX TOYEK ITOCTOSHHA
(wru, B 6osee obieM ciiy4ae, yIOBJIETBOPsET ypaBHEHHIO 1-H cTeme-
HU), — 3TO cdepa.

Teopus uucen

HuTepec ®epMa K TeOpuU Yucesl BO MHOTOM CBsI3aH C AByMsA pabo-
Tamu bauie ge Me3upuaka (1581—1638). B kHure «[IpuaTHBIE U 3aHU-
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MaTejbHble 3a7a4n» (Problemes plaisans et délectables..., 1612) Bamie
paspaboTay MeTo/ pellileHUs ypaBHeHHUA ax — by = ¢ B LeJbIX Yuciax,
yro mobyanno depMa 3aHATHCSA pellleHUEM B LIeJIbIX YUC/IaX ypaBHEHUH
BTOpO¥ cTeneHu. Kpome Toro, Bamle uszgan «ApudmeTnky» JluodpaHra B
MMOJ/IMHHUKE U B JIATUHCKOM IlepeBoze ¢ KomMeHTapusami (1621). depma
BHUMAaTeJIbHO YUTal 3TO usfaHue JluodaHTa, Aenasd INOMETKU Ha IO-
JisiX. IMEHHO U3 3THUX IOMETOK HaM U3BeCTHO GOJIbLIIMHCTBO pe3ysbTa-
ToB ®epMa 110 TEOPUU YHCEJL.

Haub6onee uzBecreH Pepma TeM, 9yTO cHOpMYIUPOBAI TaK Ha3bIBae-
My10 8enuKkyto meopemy Pepma: ypaBHeHuUe x" + y" = 2" He UMeeT HeHy-
JIEBBIX LIeJIbIX pelleHUi Ipu n > 2. 3Ty TeopeMy OH 3alucal Ha IOoMAX
kuury JlnodaHTta U czesai MPUIUCKY, YTO Ha MOJIAX CAUIIKOM MaJjo Me-
CTa, YTOOBI IPUBECTHU 37IeCh Hal/IeHHOe UM OCTPOYMHOE ZI0Ka3aTelbCTBO
3Toi1 TeopeMsl. ITo3gHee Pepma coOOUTII AOKA3aTENBCTBO TOJIBKO AJIA
n =4, NO3TOMYy BpSiZ I HaiilleHHOe UM J0Ka3aTeJbCTBO OBUIO BEPHO.
Jlnmib B 1995 1. SHApio Yaiic (p. 1953) onmybiMkoBal J0Ka3aTelbCTBO
3TOH TeopeMbl, HaliieHHOe UM B 1994 T.

B Teopuu uucen depma pazpaboTan HOBEIH MeTOJ JOKa3aTelbCTBA —
MeToZ GeckoHeyHOro crmycka. CHayaja OH JOKa3blBajJ 3THM MeETOAOM
TOJIBKO YTBEP)XKJEHUA O HeCylecTBOBAaHMM. Hampumep, 4To He cyiie-
CTBYyeT IIPSIMOYTOJIBHOI'O TPEYTOJNbHUKA C 11eJI0YMCJIEHHEIMU CTOPOHAMHU,
IUTOIaZb KOTOPOT'O — ITOJIHEIM KBaZpaT. B 60jiee pa3BEpHYTOM BHJE, YEM
B u3nokeHUH camoro depma, 3TO [J0Ka3aTeNbCTBO BHIVIAAUT CIeAyIO-
muM o6pasoM. IIycTb CTOPOHBI NPSIMOYTOJNBHOTO TPEYTOAbHUKA, ILIO-
11a/b KOTOPOTo ABJIAETCA MOMHBIM KBAaZpaToM, paBHH x2 + y2, x? — y?
u 2xy. Ecyi 1Be CTOPOHBI UMEIOT 00U MHOXKUTENb k, TO TOrJja TPeThbA
CTOpOHa TOXe JeIUTcs Ha k, a Iommazb genutcs Ha k2. [ToaToMy MOXHO
paccMOTpeTh NMOJOOHBIM TPEYTOIBHUK, CTOPOHB! KOTOPOTO YMeHbIIEeHb
B k pa3. TakiuM 06pa3oM, MOXKHO CUMTaTh, 4To uncaa X2 + y?, x2 — y? u
2Xxy ToIapHO B3aUMHO IpocTble. CiefoBaTeNbHO, YUCIA X U Y B3aUM-
HO IPOCTHIe, @ YMMIa X + y U X — y HeudéTHule. [loaToMy 4yucia x + y
U X — Y B3aUMHO IpocThle. Iltomazns xy (x — y)(x + y) fABiasAeTcA NOJ-
HBIM KBaJIpaToM, IPU4EM Bce COMHOXXUTEIN B3aUMHO NpocThie. Crezo-
BatenbHO, X = u?, y =v2, u? +v? = p? u u? — v? = ¢2. Us asyx nocnes-
HUX PaBEHCTB NOJIy4aeM

22=p’—¢*=(p-Q(p+q.

Yucna p +q U p — q YETHHIE, TAK KaK 4Mcaa p? U q° HeuéTHble. JIpy-
rUX OBIIMX MHOXHTeJel, KpoMe 2, 3TH YKc/la UMeTh He MOTYT, TaK KaK
MHaYe 3TH MHOXUTEIU UMeIU Obl uucaa 2p U 2, a 3HAYMT, U 9UCIa
p>=x+yuq®=x—y.CregoBatensto, p +q =2m?u p — q =n? wm
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p+q=n?up—q=2m?, rae uucio n 4étHoe. TakuM 06pasoM,
2 2 23\ 2
2P+ o0 n°
2
n
Lentie uucia m?, = ¥ U SABJAIOTCA CTOPOHaMM HOBOTO NPAMOYTOMb-
HOTO TPeyTO/bHUKA, IUIOab KOTOPOrO paBHa KBaJpaTy I1eJIoro YKCia

mn
— - CTOPOHEI 5TOTO HOBOI'O TPEYTO/IBHIKA MEHBIIle CTOPOH HCXOJHOTO,

TaK KaK KBaJIpaT ero TUIOTeHY3bl U = X ABIAETCA MHOXUTE/IEM OHOTO
U3 KaTeTOB HCXOZHOIO TPeYroJbHUKA. BeCKOHeYHOe yMeHbIlleHHe CTO-
POH I1eJIOYHCIIEHHBIX TPEYTOIHHUKOB HEBO3MO)KHO, IO3TOMY IIPeZIIoNno-
JK€HUe O CYyLIECTBOBAaHUU IPSIMOYTOJIBHOIO TPEYTOJbHUKA C Ie0YHC-
JIEHHBIMH CTOPOHaMH, IUIOINAlb KOTOPOr'O — ITOJIHBIN KBaZpaT, HEBEPHO.

Eciu IpeAnonoxuTh, 4To pasHocThb u* — v* sBnseTca nomHbIM KBaj-
paToM, TO Te XKe CaMble pacCy)XJeHHA NPUBOAAT K NPOTHUBOpeYHio. M3
3TOTO ciefyeT, uTo ypaBHeHue u* =v* + t* He umeer pemenwuii B Haty-
paJIbHBIX YHUCTIaX.

MeToz 6€CKOHEYHOTO CIyCKa XOPOLIO IMPUCHOCOGIIEH K JOKa3aTesb-
cTBy HecymecTBoBaHusa. depMa NPUIUIOCH HNOTPYAUTHCS, YTOOBI Ha-
VYUTBCS AOKA3bIBaTh 3THM K€ MEeTOJOM U YTBEPXKAEHUA O CyLeCTBOBa-
Huu. Ho oH f06micsa U 3TOro; HanpuMmep, AoKa3al MeToZoM GecKoHed-
HOTO CITyCKa, 4TO Jr060e IpocToe Yucio Buja 4n + 1 npezcTapisgerca
CyMMOI1 IByX KBaJpaToOB.

®epma nonarai, uto Bee uucaa F(n) = 22" + 1 npoctsie. Ilpu aToM
OH, IIpaBZa, OTMeYaJ, YTO ¥ Hero HeT IIOJIHOI'O J0Ka3aTelbCTBa. Diliep
mokasaJl, 4YTo yucio F(5) He nmpocToe — oHO Aenutcs Ha 641.

depMa yCTaHOBWI, YTO JJI KQXKAOrO YUCIA d, He JAeJAIIerocs Ha
MIPOCTOE YUCJIO D, CYIIEeCTBYeT TaKoe YUCIO f, ABJSIoNeecs AeIUTeeM
yuena p — 1, uto af — 1 genures Ha p. U3 aToro cieayet, uro aP ! — 1
JenuTcs Ha p (3To ctaHAapTHasA GopMyIHPOBKA TaK Ha3bIBaeMoi Manoll
meopemut Pepma).

depMa BriepBble IOCTABII BONPOC O NPEACTABUMOCTHU IIPOCTHIX YH-
ceJl KBa[paTH4HOM popmoit ax? + bxy + cy? u nony4un oteeT A1 GopM
x%2 +y2, x® +2y2, x> + 3y% u x?> + xy + y?. ®epma BHIACHWI, 4TO B
BuZe X2 + y? npezicTaBIAIOTCA TONBKO MPOCTHIE YKC/Ia Buja 4n + 1, npu-
YéM Ka)kj0e IPOCTOe YUCJIO TAKOTO BU/A ITPECTABIAETCA B BU/Ee CYMMBI
JBYX KBaJpaToOB €AVMHCTBEHHBIM 06pa3oM. (DTOT pe3yibTaT ObUT U3Be-
cred emé Jlnodanty). B Buze x? + 2y? nmpescTaBUMBI IPOCTHIE YMCTIA
Buza 8n + 1 u 8n + 3 u Tonbko oHu. B Buze x% +3y? u x2 + xy + y?
MpeACTaBUMEI IPOCTHIE YHCIa BUja 6n + 1.

Bauie e Mesupuak B CBOUX KOMMEHTapuax K «Apudpmeruke» Jino-
¢daHTa BbICKa3ajl NpeJNONOXKeHHe, YTO JI060e HaTypaJbHOE YHCIO AB-
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JISIeTCsl CyMMO# He 60Jiee 4eM YeThIPEX KBaZIpaToB Liesibix yncen. epma
yTBEPXK/JaJl, YTO OH YMeEET J0Ka3bIBaTh Gosee obliee yTBep)KIeHIE: JII0-
60e HaTypaJbHOE YHCJIO SBJISAETCSI CYMMOM N-yrOJBHBIX YHUCEN B KOJIU-
yecTBe He 6osee n. CBOE goKa3aTenbcTBO PepMa HUKOMY He COOOLIIII.
[ n =4 3Ty TeopeMy Aokasanu Jiiep u Jlarpawx, a1 n = 3 —laycc
(1801), a B ob1iem cayyae — Komm (1815).

B 1657 r. ®epma npeyIoKiuI CBOMM KOPPECIIOHIeHTaM HaiTu oblee
NpaBWIO pellleHus B IEBIX YMCIax ypaBHeHusa ax? + 1= y2. dep-
Ma INpeAJIOKWI UM Takke paccMOTpeTh ciydyau, korza a = 149, 109
wiu 433. AHIVIMHCKYe MaTeMaTHUKU CHavajla ero He NOHsUIU: bpayHkep
CYUTAJI, YTO 3TO ypaBHEHHEe HYXXHO PelIUTb B pallMOHAJbHBIX YMCJIaX.
[Mocne pasbsicHeHuH OH Hameén pemeHue AuA a = 109 ¢ noMoubo pas-
JoeHUs yucia v 109 B HenpephIBHYIO Apo6b. Ho OH He cMOT 0Ka3athb,
YTO HaIEJ MUHUMAaJIbHOE pelleHHe U YTO ero CliocoboM MOXXHO HaWTHU
BCe pelIeHMUs.

B crathe 1765 r. Ditnep Ha3Ban ypaBHeHue y? = ax? + 1 ypasHeHu-
em IMeana. Cam /xoH Ilesnp (1611—1685) Huvero He mybnaukoBan 06
STOM ypaBHEHMM, HO OHO HCCJeZyeTcsl B KHWUTre HIBEHI[apCKOro Mmare-
Maruka HMoranHna Pana (1622—1676). [lesib 06y4asn ero MaTeMaTHUKe U
MPUHKMMAJ yY4acTHe B HanucaHuu KHUTH. [lo-Buaumomy, Jitnepy Obuia
M3BECTHA CTeleHb yyacTHA [leuia B UccleZJIOBAaHUM 3TOTO ypaBHEHHA.

®epma (u HezaBUCHUMO OT Hero JlekapT) HamIén ZBe HOBble Naphbl
Zpy>XeCcTBeHHbIX yucen 17296 u 18416, 9363584 u 9437 056.

[NocraBneHHble PepMa apupMeTUyeckue mpobiaemsl 70 JIET He TOAAa-
BaJIMCh pellleHHI0, TOKa UMH He 3aHsUICA Diliep, pellluB MHOTHe U3 HUX.

Kuns IMepcon Po6epBainp (1602—1675)

B 1628 r. XKwip [lepcoH mosy4m1 pa3pelieHue A06aBUTh K CBOEH
dbammiuu «ae PobepBaib», U ¢ TeX Op 6bUT U3BECTEH I10Z 3TUM UMEHEeM.
PobepBastb MOJIy4YrUI MHOTO BXKHBIX PE3Y/IbTaTOB, OTHOCAIIMXCA K KBa-
paTtypaM (BBIYHMCIEHHUIO MHTErpPaIOB), HO OIy6JIMKOBaJ JIUIIb JBe He
OYeHb CYILIeCTBEHHBIE CTaThU. Y HEro OBUTH OCHOBAHUSA JEPXKaTh B CEK-
pete cBou Metogpl. CortacHo Bojte IleTpa Pamyca, ocHOBaress Kadeapbl
KoponeBckoro komnexa (HeiHe Komiex ge ®paHc), KOTOPYIO 3aHUMA
PoGepBaib, €é npodeccop Kaxable TpU roja AoKeH ObUT O6BABIATH
KOHKYPC, CTaBsi NMyGJINYHO HECKOJIBKO BOHPOCOB. TOT, KTO HOGexzaasn
B KOHKypCe, UMeJI IPaBo 3aHATh Kadeapy. ViMeHHO nobesuB B TaKOM
copeBHOBaHUM, PobepBasb cTan nmpodeccopoM B 1634 r., 1 OH ocTepe-
rajics pasrialmiaTh CBOU MeToAbl. Ero OCHOBHEBIE TPyABI GBUIM BIIEPBBIE
Hare4aTaHbl JIMIIb IIOCMEPTHO, B 1693 1.
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Okomo 1634 r. PobepBanb BHIYUCAWI IUIOMAAL ITOJ KPUBOH y = x"
JUIA BCeX HaTypasbHBIX n. B 1636 r. ®epma Hanucan PobepBaiio o0 CBO-
el KBagpaType KpUBBIX y = X" [UI1 BCeX HaTyPaJIbHBIX N, He coobIas
CBOero Metoza. PobepBasb OTBETIUIL, YTO OH TOXKE IPUIIENT K 3TOMY pe-
3yJIBTATy, UCIIONb3ysA HepaBeHCTBa

m—1 n+1 m
Skt < = < STk
k=1 ntl 35

PobepBajib BEIYUCIIUL TAKXKE IUIOMAZb 10, CHHYCOUZOH.

Tanueit Ha3Bas KPUBYIO, KOTOPYIO OIUCHIBAET TOYKA 0007a ABIKY-
uierocs Kojeca, Yyukaouooll U MOMBITAJICS ONpeAeNUThb IUIOWAaAb OLHOMN
apKu 3TOi KpuBoi. MepceHH noctaBwl PobepBaiio 3Ty 3agady, U TOT
B 1636 r. gan cieaywollee eé pelieHHe C IoMolblo MeToAa Kapanbe-
pu (B 1638 r. aTo moBTOpMI [leKapT, TO)XXe BOCIIOIb30BABLIMCh NPHH-
nunoM Kapanbepu). IlycTh KOJECO NMOBEPHYJIOCh Ha yTON (¢ U TOUKA,

OMUCHIBAOLaA IUKJIOUAY, HAXOAUTCA B nonoxeHuu M (puc. 5.3). Ha-
paay ¢ uukouzgoi PobepBaib paccMOTpes1 BCIOMOTaTelbHYI0 KPUBYIO,

A

Puc. 5.3

OmMChIBaeMyI0 Ipoekuueit N Touku M Ha BEPTUKAJIbHBIN AuaMeTp Ka-
TALIETrocs: Kojleca. JTY KPUBYIO OH Has3Basl CIyTHUIEH IUKIOMABL. U3
CHMMETPUYHOCTU CIYTHULIBI HMKJIOUABI CleAyeT, YTO OHa JeNUT IOIOo-
JlaM IUIOLaJb IIPSIMOYTOJIbHUKA, ONIMCAHHOIO BOKPYT apKU IUKJIOUZEL
IMoaToMy IUTOIaAb MOA apKO¥ IUKJIOKABI paBHA CyMMe ITOJIOBUHBI ILIO-
IIaZiy 3TOro MpsIMOYT'OJIbHUKA U JIBYX JIETIeCTKOB, 3aKII0YEHHBIX MEXIY
quKIonzol U eé ciyrHuned. CeyeHre MN 0OZHOTO U3 JIEIECTKOB OJHO-
BpPEMEHHO fABJIsIeTCA U CeYeHUEM IONyKpyTa, pajuyC KOTOPOIrO paBeH
pazuycy KaTalelcs OKpy»KHOCTU. [103TOMy IUIolab apKd LIUKIOU/bI
1 2 2

paBHa 5 - 27r - 2r + r® = 37tr°. HeTpyAHO yO€AUTHCS, YTO CIYTHHULIA
UKJIOUZB — CHHyconza. PobepBasb BEIYHMCIWI TalOke 0OBEM Teia, 06-
Pa30BaHHOrO IPU BpallleHWU LHUKJIOUAB BOKPYT OCHOBAaHMA.
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Mexzay 1635 u 1638 r. PobepBasb IOCTPOWT KacaTeIbHYIO K [IUKJIO-
u7le KUHeMaTH4eCKUM MeTOZO0M, OCHOBHIBASICh Ha CJIOXKEHHUU CKOPOCTeli
1o npaBWiIy Napajjenorpamma. JIBmxeHue Ttouku M (cM. puc. 5.3)
CKJIaZpIBaeTCA U3 JBYX JABIDKEHUH: ABIDKEHUA 110 OKPYKHOCTU U ITIO-
CTYIaTeIbHOrO ABMXEHMUs, NapajjenbHoro OB. CKOpOCTH 3TUX JBU-
JKeHUH paBHBI, IIOTOMY YTO [UIMHA OKPY)XHOCTH paBHa OB. I[loaTomy
KacaTe/JbHad K [UKJIONZEe — OUCCEKTpUCcA yIIa MeXAy npsamoi MN u
KacaTeJbHOU K OKPY>XHOCTH B TOuKe M.

Pob6epBaiis He myOIMKOBa CBOU PE3YJIbTaThl O KBaApaType IUKIOH-
Abl. TlepBBIM KBaZipaTypy LMKIOUAE! onybnukoBan Toppuyeniu B 1644 r.
B CBOUX «['eOMeTpHYeCKUX TpyJax».

B 1643 r. PobepBaib JoKa3aj paBeHCTBO AYT Hapabosbl U CIIUPaIU
ApxuMe/ia NIpHU onpezieléHHOM BhIGOpe TapaMeTpoB.

dBanmxenucra Toppudyestu (1608—1647)

Toppuue/uii He GBUI NPAMBIM YYeHUKOM [ajiuies, HO MHOroe IIO-
YeprHYJ U3 ero pabot. B 1641 r. on cran accucrentoMm lanmues, Ho Ta-
Jiwiel yepe3 HECKOJIBKO MecsIeB yMep.

Toppuues/uii NepBHIM ZJaJl IIpUMep cIpsiMieHUs KpuBoi (1640); oH
orpezeNl OTPe30K, PaBHBIN JJIMHe jorapudMUYecKOH CIIUpajy, OT-
CYUTHIBAEMOH OT ITOJIIOCA.

Taxoxe OH IepBBIM OIY6IMKOBAJI KBaApaTypy UUKJIOUAB B 1644 r. B
cBoux «[eomeTpuyeckux TpyAax» (Opera geometrica), HalllCaHHBIX B
1641 r. Ho 5Ty KBajpartypy Ao Hero nonyyua B 1634 r. PobepBaib, He
o1y 0IMKOBABIIUI CBOU PEe3y/IbTaTHL.

