Ouer bonnap
JAuHaMuveckass CUMMeETpPHUS
B IpUpoAe M aApXUTEKType

TepmuH ,, AUHAMHYECKAasi CHMMETPHs” BIIEPBbIC MPUMEHUI aMEpPUKAHCKUN
uccienoBaTenp apXuTeKTypsl . XoMOumk, 06003HAYUB UM HEKHUH TPUHIIUII
MPONOPIMOHUPOBaHMS B apxuTekType [11]. [To3xke 3TOT TepMUH HE3aBUCHMO MOSIBUIICS
B ¢wu3uKe, rae ObIIT BBEAEH MU ONHCAHUS (DU3MYECKUX TMPOIECCOB,
Xapaktepusyronuxcs naBapuantamu [10]. Hakonen, B JaHHOM HCCJIeIOBaHUU
TEPMUHOM JHHAMHYECKAasi CHMMeTpHsl Ha3BaHa 3aKOHOMEPHOCTh MPHUPOJTHOTO
(bopmMooOpa3zoBaHusl, YTO B CMBICIIE TPOUCXOMKICHHS TAKKE OKa3bIBACTCSI HECBSI3AHHBIM
c uaeeir XoMmOumKa u, TeM Oosee, MOsBICHHUEM dTOro TepMuHa B pusuke. OmHaKo,
BCE TPHU BapHaHTa ITyOOKO CBS3aHBI MEXIy COOOM MO COAep)KaHUIO, U IMEHHO 3TO
MBI TTOTIBITAEMCSI TIOKa3aTh.

BHadane oTMETHUM CTpaTerH4YeCcKyr OONIHOCTh Hamero ¢ X3MOUIKeM
HampaBJICHUS] UCCIIEIOBAaHUA. JTO XOPOIIO U3BECTHOE MCTOPUYECKH CIIOKHBIICECS
HarpagJieHHEe, KOTOPOE B 00JIaCTH apXUTEKTYPhI K HICKYCCTBa MOTHBHUPOBAHO ITOMCKOM
3aKOHOMEPHOCTEW TapMOHHH, U TTO3TOMY OPHUEHTHPOBAHHOE Ha U3yUeHHE OOBEKTOB
npupoasl. OOBIYHO APXUTEKTOPOB MHTEPECYIOT CTPYKTYPHBIE 3aKOHOMEPHOCTHU
npupoaHoro (HopMoOOpazoBaHUS U OCOOCHHO — 30JI0TOE ceueHHe 1 yrcia PuboHaudn
— 3aKOHOMEPHOCTH, TPUMEYATEIbHBIC CBOSH HHTPUTYIOIICH POJIBIO B ApXUTEKTYPHOM
dbopmoobpazoBanmn. He cirydaitHO apXHUTEKTOPBI-MCCIIEIOBATENN TaK YacTO 00paIaroT
BHUMAaHHE Ha OOTAaHMYECKOE SIBIICHUE (PUIJNIOTAKCUC, KOTOPOE XapaKTEPHO ITHMHU
3aKOHOMEPHO CTSIMH.

dunnoTrakcuc okasalcs 00bEKTOM BHHMaHHs aBTOpa MEpBOr0 BapHaHTa
KOHIIETINH TuHaMudeckoil cummeTpuu 1. XomOumxka. B pesynbrate u3ydeHus 3Toro
seneHns . XoMOUK BEIBOJUT 3aKOH T. H. OJHOOOPA3HOr0 PoCTa, U Mpejaract
€ro reOMETPUIECKYI0 HHTEPITPETAIUIO — CHUPAJIb 0JHO0OPA3HOI0 POCTA, UM HHAYC
—30J10TYy10 ciupaJjb (puc. 1).
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Puc 1. Ilocmpoenue 30n10moti cnupanu no Xamouoxicy.



Onnako rmaBHoe 000011eHue, caenanHoe J1. XoMOuKkeM B pe3yabrare U3ydeHus
3aKOHOMEpHOCTEeH npupoaHoro GopmooOpazoBanus (puamorakcuca), a TakxKe
NPOMOPIUIN KJIACCUYECKON apXUTEKTYpPbl, CBOAUTCA K UJEE apXUTEKTYPHOTO
NpONOPIHUPOBAHUS, HA3bIBAEMON AMHAMHUYECKON CHMMeTpHei. X3MOUIK
WUTIOCTPUPYET €€ MPHU OMOIIU HECTI0KHOM reOMEeTPUIEKOl cxeMbl (puc. 2).

Puc 1. IIponopyuonanvrasn cucmema “‘unamuueckas cumempus’” J]. Xamouooica.

D70 nocnenoBarTesibHas CUCTEMa NPSIMOYTOJIbHUKOB, IEPBBII U3 KOTOPBIX SIBIIIETCS
KBAJIPaTOM, a K&KJIbIM CJIEAYIOIIMI CTPOUTCS Ha CTOPOHE UCXOIHOTO KBAIpara, paBHOU
I, v Ha OWaroHaJuM Npeaplaymiero npsmoyroibHuka. Ilomyvaercsa cepus

PSIMOYTOJIBHIKOB, OTHOIICHHE CTOPOH KOTOPBIX BBIPAXkaeT P /1, /2, /3, 4,

J5, ... . B oroit cepun XoMOumIK pasnudaer ABa BHUAA HPSIMOYTONBHHKOB —

CTaTUYECKHUE U JMHAMUYECKHE. Y CTATUYECKUX IIPSIMOYTOJIHUKOB OTHOLIEHMSI CTOPOH
BBIPAKAKOTCA LEJIBIMU YUCJIAMH, Y AUHAMHUYECKUX — MPPALMOHAIBbHBIMU.
JlnHaMuyecKue NpsMOYTOJIbHUKH, 110 MHEHUIO . XaMOuaKa, BBIpaKaroT UACK0 pOCTa,
JBIKEHUS U pasBUTHA. M3 MX 4yucna OH mpekze BCEro BBIAEISET TPH, Y KOTOPBIX

JIMHHBIC CTOPOHBI paBHBI /2, /3, /5. Ho oco6Goe 3naueHne mpumadr

NpAMOYToabHUKY I x /5, KOTOPBI HEMOCPEACTBEHHO CBS3aH C ,,30J10THIM

NPAMOYTOJbHUKOM” [ x @. X3MOWIX NPOBOAUT TINATEIBHOE I€OMETPUYECKOE
Uccle0OBaHle, 0OHapyKHUBasi pa3HOOOpPa3HbIE MPOSBICHUS 30JI0TOIO CEUYEHUS B

cucTeMe npsmMoyronbuuka I x .[5. Mccnenyst reoMeTpHueKne CBOMCTBA 3TOr0

NPSIMOYTOJIBHUKA, OH MOKA3bIBAET BO3MOXHOCTbh €ro NMPUMEHEHHUs [JIs aHajn3a
MPONOPIUN 00BEKTOB KIACCUYECKON apXUTEKTYphl U UCKYcCTBa (puc. 3, 4).

TakoBa, BKpariie, CyIHOCTb UaeH TuHaMudeckoil cummetpuu 1. XamOumxka. Kak
BUJMM, OHA HE BBITEKAET U3 CBOICTB (DMIITOTAKCHCA HETIOCPEACTBEHHO. XAOMOUIK,
BOOOIIIE TOBOPSI, HE YIIIyOIsieTcs B MaTeMaTuky Gpuiiotakcuca. B cBoMx pa3nuaHbIx



Puc 3. Obvemnas moodenv nponopyuii llapghenona |4 \'Ir?‘ -
(3a Xomobuoowcem).
Puc 4. /[uacpamma nponopyuii
2peyecKoll 8azvl - KAHMAPOC
(3a Xombuooncem).

cXeMax, WIITIOCTPUPYIONTUX 3aKOHOMEPHOCTH OJTHOOOPA3HOTO POCTa, TUOO0 KaKHe-TO
UJIeW NPONOPLUHUOHUPOBAHUS, OH MCIIOJIB3YET U3BECTHBIE YMCIOBBIE COOTHOIIEHUS,
XapakTepHble I (PrioTakcuca, B T. 4. 30J10T0€ CeYeHHUe.

Tem He MeHee, ero uaesi TMHAMUYECKOM CUMMETPUH SBIISIETCS] OPUTMHATIBHON U
0 CBOEMY MAaTE€MaTUYECKOMY COJIEP)KAaHUIO OKa3bIBAE€TCS BBIPAXKECHUEM
3aKOHOMEPHOCTH BechMa o0111ero Xapakrepa. [lokazars 310 cTaHET BO3MOYKHBIM TIOCIIE
03HAKOMJICHMS C TIpe/jlaraeMbIM HIDKE uccienoBanueM (uorakcuca. Ho mpexie
YeM MPUCTYNUTH K €ro U3JI0KEHHUIO, XOTEJI0Ch Obl YIPEJAUTh BO3MOKHBIC
,,HEXKEJIaTelIbble BICYATIICHUS  , KOTOPBIE MIPHU YTEHUH TEKCTa MOTYT BO3HUKHYTbH Y
MpPEACTaBUTENIEH PA3IMUHBIX HAYYHBIX OTpaciieil. ABTOp MPEIABUIAUT BO3MOKHYIO
HEYJTOBJIECTBOPEHHOCTh OHUOJIOTOB B CBSI3U CO CXEMATHMYHOCTHIO W HEAOCTATOUYHOMU
TEPMUHOJIOTUYECKOM CTPOTOCTHIO OMOIOTMUECKOT0 OMIMCAHMS SIBJICHUS, MATEMaTHKOB,
00HAPYKUBAIOIIUX HECOITIACOBAaHHOCTh CUMBOJIUKH C YIIOTPeOIsieMO B TEOpUHU
dbuniorakcuca, UCKyCCTBOBE/IOB, CTOJKHYBIIUXCS C YPE3MEPHBIM, KakK JJIs
METOJO0JOTUH HUCKYCCTBA, MAaTEMaTUUYECKUM YKJIOHOM HCCJIE€IOBaHUS. ABTOP
MOJHOCThIO OTHAET cebe OoTYET BO BCeX ,,HEyN0OCTBax”’, CO3AIONIUXCS H3-3a
MEXIUCITUIUTMHAPHOTO XapakTepa MpoOIeMbl.

