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K Bonpocy o Henmepruoagu4eCcKOM 3aMOLICHUH MJIOCKOCTH
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«Hcmopust anepouoouyeckux Mo3auK u ux cés3b ¢
Mmamemamuieckou 102UKo — 00HA U3 UHMEPEeCHeUUUx, Ho
eué HeOONUCAHHBIX 2/1A6 8 HAYKE 0 MO3AUKAX»

(B. I'pronoaym, [oc. Y. Lllenapo) *)

Kak u3BecTHO, BONPOC O CYIIECTBOBAaHMM (PUTYpHI, MPH TIOMOILIM KOTOPOH MOMXHO
OBUIO OBbI 3aMOCTHUTH TUIOCKOCTh TOJIBKO HETMIEPHOAMYSCKUMH MO3aUKaMHK JI0 CUX MOp OCTagTCs
OTKpI)ITBIM.

B nmaHHOI 3aMeTKe MBI XOTHM MPEAJIOKUTh BHUMAHUIO YUTATENs], TOCTPOCHHYIO HAMHU
¢burypy, mpu TOMOIIM KOTOPOH, TPHU ONPENEIEHHBIX HAYaIbHBIX YCIOBHSX 3aMOIICHHUS,
HETNICPUOJIMUECKUE MO3aUKH CTPOSTCS C HAMHOTO OOJBIICH BEPOSTHOCTBIO HEXKEIH
MIEPUOUICCKHE.

Hackonbko HaM W3BECTHO, NaHHYIO (UTYpy TOKa €Il HUKTO HE HCIOJB30BAJ IS
MMOCTPOCHHUS HETIEPHOANYECKUX MO3aHK Ha IIIOCKOCTH.

3aberas BHepén MOXKHO CKa3aTh, YTO JaHHBIC 3aMOIICHHUS HOCAT XapakTep
KBa3UKPUCTAIUIMYECKUX Mo3auK. [lo HamiemMy MHEHHUIO, UMEHHO 3TOT (DaKkT, MOXKET OBITh,
Oynet HanboJiee MHTEPECEH I MHOTHX YHTaTENCH.

1. KiteTka Mmo3ankun

Kak u3BectHo, KpucTamuibl o0nanaoT cumMmmerpuen 2, 3, 4 u 6-ro nopsiakos. JKusoi
IpUpOJie TMpPUCYIla B OCHOBHOM CHUMMETpHUS 5-ro mopsjka. VIMeHHO Hamuuue 3TOoi
CUMMETPUU U SABJIETCS CBOETO POJa 3aIIUTON OT KpUCTAIIM3alUU )KUBOM MPUPOJBL. A T. K.
HEMEepUOJUYHOCTh MO3aUKU KaK Pa3 U SABISIETCS HApYLICHHEM KPHUCTAIIIMYECKOro MOopsiaKa
MbI U OTTAJIKUBAJINUCh MPU MOUCKE (QUTYPHI ISl HEMEPUOAUUECKOrO 3aMOILEHUS TIIOCKOCTU
MMEHHO OT NPaBUJILHOTO MATHYTOJIbHUKA.

[ToctpoenHas Hamu (pUrypa Mo cBO€i CyTH SIBISIETCS T€OMETPUUYECKON MepecTporKon
MIPAaBUIIBHOTO MATHYTOJbHUKA. [TokaskeM moapoOHO Bce 3Tambl MOCTPOCHUS (IEPECTPONKH).

Paccmotpum npaBuiibHbIN naTuyronbHuk (Puc. 1).

