JIEKIIAS 5

[TPOCTBIE ®OPMbI KPUCTAJIJIOB
(HA3IIHUX ¥ CPEOHUX CUHTOHHM )
OBbJIUK u TABUTYC




PasMunka

HeMHOro rmosropum



Cemeiicmeo 2paneii, 63aUMOCA3AHHBIX 6CEMU
CUMMEMPUYECKUMU ONEPAUUAMU MOYUEYHOU ZDYNNbI
(Knacca) cummempuu HA3b18AI0M RPOCHOU POPMOTL

Kpucmaina.

['panm, npuHAAJICKAIIME OQHOM IPOCTOU (hOpME,
PaBHBI HE TOJILKO BHEIIHE FT€OMETPHUYECCKH
(YBbI, B OCHOBHOM, B MJICAJIbHBIX, HO HE PEAIbHBIX
YCIIOBHSIX POCTA), HO TAKIKE 110 CBOUM
bu3nyeckuM M XUMMYECKHM CBOMCTBAM

(Y HUX mOX0KHE CUMBOJIBI! ! — e1ie He 3HaeMm)



Ecnmn wu3BecTHa BeJIMYHMHA CHMMETPHHM __ KJacca H
cOOCTBEeHHAsI CHMMETPHsI ITPAHU TaHHOHW HPOCTOH (POpMBEI,
JICTKO BBEIYHCINTL 0O0IIee KOJUYEeCTBO rpaHeii (N) 3Toii
IPOCTOU (DOPMBI:

N = ¢eruuuna cummempuu Kjiacca /
BCUYUHA COOCMBCHHOU cummempuu cpanu
A — coOCTBEHHasi CHMMETPHUS TpaHd M,

BeJINYMHA COOCTBEHHON CUMMETPUH — 2,

KOJIMYECTBO IrpaHeii —4 : 2 = 2

b — coGcTBEeHHAasi CHMMETpHS TpaHl MM2,

i 3 .
=O:<‘)={:)==' ek BEJIMYMHA COOCTBEHHOM cCHMMeETpHH — 4,

KOJIMYECTBO IpaHei —4 : 4 =1

B — coOcTBeHHas cuMmmeTpus Tpadu 1,

BEJINYMHA COOCTBEHHONW CUMMETpuUM — 1,

KOJINYECTBO rpaneni —4 : 1 =4



| paHb 4YaCTHOI'O MOJIOXCHHUS:

e [leprieHaUKYIISIPHA 0CO0OMY HAIIPABICHUIO

e [lapaiuienbHa 0c000MY HAIIPABICHUIO

PaenHonakioHHA K IK8UBATIEHMHBIM OCOOBIM HaIIpaBJICHUAM

I'pans A - 9acTHas, TaK Kak
Y DA6HOHAKIOHHA K IK6UBATICHIMHBIM
ocsiM cuMmerpud L,



I'panb 0011E€r0 MOJI0KEHUS

IMOJABEPracTCa JIECHWCTBUIO BCEX OIEpalldii CUMMETPHUM
JaHHOrO Kiacca. IloaToMy 4nciao rpaHeit oouiei (hopMbl B
JAHHOM KJIaCCE€ MAKCUMAJIbHO M PABHO YHUCIy OIEepanuu
CUMMETPHM, COCTABJISAIOIINAX ITOT KJIACC, T. €. PABHO €ro
MOPSAAKY (pa3sMHoOKaKOIIEH CIIOCOOHOCTH WU
BEeJIUYUHBI CHMMETPUHU KJacca). Hucino rpaHer 4acTHOU
IpoCcTOr (POPMBI 00BLIYHO MEHbIIE (0JIHAKO MOKET ObITh
1 paBHO!) uncay rpanei o0mei GopMBl.

I pansv pagnonaknonna K
HEIKGUBAICHMHBIM_OCSIM 2-0T0
IopsiKa, CJIEI0BATEILHO, OHA
HAXOIUTCS B 001em!
MTOJIOKEHU M




[loHsITHS «omKpobimas»» U <axKpsimas 11pOCTaAid d_)ODMa.

Eciin COBOKYIHOCTB I'paHeil OAHOM MPOCTON (POPMBI HOJTHOCTHIO
3aMBIKAET 3aKJIFOYEHHOE MEX Y HUMHU MPOCTPAHCTBO,
TO OHA CUUMAEmCca 3AKPbIMOU.

Eciin COBOKYITHOCTB TpaHE€W OAHOU MPOCTON (POPMBI HE
3aMBIKAET 3aKJIFOYECHHOE MEXIY HUMHU MPOCTPAHCTBO,
TO OHA CUUMAEmcsa OMKPbIMOU.

MuHUMaJIbHOE YMCII0 TPaHEN I
3aMBbIKaHHS IPOCTPAHCTBA — 4.

OTKpBITEIE (DOPMBI BCTPEUAIOTCA B KpUCTAJJIaX HU3ILICH U CpeaHEH
KaTeropyuil, HO HEE03MONHCHbL 8 KDUCHMANAX KYOUuecKkou CUHZOHUU.




IZDMHMMI’ZMCUZbHO PA3IUYHblIE NO3UUUU epaﬂeﬁ
HA cqbepuqecmm mpeycojlibHUKe

L; -
\'“"'_‘"“;/ ’/ﬂ:’ —~_ L
RWAVAY /\/\M
NV WARVAL Y
Lz \\5._.._ L}
a 1] é

@ — C €IMHCTBEHHBIM O0COOBIM HalpaBlieHUEM (3 — 00IIee MOI0KEHUE)
0 - ¢ IKeueareHmHbIMU TTOOOYHBIMU HAMPABICHUSIMHU

(6 — gactHOE, 7 — OOIIETO IMOJIOXKECHUS );

8 — C HeIKBUBAIEHMHbIMU TTOOOYHBIMU HAIIPABICHUSIMU

(6 u 7 — oO111e€e MOI0KECHHUE).



