JIEKLNA 4
KoopouHamHbie cucmeMsil.
Kameeopuu.
CuH20HuuU.
Cumeonuka LLleHnuca
u
' epmaHa-MoeeHa.



PasMuuka




PaboTras ¢ KpucTalllaMH, MCCICAOBATeIN OOpaTuIn
BHUMaHUME€ HAa TO, YTO  DBJIEMEHTBl  CUMMETPHUHU
pacIojlaraloTCss B HHUX HE CIy4YalHO, a 3aKOHOMEPHBIM
oopazom. HamoMHHM, 4YTO T[OJHBIM HAOOpP >JIEMEHTOB
CUMMETPUHU CTpPOTO OIIPEAECIICHHBIM o0pazom
pacmojararoiMxcss IO OTHOIICHHIO ApPYyr K  Jpyry
Ha3bIBACTCS KAACCOM CUMMEMPUU.

Yucno k1accoB CHMMETPHUN O€CKOHEYHO, HO B KpUCTaIax,
IJI¢ MOLYT CYIIECTBOBaTh TOJBKO OCH OHNPEACICHHBIX
[[CJIOUMCIICHHBIX MOPSAKOB, YMCIIO KJIACCOB 3aKOHOMEPHO
COKpaIllaeTcs A0 TPUILATH JBYX.



BcnmoMmHuM
YeThipe BajKHENIINX HCTOPUIECCKHUX pernepa
OTKPBITUSA 32 KJIACCOB




B 1826 2. nemeyxuu xkpucmaniozpagh
M. JI. ®pankenzeium(1801-1869 z2.)
gvlgesl 32 Klacca cummempuu .

Mopwuy JroaBur
PpaHKeHrenm
(1801-1869)

H. &. X. I'eccenv (1796-1872 22.)
6 1830 2. evigen 32 knacca cummempuu

Moran Gpuapmx OaHako uX padOThI OBLIH

XpuctunaH lNeccenb

s HEIOIIOHSTEI U 3a0BITHI.



B 1867 . Akcens BuiabreibsMoBUY
['amonvH gaj_crporum
MaTeMAaTHYeCKHHN BbIBO/I
32 epynn cummempu.
(IletepOyprckas AH B 1868 npucynuia
eMy 3a 3TO JIOMOHOCOBCKYIO IPEMHUIO).

18 cents10ps 2023 roga
CTYI€HThI I'e0JI0rM4€CKOro
(akyJbTeTa NOBTOPHWJIM €I0 BHIBOJ
32 epynn cummempuu.

(UTo mM, BO3MOKHO, 3a4TETCS Ha
AK3aMEHE, €CJIH HE 3a0yayT BCE K TOMY
BPEMEHH ).




32 KNACCA CUMMETPUN KPUCTAINOB
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http://cryst.geol.msu.ru/appliances/pics/32.jpg

KoopduHamHble cucmemsi.
Kameeopuu.
CuH20HUU



YnopsigoueHHasi CUCTeMa ABYX WU TPEX (a, kcmamu, c1aoo
yemoipe?) TMEPeCceKaoIIuXcs OPyr OPYyry Oced ¢ OoOmmM
HQ4aJoM OTCcY€Ta W  oOwen  eOuHuueu  OJIUHbI
HA3bIBACTCA  OeKapmoeou cucmemou kxoopounam. U3

IIKOJILHOW MaT€MaTHKH XOPOIIO H3BECTHA MPAMOYTOJIbHAS
I€KapTOBA CUCTEMA.

PeHe [lekapT
(1596-1659)

e i -
- -k
';;:E:'.'_!.'.l:l.".:.u: ariagfo

ﬂaeadme ONJIOJAHCUM 6H4epautHue nitaHsl
iy { oGk OpJdnnar) ,ZZO H06020 Mapma,

Loowcou, bezoopooicve u puidicee naams
B cucmeme Jlexapma.

AR S https://gorodnitsky.com/songs/%D1%8
=k N 1%D0%B8%D1%81%D1%82%D0%B
5%D0%BC%D0%B0-
%D0%B4%D0%B5%D0%BA%D0%B
0%D1%80%D1%82%D0%B0/?ysclid=

I8kdzx16cx441782723

v



https://gorodnitsky.com/songs/%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0-%D0%B4%D0%B5%D0%BA%D0%B0%D1%80%D1%82%D0%B0/?ysclid=l8kdzx16cx441782723

B kpucramnorpagund Takod KOOPJAMHATHOM CHUCTEMOH IS

BCEX OCEH IIOJIb30BATHCS HQ!EOﬁHO, TaK Kak

IpSIMOYTOJIbHasE CHUCTEMa KOOPJAMHAT C OJMHAKOBBIMHU
MacIITadaMM IO OCSIM 4acTO HE COOTBETCTBYET PeaibHOM
CUMMETPUH KPUCTAJLIA.




