JIEKUMNST 2

BonwebHbie ocu
(3mo ebIOyMKa unu Hem?)

llpoeuyupoeaHue
(unu kak usymums Ckomma u AMyHOceHa)

Teopema Junepa
(u ee Haa2nIsiI0HOe 0doKa3zamesibcmeo C
noMouw,br0 MallUuHbI epeMeHU).



PasMuuka




B 3aBHCHMOCTH OT XapakTepa npeoopa3oBaHuUs
pasznmuuaroT anemernmol cummempuu | u ll pooos.

Inemenmovt cummempuu | pooa cesazviearom Opye ¢ Opy2om
KOHZDYIHmMHO  pasHble  gueypur  (Tpeu. congruens -
COBMEIIAIOIINNICA), T.€. (PUTYypPbl, COBMEIIAIOIINECS TIPU HATO0KECHUHU
(BnoxkeHun) — npasie (I1) ¢ mpaBeiMu, JeBbie (JI) C I€BBIMM.

Inemenmor cummempuu |l pooa cesazviearom oOpyz c¢ Opyzom
IHaHmuomopghusie (2peu. enantios — npomueononodcuwil, Morphe —
¢dopma), m.e. 3epkanibro pasuvie ucypol unu ux wacmu — 11 c JI.



Onepanusa cummerpun | poaa - [losopor

JjieMeHT cumMMeTpuu - [lopopoThasn ochk L =360°a,
rae N — mMopsiioK OCH, O, - 3JIEMEHTAPHbIN YroJ1 IOBOPOTA

O003HaYeHHE

B npennmoxeHHOM — (ppaHIY3CKMM  KPHCTAJLIO-
rpapom O.bpaBe CcUMBOJHKE, KOTOPOM YHOOHO
BOCIIOJIb30BaThCsl HA HA4yajJbHOW CTaguHU y4E€OHOTO
npolecca, 0OCM CUMMETPUN 0003HA4Yar0TC OyKBaMU
L, TOe DOACTPOYHBIA HHAECKC N COOTBETCTBYET
NOpsAAKY OcCH. I[paduyuecku MNOBOPOTHBIE OCH
0003HA4YaKOTCSl MPSAMBIMU JTUHUSIMH CO 3HAYKaMH,
COOTBETCTBYIOIIUMH TOPsAAKYy ocu. Ockb 1-ro
nopsiaka L, rpaduueckoro 3Hauka HE UMEET.




Jloeopommuwvix oceil 6 npupode noaxo!

Kpucraiui rpanara —

albMaHIuHa. MOXHO

YBUJIETh OCU 2, 3 1 4
MTOPSIKOB




Kpuctannbl — 04eHb gaxe
CUMMETPUYHBbIE OOBEKTHI!

Oirooput



B kpucmannax nem oceu 5-20 u evtuie
0-20 nopaokos.

OcHnoenou 3aKon cummempuu
Kpucmasiioe, yCTAaHOBJICHHBIN
SMITUPUYECKH, HO BIIOCJIEICTBUU
MOATBEPKICHHBIN «PEIIETYATHIM
CTPOCHHUEM KPHCTAJLIOB.

B kpucmannuueckux
MHOCODAHHUKAX NO ﬂOOK oceii
P P Pene Kwocm I arou

02PAHUYEH UUCIAMU (1743 — 1822 22.)
n=1 2 3, 4,6.




CneacTBue - Ha INIOCKOCTH HEJIb3s IPaBUIbHBIMHU N-
YTOJIbHUKAMH (T7I€ N > 6) BBIIOJHUTH BCE IBYXMEPHOE
POCTPAHCTBO 0€3 3a30POB WJIN IIEPEKPHITUIA

B)




Imom 3aKOH MONHCHO 00KA3Amb, NPEONOI0MHCUE
peuwiemuamoe CmpoeHue Kpucmaios.
Paccmompum 2 mepuwtit cayuail:

A

[TycTh nBa mepeceKaromuxcs B TOUKe A y3J0BBIX psja
OMIPENCIISIIOTCS OTHUM U TEM K€ MEKY3JIOBBIM PACCTOSHUEM, MUHUMAJIbHBIM
711 JAHHOM NPOCTPAHCTBEHHOM pemeTku (a = a, ). Torna B TpeyroyibHUKe

AA A, ctopona A;A, 10/5KHA OBITH paBHA g, IMOO OOJIBLIE a CIEN0BATEBHO,
o> 60°. DT0 3HAYUT, YTO MOPAJOK OCH HE MOXKET MPEBBIIIATH IIECTH



B kpucmannax nem oceii nopaoka >6




B kpucmannax nem oceu 5-20 nopsaoka
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JIro0as napasesiorpaMmMaTuyecKas CeTKa oOnazaer PACIIOJIOKEHHOU
NEPIECHANKYJISIPHO K HEM OChbIO CUMMETpUM 2-10 nopsiaka. Eciu ke B KpUCTajje eCTh
OCh HEYETHOTO MOPSJIKA, TO Pe3yJbTaT €€ B3auMOJCUCTBHS C IapalJieIbHOM €il 0ChIo 2-
ro MOpsaKa, MPUCYIIEH KaKIOHW CETKe, OOYCIOBUT IMOSBJICHHE YETHOW OCH BIBOE
Oosbiiero nopsiaka. CieoBareibHO, €CIU NPEANOJIOKNUTh BO3MOKHOCTh MPUCYTCTBUSA
B KpUCTAJJIE OCH D-TO MOPSJKA, TO OKAXKETCS, YTO NEPHEHIAUKYIIPHO Y3JI0BOU CETKE