B orpaHke kpucrajuia MOT'YT Y4acTBOBATh
rpaHd  JUOO OJHOM IpOCTON  (hOPMBI
(3aKpbITOi), MO0 HECKOJILKHUX, 00pa3ys
KOMOUHAYUOHHBIE MHO202PAHHUKLUL.

B omHOM Kjacce MOXET OBITh HECKOJIBKO
IIPUHIIUITHATIBHO PA3HBIX JaCTHBIX
TI0JIOKEHHH U TOJLKO OJHO O0IIee.

Oo0mue popmol B 32 kinaccax HE IIOBTOPAIOTCAH

[TosTomy oOmiast mpocTtast (hpopMa CIYKUT XapaKTePUCTUKOU
JAHHOI'O KJlacca CUMMETPUH, Hepeoasas emy ceoe Ha36aHuUe.

Yucno npocThix PopM KpUCTAILUIOB KOHEYHO

n siko6bI «paBHo 4 /» (32+15).



32 KNIACCA CAMMETPUN KPUCTAIIIOB
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[Ily6HukoB Anekceit BacuiabeBuu
(1887—1970) coBeTckuii
Kpucrtaiuiorpad, KpucTamuioGusuk.

Axanemuk AH CCCP.
I'epoit Conmanuctuueckoro Tpyna.

Buéc 3HaunTenpHBIA BKIAM B (U3UKY TBEPAOTO TeEla.
OCHOBHBIE TPYZbl MOCBAIIEHBI TEOPHUH CUMMETPUU U
TEOpUU pOCTa KpUCTAUIOB. Pa3BuB yueHue 00
AHTHUCUMMETPHH, BBIBEI 58 TOYEYHBIX
KpucCTaiorpadu4ecKkux  TPyNn  aHTUCUMMETPUU
(ryOHUKOBCKHUE TPYIIIIBI).
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© Kabenpa spucransorpad Astep

unt HLH., Epcrana TA.[floponose T.1], FypGas

at: Bpean

Cbejlepanhl-loe rocyaapcTBeHHOE BroKeTHOe VipeKIeHHe HayKH
HucTuTyT KpHCTasAsorpacduu um. A.B. lllyGuukosa

Poccuiickoil akafleMUH HayK
(HK PAH)

Cmapoe 3danve Hacmumyma

HoBocTH

WMHCTUTYT KpucTannorpadiu um. A B, LLyEHuKoBa PAH peopraHusosad B PegepaneHoe rocyAapcTEEHHOE
yypeEXAeHKe "PefepanbHbIR HayYHO-MCCNen0BaTENbCKMA LEHTD "KprcTannorpadiia 1 hoToHMKE"

Poccowiickoi akagemum Hayk" (PHIMLL "KpucTannorpadma 1 doTosuka" PAH) myTem npuMCoBaMHEHMA K HERY

WMHCTUTYTa Npofnen NazepHel: M MHOMALMOHHE R TexHonariid PAH, MHCTUTyTa cucTen obpalboTiu
wsnbpaxeHrd PAH U LleHTpa doToxumun PAH
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HUBIIIEU U CPEJIHEU
KATEIOPUU
AKOBBI

32
ITPOCTBIE ®OPMBI
(IO HA3BAHMIO)



B 0CHOBY Ha3BaHUU MPOCTHIX (DOPM I10JI0KEHbI
(1peBHE-) rpeyecKue CJI0Ba

IPEBHE
rpedyecKkui




Lovo —
o1 —

TPl —
TETPOL —
TEVTOL —
e€aL —
OKTOL —
OEKOL —
OMOEKQ, —
EOPOL —
TPpATESLOV

TPLGUOL
TupauLl

Pvyccko - apeBHerpe4ecCKu pas’sroBOPHUK

MOHO
hats|
TpU
TeTpa
MICHTA
rexca
OKTa
JICKa
noAeKa
pa
Tpanerna

IpHu3Ma
nupamuia

TIVOKOELONC NUHAKOU/

GKaANVOC

CKaJICHA

OJIVH
1Ba

TpH

YEThIPE

IISITh

IECTh

BOCEMb

JECATH

JIBEHAI1IATh

I'paHb

4-yTOJILHUK C IByMSI HEPABHBIMHU
1 IByMs PaBHBIMU CTOPOHAMH
pu3Ma

nupamMuIa
UMEIOIINK BUJI JOCKHA
KOCOYTOJIbHBIN TPEYTOJIbHUK



IIpocThie popMbI KPHCTALIOB B Kiaccax €

I['panp 1, mnepneHAUKYJISIPHAS PACIIOJI0XKEHHOU
BEPTUKAIBLHO IMMOBOPOTHOW Oocu L., HE pa3smMHOXKaeTcs
3TOM OCh10. Takas ogHOrpaHHas popMa HE3aBUCUMO OT
MOPSIAKAa OCH HA3BIBACTCSI MOH0IOpOM ( OT TPEU. MOHO
(Lovo) — omuH, 20pa (0poL) — TPaHb)

I'panp 2, mapamienpbHas ocu L., pasMHOXasCh 3TOU
OChIO, CO3Ja€T IMPOCTyI0 (QopMy, TpaHU KOTOPOW

IEepECEKAIOTCS 110 MapajuieabHBIM pedpam, — N-
COHAIbHYI0O NpU3My C TPABWILHBIM N-yTOJIBHUKOM B
MEPIICHAUKYJIIPHOM 3TOM OCH  CCYCHUH. n-

roHaJibHble IPU3MBI B 3aBUCHMOCTH OT IOpsAKA
[JJABHOM OCH MOIYT OBITh 2eKCA2OHAIbHBIMU,
mMempazoHanIbHbIMU, MPUSOHATLHBIMU.




