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cTopus.

XeHwwnHa obyyaeT aetein reomeTpun. nntocTpaums U3 NapuxxcKom
pykonucu EBknnaosbix «Havan», Hadano XIV Beka.

CpeaHve Beka HEMHOrO Jann reoMeTpun, u Cneayowmnm BeMKUM
cobblTneM B eé ncrtopum crano oTkpbiTne [ekaptoM B XVII Beke
KoopAnHATHOro Mmetoaa («PaccyxaeHune o metoae», 1637). Toukam
COMNOCTaBNATCA HAbopbl YMcen, 3TO NO3BOMSET U3yYaTb OTHOLIEHUS
mMexay dopmMammn metogammn anrebpol. Tak NosiBUNACL aHaNUTUYECKas
reoMeTpus, usyyarowas gurypbl 1 npeocbpa3oBaHuUsi, KOTOpbIE B
KOOpAMHaTax 3a4aloTcs anredbpanyeckummn ypaBHeHUsSMN. [TpuMepHo
OAHOBPEMEHHO C 3TUM [lackanem 1 [le3aproM HauyaTto 1uccneaoBaHue
CBOWCTB MAOCKUX DUryp, HE MEHSIIOLLMXCS MPU NPOEKTUPOBAHUN C OQHON
MIOCKOCTM Ha APYryt0. ITOT pa3aen nosy4yuns Ha3BaHWe NPOEKTUBHOM
reomMeTpun. MeToa KOOpAMHAT NEXUT B OCHOBE MOSIBUBLLENCS HECKOJIbKO
no3xe aAvddepeHumanbHOM reoMeTpum, rae hurypbl 1 NpeobpasoBaHms
BCe eLlé 3aal0TC B KOOpAMHAaTax, HO yXXe NPOM3BOJIbHLIMW JOCTAaTOYHO
rMagknMm OyHKUNSMM.




Cdepunyeckasa reomeTpus .

Pazpen reomeTtpuu,
M3ydatoLimm
reoMeTpuyeckme urypsl
Ha NOBEPXHOCTU cdepsl.
Cdepunyeckaqa reoMeTpud
BO3HWK/1a B APEBHOCTU B
CBSA3N C NOTPebHOCTAMMU
reorpadun U aCTpOHOMUMN.




[ eoMeTpus HOBbIX BEKOB

. Mpokn 6bin yXe, No-BMAN-MOMY, NMOCNEAHUM NPEACTABUTENEM DEUYECKON reOMEeTpUnN. PUMnsaHe He BHECIIN B
FEOMETPMIO HAYETO CYLLIECTBEHHOMO. MM6€e/b aHTMYHOW KyNbTYpbl, KaK M3BECTHO, NpUBENa K rny6o-KoMy ynazaky
Hay4YHOMN MbIC/IM, NpoAomKaBLueMycs okosio 1000 neT, Ao 3noxu BOBpO)KD,eHMﬂ 3TO HE 3HAYMT, OAHAKO, UTO
MaTeMaTuKa B 3TOT NEPUOA COBEPLUEHHO 3arsoxna. I'Iocpe,cle KamMu MeXAy 3MIMHCKOM 1 HOBOW €BPOMNENCKON HayKom
ABUINCH apabbl. Koraa HeCKosbKO YNercs Apbii penimrmo3tbin aHa-T13M, LIapuBLLMIA B 3MOXY apabcKkmx 3aBOeBaHW,
B YC/10BMsIX 6bICTPO pa3BMBaBLLENCS TOProB/IM, MOPENn/aBaHNa U roOpoACKOro CTPOUTENLCTBA CTaa Pa3BepThiBaThCA
1 apabckas Hayka, B KO-TOPOi MaTeMaTyika Mrpasna o4eHb BaXKHyto posib. EBKA 6bin BnepBble NepeBeeH Ha
apabckui A3bIK, No-BuanMMoMy, B IX B. 3a 3TUM nocneaoBan NepeBoj COMMHEHUN APYrNX rPeYECKUX FrEOMETPOB,
MHOIrMe u3 KOTOPbIX TOMbKO C 3TUX NepeBoAax Ao Hac un gownun. OgHako MateMaTUdeckne MHTepecol apabos BblN
CO-CPeAoTOYEHbl HE CTOIbKO Ha reOMEeTPUK, CKOSIbKO Ha apudMeTnke n anrebpe, Ha UCKYCCTBE CYEeTa B LUMPOKOM
CMbIC/NEe 3Toro c/ioBa. Apabbl YCOBEPLIEHCTBOBAIN CUCTEMY CUMC/IEHMS U OCHOBbI a/1-rebpbl, 3aMCTBOBAHHbIE OT
WHAYCOB; HO B 06/1aCTV FEOMETPUMN OHU HE UMENN 3HAYUTENbHbBIX AOCTUXKEHUN.