JOJKHA BO3HHMKHYTHh OCh BABO€ Oombmiero — 10-ro mopsijka, 9TO MPOTHBOPEUUT
JI0Ka3aHHOMY BbImIe (N > 6)




B kpucmannax nem oceu 5-20 nopaoka




A B :xxkuBbix opranusmax ECTb! N=5




3) Cmpax nepeo nexKueoii npupodoii



K a1emenram cumMmerpuu |l-ro poaa
OTHOCATCH 00bIYHBbIE 3JIEMEHTHI
N3BECTHbIE B ObITY:

JEPKAJIbHbBIE NJIOCKOCmU

UeHmp uHeepcuu



Onepauuss cumMeTpun - Orpakenue

DJIeMEHT CUMMETPUH —
3epkajibHasi JIOCKOCTh

3epkajgbHas  IUIOCKOCTb  CHUMMETPHUHU a
3a7a€T  ONEpalhil0  OTPaXCHHUs, IIpU
KOTOpOHM mpaBas 4yactb Qurypbl (man II-
(durypa), orpaxkasichb B INIOCKOCTH, KaK B
JIBYXCTOPOHHEM 3€pKajie, COBMEIIAETCS C
geBon  ee  4actero  (JI-gurypoinr).
Kpucramn, oOnagaromuid  3epKajbHOU
IIJIOCKOCTBIO, pa30uBacTCs 3TUM
3JIEMEHTOM CUMMETPHH Ha JIBE 3€PKAIBbHO
PaBHBIC — SHAHTUOMOP(HBIC — YACTH




Onepanus cumMeTpum - OTpaskeHue

O0o3HaueHHne




Onepanus cumMeTpum - OTpaskeHue

djeMeHT cuMMeTpuH — LlenTp cummerpuun = ueHTp
UHBEPCUU

[leHTp CUMMETPHH — 3TO 0Cc00ast Kak Obl «3€pKajlbHasH TOUYKA BHYTPHU
(Urypnl, COBIAJAIONIAs C €€ IEHTPOM TKECTH, «OTPaKasChby»
(MHBEPTHUPYSICh) B KOTOPOM, MpaBas (Purypa He TOJIBKO MEPEXOJUT B
JEeByO, HO U, mnoBopauuBascb Ha  180°  craHOBHTCS
AHTUIIAPATUICIIBHOW UCXOMHOM.



JKBHBAJEHTHLIC M HEDKBUBAJEHTHbBIE
JJICMCHTBI CMMMCTPHUHU

DKeusaieHmmble 31eMeHmbl cummempuu, CBsI3aHbI KaKUMH-JIH00
orcpansaAMn CUMMCTPHUH JAHHOI'O KpUCTAJLJIA.
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JKBUBAJICHTHbIC U HEOKBUBAJICHTHBIC 3JIEMCHTHI CHUMMCTPHHA:

a— L33F), 6 - L44P — L42P’ ”; 6 _3L23P — ,LZHLZ,” ’P”P”’C



Onucanue 3J1eMEHTOB CMUMMETPUH

[Ipy omucaHMM CUMMETPHUH KPHUCTAILIOB BBISBICHHBIA KOMILICKC
3JICMEHTOB CHMMETPHHM, HAa3bIBACMBIN Kiaaccom (MM 2pynnoti)
cumMmempuu,  3alUCHIBACTCA B  CTPOYKY B  CICAYIOIICH
IOCJIC0BATEILHOCTH.

1) mOBOPOTHBIC OCH BBICIIETO MOPsIKA (€CIIM OHH IPUCYTCTBYIOT),

2) IIOBOPOTHBIC OCH 2-TO TIOPSIJIKa,

3) 3epKalIbHBIC IIJIOCKOCTH CUMMETPHH,
4) meHTp UHBEPCUH (ECIU €CTh).

L, 2L, 2L, 2P 2P P™°C




CKOJIBKO BCETO €CTh JIEMEHTORB
CHMMETPHUH B KpHUCTAJLJIaX ?

Ly, Lo Ls, Ly Lg
P, C

Bcee?
J1J14 MarioB U3 IPyrux BY30B BCE,
a 1151 HaC — HE COBCEM...



Jles10 B TOM, 4TO K 3JIEeMEHTAM CUMMETPHUH
|1-ro poga oTHOCSTCHA KaK OOBIYHBIE
3JICMEHTbI U3BECTHbIE B ObITY:

JEPKAIbHbBIC NJIOCKOCmU uenmp uHeepcuu

TaK U BOJIIIEOHEBIE JIeMEeHThI
TOCTYNMHBbIC KpHUcTAJJIorpadam u
He3aMeTHbIE «MarjIaM»:

3EPKAIbHO-RO60OPOMHbBLIE OCU

KPUNCTAINOI PA®LI
BWUOAT TO, UTO OCTaNbHbIM He3aMeTHO_ uHBepcuOHH ble ocu




BoJunieOHbIe 3JIeMeHThl CHMMETPHUH 2 poaa

HauuHasa ¢ 3T0ro MOMeHTa BC HHpopManus ceKkperHasn!
MarJyam u3 Apyrux rpynim He nNoKa3bIBaTh!