BMecTe ¢ Tem, aBTOp OTBEYaeT 3a HAYYHYIO JIOCTOBEPHOCTh MOJYUYEHHBIX
pe3ynbraroB. LleHTpanbHas 3ajada ucciaeqoBaHus chOpMyIMpOBaHAa HAa OCHOBE
MHUHHUMAJbHO JOCTATOYHOM HUCXOAHOW MH(OPMALMHU, MTO3BOJIAIONIECH U3BICYD
CYIIIHOCTb TJIaBHOTO BOIpPOCa MPOOJIEMbl U CTPOUTH UCCIEAOBAHUE ,,C HYJA , nesas
€ro HE3aBUCAIIMM OT HAKOMMBILETOCS B 3TOM HAIPaBJICHUU HCCIIEIOBATEIBCKOTO
onbiTa. XOTSd CTOUT 3aMETHUTh, UYTO PTOT ONBLIT HeMalblid. McciaeqoBaHUIMU
(dumIoTakcuca 3aHUMajIMCh MHOTME MaTeMaTUKu U Ouosiord. Bo BTopoit mosioBuHe
XX Beka, Hanpumep, I. Kokerep [7], Annep [12], XKean [13], [lIBa6e [14], [TeTyxoB



[9] u mp., TpyaamMu KOTOPBIX CO3/laHa COBPEMEHHas ,,MaTeMaTHKO-Ouoioruieckas’
Teopusl GUIIOTAaKCHUCa.

Pe3ynbraThl JAaHHOTO HCCIIENOBaHUs BIEpBBIEe OmyOarKoBaHbl B 1989 romy [1].
Ha toT MOMeHT oHU ObLIM HOBBIMH. BO BCSKOM cilyyae 10 3TOTO HHKEM M3
uccienoBareneil i onucaHus (QUIIOTaKcHUca HE MPHUBJIEKAIACh TE€OMETpUs
MUHKOBCKOTO M anmapar runepoondecKoil TPUrOHOMETpHUH. M310KuM KpaTKo 3TO
UCCIIEIOBaHMUE.

W3 Ouoioruu U3BECTHO, YTO B3aUMHOE PACIOJIOKEHUE CAMBIX pPa3IUYHBIX
3a4aTKOB, BO3HUKAIOIIMX Ha KOHyCaX pocTa Mo0eroB, XapakTepu3yeTcs CIupaabHON
CUMMETpPHEN. DTOT NPUHLMUII PACIION0KEHHUS, TOJTyYUBIINI Ha3BaHHE (PHIJIOTAKCHUC,
OTYETIIMBO HAOIIOMACTCS TAK)KE B IUIOTHBIX COLIBETUSIX M COIUIONUSX, HAIPUMED, Ha

TOJIOBKaX IOJCOJITHCYHUKOB, Ha IIMIIKAX XBOWHBIX U BO MHOTHX JIPYTHX BHUIaX
ouodopm (puc. 5).

Puc 5. Ilpumepwl hunomakcuchvix cmpykmyp:
a - cxeMbl IUCMOPACNONIONCEHUS,
0 - Ouck nodconnyxa;,
6 -n100 anauaca;
2 - CIMB0J NanbMbl;
0 - YBEMOK POMAUIKU,
€ - COCHOBblE WIUWKU




Ha noBepxHoCTAX QUILIIOTaKCUCHBIX (HOPM, OCOOCHHO B IJIOTHBIX COLIBETHSIX U
COILIOJUSIX, SICHO BBIJCINIAIOTCS JIEBO- U MPaBO3aKPYUEHHBIE CIIUPATICBUIAHbBIC PSIIbI
CTPYKTYPHBIX 2JIEMEHTOB (3a4aTKOB, CEMsH, JUCTbeB). OTHOIIEHUEM YHUCEI,
COOTBETCTBYIOIIMX KOJIMYECTBY JIEBBIX M MPABBIX CIUpasIeid, MPUHATO 0003HAYATH
NOPSAIOK CUMMETPUU PUIIoTaKCUCHBIX popm. CorltacHo 3aKk0OHaM (PUILIOTaKCHCa 3TU
COOTHOILIEHUS OMUCHIBAIOTCS COYETAHUSIMU YUCEN PEKYPPEHTHBIX PSAIOB, TAKHUX, IS
KOTOPBIX CHPaBEMIUBO IpaBuno: # = u —,+ u — . Haubonee pacnpocTpaHeHsl
CUMMETPHUYECKHUE TUITbI PUIIJIOTAKCHUCA, OTUChIBAEMbIE YciaMu psiia @ubOoHaAYYM:

., 0,1,1,3,5,8, 13,21, 34, ... . Hepenko B ¢puiLIOoTaKCUCE PeaTu3yOTCs TaKXKe

unciaa paga Jlwoka ..., 1,3,4, 7,11, 18, 29,47, ..., pexe — uncia, NpUHALJICKAIINE

pany ..., 4, 5, 9, 14, 23, ... . [lopanok cuMMeTpuu B ciydae puOOHAYIMEBOTO
1 2 3 5 8

bumnotakcuca (F-guorakcuca) BhIpaKaeTCsl OTHOIICHUSMU: 52303578137

XapakTepHo, 4YTO B 0003HAUEHHUSAX CUMMETPHUH Bcerjaa (GUrypupyroT coceaHue
yucia paja. B onpenenéHHbIX ciayyasx, Korja Ha MOBEPXHOCTU POPMbI BBIIETSIOTCA
TPpU TPYMNIbl CIHpalield, CUMMETpUsi 0003HavYaeTcsi ¢ moMolplo TpEX uncen. Kak
npaBuIO, AJs MOOEroB pacTeHUN U JE€PEBbEB XapaKTEepHbl HU3KHE MOPSIKHU
CUMMETPHH, a JUIsl INIOTHBIX COLIBETUHN U COILIOIUMN — BBICOKHE. Y TMOJICOTHEYHUKOB,

55 &9 144

HaripuMcep, HopAa0oK CUMMCETPHN MOKCT OOCTHUIATh 3HAYCHUH g, m N JaxKC g .

[IpumedarenbHbIM MoOKa3aTeaeM (UILIOTAKCUCHBIX CTPYKTYp SBISIETCS T. H.
auBepreHuuss D — yrojg pacxoxJIeHHs IBYX IMOCJIEI0BATEIbHBIX 3a4aTKOB.
JuBeprenuus, uaMmepsiemas B A0JsIX Kpyra, B ciaydae F-dumnorakcuca Bcerna
BBIPAXKACTCS TEM KE YUCIIOM, YTO U MOPSAIOK CUMMETPUU (QOPMBI, T. €. OHA MOXKET

1 2 3 5 8

OBITH paBHOM 55305087 1370 OTOT psan npobeid, Kak U3BECTHO, CTPEMHUTCS K

npeneny B ~ 0,618 ... xpyra, mpu KOTOPOM TOJIHBIM TUIOCKUN yroji OKa3bIBaeTCs
pa3fe€HHBIM B OTHOLLIEHUH 30JI0TOTO CEYEHHUS D.

Hekotopelie BUabl GUILTOTAKCUCHBIX (DOPM B MPOLIECCE POCTa MOCIEA0BATEIBHO
U3MEHSIOT (YBEJIMYMBAIOT) MOPSIAOK CBOEH cuMMeTpuu. MIMEHHO 3TO CBOMCTBO
dunnorakcuca Mbl Ha3blBaeM JAMHaAMHM4eckol cummerpuei. [Ipumepom moxer
CITY>KUTb MOJICOTHEYHHK. [ OJTOBKYM NOJCOTHEYHHKA, HAXOISIINECS Ha Pa3HBIX YPOBHSIX
OJTHOTO ¥ TOTO K€ CTeOJIs, UMEIOT Pa3HYI0 CUMMETPHIO: YEM BbIIIE YPOBEHB, T. €. UEM
CTaplille JUCK, TEM BBbILIE MOPSAJOK €ro CUHMMETpUHU. B nuHaMuke cUMMETpUM Hpu
ATOM peallu3yeTcsl MOCIe0BATENbHOCTD:

5 8 13 21
ITo X0y HM3MCHCHHUA CUMMCTPHUU COOTBCTCTBCHHO HU3MCHIACTCA U YIOJI
AUBCPICHINU. BmecTe ¢ Tem Ha Bcex JUCKax, HC3aBUCHUMO OT 4YHCJIa cnﬂpaneﬁ,

OKa3bIBAIOTCSA OJIMHAKOBBHIMU T. H. KOHGOpPMHBIe (YIJIOBbIE€) XapaKTepUCTHKH



CIHPAJIBHBIX OPHAMEHTOB — CITUPAJIH ITEPECEKAIOTCS IO TOCTOSHHBIM YTIIOM.