MHTepec K cyeTy nepeLuen u K eBpornenckMM MaTeMaTMkaM paHHero Bo3poxxaeHusi. MeaneHHo -- ¢ Hadana XIII B.
(JleoHapa |_|VI3aHCKVIVI§)VI [0 KoHua XV B. (Jlyka MNMayvonu) -- B 60pbbe abaunctos ¢ anropmpmMmkamm yctaHaBIMBaETCA
COBpPEMEHHAs CUCTEMA CHUCNEHUS, a B crieaytolleM, XVI B. HAUMHAET BbIKPU-CTANNN30BbIBATLCA Y COBPEMEHHASA
anrebpa. CucreMa CMMBO-NINYECKMX 0603HAYEHNI COBPEMEHHOW anrebpbl BeIET CBOE Hauaso OT BueTbl, KOTOpoMy
npuHaanexar n nepsble NpuUIoXe-HUSA anredbpbl K reoMeTpun. 3anmcaB KBagpaTHbIE YPaBHEHUS B 06u4em dopme 1
paccMaTpuBas HEM3BECTHYIO KaK OTPE30K, a KO3((MULMEHTbI YPABHEHNA KaK AaHHbIE OTPE3KM UK OTHOLLE-HUA
AaHHbIX OTPE3KOB, BreTta naet obuine MeTo/bl NOCTPOEHMS HEM3BECTHOIO OTPE3Ka C MOMOLLLIO LIMPKYNS W JINHEVKN.
OH nokasbIBaeT Aanee, YTo peLleHne Takux Xe 3aaad 3-1 u 4-1 cTe-neHn Bceraa MOXET ObiTb NpMBEAEHO K
NOCTPOEHUIO ABYX CpeA-HUX NpOnopumoHanbHblX. Bo BCeM 3TOM Kak 6yATO HET HUYEro HOBOro; Mo CyLLeCcTBY BCE 3TO
661710 n3BecTHO EBkNnay, MNepoHy, MNMpokny. Ho HoBasi, 6onee obwas cxema AaeT BO3MOXXHOCTb 06beANHUTD LMK
Pa3pO3HEHHbIX 3afla4y, NHTEPECOBABLUMX FPE-YECKUX FEOMETPOB, YCTAHOBUTb ODLLYIO UX XapaKTEPUCTUKY,
paLMoHanbHO Knaccmq)mumpOBaTb MX MO XapaKTepy ypaBHEHUS, K KOTOPOMY MPUBOAMT anrebpanyecknii MeTos,
pelleHns 3aaaydn. Bce 3T npveMbl B AaNbHENLLEM CBOEM Pa3BUTUM COCTABUIM HEGOMbLLYIO ANCUMMINHY, N3BECTHYIO
B HacTosillee BpeMs NoA Ha3BaHWEM «[punoxeHns anredpbl K reOMETPUN>». XapaKTep-HbIM ANs Hee ABNAETCS
CBE/IEHNE pelleHUs reOMETPUYECKO 3a1a4u K onpeaesieHHOMy anrebpanyeckoMy YpaBHEHWUIO UK K OnpeAeneHHoN
cucTeMe anrebpanyecknx ypaBHeHUN. B 3TUX MPUMEHEHNAX HET Kakoro-nmMbo creumanbHoro, 1S reoMeTpum
NPUAYMaHHOIO 3aMbIC/a. 3TO -- NPUEM, NPOXOAALLMIA Yepes NPUNOXKEHNUS anrebpbl BO BCEX ANCLUMIIMHAX, TIE OHa_
NPUME-HAETCA ANA PasbiCKaHNS HEU3BECTHbIX BEMIMUMH: 331aHNS BbIPa->KatoTCs ONpeAeieHHON CUCTEMOW YPaBHEHW,
peLleHne KOTOPbIX AAeT 3HAYEHUSI HEM3BECTHbIX. ITO 06beaAMHEHNe anrebpbl C reoMeTpUen BCKOPE NPUBENO K
ropasao 6onee yrnybneHHoMy n ceoeobpaszHOMy NpUMeEHEHN0 anrebpanyeckoro MeToaa B reo-MeTpnuyeckoMm
nccnenosaHum. NpoMexyToyHoe 3HaUeHWe (BO BCA-KOM Cllydae XPOHOJOrMyeckun) nmeroT naen Opesma (TouHee,
Opema), oTHocswmecs K XIV B. CXonacTuku b/ 04eHb CKIIOH-HbI K YCTAHOBNEHWIO COOTHOLLEHWA MEXAY
Pa3/INYHLIMA BENIMYN-HAMK1, COOTHOLIEHUI MHOMAA AENCTBUTENBHO CYLLECTBYIOLLMX, HO Yallle U/030pHbIX. B 3TOM
KOpeHMNach, KOHEYHO, naes PYHK-LIMOHaNbHOW 3aBUCMMOCTH, KOTOPOM Ope3M NepBbIi NbiTasnca AaTh rpacduyeckoe
BblpaXKEHWe -- B BUJE TOTO, YTO Mbl B Ha-CTOsllLIEe BPEMS Ha3blBAEM AWArpaMMon. BeposiTHO, TyMaHHbIe
paccy>/eHuns, C KOTOPbIMW 3TOT MeTO/, CTOJb MPOCTOM HO. CyLle-CTBY, OblfT CBA3aH Y CXONACTUKOB, MOBE/IN K TOMY,
yTo MeTtoa Ope3Ma B Ty NOpy 3HAYMTENbHOrO PAaCpPOCTPAHEHNUS HE NOMYyYM U NPSAMOro BAMSHMS Ha AaNlbHEWLLYHO
3BOJIIOLMIO reOMEeTpUN He okasan. B anoxy Bo3poxxaeHus 3apoavniack M Tak HasbiBaeMasi M30bpasntenbHas



