CeprueHko NM.4.
METAFEOMETPUA «AOOEKA34POBOW» BCENEHHONU
Bce 2eHuanbHoe npocmo, a npocmoe 2eHuasibHo.

B oTom ctaTbe A xo4y pacckasaTb O Hay4yHOW runoTese, KoTopas cornacyeTcs ¢ ApeBHEN
kocmornornen MnatoHa u gotorpadmamm TyMaHHOCTU, MOAydYeHHbIMM opbuTanbHol nabopatopuei
HACA. Xouy npeactaBuTb 4YMTaTEmN KOHCTPYKTMBHO-rEOMETpUYEcKNe [oKasaTenbCTBa MMnoTesbl Ha
OCHOBEe pearbHbIX KOCMOMU3NYECKNX OTKPbITUA WM HOBbIX 3HAHUMN METareomMeTpum O TrapMOHWUYHOM
MupoycTponcTee BeceneHHon.

CyulectByeT MHOIMo TEOPUN 1 NPEANONOXeHM 0 Tom 6eckoHeyHa BceneHHas nnm HeT, a ecnu 1
KOHeuYHa, TO Kakasi ¢popma npucywia BeceneHHon. Ha pybexe XIX-XX BeKOB BENUKUIA MaTteMaTuk AHpU
MMyaHkape 3aHanCca uccrnefoBaHWEM BO3MOXHbIX ¢opM Ans BceneHHow, npenctaBnsemMon B Buae
3aMKHYTOro 3-mepHoro npoctpaHcTBa. Onposepras ogHy u3 cobcTBeHHbIX runoTes, lNyaHkape cymen
MbICIEHHO CO3[aTb TEOPETUYECKM HEMNpPOTMBOPEYUMBYKD KOHCTPYKLMIO C YpEe3BblYANHO WMHTEPECHbIMU
TOMOSOrMYECKUMIN CBONCTBAMM — Tak Ha3blBaEMYH MHOFOCBA3HYIO cdhepy roMOIorvi.

A cnycTa elle 4YeTBEpPTb BeKa, yKe nocne cmeptu lNyaHkape, ABa Apyrnx matemaTtuka, Bebep u
3endepT, gokasanu, 4To abcTpakTHy cdepy romonoruin [lyaHkape MOXHO MNofy4uTb W3 BMOMHE
KOHKPETHOro OObekTa — €eCnn «CKNewuTb» JPyr C OPYroM MpOTMBOMOSOXHbIE TPpaHu poaekasgpa. B
TPEXMEPHOM NPOCTPaAHCTBE 3TO, KOHEYHO, HEBO3MOXHO, OJAHAKO B 4-MEPHOM — BMOJSIHe (Kak, Hanpumep,
OBYMEPHYIO MONOCKy Bymarn B 3-MEPHOM MUpE CKIEUBAKOT KOHUAMM B 6ECKOHEYHYIO OAHOCTOPOHHIOH
nenty Mebuyca).

Taknum obpas3om, B Hayke TOMOMOrMM MOsiBMICA OOBLEKT Mo Has3BaHWEM «Ao4eKasgpuveckoe
npocTpaHCcTBO NyaHKkape» — YeTblpexMmepHoe NnaToHOBO Teno co 120 goaekasapM4ecKUMm rpaHsIMu.

dotorpadmun opbutanvHoit nabopatopum HACA npegnaraloT owenoMaslOWEee BUANMOE
[OKa3aTeNbCTBO TOrO, YTO reomeTpus urpaet 60blyO POJib B CTPOEHWU BceneHHoM, yem moXKeT

= noBepuTb OONbLIMHCTBO Alogden. Hawu ydeHble MOryT Aulib
' CpaxaTbCA 3a MOHMMaHMe 3Toro ¢GeHoMeHa B  pamKax
CYLLECTBYIOWMX  TPAAMUMOHHBIX  MOAENer  KNacCUYEeCKOWM
reomeTpun. B HacTosilee Bpems abConTHO TOYHOrO OTBETa
Nnoka He MOXET AaTb HW OAVH YYEHbI UMK rpynna yyYeHbiX.

CornacHo nybnukaumm xypHana New Scientist, y4yeHble
Kembpumkckoro  YHuBepcuTeTa, OMMpascb Ha  daHHble
KocMuyeckon opbutanbHonm obcepsaTopun HACA, koTopas
HabnogaeT KOCMUYECKMA  MUKPOBOJSHOBLIA  (OOH — WMAP!
(Wilkinson Microwave Anisotropy Probe) npuwnu k cnegyroLum
BbIBOAAM.

Mo gaHHBIM MOAEenupoBaHWs, pesynbTaTbl HabnwaeHun
WMAP cBunpgetenbcTBylOT 0 TOM, YTo BceneHHas npepgcrasnser
coGoit Habop GECKOHEUHO MOBTOPSIOWMXCS AoAeKkasapoB’ - 12
NpPaBuUIbHbIX MHOFOrpaHHUKOB, MOBEPXHOCTb KOTOPbIX OobpaszoBaHa MpaBWUMbHbIMU MSATUYIONbHUKAMM.
MmeHHO Takylo opmy MMeT 3Hakomble BceM (yTOonbHble Ma4m (Puc.1). lMpu 3TOM, NO MHEHUO
aCTpPOHOMOB, CXOACTBO Mexay "moaekasgposon” mopenbto BceneHHon u gaHHeiMun WMAP npocTto
"noTpsicarowiee”, n oHM "COOTBETCTBOBANW OPYr APYry ropasgo nyyile, 4YeM MOXHO Obino BoobpasuTb".

Puc.1. ®yrbonbHbIil MAY -
cthepuyecknil A0AEKa3AP.