OTUX CBEICHHWH JOCTATOYHO, YTOOBI TOCTABUTh 3a/ady HccienoBanus. OHa
COCTOUT B reOMeTpUUYecKoni pacmudpoBke GopMoobOpasymomiero mpoiecca
dunIoTakcuca M KIIOYEBBIM B HEW SBISICTCS BOMPOC O TOM, KaK MPOUCXOTUT
U3MEHEHUE CUMMETPHH.

BHauase motpe60oBaioCch BHIMOIHUTE HECIOKHYIO TEOMETPUIESCKYIO CTUITU3AIINIO
(UIIOTAaKCUCHON MOBEPXHOCTH U MPEACTABUTH €€ B BHUJE PETYISIPHON TIOCKOMN
peméTku (puc. 6). Ita peméTka (puc. 6r) IpoHyMepoBaHa TaKUM 00pa3oM, 4TO HOMepa
BEPIIUH XapaKTePU3YIOT UX yAaJleHUE OT MpsiMoi (0'; Tpu 3TOM 3a eAMHHUILY TIPUHSTO
paccrosiue K Omrkaiieit ot 00’ Touke 1. BenencTBue Takoro mpaBuiia HyMepalyu B
CHUCTEME YHMCIIOBBIX HAMMEHOBAHUHU MOJYYHJI OTPAKCHHUE MOPANOK CUMMETPUU
MWIMHAPUICKON PEIIETKU: TOUKH, cocencTBytomue ¢ (), mpruodpenu Homepa 5, 8 u 3
(aTakxe -5, -8 u-3), T. €. TaKue HOMepa, KOTOPhIC XapaKTePU3YIOT YHCIICHHBIN COCTAB
BUHTOBBIX CIIUpAJIeH UINHIPHYECKON PEIIETKH.

Puc 6. Ananuz cmpykmypHoO-4ucio8ulX C80UCME PUIOMAKCUCHOU DeULemKU.
a - 0wl 810 KeOPOBOU WMUWKU,
6 - cxema pazeepmku;
8 - YUIUHOPUYECKAs peuemKa - U0eanu3uposanHas popma keoposol UMUK,
2 - pazeepmra YunuHOPUYECKOl peuemxu.

OdeBUIHO, AJIS1 PEIIETOK C pa3HOW CUMETpHEl, HOMepa BEPIIMH-COCECH TOUKU
O GynyT pa3HbIE.

BpImoTHUM CpaBHUTENBHBIM aHAIHU3 CEPUU PEHIETOK, WILTIOCTPUPYIOIMIHX
TOCTIeIOBaTeIbHBIE CTATUN M3MEHEHUsI CMMMeTprH B (usutotakcuce (puc. 7). Bee
PEIIETKYA OMHAKOBEI TI0 METPUYECKUM CBOWCTBAM. TeM caMbIM YYTEHO CBOWCTBO
NPUPOAHBIX (QHITOTAKCUCHBIX PEHIETOK BOCCTAaHABIMBATH CBOUM KOH(OPMHBIC
XapaKTePUCTHKH Ha JIF00OM CTaui CHMMETPHUYECKOTO Pa3BUTHSL.



Puc 7. Cepus pazgepmox, uiniocmpupylowux nocieoo8ameibhsie cmaouu
CUMMEMPUYECK020 NPoeodpazoeans yuruHopudeckux peuemox. Ha ecex
cxemax napanenocpavma OITO’.

[Tpocnenum 3akOHOMEPHOCTH TpaHchopMaluu napauienorpamma 01071 . Hauném
co cxembl II1. HetpynHo BHIETh, 4TO cTOpOoHBI O u 0'7 3TOro mapajenorpamMmma
paBHbl oTpe3kam 00', u 00',, KoTOpBIE SBIAOTCA IUATOHAJAMHU ITOrO
napaiesiorpaMma Ha IByX IpeAbIIyIIUX CTa/IX €ro TpaHC(POpMAIIHH, T. €. Ha CTaIusIX
I u I1. Croponsl napasenorpamma 010',7 Ha 4eTBEPTOM CTaAMU OKAa3bIBAIOTCH
paBHbIMU OTpe3kam 00', 1 00',. Sta 3aKOHOMEPHOCTD BUJIHA U HA CJIEYFOLIUX CTAHSAX.
BBINOJTHUM OTIIENBbHYO WIUTFOCTPALMIO BBISIBICHHON 3aKOHOMEPHOCTH (pHC. §).



Puc 8. Hccneoosanue 3akonomeprocmu mpancghopmayuu 3nemMeHmapHo20 napaiienocpammad.

IIpaBui0 NOCTPOEHMSI COCTOUT B TOM, YTO CTOPOHBI KaXKIO0T0 MapaijiesiorpaMma
(HauMHasi C TPETHETO) SIBJIAIOTCS AUATOHAIIIMU IBYX MPEBLAYINX NapaslIeIorpaMMOB.
[Tockonbky r00BIE ABa MOCENOBATENbHbIE MapajieiorpaMMa UMEIOT TpU OOIIHe
BEPILHHBI, SICHO, YTO BCE MapajuIeIorpaMMbl OIMHAKOBBI 1O iomaan. CoxpaHeHue
IUIOIIA/IA — MEePBOE MPHUMEUYATEebHOE CBOMCTBO NWHAMUYECKOTO MpeoOpa3oBaHUs
napajuiesorpamMmma. Bropoe 3akiro4aeTcss B COXpaHEHUU NapAJLIEIbHOCTH IPSMBIX:
napa’suiesorpaMm Ha Jir000i cTaauu mpeoOpa3oBaHus 0CTaETCs MapauieIOrPaMMOM.
Orcrona KiroueBas Jorajika UCCIeI0BaHuUs: COXPAHEHHE IJI0IIAAN U TapauIeIbHOCTH
— CBOMCTBAa TrUNepOOJMYECKOr0 MOBOPOTA. 3HAYUT UMEEM J€J10 UMEHHO C
runepooandeckuM npeodpazoBaHreM. OCTaéTcsi KOHKPETU3UPOBATD 3Ty UJIEHO.
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Puc 9. Tpancghopmayus snemenmapno2o Puc 10. Cxema npeobpazosarus peuiemxu
napanenocpamma 2unepoorudecKum nymem 2unepooniuyecho2o nosopoma.
08udICeHUeM.

Ha puc.10 noka3zana ,,nmpuBsi3ka” pemIéTKU K cXeMe TunepOoimueCcKoi
TpaHCHOpPMAIIHH.

WTak, MOkeM KOHCTaTUPOBATh, YTO TMIEPOOIMYECKUI IOBOPOT JIEKHUT B OCHOBE
npeobpa3zoBaHNus CUMMETPHH, MPOUUTIOCTPUPOBAHHOTO HA pPHUC. 7. DTO KIIIOYEBOU
pe3yapTaTr UCCIEAOBaHMs, TO3BOSIOIIMNA pa3BUTh NPUHUMINAIBHO HOBBIM B3IV
Ha npo0sieMy reoMeTpuu (GUIIOTaKCUCa.



[Ipexxae Bcero B cBeTe MJEU TUMEpOOTUYECKOTO MOBOPOTA BO3HUKAET
HEOOXOAMMOCTb CHEIUaJIbHOT0 aHAJUTUKO-TE€OMETPUUYECKOTO UCCIEI0OBAHUS
peryinsipHoi peiéTku. U cpasy ke oOHapyKuBaeTcs BecbMa IpUMeyaTeIbHbli (akT:
B METPUYECKUX XAPAKTEPUCTUKAX PEIIETKH OPraHUYECKHU 3aJl0KeHa BEJIMYMHA
30JI0TOTO CEUEHUS .

Paccmotpum puc.11. PacnonoxeHue BepIIMH 3/1eCh COOTBETCTBYET puc.10 u
XapaKTepU3yeTCs CIETYIOUIMMH YCIOBUIMMU:

x,=x, =1, v, =1, 0A=0N,= [2;

A

touku M, u M, cummeTpudHel oTHocurenbHo 04; OM MN,, OM NN ,, OM M N, —
napauiesorpamMmel, 3Ha4ut, ON, = M M, = 04 = ﬁ :

Puc 11. AHanu3 METpUUYECKHUX CBOWCTB PEILIETKH.

Omnpenenum abcuuccy touku M, obGosnauume x,, = x. W3 ycnosus

CUMMETPHYHOCTU Touek M, u M, BBITEKaeT, uT0 X,, = ¥, =X—' 1 4TO OTpe30K

M M, naxnon€n nox yriom 45° k ocu Ox. OueBuano, pasnuua abcuucc Touex M, u
M, pagHa 1. 3anuieM U peliuM YpaBHEHHE

x-x-1=1,

xX’-x-1=0,

=1+\/§
—

X

1+.4/5
CormacHo YCJIOBHIO 3aJ1a4H X, = T\/_ = ®. Tenepb HETPYAHO CAEIIATH BHIBOJIBI.

Koopaunatel X ¥ y HpOU3BOJBHON PEIIETKH MOKHO BBIPa3uTh (POPMyTIaMu:

a
x=50n  p=5ee (1)

Sk



IJIe @ — MOJyOoCh TMUIEPOOIbl, KOTOPO MPUHAMJICKHUT paccMaTpuBaeMasi TOYKA.
[Tpuuém, ecu 3a YIJIOBYIO €UHUILY (MOYIb) TUIEPOOTUUYEKOTO MOBOPOTA MPUHSATH
yTOJ1, pa3lesOUINi IBe COCEHUE CTa/luu NTpeoOpa3oBanus (Hanpumep, craauu I u
IL v I T v IV uT. 1. - puc. 7), iHa4e TOBOPSI, — HAMMEHBIIIUN yToJl, TOBOPOT Ha
KOTOPBIM MPUBOAUT K CAaMOCOBMEIICHUIO PEIIETKH, TO NTOKa3aTelb CTEreHu n Oyier
COBMAJATh C BEJIMYMHON TUIEepOOIMUECKOro yra (B MOAYIIAX), XapaKTEePHU3YIOIIEro
MOJIOKEHHE paccMaTpuBaeMoi Touku (puc. 12).