IIpocTbie (hOPMBI KPUCTAJLIOB B KJIACCAX Cn

B ciydae BepTukanbHOM ocu 2-1o nopsaka (kiaacc C,)
oJIy4aem IBE napaJuIeIbHBIE rpaHH —
«BBIPOXKICHHYFO) 08Y2PAHHYI0 OUZOHATIbHYI0
npu3my, Ha3bIBAEMYI0 HUHAKOUOOM (OT TPEY. HUHAKC
(TIVoKOE) — HOIIICUKa).

I'panp 3, pacnosioKeHHAas! MOJI KOCBIM yIJIOM K ocH L,
pPa3MHOXasiCh €10, o0paszyeTr GopMy — N-20HATLHYHO
nupamudy. Tak e Kak U N-TOHAJIbHBIC HPHU3MBIL, N-
TOHAJIbHBIC  IHPAMUABI  PA3IMYaAlOTCI  CBOHUMHU
CEUCHHMSMU, TEPHCHIUKYIIPHBIMM TIJaBHOM ocu LnN:
2CKCAZOHANIbHAA  RUPAMUOA,  MEMPAZOHANbHAA,
mpuzonanvuas. Ecau rmaBHas och 2-TO MOpsaka, TO
OuzoHanbHaa TIUpAaMKAA BBIpOXKAAEeTCI B popmy u3
AByX  HAKIIOHHBIX  IIEPECEKAIOIIUXCd  TI'paHel,
HaIIOMUHAIOIIYI0 KOCYH) «KpBIIIY» M Ha3bIBAEMYIO
ocesvim ouzropom (rped. ou (O1) — ABaXKIIBI)




I[IuHakous ~ OCEBOM M IJIOCKOCTHOM JUBIAP

g’ & ' Cosem — nanumaume opucaoy,
' & xomopas ymeem cmpoums
Kpvluiu muna « Ay
(cummempu3szoeannslii Ou’op)




Qo O Knaccwl ¢ eOuncmeeHHbIM 0COObIM
© nanpagienuem C_
Kaacce 1 2 3 Ha3Banue 1o
o0men popme
C < MOHOIOPUUECKUTL
C, <> @ A\ OuIOpUUECcKuil 0cesoil
NUHAKOWI_ | AuIap (0c.)
C; 0 N ‘ MpPUzoOHANbHO-
" nUPamuoabHolil
Cy < -I ~ A MempazonaibHo-
N I RUPAMUOATbHBLUL
Ce <> 1 ) 17) 2eKCA2OHAIbHO-
L : RUPAMUOATILHBLIL

npusMa

N-TOHAJIbHAaA =
MOHOYIP N-TOHAJbHAaNA

nupamMujaa




IIpocTnie popMBI KPHCTALIOB B KJjaccax C

[ToMumoO TIpu3M U mUpaMujl ¢ N-TOHAJIbHBIMHU
CEUCHUSAMH B YKa3aHHBIX KJIACCaX €CTh MPOCTHIE
(dbopmbl, 00pa3oBaHHBIE T'PAHSMH, PACIIOIOKEH-
HBIMU  TOJl  HMPOU3BONAbHBIMU  YeNaMu K
SKBUBAJICHTHBIM IIJIOCKOCTSIM CHUMMETpUU. B
IJJaBHBIX CEUCHMSAX TakuxX (PopM MNpU pPaBHBIX
CTOpPOHAaX YIJIbI PaBHBI YE€pe3 OAUH — 3TO TaK
Ha3bIBAEMbIE Ou-N-2oHanvHble CEUCHUS.
Otcioga W Ha3BaHHS OOpPA30BAHHBIX TAKUMHU
IpaHsIMM TIPOCTBHIX (QOpPM — Ou-N-2oHaIbHBIE
npusmpl  (4acTHble TIp. GopMbl) ©  Ou-N-
2OHAbHBle nupamudsl (00IHUE  TPOCTHIC

(opmpei). R & /ﬂ\}
QR_,JJ “‘va ]'\\__ >

-

AHTPHINOHATLHAS

L

AHTETPATOHA LA AHNERCATOHAILHASR



B kmacce C,, rpaHy, napajuleJbHbIE OJHOW U3
IUIOCKOCTEM W IIEPHECHIUKYJSAPHBIE APYrowu,
00pazyroT RUHAKOUO (BBIPOKACHHYIO
ABYXTPAHHYIO TIPHU3MY), a PacIOJI0KCHHEBIC
HAKJIOHHO K IIJIOCKOCTSIM CUMMETPHUM O0pa3yroT
B NEPIEHAUKYIIPHOM ocHu L, cedennn pomo.
Orcroaa yacTHasl pocTas dbopma,
oOpa3oBaHHAs TpaHsSIMH, HAPATICIbHBIMA OCH
L,, HaselBaeTcad pombuueckou npusmoii, a
oomas (B), oOpa3oBaHHas HAKIOHHBIMHA -

pPomoOuUecKou nupamuoou.

.

