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NPEAUCJ/IOBUE

K 1775 rony, xorna [lapwxckas akageMus caenania
3asBJICHHE: «AKaAeMHUsi TNOCTAHOBMJIA HE pacCMaTpHBaTh
OTHBIHE MPEACTABJIAEMBIE €l pa3pelieHHs 3ajad YABOCHHS
Kyba, TpHCEKUMH YIja, XBaApaTypbl Kpyra, a Takxe
ManIuH, JOJDKEHCTBYIOLIMX OCYLIECTBUTH BEYHOE JBHXKE-
HHE», CJIOXKHUJIOCh HACMEHIJIUBOEC OTHOHICHHUE YYEHBIX K TEM,
KTO NBbITAJICS PEHIMTh 3TH 3aJa¥d C NOMOIIbBIO UHMPKYJIs
H JmHelkH. [Tlony4yeHHble 4Yepe3 HEKOTOpPOE BpeMs JO-
Ka3aTeJbCTBA HEBO3MOXHOCTH TAaKHMX NMOCTPOCHUH TNPUBEH
K TOMYy, YTO TpH KJIACCHYECKHME 3aJayd Ha MOCTPOCHHE
MOYTH COBCEM MNOTEPAJIM HHTEPEC IS MATEMaTHKOB. JTO
OBIJIO yX€ HE BMNOJIHE CHOPaBEMJIMBO. TpH KJIACCHYECKHE
3a/aYd ChIrpaJii BaXHYHO pOJIb B CTaHOBJICHHH JpEBHE-
rpedyeckod MaremMatukd. Jlaxe oOaMH TOT (akT, HUTO
KOHHMYECKHE CCYCHHsSI MEPBBIM CTajl paccMaTpuBaTh MeEHEXM
HMEHHO B CBA3H C 3ajadyedl ynBoeHWss kyba, TOBOpPHT
0 MHOroM. BaeneHue 6osiee CIIOKHBIX KPHBBIX (KOHXOMIBI
Hukomena, uuccouast [luokna, xBagpartpucel ['mnnus —
JiHHOCTpaTa) TOXE CBA3AHO C 3aHATHAMH TpeMs KJjac-
cuyeckUMH 3anavyamu. Ilo3gHee 3THMH 3agavyaMH MHOTO
3aHuMasuch Buer, [Jlekapt u HbloTOH.

B Hepa3pemiMMOCTH TpeX KJIACCHYECKHX 3aja4y ¢ Io-
MOLIBIO UHMPKYJISl M JIMHEHKH APEBHETPEYECKME MATEMAaTHKH
ybeaunuchk mnoyTH cpa3dy. Ho nonbITkH HalTH peuieHHe
TPEX KJIACCHYECKMX 3aJay C MOMOUIbIO LUPKYJSA U JIMHEHKH
NOYEMY-TO BO BCE BPEMEHA YBJIEKaJTH MHOTHX HECBEIYLIMX
B MaTeMaTHKe JIOACH, TpHYeM HauOOJbHIMA HHTEpEC
BbI3bIBAajIa 3ajaya KBajapartypel kpyra. JlambGepr, mepBbIM
JI0Ka3aBHIMM WpPanMOHANIBLHOCTh YHCHA T, MHcan: «5 uMero
HEKOTOPOE OCHOBAHHE COMHEBATHCS, YTO HACTOAIAN CTAThA
Oyner nmpoYMTaHa M MOHATA TEMH, JUIS KOTO 3TO ObLIO
Obl OCODEHHO MOJIE3HO, TEMH, KOTOPbIE 3aTPAvYHBAIOT
CTOJILKO BPEMEHM H TpyJa [UIsl OTHICKAHHS KBaApaTyphl

4



kpyra. Takux uckatenedl Bcerna OyaeT HOCTATOYHO, M €CIIH
CYAMTh O OYAYUMX 1O HX MNpEeAIIeCTBEHHHKAM, TO 3TO
Oynyt no OosbHIEH 4YacTH JIHOJM, Maji0 CMBICIIANIME
B TCOMETPHH H JIMHICHHBICE BO3MOXHOCTH MPaBUIBHO
OLICHHUBAThL CBOM CWibl. TaM, rae UM HE XBarTaer 3HaHUs
W TNOHMMaHMs, TAEC OHM HE MOryT HHYEro CHEIATh
C MOMOIIBIO TNPaBUIBHBIX MOCJICAOBATEIbHBIX BbIBOJOB,
TaM XaxJa CJaBbl M JEHEr CO3Ja€T COQH3MBI, KOTOpPbIC
Yyamie BCEro HE OTJHYAKOTC HH OCOOEHHOM TOHKOCTHIO,
HH OCOOCHHOM 3aMBICIOBATOCThIO. BBUIM Takxke ciydyaw,
KOrga O9TH JIIOAM TBEPAO BEPUJH, YTO HMX MHHMBIE
J0Xa3aTeIbCTBA HE BCTPEYAIM ONOODEHHS TOJIBKO OT
3aBHCTH M HexobpoxenarenscrtBa. Cpead HHX XOJHT,
MEXy TNpOuYMM, JereHpa, Oynro 6wt B AHrumu u Ton-
JIAHJHH Ha3HA4YEHBbI CTOJIb XKE BBICOKHE NMPEMUH H HaArpaisl
3a KBaJpaTypy Kpyra, Kak 3a ONpEfejIcHHEe reorpaduyeckon
JIOJTOTBl Ha MODE.»

JlambepT OblJ1 MpaB: MONBITKH PEIIHTH TPH KJACCHYeC-
KHME 3aJa4Yd C TOMOIUIBIO UHUPKYJIS H JIMHEHKH HE mpe-
KpaTHJIHCh M TOCJAE TOro, Kax Oblna fgokasaHa MX Hepas-
pemuMoctb. PaHATHKOB HUKaxHe MOKa3aTeJbCTBA HE WH-
TEpPecyioT. 3a BpeMs, MPOMICAHIEEe NOCJIE NOKa3aTe/IbCTBa
HEpa3pemUMOCTH, HAaUOOJIBIIMM YCNEXOM 3THX (aHAaTHKOB
6bu1, Moxay¥, npuHATLIA B 1897 rony 3akoHoAaTeJbHBIM
cobpannem mrata WMeHpuana (CHIA) 3akoH o TOM, 4TO
OTHOIIICHHE AMaMeTpa OKPYXHOCTH K €€ JUIMHE paBHO
5/16, T.e. m=3,2. B [ONMOJHEHHMH K 3ITOMY 3aKOHY
TOPXKECTBEHHO 3asiBJIJIOCh, YTO NPENUIOKUBHIMA €ro ue-
JIOBEK pEHIMJI €HIe M 3aJa4yd TPUCEKUUH yriia M YABOCHHMS
xyb6a. 3aKOH MbITAJHCh YTBEpAUTh BecbMa ymeno. CHauana
€ro OTHPAaBMJH B KOMHUTET MO 3a00JIOYEHHBIM 3EMIISIM.
OTTyna, cOCAaBIIMCh Ha HEKOMIETEHTHOCTh, €ro nepeaasy
B KOMHTET mo o6pa3zoBanuio. TaM pEeKOMEHIOBaJIM 3aKOH
K NPHHATHIO M BEpHYJIM ero obpaTHO, IHOC/IE 4YEro OH
Obl1 MPHHAT €AUHOIIACHO, HUKTO JlaXXe HE BO3JEPKaJICs.
B Cenare CIIIA B mepBOM CiyHIaHHM 3akKoH ObLT TOXE
NPHHAT, HO KO BTOPOMY 3aCE€HaHHIO CEHAaTOpaM BCE XK€
OOBSICHUJIM, 4TO 3a 3aKOH OHHM COOMparoTCs YTBEPAMTH.
3aKOH NpOCYMIECTBOBAN JEBATH MAHEH M OblI OTMEHEH
Cenatom CHIA.

Takux «penicHH» Mbl OosbmHi€ KacaTbcsi He OynaeM.
Bosibmiasi monyasipHOCTh TPEX KIacCHYEeCKHX 3ama4 B Jlpes-
Hed [penun npuBena X TOMy, 4TO Ul KaXOOW H3 HHX
OBbLIIO MOJIYYEHO HECKOJIBKO PCIICHHH, UCNOJIb3YIOHUX 160
CTICOUabHbIE KPHUBBIE, JMOO CHEHMaJIbHBIE HWHCTPYMEHTHI.
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Bpoutopa ComepXHMT NOYTH BCE COXPAHHUBIIHECS JPECBHE-
IpeYeCKMe pELIEHHs, a TakXe HECKOJIbKO HauboJsiee HH-
TEPECHBIX NO3AHeHmUX pemieHuii. OHa OCHOBaHA Ha JiEK-
UHAX, HPOYMTAHHBIX aBTOPOM [UI YYaIMXCS CPENHHUX
mxosg Ne 57 u 444 r. MockBbl.

TpeM Ki1acCHYeCKHM 3aja4yaM MOCBSIIEHO MHOTO KHHI
U KYpHaJNbHBIX craTeid. B cmucke nuTepaTypnl yxa3aHbl
JMHIb T€ U3 HUX, KOTOPBIE OKa3a/lH CYIIECTBEHHOE BIHSHUE
Ha coaepxaHue 9310l Opounopel. Cpend HHUX 0cobo
xoTtenoch Obl BhiaeuTh koMMeHTapu M. H. Becenosckoro
Kk «CouHHEHHSM» ApXxuMena, OHH COJACpXAT NEPEBOMbI
MOYTH BCEX APEBHETPEHYECKHX TEKCTOB, MMEIOIUX OTHOHIE-
HHE K TpEM KJIACCMYECKMM 3aJayaM.

A 6naromapen C. H. bbiukoBYy 3a mnoJie3Hblie 00CYX-
JICHHSI PYKOMHCH.



I’'naBa 1
YJABOEHUE KVYEBA

§ 1. Ucrtopuuecknii ouepk

O BO3HHMXHOBEHHH 3aJayMl Y/IBOCHUA Kyba COXpaHMJIACh
cneyromas JereHaa: «.. BO BPEMS OMUJEMHH YyMbl
nocsaynd apuHsne B [enbdbl BONPOCHTH OpakyJa, 4TO
UM caenath, 4Tob6 dYymMa mpekpaTuiach. bor orsetHsn uUM:
YABOHTH ajTapb M MNPUHECTH Ha HEM XEpTBel. A Tak
KaK ajarapp Obu1 KyOudeckod (GopMbl, OHH B3rpOMO3IHMIIH
Ha HETO €II€ OJMH Taxoi ke KyO, nymas TeM HCIIOJIHHMTH
noBesieHue opakyyia. Korma xe dyma mnocie 3TOro He
NpeKpaTUach, OTNpaBWIMCh OHU K IlnaToHy M cnpocuim,
41O Xe Temephb aenath. Tor orewan: «CepauTcs Ha Bac
Oor 3a HE3HAHHE TEOMETPHH»,—H OODBACHUI, YTO CJIEHO-
BaJI0O MNOJApa3yMeBaThb 3J€Ch HE MNPOCTOE YABOCHHE, HO
HaWTH HEKOE CpENHEC NPONOPIMOHAIBHOE H MPOMU3BECTH
YABOCHHE C €ro MOMOWIbIO; M KaK TOJIbLKO OHH 3TO
- cienand, 4YyMa TOT4Yac JK€ KOHYIJIAch». OJTa JIEreHAaa
CPaBHHMTEJIbHO MO3JHAS, B HEH MHOTOE HCKaXeHO: 3ajave
YABOCHHUS Kyba 3anMMancsa eure I['mnmoxkpar XuWOCCKuH,
xuBmi 1o Tlnarona. Ho 3Ty nerenay coxpaHuiao HECKOJIb-
KO HCTOYHHKOB. B HE MHOro HHTEPECHOrO: Ui APEBHUX
IPEKOB COBCEM HE YYXJbIM OblJIO MHEHHE, 4TO OOrM
MOTYT THEBATbCA 3a HE3HAHUE TEOMETPHM.

s npakTHHEeCKHX wEJed TOYHOE PEHICHHE 3adavu
yaBOe€HUss Kyba He ObUIO HYXHO, HO MaTEMAaTHKOB OHAa
3auHTEpecoBasia. [ unmokpat Xuocckui nepedpopMydpoBa
3ajmady npumepHo Tak: «Ilo orpe3kaM a ¥ 2a NOCTPOMTH
TaKHe OTPE3KH X M y, 4TO a: Xx=Xx:y=p : 2a». B camoM
jene, Torna



T. €. x>=2a> Drta nepepopMynnupoBka Obina CyLIECTBEHHA.
Anrebpa BO3HHMKJIA TOpa3/lo MO3Xe, WU JAPEBHETPEYECKHE
MaTEMATHKH TPOU3BEACHUE [ABYX OTPE3KOB MNPEJACTaBISIH
KaK NPSAMOYIOJIbHUK, IUIst CJIOXCHUS [ABYX IIPOW3BEACHUM
OTPE3KOB MPUXOUIOCH NPeoOpa3oBbIBATh NPAMOYTOJIBHHKH
B pPaBHOBEJMKHE UM MPSIMOYIOJILHUKH C OOIIEH CTOPOHOM,
4yTOOBI HMX MOXHO OBLIO NPpPHKJA/IBIBATE APYr K JPYry:
[TpousBeneHue TpeX OTPE3KOB NPUXOAUIOCH pacCCMaTpUBaTh
yxe kak napasienenunen. [lpeobpa3oBbiBaTh napasielie-
nuneAbl ObLI0 OBl CIIMILKOM CIOXHO, a 3aMevaHde [un-
HOKpaTa mno3BOJIsIO paboTaTh C OTHOMICHHSIMH OTPE3KOB.
B nanbHedmieM Bce pemiajgd 3ajayy MMEHHO B ¢op-
MyJdpoBke ['Mmnokpara, mpHueM, Kak MpaBUJIO, B OOIIEM
BUJIE: OTPE30K 2a 3aMEHsSJIK Ha MPOU3BOJIBHBIN OTPE3OK
b ¥ CTPOUJIH TAKHE OTPE3KH X M Y, UHTO a4 . x=x: y=y . b.

B aroMm cunyyae
a .x_y_a_ y 3
X y b b \b/)’

)3
T.e. x=3/a*h u y=3/ab®. Pemenue sroii 3agaud mo-
3BOJISJIO Takxke JUIsi NPAMOYroJbHOrO mapasuie/icnunena
cTpouTh pedbpo kyba, 0OBEM KOTOPOrOo paBeH 0O0BEMY
napajuenenunena (mo 3TOMY MOBOAY B OJHOM JpEBHE-
rpedeckoM Ttekcte roBopurcsi: «Ilocnme 3TOoro Ml cMOXeM
BoOOmmIe 11000 3a7aHHBIA OrPaHUYEHHBIH MapasiieaorpaM-
MaMu OOBEM npeBpam@rb B Ky0..»; 3tor TekcT EBAeMa
Popocckoro, apyra u yuyeHuka ApHCTOTENS, AacT NPAMOE
yKa3aHHEe Ha MHTEPEC MAaTEMATHKOB K 3a/1a4Y€ NpeBpaILCHHs
napajuenenunexa B ky0). [ToscHuM, kak mo pebpam p,
q ¥ r OpSIMOYTOJIbBHOTO mnapasuie/IenunesRa MOXHO HOCTPO-
uTh pebpo HyxkHOro kyba. [lo pmaHHBIM CTOpOHaM
p M g TNpAMOYIOJIbHHKa CTPOUTL CTOPOHY « KBajpara,
oAb KOTOPOro paBHA IUIOMIANM NPSAMOYTOJIbHHKA,
YMEJIH YXE€ Ha CaMOM paHHEM JTane pa3BHUTHA JpEBHe-
IpEYecKOl MaTeMaTHKU. SICHO Takxe, 4TO €ClM a=./pq
u b=r, o 3/a*b=3/pqr.

[lo pa3HbIM NpHYHHAM JAPEBHETPEYCCKHE MaTeMaTHKH
NpH MOCTPOCHUSAX LUHMPKYJIb H JHHEHKY NMPEAMOYHUTAIM BCEM
IPYTHM HMHCTPYMEHTaM. 31eChb, BIPOYEM, HYXKHO CHEJIATH
yroyHeHue. HU o uMpkyse, HU O JIHHEHKE B HX COYMHEHHSAX
pEYH HET; FOBOPHUTCH JIUIIb O «IOCTPOCHHUSX MOCPEACTBOM
NpsMBIX H OKpyXHoctel». bonee Toro, mna EBknmpa
MNOCTPOEHUE OKPY)XXHOCTH O3Ha4yaeT HE COBCEM TO XK€
caMoe, YTO HCHOJIb30BaHUE HUPKYIa. COrjiacHO TpeTbhbeMy

8

= |



nocrysaty EBknuaa, MOXHO CTPOUTH JIMillb OKPYXHOCTh
C JIAHHBIM LEHTPOM A. MPOXOAMIIYIO 4epe3 NAHHYHO T'OYKY
B. OkpyxHocTb ¢ HeHTpoM A U paauycom BC srot
NOCTYJIAT CTPOUTDb HE MO3BOJSI (3TO HOCTPOECHUE OIUCAIIO
EsximioM B npeanioxeHuud 2 kuurd 1). Llupkyab, xonedno
Ke, TI03BO:MI Obl BBIIOJIHATL Takue unoctpoeHus. [lo-
BUAMMOMY, (opmymupoBka noctrynata EBxnMaa cBA3uHa
¢ YXOASUIMM B TIJYOOKYIHO APEBHOCTb MOCTPOECHHEM OKpYy-
KHOCTEH C IIOMOLIbIO KOJIBIHIKA M MPUBA3AHHOH K HEMy
BepeBKH. B 2oTOM cCilydae i TIOCTPOCHUS OKPYXKHOCTH
¢ ucHTpoM A u paadycom BC npumnuiock Obl CHauana
3a0WTb KOJIbILLIEK B TOYKe B, OTMETUTbL Ha BEPEBKE TOYKY
C, a 3aTeM BbLIAEPHYTb KOJblIeK M 3a0UTL €ro B TOYKE
A. JInwib mocne 3TOro MOXHO OblIO CTPOUTHL TpedyeMyio
OKpYXHOCTb. Takoe TWOCTPOEHHME, NPH KOTOPOM HYKHO
Obl10 3a0MBaTh KOJBILEK HE ONMH, a JIBa pa3a, CYILECT-
BEHHO OTJIHYAETCA OT 3JIEMEHTAPHOTO IOCTPOCHHUA.

B TI'peuuu uupkyab Obin u3obperen B X B. 10 H.
3., 3am0jiro a0 EBknuaa, B CBA3M C MNOTpeOHOCTAMH
KepaMHUYecKoro Tmpou3BoAcTBa. B 310 Bpems mupokoe
PacHpOCTPAHEHUE TIOJNYYHSI TEOMETPHYECKUI CTHJIb, U LHP-
Kyib ObLI HyXeH s W300pakeHWs HA KepaMHUKE KoH-
LNEHTPUYECKUX OKPYXHOCTEM.

I'peveckas Mugosiorus cBA3bLIBACT H30OpETEHUE LMPKYJIsSt
¢ umenem Tanoca (corjacHo apyruM ucrtounHukam — [lep-
aukca), nieMmsaHHaka [enana. O Tanoce nuuietr ApeBHe-
rpeveckuit ucropux [duomop Cumwmiickuit (I B. mo H.
3.): «ToyHo TaK e, U300peTs UUPKYIh M HEKOTOpbIE
JPYrue TeXHUUYECKHE NPUCMOCOOJICHHS, OH AOCTUT OOJbLLIOM
cnaBpl». Pumckuit nucaten, Iwrun (I B. mo H. 3)
cooOaer: «llepaukc, cwmH cectpol Meaana. wu3obdpen
IHPKYJb W nuay H3 pbibbero xsocta». O6 stom u3ob-
pETEeHHH [ABEHANLATUJIETHEIO0 MaJjibyiKa YMOMMHAET Jaxe
3HaAMEHHUTbIH puMckuit nost OBuaui (I B. mo H. 2.)
B nosMe «MetaMopdosbi»:

IMepsbiit kene3ubiM Y3/TOM [Ba XENE3HbIX KOHLUA CHEOAUHHST OH.
Yr1o6pl. XOrma Apyr OT ApPYrda OHH B PAacCTORHHM PaBHOM.
YacTh cTOAJ4 ONHA. HOpyras ke Kpyr obBommna.

Henan m3BecteH B rpedeckoil MHGOJOTHM KaK HCKYyC-
Helimuii u3o0peTatens U apxurektop. (CrpaHHbIM 0b6pasom
ropazno OoJice 3HAMEHHUT HbIHE €ro Hepa3syMHbIH CblH
Mkap, koTopblif NpocnaBWiCR® TeM, 4YTO, HECMOTpS Ha
noJpoOHble HAcCTaBJIEHHMS OTLA, TaK H HE Hay4ywics mpa-
BUJIbHO MOJIb30BATbCS CAeNaHHbIMH JledasioM KpbUIbSMH
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U3 NEPBLEB, CKPEIJICHHBIX BOCKOM.) OapeHHOCTh OTAAHHOTO
eMy B OOy4YeHHE IUIEMSAHHHKA, TPO3MBIIAs 3aTMHMTb €ro
cnaBy, Bbi3Baja Yy Jlenana 3aBHCTb, U OH CTOJKHYJ €ro
C axpomnoJis.

* % %

Cxopee Bcero, APEBHErpeYECKME MaTEMAaTHKH JOCTATOY-
HO OBICTPO MOHAJIH, YTO 3ana4yy yJABOCHHs Kyba Henb3s
PEHIUTh C MOMOIIBIO LHPKYJS W JIMHEHKH, XOTS HOKa3aTh
9TOTO OHH HE MOTJHU H, MO-BUAUMOMY, JaXe HE NMbITAJHUCH.
Ilo nmoBomy TOro, 4¥eM MOMHMO IIMPKYJIS H JIHHEHAKH
MOHO NOJIb30BaThCSl PU NOCTPOCHHUSIX, Y APEBHErPEYECKHX
MaTeMaTUKOB ObuiM pa3Hbie MHEHHMs. IlepBoe pemieHue
3a/la4d yABOCHHUA Ky0a, MOJIyYEHHOE BEJUKHM MOJIKOBOJLEM
U MateMaTHkoM ApxuToM TapeHTCKHM, TPYOHO [Jaxe
Ha3BaThb nmocTpoeHueM. OH MOJIyYHJI pEHICHHE KaK mepecede-
HHE UMJIMHApaA, KOHYyca M Topa. HU 0 xakol nmpaxTHuecKom
peaqM3aiMi Taxoro peEHmCHUS HE MOrJI0 ObITh M pEYH.
Heckonpko Oosee mo3anee penicHHe MeHexma Oblio yxe
B HEKOTOPOM CMBICJIE ONTHMAJIbHBIM: OH HaXxOAWJ1 PELICHHUE
KaK MepeceyeHHe ABYX KOHHYECKHX ceueHHi. ONnTHMabHbIM
3TO penicH¥e ObLIO BOT B KakoM cMmbicsie. Ha nmocnexnem
3Tane pa3BUTHA APCBHEIPEYECKOHM MATEMATHKH, 4Yepe3 He-
CKOJIbKO BEKOB mnocie MeHexMa, CloXWIach CleayroLias
kjgaccuukanus 3ajady Ha NOCTPOCHHE, H3JIOKEHHas aJjiek-
caHApuicKUM MarteMaTHkoM [lammom:

1) mnockue 3aga4yM (peHiaeMble C MOMOUIBIO HPSIMBIX
M OKDPYXHOCTEH, T. €. C NOMOIIBbIO UHPKYJsl H JIMHEHKH),

2) MpOCTPAaHCTBEHHBbIC 3aJaud (peHiaeMble C MOMOIIbIO
KOHHYECKHX CE4YeHUH, T. €. mapabonsl, runepbonsl H 3JI-
JIMNCa; Ha3BaHWE, MNO-BUOIUMOMY, CBS3aHO C TEM, YTO
HCMOJIb30BAJIUCh CEYECHHS MPOCTPAHCTBEHHOM (QHUIyphl —
KOHYCa); .

3) rpaMMHYECKHE 3afayd, peHIaeMble JIHHIb C OMONIbIO
JPYTHX, 60Jiee CIOXKHBIX KPUBBIX JIMHHH (YPOUUT) — JIHHUSA).

[Tann nucan, 4TO ecaM 3agady MOXHO PEHIUThH C MO-
MOIIbIO MPSMBIX M OKPYXHOCTEH, TO ObLIO Obl OMIMOKOMN
HCMOJIL30BaTh B TE€OMETPHM Uil €€ PELICHHS Jpyrue
UHCTPYMEHTBl. OH Obl1 YBEPEH, 4YTO 3ajady YyABOCHHSA
Kyba HeJb3s PEHIUTh C MOMOINBIO APSAMBIX H OKPYXHOCTEH.

Knaccupukauua IManna sHenmonmnasi. OHa HE BKJIIOYaeET
MNOCTPOEHHS], HMCNOJIb3YIOUIME CITENHaIbHbIE HHCTPYMEHTHI,
a TakWe TMOCTPOCHHUS BCTPEYAJIHCh Y JPEBHErpPEYECKUX
MaTeMaTHKOB Hepenko. CnenuaibHble WHCTPYMEHTHI JUIS
PEHICHHA 3afa4yd YABOEHMs Kyba MCHoJIb30Bad DpatocheH
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n Hukomen; cneuuanbHbIH HHCTPYMEHT HCNOJIL30BAH TaKXe
B pelueHMH, npunuchiBaecMoM [lnatony.
* Kk Kk

Ilociie apeBHETpEYECKMX MATEMAaTHUKOB B OTHOLUCHHH
3afa4yu’ yaBoeHusi kyba ObLIM MOJIyyeHb!, MOXaNyH, JHILb
JBa CYIIECTBEHHBIX pe3yjibTata. Bo-nepBbiXx, ObLIO 00-
HapyXXEHO, 4YTO 3Ta 3ajJaya ¥ 3ajJavya TPUCEKLUH Yyria
CBOIITCA K pELICHHIO KyOMYECKUX ypaBHEHHH, a BO-BTOpBIX,
B 1837 r. ObI0 JoOka3aHO, 4TO 3TH 3aJla4d HeEpa3pellMMbI
C TOMOIUIBIO IMPKYJSI W JHMHEHKH (B HEPA3PEILUMOCTH
ITUX 3aJay APEeBHErpeyeckHe MaTeMaTHKH. ObLIIM YBEPEHBI,
XOTSl U HE MOTIJIM 3TOrO J0Ka3aTthb). B ToM, 4ToObI NOHATH,
YTO 3aJa4a yABOCHHMS KyD0a CBOJMTCS K pEIUEHHIO KyOuuec-
KOI'O ypaBHEHMS, HET, Ka3ajiochb Obl, HUYEro CJIOXHOTO.
Ho npeBHErpeyeckue MaTeMaTHMKd HHKOIJa HE pelLAJH
TEOMETPUYECKHE 3aJayu IMYyTEM CBEACHUS HX Kk anredpa-
nyeckuM ypaBHeHusIM. MIx MateMaTuka Oblna CyiecTBEHHO
reoMerpudeckoil. Anrebpausanyss MaTEMaTHKH Hayasach
ropasio Mo3xe M LLIa O4eHb MEJIEHHO U TpyaHo. CnoBo
«anrebpa» BOBce He ciy4yalHO NpOHMCXOAUT M3 apabckoro
si3bika — apabbl NEHCTBUTENLHO OYEHb MHOIO CHENalld IUIs
anrebpanzanmuu MaTeMaTHKH.

B XII 8. B EBpone Hawanu mnepeBoguTh C apabCkoro
sfi3blka Ha JIATMHCKUH TpakTaThl JpeBHErpeveckux u apabc-
KMX MAaTeMaTUKOB (MHOTHE COYHMHEHMS [PEBHErPEYECKUX
MaTeMaTUKOB COXpaHUJIUCh JIMLIb B apaOCKUX NEpPEeBOAAX).
I'peyeckasi MatemMaTuka BepHynachb B EBpomny B CHJIBHO
anreOpan3upoBaHHOM BuAe. Bbimaromuecss JOCTHXEHHUS
B obOnactu anreOpbl (pelieHHe B panuKadax ypaBHEHHIA
TpeThe#l ¥ 4YeTBEpTOH crTemeHu, TeopemMa Buera) ObLiu
yXKe OTYaCTH MOIrOTOBJICHBL.