BoumeOHbIe 3J1IeMeHThl CHMMETPHUH.

EcCTh 11 OHM B KpUCTaJlJIaX WX 3TO BBIIYMKA?
Bonwebuvie (cnooicHvlie) anemenmsl cumMmempuul

IO3BOJISIOT COBMEMIATh (PUIYpHl IIYTEM JIBOMHOMU
MHMMOM omepanuu — noopora (omepauuu |-ro
pOda) U OTPAKCHHUS B IJIOCKOCTH WJIH WHBEPCHUHU B
touke (onepauuu |l-ro pona).
IIpy1 3TOM MPOMEKYTOYHOI'0 PEe3yJabTara HeT!
OT1aejbHBIX OlepaAlMMA TOYXKE HeT!
BelecTBeHHA TOJBLKO CYNIEePIO3HUIMSA

3EPKA/IbHO-RO60OPONHbBIC OCU Qn

UHBEPCUOHHbBlIE OCU 'I'_n



BosmeoHbIe 31eMeHTI CHMMETPHUH.

s, S o
‘.‘,\; et R X . o

St S

Yuumca xooumo uepes eupmyanvHvle ni10CKOCHU
Ul OMPANHCAMBbCA 6 MHUMOM UCHMPE



3aBHCHMOCTb MEKIY 3epKaJbHBIM (YroJl IOBOPOTa Q) U
MHBEPCHOHHBIM (yroua nmopopora o’ = 180° —a) moBoporamm

(Onepanus Kaxkaoii 3epKaJbHOMH OCH C 3JIeMEHTAPHBLIM YIJIOM
IOBOPOTA O MOKET ObITH 3aMEHEHA onepanued MHBEPCUOHHOM
OCH C 3JIEMEHTAPHBLIM YIJIOM moBopoTta o’ = 180° - o )



JlaBanuTe Tenmeps 3agaauM
camMu cede BONpoc:
JAYEM TEBE JT0
Henp3s mm 5TH ClnokHbIC (Ha IIEPBBINA B3I/
HaJyMaHHbIC) IpeoOpa3oBaHUs 3aMEHUTh HA0OPOM
IIPOCTHIX, YK€ 3HAKOMBIX HAM, 3JIEMEHTOB CUMMETPHUHU !
JIEVCTBUTEBHO JIM A1 ONMCAHUSA CUMMETPUU
HEKOTOPBIX KPUCTAIIIOB IPOCTHIX AJIEMEHTOB CHUMMETPUHA
HEAO0CTATOYHO? 114 3TOTO JaBanuTe MPOAHATIUIUPYEM BCE
KpUCTAJUIOTpaprUIECKue MOPSIIKA OCEH U IIOCMOTPUM

B3dUMOCBs3b MCKAY 3CPKAJIbHO-IIOBOPOTHBIMU,
HHBCPCHUOHHBIMH U ITPOCTBIMHA 3JICMCHTAMHU CUMMCTPHUN.




JIposepum éce éapuanmot. ‘Ecmb Au
HA céeme mecmo wy0y?

(o) L,(a’) 4Ymo amo?
n=1 (OL:O) n=2 (0(,:180) nnockoctb! (P)

RO WN R~ Z

Oka3blBaeTcd, N0 yTpamMm Mbl CMOTPUMCS B
NMHBEPCMOHHYI OCb BTOPOro nopsiaka



Tunuunas UHBEPDCUOHHAN OCb 6MOPO2O l’lOpﬂOl{a



JIpoeepum éce eapuarmoi. Ecmb Au
HA céeme mecmo wy0y?

(o) L. (o) Ymo amo?
N=1 (@=0) n=2 (¢=180) nnockocts! (P)
n=2 (0(,2180) n=1 ((12360) LeHTp!

-I>CD00I\J|AZ




Tunuunasn UHBEPDCUOHHAA OCb nepe6oco nOPﬂOKa



JIposepum éce éapuanmot. ‘Ecmb Au
HA céeme mecmo wy0y?

(o) L. (o) Ymo amo?
N=1 (x=0) n=2 (x=180) nnockocrs! (P]
n=2 (a=180) n=1 (=360) LeHTp!
n=3 (a=120) n=6 (a.=60) L,+P,!
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JIposepum éce éapuanmot. ‘Ecmb Au
HA céeme mecmo wy0y?

Lo(a) L,(a’)

Umo smo?

n=1 («=0) n=2 (x=180)

n=2 («=180) n=1 (&z=360)

nnockoctb! (P

ueHTp!

—

n=3 (a=120) n=6 (0.=60)

L,+P,!

n=6 («¢=60) n=3 (=120)

L.+C

NO WN R~ Z

Iloxootce uyoec na ceeme nem...



Jlossuracy uHeepCuoHHast 0cb 4-020
nopsoxa!