Yto OBl HE OBLIO MMPOTUBOPEYUS MEXKITY KOOPAUHATHOM
CUCTEMOU U CUMMETPUEN
KOOPJAWHATHBIE OCU BBIOUPAIOT IO
0COOBIM HAIIPABJIEHUSIM B KPHUCTAILIE




B  kpucramuorpadguu KOOPJAUHATHbIE OCH
COBMEHIAKTCH C 0COObIMU HANPABNCHUAMU B
kpucrasie. lIpu HEZOCTaTOUHOM HX KOJIAYECTBE
(T.e.  MEHBIIE TPEX)  KOOPJAWHATHBIE  OCH
BBIOMPAIOTCS IO JEMCTBUTEIBHBIM WA BO3MOYKHBIM

pedpam KpucTaja.
Ocoovlie Hnanpasienus — OCH

CUMMETpUM  (IOBOPOTHBIE U
WHBEPCHOHHEIE). [Ipraem
peanoYreHue OTAeTCs
NHBEPCHOHHBIM OCSIM.
Eounuunvie mnanpagsienua —
0COOBIE HamnpaBJICHMS, HE
ITOBTOPSIOIIUECS B KPUCTAILIE

970 JAOEHO



Takum oOpazom, B z
KpucTaJuiorpaduu f
MAaCIITa0bl U YIJIbI /1
MEXKTY KOOPAWHATHBIMHU 3o :
OCSIMM 4
3a0aiom 3nemeHnbl e
cuUMMempuu

OCHOBHBIC XapPaKTEPUCTUKN KOOPAUHATHON CUCTEMBI:
Mempuueckue napamemppt (MaCIITAOHBIC OTPE3KH 110

KOOpANHATHBIM OC}IM)Z d (macuumaé no x), b (noy), C (no 2)
Yznoewvie napamempul (yIiIbl MEXIY KOOPAUHATHBIMU

OCSIMHU). O (Y A 2), ﬂ(XAZ), Y (XAY)



I1o CTEIICHU 9KBUBAJICHTHOCTHU KOOPIMHATHBIX
HanpaBJi€HUH (YCIOBHO PABEHCHBO €OUHUUHBIX 6€KHODO8
— Mmacwmaboe a, b, C — 10 COOTBETCTBYIOIIUM
KoopauHATHRIM ocsaM X, Y, Z) Bce 32 Kiacca CHMMETPHUU
MOKHO Pa3JICINUTh HA TPU IPYNIIbL: 3 KATETOPUM.

a=b=c a=Db =cC a=Db=c
A _ 7




Kamezopus — 0b6veounenue kiaccos cummempuu no
NPUHYUNY COOMHOULEHUSI MACUUMADHBIX OMPE3KO8

1) Huzwas kamezopusa a #b #c
OJIHAS HEPKBUBAJICHTHOCTH KOOPAWHATHBIX
HaIIpaBICHUM (KOTOpas OObICHSIECTCS OTCYTCTBHEM

B HUX ocell evlcuiezo nopaoka (>2)).

2) cpeonsa kamezopusa d =b #c
qacTHYHAs SKBHUBAJICHTHOCTH (IPHUCYTCTBHUE B UX
IpyIax CAMMETPHH OJHOMN ocU @bIcUIe20 NOPAOKA)

3) evicuana kamezopus a=b=c
NOHAs DKeUBaleHmuocms (HECKOJIBKO ocell 6blcuLezo

nopaoka, 6 m.u. yemawipe ocu 3-e20 nopsaoKa)



Kamezopuu, 6 ceoro ouepedwb, no yanosvim
XApaAKmepucmuKkam Oeisamecs Ha CUHZOHUU
- cemeucmso Kadacco8 CUMMEMPUU C
COUHOU  KOOPOUHAMHOU  CUCHIEMOMU.
BCero 6 CHHrOHUH.