B pab6ore «O ABIDKEHHUHU eCTeCTBEHHO IaJaloNX U GPOIIEHHEIX Tell»
(De motu gravium naturaliter descendentium et proiectorum), Bouies-
et B «Opera geometrica», Toppudesiv MOCTPOII KacaTelbHYIO K IIapa-
60o7e KMHEMaTHYeCKM MeTOZOM (C ITOMOIIBIO CJIOXKEeHHUA CKOPOCTEH 110
IpaBIIy napauiesiorpaMma). B Toii sxe paboTe OH HaLIEN OrHOAOLIyIO
ceMelicTBa napabon — TpaeKTOpHil Tesl, HpocaeMbIX C OAHOM U TOMH XKe
CKOPOCTBIO U3 OJHOM M TOM )Ke TOYKHU IHOZ pa3HbIMM yIJIaMU. DTO ObLI
NepBBIA IPUMep HaxXOoXKJeHUs orubarolneii ceMeiicTBa KpUBBIX. JTa OTU-
Garoljas — Tak Ha3slBaeMas napabosia 6eonacrocmu.

B 1643 r. PepMma B nucbMe k Toppuyeu NOCTaBWI 3aJady: HaUTU
TOYKY, CyMMa PacCTOSHHI OT KOTOPOH 0 BepLIMH TPEYTOJbHUKA Hau-
MeHbI1ad. ToppUYeNIM pelwi 3Ty 3a1ady (ero peueHue ory6IMKoBal
BuBuanu B 1659 r.). OTa Touka nojiydunia HasBaHue mouka Toppuuenu.

Toppuye/uld 3HaMEHUT CBOMMHU ONBITaMH € BAKYYMOM, IIPUBeANINMU
K u3obpereHuio 6apomeTpa.



242 I'nasa 5. XVII gex
®dpanc BaH CxooreH (1615—1660)

IMo3sHakoMuBIIKCh ¢ paboTamu [lekapta, BaH CXOOTEH TaK BOCXU-
TIWICA SICHOCTBIO MeToza JlekapTa, 4TO pelnl, 6yATO IpeKH Toxe 3HaIU
3TOT METOZ U MOJIb30BAIUCH UM, YTOOBI ITOJTy4aTh CBOU Pe3Y/ILTaThI, HO
HOTOM HU3JIaTa/li UX Ha 3alyTaHHOM fI3bIKE FeOMEeTPHYECKOU anreOpsl.
Ban CX0oOTeH BMecTe CO CBOMMH yYeHHUKaMH, Haubosee BbIAAIOIIUMUCA
13 KoTophIx 6utH IiofireHc u I'yaze, MHOro crioco6cTBOBa pacpocTpa-
HEHUIO U Pa3BUTHIO JeKapTOBOU reomeTpuu. B 1649 r. oH nmepeBéin Ha
JIATUHCKHIA s3bIK «[eoMeTpHIo» JlekapTa U CHabAT eé KOMMEeHTapUAMHU.
Bo BTOpOM JIaTMHCKOM u3JaHuu (1659—1661) ecTb TpU NPUWIOKEHUS,
HalMCaHHBIX ero yueHukaMu. ITo xHure Ban CxooTeHa «MaTemaTHye-
ckue 3TIoAb» (Exercitationes mathematicae, 1657) usy4yan MaTeMaTUKy
Hb10TOH. B 3TOI KHUre ObUI BlIepBbIE NPEATIOXEH CIOCOD ITOCTPOEHHA
IUIICA C NOMOIIBIO BEPEBKU, KOHI[BI KOTOPOI IPUKpEIUIeHH K JBYM
KOJIBILIIKAM.

JxxoH Bamuc (1616—1703)

JbxoH Bammuc (Yosutec) mpociaBWiICS BO BpeMs AHIVIMHCKOHM peBo-
Jitonuy (BOMHBI KOPOJIA U ap/iaMeHTa) paciiupoBKOH IepeXBayeHHbIX
NUCeM CTOPOHHUKOB KOPOJIS.

Basiiuc npeasIoWi IepByIo reOMeTPHUYECKYI0 HHTEPIIPETALINIO KOM-
IUTEKCHBIX yucesl. OH OCHOBBIBAJICS Ha TOCTPOEHUH CpeHEro reoMeTpu-
YeCKOro ZByX OTPE3KOB C IIOMOIIbIO OKPYXXKHOCTU U MHTEPIIPETHPOBAI
+/—ab Kak COOTBETCTBYIOIIMI (IIPH 3TOM IIOCTPOEHUM) OTPE3OK, Iep-
MeHAVKYJISIPHBIHN oTpe3kaM a ¥ —b (wiu —a u b). Ho aTa uHTepnperanus
He IOJIy4IIa IOAJEPXKKH.

B kuure «O KOHMYECKUX cedyeHUsx» (Treatise on the Conic Sections,
1655) Bajumuc mokasaj, YTO KOHUKHU — 3TO KpUBBIe, KOTOpbIE 3aJaloT-
Cs1 ypaBHEHUAMHU BTOPOM cTeneHU. VIMEHHO OH IEepPBEIM BBEI OTpHUIA-
TeJIbHble KOOpAUHATH ([lekapT paccMaTpUBaJl TOIBKO MOJOXUTENbHbIE
KOOpZAUHATHI). Ba/uuc paccMaTtpuBaeT B 3TOH KHUTre He TOIBKO KpU-
Bble BTOPOIi CTeleHM, HO U Kybudeckyio mapabomy x> = a?y. OmnbiTa
paboTHI ¢ OTPULATEBHEIMU KOOpAUHATaMU TOT/a ellé 6bUI0 Maslo, U OH
OIIMGOYHO pUcyeT rpadUK KyOuueckoil mapabosbl TaK e, Kak rpaduk
06bIYHOM nmapabonsl (T.e. y > 0 npu x < 0). Ho yke B ciexyromieM rogy
Bayuc ucnpasisier 3Ty ommbky. OH cyuTasl, YTO ApXVMeZ U Jpyrve
JpeBHUE CKPBUIM METOABI, KOTOPHIMU OHM IPHUIUIA K CBOUM OTKPHI-
THAM, TaK YTO Teleph IpOlle U3006pecTH BCE 3aHOBO, YEM IBITATHCA
pa3obparbcs B X paborax.
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B kHure «O KOHUYECKMX CeYeHMUAX» Basvc BllepBblE HCIIOAb30Ba
CHMBOJI O I 0603HAYEHHUA KPUBOH, KOTOPYIO MOXXHO OGXOAUTD OeCKo-
HEYHO MHOTO pa3. DTOT ke CHMBOJI OH HCII0/Ib30BaJl U B KHUTe «AprudMme-
TUKa 6eckoHeyHHIX» (Arithmetica infinitorum, 1656) — OCHOBHOM CBOEM
TpyZAe. IMEHHO B 3TOIl KHUTe COZEPXKUTCA ero Haubosee 3HaMeHUTOe

OTKPBITHE — MTpeICTaBIeHNEe YHCIa 2y Bujie GecKOHEeYHOH Apo6H.

Bosblioe BIXsAHUE Ha Basiuca okasaja Teopus HeZeauMbx KaBa-
Jbepu. CHayasa Bajuruc nosny4yaeTr HOBBIM (apudpMeTHYeCKUM) METOJOM
pesy/bTaT, paHee JOKa3aHHBIA reoMeTpuUYeckd. [ BRIYMCIeHUS IUIO-
aAx 1Mo/ mapaboyiof OH BHIYUCIIII OTHOLIEHHE

0*+a’+..+(ma)>  0*+1%+..+n?
(na)®+ (na)®+ ...+ (na)>  n?+n?+...+n?

1
¥ TIOKa3aJl, YTO NpY YBEIMYEHUH N OHO CTPEMHTCA K 3. Ilocie aToro
Ba/lIiC pel MIPUMEHHUTD 3TOT MeTo K Ky6aM U 6osiee BBICOKMM CTe-

TNeHAM U IIOJYy4YHJI, YTO

0+a +...+ (na) 1
) +(a) + ...+ (na) ~r+1

[UIS1 HATypaIbHBIX . VICIIO/Ib3YsT MHTEPHOIALIUIO U MEeTO/, HETIOJTHOM Ma-
TeMaTHYeCKOH MHAYKUMH, Ba/uiyc MOMyqw1 KBagpaTypy KpUBHIX y = X'
JUIS1 BCeX PALMOHAIBHBIX T

1 21 T
3areM Basiuc 3aHsuIca BbIYKMCIeHUEM HHTerpaja fo (1-x*)zdx= e

L
Ero uesbio 6bU10 NOMy4uTh GOPMYILY AJIA YUCaa 7 DTO OKa3aJocCh TPya-
Ho¥ 3azaveii. CHavyaja eMy yAaJIOCh BHIYUCJIUTh UHTErpasbl

fol Q- x»H"dx

1
JUIA HaTypaJbHBIX N, HO JJIA n = 5 €My HUYEro He yAaJloChb CJeJaTh.

2
Ilocsne atoro ais HEKOTOPBIX P U q OH BbIBEJI (bOpMyJIy
1 1 (p+!
fO (1 —xp)qu= W

o 1
Bauvica nHTepecoBa cly4aii p = q = 7, U B 9TOM CJIy4ae CHOBA HUYEro

1
He nojy4rnocs. Ho s p = 5 HaTypa/ibHbIX q Basuc cMor BIdMC-
JIUTh HY>KHBI UHTErpaJl:

q

HHTerpai

NG| =
le
Al
N|w
Hijn| W
[eX RN
N|w
Al
[eX N}
[ee] fVo}
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4
Basuinc 0603HAYMI YUCIIO 7 CHenuanbHbIM 3HakoM [1. Yepes aTo
YKCJIO OH CMOT BBIPa3UTh HYXXHBIH MHTErpasl I NOMyLeJbIX q:

N

q

O [l
ol

0| ;=0

UHTerpai 37

4_ |4
3

U nocneaHee HabmogeHye: eclu a;, d,, d3 U a4, — 3HA4YeHUA HHTe-
rpaja s ¢, paclloJIOKeHHBIX B IIOPsAKE BO3PACTaHUA, TO

4 9 93
a,” az a4’

S
TpumeHsist 5TO HEPaBEHCTBO VIS g, PABHBIX 3, 3, 2 ,
HepaBeHCTBa

3:-3-5.5-7-7 [8 3-3-5-5-7-7\/§

24466 \/_>D>2-4-4-6-6-8 8"
3aTeM, ycTpeMisas g K 6eckoHeYHOCTH, Baylmic npuiiésn K cBoeii 3HaMe-
HUTOU popmyiie

4, Basuc nony4aet

4_3-3 7-7...
T 6-8

3-3-5-5-7-7...
2:4-4-6-

B 1663 r. Basmuc nosyyw1 AoKa3aTeJbCTBO IATOrO mocrynara Es-
KJIMZIa, UCXOZA U3 HEBEPHOIO MPEAIONOXeHHUA, 4To i aoboi dury-
PHI CYyLLIECTBYET MoA0OHAA el durypa npou3BoIbHON BeJIMYUHEL. Basmic
CYUTAJ 3TO NPEAINONIOXeHHEe eCTeCTBEHHBIM, IIOTOMY YTO A JIIoboro
KpyTa CylecTBYyeT IoZ06HBII eMy KpyT IPOM3BOJIBHOIO pa3Mepa.

B kHure «Tpaktat 06 anrebpe» (A treatise of algebra, 1685) Bammic
MPUBJIEK BHUMaHUe MaTEMaTHKOB K KHUTe 1o anrebpe Tomaca Mappuo-
Ta, ACHO U3JIOXKUB eé€. (Bajsutuc yTBepKAasl, 4To Bce pe3y/bTarhl Jekapra
o anrebpe B3ATH y MappuoTa.) Basmuc npuHUMaeT OTpUliaTe/IbHbIE U
KOMILTEKCHbIE KOPHU.

Ywissam Bpaynkep (1620—1684)

Jlopn BpayHkep 6bul IepBbIM npe3useHToM KoposeBckoro obie-
CTBa.
Baymic, g0 nmy6aukanuy B 1656 r. IOIy4eHHOTO MM IIpeJCTaBIeHHs

quciaa % B BUZie 6eCKOHeYHOI Apobu, nokasas 3ty ¢popmysy BpayHkepy,
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U TOT IpeoOpa3oBaj eé K BUAY

=1+

ENES
ju—

9
25
49
81
tor .

2+

2+
2+
2

BpayHkep He OGBACHII, KAKUM METOZOM OH Npeobpa3oBasl OfHY ApoOb
B ApyTYIO.

B 1658 r. BpayHKep ¢ IOMOIIIbIO HENPePHIBHEIX Apo6eii MoIydmI pe-
LieHue ypaBHeHUs, npeinoxeHHoro ®epma (ypaBHeHue [lemns).

He noaxe 1657 r. BpayHkep noy4w1 KBagparypy IUIOmaay runepbo-
Jbl Xy =1 oT x =1 70 x = 2 B BUJe pazaa

1 1
12733
Ho oH ony6/iikoBas 3TOT pe3y/IbTarT JULIb B 1668 T., U K 5TOMY BpeMeHU
3Ta KBaZpaTypa ObL1a y)ke nosy4eHa ApyTuM CIIoco60M U oIy bIrKoBaHa
B 1659 r. uTasbAHCKUM MaTeMaTHKoM IIbeTpo MeHromnu (1626—1686).
s jokasarenbcTBa BpayHkep 6epéT kBaapar co CTOpOHOM 1, co-
Jepxaluii paccMaTpUBaeMylo yTy runepbosbl, U JeJUT CTOPOHY KBaJ-
para, JieXxaunrylo Ha ocu abciuce, cHavyala IOIolaM, IIOTOM Ha 4 4a-
cty ¥ T. 4. Torza MOXHO ITOCTPOUTH NPSIMOYTOJIbHHKY, IUIOM[AZN KOTO-

1 1 1
12 3.45.6 7.8 4T4& (puc. 5.4). BpayHkep aoKa3bIBaeT

1
+ﬁ+...

PBIX DaBHBI

al-

2
B

'7‘|H
)

Puc. 5.4
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CXOJMMOCTb IIOJIy4eHHOT'O PSAA, YTO MaTeMaTUKH BIOCIEJCTBUH JeIalu
penKo.

Huxosiayc Mepkarop (1620—1687)

Hemeuxwuit maremaTuk Hukosnayc KaypmaHn mectsb jieT npenogaBai
B yHHMBepcuTeTe KomneHrareHa, a moToM, KOTZa yHUBEPCUTET ObLT 3a-
KPHIT BO BpeMsl YyMbl, Ilepeexast B JIOHZIOH U JaBaJl TaM YacTHbIE YPOKHU.
OH nepeBén cBoI0 GpaMIINIO, O3HAYAOLIYIO II0-HEMELKH «KyTIell, TOPro-
Bell», Ha JIaThIHb, U CTaJ Ha3blBaTbCA MepKartop.

B 1668 r. MepkaTop omny6mukoBa KHUTY «Logarithmotechnia». B aToi
KHMTe OH OfHMM U3 IIepBBIX pacCMOTpesl OECKOHEYHBIH psfl, OT/IMYHbIHA
OT reOMeTPHUYeCcKOil nporpeccuy. MepkaTop IPUINEN K yAaYHONH MBICJIU

3anucaTrh ypaBHEHHe rHIepOosibl B BUAE ¥ = — . ITY ApoOb OH pasJio-
p Y =137 O1yAp

KW B 6eCKOHeuHbIi paa 1 — x + x? — x> + ... ¥ IPOMHTErpUPOBA €ro
TNIOWIEHHO. B pesy/ibTaTe OH TOMYYMI KBaZPaTypy TUIepOOIE B BUaE

[odx _, g0 o
01+x 2 3 4
Bonpoc cxoaumocTu 3TOro psiza Mepkarop He paccMaTpUBal.

Jo MepkaTopa Takoe ke pasjiokeHUe jiorapudpmudeckod GyHKIUU
nonyuwn T'yage (1656) u HeiotoH (1665), HO OHM He OIyOJIMKOBaIA
CBOM pe3yJIbTaTHL.

+...

BunuyeHno Busuanu (1622—1703)

BusBuanu — yuyenuk lannes. C l'anieeM oH mosHakoMmwics B 1639r.,
KOIZla TOT y»Ke OCJlell M HaxoAWICA IoA AoMamHuM apectoM. Cpeau
JOCTIXKeHUI BUBHMaHU — TO, 4TO OH IepBbIM HAII&T KacaTeJIbHYIO K LIHK-
Jouzie, a TaKKe CAeJIas MONBITKY BOCCTAHOBUTH KHUTY V «KOHMYeCKUX
cevyeHMil» ANOJUIOHHUA, B KOTOPO#l pa3bupanuch HEKOTOPbIE BOIPOCH O
MaKCUMyMax U MUHUMyMax (B TO BpeMs ObUTH HU3BECTHHI TOJIBKO IIep-
Bble 4 KHUTYU ATIOJUIOHUA U3 8). B MOCBALIEHHOM 3TOMY KHUTE «O MaKCH-
MaJIbHBIX 1 MUHUMaJIbHBIX 3HaueHUAX» (De maximis et minimis, 1659)
BuBuaHU onucan HailjleHHOe UM IIOCTPOeHHe HOopMasled K KOHHYEeCKO-
My CeYeHMIO U NPeANONOXKWI, YTO 3TO IIOCTPOEHHE TO e caMoe, YTO
6bUI0 Yy AnosutoHuA. I'mnoTe3sl BUBMaHUM NOATBEPAWI NEpeBOA TPyAa
AnojutoHus, U3aHHbIi B 1661 rogy Bope Ha ocHOBe HaiiIeHHOM MM
apabckoii pyKOITUCH, cozepKallei IepBble 7 KHUT ANO/UIOHHA. B cBO-
eif kHUre BUBMaHU paccMaTpuBaeT U Jpyrye 3afayd Ha MaKCUMyM U
MUHUMYM. OZIHa U3 TaKUX 3aZa4 — HAUTHU TOYKY, CyMMa PacCTOSTHUH OT
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KOTOpOM A0 TPEX JaHHBIX TOYEK MMeeT MUHUMAaJIbHOe 3HauYeHue. JTOu
3ajiaveii 3aHUMAJICA yKe paHee Toppuyesiu.

B 1692 r. B xauecTBe BbI30Ba ApyruM MaTeMaTHkaM BuBuaHu npez-
JIOXWI 33/lady, CBA3aHHYIO C BBIYMCIEHHEM IUIOIaZieii yacteil cepsl,
KOTOpasi IPUBOAWIA K pACCMOTPEHUIO KPUBOM, BIIOCJIEJCTBUH IIOTYIUB-
el HasBaHue kpugas Busuanu. OTa KpuBas — nepecedyeHue cepsl U
UWIMHAPA (paguycoM coephl CIYKUT AUaMeTp KPyrOBOTO CeYeHHUs IH-
JIUHJPA, T. €. UeHTP chepHl JIEXUT Ha 0Opasylolle WINHAPA U paguyc
cdepsl paBeH AUAMETPY LWIUHAPA).

BuBuaHM Hanucasl epBylo 6uorpaduio Famwies ¥ co6paa MHOTO ero
pyKomuceil. 3To cobpaHue BIOCIeICTBUH OKa3aJI0Ch BECbMa I0JIe3HBIM
IIpU U3JaHUU COUMHeHUH lamuies.

Bae3 INackanp (1623—1662)

Oren biiesa OtreH ITackans (1588—1651) u3BecTeH TeM, YTO OH OT-
KPBUI KPUBYI0, Ha3blBaeMyIo yaumxoil Ilackansi. OH pelln, 9TO ero ChIH
He GyZeT u3y4aTb MaTeMaTHKy J0 15 JIeT, U U3 UX JoMa ObUIH y6paHbl
Bce yue6HUKM MareMaTHkH. Ho B 12 sieT [Tackayib CaMOCTOSATENIBHO OT-
KPBUI, YTO CyMMa YIVIOB JIIOOOTO TpeyroibHUKa paBHa 180°; y3HaB 06
3TOM, OTel paspemiwi eMy 4yutaTh EBxinza. B 14 ner Ilackanb Havan
COIIPOBOXKAATh CBOEI'O OTIIa Ha Hay4yHbIe cobpaHusa y MepcenHa. B 15 siet
[Tackanb Mo3HaKOMmUICA ¢ paboramu Je3apra, ¥ OHU IPUBEJIH €T'0 B BOC-
TOPI.

B 1640 r. Ilackanp HameyaTal B BuZe aduumd TUpaxoMm 50 3k3eM-
IUIAPOB CBOE counMHeHHe «OIBIT O KOHWYeckux cedeHuax» (Essai pour
les coniques). Oty adumm ObUTM NPUOUTEL HA CTeHaX ZOMOB U po3ja-
HbI HEKOTOPHIM y4Y€HBIM. B 3TOM cOYMHEHUU OGBUIO HECKOJIBKO OIlpeze-
JIeHUH U JIeMM; JoKa3aTeJbCTBa OTCyTCcTBOBasM. OCHOBHOU TeopeMoit
6bUIa TeopeMa O IIECTUYTOJbHUKE, BIMCAHHOM B OKPYXHOCTb: TOYKH
nepece4yeHHUs NMPOAODKEHUI CTOPOH TaKOTo IIeCTHUYTOJIbHUKA JIeXaT Ha
oAHoM mpamoi. [Tackanp Tawke OTMETHI, YTO C IOMOIIBIO IIEHTPAJIb-
HOU NPOEKIMH MOXHO IMOJIyYUTh aHAJIOTUYHOE yTBepXAeHHe JJIA lie-
CTUYTONbHUKA, BIIMCAHHOTO B JII060e KOHWYecKoe cedyeHue. [Ipu sToMm
[Mackanp Bo3zgaér gomwkHoe [le3apry, paspaboTaBiieMy TEOPHIO NPOEK-
TUBHBIX IIpeobpa3oBaHuil, Kak OZHOMY 13 Hanbosee UCKYCHBIX MaTeMa-
THKOB TOI'O BpEMEHH.