C

Puc. 1

*) [7], cTp. 243
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ITepecrpoiika 1: napaunensHblil nepeHoc TpeyroiabHuka FBC Ha BEKTOp CE (Puc. 2)

Puc. 2

Ilepectpoiika 2: nmoBopoT pom6a EABF Ha yron B 36° mpOTUB 4acOBOHM CTpEIKU
BOoKkpyr Touku E (Puc. 3)

Puc. 3

Ilepecrpoiika 3: 3epkanbHOEe oOTpaxeHue TpeyroipHuka CDE OTHOCUTEIBHO
crtoponsl CE (Puc. 4)
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Qurypy GHIJC Ha30BEM MepecTpONKOW MPaBUIBHOIO MATHErOJbHUKA U OyneM
obo3Hauath: I1,. Kak BuaMM, NMOCTPOECHHBIN MATHYTOJIBHUK HMMEET YEThIPE OAMHAKOBBIX
CTOPOHBI U OJIHY, CYLIECTBEHHO OTJIMYAIOLIIOCS OT MPEABIAYIINX YETBIPEX, 110 ITHHE.

[Ipu wucnonb3oBaHMM TakoW (UTYpBL, IS 3aMOLICHMS] IUIOCKOCTU W B CHIY
NPEbIAYIIMX TOCTPOCHUH, OUYeBUAHO, 4YTO OoJyblIasg CTOpPOHAa OAHOM urypsr I
MOCTPOEHHsT OyAyIIUX MO3aWK JOJDKHA TPUIIEraTh K OONbIIeH CTOpoHE Apyroi (Gurypsl. A
9TO CYUIECTBEHHOE orpaHuuyeHue. I1oaToMy MBI pelnMiau MCHOIB30BaTh Ul IOCTPOEHUS
Hammx Oyaymux Mo3auk (urypy, KoTopas mojdydaeTcs NomoiHeHueM K ¢urype 11,

3epKabHOTO €€ OTpakeHHs1, OTHOCUTENEHO cTopoHbl CG (Puc 5)

1
1
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Puc. 5

Jannyto ¢urypy 6ynem o6o3nauyatrs I, T. K. OHa UMEET 8 OJMHAKOBBIX CTOPOH U, B
o01IeM-To, SBJSETCS MEPECTOPOIKOIl MPaBMIBHOTO BOCBMUYTOJIbHUKA (MBI HE OyAeM 31ech
3aHUMATbhCA NEPECTPOIKON MPABUILHOIO BOCMUYTOJILHUKA) U JUIS COKpAIIeHUs: 0003HauUeHHI
B TeKCTe OyJieM Ha3bIBaTh €€ KJIETKONH MO3auKHU WU TIPOCTO KJIETKOM.

Kcratu Oyner ckas3arb, 4TO KJIETKA SBISIETCS 4aCThlO MPaBWIBHOTO 10-THYroJbHUKA.
Ecnn mnomans npaBuinbHOro 10-tuyrosnpHuka 0003HauuTH 4epe3 §,,, a miomans QUrypsl

II - uepe3 Fg, To cpaBeyInBO OyJIE€T COOTHOIIECHUE:!
Sw=\/§.Fs=2\/§-Ss, (1

rac SS - IIomaab NpaBUJIBHOTO IMATUYTOJIBHHUKA, IPU YCIOBUH, YTO CTOPOHBI IMMPABUIIBHOT'O

MATUYTOJIBHUKA U IPABWIBHOTO 10-THyTroNbHUKA PABHBI.
B xadectBe onHON M3 xapakTepucTuk ¢(urypsl II; BBeIEM MOHATHE IJIABHOIO

_—

HanpasJieHus. [ 1aBHOe HanpasneHue 3angaérca BektopoM GC (Puc. 6).

Puc. 6
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T. k. KJIeTKa SBISETCS YaCThbIO MPaBUIBLHOTO 10-THYroJibHMKA, a TaKXkKe B CHIy €€
MIOCTPOEHHUS, OHA MOKET UMETh B MO3auke 10 pa3nyHbIX IJIABHBIX HAaIIpaBJICHUH.

[TokaxkeM mTpHUMEpHl BCEX BO3MOXKHBIX OTHOCHUTEJBHBIX TIJIABHBIX HampaBJieHHit
Hameit purypst (Puc. 7 — Puc. 11)

a) 0)
Puc. 7
a) Puc. 8 0)
a) 0)
Puc. 9
)
: Puc. 10 6)
0)
a) Puc. 11

Ha Puc. 7 — Puc. 11 nonoxenue ogHoi u3 ¢puryp pukcupoBaHo (3Ta Gurypa nokazaHa
ceppiM 1BeTOM). OTHOCHTENbHOE HampasieHue OyaeM 0003Ha4aTh CHMBOJIOM ;.