' wmap (aHrn. Wilkinson Microwave Anisotropy Probe) — kocmuueckuii annapat HACA, npeaHasHayYeHHbIM gna usyvyeHun
PENNKTOBOTrO M3y4YeHUsn, 06pa3oBaBLLEroca B pe3ynbTate bosblworo B3pbisa. 3anyweH 30 uioHa 2001 roga. B TeyueHme nontopa
AecATKa NeT 6bl10 HaMMCaHO MHOFO CreuManbHbIX Hay4YHbIX CTaTel, MOCBALWEHHbIX FEOMETPUYECKMM M TOMONOTMYECKUM
cBoWicTBam BceneHHoW.
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Hodekaadp — (ot rpeyeckoro dodeka aBeHaguatb u hedra rpaHb), 0OAVH U3 NSTU TUMNOB NPaBUIbHBLIX

MHOTOrpaHHUKOB, MMetLWwmi 12 natuyronbHbIX rparei, 30 pebep n 20 BepLUMH, B KaXA0W U3 KOTOPbIX CXoasaTcsa 3
pebpa ... CospemeHHasi 3HUUKIONedus.


http://www.newscientist.com/

Ecnu pesynbtathl O6yaoyT NOATBEpXKAEHbI, Hawu B3rnsabl Ha BceneHHyto ByayT HyxaaTbCcsa B
cepbes3Hou koppekumn. Bo-nepBbiX, OHa OKaxeTcs OTHOCUTENbHO Hebonbwon — okono 70 mnpa.
CBETOBbIX NEeT B nonepeyHuke. Bo-BTOpbIX, CTAHOBUTCA BO3MOXHbIM Habniogats BClO BceneHHyro
LenmMKom 1 ybeamTbCsa B TOM, YTO B HEN Be3ae AEUCTBYIOT O4HU U Te Xe PU3n4eckme 3aKOoHbI.

B 2006 rogy nonyyeHbl 1 pacwundpoaHsl cHumkn WMAP (Puc.2) Tononormndeckoro yctponcraea
rmnepcdepbl TpexMepHoro NpocTpaHcTea BeceneHHom U3 goaekasapos.

[aBHO M3BECTHO, YTO KOCMOC XOPOLUO OpPraHn3oBaH, YTO CYyLLECTBYET YHMBEpPCalbHbIA 3aKOH

COXPaHEHUS XMU3HM B KOCMOCE, YTO NPU HaNMYnn NycToThbl
NPOCTPAHCTBA MPOCTO HEBO3MOXHO ABWXKEHWE U pa3BuUTUE
3BE€3OHbIX cuUCTeM. B kocmoce BCE MOCTPOEHO Ha
3NEeKTPOMarHMTHOM  B3aMMOAENCTBMM  BewecTBa C
N3Ny4YeHNsIMN.
MoxHo npegnonoxutb, 4To doTtorpacdumn pebep
JoaekasgpoB ABNAKT cOBOOM YNNOTHEHUST KOCMUYECKOMN
Nbinv copMMpPOBaBLUENCA MNOCPEACTBOM NepeceyeHust
3ANEKTPOMAarHuUTHbIX BOSH, M3ny4dyaembix 3Be3gamu. OHu
oTpaxatT opMy uepapxum pakTanbHON reomMeTpun
YCTPOWCTBA 3BE34HOr0 NpocTpaHcTBa BeceneHHon.
O6pasoBaBlwiasica M3  Takux  ppakTanbHbIX
aogekasgpos, BceneHHast obnagaeT psagom MHTEPECHbIX
CBOWCTB: B HEW HEeT BblOENeHHbIX HamnpaBneHun n ee
MoZenb  nydvwe  GonblWMHCTBA  APYrMX  MoAenew
ONUCBLIBAET BEMUYUHY  HU3LIUX  YITOBbIX  FAPMOHUK
PENVKTOBOrO 3MeKTPOMarHUTHOro oHa. Takas kapTuHa
p”C.Z C‘pepuqec}(ne AOAeKBSApr BO:EHMKaeT TOHEKO B 3a|V|KHyTO|V| Mlee C OTHOLUeHVleI\f
3anonHaAwLue runepcdepy BeeneHHoil. OENCTBUTENBbHOW MMOTHOCTM BELLUECTBA K KPUTUYECKOM
1,013, 4TO NonagaeT B MHTepBan 3Ha4YeHur, SOMyCTUMbIX
cerogHawHMMK HabnogeHnsmun (1,02+0,02).

[nsa pspoBoro xuTtena 3emnu Bce 3TN TOMOMOrMYecKne XMTpOCNieTeHNs Ha NepBbIA B3rNsag He
umetoT ocoboro 3HadeHus. A BOT Ana dwmsmkoB n dmnocodos — cosBcem apyroe geno. Kak ans
MUPOBO33PEHNST B LIENOM, Tak M OnS e4VHON Teopun, OOBACHAILWEN CTpPOEeHWe Halwero mupa, aTa
rmnoTesa npencraBnsieT OonblONM MHTepec. B HacTosiwee Bpemsi, HE UMES TOYHO BbIYMCINEHHOM
reoMeTpuyeckon Moaenu gogekasgpa, yvyeHble cTtanu uckatb gpyrue paktbl, cnocobHble NOATBEPAUTL
UIM ONPOBEPTHYTb NPeasnioxXeHHyo A.lMyaHkape TOMOMOrMyeckyto TEOPUID, UCTOKN KOTOPOW Mbl HAaXOAUM
B OpeBHen kocmororuum lNnartoHa.

CBoe y4yeHne 0 MMpo3gaHumM, 0 BO3HMKHOBEHUU MUpa 1 BeceneHHowm MNnaTtoH uanoxun B guanore
«Tumei»>. Onanor Heobbl4eH TEM, YTO €ro U3NoXxeHue BeAeTcs OT nuua He camoro lNMnatoHa, a Tumes,
J0BONbHO U3BECTHOMO B TO Bpems domnocoda-nugaropenya n nonanTuka.