B 1647 r. Ilackanp 3aHMMaJCA SKCIEpPUMEHTaMU ¢ aTMochepHBIM
JaBlleHVeM U yCTaHOBWI CyIlleCTBOBaHUe BaKyyMa. DTy TeMy OH o6cCy-
Awi ¢ JlekapToM, KOTOPBIH He IIOBEPIUI B CyIIeCTBOBAaHHE BaKyyma H
Hanwucas 'oiireHcy, 4ro y Ilackass CIMIIKOM MHOT'O BaKyyMa B TOJIOBE.
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B 1653 r. [Mackane Hanucan «TpakTaT O paBHOBECHM XXHAKOCTEL»
(Traité de I’équilibre des liqueurs), B koTopoM cozepxuTcs 3akoH [lac-
KaJIsl i1 JaBJIEHUS.

BaxxHyio ponbp B pa3BUTUM KOMOHHATOpUKM chirpan «TpakTaT 06
apudmeTHyeCcKoM TpeyroabHuKe» (Traité du triangle arithmétique, 1654,
omy61uKoBaH B 1665). TaMm npuseseHa Tab/iuia COYETAaHUI B TPEYTOJIb-
HOU ¢opme (TpeyronbHUk [lackaist). Ho B moxoxeM Buje 3Ta Tabiuia
yKe BcTpevanachk B Asuu u B EBpone (y llltudens u y Tapransu). INac-
Kasib BBEI 0603HayeHue C;' ¥ JOKa3al COOTHOIIEHHe
Cr=CL+ C;T—ll’

IIpeaBapuTeJbHO AOKasaB METOAOM MONHON MaTeMaTH4YeCKOH HUHAYK-

—-1D..(n—m+1
uuy, yro C' = nin T 2) 3(_ n;l ). Ho aToT 3akoH o6pa3oBaHus 6u-

HOMMaIBHBIX K03 UIMEHTOB TOCPEJCTBOM YMHOXKEHUSA TOXKE ObLT U3-
BecTeH paHee — ero 3Hau [Ibep ®epma (1636). [Tackanb mepBHIM BBEN
MeTOo/ NIOJTHOH MaTeMaTU4eCKO MHAYKIIMH.

B 1654 r. BosHuKIa Nepenucka Mexay Ilackaisem u ®epma mo mo-
BOZY 3a/ja4y O CIIPaBeJIMBOM pasziesie CTaBKH, KOTZla Urpa IpepBaHa U
OJHOMY UT'POKY HeZOCTaéT BBIMTPHIIIA ABYX NapTUii, a APYTOMY — TPEX.
®epma paccyxaan Tak. MIrpa MoXkeT IpoJo/DKaThCA emié He 6osee YeTH-
péx napTuil. /I 4eTHIpEX nNapTUH BCcero BO3MOXKHO 16 ucxozoB. 13 HUX
B 11 cay4asax BEIMIPBIBAET NEPBHIM, a B 5 BTOpoil. [103TOMy CTaBKy HyX-
HO pasAeyuTh B oTHomeHuHU 11 : 5. Ilackanp peliaeT 3azady o pasgeie
CTaBKH B 001IeM ciiydae, udydas Tabiauiy 6MHOMUAIbHBIX KO3GPUIHEH-
TOB. JTa NepenycKa 3aJI0)KWiIa OCHOBBI TEOPUU BEPOATHOCTEI.

B pabotax Ilackais mony4mn jJanbHeillilee pa3sBUTHE MeTOJ HHTe-
rpaabHbeIX cyMM. OH IOJIb30BaJICsI TEpPMUHAMU U3 TEOPUM HeAETUMBIX
(«cymMa JMHUI»), HO Bcerga NOHMMAJ [0J, HUMU UHTErpajbHbIE CyM-
Mbl. [Tackaib cyMTall, YTO METOZ HeAEMUMBIX 110 CYILEeCTBY TOXIECTBEH
MeToAy ApPEeBHMX, OTIMYaACh JUIIb MaHEpPOW BBHIpAKEHHUA, M IIOTOMY
MOXXHO 6e3 onlaceHHd ITOIb30BATHCA A3BIKOM HEJETUMBIX.

B 1658 r. ITackanb npuMeHW! NpUHUKI KaBanbepu A1 BHIYUCIEHMS
IUTOIIAZH JI0O0T0 CerMeHTa UKIOUABI U HaXOXKAEHUA LEHTPA TKECTH
TaKoro cerMeHTa.

C6opHuK paboT [Tackaisi 0 METOZE UHTErPAIbHBIX CYMM ObLT M3JaH
B 1659 r. nog Ha3BaHUeM «Tpakrar o nuwionge» (Traité de la roulette).
OnvH 13 OCHOBHBIX pe3y/nbTaToB Ilackaif B 3TOH 06JacTy — BEIYKCIIE-

a ., a .
HUe UHTETpajioB fo sinpdp=1-—cosa u fo cos ¢ dy =sina. OH Boc-

MOJIb30BAJICA JJISL 3TOrO CIeAYIOUMM HabmiogeHueM. U3 mogobus Tpe-

YTOJILHUKOB CJIeyeT, UTO —2—; = :Vr-, I/ie r — paguyc OKPY)XHOCTH (puc. 5.5).
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N

N As

Ax

Puc. 5.5

Maublif 0Tpe3ok As MOXHO 3aMeHUTb Ha AyTYy OKpyXHoOCTH. [Tociie 3TO0-
ro npu r = 1 nosxyyaem ff sinp dy =cosa — cos f3.

Jletibuun, usyvas Tpyasl Ilackansa, obpaTiwi ocoboe BHUMaHUEe Ha
TPEYTOJNbHUK C TUNOTeHY30i As. OH HasBajJ 3TOT TPeyroNbHUK Xapak-
mepucmuueckum ¥ 0GHaPYXIWI, YTO C ero IOMOIIbIO A IPOU3BONBHOMN
KPHBOW MOXXHO BHIYUCJIATH IUIOIAAb NOBEPXHOCTH, 00pa3oBaHHOM ITpU
BpalleHu! 3TOU KPUBOH.

VIHTepecHBEIM CBHUJETENBCTBOM TOTO, C KAKMM TPYAOM YCBaHWBaINCh
onepalyy C OTPHULATeJbHBIMU YHUCJIAMU, ABJIAETCA ciejylollee BbICKa-
3bIBaHUE B 3HaMeHUTOH kHure Ilackand «Mblciau»: «CIHIIKOM Heco-
MHeHHas UCTHMHA CTaBUT B TYNUK (g 3HAIO JIoZel, KOTOpble TaK U He
B3SUIU B TOJIK, YTO, €CJIU OT HyJIs1 OTHATD YeThIpe, B pe3y/ibTaTe NOJIy4dHUT-
CS1 HyJb)».

JxxoBaHHU [lomeHuko Kaccunu (1625—1712)

JxoBaHHU JlomeHuko Kaccunu poawica B Utanuu. [lepeexaB KUTh
Bo ®paHIMIO, OH U3MEHII CBOE UMA Ha ¢paHuy3ckuil maHep: XKan-/lo-
MUHUK.

B 1668 r., Habmogas 3a cnyTHuKamu IOnurepa, Kaccunu ob6Hapy»xwt
pacxoXxJeHue B JaHHBIX, KOTOpOe OH OOBSICHIWI TEM, YTO CKOPOCTh CBeTa
KOHe4YHa. DTO ObUIO IlepBOe NPEeAIONIOKEHHE O KOHEYHOCTH CKOPOCTH
cBeTa. KaccuHu 6bUT CTO/Ib KOHCEPBAaTUBEH, YTO CaM OTKAa3aJics OT 3TOH
[UIIOTE3Bl ¥ UCKaJI ApyTHe OOBsICHEHHs CBOUX HabmogeHuH. Ho uMeHHO
JaHHble, nonydyeHHble Kaccunu, yepes 7 jieT NOCTYXWIU AJIS [IepBOro
BBIYMCJIEHHA CKOPOCTH cBeTa Pémepom.

B 1680 r. KaccuHu npeajioil 3aMeHUTD J/UIUIICH Kerulepa KpHBhI-
MU 4eTBEPTOH CTelleHU, KOTOPble Ha3Balu BIOCIeACTBUH osatamu Kac-
CUHU; OH OIMIKMOOYHO IoJyIaraj, YTo 3TH KPUBble TOUHee ONMCHIBAIOT Op-
6uthl wiaHeT. OBan KacCMHU — 3TO MHOXeCTBO TOYeK, pOU3BeZileHue
PacCTOSHUI OT KOTOPHIX 0 ABYX GUKCUPOBAHHEIX TOYeK ($HOKyCOB) IO-
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cToAHHO. JleMHUCKaTa BepHy/mu BXoguT B 3TO ceMelicTBo. (ko6 Bep-
HyJUIH MCCJIeZIoBasl 3Ty KpUBYIO Ha 14 seT no3xe Kaccunu.)

HoranH I'yaze (1628—1704)

YueHuk BaH CxooteHna VorauH I'yaze 30 jieT 66U1 6yproMucTpoM AM-
crepaama. JIo TOro Kak OH HavaJ paboTaThb B FOpPOJCKOM coBeTe B 1663 T.,
T'yazge 3aHuMasicsi MateMaTUkoi. OH OTKPBLI, YTO ABYKPATHBINA KOPEHb
a MHorowleHa f(x) sIBJsieTCs Takke U KOpHEM MHorowieHa f'(x), a
NIOTOMY X — @ MO)XHO HaWTHU Kak OOIIHii AeauTesb MHOrowIeHoB f (x)
U f'(x). OH mpULI&N K 3TOMY BHIBOAY M3 YUCTO alre6pandecKux coob-
paxeHul, He npousBoas AuddepenuupoBanusa. CBoé npaswio ['yaze
chopMynIupoOBa CJIeAYIOIUM 06pa3oM. JIByKpaTHBIH KOPEHb MHOTOWIE-
Ha f(x) = x" 4+ a;x"" ! + a,x""? + ... + a,, ABAAETCA TaKkKe KOPHEM MHO-
rowieHa

ax" + (a+b)a;x" ' + (a +2b)a,x"2 + ... 4+ (a +nb)a,

st mobeix a u b. Jlna ynoberBa BeYUCIeHUW 'yaie nomarai a =n u
b = —1. Torga BTopoii MHOrOWIEH ITOCJIE COKPAIleHHA Ha X OKA3bIBAETCS
paBHBEIM f'(x).

T'yaze yxas3bIBaeT, 4TO NpeJJIOKEHHOE UM IPABWIO MOXHO IIpHUMe-
HUTh KaK K HaXOXXAEHWIO KacaTeJbHBIX, TaK U K pelleHHI0 33Jad Ha
MaKCUMyM UM MUHUMYyM. Pa3bupas paccMoTpeHHBIe JlekapToM HpuUMe-
pHl, 'yaze 1noka3blBaeT, YTO ero NpaBWIO IPUBOAUT K Gosiee MPOCTOMY
HaxXOX/IeHHUIO KacaTelIbHOM, 4eM HelloCpeCTBEHHOE IPUMeHeHHe MEeTO-
Ja HeoNpeieIEHHBIX KO3¢$GUIIUEeHTOB.

Xpucrtuas I'oiiresc (1629—1695)

Tonnanackuit MaTeMaTuk [tolireHc poawics U ymep B aare, HO A0
roe Bpems ki B [Taprxe. B 1665 r. Konbbep (pakTudeckuii rasa npa-
BUTenbcTBa JltogoBuka XIV) IpUIaci ero BO3IVIaBUTh CO3/aBAEMYIO
um KoponeBckyro akazemuio Hayk. C 1666 no 1681 roz I'toiireHc it
B OCHOBHOM B [lapurke, HO ITOTOM yexas Ha POAMHY JId JledeHus. Bep-
HyTbCA B [Tapix OH yXKe He CMOT, HoToMy 4To BO PpaHIUU B 3TO BpeMs
HayaJuiCch TOHEHUs Ha IPOTeCTaHTOB.

B 1655 r. I'oiireHc BriepBble oceTwwt [Tapik. TaM OH MO3HAKOMIWICSA
¢ pabortamu Ilackana u Pepma 1o Teopun BepOATHOCTEHN U 3aUHTepe-
coBasics 3TOH obsacThio MaTeMaTHKU. B 1657 r. I'oifreHc Hamucal co-
yyuHeHHue «O pacyéTtax B a3apTHOU urpe» (De ratiociniis in ludo aleae),
KOTOpOe BBIIUIO B BH/E NPIWIOKEHUA K «MaTeMaTHYeCKUM 3TIOZaM» ero
y4uTens BaH CxooTeHa. 3aTeM OHO HEOJHOKPATHO Nepeu3saBaoch B



Bappoy 251

BUJIe OTAEJIbHOM KHUTHU U JOJIroe BpeMs ObUIO eJUHCTBEHHON KHUTOM
10 TEOPUH BePOATHOCTeH. I'IoiireHc BBOAUT MOHATHE MaTeMaTUYeCKOTO
oxugaHusA. FIMeHHO OHO 6BUTO MEPBHIM NOHATHEM U3 TEOPHH BEPOATHO-
creil (MOHATHE BEPOATHOCTU COOGBITHA BBEN SIKOO BepHyJL/I MHOTO JIeT
CIIyCTS).

B counHenuu «MasATHUKOBBIe Yackl» (Horologium oscillatorium, 1673)
l'oiireHc oKasan U30XPOHHOCTh IUKJIOUAANIBHOIO MaATHHKA. TaM ke
OH BBEJI NIOHATHE 3BOJIOTH KPpUBOH (orubaroireii cemeiicTBa HopMasei
K KPUBOM) M HalI& SBOJIIOTHI LUKJIOWABI U Mapaboisl. [toiireHc noka-
3aJl, YTO 3BOJIOTA IIUKJIOUBI — 3TO HEKOTOpas Apyras LUKJIOUAA, a 3BO-
yoTa napabosbl — nonykybudeckas napa6osa. ['IofreHC UsydwI Takxke
3BOJIOTY 3juunca. OH NOMy4wI cpssMIeHue (T. €. BEIYUCIWI AJIUHY Y-
T'M) UUKJIOUZBI U MOIyKyOUdIeCcKoi mapabobl.

I'oiireHc MPUMEHWI K KPYTy MeTOZ, HCIIOIb30BaHHBIA ApXUMeI0M
U1 KBaZpaTyphl apabosibl. DTO MO3BOMWIO eMy IONy4UTh Oojiee TOY-
Hble OLIEHKM IUIOIIaAX Kpyra depe3 IUIOMIAZb BIIMCAHHOTO U IUIOIIAJb
OIKMCAHHOI'O MHOTOYTOJILHUKOB, YeM Te, KOTOpble MOJYYMI ApXUMeZ.
[lpy OAHOM U TOM >Xe 4YHCJie CTOPOH MHOTOYTOJbHHUKA HepaBeHCTBa
T'ofireHca faBanu BABoe 6oJbllle 3HAKOB YMCIA 7T, YeM HEpaBEHCTBa
Apxumeza.

Hcaak Bappoy (1630—1677)

JleroM 1663 r. B KeM6pumKe NMosSBMWIACH JO/DKHOCTD JIyKacOBCKOTO
npodeccopa MaTeMaTHKu Giarofaps NoxkeprBoBaHuio 'enpu Jlykaca.
9Ty AomwkHOCTD 3aHAN Mcaak Bappoy (Zo aToro oH 6bUl mpodeccopoM
rpeyecKoro sA3bika). Bo Bpems cemecTpa 1668—69 r. oH yuTas JIeKIUU 1o
OITHKe, KOTOpHIe noceman HbloTOH; 3Ty TeMy OHU ¢ HbIOTOHOM 4acTo
obcyxaau.

«JlekuuHy 1o onrtuke» Bappoy omy6imkoBaHb B 1669 T., «JIeKIuu 1Mo
reoMmeTpun» B 1670 r., a «Jlekuuu 1o matemaTuke» B 1683 r. Cam Bappoy
He TOTOBWJI CBOM KHMIHY K NyO/JMKauuu. DTUM 3aHUMAJICS, CpeAu JApy-
rux, 1 HeioToH. OH peKOMeHZ0BaJl HEKOTOPHIE YIy4IIeHUs U KOe-4TO
J06aBuI.

Jlexiuu 1o onTHKe 6ojee TeopeTUYeCKUe, YeM MpakTudeckue. OHU
B OCHOBHOM IIOCBAIII[eHbl F'eOMeTPUYECKOH ONTHKe. B JIeKIuAX 1o reo-
MeTpuH bappoy onuceiBaeT MeToZ KacaTelbHBIX. Ero 0603HaueHUs ObI-
JIU yKe ropasjo yaobHee obosnayeHuii epma. bappoy ycraHOBWI, UTO
3aZlaya BEIYMCJIEHHA IUIOLIAAM 1107 KPUBOM U 33/ja4a O IOCTPOEHUH Ka-
caTesIbHOM B3aMMHO 0OpaTHBHL. IIpu 3TOM OH MCXOAMIT U3 MEXaHUYECKUX
uget lamwies u Toppuyeu.
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BonbIIMHCTBO MaTeMaTHYeCKUX paboT Bappoy BHIIOTHEHH! ¢ 1663 1o
1669 rogwl. B 1669 r. Bappoy oTkasajicsi OT JO/KHOCTH JIyKacoBCKOTO
npodeccopa, HIOTOMy YTO ObLT Ha3Ha4eH CBALIEHHUKOM Kopoys. Ero me-
cTo 3aHsU1 HbIOTOH.

B «Jlekuuax mo reoMeTpuU» COAEPXKUTCS HepaBeHCTBO (1 + x)" >
> 1+ rix AnA NONOXKUTENBHBIX X Y LeJblX n > 1. Yepes 20 sieT 3TO Hepa-
BEHCTBO He3aBUCUMO o6Hapyxww1 fIko6 BepHyIu u ory6IMKOBa ero B
CBOeI TepBoii paboTe Mo Teopuu psfioB. Teneppb 3TO HEPABEHCTBO OOBIY-
HO Ha3bIBaIOT HepaseHcmeom bepuynnu.

Kpucrodep Pen (1632—1723)

Pen u He3aBHcHMO OT Hero PobGept I'yk (1635—1703) 3agoniro 1o
HploTOHA IpeANONIOKIUI 3aKOH OOpaTHBIX KBAJpaToB /i TPaBUTAIH-
OHHOTO NPUTSKEHUS TeJl.

B 1658 r. PeH nosy4w cripaMIeHUe [UKIOUEL, T. €. BBIMUCIWI AJIUHY
eé AyTH, UCIIONb3yA MeTo/ ucdepnbiBaHuA. OH MEepPBBIM PEIwI 3aJady
Kemnepa o zejeHUU B ZaHHOM OTHOILIEHUH TNOJIYKpyTa MPsSMOiA, TPOXo-
Jsiieit yepes ZaHHYIO TOUKY Ha AMaMeTpe 3TOro MOJyKpyra.

PeH urpai BeZyiyio pojib B Kpy»KKe Y4€HBIX, KOTOPHIH B 1662 I. cTan
KoponeBckum obmectBoM. C 1680 no 1682 r. oH 6bL1 npe3ugeHToM Ko-
POJIEBCKOTO OOIIECTBA.

3aHUMasiCh ONTHUKOM, PeH 06HAPYXKII, YTO OAHOIIOMOCTHBIH TUIIep-
60JIOMA 3aI0IHEH ABYMs CEMEHCTBAMMU IIPSIMBIX; 3TOT pe3y/abTaT OIy0-
JIUKOBaH B 1669 r.

PeH MHOro 3aHUMAJICSI apXUTEKTYPOIl U ObUT BeAYIIUM apXHUTEKTO-
poM AHIINU B TO Bpemsi. [Tocie noxkapa JlonaoHa (1666) BBIIOTHWII I'e0-
Je3UYeCKYIo ChEMKY pa3pylleHHON YacTH ropojia C IOMOIIBIO TPEX Apy-
T'UX Fe0fe3UCTOB, OJHUM U3 KOTOpBIX 6bL1 ['yk. CocTaBMII ILIaH BOCCTa-
HOBJIeHUs ropoza. [Tog ero HabmogeHneM ObUTa BOCCTaHOBJIEHA 51 1ep-
KOBb.

