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CvMMeTpusa KpUCTaJuioB

CuMMeTpusa — CBOUCTBO NrEOMETPUYECKON PUrypbl NMpu
ornpeaeneHHoM npeobpazoBaHMnN NMPOCTPaHCTBA
npuobpeTaTb HOBOE MOJIOXKEHUE, HEOT/IMUMMOE OT
NCXOAHOro (CamMocoBMeLaThCH).




CvMMeTpusa KpUCTaJuioB

Onepauuss CUMMETPUN — OTPAXXEHNE FTEOMETPUYECKON
durypbl camon B cebs npm HEKOTOPOM N3OMETPUYECKOM
npeobpa3oBaHnUM NMPOCTPAHCTBA

JNeMeHT CUMMEeTPUMN — reoMeTpmnyecKoe MecTo TouYek,
nepexopsiee B cebst NpU CUMMETPUYECKOM
npeobpa3oBaHUM NMPOCTPAHCTBA
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3N1eMeHTbl CHMMETPUUN KPUCTaJIJ1I0B

NMpocTbie OCM CMMMEeTPUM — NOBOPOT Ha yron 360°/n

n - nopaAaAoOK oCu CMMMEeTpuumn



3N1eMeHTbl CHMMETPUUN KPUCTaJIJ1I0B
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NHBEepCUOHHbIE OCM CUMMETPMUM — NOBOPOT Ha yron 360°/n
MNJr0C OTPpa>xeHue B TOUKe MHBepCcum

n - nNnopaAOK OoCu CMMMEeTPpMMmn




S1eMeHTbl CHMMETPUMN KPUCTAaJIJI0B

MnockocTb Ocb 4-ro
CMMMeTpuM nopsaka
Ocb 3-ro Ocb 2-ro
nopsaka nopsaka




3N1eMeHTbl CHMMETPUUN KPUCTaJIJ1I0B

Kareropus CuvHrOHusA IIpusnak

TpukanHHast Ocp 1-To mopsiaka

Husmas MOHOKJIMHHASA OpHa och 2-T0 mopsaka
PomOun4eckas Tpu L ocu 2-ro nopsaka
TpuronajabHas OnHa och 3-ro nopsijika

Cpenusis TerparonajnHasi Onna och 4-10 nopsiIKa
I'ekcaronaanHas OnHa och 6-T0 opsiaKa

BEICIIIASE Kyouueckas Yetripe ocu 3-r10 nopsaka




To4yeuHble rpynnbl

32 BMAaa CMMMeTpUM

TpUKnuHHan 1 -1
MoHoKnnHHasn 2 m
Pombuuyeckasn 222 mm2
TeTparoHanbHaa 4 -4
TpuroHanobHas 3 -3
FekcaroHanbHaa 6 -6
Kybunueckasn 23 m-3

LleHTpocMMMeTpUUHbIE rpynnbi

2/m

mmm

4/m

32

6/m

432

pynnbl CMMMeETpUMm,
onepaLlum KOTopbIixX
OCTaBJISIIOT XOTH Obl
OAHY TOUYKY
NnpoCTpaHCTBa HA MecTe

4272 4mm -42m  4/mmm
3m -3m
622 omm -62m  6/mmm

-43m m-3m



NMpocTbie (bOpMblI

NMpoctas popMa — COBOKYMHOCTb FPaHEN,
DA3MHOXEHHbIX 3N1EMEHTAMU CUMMETPUM

Bcero n3secTtHo 4/ reoMeTpuyeckn pasimyHbIX
NPOCTbIX (POPM

YHacTHbIe - MPpaHn KOTOPbIX
napannenbHbl, NepneHanKynapHbl Unu
CUMMETPUYHO MNMepeceKkaloT dJ1IEMEHTDI
CUMMETPUM

O6wme - rpaHn KOTOpPbIX NMPOU3BOJIbHO
rnepecekaloT BCE 3IEMEHTbI CUMMETPUN




\ NMpocTbie popMbl
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Kpucrannorpadpumnyeckme cucrembl
KoopAMHaT

VA
NMapamMeTpbl, 3aaa0olMe SYEeUKY

NIUHEeWHble NapaMeTpbl — AJINHbI
BEKTOpPOB
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3J/1eMEeHTbI CUMMETPUUN KPUCTaAIIJTTUYECKHUX
CTPYKTYp

