CeprueHko IN.4A.
PYCCKWWM NMPOEKT MATEMATUKN TAPMOHWUM MO3HAHUA BCEIO CYLLEIO

lMpupoda 2oeopum s13bIKOM MameMamuku;
6yKebl 3Mo020 fA3bIKa - Kpyau, mpeyaosibHUKU U
dpyaue Mamemamuyeckue ¢puzypsbli. Fanvneo Manunen.

K ncropuun noszHaHusa Pycckoro npoekra «MaTeMaTUKU rapMOHUN»

lMoHATne n TonkoBaHWe «MaTemMaTtuka rapmoHum» Been B obuxoa A.MN.Ctaxos [1]:

«[JHeM poxaeHuss» HOBOW MaTeMaTUKM MOXHO cumTaTtb 17 mona 1996 r., koroa aBTop cgenan
poknag «The Golden Section and Modern Harmony Mathematics» Ha 7-n MexayHapogHon
KoHepeHuun «Hucna duboHavumn n nx npunoxeHuns» (Asctpus, pau, 15-19-ro nons 1996 r.). ImeHHo
B aTon nekuum [12] Bnepsble Obinv cHOPMYNMPOBaHbl OCHOBHbIE MAEW, MOHATUS U MaTemMaTU4eckue
Teopwuu, obpasyloLine B COBOKYMHOCTU OCHOBY «MaTematuku [apmMoHmMmny.

CBoe TONKOBaHWE «MaTteMaTuku rapMoHUM» OH Takke npegnoxun ana BUKUMEONN. OpgHako, B
2012 r. ero TonkoBaHue 6bIno yaaneHo (0 MpUYMHE HUXKE) U OAHO CcrneayoLee TONKOBaHMeE:

«MaTtemaTtuka rapmMoHuMM - OOHO U3 APEBHENLIMX MaTeMaTUMYECKUX HamnpasfeHW, KOoTopoe
BOCXOOUT B CBOMX MUCTOKax K MNMudparopy, MNMnatoHy n EBknuay. MMaBHOM Lenblo «MaTemMaTUKu rapMOHUM»
ABNAETCA MOMCK MaTemMaTU4ecKux COOTHOLUEHMI (NpoMopLMi), YMCMNOBBLIX MOCNeaoBaTENbHOCTEN,
YypaBHEHWI 1 TeOMETPUYECKUX (PUryp, KOTOPbIE BbIPaXaT OOBEKTUBHYIO FAPMOHMI0 MUPO3AaHUS».

Hanee B BUKUMEOWW ykasbiBaeTcsi, YTO M3Ha4anbHO B «MaTemaTuvke rapMOHWM» MOHATUE
eapMoHUU paccmaTpuBaeTcs, npexae Bcero, C MaTeMaTU4YeCKOW, KONMYECTBEHHOW, YUCNOBOW TOYKU
3peHus, 4To BbINo XxapakTepHO AN nudaropenues (Cneays CBoeu rnaBHon JoKTpuHe «Bce ecTb umcno,
nudaropenbl Ha4Yanu n3yyatb rapMOHUI0 C MaTEMaTUYECKOM TOYKN 3PEHNS)».

B 2004 r. B an. xypHane Akagemusi TpuHutapmsama Obina onybnukoBaHa ctatbs A.l1.CTaxoBa
«CakpanbHasi reoMeTpusi 1 MaTeMaTtuka rapmoHum» [2]. Ha cogepxaHve gaHHou ctatby s1 onybnvkosan
oT3bIB [3]:

«... Takum obpasom, 5 nonarato, 4To nocrtaeneHHas A.[1.CTaxoBbIM ngest co3gaHusa «MaTeMaTUKm
rapMoHUM» 3acCny>XMBaeT BCAYECKOro BHMMaHus U noggepxkn. OOHako NpeasnioXeHHbId UM BapuaHT
peanusaumm L0AHHOW MAEMW, KaK yKa3aHO Bbllle, MMEET CYL|EeCTBEHHble HEeAOCTaTKn U He SABMNAeTCs
€[MHCTBEHHbIM.

MpoGnemy Ha4an «cakpanbHO/ FreoOMeTPUM» U «MaTemMaTuKM rapmoHum» nocnegHue 20 neT, B
rpaHuLax TpUaneKTU4eckoro no3HaHus AEWCTBUTENbHOCTWU, UCCnegoBan M pasBuBan Tak Xe aBTop
AaHHoOW nybnukaumn. Itorom anutensHon paboTel SBNSETCS BbIXO HA MPUHLUMMANBHO HOBbIE aKCUOMBI
Tononorun mema-zeomempuu («CMHTETUYECKAA TeOMeTpUs TPUanekTUkM») W Havyana MaTemMaTtuku
rapmMoHum». A cgenan CCbiIKy Ha CBOM Nybnvkaumu, a Takke Jan CBOE TONKOBaHWE MaTeMaTuKK
rapMoHuun:

Mamemamuka 2apMoOHuu - amo Mamemamuka, usyyarouwas u
modernupyoulass  2apMOHUIO 6bimusi  NpPOCMPaHCMBEHHO-8PEMEHHbIX  ¢hopm  XKu3Hu,  ux
Konu4ecmeeHHble COOMHOWEHUS, Nposiensouuecs 8 380oyuu npupoodsi, obuecmsa U MbIlUMEHUS.

B otBetHowm cTtaTtbe [4] A.M1.CTaxoB yTOYHWMN CyTb COAEPXaHUs CO30aBaemMoro UM HOBOIO
HanpaBreHUs «MaTeMaTUKA rAPMOHUNY:

«MaTtematuka apmoHuM» He npeTeHAyeT Ha ponb «Bceobwen Tteopun apmoHum». 310 —
TONMbKO OAMH N3 KMPMMYEen TON MeXOUCLMNIMHAPHOW Hayku, KoTopas cenvac cosgaetcsd. Peub vaget o
«Hayke o NapmoHun Cuctem», KoTopass U [OMXHa CTaTb HOBOW MEXAUCUMNAMHAPHOW Haykon 21-ro
ctonetuns. VI B aTol Hayke BaxHylo pornb 6yayT urpaTtb dncna PuboHayum n 3onotoe CeveHne u ux
0000wWeHns, p-uncna GnboHa4yun 1 30M0Tble P-CEYEHUS. .. ».

Takum o0Opa3om, M3 [AHHOTO YTOYHEHWsI CcreayeT, YTO MOHATME 2apMOHUU MaTeMaTUYecKu
paccmaTpuBaeTcs UM, Npexae BCEro, C KONIMYEeCTBEHHON, YNCITOBOM TOUKM 3PEHUSI.

[aHHbLIN OT3bIB N TONKOBaHME CoAepXaHusi «MaTeMaTUKA rapMOHMUM» BbI3Bany NpOAOIKUTENBHYIO
AncKyccuio. YyactByss B [AUCKYCCUM, S Hanucan MHOro craterd nod pfesumsoMm «Pyccknii npoekT
MaTeMaTuKn rapMoHum». B cTaTbsx npenctaBneHbl HOBbIE€ 3HAHWUS, COMMACHO MOEMY MOHMMAaHMIO,
TOMKOBAHMIO W Pa3BUTUIO COAEPXKaHMUS MaTeMaTuKM rapMoHuu. [ymaetcs, 3TO M CTano MNpUYUHOWN
yaaneHusa n3 aHUMKNoneamMm TONKOBaHUSA «matemaTuki rapMmoHumy no A.lN.Ctaxosy.



Takum ob6pasom, B Hauyane 21 Beka 0603HaUMNUCL ABa NPOEKTa Pas3BUTMS 3HAHUN O «30MOTOM»
LeNoCTHOCTU (NpeayCTaHOBMEHHOW FapMOHUN) 1 O METPUKE «305I0TOro MopsaKay». YCMOBHO MX MOXHO
0603HaunTh, kak npoekt A.M.Ctaxoa u K° (MexayHapoaHbii Kny6 3onotoro CeyeHus, COKpaLLEeHHO —
MK3C) wn, kak npoekt IM1.A.CeprueHko (Pycckuim npoekT). B pamkax Toro m gpyroro npoekra Obinio
onybnMKOBaHO MHOXECTBO CTaTen pa3HbIMU aBTOPaMMU.

CnegyeT OTMETUTDb, YTO paHee onybnnKoBaHHbIE B KOHLE XX Beka paboTbl O Ha4Yanax MatemaTuku
rapMmoHun: dnseHwTenHa, vwka, Npumma, JloceBa, dnopeHckoro, Kopbiosbe, TummepanHra, Ctaxoea,
Bopobresa, Xorrar, Llesenesa, LWmenesa, Mapytaesa, Copoko, BactoTtuHckoro, bogHapa, Cyb660Thl,
Kopobko, [letyxoBa, [pexnasenbckoro, LnuHagens, Kannpad, OnceHa, [asane, Onb-Hauwwue,
TatapeHko, NeTpyHeHko, XapuTtoHoBa, banakwuHa, MBaHyca, WanapeHko, [puHBGaym, MapTbiHEHKO,
Paptoka, Po3suHa, Belize u gp. aBTOpoB MyCCUMPYeTCsl OfHa U Ta Xe APEeBHAdA runotesa o npupone
npovcxoxageHus yucen ¢ = 0,6180339... 1 & = 1,6180339... OTa rMnotesa nepenncbiBaeTca U3
npeabigyWwmx SHUuKNoneau B OOHOBMEHHble. BOMbLWWHCTBO M3 HUX M3naralT, KOMMEHTUMPYHOT U
aHanuaMpylT TOMbKO Te 3HaHMS, KOTopble AaHbl, Hanpumep, B Bomnbwon CoBeTckon JHuuknoneauw,
pagvkanbHO He paclumpssa ee KNnagoBy HOBbIMU 3HAHWSAMMW. A He Halwlen y HUX OTBETOB, Hanpumep, Ha
BO3HMKLUME BOMPOCHI:

» CywecTByeT Nnu TakoW TPeyronbHUK(M), y KOTOPOro CTOPOHbI He paBHbl Mexay cobon, a
OTHoWeHne nx anvH (bonbluas/mMmeHbLLasA) COOTBETCTBYET OTHOLLEHNAM «3or0Ton nponopuuuny (31) ?

» CyLecTBYeT N TPEYroNbHMK C pa3HON AMMHOM CTOPOH, NNoLaab KOTOPOro AenNuTcs Ha 4actu, B
cornacuu ¢ npuHumnom 3M17?

* ABnAKOTCA NMU B AAHHOM Crnyyae ABe YacTu JenMMOro TpeyrofibHuka emy opakTanbHbIMn?

+ KakoBa anrebGpaunueckass npupoga ¥ Mepa (4MCro) Takoro AeneHus (OTHOLIEeHMS) Mexay
CTOPOHaMM U NNowaasM1 4eNMMOro Ha ppakTanbHble YacTu TpeyronbHuKa?

lMouckn oTBETa Ha AaHHblIE BOMPOCHI 3aHANM y MeHs 6onee natu net. Yutatens o6 aTomM MoOXeT
nountatb B [ecATKax  [OUCKYCCMOHHbIX CTaTe aBTopa Ha  MEepcoHamnbHOW  CTpaHuvue:
http://www.trinitas.ru/rus/doc/avtr/00/0019-00.htm

B nouckax UCTWMHbI 1 HE CCbINAlOCb Ha 3apybexHble HaydHble aBTOPUTETLI, AaXE HE CChINakCh,
Hanpumep, Ha MNpPeKPacHy SHUuKNoneanyeckylo MoHorpadwmio M.Fa3ane, XoTs M BHUMATENbHO
NMO3HaKoOMMUIIC C ee coaepxaHuveM. He ccbinatocb MOTOMY, YTO HE pas3fensito ero reoMeTpudeckoe
MogenupoBaHve hopmMupoBaHns bpakTanbHOM rapMOHMU LLeNTOCTHOCTU (KOHTUHYYMa).