BmibaMm Heitnp (1637—1670)

B 1657 r. Heiutb man nepBblii npuMep aire6pauvyecKoro Cripsamiie-
HUA anrebpanveckoil KpUBOi. OH CIPAMUI MONYKYOHYECKyI0 apabony
y? =x3, KoTopy10 C Tex NMop cTalu Ha3kBaTh napabosoii Heiina. Heitts
COOOILIIII 3TOT HEOXXUAAHHBIH pe3yabTaT BpayHkepy u Peny. HeoxwuaH-
HBIM OH 6BUI IOTOMY, 4TO JleKapT ¥ MHOT'HE ApyTye GbUIH YBEPEHBI, YTO
JUIVHBI JyT anrebpandyecKUX KPUBBIX He MOTYT BRIpaXaTbcs aarebpau-
YeCcKH.
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Hxeiimc I'peropu (1638—1675)

B 1667 r. I'peropu onmy6mKoBa KHUTY «VICTMHHAsA KBagpaTypa Kpyra
u runepbosl» (Vera circuli et hyperbolae quadratura), B koTopoii usJio-
KW OCHOBHI FeOMeTPUU OeCKOHEYHO MaslblX. B 4acTHOCTH, OH BBEJ I10-
HATHE CXOAUMOCTH, 6JIM3KOe K COBpeMeHHOMY. B 3T0it KHUTe OH TaiKe
Jai onpezeneHye aarebpandyeckoil GyHKIUU U TPaHCLEHAEHTHOM QyHK-
UMM, anrebpandecKoro Yucia U TPAHCIIEHAEHTHOTO YUC/Ia U MOMBITANIC
Jl0Ka3aTh, YTO YHCJIa 7T U e TPaHCLEHAeHTHbIE, HO B €r0 JI0Ka3aTeIbCTBe
6bL1a omKbKa. DK3eMIUIAp 3Toi KHUTH ['peropu nocian loirency. Tot
HUYEero He OTBETWI, HO HaleyaTall PelleH3UI0, B KOTOPOil yTBepxJal,
YTO OH IIepBBIM OTKPBUI HEKOTOpBIE U3 OIyOJIMKOBAHHBIX I'peropu pe-
3y/IbTATOB. JTO O3aAavywio I'peropu, KOTOpBIH He MOr 3HAThb 00 3THUX
OTKPHITHAX ['folireHca, U BIIOCJIEACTBUN OH He NMyOIHUKOBaJ MHOTHE U3
CBOUX OTKPBITHUM.

B 1668 r. B kuure «[eomeTpudyeckue ynpaxHeHUsA» (Exercitationes
geometricae) I'peropu NpeaIOXKWI psa

3 5
ln}%zZ(x+%+x§+...) .
Ora KkHura 6bUIa IepBOil MONBITKOM HamucaTh yue6GHUK aHaau3a. B Heil
BIIepBHIE IOKA3aHO, YTO MeToZ KacaTeJbHHX (JuddepeHnpoBaHue) U
MeTOZ KBaZpaTyp (MHTerpMpoBaHue) B3aMMHO OOpaTHHI.

B 1668 r. I'peropu npeaynoxun Gopmysy YUCIeHHOTO UHTErpHpOBa-
HUA, BIOC/IEACTBUH NpeAioXKeHHY10 CHUMIICOHOM M MOJY4HBIIYIO Ha3Ba-
HUe gopmyna CuMncoHa.

B 1670 r. I'peropu Brragen o6muM pasoxeHueM 6uHoma (1 + x)P/9,
T. €. OH OTKPBUI pa3joxeHne 6MHOMa He3aBUCHMMO OT HploTOHA U NpH-
MEepHO OZIHOBPeMEHHO ¢ HUM. B 1671 r. I'peropu oTKprUI psid Teilnopa,
3azonro go camoro Teittopa (1715). K Hawyany 1672 r. I'peropu nomy4ri
HECKOJIBKO BaYKHEWIINX Pa3IoKeHU B PSA: A1 apKTaHTeHca, TAaHTeHea,
cekaHca.

I'peropu ofHUM U3 NEPBLIX Hayas IOHUMATh, YTO ypaBHEHUE NATON
CTelleH! HeJsb3s PelIUTh B paJuKaax.

T'eopr Mop (1640—1697)

T'eopr Mop 65U TOYTH HEU3BeCTeH B CBOE BpeMsi. B 1672 r. oH omy6-
JukoBan kHury «Jlarckuii EBxing» (Euclides Danicus), koTopas 6buta
MpoYyHO 3abbiTa Z0 1928 r. (BO3MOXHO, He OBLIO NMPOAAHO HH OAHOTO
3K3eMIUIApa 3ToH KkHUrH). B 1928 r. garckuii MaTemMaTuk EnbMcieB 06-
Hapy»XW1, 4TO B 3TOM KHUTrE COAEPXKUTCS AOKa3aTeNbCTBO TOT'O, YTO JIIO-
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60e HOCTpOeHHe, KOTOPOEe MOXXHO BBIIOIHUTH LIUPKYJIEM U JMHEUKOH,
MOXXHO BBIIIOJIHUTb OAHUM LIUpPKy/IeM. 3a Ipollejiiee BpeMs 3Ta Teope-
Ma, KOHEYHO, yKe ObUTa OTKPBITAa 3aHOBO. DTO cAejal ciycts 125 et (B
1797 r.) UTaNbAHCKUI MaTeMaTUK MacKepoHH.

®ununn ge Jla I'mp (1640—1718)

Oren Jla T'upa 6bU1 XyZ0KHUKOM U ApYKui ¢ Jlezaprom. Jla T'up Toxe
FOTOBHJICS CTaTh XyZOXXHHUKOM U 4epTEXHUKOM. B 1660 r. oH Ha 4 roza
noexas B MTanuio 1A COBeplIeHCTBOBAHHUA Xy/J0KeCTBEHHOI'O MacTep-
cTBa. B 3TO BpeMs y Hero BO3HUK UHTepeC K U3y4eHUIO NepClIeKTUBHI B
JKUBOITUCH, U TIOCTEIIEHHO OH CTaJl 3aHUMAaTbhCs MaTeMaTHKOM GoJiblie,
YeM JKUBOIMCBIO.

B 1679 r. Jla 'up MMMOX0/ZIOM HCIIOJIb30BaJl KOOPAMHATHI B IPOCTPaH-
CTBe, IIOJIyYUB YpaBHEHUE OZHOMH IIOBEPXHOCTH. DTO GBUIO MEPBHIM IPHU-
MeHeHHeM KOOpJAWHAT B IpocTpaHcTBe, moTtoMy uro ®epma u JlekapT
HUCIOIb30BaJIM TOJIBKO KOOPAWHATHI Ha IUIOCKOCTH.

B reomeTpuu Jla ['up B OCHOBHOM 3aHUMaJCs KOHUYECKMMHU ceye-
HUAMH, IPUMEHAA K HUM IPOeKTUBHBIN Mmoaxos. OH OGHAPYXWI, YTO
€CJIM TOYKa ABIDKETCS II0 HEKOTOPOU IpsAMOM, TO eé Mmosisipa BpaniaeTcs
BOKPYT HEKOTOPOM TOYKH.

Jla Tup BBEN Ha3BaHUA «abciucca» U «OpAUHATa». ITO ObUT BaXXHBIA
1ar, MoToMy 4TO 0 3TOTO C KOOpAWHAaTaMu ObLta GoJbliias MyTaHUUA,
YacTO NMPUBOAUBLIAA AaXKe XOPOIIMX MAaTeMaTUKOB K OIHHMOKaMH, OCO-
GeHHO IIpU NOCTENIEHHOM BBeJIEHUU OTPHIATENbHBIX KOoOpAWHAT. [1pu
3TOM OCOGEHHO JAOJTO IeOMETPHI HE XOTEJIW BBOAUTH OTPHIaTeJIbHBIE
abCIUCCHL.

Cexku KoBa (1642—1708)

Anonckuii MmatreMaTuk Cexku KoBa czenas HECKOJIBKO BBIZIAIONINXCS
OTKpBHITUH, ollepeJUB eBpoOIleiickuX MaTemarukoB. B 1683 r. o, pas-
pabaTbIBasg KUTAMCKUI MeTOZ pelleHUsA CHCTEM JIMHEHHBIX YpaBHEHMS,
MPUIIEN K MOHATHUIO ollpeAenuTesisi. B 3ameTkax JlelibHMIIA 3TO TOHATHE
MOABJIAETCS IIPUMEPHO B TO JXe BPeMs, HO €ro IIMCbMO K JIOmUTaJIo, rae
MOHATHE ONpeAenuTes1 COOPMYJIUPOBAHO YKe BIIOJIHE YETKO, HAITMCAHO
Ha 10 JeT no3xe.

Cexu KoBa 3Han cTenmeHHoO# paz ans (arcsinx)?, BHIBOA KOTOPOTro
IMOKa3bIBaeT, YTO eMy ObUIa M3BeCTHA TeopeMa O OHMHOMe, IO KpaiiHeH

1
Mepe A/ TOKa3aTesIs . OH TaioKke OTKpPbUI YMc/Ia bepHy/miu paHblie
flkob6a BepHysuH U NONMyYw1 24 BepHBIX JECATUYHBIX 3HaKa YUCiIa TT.



Hbiomon 255
Ucaaxk HpioToH (1643—1727)

Buorpadus

Korza HeioToHy 6bUTO OKOsI0 15 JieT, MaTh 3abpana ero u3 IIKOJIbI,
YTOOBl OH 3aHMMAJICSI XO3HUCTBOM. DTO IOJIY4aaoCh y Hero IUIOXO; OH
MPEANOYUTA CHUAETh NOZA JepeBOM C KHUTOM WIM YTO-HUOYAb MacTe-
puTh. BrIBIIMIA yyuTesnb HbI0TOHA IIOCETII €T0 MaTh U IocTapascs yoe-
JUTb €€ IaTh CHIHY BO3MOXHOCTD 3aBEPUINTh 0Oy4yeHue B LIKOJe U 10J-
TOTOBUTBCA K TIOCTYIUIEHHUIO B YHUBEPCUTET, YTOOBI He 3aryOuTh Ha dep-
Me CTOJIb MHOroobemaoumuit yMm. OH gaxe NpeAIoKWI BHECTH 3a HETO
wiary 3a obydenue. [l mMarepu HbioToHa, eZiBa yMmeBIIel YWUTaTh U
MOYUTABIIEN TOJBKO 3eMiIeBaZleHue, 3TO ObUIO KpyllleHHueM Bcex Ha-
nexn. OHa obGpaTiiach 3a COBETOM K 6pary, Ha KOTOPOTO Iojiarajach,
¥ HEOXXHUAAHHO OH NOAZep)kaj MHeHUe yuuTesnsd. HpIOTOH BepHysics B
Koy u B 1661 r. otnipaBmica B Kem6pumx.

OueHb 6osbliioe BIUsAHUE Ha HpIOTOHA, HAYMHAIOIIEro U3ydaTb Ma-
TeMaTHKy, okasanu «leomeTpusi» Jlekapra u «Apudmernka becKkoHed-
HeIx» Bamuca. B 1663 r. yuntenem HrpioroHa B KeMOpU/KCKOM yHU-
BepcuTeTe cTal Mcaak Bappoy, MHOro 3aHMMaBIIMiicA 3aladyaMy Ha Ka-
caTesIbHblE U OOpaTHBIMU K HUM 3aJja4aMi (OHHU IIPUBEJU K CO3JaHUI0
auddepeHITHaIbHOIO U UHTErpaJIbHOrO McuMcaeHnsa). bappoy, B yacT-
HOCTH, YCTAHOBIJI B3aUMHYI0 00paTHOCTh AU depeHIIIPOBAHUA U UH-
TEerpUpOBaHUs, HO OH BHE/ B 3TOM JIMIIb CPECTBO IS pelieHus obpat-
HBIX 3aZa4 Ha Kacare/ibHble. HPIOTOH 3HAYUTEbHO Pa3sBUI HAEU CBOETO
YIUTEA.

Ha Bpems uymbl (1665—66) Kem6pumk 6bU1 3aKphIT, 1 HBIOTOH Npo-
BEJI Ba roZia y MaTepH. 3a 3TO BpeMs OH pa3paboTas Teopuio QIIIOKCHA
(OoCcHOBBI MaTeMaTHYeCKOTO aHajlN3a) U TEOpUIO TATOTeHHsA, Ipozesai
ONBITH C MPU3MOI 10 M3y4YeHHUIO creKTpa. B 1666 r. yyma mnouuia Ha
criag, Ho B JIoHZOHe ciyuwics 6oJbIION moxap, OymeBaBUIME YeThIpe
aust. BepHysumice B Kem6pumk, HpI0TOH He cnemun AejUTbCs CBOMMU
OTKpHITUAMU. Koe-uTo OH pacckasan Tonbko Vicaaky Bappoy. B 1669 r.
Bappoy y6enwn HeploToHa HamucaTh HeGOJNBLION TpakKTaT «AHAINU3 C
MMOMOIIBI0 YPaBHEHHH ¢ 6€CKOHEYHBIM YHCIOM WIEHOB» [16, c. 3—24],
HO HbIOTOH commacuics UMb I0KA3aTh ero HeCKOJIbKUM MaTeMaTHKaM
¥ He corviauiajcs ny6JuKoBaTh ero (3TOT TpaKTaT OIyOJIMKOBaH JIMIIb
B1711r.).

B 1669 r. Bappoy nony4u1 ZO/DKHOCTb CBAllleHHMKa Koposia Kapia II.
[oxupas Kem6pumk, Bappoy octaBiwi HploTOHa CBOUM ITPEEMHUKOM Ha

kadezpe.
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B 1669 r. HbI0TOH NepBbIM HU3rOTOBII pedieKTOPHBIN TesecKol (oc-
HOBaHHBIN Ha OTpaXeHUH, a He Ha NpeJIOMIeHUHU cBeTa). Ve Takoro
TeJlecKoIla BO3HUKJIA y Jlxelimca I'peropu, HO OH He CMOT' €r0 M3roTO-
BUTb. B TO Bpems To/bKO HbIOTOH IOHUMAJI, 4YTO BaXKHOE NPEUMYILECTBO
pedIeKTOPHBIX TeJeCKONOB HaJl pedpaKTOPHEIMU COCTOUT B OTCYTCTBHH
XpoMaTU4ecKoi abeppaliviy, CBI3aHHOM C TeM, UTO JIy4Ud Pa3HOTO IBETA
NIPeJIOMJIAIOTCS [TOJ, pasHBIMU yriaMu. Ho oH omm604HO mosarai, 4To
3TOT HEAOCTATOK pedpaKTOPHBIX TEJECKONOB HEBO3MOXHO YCTPAHUTD.
3a u3roTobieHue pedeKkTopHOro Teneckona HeioToH B 1672 r. 6UT U3-
6pan wienoM KoponeBckoro obiiecrsa.

[Mocsre 3KCIIEPUMEHTOB € MPU3MO¥ HbIOTOH IpUIIEN K yOexaeHHIO,
YTO CBET COCTOUT U3 yacTull. I'yk u 'OHreHC ¢ 3TUM He COIJIalliajIuCh,
cYMTasd, YTo NpUpOJa CBeTa BOJIHOBAS.

B 1679 r. I'yk BbICKa3aJ TUIIOTE3Y, YTO ABIDKEHUE IUIAaHET OOBSICHSA-
eTcsl UX NIPUTKeHHeM co cTOpOoHH! COMHIA [0 3aKOHY 0OpaTHBIX KBaJ-
paTtoB, U coobunur eé HpI0TOHY. DTa rMIOTe3a CHIbHO PacXoAuiach C
roCIIOJCTBOBaBIIIEl TOTAa TeopueH Buxpei Jlekapra, mostomy HbioToH
CHayasa OTHEcC K Hel ¢ HeAoBepueM, HO IIOCTelleHHO IMOHSI, Y4TO C
MaTeMaTU4eCcKOH TOYKM 3peHMs 3Ta ujes Ype3BhIYaliHO IUIOJOTBOPHA.
HVpero I'yka obcyxaanu acTpoHOMBL, U B 1684 roay Kpucrodep Pen u Ox-
MoHZ 'anneit (1656—1742) nocraBuwiu nepez I'ykoM 3aady: U3 Ipero-
JIOXKEHUA, YTO CIIA NPpUTKeHUs wiaHeT ComHIieM o6paTHO NpONOpLHU-
OHaJIbHa KBaZpaTy PacCTOAHUA MeXJY HUMH, MaTeMaTU4ecK! BEIBECTU
IUNTHYeCKylo GopMy OpOUT IUtaHeT. I'yk yTBepxzAaj, YTO OH yMeeT
3TO BBIBOJUTH, HO He MpebABIII JoKa3aTeabcTBo. CrrycTs noaroga las-
Jieit peunn noexatb B Kem6pumx x Herotony. Ha Bompoc lanes, ka-
KHe TpaeKTOpUu OyAyT ONUCHIBATH IUIAHETHI, €CJIH IPEANONI0XUTh, YTO
cwia nputTxeHusa ux ConHIeM obpaTHO NpPONOpLHOHAIbHA KBaJpPaATy
paccrosiuud, HeloToH 6e3 Kone6aHUi OTBETHI: «DTO GYAYT 3/UIMIICHD.
Ha m3ymnénnelit Bonpoc l'asies, oTKyza OH 3TO 3HaeT, HbIOTOH OTBe-
THJI, YTO OH 3TO BBIYUCINIL. ['ajulell MOIpPOCIUI OKa3aTh BEIYUCIEHUS, HO
Hb10TOH He cMOT HalTH UX cpefy cBoux OyMmar. HpI0TOH mooGemal mo-
BTOPUTD 3TU BBIYUCJIEHUA U NPUCIATh UX IO moyTe. ['ajero npuiuioch
XKAATh 3 Mecs1ia, HO OH BCE Ke MOMYyYII OOelllaHHble BHYKUCIeHuA. [a-
Jieli HeMe//IeHHO IToexaJjl CHOBa K HbIOTOHY, YTOGHI y3HATh, COIIACUTCA
JIM TOT NpeJCTaBUTb CBOIO CTaThi0 Nepes KoponeBckuM O6LIeCTBOM U
ony6nukoBath e€. HbIOTOH 3ax0Ten ZeTajabHO paspaboTarh CBOIO TEO-
puIo 1 nociie 18 MecAueB yIIOPHOTrO TpyZa B anpere 1686 r. mpeacraBul
KoposeBckoMy o61iecTBY «MaTreMaTH4ecKue Havajaa HaTypalbHOU ¢u-
Jsocodun». Mecsi cIycTs o0I1ecTBO pelluIo U3jaTh KHUTy HbioToHa, HO
IIOCJIE 3TOTO BBIICHWIOCH, YTO BCE JeHbI'M YKe IOTpadeHbl Ha JOpOro-
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crosiee uszganue «Vctopuu pei6». Toraa lamtel pennr U3gaTh KHUTY
3a CBOI1 CYET.

HpIOTOH cyuTasl, 4YTO AN HOAJEPXKAHWUA CTabGWIBHOTO COCTOSHMSA
CoJiHeYHOH cucTeMHBI TpebyeTcs: BMeIaTeIbCTBO IOCTOPOHHUX CBEPXb-
€CTeCTBEHHBIX CHIIL.

B 1689 r. KeMOpHmKCKUH YHUBepCUTET JO/DKeH ObUT U30paTh ABYX
wieHoB [lapiaMeHTa; OAHUM U3 HUX ObUT U36paH HeloToH. B [TapiameH-
Te OH IIPOBEJ OKOJIO I'OZia, HO BBICTYTIA TaM TOJIBKO OAWH pa3 (IIoNpocuil
3aKpHITh OKHO, 4T06 He Ayso). B 1702 r. Bo BpeMs HOBBIX BBIGOPOB B I1ap-
JaMeHT HbIOTOHA CIIPOCWIIH, XOYET JIU OH, YTOOBI €ro BHIOpasu CHOBA.
On oTkasascs.

HbIOTOH NpeANnpUHsI HeCKOJIbKO 6e3yCIelHbIX TOIBITOK ITONyYUTh
JPYTYI0 AOJDKHOCTD (B KeMOpHmKe eMy 4acTO IpUXOAWIOCH YUTAT JIEK-
LMY B IYCTOH ayAUTOPHM, U 3TO ero pasgpaxano). B 1692—93 rozax
U3-32 TAKEIOro NnepeyToMIeHus (WM OTpaBjeHUs B XOZe 3aHATUH ajl-
XMMHell) OH cTpajas ICUXUYeCKUM paccTpoiicTBoM. B 1696 r. HpioTOH
6bUT Ha3Ha4YeH xpaHuTeneM MoHeTHOro ABopa (u nepeexain B JIOHAOH),
a B 1699 r. — ero aupekropoM. HeloTOHY mpecTosuia 6onbiias pabora:
u3-3a 06IKUA B AHIMM (aIbIINBEIX MOHET OBUIO pelleHO MOJIHOCTHIO
nepeyeKaHUTb MOHeTH. B ob6s3aHHOCTH HbIOTOHA BXOAWIO TaKKe BBI-
siB/leHre $albIIMBOMOHETUYHUKOB.