Hu3wan kamezopus a #b #C

1) a=p=y=90°a=b =cC
Pomouueckan cuneonus (english orhtorombic)

2)a zb #c, o= =90° u yrimoM MOHOKJIMHHOCTH
v # 90° Monoknunnas cuneonus

3)a =b #c, a#B #y. Tpuxiunnas cuneonus



TbuknuHHasa CUH20HUS

X o

IIpu OTCYTCTBUY B KpUCTAJUIAX OCOOBIX HAIIPABJICHUM (T. €. MO0 B KpUCTAJIIIE
BOOOIIIE HET 3JIEMEHTOB CUMMETPHH, JINOO €CTh TOJILKO IICHTP UHBepcHH - C)
KOOPJIMHATHBIE OCH BBIOUPAOT I10 JEUCTBUTEIIBHBIM WUJIH 803MOXMCHBIM PEeOpaM
KpUCTasia, 9YTO MPUBOAUT K KOOPAMHATHOMY PEINepy caMoro oOIIero Buaa



MOHOKNMUHHas cUH20HUS

B kpucTanmiax MOHOKJIMHHON CUHTOHUN HMEETCs OAHO 0CO00¢ HalpaBlICHHE, BJIOJIb
KOTOPOTO BEIOMPACTCS OJIHA U3 KOOPAMHATHEBIX OCeil. J[Be Ipyrue pacmoaraiorcs B
IUIOCKOCTH, MEPICHINKYIIIPHOIH 0COOOMY HaIlPaBICHHUIO, U BEIOUPAIOTCS I10
BO3MOXKHBIM HMJIN JCHCTBUTEIBHBIM peOpaM KpUCTalIa.

(a) enmHCTBEHHOE 0CO00OE HAIIPaBIICHHUE OCh 2-T0 mopsaka (Baoib ocu Z Y-uunepanoau),
(6) — HOpMaJIh K INTIOCKOCTH cumMMeTpuH P (Z);

(6) cummerpus L,PC onna koopanHaTHast och () COBMEIIAETCS C OCBIO 2-T0 NMOPsAKa
1 HOPMAJIBIO K TNIOCKOCTH, NEPIICHANKYIISIPHON 3TOM OCH



Pombu4eckast cUH20HUS

a) B kpuctaiie ¢ cummerpueit L,2P ock Z BeIOUpaeTcs BAOIb BEPTUKATIBHON OCH
2-T0 Topsiyika, iBe apyrue (X u YY) — 1o HopMaIsaM K ITIOCKOCTSIM CHMMETPHH;

6) B Kpucramie c¢ cumMmerpueil 3L, Bce Tpu KOOpIUHATHBIE HAIPABICHUS
COOTBETCTBYIOT TPEM OCSAM 2-TO MOPAJKA;

6) B kpuctauie ¢ cummerpueit 3L,3PC koopauHaTHBIE HaIPaBIICHUs CBSA3aHBbI

C HaIMpPaBJICHUSIMH, KOKJI0€ U3 KOTOPBIX MPEACTABICHO OChIO 2-T0 MOPsJIKa,
COBITAIAIOIIEN C HOPMAJIBIO K IJIIOCKOCTH CUMMETPHUH, TIEPIICHIANKYIISAPHONU 3TOU OCH.



opmopomouueckan
CUH2OHUA -
IMo eonuruLan

vezzpamommuocmop!
(3ce PasHo umo Mocmy nanucams Mockoy)

Caepumics B MUPE IOTPSICEHHOM
IIpenBocXuIEHHbIH MBICIIBIO MUT
W HOBBIM CIIOBOM, BAPYT POKAECHHBIM,
O6oramieH poJHOH A3BIK.

Her, He ouH, XOTh U MOTYUHH,

A Bce Ha CBETe A3bIKH.

U To cka3ath: He EPBHIN Cydai,
U o6pasub! Heaaeky.

3By4ar BO Bcex Kpasix IVIAaHEThI
be3 nepeBoaa, kak MockBa,

Mup, CIlyTHHK, - PYCCKHE CJIOBA.
N 310 CII0BO - MPUJIYHEHbE -

OHO yXe€ B pOJHON CEMbE,
B psany Tex cnos,
Yro ums Jlennn
IIpusBano k »ku3HU Ha 3eMIe.

Anexcanop Teapoosckuii
O Hosom cnose (1959 2.)



CpeOdHsist Kameaopusia =b #c

1) Tempa20oHasibHasi CUH20HUS
a=bzc,a=p=y=90°

2) [eKca2oHasribHasi CUH20HUS
a=b=c,a=p=90°vy=120°

BHYTpHY rekcaroHaJJbHOM CMHIOHUHU BBIICIAIOT OBE
NOOCUHZOHUU.