Puc 12. Onpedenenue mooyis eunepoonuyeckozo yaia.

B cucreme koopaunar X0Y (puc. 10) hopmynbl KOOpIAUHAT TPOU3BOIBLHON TOUKU
nproOpeTaroT BUJ TUMEPOOTUIECKUX (DYHKIIHA:

2)

Kak Buanm, 370 HEOOBIYHBIC TUTIEPOOTNYCKHE (PYHKITMH, TOCKOJIBKY M OCHOBaHUE

®, U BEIWYMHA CIUHUIBI TUMEPOOJIUIECKOTO yIyia 3AeCh OTIUYAIOTCSA OT
OOLIENPUHATHIX*.
(* B knaccuyeckom sapuarme 3a eOUHUYY SUNEPOOIUYECKO20 Veld NPUHUMAENCS]
naowaob m. H. KOOPOUHAMHO20 NPAMOY2oabHUKa mouku M eunepbonsi,
00pA308aHHO20 OCAMU KOOPOUHAM U NPAMBIMU, NPOBEOeHHLIMU Yepe3 mouky M
napannenvHo ocam koopounam. Ecnu ypasnenue eunepoonvl umeem 6uo Xy = 1, mo
naowadb KOOPOUHAMHO20 NPAMOY20NbHUKA YucieHHo pasHa 1. Eciu eOunuunyro
nnowadb umeem 2unepoonuveckuii cekmop 0AM (A — eepwuna 2unepbonst), mo x,,
=eay, =e-")

B cBs3u ¢ 3TUM 17151 TaHHBIX (QYHKITUH PUHSATHI CAMOCTOSATEbHBIE 0003HAYCHUS
Y Ha3BaHUS:



"+ D" .
T EEE— = Gch n — 30710TOM KOCUHYC,

o' - .
s ———— = Gsh n — 30510TO CUHYC,

" -

W oo o = Gth n — 3010TOM TaHI'E€HC U T. [I.
300Thie QYHKIIMU COXPaHSIOT OCHOBHBIE CBOWCTBa ,,KJIACCUYECKUX
runepooIMdeckux (yHKIIUH U COTJIACOBBIBAIOTCS C HUMHU C YYETOM 3aBUCHMOCTH

MEXKIY YhciIaMu D u e (D =e" g, @" = e""" ¢,). Harpumep:

CI)” +q)—n enln(D +e—nln<l)
5 = 5 , Gchn=ch (n-In o),

" “n
n -n In® In®
%:%) shn=Gshﬁ.

®opmyibl (2) KOOpAUHAT MPOU3BOJIBLHON TOUKHM B cucteme X0Y Tenepb MOXHO
3arnucarh Tak:

X=a -Gchn, Y=a- Gshn. 3)

N3meHeHne KOOpAMHAT MPOU3BOIBHOM TOYKH, BBI3bIBAEMOE THIEPOOIMUECKUM
OBOPOTOM, BBIPAXKAIOT (DOPMYJIBIL:

x’=X-Gchn+Y Gshn,
y’=X-Gshn+Y- Gch n. 4)

B npouecce runep0osiimueckoro nopopora peméTka nedopmupyercs, HO
NEPUOUYECKH, Yepe3 MOYJIb MOBOPOTA, MOBTOPSIOTCA OJHU U TE K€ METPUUYECKUE
COCTOSIHUSI.

Ha puc.13 nokazansl nocinegoBarefibHbIe dTarbl AedhopMaliy 3J1eMeHTapHOro
TPEYToJbHHUKA PEIIETKH, 3aQUKCUPOBAHHBIE Yepe3 MOIMO/IYJIs HIOBOpOTa. MeTpuueckue
0COOEHHOCTU TpeyrojbHUKa odeBUAHBI. Ha puc.14 mpencrtaBiieHbl NOJHBIE
n300pakeHusl peméTKU B JIByX AKCTPEMalbHBIX COCTOSAHUAX. B ogHOM U3 HHX

SIIeMEHTAPHBII TPEyTONbHIK IIPHOOpeTaeT pasmeps! /3, /3, /2. B apyrom, xorma

peléTKa CTaHOBUTCS KBAJAPATHOM, TPEYTOJbHUK MEPEXOAUT B MPSMOYTOJbHBIN
paBHOOEAPEHHBIN. DT JIBa COCTOSTHUS 33/1a10T JUana3oH AedopMaluu TpeyroibHUKa
U PELIETKU BLETIOM.

Kak BunuMm, npeoOpa3zoBaHue pemiéTKd METOIOM THMIEepOOIMYECKOr0 MOBOPOTa
XapakTepu3yeTcs nepuoanYHOCTbI0. [10JHBIM nepuoaom (HMKJIOM) CIIEAYeT CUUTATh
ABa MOAYJis1 oBopoTa. BooOiie-1o, cocTosiHre peméTKy MOBTOPAETCS Yepe3 OJIMH
MOJTYJ1b, OJIHAKO TAKHE JIBA COCTOSHUS HE COBIA/Ial0T, OHU OKA3bIBAIOTCS B 36pPKAJIbHOM
MOJIOKEHUHU OTHOCUTENBHO OCE CHMMETPHUU TUIepOoIt.

BaxxHo koHcTaTupoBaTh: TruNepOOJIMYEeCKHil NOBOPOT sIBJsETCH
npeodpa3oBaHHeM CUMMeETPHH PETYISPHOM pelIéTKU. 3aMETUM, 3TO MPeoOpa3OBaHKe



Puc 14. J[sa skcmpemanbHbIX COCMOAHUSL PeULemKi.

He paccMaTpUBaeTcs B KJIACCHUECKOM TEOPUU CUMMETPHUH.

O6parum BHUMaHHE e Ha Takue MOMeHTHI. 1). B orinuume oT kpyrosoro
MIOBOPOTA, IPU KOTOPOM Y3JIbI PEIIETKH COXPAHSIOT )KECTKOE B3aUMHOE PACTIONIOKEHHE,
B IIPOIIECCE TUNEPOOTHMUECKOTO MOBOPOTA B3AUMHOE MOJIOKEHUE Y3JI0B U3MEHSIETCA.
2). Jlmsa Toro, 9TOOBI COBEPIIATIOCH CHMMETPHUUECKOE TTpeoOpa3oBaHue, PEIIETKa
JOJKHA OBITH OMpPENENEHHBIM 00pa30M HaJOXEeHa Ha TUIEePIUIOCKOCTh. B obmem
Cllydae aCUMIITOTHI TUIIEPOOJI-TPACKTOPHA y3JI0B PEIIETKU, HE JOJKHBI IPOXOAUTH
yepe3 y3JIbl PEIETKH 3a UCKITIoUEeHHEM ToUKHY ) — Hayana koopauHar. Puc. 15 (cpaBau
¢ puc. 14) unmoctpupyet 3¢ eKT Takoro ,,He(PHUII0TaKCUCHOTO” TTPe0Opa30BaHusI.
He cranem 3azep:xuBaTh BHUMaHUE Ha 3TOM BOOOIIIE-TO MPUHLIUITHAIBHOM MOMEHTE,
KOTOPBIN 3aCiTyKHBaeT OTAEIbHOrO paccMoTpenus. [Ipogomkum uccnenoBaHue.

CornacHO MPHUHILMITY HyMEpalul peméTKu HOMep J1I000i €€ TOUKU B CHUCTEME
KOOpAMHAT, OCh abIlMCcC KOTOPBIX cOBMaaaeT ¢ HampaBienuem 00’ (puc. 6, 10),



Puc 15. Dpghexm npeobpazosanus, npu Komopom acuMnmomul NPOXo0sm 4epe3 y3ivl
peutemku.

YUCJIIEHHO paBeH e€ opauHaTe. Mbl BbIBeIU (POPMYIbI AJis OMUCAHUS KOOPAUHAT
POM3BOJILHOM BEPIIMHBI B CUCTEME MOJBHXKHBIX koopauHaT x'Oy’ (puc. 16). 3a
CUHUILYy U3MEPEHUs MPU JT0OO0M MOJOXKEHUH KOOPAMHAT CIYXUT OpJIMHATa
ommkaifiedt k Ox' touku 1. B pe3ynbrare, A1 BEPILIWH, IPUHAAIEKAIIUX TUnepOosie
xy = 1, numeem:

2
x', = ﬁ - Gch (m — n),
2
V= ﬁ - Gsh (m + n), (5)

rae m runepoonuueckuii yroin X0M, n — runiepoonndeckuit yron X00'. J1yis BepiivH,
Jexalux Ha runepooiie Xy = — I, GopMynbl KOOpIAUHAT MPUHUMAIOT BUJL;

Puc 16. Onpeoenenue koopounam npou38oabHOU MOUKU 8 CUCEME NOOBUNCHBIX
koopounam X'oy'.