B sauBape 1697 r. HpioTOH nosy4wl nucbMo oT MoranHa bepHyinu,
cozepkaBliiee Be TPYAHBIX 3azayu. OgHa U3 HUX ObUIa ONyOJIMKOBAHA
6 MecsueB Ha3aZl, HO OCTaBaJlaCh HEPELIEHHOH, a ApyTyio peliwi Jlei6-
HUL, HO BepHy/UM He coobunul HEIOTOHY 3TO pelleHUe, XKejlas IpoBe-
puThb criocob6HocTH HhioTOHA. HBIOTOH IMOJIYYIUI 3TO MUCHMO ITOCIIE TSDKE-
soro paboyero fHs1 Ha MoHeTHOM ZABOpe. B nepBoii 3ajaue Tpe6oBanioCh
HaiTU KPUBYIO, 10 KOTOPOU JO/DKHO JBUTATHCA TAXKENIOE TesIo NOA Ael-
CTBHEM COOCTBEHHOI'O Beca, YTOObI OHO OBICTpee BCETO II0NAJ0 U3 OSHOM
JaHHOM TOYKH B JPYTYIO JaHHYIO TOUKy. He moyxuHaB, HbI0TOH IpUHSII-
s 3a pemeHue 3aza4. Yepes 12 yacoB oH pewnwt obe 3aayu U Hamucal
MUCHMO npe3nzeHTy KoposeBckoro o6iecTBa, U3JI0KUB pellleHUs U 10~
IIPOCUB HaneyaTarb MX aHOHMMHO. MloraHH BepHyiau, MpoyuTaB 3Ty
CTaTbhlO, PN, YTO TOIBKO HbIOTOH MOT eé HanucaThb: «Y3Halo JbBa M0
OTMETKE ero Korrei».

B 1703 r. HpioToH 6bUT U36paH IpesuzeHTOM KoposeBckoro obiie-
CTBa U Nepen30upasICa KaXXAbIH roj BIUIOTh A0 CMEPTH.

B 1705 r. koposneBa AHHaA nocBATWwIa HpioToHa B prinapu (OH ObUT
MEPBHIM U3 YYEHBIX, YZOCTOUBIIUMCS 3TOH 4eCTH 3a Hay4yHble TPYABI).

HpI0TOH He XOTes MyGJIMKOBaTh CBOM paboThl 1o aHanu3y. B 1676 .
Jle#i6uun mo6riBai B Jlonaone. C HbI0TOHOM OH He BCTpevalsicsi, HO I0-
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JIy9W JOCTYH K ero 6ymaraM, xpaHuBmmmuca y JxoHa KommmHsa, 1
Jaxe czieiag U3 HUX KaKue-TO BBINIKUCKY; JIMIIb MHOTO IO3/IHee BBIAC-
HWIOCh, YTO HUKAKWX BHINTKMCOK, CBS3aHHBIX C aHa/lIU30M, JIeibHul He
nenan. O BO3HUKIIEM BIOC/IEACTBUU criope Mexay HpioToHOM U Jleii6-
HHUIEM I10 TIOBOAY IPUOPUTETA B OTKPBITHH aHaIN3a 6€CKOHEYHO MaJIbIX
HaIUCaHO B pa3jesie, OCBAEHHOM JleHOHULY.

MareMaruyeckue Hayajia HaTypajabHO# ¢riocopun

ITpu xu3Hu HeioToHa «MareMaTrnyeckye Hadajla HaTypajJbHOH GH-
snocoduu» (Philosophiae naturalis principia mathematica) [14] u3zaBa-
Juch Tprxabl: B 1687, 1713 u 1726 rogax. HazBaHue, o-BUgMMOMY, CBS-
3aHO c KpuTHUKOU JlekapTa, KOTOpOMY, 10 MHeHUIO HbI0TOHA, HeJoCTa-
BaJIO aJleKBaTHBIX MaTeMaTH4eCKUX NPUHIUIOB. B Ha3BaHUM OTpa3u-
JIOCh TakXke To, 4TO Hbi0TOH o4eHb LieHWI «Havana» EBxkinza. ITomorr-
HUK HplOTOHa BCIIOMHMHAJ, YTO 3a S JIeT TOAbKO OAWUH pa3 BUAEN €ro
cmeromuMces: HploToHa paccMellII BOIPOC, €CTh JIM KaKas-TO I0/lb3a
oT usyyeHusa «Havyan» EBkianga.

B 1670-e rogst HbI0TOH HauMHAET KPUTUYECKU OTHOCUTBLCS K TeOMET-
puu JlekapTa u K MeTogaM OeckOHe4yHO Masbix. OH IpeArodyuTaeT Me-
TOABI ApeBHErpeYecKux MaTeMaTukoB. IloaTomy B «Havyanax» HproTOH
06xozuTes U 6€3 TEXHUKH y4eHHUA 0 QUIIOKCUAX, U 6e3 TEXHUKHU aHa/Iu-
TU4Yeckoi reometpui Jlekapra. Ho oH cucTeMaTuyecku NpuMeHseT UH-
¢dUHUTE3UMAJIbHEIE METOABI B CHHTETUYECKU-TEOMETPUIECKOH dopMe.
(TosbKO OZUH pa3 OH BCKO/Ib3b YIIOMUHAET O QIIOKCHUAX U GOpPMYyIUpyeT
0 HUX OZHO yTBepxJeHUe.) B «Hauanax» HpI0TOH nulIeT O ABIKEHHUAX,
U3MeHeHUAX WIN (IIIOKCHUAX BeJIWYUH (3[ech Y Hero BliepBble BCTpeya-
eTCsA TEPMUH PJoKcUs).

Mpeicib HbIOTOHA 0 €AMHCTBE CWIBI TATOTEHHS, yIIpaBisiolel naze-
HUEM 3eMHBIX Tell ¥ JBI)KeHUeM HebecHBIX TeJl, Obuta HoBa. Emé lanu-
Jied IPUZIEPXKUBAJICS WU APUCTOTeJIs, YTO 3eMHasi MeXaHUKa U Hebec-
HasA MeXaHWKa IOJYMHAIOTCA pa3HbIM 3aKOHaM. B wacTHocTH, cBOGOZ-
HOe JBIDKEHUE B 3eMHOH MeXaHUKe IpSAMOJIMHENHHOe, a B HebeCHOM —
KpyroBoe. l'anuiero 6bU1a TakKe IyKJa MBICIb O ZalbHOAeCTBUY (IIpU-
TsoxkeHUM 3eMiad ConHueM). OH cuuTaj, 4To o AecTBUM COJHIA WU
JlyHBI Ha 3eMJII0 MOTYT r'OBOPUTD TOJMBKO acTPOJIOTH, U He BEPUI B T'U-
noTe3y KonepHuka o TOM, YTO NMPWIMBH M OTJIMBHI BHI3BIBAIOT JIyHa U
CosHye. I[IpyUHIUI AeCTBUA HA PpacCTOSIHUU JOJITO He MOIVIM IIPUHATH
KapTe3uaHI[bl (a KapTe3naHaMu 6bU10 6OIBIIMHCTBO GpaHIy3cKUX u-
3MKOB M MaTeMaTUKOB). HbIOTOH He Zajn ¢pU3NYeCKOro OObACHEHHUA Me-
XaHU3Ma BCEMHUPHOIO TATOTEHHS.
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B nepBoii kuure «Havyan» HpI0TOH peliaeT CHHTETUYECKU-TeOMETPH-
YeCKUM MeTOZOM, B iyxe ApeBHEerpedyecKUx reoOMeTpoB, 3aady [lamna,
KOTOpYI0 JleKapT peliiI ¢ HOMOIIbIO aHATUTHYECKOU FreOMETPHH.

INpu peleHuu 3aa4uu Kertepa o HaxoXAeHUH IUIOIIAAU CEKTOPa 31
svirica HpIOTOH ZI0Ka3bIBaeT JIEeMMY O Healre6GpanyHOCTH IUIOIAAU CeK-
TOpa JIr060ro oBaja, OTCEKaEMOro NPSAMO, BpalljaloIeics BOKPYT GpUK-
CHpPOBaHHOM TOYKH. JlOKa3aTeJbCTBO OCHOBAHO HA TOM, YTO IOCJE Of-
HOT0 060pOoTa A06aBIIsIeTCs IUIOIIAAb OBaJa, YTO MIPUBOAUT K 06pa3oBa-
HUIO CIIMpaJIU; MpsMas IepeceKaeT 3Ty CIUpaib B 6ECKOHEYHOM YHCIIe
TOYEK, YTO POTUBOPEUUT aIreGpaudHOCTH.

HbIOTOH ZI0Ka3bIBaeT, YTO Map, IVIOTHOCTH KOTOPOT'O 3aBUCHT TOJIBKO
OT PacCTOSAHUA JI0 LIEHTPa, IPUTATUBAET YaCcTUILy, PACIOIOXEHHYIO BHE
€ro, ¢ TaKOH e CIIOH, KaK ecii OBl BCsI ero Macca 6bU1a cocpeZjoToueHa
B eHTpe. TOYHO Tak ke OH CBOAUT IPUTIKEHUE JBYX IIAPOB K NPUTS-
JKEHUIO JIBYX TOYEK.

Knura 2 «Havasn HatypanbHOH ¢unocodun» NOCBsIEHA ABIKEHUIO
TeJla B CONPOTHUBJIAIONIecs cpeie. HpioToH Hawmén popMy Tesa Bpalie-
HUA, UCTIBITHIBAIONIEr0 HauMeHbIIee CONPOTUBIEHUE NTPU JBI)KEHUU B
HanpasjleHUU oc1;1 BpallleHUs1, CBeAs 3TY 3a4a4y K JuddepeHIuaIbHOMY

/
YPaBHEHUIO —1y—+y;75 = %. Oto 6ObUTa MepBas pelIEHHAA 3aja4ya Bapyaliu-
OHHOrO McYHCIeHUs. HbIOTOH He OOBACHWI, KaK OH Homy4awi gudode-
peHLMAJIbHOE ypaBHEHUE, IO3TOMY ero 3ajada He IpHUBJEKIa K cebe
BHHUMaHHA MaTeMaTHKOB U CHayajla He OKa3ajia BAUAHHUA Ha BO3HUKHO-
BeHMe BapUAllIOHHOT'O UCYUC/IEHHA.

B xHure 3 HpIOTOH NpUMeHseT K aCTPOHOMHMU pe3y/abTaThl, MOIy-
YeHHble B KHUre 1. OH M3y4aeT MpPIIUBEL, GopMy 3eMJIH, HEKOTOPhIE
OTKJIOHEHH B JBM)XKeHUU JIyHBI, Ipereccuio paBHOAEHCTBHUA, TPAEKTO-
PHH KOMET, K KOTOPBIM OH IIPUMEHsIET MeTOJ UHTepIOoIAuU. B KoHIle
TpeThel KHUTH (HO TOJIbKO BO BTOPOM U3jaHuM) HbIOTOH Hamucasl 3Ha-
MeHUTOe «['UIOTe3 He U3MBIIUIAIO».

MaremaTrudecKkuii aHaJIu3

3umoii 1664 r. HbIOTOH YCTaHOBWI OGHHOMMAIBHYIO TEOPEMY JJIs
ZApOOHBIX NMoKa3aTesneid. OH NPUIIENT K IOHUMAaHHUIO B3aUMHOM 06paTHO-
CTH 3aJja4 [TPOBeJleHUA KacaTeJbHbIX U 33a4yl BhIYUCJIEHUA [UIOIALU
noz, kpuBoi. OH pa3paboTan alropuTM, IO CyTH Jejla SKBUBaJIEHTHBIN
muddepeHIIaTEHOMY M HHTETPAIbHOMY UCYHCIeHHIO JleibHua. Hpro-
TOH BOCIIONIb30BAJICA OMHOMMAIBLHOM TEOPEMOM AJIST pellleHus 3aJadd
KBaZpaTyp (IIOWIeHHOe UHTErpUpPOBaHUE).
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HbploTOH Ha3bIBaeT ¢iroeHmotll BeUINHY, KOTOpas HEIIPEpPBIBHO Te-
4éT (flows) Bo BpemeHu (Hampumep, IUIOLIaAb NOA KPUBOW, KOTOpas
BO3pacTaeT IIpY HENpPepPHIBHOM M3MeHEHUM KOODPAWHATHI); diokcus —
3TO MI'HOBEHHAs CKOPOCTh (IIOEHTHI.

B pabote «MeTog ¢uitoKcHit U 6€CKOHEUHBIX PSAOB C IPHIOXKEHHUEM
€ro K reoMeTpUU KpUBBIX» (1671) [16, c. 25—166] HpioTOH omucar cIo-
cob HaxXOXKJEeHHA Pa3IoKeHUH B pAZ AJs BeTBell anrebpandeckoii Kpu-
BOH B KpaTHOH Touke (mapayuienorpamm HpioroHa). [Tapanienorpamm
HploTOHA BNIOC/IEACTBUU CHITPAl OY€Hb BaXKHYIO POJIb B Pa3BUTHU TeO-
puH anrebpandeckux GyHKIUH.

B 1676 r. HpioTOH yCTaHOBWI, 4TO UHTerpaa audpepeHIUaNIbHOIO

6uHOMa fx’" (a + bx™)? dx Bplpaxkaercs anrebpanyecku B TOM U, Ha-

m+1
CKOJIbKO €My M3BECTHO, TOIbKO TOM C/y4ae, KOT/a OAHO U3 Yucen — —,

m+1
p + p wiu p HaTypaibHoe. ([loka3aTelbCTBO TOTO, YTO B OCTAJIBHBIX

CJTy4asix 3TOT MHTerpasl He BbIpa)XXaeTcs B 2lIeMEeHTapHbIX QYyHKIIUAX, [TO-
syaun Ye6riieB B 1853 r.)

B 1680 r. HproToH nomnsitTascs rnepepopMyIHpOBaTh CBOU PE3YJIbTAThI
o durtokcuAX U QIIoeHTax Ha reOMeTPUYEeCKOM fA3bIKE, COITIACOBAHHOM C
MeTOZaMHU JpeBHErpeYecKuX MaTEMAaTHUKOB.

Y HploTOHa TEPMUHOJOrHWA, CBA3aHHAsA C OTHOLIEHHEM HCYe3alo-
IIUX BeJIMYUH, ObUTa HeycToiuuBa. VIHOrZa OH MCIOJIB30Bajl TEPMUH
«METO/, TePBBIX U NOCIeJHUX OTHOIIEeHU». HbIOTOH yKa3bIBaeT Ha aHa-
JIOTUIO OTHOLIEHHA HCYe3alollMX BEIWYUH C IOHATHEeM MTHOBEHHOMH
CKOPOCTH.

B pa6ore «MeTtoz pasHocTeii» (1711) [16, c. 210—217] HbloToH AOKa-
3bIBaeT CBOIO MHTEPNOIALMOHHYIO GOPMYy U BEIBOAUT U3 Heé dopmy-
JIy, TIOJIY4UBILIYIO BIIOCJI€ACTBUM HasBaHUe dopmyna CmupauHaa.

«Bceobimas apudpmMeTHKa»

B kHure «Bceobmjast apudpmMeruka, wind Kaura o6 apudMeTHIecKux
CUHTe3e U aHaiau3e» (1707) [15] Hel0TOH ompejefeT YUCIO KaK OTHO-
LIeHUE BYX OZHOPOJHKIX BEJIMYUH. DTO ONpe/ie/ieHHe OXBAaTHBAET TOJb-
KO HOJIOKUTE/NbHbIE YUCIA; HylIb U OTpULIATeJbHbIE YUCJIa BBOAWIKCH
JOTOMHUTENbHO. Bo «Bceobuieil apudpmMernke» HbIOTOH He NPUBOJUT
JIOKa3aTeJIbCTB GOJBIINHCTBA TEOPEM.

Bo «Bceo01ieli apu¢pmMeTrke» HbI0TOH BIepBhle MIPUBEN aarebpau-
Yeckoe ZI0Ka3aTelbcTBO ¢opMysbl I'epoHa. Jlo 3TOro TexHUKa anrebpa-
WYeCcKUX Npeobpa3oBaHUi He ObUIa ZOCTATOYHO pa3paboTaHa It 3TUX
nesieil. HpI0TOH IPUBOAUT TakoKe aHAIUTUYECKOe pelileHue 3a1ayu [lamn-
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na (B «Hayanax» HbI0OTOH ZaéT eé penieHue CHHTETUYECKU-TeOMeTpHye-
CKHMM METO/IOM, B JiyXe JipeBHerpeyecKUx reoMeTpoB).

HeloToH Jokasan (B «Hayanax» CUHTETHYECKH, T.e. 6e3 BBIYUCIe-
HUU, a BO «Bceobell apupMeTHKe» aHAIUTUKO-TEOMETPUYECKH), YTO
ecJM /iBa yIVIa BPAUIAlOTCSA U TOYKA IepeceyeHHs UX CTOPOH ABIIKET-
cs MO INPSIMOI, TO BTOpas TOYKA IlepeceyeHUs JBIDKETCA IO KOHUKE.
Ora TeopeMa ONUCHIBaeT KOHMKY KaK MHOXECTBO TOYEK IlepeceyeHHs
COOTBETCTBEHHBIX IIPSIMBIX B JIBYX IIPOEKTUBHBIX My4YKax (TEOPUIO IpPO-
€KTUBHBIX IIYYKOB IpsAMbIX noctpouw lltefinep B 1832 r.).

HbI0TOH IIOCTaBIJI U PelIivl 3a4ady, KOTOPYIO Ha COBPEMEHHOM S13BI-
Ke MOXHO COpMy/INpOBaTh Tak. [TycTh JaH HENPUBOAUMBIA MHOTOWIEH
CTelneHU 2m ¢ UeibIMU K03ddULeHTaMu U co cTapmuM KoaddunreH-
ToM 1. CyIecTByeT JIi TaKoe 1esoe 9ucio d, uro Hag nonem Q(+v/d) aTor
MHOTOWIEH pasjiaraeTcs Ha iBa MHOXUTeEJIA CTeeHu m?

3aBepuiaoias 4acTb «BceobIneii apudMeTHKH» IOCBAIEeHa ITOCTPO-
€HUI0 KOpHeH Ky6uYecKMX ypaBHEHUH C IIOMOIIbI0 KOHWYECKHX ce-
YeHUH.

Knaccupukanus KyGHIeCKUX KPUBBIX

B paborte «IlepeuncieHue KpUBBIX TPEThETO NOpsAKa» HbIOTOH aan
KIaccuUKALNIO KybudecKux KpUBBIX (1667—68, ony6irnkoBaHo B 1704)
[16, c. 194—209]; oH nepeyncaw 72 TUNA KPUBBIX (6 THUIIOB OH IIpOIY-
CTHIL, YTO 6bUI0 06HapykeHO B XVIII B.). HpI0TOH ZaéT TakKe MPOeKTUB-
Hyto Kiaccuukamuio. Ho oH He IPpUBOAUT HUKAKUX JOKA3aTENbCTB.

Tordpug Buwibrensm ¢oH Jleitonun (1646—1716)

B 16 sieT Jlei6HUI[ OCTYIIWI B YHUBEPCUTET B JleHnuure ¥ usydasn
TaM ¢wiocodpuio U MaTeMaTHKy. B «Paccy)kaeHUHM 0 KOMOGUHATOPHOM
uckyccrBe» (De Arte Combinatoria, 1666) JIeii6HUI A0Ka3asl pAA TEOPEM
0 COYETaHHUAX U NepecTaHOBKAaxX U BBEJ TepMUH Komburamopuka. Llens
Jleti6bHUIa ObUTa B TOM, YTOOBI CBECTU BCE PACCYXXAEHHUSI U OTKPHITHSA K
KOMOWHAIMAM HEKOTOPHIX OCHOBHBIX 3JIeMeHTOB — IIU(p, 6YKB, 3BYKOB,
yBeToB. Takoii MOAX0 XapaKTePeH U A MHOTMX NOCIEAYIOMUX paboT
Jlet6bHMLIA. )

C 1672 r. Jleitbnun B [Tapike u3yyan MaTeMaTHUKy U GU3HKY IOJ
pyxoBozcTBOM I'toiireHca. B 1675 r. B [1apik npuexan YupHrays, 1 OHU C
JleiibHUIIEM TOAPYXWIKCE. ViMeHHO B Ilapinke JIEHGHUIL TOJIyYWI CBOU
OCHOBHBIE pe3y/IbTaThl 00 aHajv3e GeCKOHEYHO MasblX, HO OIyOGJIHKO-
BaJl X ropasZio mosxe. B ero pykomnucu, oTHocsamelcsa Kk 1675 r., yxe
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BcTpeyaeTcsa 0003HauYeHue UHTerpaia f f (x) dx. B 1676 r. Jleti6Huiy mo-
Ayaun paBeHCTBO d(x™) = nx""ldx kak AJA LeJBIX, TaK U VIS Palyo-
HaJIBHBIX M.