OTHOCHTENbHOE HANPABIEHUE — 3TO YIJIOBAs MEpa MEXIY IVIaBHBIMU HAIpaBJIECHUSIMHU ABYX
¢buryp B mozauke. T. o. Ha Puc. 7 mokasaHsl 1Ba OTHOCUTENIbHBIX HampasieHus J, = 0° u

0, =36°. Ha Puc. 8 — Puc. 11 nmokazaHbl COOTBETCTBEHHO OTHOCHTEIILHBIC HAINPABICHHS
0,=72°,0,=108°, 6, =144°, 5, =180°, &, =216°, o, =252°, &, = 288°, &, = 324°.
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OueBuaHo, oOmas ¢opMmyna i OTHOCHUTEIBHOTO HAIPABJICHHUS B  HAIIMX
0003HAYCHHSIX UMEET BHUI:

. T
5.—l'g (2)

13

BBeném nonsTre CONpsyKEHHOTO OTHOCUTENIBHOTO HaIpaBlIeHUs. {1 3TOrO MOHATHUS
BBEIEM 00O0O3HAUEHUE 5j. Tornga nns OTHOCHUTENBHOTO HANpPABICHUS O, CONPSKEHHBIM

OTHOCHTENBHBIM HarpaBieHueM Oyner &, rae i+ j=10.

*
OueBnIHO, YTO MHOKECTBO &; U MHOXECTBO &; 00pasyloT muKkiandeckue rpymnmsl 10-

ro mopsiaka. buHapHO# omeparnueit st TakoW TPyMIbl OyaeT KOMIO3UIMS OTHOCHTEIBHBIX
HanpBieHUH (T. € KOMIO3MIUS BpameHuil): J;0d ;= o0,, rne k= (i + j)mod 10.

.. v * * *
AnanorndHo Oy1eM UMETh U IS CONPSDKEHHOM Py Hnbl: §; ©0; =0, .

Kpome Toro, Hama kierka, Kak reomerpuueckas ¢urypa, umeer 20 muaronaiei,
KOTOpbIE MOKHO pa3JeIuTh Ha 7 TUIOB OTHOCHUTEIBHO HUX MIMH. JlnaroHamu Oynem

o6o3HauaTh yepe3 d,. Camas KOpoTKas 110 JUIMHE AUaroHanb d,, camas AJIUHHAS - d .
C

G
Puc. 12
Tnaronamu d, - (BD, DF, BH), d, - (BG, GD), d, - (EG, DH, FH, FB, AG, CE,
CA), d, - (HC, AD, BE, CF), d, - (CG), d, - (HE, AF), d, - (AE).

I[I/IaFOHaJ'II/I ds n d7 MO>XHO HCIIOJB30BaTh B KAYCCTBEC JIOKAJIBHBIX OPTOrOHAJIBHBIX

KOOPJIMHAT KJIETKH.
JITMHBI TUaroHanei BRIYUCISIOTCS 1o hopmynam:

d1=a\,3— ) d2=a1/4— ,
d3=a\I5_ > d4=a 6_¢5
d5=a¢(3—¢), d,=ap’, d,=ap\5-¢.
U3 5THX GOPMYIT MOXKHO TIONYUHTh HECKOJIBKO OYEBH/IHBIX 3aBHCUMOCTEH:
d,—d}=d}-d}=d;-d] =a’, (3)

dd;=a, 4)
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d,
_—= , 5
d, @ )
d.d 3
—_ . 6
d. @ (6)

rac a — JJinHa CTOPOHBI HaIei KIJICTKHU, @ - «30JIOTOC CCUCHUCH.

Touka O = AB N DE - sBisieTcsi IIGHTPOM OITUCAHHOM OKPY>KHOCTH MpaBWIBHOTO 10-
TUYTOJIbHUKA, YaCThIO KOTOPro sABIsieTcs Hama kierka. Touku A, H, G, F, E npuHaanexar
3TOU OKPYKHOCTH.