N L (o) L. () Ymo smo?
@ 1 n=1 (a=0) n=2 (x=180) nnockocts! (P)
n 2 n=2 (a=180) n=1 (@=360)  wuenp!
>3 R 3 n=3 (a=120) n=6 (0.=60) 4P
J] 6 Nn=6 (a=60) n=3 (@=120) Lic
°n 4 n=4 (0=90) n=4 (@=90) W

Yt0 3107?
3EpKAIBbHO-TIOBOPOTHYIO OCh 4-TO MOPSIJIKAa HEBO3MOXHO 3aMEHHUTH
OPOCTHIMU PEaJbHBIMU dJI€MEHTaMu cuMMeTpuu! MeHHO mosToMy
3Ta OCh UMEET CBOE Ipa(hMIE€CKOEC 0003HAYCHUE — TEMHBIN 3HAK
dr030 B CBETIOM KBaJparuke. boiee Toro, oHa npucyTCTBYET B
pPEATBHBIX KPUCTAJIJIAX, YTO «Y3aKOHMBAET)» BCE YYEHHUE O 3€PKAJIbHO-
MTOBOPOTHBIX OCSIX.




Nnmroctpanusa 1eucTBus
3€PKaJIbHO-TIOBOPOTHOM (MHBEPCUOHHOM )

ocH 4-10 nopsAaka t
4

MHOrorpaHHuK ¢ €IMHCTBEHHBIM 3JIEMEHTOM CUMMETPUH
@) -3¢pPKaJIbHO-TIOBOPOTHOM OCKIO 4-T0 TTOPSIKA
0) WILTFOCTPALsI MHUMBIX OIEPAMA CUMMETPHUH 4-TO MOpsAIKa
— moBopoTa Ha 90° 1 OTpaKEHHUS B 3€PKAITBHOU INIOCKOCTH CHUMMETPHUM



NarocTpanust AeiiCTBUI MPOCTHIX U CJ0KHBIX 3JIEMEHTOB
CUMMETPHUHU:
a — TPEX B3aUMHO NEPHECHINKYIISIPHBIX OCEU 2-TO MOPAAKA
L,"L,""L,"",
0 — TIOBOPOTHOM OcH 4-ro nopsiaka L,
6 — 36pKAJIbHO-TIOBOPOTHOU OcH 4-10 nopsjaka t.,. [{BeTtom
BBIJICJICHBI JIMIEBBIC 1 N3HAHOYHBIE CTOPOHBI TPEYTOJIHLHUKOB.




NimocTpanusa 3aMeHbl HEKOTOPBIX CJI0KHBIX 0CEH
MPOCTHIMM 3 IEMEHTAMU CUMMETPHUH

BAXKHO! Bce onepanuu CMMMETPHHA — OCH
(oObIlunBIE WU 60NMMEOHbIE!)




NToro. CKONbKO BCero ectb 3J1IeMeHTOB
CUMMETPUUN B KpUcTannax?

"
npocCTO

L, L,, Ly, Ly, Lg
Ll(C)’ LZ(P)1 LB(LBC)’ L4’ LG(LBP)

Kpucramisl )KUBYT B MUPE OPOCTHIX U
BOJIIICOHBIX OCEW CHUMMETPHUH !



llpoeuyupoeaHue
(unu kak usymums Ckomma u
AMyHOceHa)



IIpoenupoBaHie KPUCTAJLJIOB U 3JIEMEHTOB
CUMMETPHH

JIIss  MoJy4YeHus TIOJIHOM XApPaKTEPUCTHUKU OrPaHKUM KpUCTaIa
HEOOXOJIMMO HE€ TOJBKO HaMTH U 3a()MKCHUpPOBATh B IMPOCTPAHCTBE
3JIEMEHTBI €r0 CUMMETPHUM, HO U, HCIOJb3ys OCHOBHOM 3aKOH
IIOCTOSIHCTBA  YIVIOB  MEXKIAY  COOTBETCTBYIOIIMMH  TI'PAHIMHU,
3a(DMKCUPOBaTh IIOJOKEHUS T'paHEH OTHOCHUTEIBLHO JJIEMEHTOB
CHUMMETPHH.

JI1s TOrO CiemyeT mocieaoBaTebHO IIPUOETHYTh K TPEM CIoco0am
IIPOCLIUPOBAHUS KPUCTAJLIOB!

1) Mbicnenno oCTPONUTH cghepuuecKyro npoexkuuio (cghepa ycioeno
Oeckoneunozo paouyca)
2) IlocTtpouts cmepeozpaguueckyio npoexyuto (IIOCKHA 00pa3
cghepuueckoil npoexkyuu) SIEMCHTOB CHMMETPHUHU KpHCTaJLIa
3) Hanectu cnomocmepeozpaghuueckue npoeKIuy rpaHeH.



IlpoenupoBaHue KPUCTAJLJIOB M 3JIEMEHTOB
CUMMETPHUH

WJITIOCTPAIMS] B3aMMOCBSI3H
nojoxeHus Touek A u D Ha chepe
MPOEKIUN U UX
crepeorpaduuecknx oOpa3os a u d
Ha DKBAaTOPUAIBHOM MJIOCKOCTH

MOJICIIb JJIs1 U3YUCHUS
OCHOB cTepeorpadu4ecKoro
IPOSHIUPOBAHUS



IlpoenupoBanue

N_ P, N

=S a) s 0)

a) u3MepeHue chepuueckux koopauHar Touek A u D B BepxHell u
HIDKHEM 1otycdepe;
0) rpagyupoBKa chepbl IPOCKIUM CUCTEMON MEPUINAHOB 1
rapajieieH.