CUBIC

a=b=c
o= p=y=90°

TETRAGONAL 'T_:FT pomGoaapuueckas aueiika B
a=bsc P L‘:w reKkcaroHanibHOM ycTaHOBKe
0P g1 .

o= p=y=90°

ORTHORHOMBIC

azbzc
o= p=y=90°

HEXAGONAL npumMmuTUBHaA
a=bzc p a=b=c R <== pomb6oaapunyeckas
o=p =0 o=Pp=y#90° Avenka

y=120°

MONOCLINIC 1T of Unit Cell
ypes nit Ce
az b * g[]u P C F: Primitive
o=vy= I = Body-Centred
p+120° F = Face Centred

C=SideCentred

TRICLINIC v
azbzc P 7 Crystal Classes
o feye90° — 14 Bravais Lattices




DJieMeHTbl CUMMETPUUN KPUCTaAIIJTTUYECKHUX
CTPYKTYP

BUHTOBbIE OCM CUMMETpPUM
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‘ DJieMeHTbl CUMMETPUUN KPUCTaAIIJTTUYECKHUX

CTPYKTYPp

6, 6, 6.

BUHTOBbIE OCM CUMMETpPUM
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DJieMeHTbl CUMMETPUUN KPUCTaAIIJTTUYECKHUX

CTPYKTYp

Cucrtema
0603HayYeHnn
oceun
CUMMETPUU

Ocu cummempuu, neprneHOUKYnsapHbIe MNIoCKOCMU Yyepmexa

ﬂosopomefe ocu MHSGpCUOHHble ocu BuHmossie ocu
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Ocu cummempuu, napasnnesibHble fNIoCKOCMU Yyepmexa
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Ocu cumMmempuu, Ppacriofio’KeHHbIE KOCO 10 OMHOWEHUK K N/IOCKOCMU Yepmexxa
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DJ1IeMeHTbl CUMMETPUUN KPUCTaAIIJTTUYECKHUX
CTPYKTYP

MNOCKOCTU CKOJIb3SILLero oTpaXXeHus
(oTpaxkeHne + nepeHoc BAOSb MIOCKOCTH)
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HOMEHKJ/1aTypa NJIOCKOCTEMN onpeaensieTca HanpasJieHUEM NepeHoca
HarnpuMmep, MNJI0OCKOCTb 3@ — NepeHoC BAOJIb BEKTOopa a
(T.e. BAono ocu X)



DJ1IeMeHTbl CUMMETPUUN KPUCTaAIIJTTUYECKHUX
CTPYKTYP

Cucrema 0603HauYeHUN NJIOCKOCTEN CUMMETPUMN

lMnockocmu, nepneHOUKyNApPHbIe NIIOCKOCMU Yepmeixa

m [710CKOCMb 3€PKaribHO20 OMpPaXeHuUs!, KOMIOHEHMbI CKOMbXEHUS Hem
abc ———————- M710CKOCMb 0CE8020 CKOMbXEHUS, nepeHoc Ha 1/2t ed0nb ninockocmu Yyepmexa
abo e 1I710CKOCMb 0CE8020 CKO/Ib)XEHUS, NepeHoc Ha 1/2t nepneHOUKynsapHo

MIOCKOCMuU 4epmexa

- [1710CKOCMb 0CEB8020 CKOMbXEHUS, nepeHoc Ha 1/2t napannenbHo iIocKkocmu
yepmexa u Ha 1/2t neprneHOuUKyYnsapHO NI0CKOCMU Yepmexa

"anmasHas" nnockocme (napa nnockocmed; aCmpedaemcs mosbKo

8 UeHMPUpPOoBaHHbIX a4elkax), nepeHoc Ha 1/4 duasoHanu (1/2t) napannensHo
nnockocmu Yepmexa u Ha 1/4 duazoranu (1/2t) nepneHQuUKynspHO nNIocKkocmu
yepmexa