2. AIropuT™MBI 3aMOIIICHUSA

Tenepb pacCMOTPUM HECKOJBKO AJITOPUTMOB IOCTPOEHUS HENEPUOAMUYECKUX MO3AUK
MIPY MIOMOIIY TTOCTPOEHHOU (PUTYPBI.

TepMHUH «aaropUTM», Mbl HCIOJB3YEM 37ECh, KOHEUHO XE, HE B IIOJIHOM CMBICIIE
3TOrO CcioBa. M3BeCTHO, YTO HEMEPUOANYECKHE 3aMOILEHHUs TUIOCKOCTH OTHOCATCS Kak pa3 K
HEANrOpuTMUYEeCKUM 3amayam (cM., Hampumep [11]). Ilom «anmroputmMom» wMbl Oynem
MMOHUMAaTh HEKOTOPhIE HAYaJIbHBIE YCIIOBUS AJIsi TOCTPOCHUS MO3aUK.

Aaroputm 1: Bbi0op ciydailHBIX OTHOCUTEJIbHBIX HANIPABJICHUI.

1). IlepBas kieTKa CIIy4ailHBIM 0OOpa30M YKJIAJIbIBAE€TCS Ha IUIOCKOCTH. [J1aBHOE
HaIpaBJIEHUE ITON KJIETKH OyJeM Ha3bIBaTh IIABHBIM HATIPaBJIeHHeM OyTylield MO3auKH.

2). HUcnonp3ys TaOmuIly ClIy4ailHBIX YHUCEN BBHIOMpPAaEM HECKOJbKO OTHOCHTENbHBIX
HarnpasJeHUN o,. BeIOOp O, MPOU3BOAUTCS OTHOCUTEIBHO IJIABHOTO HAIPABJICHUS] MO3AUKHU.

3nech KaxaoMy &, COOTBETCTBYeT Lu¢pa k B TabiHLE CIIydaliHbIX YHUCEIL.

I'mnore3a 1: Mo3auka Bceraa OyaeT HenmepHOAHYECKOH eCJIM OHA coAepKUT OoJiee 3-X
Pa3INYHBIX O, .

3) Hcnonb3oBaHue TaONUIBI CIy4YalHBIX YHCEN IPEKpAIIaeTcsl Mocie BbIOOpa He
MeHee 4-X pa3uyuHbIX O .

4) N3 BbIOpaHHBIX KIIETOK, COOTBETCTBYIOIIMX PA3IMYHBIM J;, MNPOU3BOJIHHBIM

00pazoM CTpOUTCS SIAPO MO3auKH. SIpoM Mo3anuKu OyJIeM Ha3bIBaTh HECKOJIBKO BHIOPAHHBIX
CllydaifHBIM 00pa3oM KJIETOK, IPUMBIKAIOLINX APYT K IPYTy CTOPOHAMHU.

I'mnore3a 2: IIpou3BOJILHO NOCTPOEHHAsI MO3aMKAa BOKPYI B3AITOr0 siApa MO3aMKH
Bcerjaa Oyaer HenmepuoAM4ecKoi.

IToxaxxem mpumMep MO3auKH, IOCTPOEHHOM 110 1aHHOMY anroputmy (Puc.13).
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Puc. 13
Ha Puc. 13 mokazana mo3auka, rJi¢ pa3HbIM IIBETOM OKpAIIEHbI KJICTKU, UMEIOIINE

pa3HbIE IVIaBHbIE HAIPABICHUS.
Hano oTrmeTuth, YTO MOCTpOEHHE MO3aMK CIy4daliHbIM crocoboM mo Anroputmy 1
MO>KET IIPUBOJUTH K HEBO3MOKHOCTH IOCTPOEHUS Beell Mo3auku. Ho Mel mpeanosnaraeM 4o,
BCETJa CYIIECTBYET BO3MOXKHOCTb BO3BpaTa Ha [JBa-TpW IIara Ha3aja, 4ToObl n30exarb
TYIMKOBOT'O Pa3BUTHUS IIOCTPOEHUS.
Ha Puc. 14 npuBenén ¢pparmMeHT 01HOM M3 BO3MOXKHBIX TAOJHII CITy9allHBIX YHCEI