Knaccudeckasa reometpusa XIX Beka

Morno kasaTbCsl, YTO pa3BUTKE, KOTOPOE HOBAsi FreOMETpUS Nonyynnia B Tpyaax dpaHUy3CkMX reoMeTpoB KoHua XVIII
B., MPUBENO K HEKOTOPOMY 3aBEPLUEHWNIO €€ N YTO AJ19 HOBOro TOMYKA OCTAETCA XAaTb 3NMOXU HOBOrO BO3poXAeHUS.
3TOro, oAHako, He cnyun-nock: XIX Bek NpuHec ¢ cobol HOBbIM FMy60KNUIA NEPEBOPOT M B COAEPXKAHUM F€OMETpUn, 1 B
ee MeTofax, U B CaMbIX B3rfisax Ha ee CylwHoCcTb. Hanbonee xapakTepHon YepTon HOBOWM reo-MeTpum 6bina ee
anrebpansaums. Ho u3 cambix KOpHel anre-6paMyeckoro MeToaa poc/v NpoTUBOPEYUMsl, UMEBLLMNE ABOSIKUN UCTOYHUK.

Bo-nepBbix, camMa anrebpa He Tak yX cubHa. MpaHULbl KNacCMYEeCKon reoMeTpun onpeaensnnce TeEMM BONpocamum,
KO-TOpble anrebpanyeckn cBoAATCS K YpaBHEHUAM 1-1 1 2-11 CTe-NeHW. DTN ypaBHEHUS B YPE3BbI4alNHO NPOCTOM
(opmMe paspe-LLatoTcs B paankanax. B aToM coaepXuTcs KoY K MCCnefo-BaHMIo KPUBbLIX JIMHUIA U NOBEPXHOCTEN 2-T0
nopszKa, UCTOYHUK NPOCTOTbI U M3ALLECTBA, C KOTOPbIMU FrEOMETPUSI APEBHUX NEPEe-BOAUTCS Ha anrebpanyeckun
A3bIK. HO Npu n3yyeHun 6onee cnoxHbIX KpUBbIX, XOTS 6bl Aaxke anrebpandeckunx, cpeacrsa anrebpol B 0bLieM
NCCneaoBaHMM yTpaumBatoT CBOK npoctoTy. dopmynbl KapaaHo u ®eppapu, cinyxaliue anst BblpaXKeHUs KOpHEN
ypaBHeHWI 3-1 1 4-i CTENEHU, C UX MHUMbIMU pafnKa-laMn, OT KOTOPbIX HEb3si M36aBUTLCS, MOYTU HE HAaxoaaT cebe
npuMeHeHus. 3a npeaenamn 4-i cTeneHn Takux hopMys Ans ObLero peleHns ypaBHEHNUIN He CYLLECTBYET.
MpuxoanTca one-pMpoBaTb TakKUMKU CBOMCTBAMM anrebpanyecknx ypaBHEHUN, LUIMPOKON OBLLHOCTN KOTOPLIX
Pacn/IbIBAOTCS OTAENbHbIE YacT-Hble 3a4a4n. MIMeHHO 3Tu 0b6Lme BONpoCkl anrebpanyeckor reoMeTpum BCE xe
NOMyYnn pa3peLleHne, a Ansl peleHns MHOrMX OTAENbHbIX 3a4a4 MeToabl [lekapTa Aanv MeHbLUe, YeM OT HUX