DJ1IeMeHTbl CUMMETPUUN KPUCTaAIIJTTUYECKHUX
CTPYKTYP

Cucrema 0603HauYeHUN NJIOCKOCTEN CUMMETPUMN

lTnockocmu, napannesibHbiIe MIIOCKOCmMuU Yepmexa

m ‘ / NMIOCKOCMb 3ePKarlbHO20 OMmpaXxeHuUa, KOMIMNOHEeHMbl CKOMTb)XEHUA Hem

ab.c ‘ | nepeHoc Ha 1/2t 8 HanpaeneHuu cmpenku

nepeHoc Ha 1/2t e HanpaeneHuu 08yx CMPEoK (ecmpevaemcs morbKo

a,b,c (e) | 8 UEHMPUPOB8aHHbIX A4elKax)

n ‘ ; nepeHoc Ha 1/2t 8 HanpasneHuuU cmpernxu

nepeHoc 8 HanpaeneHuu cmpenxku Ha 1/2 yermpupyrowel mpaHcasyud,
m.e. Ha 1/4 duaesoHanu coomeemcmeyruel epaHelyeHmpuposaHHoU
aueliku
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S/1eMeHTbl CAUMMETPUM KPUCTAJIJTMYECKUX
CTPYKTYPp

CTpykTypa |
NaCl | —




S/1eMeHTbl CAUMMETPUM KPUCTAJIJTMYECKUX
CTPYKTYPp
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CTpykTypa
NaCl
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S/1eMeHTbl CAUMMETPUM KPUCTAJIJTMYECKUX
CTPYKTYPp

CTpykTypa
NaCl




[IpoCcTpaHCTBEeHHbIe rpynnbl

NMpocTpaHCTBEHHas rpynna — COBOKYIMHOCTb
npeobpa3oBaHU CUMMETPUN KPUCTANTMYECKON
DELLETKN, COBMELLAIOLLNX 3TY PELLETKY CaMy C cobomn

Bcero cyuwectByeT 230 pa3nnyHbIX NPOCTPaHCTBEHHbIX
rpynn CUMMeTpUn

32 TOYeYyHble rpynnbl

Y 1\

230 NpOCTPaHCTBEHHbIX rpynmn



NMpaBuna 3anmucu NpoCTPpaHCTBEHHbIX
rpynn

TpuKIVMHHAA CUHTOHMA
1. Tun pemerku bpape (Bcerna P-s4yelika mpu

CTaHJApTHOM YCTaHOBKE)
2. P1 umm P-1

MOHOKJIMHHAS CHUHTOHUSL.
1. Tun pemetku bpagpe
2. Och 2-T0 nopsAKa Wi NePpICHIANKYIISTPHAS €1

TIJIOCKOCTD
[Tpumepsr: P2,/c, P2, Cc



NMpaBuna 3anmucu NpoCTPpaHCTBEHHbIX
rpynn

PoMOnYeckass CHHIOHHUS:

|. Tun pewmietku bpase

2. Och cUMMETpHH, COBNAIAOINAS C IIEPBOU
KpUcCTaIorpaguueckor OChio (X) ¥ MEPIEeHAUKYIISIpHAs €1
MIJIOCKOCTD

3. OCcb cuMMeETpHH, COBIIAJAIOIIAs CO BTOPOU
KprcTauiorpadudeckor oceo (Y) 1 mepneHAuKyIsIpHas ei
IIJIOCKOCTD

4. OCch CHMMETPHH, COBIIAJAIONIAS C TPETEU
KpHCTaIorpapuueckor ochio (Z) U MepHeHIUKYIIpHAs ei
IIJIOCKOCTD

[Tpumepsr: Ibam, P222,, Cma?2



NMpaBuna 3anmucu NpoCTPpaHCTBEHHbIX
rpynn

TpuronajbHasi M reKCaroHAJIbHAasl CHHTOHUSA:

|. Tun pewmietku bpase

2. HammpaBnenune [0001] — och cuMMeTpuu, COBIIAIAIONMANA C Z |
NEePHEHAUKYJISIPHAS €MY IUIOCKOCTh

3. bornb1as quaroHanb: IIOCKOCTh, ITPOXOAIast BJIOJb
OOJIBIIIOW AWArOHaNW U (WMJIN) MIEPHICHAUKYJISIpHAS €1 OCh

4. Manast 1MaroHaib: MIO0CKOCTh, IPOXOAAIIAS BIOJIb MAJIOU
AYaroHaiay v (W) MeprueHauKyJIsipHas €1 0Ch

[Tpumepsr: P6,/mc, P6;/mem, P6,22,



NMpaBuna 3anmucu NpoCTPpaHCTBEHHbIX
rpynn

TerparoHajbHasi CHHTOHUA:

1. Tun pemetku bpase

2. Hanpasneane [001] — ock cumMerpun, coBIagaromas ¢ Z u
HNCPICHANKY/IAPHAS MY IJIOCKOCTh

3. Hanpasnenwne [100] = [010] u nepneHauKyaspHas eMy IIIOCKOCTh

4. InaronanbHoe HanpasicHue [110] u mepnenaukynspHas eMy IIOCKOCTh
[Tpumepsr: 14,/a, P-42m, 14,/amd

KyOunueckasi CHHIrOHUSA:

1. Tun pemwetku bpase

2. Koopnuaaraoe manpasnerue [100] = [010] = [001] n mepnieHauKyIsspHast
€My TUIOCKOCTh

3. Hampapnenue [111] — ock 3-ro mopsiaka

4. lnaronansHoe Hampaienue [110] u mepneHauKyIsIpHAs €My IUIOCKOCTh
[Tpumepsr: Fm-3m, F-43m, Pn-3m, Pa-3, P2,3



[IpaBu/ibHble CUCTEMbI TOUEK

NMpaBuibHas CUCTEeMa TOYEK — COBOKYMHOCTb TOYEK,
NOlyYEHHAs Pa3MHOXEHMEM UCXOAHOW TOUYKN BCEMMU
onepaumsMm CUMMETPUN AaHHOW NPOCTPAHCTBEHHOM
rpynmnbi

NMpaBu/ibHas CUCTEeMa TOYEeK 3aHMMAET CUCTEMY
3KBMBAJIEHTHbIX MO3ULIMA

NMCT MOXXHO NONYYUTb N3 OAHON NCXOAHOW TOYUKM,
PA3MHOXMB €€ 3/1IeEMEHTaMN CUMMETPUMX rpynmbl

KoopanHaTbl Ka)kA0W TOYKM NPaBUIbHON CUCTEMbI
BbIBOASATCS M3 KOOPANHAT 6a3nCHOM TOYKN C MOMOLLIbIO
MaTpuL, CUMMETPUYECKNX NMpeobpa3oBaHUm



[IpaBu/ibHble CUCTEMbI TOUEK

Ecnn Kaxkayto 13 KoopauHaT X, y, Z 6a3ncCHON TOYKM
MO>XHO BblOpaTb NPOM3BOJIbHO, 3Ta TOYKA HAaXOAUTCH B
o6wieM nonoxxeHun. Mo3numsa ToUKn SBNSIETCS
YACTHOM, €C/IN ee KOOpAMHaTbl CBA3aHbl Mexay cobown
NN PUKCMPOBaHbI 3a CYHET PacrnonoXeHMUs Ha 3MEMEHTE
CUMMETPUM — NOBOPOTHOM OCU, 3epKasibHOW MNIOCKOCTH,
LIEHTPe MHBEpPCUN NN 0COBON TOYUKE CNIOXXHOU OCU
CUMMETPUU

[CT xapaKTepu3yloTCs KPaTHOCTbIO NMO3ULIUM U
CUMMEeTpUen No3nLUnn



[IpaBu/ibHble CUCTEMbI TOUEK

KpaTHOCTb NO3ULIMM — YMC/I0 TOYEK, NPUXOASALLMXCS Ha
3NIEMEHTAPHYIO AYENKY

YucJio
CummeTpus BeinuuHa KpatHocth .
ITo3uusa cTeneHen
MO3UIMA CUMMETPHUH MO3UIMH
CBO00/IbI
O6mas 1 1 Papra N - 3
MOPSIAKY TIp. TP.
Ha miockocTty m m 2 N/2 2
Ha ocu n n n N/n 1
PaBHa p —
B nenrpe e nopsinky TI'C N/p 0
WHBEPCHUH 3 (0%37000%041
TO3UIIUU

MopsifAoK Np. rp. — KPAaTHOCTb O6LEN NO3nLIUK




[IpaBu/ibHble CUCTEMbI TOUEK
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MHTepHauMoHa/ibHble Tabnuubl Nno &
Kpuctasuiorpadpum www.iucr.org i A
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‘ NHTepHauuoHaJsibHble TabnuLbl NO
Kpuctannorpadpumu

Generators selected

Positions
Multiplicity,

Wyckoff letter,

Site symmetry
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! Reflection conditions

General:

hol : h+1=2n

0 h=2n
hoO: h=2n
00l : 1 =2n

Special: as above, plus

no extra conditions
hkl : h=2n

hkl @ h+1=2n
hkl © h+1=2n
hkl © h4+1=2n
hkl © h4+1=2n

Akl : h+1=2n

\h.{'i s h+1=2n