Ounanor «Tumen» 3anomMuHaeTCA pacCkasaHHOW B HEM nereHaon o6 ATnaHTuae, XOTs OHa
cocTaBnsieT B HEM nuwb Manyk BBOAHY 4acTb. O6 AtnanTuge nosecTtByeT 90-netHunm Kputui,
koTopbin 80 neT Hasap cnbllwan NCTOPUIO NereHgapHoro OCTpoBa oT Aefa, a TOT, B CBOK ovepeb, y3Har
€€ OT oTua, NnepeaaBaBLUEro pa3roBopbl 3HaMeHuToro pedopmaTtopa ConoHa. A ConoH nosanmcreoBarn
nereHay o6 ATnaHTuge y ermneTckoro xpeua 6ornHn HenT. OTa nerenHga nepenasanoch M3 MOKOMNEHUs B
NMOKOMeHne cpeau CBsiLLeHHocNyxxuTenen eé xpama B ropoge Cawvce. Tam ee u ycnbiwan NnatoH ot
ermneTckmx xpeuos. Mictopus nereHgapHon ATnaHTuObl Bbi3Bana y HEro UCKMIOYUTENbHbIA MHTEpPEC K
nytewecteuamM. OH nocetun MNanectuHy n BaBunoH, no6biBan B [lepcuu, roe 03HaKOMUICA C y4eHMEM
3apaTycTphbl, 1, HakoHel, gobpanca Ao WHguw, rae ycnbiwan MCTOPUI0 BENUKOro uapesunya Pambl u
onpoboean Ha cebe MeaMTaUMOHHbIE YNpaXHeHWs no metogy byaapl.

Mocne 13 net nyTtewecTtBun, B cBon 49 net lNnatoH BHOBb BepHyrnca B Ervnet u gobuncs y
€rMneTCKMX XPELoB CBOEN MHMLUMALMK B BbICLUME AYXOBHblE MOCBAWEHUS. Takum obpasom, OH, Kak U
Mudparop, 6bIM MHUMUMMPOBAH B TaWHble Xpedeckue 3HaHus Bbicwero 330Tepuyeckoro YyeHus o
naTTepHax4 MUPOYCTPOMCTBa U B ero CesweHHyto N'eomempuro. Bo Bpems nHuuuauum NnatoH nonyyun

> «Tumeii» (rpey. Tipoawog; cokp. Plat. Tim.) — oauH M3 BaHeMwwux TpaktaTos MnatoHa B ¢opme Auanora,
NoCBAWEHHbIN Kocmonorun, pusmke n Guonormmn M HanmcaHHbIM okono 360 roga Ao H. 3. B aTom guanore Takxke
n3naratoTca ceeaeHus ob Atnantunae... BUKUMEANA.

4 MarrepH — cxema-obpas, AeVcTBylOLWAs Kak NOCPeACTBYHLLEEe MpeacTaBrneHne, WM YyBCTBEHHOE MOHATME,

6naronap;| KOTOPOMY B pexunme OAHOBPEMEHHOCTU BOCMPUATUA U MbILUNEHNA BbIABNAOTCA 3aKOHOMEPHOCTU, KaK
OHW CYLLECTBYIOT B Npupoae 1 obLiecTse.
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3HaHMA O dyHOAMEHTaNbHbIX reoMeTpuyecknx opMax MUPOYCTPOMCTBA, KOTOpbIE NO3Xe onucan B
CBOMX COMMHEHMAX. TN POPMbI MONYyYUNN B MatemaTtuke ero nms — NnatoHoBbl Tena. K oCHOBHbIM NATH
MnaToHOBbIM TeNaM OTHOCATCA: OKMa3op, 38e30HbII mempa3dp, kyb, 000eKka30p u UKOcasop.

Mudaropeickas wkona MUCTepwuit, MnNaToH W ApeBHWE Fpeku nonaranau, 4YTo 3TW NsTb Ten,
M3BECTHble C He3anaMsTHbIX BPEeMEeH, SIBNSIOTCS OCHOBHbIMW MaTTepHaMu, CTPOEHUs (PU3NYECKOro U
LYXOBHOMO MWpO3AaHus. YeTbipe Tena — 3TO apxeTunuyeckuMe naTTepHbl, CToslMe 3a 4YeTblpbMs
anemMeHTaMM Bcero MmuposaaHus: 3emnu, OrHsi, Bosgyxa wu Bogbl. MaTell natTepH (gogekasap)
cunTanca YHueepcanbHoin Cy6cTaHumein MuposgaHus. Ero wucnonb3oBaHve B MaTepuanbHOM Mupe
TWAaTeNbHO CKPbIBANOCh, MOCKOMbKY XpeLbl YyBCTBOBaNM ONACHOCTb €r0 HENPaBUBHOTO MPUMEHEHUS.
«... ero 6or onpegenun anga BceneHHon n npuberHyn Kk Hemy B kavecTse obpasuay, nuweT NnaToH.