2a) coocmeeHHO 2eKCa20HA1bHY0 TOICUHTOHUIO

(eciIy mOpsJIOK ITIaBHOM OCH pPaBeH 6)

20) mpuzonaibHy0 TOJCUHTOHUIO

(€cu OPSAAOK IITaBHOM OCH PaBEH 3).



Ipuzonanvnas CUHZOHUA -
IMo
oezzpamommno!

@Y1 KAK
HEKYAbTYPHOL..




CpeOdHsist Kameaopusia =b #c

N3 ycnoBUst 3KBUBAJICHTHOCTH JIBYX TOPHU30HTAIBHBIX
KOOPJAWHATHBIX HAIpaBlIeHUM (a = D) caeayeT, 9To CHMMETpHS
KPHUCTAJIJIOB CPEIHEH KaTEeropuy ONUChIBACTCS IPyIIIaMU C
CIMHCTBEHHOM OCBIO BBICIIETO IOPAAKA. C 3TOU OCBIO
COBMEIIAIOT KOOPJAMHATHOE HaIlpaBlieHUE Z, OPUCHTHUPYS €r0
BEpTUKaJIbHO. J[Be npyrue ocu — X U Y — BBIOMPAIOT B
IJIOCKOCTH, NEPHECHAUKYJIIPHON INIABHOM OCH, IO OCAM 2-TO
NopsIAKa WM HOpMaJsIM K INIOCKOCTIM. Ecan xe
TOPU30HTAIBHBIX 0COOBIX HAIPABICHUIN B KPUCTAILIE HET, TO
KOOPAMHATHBIE OCH BBIOMPAIOT IO peOpaM. Yrona y MEexXIy
ocsiMu X 1 Y OOPEaEHseTCs MOPSAKOM ITIaBHOM OCH M PaBEH
90° B citydae nNpuCyTCTBHUS OCH 4-TO HOPSIKA U
120°, ecinu IpUCYTCTBYIOT OCH 3-T'0 U 6-TO HOPSIAKOB.



CpeOdHsist Kameaopusia =b #c

u u

| x a X 6 X 8

OOparuM BHUMaHME, YTO B KOOPJIMHATHOM CUCTEME B T'€KCArOHAJIbLHOM
CHHTOHHUM IOSBIISIETCS €Ie 0aHa OCh (U) B TOPU30HTAIBHOM MIOCKOCTH,
neprneHaukynsipHas ocu Z. C ocsamu x 1 Y 3Ta och U 00pa3yeT yroia B
120°. Ha nepBblii B3IJIsIJI 3TO IVIVIIOCThH: IPOCTPAHCTBO OJHO3HAYHO
ONHCHIBACTCS TPEMS PA3IMYHBIMHA KOOPJAWHATHBIMY HampaBiaeHuaMu. Ho
KaK MbI BaM IMOKAXEM YyTh MMO3KE, BBEACHUE 3TOX JOIOJIHUTEIBHON OCH
o0JieryaeT reoMeTpuYeCKre IpoLeAyphl B KpUCTaIorpauu, ApyruMu
CII0BaMH KpHUCTAJIOrpaduuecKu ONnpaBaaHo.




Bbicwasi kameeopusia=b =c

1) Kybu4yeckasi CUH2OHUSI:
a=b=c,a=p=y=90°

PaBEeHCTBO KOOPAWHATHBIX OCEW IIPUBOIAUT K
TOMY, 4YTO PABHOHAKJIOHHO K KOOPAWHATHBIM
HAIIPABJIEHUSM  BO3HMKACT HAKJIOHHAsA  OCh
TPETHETO MOPsJKA, ECIM pa3sMHOXUTH €€
3JIEMEHTAMHU CHUMMETPHUH, HAXOIAIIUMUCIT B
KOOPAWHATHBIX  OCIX, TO  Hoiaydurcs 4
HAKJIOHHbIE ocH TPETHETO MopsaKa,
PABHOYIAJEHHBIX OT PAa3JIMYHBIX BBIXOJOB
KOOpAMHATHBIX HamnpasieHuil. Ha tpadapere,
3TU MO3UIUHA OCEU TPETHETO IMOPAAKA OTMEUYECHBI
KPaCHBbIMH TPEYTOJIbHUKAMM.




32 KINIACCA CUMMETPUN KPUCTANIOB
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B 1nenom, eciyv roBOpUTh O paCIIPOCTPAHEHHOCTH
MHMHEPAJIOB PA3JIMYHbIX CHHTOHUM B IIPUPOJIE, TO
MOXHO OTMETHUTh cieayroliee. Ha HacTodmmm MOMEHT
B IpUpPOJIie U3BeCTHO 0KOJI0 6000 MUHEpPAIOB.
Cpean HEX Pe3KOo Ipeo0IagaroT KPUCTAIIIb]

HU3IIEN U CPETHEU KATETOPUU.