B cBoe#t kaure «I'eomerpus» (1637 r.) dekapt nokasal,
KaK T€OMETPHYECKHE 3aJayd MOXHO CBOOUTHL K anredpa-
HYECKUM ypaBHeHHSIM. B CBfI3u Cc 3TUM y HEro BO3HHKIIA
3aJaya TOCTPOEeHHsI KOpHe# MHorouieHa. Jlexapt Hauen
OYeHb TMPOCTOH C€NOoco® CTPOUTH KOPHH MHOIOYJIEHOB
TPETbEH ©W YETBEPTOM CTEMEHEH Kak IPOEKUMH Ha OChb
KOOpOMHAT TOYEK TNepeceyeHHsi mapalbosibl U OKPYXHOCTH.
Kak o0cob0 BaxHble YacTHBIE CJy4au 3TOTO MOCTPOCHHUS
Jexapt Bbioenus pelleHWs 3aa¥ yABOeHUs Kyba u TPHCEK-
MU yIJIa U PacCMOTpPENl HX OTAEIbLHO.

HekoTopoe Bpemsi mocne mnosiBieHus knuru Jlekapra
TIOCTPOEHMEM KOPHEM 3aHHMAJIMChb TMOYTH BCE KPYINHBIE
mareMatuku (Pepma, HeiotoH, Ban CxooteH, Jlonurans,
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Jlarnp, 5. Bepuymm, Ponnw, Kpamep, Diinep), Ho nHTEpEC
K 3TOM 3ajave yracana cTojib ObLICTpO, UTO TJiaBHas
TEOPEMA, CBA3AHHAS ¢ MOCTPOCHUEM KOpHEN, ocTajiach He
AOKa3aHHOM, MO-BUJIMMOMY, M HO CeH AeHb. DTa TeopeMa
3aKJrovaeTcs, rpybo roeops, B CJCAYIOWEM: KOPHH MHO-
royjieHa n- CTENeHM MOXHO TIOCTPOUTb KAaK MNPOEKLHH
Ha OCb KOODAMHAT TOYEK HEpECEUCHUs ABYX anreOpanvdecKux

KPUBBIX, CTENEHH KOTOPbIX PABHbI TNPUOJIN3HTENLHO \/_1;
IMocneguuMu 3aga4ed MOCTPOEHMS KOpHEH 3aHMMAJMCh
Kpamep (1704—1752) u Dinep (1707—1783), Ho ux
HHTEpeC K Hell ObL1 yke Crosib cnabblM, 4TO OHH HE
oOpatuny BHUMaHHs HA TOYTH OYEBHAHbLIE BellM. YKa3aH-
HYIO BbIIIE TEOPEMY XOTS M HHMKTO He [0Ka3biBajl, HO
BCE )K€ TIpOoBepsid, 4YTOObI y KpHUBBIX ObL10 OGosblle
cBOOOMHBIX KO3(PHANUEHTOB, KOTOpPbIE MOXHO H3IMEHSTh.
yeM y MHorowiedHa (Jlomutans cuuMTan 3TO BHOJIHE MO0O-
CTAaTOYHBIM JOKa3aTeIbcTBOM). UTOOBI H306€XKATh CHTYallHH,
KOrjia ISl BEIECTBEHHOTO MHOTOYJIEHA TOYKH TepeceueHuUs
KPHBBIX 110JIy4ar0TCsi MHEMbIMM, Kpamep u Oiiep npen-
JIOXUIHA cnocod, B KOTOPOM CBOOOIHBIX K03hduieHToB
y KpUBBIX OBIIO MeHbIE, Y4eM y MHOro4jieHa, T. €. 3TOT
cnoco® roauiics 3aBeOMO He s JIFOO60ro MHOrowieHa.
Bpsia nu Ditnep gonyctuil OBl Takylo OIIMOKY, ecnu Obl
3aHUMaJIc 3TOH mpobaeMoil Bcepbes.

§ 2. /lpeBHerpeveckue pellcHHs

Pemenue Apxuta TapeHTCKOTO
(ox. 428—365 rr. mo H. 3.)

[lepBoe peumieHHe 3amavn ynBoeHHss Kyba Oblio mosty-
YeHO BEJIHKMM MOJIKOBOALIEM M MATEMATUKOM ApPXHTOM
TapeHTCcKNM.

Pemienne Apxura npsiMoe M eCTeCTBEHHOE, HO I
COBPEMEHHOTO BOCIIPHATHSI OHO OAHO M3 Hambosee CiIOXK-
HbIX, IOTOMY 4YTO OHO 11IOJIHOCTbIO T€OMETPHUYECKOE M CO-
BpeMeHHas anreOpansans HUYEM He TTOMOTAET €ro IOHSTh.

IIpexnae 4eM nepediTé K peleHNo ApXUTa, pacCMOTPUM
puc. 1. Ha 3toM pucyHke u3006paxeH NOJAYKPYr ¢ JAHAMET-
poM AC; U3 TOYKM P, nexaineit Ha OKPYKHOCTH, ONYyLIeH
niepneHnukyyssp PM na auametp AC, u3 Toukn M onyineH
nepneHaukyysip MQ na orpesok AP, a u3 Touku Q omnyieH
nepnenaukyyssp QN Ha puamerp AC. SIcHo, uTO
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NIO3TOMY

P
AC_AC 4P M _[am\} Q
AQ AP AM A0 \ 40/
B yactHocTH, ecniu AC=2A4Q,
T0 AM=3/240Q. A N M ¢
Ytobbl npuitH K pHC. |, Puc. 1.

NOCTYNUM CleayommuM obpa-
30oM. Ilycts AB u AC— nanHble oTpe3ku, npuyeM AB< AC.
Torma MOXHO CYMTATh, YTO TOYKA B NEXHUT HA OKPYXHOCTH
S ¢ muamerpom AC (puc. 2). PaccMoTrpuM Tpu 1noBepx-
HOCTH:

1) nmauHAp ¢ OcHOBaHUEM S;

2) kxoHyc c¢ ocsto AC u obpasyiomeid AD, roe
D — Touka nmepeceyeHus 1psaMoil AB U xacaTeJibHOH K OKpYy-
*HOCTH S B Toduke C (3TOT KOHYC TMOJY4aeTcs MpH
BpallleHWH MPSIMOYrojibHOro TpeyrojiibHuka ACD BOKpyr
kareta AQC);

3) .moBepHeM oOkpyxHOCcTh S Ha 90° Bokpyr ocu AC
v OymeM BpamaTh MNOJYYEHHYIO OKPYXHOCTh S’ BOKpyr
OCH, TIpOXOAdIled yepe3 TOYKY A mnepneHaUuKyJspHO IUIOC-
KOCTHM OKpYXHOCTH S; B pe3yJbTaTe MOJYyYUM MOBEPXHOCTh
BBIDOXIEHHOro Topa (TOp TMOJy4aeTcss TPH BpalllEHUH
Kpyra OTHOCHUTENbHO OCH /, nexamedl B IUIOCKOCTH Kpyra
M yAAaJeHHOU OT Hero Ha HEKOTOpoe paccTosiHue a (puc. 3);
€C/IM, KaK B HalleM cny4ae, a=0, TO mojiyiaeM BbIPOX-
JCHHBIA TOP).

Ilyctb P--oaHa M3 TOYEeK TepeceyeHUss Tpex pac-
CMAaTpUBAEMBIX TIOBepXHOcTed (cM. puc. 2); M — npoexkuus
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Puc. 3.°

ToykH P Ha miockocTh okpyxHocTd S. Touka. P jexut
Ha TMOBEPXHOCTH INUIMHApA, TOITOMY TOYkKa M JeXuT
Ha okpyxHoctu S. [IpoBemeM wuepes Touky B Xxopay
BE, nepnenaukynspryo auametpy AC. Ilycts Q-—Touka
orpe3ka AP, npoeuMpyromascsi B HEKOTOpyro Todky N oT-
pe3ka BE. Tak xak AP—oOpasyrom@as KoHyca, TO
AQ=AB. Touka Q JeXUT Ha OKPYXHOCTH C OHAMETPOM
BE, nostomy QN?=EN-NB=AN-NM, T.e. Touka Q
JIEXXUT Ha OKPYXHOCTH ¢ auamMerpoM AM u [/ AQM=90°.
CnenosatenbHo, QM||PC’. B wutore Mbl IpPUXOJHM
K puc. |, Hy)XHO UL B O0O3HAYEHUAX 3TOrO pHUCYHKa
3amenuTh C Ha C’. CnenoBatenbHo, AC : AP=AP : AM =

=AM : AB, a ecntu AC=2AB, to AM=3/2AB.

% %k ok

ABTOp TIEpBOTO pellleHHsl 3aJayd yOBOeHUs Kyba 3a-
C/y>)XMBaeT TOro, 4TOOBI MPHUBECTH XOTH ObI KPaTKylO ero
ouorpagputo. B mavane IV B. mo H. 3. mudaropeius 6bL1H
M3rHaHBl U3 TOYTH BCEX TIpevYecKux KOJOHHUH B IOKHOH
Uramuu. Jlmue B Tapente Apxur cyMesn COXpaHUTH
HOJIlyapuUCTOKpaTHYECKHl pEXHM, U 3TOT TOPON oOcTascs
€OMHCTBECHHbIM CYILIECTBEHHBIM TIOJHTHYECKUM LEHTPOM
madaropeiieB. B cBoeM ropome ApXxuT ObLT  OYEHB
BIHATEbHbIM YenoBekoM. Jluoren Jlasprckuil mican o Hem:
«BcsiueckuMu cBouMM OOOpoJeTeNsiMU BbI3bIBA OH BCEOO-
mee BOCXHIIEHWE M Obl1 Had CBOMMHU corpaxJaaHaMu
BOCHAYa/IbLHUKOM CEMb pa3, TOrha Kak ApYr¥e Mo 3aKoHy
He BOEHayaJ bLCTBOBaIM OoJee ONHOTO Troja ... B CBOE
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BOEHAYaJILCTBO OH HH pa3dy He TMOTEpPNEN IOpaXeHHs;
a OJHaxObl, KOIJa €My CTajd 3aBUIOBATh, OH OTKAa3aJiCs
OT HA4ajlbCTBa, M BOMCKO TOTY4ac ObLIO pa3buTON.

ApxuT ObLT OuYeHb OpyxeH ¢ ¢unocodpom IlnaroHoMm.
IMo-BunuMoMy, uMeHHO Onaromaps Apxurty Ilmaton xo-
polIO 3HaJl MaTeMaTHKy. A OfHaXIbl APXHMT Jaxe crac
Ilnatona ot cMeptH. ATy wucroputo pacckasan Jluoren
Jlasprckuii: «.. Bo BTOpoi pa3 oH <(IInatoH) e3mun
k [Huonucuio MuaalleMy NpOocHTb O 3eMJie H JIOOsX,
4yTOoOBl XUTh MO 3akoHaM ero locymapcrea («Iocynmap-
crBo» — kHura Ilmatona). JuoHucuii obeman, HO He
nan. Hekotopble MmUIIYT, YTO HpU 3TOM OH monajn ObLio
B Oeny, orroro urto mnobyxnman [uona u Deopora
K OCBOOOXAeHUIO OCTpoBa; HO nudaropeer] ApXuT B MmUCbMe
K JuoHucuio nobusics Ui HETO NPOINEHHS U CBOOOAHOTO
BO3BpalllcHUsI B AQuHBL»

Hayunble uHTEpechl ApXHTa Ha MepBLIA B3I MOpaxa-
10T pa3HooOpa3zueM. CaMbIM TJIaBHBIM €ro JOCTHXEHHEM
ABJISIETCA PpelI€HUe 3amayd yaBoeHus kyba. [Ipyrum Bax-
HbIM JIOCTHXEHHEM SIBJIIIOTCS €Tr0  TEOPETHUKO-YHUCIIOBbIE
MCCJIeIOBAHUSI, COCTaBUBIUUE OCHOBY BOCbMO#M kHUTH «Ha-
yam» EBxnuma. Kpome Toro, Apxura ¢ MOJHBIM OCHOBA-
HHEM Ha3bIBAJIM KpYNHEHIINM mdaropefickuM TeOpeTHKOM
My3bikd. bBosiee 0Onu3koe 3HAKOMCTBO CO BCEMH ITHMHU
pe3yabTaTaMu ApXUTa NMOpaXaeT, 0JHAKO, CTPaHHBIM elu-
HooOpa3zueM mnpd TakoM pa3HooOpa3uu. Pemas 3amavy
yaBoeHHs: kyDa, OH MexJy JaHHBIMH OTpe3kaMu a U b Bcra-
BJISET OTpPe3KM X U Y, o0Opa3ylollde MponopLHUio
a:x=x:y=y:b. B teopuu uucen ApxuT uccienyeT, Koraa
MeXJy NaHHBIMM HATypa/JbHBIMH HHUCIAMHU a@ U b MOXHO
BCTaBUTbL HATypajbHblE 4YHCIAa X, ..., X,, 0Opa3yio-
IIUE TIPOMIOPLHIO A:X{=X|:X3=...=X,—1:X,=X,:b. B Te-
Opu¥ MYy3bIKH APpXHT H3yyaeT CpeJHHE W MPOMNOPLHUU:
cpeaHee apupMertudeckoe (a—b=b—c, T.e. b=(a+c)/2),
cpenHee reomerpuyeckoe (a:b=b:c, 1. e. b= ac) U cpen-

a—b a 2ac

HEC TApMOHHYECCKOE —=-, T. €. =— |
b—c ¢ a+c

ApxuT 3aHMMAJICA TaKXe MEXaHUKOH M, MO-BUAMMOMY,
JIOOM MacTepuThb pa3Hble npucnocobnenus. Iuoren Jla-
3pTckuil mmucan o HeM: «OH NepBuI YIOPAOOYHI MEXaHHUKY,
NPHWIOKNB K HeHd MaTeMaTH4YeCKHe OCHOBBI, M TEpBLIi
CBEJI JIBHXEHUE MEXAaHU3MOB K F€OMETPHYECKOMY HEPTEXY».
O6 wu300pereHusax Apxura ecThb HE O4YEHb JOCTOBEDHbBIE
cBeJicHUsl, OyATO OH M3rOTOBMJ JEPEBAHHOrO TroJybs,
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KOTOPBIf MOT JIeTaTh, ¥ COBEPILIEHHO IOCTOBEPHOE CO06-
imeHue ApHcToTeNnsi, 4YTo ApXUT H300pes AETCKYHO Iio-
rpemyiky: «C apyro CTOpPOHBI, U [OETH AO.KHbI UMETH
KaKoe-HHUOYyab 3aHUMATEeNbHOE 10, H B 3TOM OTHOIIEHUH
HY)XHO CHYMTAThb NpPEKpPacCHbBIM U300peTeHHEM Ty NOrpeMyll-
Ky ApXHTa, KOTOPYIO [4I0T MaJjblM [ETHM, 4YTOObI OMHH,
3aHUMAsCh €10, HE JIOMaJil HUYEro W3 AOMAILHHUX BEILEH:
Belb TO, YTO MOJIOAO, HE MOXET OCTaBaThCs COKOMHBIMY.
ApHCTOTENIO MPUXOAUTCS TMOBEPUTH, MOTOMY 4TO OH ObLI
ayqmaM  yuenukoM [lnatona, Oamskoro apyra Apxura.

Pemenue Menexma (IV B. 10 H. 3.)

Bcnen 3a ApxuToM apyroe pellleHHe 3a4a4d YABOECHUS
Ky6a monyuun ero ydeHuk EBiOKCc, HO 00 3TOM pelueHHH
MOYTH HMUYEro He u3BecTHo. IloaTtomMy MbI nepeleM cpasy
K peieHuto Medexma, ydyeHuka EBmokca. Ha coBpemenHom
aJrebpanvyeckoM S3bIKE I3TO pEILUEHHE M3JIOKHTh OYeHb
nerko. Eciu nmaHet oTpe3ku a v b U Mbl XOTUM HaWTH
TAaKHE OTPE3KM X M p, UTO a:X=Xx:)=y:b, TO UX MOXHO
MOJIyYUTh, pPELUUB JIOOYI0 M3 [ABYX CHCTEM YypaBHEHMI:

x2=ay, x:=ay,

yr=bx M xy=ab.
C reoMeTpHYECKOIl TOYKH 3pEHHUS pELICHHE TIEpBON CUCTEMbI
ypaBHEHHH CBOAMTCS K TIOCTPOEHHUIO TOYKM MepeceyeHHs
nByx mnapabon (puc. 4), a pellleHde BTOPOH CHCTEMBI— K
NIOCTPOEHUIO TOYKHM TepeceyeHust mapabosisl U runep6o.bl
(puc. 5). OGe mnapaGosibl M runepdona NpoXomsiT dYepes
OJHY TOYKY.

Menexm npensnoxun ob6a 3tu  pewenus. I[lapabony
M runepboJly OH MoJiydal, CyAs 1O BCeMy, KakK cedeHHs

yA x=ay
92= bx 7} x“’:ag

zy=ab

]Y

By

Puc. 4. Puc. 5.



KoHyca (rpadukoB (QyHKIMH ApeBHErpevYecKHe MaTeMaTHKH
He paccMaTpHUBaJIH).

Ecaum dukcupoBath OTpe3ok a M CTPOUTH OTpPE3KH
X M y O08 pasfauuHelX b, TO rnocTpoeHHe MeHexma He
O4YeHb YAOOHO: JUI KaXXIOTO 3HAYeHHs b HYXKHO CTPOHTH
HOBYyI0 napabony wiu runepbosy. st TakMX nocTpoeHui
6onee ynobHo nocrpoesue [lekapra, B KOTOPOM CTpPOSATCS
TOYKH TepeceyeHuss (PUKCHpoBaHHOH mapabonbl ¢ pa3nud-
HBIMM OKpYXHOCTSIMH (cM. c. 31).

Pewetue, npunucviBaemoe IlmaTtoHy
(428 —348 rT. g0 H. 3.)

EBTOKHH, KOMMEHTAaTOp COuMHEeHUH Apxumena, coolina-
eT, yro [lnaTon mpemsioxuil cieayrolliee pelleHHe 3aadH
yaBoeHus: kyba. TlocTpouM npsiMOYro:ibHbIA TpeyroJbHUK
OAB, xateTaMH KOTOPOTO SBJSIOTCS JaHHbIE OTPE3KH
a u b (puc. 6). Ecnn va npogomkenusix kareroB OB u O A4 Ham
yaacTcsl MOCTPOUThL Takue ToukH X U Y, uto mpsimble AX
U BY napannenvhbl, a npsMas XY UM nepneHauKyJsipHa, TO
3ajlaya yaBoeHus Kyba Oynaer pemieHa. B camom pgene,
TpeyroibHukd AQOX, XOY u YOB mnonoGHB, MN03TOMY
a:x=x:y=y:bh. Ina nocrpoeHuss To4ek X M Y MOXHO
BOCIMOJIb30BATbLCS MHCTPYMEHTOM, COCTOSIIIIMM H3 XECTKOTO
npsiMoro yria X' Y' B’ no cropode X' Y’ kotoporo ¢Bo6oHO
JIBUXKETCS TIEpNEHAUKYJIIsIpHas e npsimMas X' A'. Pacnonoxum
Juis 3Toro npsiMo#t yron X'Y'B' Tak, 4ToOBl €ro cropoHa
Y’'B’ npoxoauia yepe3 TOYKy B, a BepiunHa Y' nexajia Ha
npsiMoi AQO. 3aTeM nepeBUHEM Mpsi-

My10 X' A’ Tak, 4ToObI OHA NMPOXOoauSa A
yepe3 Touky A. Ham HyxHO, 4TOOBI
ToYka X' oOKa3ajlack MNpH 3TOM Ha
npsiMoit OB. IT0ro MoxHo JOOUTLCH,
NIOBOpa4YMBasl Hall MHCTPYMEHT.

EBTOKMII omnucanl TakXe YCTpoit- a
CTBO HYXHOTO ISl NOCTPOEHHS HH-
ctpyMeHTa. OH COCTOSI M3 JKECTKOM
[I-obpa3noil pambl, B CTOHKax KOTO-
poii OblM BbIpE3aHb! Na3bl U MO HUM
asuranach peiika (puc. 7). Paccmar- X
pHUBaEMOe MOCTPOEHHE MOXHO TAKXKe Y
BBINIOJIHUTL C MOMOLIBIO JABYX Hpsi-
MBIX YIJIOB, ABWTasi CTOPOHY OJHOTIO v
yrja 1O CTOpPOHE Jpyroro yrja
(puc. 8). Pxc. 6.
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X' 4’

Y/ B’

Y’ 8’
Puc. 7. Puc. 8.

[IpunagnexHocts, 3TOoro pewenuss I[lnatony BecbMa
coMHATENLHA. O6 3TOM pelueruu coodmaer Tonabko EBTO-
KUH, a QpyrHe HCTOYHHKU CPEIU aBTOPOB PELICHHH 3amayu
yaBoenusi kyba Ilnarona He ynomuHaror. Ho 3TO He
rnaBHoe. [leno B ToM, uto [InaToH orBepran MexaHHYECKHE
Joka3aTejibCTBa KaK pa3pylIarollle BCE Jy4YIlleeé B FE€OMET-
pud. OH npeamoyuTan UOEM B YUCTOM BHIe. Bceepbe3
paccMaTpuBaTh Takoe pelieHHe [InaToH neiCTBHTENLHO He
mor. Ho He uckiroyeHo, YyTO 3TO pellleHHE OH TPEIJIONKHII
B IIYTKy, HacMeXasCb Hal MOCTPOEHHSMH C IOMOIIbIO
HHCTPYMEHTOB, KOTOPbIMH HAJUIEKHT MOJIb30BaThCS JIUIIb
peMeECJIeHHUKaM (Takyl0 THIOTE3Y BbICKa3aJ U3BECTHBIN
MaTeMaTHK u uctopuk MareMatuku.b. JI. Ban mep Bapnen).

Pemwenue Opatocpena Kupenckoro
(ox. 276—194 rr. 1o H. 3.)

Kpyr unrepeco DparocdheHa, coBpeMeHHHKa ApXxuMena,
6b11 o4yeHb KUpoK. OH U3MEPHIT [UTMHY 3€MHOTO MEpUIMAaHA.
MHoruM wu3BecTeH ero cnoco® HaxoXIEHUs IMPOCTHIX
yucen — «peweto Ipatochena». EMy Takxke MpHUHAANEKHT
ONHO U3 peLICHHH 3ajavyud yaBoeHHsl Kyba. DTO pelieHHe

"UCITIOJIb3YET UHCTPYMEHT, COCTOSIIHNA M3 TpeX paBHBIX
npsiMoyronasaukoB AB,C,D,, A,B,C,D, u A3B3C3D3,
IIPOTHUBOIOJIOXHBIE CTOPOHBI KOTOPLIX MOTYT MEpeMeIaThCS
[0 ABYM NapajUIe/IbHBIM MPSAMbBIM, U HA 3THX NPSAMOYTOJILHH-
Kax HapucoBaHbl ux nuarosam 4,C, 4,C, u A;C; (puc. 9).
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[Tycth paccTosiHE MEXAY NPAMBIMHE paBHO JaHHOMY OTpPE3KY
a, a Ha ctopoHe B,C, B3aTa Touka M Tak, 4yto oTpe3ok C M
paBeH maHHOMY oTpe3ky b. [uaroHamu A,C, u A3C;
nepecekarot croponsl B,C, u B,C, B Toukax K u L cooTBeT-
crBeHHO. [IpAMOYroJbHUKH MOXHO CHABHHYTbH TakK, 4TOObI
TOYKH A 4, K, L u M oxa3ajmch Ha ogHo#M npsiMoi. PukcHpyeM
JUIS 3TOTO mpsMoyrofbHuk A.B,C,D; u Oynem nsurath
npsMoyrojibHuk A,B,C,D, Tak, 4To6bl Todyka K mpoiina
nyTh OT TOYkHM B no toukm C,. [Insg Kaxaoro rnoJIoXeHHUs
npssMoyrojbHuka A4,B,C,D, HalAeTcsi TaKO€ MNOJIOXKEHUE
npsAMoyrojibEUKa A 3B,C 3D 5, 4TO TOYKA L JI€XUT HA NPAMO#
A K. Ilycts npsimasi, Ha xOTOpOM JiexaT TOYkd A, K u L,
nepecekaet cropoHy B4C; B Touke M. SIcHO, 4TO eciM TOYKa
K npo6eraer Bech otpe3ok B;C,, To Touka M ' mpoberaer Bech
oTtpe3ok B3C 3, a 3HAUUT, B HEKOTOpbII MOMEHT OHa COBIAAAET
¢ Toukoii M. Koraa npsiMOyroJbHUKY NPUBEAEHBI B HYXXHOE
noJjioxenue, tpanemuu A,KC.D,, KLC,C; u LMC,C,
noaoOHbI, NO3TOMY @:x=Xx:y=y:b,rne x=KC; u y=LC,.

Ecnu Bbl BO3BMETE TPH MNPSAMOYTOJILHHKA, HApUCYETE
Ha HUX OUHAroHalJid ¥ MonpoOyeTe OCyIeCTBUThL MOCTPOEHUE
OparoceHa, TO YBHOUTE, 4YTO €ro METOA HE OYEHb
ynoOeH — XJIONIOTHO MpOBEPATb, HTO TOouku A4, K,
L v M nexar Ha onmHo#i npsMoii. Ho Opatocden csoum
pelleHHeM o4eHb ropausics. OH gaxe COYHHHJI 3MUTPAMMY:

Ecau u3 Manoro kyba nBO#HHO#H 3aMBllUISEHIb YCTPOHTH,
Hpyr, wi namebit o6veM k ¢GopMe apyroiét npuBecTH,

Yrob xopowmo ymaiocs Tebe 31O, B3gymMal JM norped
Tel M3MepATh, WIH POB, WJIH IIMPOKYIO NAacTh

I'ny6bu kononma, BO3bMH HAa CMEXHBIX KOHNAMH IUTACTHHKAX
Cpennde JNMHHUM [BE, CKaTble MEXIy Tabium.
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He npuberait mns 3T0oro Thl K THXEJIBIM HHIMHAPAM ADXHTA,
Konyca Tbl He cekH, KOpHS McHexma TpHax,

Takxe He Hano nepxartb ¢ OoropasHbiM EBnokcom cosera,
BbITHYTBIX (TMHHH ero (opMbl HE HAJ0 HYEPTUTD.

C stuMu X Tl TabIMYKAMH TBICHYH CPEIHHX HOCTPOHULIb,
JBuraiics cmesio Bhepen, ¢ MEHbIIAX H3 JaHHBIX HAyaB.

TTycTb e CBEpIIMTCE BCE 3TO, H KaXIblif CMOTPSALIMH TNYCThb CKaXeT:
«2Q10 KHpeHbl ChHIH BbiayMaj patocten».

Pemenune Hukomepga (II B. mo H. 3.)