Hu kTO n3 yncna 3anagHbIX MccriegoBaTenien He NOCTPOUST Ha OOHOM M TOM Xe OoTpe3ke ABa
rapMOHUYHbIX MPSAMOYrOMbHBIX TPEYyronbHMKa, Kak U He BbIBEN [0 MEHS YpaBHEHUS «MaTeMaTuKu
rapMOHUNY:

¢c + qbzc — ¢ = 0 — ypaBHEHUE rapMOHNYHOIO AeNneHnsa oTpeska, rae ¢ — nboe umcno ()
¢’ =0,50c" + 0,54)202 — ypaBHEHWe rapMOHNYHOWN 2e/1UOUEeHMpPUYECKOU CUCTEMbI KOOPANHAT,

roe ¢ — n6oe uncno; X = 0,50c¢% y? = 0,5¢°c*; 2)
¢’ = pc® + ¢p*c’ — ypaBHEHNE rapMOHNYHOW 280UEHMPUYECKOL CUCTEMbI KOOPAMHAT,

roe ¢ — nwboe yncno; x° = d)cz; y2 = d)zcz. 3)

PasBntne matematmkm rapmoHmnu nudparopenuen

PasButne «Pycckoro npoekta matematvku rapMoHUM» nudparopenues Nony4ymno Havano B MOen
MoHorpacpumm [5]. [locTaToO4HO MOCMOTPETb OOMOXKY AaHHOW kHuru. Llenein ee pasgen (ctp. 19-30)
aBnsetca  UNOCOPCKUM M MaTeMaTUYeCKUM  MepPeoCMbICIIEHMEM  KNacCU4eckon  Teopuu
«BeLWeCTBEHHOro Yyucnay 1 ero ponu B oOpMMpoOBaHNM MaTemaTukn rapmoHuu. B aToi cBAsm Ha cTp.
25 yntaem:

«B Hayke u3BecTHa Tak HasblBaeMas «30f0Tas MPOMOPUMSI» OTHOLIEHWA Mexay 4YacTamu u
uenoiM. Ee cmbicn: «MeHblwasa 4actb (A) Tak oTHocuTcs K Bonbwen yactu (B), kak 6onblias 4acTb
oTHocuTca K uenomy (A+B)». To ectb A:b = B:(A+B). MHOW BbiBejeH 3aKOH cOXpaHeHUs1 O8UXKEeHUSI
Konuyecmea «4acmu-yeno2o» 8 «UesioM», TO eCTb B eAMHON cucteme. B cornacmm ¢ aTum 3aKOHOM,
«3onoTas nponopuusi» 6ygeT UMeTb CneayLwyto 3anmcb:

(0,5)"*1:(0,5)" = (0,5)™:[(0,5)" + (0.5)"] 4
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npu n - oo, rae 0,5 - «BeLeCTBEHHOE YNCMO» (MONOBUHHAS YacTb KaKoro-nmbo «Lienoroy).
OHTOMnorMyeckas CywWHOCTb [AAHHOIO YMCIOBOrO psAa 3akn4yaeTcsl B TOM, YTO OH BblpaxaeT

coboii Konu4ecmeeHHYyto 2apPMOHUI0 LeNTOCTHOCTH
1R nepapxm4eckoro yctpoiictea BceneHHoi.
Ero yucnosas UHTepnpeTauus BblpaXeHa
TPUHANEKTHUKA 3aKOHOM COXpaHeHUs1 O8UXEeHUS «8eUeCmeeHH020 yucna» 8
HOBOE NOHWUMAHWE MUPA uernocmHou 3aMKHymoti cucmeme:
] g
(050 —(05"% = (05" + (05" + _+ (0,57 +0,9° + (0,5
roe n — uenoe 4ncno (5)

[laHHoe 4yncnoBoe TOXOECTBO Bblpa)kaeT cOOOW 3aKoH
«COXPaHeHUs1  OBWXKEHWs  KonuyecTBa», TO  €CTb  —
3aKOH KOHeu4Horo aenexHuns L{esozo npu nocrneaoBaTenbHOM
JeneHnn Kaxaow ero rofio8UHHOU Yacmu Ha MOMNOBUHHbIE
yactu, npu nwbOM 3aQaHHOM 3HaYeHMM N YacTen. Takum
obpa3oM, 3aKkoH beckoHe4YHOo ybbigarowell 2eomempuyeckoll
rpoepeccuu Ons «BELECTBEHHOro YMcna» cripaBeasIMB TONbKO
npM n — oo . [pyn Bcex ocTamnbHbIX 3HAYEHUSIX N GECKOHEYHO
ybblgarouasi 2eomempudeckasi npozpeccusi
ABNAETCHA KOHEeYHOU.

B oatoh cBs3M cnegyetr  3aMeTuTb, 4YTO  4acToe
TONKOBaHWE, BbIBEAEHHOW UM3  3akoHa 6uHapHocmu Mwupa,
N3BECTHOM TeopeMmbl épens o HeriofiHome, Kak
[OoKasaTenbCTBE HEMO3HABAEMOCTU NpuUpoadbl, MOXET ObiTb
NPU3HaHHBbIM «UCTUHHBIM» TONbKO Koraa n — o, a Mwup He
aBnseT  cobol  OWHapHy  CTpPYKTypy  (cuctemy). B
OTHOCUTENBHOM >X€ CMbICne, Mpupoda Mno3HaBaema, T.e. Mo3HaBaema A0 HEKOTOPOro N-ro npegena
Nno3HaHus.

N.A.CEPTHEHRD M3BecTHO, pPacCToAHNE TOYKM OKPYXHOCTU OO0 €€ LeHTpa

(onvHa paguyca) — TPaAOWULMOHHO OMUCBLIBAETCS  KNacCUYeCKUM
TPHAJNIEKTHKA ypaBHeHueM: X +y° = 1. 3ameTuM, JaHHOe ypaBHEHUe SIBRSETCS
YacTHbIM CrydaeM MOEro ypaBHEHUS:

2
X +y’ =N, (6)
rge N - mo6oe YnUCno BeJIMYnHbI panmyca 2Opr)KHOCTl/I. Bbiumncnutb
pagnyc OKpPY>KHOCTU MO YpaBHEHUIO +y° =1, He 3Hasa X Unn y He
BO3MOXHO. A no npocton opmyne asTopa C MNPUMEHEHUEM
BeweCTBeHHOro Ynmcria 3To BO3MOXHO:

R =0,5V/N. 7
Hanpvumep, ans ypaBHeHus X2+ y2 = 5 (R =1,1180339) a ans
ypaBHeHusi X2 + y2 =10 (R =1,6180339...), onsa ypaBHeHus
x> +y?=1,618 (R=0,636), x*+y> =101 (R=5,0249...)n T.4.

B aTOI CBA3M YMECTHO NpeacTaBuUTb Takke BblBOM YMCIOBbIX
hopMYI «30/10TOMO CEYEHUS» C Y4acTMEM «BELLECTBEHHOIO Yyucna:

®=0,5(5+1)=1,618...; ¢ =10,5(5-1)=0,618... (8)

UHWEPOEDA YHHEEPCYM TEOPLA

Ha obnoxke kHurn «Tpwuanektuka. Lincdposon yHusepcym
UM - 190 Teopua» (1997) M306pakeHO pacLUMpsIoLLIEecss OT CUHTYNSPHOCTU
TopcoHa B 060e CTOpPOHbI UMdPOBOE MPOCTPAHCTBO (CBETMOE)
beckoHeyHO pasHbix psgoB  PuboHayum. Takoe npeAcTaBfeHWe  KONMUMYECTBEHHOW  KapTWHbI
nepapxm4eckoro (BXoaswmx Apyr B Apyra) ABUXKEHNSA NPOCTPAHCTBEHHO-BPEMEHHBLIX CUCTEM TOPCUOHHOM
BceneHHoWn No3BonuUNO BbISIBUTL CNEAYOLLYIO0 3aKOHOMEPHOCTb.

Yepe3s HecKomnbko nopsakoB (UMdpOoBbIX CTONGUOB) OT cBeTrnoro cronbua, no W3BECTHbIM
OTHOLLEHMSAM, N0 o0be ero CTOpoHblI (HOPMUPYIOTCA CNIOLWHbIe MpocTpaHcTea (MaTtpuua) rapMOHUYHbIX
KONMMYECTBEHHbIX OTHOLUEHWN, Bblpaxalwmxca uucnom @ =1,618... OHn o06pa3yioT BceobLuyto,
LLEMNOCTHYIO YWCIOBYIO rapMOHMIO LMGPPOBbLIX 1ap psaos PuboHauun.




Ocoboro BHMMaHWs 3acnyxmBaeT OPEBHAS CUCTeMa HyMeposrorum nudaropenues, KoTopas
CTPOMTCS Ha KOPHEBOM OCHOBaHuM Ntoboro vncna. Hanpumep, kopeHb uncna 275 = 2+7+5 =14=1+4=5,
To ecTb kopeHb uucna 275 - «5». JlakoHM4YHas nNpocToTa ee 3aKOHOB O4YapoBbIBAET M U3ymnset. A
3agjancd uenbk, MOCPeACTBOM  MEPEOCMbICIIEHNST W pasBUTUS  OaHHOW  CUCTEMbl, c€o34aTh
HYMEpOnOorMyeckylo Mogenb TrapMOHUYHOrO OblTUA  MPOCTPAHCTBEHHOW  OpMbl  hpakmarsnbHOU
mopcuoHHot MOHALHbI.

MHoii 6Gbina oOHapyxeHa cnefywuas apudMeTU4eCcKU-reomeTpudeckass 3akoOHOMEPHOCTb
OTHOLLIEHMI B TpomLe NMtodbix uncen A, B, C HaTypanbHoro psga, rae B=A+1; C=B + 1:

B*-AC=[(2A +B): (A+B)] - A:(A+B) = [(3A + 2B): (2A + B)] - (A + B):(2A + B) =
[(2A+1): (A+1)]-A:(A+1)=[(3A+2):(2A+1)] -[(A+1):(2A +1)]=---=1 (9)
Takum obpasom, B Tpuage NobbiX CMeXHbIX Yncen psga PruboHayum, U B OTHOLLEHUAX MOHafbl C
NobbIMK YCNaMn B pasHbiX pAgax MOMKHO COCTaBUTb MHOXECTBO YMCAOBbIX MOCAeAoBaTebHOCTEN
®dunboHayum, HauMHatloLWmMXCs ¢ 1060 Napbl Bewecm8eHHo20 Yucad.

B cratbe [6] Ha gaHHOM 3aKOHOMEPHOCTM M Ha umcrnax PuboHauum 9 nocTpousn maTpuubl Ha
BELLECTBEHHbIX YMCrax, KOTopble aHanorMdHbl Matpuuam [Mudaropa, MOCTPOEHHbIE WM ANs YMcen
HaTypanbHOro psaa v B YaCTHOCTU OTMETUI:

«Hymeponoruyeckasa mogens cgpepuyeckol BceneHHol [Mudparopa abcontoTHO cumMmempuyHa
(9x9), a Hymeponorumdeckass Mogenb mOpPCUoHHoU BceneHnHol acummempuyHa (12x7). Kakoe
dyHOoameHTanbHoOe Hayano MOXeT BblpaxaTb AaHHas acummeTpua? [lossono cebe BbickasaTb,
BO3MOXXHO, B3JOPHYIO rMNoTesy, UCXOAA U3 Tesuca, YTO npamarepuen BelleCTBEHHOro Mupa SiBMnseTcs
CBET (opToroHanbHOe €AWHCTBO 3MeKTPUYECKUX W MarHUMTHbIX BOSH). CKOpPOCTb MarHUTHbIX BOMH
OTHOCUTCS K CKOPOCTM 3MEKTPUYECKMX BOMH (B paumoHanbHbIX Ynucnax), kak 12 : 7. = 1,7142857...»

PeanbHble paunoHanbHO-MppauMoHarnbHble OTHOLLEHMS (HanpuMep, MO MPUYMHE YKopaydnmBaHuu
paguyca, BcreacteBue nepekpyydnBaHus Ttopa MéOGuyca, vnu npu NpUHATAM TOPOM  3/IUNCOUOHOU

dopMbl) — OaHHOE OTHOLUEHWE BblpaXaeTca yxe, Kak oTHoweHue 11,326237... : 7 =1,6180338...
CpaBHuBass mexay cobon nudaropenckyld M TpuanekTUYecKyld HymMeporormdeckue maTpuubl, Mbl
HaxooMM B HUX OOHU K Te Xe oblme 3aKOHOMEPHOCTM nocTpoeHusi. OpgHako pesynbTaTtbl — He

OfHO3Ha4YHble, MOCKONbKY OHW 0a3npyloTCs Ha pasHOM MOHMMaHuUM W NpeacTaBreHnM O CTPYKType
NPOCTPaHCTBEHHON Vepapxum BxoxaeHWs ogHon cuctemsl B apyryto. MaTtpuubl 1 nogpobHoe nosicHeHne
yuTaTb B cTaTbe [6].

Wccnepoeae matpuubl, S Bbickasarn rmnoTesy O TOM, YTO MacLUTAabHO CTPYKTypHasi Mepapxus
MUPOYCTPONCTBA KOCMOCA NPOSABASAETCS NO NPUHLMNMNY «305I0TOr0 CEYEHUSA».

lMocne nepeocMmbicneHus nNUdparopenckon YUCIIOBOW CUCTEMbI MUPOYCTPOWMCTBA A MPUCTYNUM K
OCMBICIIEHNIO U MEepPEeOoCMbICINIEHNIO  CUCTEMBI FEOMETPUYECKOrO  MUpOoyCTpoicTBa no  lnaToHy
«Feomempusi ecmb no3HaHue ecezo cyue2o», EBknuay v HactasneHuno U.Kennepa:

«feomempusi ecmb rpoobpa3s 2apMoHuUU Mupa... Ffeomempuyeckue meopembl, 8€4HO UCMUHHbI 8
boxbem dyxe... [eomempusi cyujecmayem om COmMeOpeHUs 8ewel... OHa cryxuna obpasyom 6ozy npu
comeopeHuu mupa... Crnedbi eeomMempuu 3aredamiseHbl 8 MUPe mak, C/I08HO eeomempusi bbina
npoobpa3zom mupax.