TABJIMIIA CIIVUYATHBIX UHCEJT

76520 13586 24673 54876 80959 08117
64894 74296 24205 24037 20636 10402
19645 08303 23200 02560 15953 34764
09376 70715 28311 31163 88676 74397
80157 36147 64032 36653 98951 16877
34072 76850 26697 36170 65813 39885
45571 82406 35302 42614 86799 07439
02051 65692 69665 74818 73053 85247
05325 47048 90553 57548 28468 28709
03520 64778 35208 34282 60935 20344
14505 62607 22109 40558 60970 93433
39808 27732 50725 68248 29405 24201
06288 92083 13746 70072 18475 40610
86507 52401 36766 67951 90364 76493
57517 64969 91826 08928 93785 61263
Puc. 14

Paccmotpum komOuHanuio u3 Tpéx kietok (Puc. 15).

Puc. 15
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®urypy, nokazanHyto Ha Puc. 15, Oynem HasbiBaTh «CTaHAapTHBIM Sapom» Hiu
cokpamiéHao — SC (abpeBuaTypa OT COOTBETCTBYIOIIHUX aHTJIMMCKUX CIIOB).

I'mnore3a 3: Ecam saapom mo3auku siBiasiercsi ¢purypa SC, TO NOCTPOCHHAsi BOKPYT
TAKOI0 A/1pa MO3aHKa Bcerjaa 0yaeT HemepuoIH4eCKo.
AaroputM 2: Ucnosib30BaHMe CTAHIAPTHOIO AAPa.

1). B xauectBe sigpa Mo3aunku Beioupaem purypy SC.
2). JanbHeiiee moCTPOCHHE MO3aUKH OCYIIECTBIISIETCS IPOU3BOJIBHO.

ITokaxxemM HECKOIBKO IIpUMEPOB HOI{O6HI)IX MO3aHuK.

»
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Puc. 16

Ha Puc. 16 noka3ana mpocteiiiias 13 HeepHOJNUYEeCKIX MO3auK, UCTIONb3YIOMIast s
noctpoenus «CrannaptHoe Sapo».

OueBuano, uro ¢urypa SC MoxeT ObITh pa3MelleHa B MOAOOHOW MoO3auke
CIlydaifHBIM 00pa30M HEOTPaHUYEHHOE YHCIIO Pas.

Puc. 17

[TpuBeném mpumMepsl IPyrux MO3aMK, SIAPOM MO3AUKH Il KOTOPBIX SBISETCS (hurypa
SC.
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Puc. 18

Puc. 19

Ha Puc. 17 — Puc. 19 knerku pa3HbIX OTHOCUTENBHBIX HampaBlICHUI IMOKa3aHbI
Pa3HbIM LIBETOUM.

Hano ormeruTh, 4TO IpU MOMOIIM HAIIEH KIETKM MOXHO TakXe CTPOMTb MO3AUKY,
00J1aJaroIyI0 IIOBOPOTHOM CUMMETpHel msaToro nopsaka. [IpuMep oaHO#M M3 TakUX MO3auK
nokasas Ha Puc. 20.
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Jns Tex, KTo 3auHTepecyeTcs NalbHEHIIUMHU CaMOCTOSITENIbHBIMU HCCIEA0BAHUAMHU
MO3auK, HOCTPOEHHBIX NpH nomoiuu ¢urypel Iy, Hano ckasaTb, uTo durypa SC nomyckaer

BHYTpeHIo0 mnepecTpoiiky (Puc. 21). BHyTpeHHss mepecTpoiika MokazaHa IyHKTUPHBIMU
muHUsAMH. [lo CyTH BHYTpEHHsIS MepecTporKa M SBIISIETCS 3JI0NOM HENEPUOIUYHOCTH, T. K.
OHa He 3aBHCUT OT BHelIHed Mo3auku. Kak Obl CHMMETpHUYHO HU Obla MOCTPOEHA MO3anKa
BHYTpEeHHss nepectpoiika SC Bcerna aenaeT e€ HenepuoanyecKoil.