2
x', = ﬁ - Gsh (m —n),

2
V= ﬁ - Gch (m + n). (6)

Takum oOpaszom, B Buae ¢opmyna (5) u (6) moaydusin cBOeoOpasHYIO
UHTEPIPETAIIIO0 HOMEPOB TEX BEPIINH PEIIETKH, KOTOPBIE CKOJIB3SIT MO OJIMKaARTIINM
K acuMmrroraMm runepbonam. Ho u3 ananmsa puc. 10 BUAHO, YTO HOMEpaMHU ITHX
BEPIIHH ABISIOTCS uncna ubonaunw. [TpyuHsIB 1711 ynpoueHus m + n =k v yauThIBasi,
YTO TMOCJICIOBATEIbHBIC BEPIIMHBI PACTIONATal0TCsl HA CMEKHBIX BETKaX Yepe3 MOTYIb
MIOBOPOTA, MIPUXOIUM K CIIEAYIOLIEMY COOTBETCTBHIO:

2 2
F,=775 -Gehl=1, F,=775 -Gsh2=1,
2 2
F,=775 -Gch3=2, F,=775 -Gsh4=3,
2 2
F;="75 -Gch5=35, F,="75 -Gsh 6=38,
2 2
F,="75 -Gch7=13, F,="75 - Gsh 8 =21,
2 2
Fk=\/§'Gchk, Fk+1=\/—5‘Gsh(k+1). (7)

B cucteme peméTku Ha pa3HBIX TUIIEPOOJIaxX PeaTu3yloTcs pa3Hble PeKypPPEHTHBIC
psanel yucen. Ecnu BBecTu KoaduimeHT macmraba runepoossl (g), TO Moaydum
00001EHHBIN BapuaHT Gopmyi (7):

2 2
uk=g-ﬁ-Gchk, uk+1=g-E-Gsh(k+1). (8)

BosmoxeH u Apyroi crnoco® NmpencTaBieHus OOIIEro WieHa i, PEKYPPEHTHOM
MOCJIEIOBATEIbHOCTH:

u=A-F +B-F,_, 9)

3necb A U B — T. H. HCXOJHbIE JJIEMEHTHI Psi/ia; €CIU PEKYPPEHTHBINA P
paccMaTpuBaTh Kak 0ECKOHEUHYIO MOCIE0BATeIbHOCTD, HAPUMED, ..., 12, -7, 5, —
2,3,1,4,5,9,14, ..., T0O UICXOJHBIMU CYUTAIOTCS JBA IIEPBBIX YHCIIA 3HAKOTIOCTOSTHHOM

yacTu psna. B nannom cnydae A =3, B = 1. B cinyuae psana ®ubonauun umeem A =1,
B=0.

K tpuronomerpuuexoii pacumdpoBke yrcen GruboHaud1 MOKHO MPUIATH U JPYTUM
nytéM. CylecTByeT OAHO MpUMeYaTeIbHOE MOoJIokKeHHe oceil koopaunat - X'0Y’,
KOTOPOE 3aJ1aéTCsl HaNIPaBJICHUSMHU KBaipaTHOU petéTku (puc. 17). ['unepbonnueckuii



Puc 17. Ananusz pewemku 6 cucmeme xoopounam X’0Y’.

yros X0X' 3nech paBeH nojioBuHE Monyns. Ecnu 3a equHuly U3MepeHus: NPUHSTh
CTOPOHY KBajipara s4eiiku, To koopauHaramu X' v Y’ y310B pem€Tku OynyT Lenble
qucia. 9T0 04eBUIHO. J{J1s1 mpou3BOIBHOM BepLIMHBI P Oy/ieM UMETh:

r — ’ i l
X,=a' 75 -Gch(m—z),

4 4 i 1
YP=a-\/§-Gsh(m+5). (10)

3nech a’ — paauyc runepooisl (opouTel Touku P), coBnagarouuii ¢ oceto 0X'.
Ecnu orcuér runepOoauvecKoro yria BeCTU OTHOCUTENbHO ocu 0X', To Gpopmybl
(10) mpumyT BHI:

2
=g — . -
p_a NG Gceh (v-1),
r— l
Y,=a'  Gsh¥, (11)
rae ‘P:m+5.

Ortcrona u mocnenyroT hopmyisl (7) u (8), COOTBETCTBYIOIINE YaCTHOMY CITy4aro,
a IMEHHO, KOT/Ia BEpIIMHBI, IPUHA IekKAIIKe OMvpKalIel K acCUMIITOTaM rumnepoouie,
it Kotopod a' = 1. JlpyruMH ClIOBaMH: KOOPJAMHATHI BEPUIMH, MPUHAIIEKAIINX
runepOosie eAMHUYHOTO MaciuTaba, BeIpaxaroTcs ynciamMu OuboHaquu.
Mex 1ty 1iesiouncieHHbIMU KoopauHaTamu X' v Y’ cyiecTByeT 3aBUCUMOCTb
sz + X' Y'—Y'2=a'2. (12)
I[1o cyTu, oHa BeIpa)kaeT ypaBHEHHE runepO0IIbl OTHOCUTENBHO KoopanHat X'0Y".
Bwmecte ¢ Tem, nockonbky nepemenHsie X' u Y’ nmocnenoBarelibHO MPUHUMAIOT



3HAYEHUs] CMEKHBIX YHUCEN ONPeIeIEHHOTO PpeKYPPEHTHOTO psifa, u3 ypaBHeHus (12)
BBITEKAET TaKK€ Ba)XHOE CBOWCTBO PEKYPPEHTHBIX Ps0B, KOTOPOE C yUETOM
cnennduku opmyn (10) u (11) 3anuckiBaeTcs ciaeayomuM o0pa3om:

w’+u, u, W, _ |=const. (13)

SIcHO, 4TO BCAKOMY sy COOTBETCTBYET CBOSI KOHCTAHTA.

Takum 006pa3oM osryyaeM HOBOE MaTEMATUUECKOE TOJIKOBAHUE YMCIIOBBIX CBOMCTB
JMHaMU4YecKol cuMmMmeTpuun dpuiutotakcuca. Kak BuanMm, nokaszarejim CAMMeETPUM B
(pusioTaKkcuce — ITO HEJOUYMCICHHbIE BbIPAKEHUS 30JI0THIX THIIEPO0JIMYeCKUX
¢pyHkuMiA, a TMHAMUKA 3TUX MOKa3arejel nmpegonpeaeieHa 3aKOHOMEPHOCThIO
LEJIOUMCIIEHHOTO BO3pacTanusi 30J0ThIX GyHKImi. [Ipu aTom dpopmyna (13) Beipakaer
YHUCIIOBYIO KOHCTAHTY JMHAMUYeCKol cuMMeTpud. B uactHocTy, 1utst F-guiuiorakcuca
9Ta KOHCTaHTa paBHa I:

|kaz + Fk Fk+1 F2k+1| =1

CoOTBETCTBYIOUIYIO MaT€MaTHYECKYI0 paciiuPpoBKY MOIydaeT sSBICHUE
nuBepreHimu. Kak orMevanocs BHavalie, BEIMYMHA YIJia JUBEPreHIUH B ciydae F-
¢duIoTakcuca YUCICHHO COBIAJAET C MOPAJIKOM CUMMETPUHU (POPMBI, T. €. Yroi
JTUBEPreHIIMM MEHSIETCS BMECTE C U3MEHEHUEM cuMMeTpuu. Paccmorpum puc. 18.
[Ipoananusupyem xapakrep Aehopmaiiu IeMEHTapHOro napasuienorpamma 011°0'
MJIOCKON peméTKu. 31ech BaXHbl JBEe 0cOOeHHOCTU. Bo-mepBriX, B mpoliecce
npeoOpa3oBaHus COXpaHseTcs Iuiouaab napamienorpamma: 0P - 00' = const; Bo-
BTOPBIX, JAePopMarliysi COMPOBOXKAAETCS MapaslieIbHbIM CIBUTOM OcHOBaHuM 00" v 11’

Ha noBepxHOCTH LMIUHAPA 3JIEMEHTApPHBINA MapaijiesiorpaMM MPEeBpaIacTcsl B
T. H. 3JIeMEHTAPHBbIN MOSIC, U TIO3TOMY SICHO, YTO B XO/I€ MpeoOpa3oBaHUs TaKou
AIIEMEHTaPHBIN 1osic Oy/IeT KOHIEHTPUYECKU PACIIUPATHCS M YMEHBIIATHCS 110 BBICOTE
(coxpaHsis miollaab HEU3MEHHOW) U OJHOBPEMEHHO OyJeT NPOUCXOIUTH
OTHOCHUTEJIbHOE YIJIIOBOE CMEIIeHHE €ro OCHOBAaHHMW, YTO COOTBETCTBYET
napajijielIbHOMy CABUTY Ha pa3BEpTke. [lomoOHOe yriioBoe cMelleHue Nponu30iaéT B
KaX/I0M DJIEMEHTapPHOM I0sICE, U 3TO 00YCIOBUT 3 (peKT KPpydeHHsl Ha TOBEPXHOCTU
LWIMH]IpA BUEJIOM.

CDOpMYJIa N3MCHCHUS yITIa JUBCPICHIWH BHIBOAUTCA U3 OTHOIICHUA % , KOTOpOC
OKa3bIBACTCA PABHBIM!
op @ '—-d' Gsh(2n-1)
00  O®"+d —  Gch2n
B pesynbrare npeoOpa3zoBaHUil UMEEM:
D= . (14)

[Tpuuém



Puc 18. Ananuz eunepbonuueckoii mpancgopmayuu YuiuHOPU4eckol no8epXHOCMIU.

lim 1-/5-Gthan _ 1-4/5 - oot 15)
2 2

Kak BHUIUM, ITPCACIT YITIa COOTBCTCTBYCT W3BECTHOM BEJIMYHMHE T. H. naeaJbHOIo
yria F-pumnorakcuca. Cinenayer 3aMeTUTh, UTO B Pa3JIMUHbIX ,,HE(HUOOHAUYMEBHIX
ClIydaiax Mmpeacil yriia JUBCPIreHIUU UMCECT PA3JIMYHBIC 3HAYCHUA, HO €TO UI3BMCHCHUC
BO BCCX CJIYHaAX IIPOUCXOOUT 110 3aKOHY I‘I/IH€p6OHI/I‘{€CKOI“O TaHI'CHCA.