P

CEMEHHE
POMEHYECKOI
NPHIMBL

POMBHYECKAS POMBHYECKASR
IFH3MA MAPAMHMIIA

B kmacce C, = P rpaHud pasMHOXKAIOTCA JIMIIbL OTPAKEHHEM B
C€AIUHCTBEHHOM IUIOCKOCTH CUMMETPHUM, U HOBOW OyAET JHIIbL OOIas
npocTtas ¢opma, oOpa3zoBaHHas JBYMsS HAKJIOHHBIMM K IUIOCKOCTH

TPaHsAMHU — «IPAMAS KPBILIA», — OUIOP NIOCKOCHIHOU.

AH20P



JlaBaiiTe Mmm2 kJ1ace, y2k 00JJbHO MHTEPECHO

1. BolieTMM XapaKTepuCTHYECKUH chepruueckuii Tpeyroabuuk (1-2-3)

2. O003HaYMM Bce 7/ MPUHIHMHAILHO Pa3jIHYHbIe Mo3UNNHU (3 BePIIMHBI, 3 CTOPOHBI H BHYTPEHHSAN
TOYKA 00IEero moJoKeHHus )

3. 3amMeTHUM, 4TO B 3TOM KJiacce 6 U 7/ OJHO M TO)Ke TAK KAK MJIOCKOCTH HEIKBHBAJIEHTHBI, T.€. 6 —
Toke o0mas npocrasi popma. (Keraru, 3 1 5 ToKe OTHO U TOXKe)

MoHO031p

I InHakou

PoM0. mpusma
Jusap (XOpOIImii)
Pom0O npu3ma
PoMmO nupamua
PoMmO nupamua

~N O O b~ W




Knaccot C,,

1-3 4 5 | 6 I Ha3BaHmue nmo oomeu
opme
C1= Cip= A3 OurOpuyecKuil
P AP (L) FrrETe () NA0CKOCMHOTL
G, f@ < pombo-

RUPAMUOATIbH LU

llos-

CBV mop ﬁ

OUMPUZOHAIbHO-
RUPAMUOATTbLH LU

> N
C 4y ﬁ A OUmMempazoHa1bHO-
L /

L RUPAMUOATIbHBLU
C 6V m ) OU2EKCAZOHAIbHO-
i . e RUPAMUOATIbHBLU
Al/l'll' A“'ll'
ITroOHaJIbHasA ITOHAaJIbHasA

MpU3Ma nmupaMuaa



IIpocThie GopMbI KPUCTAJJIOB B KJIaccax
Cnh U Dnh

HeusmMeHnueIMH B KJ1accax Cnh u Dnh
OCTaHYTCA  JHIIb  OPU3MATUYECKUE

GOpMBI — N-20HaAbHBIE W OU-N-
2oHanbHble  npusmbl.  OcTanbHBIC
IIPOCTEIEC (hOpMBI MOJTY4arOTCSA

OTPAXKEHUEM BBIBEJICHHBIX pAaHEE B
AT
kmaccax C, u C,, mpocThix GopM B 4 | P
TOPU30HTAIILHOMN IUIOCKOCTH [l\///
CUMMETpUH P,, TEpIEeHIUKYIIPHOU =
IJIaBHOM OCH: = g §




IIpocTbie (pOPMBI KPUCTAJLIIOB B KJIACCAX
C:nh U Dnh

MoHO3apEl IpH A3TOM MOPEBPATATCI B
RUHAKOUODL,
NUpaMUAbl CO3aAyT HOBBIC, HO YK€

3aKpBITBIC IPOCThIE (QOopMbBI — IN-
2OHATIbHbIE u Ou-N-2oHa1bHbBIE
ounupamuool.

Hwonper w3 kmaccoB L, m L,2P
IPEBPATITCS B MPOCTYI0 GOpPMY H3 4 T}
YeThIpEX  IONApHO  IapajlIesIbHbIX [[ \J
rpaHei, T. €. IpU3My C POMOHYECKUM
CCUCHUEM — pPOMOUUECKYI0O NPUIMY a g ¢
(Jiekanyro Ha OOKY), re€OMEeTpUYCCKHU

OAOOHYI0 BBIBEJICHHOM paHEe B Kiacce

C2v




Knaccwol ¢ eouncmeernuvim ocoovim

Qo
® nanpasnenuem C_.
Knacce 1 2 3 Ha3zBanue no
T~ o0men popme
C /
2h < POMbo-
éé;f Pomo. -
npu3Mamu4ecKuil
nuHakony N TPMM
Can R A 4N MPUZOHATIbHO-
o OunupamuoanbHolil
C §§;§ NPU3MBI
4h i mempa2oOHaA/1bHO-
o ounupamuoanvHwlil
HEU3MCHHbBbI
C6h I] /) 2CKCA2OHAIbHO-
\ OunupamuoabHblLil

MOHO3IPbI
CTAHYT
NMUHAKOMIAMH

N-rOHAJbHAasA

npuszMa

N-TOHAJLHAA
ounupammaa




Knaccer D,

4 5 6 !/ HaszBanue no o01men
opme

pomoo-
ounupamuoaibHolil

OUMPUZOHATIbHO-
ounupamuoanvHvlil

OumempazoHanbHo-
ounupamuoanvHolil

OU2eKCAZOHAIbHO-
ounupamuoanvHvlil

roHAJLHAA
ounupammaa



IIpocTeie popmbl KpucTaIoB B Kiaaccax D, =L nL,

be3 n3Menenui u3 ounupamuganbHbix kimacco C, u D, B rpynner D,
epexoqsaT Takue (OPMBI, I'PaHU KOTOPBIX JHUOO MEePHEHIUKYJISIPHBI,
1100 MmapaJuICIbHbI IJIABHOM OCHM CUMMETPHH, — 3TO HUHAKOUObL U N-
2OHANbHBIE VIV Ou-N-2oHaIbHble npu3mbl. HakIoOHHBIE TpaHW HAqyT
y>K€ BBIBEJICHHBIC paHee (hOPMbI — N-20HANbHbIE OUNUPAMUODL.