M3BecTHO, reomeTpus Oodekasdpa W uKkocasdpa CBfA3aHa C  30M0TOW  NpPOMNopLUMen.
[encrtButenbHo, rpaHsMu [o[ekasjpa SBMSIOTCS MEHTaroHbl, T. €. MpaBWUilbHble NSATUYrONbHUKK,
OCHOBaHHbl€ Ha 30510TOW nponopumu. Ecnun BHUMaTENbHO NOCMOTPEThL HA MKOCA3apP, TO MOXHO YBUAETD,
YTO B KaXXOOW BepLuMHe ukocasodpa CXOQMUTCA MSATb TPeyrofibHbIX rpaHert nupamugbl, pebpa ocHoBaHWSA
nupammng, KOTopbix Takke 0b6pasyloT NeHTaroHbl. Yxe 3Tux hakToB JOCTAaTOYHO, YTOObLI yO6eanTbcs B TOM,
YTO 30510Tas NPOMOPLMS UrpaeT CYLLECTBEHHYIO POfb B KOHCTPYKUMM 3TUX ABYX [MnaToHOBbIX Ten. 3Tu
ABe urypbl ABnstoTCs obpaTtHbiMu Apyr Apyry: obe coctoaT us 30 pebep, npu aTom mkocaagp nveet 20
rpaHen n 12 BepLunH, a gogekasagp — 12 rpaHen n 20 BepLUnH.

my6okue unccneposaHusa CsweHHOW eomeTpumn, cogepxalienca B BeOUHECKOW KOCMOSOrmm
apesHen NHgum, ocyllecTBun M onvucan amepuKkaHCKMM nccriegoBaTenb M y4éHbl-matematuk Puyapg,
TomncoH (1947 — 2008).

CornacHo Beguyeckomy yyeHuto, CeaweHHasa MeomeTpus — 310 nattepH CosHaHuda. Ha nobom
YPOBHE, OT KBaHTa A0 OrpPOMHbIX MMaHeTapHbIX WU acTPOHOMUYECKUX Ten, Kaxdbll naTtTepH pocTa,
U3MEHEHNS UNn [OBWKEHWs COOTBETCTBYET C MaTemMaTMdyeCckon TOYHOCTbIO ofHou unm Gonee
reomeTpuyeckum popmam. CesweHHas FeomeTpusa — 3TO ApeBHASA MeTadusmyeckasn Hayka, nayvatoLlas
MaTeMaTuyeckue naTTepHbl, KOTOPble 3anoXeHbl B MMPO34aHUKU, W BbISCHAOWASA TOYHbLIN CMOCoD,
KoTopbiM BceneHHass opraHu3yeT cBOe rapmoHuyHoe ObiTme. CasweHHas [eomeTpus packpbiBaeT
OCHOBHYIO CBSi3b, Ni€Xalllyl0 B OCHOBE BCEX Bellen, B MaTemMatu4eckon oopme, NOCPEACTBOM Yucen u
reoMeTpun, OOKa3blBaeTCH CKPbITbIN MOPSAOK, NPUCYLLMIA BCEMY MUPO3OAHMIO, BKNOYasa YenoBeka 1 ero
aywy. CssweHHasa [eomeTpus — 39ToO s3blk BceneHwHon, ctodwmn 3a Bcemyn opmMamu eguHoro
MUPO3AaHNS.

B BEAMYECKOMN KOCMOJIOTUU COAEPKUTCS YETKOE 0OBACHEHME PACNO/IOKeHUA B chepe Bcex NATU
MnaToHOBbLIX Tesn, B COFNAacMM C My3blKaJlbHOM OKTaBoM. B 3Tol cucteme chepa M UMKocasap
HaboAal0TCA ABaXKAbl, UMEHHO TaK Mbl MOIly4aeM OKTaBY, COCTOALLYIO U3 ceMu no3uumin (Puc.3): wectn
OCHOBHbIX $popm — NATK MNNaTOHOBbIX TeN U chepbl.

QOGCEIIBD)

Puc_3. Okraea NnatoHoBLIX Ten.

B 3akntoyeHne, YToObl CBECTU CTOMb pa3sHble, HO B TO K& BPeMs 1 NOXOXMEe OTKPbITUSI B eANHOe
pycno, cneayeTt ynomMsiHyTb ele 06 oAHOM 3arago4yHOM OTKPbITUM. C MOMOLLL KOCMUYECKOro
paguoTeneckona Ha Mapce obHapyXeHa ruraHTckasa nsaTuyronbHasa nupamuaa. Ee npocTpaHcTBeHHbIE U
yrnoBble napameTpbl uccnegyet 3Apon TopyH (Erol Torun), npodeccroHanbHbii 3KCNepT Mo
reorpagouyeckum Kaptam U reomopdoriormm u3 BalUMHITOHCKOro AreHTCcTBa kaptorpadum MUHUCTEPCTBA
obopoHbl CLUA. OH nonaraer, 4TO MO BCEM KPUTEPUAM MapaMeTPOB MMpaMuibl €€ HUKaK Henb3s
cuMTaTb eCTECTBEHHbIM NPUPOAHLIM 06pa3oBaHMEM.

KopoTKO rosops, ecnu 3Tn hakTbl NPUNOXUTb K LOAEKASAPOBON TOMOMOrMM KOCMOCa, TO KTO
3HaeT, ObiTb MOXeT, HeOobOblYHbI BuA nupamuabl Ha Mapce — 9TO cBoeobpasHbl, YyXe paHee
NMOCTUTHYTbIA KEM-TO M NOCTPOEHHbIM cumMBor opmbl BeceneHHon? K atomy cneagyet gobaButb, UTO U
NPUCYTCTBYIOLUUX pakToB Ha Hawen [lnaHeTe, WCTOKM WUCTOPUYECKOTO MPOUCXOXOEHUS KOTOPbIX
Marnoun3BeCTHbI 1 3arafoyHbl — MHOXECTBO.




CerogHsi M3BECTHO MHOrO OPEBHUX HAxXOAOK, CAENaHHbIX B pe3ynbTate packomnok. OObACHUTb
npegHasHayYeHne 1 CyTb NMPOUCXOXAEHUS HEKOTOPbIX M3 HUX Ha CErOOHSALIHWUIA OeHb YYeHble HE MOryT.
OpHOM M3 TakMx HaxOAoK SIBMSIETCS MHOXECTBO 3K3EMMIISIPOB MCKOMAEMbIX KaMEHHbIX, MeOHbIX |
OpOH30BbLIX A0AekasapoB AvameTpoM 4 — 11 caHTumeTpoB. OHM HanAeHbl B OCHOBHOM Ha Tepputopuu
apesHen Pumckon umnepun n gatnpytotcsa B npomexyTtke ¢ 3 000 r.r. 4o H.3. 1 4O YETBEPTOro Beka H. 9.