ITo xony ananuza puc. 18 3a04HO MOJYy4YWSIM NPEACTABICHUE O XapaKTepe
TpaHC(bopMaIII/II/I MOBCPXHOCTHU HHUJIIMHIAPA B IPpOLHECCCE CUMMCTPHUYCCKOTIO
npeobpa3zoBaHus HUIUHIAPUYECKOU pemIETKH. MOXXHO KOHCTaTUPOBATh, YTO B
Impouecce 3TOro HpGO6p&30BaHI/I§I PCAINIYIOTCA TPpU B3aMMOCBA3AHHBIC IBUKCHUA:

KOHIICHTPUYECKOE PaCIIMPEeHUE LIUIUHIPA OT €r0 OCH, CKATHE BI0JIb OCH U KpyUCHUE.

KonkpeTusupyem reoMeTpruuecKyo 3aKOHOMEPHOCTh MpeoOpa3oBaHUs
MOTIEPEYHOMN OKPYKHOCTHU LIWIIMHIpa. Paguyc r = 00’ okpy>KHOCTH YBEITUYUBACTCS 110
3aKOHY TUIEePOOTNYECKOTO KOCHHYCA:

r=00"=+2Gch2n

OueBuHO, TH00ast TOUKA OKPYKHOCTH MOKET OBITh OJJHOBPEMEHHO MpeCTaBICHA
U KaK KOHeII MOJABUKHOTO pajuryca runepOosibl, ¥ KaK KOHEIl MOJIBHXKHOTO pajuyca
OKPY>KHOCTH. DTa OCOOEHHOCTh aHAIUTUYECKH BBIpaXKaeTCsl CICAYIOMUM 00pa3oMm:
X=X (Gchn-coso+Gshn- sino)+ Y (Gshn-cos o+ Gech n - sin o),
Y’=X(-Gshn-sino+Gshn-cosao)+Y(Gchn-cosox Gshn-sino). (16)



Puc 19. Ananus npeobpazogarus nonepeurol OKPYICHOCMU YUTUHOPA.

Lpu n =0 umeem chopmynvi npeobpazosansi KOOPOUHAM 8 pe3yibmame KpPy208o2o
nogopoma.
X=X :cosa+Y-sina,
Y’=—X -sinoa+Y: cos a.
Ilpu o = 0 umeem opmynvt npeobpazosanus KoOoOpouHam 6 pe3yibmame
2UNepoOONUYECKo20 NOBOPOMA.
X=X -Gchn+Y -Gshn,
Y’=X -Gshn+Y: Gch n.
®opmynaM (16) COOTBETCTBYET CI0KHOE JBHMIKEHHE TOUKH, SBJISIIOIIEECS
OJTHOBPEMEHHO JIBM)KCHUEM I10 KPYTY | 10 runepoore. TpaekTopreit Takoro ABUKCHUS
SBJISICTCSl CaMOTIEPECEKAIOIIAsACA CIUPAIb, KATOPYIO HA30BEM KOMIIO3UTHOM (pucC.
20), TOCKOJIBKY OHa (PAKTHYECKH WILTIOCTPUPYET KOMITO3UIIUIO JBYX ITOBOPOTOB.
Takum o0pa3oMm, KOMIIO3WTHAs CHUpPadb U SBISETCS BBIPpAXXCHUEM
reOMETPUYECKOT0 3aKOHa MpeoOpa30BaHUs MONEPEYHON OKPY>KHOCTH LWIMHIpa. B
HanOoJIee JAKOHUYHOM BUJIE OH MOXET OBITh MpeACTaBIeH (HOPMYIION:

Du
, = const, (17)

3aKJIIOYAKOIICH B cebe ITIaBHYTO 0COOCHHOCTh KOMITO3UTHOT'O HpGO6p330BaHI/I5[, a
HNMCHHO, COITIACOBAHHOCTD YITIOBBIX CKOpOCTGfI I’I/IHCp6OJII/I‘IeCKOFO IIOBOPOTA

n o
(0, = 7) U KPyroBOTO MOBOPOTA (o = 7).

I/ITaK, MbI IMPCACTABUIIM OCHOBHBIC PC3YIIbTAaThbl UCCIICAOBAHUA (l)I/IJ'IJ'IOTaKCI/Ica,



.
Puc 20. Komnosumnas cnupans, ons Komopou —g— =7
L]

coJeprKalliue MaTeMaTuyecKyro pacimu@poBKy TUHAMUYECKONM CUMMETPHH 3TOTO
ABIICHUSI U MO3BOJSIOLIHE caelaTh 0000IIeHne Ha pa3jIUuYHbIE BapUAHTHI
MHTEPIPETALUHU NOHATHS TUHAMUYECKOM CHMMETPUH, B YACTHOCTH, B apXUTEKTYDE.
OnHaxko, ¢ eTbIO MOIHOTHI IPEJCTaBICHUM 0 MaTeMaTrKe (PHIIOTaKCHCa KPaTKo
3aJIep)KUMCS €I Ha HEKOTOPBIX BaKHBIX MPOJOHKEHHUAX JAHHOTO HMCCIEAOBAaHUA.
[TomuepkHEM, OHO KacaioCh WUJIMHAPUYECKOro (pusioTakcuca. Mexay tem, 3To
JIMIIB TIPeIBApUTEIIbHAS CTaIUsl TEOPETHUECKON Hleanu3auu GpuiriotTakcuca. bonee
a/IeKBaTHBIM 000011IeHreM (PULTOTaKCUCHON (popMbI cuuTaeTcsa kKonyce. Lununmap, a
TaKXe IHUCK PACCMAaTPUBAIOTCS KAK YACTHBIEC CIydYad KOHYCa, NETEPMUHHUPOBAHHBIC
KpalHUMH 3HA4eHUsIMU — 0 U g — yIJa HaKJioHa o0pa3ylollel KoHyca K €ro OCH.
HanoMHuM CyTh CyII€CTBYIOIIMX MPEICTABICHUNA O TEOMETPUUECKUX CBOMCTBAX
KOHUYECKUX (UITOTAKCUCHBIX PEHIETOK M JHHAMHUYECKOM MEXaHU3ME UX
bopmooOpazoBanus. [[puHATO cUUTaTh, 4TO CTPYKTYpa KOHUUECKUX (PUITOTAKCUCHBIX
PELIETOK (PACHOI0KEHHNE BEPILHH) [IOAYMHEHO 3aKOHY JIOTApU(PMUYECKON CIUPAIIH .
CornacHo 3TOMY, JOrapu(pMHUUECKUMH CIUPATIMU SBISIOTCS M MapacTUXH,
oOpa3yronme pemeéTKy Ha KOHMYECKUX U TUCKOTIOMOOHBIX (hopMax, U T. H. OazoBas
(WM TeHEeTHYECKast ) CIUpailb, KOTOpasi OCIEA0BaTeIbHO IPOHU3BIBAET BCE BEPLIMHBI
pemérku. Takue pemi€Tku OynemM Ha3bIBaTh JOrapu(pmMuyecKuMH.
CTpyKTYpHO-CUMMETPHUUECKUI XapakTep pemeETKU JorapupMuieckon
00yCIIOBIMBAIOT J1BA IOKA3aTeNs: ¢, — KOO((GUIMEHT JOKAIBHOTO MOA00MS, KOTOPBIH
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Puc 21. Ananusz obwezo ciyuas 102apupmuieckoli peuemxu.

&
,0 k+1
IIOCJIICAOBATCIIbHBIX 3a4aTKOB 10 BepHII/IHBI KOHyca n D — erJ'I I[I/IBepFeHLII/II/I. HpI/I

ONPENENACTCA U3 COOTHOUIEHUS ¢ = , e p, M p, , — PACCTOSIHUE IBYX

3TOM CYIIECTBYET 3aBUCUMOCTb:
q,=4", (13)
rae ¢ — koahPUIeHT nogooust 6a30Boi CIIUpaIH.

B cootBercTBUU ¢ 3TUM anroput™m (popMoobpazoBaHus JorapupMuUeCKUX
pemETOK CBOAUTCS K 3aJIaHUIO0 TPACKTOPHUH JBHMKEHMS 3a4aTKOB, T. €. 0a30BOM
aorapuMUUECKON CrMpaiy, U T. H. BO3PACTHOI0 MHTEPBAJIa 3a4aTKOB Af, 1100

1
E .
[IpennonaraeTcs, 4TO B NpUpoOAe Takoi mpoiecc oOyCIOBIMBAETCS 3a CUET
PaBHOMEPHOTO BO BPEMEHHU POCTa 3a4aTKOB, U TAKUM 00pa3oM J€TEPMUHUPYIOIIMMU
YCIOBHUSIMHU Mpolecca oOpa3oBaHUs PEMETKH OKa3bIBAIOTCSA: BO-MEPBHIX,

K€ MHTEHCHMBHOCTH MX penpoaykuuu N (umeercd B BUILY, 4To N =

HEU3MEHHOCTb KO3((HIMEHTA TOKAIBHOTO II0N00us (4, = = const), a BO-BTOPBIX,

Pis1

MMOCTOAHCTBO CKOPOCTHU KPYTOBOI'O ABHUKCHHS 3a4YaTKOB 0)32
D D
o = A =const. o = A
TakoBa, B CymHOCTH, KJACCHUUYECKas MOJEIb (HUIIOTAKCUCHOTO

dbopmooOpazoBaHws.