FeomeTpus — Ta obnacTtb 3HaHUA, KOTOpas HaxoAUTCs Kak Obl Mexay abCcTpakTHOM («4MCTOM»)
mMaTemMaTMKON W peanbHOM fewcTBuTEeNnbHOCTblO. OHa — TOT MOCPEeAHWK, KOTOpbIA pa3peluaet
npoTMBOpEeUUss Mexay 3HaHueMm u 3abnyxaeHvem. 3abnyxgeHus B reoMeTpum OgHO3HAYHO NPUBOAAT K
3abnyxgeHvsam B NO3HaHUN AeUCTBUTENbHOCTH [7].

Moe nepeocMbICnieHUe U pa3BUTUE METOAOB MO3HAHUA MaTemMaTUKM rapMoOHUM MUPOYCTPOMCTBA
Bcero cyuwlero no lMudaropy, MNnatoHy n EBknugy OCywecTBNSANOChL cUHmMemuyYeckum memodom [8] nx
yTBepxaeHun («BCE ecTb umcno» un «'eomeTtpusa ectb nosHaHne BCEIO cyuiero»), To ecTb:

«YHucsio 0o/mkHO 6bImb NMOCMPOEHO 2eomMempuyecku (C MOMOLLBIO UMPKYNs U nNuHenkn 6e3
JerneHun), a e2o 2eomempuyeckoe MocmpoeHue OO/HKHO 6bimb Yuc/eHHO (apudmMeTndeckn)
doka3aHo».

B nocrnepyowem coaepxaHun JaHHOW CTaTbW S UCKIOYAD ONUCaHWE MHOIMMX reoMeTpUuyveckux
NOCTPOEHUA W [0Ka3aTenbCTB TEOPEM, B YACTHOCTU, MU3IMOXEHHbIX MHOW B 32 OTpedakTMpOBaHHbIX
ny6nvkauusax [9] Ha cante MIY mm. JlomoHocoBa. OHM CTanu MposioroM M OCHOBOW OTKPbITUSI HOBbIX
3HaHMN MaTeMaTuKM rapMOHWMM BCero cyulero. Hmke npeacTaBnAlTCA TOMbKO T€ OTKPbITUSA, KOTOpble
cofepxaT HoBble MareMaTUyeckue 3HaHWUA O OEeNCTBUTENbHOCTU, C yKasaHWEM MepBOUCTOYHWKOB MO
KOTOPbIM MOXHO NPOBEPUTbL NOAPOOHOE AOKa3aTENbCTBO.



Kocmonoru4yeckasa teopema lNnatoHa n ee gokasarenbcTBO

Hanbonee rnybokoe obobLieHne MMpOBO33peHYecknx naen lNnatoHa Mbl HaAXoauM B €ro guanore
«Tumen». Yctamm nucparopenckoro actpoHoma Tumes pacckasbiBaeTCd UCTOPUS COTBOPEHUS Mupa
Borom, BNNoTb 4O COTBOPEHMS YernoBeka. TUMeN yTBepXKAaeT, YTO YeTblpe anemeHTa BbliTua kocmoca —
OroHb, BO34yX, BoAa U 3eMIs, — KaXabli, N3 KOTOPbIX NPEACTaBEH YMCIOM, HAXOOATCS B MOCTOSIHHOM
nponopummn, To ecTb OrOHb OTHOCUTCS K BO34YyXY, Kak BO34yX K BoAde W kak Boga k 3emrne. bnarogaps
3TOMY MMVp COBEpLUEHEH W He MOABEPXEH CTapeHuo unm 6GonesHn. Mup npvBedeH B rapMOHMUIO
Obnarogaps nponopumu. FapmMoHus e nopoxgaeT B MMpe OyX ApPYXObl, 1 NO3TOMy TOMbKO oauH bor B
COCTOSIHVMM Pa3noX1Tb MUP Ha YacTu.

Tumeln roBOpuT, YTO FAPMOHWYHBIE OTHOLUEHUSI WCTUHHBIX 3NIEMEHTOB pearnibHOro Mupa; OrH4,
BO34yxa, 3eMnu W BoAbl, COOTBETCTBYKT OTHOLIEHUSIM MeXAy [ABYMS BuAAMWU NPAMOYrOSbHbIX
TPEeYronbHUKOB:

«WTak, Ham npuxoauTcs oTAaTb nNpeanovYTeHMe ABYM TpeyrosibHMKam, Kak Takum, Wu3
KOTOPbIX COCTaBIIEHO TeNl0 OrHA U (Tpex) NpoyYux Ten: OAUH U3 HUX paBHOOeApPeHHbIW, a ApPYron
TaKoB, YTO B HEM KBaApaT 6onblueil CTOPOHbI B TPY pa3a Gonblue KBagpaTta MeHbLeh».!

Takum oGpa3oMm, B [JaHHOM  MpeasiokeHuK
lMnatoHoM 6bina ccpopmynupoBaHa 6e3 gokas3aTenbCcTB
reomeTpuyeckas Teopema, KOTOpYO noTomMkam
Hagnexano JokasaTb, YToObl OTKPbITb CakpanbHylo Mepy
FApMOHUYHbIX  OTHOLUEHUA  OEWCTBUTENBHOMO  MUpa,
KoTopass Obla uM3BecTHa noruMbwen uMBUNM3auum
ATnaHTuabl.

KopgoBbiM KMO4YOM K [oKasaTenbCTBY TeOpeMbl
MnaToHa 1 ANs OTKPbITUS «CaKparbHOro» TPeyronbHuKa
(MemampeyeonbHuka)  MHOM  Obima  obHapyxeHa
padukanbHasi Mepa dpakTanbHON 3aKOHOMEPHOCTMH,
Puc.1. MocTpoetie ABYX BUAOB TPEYroJIbHNKOB, NPOSIBIIAIOWANACA B CUMMEMPUYHbIX OTHOLLUEHMSAX psiga

cornacHo kocmonorum rnaTtoHa.
pagukanbHbIX 4Yucen paBHOGeapPEHHOrO NPSIMOYroNbHOIO

TpeyronbHUKa n kBagpaTa.

V192 : V96 ... =V24:V12=V12: V6 =6 : V3 =V4: 2 =/2:/1=1,4142135... (10)
To ecTb y paBHODeQpeHHOro MPSAMOYrONbHOrO TpeyronbHUKa pou3sedeHue Kamemog pasHo
euromeHyse, a rpoussedeHUe CMOPOH Keadpama pasHO e2o OuazoHasnu. 3ameTuM, Kkgadpam MHorue
BeKa saBnseTca 06pa3omM 1 reoMeTpruyeckon Mepoli 2apMOHUU (hu3uHEeCKOU cuMMempuu.

BcecTopoHHMIA 1 rnybokuiA aHanm3 Moero [okasaTenbcTBa Teopembl [lnaToHa, MNOCTpoeHus
TpeyronbHUKOB naToHa C NOMOLLbLIO LMPKYNSA U NUHENKM 6e3 AeneHMn U BbIYMCMEHUS UX napamMeTpoB
MOXHO npoyecTb B ctatbe H.B.Metposa [10]. B anHOomayuu k ctatbe OH nuweT: «CTaTba ABnseTcs
YacTMYHbIM YTOYHEHWEM W npogoikeHvem uaen [letpa CeprueHko, [AoKasaBLUEro TPEYroflbHUKK
MnaToHa Nno MoTMBaM NpousBeaeHUs « TuMen».

OH nuweT, 4TO C MOMOLLBK CBOMX TPEYronbHWUKOB [1NaToH OOBOMLHO NPOCTO MonydaeT 4veTbipe
MHOrOrpaHHuKa, CcBsi3biBasd Ux C (pOpMON MepBO3NEMEHTOB: Ky6 dopma 3emsiu, uKocasagap 600k,
oKTasgp 6o030yxa, TeTpa’pp oeHA. Tempasdp, Kak [OoKa3aHo, $BMSIETCS OCHOBOOOpasyloLiMM
MHOrOrpaHHUKOM BCEX 1/1amOHO8bLIX TEN.

O Jdodekaadpe MnatoH nuweT: «...ero 6or onpegenun AOns BCENEHHOM WU NPUOErHyn K Hemy B
KayecTBe obpasua». B ckazaHHOM 3alwmdpoBaH cakpasnbHbIA CMbICIT FTAPMOHUN ObITUSI BCEMO CYLLETO.

ﬂepeOCMblcneHMe Hayan mateMaTukm rapMoHuun EBknupa

MaTtemaTtuky rapmoHunM ocHoBan EBknupg csoum peweHnem «lpegnoxeHua 2.11». M3 pasHbix
NnepBOMCTOYHMKOB A y3Harm, uTo «[lpegnoxeHve 2.11», Tak Xe Kak u3BecTHad «3agadva kBagpaTypbl
Kpyra», npuwnu B 0000weHHble 3HaHua HAYAJT EBknmvaa ¢ Gonee OpeBHMX 3MOX LMBUNU3ALUN.
CMbICMbl M anropuTMbl €ro peLLeHNst B TeYEHNe ThiCaYeneTun npegnarannce pasHole. Y1 hopMynnpoBku
nNpuUBOAMNIMCE pasHble. CunTaeTcs Hanbonee JocToBepHOM HOPMYNMPOBKA:

«aHHyr0 npsimyro pazdenumb Ha dee HepaeHble Yacmu mak, Ymobb! ninowadb keadpama,
nocmpoeHHo20 Ha 6GonbweMm ompe3ke, paeHsislacb O6bl  nowadu  nPsIMOy20JslbHUKa,

MOCMPOEHHO20 Ha MOM >Xe Ompe3Ke U Ha MeHbWeM Ompe3Ke».

! NnatoH. CoBp. coy. B 4-x T. «Mbicrib», M., 1994. T.3, c. 457-458.



PeweHune 3agaun EBknnaom B gaHHon dhopmynuposke «lMpegnoxerus 2.11», kak 661 nogMeHsieTcs
pelleHveM 3agadu desieHUss ompeska Ha 2apMOHUYHbIE Yacmu. OTO AefneHue B UCTOpUM MaTemMaTuKu
nony4Ynno MMsi «30f10Toe ceyeHney. BOKpyr u Okono Hero B TeyeHMe MHOrMX BEKOB M MO HacTosee
BpeMSl, Kak HeKoro Koda TrapMOHWYHOW, «DOXECTBEHHOW MpOMopuUunM», OCYLLECTBASUCL U
OCYLLECTBMAKTCA BCEBO3MOXHblEe KOMOWMHATOpHbIE OMepauun, WCCNeaoBaHWs MNPOSIBAEHUA KX
pe3ynbTaToB B pa3HbIX 06NacTax No3HaHWs 3akoHOB [Mpupoabl, My3bIkU, XMBOMWUCU, apXUTEKTYPbI U T.4.

MpuBepxeHUbl anrebpanyeckon reoMeTpuun yTBepxaaroT, 4to yucno @ = 1,618... Ha yepTexax
0ObI4YHO He BbIpaXaeTcsi reoMeTpUYEeCKUM OTPE3KOM, MOCKONbKY @ — He CTOMBbKO reoMeTpudeckas mepa,
CKONbKO Mepa 6e3pa3mepHOro OTHOLLEHUS OBYX COM3MEPUMbIX YaCTEMN.

YUT0 HOBOro 9 406GaBWn K reoMeTpryeckoMy 1 apudmeTnieckomy pelleHuto Esknnaa [11]?

e [locTpoun Ha oTpeske, paBHOMY YMCAY 2, NPSAMOYrONbHUK NNOLWaAbLo paBHbIi kBagpaty.  (11)
e OrTpe3kn paBHble 1 M 2 reomMeTpu4ecku pasgenun He Ha OBe, a — Ha TPU YacTu B paBHbIX

oTHoweHusx: 1/0,618... = 0,618/0,381... = 0,381/0,236067... =1,61803... (12)
e [locTponn NpsSMOYronbHY CUCTEMY rapMOHMWYHbLIX KOOpPAUHAT

Takoe geneHuve Lenoro Ha 4YacTn cBUAETENbCTBYET O TOM, YTO BO3pacTaloLWUNn PEKYPPEHTHbIN psa,
aHanoruyHbin pagy PuboHayun, MOXET M3HayanbHO CyLIeCTBOBaTb B BUAE TPaHCLEHOAEHTHbIX Mep
NPOCTPaHCTBEHHON AENCTBUTEMNBHOCTU U UX FAPMOHMYHbIX OTHOWeEHWN: ... + ...0,23606... + 0,38196... +
0,61803... + 1 + 1,61803... + ..., a He Ha4MHaTbCA C 7-ro nNopsiakoBoro Yncna psga PnboHauwun. To ecTb
B OTHOLLIEHUNAX YNCEN HAYMHAIOT NPOSIBASATLCS KOHCTaHTbl rapmoHun @ = 1,61803... u ¢ = 0,61803...