Puc. 21

JIBe kieTku B Mo3auke OyaeM Ha3blBaThb COCEHUMH, €CJIM OHM UMEIOT XOTs OBl OJTHY
obmryro cropony. Ha Puc. 22 mpuBenéH npumep MO3aukd, B KOTOPOH €CTh KIETKU C
MAaKCUMaJIbHbIM 1 MUHUMAJIbHBIM KOJIMYECTBOM COCECH.

Puc. 22

I'unote3a 4: Ecam oaHOl M3 KJIETOK B si/ipe MO3aHMKH SIBJSIeTCSl KJIETKa ¢ YHCJIOM
coceleil paBHbIM 7-MH, TO M0O3aHKa, MOCTPOEHHAs HA OCHOBE ITOr0 s/iPa Bceraa oyaer
HenepuoAunYeCKOM.

Aaroputm  3: Hcnonb3oBaHHe  IPYNNOBBIX  CBOMCTB  OTHOCHTEIbHBIX
HANPaBJICHUH.

10
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1. Jns sinipa MO3auKd BBIOMPAIOTCS JBE€ IMPOU3BOJBHO COCEACTBYIOLIUE KIIETKU C
Pa3INYHBIMU OTHOCUTEJILHBIMH HalpaBJIeHUsIMHU (Hanpumep &, U J, ).

2. TpeTbsl KJIETKAa MMEET OTHOCUTEILHOE HAMPABJICHHE PABHOE KOMITO3HIIUH JABYX
HEPBBIX: O, © 0, = O, ¥ IPOU3BOJIBHO NPUKPEIUIAETCS K HALIEMY SPY.

3. AHanoru4HO BbIOMpAlOTCS 4eTBEPTAs W mATass KICTKH, JUIl  KOTOPBIX
OTHOCHTEJIbHBIC HANPaBJIeHHs Oy IyT, COOTBETCTBEHHO: 8, 05, =0, U 0,00, = 0.

I'mnore3a S: Ilpu TakoM NOCTPOEHNH SIIPA, MO3aMKAa Beeraa Oy/eT HemepuoIn4ecKoi.

[Ipumep Takoit Mmo3auku nokasad Ha Puc. 23

Swwyew
SYSOY -

Puc. 23

MOXHO HpPEeAIOKUTh OTPOMHOE KOJUYECTBO AJITOPUTMOB MTOCTPOEHHUS /1pa MO3ANKH.
Hanpumep anroput™m, 3ampemaronuili UMeTb B SApe MapajuiebHble OTHOCHUTENbHbIC
HampaBlieHuss U JIp. Mbl He OyJeM 371ech 3THUM 3aHuMaThcs. Huke mpuBoasTcs mpumepbl
HETNIePUOUUECKUX MO3aHK, TOCTPOSHHBIX Ha MOJIOOHBIX aITrOpUTMax.

\

ﬁ ..

' TN /1 _/ |

4]
| |
Puc. 24

3. Moaen KpUCTA/LUINYECKUX PEHIETOK U HelepuoAnyecKue MO3anKu

Kak wus3BectHo [14], upeanbHONl CcHMMETpUM B MNpUPOJE HE cymiecTtByer. [laxe,
Ka3ajoch Obl, HJealbHbIE KpPUCTAJNIMYECKHE pEIIETKM B OCHOBHOM CBOEH Macce He
BBIJICPKHUBAIOT JAJIHETO MOPSIKA.

11
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Mbl npuBenéM 31€Ch HECKOJIBKO MOJIENICd TAaKUX PEUIETOK, B3STHIX W3 PA3IUYHOU
nutepaTypsl. Kak Ham npenictaBisercs, MO3auKH, MOCTPOCHHBIE MTPU TOMOIIY HaleH KIETKH,
MOTYT OBITh HEIJIOXUMH HIUTFOCTPALIASMU IS TTOTOOHBIX PEIIETOK.