Jleit6HuI, MTpULIEN K CO3ZaHUIO aHa/IM3a OECKOHEYHO MAaJblX Jecsd-
TBIO rofiamMy no3xe HbI0TOHA, HO HE3aBUCHUMO OT Hero. K Tomy Bpeme-
HU, Korza HeI0TOH ony61MKOBaJl IEPBYIO U3 CBOUX paboT Mo aHaIM3Y,
BCe OCHOBHBIE paboThI JleiibHUIA yKe 6bUTH OoNy6MuKoBaHbl. HbIOTOH U
JletiGHMI] He MyGIMKOBAJIY CBOU pe3yJabTaThl IO aHaIu3y 6osee 10 seT,
¥ MHOTO JIET CIYCTA 3TO IIPUBEJIO K OXXECTOYEHHOMY CHOPY IO NOBOAY
IIPHOPUTETA, AOMOJHUTEIBHO Pa3)XUTraeMOMY UX CTOPOHHUKaMH.

B 1676 r. Jleiibuun o6MeHsUICA MUcbMaMu ¢ HbIOTOHOM 4epe3 mo-
cpeactBo OsnbgeHOypra. B 3To BpeMs OH y)Ke BiaJie/l OCHOBHBIMU H7e-
SIMHU ¥ METOAAMH MCYHCIeHUs 6ECKOHEYHO MaJIbIX, HO y3Ha/l MHOTO HH-
TepecHBIX MOAPOOGHOCTEH.

HrioToH nociain JleiiGHUIy TUCEMO, B KOTOPOM IIepeYUCII MHOTHE
U3 CBOHX Pe3y/IbTaTOB, HO HUYEro He coo6IuI 0 MeToAax. JleibHuL Ha
3TO MUCbMO OTBETHJI CPa3y, HO 0 3TOTO OHO JOJITO IUTO A0 Hero, u Heio-
TOH pemrwi, 4yTo JIefiOHUI] OTBETIUI HOCJIE HIeCTUHEETbHBIX PA3JyMUIA.
IMucemo HrloToHa nobyxaano JleiibHUIIa TOPOTIUTHCA C MyOaUKaIuet
MIOJTHOTO U3JIOXKEHUS CBOUX METOZOB.

B okTs6pe 1676 r. HpioTOH Hanucat JIeHGHUIY BTOpOe ITHUChbMO, KO-
TOpoe 6bUTO jocTaBeHo JIeHGHUITY JUIlb B UIOHe 1677 T., KOrAa OH GbUT
yxe B I'aHHOBepe. ITMcbMO 6BUTO HAIMMCAHO BEXJIMBO, HO HBIOTOH 6BUT
yb6exaéH, uro JIelOHUL yKpas ero MeTogbl. B oTBeTHOM mucbMme Jleii6-
HUI[ NIPUBE&J] HEKOTOpHIE MOAPOGHOCTH O CBOMX MeTozax AuddepeH-
[UAJBHOIO WCYUCJIEHUA, B TOM 4ucie npaBwio auddepeHpoBaHUA
CIOKHOH (yHKUMM. HbIOTOH clipaBeIMBO 3aMeyail, YTO MeToAH Jlei6-
HHUI|A He TMO3BOJIIM PELIUTh HU OAHOH 3aJjauu, He pelIéHHOU paHee.
Ho pa3paboTanHsblii JlefibauiieM ¢popmanusM Jokasas CBOIO MOIe3HOCTh
IpU AasbHelIIeM pa3BUTHU aHAINU3a.

Bceobwas xapakmepucmuka 1o 3aMblcry JlefGHUIIA ZOMKHA GbUTa
CTaTh €AWHBIM JITOPUTMOM MaTeMaTHUKHU M BooOlie Bcex GpopManin3o-
BaHHBIX HayK, ONMPAIOUIMMCSA Ha alilapaT CUMBOJIMYECKOH JIOTUKH. JTa
Wzies HalpapJ/sUIa MHOTHE ero uccjieloBaHuA. FIMEHHO TO3TOMY OH ITpH-
JaBaj Oosbllioe 3HaYeHHe CHMBOJMKe, U ero 0603HAaYeHHUA B aHaIU3e
OKasauch 6onee yAoOHBIMHU, 4eM y HproToHa. B 1678 1. oH mucan YupH-
ray3sy: «CiezsyeT 3a60TUTBCA O TOM, YTOOBI 3HAKU ObUTH YA06HBI AJIS OT-
KpBITUA. DTO AOCTUTAeTCsA B HAUOOJIbIIIEl Mepe Torja, Koraa 3HaKu Ko-
POTKO BBIPQXKAIOT U Kak 6bl 0TOOpaxaloT IIybodaiinryio NMpuUpoay Be-
IIY, U IPU 3TOM YAUBUTEJbHBIM 00pa3oM CokpaliaeTcs paboTa Mblll-
JIEHUS».
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B 1673 r. JleiitbHuL BBEN TepMUH ¢yHkuus. [IoHATHE PYHKIIMU KaK
BeJIMYMHEI, 3aBUCAIIEN OT IepeMeHHO#, cdopMupoBaiocs y JleiibHuia
K 1697 T.

JIeOHUL CBEN BBHIYMCIEHUA IUIOIAAY KpPyra K BBHIYMCIEHUIO UHTE-
2

Z o
rpana f 1522 dz Y noJIyquI psif AJ1A apKTaHreHca, KOTOPHIA paHee yike
Hamésn I'peropu. OTOT paA AaéT, B YACTHOCTH,

T_q_1,.1_
Z—l 3+5

PaccMaTpuBas pAAbl ¢ 3HaKOUepeAYIOUUMUCA WieHaMH, Jlei6HuL npuy-
mén K 06IIeMy BOIIPOCY O CXOAUMOCTH TaKUX pagoB. B 1705 r. B nucbMe K
. TepmaHny Jleii6Hu1L cHOPMYIHPOBAJ MTPU3HAK CXOAUMOCTH 3HaKoIlepe-
MEHHOTO psifia: 6eCKOHEYHBIi1 3HaKOIlepeMeHHBIH P/l UMeeT KOHEYHYIO
CyMMy, ek abCOMIOTHAs BEIMYHHA WIEHOB YOBIBAET U CTPEMUTCS K Hy-
o (npusHak JletibHuya cxodumocmu 3HakonepemeHHoz0 psida). B 1713 r.
JleiibHun B nmucbMe k Hukonaio BepHysiu chopmynuposai onpezene-
HUE CXOAALIErocs psaza.

ITepBble Tpu paboTh! JleiibHULIA 06 HUCYNCIEHUN 6€CKOHEYHO MaJbIX
ony6muKoBaHbl B 1684, 1686 1 1693 rogax. JTo nepsble MyOIUKaIK Ha
3Ty TeMy. 306peTeHue aHanu3a 6eckoHeYHO Mabx JleiibHULEM JaTH-
pyetcs Mexay 1672 1 1676 r. B ato Bpems JleiibHu1 Haxoawicsa B [lapinke
¢ ZUIUIoMaTHdeckor Mmuccuei. K 3aHATHAM MaTeMaTUKOMN ero IpUBJIEK
toiirerc. JeBATWIETHION 3alepXXKy IMybnukanuu JleHOHUL 06BsICHI
TEeM, 4TO B 3TO BpeMs ObUI 3aHAT APYTUMHU JeJlaMU. 3aHAThCA MyOnIuKa-
ekt JlefibHUIa MOGYAMIIO eI U TO, YTO ero Apyr YupHrays Hadas Imy6-
JIMKOBATb pelleHUs 3ala4 MeTOAO0M 6eCKOHEYHO MaJIbIX, O4eHb 6Ii3Kkue
K TOMY, 4TO eMy pacckasas JIeHoHu.

B 1678—79 r. B nucbMax YupHrayay Jleii6HuUI] TOoApOOHO pacckasal,
KaK OH Npuién kK AudpdepeHIUATHPHOMY U UHTETPAJIbHOMY HCYHCIIe-
Huio. OH yKasblBaeT TPH IVIABHBIX UCTOYHUKA CBOErO OTKPHITHA: 1)
B3ATHI y [lackajs M cyImecTBEHHO OOOOIIEHHBIH MeToJ XapaKTepH-
CTUYECKOI'O TPEYTOJbHUKA; 2) BBeJ€HHOe JlekapTOM M ero nociezo-
BaTeqsiMU aarebpanyeckoe MpecTaBjieHUe TeOMeTPUYECKUX KPUBBIX;
3) orkpeiTHa Bajutnca u MepkaTopa B 06jacTi 6eCKOHEUHBIX PSZOB
BMeCTe C UCCIeZOBaHUAMYU camoro JIel6HUIA O C}’MMI/IpOBaHHI/I pAZOB
IIPY IOMOIIY NOPOXKJAIOIIUX UX PasHOCTeMH.

B nepsoii pabote (1684) moz BiausiHUEM Ilackais BBOZUTCS Xapakme-
pucmuueckuil mpey2oabHuk. JIeHOHUL BBOAZUT TEPMUH JuddeperHyuan U
o6o3Hauenus dv ¥ dx. Bes jioka3aTejbCTBa IPUBOAATCA IpaBwia Aud-
dbepeHIpOBaHKs CYMMBI, Pa3HOCTH, TPOU3BEJEHH U YacTHOTO. JIeio-
HUI OTMeTWI, uTo dv = 0 AJI1 MakCMMyMa WIM MUHUMyMa. BBoguTcs
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Bropoii auddepennyan. 3atem JIeHOHUL] yCTaHABIUBAET NIPABIIO Jud-
depeHIpOBaHuA cTeNeHell, KOpHel U CIOXKHBIX GYHKIMHA. Ha yeThIpéx
IpUMepax MOMYJSIPHBEIX B TO BpeMs 3aja4 JIeHOHUI IPOAEMOHCTPUPO-
BaJI CIUTY HOBOTO MeToAa. OUH U3 3TUX IPUMEPOB — BHIBOJ 3aKOHA Ipe-
JIOMJIeHHs B onTHKe. JIei6HUL MOKA3bIBAET, YTO €r0 METOJ NPUMEHUM
Y K TpaclleHAEHTHEIM KPUBBIM, KOTOpHIE JleKapT XOTeJl U3rHATh U3 Teo-
MeTPMH, CUUTaA UX U3ydeHHe HeBO3MOXHEIM.

[epBas my6mukanus JleiibHula 6bU1a OYeHb KPaTKO¥ (B Heil He Obl-
JIO ZIOKa3aTebCTB) U coZepiKasia MHOTO OII€YaTOK, YTO Aejaio eé MOHU-
MaHUe o4YeHb TPyAHBIM. B 1687 r. ko6 BepHy/m obparwuics k Jleit6Hu-
1y ¢ Ipocb60ii IaTh eMy HEKOTOPBIE TIOSICHEHUS, CYUTAsA, YTO TOT IIPOCTO
CKpBIBaeT MHOTHE U3 CBOUX MeToZ0B. ko6 BepHy/utu He nony4dumt oTBe-
Ta oT JleiitbHUIa, TPOHUK B TAlHBI aHAIU3a CAMOCTOSTEIbHO U 06ydII
uM cBoero 6para Moransa. [To MmHeHuUIo fIko6a BepHy/iu, nybaukanus
JleitbHuua 6pUTa CKOpee 3aragkoi, yeM pasbscHeHHeM. [TOHreHC TOXe
xanoBascsa JIeHOHUIY Ha TYMaHHOCTb €r0O M3JIOKEHHS U CETOBAN, YTO
BOOOIIE HE MOXET IOHATh, YTO Takoe ddx.

Bropas pabora (1686) mocssllieHa WHTErpajbHOMY HCYUCIEHUIO.
JleW6HUI MOAYEPKUBAET BAXKHOCTh TPAHCIEHAEHTHBIX KPUBBIX IS 3a-
Ja4du KBagpatyp. IHTerpupoBaHue onpezeseTcs Yepe3 CyMMUPOBaHHe
U Npe/ICTaB/IeHO KaK onepauus, obpaTHas auddepeHupoBaHuio. Jleit6-
HUI[ BBOAUT 06O3HayeHHe f KaK CTWIM3aLUIO NepBOH GyKBBHI CJIOBa
summa.

TpeTba craTba (1693) nocssamieHa 3afade kBaAparyp. JlelOHUL He
IIPOBOJUT YETKOTO pa3fiesieHUs MeXZy OIpeJe/I€HHBIMM U HeoIlpeze-
JIEHHBIMU UHTETpaaM|, IPUMEHSIS AJIS1 HUX OJHO U TO e 0003HaYeHue.

Jleti6uu1 coBMecTHO ¢ MoraHHoM BepHysuu pa3paboTan airopurm
WHTETPUPOBaHMA PallMOHANBHBIX QyHKIVI. CHavyanta OH OUIMbOYHO pe-
mn, uTto x* + a* Hemb3A pasNOKWUTL Ha JeHCTBUTENbHBIE KBAJpaTHy-
Hble MHOXUTeJU. OCHOBHI OOpallleHHWsA C KOMIUIEKCHBIMH YHUCJIaMU B
TO BpeMs ellé TOJIbKO HaYMHaIU paspabaTeiBaThes. ['IOMreHc, Korga

JIefi6HUL eMy COOBIIMII, YTO V14 v=3+ 11— v=3 =6, namén 510
CTOJIb YAUBUTEIHLHBEIM, YTO OTBETHII €MY, YTO B 3TOM KPOETCS YTO-TO VIS
Hac HEeIOCTI)XKHOE.

ToxaecTso —— — —— = 41— 92
KA x—a;, x—a, (x-a)x—ay)

NOKa3bIBaeT, YTO UHTe-

rpupoBaHue QpyHKINU CBOZAUTCSA K UHTETPUPOBAHUIO QyHK-

ax?+bx+c

97074 u , [le d; U a, — KOPHU MHOTOWIEeHa ax? +bx +c. Jina

x—a, Xx-—a,

BeIlleCTBEHHBIX a; U d, UHTETPAJIHI OT QYHKIUM u

BhIpaxa-
X—a; X-—da,
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10TCA Yepe3 jorapudmbl. Ho y MHOrOwIeHa ¢ BelleCTBEHHBIMU K03 du-
[UEHTaMU KOPHHU MOTYT ObITh KOMIUIEKCHBIMH, [I03TOMY B pe3yJbTaTe
MOTYT IOJIYYUTHCS JIorapudMBbl OT KOMIUIEKCHBIX 4Hcel1. JIeiibHMIIa cHa-
Yajia 5TO He CMYIIAJIo, U OH TOBOPWII, YTO KOMIUIEKCHBIE YHCJIa 3JeCh He
IPUYUHSAIOT Bpega. Ho BIocieACTBUY OH CYUTAJ, YTO Jlorapudm oT —1
He CyIIecTBYeT.

OnpezeneHue TpaHCIeHAeHTHBIX yucen Jleiiouun gan B 1686 r. Tep-
MUHBI «airebpandecKnuii» U «TPAHCIEHJEHTHBIH» K KPUBBIM OH IIpHMe-
HAJ ellé Ao 3Toro; B 1684 r. JleiiOHMI CYMTa], YTO HYXKHO OTKasaTb-
cs1 OT TepMHHOMIOTUM [lekapTa (reoMeTpudyecKkye JUHUU U MeXaHUYe-
CKHe JIMHHM), IIOTOMY 4TO TpaHCLEeHZeHTHBble KpUBbIe He CJelyeT UC-
KJIIOYaTh U3 reoMeTpuu. Padiuune Mexzay anrebpanyecKMMU U TpaHC-
LEHJEHTHBIMU QYHKUUAMHU GBUIO OTYETIUBO CHOpMyIHpoBaHO JHKeiM-
coM I'peropu B 1667 r. OH NbITajCA JOKa3aTh, YTO IUIOIIAAb KPyTOBOIO
cerMeHTa He MOXeT OBbITh anrebpauydeckoii GyHKIMEH pazuyca U XOp-
Jel. JleibHUL JOoKa3al, 4YTo GYHKUMA Sin TpaHCUEHAEHTHAas, H 3a0[HO
peuni 3azady I'peropu. JlokasaTelbCTBO TPAHCLEHAEHTHOCTH CUHYCA Y
JletibHua cieaytomee. IIpeAnonoxum, 4To x U sin x cBsi3aHbl aarebpa-
W4YecKUM cooTHommeHueM f(x,sinx) = 0. Torza u3 AByX COOTHOILIEHUI

X . X . X X
f(m . —,SIDX) =0wu f("‘,SlI'l") = 0 MOXXHO UCKJIIOUUTb — U noiy-
m m m m

. . X .
YUTb COOTHOLIEHHE g | SIn X, Sin a , IpU4YE€M CTEII€Hb r MHOI'OWIE€Ha ¢

He 3aBUCHUT OT m. TakuM o6pa3oM, NpU 3aJJlaHHOM 3Ha4eHHUH Sin X Be-
JIMYMHA sin—:; He MOXeT UMeTb Oosiee r 3Ha4YeHwuii. [lonydaem npotu-
BOpeYHe, IIOCKOJIBKY IIPY HEYETHOM m IpU 3aJaHHOM 3HayeHUU sin x
BeJIMYMHA Sin — UMeeT m pa3jINYHbIX 3HaYeHUIA.

B 1692 r. Jleit6HUIL[ BBET TEpMHUH Koopouramst. [Ipy 3TOM OH NOZA-
YepKHY/l paBHOIIpaBUe abCLUCChl U OPAUHATHI.

B 1696 r. mapku3 JlonmuTasb oy 6;IMKOBaJ NePBHIH y4eOHUK aHAMN3a,
OCHOBAHHBI} Ha JIEKIIMAX, KOTOpble eMy npouuTai JleHOHuI.

Jlent6uun BBEN AuddepeHpOBaHUE JPOOHOTO NOPSAKA, UCIIONIb3YS
6ecKOHEeYHBIN GMHOMUABHBIN psaA. Jia BeruucieHus AuddepeHIuaIoB
ApOBHOTrO NOpsIAKA OH MpUMeHWI popmyiy auddepeHINPOBaHA ITOKa-
3aTesqbHON PyHKUMY, IPUHSAB, 4TO d"e™ = m"e™ (dx)" ays Bcex n. Ho
3TU HcCIeoBaHUA OH He ony6iukoBat. O HUX OH cOOOIIaeT, B.4aCTHO-
ctH, B nucbMe K Jlonuramo B 1695 r. Tam OH NpUBOAUT GOPMYITy AJis
auddepeHIUPOBAHUA NTOPSAKA e:

&) =dx-d% + £dx - dly + 0 a 2 7y ¢

1-2
e(e—-l)(e—2) e=3.. . 33
+t—gg.3 dTx-dy+..
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W3 ceasaHHOro ¢ AuddepeHHUpOBaHUEM APOGHOrO MOPAAKA OH OImy6-
JIUKOBAJI TONBKO dopMyiy auddepeHIIIPOBaHUsA IPOU3BeAeHY A Ha-
TYpPaJIbHOTO N.

B 1686 r. Jleii6bHNI ONpeAes I COINPUKACAIOIIYIOCH OKPYXXHOCTh C
JlaHHOM KPUBOW Y CONNPUKOCHOBEHUSA BBICIINX NMOPAAKOB. OH OIM60YHO
rmojiaraj, YTO CONPHKACAIINAACA OKPYKHOCTb UMeeT Be (a He TpH, Kak
[IPaBWIBHO) COBIaZalolye TOYKY MepecedeHus ¢ KpUBOit. DTy OUIMOKY
ucmnpaswi B 1692 r. ko6 BepHysiu.

B 1692 r. Jleii6HU1 BKpaTIie U3JI0XKWI OllpejesieHre orubarolmeii ce-
MelCTBa KPUBBIX U BBIBOJ, YpaBHEHH:A orubaroleil; moapobHee OH 3TO
H3JI0XWI B 1694 T.

JIe6HUL] CYMTAJI, YTO OCHOBA MaTeMaTHUKH — ONpeZie/ieHUs, a He aK-
CHOMBI. AKCHOMBI BHITEKAIOT U3 OllpeAesieHUi (M He MOI'YT ObITh ITPOU3-
BOJIbHBIMU).

B 1700 r., nmocie NATWIETHUX YCHINHA, IPU COAEHCTBUU CBOEH yyeHH-
1[I, JOYepUu raHHOBepcKkoro repuora Coduu-1IapaoTTel, BeIeel 3a-
MYX 3a IIPYCCKOro rocyzaps, Jleitbuur opranusoBan bpanaeHOyprckoe
Hay4HOe OOIIECTBO U CTa IEPBBIM €ro IPe3uIeHTOM; Yepe3 HECKOIbKO
JIeT 3To 0611ecTBO GbUTO Npeobpa3oBaHo B bepiuHCKy0 akazeMulo Ha-
yx. [Tétp IlepBblit TprxkAbl BcTpeyascs ¢ JlelibHuneM, obcyxaas ¢ HUIM
[UIaH co3JaHusa AkageMmuu Hayk B CaHkT-IleTepOypre. Jleit6HuL yyacT-
BOBaJI TAK)Ke B CO3JaHUM aKajeMuil B JlpeszieHe u BeHe.