BecbMa pacnpocTpaHeHHBIM CIOCOOOM pellleHHs 3aay
Ha noctpoerHne B JlpesHed I'permun Obin cnoco6 «BCTaBOK»
(neusis). OH 3akaI04alicss B TOM, YTO Hepe3 JAHHYIO TOUYKY
O mpoBoJuiach npsiMasi, Ha KOTOpPOH IBe NaHHBIEC NpPsSMble
[y u |, (nm, HanpuMep, npsiMasi ¥ OKPYXHOCTb) BbICEKAHU
OoTpe3ok aaHHOW muuHBL (puc. 10), T.e. Mexay NaHHBIMH
OPSMBIMH BCTABJISUUICS OTPE30K JaHHOW [UJIMHBI, NPOJOJI-
XeHHe KOTOpOIO MPOXOAMJIO Yepe3 AAHHYIO TOYKY. 3ajmavy
NIOCTPOEHHST TAKOrO OTpe3Ka HeJb3sl PElUNTh C MOMOIIbIO
UMPKYJISi M JIMHEHKH, HO JUIS ee pelIeHHs MOXHO, BOOOlIE
roBops, HCIOJBL30BaTh JIMHEHKY C JByMsl [CJICHUSAMH,
paccTosiHUe MeXIy KOTOpPLIMH paBHO JJIMHE JAHHOTO
oTpe3ka. Tak HEKOTOpbE IpeBHErpeYeckMe MaTeMaTUKHU
M JeNaii, HO, CyIsl 110 BCEMY, K MOCTPOEHHUSM C MOMOIIbIO
JuHeHkn ¢ naByms faejeHusMu B [lpeBred I'pemmu oT-
HOCHUIHUCh HeomoOputenbHO. [l MOCTpOeHMM, HCMONb3Y-
IOIIMX «BCTaBKW», HukoMen npemsioxusi cnenuajbHyIO
KpUBYIO — KOHXOHAY. DTa KpHBas CTPOMTCA CleJylOLIUM

Puc. 10.
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Puc. 11.

obpa3oM. byaem Bpaniate BOKpyr Toukd O npsmytro. [lycts
A,-—TouKa TmEpeceyeHuss 3TOH mnpsMoit ~ ¢ npsamou [,
a B,-—Takas e€¢ TOYKa, 4TO OTPE30K A,B; HUMeEET AaHHYIO
auny (cM. puc. 10). Kpupyto, KoTOpyro 3aMeTaet NpH 3TOM
To4yka B,, U Ha3piBalOT xowxoudou. Touka B mnepecedeHus
KOHXOHABl H TnpsMod [, 3amaer UckoMyr npsmyro OB.

HuxoMen H3roToBH;1 Takxe HHCTPYMEHT JUIS BBIYEp-
YUBAHUA KOHXOHA. DTOT HHCTPYMEHT COCTOSUI U3 Heno-
nsuxHOM T-00pa3HoOW paMei ¢ NMPSAMOJIMHEHHOH NPOpE3bio
U WHIOM A U U3 HOABHXHOM pEHKU ¢ MpPOpe3bio U IIHUIIOM
B (puc. 11). llun 4 XecTko 3aKpelmyieH Ha pame, a UM
B—mua peiike. luaMeTp WMNOB paBeH ILHHPHHE MPOPE3CH.
3aocTpeHHBI KOHEN PeHKH NMpHU JBHXXEHHHU, HANPABJISEMOM
IIMIIAMU M NOPOPE3sIMH, ONUCHIBAET KOHXOUAY (TO4HEE
TOBOPS, 4aCThb KOHXOHbI).

Cnoco6 «BCTaBOK» [a€T BO3MOXHOCTb IPOU3BOAMUTH
NOCTPOEHHS, KOTOPBIE HEIB3S1 BLITOJHATH C MOMOLIBIO ITUPKYJIst
¥ JuHelky. OH, HanpuMep, JIETKO MO3BOJISET Pa3AeIuTh JB000i
yroJi Ha TP PaBHbIC 4aCTH (CM. €. 37); TpH ITOM MOXHO Jaxe
OrPaHUYMTLCA CJIy4aeM, Korja mnpsmele [, # [,, Mexay
KOTOPbIMHU HYXXHO BCTAaBUTh JaHHBIA OTPE30K, NEPIIEHANKY. ISP~
HBl. 3a7a4y yABOEHHs Ky0a ¢ MOMOILIBIO CIOcoba «BCTABOK»
PELIMTDL TOXE MOXHO, HO 3TO PEIICHHE CYNIECTBEHHO CIJIOXKHEE
TPUCEKLUU yrja, U npsiMeie [, U [, yXe HeJlb3s CUHTATh
NEPIEHIUKYJIIPHBIMH (TOYHEE rOBOPS, YTOOLI PEIUUTH 32124y
yABOEHHS Ky0a MOCPEACTBOM BCTABJIEHUsI HEKOTOPOTO OTPE3Ka
MeXAy NEPNEHANKYISPHLIMUA MPAMbIMH, MPUAETCS HOTIOIHHU-
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TE€JbHO TPOU3BECTH CJIOKHBIE TNOCTPOCHHS C IOMOIIBIO
UUpKYyJs ¥ JuHedHkH). BeceMa mnpocToe mnocTpoeHue s
pelenns 3ajaud  yaBoeHus kyOa wamen Hwuxomen, Ho
ero AOKa3aTeJLCTBO TOrO, YTO 3TO NOCTPOEHHE HeHcCT-
BUTEJILHO [J1a€T HYXHLIA OTpE30K, CIMIUKOM JJITHHHOE
X CIOXHOE, a TIJIABHOE, M3 J[O0Ka3aTelbCTBA COBCEM HE
BUJHO, KaK 3TO peuieHde MOXHO Onulo HaiTu. [lostomy
MBI Ha4¥HEM C TOrO, 4YTO TMOCTapaeMcsi NOHAThb, KakKUM
00pa3oM crnocob «BCTABOK» MOXHO NMPUMEHHUTH K PELHEHUIO
3aau¥ yABOeHUs KyOa.

[lyctb mannt mpsmbie [, U /,, Touka F B OTpe3OK
mmHoi r. [lonmpoOyeM BBLISCHHTBL, Kak MAOJIXHBLI OBbITh
pPACNOJIOKEHbI 3TH MNpPAMbIE W TOYKA M KaKUM JIOJDKHO
ObITL 4HMCJIO r, 4TOOBI AnMHAa x otpedka CK okxazajach

paBroil 3/a’b, rne a W b-—nannnie otpe3ku (puc. 12).
Onyctum u3 Toukd F mnepnengukyiasp FE Ha npsmyro
[, v npoBenemM uepe3 Touky F npsmyro FG, napajuiejibHYIO
npsmMoit /, (G—rTouka mnpsMmo# [,). UToObI 3amaTth pac-
nojioxesue npsMbix [y ¥ [, ¥ Touku F, mocraTouHo

3agath uuciaa s=FC, u=FEC u w=GE. Yucma s, u,

W M r HyXHO mogo6paTh Tak, YToGBI HOJyumIIoch x=23/a?b
M OTpe3KH C JUIMHAMH S, 4, W U r JIETKO CTPOWJIUCHL Obl
C TOMOIILIO OTpPE3KOB a Hu b.
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Slcuo, urO0 y=r (u+wg/x r(u+w)x?/x*=cx?, rne
c=r(u+w)/x3=r(u+w)/a’h. A Tax xaxk

(x+u)2+(s*—u?)=KE*+ EF?*=FK?*=(r+y)*=(r+cx?)?,

TO
X2+ 2xu+s2=r24+2rex?+¢2x3x=r%+42rcx*+c%a’bx.

BHOJ‘IHC €CTECTBEHHO MPHPABHATD Koatbdmlmemm npu x2

x u x° B pesynbTaTe nongqaeM 2rc=1, 2u=c%a*b u r=s.
Crenosatenso, 2u=c2a’b=a%h/4r?, T.e. Sur’=ba’.
Kpome Toro,

T. e. w=3u. Urax, MACA2 ¥ U r NOJKHBI YIOBJNETBOPATDL
COOTHOWIEHHIO  8ur? =ba%, a udMcaa s M W 334al0TCH
PAaBEHCTBAMU S=r H W= 3u. [Moxanyi, mauboJsiee ecrecT-
BEHHO NOJIOXHUTBL u=>b/2 u r=a/2. Tax Huxomen u caenai,
XOTs MBI M HE MOXEM C YBEPEHHOCTBIO CKa3aTb, 4TO
X0l ero TOHCKOB ObuLT TakuM xe, kak y Hac. Ho exasa
a4 Huxomen cmor Obi HalWTH 3TO pelleHHe, €CJH Obl
HUCKaJl €ro Haobym.

[Toctpoenue Huxomena wu3oOpaxeHO NYHKTHPOM Ha
puc. 12. [Toctpoum npsmoyronbauk ABCL co cropoHaMu
AB=a u BC=b. llyctb D u E—cepeaunbl cTropod AB
u BC, G-—touka mnepecedeHuss npsmeix DL u BC.
[Toctpoum Touky F Ttak, uto FELBC u CF=AD, a 3atem
yepes Toyky C mNpoBeaem
npsMylo [y, napaJuiejbHy
npsmoit GF. Ecnu Tenepsb IA (z,4)
NpOBECTH  HYepe3 TOYKy  — ‘_.y\
F npsmyro Tak, 94TO
HK=CF=A4D, 10 CK= r -
=3/4AB?-BC u, xak jer-
KO  INpOBEPHUTH, AM =
=3/AB-BC?* ~tne M—
TOYKAa TMepeceYyeHus Ips-
Mmbix AB u KL.

Mkur He OygeM Bocupo- - a
H3BOOUTL J10KAa3aTeIbCTBO
Huxomena, a BOCHOJIb3Y-
eMcs CHOBa 00O3HAa4eHHUSA-
ma  puc. 12. Tloacrasiasas —>
HAUIM 3HAYEHWS YHUCENT U,

w, § H r B paBeHCTBa Pac. 13,

y—a
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xy=r$)u+w) M x242xu+s2=y 4 2ry+r?, nonyvaem

xy=ab n x(x+b)=y(y+a). CierosaresnsbHo,
a_y _a+ty X _Vvta_a_y
x b x+b vy x+b x b

HukoMen B kauecTBC HCKOMbIX OTPE3KOB YKa3ajl OTPE3KU
CK v MA; oH, no-BUAMMOMY, He 3aMeTuJ, uTo MA=FH.

CBouM pewiereM HuxoMed odeHbL rOpaMics U CHUTAJI,
4YTO OHO ropasao Jiyyuie MocTpoeHus paTocdheHa, KOTOpoe
OH BBICMEWBAJI KaK HENPAKTUYHOE U HEr€OMETPHYECKOE.

Jlerko npoBepuTHL, YTO KOHXOUJA 32JAETCS ypaBHEHHEM
yeTBepTOd creneHu. B camom nene, w3 puc. 13 BuaHoO,
yto  /x*+ytiy=ri(y—a), T.e. (xZ4y*)(y—a)’-
—I'2y2=0. .

MMann AnekcaHapHiicKMil TOKa3aj, 4YTO «BCTABJICHUE»
oTpe3ka MEXIY UPAMBIMH MOXIO CBECTM K HaXOXICHUIO
TOYKM IM€peceveHnss OKPYXHOCTH u rumnepbonsl. Ho nHaw
pacckaz o crniocobe «BCTABOK» YK€ CIMIIKOM 3aTAHYJICH,
N03TOMY Mbl OTJIOXKUM OOCYXIeHHe 3TOro A0 pa3roBopa
o Tpucekiuuu yriaa (cM. c. 37). Tem OGosiee uto u cam [lann
3aHUMAJICd CBEJCHMEM CNOCO0a «BCTABOK» K MEPECEYEHUIO
runepOobi ¥ OKPYXKHOCTH KMEHHO B CBA3M C TPUCCKIMEH yria.

Peumienus Anonnonusa, ®unona BuszauTuiickoro
u I'epona

Tpu matematuka apesHoctd, Anosuroxuit (III B. 1o
H.3.), Ounon Busantuiickmit (II1 B. 10 . 3.) u TIepon
(I B. H. 3.) B pasHOoe BpeMs NpPeaNOXKHIM (AKTHUECKH
ONHO W TO € pelleHHe 3a7a4¥ yaBocHus kyba. Ho oHu
HE yKas3ajd¥, C NOMOIIBIO KakMX UHCTPYMEHTOB MOXKHO
Ob1710 ObI OCYHIECTBUTHL TaKOE€ TMOCTPOCHHUE.

Paccmotpum npsmoyronsauk ABDC, roe AB u AC—
nannpie oTpe3ku. Ilycts E-—Touka mnepecedeHdss Auaro-
HaJIed 9JTOro mnpAMOYronbHMKa. Jlas pelueHus 3agavuu
yaBOEHUsT KyDa MOCTATOYHO BLINOJHUTL Jr00OE U3 clemy-
OIMX J9KBHBAJICHTHLIX MNOCTpoeHuit (puc. 14):

1) npoBecTH OKPYXHOCTH C LIEHTPpOM E Tak, 4ToObI TOUKA
D nexana Ha OTpE3Ke, COCAUHAIOMIEM TOYKM IepeceveHus
9TOW OKPYXHOCTH ¢ Jydamu AB u AC (Anonnosnuii);

2) npoBecTH 4epe3 Touky D npaMyro Tak, 4ToOBI
OTMCaHHAst OKPYXKHOCTb IMpsiMoyronbiuka ABDC u npsameie
AB n AC Boicekand Ha Hell paBHble oTpe3ku GH u DF
(Punon);
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Puc. 14.

3) mpoBecTd Hepe3 TOYKy D HpsAMYIO Tak, 4YTOObI OHa
nepecekana rnpsameie AB u AC B TOYKax, paBHOYyOAJEHHBIX
o1 toukn E (I'epomn).

[MocTpoenuss Amnosutonuss U ['epoHa, OYEBHIHO, 7K-
BUBaJIeHTHbI. UTo XKe Kacaercs mnocTpoeHuss duiioHa, ToO
JIOCTATOYHO 3aMETHTh, YTO TOYKa £ JIEXUT Ha CEpedUHHOM
NEPHNeHAUKYJIApe K OTpe3ky DH, no3ToMy paBeHCTBa
GH=DF v GE=FEF 3KBUBaJEHTHBHI.

[Mycts a=AC, b=AB, x=BF n y=GC. JlokaxeM,
410 d:x=x:y=y:b. U3 nogobus Tpeyronmsaukos CGD
u BDF cneayer, uro xy=ab. Pasesctso GE= EF MOXHO
3andcath B BHAE (y+a/2)2+b%/4=(x+b/2)*>+a?/4, T.e.
x(x+b)y=y(y+a). U3 pasedctBa a/x=y[b cileayer, 4Tto
(a+y)/(x+b)=a/x=y/b. OcTaerca BOCNONL3OBATHLCH pa-
BEHCTBOM X/y=(y+a)/(x+Db).

Pewenus [Juokaa, [Tanma u Cnopa

Hdns pemenus 3agauu yasoends kyb6a wokn (I B. 1o
H. 3.) IPEAJIOKUIT UCTIOTL30BaTh KPUBYIO, KOTOPYIO BNOCJIE -
CTBHM Ha3blBajJH yuccoudoti. ITa KpHUBas TOJIyHaeTCs
cieayroumM  obpaszom. [lposeseM B OKpPYyXHOCTH [Ba
NepIEeHIUKYIApHBIX auaMetpa 4B u CD. OTinoxuM Ha Ayrax
BC u BD pasubie nyru BF u BE. Ilycte P-—Touxa
nepecedeHust orpe3ka CE v NepreHIMKyJispa, ONyIEHHOro u3
TOYKH F Ha oTpes3ok CD (puc. 15). Koraa Touka F nepememia-
eTcs no ayre BC, touka P 3amertaer muccouay Juokna.
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Puc. 15.

Tax xax [ HDF= /([ HFC=/HCP=a, To DH:HF=
=HF. HC=HC: HP=tga. [ToatoMy mjis NMOCTpOeHHs Ta-
KHX OTpPE3KOB X HU p, UTO a:x=x:y=y:b, rme a u b
JaHHbIE OTPE3KH, NpUYEM a>b, MOXKHO TNOCTYINHTL CJie-
ayromuMm  ob6pazoM. BosbMmeMm Ha paadyce OB Ttakyro
Touky K, uto DO:OK=a:b. [lyctb P-—TOuKa nepeceveHus
nyua DK u nuccounni. Torna DH: HF=HF: HC=HC:HP
u DH:HP=a:b. Cnenosateabno, x=kHF u y=kHC,
rne k=u/DH=b/HP.

[Tocne JIMOkna MOYMTH TaKHE X€ PEIUEHHs MPeJIONHIIH
[Tann (I1HI B. H. 3.) 1 Cnop. B 314X pelIeHHsIX NPOBOIUJIACD
npsmas DK (cm. pHc. 15), a 3ateM Bokpyr Toukd C Ha-
YMHAJIM BpawaTh JMHEHKY; HYXHO ObUIO HOOHUTLCH TOrO,
yToObl nuamerp AB genun otpesok EP nononam (E
U P—7104ku nepeceueHuss JIMHERKH C  OKPYXHOCTbHIO
4 ¢ npsMoit DK COOTBETCTBEHHO).

[lyctes pagvyc paccMaTpHBaeMoO# OKPYXHOCTH PaBeH
a. Beemem cuctemy koopausaT Oxy Tak, 4to x=O0H
u y=HP. PaseuctBo DH-HP=HF-HC nepenuuercs
toraa B BHAE (a+Xx)v=./a*—x?(a—x), T.e. y*(a+x)=
=(a—x)?. TakuM o06pa3oM, LMCCOMIA 3aJa€TC ypaBHE-
HHEM TpeTheil crenenu (/luokn paccMmarpusand JIMIIL Ty
4acTh 3TOW KPHUBOM, KoTOpas JiekuT BHYTpH yriia BOC).

O ngpeBHErpevyeckux WHCTPYMEHTAxX Ui TNOCTPOEHHS
[UCCOUIbI HE COXPAHWIOCH HHUKAKUX [OCTOBEPHBIX CBEHE-
nHuif. [TosToMy Mbl onmuilieM Tako#i MHCTPYMEHT, H300peTeH-
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Puc. 16.

uoii HbroTonoMm. IlpoBenem B OKPYXHOCTH S NEpIEHIUKY-
ngapHbie auametrpel AB u CD (puc. 16). BosbMeM Ha Jyde
OC Takyw TOuKy Z, yto OZ=CD. B KauecTBe MHCTPyMEH-
Ta 7151 TIOCTpoeHus nuccouas! Hpl0TOH npeanoxun uenosib-
30BaTh NPSAMOYTOJiLHBIA TpeyrojpHUK XYZ', y KOTOpOro
JJAHa KaTeTa XY paBHa amamerpy okpyxHoctu S. Ilyctb
P—-cepenuna orpeska XY. Ecad Touka X JBHXETCH TIO
npsamMoit AB, a kxarer YZ' npoxoadT uepe3 TOYKy Z, TO
Touka P nBuwxkeTcs no muccoupe. Jloxaxem 3TO yTBepxKie-
aue. Toukd O ¥ Y nexar Ha OKPYKHOCTH C OUAMETPOM
XZ, a otpe3skn XY u OZ paBHbI AHAMETPY OKPYXKHOCTH
S, nosatomy XOYZ —pasaobOenpenunas Tpaneuus. [Ipsmas
PC coeguusieT cepeAdHbl ee OMaroHajied, 3HAYUT, OHa
napajiejibHa OCHOBAHHSIM Tpaneudd U JeNUT oTpe3ok OX
nonojam. Kpome Ttoro, [ EPX=/YPC=/OCP. A TaxK
kak OC=0E, t10 [ OCP=/0EP. C(CneaoBaTenbHo,
OE|| PX. B uernipexyroiasauke FEOPX pmaronans OX
JeNHUTCH nuaro”anvio EP mononam, a ctopoHsl OF u PX
napajuieibHbl. [losToMy veTwipexyronbHuk EOPX —mnapan-
jJenorpaMM u  orTpe3ok EP penudrcs auametpom AB
nomnojiaM, a 3HAYUT, TOYKa P JIEKUT Ha LMCCOMIE.

UTepannonsoe peuieHue

C moMoOwWpBIo UPKYJIS U JIMHEHKW 32 KOHEYHOE HHCIIO
[IAaTOB PElUThb 3a1a4yy YABOCHUS KyOa Hejb3si, HO PelLUEeHHe
METOAOM MOCJIEAOBATENLHLIX MTPHOIVIKECHHI TOJYYUTh MO-
XHO, TpPHYEM MHOTHMH pa3HpiMu cnocobamu. Opso u3
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TAKUX pelieHn# COXpanunoce, B counHenusix famna Asexcana-
puiickoro. Vctopus 3Toro peulenus 3aragouHa. Yesnoseka,
KoTopbii coobuun ero Ilanny, MHOrHe CHHTAJIM XOPOLLIUM
MmatemaTukoM. WMx oOwwme apyses nonpocund [lanma
BbICKa3aTb CBOE MHEHHE M0 NMOBoAy 3roro pewienus. [lann
pasapaXeHHO OTBETHUJI, YTO ABTOP CaM HE MOHHMAET, 4YTO
rOBOPUT,— OH YTBEPXKAAeT, OyATO HAIlle)l pellcHUE 3aJauH
yaBoeHUs kyba ¢ nOMON{bIO JIMIUL LUPKYJIS H JIMHCHKH!
B3auMonoHUMaHUsA, Kak BUAHO, He Obu10. BO3MOXHO, OHHU
Jaxe He noroopwid apyr ¢ apyrom. [Ipousomno, ckopee
Bcero, cneayromee. Hekuit matemaruk ([lannm He ynomuHaet
ero UMEHH) TIPEIIOXKUI NMOCTPOEHHUE € IIOMOUILIO LUPKYJIs
U JIMHEHKH, NOBTOPSAS KOTOPOE HA KaXJOM IlIare MOXHO
nosy4dats Bce Oosiee ¥ Oosiee TOYHBIE pEUIEHHs 3adayud
yaBoeHHst KyOa. Bpsia 14 OH MOT CUMTAThb, YTO TOYHOE PELLIEHUE
noJiydaeTrcss Ha TpeTweM luare, Ho [lannm ero nonsy UMeEHHO
tak. [Tann 6e3 Tpyaa ybeauics, YTO Ha TPETHLEM IIAre TOYHOTO
PELLEHUs HE HNOJy4YaeTcs, U OT AaJbHEHIIUX OOCYyXACHHU
HaoTpe3 oTka3sayici. Ho Bce ke oH mpuBesn 3T0 pelueHue
B CBOMX COYMHEHMSIX KaK MPUMEpP HEBEPHBIX pPaCCYyXACHHH.

[Manm u3noxun pewenne cienyromum odpasom. Ilycts
AB u AD— nauubie oTpe3kd, npuieM AB>AD u ABLAD
(puc. 17). OTHOXUM Ha NEpPHEHAUKYJSpe K npsiMoit AB,
BOCCTaBJIEHHOM M3 TOYKHM B, oTpe3ok BC, paBHblil OTpe3ky
AB. Tlyctb E—Touka mnepeceueHus npsmbix AB u CD.
Otnoxum Ha ayde BC otpesok BL=5BC u pasneaum
ero ToukamMu C, F, G u K Ha naTL paBHBIX YacTeH.
Paccmorpum npsimoyronsHuk EBLL'. Bo3zbMeM Ha OTpe3ke
LL’ rtaxyto touky M, uto LM =AB. Ilyctb N—cepeauna
orpeska LM. [loctpoum Ha orpe3ke LL' Takue TOYKH
Pun Q urto L'L:UN=LN:L'P=LP:L'Q. Ha puc. 18
NOKa3aHO, KaK MMOCTPOUTHL 3TH TOHYKH: uepe3 TOouky L

£ ¢! F’ 6’ K’ L’
aQ
A D az R, 0’ R‘ M
X—NZ4p, ?P, 1P
s\ 5_1M S _d
8 c F 6 K L
Puc. 17.
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IPOBOJMM TNPOM3BOJILHYIO TPAMYIO U OTKJa[ALIBa€M Ha
Hel oTpe3ok L'N;=L'N; panbHeiiiee NMOCTPOECHHE BHAHO
n3  pucyaka. Otioxum Ha ortpeske KK’ oTpesok
KR=LM=AB, a nwa orpe3ke LR nocTpOUM TaKylO TOHYKY
S, uto SN||RQ (cMm. puc. 17). 3atem Ha otpe3ske GG’
IOCTPOMM TakKylro TOYKYy N,, uto SN, | BL, ¥ s TOYKH
N, nposeiem TaKHe >X€ MOCTPOCHUSA, KaK M JUIS TOHYKH
N (1. e. noctpouM TOoukd P, ¥ (,), U MOBTOPUM HX
nns toukn N, Ecim 6b1 okasanoch, uro @,A4| BC, 1o
BC:YZ'=BE:YE=C'C:C'N,; YZ:XZ=C'N,:C'P,
U X'Z:AD=C'P,:C'Q,. A Tak xak C'C:C'N,=C’'N,:
:C'P,=C'P,:C'Q,, 10 BC:Y'Z'=YZ:X'Z=XZ:AD,
T.¢. YZ' u X'Z —wuckomble oTpe3kd. I[lamm, konHeuHo,
3aMeTHJI, 4To npsmas Q,4 He o0g3aTesibHO napajulelibHa
npaMoit BC, HO oH He 3aMeTHyi Oosiee riiyOOKHX CBOWCTB
3TOr0 IMOCTPOEHUS.

J{okaxeM, 4YTO MNpd NOCIEIOBATEILHOM TOBTOPEHUHU
NOCTPOEHNUsT yroji Mexay npsMmeimMu Q,R, U BL crpemuTtcs

K Hymo, T.e. limx)=1—a (puc.19). Slcuo, utO

n—oC

a 1-x; 1—x,
= , T. €. l—x,,,=a-—=. [Ipeanonoxum cua-

l—x,,, 1-—x, I—x;
yaja, 4to O<x’<l—a. Torma, ¢ oOgHOH CTOPOHHI,
l—x,, 3 -
l—x,,,d:a1 "<1—x,, Tak kak l-x;>a C gpyroi
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a I-—-3 l—a
CTOpOHbI, 1 —x,, = =

14 x,+x2 l+\3/1_—a+(\3/1_ l—l——a)
=1-3/1-a, 1. e x,,, <3/ 1—a. [locnenoBareabsocTs {x,}
OrpaHHueHa CBEPXY H MOHOTOHHO BO3DACTAET, MOSTOMY OHA
umeeT nipezen. Eciu 1 —a< x? <1, To paccyxaenus anajioru-
4yHpl. TakuM oOpa3oM, NpoLEecC NMOCTPOEHUS CXOOUTCS IUis
MPOU3BOJILHOU TOukM N, B3sTON Ha orpe3ke LL'. Ho uem

omaxe L'N/L'L x 3/1—a, TeM nyduie CXOOAMMOCTh. ABTOpP
pelieHus 3a4a4d yABOCHUS Kyba ms i/ 1-0,5 =2/ 0,5~0,79
BbIOpan npubauxenue L'N/L'L=3/4=0,75. On, no-suaumo-
My, OOCTATOYHO XOpOINO HNOHHMAJI, 4YTO Aejaal.

§ 3. Bonee nozanue peenus

Pemenue Buera (1540—1603)

®pancya Buer npemsioxus IpoCcTOe pelleHue 3aJaqH
yaBoeHHus kyba cmocobom «BcTaBok». [1ycTh HaHBI OTPE3KHU
a v b 1 HYXHO TOCTPOUTb TaKude OTPEe3Kd X H y, H°TO
a:x=x:y=y:b. MoxHo cuurath, u4TO0 a>b. I[locTpoum
OKPYXHOCTL paadyca a/2 ¢ LeHTpoM A U4 BO3bMEM Ha
Heil Takve Toukd B u C, uro BC=b. OrnoxuMm Ha Jyue
BC otpesox BD=2BC u npoBeleM 4Yepe3 TOYKY B mpamyro
[, mapannenbHyro mnpsamoit AD. BcraBum Telleph MeXay
npsambiMH [/ 1 BC otpe3ok GH nidHOW a/2, NpoAoJIXeHUe
KOTOpOro NMpoxomut 4epe3 Touky A (puc. 20). Ecnu npsmas
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Puc. 20.

30



G H nepecexaeT OKPYXHOCTb B TOUke [, TO x=HB, y= HI. Buer
JIOKa3biBaJl 3TO YTBEPXKIECHUE HEMOCPEACTBEHHO, Mbl KE BMECTO
3TOrO IOKaXeM, KaK ero nocTpoeHUE CBA3aHO C MOCTPOECHHEM
Huxomena. [lyuktupHsle MHEMKM Ha puc. 20 ycTaHaBJIMBAIOT
3Ty CBA3b (AOCTATOYHO CPABHHTHL 3TOT PHCYHOK C pHc. 12).