Kak Opwio ckazaHo, KpHCTajUIM4YecKasi pemiéTka He BBIIEPKUBAET CHUMMETPHUIO
nanpHero nopsiaka. Kpucrammudeckas mpupoaa TaKux KPUCTAIUIOB HOCUT OJIOYHBINA XapakTep
Puc. 25 ([14], Puc. 33, ctp.71).

Puc. 25

Mo3zauku, npeAcTaBiieHHbIe HAa Puc. 26, kak HaM KaeTcsl, HEMJI0X0 WLIIOCTPUPYIOT
OJIOYHYIO MOJIENIb KPUCTATUYECKON PeIETKH. 3/1eCh Mbl HAHECIM Ha HAIly MO3auKy CETKY,
COEIUHSS LIEHTPBI TSHKECTH COCETHUX KJIETOK OTpe3KaMu MpsiMbIX. HamomuHaem, 4To KiIeTku
Ha3bIBAOTCA COCCAHUMU, CCJIN Y HUX CCThb XOTA 61:1 OaHa O6H_Ia51 CTOPOHA.

. %
nnnaat
AsisiETERIAL |
‘\n\l\s\n\s\;‘ﬁi‘

I T T e S
Dy BB S0
LHNTRERET

Puc. 26
Kak BuauMm, mojHas TpUAHTYJALMS IPUCYTCTBYET B OCHOBHOM TOJBKO B SApe

MO3auKH, Kak ¥ Ha ceTke Puc. 25.
Od4eBUIHO, YTO MO3aWKH, MMOKa3aHHBIE HA Puc. 26, MOTyT OBITH MPOJOKEHBI HA BCIO

IIJIOCKOCTh.
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Puc. 27

Ha Puc. 27 (¢pparment ®wur 1. [1], ctp.133), mokazana u3MEHEHHAS CXeMa PEIIETKA
Kpuctanna rpaduTa TOCIAE CTOJIKHOBEHHS C HEUTPOHOM. MBI BUIUM HECKOIBKO
00BETMHEHHBIX IO TPOE TECOTOHAIMHBIX KOJICII, YTO JCJIAeT BCIO PEMIETKY HETIEPHUOTUICCKOM.

bt

Puc. 28

[TpuMepHO MOX0XKYI0 KapTUHY MbI HAaOJIOAaeM U B MO3aHKe, IIOKa3aHHOW Ha Puc. 28.
31ech Il MOCTPOSHUS HEMEPUOINIECKO KapTHHBI HCIoNIb30Banachk gurypa SC.
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Puc. 29

Jdnsg  woirocTpanMyd — HapyIMICHHs — KPUCTALTUYECKOTO  MOpSAAKA  MPOBOIMIICS
skcriepumert ([9], crp. 80). bpancs smmk, Ha JHE KOTOPOTO OBUIM pacCHIIaHbI
MeTaJulndeckue Imapuku. llocie BCTpsIXUBaHHS —HCCIIENOBajach KapTHHA YIaKOBKH
mapukaMu JHa suka. [loutu Bcerna HaOmronanach KapTuHa ¢ MedeKTaMu, XapakKTepHbIMU
JUTsl Heneproaudeckoi mo3auku (Puc. 29).
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Ha Puc. 30 nmoka3zana Hemepuoanueckasi MO3auka, CXeMAaTHYHO MMOXO0XKas Ha Ty, 4YTO
nokaszaHa Ha Puc. 29. Kak Bugum, 371ech OIATh NPUCYTCTBYET SIPO Ma3auKU B BUZE QUTYPBI
SC (pa3HbIM IIBETOM MTOKa3aHbl KJIIETKHU, UMEIOLINE Pa3HbIE ITIaBHbIC HAPABICHHUS).