MHorue He NpUHUMAIN MeTOJ GECKOHEeYHO MasbiX. JIeH6HuUI 1o-
pa3HOMY OOBACHSI, YTO OH MOApa3yMeBaeT N0y O€CKOHEYHO MaJBIMU U
6eckoHeYHO GONMBIINMY BeryuHaMu. OH IHCal U O HAaCTOIBKO MaJIbIX
BeJIMYMHAX, YTO OHU IOPOXJAIOT HECYIIeCTBEHHYIO OLIUOKY; U O TOM,
YTO 3eMHOU IIap CYUTAETCA TOYKOH 110 CPAaBHEHMIO C PACCTOSHUEM JO
HEIOJABWXHBIX 3BE3/I, a MApHK B HALINX PyKaX — TOYKOM IO CPaBHEHUIO
C paguycoM 3eMHOro mapa. Ilucaa oH JZaxke U O TOM, YTO UMM MOXKHO
HaJIEXXHO ITOJIb30BAThCA KaK UealbHBIMY IIOHATHAMY, COKPALIAIOIIUMHU
paccy’kAeHHs, ¥ CXOAHBIMU C MHUMBIMU KOPHAMH, KOTOpEIE, HECMOTPS
Ha TO, YTO UX Ha3bIBAIOT MHUMBIMH, HE MEPECTAIOT OT 3TOro OBITH 1O-
JIE3HBIMHU. DTU cJI0Ba JIeHGHUIA CBUAETEIbCTBYIOT HE CTONBKO O TOM,
KaK XOpOIIO B TO BpeMs ObUIO pa3paboTaHO NMOHATHe GeCKOHEYHO Ma-
JIOH BeJIMYUHBI, CKOJILKO O TOM, KaK IUIOXO ObUTO pa3paboTaHo HOHATHE
MHHUMBIX YHCEL.

Jleii6HUL[ OCTaBWI HEONYOJHUKOBaHHBIMU CBOU PabOTHI, B KOTOPBIX
OH HPUIIEN K MOHATHUIO ONpeZiesiuTess. BriepBele 3TO MOHATHE IOSBU-
JIOCh y Hero B 1678 I.; mpu 3TOM OH eCTeCTBEHHBIM 06pa3oM NpUIIEN
K Heob6XoAMMOCTH cHabxaThb K03pULMEHTH JUHEMHBIX YpaBHEHU
aBymsa uHaekcamu. Kak u Bcerga, JIeiOHMI TinaTeabHO 3aboTHIcs 06
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yzobHbIX 0603HaYeHHAX. Heony6pIMKOBaHHBIE 3allMCKH, OTHOCALIMECS
k 1684 r., cogepxar yxxe BecbMa y06HEIe 0603HaueHus1. B 1693 r. Jleii6-
Hu1l n1ca JIOnuTatio o No/ib3e NpUMeHeHUs KoadPpUIUMeHTOB BUAA d g,
ap;; U T.4. (koadodunueHT a,, Jleitbuun obo3Havan 10 v HasbIBaI €ro
YUCJIOM, YTOOBI OTIMYUTH OT OYKBHL, T. €. Ko3ddureHTa 6e3 HAeKca):

«...Pa3 Bl roBopure, yro BaM TpysHO NOBEPUTH, YTO IOJIb30BaHUE
YUCIaMU HOCUT CTOJIb JXKe OGIIMI XapaKTep W CTOJb Xe yA0OHO, Kak
U T0/1b30BaHMe OyKBaMU, 3HAYHUT, 1 HEXOPOIIO BHIPA3Wi CBOKO MBICJIb.
Henb3a coMHeBaTbCsi B OGIIHOCTH, €CIU NPUHATH BO BHUMAaHHUE, YTO
MOXXHO IOJIb30BaThCs 2, 3 M T./. TaK XKe, Kak a Wih b, eciik TOJBKO
HMeTb B BHZY, YTO 3TO He HacTosAmue yucia. Tak, 2 - 3 o3Ha4YaeT BOBce
He 6, HO TO e, 4TO ab. YTo kacaeTcs yg06CTBa, TO OHO OYEHb BEJIHKO,
Y IIO3TOMY f YaCTO IOJIb3YIOCh 3TUM, OCOOEHHO B AJHHHBIX U TPYAHBIX
BBIYUCJIEHHAX, B KOTOPBIX JIETKO OomM6UThes. 6o, kpoMe yaobeTBa Ipo-
BEPKH C TIOMOIIIBIO YHCeJ], a TAKXKe OTOpachlBaHUA JEBATOK, 1 HAX0XKY B
STOM OYeHb BAXKHOE IPEUMYIIECTBO AaXKe JJiA pa3BUTHA AHanu3sa. Tak
KaK 3TO OTKDBITHE JOBOJBHO CBOEOOpasHO, s elllé He paccKasbiBal O
HéM apyruM. Ho BOT B 4éM zeno. Beab BepHO, YTO KOIZa IMPUXOAUTCA
yTIOTpe6IATH MHOTO GYKB, TO 3TH OYKBBI COBCEM HE BBIPAXKAIOT OTHOIIIE-
HUHN MexAy 0603Ha4aeMBIMU MU BEIUIHMHAMU; MEKAY TeM, IOIb3ysACh
YMCIaMU, 1 MOTY 3TO OTHOLIEHHE BHIPA3UTh. JJONMYCTHM, HalpUMED,
YTO INpeAJIoKeHbl TPU IPOCTHIX YPAaBHEHUSA C JBYMsI HEU3BECTHBIMH U
TpebyeTCs: UCKIIIOYUTD ST Ba HEU3BECTHHIX, IPHYEM 110 O6LIeMy Ipa-
Buiy. I monararo 10 + 11x + 12y =0 (1) u 20 + 21x + 22y =0 (2)
u 30 + 31x + 32y =0 (3), rge npeayaraeMble 4ucjia BbIpaXKEHbI KaXK-
Jioe AByMsA 3HAKaMM, U3 KOTOPBIX HEPBBIM NOKa3bIBa€T MHE, KaKOMY
YPaBHEHUIO NMPUHA/JIEKUT YUCJIO, a BTOPOU IOKa3bIBAeT, KAaKOW OHO
NPUHAAJIEXXUT OykBe. BeIuMciss TakuM 06pasoM, Be3je OTKpPHIBaelllb
rapMOHUH, KOTOpble He TOJMBKO CIyXaT HaM MOPYKOi, HO U Cpa3y IIoKa-
3bIBAlOT HAM IIpaBWIa WIU TeopeMbl. Hanpumep, UCKII0Yasn CliepBa U3
IIEPBOTO U BTOPOT'O YPaBHEHUH y, MBI OJTYyYHM

+10-22+11-22x
=0,
-12-20-12-21x

a UCKJII0Yada €ro U3 rnepBoro U TpeTbero, Mel MMOJIy4YUM

+10-32+11-32x
=0,
—-12-30-12-31x



268 I'nasa 5. XVII sex

I/ie JIETKO 3aMeTUTb, YTO 3TH IBa ypaBHEHUA OTIMYAIOTCA JIUIIb TEM, YTO
HIpeJbIIYIIUI 3HaK 2 3aMeHseTCs Ha npeAbayluit 3Hak 3. BripoueMm, B
KQKJOM WieHe KaX/O0ro ypaBHEHUs HpeAbIAyliie 3HaKi OAWHAKOBEL, a
MOC/IeAYIONe 3HaKh 06pa3yloT OAHY U Ty e cyMmMy. Ternepb ocTaéres
HCKJIIOYUTh U3 YETBEPTOTO U MATOTO YpaBHEHUH GYKBY X, U TOTZAA MbI
HOTYyYUM

10 21 32 10 22 31
11 22 30 = 11 20 32
12 20 31 12 21 30,

YTO U Ipe/CTaBisgeT co60l mocjesHee ypaBHEHUe, CBOOOAHOE OT 060-
MX HEM3BECTHBIX, KOTOPHIE XKeJlalyd UCKIIOYUTh, U 3aKIIovarolnee CBoé
JIOKa3aTeJIbCTBO B caMOM cebe, B CIIy 3aMeTHBIX BO BCEM I'apMOHHH,
KOTOpHIEe ObUIO OB BECbMa TPYAHO OTKPHITh IIpH YHOTpebieHuu OykB a,
b, ¢, ocobeHHO, KOTZa YUCI0 OYKB U ypaBHEeHUI BesIMKO. HYacTb cekpera
AHaji3a COCTOUT B XapaKTEPUCTHKE, T. €. B UCKYCCTBE XOPOLIO YIIOTpes-
JIATh IpUMeHsieMble 3HaKH, U MO 3TOMy MajioMy obpasuy Bl BuauTe,
Cyzapb, uro Buet u JlekapT ewé He MO3HAIM BCce ero TaliHbel. HesHauu-
TeJIbHO NPOJO/DKUB 3TO BHIYMCIIEHNE, MOXHO NIPUHNTH K 001elt TeopeMe
Ui JII060TO IPOU3BOJIBHOTO YKCIa GYKB U NMPOCTHIX ypaBHeHUi» [12,
c. 197—198].

[MonyueHHOe JIeHOHUIIEM YC/IOBHE COBMECTHOCTU TPEX JMHEMHBIX
ypaBHEHUH C AByMsA HEU3BECTHBIMU MOXXHO 3anucaTh B BUJe

ajp 4dp A
Ay Ay Aax|=0.

azp ds; Az

OtkpeiTue JlelibHUIA 3HAYUTENBLHO oNlepeAIo cBoé Bpems. [lepBas
my6iuKanuA, MOCBAIIEHHAs ONpeJeNuTeNAM, NOSABWIAch JUIIb 4epes3
72 roza, B 1750 r.; oHa npuHagiexur I'. Kpamepy. CrezyeT, oZHako,
3aMeTUTh, YTO SANMOHCKUM MaTeMaTUK Ceku KoBa mpuIén K MOHATHIO
onpezenuress B 1683 r.

Jleit6HUL[ 6JIU3KO MOAOMIEN K IOHATUIO BeKTopa. B 1679 r. oH oTnpa-
BuI ['tolireHCy MUCHbMO O reOMeTPHYECKON XapakKTepUCTHKe. JIeHOHHUL]
Iycas, YTo Hy)XXeH aHa/Iu3, KOTOPBIH HeNocpeJCTBEHHO BrIpaXkaeT I0JIo-
JKeHUe, KakK aarebpa HelmocpeACTBEHHO BBIpaXaeT BesInuuHy. OH nucain
TaKKe, YTO B [eOMETPHUH, KaK U B anrebpe, MOXXHO COCTaBJSTh ypaB-
HEHUs, MO0/Ib3ysACh KOHTPy3HUMeN (i1 KOTopo# JIei6HUL HCIOIb3yeT
ob6o3HaYeHUe: KPyT U HaJZl HUM JyTa MOJYOKPYXHOCTH).
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JIeHOHUIY IPUHAJIEXKUT UAes «aHaIM3a MoIoKeHHs» (analysis situs),
KOTOPYIO BIIOCJIEJCTBUM UCIONb30BaJ Jilep NpU pelIeHUH 3aJadyd O
KéHUrcbeprckux Mocrax. TepMUH monosiozusi, BBeAEHHBINH JIUCTUHIOM,
SIBJISIETCA IIEPEBOAOM Ha IPedecKHil S3BIK JIATUHCKOrO TepMuHa Jleitb-
HUIIA.

B pacmpocTpaHeHUY JBOWYHON CHUCTEMBI CYHUCIEHUS BAXKHYIO POJb
ceirpasa pabota JleiitbHuiia o0 JBOUYHOM apudMeTHKe, AJIsI KOTOPOi J0-
CTaTOYHO TONBKO ABYX udp O u 1, U 0 e€ CBA3U C ApeBHUMU KUTa-
ckuMu cuMmBoniaMu Oy Cu u3 «KHuru nepemen». JIeHO6HUL OMIKUOGOYHO
HCTOJIKOBAJ MX KaK ABOWYHBIE 3alUCH 4YHCEJl; B AeHCTBUTEIHHOCTH O
npuMeHeHud B /lpeBHeM KuTae JBOMYHON CHUCTEMBI CYUC/IEHUA HUYErO
He W3BECTHO. JJBOMYHYIO cuUcTeMy JleiOHuI| pa3paboTtan B 1679 r., HO
HHUYEero He My6GJIMKOBaJI Ha 3Ty TeMy Ao 1701 r.

JlettOHUY, NOCTaBII 33ia4y JAeAYKTUBHOTO HOCTPOEHH apUPMETUKH
Ha OCHOBe akcuoM. OH IpeJIOXKWI ABE aKCHUOMEI (BHO He JOCTaToY-
HbIE):

1) KaXAoe HATypaJbHOE YUCJIO, KpoMe 1, Tosy4aeTcs U3 HaTypajib-
HOro 4ucja npubapjieHueM K Hemy 1;

2m+n+1)=m+n)+1.

IocnexHve roap! xku3HU JleHOHUIA ObUIM OMpadeHB! CIOPOM IO
ITOBOZY IIPUOPUTETA B OTKPHITUH aHaIu3a. JleH6HUIEeB aHAINU3 pacIpo-
CTpaHWICA B KOHTHMHeHTaNbHO!H EBpone g0 Toro, kak B 1704 r. mosiBu-
Jlach nepBas nmy6nukanua HeioToHa. HRIOTOH U HEKOTOpPEIE €ro mocje-
JoBareny GbUTH yBepeHbl, uTo JleiOHur mwiaruatop. B 1711 r. Jleit6Hu1y
npouuTan B TpyAax Koponesckoro obmecTsa craTbio DxoHa Keitia, B
KOTOpO¥H JleiibHUL 0O6BUHSUICA B IUIaruaTe. JleiioHu1 nmoTpe6oBasl omnpo-
BepXXeHUs, 'OBOPSA, YTO OH HUKOIZIAa He CJIBIAJ 0 MeToZe IIOKCHI 10
TOro, KaK IpOYUTaN TpyAsl Bamnuca. Keisn OTBETWHI, YTO B BYX IUCh-
Max HproTOHa 6bLTO JOCTAaTOYHO yKa3aHUM, OOBACHAIONIUX OCHOBBI aHa-
sm3a. [Tocjie BTOporo nucbMa JleiibHMIA, OIB3YSACh CBOEH JODKHOCTHIO
npe3ugeHTa KoposeBckoro obuiectBa, HpIOTOH HazHa4wiI «He3aBUCH-
MYI0» KOMHCCHIO, KOTOpas AO/DKHA ObUIa PEINTh, KTO OTKPHUI aHAaJIH3:
oH wiu Jleri6HuU1. Komuccrsa 6bu1a Ype3BhIYaiiHO MPUCTPACTHAS U JaXKe
He IbITajJach BBUICHUTH Y JlelibHULa ero Bepcuio cobwITuil. HbploTOH
caM Harucaa OTYET 3TOM KOMUCCHU, KOTOPBI 6GbUT OMyGIMKOBaH OT eé
uMeHu KoponeBckuM o61iecTBOM B Havdase 1713 roga. JleHGHMI IpoYU-
TaJl ero JHUIb OCEeHbIO 1714 I., HO O coZep>KaHUU I3TOTO OTYETA OH yXKe
3Han u3 nucbMa MoraHHa BepHyiu. JleiiOHUL OTBETHI aHOHUMHBIM
nmaM¢uieToM, IZle B Ka4yecTBe JOBOJA B CBOIO IOJIb3Y MPUBOAMI TO, YTO
HpioTOH OMM60YHO NMOHMMAJ BTOpHIE MPOU3BOJAHBIE U IPOU3BOJAHBIE
BBICHIMX NOPAAKOB. [TpozospkaTs crop ¢ Keiiom JleiibHuUI oTKasancs,
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HO Ha nucbMo HbI0TOHA OH OTBETIUI U JaJI TOAPOOHOE OIMCAHKE CBOETO
OTKpHITUA AUddepeHINaTbHOTO UCUUCIEHUS.

[MocnenoBatenu Jleti6Hua, ocobenHo ko6 bepHysutu, pe3ko BHICTY-
MWIKW NPOTHUB IPUCTPACTHOTO OTYéTAa KOMUCCUU. Ilocie 3Toro Teopus
HeroToHa fosroe BpeMs 6bpUta paclipocTpaHeHa IMOYTH UCKIIOYUTETHLHO
B AHIWY, a Teopus JleiibHUIla — B KOHTHHEHTalIbHO EBpore.

JxxoBanuu Yena (1647—1734)

3HaMeHUTas TeopeMa YeBHl olyOIMKOBaHA B cCOUMHeHUM «O B3au-
Mollepecekaromuxcsa npaMbix» (De lineis rectis se invicem secantibus,
1678). DTa TeopeMa YTBEPXKJAET, YTO TPU OTpe3Ka, IMPOBEJEHHBIX U3
BEPIIVH TPeyroJbHUKa K €ro CTOPOHaM, IlepeceKaloTcs B OZHOMN TOuKe,
ec/IM Ipou3BeJieHre OTHOIIEHUH, B KOTOPHIX 3TH OTPe3KH JeJAT CTOpO-
HBI TPEYTOJIbHUKA, PaBHO 1.

YeBa Takxke [EPEOTKPHUI ¥ ONYyOIMKOBa TeopeMy MeHesasl.

dpendpug Bansrep pon Yupurays (1651—1708)

ITpeaxy cakCOHCKOro ABOPsAHWHA YKpHraysa »Xwiu B boreMuu ¥ Tam
ux dammniusa 6vuta YepHoyc. (ABTOpHI, JaJIEKHe OT UCTOPUM MaTeMaTu-
KM, OY€Hb YaCTO HENPaBWILHO NMUIIYT ero Gamiiiio «YupHrayseH».)

B 1675 r. YupHrays nosHakomiics B ITapinke c JleiibHueM u mozpy-
XWIcA ¢ HUM. JIeHOHUL cCOOOIIIT eMy HEKOTOphle OCHOBHBIE IPUHIUIIBI
pa3paboTaHHOI'O UM aHaIU3a.

YupHray3 McciefoBajl CBOMCTBA 3epKal U B CBA3U C 3TUM H3ydas
orubarllylo ceMeicTBa Jydei, KOTOpble HOMY4alOTCS MPU OTPaXKEHUU
Jydell cBeTa, BBIXOASUIMX U3 TOYKU M OTPAKAIOIIUXCA OT HEKOTOPOH
KPUBOH.

B 1683 r. YupHrays ony6iukoBan mpeobpa3oBaHue i1 MHOTOWIe-
HOB, KOTOpOe, KaK OH CYMTaJ, MO3BO/UIO PEIIUTh B pajuKajax joboe
ypaBHeHUe; B CBOeif cTaThbe OH IOKAa3as, KaK 3TUM MeTOJOM pellaeTcs
Kybudeckoe ypaBHeHUe. JIeHOHUIL ewé 0 IyOIUKaIMK yKasal eMy, 4TO
JJIA TIpUMEeHEeHUs 3Toro NnpeobpasoBaHuA K YPaBHEHUIO CTENEHU n > 4
TpebyeTcs pelIUTh ypaBHEHUE cTelleHU Goibiiie n. TeMe He MeHee, 3TO
npeobpa3oBaHue, NOMy4YuBIIee Ha3BaHUe npeobpaszosanue YupHeaaysa,
0Ka3aJIoCh BeCbMa ITOJIE3HBIM.

B 1683 r. YupHrays omy6IuKoBa psj, pe3yabTaToB JleiibHuUIa, Bbga-
Bafd MX 3a CBOU. JTo 3acTaBwio Jleii6Huna B 1684 r. HAKOHEL-TO HAYaTh
y6IMKOBATh CBOU PE3yJIbTaThI.
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Muweas Posuis (1652—1719)

OcHoBHOe coyuHeHUe Poisa — «TpakTaT mo anrebpe» (Traité d’al-
gebre, 1690). Pomnp BriepBele YETKO CHOPMYIHUPOBAJ, YTO J0OO0M KO-
pPeHb n-il CTeNneHW UMeeT n 3HaYeHUH; IpPU HEYETHOM N BCE KOPHU,
KpOMe OZHOr'0, KOMIUIEKCHBIE, a IIPU YETHOM N MOTYT OBITh /1Ba A€HCTBU-
TeJIbHBIX KOPHA, a OCTajJbHble MHUMBbIe. OH NpPUBE CIOco6 peleHUs
B LIeJIBIX YMCJIaX HeollpeJe/IéHHBIX ypaBHEHUI NIepBOH CTelleHU C JBY-
MsS HEU3BECTHBIMH; 3TO peLIeHUEe 10 HJiee COBIAZaeT C IOIyYEeHHBIM
no3xe petlieHreM Ddiviepa (1740). Posutb NIpUBEN TaKKe YUCTO ajirebpa-
WYeCKHUI Ccroco6 mosyyeHHUs BBICHIUX IPOU3BOJHBIX MHOrowIeHa f(x);
OHU TOABJIAIOTCA KaK KoadPULIMeHTH YpaBHEHUSA, KOTOPOE HOMy4aeTcs
Ipu 3aMeHe x Ha X + 2. Poiib coobujaer (6e3 moKa3aTenbCTBa), YTO
MEX/y AByMs TIOC/HeJOBaTeNbHBIMU KOPHAMH ypaBHeHua fT(x) =0
ecTb KopeHb ypasHeHua f D (x) = 0. Po/ib mpuMeHIT anroputM Es-
KIMZAA Ui HaXOXKAEeHHs HauboIbLIero oOIIero AeluTess ABYX MHO-
TOWIEHOB.