[Moctpoenne Jexaprta (1596—1650)

[ycts npaHbl OTpPe3kM a@ M b W HYXHO IOCTPOHTH
TakHe OTPE3KH X H y, YTO A:X=Xiy= =y:b, T.e. x>=a%b
u y*=ab? Kax Mbl yxe rosopuwiu, Menexm CTPOMI OTH
OTPE3KH, PaCCMAaTpHBAs TOUKH IEPECECHUS KPHBBIX x? =ay
u yi=bx. Jlerko nponeppm, YTO CHCTEMA YpaBHEHHH

=ay,
yi=bx

9KBMBAaJICHTHAa CHCTEME YpaBHEHMIA
x%+y2—bx—ay=0,
x?=ay.

[lepsoe ypaBHEHHE 3anaeT OKPYXHOCTb ¢ LeHTpoMm (b/2,
a/2), NpoXOonsfilylo 4Yepe3 Ha4ajlo KOOpPIMHAT.

Hexapt IpeUIONKHUIT
CTPOMTH OTPE3KH X H ), J
paccMaTpuBas_ TOYKM Hiepe- 2 G
ceyenus mapabonsl x*=ay
M OKPYXHOCTH C IIEHTPOM V24—~
(b/2, a/2), npoxonsiieu ve- (v21)
pe3 Hayajio XoopauHaT (Ha |
puc. 21 uzobpaxeH ciny4ai —
a=2, b=1; B 3TOM ciyyae 0 1 Yz

x=%z H y=3/§). Puc. 21.
aJOrTHYHBIM  OOpa-

30M MOXHO TIOCTPOHTb KODHHM KyOHM4ECKOro ypaBHEHHS
x3=px+q. PaccMOTpMM JUIs 3TOTO CHCTEMY YpaBHEHHMH

2y= x?

y=Xx7
x2+y?—Bx—ay=0.

Toma x24x4—Bx—ax?=0, T.e. mbo x=0, nubo
x3=(a—1)x+PB. Ecom a=p+1 u B=q, To npoexunuH Ha
ocb Ox TO4YEK nepecedeHH (OTJIHYHBIX OT Hayana Koop-
aMHAT) napabonbl y=x2 W OKPYXHOCTH Xx°+y%—
—~Bx—ay=0 #BAKIOTCH KOPHAMH YpaBHEHHS Xx>=px+gq.
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JLnsi NOCTPOEHUs KOPHEH ypABHEHHS YeTBEPTON CTemneHu

x*=px*+qx+r MOxHO PACCMOTPETb TOUKH TIepeceiCcHus

ﬂdpd60J]bl y=x> U OKpPYXHOCTH x’+yp?—PBx—ay—y=0,
rne a=p+1, B=¢g. y=r.

MuctpymenTt [ekapTa

[lomuMo peuienus 3agauu yaBoeHUs KyOd C NMoMOLIbIO
napaboyibl ¥ OKpyXHocTH, JlekapT mnpemsioxusl Takxe
crielMaIbHbIi MHCTPYMEHT UIsl pElICHHs JTOH 3aJaud U ee
0000uIeHnii. DTOT HHCTPYyMeHT HU300paxxeH Ha puc. 22.
Ou cocrouT U3 crepxHed XY u YZ, miapHUpHO CoelUHEH-
HbIX B TOuke Y, CTepkHS AB, KOTOpbIA HENOABHUKHO
NpUKpeEIJIEeH B TOukKe A K CTepXHIO XY nepneHIUKyJsipHO
eMy, W CTepXHEH, KOTOpble MOrYT IepeMeLIaThCsl Mo
gyyuam YX u YZ, Bce BpeMs ocraBasch NepHEHOUKYJSIp-
HbIMU OJHOMY H3 HHMX. B HCXOOHOM I110JI0XKEHHH, KOrpja
MHCTPYMEHT cJjloXeH, Jyud YX u YZ coBnaparoT, a Bce
CTEp)XHH CIOBUHYTHl k Touke A. 3atem nyuud YX u YZ
HAYMHAIOT pa3/IBUraTh, NOCTENEHHO yBeJU4HBas yroy XYZ;
CTEPXHH MNpH JTOM IllepeMelIatoTca, ToAKas Opyr apyra.
ScHo, uto

YA:YB=YB:YC=YC:YD=YD:YE=..

Ecom YA=a u touka D JjieXUT Ha OKPYXHOCTH paauyca
b ¢ uentpom Y, 10 oTpe3ku x=YB u y=Y(C obnangaror
TEM CBOMCTBOM, 4TO a:x=x:y=y:b. UacTpyment [lekap-
T2 C AOCTATOYHC OOCJBIIMM YHCIIOM CTEpXHEH MO3BOJISET

X
V
E
C
A
. — - _—
Y B D F\ 2
Puc. 22.
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TakXe MOCTPOUTb TAKUE OTPE3KU X, ..., X,, UTO

A:X|=X{X;= ... =X,_{:X,=X,.b.

Or1oT uHCTpyMeHT Jlekapt wu300pen B MOJIOLOCTH,
nouty 3a 20 JeT Ho TOroc, Kak OH HAamucaJl CBORO
3HaMeHUTYI0 KHUTY «[eoMeTrpus». Yxke B To BpeMsa OH
3aHUMAJICA TIOCTPOEHUEM KOpPHEH KYOWYEeCKUX YpaBHEHHWH.

[Toctpoenue Hprwortona (1642—1727)

[Mocne Jlexkapra nocTpoeHueM KOpHEH ypaBHEHUH MHOTO
saauMalics Heto1oH. B CBAI3M ¢ DTUM OH Hallie] HECKOJIbKO
Pa3HbIX pellieHui 3a1aun yABOeHHs KyDa cnocoboM «BCTABOKY.
Mzl He OyneM NpUBOAMTH BCE €ro PEILEHUs, 4 OTPAHUYUMCH
JIMIIb OOHVM U3 TeX ero NMOCTPOEHUH, KOTOPbIE MO3BOJISIOT
peman: Oosiee oburyro 3amavy — CTPOUTH KOPHU yDaBHEHHUS

x3=gx+r. Hproron He 0OBACHSI, KAK OH TIPHIYMBIBAJI CBOM
pemenusi. Ho 4To0bl ero nocrpoedue ObUIO Jierye IOHSTh, Mbl
pacckaxeM, Kak K HeMy MOXHO Obuio Obl IpUHATH.

PaccmoTpum tpeyroavuuk CXK co ctopoHamMu KX =a,
KC=b, CX=c. llyctb TOuka A nexut Ha npsmoit KC
n AC=d. BcraBum Mexiay npsMbiMu [, =XA n [,=XC
otpe3ok EY anuHO#N d, poacJiKeHHe KOTOPOIOo NPOXOIUT

Puc. 23.

yepe3 Touky K (puc. 23). Ilycte XY =x u KE=y. [IpuMenusn
teopeMy Menenas (cMm. [[IpacosioB, 1991, 3agaua 5.58))
kK TpeyrosbHuky KCY u Toukam A, X, E, nonyunm

K4 CX YE_ btd ¢ d_,
AC XY EK 7 4 «x y
CnenoBaTtelibHO,
=c(b+d)/x. M

3 B. B. Ilpacosios 33



2 2_ 2 2 2 a2
Kpome Toro, tC =% _coss KCx=1tlerx)—ld+y)
2be 2b(c+x)

3

a 3HAYHT,
(c+x) (b2 +c*—a?)=c(b?+(c+x)2~(d+y)?). ()

Beipazum y no ¢opmyne (1) u noacrasum B (2).
[Tocne HecnoxHBIX MIpeoOpa3zoBaHHUil NOJYHYHM

(x+¢) (ex?— (b2 —a?)x2+c(b?—d?*)x—c*(b+d)?)=0.
HaM HyXHO, YTOObl ypaBHeHME

x24(b*—d?) x—c(b+d)?=0

b2—a?
x3 -

(4

COBIIAJIO C ypaBHEHHEM X>—gx—r=0. JIJs 3TOro AoJKHBI
BBIIOJIHATHCA  CJIEAYIONME YCloBHA: a=b; b%2—d*=—g;
c(b+d)*=r. Ilyctb B—Takas Touka, 4yTo C—cepenyuHa
orpeska AB. HptoTon nonaraer KA =5h+d=n—npous-
BOJIbHBIN OTpe3ok, CX=c=r/n* u KB=b—d=—q/n. B pe-
3yJbTATE MOJYy4YaeTcs MOCTPOEHHE, KOTOPOE OH OINNCHIBAET
IpUMEPHO TakMMU ciioBaMu: «Bo3bMeM Ha NpOHN3BOJIBHOH
npsMoud otpe3ok KA=n U OTJOXUM Ha HEHA OTpe30K
KB=g/n B TOM Xe HamnpaBjiecHHH, 4TO U KA, eciu ¢ <0,
M B IIPOTHBOIIOJIOXHOM HalpasJjieHuH, ecinud g>0. [Moctpo-
uM cepeaudy C otpe3ka AB U 1npoBedAeM OKDPYXHOCIDL

Ys
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pamuyca KC ¢ uentpom K. Iloctpoum xopay CX=r/n?>.

Haxkonen, BcraBuM Mexay npsMbiMu CX u AX oTtpelsok

EY nnunoit CA Tak, 4TOOB €ro NpoAOJDKEHHE NPOXOIHIIO

yepes Touky K. Torma XY Oynmer kxopHeM ypaBHEHHS.

Ecin r<0 u nyun XC u XY coHanpaBJieHbl, TO OTPE30K

XY COOTBETCTBYET IMOJIOXUTEIBHOMY KOPHIO.»
PaccmoTpuM, Hanpumep, ypaBHEHHE

(x+1) (x+2) (x—3)=0,

T.e. x3=7x+6, u Bo3bMeM KA=4. I[locTpoeHue kopHei
3TOro ypaBHEHUs cnocobom HploTOHa uH300paxeHo Ha
puc. 24 (xopHsAMH saBIAIOTCE oTpe3kH XY,, XY, u XY;;
anunbl otpeskoB Y E,, Y,E, u Y E; paBuni CA).
[lokaxem, kak cnocoboM HbIOTOHA MOXHO PpEHINThH
3agavy ynBoeHus kyba. [lycTh maHbl OTpe3ku m U n M HYX-
HO MOCTPOHTL TaKHE OTPEIKH X M ), UTO AIX=X:p=p.m,
T.e. x°=mn*. BozsmMemM KA=n. Torma KB=0, T.e.
B= K a 3Haqm C—cepenuna otpe3ka AK, u CX=
=mn?/n?=m. HOCTpoeHne BBINIOJTHUMO, €CIIH M <A.
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[naBa 2

TPUCEKLIMA VYTJIA

§ 1. Ucrtopuueckuii ovepx

O BO3HHKHOBEHHUH 347244 TPUCEKUHH yrja (T. e. JeJCHUS
yrja Ha TpWM paBHble YAaCTH) HUKAKHUX HHTEPECHBIX JIETeH[
HeT. [lo-BuauMoMy, oHa NosiBUJIACH BHYTpU caMoil MateMa-
TMKH B CBS3M C PelICHUEM 33aJa4Yd O NOCTPOEHHUH IIPABHIIb-
HbIX MHOroyroJibHukoB. [locTpoeHne npaBUNbHOTO NATH-
yroJIbHUKA LIUPKYJIEM U JTMHENRKOW TOJDKHO ObLIO Npou3BecTH
Ha mnudaropeiineB OosblIce BrevaT/ieHHE, [OTOMY YTO
NpaBUJIbHAS NMATHKOHEYHAd 3Be3fa Obljla UX OINO3HABATE]Ib-
HBIM 3HAKOM (OHa CHMBOJIM3MpOBaJia 310poBbe). M3BecTHa
cienyrowmas gerenga. Onus nudaropeen yMupas Ha qyxOuue
¥ He MOT 3aIUIaTUTh YeJIOBEeKYy, KOTOPbIH 33 HUM YXaXHBall.
[lepen cMepThi0o OH Bejiel €My H300pa3uTh HA CBOEM
KIIKLIE NATHKOHEYHYIO 3Be31y: €CJIM KOoTaa-HuOyab MHUMO
Oynmet uaTu nudaropeen, oH 00A3aTeNbHO CIPOCUT O HeW.
W nefictBUTENIBHO, HECKOJIBKO JIET CIIYCTSI HEKUH nudaropeeir
yBUIE] 3TOT 3HAK M BO3HATPAJMJI XO3siMHA JOMa.

C noMouiblo LMPKYJIS U JUHeWKkd mis n=6 u § mnpa-
BUJIbHBIE H-YTOJILHUKA TOCTPOUTL MOXHO, a 1 n=7
¥ 9 Hemp3a. [locTpoeHue 1paBUIBHOTO CeMUYTOJIBHUKA —
MHTEpECHAd 3a/1a4a, ¥ OHA JaXke OTYACTH CBA3aHA ¢ TeMaTu-
Kofi Haulefi OpoIIIOpbI: ee MOXHO pellMTh ¢ MOMOIUIBIO
cnnocoba «BcTaBok». [locTpoenue npaBUJILHOTO CEMHYIrOJib-
Huka npemtoxun Apxumen. Ho sta 3amaua JiexuT Bce
e HEeCKOJIbKO B CTOPOHE OT IJIaBHOW Hallled TeMbl. A BOT
MONBITKM [OCTPOHTh TNPABUJIbHBIA OEBATHUYTOJBHUK Kak
pa3 M JOJDKHBI OBLIM NPUBECTH K 3a7ave TPHUCEKIMH yrija,
MOTOMY 4TO JUISi NOCTPOEHHSI IMPABHIBHOTO NEBATHYTOJIb-
HUKa HYXHO ObL1O0 moctpouts yroa 360°/9=120°/3, T.e.
paznenuTh yros 120° Ha TpH paBHble 4acTH.
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§ 2. /lpemnerpeveckne pelenus

[Mpu peinennn 3agavd TPHCEKUMH yrjia MOXHO orpa-
HUYUTBHCA CIIyYdeM OCTPOro yrjia, noToMy 4To eciaud ¢ >90°,
0 @©/3=(0—90")/3+30", a yroa 30" nerko NOCTPOUTH
HUPKYJIEM M JIMHEUKOM.

Pemenue cnocoboM «BCTABOK»

Kak MBI yXe roBOpUIHM, C MOMOIIBIO «BCTABOK» (CM.
c. 20) pa3genuTh Yrojd Ha TpU paBHblE 4YacTH O4eHb
nerko. Bo3sMeM Ha cTopoHe yria ¢ BeplIMHOH B mnpowus-
BOJBHYKO TOYKY A M ONYCTUM U3 Hee MepNeHIuKyJIsap
AC ua gpyryw cropony (puc. 25). IlposenemM uepe3 Touky
A nyu [, coHanpassiennbli ¢ JydoM BC. BcraBuMm Tenepb
Mexnay Jdysamu AC w [ otpesok DE pnuHoit 2AB Tak,
4ToOBl €rc MNpoOOKEeHHE MPOXOAUIIO 4Yepe3 Touky B.
Torma ([ EBC=/ABC/3. B camom peyie, nyctb G—
cepeanna orpe3ka DE. Touka A JIeXXHT Ha OKPYXHOCTH
¢ nuametpoM DE, nodtomy AG=GE=DE/2=AB. Tpe-
yronsHukn BAG u AGE paBHoOengpeHHble, MO3TOMY
L ABG= [/ AGB=2/ AEG=2/( EBC.

[Mann AnekcanapuiickKuii mokasaj, uTO 3ajJada «BCTaB-
JIEHUS» OTpe3Ka MexXJAy JaHHbIMH MepHeHIUKYIpHBIMH
NpsAMBIMHU /; U [, CBOIUTCS K NMOCTPOECHUIO TOUKH Iepecede-
HUS OKPYXHOCTH W runep0oJibl. PaccMOTpHM npsMoyroJib-
Huk ABCD, nponoynkenus cropo BC u CD xkortoporo
ABJIAIOTCS JAHHBIMM MNpPAMBIMH, a BeplIMHA A sABIsAETCS
JAHHOW TOYKOM, Yepe3 KOTOPYIO HYXHO IPOBECTH NpSMYIO,
nepecekalomyro npsmbie /;, U [/, B Takux Toukax E u F,
4yTO OoTpe30oK EF umeetr naHuyro JMHY (puc 26). Jloctpoum
Tpeyroibauk DEF no mnapamtenorpammvma DEFG. [lias

Puc. 25,



1€ G

Puc. 26.

MOCTPOEHUS HCKOMO#M 1paMO# HOCTATOYHO [IOCTPOHUTH
Touky G, a 3a1eM uepe3 TO4YKy A IMPOBECTH MPAMYIO,
napamienbHyto npsmoit DG. Touka G ynaneHa OT TOYKH
D na panHoe paccrosaue DG=FEF, no3toMy Touka
G NexduT HAa OKPYXHOCTH, KOTOPYHO MOXHC IIOCTPOMUTb.
C npyro#t cropousl, 43 noaoOus TpeyroJbHUKoB ABF
U EDA 10JIy4aeM AB:ED=BF: AD, T. €.
ED-BF=AB-AD. CnenoBatensuo, FG-BF=AB-AD=
=S pcp, 1.€ TOouka G JexuT Ha runepboie (eciu
HanpaBute ocd Ox u Oy no nysam BF u BA, 10 3Ta
runepbosla 3agaercs ypaBHEHHEM XV =S 4pcp)-

DTO MOCTpOeHHe MNouTH Oe3 H3MeHEeHUH MOXHO MpH-
MEHHTb U B CJy4ae HENepleHAUKYJISPHBbIX NpsMbIX [, u /,.

Pemenue Apxumena (ox. 287—212 rr. go H. 2.)

Jlpyroe penieHde 3aJaud TPHUCEKIHH Yrjia crnocodbom
«BCTABOK» MpedsIokuT Apxumen. B eroc pelueHHH HYXHO
BCTABHTh OTPE3OK JAHHOM IUJIMHBI MexJy NpAMON U OKpy-
xHocThl0. PaccmotpuM yron ADE; MOXHO CUM1aTh, UTO
D —uentp OKpyXHOCTH, -a TOoukM A u E nexar Ha
okpyxHoctu. IlpoBenemM wuepes TOouky A MOpsAMyro Tak,
uToOBl OKpYXHOCTh U 1npsmas DE BbicekaJd Ha HeH
orpe3ok BC, njyHAa KOTOPOIro paBHA pAanUycy OKPYXHOCTH
(puc. 27). Torma (BDC=/ADE/3. B camoMm pneJe,
/. ADE=/ ACD+ [ CAD, a tak xak tpeyroiabHuku CBD
u ADB paBuobeapennsie, To /L BCD=/BDC n [ ABD=

38



o
&)
™

Puc. 27.

=/ BAD, nostomy. L ACD+ / CAD=/( BDC+2/ BDC=
=3/ BDC.

Jins TpucekuMH yrja cnocobom Apxumena ynoOHO
HCNOJIL30BATh JIMHEHKY C JBYMS [eJIeHMSIMH, DaccTOosHUE
MeXIy KOTOpPBIMH PAaBHO panauycy OKpPYXHOCTH. MoxHo
cjerka HM3MeHUTh Crioco0 ApxuMena H HCMNOJbL30BATH JUISA
TPUCEKIMH YIJIa JIMHEHKY C JIByMs AeJICHHSMH, PAacCTOSHHE
MeXIy KOTOPLIMH PaBHO He paauycy, a OHaMeTpy OKpYy-
XHOCTH. PaccMOTpuM s 310ro MnpsiMOYroJibHbIH Tpe-
yroisHUK CDF, runotenyza CF KOTOpOro JIEXHUT Ha
npaMoit CA (cm. puc. 27). Touka B sBjisercs cepequHOU
runotenyibl CF, noatomy CF=2CB=2DE. 3uauut, s
Tpucekuuu yria ADE HYXHO BOCCTaBUTh M3 TOYKU
D nepnenauxyasp / k npsmod DE W BCTaBUTb MEXOY
npameiMu DC u [ otpezok CF pnusHoit 2DE Tak, utoObI
npsmMas CF npoxoaMna uepe3 TOuky A.

[IpaMble pemieHus ¢ NoMouwbl TUNEPOOIIBI

Haxons Touku nepeceueHHs runiepOOJIbl U CKPYXHOCTH,
yrojl MOXHO pa3aejUTb Ha TPU paBHbIE HacTH M HeENo-
CpeNCTBEHHO, Oe3 UCIO0JIb30BaHug criocob0a «BcTaBok». Ilann
NpuBeJ JBa TAKUX PEIIEHUs, IPUYeM B OOOHUX peILeHHUAX
runepbosta ogHa U Ta XKe, HO 3aJdeTCs OHA MO-pa3HOMY.

[Mycte Ha nyre AC OKpYyXHOCTH TpeOyeTcsi NOCTPOHUTH
Takylo Touky B, uto —«BC=-—AC/3, v.e. /. BCA=2/ BAC.
PaccMoTpuM I8 3TOro reoOMeTpPUYECKOE MECTO TOYEK
('MT) X, nna xotopeix [ XCA=2/ XAC. Ilann, no
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Puc. 28.

CyTH [ejla, NpWBeJi [Ba pa3HbIX [d0KA3aTeJIbCTBA TOTO,
uro oto I'MT sBasieges runep6oioii.

boJsiee npocTtoe n3 3TMX OoKa3aTeNbCTB ObIJIC M3BECTHO
no Ilanna. Ilposeaem B TpeyrosbHuke ABC Bbicoty BN
U Ouccexrpucy CK:. nycte M —cepeauna croporbl AC
(puc. 28). Tax kak AC:BC=AK:KB=AM:MN, 1o
BC:MN=AC:AM =2. Coornowmennie BC: MN=2 o3H4ua-
eT, 4YTO Touka B yexur Ha runepbone (B cucreMe
KOopaMHAT ¢ ocklo Ox, HanpabieHHod no ayuy AC, sra
runepboja 3amaercs  ypaBHeHueM (a—x) +p?=4(x—
—a/2)?, tae a=ACQ).

Hpyroe nokasateabctBo npepioxua cam [lamn. Ilpo-
BeneM B TpeyronabHuke ABC BpicoTy BD M OTJI0XKHM Ha
nyue CA rakue touku £, Fu G, yvro CE=2CD, CF=3CD
u CG=AC/3 (puc. 29). Tak xak /[ BEC=/ BCE=2/ BAC
u [ BEC=/BAC+ /. ABE, o /. BAC=/ ABE, a 3HauuT,
AE=BE. Tlostomy wu3 pasesctB BD’?’=BE?—ED*=
=BE*—EF? u AD-AF=(AE+EF)(AE—EF)=AE*—EF?
cnenyer, uto BD?=AD-AF=3A4D-DG. CooTtHolieHue
BD?*=3A4D- DG o3HauaeT, 4To Touka B JeXMT Ha THIEp-

8
A
o~ :/—\‘ o »
A4 F I3 G D c
Puc. 29.
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bosie (B npexHed cUCTEME KOOPAUHAT 9T1a runepboia
3a;1aeTcsl ypaBHeHMeM 1?2 =3x(x —2u/3); Jerko npoBepuTh,
YTO ITO YpABHEHHE OKBUBAJCHTHO MIOJYYEHHOMY paHee
ypaBieHnio (a—x)*+y*=4(x--a/2)*.

HCJICHHG yrida B 3aJJaHHOM OTHOWICHUHU

[To kiaaccudpukaumm [lanna 3agava TPUCEKUUH yria
OTHOCUTCSL K «IIPOCTPAHCTBEHHBIM» TIOCTPOCHMUSM, T. €.
K TIOCTPOCHUAM, BBINOJHUMBIM C HOMOIIBK KOHUYECKUX
ceyeHui. [Ins jesiecHust yrjna B TIPOM3BOJIBHOM 3aNaHHOM
OTHOILEHUU HYXHbl 00Jiee CIOXKHBIE KPHBBIC, W3BCCTHBI
JIBa IPEBHEIPEYECKUX peIleHUsl JTOM 3ala4u.

[lepBoe peuienne npuHaiexut I'nnnuio (V B, Jo H.
3.). JanpHelinas HUCTOpUS M300peTeHHOM UM KPUBOH He
coBceM sicHa. JleJlo B TOM, YTO BIIOC/E/JCTBUU €€ UC-
NOJIb30B4IM €ellle M /Ui pellieHusl 3aja4yd  KBaApaTyphbl
kpyra. Ckopee Bcero, TaKoe e¢ MNPUMEHEHUE OTKPbLI
HuHoctpaTt, Opat MeHexMa, HO He HCKJIIOYCHO, XOTs
U O4YeHb MAaJIOBCPOSITHO, 4TO JTO ciaeiaa U cam [unmwii.
3a 3TOM KpUBOH yTBep/IMJIOCh HA3BAHUE Keadpampucd
Hunocmpama. OHa TNOJNyYaercs CleayrommM obpaszoMm.
Paccmotpum kBaapatr ABCD. Ilycre koHubl orpe3ka BC
PaBHOMEPHO ABMXKYTCS Mo npsiMbiM BA u CD, a orpe3ok
AB paBHOMepHO BpallaeTcss BOKPYr TOYKM A, npuyeM
B noJsoxenne AD oba orpe3ka npuxogar OJAHOBPEMEHHO
(puc. 30). Ilycth, janee, B HEKOTOPBIE MOMECHT OTPE30K
BC nepemecruncs B nosioxkenue B'C’, a orpesok AB

Puc. 30. Puc. 31.
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nepeMecTuwicss B nojoxeHue AN, L— Todka mnepeceucHus
otpe3koB B'C' u AN. T'unnuii paccMoTpen KpHuBYiO,
cocTosiyto u3 Bcex touek L. Urtobwl pasaenuth B Tpedy-
eMoM oTHoueHuu yroa NAD, oniyctuM U3 TOouku L r1ep-
neHaukyjsp LH Ha npsMyro AD 4 pas3aeiauM OTpe3ok
LH Touxkoii P B dTtoM oTHomnenuu. [lycts @ — Takas
TOYka kBaapatpucel, uto PQ||BC. U3 onpeneneHus kBan-
parpucel cienyer, uro [ LAQ:/ QAK=LP:PH, 1. e.
AQ — UCKOMBIH JIyY.

Bropoe peuienue ucnonn3yer cnupaiby Apxumeda (caM
ApxuMe]l MPUMEHSN CIUpPaNb s pellleHHs 3ajadd KBaj-
patypel Kpyra). DTa KpuBas MOJYHaeTcs CJIe/1yIOLIUM
obpasoM. Ilycte ayd OA paBHOMEpHO Bpamaercs BOKPYr
Toukd O, a TOUka L pAaBHOMEPHO [IBHXKETCS IO JTOMY
Jydy, TMpUYEM B HAYAJIHLHOM TIOJIOKEHUM OHAa HAXOAUTCS
B touke O (puc. 31). Torma Touka L aBmxetrcs Io
cnupasmi Apxumena. [lycte yron AOB HyXHO pa3liesMTh
B 3aJlaHHOM oOTHolneHuu. PaccMoTpuUM 4acTh cCHoupau
Apxyumena, MoJiyYeHHYIO TIpM BPALIEHMM Jiyda OT Hayaib-
Horo nojoxeHuss OA no nonoxenust OB. Ilyctys P-—Touka,
KOTOopasi JIeJIiT B JIaHHOM OTHOIIEHWU oTpe3ok OL, rae
L—Tto4xa mnepeceyeHuss ayda OB u cnupanu, Q- —Touka
nepecedeHust COMpaid U OKPYXHOCTH paauyca OP c ueHT-
pom O. W3 onpenaeneHds Ccnudpajd  Clejlyet, 4TO
L LOQ: /[ QOA=LP:Q0=LP:PO, 1. e. OQ—¥uckoMbiit
JIyd.

Bonee noapobHo o cBoicTBax KBaJpaTpHUChl U CIUpaJid
Mbl pacckaXeMm B TJiaBe, MOCBSILEHHON KBajpaType Kpyra.

§ 3. Boaee no3anue peleHHs

Tpucexkuus yrama u kybuudeckue ypaBHEHUS

B cBsizsu ¢ nocreneHHBIM (opMupoBaHHEM anrebpwl
apabckye MaTeMaTHUKU LPOSBISJIM Bce OONBINME HHTEpPEC
K ypaBHEHMsIM, o0cCOOEHHO Kk KyOHYeCKMM YypaBHEHHSM.
B XI B. uMu 6b110 nojiyuyeHO ypaBHEHUE TPHUCEKLMH YIJja
(T. €. COOTHOIUEHUE MEXAY Sin3a U SiN®) U TeM CaMbIM
ObLJIO TMOKa3aHO, 4TO 3ajlaya TPHUCEKIHMM Yyrjia CBOJUTCSH
K pelleHHt0 KYOMYEeCKOro ypaBHEHMS.