OpnHako «yIBOEHHEY» TpaHEW MUPpAMHKJ] TPOUCXOIUT B Kiraccax D, He 3a
CYET OTpEI)KeHI/IH B FTOPU30HTAIBHOM IJIOCKOCTH CUMMETPHH, KaK B

B knacce D, = 3L, nomoOHast rpaHb

5 \\ ) ; ﬂ} T\ qﬁ JACT TaKKe YK€ BEIBCICHHYIO B
K‘(D ‘/ Vf’/ NL/ knaccax C,, u D,,, mpoctyto popmy —

POMOUYECKYIO nPU3MY.

kmaccax C,, u D,, a 3a cuer
OBOPOTa BOKPYT FOPHU30HTAIBHOM
ocu L.




IIpocTeie popmbl KpucTaIoB B Kiaaccax D, =L nL,

Hossle mpocthie (hopMBI B Kinaccax D nagyT rpaHu oOLIETO MONOXKECHHUS
— 3TO N-20HAbHBIE MPaneyoIOpPsl C TPaHSIMU B (PpopMe HEPaBUIbHBIX

YCTHIPEXYTOILHHUKOB (Tped. mpaneya (tpaneCo) — CTOICHIHAIIA,
HEIIPABHIIBHBIN Y€ ThIPEXYTOJbHUK).

B cooTBeTCTBHM C Ha3BaHUSIMU
' OOIIUX IPOCTHIX (OPM KJIACCHI
0 D,  HaseBalOT  N-20HaIbHO-
{ )-

mpaneyolopuyeckumu. Kiacc
O\ ) \ ﬁ’T\ A0 D, HAa3bIBAIOT pomoo-

‘*JD / VL‘V .GL‘/ mempaopuyuecKum.



IIpocThie popMbl KpHUCTALIOB B KjIaccax D

B kmacce D3 ¢ HedeTHbIM IIOPAAKOM IJIABHOM OCH KpoMe
MPUZOHAILHBIX OunuUpamuosl U mpaneyolIopa TOSBISICTCS HOBAs
npoctass ¢opma, oOpa3oBaHHAs TIpaHSIMH, pPABHOHAKIOHHBIMH K
SKBUBAJICHTHBIM FOPU30HTAIBHBIM OCSIM L,, I1e Kaxaast BEpXHss TPaHb
pPACIIONIOKEHA CHMMETPUYHO OTHOCHUTEIBHO JIBYyX HHXHHUX TIpPAHEH.
Takas  yactHas  mpoctas  ¢dopma  “CMMMETPH3MPOBAHHBIN
Tpamemodap”’— HOCHUT Ha3BaHUE pom0O0Idp, (dhopma TpaHEH STOM

IpOCTOM POPMBI B BUJEC POMOOB. B giaccax D, u D, rpany,
PaCOJIOKECHHBIE CUMMETPUYHO

é Q | & OTHOCHUTEJILHO JIBYX HIDKHUX,
\' ‘/ \‘ \ ' OKa3bIBAIOTCA IrPaHsAMH 00111ero

- a'# MOJIOKEHUsI  (PaBHOHAKIIOHHBI K

P }“\ /::T\ /T  HEOKBUBATICHTHBIM OCsIM)  Ha3BaHUSA
0o0pa30BaHHBIX  TAaKUMH  TpaHsIMHU

K‘(D \\‘/ J ny .GL/ 00IUX IIPOCTBIX dopm —
MpaneyoIoOpsl MEeMpazoHAIbHbIL |
2eKCAZOHAIbHDLUL.



Knaccor D,

1 2 3 4 5 6 7 Hassanue no ooueii
dhopme
2
2 11"’ pomoo-
mempalopuiecKuil
n-ro | n-ro
D3 I[I/I
ma | Ha n- MpPU2OHATbHO-
JIb JIb ~
Ha ro mpaneyo3opuiecKuil
HBIC HBIC
Da KO ik Poym6031p
WIRL | TIpun | om b mMempazoHanbHo-
HBIC o
hilll . mpaneuolIopuiecKuil
pa
D6 M IPpH
bl 3MbI 1‘
2eKCA2OHATIbHO-
‘\' mpaneyo3IopuiecKuil
N1rQHAJbHbIN

Tpanemnoyap




IIpocTeie popmbl KpucTaIoB B Kiaaccax D, =L nL,

BepxHsasd nupamuza MHOIOIpaHHUMKAa B Kiaccax D, Moxer OBITH
MMOBEPHYTA OTHOCHUTEIIBHO HWXKHEW IO YacCOBOW CTPEJIKE WM B
MPOTUBOIIOJIO)KHOM  HalpaBJICHWHW, OTCIOJa MW  TPaICLOIPhI
COOTBETCTBEHHO MOTYT OBITh «IIPABBIMW» W «JIECBBIMHU», T. €.
Inanmuomop@uoimu. Takvue npocThie (OPMBI BCTPEUAIOTCS JUIIb B
OCEBBIX KJIacCax, HE coJiepKaux onepanun cummMmerpuu |l-ro pona.