MOXHO 6bI110 OXXMAaaThb.

BTopas cTopoHa Aena 3aK/ouaeTcs B TOM, YTO B LiENW YPaBHEHW 1 anrebpanyecknx BbIKNa[oK TEPAIOTCA Harnsa-
HOCTb M NMPOCTPAHCTBEHHAA MHTYULMS; STOT MOLUHBIM pblyar CUHTETUYECKON reOMETPUM 34eCb COBEPLLEHHO
OTKa3blBAETCS CNYXWTb. K 3TOMY NpUCOEAMHANOCH TO 06CTOATENBCTBO, YTO HEKOTOPbIE YacTu anrebpbl 1 aHann3a He
6bln eLe AOCTAaTOYHO 060CHOBaHbI M COAEPXKanN NPOTUBOPEUMSI B CaMUxX cebe. DT NpoTUBOpEUMS Bbi3biBa/IN HE
TONIbKO COMHEHMSI, HO 1 MPSIMOE Pa3apaXKeHNe y TeX, KOMYy HEOTYETIMBOCTb MbIC/IN HEBBIHOCMMA; @ MaTEMATMKY,
NPUBBIKLIEMY K CTPOrOCTM JIOrMYECKOM MbIC/IM, Takoe YMOHACTPOeHMe 6bifio 0COBEHHO TAFOCTHO. BblaatoLwmnest y4eHnk
MoH>a KapHo cumTan, 4Tto Aaxke y4yeHue 06 oTpuua-TeNbHbIX YMCNaX, UrpatoLlee B MeToAe KOOPAMHAT TaKyto BaX-
HYIO pPOJib, MOSTHO MPOTUBOPEYMNA; OH TpeboBan 0CBOBOXKAEHUSI FEOMETPUM OT «MepornndoB aHanmsa». CTpemneHne K
Npeoso-NeHNI0 BO3HUKLLIMX TaKMM 06pa3oM NpOTMBOPEUNIA NPUBENO M K BO3POXAEHMIO YNCTO FEOMETPUYECKUX
METO/OB.

3TOT NPOLIECC Pa3BePTLIBA/ICA B Pa3/INYHbIX HaNpaBeHusx; Hanbonee NiOAOTBOPHBIA MNYTb Bblfl CBA3aH C METOAAMM
n306pa-3nuTenbHOM reoMeTpumn. Ero ncxoaHble NyHKTbl KOPEHATCA elle B UcCeaoBaHusx MeHenas.

Mpy BCEM TOM 3Ha-YEHWUU, KOTOPOE CUHTETUYECKME METOABI FeOMeTpumM nonyumnu B XIX B., He crieqyeT AyMaTb, UTO
OHW BbITECHW/IM aHA/IMTUYECKME NPUEMbI. HanpoTuB, aHanuTMYecKasi reoMeTpus NMpoAosiXKaia WMPOKO pa3BUBaTLCS B
CaMbIX pa3HO0bpasHbIX HanpaBneHusx. Mpexae BCero OTBETBASETCS anredpanyeckas reoMeTpus, T. €. y4eHne 06
anrebpanyeckmx KpuBbIX, anrebpanyecknx NoBEPXHO-CTAX U UX NepeceyeHusix. YpessblyaiHo yrinybneHHble uccneno-
BaHWsl B 3TOM HanpaB/eHWN pa3BepPTbIBAIOTCS MO TPEM MyTAM.