Ecniu  Bocmosb3oBathesi  GopMysiod  sin(x+y)=
=s§in xcos y+sin ycos x, TO MNOJYYUTh YypaBHEHUE TPHUCEK-
UMM yrJia OYE€Hb JIETKO: sm3a_—sm (oc+2a)—sm acos 2o+
+sm2acosa-—sma(cos o —sin cx)+7smoccoq o=3sina x
x(1=sin?a)—sin®a=3sina—4sin®a. Tlyctp a=sin3a
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u x=sina. Torna 3x—4x3=a, 1. e. nocrpoeHue oTpeska
X 110 JaHHOMY OTpe3Ky a CBOAMTCA K IMOCTPOEHMIO KOPHS
KyOuueckoro ypaBHEHHSI.

Tpuronomerpuueckue ¢ynkuuu OblIM BBeJeHbl CpaB-
HUTENBbHO MO3/HO, MO3TOMY Mbl OCTAHOBMMCS Ha JABYX
reoMeTpUYeCckuX cnocodbax BuIBOJA YPaBHEHMs TPUCEKLHUH
yrjia, He WCHOJb3yromux ¢opMyay Ui CHHYCA CyMMbl
nByx yrjoB. [lepBelif M3 3THX CrnOcOOOB NpPUHAIEKUT
apabckuM MarteMaTHkaM, a BTopol J[lekapry.

PaccMoTpuM okpyxHocTh ¢ MamMeTpoM AO U TOYKH
B u C, nensimue ayry AD Ha Tpu paBHble dacT (puc. 32).
IMyctes Touku B,;, C, u D, TakoBel, 4YTo TOYkHu B,
C v D sBastorca cepeaHaMu oTpe3koB AB,, AC, u AD,.
HaM HyXHO mnojyiuTh COOTHOILUEHME MEXJy H3BECTHBIM
oTpe3koM AD u HeusBecTHbIM oTpe3koM AB. Tlpumenus
teopeMy Ilronemes (cm. [[Ipaconos, 1991, 3anaua 6.34))
K BIIMCAaHHOMY  YeTBIPpEXYroJbHHUKY ABCD, mnosyium
AB-CD+BC-AD=AC-BD. A Ttax xak AB=BC=AD,
10 AB?>+AB-AD=AC? Touka C JneXuT Ha OTpe3ke
OB,, motomy u4ro [AOC=-AC[2=—AB,=/ AOB,.
Huamerp B;B, u xopaa AC, nepecekarorcsi B Touke C,
nosromy AC-CC,=B,C-CB,, T.e. AC*=B,C(2d— B, (),
rae d=A0. Kpome toro, AAOBco AB,AC u AB: AO=
=B, C:B,A=B,C:24B, 1.e. B,C=2A4B*/d. B wrore
nojayiyaemM

AB?>+AB-AD=AC?=B,C(2d—B,C)=

_2A32(2d 2ABZ>

d d

e T

e ——

. ™\,

Puc. 32. Puc. 33.
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T.e. d?AD=3d>AB—4AB3. Eciu panuyc OKpPYXHOCTH,
Ha koTopou sexar Touku A, B, C u D, paBen 1, TO
d=2 u AD=3AB—AB>.

Paccyxaenust [Jekaprta 6osee npoctsl ¥ wiswmnbl. [1ycts
Touku Q u T nensat ayry NP OkpyXHOCTH ¢ neHtpoMm O Ha
TpU paBHBIE YacT, paauycsl OQ u OT nepecekaioT XOpay
NP B toukax R u U, a npsimas, npoxoJsiliasi 4yepe3 TOYKYy
0 napayutenbHo npsMoit 7O, nepecekaeT 3Ty XOpAYy B TOUKE
S (puc. 33). Tax kak L QNR=(~QT+—TP)/2=—-NQ=
=/ NOQ, 1o Ttpeyroibuuku NOQ, QNR u RQS sBasitoTcs
nonoOHbBIMU paBHOOE/IPEHHBIMHU TpeyroabHukamu. ITosTomy
NO : Ng NQ : QR=QR: RS. Ecciu NO=1 u NQ=:z, t0

—27 y RS=:3 ScHo takxe, 4To0 NP+ SR=NR+
+(SR+3RU)+ UP=NQ+QT+TP=3NQ, Tt1.e. NP=

=3z—2z".

Pemenue Jexaprta (1598—1650)

Kak Mbl ,YX€ TOBODWIH. JUId TNOCTPOCHHS KOpHEe#
ypaBHeHuss x>=px+q JlekapT paccMaTpMBaj TOYKH Iie-
peceueHHds: napabonbl y=Xx° H OKPYXHOCTH C LEHTPOM
B Touke (q/2, (p+1)/2), npoxonsiueii uepes Hayamo
KOOpJMHAT;, KOPHH YpaBHEHHUS SIBJISIIOTCA OTJUYHBIMH OT
Hy/s TNpoekuusIME Ha ock OXx JTHX TOYeK IlepecedeHust
(cm. c. 31). Kpome Ttoro, ecniu t1ouku Q u T penst Ha
TP paBHbIE YaCTH JAYVIry NP OKPYXHOCTH pajiuyca
1 u NP=a, NQ=x, 10 x>=3x—a. Ilostomy s

A
NP=a
NG = x;
N
a
7
-

3"(351*‘”2)“/3 g x5 x

Puc. 34.
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TpUCEKLIMM yriaa JlekapT NpeasioKHI CIenyrolee HoCcTpo-
eare. Ilycre HyxHO pas3aenuts Ayry NP enuHuqHO#N
OKDYXHOCTH Ha TpH paBHble 4acTH. PaccMoTpuM  ToukHM
nepecequnﬂ mapabonbl y= X2 ¥ OKPYXHOCTH C LEHTPOM
(—a/2, 2), npoxoasiineii yepe3 Hauyao koopauHat (puc. 34).
Ecnu a= NP 2sin30 ¥ 0<3a<n/2, TO KOPHSIMHU ypaB-
Henmust x> =3x—a ABAAIOTCA {MCAA X, =2sinq, X,=

m2sin(<x+21t/3)= —sin oc+\/§cosoz u x;=2sin(a+4n/3)=

= —sin a—\/—3—cos a=—(x;+x,). IlonoxurenbHbie KOPHHU
X, W X, JlekapT Ha3blBaeT «HUCTHHHBIMM» (4MCIO
X,=2sin(a+2n/3) nodoXuTeNbHO, TaKk Kak o+2n/3<
<m/6+42n/3<m), a kKOpeHb X,= —(X,+X,) OH Ha3piBaeT
«WIOXHBIM». B kauecTBe uckoMoro orpe3dka NQ HYXHO B3AThb
MEHbIINHA U3 MOJIOKUTEJIbHBIX KOPHEH (BTOPO#H MOJOXUTEIb-
HbIH KOpeHb MO3BOJISET Pa3jleIuTh HAa TPU PABHBIE 4aCTH AYTY,
JIOTOJTHAIOLIYIO HCXOAHYHO YTy 0 NOJHOM OKPYXHOCTH).

Tpucexuus yrna ¢ noMmombto ynutku I[lackans
(XVII B.)

Bo3bMeM Ha okpyXHOCTH pasiuyca R Todky A u npoBeaeM
yepe3s Hee npsMmyro /. [lpsimas / nepecekaetT OKpYyXHOCTh
B Toukax X U A (ecnu /-- xacatenpHas, To X=A4). [lycte M,
u M, —Ttakue TOukd mnpsMoM [, uto XM, =XM,=a, rae
a— puxcupopanHoe unci0. MHOXecTBO Beex Touek M, u M,
(st Bcex mpsMbIx /) HaswiBaloT yaumkoi Ilackaaa (takue
kpuBble M3yyan OtbeH [lackanb, oTen 3HAMEHMTOrO Ma-
temMaTuka # ¢uiaocopa bnesa Tlackans). Hac Oyner
MHTEpECOBaTh CJiyyal, koraa a= R (puc. 35). [1ycTs BekTOPDBI

— —
XM, u AX CoOHamnpaBi€HbI,
B—Toyka nHa MNpoOJIONKEHUU
orpeska M,0 3a Ttouky O.
Tax KakK TPeyroinbHHKH
M,XO n XOA paBHOOeapeH-
Hble, TO L. OAX =2/ OM A n
L AOB=/OM A+ [ OAX=
=3/ 0M;A. Tlootomy nns
TpUCEKIIMM  yrjia @, rue
0 <@ <m/2, MOXHO NIOCTYNUTH
cneayrommuM obpa3oM. Bosb-
MeM TOouky B Tak, uToO
L. AOB=¢. Ilyctb npsimas OB
nepecekaeT CIUIOLIHYIO 4acTh
ynutku Ilackang B Touke M, Puc. 35.
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\ 0003Hay4EHUR:
\ I WapHUPHOE COPOUHEHUE,
e[ Fa HEnadbxro 3axpenneH -
\ HOE Ha npamod 1,
\
\\
1l  WapHUPHOE COPOUHERUE,
\ cBododrno nepemewaro-
\ weecs no npsMoit 1.
3
r r r
8
Puc. 36.

(MyHKTHpHAsi 4acCTh YJIMTKH Hacrcanﬂ COOTBETCTBYET TaKHM

ToukaM M,, YTO BEKTOpHI XM2 u AX IIPOTHBOIIOIOXHO
HanpasieHsl). Torma [, OM,A=¢/3.

UHcTpyMeHnTH AN TPHUHCEKUHMH yriaa

Jasi fejileddss yrjla Ha TpM paBHbIE 4YacT¥ ObLIo
U300pETEHO MHOTO pa3HBIX HHCTPYMEHTOB. TpH Takux
HHCTpyMEHTa H300paxeHbl Ha pHC. 36a)—B). 3TH PUCYHKH
He TpeOyroT nosicHeHHH. OTMETHM JIHILb, YTO HHCTPYMEHT
a) u3oOpen JlekapT, a MHCTpYMEHT O)—HU3BECTHbIi HTa-
JbAHCKHI reomeTp JlxoBaHHu Yesa.

§ 4. CeoiicTBa TpHCEKTpHC

Bo3nMeM Ha cropone BC TtpeyrojbHuka ABC Taxue
touxdk D u E, 4yro [ BAD=/DAE=/[FAC=/ A/3.
Otpe3kn AD M AE Ha3plBaloT mpucekmpucamu yria
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A Tpeyronbauka ABC. Ca- 8

MBIM 3aMeYyaTeJIbHbIM CBOW-

CTBOM TPHCEKTPHUC SABJISAECTCA

teopema Mopiu. Ona 3akio-

qaeTcs B chaeayiomeM. Ilycts

Onuxaitmme x cropowe BC

TPUCEKTPHUCHI yriioB B u C ne- v

pecekaroTcs B ToUKe A, ; TOUKH

B, u C, omnpenenstorcs aHaio- 8,

ruyao (pHc. 37). Torma Tpe-

yronsuux A,B8,C, paBHOCTO- A c

pouauii. Mbl He OyneM noka-

3bIBaTh 3Ty JOCTATOYHO CJIOXK- Puc. 37.

Hyr0 Teopemy. Kemarouue

MOTYyT HaliTH ee Jloka3atesbcTBO B kHHre [[Ipacosios, 1991,

3ama4a 5.56), a moka3zaTensCTBO OOIICH TEOPEMBI, YYUThHIBA-

HOIICH TPUCEKTPHCHI HE TOJBbKO BHYTPEHHUX, HO M BHEIUHHX

yryios, npuseaeHo B kuure [[apwirug, 1986, 3anaua 11.321].
Tpucextpucol o06s1a7al0T HEKOTOPBIMH  HHTEPECHBIMH

CBOMCTBaMHM, J0Ka3aTElbCTBO KOTOPHIX He CJIOXHO. Mbl

npHBEeM HX B KkayecTBe 3amay (pelieHHsi 3THX 3ajad

MOXHO HAalTH B KOHIE OpOILIOPHI).

3anaun
1. Ha cropone AB Ttpeyrosbuuka ABC B3aTa Takas Touka D, 41O
[ ACD=/ C|3. Jdokaxute, 4TO

Do AC-BCsinC
" ACsin(C/3)+ BCsin(2C/3)’

2. Paccrosuue Mexay LeHTpamMu O u O, OKpPYXHOCTEH paauyca
R paBHO R. Tlyctb A m B—Takue TOYKH OKpyXHocTeld, uto AB| 00,
C-—obwmas Touka okpyxHocteH (puc. 38). Hokaxure, yto OC — TpHUCEK-
Tpuca yria AOB.

3. Touka F nexutr Ha ayre AC OKpYXHOCTH ¢ UeHTpoM D, pagmyc
DF nepecekaer xopay AC B Touke E. Hdokaxute, 4T0 — FC=-— AC/3
TOorpa M TOJBKO TOrja, korja CE=CF (Kunaep, 1653 r1.).

4. Touka F nexutr Ha ayre AC OKpyXHOCTH ¢ ueHTpom D.
KacarenbHas K oxpyx(uoc-ru B ToYKe F nepecekaer npsmyio AC
U NepHeHAMKYJIAD, BOCCTABJICHHBIH U3 TOYKH A4 K npamoi AC, B TOukax
M u N cootrBercrBento. Jokaxure, uto — FC=— AC/3 TOorna u TONbBKO
torpa, koria FM=FN (Kunuep).

S. Touka F nexutr Ha ayre AC OKpYXHOCTH, NpHYEM IPOEKIMA
H Ttouku F Ha npamyro AC nexutr Ha otpe3ske AC. JoKaxuTte, uTO
—~FC=-—AC/3 1orna u toabko Toraa, xorna AH=HC+ FC (Kunuep).
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Puc. 38.

6. Touka F gaexu1 Ha jayre AC OKPYXKHOCTH ¢ ueHtpom D.
IMposeacm auamerp AP. llycTp Ouccektpuca yriaa CDP nepecekaer
okpykHocTh B Touke XA. Ilpsimas PF nepecckaeT auamerp XY B touke
Q. Joxaxurte, 4to ~ FC=-— AC,3 TOraa 4 TOJbKO TOrJ4, KOr[d JJIHMHA
oTpe3ka FQ paBHa paanycy okpyxHoctu (S. Bephy.iam).
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I'nasa3
KBAJIPATYPA KPYrA

§ 1. Ucropuuecknii ouepk

3agada Keudpamypel Kpyea, T. €. MOCTPOEHUSI KBajpara,
PaBHOBEJIUKOTO /1aHHOMY Kpyry, B Jipesned I'peumn 6bina,
NO-BUIMMOMY, O4eHb nomnyisipHa. [lnyrapx coobuaer, 4to
dunocodp Anakcarop (ok. S500—428 rr. 10 H. 3.) B TIOpbME
3aHMMaJncs dTod 3adadedl. O He#d roBopurcst U B KOMEIUH
Apucrodana «[Ituusi» (414 r. no H. 3.): «[Ipuaoxus crona
JIMHENKY, Kpyr OIUCBIBAlO IMPKYJIeM, U BepX U HU3
[Torom numeiikoit otHomy npsimyto. Kpyr teneps nomobex
4ETBIPEXYTOJbHUKY.» DTO YNOMHHAHHE B KOMEAUM O3Haya-
€T, 4YTO 3a/laya KBajpatypbl kpyra Obiina oOlllen3BecTHa.

CrpaHHbpiM 00pa3oM 3ajaua kBajpaTtypel kpyra u o0-
paTHas eil 3ajlaua «Kpyratypbl KBajJipata», T. €. HOCTPOCHHSs
Kpyra, paBHOBEJIMKOTO JaHHOMY KBajapaTy, Obljla U3BECTHA
takxe u B [IpeBueit Mumuu. WUnauiickue anrapu ObLiu
caMoH pa3Ho#M ¢opMbl: B BUJIE KBaJipaTa, Kpyra, moJykpyra,
paBHOCTOPOHHETO TpeyrojibHHKa, paBHoOeapenHoii Tpane-
MM, COKOJIa, Yepenaxu U T. 4. Ho Bce 3T anrapu JOJIKHbI
OblIM UMEThL ONHY W Ty k€ miomanas. B cBsasu ¢ 7TuM
BO3HMKaAJIM 3aJlaud NpeBpallleHHsl Kpyra B paBHOBEJIMKHM
€My KBa/IpaT U KBaJApaTa B paBHOBEJIMKHH eMY KpYT.
Penlenus 3Tux 3aaad npuBe/ICHbI B APEBHEUHIMIHCKON KHUTE
«CynbBacyTpa», MOCBSIIEHHON MOCTpoeHuto antapei. Pas-
Hple 4acTH 3TOM KHUrH aatupyrorcss VII—II BB. no H. 3.
Peuienns uHTepecyronMx Hac 3a/1au coAepXxaTtcs B Haubosiee
npeBHed vactu «CysibBacyTphi».

IToctpoenue kpyra, paBHOBEJIMKOTro kBaaApaty, B «Cylib-
BacyTpe» IpOU3BOJMJIOCH CilelylonM obpazoM. OnuineMm
Bokpyr kBajgpata ABCD okpyxHocTeh. IlycThs nepuieH-
JIUKYJISIp K OTpe3ky AB, npoxoasmmuii yepe3 ueHtp O kBai-
paTa, nepecekaer TNpsMyr0o AB U OKPYXHOCTb B TOUYKAX

4 B. B. IIpaco.ios 49



Q P u Q cOOTBETCTBEHHO; TOYKa
X K nemur orpesok PQ B oT-
A HOILICHUHU PK:KQ=1:2
P (puc. 39). Torna OK—panu-
yC Kpyra, IUIoiaab KOTOPOro
paBHa IUIOMIAJM KBajpara.
DTO pelleHde, KOHEYHO XKe€,
0 npubmmxennoe. Eciuw  a—
CTOpPOHa KBajipaTa, r— pajH-
'YyC TMOCTPOGHHOTO Kpyra, TO
r=a(2+\/§)/6. [ToaTtoMy H3
cooTHouleHus a’=mnr? pusa
yuciia 1 IoJydyaeM npu6jm-

)KEHHOE 3HauYeHHe 2
Puc. 39. 1 +ﬁ

~ 3,088.

Jns penienus odpaTHOH 3agauM, T. €. Ul NMPeBpaIlCHUs
Kpyra B paBHOBEIMKHH eMy kBanpart, B JlpeBHeit Uuanu
HE CMOIJIM HANTH CTOJNb € MNPOCTOr0 TEOMETPUHECKOrO
NOCTPOCHHSI M pellaau ee aarcOpanieckH. ITO pelICHHE
BBITJIUT CIEAYIONMM 00pa3oM: ecid d — OIuaMeTp Kpyra,
a—CTOpOHa PaBHOBEJIIMKOTO €My KBajpara, TO

28 1
a=d| 1— !
8-29 8296 8-29-6-8

JAns yucna m 3TO PelUCHHE JaeT NpUOIIMXEHHOE 3HaYCHHE
3,088.

OTd oueHb OJmM3KME JApPYr K ApYry HIpuOIHKEHHBbIC
3HaYeHHWsl YMCJIAa T MOKAa3bIBAIOT, MO-BAIUMOMY, YTO TNEPBOE
(reometpuueckoe) pewteHue B JpeBHeit Muaum cuurtanocs
TOYHbIM. BTOpoe (anrebpanueckoe) pelleHUe SBHO SBJISETCA
obpaleHeM UMEHHO 3TOr0 reoMeTPHUUECKOro MOCTPOCHHS,
IpUueM JUJIsl 3TOr0 KMCIOJIb30BAJIOCh COJICpXKAIlleecsi B KHUTE
«CynbBacyTpa» npn6nuxenﬂoe 3HaYCHHE

‘\/5_1+3 T 34~1 4142157,

KOTOPOE OTJIMYAEeTCA OT TOUHOrO 3HAYEHMSs JIMIIL B LIECTOM
3HaKe II0Cne 3ansaToH.

d 2 2
B caMoM jiene, moactaBuB B GOpPMYNy —= +3\/- 3Haye-
a b
1 d 1393 a 1224
HUE /2=14-4-——o—— NUAYYUM -=—— T.€. —-=—-,
V2 +3 34 3438 TVIYIM o= d 1393
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Jlerko mpoOBEpUTH, H4TO

24, 1 1 1+ 1 N 1
1393 8 829 8296 8-29-6-8 8-29-6-8-1393°

Ot1OpocuB mnocnenHee cnaraeMoe, nony4yuM ¢opMyny, co-
nepxamyrocs B KHure «CynpBacyTpa». IDTO pasJioKeHHe
1224 169

1393 1393’
169 1 (1 169\ 1 1 4l 41 1 14\
1393-8 \8 1393/ 8 8 1393’ 13937 29 \29 1393

11 204 2041(1 204)]1169 169 I

TIONy4acTCss 1MOYTH €CTCCTBCHHBLIM 06p330MZ

6 1393

6 6 1393° 1393 8

29 29 ]393 1393 6

1 169 1 1 4l o .
—|{-——=|=-—-'——. EIUHCTBEHHBIA HEECTECTBEHHbIN
8 1393 8 8 1393

1
mar B 3TOM DPA3JIOKCHUH 3AKJNIOYACTCS B TOM, 4YTO 3—4-<

4 1
——<—, a B KayecTBe TIpubIMKEHUs YuCcIa —— Oe
1393 33 p 1393 Pyt

* %k Xk

B /Ipesueit I'penuu 3aga4ya xBaapaTypbi Kpyra BO3HHKJA
nocne TOro, kaxk Obina pelleHa 3ajada TpeBpaunieHUs
MHOIOYroJIbHHKa B PaBHOBEJHUKHA €My NpSAMOYrOJbHHUK.
Ora 3amaua pemianach chienyrolumMm obpazom. CHawana
MHOTOYTroJIbHUK pa3pe3anu Ha TpEYroJibHUKH. 3aTeM Tpe-
YJrONhbHAK CO CTOPOHOH @ W BBICOTOM h, 3aMeHsnM Ha
PAaBHOBENUKUHA €My MpSIMOYroJibHUK CO CTOpPOHaMu a2
u h,. Ilocne 3roro BbIOMpanu HEKOTOPBIA OTPE30OK € U 3a-
MEHSJIM KaXIbld NPAMOYrOJibHUK Ha PABHOBEJIHUKUH €My
NpSMOYrOJibHUK, OJIHA CTOpOHa KoToporo paBHa e. Kax
3TO [AeNIanoch, MOKa3aHo Ha puc. 40; 3alUTPUXOBAHHbIE TIPS-
MOYTrOJIbHUKH PaBHOBENMKH, TO-

TOMYy 4YTO OHM TIOJyYeHbl U3 b

IBYX PpAaBHBIX TpPEYrOJiIbHUKOB

nyTeEM OTpe€3aHust OT HUX OBYX & /
nap paBHBIX TPEYrOAbHUKOB. 3a-
TEM TIONYYEHHbIE TIPSMOYrOJib-
HUKH CO CTOPOHOH e TIpUKJaabl- €
Bajid ZIpyr K ApPYry 3TOH CTOpO- /
HOM U CKJIAAbIBAJIM TEM CaMbIM , /
HEKOTOPBIN PSIMOYT OJIbHUK.

OcraBanoch TNOCTPOUTH  A1si Puc. 40,
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NpSIMOYroJIbHUKA PABHOBEJIMKMI €My KBaJpdT. DTa 3anada
MHTEpPECHa TeM, 4To B KHHUre «CysibBacyTpa» u B «Havanax»
EBknuaa npuBeneHbl O4Y€Hb MMOXOXKHE PELICHUS 3TOH 3adavH,
npuYeM pelleHHs [aleKo He CaMble NpPOCThIE.

B kaure «CynbpacyTpa» KBaApaT, paBHOBEIMKHA JAHHOMY
upssMoyrosnibHuky ABCD, crpowicss chaenytoluM obpazom.
ITyctes ans onpenesienHoctH AB< BC. Otpexem oOT mnpsMo-
yronbHuka ABCD xBaapat co CTOpoHOH AB u paspexem
OCTABILMHCH NPAMOYTOJILHUK Ha [JBa PAaBHBIX NMPAMOYTOJILHU-
Ka; OOMH M3 3THX NPAMOYrOJILHUKOB MPHJIOKHM K KBaJpaTy.
B pesynbrare nosyunm urypy, 3aIlUTpUXOBAHHYIO Ha puc. 41.
DT1a ¢urypa sBJise€TCs KBAAPATOM CO CTOPOHOM a, U3 KOTOPOro
BbIpe3aH KBaApaT coO cTopoHoH b. Ee miow@aus pasHa
IUIOIIA/M KBaApaTa Co CTOPOHOM X. rae x2=a’—5h2 Jlns
MOCTPOEHUS] OTpe3Ka X MOXHO BOCHOJIB30BATBLCA TEOpeMoi
[Tudaropa: 3TOT OTPE30K ABIAETCA KATETOM MPAMOYTOJILHOrO
TPEyroJIbHMKa C TCUMOTeHy30M « W Katetom b. B kHure
«CynbBacytpa» teopema [ludaropa npuseseHa B ciieayrouen
dbopmynupoBke: «/lparoHasib npsMoyroibHUka obpasyer oba
KBajJlpaTa, KOTOpbIE BepTUKAJbHAS U I'OPU3OHTAJIbLHASL CTOPO-
Hbl 00Pa3yloT NO OTAENBHOCTHY». IDTO, NO-BUAMMOMY, mepBas
no BpeMeHH (opmyaupoBka Teopembl Iludaropa (cam
IMudarop pomuncs, ckopee Bcero, yxe Mocjie TOoro kKaxk Obinia
HanucaHa «CynbBACYyTpay»; K TOMY X€ COXpaHUBILHECS JIPEBHE-
rpeveckite GOPMYJMPOBKH M J0Ka34aTe/IbCTBA €ro TeopeMbl
OTHOCATCH K ropasfno Oosee mo3aHel 3moxe).

IMoctpoenne, onucanHoe B kHuUre «CynbBacyTpa», aa-
JIeKo He camoe mpoctoe. bosiee mpoctoe pellleHHe BHAHO
u3 puc. 42: ecnu xopaa CD, nepneHAMKYAsIpHAS OMaMETPY
AB, nepecekaer ero B Touke O, To CO*=CO-OD=

C

PR

Puc. 41. Puc. 42.



=AO-0B, 1. e. CO— cTopo- P
Ha KBajJpara, IJIomaab Ko-
TOPOro paBHa IJIOUIAAH HOps-
MOYI'OJIbHUKA CO CTOpPOHAMH
AO n OB. EBxiMa npuBOOUT
UMEHHO TAKO€ MOCTPOEHHUE, HO 8] \0
JIOKa3aTeJIbCTBO y HEr0 TOYHO
Taxkoe ke, Kak B KHure «CyJib-
BACYTpa»; OHO TOXE OCHOBAHO RS
HA  Teopeme [Mudaropa.
Bo3bMeM Ha mnpoAoJDKEHHH
cTopoHsl B8C 3a TOUKy B Takyro
Touky E, uto BE=AB. [lycth Puic. 43,

O - -cepeauna otpe3ka EC,

P— T1ouka nepeceueHus jtyua AB 1 OKpYKHOCTH C IHAMETPOM
EC (puc. 43). EBkyina mokas3bIBaeT, YTO IUIOIIAAL KBAApaTa Co
cropoHoit BP pasHa miowiaauy unpsMmoyroiabHuka ABCD,
caeayroumM obpazom. [lnomanas npsmoyrosasHuka ABCD
paBHA IUTOINAAM 3aITPUX0oBaHHOM purypsi. CreloBaTesibHO,
OHA pdBHA PA3HOCTH NJIOIAAEH KBAAPATOB CO CTOPOHAMH
EO=0P n BO. Ilo Teopeme Iludaropa nnowans, kBaapaia,
NOCTPOEHHOrO Ha KaTeTe BP npsaMoyroibHOIo TpeyrojibHUKa
OBP, pasua pa3HOCTH IUIOLIAAEH KBAAPATOB, NOCTPOCHHBIX HA
runorenyze OP u katere BO.