00.1 
seleicle,

1. MacTep,
1822-1895

o )‘x ﬂi’T\ /T‘h
\.@ \fy 'GL/




Tpaneuwodapsl He 00axaK0T daeMenTamu cumMerpu |l pona!

DTO 3HAUYUT OHU YMEIOT OBITh
IIPABbIMU U JIEBBIMU!

Camopes




DHAHTHOMOP(HBIE KPUCTAJIBI a-KBapua( Kiacce 32):
B JIEBOM KBapIi€ (a) Onvkalilve rpaHy Tparenosapa (3a4epHEHbI)
pacmoiararoTcs ¢JeBa OT I'paHu IIaBHOro poMmoosapa R,
B IIpaBoM (0) - cmpaBa




Jyu Ilacmep. «Ecnu 6 neaxcugoil npupooe jiesvle U npasvle MOJLeK) bl
sCmpeuaromces  0OUHAKOBO  YACMO, MO 8 JHCUBBIX OP2AHUIMAX

3EpPKAIbHO-ACUMMEMPUUHBIE MOJIEKVIbl CMPEUAOMcs 8 Ue MOAbKO
OOHOU IHAHMUOMOPPHOU PAZHOBUOHOCIIUY.

[Tactep momaran, 4TO MMEHHO 3/I€Ch M HIPOXOJUT TPaHUIA MEXKIY

XAMHUEN KUBOU U HEXKUBOM NpUpoasl. [locnenyroiee pa3BUTUE HayKu
MMOJATBEPANIIO BIBOIBI [1acTepa.

Ha MonexkynsipHOM ypOBHE 3TOT TEPMUH HOCUT
Ha3BaHUE XHPAJIbHOCTb.

(npeBHErpeueckoe Ha3BaHUU HanboJiee y3HaBaeMOro
XUPaAJIBHOTO MPEeAMETa — PyKa).




B cocraB Momoka BXOOUT MHOTO 3EpKajbHO-
ACUMMETPHYHBIX COCAMHCHUNM — JKHPHI, JIAKTO3a,
OCJIKH.

Takue Monexkyivl uyxiHco20 IHAHMUOMOPPHO20
MUPA MO2Ym He CO2NACOBbIBAMbCA C 3EPKAIbHO-
ACUMMEMPUYHBIM Ue/106€4eCKUM OP2AHUIMOM,

MOJI0OHO TOMY Kak Tailka ¢ JIEBOM Hape3Kol He
comiacyercs ¢ OOJITOM, HMEIOMKUM TMPABYIO
HApE3KYy.

CoOupasich «IIpOUTH» CKBO3b 3€PKAJIO B
CKPBITBIA 32 HUM 3a3€pKaJIbHbINA MUD,
Anrca o0palaercs K CBOeMy KOTEHKY C
BOIIPOCOM:

«Ho nonpasumcs nu mebe 6 3azepranve, Kucka?
Jlaoym nu mebe mam monouka? Moowcem Obimy,
MON0KO 8 3a3epKanve He 200UMmcsi O NUMvs?»

JIsrouc Kappoiun

il
KO3NGHOUKOM CTan




IIpocteie (OpMBI KPHCTAJLUIOB B Kjaccax S,

HoBble nipocThie GOpMBI B Kaccax S, U Sy =
L ,C Oyayr oOpa3oBaHbl JIMIIL I'PaHAMU OOLIETO
MOJIOXKEHHUS. 3epKaJIbHbI ITOBOPOT pacHojiaraet
BEpXHHE TIPaHM CUMMETPUYHO OTHOCHTEIHHO
HWKHUX. B kmacce S; - 310  pom0O03op,
BBIBEJCHHBI paHee Kak YacTHas ¢opmMa B
knacce D,. B kmacce S, momydaeM
YETHIPEXIPAaHHUK, B KOTOPOM JIB€ BEpPXHHE
I'paHU Pa3BEPHYTHl OTHOCUTEIBHO JIBYX HHXKHUX
Ha 90°, — mempazonanvhuvlii mempal’op, €ro
I'paHUd — paBHOOEIPEHHbBIE TPEYTOJIbHUKH.

B unenTpocumMMeTpudHOM Kiacce S, = C UMEIOTCS TOJBKO O0IIue

IPOCTHIE

(hOpMBI

—  nuHakouowvl, OOpPa30BaHHBIC  JIBYMS

ImapajJjiCJIbHbIMHA I'PAHAIMHA.



Ao Knaccol ¢ eOuHcmeeHHbIM 0CO0bIM
Hanpaeienuem S, 2. 4.6
Kiacc 2 3 Ha3BaHmue nmo oomeu
opme
@ NUHAKOUOAIbHbLIL
Si=L,

mempacoHa/ibHO-
mempazopuiecKuil

86 — L3C
PomMoO0IOpUUECKUTL

v




IIpocThie popmMbI KPpHCTALIOB B Kaaccax D,

Pombosop B xmacce Dyy m mempazonanvnori
mempa’dp B xjnacce D,, - 4YacTHBIE IIPOCTHIE
dopmbl (TpaHH NEPHEHAUKYISIPHBI IIIOCKOCTSIM
CUMMETpHH). B 00IeM IOJIOKESHUHM TpaHU STHX
IPOCTHIX (OPM YJIBAUBAKOTCS — MPEIOMIISIOTCS,
o0pazysi HOBbIE MPOCThIE POPMBI — N-2oHAIbHBLE
‘ cKkaneno’opul (rped. ckanenoc (ocxkoaAinvol) —
5 Pa3HOCTOPOHHMM TpeyrojbHUK). Kaxmas mnapa
BEPXHUX TIPAHEU PACIOIOKEHA CHUMMETPUYHO
MEXAYy AByMsI IlapaMU HUKHUX TPaHEH.