OTKpbITUE MeTaTpeyronbHNKa 1 ero rapMOHMYHbIX NapaMeTpoB

Uucnosas 3akoHOMepHOCTb (10) B OTHOLIEHWNSX paguKanbHON Mepbl 2UrnomeHy3bi NPAMOYrOfbHOro
paBHOOEOPEHHOrO TPEYronbHWKa, SBMASIETCA YacTHbIM CIlydaeM YMCMEHHOrO paBeHCTBA: Mpou3sedeHue
Kamemoeg pasHO 2uriomeHy3e u3 MHOXeCTBa NPSIMOYTOSibHbIX Mpey2oribHUKOS.

[aHHas 3aKkOHOMEepHOCTb HaBena MeHs Ha MbICMb O BO3MOXHOCTU CYLLIECTBOBaHUA Takke YaCTHOro
cny4vasi U3 MHOXeCTBa NPSIMOYrOfbHbLIX TPEYrofbHUKOB Y MPSMOYrOfbHUKOB, Y KOTOPbIX:

rpousgedeHue pa3Hbix Mo OfIUHE Kamemoes pasHo 2UrnomeHy3e mpeyaosibHUKa;

rpousgedeHuUe CMOPOH MPSAMOY20/IbHUKa pasgHo e2o duazoHarlu.

OTKpbITME YMCNEHHBIX NAPaMETPOB FAPMOHUYHBIX MEP U OTHOLLUEHUI «CaKpanbHOro» TPeyronbHuKa
(metatpeyronbHuka) B 2011 r. [12] MHOrMMUW uccriegoBaTeNAMU reoMeTpumn Oblfo BOCMPUHATO Kak
daHTacTuKa, «3TOro He MOXeT ObIThb...». B TeueHne gnuTensHOro BpeMeHu NpoaomKanncb UCKYCCUN 1

3 TOMbKO MOCMe MNOCTPOEHWs aBTOPOM [AaHHOIO TPeyrofibHUKa ¢

MOMOLLBI LIMPKYNS U NUHENKM ©e3 geneHuri 1 BblYUCIIEHMS €ero
napameTpoB, NpU3HaHWe ero CyLecTBOBaHUS COCTOSANOCh.

Habnopaa pBwxkeHue HebecHbix cBeTun, naToH oTmevan,

YTO UX TPAEKTOPUWN OBWXKEHUS ABNSAKOTCA He CTPOro KpyrosbiMu, a

annuncougHeiMu. B Hawe Bpemsa [aHHbIA aprymMeHT Yyxe He

noABepraeTcsd COMHeHuio. Bmecte ¢ TeM 1 B 9TOW CBA3U, Mbl He

Haxogum y [MnatoHa Kakux-nMbo yKkasaHWW Ha TO, uTO

2 annvncovgHoe [OBWXKEHME HapyllaeT rapMOHUI0 reoMeTpUYecKon

CUMMempuU KpYroBoro OBWXEHUS, KaK paBHO, HE HaxXOAMM TakK Xe

AokasaTenbCcTBa 06paTHOro, YTo OHO 06yCcnoBneHo acummempuedl.

To ecTb, B cornacun ¢ Teopemon natoHa, rapMOHUS OTHOLLEHWIA

8 7 NPOCTPAHCTBEHHbLIX CYOCTaHUWMIA OrHsi, BO3gyxa, BOAbI U 3eMiM B

SNNUNCOMOHOM  [OBWXEHWM KOoCcMoca TaK e [JofkHa ObiTb

4 o6ycnoBneHa Mepor CTOPOHbI FAPMOHWYHOTO TpeyrofibHuka. B aton

CBA3N MOCTpoeHMe MeTaTpeyronbHuka (Puc.9), onucaHue u

YNCNEHHOE JOKa3aTenbCTBO €ro reoMeTpu4ecknux napaMmeTpoB AaHo

12

10

=7

Pwuc.9

B kHure [8] ctp. 49 - 54.
Ha Puc.9. B pom6 1,3,2,4 Bn1McaHa OKpy>XHOCMb (4aCTHbIA Crly4al MHOXECTBA 3/1/1UrIco8) paguycoM
R (0-10) =1, koTOpbIV ABNSAETCS MepoUl BbIMUCNEHNS NapaMeTpoB BCEX reomeTpudeckmx cdopm. Bokpyr
OKPY>KHOCTW onuncaH keadpam 5,6,7,8 (YaCTHbIN Criy4yan MHOXECTBa poMb08 W rpsiMoy20/1bHUKOS).
Ha Puc.9, nocTpoeHHOMY C MOMOLLbIO LIMPKYNS U NUHEKkn 6e3 geneHui, s BbiAeNUn KpacHbIM
ugetom A2,0,3. 3T0 — Memampey20s1bHUK. PacCMOTPUM €ro BblMUCIEHHbIE NapaMeTpbl:



BorbLumii kateT 0-3 = ® =1,6180339...; MeHbLuuii kaTeT 0-2 = V& = 1,2720196 ...;

runoTeHysa 2 - 3 = ®V® = 2,0581710... (13)
1. Keadpam 2unomeHy3bl paseH cyMme Keadpamoe Kamemos. (14)
2. Mnowadb mpey2onbHUKa pagHa MoJsI08UHE 2UNOMeHYy3bl. (15)
3. lunomeHy3a pasHa npou3eedeHuro pa3Hbix Mo G/1UHe Kamemoe. (16)

4. FlunomeHy3a mak omHocumcs Kk 6o5bweMy Kamemy, Kak 60sbwWuli Kamem omMHOCUMCS K

MeHbweMy Kamemy. an
5. PasHuua keadpamoe kamemoe paseHa eOQuHuuye. (18)
6. Keadpam 2unomeHry3bl paeeH Kyby 60sbLie20 kKamema. (19)

7. CmeneHb keadpama 2unomeHy3bl mpey20JibHUKa 8 mpu pa3a 6onbwe cmeneHu kgadpama e20
MeHbWwe20 Kamema. (20)

8. Bbicoma mpey20JibHUKa, OfyuweHHasi Ha 2urnomeHy3y, 0esium e20 Ha ¢hpakmarnbHbie
2apMOHUYHbIe Mpey20/1bHUKU, y KOMOPbIX 2UMMomeHy3a mak omHocumcsi K 6onbwemMy Kamemy,
Kak 6onbwuli Kamem — K MeHbuwemMy kamemy. To eCTb MepOI 3TOr0 OTHOLLEHUS SIBNAETCS YMCIIO
1,2720196495140689642524224617373... (22)

9. OnyweHHasi Ha 2unomeHy3y ebicoma, 0eslum ee Ha Yacmu e CpeOHeM U KpaliHeM OMHOWEeHUSIX
(«3onoToe ceyeHner») mepon umcna 1,6180339887498948482045868343656...

10. Mepol omHoweHusi nnowjadeli gppakmasnibHbIX MPey20/IbHUKO8 SIBNSAETCA YNCMNO-KOHCTaHTa
1,6180339887498948482045868343656... [Mpn nsameHeHnn maclutaboB pakTanbHbIX TPEYronbHUKOB,
AaHHble rapMOHWYHbIE OTHOLLEHUSI COXPAHAKTCH, TO €CTb 3TN NapameTpbl ABNATCHA YUC/108bIMU
KOHCmMaHmamu 2apMOHUYHbIX OMHOWeHUU. (22)

11. Touka kacaHus 10 rmnoTeHy3bl 2-3 A2,0,3 C OKPY>KHOCTbIO

YMCNEHHO AENUT TMMNOTEHY3Y Ha YacTu, rae; Vo = V3 = /P + \/5 (23)
12. BbicoTa TpeyronbHuka 0-10, onyweHHasa Ha runoTeHy3y genut A2,0,3 Ha ABa TpeyrofnbHMKa:
A0,10,3, roe ctopoHsbl: 0-3 = ®; 3-10 = V@ ; 0-10 = 1 (TpeyroneHuk Kennepa).

00,10,2, rae cTopoHbl: 0-2 = /@ ; 0-10 = 1; 2-10 = \/6 (24)

13. OTHOLWEHNE CTOPOH TPEYrOSbHMKOB!

o o ﬁ_i_l_i_
o Vo 1 _\/$_¢_¢2_\/6'

(25)
Takum 06p330M, BCe TPEeYrosfibHUKN ABIAKOTCA (bpaKTaJ'IbeIMI/I N rapMOHUNYHbIMW.

14.B meTareomeTpun egnHuua, Nno MHEHNIO MaTeMaTUKOB H.Eyp6aKM, COCTOUT U3 MHOIUX TbiCAY 3HAKOB,

KOTOPYI MOXHO 3anucaTb B BUae paBeHCTBa: 1= N@\/a =0,999999... (26)

15. MNpsamoyronbHbin A2,0,3 He BNUCLIBAETCS B €QUHUYHYH0 OKPYXHOCTb hopMarnbHOW MaTemaTuku. [1sa
Takunx TpeyronbHUka obpasyroT MemanpsiMoyronbHUK. OH TakKe He BNUCLIBAETCSA B OKPYXXHOCTb,
AVaMeTpOM paBHbIM YMChy 2, rae OTHOLLEHWE ANMHbI OKPYXHOCTU K ee gnameTpy 1 = 3,1415926....

16. A2,0,3 BNUCLIBAETCA B OKPYXHOCTb, duamemp komopoi ®/® = 2,058171... CnegosaTensHoO
OTHOLLUEHMe ee ANWHbI K AnaMeTpy B eAMHNYHOM MeTpuke bygeT 6onblie 3HadeHusa 1 = 3,1415926... (27)

17. Nnowapk kpyra anametpom V@ pasHa YNCNEHHO:

CD3\/5 = 3,3301906767855612145744035093179...: (28)
18. Mnowapb, BNMCaHHOTO B AaHHbIN KPYr, MPSMOYrofbHWKa paBHa ero AgnaroHanu n gnameTpy Kpyra, To
ecTb paBHa uncny: PV = Vo3, (29)



19. OTHOLWEeHMe nowaam Kpyra K nriowann BnMcaHHOro B HEro rapMoHUYHOIO NPSIMOYrofbHMKa,
YMCITEHHO paBHO .
20. Mnowaab annunca, B KOTOPbLIV BN1caH keagpaT 5,6,7,8 u pom6 1,3,2,4 paBHa uncny:

4./o- OV = 4,/pP% = 40, rae ¢ =0,6180339..., /b =0,7861513..., (30)
21. Mnowape pom6a 1,3,2,4 pasHa uncny: 2dVo. (31)
22. OTHOWeHMe NnoLwaan annunca K nnowaam pomba: 2\/6 = %, (32)

TO €CTb AaHHO€ OTHOLUEeHMne YNCIeHHO paBHO OrluHe MOJI08UHbI rnepumempa asiurica.

Takum obpa3om, B KOMOMHATOPUKE WMCHUCHEHUSA MPOCMPAHCMBEHHbLIX Mep W UX OMHOWEHUU,
MeTareomeTpus ABMASIETCS OCHOBaHMEM MOLENMPOBAHNS CUCTEM XMBOW NpUpoabl ABNAsEeT, cobon xusyro
MamemMamuKy 2apMoHuu. B aTon maTemaTuke Ucnonb3yeTcs TOMbKO ABa B3aMMOCBA3AHHbIX YNCIIEHHbIX
mppaunoHarbHbIX cTaHaapTa Mepbl; Yncrno «d» 1 yucrno «®». VX YncrneHHble Mepbl UMEHT pasHoe
OHTONOrn4yeckoe npoucxoxaeHme. To ecTb NMpPocmpaHcmeeHHoe, Kak rnpocmpaHcmeeHHas mepa OruHbl N
KaK rpornopyuoHasibHasi Mepa B OTHOLUEHUSIX NPOCTpPaHCTB. Takas COBMECTUMOCTb YWUCITEHHBbIX Mep
obycrnoBneHa npuHUUNomM HaumMeHbwezo Oelicmeusi B NpeobpasoBaHnsix hopM XXMBOW NpUPOAbI.

O oByx dhopmax rapmoHum cumBona UHb-AH

B uccnemoBaHusix, onncaHuaX UM pelleHusax 3agad MaTemMaTuKM rapMOHUMKM COaBTOPOB MPOEKTa
MK3C reomeTpuyeckoe MO3HaHME CYLHOCTU [pEBHENLEro 330TEPUYECKOrO0 CUMBOMA BOCTOYHOWM
muctukn UHb-AH He paccmaTpmBaeTca. OH uccnegyetcs B MoHorpadmm asTopa [8]
cTp. 55-59 1 B ero nyénukauum [13].

leomeTpua cummempuyHo2o cumBona WMHb-AH 1 MHOXecTBO nybnukauum o
CYLLLHOCTWU OMarneKkTU4YecKoro CoOAEepXXaHus ero NpOTUBOMONOXHOCTEN, HABENMW MEHS
Ha MbICIb O CYyLLECTBOBAHUN 2apMOHUYHO20 acuMMempu4yHo20 cumeosia MHb-51H. To
€CTb - Ha MbICMb O CYLLIECTBOBaHWM reOMeTpuM CUMBONA, rae uesioe (Kpye) mak
omHocumcs K ceoeli bonbwel Yacmu, Kak bonbwas — Kk MmeHbwel (Prc.11).