Taxoe crTpaHHOe mokazatenbcTBO EBKkiMaa TpyaHO
o0nsacHuTE. TeopemMa o ToM, 4Tto CO-OD=A0 OB (cM.
puc. 42), eMy M3BeCTHa, MNpUYEM [JOKA3bIBAET €€ OH,
onupasch TOoxe (QaxTH4ecku Juiub Ha TeopeMy I[Iudaropa
(He wWcnonb3ys BeChbMa CJOXKHOW TEOpHUH OTHolueHHH). Bo
BCAKOM CJly4yae, COBIA/IEHHE APEBHErPEYECKOro U ApeBHEHH-
OUICKOro J0Ka3aTe/JbCTB BPSA JIM CJIYYalHO.

oo tolete

208

k ko ok

Haubosnee panHMe noluejalune 10 HAC JpEBHErpevYecKue
pellieHUs 3aJdYd KBaApaTypbl Kpyra Ha TIEpBBIA B3rJsijI
KaXyTCS TPOCTO riiynoctolo. AQUHIHUH AHTHGOHT BINCHI-
BaJl B KPYI' MHOTOYrOJIbHUK (TPeyrojibHUK WJIM KBaapar),
3aTeM JIeJIMJ1 JAYCH 101I0JIaM M CTPOHMJI BIIMCAHHBIA MHO-
YrOJIbHUK C y/IBOEHHBIM YHUCJIOM CTOpPOH U T. a. OH ayman,
YTO B KOHII€ KOHI{OB TIOJIYYHTCS MHOTOYIOJIbHUK, KOTOPbIH,
G6naronaps KpaiiHed MaJioCTU CBOMX CTOPOH, COBHAleT
C OKpYXHOCTBbIO. BpHU30H B3sJ1 KBaApaT, BIMCAHHBIA B KpYT,
M KBAaOpaT, ONHMCAHHBIA OKOJIO Kpyrd, a 34aTeM B3l
KBaapaT, Jexainuid Mexny Humu. OH yrBepxaaji, 4TO
Iwiowanp MOoCIe/THEro KBaJapaTa paBHA IUIOIIAIHM Kpyra.
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[To3aHeiiuie ApeBHErpeYeckie KOMMEHTATOPBI K pellie-
HusM AHTH(OHTA 1 bpuUloHa OTHOCHIMCH NpeHebpexXuTENb-
HO W HUX BooOuie He ob6bcyxmanu. Ho aestesbHOCTH
Antudonta u bpuzoHa He cieayer HelooleHHBaTh. s
peleHnus 3alavd KBaapaTypbl Kpyra Heobxoanmo ObLi1o
MOHATBL, YTO € TaKoe IUIOIaAL Kpyra, a Ajs IToro
ObLIO HYXXHO mpeacTaBiieHue o npeaesie. B Jlpesneit Muauu
obolIM  3TH TPYAHOCTH, NpPHHAB HA Bepy HETOYHOE
pelueHve J3Toil 3amayn. AHTHUGOHT U bpuloH Haourynb
UCKanM MOHATHE mnpeaena. B ux paccyx/eHMsAX HEBEPHOro
MHOIO, HO €CTb H KO€-YTO OY€Hb BAaXHOE, CO3JaHHbI
BIOCJIEACTBUM METOJ MCUEPIBLIBAHHSA MHOroe y HHX [ie-
peHsii. Apxumen Npu BBIYMCJIEHUH YHC/a T KaK OTHOIUEHHS
IUIMHBl OKPYXHOCTH K JHaMETPy HCHONB30BaJ KaK MIEHO
AHTH(}OHTA (mEepexold OT BIMCAHHOI'O N-YrOJIbHHKA K BIH-
CaHHOMY 2n-YrOJIbHUKY), Tak ¥ uaew bpu3oHa (npuMeHeHHe
HE TONbKO BIIMCAHHBIX, HO W OIHMCAHHBIX MHOIOYIOJIb-
HHUKOB).

§ 2. /IpeBHerpeueckue pelieHUs

Ksagparpuca Hduuoctparta (IV B. 1o H 3)

Kak Mbl yxe roBopusid, KpHBYHO, KOTOpyrw [mnomuit
OpEeAJIOKHI UCTONBL30Bath i [IeJieHUWs yrja B JaHHOM
OTHOIUEHUHU, BIIOCJIEACTBUU HCTIOJIb30BANM [UISl peIlCHUS
3aa44 KBaApaTyphl Kpyra. 1o pellleHue COXpPaHu10Ch JIUIIb
B nepeaave [lamma, koTopbil WA HAa NSATh BEKOB INO3Xe
HuHocTpata. Mbl cHavana mnepeckaxem Tekcr [lanna,
a 3ateM IPOKOMMEHTHpyeM ero, cieays pabote [3ainaeH-
6epr, 1972], motoMy 4TO C TOYKM 3pEHUS HCTOPHH
MAaTEMATHUKH B 3TOM PELLECHUH CIIMILIKOM MHOIO 3arajo4Horo.

HanomHuuMm, kax nosiyvaercs kBaaparpuca JluHoctpara.
Paccmorpum  kBaapat ABCD (puc. 44). TlycTs KOHIbI
otpe3ka BC paBHOMEpHO [ABUXKYTCS 10 0psaMbIM BA
u CD, a orpe3ok AB paBHOMEPHO BpALIAETCH BOKpPYr
TOYKH A, puueM B noJioxenue AD oba oTpe3ka MPUXOAAT
onHospeMeHHo. [lycts, pganee, B HEKOTOpbIH MOMEHT
orpe3ok BC 3anumaer mnoJsioxeHue B'C’, a oTpe€3ok AB
3aHUMAaeET mojoxkeHue AN; L —Touyka nepeceueHuss oTpes-
koB B'C’' u AN. KBaapartpuca [IuHocTpaTa €CTh MHOXECTBO
Bcex Touek L. Ecnm kBagpaTtpuca mepecekaeTt oOTpe3okK
AD B T1ouke K, 1O mnuHa nyrd BD paBHa AB°/AK.
INosToMy mnjolnane OKpyXHOCTH paauyca AB paBHa IuIO-
Iaad NPAMOYrojibHUKA co cTopoHamu 4AB2/AK u AB)2;
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3TH OTpPe3KH JIETKO CTpO- 8 c
ATCS C OMOLUBIO IHUPKYJIst
W JIMHEHKH, €CJIM U3BECTHBI
orpesku AB u AK. Ilo-
CTPOHMB  NPSAMOYrOJIbHHK, , ,
MOXHO HOCTpPOUTb paBHO- B C
BEJIUKWMH €My KBaJapar.
[Tann nuizer, ¥yTo npo-
TUB 3TOoro pemenus Cnop
BBLIIBUHYJT JIBa CEPBE3HBIX
BO3paxX€HUsA, C KOTOPbIMHU
caM OH MOJIHOCTbIO COrJa-
CEH

1) Yrobwl cormacoBaThb
JBUXEHHE oTpe3koB BC Prc. 44.

U AB, HyXHO 3apaHee

3HaThb OTHOLUEHHE JUIMHBI OyFH YE€TBEPTU OKPYXHOCTH
Kk paauycy. [loaTomy pemurs 3amavy KBaApaTypbl Kpyra
C moOMOUIbLI KBaApaTpHuchkl [IUHOCTpaTta MOXHO, TOJILKO
€CJIH ee peIUEHHE YXe H3BECTHO.

2) Touky K mNOCTPOHTb HENbL3fA, NOTOMY 4YTO B COOT-
BETCTBYHOIIMA MOMEHT BPEMEHH OTpPE30K M pagUyC CO-
BnagarT. Kak nepeceyennss orpeskoB B'C’' m AN MoxHO
CTPOUTL JMIIL TOYKHM, Onm3kue k Touke K, HO He camy
Touky K. ['oBOps COBPEMEHHBIM $3bIKOM, TOYKY K MOXHO
MOCTPOUTh JIMIUL KAaK NpPeNes] TOYEK KBAAPATPHCHI.
JloxaxeM Teneps, YTO JUIMHA JIyTH BD neﬁggnmenmo

paBna AB%/AK, 1.e. BD:AB=AB: AK, rae BD— nn1una
ayru BD (B 3tom naparpade Mbi OyleM HCHONbL30BATH
Takoe HecTannaaptHoe obo3nauenue). JloxaszaTenbCcTrBo mpo-
BeleM METOAOM OT NpoTHBHOro. SIcHo, 4to BD:AB=
=AB:AK,, rne AK,-—HEKOTOpbIA OTPE30K, M TOITOMY
AOCTATOYHO J0K43aTh, 4YTO [IWHA oTpe3ka AK,; ne
MOXET ObITh HU OOJIbIlIE, HU MEHbINE ANUHBI oTpe3ka AK.
IMpeanonoxum cHavana, yrto AK,>AK. Torma okpy-
XKHOCTb pamuyca AK; ¢ HeHTpoM A mnepecekaeT KBaJpar-
pucy B Hekotopod Touke L, a cropoHy AB-—B Touke
Z (puc. 45). Tax xak BD:AB=AB:AK,=BD:ZK,, 10
AB=ZK,. Tlo onpenenenuto xBaaparpucsl BD:ND=
=BA:LH. Ho BD:ND=ZK,:LK, w BA:LH=Z7K,:LH,

nodtomy LK,=LH, utro, xak nuiuer [lann, «Henemno».
[Tpeanonoxum tenepn, yTo AK, < AK. Torna xacartenn-
Hasg B Touke K, K OKpyxXHocTH paauyca AK,; ¢ UeHTpoMm
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o N
Zé L/
M
A H KK, i A K, K D
Puc. 45. Puc. 46.

A mnepecekaeT KBaApaTpucy B HekoTtopo# Touke L. Ilpsamas
AL nepecekaeT OKPYXHOCTH ¢ paauycamu AK, un AD
B Toukax M u N coorBeTcTBeHHO (pucC. 46). Taxk kak
BD:AB=AB: AK,=BD:ZK,. o AB=ZK,. Tlo onpene-
JeHuro KBaapatrpucel BD:ND=BA:LK,. Ho BD:ND=
=ZK1:A'{K1 H BA:LKI;-ZK[:LKI, HO')TOMy MK[Z
=LK,, 4ro, kKak cHoBa numer Ilanm. «Heneno».

B stom pemenun mHoro 3aranousoro. Ilpexne Bcero,
HEeMOHATHO, KaKyl HMMEHHO 3amady peman JJduHoctpar:
3ajavy KBajpaTypbl Kpyra, T.e. NOCTpPOEHMs KBajapara,
pPaBHOBEJIMKOTO [JaHHOMY Kpyr'y, HJIM K€ 3adavy CIOpsaM-
JIEHUA OKPYXKHOCTH, T. €. TMOCTPOEHUA OTpe3ka, AJIMHA
KOTOpOro paBHA NJIHHE AaHHOW oxpyxHOcTH. CO BpeMeH
Apxumena 3TH 3aAa4¥ ObLIM IKBUBAJEHTHBI: OH JIOKAa3al,
YTO €CJIM PAaaAuyC OKPYXHOCTH paBeH R, a JIMHA OKpY-
®HOCTH paBHa L, TO IUIOMIAAb Kpyra papHa IIOLIAOH
OpsMOYyIrojibHUKa ¢0 cropoHamMd R wu L/2. Ho Beas
JunocTpar xun 3an0ro a0 ApxuMeaa, a TO J0Ka3aTelib-
CTBO, KOoTOpoe mpuBoauT [lann, maeT UMEHHO cOpsAMJIEHHE
OKPYXHOCTH, a He kBaapatypy kpyra! Kax xe 970
nouuMats? Bo3moxwno, y JuHocTpaTa ObLIO H0K4a3aTesib-
CTBO, Jalolliee UMEHHO KBaapaTypy kpyra, a Ilanm npocto
NpUBeS ApYroe J0Ka3aTejlbCcTBO, HO 3TO COBEPLUEHHO
HeBepossiTHO. Ckopee Bcero, Teopema, 0Ka3zaHHas Apxu-
MeaoM, Oblna u3BecTHa (0e3 MOKa3dTeNbCTBA) €IlIE BO
Bpemena Jlunoctpara. K coxanennto, KHUra Apxume/ia
«A3Mepenue kpyra» aoiuja 10 Hac B CHJIBHO MCKAXEHHOM
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A
Buge. Bo3aMoxiHo, 4TO y Hee\ObiJI0 nipeucIioBHE, B KOTOPOM
ApxuMea W31arall npeabICTOPHIO CBOEH TEOPEMBI, HO JTO
Npe/MC/IOBHE He COXPAaHMJIOCH, KHHUTa HavyMHaeTcst cpa3ly
GbopMyIUpOBKOM TeopeMbl: «Boskuil Kkpyr paBent npsmo-
YyroJIbHOMY TPEyrojibHHKY, NpHYEM paadyC Kpyra paseH
OMHON H3 MPUJIErarolMXx K NpsMoMYy yrjy CTOPOH, a Ile-
PUMETP —— OCHOBAHUIO TPEYrOJIbLHUKAY.

B npuBeeHHOM [10Ka3aTe/bCTBE CBONCTBA KBA/PaTPHChI
[Tann ucnonw3yer TeopeMy O TOM, YTO OTHOILUEHHE [UIMH
OKPYXHOCTCH pABHO OTHOULICHHI MX PaAHyCoOB. JTO BECbMa
crpano. B «Hawanax» EBknupma, koTopblt XU mOCjE
HuuocTtpara, ecTb TeopeMa O TOM, YTO ILIOIAAM KpYyroB
OTHOCATCS K4aK KBAJpaTbl paJMyCcoB, a BOT HYXHOW HaMm
TEeOpeMbl HET, IpUUEeM ITO He ciyuaiHo. [lns cpaBHEHUs
nnonlanef GUryp ecTh BIOJIHE €CTECTBEHHbIN crocob: ecnu
onHa ¢urypa JIeXKUT BHYTPU APYro#l, TO IUIOIIAjJb BHYT-
peHHel ¢urypsl MeHbIle TJIOIIAJAM BHEIIHEH. A Kak
CPAaBHUBATbL [UIMHBI KpUBbIX? EBKIHUI HE CMOI NPENJIOKHUTH
HUKAaKOro pa3yMHOro crocoda, crporoctb KOTOPOro €ro
Obl ycTpauBasia. Bo3MOXHBI HOAXOM K CpABHEHHIO IJIWH
KkpuBblXx y EBknuaa cierka HameuyeH. B ero «Hauvanax»
eCThb T€opeMa O TOM, YTO OJHA CTOPOHA TPEYroJbHHKA
MeHbllle CYMMbI ABYX apyrux cropod. [Ipokn nmcan, 4ro
INUKYpEHCKHE MATEMATHKM CUUTANM CMEIUHBIM [{0Ka3b(BATH
TAKOC TMOJIOKEHHe, TAaK KaK €ro HPeKpacHO 3HaeT ocel,
UAYLMA K CeHy no npsaMoi JIMHMHM. ApXHUMeI TOCTYIIHII
eme pewnTesibHee InukypeineB. OH cyen HEoOXOaAUMBIM
npuHATL Oe3 JoKka3aTeNbCTBa, Y10 €CJM JBE BBLINYKIbIE
KpHBble HMEIOT OOlMe KOHUBI WU OAHA U3 HHUX JIEKHUT
BHYTpU Jpyro# (puc. 47), TO INJMHA BHYTPEHHEl KPHUBOW
MEHbIlI€ [UIMHbI BHellHeH. bonee Toro, aHanoruvyHoe yrt-
BEPXIECHUE OH I1IpUHsUT 6e3 [0Ka3aTeNbCTBA HE TOJIBKO
IUIA  KpPUBBIX, HO H U1 TNOBEPXHOCTEW, U JIMIUb 7Ta
CMEJIOCTh TO3BOJIMJIA €MY [I0Ka3aTh 3HAMEHUTYHO TEOpEMY
O TOM, YTO OTHOUIEHHE IuIomafedl MNOBEpXHOCTEl wapa
M OIMCAHHOrO OKOJI0 HEro NWJIHHApa pasBHo 2/3. (Apxumen
OYE€Hb TOpAWJICA 3TOH TeopeMOHW U TeopeMoll 00 obOneme
uiapa ¥ 3aselaj BbiCeYb HA €ro HaaArpoOMH UMIIMHAPD,
ONMKCAHHBIM BOKpPYr IUapa; mno
3ToMy 3HakKy Llunepon Haiuen
Moruijly Apxumena «Cpejid Tep-
HUEeB U vepronoJsoxa».) [lpunu-
MaTh 0€e3 gokazartelibCcTBa Ap-
XHMeI MOI, Ka3aJioch Obl, JIMIIb
T€ YTBEPXAEHUS, KOTOpble OBbLIH




I O‘IeBH.HHbl s ten U Quryp,
C /KOTOpPLIMH OH YyMel 00-
pamatecsi. Ho BoBce He oue-
BHJIHO, Hampumep, 4YTO €CIHU
“ OIMH TEeTpasap JieXUT BHYTPH
Apyroro, TO Tjiomlaab TMOBe-
PXHOCTH BHYTPEHHEro TeTpa’-
Jipa MeHbIle MJoUlaayd ToBe-
PXHOCTH BHEIIHETO.
Puc. 48. B Tekcre Ilanma ects eme
JBa 34araJIoYHbIX MECTd, a UMEH-
HO HEPABEHCTBA, KOTOPbIE OH CYNUTAET OYEBHIAHBIMH U MOJI-
yanuBo obxoaut. [lpu pd36ope _cnyvas AK<AK, Iamm

CYMTAaeT OvYEBHUAHBLIM, u4To LH < LK 1 (eM. puc. 45), a npu
p§\36ope cnyyas AK>AK,; OH CYHUTAET OUYEBUIHBLIM, YTO
MK< LK, (cm. puc. 46). dns ynobecrBa uzobpazuM Bce
HYXHbI€ OTPE3KH M AYrd Ha oaHom pucyHke. HepaBeHcTBa
PQ<1;Q1 <P,;Q,; (puc.48) nns OKpPYXHOCTH paauyca
1 MOXHO 3amMcath B BUje sina<a<tga. [lepBoe HepaBeH-
CTBO €€ MOXHO CHYECTb OUYeBHIAHbLIM: PQ < PQ, <I;b1.

Ho kak OwiTh cO BTOpPBIM HepaBeHCTBOM? OOBLIYHO €ro
JOKa3bIBAIOT CJECAYIOINIMM oOpa3oM: €Clid paguyc OKpY-
*HOCTH paBeH | M S—mnomaap cexropa POQ,, 1O
HEPABEHCTBO 2S<2Spp o  MOXHO mepenucaTb B BHAC
a<tga (a HepaBeHCTBO 2S0PQ<ZS MOXHO TEpPENHUCATh
B Bude sina<a). Ho npu sToM Heaw3s oboituch 6e3
cooTHowenuss S=R-L/2, rne S— njowans cexropa, R—
paZuyc OKpPYXHOCTH, L— JJIMHA Jyrd cekropa, a [o
ApxuMeaa N0Ka3aTelnbCTBa 3TOrO COOTHOIICHHMS He ObiyIo.
[To-Buaumomy, dopmyna Ui BbIYUCICHUS IUIOLIAAN CEK-
Topa [JuHocTpaTty ObLIa M3BECTHA, HO O€3 0Ka3aTesnbCTBa.
Oty dopMyiny IpeBHErpeveckHe MAaTeMATKH MOIJU Tnepe-
HAThb OT ErUNETCKMX WJIM BaBHJIOHCKUX MATEMATHUKOB (1O
KpailHell Mepe, IJowaAb MNoJykpyra B BaBuioHe BbivHC-
JISNM MMEHHO Mo Takoh (opMmyie).

D
S
S

* % %k

IIpuBeeHHOE BBIIIE ONMHCAHUE KBAJAPATPHUCHI HE yCTpa-
MBAJIO JIPEBHErPEYECKUX MATEMATHKOB 10 MHOTHM MpH-
yuHaM. OHu BooOuie He NOOUNM BBOJUTL JBUXKEHHE
B MaTeMaTuKy, a B [JIaHHOM cjiy4ae pedb LUIA cpasy
O JBMXEHUU NBYX OTPE3KOB, MPHUUYEM I3TH JIBHXKEHHS HYXKHO
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OblJIO cornacoBbiBaTh. [l03TOMYy OBLUIM TPEMIONKEHBI IBA
ONKUCAHUS KBAAPATPUCHI C TIOMOUIBIO MNEPECEHEHNS TIOBEP-
XHOCTE! (OHM COXpaHUAMChL B counHeHHusx [lanma). 3apanue
KPUBOM KaK MEPECEYCHHUs MOBEPXHOCTEH CYHTAJIOCh HAUOO-
nee 3aKkoHHbIM. [I'pedecke MaTeMaTHKU O6€30roBOPOYHO
BEPUIN B TO, YTO NEPECEHEHUE TIOBEPXHOCTEN NAET «XOpoO-
IyI0» KPHUBYIO, @ TAKXe€ B TO, YTO KpHBBIE 00f3aTeNLHO
NEPECEKAOTCs B TEX Ciy4dsXx, Korga 3TO, Tak CKa3aTh,
«BugHO». Apxutr Tapentckuit 6e3 kakux-nubo COMHEHHH
paccMaTpuBall [€peceyeHHe IMJHHIpa, KOHyca H Topa
(TOuHee TOBOpPsi, OH paccMaTpuBajl CHavaja KpHBYIO,
KOTOpPYIO BbIYEPYMBACT HA IMJIMHIApPE Bpallaromyiica To-
JIYKpYr, a 3aTteM OpaJl TOYKY TepeceyeHuss 3TOH KpUBOM
¥ KkoHyca). EBknua He cuen HYXHBIM B CBOKO CHCTEMY
AKCHOM BBOJMTb aKCHOMBI, CBSI3aHHBIE C TE€pECcEYCHUEM
OKPYXHOCTEH, 4 YyX€ B CAMOM TIEPBOM TPELJIOXKEHUN
«Hauan» ans nocTpoeHUs paBHOCTOPOHHETO TPEYrosibHUKA
OH HCTOJIb30BaJ TO, YTO OKPYXHOCThL paauyca AB c ie-
HTpoM A mepecekaercd C OKPYXHOCThIO pamuyca BA
C I1IeHTpoM B.

IlepBulii crnoco® 3apaHusi KBaAPATPUCHl MCIOJIL3YET
BHHTOBYIO JIMHWIO. BuHTOBas JMHHMs mnosy4aercs mpH
JBVXKCHHH TOYKH IO MOBEPXHOCTH IMJIMHJIPA, CJIATAIOLIEMCS
U3 OBYX [ABUXKEHHWIl: BUXKECHHSA C TIOCTOSHHOM CKOPOCTBHIO,
HanpaBJicHHOH mapauieflbHO OCH UWIMHApPA, W BpalleHUA
0 OKPYXHOCTH OCHOBAaHMS UWIWHIApPA C TOCTOSIHHOM
yrioBod ckopoctsio (puc. 49). PaccMoTpuM 4yeTBepTh Kpyra
U Jexanlyro Haj Hefl 4acTb BUHTOBOM NUHMM (Ha puc. 50
OHAa wu3zoOpaxeHa nyHKTHpoM). OnyctuM u2 ToukH L,
nexauied Ha paauyce AN, nepnenaukyasp LH Ha paamyc
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AC. Tlyctb LH:IVC=p; ecnu p=AB:B?], TO TOYKa

L nexwutr Ha kBalpatpuce, Ecniu Q-—Touka BHUHTOBOH
JIMHUM, Tpoeuupyloniascs B Touky N, TO 1O CBOHCTBY

BUHTOBO JiMHUM ON:NC=g—10CTOsIHHAas BEJNYHHA

[Iyctb P—Takas TovYka nepneHAMKyJgpa / K IJIOCKOCTH
ABC, BoccraBnenHoro W3 Touku A, uro PQ||AN; R—
Toyka oTpe3ka PQ, npoeumpyrouascas B touky L. Torpa

LH:RL=(LH:NC):(RL:NC)=p:q, T.e. Touka R nexurt

B 1wiockocTd I1, nmpoxoaseit uepes npsmyro AC u obpa-
3ylolei ¢ m1ockocteio ABC yroa a, rae tga=p/q. Kpu-
Bas, oOpa3oBanHass TOYKaMH R, SBJsETCA MepeceyeHUeM
miockoctd I1 ¥ moBepxHOCTH, oOpa3oBaHHON OTpe3KaMH
PQ (rouka P neuxercsa no npsmMoit /, a Touka @ ABHXKETCH
[0 BUHTOBO# JIHHUH), a KBaJApaTpHCa SABJISETCA OPTOrOHaJIb-
HOM npoexiyeil 3T1oil KpuBoi Ha miockoctb ABC.
Bropoit cnocob 3amaHus KBaApaTpUChl KaK IEepeceYeHHs
MOBEPXHOCTEH HCHOJBL3YyeT cnupaib Apxumelda, T. €. KpH-
BYI0, KOTOPYIO 3aMeTaeT To4Yka M, paBHOMEPHO OBUXKYyIUas-
¢ no paauycy AN, KOTOpbIA B CBOIO ovepedb PaBHOMEPHO
BpalllacTcs BOKpYr Touku A. PaccMoTpuM 4acTe cnvpaliy,
HOJIyYEeHHYI0 TIpH noBopoTe paauyca AN Ha 90° ot monoxe-
s AC no nonoxenns AB (puc. 51). OnyctumM U3 TOuYkH L,
nexalleil Ha KBaJpaTpuce, neprneHaukyusp-LH na orpesok

AC. Tlo cBONCTBY KBaaApaTpHChl LH NC= AB BC a mno

CBOMCTBY cnupand ApxuMena AB: BC=AM: NC 03TOMY
LH=AM. Bocctasum u3 Ttouek A, M u L nepneHuKyspbl
AP, MQ n LR x nnockoctn ABC pnunoit LH=AM. To4ka
Q nexuT Kak Ha UWJIHMHIApe HAaA COupalibio, Tdk H Ha
KOHYCE, OCbl0 KOTOpOro spijsercs Jiydu AP, a yron Mexnay
ocblo M oOpasyrouieit paseH 45°. Kpusas, obpazoBaHHas
TOYKaMH (, ABNAETCA IIEPECCYCHUEM ITHUX [IBYX MOBEPXHO-
creit. PaccMoTrpuM Tenepb MOBEPXHOCTh, 00pa30BaHHYHO
ayyamu PQ. Tak xak RL=LH, T0 TOovka R JNeXHT Ha
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NMEPECEYECHUH ITOM NOBEPXHOCTH U IUTOCKOCTH, NPOXOJsiieit
yepe3 npsamMyro AC n obpasyroliei ¢ nitockocteto ABC yro
45°. Kpaapatpuca sBJS€TCS OPTOrOHAJbHOM MNpOEKIHeH
KpuBOif, oOpa3zoBanHOil ToykaMH R, na nnockocts ABC.

* ok K

Kganparpuca [duHocrpara 3aHMMaeT BUAHOE [MOJIOXKeE-
Hue B kHure [ekapra «['eomeTrpus». ONHOM U3 TJaBHBIX
ero uesnei ObUI0 pa3fiesieHle KPUBBIX HA «reOMETPUYECKUE»
U «MexaHu4eckue». Y J[lexkapra HeT eIMHOro oIpeJeseHus
«FEOMETPHUYECKUX» KPUBLIX; K 3TOMY MOHATHIO OH NOJXOJUT
pPa3HbIMHM NYTSAMH M HE TOJbKO HE JOKA3LIBAET IKBUBAJICH-
THOCTH MOJNYYalOLIUXCS NPU 3TOM OMNpEAeSICHHH, HO Jaxe
U He JaerT Ckoibko-HUOyab crporux onpenesienuit. C co-
BPEMEHHOH TOYKH 3PEHHS CAMbIM TJIABHLIM CBOMCTBOM
3TUX KPHUBBIX fBJSETCA TO, YTO OHM 3anarorcs anrebpa-
WYECKUMH COOTHOIUeHHusMH. Y [lekapta Takod noAxon
HaMedeH, HO JIMIIb KakK He4To BropocTeneHHoe. Camblid
INIaBHLIM €ro MNOJAXOJl K 3THM KPHBLIM — OHH JIOJIKHbI
3a/1aBaThC HEKOTOPOH koMOuHanueit aeuxenuil. [1puuunsi,
no KOTOpbIM /[lekapT HCKIIOYAaeT M3 YHUC/IA 3TUX KPUBBIX
KBaJpaTpUCy, He coBceM sicAbl. OH nuiuer, 410 s
KBaJIPATPUCHI MEXJY JABYMs [BHXEHHUSMH OTPE3KOB HET
COOTHOILEHUS, KOTOPOE MOXHO H3MEPHUTb TOYHO.