B kpucrangigax BO3MOXHBI JIMIIb JBE CKaJICHOSAPUUYECKHUE (DOPMBEI.
MPUZOHATLHBLIL CKAeH0I0p (TIPeToMIIEHHBIN poMO031ip) (B Kitacce D)
U MempazoHaIbHblil CKA1eH0I0p (TIPEIIOMIICHHBIA TETparoHaIbHBIN
TeTpasap) (B kimacce D).

Kitaccel D,y Ha3pIBarOT N-20nanbHO-CKANEHOIOPUUECKUMU.



Knaccor D,

Kiacc I Ha3BaHnue mo oomieu
opme
D2d
mMempazoHaibHO-
CKA1eH030pUUecKuil
D3d
MPUZOHAIbHO-

CKa/1eH0I0puYecKuil




IIpocThIe
(opMbI
HU3IICH

KATEeropuu

HasBaHue Yucno 3aKphblTas B kakux Kiaccax
M3o6paxxeHue o
bopmbI rpaHel | WM OTKPBITAs BCTpEYaEeTCA
MOHO3/IP O 1 OTKPbITAs LiLB, L,2P
C, P, L,L,PC, 3L,,
MUHAKOUZ, £ OTKPbITaA 31,3PC
AABAD @ 2 OTKpBbITadA P,L,, L,2P
pombuYecKas L,PC, 3L,, L,2P,
mpu3Ma @ 4 OTHpbITad 3L,3PC
pombrrseckas @ 4 OTKpPBITas L52P
mHpaMuIa
poM6UYecKuii q
TeTpasIp ™ 4 3aKpbITasd il
%iﬁi;:i;ii: 8 3aKpbITAA 31,3PC

MUHMO MarasuH «Marematnyeckas KHura»
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PazoMmHeM M03ru

e B kpucramie kakoro Kkiaacca(oB) MOXKHO / -

BCTPETUTh OJHOBPEMEHHO He Ooiee 2-yx
IMAHAKOUIIOB?

e B kpucramie kakoro Kkiaacca(oB) MOXKHO

BCTPETUTh OJHOBPEMEHHO HeE Oojiee 3-ex
IMHAKOUIOB?

e B kpucraaze kakoro kiacca(oB) MOXKHO
BCTPETUTh OJHOBPEMEHHO S MMHAKOUIOB?




32 KITACCA CMUMMETPUUUN KPUCTAJIJI10B
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ObJIUK U TABUTYC

Jla’xxe ommcaB Kj1acC CHMMETPUU WU T€ IPOCThIE (DOPMBI, KOTOPBIC
BCTPEUYECHBI B OTPAHKE, Mbl HE CMOXKEM HOHECTH OO CIIYIIaTeNs
OJIHO3HAYHO €ro XapaKTePUCTUYECKHE OCOOCHHOCTH. HACKOIBKO OH
HEOJMHAKOB TII0 pPa3HbIM KOOPJAMHATHBIM HAMNPABICHUSAM, KAKHE
(OpMBI «IJIAaBEHCTBYIOT» B OTPAHKE U T.II.

e

YeTbipe kpucTaia UMEIOT OMHAKOBBIM HA0OP MPOCTHIX (hOPM U
OAVMHAKOBBIN Ha0Op AIeMEHTOB cuMMmeTpuH (kiacc Dgy), ogHako
pa3adyHasi CTEICHb PA3BUTHUA IIPOCTHIX (POPM, YUACTBYIOIIUX B

OrpaHKe JIeJIaeT UX COBEPIICHHO HE MOX0XKUMHU JPYT Ha Jpyra




ObJIUK

Oonuxk — TepMyuH HCHOJB3YETCS B MUHEPAJIOTMU W KpHUCTaJLIOrpaduu
IIpYU ONIMCAHUU BHEIIIHETO BUJIa KPUCTAJIJIOB U Xapakmepusyem pazmepul
Kpucmaina 6 paziuuHwvlXx Hanpaeienusax. Hanpumep, Kpuctaibl
anMasa, IUPUTA, TPAHATOB U APYTUX MHUHEPAIOB UMEIOT M30MEeTPHYHbIH
OOJMK, T. €. OJWHAKOBBIE pa3sMEpbl BO BCEX HaNpaBJICHUSIX.
HeunzomeTpruuHbIe KPUCTAIBI TAKUX MUHEPAIOB KaK STUPUH, TyPMaJIUH,
OCpUII ¥ JApP. MOTYT OBITH HMIOJIBYATOrO, CTOJ0YATOr0, HUTEBHUIHOIO
obmuka (T. €. BBITAHYTBIMM B OJHOM HaIpaBiICHUH), JUOO
TaOJUTYaThIMH, INIACTUHYATBIMH, JIMCTOBATBIMA — YILIOHIEHHOTIO
o0iuKa (HampuMep, KpUCTAIUIBI TeMaTHTa, OMOTUTA H JIP.).



http://webmineral.com/specimens/picshow.php?id=1408
http://webmineral.com/specimens/picshow.php?id=20
http://webmineral.com/specimens/picshow.php?id=127

OBJINK

«Cmenensv uzomempuyHoOCmu Kpucmaiia)

Cmo10uamolil

YRIAOUW|eHHbLU


http://webmineral.com/specimens/picshow.php?id=1408
http://webmineral.com/specimens/picshow.php?id=127
http://webmineral.com/specimens/picshow.php?id=20

Tepmun «2adbumyc» ncnonp3yercs i 0oJiee AeTaIbHON
XapaKTEPUCTUKN BHEITHEH (DOPMBI KPUCTAIOB, OTpakast mpeoOiagaHue
B MX OI'PaHKE TE€X WJIM UHBIX IIPOCTHIX (popM (Hampumep,
IPpU3MATUYECKUI, OMITUpaMUIAIbHBIN, KyOUYECKHUM TaOUTYyC U T. 1.).
[Ipu 3TOM KpuCTaIabl MUHEPAJIOB OJHOTO M TOI'O K€ 00JIMKa (HaIpuMep,
CTOJI0YAaTOr0) MOT'YT UMETh Pa3INYHbIN raOUTYC.