IlpoenupoBanue

N Kaxnasa Touka Ha cepe NpOEKIii UMEET
JIB€ KOOPJIMHATHI (KaKk B reorpaduun) —
mrpoTa (0003Ha4aeTCsl rpeYecKoi OyKBOU
p) 1 goyirora (0003Ha4YaETCs TPEYECKOM
OyKBOH ().

a) S 6)

B kpucramnorpaduun u reorpaduu STH KOOPAMHATHI CHHUMAIOTCS PAa3JMYHBLIMH
CIOCO0aMHU. B KpHCTaUIOrpaduu /10JIr0Ta OTCUUTHIBACTCS HE OT IpwHBH4YA, a OT
MEpHHaHa, COBMAAAIONIETO C IMOJOKHTEIBHBIM BBIXOAOM OCH Y. DTOT MepuaUaH
BeIOMpaeTcs B kadecTBe 0-oro (¢ = 0° oH e umeer ¢ = 360°). Takum 0Opa3oM, Kakas
Touka Ha cepe umeer goarory ot 0 mo 360°. Illupora (koopauHaTa ) OTCUMTHIBACTCS
0 MEpPUINAHY, IMPOBEACHHOMY 4Yepe3 MCCICAYEMYI0 TOYKY «A» B HaIPaBICHUU OT
ceBepHoro nomoca N k 1oxxHOMY TTonrocy (S). p Ha ceBepHOM monmroce =0°, Ha skBaTOpe
p = 90° a na roxkHOM momtoce S p = 180° (Ckortr u AMyHJCEH ObUIM OBI CIIETKa
YJIUBJICHBI).

Pobepm Danxon Ckomm Pyane Amynocen

Jlocmue mouxu ¢ p = 180° 17
aueaps 1912 2ooa., noeub na
obpamuom nymu

Hocmue mouxu p = 180°
14 oexabps 1911 200a

_(nocubrnem nomom ¢ 1928).




Crepeorpadguyeckue NpoeKIuu 3J1eMEHTOB
CUMMETPUH

KpyT IIPOEeKLMI




Eime pa3 mpo MecTo ceBepa




OO0OBEKT

Cdepuueckasn

NMPoeKuus

Crepeorpadpuueckas

NMPOoeKus

I'nomocTepeo-
rpagpuyeckas

MPOoeKUus

Och

CUMMETPUH

2 TOYKH — MECTAa

BBIXOJIa OCU Ha cepe

O0pa3 Ha JI0CKOCTH

TOYKH (TOYKA)

ayra OO0JIBIIIOrO Kpyra

ILl1ocKOCTH

CUMMeTpuHM

OKpyX)HOCTB T10

OBEPXHOCTH CPEPHI

O0pa3 OKpPYXHOCTH B
BepXHeu nmoaycgepe

(IoJIOBMHA IVIH —

ABOWHAS JTUHUA)

Touka — HOpMaJb K

IJIOCKOCTHU

I'panb

KpHUCTAJLIa

OKpyX)HOCTB T10

MTOBEPXHOCTHU CHEephl

'OM — 4TO 00BIYHO U300paxka

OO0pa3 OKpYyKHOCTH B
BepxHe moaycdepe
(mOJIOBUHA JyTH —

JIBOMHAS JTUHUS )

Kpacubim mpudgn

Touka — HOpMAJIb K
MJIOCKOCTH (KPYIKOK
B BepXHeH
noJychepe nin
3kBartope ¢ p = 90)
KpeCTHK B HUKHEH
noJycdepe

PTCSl HA YEPTCEIKRE IIPHU HO.]]H(rM ONMUCAHUMN KPpHUCTAJLJIA




I'HOMOCcTepeorpadguueckas NPOCKIMA rpaHen

Ly

L,
CMOTPUT
Ha ceBep

Ilpocmas ¢hopma — 3T0 COBOKYIMHOCTH (CEMENWCTBO) TPAHEH, CBA3aHHBIX
MEXy COOOM CUMMETPUYECKUMM OIIepaliUsIMHU.

OTMeTuM, YTO T'paHHW, OPHUHAJICKAIIME OJHOM MPOCTOM (DopMe, paeHbl
no ceoum puzuueckum ceoucmeam. JJsl udeanbHvix Kpucmanioe OHu
PABHBL MAKHCe U 2eOMempuyecKku - m.e. 001aoarom 00UHAKOBOU
¢opmou u nrowadvio nosepxHocmu.



TayTo30HaAbHBIC TPAHU - TPAHH,
[epeceKkaniluecs 1Mo napajuleJbHbIM pedpam

O
, O/
2 _L\ ( .
= Q

[IpoenpoBaHre TayTO30HAIBHBIX
rpaHel, CBI3aHHBIX MEXAY COOOM
oCcbt0  6-T0 mopsanka (L) u
PACIOI0KEHHBIX Ha
TOPHU30HTAILHOM (),
BEPTHUKAIIBHOM (0)

HAKJIOHHOM (8) 30HaX.