B oTtHoinenuu kBajpaTpuchl Oosiee MHTepeceH apyroi
€ro NOAXOJ K «reoMeTpU4ecKHM» KpuBbiM. [lonmyuus mis
KpuBoi anrebpauveckoe ypasHenue f(x,))=0, MOXHO
CTPOMTL KOpHM anrebpamueckoro ypasHeHus f(x,m)=0
18 N000ro 1n U TEM CaMbIM NOJIYYaTh CKOJBKO YILOJHO
TO4YeK KpHBOH. [l1s KBaJApaTpUChI TOXE MOXHO MOJYy4aTh
CKOJIbKO YTOJIHO TOYEK, MOCTPOUB CHA¥asna OUCCEKTPUCY
NpsMOIo Yrja, 3aTeM NOCTPOMB OACCEKTPHUCHI MOJIYYEHHBIX
yrjoB U T. A. (puc. 52). Ho Tak Mni
MOXEM TMNOJIyYUTh JIMIIL TAKHE TOYKH
(x, y) kBaApaTpuchi, 4to y=*~k OA/2", A

U n—HaTypasjibHblE YHCJA.

Otn paccyxnaenus Jlekapra noka-
3bIBAFOT, YTO OH BHJIES CBA3b MEXY:

1) BO3MOXHOCTbIO NOCTPOUTH
0Oy TOYKY KPHUBOHM Kak KOpPeHb
anrebpanyeckoro ypaBHEHMS;

2) 3a7aHMEM KPHUBOH C NOMOUILIO
JIBUXECHUH,

3) 3anaHueM KpuBoH anrebpau-
4YECKHM COOTHOILIEHUEM. Puc. 52.

Q
o ¢



Ilopa3zno nosmHee nAeUCTBUTENBLHO OBLIO J0KAa3aHO, UTO
ajrebpanveckue KpHBbie — 3TO KAK pa3 Te KPHUBbIE, KOTOPHIE
MOXHO [MOJIyYUTh C NOMOIUBIO IIAPHUPHBIX MEXaHU3MOB.

Cnupanbr Apxumena (oxk. 287—212 r. no H. 3.)

Hdns pemeHns 3aaavyd  KeaJpatypel Kpyra Apxumen
MPUMEHMJT KacatesibHyl0 K cnupaad. HanoManmM, Kak
nony4aercs cnupaidb Apxumena. Ilycte jayu paBHOMEPHO
Bpauaercs BOKpYyr To4ku O, a 10 3TOMYy Jiy4y paBHOMEDPHO
JIBHXKETCS TOYKa X; TOoraa Tovka X NBHXKETCS IO COUpau
ApxuMena (nBe CHOUpadH, MNOJYYeHHbie NPU JIBUXKCHHH
TOYKH X MO Jiy4aM CO CKOPOCTSIMH v H V,;, TOMOTETUYHBI
¢ pmeHtpoM O n xo3dpduuueHToMm v,/v,). PaccMoTpum
ONMH BHUTOK CINHUpaJH, T.€. Y4ACTh CIOUpaJH, KOTOPYIO
npoxoauT Ttoyka X npu nosopore Jyda Ha 360°. Ilycts
/| —HavanbHOE MOJIOXKEHHE Jiydya (OHO € COBHaJacT C Ko-
HEYHBIM MNOJIOXEHUEM); A -—TOuka X B KOHEYHOM IOJIOXKE-
HUM; B-—To4Yka nepeceyeHHs KacaTeJbHOH K CIUpau
B TOYKE A W NepNeHAUKyJasapa K Jiydy [/, BOCCTaBJICHHOIO
u3 Toukn O. Teopema, nokasannas ApXUMeIOM, 3aKjroya-
ercsi B TOM, 41O JuiMHAa oTpedka OB paBHa [UIMHE
OKpYXHOCTH ¢ paguycoM OA (puc. 53).

Jloka3ath 3TO YTBEpPXJCHHE MOXHO CleAYHImHUM 06-
pa3zoM. Ilycte P—Touka oOkpyxHoctH S pamuyca OA
¢ ueHTpoM O, 6aM3Kas K TOUKe A; J —TOYKa NEpeceueHus

ny4a OP u cnupanu. Ilo ceoiictBy cnupanu AP: PQ=L:R,
rae L—nnauHa OKpYXHOCTH S, R—paauyc 3TOH OKpy-
XHOCTH. 3HauuT, ecau Touka P crpemurcs x A4, TO
ornomueHne AP:PQ crpemurcs k L:R=2mn. Ilpu s3tom
Hanpasjieauss cropoH AP u PQ TtpeyronsHuka APQ
CTPEMSTCA K HampaBJicHHUAM OTpe3koB BO u AO cootser-

o 0"
Q

Puc. 53.
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crteeHHo. CrenosatensHO, HanpaBlieHHE oTpe3ka AQ crpe-
MHUTCS K HAanpaBJICHUIO TMNOTEHY3bl MPSIMOYIOJIBHOIO Tpe-
YroJIbHUKA, K4TEThl KOTOPOro mnapasjieSibHbl NpsiMbiM BO
u AO m ux orHoiueHue paHo 2xn. [lostomy BO:AO=2m,
TAaK KakKk HalpaBjieHHe KacaTeabHOM B TO4Yke A ecTh
NpeAesibHOE HampaBieHue oTpe3ka AQ.

Cam ApxuMen JOaer, KOHEHYHO Xe, Oosiee crporoe
noka3zartesnbcTBo. OOmas cxema ero- Joka3aTelNbCcTBa Ha-
[IOMHUHAET NPUBEOSCHHOE BBIIIE JI0KA3aTEJIbCTBO CBOMCTBA
KBaJIpATPUCHI: OHO I[POBOJUTCS METOAOM OT IPOTUBHOIO
C HCNOJIb30BAaHHEM HEKOTOPBIX HepaBeHCTB. Jloka3zaresb-
CTBO y ApxuMena BecbMa JUIMHHOE, HUCIOJIb3YIOillee MHOIO
BCIIOMOTATEJIbHBIX YTBEPXIECHHH; MO3TOMY Mbl €0 INpPH-
BOIMTL He Oynem.

* ok ¥

Hdns BeiMepunBaHus cnupam Apxumena B 1650 r.
I'toMireHc  NpelIokUSl HHCTPYMEHT, H300paxkeHHbIR Ha
puc. 54. OH cocTOMT H3 JOMCKa, K KPalKw KOTOPOro B TOYKE
E npuxkpensieH UIHYyp, ¥ peHku, LIapHUPHO NPHUKPENJICHHOM
K nenrpy aucka. Ha konue peiiku Haxogurcs wmmn. IIHyp
obxomuT 3TOT M, OOXOMUT HIMN B LEHTPE AUCKA U HIET
K nuisnke OynaBku, KOTOpas MOXET mHepeMellaTrhesi mep-
nesauKkyiaspHo peiike. [lpu Bpamuenuu peiikd nepo, npu-
KpeiJIeHHOe K KOHLY OyJiaBKM, BBIYEPYHBAET Ha JIHCKE
cnupajib Apxumena.

WUmes B BHIy TaKOTO poJa HHCTpYMEHTHI, [exapr cuural,
YTO IUIS NOJIYYEHHS «T€OMETPHYECKUX» KPUBBIX HCIOJIb30BATh
[IHYPHI, BOOOIIE rOBOPS, MOXHO, HO TIPH 3TOM IPAMOJIMHEH-
HblE y4YacTKd LIHYpa B IMPONECCE IBHXEHUS HE JOJDKHBI
3aMEHATBCA KPUBOJMHEHHBIMU. DTO OBLIO CBA3aHO C TEM,

Puc. 54.
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YTO OH, KdK M MHOTrHe Jpyrue, Obljl YBEpPeH, 4TO JUJIUHbI
nyr anrebpaudeckux (T. €. «reoMETPHYECKHX» B Tep-
MHHOJIorHH  [lekapTa) KpHBBIX HE MOTYT BbIPAXaThCs
anredbpaudeckn. Ho B 1658 r., uepes 8 ner nocne cMeptu
Jexapra, anrebpauueckoe CnpsiMiIeHHE KpuBod y?=x?
NOJY4YWIU cpa3y Tpu matematuka -— Heins, I'elipaT u ®ep-
Ma. DTO OTKpBITHE /IS MHOTHX, B TOM YHCIe U A
HUX CaMHX, ObLJIO TNOTPACEHUEM.

Jlynouku T'mnnoxparta (V B 10 H. 3.)

C TouYkM 3peHHS MaTeMaTUKU KBajpatypa JyHOUYEK,
BbilloJIHEHHas I'unnokpatoM XHOCCKUM, C peEIlEHHEM 3a-
Jayd KBaJIpaTypbl Kpyra He CBsi3aHa, NOTOMY YTO BCE
ero npUMepbl OCHOBaHbl KAK pa3 HAa TOM, YTO HUCJIO
T HE BXOIMT B BBIPAXEHUS A IUIOLIAJAECH HEKOTOPbIX
nyHoyek. Ho ucTopuuecku ero nearesbHOCTb HENOCPEACT-
BEHHO CBs3aHa C MOMNBITKOH pelMTh 3aaavy KBaJpaTyphl
kpyra. bonee Toro, nosaueiliuMe KOMMEHTATOPBI Jaxe
nucaind, O6ynro cam [unnokpat Obil yBepeH, H4TO OH
pelun 3axady keaapaTypsi kpyra. Ho 310, no-suaumomy,
NpocTo HenopadyMeHue. ['unnokpat JoJikKeH ObLI XOpOINo
NOHMMATh, YTO OH Jejall U 4TO OH caenaj. XoTd OH
xun 3agoaro no EBxiamaa u Apxumena, ypoBeHb €ro
MaTEeMaTHYECKUX TO3HAHUN BECbMA BBICOK.

Bynem HaswiBaTbh ayHoukoid (urypy, OrpaHH4YeHHYIO
JIBYMsi JIyraMHM OKpYxHocTeH (puc. 55). I'unnokpart npuses
TPU TpUMeEpa KBAJpUPYEMBIX JIYHOHYEK, T. € JIyHOYeK, JJIs
KOTOPBIX JIETKO NOCTPOUTH PABHOBEJIUKHE UM MHOrOYroJib-
auku. Hanbonee m3secteH ero nepsbid nmpumep. PaccMorT-
puM nouykpyr c¢ amamMetpoM AB. Ilycte O-—- cepennna
oTpe3ka AB, C—cepenuna ayru AB. Iloctpoum Ttakxe
nonykpyr Ha xarere BC NpsMOYrojibHOro TpeyrojbHUKa
ABC. Torpa mnowmwaas 3alITPUXOBAaHHOM Ha puc. 56

Puc. 55.
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JIVHOYKHM paBHa MJoUIaJ# Nps- S
MOYTOJIBHOIO  TpeyrojibHUKa B3 c
BOC. B camoM pelie, Kkak
miomaas cexropa BOC, Tak
U IUI01IA/b 110JIYKpyra € uaMe- S,
TpoM BC paBHa 10JIOBUHE 1LJIO-
H[a ¥ NOJIYKpYra ¢ amaMeTpoM
AB. T1o3ToMy, BhIpe3aB U3 3THX
¢uryp ux OOIIYyO YacTh—— Cer- Pue. 57
MeHT BC, N0OJy4YUM paBHOBEJIH-
Kue (QUrypsi.

Hns nocrpoenus Broporo npumepa ['Hnnoxpar B3sI
paBHOOenpeHHyo Tpaneuuro ABCD, ocHoBanus BC u AD

KOTOpOH paBHbl | H \/é a 6okoBbie CTOpoHbl AB u CD
paBHbl 1. PaccMOTpuUM JyHOYKY, OrpalH4eHHYIO ONHUCAHHOH
OKpYXHOCTBIO S Tpanemuu ABCD M OKpyXHOCTBIO S,
OJIYUeHHOM U3 OKPYXHOCTH S IIpU FOMOTETHH, NEPeBOASIIIEH
otpe3ok BC B oTpe3ok AD (puc. 57). [Inowans cermenta AD
B TpH pa3a Oouibllie IUIOLIAN KaXaA0ro U3 cerMeHToB AB, BC
u CD, T1.e. oHa paBHa cymme ux iomanei. Iloaromy
[olaAb JIYHOYKM paBHa Iulollaau Ttpanenuu ABCD.
s nocTpoeHus Tpelbero npuMepa [ uUnnokpar B3si
Tpaneiuto ABCD, B xotopoil ocHoBanue BC u 6GokOBbie
cTopoHbi AB u CD passeei 1 u, kpome 1010, A0=0D=

=.,/3/2, rne O—Touka nepeceyeHus JUaroHageud. DTy Tpa-
NEUHI0 OH CTPOMT ciiefyrounM obpa3om. Bo3bMmeM Ha jyue
BC Takywo Touky E, uro BE=2BC, u paccMOTpUM
OKpyXHocTh S ¢ guamerpoM BE. [lycts |—cepenuHHbI#
nepnenaukyasap k orpe3ky BC. Hcnonwsdys cnocob «Bcra-

BOK», IOCTPOUM 0Tpe3ok OD =./3/2 BC ¢ koHUaMH, Jiexa-
LIMMH COOTBETCTBEHHO Ha npsiMoit /| U OkpyxHocTH S,
NPOAOCJDKEHHE KOTOPOro MpoxoJuT 4epe3 Touky B. Touka
A cumMeTpHuHa TOYKe D OTHOCHTENbHO npsaMoH [ (puc. 58).
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Paccmorpum ONHCAHHBIE
OKPYXHOCTH Tpaneuuu
ABCD u  TpeyrojabHHKa
AOD. ScHo, uTO IUIOLIATH
KaXIOro M3  CErMeHTOB,
OrpaHNUYeHHbIX XopJamMu A0
u OD, B 3/2 pa3za 6onbiue
IJIOIIAAH KaXnoro M3 cer-
MEHTOB, OFpaHHYEHHBIX XOp-
namu AB, BC u CD. Ilo-
3TOMYy IUJIOHIaJb  IIEPBBIX
JIByX CErMEHTOB paBHA ILIO-
aad Tpex APYrdx CerMeH-
Puc. 59. toB. ClenoBaTenbHO, IUIO-
aab JIYHOYKH, OrpaHUYeH-
Hoit nyramu ABCD u AOD, paBua ijioiiajid MHOIOYIroJib-
Huka ABCDO.

Brnocnencreun xoncrpykuus Imnnoxpatra Obina 060-
6mena. Ho npexne weM nepeiitu k 3tomy 00606mienuro,
HyXHO oOcyautb Tpetmit npumep Iunnokpara. [eno
B TOM, YTO NpPHUMEHEHHE cnocoda «BCTABOK» B 3TOM
ciayyae wusnumHe: tpanenuio ABCD MOXHO NOCTPOUTH
C MOMOIIBIO JIMINL WUPKYJs M JMHEHKH. PaccMorpum
OKpPYXHOCTb ¢ juaMeTpoM AB. Ilyctb O—ueHTp 31OH
OKPYXHOCTH, [—Cepe/MHHbIA MEepNeHOUKYAAp K OTPE3KY
OB. ]JlokaxeM, 4YTO C MOMOIIBIO LUPKYJS M JIMHEHKH
MOXHO BCTaBHTh MEX/y OKPYXHOCTBIO M NpsAMOH / oTpe3ok
PQ nanHON nuMHBI d, NpOJIOKEHHE KOTOPOIO MPOXOJHUT
yepes TOuKy B (puc. 59). BBemem cHCTeMy KOOpIHUHAT
C HA4YaJIOM B LEHTPE OKPYXHOCTU U OChbio OXx, Hampas-
neHHod o ay4y OB. Ilyctb TOuka P uMeeT KOOP/JMHATHI
(x,y). Torna x*>+y%=R? rme R— pamuyc OKpYXHOCTH,
U PQ:KQ=PB:LB (cm.puc.59), t1.e. d:(R2—x)=
=/7*+(R—x)?:(R—x). Yuuresas uto y2+4(R—x)%=
=(p2+x?)+R?—2Rx=2R(R—x), noayuwuMm d?*(R—x)=
=2R(R/2—x)%, T. e. Xx—KOpeHb KBAAPATHOIO YPABHCHHS.
DTO O3HAYAET, YTO TOYKY P MOXHO MOCTPOUTH C MOMOIIbIO
IUPKYJIs W JIMHEHKH.

KoncTpykuuio I'mnmokpata MOXHO OOOOIIUTH Cledy-
omuM obpaszoM. Pasnenum nyry AB HexoTOpo#l OKpy-
XXHOCTH Ha 1 PaBHBIX 4acTed U COCIUHMM TOYKH A U B ¢
TOuKaMH JeneHus (puc. 60). Touku nepeceueHus MoJyveH-
HBIX OTPE3KOB JIEXAT Ha n—2 OKPYXHOCTAX, MPOXOMAIIMX
yepe3d TOYKU A u B. Ecam n@—yriosasd BenuuuHa Ayru
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Puc. 60.

AB uCXOQHOM OKPYXHOCTH, TO JIyrd AB 3THX OKpYXHOCTEH
COCTOSAT COOTBETCTBEHHO M3 n—1, n—2, ..., 2 OAyT ¢ yrjOBOH
Bemuuaoi @. K 3TUM OKpYXHOCTAM cienyeT 1006aBHTh
TAK)XE OKPYXHOCTb, YrjlOBas BeJUYMHA AYTH AB KOTOpOH
pasHa @. [Inomans JyHOUKHM, OrpaHHYeHHON nyramu AY B
H AX,;B (cMm. puc. 60), paBHa mioiiald MHOroyroJjibHHKa
AY,..Y, BX,_-,..X{, €CIM OTHOIUECHHE IUJIOIIANAEH cer-
MeHToB AY; u AX, pasuo mj/n. B camoM nene, Toraa
wiomane n cermeuros AY,, Y,Y, .., Y, B pas-
Ha momagd m cerMeHToB AX,, X,X,, ..., Xpu—1B. Cer-
MeHtel AY, u AX,; noaobmbi, TaK KaK HAa HUX OIllU-
patotcs pasable yrael ABY |, m ABX,. Vtak, MBI npHxo-
IMM K coorHowenuo AY?:AXi=m:n. Ilo Tteopeme
CHHYCOB HMeEEM AY :AX,=sinAX,B:sinAYB=
2n—mo . sin 2n—no
2 N .
B urore mosy4aeM, YTO €CJIH KOpeHb YpaBHEHHS Sinmo:

:sin na=\/;1:\/t—1 MOXHO HNOCTPOUTH C IIOMOIIbIO LHUPKYJIs
U JIHHEHKH, TO CYIIECTBYET KBaJpupyeMas JIyHOYKa OIIMCaH-
Horo Bbiine THna. HailineHHple T'MNNOKPATOM NPHMEPHI
KBaJIPUPYEMBIX JIYHOYEK cooTBeTcTBYlOT mapaMm (1, 2), (I,
3) u (2, 3). B 1766 r. 6b110 obnHapyxeHo, uro mapa (I,
5) Toxe COOTBETCTBYET KBaApUpYyeMO# syHouke, a B 1840 r.
Onlna oOHapyxeHa eille ofHa Takas mapa—(3, 5). M nums
B 1934 r. ussecraniit coserckuid Marematuk H. I'. Uebo-
TApeB J0Ka3aj, YTO HHKAaKMX JIPyrdX KBaJpUPYEMbIX
JIyHOYek ¢ HedeTHbIMH m U n meT. (OCHOBHas TpyAHOCTH
3aKJIFOYAETCST B TOM, 4TOOBI BBISICHUTH, MOXHO JIH KOpPEHb

ypaBHEHHUS sinma:sinna=\/r; :\/;z HOCTPOUTH C MOMO-
b0 IHMPKYJAs U JIHHEHKH.)

= sin =sinma:sinna, rae a=¢@/2.
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IMnnokpat He orpaHdYyWiIcas TeM, YTO Halluen 3TH
BECbMa pEJKHE U MHTEPECHbIE MPUMEPHI KBAJAPHPYEMBIX
jgyHouek. OH HMX jgerajlbHO HUCCleNOBall: J0Kasaj, 4TO BO
BTOpOM chay4ae BHewiHss ayra OoJbine 180°, a B TpetheM
McHbine 180°. Ilo-BMAMMOMY, UMEHHO 3TO I[IPHBENO K He-
nopaszymenuto. [lo3nHeiinue napeBHErpeveckie KOMMEHTA-
TOpel pemuid, 6ynro Tunnokpart, Haias KBajgpUpyeMbie
JIVHOUKH ¢ BulemiHed nyroi 180°, Oonbie 180° M MeHblue
180°, moaymasn, 4To TE€M caMbIM OH J0Ka3ajl KBAJAPHPY-
eMOCTb JI00OH JIYHOUKM M KBagpupyeMocts kpyra. Ho
COYMHEHUsA 93TUX KOMMEHTATOPOB [IOKa3bIBAXOT, YTO Ma-
TEMAaTUKy OHM IloHuMaad xyxe [unnokpara. Tak uro
3a0yX/1aaMCh, CKOpee BCEro, oHU caMu, a He [unmokpar.
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I'nasa 4

HEPAZPEIIMMOCTb TPEX KUIIACCUUYECKUX 3A1A4
C MOMOUBIO IUPKYJAI U JUHENAKU

Ucnonb3ysi HUpKYJib B JIHHEIKY, MOXHO PEIIMTh 3a1a4H
TPUCEKLMHU yria u yasoeHus xyba. Caenarh 3TO HECHOXHO,
00 3TOM MBI YXke (axrudeckH pacckasbiBaiy. B camom
nesne, UAPKYJb NO3BOJIAET HA ONHOM W3 KDAeB JIMHEMKHU
NOCTPOUTbL OTPE30K NAHHOM JUIMHBI, & C IMOMOLHBIO TAKOH
JUHEHKHX MOXHO pemMTh TpebyeMbie 3ajaud CHOCOOOM
«BcTaBok» (cM. ¢. 22 u c. 37).

Takoe peweHne BpsAn JM KOMY-HHOYAb NOHPABHTCH.
BbipaxkeHHne «110CTpoeHHUs1 ¢ HOMOUIBIO IMPKYJIS M JIUHEHKU»
HMEET B TECOMETPHH BIOJIHE ONpeaesieHHbl cMmbica. Ilpu
9THX IIOCTPOCHHMAX LMPKYJb HCNOJb3yeTCd JIMINb I
TIpOBEACHUS OKPYXHOCTEH, a JHHEHKAa —And NpoBEACHHS
npsambix. CTpoUTb YTO-1MO0O LMPKYJIEM Ha CaMOH JIHHElKe
HE paspeLiaeTcs.

IIpuBeaennblii npuMep noka3biBaeT, YTO HEOOXOAUMO
JIOCTAaTOYHO 4E€TKO ONPENE/IMTh, YTO XK€ TAKOE «MOCTPOCHHS
C TIOMOIUBKO HMPKYJIs M JIMHeHKku». B xaxao#t 3anmave Ha
IIOCTpOEHHE TpedyeTCA MO HEKOTOpOMY HabOpy HCXOIHBIX
JIAHHBIX (TOYEK, MPAMBIX, OTPE3KOB, OKPYXHOCTEH) NMOCTPO-
UTh OIIPEAC/ICHHbIE TOYKH, OTpe3kH, okpyxHocTd. (Uuorma
HCXOJHBIX AAaHHBIX MOXeT 4 He ObiTb. Hanpumep, ux
HET B 3aJaye O MNOCTPOECHUH PABHOCTOPOHHETO TpEYroOJib-
Huka.) Kak ucxondele naHHble, Tak U TpeOyeMblii pe3yabTar
MOXHO CYuTaTh HabopamMu Touek. B camom nene, otpe3ok
3ajaeTcs CBOMMHM KOHIIAMH, TIpAMAsA 3444€TCi  AByMs
TOYKAMHM HA HEH, 4 OKPYKHOCTb 34J1€TCS ONHOH TOUKOH
Ha Hell ¥ ueHTpoM. MTak, MOXHO CYUTATh, YTO B 3ajaue
Ha mnocrpoeHue Ttpebyercs 1o oOAHOMY Habopy Touek
HOCTPOUTH Apyroit Habop Ttouek. Tounee rosops, B npouec-
Ce TOCTPOEHMH K HCXOHOMY H40OpYy TOHYEK, KOOABIAIOTCA
JpYrHe TOYKH; TMOJYYEHHBIH TIOCAe HECKOJbKHX INATOB
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IIOCTPOEHUsi HA0OP TOYEK JOJIKEH COHAEPXKATh BCE UCKOMBIE
ToukH. OcTaercs NOHATH, IO KAaKUM MpaBHJaM MOryT
N00aBAATLCS HOBbIE TOYKH.

Yepes nBe ToukH NaHHOro Habopa ¢ MOMOIILIO JIMHEHKH
MOXHO MpoBecTH npsMyro. Yeped onHy Touky Habopa
MOXHO NPOBECTH OKPYXHOCTb C LEHTPOM B JIpYyroil TOYKE.
K nanHoMy Habopy Touek MOXHO n00aBisiTb TOYKY
fiepeceyeHns JUO0 ABYX MPSAMBIX, JIMOO NBYX OKPYXHOCTEHA,
aubo mnpsamoit M okpyxHoctH. Ho eine nomkna ObiTh
onepalus n00aBJCHUS [OPOU3BOJILHOW TOYKH. BCnoMHHM,
KaK CTpOMTCS cepeluHa orpe3ka AB. [lnsg 3TOoro HyXHO
BbIOpaTh NMPOU3BOJBHYIO TOYKY C U NPOBECTH OKPYXHOCTH
pamuyca AC ¢ neHtpamu A u B. Ecnu AC>AB/2, 10
OKPYXHOCTH [I€pECEeKaloTCsi, U MX OOMIas Xxopaa MPOXOJUT
yepe3 cepe/lMHy oTpe3ka AB.

YT1o O3Hayaer B AAHHOM cCiy4ae BBIpaXeHHE «IPOU3-
BOJIbHas Touka»? MoxeM JM Mbl NpH 3aJaHHBIX TOYKAX
A u B BbiOpaTb «NpoOU3BOJBbHYIO» TOYKY C Tak, 4TO

AC =\3‘/5 AB, u pemmuTh TEM CaMbIM 3aaavy Y/IBOSHHs
ky6a? Het, npu mocTpoeHMsX LUPKYJIEM U JIMHEHKOH Tak
Jenath Henb3s. KOHeuHbIH pe3yabTaT He JIOJKEH 3aBHCETh
oT BbIOOpA leOH3BOJ'leOPI To4ykH. TouHee roBOps, BMECTO
IPOU3BOJILHOM TOYKH C MBI MOXEM B3ATb JIFOOYIO ApYry¥o
JOCTATOMHO OJM3KYO K HEH TOYKY, M NPH 3TOM KOHEUHBIH
pe3yabTaT He JOJDKEH HM3MEHHUThCH.

MoxHo 6b110 OBI €llle pacCMOTpPeTh ONEepanuio BuIOOpa
NPOU3BOJIBHOM TOYKM HA NOCTPOCHHOM 1IpSIMOMN UM OKpPYX-
HOCTH, HO 3TO HE JaeT HHYEro CyLIeCTBEHHO HOBOrO.
Bmecto TOro utobml BbIOMpATh NPOU3BOJIBHYKO TOYKY Ha
npsMod /| MM OKpPYyXHOCTH S, MOXHO BBIOpaTh JBE
IIPOM3BOJIbHBIE TOYKU A U B M B3sATb TOYKY HEPECEYECHUS
npsiMoil AB ¢ mnpsMoit | UM OKPYXHOCThIO S.