Teopema Posuns ony6nukoBaHa B 1691 r. OHa yTBepXKJa€eT, YTO eC/IU
f(a@)=f(b) =0, 10 f'(x) =0 A1 HEKOTOPOTO X, 3aKTIOYEHHOTO MEXAY
a u b. Ora TeopeMa 6bU1a HyXKHa Poutio s 060CHOBaHUA HEKOTOPBIX
METO/IOB, IpUBEAEHHBIX B «TpakTaTe no anrebpe». B aroii xxe pabore
PosLIb IPEIJIOKWI CYUTATh, YTO €CU a > b, To —b > —a (g0 Hero npu
CpaBHEHMU OTPUIIATEIbHBIX YKces OOBIYHO YIIOPAZOYMBAIY UX IO ab-
COJMIOTHOH BeJIMYWHE; TaK MIOCTyIaJ, Hanpumep, Jlekapr).

CrneayeT UMeThb B BUAY, YTO paboThl Posjist yucTo anre6pandeckue, K
aHa/IU3y OHU He UMEIOT HUKAKOT0 OTHOIIeHusA. Posib o/roe BpeMsi 6bU1
aKTUBHBIM IPOTUBHUKOM aHa/iu3a G6ECKOHEYHO MaIbX; OH OBUT yOex-
JEH, YTO METOAHI aHaMN3a OECKOHEYHO MaJbIX HeU30e)XXHO MpUBEAYT K
omubKam.

B «Tpakrarte 110 anre6pe» Posib BBET o603HaueHe Y/ x.

ko6 BepHywu (1654—1705)

flko6 BepHy/n u ero miuazuuii 6pat VoraHH OAHUMH U3 NEepPBbIX
CMOIVIH pa3obpaTh TpyAHBIE [JI IOHUMaHUA cTaThy JlelibHUNIA U npu-
MEHUTH pa3paboTaHHbIE B HUX METOJBI K pellleHHIO HOBHIX 3aZay.

B xoHnie XVII B. MHOrMe MaTeMaTHUKHA 3aHMMaJMCh 3aja4eil 06 130-
XpOHe; TaK OHU HasblBaJIU KPUBYIO, ABUTAACH IO KOTOPOI! 110A AelCTBU-
€M CIUTHI TSDKECTH, YaCTUL{a NIoNaZiaeT U3 000 TOYKY B HUDXKHIOIO TOUKY
3a OZ[HO U TO ke BpeMs. [lepBbIM 3aiayy 06 M30XxpoHe pewnwt Jlei6Hu,
B 1690 r. fIko6 BepHy/mu nokasas, 4yTo 3Ta 3aZada cBoguTcs k audde-
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PE€HIMaJIbBHOMY YpaBHEHHUIO

dy /b2y — @@ =dxVad.

U3 paBeHcTBa AuddepeHUaNoB OH cZejiajl BEIBOZA O paBeHCTBe UHTe-
IpajioB U NOJIYYWI pellleHHe

Wy 2 oy =/

B aTo0li cTaThe OH BBEN TepMUH unmezpan. (Ero 6pat MoraHH B aBTOOHO-
rpaduu yTBepxKJai, 4YTo 3TOT TEPMUH NpHUAyMall OH.)

B Toi1 ke cTaThe SIk06 BepHy/UIM NMOCTaBWI 3aJa4y O HaXOXKAEHUHU
$OpMBI KPUBOM, KOTOPYIO IIPUHUMAET TsDKENas rubkas HepacTshKUMas
HUTB, MTOJBEIlIeHHasA 3a oba KoHNa (yenHas kpusas). DTy 3ajady CTa-
BUWJI ellé JleoHapZAo Aa Bunuu; Fanwiel mojaraj, 4To 3TO AO/DKHA GBITh
mapa6ona. B 1691 r. T'iirexc, Jleitbuur u VoranH BepHymniu He3aBU-
CHMO MOJIYYIIH pellleHus 3ToM 3azauu. Paccyxzaenus tolireHca 6eutn
TymMaHHBIMU. MloranH BepHynu BeiBen AuddepeHipaibHoe ypaBHeHHe
U HalléJI ero peunieHue.

B 1691 r. flko6 BepHysuu BriepBble BHIPA3WI B BUJE JUIUITHYECKOTO
auddepeHnaia afieMeHT AyTY NapaboJUdecKOd CIupaiy, 3alaHHOH B
NOMAPHBIX KOOpAMWHATaX ypaBHeHueM (r — a)? = 2apy. Ilpu aToMm OH
YCTAaHOBWI PaBEHCTBO ONpeZiesi€HHBIX AyT cnupanu. K smmunTugeckum
WHTerpajgaM OH IPUIIEN TakxKe NP U3ydeHUU I'MOKOU IUIaCTHHEI C Of-
HUM HeNOABI)XHBIM KOHIIOM. K 3TOMy ke Kpyry BOIPOCOB OTHOCHTCS
JleMHUCKaTa BepHyiiu.

B 1692 r. flxo6 BepHy/u paspaboTan obmuit MeTO[ HaXOXKAEeHUA
SBOJIOTHl KpUBOU. OH OGHAPYXKIJI, YTO SBONIOTA U KayCTHUKA Jorapud-
MUYECKOH CIupau TakxKe ABIAIOTCA JOrapuGMUIECKUMH CIMPAJISIMHU.
DTO CBOMCTBO CTOJIb TOPA3WIO €ro, YTO OH 3aBelal H306pa3uTh Ha CBO-
éM HaAgrpobuu Takywo crnupaib ¢ noamuchio «Eadem mutata resurgo»
(u3MeHEHHAsA, 51 BO3POXKJAIOCh NpeXKHEH).

B 1694 r. fIko6 BepHy/un uccief0Bal KPUBYIO, KOTOPYIO OH Ha3BaJl
nemruckama. OH He 3HaJl, 4TO 3Ta KPUBas ABJAETCA OJHOH U3 KPUBBIX,
BXOJSIINX B YoKe U3BeCTHOe ceMeHCTBO KpUBBIX — O0BasloB Kaccunu.

B 1696 r. fIko6 BepHymwnu peunn guddepeHalbHOE YpaBHeHUE

Y =px)y+q@)y",

NoJIy4VBIIlee Ha3BaHUe ypasHeHue BepHynu.
B 1697 r. flko6 BepHY/IM pelwt 3ajady o 6paxucToxpoHe (KpUBOH
CKOpeHIIero CIycka), ocTaBleHHylo ero 6parom HMoranHoM. Slko6 He
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ObUT TIEPBBEIM, KTO eIl 3Ty 3ajady, HO B ero pelleHUH ObUI BBICKA-
3aH Ba)XHBII 11 MHOTHMX 33/la4 BapHAIIIOHHOT'O UCYMCIeHUS IPUHLIUIL:
eCJIM Kakas-HUOyap KpuBas o61aZjaeT CBOMCTBOM MaKCUMyMa WIA MH-
HUMYMa, TO Kaxkzas eé 6eCKOHEeYHO Majias 4acTb 06J1aZlaeT TEM JKe CBOM-
CTBOM.

Haubonee BaxkHoe counHeHue fkoba BepHymiu — kuura «Ars Conjec-
tandi» (McKycCTBO IpeAIIONOXKeHUI), u3faHHaA rnocMepTHo B 1713 r.
OHa coCTOUT U3 YeThIPEX yacTeil. [lepBas yacTb — 3TO coyrHeHUe 'toi-
reHca II0 TEOPHUH BEPOSTHOCTEH ¢ MOAPOOGHBIMU KOMMeHTapuaMH bep-
HYJUIU.

Bo BTOpOIf yacTu pa3pabareiBaeTcsi kombruHaropuka. ko6 BepHyi-
Ji1 6e3 JjoKa3aTeabCTBa coooUUT GopMyy A cyMmel 17 4+ 2™ 4 ... + k"
Y yKasajl peKyppeHTHOe COOTHOILIeHHe Mex/y YUCJIaMu B;, BxoasiumMu
B 3Ty popmysy. Termepsb 3TH YKciIa Ha3bIBAOT Hucaamu beprynnu. Payib-
rabep paHee BBIYMCJIMII 3TH CYMMBI cHavasna 4y n < 11 (1617), a 3ateM
umsin< 17 (1631).

Ditnep 060611 MeTox BepHY/LIU 47151 CyYMMUPOBaHUSA

fO+f@+...+fK)

(dpopmyna cymmuposarusn dilrepa — Maxnopera). OCTaTOYHBIA WieH B
aToi popMysie CyMMHPOBaHUA MOIy4WI ropaszio nosaHee Ilyaccos.

B TpeThell yacTu pemaroTcs 24 3azady o TEOPUU BepOATHOCTeM. 3a-
Jlayyl pelaroTcsi B OCHOBHOM KOMOMHATOPHBIMU MeToZaMu. BepHysnan
HCIIONb3yeT, B YaCTHOCTH, YCIOBHBIE BEPOATHOCTH.

YeTBépTas yacThb NOCBALIEHA NIPWIOKeHUAM. TaM BepHy/IM BBICKa-
3bIBaeT Takke obIlIye cCOO6paKeHHUA O CIy4alHBIX COOBITHUAX U JJOKA3bl-
BaeT CBO 3aKOH OOJIBIIUX YKces (eCTh U APyTHe BEPCUHU 3TOTO 3aKOHA).

ko6 BepHy/LIM HaMepeBaJICA JaTh pa3/InYHble IPWIOXKEHHUA TeOPUU
BEpOSITHOCTE! K BONPOCY O NPOAO/KUTEIbHOCTH YeJIoBeYeCcKOl KU3HH,
HO BO BpeMs 3TOH paboThl HEOXXUAAHHO yMep. BepHy/Iu nepBbIM BBE
anocTepUOpHbIE BEPOATHOCTH HApsAAy C anpuUopHbeIMU (dopMmyna Ad
BHIYHCJIEHNS allOCTEPHOPHBIX BeposiTHOCTel monydeHa T. Batiecom).

IIbep BapuHboH (1654—1722)

Haubosnee usBecTHbl paboThl BapuHbOHA IO MeXaHUKe, B KOTOPBIX
OH IPUMEHII TOJIBKO YTO NOsBUBIIeecsa AuddepeHIUaIbHOe UCUHCIIe-
Hue Jlel6GHULIA.

B 3ameTkax BapuHboHa 06 06yueHHH MaTeMaTHKe B MIKOJIE, OITyO/IU-
KoBaHHBIX B 1731 r., coaep:xuTcs meopema Bapunvona: cepeavHEI CTO-
POH 4eThIpEXYTONbHUKA ABJAIOTCA BeplIMHAMU NapajielorpaMma.
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T'uiiom Jlonutans (1661—1704)

B 1691 r. Vloranx BepHysuty, KOTOpEIi 6bUT Ha 6 JIET MOJIOXKE MapKH-
3a JlonuTasns, npuexai B [Tapik yuTarth Jekuuu o AuddepeHaIbHOM
ucuucieHuu Jlelt6Huna. Jlomuraab HEKOTOPOe BpeMsl Mocelasl JIeKIUU
BepHyiu, a 3aTeM Ilepeexan B CBOE IoMecThe. B aTom nomectre bep-
HY/UIM YWTaJI JeKuuu Jlonurairo.

WoraHH BepHy/UIM OTKpBUI IPABWIO BEIYMCIEHUS Npeeia Apobu, y
KOTOPO# YMC/IUTENb ¥ 3HaMeHaTe/b CTPeMATCA K HyJI0. JIONUTAaIb U3JI0-
JKWJT 3TO IPABIUIO B IIaBe 9 cBoero yuye6HUKa 10 AuddepeHTNaTbHOMY
ucuyncieHuto (Analyse des infiniment petits..., 1696), u Teneps 3To Ipa-
BIWJIO U3BECTHO Kak npaswio Jlonumana. YuebHuk JlomuTasis, coCTaB-
JIEHHBIH Ha OCHOBe JIeKI[UH, KoTophle yuTas emy Vorans Bepnysuiu, nom-
roe BpeMsi ObUI €IMHCTBEHHEIM YIIOTPeOUTENbHBIM yuebHUuKOM audde-
PEHIIUAJIbBHOTO UCYHCIeHUs. B HéM 06Cy)xaaloTCs TOYKY reperuba, Tou-
KM BO3BpaTa, KpUBU3HA KPUBOM, SBOJIIOTHI, IPOM3BOJHbIE BEHICIIETO I10-
pAfka.

Jo cmeptu Jlonutasnsa BepHysny, MONTy4YUBIINIA 3a CBOU JIEKIIMH BECh-
Ma GOJBLIYIO OIUIaTy, Momrdala. Ho IOTOM OH yTBepKAas, YTO y4eGHUK
9TOT, IO CyTH Zeja, ero. Haiizennas B 1921 r. pykomnuch Jiekiuii bepHy-
JIU TIOATBEPXKJAeT ero cJloBa.

Horann bepHy/uu (1667—1748)

HoranH BepHy/utu 65U1 y4eHUKOM CBOero 6paTa Iko6a U B KaKoii-TO
crenenu JleitbHuna (nepenucka c JleiibHunem Havyanach, korga MoraHH
BepHy/IU yxXe CIOXWICSI KaK MaTeMaTHK, HO OKa3ajach Ype3BhIYaliHO
IUIOZOTBOPHOI). B cBOIO ouepesb, OH ObUT yuuTeneM Dittepa.

[TepBoit MaTeMaTu4yeckoit paboroii MoranHa bepHy/iu 6sU1 BHIBOA
ypaBHEHU LeNHOM KpuBOH (PopMy LieTHON KPUBOM IPUHUMAET THKE-
Jyasi rubKas HepacTsXKUMas HUTh, IToABelIeHHas 32 06a KOHIa). JTy 3a-
Jady rnocraBu1 ero 6par fIko6 B 1691 r.; 0o4HOBpeMEeHHO eé eIy TaK-
sxe Jlertbuu v 'oHreHc.

HoranH BepHy/IM OTKPHUI IPABWIO BHIYMUCJIEHUS Ipefesa Apobu,
Yy KOTOPOH YMCIMTENb M 3HaMeHaTeNlb CTpeMATCA K Hymo. Ero yyeHuk
Mapku3 JIONUTAaJb U3JIOXKII 3TO ITPABUIO B CBOEM y4eOHUKE 110 aHATNU3Y
(1696), 1 Tenepr OHO M3BECTHO Kak Npaswio Jlonurans.

B 1692 r. MoranH BepHynnu usy4an orubaroiiye ceMeHCTB KPUBHIX.
B yacTHOCTH, OH Halén napabony 6e3onacHocTu (paHee eé reoMeTpu-
yecku Hauién Toppuuesuin). B cratbax 1692 u 1694 r. JIeiGHUIL TOTyYHI
00Kt MeTo HaXOXKAEeHUs OrubaroIuXx ceMeiCTB KPUBBIX.
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B 1694 r. Morans BepHynu BeIBes psf
z2dn | 2°d*n  z*d°n
20dz " 31dz2  4ldz®

B 1695 r. Morann BepHysu moctaBwi 3aZady O HaXOXJEHUM KpHU-
BBIX, CyMMa WM pa3HOCTb AYT KOTOPHIX paBHa Ayre OKPY>KHOCTH WIH
OTpe3Ky NpSIMOIA, U MOKa3aJ, YTO 3TUM CBOHCTBOM 06JIaZjaloT HEKOTO-
pele ZIyTu Ky6udeckoii mapa6osel 3a?y = x>. DTH AyTH BbIpaXKaroTCA o71-
JIMIITUYECKUMU UHTEerpaJlaMH.

B 1696 r. MoranH BepHy/ii nocTaBWI 3aAady O 6paxuCcTOXpoHe, Mo-
CJIY’KUBIIYIO MCXOAHBIM ITYHKTOM CO3ZlaHMA BapHal[MOHHOT'O HCYHUCIIe-
Hua. PopmynupoBKa 3TOM 3afauyu TakoBa: «Cpelu BCeX IPOXOAALIUX
yepes JBe JaHHble TOYKY KPUBHIX HAUTH Ty, IaZias 10 KOTOPO TAXénad
TOYKa NMPOUAET AyTYy MeXAy obeMMU TOYKaMU B KpaTdaiilliee BpeMs».
[Tomumo camoro MoraHHa 3Ty 3afady pennwi JIeHOHUL, TYT Xe Ipej-
JIOXKMBIINI OOBABUTH KOHKYPC IO €€ pelleHuIo. PelieHre 3Toi 3afiauu
npeacTaBwy JlonuTanb, ko6 BepHy/IM 1 aBTOp aHOHUMHOM CTaThU B
«Philosophical Transactions». (Mloranx BepHysiu cpasy ke y3Hasl B HEM
HeloToHa: «JIbBa y3HAIOT 1O KOI'TAM».) PemeHueM 3TON 3aZjauu OKasa-
JIach yXKe U3BeCTHas IUKJIoNa.

B cBfA3U ¢ pelieHHeM 3TOH 3aZau HaNPSXKEHHbIE OTHOIIEHUS MEXAY
6parbsiMu BepHy/IH nepenuiy B OTKPHITYIO CCOPY, TPOZO/IKABILIYIOCH 10
cMepTH fIKoba.

B 1697 r. MoranH BepHysiu nocTtaBwil 3ajjady O HaXOX/J€HUHU Ha BhI-
MyKJION NOBEPXHOCTH KpaTyalilieil KpUBOi, coeANHAONIe! IBe JaHHbIe
TOYKHY (33Zady O HaXOXKJEHUHU reofe3nyeckoii). [Ipu aToM OH oBiajen
MeTOZOM KOODAWHAT B IpPOCTpaHCTBe U Hamén auddepeHIyaIbHOE
ypaBHeHUe reoZie3u4ecKkoii, HO He CMOT ero peluTb. B ciezyromem
rogy ero 6par gan penieHue [ ITOBEPXHOCTeH BpalleHud. VIMeHHO
IIpU pellieHUU 3Toi 3azauu MoraHH BepHy/niu BBEN NOHATHE COIpU-
Kacaloleicss IUIOCKOCTH IIPOCTPAHCTBEHHON KPHMBOM KaK IUIOCKOCTH,
MIPOXOAALIEH Yyepe3 TPU COCeHUE TOYKM KPUBOI (OH yCTaHOBWI, YTO
B JIIOOOM TOYKe reoZle3N4ecKoil colpuKacaromascsa IUIOCKOCTh IeplieH-
JUKYJIPHA K KacaTeJbHON ITOBEPXHOCTH).

B 1715 r. HoranH BepHyniu Hanucan Jle6HUIY O 3aZaHUM TOYKHU
B NPOCTPAHCTBE TpeMA KOOpAWHATaMH X, Y, %, IPeACTaB/AIOUUMHU CO-
6001 TpU NepneHAUKYIAPHBIX OTpe3Ka, NPOBeAEHHBIX K TPEM B3aMMHO
MePIEeHANKY/ISIPHBIM IUIOCKOCTAM. TeM caMbIM OH ¢paKTH4eCKU BBEJ KO-
OpAMHATHI B IPOCTPAHCTBE.

CosmecTHO c Jleti6uuuem Woraud BepHy/mu paspaboTas alropuTm
WHTErpPUPOBaHUA pallUOHANbHBIX OYHKIUN (BepHy/LIM HCNONb30Bas
METO/ HeolpeAeIEHHbIX K03 OULIUEHTOB).

fozndz=nz—
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[Mocne gonrux obcyxaenuit c Jleitbuuuem VoranH BepHyuiu gan B
1718 r. cnexytoliee onpegeneHue: «PyHKIMeH TepeMeHHOH BeJUYHHBI
Ha3blBaeTCcAd KOJIMYEeCTBO, COCTaBJeHHOe KaKUM YTOAZHO CIIOCOO0M M3
3TOU NepeMeHHON BeJIMYUHEBI U IIOCTOSHHBIX».

HoranH BepHy/naM paccMaTpuBajl MUHTErpUpoOBaHHe IIPOCTO Kak 06-
paTHyO K AuddepeHINpPOBaHNIO onepanuio. Takoil HOAX0Z MO3BOJII
eMy J06UTbCA OOJIBIINX YCIEXOB B pelieHNH AnddepeHIUanbHBIX ypaB-
HeHMi. MloraHH BepHy/u BeIBeJl TEOpEMBI CJIOKEHUA /i1 TPUTOHOMET-
pUYeCKUX U rumepbonndeckux GyHKUMH ¢ IoMoIbio auddepeHpaib-
HBIX YPaBHEHUHN, KOTOPHIM OHU YAOBJIETBOPSIOT.

B 1713 r. VoranH BepHy/mnu 6bU1 BOBIE€YEH B cniop Mexay HeioTo-
HOM U JlelibHuIteM. OH peuIMTeNbHO HogAepkai JleiibHuna, mpuBoasa B
KayecTBe apryMeHTa pelleHue MeTogaMu JleiibHHIa HEKOTOPHIX 337134,
He NojAamInuxcsa MetogaM HbloToHa.
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