Y yueHbIX, paclngpoBaBLUMX CHUMKU KocMuyeckoro paguoteneckona HACA, ocrtaiotes
COMHEHMS 1M BOMPOCHI K OOAEKAaSAPOBON hOpMe CTPOEHUS MOBEPXHOCTU TPEXMEPHOro cdepuveckoro
npocTtpaHcTBa BceneHHon. Ero cdpepuryeckass noBepxHOCTb COCTOUT M3 MPaBUMbHbLIX MATUYTONbHUKOB.
[MpaBunbHbIN NATUYTONBHUK Ha cdhepe oTnMyaeTcs pa3mepamMm cBoux yrnos 120° OT yrnoB npaBuibHOrO
NATUYroNbHUKA €BKNMMAOBOW reomeTpun. B eBknugoBonm reomeTpum yrnbl paBHbl 108°. B cBssu ¢
OAHHbIMW  YINOBbIMA  OTANYMAMM  BO3HWUKIM  BOMPOCHI, OTHOCALLUMECH K TeoMeTpuuM BHYTPEHHEWN
CTPYKTYpHOM Tononorun gopekasgposown BceneHHon. BO3HWKNM COMHEHMA — eCTb unu HeT 3a3opbl B
CTPYKTYPHOM CTPOEHMM chepuyeckoro aofekasgpa, MnocKoneky doTorpadum paguoTeneckona He
OTpakaloT BHYTPEHHIOK TOMOMOrMI0 reoMeTPUYECKOro YCTPOMCTBA ero 3-Xx MepHOro npocTpaHcTea?

[dymaeTcs, 3T comHeHus oBycroBneHbl Tem, 4TO poTorpachmm goaekasgpa, BNMCAHHOrO B
cthepy €BKNMOOBOro nNpoCTpaHCTBA U B cdhepy  MeTanpocTpaHCTBa, SBNSAIOTCA reoOMeTpuYecku
oavHakoBbiMK. OgHako, OENCTBUTENbHOE YCTPOWCTBO, YMCMEHHAs MeTpuKa OMuMCaHusi rapMOHMYHbIX
nponopLmMin napaMmeTpoB €BKIMAOBA M MEeTanpoCTpaHCTBa foAeKkasgpa pasnuyHa, 3To, Bo-nepBbiX. Bo-
BTOpbIX, MaremaTtnyeckasi pacumndpoka coTtorpacuii gogekasgpa nNpoBOAUTCA Ha OCHOBE YMCIIOBOM
METPUKN €BKNNMA0BOW reometpun. MeTpuky mMartareoMeTpum ydeHble Nnoka He 3HalT. B aTonm cBaAsu
HeobXxooMMO paccMOTpPeTb pas3fenbHO  PyHAaMeHTanbHble Havana YMCMNOBbIX METPUK  [aHHbIX
POACTBEHHBIX FEOMETPUN, UX CYLLLECTBEHHOE pasnmyune n popmMynbl BbIYUCNEHNS] NAapamMeTPOB.

Ecnn BOOOpasuTb CTPYKTypHOE CTpOEHWe p[oAekasgpa Kak natrepH (cxemy-obpas...), TO
04EeBUOHO, YTO OH COCTOMT U3 12 NpaBUNbHbIX NATUYTOMbHBIX NUPaMUA, BEPLUMHBI KOTOPbIX CXOAATCS B
OOHOW TOYKE, B LIEHTPE LWapoBow cdepbl, B KOTOPYIO OH BMMCaH, a BOKOBbIE rpaHy nMpamugbl SBRS0TCS
npaBurbHbIMKU  TpeyronbHUkamn. M3 3sToro cnegyeTt, 4TO TOMONOrMA [0OEKadApOBOro YCTPOWCTBA
BceneHHOM COCTOMT NCKMIOYNTENBHO U3 TaKMX NPaBUITbHbLIX NATUYTOMbHLIX NUPaMuA.

Mockonbky B reomeTpum EBknuga pasHOBUOHOCTEW NPaBUNbHbIX MATUIPaHHBIX NUpaMug
CyLeCcTByeT MHOXECTBO, TO €CTb COMHEHUSI B TOM, YCTPAHSAIOTCH WM HET 3a30opbl (NYCTOTbl) Mexay
rpaHsasMmn nupamug B paclumpstoLlemcs (pasgysatoLemcs) NpoCcTpaHCTBE «B3opBaBLuencs» BeceneHHon.

B eBknMgoBon reoMeTpum nupamMuaa HasbiBaeTCs pasusibHol, ecnn €€ OCHOBAaHMEM sIBMSieTCs
npasursbHbIl MHO20y20/IbHUK, @ BEPLUMHA MPOeuupyeTcs B LIEHTP OCHOBaHus. Toraa oHa obnapaet
CBOMCTBaMM:

e OokoBble p€Opa NpaBuITbHON NMpamMuabl paBHbI;

e B MpaBUIbHOM NUpamMuae Bce BOKOBbIE rPaHN — KOHIPY3HTHbIE paBHOBEAPEHHbIE TPEYIONBHUKM,
yrnbl Mexay ero ctopoHamu coctasnsatoT 108 rpagycos. B aton ¢cBs3u
paccMOTPMM YMCMOBbIE NapaMeTpbl OCHOBaHUSA NnpaMmuabl.