Ha Puc.11 reomeTtpudeckne 4actu kpyra sBnstoT cobot dopmy He paBHbIX, a 3epKasibHO
acumMmempu4HbIX dpakTanbHbIX NPOTUBONONOXHOCTEN, rae NHb # AH. VX B3aumogencteme nogvymHeEHoO
NPVHUMMY: COXpaHsSloLWeecA U3MEHSETCH, a U3MEHSILWeeca CoXpaHsaeTcsl. To ecTb Npu M3MEHEHWM

nnowiagen Yacten Lenoro, NepMMeTpPbI LESoro U YacTeln COXpaHarTCS,
a npu paBeHCTBE MEPUMETPOB LENOro (Kpyra) M Kaxaom ero yactw,
nrnowaan y Hux pasHole. B aTolh cBA3M pacCcMOTpMM NPOCTPaHCTBEHHbIE
napameTpbl U UX YNCIIEHHbIE OTHOWeEHusA Puc.11:

; 3 P , ABvamerp kpyra: 1-4 = VO = VO3 =V + /. (33)
Pagwnyc kpyra paeeH nonosuHe gunametpa: 0-1 = 0-4 =0,5vV d3. (34)

B Touke 5 nepecekatoTcs ABe NUHUMN FAPMOHUYHOIO AeNeHus Kpyra Ha

BE 4YacCTW B YNCNEHHbIX OTHOLLEHUAX 30510TON NponopLMn U geneHnsd
Puc.11. AcummeTpuyHas cdopma A P pu A

cuMBORa VHL-SH. ONVHBI CaMbIX NIMHUIA B TEX XXe NPOMOPLMOHANbHBIX OTHOLLEHUSIX.
OvnameTp Gonblien yactu kpyra: 1-5 = V. (35)
HOnameTp mMeHbLUen YyacTu kpyra: 4-5 = \/5 (36)
Mnowaab 6onblien Yactu kpyra: S, = \/d? (37)
Mnowaab MeHbLLEn YacTu Kpyra: S; = Vo (38)

OTHoLweHMe nnoLwagen kpyra: :z— =32 _ = =0 (39)
2



YncneHHble OTHOLEHUSA LLeN0ro 1 YacTel acuMMeTPUYHOro NHb-AH: PV : VO =VD: Vp = © (40)

Mpn 6eckoHe4YHOM AeneHun Kpyra Ha ABe pasHble YacTu Mo NPUHUMNY acuMmMempuu, paccTosiHue
MeXxay LeHTpaMu «rnaskoB» VIHb 1 SH Bcerga coxpaHsieTcsl U paBHO paguycy Kpyra.

FapMOHMYHOE AeneHue LEernoro Ha HepaBHble 4acTW MOAYMHSAETCA He TONbKO AMHAMWUYECKOMY
npuHUuny rapmMoHumn I'IpOTI/IBOI'IOJ'IO)KHOCTeVI uesioeo, HO TaK Xe nogvYnmHaeTCcA npuHumny rapMoHUYHOro
OTHOLWIEHMA Mexay UernbiM W ero 4YacTaMu: yesioe mak omHocumcs kK bonbwel ceoel Yacmu, Kak
6orbwas Yacmb OMHOCUMCS K MeHbLel Yyacmu Uesoeo.

Takum obpasom, kpacoTa NposiBNseT cebsi kak 2apMOHUS CUMMEMPUU, a XU3Hb — KaK 2apMOHUS
acummempuu. NMpekpacHas XU3Hb — ecmb €OUHCMB0 Kpacomal U 2apMOHUU.

Yucno «nu» metareomMeTpuu 1 anropuTM ero NoCcTpoeHus

NcTopus yTOUHEHMS uyncna «nu» Wna napannenbHO C pasBuTMeM Bcen matemaTuku. W, kak
cnegyetr B CBSI3W C OTKPbITUEM YUCHIEHHBIX MeEp MNPSIMOYrofibHOrO TpeyrofbHWKa MeTareoMeTpuu,
FApMOHUYHbIX OTHOLLEHUI PasHbIX reomeTpudeckux popm, oHa elle He 3akoH4yunack. PelueHne 3agayu
«KpyraTypbl KBagparta» MNoCcpedcTBOM MeTPUYECKOro MnpocTpaHCTBa Memazeomempuu - ee
npogosmkeHue [8] ctp. 59-66.

MocnenoBaTenbHbIA anropuTM peLLeHWst 3adaun «KpyraTypbl kKBagpaTa», KOTOPbIA OTKPbIN aBTop,
paHee HUKTO He MpuMeHsn. Ero nosHaHuio npeawecTBoBano noyT YeTBepTb BEKA NMOUCKOB U COMHEHW.
Pewatowen mn3 Hux okasanacb npobrnema HecoBnageHuWs usHavanbHbIX apudMeTUYecKMx eauHuy
MempuKu MeTareoMeTpun N KnacCu4YeCcKON reomMeTpum B U3MEpPEeHUsX OAHOM M TOW e OBbeKTMBHON

peanbHOCTW.
B cormacuu ¢ e0uHUYHBIM W3MEpPUTENbHLIM CTaHAapTOM KIacCMYeckon mateMaTuiku, rae T =
3,14159... uncneHHble oTHoweHus: 4 = 1d; T =4/d; d =4/ =4/3,1415926... = 1,2732395... (41)
B pesynbTate [gokasaTenbcTs
9 reOMeTPUYECKM YUCITOBOIrO  peLUeHUst
2 anroputma 3agauu «KpyraTypbl
3 kBagpata» (Puc.12),
- f”__; LN d =1,2720196... = V. (42)
/ N\ 10 B cormacum c paBeHcTBamu
7 VA L 7 Knaccuyeckoir  reometpum  (41)
/ / MOCTPOEHHBIM  AMAMETPOM  Mepou
l,'f ), \ €VHNYHOW OKPY>XHOCTU (42) B MeTpuke
6 1 4 0 s 2 12 mMeTareomeTpuu, rae

= 4D = 4/1,2720196... =
Puc.12. ANropuTM NOCTPOSHWA MeTaTpeYronbHUKa U 3.14460551 (43)

OKPY}KOCTH PaBHOW NepUMEeTpY eAMHUYHOro KBagpaTa.
Py’ P P Py P MockonbKky mMeTareomeTpusi U ee

MeTpuKa CBfi3aHa C  KNaccu4eckowm
reoMeTpuen, To JaHHOE 3HaYeHNe «Nu» NPUHATO OTpaxaTb CUMBOSIOM TT .
To ecTb BblMUCNEHHas KOHCTaHTa m, SBNSAETCA KOHCTAHTOM MpPOCTpPaHCTBa MeTareoMeTpuu U He
ABNAETCA anbTepHaTUBOW KOHCTaHTE «NW» MPOCTpPaHCTBA reomeTpun opmMarnbHOW MaTeMaTUku.
3amMeuy, 4TO K TakoMY NMOHMMaHWIO A MPULLIES He cpasy.

B pesynbTaTe BblYMCNEHNS KOHCTaHTLI TT, BOEPBbIE CTaro BO3MOXHbLIM:

e [1oCTPOUTL NPSMOYTONBbHYO CUCTEMY FAPMOHUYHLIX OPAMHAT.

e [1o no60on Npon3BoNbLHO 3a4aHHOW Mepe (YNCy) NOCTPOUTb 2aPMOHUYHBIU mempaaop.

e [1o no6or Npon3BoOMbHO 3aJaHHON Mepe YMcna NOCTPOUTb MPasusibHyr 5-epaHHyto nupamudy, y
KoTopor Bce pebpa paBHbl. BbluMCHATE rapMOHWYHBIE MNapaMeTpbl CTPYKTYPHOrO YCTpPOMCTBA
MnaTtoHoBbIX Ten — dodekaadpa, ukocasdpa.

e A rmaBHoe, MnornyyeHa BNepBble BO3MOXHOCTb, Bblpa)kasiCb TEXHUYECKMM A3blKOM, abCOMTHO
TOYHO «CTbIKOBaTb» METPUKY W3MEepeHnn MpocTpaHcTBa opmanbHOM MaTeMaTuku C  METPUKON
MeTanpocTpaHcTBa. Y6eamTbCcss B TOM, KaK TOYHO paboTaeT KOHCTaHTa T, Mbl MOXEM Ha KOHKPETHbIX
pelleHnax akTyanbHbIX 3agad. Hanpvmep, MOXHO BbIMMCNATbL MapameTpbl MPOU3BONBHON ANWHbLI
ob6bemMa mopcuoHa Kak CyMMy LMnNuHapuYeckux dpakranos umetowlero coopmy neHtbl Mébuyca. To
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€CTb TOMOSIOrMYECKYH YNakoBKY TOPCUOHHOIO KOHTUHYYMa NPOCTPaHCTBA, MOXHO paccMaTpuBaTh Kak ero
YNakoBKy NMOCPeACTBOM LuapoB (cdep).

M3BecTHO 13 reomeTpumn EBKNnaa cooTHOLWEHNE 00 BEMOB BMMCAHHOIO B LMNMHAP wapa (Pwuc.4):

V, = 2nR*H = 2nR® n o6bema wwapa V,, = % mR3

= T~ BmecTo B pOpMyIibl MOACTABUM 3HAUYEHMWE TT, U MOMYYUM YNCMEHHbIE
’ \ 3HaYeHus:
/ A 4 3 _ 254
1,_._,,..____._____“\{ VLLZVLUZETICR ZECD (44)
1 __._--—""";
\\ // Yeenuunm macwtab umnuHgpa v wapa B 3/2 pasa u nonyynm KpacuByro
.\-E:) dopMyny paBeHCTBa YMCMNEHHbIX 3HAYEHUI UX 06 BEMOB pa3HbIX MacLITaboB.
" — — 3 — H4
Puc.4. LLlap BnucaHHblit Vy=Vy=2nR" = (45)
B UWUNUHAP.

Mpu yBenuueHun macwtaba B 7 pas nonyunm 14w R3 = 70* = 47,978713...
3ameTum, 4To Takast TO4HOCTb BbIYUCIIEHUI B CUCTEME CTaHAAPTHbLIX MEp
(R=1, 1 =23,1415926...) popmarnbHOlU MameMamuKu - NCKNOYEHWNE.

Takum o06pa3oM, MOCKOMbKY TOMOSOMMSi TPEXMEPHOro MNPOCTPaHCTBa TOPCUOHA COCTOMT U3
MHOroo6pasus 4ByMEepHOro npocTpaHcTBa popMbl NeHTbl Mébuyca, a Tononorna 4ByMEepHOro — COCTouT
U3 HerpepbiHOU MUHUU OLOHOMEPHOro MPOCTPaHCTBa, TO TOMOMOMMA TPEeXMepHOro npoCcTpaHCcTBa
mopcuoHa TaK e COCTOWUT W3 Herpepbi8HOU JIUHUU OAHOMEPHOro npoctpaHcTBa. CnegoBaTenbHO,
[OKa3aHo, 4YTO OAHOCBA3HOE KOMMaKTHoe TpEéxmMepHoe MHoroobpasue c¢ KpaemM romeomopdHo
OOQHOMEPHOMY NPOCTPAHCTBY. TO eCTb, JOKa3aHa kak 6bl obpaTHasa Teopema Teopeme A.lyaHkape.

EQVHbIN anropnTtM reoMeTpnYeCcKoro noCTPOEHNA YNCIEeHHbIX NapamMmeTpoB
TpeyronbHukoB lNnatoHa, EBknuaa, Kennepa n metarpeyrosfibHuKa
MoppobHoe onucaHue anroputMa u ero Puc.15 gaHo B moei kHure [8] cTp. 68-71. He onucbiBas
nocneaoBaTerbHbIN anropuTM NOCTPOEHUS TPEYTONbHMKOB C NMOMOLLBIO LUPKYMS U NIMHENKN 0e3 aeneHun
MU BbIYUCINEHUA WX MNApaMeTpoB, YKaXKEM MOCTPOEHHbIE MNPSMOYrOfibHble TpeyronbHukn Puc.15,
3amMevarterbHble NIMHUM U TOYKM UX AeMNEeHNS B FTaPMOHUYHbBIX OTHOLUEHUSIX:
o TpeyronbHuku MNnatoHa: A1,0,3 n A1,0,5.
5 e TpeyronebHuk EBknuaa - A3,0,6.
e TpeyronbHuk Kennepa - A10,0,11.
e MertartpeyronbHuk - A8,0,10. OH genuTca Ha
11 4 OBa (ppakTanbHbIX TPeyrofibHWKa, OaNH U3 KOTTOPbIX
o 3 TPEYronbHUK Kennepa. Takum ob6pasom,
E 5y NPSIMOYTOSbHbIV TPEYronbHUK Kennepa no
N NMOCTPOEHWID  SABMSIETCA  Yacmbio  MNPOCTPAHCTBA
[ - N MeTaTpeyrofibHMKa, TO eCTb SBNAETCA €ro YacTHbIM
cnyyaem.
10 9 1 p 0 7 2 e Touyka 0 saBnseTcs «30M0TbIM ceyeHnem"