[eomeTpua XX Beka

WcTekiwme rogbl nepeoi YeTBept XX B. HE TO/IbKO NOABOAWM UTOMM BCEMY STOMY OBLUIMPHOMY LMKy MAEW, HO Aann HOBOE UX pasBUTHE,
HOBbIE NMPUMEHEHUSA, KOTOPbIE AO0-BEN UX A0 pacCLBETaA. I'Ipexae Bcero XX Bek NPUHEC HOBYIO BETBb NTEOMETPUMN. Henb3s CKasaTb, yTOb6blI OHA B
3TOM BeKe BO3HMKNA. Ho I'IO,CI,06HO TOMY, KaK NMpPOEKTUBHAA FGOMeTpVIFl CO3-Aanacb U3 pa3p03HeHHbIX MaTtepmnanoB, CKOMIABLLUMXCA C Ll,esapra B

TEYEeHUE ABYX BEKOB, TaK N3 MHOIoo pa3HbIX OTPbIBOYHbIX VI,quI pacceaHHbIX Mo BCEN NCTOPUN TEOMETPUN, B XX B. ckna- AblBa€TCsA ocobas
ANCUUNIMHa -- TOMnoJiornsa
K Hauany XX Beka OTHOCUTCS 3apOX/JeHne BEKTOPHO-MOTOPHOTO METOAA B HAUepTaTe/IbHOW reOMETPUM, MPUMEHSIIOLLErocst B CTPOUTESNbHOM
MEXaHMKe, MaLUMHOCTPOEHUU. ITOT MeTo/ paspaboTaH b. Maiopom u P. Musecom, b.H. Fop6yHOBbIM.

" [eomeTpus DUHLWTENHA -- MMHKOBCKOrO

FeoMeTpuyecKas CTOPOHa NOCTPOEHHON SMHLLTENHOM TEOPUM OTHOCUTENIbHOCTW, OCOBEHHO OTTeHEHHAash MUHKOBCKMM, 3aK/TO4aEeTCs B TOM, YTO
MWUPO3AaHNe, He B €ro CTaTUYECKOM COCTOSIHUM B OMNpEeAENeHHbI MOMEHT, @ BO BCEN €ro M3BEYHON AMHAMUKE, DUHLITENH 1 MUHKOBCKMN
paccMaTpuBatoT Kak MHO- roo6pa3V|e 3/IEMEHT KOTOPOro ONpeaAensieTcsl YeTbIpbMs KOOPAU-HaTaMMU.

PyKOBOAACH TEM, YTO FPaBUTALIMOHHbIE CUbl B MMPE IENCT-BYIOT BCErAa, TOrfa Kak Apyrue Cuibl (NIEKTPUYECKME, MArHWUT-HbIE) B KaX/IO0M
MecTe TO NOSABNAITCA, TO UCHE3aloT, DMHLITENH NOCTaBuN cebe Lenbio MOCTPOUTb PUMAHOBY FEOMETPUIO 3TOTO YETBIPEXMEPHOrO MHOr006pasus
TaK, YTO6bl OXBAaTUTb OAHOM 0bLLeli CXEMOI KaK MPOCTPAHCTBEHHbIE, TaK M rPAaBUTALIMOHHbIE COOTHOLLEHMS, L@pAWMe B MMPO3AaHMK. 3aaa4a
3aK/oyanach, ClefaoBaTeNlbHO, B TAKOM Bblbope OCHOBHOW AnddepeHLManbHo hopMbl, MPYU KOTOPOW CUCTEMA MPaBUIbHO OTOBPAXKAET 3TH
COOTHOLLEHMS B HECKOHEYHO ManoM 3/1eEMEHTE MUpa M B NMOPSAKE MHTErpUpOBaHUS AAET BO3MOXXHOCTb Bblpa3uTb MPOLIECCHI KOHEY-HbIe BO
BPEMEHWN N NMPOCTPaHCTBeE.