M3 monyd4eHHBIX HaMH PE3yJIbTaTOB HMCCICIOBAHUS IHJIWHIPUYECKOTO
¢wnIoTakcuca ciaeayeT MPUHIUITHAIBHO WHAS Ues MOICITUPOBAHUS KOHHYECKHX
pemérok. OHAa COCTOUT B TOM, YTO OCHOBOIIOJIATAIONMEH 3aKOHOMEPHOCTHIO



L] * # |
- L2 n 1
- b | # - .|
h | .
X o - &
. ™ W i A 1 »
o g
L] L)
g
L] L L] - -
gt i s SPER L !
% 4
- "
L]
#* * ek w1 .
W
L} & L
L]
L
-
¥ *

Puc 22. [lpumep namypanvrotu pewemru ¢ cumempueu 8. 13.

CTPYKTYPHOI OpraHu3aiii KOHUYECKOro (PUIJIOTAKCUCa SIBIISICTCS KOMIIO3UTHAA (2
He Jjorapudmuyeckas) cnupainb. [lapactuxu Ha caMoM Jiefie SIBISIOTCS] KOMITO3UTHBIMU
CUpAIMHA. TaKOBOM K€ ABIIAECTCA U TEHETUYECKas criipadib. 110 3akoHy KOMIO3UTHOM
CHHpAJIH MIPOUCXOANUT TaKXkKe MpeoOpa3oBaHKe MONEPEYHON OKPY>KHOCTH KOHYcCA.
Pemérku, copmupoBaHHble MO MPUHIMITY KOMIIO3UTHOW CIIUpPAU, Ha3bIBaeM
HaTypaJabHbIMHU (puc. 22). Ha Bu OHM OY€HD CXOAHBI C JTOTapU(PMUIECCKUMU, HO B
MIPUHIIHUIIE C HUMU HECOBMECTUMBI. [ [pHUMHBI ¥ XapaKTep UX HECOBMAICHHUS OObSICHSET
CPaBHUTENIbHBIM PUCYHOK JIOTAapU(PMHUUECKON U KOMIIO3UTHOM crupanen (puc. 23).
Kak Bugum, norapudmMudeckas ciupalib SBISIETCS CBOCOOPa3HON aCUMIITOTOM JUis
KOMITO3UTHOM. Paznuumem maremaruiecKoil MpUpO/Ibl STUX ABYX KPUBBIX O0YCIIOBIIEHO

Puc 23. CpasrumenvHbulil pucyHOoK 102apupMuieckoli U KOMNO3UMHOU CRUPATU.



U paslinuve CBOMCTB JiorapupMuUyeckod U HaTypalbHOU pewmérok. HarypanbHas
peméTka XapakTepu3yeTcs Ha4aJdbHbIM MacIITaA00M, KOTOPBIN onpezaensercs Mo
HaUMEHbILIEMY paguycy reHeTudeckoil cnupanu. O4eBUIHO, IO OTHOUIEHHUIO K
JgorapuMuUecKol peimeéTke NOHITHE HaYaJIbHOTO MacliTada He UMEET CMbICIIA.
IIpuHIMNKMATIBHBIM 171 HATYPaJIbHBIX PELIETOK ABJISETCS TO, YTO IMOKA3aTENH ¢,
u D B ux cTpykrype He coOmonarorcs B uaeane. OHU JHUIIb NPUOTUKAIOTCA K
HOMUHAJIbHBIM 3HaY€HUSM 110 Mepe yIaleHus OT LIeHTpa. B 30He 1leHTpa OTKIOHEHUs
OT Jjorapu(MUYECKOM 3aKOHOMEPHOCTH JIOBOJIBHO OYEBUIHBI. B cylHOCTH, pedub NaET
0 HapylIeHuH noa00us1. Mbl MOXeM yKa3aTh 3aKOHOMEPHOCTb OTKJIOHeHUs1. Hanpumep,
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Pr -1

JJIA qu 9Ta 3aKOHOMCPHOCTb ONPCACITACTCA M3MCHCHNCM COOTHOHIICHUA

A 2Gceh2n

J2Gch2(n—A)”’

I7l€ A — pa3HULA YIVIOBBIX TMIEPOOINYECKUX KOOPJIHUHAT JBYX

nocjaeoBaTeIbHbIX BEPUIMH, TPUHAMICKANIUX OCHOBAHUSIM MPOU3BOJIBLHOTO
napauiesIbHOro nosca.
Emié pa3 o6paTriM BHUMaHuE Ha TO, YTO Mpoliecc (opMooOpa3oBaHKs HATypaJIbHON

@

PEIETKH PENIAMEHTHPOBAH YCIIOBHEM "~ = const. [TapameTrpamu nporecca 31ech

BBICTYIIAKOT CKOPOCTHU ®, ® h u B03paCTHOﬁ HHTCPBAJ Af 3a9aTKOB, WJIH K€ OKa3aTeib

1
HHTCHCHUBHOCTHU UX PCIIPOAYKIHUH N = E .B KaXXIOM OTACIbHOM CJIy4ac 3HAYCHU

o, ®, U Af TOCTOAHHBI, U3 HUX, KaK CJIE€JICTBUE, BLITEKAIOT HOMUHAJILHEIE

h
XapakTEePUCTHKU ¢ ¥ Aa = D, onpenensomue CAMMETPUIO BOCIIPOU3BOAMMON
pemérku. Tak, Aa = o - Af,a g, = PA", 1€ AR = o, - Af — YIJIOBO TMIEPOOIMIECKUIA
MHTEPBAJ MEXIY MOCIEI0BATEIbHBIMYA 3a4aTKaMHU.

Teneps paccmotpumM puc. 24. Ha HEM npeacTasiieH ,,BU CBepxy” U ,,BUJ COOKY”’

HaTypaJIbHOW KOHUYECKOU peléTku ¢ cumMmerpueit 1 : 1. B nanHOM cityyae Ao = n

Pk

An = 1. Haiiném npenen OTHOLIEHUS P
k-1

I A 2Gch2n
qﬂ: m

= 1l1im =
e pyy e [2Geh2(n-1) |

Bor KOHKPCTHBIC JaHHBIC JJISI HCCKOJIBKUX HAYaJIbHBIX TOYCK!:

k 1 2 3 4 5
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Puc 24. Cxema, obvacHaowas npoucxoxcoenue 3010mo20 ceueHus 6 Cmpykmype nobezos.

Mpe1 130pany NpoCcTEHIINi MpUMep, KOTOPBIM 4acTO BCTPEYAETCS B IPUPOJIE —
Ha rnooerax JaepeBbeB U pacTeHuil. OH 00BSACHAET MaTeMaTHueCKUe MPUUNHBI
IIPOUCXOXKIEHUS 30JI0TOM MPONOPLUH B JIMHEWHBIX COOTHOILIEHUSX CTPYKTYPBI
no0eroB, B YaCTHOCTH, TO, YTO MPOMOPIHS, OOHApYKHUBaeMas PU HATypPHBIX
U3MEPEHUX MOOEroB, Ha CaMOM JIelie SIBISIETCA MPUOIMKEHUEM K 30JI0TOMY
cedeHuro. B a0CoMOTHOM 3HaUYE€HUU 30JI0TOE CEYEHUE 3/IECh PEATN30BAThCS HE
MOJKET.

U e1ié HEeCKOIBKO CII0B K BOIPOCY O MpeoOpa30BaHUKM CUMMETPUH HATYpPaIbHBIX
pemérok. Mbl HE IPUBOIUM 3/1€Ch €ro MoApoOHOro onucanud. IlogquepkHém unib,
YTO B OCHOBE TOT0 MPeoOpa30BaHMs JEKUT KOMIIO3UTHOE IBH)KEHUE — KOMIIO3UTHBIH
MOBOPOT, — COYETarolIee B cede TUnepooInIecKuil 1 KpyroBoi MOBOPOTHL. DTOMY
BOIIPOCY MOCBSITUM OTAEIBHYIO CTaThIO.

B 3axmouenue caenaem oberianabie 06061eHust. [IpuBnedém k cpaBHUTETHLHOMY
pacCMOTpPEHHUIO, KpOME BapuaHTa XAMOUJKa, el OJUH XOPOILIO U3BECTHBIN B
apXUTEKType TEOPETUUYECKUIN pe3ynbTaT — Momynop gpaHIry3ckoro apxurexropa Jle
KopO6ro3se.

Ha puc. 25 cneBa u3o0paxeHna cxema, npeajokeHHas aBTopoM Mopynopa s
WJUTIOCTpauu 0€CKOHEYHOTO JAeJIeHHsI OTpe3Ka B 30510Tor npornopiuu. Jle KopOro3be
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Puc 25. a - cxema HenpepblgHo20 Oenenus ompe3Ka 8 3010motl NPOnopYul.
0 - yenouucenvbHbvle WKATbLL, NOTYHEHHbIE 8 Pe3YTbmame OKpY2leHUs 3Ha4eHUl
UPPayYUoOHAaNbHOU WKATbL.