Jlngep - MOHOKJIIMHHAs CUHTOHUS,

HAaMHOI'0O omnepekass pOMONYECKYIO I10
PacCIPOCTPAHCHHOCTH.
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PacrnpocrpaneHHocTs 2900 MUHEPAJIOB 110 CHHTOHUSIM:
1 — TpUKJIWHHAS CUHTOHMS;, 2 — MOHOKJIMHHAS, 3 — poMOHY€ecKas,
4 — TpUrOHANILHASA NOOCUH2OHUS, 5 — TETparoHajibHasi CHHTOHHSI,
6 — rekcaroHajabHas nOOCUH2OHUs, [ — KyOU4ecKas

YacToTa




YacToTa

Takass HepaBHOMEpPHOCTh CBSI3aHA C TEM, 4YTO OOJbIIas 4YacTb U3
MHHEpAIbHBIX BHJIOB BCTpEYaeTCs (HAXOAUTCS M HM3Y4aeTCs) TOJBKO B
caMOM ITOBEPXHOCTHON 000JI0uKe 3eMiId — 3€MHOM Kope, 00pa3ysch B
pe3yJibTaTe pPeakiiil BBIBETPUBAHHUS W HW3MEHEHUS TOPHBIX MOPOJ MO
JEUCTBHUEM BOJIbI, aTMOC(EPhI U COJTHEUHOI'O CBETA.

[Io3TOMYy OHM 4YacTO BKJIIOYAKOT B CBOM COCTaB MOJIEKYJbI BOAbI H,O,
yrekucinotel  CO,, rtuapokcwn-rpynmy OH- w© jgpyrue aromHbie
IPYIIIUPOBKH, omauuaruiuecs HeBbICOKOIL coOCmeeHHOll
cummempueil, 4YTO0 TPUBOAUT K IIOHWKCHHUID CHMMETPHUH BCETO

kpuctamia (mpuainun Kiopn!)



http://attachments-blog.tut.by/36672/files/2010/05/dhdhndhunedhundhdh.jpg

YacToTa

Takass HepaBHOMEpPHOCTb CBsS3aHa C TE€M, 4YTO OOJbIIas YacTh U3
MUHEpAJIbHBIX BUJOB BCTPEYACTCs (HAXOAMTCS U HM3y4aeTcs) TOJHKO B
caMOM ITOBEPXHOCTHON 000JI0uKe 3eMiId — 3€MHOM Kope, 00pa3ysch B
pe3yJbTaTe peakidil BBHIBETPUBAHUS U W3MEHEHHUS TOPHBIX IOPOJ IO
JAEUCTBUEM BOJbI, aTMOC(EPhI U COJITHEYHOI'O CBETA.

[TosTOMy OHM 4YAacTO BKJIIOYAIOT B CBOM COCTaB MOJEKyilbl Boabl H,O,
yrekucinotel  CO,, rtuapokcwn-rpynmy OH- w© jgpyrue aromHbie
I'PYHIIUPOBKH, omauuaruiuecs HeBbICOKOIL CcOOCMEEHHOU
cummempuell, 4YTo TNPHUBOJAUT K IIOHMKCHHIO CHMMETPHH BCErO
kpuctamia (mpuainun Kiopn!)

PU U3yYCHUH MUHEPAJIOB INIYOMH 3eMJIH T0JIsl
BbICOKOCUMMETPHUYHBIX KPHCTAJJIOB OyIeT pacTH



http://attachments-blog.tut.by/36672/files/2010/05/dhdhndhunedhundhdh.jpg

CumMMeTpuiiHASI CTATUCTHKA MUHEPAJIOB U
Heopranudeckux coenunenun PA3JIMYHA'
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PacnipocTtpaneHHOCTh 56 000 HEOpraHM4YECKUX COCOUHECHUM
10 CHHTOHUSIM:
1 — TpUKIMHHAs CHHTOHUS , 2 — MOHOKJIMHHAS
3 — pomOnucckas 4 — mpuzonanvhasn (n.c.)
5 — terparonanbHas, 6 — 2excazonanvhaa (n.c.)
[— KyOHn4eckas
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CumMeosTuKku

YyebHas cumeoriuka bpase
2POMO30Ka U He 3KOHOMHa

1 .

vt ,_{r

YyebHasi cumeoriuka bpase He Hecem
UHQopMaUuU o HarpasrieHusix, ¢ Heu
MOXXHO J1e2KO nomepsimbCsi