Ponb reoMeTpun B €CTECTBO3HAHMM AOCTUI/IA B 3TOM 3aMbIC/1€ CBOErO KY/IbMUHALMOHHOMO NyHKTA. Bbifi MOCTaBfieH BOMpoC 0 reoMeTpusaumm
¢u3nkmn. Camasi, BO3-MOXHOCTb TaKOW NOCTAHOBKM BOMpOCa A0CTAaTOYHO MoKasaTesibHa. boniee Toro, BO3MOXHOCTb U TEX JOCTWKEHUI, KOTOPbIE
3VIHLUTeVIHy yAaNoCh MOMYy4YnTb, OCHOBaHa, EC/IM MOXHO TaK Bbl-pa3nUTbCs, Ha FTEOMETPM3aLMM CaMO PUMaHOBOMN FEOMETPUMN.

. 3aKkayeHne

HeeBknnaoBa reoMeTpus Chirpasia OrpOMHYI0 po/ib BO BCell COBPEMEHHON MaTeMaTuke, 1 (hakTUYeckn B TEOPUW FEOMETPU30BAHHOMN rpaB1TaLIm
Mapcens FpocMaHa-TunbbepTa-diHwTeiHa(1913-1915). [IoBONLHO HEOXMAAHHO, €ellie paHblue 6bina YCTaHOB/EHa BA3b KMHEMATMKK JlopeHua-
MyaHkape c reometpueit Jlobauesckoro. B 1909 roay 3oMmepdenba Nokasan, YTo 3aKOH CIOXKEHNS CKOPOCTEN AGHHOW KMHEMATMKN CBSA3aH C
reomeTpuei cepbl MHUMOTO paanyca (nofobHoe CooTHOLLEHME Yxe oTMedanm Jlobavesckui u Bosiin). B 1910 roay Bapuyak ykasan Ha

aHasnornio AaHHOMO 3aKOHa C/IOXKEHWUSI CKOPOCTEN U CIIOKEHWSI OTPE3KOB HA MIOCKOCTM JlobayeBCKoro.
MpeanonoxeHue J106a4eBCKOro, YTO peasibHble reOMETPUYECKME OTHOLIEHUS 3aBUCAT OT (PU3NYECKON CTPYKTYPbl MaTepUM, HaLIo
MoATBEPXKAEHME HE TOJIbKO B KOCMUYECKMX MacluTabax. CoBpeMeHHasi TEOpUS KBAHT BCe C 60/IbLIEN HACTOATENNbHOCTbIO BbIABUraeT
HeobX0ANMOCTb MPUMEHEHMS] FEOMETPUN, OT/IMYHOM OT EBKIMAOBOM, K NpobieMam MUKPOMWpa.
reOMETpMﬂ NpeTeHAyYET B Ka4ecTBe Hanbonee MOLL|,HOF0 Opy-Ansa TOYHOro eCcteCTtBo3HaHuMA Ha oBJial€eHUE MEXaHUKON U d)l/l3l/l KOM OHa CTOUT Yy
BEPLUNHbI Ye0BEYECKOIro 3HaHuA. y,qaCTCFI na eun ,CI,EVICTBVITeJ'IbHO BbINO/IHUTb 3TOT 3aMbICEJl, COXPAHUT /I OHa 3TO AOMUHUPYIOLLEE MECTO UK B
ropsiAKe MHOrO MPEOAOSIEHNS Pa3pacTatoLLMXCS NMPOTUBOPEYMI OHa JOMKHA BYAET ero yCTy-nuThb, -- 3TO BOMPOC byAayLuero, bblTb MOXET, He
CTOMb Aane-Koro.
FeomeTpus M3yyaeT (hopMbl, pa3Mepbl, B3AMMHOE PacroNoXeHne NpeaMETOB HE3aBMCUMO OT WX [PYriX CBOWCTB: Macchl, LIBETa U TaK Janee.
FeoMeTpusi He TOSIbKO AAET MNpeAcTaBieHne o urypax. Ux CBOMCTBax. B3aMMHOM PacnosioXXeHWUM, HO U YUUT paccy>xaaTb, CTaBUTL BOMPOCHI,
aHANM3MpoBaTb, AenaTh BblBOAbI, TO €CTb JIOFMYECKN MbIC/UTb.