FaﬁnTvc KPUCTAJJIOB ABJIHCTCH BA’KHBIM THAT'HOCTHYCCKUM
IIPU3HAKOM MHUHECPAJIOB.



http://webmineral.com/specimens/picshow.php?id=127

I'ABUTYC

«Onucanue cmeneHu pazeumus nPpocmoix hopm,
yuacmeyrouiux 6 02panKe 0aHH020 KpUucmaiia»

Tpuconanvno
Iunaxkooanvno T'excazonanvno P
CKA1eH0I0pUYecKu
2eKCA2OHAIbHO npuzmamuuecku
. . pomboIOpuUecKu
npuzmMamuyecKuil PomoboIOpuUYecKuil

npuwnamuttecmu?



Pa30epem kpucraiuisl kiacca D,
YIJIMHEHHOTO 00JINKa,
OTHOCSIIIETOCS K TETParoHaJIbHOU
CUHTOHUH, COCTOAIINE U3 OJHUX U
. TEX ke MPOCTHIX HopM
(IMHAKOU/I, TETparoHajJbHas
[pU3Ma, TETPArOHaJIbHbIN
TETPAdAP U TETPArOHAJIbHBIN
CKaJIEHOIP), HO C Pa3JIMyHOU
: CTEIICHBIO UX PA3BUTHSI.

T-nasa
npusma

a - TabUTyC mempazoHaibHONPUIMAMULECKU-NUHAKOUOATbHO-CKAIEHOI0PUUECKU-
mempa’aopudecKull,

6 - TaOUTYC Mempa2oHaAIbHOCKALEHOIOPUYECKU-MEMPAIOPUYECKU-NPUSMAMUYECKU-
NUHAKOUOAIbHBIUL,

6 - I‘a6I/ITy0 mempaeonaflbH0mempaaépuqeczcu-npusmamuqemu-cmﬂeﬂoadpultecmtﬁ;

2 - TabUTyC mempazoHaibHOMEeMpa’0pUecKu-CKa1eH030PUYEeCKU-NPUIMAMUYECKUU;

0 - TAOUTYC Mempa2oHaIbHONPUIMAMUYECKU-MEMPAIOPULECKU-NUHAKOUOATIbHO-
CKAeHO030pUYeCcKUl;

e - I‘a6I/ITYC mempCIZOHCUZbHOI’lpMS’]l/lamM‘léCKM'ﬂMHClKOM@dJZbHO' CKCIJZQHOQ@]?MVQCKMMV.



Kak menepb 0yoem

onucsleamp Kpucmaii

KaTEerOpHst

Cpennss (a=b+cC)

CHUHI'OHUA

TerparonansHas (a=B=y=90")

Kiacc mo I'-M

4/m mm

kjacc mo I Dun

Kinacc no bpase L,2L,°2L,"" 2P 2P’P’"°C
IUTETPAroHaIbHO-

Kaacc no ooweu popme OunupamMuaabHbIN

geauyuna cummempuu knacca (BCK) |4*2*2 =16




Kak oyoem onucvieamov kpucmai
(Ha KoHmpoibHOoU pabome)

No 1

CHMBOJI IIPOCTOM (hOPMBI \\ e o e

cooctBeHHas cummerpus rpaann (CCI) \\ m

BennunHa cooctBeHHOM cumMeTpuu (BCC) \\ 2

YHCJI0 TPaHeH " 8 (= BCK(16)/BCC(2))

OTKpBITasl — 3aKphITas 3aKphITas

oO111as - YacTHas JacTHas
TeTparoHajabHasl

Ha3BAHUE ounupamuaa




Kak _oyoem onucvieams Kpucmaii
HA KOHTPOJbHOH
ITO MOUYTH YiKe MOJTHOE onucanue!

O0auK YILUTOIIECHHBIN

TeTparoHabHO-OMIIMPAMUIATLHO-TIPU3MATUYE CKHU-
['aburyc MMUHAKOUJATIbHO-TUTIPU3AMTUYE CKUI




Jlna 3akpenaenusn mamepuaia

IIpocThie GOPMBI KIACCOB HI3MIEH KaTeropun
http://cryst.geol.msu.ru/courses/crgraf/forms/main.ntml -~ 7 "~ = | 7
Hu3zwan kamezopus sziisviieviEL L)

[excaroHanbHas CUHIoOHMWSA

http://cryst.geol.msu.ru/literature/kurs/hex_forms.ppsx
I'ekcazonanvnasn cunconusn

http://cryst.geol.msu.ru/literature/kurs/tetragonal.pps
T eMmpazonaibHaA;xA CUHCORUA



IIpocThie GOpMBI KJIACCOB
TETPArOHAJIbHONU CHHIOHUM
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Bo3Bpar K COUCKY
KJIACCOB




IIpocThie popMEI Ki1acca 4mm

dmm
Ii
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