[Ipu 3TOM B KaXXI0M CJIy4ae OChIO
30HBI SABIIAETCA OCH Lg



WimrocTpanus 3akoHa 30H (MOSICOB) HA KPHUCTAJJIE POMOMYECKOM CEphI
(@), B KOTOPOM MOKHO BBIJICIIHTH HECKOJIBKO CEMEMCTB TayTO30HAIBHBIX
rpaHer (T. €. rpaHel, MEPECEKAIIMUXCs 10 IapajjeibHbIM peopam, a
CJIEI0BATEIbHO, TPUHAJICKAIIMX OJTHOM 30HE): 30Ha | MmpoxoauT yepes
rpaan 3 — 2 — 1 - 1- 2" - 3', 30ona |l — cogepxut rpanu 3 — 4 — 4' — 3,
3oHa |l — rpann 1" — 4 — 1. Ha crepeorpamme kpuctamia (6) 30HBI
BBIJICJICHBI KUPHBIMU JIUHUSIMU



KoMOMHAIITMOHHBIE MHOTOIPAHHUKH

a — YETBIPEXTPAHHBIN KPUCTAJLI
OI'PAHEH OJHOU MPOCTOMN
(dbopMoii (TeTpasap);

6 — IBEHAALIaTUTPAHHBIN
KPUCTAJLJI OTPAHEH JABYMSI
IPOCTHIMHU (POopMaMHU (YETHIPE
IPaHU IPUHAJJIEKAT OJHOU
IpoCTOr (hopMe, a BOCEMb

IPYTUX — K JPYIoii).

CKOJIBKO MPOCTBIX (DOPM MOXKET
OBITH B OJHOM KpHCTajje?
DopmManbHO — CKOJILKO YIOJHO, Ha
IIPAKTUKE — HE OOJIbIIE JIECATKA, a
Yale BCErO MEHBIIIE.
MuHUMaIIbLHOE YUCIIO TIPOCTHIX
(bopM paBHO OgHOMY (eciu popMa
3aKpBITAS - CIIOCOOHA OKOHTYPHUTh
CO0O0M TpEXMEPHOE IIPOCTPAHCTBO).
Yamnie B OrpaHke KpucTajjia MOTyT
YYAaCTBYIOT TPaHU HECKOJBbKUX
IPOCTHIX (POPM, MPH S3TOM
00pa3yroTCsi KOMOUHAUUOHHbBLE
MHO202DAHHUKU.



HamomuHarw npo Tpadapers! A1 PUCOBAHUS

http://cryst.qeol.msu.ru/courses/
crgraf/trafaret8mm.|pg

Tpadaper HeoOX0aAMMO paciedyaraTb
(ynoOHO pacmedaTarh 3TOT Tpadaper
AMaMeTpoM B 8 CM, 4YTO IO3BOJIHUT
HAHECTH Ha Kpyre BCE DJIEMEHTHI
CAMMETPUM W TIOJOXKEHUS TIpaHeu
JaK€ IS JIOCTaTOYHO  CJIOXKHBIX
KPUCTAJIOB), HAKJICUTh HAa KApTOH U
aKKypaTHO BBIp€3aTb II0 KOHTYPY
OKpPY)KHOCTH. B IIeHTpe »KelaTelabHO
UIOJIKON MNPOTKHYTh OTBEPCTHE A
OTMETOK OCTpPO OTOYEHHBIM
KapaHJalIoM. He IIOMEIIAKT
OTBEPCTUSI M B YETHIPEX KPACHBIX
TPEYrojbHUKaX (OHM  HOPHUTOISITCS
IO3/IHEE).


http://cryst.geol.msu.ru/courses/crgraf/trafaret8mm.jpg

HamoMuHaro nmpo rpadapersl AJ1s1 PUCOBAHUA

http://cryst.geol.msu.ru/yarosl

av/Wulff nets/Wulff10sm.zip.

[IpuHATO  TOJIL30BAaTBCI  CETKOU
Byneda nuamerpom 20 cMm. B Ttakom

pa3peuieHu C CUCTEMOU
MapKHUPOBaHHBIX gyepes 2°
MEPUINAHOB )51 napaJuiesen
MOIPEIIHOCTh paloThI Oyzet
cocTaBiaaTh Bcero 1°. C moMoIbro
CEeTKH Bynbeba UCTIOJIB3YSI

chepudeckue KOOpAWHAThI @° U p°
(pe3yabTaT TOHUOMETPUUYECKHUX HC-
CJICJIOBaHUM ), MOYKHO CTPOUTH
CTEepeorpaMMbl KpPHUCTAJIJIOB, HaHO-
CUTh TIPOCKIMH TpaHed u peoep,
OMPEACHATh MEXIYy HHUMH YIJbl H
peliaTh Apyrue 3aIaqymu.


http://cryst.geol.msu.ru/yaroslav/Wulff_nets/Wulff10sm.zip

Teopema dunepa
(u ee Hazcs1Is0HOe OOKa3amesibcmeo
C MOMOW,bKO MalWlUHbI 8pPeMeHU)




Jeonapo Jinep (1707-1783 rr.)

q -/

COBpEMEHHBIN BHUJI C(PEpUUYECKON TPUTOHOMETPHUH
npugan DWIEp - MaTreMaTuK, (PUM3HK, aCTPOHOM.
[IIBelimaper; mo MNPOUCXOXKIACHUIO OH ¢ 1/27 T
padoran B Poccun, a ¢ 1741 r. — B bepaune ( a c
1766 . — omsate B Poccum). Arop Oomee 800
pa0OT, OKa3aBIIMX 3HAYUTCIBHOC BIMSHHEC HAa

Pa3BUTHUC HAYKH.