MpaBuUNbHbLIN NATUYTONBHUK BMUCLIBAETCHA B OKPY)KHOCTb, @ B HEro
BMuCbIBaeTca nudaropenckas neHtarpamma mnu 3sesga (Puc.4). CtopoHa
NSATUYTOfbHWMKA, BMNUCAHHOIO B OKPY)XXHOCTb, paauMyc KOTopow r = 1, paBHa

1,1755705... = . /(0,6180339..)2+1 = +138196601., roe
(0,6180339..)2 +1= 2 +1, ¢ =0,6180339..., é = ®=1,6180339... (1)

Kaxxgas cTtopoHa neHTarpammbl OenuTcs OpYyrod ee CTOPOHOW B
«KpanHeM 1 cpefHEM OTHOLIEHUNY, YncrneHHo pasHom @ = 1,6180339...
PaBHOCTOPOHHUI  TPeyronbHWK SBMASETCSA 4YacTHbIM  crnyvyaem
PicaA) MpaBEHSN paBHOGE4PEHHOrO TpeyronbHUka. [loCTPOEHWsT C MOMOLLBK LMPKYyNs
NATHYTONBLHUK nuHevkn 6e3 OeneHwin, a TaKKe BbIMUCMEHUS napameTpoB 5-rpaHHon
¥ NeHTarpamma. nupamugpl, GOKOBbIE IpaHM KOTOPOW — PaBHOCTOPOHHUE TPEYrosibHUKU, B
Knaccuyeckon reomeTtpumn EBknvpga mbl He Haxoaum. lMouemy? [JymaeTcs,
3TUM BOMPOCOM 3ajaBalniUCb MHOrMe TBOpUbl M uccnegoBatenu martematukun. OTBET Ha Hero B
MaTemMaTuKe ocTaeTcs «b6enbiM NATHOMY .

Kak nocTpouTb M BbIMUCIMTb MPOCTPAHCTBO Aodekasgpa M 3amnoflHUTb ero npaBUibHbIMU 12
NATUIPaHHBIMA  NpaMMaaMu  MeTareoMeTpuu, Yy KOTOpbIX OOKOBble TpaHW — pPaBHOCTOPOHHME
TPeyronbHUKK, a pebpa ee oCHOBaHUSI U GOKOBLIX rpaHei — paBHbI?



OTO cTano BO3MOXHbIM OTKPbITMEM C MOMOLLLIO anrebpbl U reoMeTpuyeckum MNOCTPOEHUEM
NPsIMOYrofIbHOTO MeTaTPEYroribHMKA, a TakKe BblYUCIIEHMEM €ro CTOPOH B CUCTEME €OUHNYHOW METPUKMN.
C TexHuM4eckum anropuTMOM OCYLLECTBIIEHUS OAHHOIO MOCTPOEHMS YnTaTerb MOXET NMO3HAKOMWUTLCHA B
crtatbe CeprmeHko na.s

YucneHHble pa3mepbl NPSIMOYrofibHOro MeTaTpeyronbHuka (Puc.5):
kateT 1-2 = ® = 1,6180339887498948482045868343656...;

1 kaTeT 2-3 = V@ = 1,2720196495140689642524224617375...;

runoTteHysa 1-3 = ®/® =2,0581710272714922503219810475804...

Anroputm nocTpoeHus npaBUiibHON NATUrPaHHON NMpaMuabl
MeTareomMeTpum

o) 'MnoTesa o TOM, YTO BpalleHMe NPSMOYrofbHOrO MeTaTpeyrofnbHuKa
(A1,2,3) BOKpyr ocu, KOTOpOW SBMSETCA OAMH U3 ero kateToB, obpasyer
KOHYC, B KOTOpPbI/i MOXHO BNMcaTb NpaBWUilbHYIO 5-rpaHHyl0 memanupamudy

Vo (Pnc.6), rpaHu KOTOpOM 4ABRAKTCA MpPaBUNbHbIMKU TPEYronibHUKamMu, He
3 2 noaTeepavnack. 'unotesa Obina npeanoxeHa B cratbe® 2013 roga. B ee
JokasaTtenbcTBe Obina gonylleHa owmnbka.

Ownbky sametun C.J1.BacuneHko, HO He npuaan ee rnacHoCTU
cpasdy. YX KOMy-KOMy, a emy Oblna wn3BecTHa MOsi KOHeYHas uenb
NMOCTPOEHMSA W BbIYMCIEHUS foAekasgpa. ATo owmboyHOoe [0Ka3aTenbCTBO s nepetawun B OaHHYHO
CTaTbio, KOTOpPOEe Tenepb UCMPaBsd. TO eCTb HWXKE NPUBOXY HOBOE A0KA3aTeNbCTBO MOCTPOEHUst 5-
rpaHHOW NUpamMuabl, y KOTOpON BOKOBbIE FPaHN — PaBHOCTOPOHHUE TPEYrONbHUKM.

Kak NOCTpouTb Takylo Nupamugy, st Halen Noackasky B CBOeN cTaTbe .

Moackaska Obina nonydeHa B pesynbTaTe
NPeanoXeHHOro MHOMW anroputmMa MnpOeKTUPOBaHUSA U
n3mMepuTenbHbIX WHCTPYMEHTOB NOCTPOEHNS
nupammapl Xeonca. B paHHOW cTaTtbe [oOKasaHo
(Puc.2), 410 npsmoyronbHbli  A4,0,5 asnsetcs
MeTaTpeyronbHUKOM. Ero CTOPOHbI YNCNEHHO paBHbI:
0-5 = ®; 0-4 = V; 4-5 = DVO.

A4,0,5 BNUCaH He B OKPYXXHOCTb, @ — B 3MSUNC,
MONYyoCU KOTOPOTO YNCHEHHO paBHbl ® 1 Vo.