[locTpoenusa uupkKkyjaeM U JHHEeHKOH
C TOYKH 3pecHHUs anredpn

I[oxa3aTenLCTBo HEBO3MOXHOCTH PEIUCHHS Tpex Kiac-
CHYECKHUX 3a/1a4 C MOMOILBIO IHUPKYJIS U JIUHEHKH OCHOBAHO
Ha aiarebpaudeckux paccyxnaeHusx. IlpensapurtenbHo Ham
NpUJETCA NPOCHEeNUTh, 10 KaKUM anrebpaudeckum npa-
BUJAM [IOJIYYarOTCS KOODJHMHATHI JOOABISAEMbIX TOYEK H3.
KOOPJAMHAT MCXOJHBIX TOYEK.

BBeneM Ha [JIOCKOCTH MNPSMOYTOJBHYHO CHUCTEMY KO-
opmuHat Oxy. Kaxnas Ttouka uMeeT JBe KOOPIUHATHI.
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PaccMoTpuM Habop Bcex YMC/ICHHBIX 3HAYCHHIH KOOPIHMHAT
MUCXODHBIX TOYEK, He pa3juvyas KOOPAMHATBHI X H .

Teopema 1. Ilpednosonwcum, umo k Habopy mouex
¢ KoopouHamamu ty, ... , t, 8 npoyecce NOCMPOEHUN YUpKyiem
U auHelikoll 006asuiacy po8HO 00HA MOYKA C KOOPOUHaAmamu
sy u S3. To2da aubo uucao s; (i=1, 2) payuonaavno, aubo
OHO noayuaemcs u3 uuced ty, ..., t, NPUMEHEHUEM Onepayuil
CAONCEHUS, BLIYUMAHUA, YMHONCEHUA, OCACHUA U U3BACUEHUSA
K8aopamHo20 KOpHA.

Hokxa3zatenbcTBO. PazbepeMm Bce BO3MOXHBIE Bapu-
aHThl QO0AaBJIEHHS OJHOM TOYKH.

a) lobaBneHUue TNpOM3BOJbHOH TOuUKH. [lna
MobOM TOYKHM HAWAETCs CKOJILb YrOgHO OJsiM3kas K HeEi
TOyka, 0b6e KOOpAMHATHI KOTOpPOH pamMoHalbHbl. [1oaTomMy
B Ka4ecTBe NPOM3BOJILHOM TOYKHM BCErAa MOXHO BhIOpaTh
TOYKY C PpalMOHANBbHBIMH KOOPAMHATAMH.

6) Job6aBseHHEe TOYKHM TEPECEYEHHUSA JABYX
npambix. [lpsamas, npoxomsdias yepe3s TOYKH C KOOp-
muHaTtamu (aq, by) u (ﬁz, b,), 3amaercs ypaBHEHHEM

X—a, _ a,—a,

y—by b—b,’
T.e.  (by—by)x+(ay—ay)y=ab,—azb;. KosdpduumeHTs
TOTO YpaBHEHHS TIOJNYHYAlOTCHd U3 KOOPHAMHAT MCXOIHBIX

TOYEK TNPUMEHEHHEM Ollepallii YMHOXCHMS M BBIYMTAHHUS.
Touyka nepecedeHuss NPAMBIX, 3aTAHHBIX YpaBHEHUSAMU

{ pix+qy=ry,

P2X+q2y=r,,
HUMeET KOOPAMHATEI

rq;—ra2q, Pir2—pan

Px‘h—l’qu, Pr92— P29 '
OTH " yHcsa TOJY4arTCs M3 KO3 UIMEHTOB YpaBHEHHUH
IPYMMEHEHHEM ONEpalMil BbLIMATAHHSA, YMHOXCHUS M [ejie-
Hus. CiemoBaTenbHO, KOOPHWHATHI TOYKHM IEpeceYeHus
IBYX TIpSIMBIX, TPOXOAAINMX uepe3 [Be TMapbl JaHHBIX
TOYEK, MOXHO IIOJYYHTh U3 KOOPAMHAT 3THX YeThipex
JaHHbIX TOYEK, NPHUMEHSS ONEpallMM BBLIYMTAHHS, YMHOXE-
HHS M JeJeHMA.

Onepanusi M3BJICYEHUS] KBAJPATHOTO KOPHS IIOKa HE
UCcrosb30Bajlack. OHa HYXHA JMIUb IS HAXOXICHHS
KOOPDAMHAT TOYECK TMEpeceHCHUs IMPSAMOH M OKPYXHOCTH
WM JBYX OKpPYXHOCTEM.

71



[V

B) JlobaBnenue TOYKH NepeceuyeHUs NpsAMoi
H Ookpyxnoctu. OKpykHOCTh ¢ uenrpoMm (ay, by),
NPOXO/IAMIAst Yepe3 ToukKy (¢, b,), MMeeT ypaBHeHue

(x—a,)2+(r—by)2=(a,—a1) 2 +(hy—by)?,

x?=2a,x+y2=2by=c,,

rae ¢y =a?—2a,a,+b3—2bb,.

st HAXOXIeH s KOOPIWHAT TOYeK nePeceqemm nps-
MO pX+qy=r U OKPYKHOCTH x2—2ax+y*—2bx=c Hyx-
HO pellldThL CHCTEMY YpaBHEHHH

pxX+qy=r,
x?—2ax+y?-2by=c

Ogro M3 uMcen p W ¢ OTAMYHO OT Hyds. Bymem mns
ONpeNie/ICHHOCTH cuuTaTh, 410 ¢#0. Torma u3 nepBoOro
ypaBHEHHST MOXHO TIIOJIyYHTh BBIpaXeHHE IS y uepe3 X:

r—px
y= . (1)
q
IlogcTaBUB 3TO BHIPAXKECHHE B YPABHEHHE OKPYXKHOCTH,
NOoJIyYuM KBAJPATHOE ypaBHEHHE

(P> +q*) x*+2(bpg—aq®—pr)x+(r*—2bgr—c?q)=0.

Kopuu x; ¥ X, 3TOrO ypaBHEHHS BBIPAXAIOTCH Hepe3 ero
KO3 UIHEHTHI C TIOMOIILIO ONEPALHi CI0KEHHS, BLIMMTAHHUSA,
YMHOXXEHHS W H3BJICUCHUS KBaApaTHOT 0 KOpHA. COOTBETCTBY-
IOIlMEe 3HAYEHHS y; H ¥V, MOXHO MOJy4dTh 1Mo GopmyJie (1).

r) JobasneHue TOYKH TINepeceyeHHUs MOBYX
OKpyXHocTe#l. Jlns HaxokXaeHus KOOPAMHAT TOYKH
nepeceueHUsl OBYX OKPYXKHOCTEH HYXKHO pEIUUIbL CHCTEMY
ypaBHEHUH

x?—2a,x+y?—2byy=c,
x?=2a,x+y*—=2b,y=c,

BoiuuTtasi U3 nepBOro ypaBHEHHS BTOpoe€, MOXHO MepedTH
K JIKBUBAJIEHTHOM CHCTEME YpaBHEHHH

7(a2 a,)x+2(/72 —b )p—cl —c,,
x2=2a,x+y*-2b,y=c,.

Cucrema ypaBHeHHH TaKoro Buaa Obljla pelieHa MnpH

paszbope ciyuas B).
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Joka3zaTenbCTBO TEOpeMbl | 3aBepLICHO.

TakumM 00pa3oM, HUPKYJEeM U JIMHEMKOW MOXHO I0-
CTPOMThH JIMILIL T€ TOYKHA, KOOpAMHATHI KOTOPHLIX BHIpaxa-
FOTCSl Yepe3 pAlMOHabHbI€ YMCJIa W KOOPAMHATHI JAaHHBIX
TOYEK C 1OMOILILIO OINEPANUA CHOXKEHUS, BbIMUTAHUS,
YMHOXEHHUS, OCNCHUS U M3BJICYEHHS KBAaJAPATHOTO KOPHS.
CnpaBeniBo ¥ 0OpaTHOE YTBEPX/CHHE: €CJIM KOOPAUHATHI
TOYKH A BBIPAXKAKTCH YKA3aHHBIM 00pa3oM uepe3 Koop-
JUHATHI JAHHBIX TOY€K, TO TOYKY A MOXHO IIOCTPOHUTH
C MOMOIIBIO HUPKYNASs H jauHedku. Ho mnsg Hamumx nened
3TO YTBEPXKJICHHE HE HYXKHO, U MBI €ro HOKa3biBaTh HE
Oynem.

YnaBoeHnue kyba

ChopmynupyeM 3amavy yaBOoeHHS Kyba Kak 3ajxauy
O TIOCTPOECHHH HEKOTOPhIX TOYEK IO MAHHBIM TOYKAM.
ITycTh 3amaH oTpe3ok AB, T.e. 3aaaHbl ABe Toukd A u B.
Tpebyercs moctpouth Takue Touku C u D, uro

CD=\3ﬁ AB. MoxHO cuuTaTh, uTO Touka C COBHAgaeT
C Toukoit A, a Touka D nexur Ha Jjayde AB. Beegem
cuCTeMy KkoopauHaT Oxy, B3SB TO4ky A B KauyeCTBe
Hayajla KOOpAWMHAT W HampaBuB ochb Ox mo nayuy AB.
Enununy nnvHbI MOXHO BhIOpaTh Tak, 4To AB=1. Touku
A 4 B UMEHT KOOpAMHATHI (0, 0) U (], 0). TpebyeTcs
IIOCTPOUTh TOUYKY C KOOPAMHATAMH (Sﬁ, 0). Mpexamnonoxum,
YTO 3TY TOYKY MOXXHO TIOCTPOUTh C TOMOIIBIO HUPKYJS

u nuueiiku. Torga corsiacHo Teopeme 1 uucno /2 MoXHO
NOJIyYUTh K3 PANUOHAJTBHBIX YHCEJ, WCIOJb3ysi OIlEpalHH
C1OXEHHS, BhIYMTAHUSA, NEJICHUS, YMHOXEHHUS U U3BJICHYECHUSA
KBQJAPATHOTO KOPHA, T. €., K&k Mbl OyleM i KpATKOCTH
TOBOPHTh, MOXHO 68blpa3ums 8 K8aAOPAMHbIX paoukaiax.
JAng [noka3zaTenbCTBa HEPA3peIIMMOCTH 3aa¥d  YABOCHHUS
Kyba ¢ TOMOIBIO MUPKYJIS H JIMHEHKH HYXHO HOKAa3aTh,
YTO YUCIO /2 HE BHIPAXKAETCH B KBAIPATHRIX PaIMKaJaX.

JlokaxxeM cCHa4ana, YTO YHCIO \3/j2p HE paHOHANLHO.
[TpeanonoxuMm, 4TO 3/5 plq, tae p w g HaTypaJbHble
yHC/ia, He uMeromue obmux aenutenei. Torma 2q°=p3,
NOJTOMY 4HCIO p HETHO, T. €. p= 2py. CnenoBaTenbHO,
2q°=8p3, 1.e. g =4p}. Hoaromy YUCIIO ¢ TOXE YETHO,
a 3HAYUT, YuCla p H ¢ UMET obmwmi gendrenn 2.
[lonyd4eHo mnpoTuBOpeuue.
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HokaxeM Tenepp oOLylO TeOpeMy O KyOHYECKHX
YpaBHEHHUSAX C pPAalMOHANLHbIMU KO3(QQUIIUEHTAMH, y KO-
TOpHIX OAMH U3 KOpHEH BHIPAXKAETCA B KBAAPATHBIX
pagMKaax.

TeopeMd 2. Hpednoxtoofcu.w Ymo o00uH u3 KopHetl
ypasuenusn x>+ Ax?+ Bx+C=0, 20¢e A, B, C— payuonaib-
Hble uucaa, 8vlpaxcaemcs 8 Keac)pamubzx paduxa/zax. Tozoa
3MO ypasHeHue UMeem payuoHaIbHblll KOPEHb.

Noxa3zaTtenbCcTBO. OTMETHM TIpEXae BCEro, HTO
J0boe YuCcno, NONYyYeHHOE W3 YHMCeN Uy, ..., U, INpPUMEHE-
HHEM OIlepalliid CJIOXKEHHUS, BLIYMTAHUSA, YMHOXEHUS U HeJie-

s eey U,
HUS, MOXHO NPEACTABUTH B BHUJE —%i—-"—), rone Pu Q—
Qluy, ..., u,

MHOrO4YJIeHbl C panMOHANbHBIMH KO3QPUIUEHTAMH, T. €.
BBIDAXEHHUS, MOJIyueHHbie ©e3 MCIIOJIb3OBAHUA OlepanuU
aenenus. B camomMm pede,

P1+P2 P02 P20, Py Py PP, P Py PO
o O 0.0 Q0 0.0 0, 0, P2Q1

Jas mro60ro 4YKcia o, BRIPAXAIOUIErocsl B KBaApaTHBIX
pagyMkagaXx, MOXHO OIIPEHENUTh €ro pane Xak Haubombluee
YKCJIO PACIIOJIOKEHHBIX OJWH BHYTPH APYroro KBaIpaTHBIX
PA/MK4IOB B BHIPAXCHHHM [UIS YMCia . JTO ONMpeneneHuHe
TpebyeT HekoTOpoi akkypaTHOCTH. JleJo B TOM, HTO,

Hanpumep, ( 1+f —3+2f T. €. \/3+2f-]+f

TeM camMpbIM, OJHO BhIpAXXEHHE YHCIA l+\/§ UMeeT paHr
1, a napyroe ero BbipaxeHue umeer paHr 2. [loatomy
HYXXHO CHa4aJla ONpPENe/JUTh PAHT BBIPAXEHHSA, 4 B KAY€CTBE
paHra caMoro Yucja B3ATh HaWMEHbIUMH N3 paHroB BCEX
ero BhipaxeHudl. Ecnu paHr BeipaxeHuss R paBeH n—1,
TO PAaHT BhIPAXEHHS ﬁ paBeH .

JIns yucna o paHra n MOXHO OINPENCJUTh €ro HopAJOK
cnepyrommM obpazoMm. PaccMoTpuM mnsi 4ucna o Bce
BhipaXKeHUs paHra n. B xaxgoe Takoe BbIPaXCHHE BXOIUT
HEKOTOPOE KOJIMYECTBO K PaaMKaJIOB BUIA ﬂ, rae paHr
BhipaxeHuss R paBeH n—1. HaumeHbluee W3 BCeX TaKHX
yucen k OyneM Ha3biBaTh HOPSIKOM vMCla Q.

Ky6uueckoe ypaBHenne x>+ Ax?+ Bx+ C=0 umeet Tpu
KOpHf X;, X3, X3 (He o0sd3aTenbHO pa3iW4HBIX), 114
KOTOPBIX BBITIOJIHAETCS COOTHOILLCHUE

(xx—2x1)(x —x3) (x—x3)=x>+ Ax*+ Bx + C.
B uwacTtHOCTH, X;+Xx;+Xx3=—A.
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[peanosoxum, YTO OAHH U3 KOPHEN ITOro KyOUuyeckoro
ypABHEHHUS BBIPAXAETCH B KBAAPATHBIX paaukanax. Ocranb-
Hbi€ KOPHM MOTYT BBIpaXaThCs B KBaJAPAaTHBIX pajuKasax,
a4 MOTYT W HE BhipaxaThcsi. Bo3bMeM BCe KOpHH, Bhipaxa-
IOIMEC B KBaApaTHBIX paaWkajlax, 4 BhIOEpeM cpemau
HUX KOPHH C HaWMEHBIIMM DPAaHIOM; 34T€EM CPEOd ITHX
KOpHe#l BpIOEpeM KOpHHM ¢ HAMMEHBLIMM MNopsakoM. Ecnu
TAKOH KOpeHb OIWH, TO BhiObepeM ero, a ecau ux Oyner
HECKOJIbKO, TO BbiOepeMm siro6oi u3 Hux. IlycTh mpu sTOM
BHIOpAH KOpEHb X; C paHroM n U mnopsakoM k. Tpebyercs
Joka3aTh, 4yTo n=0, T. e. yucno x, pamuoHanbHo. Ilpen-
HOJIOKUM, 4TO n= 1. PaccMoTpuMm mnd ducna x; kakoe-nubo
BhIpaXXeHHe paHra n u nopsaka k. Ilycre \/I—L—-onﬂo.
U3 BbIDAXEHMHM paHra #n, BXOJAINMX B 3TO BbIPaXKCHHE.
Torma x; MOXHO NpPeACTABMThL B BHUME

a+b\/ﬁ
Xy=—-"r1, (1)

c+d\/E
rae Bblpaxenus a, b, ¢ u d comepxar He OGonee k—1
PaguKaJIOB paHra n M He COAEPXAaT paaukanoB Oonbllero
panra. okaxem, uto c—d./R+#0. Ecniu d=0, to ¢#0.
Ecin xe d#0, To U3 paBeHCTBa c—dﬁ=0 CJleIOBAJIO
OB, 4TO ﬁ:c/d. IloacTaBUB 3TO 3HAYEHHME UHKCIIA

R B dopmyny (1), MOXHO TONYYUTh IJI X; BblpaKCHUE
paHra He Gonee n, comepxamiee He Oosee k—1 pagukanos
paHra n. OTO NPOTHBOPEYUT TOMY, UYTO PpaHr YKCIA
X; paBeH n, a Tnopagok paBeH k. CiexoBarenbHO,

c—d\/ﬁ;éo a 3HAYMT,

(a+bf(c df p+q\/—

IMoxcTaBuB 3Ha4YeHHE X, =p+q\/1—i B KyOHueckoe ypaB-
HEHHE, TOJIY4UM

0=(p+4/R)*+4(p+4/R)*+B(p+q/R)+C=
=M+N/R.

Ecin N#0, 10 \/_ =—M/N, a Bpille ObUIO NOKA434HO,
4yTO Takoro ObITh He MoxerT. CnemosatenpbHo, M=N=0.
HenocpencTBEeHHbIC BBLIYUCIEHUS TOKA3biBAKOT, YTO

4R +Alp—4/R)+ Blp—g /R)+C=
=M—N./R=0,
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T.€ X;= p—qﬁ——npyroﬁ KOpeHb KyOH4eckoro ypasB-
HEHHA. A TakK KakK Xi1+X,+x3=—A, TO
xX3=—A—x;—Xx,=—A—2p. Haubonpmmit paHr panuka-
JIOB, BXOIAIIMX B 3TO BHIPAXXEHUE YUCJIA X3, HE IPEBOCXOTUT
n, TpPUYEM paauKaldoB paHra n He Oonee k—1. Oto
IIPOTUBOPEYHUT BHIOOPY KOPHS X; KaK KOPHS HAUMEHBILETO
paHra # ¥ npH 3TOM HaMMEHBILEro nopsaka k. HAoka3zaTenk-
CTBO TEOpPEMbI 2 3aBEPIIEHO.

CnenctBue. Yucao \3/5 HeAb3A @blpazums 8 Keaopam-
HbIX paouKkaiax.

Hdoxka3zartenncTtBo. Y Ky6wxec1<oro ypaBHEHHU
x>—2=0 eCTh JHUIlIb OJMH BEIECTBEHHKLIA KOPEHb, 4 MMEH-

HO, \3/5 Yucno \3/5 He PALMOHANLHO, TOITOMY ypPaBHEHME

x>—2=0 He umeer palMoHaNbHEIX KopHe#. CiexoBarenb-
HO y OJTOro ypaBHEHHS HET KOpHeH, BbIPAXAIOLIMXCA
B KBaJIpaTHHIX paauKajax.

Tpuceknus yrnaa

JAns moka3aTenbpCTBa HEBO3MOXHOCTH pa3JIeNUTh JIFO-
601 yron Ha TpU paBHblE YacTH C IHOMOIIBLIO HHPKYIS
M JMHEHKH MOCTATOYHO MAOKa3aTh, YTO HENb3sd Tak pas-
JEJIUTh HEKOTOPHIH KOHKPETHhIH yroum. Mu nokaxem, 4To
C MOMOINbIO LUPKYJIS M JIMHEHKU HEJb3S NPOU3BECTH
Tpucekuuro yraa 30°.

Beegem cuctemy koopauHaT Oxy, BHIOpaB B KauyecTBe
Havyana KOOPAMHAT BepIIMHY maHHOro yria AOB u Ha-
npaBuB ocb Ox mno cropoHe OA. MoXHO cuuTarh, 4TO
TOukd A ¥ B ynmaneHbl oT Toukd (O HaA paccTosiHue 1.
Torma B 3amaue TpPUCEKHUH Yyrja TpeOyeTcs MO TOYKe
¢ koopauHaTamu (cos 3@, sin3@) mocTpouTh TOUKy (COS @,
sing). B ciydae, xorma ¢@=10°, ucxomHas To4Ka MMeeT
KOOPIUHATHI iz_% % . O0e ee KOOpAMHATHI BHLIPAXKAIOTCA
B KBaJpaTHbIX paaukayiax. [ToaToMy mocTaTOYHO HOKa3aTh,
yTo yMcso sin10° He BhIpaXxaercsi B KBAaJApaTHBIX paaM-
KaJjax.

Tak  Kkak sm3(p—sm((p+2(p)—sm Cos 2¢+cos @ X
xsm2(p—sm(p(l—2sm (p)+2(1—~sm @) sin @ = 3sin @ —
—4sin? @, To uKca0 x=sin 10° yroBaeTBOPIET Ky6H4eCKOMY
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1

aBHEHHIO 3x—4x3=- T. €.
y 2

8x3—6x+1=0. (1)

CornacHo TeopeMe 2 OOCTAaTOYHO AOKA3aTh, YTO Y ITOrO
ypaBHEHUs HET paruoHalbHbIX KopHeil. Ilpeanonoxum,
4T0 2x=p/q, TOE pu q——ueﬂble HMCNA, HE MMeloLue
o61HX nenmeneu Torna —3pg*+q3*=0, T.e
*=p(3¢*—p?). CuegosareinbHo, lmcno q_RenuTCs HA p,
a 3Hauut, p=+1. Tlostomy =+1F3g%+¢%>=0, T.e.
?(g+3)=+1. Yucno 1 memurcs Ha ¢, mosToMy ¢g==+1.
B wurore moJsyuaem, yro x= +1/2. Jlerko npoBepuUTh, 4TO
3HaueHus +1/2 He sABNAOTCA KOpHAMH YypaBHeHus (1).
ITonydeHo npoTruBOpeYre, MO3TOMY ypaBHeHue (1) HE uMeeT
PALMOHAJILHBIX KOpHEW, a 3Hauyur, yuciao sinl0° He
BbIDAXA€TCA B KBaJAPATHBIX paavKaiax.

KBangpaTtypa kpyra

Hepa3pemMocTh 3amay yABOEHHS KyOa W TpPUCEKLMHU
yria cBsi3aHa C TeM, YTO /IS HX peLUeHHs HeoOXOoaUMO
yMETh CTPOMTh KOPHH KyOHMYeCKHUX ypaBHEHHH, NpuyeM
5TH YPABHEHHS HE MMEIOT KOPHEH, BBIPAXAIOIIMXCA B KBaJI-
paTHbix panukanax. I[IlpuynHa Hepa3pemIMMOCTH 3aqavu
KBaApaTypHl Kpyra cosceM HHas. ECiH paauyc okpyXHOCTH
paBeH 1, TO mnomE@aAL OrpaHW¥YeHHOro el kpyra paBHa
n. IToaToMy CTOpOHa KBagpaTa, IJOMAaab KOTOPOIO paBHA
IIomAaai 3TOro Kpyra, paBHa ./m. HeBO3MOXHOCTHL TO-
CTPOEHHSI HMCIA ./ C TOMOIINbK HUPKYJS U JIHHEHKU

CBA3aHa C TeM, YTO YHUCAO T (a 3HAYUT, W YHUCIO ﬁ)
He MOXeET OBITh KOPHEM BOOOIE HHMKAKOTO HEHYJIEBOTO
MHOrO4I€Ha C pAaMOHANBHBIMUA KOIPQPUIHEHTAMH, TaKHUE
YHUCJa Ha3bIBAIOT mpaHcyeHOeHmubimu. Jloka3aTeslbCTBO
TOro, YTO HYHCJIO T TPAHCHEHAEHTHO, BBIXOJUT [ajieko 3a
pamMki Hamed Opounropbl. Ero MoxHO npouutaTh, Ha-
npuMep, B kuure [Kneitn, 1987, c. 343—352]. Mm orpa-
HHYUMCH TEM, YTO [OKaXeM CleAylollee yTBEPXKICHHE.

Teopema 3. Ecau yucao a svipancaemcs 8 K8aopammulx
paoukaax, mo a—KopeHb HeKOmoOpo20 MHO204AEHA C pa-
yuonabHbimu Ko3PPuyuenmamu.

HokazartenncTBo. [Ipeanosoxum, 4TO YUCIO a BhI-
paxaeTcd B KBAJApPaTHBIX paaMKallax, IpPHYEM €ro paHr
paBeH n, a nopsaok paseH k. Hadnem c Toro, uro
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IPEeACTAaBUM a KaK KopeHbh ypaBHeHHs x—a=0. Bpigenum
B koddpdunuente « pagukan /R paHra n W 3anuiueM
ero B BuUme a=b+c¢./R, kak Mbl yXe€ [eAald paHblle.
Torna x,—b=c\/1—2, a 3Hauur, x2—2bx+b2—c2R=0.
KoaddunueHTnl 3TOro ypaBHeHHs BbIpaXaroTcs uepe3 k — 1
paguKan paHra # W He COIepXaT paaukaloB Oosee
BBICOKOTO paHra. AHalOrH4HbIM 00pa30oM OT YpaBHEHHS
X" =@y X" 4. +ay, rae a;=b;+c; /R, MOXHO TIepelTH
K YpaBHCHUIO

(x"'—b,,,_lx'"q -... —b0)2=(cm_1xm—1+...+00) ZR.

Takue mnepexombl MO3BONAIOT YHHYTOXHMTH CHAyana BCe
paaMKangbl paHra n, 34T€éM BCE TOABUBIIKECH pPagHKaJIbl
padra n—1 u T. 1. B KOHIlE KOHIOB TIOJIYYUM YypaBHEHHE
C panuMoHaNbHBIMH KOIPOUIHEHTAMH.
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PEMIEHUNSA

1. Tax xak S,;-=S,,-+Spge> 70 AC-BCsinC=AC-CDsin ACD+
+BC-CDsin DCB. Kpome toro, L ACD=/.C[3 u LDCB=2.C[3.

2. Uenrpanbueiit yron AQOC paBer yrioBoit Bemuuude Iayrd AC,
a BnMcaHHbli yroft COB paBeH n0n0BMHE yrnoBO#l BenuuuHbl Ayru CB.
SAcuo taxxe, uro —AC=-CB.

3. Tpeyronbrukd DFC u CFE pviewst ofliMi yron npH BEPIUHHE
F, upuuem Ttpeyronbhuk DFC pasuobezpennbiit. Ilostomy CE=CF
TOrAa & -TONbKO Torma, xorda [ FDC=/(FCE=/[FDAJ]2, T.e.
~FC=<AF/2.

4. Tlycrs LFAC=a " LFMA=8. Torna L ANF=
=90°— /. FMA=90°—B u ([ NAF=9%°— 7 FAC=90°—a. Kpome ToOrO,
LFDC=2/ FAC=2a¢ u L ADF=2( AFN=2((L FAM+ ( FMA)=
=2+ 2p. Teneps nerko nposeputhb, 4TO 00a paseHcrBa [ ADF=2/ FDC
u NF=FM »>kxBuBaneRTHbl pPaBEHCTBY a=P.

S. BosbmeMm Ha oTpeske AH Ttakyro Touky P, uto AP=AH-HC.
Torna FC=PF u paseictBo AH=HC+ FC 3KBUBaJECHTHO PaBEHCTBY
AP=PF. Nlyctb [ FAC=a n [ AFP=P. Torna [ FCP= ([ FPC=ua+,
NO3TOMY paBeHCTBO O.=f 3KkBHBaNEHTHO paBeHcTBY [ FCA=2/ FAC.

6. SAcro, utro LFDX=/[CDX+ LFDCu L FQY=(~FY+-XP)/2=
=(~AY+<-XP)2+—AF2= /[ CDX+ [ ADF/2. Tlo3ToMy B Tpeyrojib-
Huke DFQ croponsl FD u FQ pasHbl TOrga M TONBKO TOrAa, Koraa
LFDC= /[ ADF/2.
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