Teopus rpynn

I'pynnon Ha3pIBacTCI MHOXKECTBO 00BEKTOB (G)
000U IIPUPOALI C 3aJaHHOM OMHAPHOM OIepalHe
(*), ecnu 11 1000 mapkl diieMeHToB (a u b) 3Toro
MHOecTBa G onpeeneH TpeTUM pe3yabTUPYIOIIHi
3JIEMEHT ¢ = a * D Toro ’xe MHOXKECTBa.

[Ipu 3TOM rpynmoi OyAeT JIUIIb TAKO€ MHOXKECTBO C
3aJlJaHHOM OWHApPHOM olepanuer, I KOTOPOIo
BBIIOJIHSAIOTCS CJICAYIOIIMNE YCIOBHS:



1) accouuamuenocmu . (a *b) *c=a *(b *c)

2) cywecmeoeanus eOuUHUUHO20 uneHa (e) -
MAK020 eOUHUYUHO20 ITIeMeHma, Ymo 0.Jis 1100020
InNemMeHma - 2pynnol Oyoem 6bINOJIHAMBCA
paeenHcmeo € *a —a *¥e = a

3) obpamumocmu — 011 1100020 INemMeHma a
cywjecmeyem dieMeHm al  u3 moz2o  dice
MHOJCEeCmea, Ha3bléaemblil 0Opamubvim
IEMEHMOM K IJIEMEHmy a, MaKoil, umo a * a' =
al*a=e.



I maBHO¥ 0COOEHHOCTBIO CUMMETPHUYECKUX
olepaluu  ABIACTCA TO, YTO IMOJHAIg  HX
COBOKYIHOCTBh IS JIFOOOTO OOBEKTa 6cezoa
oopazyem zpynny. ITO TO3BOJSIET TEOPHIO
CAMMETPHH  KPHUCTAJIOB  pacCMarpuBaTh  Kak
pazoen_mamemamuiueckoi_meopun_MHOMHCecme
HCI0JIB30BAThH MaTeMAaTHYeCKHUM anmmapar
TEOpHUH AaOCTPAKTHBIX TPYIIl [OpH H3Y4YECHUH
3aKOHOB CHMMETPHH KPHUCTAIIOB, NPHUIABAST WM
KOHKPDETHOE€ TEOMETPHUYECCKOE WM (PU3HYECKOE
COIEpKAHHUE.




1 HaoOOpOT:
[I03BOJISIET MMOHATH MaTeMaTUUECKHUE a0CTPaKIIUH

C MCIIOJIb30BAHUEM >KHUBBIX
KpUCTAILIOTrpa(hMuE€CKUX
IPUMEPOB



Tak, MbI 5KHBEM B MHUPE BOJIIIIEOHBIX U OOBIYHBIX OCEH,
OCYIIECTBIISIOIINUX ONEpanuio moBopoTa. IIpu 3ToM 00BEKT
HaOJIFOACHMS, TOITYCTUM, TOYKA BBIXOAA Ha Chpepy JUHUU HOPMAJIU
K TPaHU COBEPIIAET HEKOTOPOE MYTEHIECTBHE MO CPepe MPOCKINH
M3 TOYKU 1 B TOUKY 2 BOKPYT HEKOTOPOM BOOOpakaeMOM OCH,
MIPOXOSIIEH YEPE3 HAYAJIO KOOPAUHAT.

JIng HaADISOHOCTH CIAEeM B MAIMHY
Bpemenu, InepeHecemcs Ha 20 wMecsleB
BIIEpPEJ U JJaBaliTe OLIYTHUM ce0s CTyJIeHTaMu
r€OXUMHUKaAMU BTOPOIO Kypca
reojgorudyeckoro  ¢akyiaprera MIY. Mbl
Coali  3-I0OK0 BECEHHIOK  CECCHUI0 |
OTHpaBIIsIEMCS N-oro HIOHSI Ha
I€OJIOTMYECKYI IIPAKTUKy H3 MOCKBBI B
CuMdepoIiosb




CrpenakaMu MOKa3aHo MEPEMEIICHUE
CTYJICHTOB IIpH IOCJIEA0BATEIHOM
BpAIIIEHUH BOKPYT IIEPECEKAIOIINXCS
B IICHTPE 3€MJIK ITIOBOPOTHHIX OCEM
cummetpuu. A, B u C — myTs 110
MMOBEPXHOCTH 3EMJIM:

A — Mocksa - Cum@eponois,

B — Cumdeponons - Muacc,

C — Muacc — Mockaa.

Cdopmynupyem 3To B BUAE NIpaBuiIa: 08e onepavuu cummempuu (A u
B), scmpemusuiuco emecme, ecezoa noposxcoarom mpemuwto (C). [pu
amom oHu pasronpashuwl: A u C nopoorcoarom B, B u C — A. bonee

toro, A+B+C=1 (Bo3HuKaeT onepanus HACHTUYHOCTH: CTYJICHTHI
M3Ha4YaJIbHO ObLIHM B MOCKBE, B HEll B UTOT€ M OKA3aJIHCh,
paBja, y>Ke B aBIyCTe).