Puc.15. MNMocTtpoenue uncen 0,618..., 1,618..., oTpeska 1-7 ¥ 4enuT ero B OTHOLLEHWMK:
TpeyronbHWKoB [naToHa, EBknvaa, Kennepa u ®M1=1p=0d (46)
rapMOHWYHOTO MemampeyaosbHUKa

MocTpoeHune MemanpoCTPaHCTB:
2apPMOHUYHO20 Mpey20sibHUKa, 2apMOHUYHO20 MPsMOYy20/IbHUKE, MemampeyaosibHUKa, 2apMOHUYHO20
pomba U 2apMOHUYHO20 3/17IUMca, a Tak e BblYUCIEeHNE KOHCTaHTbI 7T, MO3BOMNUMN aBTOPY B YKasaHHbIX
HUXKE NEepPBOMCTOYHMKAX [M] reoMeTpUYecKu:

e [locTpoUTb 1 BbIMUCAUTL NapaMeTpbl nNupamuabl Xeonca [14]; 47
e [ToCcTpOUTL 1 BbIMMCANTL NApaMeTpbl NPAMOYronibHOro Memamempa3sdpa [15]; (48)
e [locTpoOUTb 1 BbIMUCUTL NAapaMeTpbl 5-rpaHHon Memanupamudsl [15]; (49)
e [locTpouTb 1 BbIMUCINTL NapaMeTpbl Memadodekaadpa [15];

¢ [1OCTPOUTL OKPY)XXHOCTb PaBHYIO OKPY>KHOCTWU 2apMOHUYHO20 3/1urca. (50)

e [locTpOUTb U BBIMUCIIUTL OTHOCUTENBHYKD CUCTEMY 2apPMOHUYHbIX KOOPAWHAT CO3BE3anM
3oamnakanbHOro Kpyra n reometpuyeckyto opmMy ero sHepreTuyeckoro npocrtpaHctsa [8], ¢.85-97. (51)
10



B pesynbTaTe NOCTpPOEHO 3aMKHYTOEe NPOCTPAHCTBO CBETOBOW 3Heprun 12 co3se3gui 3oamakanbHOro
Kpyra, BHyTpW KOTOPOro No TpaekTopuu 2apMOHUYHO20 3/1urca nepuoandecky (B TeyeHne okono 26000
3eMHbIX J1eT) coBepLuaeT KpyroobopoT Hawa ConHeyHasa cuctema.

5 6
4 15 18 7
. _\1380 0619 . 85292515 7
A I P 25 H
SN E |
3 ul. = o B 17
827 i
1 — 9
2 13 | 22 sElw 7|
BN
& 410

1 20 19

12 11
Puc.1. CakpanbHas reoMeTpUs rapMoOHNYHOTO
pacnpegeneHu cBeTOBOW 3Heprun 12 co3sesauil 3oa1naka
B ConHeyHoil cucTeMe B anoxy Bogones.

MeTareomeTpuna «Manon BceneHHon»
lMpocTpaHcTBO 304MakanbHOro kpyra sIBNsieTcA Kak Obl
Hawen «Manon BceneHHon». [eomeTpuyeckm OHO
noctpoeHo (Puc.1) B  NpPSAMOYrofibHOM  cUCTeEMe
2apPMOHUYHbIX KOOpOUHam.

Mpeononoxum, B cucteme koopamHat Xy = N
3agaHo ymcno N = 21122012, Hanpumep, CBETOBbIX MeT.
B kpyr d = ®Vd = 2,058171027271... BMnncaH

rapMoOHWYHBbIN  NpaMoyronbHuk  1,4,7,10, paBHbIn MO
nnowaan keadpamam: 2,5,8,11 n 3,6,9,12.

apmoHuYHbIt npsamoyeonbHuk 1,4,7,10 nogeneH Ha
11  (0o603HayeHHbIX cuHUMKU  undpamu) abConoTHO
ppakmarsnbHbIX TAPMOHUYHBIX MPSAMOYronbHUKOB. Kaxabiv
13 11 NpAMOYronbHUKOB aHanorm4yHo genurcs ewe Ha 11
NPsIMOYrofIbHUKOB U Tak Jo ©eckoHeyHocTn. O6 3ToM
CBUOETENbLCTBYOT YWCMEeHHble napameTpbl Tabnuuys! 1 u
Tabnuuybl 2. B 3TOM CBA3W pacCMOTPUMM  dopaKTanbHOe
AeneHne rapmMoHnYHoro npsimoyronsHuka 1,4,7,10 (Puc.1):

Tabnuua 1
Mpsmo- ||| Mnowans [varokars CropoHa CropoHa UncreHHbie
yronb-k ||| npsimoyronbHuka MPAIMOYrOMbHMKa MpAMOyronbHMKa MPAIMOYrOMbHMKa OTHOLIeHNS
11,4.7,10 ||/ 16605099... ||| 5846,0354... ||| 4585,8690... |[|3613,0488... | Vo
11 ||| 2422651.4... ||| 2232,987... ||| 1755.,4658... ||| 1380,0619... | Jo
2 ||| 1497281,0.. ||| 1755,4658... ||| 1380,0619... ||| 1084,9375... | Vo
3 ||| 2422651.4... ||| 2232,987... ||| 1755.4658... ||| 1380,0619... | Jo
4 ||| 925370,58... ||| 1380,0619... ||| 1084,9375... |[|852,92515... | Vo
B |[|571910,50... ||| 1084,9375... |||852.92515... |[/670,52830... | Jo
B ||| 925370,58... ||| 1380,0619... ||| 1084,9375... |||852,92515... | Vo
|7 |[|571910,50... ||| 1084,9375... |||852.92515... |||670,52830... | Jo
8 ||| 925370,58... ||| 1380,0619... ||| 1084,9375... |||852,92515... | Vo
9 |[| 2422651.4... ||| 2232,987... |[| 1755.4658... |[| 1380,0619... | Jo
[10 | [1497281,0... | [1755,4658... | [1380,0619... | [1084,9375... | Vo
|11 | [2422651.4.. | |2232,987... | [1755,4658... | |1380,0619... | Vo

Cymma nnowagen rapMOHUYHbBIX MPAMOYronbHUKOB 1-11, 0BOO03Ha4YeHHbIX CMHWM LBETOM, paBHa nnowaaun
npsimoyroneHuka 1,4,7,10. To ecTb paBHa nnowaaun 16605099...
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®dopmynbl u chopmbl NnpeodpasoBaHUus
c¢hopmManbHOM MaTeMaTUKN B XXKUBYHO MaTeMaTUKy rapMOHUM
CyuiectByeT MHOXeECTBO hOpM 1 BMAOB MatemMaTuyeckmx npeobpas3oBaHunii, a, cnegoBaTenbHo, 1
MOHSITUI O CyLHOCTK NnpeobpasoBanHnst. MHe, Hanpumep, 6nunxe noHATne gaHHoe Codbent KoBaneBcKo:
«lMpeobpa3oeaHue — 3ameHa 00HO20 MamemMamu4yecko2o obbekma aHano2u4yHbIM 06 LEKMOM,

rosly4aemMbiM U3 riepeozo o ornpedesieHHbIM rpasuiamy .

Mpexae, YeM NpeacTaBUTb YnTaTeNto CBou popmbl 1 hopMynbl NpeobpasoBaHnii  ghopmarbHoU
MamemMamuKu B XUBYI0 MameMamuKy 2apMOHUU, criefyeT ckasaTb napy crnoB 06 OCHOBHOM npaBwure
npeobpasoBaHun, O NpaBuie Mox0ecmeeHHOCMU.

ToxpecTBeHHbIMU Npeobpa3oBaHUSIMU S6/1SF0MCA makue rpeobpal3oeaHusi, Npu KOMoOpbIX
npoucxodum 3ameHa ¢hopMbl U HUCI080U Mepbl 0OHO20 MamemMamu4eckoao obbekma Opyaoli hopmoli
U mox0ecmeeHHbIM YUCI08bIM apaMmempoM Mepbl, MPUCyuwUM OpyaoMy Mamemamu4eckoMy obbekmy,
rony4aemMomy u3 repsoeo o onpedesieHHbIM rpasusam.

CyTb rapmMoHuyHoro npeobpasoBaHuin Bcex siBneHuin Mpupoabl B LEenoM 1 BCeEX ee YacTen, Kak
OTMeYarnocb Bbllle, TMPOSBNSETCA B €OWHCTBE MPOMCXOASIWMX B  HEW  MPOTUBOMOMOXHbIX
(MpoTMBOpEYMBLIX) MPOLIECCOB — COXPaHeHUsI W Uu3MeHeHusi (pa3sumusi). To ecTb nposiBNsieTcs C

NPUMEHEHNEM KOHCTaHThl TT . Kak KOHCmaHmbl rpeobpa3oeaHusi KOCHOWM Matepun B xusyto matepuio. C
OTKPbITUEM AaHHOW KOHCTaHTb! Mbl MOMNYYUnu hopMyrnbi:

MepumeTp kpyra P, = 2m.R (52)
Mnowagpp kpyra: S, = m.R? (53)
roe mw, = 3 = \% = 3,1446055110296931442782343433718 ... (54)
3Has nnowagb Memampeya0/ibHUKa MOXHO BbIYUCIIUTL €r0 CTOPOHbI MO MOMM (bopMynam:
b = 0,5,/2Sm. - Manbliil KaTeT FAPMOHWUYHOIO METaTPEYrofibHUKA, (55)
k=bJVO = % - GONbLLOI KATET FAPMOHWUYHOTO METATPEYromnbHIUKa, (56)
¢ = kv® = VbZ + kZ - runoTeHy3a rapMOHMYHOIO MeTaTpeyrofbHIKa. (58)
Mnowagas annunca: Sy, = ﬂcCD\/E (59)

Takum o6pa3om, MOXHO MNOCTPOUTb W BbIYUCAUTbL, MO W3BECTHbLIM
€0UHUYHbIM ~ napameTpaMm OO  MNMOCKOW  reoMeTpu4eckon  curypel,
paBHOBENUKUA €N TrapMOHWYHBLIN NPAMOYrofibHLIA TpeyronbHukK. Harnpumep,

aBTOPOM BrepBble MOCTPOEH W BblYUCEH T[AaPMOHUYHBIA  MPSAMOYIOfbHbIN
TPeyronbHUK paBHOBENWKUIN paBHOCTOPOHHEMY TpeyronbHuky [8] (Puc. 13 n 14)

\/ C.66-68.
M3BecTHO, nnowwaab TpeyronbHuka (Puc.13), BAIMCaHHOIo B OKPY>KHOCTb

Puc.13. BnucaHHbIi AnameTpoM paBHbIM YUCNY 2 BblYUCHSETCSH No popmyre:
pPaBHOCTOPOHHWIA S = 3‘/§R2
TREVIONBbHUK. T4

B cBA3M ¢ noctaBneHHow 3agjayen npeobpa3ogaHusi, paCCMOTPUM Yyxe
M3BECTHbIE MapaMeTpbl MNPAMOYrOfIbHOr0, BMUCAHHOTO B  OKPYXXHOCTb
anameTpom 2,0581710272714922503219810475804... 2apMOHUYHO20
memampeyeonbHuka (Pnc.14) n BbluMcnium ero nnowanb, obo3HaumB ee
CUMBOIMOM «S.».

- YuvcneHHble NnapameTpbl METATPEYrofibHMKA:
1 €2 4 K =1,6180339887498948482045868343656...

b =1,2720196495140689642524224617375...;

PUc.14. TapMoHMuHbIiA € = 2,0581710272714922503219810475804..;
MeTaTpeyroneHWK.
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h = 0,99999999999999999999999999999. . ;
d =1,2720196495140689642524224617375...;
e =0,7861513777574232860695585858429...
B cornacuu ¢ dhopmyrioii aBTopa nnowaab MeTaTpeyronbHrKa
S.=0,5bK = 0,5¢ch = 1,02908551... (60)

unn S, = S, 5, = 1,0290855136357461251609905237902. .

Takum ob6pa3zom, paBHOCTOPOHHUIN TPEYroNbHUK, BMUCaHHbIA B OKPYXXHOCTb AnameTpom € (Puc.13)
npeobpasoBaH B paBHOBENVKUIN MemampeyaorbHUK (Puc.14).

3acnyxmBaioT ocoboro BHUMaHUA npeobpa3oBaHusi reoMeTpuyecknx obbektoB Puc.19, roe B
OKPY>KHOCTb AnaMeTpoM paBHbIM vucny 5846,0354... BnucaHbl ABa paBHbIX kBagpaTa 2,5,8,11 = 3,6,9,12
n meTanpsimoyronbsHuk 1,4,7,10 paBHbIn NO NNoWaamM KBagpaTty v nnowanb Kaxaoro U3 KOTopbIX paBHa
yncny 16605099, ...

Mnowagp kpyra S, = m.R? = 3,1446(0,5 * 5846,0354)% = 26867564,5193...