Wccneayembln gopekasgp lNnatoHa BnucaH He
B oannuncougHyto cdepy, a — B cdepy Lwapa.
BcnomHunocs npu aTOoM  gokasatensctBO B 1922 rogy 3HaMeHMTOro COBETCKOro MaremaTuka
A.®puamaHa o Tom, YTO BceneHHaa MOXeT paclwmpsaTbes U oxumaTecs. CnegoBatenbHO, YTOObI HANTK
KMY K pelieHuo MOoCTaBfEHHOM 3adayn, HeobOXOo4MMO MNpoM3BECTUM  MNpeobpasoBaHMe YMCHEHHbIX
napameTpoB 3aNNMNCONaHON cpepsbl B LLAPOBYO cdepy.

Puc 5. MeTpuka
METaTPEYIONEHKUKA.

f 3
(=g of o

5 2 B 4D | 6

Puc.2. Anroputm nocrpoenus wabnona gna
M3MepeHUs HaKNoHa rpaHen nupamuabl.

Mpn cxatum annuncongHon cdpepbl B cdepy Liapa MpPOMCXOAUT YWUCMEeHHoe npeobpasoBaHue
napameTpoB meTaTpeyronbHuka A4,0,5 B napameTpbl npamoyronbHoro Al,2,3 = A1,2,4 (Puc.7):

5 Cepruenko T.A., «CakpanbHbli TpeyronbHuk» [lnaTtoHa Kak MaTeMaTU4eckui OOBLEKT rapMOHWMYHON
BceneHHol. http://www.trinitas.ru/rus/doc/0016/001d/00162279.htm

6  CeprueHnko N.A. CummeTpus-acuMmeTpums TPEXMEPHOro NPOCTPaHCTBA U anropUTMbl ee MaTemMaTN4ecKoro
mogenvposanusa /[ AT. - M. 3n. Ne 77-6567, ny6n.17995, 17.04.2013. - URL:
trinitas.ru/rus/doc/0016/001d/00162108.htm.

7 CeprueHko [.4., lNMpoektupoBaHne u un3MepuUTENbHbIE WHCTPYMEHTbI MOCTPOEHUs nupamuabl Xeornca
http://www.trinitas.ru/rus/doc/0016/001f/00163518.htm
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12 = 0,5® + Jb) = 1,4450268191319819062285046480516... - BbICOTA MPAMOYTOMLHOTO
MeTaTeTpasgpa u nupamugpl (Puc.7);

Mpegnonoxum, 4To paanyc OCHOBaHMS KOHYCa, B KOTOPbIV BNMcaHa 5-rpaHHast nupaMuaa,
2-3 = 0,5(d + Vb)d = ©*1,44502675 = 2,3381025080106935492632..., a ee 60OKOBble rpaHN SBISIOTCS
PaBHOCTOPOHHUMM TpeyronbHukamu. To ectb 3-4 = 1-3 = 1-4 (Puc.6).

Mupamnga CTpyKTYpPHO COCTOUT M3 NATU NPAMOYrOofnbHbIX MeTaTteTpaaapos (Puc.6 n 7)

Bbluucnsiem no teopeme MNMudparopa ctopoHy rpaHm A1,2,3 metaTtetpasagpa (Puc.7):

1-3=1-4 =3-4=2,7486043451134593667671613781269...

CnepoBatenbHo, TpebyeTca gokasaTtb, Y4TO MpU BpaLeHUM
MOMy4eHHOro MeTaTpeyronbHMka BOKpYyr ocu (kateT 1-2) ¢
BbIYUCIIEHHBIMW Bbille napameTpamu, 0bpa3yeTcsi KOHYC, B KOTOPbIN
BMUCbIBAeTCS 5-rpaHHas nupamuaa, rpaHn KOTOPOW  SIBNAKTCA
PaBHOCTOPOHHMMM TPEYrofbHUKaMM.

1

Ons gokasaTenbCTBa PacCMOTPUM YMCMEHHbIE MapamMeTpbl,
obpasyolme reomeTpuyeckyto opMy MNpPsIMOYrofibHOro TeTpasgpa
1,2,3,4 (Pnc.7).

C BepwwuHbl A3,2,4 onyctum BbLICOTY Ha CTOpPOHY 3-4
Puc 6. MpaBunbHas 5-rpaHHas paBHOOeApeHHOro TpeyronbHuka. [lpy 9TOM rpaHb OCHOBaHWS
nUpamuaa BnucaHHasA B koHyc.  TeTpasapa (A3,2,4) penutcs Ha [Ba  PaBHbIX  MPSMOYrofbHbIX

TpeyronbHUKa, a ero LeHTpanbHbin <3,2,4, KOTOpPbIA MO YCMOBUIO

NOCTPOEHUS NPaBUMbHON 5-rpaHHON NpamMuabl, AOMKeH 6biTb paseH 72° (72° x 5 = 360°) u genuTbes Ha
[Ba paBHbIx yrna: <3,2,5 =<4,2,5 = 36° (Puc.7).
1 Paanyc ocHOBaHMs BMMCaAHHOW B KOHYC 5-rpaHHoON nupamuabl 2-3 —
OenuT BHYTPEHHWA yron 5-yronbHuka, paBHbii 108 rpagycoB nononam
(Pwnc.6). To ectb <2,3,5 = 54 rpagyca.

Takum ob6pasom, CyTb [JokasaTenbCTBa CBOAWTCH K BbIYMCMEHWUIO
3HaveHun <3,2,5 n <2,3,5. B 9TON CBA3M BbIYMCMASEM CTOPOHbI W Yribl
npsimoyronsHoro A2,5,3:

CtopoHbI: 3-5=4-5=1,37430205...; 2-3 =2,338102...; 2-5=1,8915644.
3 5 CuHyc <3,2,5 ectb 3-5/2-3 = 1,37430205/2,338102 = 0,5878...,ut0
4 COOTBETCTBYET yrny 36 rpagycos.
Puc.7. MNpamoyronbHell  CuHyc <2,3,5 ectb 2-5/2-3 = 1,8915644/2,338102 = 0,8090..., uTO

MeTareTpasap. cooTBeTCTBYeT yrny 54 rpagyca.