Cumeoriuka moYeyHbIX 2pyrrn cuMmMempuu, peosioXeHHas
Hemeukum Mamemamukom A. LeHgriucom, no3eorsgem
00Hou bykeou ¢ coomeemcmeyrWUM HUXHUM UHOEKCOM He
MOJIbKO oxapakmepu3soeamb e8ecb Habop anemMeHmMos8
CUMMEMPUU  KOHKPEmMHOU moYyeyHou epyrnbel, HO U
06beOUHUMb  POOCMBEHHbIE  2pyrnbl 8  O0MOeJibHbIE
cemeucmea.

Lns He Kkybudyeckux Kraccog8 cuMmmempuu 0ocmamoyHO 8ceao
dgyx byke. C u D. [lloOcmpoyHbiU Uugpoeou UHOEKC
yKa3sblgeaem Ha [10ps00K arasHou ocu, a bykeeHHbIU Ha
pacriorioxxeHue rsocKkocmeu (rpu Hanu4duu).



Cumeonuka LlleHgnuca

v (vertical - BepTuKanbHbIn) — A0S MNOCKOCTEWN,
PacCnonoXeHHbIX BAOSMIb €AWHCTBEHHOW WU T[flaBHOM OCU
CUMMETPUN, KOTOPAA MbICITUTCA BEPTUKANbHOW

h (horisontal — ropusoHTanbHbIN) — A0S MNJIOCKOCTH,
nepneHauKyrapHoOn K rinaBHOM OCU CUMMETPUN

d — (diagonal - ona BepTUKanbHbIX MSIOCKOCTEN CUMMETPUN,
oensawmux nononam yronm mexagy nobo4vHbIMKU OCAMU  2-TO
nopsaaka — nnocKoCTU AennuTenu

S (or Hem. spiegel - 3epkano) - Aansg MNOCKOCTU
HeonpeaeneHHon opmeHTauun, T.e. He PUKCUpPoBaHHOU BBUAY
OTCYTCTBUSI B rpynne UHbIX 3fIEMEHTOB CUMMETPUN



Cumeonuka LlleHgnuca

1) Ljuknu4eckue 2pynrbl — 2pyrrbl ¢ €OUHCMB8EHHbIM 0CObbLIM
HaripasrieHueMm, rpeocmaesieHHbIM  Mo08OPOMHOU  OCbKO
cummempuu, — o0bo3Hadyaromes b6ykeou C, C HUXHUM
Uugpo8bIM UHOEKCOM N, coomeemcmeayrouwumM nopsaoKy amou
ocu (Hanpumep, knacc C, codepxxum mosbko ocb L, ; C; —
moribKo ocb L,).

2) [Tpynnbi ¢ eOuHCMBeHHOU  UHBEPCUOHHOU  OChHO
cuMMempuu  cornposoxoaromcsi  HUXHUM  UHOEeKcoM |,
Hanpumep C; = t; Ecnu xe uHBepcuoHHou ocu
fnpedriodumarom ee 3epKasibHbIU 3KeueasieHm, mo 2pyrina ¢
makumu ocsimMu obo3Hadaemcs S,

3) 'pynnel cummempuu ¢ nNobo4YHbIMU (20pPU30OHMAasIbHbLIMU) —
rneprieHOUKYNApHbIMU 251a8HOMY HaripaerieHuUr — OCSMU 2-20
nopsidka obosHavyaromcs D, a0e HUWKHUU UHOeKC n
coomeemcmeyem He mOJibKO ropsioOKy ariagHouU rnoeopomHyou
OocU, HO U Koriudecmay rnoboyHbix ocel 2-20 rnopsoKa



Ilepexoo om yueonou cumeonuku bpaese k cumeonam
Illenghauca npeononazaem e1a0enue npasuiamu
83AUMO0ECUCMBUA IJIEMEHMOE CUMMEMPU.

Bce couemanus 3nemenmoe cummempuu (6 Huzwieil u

CpPEeoOHel Kamezopuu) MOMHCHO PA30eums HA 06a MUNaQ:
CubD:

Eouncmeennyio (unu 2nasnyio) oce Illengpnuc mwvicnun
6ePMUKAIbHOU.