CBSI3bIBAET TAKOE JIEJIEHHUE C MPOIOPIUSIMU uesioBeueckor purypsl. CripaBa Ha pUCyHKe
—T. H. KPACHasi U CHHSAS 1IKaJIbl, HA KOTOPBIX UpPaIlMOHANIbHBIE YHCIIOBbIC 3HAYCHMUS,
MOJIy4eHHbIE C MOMOIIbIO CXeMbl 0€CKOHEYHOTO JEJEeHUS, MPEICTaBICHBl B
3a0KpYIIIEHHOM, 1IEJIOYUCIIEHHOM BUJE. SICHO clieayroliee: UppaloHaibHbIe Yucia
SBJISIFOTCS BBIPAXKEHHUSIMU 30JI0TOM MOKa3areabHou GyHKImK. L{enouncnennbie pspl,
Ha kotopsie Jle KopOro3be nmepeHOCUT aJuTHBHBIE CBOMCTBA 30JI0TOTO psijia, €
onpeAeNEHHON CTENEeHbIO YCIOBHOCTH MOKHO CUUTATh PEKYPPEHTHBIMU. DOpMYJIbI
yucels KpacHo# u cuneit mikan Jle KopOro3be mpencrapiseT Tak:

a =k o"b =2k o
7€ 1 — MPOU3BOJIBHOE 1IEJI0e YUCIIO; K — pa3MepHbIid ko3P PUIMeHT, paBHblil 1,13 M.

OH Takxe NpUHUMAET, YTO:

a, ,ta, =a,

b, ,*+b, ,=b,

EctecTBeHHO, B pe3yibraTe OKpYyIJIEHUs! HA HEKOTOPBIX YYaCTKaX LEJI0YHCIECHHBIX
PSAZ0B BO3HHMKAIOT HAPYIICHUS aJIMTUBHOCTHU: 30JI0TOM S/l U €ro LEeJIOYUCIICHHbIE
3a0KpYIJICHUS B MJi€ajie COBIAJIaThb HE MOTYT, TaK KaK OHHU BBIPAXKAIOT pa3HbIC
MaTeMaTU4eCKUe 3aKOHOMEPHOCTH.

Ho MBI MOXeM mokaszaTbh, Kak COIIacoBaTh HEYBs3KY. MppannoHalbHyO U
LEJIOYUCIICHHYO KAkl Moynopa Hy>KHO onpeieIEHHBIM 00pa3oM MPUBSI3aTh K 0CIM
rUNepOOINYEKUX KOOpAUHAT (puc. 26). Pan uppairoHanbHbIX OTHOUICHHUH MOTy4daeT
otoOpaxkeHue Ha ocu Oy. LlenouncneHHbie psJibl CO3AAI0TCS U3 KOOpAUHAT Y’ TOM ke
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Puc 26. IIpussazka wixan Mooyriopa k ociam eunepbonuieckux KoOpOuHam.

CepHUH TOYEK, PACIOJIOKEHHBIX Ha CMEKHBIX BETKaX TUIEPOOIIbI Uepe3 OJUH MOIYJIb
MOBOPOTA.

NTak, uto o0mero Mexay AMHaAMHYECKOW cuMMeTpuel (uiinorakcuca,
MosynopoM U TuHaMUYECKOr cuMMeTpuen Xamoumka? OTBET B TOM, YTO BO BCEX
CITy4asix UMEeM JIeJI0 C OJHUMH M TEMH K€ MaTeMaTUUeCKUMHU 3aKOHOMEPHOCTSIMH, a
MMEHHO, 30J0ThIMU THINepOonuueckumMu GyHKIusIMH. B caMoMm jnerne, Ha cxeme
XambOuka (puc. 2) oCHOBaHHUE MPOU3BOJBHOTO MapajijeaorpamMmma MOXKHO
MHTEPIIPETUPOBATh Yepe3 3010ToN cuHyc (Gsh Xx), a 1uaroHandb — 4yepe3 30J0TOH
kocunyc (Gceh x). Torna nonyyaem popmysny MHBapHaHTa JUHAMUYECKON CUMMETPUHN
J1. XomOumxKa:

Gceh’ x - Gsh* x = 1.

He menee nHTEpeCcHa BO3MOKHOCTh HHTEPIIPETAIIMN YUCIIOBBIX 3aKOHOMEPHOCTEH
Monynopa. UucnoBsie psiJibl KpacHOW M CHHEN IIKaJI CYUTAaeM PEKYPPEHTHBIMU
(nmpenebperaem ,,MeJIKUMH HETOUYHOCTSMHM); 3HAYUT, K HUM IpUMEHUMa (dopMyia
KOHCTaHThI (MHBapHAHTA) TMHAMUYECKON CUMMETpUHN (PUILTOTaKCHCA:

w’+u u— —u —|=const.

Onpenenym 3HaUY€HUE MHBAapUaHTA JJIA KpacHOU mikaibl. bepém molyro mapy
COCEIHHUX Yrce, Hanpumep, 6 u 9. [Tonyuum |6° + 6 - 9 — 9% = 9. Teneps onpeaeanm
WHBApUaHT JUIA CUHEH ImiKanbl. Bo3pMéM unciaa I8 u 30: |18° + 18 - 30 — 30°| = 6.
HamoMHuM, 3a uCnosib30BaHHOW B JTaHHOM ciydae GOpPMYJIOH CKPBIBACTCS
oOHapy>KeHHasi HaMU XapakTepHasl 3aBUCUMOCTh (12) - B CyIIHOCTH, HHBApUAHT
30J10TOM TUNEPOOINYECKON TPUTOHOMETPHH.

Uucna KkpacHOW M CHHEM IIKajd MOXHO pacCMaTpUBaTh KakK THIEPOOTUYECKUE
koopauHathl X’ 1 Y’ BepiIvH KBajipaTHOU peméTku (cM. puc. 17), npuHajiexanume



JIBYM OIpeieIEHHbIM runepOosiaM. [1ist ogHoi u3 HUX a’= const = 9, 11 apyroii — a’

= const = 6.

Hame o6oOmenune OyaeT HEMOJIHBIM, €CIU HE HallOMHUM, YTO CBOWCTBA
IIPOCTPAHCTBAa-BPEMEHU B CIEUUAIBHONU TEOPUU OTHOCUTEIBHOCTU TAKNKE
XapaKTEPU3YIOTCs UHBAPUAHTOM. TaKOBBIM SBJISETCS T. H. MPOCHPAHCHEEHHO-
6PEMEHHOU UHMEPEAJl, 3HAYCHUE KOTOPOI'0 COXPAHACTCS IPU NEPEXONE OT OIHOU
WHEPIHMAIBHON CUCTEMBI K IPYIroi, U BhIpakaeTcs GopMyiion AF — Ax? = const.
Maremarnueckoi MoAOCHOBOM 3TOI0 BBIPAKEHUS TAKKE OKA3bIBAECTCS 3aBUCUMOCTD
rurepOoIndecKoi Tpuronomerpuu ch’ ¥ — sh? ¥ = const.

Nrak, nmeeM OCHOBaHME ISl 3aKIIFOUUTEIIBHBIX BBIBOJIOB.

1. BerienpeactaBieHHbIMA MaT€MaTHYECKUMU HCCIIEI0BAaHUSAMU (PUILJIOTaKCHUCa
YCTaHOBJIEH (DaKT peanu3aluu B 3TOM SBICHUU 3aKOHOMEPHOCTEW HEEBKIHMIOBOM,
TOYHEE, IICEBIOEBKIINI0BOM I'€OMETPUU, U3BECTHOU KaK reoMerpuss MUHKOBCKOTO.
Jlo cux mop 00JacThIO peaau3aluy 3TOW FreOMETPUU CUUTAIACh TONbKO (Gu3uka. Ho
emwé B. . BepHaackuii BeICKa3bIBajl MPEAIIOI0KEHUE, UTO 3aKOHBI IPUPOJHOIO
dbopmMooOpa3zoBaHKs OCHOBBIBAIOTCS Ha HEEBKJIMAOBOW reomerpun [6]. [loaTomy
IIOJIYYEHHBI HAMU PE3YyJIbTAaT MOXKET pacCMaTPUBATHCI KaK KOHKpPETU3ALM
npeanonaoxenuii B. Y. BepHanackoro.

2. l'eomeTpust guiiotakcuca U €€ TPUTOHOMETPUUECKUM ammapaT OTpaskaroT
cnenuduKy MaTeMaTuK KUBOU MPUPOJIbI. ITO pa3HOBUIHOCTh MAaTEeMaTUKH, B HEU
(byHIaMEHTaIbHYIO POJIb UTPAET 30JI0TOE CEUCHUE.

3. [Ipunnun auHamudeckol cummeTpuu . XamOuKka, mponopruoHaibHas
cucreMa Moaynopa Jle Kop6to3be, nuHamuueckas cuMMeTpust (pULioTakcuca, a Takke
IIPOCTPAHCTBEHHO-BPEMEHHON MHBAPUAHT CIIELIUATIbHOM TEOPUU OTHOCUTEIBLHOCTH
UMEIOT o0Ilee MaTeMaTuieckoe OCHOBAHHME B BHJI€ 3aKOHOMEPHOCTEH reoMeTpuu
MuukoBckoro. [losToMy ecTh OCHOBaHHE TFOBOPUTH O HUX KakK 00 o0mux
3aKOHOMEPHOCTSX IPUPOABI U UCKYCCTBA.
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* Jlumepamypa no meme gurromaxcuca [7, 9, 12, 13, 14] npedcmasnena
8b100poUHO No cocmosiHuio Ha 1988 2., m. e. Ha Momenm 8blXx00a Nepaoll nyoIUKaAYUU
U3NI0JHCEHHBIX 8 OAHOU Cmamve pe3ylbmamos UCC1e008anUs QUIIOMAKCUCA.
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