YucneHHoe OTHOLLEHUE NNoLaan Kpyra u metanpsimoyronsHuka ( Tabnuuya 1)

26867564/16605099 = 1,61803... = @ (61)

(0] cbopmyne MarHUTHOro MOMeHTa IJIeKTPpOHa
Bce nsmeHstoweecsa coxpaHsiemcsi, a COXpaHsoLWweecsi U3MEHsSIemcsi -
¢yHAaMeHTanbHbIN NPUHLUN 8€@YHOCMU rapMOHUYHOro 6bITUsi BceneHHoM.
Bcsikasi popma mena ecmb eQUHOE 3J1eKIMPOMazHUMHoe rnosie
u3 MHo)xecmea cusnosbix quHul... H.B.MeTtpos..

OpHaxagpbl 3HameHnToMy hmauky Makcy lMNnaHky 6bin 3agaH Bonpoc:

Ecnu kopoTko, Yem 3aHumatoTCst PUsnKn?

OTtBeT: Ecnu kopoTKo, YyTOYHAIOT KOHCTaHTbI!

dopmyna MarHUTHOro MomeHTta anektpoHa (MM3) ato kak Obl BepwuHa nMpamugbl 3HaHWA O
BEYHOCTMN COXpaHeHUs1 MMpa 3Be3HOro NpocTpPaHCTBa BCENEHHON N ero U3MeHeHUs1 BO BPEMEHM.

lMocmosiHHass moHkol cmpykmypbsl 1/0. - B OEeNCTBUTENbHOCTM He MocTosHHa. Ee uncneHHoe
3HayeHne co BpeMeHeM MeHsieTcs 1 yTouHseTcs. [lo 2018 r. npumensnack 1/a = 137,08213..., a c atoro
roga npumeHsietcs 1/a = 137,035999084... To ectb hopmyna MMO nogsepraeTcs nepeHOPMUPOBKE.

Mouyemy?

OTKNoHeHWe 3Ha4YeHua 1/00 npuBogmT K Konnancy MM3. DNeKTPOH CBOPaYMBAETCA B TOUEYHbIN

0OBEKT M 3aHMMaET HOBYIO OpbuTy cBOero BpaleHus. B aTol cBsi3n dusmkam Heobxoauma gMHaMUYHas
dopmyna MM3, o6pasHo roBopsi, kak Obl Ha KaXKabl HOBbIV AEHb €€ MPaKTU4ECKOro NPUMEHEHNS.
TeopeTuyeckoe WM SKCNEepUMEHTanbHoe 3Ha4YeHWe MarHUTHOro MomeHTa anekTpoHa (MM3) B
TeyeHne XX Beka YTOUHANOCb ABaXAbl W, AyMaeTcs, He okoHyaTenbHo. B 40-x rogax XX Beka, Ha
ocHoBe Teopuin [upaka u bopa, B aneKkTpogvHamunke AOBOMbHO TOYHO Obin namepeH MMO, paBHbIv
He = 1,0011596522us, roe W, - marHetoH bopa. Heobxogmma 6blna TeopeTuyeckaa d¢opmyna

BblYUCNIEHNA.

B KoHLe 40-x rogos XX Beka HO.LLBMHrep Hawen npnbaunxkeHHyto opmyny gna MM3:

u, =(1+ zﬂj,ug =1,00116144,, rpe 1/o = 137,08213... JTa opmyna Aasana
V4

UYMCITEHHOE 3HAaYeHNe OTINYHOE OT 3KCNEPUMEHTaNbHOro 3HadeHus Ha 0,15%.

Ewe wu4epe3s pecatb net, B koHue 50-x, HO.WeuHrep, P.®enHmaH wun LW.TomoHara
yCOBEpPLUEHCTBOBANM aty opmMmyny u paspabortanu metog n opmyny "nepeHopMUpOBKN" MarHUTHOrO
MOMEHTa 3M1eKTpOoHa:
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=[1+—-1312 — | +...|u,,
/Lle 271_ (27[] /’15

roe Us — MmarHeToH bopa. [laHHasa copmyna gaet 3HavyeHue e 6nmnskoe K akcnepuMmeHTanbHoOMY, TO eCTb
[aeT 3HaveHune W, = 1,0011596396 s,

UTorn paboTbl Tpex yYeHbIX MOMy4Yunm BbICOKYHO OLIEHKY: B cpeauHe 60-x rogoB XX Beka UM Gbina
npucyxxgeHa HobeneBckasa npemusi. HecMoTpsa Ha TO, 4YTO nepeHopmupoBka "paboTaeT" LOBOSBHO
TOYHO, MeTod ee MHOoruM u3mMkam He HpaBuTca. byaydn CTOPOHHMKOM MpPUMPOAHOW MPOCTOThI,
P.®eliHmMaH NOCTOAHHO COMHEBarNCcs B AaHHOM rpoMo3akon oopmyre u B camoM metoge. Hesagonro oo
cBoero yxoga B Mup wuHon, B 1988 rogy OH nuweT, 4YTo B OCHOBE MX MeToga Obiia "ynoBka-
nepeHopMmnpoBKa", n npogomkaet: "HeobxoamMmMocTb NpUBErHyTb K TakoMy (POKYCY-MOKYCy He No3Bonuna
HaMm JoKasaTb MareMaTU4yecKyld CaMOCOrnacoBaHHOCTb KBAHTOBOW 3nekTpoavHamuku. M nogospesato,
YTO NEepPeHOPMUPOBKA MaTEMaTUYECKM HE3aKOHHA... B Takon opmyrne He AO0MKHO ObiTb CryYyamnHbIX

uMcen 1 "xopoluas Teopusi rmacuna Gbl, YTO o paBHa, CKaXeM, mpem AefieHHOMy Ha 211",

BbiBecTn HoBYyl0 chopmyny nepeHomupoBkM MMO MHe no3BonuIi M300OpeTEHHbLI MHOW MeTon U
anropuTM MOCTPOEHUS «KpyraTypbl KBagpata» U «Kpyratypbl npsiMoyronibHuka» (Puc.12) ¢ nomoLlubio
LMPKYNSa 1 NMHEnKn 6e3 aeneHun.

Akcunoma: Kpyszamypa 8bifykiioeo MHO20y20flbHUKa - 3MO Mepa OMHOWeHUs OruHbl e20
nepumempa K duamempy OKPY>XHOCMU, 8 KOMOPYIO OH 8rucaH.

AnNroputM NOCTPOeHMs1 coctouT K3 15 nocnegoBaTenbHbIX onepauun n 19 pesynbTaToB
BbIYMCMEHUI MOCTPOEHHbIX MapaMeTpoB C TOYHOCTLIO A0 30 3Haka nocne 3anaTon, BKNOYas 8bI4UC/IeHUE
OMHOWEHUS rnepumempa OKPYyXHOCmMU, pasHoU rnepumempy eOUHUYHO20 Keadpama K ceoemy
Ouamempy. B TOM u4ucne BbIMMCMIEHUS KOHCTaHTbl T [3], MpuM ycnoBum paBeHCTBa nepumeTpa
OKPY>KHOCTU NEpUMETPY eAMHUYHOrO KBaapaTta, Nofb3ysacb (DOPMYSon, rae AuaMeTp OKPYXXHOCTU paBeH
. T, = 4D = 3,1446055110296931442782343433718...

B cumBone 1, OykBa € O3HayaeT CUHTE3 eOQUHUYHOU MempuUKU KIacCUYeCcKOM reomeTpuu c
METPUKOM NPUMEHSEMON B METAareoMeTpuMm.

Ons BbiBoga dopmynbl nepeHopmupokn MMO3, cornacHo 3HayeHnus 1/a = 137,035999084 wu
akCMoOMbl PacCMOTPVMM B paguKarnbHbIX Mepax YUCMEHHble napameTpbl npamoyronbHuka 0,7,8,11
(Pwnc.12):

’ 0-7=811=V1=1;
8
7-8=0-11 =V =
< 3 ] 0,786151377757423286069558585.. .;
V VAR 0-8 =V =
o/ / 0, 10 1,2720196495140689642524224617375...
/ /I
/’“ - MepumeTp NpsimoyronbHvka 0,7,8,11
II.‘ f,/ . Pn = 3,572302755514846572139117 ...
6 1 p 0 FEEECERT BAncaH B okpyxkHocTs d = V. OtHoweHue

Puc.12. ANropuTM NOCTPOSHUA MeTaTpeyronbHUKa 1 nepuMeTpa npAamoyronbHuKa K anameTpy
OKPYIOCTM PABHOIA NEPUMETPY AUHNYHOTO KBagpaTa. (onaroHanu NpsIMOYrorbHKKa) OKPYXHOCTH,

B KOTOPYIO OH BMNWCaH, 3TO Kak Obl 3Ha4YeHne
€ro yncna «nuy», KOTopoe BbIYMUCNEHO T, = Py, - Vo =2,8083707330146362685482908404172...,
B cBA3M C BblleckasaHHbIM Mpegnarak  pacCMOTPETb W NpoBepuTb MoK  dopmyny
nepeHopmupoBkn MMQ, pe3ynbTaT KOTOPOW paBeH 3KCNEPUMEHTANIBHOMY 3HAYEHWIO M.

Pe=[1+ (pn: P : La: 2m,)] - N = 1,0011596522 ps, rae (62)

1/a = 137,035999084...; nepumeTp eamHuyHoro keagpata 0,7,9,10 p, = 4; nepumeTp NPAMOYrosibHUKa
0,7,8,11 p, =3,572302755...; yucno «n» npsmoyronsHuka 0,7,8,11 m, =2,805680023...;
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2n, =5,611360046...; yucno nepeHopmupoBku N = 1,00116029698 - 1,0011596522 = 0,00000064478.
BenvnunHa yncna nepeHopMMpOBKM OOYCNOBIIEHA U3MEHEHUSIMY 3HAYEHMS KOHCTaHThl 1/0 Y TOYHOCTBIO
apumMeTUYECKUX BbIYNCTIEHUI.

Takum obpasom, B JaHHOW opmyne MNepeHOPMUPOBKA MArHUTHOrO MOMEHTA 3MeKTpoHa HeT
cnydavHbIX 4mucen, HeT yucna 1 = 3,1415926... Bce uucna npsamoyronbHuka 0,7,8,11 noctpoeHbl ¢
NMOMOLLIbIO (PU3NYECKMX MHCTPYMEHTOB, TO €CTb C MOMOLLBIO LUPKYNs, pacTBOp KOTOPOro npupasBHEH
eduHuuye, n nuHenkn 6e3 geneHnin. Pesynbtat ux oTHoweHui ¢ TouHocTbo Ao 0,000065% HeobbACHUM.
Bmecte ¢ Tem pgaHHas copmyna [oKa3biBaeT MaTeMaTU4ecKyld CamMOCOriacoBaHHOCTb KBAHTOBOM
3NEKTPOAMHAMMKN, NMPUCYLLIEN KaK KOCHOW (hn3nYeCcKoin), Tak 1 XXNBOW (OMonormyeckomn) Matepun.

UToru pa3sutusa «Pycckoro npoekra MateMaTMKu rapMOHUN»

1. [aHHbI NpoekT 06si3aH pasBUTUIO aBTOPOM OUasIeKMUKU Ha €€ BbICLUEN CTYrNeHW, Ha CTyneHu
mpuanekmuku. To eCTb OH 0653aH AarnbHelLeMy pasBuTHIO aBTOPOM AManekTMyeckoro MeToaa
W MUPOBO33pEeHUs MapkcuamMa B 3Moxy ero 3actos. McrnoBegyemblii MapKCM3MOM  3aKOH
«eduHcmea u 60pbbbi IPOMUBONOIoXXKHOCMel» BO BTOPOW NosioBMHe XX Beka ncyepnan cebs. B
cuny Heob6xoaMMOCTM HaCTyMuUIIO BpeMsi 2apMOHUYHO20 B3aUMOAENCTBUS NPOTHMBOMNOSIOXKHOCTEN
B Npupopae, B o6LecTBe U 06LLEeCTBa C NPUPOAOK, a He NX GopbObl. BOOPYKMBLUNCE N3BECTHBIMU
paHee 3HaHWAMU «MaTeMaTUKN rapMOHUWY, mpuanekmuka obpena Hay4HOCTb.

Tpuanekmuka - Hayka 0 2apPMOHUYHOM pasgumuu npupodbl, obwecmea U MbIWIeHUs. (63)

2. 3HaHus MaTemaTuKku rapMoHMn n uxX pa3BuTne B KOHLE XX Beka yXKe He cooTBeTcTBOBaIu
TpuanekTn4eckomy NMOHNMaHU CyLHOCTHN rapMoOHUNYHOro pPa3BUTUA. Tpe603anocn:
nepeocmbiICrieHne ApeBHUX, a TakkKe COBpPEMEHHbIX (bVIJ'IOCOd)CKI/IX n MaremaTtun4eCcknx Hadan
mMaTtemMaTukn rapMoHUN. Takoe nepeocmbICrieHne A4 Ha4dan c Teopunn «BelecTtBeHHOro» 4ymcna.

3. BBepéHHble aBToOpoOM B TreomeTputo Ll,l/ld)pOBbIe 0003HaYeHUsT ToYeK U OTpe3KoB BMECTO
TpaanUuNOHHOIo nx 0003HaYveHus 6yKBaMVI 3Ha4YnTEeNIbHO pacwmnpunn o630p n
npon3BoaAUTENTIbHOCTb YTEHUA reOMEeTPUHECKUNX OOBbEKTOB C MHOXECTBEHHbIMM 0003HaYEeHUSAMN.