I pagpuueckan unmepnpemayu




Ocesas meopema Jinepa

B3aumoodelicmeue dsyx oceu cumMmempuu
N-20 rnopsioka,

MOBOPOMHbBIX UJSIU UHBEPCUOHHbIX,
npusooum K 803HUKHOBEHUIO rnpoxoosiwyeu
yepe3 MOYKy UX nepecevyeHusi mpemsbeu ocu
cumMmMempuu.
lpu amom pe3ynibmupyroujasi OCb OKa)xemcsi
MoeopomHou, ecsiu u
CX0O0HbIMU 6ydym dee oduHaKoeble ocu
(06e nosopomHsbie unu obe UHBEepPCUOHHbIE),
U UHBepPCUOHHOU, ecJlu UCXOO0HbIe ocu 6yoym
pa3Ho20 muna.



Jaono, acno umo nosaeumcsa mpemauvs ocCo.
A 20e ee uckamp???




Hacmmnuwie cnyuau
Cayuaii 1. (A = P, B = P). JIBe mimockocTu
[IePECEKaIOTCs 10/ ONPEACICHHBIM YIJI0M, HalIpHUMEpP
90 rpanycos.

Ecan paccMOTPETh 3TOT NMPUMEDP B
00IIIeM BHUJIE, TO OTYUYUTCS
CJIeAYIOIIEEe IPABUIIO:

Ecnu ecmpeuaromces noo yenom o
06e UHBEPCUOHHbBIE OCU 2 NOPAOKaA,
Mo pe3)1bmamom uUx
e3aumooeucmesusi byoem
nOBOPOMHAs o0cb nopsoka 360/2 .




Hacmmnuwie cnyuau
Cayuain 2. (A = L, B = L,). /Ise ocu BTOporo
MIOPSIKA IIEPECEKAIOTCS IO OIPEACICHHBIM YIJIOM,
Hanpumep, 45°

Ecan paccMOTPETh 3TOT NMPUMEDP B
00I1IeM BUJIE, TO MOJYUUTCS
CJIEAYIOILIEE TIPABUJIO:

Ecnu ecmpeuaromes noo yenom o
06e HOBOPOMHBIE OCU BMOPO20
nopsiOKa, Mo pe3yibmamom Ux
e3aumooeicmasus byoem

HOBOPOMHAA OCb NOPSOKA
360/2a.



Hacmmnuwie ciyuau
Cayuaii 3. (A=P,B=1L,)

Onepanusa OTpaX€HUSI B 3CPKATBHOU
IUIOCKOCTU C MOCIEAYIOIIUM ITOBOPOTOM
BOKPYT BEPTUKAJIBHON OCH 2-TO MOPSIIKA,
MEPHECHAUKYIAPHOW 3TOM  IJIOCKOCTH,
MPUBOAUT K  TIOABIECHUIKD  HOBOTO
3JIEMEHTa  CHUMMETPUM  —  [EHTpA
uHBepcuu C = «Cy.

910 coueranue (L,-P-C) odeHp BaXHO M dYacTO BCTpeUYaeTCs B
kpuctauiax. OOparuM BHHUMaHHE, 4YTO IIpYU HAJIUYUK LEHTpa U
IIJIOCKOCTH BO3HUKHET OCh BTOPOTO IOpsJIKa, a IpU HATUYUH LIEHTpa U
OCH BTOPOI'O MOPsSAKA — INIOCKOCTh. A €CJIU PacCMOTPETh ATOT MPUMEP
B 0011IeM BHJIEC?



Ecnu ecmpeuaromes noo yenom o noopomuasn u
UHBEPCUOHHAA OCb BMOPO2O NOPSOKA, MO PE3)IbMaAmom Ux
g3aumooelcmesus byoem UH8EepCUOHHAan ocb nopsioka 360/2 a.

B pesynbrare B3auMOAEeUCTBUA WUHBEPCUOHHOM U
IIOBOPOTHOM OCH
a) moa 45 rpaaycoB BO3HMKHET MHBEPCUOHHAS 4-0r0
noj 30 rpagycoB MHBEpCUOHHAas 6-oro (= L;P)
nox 60 rpaxycoB nHBEpCUOHHAA 3-€10 (= L;C)



1

B ycrapeBninx yueOHMKaX 10 KpUcTaJLuIorpaduu 1jisi 0003HAYCHUS
MHBEPCUOHHOH ocHu 6-r0 nopsaka (1100 3epKajJbHO-IOBOPOTHOM
3-€ro) MCIOJIb30BAJIM 0COOBIN rpaUiIeCKUi 3HAK - !

Ho Tak Kak 3TH OCH MOXXHO 3aMEHHUTh MPOCTHIMU dJIEMEHTaMHU
cummeTpuu — L; u P, nmeromnmuy Ha rpaukax CBOM yCIIOBHBIE
0003HaYEHHS, TOT 3HAK B HACTOSIIEE BPEMS HCIIOJIL30BATh HE
MPHUHSITO TaK KaK OH (PaKTUUECKHU AyOIHUpyeT 0003HAYCHHUS
MPOCTHIX DJIIEMEHTOB.



B cnedyrowuu pas

Hekomopbie oCHO8bI
cghepuyecKoU mpu2oHomMempuu.
Bbieod HekomopbIx Kraccoe
cumMmMempuu

A makxe. Hekomopbie Kpucmarsso2paguyecKkue acrneKkmabi
80UHbI 1854-18552. (npuMeHuUmMesnbHO K KaMmnaHuu Ha beriom
Mope)

| MaTepwan TpyAHbIN, rOTOBbTECH
MHOro AymaTtb U BOODpaXkaTb B YMe



http://cs302411.userapi.com/u57209151/-14/x_e77b3a3d.jpg
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