K 3Tol 0cH MOKHO 100aBIISITh AEMEHTH CHMMETPUU:
-[IEPIEHANKYIISPHYIO III0CKOCTh P — momyuum kiaccsl C . (mpu n=2K
XapaKkTep OCH HE U3MEHHTCS, TOOABUTCS IICHTP MHBEPCHH, a eciii N=2K
+1, T0 0Ch craneT 3epkanbHOu L,P , Illendnuc 0003HaumI Takue
KJIACCHI S, 4 COOTBETCTBYIOIIME UM HHBEPCUOHHBIE OcH - C_.
-ITapamenpHele muockoctu P— nmomyyum knaccet C,

- Gy =Gy =Cs

-ITepnieHauKyIgpHbIe ocH L, — momy4yum Kitaccsl D,



B3anmocBsi3b KnaccoB CMMMETPNN C eEANHUYHbIM
HalrpaBJieHnem




[ns Kkybnyecknx KpuctannoB NCNOSb3YHTCS OBE
oykBbl: T n O, koTOpblEe 0603HaA4YalOT 0ceBOU HaAbop
TeTpasgpa u okTasapa COOTBETCTBEHHO.



[ maBHBIM HeHMOCTAaTOK Kak cuMBoauku IlleH(auca, Tak u
y4eOHOM CHMBOJIMKH bpaBe — omcymcmeue cmpozoii
NPUBA3KU K KOOPOUHAMHOU CUCHEME.

C2v
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JTOro HeJOoCTaTKa JIMIIICHA
MCIIOJIb3yEMasl B HACTOSIIEE
BpEMSI

B KpUCTaJUIOrpaduu

MEKIYHApOIHASI CHMBOJIMKA
(cumeonuxa I'epmana — Mozena),

JTa CUMBOJIMKA
IIPAKTUYECKH JIUULEHA HeO0CHAMKOE.
U3s1IHA,
KOMITaKTHa,
OJITHO3HAYHO MPHBSI3aHA K KOOPAUHATHBIM OCSIM



Cumeosiuka NepmaHa-MozeHa
(MexxdyHapoOHasi)

beuta npemyioxkeHa HeMelkuM Kpuctauiorpadgom Kapiom ['epmManom B
1928 rogy n MmomuduuupoBaHbl (paHIy3cKuM MuHepajiorom Illapiem
Morenom B 1931 romy. Takxke Ha3bIBAIOTCS MEXKIyHAPOIHOM
CUMBOJIMKOHN, TIOCKOJIBKY wMcmoyb3ytorcss B International Tables for
Crystallography, mraunnas ¢ ux 1-oro u3manus B 1935 rony.

Mestcoynapoonniii cumeon knacca Takxke kak u cuMBoa llleHdmuca,
JOCTAaTOYHO  KOMMNAKT€H W MPEAIojaracT  3HAaHHE  TEOpPEM
B3aMMOJICUCTBUSA BJIEMEHTOB CUMMETPUU. B oTiimune ot cuMBOJIOB bpase
n Illendnuca oOH 4YeTKO YyKa3bIBA€T Ha OPHEHTALMIO KpHUCTaJlia
OTHOCHUTEJIBHO BEIOpAHHBIX KOOPJAUHATHBIX OCEH.

Iy1aBHOE MpaBuJI0 (POPMHUPOBAHUS MEKIYHAPOIHOIO CHMBOJIA
Mestcoynapoonutii cumeon puxcupyem nemenmobl CUMMEMPUU HA
gcex He IKGUBAICHMHBIX 0COObIX HANPABICHUAX .



Cumeosiuka NepmaHa-MozeHa
(MexxdyHapoOHasi)

IIoBOpOTHBIE 0CH 0003HAYAKOTCS apaAOCKUMU
uppamu: 1,2 3,4,6

N HBepCcHMOHHBIE OCH - ApaOCKUMU U(PPaAMU C

BEPXHUM MOAYEpPKUBaHUEM: 1, 2, 3, 4, 6

[110CKOCTH 3€PKATTBbHOIO OTPAKEHUS
0003HAaYarTCS MAJICHBKON JJATUHCKOM OYKBOM
M 1 PUKCHPYIOTCS HOPMAJIbIO!!!