4. Bnepsble npeacTtaBneH anropuTM AeneHust aunameTpa M paguyca kpyra Ha 2 m 3 4actm B
reoMeTpUYECKUX M YNCIIEHHBIX Mepax «30M0TOM» NPOMNOPLMK.

5. BnepBble Joka3aHa reoOMeTpUYECKNM MOCTPOEHMEM U BbIYUCIIEHMEM KOCMOOrmyeckas Teopema
MnatoHa o0 rapMOHWUYHbLIX NPOMOPLMSIX YCTPOMCTBA 3MIEMEHTOB pearnbHOro Mupa (ozHs, 803dyxa,
3emrsiu, 800bI) B COOTBETCTBUW C ABYMSI BUOAMM NMPSIMOYTOSbHbIX TPEYroNbHMKOB.

6. BnepBsble anrebpanyeckn OTKPbIT, FEOMETPUYECKM MOCTPOEH C MOMOLLLIO LIMPKYNS U NUHekn 6e3
AeneHVin, a Takke MOCTPOEH 3MMMMCOUAHBbIM METOOOM MpWU MOCTPOEHUM NMupamuabl Xeonca u
BbIYWCIIEH «CaKpasibHbIN» TPeyronbHWUK (Memampeya0/bHUK).

7. BnepBble pelleHa 3ajada «KpyraTypbl» KBagpata M BbIMUCMEHO 3HAYEHWE KOHCTaHTbl «Mu»
meTareoMeTpun. o MHEHWIO MHOTMUX YYEHbIX, U3MEHEHUE MUPOBOM KOHCTaHTbl AaXe Ha He
3HauUTENbHbIE YUCIOBbIE 3HAYEHUS MeHbLUMEe eAMHULbI, BeAeT K NepecMoTpy BCEW KapTUHbI
Mupa.

8. BnepBsble reomeTpuyeckuin cumBon MHb-AH pasgeneH Ha aCUMMETPUYHBIE YacTu B OTHOLLEHUSIX
«3onoton» nponopumn [13]. [IpedcmasneHa Mamemamuyeckas Mmodesb WHb-5IH o ez2o
npocmpaHcmeeHHoU ¢opme U KOAUYECMBEHHbIX Mepax napamempos, Kak cucmemeol. (64)
UccnepoBaHMe [aHHOM  CUMCTEeMbl MO3BOAAET MOAydaTb MHPOPMAUMIO O TAaPMOHUYHOM
B3aMMOLENCTBUM  ABYX  MPOTMBOMOMIONKHbBIX  3/IEKTPOMArHUTHbIX  3HEPrMin  3BE34HOrO
NPOCTPAHCTBA - CBETA W TbMbl (OTCYTCTBMSA CBETA).
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9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

B pesynbTaTe OTKpbITUS METPUYECKMX MapameTpoB MemampeyaosibHUKa, UX FTeOMETPUYECKMNX U
YUCMEHHbIX 3aKOHOMEPHOCTEeN Oblnu 3anoXeHbl Havana <«KWBOW MaTeMaTuku» rapMOHUK
HoocdepHoro obpasoeaHus U rnpoceeuweHus, coenacHo «ObpaweHus» ydeHblx MIY um.
JlomoHocoea [18].

CoszgaHbl HAYAIIA reomeTpum Gnwkanwen Kk obblikHOBEHHOW reomeTpum EBknuga. To ecTb,
aBTOPOM pearibHO pelleHa 4-a npo6nema MNinbb6epTa [19], B cornacum ¢ ero opMynMpoBKON:
«Bbonee obwuli eonpoc, 803HUKWUU NMPU 3MOM, 3aKJIro4aemcsi 8 credyruw,eM: 803MOXHO
U ewé ¢ dpyaux NnoAomeopHbIX MOYEK 3peHuUss Mocmpoums 2eoMempuu, Komophbie ¢
makum xe npaeom mMoa2nu 6bl cHumambcsi 6nuxalwumu K 06bIKHO8eHHOU eeknudoeol
2eomempuu». (65)

ABTOpOM B cTaTbe [14] onucaH NoAapPOGHbLIA OpUrMHANbHBIA anNropUTM MNOCTPOEHUST «30M0ThIX»
Mep M Nponopuui NMpaMmuabl Xeonca MeToaoM U MHCTPYMEHTaMU OPEBHErO apxuTekTopa Xecu-
Pa. Camum 3amevatenbHbiM B €€ [MOCTPOEHUW SIBMSIeTCS fApocmoma MOYHO20
cmpoumenbcmea mpeyeosbHbIX epaHel nupamuldbl, 8038biwiarouuxcs 00 ueHmpasnbHou
«MOYKU» 8eplWUHbI 6osiee YyemM cmomempo8ol 8bICOMbI NMUPamMuUOsbI. (66)

[MoCTpOEHbI C MOMOLLBIO LIMPKYMST U NIMHEVKN 6e3 AeneHun npsMoyeoribHbIt Memamempasaop v
npaBwuneHass  5-rpaHHas  memanupamuda, KOTOpble  SIBUNNUCb  OCHOBOODpasylLwmnmmu
MaTeMaTU4YECKUMUN 3NIEMEHTAMU MOCTPOEHMS U BbluMcreHusa dodekaadpa [15], © KoTopom
lMnatoH Hanucan: «... ero 6or onpegenun ansa BceneHHon u npuberHyn K HeMy B KayecTBe
ob6pasuan.

Ha ocHOBe BbIMMCNEHMS 2apMOHUYHbIX MNapameTpoB Oodekasadpa aBTOPOM MpenCcTaBreHo
onvcaHve W gokasaTenbCTBO runoTesbl «lnatoHa-MNyaHkape» O reoMeTpuyeckoMm YCTPONCTBE
«gopekasgposon» BeceneHHowm [15].

IMNepenbmaH [gokasan, 4YTO 0OOHOCBS3HOE KOMIMAKMHOEe MmpexmMepHoe MHOo2006pasue 6e3
Kpasi  20MeoMOpP¢bHO OOHOMEpPHOMY rfpocmpaHcmsy. A A Ha METPUYEeCKMX Havanax
MeTareomeTpum gokasan [19], 4To 00HOCBSI3HOE KOMMaKmMHoOe mpexmMepHoe MHozoobpasue ¢
KpaeM TaKke 20MeoMOpPGhHO OOHOMEPHOMY MPOCMpaHcmay. (67)

MocTpoeHa uvpaeanbHas pakTanbHas reomeTpuyeckass MoAeflb OTHOCUTENbHBLIX PacCTOAHWIN
mMexay 12 cossesauamu 3oamakanbHOro Kpyra v pacnpefeneHus srekTpoMarHUTHOW SHeprum
(cBeTa) B Kpyre OTHOCMTENBLHO PacCTOAHUA A0 ee uanyyatenen (cossesguit). OaHHas moaenb
nossonsieT O06bACHUTb MPUYMHBLI YCKOpPeHHoro notenneHus [17] ¢ BxoxaeHnem ConHeyHou
CUCTEMbI B 30HY 3HEPreTUYECKOro U3nyyeHms cossesans Bogones. (68)

WcnpaBneHa ponyuieHHas owubKa-onMcka B BbIYUCIIEHUU NAPaMEeTPOB  IPSMOY20/1bHO20
Memamempasdpa B TeKCTe Moen KHurn [8] Ha CTp.74. OHa HadYMHaeTCs NpeasIoKEeHUEeM:
«YncneHHoe oTHoweHne kateTa 1-5 Kk runoteHyse 1-3 ectb cuHyc <3,1,5, 10 ectb 1-5/1-3 =
0,587785...». VicnpaBneHune owmnbkn gaHo B Mmoen ctaTbe [15], cTp. 6.

NsrotoBneHa dusnyeckas mogenbs MEOMYCHOro TpPEexXMEpHOro MpOCTPaHCTBa, Jdarollas
HarnsgHoe obpasHoe npefcTaBreHne O ABWXKEHMU U (POPMUPOBAHMM 3MEKTPOMAarHUTHOrO Nosns
MOpPCUOHHO20 NPOCTPaHCTBA. (69)

MpencTtaBneHa HoBasi popMyna BblYMCNEHUS MAarHUTHOrO MOMEHTA 3NEeKTPOHa.

B npouecce ocywecrtBlieHnd PYCCKOFO npoekTa mamemMamuKku capMOHUU 8ceeso cyuweeso ee
KrnagoBasi HanofHWIacb MHOXECTBOM HOBbIX 3HaHWUKN MemazseomMmempuu, HeoOxoauMbIX AN

16



NpocBeLLEeHNss N HoocepHOro ob6pasoBaHUA 3eMHOM LMBUNU3ALMN 3aKOHaMW TFapMOHWUYHOIO
MUPOYCTPOMUCTBA HalLen «Manon BceneHHoOn.

M.H.XoxnoBa, aBTop MOAeNn M Mepbl MUPOBO33PEHYECKNX 3HaHMIA yTBepxaaeT [20]: «YpoBeHb
pasBUTMSA LUMBUNU3aALUKN ONpedenseTca eé OJOCTWKEHMAMU B No3HaHuu BceneHHow. 3HaHus sBnsoTCS
€0VNHCTBEHHbIM CMOCOOOM BbDKMTH UMBMNU3aumMm B Oyayuwiem. To ecTb 3BOMOUUA LMBAAM3aAUNN —
3BOJOLUMA 3HAHUNY.

MokoneHue ntogei, KOTOPoe MOJSYYUT HOBbIE 3HAHUS MameMamuKu 2apMOHUU, CMOXET OBNadeTb
HOOC(PEepPHbIM  MUPOBO33PEHNEM TFAPMOHWYHOINO MWUPOYCTPOMCTBA U 3aMenfiNTb MPOLIEeCC YCKOPEeHUs
pacluMpsitoLLeica NponacTyi 3KONOrM4Yeckoro Kpusuca [lnaHeTbl, HanpaBuTb pPasBUTME Hay4yHO-
TEXHWYECKOro npouecca Ha YCTPOMCTBO YeroBe4yeckoro OblTst B YCMOBMSIX  MHOXECTBEHHbIX
KaTaknMaMoB YycKopsitoLerocs rnobanbHOro noTenneHnsl, pasyMmeeTcsi, TONMbKO He MO MnaHaM ynbTpa-
rno6anucToB U TpaHCHALMOHAMOB, Pa3Bsi3aBLUMX MUPOBYIO TMOPUAHYIO BOWHY.

CospgaHne HAYAJT Pycckoro npoekta MaTeMaTuKn rapMoOHUN B MPOLECCe NX Pa3BUTUS COCTOANOCH
Onarogaps  KpUTMYECKUM 3aMevYaHusiM  aBTopy, a Takke BOOXHOBMSKOLWEN NoAOepXKU MOUX
uccnegosaHuin. A ocobo GnarogapeH A.E.AkumoBy, C.B.AHTOHOBY, H.U.Bakymuesy, E.[M.Bop3sosown,
b.E.Bonbwakosy, W.A.ByrakoBy, byneson MapusHe, C.J1.BacuneHko, J1.N.Bonruny, B.C.BopoHUHY,
W.I".OepessHko, KO.H.3abpogoukomy, IM.B.3agopoxHomy, P.J1.Ucxakoy, [.C.Knewesy, N.H.Ko3y6uosy,
JLLA Kynak(AHToHMn WnbuHckon), C.H.MarnutoBy, H.M.HaropHon, A.C.Hukndoposy, A.UN.Jlncuny,
A.A.OnbwaHckomy, H.B.lMeTtposy, HJ.B.Cadpouwkunny, J1.M.Cemawko, B.Cepruesckomy (YyBunkuny),
ATl.Craxosy, C.N.CyxoHocy, B.lO.Tatypy, [1.A.XapuyeHko, 0.N.Upimbanucty, A.H.lWenaesy,
B.M.Wensarnny, C.U.Axkywko, B.C.Apowy, C.A.ACMHCKOMY M MHOMMM ApyrMM uccrnegoBaTensMm Hadan
rapMOHUK, C KOTOPbLIMU 5 TaKKE UMEN BO3MOXHOCTb BECTU AMANOr 1 AUCKYCCUM NOCPEACTBOM Pa3fiNYHbIX
dopm 06LLEHNS.

Bbipaxatio Hagexay, 4To O0ObiTble MHOW HOBblE€ 3HaHWSI FAPMOHWYHOIO MUPOYCTPOWCTBA BCEro
cyuwiero B bnwxkariwem 6ygyliem HangyT CBoe MeCTO B pasfnmyHbIX y4ebHuKkax n y4ebHbIX nocobusax ans
LUKONBHUKOB M CTYOEHTOB, AN yYuTenen n npenogasatenei. Takke HageCh, YTO 9TU 3HaHMSA B TpyAax
uccnenoBaTenen eapmMoHuU4Ho2o passumusi [lpupodbl, obujecmea u MblWIeHUsT Tnonyyart
AanbHellee passutme n oboratarcs HOBbIMU 3HAHMAMMN.
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