Takke TaHreHc <2,3,5 ectb 2-5/3-5 = 1,8915644/1,37430205 = 1,37638...,
4YTO COOTBETCTBYET yrny 54 rpagyca.

Takum obGpasom, AokaszaHo, 4to <3,2,4 un <2,3,5 COOTBETCTBYIOT BENUYMHE YINOB TeTpasgpa
(Pnc.7), koTopble CTPYKTYpHO 06pasytoT yribl NpaBuribHOM 5-rpaHHon nupamugbl (Puc.6), y koTopon Bce
DOoKOBbIE rPaHN — PaBHOCTOPOHHUE TPEYIONbHUKM.

MapameTpbl NUpamMuabl BblYMCNEHBI, C TOYHOCTBIO A0 30 3Haka nocne
3ansaTon. [NoCTpOeHHble aNnMNCouaHbIM MEeTO4OM C MOMOLLLIO LMPKYNsS U
nvHenkn 6e3 geneHun NPSMOYronbHbIM MeTaTeTpasap U MeTanvpamuia,
Ha30BEM UX TakK, ABMNAKTCA OCHOBOOOpa3yloLWMMM 3fieMeHTaMn JoAekasgpa
MnatoHa-lyaHkape (Pwuc.8).

BbiuncneHne napameTpoB goaekasapa

B M3BECTHbIX SHLIMKIONEAUYECKUX® UCTOUHMKAX HAXo4uUM dopmynbl

Puc.8. fonekasgp BblYMCNEHMS pagnyca cdepbl, B KOTOPYIO BMUCaH [doaekasap, v dhopmyny

BbluMCrieHus ero obbema. EOMHOM Mepor BbIYUCIIEHUS MX MapamMeTpoB

ABMNSETCA 3agaHHasd YCMNOBHO WU M3MEepeHHasd npakTudeckn pgrvHa pebpa (@) npaBuIibHOrO
Aoaekaagpa.

8 Bukunegus. Jogekasgp.



Paauyc cdepbr: R =~ (1+V5)V3 ~ 14a.

Mockonbky Apyrmx popmyn BblMMCIEHUSS R HE MMeEeTCsl, TO MOXHO NPeanoNioXuTb, YTO ANnHa
pebpa a 5-yronbHOM rpaHU BbIYMCIIEHA Ha OCHOBE [ANWHbI CTOPOHblI BMMCAHHOIO B OKPYXHOCTb
npaBunbHOrO 5-yronbHWka. A CTOpOHa @ 5-yronbHUKa CTPOUTCS C MOMOLLBIO LUPKYNS U nuHenkn 6es
AeneHni Npou3BONbHON eauHNLIEN Mepbl paanyca (pacTBop UUpKyns), rae:

R=1a=¢+1 ¢ =0,6180339...

3
O6bem Aopekasapa: V= (15+7v5) ~ 7,66a>

BbluncneHune napamMeTpoB gogekasagpa cornacHo noctpoenuto MN.A.CeprueHko

Paguyc uapoobpasHon cipepbl R, B KOTOPYIO BN1CaH JOAEKadAp MeTareoMeTpun, paBeH aAnvHe
pebpa gogekasgpa n pebpa 60koBOW rpaHu 5-rpaHHon meTanupammnabl: R = @ = 2,7486041...

O6bem 5-rpaHHOM MeTanMpamugbl COCTOUT U3 S MPAMOYrOfbHbBIX U PABHOBENNKMX
meTateTpasagpos (Puc.7).

O61bem MeTaTeTpaaapa (Puc.7) BeluncnsaeTcsa no popmyne:

1
V= g SOCH.h’

roe S... = 2(2,338102 * 1,891564) = 2,2113347... , h =1,44502675... — BbICOTa MeTaTteTpasgpa.
O6wvem meTtateTpasgpa 1,2,3,4: V =(2,2113347 * 1,44502675)/3 = 1,065146 ...
O61bem 5-rpaHHon MeTanupamuabl: V = 5(1,065146...) = 5,32573038 ...
O6bem gopekasgpa: V =12 *5,32573038 ... = 63,90876456... ~ 39,50.

Takum 06pa3omM, NpuM CpPaBHEHMU 3JHLMKIONEOUNYECKON OPMYIbl  BbIYMCIEHUS obbema
Aojekasgpa c Bbl4MCNEHNEM aBTOpa, OMeBUAHA MPOCTOTa BbIYUCINEHN aBTopa. N3HavanbLHOW YMcnoBon
MEepOoN BblYMCIEHMI aBTOpa NapaMeTpoB goaekasapa ssnsetcsa uncno ® = 1,618... n Huyero 6onblue. B
BblYMCMEHUAX aBTOpoM obbema Agogekasgpa, Hanpumep, He COAEPKUTCH HUKaKUX «Cry4anHbIX YMCEn»

15, \/3, 7\/5, KOTOpble NOSyYeHbl CAOXHLIMU U ASIMHHBIMW BblYUCIIEHNAMM.

Kak un3BecTHO, rmnortesy I'IyaHKape cnyctda Cto netr MeToaoOM  CUCTeMbl  CNOXKHbIX
anddepeHUnanbHbIX YPaBHEHUI B YaCTHbIX MPOU3BOAHbIX, OonuncbiBatoLWUNX ,u,ed)opmau,mo QMMaHOBOﬁ

METPUKM HAa MHOroobpasuu, fokasan B Heckonbkux ctaTtbsix B 2003 roay Mpuropuii MepenbmaH. Ewe

pas3 o6pau.|,a+o BHMMaHMe Ha NpoCTOoTy MOUX BbluMcneHun. MNMonarat, NOTOMKaM eLue npencTonT oUueHUTb
OOCTOMHCTBaA 3TOro AokKasaTtesribCcTBa.

© Cepruenko MeTp AxkyboBuy
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