IleHTp MHBEepPCHUM 0003HAYACTCS KaK
MHBEPCUOHHAS OCh: 1



He sKBHBaICHTHBIX 0COOBIX HAIPABICHUM
He MOKET ObITh 00JIbIIe TPeX

@ Nl @D N2 D N3

CrenuanbHbIC 3 I71a3a, KOTOPBIC BUIST
[IOBOPOTHBIC U UTHBEPCUOHHKIE OCHU CUMMETPUH



Cumeosiuka NepmaHa-MozeHa

(MexxdyHapoOHasi)

Bua mexgyHapoaHoro cmmMmBorsia 3aBUCUT OT  KaTETopUN.

| mosuima | |l mozuius | [ mo3unmsg
Tnhaz 1 Tnaz 2 Ina3z 3
(D (D (D
Huzmag a=zb=c X Y Z
KaTeropusi
Cpenuss a=b=c Z X=Y o2
KaTeTOPHUS (=U)
Bricias a=b=c X=Y=Z 3 o/2

KaTeropusi




Cumeosniuka 'epmaHa-MozeHa

, HET! D10 HE
OJIHO U TOXel

ITO OJTHO

3aBUCUMOCTb MEXITYHAPOIHOTO

CUMBOJIAa TPYIIIIBI CHMMETPUH NT—
L,2P ot ee opreHTanIMN N y
OTHOCHUTEJILHO BEIOPAHHBIX e

KOOPJAMHATHBIX OCEMU:

a—mmz2, 6 —2mm, 6 — m2m



Cumeosiuka NepmaHa-MozeHa
(MexxdyHapoOHasi)

Ecin 1o BBIOpaHHOMY HAaIIpaBIICHUIO PACIIOaracTcs M
IMOBOPOTHAsE OChb W HOPMajb K IUJIOCKOCTH, TO WUX

3alACHIBAIOT B BHUJE JApOOM: B YMCIHUTEIIE — OCh, B
3HAMEHaTeJIe — HOpMaJjb K MJI0CKOCTH 2
Hanpumep: L,PC = -

OOparuM BHHMaHHE, YTO IIEHTP B 3alHMCH OTCYTCTBYeT.
[Ipenmonaraercs, 4To 4YWTaTelb IMOHMMACT, YTO €CIH OCh
BTOPOTO ITOPSAKA IMEPICHANKYISIPHA K INIOCKOCTH, TO IIEHTP
Hen3MeHHO Bo3HUKHET (L, —P — C), To ecTb 1nieHTp 3a0xKeH B
3alIMCH B HEIBHOM, CKpBITOM BHe! OmyCKalOT B 3alHCH TaK
K€ OCH 2, €CIU SBIISIOTCS IOPOXKICHHBIMHA. OCH BBICIINX
IIOPSIKOB MUIIYTCSA Bcerna (noumu écezoa)!



Cuwmeosnuka NepmaHa-MoezeHa
(MexxOdyHapoOHasi)

KoopouHamHble ocu eceala 8blbuparomcsi
o rieprieHOUKyrspam K rniiocKOCmMsm

B cniyyae omcymemaeus nrockocmeu
— 10 OCAAM cumMmempuu

[lou HeOocmameke ocobbkix HaripagrneHuu
- [10 pealibHbIM pebpam Kpucmarina



Cumeosniuka 'epmaHa-MozeHa
(MexxdyHapoOHasi)

Takum 00pa3oM, NOCTPOCHUE MEKAYHAPOJIHOIO CHMBOJA COCTOUT M3
ABYX 3TaloOB. HA NepBOM (HA YEpPHOBHKE) 3aMUCHIBAKTCHA BCe
3JIEMEHTbl CUMMETPUH, KOTOPbIe (PMKCUPYIOTCH MO TPEeM 0COObLIM
HANPpaBJIEHUsAM, a HAa BTOPOM (HA 4YHMCTOBHKE) M3 3alHUCH
yaajasercsa u30bITOYHAss HHopMamUsl O TEX DIIEMEHTAaX, KOTOPBIC
MOTYT OBITH IIOJYYEHbI ITyTEM B3aMMOJICHCTBUS MEXIYy COOOM
MTOPOXKAAIOIIMX JIEMEHTOB, YKE MPUCYTCTBYIOIIUX B CUMBOJIE

(ecTp mapa UCKITIOUCHUI HO 00 3TOM HE CETOMHS, XH-2).
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| Mamepuan npocmodu, dymame He Hado, Xu... QPFQ

n Jexmua S

*....0 MHOTOMEPHBIX IIPOCTPAHCTBAX HJIH KaK
HAHTH JOM Wﬂﬂmﬂﬂtjfﬁﬂﬂﬂ HiNHOHd

* IlpenesibHBIE rPYNIIbI CHMMETPHH ‘

* lIpuanunsl Heiimana u ®oHrTa

* Pa3roeop o pu3HIeCKHX CBOHCTBAX KPHCTAJLIOB

b
* JHanTuomopgusm Illacrepa *
NPHMEeHHTeIbHO K Besmnkon Feie g
OteuectBenHon Bomne 1941-1945.
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