Puc. 31

Ha Puc. 31 (cmeBa, [9], ctp. 79), mnoka3aHa cxemMa CpaldBaHUs JABYX
KPUCTAINTMYECKUX CTPYKTYp B OJHY. Ha 3TOM ke pucyHKe (CmpaBa) MOKa3aHO CpalldBaHUE
JBYX HEMEPUOIUYECKUX MO3aHK, IMOCTPOCHHBIX MPHU MOMOIIM Halled KIETKH 3aMOIICHHUS.
[Tpuuém, B 3aBUCUMOCTH OT TOTO KakK OyayT pacroyiaraThCsi KJIETKH BHYTPU «CEPhIX» QUryp
SC, oOmrasi Mo3amka MOXXET OBITh IEHTPAITBHO-CHMMETPUYHOM, 3€pKATIbHO-CUMMETPUIHOM
WM BOOOIIE HE UMETh HUKAKOH CUMMETPUH.

I'mmore3a 6: Kakum 0bl He ObLJIO PO HENMEPHOAMYECKOH MO3AUKH, MOCTPOEHHON NP

NMOMOIIM Hamedl KJIeTKH, ¢ palldpeHHeM Ha BCKH IUIOCKOCTh MPOMCXOAUT
BbIPABHHBAHUeE 110 HATIPABJEHUSAM CTOPOH NMPABUJIbHOIO 5-THYT0JIbHUKA.

Puc. 32

Jns mHTEepeca moka)xeM JBE€ MO3auKW pa3Hble MO CYyTH, HO MOXOXKHE JPYT Ha Jpyra,
KaK «pOJICTBEHHUKW», Puc. 33
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Puc. 33

Ha Puc. 33 (cneBa) moka3aH (parmMeHT u3BecTHOW Mo3amku Xeema ([7], ctp. 242).
OTOT OpHAMETHT HMMEET CUMMETpUI0 6-ro mopsaka, «kojieco» cmaBa Ha Puc. 33 umeer
CUMMETpHI0 5-ro mopsinka. Hamo 3aMeTuTs, 9YTO OpHaMEHT Xeella He UMEeT BO3MOXKHOCTHU
pacmupenus. Hamre ke «Koieco» Npu pacHIMpeHHH 3aMOINaeT IEHTPaTbHO-CHMMETPUIHO
BCIO MJIOCKOCTb.

N B 3akmioueHne [aHHOW 3aMETKM MbI BbIpakaem OnaromapHocTh Jlroammuie
[umkoBoi 3a MPOSBICHHBIM HMHTEPEC W TEPHEHHE TMPU TOCTPOCHUH BCEX I[BETHBIX
WJLTIOCTPAIMA TPUMEPOB HAITMX MO3aHK.

Jlureparypa

—_—

. E. Burnep, «91101161 0 cuMMmeTpumn», M., «kMUP», 1971

2. I'. Beiinb, «Cummerpusi», M., <kHAYKA», 1968

3. . llunoy, «I'eomeTpust u uckyccteo», M., «kMUP», 1979

4. K. JleButun, «['eomerpuueckas pancogus», M., «3nanue», 1976

5. A. Conun, «Iloctuxkenue coBepuieHCTBa», M., «3Hanue», 1987

6. M. Cenewans, J[x. @nek, «Y3o0pbl cummerpun», M., « MHUPy», 1980

7. . Knanep, «Martematnueckuii HIBETHUK», M., «MUP», 1979

8. M. I'apanep, «IlyremectBue Bo BpeMeHu», M., «MUPy», 1990

9. B. T'unwpe, «3epkanbabiii Mup», M., «MUP», 1982

10. M. T'apanep, «Ot mo3auk [lenpoysa k HagéxHbIM mpudram», M., « MUPy», 1993
11. P. Ilenpoy3, «Tenu pazyma», M., <kMUP», 1994

12. P. Ilenpoy3, «HoBsliit ym kopoisi», M., «MUP»,

13. E. Haeckel, ,, Kunstformen der Natur®, Miinchen-New York, ,,Prestel, 1998

14. A. Kuraitropoackuii, «Ilopsinok u 6ecriopsiiok B mupe aromoB», M., «HAYKA», 1977

15



